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3nech cobpana MHGOPMANA O CYIIECTBEHHBIX M3MEHEHUSX, KOTOPDbIE MPOU3OILIA B KOHKPETHBIX BEPCHAX
Tarantool’a.

Bousee menkne m3menenns: u ncnpapierus 1eeKTOB YKAa3aHbl B OTYETAX O BHIYIICHHBIX CTAOMIBHBIX DEJIl-
sax (milestone — closed) ma GitHub.
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What's new in Tarantool 1.7.67

Tarantool 1.7.6 was released on November 7, 2017.

In addition to rollback of a transaction, there is now rollback to a defined point within a transaction —
savepoint support.

There is a new object type: sequences. The older option, auto-increment, will be deprecated.
String indexes can have collations.
New options are available for:

e net box (timeouts),

string functions,

space formats (user-defined field names and types),

base6 (urlsafe option), and

index creation (collation, is-nullable, field names).

1.1 Y70 HoBoro B Tarantool 1.77

The disk-based storage engine, which was called sophia or phia in earlier versions, is superseded by the vinyl
storage engine.

Jlob6aBeHbl HOBbIE TUIIBI UHJICKCUPYEMBIX ITOJIEH.

O6uosnena Bepcusa LuaJIT.

Automatic replica set bootstrap (for easier configuration of a new replica set) is supported.
Qyukims space_object:inc() oObsaBIEHA yCTapEBIIE.

Oyukius space_object:dec() obbsBieHa ycTapeBIeil.

The space_object:bsize() function is added.



https://github.com/tarantool/tarantool/releases/tag/1.7.6
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The box.coredump() function is removed, for an alternative see Core dumps.
The hot_standby configuration option is added.
Configuration parameters revised:
e Parameters renamed:
— slab_alloc_arena (in gigabytes) to memtx_memory (in bytes),
— slab_alloc_minimal to memtx_min_tuple_size,
— slab_alloc_maximal to memtx_max_tuple_size,
— replication_source to replication,
— snap_dir to memtx_dir,
— logger to log,
— logger_nonblock to log_nonblock,
— snapshot_count to checkpoint_count,
— snapshot_period to checkpoint_interval,
— panic_on_wal_error and panic_on_snap_error united under force_recovery.

e Until Tarantool 1.8, you can use deprecated parameters for both initial and runtime configuration, but
Tarantool will display a warning. Also, you can specify both deprecated and up-to-date parameters,
provided that their values are harmonized. If not, Tarantool will display an error.

1.1. Yvo Hosoro 8 Tarantool 1.77 3
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What's new in Tarantool 1.6.97

Since February 15, 2017, due to Tarantool issue#2040 Remove sophia engine from 1.6 there no longer is a
storage engine named sophia. It will be superseded in version 1.7 by the vinyl storage engine.

2.1 What's new in Tarantool 1.67

Tarantool 1.6 is no longer getting major new features, although it will be maintained. The developers are
concentrating on Tarantool version 1.9.



https://github.com/tarantool/tarantool/issues/2040
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Obuwme ceeneHuns

3.1 Cepsep npunoxennn + CYB/

Tarantool is a Lua application server integrated with a database management system. It has a «fiber»
model which means that many Tarantool applications can run simultaneously on a single thread, while each
instance of the Tarantool server itself can run multiple threads for input-output and background maintenance.
It incorporates the LuaJIT — «Just In Time» — Lua compiler, Lua libraries for most common applications,
and the Tarantool Database Server which is an established NoSQL DBMS. Thus Tarantool serves all the
purposes that have made node.js and Twisted popular, plus it supports data persistence.

Tarantool — 310 open-source mpoekT. VIcXOMHBII KO OTKPBIT MJisi BCEX W PACIPOCTPAHSIETCS OECIIATHO
cornacuo Jjunensuu BSD license. Tomnepxkusaembie mwiardopmbr: GNU / Linux, Mac OS u FreeBSD.

Coznaresnem Tarantool’a — a Tak»ke ero OCHOBHBIM IIOJIb30BaTeleM — siBjisieTcd Kommanust Mail. Ru, kpym-
Heitmas MHTepHeT-KOMIIaHUst Poccun (30 MutH mosib30BaTeseli, 25 MJIH 9JIEKTPOHHBIX IIHCEM B JI€Hb, BEG-
caiir B criucke top 40 mexaynapoguoro Alexa-peiitunra). Tarantool ucnosnbayercs s 00pabOTKU CAMBIX
«ropstanx» nanabix Mail.Ru, Takux Kak maHHBIE TOJIB30BATEIBCKAX OHJIANH-CECCUil, HACTPOUKN OHJIAMH-
MIPUJIOZKEHUH, KEITNPOBAHNE CEPBUCHBIX JTAHHBIX, AJITOPUTMBI PACIPEIEICHIS JAHHBIX U MMAPINHTA, U T.1.
Tarantool Takke HUCIOIB3yeTCsT BO Beé HoJibiieM KojmmdecTBe poekToB BHe crer Mail.Ru. 9o, k npumepy,
OHJIAH-UTPBI, M POBOIl MAPKETHHT, colrabHble ceTr. Hecmorpst Ha To uro Mail.Ru cioncupyer paszpabor-
Ky Tarantool’a, Becb mporiecc pa3paboTKu, B T.4. JaJibHeiInre miaHbl U 6a3a 0OHaPYKEHHBIX ONIUOOK, siBJIs-
eTCsl TTOJTHOCTHIO OTKPBITHIM. B Tarantool BrirtoueHb! maTdu 0T GOIBIIIOrO YUC/Ia CTOPOHHAX Pa3pabOTINKOB.
Yeummusivmu coobiiectsa paspaborunkos Tarantool’a GbLin Hanucanbl (U Jajgee HOAIEPKUBAIOTC) OGUbIOTe-
KU JIJIsT IOJIKJTIOYEHUsT MOJTyJIeil Ha BHEITHUX SI3bIKaX MporpaMMupoBanus. A coobrectso Lua-pazpaboTankon
[IPEJOCTABUJIO COTHH ITOJIE3HBIX MAKETOB, OOJIBIIIMHCTBO U3 KOTOPBIX MOYKHO HCIIOJIH30BATH B KAYECTBE PAC-
mupenuii st Tarantool’a.

TTonbzoBarenn Tarantool’a MoryT co3zmaBarh, U3MEHATb W yAaasaTh Lua-dyHKIMH IPIMO BO BPEMs WC-
IOJTHEHUS KOja. TakxKe OHM MOTYT yKa3blBaTh Lua-mporpaMmbl, KOTOPbIe OyIyT 3arpyzKarbCs BO BPEMsi
3amycka Tarantool’a. Takme mporpaMMbl MOTYT CJIYKUTh TPUTTEPAMM, BLITTOJIHITE (DOHOBBIE 3a1a91 W B3a-
UMOJIEIICTBOBATD C JIDYTMMH IIPOTPAMMAMU 110 CeTU. B OTyInYHe OT MHOTHX HOIYJISIPHBIX CPEJl pa3pabOTKu
[IPUJIOXKEHU, KOTOPhIE UCIOJIb3YIOT «PEAKTUBHBINY IIPUHIMII, CETEBOE B3auMojeiicTeue B Lua ycrpoeHo 1mo-
CJIEJIOBATENIFHO, HO OY€Hb 3(MPEKTUBHO, T.K. OHO HUCIIOJIH3YET CPe/y B3AMMHOM MHOT033Ja9YHOCTHU CAMOI'0
Tarantool’a.



http://www.gnu.org/licenses/license-list.html#ModifiedBSD
http://api.mail.ru
http://www.alexa.com/siteinfo/mail.ru
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Opun u3 BerpauBaeMbix Lua-nakeroB — 310 API s dyuknuonana CYB/I. Takum o6pa3om, HEKOTOPBIE
paspaborunku paccmarpubarorT Tarantool kak CYBJL ¢ mOIy/IspHBIM SI3BIKOM JIJIsl HAITMCAHUS XPAHUMBIX
MIPOIIEJIYP, JIPYTHE PAacCMaTPUBAIOT €ro Kak Lua-mHTepIpeTaTop, a TPETbU — KaK BapUAHT 3aMEHBI CPa3y
HECKOJILKMX KOMIIOHEHTOB B MHOTO3BEHHBIX BeO-TIpuiiokeHusx. [IponspoanreapaocTh Tarantool’a MmoxeT 1o-
CTUTATh COTEH THICIYT TPAH3AKIINI B CEKYHIY Ha HOYTOYKE, W €6 MOXKHO HAPAIUBAThL «BBEPX» WU <«BIIUPDH>
3a, CYeT HOBBIX CEPBEPHBIX (hepM.

3.2 Bo3moxHoctn CYB/]

KowmmonenT «box» — cepeepras dactb ¢ dyskmmonagsom CYBJL — 1o Baxkuast wactb Tarantool’a, xorst on
MOXKeT paboTarh n 6€3 JAHHOTO KOMIIOHEHTA.

API nna dyuxmumonana CYB/L mo3sosisier xpanuTh Lua-00beKThI, YIPABISITH KOJUIEKITUAMUA O0BEKTOB, CO-
3/1aBaTh U YJIAJSTh BTOPUYHbIE KJIIOYH, JEJIATh aTOMapHbIE N3MEHEHHUsI, KOH(DUTYypUPOBATh U MOHUTOPHUTH
PEIUINKAINIO, IPOU3BOUTH KOHTPOJIMPYeMOe Iiepekiodenne npu orkase (failover), a Tak»ke HCIOTIHATH KOJ
una Lua, KOTOpBIA BBI3BIBAETCA COOLITUSMU B Gase. A Jyisl IPO3PAYHOrO JIOCTYNA K yIAJeHHbIM (remote)
sK3eMILIsIpaM 6a3 maHubx pazpadboran API s BbI30Ba yJIAIEHHBIX MPOIELYD.

B apxurexrype cepsepnoit wactu CYBJI Tarantool’a peasm3oBaHa KOHIIEIIUS <«IBUKKOB» 0a3bl JIAHHBIX
(storage engines), e B Pa3HBIX CUTYAIUSIX UCHOJIB3YIOTCS Pa3HbIE HAOOPBI AJTOPUTMOB M CTPYKTYDBI JaH-
vbix. B Tarantool’e ecth JBa BCTPOEHHBIX IBUKKA: IN-IMEemMOry JIBUXKOK, KOTODBIA IEp:KUT BCe JaHHBbIE U
WHJIEKCHI B OIEPATUBHON MAMSTH, U JABYXYPOBHEBBII JIBUYKOK it B-/lepeBbeB, KOTOPBI 00padaThiBaeT JaH-
uele pazmepoM B 10-1000 pas3 6osbime TOro, 9TO MOXKET IIOMECTUTHCS B OMEPATHUBHOM maMmsitu. Bce mBmKkun
B Tarantool’e mogaepKkUBaOT TPAH3AKIUN U PEIJINKAIINAIO, IIOCKOJIBKY OHH HCIIOJB3YIOT €IMHBI MEeXaHU3M
yupexaaromeii 3anucu (WAL = write ahead log). 9ro mexanusMm obecreunBaer cOrJIacOBAHHOCTD U CO-
XPAHHOCTD JIAHHBIX IIPU cO0siX. TakuM 0Opa3oM, n3MEHEHUsI He CIUTAIOTCs 3aBEPIIEHHBIME, [I0KA, HE TTPOXOIUT
zanuck B jjor WAL. TlojicucreMa JIOrUpoOBaHUsl TaKKe MMOJJIEPKUBAET IPYIITIOBbIE KOMMUTBI.

Tarantool’s in-memory storage engine (memtx) keeps all the data in random-access memory, and
therefore has very low read latency. It also keeps persistent copies of the data in non-volatile storage, such
as disk, when users request «snapshots». If an instance of the server stops and the random-access memory
is lost, then restarts, it reads the latest snapshot and then replays the transactions that are in the log —
therefore no data is lost.

Tarantool’s in-memory engine is lock-free in typical situations. Instead of the operating system’s
concurrency primitives, such as mutexes, Tarantool uses cooperative multitasking to handle thousands of
connections simultaneously. There is a fixed number of independent execution threads. The threads do not
share state. Instead they exchange data using low-overhead message queues. While this approach limits the
number of cores that the instance will use, it removes competition for the memory bus and ensures peak
scalability of memory access and network throughput. CPU utilization of a typical highly-loaded Tarantool
instance is under 10%. Searches are possible via secondary index keys as well as primary keys.

Tarantool’s disk-based storage engine is a fusion of ideas from modern filesystems, log-structured merge
trees and classical B-trees. All data is organized into ranges. Each range is represented by a file on disk.
Range size is a configuration option and normally is around 64MB. Each range is a collection of pages,
serving different purposes. Pages in a fully merged range contain non-overlapping ranges of keys. A range
can be partially merged if there were a lot of changes in its key range recently. In that case some pages
represent new keys and values in the range. The disk-based storage engine is append only: new data never
overwrites old data. The disk-based storage engine is named vinyl.

Tarantool mommep:kuBaer paboTy C COCTABHBIMU KJIIOYAMH B WHAEKCAX. BO3MOXKHBIE TUIBI KJIIOYEH:

HASH, TREE, BITSET u RTREE.

Tarantool Takke HoJ/IEPKIBAET ACHHXPOHHYIO PEIIMKAIUIO — KaK JIOKAJbHYIO, TAaK M Ha YIAJIEHHBIX
ceppepax. [Ipu 3TOM pernKamo MOXKHO HACTPOUTD IO IIPUHITAITY MAaCTEeP-MaCTepP, KOr/a HECKOIbKO Y3JI0B
MOI'YT HE TOJIBKO 00pabaThiBaTh BXOMMAILYI0 HAIPY3KY, HO W MOJIyYaTh JIAHHBIE OT JAPYTUX Y3JIOB.

6 Mnasa 3. O6uwme ceepeHus
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Py KOBOACTBO NOJ1b30BATENA

4.1 lMpepancnosune

Jobpo mnoxkasioars B Mup Tarantool! Cefiuac Bel unraere «PykoBojcTBO mnosb3oBaress». Mbl coBeTyem
HAYMHATH UMEHHO C HETO, a 3aTeM IepeXoauTh K « Cnpasourukramy, eCiin BaM MTOHAI00:ATCst 6ojiee moapodbHbIe
CBEJICHUSI.

4.1.1 Kak nonb3oBaTbCs AOKYMeEHTaLuen

To get started, you can install and launch Tarantool using a Docker container, a binary package, or the
online Tarantool server at http://try.tarantool.org. Either way, as the first tryout, you can follow the
introductory exercises from Chapter 2 «Getting starteds. If you want more hands-on experience, proceed to
Tutorials after you are through with Chapter 2.

B eaase 3 «Pynxyuonan CYB/[» pacckazano o BoamoxkHocTsix Tarantool’a kak NoSQL CYB/L, a B aaase 4
«Cepsep npunroosicenuti> — o Bo3MozKHOCTAX Tarantool’a kak cepsepa npuioxkenuii Lua.

Chapter 5 «Server administrations and Chapter 6 «Replications are primarily for administrators.

Chapter 7 «Connectorss is strictly for users who are connecting from a different language such as C or Perl
or Python — other users will find no immediate need for this chapter.

Chapter 8 «FAQ» gives answers to some frequently asked questions about Tarantool.

ONBITHBIM Ke MTOJIB30BATEIISIM OYIyT MoJIe3HbI « Cnpagounukus, «Pyxosodcmeo yuacmuura npoexmay 1 KOM-
MEHTapHUH B UCXOJIHOM KOJIE.

4.1.2 Kak cBsizaTbCsi C coobOuiecTBoM pa3pabotyukoB Tarantool’a
OcraBuTh coobIeHNe O HAllIeHBIX JTedeKTax WK CAeJIATh 3alPOC Ha HOBBINH (DYHKIIMOHAT MOYKHO TyT: http:
//github.com/tarantool/tarantool/issues

ToobmaThest HANPsIMYyIO ¢ KoMaHaoil pazpaborku Tarantool’a moxkuo B telegram wmm na dopymax (arrio-
SI3BIYHOM WJIA PYCCKOSA3BITHOM ).



http://try.tarantool.org
http://github.com/tarantool/tarantool/issues
http://github.com/tarantool/tarantool/issues
http://telegram.me/tarantool
https://groups.google.com/forum/#!forum/tarantool
https://groups.google.com/forum/#!forum/tarantool
https://googlegroups.com/group/tarantool-ru
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4.1.3 Conventions used in this manual

Square brackets [ and | enclose optional syntax.
Two dots in a row .. mean the preceding tokens may be repeated.

A vertical bar | means the preceding and following tokens are mutually exclusive alternatives.

4.2 Ha4ano paboTtbl

B sToit rmaBe obbscHSIeTCs, KaK YCTAHOBUTDH U 3alycTuUThb Tarantool, a Takke Kak CO3/IaTh IIPOCTYIO 06a3y
JAHHBIX.

DTa 1yIaBa COCTOUT U3 CJIEYIONIUX Pa3JIeJIoB:

4.2.1 Ncnonb3osanne Docker-obpasa

For trial and test purposes, we recommend using official Tarantool images for Docker. An official image
contains a particular Tarantool version (1.6, 1.9, 1.10 or 2.0) and all popular external modules for Tarantool.
Everything is already installed and configured in Linux. These images are the easiest way to install and use
Tarantool.

ITpumeuanmne: Fcim Bel HuKOTIA panbine He paboraiu ¢ Docker, peKoMeHIyeMm cliepBa MPOYUTATH STV
00y IaIONTYIO CTATHIO.

3anyck koHTeiliHepa
Ecmm Docker ne ycranoBjien Ha Bamrell Marmwae, cjefyiiTe OUITUAIBHBIM HHCTDYKIISM 10 YCTAHOBKE JJIsT
Barmeit OC.

st ncrob30oBanus MOJTHOMYHKITHOHAIHLHOTO dK3eMILIsIpa Tarantool’a 3amycTure KOHTEHHEP ¢ MUHUMAJb-
HBIMU HACTPONKAMU:

$ docker run \
--name mytarantool \
-d -p 3301:3301 \
-v /data/dir/on/host:/var/lib/tarantool \
tarantool/tarantool:1.10

This command runs a new container named ,mytarantool”. Docker starts it from an official image named
Ltarantool/tarantool:1.10%, with Tarantool version 1.10 and all external modules already installed.

Tarantool 6ymeT TpUHUMATDL BXOISIINE TOIKJIIOYEHUsT 0 ajpecy localhost:3301. MoxkHO cpa3y HadaTh
€ro HCI0JIb30BaTh Kak key-value xpanummire.

Tarantool coxparsem darroie BHyTpH KOHTelHepa. UTOOBI Ballle TeCTOBBIE JTAHHBIE OCTAJINCH JOCTYIIHBI II0CJIE
OCTAHOBKHU KOHTeHHepa, 3Ta KOMaHa TaKyKe MOHTUpYyeT Jupekroputo /data/dir/on/host (3mech Heobxoau-
MO yKa3aTh abCOJIOTHBIN [y Th JI0 CYIIECTBYIOIIEH JIOKAJIbHON JUPEKTOPHHN ), PACIIOJIOKEHHYIO Ha MallliHe, B
nmupekTopuio /var/lib/tarantool (Tarantool TpaauIMOHHO UCTIOIB3YeT 3Ty AUPEKTOPHIO B KOHTEHHEDE It
COXpaHeHUsl JIAHHBIX ), PACIOJIOXKEHHYI0 B KoHTeiiHepe. Takum o6pa3oM Bce M3MEHEHUs] B CMOHTHPOBAHHOM
JIMPEKTOPUY, BHECEHHBbIE Ha CTOPOHE KOHTEIHepa, TaKyKe OTPAXKAIOTCS B PACIIOJIOKEHHON HA MOJIh30BATE b
CKOM JIMCKE JIUPEKTOPUM.

8 Fnaesa 4. PykoBopcTBo nonb3oBaTens
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Mogyns Tarantool’a jutst paboThI ¢ 62301 TAaHHBIX y2Ke HACTPOEH U 3allyIleH B Koureiinepe. Pyunas nacTpoii-
Ka He TpebyeTcsl, eCJIM TOJIBKO BBl He HUCHOIb3yeTe Tarantool Kak cepsep npu.soscenuti U He 3aIlyCKaeTe ero
BMECTE C IIPUJIOYKEHHUEM.

Mopknioyerne kK akzemnnapy Tarantool’a

s ToAKITIOYeHNST K 3allyIeHHOMY B KOHTeliHepe 3K3eMIuspy Tarantool’a, BBIIIOJTHUTE 3Ty KOMaHJY:

$ docker exec -i -t mytarantool console

SDrTa KOMaHIa:
e Tpebyer or Tarantool’a OTKPBITH IOPT ¢ MHTEPAKTUBHON KOHCOJIBIO JJIsi BXOMATIUX [TOIKJIFOUEHMUIA.

o [lonkmrogaercsa yepes cranmaprabiii Unix-coker k Tarantool-cepBepy, 3amymmeHHOMYy BHYTpHU KOHTEIi-
Hepa, U3-TI0JT TOIb30BaTe s ,,admin’.

Tarantool moka3bpIBaeT mpuraiieHne KOMaHIHON CTPOKU:

tarantool.sock>

TeHepb Bbl MO2KeTe BBOJAUTDL 3alIPOCHI B KOI\laH‘HHOﬁ CTPOKEe.

ITpumeuanme: Ha 6GoeBbix cepBepax WMHTepAKTHBHBIN pexkuMm Tarantool’a mpegHaszHadeH TOJBKO JJIsI CH-
CTEMHBIX aJIMAHUCTPATOPOB. MBI 2Ke HCIo/ib3yeM ero B OOJIBIIMHCTBE NMPUMEPOB B JIAHHOM DPYKOBOJICTBE,
[IOTOMY YTO WHTEPAKTUBHBIN PEKUM XOPOIIO IIOJXOAUT JIJIs OOy IeHUsI.

Co3spaHune 6a3bl gaHHbIX

TloaxkmIOUNBIIICH K KOHCOJIH, JAaBafTe CO3/Ia UM ITPOCTYIO TECTOBYIO 0a3y TAHHBIX.

CuauaJsa cosnaiite nepsoe npocmparcmeo (¢ umeHeMm jtester) u nepsblii undexc (¢ uMeneM ,primary’):

tarantool.sock> s = box.schema.space.create('tester')
tarantool.sock> s:create_index('primary', {

> type = 'hash’',

> parts = {1, 'unsigned'}

>}

3areM BCTaBbTE B CO3JAHHOE IPOCTPAHCTBO TPU Kopmesica (HAIl TEPMUH JJisl «3anuceiis ):

tarantool.sock> t = s:insert({1, 'Roxette'})
tarantool.sock> t s:insert ({2, 'Scorpions', 2015})
tarantool.sock> t = s:insert({3, 'Ace of Base', 1993})

ITocse aroro npouseeuTe BHIOOPKY KOPTEXkKa U3 IEPBOrO MPOCTPAHCTBA B Da3e JIAHHBIX 10 IEPBOMY 3aJaH-
HOMY KJTIOUY:

tarantool.sock> s:select{3}

Temepsb BBIBOI B OKHE TEPMUHAJIA BBITVISIUT CJIEAYIONAM 00Pa3oM:

tarantool.sock> s = box.schema.space.create('tester')
2017-01-17 12:04:18.158 ... creating './00000000000000000000.x1og.inprogress’

4.2. Hauvano pabotbi 9
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tarantool.sock> s:create_index('primary', {type = 'hash', parts = {1, 'unsigned'}})

tarantool.sock> s:insert{1, 'Roxette'}

ct
]

tarantool.sock> t s:insert{2, 'Scorpions', 2015}

tarantool.sock> t = s:insert{3, 'Ace of Base', 1993}

tarantool.sock> s:select{3}

- - [3, 'Ace of Base', 1993]

tarantool.sock>

st nobaBiieHns: APYyroro MHJIEKCA 10 BTOPOMY IIOJIIO MCIOJIb3YITe 9Ty KOMAaHJLY:

tarantool.sock> s:create_index('secondary', {
> type = 'hash',
> parts = {2, 'string'}
> 1

OcraHoBKa KOHTeliHepa

ITocsie 3aBepiennst TECTUPOBAHUSA JJIsi KOPPEKTHON OCTAHOBKM KOHTEWHEPA BBIIIOJHUTE 3Ty KOMAHILY:

$ docker stop mytarantool

D710 GbLI BPEMEHHBIN KOHTEHHED, MOITOMY IIOCJIe OCTAHOBKHU COJEPIKUMOE ero JMCKa,/IaMsTH OOHYIHIOCH.
Ho Tak kak BBl MOHTHPOBAJIN JIOKAJIBHYIO IMPEKTOPUIO B KOHTEHED, Bee fdaHHbe Tarantool’a coxpanuinck
Ha JIUCKe Barneil Mamuabl. Ecm BbI 3amycTuTe HOBBIN KOHTEITHED U CMOHTHPYETE B HETO TY YK€ JIUPEKTOPHUIO
¢ mamHbIMI, Tarantool BOCCTAHOBHUT Bce JaHHBIE C JMCKA W IIPOIOIKUT C HUMHU paboTaTh.

4.2.2 Vcnonb3oBaHne bBuHapHoro nakerta

For production purposes, we recommend official binary packages. You can choose from two Tarantool versions:
1.10 (stable) or 2.0 (alpha). An automatic build system creates, tests and publishes packages for every push
into a corresponding branch (1.10 or 2.0) at Tarantool’s GitHub repository.

YTo0b! cKavaTh W YCTAHOBUTH OMHAPHBIA TMAKET JJIs BAIIEl OMEPAIMOHHON CHCTEMbI, OTKPOITe TEPMUHAI C
KOMaH/THO# CTPOKOIi U BBeUTE NHCTPYKIUN, KOTOPbBIE JAaHBI JJId Ballleil ollepalliOHHON CUCTEeMbl Ha CTDAINIIEe
JJId CKaQYUBaHUA.

3anyck 3k3emnnsipa Tarantool’a

st 3amycka sx3eMisgpa Tarantool’a BBITOTHUTE 9Ty KOMAHIY:

$ # ecau ebl ckauwaau 6unapHbll nakem ¢ nomouysvl apt-get uau yum, esedume:
$ /usr/bin/tarantool
$ # ecau evl ckauasu 6unapuelli nakem e gopmame TAR
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$ # u pasapzusuposasu ezo e dupekmopuw ~/tarantool, esedume:
$ ~/tarantool/bin/tarantool

Tarantool 3amyckaercsi B MHTEDAKTUBHOM DEXKUME U IOKA3bIBAET IIPUIJIAIIEHNE KOMAHIHON CTPOKU:

tarantool>

Teneps BbI MOKeTe BBOIUTH 3aIIPOCHI B KOMAHTHON CTPOKE.

ITpumeuanme: Ha GoeBbIx cepBepax WMHTEpaKTHBHBIN pexkuMm Tarantool’a mpemHazHadeH TOJBKO JJIsi CH-
CTEMHBIX A IMUHUCTPATOPOB. MBI Ke HCIOIb3yeM ero B OOJIBIIUHCTBE MPUMEPOB B JAHHOM PYKOBOJICTBE,
IOTOMY YTO MHTEPAKTUBHBIN PEKUM XOPOIIO TIOJXOANUT JIJIsi OOy IeHUsI.

CospaHue 6a3bl gaHHbIX

Hanee 0b6bsicHsIETCsT, KaK CO3aTh IMMPOCTYIO TECTOBYIO a3y JMaHHBIX MOcje ycTaHoBKu Tarantool’a.

Cosnaiite HOBYIO JupeKTOpUiO (OHA MOHAMOOUTCS TOJNBKO JIJIS TECTOBBIX IeJiei, 1 ee MOXKHO OyIeT yIaluTh
[0 OKOHYAHWU KCIIEPHMEHTOB):

$ mkdir ~/tarantool_sandbox
$ cd ~/tarantool_sandbox

Yrob6b! 3amycTuTh MOAY/IL Tarantool’a st paboThl ¢ 6a30# HAHHBIX U CHAEJAATH TaK, UTOOLI 3aITyIEHHDBIN
sxzemiuissp npuanmal TCP-3ampocer Ha mopty 3301, BBIIOJIHUTE 3Ty KOMAHJLY:

tarantool> box.cfg{listen = 3301} ‘

CrauaJia cozmaiitTe nepsoe npocmpancmeo (¢ umeneM tester) u mepsbiit undexc (¢ umeneM ,primary’):

tarantool> s = box.schema.space.create('tester')
tarantool> s:create_index('primary', {

> type = 'hash',

> parts = {1, 'unsigned'}

> 1

3areM BCTaBbTE B CO3JaHHOE ITPOCTPAHCTBO TPU KOPMEINHCA (HaIH TEePpMUH JId «33HHC€I71>>)Z

tarantool> t = s:insert({1, 'Roxette'})
tarantool> t :insert ({2, 'Scorpions', 2015})
tarantool> t :insert ({3, 'Ace of Base', 1993})

o
n n

TTocse sroro npouseeuTe BHIOOPKY KOPTEXkKa U3 MEPBOrO MPOCTPAHCTBA B Da3e JAHHBIX 10 IEPBOMY 3aJaH-
HOMY KJIIOUY:

tarantool> s:select{3}

Teneps BBIBOM, B OKHE TEPMUHAJA BBITVISJIAT CJIELYIONTIM 00pa30M:

tarantool> s = box.schema.space.create('tester')
2017-01-17 12:04:18.158 ... creating './00000000000000000000.x1log. inprogress’'

tarantool> s:create_index('primary', {type = 'hash', parts = {1, 'unsigned'}})
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tarantool> t = s:insert{l, 'Roxette'}

tarantool> t = s:insert{2, 'Scorpions', 2015}

tarantool> t = s:insert{3, 'Ace of Base', 1993}

tarantool> s:select{3}

- - [3, 'Ace of Base', 1993]

s mobaBiieHns APYroro WHIEKCA IO BTOPOMY IOJIIO UCHOJIB3YHTE 9Ty KOMAHILY:

tarantool> s:create_index('secondary', {
> type = 'hash’',
> parts = {2, 'string'}
>}

Now, to prepare for the example in the next section, try this:

tarantool> box.schema.user.grant('guest', 'read,write,execute', 'universe')

YcTaHoBKa yaasieHHOro NOAKJI0YEHUS

B 3amnpoce box.cfg{listen = 3301}, KOTOpBHIil MBI OTIIPABIJIA paHee, TapaMeTp listen MOKeT IPUHUMATH
B KauecTse 3uadenust URI (yauBepcanbublil naentudukaTop pecypca) joboit dpopmbl. B mamem cirydae 310
pocto JiokaabHbIH mopT 3301. Ber Moxkere ormpasisaTh 3anpockl Ha ykaszanubiii URI, ucnosb3ys:

1. telnet,
2. Koumexmop,
3. apyroii sk3emiuigp Tarantool’a (¢ momomibo Mogyst console), ubo
4. yruury tarantoolctl.
HasaiiTe mompobyem BapuaHT ¢ tarantoolctl.

Ilepekirounrech Ha Apyroit repmunast. Hampumep, B Linux-cucreme Jjist 9TOro Hy>KHO 3aIlyCTUTD €Ille OJIUH
sxzemiuisgsp Bash. B HoBoM TepMmuHaie MOXKHO CMEHUTH TEKYIILYIO PADOUIYIO IUPEKTOPHUIO HA JIIOOYIO JIPYTYIO,
HeobA3aTeIbHO UCIIOAb30BaTh ~/tarantool_sandbox.

Samycrure yruianty tarantoolctl:

$ tarantoolctl comnect '3301'

JlanHas KoMamH/1a 03HAYAET «UCIOJIb30BATh YTUINTY tarantoolctl iyt MoAK/IOUYeHus K Tarantool-cepsepy,
KOTOPBI#I cayiaer 110 aapecy localhost:3301».

Bgemure ciemyromuit 3anpoc:

localhost:3301> box.space.tester:select{2}
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DTO 03HAUAET «IOCJATh 3a1poc ToMy Tarantool-cepBepy m BBIBECTH pe3yJIbTaT Ha dKpaH». PesynbraTtoM B
JAHHOM cJiydae Oy/IeT OJIMH W3 KOPTEXKei, UTO BBl BCTABJSIN paHee. B oKHe TepMHWHAJA TeNephb JTOIKHO
0TOOPaXKATHCSI IPUMEPHO CJIEIyOITee:

$ tarantoolctl connect 3301
/usr/local/bin/tarantoolctl: connected to localhost:3301
localhost:3301> box.space.tester:select{2}

- - [2, 'Scorpions', 2015]

Brr moxere noceuraTh 3ampocsl box.space. .. :insert{} u box.space...:select{} Heorpannuennoe xo-
JITYECTBO Pa3 Ha JIIOOOM U3 JBYX 3allyIIEHHBIX 9K3eMILIsApoB Tarantool’a.

3aKOHYMB TECTUPOBAHUE, BHITIOJTHUTE CJIEIYIONINAE MArH:
e Jlna ynamenus npocrpancrsa: s:drop()
e /I ocranoBku tarantoolctl: ctrl4+C mum ctrl4+D
e g ocranosku Tarantool’a (ajbprepHaruBHbIil BapuanT): cramgapraag Lua-gynkuus os.exit()
e /s ocranoBku Tarantool’a (u3 mpyroro repmunana): sudo pkill -f tarantool

o Jljs yrasienus MUPEKTOPUU-TIECOTHUIBI: rm -r ~/tarantool_sandbox

4.3 dynkymoHan CYB/

In this chapter, we introduce the basic concepts of working with Tarantool as a database manager.

DTa raaBa COCTOUT U3 CJEAYIONUX Pa3/IeIoB:

4.3.1 Mopgenb paHHbIX
B 9TOM Dpa3/ieJie OIIUCBhbIBAETCA TO, KaK B Tarantool’e OPraHU30BaHO XpaHEHUE JJaHHbIX U KaKHhe ollepaluu C
JaHHBIM OH IOJJEP2KHUBAET.

If you tried to create a database as suggested in our «Getting starteds exercises, then your test database
now looks like this:

4.3. ®ynkuuonan CYB/[, 13
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SPACE 'tester’

INDEX ‘primary*

TUPLE [, "Roxette’]

TUPLE [, 'Scorpions’, 2015]
TUPLE [2, ‘Ace of Base', 1993]

INDEX 'secondary’

KEY ['Roxette’]

KEY [Scorpions']
KEY [Ace of Basa']

MpocTpaHcTBO

A space — ,tester” in our example — is a container.

When Tarantool is being used to store data, there is always at least one space. Each space has a unique
name specified by the user. Besides, each space has a unique numeric identifier which can be specified by
the user, but usually is assigned automatically by Tarantool. Finally, a space always has an engine: memtz
(default) — in-memory engine, fast but limited in size, or vinyl — on-disk engine for huge data sets.

A space is a container for tuples. To be functional, it needs to have a primary index. It can also have
secondary indexes.

Tuple

A tuple plays the same role as a “row” or a “record”, and the components of a tuple (which we call “fields”)
play the same role as a “row column” or “record field”, except that:

e fields can be composite structures, such as arrays or maps, and
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e fields don’t need to have names.

Any given tuple may have any number of fields, and the fields may be of different types. The identifier of a
field is the field’s number, base 1 (in Lua and other 1-based languages) or base 0 (in PHP or C/C++). For
example, “1” or «0» can be used in some contexts to refer to the first field of a tuple.

Tuples in Tarantool are stored as MsgPack arrays.

When Tarantool returns a tuple value in console, it uses the YAMIL format, for example: [3, 'Ace of
Base', 1993].

Nupekc

An index is a group of key values and pointers.

As with spaces, you should specify the index name, and let Tarantool come up with a unique numeric
identifier («index id»).

An index always has a type. The default index type is ,TREE"“. TREE indexes are provided by all Tarantool
engines, can index unique and non-unique values, support partial key searches, comparisons and ordered
results. Additionally, memtx engine supports HASH, RTREE and BITSET indexes.

An index may be multi-part, that is, you can declare that an index key value is composed of two or more
fields in the tuple, in any order. For example, for an ordinary TREE index, the maximum number of parts
is 255.

An index may be unique, that is, you can declare that it would be illegal to have the same key value twice.

The first index defined on a space is called the primary key index, and it must be unique. All other indexes
are called secondary indexes, and they may be non-unique.

An index definition may include identifiers of tuple fields and their expected types (see allowed indezed field
types below).

In our example, we first defined the primary index (named ,primary*) based on field #1 of each tuple:

tarantool> i = s:create_index('primary', {type = 'hash', parts = {1, 'unsigned'l}})

The effect is that, for all tuples in space ,tester”, field #1 must exist and must contain an unsigned integer.
The index type is ,hash®, so values in field #1 must be unique, because keys in HASH indexes are unique.

After that, we defined a secondary index (named ,secondary) based on field #2 of each tuple:

tarantool> i = s:create_index('secondary', {type = 'tree', parts = {2, 'string'}})

The effect is that, for all tuples in space ,tester”, field #2 must exist and must contain a string. The index
type is ,tree”, so values in field #2 must not be unique, because keys in TREE indexes may be non-unique.

ITpumeuanue: Space definitions and index definitions are stored permanently in Tarantool’s system spaces
_space and _index (for details, see reference on boz.space submodule).

You can add, drop, or alter the definitions at runtime, with some restrictions. See syntax details in reference
on boxr module.

Tunbl gaHHbIX

Tarantool is both a database and an application server. Hence a developer often deals with two type sets:
the programming language types (e.g. Lua) and the types of the Tarantool storage format (MsgPack).

4.3. ®ynkuuonan CYB/[, 15
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Lua vs MsgPack

Scalar / compound | MsgPack type | Lua type Example value
scalar nil «nily msgpack.NULL
scalar boolean «boolean» true

scalar string «string» »A B C

scalar integer «numbers 12345

scalar double «number» 1.2345
compound map «table» (with string keys) | {,@% 5, ,b"“: 6}
compound array «table» (with integer keys) | [1, 2, 3, 4, 5]
compound array tuple («cdatay) [12345, ,A B C¥]

Tun nil (HyseBoit) MOXKeT MMeTh TOJBKO OJHO 3HAYECHUE, TAKXKe Ha3blBaeMoe nil, HO 4acTo oTobpazkaeMoe
kak null. HymeBoe 3HaueHnEe MOXKHO CPaBHUBATH CO 3HAYEHUSIMU JIFOOBIX THIIOB C IIOMOIIBIO OIIEpaTOPOB ==
(paBen) win ~= (He paBeH), HO HUKAKUE JPyTUE OIEPAIMU JJId HyJIEeBbIX 3HadeHuil He poctynubl. Hysesbie
3HAYEHUs] TAKXKE HeJIb3s UCIOJIb30BaTh B Liua-Tabymiax; BMEeCTO HYJIEBOI'O 3HAYEHHUsI B TAKOM CJIy9Iae MOXKHO

ykazarb yaml. NULL, mu6o json.NULL, iu6o msgpack. NULL
A boolean is either true or false.

A string is a variable-length sequence of bytes, usually represented with alphanumeric characters inside
single quotes. In both Lua and MsgPack, strings are treated as binary data, with no attempts to determine a
string’s character set or to perform any string conversion — unless there is an optional collation. So, usually,
string sorting and comparison are done byte-by-byte, without any special collation rules applied. (Example:
numbers are ordered by their point on the number line, so 2345 is greater than 500; meanwhile, strings are
ordered by the encoding of the first byte, then the encoding of the second byte, and so on, so ,,2345" is less
than ,,500“.)

In Lua, a number is double-precision floating-point, but Tarantool allows both integer and floating-point
values. Tarantool will try to store a Lua number as floating-point if the value contains a decimal point or
is very large (greater than 100 trillion = 1lel4), otherwise Tarantool will store it as an integer. To ensure
that even very large numbers are stored as integers, use the tonumber6/ function, or the LL (Long Long)
suffix, or the ULL (Unsigned Long Long) suffix. Here are examples of numbers using regular notation,
exponential notation, the ULL suffix and the tonumber64 function: -55, -2.7e+20, 100000000000000ULL,
tonumber64 ('18446744073709551615").

Lua tables with string keys are stored as MsgPack maps; Lua tables with integer keys starting with 1 — as
MsgPack arrays. Nils may not be used in Lua tables; the workaround is to use msgpack. NULL

A tuple is a light reference to a MsgPack array stored in the database. It is a special type (cdata) to avoid
conversion to a Lua table on retrieval. A few functions may return tables with multiple tuples. For more
tuple examples, see box.tuple.

ITpumeuanme: Tarantool uses the MsgPack format for database storage, which is variable-length. So, for
example, the smallest number requires only one byte, but the largest number requires nine bytes.

Examples of insert requests with different data types:

tarantool> box.space.K:insert{1l,nil,true,'A B C',12345,1.2345}

- [1, null, true, 'A B C', 12345, 1.2345]

tarantool> box.space.K:insert{2,{['a']=5,['b']1=6}}
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- [2, {'aI: 5,

b

6}]

tarantool> box.space.K:insert{3,{1,2,3,4,5}}

- [3)

(1, 2, 3, 4, 511

Indexed field types

Indexes restrict values which Tarantool’s MsgPack may contain. This is why, for example, ,unsigned” is a
separate indexed field type, compared to ‘integer’ data type in MsgPack: they both store ‘integer’ values,
but an ,unsigned* index contains only non-negative integer values and an ‘integer’ index contains all integer

values.

Here’s how Tarantool indexed field types correspond to MsgPack data types.

+44

Indexed field | MsgPack data type (and possible values) Tun Mpu-
type WH- me-
gekca | pol
unsigned (may | integer (integer between 0 and 18446744073709551615, i.e. about 18 | TREE,| 123456
also be called | quintillion) BITSET
‘uint’ or ‘num’, or
but ‘num’ is HASH
deprecated)
integer (may | integer (integer between -9223372036854775808 and | TREE | -
also be called | 18446744073709551615) or 2763
‘int”) HASH
number integer (integer between -9223372036854775808 and | TREE | 1.234
18446744073709551615) or -44
double (single-precision floating point number or double-precision | HASH | 1.447¢
floating point number)
string (may | string (any set of octets, up to the maximum length) TREE, ‘A B
also be called BITSETC’
‘str’) or ‘65
HASH | 66
67’
boolean bool (true or false) TREE | true
or
HASH
array array (list of numbers representing points in a geometric figure) RTREE {10,
11}
{3,
5, 9,
10}
scalar bool (true or false) TREE | true
integer (integer between -9223372036854775808 and | or -1
18446744073709551615) HASH | 1.234
double (single-precision floating point number or double-precision ¢
floating point number) ‘py’
string (any set of octets)
Note: When there is a mix of types, the key order is: booleans, then
numbers, then strings.
4.3. ®ynkuuonan CYB/[, 17
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Collations

By default, when Tarantool compares strings, it uses what we call a «binary» collation. The only
consideration here is the numeric value of each byte in the string. Therefore, if the string is encoded with
ASCII or UTF-8, then 'A' < 'B' < 'a', because the encoding of ,A“ (what used to be called the «ASCII
value») is 65, the encoding of ,B“ is 66, and the encoding of ,a“ is 98. Binary collation is best if you prefer
fast deterministic simple maintenance and searching with Tarantool indexes.

But if you want the ordering that you see in phone books and dictionaries, then you need Tarantool’s
optional collations — unicode and unicode_ci — that allow for 'A' < 'a' < 'B' and 'A' = 'a' < 'B'
respectively.

Optional collations use the ordering according to the Default Unicode Collation Element Table (DUCET)
and the rules described in Unicode®@) Technical Standard 710 Unicode Collation Algorithm (UTS #10
UCA). The only difference between the two collations is about weights:

e unicode collation observes four weight levels, from L1 to L4,
e unicode_ci collation observes only L1 weights, the ci suffix meaning «case-insensitives.

As an example, let’s take some Russian words:

'EJIE'

' enTeitHE1
'énka’

' eqoBEI '
'eo3uTh '
'Enouxa’
' éouHsIH
'Ells"'
'enn'

... and show the difference in ordering and selecting by index:

e with unicode collation:

tarantool> box.space.T:create_index('I', {parts = {{1,'str', collation='unicode'}}})

tarantool> box.space.T.index.I:select()
- - ['EIE']

- ['emetinsii']

- ['énka']

- ['emosmii']

- ['emosutrs']

- ['Enouxa'l

- ['émounmii']

- ['ems']

- ['Ells"]

tarantool> box.space.T.index.I:select{'EnKa'}

-0

with unicode_ci collation:

tarantool> box.space.T:create_index('I', {parts = {{1,'str', collation='unicode_ci'}}})

tarantool> box.space.S.index.I:select()
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['ENE']
['enmettmsii' ]
['énka']
['emossii']
['emosuTs']
['Emoura'l
['émoumsi' ]
['Ells']

tarantool> box.space.S.index.I:select{ 'EnKa'}

- - ['énka'l

In fact, though, good collation involves much more than these simple examples of upper case / lower case
equivalence in alphabets. We also consider accent marks, non-alphabetic writing systems, and special rules
that apply for combinations of characters.

Sequences

A sequence is a generator of ordered integer values.

As with spaces and indexes, you should specify the sequence name, and let Tarantool come up with a unique
numeric identifier («sequence id»).

As well, you can specify several options when creating a new sequence. The options determine what value
will be generated whenever the sequence is used.

Options for box.schema.sequence.create()

Option Type and meaning Default Mprme-
name pbl
start Integer. The value to generate the first time a sequence is used | 1 start=0
min Integer. Values smaller than this cannot be generated 1 min=-
1000
max Integer. Values larger than this cannot be generated 9223372036854 7758Aax—=0
cycle Boolean. Whether to start again when values cannot be | false cycle=true
generated
cache Integer. The number of values to store in a cache 0 cache=0
step Integer. What to add to the previous generated value, when | 1 step=-1
generating a new value
Once a sequence exists, it can be altered, dropped, reset, forced to generate the next value, or associated
with an index.
For an initial example, we generate a sequence named ,,S“.
tarantool> box.schema.sequence.create('S',{min=5, start=5})
- step:
id: 5
min: 5
cache: 0
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uid: 1

max: 9223372036854775807
cycle: false

name: S

start: 5

The result shows that the new sequence has all default values, except for the two that were specified, min
and start.

Then we get the next value, with the next () function.

tarantool> box.sequence.S:next()

-5

The result is the same as the start value. If we called next () again, we would get 6 (because the previous
value plus the step value is 6), and so on.

Then we create a new table, and say that its primary key may be generated from the sequence.

tarantool> s=box.schema.space.create('T');s:create_index('I',{sequence='S'})

Then we insert a tuple, without specifying a value for the primary key.

tarantool> box.space.T:insert{nil, 'other stuff'}

- [6, 'other stuff']

The result is a new tuple where the first field has a value of 6. This arrangement, where the system
automatically generates the values for a primary key, is sometimes called «auto-incrementing» or «identity».

For syntax and implementation details, see the reference for boz.schema.sequence.

Persistence

In Tarantool, updates to the database are recorded in the so-called write ahead log (WAL) files. This ensures
data persistence. When a power outage occurs or the Tarantool instance is killed incidentally, the in-memory
database is lost. In this situation, WAL files are used to restore the data. Namely, Tarantool reads the WAL
files and redoes the requests (this is called the «recovery process»). You can change the timing of the WAL
writer, or turn it off, by setting wal mode.

Tarantool Takzke coxpansier psiJi GailioB co CTATUIeCKUME CHUMKAMU JAaHHBIX (snapshots). Paiin co CHUMKOM
— 3TO JINCKOBAasl KOIUsI BCEX JIAHHBIX B 0a3e Ha KaKOH-To MOMeEHT. BmecTo Toro, 4robs! 3aunrbiBarh Bce WAL-
daiijibl, OSBUBIITECS ¢ MOMEHTa, co3aHusi 6a3bl, Tarantool B mporiecce BOCCTAHOBJIEHUsI MOYKET 3aIDy3UTh
CaMBIil CBEXWII CHUMOK U 3aTeM 3a9uTarTh TOJbKO Te WAL-dailibl, KoTopble ObLIM CIEJAHBI ¢ MOMEHTA
coxpaHenusi ciuMka. [locite cozmanust HOBBIX (aitnos, crapbie WAL-daitibl MOryT OBITH YIAJEHBI B MEJISX
SKOHOMUHU MECTa Ha JIUCKE.

To force immediate creation of a snapshot file, you can use Tarantool’s boz.snapshot() request. To enable
automatic creation of snapshot files, you can use Tarantool’s checkpoint daemon. The checkpoint daemon
sets intervals for forced checkpoints. It makes sure that the states of both memtx and vinyl storage engines
are synchronized and saved to disk, and automatically removes old WAL files.
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Snapshot files can be created even if there is no WAL file.

ITpumeuanme: The memtx engine makes only regular checkpoints with the interval set in checkpoint daemon
configuration.

The vinyl engine runs checkpointing in the background at all times.

See the Internals section for more details about the WAL writer and the recovery process.

Onepauun

Data operations

The basic data operations supported in Tarantool are:
e one data-retrieval operation (SELECT), and
e five data-manipulation operations (INSERT, UPDATE, UPSERT, DELETE, REPLACE).
All of them are implemented as functions in box.space submodule.
Examples
e INSERT: Add a new tuple to space ,tester*.
The first field, field[1], will be 999 (MsgPack type is integer).
The second field, field|2], will be , Taranto* (MsgPack type is string).

tarantool> box.space.tester:insert{999, 'Taranto'}

e UPDATE: Update the tuple, changing field field|[2].

The clause «{999}», which has the value to look up in the index of the tuple’s primary-key field, is
mandatory, because update () requests must always have a clause that specifies a unique key, which in
this case is field[1].

The clause «{{,=", 2, ,Tarantino“}}» specifies that assignment will happen to field[2] with the new
value.

tarantool> box.space.tester:update({999}, {{'=', 2, 'Tarantino'}})

e UPSERT: Upsert the tuple, changing field field|2] again.

The syntax of upsert() is similar to the syntax of update(). However, the execution logic of these
two requests is different. UPSERT is either UPDATE or INSERT, depending on the database’s state.
Also, UPSERT execution is postponed until after transaction commit, so, unlike update (), upsert ()
doesn’t return data back.

tarantool> box.space.tester:upsert ({999}, {{'=', 2, 'Tarantism'}}) ‘

e REPLACE: Replace the tuple, adding a new field.

This is also possible with the update () request, but the update () request is usually more complicated.

’tarantool> box.space.tester:replace{999, 'Tarantella', 'Tarantula'} ‘
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e SELECT: Retrieve the tuple.
The clause «{999}» is still mandatory, although it does not have to mention the primary key.

’ tarantool> box.space.tester:select{999}

e DELETE: Delete the tuple.
In this example, we identify the primary-key field.

’ tarantool> box.space.tester:delete{999}

All the functions operate on tuples and accept only unique key values. So, the number of tuples in the space
is always 0 or 1, since the keys are unique.

Functions insert(), upsert() and replace() accept only primary-key values. Functions select(),
delete() and update() may accept either a primary-key value or a secondary-key value.

IIpumeuanue: Besides Lua, you can use Perl, PHP, Python or other programming language connectors.
The client server protocol is open and documented. See this annotated BNF'.

Onepauun c nngekcamu

Index operations are automatic: if a data-manipulation request changes a tuple, then it also changes the
index keys defined for the tuple.

The simple index-creation operation that we’ve illustrated before is:

:samp: “box.space.{umMa-npoctparcTBalt:create_index (' {uma-urmercal}l')"”

This creates a unique TREE index on the first field of all tuples (often called «Field#1»), which is assumed
to be numeric.

The simple SELECT request that we’ve illustrated before is:

:extsamp: “box.space.{*{uma-npocTparcTral*}:select ({*{3mauenune}*}) "

This looks for a single tuple via the first index. Since the first index is always unique, the maximum number
of returned tuples will be: one.

The following SELECT variations exist:
1. Ilomumo yciioBUSI paBEHCTBA, [IPU IIOMCKE MOT'YT HCIIOJIB30BATHCS U JPYIUe YCIOBHs CDABHEHUSI.
box.space. space-name :select(value, {iterator = 'GT'})

The comparison operators are LT, LE, EQ, REQ, GE, GT (for «less than», «less than or equal»,
«equaly, «reversed equal», «greater than or equal», «greater than» respectively). Comparisons make
sense if and only if the index type is ‘TREE®.

DTOT BapUaHT IIOMCKA MOYXKET BEPHYTH 60Jjiee OJIHOrO KopTexKa. B TakoM cirydae KOpTe:Ku OYILyT OTCOp-
TUPOBAHBI B OPsiJIKe yObIBaHUs 110 K04y (ecsm ucrnosbsopaics oneparop LT, LE nin REQ), aubo B
HOpsiIKe BO3pacTaHus (BO BCEX OCTAJILHBIX CJIyYdasiX).

2. Tomck MOXKeT TPOU3BOIUTHCS IO BTOPUIHOMY UHIIEKCY.

box.space. space-name .index. index-name :select (value)
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IIpu moucke 110 IEPBUYHOMY MHJIEKCY MM MHJIEKCa MOXKHO He YKa3blBaTh. [Ipu moucke ke 11o BTopud-
HOMY WHJIEKCY MMsI UHJIEKCA YKA3bIBATh HEOOXOIUMO.

3. Ilouck mozker OTPOU3BOAUTHCA KaK IO BCEMY KJIIOTY, TaK U II0 €0 YaCTAM.

-- Suppose an index has two parts
tarantool> box.space.space-name .index. index-name .parts

- - type: unsigned

fieldno: 1
- type: string
fieldno: 2

-- Suppose the space has three tuples
box.space. space-name :select ()

- - [1, 'a']
- [1, 'B']
- [2, ']

4. The search may be for all fields, using a table for the value:
box.space. space-name :select ({1, 'A'})
60 Ke O OJHOMY TOJI0 (B 9TOM CJIydae MCIOJIb3yeTCsl TabJINIA NN CKAJISIPHOE 3HAYEHHE):
box.space. space-name :select (1)
In the second case, the result will be two tuples: {1, 'A'} and {1, 'B'}.

You can specify even zero fields, causing all three tuples to be returned. (Notice that partial key searches
are available only in TREE indexes.)

Examples

e [Ipumep paborer ¢ BITSET-unmexcom:

tarantool> box.schema.space.create('bitset_example')

tarantool> box.space.bitset_example:create_index('primary')

tarantool> box.space.bitset_example:create_index('bitset',{unique=false,type='BITSET
', parts={2, 'unsigned'}})

tarantool> box.space.bitset_example:insert{1,1}

tarantool> box.space.bitset_example:insert{2,4}

tarantool> box.space.bitset_example:insert{3,7}

tarantool> box.space.bitset_example:insert{4,3}

tarantool> box.space.bitset_example.index.bitset:select(2, {iterator='BITS_ANY_SET'}
)

MBI mOTyduM CJIETy IO Pe3yJIbTaT:

--10,7
- [4, 3]

nockosibKy (7 AND 2) me pasuo 0 u (3 AND 2) ne pasuo 0.
e [Ipumep paborer ¢ RTREE-unmekcom:
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tarantool> box.schema.space.create('rtree_example')

tarantool> box.space.rtree_example:create_index('primary')

tarantool> box.space.rtree_example:create_index('rtree',{unique=false,type='RTREE',,
—parts={2, 'ARRAY'}})

tarantool> box.space.rtree_example:insert{1, {3, 5, 9, 10}}

tarantool> box.space.rtree_example:insert{2, {10, 11}}

tarantool> box.space.rtree_example.index.rtree:select({4, 7, 5, 9}, {iterator = 'GT

SN

MBI mOTy9IrM CJTETy IO Pe3yJIbTaT:

- - [1, I3, 5, 9, 10]1]

because a rectangle whose corners are at coordinates 4,7,5,9 is entirely within a rectangle
whose corners are at coordinates 3,5,9,10.

Additionally, there exist index iterator operations. They can only be used with code in Lua and C/C++.
Index iterators are for traversing indexes one key at a time, taking advantage of features that are specific
to an index type, for example evaluating Boolean expressions when traversing BITSET indexes, or going in
descending order when traversing TREE indexes.

See also other index operations like alter() and drop() in reference for boz.index submodule.

Complexity factors

In reference for boz.space and boz.index submodules, there are notes about which complexity factors might
affect the resource usage of each function.
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Complexity ddbdbexT
factor
Pasmep | The number of index keys is the same as the number of tuples in the data set. For a TREE
unjekca | index, if there are more keys, then the lookup time will be greater, although of course the
effect is not linear. For a HASH index, if there are more keys, then there is more RAM used,
but the number of low-level steps tends to remain constant.

Tun un- | Typically, a HASH index is faster than a TREE index if the number of tuples in the space is
JeKca greater than one.

Kouu- Ordinarily, only one index is accessed to retrieve one tuple. But to update the tuple, there
TeCTBO must be N accesses if the space has N different indexes.

obpame- | Note re storage engine: Vinyl optimizes away such accesses if secondary index fields are
Huit K | unchanged by the update. So, this complexity factor applies only to memtx, since it always

MHJIEK- makes a full-tuple copy on every update.

cam

Kouu- A few requests, for example SELECT, can retrieve multiple tuples. This factor is usually less
9eCTBO important than the others.

obparrie-

HUA K

KOpTe-

ZKaM

Ha- Baxkubim mapamerpom mist 3amucn B WAL sBrstercst wal_mode. Ecm 3anmes 8 WAL oTkitio-
CTpOIi- YeHa WM 3aJ[aHa 3alliCh C 3aJIePXKKOi, HO 9TOT (PaKTOp He Tak BaykeH. ECJu Ke 3alicCh B
K1 WAL npousBouTcst Ipu KayKJ0M 3aIpoce Ha M3MEHEeHHe JaHHBIX, TO TP KarXKJI0OM TaKOM 3a-
WAL [Ipoce MIPUXOIUTCS JKIATh, TOKa oTpaboTaer obpalienne K 60Jee MeIJICHHOMY JUCKY, U JAHHbIH

(baKTOp CTaHOBUTCHd BazKHee BCEX OCTaJIbHBLIX.

4.3.2 KoHTposib TpaH3aKuWii

Transactions in Tarantool occur in fibers on a single thread. That is why Tarantool has a guarantee of
execution atomicity. That requires emphasis.

Threads, fibers and yields

How does Tarantool process a basic operation? As an example, let’s take this query:

’tarantool> box.space.tester:update({3}, {{'=', 2, 'size'}, {'=', 3, 0}})

This is equivalent to an SQL statement like:

’UPDATE tester SET "field[2]" = 'size', "field[3]" = O WHERE "field[1]" = 3

This query will be processed with three operating system threads:

1. If we issue the query on a remote client, then the network thread on the server side receives the
query, parses the statement and changes it to a server executable message which has already been
checked, and which the server instance can understand without parsing everything again.

2. The network thread ships this message to the instance’s «transaction processor» thread using a
lock-free message bus. Lua programs execute directly in the transaction processor thread, and do not
require parsing and preparation.

The instance’s transaction processor thread uses the primary-key index on field[1] to find the location
of the tuple. It determines that the tuple can be updated (not much can go wrong when you’re merely
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changing an unindexed field value to something shorter).

3. The transaction processor thread sends a message to the write-ahead logging (WAL) thread to commit
the transaction. When done, the WAL thread replies with a COMMIT or ROLLBACK result, which
is returned to the client.

Notice that there is only one transaction processor thread in Tarantool. Some people are used to the idea that
there can be multiple threads operating on the database, with (say) thread #1 reading row #x, while thread
#2 writes row #y. With Tarantool, no such thing ever happens. Only the transaction processor thread can
access the database, and there is only one transaction processor thread for each Tarantool instance.

Like any other Tarantool thread, the transaction processor thread can handle many fibers. A fiber is a set of
computer instructions that may contain «yield» signals. The transaction processor thread will execute all
computer instructions until a yield, then switch to execute the instructions of a different fiber. Thus (say)
the thread reads row #x for the sake of fiber #1, then writes row #y for the sake of fiber #2.

Yields must happen, otherwise the transaction processor thread would stick permanently on the same fiber.
There are two types of yields:

o implicit yields: every data-change operation or network-access causes an implicit yield, and every
statement that goes through the Tarantool client causes an implicit yield.

e explicit yields: in a Lua function, you can (and should) add «yield» statements to prevent hogging.
This is called cooperative multitasking.

Cooperative multitasking

Cooperative multitasking means: unless a running fiber deliberately yields control, it is not preempted by
some other fiber. But a running fiber will deliberately yield when it encounters a “yield point”: a transaction
commit, an operating system call, or an explicit «yield» request. Any system call which can block will be
performed asynchronously, and any running fiber which must wait for a system call will be preempted, so
that another ready-to-run fiber takes its place and becomes the new running fiber.

This model makes all programmatic locks unnecessary: cooperative multitasking ensures that there will be
no concurrency around a resource, no race conditions, and no memory consistency issues.

When requests are small, for example simple UPDATE or INSERT or DELETE or SELECT, fiber scheduling
is fair: it takes only a little time to process the request, schedule a disk write, and yield to a fiber serving
the next client.

However, a function might perform complex computations or might be written in such a way that yields
do not occur for a long time. This can lead to unfair scheduling, when a single client throttles the rest of
the system, or to apparent stalls in request processing. Avoiding this situation is the responsibility of the
function’s author.

Transactions

In the absence of transactions, any function that contains yield points may see changes in the database state
caused by fibers that preempt. Multi-statement transactions exist to provide isolation: each transaction
sees a consistent database state and commits all its changes atomically. At commit time, a yield happens
and all transaction changes are written to the write ahead log in a single batch. Or, if needed, transaction
changes can be rolled back — completely or to a specific savepoint.

To implement isolation, Tarantool uses a simple optimistic scheduler: the first transaction to commit wins.
If a concurrent active transaction has read a value modified by a committed transaction, it is aborted.

The cooperative scheduler ensures that, in absence of yields, a multi-statement transaction is not preempted
and hence is never aborted. Therefore, understanding yields is essential to writing abort-free code.
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ITpumeuanme: You can’t mix storage engines in a transaction today.

Implicit yields
The only explicit yield requests in Tarantool are fiber.sleep() and fiber.yield(), but many other requests
«imply» yields because Tarantool is designed to avoid blocking.
Database operations usually do not yield, but it depends on the engine:
e In memtx, reads or writes do not require I/O and do not yield.

e In vinyl, not all data is in memory, and SELECT often incurs a disc I/O, and therefore yields, while
a write may stall waiting for memory to free up, thus also causing a yield.

In the «autocommit» mode, all data change operations are followed by an automatic commit, which yields.
So does an explicit commit of a multi-statement transaction, box.commit().

Many functions in modules fio, net _box, console and socket (the «os» and «network» requests) yield.
Example #1

e FEngine = memtr select() insert() has one yield, at the end of insertion, caused by implicit commit;
select () has nothing to write to the WAL and so does not yield.

e Engine = vinyl select() insert() has between one and three yields, since select () may yield if the
data is not in cache, insert () may yield waiting for available memory, and there is an implicit yield
at commit.

e The sequence begin() insert() insert() commit() yields only at commit if the engine is memtx,
and can yield up to 3 times if the engine is vinyl.

Example #2

Assume that in space ‘tester’ there are tuples in which the third field represents a positive dollar amount.
Let’s start a transaction, withdraw from tuple#1, deposit in tuple#2, and end the transaction, making its
effects permanent.

tarantool> function txn_example(from, to, amount_of_money)

> box.begin()
>  box.space.tester:update(from, {{'-', 3, amount_of_moneyl}})
>  box.space.tester:update(to, {{'+', 3, amount_of_money}})
> box.commit ()
> return "ok"
> end

tarantool> txn_example ({999}, {1000}, 1.00)

_ "ok"

If wal _mode = ‘none’, then implicit yielding at commit time does not take place, because there are no writes
to the WAL.

If a task is interactive — sending requests to the server and receiving responses — then it involves network 10,
and therefore there is an implicit yield, even if the request that is sent to the server is not itself an implicit
yield request. Therefore, the sequence:
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select
select
select

causes blocking (in memtx), if it is inside a function or Lua program being executed on the server instance,
but causes yielding (in both memtx and vinyl) if it is done as a series of transmissions from a client, including
a client which operates via telnet, via one of the connectors, or via the MySQL and PostgreSQL rocks, or
via the interactive mode when using Tarantool as a client.

After a fiber has yielded and then has regained control, it immediately issues testcancel.

4.3.3 OrpaHudeHue goctyna

Understanding security details is primarily an issue for administrators. Meanwhile, ordinary users should
at least skim this section to get an idea of how Tarantool makes it possible for administrators to prevent
unauthorized access to the database and to certain functions.

In a nutshell:

e There is a method to guarantee with password checks that users really are who they say they are
(“authentication”).

e There is a _user system space, where usernames and password-hashes are stored.
e There are functions for saying that certain users are allowed to do certain things (“privileges”).

e There is a _ priv system space, where privileges are stored. Whenever a user tries to do an operation,
there is a check whether the user has the privilege to do the operation (“access control”).

Further on, we explain all of this in more detail.

Users

There is a current user for any program working with Tarantool, local or remote. If a remote connection is
using a binary port, the current user, by default, is ,,guest®. If the connection is using an admin-console port,
the current user is ,,admin“. When executing a Lua initialization script, the current user is also ‘admin’.

The current user name can be found with boz.session.user().

The current user can be changed:
e For a binary port connection — with AUTH protocol command, supported by most clients;
e For an admin-console connection and in a Lua initialization script — with box.session.su;

e For a stored function invoked with CALL command over a binary port — with SETUID property enabled
for the function, which makes Tarantool temporarily replace the current user with the function’s creator,
with all creator’s privileges, during function execution.

Passwords

Each user (except ,guest®) may have a password. The password is any alphanumeric string.

Tarantool passwords are stored in the wuser system space with a cryptographic hash function so that, if the
password is ‘x’, the stored hash-password is a long string like ‘1L30vhkIPOKh-+Vn9Avlkx69M /Ck="‘. When
a client connects to a Tarantool instance, the instance sends a random salt value which the client must mix
with the hashed-password before sending to the instance. Thus the original value ‘x’ is never stored anywhere
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except in the user’s head, and the hashed value is never passed down a network wire except when mixed
with a random salt.

IIpumeuanue: For more details of the password hashing algorithm (e.g. for the purpose of writing a new
client application), read the scramble.lh header file.

This system prevents malicious onlookers from finding passwords by snooping in the log files or snooping on
the wire. It is the same system that MySQL introduced several years ago, which has proved adequate
for medium-security installations. Nevertheless, administrators should warn users that no system is
foolproof against determined long-term attacks, so passwords should be guarded and changed occasionally.
Administrators should also advise users to choose long unobvious passwords, but it is ultimately up to the
users to choose or change their own passwords.

There are two functions for managing passwords in Tarantool: boz.schema.user.password() for changing a
user’s password and boz.schema.user.passwd() for getting a hash-password.

Owners and privileges

In Tarantool, all objects are organized into a hierarchy of ownership. Ordinarily the owner of every object
is its creator. The creator of the initial database state (we call it ‘universe’) — including the database itself,
the system spaces, the users — is ‘admin’.

An object’s owner can share some rights on the object by granting privileges to other users. The following
privileges can be granted:

e Read, e.g. allow select from a space
e Write, e.g. allow update on a space

e Execute, e.g. allow call of a function

Create, e.g. allow bozx.schema.space.create (currently this can be granted but has no effect)
o Alter, e.g. allow boz.space.x.index.y:alter (currently this can be granted but has no effect)
e Drop, e.g. allow box.sequence.z:drop (currently this can be granted but has no effect)

This is how the privilege system works. To be able to create objects, a user needs to have write access to
Tarantool’s system spaces. The ,,admin“ user, who is at the top of the hierarchy and who is the ultimate
source of privileges, shares write access to a system space (e.g. _ space) with some users. Now the users can
insert data into the system space (e.g. creating new spaces) and themselves become creators/definers of new
objects. For the objects they created, the users can in turn share privileges with other users.

This is why only an object’s owner can drop the object, but other ordinary users cannot. Meanwhile, ,admin‘
can drop any object or delete any other user, because ,admin“ is the creator and ultimate owner of them all.

The syntax of all grant()/revoke() commands in Tarantool follows this basic idea.
e The first argument is the name of the user who gets the privilege or whose privilege is revoked.
e The second argument is the type of privilege granted, or a list of privileges.

e The third argument is the object type on which the privilege is granted, or the word ,,universe“. Possible
object types are ,space®, ,function“, ,sequence” (not juser or ,role).

e The fourth argument is the name of the object if the object type was specified (,universe* has no name
because there is only one ,universe®, but otherwise you must specify the name).

Example #1

Here we say that user ,,guest” can do common operations on any object.
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box.schema.user.grant('guest', 'read,write,execute', 'universe')

Example #2

Here we create a Lua function that will be executed under the user id of its creator, even if called by another
user.

First, we create two spaces (,u and i) and grant a no-password user (,internal®) full access to them. Then
we define a function (,;read and modify*) and the no-password user becomes this function’s creator. Finally,
we grant another user (,public_user”) access to execute Lua functions created by the no-password user.

box.schema.space.create('u')
box.schema.space.create('i')
box.space.u:create_index('pk')
box.space.i:create_index('pk')

box.schema.user.create('internal')

box.schema.user.grant('internal', 'read,write', 'space', 'u')
box.schema.user.grant('internal', 'read,write', 'space', 'i')
box.schema.user.grant('internal', 'read,write', 'space', '_func')

function read_and_modify(key)
local u = box.space.u
local i = box.space.i
local fiber = require('fiber')
local t = u:get{key}
if t "= nil then
u:put{key, box.session.uid()}
i:put{key, fiber.time()}
end
end

box.session.su('internal')
box.schema.func.create('read_and_modify', {setuid= truel})
box.session.su('admin')

box.schema.user.create('public_user', {password = 'secret'})
box.schema.user.grant('public_user', 'execute', 'function', 'read_and_modify')
Roles

A role is a container for privileges which can be granted to regular users. Instead of granting or revoking
individual privileges, you can put all the privileges in a role and then grant or revoke the role.

Role information is stored in the _wuser space, but the third field in the tuple — the type field — is ‘role’
rather than ‘user’.

An important feature in role management is that roles can be nested. For example, role R1 can be granted
a privilege «role R2», so users with the role R1 will subsequently get all privileges from both roles R1 and
R2. In other words, a user gets all the privileges that are granted to a user’s roles, directly or indirectly.

IIpumep

-- This example will work for a user with many privileges, such as 'admin'
-- or a user with the pre-defined 'super' role

-- Create space T with a primary index

box.schema.space.create('T')

box.space.T:create_index('primary', {})
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-- Create user Ul so that later we can change the current user to Ul
box.schema.user.create('Ul")

-- Create two roles, R1 and R2

box.schema.role.create('R1')

box.schema.role.create('R2")

-- Grant role R2 to role R1 and role R1 to user Ul (order doesn't matter)
box.schema.role.grant('R1', 'execute', 'role', 'R2')
box.schema.user.grant('Ul', 'execute', 'role', 'R1')

-- Grant read/write privileges for space T to role R2

-- (but not to role R1 and mot to user Ul)

box.schema.role.grant('R2', 'read,write', 'space', 'T')

-- Change the current user to user Ul

box.session.su('U1')

-- An insertion to space T will nmow succeed because, due to mnested roles,
-- user Ul has write privilege on space T

box.space.T:insert{1}

For details about Tarantool functions related to role management, see reference on boz.schema submodule.

Sessions and security

A session is the state of a connection to Tarantool. It contains:
e an integer id identifying the connection,
e the current user associated with the connection,
e text description of the connected peer, and
e session local state, such as Lua variables and functions.

In Tarantool, a single session can execute multiple concurrent transactions. Each transaction is identified by
a unique integer id, which can be queried at start of the transaction using boz.session.sync().

IIpumeuanue: To track all connects and disconnects, you can use connection and authentication triggers.

4.3.4 Tpurrepsbl

Triggers, also known as callbacks, are functions which the server executes when certain events happen.
There are three types of triggers in Tarantool:

e connection triggers, which are executed when a session begins or ends,

e quthentication triggers, which are executed during authentication, and

e replace triggers, which are for database events.
All triggers have the following characteristics:

e Triggers associate a function with an event. The request to «define a triggers implies
passing the trigger’s function to one of the «on event()» functions: box.session.on_connect(),
boz.session.on_ auth(), boz.session.on_ disconnect(), or space_ object:on_ replace() plus
space_ object:before_ replace().

e Triggers are defined only by the , admin® user.
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Triggers are stored in the Tarantool instance’s memory, not in the database. Therefore triggers
disappear when the instance is shut down. To make them permanent, put function definitions and
trigger settings into Tarantool’s initialization script.

Triggers have low overhead. If a trigger is not defined, then the overhead is minimal: merely a pointer
dereference and check. If a trigger is defined, then its overhead is equivalent to the overhead of calling
a function.

There can be multiple triggers for one event. In this case, triggers are executed in the reverse order
that they were defined in.

Triggers must work within the event context. However, effects are undefined if a function contains
requests which normally could not occur immediately after the event, but only before the return from
the event. For example, putting os.exit() or boz.rollback() in a trigger function would be bringing in
requests outside the event context.

Triggers are replaceable. The request to «redefine a trigger» implies passing a new trigger function and
an old trigger function to one of the «on_event()» functions.

The «on_event()» functions all have parameters which are function pointers, and they all return
function pointers. Remember that a Lua function definition such as «function f() x = x + 1 end» is
the same as «f = function () x = x + 1 end» — in both cases f gets a function pointer. And «trigger
= box.session.on_connect(f)» is the same as «trigger = box.session.on _connect(function () x = x +
1 end)» — in both cases trigger gets the function pointer which was passed.

To get a list of triggers, you can use:

on_connect() — with no arguments — to return a table of all connect-trigger functions;
on_auth() to return all authentication-trigger functions;

on_ disconnect() to return all disconnect-trigger functions;

on_replace() to return all replace-trigger functions made for on_replace().

before replace() to return all replace-trigger functions made for before replace().

IIpumep

Here we log connect and disconnect events into Tarantool server log.

log =

require('log')

function on_connect_impl()
log.info("connected "..box.session.peer()..", sid "..box.session.id())

end

function on_disconnect_impl()
log.info("disconnected, sid "..box.session.id())

end

function on_auth_impl (user)
log.info("authenticated sid "..box.session.id().." as "..user)

end

function on_connect() pcall(on_connect_impl) end
function on_disconnect() pcall(on_disconnect_impl) end
function on_auth(user) pcall(on_auth_impl, user) end

box.session.on_connect (on_connect)
box.session.on_disconnect (on_disconnect)
box.session.on_auth(on_auth)
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4.3.5 OrpaHuyeHus

Number of parts in an index

For TREE or HASH indexes, the maximum is 255 (box.schema.INDEX_PART_MAX). For
ref: RTREE <box index-rtree> indexes, the maximum is 1 but the field is an ARRAY of up
to 20 dimensions. For BITSET indexes, the maximum is 1.

Number of indexes in a space
128 (box.schema.INDEX_MAX).
Number of fields in a tuple

The theoretical maximum is 2,147,483,647 (box.schema.FIELD_MAX). The practical maximum is
whatever is specified by the space’s field count member, or the maximal tuple length.

Number of bytes in a tuple

The maximal number of bytes in a tuple is roughly equal to memtr maz tuple size or
vinyl_max_tuple size (with a metadata overhead of about 20 bytes per tuple, which is
added on top of useful bytes). By default, the value of either memtx_max_tuple_size or
vinyl_max_tuple_size is 1,048,576. To increase it, specify a larger value when starting the
Tarantool instance. For example, box.cfg{memtx_max_tuple_size=2*1048576}.

Number of bytes in an index key

If a field in a tuple can contain a million bytes, then the index key can contain a million bytes,
so the maximum is determined by factors such as Number of bytes in a tuple, not by the index
support.

Number of spaces

The theoretical maximum is 2147483647 (box.schema.SPACE_MAX) but the practical maximum
is around 65,000.

Number of connections
The practical limit is the number of file descriptors that one can set with the operating system.
Space size

The total maximum size for all spaces is in effect set by memtz memory, which in turn is limited
by the total available memory.

Update operations count

The maximum number of operations that can be in a single update is 4000
(BOX_UPDATE_OP_CNT_MAX).

Number of users and roles
32 (BOX_USER_MAX).

Length of an index name or space name or user name
65000 (box.schema.NAME_MAX).

Number of replicas in a replica set

32 (box.schema.REPLICA_MAX).

4.3. ®ynkuuonan CYB/[, 33



Tarantool, Beinyck 1.10.0

4.4 CepBep NpuIOXKeEHWUA

In this chapter, we introduce the basics of working with Tarantool as a Lua application server.

DTa raaBa COCTOUT U3 CJEAYIONINX PA3IEI0B:
4.4.1 Launching an application
Using Tarantool as an application server, you can write your own applications. Tarantool’s native language

for writing applications is Lua, so a typical application would be a file that contains your Lua script. But
you can also write applications in C or C+-+.

ITpumeuanmne: If you're new to Lua, we recommend going over the interactive Tarantool tutorial before
proceeding with this chapter. To launch the tutorial, say tutorial () in Tarantool console:

tarantool> tutorial()

Let’s create and launch our first Lua application for Tarantool. Here’s a simplest Lua application, the good
old «Hello, world!»:

#!/usr/bin/env tarantool
print('Hello, world!')

We save it in a file. Let it be myapp.lua in the current directory.
Now let’s discuss how we can launch our application with Tarantool.
Launching in Docker

If we run Tarantool in a Docker container, the following command will start Tarantool without any
application:

$ # create a temporary container and run it in interactive mode
$ docker run --rm -t -i tarantool/tarantool

To run Tarantool with our application, we can say:

$ # create a temporary container and

$ # launch Tarantool with our application

$ docker run --rm -t -i \
-v “pwd’ /myapp.lua:/opt/tarantool/myapp.lua \
-v /data/dir/on/host:/var/lib/tarantool \
tarantool/tarantool tarantool /opt/tarantool/myapp.lua
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Here two resources on the host get mounted in the container:
e our application file (\*pwd\"/myapp.lua) and
e Tarantool data directory (/data/dir/on/host).

By convention, the directory for Tarantool application code inside a container is /opt/tarantool, and the
directory for data is /var/lib/tarantool.

Launching a binary program

If we run Tarantool from a binary package or from a source build, we can launch our application:
e in the script mode,
® KAaK CepBEPHOE MPUJIOKEHUE, OO
e as a daemon service.

The simplest way is to pass the filename to Tarantool at start:

$ tarantool myapp.lua
Hello, world!
$

Tarantool starts, executes our script in the script mode and exits.

Now let’s turn this script into a server application. We use box.cfg from Tarantool’s built-in Lua module
to:

e launch the database (a database has a persistent on-disk state, which needs to be restored after we
start an application) and

e configure Tarantool as a server that accepts requests over a TCP port.

We also add some simple database logic, using space.create() and create index() to create a space with a
primary index. We use the function box.once() to make sure that our logic will be executed only once when
the database is initialized for the first time, so we don’t try to create an existing space or index on each
invocation of the script:

#!/usr/bin/env tarantool
-- Configure database
box.cfg {
listen = 3301
}
box.once("bootstrap", function()
box.schema.space.create('tweedledum')
box.space.tweedledum: create_index('primary',
{ type = 'TREE', parts = {1, 'unsigned'l}})
end)

Now we launch our application in the same manner as before:

$ tarantool myapp.lua

Hello, world!

2016-12-19 16:07:14.250 [41436] main/101/myapp.lua C> version 1.7.2-146-g021d36b

2016-12-19 16:07:14.250 [41436] main/101/myapp.lua C> log level 5

2016-12-19 16:07:14.251 [41436] main/101/myapp.lua I> mapping 1073741824 bytes for tuple arena...
2016-12-19 16:07:14.255 [41436] main/101/myapp.lua I> recovery start

2016-12-19 16:07:14.255 [41436] main/101/myapp.lua I> recovering from ~./00000000000000000000.snap"
2016-12-19 16:07:14.271 [41436] main/101/myapp.lua I> recover from ~./00000000000000000000.x1log"
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2016-12-19 16:07:14.271 [41436] main/101/myapp.lua I> done ~./00000000000000000000.x1log"
2016-12-19 16:07:14.272 [41436] main/102/hot_standby I> recover from ~./00000000000000000000.x1log'
2016-12-19 16:07:14.274 [41436] iproto/102/iproto I> binary: started

2016-12-19 16:07:14.275 [41436] iproto/102/iproto I> binary: bound to [::]:3301

2016-12-19 16:07:14.275 [41436] main/101/myapp.lua I> done ~./00000000000000000000.x1log"
2016-12-19 16:07:14.278 [41436] main/101/myapp.lua I> ready to accept requests

This time, Tarantool executes our script and keeps working as a server, accepting TCP requests on port
3301. We can see Tarantool in the current session’s process list:

$ ps | grep "tarantool"
PID TTY TIME CMD
41608 ttys001 0:00.47 tarantool myapp.lua <running>

But the Tarantool instance will stop if we close the current terminal window. To detach Tarantool and our
application from the terminal window, we can launch it in the daemon mode. To do so, we add some
parameters to box.cfg{}:

e background = true that actually tells Tarantool to work as a daemon service,

e log = 'dir-name' that tells the Tarantool daemon where to store its log file (other log settings are
available in Tarantool log module), and

e pid_file = 'file-name' that tells the Tarantool daemon where to store its pid file.

Hampuwmep:

box.cfg {
listen = 3301
background = true,
log = '1.1log',
pid_file = '1.pid'

We launch our application in the same manner as before:

$ tarantool myapp.lua
Hello, world!
$

Tarantool executes our script, gets detached from the current shell session (you won’t see it with ps | grep
"tarantool") and continues working in the background as a daemon attached to the global session (with
SID = 0):

$ ps -ef | grep "tarantool"
PID SID TIME CMD
42178 0 0:00.72 tarantool myapp.lua <running>

Now that we have discussed how to create and launch a Lua application for Tarantool, let’s dive deeper into
programming practices.

4.4.2 Creating an application

Further we walk you through key programming practices that will give you a good start in writing Lua
applications for Tarantool. For an adventure, this is a story of implementing... a real microservice based
on Tarantool! We implement a backend for a simplified version of Pokémon Go, a location-based augmented
reality game released in mid-2016. In this game, players use a mobile device’s GPS capability to locate,
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capture, battle and train virtual monsters called «pokémons», who appear on the screen as if they were in
the same real-world location as the player.

To stay within the walk-through format, let’s narrow the original gameplay as follows. We have a map with
pokémon spawn locations. Next, we have multiple players who can send catch-a-pokémon requests to the
server (which runs our Tarantool microservice). The server replies whether the pokémon is caught or not,
increases the player’s pokémon counter if yes, and triggers the respawn-a-pokémon method that spawns a
new pokémon at the same location in a while.

We leave client-side applications outside the scope of this story. Yet we promise a mini-demo in the end to
simulate real users and give us some fun. :-)

First, what would be the best way to deliver our microservice?

Modules, rocks and applications

To make our game logic available to other developers and Lua applications, let’s put it into a Lua module.

A module (called «rock» in Lua) is an optional library which enhances Tarantool functionality. So, we
can install our logic as a module in Tarantool and use it from any Tarantool application or module. Like
applications, modules in Tarantool can be written in Lua (rocks), C or C++.

Modules are good for two things:
e casier code management (reuse, packaging, versioning), and
e hot code reload without restarting the Tarantool instance.

Technically, a module is a file with source code that exports its functions in an API. For example, here is a
Lua module named mymodule.lua that exports one function named myfun:

local exports = {}

exports.myfun = function(input_string)
print('Hello', input_string)

end

return exports

To launch the function myfun() — from another module, from a Lua application, or from Tarantool itself,
— we need to save this module as a file, then load this module with the require() directive and call the
exported function.

For example, here’s a Lua application that uses myfun() function from mymodule.lua module:

-- loading the module
local mymodule = require('mymodule')

-- calling myfun() from within test() function
local test = function()

mymodule .myfun ()
end

A thing to remember here is that the require () directive takes load paths to Lua modules from the package .
path variable. This is a semicolon-separated string, where a question mark is used to interpolate the module
name. By default, this variable contains system-wide Lua paths and the working directory. But if we put
our modules inside a specific folder (e.g. scripts/), we need to add this folder to package.path before any
calls to require():
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package.path = 'scripts/7.lua;' .. package.path

For our microservice, a simple and convenient solution would be to put all methods in a Lua module (say
pokemon.lua) and to write a Lua application (say game.lua) that initializes the gaming environment and
starts the game loop.

Now let’s get down to implementation details. In our game, we need three entities:

e map, which is an array of pokémons with coordinates of respawn locations; in this version of the game,
let a location be a rectangle identified with two points, upper-left and lower-right;

e player, which has an ID, a name, and coordinates of the player’s location point;

e pokémon, which has the same fields as the player, plus a status (active/inactive, that is present on
the map or not) and a catch probability (well, let’s give our pokémons a chance to escape :-) )

We'll store these entities as tuples in Tarantool spaces. But to deliver our backend application as a
microservice, the good practice would be to send/receive our data in the universal JSON format, thus
using Tarantool as a document storage.

Avro schemas

To store JSON data as tuples, we will apply a savvy practice which reduces data footprint and ensures all
stored documents are valid. We will use Tarantool module avro-schema which checks the schema of a JSON
document and converts it to a Tarantool tuple. The tuple will contain only field values, and thus take a
lot less space than the original document. In avro-schema terms, converting JSON documents to tuples is
«flattening», and restoring the original documents is «unflattenings. The usage is quite straightforward:

1. For each entity, we need to define a schema in Apache Avro schema syntax, where we list the entity’s
fields with their names and Avro data types.

2. At initialization, we call avro-schema.create() that creates objects in memory for all schema entities,
and compile() that generates flatten/unflatten methods for each entity.

3. Further on, we just call flatten/unflatten methods for a respective entity on receiving/sending the
entity’s data.

Here’s what our schema definitions for the player and pokémon entities look like:

local schema = {
player = {
type="record",
name="player_schema",
fields={
{name="id", type="long"},
{name="name", type="string"},
{
name="location",
type= {
type="record",
name="player_location",
fields={
{name="x", type="double"},
{name="y", type="double"}
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},
pokemon = {
type="record",
name="pokemon_schema",
fields={
{name="id", type="long"},
{name="status", type="string"},
{name="name", type="string"},
{name="chance", type="double"},

{
name="location",
type= {
type="record",
name="pokemon_location",
fields={
{name="x", type="double"},
{name="y", type="double"}
}
}
}

And here’s how we create and compile our entities at initialization:

-- load avro-schema module with require()
local avro = require('avro_schema')

-- create models
local ok_m, pokemon = avro.create(schema.pokemon)
local ok_p, player = avro.create(schema.player)
if ok_m and ok_p then
-- compile models
local ok_cm, compiled_pokemon = avro.compile(pokemon)
local ok_cp, compiled_player = avro.compile(player)
if ok_cm and ok_cp then
-- start the game
< LD
else
log.error('Schema compilation failed')
end
else
log.info('Schema creation failed')
end
return false

As for the map entity, it would be an overkill to introduce a schema for it, because we have only one map
in the game, it has very few fields, and — which is most important — we use the map only inside our logic,
never exposing it to external users.

Next, we need methods to implement the game logic. To simulate object-oriented programming in our Lua
code, let’s store all Lua functions and shared variables in a single local variable (let’s name it as game). This
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will allow us to address functions or variables from within our module as self.func_name or self.var_name.
Like this:

local game = {
-- a local wvariable
num_players = O,

-- a method that prints a local wvariable
hello = function(self)

print('Hello! Your player number is ' .. self.num_players .. '.')
end,

-- a method that calls another method and returns a local wvariable
sign_in = function(self)

self.num_players = self.num_players + 1

self:hello()

return self.num_players
end

In OOP terms, we can now regard local variables inside game as object fields, and local functions as object
methods.

IIpumeuanue: In this manual, Lua examples use local variables. Use global variables with caution, since
the module’s users may be unaware of them.

To enable/disable the use of undeclared global variables in your Lua code, use Tarantool’s strict module.

So, our game module will have the following methods:

e catch() to calculate whether the pokémon was caught (besides the coordinates of both the player and
pokémon, this method will apply a probability factor, so not every pokémon within the player’s reach
will be caught);

e respawn() to add missing pokémons to the map, say, every 60 seconds (we assume that a frightened
pokémon runs away, so we remove a pokémon from the map on any catch attempt and add it back to
the map in a while);

e notify() to log information about caught pokémons (like «Player 1 caught pokémon A»);

e start() to initialize the game (it will create database spaces, create and compile avro schemas, and
launch respawn()).

Besides, it would be convenient to have methods for working with Tarantool storage. For example:
e add_pokemon() to add a pokémon to the database, and
e map() to populate the map with all pokémons stored in Tarantool.

We'll need these two methods primarily when initializing our game, but we can also call them later, for
example to test our code.

Bootstrapping a database

Let’s discuss game initialization. In start () method, we need to populate Tarantool spaces with pokémon
data. Why not keep all game data in memory? Why use a database? The answer is: persistence. Without
a database, we risk losing data on power outage, for example. But if we store our data in an in-memory
database, Tarantool takes care to persist it on disk whenever it’s changed. This gives us one more benefit:
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quick startup in case of failure. Tarantool has a smart algorithm that quickly loads all data from disk into
memory on startup, so the warm-up takes little time.

We’ll be using functions from Tarantool built-in bozr module:

e box.schema.create_space('pokemons') to create a space named pokemon for storing information
about pokémons (we don’t create a similar space for players, because we intend to only send/receive
player information via APT calls, so we needn’t store it);

e box.space.pokemons:create_index('primary', {type = 'hash', parts = {1, 'unsigned'}})
to create a primary HASH index by pokémon ID;

e box.space.pokemons:create_index('status', {type = 'tree', parts = {2, 'str'}}) to
create a secondary TREE index by pokémon status.

Notice the parts = argument in the index specification. The pokémon ID is the first field in a Tarantool
tuple since it’s the first member of the respective Avro type. So does the pokémon status. The actual JSON
document may have ID or status fields at any position of the JSON map.

The implementation of start() method looks like this:

-- create game object
start = function(self)
-- create spaces and indexes
box.once('init', function()
box.schema.create_space('pokemons')
box.space.pokemons:create_index(
"primary", {type = 'hash', parts = {1, 'unsigned'}}

box.space.pokemons:create_index(
"status", {type = "tree", parts = {2, 'str'}}
)
end)

-- create models
local ok_m, pokemon = avro.create(schema.pokemon)
local ok_p, player = avro.create(schema.player)
if ok_m and ok_p then
-- compile models
local ok_cm, compiled_pokemon = avro.compile(pokemon)
local ok_cp, compiled_player = avro.compile(player)
if ok_cm and ok_cp then
-- start the game
<o
else
log.error('Schema compilation failed')
end
else
log.info('Schema creation failed')
end
return false
end

GIS

Now let’s discuss catch(), which is the main method in our gaming logic.

Here we receive the player’s coordinates and the target pokémon’s ID number, and we need to answer whether
the player has actually caught the pokémon or not (remember that each pokémon has a chance to escape).
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First thing, we validate the received player data against its Avro schema. And we check whether such a
pokémon exists in our database and is displayed on the map (the pokémon must have the active status):

catch = function(self, pokemon_id, player)
-- check player data
local ok, tuple = self.player_model.flatten(player)
if not ok then
return false
end
-- get pokemon data
local p_tuple = box.space.pokemons:get (pokemon_id)
if p_tuple == nil then
return false
end
local ok, pokemon = self.pokemon_model.unflatten(p_tuple)
if not ok then
return false
end
if pokemon.status "= self.state.ACTIVE then
return false
end
-- more catch logic to follow
< L
end

Next, we calculate the answer: caught or not.
To work with geographical coordinates, we use Tarantool gis module.

To keep things simple, we don’t load any specific map, assuming that we deal with a world map. And we do
not validate incoming coordinates, assuming again that all received locations are within the planet Earth.

We use two geo-specific variables:

e wgs84, which stands for the latest revision of the World Geodetic System standard, W(GS84. Basically,
it comprises a standard coordinate system for the Earth and represents the Earth as an ellipsoid.

e nationalmap, which stands for the US National Atlas Equal Area. This is a projected coordinates
system based on WGS84. It gives us a zero base for location projection and allows positioning our
players and pokémons in meters.

Both these systems are listed in the EPSG Geodetic Parameter Registry, where each system has a unique
number. In our code, we assign these listing numbers to respective variables:

wgs84 = 4326,
nationalmap = 2163,

For our game logic, we need one more variable, catch_distance, which defines how close a player must get
to a pokémon before trying to catch it. Let’s set the distance to 100 meters.

catch_distance = 100,

Now we're ready to calculate the answer. We need to project the current location of both player (p_pos)
and pokémon (m_pos) on the map, check whether the player is close enough to the pokémon (using
catch_distance), and calculate whether the player has caught the pokémon (here we generate some random
value and let the pokémon escape if the random value happens to be less than 100 minus pokémon’s chance
value):

-- project locations
local m_pos = gis.Point(
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{pokemon.location.x, pokemon.location.y}, self.wgs84
) :transform(self.nationalmap)
local p_pos = gis.Point(

{player.location.x, player.location.y}, self.wgs84
) :transform(self.nationalmap)

-- check catch distance condition
if p_pos:distance(m_pos) > self.catch_distance then
return false
end
-- try to catch pokemon
local caught = math.random(100) >= 100 - pokemon.chance
if caught then
-- update and notify on success
box . space.pokemons:update (
pokemon_id, {{'=', self.STATUS, self.state.CAUGHT}}
)
self:notify(player, pokemon)
end
return caught

Index iterators

By our gameplay, all caught pokémons are returned back to the map. We do this for all pokémons on the
map every 60 seconds using respawn() method. We iterate through pokémons by status using Tarantool
index iterator function index:pairs and reset the statuses of all «caught» pokémons back to «active» using
box.space.pokemons:update().

respawn = function(self)
fiber.name('Respawn fiber')
for _, tuple in box.space.pokemons.index.status:pairs(
self.state.CAUGHT) do
box.space.pokemons :update (
tuple[self.ID],
{{'=', self.STATUS, self.state.ACTIVE}}

end
end

For readability, we introduce named fields:
ID =1, STATUS = 2,

The complete implementation of start() now looks like this:

-- create game object
start = function(self)
-- create spaces and indexes
box.once('init', function()
box.schema.create_space('pokemons')
box.space.pokemons: create_index(
"primary", {type = 'hash', parts = {1, 'unsigned'}}

box.space.pokemons: create_index(
"status", {type = "tree", parts = {2, 'str'}}

end)
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-- create models
local ok_m, pokemon = avro.create(schema.pokemon)
local ok_p, player = avro.create(schema.player)
if ok_m and ok_p then
-- compile models
local ok_cm, compiled_pokemon = avro.compile(pokemon)
local ok_cp, compiled_player = avro.compile(player)
if ok_cm and ok_cp then
-- start the game
self.pokemon_model = compiled_pokemon
self.player_model = compiled_player
self.respawn()
log.info('Started')
return true
else
log.error('Schema compilation failed')
end
else
log.info('Schema creation failed')
end
return false
end

Fibers

But wait! If we launch it as shown above — self.respawn() — the function will be executed only once,
just like all the other methods. But we need to execute respawn() every 60 seconds. Creating a fiber is the
Tarantool way of making application logic work in the background at all times.

A fiber exists for executing instruction sequences but it is not a thread. The key difference is that threads
use preemptive multitasking, while fibers use cooperative multitasking. This gives fibers the following two
advantages over threads:

e Better controllability. Threads often depend on the kernel’s thread scheduler to preempt a busy thread
and resume another thread, so preemption may occur unpredictably. Fibers yield themselves to run
another fiber while executing, so yields are controlled by application logic.

e Higher performance. Threads require more resources to preempt as they need to address the system
kernel. Fibers are lighter and faster as they don’t need to address the kernel to yield.

Yet fibers have some limitations as compared with threads, the main limitation being no multi-core mode.
All fibers in an application belong to a single thread, so they all use the same CPU core as the parent thread.
Meanwhile, this limitation is not really serious for Tarantool applications, because a typical bottleneck for
Tarantool is the HDD, not the CPU.

A fiber has all the features of a Lua coroutine and all programming concepts that apply for Lua coroutines
will apply for fibers as well. However, Tarantool has made some enhancements for fibers and has used fibers
internally. So, although use of coroutines is possible and supported, use of fibers is recommended.

Well, performance or controllability are of little importance in our case. We’ll launch respawn() in a fiber
to make it work in the background all the time. To do so, we’ll need to amend respawn():

respawn = function(self)
-- let's give our fiber a name;
-- this will produce neat output in fiber.info()
fiber.name('Respawn fiber')
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while true do
for _, tuple in box.space.pokemons.index.status:pairs(
self.state.CAUGHT) do
box.space.pokemons:update (
tuple[self.ID],
{{'=", self.STATUS, self.state.ACTIVE}}

end
fiber.sleep(self.respawn_time)
end
end

and call it as a fiber in start():

start = function(self)
-- create spaces and indexes
< 02
-- create models
< o>
-- compile models
< o>
-- start the game
self.pokemon_model = compiled_pokemon
self.player_model = compiled_player
fiber.create(self.respawn, self)
log.info('Started')
-- errors tf schema creation or compilation fails
<0002
end

Logging

One more helpful function that we used in start() was log.info() from Tarantool log module. We also
need this function in notify () to add a record to the log file on every successful catch:

-- event notification
notify = function(self, player, pokemon)

log.info("Player 'Js' caught 'Js'", player.name, pokemon.name)
end

We use default Tarantool log settings, so we’ll see the log output in console when we launch our application
in script mode.

