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rABA 1

Y70 HOBOro?

3nech cobpana uHGOpPMAIUS O CYIIECTBEHHLIX M3MEHEHUSX, KOTOPbIE IIPOM3OILIN B KOHKPETHBLIX BEPCHUIX
Tarantool’a.

BOJ'Iee MEJIKNE U3MEHEHUA U UCTIPaBJICHUA ,ILe(beKTOB YKa3aHBbI B OTYE€TaX O BHITTYIITECHHBIX CTa‘(/)HJTT)THJX pean-
sax (milestone = closed) ma GitHub.

1.1 Y70 HOBOro B Tarantool 1.7?

The disk-based storage engine, which was called sophia or phia in earlier versions, is superseded by the vinyl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

JlobaByIeHbI HOBBIE TUTIBI HHIAEKCUPYEMbBIX TOJIEH.
Oo6nosnena Bepcusa LuaJIT.

V kjacrepa PenIMKaIuu MOSBUIACH BO3MOXKHOCTH CAMOHACTPOUKH, YTO CYIIECTBEHHO yIPOIIAET HACTPOUKY
HOBOI'O KJlacTepa.

Oyukims space_object:inc() obbsBIeHa ycTapesIeii.

Oyukius space_object:dec() obbsiBIeHa ycTapeBIeil.



https://github.com/tarantool/tarantool/milestones?state=closed
https://github.com/tarantool/tarantool/milestones?state=closed
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2 Fnhasa 1. Y7o HoBoro?



FJIABA 2

Obuwme ceegeHuns

2.1 Cepsep npunoxenunn + CYBb/[

Tarantool mpezacrasisier coboii cepBep NMpUIOXKeHMH Ha A3bIKe Lua, naTerpupoBannbii ¢ CYB/. B ocnose
Tarantool sniexar daiibeps! (fibers), yTo no3sossier HeckoibkuM Lua-npuiioxenusm paboTaTh B OIHOM IIOTOKE
(thread), npu srom Tarantool-cepsep MOXKeT OHOBPEMEHHO 3aIyCKATH APYTUe HOTOKHK /it 06paboTKu BBOAA~
BbIBOJIA JAHHBIX U (DOHOBBIX cepBUCHBIX 3azad. Tarantool Bkirouaer B cebs LuaJIT (Just In Time) Lua-
KoM1uJisATop, Lua-6ubimmorexkn s perennst HanboJiee 4acThiX 3a/1a4, a Tak>Ke ceppep 6a3 ganubix Tarantool,
npeacrasisiommii coboit NoSQL CYB /1. Takum obpa3om, Tarantool moxker Bcé To ke, uTo node.js u Twisted,
a KpOMe TOro 0DECIeYnBAET COXPAHHOCTH JTAHHBIX.

Tarantool — 310 open-source mpoekT. VcXOmHBIN KO, OTKPBIT i BCEX W PACIPOCTPAHAECTCA OECILIATHO
corsacuo Jsnensuu BSD license. TTonnepxusaembie miaargopmbr: GNU / Linux, Mac OS u FreeBSD.

Cozmarenem Tarantool’a — a Takke ero OCHOBHBIM TOJIb30BaTeeM — siBjsgercsa kommanus Mail.Ru, xkpym-
ueiimas Mureprer-komnanus Poccun (30 mua mosb3oBaresieil, 25 MJIH 3J€KTPOHHBIX HCEM B JIEHb, BEO-
caiir B crucke top 40 mexaynapoguoro Alexa-peiitunra). Tarantool ucmosbsyerca 1jisi 00pabOTKU CaMbIX
«ropsunxy» namabix Mail.Ru, rakumx kakx gaHHbIE M0/IH30BATEHCKUX OHJIAWH-CECCUil, HACTPOWKM OHJIAMTH-
[PUJIOZKEHUH, KEIIMPOBAHUE CEPBUCHBIX [IAHHBIX, AJITOPUTMbI PACIPEIEICHUS JAHHBIX W [IAPIUHIA, U T..
Tarantool Tak»e UCTIONB3YyETCsT BO BCE OOJIBITIEM KOJIUYECTBE MPOeKTOB BHE crer Mail.Ru. 9to, k mpuwmepy,
OHJIANH-UTPbI, T POBOI MAPKETHHT, conuaabubie ceru. Hecmorpst Ha o uro Mail.Ru cnomcupyer pazpabot-
ky Tarantool’a, Bech mporecc pa3paboTku, B T.4. JaJbHEHINE IaHbl U 0a3a 00HAPYKEHHBIX OITUOOK, sIBJIs-
€TCsl TOJTHOCTBHI0 OTKPBITHIM. B Tarantool BKT09eHBI TATIH OT OOJIBIIIOTO 9HCIa CTOPOHHUX Pa3pabOTINKOB.
Yeunusivu coobuiecrsa paspaboruukos Tarantool’a Gbliu Hamucanbt (4 Jajiee HOAIePKUBAIOTCs) Oubimore-
KU JIJIs HOAKJIFOYEHUsT MOJLyJIeil Ha BHEIIHKUX S3bIKaX HporpammupoBanus. A coobecrso Lua-pazpabordukon
MPEIOCTABUIIO COTHU TOJIE3HBIX MAKETOB, DOJBIIMHCTBO W3 KOTOPHIX MOXKHO HUCIOJIB30BATH B KAYECTBE PAC-
mmpennit qis Tarantool’a.

TlompzoBarenn Tarantool’a moryT co3zaBaThb, U3MEHATh W yaaadaTh Lua-(dYHKIHWHU OPsIMO BO BpPeMs WC-
noJiHeHus KoJia. Takyke OHE MOPYT yKa3biBarh Lua-mporpaMMbl, KOTOPbIe OyIyT 3arpyKaTbCs BO BpeMs
zamycka Tarantool’a. Takue mporpaMMbl MOTYT CJIY?KHUTH TPUTTEPAMHU, BBIMTOJIHATH (DOHOBBIE 339N U B3a-
UMOJIEHCTBOBATE C JPYIUMH MPOrPAMMAMU 10 CETH. B OT/IMYne OT MHOTHX TOMYJISPHBIX Cpel pa3paboTku
MPUJTOKEHU N, KOTOPhIE UCIOJIb3YIOT «PDEAKTUBHBINY MPWHIIUIL, CETEBOE B3anMoelicTeue B Lua ycTrpoeHo mo-



http://www.gnu.org/licenses/license-list.html#ModifiedBSD
http://api.mail.ru
http://www.alexa.com/siteinfo/mail.ru
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CJIeIOBATENIBHO, HO 09eHb 3(P(EKTUBHO, T.K. OHO HUCIOJIL3YET CPeAy B3aMMHOM MHOI'03aJaYHOCTH CaMOIrO
Tarantool’a.

Oun u3 BerpamBaembix Lua-nmakeroB — 310 API mua dyukmuonana CYB/I. Takum o6pa3oMm, HEKOTOPHIE
pazpaborunku paccmarpuaior Tarantool kak CYB/I ¢ momymsipHbIM sI3BIKOM JIJIsi HAITUCAHUS XPAHUMBIX
pOIEYyp, APYrUe PACCMATPUBAIOT ero Kak Lua-uHTepIperaTop, a TPeTbu — KAK BAPUAHT 3aMEHbI CPa3y
HECKOJIBKUX KOMIIOHEHTOB B MHOTO3BEHHBIX BeO-MpuiIokenusax. [Ipoussogureasuocts Tarantool’a moxker mo-
CTUTaTh COTEH THICSY TPAH3AKIWIA B CEKYHIy HA HOYTOYKE, M €6 MOKHO HAPAIIWBATH «BBEPX» WJIU «BIIHDPH»>
3a CYET HOBBIX CEPBEPHBIX (DEpM.

2.2 BosmoxHoctn CYB/]

Kowmmnonent «box» — cepsepras dactb ¢ ¢ynkimonanom CYBJ — aro Baxknas dacrs Tarantool’a, xorst o
MOKeT paboraTh 1 6e3 JTaHHOTO KOMIIOHEHTA.

API gna dyukmuonana CYB/IL no3sossier XxpanuTh Lua-00beKThI, yIPABISIThH KOJJIEKIUAMUA 00BEKTOB, CO-
3/1aBaTh W yIaJIATh BTOPUYHBIE KJIIOYW, JEJIaTh aTOMApPHbBIE W3MEHEHUs, KOH(DUIYPUPOBATh U MOHUTOPUTH
PEeIUIMKAIIMIO, IIPOU3BOIUTh KOHTPOIMPYeMoe liepekJiiouenue npu orkase (failover), a Takzke MCIONHATD KO
Ha Lua, KoTopblil BbI3bIBaeTCs COObITUSIMU B 6aze. A Jyisi NPO3PAYHOrO JOCTYIA K yJaJeHHbIM (remote)
sK3eMIIapaM 6a3 maHubx paszpadoran API 1js BbI30Ba yIAJEHHBIX MPOLELYD.

B apxwurektype cepsepuoit wactu CYB/I Tarantool’a peajm3oBaHa KOHIEMINs «IBUKKOB» 0a3bl JAHHBIX
(storage engines), rue B pasHbIX CUTyalUsAX UCIOIb3YIOTCA Pa3Hble HAGOPHI AJTOPUTMOB M CTPYKTYDbI JaH-
opix. B Tarantool’e ecTtb mBa BCTPOEHHBIX JABHKKA: iN-MemMOry JIBHUXKOK, KOTOPBIH JEPKHUT BCE JAHHBIE U
UHJIEKCBHI B OIIEPATUBHON [TAMSATH, ¥ JBYXYPOBHEBbII JBUKOK Ui B-/iepeBbeB, KOTOPbIi 00pabaThiBALT JTaH-
ubie padmepom B 10-1000 pa3 60JbIe TOTO, 9TO MOXKET MOMECTUTHCS B OMEPATHBHON mamsTu. Bce nBukkn
B Tarantool’e moAAep:KUBAIOT TPAH3AKIINU U PEIJIUKAINIO, TTOCKOJIbKY OHU WCIOJIB3YIOT €IUHBIN MEXaHU3M
yupexparomieii 3amucu (WAL = write ahead log). 91o mexannsm obecrnednBaer cOrjacOBAHHOCTh U CO-
XPAHHOCTD JAHHBIX TTIPH cOosx. Takum 06pa3zoM, H3MEHEHUsT HE CAUTAIOTCS 3aBEPIIEeHHBIME, TOKA HE MTPOXO/IUT
ganuck B jjor WAL. Tlogcucrema JOrupoBanus TaK¥Ke MOJJIEPKUBAECT IPYIIIOBHIE KOMMHUTBL.

