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rIABA 1

Obuwme ceeneHuns

1.1 Cepsep npunoxenunin + CYB/]

Tarantool mpeacrasisier coboii cepBep mpuIoXKeHnit Ha a3bIKe Lua, narerpuposannbiii ¢ CYB/. B ocHose
Tarantool nexar daiiteps (fibers), aro nossossier neckonbkuM Lua-ipuiiozxkenusm paboTaTh B OJHOM IIOTOKE
(thread), npu srom Tarantool-cepsep MOKeT OJHOBPEMEHHO 3aILyCKATh JIPYIHUe HOTOKH J1jist 00paboTK BBOA-
BBIBOJIA JIAHHBIX M (DOHOBBIX CepBUCHBIX 3ajad. Tarantool Brinouaer B cebs LuaJIT (Just In Time) Lua-
KOMITIJIATOP, Liua-6ubanorekn Jjis peleHns HanooJiee YacThIX 3a/1at, & TaKKe cepBep 06a3 Janubix Tarantool,
npescrapistoruit coboit NoSQL CYB/I. Takum o6pasom, Tarantool moxker Bc€ To xKe, uro node.js u Twisted,
a KpOMe TOr'0 00eCIeunBaeT COXPAaHHOCTh JTAHHBIX.

Tarantool — 3To open-source mpoekT. VIcxoHbIi KOJ| OTKPBIT JJIsi BCEX W PACIPOCTPAHSETCS OECIIJIATHO CO-
ruacuo junensun BSD license. Ioguepzxkusaemsie mwiardopmbr: GNU / Linux, Mac OS u FreeBSD.

Coznaresem Tarantool’a — a Tak»ke ero OCHOBHBIM II0JIb30BaTeieM — siBjisieTcss Kommanusi Mail.Ru, kpym-
ueiimas Murepuer-komnanus Poccun (30 Mua mosb3oBareseil, 25 MJIH 9JEKTPOHHBIX HHUCEM B JICHb, BEO-
caiir B criucke top 40 mexzaynapogaoro Alexa-peiitunra). Tarantool ucnosb3yercs jyis 06pabOTKU CaMbIX
"ropsramx" marapix Mail.Ru, Takmx Kak JaHHBIE ITOJIB30BATEIHLCKUX OHJIAIH-ceccuii, HACTPOIKYN OHJIAiTH-
[IPUJIOZKEHUHN, KEITUPOBAHNE CEPBUCHBIX JTAHHBIX, aJITOPUTMbI PACIIPEIEIeHIs JAHHBIX U IAPINHTA, U T.1.
Tarantool Takke UCIOTIB3yeTCsT BO BCE OoJbiieM KoymmdaecTBe poekToB BHe creH Mail.Ru. 9o, kK npumepy,
OHJIANH-UTPBI, M POBOIT MAPKETHHT, conraabable ceTu. Hecmorpst Ha To uro Mail.Ru cioncupyer paspabor-
Ky Tarantool’a, Becb mporiecc pa3paboTKu, B T.4. JaJibHelIre miaHbl u 0a3a 0OHAPYKEHHBIX OIMMUOOK, sIBJIs-
eTCsl TOTHOCTBIO OTKPBITHIM. B Tarantool Bitodenbl maTan oT OOIBIIOrO YUC/Ia CTOPOHHAX PAa3PabOTINKOB.
Yeunusimu coobirecTBa paspaborunkos Tarantool’a 6blin HanucaHbl (U Jlajgee HOAIEPKUBAIOTCs) OG1GIHOTe-
KU JIJIsT HOJKJTIOYEHUST MOJLyJIeil Ha BHEITHUX SI3bIKaX IporpaMMupoBanust. A coobiectBo Lua-pazpaboTankon
[IPEJOCTABUJIO COTHH ITOJIE3HBIX MAKETOB, OOJIBIIIMHCTBO U3 KOTOPBIX MOYKHO HCIIOJH30BATH B KaUeCTBE PaC-
mupenuii s Tarantool’a.