Great! We’ve discussed all programming practices used in our Lua module (see pokemon.lua).

Now let’s prepare the test environment. As planned, we write a Lua application (see game.lua) to initialize
Tarantool’s database module, initialize our game, call the game loop and simulate a couple of player requests.

To launch our microservice, we put both pokemon.lua module and game.lua application in the current
directory, install all external modules, and launch the Tarantool instance running our game.lua application
(this example is for Ubuntu):

$ 1s
game.lua pokemon.lua
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$ sudo apt-get install tarantool-gis
$ sudo apt-get install tarantool-avro-schema
$ tarantool game.lua

Tarantool starts and initializes the database. Then Tarantool executes the demo logic from game.lua: adds
a pokémon named Pikachu (its chance to be caught is very high, 99.1), displays the current map (it contains
one active pokémon, Pikachu) and processes catch requests from two players. Playerl is located just near
the lonely Pikachu pokémon and Player2 is located far away from it. As expected, the catch results in this
output are «true» for Playerl and «false» for Player2. Finally, Tarantool displays the current map which is
empty, because Pikachu is caught and temporarily inactive:

$ tarantool game.lua

2017-01-09 20:19:24.605 [6282] main/101/game.lua C> version 1.7.3-43-gfbfalel

2017-01-09 20:19:24.605 [6282] main/101/game.lua C> log level 5

2017-01-09 20:19:24.605 [6282] main/101/game.lua I> mapping 1073741824 bytes for tuple arena...
2017-01-09 20:19:24.609 [6282] main/101/game.lua I> initializing an empty data directory
2017-01-09 20:19:24.634 [6282] snapshot/101/main I> saving snapshot ~./00000000000000000000.snap.
—inprogress'

2017-01-09 20:19:24.635 [6282] snapshot/101/main I> done

2017-01-09 20:19:24.641 [6282] main/101/game.lua I> ready to accept requests

2017-01-09 20:19:24.786 [6282] main/101/game.lua I> Started

- {'id': 1, 'status': 'active', 'location': {'y': 2, 'x': 1}, 'name': 'Pikachu', 'chance': 99.1}

2017-01-09 20:19:24.789 [6282] main/101/game.lua I> Player 'Playerl' caught 'Pikachu'
true
false

—- 0

2017-01-09 20:19:24.789 [6282] main C> entering the event loop

nginx

In the real life, this microservice would work over HTTP. Let’s add nginx web server to our environment
and make a similar demo. But how do we make Tarantool methods callable via REST API? We use nginx
with Tarantool nginx upstream module and create one more Lua script (app.lua) that exports three of our
game methods — add_pokemon (), map() and catch() —as REST endpoints of the nginx upstream module:

local game = require('pokemon')
box.cfg{listen=3301}
game:start ()

-- add, map and catch functions exposed to REST API
function add(request, pokemon)
return {
result=game:add_pokemon (pokemon)
}

end

function map(request)
return {
map=game :map ()
¥

end
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function catch(request, pid, player)
local id = tonumber(pid)
if id == nil then
return {result=false}
end
return {
result=game:catch(id, player)
}

end

An easy way to configure and launch nginx would be to create a Docker container based on a Docker image
with nginx and the upstream module already installed (see http/Dockerfile). We take a standard nginx.conf,
where we define an upstream with our Tarantool backend running (this is another Docker container, see
details below):

upstream tnt {
server pserver:3301 max_fails=1 fail_timeout=60s;
keepalive 250000;

and add some Tarantool-specific parameters (see descriptions in the upstream module’s README file):

server {
server_name tnt_test;

listen 80 default deferred reuseport so_keepalive=on backlog=65535;

location = / {
root /usr/local/nginx/html;
}

location /api {
# answers check infinity timeout
tnt_read_timeout 60m;
if ( $request_method = GET ) {

tnt_method "map";

}
tnt_http_rest_methods get;
tnt_http_methods all;
tnt_multireturn_skip_count 2;
tnt_pure_result 5
tnt_pass_http_request parse_args;
tnt_pass tnt;

Likewise, we put Tarantool server and all our game logic in a second Docker container based on the official
Tarantool 1.7 image (see src/Dockerfile) and set the container’s default command to tarantool app.lua.
This is the backend.

Non-blocking 10

To test the REST API, we create a new script (client.lua), which is similar to our game .lua application, but
makes HT'TP POST and GET requests rather than calling Lua functions:

4.4. Cepsep npunoxkeHui 47



https://hub.docker.com/r/tarantool/tarantool-nginx/
https://github.com/tarantool/pokemon/blob/master/http/Dockerfile
https://github.com/tarantool/pokemon/blob/master/http/nginx.conf
https://github.com/tarantool/nginx_upstream_module#directives
https://github.com/tarantool/docker
https://github.com/tarantool/docker
https://github.com/tarantool/pokemon/blob/master/src/Dockerfile
https://github.com/tarantool/pokemon/blob/master/client/client.lua

Tarantool, Beinyck 1.10.0

local http = require('curl') .http()
local json = require('json')

local URI = os.getenv('SERVER_URI')
local fiber = require('fiber')

local playerl = {
name="Playerl",
id=1,
location = {
x=1.0001,
y=2.0003
}
}
local player2 = {
name="Player2",
id=2,
location = {
x=30.123,
y=40.456

local pokemon = {
name="Pikachu",
chance=99.1,
id=1,
status="active",
location = {
x=1,
y=2

}

function request(method, body, id)
local resp = http:request(
method, URI, body

)
if id "= nil then
print(string.format('Player ’%d result: ’s',
id, resp.body))
else
print(resp.body)
end
end

local players = {}
function catch(player)
fiber.sleep(math.random(5))

print ('Catch pokemon by player ' .. tostring(player.id))

request (
'"POST', '{"method": "catch",
"params": [1, '..json.encode(player)..']}"',

tostring(player.id)
)
table.insert(players, player.id)
end

print('Create pokemon')
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request ('POST', '{"method": "add",
"params": ['..json.encode(pokemon)..']}")
request ('GET', '')

fiber.create(catch, playerl)
fiber.create(catch, player2)

-- wait for players
while #players "= 2 do

fiber.sleep(0.001)
end

request('GET', '')
os.exit()

When you run this script, you’ll notice that both players have equal chances to make the first attempt at
catching the pokémon. In a classical Lua script, a networked call blocks the script until it’s finished, so the
first catch attempt can only be done by the player who entered the game first. In Tarantool, both players play
concurrently, since all modules are integrated with Tarantool cooperative multitasking and use non-blocking

1/0.

Indeed, when Playerl makes its first REST call, the script doesn’t block. The fiber running catch()
function on behalf of Playerl issues a non-blocking call to the operating system and yields control to the
next fiber, which happens to be the fiber of Player2. Player2’s fiber does the same. When the network
response is received, Playerl’s fiber is activated by Tarantool cooperative scheduler, and resumes its work.
All Tarantool modules use non-blocking I/O and are integrated with Tarantool cooperative scheduler. For
module developers, Tarantool provides an API.

For our HT'TP test, we create a third container based on the official Tarantool 1.7 image (see client /Dockerfile)
and set the container’s default command to tarantool client.lua.

* & &

To run this test locally, download our pokemon project from GitHub and say:

$ docker-compose build
$ docker-compose up

Docker Compose builds and runs all the three containers: pserver (Tarantool backend), phttp (nginx) and
pclient (demo client). You can see log messages from all these containers in the console, pclient saying that
it made an HTTP request to create a pokémon, made two catch requests, requested the map (empty since
the pokémon is caught and temporarily inactive) and exited:

pclient_1 | Create pokemon

< o>

pclient_1 | {"result":true}

pclient_1 | {"map":[{"id":1,"status":"active","location":{"y":2,"x":1},"name":"Pikachu","chance
—":99.100000}]1}

pclient_1 | Catch pokemon by player 2
pclient_1 | Catch pokemon by player 1
pclient_1 | Player 1 result: {"result":true}
pclient_1 | Player 2 result: {"result":false}
pclient_1 | {"map":[]}

pokemon_pclient_1 exited with code 0O

Congratulations! Here’s the end point of our walk-through. As further reading, see more about installing
and contributing a module.
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See also reference on Tarantool modules and C API, and don’t miss our Lua cookbook recipes.

4.4.3 Installing a module

Modules in Lua and C that come from Tarantool developers and community contributors are available in
the following locations:

e Tarantool modules repository, and

e Tarantool deb/rpm repositories.

Installing a module from a repository

See README in tarantool /rocks repository for detailed instructions.

Installing a module from deb/rpm

Follow these steps:
1. Install Tarantool as recommended on the download page.

2. Install the module you need. Look up the module’s name on Tarantool rocks page and put the prefix
«tarantool-» before the module name to avoid ambiguity:

$ # for Ubuntu/Debian:
$ sudo apt-get install tarantool-<module-name>

$ # for RHEL/Cent0S/Amazon:
$ sudo yum install tarantool-<module-name>

For example, to install the module shard on Ubuntu, say:

’$ sudo apt-get install tarantool-shard

Temepb MOKHO:

e load any module with

’tarantool> name = require('module-name')

for example:

’tarantool> shard = require('shard')

e search locally for installed modules using package.path (Lua) or package.cpath (C):

tarantool> package.path

- ./?.lua;./?/init.lua; /usr/local/share/tarantool/?.lua;/usr/local/share/
tarantool/?/init.lua;/usr/share/tarantool/?.lua;/usr/share/tarantool/?/ini
t.lua;/usr/local/share/lua/5.1/7.1lua;/usr/local/share/lua/5.1/?/init.lua;/
usr/share/lua/5.1/7.1ua;/usr/share/lua/5.1/7/init.lua;

tarantool> package.cpath
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- ./7.s0;/usr/local/1ib/x86_64-linux-gnu/tarantool/?.so;/usr/1ib/x86_64-1i
nux-gnu/tarantool/?.so;/usr/local/lib/tarantool/?.so;/usr/local/1ib/x86_64
-linux-gnu/lua/5.1/7.s0;/usr/1ib/x86_64-linux-gnu/lua/5.1/7.s0;/usr/local/
1ib/1lua/5.1/7.s0;

IIpumeuanue: Question-marks stand for the module name that was specified earlier when saying
require('module-name').

4.4.4 Contributing a module

We have already discussed how to create a simple module in Lua for local usage. Now let’s discuss how to
create a more advanced Tarantool module and then get it published on Tarantool rocks page and included
in official Tarantool images for Docker.

To help our contributors, we have created modulekit, a set of templates for creating Tarantool modules in
Lua and C.

IIpumeuanme: As a prerequisite for using modulekit, install tarantool-dev package first. For example,
in Ubuntu say:

$ sudo apt-get install tarantool-dev

Contributing a module in Lua

See README in «luakit» branch of tarantool /modulekit repository for detailed instructions and examples.

Contributing a module in C

In some cases, you may want to create a Tarantool module in C rather than in Lua. For example, to work
with specific hardware or low-level system interfaces.

See README in «ckit» branch of tarantool/modulekit repository for detailed instructions and examples.

IIpumeuanue: DBl MoxkeTe aHAJIOIMYHBIM 00pa3oM co3faBarb Momynu Ha C++ mpu ycjaoBuH, 9TO B UX
KOJIe He Oy/1yT BbIOPAChIBATHCH UCKJIIIOUEHNS.

4.4.5 Reloading a module

You can reload any Tarantool application or module with zero downtime.

Mepesarpyska moaynsa Ha Lua

Here’s an example that illustrates the most typical case — «update and reload».
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ITpumeuanme: In this example, we use recommended administration practices based on instance files and
tarantoolctl utility.

1. Update the application file.

For example, a module in /usr/share/tarantool/app.lua:

local function start()
-- initial version
box.once("myapp:v1.0", function()
box.schema.space.create("somedata")
box.space.somedata:create_index("primary")

end)

-- migration code from 1.0 to 1.1
box.once("myapp:vl.1", function()
box.space.somedata.index.primary:alter(...)

end)

-- migration code from 1.1 to 1.2

box.once("myapp:v1.2", function()
box.space.somedata.index.primary:alter(...)
box.space.somedata:insert(...)

end)
end

-- start some background fibers if you need

local function stop()
-- stop all background fibers and clean up resources
end

local function api_for_call (xxx)
-- do some business
end

return {
start = start,
stop = stop,
api_for_call = api_for_call

}

2. O6GHOBUTH (patin IKZEMNAADA.

For example, /etc/tarantool/instances.enabled/my_app.lua:

#!/usr/bin/env tarantool

-- hot code reload ezample

box.cfg({listen = 3302})

-- ATTENTION: unload <t all properly!

52 Fnaesa 4. PykoBopcTBo nonb3oBaTens




Tarantool, Beinyck 1.10.0

local app = package.loaded['app']

if app "= nil then
-- stop the old application version
app.stop()
-- unload the application
package.loaded['app'] = nil
-- unload all dependencies
package.loaded['somedep'] = nil

end

-- load the application
log.info('require app')
app = require('app')

-- start the application
app.start({some app options controlled by sysadmins})

The important thing here is to properly unload the application and its dependencies.
3. Manually reload the application file.

For example, using tarantoolctl:

$ tarantoolctl eval my_app /etc/tarantool/instances.enabled/my_app.lua

Mepe3arpy3ka mogyns Ha C

After you compiled a new version of a C module (*.so shared library), call box.schema.func.reload(,module-
name®) from your Lua script to reload the module.

4.4.6 Developing with an IDE

You can use IntelliJ IDEA as an IDE to develop and debug Lua applications for Tarantool.
1. Download and install the IDE from the official web-site.

JetBrains provides specialized editions for particular languages: IntelliJ IDEA (Java), PHPStorm
(PHP), PyCharm (Python), RubyMine (Ruby), CLion (C/C++), WebStorm (Web) and others. So,
download a version that suits your primary programming language.

Tarantool integration is supported for all editions.
2. Configure the IDE:
(a) Start IntelliJ IDEA.
(b) Click Configure button and select Plugins.
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o0 Welcome to Intelli IDEA

IntelliJ IDEA

Version 2017.2.3

#¢ Create New Project
¥ Import Project
= Open

¥ Check out from Version Control ~

# Configure ~ Get Help ~
Import Settings
Export Settings
Settings Repository...

Check for Updates
Project Defaults >

(c) Click Browse repositories.
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[ BN Plugins
Qr Show: All plugins «
Sort by: name ¥ | GitHub
Android Support Version: 172.3968.16
m Ant Support Allows warking with GitHub, The following features are available:
w Bytecode Viewer L] g:tc:ii:;:grs:egr::Or;dse‘;i:eo;ersion Control node in the
n Copyright ® Cvailable Gitrepostones, when Gt ub s notanabied.
® When GitHub is enabled, the GitHub node appears an the VCS

s Coverage menu, and an the context menu of the editor.
s CVS Integration
s Eclipse Integration
= EditorConfig
s Git Integration

-
= Gradle
a Groovy
a hgdidea
= 118n for Java
s IntelliLang
= Java Bvtecode Decompiler
Install JetBrains plugin... Browse repositories... Install plugin from disk...

? Cancel | ol |

(d) Install EmmyLua plugin.

ITpumeuanue: Please don’t be confused with Lua plugin, which is less powerful than EmmyLua.

[ NN ] Browse Repositories

O 5 category: All =

Sort by: name * LANGUAGES i
LANGUALES 2 years ago 1
EmmyLua

Emma Code Coverage; 1
28563 Wiy [ Install H

CODE TOOLS 12 years ago |
H

Emmet Everywh wirdrdrdr 5051 downloads I

73,969 WWAAN | Updated 24/08/2017 v1.1.8

CODE TOOLS 2 yaars ago
Support for Lua programming language.

M Pt Source Code | Gitter | Donate
- Features:

Emoji Support Plugin 4120 i ® Syntax highiighting

CODE EDITING ' P ® Highlight global value

e e # Highlight locallparam value
EmojiPrefix o & Highlight up value
35
VS INTEGRATION ane month ago ¢ Code completion
. . & Keyword completion
Enclosing Plugin 0437 driddd & Basic completion
HTTP Proxy Settings... Manage repositories...

4.4. CepBep npunoxeHnii 55



Tarantool, Beinyck 1.10.0

(e) Restart IntelliJ IDEA.

(f) Click Configure, select Project Defaults and then Run Configurations.

Welcome to IntelliJ IDEA

IntelliJ IDEA

Version 2017.2.3

4 Create New Project
¥ Import Project
Open

¥ Check out from Version Control ~

# Configure » Get Help ~

Preferences
‘ Plugins r

(¢) Find Lua Application in the sidebar at the left.

Import Settings
Export Settings
Settings Repository...
Check for Updates

" Settings

' Project Structure

(h) In Program, type a path to an installed tarantool binary.

By default, this is tarantool or /usr/bin/tarantool on most platforms.

If you installed tarantool from sources to a custom directory, please specify the proper path

here.
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e o Run/Debug Configurations

+ 42 Debugger: Remote Debugger(Mobdebug)

v J“Defaults
& Ant Target
= Applet Working Directory:
= Application
! Compound Entry File:

(* Gradle
™) Griffon Parameters:

Program: tarantool

& Groovy
JAR Application + Before launch: Activate tool window
W JUnit
= Java Scratch
K Kotlin There are no tasks to run before launch
K Kotlin (JavaScript)
K Kotlin script
= Lua Application
= Lua Remote(Mo ug)
Maven +
Plugin
& Remote
Wi TestNG
B XSLT

Show this page Activate tool window

? Cancel

Apply

Now IntelliJ IDEA is ready to use with Tarantool.
3. Create a new Lua project.
eC e New Project

= Java Project SDK: Lua New...
= Java FX

IntelliJ Platform Plugin

Additional Librari d Frameworks:

17 Maven

(2 Gradle
Nothing to show

& Groovy
(@) Griffon

‘m
K Kotlin

= Empty Project

? Cancel Previous m

4. Add a new Lua file, for example init.lua.
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[ myproject ) [ src

roject -

A
v Bu.idea
o misc.xml
o modules.xml
o Workspace.xml
[sre
lwmyproject.iml
» |l External Libraries

myproject ~/IdeaProjects/myproject

|ﬁ

o Lua File
Copy ‘= Lua Tutorial
Copy Path o%C # File
1 Copy Reference Xo%C & Scratch File GRN
[l Paste %V | pu package
Find Usages \F7 | @ FXML File
Find in Path.. 03%F & package-infojava
Replace in Path.. %R &= module-info.java
Analyze & HTML File
Refactor » i JavaFXApplication
o= Singleton
Add to Favorites > 2 xsLT Style "
Show Image Thumbnails 08T
Edit File Templates...
Reformat Code 8L il Resource Bundle
Optimize Imports X0
Delete... =
Build Module 'myproject
Rebuild '<default>' 0 #®F
Local History >
@5 Synchronize 'src’
Reveal in Finder
+* Compare With... %D
Open Module Settings £
Mark Directory as »>
‘= Run LuaCheck

& Create Gist...

. Write your code, save the file.

. To run you application, click Run -> Run in the main menu and select your source file in the list.

(XX ] ¥ init.lua - myproject - [~/IdeaProjects/myproject)
Namyproject ) hw sre ) 5, init.lua ) W . .mua- p & B @ Q
7 Project - @ 4 B 1= o initlua -
¥ hamyproject ~/IdeaProjects/myproject 1 — v
v [ .idea 2 —— Created by lenkis
o Mmise.xml i o DateTime: 11/09/2017 17:09
& modules.xmi 5
o workspace.xml 6 print(“Hello")
> fmout 7
v pusre | Run i
= init.lua 0.[» Edit Configurations...
M ryproject.m 2 nitia
N L
Il External Libraries 1. mylua N
| Hold © to Debug
Run o mylua - TS

Or click Run -> Debug to start debugging.

IIpumeuanme:
later.

To use Lua debugger, please upgrade Tarantool to version 1.7.5-29-gbb6170e4b or
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[ Project -

¥ init.lua - myproject - [~/IdeaProjects/myproject]

wmyproject ) b src ) g, init.dua )

Ok B 1 it

amyproject ~/ideaProjects/myproject

( .idea

1 o Misc.xml

; o Mmodules.xml

o Workspace.xml

{ out

' src
aMyproject.iml

Il External Libraries

Created by lenkis
DateTime: 11/089/2017 17:09
print("Hello")

local a, b = 10, 15 a: 180 b: 15
print{a, b)

local yaml = require( modname: 'yaml') yaml: table

C. vox.clgt |

box.once("schema”, function()
box, schema. space.create( 'memtx')
bax. space.memtx: index_create(‘primary’)
end
)

box, space,memtx:auto_increment(“Hello")
box. space.memtx:auto_increment(“wWorld")

print(yaml.encode(box.space.memtx:select()))

i Debug , initlua

| Ga Debugger [ElConsole +* b= ' ¥ M M A ol -

E P () Frames +* == Variables

; ¥ LuaStack 2] & :Z:::Eir.]}lg

i . @ (Jy;aml = {table} table
&

| @

! =

l e @

{0 compilation completed successfully in 25 160ms (a minute ago}

4.4.7 KHura peuenTtoB

Here are contributions of Lua programs for some frequent or tricky situations.

W oA b # B @Q

You can execute any of these programs by copying the code into a .lua file, and then entering chmod +x

./program-name .lua and ./program-name .lua on the terminal.

The first line is a «hashbangs:

#!/usr/bin/env tarantool

This runs Tarantool Lua application server, which should be on the execution path.

Use freely.

hello world.lua

The standard example of a simple program.

#!/usr/bin/env tarantool

print('Hello, World!')

console start.lua

Use box.once() to initialize a database (creating spaces) if this is the first time the server has been run. Then

use console.start() to start interactive mode.
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#!/usr/bin/env tarantool

-- Configure database
box.cfg {

listen = 3313
}

box.once("bootstrap", function()
box.schema.space.create('tweedledum')
box.space.tweedledum: create_index('primary',
{ type = 'TREE', parts = {1, 'unsigned'l}})
end)

require('console').start()

fio read.lua

Use the fio module to open, read, and close a file.

#!/usr/bin/env tarantool

local fio = require('fio')

local errno = require('errno')

local f = fio.open('/tmp/xxxx.txt', {'0_RDONLY' })
if not f then

error("Failed to open file: "..errno.strerror())
end
local data = f:read(4096)
f:close()
print(data)

fio write.lua

Use the fio module to open, write, and close a file.

#!/usr/bin/env tarantool

local fio = require('fio')

local errno = require('errno')

local f = fio.open('/tmp/xxxx.txt', {'0O_CREAT', 'O_WRONLY', 'O_APPEND'},
tonumber ('0666', 8))

if not f then
error("Failed to open file: "..errno.strerror())

end

f:write("Hello\n");

f:close()

ffi_printf.lua

Use the LuaJIT ffi library to call a C built-in function: printf(). (For help understanding ffi, see the FF1I
tutorial.)
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#!/usr/bin/env tarantool

local ffi = require('ffi')
ffi.cdef[[
int printf(const char *format, ...);

1]

ffi.C.printf ("Hello, %s\n", os.getenv("USER"));

ffi_gettimeofday.lua

Use the LuaJIT ffi library to call a C function: gettimeofday(). This delivers time with millisecond precision,
unlike the time function in Tarantool’s clock module.

#!/usr/bin/env tarantool

local ffi = require('ffi')
ffi.cdef[[
typedef long time_t;
typedef struct timeval {
time_t tv_sec;
time_t tv_usec;
} timeval;
int gettimeofday(struct timeval *t, void *tzp);

1]

local timeval_buf = ffi.new("timeval")
local now = function()

ffi.C.gettimeofday(timeval_buf, nil)

return tonumber (timeval_buf.tv_sec * 1000 + (timeval_buf.tv_usec / 1000))
end

ffi_zlib.lua

Use the LuaJIT ffi library to call a C library function. (For help understanding ffi, see the FFT tutorial.)

#!/usr/bin/env tarantool

local ffi = require("ffi")
ffi.cdef[[
unsigned long compressBound(unsigned long sourcelen) ;
int compress2(uint8_t *dest, unsigned long *destLlen,
const uint8_t *source, unsigned long sourcelen, int level);
int uncompress(uint8_t *dest, unsigned long *destLen,
const uint8_t *source, unsigned long sourcelen);
1]

local zlib = ffi.load(ffi.os == "Windows" and "zlibl" or "z")

-- Lua wrapper for compress2()
local function compress(txt)
local n = zlib.compressBound (#txt)
local buf = ffi.new("uint8_t[?7]", n)
local buflen = ffi.new("unsigned long[1]", n)
local res = zlib.compress2(buf, buflen, txt, #txt, 9)
assert(res == 0)
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return ffi.string(buf, buflen[0])
end

-- Lua wrapper for uncompress
local function uncompress(comp, n)
local buf = ffi.new("uint8_t[?]", n)
local buflen = ffi.new("unsigned long[1]", n)
local res = zlib.uncompress(buf, buflen, comp, #comp)
assert(res == 0)
return ffi.string(buf, buflen[0])
end

-- Simple test code.
local txt = string.rep("abcd", 1000)

print ("Uncompressed size: ", #txt)
local ¢ = compress(txt)
print ("Compressed size: ", #c)

local txt2 = uncompress(c, #txt)
assert(txt2 == txt)

ffi_meta.lua

Use the LuaJIT ffi library to access a C object via a metamethod (a method which is defined with a
metatable).

#!/usr/bin/env tarantool

local ffi = require("ffi")

ffi.cdef[[

typedef struct { double x, y; } point_t;
1]

local point
local mt = {
__add = function(a, b) return point(a.x+b.x, a.y+b.y) end,
__len = function(a) return math.sqrt(a.x*a.x + a.y*a.y) end,
__index = {
area = function(a) return a.x*a.x + a.y*a.y end,
},
}
point = ffi.metatype("point_t", mt)

local a = point(3, 4)
print(a.x, a.y) -->3 /4

print (#a) --> 5
print(a:area()) --> 25
local b = a + point(0.5, 8)
print (#b) --> 12.5

print arrays.lua

Create Lua tables, and print them. Notice that for the ,array“ table the iterator function is ipairs(), while for
the ,map* table the iterator function is pairs(). (ipairs() is faster than pairs(), but pairs() is recommended
for map-like tables or mixed tables.) The display will look like: «1 Apple | 2 Orange | 3 Grapefruit | 4 Banana
| k3 v3 | k1 vl | k2 v2».
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#!/usr/bin/env tarantool

array = { 'Apple', 'Orange', 'Grapefruit', 'Banana'}
for k, v in ipairs(array) do print(k, v) end

map = { k1 = 'v1', k2 = 'v2', k3 = 'v3' }
for k, v in pairs(map) do print(k, v) end

count _array.lua

Use the ,,#* operator to get the number of items in an array-like Lua table. This operation has O(log(N))
complexity.

#!/usr/bin/env tarantool

array = { 1, 2, 3}
print (#array)

count _array with nils.lua

Missing elements in arrays, which Lua treats as «nilss, cause the simple «#» operator to deliver improper
results. The «print(#t)» instruction will print «4»; the «print(counter)» instruction will print «3»; the
«print(max)» instruction will print «10». Other table functions, such as table.sort(), will also misbehave
when «nils» are present.

#!/usr/bin/env tarantool

local t = {}

t[1] =1
t[4] = 4
t[10] = 10
print (#t)

local counter = 0

for k,v in pairs(t) do counter = counter + 1 end

print (counter)

local max = 0

for k,v in pairs(t) do if k > max then max = k end end
print (max)

count _array with nulls.lua

Use explicit NULL values to avoid the problems caused by Lua’s nil == missing value behavior. Although
json.NULL == nil is true, all the print instructions in this program will print the correct value: 10.

#!/usr/bin/env tarantool

local json = require('json')

local t = {}

t[1] = 1; t[2] json.NULL; t[3]= json.NULL;
t[4] = 4; t[5] = json.NULL; t[6]= json.NULL;

t[6] = 4; t[7] = json.NULL; t[8]= json.NULL;
t[9] = json.NULL
t[10] = 10
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print (#t)

local counter = 0

for k,v in pairs(t) do counter = counter + 1 end

print (counter)

local max = 0

for k,v in pairs(t) do if k > max then max = k end end
print (max)

count_map.lua

Get the number of elements in a map-like table.

#!/usr/bin/env tarantool

local map = { a = 10, b = 15, ¢ = 20 }
local size = 0
for _ in pairs(map) do size = size + 1; end

print(size)

swap.lua

Use a Lua peculiarity to swap two variables without needing a third variable.

#!/usr/bin/env tarantool

local x = 1

local y = 2
X, Y=Y, X
print(x, y)
class.lua

Create a class, create a metatable for the class, create an instance of the class. Another illustration is at
http://lua-users.org/wiki/LuaClassesWithMetatable

#!/usr/bin/env tarantool

-- define class objects

local myclass_somemethod = function(self)
print('test 1', self.data)

end

local myclass_someothermethod = function(self)
print('test 2', self.data)
end

local myclass_tostring = function(self)
return 'MyClass <'..self.data..'>'
end

local myclass_mt = {
__tostring = myclass_tostring;
__index = {
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somemethod = myclass_somemethod;
someothermethod = myclass_someothermethod;

-- create a new object of myclass

local object = setmetatable({ data = 'data'}, myclass_mt)
print(object:somemethod())

print(object.data)

garbage.lua

Force Lua garbage collection with the collectgarbage function.

#!/usr/bin/env tarantool

collectgarbage('collect')

fiber producer and consumer.lua

Start one fiber for producer and one fiber for consumer. Use fiber.channel() to exchange data and synchronize.
One can tweak the channel size (ch_size in the program code) to control the number of simultaneous tasks

waiting for processing.

#!/usr/bin/env tarantool

local fiber = require('fiber')
local function consumer_loop(ch, i)
-- initialize consumer synchronously or raise an error()
fiber.sleep(0) -- allow fiber.create() to continue
while true do
local data = ch:get()
if data == nil then

break
end
print('consumed', i, data)
fiber.sleep(math.random()) -- simulate some work

end
end

local function producer_loop(ch, i)
-- initialize consumer synchronously or raise an error()
fiber.sleep(0) -- allow fiber.create() to continue
while true do
local data = math.random()
ch:put (data)
print('produced', i, data)
end
end

local function start()
local consumer_n = 5

local producer_n = 3

-- Create a channel
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local ch_size = math.max(consumer_n, producer_n)
local ch = fiber.channel(ch_size)

-- Start consumers

for

end

i=1, consumer_n,l do
fiber.create(consumer_loop, ch, i)

-- Start producers

for

end
end

start ()

i=1, producer_n,1 do
fiber.create(producer_loop, ch, i)

print('started')

socket

tcpconnect.lua

Use socket.tcp  connect() to connect to a remote host via TCP. Display the connection details and the result
of a GET request.

#!/usr/bin/env tarantool

local s

print(s:
print(s:
print(s:
print(s:
print(s:
print(s:
print(s:
print(s:

= require('socket').tcp_connect('google.com', 80)
peer () .host)

peer () .family)

peer () .type)

peer () .protocol)

peer () .port)

write("GET / HTTP/1.0\r\n\r\n"))

read('\r\n'))

read('\r\n'))

socket

tcp__echo.lua

Use socket.tcp connect() to set up a simple TCP server, by creating a function that handles requests and
echos them, and passing the function to socket.tcp server(). This program has been used to test with 100,000
clients, with each client getting a separate fiber.

#!/usr/bin/env tarantool

local function handler(s, peer)
s:write("Welcome to test server, " .. peer.host .."\n")
while true do

local line = s:read('\n')

if line == nil then
break -- error or eof
end
if not s:write("pong: "..line) then
break -- error or eof
end
end
end
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local server, addr = require('socket').tcp_server('localhost', 3311, handler)

getaddrinfo.lua

Use socket.getaddrinfo() to perform non-blocking DNS resolution, getting both the AF INET6 and
AF _INET information for ,,google.com“. This technique is not always necessary for tcp connections because
socket.tep connect() performs socket.getaddrinfo under the hood, before trying to connect to the first
available address.

#!/usr/bin/env tarantool

local s = require('socket').getaddrinfo('google.com', 'http', { type = 'SOCK_STREAM' })
print ('host=',s[1] .host)
print('family=',s[1].family)
print('type=',s[1].type)
print('protocol="',s[1].protocol)
print('port=',s[1].port)

print ('host="',s[2] .host)
print('family="',s[2].family)
print('type=',s[2].type)
print('protocol="',s[2].protocol)
print('port=',s[2].port)

socket _udp_echo.lua

Tarantool does not currently have a wudp server function, therefore socket udp echo.lua is more
complicated than socket tcp echo.lua. It can be implemented with sockets and fibers.

#!/usr/bin/env tarantool

local socket = require('socket')
local errno = require('errno')
local fiber = require('fiber')

local function udp_server_loop(s, handler)
fiber.name("udp_server")
while true do
-- try to read a datagram first
local msg, peer = s:recvfrom()

if msg == "" then
-- socket was closed via s:close()
break

elseif msg "= nil then

-- got a new datagram
handler(s, peer, msg)

else
if s:errno() == errno.EAGAIN or s:errno() == errno.EINTR then
-- socket is not ready
s:readable() -- yield, epoll will wake us when new data arrives
else

-- socket error

local msg = s:error()

s:close() -- save resources and don't wait GC
. msg)

n

error("Socket error:

4.4. Cepsep npunoxkeHui 67




Tarantool, Beinyck 1.10.0

end
end
end
end

local function udp_server(host, port, handler)
local s = socket('AF_INET', 'SOCK_DGRAM', 0)
if not s then

return nil -- check errno:strerror()
end
if not s:bind(host, port) then
local e = s:errno() -- save errno
s:close()
errno(e) -- restore errno
return nil -- check errno:strerror()
end
fiber.create(udp_server_loop, s, handler) -- start a new background fiber
return s

end

A function for a client that connects to this server could look something like this ...

local function handler(s, peer, msg)
-- You don't have to wait until socket ts ready to send UDP
-- s:writable()
s:sendto(peer.host, peer.port, "Pong: " .. msg)

end

local server = udp_server('127.0.0.1', 3548, handler)
if not server then

error('Failed to bind: ' .. errmo.strerror())
end

print('Started’')

require('console').start()

http _get.lua

Use the hitp module to get data via HT'TP.

#!/usr/bin/env tarantool

local http_client = require('http.client')

local json = require('json')

local r = http_client.get('http://api.openweathermap.org/data/2.5/weather?q=0akland,us')
if r.status 7= 200 then

print(‘Failed to get weather forecast ', r.reason)
return

end

local data = json.decode(r.body)

print('Oakland wind speed: ', data.wind.speed)
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http_send.lua

Use the hittp module to send data via HTTP.

#!/usr/bin/env tarantool

local http_client = require('http.client')
local json = require('json')
local data = json.encode({ Key = 'Value'})
local headers = { Token = 'xxxx', ['X-Secret-Value'] = 42 }
local r = http_client.post('http://localhost:8081', data, { headers = headers})
if r.status == 200 then
print 'Success'
end

http _server.lua

Use the http rock (which must first be installed) to turn Tarantool into a web server.

#!1/usr/bin/env tarantool

local function handler(self)
return self:render{ json = { ['Your-IP-Is'] = self.peer.host } }
end

local server = require('http.server').new(nil, 8080) -- listen *:8080
server:route({ path = '/' }, handler)

server:start()

-- connect to localhost:8080 and see json

http _generate html.lua

Use the http rock (which must first be installed) to generate HTML pages from templates. The http rock
has a fairly simple template engine which allows execution of regular Lua code inside text blocks (like PHP).
Therefore there is no need to learn new languages in order to write templates.

#!/usr/bin/env tarantool

local function handler(self)

local fruits = { 'Apple', 'Orange', 'Grapefruit', 'Banana'}
return self:render{ fruits = fruits }

end

local server = require('http.server').new(nil, 8080) -- nil means '#*'
server:route({ path = '/', file = 'index.html.lua' }, handler)
server:start ()

An «<HTML>» file for this server, including Lua, could look like this (it would produce «1 Apple | 2 Orange |
3 Grapefruit | 4 Bananas).

<html>
<body>
<table border="1">
% for i,v in pairs(fruits) do
<tr>
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<td><%= i h></td>
<td><= v %></td>
</tr>
% end
</table>
</body>
</html>

4.5 ApMuHncTpupoBaHne cepBepHOW 4HacTu

Tarantool ycrpoen Takum 06pa3oM, 9TO BO3MOYXKHO 3aIIyCTUTh HECKOJIBKO IK3EMILISIPOB IIPOIPAMMBI HA OJTHOM
KOMIIbIOTEDE.

3/1ech MBI IIOKa3bIBaEM, KaK aJIMIHICTPUPOBATH 9K3eMILIAPhl Tarantool’a ¢ MOMOIIBIO JIIOOOI U3 CJIeIYIONIUX
YTHJINAT:

® BCTPOCHHBIC YTUJINTHI systemd nJjim

e tarantoolctl, yrunura, mocTaBiasgeMasi U yCTaHABIUBaeMasi BMecTe ¢ auctpudyTuBoMm Tarantool’a.

IIpumevuanue:
e B ommume or ocTasbHOI YacTH PYKOBOJICTBA, B 9TOH IJIaBe MBI UCIIOJIb3yeM OOIIEeCHCTEMHbBIE Ty TH.

e 3/ech MBI IPUBOJINM IIPUMEPHI KOHCOJILHOTO BBIBOJIA jisi Fedora.

OTa riaBa BKJIOYaeT B ceOst cjreiyromuye pa3aesibl:

4.5.1 Hactpoiika 3k3emnnspos Tarantool’a

g xaxkmoro sk3emisipa Tarantool’a momnamoburcs: qBa daitia:

e [HeoGsizarenbubiii| Patin npuaosicerus, comepKamuii JOTUKY JAHHOTO SK3eMILIsapa. IlomMecTuTe ero B
manky /usr/share/tarantool/.

Hanpuwmep, /usr/share/tarantool/my_app.lua (371ech MbI peaju3yeM ero Kak Lua-mo0yab, KOTOPbIi
3amyckaer 6a3y JaHHBLIX U dKcnoprupyer Gynknuio start () mjus API -Beizosos):

local function start()
box.schema.space.create("somedata")
box.space.somedata:create_index("primary")
<o

end

return {
start = start;

e An instance file with instance-specific initialization logic and parameters. Put this file, or a symlink to
it, into the instance directory (see instance dir parameter in tarantoolctl configuration file).

Hanpumep, /etc/tarantool/instances.enabled/my_app.lua (37ech Mbl 3arpy:kaeM MOJYJIb
my_app.lua u BbI3bIBaeM u3 Hero dyuknuio start()):
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#!/usr/bin/env tarantool

box.cfg {
listen = 3301;
}

-- load my_app module and call start() function
-- with some app options controlled by sysadmins
local m = require('my_app').start({...})

daiin ak3emnnspa

Tlocse cTosb KpaTKOro Mpeauc/ioBrAsi MOXKET BO3HUKHYTH BOIIPOC: 9TO U3 Ce0sl IpejCcTaBiisieT (hailyl IK3eM-
ILTSApA, JIJIs 9€r0 OH Hy2KeH U Kak tarantoolctl ucnosb3yer ero? Ecsim Tarantool - aTo cepBep npuitozkennii,
Tak 1odyemy Obl HE 3allyCKaTh XpaHsineecs B /usr/share/tarantool HpU/IOKEHUE HAIIPAMYIO?!

Tunmanoe npuioxkenue Ay Tarantool - 3To He CKpUIT, a JeMOH, 3aIyIEHHbII B (POHOBOM peXKNMe U obpa-
GaTBIBAIONINI 3AIIPOCKI, KOTOPBIE, Kak mpasuio, nocsuiaiorca depes TCP /IP-coker. HeoGxonumo 3amyckarh
3TOT JEMOH CO CTapTOM OIEPaIlMOHHOU CUCTEMBI U yIIPABJIATH UM C IOMOIIBIO CTAaHAAPTHBIX CPEJCTB Ollepa-
[IMOHHOW CHCTEMBI JjIs YIIPABJIEHUsI CepBUCAMU — TakKnX KakK systemd miam init.d. C 3T0it 1espi0 u ObLIn
co31aHbl (paliIbl 3K3eMILIIpa.

DaiiIoB 3K3eMILIsIpa MOXKeT OBITH OoJibIlle OjiHOro. Hampumep, ogHO U TO »Ke IpUJIOXKeHHe B /usr/share/
tarantool MoxKeT OBITH 3aIlyIIEHO Ha HECKOJbKUX dK3eMIuigpax Tarantool’a, y Ka»Xjoro m3 KOTOPBIX €CTh
cBoit dait sxzemiuisipa. Uinu B /usr/share/tarantool MoxkeT ObITh HECKOJBKO IIPUJIOKEHUI, 1 HA KaXKI0€e
U3 HUX OyIEeT OmATh YK€ IMPUXOANThCsI CBOM (bail sK3eMILIsapa.

O06b19HO (hailir IK3EMILIAPA CO3MALT CUCTEMHBIN aIMIHUCTPATOD, & (DAl IPUJIOYKEHUs] IPEJIOCTABIISIET Pas3-
paboruuk B Lua-momyse wim rpm/deb-makere.

IIo cBoemy ycrpoiicTBy daiin sx3eMILIsipa HIYeM He oTiandaercs: or Lua-nputoxkenus. OgHAKO ¢ ero momo-
NIBIO IOJKHA HACTPAUBATLCA 0a3a JAHHBIX, IOITOMY B HEM JOJIKEH COIEpKaThed BbI3oB box.cfg{}, moromy
9TO 9TO €IWHCTBEHHBIN crocob mpeBpaTuTh Tarantool-ckpunT B GOHOBBIM mpoIecc, a tarantoolctl - 310
WHCTPYMEHT JIJTsl yIpaBieHusi (POHOBBIMU IIPOIECCAMHU. 3a UCKJIIOYEHHEM 3TOTO BBI30Ba, (ailyl 9K3eMILIsIpa
MOXKET COJIepKaTh IIPOU3BOJIbHBIN KO Ha Lua W, TeOpeTudyecKu, jiarke BCIO OU3HEC-JIOTMKY IPUJIOXKEHUS.
OpHako MBI He PEKOMEHJIyeM XPaHHUTb BeCh KOJ, B paiijie 9K3eMILIIpa, TOTOMY YTO 3TO IPUBOJUT KaK K
3aMyCOPUBAHUIO caMoro ¢ailjia, Tak U K HEHYKHOMY KOIMPOBAHWIO KOJa TPU HEOOXOIMMOCTH 3AILyCTUTH
HECKOJIBKO 9K3EMILJISIPOB [IPUJIOXKEHUS .

KoHdurypauvonusiii caiin tarantoolctl!

Qailyibl  IKIEMILISIPa COJMEPXKAT KOH(MUIYPAIMIO 3SK3eMILIsipa, TOrMa KakK KOH(MUIYPAIMOHHBIN daiii
tarantoolctl comepKuUT KOHMUTYPAIHIO, KOTOPYIO tarantoolctl MCmoIb3yeT, YTOOBI IEPEOPEeIATh KOH-
durypammio sK3eMIIsipoB. pyrumMum cioBaMu, OH COMEPKHUT OOIMECHCTEMHYIO KOH(MUTYPAITUIO IO yMOJIIa-
HUIO.

Most of the parameters are similar to those used by box.cfg{}. Here are the default settings (installed to /
etc/default/tarantool or /etc/sysconfig/tarantool as part of Tarantool distribution — see OS-specific
default paths in Notes for operating systems):

default_cfg = {

pid_file = "/var/run/tarantool",
wal_dir = "/var/lib/tarantool",
memtx_dir = "/var/lib/tarantool",
vinyl_dir = "/var/lib/tarantool",
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log = "/var/log/tarantool",
username = "tarantool",
}
instance_dir = "/etc/tarantool/instances.enabled"
rie:
e pid_file
Jupekropus, rie xpausarcs pid-daiin u socket-aiin; tarantoolctl gobassser “/uma_ sk3eMiuigpa’
K UMEHU JUPEKTOPUH.
e wal_dir
Hupekropus, rie xpansarcs .xlog-daiiinr; tarantoolctl gobasisger “/umMsa_dK3eMIuigpa’ K UMEHI
JMPEKTOPHUH.
e memtx_dir
Hupekropus, rie xpansarcs .snap-daiiipl; tarantoolctl gobasiser “/uMs _dK3eMIUIgpa’ K UMEHU
JIMPEKTOPUH.
e vinyl_dir
Jupexropust, rje xpausarcs vinyl-daiiibr; tarantoolctl gobasisier “/umMst  9K3eMILIsIpa’ K UMEHH
JUPEKTOPUM.
e log
JupekTopusi, rie xpaHarcs aiyibl XKypHasa ¢ coobmenunsamu ot Tarantool-npusoxkenust;
tarantoolctl joGasisier “/ums_ sK3eMIIsipa’ K UMEHU JMPEKTOPUH.
e username
[Tonp3oBaTennb, 3amyckaomuii 9k3eMIuIsap Tarantool’a. 9To M0IB30BATENb ONEPAITMOHHON CUCTEMBI, &
ne Tarantool-kimenrta. Cras gemonom, Tarantool cmenut cBoero mosb3oBaTes s Ha YKa3aHHOIO.
e instance_dir
Jupekropus, rjie XpaHsTcs Bce (ailyibl 9K3eMILIsipa I JaHHOro KoMIbioTepa. [lomecture ciona
daitsibl 9K3eMILISIpA WK CO3JalTe CUMBOJIbHBIE CCHLJIKA HA HUX.
The default instance directory depends on Tarantool’s WITH_SYSVINIT build option: when ON; it is
/etc/tarantool/instances.enabled, otherwise (OFF or not set) it is /etc/tarantool/instances.
available. The latter case is typical for Tarantool builds for Linux distros with systemd.
To check the build options, say tarantool --version.
As a full-featured example, you can take example.lua script that ships with Tarantool and defines all

configuration options.

4.5.2 3anyck/ocTaHoBKa 3K3emnaspa

Lua-tputoxkenne BoimoHsieTrcss Tarantool’om, Torma kaxk aitan sK3eMIuIsspa BbIIOJHSETCS Tarantool-
CKpUNTOM tarantoolctl.

Bot uTo menaer tarantoolctl mpu BBOME CIEAYIONIEH KOMAH/IBI:

$ tarantoolctl start <umMsg_sk3eMmnapa>

1. CuurbiBaer n pazdbupaer apryMeHThl KOMAHIHON CTpoku. B HarmeM ciydae mocyieJiHU apryMeHT CO-
JEPKUAT UMS IKIEMILIISAPA.
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2. CumrbiBaeT u pas3bupaer coOCTBEHHbIN KOH(MUIYPAIMOHHBIN (baiit. DToT daila comep:KuT napaMerpbl
tarantoolctl 1O yMOJYAHWIO — TaKWe KaK IIyTh J0 JUPEKTOPHUH, B KOTOPOIl PaCIIOJAralOTCs IK3EM-
ILISIPBI.

Koudwurypammonusriii daitn ¢ mapamerpamu tarantoolctl MO yMOJYaHUIO yCTAHABIUBAETCH B /etc/
default/tarantool. Dror dailyi uCHoaL3yeTcs, Korjga tarantoolctl BBI3BIBAETCS C rOOt-IIPABAMU.
Ecau BBI30B mpom3BOaUT JIOKAJILHBIN IMOJIb30BaTe/ b, tarantoolctl cmepsa uier cBoit daitia ¢ ma-
paMeTpaMu II0 YMOJIYAHUIO B TEKyLIel NUPEKTOpUU ($PWD/ .tarantoolctl), 3aTeM B JOMAaIllHEeR J1u-
pekTopur TeKylero nosb3oBarens ($HOME/.config/tarantool/tarantool). Eciu daiin He HaiijeH,
tarantoolctl NpUHUMAET 6CMPOECHHBLE NAPAMEMPYL NO YMOAUAGHUIO.

3. Nmer daiin sx3eMIuisipa B JUPEKTOPHUH, TJl€ PACIIOJATAIOTCS IK3EMILISAPBI, - Hampumep, B /etc/
tarantool/instances.enabled. tarantoolctl cTpoOUT IyTh S0 ailaa IKIEMILIIpa CJIEAYIONIM 00-
Pa30M: «IIyTh JO JUPEKTOPHUU C IK3EMILIIPAMU» + «HMsI IK3eMILIIpas + «.luas.

4. Tepeonpeuensier dbyunxiuio box.cfg{}, yrober npemobpaborarh ee napamerpbl U CAEJATH TaK, YTOOLI
IIyTH K 9K3EeMILIIPAM YKa3bIBAJIN HA IIyTH, IPOIICAHHBIE B KOHMUTYparnmoHHoM ¢aiisie tarantoolctl.
Hampumep, eciun B KoHpUryparmmoHuoM ¢aiiie ykaszamno, 9To pabodeil fupeKTopueil 9K3eMILIsapa, SB-
sgsercs /var/tarantool, To HOBag peasm3anus box.cfg{} cmemaer Tak, yTobbI Mapamerp work  dir
B box.cfg{} umesn 3Hauenue /var/tarantool/<mMs_sk3eMmiuspa>, HE3ABUCHUMO OT TOrO, KaKOil IIyTh
yKazaH B caMoM aiijie 9K3eMILIsIpa.

5. Cosmaer Tak Ha3bIBaeMbIil «hailyl JJIst yIpaBIeHnst SK3eMILITPOM». DT0 UnixX-COKeT ¢ IPUKPEIJIEHHOM K
nemy Lua-koncosnpio. B mambpHeiiniem tarantoolctl ucmoib3yer 3TOT DA AJIsT IOy I€HUsT COCTOSTHIST
3K3eMILISIPa, OTIPABKU KOMaHJ U T.J.

6. Hakomen, ucronpsyer Lua-komanay dofile Jijisi BBIIOJHEHUsT (Daiiljia IK3EMILISIPA.

IIpu 3amycke 9K3eMILISPa ¢ HOMOIIBIO HHCTPYMEeHTapHs systemd yKa3aHHBIM HUXKe CII0COO0OM (MMsl 9K3eM-
Isipa - my_app):

$ systemctl start tarantool@my_app
$ ps axuf|grep exampl[e]
taranto+ 5350 1.3 0.3 1448872 7736 7 Ssl 20:05 0:28 tarantool my_app.lua <running>

...Ha caMOM JeJie BhI3bIBaeTca tarantoolctl - Tak XKe, Kak U B cay4ae tarantoolctl start my_app.

g uposepkn daiijia 9K3eMIUIsIpa Ha HAJAYAE CHHTAKCHYECKHX ONIMOOK Iepes 3aIyCKOM SK3eMILISIpa
my_app UCIOJIb3ylTe KOMaH/LY:

’$ tarantoolctl check my_app

ﬂﬂﬂ BKJIIOUEHUsI aBTOMAaTHUYECKON 3al'PYy3KHN 3K3eMIUIsIpa my_app IIPpU 3allyCKe Bceil cucTeMbl HCHOJ’IBSyﬂTe
KOMaH/1y:

’$ systemctl enable tarantool@my_app

715t ocTaHOBKY PAbOTAIONIEr0 SK3EMILISIPA My_app UCIOIb3YHTEe KOMAHIY:

$ tarantoolctl stop my_app
$ # - U -
$ systemctl stop tarantool@my_app

st mepesarmycka (T.e. OCTAHOBKM M 3allyCKa) paboTaoINero sK3eMILIsipa my_app UCIOJIb3yHTe KOMaHLY:

$ tarantoolctl restart my_app
$ # - nm -
$ systemctl restart tarantool@my_app
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JlokanbHbii 3anyck Tarantool

WMuorma 6siBaeT HEoOX0mMMO 3arrycTuTh Tarantool jokaspHO - Hampumep, myis TecTupoBanusi. /laBaiite Ha-
CTPOUM JIOKAJIBHBIN 9K3EMILISP, 3aIlyCTUM €ro U OyJeM MOHUTOPUTH C IMOMOIIBIO tarantoolctl.

CrepBa cO37a/ MM JIUPEKTOPUIO-TIECOTHUILY TIO CJICJYIONEMY IIyTH:

$ mkdir ~/tarantool_test

... ¥ TIOMeCTHM KOH(MUTrypaImoHHbIH (daili ¢ mapamerpamu tarantoolctl mo ymosmuanuio B $HOME/ . config/
tarantool/tarantool. Cozmep:xumoe daiiyia OyIeT TaKuM:

default_cfg = {
pid_file = "/home/user/tarantool_test/my_app.pid",
wal_dir = "/home/user/tarantool_test",
snap_dir = "/home/user/tarantool_test",
vinyl_dir = "/home/user/tarantool_test",
log = "/home/user/tarantool_test/log",
}
instance_dir = "/home/user/tarantool_test"
IIpumevuanue:

e YKasblBaiiTe MOJHBIN MyTh K JOMAIIHEN JUPEKTOPUN MOJIb30BATEIST BMECTO < /».

e Omnycrure mapamerp username. OOBIYHO, KOIJ[a 3allyCK IPOU3BOIUT JIOKAJBHBIN I0JIb30BATE/b, ¥
tarantoolctl HeT pa3pelreHusl Ha CMEHY TEKYINEro I0JIb30BaTeNsd. DK3EeMILIAp Oymer paboraTh C
mosrb30BaresieM ,admin®.

Hagee cozmaamm daiin sx3eMiuisipa ~/tarantool_test/my_app.lua. Coxepxkumoe daitia Oyger TakuM:

box.cfg{listen = 3301}
box.schema.user.passwd('Gx5!")
box.schema.user.grant('guest', 'read,write,execute', 'universe')
fiber = require('fiber')
box.schema.space.create('tester')
box.space.tester:create_index('primary',{})
i=0
while 0 == 0 do

fiber.sleep(5)

i=1+1

print('insert ' .. i)

box.space.tester:insert{i, 'my_app tuple'}
end

IIpoBepum Hamr daiin sK3eMILIsIpa, cruepBa 3alycTuB ero 6e3 tarantoolctl:

$ cd ~“/tarantool_test

$ tarantool my_app.lua

2017-04-06 10:42:15.762 [54085] main/101/my_app.lua C> version 1.7.3-489-gd86e36d5b

2017-04-06 10:42:15.763 [54085] main/101/my_app.lua C> log level 5

2017-04-06 10:42:15.764 [54085] main/101/my_app.lua I> mapping 268435456 bytes for tuple arena...
2017-04-06 10:42:15.774 [54085] iproto/101/main I> binary: bound to [::]:3301

2017-04-06 10:42:15.774 [54085] main/101/my_app.lua I> initializing an empty data directory
2017-04-06 10:42:15.789 [54085] snapshot/101/main I> saving snapshot ~./00000000000000000000.snap.
—inprogress'

2017-04-06 10:42:15.790 [54085] snapshot/101/main I> done
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2017-04-06 10:42:15.791 [54085] main/101/my_app.lua I> vinyl checkpoint done
2017-04-06 10:42:15.791 [54085] main/101/my_app.lua I> ready to accept requests
insert 1

insert 2

insert 3

<.

Samycrum 3x3eMinisip Tarantool’a ¢ momonpio tarantoolctl:

’$ tarantoolctl start my_app

B koncon JOJIZKHBI IIOABUTHCA COO6HLeHI/IH O TOM, YTO 9K3EMILJIAD 3allylIieH. 3aTeM BBIIIOJIHIM CJIELYIOILY IO
KOMaH/1y:

’$ 1s -1 “/tarantool_test/my_app

B komcosn 1osKHBI osiBUTHCA .snap-daiin u .xlog-daitr. 3aTeM BBIIOJHUM CJIEYIONYI0 KOMAH/IY:

’$ less ~/tarantool_test/log/my_app.log

B koncosn 70/KHO 0TOOPa3UThCs cojepkuMoe daiiina KypHaa i IPUJIOYKEHUs My_app, B TOM UHCJIE
COODIIeHNsT 00 OIMMOKAaX, €CJIM OHU ObLIN. 3aTe€M BBLIIOJHUM CEPUI0 KOMAH;:

$ tarantoolctl enter my_app

tarantool> box.cfg{}

tarantool> console = require('console')

tarantool> console.connect('localhost:3301"')

tarantool> box.space.tester:select ({0}, {iterator = 'GE'})

B koncommn JOJIZKHBI ITIOABUTHCA HECKOJIBKO KOpTe)KefI, KOTOPpbIE CO31aJI0 IPUJIOZKEHUE My _app.

Teneps ocTanoBUM NpuIIOKeHne my_app. KoppeKTHBINH cr1ocob 0CTaHOBKH - 9TO UCIOJb30BaTh' ‘tarantoolct]l*:

’$ tarantoolctl stop my_app

Tlocnenuauit mar - ympajeHre TECTOBBIX JTAHHBIX.

’$ rm -R tarantool_test

4.5.3 XypHanupoaHue

Bce Baxkubie cobbitus Tarantool 3amucsiBaer B aiis 2KypHaJia - Haupumep, B /var/log/tarantool/my_app.
log. tarantoolctl cTpouT IyTh J10 haiiyia KypHAJIA CJIELYIONUM 00Pa30M: «IIyTh J0 JIUPEKTOPUU C IK3EM-
IJIApaMAy -+ <«HAMs 9K3eMILIsapay + «.luas.

SarmuireM 9To-HUOYIb B (aiiyl KypHaJa:

$ tarantoolctl enter my_app
/bin/tarantoolctl: connected to unix/:/var/run/tarantool/my_app.control
unix/:/var/run/tarantool/my_app.control> require('log').info("Hello for the manual readers")

3arem OPpOBEPUM COLAECP2KUMOE 2KYypHaJla:
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$ tail /var/log/tarantool/my_app.log

2017-04-04 15:54:04.977 [29255] main/101/tarantoolctl C> version 1.7.3-382-g68ef3f6a9

2017-04-04 15:54:04.977 [29255] main/101/tarantoolctl C> log level 5

2017-04-04 15:54:04.978 [29255] main/101/tarantoolctl I> mapping 134217728 bytes for tuple arena...
2017-04-04 15:54:04.985 [29255] iproto/101/main I> binary: bound to [::1]:3301

2017-04-04 15:54:04.986 [29255] main/101/tarantoolctl I> recovery start

2017-04-04 15:54:04.986 [29255] main/101/tarantoolctl I> recovering from ~/var/lib/tarantool/my_
—app/00000000000000000000 . snap '

2017-04-04 15:54:04.988 [29255] main/101/tarantoolctl I> ready to accept requests

2017-04-04 15:54:04.988 [29255] main/101/tarantoolctl I> set 'checkpoint_interval' configuration,,
—option to 3600

2017-04-04 15:54:04.988 [29255] main/101/my_app I> Run console at unix/:/var/run/tarantool/my_app.
—control

2017-04-04 15:54:04.989 [29255] main/106/console/unix/:/var/ I> started

2017-04-04 15:54:04.989 [29255] main C> entering the event loop

2017-04-04 15:54:47.147 [29255] main/107/console/unix/: I> Hello for the manual readers

IIpu BR/IFOYEHHOM KYPHAJIUPOBAHUU CHCTEMHBIN AJIMUHUCTPATOD HOJKEH 00ecIednBaTh CBOEBPEMEHHYIO
pOTAINIO KYPHAJIOB, YTOOBI M30€KATh MEPEIOJHEHUS JIUCKOBOI'O IMPOCTPAHCTBA. PoTarus KypHAJOB B
tarantoolctl mpOM3BOAMTCH C MIOMOIIBIO IPOrpaMMbl logrotate, KOTOPYIO HEOOXOIMMO YCTAHOBUTH 3a-
patee.

Qaiin /etc/logrotate.d/tarantool mocTaBisieTCs CO CTAaHAAPTHBIM JUCTpuOyTHBOM Tarantool. Ero moxxuo
PEeIaKTUPOBATH JIJIsl M3MEHEHUsI TIoBeIeHNs 110 ymordanuio. Comep:kumoe daita 00bITHO BBITVISIAUT TaK:

/var/log/tarantool/*.log {
daily
size 512k
missingok
rotate 10
compress
delaycompress
create 0640 tarantool adm
postrotate

/usr/bin/tarantoolctl logrotate “basename ${1%%.*}"

endscript

Ecau BBI ncnionb3yere Ipyryio NporpamMMmy Jijisi POTAIMH 2Ky PHAJIOB, MOZKHO BbI3BATh KOMAaHIy tarantoolctl
logrotate, YTOOBI IK3EMILISIPHI IIEPEOTKPBLIN CBOM (DAllIbl KypHaJsa I0Cjae TOro, Kak BbIOpaHHAs BaMHU
IporpamMMa IepeMecTuIa UX.

Tarantool moxeT mmucars cobbiTus B dailn KypHasa, syslog mwim nporpaMMy, YKa3aHHYIO B KOH(MUTYpaIu-
ounoM daitre (cMm. mapamerp log).

Ilo ymosiqanuio 3ammch NOpOM3BOAUTCS B (ailyl KypHaJia, KaK YKa3aHO B WMCXOMHBIX HACTPORKAX
tarantoolctl. Ckpunr tarantoolctl aBTOMATHYECKHU OMPEIEIISIET, KOTJA IK3EMILISP UCIOIb3YeT st 2Ky P-
HaJIMPOBaHUs Syslog WM BHEIIHIOI IPOrPAMMY, U HE U3MEHSET TO, Ky/la BEJETCS 3aluch. B Takmx cirydasx
POTAIINIO >KYPHAJIOB OOBIYHO BBIMOJIHSET Ta YK€ IPOrPAMMa, KOTOPAas HUCIOIb3YETCs I 2KYPHAJTMPOBAHUS.
Nmenno nmostomy koManga tarantoolctl logrotate cpaboTaer TOJIBKO B TOM Ciy4ae, ecyiu B daiie K-
3eMILIsIPA BKJIFOYEHa BO3MOXKHOCTb BECTH 3AINCh B (DA

4.5.4 Be3onacHoOCTb

Tarantool pazperraer 1Ba THIIA TOIKIIOUEHTIA:
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o Ucnonb3ys dyukuumio console.listen() n3 Mmomyis console, MOXKHO HACTPOUTH LIOPT JJIsl HOAKJIIOYEHHUS K
CEePBEPHOI 3IMUHUCTPATHBHON KOHCOJIA. DTOT BAPUAHT JIJIsl 8 IMUHUCTPATOPOB, KOTOPHIM HEOOXOIUMO
MTOJIKJTIOUUTHCS K PAabOTAIONIEMY IK3EMILISAPY U MOCIATh HEKOTOPBIE 3aPOChl. tarantoolctl BbI3bIBAET
console.listen(), 9TOOBI CO3IATH YIPABJIAIONINI COKET /I KAYXKIOTO 3AIYIEHHOTO SK3eMILISIPA.

e lcnonbsyss mapametp boz.cfg{listen=. ..} m3 Momynst box, MOXKHO HACTPOUTH OWHADHBIH MOPT JIJIst
COeJIMHEHNUl, KOTOPbIe YUTAIOT U HMUIILYT B 0a3y JAHHBIX HJIM BLI3BIBAIOT XPAHUMBIE [IPOIIEILYPhI.

Ecan BBl OAK/IIOUEHB! K @IMUHACTPATUBHON KOHCOJIU:
o KitmeHT-cepBepHBIil TPOTOKOJI - 9TO IPOCTON TEKCT.
e ITaposan me Tpebyercs.
e [lonb30BaTesb ABTOMATHYIECKHU TTOIYIAET MIPaBa 3 IMAHACTPATOPA.
o Kaxas KoMaH1a HAIIPSAMYIO 00padaThiBae€TCs BCTPOEHHBIM HHTepIiperaTopoM Lua.

TToaToMy mOpTHI JTsT A MIHUCTPATHBHON KOHCOJIU CJIEIyeT HACTPAMBATH OU€Hb OCTOpOXKHO. Eciu aro TCP-
[IOPT, OH JIOJIZKEH OBITH OTKPBITH TOJIBKO Jist onpeiesiearoro I1P-anpeca. B ugease smecro TCP-mopra sry4rre
HaCTPOUTH JOMeHHbIN Unix-cOKeT, KOTOpPbIii TpebyeT HaJju4ue MpaB J0CTyIa K cepBepHOil Mmarmmue. Torma
TUIUYHAsT HACTPOIKa MOpTa JJIsl aIMIHACTPATUBHON KOHCOJIX OY/IEeT BBINJISIETD CJIEAYIOMMUM 00pa3oM:

’ console.listen('/var/lib/tarantool/socket_name.sock')

a tunmasblit URI njis coeuHeHus OyJIeT TaKUM:

’ /var/lib/tarantool/socket_name.sock

ecjin y MpUEeMHWKa COOBITHII ecTh IpaBa Ha 3amuch B /var/lib/tarantool m y KOHHEKTOpa €CTh IIpaBa, Ha
qrenne u3 /var/lib/tarantool. Eie omuH crmocob MOAKIIOYATHCA K aIMHUHUCTPATHBHON KOHCOIU IK3EM-
IIpa, 3aIyIIEeHHOTO C TTOMOIBIO tarantoolctl, - ucmoab30BaTh tarantoolctl enter.

Brrsicauts, siBiisiercst i Hekotopeiit TCP-iopT mopToM ji1st a IMIHICTPATHBHON KOHCOJIN, MOYKHO C TIOMOIIHIO
telnet. Hampumep:

$ telnet 0 3303

Trying 0.0.0.0...

Connected to O.

Escape character is '~]'.
Tarantool 1.10.0 (Lua console)
type 'help' for interactive help

B sTom npumMepe B oTBeTe OT cepBepa HeT cjioBa «binarys u ecth ciioBa «Lua consoles. DT0 3HAYMUT, YTO MBI
YCIIENTHO MOJKJIFOUYUIMCH K MOPTY JIJIsl 8 IMUHUCTPATHBHON KOHCOJIM U MOYKEM BBOJIUTDH aIMUHUCTPATOPCKUE
3aIIPOCHI HA 9TOM TE€PMUHAJIE.

Ecnu BB osik/II09€HbI K OMHAPHOMY TOPTY:
o KimmeHT-cepBepHBIit TPOTOKOI - OUHAPHBLTL.
e ABrOMaTHYECKU BBIOUPAETCS IIOJIB30BATEND ,, quest:.
e JIjisi CMEHBI TIOJIB30BaTE Isi HEOOXOIUMO IPONTH ayTeHTU(DUKAIIUIO.

s ynobcTBa MCIOIb30Banns KOMaHAa tarantoolctl connect aBTOMATHYECKHU OIPE/IEIISIET THII ITOIKIIIO-
JeHUsl [IPU YCTAHOBKE COEJMHEHUs] M UCIOJIB3YET KOMAaHJy OMHAPHOrO IpoToKoja EVAL s BbIIOJHEHUS
Lua-xkoman 110 GWHAPHOMY MOJKJIIOYEHUIO. UTOOBI BBITOJHATH KoMauy EVAL, ayrentudunmpoBaHHbIi
[TOJIb30BaTE b JI0JI2KeH uMeTh rinobasibabie « EXECUTEs-npasa.
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IlosTOoMy 1IpM HEBO3MOYKHOCTH IIOAKJIIOUNTHCS K MAIIMHE 110 SSh CHCTEMHBIN aIMUHUCTPATOP MOXKET IIOJIy-
YUTH yAAJEHHBINA JOCTYII K 9K3eMILIAPY, co3/aB mosb3oBaress Tarantool ¢ ruobanpabivun «EXECUTEs-
IIpaBaMU U HEIYCTBIM MapOJIeM.

4.5.5 lNpocmoTp cocTosiHuA cepsepa
MNcnonb3osanune Tarantool’a B kadecTBe kKnneHTa

Tarantool BXoauT B MHTEPAKTUBHBINA PEXKUM, €CJIA:
e BBI 3allycKaere ero 6e3 gating sx3emnasapa, 1ado
e B (ailsie 9K3eMIUIIPa COIEPKUTCST KOMaHaa console.start().

Tarantool BeIBOAUT IpuIJIalIeHre KOMAHJHON cTpoku (Hampumep, <tarantool>») - u BbI MOXKeTe MOCHLIATH
zanpocel. Eciu ucnons3oBars Tarantool tTakmm 06pa3omM, OH MOXKET BBICTYIIATH KJIMEHTOM ISl Y/IAJIEHHOI'O
cepBepa, CM. IPOCThIe PUMEPBI B Pykosodcmee das HaMuHaouur.

Ckpunr tarantoolctl UCIOJIBb3yeT MHTEPAKTUBHBIN PEXKUM JIJIsl Peain3aliud KOMaH «enter» m «connects.

Bbinonxenune koga Ha 3k3emnnsipe Tarantool’a

You can attach to an instance’s admin console and execute some Lua code using tarantoolctl:

$ # 0ns AOKAALHLIT SK3EMNASPOS:

$ tarantoolctl enter my_app

/bin/tarantoolctl: Found my_app.lua in /etc/tarantool/instances.available
/bin/tarantoolctl: Connecting to /var/run/tarantool/my_app.control
/bin/tarantoolctl: connected to unix/:/var/run/tarantool/my_app.control
unix/:/var/run/tarantool/my_app.control> 1 + 1

-2
unix/:/var/run/tarantool/my_app.control>

$ # 0ns A0KAALHOIT U YOGAECHHBIT 3K3EMNASPOS:
$ tarantoolctl connect username:password@127.0.0.1:3306

Moxkno Takxke mCHIOIbL30BaTh tarantoolctl st BbImoHeHUs Lua-Koma Ha 3aIyIEHHOM 3K3EMILISApPEe
Tarantool-cepBepa, He TONKIIIOYASCH K €r0 aIMIHICTPATUBHOM KoHCcom. Hampumep:

$ # executing commands directly from the command line
$ <command> | tarantoolctl eval my_app
< o>

$ # - OR -
$ # executing commands from a script file

tarantoolctl eval my_app script.lua
< o>

L3

Ilpumeuanue: FEime moxxHO mcmonmb3oBarh Momyan console m net.box m3 Tarantool-cepsepa. Taxxke BbI
MOXKeTe MUCATh CBOU KJIMEHTCKHE IPOTPAMMBI C UCIIOJIB30BAHUEM JIIOOOTO U3 JIOCTYHHBIX KoHHekmopos. Oi-
HaKO OOJIBIIIMHCTBO [IPUMEPOB B JJAHHOM JIOKYyMEHTE UCIIOJIb3yeT WK tarantoolctl connect, wim Tarantool-
cepeep Kax KAUEHM.
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MpoBepka cocTosiHUS 3k3emnasipa

YrobbI IpoBepuTH cTaTyC K3eMILIsgpa Tarantool-cepBepa, BBIIOIHATE KOMAHITY:

$ tarantoolctl status my_app
my_app is running (pid: /var/run/tarantool/my_app.pid)

$ # - OR -

$ systemctl status tarantool®my_app

tarantool@my_app.service - Tarantool Database Server

Loaded: loaded (/etc/systemd/system/tarantool@.service; disabled; vendor preset: disabled)
Active: active (running)

Docs: man:tarantool(1)

Process: 5346 ExecStart=/usr/bin/tarantoolctl start %I (code=exited, status=0/SUCCESS)
Main PID: 5350 (tarantool)

Tasks: 11 (limit: 512)

CGroup: /system.slice/system-tarantool.slice/tarantool®@my_app.service

+ 5350 tarantool my_app.lua <running>

Ecmm BBI ncnosib3yere cucremy, Ha KOTOPOI JOCTYIIHA YTUINTA Systemd, BBITOTHUTE CJIEAYIONIYI0 KOMAHLY
JJ1sl IIPOBEPKU COJEPKUMOr0 XKypPHaJIa 3arDy3KU:

$ journalctl -u tarantool@my_app -n 5

-- Logs begin at Fri 2016-01-08 12:21:53 MSK, end at Thu 2016-01-21 21:17:47 MSK. --

Jan 21 21:17:47 localhost.localdomain systemd[1]: Stopped Tarantool Database Server.

Jan 21 21:17:47 localhost.localdomain systemd[1]: Starting Tarantool Database Server...

Jan 21 21:17:47 localhost.localdomain tarantoolctl[5969]: /usr/bin/tarantoolctl: Found my_app.lua,
—in /etc/tarantool/instances.available

Jan 21 21:17:47 localhost.localdomain tarantoolctl[5969]: /usr/bin/tarantoolctl: Starting instance.

Jan 21 21:17:47 localhost.localdomain systemd[1]: Started Tarantool Database Server

Boutee noppobrast nadopMmalyst COAEp:KUTCST B OTYETAX, KOTOPbIe MOXKHO IOJIyYUTh C ITOMOIIBI0 (DyHKIUI
U3 CJIEYIONINX TTOAMOTYJIed:

e box.cfg - mpoBepka 1 ykazaHue BCeX KOH(PUTYPAIIMOHHBIX apaMeTpoB Tarantool-cepsepa,

e bor.slab - MOHUTOPHUHT UCIOJH30BAHUS U (PPATMEHTUPOBAHHOCTH ITAMSITH, BbIJICJICHHON /I XpaHEeHUe
naHHbIX B Tarantool’e,

e box.info - mpocmoTp mepemenubix Tarantool-cepBepa - B IepByI0 0Yepeh TeX, 9TO OTHOCITCS K PEeILIU-
KA,

e box.stat - mpocMoTp cTaTucTUKU Tarantool’a mo 3ampocaM U MUCIIOTB30BAHUIO CETH,

MoxkHo Takzke mornpoboBaTh BOCIOJIB30BaThCs Lua-MoaysieM tarantool /prometheus, KoTopsbrit oberdaer coop
MeTpuK (HAIPUMED, UCHOJIb30BAHUE HAMATU WJIM KOJUYECTBO 3ampocos) ¢ Tarantool-npuioxenuit u 6a3
JAHHBIX U UX IIyOJUKAIWIO Yepe3 mpoToKoa Prometheus.

IIpumep

Ouenpb 9acTO aJMUHUCTPATOPAM TIPUXOUTCS BBI3BIBATH (DyHKIWMIO box.slab.info(), KoTopasi moKa3bIBaeT MO-
JIPOOHYIO CTATUCTUKY 110 UCIIOJIB30BAHUIO IIAMSATH JIJIsi KOHKPETHOTO 3K3eMinisipa Tarantool’a.

tarantool> box.slab.info()

- items_size: 228128
items_used_ratio: 1.8
quota_size: 1073741824
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quota_used_ratio: 0.8}
arena_used_ratio: 43.2%
items_used: 4208

quota_used: 8388608
arena_size: 2325176
arena_used: 1003632

MpocnnuposaHre nponssoguTENLHOCTH

Wmorma Tarantool moxker paborath MmesienHee, demM 0ObrdHO. [Ipu<nH TAKOTO MOBEIEHHS MOXKET OBITH
HECKOJIBKO: IIPODJIEMBI C JIUCKOM, Lua-CKpHUIIThI, aKTHUBHO KCIIOJIB3YIOIIE IIPOIECCOp, WJIM HelpaBUJIbHAsI
HacTpoiika. B Takux ciydasix B 2KypaaJje Tarantool’a MOryT oTcyTcTBOBaTh HEOOXOIUMBIE TTOIPOOHOCTH, 10~
9TOMY €IMHCTBEHHBIM IMPU3HAKOM HEIIPABUJIBLHOTO IMOBEICHUS SABJISETCH HAJUYNE B XKypHAJIE 3ammceil BUIA
W> too long DELETE: 8.546 sec. Huke mpuBeseHBl MHCTPYMEHTHI W IPUEMBI, KOTOPbIE OOJIErdaloT CHs-
e npoduisa Mpou3BoguTesbHOCTH Tarantool’a. Dra mporeypa MOXKET TOMOYb IIPU PEIIEHUH TPodJIeM ¢

3aMeJlJIEHNEM.

ITpumeuanue: BospmmmaCTBO HHCTPYMEHTOB, 3a ucK/4YeHneM fiber.info (), mpeaHaszHadeHO I JIHC-
rpubyrusoB GNU /Linux, no ne s FreeBSD unu Mac OS.

fiber.info()

CaMblii IpOCTOli CI10co6 MPOMGUINPOBAHKS - 9TO HCIIOJIb30BaHME BCTPOEHHOTO (yHKIMOHa a Tarantool’a.
fiber.info() BosBpamaer nHbopManuo 060 Becex padoraromux daiibepax ¢ COOTBETCTBYIOIIEH TPACCUPOBKOM
creka Jiyist si3bika C. DTH JaHHBIE TIOKA3BIBAIOT, CKOJIBLKO (ailbepoB 3allyleHHO Ha JAHHBIA MOMEHT U KaKue
dbyurnyn, Hammcanabie Ha C, BBI3BIBAIOTCS JAIE OCTAJbHBIX.

Cravajia BORUTE B MHTEPAKTUBHYIO aJMHHUCTPATUBHYIO KOHCOJIb BaIero sKk3emiispa Tarantool’a:

’$ tarantoolctl enter NAME

Ilocie aToro 3arpysure moayas fiber:

’tarantool> fiber = require('fiber')

Ternepb MOXKHO TI0JIy9UTh HEOOX0UMY0 uHMOpPMANUIO ¢ IIoMoIbio fiber.info().

Ha sToMm mrare B Bareit KOHCOJIU JTOJI?KHO BBIBOJIUTHCS CJIEJYIOIIEE:

tarantool> fiber =

- 360:

csw: 2098165
backtrace:

- '#0 0x4d1b77
- '#1 0x4bbf68
- '#2 0x4bdb5d8
- '#3 0x4bed48
- '#4 0x4d72£f8

require('fiber"')

in
in
in
in
in

tarantool> fiber.info()

wal_write(journal*, journal_entry*)+487'
txn_commit (txn*)+152'

process_rw(request*, space*, tuplex*)+136'
box_process1+104'

lbox_replace+120'
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- '#5 0x50£317 in 1j_BC_FUNCC+52'
fid: 360
memory:
total: 61744
used: 480
name: main
129:
csw: 113
backtrace: []
fid: 129
memory:
total: 57648
used: 0O
name: 'console/unix/:'

MpbI peKoMeH IyeM IPUCBAUBATL CO3/IaBaeMbIM (halibepaM MOHITHBIE UMEHA, ITOObI UX MOXKHO OBLIO JIETKO
HaWTH B crmcke, BbiBojuMoM fiber.info(). B mpumepe Hike cosdjaercs daitbep ¢ nmeneMm myworker:

tarantool> fiber = require('fiber')

tarantool> f = fiber.create(function() while true do fiber.sleep(0.5) end end)

tarantool> f:name('myworker') <!-- assigning the name to a fiber

tarantool> fiber.info()
- 102:
csw: 14
backtrace:
- '#0 0Ox50lala in fiber_yield_timeout+90'
- '#1 0x4f2008 in lbox_fiber_sleep+72'
- '#2 0x5112a7 in 1j_BC_FUNCC+52'
fid: 102
memory :
total: 57656
used: 0
name: myworker <!-- newly created background fiber
101:
csw: 284
backtrace: []
fid: 101
memory:
total: 57656
used: 0
name: interactive

Jia npunyurensHoro 3asepiienus daiibepa ucnonb3yerca komanaa fiber. kill(fid):

tarantool> fiber.kill(102)

tarantool> fiber.info()
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- 101:
csw: 324
backtrace: []
fid: 101
memory:
total: 57656
used: O
name: interactive

Ecan BaMm He0OX0IMMO TUHAMUYIECKH TOJIYYaTh WHMOOPMAIUIO ¢ TToMoIbio fiber.info (), BaM MoOXKeT mpu-
TOJINTHCS TIPUBEIEHHbIN HIKe cKpunT. OH KaK ible IMOJICEKYHIbI TOJIKJII0YAeTCsl K IK3eMILisipy Tarantool’a,
yKazaHHOMY B repeMenHo#t NAME, BobimosiHsier koMmaHAy fiber.info() wu 3amucbkiBaeT ee BbIXOH B daila
fiber-info.txt:

$ rm -f fiber.info.txt
$ watch -n 0.5 "echo 'require(\"fiber\").info()' | tarantoolctl enter NAME | tee -a fiber-info.txt"

Ecau BbI HEe MOXKeTe caMOCTOATEIHHO Pa30bpaThes, KaKoit MMEeHHO (haitbep BBI3BLIBAET MPODJIEMBI C ITPOU3-
BOJUTEILHOCTBIO, 3aIlyCTUTE JAaHHBINA cKpunT Ha 10-15 CeKyHI U IPUILINTE MOy IUBINUics baityi KoMaH e
Tarantool’a na agpec support@tarantool.org.

Mpocreiiwme npohunnposwmkn

pstack <pid>

YT00BbI MCIIOIB30BATH ITOT MHCTPYMEHT, €r0 HeOOXOIWMO YCTAHOBUTH C IOMOIIBIO IMAKETHOIO MEHEIXKepa,
[TOCTABJISIEMOTO ¢ BAIUM ucTpubyTuBoM Linux. /lannast KOMaH 1a BBIBOJINT TPACCUPOBKY CTEKA BBITIOJTHEHUST
I paborarorero mporecca ¢ coorBercTByomuM PID. Ilpu meobxommMocTn KOMaHIy MOXKHO 3aIlyCTHTD
HECKOJIBKO Pa3, YTOOBI BBISIBUTH Y3KO€ MECTO, KOTOPOE BBI3BIBAET IaJ[eHNe ITPOU3BOIUTEILHOCTH.

IIocste ycTaHOBKHM BOCIOJIB3YHTECH CJIEMYIONIEH KOMAHIOM:

’$ pstack $(pidof tarantool INSTANCENAME.lua)

3aTeM BBIIOJIHUTE:

’$ echo $(pidof tarantool INSTANCENAME.lua)

aT00bI BhiBecTn Ha 3kpan PID sk3emmisapa Tarantool’a, ncrmonn3yromero ¢daitn INSTANCENAME. lua.

B Bammeit KoHCOIN HOIZKHO 0TOOPAXKATHCS MTPUOIHM3UTEBLHO CJIEYOIIIee:

Thread 19 (Thread 0x7£09d1bff700 (LWP 24173)):

#0 0x00007f0alab423f2 in 22 () from /1ib64/libgomp.so.1

#1 0200007f0alab3fdc0 in 2?2 () from /1ib64/libgomp.so.1

#2 0x00007f0aladbadch in start_thread () from /l1ib64/libpthread.so.0
#3 0z£00007f0ala050ced in clone () from /1ib64/libc.so.6

Thread 18 (Thread 0x7£f09d13fe700 (LWP 24174)):

#0 0z00007f0alab423f2 in 22 () from /1ib64/libgomp.so.1

#1 0x00007f0alab3fdcO in 2?2 () from /lib64/libgomp.so.1

#2 0xz00007f0alad5adcd in start_thread () from /1ib64/libpthread.so.0
#3 0x00007f0ala050ced in clone () from /1ib64/libc.so.6

<.0>

Thread 2 (Thread 0x7£09c8bfe700 (LWP 24191)):

#0 0x00007f0aladb5e6d5 in pthread_cond_wait@@GLIBC_2.3.2 () from /1ib64/libpthread.so.0
#1 0x2000000000045d901 in wal_writer_pop(wal_writer*) ()
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#2 0x2000000000045db01 in wal_writer_f(__va_list_tag*) ()

#3 0x£0000000000429abc in fiber_czz_invoke(int (*)(__va_list_tag*)
#4 0200000000004b52a0 in fiber_loop ()

#5 0200000000006099cf in coro_intt ()

Thread 1 (Thread 0x7f0alc47£fd80 (LWP 24172)):

#0 0xz00007f0ala0512¢c3 in epoll_wait () from /1ib64/libc.so.6

#1 0200000000006051c8 in epoll_poll ()

#2 0x£0000000000607533 in ev_run ()

#3 020000000000428e13 in main ()

va_list_tagx) ()

R

gdb -ex «bt» -p <pid>

Kaxk u B ciydae ¢ pstack, nepej ucnoabsosanreM GNU-oriaquK (Takzke U3BECTHBINA Kak gdb) HeoOXOIMMO
CHAJYaJjIa YCTAHOBUTH Yepe3 MAKETHBIN MeHe2Kep, BCTPOEHHBIH B Balll aucTpuOyTuB Linux.

Tlocse ycranoBku BOCIIOIB3Y#HTECH CIEMYIONIEN KOMAHIOMN:

$ gdb -ex "set pagination 0" -ex "thread apply all bt" --batch -p $(pidof tarantool INSTANCENAME.
—1lua)

3areM BBIIIOJIHUTE:

$ echo $(pidof tarantool INSTANCENAME.lua)

q100b! BeiBecTH Ha 3kpan PID skzemmisapa Tarantool’a, ncnosssyromniero caitsr INSTANCENAME. lua.

ITocse ucriosip30BaHMS OTJIaJJ9MKa B KOHCOJIb JOJI2KHa BBIBOAUTHCA CJICAYIOITasd HHdepMaHHHZ

[Thread debugging using libthread_db enabled]
Using host libthread_db library "/1ib/x86_64-linux-gnu/libthread_db.so.1".

[cuT]

Thread 1 (Thread 0x7£72289ba940 (LWP 20535)):

#0 _int_malloc (av=av@entry=0z7f7226e0eb20 <main_arena>, bytes=byteslentry=504) at malloc.c:3697
#1 0x00007f7226acf21a in __libc_calloc (n=<optimized out>, elem_size=<optimized out>) at malloc.
—c:3234

#2 0x00000000004631f8 in vy_merge_iterator_reserve (capacity=3, t1tr=0z7f72264af9e0) at /usr/src/
—tarantool/src/box/vinyl.c: 7629

#3 vy_merge_iterator_add (itr=itr@entry=0z7f7226/af9e0, is_mutable=is_mutablelentry=true, belong_
—range=belong_range@entry=false) at /usr/src/tarantool/src/box/vinyl.c:7660

#4 0x00000000004703df in vy_read_iterator_add_mem (itr=0z7f72264af990) at /usr/src/tarantool/src/
—boz/vinyl.c:8387

#5 vy_read_iterator_use_range (itr=0x7f72264af990) at /usr/src/tarantool/src/boz/vinyl.c:8453

#6 0£000000000047657d in vy_read_iterator_start (itr=<optimized out>) at /usr/src/tarantool/src/
—boz/vinyl.c:8501

#7 0200000000004766b5 in vy_read_iterator_next (itr=itrlentry=0x7f72264af990,,
—result=result@entry=0z7f72264afad8) at /usr/src/tarantool/src/boz/vinyl.c:8592

#8 0x2000000000047689d in vy_indez_get (tz=tzl@entry=0xz7f7226468158, inder=indexzlentry=0x2563860,
—key=<optimized out>, part_count=<optimized out>, result=result@entry=0z7f72264afad8) at /usr/src/
—tarantool/src/boz/vinyl.c:5705

#9 020000000000477601 in vy_replace_impl (request=<optimized out>, request=<optimized out>,
—stmt=0z7f72265a7150, space=0x2567eal, tz=0z7f7226/68158) at /usr/src/tarantool/src/box/vinyl.
—c:5920

#10 vy_replace (tz=0z7f7226468158, stmt=stmt@entry=0x7f72265a7150, space=0z2567eal, Tequest=
—<optimized out>) at /usr/src/tarantool/src/box/vinyl.c:6608

#11 0£00000000004615a9 in VinylSpace::ezecuteReplace (this=<optimized out>, tzn=<optimized out>,
—space=<optimized out>, request=<optimized out>) at /usr/src/tarantool/src/boz/vinyl_space.cc:108
#12 0x00000000004bd723 in process_rw (request=request@entry=0x7f72265a70f8,,

y.) 4 N QL LrY Vo) 74 144 4 NnYLEHODL ) o £ 20 ) 4 4 4 1 2
—Spacte=SpacCetentry=vTrooreat,; TeSULTT=TESULTCENTTY=VE7 ] 72203 aJ0CU atT UST7STrc/7tarantoot/ STCc/ 00T

—box.cc:182
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#13 0x£00000000004bedf8 in box_processl (request=0z7f72265a70f8,,
—result=result@entry=0c7f72264afbc8) at /usr/src/tarantool/src/boz/bozx.cc:700

#14 02£00000000004bf389 in box_replace (space_id=space_id@entry=513, tuple=<optimized out>, tuple_
—end=<optimized out>, result=resultl@entry=0z7f72264afbc8) at /usr/src/tarantool/src/boz/box.cc:75/
#15 0z00000000004d72f8 in lboz_replace (L=0z413c5780) at /usr/src/tarantool/src/boxz/lua/index.c:72
#16 0z£000000000050f317 in 1j_BC_FUNCC ()

#17 0£00000000004d37c7 in ezecute_lua_call (L=0z4{13c5780) at /usr/src/tarantool/src/box/lua/call
—c:282

#18 0x£000000000050f317 in 1j_BC_FUNCC ()

#19 00000000000529¢c7b in lua_cpcall ()

#20 0200000000004 f6aa3 in lual_cpcall (L=L@entry=0z413c5780, func=func@entry=0x4{d36d0 <ezecute_lua_
—call>, ud=ud@entry=0z7f72264afde0) at /usr/src/tarantool/src/lua/utils.c:962

#21 0x00000000004d3fe7 in boxz_process_lua (handler=0z{d36d0 <execute_lua_call>,
—out=out@entry=0z7f7213020600, request=request@entry=0x4{13c5780) at /usr/src/tarantool/src/boz/
—lua/call.c:382

#22 boz_lua_call (request=request@entry=0z7f72130401d8, out=out@entry=0x7f7213020600) at /usr/src/
—tarantool/src/boz/lua/call.c: 405

#23 0x£00000000004c0f27 in box_process_call (request=request@entry=0z7f72130401d8,,
—out=out@entry=0z7f7213020600) at /usr/src/tarantool/src/box/box.cc:1074

#24 0z000000000041326c in tz_process_misc (m=0z7f7213040170) at /usr/src/tarantool/src/boz/iproto.
—cC:942

#25 0x£0000000000504554 in cmsg_deliver (msg=0z7f7213040170) at /usr/src/tarantool/src/cbus.c:302
#26 0z0000000000504c2e in fiber_pool_f (ap=<error reading variable: value has been optimized out>),
—at /usr/src/tarantool/src/fiber_pool.c:64

#27 02000000000041122¢c in fiber_czx_invoke(fiber_func, typedef __va_list_tag __va_list_tag *) (f=
—<optimized out>, ap=<optimized out>) at /usr/src/tarantool/src/fiber.h:645

#28 0x£00000000005011a0 in fiber_loop (data=<optimized out>) at /usr/src/tarantool/src/fiber.c:641
#29 0z0000000000688fbf in coro_init () at /usr/src/tarantool/third_party/coro/coro.c:110

3amycrure OTJIAIIUK B IMKJE, 9TO0BI cOOPATh JOCTATOYHO WHMOPMAIUU, KOTOPAs IMOMOXKET yCTAHOBUTH
[IpUYUHY craja npoussoguTesbHoctu Tarantool’a. MoKHO BOCIOIB30BATHCS CJIEIYIOIIMM CKPUAIITOM:

$ rm -f stack-trace.txt
$ watch -n 0.5 "gdb -ex 'set pagination 0' -ex 'thread apply all bt' --batch -p $(pidof tarantool,
—INSTANCENAME.lua) | tee -a stack-trace.txt"

C TOYKU 3peHust CTPYKTYPhI U (DYHKITMOHAILHOCTH, 9TOT CKPUIT UIEHTUIEH TOMY, ITO UCIOJb3YETCs BBIIIE
¢ fiber.info().

Ecim BaMm me ymaercss OThICKATh HPUYUHY ITOHUKEHHON ITPOU3BOAUTEIHLHOCTH, 3AIyCTUTE IAHHBINA CKPUIIT
na 10-15 cexkynpm u npunumTe mnosy4uBmuniics daiin stack-trace.txt xomange Tarantool’a na anpec
support@tarantool.org.

ITpenyupexaenune: Cremyer UCIONb30BaTh pstack n gdb ¢ OCTOPOKHOCTHIO: KaXK bl pa3, MOJKIIIO-
4asch ¢ paboTAIoIEMy IPOIECCY, OHU IIPUOCTAHABINBAIOT BBIIOJHEHHUE 3TOIO [IPOIECcca IPUOIU3UTEIHLHO
Ha OJIHY CEKYHJY, YTO MOYKET MUMETb CEPhE3HBIE MOCIEICTBUS JIJIT BBICOKOHATDYKEHHDBIX CEPBUCOB.

gperftools

Yro0bI ncnosib30BaTh TPOMUANPOBIKUK poreccopa u3 Habopa Google Performance Tools ¢ Tarantool’om,
HeO6XO,HI/IMO CHavYaJia YCTaHOBUTH 3aBUCHUMOCTH:

e Eciu oI ucnonssyere Debian/Ubuntu, 3amycrure 3Ty KOMaHIy:
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’$ apt-get install libgoogle-perftools4

e Ecyu B ucnonnszyere RHEL/CentOS /Fedora, 3amycrure 3Ty KOMaHIY:

’$ yum install gperftools-libs

ITociie aToro ycranoBurTe nmpuBa3ku jjs Lua:

’$ tarantoolctl rocks install gperftools

Tlocsie okOHYAHMST YCTAHOBKY BOWIUTE B MHTEPAKTUBHYIO 8 IMUHUCTPATUBHYIO KOHCOJIb BaIllero SK3eMILIspa
Tarantool’a:

’$ tarantoolctl enter NAME

g 3amycka mpohUIMPOBITAKA BBITOJTHUTE CJIETY O KOJT:

tarantool> cpuprof = require('gperftools.cpu')
tarantool> cpuprof.start('/home/<umMs_nomp3oBaTens>/tarantool-on-production.prof')

Ha c6op MeTpuk mpon3BOAUTEIHLHOCTH Y TPOPUINPOBIINKA YXOIUT O Kpaitueit mepe mapa MunayT. [1o ncre-
YEHUM ITOr0 BPEMEHM MOYKHO COXPAHATH MH(POPMAIUIO Ha JUCK (HEOrPAHUYEHHOE KOJUIECTBO pas):

’tarantool> cpuprof .flush()

st ocTaHOBKYU TPOGUIMPOBIINAKA BBIIIOJHUTE CJIEYIONIYI0 KOMaHLY:

’tarantool> cpuprof .stop()

Tenepb MO2KHO ITPOAHAIN3UPOBATH COOPAHHBIE JIAHHBIE C IOMOIIBIO YTUIUTEI pprof, KOTOpask BXOAUT B IAKET
gperftools:

’$ pprof --text /usr/bin/tarantool /home/<ums_momb3oBaTens>/tarantool-on-production.prof

IIpumeuanue: B aucrpubyrusax Debian/Ubuntu yruiura pprof HasbiBaercsa google-pprof.

B xoncosb JOJIZKHO BBIBOJIUTLCA HpI/I6JII/ISI/ITe.HbHO cjreayromniee:

Total: 598 samples
83 13.9% 13.9% 83 13.9% epoll_wait
54 9.0% 22.9% 102 17.1%
vy_mem_tree_insert.constprop.35
32 5.4% 28.3% 34 5.7} __write_nocancel
28 4.7% 32.9% 42 7.0% vy_mem_iterator_start_from
26 4.3% 37.3% 26 4.3% _I0_str_seekoff
21 3.5% 40.8% 21 3.5} tuple_compare_field
19 3.2% 44.0% 19 3.2%
: :TupleCompareWithKey: : compare
19 3.2% 47.2% 38 6.4}, tuple_compare_slowpath
12 2.0% 49.2% 23 3.8% __libc_calloc
9 1.5% 50.7% 9 1.5%
: :TupleCompare: : compare@42efcO
9 1.5% 52.2% 9 1.5% vy_cache_on_write
9 1.5% 53.7% 57 9.5% vy_merge_iterator_next_key
8 1.3% 55.0% 8 1.3% __nss_passwd_lookup
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6 1.0% 56.0% 25 4.2}, gc_onestep

6 1.0% 57.0% 6 1.0% lj_tab_next

5 0.8% 57.9% 5 0.8% 1j_alloc_malloc
5 0.8% 58.7% 131 21.9%, vy_prepare

perf

Dror UHCTPYMEHT [JIgd MOHUTOPHUHI'A U aHaJIU3a IIPOU3BOAUTE/IbHOCTHU YCTaHABJINBACTCA OTAE/IbHO C IIOMOIIBIO
ITaKeTHOI'O MEHe/12Kepa. HOHpO6yI>'IT€ BBECTHU B OKHE KOHCOJIX KOMaHIY perf u CHeﬂyﬁTe IIOICKa3KaM, 9TOOBI
YCTaHOBUTH HeO6XO,I(I/II\/IbIe IIaKeTBhI.

ITpumeuanme: Ilo ymosganuio HEKOTOPbIE KOMAH/IbI U3 MaKeTa perf MOXKHO BBIIOJHATH TOJIBKO C root-
IIpaBaMu, MO3TOMY HEOOXOUMO JINOO 3afiTH B CHCTEMY W3-IIOJ T0/Ib30BaTE s root, mubo 100aBIIThH mepes
KaK/I0H KOMaH10i sudo.