In-memory ABMXKOK (memtx) XpaHuT BCE JAHHDbIE B ONEPATUBHOMN MTAMSTH, TIO3TOMY BPeMsl O3KUIAHUS TIPH
YTEHUH y HEro O4YeHb Majio. Takyke, KOr/a MOJIb30BATEIH 3AIPANIMBAIOT cTaTndeckue cHUMKY (snapshots),
9TOT JABUKOK CO3/IA€T MEPCUCTEHTHHIE KOMWH JTAHHBIX B TIOCTOSHHOMN MaMATH, HATPUMED Ha YKECTKOM JIHCKE.
Ecan Tarantool-cepBep mpekparaer paboTaTh 1 JAaHHBIE B OMEPATHBHON MAMITH TEPAIOTCS, TO IPHU CJIEIYT0-
mem 3amycke Tarantool-cepsep 3arpy»Kaer B HaMsTh CAMYIO CBEXKYIO KOIUIO JAHHBIX C JUCKA U IPUMEHSIET K
Hell BCe TPAH3AKINH U3 JIOTA, KOTOPhIE OBLIN CAEJAHBI C MOMEHTA, CO3MAHMS KOMUU. TakuM 00pa3oM, JaHHBIE
npu cOoe He TEepPsIIOTCs.

B mrrarebix cmryanmsx in-memory ABMXKOK paboraer 6e3 GJIOKHMPOBOK. BMecTo HM3KOYPOBHEBBIX
MEXaHU3MOB MAPAJIEIbHON 06PabOTKY JAHHBIX, KOTOPbIE MPE/JIaraeT OlepaluoHHas cucreMa (Haupumep,
mutex’os), Tarantool ucnosb3yer cpeiy B3auMHON MHOIO33JaYHOCTH, U TAKMM 0OPa30M MOXKeT paborarb
ThICSTIaM¥ coemHennii onnospemento. B Tarantool’e ecth (bmkcnpoBaHHOEe KOJTMIECTBO HE3ABUCUMBIX HUTEH
(thread), u y uux mer obmiero cocroguus. g oOMeHa JAHHBIMU MEXKJy HUTIMU UCIOJIB3YIOTCA OYEpPe/n
COOOIIIEHHIT, YTO MO3BOJISET YMEHBIIUTh HAKJIA/HbIe PACX0oabl. TaKoi MOX0/] HAK/Ia bIBAET OrPAHUYEHHE HA
KOJIMYECTBO MPOIECCOPHBIX s1ep, KoTopbie Tarantool-cepBep MOXKeT HCIOMB30BATh, HO B TO K€ BPEMS OH
MO3BOJIAET M30€KATh KOHKYDEHINH 3 INUHY ITaMATH, & TAaKXKe JaeT 3a1ac MacuITabupyeMOCTH 10 CKOPOCTH
JIOCTYIIA K MAMATH U IPOH3BOJUTENIbHOCTH ceTu. B pesynprare fazke cuinbHO Harpyzxenublii Tarantool-cepsep
B CpeJHeM HCIOoJb3yer mpoueccop He Gosee yem na 10%. Kpome toro, Tarantool momiep:KuBaer mouck Kak
10 EePBUYHBIM, TaK U 10 BTOPUYHBIM KJII0YaM B MHJEKCAX.

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
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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 ¢ COCTAaBHBIMH KJOYaMMU B HMHAEKcCaX. BO3MOXKHbBIE THIIBI KJIIOYEt:

HASH, TREE, BITSET u RTREE.

Tarantool Tak¥xke TMMOAAEPKUBACT AaCUHXPOHHYIO PellJINKAaIuIio — KaK JIOKaJIbHYI, TaK W Ha YIaJJIEHHBIX
cepBepax. HpI/I 9TOM PEMJINKAIINIO MOZKHO HACTPOUTH IO MPUHIUITY MacTep-MacTep, KOTrJa HECKOJIbKO Y3JI0B
MOTYT HE€ TOJILKO O6pa6a,TbIBa,Tb BXOOANIYIO HArPY3KY, HO U MOJIy9aTh JaHHBIE OT APYTUX Yy3JIOB.

2.2. Bo3moxxoctu CYB/[, 5
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PyKO BOACTBO NOJ1Ib30BATENA

3.1 lNpeancnosue

Jlobpo moxkasoears B Mup Tarantool! Ceiiuac Bl unraere «PykoBoICTBO moOab30BaTesIsA». MbI cOBETyeM
HAYWHATH MMEHHO C HETO, & 3aTeM TePeXoauTh K « CnpasowHukaMm», €CJIU BaM TTOHAI005ATCst Dojiee moapodHbIe
CBEJIeHUS.

3.1.1 Kak nonb3oBaTtbCsA JOKyMeHTauwuen

3uakomcTBo ¢ Tarantool’om BBI MOXKeTe HAYATH C TOTO, UYTO CKAYAETE TOTOBBIN YCTAHOBOUHBIN mMaker (Kak
OMMWCAHO B Havaje 2aa6v 2 «Hawaro pabomol») WM BOCHIONB3yeTECh HAIMM OHJIANH-CTEHIOM Ha http://try.
tarantool.org. B mo6om ciiydae /s epBOro 3HAKOMCTBA BbI MOKETE BBITOIHUTH TPEHUPOBOUHBINH IPUMeEp
«ITepBuunnrit 3amyck Tarantool’a m co3manme 6a3pl JaHHBIX» W3 BTOPOil Yactu rmasel 2. Ilocae aToro BbI
MOXKeTe 3arJIsiHyTh B Halll «IIpaxmukyms, TIe CONEPKUTCS erne OOoJIbIe MPAKTHICCKUX 33/ aHWIA.

B zaase 8 «Dynryuornan CYBE/[s pacckaszano o Bo3mokHocTsix Tarantool’a kak NoSQL CYB/I, a B zaase 4
«Cepsep npusoocenuti> — 0 BO3MOKHOCTAX Tarantool’a kak cepBepa mpuioxkenuii Lua.

Lnasa 5 «Admunucmpuposanue cepseproti wacmuy TPeJHASHAYCHA B MEPBYIO OY€peb JJisi CHCTEMHBIX aJl-
MUHHUCTPATOPOB.

I'rasa 6 «Konnexmopory aKTyabHA TOJBKO JJIs T€X LI0JIb30BaTes€il, KOTOPbIE XOTAT yCTAHABIMBATD COE/IHU-
senue ¢ Tarantool’oM ¢ TTOMOIIBIO TPOrpaMM Ha, APYTHUX A3bIKax nporpaMvuposanus (Hanpumep C, Perl uin
Python) — mia npouux mosb3oBareseil 3Ta rjiaBa HEAKTyaIbHA.

I'nasa 7 «Bonpocv, u omeemuvi» COOEPKUAT OTBETHI HA HEKOTOPbIE YaCTO 3ajaBaeMble Bonpockl o Tarantool’e.

OIBITHBIM 2Ke [OJIb30BATEIIAM DYy T HoJe3Hbl « Cnpasounukuy, «Pyrosodcmeo yuacmuuka npoexmay u KOM-
MEHTApWH B UCXOTHOM KOJIE.



http://try.tarantool.org
http://try.tarantool.org
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3.1.2 Kak cBsizaTbcs € coobuiectBom pa3pabortydmkos Tarantool’a

Ocrapurh coobIIeHre O HaiiIeHbIX JedeKTaxX WM CAeIaTh 3anpoc Ha HOBBI (DYyHKIMOHAI MOKHO TyT: http:
//github.com /tarantool/tarantool /issues

Toobwarbes HaupsMyto ¢ koman ol pazpaborku Tarantool’a moxkuo B telegram mim na dbopymax (aursio-
SI3BITHOM MJIM PYCCKOAZBITHOM ).

3.2 Havano paborbl

B s7o0it riraBe paccka3biBaeTcs, KaK CKavdaThb, YCTAHOBUTH W HadaTh paborarh ¢ Tarantool’om ¢ mHyss.

Ju1s IPOMBIIIIEHHON SKCIIyaTalMd PEKOMEHJLyeTCs CKadaTh OuHapHblil (ucnosnsemblii) naxer. Toraa Bbl
TapaHTUPOBAHHO MOJIyUnTe COOPKY TOW K€ BEPCHHU, YTO W Y Pa3pabOTUYUKOB. DTO CYIIECTBEHHO YITPOCTUT
MTOMCK OMUOOK, €CJIM BaM B OYAyIIEM MOHAIOOUTCS MOMOINb, & TAKXKE TMO3BOJUT W30exKaTh Mpo0JIeM m3-33
TOrO, 9TO BbI UCIIOIH30BAJIA HHCTPYMEHTHI UJIM TAPAMETPhI OTJIMYHBIE OT TEX, YTO UCIOJIb30BAJIH IPU COOpKE
camu paspaborumku. Cum. pazzgen “ Cravusanue u yemanoska bunaphozo naxema’.

s pa3pabordecKkux meseil BbI MOXKETe CKadaTh UCXOAHBbIE (aifibl u coOparh OMHAPHBIN HAKeT CAMOCTOS-
TesibHO ¢ momotpio kKoMmuisaTopa C/C+ -+ 1 OOBIYHBIX MHCTPYMEHTOB /it COOPKH. XOTS 9TO ¥ 60JIee TPy IHbIH
Croco0 MOJIyYUTh OUHAPHBIN TMAKeT, HO OH JaeT BaM OOJIBINUI KOHTDPOJb HAJ pe3ysbraToM. Takke B cocTan
MCXOTHBIX (DAiIOB BXOIAT IOMOJTHUTEIbHBIE MAKETHI, HaMpuMep Habop TectoB mia Tarantool’a. Cum. pas3men
«Cbopra u3 ucrodnnr @aiinoe» B « Pyrxosodecmee yuacmmuura npoexmas.