TTosnbzoBaren Tarantool’a moryT co3zmaBarh, U3MEHATbL W yAaasaTh Lua-dYHKIMHM IPIMO BO BPEMS HC-
[TOJTHEHUST KOJIa. TaKykKe OHU MOTYT YKa3blBaTh Lua-mporpaMMbl, KOTOpbIe Oy/IyT 3arpyKaTbCs BO BPEMsi
zamycka Tarantool’a. Takne mporpaMMbl MOTYT CJIY2KHTh TPUTTEPAMH, BLITOJIHATH (DOHOBBIE 33/1a91 W B3a-
UMOJIEICTBOBATE C JIPYTUMHU IIPOrPaMMaMU 110 CeTH. B oTjinume OT MHOIUX IOIYJISPHBIX Cpejl pa3paboTKu
[IPUJIOZKEHU, KOTOPbIE UCIOJIb3YIOT "peakTuBHBII " IpuHIMI, ceTeBoe B3amMoeiicTere B LLua yCcTpoOeHo 1o-
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CJIeI0BATENILHO, HO O49eHb 9(PEKTUBHO, T.K. OHO UCIOJIL3YET CPELy B3aMMHOM MHOI'03aJaYHOCTHU CaMOIo
Tarantool’a.

Ojua u3 BerpamBaeMbix Lua-makeroB — 3ro API nna dyukmuonana CYBJI. Takum ob6pa3om, HEKOTOPBIE
paspaborunku paccmarpubaorT larantool kak CYBJl ¢ momyspHBIM S3B6IKOM JIJIsi HAITMCAHUS XPAHUMBIX
IpOTIeyp, APYrUe PAcCMATPHUBAIOT ero Kak Lua-HHTepIperaTop, a TPEeTbU — KaK BapHAHT 3aMEHBI CPa3y
HECKOJIbKMX KOMIIOHEHTOB B MHOI'O3BEHHBIX BeO-npuiiozkeHusx. [Iponssogurensuocts Tarantool’a moxet 0-
CTUTATh COTEH THICAY TPAH3aKINN B CEKYH/Iy Ha HOYTOyKe, U ee MOYKHO HapanuBaTh "Beepx"uan "Biups"3a
CUYEeT HOBBIX CEPBEPHBIX (PEPM.

1.2 BoamoxHoctn CYB/]

Kommonent "boxepsepuast gacts ¢ dyukimonaaom CYBJL — aro Baxknas gacts Tarantool’a, xoTst oH MOXKeT
paboraTh u 6€3 JAHHOTO KOMITOHEHTA.

API gna dyukiumonania CYB/L mo3sosisier XpaHuTh Lua-00beKThI, YIPABJIsTh KOJJIEKITUAMUA 00BEKTOB, CO-
3/IaBATh U yJIaJIATh BTOPUYHBIE KJIIOYM, JEJATh aTOMApHBIE M3MEHEHUs, KOH(DUTYyPUPOBaTh U MOHUTOPUTH
PEIUIMKAIIMIO, IIPOU3BOIUTH KOHTPOJIUPYEMOe HepeKJiouenne npu orkase (failover), a Takke MCHOIHATH KO
Ha Lua, KOTOpBIA BBI3BbIBaETCs COOBITUSMU B Gase. A Jyis IPO3PAYHOrO JIOCTYNA K yJIAJeHHBIM (remote)
sK3eMInIsipaM 6a3 maHubix pazpadboran API st BbI30Ba y/IaJI€HHBIX IPOTIETYD.