Yro0bI HAYaTH COOP MOKA3aTes el TPOM3BOINTEILHOCTH, BBHIITOJTHUTE CJIETYIONIYI0O KOMAHIY:

$ perf record -g -p $(pidof tarantool INSTANCENAME.lua)

DTa KOMaHJa COXpaHsgeT coOpaHHble JaHHble B (haiti perf.data, KOTOPbI HAXOMUTCS B TEKyIel paboueit
nanke. /st octanoku mpornecca (06eraro wepes 10-15 cexynn) maxkmure ctrl+C. B KoHCOMM JOMTKHO TO-
ABUATHCA CJIeyIolee:

~C[ perf record: Woken up 1 times to write data ]
[ perf record: Captured and wrote 0.225 MB perf.data (1573 samples) ]

3aTeM BBIIOJIHATE 3TY KOMAHJLY:

$ perf report -n -g --stdio | tee perf-report.txt

Omna mpespamaer cojepxkamuecs B perf.data crarucrudeckue JaHHBIE B OTYET O IMPOU3BOUTEIHHOCTH,
KOTODBIit coxpaHsieTcs B daiin perf-report.txt.

Tlosmyuusminiicss OT4YeT BBIIVIAIAT CJIELYIOIIIM 00pa3oM:

# Samples: 14K of event 'cycles'

# Event count (approz.): 9927346847

#

# Children Self Samples Command Shared Object Symbol

35.50% 0.55% 79 tarantool tarantool [.] lj_gc_step
|——34.95%——lj_gc_step
:——29.26%——gc_onestep
| : --13.85%--gc_sweep
I :——5‘59%——1j_alloc_free
:——1.33%——1j_tab_free
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| --1.01%--1j_alloc_free
I
--1.17%--1j_cdata_free

--5.41%--gc_finalize
|
|--1.06%--1j_obj_equal
|
--0.95%--1j_tab_set

--4.97%--rehashtab
1—.3 .65%--1j_tab_resize
:——0.74%——1j_tab_set
1—O.72%——1j_tab_newkey

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| --0.91%--propagatemark
|
--0.67%--1j_cdata_free

--5.43),--propagatemark

I
--0.73%--gc_mark

Wucrpymentsl gperftools u perf ommvaiorcsa or pstack u gdb HU3KMMHU HAKJIAJIHBIMU pacxogamu (mpe-
HEOPEKUMO MaJIbIMU 1[I0 CPaBHEHUIO ¢ pstack u gdb): OHUM NOAKIIOYAIOTCA K paboTarommM npoueccam 6e3
6OJIBINNX 3aJEPXKEK, 8 IOTOMY MOIYT HCIIOJIb30BATHCH 03 CEPbE3HBIX IIOCEICTBAN.

4.5.6 KoHTponb 3a (pOHOBbIMYK NporpamMmmamu

Curnansbl ot cepsepa

Tarantool processes these signals during the event loop in the transaction processor thread:

Curnan dpcpexT

SIGHUP MokeT puBeCTH K POTAIUN XKYPHAJIOB, CM. NpuMep B CIPABOIHUKE IO
ImapamMeTpaM KypHaJjupoBanusa Tarantool’a.

SIGUSR1 MozkeT npuBecTu K CO3/IaHUIO0 CHUMKA COCTOSTHUS 0a3bl JAHHBIX, CM. OIIM-
caame yuxmun box.snapshot.

SIGTERM MozKeT IPUBECTH K KOPPEKTHOMY 3aBEPIIEHUIO PABOTHI (¢ IIPeIBAPUTE b

HBIM COXPaHEHUEM BCEX ,ZLaHHbIX).

SIGINT (wmm «upepbiBanune | MoxKeT NpUBECTH K KOPPEKTHOMY 3aBEPIIEHHUIO PAOOTHI.

OT KJIABUATYPBI» )

SIGKILL

IIpuBoauT K aBapuitHOMY 3aBEPIIEHUIO PAOOTHI.

Other signals will result in behavior defined by the operating system. Signals other than SIGKILL may be
ignored, especially if Tarantool is executing a long-running procedure which prevents return to the event
loop in the transaction processor thread.
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ABTOMaTnyeckas nepesarpyska 3k3emnisipa

Ha mnardopmax, rue qocrynaa yrumnra systemd, systemd aBTOMATHYECKH [TEPE3ATPYKAET BCE IKIEMILISAPHI
Tarantool’a npu c6oe. UToOBI TPOIEMOHCTPUPOBATE ITO, OTKJIIOYNM OJUH M3 FK3EMILISTPOB:

$ systemctl status tarantool@my_appl|grep PID

Main PID: 5885 (tarantool)

$ tarantoolctl enter my_app

/bin/tarantoolctl: Found my_app.lua in /etc/tarantool/instances.available
/bin/tarantoolctl: Connecting to /var/run/tarantool/my_app.control

/bin/tarantoolctl: connected to unix/:/var/run/tarantool/my_app.control
unix/:/var/run/tarantool/my_app.control> os.exit(-1)

/bin/tarantoolctl: unix/:/var/run/tarantool/my_app.control: Remote host closed connection

A Tenepb ybemumcst, 1TO systemd mepe3alrycTuia ero:

$ systemctl status tarantool@my_appl|grep PID
Main PID: 5914 (tarantool)

W mon, koHer mpoBepuM COJIEPKUMOE KYPHAJIA 3arPy3KH:

$ journalctl -u tarantool@my_app -n 8

-- Logs begin at Fri 2016-01-08 12:21:53 MSK, end at Thu 2016-01-21 21:09:45 MSK. --

Jan 21 21:09:45 localhost.localdomain systemd[1]: tarantool@my_app.service: Unit entered failed,,
—state.

Jan 21 21:09:45 localhost.localdomain systemd[1]: tarantool@my_app.service: Failed with result
—'exit-code'.

Jan 21 21:09:45 localhost.localdomain systemd[1]: tarantool@my_app.service: Service hold-off time
—over, scheduling restart.

Jan 21 21:09:45 localhost.localdomain systemd[1]: Stopped Tarantool Database Server.

Jan 21 21:09:45 localhost.localdomain systemd[1]: Starting Tarantool Database Server...

Jan 21 21:09:45 localhost.localdomain tarantoolctl[5910]: /usr/bin/tarantoolctl: Found my_app.lua,
—in /etc/tarantool/instances.available

Jan 21 21:09:45 localhost.localdomain tarantoolctl[5910]: /usr/bin/tarantoolctl: Starting instance.
e

Jan 21 21:09:45 localhost.localdomain systemd[1]: Started Tarantool Database Server.

Co3paHne gamnos namsitu

Tarantool cosmaer gaMm mamsiTu py mOJIydeHun OmHOrOo u3 cienyromux curnanos: SIGSEGV, SIGFPE,
SIGABRT wiu SIGQUIT. Ipu c6oe Tarantool’a jgamm co3aercs aBTOMATHIECKH.

Ha nnardopwmax, rae gocrynna yruiura systemd, coredumpctl aBTOMAaTUYeCKN COXPAHSET JIAMIIBI TAMSITH
U TPACCUPOBKY CTeKa IIpHU aBapuilHoM 3aBepiiennn Tarantool-cepepa. Bor Kak BKJIIOUNTE CO3/1aHIE JTAMIIOB
naMmaTa B Unix-cucreme:

1. Y6emurech, 9TO JTUMUTHI JJIsi CECCHU YCTAHOBJIEHBI TAKUM 0OpPa30M, ITOOBI MOXKHO OBLJIO CO3/IaBATH
JAMITBI TIAMATH, - BBITOJHATE KOMaHIy ulimit -c unlimited. Takyke mpoBepbTe «man 5 core» Ha
JApyrue IPUYUHBL, 110 KOTOPBIM JaMII IaMATH MOXKET He CO3aBaThCH.

2. CozpaiiTe UPEKTOPHIO JIJIsI 3AIICH JAMIIOB IIAMSITH U yOEIUTECh, 9TO B 3TY JUPEKTOPHUIO JIEHCTBATEIb-
HO MOXKHO IIPOM3BOIUTH 3anuchk. Ha Linux myTs /10 qupekTopun 3a/iaeTcst B HapaMeTpe sipa, KOTOPbIi
HacTpanBaercsd depe3 /proc/sys/kernel/core_pattern.

3. YbeauTech, 9TO JTaMIIbl TAMATH BKJIIOYUAIOT TPACCUPOBKY cTeka. [Ipm mcmoabp3oBaHnn OMHAPHOTO JTUC-
Tpubytua Tarantool’a sTa mH(bOpMaIus BKJOYaeTcs apromarudecku. IIpu cbopke Tarantool’a us
UCXOIHUKOB, ecyim epeatb CMake dputar -DCMAKE_BUILD_TYPE=Release, BbI He HOJIyIUTE TOAPOOHOI
MHOOPMAITI.
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s cumynsanun ¢60si MOYKHO TIOIBITATHCS BBIIOJHUTD HEJIEraJbHyI0 KOMAHIY Ha pabOTAONEM dK3eMILIIpe
Tarantool’a:

$ # !!! noxasylcma, Hukozda ke denalime smozo Ha boesom cepsepe !!!

$ tarantoolctl enter my_app

unix/:/var/run/tarantool/my_app.control> require('ffi').cast('char *', 0)[0] = 48
/bin/tarantoolctl: unix/:/var/run/tarantool/my_app.control: Remote host closed connection

Ecrb sipyroit cioco6: eciu Bol 3HaeTe PID sxsemmusipa ($PID B Haliem npumepe), MOXKHO OCTAHOBHUTH 3TOT
3K3EMILISP, 3allyCTUB OTJIa 9uK gdb:

’$ gdb -batch -ex "generate-core-file" -p $PID

uu nocsia Bpyunyio curnag SIGABRT:

’$ kill -SIGABRT $PID

ITpumeuanme: Yrobsr y3uars PID sk3emiuisipa, MO2KHO:
® II0OCMOTPETH €ro ¢ MoMoIIbio box.info.pid,
® KCIIOJIb30BaTh KOMaHIy ps -A | grep tarantool, min

® BLIIOJHUTHL systemctl status tarantool@my_app|grep PID.

Yro0bI HOCMOTpETH Ha mocaenaune coon Tarantool-memona Ha mardopmax, e TOCTyIIHA YTUINTA systemd,
BBIIIOJIHUTE KOMAHJLY:

$ coredumpctl list /usr/bin/tarantool

MTIME PID UID GID SIG PRESENT EXE

Sat 2016-01-23 15:21:24 MSK 20681 1000 1000 6 /usr/bin/tarantool
Sat 2016-01-23 15:51:56 MSK 21035 995 992 6 /usr/bin/tarantool

Jrobbl COXPaHUTDb JaMII ITaMATU B Cl)aﬁﬂ, BBIIIOJTHUTE KOMaH/1Y:

$ coredumpctl -o filename.core info <pid>

Tpaccuposka creka

Tak kak Tarantool xpaHuT KOpTeKU B TaMATH, (DANIIBL C TAMIIAME [TAMSTHA MOTYT OBITH JOBOJBHO OOJIBIITIMH.
YTo06bI HAMTH TPOOIEMY, OOBITHO TIEbIN (DAl He HY>KEH - JOCTATOYHO TOJHKO «TPACCUPOBKU CTEKA» WM
«0OPATHOM TPACCUPOBKU».

Hrobbl COXPaHUTH TPAaCCUPOBKY CTEKa B (bafm, BBIIIOJIHUTE KOMaH/1Y:

$ gdb -se "tarantool" -ex "bt full" -ex "thread apply all bt" --batch -c core> /tmp/tarantool_
—trace.txt

re:
e «tarantool» - 3To MyTH J10 McosHsAEMoro (daitna Tarantool’a,
® «core» - 3TO MyTh 110 (ailjia ¢ JAMIOM ITaMsITH, U

e «/tmp/tarantool trace.txt» - 3o npumep myTu j10 daiijia, B KOTOPHIi COXPAHIeTCsl TPACCUPOBKA CTEKA.
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ITpumeuanme: IHorma MOXKeT OKa3aTbCsl, YTO (DAlJI C TPACCUPOBKOI CTEKa HE COMEPIKUT OTJIAJ0YHBIX
CHMBOJIOB - B TaKUX CTPOKAaX BMECTO MMeHH Oyzer cTosith ~77”. Kcau 9T0 mpon3onnio, 03HAKOMbBTECh C WH-
CTPYKIMSAME Ha 3THX AByX wiki-crpanmmax Tarantool’a: How to debug core dump of stripped tarantool n
How to debug core from different OS.

Yrobbl MMOJIy9UTHh TPACCUPOBKY CTEKa U IIPOYYIO IIOJIE3HYIO I/IHC})OpMaLLI/IIO B KOHCOJIM, BBIIIOJTHUTE KOMaH/IY:

$ coredumpctl info 21035
PID: 21035 (tarantool)
UID: 995 (tarantool)
GID: 992 (tarantool)
Signal: 6 (ABRT)
Timestamp: Sat 2016-01-23 15:51:42 MSK (4h 36min ago)
Command Line: tarantool my_app.lua <running>
Executable: /usr/bin/tarantool
Control Group: /system.slice/system-tarantool.slice/tarantool@my_app.service
Unit: tarantool@my_app.service
Slice: system-tarantool.slice
Boot ID: 7c686e2efddc4e3eab9122757e3067e2
Machine ID: a4a878729c654c7093dc6693f6a8ebee
Hostname: localhost.localdomain
Message: Process 21035 (tarantool) of user 995 dumped core.
Stack trace of thread 21035:
#0 0x00007£84993aa618 raise (libc.so.6)
#1 0x00007£84993ac21la abort (libc.so.6)
#2 0x0000560d0a9e9233 _ZL12sig_fatal_cbi (tarantool)
#3 0x00007£849a211220 __restore_rt (libpthread.so.0)
#4 0x0000560d0aaabd9d 1lj_cconv_ct_ct (tarantool)
#5 0x0000560d0aaa687f 1j_cconv_ct_tv (tarantool)
#6 0x0000560d0aaabe33 1j_cf_ffi_meta___newindex (tarantool)
#7  0x0000560d0aaae2f7 1j_BC_FUNCC (tarantool)
#8 0x0000560d0aa9aabd lua_pcall (tarantool)
#9 0x0000560d0aa71400 lbox_call (tarantool)
#10 0x0000560d0aa6ce36 lua_fiber_run_f (tarantool)
#11 0x0000560d0a9e8d0c _ZL16fiber_cxx_invokePFiP13__va_list_tagESO_ (tarantool)
#12 0x0000560d0aa7b255 fiber_loop (tarantool)
#13 0x0000560d0ab38edl coro_init (tarantool)
Ornaguuk

g 3amycka orsaganka gdb, BBITOJTHUTE KOMAHLY:

’$ coredumpctl gdb <pid>

Mg oueHb peKOMeHjIyeM YCTAHOBHUTH IIakeT tarantool-debuginfo, 4TOOBI crenaTh OTIAAKY CpPeIACTBAMU

gdb Gosee acdbdexTusHol. Hanpumep:

’$ dnf debuginfo-install tarantool

C nomotnpio gdb MOXKHO y3HATH, Kakue erie debuginfo-rnakeTbl Hy?KHO YCTAHOBUTD:

$ gdb -p <pid>
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Missing separate debuginfos, use: dnf debuginfo-install
glibc-2.22.90-26.£c24.x86_64 krbb-libs-1.14-12.fc24.x86_64
libgcc-5.3.1-3.fc24.x86_64 libgomp-5.3.1-3.fc24.x86_64
libselinux-2.4-6.fc24.x86_64 libstdc++-5.3.1-3.fc24.x86_64
libyaml-0.1.6-7.£c23.x86_64 ncurses-1libs-6.0-1.20150810.fc24.x86_64
openssl-libs-1.0.2e-3.£c24.x86_64

B TpaccupoBke creka IPHCYTCTBYIOT CHMBOJHMYECKHE HMEHA, JaxkKe eCjId y Bac He YCTaHOBJICH IIaKeT
tarantool-debuginfo.

4.5.7 ABapwuiiHoe BOCCTaHOBJ/IEHME
MunnmaibHas oTKaszoycroitunBas kondwuryparms Tarantool’a - 310 penaukayuonmnvil Kaacmep, comepKa-
Ul MacTep U PeIIuKy WId ABa MacTepa.

OcHOBHasI PEKOMEH[allUsl - HACTPaWBaTh BCe 3K3eMILIApbl Tarantool’a B Kjacrepe TakuM 0Opa3oM, 4TOOBI
OHU PErYJISIPHO CO3/aBaIH hatinbl-CHUMKL.

Hwuzke nano HeCKOIbKO MHCTPYKITUHN JIJTsT TUIIOBBIX aBapUUHBIX CIIEHAPHUEB.

Master-replica

Koudwurypamusi: oiue MacTep U OJHA PEIJINKA.
IIpo6rema: MacTep BBINIENT U3 CTPOSI.
Ilinan peiicrsumii:

1. ¥Y6enurech, 4TO0 MacTep IOJTHOCTHIO OCTaHOBJIEH. Harpumep, OAKI/IIOUYNTECh K MACTEPY U UCHOJIb3YHTe
KoMaH1y systemctl stop tarantool@<uMs_skaeMmidpa>.

2. TlepekyiounTe PEIUIMKY B PEXKHUM MacTepa, YCTAHOBHUB mapameTrpy box.cfg.read only 3nadenue false.
Tenepb Best HArPY3Ka, HOMIET TOJBKO Ha PEIIMKY (10 CyTH CTABIIYI0 MAacTEPOM).

3. Hacrpoiite Ha CcBOOOIHON MalllMHE 3aMeHy BBIIIEANIEMY M3 CTPOsi MACTepPy, YCTAHOBUB IIapaMeTpy
replication B kauecrse 3nadennst URI permmku (KoTopasi B JAHHBIH MOMEHT BBIIOJIHSIET POJIb MACTe-
pa), 9To6BI HOBasl PEILIMKA HAYAJIA CUHXPOHU3UPOBATHCS ¢ TEKYIIUM MACTEPOM. JHAUCHUE TTapAMETPa
box.cfg.read only B HOBOM 3K3eMILIsIpE JIOJIZKHO OBITH YCTAHOBJIEHO Ha lrue.

Bce memuorounciientble Tpanzakuun B WA L-¢atine Macrepa, KOTOpblE OH He YCIIEJ ME€PEJaTh PEILIUKE 10
BBIXOJIa U3 CTPOsi, OyyT norepsiibl. OJIHAKO €CjIu yaacTCsl MOJIydIuTh .xlog-dail Mmacrepa, X MOXKHO OyaeT
BOCCTAaHOBUTH. JIjisi 3TOrO:

1. VY3HaiiTe TO3UIUIO BBIMIEAIIErO U3 CTPOS MacTepa - 9Ta HH(MOPMAIHS JOCTYIHA U3 HOBOIO MAacTepa.

(a) Iocmorpure UUID sxzemiutsipa B .:ref:zlog-atine <internals-wal> Bblieniiero u3 crpos Macrepa:

$ head -5 *.xlog | grep Instance
Instance: ed607cad-8b6d-48d8-bal0b-dae371b79155

(b) Ucnoassyiite sror UUID Ha HOBOM Macrepe Jiisl TIOUCKA TIO3UIAN:

tarantool> box.info.vclock[box. space._cluster.index.uuid: select{'ed607cad-8b6d-48d8-balb-
<,dae371b79155'}[1] [1]]

- 23425

<. .0
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2. Bamummure TpaH3akiuu u3 .xlog-daiira BBIMIEAINEro u3 CTPosi MacTepa B HOBBI MacTep, HAYHHAS C
IIO3UIUN HOBOT'O MacTepa:

(a) JIokaabHO BBIOJIHUTE 3TY KOMAHJY Ha HOBOM Macrepe, 4ToObl y3HaTh ero 1D sk3emiuisgpa:

tarantool> box.space._cluster:select{}

- - [1, '88580b5c-4474-43ab-bd2b-2409a9af80d2']

(b) Banumimure TpaH3aKIMU B HOBBII MacTep:

’$ tarantoolctl <uri_moBoro_macTepa> <xlog_¢aitn> play --from-1lsn 23425 --replica 1

Master-master

Kounduryparmus: asa mactepa.
IIpobsiema: macrep #1 BbIIe U3 CTPOSI.
ILiran peiicTBumii:
1. Ilycrb Best HArpY3Ka HIET TOJIBKO HA MacTep #2 (ueficTByomuil Macrep).

2. Follow the same steps as in the master-replica recovery scenario to create a new master and salvage lost
data.

MoTtepsa paHHbIX

Kondwuryparmus: master-master uan master-replica.

HpO6JIeMa: JaHHbIe 6BI.HI/I YVAaJIeHbl Ha OJTHOM MacCTepe, a 3aTeM 9TU U3MCHEHUA PEIJINITUPOBAJIUCH Ha JPYyroM
y3Je (MacTepe Ujd peInIuKe).

DTa MHCTPYKIWS TPUMEHIMA TOJIBKO JJIsT JTAHHBIX, XPAHAIIIXCs Ha IBHxKKe memtx. [lian meficruii:

1. TlepexsrounTe Bce y37bl B pestcum read-only u OTKIIIOUNTE KOMaH10i1 box .backup.begin() cozmzanue
KOHTPOJIbHBIX To4YeK. Ilociiennee neiicrBue HEOOXOAMMO, ITOOBI COOPIIMK MYCOPa ABTOMATHYECKU HE
yJasmit 0oJiee cTapble KOHTPOJIbHBIE TOUKH.

2. BosbMmure mociieiHA KOPPEKTHBIN .snap-gatia u, HCHOIb3ys KOMaHIy tarantoolctl cat, BIsiCHUTE,
Ha KAKOM MMEHHO lSn Mpom30Iiia noreps JaHHbBIX.

3. Bamycrure HOBBIH K3eMILIAp (9K3eMIIAp #1) u ¢ momompo KoMaHAbl tarantoolctl play ckomu-
pyiiTe B HEro cogep:kumMoe .snap,/.x10g-haiisoB BILIOTH 0 BHIYUCIEHHOTO 18I

4. HacrpoiiTe HOBYIO DEILIMKY C IIOMOIIbIO BOCCTAHOBJIEHHOIO Macrepa (3K3eMuispa #1).

4.5.8 Pe3epBHOe konupoBaHue

Apxurekrypa Tarantool-xpaHujuimna Mo3BoOJIsIET IIPOU3BOJUTE TOJIBKO 3aIMCh B KOHer dailjoB: camu aii-
JIBI HUKOTJIa He Tepe3anucbiBaiorcst. Crapble (halliibl yIaasioTcs cOOPIIUKOM MycOpa IIOCJIEe OIpPeeIeHHON
KOHTPOJIBHOI TOUYKU. B HacTpoiikax @atibepa, OTBEYAONIErO 3a PabOTy ¢ KOHTPOJBHBIMU TOYKAMU, MOXKHO
YKa3aTh, KAKOE KOJIMIECTBO MPEIBIAYIINX KOHTPOJIBHBIX TOYEK COOPIMUK MyCOpa JIOJI?KEH OCTABUTH.
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lopsivee pesepsuposanmne (memtx)

DT0 0CcObBI CiIydail, KOrJa Bce TaOIUIbI XPAHATCS B TIAMSITH.

Tlocnenauii cozpannbiii Tarantool’oM gatii-chumok sBiseTCs pe3epBHOI Kommeill Bceil 6a3bl JaHHBIX; a CO-
3nanble cjaegoM WA L-datiave SBJISIOTCS MHKPEMEHTHBIMU KOIusiMu. [1o3ToMy mpolielypa pe3epBUPOBaHUs
CBOJUTCS K KOIMPOBAHUIO IOCIEIHErO (paiijia-CHUMKa U cjieayronmux 3a HuM WAL-daiiios.

1. C momompio tar cosmaiite (czkaryio) Konuio mnociaeaHero .snap-daitia u ciemyonux 3a HuM .xlog-
daitnos u3 gupexkropuit memitr dir uw wal_ dir.

2. Ecmu Toro TpebyioT mnpaBuia 6e30macHOCTH, 3amudpyiiTe Moy IuBmuiics tar-gaiir.
3. Ckomupyiite .tar-daiia B HaJIeKHOE MECTO.

B nanpneitiem 6a3y qaHHBIX MOYKHO BOCCTAHOBUTH, PA3apPXUBUPOBAB COEPKUMOE .tar-caiiia B nupekTopun
memtx_dir u wal_dir.

lopsivee pesepsuposanue (vinyl/memtx)

Vinyl xpauut cBou daitasl B vinyl_ dir 1 co3/aer it KaxK/I0ro cueiica B 6a3e JAHHBIX OT/IEIbHYIO ITO/IINPEK-
toputo. Co3anne TaMIoB 1 KOMIAKTU(MUKAINS - ITO IPOIECCHI, KOTOPbIE MOTYT JIUIIh JT00ABJISITH 3AINCA B
KoHer, (aiiyia, TO3TOMY B pPe3yJIbTare CO3/IatoTcst HoBbIe daiiibl. CTapble XKe yIAJsIoTCs COOPIIUKOM MyCopa
ocJIe KazKJI0i KOHTPOJIbHOU TOYKU.

Jutst co3manust cMeaHHol pe3epBHOM KOINU:

1. Bomosnnure komany box.backup.start()‘ B admurnucmpamuenol xKoncosu. dTa KOMAHA IPUOCTAHOBAT
cOOpKy Mycopa 10 BbI30Ba box.backup.stop() u mokaxker coucok (hailyioB Jjisi pe3€PBUPOBAHIUS.

2. CkomupyiiTe (hallyibl U3 CIUCKA B HAJIEIKHOE MECTO. DTO KacaeTcs (GailyloB-CHUMKOB memtx, BBIIOJIHSI-
eMbIX vinyl-daitoB u MHIEKCHBIX (DailioB, COOTBETCTBYIONINX TOCJIEIHEHl KOHTPOJLHON TOYKE.

3. BozobHoBUTE COOPKY MyCOpa C IOMOIIBIO KOMaH bl box . backup.stop().

HenpepbiBHOEe ypnaneHHoe pe3epBupoBaHune

Penauxauyus ncnosib3yercss He TOJIBKO /I PE3EPBUPOBAHNUs, HO U JIJI BHIDABHUBAHUS HATIDY3KU.

TTosTOMYy IpOIECC CO3JaHUS PE3EPBHON KOIMU CBOAUTC K OOHOBJIEHUIO (IIPU HEOOXOIUMOCTH) OJHON U3 pe-
IUTUK C TTOCTEIYIONINM XOJOMHBIM pe3epBUPOBaHIEM. TaK KaK BCE OCTAJIbHDBIE PEIINKH IIPOIOIKAIOT PYHK-
MOHUPOBATH, C TOUYKN 3PEHMS KOHETHOTO ITOJIb30BATES, STOT MPOIECC He SABJISIETCS XOJIOTHBIM PEe3ePBUPOBa-
HueM. Takoe pesepBUpPOBaHNE MOXKHO BBIIIOJIHATH PEryJIIPHO C IOMOIIBIO IJIAHKPOBINUKA cron WK (paiibepa
Tarantool’a.

HenpepbiBHoe pe3epBupoBaHue

IIo xomy paboTh! cCCTEMBI HEOOXOINMO COXPAHATD 3AITUCH 00 N3MEHEHUSTX, BHECEHHBIX CO BPEMEHHU ITOCTIETHETO
XOJIOJHOTO PE3ePBUPOBAHUSI.

Ju1st 9TOrO Hy>KHA CIelUaIbHAs YTUIATA JIUIs KOIupoBaHus (ailyioB (HampuMep, rsync), Koropas MO3BOJIHIT
YJIAJIEHHO U HA IMOCTOSIHHOW OCHOBE KOIMMPOBATH TOJIHLKO u3Mmenusmuecs: yactu WAL-daiina, a ne Bech aii
IIEJINKOM.

MO>KHO B351Th M OOBIMHYIO YTUJIUTY JIJIsl KOIIMPOBAHUSI [IEJIbIX (DailyloB, HO TOI/Ia IPUJETCS CO3/1aBaTh dailiibl-
cauumku 1 WAL-daiiaer Ha Kax10e m3MeHeHne, 9T0ObI Hy?KHO OBLIO KOIMUPOBATH TOJIHKO HOBBIE (DAMIbI.
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4.5.9 ObHoBNEHUE

Ob6HoBneHune 6a3bl gaHHbix Tarantool

Ecnu B coznanm 6a3y manubix B crapoii Bepcun Tarantool’a, a morom obnoBun Tarantool 1o 6osiee cBexeit
BepCHUH, BbI30BUTE KOMaHy box.schema.upgrade(). Ona obnosisier cucreMusle creiicel Tarantool’a tak,
9TOOBI OHM COBIIAJIAJIN C TEKYIIEH ycTanoBeHHOM Bepcueil Tarantool’a.

Hamnpumep, BOT 9TO IPOMCXOMUT, €CJU BBIIOJHUTH KOMAaHIy box.schema.upgrade() mus 6a3bl JAHHBIX,
coznannoii B Tarantool Bepcun 1.6.4 (1mokasaHa JuIb MaJjasi 9aCTh BBIBOJUMBIX COOOIEHMIA):

tarantool> box.schema.upgrade ()

alter index primary on _space set options to {"unique":true}, parts to [[0,"unsigned"]]
alter space _schema set options to {}

create view _vindex...

grant read access to 'public' role for _vindex view

set schema version to 1.7.0

O6HoBneHune ak3emnnspa Tarantool’a

Tarantool mojitep:kuBaeT 0OPATHYIO COBMECTUMOCTD MEK/IY JBYMSI ITOCTEI0BATEILHBIMI Bepcusamu. Hampu-
Mep, obHosJienne Tarantool 1.6 mo 1.7 wum Tarantool 1.7 mo 1.8 He JIO/KHO BBI3BATh 3aTPYIHEHU, TOrIA
Kak mMurpamyu ¢ Tarantool 1.6 mpsimukom Ha 1.8 MOTYT HpensSTCTBOBATH HECOBMECTUMbIE M3MEHEHMUS.

How to upgrade from Tarantool 1.6 to 1.7 / 1.10

This procedure is for upgrading a standalone Tarantool instance in production from 1.6.x to 1.7.x (or to
1.10.x). Notice that this will always imply a downtime. To upgrade without downtime, you need several
Tarantool servers running in a replication cluster (see below).

Tarantool 1.7 has an incompatible .snap and .xlog file format: 1.6 files are supported during upgrade, but
you won’t be able to return to 1.6 after running under 1.7 for a while. It also renames a few configuration
parameters, but old parameters are supported. The full list of breaking changes is available in release notes
for Tarantool 1.7 / 1.9 / 1.10.

To upgrade from Tarantool 1.6 to 1.7 (or to 1.10.x):

1. Check with application developers whether application files need to be updated due to incompatible
changes (see 1.7 / 1.9 / 1.10 release notes). If yes, back up the old application files.

2. OcranosBure Tarantool-cepsep.

3. CozpaiiTe KONMIO BCEX JAHHBIX (CM. HOJPA3JIEIIbl IIPO ropstdee pe3epBHOE KOIMPOBaHUe B pasjeie Pe-
3epeHoe KONUPOSaHUE) U IAKETa, U3 KOTOPOro OblIa yCTaHOBJIEHA TeKyIasl (cTapast) Bepcus (Ha cirydail
OTKaTa).

4. Otuoure Tarantool-cepsep. NHcTpyKIinu o ycTaHOBKE JOCTYITHBI Ha, CTPAHIIE 3arpy30K Tarantool’a.

5. O6uoBure 6a3y manubix Tarantool. Beimosaure komany box. schema.upgrade (), moMecTus ee BHYTPb
dyukuun box.once() B datine unuyuarusayuu Tarantool’a. B pesynbrare Ha srame 3amycka Tarantool
CO3/IaCT HOBBIE CHCTEMHBIE CIIEHChI, OGHOBUT HA3BAHUS THIIOB JAHHBIX (HAIPHMeEp, num -> unsigned,
str -> string) u CHUCOK MOCTYIHBIX THUIIOB JAHHBIX B CUCTEMHBIX CIIEHCax.

6. IIpu meobxomumocTn 0O6HOBUTE DAIBI TPUITOXKEHUS .
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7. 3amycrure obHOBIeHHDBIN Tarantool-cepsep ¢ momomnpio tarantoolctl min systemctl.

O6HoBneHune Tarantool’a B penniMkaunoHHOM KnacTtepe

Tarantool 1.7 (as well as Tarantool 1.9 and 1.10) can work as a replica for Tarantool 1.6 and vice versa.
Replicas perform capability negotiation on handshake, and new 1.7 replication features are not used with
1.6 replicas. This allows upgrading clustered configurations.

DTOT IPOIECC MO3BOJISIET OCYIIECTBUTD TOCJIEI0BATEILHOE OOHOB/IEHE 6€3 MPOCTOEB U MOIXOMUT JIJIs JIFO-
6oit Koudurypanun Kiaacrepa: master-master mwiau master-replica.

1. O6uosure Tarantool na Bcex pemmkax (miu Ha J0O0M MacTepe B Kiacrepe master-master). IToapo6-
Hble MHCTPYKIMK JOCTYIIHBI B mojpaseiie Qonosaenue sksemnanpa Tarantool’a.

2. IlpoBepbre paboTy periuK:
(a) Bamycrure Tarantool.
(b) Ipucoemunurech K MacTepy U HadHUTE pABOTATh, KAK PaHbIIIE.

Ha macrepe ycranossena crapast Bepcus Tarantool’a, KoTopast Bcerjja COBMeCTHMA CO CJIEYIOIIENH Ma-
2KOPHOH Bepcueil.

3. OtnoBute macrep. IIporecc Takoit ke, KaK U TpPU OOHOBJIEHUU PEILINKH.

4. TIposepbTe paboTy mMacTepa:
(a) Bamycrure Tarantool B pexkuMe PEIVIMKY JIJIs [IOJTy 9€HUS IOCJIE(Heil BEPCUN TAHHBIX.
(b) IepexiouuTech B pezKUM MACTEPA.

5. O6HoBuTe a3y JAHHBIX Ha JIOOOM MacTepe B Kiaacrepe. Boimosinnre KoMaH Ty box . schema.upgrade ().
D10 o6HOBHUT cucTeMHBIe creiickl Tarantool’a Tak, 9TOOBI OHM COBIAJIAJN C TEKYINEH yCTAHOBJIEHHOI
Bepcueit Tarantool’a. I3MeHeHus1 pacpoCcTpaHATCs Ha JIPYrUe y3Jibl KJacTepa depe3 OObIYHBIA MeXa-
HU3M PeIInKaIin.

4.5.10 3ameuvaHusi No NOBOAY HEKOTOPbIX ONEPaALNOHHbLIX CUCTEM

Mac OS

A vuaucTpupoBanue 3k3eMiigpoB Tarantool’a na Mac OS BO3MOXKHO TOJIBKO ¢ MOMOINBIO tarantoolctl.
Berpoennble cucTeMHbBIE HHCTPYMEHTBI HE TIOJIEPKUBAIOTCS.

FreeBSD

Yrobbl tarantoolctl u yrmwmThl init.d paboramu Ha FreeBSD, mcrmosb3yiiTe myTH, OTJIMYHBIE OT IIPEJI-
JIOXKEHHBIX B pasuesie Hacmpotixa sxsemnaapos Tarantool’a. Vcmonw3yiite /usr/local/etc/tarantool/
BMecTO /usr/share/tarantool/ u co3maiiTe CjemIyIOINe TOIINPEKTOPHUL:

e default jyis XpaHeHUs] HACTPOEK tarantoolctl 1m0 yMOMIaHUIO (CM. IPUMED HUKE),
e instances.available jyisi XpaHeHUsI BCEX JOCTYIHBIX (DaIOB IK3EMILISIPA, U

e instances.enabled s xpaHerus BailyIoB IKIEMILISAPA, KOTOPbIE HEOOXOAMMO 3aIIyCKATh ABTOMATH-
9eCcKHU € IMOMOIIbBIO Sysvinit.

Tak BeITVISIAAT HACTPOMKM tarantoolctl mo ymosdanuio Ha FreeBSD:
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default_cfg = {

pid_file = "/var/run/tarantool", -- /var/run/tarantool/${INSTANCE}.pid
wal_dir = "/var/db/tarantool", -- /wvar/db/tarantool/${INSTANCE}/
snap_dir = "/var/db/tarantool", -- /var/db/tarantool/${INSTANCE}
vinyl_dir = "/var/db/tarantool", -- /var/db/tarantool/${INSTANCE}
logger = "/var/log/tarantool", -- /var/log/tarantool/${INSTANCE}.log
username = "tarantool",

}

-- instances.avatlable - ece docmynHble 35K3eMnAADbl

-- instances.enabled - sk3emnaapel OAs a8MOMAMUYECKO20 3GNYCKA 4Yepes SYsvinit

instance_dir = "/usr/local/etc/tarantool/instances.available"

Gentoo Linux
The section below is about a dev-db/tarantool package installed from the official layman overlay (named
tarantool).

The default instance directory is /etc/tarantool/instances.available, can be redefined in /etc/
default/tarantool.

Tarantool instances can be managed (start/stop/reload/status/...) using OpenRC. Consider the example
how to create an OpenRC-managed instance:

$ cd /etc/init.d

$ 1n -s tarantool your_service_name

$ 1n -s /usr/share/tarantool/your_service_name.lua /etc/tarantool/instances.available/your_service_
—name.lua

Checking that it works:

$ /etc/init.d/your_service_name start
$ tail -f -n 100 /var/log/tarantool/your_service_name.log

4.5.11 CoobuieHus o6 owinbkax

Ecsu Ber Hamm omubky B Tarantool, Bel okakere HAM yCJIyry, COOOIINB O HEl.

Tloxkauyiicra, orkpoiite Tuker B penosuropuu Tarantool ma GitHub. Pekomenmpyem BKIIIOUNTE ClIeIyONLY IO
MHMOPMAITIIO:

e [Ilarm mj1st BOCIIPOU3BEIEHNST OMMUOKN ¢ OObICHEHNEM TOTO, KAK OMIHOO0THOE MMOBEIEHNE OTIANIACTCS OT
OIIMCAaHHOI'O B JIOKYMEHTAIlUU OXKHUIAeMOr'o IoBejeHus. IloxkaJsyiicTa, yKasbiBaiiTe KakK MOXKHO 0oJjiee
KOHKpeTHy0 nHpopMarmio. Hanpumep, BMecTo «f He MOTY HOJIyYUTH OIpPEIeIeHHY0 NH(MOPMAIIIIO»
Jydine Harnucarh «box.space.x:delete() He ykaspiBaer, YT0 UMEHHO OBbLIO YIAJIEHO».

e Haspanwme m Bepcuio Barmeil OmepamoHHOl CHCTEMBI, Ha3BaHue u Bepcuio Tarantool u sobyo nadop-
MAaInio 06 OCOOEHHOCTSIX Ballleil MaITUHbI U €€ KOH(PpUTYpaIni.

e ComyTcrBytorue (allyibl — Takue Kak mpaccuposka cmexa win @aia sorcyprana Tarantool’a.

Eciu sTo 3anpoc HOBOI (DYyHKIMOHAIBHOCTH WM 9TO 3aTPArHBAET OIIPEJIEJCHHYIO I'PYIIIY I0JIb30BaTeeH,
He 3a0yIbTe 9TO YKA3aTh.

O6bI9HO YIeH KOMaH bl Tarantool oTBevaeT B TeUeHUE OJHOIO-IBYX PabounX JHEH, YTOOBI IOATBEPAUTE, YTO
THUKET B34dT B pa60Ty, 3a/1aTh yTO‘{HHIOIILHe BOIIpOCI)I nJjan IIpe‘JIJ'IO)KI/ITI) aJ'H)TepHaTI/IBHoe peIHeHI/Ie OIIHC&HHOﬁ
IPOOIEMBEL.
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4.5.12 PykoBoactBo no paspelieHnto npobnem

B mamHOM pyKOBOACTBE HUCHOIB3yeTCs CTOPOHHUIT MOIY/b stat. s ero yCTaHOBKHM BBIIOJIHATE KOMAHIY:

$ sudo yum install tarantool-stat
$ # -- W --
$ sudo apt-get install tarantool-stat

Mpo6nema: npu suinonnennn INSERT /UPDATE-3anpocos so3Hukaet owmnbka ER_ MEMORY ISSUE

Bosmoxkubie IIPpUYIXHbI

e Hexsarka namstu (3HadeHus napaMmeTpos arena_used_ratio u quota_used_ratio u3s boz.slab.info()
npubsmxkarorest K 100%).

Yrobbl OPOBEPUTH 3HAYECHUA JIAHHBIX IMapaMeTPOB, BBIIIOJIHAUTE COOTBETCTBYIOITUE KOMaH/IbI:

$ # nodkawuaeMci K AOMUK-KOHCOAU HYXHO20 dK3emnaspa Tarantool
$ tarantoolctl enter <instance_name>

$ # -- W --

$ tarantoolctl connect <URI>

-- 3ampammBaeM 3HadeHHe arena_used_ratio value
tarantool> require('stat').stat() ['slab.arena_used_ratio']

-- 3ampammBaeM 3HadeHHe quota_used_ratio value
tarantool> require('stat').stat() ['slab.quota_used_ratio']

Perrenue
YV Bac ecTh HECKOJILKO BAPUAHTOB JIEACTBUI:

e 3aiitu B Kongueypayuornoii  gata  Tarantool w  yBejmuMTh ~ 3HaYEHME  [IapaMerpa
box.cfg{memtz_memory} (npu HasmuuM CBOGOIHBIX PECYPCOB).

Jlis m3MeHeHnsT TAaHHOTO TapamMeTpa Tpebyercs mepesarpy3uthb Tarantool. [Ipu oObramoit Tepe3arpyske
cepBep Oyzer HeIOCTyIeH Ha Bpems craprta Tarantool u3 .xlog-daitios. [lpu mepesarpyske B pexxmme
hot standby rapantuposana npaktuydecku 100%-Hast JOCTYIHOCTD.

[ ] HpOBeCTI/I O4YUCTKY 0a3bl JaHHBIX.

e IIpoBepbre, HeT U 1IpobIIEM ¢ dparMeHTaIuedl TaMsITh:

-- 3BampammBaeM 3HadeHHe quota_used_ratio value
tarantool> require('stat').stat() ['slab.quota_used_ratio']

-- BampamuBaeM 3HadeHrne items_used_ratio value
tarantool> require('stat').stat() ['slab.items_used_ratio']

IIpu BBICOKOII cTeneHu (parMeHTalyy HaMaTH (3HaYeHue apaMerpa quota_used_ratio npubinka-
ercst kK 100%, items_used_ratio okoso 50%) pekomenmyercs mepesamyctuth Tarantool B pexxume hot
standby.

Mpobnema: Tarantool co3zgaer 6onbyto Harpy3sky Ha CPU

BosMmoxkubIe IIPpUYIXHDbI

Tpansaxyuonnviti nomox norpediuser 6omee 60% CPU.
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Pentenne

TloakmrounThest K Tarantool ¢ momorso yTuauTsl tarantoolct], BHUMATEIBHO U3y YUTh CTATUCTUKY 3aIIPOCOB
¢ noMoIpio box.stat() U BBIABATH MCTOYHMK noTpebsenus. [ 9TOH 1eM MOTYT OKA3aThCd IOJIE3HBIMI
CJeIyIoNIe KOMAaHIbI:

$ # nodkawuaeMci K QOMUK-KOHCOAU HYXHO20 sK3emnaspa Tarantool
$ tarantoolctl enter <instance_name>

$ # -- W --

$ tarantoolctl connect <URI>

-- sampammeaeM RPS mnis BH30BOB XpaHUMHX IIPOIENYP
tarantool> require('stat').stat()['stat.op.call.rps']

Kpuruueckoe 3uavenne RPS - 75 000, B ciyuae 6osbmoro Lua-npuioxkenus (MOLYJIbHOTO IPUIIOKEHHUS,
cozepzxkairero 6osee 200 crpok koza) — 10 000 - 20 000.

-- sampammBaeM RPS gmma 3ampocoB yKasaHHOTO THIIA
tarantool> require('stat').stat() ['stat.op.<query_type>.rps']

Kpurnueckoe suagenne RPS jya sanpocos tuna SELECT /INSERT /UPDATE/DELETE — 100 000.

Ecmu ocnoBuas marpyska reaepupyercs SELECT-3anpocamu, ciemxyer mobaButh slave-cepsep n 9acThb 3a-
IPOCOB 0OpabaTHIBATL Ha HEM.

Ecan ke Harpyska 1o 6osbieit qactu npuxogurest Ha INSERT /UPDATE/DELETE-3anpocsr, peKoMeH,1y-
€TCs IPOBECTH wWapdure 6a3vl OGHHHIT.

Mpobnema: obpaboTka 3anpocoB npekpawaercs No TanmayTty

BosMmoxkHbIe IIPpUYIXHDbI

ITpumeuanme: Bce onmcannble HuKe CHUTyalid MOYKHO PACIO3HATDH II0 3alucsM B kKypuase Tarantool,
Ha4YrHAIOMUMCA co ¢jio 'Too long...'.

1. BoicTpble U MeJIeHHBIE 3aIIPOChl 00PaBATHIBAIOTCSA B OJHOM HOAKJIIOUEHUN, YTO IIPUBOJNT K 3a0UBAHUIO
readahead-6ydepa MejIeHHBIME 3aITPOCAMHU.

Perienne
V Bac ecTh HECKOJbKO BAPUAHTOB JIEUCTBUIL:
e Veesmmunth pasmep readahead-Gydepa (box.cfg{readahead}).

Ilepesanyckare Tarantool mpu aTom He Tpebyercsi. st 06HOB/IEHUST KOH(MUTYpAIUU HEOOXOIMMO
monKIIoYnThC K Tarantool ¢ momombio yruauTsl tarantoolctl m nepemars B box.cfg{} mHOBOE
3Ha4YeHHue napamerpa readahead:

$ # nodkawuaemcs Kk AOMUK-KOHCOAU HYXHO20 dk3emnaspa Tarantool
$ tarantoolctl enter <instance_name>

$ # -- W --

$ tarantoolctl connect <URI>

-- 3amaeM HOBoe 3HaueHue readahead
tarantool> box.cfg{readahead = 10 * 1024 * 1024}
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IIpumep pacdera: npu 1000 RPS, pasmepe omtoro sampoca B 1 Kb6aiiT u MakcuMajabHOM Bpe-
MeHH 00pabOTKM OJHOrO 3arpoca B 10 ceKyHI MUHUMAJIBHBIN pasmep readahead-6ydepa mosmken
paBusITHCa 10 MbajiT.

e O6pabarpiBaTh ObICTPbIE W MEJJIEHHbIE 3AlPOCHI B OTIEIbHBIX IIOJIKJIOUYEHUAX (DEIlaeTcs Ha
ypPOBHE OU3HEC-JIOIUKH).

2. Memiernast pabora JUCKOB.
Pemtenue

IIpoBepuTh 3aHATOCTD JUCKOB (€ IIOMOIIBIO YTUIIMTHI 10stat, iotop mim strace HOCMOTpPETh HA ITApAMETD
iowait) u nonpo6osarh pasuectu .xlog-ailyibl U CHUMKHU COCTOsIHMS 6a3bl JIAHHBIX [0 PA3HBIM JIUCKAM
(T.e. yKa3aTh pa3Hble 3HAYEHUs sl TapaMerpos wal  dir u memtz  dir).

Mpobnema: napametpbl pennukaumu lag u idle npuHumatoT oTpuuartensHble 3HaveHUs

Peun uner o napamerpax box.info.replication. (upstream.)lag u box.info.replication. (upstream.
)idle u3 cBomHOI Tabsmnbl box.info.replication.

Bo3morKHbBIE ITPUYUHBI

He cunxponusupoBanbl gackl Ha MaIuHax win HenpaBuibHO paboraer NTP-cepsep.

Pernrenue

IIposeputs Hacrpoiiku N'TP-cepsepa.

Ecmu nmpobiem ¢ NTP-cepBepom He 00HApPYKEHO, TO HE CJIEyeT HUYEro MpPEeIIPUHAMATH, TIOTOMY YTO IpPU
BBIUNCJIEHAN JIAra, PEILINKAINYA UCIOJIb3YIOTCs MMOKA3aHUsI CUCTEMHBIX 9aCcOB Ha JBYX PA3HBIX MaIllMHAX, U
B CJIy4Yae PACCHHXPOHU3AIUU MOYKET CJIYIUTHCA TAK, ITO FacChl yIAJIEHHOI'O MAaCTep-CepBepa BCerma OyayT
OTCTaBAThH OT YACOB JIOKAJHLHOTO dK3eMILIsipa Tarantool.

Mpobnema: 3Ha4eHune napamertpa idle pacrer, HO XXypHan He COAEPXUT CBA3AHHbLIX C 3TUM COOOLLEHWUT
Peur wmer o wmapamerpe box.info.replication. (upstream.)idle w3 cBOIHON  TaOJUIIBI
box.info.replication.

Bo3MoXkHBIE TPUYMHBI

OpsoMy cepBepy ObLIM Ha3HAUYEHBI pasjudHble [P-ajpeca mim oauH U TOT ke cepBep ObLT yKa3aH B box.
cfg{} nBaxK/pl, 9TO NPUBEJIO K YCTAHOBJIEHUIO JyOJIMPYIOIIErO IMOIKIIIOUEHHS.

Pentenne

Upgrade Tarantool 1.6 to 1.9+, where this error is fixed: in case of duplicate connections, replication is stopped
and the following message is added to the log: 'Incorrect value for option ''replication_source'’:
duplicate connection with the same replica UUID'.

Mpobnema: obume napameTpbl penavKaLmnm He COBNagaloT Ha pensivkax B paMkKax O4HOro Kiacrepa

Peub uner o kacrepe, cocTosIneM U3 0JHOrO MacTepa U HECKOJBKHUX PEIUIMK. B TakoM cirydae 3HaYeHHU 00-
IUX IMapaMeTpoB U3 CBOIHOM Tabymnp! box.info.replication, Hanpumep box.info.replication.lsn, qo/K-
HBI TPUXOJIUTH C MACTEPA U JOJIXKHBI OBITh OJMHAKOBBIMHU Ha BCEX PEIIMKAX. FCjm Takme mapaMerpbl He
COBIIAIAIOT, 9TO CBHUAETEIHCTBYET O HAJIMIUN [TPOOJIEM.

BosmMmoxkHbIe IIPUYIXHDbI

Co60ii perinKaImm.
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Pentenne

Hepesanycmumb PENAUKAUUIO.

Mpobnema: master-master pensimkauusi oOCTaHOBJIEHA

Peus naer o Tom, uro napamerp box.info.replication(.upstream).status umeer 3uadenue stopped.
Bo3MoXkHbIEe TPUYNHBI

B pemmkanumonnoM KJiacrepe, COCTOSINEM U3 JBYX MAacTepP-CePBEPOB, OJUH M3 CEPBEPOB IOIBITAJICS BbI-
IIOJIHUTDL AEHCTBHE, y2K€ BBIIOJHEHHOE APDYTHM CEPBEPOM, - HalIPUMED, IIOBTOPHO BCTaBUTH KOPTEXK C Ta-
KUM K€ YHUKAJIbHBIM KJIIOYOM (paciio3naercs 1o omubke Buaa 'Duplicate key exists in unique index
'primary' in space <space_name>').

Permmenne

B0306HOBUTH PEIIMKAIUIO ¢ IIOMOIIBIO CJIEAYIONMX KOMaHJ (JOJKHBI ObITh BBIIOJHEHbI HA BCEX MacTep-
cepBepax):

$ # nodkawuaeMca K aOMUK-KOHCOAU HYXHOZ20 sK3emnaspa Tarantool
$ tarantoolctl enter <instance_name>

$ # -- UM --

$ tarantoolctl connect <URI>

-- Ilepe3anyCcKaeM DeIlIMKAIUo
tarantool> original_value = box.cfg.replication
tarantool> box.cfg{replication={}}

tarantool> box.cfg{replication=original_value}

Takzke peKOMEHyeTCs TIepPeiiT Ha TEKCTOBbIE TIePBUYHbIE KJTIOYH WM HACTPOUTD master-slave permKaIiuio.

Mpobnema: Tarantool pabortaer 3ameTHO MeasieHHee, YeM paHbLie

Bosmoxkubie IIPpUYIXHDbI

Headdexrusnoe ucnonp3osanue maMaT (HaMATh 3aHATa OOJIBIIAM KOJIMYECTBOM HEUCIOJIb3YEMbIX OObeK-
TOB).

Pemnenne

Bamycrurh dyuknuio collectgarbage(count) u uamepursh BpeMs ee BBINOJHEHUs ¢ HOMONIBIO clock.bench()
wm clock.proc().

IIpumep Koma JyIst TO/ICIETa TTOTPEOISIEMON TAMSATH:

$ # nodkawuaemMca Kk aOMUH-KOHCOAU HYXHOZ20 sK3emnaspa Tarantool
$ tarantoolctl enter <instance_name>

$ # -- UM --

$ tarantoolctl connect <URI>

-- lsarpyska momynsa clock mns paboTH CO BpeMeHeM
tarantool> local clock = require 'clock'

-- 3amyckaeM TaiiMep

tarantool> local b = clock.proc()

-- 3BamyckaeM cbopKy Mycopa

tarantool> local c¢ = collectgarbage('count')
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-- oCTamaBNMBaeM TafiMep IO 3aBepmeHWE COOPKE Mycopa
tarantool> return c, clock.proc() - b

Ecnu Bosepamaemoe clock.proc() 3uadenune 6osbire 0.001, 970 MO2KeT ABIATHCS MPpU3HAKOM HEIDDEKTUB-
HOI'O WCIOJIb30BAHUs [aMATU (AKTUBHOIO BMEIIATEbCTBA HE TPeOyeTcsl, HO PEKOMEHIYEeTCs OITUMU3AIMS
kona). Ecim snauenne npessimaer 0.01, HeoGXxoauMo POBECTH NOIPOOHBIN aHAJIN3 KO/ M ONTUMU3APOBATE
moTpebJIeHNe TTaMsITH.

If the value is greater than 0.01, your application definitely needs thorough code analysis aimed at optimizing
memory usage.

4.6 Pennukauus

Replication allows multiple Tarantool instances to work on copies of the same databases. The databases are
kept in sync because each instance can communicate its changes to all the other instances.

OTa ri1aBa BKJIIOYAET B ceOsI CIIEIYIONMIe pa3Iesbl:

4.6.1 ApxuTtekTypa mMexaHu3Ma pensmnkauum

Replication mechanism

A pack of instances which operate on copies of the same databases make up a replica set. Each instance in
a replica set has a role, master or replica.

A replica gets all updates from the master by continuously fetching and applying its write ahead log (WAL ).
Each record in the WAL represents a single Tarantool data-change request such as INSERT, UPDATE
or DELETE, and is assigned a monotonically growing log sequence number (LSN). In essence, Tarantool
replication is row-based: each data-change request is fully deterministic and operates on a single tuple.
However, unlike a classical row-based log, which contains entire copies of the changed rows, Tarantool’s
WAL contains copies of the requests. For example, for UPDATE requests, Tarantool only stores the primary
key of the row and the update operations, to save space.

Invocations of stored programs are not written to the WAL. Instead, records of the actual data-change
requests, performed by the Lua code, are written to the WAL. This ensures that possible non-
determinism of Lua does not cause replication to go out of sync.

Data definition operations on temporary spaces, such as creating/dropping, adding indexes, truncating,
etc., are written to the WAL, since information about temporary spaces is stored in non-temporary system
spaces, such as boz.space. space. Data change operations on temporary spaces are not written to the WAL
and are not replicated.

To create a valid initial state, to which WAL changes can be applied, every instance of a replica set requires
a start set of checkpoint files, such as .snap files for memtx and .run files for vinyl. A replica joining an
existing replica set, chooses an existing master and automatically downloads the initial state from it. This
is called an initial join.

When an entire replica set is bootstrapped for the first time, there is no master which could provide the
initial checkpoint. In such case, replicas connect to each other, elect a master, which then creates the starting
set of checkpoint files, and distributes it across all other replicas. This is called an automatic bootstrap
of a replica set.

When a replica contacts a master (there can be many masters) for the first time, it becomes part of a replica
set. On subsequent occasions, it should always contact a master in the same replica set. Once connected to
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the master, the replica requests all changes that happened after the latest local LSN (there can be many
LSNs — each master has its own LSN).

Each replica set is identified by a globally unique identifier, called replica set UUID. The identifier is
created by the master which creates the very first checkpoint, and is part of the checkpoint file. It is stored
in system space box.space. schema. For example:

tarantool> box.space._schema:select{‘cluster'}

- - ['cluster', '6308acb9-9788-42fa-8101-2e0cb9d3c9al"']

Additionally, each instance in a replica set is assigned its own UUID, when it joins the replica set. It is called
an instance UUID and is a globally unique identifier. This UUID is used to ensure that instances do not
join a different replica set, e.g. because of a configuration error. A unique instance identifier is also necessary
to apply rows originating from different masters only once, that is, implement multi-master replication. This
is why each row in the write ahead log, in addition to its log sequence number, stores the instance identifier
of the instance on which it was created. But using UUID as such an identifier would take too much space in
the write ahead log, thus a shorter integer number is assigned to the instance when it joins a replica set. This
number is then used to refer to the instance in the write ahead log. It is called instance id. All identifiers
are stored in system space bozx.space. cluster. For example:

tarantool> box.space._cluster:select{}

- - [1, '88580b5c-4474-43ab-bd2b-24092a9af80d2']

Here the instance ID is 1 (unique within the replica set), and the instance UUID is
88580b5c-4474-43ab-bd2b-2409a9a£80d2 (globally unique).

Using shorter numeric identifiers is also handy to track the state of the entire replica set. For example,
box.info.vclock describes the state of replication in regard to each connected peer.

tarantool> box.info.vclock

- {1: 827, 2: 584}

Here vclock contains log sequence numbers (827 and 584) for instances with short identifiers 1 and 2.

Starting in Tarantool 1.7.7, it is possible for administrators to assign the instance UUID and the replica
set UUID values, rather than let the system generate them — see the description of the replicaset wuid
configuration parameter.

Replication setup

To enable replication, you need to specify two parameters in a box.cfg{} request:
e replication parameter which defines the replication source(s), and
e read_ only parameter which is true for a replica and false for a master.

Both these parameters are «dynamics». This allows a replica to become a master and vice versa on the fly
with the help of a box.cfg{} request.

Further we’re giving a detailed example of bootstrapping a replica set.
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Replication roles: master and replica

Replication role (master or replica) is set in read only configuration parameter. The recommended role for
all-but-one instances in a replica set is «read-only» (replica).

In a master-replica configuration, every change that happens on the master will be visible on the replicas,
but not vice versa.

~P replica #1
master #1 <

p replica #2

A simple two-instance replica set with the master on one machine and the replica on a different machine
provides two benefits:

e failover, because if the master goes down then the replica can take over, and
e load balancing, because clients can connect to either the master or the replica for read requests.

In a master-master configuration (also called «multi-master»), every change that happens on either
instance will be visible on the other one.

master #1 4+—>» master #2

e master #3 +

The failover benefit in this case is still present, and the load-balancing benefit is enhanced, because
any instance can handle both read and write requests. Meanwhile, for multi-master configurations, it is
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necessary to understand the replication guarantees provided by the asynchronous protocol that Tarantool
implements.

Tarantool multi-master replication guarantees that each change on each master is propagated to all instances
and is applied only once. Changes from the same instance are applied in the same order as on the originating
instance. Changes from different instances, however, can mix and apply in a different order on different
instances. This may lead to replication going out of sync in certain cases.

For example, assuming the database is only appended to (i.e. it contains only insertions), it is safe to set each
instance to a master. If there are also deletions, but it is not mission critical that deletion happens in the
same order on all replicas (e.g. the DELETE is used to prune expired data), a master-master configuration
is also safe.

UPDATE operations, however, can easily go out of sync. For example, assignment and increment are not
commutative, and may yield different results if applied in different order on different instances.

More generally, it is only safe to use Tarantool master-master replication if all database changes are
commutative: the end result does not depend on the order in which the changes are applied. You can
start learning more about conflict-free replicated data types here.

Replication topologies: cascade, ring and full mesh

Replication topology is set in replication configuration parameter. The recommended topology is a full
mesh, because it makes potential failover easy.

Some database products offer cascading replication topologies: creating a replica on a replica. Tarantool
does not recommend such setup.

SOOI

SN N\ E

instance . insLance #2 instance #3

k \ | | | i

The problem with a cascading replica set is that some instances have no connection to other instances and
may not receive changes from them. One essential change that must be propagated across all instances in
a replica set is an entry in box.space._cluster system space with replica set UUID. Without knowing
a replica set UUID, a master refuses to accept connections from such instances when replication topology
changes. Here is how this can happen:
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Instanca instance #1 instance #1
Inctanca ig instance #2 instance #2
instance #3 DC #2 | instance #3

Instance #1 Instance #2 instance #3

We have a chain of three instances. Instance #1 contains entries for instances #1 and #2 in its _cluster
space. Instances #2 and #3 contain entries for instances #1, #2 and #3 in their _cluster spaces.

Inctanca # instance #1 instance #1
instance #2 instance #2 instance #2
instance #3 DC#2 | instance #3

instance #1 L] Instance #2 + Instance #3

Now instance #2 is faulty. Instance #3 tries connecting to instance #1 as its new master, but the master
refuses the connection since it has no entry for instance #3.

Ring replication topology is, however, supported:

DC#1 DC #2

s ™y
I b

instance #1 4— instance #2 +— instance #3

So, if you need a cascading topology, you may first create a ring to ensure all instances know each other’s
UUID, and then disconnect the chain in the place you desire.

A stock recommendation for a master-master replication topology, however, is a full mesh:
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master #1 4+—>» master #2

e master #3 +—

You then can decide where to locate instances of the mesh — within the same data center, or spread across
a few data centers. Tarantool will automatically ensure that each row is applied only once on each instance.
To remove a degraded instance from a mesh, simply change replication configuration parameter.

This ensures full cluster availability in case of a local failure, e.g. one of the instances failing in one of the
data centers, as well as in case of an entire data center failure.

The maximal number of replicas in a mesh is 32.

4.6.2 Bootstrapping a replica set
Master-replica bootstrap

Let’s first bootstrap a simple master-replica set containing two instances, each located on its own machine.
For easier administration, we make the instance files almost identical.

master #1 — replica #1

Here is an example of the master’s instance file:
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-- 2nstance file for the master

box.cfg{
listen = 3301,
replication = {'replicator:password@192.168.0.101:3301', -- master URI

'replicator:password@192.168.0.102:3301'}, -- replica URI

read_only = false

}

box.once("schema", function()
box.schema.user.create('replicator', {password = 'password'})
box.schema.user.grant('replicator', 'replication') -- grant replication role

box.schema.space.create("test")

box.space.test:create_index("primary")

print('box.once executed on master')
end)

rae:

e listen parameter from box.cfg{} defines a URI (port 3301 in our example), on which the master can
accept connections from replicas.

e replication parameter defines the URIs at which all instances in the replica set can accept connections.
It includes the replica’s URI as well, although the replica is not a replication source right now.

IIpumeuanme: For security reasons, we recommend to prevent unauthorized replication sources by
associating a password with every user that has a replication role. That way, the URI for replication
parameter must have the long form username:password@host:port.

e read_only parameter enables data-change operations on the instance and makes this Tarantool instance
act as a master, not as a replica. That’s the only parameter in our instance files that will differ.

e boz.once() function contains database initialization logic that should be executed only once during the
replica set lifetime.

In this example, we create a space with a primary index, and a user for replication purposes. We also say
print('box.once executed on master') to see later in console whether box.once() is executed.

ITpumeuanme: Replication requires privileges. We can grant privileges for accessing spaces directly to the
user who will start the instance. However, it is more usual to grant privileges for accessing spaces to a role,
and then grant the role to the user who will start the replica.

Here we use Tarantool’s predefined role named «replication» which by default grants «reads privileges for
all database objects («universe» ), and we can further set up privileges for this role as required.

In the replica’s instance file, we only set read-only parameter to «trues, and say print ('box.once executed
on replica') to make sure that box.once() is not executed more than once. Otherwise the replica’s instance
file is fully identical to the master’s instance file.

-- 2nstance file for the replica

box.cfg{
listen = 3301,
replication = {'replicator:password@192.168.0.101:3301', -- master URI
'replicator:password@192.168.0.102:3301'}, -- replica URI
read_only = true
}
box.once("schema", function()
box.schema.user.create('replicator', {password = 'password'})
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box.schema.user.grant('replicator', 'replication') -- grant replication Tole
box.schema.space.create("test")
box.space.test:create_index("primary")
print('box.once executed on replica')
end)

IIpumeuanue: The replica does not inherit the master’s configuration parameters, such as those making
the checkpoint daemon run on the master. To get the same behavior, please set the relevant parameters
explicitly so that they are the same on both master and replica.

Now we can launch the two instances. The master. ..

$ # launching the master

$ tarantool master.lua

2017-06-14 14:12:03.847 [18933] main/101/master.lua C> version 1.7.4-52-g980d30092

2017-06-14 14:12:03.848 [18933] main/101/master.lua C> log level 5

2017-06-14 14:12:03.849 [18933] main/101/master.lua I> mapping 268435456 bytes for tuple arena...
2017-06-14 14:12:03.859 [18933] iproto/101/main I> binary: bound to [::]:3301

2017-06-14 14:12:03.861 [18933] main/105/applier/replicator@192.168.0. I> can't connect to master
2017-06-14 14:12:03.861 [18933] main/105/applier/replicator@192.168.0. coio.cc:105 !> SystemError,
—connect, called on fd 14, aka 192.168.0.102:56736: Connection refused

2017-06-14 14:12:03.861 [18933] main/105/applier/replicator@192.168.0. I> will retry every 1 second
2017-06-14 14:12:03.861 [18933] main/104/applier/replicator@192.168.0. I> remote master is 1.7.4,
—at 192.168.0.101:3301

2017-06-14 14:12:19.878 [18933] main/105/applier/replicator@192.168.0. I> remote master is 1.7.4
—at 192.168.0.102:3301

2017-06-14 14:12:19.879 [18933] main/101/master.lua I> initializing an empty data directory
2017-06-14 14:12:19.908 [18933] snapshot/101/main I> saving snapshot ~/var/lib/tarantool/master/
—00000000000000000000 . snap.inprogress'

2017-06-14 14:12:19.914 [18933] snapshot/101/main I> done

2017-06-14 14:12:19.914 [18933] main/101/master.lua I> vinyl checkpoint done

2017-06-14 14:12:19.917 [18933] main/101/master.lua I> ready to accept requests

2017-06-14 14:12:19.918 [18933] main/105/applier/replicator@192.168.0. I> failed to authenticate
2017-06-14 14:12:19.918 [18933] main/105/applier/replicator@192.168.0. xrow.cc:431 E> ER_LOADING:,
—Instance bootstrap hasn't finished yet

box.once executed on master

2017-06-14 14:12:19.920 [18933] main C> entering the event loop

. (vep, box.once() got executed on the master) — and the replica:

$ # launching the replica

$ tarantool replica.lua

2017-06-14 14:12:19.486 [18934] main/101/replica.lua C> version 1.7.4-52-g980d30092

2017-06-14 14:12:19.486 [18934] main/101/replica.lua C> log level 5

2017-06-14 14:12:19.487 [18934] main/101/replica.lua I> mapping 268435456 bytes for tuple arena...
2017-06-14 14:12:19.494 [18934] iproto/101/main I> binary: bound to [::]:3311

2017-06-14 14:12:19.495 [18934] main/104/applier/replicator@192.168.0. I> remote master is 1.7.4
—at 192.168.0.101:3301

2017-06-14 14:12:19.495 [18934] main/105/applier/replicator@192.168.0. I> remote master is 1.7.4
—at 192.168.0.102:3302

2017-06-14 14:12:19.496 [18934] main/104/applier/replicator@192.168.0. I> failed to authenticate
2017-06-14 14:12:19.496 [18934] main/104/applier/replicator©192.168.0. xrow.cc:431 E> ER_LOADING:
—Instance bootstrap hasn't finished yet

In both logs, there are messages saying that the replica got bootstrapped from the master:
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$ # bootstrapping the replica (from the master's log)

<>

2017-06-14 14:12:20.503 [18933] main/106/main I> initial data sent.

2017-06-14 14:12:20.505 [18933] relay/[::ff£f£:192.168.0.101]:/101/main I> recover from ~/var/lib/
—tarantool/master/00000000000000000000.x1og"

2017-06-14 14:12:20.505 [18933] main/106/main I> final data sent.

2017-06-14 14:12:20.522 [18933] relay/[::£f£f£f£:192.168.0.101]:/101/main I> recover from ~/Users/e.
—shebunyaeva/work/tarantool-test-repl/master_dir/00000000000000000000.x1log"

2017-06-14 14:12:20.922 [18933] main/105/applier/replicator@192.168.0. I> authenticated

$ # bootstrapping the replica (from the replica's log)

<>

2017-06-14 14:12:20.498 [18934] main/104/applier/replicator©192.168.0. I> authenticated
2017-06-14 14:12:20.498 [18934] main/101/replica.lua I> bootstrapping replica from 192.168.0.
—101:3301

2017-06-14 14:12:20.512 [18934] main/104/applier/replicator@192.168.0. I> initial data received
2017-06-14 14:12:20.512 [18934] main/104/applier/replicator@192.168.0. I> final data received
2017-06-14 14:12:20.517 [18934] snapshot/101/main I> saving snapshot ~/var/lib/tarantool/replica/
—00000000000000000005 . snap. inprogress'

2017-06-14 14:12:20.518 [18934] snapshot/101/main I> done

2017-06-14 14:12:20.519 [18934] main/101/replica.lua I> vinyl checkpoint done

2017-06-14 14:12:20.520 [18934] main/101/replica.lua I> ready to accept requests

2017-06-14 14:12:20.520 [18934] main/101/replica.lua I> set 'read_only' configuration option to
—true

2017-06-14 14:12:20.520 [18934] main C> entering the event loop

Notice that box.once() was executed only at the master, although we added box.once() to both instance
files.

We could as well launch the replica first:

$ # launching the replica

$ tarantool replica.lua

2017-06-14 14:35:36.763 [18952] main/101/replica.lua C> version 1.7.4-52-g980d30092

2017-06-14 14:35:36.765 [18952] main/101/replica.lua C> log level 5

2017-06-14 14:35:36.765 [18952] main/101/replica.lua I> mapping 268435456 bytes for tuple arena...
2017-06-14 14:35:36.772 [18952] iproto/101/main I> binary: bound to [::]:3301

2017-06-14 14:35:36.772 [18952] main/104/applier/replicator@192.168.0. I> can't connect to master
2017-06-14 14:35:36.772 [18952] main/104/applier/replicator@192.168.0. coio.cc:105 !> SystemError,
—sconnect, called on fd 13, aka 192.168.0.101:56820: Connection refused

2017-06-14 14:35:36.772 [18952] main/104/applier/replicator@192.168.0. I> will retry every 1 second
2017-06-14 14:35:36.772 [18952] main/105/applier/replicator@192.168.0. I> remote master is 1.7.4,
—at 192.168.0.102:3301

. and the master later:

$ # launching the master

$ tarantool master.lua

2017-06-14 14:35:43.701 [18953] main/101/master.lua C> version 1.7.4-52-g980d30092

2017-06-14 14:35:43.702 [18953] main/101/master.lua C> log level 5

2017-06-14 14:35:43.702 [18953] main/101/master.lua I> mapping 268435456 bytes for tuple arena...
2017-06-14 14:35:43.709 [18953] iproto/101/main I> binary: bound to [::]:3301

2017-06-14 14:35:43.709 [18953] main/105/applier/replicator@192.168.0. I> remote master is 1.7.4
—at 192.168.0.102:3301

2017-06-14 14:35:43.709 [18953] main/104/applier/replicator@192.168.0. I> remote master is 1.7.4
—at 192.168.0.101:3301

2017-06-14 14:35:43.709 [18953] main/101/master.lua I> initializing an empty data directory
2017-06-14 14:35:43.721 [18953] snapshot/101/main I> saving snapshot ~/var/lib/tarantool/master/

—00000000000000000000 sap- inprogress™

4.6. Pennukauyns 109




Tarantool, Beinyck 1.10.0

2017-06-14 14:35:43.722 [18953] snapshot/101/main I> done

2017-06-14 14:35:43.723 [18953] main/101/master.lua I> vinyl checkpoint done

2017-06-14 14:35:43.723 [18953] main/101/master.lua I> ready to accept requests

2017-06-14 14:35:43.724 [18953] main/105/applier/replicator@192.168.0. I> failed to authenticate
2017-06-14 14:35:43.724 [18953] main/105/applier/replicator@192.168.0. xrow.cc:431 E> ER_LOADING:
—Instance bootstrap hasn't finished yet

box.once executed on master

2017-06-14 14:35:43.726 [18953] main C> entering the event loop

2017-06-14 14:35:43.779 [18953] main/103/main I> initial data sent.

2017-06-14 14:35:43.780 [18953] relay/[::ff£f£:192.168.0.101]:/101/main I> recover from ~/var/lib/
—tarantool/master/00000000000000000000.x1og"

2017-06-14 14:35:43.780 [18953] main/103/main I> final data sent.

2017-06-14 14:35:43.796 [18953] relay/[::ff£f£:192.168.0.102]:/101/main I> recover from ~/var/lib/
—tarantool/master/00000000000000000000.x1og"

2017-06-14 14:35:44.726 [18953] main/105/applier/replicator@192.168.0. I> authenticated

In this case, the replica would wait for the master to become available, so the launch order doesn’t matter.
Our box.once() logic would also be executed only once, at the master.

$ # the replica has eventually connected to the master

$ # and got bootstrapped (from the replica's log)

2017-06-14 14:35:43.777 [18952] main/104/applier/replicator@192.168.0. I> remote master is 1.7.4,
—at 192.168.0.101:3301

2017-06-14 14:35:43.777 [18952] main/104/applier/replicator@192.168.0. I> authenticated
2017-06-14 14:35:43.777 [18952] main/101/replica.lua I> bootstrapping replica from 192.168.0.
—199:3310

2017-06-14 14:35:43.788 [18952] main/104/applier/replicator@192.168.0. I> initial data received
2017-06-14 14:35:43.789 [18952] main/104/applier/replicator@192.168.0. I> final data received
2017-06-14 14:35:43.793 [18952] snapshot/101/main I> saving snapshot °/var/lib/tarantool/replica/
~—00000000000000000005 . snap. inprogress'

2017-06-14 14:35:43.793 [18952] snapshot/101/main I> done

2017-06-14 14:35:43.795 [18952] main/101/replica.lua I> vinyl checkpoint done

2017-06-14 14:35:43.795 [18952] main/101/replica.lua I> ready to accept requests

2017-06-14 14:35:43.795 [18952] main/101/replica.lua I> set 'read_only' configuration option toy
—true

2017-06-14 14:35:43.795 [18952] main C> entering the event loop

Controlled failover

To perform a controlled failover, that is, swap the roles of the master and replica, all we need to do is to
set read_only=true at the master, and read_only=false at the replica. The order of actions is important
here. If a system is running in production, we don’t want concurrent writes happen both at the replica and
the master. Nor do we want the new replica to accept any writes until it has finished fetching all replication
data from the old master. To compare replica and master state, we can use box.info.signature.

1. Set read_only=true at the master.

# at the master
tarantool> box.cfg{read_only=true}

2. Record the master’s current position with box.info.signature, containing the sum of all LSNs in the
master’s vector clock.

# at the master
tarantool> box.info.signature
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3. Wait until the replica’s signature is the same as the master’s.

# at the replica
tarantool> box.info.signature

4. Set read_only=false at the replica to enable write operations.

# at the replica
tarantool> box.cfg{read_only=false}

These 4 steps ensure that the replica doesn’t accept new writes until it’s done fetching writes from the
master.

Master-master bootstrap

Now let’s bootstrap a two-instance master-master set. For easier administration, we make master#1 and
master#2 instance files fully identical.

master #1 e master #2

We re-use the master’s instance file from the master-replica example above.

-- instance file for any of the two masters

box.cfg{
listen = 3301,
replication = {'replicator:password@192.168.0.101:3301', -- masterl URI

'replicator:password@192.168.0.102:3301'}, -- master2 URI

read_only = false

}

box.once("schema", function()
box.schema.user.create('replicator', {password = 'password'})
box.schema.user.grant('replicator', 'replication') -- grant replication role

box.schema.space.create("test")

box.space.test:create_index("primary")

print('box.once executed on master #1')
end)

In replication parameter, we define the URIs of both masters in the replica set and say print('box.once
executed on master #1') to see when and where the box.once () logic is executed.
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Now we can launch the two masters. Again, the launch order doesn’t matter. The box.once () logic will also
be executed only once, at the master which is elected as the replica set leader at bootstrap.

$ # launching master #1
$ tarantool masterl.lua
2017-06-14 15:39:03.062
2017-06-14 15:39:03.062
2017-06-14 15:39:03.063
2017-06-14 15:39:03.065
2017-06-14 15:39:03.065
2017-06-14 15:39:03.065

[47021]
[47021]
[47021]
[47021]
[47021]
[47021]

main/101/masterl.lua C> version 1.7.4-52-g980d30092
main/101/masterl.lua C> log level 5

main/101/masterl.lua I> mapping 268435456 bytes for tuple arena...
iproto/101/main I> binary: bound to [::]:3301
main/105/applier/replicator@192.168.0.10 I> can't connect to master
main/105/applier/replicator©192.168.0.10 coio.cc:107 !>

—SystemError comnnect, called on fd 14, aka 192.168.0.102:57110: Connection refused

2017-06-14 15:39:03.065
—second

2017-06-14 15:39:03.065
—at 192.168.0.101:3301
2017-06-14 15:39:08.070
—~at 192.168.0.102:3301
2017-06-14 15:39:08.071
2017-06-14 15:39:08.071
—102:3301

2017-06-14 15:39:08.073
2017-06-14 15:39:08.074
2017-06-14 15:39:08.074

[47021]

[47021]

[47021]

[47021]
[47021]

[47021]
[47021]
[47021]

main/105/applier/replicator@192.168.0.10 I> will retry every 1,
main/104/applier/replicator©192.168.0.10 I> remote master is 1.7.4
main/105/applier/replicator©192.168.0.10 I> remote master is 1.7.4

main/105/applier/replicator@192.168.0.10 I> authenticated
main/101/masterl.lua I> bootstrapping replica from 192.168.0.

main/105/applier/replicator@192.168.0.10 I> initial data received
main/105/applier/replicator@192.168.0.10 I> final data received
snapshot/101/main I> saving snapshot ~/Users/e.shebunyaeva/work/

<~ tarantool-test-repl/masterl_dir/00000000000000000008. snap.inprogress'

2017-06-14 15:39:08.074
2017-06-14 15:39:08.076
2017-06-14 15:39:08.076

[47021]
[47021]
[47021]

box.once executed on master #1

2017-06-14 15:39:08.077

[47021]

snapshot/101/main I> done
main/101/masterl.lua I> vinyl checkpoint done
main/101/masterl.lua I> ready to accept requests

main C> entering the event loop

$ # launching master #2
$ tarantool master2.lua
2017-06-14 15:39:07.452
2017-06-14 15:39:07.453
2017-06-14 15:39:07.453
2017-06-14 15:39:07.455
2017-06-14 15:39:07.455
—at 192.168.0.101:3301
2017-06-14 15:39:07.455
—at 192.168.0.102:3301
2017-06-14 15:39:07.455
2017-06-14 15:39:07.457

[47022]
[47022]
[47022]
[47022]
[47022]

[47022]

[47022]
[47022]

main/101/master2.lua C> version 1.7.4-52-g980d30092
main/101/master2.lua C> log level 5

main/101/master2.lua I> mapping 268435456 bytes for tuple arena...
iproto/101/main I> binary: bound to [::]:3301
main/104/applier/replicator@192.168.0.19 I> remote master is 1.7.4,

main/105/applier/replicator@192.168.0.10 I> remote master is 1.7.4

main/101/master2.lua I> initializing an empty data directory
snapshot/101/main I> saving snapshot ~/Users/e.shebunyaeva/work/

—tarantool-test-repl/master2_dir/00000000000000000000. snap.inprogress'

2017-06-14 15:39:07.457
2017-06-14 15:39:07.458
2017-06-14 15:39:07.459
2017-06-14 15:39:07.460
2017-06-14 15:39:08.072
2017-06-14 15:39:08.073

[47022]
[47022]
[47022]
[47022]
[47022]
[47022]

snapshot/101/main I> done

main/101/master2.lua I> vinyl checkpoint done
main/101/master2.lua I> ready to accept requests

main C> entering the event loop

main/103/main I> initial data sent.

relay/[::f£f£f£:192.168.0.102] :/101/main I> recover from °/Users/e.

—shebunyaeva/work/tarantool-test-repl/master2_dir/00000000000000000000.x1log"

2017-06-14 15:39:08.073 [47022] main/103/main I> final data sent.

2017-06-14 15:39:08.077 [47022] relay/[::ffff:192.168.0.102]:/101/main I> recover from ~/Users/e.
—shebunyaeva/work/tarantool-test-repl/master2_dir/00000000000000000000.x1log"

2017-06-14 15:39:08.461 [47022] main/104/applier/replicator@192.168.0.10 I> authenticated
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4.6.3 Adding instances

Adding a replica

master #1 +—> replica #1

replica #2

To add a second replica instance to the master-replica set from our bootstrapping example, we need an
analog of the instance file that we created for the first replica in that set:

-- instance file for replica #2

box.cfg{
listen = 3301,
replication = ('replicator:password@192.168.0.101:3301', -- master URI
'replicator:password@192.168.0.102:3301', -- replica #1 URI
'replicator:password@192.168.0.103:3301'), -- replica #2 URI
read_only = true
}
box.once("schema", function()
box.schema.user.create('replicator', {password = 'password'})
box.schema.user.grant('replicator', 'replication’) -- grant replication role

box.schema.space.create("test")

box.space.test:create_index ("primary")

print('box.once executed on replica #2')
end)

Here we add replica #2 URI to replication parameter, so now it contains three URISs.

After we launch the new replica instance, it gets connected to the master instance and retrieves the master’s
write ahead log and snapshot files:

$ # launching replica #2

$ tarantool replica2.lua

2017-06-14 14:54:33.927 [46945] main/101/replica2.lua C> version 1.7.4-52-g980d30092

2017-06-14 14:54:33.927 [46945] main/101/replica2.lua C> log level 5

2017-06-14 14:54:33.928 [46945] main/101/replica2.lua I> mapping 268435456 bytes for tuple arena...
2017-06-14 14:54:33.930 [46945] main/104/applier/replicator@192.168.0.10 I> remote master is 1.7.4,
—at 192.168.0.101:3301

2017-06-14 14:54:33.930 [46945] main/104/applier/replicator©192.168.0.10 I> authenticated
2017-06-14 14:54:33.930 [46945] main/101/replica2.lua I> bootstrapping replica from 192.168.0.
—101:3301
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2017-06-14 14:54:33.933 [46945] main/104/applier/replicator@192.168.0.10 I> initial data received
2017-06-14 14:54:33.933 [46945] main/104/applier/replicator@192.168.0.10 I> final data received
2017-06-14 14:54:33.934 [46945] snapshot/101/main I> saving snapshot ~/var/lib/tarantool/replica2/
—00000000000000000010 . snap. inprogress'

2017-06-14 14:54:33.934 [46945] snapshot/101/main I> done

2017-06-14 14:54:33.935 [46945] main/101/replica2.lua I> vinyl checkpoint done

2017-06-14 14:54:33.935 [46945] main/101/replica2.lua I> ready to accept requests

2017-06-14 14:54:33.935 [46945] main/101/replica2.lua I> set 'read_only' configuration option to
—true

2017-06-14 14:54:33.936 [46945] main C> entering the event loop

Since we're adding a read-only instance, there is no need to dynamically update replication parameter on
the other running instances. This update would be required if we added a master instance.

However, we recommend to specify replica #3 URI in all instance files of the replica set. This will keep
all the files consistent with each other and with the current replication topology, and so will help to avoid
configuration errors in case of further reconfigurations and replica set restart.

Adding a master

master #1 +—> master #2

master #3

To add a third master instance to the master-master set from our bootstrapping example, we need an
analog of the instance files that we created to bootstrap the other master instances in that set:

-- instance file for master #3

box.cfg{
listen = 3301,
replication = {'replicator:password@192.168.0.101:3301', -- master#l URI
'replicator:password@192.168.0.102:3301', -- master#2 URI
'replicator:password@192.168.0.103:3301'}, -- master#3 URI
read_only = true, -- temporarily read-only
}
box.once("schema", function()
box.schema.user.create('replicator', {password = 'password'})
box.schema.user.grant('replicator', 'replication’) -- grant "replication" role

box.schema.space.create("test")
box.space.test:create_index("primary")
end)
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Here we make the following changes:
e Add master#3 URI to replication parameter.

e Temporarily specify read_ only=true to disable data-change operations on the instance. After launch,
master #3 will act as a replica until it retrieves all data from the other masters in the replica set.

After we launch the third master instance, it gets connected to the other master instances and retrieves their
write ahead logs and snapshot files:

$ # launching master #3

$ tarantool master3.lua

2017-06-14 17:10:00.556 [47121] main/101/master3.lua C> version 1.7.4-52-g980d30092

2017-06-14 17:10:00.557 [47121] main/101/master3.lua C> log level 5

2017-06-14 17:10:00.557 [47121] main/101/master3.lua I> mapping 268435456 bytes for tuple arena...
2017-06-14 17:10:00.559 [47121] iproto/101/main I> binary: bound to [::]:3301

2017-06-14 17:10:00.559 [47121] main/104/applier/replicator@192.168.0.10 I> remote master is 1.7.4
—at 192.168.0.101:3301

2017-06-14 17:10:00.559 [47121] main/105/applier/replicator@192.168.0.10 I> remote master is 1.7.4,
—at 192.168.0.102:3301

2017-06-14 17:10:00.559 [47121] main/106/applier/replicator@192.168.0.10 I> remote master is 1.7.4,
—at 192.168.0.103:3301

2017-06-14 17:10:00.559 [47121] main/105/applier/replicator@192.168.0.10 I> authenticated
2017-06-14 17:10:00.559 [47121] main/101/master3.lua I> bootstrapping replica from 192.168.0.
—102:3301

2017-06-14 17:10:00.562 [47121] main/105/applier/replicator@192.168.0.10 I> initial data received
2017-06-14 17:10:00.562 [47121] main/105/applier/replicator@192.168.0.10 I> final data received
2017-06-14 17:10:00.562 [47121] snapshot/101/main I> saving snapshot ~/Users/e.shebunyaeva/work/
—tarantool-test-repl/master3_dir/00000000000000000009. snap.inprogress'

2017-06-14 17:10:00.562 [47121] snapshot/101/main I> done

2017-06-14 17:10:00.564 [47121] main/101/master3.lua I> vinyl checkpoint done

2017-06-14 17:10:00.564 [47121] main/101/master3.lua I> ready to accept requests

2017-06-14 17:10:00.565 [47121] main/101/master3.lua I> set 'read_only' configuration option toy
—true

2017-06-14 17:10:00.565 [47121] main C> entering the event loop

2017-06-14 17:10:00.565 [47121] main/104/applier/replicator©192.168.0.10 I> authenticated

Next, we add master#3 URI to replication parameter on the existing two masters. Replication-related
parameters are dynamic, so we only need to make a box.cfg{} request on each of the running instances:

# adding master #3 URI to replication sources
tarantool> box.cfg{replication =
> {'replicator:password@192.168.0.101:3301"',
> 'replicator:password@192.168.0.102:3301",
> 'replicator:password@192.168.0.103:3301'}}

When master #3 catches up with the other masters* state, we can disable read-only mode for this instance:

# making master #3 a real master
tarantool> box.cfg{read_only=false}

We also recommend to specify master #3 URI in all instance files in order to keep all the files consistent
with each other and with the current replication topology.
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4.6.4 Removing instances

To politely remove an instance from a replica set, follow these steps:

1. On the instance, run box.cfg{} with a blank replication source:

tarantool> box.cfg{replication='"}

The other instances in the replica set will carry on. If later the removed instance rejoins, it will receive
all the updates that the other instances made while it was away.

2. If the instance is decommissioned forever, delete the instance’s record from the following locations:

(a) replication parameter at all running instances in the replica set:

’tarantool> box.cfg{replication=...}

(b) boz.space. cluster on any master instance in the replica set. For example, a record with instance
id = 3:

tarantool> box.space._cluster:select{}

- - [1, '913f99c8-aee3-47f2-b414-53ed0ec5bf27"']
- [2, 'eaclaee7-cfeb-46cc-8503-3f8ebdc7dele’]
- [3, '97f2d65f-2e03-4dc8-8df3-2469bd9ceble']

tarantool> box.space._cluster:delete(3)

- [3, '97£2d65f-2e03-4dc8-8df3-2469bd9ceble’]

4.6.5 Monitoring a replica set

To learn what instances belong in the replica set, and obtain statistics for all these instances, use
bozx.info.replication request:

tarantool> box.info.replication
replication:
1:
id: 1
uuid: b8a7db60-745f-41b3-bf68-5fcce7ale019
lsn: 88

id: 2
uuid: cd3c7da2-a638-4cbd-ae63-e7767c3a6896
1sn: 31
upstream:
status: follow
idle: 43.187747001648
peer: replicator@192.168.0.102:3301
lag: O
downstream:
vclock: {1: 31}
3:
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id: 3
uuid: e38ef895-5804-43b9-81lac-9f2cd872b9c4
lsn: 54
upstream:
status: follow
idle: 43.187621831894
peer: replicator@192.168.0.103:3301
lag: 2
downstream:
vclock: {1: 54}

This report is for a master-master replica set of three instances, each having its own instance id, UUID and
log sequence number.

master #1 e master #2

e master #3 +

The request was issued at master #1, and the reply includes statistics for the other two masters, given in
regard to master #1.

The primary indicators of replication health are:

e idle, the time (in seconds) since the instance received the last event from a master.

A replica sends heartbeat messages to the master every second, and the master is programmed to
reconnect automatically if it doesn’t see heartbeat messages more often than replication timeout
seconds.

Therefore, in a healthy replication setup, idle should never exceed replication_timeout: if it does,
either your replication is lagging seriously behind, because the master is running ahead of the replica,
or the network link between the instances is down.

lag, the time difference between the local time at the instance, recorded when the event was received,
and the local time at another master recorded when the event was written to the write ahead log on
that master.

Since lag calculation uses operating system clock from two different machines, don’t be surprised if
it’s negative: a time drift may lead to the remote master clock being consistently behind the local
instance’s clock.

For multi-master configurations, this is the maximal lag.
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4.6.6 BocctaHoBneHune nocne cbos

«Degraded state» is a situation when the master becomes unavailable — due to hardware or network failure,
or due to a programming bug.

n:asver #1 +——» replica #1
i’ T
I
i repiica #2 «

In a master-replica set, if a master disappears, error messages appear on the replicas stating that the
connection is lost:

$ # messages from a replica's log

2017-06-14 16:23:10.993 [19153] main/105/applier/replicator@192.168.0. I> can't read row

2017-06-14 16:23:10.993 [19153] main/105/applier/replicator@192.168.0. coio.cc:349 !> SystemError
unexpected EOF when reading from socket, called on fd 17, aka 192.168.0.101:57815,

peer of 192.168.0.101:3301: Broken pipe

2017-06-14 16:23:10.993 [19153] main/105/applier/replicator@192.168.0. I> will retry every 1 second
2017-06-14 16:23:10.993 [19153] relay/[::ff£f£:192.168.0.101]:/101/main I> the replica has closed,,
—1its socket, exiting

2017-06-14 16:23:10.993 [19153] relay/[::ffff:192.168.0.101]:/101/main C> exiting the relay loop

. and the master’s status is reported as «disconnecteds:

# report from replica #1
tarantool> box.info.replication
- 1:
id: 1
uuid: 70e8e9dc-e38d-4046-99e5-d25419267229
1lsn: 542
upstream:
peer: replicator@192.168.0.101:3301
lag: 0.00026607513427734
status: disconnected
idle: 182.36929893494
message: connect, called on fd 13, aka 192.168.0.101:58244

id: 2
uuid: fb252ac7-5c34-4459-84d0-54d248b8c87e
lsn: O

id: 3
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uuid: £d7681d8-255f-4237-b8bb-c4fb9d99024d
1lsn: O
downstream:

vclock: {1: 542}

# report from replica #2
tarantool> box.info.replication

- 1:
id: 1
uuid: 70e8e9dc-e38d-4046-99e5-d25419267229
lsn: 542
upstream:
peer: replicator@192.168.0.101:3301
lag: 0.00027203559875488
status: disconnected
idle: 186.76988101006
message: connect, called on fd 13, aka 192.168.0.101:58253

id: 2
uuid: fb252ac7-5c34-4459-84d0-54d248b8c87e
1lsn: O
upstream:
status: follow
idle: 186.76960110664
peer: replicator@192.168.0.102:3301
lag: 0.00020599365234375

id: 3
uuid: £d7681d8-255f-4237-b8bb-c4fb9d990244d
1lsn: O

To declare that one of the replicas must now take over as a new master:
1. Make sure that the old master is gone for good:
e change network routing rules to avoid any more packets being delivered to the master, or
e shut down the master instance, if you have access to the machine, or
e power off the container or the machine.

2. Say box.cfg{read_only=false, listen=URI} on the replica, and box.cfg{replication=URI} on
the other replicas in the set.

ITpumeuanme: If there are updates on the old master that were not propagated before the old master
went down, re-apply them manually to the new master using tarantoolctl cat and tarantoolctl play
commands.

There is no automatic way for a replica to detect that the master is gone forever, since sources of failure and
replication environments vary significantly. So the detection of degraded state requires an external observer.
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4.6.7 Reseeding a replica

If any of a replica’s .xlog/.snap/.run files are corrupted or deleted, you can «re-seed» the replica:

1. Stop the replica and destroy all local database files (the ones with extensions
xlog/.snap/.run/.inprogress).

2. Delete the replica’s record from the following locations:
(a) replication parameter at all running instances in the replica set.
(b) box.space._cluster on the master instance.
See section Removing instances for details.

3. Restart the replica with the same instance file to contact the master again. The replica will then catch
up with the master by retrieving all the master’s tuples.

ITpumeuanme: Remember that this procedure works only if the master’s WAL files are present.

4.6.8 lNpepoTBpauweHne aydonupyrowmnxcs aencTeui
Tarantool guarantees that every update is applied only once at every replica. However, due to asynchronous

nature of the replication, the order of updates is not guaranteed. Further we analyse this problem in more
details, provide examples of replication going out of sync, and suggest solutions.

Replication stops

In a replica set of two masters, suppose master #1 tries to do something that master #2 has already done.
For example, try to simultaneously insert a tuple with the same unique key:

tarantool> box.space.tester:insert{l, 'data'}

This would cause an error saying Duplicate key exists in unique index 'primary' in space
'tester' and the replication would be stopped.

$ # error messages from master #1

2017-06-26 21:17:03.233 [30444] main/104/applier/rep_user@100.96.166.1 I> can't read row
2017-06-26 21:17:03.233 [30444] main/104/applier/rep_user@100.96.166.1 memtx_hash.cc:226 E> ER_
—TUPLE_FOUND:

Duplicate key exists in unique index 'primary' in space 'tester'

2017-06-26 21:17:03.233 [30444] relay/[::ffff:100.96.166.178]/101/main I> the replica has closed
—1ts socket, exiting

2017-06-26 21:17:03.233 [30444] relay/[::£f£f£f£:100.96.166.178]/101/main C> exiting the relay loop

$ # error messages from master #2

2017-06-26 21:17:03.233 [30445] main/104/applier/rep_user@100.96.166.1 I> can't read row
2017-06-26 21:17:03.233 [30445] main/104/applier/rep_user@100.96.166.1 memtx_hash.cc:226 E> ER_
—TUPLE_FOUND:

Duplicate key exists in unique index 'primary' in space 'tester'

2017-06-26 21:17:03.234 [30445] relay/[::ffff:100.96.166.178]/101/main I> the replica has closed
—1ts socket, exiting

2017-06-26 21:17:03.234 [30445] relay/[::ffff:100.96.166.178]/101/main C> exiting the relay loop
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If we check replication statuses with box.info, we’ll see that replication at master #1 is stopped (1.
upstream.status = stopped). Additionally, no data is replicated from that master (section 1.downstream

is missing in the report), because the downstream has encountered the same error:

# replication statuses (report from master #3)
tarantool> box.info

- version: 1.7.4-52-g980d30092

id: 3
ro: false
vclock: {1: 9, 2: 1000000, 3: 3%}
uptime: 557
lsn: 3
vinyl: []
cluster:
uuid: 34d13bla-£851-45bb-8f57-57489d3b3c8b
pid: 30445

status: running
signature: 1000012
replication:
1:
id: 1
uuid: 7ab6dee7-dc0f-4477-af2b-0e63452573cf
Isn: 9
upstream:
peer: replicator@192.168.0.101:3301
lag: 0.00050592422485352
status: stopped
idle: 445.8626639843
message: Duplicate key exists in unique index 'primary' in space 'tester'

id: 2
uuid: 9afbe2d9-db84-4d05-9a7b-e0cbbf861e28
1sn: 1000000
upstream:
status: follow
idle: 201.99915885925
peer: replicator@192.168.0.102:3301
lag: 0.0015020370483398
downstream:
vclock: {1: 8, 2: 1000000, 3: 3}

id: 3
uuid: e826a667-eed7-48d5-a290-64299b159571
lsn: 3

uuid: e826a667-eed7-48d5-a290-64299b159571

When replication is later manually resumed:

# resuming stopped replication (at all masters)
tarantool> original_value = box.cfg.replication
tarantool> box.cfg{replication={}}

tarantool> box.cfg{replication=original_value}

... the faulty row in the write ahead log files is skipped.
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Replication runs out of sync

In a master-master cluster of two instances, suppose we make the following operation:

tarantool> box.space.tester:upsert({1}, {{'=', 2, box.info.uuid}})

When we get this operation applied on both instances in the replica set:

# at master #1
tarantool> box.space.tester:upsert({1}, {{'=', 2, box.info.uuid}})
# at master #2
tarantool> box.space.tester:upsert({1}, {{'=', 2, box.info.uuid}})

. we can have the following results, depending on the order of execution:
e each master’s row contains the uuid from master #1,
e each master’s row contains the uuid from master #2,

e master #1 has the uuid of master #2, and vice versa.