Ilocne ycranoBkm BbI MOxkeTe cpaldy ompoboBarb Tarantool B meiicrBum. Huxke BbI Haiimere MHCTPYKIUAN
Mo co3manni0 6e30macHoil TecToBOl cpeabl. Beero 3a HECKOMBKO MUHYT BBI CMOXKETE 3amycTuTh Tarantool-
CepBep U 33aTh HECKOJIPKO WHCTPYKIINI MO0 MAHUYIMpOBanNi0 qanubiMu. CM. pasaen «IlepsuyuHuviil 3anyck
Tarantool’a u cozdanue 6asor darroix”.

3.2.1 CkauyuBaHuve n ycTaHOBKa OMHapHOro nakeTta

Bunapusie nakerst myis ayx Bepcuit Tarantool’a — crabusbnoit 1.6 u camoit cBexeit 1.7 — BbLIOXKEHBI HA
crpanure http://tarantool.org/download.html. ITpu xaxmgom m3Menennn ucxonuoro xkoxa va GitHub (pemo-
suropwmii http://github.com /tarantool /tarantool, Berka «1.7») mpoucxoauT c60pKa, ABTOMATHYIECKOE TECTH-
POBaHME U BBIKJIAIKA OMHAPHBIX MAKETOB HA BBHIMEYKAZAHHYIO CTPAHUILY.

YTo0ObI cKavYaTh W YCTAHOBATH OMHAPHBIN MAKET IS BaIlleil OmepaIrinoOHHON CHCTEMbI, OTKPOUTE TEPMHUHAI C
KOMAaH/IHOW CTPOKO# U BBEJUTE HHCTPYKIUU, KOTOPbIE JAHbI JJ1d Balllell OllepaluOHHON CUCTEMbL HA CTPAHULLE
http://tarantool.org/download.html.

3.2.2 TllepBuuHblii 3anyck Tarantool'a n co3pgaHue 6a3bl gaHHbIX

Jlastee paccka3bIBaeTCs, KaK CO3/aTh MPOCTYIO TECTOBYIO 6a3y JAaHHBLIX MOCje ycTaHoBKu larantool’a.

Cozpaiite HoBy10 mupekToputo. OHa MOHaIOOUTCS TOJIBKO I TECTOBLIX LeJieil, 1 ee MOXKHO OyIeT yIauTh
110 OKOHYAaHUM IKCIIEPUMEHTOB.

$ mkdir ~/tarantool_sandbox
$ cd ~/tarantool_sandbox

Jlajtee paccka3bIBaeTCs, KAK CO3AaTh MPOCTYI0 TECTOBYIO 6a3y MAHHBIX MOCje ycTaHoBKuM Tarantool’a.

Bamycrure Tarantool-cepsep. ms mporpammbr — tarantool.

8 FnaBa 3. Pykosopgcrso nosnb3osarens
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$ # Ecau ebt ckawasu bunapheli nakem ¢ nomouysvio apt-get uau yum, eeedume:
$ /usr/bin/tarantool

$ # Ecau est ckavaau Gunaphelli nakem e gopmame TAR

$ # u pasapzueuposeasu ezo e dupekmopuw ~/tarantool, eeedume:

$ ~/tarantool/bin/tarantool

$ # Ecau et cobpasu Tarantool us uczodwsiz gaiisroe, eeedume:

$ ~/tarantool/src/tarantool

Tarantool-cepsep 3amyckaeTcs B ”HTEPAKTUBHOM PEYKUME ¥ BHIBOIUT IPHUTJIAIIIEHNE KOMAHIHON CTpoKn. UT0-
ObI co3maTh 6a3y JAHHBIX, 3aaliTe ee HACTPOWKH C IMOMOIILIO BbI3oBa hox.cfg. BoT mpuMep MUHHMAILHOMN
KOH(MpUTypaIun:

tarantool> box.cfg{listen = 3301}

Eciu Bce B mopsinke, To Tarantool-cepBep Hauner B mporpecce 0ToOpakaTh MPOIECC WHUIUAIA3ANNNA, HA-
TIpUMep:

tarantool> box.cfg{listen = 3301}

2015-08-07 09:41:41.077 ... version 1.7.0-1216-g73f7154

2015-08-07 09:41:41.077 ... log level 5

2015-08-07 09:41:41.078 ... mapping 1073741824 bytes for a shared arena...
2015-08-07 09:41:41.079 ... initialized

2015-08-07 09:41:41.081 ... initializing an empty data directory

2015-08-07 09:41:41.095 ... creating './00000000000000000000.snap.inprogress’
2015-08-07 09:41:41.095 ... saving snapshot './00000000000000000000.snap.inprogress’'
2015-08-07 09:41:41.127 ... done

2015-08-07 09:41:41.128 ... primary: bound to 0.0.0.0:3301

2015-08-07 09:41:41.128 ... ready to accept requests

TTockombky Tarantool-cepsep yxke 3amyIneH, BbI MOXKETE 3AITYCTUTh HOBBIA TEPMUHAJ W IIPUCOSTUHUTHCS K
ocHOBHOMY mopTy Tarantool-cepBepa, BBeAs CIELYIONMIYI0 KOMAHIY:

$ telnet 0 3301

HO TIOK, UTO OymeT Jrydie ocTaBuTh Tarantool-cepsep paboTaTh B MHTEPAKTUBHOM pexkume. Ha mpombIiLieH-
HBIX CepBepax UHMePAKmMueHsl pescum HYKEH JTUIIb A aIMAHUCTPUPOBAHNA, OJHAKO i1 HATJIAIHOCTH
OOJIBIIMHCTBO TPUMEPOB B JJAHHOM DPYKOBOJCTBE JAHBI MMEHHO B MHTEPAKTUBHOM pexkume. rak, Tarantool
KJEeT OT BaC BBOJA WHCTPYKIINM.

CospaiiTe mepBoe MPOCTPAHCTBO U NEPBBII uhderc:

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

> type = 'hash',

> vparts = {1, 'unsigned'}

> 1

Broiosinure BeraBky Tpex «koprexkeii» (tuple) B nepsoe «upocTpancTBO» (space) u3 Baileil 6a3bl JAHHBIX:

tarantool> t = s:insert({1, 'Roxette'})
tarantool> t = s:insert({2, 'Scorpions', 20153})
tarantool> t = s:insert({3, 'Ace of Base', 1993})

IIpousseiure BHIOOPKY KOPTEXKA M3 IEPBOI'O MPOCTPAHCTBA B 0a3€ 110 IEPBOMY YKA3aHHOMY KJIIOUYy:

tarantool> s:select{3}

Bor 4ro momkHO OTOOpaXKaThCs HA BAIIEM TEPMHUHAJIE K 3TOMY MOMEHTY:
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tarantool> s = box.schema.space.create('tester')
2015-06-10 12:04:18.158 ... creating './00000000000000000000.x1og.inprogress’

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

1]

tarantool> t s:insert{l, 'Roxette'}

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

ot
1l

tarantool> s:insert{3, 'Ace of Base', 1993}

tarantool> s:select{3}

- - [3, 'Length', 93]

tarantool>

Jlasiee, 9TOOBI TOATOTOBUTHCST K TECTOBOMY TPUMEDPY B CJIEAYIOMIEM PAa3/Iese, BBEINTE:

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

3.2.3 VYcTaHoBKa yAasieHHOro coeguHeHust

B npeapiaymem pasese Banr nepBblii 3ampoc 6611 box.cfglisten = 3301. 3nadennem listen MoKeT OBITH
mio6oit URI (yHuBepcasibHbIN KOJ, pecypca), B JAHHOM CjIydae — HPOCTO HOMEp JIOKaJIbHOro mopra (3301).
Bur moxkere ornpasisars 3anpocskt Ha URI ans mpociymuBasus ¢ moMoinpio:

1. telnet,
2. xouuekTopa (cM. rmaBy «Konnexmopu»),
3. apyroro sk3emiuisapa Tarantool’a ¢ momorwio console module, 1ubo
4. tarantoolctl connect.
Let’s try (4).

IlepekmiounTech Ha Apyroit Tepmuuana. Hampumep, B Linux-cucreMe mis 3TOTO HYXKHO 3allyCTUTHh HOBBINM
sx3emiigp Bash. Ilpu sTom Bam He morpebyercsi BbI3bIBATH €d, YTOOBI MEPEKIIOYUTHCA HA JTUPEKTOPHUIO
~/tarantool_sandbox.

Start the tarantoolctl utility:

$ tarantoolctl connect '3301'

This means «use tarantoolctl connect to connect to the Tarantool server that’s listening on localhost:3301».
Bsemure cieayrommit 3ampoc:

tarantool> {{box.space.tester:select{2}}}

9TO O3HAYAET «IOCJATh 3ampoc ToMy Tarantool-cepBepy m BBIBECTH Pe3yJIbTAT HA SKpaH.» Pe3ysbrarom B
JTAHHOM CJIydae Oyaer OIWH W3 KOPTEeXKei, YTO Bbl BCTABJIAIN panee. Ha TepMuHaie Teneps TOIKHO 0TOOpa-
KaThCs MPUMEPHO CJIeLYIOIIee:
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$ tarantoolctl comnect 3301
/usr/local/bin/tarantoolctl: connected to localhost:3301
localhost:3301> box.space.tester:select{2}

- - [2, 'Scorpions', 2015]

localhost:3301>

You can repeat box.space...:insert{} and box.space...:select{} indefinitely, on either Tarantool
instance.

When the testing is over:
e To drop the space: s:drop()
e To stop tarantoolctl: Ctrl4+C or Ctrl+D

To stop Tarantool (an alternative): the standard Lua function os.exit()
e To stop Tarantool (from another terminal): sudo pkill -f tarantool
e To destroy the test: rm -r ~/tarantool_sandbox

If you followed all the instructions in this chapter, then so far you have: installed Tarantool from a binary
repository, started up the Tarantool server, inserted and selected tuples.

3.3 ®yukuymonan CYB/[

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

This chapter contains the following sections:

3.3.1 Mopgenb AaHHbIX
B stom pasmene onmcbiBaercs To, Kak B Tarantool’e oprann3oBaHO XpaHeHWe JAHHBIX W KaKWe OMepalun C
JAHHBIM OH TO/IIEPKUBAET.