Commutative changes

The cases described in previous paragraphs represent examples of non-commutative operations, i.e.
operations, which result depends on the execution order. On the contrary, for commutative operations,
the execution order doesn’t matter.

Consider for example the following command:

tarantool> box.space.tester:upsert{{1, 0}, {{'+', 2, 1)}

This operation is commutative: we get the same result no matter in which order the update is applied on
the other masters.

4.7 KoHHeKTOpbI

B sroit riase onucanbl API it pa3/imyHbIX SI3bIKOB IIPOrPAMMUPOBAHUS.

4.7.1 lMpoTokon

Tarantool’s binary protocol was designed with a focus on asynchronous I/0O and easy integration with proxies.
Each client request starts with a variable-length binary header, containing request id, request type, instance
id, log sequence number, and so on.

Takrke B 3aroJIoBKe 00513aTEJILHO YKA3BIBACTCS JIJINHA 3aIIPOCca, ITO objierdaer o6paboTky maHubx. OTBer Ha
3aIIpPOC TOCHLJIAETCsI 110 MepPe TOTOBHOCTHU. B 3arojioBKe OTBeTa YKA3BIBAETCS TOT K€ UJIeHTU(MUKATOP U THUI
3aI1poCca, UTO U B M3HAYAJILHOM 3amnpoce. [lo maenTndukaTopy MOXKHO JIEPTKO COOTHECTH 3aIPOC C OTBETOM,
JTayke eCJIM OTBET OBLJI MOJIyYeH HE B MOPSJIKE OTCHLIKU 3aIIPOCOB.

Brasarbest B ToHKOCTH peam3anun Tarantool-mporokosia HyKHO TOJIBKO IPHU pazpaboTKe HOBOTO KOHHEKTOPA
ans Tarantool’a — cM. noanoe onucanue bunaprozo npomoxoaa 6 Tarantool’e B Buae annorupoBaHHbIXx BNF-
muarpamm (Backus-Naur Form). B ocTajbHBIX Cilydasix JJOCTATOUHO B3STh y2Ke CYIIECTBYIOMUHA KOHHEKTOD
JIJIST HYy2KHOT'O BaM sI3bIKA IIPOrPAMMUPOBaHUs. Takne KOHHEKTOPHI MO3BOJISIIOT JIENKO XPAHUTH CTPYKTYPbI
JAHHBIX U3 PA3HBIX sA3LIKOB B popmare Tarantool’a.
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4.7.2 lpumep nakeTa gaHHbIX

The Tarantool APT exists so that a client program can send a request packet to a server instance, and receive
a response. Here is an example of a what the client would send for box.space[513] :insert{'A', 'BB'}.
The BNF description of the components is on the page about Tarantool’s binary protocol.

KomnoxeHT Baiit #0 | baiit #1 | Bait #2 | Baiit #3
KOJI, JIJIsT BCTABKH 02

OCTATOK 3aroJIoBKa . e .

qncso u3 2 mudp: ID npocrpancrsa cd 02 01

KOJI JIJIsT KOpTeXKa 21

qncso u3 1 nudpel: KomdecTBo moseir = 2 | 92

crpoka u3 1 cumBosia: nose(l] al 41

CTPOKa M3 2 CUMBOJIOB: T10J1€[2] a2 42 42

Now, you could send that packet to the Tarantool instance, and interpret the response (the page about
Tarantool’s binary protocol has a description of the packet format for responses as well as requests). But
it would be easier, and less error-prone, if you could invoke a routine that formats the packet according to
typed parameters. Something like response = tarantool_routine("insert 513, "A"B");. And that is
why APIs exist for drivers for Perl, Python, PHP, and so on.

4.7.3 Hactpoiika okpy>eHusi gns npumepoB paboTbl C KOHHEKTOpamMu

This chapter has examples that show how to connect to a Tarantool instance via the Perl, PHP, Python,
node.js, and C connectors. The examples contain hard code that will work if and only if the following
conditions are met:

e tarantool-cepsep 3aiyiien Ha JiokaibHOi Mamuie (localhost = 127.0.0.1), a DpoC/IyIIMBAHUE JIJIs
Hero Hacrpoeno Ha nopry 3301 (box.cfg.listen = '3301'),

e space examples has id = 999 (box.space.examples.id = 999) and has a primary-key index for a
numeric field (box.space[999] .index[0] .parts[1].type = "unsigned"),

® JIjIsI [TOJTb30BATEIS ,,guest’ HACTPOEHbI IPUBUJIETAN HA UYTEHUE W 3AINCH.

It is easy to meet all the conditions by starting the instance and executing this script:

box.cfg{listen=3301}

box.schema.space.create('examples',{id=999})
box.space.examples:create_index('primary', {type = 'hash', parts = {1, 'unsigned'}})
box.schema.user.grant('guest', 'read,write', 'space', 'examples')

_space')

box.schema.user.grant('guest', 'read', 'space’,

4.7.4 Java

Cwm. http://github.com/tarantool/tarantool-java/.

4.7.5 Go

Cwm. https://github.com/mialinx/go-tarantool.
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476 R

Cwum. https://github.com/thekvs/tarantoolr.

4.7.7 Erlang

See Erlang tarantool driver.

4.7.8 Perl

The most commonly used Perl driver is tarantool-perl. It is not supplied as part of the Tarantool repository;
it must be installed separately. The most common way to install it is by cloning from GitHub.

To avoid minor warnings that may appear the first time tarantool-perl is installed, start with installing
some other modules that tarantool-perl uses, with CPAN, the Comprehensive Perl Archive Network:

$ sudo cpan install AnyEvent
$ sudo cpan install Devel::GlobalDestruction

Then, to install tarantool-perl itself, say:

git clone https://github.com/tarantool/tarantool-perl.git tarantool-perl
cd tarantool-perl

git submodule init

git submodule update --recursive

perl Makefile.PL

make

sudo make install

P H H L L B B

Here is a complete Perl program that inserts [99999, 'BB'] into space[999] via the Perl API. Before trying
to run, check that the server instance is listening at localhost:3301 and that the space examples exists,
as described earlier. To run, paste the code into a file named example.pl and say perl example.pl. The
program will connect using an application-specific definition of the space. The program will open a socket
connection with the Tarantool instance at localhost:3301, then send an space_object:INSERT request,
then — if all is well — end without displaying any messages. If Tarantool is not running on localhost with
listen port = 3301, the program will print “Connection refused”.

#!/usr/bin/perl

use DR::Tarantool ':constant', 'tarantool';
use DR::Tarantool ':all';

use DR::Tarantool::MsgPack::SyncClient;

my $tnt = DR::Tarantool::MsgPack::SyncClient->connect(

host => '127.0.0.1", # look for tarantool on localhost
port => 3301, # on port 3301
user => 'guest', # username. for 'guest' we do not also say

— 'password=>..."'

spaces => {
999 => {
name => 'examples',
default_type => 'STR',
fields => [ {
name => 'fieldl', type => 'NUM' } 1],
indexes => {

definition of space[999] ...
space[999] name = 'ezamples'
space[999] field type is 'STR' +f undefined
definition of space[999].fields ...
space[999].field[1] name='fieldl',type="'NUM'

#
#
#
#
#
# definition of space[999] indexzes ...
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0 =>{
name => 'primary', fields => [ 'fieldl' ] } } } } );

$tnt->insert('examples' => [ 99999, 'BB' 1);

The example program uses field type names ,,STR* and ,NUM" instead of ,string” and ,unsigned”, due to a
temporary Perl limitation.

The example program only shows one request and does not show all that’s necessary for good practice. For
that, please see the tarantool-perl repository.

4.7.9 PHP

The most commonly used PHP driver is tarantool-php. It is not supplied as part of the Tarantool repository;
it must be installed separately, for example with git. See installation instructions. in the driver’s README
file.

Here is a complete PHP program that inserts [99999, 'BB'] into a space named examples via the PHP
API. Before trying to run, check that the server instance is listening at localhost:3301 and that the space
examples exists, as described earlier. To run, paste the code into a file named example.php and say php
-d extension="/tarantool-php/modules/tarantool.so example.php. The program will open a socket
connection with the Tarantool instance at localhost:3301, then send an INSERT request, then — if all is
well — print «Insert succeeded». If the tuple already exists, the program will print “Duplicate key exists in

unique index ,primary“ in space ,examples”.

<?php
$tarantool = new Tarantool('localhost', 3301);

try {
$tarantool->insert ('examples', array(99999, 'BB'));
echo "Insert succeeded\n";

} catch (Exception $e) {
echo "Exception: ", $e->getMessage(), "\n";

}

The example program only shows one request and does not show all that’s necessary for good practice. For
that, please see tarantool/tarantool-php project at GitHub.

Besides, you can use an alternative PHP driver from another GitHub project: it includes a client (see
tarantool-php /client) and a mapper for that client (see tarantool-php/mapper).

4.7.10 Python

Jlasiee mpuBOANTCH NPUMED IIOJHOIEHHON IPOrpaMMbl Ha s3blke Python, koropas ocyIiecTBiseT BCTaBKY
koprexka [99999, 'Value', 'Value'] B mpocTpaHCTBO examples € MOMOIIBIO BbICOKOypoBHeBoro Tarantool
API nyis s3pika Python.

#!/usr/bin/python
from tarantool import Connection

¢ = Connection("127.0.0.1", 3301)
result = c.insert("examples", (99999, 'Value', 'Value'))
print result
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To prepare, paste the code into a file named example.py and install the tarantool-python connector
with either pip install tarantool>0.4 to install in /usr (requires root privilege) or pip install
tarantool>0.4 --user to install in ~ i.e. user’s default directory. Before trying to run, check that the
server instance is listening at localhost:3301 and that the space examples exists, as described earlier.
To run the program, say python example.py. The program will connect to the Tarantool server, will send
the INSERT request, and will not throw any exception if all went well. If the tuple already exists, the
program will throw tarantool.error.DatabaseError: (3, "Duplicate key exists in unique index
'primary' in space 'examples'").

The example program only shows one request and does not show all that’s necessary for good practice.
For that, please see tarantool-python project at GitHub. For an example of using Python API with queue
managers for Tarantool, see queue-python project at GitHub.

4.7.11 Node.js

The most commonly used node.js driver is the Node Tarantool driver. It is not supplied as part of the
Tarantool repository; it must be installed separately. The most common way to install it is with npm. For
example, on Ubuntu, the installation could look like this after npm has been installed:

$ npm install tarantool-driver --global

Here is a complete node.js program that inserts [99999, 'BB'] into space[999] via the node.js API. Before
trying to run, check that the server instance is listening at localhost:3301 and that the space examples
exists, as described earlier. To run, paste the code into a file named example.rs and say node example.rs.
The program will connect using an application-specific definition of the space. The program will open a
socket connection with the Tarantool instance at localhost:3301, then send an INSERT request, then — if
all is well — end after saying «Insert succeeded». If Tarantool is not running on localhost with listen port
= 3301, the program will print “Connect failed”. If user ,guest user does not have authorization to connect,
the program will print «Auth failed». If the insert request fails for any reason, for example because the tuple
already exists, the program will print «Insert faileds.

var TarantoolConnection = require('tarantool-driver');
var conn = new TarantoolConnection({port: 3301});
var insertTuple = [99999, "BB"];
conn.connect () .then(function() {
conn.auth("guest", "").then(function() {
conn.insert (999, insertTuple).then(function() {
console.log("Insert succeeded");
process.exit(0);
}, function(e) { console.log("Insert failed"); process.exit(1); });
}, function(e) { console.log("Auth failed"); process.exit(1); });
}, function(e) { console.log("Connect failed"); process.exit(1); });

The example program only shows one request and does not show all that’s necessary for good practice. For
that, please see The node.js driver repository.

4.7.12 C#

The most commonly used C# driver is progaudi.tarantool, previously named tarantool-csharp. It is not
supplied as part of the Tarantool repository; it must be installed separately. The makers recommend cross-
platform installation using Nuget.

To be consistent with the other instructions in this chapter, here is a way to install the driver directly on
Ubuntu 16.04.
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1. Install .net core from Microsoft. Follow .net core installation instructions.

IIpumeuanue:
e Mono will not work, nor will .Net from xbuild. Only .net core supported on Linux and Mac.

e Read the Microsoft End User License Agreement first, because it is not an ordinary open-source
agreement and there will be a message during installation saying «This software may collect information
about you and your use of the software, and send that to Microsoft.» Still you can set environment
variables to opt out from telemetry.

2. Create a new console project.

$ ca~

$ mkdir progaudi.tarantool.test
$ cd progaudi.tarantool.test

$ dotnet new console

3. Add progaudi.tarantool reference.

$ dotnet add package progaudi.tarantool

4. Change code in Program.cs.

$ cat <<EOT > Program.cs

using System;

using System.Threading.Tasks;
using ProGaudi.Tarantool.Client;

public class HelloWorld
{
static public void Main ()
{
Test () .GetAwaiter () .GetResult();
}
static async Task Test()
{
var box = await Box.Connect("127.0.0.1:3301");
var schema = box.GetSchema();
var space = await schema.GetSpace("examples");
await space.Insert((99999, "BB"));
}
}
EOT

5. Build and run your application.

Before trying to run, check that the server is listening at localhost:3301 and that the space examples
exists, as described earlier.

$ dotnet restore
$ dotnet run

The program will:
e connect using an application-specific definition of the space,

e open a socket connection with the Tarantool server at localhost:3301,
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e send an INSERT request, and — if all is well — end without saying anything.

If Tarantool is not running on localhost with listen port = 3301, or if user ,guest* does not have
authorization to connect, or if the INSERT request fails for any reason, the program will print an error
message, among other things (stacktrace, etc).

The example program only shows one request and does not show all that’s necessary for good practice. For
that, please see the progaudi.tarantool driver repository.

4.7.13 C

B srom paszmene gaHb gBa npuMepa ucno ib3oBanus BhicokoyposHeBoro API gyia Tarantool’a u sizbika C.

Mpumep 1

JlaJjiee TpUBOAUTCS IPUMED TIOJTHOIIEHHON ITpOrpaMMbl Ha si3bike C, KOTOpasi OCYIIECTB/ISIET BCTABKY KOPTEXKa
[99999, 'B'] B mpocTpaHCTBO examples ¢ MOMOINBIO BEICOKOYpoBHEBOro Tarantool API nyis s3bika C.

#include <stdio.h>
#include <stdlib.h>

#include <tarantool/tarantool.h>
#include <tarantool/tnt_net.h>

#include <tarantool/tnt_opt.h>

void main() {

struct tnt_stream *tnt = tnt_net (NULL); /* Cm. wuwxe = HACTPOUKA */
tnt_set (tnt, TNT_OPT_URI, "localhost:3301");
if (tnt_connect(tnt) < 0) { /* Cm. Humxe = COEJUHEHHE */
printf ("Connection refused\n");
exit(-1);
}
struct tnt_stream *tuple = tnt_object(NULL); /% Cm. wnuxe = CO3BJAHHE BAIIPOCA */
tnt_object_format (tuple, "[%d/s]", 99999, "B");
tnt_insert(tnt, 999, tuple); /* CMm. Huxe = OTIPABKA BAIIPOCA */

tnt_flush(tnt);
struct tnt_reply reply; tnt_reply_init(&reply); /* Cm. nume = IIOJVYEHUE OTBETA */
tnt->read_reply(tnt, &reply);
if (reply.code != 0) {
printf("Insert failed %lu.\n", reply.code);
}
tnt_close(tnt); /* Cm. Huxe = SABEPIEHUE */
tnt_stream_free(tuple);
tnt_stream_free(tnt);

CronumpyiiTe NCXOIHBIN KOJT IIPOrPAMMBbI B (Dailil ¢ mMeHeM example . ¢ U yCTAaHOBUTE KOHHEKTOD tarantool-c.
Bot opun u3 croco6os ycranoBku tarantool-c (mox Ubuntu):

$ git clone git://github.com/tarantool/tarantool-c.git ~/tarantool-c
$ cd ~/tarantool-c

$ git submodule init

$ git submodule update

$ cmake .

$ make

$ make install
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YT00BI CKOMIMINPOBATH U CJIMHKOBATH TECTOBYIO IIPOIPAMMY, BBIIIOJHUTE CJIEIYIONLYI0 KOMAHILY:

$ # unozda smo Heobzodumo:
$ export LD_LIBRARY_PATH=/usr/local/lib
$ gcc -o example example.c -ltarantool

Before trying to run, check that a server instance is listening at localhost:3301 and that the space examples
exists, as described earlier. To run the program, say ./example. The program will connect to the Tarantool
instance, and will send the request. If Tarantool is not running on localhost with listen address = 3301, the
program will print “Connection refused”. If the insert fails, the program will print «Insert failed> and an
error number (see all error codes in the source file /src/box/errcode.h).

Hasee ciaemyroT mpuMedYaHWs, HA KOTOPbIE MBI CCHLIAJIUCH B KOMMEHTAPUSAX K HCXOJHOMY KOJy TECTOBOM
IIPOI'PAMMBI.

HACTPOWMKA: Hacrpoiika HAYMHAECTCS C CO3[AHMs IOTOKA (tnt_stream).

struct tnt_stream *tnt = tnt_net (NULL);
tnt_set (tnt, TNT_OPT_URI, "localhost:3301");

In this program, the stream will be named tnt. Before connecting on the tnt stream, some options may have
to be set. The most important option is TNT OPT URI. In this program, the URI is localhost:3301,
since that is where the Tarantool instance is supposed to be listening.

Ornucanne GyHKIMM:

struct tnt_stream *tnt_net(struct tnt_stream *s)
int tnt_set(struct tnt_stream *s, int option, variant option-value)

CONNECT: Now that the stream named tnt exists and is associated with a URI, this example program
can connect to a server instance.

if (tnt_connect(tnt) < 0)
{ printf ("Connection refused\n"); exit(-1); }

Ornucanne dyHKIMM:

int tnt_connect(struct tnt_stream \*s)

The connection might fail for a variety of reasons, such as: the server is not running, or the URI contains an
invalid password. If the connection fails, the return value will be -1.

CO3JAHUE 3AIIPOCA: B GosbImHCTBE 3a1pOCOB TPEOyeTCs MepelaBaTh CTPYKTYPUPOBAHHbBIE JTaH-
HbIE, HAIIPUMED COJEPIKUMOE KOPTEKA.

struct tnt_stream *tuple = tnt_object(NULL);
tnt_object_format (tuple, "[%d%s]", 99999, "B");

In this program, the request will be an INSERT, and the tuple contents will be an integer and a string.
This is a simple serial set of values, that is, there are no sub-structures or arrays. Therefore it is easy in this
case to format what will be passed using the same sort of arguments that one would use with a C printf ()
function: %d for the integer, %s for the string, then the integer value, then a pointer to the string value.

Onucanne byHKIMN:

ssize_t tnt_object_format(struct tnt_stream \*s, const char \*fmt, ...)

OTITPABKA 3AITPOCA: OrmnpaBka 3ampocoB Ha M3MEHEHUE JAHHBIX B 0a3e /1e/1aeTCsT AHAJIOTTIHO TOMY,
KaK 3T0 Jzenaercd B Tarantool-6ubianoreke box.
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tnt_insert(tnt, 999, tuple);
tnt_flush(tnt);

B nannoit nporpamme Mot menaem INSERT-3anpoc. B sTom 3ampoce mbl mepeiaem moTok tnt, KOTOpbIi panee
WCTIOJIB30BAJIH JIJIsl YCTAHOBKY COEJIMHEHWsI, U TOTOK tuple, KOTOPBIN TaKyKe paHee HACTPOWJIN C TOMOIIBHIO
dbyuknuu tnt_object_format ().

Ornucanne dyHKImn:

ssize_t tnt_insert(struct tnt_stream \*s, uint32_t space, struct tnt_stream \*tuple)
ssize_t tnt_replace(struct tnt_stream \*s, uint32_t space, struct tnt_stream \*tuple)
ssize_t tnt_select(struct tnt_stream \*s, uint32_t space, uint32_t index,

uint32_t limit, uint32_t offset, uint8_t iterator,

struct tnt_stream \*xkey)
ssize_t tnt_update(struct tnt_stream \*s, uint32_t space, uint32_t index,

struct tnt_stream \*key, struct tnt_stream \*ops)

ITOJIYUHEHUE OTBETA: Ha 6oJibIMHCTBO 3aIIPOCOB KJIUEHT II0JIy9IaeT OTBET, KOTOPBII COIEPKUT UH-
dopmarmio o ToM, ObLI JIN JAHHBIN 3aIPOC YCIEITHO BBIMIOJHEH, & TAKXKe COIEPKUT HADOP KOPTexKeil.

struct tnt_reply reply; tnt_reply_init(&reply);
tnt->read_reply(tnt, &reply);
if (reply.code != 0)

{ printf("Insert failed %lu.\n", reply.code); }

Jlannast mporpamMMa IIpOBepsieT, ObLI JIM 3aIPOC BBIMOJHEH YCIIEITHO, HO HUKAK HE WHTEPIPETUPYET OCTAB-
NIYIOCS 9aCTh OTBETA.

Ornucanne dyHKIMM:

struct tnt_reply \*tnt_reply_init(struct tnt_reply \*r)
tnt->read_reply(struct tnt_stream \*s, struct tnt_reply \*r)
void tnt_reply_free(struct tnt_reply \*r)

3ABEPIIEHMUE: [lo okoHuyannm cecCHU HaM HY?KHO 3aKPBITh COEIMHEHNE, CO3JAHHOE C TTIOMOIIBIO (DYHK-
nuu tnt_connect (), u yIaJauTh OObEKTHI, CO3/IAHHBIE HA dTAIle HACTPOIKH.

tnt_close(tnt);
tnt_stream_free(tuple);
tnt_stream_free(tnt);

Ornucanne dyHKIMM:

void tnt_close(struct tnt_stream \*s)
void tnt_stream_free(struct tnt_stream \*s)

Mpumep 2

Jlajiee pUBOIUTCS €Ille OJWH [PUMEDP IMOJIHOIEHHOM mporpamMMbl Ha s3bike C, KOTOpasi OCYIIECTBJISIET BbI-
60opKy 1o mHAEKC-KaoIy [99999] m3 mpocTpaHCcTBa examples ¢ IOMOIIBIO BBICOKOypOBHEBOro Tarantool
API g a3eika C. [ljist BBIBOA PE3yJIBTATOB B ITOI IporpaMMe UCIOJIb3YIOTCs QyHKIUA U3 OGHOIHOTeKN
MsgPuck. 9Tu pyHKIME HY>KHBI JIJIs JEKOIMPOBaHUs MacCUBOB 3HadeHnii B ¢popmare MessagePack.

#include <stdio.h>
#include <stdlib.h>
#include <tarantool/tarantool.h>
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#1include <tarantool/tnt_net.h>
#2nclude <tarantool/tnt_opt.h>

#define MP_SOURCE 1
#ainclude <msgpuck.h>

void main() {
struct tnt_stream *tnt = tnt_net(NULL);
tnt_set (tnt, TNT_OPT_URI, "localhost:3301");
if (tnt_connect(tnt) < 0) {
printf ("Connection refused\n");
exit(1);
}
struct tnt_stream *tuple = tnt_object(NULL);
tnt_object_format (tuple, "[/dl", 99999); /* kopmex tuple = kaww das noucka */
tnt_select(tnt, 999, 0, (2°32) - 1, 0, 0, tuple);
tnt_flush(tnt);
struct tnt_reply reply; tnt_reply_init(&reply);
tnt->read_reply(tnt, &reply);
if (reply.code !'= 0) {
printf("Select failed.\n");
exit(1);
}
char field_type;
field_type = mp_typeof (¥reply.data);
if (field_type !'= MP_ARRAY) {
printf("no tuple array\n");
exit(1);
}
long unsigned int row_count;
uint32_t tuple_count = mp_decode_array(&reply.data);
printf ("tuple count=ju\n", tuple_count);
unsigned int i, j;
for (i = 0; i < tuple_count; ++i) {
field_type = mp_typeof (*reply.data);
if (field_type != MP_ARRAY) {
printf("no field array\n");
exit(1);
}
uint32_t field_count = mp_decode_array(&reply.data);
printf(" field count=ju\n", field_count);
for (j = 0; j < field_count; ++j) {
field_type = mp_typeof (¥reply.data);
if (field_type == MP_UINT) {
uint64_t num_value = mp_decode_uint (&reply.data);
printf (" value=%1lu.\n", num_value);
} else if (field_type == MP_STR) {
const char *str_value;
uint32_t str_value_length;
str_value = mp_decode_str(&reply.data, &str_value_length);

printf (" value=7,.*s.\n", str_value_length, str_value);
} else {

printf ("wrong field type\n");

exit(1);

}
tnt_close(tnt);
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tnt_stream_free(tuple);
tnt_stream_free(tnt);

AHAJOTUYIHO TIEpBOMY IIPUMEDY, COXPAHUTE UCXOJHBIN KO IIPOrpaMMbl B (aiisie ¢ mMeneM example?2. c.

Yrobbl CKOMIIMJIUPOBATH U CJIMHKOBATb TE€CTOBYIO IIDOIPDaMMYy, BBIIIOJHUTE CJICAYIONIYIO KOMaH/IY:

$ gcc -o example2 example2.c -ltarantool

st 3amycka IIporpaMMbl BBIIOJTHUTE KOMAaHLY ./example?2.

B srux aByx mporpaMmax MBI IPHBEIN MPUMEP HCIOJIb30BAHUS JIAIIb JABYX 3ampocoB. it OJHOIEHHON

paborsl ¢ Tarantool’om ¢ momorisio C API, noxkasyiicra, o6parurecsh K JOKyMEHTAIMH U3 [TPOCKTA tarantool-¢
Ha GitHub.

4.7.14 VIntepnpeTauns Bo3BpallaeMblX 3HAYEHUN

IIpu pabore ¢ s0bbiM Tarantool-koHHEKTOPOM (byHKINMH, BRI3BaHHBIE ¢ TOMOIIbI0 Tarantool’a, Bo3BpamamoT
suadenust B popmare MsgPack. Eciu dyukuus 6puta Berzsana depe3 API konunekTopa, To dhopMaT Bo3Bpa-
[IaEeMbIX 3HAYECHUH OYIeT CIIeYIONMM: CKaJIsIPHbIE 3HAYCHUS BO3BPAIIAIOTCS B BUJIE KOpTexKeil (cHavYaa uier
unentudukarop tuna u3 dopmara MsgPack, a 3aTem maer 3HaueHue); Bee poune (HE CKAJISPHBIE) 3HATE-
HUsI BO3BPAIIAIOTCS B BUJIE TPYIIT Koprexkeit (cHauana uuer uaeHTudukarop Maccusa B popmare MsgPack,
a 3aTeM WIyT cKassipHble 3HadeHus ). Ho ecan dyHKnus Obuia BBI3BaHA B pAMKax OMHAPHOIO IIPOTOKOJIA (¢
HOMOIILI0 KOMaH bl eval), a He uepe3 API konnekTopa, T0 m0J06HbIX U3MeHeH hopMaTa BOZBPANIAEMbIX
3HAYEHUII HE TPOUCXOIUT.

In the following example, a Lua function will be created. Since it will be accessed externally by a ,,guest” user,
a grant of an execute privilege will be necessary. The function returns an empty array, a scalar string, two
booleans, and a short integer. The values are the ones described in the table Common Types and MsgPack
Encodings.

tarantool> box.cfg{listen=3301}
2016-03-03 18:45:52.802 [27381] main/101/interactive I> ready to accept requests

tarantool> function f() return {},'a',false,true,127; end

tarantool> box.schema.func.create('f')

tarantool> box.schema.user.grant('guest','execute', 'function','f"')

Hamnee uner npumep nporpammbl Ha C, w3 KOTOPBI MbI Bbi3biBaeM 3Ty Lua-dynkiuio. XoTs B npumepe
ucnosb30BaH Koj, Ha C, pe3ysbrar 6yJ1eT 0JIMHAKOBBIM, Ha KAKOM Obl si3bIKe HU ObLIa HAIMCAHA BHI3bIBAEMAsT
nporpamma: Perl, PHP, Python, Go i Java.

#1include <stdio.h>

#ainclude <stdlib.h>

#include <tarantool/tarantool.h>
#include <tarantool/tnt_net.h>
#include <tarantool/tnt_opt.h>
void main() {

132 Fnasa 4. PykoBoacteo nonb3osBartens



http://github.com/tarantool/tarantool-c
http://github.com/tarantool/tarantool-c

Tarantool, Beinyck 1.10.0

struct tnt_stream *tnt = tnt_net (NULL); /* SETUP */
tnt_set (tnt, TNT_OPT_URI, "localhost:3301");
if (tnt_connect(tnt) < 0) { /% CONNECT */
printf ("Connection refused\n");
exit(-1);
}
struct tnt_stream *arg; arg = tnt_object(NULL); /* MAKE REQUEST %/

tnt_object_add_array(arg, 0);
struct tnt_request *reql = tnt_request_call(NULL); /* CALL function f() */
tnt_request_set_funcz(reql, "f");
uint64_t syncl = tnt_request_compile(tnt, reql);
tnt_flush(tnt); /% SEND REQUEST %/
struct tnt_reply reply; tnt_reply_init(&reply); /* GET REPLY */
tnt->read_reply(tnt, &reply);
if (reply.code != 0) {
printf("Call failed %lu.\n", reply.code);
exit(-1);
}
const unsigned char *p= (unsigned char*)reply.data; /* PRINT REPLY */
while (p < (unsigned char *) reply.data_end)
{
printf("%x ", *p);
+4+p;
}
printf("\n");
tnt_close(tnt); /% TEARDOWN */
tnt_stream_free(arg);
tnt_stream_free(tnt);

Ilo 3aBepiennu nporpaMmMa BBIBEIET HA SKPAH CJIEAYIONINE 3HATCHUS:

dd 0 0 0590 91 a1 61 91 c2 91 c3 91 7f

[Tepsorie maTnh 6air —dd 0 0 0 5 — 310 pparment manHubIX B hopmarte MsgPack, ozmnagarommit «32-6uTHBbIiIT
3aroJIOBOK MaccuBa o 3HaueHmeM b» (eMm. crermduxanmio wva dopmar MsgPack)., OcranbHble 3HAUeHUS
ommcanbl B Tabsiuiie Cmandapmmvie munv 6 MsgPack-xoduposxke.

4.8 Bonpocbl n oTBeTbl

Q Yewm ocoben Tarantool?

A Tarantool is the latest generation of a family of in-memory data servers developed for
web applications. It is the result of practical experience and trials within Mail.Ru since
development began in 2008.

Q Why Lua?

A Lua is a lightweight, fast, extensible multi-paradigm language. Lua also happens to be very
easy to embed. Lua coroutines relate very closely to Tarantool fibers, and Lua architecture
works well with Tarantool internals. Lua acts well as a stored program language for
Tarantool, although connecting with other languages is also easy.

Q What’s the key advantage of Tarantool?
A
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Tarantool provides a rich database feature set (HASH, TREE, RTREE, BITSET indexes,
secondary indexes, composite indexes, transactions, triggers, asynchronous replication) in a
flexible environment of a Lua interpreter.

These two properties make it possible to be a fast, atomic and reliable in-memory data
server which handles non-trivial application-specific logic. The advantage over traditional
SQL servers is in performance: low-overhead, lock-free architecture means Tarantool can
serve an order of magnitude more requests per second, on comparable hardware. The
advantage over NoSQL alternatives is in flexibility: Lua allows flexible processing of data
stored in a compact, denormalized format.

Q Who is developing Tarantool?

A There is an engineering team employed by Mail.Ru — check out our commit logs on
github.com /tarantool. The development is fully open. Most of the connectors authors, and
the maintainers for different distributions, come from the wider community.

Q Are there problems associated with being an in-memory server?

A The principal storage engine (memtx) is designed for RAM plus persistent storage. It
is immune to data loss because there is a write-ahead log. Its memory-allocation and
compression techniques ensure there is no waste. And if Tarantool runs out of memory,
then it will stop accepting updates until more memory is available, but will continue to
handle read and delete requests without difficulty. However, for databases which are much
larger than the available RAM space, Tarantool has a second storage engine (vinyl) which
is only limited by the available disk space.

Q Can I store (large) BLOBs in Tarantool?

A Starting with Tarantool 1.7, there is no «hard» limit for the maximal tuple size. Tarantool,
however, is designed for high-velocity workload with a lot of small chunks. For example,
when you change an existing tuple, Tarantool creates a new version of the tuple in memory.
Thus, an optimal tuple size is within kilobytes.

Q I delete data from vinyl, but disk usage stays the same. What gives?

A Data you write to vinyl is persisted in append-only run files. These files are immutable, and
to perform a delete, a deletion marker (tombstone) is written to a newer run file instead. On
compaction, new and old run files are merged, and a new run file is produced. Independently,
the checkpoint manager keeps track of all run files involved in a checkpoint, and deletes
obsolete files once they are no longer needed.
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5.1 Built-in modules reference

This reference covers Tarantool’s built-in Lua modules.

ITpumeuanue: Some functions in these modules are analogs to functions from standard Lua libraries. For
better results, we recommend using functions from Tarantool’s built-in modules.

5.1.1 Moaynb box

As well as executing Lua chunks or defining their own functions, you can exploit Tarantool’s storage
functionality with the box module and its submodules.

The contents of the box module can be inspected at runtime with box, with no arguments. The box module
contains:

Submodule box.cfg

The box.cfg submodule is for administrators to specify all the server configuration parameters.

Say box.cfg without braces to view the current configuration, for example:

tarantool> box.cfg

- checkpoint_count: 2
too_long_threshold: 0.5
slab_alloc_factor: 1.1
memtx_max_tuple_size: 1048576
background: false
<.
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To set the parameters, say box.cfg{.. .}, for example:

tarantool> box.cfg{listen = 3301}

If you say box.cfg{} with no parameters, Tarantool applies default settings:

tarantool> box.cfg{}

tarantool> box.cfg

- listen = nil
memtx_memory = 266 * 1024 x1024
memtx_min_tuple_size = 16
memtx_max_tuple_size = 1024 * 1024
slab_alloc_factor = 1.05
work_dir = nil
memtx_dir ="
wal_dir ="

vinyl_dir = '
vinyl_memory = 128 * 1024 * 1024

vinyl_cache = 128 * 1024 * 1024
vinyl_max_tuple_size = 1024 * 1024
vinyl_read_threads =1
vinyl_write_threads = 2

vinyl_timeout = 60
vinyl_run_count_per_level = 2
vinyl_run_size_ratio = 3.5
vinyl_range_size = 1024 * 1024 * 1024
vinyl_page_size =8 * 1024
vinyl_bloom_fpr = 0.05

log = nil

log_nonblock = true

log_level =5

log_format = "plain"
io_collect_interval = nil

readahead = 16320
snap_io_rate_limit = nil
too_long_threshold = 0.5

wal_mode = "write"
rows_per_wal = 500000

wal_max_size 256 * 1024 * 1024
wal_dir_rescan_delay = 2

force_recovery = false
replication = nil
custom_proc_title = nil
pid_file = nil
background = false
username = nil
coredump = false
read_only = false
hot_standby = false
checkpoint_interval = 3600
checkpoint_count =2
worker_pool_threads = 4

1

replication_timeout

The first call to box.cfg{...} (with or without parameters) initiates Tarantool’s database module boz. To
perform any database operations, you must call box.cfg{...} first.
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box.cfg{...} is also the command that reloads persistent data files into RAM upon restart once we have
data.

Submodule box.ctl
The box.ctl submodule contains two functions: wait_ro (wait until read-only) and wait_rw (wait until
read-write). The functions are useful during initialization of a server.

A particular use is for box_once(). For example, when a replica is initializing, it may call a box.once()
function while the server is still in read-only mode, and fail to make changes that are necessary only once
before the replica is fully initialized. This could cause conflicts between a master and a replica if the master
is in read-write mode and the replica is in read-only mode. Waiting until «read only mode = false» solves
this problem.

To see whether a function is already in read-only or read-write mode, check box.info.ro.

box.ctl.wait_ro( [timeout ] )
Wait until box.info.ro is true.

ITapameTrpsl
e timeout (number) — maximum number of seconds to wait
Return nil, or error (errors may be due to timeout or fiber cancellation)

Example:

tarantool> box.info() .ro

- false

tarantool> n = box.ctl.wait_ro(0.1)

- error: timed out

box.ctl.wait_rw( [timeout ] )
Wait until box.info.ro is false.

ITapameTrpsbl
e timeout (number) — maximum number of seconds to wait
Return nil, or error (errors may be due to timeout or fiber cancellation)

Example:

tarantool> box.ctl.wait_rw(0.1)

BnoxeHHbiii mogynb box.index

Obwwme ceegeHus

The box.index submodule provides read-only access for index definitions and index keys. Indexes are
contained in box . space. space-name . index array within each space object. They provide an API for ordered
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iteration over tuples. This API is a direct binding to corresponding methods of index objects of type box.

index in the storage engine.

Nupekc

Below is a list of all box.index functions and members.

Name

Use

index_ object.unique

Flag, true if an index is unique

index_ object.type

Tun nnnekca

index_ object.parts

Array of index key fields

index_ object:pairs()

Prepare for iterating

index_ object:select()

Select one or more tuples via index

index_ object:get()

Select a tuple via index

index_ object:min()

Find the minimum value in index

index_ object:mazx()

Find the maximum value in index

index_ object:random()

Find a random value in index

index_ object:count()

Count tuples matching key value

index_ object:update()

Update a tuple

index_object:delete()

Delete a tuple by key

index_ object:alter()

Alter an index

index_ object:drop()

Drop an index

index_ object:rename()

Rename an index

index_object:bsize()

Get count of bytes for an index

object index_object

index_object.unique

True if the index is unique, false if the index is not unique.

Rtype boolean

index_object.type

Index type, ,,TREE“ or ,HASH* or ,BITSET* or ,RTREE".

index_object.parts
An array describing the index fields. To learn more about the index field types, refer to this table.

Rtype table

Example:

tarantool> box.space.tester.index.primary

- unique: true

parts:

- type: unsigned
is_nullable: false
fieldno: 1

id: O

space_id: 513

name: primary

type: TREE
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index_object:pairs( [key[, itemtor—type] ])
Search for a tuple or a set of tuples via the given index, and allow iterating over one tuple at a
time.

The key parameter specifies what must match within the index.

ITpumeuanue: key is only used to find the first match. Do not assume all matched tuples will
contain the key.

The <terator parameter specifies the rule for matching and ordering. Different index types
support different iterators. For example, a TREE index maintains a strict order of keys and can
return all tuples in ascending or descending order, starting from the specified key. Other index
types, however, do not support ordering.

To understand consistency of tuples returned by an iterator, it’s essential to know the principles
of the Tarantool transaction processing subsystem. An iterator in Tarantool does not own a
consistent read view. Instead, each procedure is granted exclusive access to all tuples and spaces
until there is a «context switch»: which may happen due to the implicit yield rules, or by an
explicit call to fiber.yield. When the execution flow returns to the yielded procedure, the data set
could have changed significantly. Iteration, resumed after a yield point, does not preserve the read
view, but continues with the new content of the database. The tutorial Indexed pattern search
shows one way that iterators and yields can be used together.

ITapameTrpsi
e index_object (indez_object) — an object reference.

e key (scalar/table) — value to be matched against the index key, which may be
multi-part

e iterator — as defined in tables below. The default iterator type is ,EQ
Return iterator which can be used in a for/end loop or with totable()
Possible errors:
e 10 such space; wrong type;
e selected iteration type is not supported for the index type;
e key is not supported for the iteration type.
Complexity factors: Index size, Index type; Number of tuples accessed.

A search-key-value can be a number (for example 1234), a string (for example 'abcd'), or a table
of numbers and strings (for example {1234, 'abcd'}). Each part of a key will be compared to
each part of an index key.

Iterator types for TREE indexes
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Type Argumellsscription
box.index.E(¥earch| The comparison operator is ,—=* (equal to). If an index key is equal to a
or ,EQ* value | search value, it matches. Tuples are returned in ascending order by index

key. This is the default.

box.index.REf@archl Matching is the same as for box.index.EQ. Tuples are returned in
or ,REQ“ | value | descending order by index key.
box.index.(JTsearch| The comparison operator is ,>“ (greater than). If an index key is greater

or ,GT“ value | than a search value, it matches. Tuples are returned in ascending order by
index key.

box.index.(JKsearch| The comparison operator is ,,>=" (greater than or equal to). If an index

or ,,GE* value | key is greater than or equal to a search value, it matches. Tuples are

returned in ascending order by index key.
box.index.Aldearch| Same as box.index.GE.

or ,ALL* | value
box.index.[Tsearch| The comparison operator is ,,<“ (less than). If an index key is less than a

or LT value | search value, it matches. Tuples are returned in descending order by index
key.

box.index.[jEsearch| The comparison operator is ,,<=" (less than or equal to). If an index key

or ,LE* value | is less than or equal to a search value, it matches. Tuples are returned in

descending order by index key.

Informally, we can state that searches with TREE indexes are generally what users will find is
intuitive, provided that there are no nils and no missing parts. Formally, the logic is as follows. A
search key has zero or more parts, for example {}, {1,2,3},{1,nil,;3}. An index key has one or more
parts, for example {1}, {1,2,3},{1,2,3}. A search key may contain nil (but not msgpack.NULL,
which is the wrong type). An index key may not contain nil or msgpack.NULL, although a later
version of Tarantool will have different rules — the behavior of searches with nil is subject to
change. Possible iterators are LT, LE, EQ, REQ, GE, GT. A search key is said to «match» an
index key if the following statements, which are pseudocode for the comparison operation, return
TRUE.

If (number-of-search-key-parts > number-of-index-key-parts) return ERROR
If (number-of-search-key-parts == 0) return TRUE
for (i = 1; ; ++1i)
{
if (i > number-of-search-key-parts) OR (search-key-part[i] is nil)
{
if (iterator is LT or GT) return FALSE
return TRUE
}
if (type of search-key-part[i] is not compatible with type of index-key-part[i])
{
return ERROR

}
if (search-key-part[i] == index-key-part[i])
{
if (iterator is LT or GT) return FALSE
continue
}
if (search-key-part[i] > index-key-part[i])
{

if (iterator is EQ or REQ or LE or LT) return FALSE
return TRUE

}

if (search-key-part[i] < index-key-part[i])
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{
if (iterator is EQ or REQ or GE or GT) return FALSE
return TRUE
}
}

Iterator types for HASH indexes

Type| ArgumBresription
box.indenAIAll index keys match. Tuples are returned in ascending order by hash of index
key, which will appear to be random.

box.indearBli'he comparison operator is ,==* (equal to). If an index key is equal to a search
or valug value, it matches. The number of returned tuples will be 0 or 1. This is the default.
77EQ“

box.indear@iThe comparison operator is ,>“ (greater than). If a hash of an index key is greater
or valug than a hash of a search value, it matches. Tuples are returned in ascending order
SGTH by hash of index key, which will appear to be random. Provided that the space is

not being updated, one can retrieve all the tuples in a space, N tuples at a time,
by using {iterator="GT*, limit=N} in each search, and using the last returned
value from the previous result as the start search value for the next search.

Iterator types for BITSET indexes

Type ArgumenBescription

box.index.ALL none | All index keys match. Tuples are returned in their order within
or ,ALL* the space.

box.index.EQ or | bitset | If an index key is equal to a bitset value, it matches. Tuples are
LEQ value | returned in their order within the space. This is the default.

box.index.BITS AIHits&E[l'If all of the bits which are 1 in the bitset value are 1 in the index
value | key, it matches. Tuples are returned in their order within the space.
box.index.BITS AMN¥se$SETIf any of the bits which are 1 in the bitset value are 1 in the index
value | key, it matches. Tuples are returned in their order within the space.
box.index.BITS ATHits®QTIf SIE'Df the bits which are 1 in the bitset value are 0 in the index
value | key, it matches. Tuples are returned in their order within the space.

Iterator types for RTREE indexes
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Type ArgumBressription
box.index.Alifione| All keys match. Tuples are returned in their order within the space.
or ,ALL
box.index.FjQseardhIf all points of the rectangle-or-box defined by the search value are the
or EQ valug same as the rectangle-or-box defined by the index key, it matches. Tuples
are returned in their order within the space. «Rectangle-or-box» means
«rectangle-or-box as explained in section about RTREFE». This is the
default.
box.index.GT3eardhIf all points of the rectangle-or-box defined by the search value are within
or ,GT* valu¢ the rectangle-or-box defined by the index key, it matches. Tuples are
returned in their order within the space.
box.index.GEseardhIf all points of the rectangle-or-box defined by the search value are within,
or ,GE* valug or at the side of, the rectangle-or-box defined by the index key, it matches.
Tuples are returned in their order within the space.
box.index.IiI'seardhIf all points of the rectangle-or-box defined by the index key are within the
or LT value rectangle-or-box defined by the search key, it matches. Tuples are returned
in their order within the space.
box.index.IiEseardhIf all points of the rectangle-or-box defined by the index key are within, or
or ,LE* valug at the side of, the rectangle-or-box defined by the search key, it matches.
Tuples are returned in their order within the space.
box.index. QVEERHBNP Some points of the rectangle-or-box defined by the search value are
or valugswithin the rectangle-or-box defined by the index key, it matches. Tuples
LOVERLARS* are returned in their order within the space.
box.index. NEéaHBIDBome points of the rectangle-or-box defined by the defined by the key are
or valug within, or at the side of, defined by the index key, it matches. Tuples are
,NEIGHBOR* returned in order: nearest neighbor first.
First example of index pairs():
Default ,,TREE®“ Index and pairs() function:
tarantool> s = box.schema.space.create('spacel7')
tarantool> s:create_index('primary', {
> parts = {1, 'string', 2, 'string'}
> 1
tarantool> s:insert{'C', 'C'}
_ [ 1 C 1 s 1 C ' ]
tarantool> s:insert{'B', 'A'}
— [ 1 B 1 , 1 A ' ]
tarantool> s:insert{'C', '!'}
_ ['C' s LN | |]
tarantool> s:insert{'A', 'C'}
_ [ 1 A‘ s 1 C ' ]
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tarantool> function example()

> for _, tuple in

> s.index.primary:pairs(nil, {

> iterator = box.index.ALL}) do
> print (tuple)

> end

> end

tarantool> example()

[IAI, |C|]
[IBI’ 'A']
[ICI’ |!|]

(e, 'c'l

tarantool> s:drop()

Second example of index pairs():

This Lua code finds all the tuples whose primary key values begin with ,XY*. The assumptions
include that there is a one-part primary-key TREE index on the first field, which must be a string.
The iterator loop ensures that the search will return tuples where the first value is greater than
or equal to ,XY*“. The conditional statement within the loop ensures that the looping will stop
when the first two letters are not ,XY*.

for _, tuple in

box.space.t.index.primary:pairs("XY",{iterator = "GE"}) do
if (string.sub(tuple([1], 1, 2) “= "XY") then break end
print (tuple)

end

Third example of index pairs():

This Lua code finds all the tuples whose primary key values are greater than or equal to 1000,
and less than or equal to 1999 (this type of request is sometimes called a «range search» or a
«between search»). The assumptions include that there is a one-part primary-key TREE index
on the first field, which must be a number. The iterator loop ensures that the search will return
tuples where the first value is greater than or equal to 1000. The conditional statement within
the loop ensures that the looping will stop when the first value is greater than 1999.

for _, tuple in
box.space.t2.index.primary:pairs(1000,{iterator = "GE"}) do
if (tuple[1] > 1999) then break end
print (tuple)
end

index_object:select (search-key, options)
This is an alternative to box.space. . . select() which goes via a particular index and can make use of
additional parameters that specify the iterator type, and the limit (that is, the maximum number
of tuples to return) and the offset (that is, which tuple to start with in the list).

ITapameTrpsl
e index_object (indez_object) — an object reference.

e key (scalar/table) — values to be matched against the index key
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e options (table/nil) — none, any or all of next parameters
e options.iterator — type of iterator
e options.limit (number) — MakCHMAIbHOE KOJIMIECTBO TAIJIOB
e options.offset (number) — start tuple number
Return the tuple or tuples that match the field values.
Rtype array of tuples

Example:

-- Create a space named tester.
tarantool> sp = box.schema.space.create('tester')
-- Create a unique index 'primary'
-- which won't be needed for this example.
tarantool> sp:create_index('primary', {parts = {1, 'unsigned' }})
-- Create a non-unique index 'secondary'
-- with an index on the second field.
tarantool> sp:create_index('secondary', {

> type = 'tree',

> unique = false,

> parts = {2, 'string'}

> 1
-- Insert three tuples, values in field[2]
-- equal to 'X', 'Y', and 'Z'.
tarantool> sp:insert{1l, 'X', 'Row with field[2]=X'}
tarantool> sp:insert{2, 'Y', 'Row with field[2]=Y'}
tarantool> sp:insert{3, 'Z', 'Row with field[2]=Z'}
-- Select all tuples where the secondary index
-- keys are greater than 'X'.~
tarantool> sp.index.secondary:select({'X'}, {

> iterator = 'GT',
> limit = 1000
> 1)

The result will be a table of tuple and will look like this:

- - [2, 'Y', 'Row with field[2]=Y']
- [3, 'Z', 'Row with field[2]=Z']

ITpumeuanmue: index.indexz-name is optional. If it is omitted, then the assumed index is the
first (primary-key) index. Therefore, for the example above, box.space.tester:select ({1},
{iterator = 'GT'}) would have returned the same two rows, via the ,primary* index.

ITpumeuanme: iterator = sterator-type is optional. If it is omitted, then iterator = 'EQ'
is assumed.

ITpumeuanne: field-value [, field-value ...] is optional. If it is omitted, then every
key in the index is considered to be a match, regardless of iterator type. Therefore, for the
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example above, box.space.tester:select{} will select every tuple in the tester space via the
first (primary-key) index.

ITpumeuanue: box.space. space-name .index. index-name :select(...)[1]°. can be
replaced by box.space. space-name .index. index-name :get (...). That is, get can be used as
a convenient shorthand to get the first tuple in the tuple set that would be returned by select.
However, if there is more than one tuple in the tuple set, then get returns an error.

Example with BITSET index:

The following script shows creation and search with a BITSET index. Notice: BITSET cannot
be unique, so first a primary-key index is created. Notice: bit values are entered as hexadecimal
literals for easier reading.

tarantool> s = box.schema.space.create('space_with_bitset')
tarantool> s:create_index('primary_index', {

> parts = {1, 'string'},

> unique = true,

>  type = 'TREE'

>3
tarantool> s:create_index('bitset_index', {

> parts = {2, 'unsigned'},

> unique = false,

> type = 'BITSET'

>3
tarantool> s:insert{'Tuple with bit value = 01', 0x01}
tarantool> s:insert{'Tuple with bit value = 10', 0x02}
tarantool> s:insert{'Tuple with bit value = 11', 0x03}

s.index.bitset_index:select (0x02, {

> iterator = box.index.EQ

> 1

tarantool>

- - ['Tuple with bit value = 10', 2]

tarantool> s.index.bitset_index:select(0x02, {
> iterator = box.index.BITS_ANY_SET
>3
- - ['Tuple with bit value = 10', 2]
- ['Tuple with bit value = 11', 3]

tarantool> s.index.bitset_index:select(0x02, {
> iterator = box.index.BITS_ALL_SET
> B
- - ['Tuple with bit value = 10', 2]
- ['Tuple with bit value = 11', 3]

tarantool> s.index.bitset_index:select(0x02, {
> iterator = box.index.BITS_ALL_NOT_SET
>3

- - ['Tuple with bit value = 01', 1]

index_object:get (key)
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Search for a tuple via the given index, as described earlier.
ITapameTrpnbi

e index_object (indez_object) — an object reference.

e key (scalar/table) — values to be matched against the index key
Return the tuple whose index-key fields are equal to the passed key values.
Rtype tuple

Possible errors:
e no such index;
e wrong type;
e more than one tuple matches.
Complexity factors: Index size, Index type. See also space_ object:get().

Example:

tarantool> box.space.tester.index.primary:get(2)

- [2, 'Music'l]

index_object :min([key])
Find the minimum value in the specified index.

ITapameTrpst
e index_object (indez_object) — an object reference.
e key (scalar/table) — values to be matched against the index key

Return the tuple for the first key in the index. If optional key-value is supplied, returns
the first key which is greater than or equal to key-value.

Rtype tuple
Possible errors: index is not of type ,,TREE".
Complexity factors: Index size, Index type.

Example:

tarantool> box.space.tester.index.primary:min()

- ['Alpha!', 55, 'This is the first tuple!']

index_object :max([key])
Find the maximum value in the specified index.

ITapameTrpsl
e index_object (indez_object) — an object reference.
e key (scalar/table) — values to be matched against the index key

Return the tuple for the last key in the index. If optional key-value is supplied, returns
the last key which is less than or equal to key-value.

Rtype tuple
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Possible errors: index is not of type ,,TREE".
Complexity factors: Index size, Index type.

Example:

tarantool> box.space.tester.index.primary:max()

- ['Gamma!', 55, 'This is the third tuple!']

index_object:random(seed)
Find a random value in the specified index. This method is useful when it’s important to get
insight into data distribution in an index without having to iterate over the entire data set.

ITapameTrpsl
e index_object (indez_object) — an object reference.
e seed (number) — an arbitrary non-negative integer
Return the tuple for the random key in the index.
Rtype tuple
Complexity factors: Index size, Index type.
Note re storage engine: vinyl does not support random().

Example:

tarantool> box.space.tester.index.secondary:random(1)

- ['Beta!', 66, 'This is the second tuple!']

index_object:count ( [key ] [, itemtor] )
Iterate over an index, counting the number of tuples which match the key-value.

ITapameTpst
e index_object (indez_object) — an object reference.
e key (scalar/table) — values to be matched against the index key
e iterator — comparison method

Return the number of matching index keys.

Rtype number

Example:

tarantool> box.space.tester.index.primary:count(999)

-0

tarantool> box.space.tester.index.primary:count('Alpha!', { iterator = 'LE' })

-1

index_object:update (key, {{operator, field no, value}, ... })
Update a tuple.
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Same as box.space. . . update(), but key is searched in this index instead of primary key. This index
ought to be unique.

ITapameTrpsnt
e index_object (indez_object) — an object reference.
e key (scalar/table) — values to be matched against the index key
e operator (string) — operation type represented in string

e field_no (number) — what field the operation will apply to. The field number can
be negative, meaning the position from the end of tuple. (#tuple + negative field
number + 1)

e value (lua_value) — what value will be applied
Return the updated tuple.
Rtype tuple

index_object:delete (key)
Delete a tuple identified by a key.

Same as boz.space. . . delete(), but key is searched in this index instead of in the primary-key index.
This index ought to be unique.

ITapameTrpsl
e index_object (indez_object) — an object reference.
e key (scalar/table) — values to be matched against the index key
Return the deleted tuple.
Rtype tuple
Note re storage engine: vinyl will return nil, rather than the deleted tuple.

index_object:alter ({options})
Alter an index.

ITapameTrpsl
e index_object (indez_object) — an object reference.

e options (table) — options list, same as the options list for create_index, see the
chart named Options for space_object:create index().

Return nil
Possible errors:
e index does not exist,
e the first index cannot be changed to {unique = false},

Example:

tarantool> box.space.spacebb.index.primary:alter({type = 'HASH'})

tarantool> box.space.vinyl_space.index.i:alter({page_size=4096})
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index_object:drop()
Drop an index. Dropping a primary-key index has a side effect: all tuples are deleted.

ITapameTrpsnt
e index_object (indez_object) — an object reference.
Return nil.
Possible errors:
e index does not exist,
e a primary-key index cannot be dropped while a secondary-key index exists.

Example:

tarantool> box.space.spacebb.index.primary:drop()

index_object:rename (index-name)
Rename an index.

ITapameTrpnbi
e index_object (indez_object) — an object reference.
e index-name (string) — new name for index
Return nil
Possible errors: index object does not exist.

Example:

tarantool> box.space.spacebb.index.primary:rename('secondary')

Complexity factors: Index size, Index type, Number of tuples accessed.

index_object:bsize()
Return the total number of bytes taken by the index.

ITapameTrpsl
e index_object (indez_object) — an object reference.
Return number of bytes

Rtype number

Example showing use of the box functions

This example will work with the sandbox configuration described in the preface. That is, there is a space
named tester with a numeric primary key. The example function will:

e select a tuple whose key value is 1000;
e return an error if the tuple already exists and already has 3 fields;
e Insert or replace the tuple with:

— field[1] = 1000
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— field[2] = a uuid

— field[3] = number of seconds since 1970-01-01;
e Get field[3] from what was replaced;
e Format the value from field|3| as yyyy-mm-dd hh:mm:ss.fff;
e Return the formatted value.

The function uses Tarantool box functions boz.space. . . select, box.space. . . replace, fiber.time, uuid.str. The
function uses Lua functions os.date() and string.sub().

function example()
local a, b, c, table_of_selected_tuples, d
local replaced_tuple, time_field
local formatted_time_field
local fiber = require('fiber')
table_of_selected_tuples = box.space.tester:select{1000}
if table_of_selected_tuples "= nil then
if table_of_selected_tuples[1] “= nil then

if #table_of_selected_tuples[1] == 3 then
box.error({code=1, reason='This tuple already has 3 fields'})
end
end

end
replaced_tuple = box.space.tester:replace

{1000, require('uuid').str(), tostring(fiber.time())}
time_field = tonumber(replaced_tuple[3])
formatted_time_field = os.date("%Y-%m-%d %H:%M:%S", time_field)
¢ = time_field 7 1
d = string.sub(c, 3, 6)

formatted_time_field = formatted_time_field .. '.' .. d
return formatted_time_field
end

... And here is what happens when one invokes the function:

tarantool> box.space.tester:delete(1000)

- [1000, '264ee2da03634£24972be76c43808254', '1391037015.6809']

tarantool> example(1000)

- 2014-01-29 16:11:51.1582

tarantool> example(1000)

- error: 'This tuple already has 3 fields'

Example showing a user-defined iterator

Here is an example that shows how to build one’s own iterator. The paged_iter function is an «iterator
function», which will only be understood by programmers who have read the Lua manual section Iterators
and Closures. It does paginated retrievals, that is, it returns 10 tuples at a time from a table named «t»,
whose primary key was defined with create_index('primary',{parts={1,'string'}}).
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function paged_iter(search_key, tuples_per_page)
local iterator_string = "GE"
return function ()
local page = box.space.t.index[0]:select(search_key,
{iterator = iterator_string, limit=tuples_per_pagel})
if #page == O then return nil end
search_key = page [#page] [1]
iterator_string = "GT"
return page
end
end

Programmers who use paged_iter do not need to know why it works, they only need to know that, if they
call it within a loop, they will get 10 tuples at a time until there are no more tuples. In this example the
tuples are merely printed, a page at a time. But it should be simple to change the functionality, for example
by yielding after each retrieval, or by breaking when the tuples fail to match some additional criteria.

for page in paged_iter("X", 10) do

print ("New Page. Number Of Tuples = " .. #page)
for i = 1, #page, 1 do
print (page[il)
end
end

Submodule box.index with index type = RTREE for spatial searches

The boz.index submodule may be used for spatial searches if the index type is RTREE. There are operations
for searching rectangles (geometric objects with 4 corners and 4 sides) and bozes (geometric objects with
more than 4 corners and more than 4 sides, sometimes called hyperrectangles). This manual uses the term
rectangle-or-box for the whole class of objects that includes both rectangles and boxes. Only rectangles will
be illustrated.

Rectangles are described according to their X-axis (horizontal axis) and Y-axis (vertical axis) coordinates
in a grid of arbitrary size. Here is a picture of four rectangles on a grid with 11 horizontal points and 11
vertical points:

X AXIS
i 2 3 4 5 6 7 8 9 10 11
1
2 He------ + <-Rectangle#1
Y AXIS 3 | |
4 4o #
5 S + <-Rectangle#2
6 | |
7 | P —— / <-Rectangle#3
8 [ [
9 | 4o /
10 R e E L T #
11 # <-Rectangle#/

The rectangles are defined according to this scheme: {X-axis coordinate of top left, Y-axis coordinate
of top left, X-axis coordinate of bottom right, Y-axis coordinate of bottom right} — or more succinctly:
{x1,y1,x2,y2}. So in the picture ... Rectangle#1 starts at position 1 on the X axis and position 2 on
the Y axis, and ends at position 3 on the X axis and position 4 on the Y axis, so its coordinates are
{1,2,3,4}. Rectangle#2’s coordinates are {3,5,9,10}. Rectangle#3’s coordinates are {4,7,5,9}. And finally
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Rectangle#4’s coordinates are {10,11,10,11}. Rectangle#4 is actually a «point» since it has zero width and
zero height, so it could have been described with only two digits: {10,11}.

Some relationships between the rectangles are: «Rectangle#1’s nearest neighbor is Rectangle#2», and
«Rectangle#3 is entirely inside Rectangle#2».

Now let us create a space and add an RTREE index.

tarantool> s = box.schema.space.create('rectangles')
tarantool> i = s:create_index('primary', {

> type = 'HASH',

> parts = {1, 'unsigned'}

> 1
tarantool> r = s:create_index('rtree', {

> type = 'RTREE',

> unique = false,

> parts = {2, 'ARRAY'}

>3

Field#1 doesn’t matter, we just make it because we need a primary-key index. (RTREE indexes cannot be
unique and therefore cannot be primary-key indexes.) The second field must be an «array», which means its
values must represent {x,y} points or {x1,y1,x2,y2} rectangles. Now let us populate the table by inserting
two tuples, containing the coordinates of Rectangle#2 and Rectangle#4.

tarantool> s:insert{1, {3, 5, 9, 10}}
tarantool> s:insert{2, {10, 11}}

And now, following the description of RTREFE iterator types, we can search the rectangles with these requests:

tarantool> r:select ({10, 11, 10, 11}, {iterator = 'EQ'})

- - [2, [10, 11]]

tarantool> r:select({4, 7, 5, 9}, {iterator = 'GT'})

- - [1, [3, 5, 9, 10]1]

tarantool> r:select({1, 2, 3, 4}, {iterator = 'NEIGHBOR'})
- - [1, I8, 5, 9, 10]]
- [2, [10, 111]

Request#1 returns 1 tuple because the point {10,11} is the same as the rectangle {10,11,10,11}
(«Rectangle#4» in the picture). Request#2 returns 1 tuple because the rectangle {4,7,5,9}, which was
«Rectangle#£3» in the picture, is entirely within{3,5,9,10} which was Rectangle#2. Request#3 returns 2
tuples, because the NEIGHBOR iterator always returns all tuples, and the first returned tuple will be
{3,5,9,10} («Rectangle#2» in the picture) because it is the closest neighbor of {1,2,3,4} («Rectangle#1» in
the picture).

Now let us create a space and index for cuboids, which are rectangle-or-boxes that have 6 corners and 6
sides.

tarantool> s = box.schema.space.create('R')
tarantool> i = s:create_index('primary', {parts = {1, 'unsigned'}})
tarantool> r = s:create_index('S', {

> type = 'RTREE',

> unique = false,

> dimension = 3,
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> parts = {2, 'ARRAY'}
>3

The additional option here is dimension=3. The default dimension is 2, which is why it didn’t need to be
specified for the examples of rectangle. The maximum dimension is 20. Now for insertions and selections
there will usually be 6 coordinates. For example:

tarantool> s:insert{1, {0, 3, 0, 3, 0, 3}}
tarantool> r:select({1, 2, 1, 2, 1, 2}, {iterator = box.index.GT})

Now let us create a space and index for Manhattan-style spatial objects, which are rectangle-or-boxes that
have a different way to calculate neighbors.

tarantool> s = box.schema.space.create('R')
tarantool> i = s:create_index('primary', {parts = {1, 'unsigned'}})
tarantool> r = s:create_index('S', {

> type = 'RTREE',

> unique = false,

> distance = 'manhattan',
> parts = {2, 'ARRAY'}
>3

The additional option here is distance='manhattan'. The default distance calculator is ,euclid®, which is
the straightforward as-the-crow-flies method. The optional distance calculator is ,manhattan®, which can be
a more appropriate method if one is following the lines of a grid rather than traveling in a straight line.

tarantool> s:insert{1, {0, 3, 0, 3}}
tarantool> r:select({1, 2, 1, 2}, {iterator = box.index.NEIGHBOR})

More examples of spatial searching are online in the file R tree index quick start and usage.

Submodule box.info

The box.info submodule provides access to information about server instance variables.

e cluster.uuid is the UUID of the replica set. Every instance in a replica set will have the same cluster.
uuid value. This value is also stored in boz.space. schema system space.

e id corresponds to replication.id (see below).
e lsn corresponds to replication.lsn (see below).
e memory has the statistics about memory (see below).

e pid is the process ID. This value is also shown by tarantool module and by the Linux command ps
-A.

e ro is true if the instance is in «read-only» mode (same as read_only in box.cfg{}).

e signature is the sum of all Isn values from the vector clocks (vclock) of all instances in the replica
set.

e status corresponds to replication.upstream.status (see below).

e uptime is the number of seconds since the instance started. This value can also be retrieved with
tarantool.uptime().

e uuid corresponds to replication.uuid (see below).

e vclock corresponds to replication.downstream.vclock (see below).
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e version is the Tarantool version. This value is also shown by tarantool -V .

e vinyl returns runtime statistics for vinyl storage engine.

box.info.memory ()
The memory function of box.info gives the admin user a picture of the whole Tarantool instance.
(Use box.info.vinyl() instead for a picture specifically of the vinyl subsystem.)

memory().cache — number of bytes used for caching user data. The memtx storage engine does
not require a cache, so in fact this is the number of bytes in the cache for the tuples stored for
the vinyl storage engine.

memory().data — number of bytes used for storing user data (the tuples) with the memtx engine
and with level 0 of the vinyl engine, without taking memory fragmentation into account.

memory().index — number of bytes used for indexing user data, including memtx and vinyl
memory tree extents, the vinyl page index, and the vinyl bloom filters.

memory().lua — number of bytes used for Lua runtime.
memory().net — number of bytes used for network input/output buffers.

memory().tx — number of bytes in use by active transactions. For the vinyl storage engine, this
is the total size of all allocated objects (struct txv, struct vy_tx, struct vy_read_interval) and
tuples pinned for those objects.

An example with a minimum allocation while only the memtx storage engine is in use:

tarantool> box.info.memory ()

- cache: 0
data: 6552
tx:
lua: 1315567
net: 98304
index: 1196032

0

box.info.replication
The replication section of box.info() contains statistics for all instances in the replica set in regard
to the current instance (see also «Monitoring a replica set»):

replication.id is a short numeric identifier of the instance within the replica set.

replication.uuid is a globally unique identifier of the instance. This value is also stored in
boz.space. cluster system space.

replication.lsn is the log sequence number (LSN) for the latest entry in the instance’s write ahead
log (WAL).

replication.upstream contains statistics for the replication data uploaded by the instance.
replication.upstream.status is the replication status of the instance:
— auth means that the instance is getting authenticated to connect to a replication source.

— connecting means that the instance is trying to connect to the replications source(s) listed
in its replication parameter.

disconnected means that the instance is not connected to the replica set (due to network
problems, not replication errors).

follow means that the instance’s role is «replica» (read-only) and replication is in progress.
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— running means the instance’s role is «master» (non read-only) and replication is in progress.

— stopped means that replication was stopped due to a replication error (e.g. duplicate key).

e replication.upstream.idle is the time (in seconds) since the instance received the last event
from a master. This is the primary indicator of replication health. See more in Monitoring a
replica set.

e replication.upstream.peer contains the replication user name, host IP adress and port number
used for the instance. See more in Monitoring a replica set.

e replication.upstream.lag is the time difference between the local time at the instance, recorded
when the event was received, and the local time at another master recorded when the event was
written to the write ahead log on that master. See more in Monitoring a replica set.

e replication.upstream.message contains an error message in case of a degraded state, empty
otherwise.

¢ replication.downstream contains statistics for the replication data requested and downloaded
from the instance.

e replication.downstream.vclock contains the vector clock, which is a table of ,,id, Isn‘* pairs, for
example vclock: {1: 3054773, 4: 8938827, 3: 285902018%}. Even if an instance is removed,
its values will still appear here.

box.info()
Since box.info contents are dynamic, it’s not possible to iterate over keys with the Lua pairs()
function. For this purpose, box.info () builds and returns a Lua table with all keys and values provided
in the submodule.

Return keys and values in the submodule
Rtype table
Example:

This example is for a master-replica set that contains one master instance and one replica instance.
The request was issued at the replica instance.

tarantool> box.info ()

- version: 1.7.6-68-gblfcffb77

id: 2
ro: true
vclock: {1: 5}
uptime: 917
lsn: O
vinyl: []
cluster:
uuid: 783e2285-55b1-42d4-b93c-68dcbb7a8c18
pid: 35341

status: running
signature: 5
replication:
1:
id: 1
uuid: 471cd36e-cb2e-4447-ac66-2d28e9dd3b67
1lsn: 5
upstream:
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status: follow
idle: 124.98795700073
peer: replicator@192.168.0.101:3301

lag: O
downstream:
vclock: {1: 5}
2:
id: 2
uuid: ac45dbd2-8a16-4520-adbe-1labbabbabala
1lsn: O

uuid: ac45db5d2-8a16-4520-adbe-1abbabbabala

®yHkumns box.once

box.once (key, function[, ])
Execute a function, provided it has not been executed before. A passed value is checked to see whether
the function has already been executed. If it has been executed before, nothing happens. If it has not
been executed before, the function is invoked.

See an example of using box.once () while bootstrapping a replica set.

If an error occurs inside box.once() when initializing a database, you can re-execute the failed box.
once () block without stopping the database. The solution is to delete the once object from the system
space _ schema. Say box.space._schema:select{}, find your once object there and delete it. For
example, re-executing a block with key="'hello" :

When box.once() is used for initialization, it may be useful to wait until the database is in an
appropriate state (read-only or read-write). In that case, see the functions in the box.ctl submodule.

tarantool> box.space._schema:select{}

- - ['cluster', 'b4e15788-d962-4442-892e-d6c1dd5d13f2"']
- ['max_id', 512]
- ['oncebye']
- ['oncehello']
- ['version', 1, 7, 2]

tarantool> box.space._schema:delete('oncehello')

- ['oncehello'l]

tarantool> box.once('hello', function() end)

ITapameTpsl
e key (string) — a value that will be checked
e function (function) — a function

e ... —arguments that must be passed to function
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BnoxxeHHbiii moayns box.schema

O6wue cBepeHus

The box.schema submodule has data-definition functions for spaces, users, roles, function tuples, and

sequences.

Nupekc

Below is a list of all box.schema functions.

Name

Use

box.schema.space.create()

Create a space

box.schema.user.create()

Create a user

box.schema.user.drop()

Drop a user

box.schema.user.exists()

Check if a user exists

box.schema.user.grant()

Grant privileges to a user or a role

box.schema.user.revoke()

Revoke privileges from a user or a role

box.schema.user.password()

Get a hash of a user’s password

boz.schema.user.passwd()

Associate a password with a user

box.schema.user.info()

Get a description of a user’s privileges

box.schema.role.create()

Create a role

box.schema.role.drop()

Drop a role

box.schema.role.exists()

Check if a role exists

box.schema.role.grant()

Grant privileges to a role

box.schema.role.revoke()

Revoke privileges from a role

box.schema.role.info()

Get a description of a role’s privileges

box.schema.func.create()

Create a function tuple

box.schema.func.drop()

Drop a function tuple

box.schema.func.exists()

Check if a function tuple exists

box.schema.sequence.create()

Create a new sequence generator

sequence_ object:next()

Generate and return the next value

sequence_ object:alter()

Change sequence options

sequence_ object:reset()

Reset sequence state

sequence_ object:set()

Set the new value

sequence_ object:drop()

Drop the sequence

space_ object:create_index()

Create an index

box.schema.space.create(space-name [7 {options} ] )

Create a space.

ITapameTrpsl

e space-name (string) — name of space, which should conform to the rules for object

names

e options (table) — see «Options for box.schema.space.create» chart, below

Return space object
Rtype userdata

Options for box.schema.space.create
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Name | dddbexT Type| Default
temporaspace contents are temporary: changes are not stored in the write-ahead | bool¢afalse
log and there is no replication. Note re storage engine: vinyl does not
support temporary spaces.

id unique identifier: users can refer to spaces with the id instead of the name | numbdast
space’s
id, +1
field cpiided count of fields: for example if field count=b, it is illegal to insert a | numbdt i.e.
tuple with fewer than or more than 5 fields not
fixed

if not | existbe space only if a space with the same name does not exist already, | bool¢afalse
otherwise do nothing but do not cause an error

engine | ,memtx"“ or ,vinyl“ string ,,memtx‘
user name of the user who is considered to be the space’s owner for | string current
authorization purposes user’s
name

format| field names and types: See the illustrations of format clauses in the | tabld (blank)
space_ object:format() description and in the box.space. space example.
Optional and usually not specified.

There are three syntaxr variations for object references targeting space objects, for example box.
schema. space.drop(space-id) will drop a space. However, the common approach is to use functions
attached to the space objects, for example space  object:drop().

ITpumep

tarantool> s = box.schema.space.create('space55')

tarantool> s = box.schema.space.create('spaceb5', {
> id = 555,
> temporary = false

> 1)

- error: Space 'spacebb' already exists

tarantool> s = box.schema.space.create('space55', {
> if_not_exists = true

> 1)

After a space is created, usually the next step is to create an index for it, and then it is available for
insert, select, and all the other bozx.space functions.

box.schema.user.create (user-name [, {options} ] )
Create a user. For explanation of how Tarantool maintains user data, see section Users and reference
on _ user space.

The possible options are:

e if_not_exists = truel|false (default = false) - boolean; true means there should be no error
if the user already exists,

e password (default = ;) - string; the password = password specification is good because in a URI
(Uniform Resource Identifier) it is usually illegal to include a user-name without a password.
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IIpumeuanne: The maximum number of users is 32.

ITapameTrpsnl

e user-name (string) — name of user, which should conform to the rules for object
names

e options (table) — if_not_exists, password

Return nil

IIpumepsr:

box.schema.user.create('Lena')
box.schema.user.create('Lena', {password = 'X'})
box.schema.user.create('Lena', {if_not_exists = false})

box.schema.user.drop (user-name [7 {options} ] )
Drop a user. For explanation of how Tarantool maintains user data, see section Users and reference on

_ user space.
ITapameTrpsbl
e user-name (string) — the name of the user

e options (table) — if_exists = truelfalse (default = false) - boolean; true
means there should be no error if the user does not exist.

IIpumepsbr:

box.schema.user.drop('Lena')
box.schema.user.drop('Lena’',{if _exists=false})

box.schema.user.exists (user-name)
Return true if a user exists; return false if a user does not exist. For explanation of how Tarantool
maintains user data, see section Users and reference on _ user space.

ITapamerpsbt
e user-name (string) — the name of the user
Rtype bool

Example:

box.schema.user.exists('Lena')

box.schema.user.grant (user-name, privileges, object-type, object—name[, {options}])
box.schema.user.grant (user-name, privileges, ’um’verse’[, nil, {options}])

box.schema.user.grant (user-name, mle—name[7 nil, nil, {options}])
Grant privileges to a user or to another role.

ITapameTrpsbl
e user-name (string) — the name of the user.

e privileges (string) —,read” or ,write“ or ,execute or ,create or alter* or ,drop*
or a combination.

e object-type (string) —,space” or function® or ,sequence®.
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e object-name (string) — name of object to grant permissions to.

e role-name (string) — name of role to grant to user.

e options (table) — grantor, if _not_exists.

If 'function','object-name' is specified, then a _func tuple with that object-name must exist.

Variation: instead of object-type, object-name say ,universe“ which means ,all object-types and
all objects®. In this case, object name is omitted.

Variation: instead of privilege, object-type, object-name say role-name (see section Roles).

The possible options are:

e grantor = grantor name_or 4d — string or number, for custom grantor,

e if not_exists = true|false (default = false) - boolean; true means there should be no error
if the user already has the privilege.

Example:

box.schema.user.grant('Lena', 'read', 'space', 'tester')
box.schema.user.grant('Lena', 'execute', 'function', 'f')
box.schema.user.grant('Lena', 'read,write', 'universe')
box.schema.user.grant('Lena', 'Accountant')

box.schema.user.grant('Lena', 'read,write,execute', 'universe')
box.schema.user.grant('X', 'read', 'universe', nil, {if_not_exists=true}))

box.schema.user.revoke (user-name, privilege, object-type, object-name)
box.schema.user.revoke (user-name, role-name)
Revoke privileges from a user or from another role.

ITapameTrpsl

e user-name (string) — the name of the user.

e privilege (string) — ,read” or ,write or ,execute* or .create or ,alter or ,drop*
or a combination.

e object-type (string) —,space” or function or ,sequence®.

e object-name (string) — the name of a function or space or sequence.

The user must exist, and the object must exist, but it is not an error if the user does not have the
privilege.

Variation: instead of object-type, object-name say ,universe“ which means ,all object-types and
all objects".

Variation: instead of privilege, object-type, object-name say role-name (see section Roles).
Example:

box.schema.user.revoke('Lena', 'read', 'space', 'tester')

box.schema.user.revoke('Lena', 'execute', 'function', 'f')

box.schema.user.revoke('Lena', 'read,write', 'universe')

box.

schema.user.

revoke('Lena', 'Accountant')

box.schema.user.password (password)
Return a hash of a user’s password. For explanation of how Tarantool maintains passwords, see section
Passwords and reference on _ user space.

IIpumeuanme:
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e If a non-,guest* user has no password, it’s impossible to connect to Tarantool using this user.
The user is regarded as “internal” only, not usable from a remote connection. Such users can
be useful if they have defined some procedures with the SETUID option, on which privileges are
granted to externally-connectable users. This way, external users cannot create/drop objects, they
can only invoke procedures.

e For the ,guest” user, it’s impossible to set a password: that would be misleading, since ,,guest
is the default user on a newly-established connection over a binary port, and Tarantool does not
require a password to establish a binary connection. It is, however, possible to change the current
user to ‘guest’ by providing the AUTH packet with no password at all or an empty password.
This feature is useful for connection pools, which want to reuse a connection for a different user
without re-establishing it.

ITapameTrpsbl
e password (string) — password to be hashed

Rtype string

Example:

box.schema.user.password('JIEHA')

box.schema.user.passwd( [user—name ], password)
Associate a password with the user who is currently logged in, or with the user specified by user-name.
The user must exist and must not be ,,guest”.

Users who wish to change their own passwords should use box.schema.user.passwd(password)
syntax.

Administrators who wish to change passwords of other users should use box.schema.user.
passwd(user-name, password) syntax.

ITapameTpsl
e user-name (string) — user-name
e password (string) — password

Example:

box.schema.user.passwd('JIEHA')
box.schema.user.passwd('Lena', 'JIEHA')

box.schema.user.info( [user—name ])
Return a description of a user’s privileges. For explanation of how Tarantool maintains user data, see
section Users and reference on _user space.

ITapameTrpsl

e user-name (string) — the name of the user. This is optional; if it is not supplied,
then the information will be for the user who is currently logged in.

Example:

box.schema.user.info()
box.schema.user.info('Lena')

box.schema.role.create(role-name [, {options} ] )
Create a role. For explanation of how Tarantool maintains role data, see section Roles.
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ITapameTrpsbl

e role-name (string) — name of role, which should conform to the rules for object
names

e options (table)— if _not_exists = true|false (default = false) - boolean; true
means there should be no error if the role already exists

Return nil

Example:

box.schema.role.create('Accountant')
box.schema.role.create('Accountant', {if_not_exists = false})

box.schema.role.drop (role-name [, {options} ] )
Drop a role. For explanation of how Tarantool maintains role data, see section Roles.

ITapameTpsbl
e role-name (string) — the name of the role

e options (table) — if_exists = truel|false (default = false) - boolean; true
means there should be no error if the role does not exist.

Example:

box.schema.role.drop('Accountant')

box.schema.role.exists (role-name)
Return true if a role exists; return false if a role does not exist.

ITapameTrpsbl
e role-name (string) — the name of the role
Rtype bool

Example:

box.schema.role.exists('Accountant')

box.schema.role.grant (role-name, privilege, object-type, object—name[, option])
box.schema.role.grant (role-name, privilege, ’um’verse’[7 nil, option])

box.schema.role.grant (role-name, role—name[, nil, nil, option])
Grant privileges to a role.

ITapameTrpsbl

role-name (string) — the name of the role.

e privilege (string) — ,read” or ,write” or ,execute® or ,create” or alter or ,drop“
or a combination.

e object-type (string) — ,space” or ,function“ or ,sequence’.
e object-name (string) — the name of a function or space or sequence.

e option (table) — if _not_exists = true|false (default = false) - boolean; true
means there should be no error if the role already has the privilege.

The role must exist, and the object must exist.
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box.

box.

box.

Variation: instead of object-type, object-name say ,universe“ which means ,all object-types and
all objects".

Variation: instead of privilege, object-type, object-name say role-name — to grant a role to a
role.

Example:

box.schema.role.grant('Accountant', 'read', 'space', 'tester')
box.schema.role.grant('Accountant', 'execute', 'function', 'f')
box.schema.role.grant('Accountant', 'read,write', 'universe')
box.schema.role.grant('public', 'Accountant')
box.schema.role.grant('rolel', 'role2', nil, nil, {if_not_exists=false})

schema.role.revoke (role-name, privilege, object-type, object-name)
Revoke privileges from a role.

ITapameTrpsnl
e role-name (string) — the name of the role.

e privilege (string) — ,read” or ,write* or ,execute or .create’ or ,alter or ,drop*
or a combination.

e object-type (string) — ,space” or ,function“ or ,sequence’.
e object-name (string) — the name of a function or space or sequence.

The role must exist, and the object must exist, but it is not an error if the role does not have the
privilege.

Variation: instead of object-type, object-name say ,universe“ which means ,all object-types and
all objects®.

Variation: instead of privilege, object-type, object-name say role-name.

Example:

box.schema.role.revoke('Accountant', 'read', 'space', 'tester')
box.schema.role.revoke('Accountant', 'execute', 'function', 'f')
box.schema.role.revoke('Accountant', 'read,write', 'universe')

box.schema.role.revoke('public', 'Accountant')

schema.role.info (role-name)
Return a description of a role’s privileges.

ITapameTrpsl
e role-name (string) — the name of the role.

Example:

box.schema.role.info('Accountant')

schema.func.create (func-name [, {options} ] )

Create a function tuple. This does not create the function itself — that is done with Lua — but if it is
necessary to grant privileges for a function, box.schema.func.create must be done first. For explanation
of how Tarantool maintains function data, see reference on _ func space.

The possible options are:

e if _not_exists = true|false (default = false) - boolean; true means there should be no error
if the _func tuple already exists.
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e setuid = truelfalse (default = false) - with true to make Tarantool treat the function’s caller
as the function’s creator, with full privileges. Remember that SETUID works only over binary
ports. SETUID doesn’t work if you invoke a function via an admin console or inside a Lua script.

e language — ,LUA“[C* (default = ‘LUA’).

ITapameTrpsl

e func-name (string) — name of function, which should conform to the rules for object
names

e options (table) — if_not_exists, setuid, language.

Return nil

Example:

box.schema.func.create('calculate')
box.schema.func.create('calculate', {if_not_exists = false})
box.schema.func.create('calculate', {setuid = false})
box.schema.func.create('calculate', {language = 'LUA'})

box.schema.func.drop (func-name [, {options} ] )

Drop a function tuple. For explanation of how Tarantool maintains function data, see reference on
_func space.

ITapamerpsbt
e func-name (string) — the name of the function

e options (table) — if_exists = truelfalse (default = false) - boolean; true
means there should be no error if the func tuple does not exist.

Example:

box.schema.func.drop('calculate')

box.schema.func.exists (func-name)

Return true if a function tuple exists; return false if a function tuple does not exist.
ITapameTpsbl
e func-name (string) — the name of the function
Rtype bool

Example:

box.schema.func.exists('calculate')

box.schema.func.reload( [name ] )

Reload a C module or function without restarting the server.

Under the hood, Tarantool loads a new copy of the module (*.so shared library) and starts routing all
new request to the new version. The previous version remains active until all started calls are finished.
All shared libraries are loaded with RTLD_LOCAL (see «man 3 dlopen»), therefore multiple copies can
co-exist without any problems.

IIpnmeuanne:

e When a function from a certain module is reloaded, all the other functions from this module are
also reloaded.
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e Reload will fail if a module was loaded from Lua script with ffi.load().

ITapameTrpsbl

e name (string) — the name of the module or function to reload

IIpumepsr:

-- reload a function
box.schema.func.reload('module.function')
-- reload the entire module contents
box.schema.func.reload('module')

-- reload everything
box.schema.func.reload()

Sequences

An introduction to sequences is in the Sequences section of the «Data model» chapter. Here are the details
for each function and option.

box.schema.sequence.create(name [, options ] )
Create a new sequence generator.

ITapameTrpsl
e name (string) — the name of the sequence

e options (table) — see a quick overview in the «Options for box.schema.sequence.
create()» chart (in the Sequences section of the «Data model» chapter), and see
more details below.

Return a reference to a new sequence object.
Options:
e start — the STARTS WITH value. Type = integer, Default = 1.
e min — the MINIMUM value. Type = integer, Default = 1.
e max - the MAXIMUM value. Type = integer, Default = 9223372036854775807.

There is a rule: min <= start <= max. For example it is illegal to say {start=0} because then
the specified start value (0) would be less than the default min value (1).

There is a rule: min <= next-value <= max. For example, if the next generated value would be
1000, but the maximum value is 999, then that would be considered «overflow».

e cycle — the CYCLE value. Type = bool. Default = false.

If the sequence generator’s next value is an overflow number, it causes an error return — unless
cycle == true.

But if cycle == true, the count is started again, at the MINIMUM value or at the MAXIMUM
value (not the STARTS WITH value).

e cache — the CACHE value. Type = unsigned integer. Default = 0.
Currently Tarantool ignores this value, it is reserved for future use.
e step — the INCREMENT BY value. Type = integer. Default = 1.

Ordinarily this is what is added to the previous value.
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sequence_object:next ()

Generate the next value and return it.
The generation algorithm is simple:
e If this is the first time, then return the STARTS WITH value.

e If the previous value plus the INCREMENT value is less than the MINIMUM value or greater
than the MAXIMUM value, that is «overflow», so either return an error (if cycle = false) or
return the MAXIMUM value (if cycle = true and step < 0) or return the MINIMUM value (if
cycle = true and step > 0).

If there was no error, then save the returned result, it is now the «previous value».

For example, suppose sequence ,,S“ has:

e min == -6,
e max == -1,
e step == -3,

e start = -2,
e cycle — true,
e previous value = -2.

Then box.sequence.S:next () returns -5 because -2 + (-3) == -5.

Then box.sequence.S:next() again returns -1 because -5 + (-3) < -6, which is overflow, causing
cycle, and max == -1.

This function requires a ,write® privilege on the sequence.

IIpumeuanue: This function should not be used in «cross-engine» transactions (transactions which
use both the memtx and the vinyl storage engines).

To see what the previous value was, without changing it, you can select from the sequence data
system space.

sequence_object:alter (options)

The alter() function can be used to change any of the sequence’s options. Requirements and
restrictions are the same as for boz.schema.sequence.create().

sequence_object:reset()

Set the sequence back to its original state. The effect is that a subsequent next () will return the start
value. This function requires a ,write” privilege on the sequence.

sequence_object:set (new-previous-value)

Set the «previous values to new-previous-value. This function requires a ,write“ privilege on the
sequence.

sequence_object:drop()

Drop an existing sequence.
Example:

Here is an example showing all sequence options and operations:

s = box.schema.sequence.create(
‘SQ',
{start=100,

166

Fnasa 5. CnpaBo4Hukn




Tarantool, Beinyck 1.10.0

min=100,
max=200,
cache=100000,
cycle=false,
step=100
b

s:alter({step=6})

s:next ()

s:reset()

s:set(150)

s:drop()

space_object:create_index(... [sequence="..." option] ...)

You can use the sequence=sequence-name (or sequence=sequence-id or sequence=true) option
when creating or altering a primary-key index. The sequence becomes associated with the index, so
that the next insert() will put the next generated number into the primary-key field, if the field
would otherwise be nil.

For example, if ,Q* is a sequence and ,,T* is a new space, then this will work:

tarantool> box.space.T:create_index('Q',{sequence='Q'})
- unique: true

parts:

- type: unsigned
is_nullable: false
fieldno: 1

sequence_id: 8

id: 0

space_id: 514

name: Q

type: TREE

(Notice that the index now has a sequence_id field.)

And this will work:

tarantool> box.space.T:insert{nil,0}

- [t, 0]

IIpumeuanne: If you are using negative numbers for the sequence options, make sure that the index
key type is ,integer”. Otherwise the index key type may be either ,integer” or ,unsigned.

A sequence cannot be dropped if it is associated with an index.

BnoxeHHblii mogynb box.session

O6wue cBepeHus

The box.session submodule allows querying the session state, writing to a session-specific temporary Lua
table, or setting up triggers which will fire when a session starts or ends. A session is an object associated
with each client connection.
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Below is a list of all box.session functions and members.

box.

box.

box.

box.

box.

box.

Name Use

boz.session.id() Get the current session’s ID
box.session.exists() Check if a session exists

boz.session.peer() Get the session peer’s host address and port
box.session.sync() Get the sync integer constant
boz.session.user() Get the current user’s name
box.session.type() Get the connection type or cause of action
box.session.su() Change the current user

box.session.uid() Get the current user’s ID

boz.session.euid() Get the current effective user’s ID
box.session.storage Table with session-specific names and values
boz.session.on_ connect() Define a connect trigger

box.session.on__ disconnect() | Define a disconnect trigger

box.session.on_ auth() Define an authentication trigger

session.id()

Return the unique identifier (ID) for the current session. The result can be 0 meaning there
is no session.

Rtype number

session.exists(id)
Return 1 if the session exists, 0 if the session does not exist.
Rtype number

session.peer(id)
This function works only if there is a peer, that is, if a connection has been made to a separate Tarantool
instance.

Return The host address and port of the session peer, for example «127.0.0.1:55457». If the
session exists but there is no connection to a separate instance, the return is null. The
command is executed on the server instance, so the «local name» is the server instance’s
host and port, and the «peer name» is the client’s host and port.

Rtype string
Possible errors: ,session.peer(): session does not exist*
session.sync()
Return the value of the sync integer constant used in the binary protocol.
Rtype number
session.user ()
Return the name of the current user
Rtype string
session.type()
Return the type of connection or cause of action.

Rtype string
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Possible return values are:

e binary* if the connection was done via the binary protocol, for example to a target made with
box.cfg{listen=. .. };

e console” if the connection was done via the administrative console, for example to a target made
with console.listen;

e _repl” if the connection was done directly, for example when using Tarantool as a client;
e _applier” if the action is due to replication, regardless of how the connection was done;

e background” if the action is in a background fiber, regardless of whether the Tarantool server was
started in the background.

box.session.type() is useful for an on_replace() trigger on a replica — the value will be ,applier if
and only if the trigger was activated because of a request that was done on the master.

box.session.su(user-name [, function-to-execute ])
Change Tarantool’s current user — this is analogous to the Unix command su.

Or, if function-to-execute is specified, change Tarantool’s current user temporarily while executing the
function — this is analogous to the Unix command sudo.

ITapamerpsbt
e user-name (string) — name of a target user

e function-to-execute — name of a function, or definition of a function. Additional
parameters may be passed to box.session.su, they will be interpreted as
parameters of function-to-execute.

IIpumep

tarantool> function f(a) return box.session.user() .. a end

tarantool> box.session.su('guest', £, '-xxx')

- guest-xxx

tarantool> box.session.su('guest',function(...) return ... end,1,2)

-1
-2

box.session.uid()
Return the user ID of the current user.
Rtype number

Every user has a unique name (seen with box.session.user()) and a unique ID (seen with box.session.
uid()). The values are stored together in the _user space.

box.session.euid()
Return the effective user ID of the current user.

This is the same as boz.session.uid(), except in two cases:
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e The first case: if the call to box.session.euid() is within a function invoked by
box.session.su(user-name, function-to-execute) — in that case, box.session.euid() returns the
ID of the changed user (the user who is specified by the user-name parameter of the su function)
but box.session.uid() returns the ID of the original user (the user who is calling the su
function).

e The second case: if the call to box.session.euid() is within a function specified with
box.schema.func.create(function-name, {setuid= true}) and the binary protocol is in use — in
that case, box.session.euid() returns the ID of the user who created «function-name» but
box.session.uid() returns the ID of the the user who is calling «function-names.

Rtype number

ITpumep

tarantool> box.session.su('admin')

tarantool> box.session.uid(), box.session.euid()

1
-1

tarantool> function f() return {box.session.uid(),box.session.euid()} end

tarantool> box.session.su('guest', f)

- -1
-0

box.session.storage

A Lua table that can hold arbitrary unordered session-specific names and values, which will last until
the session ends. For example, this table could be useful to store current tasks when working with a
Tarantool queue manager.

ITpumep

tarantool> box.session.peer(box.session.id())

- 127.0.0.1:45129

tarantool> box.session.storage.random_memorandum = "Don't forget the eggs"

tarantool> box.session.storage.radius_of_mars = 3396

tarantool> m = "'

tarantool> for k, v in pairs(box.session.storage) do
> m=m.. k.. 'st..v.. "'
> end

tarantool> m
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box

box.

- 'radius_of_mars=3396 random_memorandum=Don''t forget the eggs. '

.session.on_connect ({rigger-function [, old-trigger-function ] )

Define a trigger for execution when a new session is created due to an event such as console.connect. The
trigger function will be the first thing executed after a new session is created. If the trigger execution
fails and raises an error, the error is sent to the client and the connection is closed.

ITapameTrpsl
e trigger-function (function) — function which will become the trigger function

e old-trigger-function (function) — existing trigger function which will be
replaced by trigger-function

Return nil or function pointer
If the parameters are (nil, old-trigger-function), then the old trigger is deleted.
Details about trigger characteristics are in the triggers section.

IIpumep

tarantool> function f ()
> x=x +1
> end
tarantool> box.session.on_connect (f)

Ilpenynpexxaeumne: If a trigger always results in an error, it may become impossible to connect
to a server to reset it.

session.on_disconnect (trigger-function [, old-trigger-function ] )

Define a trigger for execution after a client has disconnected. If the trigger function causes an error,
the error is logged but otherwise is ignored. The trigger is invoked while the session associated with
the client still exists and can access session properties, such as boz.session.id().

ITapameTrpsl
e trigger-function (function) — function which will become the trigger function

e old-trigger-function (function) — existing trigger function which will be
replaced by trigger-function

Return nil or function pointer
If the parameters are (nil, old-trigger-function), then the old trigger is deleted.
Details about trigger characteristics are in the triggers section.

Example #1

tarantool> function f ()
> x=x +1
> end
tarantool> box.session.on_disconnect (f)

Example #2

After the following series of requests, a Tarantool instance will write a message using the log module
whenever any user connects or disconnects.
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box.

function log_connect ()
local log = require('log')
local m = 'Connection. user=' .. box.session.user() .. ' id=' .. box.session.id()
log.info(m)

end

function log_disconnect ()
local log = require('log')
local m = 'Disconnection. user=' .. box.session.user() .. ' id=' .. box.session.id()
log.info(m)

end

box.session.on_connect(log_connect)
box.session.on_disconnect(log_disconnect)

Here is what might appear in the log file in a typical installation:

2014-12-15 13:21:34.444 [11360] main/103/iproto I>
Connection. user=guest id=3

2014-12-15 13:22:19.289 [11360] main/103/iproto I>
Disconnection. user=guest id=3

session.on_auth (trigger-function [, old-trigger-function ] )
Define a trigger for execution during authentication.

The on_auth trigger function is invoked in these circumstances:

1. The console.connect function includes an authentication check for all users except ,guest”. For
this case, the on_auth trigger function is invoked after the on_connect trigger function, if and
only if the connection has succeeded so far.

2. The binary protocol has a separate authentication packet. For this case, connection and
authentication are considered to be separate steps.