If you tried out the Starting Tarantool and making your first database exercise from «Getting Started», then
your database looks like this:

3.3. ®yunkuynonan CYB/[ 11
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SPACE 'tester'

INDEX 'primary’

TUPLE [ 1, 'Roxette’ ]

TUPLE [ 2, "Scorpions’, 2015 ]
TUPLE[ 3, "Ace of Base', 1993 ]

INDEX 'secondary’

KEY [ 'Roxette' ]

KEY [ 'Scorpions' ]
KEY [ 'Ace of Base']

MpocTpaHcTeO

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 indexr. 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

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 YAML format, for example: [3, 'Ace of
Base', 1993].
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Nnpekc

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'l}})

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.

ITpumeuanme: 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 box module.

Twvnbl 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).

3.3. ®yunkuynonan CYB/[ 13
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Lua vs MsgPack

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

scalar string «string» »A B C*

scalar integer «number» 12345

scalar double «number» 1,2345
compound map «tables (with string keys) | table: 0x410f8b10
compound array «table» (with integer keys) | [1, 2, 3, 4, 5]
compound array tuple («cdatas) [12345, ,A B C¥]

In Lua, a nil type has only one possible value, also called nil (displayed as null on Tarantool’s command line,
since the output is in the YAML format). Nils may be compared to values of any types with == (is-equal) or
~= (is-not-equal), but other operations will not work. Nils may not be used in Lua tables; the workaround
is to use 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. So, 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 billion = lel4), 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.

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.
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Note: When there is a mix of types, the key order is: booleans, then
numbers, then strings.

Indexed field type | MsgPack data type (and possible values) Tun Mpu-
VH- me-
gekca | pol:

unsigned (may | integer (integer between 0 and 18446744073709551615, i.e. about | TREE,| 123456

also be called | 18 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 | 1.447e
floating point number)

string (may also | string (any set of octets, up to the maximum length) TREE | ‘A B

be called ‘str’) or C
HASH | ‘65

66
67’
array array (arrays of integers between -9223372036854775808 and | RTREE {10,
9223372036854775807) 11}
{3,
5, 9,
10}
scalar boolean (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’

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 server 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 also maintains a set of checkpoint files. These files contain an on-disk copy of the entire data
set for a given moment. Instead of reading every WAL file since the databases were created, the recovery
process can load the latest checkpoint file and then read only those WAL files that were produced after the
checkpoint file was made. After checkpointing, old WAL files can be removed to free up space.

To force immediate creation of a checkpoint, you can use Tarantool’s boz.snapshot() request. To enable
automatic creation of checkpoint files, you can use Tarantool’s snapshot daemon. The snapshot 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.

Checkpoint files can be created even if there is no WAL file.

3.3. ®yunkuynonan CYB/[
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IIpumeuanue:

The memtx engine makes only forced checkpoints.
The vinyl engine runs checkpointing in 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 boz.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 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'} ‘

e SELECT: Retrieve the tuple.

The clause «{999}» is still mandatory, although it does not have to mention the primary key.
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’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.

IIpumeuanme: 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 nugekcamn

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-npocrparcral}:create_index('{umsa-ungercal}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.{*{umsa-npocTrparcTBa}*}:select ({*{3Hauenue}*1}) "

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. ITomMuMO ycC10BUS PABEHCTBA, [IPH HMOUCKE MOTYT HCIOIB30BATHCA U IPYTHE YCJIOBHUS CPABHEHUS.
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»,
«equal», «reversed equaly, «greater than or equaly, «greater than» respectively). Comparisons make
sense if and only if the index type is ‘TREE®“

DTOT BapUAHT TIONCKA MOYKET BEPHYThH O0Jiee OMHOTrO KopTexka. B TakoM ciiydae KOpTexKu OyIyT OTCOp-
TUPOBAHDI B MOPsJIKe yObIBaHUS 110 KJI04y (ecm ucnosb3osasca oneparop LT, LE unu REQ), mubo B
Hopsijike BO3pacTanus (BO BCEX OCTAJbHBIX CJIydasX).

2. Tlouck MozKeT HPOU3BOIUTHCS 110 BTOPHYHOMY HHJIEKCY.
box.space. space-name .index. index-name : select (value)

HpI/I TIONCKE IO TEPBUYHOMY WHJIIEKCY UMA MHIIEKCAa MOXKHO HE YKa3bIBATh. HpI/I IIOUCKE K€ 110 BTOPpHUYI-
HOMY UHJEKCY UMA MHIAECKCA YKa3bIBaTh H€O6XO,I[I/IMO.

3. Ilouck MoxKeT MPOM3BOIUTHCH KAK IO BCEMY KJIIOGY, TAK U IO €r0 9acTsM.
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-- 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'})
JIu6o ke 1o oHOMY HOJI0 (B 9TOM CJIy4Yae UCHOJIb3yeTcs Tab/uia Wik CKaJIIpHOe 3HAYEHUE):
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 IIpumep paborsr ¢ BITSET-unnekcom:

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'}
o)

Mb1 nostyuum cireyfornuit pe3ysibrat:

- - [3, 7]
- [4, 3]

nockosbKy (7 AND 2) we pasuo 0 u (3 AND 2) He pasro 0.
o IIpumep paborsr ¢ RTREE-unnekcom:

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{l, {3, 5, 9, 10}}

(continues on next page)
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(mpomosKEeHNe C IPeABLAYIIeH CTPAHHUIE)

tarantool> box.space.rtree_example:insert{2, {10, 11}}
tarantool> box.space.rtree_example.index.rtree:select({4, 7, 5, 9}, {iterator = 'GT

)

Mps1 nosrydum citeayfornuii pe3yaIbTaT:

- - [1, [3, 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.indexr 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.

Complexity Effect

factor

Pasmep | The number of index keys is the same as the number of tuples in the data set. For a TREE

uumekca | 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.

Twun wn- | Typically, a HASH index is faster than a TREE index if the number of tuples in the space is

JIEKCa, greater than one.

Koou- Ordinarily, only one index is accessed to retrieve one tuple. But to update the tuple, there

9eCTBO must be N accesses if the space has N different indexes.

obopamte- | Note re storage engine: Vinyl optimizes away such accesses if secondary index fields are

uuit 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

Komnu- A few requests, for example SELECT, can retrieve multiple tuples. This factor is usually less

9€CTBO important than the others.

obparrie-

HUA K

KOpTe-

KaM

Ha- Baxkubiv mapamerpom s 3anucu 8 WAL asnsercs wal _mode. Ecau 3anucs 8 WAL orkitio-

CTPOIi- YeHA WM 33J]aHa 3alliCh C 33JIePXKKOi, HO 3TOT (HPaKTOp He TakK BaykeH. ECjm Ke 3aluchb B

KU WAL mpousBoauTcs TIpH KazkKJI0M 3aIIpOCce HA M3MEHEHUe JTaHHBLIX, TO IMPHU KAXKJIOM TAKOM 3a-

WAL pOCe TPUXOAUTCS KIATh, TOKA 0TpaboTaeT obparrenne K 6ojiee MeIJIEHHOMY TUCKY, U JAHHBIH
($aKTOp CTAHOBHUTCS BaKHEE BCEX OCTAJIBHBIX.
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3.3.2 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 can understand without parsing everything again.

2. The network thread ships this message to the server’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 server’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
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 instance of the server.

Like any other Tarantool thread, the transaction processor thread can handle many fibers. A fiber is a set
of computer instructions that may contain «yields 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:

e 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.

Cpena B3aMHO MHOr03agaqyHoCcTu

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

20 Fnasa 3. Pykosopgcrso nosb3osarens



Tarantool, Beinyck 1.7.3

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 congsistent 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.

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.

IIpumeuanme: 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.

¢ 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 «networks requests) yield.
Example #1

e FEngine = memtzr select() insert() has one yield, at the end of insertion, caused by implicit commit;
select () has nothing to write to 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.
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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_moneyl}})
> box.commit ()
> return "ok"
> end

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

_ Mok"

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:

select
select
select

causes blocking (in memtx), if it is inside a function or Lua program being executed on the server, 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 wusing Tarantool as a client.

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

3.3.3 OrpaHudeHune 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.
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Users

There is a notion of the current user in any program working with Tarantool, local or remote. If a remote
connection is using the binary protocol, the current user, by default, is ,,guest. If the connection is using the
text protocol, its current user is ,admin“. When executing a Lua initialization script, Tarantool’s current
user is also ‘admin’.

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

e For a stored function invoked with CALL command over the binary protocol — 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 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 ‘1IL3OvhkIPOKh+Vn9Avlkx69M /Ck="‘. When
a client connects to a Tarantool server, the server sends a random salt value which the client must mix with
the hashed-password before sending to the server. Thus the original value ‘x’ is never stored anywhere 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.h 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. 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 are implemented:

e Read an object,
e Write, i.e. modify contents of an object,

e Execute, i.e. use an object (if the privilege makes sense for the object; for example, spaces can not be
«executed», but functions can).
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IIpumeuanume: Currently, «drops and «grants» privileges can not be granted to other users. This possibility
will be added in future versions of Tarantool.

This is how the privilege system works under the hood. 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 not other ordinary users. 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 Their first argument is «who gets» or «who is revoked» a grant.
e Their second argument is the type of privilege granted, or a list of privileges.
e Their third argument is the object type on which the privilege is granted.

e Their fourth and optional argument is the object name (‘universe“ has no name, because there is only
one ‘universe’, but you need to specify names for functions/users/spaces/etc).

Example #1

Here we disable all privileges and run Tarantool in the ‘no-privilege’ mode.

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

box.schema.user.create(ﬂinternalﬂ)

box.schema.user.grant('internal', 'read,write', 'space', 'u')
box.schema.user.grant('internal', 'read,write', 'space', 'i')
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
u:put{key, box.session.uid()}
i:put{key, fiber.time()}
end
end

(continues on next page)
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(npomoszKeHUe ¢ mpeaBLAyIell CTPAHMUIIE )

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.

Example

-- This example wall work for a user with many privileges, such as 'admin'
-- Create space T with a primary indezx

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

box.space.T:create_index('primary', {})

-- 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 not to user Ul)

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

-- Change the current user to user Ul

box.session.su('Ul')

-- An insertion to space T will now succeed because, due to nested 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.
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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().

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

3.3.4 Tpurrepbl

Triggers, also known as callbacks, are functions which the server executes when certain events happen.

There are three types of triggers in Tarantool:

connection triggers, which are executed when a session begins or ends,
authentication triggers, which are executed during authentication, and

replace triggers, which are for database events.

All of them are implemented as functions in Tarantool built-in libraries.

All triggers have the following characteristics:

Triggers associate a function with an event. The request to «define a triggers implies passing the name
of the trigger’s function to one of the «on_event-name()» functions from the boz.session submodule:
on_ connect(), on_ auth(), on_ disconnect(), or on_ replace().

Triggers are defined only by the ,admin®“ user.

Triggers are stored in the server’s memory, not in the database. So, triggers disappear when the server
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 stored procedure.

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 box.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 the names of a new trigger
function and an old trigger function to one of the «on_event-name()» functions.

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.

Example

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

3.3.5 OrpaHuyeHus

Number of parts in an index

For TREE or HASH indexes, the maximum is 255 (box.schema.INDEX_PART_MAX). For 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 slab_ alloc_mazimal (with a metadata
overhead of about 20 bytes per tuple, which is added on top of useful bytes). By default, the
value of slab_alloc_maximal is 1,048,576. To increase it, specify a larger value when starting
the server. For example, box.cfg{slab_alloc_maximal=2*1048576}.

Slab size

The maximal size of an allocatable memory unit (slab) is equal to one quarter of
slab_alloc_mazimal (by default, approximately 262,000 bytes). To see memory usage statistics
broken down by slab size, use boz.slab.stats().

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
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The theoretical maximum is 65,000 (box.schema.SPACE_MAX).
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 slab_alloc_ arena, 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
32 (box.schema.NAME_MAX).

Number of replicas in a cluster

32 (box.schema.REPLICA_MAX).

3.4 CepBep Npusio>KeHu

3.4.1 MNpo moaynu/rocks

Alongside with using Tarantool as a database manager, you can also use it as an application server. This
means that you can write your own logic, install it as a module in Tarantool — and see Tarantool perform
your logic. So, a module is an optional library which enhances Tarantool functionality.

Tarantool’s native language for writing modules is Lua. Modules in Lua are also called «rockss. If you are
new to Lua, we recommend following this Lua modules tutorial before reading this section.

3.4.2 YcTaHOBKa CyLLEeCTBYIOLLEro MOAY/A

Monynu, cozmanmble koMmaHmoi Tarantool’a m dmeHaMu coOOIIECTBA PA3PAOOTINKOB, BBIIOXKEHBI HA
rocks.tarantool.org. IIpo HekoTopsie u3 3Tux Momyneit — expirationd, mysql, postgresql, shard — mompob-
HEee TOBOPUTCS B IPYTUX PA3JIEIaX TEKYIIEH JTOKYMEHTAIH.

IITar 1: Ycranosure LuaRocks. O6riee onucanne Toro, Kak ycranosurb LuaRocks B Unix-cucreme, npuso-
JuTcs B KpaTtkom pyrosozcTse 1o LuaRocks. Hanpumep, ycranosurs LuaRocks 8 Ubuntu moxkmo ciremyromei
KOMAaHIOM:

$ sudo apt-get install luarocks

IITar 2: J[ob6aBbre pemo3uropuit Tarantool’a B cmmcok rocks-cepepoB. [ms 3roro mobaBbTe
rocks.tarantool.org B daitn .luarocks/config.lua:

$ mkdir ~/.luarocks
$ echo "rocks_servers = {[[http://rocks.tarantool.org/]]1}" >> ~/.luarocks/config.lua

Tenepb MOXKHO:

28 Fnasa 3. Pykosopgcrso nosb3osarens



http://lua-users.org/wiki/ModulesTutorial
http://rocks.tarantool.org
http://luarocks.org/#quick-start
http://rocks.tarantool.org

Tarantool, Beinyck 1.7.3

® JCKATh CYIIECTBYIOIINE MO/IYJId B OOIIEM PELO3UTOPUN
$ luarocks search module-name
e 100aBIATH HOBBIE MOIYJIN B CBOIl JIOKATBHBIA PEIO3UTOPHIt
$ luarocks install module-name --local
e 3arpyxarh J1000i Moxyas aas Tarantool’a ¢ momorpo require
tarantool> local-name = require('module-name"')
(BOT mOYEMy MHOIME IPUMEPBI B 9TOi JOKYyMEHTAlUi HAYMHAIOTCS C BbI30BA require.)

Hanee na crpanune penosuropus «tarantool/rocks» na GitHub Bl MOxKeTe mOCMOTPETh IpUMEPBI MOy Iei
¥ WHCTPYKIUH 10 JT0OABIEHUIO0 COOCTBEHHBIX MOIYJIeH B OOIIWiI PENO3UTOPHIA.

For developers, we provide instructions on creating their own Tarantool modules in Lua, C/C++ and Lua+C.

3.4.3 CospaHune HOBOro moaynsa Ha si3bike Lua

s npumepa co3maaum HoBbiil Lua-daitn ¢ mmenem mymodule.lua, B KOTOPOM OIUIIEM YKCIOPTUPYEMYIO
GYHKIIUIO ¢ HEKOTOPBIM HMEHEM, & 3aTeM C IOMOImbio Tarantool’a 3arpy3mm um IpOCMOTPHM HAIll HOBBIi
MOJIYJIb ¥ BBI30BEM OMUCAHHYIO B HEM (DYHKIIHIO.

Lua-daiin B marem npumMepe OymeT TakwmMm:

-- mymodule - npocmetwut Lua-modysb das Tarantool'a
local exports = {}
exports.myfun = function(input_string)
print ('Hello', input_string)
end
return exports

s 3arpy3Ku U MPOCMOTPA MOJYJIS, 8 TAKXKE BHI30BA OMUCAHHOW B HEM (DYHKIIUU, BBITIOJHUM CJIEIYIOIINE
KOMAaH/TbI:

tarantool> mymodule = require('mymodule')

tarantool> mymodule

- myfun: 'function: 0x405edf20'

tarantool> mymodule.myfun(os.getenv('USER'))
Hello world

3.4.4 Co3paHue HoBoro moayns Ha sisbike C/C++

s npumepa co3maaum HOBbIN C-daiis ¢ uveneM mymodule. ¢, B KOTOPOM OIHUIIIEM YKCIIOPTUPYEMYIO (DYHK-
A0 C HEKOTOPBIM UMEHEM, a 3aTeM ¢ momomibio Tarantool’a 3arpy3uM u MpOCMOTPUM HAIl HOBBIH MOIYJIb U
BBI3OBEM OIMCAHHYIO B HEM (DYHKIHIO.

Ob6parure BHUMaHKE, 9TO Ui KOPPEKTHOM paboThl Tpebyercs 3apaHee yCTaHOBUTH MOJIyJib tarantool-dev.
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C-draiin B Hatem npumepe OyJer TakuMm:

/* mycmodule - a simple Tarantool module */
#include <lua.h>

#include <lauzlib.h>

#anclude <lualib.h>

#include <tarantool/module.h>

static int

myfun (lua_State *L)

{
if (lua_gettop(L) < 1)
return lual_error(L, "Usage: myfun(name)");
/% Get first argqument */
const char *name = lua_tostring(L, 1);
/% Push one result to Lua stack */
lua_pushfstring(L, "Hello, %s", name);
return 1; /* the function returns one result */
}
LUA_API int
luaopen_mycmodule (lua_State *L)
{
static const struct lual_reg regl] = {
{ "myfun", myfun },
{ NULL, NULL }
};
lual_register(L, "mycmodule", reg);
return 1;
}

C noMoIIbI0 gec CKOMIUJIMpyeM Haill Ko B Buje shared-6ubsmoreku (6e3 npedurca «lib»), a 3arem mpo-
CMOTPHM €€ COIEPKUMOE C IIOMOIIBIO 18:

$ gcc mycmodule.c -shared -fPIC -I/usr/include/tarantool -o mycmodule.so
$ 1s mycmodule.so -1
-rwxr-xr-x 1 roman roman 7272 Jun 3 16:51 mycmodule.so

s apromarusanun cOOpKHU pekoMeHryercs ucuoab3osarb CMake-ckpunror s Tarantool’a.

Mg 3arpy3Ku u mpOCMOTPA MOJYJIs, & TAK2KE BbI30BA ONUCAHHON B HEM (DYHKIIWU, BBHIIOJIHUM CJIE/LyTOIIHe
KOMAaH/IbI:

tarantool> mycmodule = require('mycmodule')

tarantool> mycmodule

- myfun: 'function: 0x4100ec98’

tarantool> mycmodule.myfun(os.getenv('USER'))

- Hello, world

Bl MOxKeTe aHAJIOrHYHBIM 0Opa3oM co3gaBaTrh Moxyiau Ha C++4 IOpu ycjioBHH, 9TO B UX KOJAE He OyIyT
BBIOPACHIBATHCST UCKJIIOUEHUSI.
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3.4.5 Co3paHue HOBOro moaynsi Ha cmecu s3bikos Lua/C

(1) Cospaiire HoBbIil Lua-Moaysnb u HazoBuTe ero, Hanpumep, myfunmodule.

(2) Cospaiire (Boxkenubiii) Moaysnb na C u HazoBute ero, Hanpumep, myfunmodule. internal.

(3) Barpysure uoBbIit C-Momysb 13 Lua-koma ¢ momornsio require ('myfunmodule.internal'), a 3arem

creaiiTe st Hero obepTKY WM BBI3bIBAHTE ero byHKIMH HATPSMYIO.

IIpumepb Momysieil Ha cMecu sa3b1koB Lua,/C MOXKHO mocMOTpeTh B pernosuropun «tarantool /http» na GitHub.