Unlike other trigger types, on_auth trigger functions are invoked before the event. Therefore a trigger
function like function auth_function () v = box.session.user(); end will set v to «guest», the
user name before the authentication is done. To get the user name after the authentication is done,
use the special syntax: function auth_function (user_name) v = user_name; end

If the trigger fails by raising an error, the error is sent to the client and the connection is closed.
ITapameTrpsbl
e trigger-function (function) — function which will become the trigger function

e old-trigger-function (function) — existing trigger function which will be
replaced by trigger-function

Return nil or function pointer
If the parameters are (nil, old-trigger-function), then the old trigger is deleted.
Details about trigger characteristics are in the triggers section.

Example 1

tarantool> function f ()
> x =x +1
> end
tarantool> box.session.on_auth(f)
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Example 2

This is a more complex example, with two server instances.

The first server instance listens on port 3301; its default user name is ,,admin“. There are three on_auth
triggers:
e The first trigger has a function with no arguments, it can only look at box.session.user().

The

The second trigger has a function with a user_name argument, it can look at both of: box.
session.user() and user_name.

The third trigger has a function with a user_name argument and a status argument, it can look
at all three of: box.session.user() and user_name and status.

second server instance will connect with console.connect, and then will cause a display of the

variables that were set by the trigger functions.

box.

-- On the first server instance, which listens on port 3301

box.cfg{listen=3301}
function function1()
print('function 1, box.session.user()='..box.session.user())
end
function function2(user_name)
print ('function 2, box.session.user()='..box.session.user())
print('function 2, user_name='..user_name)
end
function function3(user_name, status)
print('function 3, box.session.user()='..box.session.user())
print('function 3, user_name='..user_name)
if status == true then
print('function 3, status = true, authorization succeeded')
end
end
box.session.on_auth(functionl)
box.session.on_auth(function2)
box.session.on_auth(function3)

schema.user.passwd('admin')

-- On the second server instance, that connects to port 3301
console = require('console')
console.connect ('admin:admin@localhost:3301")

The

result looks like this:

function
function

function
function
function

, box.session.user()=guest
, user_name=admin

, box.session.user()=guest
, user_name=admin
, box.session.user()=guest

3
3
function 3, status = true, authorization succeeded
2
2
1

Submodule box.slab

O6wue cBepeHus

The box.slab submodule provides access to slab allocator statistics. The slab allocator is the main allocator
used to store tuples. This can be used to monitor the total memory usage and memory fragmentation.

5.1. Built-in modules reference 173




Tarantool, Beinyck 1.10.0

Nupekc

Below is a list of all box.slab functions.

Name Use
bozx.runtime.info() | Show a memory usage report for Lua runtime
box.slab.info() Show an aggregated memory usage report for slab allocator
box.slab.stats() Show a detailed memory usage report for slab allocator
box.runtime.info()
Show a memory usage report (in bytes) for the Lua runtime.
Return
e lua is the heap size of the Lua garbage collector;
e maxalloc is the maximal memory quota that can be allocated for Lua;
e used is the current memory size used by Lua.
Rtype table
Example:
tarantool> box.runtime.info()
- lua: 913710
maxalloc: 4398046510080
used: 12582912
tarantool> box.runtime.info() .used
- used: 12582912
box.slab.info()
Show an aggregated memory usage report (in bytes) for the slab allocator.
This report is useful for assessing out-of-memory risks: the risks are high if both arena_used_ratio
and quota_used_ratio are high (90-95%).
If quota_used_ratio is low, then high arena_used_ratio and/or items_used_ratio indicate that
the memory fragmentation is low (i.e. the memory is used efficiently).
If quota_used_ratio is high (approaching 100%), then low arena_used_ratio (50-60%) indicates
that the memory is heavily fragmentized. Most probably, there is no immediate out-of-memory risk
in this case, but generally this is an issue to consider. For example, probable risks are that the entire
memory quota is used for tuples, and there is are no slabs left for a piece of an index. Or that all slabs
are allocated for storing tuples, but in fact all the slabs are half-empty.
Return
e items_size is the total amount of memory (including allocated, but currently free
slabs) used only for tuples, no indexes;
e items_used_ratio — items_used / slab_count * slab_size (these are slabs used
only for tuples, no indexes);
e quota_size is the maximum amount of memory that the slab allocator can use
for both tuples and indexes (as configured in memtz_memory parameter, e.g. the
default is 1 gigabyte = 2730 bytes = 1,073,741,824 bytes);
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e quota_used_ratio = quota_used / quota_size;
e arena_used_ratio — arena_used / arena_size;

e items_used is the efficient amount of memory (omitting allocated, but currently
free slabs) used only for tuples, no indexes;

e quota_used is the amount of memory that is already distributed to the slab allocator;

e arena_size is the total memory used for tuples and indexes together (including
allocated, but currently free slabs);

e arena_used is the efficient memory used for storing tuples and indexes together
(omitting allocated, but currently free slabs).

Rtype table

Example:

tarantool> box.slab.info()

- items_size: 228128
items_used_ratio: 1.8%
quota_size: 1073741824
quota_used_ratio: 0.8%
arena_used_ratio: 43.2%
items_used: 4208
quota_used: 8388608
arena_size: 2325176
arena_used: 1003632

tarantool> box.slab.info() .arena_used

- 1003632

box.slab.stats()

Show a detailed memory usage report (in bytes) for the slab allocator. The report is broken
down into groups by data item size as well as by slab size (64-byte, 136-byte, etc). The report
includes the memory allocated for storing both tuples and indexes.

return
e mem_free is the allocated, but currently unused memory;
e mem_used is the memory used for storing data items (tuples and indexes);
e item_count is the number of stored items;
e item_size is the size of each data item;
e slab_count is the number of slabs allocated;
e slab_size is the size of each allocated slab.

rtype table

Example:

Here is a sample report for the first group:
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tarantool> box.slab.stats() [1]
- mem_free: 16232

mem_used: 48

item_count: 2

item_size: 24

slab_count: 1

slab_size: 16384

This report is saying that there are 2 data items (item_count = 2) stored in one (slab_count
= 1) 24-byte slab (item_size = 24), so mem_used = 2 * 24 = 48 bytes. Also, slab_size is
16384 bytes, of which 16384 - 48 = 16232 bytes are free (mem_free).

A complete report would show memory usage statistics for all groups:

tarantool> box.slab.stats()
- - mem_free: 16232

mem_used: 48
item_count: 2
item_size: 24
slab_count: 1
slab_size: 16384

- mem_free: 15720
mem_used: 560
item_count: 14
item_size: 40
slab_count: 1
slab_size: 16384

<ol>

- mem_free: 32472
mem_used: 192
item_count: 1
item_size: 192
slab_count: 1
slab_size: 32768

- mem_free: 1097624
mem_used: 999424
item_count: 61
item_size: 16384
slab_count: 1
slab_size: 2097152

The total mem_used for all groups in this report equals arena_used in boz.slab.info() report.

BnoxeHHblii mogynb box.space

O6wue cBepeHus

The box. space submodule has the data-manipulation functions select, insert, replace, update, upsert,
delete, get, put. It also has members, such as id, and whether or not a space is enabled. Submodule source
code is available in file src/box/lua/schema.lua.
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Below is a list of all box.space functions and members.

Name

Use

space_ object:auto _increment()

Generate key + Insert a tuple

space_object:bsize()

Get count of bytes

space_ object:count()

Get count of tuples

space_object:create index()

Create an index

space_ object:delete()

Delete a tuple

space_ object:drop()

Destroy a space

space_ object:format()

Declare field names and types

space_ object:get()

Select a tuple

space_ object:insert()

Insert a tuple

space_ object:len()

Get count of tuples

space_ object:on_ replace()

Create a replace trigger with a function that cannot change the tuple

space_ object:before replace()

Create a replace trigger with a function that can change the tuple

space_object:pairs()

Prepare for iterating

space_ object:put()

Insert or replace a tuple

space_ object:rename()

Rename a space

space_ object:replace()

Insert or replace a tuple

space_object:run_triggers()

Enable/disable a replace trigger

space_ object:select()

Select one or more tuples

space_object:truncate()

Delete all tuples

space_ object:update()

Update a tuple

space_object:upsert()

Update a tuple

space__object.enabled

Flag, true if space is enabled

space_ object.field count

Required number of fields

space__object.id

Numeric identifier of space

space_ object.index

Container of space’s indexes

box.space. _cluster

(Metadata) List of replica sets

box.space. _func (Metadata) List of function tuples
box.space. _index (Metadata) List of indexes
box.space. priv (Metadata) List of privileges
box.space. _schema (Metadata) List of schemas
boz.space. _sequence (Metadata) List of sequences
box.space. _sequence_ data (Metadata) List of sequences
box.space. _space (Metadata) List of spaces
box.space. _user (Metadata) List of users

object space_object

space_object:auto_increment (tuple)
Insert a new tuple using an auto-increment primary key. The space specified by space object must
have an ,unsigned or ,integer* or ,number* primary key index of type TREE. The primary-key
field will be incremented before the insert.

Since version 1.7.5 this method is deprecated — it is better to use a sequence.

ITapameTpst

e space_object (space_object) — an object reference
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e tuple (table/tuple) — tuple’s fields, other than the primary-key field
Return the inserted tuple.
Rtype tuple
Complexity factors: Index size, Index type, Number of indexes accessed, WAL settings.
Possible errors:
e index has wrong type;
e primary-key indexed field is not a number.

Example:

tarantool> box.space.tester:auto_increment{'Fld#l‘, 'F1d#2'}

- [1, 'Fla#1', 'Fld#2']

tarantool> box.space.tester:auto_increment{'F1d#3'}

- [2, 'Fla#3']

space_object:bsize()
ITapameTpsnt
e space_object (space_object) — an object reference
Return Number of bytes in the space.

Example:

tarantool> box.space.tester:bsize()

- 22

Note re storage engine: vinyl does not support bsize().

space_object: count( [key] [, iterator ] )
Return the number of tuples. If compared with len(), this method works slower because count ()
scans the entire space to count the tuples.

ITapameTrpsbi
e space_object (space_object) — an object reference

e key (scalar/table) — primary-key field values, must be passed as a Lua table if
key is multi-part

e iterator — comparison method
Return Number of tuples.

Example:

tarantool> box.space.tester:count(2, {iterator='GE'})

-1
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space_object:create_index (indexr-name [, options ])
Create an indez. It is mandatory to create an index for a space before trying to insert tuples into
it, or select tuples from it. The first created index, which will be used as the primary-key index,

must be u

nique.

ITapameTrpst

space_object (space_object) — an object reference

index_name (string) — name of index, which should conform to the rules for object

names

options (table) —

Return index object

Rtyp

e index object

Options for space object:create index()

Name dpdpexT Type Default
type type of index string (,HASH* or ,TREE“ or ,BITSET“ or | ,TREE®
LRTREE“) Note re storage engine: vinyl only
supports ,,TREE®
id unique identifier number last
index’s
id, +1
unique | index is unique boolean true
if not exusterror if duplicate | boolean false
name
parts field-numbers + | {field no, ,unsigned“ or ,string* or ,integer” or | {1,
types shumber” or ,boolean” or array“ or ,scalar, | 'unsigned|}
and optional collation, and optional is_nullable
value}
dimensignaffects RTREE only | number 2
distance| affects RTREE only | string (,euclid* or ,manhattan‘) ,euclid“
bloom _fprffects vinyl only number vinyl_bloom_fpr
page_sigeaffects vinyl only number vinyl_page_size
range _sijzeffects vinyl only number vinyl_range_size
run__countffpets dengl only number vinyl_run|count_per_lev
run_sizq a#feids vinyl only number vinyl_run|size_ratio
sequencq see section | string or number not
regarding specifying present
a sequence m
create_index()

The options in the above chart are also applicable for index_object:alter().

Note re storage engine: vinyl has extra options which by default are based on configuration

parameters vinyl _bloom_ fpr, vinyl_page_ size, vinyl_range_ size, vinyl _run_ count_per level,

and vinyl_run_ size_ratio — see the description of those parameters. The current values can be
seen by selecting from box.space. index.

Possible
e too m

e index

errors:
any parts;

o - - already exists;
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e primary key must be unique.

tarantool> s = box.space.tester

tarantool> s:create_index('primary', {unique = true, parts = {1, 'unsigned', 2, 'string'}

.

Details about index field types:

The seven index field types (unsigned | string | integer | number | boolean | array | scalar) differ
depending on what values are allowed, and what index types are allowed.

unsigned: unsigned integers between 0 and 18446744073709551615, about 18 quintillion. May
also be called ,uint* or ,num®, but ,num* is deprecated. Legal in memtx TREE or HASH indexes,
and in vinyl TREE indexes.

string: any set of octets, up to the mazimum length. May also be called ,str*. Legal in memtx
TREE or HASH or BITSET indexes, and in vinyl TREE indexes. A string may have a collation.

integer: integers between -9223372036854775808 and 18446744073709551615. May also be called
Lint“. Legal in memtx TREE or HASH indexes, and in vinyl TREE indexes.

number: integers between -9223372036854775808 and 18446744073709551615, single-precision
floating point numbers, or double-precision floating point numbers. Legal in memtx TREE or
HASH indexes, and in vinyl TREE indexes.

boolean: true or false. Legal in memtx TREE or HASH indexes, and in vinyl TREE indexes.
array: array of numbers. Legal in memtx RTREFE indexes.

scalar: booleans (true or false), or integers between -9223372036854775808 and
18446744073709551615, or single-precision floating point numbers, or double-precison floating-
point numbers, or strings. When there is a mix of types, the key order is: booleans, then numbers,
then strings. Legal in memtx TREE or HASH indexes, and in vinyl TREE indexes.

Additionally, nil is allowed with any index field type if is_nullable=true is specified.

Index field types to use in space object:create index()
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Tun mo- | What can be in it Where is it legal | Ilpu-
g I MepBI
UHJIEKCH-

poBaHust

unsigned | integers between 0 and 18446744073709551615 memtx TREE or | 123456

HASH indexes,
vinyl TREE
indexes

string strings — any set of octets memtx TREEor | ,A B
HASH indexes | C*
vinyl TREE | ,,\65

indexes \ 66
\67¢
integer integers between -9223372036854775808 and | memtx TREE or | -2763
18446744073709551615 HASH indexes,
vinyl TREE
indexes

number integers between -9223372036854775808 and | memtx TREE or | 1.234
18446744073709551615, single-precision floating point | HASH indexes, | -44

14

numbers, double-precision floating point numbers vinyl TREE | 1.447e-+4
indexes
boolean | true / false memtx TREE or | false

HASH indexes, | true
vinyl TREE

indexes
array array of integers between -9223372036854775808 and | memtx RTREE | {10,
9223372036854775807 indexes 11} {3,
5 9,
10}
scalar booleans (true or false), integers between - | memtx TREE or | true -
9223372036854775808  and  18446744073709551615, | HASH indexes, | 1 1.234
single-precision floating point numbers, double-precision | vinyl TREE | ;¢ . py“
floating point numbers, strings indexes

Allowing null for an indexed key: If the index type is TREE, and the index is not the primary index,
then the parts={...} clause may include is_nullable=true or is_nullable=false (the default).
If is_nullable is true, then it is legal to insert nil or an equivalent such as msgpack.NULL. Within
indexes, such «null values» are always treated as equal to other null values, and are always treated as
less than non-null values. Nulls may appear multiple times even in a unique index. Example:

box.space.tester:create_index('I',{unique=true,parts={{2, 'number',is_nullable=true}}})

Using field names instead of field numbers: create_index() can use field names and/or field
types described by the optional space_object:format() clause. In the following example, we show
format () for a space that has two columns named ,x“ and ,y“, and then we show five variations
of the parts={} clause of create_index(), first for the ,x* column, second for both the ,x* and ,y“
columns. The variations include omitting the type, using numbers, and adding extra braces.

box.space.tester:format ({{name='x', type='scalar'}, {name='y', type='integer'}})
box.space.tester:create_index('I2',{parts={{'x"', 'scalar'}}})
box.space.tester:create_index('I3',{parts={{'x', 'scalar'},{'y"', 'integer'}}})
box.space.tester:create_index('I4',{parts={1, 'scalar'}})
box.space.tester:create_index('I5',{parts={1, 'scalar',2, 'integer'}})
box.space.tester:create_index('I6',{parts={1}})
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box.space.tester:create_index('I7',{parts={1,2}})
box.space.tester:create_index('I8',{parts={'x'}})
box.space.tester:create_index('I9',{parts={'x','y'}})
box.space.tester:create_index('I10',{parts={{'x'}}})
box.space.tester:create_index('I11',{parts={{'x'},{'y'}}})

Note re storage engine: vinyl supports only the TREE index type, and vinyl secondary indexes
must be created before tuples are inserted.

space_object:delete (key)
Delete a tuple identified by a primary key.

ITapameTrpst
e space_object (space_object) — an object reference

e key (scalar/table) — primary-key field values, must be passed as a Lua table if
key is multi-part

Return the deleted tuple
Rtype tuple
Complexity factors: Index size, Index type
Note re storage engine: vinyl will return nil, rather than the deleted tuple.

Example:

tarantool> box.space.tester:delete(1)

- [1, 'My first tuple']

tarantool> box.space.tester:delete(1)

tarantool> box.space.tester:delete('a')

- error: 'Supplied key type of part O does not match index part type:
expected unsigned'

space_object:drop()
Drop a space.

ITapameTrpsi
e space_object (space_object) — an object reference
Return nil
Possible errors: space_object does not exist.
Complexity factors: Index size, Index type, Number of indexes accessed, WAL settings.

Example:

box.space.space_that_does_not_exist:drop()

space_object:format ([format—clause ] )
Declare field names and types.

ITapameTrpst
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e space_object (space_object) — an object reference
e format-clause (table) — a list of field names and types
Return nil, unless format-clause is omitted
Possible errors:
e space_object does not exist;
e field names are duplicated,
e type is not legal.

Ordinarily Tarantool allows unnamed untyped fields. But with format users can, for example,
document that the Nth field is the surname field and must contain strings. It is also possible to
specify a format clause in box.schema.space.create().

The format clause contains {name='...',type='...'} pairs. The name may be any string,
provided that two fields do not have the same name.

The type can be any of those allowed for indexed fields: unsigned | string | integer | number |
boolean | array | scalar (the same as the requirement in «Options for space object:create index»).

It is legal for tuples to have more fields than are described by a format clause. The way to constrain
the number of fields is to specify a space’s field count member.

It is legal to use format on a space that already has a format, provided that there is no conflict
with existing data or index definitions.

Example:

box.space.tester:format ({{name="'surname',type='string'},{name="'IDX',type="array'}})

There are legal variations of the format clause:
e omitting both ,name=" and ,type=",
e omitting ,type=" alone, and
e adding extra braces.

The following examples show all the variations, first for one field named ,x“, second for two fields
named ,x“ and ,,y*.

box.space.tester:format ({{'x'}})

box.space.tester:format ({{'x'},{'y'}})

box.space.tester:format ({{name='x"',type='scalar'}})

box.space.tester:format ({{name="x"',type='scalar'},{name="y',type="'unsigned'}})
box.space.tester:format ({{name="x"'}})

box.space.tester:format ({{name="'x"'},{name="y'}})

box.space.tester:format ({{'x',type='scalar'}})

box.space.tester:format ({{'x',type='scalar'},{'y',type="'unsigned'}})
box.space.tester:format ({{'x"', 'scalar'}})
box.space.tester:format ({{'x"', 'scalar'},{'y', 'unsigned'}})

Names specified with the format clause can be wused in space object:get() and in
space_ object:create_index().

If the format clause is omitted, then the returned value is the table that was used in a
previous space_object :format(format-clause) invocation. For example, after box.space.
tester:format ({{'x', 'scalar'}}), box.space.tester:format() will return [{,name*: ,x*
Stypet: ,scalar}].
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space_object:get (key)
Search for a tuple in the given space.

ITapameTrpsnt
e space_object (space_object) — an object reference

e key (scalar/table) — value to be matched against the index key, which may be
multi-part.

Return the tuple whose index key matches key, or nil.
Rtype tuple
Possible errors: space_object does not exist.
Complexity factors: Index size, Index type, Number of indexes accessed, WAL settings.

The box.space...select function returns a set of tuples as a Lua table; the box.space. ..
get function returns at most a single tuple. And it is possible to get the first tuple in a space
by appending [1]. Therefore box.space.tester:get{1} has the same effect as box.space.
tester:select{1}[1], if exactly one tuple is found.

Example:

box.space.tester:get{1}

Using field names instead of field numbers: get() can use field names described by
the optional space_ object:format() clause. This is similar to a standard Lua feature, where a
component can be referenced by its name instead of its number. For example, we can format the
tester space with a field named = and use the name z in the index definition:

box.space.tester:format ({{name='x"',type='scalar'}})
box.space.tester:create_index('I',{parts={'x'}})

Then, if get or select retrieve a single tuple, we can reference the field ,x“ in the tuple by its
name:

box.space.tester:get{1}['x"']
box.space.tester:select{1}[1]['x']

space_object:insert (tuple)
Insert a tuple into a space.

ITapameTrpsnt
e space_object (space_object) — an object reference
e tuple (tuple/table) — tuple to be inserted.
Return the inserted tuple
Rtype tuple

Possible errors: If a tuple with the same unique-key value already exists, returns
ER_TUPLE_FQOUND.

Example:

tarantool> box.space.tester:insert{5000, 'tuple number five thousand'}

- [5000, 'tuple number five thousand']

184 Fnasa 5. CnpaBo4Hukn



Tarantool, Beinyck 1.10.0

space_object:len()
Return the number of tuples in the space. If compared with count(), this method works faster
because 1len() does not scan the entire space to count the tuples.

ITapameTrpst
e space_object (space_object) — an object reference
Return Number of tuples in the space.

Example:

tarantool> box.space.tester:len()

-2

Note re storage engine: vinyl does not support len(). Possible workarounds are to use count()
or #select(...).

space_object:on_replace (trigger-function [, old-trigger-function ] )
Create a «replace triggers. The trigger-function will be executed whenever a replace() or
insert () or update() or upsert() or delete() happens to a tuple in <space-name>.

ITapameTpst
e trigger-function (function) — function which will become the trigger function

e old-trigger-function (function) — existing trigger function which will be
replaced by trigger-function

Return nil or function pointer
If the parameters are (nil, old-trigger-function), then the old trigger is deleted.

If it is necessary to know whether the trigger activation happened due to replication or on a
specific connection type, the function can refer to box.session.type().

Details about trigger characteristics are in the triggers section.
See also space_ object:before_replace().

Example #1:

tarantool> function £ ()
> x=x+1
> end
tarantool> box.space.X:on_replace(f)

The trigger-function can have two parameters: old tuple, new tuple. For example, the following
code causes nil to be printed when the insert request is processed, and causes [1, ,Hi“| to be printed
when the delete request is processed:

box.schema.space.create('space_1"')
box.space.space_1l:create_index('space_1_index',{})
function on_replace_function (old, new) print(old) end
box.space.space_l:on_replace(on_replace_function)
box.space.space_1:insert{1l, 'Hi'}
box.space.space_1l:delete{1}

Example #2:

5.1. Built-in modules reference 185



Tarantool, Beinyck 1.10.0

The following series of requests will create a space, create an index, create a function which
increments a counter, create a trigger, do two inserts, drop the space, and display the counter
value - which is 2, because the function is executed once after each insert.

tarantool> s = box.schema.space.create('space53')
tarantool> s:create_index('primary', {parts = {1, 'unsigned'}})
tarantool> function replace_trigger()
> replace_counter = replace_counter + 1
> end
tarantool> s:on_replace(replace_trigger)
tarantool> replace_counter = 0O
tarantool> t = s:insert{l, 'First replace'}
tarantool> t = s:insert{2, 'Second replace'}
tarantool> s:drop()
tarantool> replace_counter

space_object:before_replace (trigger-function [, old-trigger-function ] )

Create a «replace triggers. The trigger-function will be executed whenever a replace() or
insert() or update() or upsert() or delete() happens to a tuple in <space-name>.

ITapameTrpst
e trigger-function (function) — function which will become the trigger function

e old-trigger-function (function) — existing trigger function which will be
replaced by trigger-function

Return nil or function pointer
If the parameters are (nil, old-trigger-function), then the old trigger is deleted.

If it is necessary to know whether the trigger activation happened due to replication or on a
specific connection type, the function can refer to boz.session.type().

Details about trigger characteristics are in the triggers section.
See also space object:on_ replace().

Administrators can make replace triggers with on_replace(), or make triggers with
before_replace(). If they make both types, then all before_replace triggers are executed
before all on_replace triggers. The functions for both on_replace and before_replace triggers
can make changes to the database, but only the functions for before_replace triggers can change
the tuple that is being replaced.

Since a before_replace trigger function has the extra capability of making a change to the old
tuple, it also can have extra overhead, to fetch the old tuple before making the change. Therefore
an on_replace trigger is better if there is no need to change the old tuple. However, this only
applies for the memtx engine — for the vinyl engine, the fetch will happen for either kind of trigger.
(With memtx the tuple data is stored along with the index key so no extra search is necessary;
with vinyl that is not the case so the extra search is necessary.)

Where the extra capability is not needed, on_replace should be used instead of before_replace.
Usually before_replace is used only for certain replication scenarios — it is useful for conflict
resolution.

The value that a before_replace trigger function can return affects what will happen after the
return. Specifically:

o if there is no return value, then execution proceeds, inserting|replacing the new value;

e if the value is nil, then the tuple will be deleted;
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o if the value is the same as the old parameter, then no on_ replace function will be called and
the data change will be skipped

e if the value is the same as the new parameter, then it’s as if the before_replace function
wasn’t called;

o if the value is something else, then execution proceeds, inserting|replacing the new value.
Example:

The following are before_replace functions that have no return value, or that return nil, or the
same as the old parameter, or the same as the new parameter, or something else.

function f1 (old, new) return end

function f2 (old, new) return nil end

function f3 (old, new) return old end

function f4 (old, new) return new end

function f5 (old, new) return box.tuple.new({new[1],'b'}) end

space_object:pairs( [key[, z'temtor] ])
Search for a tuple or a set of tuples in the given space, and allow iterating over one tuple at a
time.

ITapameTrpst
e space_object (space_object) — an object reference

e key (scalar/table) — value to be matched against the index key, which may be
multi-part

e iterator — see index object:pairs
Return iterator which can be used in a for/end loop or with totable()
Possible errors:
e no such space;
e wrong type.
Complexity factors: Index size, Index type.

For examples of complex pairs requests, where one can specify which index to search and
what condition to use (for example «greater than» instead of «equal to»), see the later section
index_ object:pairs.

Example:

tarantool> s = box.schema.space.create('space33')

tarantool> -- index 'X' has default parts {1, 'unsigned'}
tarantool> s:create_index('X', {})

tarantool> s:insert{0, 'Hello my '}, s:imsert{l, 'Lua world'}

- [0, 'Hello my ']
- [1, 'Lua world']

tarantool> tmp = "'
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tarantool> for k, v in s:pairs() do
>  tmp = tmp .. v[2]
> end

tarantool> tmp

- Hello my Lua world

space_object:rename (space-name)
Rename a space.

ITapameTrpsnt
e space_object (space_object) — an object reference
e space-name (string) — new name for space
Return nil
Possible errors: space_object does not exist.

Example:

tarantool> box.space.spaceb5:rename('space56')

tarantool> box.space.spaceb6:rename('space55')

space_object:replace (tuple)

space_object:put (tuple)
Insert a tuple into a space. If a tuple with the same primary key already exists, box.space.
..:replace() replaces the existing tuple with a new one. The syntax variants box.space. ..

:replace() and box.space...:put() have the same effect; the latter is sometimes used to show
that the effect is the converse of box.space...:get().
ITapameTpst

e space_object (space_object) — an object reference
e tuple (table/tuple) — tuple to be inserted
Return the inserted tuple.
Rtype tuple

Possible errors: If a different tuple with the same unique-key value already exists, returns
ER_TUPLE_FOUND. (This will only happen if there is a unique secondary index.)

Complexity factors: Index size, Index type, Number of indexes accessed, WAL settings.

Example:

box.space.tester:replace{5000, 'tuple number five thousand'}

space_object:run_triggers (true/false)
At the time that a trigger is defined, it is automatically enabled - that is, it will be executed.
Replace triggers can be disabled with box.space.space-name :run_triggers(false) and re-
enabled with box.space. space-name :run_triggers(true).
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Return nil

Example:

The following series of requests will associate an existing function named F' with an existing space
named 7, associate the function a second time with the same space (so it will be called twice),

disable all triggers of T, and delete each trigger by replacing with nil.

tarantool> box.space.T:on_replace(F)
tarantool> box.space.T:on_replace(F)
tarantool> box.space.T:run_triggers(false)
tarantool> box.space.T:on_replace(nil, F)
tarantool> box.space.T:on_replace(nil, F)

space_object:select ([k‘ey])
Search for a tuple or a set of tuples in the given space.

ITapameTpst
e space_object (space_object) — an object reference

e key (scalar/table) — value to be matched against the index key, which may be
multi-part.

Return the tuples whose primary-key fields are equal to the fields of the passed key.
If the number of passed fields is less than the number of fields in the primary key,
then only the passed fields are compared, so select{1,2} will match a tuple whose
primary key is {1,2,3}.

Rtype array of tuples
Possible errors:
e no such space;
e wrong type.
Complexity factors: Index size, Index type.

Example:

tarantool> s = box.schema.space.create('tmp', {temporary=true})

tarantool> s:create_index('primary',{parts = {1, 'unsigned', 2, 'string'}})

tarantool> s:insert{1,'A'}

- [, 'a]

tarantool> s:insert{1,'B'}

- [, 'B']

tarantool> s:insert{1,'C'}

- [, ¢

tarantool> s:insert{2,'D'}

- [2, 'D']
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tarantool> -- must equal both primary-key fields
tarantool> s:select{1,'B'}

- - [1, 'B']

tarantool> -- must equal only one primary-key field
tarantool> s:select{1l}

- - [1, 'a']
- [1, 'B']
- [1, '¢']
tarantool> -- must equal 0 fields, so returns all tuples

tarantool> s:select{}

- - [1, 'A']
- [1, 'B']
- [1, '¢c']
- [2, 'D']

For examples of complex select requests, where one can specify which index to search and what
condition to use (for example «greater than» instead of «equal to») and how many tuples to
return, see the later section index object:select.

space_object:truncate()
Deletes all tuples.

ITapameTrpsl
e space_object (space_object) — an object reference
Complexity factors: Index size, Index type, Number of tuples accessed.
Return nil

The truncate method can only be called by the user who created the space, or from within a
setuid function created by the user who created the space. Read more about setuid functions
in the reference for box.schema.func.create().

The truncate method cannot be called from within a transaction.

Example:

tarantool> box.space.tester:truncate()

tarantool> box.space.tester:len()

-0

space_object:update (key, {{operator, field no, value}, ... })
Update a tuple.

The update function supports operations on fields — assignment, arithmetic (if the field is
numeric), cutting and pasting fragments of a field, deleting or inserting a field. Multiple operations
can be combined in a single update request, and in this case they are performed atomically and
sequentially. Each operation requires specification of a field number. When multiple operations
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are present, the field number for each operation is assumed to be relative to the most recent
state of the tuple, that is, as if all previous operations in a multi-operation update have already
been applied. In other words, it is always safe to merge multiple update invocations into a single
invocation, with no change in semantics.

Possible operators are:

e + for addition (values must be numeric)

- for subtraction (values must be numeric)

& for bitwise AND (values must be unsigned numeric)

| for bitwise OR (values must be unsigned numeric)

~ for bitwise XOR (exclusive OR) (values must be unsigned numeric)

: for string splice

! for insertion

# for deletion

= for assignment
For ! and = operations the field number can be -1, meaning the last field in the tuple.
ITapameTpst

e space_object (space_object) — an object reference

e key (scalar/table) — primary-key field values, must be passed as a Lua table if
key is multi-part

e operator (string) — operation type represented in string

e field_no (number) — what field the operation will apply to. The field number can
be negative, meaning the position from the end of tuple. (#tuple + negative field
number + 1)

e value (lua_value) — what value will be applied
Return the updated tuple.
Rtype tuple
Possible errors: it is illegal to modify a primary-key field.
Complexity factors: Index size, Index type, number of indexes accessed, WAL settings.

Thus, in the instruction:

s:update(44, {{'+', 1, 55 }, {'=", 3, 'x'}})

the primary-key value is 44, the operators are '+' and '=' meaning add a value to a field and
then assign a value to a field, the first affected field is field 1 and the value which will be added
to it is 55, the second affected field is field 3 and the value which will be assigned to it is 'x"'.

Example:

Assume that initially there is a space named tester with a primary-key index whose type is
unsigned. There is one tuple, with field[1] = 999 and field[2] = 'A".

In the update: box.space.tester:update(999, {{'=', 2, 'B'}}) The first argument is
tester, that is, the affected space is tester. The second argument is 999, that is, the affected tuple
is identified by primary key value = 999. The third argument is =, that is, there is one operation
— assignment to a field. The fourth argument is 2, that is, the affected field is field[2]. The
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fifth argument is 'B', that is, field[2] contents change to 'B'. Therefore, after this update,
field[1] = 999 and field[2] = 'B".

In the update: box.space.tester:update({999}, {{'=', 2, 'B'}}) the arguments are the
same, except that the key is passed as a Lua table (inside braces). This is unnecessary when the
primary key has only one field, but would be necessary if the primary key had more than one
field. Therefore, after this update, field[1] = 999 and field[2] = 'B' (no change).

In the update: box.space.tester:update ({999}, {{'=', 3, 1}}) the arguments are the same,
except that the fourth argument is 3, that is, the affected field is field[3]. It is okay that, until
now, field[3] has not existed. It gets added. Therefore, after this update, field[1] = 999,
field[2] = 'B', field[3] = 1.

In the update: box.space.tester:update ({999}, {{'+', 3, 1}}) the arguments are the same,
except that the third argument is '+', that is, the operation is addition rather than assignment.
Since field[3] previously contained 1, this means we’re adding 1 to 1. Therefore, after this
update, field[1] = 999, field[2] = 'B', field[3] = 2.

In the update: box.space.tester:update({999}, {{'I"', 3, 1}, {'=', 2, 'C'}}) the idea
is to modify two fields at once. The formats are '|' and =, that is, there are two operations,
OR and assignment. The fourth and fifth arguments mean that field[3] gets OR’ed with 1.
The seventh and eighth arguments mean that field[2] gets assigned 'C'. Therefore, after this
update, field[1] = 999, field[2] = 'C', field[3] = 3.

In the update: box.space.tester:update ({999}, {{'#', 2, 1}, {'-', 2, 3}}) Theideais
to delete £ield[2], then subtract 3 from field[3]. But after the delete, there is a renumbering,
so field[3] becomes field[2] before we subtract 3 from it, and that’s why the seventh argument
is 2, not 3. Therefore, after this update, field[1] = 999, field[2] = 0.

In the update: box.space.tester:update({999}, {{'=', 2, 'XYZ'}}) we're making a long
string so that splice will work in the next example. Therefore, after this update, field[1] = 999,
field[2] = 'XYZ'.

In the wupdate: box.space.tester:update({999}, {{':', 2, 2, 1, '"!t1'}}) The third
argument is ':', that is, this is the example of splice. The fourth argument is 2 because the
change will occur in field[2]. The fifth argument is 2 because deletion will begin with the
second byte. The sixth argument is 1 because the number of bytes to delete is 1. The seventh
argument is '!!' because '!!' is to be added at this position. Therefore, after this update,
field[1] = 999, field[2] = 'X!!Z".

space_object :upsert (tuple_wvalue, {{operator, field_no, value}, ... })

Update or insert a tuple.

If there is an existing tuple which matches the key fields of tuple_value, then the request has the
same effect as space_ object:update() and the {{operator, field_no, value}, ...} parameter
is used. If there is no existing tuple which matches the key fields of tuple_value, then the request
has the same effect as space object:insert() and the {tuple_value} parameter is used. However,
unlike insert or update, upsert will not read a tuple and perform error checks before returning
— this is a design feature which enhances throughput but requires more caution on the part of the
user.

ITapameTrpst
e space_object (space_object) — an object reference
e tuple (table/tuple) — default tuple to be inserted, if analogue isn’t found
e operator (string) — operation type represented in string

e field_no (number) — what field the operation will apply to. The field number can
be negative, meaning the position from the end of tuple. (#tuple + negative field
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number + 1)
e value (lua_value) — what value will be applied
Return null
Possible errors:
o It is illegal to modify a primary-key field.
e It is illegal to use upsert with a space that has a unique secondary index.
Complexity factors: Index size, Index type, number of indexes accessed, WAL settings.

Example:

box.space.tester:upsert({12,'c'}, {{'=', 3, 'a'}, {'=', 4, 'b'}})

space_object.enabled
Whether or not this space is enabled. The value is false if the space has no index.

space_object.field_count
The required field count for all tuples in this space. The field count can be set initially with:
box.schema.space.create(..., {

B

field_count = field_count_value |,

b

The default value is 0, which means there is no required field count.

Example:

tarantool> box.space.tester.field_count

-0

space_object.id
Ordinal space number. Spaces can be referenced by either name or number. Thus, if space
tester has id = 800, then box.space.tester:insert{0} and box.space[800] :insert{0} are
equivalent requests.

Example:

tarantool> box.space.tester.id

- 512

box.space.index
A container for all defined indexes. There is a Lua object of type boz.indexr with methods
to search tuples and iterate over them in predefined order.

Rtype table

Example:

# checking the number of indexes for space 'tester'
tarantool> #box.space.tester.index

-1
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# checking the type of index 'primary'
tarantool> box.space.tester.index.primary.type

- TREE

box.space._cluster
_cluster is a system space for support of the replication feature.

box.space._func
_func is a system space with function tuples made by box.schema.func.create().

Tuples in this space contain the following fields:
e the numeric function id, a number,
e the function name,
o flag,
e a language name (optional): ,LUA“ (default) or ,C*.

The _func space does not include the function’s body. You continue to create Lua functions in the
usual way, by saying function function_name () ... end, without adding anything in the _func
space. The _func space only exists for storing function tuples so that their names can be used within
grant/revoke functions.

You can:

e Create a _func tuple with box.schema.func.create(),

e Drop a _func tuple with box.schema.func.drop(),

e Check whether a _func tuple exists with boz.schema.func.ezists().
Example:

In the following example, we create a function named ‘f7’, put it into Tarantool’s _func space and
grant .execute privilege for this function to ,,guest® user.

tarantool> function f7()
> box.session.uid()
> end

tarantool> box.schema.func.create('f7"')

tarantool> box.schema.user.grant('guest', 'execute', 'function', 'f7')

tarantool> box.schema.user.revoke('guest', 'execute', 'function', 'f7')

box.space._index
_index is a system space.

Tuples in this space contain the following fields:
e id (= id of space),

e iid (= index number within space),
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e name,

* type,

e opts (e.g. unique option), [tuple-field-no, tuple-field-type ...]|.

Here is what _index contains in a typical installation:

[272,
[280,
[280,
[280,
[281,
[281,
[281,
[288,
[288,
[289,
[289,
[296,
[296,
[296,

0,
0,
1,
2,
0,
1,
2,
0,
2,
0,
2,
0,
1,
2,

tarantool> box.space._index:select{}

'primary', 'tree', {'unique': true}, [[0, 'string']]]

'primary', 'tree', {'unique': true}, [[0, 'unsigned']]]

'owner', 'tree', {'unique': false}, [[1, 'unsigned']]]

'name', 'tree', {'unique': true}, [[2, 'string'l]]]

'primary', 'tree', {'unique': true}, [[0, 'unsigned']]]

'owner', 'tree', {'unique': false}, [[1, 'unsigned']]]

'name', 'tree', {'unique': true}, [[2, 'string']]]

'primary', 'tree', {'unique': true}, [[0, 'unsigned'l], [1, 'unsigned']]]
'name', 'tree', {'unique': true}, [[0, 'unsigned']l, [2, 'string'l]]
'primary', 'tree', {'unique': true}, [[0, 'unsigned'], [1, 'unsigned']]]
'name', 'tree', {'unique': true}, [[0, 'unsigned']l, [2, 'string'l]]
'primary', 'tree', {'unique': true}, [[0, 'unsigned']]]

'owner', 'tree', {'unique': false}, [[1, 'unsigned']]]

'name', 'tree', {'unique': true}, [[2, 'string']]]

box.space._priv

_priv is a system space where privileges are stored.

Tuples in this space contain the following fields:

e the numeric id of the user who gave the privilege («grantor id»),

the numeric id of the user who received the privilege («grantee id»),

the type of object: ,space”, ,function®, ,sequence” or ,universe®,

the numeric id of the object,

the type of operation: «read» = 1, «write» = 2, «execute» = 4, «create» = 32, «drop» = 64,
«alter» = 128, or a combination such as «read,write,execute».

You can:

e Grant a privilege with box.schema.user.grant().

e Revoke a privilege with box.schema.user.revoke().

IIpumeuanme:

Generally, privileges are granted or revoked by the owner of the object (the user who created it),
or by the ,admin“ user.

Before dropping any objects or users, make sure that all their associated privileges have been

revoked.

Only the ,,admin® user can grant privileges for the ,universe®.

Only the ,admin® user or the creator of a space can drop, alter, or truncate the space.

Only the ,admin® user or the creator of a user can change a different user’s password.
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box.space._schema
_schema is a system space.

This space contains the following tuples:

version tuple with version information for this Tarantool instance,
cluster tuple with the instance’s replica set 1D,
max_id tuple with the maximal space 1D,

once. .. tuples that correspond to specific box.once() blocks from the instance’s initialization file.
The first field in these tuples contains the key value from the corresponding box.once() block
prefixed with ,once* (e.g. oncehello), so you can easily find a tuple that corresponds to a specific
box.once () block.

Example:

Here is what _schema contains in a typical installation (notice the tuples for two box.once () blocks,
'oncebye' and 'oncehello'):

tarantool> box.space._schema:select{}

['cluster', 'b4el15788-d962-4442-892e-d6c1dd5d13f2']
['max_id', 512]

['oncebye']

['oncehello']

['version', 1, 7, 2]

box.space._sequence
_sequence is a system space for support of the sequence feature. It contains persistent information
that was established by boz.schema.sequence.create() or box.schema.sequence.alter().

box.space._sequence_data
_sequence_data is a system space for support of the sequence feature.

Each tuple in _sequence_data contains two fields:

the id of the sequence, and

the last value that the sequence generator returned (non-persistent information).

box.space._space
_space is a system space.

Tuples in this space contain the following fields:

id,

owner (= id of user who owns the space),
name, engine, field_count,

flags (e.g. temporary),

format (as made by a format clause).

These fields are established by space.create().
Example #1:

The following function will display all simple fields in all tuples of _space.
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function example()
local ta = {}
local i, line
for k, v in box.space._space:pairs() do

i=1

line = "'

while i <= #v do
if type(v[i]) “= 'table' then

line = line .. v[i] vt

end

i=1i+1

end

table.insert(ta, line)

end

return ta
end

Here is what example () returns in a typical installation:

tarantool> example()

- - '272 1 _schema memtx O '
- '280 1 _space memtx O '
- '281 1 _vspace sysview 0 '
- '288 1 _index memtx O '
- '296 1 _func memtx 0 '
- '304 1 _user memtx 0 '
- '305 1 _vuser sysview O '
- '312 1 _priv memtx O '
- '313 1 _vpriv sysview O '
- '320 1 _cluster memtx O '
- '5612 1 tester memtx O '
- '513 1 origin vinyl O '
- '614 1 archive memtx 0 '
Example #2:

The following requests will create a space using box.schema.space.create() with a format clause,
then retrieve the _space tuple for the new space. This illustrates the typical use of the format clause,
it shows the recommended names and data types for the fields.

tarantool> box.schema.space.create('TM', {
> id = 12345,

>  format = {

> [1] = {["name"] = "field_1"},
> [2] = {["type"] = "unsigned"}
>}

>}

- index: []
on_replace: 'function: 0x41c67338'
temporary: false
id: 12345
engine: memtx
enabled: false
name: TM
field_count: O
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- created

tarantool> box.space._space:select(12345)

- - [123845, 1, 'TM', 'memtx', O, {}, [{'name': 'field_1'}, {'type': 'unsigned'l}]]

box.space._user

_user is a system space where user-names and password hashes are stored.
Tuples in this space contain the following fields:
e the numeric id of the tuple («id»),

e the numeric id of the tuple’s creator,

the name,

the type: ,,user or ,role",
e optional password.

There are five special tuples in the _user space: ,,guest®, ,admin®, ,public®, ,replication®, and ,super®.

Name ID | Type| Description

guest 0 user | Default user when connecting remotely. Usually an untrusted user with few
privileges.

adminl user | Default user when using Tarantool as a console. Usually an administrative user
with all privileges.

public2 role | Pre-defined role, automatically granted to new users when they are created
with box.schema.user.create(user-name). Therefore a convenient way to grant
ead“ on space ,t“ to every user that will ever exist is with box.schema.role.
grant ('public','read', 'space','t').

replicadion role | Pre-defined role, which the ,admin“ user can grant to users who need to use
replication features.

super 31 | role | Pre-defined role, which the ,admin® user can grant to users who need all privileges
on all objects. The ,super” role has these privileges on ,universe*: read, write,
execute, create, drop, alter.

To select a tuple from the _user space, use box.space._user:select(). For example, here is what
happens with a select for user id = 0, which is the ,,guest” user, which by default has no password:

tarantool> box.space._user:select{0}

- - [0, 1, 'guest', 'user']

ITpenynpexaenne: To change tuples in the _user space, do not use ordinary box. space functions
for insert or update or delete. The _user space is special, so there are special functions which have
appropriate error checking.

To create a new user, use boz.schema.user.create():
box.schema.user.create(user-name)
box.schema.user.create(user-name, {if_not_exists = truel})
box.schema.user.create(user-name, {password = passwordl})
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To change the user’s password, use boz.schema.user.password():
-- To change the current user's password
box.schema.user.passwd(password)

-- To change a different user's password

-- (usually only 'admin' can do it)
box.schema.user.passwd(user-name, password)
To drop a user, use box.schema.user.drop():
box.schema.user.drop(user-name)

To check whether a user exists, use box.schema.user.exists(), which returns true or false:

box.schema.user.exists(user-name)
To find what privileges a user has, use box.schema.user.info():
box.schema.user.info(user-name)

IIpumeuanne: The maximum number of users is 32.

Example:

Here is a session which creates a new user with a strong password, selects a tuple in the _user space,

and then drops the user.

tarantool> box.space._user.index.name:select{‘JeanMartin‘}

tarantool> box.schema.user.drop('JeanMartin')

tarantool> box.schema.user.create('JeanMartin', {password = 'Iwtso_6_os$$'})

- - [17, 1, 'JeanMartin', 'user', {'chap-shal': 't3xjUpQdrt8570+YRvGbMY5py8Q="3}]

Example: use box.space functions to read _space tuples

This function will illustrate how to look at all the spaces, and for each display: approximately how many
tuples it contains, and the first field of its first tuple. The function uses Tarantool box . space functions len()
and pairs (). The iteration through the spaces is coded as a scan of the _space system space, which contains
metadata. The third field in _space contains the space name, so the key instruction space_name = v[3]
means space_name is the space_name field in the tuple of _space that we’ve just fetched with pairs(). The

function returns a table:

function example()
local tuple_count, space_name, line
local ta = {}
for k, v in box.space._space:pairs() do
space_name = v[3]

if box.spacel[space_name].index[0] ~= nil then

tuple_count = 'l or more'
else

tuple_count = 'O'
end
line = space_name .. ' tuple_count =' .. tuple_count
if tuple_count == 'l or more' then

for k1, vl in box.space[space_name] :pairs() do

line = line .. '. first field in first tuple = ' .. vi1[1]
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break
end
end
table.insert(ta, line)
end
return ta
end

And here is what happens when one invokes the function:

tarantool> example()

- - _schema tuple_count =1 or more. first field in first tuple = cluster
- _space tuple_count =1 or more. first field in first tuple = 272
- _vspace tuple_count =1 or more. first field in first tuple = 272
- _index tuple_count =1 or more. first field in first tuple = 272
- _vindex tuple_count =1 or more. first field in first tuple = 272
- _func tuple_count =1 or more. first field in first tuple =1
- _vfunc tuple_count =1 or more. first field in first tuple = 1
- _user tuple_count =1 or more. first field in first tuple = 0
- _vuser tuple_count =1 or more. first field in first tuple = 0
- _priv tuple_count =1 or more. first field in first tuple =1
- _vpriv tuple_count =1 or more. first field in first tuple =1
- _cluster tuple_count =1 or more. first field in first tuple = 1

Example: use box.space functions to organize a _space tuple

The objective is to display field names and field types of a system space — using metadata to find metadata.
To begin: how can one select the _space tuple that describes _space?

A simple way is to look at the constants in box.schema, which tell us that there is an item named SPACE 1D
== 288, so these statements will retrieve the correct tuple:

box.space._space:select{ 288 }
or
box.space._space:select{ box.schema.SPACE_ID }

Another way is to look at the tuples in box.space. _index, which tell us that there is a secondary index named
,hame” for space number 288, so this statement also will retrieve the correct tuple:

box.space._space.index.name:select{ '_space' }

However, the retrieved tuple is not easy to read:

tarantool> box.space._space.index.name:select{'_space'}

- - [280, 1, '_space', 'memtx', O, {}, [{'name': 'id', 'type': 'num'}, {'name': 'owner',
"type': 'num'}, {'name': 'name', 'type': 'str'}, {'name': 'engine', 'type': 'str'},
{'name': 'field_count', 'type': 'num'}, {'name': 'flags', 'type': 'str'}, {
'name': 'format', 'type': 's'}]]
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It looks disorganized because field number 7 has been formatted with recommended names and data types.
How can one get those specific sub-fields? Since it’s visible that field number 7 is an array of maps, this for
loop will do the organizing:

tarantool> do
>  local tuple_of_space = box.space._space.index.name:get{'_space'}

> for _, field in ipairs(tuple_of_space[7]) do
> print(field.name .. ', ' .. field.type)

> end

> end

id, num

owner, num

name, str
engine, str
field_count, num
flags, str
format, *

Submodule box.stat

The box.stat submodule provides access to request and network statistics. Show the average number of
requests per second, and the total number of requests since startup, broken down by request type. Or, show
network activity statistics.

tarantool> type(box.stat), type(box.stat.net) -- wirtual tables

- table
- table

tarantool> box.stat, box.stat.net

- net: &0 []
- %0

tarantool> box.stat()

- DELETE:
total: 1873949
rps: 123
SELECT:
total: 1237723
rps: 4099
INSERT:
total: O
rps: O
EVAL:
total: O
rps: O
CALL:
total: O
rps: O
REPLACE:
total: 1239123
rps: 7849
UPSERT:
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total: O
rps: O

AUTH:

total: O
rps: O

ERROR:

total: O
rps: O

UPDATE:

total: O
rps: O

tarantool> box.stat() .DELETE -- a selected item of the table

- total: O
rps: O

tarantool> box.stat.net()

- SENT:

total: O
rps: O

RECEIVED:

total: O
rps: O

Function box.snapshot

box.snapshot ()

Take a snapshot of all data and store it in memtxr dir/<latest-1sn> .snap. To take a snapshot,
Tarantool first enters the delayed garbage collection mode for all data. In this mode, tuples which were
allocated before the snapshot has started are not freed until the snapshot has finished. To preserve
consistency of the primary key, used to iterate over tuples, a copy-on-write technique is employed. If
the master process changes part of a primary key, the corresponding process page is split, and the
snapshot process obtains an old copy of the page. In effect, the snapshot process uses multi-version
concurrency control in order to avoid copying changes which are superseded while it is running.

Since a snapshot is written sequentially, one can expect a very high write performance (averaging to
80MB/second on modern disks), which means an average database instance gets saved in a matter of
minutes.

IIpumeuanue: As long as there are any changes to the parent index memory through concurrent
updates, there are going to be page splits, and therefore you need to have some extra free memory
to run this command. 10% of memtz _memory is, on average, sufficient. This statement waits until a
snapshot is taken and returns operation result.

ITpumeuanme: Change notice: Prior to Tarantool version 1.6.6, the snapshot process caused a fork,
which could cause occasional latency spikes. Starting with Tarantool version 1.6.6, the snapshot process
creates a consistent read view and this view is written to the snapshot file by a separate thread (the
«Write Ahead Log» thread).

Although box.snapshot () does not cause a fork, there is a separate fiber which may produce snapshots
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at regular intervals — see the discussion of the checkpoint daemon.

Example:

tarantool> box.info.version

- 1.7.0-1216-g73£7154

tarantool> box.snapshot ()

- ok

tarantool> box.snapshot ()

- error: can't save snapshot, errno 17 (File exists)

Taking a snapshot does not cause the server to start a new write-ahead log. Once a snapshot is taken,
old WALSs can be deleted as long as all replicated data is up to date. But the WAL which was current at
the time box.snapshot () started must be kept for recovery, since it still contains log records written
after the start of box.snapshot().

An alternative way to save a snapshot is to send a SIGUSRI1 signal to the instance. While this approach
could be handy, it is not recommended for use in automation: a signal provides no way to find out
whether the snapshot was taken successfully or not.

BnoxenHbiii moaynb box.tuple
O6uwue ceegeHus

The box.tuple submodule provides read-only access for the tuple userdata type. It allows, for a single
tuple: selective retrieval of the field contents, retrieval of information about size, iteration over all the fields,
and conversion to a Lua table.

Nupekc

Below is a list of all box.tuple functions.

Name Use

boz.tuple.new() Create a tuple

#tuple object Count tuple fields

tuple_ object:bsize() Get count of bytes in a tuple

tuple_ object/[field-number| | Get a tuple’s specific field

tuple_ object:find() Get the number of the first field matching the search value
tuple_ object:findall() Get the number of all fields matching the search value
tuple_ object:transform() Remove (and replace) a tuple’s fields

tuple_ object:unpack() Get a tuple’s fields

tuple_ object:totable() Get a tuple’s fields as a table

tuple_ object:pairs() Prepare for iterating

tuple object:update() Update a tuple
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box.tuple.new(value)
Construct a new tuple from either a scalar or a Lua table. Alternatively, one can get new tuples from
tarantool’s select or insert or replace or update requests, which can be regarded as statements that do
new () implicitly.

ITapameTrpsl

e value (lua-value) — the value that will become the tuple contents.
Return a new tuple
Rtype tuple

In the following example, x will be a new table object containing one tuple and t will be a new tuple
object. Saying t returns the entire tuple t.

Example:

tarantool> x = box.space.tester:insert{
> 33,
> tonumber('1'),
> tonumber64('2')
> }:totable()

tarantool> t = box.tuple.new{'abc', 'def', 'ghi', 'abc'}

tarantool> t

- ['abc', 'def', 'ghi', 'abc'l]

object tuple_object

#<tuple_object>
The # operator in Lua means «return count of components». So, if t is a tuple instance, #t will
return the number of fields.

Rtype number

In the following example, a tuple named t is created and then the number of fields in t is returned.

tarantool> t = box.tuple.new{'Fld#1', 'Fld#2', 'F1d#3', 'Fld#4'}

tarantool> #t

-4

tuple_object:bsize()
If t is a tuple instance, t:bsize() will return the number of bytes in the tuple. With both
the memtx storage engine and the vinyl storage engine the default maximum is one megabyte
(memtz_mazx_tuple_size or vinyl _maz_tuple size). Every field has one or more «length» bytes
preceding the actual contents, so bsize () returns a value which is slightly greater than the sum
of the lengths of the contents.

Return number of bytes

Rtype number
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In the following example, a tuple named t is created which has three fields, and for each field it
takes one byte to store the length and three bytes to store the contents, and a bit for overhead,
so bsize () returns 3% (1+3)+1.

tarantool> t = box.tuple.new{'aaa', 'bbb', 'ccc'}

tarantool> t:bsize()

- 13

<tuple_object>(field-number)
If t is a tuple instance, t [field-number] will return the field numbered field-number in the tuple.
The first field is t[1].

Return field value.
Rtype lua-value

In the following example, a tuple named t is created and then the second field in t is returned.

tarantool> t = box.tuple.new{'Fld#1', 'F1d#2', 'F1ld#3', 'Fld#4'}

tarantool> t[2]

- Fld#2

tuple_object:find( [ﬁeld—number ] , search-value)

tuple_object:findall( [ﬁeld-number ] , search-value)
If t is a tuple instance, t:find(search-value) will return the number of the first field in t that
matches the search value, and t:findall(search-value [, search-value ...]) will return
numbers of all fields in t that match the search value. Optionally one can put a numeric argument
field-number before the search-value to indicate “start searching at field number field-number.”

Return the number of the field in the tuple.
Rtype number

In the following example, a tuple named t is created and then: the number of the first field in t
which matches ,a“ is returned, then the numbers of all the fields in t which match ,,a“ are returned,
then the numbers of all the fields in t which match ,a“ and are at or after the second field are
returned.

tarantool> t = box.tuple.new{'a', 'b', 'c', 'a'}

tarantool> t:find('a')

-1

tarantool> t:findall('a')

tarantool> t:findall(2, 'a')
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-4

tuple_object:transform(start-field-number, ﬁelds-to—remove[, field-value, ])
If t is a tuple instance, t:transform(start-field-number, fields-to-remove) will return a
tuple where, starting from field start-field-number, a number of fields (fields-to-remove)
are removed. Optionally one can add more arguments after fields-to-remove to indicate new
values that will replace what was removed.

ITapameTrpsl
e start-field-number (4integer) — base 1, may be negative
e fields-to-remove (integer) —
e field-value(s) (lua-value) —

Return tuple

Rtype tuple

In the following example, a tuple named t is created and then, starting from the second field, two
fields are removed but one new one is added, then the result is returned.

tarantool> t = box.tuple.new{'Fld#1', 'Fld#2', 'F1d#3', 'Fld#4', 'F1d#5'}

tarantool> t:transform(2, 2, 'x')

- ['Fld#1', 'x', 'Fld#4', 'Fld#5']

tuple_object:unpack( [start—ﬁeld-number [, end—ﬁeld-number] ] )
If t is a tuple instance, t :unpack () will return all fields, t :unpack (1) will return all fields starting
with field number 1, t:unpack(1,5) will return all fields between field number 1 and field number
5.

Return field(s) from the tuple.
Rtype lua-value(s)

In the following example, a tuple named t is created and then all its fields are selected, then the
result is returned.

tarantool> t = box.tuple.new{'Fld#1', 'F1d#2', 'F1d#3', 'Fld#4', 'Fld#5'}

tarantool> t:unpack()
- Fld#1
- Fld#2
- Flad#3
- Fld#4
- Fld#5

tuple_object:totable( [start-ﬁeld-number [7 end—ﬁeld-number] ] )
If t is a tuple instance, t:totable() will return all fields, t:totable(1) will return all fields
starting with field number 1, t:totable(1,5) will return all fields between field number 1 and
field number 5. It is preferable to use t:totable() rather than t:unpack().
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Return field(s) from the tuple
Rtype lua-table

In the following example, a tuple named t is created, then all its fields are selected, then the result
is returned.

tarantool> t = box.tuple.new{'Fld#1', 'F1d#2', 'F1d#3', 'Fld#4', 'Fld#5'}

tarantool> t:totable()

- ['Fla#1', 'Fld#2', 'F1d#3', 'Fld#4',6 'F1d#5']

tuple_object:pairs()
In Lua, lua-table-value:pairs() is a method which returns: function, lua-table-value, nil.
Tarantool has extended this so that tuple-value:pairs() returns: function, tuple-value,
nil. It is useful for Lua iterators, because Lua iterators traverse a value’s components until an
end marker is reached.

Return function, tuple-value, nil
Rtype function, lua-value, nil

In the following example, a tuple named t is created and then all its fields are selected using a
Lua for-end loop.

tarantool> t = box.tuple.new{'Fld#1', 'F1d#2', 'F1d#3', 'Fld#4', 'Fld#5'}

tarantool> tmp = "'

tarantool> for k, v in t:pairs() do
> tmp = tmp .. Vv
> end

tarantool> tmp

- F1a#1F1d#2F1d#3F1d#4F1d#5

tuple_object:update ({{operator, field no, value}, ...})
Update a tuple.

This function updates a tuple which is not in a space. Compare the function box.space.
space-name :update(key, {{format, field_no, walue}, ...}) which updates a tuple in a
space.

For details: see the description for operator, field_no, and value in the section box.space.space-
name:update{key, format, {field number, value}...).

ITapameTrpst

e operator (string) — operation type represented in string (e.g. ,,=* for ,assign new
value®)

e field_no (number) — what field the operation will apply to. The field number can
be negative, meaning the position from the end of tuple. (#tuple + negative field
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number + 1)
e value (lua_value) — what value will be applied
Return new tuple

Rtype tuple

In the following example, a tuple named t is created and then its second field is updated to equal

B

bk

tarantool> t = box.tuple.new{'Fld#1', 'F1ld#2', 'F1d#3', 'Fld#4', 'Fld#5'}

tarantool> t:update({{'=', 2, 'B'}})

['Fld#1', 'B', 'Fld#3', 'Fld#4', 'Fld#5']

Mpumep

This function will illustrate how to convert tuples to/from Lua tables and lists of scalars:

tuple = box.tuple.new({scalarl, scalar2, ... scalar_n}) -- scalars to tuple
lua_table = {tuple:unpack()} -- tuple to Lua table
lua_table = tuple:totable() -- tuple to Lua table
scalarl, scalar2, ... scalar_n = tuple:unpack() -- tuple to scalars
tuple = box.tuple.new(lua_table) -- Lua table to tuple

Then it will find the field that contains ,b“, remove that field from the tuple, and display how many
bytes remain in the tuple. The function uses Tarantool box.tuple functions new(), unpack(), find(),

transform(), bsize().

function example()
local tuplel, tuple2, lua_table_1, scalarl, scalar2, scalar3, field_number
local luatablel = {}
tuplel = box.tuple.new({'a', 'b', 'c'})
luatablel = tuplel:totable()
scalarl, scalar2, scalar3 = tuplel:unpack()
tuple2 = box.tuple.new(luatablel[1],luatablel[2],luatablel[3])
field_number = tuple2:find('b')
tuple2 = tuple2:transform(field_number, 1)
return 'tuple2 = ' , tuple2 , ' # of bytes = ' , tuple2:bsize()
end

... And here is what happens when one invokes the function:

tarantool> example()
- tuple2 =

— [la|, ‘C‘]

- ' # of bytes = '
-5

Functions for transaction management
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Obwwme ceepgeHus

For general information and examples, see section Transaction control.

Observe the following rules when working with transactions:

Rule #1

The requests in a transaction must be sent to a server as a single block. It is not enough to enclose them
between begin and commit or rollback. To ensure they are sent as a single block: put them in a function, or
put them all on one line, or use a delimiter so that multi-line requests are handled together.

Rule #2

All database operations in a transaction should use the same storage engine. It is not safe to access tuple sets
that are defined with {engine="'vinyl'} and also access tuple sets that are defined with {engine="'memtx"'},
in the same transaction.

Rule #3

Requests which cause changes to the data definition — create, alter, drop, truncate — must not be used.

Nupekc

Below is a list of all functions for transaction management.

Name Use

box.begin() Begin the transaction

box.commit() End the transaction and save all changes

box.rollback() End the transaction and discard all changes

box.savepoint() Get a savepoint descriptor

box.rollback _to savepoint() | Do not end the transaction and discard all changes made after a savepoint

box.begin()
Begin the transaction. Disable implicit yields until the transaction ends. Signal that writes to the write-
ahead log will be deferred until the transaction ends. In effect the fiber which executes box.begin()
is starting an «active multi-request transaction», blocking all other fibers.

box.commit ()
End the transaction, and make all its data-change operations permanent.

box.rollback()
End the transaction, but cancel all its data-change operations. An explicit call to functions outside
box.space that always yield, such as fiber.sleep() or fiber.yield(), will have the same effect.

box.savepoint ()
Return a descriptor of a savepoint (type = table), which can be wused later by
boz.rollback _to_savepoint(savepoint). Savepoints can only be created while a transaction is active,
and they are destroyed when a transaction ends.
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box.rollback_to_savepoint (savepoint)

Do not end the transaction, but cancel all its data-change and boz.savepoint() operations that were
done after the specified savepoint.

Example:

function f()

box.begin() -- start transaction
box.space.t:insert{1} -- this will not be rolled back
local s = box.savepoint ()
box.space.t:insert{2} -- this will be rolled back
box.rollback_to_savepoint(s)
box.commit () -- end transaction

end

Every submodule contains one or more Lua functions. A few submodules contain members as well as
functions. The functions allow data definition (create alter drop), data manipulation (insert delete update
upsert select replace), and introspection (inspecting contents of spaces, accessing server configuration).

5.1.2 Module buffer

The buffer module returns a dynamically resizable buffer which is solely for use as an option for methods
of the net.box module.

Ordinarily the net.box methods return a Lua table. If a buffer option is used, then the net.box methods
return a raw MsgPack string. This saves time on the server, if the client application has its own routine for
decoding MsgPack strings.

buffer.ibuf ()

Return a descriptor of a buffer.
Rtype cdata
Example:

Assume a Tarantool server is listening on farhost:3301. Assume it has a space T with one tuple: ' ABCDE' ,
12345. In this example we start up a server on localhost:3302 and then use net .box routines to connect
to farhost. Then we create a buffer, and use it as an option for a conn.space...select() call. The
result will be in MsgPack format. To show this, we will use msgpack.decode unchecked() on ibuf .rpos
(the «read position» of the buffer). Thus we do not decode on the remote server, but we do decode on
the local server.

box.cfg{listen=3302}

buffer = require('buffer')

ibuf = buffer.ibuf ()

net_box = require('net.box"')

conn = net_box.connect('farhost:3301")
buffer = require('buffer')
conn.space.T:select ({},{buffer=ibuf})
msgpack = require('msgpack')
msgpack.decode_unchecked (ibuf .rpos)

The result of the final request looks like this:

tarantool> msgpack.decode_unchecked(ibuf.rpos)

- {48: [['ABCDE', 12345]1}
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- 'cdata<char *>: 0x7£f97bal0c041'

ITpumeuanue: Before Tarantool version 1.7.7, the function to use for this case is msgpack.
ibuf_decode (ibuf.rpos). Starting with Tarantool version 1.7.7, ibuf _decode is deprecated.

5.1.3 Mogaynb clock

Obwwme ceepgeHus
The clock module returns time values derived from the Posix / C CLOCK GETTIME function or

equivalent. Most functions in the module return a number of seconds; functions whose names end in «64»
return a 64-bit number of nanoseconds.

Nupekc

Below is a list of all clock functions.

Name Use

clock.time() clock.realtime() Get the wall clock time in seconds

clock.time64() clock.realtime64() | Get the wall clock time in nanoseconds
clock.monotonic() Get the monotonic time in seconds
clock.monotonic64() Get the monotonic time in nanoseconds

clock.proc() Get the processor time in seconds

clock.proc6() Get the processor time in nanoseconds

clock.thread() Get the thread time in seconds

clock.thread64() Get the thread time in nanoseconds

clock.bench() Measure the time a function takes within a processor

clock.time()
clock.time64 ()
clock.realtime()
clock.realtime64 ()
The wall clock time. Derived from C function clock gettime(CLOCK REALTIME). This is the best

function for knowing what the official time is, as determined by the system administrator.
Return seconds or nanoseconds since epoch (1970-01-01 00:00:00), adjusted.
Rtype number or number64

Example:

-- This will print an approxzimate number of years since 1970.
clock = require('clock"')
print(clock.time() / (365%24*60%60))

See also fiber.time64 and the standard Lua function os.clock.

clock.monotonic()
clock.monotonic64()
The monotonic time. Derived from C function clock gettime(CLOCK MONOTONIC). Monotonic
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time is similar to wall clock time but is not affected by changes to or from daylight saving time, or
by changes done by a user. This is the best function to use with benchmarks that need to calculate

elapsed time.
Return seconds or nanoseconds since the last time that the computer was booted.
Rtype number or number64

Example:

-- This will print nanoseconds since the start.
clock = require('clock')
print(clock.monotonic64())

clock.proc()
clock.proc64()
The processor time. Derived from C function clock_gettime (CLOCK_PROCESS_CPUTIME_ID). This is

the best function to use with benchmarks that need to calculate how much time has been spent within
a CPU.

Return seconds or nanoseconds since processor start.
Rtype number or number6t4

Example:

-- This will print nanoseconds in the CPU since the start.
clock = require('clock')
print(clock.proc64())

clock.thread()

clock.thread64()
The thread time. Derived from C function clock_gettime (CLOCK_THREAD_CPUTIME_ID). This is the
best function to use with benchmarks that need to calculate how much time has been spent within a

thread within a CPU.
Return seconds or nanoseconds since the transaction processor thread started.
Rtype number or number64

Example:

-- This will print seconds in the thread since the start.
clock = require('clock')
print(clock.thread64())

clock.bench(function[, ])
The time that a function takes within a processor. This function uses clock.proc(), therefore it

calculates elapsed CPU time. Therefore it is not useful for showing actual elapsed time.
ITapameTrpsl
e function (function) — function or function reference
e ... — whatever values are required by the function.

Return table. first element - seconds of CPU time, second element - whatever the function
returns.

Example:
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-- Benchmark a function which sleeps 10 seconds.
-- NB: bench() will not calculate sleep time.
-- So the returned value will be {a number less than 10, 88}.
clock = require('clock')
fiber = require('fiber')
function f(param)
fiber.sleep(param)
return 88
end
clock.bench(f, 10)

5.1.4 Mopynb console

Obwwme ceepgeHus

The console module allows one Tarantool instance to access another Tarantool instance, and allows one
Tarantool instance to start listening on an admin port.

Nupekc

Below is a list of all console functions.

Name Use

console.connect() Connect to an instance
console.listen() Listen for incoming requests
console.start() Start the console
console.ac() Set the auto-completion flag
console.delimiter() | Set a delimiter

console.connect (uri)
Connect to the instance at URI, change the prompt from ,,tarantool>“ to ,,urs>“, and act henceforth

as a client until the user ends the session or types control-D.

The console.connect function allows one Tarantool instance, in interactive mode, to access another
Tarantool instance. Subsequent requests will appear to be handled locally, but in reality the requests
are being sent to the remote instance and the local instance is acting as a client. Once connection is
successful, the prompt will change and subsequent requests are sent to, and executed on, the remote
instance. Results are displayed on the local instance. To return to local mode, enter control-D.

If the Tarantool instance at uri requires authentication, the connection might look something like:
console.connect('admin:secretpassword@distanthost.com:3301"').

There are no restrictions on the types of requests that can be entered, except those which are due
to privilege restrictions — by default the login to the remote instance is done with user name =
»guest. The remote instance could allow for this by granting at least one privilege: box.schema.
user.grant ('guest', 'execute', 'universe').

ITapameTrpsbl
e uri (string) — the URI of the remote instance
Return nil

Possible errors: the connection will fail if the target Tarantool instance was not initiated with box.
cfg{listen=...}.
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Example:

tarantool> console = require('console')

tarantool> console.connect('198.18.44.44:3301")

198.18.44.44:3301> -- prompt is telling us that instance is remote

console.listen(urt)
Listen on URI. The primary way of listening for incoming requests is via the connection-information
string, or URI, specified in box.cfg{listen=...}. The alternative way of listening is via the URI
specified in console.listen(...). This alternative way is called «administratives or simply «admin
ports. The listening is usually over a local host with a Unix domain socket.

ITapameTrpsbl
e uri (string) — the URI of the local instance

The «admin» address is the URI to listen on. It has no default value, so it must be specified
if connections will occur via an admin port. The parameter is expressed with URI = Universal
Resource Identifier format, for example «/tmpdir/unix _domain _socket.sock», or a numeric TCP port.
Connections are often made with telnet. A typical port value is 3313.

Example:

tarantool> console = require('console')

tarantool> console.listen('unix/:/tmp/X.sock")
. main/103/console/unix/:/tmp/X I> started
- fd: 6
name:
host: unix/
family: AF_UNIX
type: SOCK_STREAM
protocol: 0O
port: /tmp/X.sock

console.start ()
Start the console on the current interactive terminal.

Example:

A special use of console.start() is with initialization files. Normally, if one starts the Tarantool
instance with tarantool <nitialization file there is no console. This can be remedied by adding
these lines at the end of the initialization file:

local console = require('console')
console.start ()

console.ac([true/false])
Set the auto-completion flag. If auto-completion is true, and the user is using Tarantool as a client or
the user is using Tarantool via console.connect (), then hitting the TAB key may cause tarantool to
complete a word automatically. The default auto-completion value is true.
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console.delimiter (marker)
Set a custom end-of-request marker for Tarantool console.

The default end-of-request marker is a newline (line feed). Custom markers are not necessary because
Tarantool can tell when a multi-line request has not ended (for example, if it sees that a function
declaration does not have an end keyword). Nonetheless for special needs, or for entering multi-line
requests in older Tarantool versions, you can change the end-of-request marker. As a result, newline
alone is not treated as end of request.

To go back to normal mode, say: console.delimiter('')<marker>
ITapameTrpsnI
e marker (string) — a custom end-of-request marker for Tarantool console

Example:

tarantool> console = require('console'); console.delimiter('!')

tarantool> function f ()

> statement_1 = 'a'
> statement_2 = 'b'
> end!

tarantool> console.delimiter('')!

5.1.5 Mopaynb crypto

O6wue ceegeHus

«Crypto» is short for «Cryptography», which generally refers to the production of a digest value from
a function (usually a Cryptographic hash function), applied against a string. Tarantool’s crypto module

supports ten types of cryptographic hash functions (AES, DES, DSS, MD4, MD5, MDC2, RIPEMD, SHA-0,
SHA-1, SHA-2). Some of the crypto functionality is also present in the Modyas digest module.

Nupekc

Below is a list of all crypto functions.

Name Use
crypto.cipher. {algorithm}.{cipher _mode}.encrypt() | Encrypt a string
crypto.cipher. {algorithm}.{cipher _mode}.decrypt() | Decrypt a string

crypto.digest. {algorithm} () Get a digest
crypto.cipher.{aes128|aes192|aes256|des}.{cbc|cfblecblofb}.encrypt (string, key,
initialization_vector)
crypto.cipher.{aes128|aes192|aes256|des}.{cbc|cfblecb|ofb}.decrypt (string, key,

initialization_vector)
Pass or return a cipher derived from the string, key, and (optionally, sometimes) initialization vector.
The four choices of algorithms:

e aesl128 - aes-128 (with 192-bit binary strings using AES)
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aes192 - aes-192 (with 192-bit binary strings using AES)
aes256 - aes-256 (with 256-bit binary strings using AES)
des - des (with 56-bit binary strings using DES, though DES is not recommended)

Four choices of block cipher modes are also available:

cbe - Cipher Block Chaining
cfb - Cipher Feedback

ecb - Electronic Codebook
ofb - Output Feedback

For more information, read the article about Encryption Modes

Example:
crypto.cipher.aes192.cbc.encrypt('string', 'key', 'initialization')
crypto.cipher.aes256.ecb.decrypt('string', 'key', 'initialization')

crypto.digest.{dss|dssl|md4|md5|mdc2|ripemd160} (string)
crypto.digest.{shalshal|sha224|sha256|sha384|sha512} (string)
Pass or return a digest derived from the string. The twelve choices of algorithms:

dss - dss (using DSS)

dssl - dss (using DSS-1)

md4 - md4 (with 128-bit binary strings using MD4)

md5 - md5 (with 128-bit binary strings using MD5)

mdc2 - mde2 (using MDC2)

ripemd160 - ripemd (with 160-bit binary strings using RIPEMD-160)
sha - sha (with 160-bit binary strings using SHA-0)

shal - sha-1 (with 160-bit binary strings using SHA-1)
sha224 - sha-224 (with 224-bit binary strings using SHA-2)
sha256 - sha-256 (with 256-bit binary strings using SHA-2)
sha384 - sha-384 (with 384-bit binary strings using SHA-2)
sha512 - sha-512(with 512-bit binary strings using SHA-2).

Example:

crypto.digest.md4('string')
crypto.digest.shab12('string')

Incremental methods in the crypto module

Suppose that a digest is done for a string ,,A“, then a new part ,B“ is appended to the string, then a new
digest is required. The new digest could be recomputed for the whole string ,AB“, but it is faster to take
what was computed before for ,A* and apply changes based on the new part ,B“. This is called multi-step

or «incremental» digesting, which Tarantool supports for all crypto functions..
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crypto = require('crypto')

-- print aes-192 digest of 'AB', with one step, then incrementally
print(crypto.cipher.aes192.cbc.encrypt('AB', 'key'))

¢ = crypto.cipher.aes192.cbc.encrypt.new()

c:init()

c:update('A', 'key')

c:update('B', 'key')

print(c:result())

c:free()

-- print sha-256 digest of 'AB', with one step, then incrementally
print(crypto.digest.sha256('AB'))

c = crypto.digest.sha256.new()

c:init()

c:update('A')

c:update('B")

print(c:result())

c:free()

Getting the same results from digest and crypto modules

The following functions are equivalent. For example, the digest function and the crypto function will both

produce the same result.

crypto.cipher.aes256.cbc.encrypt('string', 'key') == digest.aes256cbc.encrypt('string', 'key')

crypto.digest.md4('string') == digest.md4('string')
crypto.digest.md5('string') == digest.md5('string')
crypto.digest.sha('string') == digest.sha('string')
crypto.digest.shal('string') == digest.shal('string')
crypto.digest.sha224('string') == digest.sha224('string')
crypto.digest.sha256('string') == digest.sha256('string')
crypto.digest.sha384('string') == digest.sha384('string')
crypto.digest.shab512('string') == digest.sha512('string')

5.1.6 Module csv

O6uwive ceepeHus

The csv module handles records formatted according to Comma-Separated-Values (CSV) rules.

The default formatting rules are:

e Lua escape sequences such as \n or \10 are legal within strings but not within files,

e Commas designate end-of-field,

Leading or trailing spaces are ignored,

Quote marks may enclose fields or parts of fields,

and a pair of quote marks «» is treated as a single quote mark.

The possible options which can be passed to csv functions are:

Line feeds, or line feeds plus carriage returns, designate end-of-record,

When enclosed by quote marks, commas and line feeds and spaces are treated as ordinary characters,
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e delimiter = string (default: comma) — single-byte character to designate end-of-field
e quote_char = string (default: quote mark) — single-byte character to designate encloser of string

e chunk_size = number (default: 4096) — number of characters to read at once (usually for file-IO
efficiency)

e skip_head_lines = number (default: 0) — number of lines to skip at the start (usually for a header)

Nupekc

Below is a list of all csv functions.

Name Use

csv.load() Load a CSV file

csv.dump() | Transform input into a CSV-formatted string
csv.iterate() | Iterate over CSV records

csv.load(readable[, {options}])
Get CSV-formatted input from readable and return a table as output. Usually readable is either a
string or a file opened for reading. Usually options is not specified.

ITapameTrpsbl

e readable (object) — a string, or any object which has a read() method, formatted
according to the CSV rules

e options (table) — see above
Return loaded value
Rtype table
Example:

Readable string has 3 fields, field#2 has comma and space so use quote marks:

tarantool> csv = require('csv')

tarantool> csv.load('a,"b,c ",d')
- - -a

_ lb’c '

-d

Readable string contains 2-byte character = Cyrillic Letter Palochka: (This displays a palochka if and
only if character set = UTF-8.)

tarantool> csv.load('a\\211\\128b"')

- - - a\211\128b

Semicolon instead of comma for the delimiter:
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tarantool> csv.load('a,b;c,d', {delimiter = ';'})

- - -a,b
- ¢c,d

Readable file ./file.csv contains two CSV records. Explanation of fio is in section fio. Source CSV
file and example respectively:

tarantool> -- input in file.csv is:
tarantool> -- a,"b,c ",d
tarantool> -- al\l211\1128b

tarantool> fio = require('fio')

tarantool> f = fio.open('./file.csv', {'O_RDONLY'})

tarantool> csv.load(f, {chunk_size = 4096})

- - - a
- 'b,c '
-d
a\\211\\128b

tarantool> f:close()

- true

csv. dump (csv-table [, options, writable ] )
Get table input from csv-table and return a CSV-formatted string as output. Or, get table input
from csv-table and put the output in writable. Usually options is not specified. Usually writable,
if specified, is a file opened for writing. csv.dump() is the reverse of csv.load().

ITapameTrpsl
e csv-table (table) — a table which can be formatted according to the CSV rules.
e options (table) — optional. see above
e writable (object) — any object which has a write () method
Return dumped value
Rtype string, which is written to writable if specified
Example:

CSV-table has 3 fields, field#2 has «,» so result has quote marks

tarantool> csv = require('csv')

tarantool> csv.dump({'a','b,c ','d'})

- 'a,"b,c ".d
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Round Trip: from string to table and back to string

tarantool> csv_table = csv.load('a,b,c')

tarantool> csv.dump(csv_table)

- 'a,b,c

csv.iterate (input, {options})
Form a Lua iterator function for going through CSV records one field at a time. Use of an iterator is
strongly recommended if the amount of data is large (ten or more megabytes).

ITapameTpsbl
e csv-table (table) — a table which can be formatted according to the CSV rules.
e options (table) — see above
Return Lua iterator function
Rtype iterator function
Example:

csv.iterate() is the low level of csv.load() and csv.dump(). To illustrate that, here is a function which
is the same as the csv.load() function, as seen in the Tarantool source code.

tarantool> load = function(readable, opts)
opts = opts or {}

> local result = {}

> for i, tup in csv.iterate(readable, opts) do

> result[i] = tup

> end

> return result

> end

tarantool> load('a,b,c')

---a
-b
-c

5.1.7 Moaynb digest
Obuwine ceepeHns

A «digest» is a value which is returned by a function (usually a Cryptographic hash function), applied
against a string. Tarantool’s digest module supports several types of cryptographic hash functions (AES,
MD4, MD5, SHA-0, SHA-1, SHA-2, PBKDF?2) as well as a checksum function (CRC32), two functions for
base64, and two non-cryptographic hash functions (guava, murmur). Some of the digest functionality is also
present in the crypto module.
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Nupekc

Below is a list of all digest functions.

Name

Use

digest.aes256¢bc.encrypt()

Encrypt a string using AES

digest.aes256¢be.decrypt()

Decrypt a string using AES

digest.mdj()

Get a digest made with MD4

digest.mdj_hex()

Get a hexadecimal digest made with MD4

digest.md5()

Get a digest made with MD5

digest.md5_hex()

Get a hexadecimal digest made with MD5

digest.pbkdf2()

Get a digest made with PBKDF2

digest.sha()

Get a digest made with SHA-0

digest.sha_ hex()

Get a hexadecimal digest made with SHA-0

digest.shal()

Get a digest made with SHA-1

digest.shal _hex()

Get a hexadecimal digest made with SHA-1

digest.sha224()

Get a 224-bit digest made with SHA-2

digest.sha224_hex()

Get a 56-byte hexadecimal digest made with SHA-2

digest.sha256()

Get a 256-bit digest made with SHA-2

digest.sha256  hex()

Get a 64-byte hexadecimal digest made with SHA-2

digest.sha384()

Get a 384-bit digest made with SHA-2

digest.sha384_ hex()

Get a 96-byte hexadecimal digest made with SHA-2

digest.sha512()

Get a 512-bit digest made with SHA-2

digest.sha512_ hex()

Get a 128-byte hexadecimal digest made with SHA-2

digest.base6_encode()

Encode a string to Base64

digest.base6_ decode()

Decode a Base64-encoded string

digest.urandom()

Get an array of random bytes

digest.cre32()

Get a 32-bit checksum made with CRC32

digest.cre32.new()

Initiate incremental CRC32

digest.guava()

Get a number made with a consistent hash

digest.murmur()

Get a digest made with MurmurHash

digest.murmur.new()

Initiate incremental MurmurHash

digest.aes256cbc.encrypt (string, key, iv)
digest.aes256cbc.decrypt (string, key, iv)
Returns 256-bit binary string = digest made with AES.

digest.md4 (string)

Returns 128-bit binary string = digest made with MD4.

digest.md4_hex (string)

Returns 32-byte string = hexadecimal of a digest calculated with md4.

digest.md5 (string)

Returns 128-bit binary string = digest made with MD5.

digest.md5_hex (string)

Returns 32-byte string = hexadecimal of a digest calculated with md5.

digest.pbkdf2(string, salt[, itemtions[, digest-length] ])
Returns binary string = digest made with PBKDF2. For effective encryption the iterations value
should be at least several thousand. The digest-length value determines the length of the resulting

binary string.
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digest.sha(string)
Returns 160-bit binary string = digest made with SHA-0. Not recommended.

digest.sha_hex(string)
Returns 40-byte string = hexadecimal of a digest calculated with sha.

digest.shal (string)
Returns 160-bit binary string = digest made with SHA-1.

digest.shal_hex(string)
Returns 40-byte string = hexadecimal of a digest calculated with shal.

digest.sha224 (string)
Returns 224-bit binary string = digest made with SHA-2.

digest.sha224_hex(string)
Returns 56-byte string = hexadecimal of a digest calculated with sha224.

digest.sha256 (string)
Returns 256-bit binary string = digest made with SHA-2.

digest.sha256_hex(string)
Returns 64-byte string = hexadecimal of a digest calculated with sha256.

digest.sha384 (string)
Returns 384-bit binary string = digest made with SHA-2.

digest.sha384_hex(string)
Returns 96-byte string = hexadecimal of a digest calculated with sha384.

digest.shab12(string)
Returns 512-bit binary tring = digest made with SHA-2.

digest.shab12_hex(string)
Returns 128-byte string = hexadecimal of a digest calculated with sha512.

digest.base64_encode()
Returns base64 encoding from a regular string.

The possible options are:
e nopad — result must not include ,,=" for padding at the end,
e nowrap — result must not include line feed for splitting lines after 72 characters,

e urlsafe — result must not include ,—=* or line feed, and may contain -, or,, * instead of ,+ or
.,/ for positions 62 and 63 in the index table.

Options may be true or false, the default value is false.

Hampuwmep:

digest.base64_encode(string_variable, {nopad=true})

digest.base64_decode (string)
Returns a regular string from a base64 encoding.

digest.urandom (integer)
Returns array of random bytes with length = integer.

digest.crc32(string)
Returns 32-bit checksum made with CRC32.
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The crc32 and crc32_update functions use the CRC-32C (Castagnoli) polynomial value: 0x1EDC6F41
/ 4812730177. If it is necessary to be compatible with other checksum functions in other programming
languages, ensure that the other functions use the same polynomial value.

For example, in Python, install the crcmod package and say:

>>> import crcmod

>>> fun = crcmod.mkCrcFun('4812730177")
>>> fun('string')

3304160206L

In Perl, install the Digest: :CRC module and run the following code:

use Digest::CRC;

$d = Digest::CRC->new(width => 32, poly => Ox1EDC6F41, init => OxFFFFFFFF, refin => 1, refout
—=> 1);

$d->add('string');

print $d->digest;

(the expected output is 3304160206).

digest.crc32.new()
Initiates incremental cre32. See incremental methods notes.

digest.guava(state, bucket)
Returns a number made with consistent hash.

The guava function uses the Consistent Hashing algorithm of the Google guava library. The first
parameter should be a hash code; the second parameter should be the number of buckets; the returned
value will be an integer between 0 and the number of buckets. For example,

tarantool> digest.guava(10863919174838991, 11)

-8

digest.murmur (string)
Returns 32-bit binary string = digest made with MurmurHash.

digest.murmur.new( [seed ])
Initiates incremental MurmurHash. See incremental methods notes.

Incremental methods in the digest module

Suppose that a digest is done for a string ,, A% then a new part ,B“ is appended to the string, then a new
digest is required. The new digest could be recomputed for the whole string ,AB“, but it is faster to take
what was computed before for ,A*“ and apply changes based on the new part ,B“. This is called multi-step
or «incrementals digesting, which Tarantool supports with crc32 and with murmur. ..

digest = require('digest"')

-- print crc32 of 'AB', with one step, then incrementally
print(digest.crc32('AB'))

c = digest.crc32.new()

c:update('A")

c:update('B')

print(c:result())
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-- print murmur hash of 'AB', with one step, then incrementally
print(digest.murmur('AB'))

m = digest.murmur.new()

m:update('A")

m:update('B"')

print (m:result())

Mpumep

In the following example, the user creates two functions, password_insert() which inserts a SHA-1 digest
of the word «~S~e~c"ret Wordpass» into a tuple set, and password_check() which requires input of a
password.

tarantool> digest = require('digest')

tarantool> function password_insert()
> box.space.tester:insert{1234, digest.shal('~S~e~c"ret Wordpass')}
> return 'OK'
> end

tarantool> function password_check(password)

> local t = box.space.tester:select{12345}
> if digest.shal(password) == t[2] then

> return 'Password is valid'

> else

> return 'Password is not valid'

> end

> end

tarantool> password_insert()

- '0K'

If a later user calls the password_check() function and enters the wrong password, the result is an error.

tarantool> password_check('Secret Password')

- 'Password is not valid'

5.1.8 Module errno

Obwwme ceegeHus

The errno module is typically used within a function or within a Lua program, in association with a module
whose functions can return operating-system errors, such as fio.
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Nupekc

Below is a list of all errno functions.

Name Use
errno() Get an error number for the last OS-related function
errno.strerror() | Get an error message for the corresponding error number

errno()
Return an error number for the last operating-system-related function, or 0. To invoke it, simply say
errno (), without the module name.

Rtype integer

errno.strerror( [code ] )
Return a string, given an error number. The string will contain the text of the conventional error
message for the current operating system. If code is not supplied, the error message will be for the last
operating-system-related function, or 0.

ITapameTpsbl
e code (integer) — number of an operating-system error
Rtype string
Example:

This function displays the result of a call to fio.open() which causes error 2 (errno.ENOENT). The display
includes the error number, the associated error string, and the error name.

tarantool> function f()
> local fio = require('fio')
local errno = require('errno')
fio.open('no_such_file')
print('errno() = ' .. errno())
print('errno.strerror() = ' .. errno.strerror())
local t = getmetatable(errno).__index
for k, v in pairs(t) do
if v == errno() then
print('errno() constant = ' .. k)
end
end
end

V V.V V V V V V V V.V

tarantool> £()
errno() = 2
errno.strerror ()
errno() constant

No such file or directory
ENOENT

To see all possible error names stored in the errno metatable, say getmetatable (errno) (output abridged):

tarantool> getmetatable(errno)

- __newindex: 'function: 0x41666a38'
__call: 'function: 0x41666890'
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__index:
ENOLINK: 67
EMSGSIZE: 90
EOVERFLOW: 75
ENOTCONN: 107
EFAULT: 14
EOPNOTSUPP: 95
EEXIST: 17
ENOSR: 63
ENOTSOCK: 88
EDESTADDRREQ: 89
<. L

5.1.9 BnoxeHHbliii moayns box.error

Obuwimne ceepeHns
The box.error function is for raising an error. The difference between this function and Lua’s built-in error

function is that when the error reaches the client, its error code is preserved. In contrast, a Lua error would
always be presented to the client as ER_PROC_LUA.

Nupekc

Below is a list of all box.error functions.

Name Use

box.error() Throw an error

boz.error.last() Get a description of the last error
box.error.clear() | Clear the record of errors

box.error (reason=string [, code=number ] )
When called with a Lua-table argument, the code and reason have any user-desired values. The result
will be those values.

ITapameTrpsnl
e code (integer) —
e reason (string) —

box.error ()
When called without arguments, box.error () re-throws whatever the last error was.

box.error (code, errtext[, errtext ])
Emulate a request error, with text based on one of the pre-defined Tarantool errors defined in the file
errcode.h in the source tree. Lua constants which correspond to those Tarantool errors are defined as
members of box.error, for example box.error.NO_SUCH_USER == 45.

ITapameTrpsbl
e code (number) — number of a pre-defined error

e errtext(s) (string) — part of the message which will accompany the error
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box.

box.

Hampumep:

the NO_SUCH_USER message is «User '%s' is not found» — it includes one <«%s» component which
will be replaced with errtext. Thus a call to box.error(box.error.NO_SUCH_USER, 'joe') or box.
error(45, 'joe') will result in an error with the accompanying message «User 'joe' is not
found».

Except whatever is specified in errcode-number.

Example:

tarantool> box.error{code = 555, reason = 'Arbitrary message'}

- error: Arbitrary message

tarantool> box.error()

- error: Arbitrary message

tarantool> box.error (box.error.FUNCTION_ACCESS_DENIED, 'A', 'B', 'C')

- error: A access denied for user 'B' to function 'C'

error.last()

Returns a description of the last error, as a Lua table with five members: «line» (number) Tarantool
source file line number, «code» (number) error’s number, «type», (string) error’s C++ class, «message»
(string) error’s message, «file» (string) Tarantool source file. Additionally, if the error is a system error
(for example due to a failure in socket or file io), there may be a sixth member: «errno» (number) C
standard error number.

rtype: table

error.clear()
Clears the record of errors, so functions like box.error() or box.error.last() will have no effect.

Example:

tarantool> box.error{code = 555, reason = 'Arbitrary message'}

- error: Arbitrary message

tarantool> box.schema.space.create('#')

- error: Invalid identifier '#' (expected letters, digits or an underscore)

tarantool> box.error.last()

- line: 278
code: 70
type: ClientError
message: Invalid identifier '#' (expected letters, digits or an underscore)
file: /tmp/buildd/tarantool-1.7.0.252.g1654e31 precise/src/box/key_def.cc

tarantool> box.error.clear()

tarantool> box.error.last()
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- null

5.1.10 Mogyns fiber

O6wue ceegeHus

With the fiber module, you can:
e create, run and manage fibers,

e send and receive messages between different processes (i.e. different connections, sessions, or fibers) via
channels, and

e use a synchronization mechanism for fibers, similar to «condition variables» and similar to operating-
system functions such as pthread_cond_wait () plus pthread_cond_signal().

Nupekc

Below is a list of all fiber functions and members.

Name Use

fiber.create() Create and start a fiber

fiber.self() Get a fiber object

fiber.find() Get a fiber object by ID

fiber.sleep() Make a fiber go to sleep

fiber.ytield() Yield control

fiber.status() Get the current fiber’s status

fiber.info() Get information about all fibers

fiber.kill() Cancel a fiber

fiber.testcancel() Check if the current fiber has been cancelled
fiber_object:id() Get a fiber’s ID

fiber_object:name() Get a fiber’s name

fiber_object:name(name) Set a fiber’s name

fiber_object:status() Get a fiber’s status

fiber_object:cancel() Cancel a fiber

fiber_object.storage Local storage within the fiber

fiber.time() Get the system time in seconds

fiber.time64() Get the system time in microseconds
fiber.channel() Create a communication channel
channel_object:put() Send a message via a channel

channel _object:close() Close a channel

channel__object:get() Fetch a message from a channel

channel _object:is_empty() Check if a channel is empty
channel__object:count() Count messages in a channel
channel_object:is_ full() Check if a channel is full

channel _object:has_readers() | Check if an empty channel has any readers waiting
channel_object:has_writers() | Check if a full channel has any writers waiting
channel_object:is_ closed() Check if a channel is closed

fiber.cond() Create a condition variable

cond_ object:wait() Make a fiber go to sleep until woken by another fiber

Continued on next page
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Tabnuua 5.2 — continued from previous page

Name Use
cond_ object:signal() Wake up a single fiber
cond__ object:broadcast() Wake up all fibers

Fibers

A fiber is a set of instructions which are executed with cooperative multitasking. Fibers managed by the
fiber module are associated with a user-supplied function called the fiber function.

A fiber has three possible states: running, suspended or dead. When a fiber is created with fiber.create(),
it is running. When a fiber yields control with fiber.sleep(), it is suspended. When a fiber ends (because the
fiber function ends), it is dead.

All fibers are part of the fiber registry. This registry can be searched with fiber.find() - via fiber id (fid),
which is a numeric identifier.

A runaway fiber can be stopped with fiber object.cancel. However, fiber object.cancel is advisory —
it works only if the runaway fiber calls fiber.testcancel() occasionally. Most box.* functions, such as
box.space. . . delete() or box.space. . . update(), do call fiber.testcancel() but box.space. .. select{} does not. In
practice, a runaway fiber can only become unresponsive if it does many computations and does not check
whether it has been cancelled.

The other potential problem comes from fibers which never get scheduled, because they are not subscribed
to any events, or because no relevant events occur. Such morphing fibers can be killed with fiber.kill() at
any time, since fiber.kill() sends an asynchronous wakeup event to the fiber, and fiber.testcancel() is checked
whenever such a wakeup event occurs.

Like all Lua objects, dead fibers are garbage collected. The garbage collector frees pool allocator memory
owned by the fiber, resets all fiber data, and returns the fiber (now called a fiber carcass) to the fiber pool.
The carcass can be reused when another fiber is created.

A fiber has all the features of a Lua coroutine and all the programming concepts that apply for Lua coroutines
will apply for fibers as well. However, Tarantool has made some enhancements for fibers and has used fibers
internally. So, although use of coroutines is possible and supported, use of fibers is recommended.

fiber.create (function [, function-arguments ] )
Create and start a fiber. The fiber is created and begins to run immediately.

ITapameTpsbl
e function — the function to be associated with the fiber
e function-arguments — what will be passed to function
Return created fiber object
Rtype userdata

Example:

tarantool> fiber = require('fiber')

tarantool> function function_name ()
>  fiber.sleep(1000)
> end

tarantool> fiber_object = fiber.create(function_name)
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fiber.self ()

Return fiber object for the currently scheduled fiber.
Rtype userdata

Example:

tarantool> fiber.self ()
- status: running
name: interactive
id: 101

fiber.find (id)

ITapameTrpsbl

e id — numeric identifier of the fiber.
Return fiber object for the specified fiber.
Rtype userdata

Example:

tarantool> fiber.find(101)
- status: running

name: interactive

id: 101

fiber.sleep(time)

Yield control to the scheduler and sleep for the specified number of seconds. Only the current fiber can
be made to sleep.

ITapameTrpsbl

e time — number of seconds to sleep.

Example:

tarantool> fiber.sleep(1.5)

fiber.yield()

Yield control to the scheduler. Equivalent to fiber.sleep(0), except that fiber.sleep(0) depends on a
timer, fiber.yield() does not.

Example:

tarantool> fiber.yield()
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fiber.status()
Return the status of the current fiber.

Return the status of fiber. One of: “dead”, “suspended”; or “running”.
Rtype string

Example:

tarantool> fiber.status()

- running

fiber.info()
Return information about all fibers.

Return number of context switches, backtrace, id, total memory, used memory, name for
each fiber.

Rtype table

Example:

tarantool> fiber.info()
- 101:
csw: 7
backtrace: []
fid: 101
memory :
total: 65776
used: 0
name: interactive

fiber.kill (id)

Locate a fiber by its numeric id and cancel it. In other words, fiber.kill() combines fiber.find() and
fiber_object:cancel().

ITapameTpsbl
e id — the id of the fiber to be cancelled.

Exception the specified fiber does not exist or cancel is not permitted.

Example:

tarantool> fiber.kill(fiber.id()) -- kill self, may make program end

- error: fiber is cancelled

fiber.testcancel()
Check if the current fiber has been cancelled and throw an exception if this is the case.

Example:

tarantool> fiber.testcancel()

- error: fiber is cancelled
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object fiber_object

fiber_object:id()
ITapameTpst
e self — fiber object, for example the fiber object returned by fiber.create
Return id of the fiber.
Rtype number

Example:

tarantool> fiber_object = fiber.self()

tarantool> fiber_object:id()

- 101

fiber_object:name ()
ITapameTrpsl
e self — fiber object, for example the fiber object returned by fiber.create
Return name of the fiber.
Rtype string

Example:

tarantool> fiber.self () :name()

- interactive

fiber_object :name (name)
Change the fiber name. By default a Tarantool server’s interactive-mode fiber is named
sinteractive* and new fibers created due to fiber.create are named ,lua“. Giving fibers distinct
names makes it easier to distinguish them when using fiber.info.

ITapameTrpsl
e self — fiber object, for example the fiber object returned by fiber.create
e name (string) — the new name of the fiber.

Return nil

Example:

tarantool> fiber.self() :name('non-interactive')

fiber_object:status()
Return the status of the specified fiber.

ITapameTrpsbt

e self — fiber object, for example the fiber object returned by fiber.create
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Return the status of fiber. One of: “dead”, “suspended”, or “running”.
Rtype string

Example:

tarantool> fiber.self():status()

- running

fiber_object:cancel()
Cancel a fiber. Running and suspended fibers can be cancelled. After a fiber has been cancelled,
attempts to operate on it will cause errors, for example fiber object:id() will cause error: the
fiber is dead.

ITapameTpst
e self — fiber object, for example the fiber object returned by fiber.create
Return nil
Possible errors: cancel is not permitted for the specified fiber object.

Example:

tarantool> fiber.self():cancel() -- kill self, may make program send

- error: fiber is cancelled

fiber_object.storage
Local storage within the fiber. The storage can contain any number of named values, subject to
memory limitations. Naming may be done with fiber_object .storage.name or fiber_object .
storage['name '] . or with a number fiber_object .storage[number]. Values may be either
numbers or strings. The storage is garbage-collected when fiber_object :cancel() happens.

Example:

tarantool> fiber = require('fiber')

tarantool> function f () fiber.sleep(1000); end

tarantool> fiber_function = fiber:create(f)

- error: '[string "fiber_function = fiber:create(f)"]:1: fiber.create(function, ...):
bad arguments'

tarantool> fiber_function = fiber.create(f)

tarantool> fiber_function.storage.strl = 'string'

tarantool> fiber_function.storage['stril']

- string

tarantool> fiber_function:cancel()
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tarantool> fiber_function.storage['stril']

- error: '[string "return fiber_function.storage[''strl'']J"]:1: the fiber is dead'

See also box.session.storage.
fiber.time()

Return current system time (in seconds since the epoch) as a Lua number. The time is
taken from the event loop clock, which makes this call very cheap, but still useful for
constructing artificial tuple keys.

Rtype num

Example:

tarantool> fiber.time(), fiber.time()

- 1448466279.2415
- 1448466279.2415

fiber.time64()

Return current system time (in microseconds since the epoch) as a 64-bit integer. The time
is taken from the event loop clock.

Rtype num

Example:

tarantool> fiber.time(), fiber.time64()

- 1448466351.2708
- 1448466351270762

Mpumep

Make the function which will be associated with the fiber. This function contains an infinite loop (while 0
== 0 is always true). Each iteration of the loop adds 1 to a global variable named gvar, then goes to sleep
for 2 seconds. The sleep causes an implicit fiber.yield().

tarantool> fiber = require('fiber')
tarantool> function function_x()
> gvar = 0

> while 0 == 0 do

> gvar = gvar + 1
> fiber.sleep(2)
> end

> end
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Make a fiber, associate function x with the fiber, and start function x. It will immediately «detach» so it
will be running independently of the caller.

tarantool> gvar = 0O

tarantool> fiber_of_x = fiber.create(function_x)

Get the id of the fiber (fid), to be used in later displays.

tarantool> fid = fiber_of_x:id()

Pause for a while, while the detached function runs. Then ... Display the fiber id, the fiber status, and gvar
(gvar will have gone up a bit depending how long the pause lasted). The status is suspended because the
fiber spends almost all its time sleeping or yielding.

tarantool> print('#', fid, '. ', fiber_of_x:status(), '. gvar=', gvar)
# 102 . suspended . gvar= 399

Pause for a while, while the detached function runs. Then ... Cancel the fiber. Then, once again ... Display
the fiber id, the fiber status, and gvar (gvar will have gone up a bit more depending how long the pause
lasted). This time the status is dead because the cancel worked.

tarantool> fiber_of_x:cancel()

tarantool> print('#', fid, '. ', fiber_of_x:status(), '. gvar=', gvar)
# 102 . dead . gvar= 421

Channels

Call fiber.channel () to allocate space and get a channel object, which will be called channel for examples
in this section.

Call the other routines, via channel, to send messages, receive messages, or check channel status.

Message exchange is synchronous. The channel is garbage collected when no one is using it, as with any other
Lua object. Use object-oriented syntax, for example channel:put (message) rather than fiber.channel.
put (message).

fiber.channel ( [capacity ] )
Create a new communication channel.

ITapameTpsl

e capacity (4nt) — the maximum number of slots (spaces for channel : put messages)
that can be in use at once. The default is 0.

Return new channel.

Rtype userdata, possibly including the string «channel ... ».
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object channel_object

channel_object:put (message [, timeout ] )
Send a message using a channel. If the channel is full, channel:put () waits until there is a free
slot in the channel.

ITapameTrpsl
e message (lua-value) — what will be sent, usually a string or number or table
e timeout (number) — maximum number of seconds to wait for a slot to become free

Return If timeout is specified, and there is no free slot in the channel for the duration of
the timeout, then the return value is false. If the channel is closed, then the return
value is false. Otherwise, the return value is true, indicating success.

Rtype boolean

channel_object:close()
Close the channel. All waiters in the channel will stop waiting. All following channel:get ()
operations will return nil, and all following channel:put () operations will return false.

channel_object:get( [timeout ] )
Fetch and remove a message from a channel. If the channel is empty, channel:get () waits for a
message.

ITapameTpst
e timeout (number) — maximum number of seconds to wait for a message

Return If timeout is specified, and there is no message in the channel for the duration
of the timeout, then the return value is nil. If the channel is closed, then the return
value is nil. Otherwise, the return value is the message placed on the channel by
channel:put().

Rtype usually string or number or table, as determined by channel :put

channel_object:is_empty()
Check whether the channel is empty (has no messages).

Return true if the channel is empty. Otherwise false.
Rtype boolean

channel_object:count ()
Find out how many messages are in the channel.

Return the number of messages.
Rtype number

channel_object:is_full()
Check whether the channel is full.

Return true if the channel is full (the number of messages in the channel equals the
number of slots so there is no room for a new message). Otherwise false.

Rtype boolean

channel_object:has_readers()
Check whether readers are waiting for a message because they have issued channel:get() and
the channel is empty.

Return true if readers are waiting. Otherwise false.
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Rtype boolean

channel_object:has_writers()
Check whether writers are waiting because they have issued channel:put() and the channel is
full.

Return true if writers are waiting. Otherwise false.
Rtype boolean
channel _object:is_closed()
Return true if the channel is already closed. Otherwise false.

Rtype boolean

Mpumep

This example should give a rough idea of what some functions for fibers should look like. It’s assumed that
the functions would be referenced in fiber.create().

fiber = require('fiber')
channel = fiber.channel(10)
function consumer_fiber()
while true do
local task = channel:get()

end
end

function consumer2_fiber()
while true do
-- 10 seconds
local task = channel:get(10)
if task "= nil then

else
-- timeout
end
end
end

function producer_fiber()
while true do
task = box.space...:select{...}

if channel:is_empty() then
-- channel s empty
end

if channel:is_full() then
-- channel s full
end

if channel:has_readers() then

-- there are some fibers

-- that are waiting for data
end
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if channel:has_writers() then
-- there are some fibers
-- that are waiting for readers
end
channel:put(task)
end
end

function producer2_fiber()
while true do
task = box.space...select{...}
-- 10 seconds
if channel:put(task, 10) then

else
-- timeout
end
end
end

Condition variables

Call fiber.cond() to create a named condition variable, which will be called ,cond“ for examples in this
section.

Call cond:wait() to make a fiber wait for a signal via a condition variable.

Call cond:signal() to send a signal to wake up a single fiber that has executed cond:wait().

Call cond:broadcast () to send a signal to all fibers that have executed cond:wait().

fiber.cond ()
Create a new condition variable.

Return new condition variable.
Rtype Lua object

object cond_object

cond_object:wait( [timeout ])
Make the current fiber go to sleep, waiting until another fiber invokes the signal() or
broadcast () method on the cond object. The sleep causes an implicit fiber.yield().

ITapameTpst
e timeout — number of seconds to wait, default = forever.

Return If timeout is provided, and a signal doesn’t happen for the duration of the
timeout, wait () returns false. If a signal or broadcast happens, wait () returns true.

Rtype boolean

cond_object:signal ()
Wake up a single fiber that has executed wait () for the same variable.

Rtype nil
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cond_object:broadcast ()
Wake up all fibers that have executed wait () for the same variable.

Rtype nil

Mpumep

Assume that a tarantool instance is running and listening for connections on localhost port 3301. Assume
that guest users have privileges to connect. We will use the tarantoolctl utility to start two clients.

On terminal #1, say

$ tarantoolctl comnect '3301'
tarantool> fiber = require('fiber')
tarantool> cond = fiber.cond()
tarantool> cond:wait()

The job will hang because cond:wait () — without an optional timeout argument — will go to sleep until the
condition variable changes.

On terminal #2, say

$ tarantoolctl connect '3301'
tarantool> cond:signal()

Now look again at terminal #1. It will show that the waiting stopped, and the cond:wait () function returned
true.

This example depended on the use of a global conditional variable with the arbitrary name cond. In real life,
programmers would make sure to use different conditional variable names for different applications.

5.1.11 Module fio

O6wue ceegeHus
Tarantool supports file input/output with an API that is similar to POSIX syscalls. All operations are
performed asynchronously. Multiple fibers can access the same file simultaneously.
The fio module contains:
e functions for common pathname manipulations,
e functions for directory or file existence and type checks,
e functions for common file manipulations, and

e constants which are the same as POSIX flag values (for example fio.c.flag.0_RDONLY = POSIX
O_RDONLY).

Nupekc

Below is a list of all fio functions and members.

Name Use

fio.pathjoin() Form a path name from one or more partial strings

Continued on next page
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Tabnuua 5.3 — continued from previous page

Name

Use

fio.basename()

Get a file name

fio.dirname()

Get a directory name

fio.abspath()

Get a directory and file name

fio.path__exists()

Check if file or directory exists

fio.path.is_ dir()

Check if file or directory is a directory

fio.path.is_ file()

Check if file or directory is a file

fio.path.is_link()

Check if file or directory is a link

fio.path.lexists()

Check if file or directory exists

fio.umask() Set mask bits

fio.lstat() fio.stat() Get information about a file object

fio.mkdir() fio.rmdir() Create or delete a directory

fio.chdir() Change working directory

fio.listdir() List files in a directory

fio.glob() Get files whose names match a given string
fio.tempdir() Get the name of a directory for storing temporary files
fio.cwd() Get the name of the current working directory

fio.copytree() fio.mktree() fio.rmtree()

Create and delete directories

fio.link() fio.symlink() fio.readlink() fio.unlink()

Create and delete links

fio.rename()

Rename a file or directory

fio.copyfile()

Copy a file

fio.chown() fio.chmod()

Manage rights to and ownership of file objects

fio.truncate()

Reduce the file size

fio.sync() Ensure that changes are written to disk
fio.open() Open a file
file-handle:close() Close a file

file-handle:pread() file-handle:pwrite()

Perform random-access read or write on a file

file-handle:read() file-handle:write()

Perform non-random-access read or write on a file

file-handle:truncate()

Change the size of an open file

file-handle:seek()

Change position in a file

file-handle:stat()

Get statistics about an open file

file-handle:fsync() file-handle:fdatasync()

Ensure that changes made to an open file are written to disk

flo.c

Table of constants similar to POSIX flag values

Common pathname manipulations

fio.pathjoin(partial-string[, partial-string ])

Concatenate partial string, separated by ,,/* to form a path name.

ITapamerpsbt

e partial-string (string) — one or more strings to be concatenated.

Return path name
Rtype string

Example:

- /etc/default/myfile

tarantool> fio.pathjoin('/etc', 'default', 'myfile')
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fio.basename (path-name [, suffix ] )

Given a full path name, remove all but the final part (the file name). Also remove the suffix, if it is

passed.
ITapameTpsbl
e path-name (string) — path name
e suffix (string) — suffix
Return file name
Rtype string

Example:

tarantool> fio.basename('/path/to/my.lua', '.lua')

- my

fio.dirname (path-name)
Given a full path name, remove the final part (the file name).

ITapameTpsbl

e path-name (string) — path name

Return directory name, that is, path name except for file name.

Rtype string

Example:

tarantool> fio.dirname('path/to/my.lua')

- 'path/to/'

fio.abspath(file-name)
Given a final part (the file name), return the full path name.

ITapamerpsbt

e file-name (string) — file name
Return directory name, that is, path name including file name.
Rtype string

Example:

tarantool> fio.abspath('my.lua')

- 'path/to/my.lua’

Directory or file existence and type checks

Functions in this section are similar to some Python os.path functions.
path.exists (path-name)

ITapameTrpsbl
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e path-name (string) — path to directory or file.

Return true if path-name refers to a directory or file that exists and is not a broken symbolic
link; otherwise false

Rtype boolean
path.is_dir(path-name)
ITapameTpsbr
e path-name (string) — path to directory or file.
Return true if path-name refers to a directory; otherwise false
Rtype boolean
path.is_file(path-name)
ITapameTrpsbl
e path-name (string) — path to directory or file.
Return true if path-name refers to a file; otherwise false
Rtype boolean
path.is_link(path-name)
ITapameTrpsl
e path-name (string) — path to directory or file.
Return true if path-name refers to a symbolic link; otherwise false
Rtype boolean
path.lexists (path-name)
ITapameTrpsbl
e path-name (string) — path to directory or file.

Return true if path-name refers to a directory or file that exists or is a broken symbolic
link; otherwise false

Rtype boolean

Common file manipulations
fio.umask(mask-bits)
Set the mask bits used when creating files or directories. For a detailed description type man 2 umask.
ITapamerpsnl
e mask-bits (number) — mask bits.
Return previous mask bits.
Rtype number

Example:

tarantool> fio.umask(tonumber('755', 8))

- 493
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fio.lstat(path-name)
fio.stat (path-name)

Returns information about a file object. For details type man 2 lstat or man 2 stat.

ITapamerpsl

e path-name (string) — path name of file.

Return (If no error) table of fields which describe the file’s block size, creation time, size,
and other attributes. (If error) two return values: null, error message.

Rtype table.

Additionally, the result of fio.stat('file-name') will include methods equivalent to POSIX macros:

e is_blk() = POSIX macro S_ISBLK,
e is_chr() = POSIX macro S_ISCHR,
e is_dir() = POSIX macro S_ISDIR,
e is_fifo() = POSIX macro S_ISFIFO,
e is_link() = POSIX macro S_ISLINK,
e is_reg() = POSIX macro S_ISREG,
e is_sock() = POSIX macro S_ISSOCK.

For example, fio.stat('/') :is_dir () will return true.

Example:

tarantool> fio.lstat('/etc')
- inode: 1048577
rdev: O
size: 12288
atime: 1421340698
mode: 16877
mtime: 1424615337
nlink: 160
uid: O
blksize: 4096
gid: O
ctime: 1424615337
dev: 2049
blocks: 24

fio.mkdir (path-name [, mode ] )
fio.rmdir (path-name)

Create or delete a directory. For details type man 2 mkdir or man 2 rmdir.

ITapameTrpsl

e path-name (string) — path of directory.

e mode (number) — Mode bits can be passed as a number or as string constants, for
example S_IWUSR. Mode bits can be combined by enclosing them in braces.

Return (If no error) true. (If error) two return values: false, error message.

Rtype boolean
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Example:

tarantool> fio.mkdir('/etc')

- false

fio.chdir (path-name)
Change working directory. For details type man 2 chdir.

ITapameTrpsbl

e path-name (string) — path of directory.
Return (If success) true. (If failure) false.
Rtype boolean

Example:

tarantool> fio.chdir('/etc')

- true

fio.listdir (path-name)
List files in directory. The result is similar to the result from the 1s command.

ITapameTrpsbl

e path-name (string) — path of directory.
Return (If no error) a list of files. (If error) two return values: null, error message.
Rtype table

Example:

tarantool> fio.listdir('/usr/lib/tarantool")

- - mysql

fio.glob(path-name)
Return a list of files that match an input string. The list is constructed with a single flag that controls
the behavior of the function: GLOB_NOESCAPE. For details type man 3 glob.

ITapameTrpsl
e path-name (string) — path-name, which may contain wildcard characters.
Return list of files whose names match the input string
Rtype table
Possible errors: nil.

Example:

tarantool> fio.glob('/etc/x*"')

- - /etc/xdg
- /etc/xml
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- /etc/xul-ext

fio.tempdir()
Return the name of a directory that can be used to store temporary files.

Example:

tarantool> fio.tempdir()

- /tmp/1G31e7

fio.cwd()
Return the name of the current working directory.

Example:

tarantool> fio.cwd()

- /home/username/tarantool_sandbox

fio.copytree (from-path, to-path)
Copy everything in the from-path, including subdirectory contents, to the to-path. The result is similar
to the result that one gets from the cp -r command. The to-path should be empty.

ITapameTpsbl

e from-path (string) — path-name.

e to-path (string) — path-name.
Return (If no error) true. (If error) two return values: false, error message.
Rtype boolean

Example:

tarantool> fio.copytree('/home/original','/home/archives')

- true

fio.mktree (path-name)
Create the path, including subdirectories, but without file contents. The result is similar to the result
that one gets from the mkdir command.

ITapameTpsbr

e path-name (string) — path-name.
Return (If no error) true. (If error) two return values: false, error message.
Rtype boolean

Example:

tarantool> fio.mktree('/home/archives')

- true
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fio.rmtree(path-name)

fio

fio.

fio
fio

Remove the directory indicated by path-name, including subdirectories. The result is similar to the
result that one gets from the rmdir command, recursively. The directory must be empty.

ITapameTrpsl

e path-name (string) — path-name.
Return (If no error) true. (If error) two return values: null, error message.
Rtype boolean

Example:

tarantool> fio.rmtree('/home/archives')

- true

.link (src, dst)
symlink(src, dst)
.readlink (src)
.unlink(src)

Functions to create and delete links. For details type man readlink, man 2 link, man 2 symlink, man
2 unlink.

ITapameTpsl
e src (string) — existing file name.
e dst (string) — linked name.

Return (If no error) fio.link and fio.symlink and fio.unlink return true, fio.
readlink returns the link value. (If error) two return values: false[null, error message.

Example:

tarantool> fio.link('/home/username/tmp.txt', '/home/username/tmp.txt2')

- true

tarantool> fio.unlink('/home/username/tmp.txt2"')

- true

fio

.rename (path-name, new-path-name)
Rename a file or directory. For details type man 2 rename.

ITapameTrpsbl

e path-name (string) — original name.

e new-path-name (string) — new name.
Return (If no error) true. (If error) two return values: false, error message.
Rtype boolean

Example:

tarantool> fio.rename('/home/username/tmp.txt', '/home/username/tmp.txt2')
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- true

fio.rename (path-name, new-path-name)
Copy a file. The effect is similar to the effect that one gets with the cp command.

ITapameTrpsl

e path-name (string) — path to original file.

e new-path-name (string) — path to new file.
Return (If no error) true. (If error) two return values: false, error message.
Rtype boolean

Example:

tarantool> fio.copyfile('/home/user/tmp.txt', '/home/usern/tmp.txt2')

- true

fio.chown(path-name, owner-user, owner-group)
fio.chmod (path-name, new-rights)

Manage the rights to file objects, or ownership of file objects. For details type man 2 chown or man 2
chmod.

IIapameTpsbr
e owner-user (string) — new user uid.
e owner-group (string) — new group uid.
e new-rights (number) — new permissions
Return null

Example:

tarantool> fio.chmod('/home/username/tmp.txt', tonumber('0755', 8))

- true

tarantool> fio.chown('/home/username/tmp.txt', 'username', 'username')

- true

fio.truncate (path-name, new-size)
Reduce file size to a specified value. For details type man 2 truncate.

ITapamerpsl

e path-name (string) —

e new-size (number) —
Return (If no error) true. (If error) two return values: false, error message.
Rtype boolean

Example:
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fio.

fio.

tarantool> fio.truncate('/home/username/tmp.txt', 99999)

- true

sync ()
Ensure that changes are written to disk. For details type man 2 sync.

Return true if success, false if failure.
Rtype boolean

Example:

tarantool> fio.sync()

- true

open(path—name[, ﬂags[, mode”)
Open a file in preparation for reading or writing or seeking.

ITapameTrpsl
e path-name (string) — Full path to the file to open.

e flags (number) — Flags can be passed as a number or as string constants, for example
,,0_RDONLY*, ,,0_WRONLY“, ,,0_RDWR“. Flags can be combined by enclosing them in
braces. On Linux the full set of flags as described on the Linux man page is:

— O_APPEND (start at end of file),

— O_ASYNC (signal when IO is possible),

— O_CLOEXEC (enable a flag related to closing),
— O_CREAT (create file if it doesn’t exist),
O_DIRECT (do less caching or no caching),
O_DIRECTORY (fail if it’s not a directory),
O_EXCL (fail if file cannot be created),

O LARGEFILE (allow 64-bit file offsets),

— O_NOATIME (no access-time updating),

— O _NOCTTY (no console tty),

— O_NOFOLLOW (no following symbolic links),
— O_NONBLOCK (no blocking),

— O_PATH (get a path for low-level use),

— O_SYNC (force writing if it’s possible),

— O_TMPFILE (the file will be temporary and nameless),
— O_TRUNC (truncate)

. and, always, one of:
— O_RDONLY (read only),
— O_WRONLY (write only), or
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— O_RDWR (either read or write).

e mode (number) — Mode bits can be passed as a number or as string constants, for
example S_IWUSR. Mode bits are significant if flags include 0_CREAT or O_TMPFILE.
Mode bits can be combined by enclosing them in braces.

Return (If no error) file handle (abbreviated as ,fh* in later description). (If error) two
return values: null, error message.

Rtype userdata
Possible errors: nil.

Example:

tarantool> fh = fio.open('/home/username/tmp.txt', {'O_RDWR', 'O_APPEND'})

tarantool> fh -- display file handle returned by fio.open

- fh: 11

object file-handle

file-handle:close()
Close a file that was opened with fio.open. For details type man 2 close.

ITapameTrpsl

e fh (userdata) — file-handle as returned by fio.open().
Return true if success, false if failure.
Rtype boolean

Example:

tarantool> fh:close() -- where fh = file-handle

- true

file-handle:pread(count, offset)

file-handle:pread (buffer, count, offset)
Perform random-access read operation on a file, without affecting the current seek position of the
file. For details type man 2 pread.

ITapameTrpsl

fh (userdata) — file-handle as returned by fio.open().

buffer — where to read into (if the format is pread (buffer, count, offset))

count (number) — number of bytes to read

offset (number) — offset within file where reading begins

If the format is pread(count, offset) then return a string containing the data that was read
from the file, or nil if failure.

If the format is pread (buffer, count, offset) then return the data to the buffer. (Buffers can
be acquired with buffer.ibuf.)
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Example:

tarantool> fh:pread(25, 25)

file-handle:pwrite (new-string, offset)

file-handle:pwrite (buffer, count, offset)
Perform random-access write operation on a file, without affecting the current seek position of
the file. For details type man 2 pwrite.

ITapameTrpst
e fh (userdata) — file-handle as returned by fio.open().
e new-string or buffer (string) — value to write

e count (number) — number of bytes to write (if the format is pwrite(buffer,
count, offset))

e offset (number) — offset within file where writing begins
Return true if success, false if failure.
Rtype boolean

If the format is pwrite (new-string, offset) then the returned string is written to the file, as
far as the end of the string.

If the format is pwrite(buffer, count, offset) then the buffer contents are written to the file,
for count bytes. (Buffers can be acquired with buffer.ibuf.)

ibuf = require('buffer').ibuf ()

tarantool> fh:pwrite(ibuf, 1, 0)

- true

file-handle :read([count])
file-handle:read (buffer, count)
Perform non-random-access read on a file. For details type man 2 read or man 2 write.

Ilpumeuanue: fh:read and fh:write affect the seek position within the file, and this must be
taken into account when working on the same file from multiple fibers. It is possible to limit or
prevent file access from other fibers with fiber.ipc.

ITapameTrpsnt
e fh (userdata) — file-handle as returned by fio.open().
e buffer — where to read into (if the format is read(buffer, count))

e count (number) — number of bytes to read
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If the format is read () — omitting count — then read all bytes in the file.

If the format is read () or read([count]) then return a string containing the data that was read
from the file, or nil if failure.

If the format is read (buffer, count) then return the data to the buffer. (Buffers can be acquired
with buffer.ibuf.)

ibuf = require('buffer').ibuf ()

tarantool> fh:read(ibuf:reserve(5), 5)

-5

tarantool> require('ffi').string(ibuf:alloc(5),5)

- abcde

file-handle:write (new-string)
file-handle:write (buffer, count)
Perform non-random-access write on a file. For details type man 2 write.

Ilpumeuanue: fh:read and fh:write affect the seek position within the file, and this must be
taken into account when working on the same file from multiple fibers. It is possible to limit or
prevent file access from other fibers with fiber.ipc.

ITapameTrpsnt
e fh (userdata) — file-handle as returned by fio.open().
e new-string or buffer (string) — value to write

e count (number) — number of bytes to write (if the format is write(buffer,
count))

Return true if success, false if failure.

Rtype boolean
If the format is write (new-string) then the returned string is written to the file, as far as the
end of the string.

If the format is write(buffer, count) then the buffer contents are written to the file, for count
bytes. (Buffers can be acquired with buffer.ibuf.)

Example:

tarantool> fh:write("new data")

- true

file-handle:truncate (new-size)

Change the size of an open file. Differs from fio.truncate, which changes the size of a closed
file.
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ITapameTrpsl

e fh (userdata) — file-handle as returned by fio.open().
Return true if success, false if failure.
Rtype boolean

Example:

tarantool> fh:truncate(0)

- true

file-handle:seek(position[, oﬁset-from])
Shift position in the file to the specified position. For details type man 2 seek.

ITapameTpst
e fh (userdata) — file-handle as returned by fio.open().
e position (number) — position to seek to

e offset-from (string) —,,SEEK_END“ = end of file, ,,SEEK_CUR“ = current position,
»SEEK_SET* = start of file.

Return the new position if success
Rtype number
Possible errors: nil.

Example:

tarantool> fh:seek(20, 'SEEK_SET')

- 20

file-handle:stat()
Return statistics about an open file. This differs from fio.stat which return statistics about a
closed file. For details type man 2 stat.

ITapameTpsbt

e fh (userdata) — file-handle as returned by fio.open().
Return details about the file.
Rtype table

Example:

tarantool> fh:stat()
- inode: 729866
rdev: O
size: 100
atime: 140942855
mode: 33261
mtime: 1409430660
nlink: 1
uid: 1000
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blksize: 4096
gid: 1000

ctime: 1409430660
dev: 2049

blocks: 8

file-handle:fsync()

file-handle:fdatasync()
Ensure that file changes are written to disk, for an open file. Compare fio.sync, which is for all
files. For details type man 2 fsync or man 2 fdatasync.

ITapameTrpst
e fh (userdata) — file-handle as returned by fio.open().
Return true if success, false if failure.

Example:

tarantool> fh:fsync()

- true

FIO constants

fio.c
Table with constants which are the same as POSIX flag values on the target platform (see man 2
stat).

Example:

tarantool> fio.c
- seek:
SEEK_SET: 0
SEEK_END: 2
SEEK_CUR: 1
mode:
S_IWGRP: 16
S_IXGRP: 8
S_IROTH: 4
S_IXOTH: 1

flag:

S_IRUSR:
S_IXUSR:
S_IRWXU:
S_IRWXG:
S_IWOTH:
S_IRWXO:
S_IWUSR:
S_IRGRP:

256
64
448
56
2

7
128
32

0_EXCL: 2048
O_NONBLOCK: 4
O_RDONLY: O
<...0>
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5.1.12 Module fun

Luafun, also known as the Lua Functional Library, takes advantage of the features of LuaJIT to help users
create complex functions. Inside the module are «sequence processorss> such as map, filter, reduce, zip
— they take a user-written function as an argument and run it against every element in a sequence, which
can be faster or more convenient than a user-written loop. Inside the module are «generators» such as
range, tabulate, and rands — they return a bounded or boundless series of values. Within the module
are «reducersy, «filters», «composers» ... or, in short, all the important features found in languages like
Standard ML, Haskell, or Erlang.

The full documentation is On the luafun section of github. However, the first chapter can be skipped because
installation is already done, it’s inside Tarantool. All that is needed is the usual require request. After
that, all the operations described in the Lua fun manual will work, provided they are preceded by the name
returned by the require request. For example:

tarantool> fun = require('fun')

tarantool> for _k, a in fun.range(3) do
> print(a)
> end

5.1.13 Module http

O6wue ceepeHus

The http module, specifically the http.client submodule, provides the functionality of an HTTP client
with support for HT'TPS and keepalive. It uses routines in the libcurl library.

Nupekc

Below is a list of all http functions.

Name Use

hitp.client.new() Create an HTTP client instance
client_ object:request() | Perform an HTTP request
client_object:stat() Get a table with statistics

http.client .new([options ])
Construct a new HTTP client instance.

ITapameTrpsl

e options (table) — the maximum number of entries in the connection cache.
Return a new HTTP client instance
Rtype userdata

Example:
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tarantool> http_client = require('http.client').new({5})

object client_object

client_object:request (method, url, body, opts)
If http_client is an HTTP client instance, http_client:request() will perform an HTTP
request and, if there is a successful connection, will return a table with connection information.

ITapameTrpsl
e method (string) — HTTP method, for example ,GET* or ,POST* or ,PUT*
e url (string) — location, for example ,https://tarantool.org/doc*
e body (string) — optional initial message, for example ,My text string!“
e opts (table) — table of connection options, with any of these components:

— timeout - number of seconds to wait for a curl API read request before timing
out

— ca_path - path to a directory holding one or more certificates to verify the peer
with

— ca_file - path to an SSL certificate file to verify the peer with

— verify_host - set on/off verification of the certificate’s name (CN) against host.
See also CURLOPT SSL VERIFYHOST

— verify_peer - set on/off verification of the peer’s SSL certificate. See also
CURLOPT SSL VERIFYPEER

— ssl_key - path to a private key file for a TLS and SSL client certificate. See also
CURLOPT _ SSLKEY

— ssl_cert - path to a SSL client certificate file. See also CURLOPT SSLCERT
— headers - table of HI'TP headers

— keepalive_idle - delay, in seconds, that the operating system will wait
while the connection is idle before sending keepalive probes. See also
CURLOPT TCP_ KEEPALIVE

— keepalive_interval - the interval, in seconds, that the operating
system  will wait between sending keepalive probes. See also
CURLOPT TCP_ KEEPALIVE

— low_speed_time - set the «low speed time» — the time that the transfer speed
should be below the «low speed limit» for the library to consider it too slow and
abort. See also CURLOPT LOW SPEED TIME

— low_speed_limit - set the «low speed limit» — the average transfer speed in
bytes per second that the transfer should be below during «low speed times»
seconds for the library to consider it to be too slow and abort. See also
CURLOPT_LOW_SPEED _ LIMIT

— verbose - set on/off verbose mode
Return connection information, with all of these components:

e status - HTTP response status
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e reason - HTTP response status text
e headers - a Lua table with normalized HTTP headers
e body - response body
e proto - protocol version
Rtype table
The following «shortcutss exist for requests:

e http_client:get(url, options) - shortcut for http_client:request("GET url, nil,
opts)

http_client:post (url, body, options) - shortcut for
http_client:request ("POSTurl, body, opts)

http_client:put(url, body, options) - shortcut for http_client:request ("POST url,
body, opts)

http_client:patch(url, body, options) - shortcut for
http_client:request ("PATCHurl, body, opts)

http_client:options(url, options) - shortcut for http_client:request ("0PTIONS url,
nil, opts)

http_client:head(url, options) - shortcut for http_client:request ("HEAD url, nil,
opts)

http_client:delete(url, options) - shortcut for http_client:request("DELETE url,
nil, opts)

http_client:trace(url, options) - shortcut for http_client:request("TRACEurl,
nil, opts)

http_client:connect: (url, options) - shortcut for http_client:request ("CONNECT url,
nil, opts)

client_object:stat()
The http_client:stat() function returns a table with statistics:

e active_requests - number of currently executing requests
e sockets_added - total number of sockets added into an event loop

e sockets_deleted - total number of sockets sockets from an event loop

total_requests - total number of requests

http_200_responses - total number of requests which have returned code HTTP 200

http_other_responses - total number of requests which have not returned code HTTP 200

e failed_requests - total number of requests which have failed including system errors, curl
errors, and HTTP errors

Example:

Connect to an HTTP server, look at the size of the response for a ,,GET* request, and look at the
statistics for the session.

tarantool> http_client = require('http.client').new()

tarantool> r = http_client:request('GET', 'http://tarantool.org')
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tarantool> string.len(r.body)

- 21725

tarantool> http_client:stat()

- total_requests: 1
sockets_deleted: 2
failed_requests: 0O
active_requests: 0O
http_other_responses: 0
http_200_responses: 1
sockets_added: 2

5.1.14 Module iconv

O6wue cBepeHus

The iconv module provides a way to convert a string with one encoding to a string with another encoding,
for example from ASCII to UTF-8. It is based on the POSIX iconv routines.

An exact list of the available encodings may depend on environment. Typically the list includes ASCII,
BIG5, KOI8R, LATINS, MS-GREEK, SJIS, and about 100 others. For a complete list, type iconv --list

on a terminal.

Nupekc

Below is a list of all iconv functions.

Name

Use

iconv.new()

Create an iconv instance

iconv.converter()

Perform conversion on a string

iconv.new/(to, from)
Construct a new iconv instance.

ITapameTrpsbl

e to (string) — the name of the encoding that we will convert to.

e from (string) — the name of the encoding that we will convert from.

Return a new iconv instance — in effect, a callable function

Rtype userdata

If either parameter is not a valid name, there will be an error message.

Example:

tarantool> converter = require('iconv').new('UTF8', 'ASCII')
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iconv.converter (input-string)

Convert.
param string input-string the string to be converted (the «from» string)
return the string that results from the conversion (the «to» string)

If anything in input-string cannot be converted, there will be an error message and the result
string will be unchanged.

Example:

We know that the Unicode code point for «/I» (CYRILLIC CAPITAL LETTER DE) is hexadecimal
0414 according to the character database of Unicode. Therefore that is what it will look like in UTF-16.
We know that Tarantool typically uses the UTF-8 character set. So make a from-UTF-8-to-UTF-16
converter, use string.hex(,/I“) to show what I's encoding looks like in the UTF-8 source, and use
string.hex(,,/I“-after-conversion) to show what it looks like in the UTF-16 target. Since the result is
0414, we see that iconv conversion works.

tarantool> string.hex(']')

- doo4

tarantool> converter = require('iconv').new('UTF16BE', 'UTF8')

tarantool> utf16_string = converter(']l")

tarantool> string.hex(utf16_string)

- '0414'

5.1.15 Module json

Obwwme ceepgeHus

The json module provides JSON manipulation routines. It is based on the Lua-CJSON module by Mark
Pulford. For a complete manual on Lua-CJSON please read the official documentation.

Nupekc

Below is a list of all json functions and members.

Name Use

json.encode() | Convert a Lua object to a JSON string
gson.decode() | Convert a JSON string to a Lua object
json.NULL Analog of Lua’s «nil»

json.encode (lua-value)

Convert a Lua object to a JSON string.
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ITapameTrpsbl

e lua_value — either a scalar value or a Lua table value.
Return the original value reformatted as a JSON string.
Rtype string

Example:

tarantool> json=require('json')

tarantool> json.encode(123)

- '123'

tarantool> json.encode({123})

- '"[123]"

tarantool> json.encode({123, 234, 345})

- '[123,234,345]"'

tarantool> json.encode({abc = 234, cde = 345})

- '{"cde":345,"abc":234}"'

tarantool> json.encode({hello = {'world'}})

- '"{"hello":["world"]}'

json.decode (string)
Convert a JSON string to a Lua object.

ITapameTrpsbl

e string (string) — a string formatted as JSON.
Return the original contents formatted as a Lua table.
Rtype table

Example:

tarantool> json = require('json')

tarantool> json.decode('123')

- 123

tarantool> json.decode('[123, "hello"]')

- [123, 'hello']

tarantool> json.decode('{"hello": "world"}').hello

- world
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See the tutorial Sum a JSON field for all tuples to see how json.decode() can fit in an application.

json.NULL
A value comparable to Lua «nil> which may be useful as a placeholder in a tuple.

Example:

-- When nil is assigned to a Lua-table field, the field is null
tarantool> {nil, 'a', 'b'}
- - null

- a

-b

-- When json.NULL is assigned to a Lua-table field, the field is json.NULL
tarantool> {json.NULL, 'a', 'b'}
- - null

- a

-b

-- When json.NULL is assigned to a JSON field, the field is null
tarantool> json.encode({field2 = json.NULL, fieldl = 'a', field3 = 'c'})

- '{"field2":null,"field1":"a","field3":"c"}'

The JSON output structure can be specified with __serialize:
e __serialize="seq" for an array
e __serialize="map" for a map

Serializing ,A* and ,B“ with different __serialize values causes different results:

tarantool> json.encode(setmetatable({'A', 'B'}, { __serialize="seq"}))
1 ["A" s llBll] ]
tarantool> json.encode(setmetatable({'A', 'B'}, { __serialize="map"}))

|{||1|| AN o, ||Bll}|

tarantool> json.encode({setmetatable({f1 'A', £2 = 'B'}, { __serialize="map"})})

_ ! [{uf2n : "B","fl" : "A"}] 1

tarantool> json.encode({setmetatable({f1

1]
=
Hh
N

|

'B'}, { __serialize="seq"})})

- a1

Configuration settings
There are configuration settings which affect the way that Tarantool encodes invalid numbers or types. They
are all boolean true/false values

e cfg.encode_invalid_numbers (default is true) — allow nan and inf

e cfg.encode_use_tostring (default is false) — use tostring for unrecognizable types
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e cfg.encode_invalid_as_nil (default is false) — use null for all unrecognizable types
e cfg.encode_load_metatables (default is false) — load metatables

For example, the following code will interpret 0/0 (which is «not a number») and 1/0 (which is «infinity»)
as special values rather than nulls or errors:

json = require('json')
json.cfg{encode_invalid_numbers = true}
x = 0/0

y = 1/0

json.encode({1, x, y, 2})

The result of the json.encode() request will look like this:

tarantool> json.encode({1, x, y, 2})

- '[1,nan,inf,2]

The same configuration settings exist for json, for MsgPack, and for YAML.

5.1.16 Module log

Obwwme ceepgeHus
The Tarantool server puts all diagnostic messages in a log file specified by the log configuration parameter.

Diagnostic messages may be either system-generated by the server’s internal code, or user-generated with
the log. log_level_function_name function.

Nupekc

Below is a list of all 1og functions.

Name Use

log.error() log.warn() log.info() log.verbose() log.debug() | Write a user-generated message to a log file
log.logger pid() Get the PID of a logger

log.rotate() Rotate a log file

log.error (message)

log.warn(message)

log.info(message)

log.verbose(message)

log.debug(message)
Output a user-generated message to the log file, given log level function name = error or warn or
info or verbose or debug.

As explained in the description of the configuration setting for log level, there are seven levels of detail:
e 1 — SYSERROR
e 2 — ERROR — this corresponds to log.error(...)
e 3 — CRITICAL
e 4 — WARNING — this corresponds to log.warn(...)
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e 5 — INFO — this corresponds to log.info(...)
e 6 — VERBOSE - this corresponds to log.verbose(. . .)
e 7 — DEBUG — this corresponds to log.debug(...)

For example, if box.cfg.log_level is currently 5 (the default value), then log.error(...), log.
warn(...) and log.info(...) messages will go to the log file. However, log.verbose(...) and
log.debug(...) messages will not go to the log file, because they correspond to higher levels of detail.

ITapameTrpsbl
e message (string) — The actual output will be a line containing:

— the current timestamp,

a module name,
— “Ef W« T4 V€ or DY depending on log_level_function_name, and
— message.

Output will not occur if log_level_function_name is for a type greater than
log_level.

Messages may contain C-style format specifiers %d or %s, so log.error('...%d..
.hs', z, y) will work if x is a number and y is a string.

Return nil
log.logger_pid()
Return PID of a logger

log.rotate()
Rotate the log.

Return nil

Mpumep

$ tarantool

tarantool> box.cfg{log_level=3, log='tarantool.txt'}
tarantool> log = require('log')

tarantool> log.error('Error')

tarantool> log.info('Info %s', box.info.version)
tarantool> os.exit()

$ less tarantool.txt

2017-09-20 ... [68617] main/101/interactive C> version 1.7.5-31-ge939c6eab
2017-09-20 ... [68617] main/101/interactive C> log level 3
2017-09-20 ... [68617] main/101/interactive [C]:-1 E> Error

The ,Error* line is visible in tarantool.txt preceded by the letter E.

The ,Info“ line is not present because the log_level is 3.

5.1.17 Mopynb msgpack
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Obwwme ceepgeHus

The msgpack module takes strings in MsgPack format and decodes them, or takes a series of non-MsgPack
values and encodes them. Tarantool makes heavy internal use of MsgPack because tuples in Tarantool are

stored as MsgPack arrays.

Nupekc

Below is a list of all msgpack functions and members.

Name

Use

msgpack.encode()

Convert a Lua object to an MsgPack string

msgpack.decode()

Convert a MsgPack string to a Lua object

msgpack.decode_unchecked()

Convert a MsgPack string to a Lua object

msgpack. NULL

Analog of Lua’s «nil»

msgpack.encode (lua_ value)

Convert a Lua object to a MsgPack string.

ITapameTpsbl

e lua_value — either a scalar value or a Lua table value.

Return the original value reformatted as a MsgPack string.

Rtype string

msgpack.decode (string [, offset ] )

Convert a MsgPack string to a Lua object.

ITapameTrpsbl

e string — a string formatted as MsgPack.

e num — where to start, minimum = 1, maximum = string length

Return

e the original contents formatted as a Lua table;

e the number of bytes that were decoded.

Rtype lua object

msgpack.decode_unchecked (string)

Convert a MsgPack string to a Lua object. Because checking is skipped, decode_unchecked() can
operate with string pointers to buffers which decode () cannot handle. For an example see the buffer

module.

ITapameTrpsbl

e string — a string formatted as MsgPack.

Return

e the original contents formatted as a Lua table;

e the number of bytes that were decoded.

Rtype lua object
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msgpack.NULL
A value comparable to Lua «nil> which may be useful as a placeholder in a tuple.

Mpumep

tarantool> msgpack = require('msgpack')

tarantool> y = msgpack.encode({'a',1,'b"',2})

tarantool> z = msgpack.decode(y)

é;gantool> z[1]1, z[2], =z[3], =z[4]

N T~

tarantool> box.space.tester:insert{20, msgpack.NULL, 20}

- [20, null, 20]

The MsgPack output structure can be specified with __serialize:
e __serialize = "seq"or "sequence" for an array
e __serialize = "map"or "mapping" for a map

Serializing ,A“ and ,B“ with different __serialize values causes different results. To show this, here is a
routine which encodes {,4%“B“} both as an array and as a map, then displays each result in hexadecimal.

function hexdump(bytes)
local result = "'
for i = 1, #bytes do
result = result .. string.format("/x", string.byte(bytes, 1))
end
return result
end

msgpack = require('msgpack')
ml = msgpack.encode(setmetatable({'A', 'B'}, {

__serialize = "seq"
1))
m2 = msgpack.encode(setmetatable({'A', 'B'}, {
__serialize = "map"
1))
print('array encoding: ', hexdump(ml))
print('map encoding: ', hexdump(m2))

Result:

array encoding: 92 al 41 al 42
map encoding: 82 01 al 41 02 al 42

The MsgPack Specification page explains that the first encoding means:

264 Fnasa 5. CnpaBo4Hukn



http://github.com/msgpack/msgpack/blob/master/spec.md

Tarantool, Beinyck 1.10.0

’fixarray(?), fixstr(1), "A", fixstr(1), "B"

and the second encoding means:

’fixmap(Q), key(1), fixstr(1), "A", key(2), fixstr(2), "B"

Here are examples for all the common types, with the Lua-table representation on the left, with the MsgPack
format name and encoding on the right.

Common Types and MsgPack Encodings

{} Jfixmap* if metatable is ,map* = 80 otherwise ,fixarray* = 90

I SAxstr = al 61

false Sfalse = ¢2

true Ltrue“ = ¢3

127 spositive fixint* = 7f

65535 yuint 16 = cd ff ff

4294967295 suint 32¢ = ce ff ff ff ff

nil Hhil = c0

msgpack.NULL | same as nil

[0] =5 JAxmap(1)“ + ,positive fixint“ (for the key) + ,positive fixint* (for the value) = 81 00
05

[0] = nil Hixmap(0)* = 80 — nil is not stored when it is a missing map value

1.5 Jfoat 64 = cb 3f {8 00 00 00 00 00 00

Also, some MsgPack configuration settings for encoding can be changed, in the same way that they can be
changed for JSON.

5.1.18 Moaynb net.box

Obuine ceepeHns

The net.box module contains connectors to remote database systems. One variant, to be discussed later, is
connecting to MySQL or MariaDB or PostgreSQL (see SQL DBMS modules reference). The other variant,
which is discussed in this section, is connecting to Tarantool server instances via a network using the built-in
net.box module.

You can call the following methods:
e require('net.box') to get a net.box object (named net_box for examples in this section),
e net_box.connect () to connect and get a connection object (named conn for examples in this section),
e other net.box () routines, passing conn:, to execute requests on a remote box,
e conn:close to disconnect.

All net.box methods are fiber-safe, that is, it is safe to share and use the same connection object across
multiple concurrent fibers. In fact, it’s perhaps the best programming practice with Tarantool. When multiple
fibers use the same connection, all requests are pipelined through the same network socket, but each fiber
gets back a correct response. Reducing the number of active sockets lowers the overhead of system calls and
increases the overall server performance. There are, however, cases when a single connection is not enough
— for example, when it’s necessary to prioritize requests or to use different authentication IDs.

Most net.box methods allow a final {options} argument, which can be:
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{timeout=...}. For example, a method whose final argument is {timeout=1.5} will stop after 1.5
seconds on the local node, although this does not guarantee that execution will stop on the remote
server node.

{buffer=...}. For an example see buffer module.

The diagram below shows possible connection states and transitions:

On this diagram:

The state machine starts in the ,jinitial“ state.
net_box.connect () method changes the state to ,,connecting* and spawns a worker fiber.

If authentication and schema upload are required, it’s possible later on to re-enter the ,fetch schema®
state from ,active* if a request fails due to a schema version mismatch error, so schema reload is
triggered.

conn.close() method sets the state to ,closed” and kills the worker. If the transport is already in the
serror state, close() does nothing.

Nupekc

Below is a list of all net.box functions.

Use

Create a connection

Execute a PING command

Wait for a connection to be active or closed

Name

net_box.connect() net _box.new()
conn:ping()
conn:wait__connected()

conn:is__connected()

Check if a connection is active or closed

conn:wait_ state()

Wait for a target state

conn:close()

Close a connection

conn.space.space-name:select{field-value}

Select one or more tuples

conn.space.space-name:get{field-value}

Select a tuple

conn.space.space-name:insert{field-value}

Insert a tuple

conn.space.space-name:replace{field-value}

Insert or replace a tuple

conn.space.space-name:update{field-value}

Update a tuple

conn.space.space-name:upsert{field-value}

Update a tuple

conn.space.space-name:delete{ field-value}

Delete a tuple

conn:call()

Call a stored procedure

conn:eval()

Evaluate and execute the expression in a string

conn:timeout()

Set a timeout

net_box. connect ( URI[, {option[s]} ])

net_box.new( URI[, {option[s]} ])

IIpumeuanme:

The names connect() and
connect () is the preferred name, while new()

new() are synonymous with the only difference that

is retained for backward compatibility.

Create a new connection. The connection is established on demand, at the time of the first request.
It can be re-established automatically after a disconnect (see reconnect_after option below). The
returned conn object supports methods for making remote requests, such as select, update or delete.
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For a local Tarantool server, there is a pre-created always-established connection object named
net_boz .self. Its purpose is to make polymorphic use of the net_box API easier. Therefore conn
= net_boz .connect('localhost:3301') can be replaced by conn = net_boz .self. However, there
is an important difference between the embedded connection and a remote one. With the embedded
connection, requests which do not modify data do not yield. When using a remote connection, due to
the implicit rules any request can yield, and database state may have changed by the time it regains
control.

Possible options:

o wait_ connected: by default, connection creation is blocked until the connection is established, but
passing wait_connected=false makes it return immediately. Also, passing a timeout makes it
wait before returning (e.g. wait_connected=1.5 makes it wait at most 1.5 seconds).

ITpumeuanme: In the presence of reconnect_after, wait_connected ignores transient failures.
The wait completes once the connection is established or is closed explicitly.

e reconnect_after: a net.box instance automatically reconnects any time the connection is broken
or if a connection attempt fails. This makes transient network failures become transparent to
the application. Reconnect happens automatically in the background, so queries/requests that
suffered due to connectivity loss are transparently retried. The number of retries is unlimited,
connection attempts are done over the specified timeout (e.g. reconnect_after=5 for 5 secs).
Once a connection is explicitly closed (or garbage-collected), reconnects stop.

e call_16: [since 1.7.2] by default, net.box connections comply with a new binary protocol
command for CALL, which is not backward compatible with previous versions. The new CALL
no longer restricts a function to returning an array of tuples and allows returning an arbitrary
MsgPack/JSON result, including scalars, nil and void (nothing). The old CALL is left intact for
backward compatibility. It will be removed in the next major release. All programming language
drivers will be gradually changed to use the new CALL. To connect to a Tarantool instance that
uses the old CALL, specify call_16=true.

e console: depending on the option’s value, the connection supports different methods (as if instances
of different classes were returned). With console = true, you can use conn methods close(),
is_connected(), wait_state(), eval() (in this case, both binary and Lua console network
protocols are supported). With console = false (default), you can also use conn database
methods (in this case, only the binary protocol is supported).

e connect_timeout: number of seconds to wait before returning «error: Connection timed out».

ITapameTrpsbl

e URI (string) — the URI of the target for the connection

e options — possible options are wait connected, reconnect_after, call 16 and console
Return conn object

Rtype userdata

IIpumepsbr:

conn = net_box.connect('localhost:3301")
conn = net_box.connect('127.0.0.1:3302', {wait_connected = falsel})
conn = net_box.connect('127.0.0.1:3303', {reconnect_after = 5, call_16 = true})

object conn
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conn:ping()
Execute a PING command.

Return true on success, false on error
Rtype boolean

Example:

net_box.self:ping()

conn:wait_connected( [timeout ] )
Wait for connection to be active or closed.

ITapameTrpsnt

e timeout (number) — in seconds
Return true when connected, false on failure.
Rtype boolean

Example:

net_box.self:wait_connected()

conn:is_connected()
Show whether connection is active or closed.

Return true if connected, false on failure.
Rtype boolean

Example:

’net_box.self:is_connected()

conn:wait_state (statefs/ [, timeout ] )
[since 1.7.2] Wait for a target state.

ITapameTrpsl
e states (string) — target states
e timeout (number) — in seconds
Return true when a target state is reached, false on timeout or connection closure
Rtype boolean
IIpumepsr:

-- wait tnfinitely for 'active' state:
conn:wait_state('active')

-- watt for 1.5 secs at most:
conn:wait_state('active', 1.5)

-- wait infinitely for either ‘active  or “fetch_schema” state:
conn:wait_state({active=true, fetch_schema=true})

conn:close()
Close a connection.
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Connection objects are garbage collected just like any other objects in Lua, so an explicit
destruction is not mandatory. However, since close() is a system call, it is good programming
practice to close a connection explicitly when it is no longer needed, to avoid lengthy stalls of the
garbage collector.

Example:

conn:close()

conn.space.<space-name>:select({field-value, ...} [, {options}])
conn.space. space-name :select({...}) is the remote-call equivalent of the local call box.
space. space-name :select{...}.

Example:

conn.space.testspace:select({1,'B'}, {timeout=1})

ITpumeuanue: Due to the implicit yield rules a local box.space.space-name :select{...}
does not yield, but a remote conn.space.space-name :select{...} call does yield, so global
variables or database tuples data may change when a remote conn.space. space-name :select{.
..} occurs.

conn.space.<space-name>:get({field-value, ...} [, {options}])
conn.space. space-name :get(...) is the remote-call equivalent of the local call box.space.
space-name :get(...).

Example:

conn.space.testspace:get ({1})

conn.space.<space-name>:insert({field-value, ...} [, {options}])
conn.space. space-name :insert (.. .) is the remote-call equivalent of the local call box.space.
space-name :insert(...).

Example:

conn.space.testspace:insert({2,3,4,5}, {timeout=1.1})

conn.space.<space-name>:replace({field-value, ...} [, {options}])
conn.space. space-name :replace(...) is the remote-call equivalent of the local call box.
space. space-name :replace(...).

Example:

conn.space.testspace:replace({5,6,7,8})

conn.space.<space-name>:update({field-value, ...} [, {options}])
conn.space. space-name :update(...) is the remote-call equivalent of the local call box.space.
space-name :update(...).

Example:

conn.space.Q:update({1},{{'=',2,5}}, {timeout=0})

conn.space.<space-name>:upsert({field-value, ...} [, {options}])
conn.space. space-name :upsert (. ..) is the remote-call equivalent of the local call box.space.
space-name :upsert(...).
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conn.space.<space-name>:delete({field-value, ...} [, {options}])
conn.space. space-name :delete(...) is the remote-call equivalent of the local call box.space.
space-name :delete(...).

conn:call (function—name[, {arguments}[, {optz'ons}”)
conn:call('func', {'1', '2', '3'}) is the remote-call equivalent of func('1', '2', '3').
That is, conn:call is a remote stored-procedure call.

Limitation: the called function cannot return a function, for example if func2 is defined as
function func2 () return func end then conn:call(func2) will return «error: unsupported
Lua type ,function®s.

IIpumepsr:

conn:call('function5')
conn:call('fx',{1,'B'},{timeout=99})

conn:eval(L1m-srfring[7 {arguments}[, {options}”)
conn:eval (Lua-string) evaluates and executes the expression in Lua-string, which may be
any statement or series of statements. An execute privilege is required; if the user does not
have it, an administrator may grant it with box.schema.user.grant (username, 'execute',
'universe').

Example:

conn:eval('return 5+5')
conn:eval('return ...', {1,2,3})
conn:eval('return 5+5, {}, {timeout=0.1})

conn:timeout (timeout)
timeout(...) is a wrapper which sets a timeout for the request that follows it. Since version
1.7.4 this method is deprecated — it is better to pass a timeout value for a method’s {options}
parameter.

Example:

conn:timeout (0.5) .space.tester:update({1}, {{'=', 2, 15}})

Although timeout(...) is deprecated, all remote calls support its use. Using a wrapper object
makes the remote connection API compatible with the local one, removing the need for a separate
timeout argument, which the local version would ignore. Once a request is sent, it cannot be
revoked from the remote server even if a timeout expires: the timeout expiration only aborts the
wait for the remote server response, not the request itself.

Mpumep

This example shows the use of most of the net.box methods.
The sandbox configuration for this example assumes that:
e the Tarantool instance is running on localhost 127.0.0.1:3301,

e there is a space named tester with a numeric primary key and with a tuple that contains a key value
= 800,

e the current user has read, write and execute privileges.

Here are commands for a quick sandbox setup:
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box.cfg{listen = 3301}

s = box.schema.space.create('tester')

s:create_index('primary', {type = 'hash', parts = {1, 'unsigned'}})
t = s:insert ({800, 'TEST'})

box.schema.user.grant('guest', 'read,write,execute', 'universe')

And here starts the example:

tarantool> net_box = require('net.box')

tarantool> function example()
> local conn, wtuple
if net_box.self:ping() then
table.insert(ta, 'self:ping() succeeded')

table.insert(ta, ' (no surprise -- self connection is pre-established)')
end
if box.cfg.listen == '3301' then

table.insert(ta,'The local server listen address = 3301')
else

table.insert(ta, 'The local server listen address is not 3301')
table.insert(ta, '( (maybe box.cfg{...listen="3301"...} was not stated)')
table.insert(ta, '( (so connect will fail)')
end
conn = net_box.connect('127.0.0.1:3301")
conn.space.tester:delete({800})
table.insert(ta, 'conn delete done on tester.')
conn.space.tester:insert ({800, 'data'})
table.insert(ta, 'conn insert done on tester, index 0')
table.insert(ta, ' primary key value = 800.')
wtuple = conn.space.tester:select({800})
table.insert(ta, 'conn select done on tester, index 0')
table.insert(ta, ' number of fields = ' .. #wtuple)
conn.space.tester:delete({800})
table.insert(ta, 'conn delete done on tester')
conn.space.tester:replace({800, 'New data', 'Extra data'})
table.insert(ta, 'conn:replace done on tester')
conn.space.tester:update ({800}, {{'=', 2, 'Fld#1'}})
table.insert(ta, 'conn update done on tester')
conn:close()
table.insert(ta, 'conn close done')
end

V VV V V VYV VVVVVVVVVVVVVVVVVVVYVYVYV

tarantool> ta = {}

tarantool> example()

tarantool> ta

- - self:ping() succeeded
- ' (no surprise -- self connection is pre-established)'
- The local server listen address = 3301
- conn delete done on tester.
- conn insert done on tester, index O

- primary key value = 800.'
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- conn select done on tester, index O
- ' number of fields = 1'

- conn delete done on tester

- conn:replace done on tester

- conn update done on tester

- conn close done

5.1.19 Module os

Obwwme ceepgeHus
The os module contains the functions execute(), rename(), getenv(), remove(), date(), exit(), time(), clock(),

tmpname(), environ(), setenv(), setlocale(), difftime(). Most of these functions are described in the Lua
manual Chapter 22 The Operating System Library.

Nupekc

Below is a list of all os functions.

Name Use

os.execute() Execute by passing to the shell

os.rename() Rename a file or directory

0s.getenv() Get an environment variable

os.remove() Remove a file or directory

os.date() Get a formatted date

os.exit() Exit the program

os.time() Get the number of seconds since the epoch
os.clock() Get the number of CPU seconds since the program start
os.tmpname() | Get the name of a temporary file

os.environ() Get a table with all environment variables
o0s.setenv() Set an environment variable

os.setlocale() | Change the locale

os.difftime() Get the number of seconds between two times

os.execute (shell-command)
Execute by passing to the shell.

ITapameTrpsnl
e shell-command (string) — what to execute.

Example:

tarantool> os.execute('ls -1 /usr')

total 200

drwxr-xr-x 2 root root 65536 Apr 22 15:49 bin
drwxr-xr-x 59 root root 20480 Apr 18 07:58 include
drwxr-xr-x 210 root root 65536 Apr 18 07:59 1lib
drwxr-xr-x 12 root root 4096 Apr 22 15:49 local
drwxr-xr-x 2 root root 12288 Jan 31 09:50 sbin
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os.rename (old-name, new-name)
Rename a file or directory.

ITapamerpsnt
e old-name (string) — name of existing file or directory,

e new-name (string) — changed name of file or directory.

Example:

tarantool> os.rename('local','foreign')

- null
- 'local: No such file or directory'
-2

os.getenv (variable-name)
Get environment variable.

Parameters: (string) variable-name = environment variable name.

Example:

tarantool> os.getenv('PATH')

- /usr/local/sbin:/usr/local/bin:/usr/sbin

os.remove (name)
Remove file or directory.

Parameters: (string) name = name of file or directory which will be removed.

Example:

tarantool> os.remove('file')

- true

os.date (format-string [, time-since-epoch ] )
Return a formatted date.

Parameters: (string) format-string = instructions; (string) time-since-epoch = number of seconds since
1970-01-01. If time-since-epoch is omitted, it is assumed to be the current time.

Example:

tarantool> os.date("%A %B %d")

- Sunday April 24

os.exit()
Exit the program. If this is done on a server instance, then the instance stops.

Example:

tarantool> os.exit ()
user@user-shell:~/tarantool_sandbox$
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os.time()
Return the number of seconds since the epoch.

Example:

tarantool> os.time()

- 1461516945

os.clock()
Return the number of CPU seconds since the program start.

Example:

tarantool> os.clock()

- 0.05

os.tmpname ()
Return a name for a temporary file.

Example:

tarantool> os.tmpname ()

- /tmp/lua_7SWim2

os.environ()
Return a table containing all environment variables.

Example:

tarantool> os.environ() ['TERM']..os.environ() ['SHELL']

- xterm/bin/bash

os.setenv (variable-name, variable-value)
Set an environment variable.

Example:

tarantool> os.setenv('VERSION','99')

os.setlocale( [new—locale—string ] )
Change the locale. If new-locale-string is not specified, return the current locale.

Example:

tarantool> require('string').sub(os.setlocale(),1,20)

- LC_CTYPE=en_US.UTF-8
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os.difftime (timel, time2)
Return the number of seconds between two times.

Example:

tarantool> os.difftime(os.time() - 0)

- 1486594859

5.1.20 Moaynb pickle

Nupekc

Below is a list of all pickle functions.

Name Use
pickle.pack() Convert Lua variables to binary format
pickle.unpack() | Convert Lua variables back from binary format

pickle.pack(format, argument[, argument ])
To use Tarantool binary protocol primitives from Lua, it’s necessary to convert Lua variables to binary
format. The pickle.pack() helper function is prototyped after Perl ,,pack®.

Format specifiers

b, converts Lua scalar value to a 1-byte integer, and stores the integer in the resulting string

s, S | converts Lua scalar value to a 2-byte integer, and stores the integer in the resulting string,
low byte first

i, I | converts Lua scalar value to a 4-byte integer, and stores the integer in the resulting string,
low byte first

I, L | converts Lua scalar value to an 8-byte integer, and stores the integer in the resulting string,
low byte first

n converts Lua scalar value to a 2-byte integer, and stores the integer in the resulting string,
big endian,

N converts Lua scalar value to a 4-byte integer, and stores the integer in the resulting string,
big

d, converts Lua scalar value to an 8-byte integer, and stores the integer in the resulting string,
Q big endian,
f converts Lua scalar value to a 4-byte float, and stores the float in the resulting string
d converts Lua scalar value to a 8-byte double, and stores the double in the resulting string
a, converts Lua scalar value to a sequence of bytes, and stores the sequence in the resulting
A string

ITapameTrpsnl

e format (string) — string containing format specifiers
e argument(s) (scalar-value) — scalar values to be formatted
Return a binary string containing all arguments, packed according to the format specifiers.

Rtype string

5.1. Built-in modules reference 275


http://perldoc.perl.org/functions/pack.html

Tarantool, Beinyck 1.10.0

A scalar value can be either a variable or a literal. Remember that large integers should be entered
with tonumber6/() or LL or ULL suffizes.

Possible errors: unknown format specifier.

Example:

tarantool> pickle = require('pickle')

tarantool> box.space.tester:insert{0, 'hello world'}

- [0, 'hello world']

tarantool> box.space.tester:update({0}, {{'=', 2, 'bye world'}})

- [0, 'bye world'l]

tarantool> box.space.tester:update ({0}, {
> {'=', 2, pickle.pack('iiA', 0, 3, 'hello')}
>

- [0, "\0\0\0\0\x03\0\0\Ohello"]

tarantool> box.space.tester:update({0}, {{'=', 2, 4}})

- [0, 4]

tarantool> box.space.tester:update ({0}, {{'+', 2, 4}})

- [0, 8]
tarantool> box.space.tester:update ({0}, {{'~', 2, 4}})
- [0, 12]

pickle.unpack(format, binary-string)

Counterpart to pickle.pack(). Warning: if format specifier ,,A“ is used, it must be the last item.
ITapameTrpsbl
e format (string) —
e binary-string (string) —
Return A list of strings or numbers.
Rtype table

Example:

tarantool> pickle = require('pickle')

tarantool> tuple = box.space.tester:replace{0}

tarantool> string.len(tuple[1])

-1
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tarantool> pickle.unpack('b', tuple[1])

- 48

tarantool> pickle.unpack('bsi', pickle.pack('bsi', 255, 65535, 4294967295))
- 255

- 65535

4294967295

tarantool> pickle.unpack('ls', pickle.pack('ls', tonumber64('18446744073709551615'), 65535))

tarantool> num, num64, str = pickle.unpack('slA', pickle.pack('slA', 666,
> tonumber64('666666666666666'), 'string'))

5.1.21 Mopynb socket

O6wue cBepeHus

The socket module allows exchanging data via BSD sockets with a local or remote host in connection-
oriented (TCP) or datagram-oriented (UDP) mode. Semantics of the calls in the socket API closely follow
semantics of the corresponding POSIX calls. Function names and signatures are mostly compatible with
luasocket.

The functions for setting up and connecting are socket, sysconnect, tcp_connect. The functions for sending
data are send, sendto, write, syswrite. The functions for receiving data are recv, recvfrom, read. The
functions for waiting before sending/receiving data are wait, readable, writable. The functions for setting
flags are nonblock, setsockopt. The functions for stopping and disconnecting are shutdown, close. The
functions for error checking are errno, error.

Nupekc

Below is a list of all socket functions.
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Name Use

socket() Create a socket

socket.tep  connect() Connect a socket to a remote host
socket.getaddrinfo() Get information about a remote site

socket.tep _server() Make Tarantool act as a TCP server

socket object:sysconnect() Connect a socket to a remote host
socket_object:send() socket_object:write() | Send data over a connected socket
socket_object:syswrite() Write data to the socket buffer if non-blocking
socket_object:recv() Read from a connected socket
socket_object:sysread() Read data from the socket buffer if non-blocking
socket_object:bind() Bind a socket to the given host/port
socket_object:listen() Start listening for incoming connections
socket_object:accept() Accept a client connection + create a connected socket
socket_object:sendto() Send a message on a UDP socket to a specified host
socket_object:recufrom() Receive a message on a UDP socket
socket_object:shutdown() Shut down a reading end, a writing end, or both
socket object:close() Close a socket

socket_object:error() socket_object:errno() | Get information about the last error on a socket
socket object:setsockopt() Set socket flags

socket_object:getsockopt() Get socket flags

socket object:linger() Set/clear the SO LINGER flag
socket_object:nonblock() Set/get the flag value

socket_object:readable() Wait until something is readable

socket_ object:writable() Wait until something is writable

socket object:wait() Wait until something is either readable or writable
socket_object:name() Get information about the connection’s near side
socket_object:peer() Get information about the connection’s far side
socket.iowait() Wait for read/write activity

Typically a socket session will begin with the setup functions, will set one or more flags, will have a loop
with sending and receiving functions, will end with the teardown functions — as an example at the end of this
section will show. Throughout, there may be error-checking and waiting functions for synchronization. To
prevent a fiber containing socket functions from «blocking» other fibers, the implicit yield rules will cause a
yield so that other processes may take over, as is the norm for cooperative multitasking.

For all examples in this section the socket name will be sock and the function invocations will look like
sock:function_name(...).

socket.__call(domain, type, protocol)
Create a new TCP or UDP socket. The argument values are the same as in the Linux socket(2) man

page.
Return an unconnected socket, or nil.
Rtype userdata

Example:

socket ('AF_INET', 'SOCK_STREAM', 'tcp')

socket.tcp_connect(host[, porzf[7 timeout] ])
Connect a socket to a remote host.

ITapameTpsbl

e host (string) — URL or IP address
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e port (number) — port number

e timeout (number) — timeout
Return a connected socket, if no error.
Rtype userdata

Example:

socket.tcp_connect('127.0.0.1"', 3301)

socket .getaddrinfo (host, type [, {option-list} ] )
The socket.getaddrinfo() function is useful for finding information about a remote site so
that the correct arguments for sock:sysconnect() can be passed. This function may use the
worker _pool_threads configuration parameter.

Return A table containing these fields: «hosts», «family», «type», «protocols, «port».
Rtype table

Example:

tarantool> socket.getaddrinfo('tarantool.org', 'http')

- - host: 188.93.56.70
family: AF_INET
type: SOCK_STREAM
protocol: tcp
port: 80

- host: 188.93.56.70

family: AF_INET
type: SOCK_DGRAM
protocol: udp
port: 80

socket.tcp_server (host, port, handler—function[, timeout])
The socket.tcp_server() function makes Tarantool act as a server that can accept connections.
Usually the same objective is accomplished with boz.cfg{listen=. .. }.

ITapameTpsbl
e host (string) — host name or IP
e port (number) — host port, may be 0
e handler (function/table) — what to execute when a connection occurs
e timeout (number) — number of seconds to wait before timing out

The handler-function parameter may be a function name (for example function_55), a function
declaration (for example function () print('!') end), or a table including handler = function (for
example {handler=function_55, name='A'}).

Example:
socket.tcp_server('localhost', 3302, function () end)

object socket_object
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socket_object:sysconnect (host, port)
Connect an existing socket to a remote host. The argument values are the same as in
tep  connect(). The host must be an IP address.

Parameters:

e Either:
— host - a string representation of an IPv4 address or an IPv6 address;
— port - a number.

e Or:
— host - a string containing «unix/»;
— port - a string containing a path to a unix socket.

e Or:
— host - a number, 0 (zero), meaning «all local interfaces»;
— port - a number. If a port number is 0 (zero), the socket will be bound to a random

local port.
Return the socket object value may change if sysconnect() succeeds.

Rtype boolean

Example:

socket = require('socket')
sock = socket('AF_INET', 'SOCK_STREAM', 'tcp')
sock:sysconnect (0, 3301)

socket_object:send(data)
socket_object:write(data)
Send data over a connected socket.

ITapameTpst
e data (string) —
Return the number of bytes sent.
Rtype number
Possible errors: nil on error.

socket_object:syswrite(size)
Write as much data as possible to the socket buffer if non-blocking. Rarely used. For details see
this description.

socket_object:recv(size)
Read size bytes from a connected socket. An internal read-ahead buffer is used to reduce the
cost of this call.

ITapameTrpsnt
e size (integer) —
Return a string of the requested length on success.

Rtype string
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Possible errors: On error, returns an empty string, followed by status, errno, errstr. In case the
writing side has closed its end, returns the remainder read from the socket (possibly an empty
string), followed by «eof» status.

socket_object:read(limit[, timeout])

socket_object:read(delimiter [, timeout ] )

socket_object:read ({limit=limit} [, timeout ])

socket_object:read ({delimiter=delimiter} [, timeout ] )

socket_object:read ({limit=limit, delimiter:delimiter}[, timeout ])
Read from a connected socket until some condition is true, and return the bytes that were read.
Reading goes on until 1imit bytes have been read, or a delimiter has been read, or a timeout has
expired.

ITapameTpst

e limit (integer)— maximum number of bytes to read, for example 50 means «stop
after 50 bytes»

e delimiter (string) — separator for example ,? means «stop after a question
mark»

e timeout (number) — maximum number of seconds to wait for example 50 means
«stop after 50 seconds».

Return an empty string if there is nothing more to read, or a nil value if error, or a string
up to limit bytes long, which may include the bytes that matched the delimiter
expression.

Rtype string

socket_object:sysread(size)
Return data from the socket buffer if non-blocking. In case the socket is blocking, sysread () can
block the calling process. Rarely used. For details, see also this description.

ITapameTrpsl

e size (integer) — maximum number of bytes to read, for example 50 means «stop
after 50 bytes»

Return an empty string if there is nothing more to read, or a nil value if error, or a
string up to size bytes long.

Rtype string

socket_object:bind(host[7 port])
Bind a socket to the given host/port. A UDP socket after binding can be used to receive data
(see socket object.recufrom). A TCP socket can be used to accept new connections, after it has
been put in listen mode.

ITapameTrpsl

e host —

e port —
Return a socket object on success
Rtype userdata

Possible errors: Returns nil, status, errno, errstr on error.
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socket_object:1listen(backlog)
Start listening for incoming connections.

ITapameTrpsnt

e backlog —~ On Linux the listen backlog backlog may be from
/proc/sys/net/core/somaxconn, on BSD the backlog may be SOMAXCONN.

Return true for success, false for error.
Rtype boolean.

socket_object:accept ()
Accept a new client connection and create a new connected socket. It is good practice to set the

socket’s blocking mode explicitly after accepting.
Return new socket if success.
Rtype userdata

Possible errors: nil.

socket_object:sendto (host, port, data)
Send a message on a UDP socket to a specified host.

ITapameTpst
e host (string) —
e port (number) —
e data (string) —
Return the number of bytes sent.
Rtype number
Possible errors: on error, returns status, errno, errstr.

socket_object:recvirom(limit)
Receive a message on a UDP socket.

ITapameTrpsl
e limit (integer) —
Return message, a table containing «host», «family» and «port» fields.
Rtype string, table
Possible errors: on error, returns status, errno, errstr.

Example:

After message_content, message_sender = recvfrom(1l) the value of message_content might
be a string containing ,,X* and the value of message_sender might be a table containing

message_sender.host = '18.44.0.1"'
message_sender.family = 'AF_INET'
message_sender.port = 43065

socket_object:shutdown (how)
Shutdown a reading end, a writing end, or both ends of a socket.

ITapameTrpsl
e how — socket.SHUT RD, socket.SHUT WR, or socket. SHUT RDWR.
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Return true or false.
Rtype boolean

socket_object:close()
Close (destroy) a socket. A closed socket should not be used any more. A socket is closed
automatically when its userdata is garbage collected by Lua.

Return true on success, false on error. For example, if sock is already closed, sock:close()
returns false.

Rtype boolean

socket_object:error()

socket_object:errno()
Retrieve information about the last error that occurred on a socket, if any. Errors do not cause
throwing of exceptions so these functions are usually necessary.

Return result for sock:errno(), result for sock:error(). If there is no error, then
sock:errno() will return 0 and sock:error().

Rtype number, string

socket_object:setsockopt (level, name, value)
Set socket flags. The argument values are the same as in the Linux getsockopt(2) man page. The
ones that Tarantool accepts are:

e SO_ACCEPTCONN
e SO BINDTODEVICE
e SO_BROADCAST

e SO_DEBUG

e SO_DOMAIN

e SO_ERROR

e SO_DONTROUTE

e SO KEEPALIVE

e SO_MARK

e SO OOBINLINE

e SO_PASSCRED

e SO_PEERCRED

e SO_PRIORITY

e SO_PROTOCOL

e SO_RCVBUF

e SO_RCVBUFFORCE
e SO_RCVLOWAT

e SO_SNDLOWAT

e SO_RCVTIMEO

e SO SNDTIMEO

e SO_REUSEADDR

5.1. Built-in modules reference 283


http://man7.org/linux/man-pages/man2/setsockopt.2.html

Tarantool, Beinyck 1.10.0

e SO_SNDBUF
e SO_SNDBUFFORCE
e SO TIMESTAMP
e SO_TYPE
Setting SO LINGER is done with sock:linger(active).

socket_object:getsockopt (level, name)
Get socket flags. For a list of possible flags see sock:setsockopt ().

socket_object:linger( [active ])
Set or clear the SO LINGER flag. For a description of the flag, see the Linux man page.

ITapameTrpsl
e active (boolean) —
Return new active and timeout values.
socket_object :nonblock([ﬂag])
e sock:nonblock() returns the current flag value.
e sock:nonblock(false) sets the flag to false and returns false.
e sock:nonblock(true) sets the flag to true and returns true.

This function may be useful before invoking a function which might otherwise block indefinitely.

socket_object:readable( [timeout ])
Wait until something is readable, or until a timeout value expires.

Return true if the socket is now readable, false if timeout expired;

socket_object:writable( [timeout ])
Wait until something is writable, or until a timeout value expires.

Return true if the socket is now writable, false if timeout expired;

socket_object:wait( [timeout ] )
Wait until something is either readable or writable, or until a timeout value expires.

Return ,R“ if the socket is now readable, ,W* if the socket is now writable, ,RW* if the
socket is now both readable and writable, ./ (empty string) if timeout expired;

socket_object:name()
The sock:name () function is used to get information about the near side of the connection. If a
socket was bound to xyz.com:45, then sock:name will return information about [host:xyz.com,
port:45]. The equivalent POSIX function is getsockname().

Return A table containing these fields: «host», «familys, «type», «protocols, «ports.
Rtype table

socket_object:peer()
The sock:peer() function is used to get information about the far side of a connection. If
a TCP connection has been made to a distant host tarantool.org:80, sock:peer() will
return information about [host:tarantool.org, port:80]. The equivalent POSIX function is
getpeername ().

Return A table containing these fields: «host», «family», «type», «protocols, «ports.

Rtype table

284 Fnasa 5. CnpaBo4Hukn


http://man7.org/linux/man-pages/man1/loginctl.1.html

Tarantool, Beinyck 1.10.0

socket.iowait (fd, read—or—write—ﬂags[, timeout ])
The socket.iowait () function is used to wait until read-or-write activity occurs for a file descriptor.

ITapameTrpsbl
e fd — file descriptor
e read-or-write-flags —,R“ or 1 = read, ,W* or 2 = write, ,RW* or 3 = read|write.
e timeout — number of seconds to wait

If the fd parameter is nil, then there will be a sleep until the timeout. If the timeout parameter is nil
or unspecified, then timeout is infinite.

Ordinarily the return value is the activity that occurred (,R* or ,W* or ,RW* or 1 or 2 or 3). If the
timeout period goes by without any reading or writing, the return is an error = ETIMEDOUT.

Example: socket.iowait(sock:fd(), 'r', 1.11)

Mpumepsbi

Use of a TCP socket over the Internet

In this example a connection is made over the internet between a Tarantool instance and tarantool.org, then
an HTTP «head» message is sent, and a response is received: «<HTTP/1.1 200 0K» or something else if the
site has moved. This is not a useful way to communicate with this particular site, but shows that the system
works.

tarantool> socket = require('socket')

tarantool> sock = socket.tcp_connect('tarantool.org', 80)

tarantool> type(sock)

- table

tarantool> sock:error()

- null

tarantool> sock:send("HEAD / HTTP/1.0\r\nHost: tarantool.org\r\n\r\n")

- 40

tarantool> sock:read(17)

- HTTP/1.1 302 Move

tarantool> sock:close()

- true
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Use of a UDP socket on localhost

Here is an example with datagrams. Set up two connections on 127.0.0.1 (localhost): sock_1 and sock_2.
Using sock_2, send a message to sock_1. Using sock_1, receive a message. Display the received message.
Close both connections. This is not a useful way for a computer to communicate with itself, but shows that
the system works.

tarantool> socket = require('socket')

tarantool> sock_1 = socket('AF_INET', 'SOCK_DGRAM', 'udp')

tarantool> sock_1:bind('127.0.0.1")

- true

tarantool> sock_2 = socket('AF_INET', 'SOCK_DGRAM', 'udp')

tarantool> sock_2:sendto('127.0.0.1', sock_1:name().port,'X"')

- true

tarantool> message = sock_l:recvfrom()

tarantool> message

- X

tarantool> sock_1:close()

- true

tarantool> sock_2:close()

- true

Use tcp _server to accept file contents sent with socat

Here is an example of the tcp server function, reading strings from the client and printing them. On the
client side, the Linux socat utility will be used to ship a whole file for the tcp server function to read.

Start two shells. The first shell will be a server instance. The second shell will be the client.

On the first shell, start Tarantool and say:

box.cfg{}
socket = require('socket')
socket.tcp_server('0.0.0.0', 3302, function(s)
while true do

local request

request = s:read("\n");

if request == "" or request == nil then

break
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end
print (request)
end
end)

The above code means: use tcp server() to wait for a connection from any host on port 3302. When it
happens, enter a loop that reads on the socket and prints what it reads. The «delimiter» for the read
function is «\n» so each read() will read a string as far as the next line feed, including the line feed.

On the second shell, create a file that contains a few lines. The contents don’t matter. Suppose the first line
contains A, the second line contains B, the third line contains C. Call this file «tmp.txt».

On the second shell, use the socat utility to ship the tmp.txt file to the server instance’s host and port:

$ socat TCP:localhost:3302 ./tmp.txt

Now watch what happens on the first shell. The strings «A», «B», «C» are printed.

5.1.22 Mopgynsb strict

The strict module has functions for turning «strict mode» on or off. When strict mode is on, an attempt
to use an undeclared global variable will cause an error. A global variable is considered «undeclareds if it
has never had a value assigned to it. Often this is an indication of a programming error.

By default strict mode is off, unless tarantool was built with the -DCMAKE_BUILD_TYPE=Debug option — see
the description of build options in section building-from-source.

Example:

tarantool> strict = require('strict')

tarantool> strict.on()

tarantool> a = b -- strict mode ts on so this will cause an error

- error: ... variable ''b'' is not declared'

tarantool> strict.off()

tarantool> a = b -- strict mode is off so this will not cause an error

5.1.23 Module string

O6wue cBepeHus

The string module has everything in the standard Lua string library, and some Tarantool extensions.
In this section we only discuss the additional functions that the Tarantool developers have added.

Below is a list of all additional string functions.
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Name Use

string.ljust() Left-justify a string

string.rjust() Right-justify a string

string.hex() Get the hexadecimal value of a string

string.startswith() | Check if a string starts with a given substring

string. endswith() Check if a string ends with a given substring

string.lstrip() Remove spaces on the left of a string
string.rstrip() Remove spaces on the right of a string
string.strip() Remove spaces on the left and right of a string

string.1ljust (input-string, width[, pad-chamcter])
Return the string left-justified in a string of length width.

ITapamerpsbt

e input-string — (string) the string to left-justify

e width — (integer) the width of the string after left-justifying

e pad-character — (string) a single character, default = 1 space
Return left-justified string (unchanged if width <= string length)
Rtype string

Example:

tarantool> string = require('string')

tarantool> string.ljust(' A', 5)

Y

string.rjust (input-string, width[, pad—chamcter])
Return the string right-justified in a string of length width.

ITapameTrpsl

e input-string — (string) the string to right-justify

e width — (integer) the width of the string after right-justifying

e pad-character — (string) a single character, default = 1 space
Return right-justified string (unchanged if width <= string length)
Rtype string

Example:

tarantool> string = require('string')

tarantool> string.rjust('', 5, 'X')

- "XXXXX'
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string.hex (input-string)
Return the hexadecimal value of the input string.

ITapamerpsnt

e input-string — (string) the string to process
Return hexadecimal, 2 hex-digit characters for each input character
Rtype string

Example:

tarantool> string = require('string')

tarantool> string.hex('ABC ')

- '41424320'

string.startswith (input-string, start—string[, start—pos[, end—pos] ])
Return True if input-string starts with start-string, otherwise return False.

ITapameTrpsbl
e input-string — (string) the string where start-string should be looked for
e start-string — (string) the string to look for
e start-pos — (integer) position: where to start looking within input-string
e end-pos — (integer) position: where to end looking within input-string
Return true / false
Rtype boolean

start-pos and end-pos may be negative, meaning the position should be calculated from the end of
the string.

Example:

tarantool> string = require('string')

tarantool> string.startswith(' A', 'A', 2, 5)

- true

string.endswith (input-string, end—string[, start—pos[, end—pos] ])
Return True if input-string ends with end-string, otherwise return False.

ITapameTpsl
e input-string — (string) the string where end-string should be looked for
e end-string — (string) the string to look for
e start-pos — (integer) position: where to start looking within input-string
e end-pos — (integer) position: where to end looking within input-string

Return true / false

5.1. Built-in modules reference 289




Tarantool, Beinyck 1.10.0

Rtype boolean

start-pos and end-pos may be negative, meaning the position should be calculated from the end of

the string.

Example:

tarantool> string = require('string')

tarantool> string.endswith('Baa', 'aa')

- true

string.split (input-string [, split-string ] )

Split input-string into one or more output strings in a table. The places to split are the places where

split-string occurs.
ITapamerpsnt

e input-string — (string) the string to split

e split-string — (string) the string to find within input-string. Default = space.

Return table of strings that were split from input-string

Rtype table

Example:

tarantool> fiber = require('string')

tarantool> string.split("A*BXX C", "XX")

~ - AsB
N

string.lstrip (input-string)

Return the value of the input string, but without spaces on the left.

ITapameTrpsbl

e input-string — (string) the string to process
Return result after stripping spaces from input string
Rtype string

Example:

tarantool> string = require('string')

tarantool> string.lstrip(' ABC ')

- '"ABC '

string.rstrip(input-string)

Return the value of the input string, but without spaces on the right.
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ITapameTrpsbl

e input-string — (string) the string to process
Return result after stripping spaces from input string
Rtype string

Example:

tarantool> string = require('string')

tarantool> string.rstrip(' ABC ')

- ' ABC'

string.strip (input-string)
Return the value of the input string, but without spaces on the left or the right.

ITapameTrpsbl

e input-string — (string) the string to process
Return result after stripping spaces from input string
Rtype string

Example:

tarantool> string = require('string')

tarantool> string.strip(' ABC ')

- ABC

5.1.24 Module table

The table module has everything in the standard Lua table library, and some Tarantool extensions.

You can see this by saying «table»:

tarantool> table

- maxn: 'function: builtin#90'
copy: 'function: 0x41e9d300'
new: 'function: builtin#94'
clear: 'function: builtin#95'
move: 'function: 0x41e918e0'
foreach: 'function: 0x41e91588'
sort: 'function: builtin#93'
remove: 'function: 0x41e917c8'
foreachi: 'function: 0x41e914b8'
deepcopy: 'function: 0x41e9d2e0'
getn: 'function: 0x41e91620'
concat: 'function: builtin#92'
insert: 'function: builtin#91'
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[ J

In this section we only discuss the additional function that the Tarantool developers have added: deepcopy.

table.deepcopy (input-table)
Return a «deep» copy of the table — a copy which follows nested structures to any depth and does not
depend on pointers, it copies the contents.

ITapameTrpsbl

e input-table — (table) the table to copy
Return the copy of the table
Rtype table

Example:

tarantool> input_table = {1,{'a','b'}}

tarantool> output_table = table.deepcopy(input_table)

tarantool> output_table

- -1
- -a
-b

5.1.25 Module tap

Obuine ceepeHnsn
The tap module streamlines the testing of other modules. It allows writing of tests in the TAP protocol.

The results from the tests can be parsed by standard TAP-analyzers so they can be passed to utilities such
as prove. Thus one can run tests and then use the results for statistics, decision-making, and so on.

Nupekc

Below is a list of all tap functions.
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Name Use

tap.test() Initialize

taptest:test() Create a subtest and print the
results

taptest:plan() Indicate how many tests to
perform

taptest:check() Check the number of tests
performed

taptest:diag() Display a diagnostic message

taptest:ok() Evaluate the condition and
display the message

taptest:fail() Evaluate the condition and
display the message

taptest:skip() Evaluate the condition and
display the message

taptest:is() Check if the two arguments
are equal

taptest:isnt() Check if the two arguments
are different

taptest:is_ deeply() Recursively check if the two
arguments are equal

taptest:like() Check if the argument
matches a pattern

taptest:unlike() Check if the argument does
not match a pattern

taptest:isnil()  taptest:isstring() — taptest:isnumber()  taptest:istable() | Check if a value has a

taptest:isboolean() taptest:isudata() taptest:iscdata() particular type

tap.test (test-name)
Initialize.

The result of tap.test is an object, which will be called taptest in the rest of this discussion, which
is necessary for taptest:plan() and all the other methods.

ITapamerpsnt

e test-name (string) — an arbitrary name to give for the test outputs.
Return taptest
Rtype userdata

tap = require('tap')
taptest = tap.test('test-name')

object taptest

taptest:test (test-name, func)
Create a subtest (if no func argument specified), or (if all arguments are specified) create a
subtest, run the test function and print the result.

See the example.
ITapamerpsr

e name (string) — an arbitrary name to give for the test outputs.
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e fun (function) — the test logic to run.
Return taptest
Rtype userdata or string

taptest:plan(count)
Indicate how many tests will be performed.

ITapameTrpni
e count (number) —
Return nil

taptest:check()
Checks the number of tests performed. This check should only be done after all planned tests are
complete, so ordinarily taptest:check() will only appear at the end of a script.

Will display # bad plan: ... if the number of completed tests is not equal to the number of
tests specified by taptest:plan(...).

Return true or false.
Rtype boolean

taptest:diag(message)
Display a diagnostic message.

ITapameTrpbi
e message (string) — the message to be displayed.
Return nil

taptest:ok(condition, test-name)
This is a basic function which is used by other functions. Depending on the value of condition,
print ,0k“ or ,not ok“ along with debugging information. Displays the message.

ITapameTpst
e condition (boolean) — an expression which is true or false
e test-name (string) — name of the test

Return true or false.

Rtype boolean

Example:

tarantool> taptest:ok(true, 'x')
ok - x

- true

tarantool> tap = require('tap')

tarantool> taptest = tap.test('test-name')
TAP version 13

tarantool> taptest:ok(l + 1 == 2, 'X')
ok - X
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- true

taptest:fail (test-name)

taptest:fail('x') is equivalent to taptest:ok(false, 'x'). Displays the message.

ITapameTrpsl

e test-name (string) — name of the test
Return true or false.
Rtype boolean

taptest:skip(message)
taptest:skip('x') is equivalent to taptest:ok(true, 'x'
message.

ITapameTpsl
e test-name (string) — name of the test
Return nil

Example:

'# skip'). Displays the

tarantool> taptest:skip('message')
ok - message # skip

- true

taptest:is(got, expected, test-name)

Check whether the first argument equals the second argument. Displays extensive message if the

result is false.
ITapameTpst
e got (number) — actual result
e expected (number) — expected result
e test-name (string) — name of the test
Return true or false.
Rtype boolean

taptest:isnt(got, expected, test-name)
This is the negation of taptest:is().

ITapameTrpsi

e got (number) — actual result

e expected (number) — expected result

e test-name (string) — name of the test
Return true or false.
Rtype boolean

taptest:is_deeply (got, expected, test-name)

Recursive version of taptest:is(...), which can be be used to compare tables as well as scalar

values.
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Return true or false.

Rtype boolean

ITapameTrpst
e got (lua-value) — actual result
e expected (lua-value) — expected result
e test-name (string) — name of the test

taptest:1like(got, expected, test-name)
Verify a string against a pattern. Ok if match is found.

Return true or false.

Rtype boolean

ITapameTrpst
e got (lua-value) — actual result
e expected (lua-value) — pattern

e test-name (string) — name of the test

test:like(tarantool.version, '~[1-9]', "version"

taptest:unlike (got, expected, test-name)
This is the negation of taptest:like().

ITapamerpsnr

e got (number) — actual result

e expected (number) — pattern

e test-name (string) — name of the test
Return true or false.
Rtype boolean

taptest:isnil (value, test-name)

taptest:isstring(value, test-name)

taptest:isnumber (value, test-name)

taptest:istable (value, test-name)

taptest:isboolean(value, test-name)

taptest:isudata(wvalue, test-name)

taptest:iscdata(value, test-name)
Test whether a value has a particular type. Displays a long message if the value is not of the
specified type.

ITapameTrpst

e value (lua-value) —

e test-name (string) — name of the test
Return true or false.

Rtype boolean
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Mpumep

To run this example: put the script in a file named ./tap.lua, then make tap.lua executable by saying chmod
a+x ./tap.lua, then execute using Tarantool as a script processor by saying ./tap.lua.

#!/usr/bin/tarantool
local tap = require('tap')
test = tap.test("my test name")
test:plan(2)
test:ok(2 * 2 == 4, "2 x 2 is 4")
test:test("some subtests for test2", function(test)
test:plan(2)
test:is(2 + 2, 4, "2 + 2 is 4")
test:isnt(2 + 3, 4, "2 + 3 is not 4")
end)
test:check()

The output from the above script will look approximately like this:

TAP version 13
1..2
ok - 2 % 2 is 4
# Some subtests for test2
1..2
ok - 2 + 2 is 4,
ok - 2 + 3 is not 4
# Some subtests for test2: end
ok - some subtests for test2

5.1.26 Mopgynb tarantool
By saying require('tarantool'), one can answer some questions about how the tarantool server was built,
such as «what flags were used», or «what was the version of the compilers.

Additionally one can see the uptime and the server version and the process id. Those information items can
also be accessed with box.info() but use of the tarantool module is recommended.

Example:

tarantool> tarantool = require('tarantool')

tarantool> tarantool
- build:
target: Linux-x86_64-RelWithDebInfo
options: cmake . -DCMAKE_INSTALL_PREFIX=/usr -DENABLE_BACKTRACE=0N
mod_format: so
flags: ' -fno-common -fno-omit-frame-pointer -fno-stack-protector -fexceptions
-funwind-tables -fopenmp -msse2 -std=cll -Wall -Wextra -Wno-sign-compare -Wno-strict-aliasing
-fno-gnu89-inline'
compiler: /usr/bin/x86_64-linux-gnu-gcc /usr/bin/x86_64-linux-gnu-g++
uptime: 'function: 0x408668e0'
version: 1.7.0-66-g9093daa
pid: 'function: 0x40866900'

tarantool> tarantool.pid()
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- 30155

tarantool> tarantool.uptime()

- 108.64641499519

5.1.27 Module uuid

Obwwme ceepgeHus
A «UUID» is a Universally unique identifier. If an application requires that a value be unique only within
a single computer or on a single database, then a simple counter is better than a UUID, because getting a

UUID is time-consuming (it requires a syscall). For clusters of computers, or widely distributed applications,
UUIDs are better.

Nupekc

Below is list of all wuid functions and members.

Name Use

uuid.nil A nil object

wwid() uuid.bin() uuid.str() Get a UUID

wuid. fromstr() wuid.frombin() uuid_ object:bin() uuwid_object:str() | Get a converted UUID

uwid_ object:isnil() Check if a UUID is an all-zero value
uuid.nil

A nil object
uuid.__call()
Return a UUID
Rtype cdata
uuid.bin()
Return a UUID
Rtype 16-byte string
uuid.str()
Return a UUID
Rtype 36-byte binary string
uvuid. fromstr (uuid_ str)
IIapameTpsbr
e uuid_str — UUID in 36-byte hexadecimal string
Return converted UUID
Rtype cdata

uuid. frombin(uuid_ bin)
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ITapameTrpsbl

e uuid_str — UUID in 16-byte binary string
Return converted UUID
Rtype cdata

object uuid_object

uuid_object :bin([byte—order ])
byte-order can be one of next flags:

o 1 - little-endian,
e b - big-endian,
e h“ - endianness depends on host (default),

e .1n“ - endianness depends on network

ITapameTrpsbi
e byte-order (string) —oneof '1', 'b', 'h' or 'n'.
Return UUID converted from cdata input value.

Rtype 16-byte binary string

uuid_object:str()
Return UUID converted from cdata input value.
Rtype 36-byte hexadecimal string

uuid_object:isnil()
The all-zero UUID value can be expressed as uuid NULL, or as wuuid.
fromstr ('00000000-0000-0000-0000-000000000000'). The comparison with an all-zero
value can also be expressed as uuid_with_type_cdata == uuid.NULL.

Return true if the value is all zero, otherwise false.