3.4.6 lpumeyaHus gnsa ocodbIx cnyqaes

e B cpexne Lua Bce 3arpyzkennbie MOysu Kemupyiorcd B Tabuinie package . loaded. Urobsr neperpy3ursb

KaKOi-Tmb0 MOIYIh € AWCKA, YKAYKNUTE [ €r0 KI0Ja 3HavYeHne nil:
tarantool> package.loaded['modulename'] = nil

g nouncka .lua-momyseii ucmosb3yiiTe KOMaHay package.path, a st moncka OMHAPHBIX MOIyJEi
na C ucnosnp3yitte KoManay package.cpath.

tarantool> package.path

- ./?7.1lua;./7?/init.lua;/home/roman/.luarocks/share/lua/5.1/7.1ua; /home/roma
n/.luarocks/share/lua/5.1/7/init.lua;/home/roman/.luarocks/share/lua/?.1lua;
/home/roman/.luarocks/share/lua/?/init.lua;/usr/share/tarantool/?.lua;/usr/
share/tarantool/?/init.lua;./?7.1lua;/usr/local/share/luajit-2.0.3/7.1ua;/usr
/local/share/lua/5.1/7.1ua;/usr/local/share/lua/5.1/7/init.1lua

tarantool> package.cpath

- ./7.s0;/home/roman/.luarocks/lib/lua/5.1/7.s0;/home/roman/.luarocks/1ib/1
ua/?.so0;/usr/lib/tarantool/?.s0;./7.s0;/usr/local/lib/1ua/5.1/7.s0;/usr/loc
al/lib/lua/5.1/loadall.so

3HaKM BOMPOCA CTOAT BMECTO HMEHH MOJIYJdA, KOTOpoe OBLIO YKA3aHO paHee IIPU BbLI3OBE
require (' uma_modyas').

s mpocMOTpa BHYTPEHHETO COCTOSTHUSA TPAMO W3HyTpu Lua-mMomyns ncnonmb3yiiTe state m cooTBET-
CTBYIOIIYIO JIOKAQJIbHYIO IIEPEMEHHYIO B PAMKaxX MOMIYJIA:

-- mymodule
local exports = {}
local state = {}
exports.myfun = function()
state.x = 42 -- ucnoassyem state
end
return exports

ObpaTuTe BHUMAaHHWE, 9TO B TEKYINel JOKYMEHTAIIMH B MpuMepax Lua-Koja MCIOIb3YIOTCI A0KAAb-
Hoble TiepemMeHHbie. Byapre akKypaTHbI, €CM B CBOMX MOJYJISIX BbI OyJ€Te WCIOJIb30BATH 2400GAbHbLE
[I€EPEMEHHDBIE, [TOCKOJIbKY ITOIb30BATENH BAIIUNX MOJYJI€d MOIYT HE 3HATH 00 TUX [IEPEMEHHBIX.

3.4.
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3.4.7 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.

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:).

Then, there are seven parameter variations:

-- #1

tarantool> box.space.tester:select{1l}

-- #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.

3.4.8 KHura peuenTtoB

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

Any of the programs can be executed by copying the code into a .lua file, and then entering chmod +x ./
program-name .lua and ./program-name .1lua on the terminal. As is usual for Tarantool/Lua programs, the
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first line is a «<hashbang» #!/usr/bin/env tarantool This runs the 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 boz.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.

#!/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'}})
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:
end
local data = f:read(4096)
f:close()
print (data)

", .errno.strerror())

fio write.lua

Use the fio module to open, write, and close a file.
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#!/usr/bin/env tarantool

local fio = require('fio')

local errno = require('errno')

local f = fio.open('/tmp/xxxx.txt', {'O_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 FFI
tutorial.)

#!/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.)
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#!/usr/bin/env tarantool

local ffi = require("ffi")
ffi.cdef[[
unsigned long compressBound(unsigned long sourceLlen);
int compress2(uint8_t #*dest, unsigned long *destLen,
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 "zlibil" 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)
return ffi.string(buf, buflen[0])
end

-- Lua wrapper for uncompress
local function uncompress(comp, n)
local buf = ffi.new("uint8_t[7]", 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 = {

(continues on next page)
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area = function(a) return a.x*a.x + a.y*a.y end,
3,
}
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 v1 | k2 v2».

#!/usr/bin/env tarantool

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

map = { k1 = 'vl', 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 a «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 = {}

t1] =1
tl4] =4
t[10] = 10
print (#t)

(continues on next page)
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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

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)
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uri.lua

Use built-in function uri_parse to see what is in a URI <configuration-uri>:

#!/usr/bin/env tarantool

local uri = require('uri')

local r= uri.parse("scheme://login:password@host:service:/pathl/path2/path37ql=v1&q2=v2#fragment")

print ('r.password=',r.password)
print('r.path=',r.path)

print ('r.scheme',r.scheme)
print('r.login=',r.login)

print ('r.query=',r.query)
print('r.service=',r.service)
print ('r.fragment=',r.fragment)
print('r.host=',r.host)

class.lua

Create a class, create a metatable for the class, create an instance of the class

http://lua-users.org/wiki/LuaClassesWithMetatable.

. Another illustration is at

#!/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 = {
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.

38
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#!/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)
-- 4nittalize consumer synchronously or ratse 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
local ch_size = math.max(consumer_n, producer_n)
local ch = fiber.channel (ch_size)

-- Start consumers

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

end

-- Start producers
for i=1, producer_n,1 do
fiber.create(producer_loop, ch, i)
end
end

(continues on next page)
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start ()
print('started')

socket tcpconnect.lua

Use socket.tep_ 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 = require('socket').tcp_connect('google.com', 80)
print (s:peer() .host)

print(s:peer() .family)

print (s:peer() .type)

print (s:peer() .protocol)

print (s:peer() .port)

print(s:write("GET / HTTP/1.0\r\n\r\n"))
print(s:read('\r\n'))

print(s: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

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.
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#!/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 rTead 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
error("Socket error: " .. msg)
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

(continues on next page)
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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 o 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 is ready to send UDP
-- s:wrttable()
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: ' .. errno.strerror())
end

print('Started')

require('console') .start()

http _get.lua

Use the http rock (which must first be installed) to get data via HTTP.

#!/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 "= 200 then

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

end

local data = json.decode(r.body)

print ('0akland wind speed: ', data.wind.speed)

http_send.lua

Use the http rock (which must first be installed) 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 }

(continues on next page)
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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.

#!/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>
<td><Y= i Y></td>
<td><%= v %></td>
</tr>
% end
</table>
</body>
</html>
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3.5 AgmMuHucTprnpoBaHue cepBepHOi 4YacTu

Tunugnbie 3373491 aIMIHICTPUPOBAHNS CEPBEPHON YaCTU BKJIIOYAIOT B cebs 3aIlyCK W OCTAHOBKY CEpPBepa,
nepesarpy3Ky HACTPOEK, CO3/IaHU€e CHUMKOB, POTAIUIO JIOT'OB.

3.5.1 Using Tarantool as a client

Ecau tarantool 3amyiien 6e3 gatiig unuyueiu3auuy, UIA XKe B ¢aiiie MHAIUAIN3al yKa3ana QyHKIus
console.start(), To tarantool crapryer B MHTEDPAKTUBHOM PEKMME: OH BBIBOAUT IIPUIJIANIEHUE KOMAHIHOMN
CTPOKH («tarantool>>>), 7 3aIPOCHI MOXKHO BBOJIUTH MPSAMO B KOHCOJA. B TakoM pexkmme tarantool MOXKHO
KCIIOJIb30BATh B Ka4eCTBe KJIUEHTa JIjid yJAJeHHOIO cepBepa.

B 3tom pazzesie onmcanbl CMHTAKCHYECKHe MTPABHIIA JJIs BBOJA 3aMpOocoB B KoHcosm Tarantool’a, ¢ mpume-
YaHUSIMU U TpuMepaMu. /Ipyrue KIMEeHTCKHEe TPOTpaMMbl MOTYT UMETh CXOMKHEe MapaMeTphl U CHHTAKCHC
3ampocoB. HekoTopble cBeJieHus W3 3TOr0 paszena aybaupyiorcs B riaaBe Cnpasounur no Kongduypuposa-
HUIO.

YcnoBHble 0603Ha4YeHNs, UCNOJIb3yEMbIE B 3TOM pasgesne
TokeHbI — 9TO TOCIEAOBATEIHHOCTH CUMBOJIOB, KOTOPHIE PACCMATPUBAIOTCH KAK CHHTAKCUIECKUE €IUHUITHI
B pamkax 3ampoca. Kajparubie ckoOKu | u | ucnosb3yiorcs s 0603HaUYeHHs] HEODsI3aTeIbHbIX TOKEHOB.

Tpu TOYKU B CTPOKE ... O3HAYAIOT, YTO LPEAbLIAYIIKE TOKEHbl MOIYT IOBTOPATHCs. BeprukasibHas depra |
03HAYaAeT, YTO TTPEIBIAYIINE U TTOCIeAYIONINe TOKEHBI SBISIOTCS B3aMMONCKTIOYAIONTNMI aThTePHATHBAMMY.

MapameTpbl 3anycka KAMEHTA N3 KOMAHAHOW CTPOKU

O6mmit By

$ tarantool

nim

$ tarantool ommmm

nim

$ tarantool ¢aiin-mHunmanusanuu-"Ha-lua [ aprymenTn ]

Patin-unuyuesudayuu-na-lua — 3TO OO0 CKPUNT, COmepXKaIUil JTOTUKy nHuImann3aun. Kom u3 3roro
daitna BemoHsgeTca npu 3amycke Tarantool’a. Hampumep: init.lua. Ilpumeuanus: [lpu wucmonp3oBanun
ckpunra, Tarantool He BRIBOAUT MpUIJIAIIEHAE KOMAHIHOW CTpoKu. CKPUNT ITOKEH COMepKaTh KOH(MUry-
paIMOHHbIE HACTPOWKH, B T.9. box.cfg...listen=... uwinu box.listen(...), 9TOOBI BHEIIHNE TPOTPAMMBI
MOIJIH yCTAaHOBUTH coeauneHue ¢ Tarantool-cepsepom Ha OZHOM U3 YyKA3aHHBIX IIOPTOB.

Onyus — 3TO OIHO U3 CJIEAYIOMUX 3HaYenuii (yKa3aubl B aipaBUTHOM MOPSIKE, MO TIOJHOMY UMEHU OIIIUH ):

-?, -h, --help
Tarantool-k/iMeHT BbIBOAUT KPATKYyIO CIPaBKYy, BKJ/IOYasl CIHCOK Bcex uapamerpos. Hampumep:
tarantool --help. BoiBoz ocranaBiuBaeTcs 1oCJ€ OKA3a CIPABKH.

-V, --version
Tarantool-KIneHT BRIBOAWT CBOI HOMep Bepcuu. Hampumep: tarantool --version. BeiBom ocraHas-
JUBAETCH TOCJIe TTOKAa3a HOMEPA BEPCHH.
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TOKeHbI, 34anpocChbl n cneyuasibHblie KOMGVIHaLI,I/IVI KJ1laBuuwl

N nenrndrkaropoM Mporeypbl MOKET ObITh J00ast MOCIeJ0BATEIBHOCTh OYKB, (D /NN MOA9epKUBa-
HUI, KOTOpas OTBEYAET MpaBUIaM MMEHOBaHUS uiaeHTH(gUKaTopoB B Lua. Tepmun «uaeHTH(GUKATOPHI TIPO-
Ieyp» TakzKe MPUMEHSIOT K uMeHaM ¢yHkimit. [[pumedanne: B ciydae ¢ umeHamMu (DYHKIIAH PETUCTD UMEET
3HAYEHNE, MOITOMY insert m Insert — 3TO HE OAHO U TO IKe.

CTPOKOBBIM JIATEPATIOM MOXKET OBITh J1H00asi MOC/IeA0BATEILHOCT U3 HyJs U DOjIee CUMBOJIOB, KOTOpas 3a-
KJIIOYEHA B 00UHAPHBIE Ka6biukU. J60THbe Ka8biwky TAKXKe JIOMYCTUMbI, HO MPEANOYTUTEbHBIM BAaPUAHTOM
ABIAIOTCA OJUHAPHBIE KAaBbIYKU. A deotinvie Keadpammsie cxo0Ku HyKHBI JJIsi MHOTOCTPOYHBIX JIUTEPAIOB
(cm. sokymentanuio 10 a3biky Lua)., Haupuwmep: ,Hello, world“, A% [[A\B!]].

YuCI0BBIM JIUTEPAJIOM MOXKET OBITH J00as TMOCIeI0BATEIHFHOCTh CUMBOJIOB, COCTOSINAS W3 OIHOM U Oosee
nudp ¢ HeoOs3aTeIbHBIM 3HAKOM + WJIM - B Hadaje. B coctaB OOJIBIINX YMCIOBBIX JINTEPAJIOB, a TaKIKe
YHUCIIOBBIX JIUTEPAJIOB C IUIABAIONIEH TOUYKOI MOKET BXOJUTh JECATUIHBINA PA3JeuTeNb (3anaTast Uil TOYKA),
CHMBOJIBI [IJIsi SKCIIOHEHIIUAJIBHOrO mpexacrasienus u cyddukcsr. Hanpumep: 500, -500, 5e2, 500.1, 5LL,
5ULL.

OHO06ANTOBBIM CHMBOJIOM MOXKET OBITH 3amsaTasi, OTKPHIBAIOIIAA WJIW 3aKPHIBAIOIIASA KPyryas CKOOKa, a
rakxke apudmerndeckuii oneparop. Hanpumep: * | ().

TokeHbI JOMKHBL pa3AenaTbcs OnHuM uin 6QJIbIINM KOJIMYeCTBOM 1IpobesioB. McKaoyeHnemM sSBISIOTCS OJl-
HODANTOBBIE TOKEHBI U CTPOKOBBIE JTUTEPAJIBI — BOKPYT HUX MPOOESbI HE HYKHDI.

3anpocsbi

3ampochl BBOAATCS MOCJIe TPHUIJIAIIEHWsT KOMAHIHON CcTpoku, Korga Tarantool paboraer B MHTEPAKTHUBHOM
pexkume. (IIpurnamenue — 510 c10BO tarantool u 3HaK «Gosible», BOT Tak: tarantool>). Mapkepom KOHIA
3AIPOCA TI0 YMOJITYAHUIO SABJISETCS [EPEBOJ, CTPOKH.

Jlmg BBOJA MHOTOCTPOYHBIX 3aTPOCOB MOXKHO 3aJaTh JAPYToi MapKep KOHIA 3ampoca. [Ijas 3Toro BBemgu-
Te KOMAaHIy CJeIyIIero Buma: console = require('console'); console.delimiter(noesli-Mapkep).
B kagecTBe HOBOrO Mapkepa yKasKUTe€ CTPOKOBBIN JINTEPAJ B OMHAPHBIX KaBblukax. Ilocse 3Toro Bam HyXK-
HO OyZeT BBOIWTH YKA3AaHHBI MapKep B KOHIE KaXKJOro 3ampoca, moromy 4uro Tarantool mepecraner wH-
TEpPIPETUPOBATH IIePEBOJ] CTPOKM KaK KOHeI 3anpoca. UToObl BEPHYTHCs K OOBIYHOMY PEXKUMY, BBEIHUTE:
console.delimiter('')string-literal. Kak npasusno, 3a7asars CBOil Mapkep HeT HEOOXOUMOCTH, IIO-
ckombKy Tarantool cam pacmosmaer, 4To 3ampoc BBEJEH HE MOJHOCTBIO (ckaxkeM, korga Tarantool me BeTpe-
qaer cyioBa end B 00baBienun (yukuun). Hanpumep:

console = require('console'); console.delimiter('!"')
function £ ()

statement_1 = 'a'
statement_2 = 'b'
end!

console.delimiter('')!

CM. TakxKe onucanue Gopmama Kiuenmekur 3anpocos B Bume aHHOTHpoBaHHBIX BNF-umarpamm (Backus-
Naur Form).

Paborasa B unmepaxmusmnom pexmme, Tarantool-cepBep mpuHHMAET BBEIEHHDBIE 3aMPOCHI W BBIBOIUT Pe-
3yJIbTATHI. 3AMPOCHI, KAK MPABUJIO, BBOIUT TOJH30BATEIh. BOT MpUMep MHTEPAKTUBHON MOJIB30BATEIHCKON
ceccuu:

$ tarantool

[ smecy tarantool BHBOAWT NPUBETCTBME U HOMEp Bepcu: ]
tarantool> box.cfg{listen = 3301}

[ smecy tarantool BHBOAUT CBOM TeKylue HaCTpoiiku ]

(continues on next page)
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tarantool> s = box.schema.space.create('tester')
[ smecr tarantool MoxeT BHBECTH COObmEHHE O TOM,
uyTo uzpeT obpaboTka sampoca ]

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

tarantool> box.space.tester:insert{l,'My first tuple'}

- [1, "My first tuple']

tarantool> box.space.tester:select (1)

- - [1, "My first tuple']

tarantool> box.space.tester:drop()

tarantool> os.exit()
2014-04-30 10:28:00.886 [20436] main/101/spawner I> Exiting: master shutdown
$

Ilosscnennsa x TIPpUBEIECHHOMY BBITIE TPUMEDPY:

e Ha wmmuorme 3ampocekr Tarantool Bo3Bparmmaer Tunu3umpoBaHHBIE 00bEKTH. B oTBeT Ha 3ampoc box.
cfglisten=3301 Tarantool BbiBeJieT pe3ynbTaT HA dKpaH. Eciau B 3ampoce 3a/1aH0, 4TO €ro pe3yibTaT
JIOJKeH OBbITh 3alrcaH B HEKOTOPYIO IePeMeHHYI0, HanpuMmep ¢ = box.cfglisten=3301, TO B TaKOM
cjlydae BbIBO/Ia Pe3yJ/bTara Ha 3KPaH He IIPOUCXO/IUT.

e BriBom obbekTa B Tarantool’e Bcerga HAYMHAETCS CO CTPOKHU «---» U 3aKAHUYUBAETCS CTPOKOH «. . .».

e Ilo 3anpocy Ha BCTaBKY JAHHBIX BO3BPAIIAETCS 00bEKT Tula KOprex (tuple), u B 3TOM Cirydae nepen
BBIBOZIOM OYJIET CTOSITH OJMHOYHOE THPE (,,-,,). A TI0 3ampocy Ha BRIOOPKY JAHHBIX BO3BPAIIAETCS OObEKT
runa rabsauna koprexeii (table of tuples), u B 31oM ciryuae nepes BbiBOiOM ByAyT CTOATH JABa THDE (,,-

_n)'

3.5.2 Y1unura tarantoolctl

With tarantoolctl, you can say: «start an instance of the Tarantool server which runs a single user-written
Lua program, allocating disk resources specifically for that program, via a standardized deployment method.»

If Tarantool was installed with Debian or Red Hat installation packages, the script is in /usr/bin/
tarantoolctl or /usr/local/bin/tarantoolctl. The script handles such things as: starting, stopping,
rotating logs, logging in to the application’s console, and checking status.

Also, you can use tarantoolctl as a client to connect to another instance of Tarantool server and pass
requests.

Koundurypuposanue tarantoolctl

CkpunT tarantoolctl cHauasa nposepser najauuue Qaiiia kondurypanuu B Tekymeil rupekropuu ($PWD/ .
tarantoolctl). Eciin e Haxomut, TO IpoBepsieT JOMAIIHION AMPEKTOPHUIO TEKYIIEro nojb3osaress ($HOME/
.config/tarantool/tarantool). Eciu ousarh He HAXOAUT, TO [IPOBEPSET JUPEKTOPUIO, YKA3AHHYIO B LIEpe-
menHoit SYSCONFDIR (06biuno 1o /etc/sysconfig/tarantool, HO Ha pa3HbIX 11aT(OPMax ITOT MyTh
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MOKET Pa3/iudarbes). BosbiuuncTBo napaMerpos tarantoolctl aHAJIOMMUYHBL T€M, YTO0 33AI0TCs B 3alIPOCE
box.cfg...; onHako tarantoolctl MeHsET 3HAYMEHIE HEKOTOPHIX MAPAMETPOB, JIOMHUCHIBASA K HIUM HUMs MPH-
noxenusi. /lajee npuBoaurcsa komus daitia usr/local/etc/default/tarantool, rie ajis BCeX mapaMeTpoOB
YKa3aHbl UX 3HAYEHUS [0 YMOTIAHUIO:

default_cfg = {

pid_file = "/var/run/tarantool",
wal_dir = "/var/lib/tarantool",
snap_dir = "/var/lib/tarantool",
vinyl_dir = "/var/lib/tarantool",
logger = "/var/log/tarantool",
username = "tarantool",
}
instance_dir = "/etc/tarantool/instances.enabled"

KOMMeHTapI/II/I K ITapaM€TpaM B IIPHUBEJEHHOM BBIIIIE CKPHUIITE:

pid_file [Iupekropusi, rae xpamarcsa pid-daitn u socket-dpaitn. Ckpunrt tarantoolctl nobasiser «/
instance-name » K UMEHU JUPEKTOPUM.