Rtype bool

Mpumep

tarantool> uuid = require('uuid')

tarantool> uuid(), uuid.bin(), uuid.str()

- 16ffedc8-cbae-4£93-a05e-349f3ab70baa
- !!binary FvG+Vy1MfUC6kIyeM81DYw==
- 67c999d2-5dce-4e58-bel6-aclbcb93160f

tarantool> uu = uuid()

tarantool> #uu:bin(), #uu:str(), type(uu), uu:isnil()

- 16
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- cdata
- false

5.1.28 Module uri

Obuwine ceepeHns

A «URI» is a «Uniform Resource Identifiers. The IETFE standard says a URI string looks like this:

’[scheme:]scheme—specific—part[#fragment]

A common type, a hierarchical URI, looks like this:

’[scheme:][//authority][path][?query][#fragment]

For example the string 'https://tarantool.org/x.html#y' has three components:
e https is the scheme,
e tarantool.org/x.html is the path,
e y is the fragment.

Tarantool’s URI module provides routines which convert URI strings into their components, or turn
components into URI strings.

Nupekc

Below is a list of all uri functions.

Name Use
uri.parse() Get a table of URI components
uri.format() | Construct a URI from components

uri.parse(URI-string)
ITapameTrpsbI
e URI-string — a Uniform Resource Identifier

Return URI-components-table. Possible components are fragment, host, login, password,
path, query, scheme, service.

Rtype Table

Example:

tarantool> uri = require('uri')

tarantool> uri.parse('http://x.html#y')

- host: x.html
scheme: http
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fragment: y

uri.format (URI-components-table)
ITapameTrpsl
e URI-components-table — a series of name:value pairs, one for each component
Return URI-string. Thus uri.format() is the reverse of uri.parse().
Rtype string

Example:

tarantool> uri.format({host = 'x.html', scheme = 'http', fragment = 'y'})

- http://x.html#y

5.1.29 Module xlog

The xlog module contains one function: pairs(). It can be used to read Tarantool’s snapshot files or write-
ahead-log (WAL ) files. A description of the file format is in section Data persistence and the WAL file format.

xlog.pairs([ﬁle-name])
Open a file, and allow iterating over one file entry at a time.

Returns iterator which can be used in a for/end loop.

Rtype iterator
Possible errors: File does not contain properly formatted snapshot or write-ahead-log information.
Example:

This will read the first write-ahead-log (WAL) file that was created in the wal dir directory in our
«Getting starteds exercises.

Each result from pairs() is formatted with MsgPack so its structure can be specified with __ serialize.

xlog = require('xlog')

t = {}

for k, v in xlog.pairs('00000000000000000000.x1og') do
table.insert(t, setmetatable(v, { __serialize = "map"}))

end

return t

The first lines of the result will look like:

(...)
- - {'BODY': {'space_id': 272, 'index_base': 1, 'key': ['max_id'],
"tuple': [['+', 2, 111},
'"HEADER': {'type': 'UPDATE', 'timestamp': 1477846870.8541,
'Isn': 1, 'server_id': 1}}
- {'BODY"': {'space_id': 280,
'tuple': [512, 1, 'tester', 'memtx', O, {}, [11},
'HEADER' : {'type': "INSERT', 'timestamp': 1477846870.8597,
'lsn': 2, 'server_id': 1}}
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5.1.30 Module yaml

Obuwine ceepeHns

The yaml module takes strings in YAML format and decodes them, or takes a series of non-YAML values
and encodes them.

Nupekc

Below is a list of all yaml functions and members.

Name Use

yaml.encode() | Convert a Lua object to a YAML string
yaml.decode() | Convert a YAML string to a Lua object
yaml.NULL Analog of Lua’s «nil»

yaml.encode (lua_ value)
Convert a Lua object to a YAML string.

ITapameTpsbr

e lua_value — either a scalar value or a Lua table value.
Return the original value reformatted as a YAML string.
Rtype string

yaml .decode (string)
Convert a YAML string to a Lua object.

ITapameTrpsbl

e string — a string formatted as YAML.
Return the original contents formatted as a Lua table.
Rtype table

yaml .NULL
A value comparable to Lua «nil»> which may be useful as a placeholder in a tuple.

Mpumep

tarantool> yaml = require('yaml')

tarantool> y = yaml.encode({'a', 1, 'b', 2})

tarantool> z = yaml.decode(y)

tarantool> z[1], z[2], z[3], z[4]
- a
-1
- b
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-2

tarantool> if yaml.NULL == nil then print('hi') end
hi

The YAML collection style can be specified with __serialize:
e __serialize="sequence" for a Block Sequence array,
e __serialize="seq" for a Flow Sequence array,
e __serialize="mapping" for a Block Mapping map,
e __serialize="map" for a Flow Mapping map.

Serializing , A and ,B“ with different __serialize values causes different results:

tarantool> yaml = require('yaml')

tarantool> yaml.encode(setmetatable({'A', 'B'}, { __serialize="sequence"}))

tarantool> yaml.encode(setmetatable({'A', 'B'}, { __serialize="seq"}))

tarantool> yaml.encode({setmetatable({f1

1]
=
H
N

|

= 'B'}, { __serialize="map"}})

tarantool> yaml.encode({setmetatable({f1

-

'A', £2 = 'B'}, { __serialize="mapping"})})

Also, some YAML configuration settings for encoding can be changed, in the same way that they can be

changed for JSON.

5.1.31 Pa3Hoe
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Nupekc

Below is a list of miscellaneous functions.

Name Use

tonumber64() | Convert a string or a Lua number to a 64-bit integer

dostring() Parse and execute an arbitrary chunk of Lua code
tonumber64 (value)

Convert a string or a Lua number to a 64-bit integer. The input value can be expressed in decimal,
binary (for example 0b1010), or hexadecimal (for example -0xftff). The result can be used in arithmetic,
and the arithmetic will be 64-bit integer arithmetic rather than floating-point arithmetic. (Operations
on an unconverted Lua number use floating-point arithmetic.) The tonumber64() function is added
by Tarantool; the name is global.

Example:

tarantool> type(123456789012345), type(tonumber64(123456789012345))
- number
- number

tarantool> i = tonumber64('1000000000")

tarantool> type(i), i / 2, i - 2, 1 * 2, i +2, 1% 2,1~ 2
- number

- 500000000

- 999999998

- 2000000000

- 1000000002

-0

- 1000000000000000000

dostring (lua-chunk-string [, lua-chunk-string-argument ... ])

Parse and execute an arbitrary chunk of Lua code. This function is mainly useful to define and run
Lua code without having to introduce changes to the global Lua environment.

ITapameTpsbr
e lua-chunk-string (string) — Lua code

e lua-chunk-string-argument (lua-value) — zero or more scalar values which will
be appended to, or substitute for, items in the Lua chunk.

Return whatever is returned by the Lua code chunk.
Possible errors: If there is a compilation error, it is raised as a Lua error.

Example:

tarantool> dostring('abc')

error: '[string "abc"]:1: ''='' expected near ''<eof>'''

tarantool> dostring('return 1')
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-1

tarantool> dostring('return ...', 'hello', 'world')
- hello
- world

tarantool> dostring([[
> local f = function(key)
local t = box.space.tester:select{keyl}
if t "= nil then
return t[1]
else
return nil
end
end
return £(...)]], 1)

V V. V V V V V V

- null

5.1.32 Koabl owinbok ot Gasbl AaHHbIX

In the current version of the binary protocol, error messages, which are normally more descriptive than error
codes, are not present in server responses. The actual message may contain a file name, a detailed reason
or operating system error code. All such messages, however, are logged in the error log. Below are general
descriptions of some popular codes. A complete list of errors can be found in file errcode.h in the source tree.

List of error codes

ER_NONMASTERIn replication) A server instance cannot modify data unless it is a master.
ER_ILLEGAL BARdedParameters. Malformed protocol message.

ER MEMORY ISOUtof memory: memtr memory limit has been reached.

ER_WAL IO Failed to write to disk. May mean: failed to record a change in the write-ahead log.
Some sort of disk error.

ER_KEY PART| KQUNIE count is not the same as index part count

ER NO_ SUCH |SPA€#pecified space does not exist.

ER NO SUCH |INb&Egpecified index in the specified space does not exist.

ER_PROC_LUA An error occurred inside a Lua procedure.

ER_ FIBER STACRhe recursion limit was reached when creating a new fiber. This usually indicates that
a stored procedure is recursively invoking itself too often.

ER UPDATE F[HEYiDerror occurred during update of a field.

ER_TUPLE FOUAIduplicate key exists in a unique index.

5.1.33 Handling errors

Here are some procedures that can make Lua functions more robust when there are errors, particularly
database errors.

1. Invoke with pcall.

Take advantage of Lua’s mechanisms for «FError handling and exceptions», particularly pcall. That
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is, instead of simply invoking with

box.space. space-name : function-name ()

say

if pcall(box.space.space-name . function-name , box.space.space-name)

For some Tarantool box functions, pcall also returns error details including a file-name and
line-number within Tarantool’s source code. This can be seen by unpacking. For example:

x, y = pcall(function() box.schema.space.create('') end)

y:unpack()

See the tutorial Sum a JSON field for all tuples to see how pcall can fit in an application.
2. Examine and raise with box.error.

To make a new error and pass it on, the box.error module provides boz.error(code, errtext [, errtext

To find the last error, the box.error module provides box.error.last(). (There is also a way to find the
text of the last operating-system error for certain functions — errno.strerror([code]).)

3. Log.
Put messages in a log using the log module.
And filter messages that are automatically generated, with the log configuration parameter.

Generally, for Tarantool built-in functions which are designed to return objects: the result will be an object,
or nil, or a Lua error. For example consider the fio read.lua program in our cookbook:

#!/usr/bin/env tarantool

local fio = require('fio')

local errno = require('errno')

local f = fio.open('/tmp/xxxx.txt', {'O_RDONLY' })
if not f then

error("Failed to open file: "..errmo.strerror())
end
local data = f:read(4096)
f:close()
print(data)

After a function call that might fail, like fio.open() above, it is common to see syntax like if not f then

.or if £ == nil then ..., which check for common failures. But if there had been a syntax error, for
example fio.opex instead of fio.open, then there would have been a Lua error and f would not have been
changed. If checking for such an obvious error had been a concern, the programmer would probably have
used pcall().

All functions in Tarantool modules should work this way, unless the manual explicitly says otherwise.

5.1.34 Debug facilities

O6wue cBepeHus

Tarantool users can benefit from built-in debug facilities that are part of:

e Lua (debug library, see details below) and
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e Lualit (debug.* functions).

The debug library provides an interface for debugging Lua programs. All functions in this library reside in
the debug table. Those functions that operate on a thread have an optional first parameter that specifies
the thread to operate on. The default is always the current thread.

ITpumeuanme: This library should be used only for debugging and profiling and not as a regular
programming tool, as the functions provided here can take too long to run. Besides, several of these functions
can compromise otherwise secure code.

Nupekc

Below is a list of all debug functions.

Name Use

debug.debug() Enter an interactive mode
debug.getfenv() Get an object’s environment
debug.gethook() Get a thread’s current hook settings
debug.getinfo() Get information about a function
debug.getlocal() Get a local variable’s name and value

debug.getmetatable() | Get an object’s metatable
debug.getregistry() Get the registry table

debug.getupvalue() Get an upvalue’s name and value
debug.setfenv() Set an object’s environment
debug.sethook() Set a given function as a hook
debug.setlocal() Assign a value to a local variable
debug.setmetatable() | Set an object’s metatable
debug.setupvalue() Assign a value to an upvalue
debug.traceback() Get a traceback of the call stack

debug.debug()
Enters an interactive mode and runs each string that the user types in. The user can, among other
things, inspect global and local variables, change their values and evaluate expressions.

Enter cont to exit this function, so that the caller can continue its execution.

ITpumeuanme: Commands for debug.debug() are not lexically nested within any function and so
have no direct access to local variables.

debug.getfenv (object)
ITapameTrpsbl
e object — object to get the environment of
Return the environment of the object
debug. gethook ( [thread ] )
Return the current hook settings of the thread as three values:
e the current hook function

e the current hook mask
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e the current hook count as set by the debug.sethook() function
debug.getinfo([thread]7 function[, what])
ITapameTrpsl
e function — function to get information on
e what (string) — what information on the function to return
Return a table with information about the function

You can pass in a function directly, or you can give a number that specifies a function running at level
function of the call stack of the given thread: level 0 is the current function (getinfo () itself), level
1 is the function that called getinfo(), and so on. If function is a number larger than the number
of active functions, getinfo() returns nil.

The default for what is to get all information available, except the table of valid lines. If present, the
option f adds a field named func with the function itself. If present, the option L adds a field named
activelines with the table of valid lines.

debug.getlocal([thread], level, local)
ITapameTrpsl
e level (number) — level of the stack
e local (number) — index of the local variable

Return the name and the value of the local variable with the index local of the function
at level level of the stack or nil if there is no local variable with the given index; raises
an error if level is out of range

IIpumeuanne: You can call debug.getinfo() to check whether the level is valid.

debug.getmetatable (object)
ITapameTrpsbl
e object — object to get the metatable of
Return a metatable of the object or nil if it does not have a metatable
debug.getregistry ()
Return the registry table
debug.getupvalue (func, up)
ITapameTrpsl
e func (function) — function to get the upvalue of
e up (number) — index of the function upvalue

Return the name and the value of the upvalue with the index up of the function func or
nil if there is no upvalue with the given index

debug.setfenv (object, table)
Sets the environment of the object to the table.

ITapameTrpsbl
e object — object to change the environment of

e table (table) — table to set the object environment to
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Return the object

debug.sethook([thread]7 hook, mask[, count])
Sets the given function as a hook. When called without arguments, turns the hook off.

IIapameTpsbr
e hook (function) — function to set as a hook

e mask (string) — describes when the hook will be called; may have the following

values:
— ¢ - the hook is called every time Lua calls a function
— 1 - the hook is called every time Lua returns from a function
— 1 - the hook is called every time Lua enters a new line of code
e count (number) — describes when the hook will be called; when different from zero,

the hook is called after every count instructions.

debug.setlocal([thread], level, local, value)
Assigns the value value to the local variable with the index local of the function at level level of

the stack.
ITapameTrpsl
e level (number) — level of the stack
e local (number) — index of the local variable
e value — value to assign to the local variable

Return the name of the local variable or nil if there is no local variable with the given
index; raises an error if level is out of range

IIpumeuanne: You can call debug.getinfo() to check whether the level is valid.

debug.setmetatable (object, table)
Sets the metatable of the object to the table.

ITapameTrpsl
e object — object to change the metatable of

e table (table) — table to set the object metatable to

debug.setupvalue (func, up, value)
Assigns the value value to the upvalue with the index up of the function func.

ITapameTrpsbl
e func (function) — function to set the upvalue of
e up (number) — index of the function upvalue
e value — value to assign to the function upvalue

Return the name of the upvalue or nil if there is no upvalue with the given index

debug. traceback( [thread ] , [message] [, level ] )

ITapameTrpsbl

e message (string) — an optional message prepended to the traceback
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e level (number) — specifies at which level to start the traceback (default is 1)

Return a string with a traceback of the call stack

5.2 CnpaBo4HMK NO CTOPOHHUM OMGIMOTEKamM

This reference covers third-party Lua modules for Tarantool.

5.2.1 SQL DBMS Modules

The discussion here in the reference is about incorporating and using two modules that have already been
created: the «SQL DBMS rocks» for MySQL and PostgreSQL.

To call another DBMS from Tarantool, the essential requirements are: another DBMS, and Tarantool. The
module which connects Tarantool to another DBMS may be called a «connectors. Within the module there
is a shared library which may be called a «drivers.

Tarantool supplies DBMS connector modules with the module manager for Lua, LuaRocks. So the connector
modules may be called «rocks».

The Tarantool rocks allow for connecting to SQL servers and executing SQL statements the same way that
a MySQL or PostgreSQL client does. The SQL statements are visible as Lua methods. Thus Tarantool can
serve as a «MySQL Lua Connector» or «PostgreSQL Lua Connectors», which would be useful even if that
was all Tarantool could do. But of course Tarantool is also a DBMS, so the module also is useful for any
operations, such as database copying and accelerating, which work best when the application can work on
both SQL and Tarantool inside the same Lua routine. The methods for connect/select /insert/etc. are similar
to the ones in the net.box module.

From a user’s point of view the MySQL and PostgreSQL rocks are very similar, so the following sections —
«MySQL Example» and «PostgreSQL Examples — contain some redundancy.

MySQL Example

This example assumes that MySQL 5.5 or MySQL 5.6 or MySQL 5.7 has been installed. Recent MariaDB
versions will also work, the MariaDB C connector is used. The package that matters most is the MySQL
client developer package, typically named something like libmysglclient-dev. The file that matters most from
this package is libmysqlclient.so or a similar name. One can use find or whereis to see what directories
these files are installed in.

It will be necessary to install Tarantool’s MySQL driver shared library, load it, and use it to connect to a
MySQL server instance. After that, one can pass any MySQL statement to the server instance and receive
results, including multiple result sets.

Installation

Check the instructions for downloading and installing a binary package that apply for the environment
where Tarantool was installed. In addition to installing tarantool, install tarantool-dev. For example, on
Ubuntu, add the line:

$ sudo apt-get install tarantool-dev

Now, for the MySQL driver shared library, there are two ways to install:
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With LuaRocks

Begin by installing luarocks and making sure that tarantool is among the upstream servers, as in the
instructions on rocks.tarantool.org, the Tarantool luarocks page. Now execute this:

luarocks install mysql [MYSQL_LIBDIR
[MYSQL_INCDIR
[--1locall

path]
path]

Hampuwmep:

$ luarocks install mysql MYSQL_LIBDIR=/usr/local/mysql/lib

With GitHub

Go the site github.com /tarantool/mysql. Follow the instructions there, saying:

$ git clone https://github.com/tarantool/mysql.git

$ cd mysql && cmake . -DCMAKE_BUILD_TYPE=RelWithDebInfo
$ make

$ make install

At this point it is a good idea to check that the installation produced a file named driver.so, and to check
that this file is on a directory that is searched by the require request.

Connecting

Begin by making a require request for the mysql driver. We will assume that the name is mysql in further
examples.

mysql = require('mysql')

Now, say:
connection_name = mysql.connect(connection options)

The connection-options parameter is a table. Possible options are:

e host = host-name - string, default value = ,localhost*

e port = port-number - number, default value = 3306

e user = user-name - string, default value is operating-system user name
e password = password - string, default value is blank

e db = database-name - string, default value is blank

e raise = true/false - boolean, default value is false

The option names, except for raise, are similar to the names that MySQL’s mysql client uses, for details see
the MySQL manual at dev.mysqgl.com/doc/refman/5.6/en/connecting.html. The raise option should be set
to true if errors should be raised when encountered. To connect with a Unix socket rather than with TCP,
specify host = 'unix/' and port = socket-name.

Example, using a table literal enclosed in {braces}:
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conn = mysql.connect ({
host = '127.0.0.1",

port = 3306,
user = 'p',
password = 'p',
db = 'test',
raise = true
1))
-- OR
conn = mysql.connect ({
host = 'unix/',
port = '/var/run/mysqld/mysqld.sock’
b

Example, creating a function which sets each option in a separate line:

tarantool> -- Comnection function. Usage: conn = mysql_connect()
tarantool> function mysql_connection()

> local p = {}

> p.host = 'widgets.com'

> p.db = 'test'

> conn = mysql.connect(p)

> return conn

> end

tarantool> conn = mysql_connect ()

We will assume that the name is ,,conn* in further examples.

How to ping

To ensure that a connection is working, the request is:
connection-name :ping ()

Example:

tarantool> conn:ping()

- true

Executing a statement

For all MySQL statements, the request is:
connection-name :execute(sql-statement [, parameters])

where sql-statement is a string, and the optional parameters are extra values that can be plugged in to
replace any question marks («?»s) in the SQL statement.

Example:
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tarantool> conn:execute('select table_name from information_schema.tables')
- - table_name: ALL_PLUGINS

- table_name: APPLICABLE_ROLES

- table_name: CHARACTER_SETS

<.
- 78

Closing connection

To end a session that began with mysql.connect, the request is:
connection-name :close()

Example:

tarantool> conn:close()

For further information, including examples of rarely-used requests, see the README.md file at
github.com /tarantool /mysql.

Mpumep

The example was run on an Ubuntu 12.04 («precise») machine where tarantool had been installed in a /usr
subdirectory, and a copy of MySQL had been installed on ~/mysql-5.5. The mysqld server instance is already
running on the local host 127.0.0.1.

$ export TMDIR="/mysql-5.5

$ # Check that the include subdirectory exists by looking

$ # for .../include/mysql.h. (If this fails, there's a chance
$ # that <t's in .../include/mysql/mysql.h instead.)

$ [ -f $TMDIR/include/mysql.h ] && echo "OK" || echo "Error"

$ # Check that the library subdirectory exists and has the
$ # necessary .so file.
$ L

-f $TMDIR/1ib/libmysqlclient.so ] && echo "OK" || echo "Error"
0K
$ # Check that the mysql client can comnect using some factory
$ # defaults: port = 3306, user = 'root', user password = '',
$ # database = 'test'. These can be changed, provided one uses
$ # the changed values in all places.
$ $TMDIR/bin/mysql --port=3306 -h 127.0.0.1 --user=root \

--password= --database=test
Welcome to the MySQL monitor. Commands end with ; or \g.
Your MySQL connection id is 25
Server version: 5.5.35 MySQL Community Server (GPL)

Type 'help;' or '\h' for help. Type '\c' to clear ...

$ # Insert a Tow in database test, and quit.

5.2. CnpaBo4HUK NO CTOPOHHUM BubnnorTekam 313



https://github.com/tarantool/mysql

Tarantool, Beinyck 1.10.0

mysql> CREATE TABLE IF NOT EXISTS test (s1 INT, s2 VARCHAR(50));
Query OK, O rows affected (0.13 sec)

mysql> INSERT INTO test.test VALUES (1, 'MySQL row');

Query OK, 1 row affected (0.02 sec)

mysql> QUIT

Bye

$ # Install luarocks
$ sudo apt-get -y install luarocks | grep -E "Setting upl|already"
Setting up luarocks (2.0.8-2)

$ # Set up the Tarantool rock list in ~/.luarocks,

$ # following instructions at rocks.tarantool.org

$ mkdir ~/.luarocks

$ echo "rocks_servers = {[[http://rocks.tarantool.org/1]}" >> \
~/.luarocks/config.lua

$ # Ensure that the next "install"” will get files from Tarantool
$ # master repository. The resultant display is normal for Ubuntu
$ # 12.04 precise

$ cat /etc/apt/sources.list.d/tarantool.list

deb http://tarantool.org/dist/1.7/ubuntu/ precise main

deb-src http://tarantool.org/dist/1.7/ubuntu/ precise main

$ # Install tarantool-dev. The displayed line should show version = 1.6
$ sudo apt-get -y install tarantool-dev | grep -E "Setting uplalready"
Setting up tarantool-dev (1.6.6.222.g48b98bb ™ precise-1)

$

$ # Use luarocks to install locally, that ts, relative to $HOME
$ luarocks install mysql MYSQL_LIBDIR=/usr/local/mysql/lib --local
Installing http://rocks.tarantool.org/mysql-scm-1.rockspec...

(more info about building the Tarantool/MySQL driver appears here)
mysql scm-1 is now built and installed in ~/.luarocks/

$ # Ensure driver.so now has been created in a place
$ # tarantool will look at

$ find ~/.luarocks -name "driver.so"
~/.luarocks/lib/lua/5.1/mysql/driver.so

# Change directory to a directory which can be used for

# temporary tests. For this example we assume that the name
# of this directory is /home/pgulutzan/tarantool_sandbox.

# (Change "/home/pgulutzan” to whatever is the user's actual
# home directory for the machine that's used for this test.)
cd /home/pgulutzan/tarantool_sandbox

S H H H PO &P

$ # Start the Tarantool server instance. Do not use a Lua intitialization file.

$ tarantool

tarantool: version 1.7.0-222-g48b98bb
type 'help' for interactive help
tarantool>

Configure tarantool and load mysql module. Make sure that tarantool doesn’t reply «errors for the call to
«require()».
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tarantool> box.cfg{}

tarantool> mysql = require('mysql')

Create a Lua function that will connect to the MySQL server instance, (using some factory default values for
the port and user and password), retrieve one row, and display the row. For explanations of the statement
types used here, read the Lua tutorial earlier in the Tarantool user manual.

tarantool> function mysql_select ()
> local conn = mysql.connect({
host = '127.0.0.1",
port = 3306,
user = 'root',
db = 'test'
b
local test = conn:execute('SELECT * FROM test WHERE sl1 = 1')
local row = ''
for i, card in pairs(test) do
row = row .. card.s2 .. ' '
end
conn:close()
return row
end

V VV V V V V V V V V VYV

tarantool> mysql_select()

- 'MySQL row '

Observe the result. It contains «MySQL rows. So this is the row that was inserted into the MySQL database.
And now it’s been selected with the Tarantool client.

PostgreSQL Example

This example assumes that PostgreSQL 8 or PostgreSQL 9 has been installed. More recent versions should
also work. The package that matters most is the PostgreSQL developer package, typically named something
like libpg-dev. On Ubuntu this can be installed with:

$ sudo apt-get install libpq-dev

However, because not all platforms are alike, for this example the assumption is that the user must check
that the appropriate PostgreSQL files are present and must explicitly state where they are when building
the Tarantool/PostgreSQL driver. One can use find or whereis to see what directories PostgreSQL files are
installed in.

It will be necessary to install Tarantool’s PostgreSQL driver shared library, load it, and use it to connect
to a PostgreSQL server instance. After that, one can pass any PostgreSQL statement to the server instance
and receive results.
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Installation

Check the instructions for downloading and installing a binary package that apply for the environment
where Tarantool was installed. In addition to installing tarantool, install tarantool-dev. For example, on
Ubuntu, add the line:

$ sudo apt-get install tarantool-dev

Now, for the PostgreSQL driver shared library, there are two ways to install:

With LuaRocks

Begin by installing luarocks and making sure that tarantool is among the upstream servers, as in the
instructions on rocks.tarantool.org, the Tarantool luarocks page. Now execute this:

luarocks install pg [POSTGRESQL_LIBDIR
[POSTGRESQL_INCDIR
[--1locall

path]
path]

Hampuwmep:

$ luarocks install pg POSTGRESQL_LIBDIR=/usr/local/postgresql/lib

With GitHub

Go the site github.com /tarantool/pg. Follow the instructions there, saying:

$ git clone https://github.com/tarantool/pg.git

$ cd pg &% cmake . -DCMAKE_BUILD_TYPE=RelWithDebInfo
$ make

$ make install

At this point it is a good idea to check that the installation produced a file named driver.so, and to check
that this file is on a directory that is searched by the require request.

Connecting

Begin by making a require request for the pg driver. We will assume that the name is pg in further examples.

pg = require('pg')

Now, say:
connection_name = pg.connect(connection options)
The connection-options parameter is a table. Possible options are:
e host = host-name - string, default value = ,localhost*
e port = port-number - number, default value = 5432
e user = user-name - string, default value is operating-system user name
e pass = password or password = password - string, default value is blank

e db = database-name - string, default value is blank
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The names are similar to the names that PostgreSQL itself uses.

Example, using a table literal enclosed in {braces}:

conn = pg.connect ({
host = '127.0.0.1",

port = 5432,
user = 'p',
password = 'p',
db = 'test'

b

Example, creating a function which sets each option in a separate line:

tarantool> function pg_connect()
> local p = {}

> p.host = 'widgets.com'

> p.db = 'test'

> p.user = 'postgres'

> p.password = 'postgres'

> local conn = pg.connect(p)
>  return conn

> end

tarantool> conn = pg_connect()

We will assume that the name is ,conn® in further examples.

How to ping

To ensure that a connection is working, the request is:
connection-name :ping ()

Example:

tarantool> conn:ping()

- true

Executing a statement

For all PostgreSQL statements, the request is:
connection-name :execute(sql-statement [, parameters])

where sql-statement is a string, and the optional parameters are extra values that can be plugged in to
replace any question marks («?»s) in the SQL statement.

Example:

tarantool> conn:execute('select tablename from pg_tables')
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- - tablename: pg_statistic
- tablename: pg_type
- tablename: pg_authid
<olu>

Closing connection

To end a session that began with pg.connect, the request is:
connection-name :close()

Example:

tarantool> conn:close()

For further information, including examples of rarely-used requests, see the README.md file at
github.com /tarantool /pg.

Mpumep

The example was run on an Ubuntu 12.04 («precise») machine where tarantool had been installed in a
/usr subdirectory, and a copy of PostgreSQL had been installed on /usr. The PostgreSQL server instance is
already running on the local host 127.0.0.1.

$ # Check that the include subdirectory ezists

$ # by looking for /usr/include/postgresql/libpgq-fe-h.

$ [ -f /usr/include/postgresql/libpg-fe.h ] && echo "OK" || echo "Error"
0K

$ # Check that the library subdirectory ezists and has the necessary .so file.
$ [ -f /usr/lib/x86_64-linux-gnu/libpq.so ] && echo "OK" || echo "Error"
0K

$ # Check that the psql client can connect using some factory defaults:
$ # port = 5432, user = 'postgres’', user password = 'postgres’,

$ # database = 'postgres’'. These can be changed, provided one changes

$ # them in all places. Insert a row in database postgres, and quit.

$ psql -h 127.0.0.1 -p 5432 -U postgres -d postgres
Password for user postgres:

psql (9.3.10)

SSL connection (cipher: DHE-RSA-AES256-SHA, bits: 256)
Type "help" for help.

postgres=# CREATE TABLE test (sl INT, s2 VARCHAR(50));
CREATE TABLE

postgres=# INSERT INTO test VALUES (1, 'PostgreSQL row');
INSERT O 1

postgres=# \q

$

$ # Install luarocks
$ sudo apt-get -y install luarocks | grep -E "Setting uplalready"
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Setting up luarocks (2.0.8-2)

$ # Set up the Tarantool rock list in ~/.luarocks,

$ # following instructions at rocks.tarantool.org

$ mkdir ~/.luarocks

$ echo "rocks_servers = {[[http://rocks.tarantool.org/1]}" >> \
~/.luarocks/config.lua

$ # Ensure that the next "install"” will get files from Tarantool master
$ # repository. The resultant display %s normal for Ubuntu 12.04 precise
$ cat /etc/apt/sources.list.d/tarantool.list

deb http://tarantool.org/dist/1.7/ubuntu/ precise main

deb-src http://tarantool.org/dist/1.7/ubuntu/ precise main

$ # Install tarantool-dev. The displayed line should show version = 1.7
$ sudo apt-get -y install tarantool-dev | grep -E "Setting uplalready"
Setting up tarantool-dev (1.7.0.222.g48b98bb precise-1)

$

$ # Use luarocks to install locally, that is, relative to $HOME
$ luarocks install pg POSTGRESQL_LIBDIR=/usr/lib/x86_64-linux-gnu --local
Installing http://rocks.tarantool.org/pg-scm-1.rockspec. ..

(more info about building the Tarantool/PostgreSQL driver appears here)
pg scm-1 is now built and installed in ~/.luarocks/

$ # Ensure driver.so now has been created in a place
$ # tarantool will look at

$ find ~/.luarocks -name "driver.so"
~/.luarocks/1lib/lua/5.1/pg/driver.so

# Change directory to a directory which can be used for

# temporary tests. For this example we assume that the

# name of this directory ts $HOME/tarantool_sandboz.

# (Change "$HOME" to whatever is the user's actual

# home directory for the machine that's used for this test.)
cd $HOME/tarantool_sandbox

P P P H &P

$ # Start the Tarantool server instance. Do not use a Lua initialization file.

$ tarantool

tarantool: version 1.7.0-412-g803b15c
type 'help' for interactive help
tarantool>

Configure tarantool and load pg module. Make sure that tarantool doesn’t reply «error» for the call to
«require()».

tarantool> box.cfg{}

tarantool> pg = require('pg')

Create a Lua function that will connect to a PostgreSQL server, (using some factory default values for the
port and user and password), retrieve one row, and display the row. For explanations of the statement types
used here, read the Lua tutorial earlier in the Tarantool user manual.
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tarantool> function pg_select ()
> local conn = pg.connect({

host = '127.0.0.1",

port = 5432,

user = 'postgres',

password = 'postgres',

db = 'postgres'
b
local test = conn:execute('SELECT * FROM test WHERE s1 = 1')
local row = "'
for i, card in pairs(test) do

row = row .. card.s2 .. ' '
end

conn:close()

return row
end

V V V V V V V V V VYV VVYV

tarantool> pg_select()

- 'PostgreSQL row

Observe the result. It contains «PostgreSQL row». So this is the row that was inserted into the PostgreSQL
database. And now it’s been selected with the Tarantool client.

5.2.2 Mopgynb expirationd

For a commercial-grade example of a Lua rock that works with Tarantool, let us look at expirationd, which
Tarantool supplies on GitHub with an Artistic license. The expirationd.lua program is lengthy (about 500
lines), so here we will only highlight the matters that will be enhanced by studying the full source later.

task.worker_fiber = fiber.create(worker_loop, task)
log.info("expiration: task 7%q restarted", task.name)

fiber.sleep(expirationd.constants.check_interval)

Whenever one hears «daemons in Tarantool, one should suspect it’s being done with a fiber. The program
is making a fiber and turning control over to it so it runs occasionally, goes to sleep, then comes back for
more.

for _, tuple in scan_space.index[0]:pairs(nil, {iterator = box.index.ALL}) do

if task.is_tuple_expired(task.args, tuple) then
task.expired_tuples_count = task.expired_tuples_count + 1
task.process_expired_tuple(task.space_id, task.args, tuple)

The «for» instruction can be translated as «iterate through the index of the space that is being scanneds,
and within it, if the tuple is «expired» (for example, if the tuple has a timestamp field which is less than the
current time), process the tuple as an expired tuple.

-- default process_exzpired_tuple function
local function default_tuple_drop(space_id, args, tuple)
local key = fun.map(
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function(x) return tuple[x.fieldno] end,
box.space[space_id] .index [0] .parts
) :totable()
box.space[space_id] :delete (key)
end

Ultimately the tuple-expiry process leads to default_tuple_drop() which does a «delete» of a tuple from
its original space. First the fun fun module is used, specifically fun.map. Remembering that index|0] is
always the space’s primary key, and index|0].parts|N].fieldno is always the field number for key part N,
fun.map() is creating a table from the primary-key values of the tuple. The result of fun.map() is passed to
space__object:delete().

local function expirationd_run_task(name, space_id, is_tuple_expired, options)

At this point, if the above explanation is worthwhile, it’s clear that expirationd.lua starts a background
routine (fiber) which iterates through all the tuples in a space, sleeps cooperatively so that other fibers can
operate at the same time, and - whenever it finds a tuple that has expired - deletes it from this space. Now
the «expirationd_run_task()» function can be used in a test which creates sample data, lets the daemon
run for a while, and prints results.

For those who like to see things run, here are the exact steps to get expirationd through the test.

1. Get expirationd.lua. There are standard ways - it is after all part of a standard rock - but for this
purpose just copy the contents of expirationd.lua to a default directory.

2. Start the Tarantool server as described before.

3. Execute these requests:

fiber = require('fiber')
expd = require('expirationd')
box.cfg{}
e = box.schema.space.create('expirationd_test')
e:create_index('primary', {type = 'hash', parts = {1, 'unsigned'}})
e:replace{l, fiber.time() + 3}
e:replace{2, fiber.time() + 30}
function is_tuple_expired(args, tuple)
if (tuple[2] < fiber.time()) then return true end
return false

end
expd.run_task('expirationd_test', e.id, is_tuple_expired)
retval = {}

fiber.sleep(2)

expd.task_stats()

fiber.sleep(2)

expd.task_stats()
expd.kill_task('expirationd_test')
e:drop()

os.exit ()

The database-specific requests (cfg, space.create, create_index) should already be familiar.

The function which will be supplied to expirationd is is_tuple expired, which is saying «if the second field
of the tuple is less than the current time , then return true, otherwise return false».

The key for getting the rock rolling is expd = require('expirationd'). The «require» function is what
reads in the program; it will appear in many later examples in this manual, when it’s necessary to get a
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module that’s not part of the Tarantool kernel. After the Lua variable expd has been assigned the value of
the expirationd module, it’s possible to invoke the module’s run_task() function.

After sleeping for two seconds, when the task has had time to do its iterations through the spaces, expd.
task_stats() will print out a report showing how many tuples have expired — «expired count: 0». After
sleeping for two more seconds, expd.task_stats() will print out a report showing how many tuples have
expired — «expired count: 1». This shows that the is_tuple expired() function eventually returned «trues»
for one of the tuples, because its timestamp field was more than three seconds old.

Of course, expirationd can be customized to do different things by passing different parameters, which will
be evident after looking in more detail at the source code.

5.2.3 Mopgynb shard

With sharding, the tuples of a tuple set are distributed to multiple nodes, with a Tarantool database server
instance on each node. With this arrangement, each instance is handling only a subset of the total data, so
larger loads can be handled by simply adding more computers to a network.

The Tarantool shard module has facilities for creating shards, as well as analogues for the data-manipulation
functions of the box library (select, insert, replace, update, delete).

First some terminology:

Consistent hash The shard module distributes according to a hash algorithm, that is, it applies a hash
function to a tuple’s primary-key value in order to decide which shard the tuple belongs to. The hash
function is consistent so that changing the number of servers will not affect results for many keys. The
specific hash function that the shard module uses is digest.guava in the digest module.

Instance A currently-running in-memory copy of the Tarantool server, sometimes called a «server instances.
Usually each shard is associated with one instance, or, if both sharding and replicating are going on,
each shard is associated with one replica set.

Queue A temporary list of recent update requests. Sometimes called «batching». Since updates to a sharded
database can be slow, it may speed up throughput to send requests to a queue rather than wait for
the update to finish on every node. The shard module has functions for adding requests to the queue,
which it will process without further intervention. Queuing is optional.

Redundancy The number of replicated data copies in each shard.
Replica An instance which is part of a replica set.

Replica set Often a single shard is associated with a single instance; however, often the shard is replicated.
When a shard is replicated, the multiple instances («replicas»), which handle the shard’s replicated
data, are a «replica set».

Replicated data A complete copy of the data. The shard module handles both sharding and replication.
One shard can contain one or more replicated data copies. When a write occurs, the write is attempted
on every replicated data copy in turn. The shard module does not use the built-in replication feature.

Shard A subset of the tuples in the database partitioned according to the value returned by the consistent
hash function. Usually each shard is on a separate node, or a separate set of nodes (for example if
redundancy = 3 then the shard will be on three nodes).

Zone A physical location where the nodes are closely connected, with the same security and backup and
access points. The simplest example of a zone is a single computer with a single Tarantool-server
instance. A shard’s replicated data copies should be in different zones.

The shard package is distributed separately from the main tarantool package. To acquire it, do a separate
installation:
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e with Tarantool 1.7.4+, say:

’$ tarantoolctl rocks install shard

e install with yum or apt, for example on Ubuntu say:

’$ sudo apt-get install tarantool-shard

e or download from GitHub tarantool/shard and use the Lua files as described in the README.
Then, before using the module, say shard = require('shard').
The most important function is:
shard.init(shard-configuration)
This must be called for every shard.
The shard configuration is a table with these fields:

o servers (a list of URIs of nodes and the zones the nodes are in)

login (the user name which applies for accessing via the shard module)

password (the password for the login)

redundancy (a number, minimum 1)

binary (a port number that this host is listening on, on the current host, (distinguishable from the
Llisten“ port specified by boz. cfg)

Possible errors:
e redundancy should not be greater than the number of servers;
e the servers must be alive;

e two replicated data copies of the same shard should not be in the same zone.

Example: shard.init syntax for one shard

e The number of replicated data copies per shard (redundancy) is 3.
e The number of instances is 3.

e The shard module will conclude that there is only one shard.

tarantool> cfg = {
> servers = {

> { uri = 'localhost:33131', zone = '1' },
> { uri = 'localhost:33132', zone = '2' },
> { uri = 'localhost:33133', zone = '3' }
> 1,

> login = 'test_user',

> password = 'pass',

>  redundancy = '3',

>  binary = 33131,

>}

tarantool> shard.init(cfg)
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Example: shard.init syntax for three shards

This describes three shards. Each shard has two replicated data copies. Since the number of servers is 7, and
the number of replicated data copies per shard is 2, and dividing 7 / 2 leaves a remainder of 1, one of the
servers will not be used. This is not necessarily an error, because perhaps one of the servers in the list is not
alive.

tarantool> cfg = {
> servers = {

> { uri = 'host1:33131', zone = '1' },
> { uri = 'host2:33131', zone = '2' },
> { uri = 'host3:33131', zone = '3' },
> { uri = 'host4:33131', zone = '4' },
> { uri = 'host5:33131', zone = '5' },
> { uri = 'host6:33131', zone = '6' },
> { uri = 'host7:33131', zone = '7' }
> 1,

> login = 'test_user',

> password = 'pass',

>  redundancy = '2',

>  binary = 33131,

>

tarantool> shard.init(cfg)

Every data-access function in the box module has an analogue in the shard module:

shard[space-name] .insert{...}
shard[space-name] .replace{...}
shard[space-name] .delete{...}
shard[space-name] .select{...}
shard[space-name] .update{...}
shard[space-name] .auto_increment{...}

For example, to insert in table T in a sharded database you simply say shard.T:insert{...} instead of
box.space.T:insert{...}.

A shard.T:select{} request without a primary key will search all shards.
Every queued data-access function has an analogue in the shard module:

shard[space-name] .q_insert{...}
shard[space-name] .q_replace{...}
shard[space-name] .q_deleteq{...}
shard[space-name] .q_select{...}
shard[space-name] .q_update{...}
shard[space-name] .q_auto_increment{...}

The user must add an operation_id. For details of queued data-access functions, and of maintenance-related
functions, see the README.

Example: shard, minimal configuration

There is only one shard, and that shard contains only one replicated data copy. So this isn’t illustrating the
features of either replication or sharding, it’s only illustrating what the syntax is, and what the messages
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look like, that anyone could duplicate in a minute or two with the magic of cut-and-paste.

$ mkdir ~/tarantool_sandbox_1

$ cd ~/tarantool_sandbox_1

$ rm -r *.snap

$ rm -r *.xlog

$ ~/tarantool-1.7/src/tarantool

tarantool> box.cfg{listen = 3301}

tarantool> box.schema.space.create('tester')

tarantool> box.space.tester:create_index('primary', {})

tarantool> box.schema.user.create('test_user', {password = 'pass'})

tarantool> box.schema.user.grant('test_user', 'read,write,execute', 'universe')

tarantool> cfg = {

servers = {
{ uri = 'localhost:3301', zone = '1' },

},

login = 'test_user';

password = 'pass';

redundancy = 1;

binary = 3301;

V V.V V V V V V

}

tarantool> shard = require('shard')
tarantool> shard.init(cfg)

tarantool> -- Now put something in ...
tarantool> shard.tester:insert{1l, 'Tuple #1'}

If you cut and paste the above, then the result, showing only the requests and responses for shard.init and
shard.tester, should look approximately like this:

<.o00>

tarantool> shard.init(cfg)

2017-09-06 ... I> Sharding initialization started...
2017-09-06 ... I> establishing connection to cluster servers...
2017-09-06 ... I> connected to all servers
2017-09-06 ... I> started

2017-09-06 ... I> redundancy = 1

2017-09-06 ... I> Adding localhost:3301 to shard 1
2017-09-06 ... I> shards =1

2017-09-06 ... I> Done

- true

tarantool> -- Now put something in ...

tarantool> shard.tester:insert{1, 'Tuple #1'}

- - [1, '"Tuple #1']

Example: shard, scaling out

There are two shards, and each shard contains one replicated data copy. This requires two nodes. In real life
the two nodes would be two computers, but for this illustration the requirement is merely: start two shells,
which we’ll call Terminal#1 and Terminal #2.
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B nepsom tepmunase (Terminal #1) sBequre:

$ mkdir ~/tarantool_sandbox_1

$ cd ~/tarantool_sandbox_1

$ rm -r *.snap

$ rm -r *.xlog

$ ~/tarantool-1.7/src/tarantool

tarantool> box.cfg{listen = 3301}

tarantool> box.schema.space.create('tester')

tarantool> box.space.tester:create_index('primary', {})

tarantool> box.schema.user.create('test_user', {password = 'pass'})

tarantool> box.schema.user.grant('test_user', 'read,write,execute', 'universe')
tarantool> console = require('console')

tarantool> cfg = {

servers = {

{ uri = 'localhost:3301', zone = '1' },
{ uri = 'localhost:3302', zone = '2' },
},
login = 'test_user',
password = 'pass',

redundancy = 1,

binary = 3301,
}
tarantool> shard = require('shard')
tarantool> shard.init(cfg)
tarantool> -- Now put something in ...
tarantool> shard.tester:insert{1, 'Tuple #1'}

V V V V V V V V VvV

On Terminal #2, say:

$ mkdir ~/tarantool_sandbox_2

$ cd ~/tarantool_sandbox_2

$ rm -r *.snap

$ rm -r *.xlog

$ ~/tarantool-1.7/src/tarantool

tarantool> box.cfg{listen = 3302}

tarantool> box.schema.space.create('tester')

tarantool> box.space.tester:create_index('primary', {3})

tarantool> box.schema.user.create('test_user', {password = 'pass'})

tarantool> box.schema.user.grant('test_user', 'read,write,execute', 'universe')
tarantool> console = require('console')

tarantool> cfg = {

redundancy = 1;

binary = 3302;
}
tarantool> shard = require('shard')
tarantool> shard.init(cfg)
tarantool> -- Now get something out
tarantool> shard.tester:select{1}

> servers = {

> { uri = 'localhost:3301', zone = '1' };
> { uri = 'localhost:3302', zone = '2' };
> )

> login = 'test_user';

> password = 'pass';

>

>

>

What will appear on Terminal #1 is: a loop of error messages saying «Connection refused» and «server check
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failure». This is normal. It will go on until Terminal #2 process starts.

What will appear on Terminal #2, at the end, should look like this:

tarantool> shard.tester:select{1}

- - - [1, '"Tuple #1']

This shows that what was inserted by Terminal #1 can be selected by Terminal #2, via the shard module.
For details, see the README.

5.2.4 Module tdb

The Tarantool Debugger (abbreviation = tdb) can be used with any Lua program. The operational features
include: setting breakpoints, examining variables, going forward one line at a time, backtracing, and showing
information about fibers. The display features include: using different colors for different situations, including
line numbers, and adding hints.

It is not supplied as part of the Tarantool repository; it must be installed separately. Here is the usual way:

$ git clone --recursive https://github.com/Sulverus/tdb
$ cd tdb

$ make

$ sudo make install prefix=/usr/share/tarantool/

To initiate tdb within a Lua program and set a breakpoint, edit the program to include these lines:

tdb = require('tdb')
tdb.start ()

To start the debugging session, execute the Lua program. Execution will stop at the breakpoint, and it will
be possible to enter debugging commands.

Debugger Commands

bt Backtrace — show the stack (in red), with program/function names and line numbers of whatever has
been invoked to reach the current line.

¢ Continue till next breakpoint or till program ends.

e Enter evaluation mode. When the program is in evaluation mode, one can execute certain Lua statements
that would be valid in the context. This is particularly useful for displaying the values of the program’s
variables. Other debugger commands will not work until one exits evaluation mode by typing -e.

-e Exit evaluation mode.

f Display the fiber id, the program name, and the percentage of memory used, as a table.

n Go to the next line, skipping over any function calls.

globals Display names of variables or functions which are defined as global.

h Display a list of debugger commands.

locals Display names and values of variables, for example the control variables of a Lua «for» statement.

q Quit immediately.
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Example Session

Put the following program in a default directory and call it «example.lua»:

tdb = require('tdb')
tdb.start ()

i=1

j='a' ..i
print('end of program')

Now start Tarantool, using example.lua as the initialization file

$ tarantool example.lua

The screen should now look like this:

$ tarantool example.lua

(TDB) Tarantool debugger v.0.0.3. Type h for help
example.lua

(TDB) [example.lual

(TDB) 3: i =1

(TDB) >

Debugger prompts are blue, debugger hints and information are green, and the current line — line 3 of
example.lua — is the default color. Now enter six debugger commands:

n -- go to next line

n -- go to next line

e -- enter evaluation mode
j -- display j

-e -- exit evaluation mode
q -- quit

The screen should now look like this:

$ tarantool example.lua

(TDB) Tarantool debugger v.0.0.3. Type h for help
example.lua

(TDB) [example.lual

(TbB) 3: i =1

(TDB)> n

(TDB) 4: j = 'a' .. i
(TDB)> n

(TDB) 5

(TDB)> e

(TDB) Eval mode ON
(TDB)> j

J al

(TDB)> -e

(TDB) Eval mode OFF
(TDB) > q

: print('end of program')

Another debugger example can be found here.
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5.3 CnpaBo4HuK nNo HacTpoiike

This reference covers all options and parameters which can be set for Tarantool on the command line or in
an initialization file.

Tarantool is started by entering either of the following command:

$ tarantool

$ tarantool options

$ tarantool lua-initialization-file [ arguments ]

5.3.1 Onuun KOMHaHAHO CTPOKMU

_h’

-V,

--help
Print an annotated list of all available options and exit.

--version
Print product name and version, for example:

$ ./tarantool --version
Tarantool 1.7.0-1216-g73£7154
Target: Linux-x86_64-Debug

In this example:
“Tarantool” is the name of the reusable asynchronous networking programming framework.

The 3-number version follows the standard <major>-<minor>-<patch> scheme, in which <major>
number is changed only rarely, <minor> is incremented for each new milestone and indicates possible
incompatible changes, and <patch> stands for the number of bug fix releases made after the start of
the milestone. For non-released versions only, there may be a commit number and commit SHA1 to
indicate how much this particular build has diverged from the last release.

“Target” is the platform tarantool was built on. Some platform-specific details may follow this line.

IIpumeuanne: Tarantool uses git describe to produce its version id, and this id can be used at any
time to check out the corresponding source from our git repository.

5.3.2 YHuBepcanbhblii kog pecypca (URI)

Some configuration parameters and some functions depend on a URI, or «Universal Resource Identifiers.
The URI string format is similar to the generic syntax for a URI schema. So it may contain (in order)
a user name for login, a password, a host name or host IP address, and a port number. Only the port
number is always mandatory. The password is mandatory if the user name is specified, unless the user name
is ,guest”“. So, formally, the URI syntax is [host:]port or [username:password@lhost:port. If host is
omitted, then ,,0.0.0.0“ or ,,[::]* is assumed, meaning respectively any IPv4 address or any IPv6 address, on
the local machine. If username:password is omitted, then ,,guest” is assumed. Some examples:

5.3.

CnpaBo4HUK NO HacTpoiike 329



http://www.kernel.org/pub/software/scm/git/docs/git-describe.html
http://github.com/tarantool/tarantool.git
http://en.wikipedia.org/wiki/URI_scheme#Generic_syntax

Tarantool, Beinyck 1.10.0

URI fragment Mpumep

port 3301

host:port 127.0.0.1:3301
username:password@host:port | notguest:sesame@mail.ru:3301

In certain circumstances a Unix domain socket may be used where a URI is expected, for example
«unix/:/tmp/unix _domain _socket.sock» or simply «/tmp/unix domain_socket.sock».

A method for parsing URIs is illustrated in Module uri.

5.3.3 ®ainn nHuumanmnsaunn

If the command to start Tarantool includes lua-initialization-file, then Tarantool begins by invoking the Lua
program in the file, which by convention may have the name «script.luas. The Lua program may get
further arguments from the command line or may use operating-system functions, such as getenv(). The
Lua program almost always begins by invoking box.cfg(), if the database server will be used or if ports
need to be opened. For example, suppose script.lua contains the lines

#!1/usr/bin/env tarantool

box.cfg{
listen = os.getenv("LISTEN_URI"),
memtx_memory = 100000,
pid_file = "tarantool.pid",
rows_per_wal = 50

}

print('Starting ', argli])

and suppose the environment variable LISTEN URI contains 3301, and suppose the command line is ~/
tarantool/src/tarantool script.lua ARG. Then the screen might look like this:

$ export LISTEN_URI=3301
$ ~/tarantool/src/tarantool script.lua ARG
. main/101/script.lua C> version 1.7.0-1216-g73£f7154
. main/101/script.lua C> log level 5
. main/101/script.lua I> mapping 107374184 bytes for a shared arena...
.. main/101/script.lua I> recovery start
. main/101/script.lua I> recovering from './00000000000000000000.snap"
. main/101/script.lua I> primary: bound to 0.0.0.0:3301
... main/102/leave_local_hot_standby I> ready to accept requests
Starting ARG
. main C> entering the event loop

If you wish to start an interactive session on the same terminal after initialization is complete, you can use
console.start().

5.3.4 TMapameTpbl koHdUrypayum

Configuration parameters have the form:
box.cfg{l[key = value [, key = value ...]1}

Since box.cfg may contain many configuration parameters and since some of the parameters (such as
directory addresses) are semi-permanent, it’s best to keep box.cfg in a Lua file. Typically this Lua file is
the initialization file which is specified on the tarantool command line.
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Most configuration parameters are for allocating resources, opening ports, and specifying database behavior.
All parameters are optional. A few parameters are dynamic, that is, they can be changed at runtime by
calling box.cfg{} a second time.

To see all the non-null parameters, say box.cfg (no parentheses). To see a particular parameter, for example
the listen address, say box.cfg.listen.

The following sections describe all parameters for basic operation, for storage, for binary logging and
snapshots, for replication, for networking, and for logging.

Basic parameters

background
custom__proc_title
listen

memtx_ dir
pid_ file

read only
vinyl_ dir
vinyl_ timeout
username
wal__dir
work_ dir

worker_pool_threads

background

Run the server as a background task. The log and pid_file parameters must be non-null for this to
work.

Type: boolean
Default: false
Dynamic: no

custom_proc_title

Add the given string to the server’s process title (what’s shown in the COMMAND column for ps -ef
and top -c commands).

For example, ordinarily ps -ef shows the Tarantool server process thus:

$ ps -ef | grep tarantool
1000 14939 14188 1 10:53 pts/2 00:00:13 tarantool <running>

But if the configuration parameters include custom_proc_title='sessions' then the output looks
like:

$ ps -ef | grep tarantool
1000 14939 14188 1 10:53 pts/2 00:00:16 tarantool <running>: sessions
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Type: string
Default: null
Dynamic: yes

listen

The read/write data port number or URI (Universal Resource Identifier) string. Has no default value,
so must be specified if connections will occur from remote clients that do not use the “admin port”.
Connections made with listen = URI are called «binary port» or «binary protocols connections.

A typical value is 3301.

IIpumeuanme: A replica also binds to this port, and accepts connections, but these connections can
only serve reads until the replica becomes a master.

Type: integer or string
Default: null
Dynamic: yes

memtx_dir

A directory where memtx stores snapshot (.snap) files. Can be relative to work_ dir. If not specified,
defaults to work_dir. See also wal dir.

Type: string
Default: «.»

Dynamic: no

pid_file

Store the process id in this file. Can be relative to work dir. A typical value is “tarantool.pid”.

Type: string
Default: null

Dynamic: no

read_only

Say box.cfg{read_only=true...} to put the server instance in read-only mode. After this, any
requests that try to change persistent data will fail with error ER_READONLY. Read-only mode should
be used for master-replica replication. Read-only mode does not affect data-change requests for spaces
defined as temporary. Although read-only mode prevents the server from writing to the WAL, it does
not prevent writing diagnostics with the log module.

Type: boolean
Default: false
Dynamic: yes
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vinyl_dir
A directory where vinyl files or subdirectories will be stored. Can be relative to work_ dir. If not
specified, defaults to work_dir.

Type: string
Default: «.»
Dynamic: no

vinyl_timeout
The vinyl storage engine has a scheduler which does compaction. When vinyl is low on available
memory, the compaction scheduler may be unable to keep up with incoming update requests. In that
situation, queries may time out after vinyl_timeout seconds. This should rarely occur, since normally
vinyl would throttle inserts when it is running low on compaction bandwidth.

Type: float
Default: 60
Dynamic: yes

username
UNIX user name to switch to after start.

Type: string
Default: null
Dynamic: no

wal_dir
A directory where write-ahead log (.xlog) files are stored. Can be relative to work dir. Sometimes
wal_dir and memtx_dir are specified with different values, so that write-ahead log files and snapshot
files can be stored on different disks. If not specified, defaults to work_dir.

Type: string
Default: «.»
Dynamic: no

work_dir
A directory where database working files will be stored. The server instance switches to work_dir with
chdir(2) after start. Can be relative to the current directory. If not specified, defaults to the current
directory. Other directory parameters may be relative to work_dir, for example:

box.cfg{
work_dir = '/home/user/A',
wal_dir = 'B',
memtx_dir = 'C'

}
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will put xlog files in /home/user/A/B, snapshot files in /home/user/A/C, and all other files or
subdirectories in /home/user/A.

Type: string
Default: null

Dynamic: no

worker_pool_threads
The maximum number of threads to use during execution of certain internal processes (currently
socket.getaddrinfo() and coio_ call()).

Type: integer
Default: 4
Dynamic: yes

Configuring the storage

e memtx_memory

o memtr max tuple size
e memlr _min_tuple size
e vinyl bloom__ fpr

e vinyl cache

o vinyl max_tuple_ size

o vinyl memory

o vinyl page_ size

e vinyl range size

o vinyl run_ count per level
o vinyl run_size_ratio

e vinyl read_threads

o vinyl write_threads

memtx_memory
How much memory Tarantool allocates to actually store tuples, in bytes. When the limit is reached,
INSERT or UPDATE requests begin failing with error ER_MEMORY_ISSUE. The server does not go
beyond the memtx_memory limit to allocate tuples, but there is additional memory used to store indexes
and connection information. Depending on actual configuration and workload, Tarantool can consume
up to 20% more than the memtx_memory limit.

Type: float
Default: 256 * 1024 * 1024 = 268435456
Dynamic: no
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memtx_max_tuple_size
Size of the largest allocation unit, in bytes, for the memtx storage engine. It can be increased if it is
necessary to store large tuples. See also: vinyl maz_tuple size.

Type: integer
Default: 1024 * 1024 = 1048576
Dynamic: no

memtx_min_tuple_size
Size of the smallest allocation unit, in bytes. It can be decreased if most of the tuples are very small.
The value must be between 8 and 1048280 inclusive.

Type: integer
Default: 16

Dynamic: no

vinyl_bloom_fpr
Bloom filter false positive rate — the suitable probability of the bloom filter to give a wrong
result. The vinyl_bloom_fpr setting is a default value for one of the options in the Options for
space_ object:create_index() chart.

Type: float
Default = 0.05
Dynamic: no

vinyl_cache
The maximal cache size for the vinyl storage engine, in bytes.

Type: integer
Default = 128 * 1024 * 1024 = 134217728

Dynamic: no

vinyl_max_tuple_size
Size of the largest allocation unit, in bytes, for the vinyl storage engine. It can be increased if it is
necessary to store large tuples. See also: memtr _maz_tuple size.

Type: integer
Default: 1024 * 1024 = 1048576

Dynamic: no

vinyl_memory
The maximum number of in-memory bytes that vinyl uses.
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Type: integer
Default = 128 * 1024 * 1024 = 134217728
Dynamic: no

vinyl_page_size
Page size, in bytes. Page is a read/write unit for vinyl disk operations. The vinyl_page_size setting
is a default value for one of the options in the Options for space_ object:create_index() chart.

Type: integer
Default = 8 * 1024 = 8192
Dynamic: no

vinyl_range_size
The maximal range size for vinyl, in bytes. The vinyl_range_size setting is a default value for one
of the options in the Options for space object:create index() chart.

Type: integer
Default = 1024 * 1024 * 1024 = 1073741824

Dynamic: no

vinyl_run_count_per_level
The maximal number of runs per level in vinyl LSM tree. If this number is exceeded, a new level
is created. The vinyl_run_count_per_level setting is a default value for one of the options in the
Options for space_object:create_index() chart.

Type: integer
Default = 2
Dynamic: no

vinyl_run_size_ratio
Ratio between the sizes of different levels in the LSM tree. The vinyl_run_size_ratio setting is a
default value for one of the options in the Options for space_object:create index() chart.

Type: float
Default = 3.5

Dynamic: no

vinyl_read_threads
The maximum number of read threads that vinyl can use for some concurrent operations, such as I/O
and compression.

Type: integer
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Default = 1
Dynamic: no

vinyl_write_threads
The maximum number of write threads that vinyl can use for some concurrent operations, such as I/0
and compression.

Type: integer
Default = 2
Dynamic: no

Checkpoint daemon

o checkpoint count
e checkpoint_interval

The checkpoint daemon is a fiber which is constantly running. At intervals, it may make new snapshot (.snap)
files and then may delete old snapshot files.

If the checkpoint daemon deletes an old snapshot file, then it will also delete any write-ahead log (.zlog) files
which are older than the snapshot file and which contain information that is present in the snapshot file. It
will also delete obsolete vinyl .run files.

The checkpoint _interval and checkpoint_count configuration settings determine how long the intervals are,
and how many snapshots should exist before deletions occur.

ITpumeuanme: The checkpoint daemon will not delete a file if:
e a backup is ongoing and the file has not been backed up (see «Hot backups), or
e replication is ongoing and the file has not been relayed to a replica (see «Replication architectures),
e a replica is connecting, or

e a replica has fallen behind. The progress of each replica is tracked; if a replica’s position is far from
being up to date, then the server stops to give it a chance to catch up. If an administrator concludes
that a replica is permanently down, then the correct procedure is to restart the server, or (preferably)
remove the replica from the cluster.

checkpoint_interval
The interval between actions by the checkpoint daemon, in seconds. If checkpoint_interval is set to
a value greater than zero, and there is activity which causes change to a database, then the checkpoint
daemon will call boz.snapshot every checkpoint_interval seconds, creating a new snapshot file each
time. If checkpoint_interval is set to zero, then the checkpoint daemon is disabled.

Hampumep:

box.cfg{checkpoint_interval=60}

will cause the checkpoint daemon to create a new database snapshot once per minute, if there is activity.

Type: integer
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Default: 3600 (one hour)
Dynamic: yes

checkpoint_count

The maximum number of snapshots that may exist on the memtz_dir directory before the checkpoint
daemon will delete old snapshots. If checkpoint_count equals zero, then the checkpoint daemon does
not delete old snapshots. For example:

box.cfg{
checkpoint_interval = 3600,
checkpoint_count = 10

}

will cause the checkpoint daemon to create a new snapshot each hour until it has created ten snapshots.
After that, it will delete the oldest snapshot (and any associated write-ahead-log files) after creating a
new one.

Remember that, as noted earlier, snapshots will not be deleted if replication is ongoing and the file has
not been relayed to a replica. Therefore checkpoint_count has no effect unless all replicas are alive.

Type: integer
Default: 2
Dynamic: yes

Binary logging and snapshots

force_recovery,
rows_ per_wal,
snap_io_rate_limit,
wal_mode,

wal_dir_rescan_ delay

force_recovery

If force_recovery equals true, Tarantool tries to continue if there is an error while reading a snapshot
file (at server instance start) or a write-ahead log file (at server instance start or when applying an
update at a replica): skips invalid records, reads as much data as possible and re-builds the file.

Otherwise, Tarantool aborts recovery on read errors.

Type: boolean
Default: true
Dynamic: no

rows_per_wal

How many log records to store in a single write-ahead log file. When this limit is reached, Tarantool
creates another WAL file named <first-lsn-in-wal> .xlog. This can be useful for simple rsync-based
backups.
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Type: integer
Default: 500000
Dynamic: no

snap_io_rate_limit
Reduce the throttling effect of box.snapshot on INSERT /UPDATE/DELETE performance by setting
a limit on how many megabytes per second it can write to disk. The same can be achieved by splitting
wal_ dir and memtz_ dir locations and moving snapshots to a separate disk.

Type: float
Default: null
Dynamic: yes

wal_mode
Specify fiber-WAL-disk synchronization mode as:

e none: write-ahead log is not maintained;
e write: fibers wait for their data to be written to the write-ahead log (no fsync(2));

e fsync: fibers wait for their data, fsync(2) follows each write(2);

Type: string
Default: «write»
Dynamic: yes

wal_dir_rescan_delay
Number of seconds between periodic scans of the write-ahead-log file directory, when checking for
changes to write-ahead-log files for the sake of replication or hot standby.

Type: float
Default: 2

Dynamic: no

Hot standby

hot_standby
Whether to start the server in hot standby mode.

Hot standby is a feature which provides a simple form of failover without replication.

The expectation is that there will be two instances of the server using the same configuration. The first
one to start will be the «primary» instance. The second one to start will be the «standby» instance.

To initiate the standby instance, start a second instance of the Tarantool server on the same computer
with the same box.cfg configuration settings — including the same directories and same non-null URIs —
and with the additional configuration setting hot_standby = true. Expect to see a notification ending
with the words I> Entering hot standby mode. This is fine. It means that the standby instance is
ready to take over if the primary instance goes down.
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The standby instance will initialize and will try to take a lock on wal dir, but will fail because the
primary instance has made a lock on wal_dir. So the standby instance goes into a loop, reading the
write ahead log which the primary instance is writing (so the two instances are always in sync), and
trying to take the lock. If the primary instance goes down for any reason, the lock will be released. In
this case, the standby instance will succeed in taking the lock, will connect on the [listen address and
will become the primary instance. Expect to see a notification ending with the words I> ready to
accept requests.

Thus there is no noticeable downtime if the primary instance goes down.
Hot standby feature has no effect:

o if wal dir rescan_delay = a large number (on Mac OS and FreeBSD); on these platforms, it is
designed so that the loop repeats every wal_dir_rescan_delay seconds.

e if wal mode = ,none”; it is designed to work with wal_mode = 'write' or wal_mode = 'fsync'.

e for spaces created with engine = winyl*; it is designed to work for spaces created with engine =
'memtx'.

Type: boolean
Default: false
Dynamic: no

Pennunkauyus

replication

replication_ timeout
replication_ connect_ quorum
replicaset uuid

instance__uuid

replication

If replication is not an empty string, the instance is considered to be a Tarantool replica. The replica
will try to connect to the master specified in replication with a URI (Universal Resource Identifier),
for example:

konstantin :secret_passwordQtarantool.org:3301

If there is more than one replication source in a replica set, specify an array of URIs, for example
(replace ,uri and ,uri2“ in this example with valid URIs):

box.cfg{ replication = { ,,urii*, ,uri2“ } }

If one of the URIs is «selfs — that is, if one of the URIs is for the instance where box.cfg{} is being
executed on — then it is ignored. Thus it is possible to use the same replication specification on
multiple server instances, as shown in these examples.

The default user name is ,,guest’.
A read-only replica does not accept data-change requests on the listen port.

The replication parameter is dynamic, that is, to enter master mode, simply set replication to an
empty string and issue:

box.cfg{ replication = new-value }
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Type: string
Default: null
Dynamic: yes

replication_timeout
A replica sends heartbeat messages to the master every second, and the master is programmed to
reconnect automatically if it doesn’t see heartbeat messages more often than replication_timeout
seconds.

See more in Monitoring a replica set.

Type: integer
Default: 1
Dynamic: yes

replication_connect_quorum
By default a replica will try to connect to all the masters, or it will not start. (The default is
recommended so that all replicas will receive the same replica set UUID.)

However, by specifying replication_connect_quorum = N, where N is a number greater than or equal
to zero, users can state that the replica only needs to connect to N masters.

Example:

box.cfg{replication_connect_quorum=2}

Type: integer
Default: null
Dynamic: yes

replicaset_uuid
As described in section «Replication architectures, each replica set is identified by a universally unique
identifier called replica set UUID, and each instance is identified by an instance UUID.

Ordinarily it is sufficient to let the system generate and format the UUID strings which will be
permanently stored.

However, some administrators may prefer to store Tarantool configuration information in a central
repository, for example Apache ZooKeeper. Such administrators can assign their own UUID values for
either — or both — instances (instance_wuuid) and replica set (replicaset_uuid), when starting up for
the first time.

General rules:

e The values must be true unique identifiers, not shared by other instances or replica sets within
the common infrastructure.

e The values must be used consistently, not changed after initial setup (the initial values are stored
in snapshot files and are checked whenever the system is restarted).

e The values must comply with RFC 4122. The nil UUID is not allowed.

5.3. CnpaBo4HuMK NO HacTpoiike 341


https://en.wikipedia.org/wiki/Universally_unique_identifier
https://en.wikipedia.org/wiki/Universally_unique_identifier
https://zookeeper.apache.org
https://tools.ietf.org/html/rfc4122
https://tools.ietf.org/html/rfc4122#section-4.1.7

Tarantool, Beinyck 1.10.0

The UUID format includes sixteen octets represented as 32 hexadecimal (base 16) digits, displayed in
five groups separated by hyphens, in the form 8-4-4-4-12 for a total of 36 characters (32 alphanumeric
characters and four hyphens).

Example:

box.cfg{replicaset_uuid='7b853d13-508b-4b8e-82e6-806£088eabe9 '}

Type: string
Default: null
Dynamic: no

instance_uuid

For replication administration purposes, it is possible to set the universally unique identifiers of
the instance (instance_uuid) and the replica set (replicaset_uuid), instead of having the system
generate the values.

See the description of replicaset uuid parameter for details.

Example:

box.cfg{instance_uuid='037fec43-18a9-4e12-a684-a42b716£cd02'}

Type: string
Default: null
Dynamic: no

Networking

e j0_collect interval,

e readahead

io_collect_interval

The instance will sleep for io collect interval seconds between iterations of the event loop. Can be
used to reduce CPU load in deployments in which the number of client connections is large, but requests
are not so frequent (for example, each connection issues just a handful of requests per second).

Type: float
Default: null
Dynamic: yes

readahead

The size of the read-ahead buffer associated with a client connection. The larger the buffer, the more
memory an active connection consumes and the more requests can be read from the operating system
buffer in a single system call. The rule of thumb is to make sure the buffer can contain at least a few
dozen requests. Therefore, if a typical tuple in a request is large, e.g. a few kilobytes or even megabytes,
the read-ahead buffer size should be increased. If batched request processing is not used, it’s prudent
to leave this setting at its default.
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Type: integer
Default: 16320
Dynamic: yes

Logging

log_level

log

log_nonblock
too_long threshold

log_format

log_level

log

What level of detail the log will have. There are seven levels:
e 1 — SYSERROR
e 2 — ERROR
e 3 — CRITICAL
e 4 — WARNING
e 5 — INFO
e 6 — VERBOSE
e 7 — DEBUG

By setting log _level, one can enable logging of all classes below or equal to the given level. Tarantool
prints its logs to the standard error stream by default, but this can be changed with the log configuration
parameter.

Type: integer
Default: 5
Dynamic: yes

Warning: prior to Tarantool 1.7.5 there were only six levels and DEBUG was level 6. Starting with
Tarantool 1.7.5 VERBOSE is level 6 and DEBUG is level 7. VERBOSE is a new level for monitoring repetitive
events which would cause too much log writing if INFO were used instead.

By default, Tarantool sends the log to the standard error stream (stderr). If log is specified, Tarantool
sends the log to a file, or to a pipe, or to the system logger.

Example setting:

box.cfg{log = 'tarantool.log'}
-- or
box.cfg{log = 'file: tarantool.log'}

This will open the file tarantool.log for output on the server’s default directory. If the log string
has no prefix or has the prefix «file:», then the string is interpreted as a file path.

Example setting:
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box.cfg{log
-- or

"| cronolog tarantool.log'}

box.cfg{log = 'pipe: cronolog tarantool.log'}'

This will start the program cronolog when the server starts, and will send all log messages to the
standard input (stdin) of cronolog. If the log string begins with ,,|“ or has the prefix «pipe:», then the
string is interpreted as a Unix pipeline.

Example setting:

box.cfg{log = 'syslog:identity=tarantool'}
-- or

box.cfg{log = 'syslog:facility=user'}

-- or

box.cfg{log = 'syslog:identity=tarantool,facility=user'}

If the log string has the prefix «syslog:», then the string is interpreted as a message for the syslogd
program which normally is running in the background of any Unix-like platform. One can optionally
specify an identity, a facility, or both. The identity is an arbitrary string, default value =
tarantool, which will be placed at the beginning of all messages. The facility is an abbreviation for
the name of one of the syslog facilities, default value = user, which tell syslogd where the message
should go.

Possible values for facility are: auth, authpriv, cron, daemon, ftp, kern, lpr, mail, news, security,
syslog, user, uucp, local0, locall, local2, local3, local4, local5, local6, local7.

The facility setting is currently ignored but will be used in the future.

When logging to a file, Tarantool reopens the log on SIGHUP. When log is a program, its pid is saved
in the log.logger pid variable. You need to send it a signal to rotate logs.

Type: string
Default: null

Dynamic: no

log_nonblock
If log_nonblock equals true, Tarantool does not block on the log file descriptor when it’s not ready for
write, and drops the message instead. If log level is high, and many messages go to the log file, setting
log_nonblock to true may improve logging performance at the cost of some log messages getting lost.

This parameter has effect only if the output is going to syslog or to a pipe.

Type: boolean
Default: true

Dynamic: no

too_long_threshold
If processing a request takes longer than the given value (in seconds), warn about it in the log. Has
effect only if log level is more than or equal to 4 (WARNING).

Type: float
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Default: 0.5
Dynamic: yes

log_format
Log entries have two possible formats:

e .plain“ (the default), or
e ,json* (with more detail and with JSON labels).

Here is what a log entry looks like after box.cfg{log_format='plain'}:

2017-10-16 11:36:01.508 [18081] main/101/interactive I> set 'log_format' configuration option,
—to "plain"

Here is what a log entry looks like after box.cfg{log_format='json'}:

{"time": "2017-10-16T11:36:17.996-0600",
"level": "INFO",

"message": "set 'log_format' configuration option to \"json\"",
"pid": 18081, |

"cord_name": "main",

"fiber_id": 101,

"fiber_name": "interactive",

"file": "builtin\/box\/load_cfg.lua",

"line": 317}

The log_format='plain' entry has time, process id, cord name, fiber id, fiber name, log level, and
message.

The log_format='json' entry has the same things along with their labels, and in addition has the
file name and line number of the Tarantool source.

Type: string
Default: ,plain®
Dynamic: yes

Logging example

This will illustrate how «rotation» works, that is, what happens when the server instance is writing to a log
and signals are used when archiving it.

Start with two terminal shells, Terminal #1 and Terminal #2.

On Terminal #1: start an interactive Tarantool session, then say the logging will go to Log_file, then put a
message «Log Line #1» in the log file:

box.cfg{log='Log_file'}
log = require('log')
log.info('Log Line #1')

On Terminal #2: use mv so the log file is now named Log _file.bak. The result of this is: the next log message
will go to Log _file.bak.
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’mv Log_file Log_file.bak

On Terminal #1: put a message «Log Line #2» in the log file.

llog.info('Log Line #2')

On Terminal #2: use ps to find the process ID of the Tarantool instance.

’ps -A | grep tarantool

On Terminal #2: use kill -HUP to send a SIGHUP signal to the Tarantool instance. The result of this is:
Tarantool will open Log_file again, and the next log message will go to Log _file. (The same effect could be
accomplished by executing log.rotate() on the instance.)

kill -HUP process_id

On Terminal #1: put a message «Log Line #3» in the log file.

log.info('Log Line #3')

On Terminal #2: use less to examine files. Log file.bak will have these lines, except that the date and time
will depend on when the example is done:

2015-11-30 15:13:06.373 [27469] main/101/interactive I> Log Line #1°
2015-11-30 15:14:25.973 [27469] main/101/interactive I> Log Line #2°

and Log _file will have

log file has been reopened
2015-11-30 15:15:32.629 [27469] main/101/interactive I> Log Line #3

Deprecated parameters

These parameters are deprecated since Tarantool version 1.7.4:
e coredump
e logger
e logger mnonblock
® panic_on_ snap_ error,
e panic_on_wal_error
e replication_ source
e slab_alloc_arena
e slab_alloc_ factor
e slab_alloc_mazimal
e slab_alloc_minimal
e snap_dir
e snapshot_ count

e snapshot_ period
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coredump
Deprecated, do not use.

Type: boolean
Default: false

Dynamic: no

logger
Deprecated in favor of log. The parameter was only renamed, while the type, values and semantics
remained intact.

logger_nonblock
Deprecated in favor of log nonblock. The parameter was only renamed, while the type, values and
semantics remained intact.

panic_on_snap_error
Deprecated in favor of force recovery.

If there is an error while reading a snapshot file (at server instance start), abort.

Type: boolean
Default: true

Dynamic: no

panic_on_wal_error
Deprecated in favor of force recovery.

Type: boolean
Default: true
Dynamic: yes

replication_source
Deprecated in favor of replication. The parameter was only renamed, while the type, values and
semantics remained intact.

slab_alloc_arena
Deprecated in favor of memtx memory.

How much memory Tarantool allocates to actually store tuples, in gigabytes. When the limit is
reached, INSERT or UPDATE requests begin failing with error ER_MEMORY_ISSUE. While the server
does not go beyond the defined limit to allocate tuples, there is additional memory used to store indexes
and connection information. Depending on actual configuration and workload, Tarantool can consume
up to 20% more than the limit set here.

Type: float
Default: 1.0
Dynamic: no
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slab_alloc_factor
Deprecated, do not use.

The multiplier for computing the sizes of memory chunks that tuples are stored in. A lower value may
result in less wasted memory depending on the total amount of memory available and the distribution
of item sizes.

Type: float
Default: 1.1
Dynamic: no

slab_alloc_maximal
Deprecated in favor of memtr max_tuple size. The parameter was only renamed, while the type,
values and semantics remained intact.

slab_alloc_minimal
Deprecated in favor of memtr min_tuple size. The parameter was only renamed, while the type,
values and semantics remained intact.

snap_dir
Deprecated in favor of memtx dir. The parameter was only renamed, while the type, values and
semantics remained intact.

snapshot_period
Deprecated in favor of checkpoint interval. The parameter was only renamed, while the type, values
and semantics remained intact.

snapshot_count
Deprecated in favor of checkpoint count. The parameter was only renamed, while the type, values
and semantics remained intact.

5.4 Utility tarantoolctl

tarantoolctl is a utility for administering Tarantool instances, checkpoint files and modules. It is shipped
and installed as part of Tarantool distribution.

See also tarantoolctl usage examples in Server administration section.

5.4.1 Command format

tarantoolctl COMMAND NAME [URI] [FILE] [OPTIONS..]
re:

e COMMAND is one of the following: start, stop, status, restart, logrotate, check, enter, eval,
connect, cat, play, rocks.

e NAME is the name of an instance file or a module.
e FILE is the path to some file (.lua, .xlog or .snap).
e URI is the URI of some Tarantool instance.

e OPTIONS are options taken by some tarantoolctl commands.
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5.4.2 Commands for managing Tarantool instances

tarantoolctl start NAME Start a Tarantool instance (if not started; fail otherwise).
tarantoolctl stop NAME Stop a Tarantool instance (if not stopped; fail otherwise).

tarantoolctl status NAME Show an instance’s status (started/stopped). If pid file exists and an alive
control socket exists, the return code is 0. Otherwise, the return code is not 0.

Reports typical problems to stderr (e.g. pid file exists and control socket doesn’t).
tarantoolctl restart NAME Stop and start a Tarantool instance (if started; fail otherwise).

tarantoolctl logrotate NAME Rotate logs of a started Tarantool instance. Works only if logging-into-file
is enabled in the instance file. Pipe/syslog make no effect.

tarantoolctl check NAME Check an instance file for syntax errors.
tarantoolctl enter NAME Enter an instance’s interactive Lua console.
tarantoolctl eval NAME FILE Evaluate alocal Lua file on a Tarantool instance (if started; fail otherwise).

tarantoolctl connect URI Connect to a Tarantool instance on an admin-console port. Supports both
TCP /Unix sockets.

5.4.3 Commands for managing checkpoint files
tarantoolctl cat FILE.. [--space=space_no ..] [--show-system] [--from=from_lsn] [--to=to_lsn] [--replic
Print into stdout the contents of .snap/.xlog files.

tarantoolctl play URI FILE.. [--space=space_no ..] [--show-system] [--from=from_lsn] [--to=to_lsn] [--r
Play the contents of .snap/.xlog files to another Tarantool instance.

Supported options:
e --space=space_no to filter the output by space number. May be passed more than once.
e --show-system to show the contents of system spaces.
e --from=from_lsn to show operations starting from the given Isn.
e —-to=to_lsn to show operations ending with the given lsn.

e --replica=replica_id to filter the output by replica id. May be passed more than once.

5.4.4 Commands for managing Tarantool modules

tarantoolctl rocks install NAME Install a module in the current directory.
tarantoolctl rocks remove NAME Remove a module.

tarantoolctl rocks show NAME Show information about an installed module.
tarantoolctl rocks search NAME Search the repository for modules.

tarantoolctl rocks list List all installed modules.
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5.5 Tips on Lua syntax

The Lua syntax for data-manipulation functions can vary. Here are examples of the variations with select ()
requests. The same rules exist for the other data-manipulation functions.

Every one of the examples does the same thing: select a tuple set from a space named ,tester where the
primary-key field value equals 1. For these examples, we assume that the numeric id of ,tester” is 512, which
happens to be the case in our sandbox example only.

5.5.1 Object reference variations

First, there are three object reference variations:

-- #1 module . submodule . name

tarantool> box.space.tester:select{1}

-- #2 replace name with a literal in square brackets
tarantool> box.space['tester']:select{1}

-- #3 use a variable for the entire object reference
tarantool> s = box.space.tester

tarantool> s:select{1}

Examples in this manual usually have the «box.space. tester:» form (#1). However, this is a matter of
user preference and all the variations exist in the wild.

Also, descriptions in this manual use the syntax «space_object:» for references to objects which are spaces,
and «index_object:» for references to objects which are indexes (for example box.space. tester.index.
primary :).

5.5.2 Parameter variations

Then, there are seven parameter variations:

-- #1

tarantool> box.space.tester:select{1}

-- #2

tarantool> box.space.tester:select({1})

-- #3

tarantool> box.space.tester:select (1)

-- #4

tarantool> box.space.tester.select(box.space.tester,1)
-- #5

tarantool> box.space.tester:select({1},{iterator="'EQ'})
-- #6

tarantool> variable = 1

tarantool> box.space.tester:select{variable}

-- #7

tarantool> variable = {1}

tarantool> box.space.tester:select(variable)

Lua allows to omit parentheses () when invoking a function if its only argument is a Lua table, and we use
it sometimes in our examples. This is why select{1} is equivalent to select ({1}). Literal values such as 1
(a scalar value) or {1} (a Lua table value) may be replaced by variable names, as in examples #6 and #7.

Although there are special cases where braces can be omitted, they are preferable because they signal «Lua
table». Examples and descriptions in this manual have the {1} form. However, this too is a matter of user
preference and all the variations exist in the wild.
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5.5.3 Rules for object names
Database objects have loose rules for names: the maximum length is 64000 bytes (not characters), and
almost any legal Unicode character is allowed, including spaces, ideograms and punctuation.

In those cases, to prevent confusion with Lua operators and separators, object references should have the
literal-in-square-brackets form (#2), or the variable form (#3). For example:

tarantool> box.space['1*A']:select{1}
tarantool> s = box.space['1*A !0$,~&*()_+12345678901234567890"']
tarantool> s:select{1}

Control characters are not allowed, and characters which are special or which cannot be displayed are not
recommended.

Names are «case sensitive», so ,,A“ and ,a“ are not the same.
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6.1 lNpakTuyeckne 3agaHus Ha Lua

Here are three tutorials on using Lua stored procedures with Tarantool:
e Insert one million tuples with a Lua stored procedure,
o Sum a JSON field for all tuples,

e Indexed pattern search.

6.1.1 BctaBka 1 MaIH KOpTeXxei C NOMOLLLIO XpaHUMO npouenypbl Ha A3blke Lua

This is an exercise assignment: “Insert one million tuples. Each tuple should have a constantly-increasing
numeric primary-key field and a random alphabetic 10-character string field.”

The purpose of the exercise is to show what Lua functions look like inside Tarantool. It will be necessary
to employ the Lua math library, the Lua string library, the Tarantool box library, the Tarantool box.tuple
library, loops, and concatenations. It should be easy to follow even for a person who has not used either Lua
or Tarantool before. The only requirement is a knowledge of how other programming languages work and a
memory of the first two chapters of this manual. But for better understanding, follow the comments and the
links, which point to the Lua manual or to elsewhere in this Tarantool manual. To further enhance learning,
type the statements in with the tarantool client while reading along.

Configure

We are going to use the Tarantool sandbox that was created for our «Getting starteds exercises. So there is
a single space, and a numeric primary key, and a running Tarantool server instance which also serves as a
client.
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Delimiter
In earlier versions of Tarantool, multi-line functions had to be enclosed within «delimiters». They are no
longer necessary, and so they will not be used in this tutorial. However, they are still supported. Users

who wish to use delimiters, or users of older versions of Tarantool, should check the syntax description for
declaring a delimiter before proceeding.

Create a function that returns a string

We will start by making a function that returns a fixed string, “Hello world”.

function string_function()
return "hello world"
end

The word «functions is a Lua keyword — we’re about to go into Lua. The function name is string function.
The function has one executable statement, return "hello world". The string «hello world» is enclosed in
double quotes here, although Lua doesn’t care — one could use single quotes instead. The word «end» means
“this is the end of the Lua function declaration.” To confirm that the function works, we can say

string_function()

Sending function-name () means “invoke the Lua function.” The effect is that the string which the function
returns will end up on the screen.

For more about Lua strings see Lua manual chapter 2.4 «Strings» . For more about functions see Lua manual
chapter 5 «Functions».

Teneps BBIBOJ HA SKPaHe BBIIVIAINAT CJIELYIOIMIM 00pa3oM:

tarantool> function string_funciton()
> return "hello world"
> end

tarantool> string_function()

- hello world

tarantool>

Create a function that calls another function and sets a variable

Now that string_function exists, we can invoke it from another function.

function main_function()
local string_value
string_value = string_function()
return string_value

end

We begin by declaring a variable «string_value». The word «locals means that string value appears
only in main_function. If we didn’t use «local» then string_value would be visible everywhere - even by
other users using other clients connected to this server instance! Sometimes that’s a very desirable feature
for inter-client communication, but not this time.
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Then we assign a value to string_value, namely, the result of string_function(). Soon we will invoke
main_function() to check that it got the value.

For more about Lua variables see Lua manual chapter 4.2 «Local Variables and Blocks» .

Teneps BBIBOI HA SKPaHE BBIIVIAIAT CJELYIOIMIM 00pa30M:

tarantool> function main_function()
> local string_value
>  string_value = string_function()
> return string_value
> end

tarantool> main_function()

- hello world

tarantool>

Modify the function so it returns a one-letter random string

Now that it’s a bit clearer how to make a variable, we can change string_function() so that, instead of
returning a fixed literal «Hello world», it returns a random letter between ,A“ and ,,Z".

function string_function()
local random_number
local random_string
random_number = math.random(65, 90)
random_string = string.char(random_number)
return random_string

end

It is not necessary to destroy the old string_function() contents, they’re simply overwritten. The first
assignment invokes a random-number function in Lua’s math library; the parameters mean “the number
must be an integer between 65 and 90.” The second assignment invokes an integer-to-character function in
Lua’s string library; the parameter is the code point of the character. Luckily the ASCII value of ,A“ is 65
and the ASCII value of ,,Z“ is 90 so the result will always be a letter between A and Z.

For more about Lua math-library functions see Lua users «Math Library Tutorials. For more about Lua
string-library functions see Lua users «String Library Tutorials .

Once again the string_function() can be invoked from main function() which can be invoked with
main_function().

Terepb BBIBOJI HA SKpaHEe BBITVISJIAT CJIEIYIONUM 00pa30M:

tarantool> function string_function()
> local random_number
> local random_string
>  random_number = math.random(65, 90)
>  random_string = string.char(random_number)
> return random_string
> end

tarantool> main_function()
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tarantool>

... Well, actually it won’t always look like this because math.random() produces random numbers. But for
the illustration purposes it won’t matter what the random string values are.

Modify the function so it returns a ten-letter random string

Now that it’s clear how to produce one-letter random strings, we can reach our goal of producing a ten-letter
string by concatenating ten one-letter strings, in a loop.

function string_function()
local random_number
local random_string
random_string = ""
for x = 1,10,1 do
random_number = math.random(65, 90)

random_string = random_string .. string.char(random_number)
end
return random_string
end

The words «for x = 1,10,1» mean “start with x equals 1, loop until x equals 10, increment x by 1 for each
iteration.” The symbol «..» means «concatenates, that is, add the string on the right of the «..» sign to the
string on the left of the «..» sign. Since we start by saying that random _string is «» (a blank string), the
end result is that random _string has 10 random letters. Once again the string_function() can be invoked
from main_function() which can be invoked with main_function().

For more about Lua loops see Lua manual chapter 4.3.4 «Numeric for».

Temeps BbIBO/, HA 9KpaHe BBITVISIUT CJIELYIONUM 00pa30M:

tarantool> function string_function()
> local random_number

> local random_string

> random_string = ""

> for x = 1,10,1 do

> random_number = math.random(65, 90)

> random_string = random_string .. string.char(random_number)
> end

>  return random_string

> end

tarantool> main_function()

- 'ZUDJBHKEFM'

tarantool>

Make a tuple out of a number and a string

Now that it’s clear how to make a 10-letter random string, it’s possible to make a tuple that contains a
number and a 10-letter random string, by invoking a function in Tarantool’s library of Lua functions.
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function main_function()
local string_value, t
string_value = string_function()
t = box.tuple.new({l, string_value})
return t
end

Once this is done, t will be the value of a new tuple which has two fields. The first field is numeric: 1. The
second field is a random string. Once again the string_function() can be invoked from main_function()
which can be invoked with main_function().

For more about Tarantool tuples see Tarantool manual section Submodule box.tuple.

Tenieps BBIBOJL HA SKPaHE BBIIVIAIAT CJIELYIOIMIIM 00pa3oM:

tarantool> function main_function()
> local string_value, t
> string_value = string_function()
> t = box.tuple.new({1, string_value})
> return t
> end

tarantool> main_function()

- [1, '"PNPZPCOOKA']

tarantool>

Modify main_function to insert a tuple into the database

Now that it’s clear how to make a tuple that contains a number and a 10-letter random string, the only trick
remaining is putting that tuple into tester. Remember that tester is the first space that was defined in the
sandbox, so it’s like a database table.

function main_function()
local string_value, t
string_value = string_function()
t = box.tuple.new({1,string_value})
box.space.tester:replace(t)
end

The new line here is box.space.tester:replace(t). The name contains ,tester because the insertion is
going to be to tester. The second parameter is the tuple value. To be perfectly correct we could have said box.
space.tester:insert(t) here, rather than box.space.tester:replace(t), but «replaces means “insert
even if there is already a tuple whose primary-key value is a duplicate”, and that makes it easier to re-
run the exercise even if the sandbox database isn’t empty. Once this is done, tester will contain a tuple
with two fields. The first field will be 1. The second field will be a random 10-letter string. Once again the
string_function() can be invoked from main_function() which can be invoked with main_function().
But main_function() won’t tell the whole story, because it does not return t, it only puts t into the database.
To confirm that something got inserted, we’ll use a SELECT request.

main_function()
box.space.tester:select{1}
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For more about Tarantool insert and replace calls, see Tarantool manual section Submodule boz.space,
space_ object:insert(), and space_ object:replace().

Temeps BBIBOI Ha 9KpaHe BBITVISIUT CJIEILYIONIM 00pa30M:

tarantool> function main_function()
> local string_value, t
>  string_value = string_function()
> t = box.tuple.new({l,string_valuel})
>  box.space.tester:replace(t)
> end

tarantool> main_function()

tarantool> box.space.tester:select{1}

- - [1, '"EUJYVEECIL']

tarantool>

Modify main_function to insert a million tuples into the database

Now that it’s clear how to insert one tuple into the database, it’s no big deal to figure out how to scale up:
instead of inserting with a literal value = 1 for the primary key, insert with a variable value = between 1
and 1 million, in a loop. Since we already saw how to loop, that’s a simple thing. The only extra wrinkle
that we add here is a timing function.

function main_function()
local string_value, t
for i = 1,1000000,1 do
string_value = string_function()
t = box.tuple.new({i,string_value})
box.space.tester:replace(t)
end
end
start_time = os.clock()
main_function()
end_time = os.clock()
'insert done in ' .. end_time - start_time .. ' seconds'

The standard Lua function os.clock() will return the number of CPU seconds since the start. Therefore, by
getting start time = number of seconds just before the inserting, and then getting end time = number of
seconds just after the inserting, we can calculate (end time - start time) = elapsed time in seconds. We
will display that value by putting it in a request without any assignments, which causes Tarantool to send
the value to the client, which prints it. (Lua’s answer to the C printf () function, which is print (), will
also work.)

For more on Lua os.clock() see Lua manual chapter 22.1 «Date and Time». For more on Lua print() see
Lua manual chapter 5 «Functions».

Since this is the grand finale, we will redo the final versions of all the necessary requests: the request
that created string_function(), the request that created main_function(), and the request that invokes
main_function().
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function string_function()
local random_number
local random_string
random_string = ""
for x = 1,10,1 do
random_number = math.random(65, 90)
random_string = random_string .. string.char(random_number)
end
return random_string
end

function main_function()
local string_value, t
for i = 1,1000000,1 do
string_value = string_function()
t = box.tuple.new({i,string_valuel})
box.space.tester:replace(t)
end
end
start_time = os.clock()
main_function()
end_time = os.clock()
'insert done in ' .. end_time - start_time .. ' seconds'

Teneps BBIBO HA SKPaAHE BBIIVIAIAT CJIELYIOIIM 00pa30M:

tarantool> function string_function()
> local random_number

> local random_string

> random_string = ""

> for x = 1,10,1 do

> random_number = math.random(65, 90)

> random_string = random_string .. string.char(random_number)
> end

> return random_string

>

end

tarantool> function main_function()

> local string_value, t

> for i = 1,1000000,1 do

> string_value = string_function()

> t = box.tuple.new({i,string_value})
> box.space.tester:replace(t)

> end

> end

tarantool> start_time = os.clock()

tarantool> main_function()

tarantool> end_time = os.clock()

tarantool> 'insert done in ' .. end_time - start_time .. ' seconds'
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- insert done in 37.62 seconds

tarantool>

What has been shown is that Lua functions are quite expressive (in fact one can do more with Tarantool’s Lua
stored procedures than one can do with stored procedures in some SQL DBMSs), and that it’s straightforward
to combine Lua-library functions and Tarantool-library functions.

What has also been shown is that inserting a million tuples took 37 seconds. The host computer was a
Linux laptop. By changing wal mode to ,none* before running the test, one can reduce the elapsed time to
4 seconds.

6.1.2 MNoacuet cymmbl no JSON-nonsim Bo Bcex kopTexxax

This is an exercise assignment: “Assume that inside every tuple there is a string formatted as JSON. Inside
that string there is a JSON numeric field. For each tuple, find the numeric field’s value and add it to a ,sum*
variable. At end, return the ,sum* variable.” The purpose of the exercise is to get experience in one way to
read and process tuples.

json = require('json')
function sum_json_field(field_name)
local v, t, sum, field_value, is_valid_json, lua_table
sum = 0O
for v, t in box.space.tester:pairs() do
is_valid_json, lua_table = pcall(json.decode, t[2])
if is_valid_json then
field_value = lua_table[field_name]
if type(field_value == "number" then sum = sum + field_value end
end
end
return sum
end

LINE 3: WHY «LOCALy». This line declares all the variables that will be used in the function. Actually
it’s not necessary to declare all variables at the start, and in a long function it would be better to declare
variables just before using them. In fact it’s not even necessary to declare variables at all, but an undeclared
variable is «global». That’s not desirable for any of the variables that are declared in line 1, because all of
them are for use only within the function.

LINE 5: WHY <«PAIRS()». Our job is to go through all the rows and there are two ways to do
it: with boz.space.space object:pairs() or with variable = select(...) followed by for i, n, 1 do
some-function (variable[i]) end. We preferred pairs() for this example.

LINE 5: START THE MAIN LOOP. Everything inside this «for» loop will be repeated as long as
there is another index key. A tuple is fetched and can be referenced with variable t.

LINE 6: WHY «PCALLy». If we simply said lua_table = json.decode(t[2])), then the function would
abort with an error if it encountered something wrong with the JSON string - a missing colon, for example.
By putting the function inside «pcalls (protected call), we're saying: we want to intercept that sort of error,
so if there’s a problem just set is_valid_json = false and we will know what to do about it later.

LINE 6: MEANING. The function is json.decode which means decode a JSON string, and the parameter
is t[2] which is a reference to a JSON string. There’s a bit of hard coding here, we’re assuming that the
second field in the tuple is where the JSON string was inserted. For example, we're assuming a tuple looks
like
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field[1]: 444
field[2]: '{"Hello": "world", "Quantity": 15}'

meaning that the tuple’s first field, the primary key field, is a number while the tuple’s second field, the
JSON string, is a string. Thus the entire statement means «decode t [2] (the tuple’s second field) as a JSON
string; if there’s an error set is_valid_json = false; if there’s no error set is_valid_json = true and
set lua_table = a Lua table which has the decoded strings.

LINE 8. At last we are ready to get the JSON field value from the Lua table that came from the JSON string.
The value in field name, which is the parameter for the whole function, must be a name of a JSON field. For
example, inside the JSON string '{"Hello": "world "Quantity": 153}', there are two JSON fields: «Hello»
and «Quantity». If the whole function is invoked with sum_json_field("Quantity"), then field_value
= lua_table[field_name] is effectively the same as field_value = lua_table["Quantity"] or even
field_value = lua_table.Quantity. Those are just three different ways of saying: for the Quantity field
in the Lua table, get the value and put it in variable field_value.

LINE 9: WHY <«IF». Suppose that the JSON string is well formed but the JSON field is not a number,
or is missing. In that case, the function would be aborted when there was an attempt to add it to the sum.
By first checking type(field_value) == "number", we avoid that abortion. Anyone who knows that the
database is in perfect shape can skip this kind of thing.

And the function is complete. Time to test it. Starting with an empty database, defined the same way as
the sandbox database in our «Getting started» exercises,

-- 1f tester ts left over from some previous test, destroy it
box.space.tester:drop()

box.schema.space.create('tester')
box.space.tester:create_index('primary', {parts = {1, 'unsigned'}})

then add some tuples where the first field is a number and the second field is a string.

box.space.tester:insert{444, '{"Item": "widget", "Quantity": 15}'}
box.space.tester:insert{445, '{"Item": "widget", "Quantity": 7}'}
box.space.tester:insert{446, '{"Item": "golf club", "Quantity": "sunshine"}'}
box.space.tester:insert{447, '{"Item": "waffle iron", "Quantit": 3}'}

Since this is a test, there are deliberate errors. The «golf club» and the «waffle iron» do not have numeric
Quantity fields, so must be ignored. Therefore the real sum of the Quantity field in the JSON strings should
be: 15 + 7 = 22.

Invoke the function with sum_json_field("Quantity").

tarantool> sum_json_field("Quantity")

- 22

It works. We'll just leave, as exercises for future improvement, the possibility that the <«hard coding»
assumptions could be removed, that there might have to be an overflow check if some field values are
huge, and that the function should contain a yield instruction if the count of tuples is huge.

6.1.3 NHaekcnpoBaHHbIi Nnouck no wabnoHam

Here is a generic function which takes a field identifier and a search pattern, and returns all tuples that
match. * The field must be the first field of a TREE index. * The function will use Lua pattern matching,
which allows «magic characters» in regular expressions. * The initial characters in the pattern, as far as
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the first magic character, will be used as an index search key. For each tuple that is found via the index,
there will be a match of the whole pattern. * To be cooperative, the function should yield after every 10
tuples, unless there is a reason to delay yielding. With this function, we can take advantage of Tarantool’s
indexes for speed, and take advantage of Lua’s pattern matching for flexibility. It does everything that an

SQL «LIKE» search can do, and far more.

Read the following Lua code to see how it works. The comments that begin with «SEE NOTE ...» refer to

long explanations that follow the code.

function indexed_pattern_search(space_name, field_no, pattern)

-- SEE NOTE #1 "FIND AN APPROPRIATE INDEX"

if (box.spacel[space_name] == nil) then
print ("Error: Failed to find the specified space")
return nil

end
local index_no = -1
for i=0,box.schema.INDEX_MAX,1 do
if (box.space[space_name].index[i] == nil) then break end
if (box.space[space_name].index[i].type == "TREE"
and box.space[space_name] .index[i].parts[1].fieldno == field_no
and (box.space[space_name].index[i].parts[1].type == "scalar"
or box.spacel[space_name] .index[i].parts[1].type == "string")) then
index_no = i
break
end
end
if (index_no == -1) then
print ("Error: Failed to find an appropriate index")
return nil
end
-- SEE NOTE #2 "DERIVE INDEX SEARCH KEY FROM PATTERN"
local index_search_key = ""
local index_search_key_length = 0
local last_character = ""
local ¢ = ""
local c2 = ""
for i=1,string.len(pattern),1 do
¢ = string.sub(pattern, i, i)
if (last_character ~= "),") then
if (¢ == '""" or ¢ == "$" or ¢ == "(" or ¢ == ")" or ¢ == "."
or ¢ == "[" or ¢ == "]" or ¢ == "x" or c == "+"
or ¢ == "-" or ¢ == "7") then
break
end
if (¢ == "J") then

c2 = string.sub(pattern, i + 1, i + 1)

if (string.match(c2, "/%p") == nil) then break end

index_search_key = index_search_key .. c2
else
index_search_key = index_search_key .. c
end
end
last_character = c
end

index_search_key_length = string.len(index_search_key)
if (index_search_key_length < 3) then

print(”Error: index search key " .. index_search_key ..

return nil
end

" is too short")
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-- SEE NOTE #3 "OUTER LOOP: INITIATE"
local result_set = {}
local number_of_tuples_in_result_set = 0
local previous_tuple_field = ""
while true do
local number_of_tuples_since_last_yield = 0
local is_time_for_a_yield = false
-- SEE NOTE #4 "INNER LOOP: ITERATOR"
for _,tuple in box.space[space_name].index[index_no]:
pairs(index_search_key,{iterator = box.index.GE}) do
-- SEE NOTE #5 "INNER LOOP: BREAK IF INDEX KEY IS TO0 GREAT"
if (string.sub(tuple[field_no], 1, index_search_key_length)
> index_search_key) then
break
end
-- SEE NOTE #6 "INNER LOOP: BREAK AFTER EVERY 10 TUPLES -- MAYBE"
number_of_tuples_since_last_yield = number_of_tuples_since_last_yield + 1
if (number_of_tuples_since_last_yield >= 10
and tuple[field_no] ~= previous_tuple_field) then
index_search_key = tuple[field_no]
is_time_for_a_yield = true
break
end
previous_tuple_field = tuple[field_no]
-- SEE NOTE #7 "INNER LOOP: ADD TO RESULT SET IF PATTERN MATCHES"
if (string.match(tuple[field_no], pattern) ~= nil) then
number_of_tuples_in_result_set = number_of_tuples_in_result_set + 1
result_set [number_of_tuples_in_result_set] = tuple

end
end
-- SEE NOTE #8 "OUTER LOOP: BREAK, OR YIELD AND CONTINUE"
if (is_time_for_a_yield "= true) then
break
end
require('fiber').yield()
end
return result_set
end

NOTE #1 «FIND AN APPROPRIATE INDEX» The caller has passed space_name (a string) and field no
(a number). The requirements are: (a) index type must be «TREE» because for other index types (HASH,
BITSET, RTREE) a search with iterator=GE will not return strings in order by string value; (b) field no
must be the first index part; (c) the field must contain strings, because for other data types (such as
«unsigned») pattern searches are not possible; If these requirements are not met by any index, then print
an error message and return nil.

NOTE #2 «DERIVE INDEX SEARCH KEY FROM PATTERN» The caller has passed pattern (a string).
The index search key will be the characters in the pattern as far as the first magic character. Lua’s magic
characters are % ~ $ () . [] * + - 7. For example, if the pattern is «<ABC.E», the period is a magic character
and therefore the index search key will be «ABC». But there is a complication ... If we see «%>» followed
by a punctuation character, that punctuation character is «escaped» so remove the «%» when making the
index search key. For example, if the pattern is «<AB%S$E», the dollar sign is escaped and therefore the index
search key will be «<ABS$E». Finally there is a check that the index search key length must be at least three
— this is an arbitrary number, and in fact zero would be okay, but short index search keys will cause long
search times.

NOTE #3 - «OUTER LOOP: INITIATE» The function’s job is to return a result set, just as
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box.space. . . select <box_space-select> would. We will fill it within an outer loop that contains an inner
loop. The outer loop’s job is to execute the inner loop, and possibly yield, until the search ends. The inner
loop’s job is to find tuples via the index, and put them in the result set if they match the pattern.

NOTE #4 «INNER LOOP: ITERATOR» The for loop here is using pairs(), see the explanation of what
index iterators are. Within the inner loop, there will be a local variable named «tuple» which contains the
latest tuple found via the index search key.

NOTE #5 «INNER LOOP: BREAK IF INDEX KEY IS TOO GREAT» The iterator is GE (Greater or
Equal), and we must be more specific: if the search index key has N characters, then the leftmost N characters
of the result’s index field must not be greater than the search index key. For example, if the search index key
is ,ABC*, then ,ABCDE" is a potential match, but ,,ABD“ is a signal that no more matches are possible.

NOTE #6 «INNER LOOP: BREAK AFTER EVERY 10 TUPLES — MAYBE» This chunk of code is for
cooperative multitasking. The number 10 is arbitrary, and usually a larger number would be okay. The simple
rule would be «after checking 10 tuples, yield, and then resume the search (that is, do the inner loop again)
starting after the last value that was found». However, if the index is non-unique or if there is more than
one field in the index, then we might have duplicates — for example {«ABC»,1}, {«ABC», 2}, {<ABC», 3}»
— and it would be difficult to decide which «ABC» tuple to resume with. Therefore, if the result’s index field
is the same as the previous result’s index field, there is no break.

NOTE #7 «INNER LOOP: ADD TO RESULT SET IF PATTERN MATCHES» Compare the result’s
index field to the entire pattern. For example, suppose that the caller passed pattern «ABC.E» and there is
an indexed field containing « ABCDE». Therefore the initial index search key is «ABC». Therefore a tuple
containing an indexed field with «ABCDE» will be found by the iterator, because «ABCDE» > «ABCs. In
that case string.match will return a value which is not nil. Therefore this tuple can be added to the result
set.

NOTE #8 «OUTER LOOP: BREAK, OR YIELD AND CONTINUE» There are three conditions which
will cause a break from the inner loop: (1) the for loop ends naturally because there are no more index keys
which are greater than or equal to the index search key, (2) the index key is too great as described in NOTE
#5, (3) it is time for a yield as described in NOTE #6. If condition (1) or condition (2) is true, then there
is nothing more to do, the outer loop ends too. If and only if condition (3) is true, the outer loop must yield
and then continue. If it does continue, then the inner loop — the iterator search — will happen again with a
new value for the index search key.

EXAMPLE:

Start Tarantool, cut and paste the code for function indexed_pattern_search(), and try the following:

box.space.t:drop()
box.schema.space.create('t')

box.space.t:create_index('primary',{})
box.space.t:create_index('secondary',{unique=false,parts={2, 'string',3, 'string'}})
box.space.t:insert{1,'A','a'}

t

t

t
box.space.t:insert{2, 'AB',''}
box.space.t:insert{3, 'ABC','a'}
box.space.t:insert{4,'ABCD',"''}
box.space.t:insert{5, 'ABCDE','a'}
box.space.t:insert{6, 'ABCDE',"''}
box.space.t:insert{7, 'ABCDEF','a'}
box.space.t:insert{8, 'ABCDF',"''}
indexed_pattern_search("t", 2, "ABC.E.")

Mper momyunM citeryrommuii pe3yabTaT:

tarantool> indexed_pattern_search("t”, 2, "ABC.E.")
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- - [7, '"ABCDEF', 'a'l

6.2 lMpakTuueckoe 3apgaHue Ha C

Here is one C tutorial: C stored procedures.

6.2.1 XpaHumble npoueaypbl Ha a3bike C

Tarantool can call C code with modules, or with ffi, or with C stored procedures. This tutorial only is about
the third option, C stored procedures. In fact the routines are always «C functions» but the phrase «stored
procedure» is commonly used for historical reasons.

In this tutorial, which can be followed by anyone with a Tarantool development package and a C compiler,
there are five tasks:

1. easy.c — prints «hello worlds;

2. harder.c — decodes a passed parameter value;

3. hardest.c — uses the C API to do a DBMS insert;
4. read.c — uses the C API to do a DBMS select;

5. write.c — uses the C API to do a DBMS replace.

After following the instructions, and seeing that the results are what is described here, users should feel
confident about writing their own stored procedures.

Preparation
Check that these items exist on the computer:
e Tarantool 1.10
e A gcc compiler, any modern version should work
e module.h and files #included in it
e msgpuck.h
e libmsgpuck.a (only for some recent msgpuck versions)

The module.h file will exist if Tarantool was installed from source. Otherwise Tarantool’s «developer»
package must be installed. For example on Ubuntu say:

’$ sudo apt-get install tarantool-dev

or on Fedora say:

’$ dnf -y install tarantool-devel

The msgpuck.h file will exist if Tarantool was installed from source. Otherwise the «msgpucks package must
be installed from https://github.com/rtsisyk/msgpuck.

Both module.h and msgpuck.h must be on the include path for the C compiler to see them. For example, if
module.h address is /usr/local/include/tarantool/module.h, and msgpuck.h address is /usr/local/
include/msgpuck/msgpuck.h, and they are not currently on the include path, say:
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$ export CPATH=/usr/local/include/tarantool:/usr/local/include/msgpuck

The libmsgpuck.a static library is necessary with msgpuck versions produced after February 2017. If and
only if you encounter linking problems when using the gcc statements in the examples for this tutorial,
you should put libmsgpuck.a on the path (1ibmsgpuck.a is produced from both msgpuck and Tarantool
source downloads so it should be easy to find). For example, instead of «gcc -shared -o harder.so -fPIC
harder. c» for the second example below, you will need to say «gcc -shared -o harder.so -fPIC harder.
¢ libmsgpuck.a».

Requests will be done using Tarantool as a client. Start Tarantool, and enter these requests.

box.cfg{listen=3306}
box.schema.space.create('capi_test')
box.space.capi_test:create_index('primary')
net_box = require('net.box')
capi_connection = net_box:new(3306)

In plainer language: create a space named capi_test, and make a connection to self named
capi_connection.

Leave the client running. It will be necessary to enter more requests later.
easy.c

Start another shell. Change directory (cd) so that it is the same as the directory that the client is running
on.

Create a file. Name it easy.c. Put these six lines in it.

#4include "module.h"
int easy(box_function_ctx_t *ctx, const char *args, const char *args_end)

{
printf("hello world\n");
return O;
}
int easy2(box_function_ctx_t *ctx, const char *args, const char *args_end)
{
printf("hello world -- easy2\n");
return O;
}

Compile the program, producing a library file named easy.so:

$ gcc -shared -o easy.so -fPIC easy.c

Now go back to the client and execute these requests:

box.schema.func.create('easy', {language = 'C'})
box.schema.user.grant('guest', 'execute', 'function', 'easy')
capi_connection:call('easy')

If these requests appear unfamiliar, re-read the descriptions of box.schema.func.create(),
boz.schema.user.grant() and conn:call().

The function that matters is capi_connection:call('easy').

Its first job is to find the ,easy“ function, which should be easy because by default Tarantool looks on the
current directory for a file named easy.so.
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Its second job is to call the ,easy* function. Since the easy () function in easy.c begins with printf ("hello
world\n"), the words «hello world» will appear on the screen.

Its third job is to check that the call was successful. Since the easy () function in easy.c ends with return
0, there is no error message to display and the request is over.

The result should look like this:

tarantool> capi_connection:call('easy')
hello world

-0

Now let’s call the other function in easy.c — easy2(). This is almost the same as the easy() function,
but there’s a detail: when the file name is not the same as the function name, then we have to specify
file-name . function-name.

box.schema.func.create('easy.easy2', {language = 'C'})
box.schema.user.grant('guest', 'execute', 'function', 'easy.easy2')
capi_connection:call('easy.easy2')

. and this time the result will be «hello world — easy2».
Conclusion: calling a C function is easy.
harder.c
Go back to the shell where the easy.c program was created.

Create a file. Name it harder.c. Put these 17 lines in it:

#include "module.h"
#include "msgpuck.h”
int harder (box_function_ctx_t *ctx, const char *args, const char *args_end)
{
uint32_t arg_count = mp_decode_array(&args);
printf("arg_count = %d\n", arg_count);
uint32_t field_count = mp_decode_array(&args);
printf("field_count = Jd\n", field_count);
uint32_t val;
int i;
for (i = 0; i < field_count; ++i)
{
val = mp_decode_uint (&args) ;
printf ("val=Jd.\n", val);
}

return 0;

Compile the program, producing a library file named harder.so:

$ gcc -shared -o harder.so -fPIC harder.c

Now go back to the client and execute these requests:

box.schema.func.create('harder', {language = 'C'})
box.schema.user.grant('guest', 'execute', 'function', 'harder')
passable_table = {}

table.insert(passable_table, 1)
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table.insert(passable_table, 2)
table.insert(passable_table, 3)
capi_connection:call('harder', passable_table)

This time the call is passing a Lua table (passable_table) to the harder () function. The harder () function
will see it, it’s in the char *args parameter.

At this point the harder() function will start using functions defined in msgpuck.h. The routines that
begin with «mp» are msgpuck functions that handle data formatted according to the MsgPack specification.
Passes and returns are always done with this format so one must become acquainted with msgpuck to become
proficient with the C API.

For now, though, it’s enough to know that mp_decode_array () returns the number of elements in an array,
and mp_decode_uint returns an unsigned integer, from args. And there’s a side effect: when the decoding
finishes, args has changed and is now pointing to the next element.

Therefore the first displayed line will be «arg count = 1» because there was only one item passed:
passable_table. The second displayed line will be «field count = 3» because there are three items in
the table. The next three lines will be «1» and «2» and «3» because those are the values in the items in the
table.

And now the screen looks like this:

tarantool> capi_connection:call('harder', passable_table)
arg_count = 1

field_count = 3

val=1.

val=2.

val=3.

-0

Conclusion: decoding parameter values passed to a C function is not easy at first, but there are routines to
do the job, and they’re documented, and there aren’t very many of them.

hardest.c
Go back to the shell where the easy.c and the harder.c programs were created.

Create a file. Name it hardest.c. Put these 13 lines in it:

#include "module.h"
#include "msgpuck.h”
int hardest(box_function_ctx_t *ctx, const char *args, const char *args_end)
{
uint32_t space_id = box_space_id_by_name("capi_test", strlen("capi_test"));
char tuple[1024]; /# Must be big enough for mp_encode results */
char *tuple_pointer = tuple;
tuple_pointer = mp_encode_array(tuple_pointer, 2);
tuple_pointer = mp_encode_uint(tuple_pointer, 10000);
tuple_pointer = mp_encode_str(tuple_pointer, "String 2", 8);
int n = box_insert(space_id, tuple, tuple_pointer, NULL);
return n;

Compile the program, producing a library file named hardest. so:

$ gcc -shared -o hardest.so -fPIC hardest.c
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Now go back to the client and execute these requests:

box.schema.func.create('hardest', {language = "C"})
box.schema.user.grant('guest', 'execute', 'function', 'hardest')
box.schema.user.grant('guest', 'read,write', 'space', 'capi_test')

capi_connection:call('hardest')

This time the C function is doing three things:
1. finding the numeric identifier of the capi_test space by calling box_space_id_by_name();
2. formatting a tuple using more msgpuck.h functions;

3. inserting a tuple using box_insert ().

ITpenyupexaenune: char tuple[1024]; is used here as just a quick way of saying «allocate more than
enough bytes». For serious programs the developer must be careful to allow enough space for all the bytes
that the mp_encode routines will use up.

Now, still on the client, execute this request:

box.space.capi_test:select()

The result should look like this:

tarantool> box.space.capi_test:select()

- - [10000, 'String 2']

This proves that the hardest() function succeeded, but where did box space id_by name() and
box_insert() come from? Answer: the C API.

read.c
Go back to the shell where the easy.c and the harder.c and the hardest.c programs were created.

Create a file. Name it read.c. Put these 43 lines in it:

#include "module.h"
#include <msgpuck.h>
int read(box_function_ctx_t *ctx, const char *args, const char *args_end)

{
char tuple_buf [1024]; /* where the raw MsgPack tuple will be stored */
uint32_t space_id = box_space_id_by_name('"capi_test", strlen("capi_test"));
uint32_t index_id = 0; /* The number of the space's first index */
uint32_t key = 10000; /* The key wvalue that boz_insert() used */

mp_encode_array (tuple_buf, 0); /* clear */

box_tuple_format_t *fmt = box_tuple_format_default();

box_tuple_t *tuple = box_tuple_new(fmt, tuple_buf, tuple_buf+512);
assert(tuple != NULL);

char key_buf[16]; /* Pass key_buf = encoded key = 1000 */
char *key_end = key_buf;

key_end = mp_encode_array(key_end, 1);

key_end = mp_encode_uint(key_end, key);

assert(key_end < key_buf + sizeof (key_buf));

/* Get the tuple. There's nmo box_select() but there's this. */

int r = box_index_get(space_id, index_id, key_buf, key_end, &tuple);
assert(r == 0);
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assert(tuple != NULL);
/* Get each field of the tuple + display what you get. */

int field_no; /* The first field number is 0. */
for (field_no = 0; field_no < 2; ++field_no)
{

const char *field = box_tuple_field(tuple, field_no);
assert(field != NULL);
assert (mp_typeof (*field) == MP_STR || mp_typeof (xfield) == MP_UINT);
if (mp_typeof (xfield) == MP_UINT)
{
uint32_t uint_value = mp_decode_uint(&field);
printf ("uint value=Ju.\n", uint_value);
}
else /* 4f (mp_typeof(*field) == MP_STR) */
{
const char *str_value;
uint32_t str_value_length;
str_value = mp_decode_str(&field, &str_value_length);
printf("string value=).*s.\n", str_value_length, str_value);
}
}
return O;

}

Compile the program, producing a library file named read.so:

$ gcc -shared -o read.so -fPIC read.c

Now go back to the client and execute these requests:

box.schema.func.create('read', {language = "C"})
box.schema.user.grant('guest', 'execute', 'function', 'read')
box.schema.user.grant('guest', 'read,write', 'space', 'capi_test')

capi_connection:call('read')

This time the C function is doing four things:
1. once again, finding the numeric identifier of the capi_test space by calling box_space_id_by_name();
2. formatting a search key = 10000 using more msgpuck.h functions;
3. getting a tuple using box_index_get ();

4. going through the tuple’s fields with box_tuple_get () and then decoding each field depending on its
type. In this case, since what we are getting is the tuple that we inserted with hardest.c, we know
in advance that the type is either MP_UINT or MP _STR; however, it’s very common to have a case
statement here with one option for each possible type.

The result of capi_connection:call('read') should look like this:

tarantool> capi_connection:call('read')
uint value=10000.
string value=String 2.

-0

This proves that the read() function succeeded. Once again the important functions that start with box —
bor_index_get() and box_tuple field() — came from the C API.
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write.c

Go back to the shell where the programs easy.c, harder.c, hardest.c and read.c were created.

Create a file. Name it write.c. Put these 24 lines in it:

#include "module.h"
#include <msgpuck.h>
int write(box_function_ctx_t *ctx, const char *args, const char *args_end)
{
static const char *space = "capi_test";
char tuple_buf[1024]; /* Must be big enough for mp_encode results */
uint32_t space_id = box_space_id_by_name(space, strlen(space));
if (space_id == BOX_ID_NIL) {
return box_error_set(__FILE__, __LINE
"Can't find space %s", "capi_test");

__, ER_PROC_C,

}

char *tuple_end = tuple_buf;

tuple_end = mp_encode_array(tuple_end, 2);

tuple_end = mp_encode_uint (tuple_end, 1);

tuple_end = mp_encode_uint(tuple_end, 22);

box_txn_begin();

if (box_replace(space_id, tuple_buf, tuple_end, NULL) != 0)

return -1;

box_txn_commit () ;

fiber_sleep(0.001);

struct tuple *tuple = box_tuple_new(box_tuple_format_default(),
tuple_buf, tuple_end);

return box_return_tuple(ctx, tuple);

Compile the program, producing a library file named write.so:

$ gcc -shared -o write.so -fPIC write.c

Now go back to the client and execute these requests:

box.schema.func.create('write', {language = "C"})
box.schema.user.grant('guest', 'execute', 'function', 'write')
box.schema.user.grant('guest', 'read,write', 'space', 'capi_test')

capi_connection:call('write')

This time the C function is doing six things:

1. once again, finding the numeric identifier of the capi_test space by calling box_space_id_by_name();

. making a new tuple;

. starting a transaction;

2
3
4. replacing a tuple in box.space.capi_test
5. ending a transaction;

6

. the final line is a replacement for the loop in read.c — instead of getting each field and printing it, use
the box_return_tuple(...) function to return the entire tuple to the caller and let the caller display

it.

The result of capi_connection:call('write') should look like this:
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tarantool> capi_connection:call('write')

- [0, 22]1]

This proves that the write() function succeeded. Once again the important functions that start with box —
box_txn_begin(), box_txzn_commit() and box return_tuple() — came from the C' API.

Conclusion: the long description of the whole C API is there for a good reason. All of the functions in it
can be called from C functions which are called from Lua. So C «stored procedures» have full access to the
database.

Cleaning up
e Get rid of each of the function tuples with boz.schema.func.drop.
e Get rid of the capi_test space with box.schema.capi_test:drop().
e Remove the .c and .so files that were created for this tutorial.
An example in the test suite

Download the source code of Tarantool. Look in a subdirectory test/box. Notice that there is a file named
tuple_bench.test.lua and another file named tuple_bench.c. Examine the Lua file and observe that it
is calling a function in the C file, using the same techniques that this tutorial has shown.

Conclusion: parts of the standard test suite use C stored procedures, and they must work, because releases
don’t happen if Tarantool doesn’t pass the tests.

6.3 libslave tutorial

libslave is a C++ library for reading data changes done by MysQL and, optionally, writing them to
a Tarantool database. It works by acting as a replication slave. The MySQL server writes data-change
information to a «binary logs, and transfers the information to any client that says «I want to see the
information starting with this file and this record, continuously». So, libslave is primarily good for making
a Tarantool database replica (much faster than using a conventional MySQL slave server), and for keeping
track of data changes so they can be searched.

We will not go into the many details here — the API documentation has them. We will only show an exercise:
a minimal program that uses the library.

IIpumeuanue: Use a test machine. Do not use a production machine.

STEP 1: Make sure you have:
e a recent version of Linux (versions such as Ubuntu 14.04 will not do),
e a recent version of MySQL 5.6 or MySQL 5.7 server (MariaDB will not do),

e MySQL client development package. For example, on Ubuntu you can download it with this command:

$ sudo apt-get install mysql-client-core-5.7

STEP 2: Download libslave.

The recommended source is https://github.com/tarantool/libslave/. Downloads include the source
code only.
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$ sudo apt-get install libboost-all-dev

$cd”

$ git clone https://github.com/tarantool/libslave.git tarantool-libslave
$ cd tarantool-libslave

$ git submodule init

$ git submodule update

$ cmake .

$ make

If you see an error message mentioning the word «vectors, edit field.h and add this line:

’#include <vector>

STEP 3: Start the MySQL server. On the command line, add appropriate switches for doing replication. For
example:

’$ mysqld --log-bin=mysql-bin --server-id=1

STEP 4: For purposes of this exercise, we are assuming you have:
e a «root» user with password «root» with privileges,
e a «test» database with a table named «test»,
e a binary log named «mysql-biny,
e a server with server id = 1.

The values are hard-coded in the program, though of course you can change the program — it’s easy to see
their settings.

STEP 5: Look at the program:

#include <untistd.h>
#ainclude <iostream>
#include <sstream>
#include "Slave.h"
#include "DefaultExtState.h”

slave: :Slave*x sl = NULL;

void callback(const slave::RecordSet& event) {
slave: :Slave: :binlog_pos_t sBinlogPos = sl->getLastBinlog();
switch (event.type_event) {
case slave::RecordSet::Update: std::cout << "UPDATE" << "\n"; break;
case slave::RecordSet::Delete: std::cout << "DELETE" << "\n"; break;
case slave::RecordSet::Write: std::cout << "INSERT" << "\n"; break;
default: break;

}
}
bool isStopping()
{
return O;
}

int main(int argc, char** argv)

{
slave: :MasterInfo masterinfo;
masterinfo.conn_options.mysql_host = "127.0.0.1";
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masterinfo.conn_options.mysql_port = 3306;

masterinfo.conn_options.mysql_user = "root";
masterinfo.conn_options.mysql_pass = "root";
bool error = false;

try {

slave: :DefaultExtState sDefExtState;
slave: :Slave slave(masterinfo, sDefExtState);
sl = &slave;
sDefExtState.setMasterLogNamePos ("mysql-bin", 0);
slave.setCallback("test", "test", callback);
slave.init();
slave.createDatabaseStructure();
try {
slave.get_remote_binlog(isStopping) ;
} catch (std::exception& ex) {
std::cout << "Error reading: " << ex.what() << std::endl;
error = true;

}

} catch (std::exception& ex) {
std::cout << "Error initializing: " << ex.what() << std::endl;
error = true;

}

return O;

Everything unnecessary has been stripped so that you can see quickly how it works. At the start of main(),
there are some settings used for connecting — host, port, user, password. Then there is an initialization call
with the binary log file name = «mysql-bin». Pay particular attention to the setCallback statement, which
passes database name = «test», table name = «test», and callback function address = callback. The program
will be looping and invoking this callback function. See how, earlier in the program, the callback function
prints «<UPDATE» or «<DELETE» or «<INSERT>» depending on what is passed to it.

STEP 5: Put the program in the tarantool-libslave directory and name it example.cpp.
Step 6: Compile and build:

$ g++ -I/tarantool-libslave/include example.cpp -o example libslave_a.a -1d1 -lpthread

ITpumeuanue: Replace tarantool-libslave/include with the full directory name.

Notice that the name of the static library is libslave_a.a, not libslave.a.

Step 7: Run:

$ ./example

The result will be nothing — the program is looping, waiting for the MySQL server to write to the replication
binary log.

Step 8: Start a MySQL client program — any client program will do. Enter these statements:

USE test

INSERT INTO test VALUES ('A');
INSERT INTO test VALUES ('B');
DELETE FROM test;

Watch what happens in example.cpp output — it displays:
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INSERT
INSERT
DELETE
DELETE

This is row-based replication, so you see two DELETESs, because there are two rows.
What the exercise has shown is:

e the library can be built, and

e programs that use the library can access everything that the MySQL server dumps.
For the many details and examples of usage in the field, see:

e Our downloadable 1libslave version:
https://github.com/tarantool/libslave

e The version it was forked from (with a different README):
https://github.com/vozbu/libslave/wiki/API

e How to speed up your MySQL with replication to in-memory database article
e Replicating data from MySQL to Tarantool article (in Russian)

e Asynchronous replication uncensored article (in Russian)
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Contributor's Guide

7.1 CnpaBoyHuk no C API

7.1.1 Moaynb box
box_function_ctx_t
Opaque structure passed to a C stored procedure

int box_return_tuple(box function ctx_t *ctx, box_tuple t *tuple)
Return a tuple from a C stored procedure.

The returned tuple is automatically reference-counted by Tarantool. An example program that uses
box_return_tuple() is write.c.

ITapameTpsbl

e ctx (boz_funtion_ctz_t*) — an opaque structure passed to the C stored procedure
by Tarantool

e tuple (box_tuple_t*) — a tuple to return
Pesyabrar -1 on error (perhaps, out of memory; check box_error_last())
PesyabraTr 0 otherwise

uint32 t box_space_id_by_name (const char *name, uint32 t len)
Find space id by name.

This function performs a SELECT request on the _vspace system space.
ITapamerpsnl
e char* name (const) — space name
e len (uint32_t) — length of name
Pesysnbrar BOX_ID_NIL on error or if not found (check box error last())

PesyabraT space id otherwise
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See also: boz_indez_id_by_name

uint32 t box_index_id_by_name (uint32 t space_id, const char *name, uint32 t len)
Find index id by name.

This function performs a SELECT request on the _vindex system space.
ITapameTrpsl
e space_id (usnt32_t) — space identifier
e char* name (const) — index name
e len (uint32_t) — length of name
Pesysnbrar BOX_ID_NIL on error or if not found (check box error last())
PesynbraTr space id otherwise
See also: boz_space_id_by_name

int box_insert (uint32 t space_id, const char *tuple, const char *tuple end, box tuple t **result)
Execute an INSERT /REPLACE request.

ITapamerpsbt
e space_id (uint32_t) — space identifier

e char* tuple (const) — encoded tuple in MsgPack Array format (| fieldl, field2,
-

e char* tuple_end (const) — end of a tuple

e result (box_tuple_t**) — output argument. Resulting tuple. Can be set to NULL
to discard result

Pesysbrar -1 on error (check box error last())
PesyabraTr 0 otherwise
See also space_ object.insert()

int box_replace(uint32 t space_id, const char *tuple, const char *tuple end, box_tuple t **result)
Execute a REPLACE request.

ITapameTrpsbl
e space_id (uint32_t) — space identifier

e char* tuple (const) — encoded tuple in MsgPack Array format (] fieldl, field2,

char* tuple_end (const) —end of a tuple

result (box_tuple_t**) — output argument. Resulting tuple. Can be set to NULL
to discard result

Pezyabrar -1 on error (check box_error_last())
PesyabraTr 0 otherwise
See also space_ object.replace()

int box_delete(uint32 t space id, uint32 t index id, const char *key, const char *key end,

box_tuple t **result)
Execute a DELETE request.

ITapamerpsbt
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space_id (uint32_t) — space identifier
index_id (uint32_t) — index identifier
char* key (const) — encoded key in MsgPack Array format ([ fieldl, field2, ...])
char* key_end (const) — end of a key

result (box_tuple_t**) — output argument. An old tuple. Can be set to NULL to
discard result

Pesyabrar -1 on error (check box_error_last())

PezyapraTr 0 otherwise

See also space_ object.delete()

int box_update (uint32 _t space_id, uint32 t index id, const char *key, const char *key end, const

char *ops, const char *ops_end, int index_base, box_tuple t **result)
Execute an UPDATE request.

ITapameTrpsbl

space_id (uint32_t) — space identifier
index_id (uint32_t) — index identifier
char* key (const) — encoded key in MsgPack Array format ([ fieldl, field2, ...])
char* key_end (const) — end of a key

char* ops (const) — encoded operations in MsgPack Array format, e.g. [[ '=',
field_id, value 1, ['!', 2, 'xxx']]

char* ops_end (const) — end of an ops section

index_base (int) — 0 if field ids are zero-based as in C, 1 if field ids are 1-based
as in Lua

result (box_tuple_t**) — output argument. An old tuple. Can be set to NULL to
discard result

Pesyabrar -1 on error (check box_error_last())

PezyapraTr 0 otherwise

See also space_ object.update()

int box_upsert (uint32_t space_id, uint32 t index_id, const char *tuple, const char *tuple end, const

char *ops, const char *ops end, int index_base, box tuple t **result)
Execute an UPSERT request.

ITapameTrpsl

space_id (uint32_t) — space identifier
index_id (uint32_t) — index identifier

char* tuple (const) — encoded tuple in MsgPack Array format (| fieldl, field2,

char* tuple_end (const) — end of a tuple

(
char* ops (const) — encoded operations in MsgPack Array format, e.g. [[ '=',
field_id, value 1, ['!', 2, 'xxx']]

char* ops_end (const) — end of a ops
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e index_base (int) — 0 if field ids are zero-based as in C, 1 if field ids are 1-based
as in Lua

e result (box_tuple_t**) — output argument. An old tuple. Can be set to NULL to
discard result

Pesyabrar -1 on error (check :box_error_last())
PesyabsraTr 0 otherwise
See also space_ object.upsert()

int box_truncate(uint32 t space_id)
Truncate a space.

ITapameTrpsl

e space_id (uint32_t) — space identifier

7.1.2 Mogynb clock

double clock_realtime (void)
double clock_monotonic (void)
double clock_process(void)
double clock_thread(void)

uint64 t clock_realtime64(void)
uint64 t clock_monotonic64 (void)
uint64 t clock_process64(void)
uint64 t clock_thread64 (void)

7.1.3 Mopgynb coio

enum COIO_EVENT

enumerator COIO_READ
READ event

enumerator COIO_WRITE
WRITE event

int coio_wait(int fd, int event, double timeout)
Wait until READ or WRITE event on socket (£d). Yields.

ITapameTrpsbt
e fd (4nt) — non-blocking socket file description

e event (int) — requested events to wait. Combination of COIO_READ | COIO_WRITE
bit flags.

e timeout (doudble) — timeout in seconds.
PezyapraTr 0 - timeout
Pesyabrar >0 - returned events. Combination of TNT_IO_READ | TNT_IO_WRITE bit flags.

ssize t coio_call(ssize t (*func)(va_list), ...)
Create new eio task with specified function and arguments. Yield and wait until the task is complete
or a timeout occurs. This function may use the worker pool threads configuration parameter.
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To avoid double error checking, this function does not throw exceptions. In most cases it is also necessary
to check the return value of the called function and perform necessary actions. If func sets errno, the
errno is preserved across the call.

Pesyabrar -1 and errno = ENOMEM if failed to create a task
PesysnbraT the function return (errno is preserved).

Example:

static ssize_t openfile_cb(va_list ap)

{
const char* filename = va_arg(ap);
int flags = va_arg(ap);
return open(filename, flags);
}
if (coio_call(openfile_cb, 0.10, "/tmp/file", 0) == -1)

// handle errors.

int coio_getaddrinfo(const char *host, const char *port, const struct addrinfo *hints, struct

addrinfo **res, double timeout)
Fiber-friendly version of getaddrinfo(3).

int coio_close(int fd)

Close the £fd and wake any fiber blocked in coio_wait() call on this £d.
ITapameTrpsl
e fd (int) — non-blocking socket file description

Pesyabrar the result of close(£fd), see close(2)

7.1.4 Mopynb error

enum box_error_code

enumerator ER_UNKNOWN
enumerator ER_ILLEGAL_PARAMS
enumerator ER_MEMORY_ISSUE
enumerator ER_TUPLE_FOUND
enumerator ER_TUPLE_NOT_FOUND
enumerator ER_UNSUPPORTED
enumerator ER_NONMASTER
enumerator ER_READONLY
enumerator ER_INJECTION
enumerator ER_CREATE_SPACE
enumerator ER_SPACE_EXISTS
enumerator ER_DROP_SPACE
enumerator ER_ALTER_SPACE
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enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

ER_INDEX_TYPE
ER_MODIFY_INDEX
ER_LAST_DROP
ER_TUPLE_FORMAT_LIMIT
ER_DROP_PRIMARY_KEY
ER_KEY_PART_TYPE
ER_EXACT_MATCH
ER_INVALID_MSGPACK
ER_PROC_RET
ER_TUPLE_NOT_ARRAY
ER_FIELD_TYPE
ER_FIELD_TYPE_MISMATCH
ER_SPLICE
ER_UPDATE_ARG_TYPE
ER_TUPLE_IS_TOO_LONG
ER_UNKNOWN_UPDATE_QOP
ER_UPDATE_FIELD
ER_FIBER_STACK
ER_KEY_PART_COUNT
ER_PROC_LUA
ER_NO_SUCH_PROC
ER_NO_SUCH_TRIGGER
ER_NO_SUCH_INDEX
ER_NO_SUCH_SPACE
ER_NO_SUCH_FIELD
ER_EXACT_FIELD_COUNT
ER_INDEX_FIELD_COUNT
ER_WAL_IO
ER_MORE_THAN_ONE_TUPLE
ER_ACCESS_DENIED
ER_CREATE_USER
ER_DROP_USER
ER_NO_SUCH_USER
ER_USER_EXISTS
ER_PASSWORD_MISMATCH
ER_UNKNOWN_REQUEST_TYPE
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enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

ER_UNKNOWN_SCHEMA_OBJECT
ER_CREATE_FUNCTION
ER_NO_SUCH_FUNCTION
ER_FUNCTION_EXISTS
ER_FUNCTION_ACCESS_DENIED
ER_FUNCTION_MAX
ER_SPACE_ACCESS_DENIED
ER_USER_MAX
ER_NO_SUCH_ENGINE
ER_RELOAD_CFG

ER_CFG

ER_UNUSED60

ER_UNUSED61
ER_UNKNOWN_REPLICA
ER_REPLICASET_UUID_MISMATCH
ER_INVALID_UUID
ER_REPLICASET_UUID_IS_RO
ER_INSTANCE_UUID_MISMATCH
ER_REPLICA_ID_IS_RESERVED
ER_INVALID_ORDER
ER_MISSING_REQUEST_FIELD
ER_IDENTIFIER
ER_DROP_FUNCTION
ER_ITERATOR_TYPE
ER_REPLICA_MAX
ER_INVALID_XLOG
ER_INVALID_XLOG_NAME
ER_INVALID_XLOG_ORDER
ER_NO_CONNECTION
ER_TIMEQOUT
ER_ACTIVE_TRANSACTION
ER_NO_ACTIVE_TRANSACTION
ER_CROSS_ENGINE_TRANSACTION
ER_NO_SUCH_ROLE
ER_ROLE_EXISTS
ER_CREATE_ROLE
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enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

ER_INDEX_EXISTS
ER_TUPLE_REF_OVERFLOW
ER_ROLE_LOOP

ER_GRANT

ER_PRIV_GRANTED
ER_ROLE_GRANTED
ER_PRIV_NOT_GRANTED
ER_ROLE_NOT_GRANTED
ER_MISSING_SNAPSHOT
ER_CANT_UPDATE_PRIMARY_KEY
ER_UPDATE_INTEGER_OVERFLOW
ER_GUEST_USER_PASSWORD
ER_TRANSACTION_CONFLICT
ER_UNSUPPORTED_ROLE_PRIV
ER_LOAD_FUNCTION
ER_FUNCTION_LANGUAGE
ER_RTREE_RECT

ER_PROC_C
ER_UNKNOWN_RTREE_INDEX_DISTANCE_TYPE
ER_PROTOCOL
ER_UPSERT_UNIQUE_SECONDARY_KEY
ER_WRONG_INDEX_RECORD
ER_WRONG_INDEX_PARTS
ER_WRONG_INDEX_OPTIONS
ER_WRONG_SCHEMA_VERSION
ER_MEMTX_MAX_TUPLE_SIZE
ER_WRONG_SPACE_OPTIONS
ER_UNSUPPORTED_INDEX_FEATURE
ER_VIEW_IS_RO

ER_UNUSED114

ER_SYSTEM

ER_LOADING
ER_CONNECTION_TO_SELF
ER_KEY_PART_IS_TOO_LONG
ER_COMPRESSION
ER_CHECKPOINT_IN_PROGRESS
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enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

box_error_t

ER_SUB_STMT_MAX
ER_COMMIT_IN_SUB_STMT
ER_ROLLBACK_IN_SUB_STMT
ER_DECOMPRESSION
ER_INVALID_XLOG_TYPE
ER_ALREADY_RUNNING
ER_INDEX_FIELD_COUNT_LIMIT
ER_LOCAL_INSTANCE_ID_IS_READ_ONLY
ER_BACKUP_IN_PROGRESS
ER_READ_VIEW_ABORTED
ER_INVALID_INDEX_FILE
ER_INVALID_RUN_FILE
ER_INVALID_VYLOG_FILE
ER_CHECKPOINT_ROLLBACK
ER_VY_QUOTA_TIMEQUT
ER_PARTIAL_KEY
ER_TRUNCATE_SYSTEM_SPACE

box_error_code_MAX

Error - contains information about error.

const char * box_error_type(const box_error_t *error)
Return the error type, e.g. «ClientError», «SocketErrors, etc.

ITapameTrpsbl

error (box_error_t*) — error

Pesyabprat not-null string

uint32 _t box_error_code(const box_error_t *error)

Return IPROTO error code

ITapameTpsbl

error (box_error_t*) — error

Pezyaprar enum box error code

const char * box_error_message(const box_error_t *error)

Return the error message

ITapamerpsnt

error (box_error_t*) — error

PesyabraTr not-null string

box_error_t * box_error_last (void)

Get the information about the last API call error.
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The Tarantool error handling works most like libc’s errno. All API calls return -1 or NULL in the
event of error. An internal pointer to box_error t type is set by API functions to indicate what went
wrong. This value is only significant if APT call failed (returned -1 or NULL).

Successful function can also touch the last error in some cases. You don’t have to clear the last error
before calling API functions. The returned object is valid only until next call to any API function.

You must set the last error using box_error_set() in your stored C procedures if you want to return a
custom error message. You can re-throw the last API error to IPROTO client by keeping the current
value and returning -1 to Tarantool from your stored procedure.

Pesyabrat last error

void box_error_clear (void)
Clear the last error.

int box_error_set (const char *file, unsigned line, uint32 t code, const char *format, ...)
Set the last error.

ITapameTrpsbl
e char* file (const) —
e line (unsigned) —
e code (uint32_t) - IPROTO error code
e char* format (const) —
e ... — format arguments
See also: IPROTO error code

box_error_raise(code, format, ...)
A backward-compatible API define.

7.1.5 Mopynsb fiber

struct fiber
Fiber - contains information about a fiber.

typedef int (*fiber_func) (va_list)
Function to run inside a fiber.

struct fiber *fiber_new(const char *

Create a new fiber.

name, fiber _func f)

Takes a fiber from the fiber cache, if it’s not empty. Can fail only if there is not enough memory for
the fiber structure or fiber stack.

The created fiber automatically returns itself to the fiber cache when its «main» function completes.
ITapamerpsbl
e char* name (const) — string with fiber name
e f (fiber_func) — func for run inside fiber
See also: fiber start()

struct fiber *fiber_new_ex (const char *name, const struct fiber attr *fiber attr, fiber func f)
Create a new fiber with defined attributes.

Can fail only if there is not enough memory for the fiber structure or fiber stack.
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The created fiber automatically returns itself to the fiber cache if has a default stack size when its
«main» function completes.

ITapamerpsnt
e char* name (const) — string with fiber name
e struct fiber_attr* fiber_attr (comst) — fiber attributes container
e f (fiber_func) — function to run inside the fiber
See also: fiber start()

void fiber_start (struct fiber *callee, ...)
Start execution of created fiber.

ITapameTpsbl
e fiber* callee (struct) — fiber to start
e ... —arguments to start the fiber with

void fiber_yield(void)
Return control to another fiber and wait until it’ll be woken.

See also: fiber wakeup()

void fiber_wakeup (struct fiber *f)
Interrupt a synchronous wait of a fiber

IIapameTpsbr
e fiber* f (struct) — fiber to be woken up

void fiber_cancel (struct fiber *f)
Cancel the subject fiber (set FIBER_IS_CANCELLED flag)

If target fiber’s flag FIBER_IS_CANCELLABLE set, then it would be woken up (maybe prematurely).
Then current fiber yields until the target fiber is dead (or is woken up by fiber wakeup()).

ITapameTrpsnl
o fiberx f (struct) — fiber to be cancelled

bool fiber_set_cancellable(bool yesno)
Make it possible or not possible to wakeup the current fiber immediately when it’s cancelled.

ITapameTrpsl
o fiber* f (struct) — fiber
e yesno (bool) — status to set
Pesynbrar previous state

void fiber_set_joinable (struct fiber *fiber, bool yesno)
Set fiber to be joinable (false by default).

ITapameTrpsbl
e fiber* f (struct) — fiber
e yesno (bool) — status to set

void fiber_join(struct fiber *f)
Wait until the fiber is dead and then move its execution status to the caller. The fiber must not be
detached.
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ITapameTrpsbl
e fiberx f (struct) — fiber to be woken up
Before: FIBER_IS_JOINABLE flag is set.
See also: fiber_set joinable()

void fiber_sleep(double s)
Put the current fiber to sleep for at least ,s* seconds.

ITapameTrpsbt
e s (doudble) — time to sleep
Note: this is a cancellation point.
See also: fiber is_cancelled()

bool fiber_is_cancelled (void)
Check current fiber for cancellation (it must be checked manually).

double fiber_time (void)
Report loop begin time as double (cheap).

uint64 t fiber_time64 (void)
Report loop begin time as 64-bit int.

void fiber_reschedule (void)
Reschedule fiber to end of event loop cycle.

struct slab_cache

struct slab cache *cord_slab_cache (void)
Return slab_cache suitable to use with tarantool/small library

struct fiber *fiber_self (void)
Return the current fiber.

struct fiber_attr

void fiber_attr_new(void)
Create a new fiber attributes container and initialize it with default parameters.

Can be used for creating many fibers: corresponding fibers will not take ownership.

void fiber_attr_delete(struct fiber attr *fiber attr)
Delete the fiber_attr and free all allocated resources. This is safe when fibers created with this
attribute still exist.

ITapamerpsbt
e fiber_attr* fiber_attribute (struct) — fiber attributes container

int fiber_attr_setstacksize(struct fiber attr *fiber attr, size t stack _size)
Set the fiber’s stack size in the fiber attributes container.

ITapamerpsbl
e fiber_attr* fiber_attr (struct) — fiber attributes container
e stack_size (size_t) — stack size for new fibers (in bytes)
PesynbraT 0 on success

Pesyabrar -1 on failure (if stack_size is smaller than the minimum allowable fiber stack
size)
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size_t fiber_attr_getstacksize(struct fiber attr *fiber attr)
Get the fiber’s stack size from the fiber attributes container.

ITapamerpsnt

e fiber_attr* fiber_attr (struct) — fiber attributes container, or NULL for
default

PesyabraT stack size (in bytes)

struct fiber_cond
A conditional variable: a synchronization primitive that allow fibers in Tarantool’s cooperative
multitasking environment to yield until some predicate is satisfied.

Fiber conditions have two basic operations — «wait> and «signal», — where «waits> suspends the
execution of a fiber (i.e. yields) until «signals is called.

Unlike pthread_cond, fiber_cond doesn’t require mutex/latch wrapping.

struct fiber cond *fiber_cond_new (void)
Create a new conditional variable.

void fiber_cond_delete (struct fiber cond *cond)
Delete the conditional variable.

Note: behavior is undefined if there are fibers waiting for the conditional variable.
ITapameTrpsl
e fiber_cond* cond (struct) — conditional variable to delete

void fiber_cond_signal(struct fiber_cond *cond);
Wake up one (any) of the fibers waiting for the conditional variable.

Does nothing if no one is waiting.
ITapameTpsbr
e fiber_cond* cond (struct) — conditional variable

void fiber_cond_broadcast(struct fiber_cond *cond);
Wake up all fibers waiting for the conditional variable.

Does nothing if no one is waiting.
ITapameTrpsbl
e fiber_cond* cond (struct) — conditional variable

int fiber_cond_wait_timeout (struct fiber cond *cond, double timeout)
Suspend the execution of the current fiber (i.e. yield) until fiber cond_ signal() is called.

Like pthread_cond, fiber_cond can issue spurious wake ups caused by explicit fiber wakeup() or
fiber _cancel() calls. It is highly recommended to wrap calls to this function into a loop and check the
actual predicate and fiber is_cancelled() on every iteration.

ITapameTpsbr

e fiber_cond* cond (struct) — conditional variable

e double timeout (struct) — timeout in seconds
Pesyabrar 0 on fiber cond_ signal() call or a spurious wake up

Pesyabrat -1 on timeout, and the error code is set to ,,TimedOut”
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int fiber_cond_wait (struct fiber cond *cond)
Shortcut for fiber cond_wait_timeout().

7.1.6 Mopaynb index

box_iterator_t
A space iterator

enum iterator_type
Controls how to iterate over tuples in an index. Different index types support different iterator types.
For example, one can start iteration from a particular value (request key) and then retrieve all tuples
where keys are greater or equal (= GE) to this key.

If iterator type is not supported by the selected index type, iterator constructor must fail with
ER_UNSUPPORTED. To be selectable for primary key, an index must support at least ITER_EQ
and ITER _GE types.

NULL value of request key corresponds to the first or last key in the index, depending on iteration
direction. (first key for GE and GT types, and last key for LE and LT). Therefore, to iterate over all
tuples in an index, one can use ITER_GE or ITER_LE iteration types with start key equal to NULL.
For ITER _EQ), the key must not be NULL.

enumerator ITER_EQ
key == x ASC order

enumerator ITER_REQ
key == x DESC order

enumerator ITER_ALL
all tuples

enumerator ITER_LT
key < x

enumerator ITER_LE
key <= x

enumerator ITER_GE
key >=x

enumerator ITER_GT
key > x

enumerator ITER_BITS_ALL_SET
all bits from x are set in key

enumerator ITER_BITS_ANY_SET
at least one x’s bit is set

enumerator ITER_BITS_ALL_NOT_SET
all bits are not set

enumerator ITER_OVERLAPS
key overlaps x

enumerator ITER_NEIGHBOR
tuples in distance ascending order from specified point

box_iterator t *box_index_iterator(uint32 t space id, uint32 t index id, int type, const
char *key, const char *key end)
Allocate and initialize iterator for space id, index id.
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The returned iterator must be destroyed by box_iterator _free.
IIapameTpsbl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier
e type (int) — iterator type
e char* key (const) — encode key in MsgPack Array format ([partl, part2, ...])
e char* key_end (const) — the end of encoded key
Pesynbrar NULL on error (check box error last)
PesyabraT iterator otherwise
See also box_iterator mnext, box_iterator free

int box_iterator_next (box_iterator t *iterator, box tuple t **result)
Retrieve the next item from the iterator.

IIapameTpsbl
e iterator (box_iterator_t*) — an iterator returned by box index_iterator

e result (box_tuple_t**) — output argument. result a tuple or NULL if there is no
more data.

Pesyabrar -1 on error (check box error last)
PesyabraTt 0 on success. The end of data is not an error.

void box_iterator_free(box iterator t *iterator)
Destroy and deallocate iterator.

ITapameTpsbl
e iterator (box_iterator_t*) — an iterator returned by box index_iterator

int iterator_direction(enum iterator type type)
Determine a direction of the given iterator type: -1 for REQ, LT, LE, and +1 for all others.

ssize t box_index_len(uint32 t space_id, uint32 t index id)
Return the number of element in the index.

ITapameTrpsnl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier
Pesyabrar -1 on error (check box error last)
Pezyaprar >= 0 otherwise

ssize t box_index_bsize(uint32 t space_id, uint32_t index id)
Return the number of bytes used in memory by the index.

ITapameTrpsl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier
Pesyabrar -1 on error (check box error last)

Pezyabprar >= 0 otherwise
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int box_index_random(uint32 t space_id, uint32 t index id, uint32_t rnd, box_tuple t **result)

Return a random tuple from the index (useful for statistical analysis).
ITapamerpsbt
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier
e rnd (uint32_t) — random seed

e result (box_tuple_t**) — output argument. result a tuple or NULL if there is no
tuples in space

See also: index_ object.random

int box_index_get (uint32 _t space id, uint32 t index id, const char *key, const char *key end,
box_tuple t **result)
Get a tuple from index by the key.

Please note that this function works much more faster than index_ object.select or box_index_iterator
+ boz_iterator next.

ITapamerpsbl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier
e char* key (const) — encode key in MsgPack Array format ([partl, part2, ...])
e char* key_end (const) — the end of encoded key

e result (box_tuple_t**) — output argument. result a tuple or NULL if there is no
tuples in space

Pesyabrar -1 on error (check box error last)
PesysnbraTr 0 on success
See also: index_object.get ()

int box_index_min(uint32 t space id, uint32 t index id, const char *key, const char *key end,
box_tuple t **result)
Return a first (minimal) tuple matched the provided key.

ITapameTrpsbl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier
e char* key (const) — encode key in MsgPack Array format (|partl, part2, ...])
e char* key_end (const) — the end of encoded key

e result (box_tuple_t#**) — output argument. result a tuple or NULL if there is no
tuples in space

Pesyabrar -1 on error (check box error last())
Pesynbrar 0 on success
See also: index_ object.min()

int box_index_max (uint32 _t space id, uint32 t index_id, const char *key, const char *key end,
box_tuple t **result)
Return a last (maximal) tuple matched the provided key.
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ITapameTrpsbl
e space_id (usnt32_t) — space identifier
e index_id (uint32_t) — index identifier
e char* key (const) — encode key in MsgPack Array format ([partl, part2, ...])
e char* key_end (const) — the end of encoded key

e result (box_tuple_t#**) — output argument. result a tuple or NULL if there is no
tuples in space

Pesyabrar -1 on error (check box error last())
PezsyapraTr 0 on success
See also: index_object.max()

ssize _t box_index_count (uint32 t space_id, uint32 t index id, int type, const char *key, const

char *key end)
Count the number of tuple matched the provided key.

ITapamerpsbl

e space_id (uint32_t) — space identifier

index_id (uint32_t) — index identifier

type (int) — iterator type

char* key (const) — encode key in MsgPack Array format ([partl, part2, ...])

char* key_end (const) — the end of encoded key
Pesysbrar -1 on error (check box_error last())
Pesyabrar 0 on success

See also: index_object.count()

const box key def t *box_index_key_def (uint32 t space id, uint32 t index_id)
Return key definition for an index

Returned object is valid until the next yield.
ITapameTrpsbl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier
Pesynbrat key definition on success

Pesyabprar NULL on error

See also: box_tuple compare(), box_tuple_format_new()

7.1.7 Mopaynsb latch
box_latch_t
A lock for cooperative multitasking environment

box_latch_t *box_latch_new(void)
Allocate and initialize the new latch.

Pesyabrat allocated latch object

7.1. Cnpasoutuk no C API 391



Tarantool, Beinyck 1.10.0

Tun pesyabrata box latch t *

void box_latch_delete(box latch t *latch)
Destroy and free the latch.

ITapameTrpsnl
e latch (box_latch_t*) — latch to destroy

void box_latch_lock(box_ latch_t *latch)
Lock a latch. Waits indefinitely until the current fiber can gain access to the latch.

param box latch t* latch latch to lock

int box_latch_trylock(box latch t *latch)
Try to lock a latch. Return immediately if the latch is locked.

ITapamerpsbl

e latch (box_latch_t*) — latch to lock
PesyabTaT status of operation. 0 - success, 1 - latch is locked
Twun pesynbraTa int

void box_latch_unlock(box latch t *latch)
Unlock a latch. The fiber calling this function must own the latch.

ITapameTrpsbl

e latch (box_latch_t*) — latch to unlock

7.1.8 Mogyns lua/utils
void *luaL_pushcdata(struct lua_State *L, uint32 t ctypeid)
Push cdata of given ctypeid onto the stack.

CTypelD must be used from FFI at least once. Allocated memory returned uninitialized. Only numbers
and pointers are supported.

ITapameTrpsbl
e L (lua_Statex) — Lua State
e ctypeid (uint32_t) — FFI's CTypelD of this cdata
PesyabraT memory associated with this cdata
See also: luaL checkcdata()

void *1lual_checkcdata(struct lua_State *L, int idz, uint32_t *ctypeid)
Check whether the function argument idx is a cdata.

ITapameTrpsbt

o L (lua_State*) — Lua State

e idx (int) — stack index

e ctypeid (uint32_t#*) — output argument. FFI’'s CTypelD of returned cdata
PesyabraTr memory associated with this cdata

See also: lual pushcdata()
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void lual_setcdatagc (struct lua_State *L, int idz)
Set finalizer function on a cdata object.

Equivalent to call ffi.gc(0bj, function). Finalizer function must be on the top of the stack.
ITapameTrpsnl
e L (lua_Statex) — Lua State
e idx (int) — stack index

uint32_t lual_ctypeid(struct lua_State *L, const char *ctypename)
Return CTypelD (FFI) of given CDATA type.

ITapameTpsl
e L (lua_State*) — Lua State

e char* ctypename (const) — C type name as string (e.g. <«struct request» or
«uint32_t»)

Pesyasrar CTypelD
See also: luaL_pushcdata(), lual _checkedata()

int lual._cdef (struct lua_State *L, const char *ctypename)
Declare symbols for FFI.

ITapameTrpsbl
o L (lua_Statex) — Lua State
e char* ctypename (const) — C definitions (e.g. «struct stat»)
PesynbTar 0 on success
Pesynabprar LUA_ERRRUN, LUA_ERRMEM™ or ~ LUA_ERRERR otherwise.
See also: £fi.cdef (def)

void luaL_pushuint64 (struct lua_State *L, uint64 t val)
Push uint64 t onto the stack.

ITapameTrpsbl
e L (lua_State*) — Lua State
e val (uint64_t) — value to push

void lual_pushint64 (struct lua_State *L, int64 t val)
Push int64 t onto the stack.

ITapameTrpsbl
o L (lua_State*) — Lua State
e val (int64_t) — value to push

uint64 t luaL_checkuint64 (struct lua_State *L, int idz)
Check whether the argument idx is a uint64 or a convertable string and returns this number.

Throws error if the argument can’t be converted

uint64 t lual_checkint64 (struct lua_State *L, int idx)
Check whether the argument idx is a int64 or a convertable string and returns this number.

Throws error if the argument can’t be converted
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uint64 t lual_touint64 (struct lua_State *L, int idz)
Check whether the argument idx is a uint64 or a convertable string and returns this number.

PesyabsraT the converted number or 0 of argument can’t be converted

int64 t lual_toint64(struct lua_State *L, int idz)
Check whether the argument idx is a int64 or a convertable string and returns this number.

PesyabraT the converted number or 0 of argument can’t be converted

void luaT_pushtuple (struct lua_State *L, box_tuple t *tuple)
Push a tuple onto the stack.

ITapameTrpsl
e L (lua_State*) — Lua State
Throws error on OOM
See also: luaT istuple

box_tuple t *luaT_istuple(struct lua_State *L, int idx)
Check whether idx is a tuple.

ITapameTrpsbl

o L (lua_State*) — Lua State

e idx (4nt) — the stack index
Pesyabprar non-NULL if idx is a tuple
Pezyaprar NULL if idx is not a tuple

int luaT_error(lua_State *L)
Re-throw the last Tarantool error as a Lua object.

See also: lua error(), box_error_last().

int 1uaT_cpcall(lua_State *L, lua_CFunction func, void *ud)
Similar to lua cpcall(), but with the proper support of Tarantool errors.

lua_ State *1luaT_state (void)
Get the global Lua state used by Tarantool.

7.1.9 Mogaynb say (noruposatue)

enum say_level

enumerator S_FATAL
do not use this value directly

enumerator S_SYSERROR
enumerator S_ERROR
enumerator S_CRIT
enumerator S_WARN
enumerator S_INFO
enumerator S_VERBOSE

enumerator S_DEBUG
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say (level, format, ...)
Format and print a message to Tarantool log file.

ITapamerpsnt
e level (int) — log level
e char* format (const) — printf ()-like format string
e ... — format arguments
See also printf(3), say level

say_error (format, ...)
say_crit (format, ...)
say_warn (format, ...)
say_info (format, ...)
say_verbose (format, ...)
say_debug (format, ...)
say_syserror (format, ...)
Format and print a message to Tarantool log file.

ITapamerpsbt
e char* format (const) — printf ()-like format string
e ... — format arguments
See also printf(3), say level

Example:

say_info("Some useful information: %s", status);

7.1.10 Mopynb schema

enum SCHEMA

enumerator BOX_SYSTEM_ID_MIN
Start of the reserved range of system spaces.

enumerator BOX_SCHEMA_ID
Space id of _schema.

enumerator BOX_SPACE_ID
Space id of _space.

enumerator BOX_VSPACE_ID
Space id of _ vspace view.

enumerator BOX_INDEX_ID
Space id of _index.

enumerator BOX_VINDEX_ID
Space id of _ vindex view.

enumerator BOX_FUNC_ID
Space id of _func.

enumerator BOX_VFUNC_ID
Space id of _ vfunc view.
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enumerator BOX_USER_ID
Space id of _user.

enumerator BOX_VUSER_ID
Space id of _vuser view.

enumerator BOX_PRIV_ID
Space id of _priv.

enumerator BOX_VPRIV_ID

Space id of _vpriv view.

enumerator BOX_CLUSTER_ID
Space id of _ cluster.

enumerator BOX_TRUNCATE_ID
Space id of _truncate.

enumerator BOX_SYSTEM_ID_MAX
End of reserved range of system spaces.

enumerator BOX_ID_NIL
NULL value, returned on error.

7.1.11 Mopyns trivia/config

API_EXPORT
Extern modifier for all public functions.

PACKAGE_VERSION_MAJOR
Package major version - 1 for 1.9.0.

PACKAGE_VERSION_MINOR
Package minor version - 7 for 1.9.0.

PACKAGE_VERSION_PATCH
Package patch version - 0 for 1.9.0.

PACKAGE_VERSION
A string with major-minor-patch-commit-id identifier of the release, e.g. 1.9.0-1216-g73f7154.

SYSCONF_DIR
System configuration dir (e.g /etc)

INSTALL_PREFIX
Install prefix (e.g. /usr)

BUILD_TYPE
Build type, e.g. Debug or Release

BUILD_INFO
CMake build type signature, e.g. Linux-x86_64-Debug

BUILD_OPTIONS
Command line used to run CMake.

COMPILER_INFO
Pathes to C and CXX compilers.

TARANTOOL_C_FLAGS
C compile flags used to build Tarantool.
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TARANTOOL_CXX_FLAGS
CXX compile flags used to build Tarantool.

MODULE_LIBDIR
A path to install *.1lua module files.

MODULE_LUADIR
A path to install *.so/*.dylib module files.

MODULE_INCLUDEDIR
A path to Lua includes (the same directory where this file is contained)

MODULE_LUAPATH
A constant added to package.path in Lua to find *.1lua module files.

MODULE_LIBPATH
A constant added to package.cpath in Lua to find *.so module files.

7.1.12 Moaynb tuple

box_tuple_format_t

box_tuple format_ t *box_tuple_format_default (void)
Tuple format.

Each Tuple has an associated format (class). Default format is used to create tuples which are not
attached to any particular space.

box_tuple_t
Tuple

box_tuple t *box_tuple_new(box tuple format t *format,  const  char *tuple, const
char *tuple end)
Allocate and initialize a new tuple from raw MsgPack Array data.

ITapameTpsbr

e format (box_tuple_format_t*) — tuple format. Use box tuple format default()
to create space-independent tuple.

e char* tuple (const) — tuple data in MsgPack Array format ([field1, field2, ...])
e char* tuple_end (const) — the end of data

Pesyasrar NULL on out of memory

PesyabraTt tuple otherwise

See also: boz.tuple.new()

IIpeaynpexxkaenne: When working with tuples, it is the developer’s responsibility to ensure that
enough space is allocated, taking especial caution when writing to them with msgpuck functions
such as mp_encode_array().

int box_tuple_ref (box tuple t *tuple)
Increase the reference counter of tuple.

Tuples are reference counted. All functions that return tuples guarantee that the last returned tuple is
reference counted internally until the next call to API function that yields or returns another tuple.
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You should increase the reference counter before taking tuples for long processing in your code. Such
tuples will not be garbage collected even if another fiber removes them from a space. After processing,

decrement the reference counter using bozx_tuple unref(), otherwise the tuple will leak.

ITapameTrpsnl
e tuple (box_tuple_t*) — a tuple
Pesyabtat -1 on error
PesyabraTr 0 otherwise
See also: box_tuple unref()
void box_tuple_unref (box_tuple t *tuple)
Decrease the reference counter of tuple.
ITapamerpsbl
e tuple (box_tuple_t*) — a tuple
Pesyabtat -1 on error

PesyabraTr 0 otherwise

See also: box_tuple ref()
uint32_t box_tuple_field_count (const box tuple t *tuple)
Return the number of fields in a tuple (the size of MsgPack Array).
IIapameTpsbl

e tuple (box_tuple_t*) — a tuple

size_t box_tuple_bsize(const box tuple t *tuple)
Return the number of bytes used to store internal tuple data (MsgPack Array).
ITapameTpsbr
e tuple (box_tuple_t*) — a tuple
ssize_t box_tuple_to_buf (const box tuple t *tuple, char *buf, size t size)

Dump raw MsgPack data to the memory buffer buf of size size.

Store tuple fields in the memory buffer.
Upon successful return, the function returns the number of bytes written. If buffer size is not enough
then the return value is the number of bytes which would have been written if enough space had been
available.
PesyabTaTr -1 on error
Pesyabprar number of bytes written on success.
box_tuple format t *box_tuple_format (const box tuple t *tuple)
Return the associated format.

IIapameTpsbr

e tuple (box_tuple_t*) — a tuple

PesyabraTr tuple format

const char *box_tuple_field(const box tuple t *tuple, uint32 t field id)
Return the raw tuple field in MsgPack format. The result is a pointer to raw MessagePack data which

can be decoded with mp decode functions, for an example see the tutorial program read.c.

The buffer is valid until the next call to a box_tuple_* function.
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ITapameTrpsbl

e tuple (box_tuple_t*) — a tuple

e field_id (uint32_t) — zero-based index in MsgPack array.
Pesynbrar NULL if i >= box_tuple field count()
PesyapraTr msgpack otherwise

enum field_type

enumerator FIELD_TYPE_ANY
enumerator FIELD_TYPE_UNSIGNED
enumerator FIELD_TYPE_STRING
enumerator FIELD_TYPE_ARRAY
enumerator FIELD_TYPE_NUMBER
enumerator FIELD_TYPE_INTEGER
enumerator FIELD_TYPE_SCALAR
enumerator field_type_MAX

Possible data types for tuple fields.

One cannot use STRS/ENUM macros for types because there is a mismatch between enum name

(STRING) and type name literal («<STR»). STR is already used as a type in Objective C.

typedef struct key def box_key_def_t
Key definition

boxr_key def t *box_key_def_new(uint32 t *fields, uint32_t *types, uint32 t part_count)
Create a key definition with the key fields with passed types on passed positions.

May be used for tuple format creation and/or tuple comparison.
ITapameTpsl
e fields (uint32_t*) — array with key field identifiers
e types (uint32_t) — array with key field types
e part_count (uint32_t) — the number of key fields
PesynbTaT key definition on success
Pesyabrar NULL on error

void box_key_def_delete(boxr key def ¢ *key def)
Delete a key definition

ITapameTrpsl
e key_def (box_key_def_t*) — key definition to delete

box_tuple format t *box_tuple_format_new(struct key def *keys, uintl6 t key count)
Return new in-memory tuple format based on passed key definitions

ITapameTrpsl
e keys (key_def) — array of keys defined for the format

e key_count (uint16_t) — count of keys
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Pesyabrat new tuple format on success
Pesyaprar NULL on error

void box_tuple_format_ref (box_tuple format t *format)
Increment tuple format reference count

ITapameTrpsl
e tuple_format (box_tuple_format_t) — tuple format to ref

void box_tuple_format_unref (box tuple format t *format)
Decrement tuple format reference count

ITapameTpsl
e tuple_format (box_tuple_format_t) — tuple format to unref

int box_tuple_compare(const box tuple t *tuple a, const box tuple t *tuple b, const
box_key def t *key def)
Compare tuples using key definition

ITapamerpsbt

e box_tuple_t* tuple_a (const) — the first tuple

e box_tuple_t* tuple_b (const) — the second tuple

e box_key_def_t* key_def (const) — key definition
Pesynabsrar 0 if key_fields(tuple_a) == key_fields(tuple_b)
Pesynbrar <0 if key_fields(tuple_a) < key_fields(tuple_b)
Pesynabrar >0 if key_fields(tuple_a) > key_fields(tuple_b)

See also: enum field type

int box_tuple_compare_with_key(const box_tuple_t *tuple, const char *key, const box_key_def_t *key_def)
Compare a tuple with a key using key definition

ITapameTrpsbl
e box_tuple_t* tuple (const) — tuple
e char* key (const) — key with MessagePack array header
e box_key_def_t* key_def (const) — key definition
Pesyabrar 0 if key_fields(tuple) == parts(key)
Pesynbrar <0 if key_fields(tuple) < parts(key)
Pesynbrar >0 if key_fields(tuple) > parts(key)
See also: enum field type

box_tuple_iterator_t
Tuple iterator

box_tuple iterator t *box_tuple_iterator(box tuple t *tuple)
Allocate and initialize a new tuple iterator. The tuple iterator allows iterating over fields at the root
level of a MsgPack array.

Example:
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box_tuple_iterator_t* it = box_tuple_iterator(tuple);
if (it == NULL) {
// error handling using boz_error_last()
}
const charx* field;
while (field = box_tuple_next(it)) {
// process raw MsgPack data
}

// rewind the iterator to the first position
box_tuple_rewind(it)
assert(box_tuple_position(it) == 0);

// rewind three fields
field = box_tuple_seek(it, 3);
assert(box_tuple_position(it) == 4);

box_iterator_free(it);

void box_tuple_iterator_free(box tuple iterator t *it)
Destroy and free tuple iterator

uint32 t box_tuple_position(box tuple iterator t *it)
Return zero-based next position in iterator. That is, this function returnsr the field id of the field that
will be returned by the next call to box tuple next(). Returned value is zero after initialization or
rewind and box_tuple field count() after the end of iteration.

ITapameTpsbl
e it (box_tuple_iterator_t*) — a tuple iterator
PesyabTaT position

void box_tuple_rewind(box_tuple iterator t *it)
Rewind iterator to the initial position.

ITapameTrpsnl
e it (box_tuple_iterator_t*) — a tuple iterator
After: box_tuple_position(it) ==

const char *box_tuple_seek(box tuple iterator t *it, uint32 t field no)
Seek the tuple iterator.

The result is a pointer to raw MessagePack data which can be decoded with mp decode functions,
for an example see the tutorial program read.c. The returned buffer is valid until the next call to
box_tuple_x API. The requested field_no is returned by the next call to box_tuple_next(it).

ITapamerpsbl
e it (box_tuple_iterator_t*) — a tuple iterator
e field_no (uint32_t) — field number - zero-based position in MsgPack array
After:
e box_tuple_position(it) == field_not if returned value is not NULL.
e box_tuple_position(it) == box_tuple_field_count (tuple) if returned value is NULL.

const char *box_tuple_next (box_tuple iterator t *it)
Return the next tuple field from tuple iterator.

7.1. Cnpasoutuk no C API 401



Tarantool, Beinyck 1.10.0

The result is a pointer to raw MessagePack data which can be decoded with mp _decode functions, for
an example see the tutorial program read.c. The returned buffer is valid until next call to box_tuple_*
APL

ITapamerpsnl
e it (box_tuple_iterator_t*) — a tuple iterator
Pesyasrar NULL if there are no more fields
Pesyabrar MsgPack otherwise
Before: box_tuple_position() is zero-based ID of returned field.
After: box_tuple_position(it) == box_tuple_field_count(tuple) if returned value is NULL.
box_tuple t *pbox_tuple_update(const box tuple t *tuple, const char *expr, const char *expr end)

box_tuple t *pox_tuple_upsert(const box tuple t *tuple, const char *expr, const char *expr end)

7.1.13 Mogaynb txn
bool box_txn (void)
Return true if there is an active transaction.

int box_txn_begin (void)
Begin a transaction in the current fiber.

A transaction is attached to caller fiber, therefore one fiber can have only one active transaction. See
also box.begin().

PesyabtaT 0 on success
Pesyabrat -1 on error. Perhaps a transaction has already been started.

int box_txn_commit (void)
Commit the current transaction. See also box.commit().

PesyabtaT 0 on success
Pesyabrar -1 on error. Perhaps a disk write failure

void box_txn_rollback(void)
Roll back the current transaction. See also boz.rollback().

box txn_savepoint t * savepoint (void)
Return a descriptor of a savepoint.

void box_txn_rollback_to_savepoint (box txn savepoint t *savepoint)
Roll back the current transaction as far as the specified savepoint.

void *box_txn_alloc(size t size)
Allocate memory on txn memory pool.

The memory is automatically deallocated when the transaction is committed or rolled back.

Pesyasrar NULL on out of memory
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7.2 Internals

7.2.1 Tarantool’s binary protocol

Tarantool’s binary protocol is a binary request/response protocol.

Notation in diagrams

0 X
oot
| | - X bytes
Fommot

TYPE - type of MsgPack value (if it is a MsgPack object)

4====4
| | - Variable size MsgPack object
4====4

TYPE - type of MsgPack value

+ +
| | - Variable size MsgPack Array/Map
+TTT

TYPE - type of MsgPack value

MsgPack data types:
e MP INT - Integer
e MP MAP - Map
e MP ARR - Array
e MP_ STRING - String
MP _FIXSTR - Fixed size string
MP _OBJECT - Any MsgPack object
MP _BIN - MsgPack binary format

Greeting packet

TARANTOOL'S GREETING:

| 64 bytes |
SRRy o +
| | |
| BASE64 encoded SALT | NULL |
| 44 bytes | I
B S o +
64 107 127
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The server instance begins the dialogue by sending a fixed-size (128-byte) text greeting to the client. The
greeting always contains two 64-byte lines of ASCII text, each line ending with a newline character (,,\n“).
The first line contains the instance version and protocol type. The second line contains up to 44 bytes of
base64-encoded random string, to use in the authentication packet, and ends with up to 23 spaces.

Unified packet structure
Once a greeting is read, the protocol becomes pure request/response and features a complete access to
Tarantool functionality, including:
e request multiplexing, e.g. ability to asynchronously issue multiple requests via the same connection
e response format that supports zero-copy writes
For data structuring and encoding, the protocol uses msgpack data format, see http://msgpack.org

The Tarantool protocol mandates use of a few integer constants serving as keys in maps used in the protocol.
These constants are defined in src/box/iproto constants.h

We list them here too:

-- user keys

<code> ::= 0x00
<sync> ::= 0x01
<schema_id> ;1= 0x05
<space_id> 1= 0x10
<index_id> = 0x11
<limit> c:= 0x12
<offset> ::= 0x13
<iterator> c:= 0x14
<key> 1= 0x20
<tuple> ci= 0x21
<function_name> ::= 0x22
<username> c:= 0x23
<expression> ti= 0x27
<ops> ::= 0x28
<data> ::= 0x30
<error> ::= 0x31

-- -- Value for <code> key in request can be:
-- User command codes

<select> 1= 0x01
<insert> 1= 0x02
<replace> 1:= 0x03
<update> 1= 0x04
<delete> ::= 0x05
<call_16> ::= 0x06
<auth> 1= 0x07
<eval> ::= 0x08
<upsert> 1= 0x09
<call> ::= 0x0a

-- Admin command codes
-- (including codes for replica-set initialization and master election)

<ping> 1= 0x40
<join> 1= 0x41
<subscribe> ci= 0x42
<request_vote> ::= 0x43
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-- -- Value for <code> key in response can be:
<0K> ::= 0x00
<ERROR> 0x8XXX

Both <header> and <body> are msgpack maps:

Request/Response:

0 5

oo + 4 +o4 t
| BODY + | | |l |
| HEADER | | HEADER | | BODY |
| SIZE | | || |
oo + 4 b+ t

MP_INT MP_MAP MP_MAP

UNIFIED HEADER:

4 s 4 4
t

| [ [
| 0x00: CODE | 0x01: SYNC | 0x05: SCHEMA_ID
| MP_INT: MP_INT | MP_INT: MP_INT | MP_INT: MP_INT

[ [ [

MP_MAP

They only differ in the allowed set of keys and values. The key defines the type of value that follows. If a
body has no keys, the entire msgpack map for the body may be missing. Such is the case, for example, for
a <ping> request. schema_id may be absent in the request’s header, meaning that there will be no version
checking, but it must be present in the response. If schema_id is sent in the header, then it will be checked.

Authentication

When a client connects to the server instance, the instance responds with a 128-byte text greeting message.
Part of the greeting is base-64 encoded session salt - a random string which can be used for authentication.
The length of decoded salt (44 bytes) exceeds the amount necessary to sign the authentication message (first

20 bytes). An excess is reserved for future authentication schemas.

PREPARE SCRAMBLE:

LEN (ENCODED_SALT)
LEN (SCRAMBLE)

44,
20;

prepare 'chap-shal' scramble:

salt = base64_decode(encoded_salt);
step_1 = shal(password);

step_2 = shal(step_1);

step_3 = shal(salt, step_2);
scramble = xor(step_1, step_3);
return scramble;

AUTHORIZATION BODY: CODE = 0x07

o o + |
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| (KEY) | (TUPLE)| 1len == | len == 20 | |

|  O0x23:USERNAME | 0x21:| "chap-shal" | SCRAMBLE | |

| MP_INT:MP_STRING | MP_INT:| MP_STRING | MP_BIN | |

| | o o + |

| | MP_ARRAY |
MP_MAP

<key> holds the user name. <tuple> must be an array of 2 fields: authentication mechanism («chap-shals
is the only supported mechanism right now) and password, encrypted according to the specified mechanism.
Authentication in Tarantool is optional, if no authentication is performed, session user is ,,guest”. The instance
responds to authentication packet with a standard response with 0 tuples.

3anpocsi

e SELECT: CODE - 0x01 Find tuples matching the search pattern

SELECT BODY:

0x10: SPACE_ID
MP_INT: MP_INT

Ox11: INDEX_ID
MP_INT: MP_INT

0x12: LIMIT
MP_INT: MP_INT

[ | [

0x13: OFFSET |  Ox14: ITERATOR |  0x20: KEY [
MP_INT: MP_INT | MP_INT: MP_INT | MP_INT: MP_ARRAY |
[ | [

MP_MAP

e INSERT: CODE - 0x02 Inserts tuple into the space, if no tuple with same unique keys exists. Otherwise
throw duplicate key error.

e REPLACE: CODE - 0x03 Insert a tuple into the space or replace an existing one.

INSERT/REPLACE BODY:

| | |
| 0x10: SPACE_ID | 0x21: TUPLE |
| MP_INT: MP_INT | MP_INT: MP_ARRAY |
| | |

MP_MAP

e UPDATE: CODE - 0x04 Update a tuple

UPDATE BODY:

| | |
| 0x10: SPACE_ID | 0x11: INDEX_ID |
| MP_INT: MP_INT | MP_INT: MP_INT |
| |
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MP_INT: MP_ARRAY

(TUPLE) |

0x20: KEY 0x21: |

MP_INT: +~~~~~~~~~~
MP_ARRAY

MP_MAP

OP:

Works only for integer fields:

Addition OP = '+' . spacelkey] [field_no] +=

Subtraction OP

-' . spacelkey] [field_no] -=
'&' . spacelkey] [field_no] &=

Bitwise XOR OP = '~' . spacelkey] [field_no] "=
Bitwise OR 0P = '|' . spacelkey] [field_no] |=

*
*
* Bitwise AND OP
*
*

Works on any fields:
* Delete 0P = '#'

delete <argument> fields starting
from <field_no> in the space[<key>]

| |

0P | FIELD_NO | ARGUMENT
| MP_INT | MP_INT
| |

MP_ARRAY

argument
argument
argument
argument
argument

| |
| |

| MP_FIXSTR | MP_INT | MP_OBJECT
| |

* Insert op = 't

insert <argument> before <field_no>

* Assign op = '='

assign <argument> to field <field_no>.

will extend the tuple if <field_no> == <max_field_no> + 1

op FIELD_NO ARGUMENT

B
MP_ARRAY
Works on string fields:
* Splice op = ':'
take the string from space[key] [field_no] and
substitute <offset> bytes from <position> with <argument>
0 2
- . . } } }
I I I I | I
| i | FIELD_NO | POSITION | OFFSET | ARGUMENT |
| MP_FIXSTR | MP_INT | MP_INT | MP_INT | MP_STR |
I I I I I I
o t ¢ t t t
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MP_ARRAY

It is an error to specify an argument of a type that differs from the expected type.

e DELETE: CODE - 0x05 Delete a tuple

DELETE BODY:

| |

| 0x10: SPACE_ID | 0x11: INDEX_ID | 0x20: KEY |

| MP_INT: MP_INT | MP_INT: MP_INT | MP_INT: MP_ARRAY |

| | | |
MP_MAP

e CALL _ 16: CODE - 0x06 Call a stored function, returning an array of tuples. This is deprecated; CALL
(0x0a) is recommended instead.

CALL_16 BODY:

I |

0x22: FUNCTION_NAME | 0x21: TUPLE |
MP_INT: MP_STRING | MP_INT: MP_ARRAY |
|

MP_MAP

e EVAL: CODE - 0x08 Evaulate Lua expression

EVAL BODY:

0x27: EXPRESSION

|

| 0x21: TUPLE
| MP_INT: MP_STRING

|

|
|
MP_INT: MP_ARRAY |
|

e UPSERT: CODE - 0x09 Update tuple if it would be found elsewhere try to insert tuple. Always use
primary index for key.

UPSERT BODY:

| | | L aiaiitaiatatatet + |
| | | | [
| 0x10: SPACE_ID | 0x21: TUPLE | (ops) | 0)3 I
| MP_INT: MP_INT | MP_INT: MP_ARRAY | 0x28: | Il
| | | MP_INT: +~~~~~~~~~~ + |
| | | MP_ARRAY |

MP_MAP

Operations structure same as for UPDATE operation.
0 2
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Fom t+ t +

| | | |

| oP | FIELD_NO | ARGUMENT |

| MP_FIXSTR | MP_INT | MP_INT |

| | | |

S : t +

MP_ARRAY
Supported operations:
'+' - add a value to a numeric field. If the filed is not numeric, it's

changed to O first. If the field does not exist, the operation is
skipped. There is no error in case of overflow either, the value
simply wraps around in C style. The range of the integer is MsgPack:
from -2763 to 2764-1

'-' - same as the previous, but subtract a value

'=' - assign a field to a value. The field must exist, if it does not exist,
the operation is skipped.

'!'" - insert a field. It's only possible to insert a field if this create no
nil "gaps" between fields. E.g. it's possible to add a field between
existing fields or as the last field of the tuple.

'#' - delete a field. If the field does not exist, the operation is skipped.
It's not possible to change with update operations a part of the primary
key (this is validated before performing upsert).

e CALL: CODE - 0x0a Similar to CALL 16, but — like EVAL, CALL returns a list of values, unconverted

CALL BODY:

0x22: FUNCTION_NAME
MP_INT: MP_STRING

0x21: TUPLE
MP_INT: MP_ARRAY

MP_MAP

Response packet structure

We will show whole packets here:

OK: LEN + HEADER + BODY

0 5 OPTIONAL

R ++ t ++ t
| [ | I |
| BODY || 0x00: 0x00 | 0x01: SYNC Il 0x30: DATA |
|HEADER| | MP_INT: MP_INT | MP_INT: MP_INT || MP_INT: MP_OBJECT |
| SIZE || | Il |
B et ++ + ++ +
MP_INT MP_MAP MP_MAP

Set of tuples in the response <data> expects a msgpack array of tuples as value EVAL command returns
arbitrary MP_ARRAY with arbitrary MsgPack values.
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ERROR: LEN + HEADER + BODY

0 5

Fem - ++ + ++ t
| I | Il |
| BODY || 0x00: Ox8XXX |  0x01: SYNC Il 0x31: ERROR |
|HEADER| | MP_INT: MP_INT | MP_INT: MP_INT || MP_INT: MP_STRING |
| SIZE || | Il |
oo b+ } 4

MP_INT MP_MAP MP_MAP

Where OxXXX is ERRCODE.

An error message is present in the response only if there is an error; <error> expects as value a msgpack
string.

Convenience macros which define hexadecimal constants for return codes can be found in src/box/errcode.h

Replication packet structure

-- replication keys

<server_id> ::= 0x02
<lsn> ::= 0x03
<timestamp> 1= 0x04
<server_uuid> 1= 0x24
<cluster_uuid> ::= 0x25
<vclock> ::= 0x26

-- replication codes

<join> 1:= 0x41
<subscribe> ::= 0x42
JOIN:

In the beginning you must send initial JOIN
HEADER BODY

SERVER_UUID
0x24: UUID
MP_INT: MP_STRING

|

0x00: 0x41 | 0x01: SYNC

MP_INT: MP_INT | MP_INT: MP_INT
|

MP_MAP MP_MAP

Then instance, which we connect to, will send last SNAP file by, simply,
creating a number of INSERTs (with additional LSN and ServerID)
(don't reply). Then it'll send a vclock's MP_MAP and close a socket.

| | I Laiiiaiaiaiataataieiatatatatntd + |
| | I | ||
| 0x00: 0x00 | 0x01: SYNC || 0x26:| SRV_ID: SRV_LSN | |
| MP_INT: MP_INT | MP_INT: MP_INT || MP_INT:| MP_INT: MP_INT | |
| | I Laaiiaiaiaiaintetatetetiatetetatnted + |
| | Il MP_MAP |
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MP_MAP MP_MAP
SUBSCRIBE:
Then you must send SUBSCRIBE:

HEADER

0x00: 0x41
MP_INT: MP_INT

0x01: SYNC
MP_INT: MP_INT

SERVER_UUID

| CLUSTER_UUID
| 0x24: UUID

|

|

0x25: UUID

MP_INT: MP_STRING | MP_INT: MP_STRING

BODY

[

0x26: VCLOCK |
MP_INT: MP_INT |
[

MP_MAP

Then you must process every query that'll came through other masters.
Every request between masters will have Additional LSN and SERVER_ID.

XLOG / SNAP

XLOG and SNAP files have nearly the same format. The header looks like:

<type>\n SNAP\n or XLOG\n

<version>\n currently 0.13\n

Server: <server_uuid>\n where UUID is a 36-byte string
VClock: <vclock_map>\n e.g. {1: 0}\n

\n

After the file header come the data tuples. Tuples begin with a row marker Oxd5baObab and the last tuple
may be followed by an EOF marker 0xd510aded. Thus, between the file header and the EOF marker, there
may be data tuples that have this form:

0 34 17

| | | | | |
| 0xd5baObab | LENGTH | CRC32 PREV | CRC32 CUR | PADDING |
| | | | | |

Fom e + + + + +
MP_FIXEXT2 MP_INT MP_INT MP_INT -——=
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|  HEADER | | BODY |

MP_MAP MP_MAP

See the example in the following section.

7.2.2 Data persistence and the WAL file format

To maintain data persistence, Tarantool writes each data change request (insert, update, delete, replace,
upsert) into a write-ahead log (WAL) file in the wal dir directory. A new WAL file is created for every
rows_ per_wal records. Each data change request gets assigned a continuously growing 64-bit log sequence
number. The name of the WAL file is based on the log sequence number of the first record in the file, plus
an extension .xlog.

Apart from a log sequence number and the data change request (formatted as in Tarantool’s binary protocol),
each WAL record contains a header, some metadata, and then the data formatted according to msgpack
rules. For example, this is what the WAL file looks like after the first INSERT request («s:insert({1})») for
the sandbox database created in our «Getting started» exercises. On the left are the hexadecimal bytes that
you would see with:

$ hexdump 00000000000000000000.x1og

and on the right are comments.

Hex dump of WAL file Comment

58 4c 4f 47 Oa "XLOG\n"

30 2e 31 33 0a "0.13\n" = version
53 65 72 76 65 72 3a 20 "Server: "

38 62 66 32 32 33 65 30 2d [Server UUID]\n
36 39 31 34 2d 34 62 35 35
2d 39 34 64 32 2d 64 32 62
36 64 30 39 62 30 31 39 36

Oa

56 43 6¢c 6f 63 6b 3a 20 "Vclock: "

Tb 74 "{}" = vclock value, initially blank

R (not shown = tuples for system spaces)

d5 ba Ob ab Magic row marker always = OxabObbadb

19 Length, not including length of header, = 25 bytes

00 Record header: previous crc32

ce 8c 3e d6 70 Record header: current crc32

a7 cc 73 7£ 00 00 66 39 Record header: padding

84 msgpack code meaning "Map of 4 elements" follows

00 02 element#l: tag=request type, value=0x02=IPROTO_INSERT
02 01 element#2: tag=server id, value=0x01

03 04 element#3: tag=lsn, value=0x04

04 cb 41 d4 e2 2f 62 fd d5 d4 element#4: tag=timestamp, value=an 8-byte "Float64"
82 msgpack code meaning "map of 2 elements" follows

10 cd 02 00 element#1: tag=space id, value=512, big byte first

21 91 01 element#2: tag=tuple, value=1-element fixed array={1}

A tool for reading .xlog files is Tarantool’s zlog module.

Tarantool processes requests atomically: a change is either accepted and recorded in the WAL, or discarded
completely. Let’s clarify how this happens, using the REPLACE request as an example:
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1. The server instance attempts to locate the original tuple by primary key. If found, a reference to the
tuple is retained for later use.

2. The new tuple is validated. If for example it does not contain an indexed field, or it has an indexed
field whose type does not match the type according to the index definition, the change is aborted.

3. The new tuple replaces the old tuple in all existing indexes.

4. A message is sent to the writer process running in the WAL thread, requesting that the change be
recorded in the WAL. The instance switches to work on the next request until the write is acknowledged.

5. On success, a confirmation is sent to the client. On failure, a rollback procedure is begun. During the
rollback procedure, the transaction processor rolls back all changes to the database which occurred
after the first failed change, from latest to oldest, up to the first failed change. All rolled back requests
are aborted with ER_WAL_IO error. No new change is applied while rollback is in progress. When the
rollback procedure is finished, the server restarts the processing pipeline.

One advantage of the described algorithm is that complete request pipelining is achieved, even for requests
on the same value of the primary key. As a result, database performance doesn’t degrade even if all requests
refer to the same key in the same space.

The transaction processor thread communicates with the WAL writer thread using asynchronous (yet
reliable) messaging; the transaction processor thread, not being blocked on WAL tasks, continues to handle
requests quickly even at high volumes of disk I/O. A response to a request is sent as soon as it is ready, even
if there were earlier incomplete requests on the same connection. In particular, SELECT performance, even
for SELECTS running on a connection packed with UPDATEs and DELETESs, remains unaffected by disk
load.

The WAL writer employs a number of durability modes, as defined in configuration variable wal mode.
It is possible to turn the write-ahead log completely off, by setting wal mode to none. Even without the
write-ahead log it’s still possible to take a persistent copy of the entire data set with the boz.snapshot()
request.

An .xlog file always contains changes based on the primary key. Even if the client requested an update or
delete using a secondary key, the record in the .xlog file will contain the primary key.

7.2.3 The snapshot file format

The format of a snapshot .snap file is nearly the same as the format of a WAL .xlog file. However, the
snapshot header differs: it contains the instance’s global unique identifier and the snapshot file’s position in
history, relative to earlier snapshot files. Also, the content differs: an .xlog file may contain records for any
data-change requests (inserts, updates, upserts, and deletes), a .snap file may only contain records of inserts
to memtx spaces.

Primarily, the .snap file’s records are ordered by space id. Therefore the records of system spaces — such as
_schema, _space, _index, _func, _priv and _cluster — will be at the start of the .snap file, before the
records of any spaces that were created by users.

Secondarily, the .snap file’s records are ordered by primary key within space id.

7.2.4 The recovery process

The recovery process begins when box.cfg{} happens for the first time after the Tarantool server instance
starts.

The recovery process must recover the databases as of the moment when the instance was last shut down.
For this it may use the latest snapshot file and any WAL files that were written after the snapshot. One
complicating factor is that Tarantool has two engines — the memtx data must be reconstructed entirely from
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the snapshot and the WAL files, while the vinyl data will be on disk but might require updating around the
time of a checkpoint. (When a snapshot happens, Tarantool tells the vinyl engine to make a checkpoint, and
the snapshot operation is rolled back if anything goes wrong, so vinyl’s checkpoint is at least as fresh as the
snapshot file.)

Step 1 Read the configuration parameters in the box.cfg{} request. Parameters which affect recovery may
include work_ dir, wal_dir, memtx_ dir, vinyl_ dir and force_recovery.

Step 2 Find the latest snapshot file. Use its data to reconstruct the in-memory databases. Instruct the vinyl
engine to recover to the latest checkpoint.

There are actually two variations of the reconstruction procedure for memtx databases, depending on
whether the recovery process is «defaults.

If the recovery process is default (force_recovery is false), memtx can read data in the snapshot
with all indexes disabled. First, all tuples are read into memory. Then, primary keys are built in bulk,
taking advantage of the fact that the data is already sorted by primary key within each space.

If the recovery process is non-default (force_recovery is true), Tarantool performs additional
checking. Indexes are enabled at the start, and tuples are added one by one. This means that any
unique-key constraint violations will be caught, and any duplicates will be skipped. Normally there
will be no constraint violations or duplicates, so these checks are only made if an error has occurred.

Step 3 Find the WAL file that was made at the time of, or after, the snapshot file. Read its log entries
until the log-entry LSN is greater than the LSN of the snapshot, or greater than the LSN of the vinyl
checkpoint. This is the recovery process’s «start positions; it matches the current state of the engines.

Step 4 Redo the log entries, from the start position to the end of the WAL. The engine skips a redo
instruction if it is older than the engine’s checkpoint.

Step 5 For the memtx engine, re-create all secondary indexes.

7.2.5 Server startup with replication

In addition to the recovery process described above, the server must take additional steps and precautions
if replication is enabled.

Once again the startup procedure is initiated by the box.cfg{} request. One of the box.cfg parameters
may be replication that specifies replication source(-s). We will refer to this replica, which is starting up due
to box.cfg, as the «local» replica to distinguish it from the other replicas in a replica set, which we will
refer to as «distant» replicas.

If there is no snapshot .snap file and the ‘“‘replication‘‘ parameter is empty: then the local replica assumes
it is an unreplicated «standalone» instance, or is the first replica of a new replica set. It will generate new
UUIDs for itself and for the replica set. The replica UUID is stored in the _cluster space; the replica set
UUID is stored in the _schema space. Since a snapshot contains all the data in all the spaces, that means
the local replica’s snapshot will contain the replica UUID and the replica set UUID. Therefore, when the
local replica restarts on later occasions, it will be able to recover these UUIDs when it reads the .snap file.

%3

If there is no snapshot .snap file and the ‘‘replication‘‘ parameter is not empty and the *“_