wal_dir IupekTopwus, Tae xpaHsaTcs *.xlog-daitansr. Ckpunt tarantoolctl gobariser «/ instance-name »
K UMEHU JTUPEKTOPUH.

snap_dir /lupekropua, rae xpaHdarca *.snap-daiinbl. Ckpunr tarantoolctl obasisger «/
P p pu4d, A p P p pil
instance-name» K UMEHHU JUPEKTOPHUM.

vinyl_dir upekropus, rue xpansrcsa daitibt jasukka vinyl. Ckpunr tarantoolctl nobGasiser «/
instance-name » K UMEHU TUPEKTODPUH.

logger JlupexTtopusi, rae xpauarca ¢daitibl )KypHasa ¢ coobiiennsmu ot Tarantool-npuioxenuit. Ckpumnt
tarantoolctl mobaBisier «/instance-names K UMEHH TUPEKTOPUH.

username Ilms nosib3oBaress, u3-1o/; KOToporo 3amyiier Tarantool-cepeep. 910 uMsi MOJIB30BATENSA B Ole-
pammoHHOM cucreme, a He B Tarantool-kamente.

instance_dir Mwmsa gupekTopuu, rje XpaHATCs UCXoaHbIe aitibl Becex Tarantool-mpumokenuit ajis TaHHOTO
xocta. ITomp30Barento, KOTOPHIit MUIET TPUIOKEHHe A7t tarantoolctl, HY»KHO MOJOKHATH UCXOTHBII
KO/ CBOET'O IIPUJIOKEHUS B 3TY JUPEKTOPUIO UJIA HACTPOUTH CUMJIMHK . Jlasiee 1Jist IpuMepoB B 3TOM pas-
Jieste Mbl ucrosb3yeM Tarantool-ipusiokenune ¢ UMEHeM Iy _app, U ero UCXOIHbBIA KOJ| JI0JI2KEeH JIEXKATh
B (aiine instance_dir/my_app.lua.

Komanasl gna tarantoolctl
Kowmamnpr muist tarantoolctl umeror By tarantoolctl onepayus ums_npusoxerus . B kadecrse onepayuu
MO2KHO yKa3aThb OJIHO 13 cieaylomux 3Hadenuil: start, stop, enter, logrotate, status, eval.

start <application>
SanycTuTh MpPUIOKEHUE ¢ uMeHeM < application >

stop <application>
OcCTaHoBUTH NPUIIOKEHHUE

enter <application>
BriBecTn KOHCOMB J71e YIPABIECHUSA IPUIOKEHAEM

logrotate <application>
ITpoussecTu poTanUIO XKYPHAJIOB YKA3aHHOIO IPUJIOKEHUs (CO34aTh HOBbIE, YAAJUTH CTapble)

status <application>
IIpoBepuTs cTaTyC IPUITOKEHUS
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eval <application> <scriptname>
Bommotanth  Kox w3 daiina  <scriptname> OT WMEHH B3aMyNIeHHOTO 3SK3eMIISIpa MPUIIOKEHUST
<application>

connect <URI>
Connect to a Tarantool server running at the specified URI

Mpumepsbl koga ansa tarantoolctl

IIpoBepuTh, 3amyIieHo v TPUIOKEHNE MY_app:

if tarantoolctl status my_app; then

fi

Bormonauts wHCTpYKIWYE n3 (aitna init.d BO BpeMs 3amyCKa TPUIOKEHWS:

for (kaxmeii daitm B mupekTopuum instance_dir):
tarantoolctl start “basename $ file .lua’

Vkazars daitn koHdurypanuu s POTAINN XKyPHAIA, HATIPUMED:

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

/path/to/tarantoolctl logrotate basename $ 1 .log

endscript

MogpobHbiii npumep ans tarantoolctl

The example’s objective is to make a temporary directory where tarantoolctl can start a long-running
application and monitor it.

Wraxk, Hamm UCXOIHbIE YCJIOBHS: HAM W3BECTEH TTapPOIh rOOt-TIOTH30BATEN; KOMIHIOTED UCIOJIB3YeTCS TOJTHKO
Juts TectupoBanus; Tarantool-cepBep HACTPOEH W TOTOB K 3aIyCKy, HO MOKA €Ille He 3aMyIIeH ;IpOrpaMMma,
tarantoolctl ycTaHOBJIEHA B MOJIb30BATEIBCKOM OKPYZKEHMH; IIOKAQ HE CYIIECTBYET JUPEKTOPHAU C MMEHEM
tarantool_test.

Co3maaum JUPEKTOPUIO C UMEHEM /tarantool_test:

$ sudo mkdir /tarantool_test

Orpenakrupyem daitn /usr/local/etc/default/tarantool. duisi 37010 HAM CHAYATIA MOXKET HMOHAIO0UTH-
Cs BBIMOJIHUTH KOMaHay sudo mkdir /usr/local/etc/default. Ykasauuswiii daita Oymer comepxkarh cie-
AyIoInAe HACTPOUKN:

default_cfg = {
pid_file = "/tarantool_test/my_app.pid",

(continues on next page)
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wal_dir = "/tarantool_test",
snap_dir = "/tarantool_test",
vinyl_dir = "/tarantool_test",
logger = "/tarantool_test/log",
username = "tarantool',

}

instance_dir = "/tarantool_test"

Cozpaaum daiin /tarantool_test/my_app.lua /is OPUIOKEHHA MY_app:

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=1i+1

print('insert ' .. i)

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

C momorbio tarantoolctl 3amycTuM HaIlie MTPHUJIOXKEHTE. . .

$ cd /tarantool_test
$ sudo tarantoolctl start my_app

. 1 TOJIy49InuM COO6H.[€HI/IH O TOM, YTO IK3EMILJIAD HAMIErO TPUJIOZKEHUA 3alyIICH. 3areM CKayKeM:

’$ 1ls -1 /tarantool_test/my_app

. ¥ yBuJIuM .snap-daiisn u .xlog-daitn. 3areM cKazxkeMm:

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

. ¥ YBHIUM cofep:kuMoe (pailjia KypHaJia JJjis TPUIOXKEHNs my_app, B T.9. COODIIEHUs 00 ONHOKAX, €CJIu
oHHI ObLIH. 3aTeM CKazKeM:

$ cd /tarantool_test

$ # donycmum, uwmo 'tarantool' sanyckaem Tarantool-cepeep
$ sudo tarantool

tarantool> box.cfg{}

tarantool> console = require('console')

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

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

. M YBUJUM Te HEeCKOJbKO KOpTerKeil, KOTOpble CO3/1a/10 IPUIOXKEeHNe my _app.

Bcé. Termepn ocranoBuM mnpusokenne my_app. EAWHCTBEHHBI KOPPEKTHBIH CIIOCOO — 3TO MCIOJIb30BATH
tarantoolctl:

$ sudo tarantoolctl stop my_app

Tlounctum cucremy mocime tectupoBanusi. [lpuemem comepxkumoe daitna /usr/local/etc/default/
tarantool K MCXOZHOMY BUIY W yJAJIMM HAILYy TECTOBYIO JUPEKTOPHUIO:
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$ cd /

$ sudo rm -R tarantool_test

An example for tarantoolctl connect

$ tarantoolctl connect username:password@127.0.0.1:3306

IIpumeuanme: There are alternatives to tarantoolctl connect — you can use the console module or the
net.box module from a Tarantool server. Also, you can write your client programs with any of the Connectors.
However, most of the examples in this manual illustrate usage with either tarantoolctl connect or with
using the Tarantool server as a client.

3.5.3 Cny»xebHble nopTbl

TepMuUHBI «TTOPT I A IMUHUCTPUPOBAHUSAS, «KOHCOJb I8 aIMUHUCTPUPOBAHUIS, «TEKCTOBBIH TTPOTOKOII>
OTHOCATCsI K yCTAHOBKE COEAMHEHUs C IIOMOIIbIO console.listen(. .. ) s BBOJA 3aIIPOCOB OT aIMUHUCTPATO-
pOB.

Tepmunbr «OuHADHBIN TOPT», «OMHAPHBIN IPOTOKOJI», «[IEPBUYHBINA MOPT» OTHOCATCH K IPYrOMY BHUIY CO-
€JIMHEHMs] — TOMY, 4T0 YCTaHABJIMBAETCs C LIOMOLIBIO Hapamerpa boz.cfg{listen=. .. } u upegnaznadeso ajis
BBO/IA 3AMPOCOB OT JIFOOBIX MMOJIH30BATEIIEH.

st o6branbIX coenuuenuii ¢ Tarantool-cepBepoM JOJIZKEH UCTOIB30BAThCS OMHAPHBIA MPOTOKOJI. A MOPTHI
JUTS QIMUHUCTPUPOBAHUS HYKHBI JJIs OCODBIX CJIy4YaeB, KOTJA MOBBIMIEHbI TPEOOBaHMS K O€30MACHOCTH.

IIpu ycramnoBke coeanHeHmE depe3 MOPT i A MAHUCTPUPOBAHUS:
e Ilaposan He Tpebyercs
o HOHBSOB&TGHB ABTOMATUYECCKHA HOJIy‘{a,eT OPpUBUJICTUN aJIMHUHUCTPATOPA.

TTosTomy mOpTHI it AAMUHHCTPUPOBAHUS CJIEyeT HACTPAWBATh OYeHb OCTOpOKHO. Ecimm ato TCP-mopr,
TO OH JIOJIZKEH OBITh OTKPBITH TOJBKO Jjisi ompeaenrennoro IP-aapeca. B maeane Mbl pekOMeHIyeM BOBCE
ue ncnoab30Barh TCP-mopTel. BMecTo Hux jTydiie HACTpOUTH HOMeHHBIH Unix-COKeT, KOTOPbBIi TpedyeT Ha-
CTPOIKHU TpaB JOCTYTa K cepBepHO MarmuHe. Torma TunndHast HaCTPONKA TOPTa /I aIMUHUCTPUPOBAHUST
OyZeT BBITJIAIETH CJIEIYIONUM 00pa30M:

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

a tunmanbtit URI njis coenuueHus OyIeT TaKuM:

admin:any_string@/var/lib/tarantoo