B apxurektype cepsepnoit yactu CYBJI Tarantool’a peanuszoBana kourenmus "maBukkoB"0a3bl JaHHBIX
(storage engines), rje B pa3sHbIX CHUTYalUsaX UCIOJIL3YIOTCA Pa3Hble HAGOPHI AJIFOPUTMOB U CTPYKTYDbI JIaH-
oeix. B Tarantool’e ectp 7Ba BCTPOEHHBIX IBMKKA: iN-IMEMOry JIBUKOK, KOTODBIH [EPKUAT BCE JIAHHBIE U
WHJIEKCHI B OLIEPATUBHOM NAMSATH, U ABYXYPOBHEBBIN NBUXKOK /s B-/1epeBbeB, KOTOPBI 00pabaThiBaeT JaH-
uble pa3zmepoM B 10-1000 pa3 GoJbIlie TOTO, YTO MOXKET TTOMECTUTHCS B ONEPATUBHON maMsaTh. Bee JBUXKKM
B Tarantool’e mojaepKuBatOT TpaH3aKIUU U PEILIUKAIINIO, [IOCKOJbKY OHHM HMCIIOJIb3YIOT €JIMHBI MEXaHU3M
ynpexkaaromeit 3amucu (WAL = write ahead log). 9ro mexanusm obecrednBaer COrIaCOBAHHOCTb U CO-
XPaHHOCTB JTAHHBIX IIpu cOosx. Takum 00pa3oM, M3MEHEeHUs He CINTAIOTCS 3aBEPIIEHHBIMU, TIOKA HE IIPOXOJIUT
gamuck B jjor WAL. Tlojicucrema JIOrupoBanust TaK»Ke MOJJIEPKUBAET IPYIITOBbIE KOMMHUTEI.

In-memory ABU>KOK (memtx) XpaHUT BCE JIAHHBIE B OIIEPATUBHON IIAMSITH, IO3TOMY BPEMsl OXKUJIAHUSI IPU
YTEHUW y HEr0 OYeHb MaJjo. Takzke, KOIJIa MOJIb30BATEIH 3AIPAIIABAIOT crarndeckue cHUMKE (snapshots),
9TOT JABUYKOK CO3JAET MEPCUCTEHTHBIE KOIMNN JAHHBIX B TOCTOSIHHON MaMATH, HAIIPUMED Ha YKECTKOM JIHCKE.
Ecan Tarantool-cepBep mpekparnaer paboTaTh 1 JaHHBIE B ONMEPATUBHON MAMITH TEPATOTCS, TO TPHU CJIEIYIO-
meM 3amycke Tarantool-cepBep 3arpy»Kaer B TaMsaTh CAMYIO CBEKYIO KOIUIO JAHHBIX C JUCKA W TPUMEHSET K
Hell Bce TPAH3AKINHU U3 JIOTa, KOTOPbIe ObLIN CJIeJIaHbI C MOMEHTa, CO3/IaHns Konuu. TakuM o0pa3oM, JTaHHbIe
pu c60e He TEePSIOTCH.

B mrarHpix curyammsx in-memory ABUXKOK paboTaeT 6e3 OJIOKMPOBOK. BMecTo HM3KOYypPOBHEBBIX
MEXaHU3MOB NAPAJIIEIbHON 06pabOTKY JIAHHBIX, KOTOPBIE IPE/JIaraeT OlepalioHHas cucTeMa (HalpuMep,
mutex’oB), Tarantool ucrosb3yer cpelly B3aUMHON MHOIO3aaIHOCTH, U TAKUM 06Pa30M MOXKeT paboTarh ¢
ThICSTYaM¥ coeuHeHui oaaoppemertro. B Tarantool’e ecTb (pukcupoBaHHOE KOJIMIECTBO HE3ABUCUMBIX HUTEMH
(thread), u y uux mer obimero cocrognus. g oOMeHa JaHHLIMA MEXK/y HUTSMU UCIOJIL3YIOTCA OYepein
COODIIEHNIH, ITO TTO3BOJISIET YMEHBIIUTD HAKJIAIHbIE PACXOIbl. TaKoi OIX0 HAKJIAIBIBAET OrPDAHUYECHUE HA
KOJIMYIECTBO IPOIECCOPHBIX s/iep, KoTophie Tarantool-cepBep MOXKeT HCIOJb30BATh, HO B TO K€ BPEMsi OH
T03BOJIsIET M30eKaTh KOHKYPEHITUH 3a IMHHY TaMsITH, a TaK¥XKe JaeT 3arac MaciTabupyeMOCTH 0 CKOPOCTH
JIOCTYTIA K TIAMSITH ¥ [IPOU3BOIUTEILHOCTH ceTh. B pesysibraTe j1azke cuiibHO HAarpykeHnbiit Tarantool-cepsep
B CpEJHEM HCIOoJb3yeT nponeccop He 6osee dem na 10%. Kpome Toro, Tarantool moiepKuBaeT mouck Kak
10 IIEPBUYHBIM, TaK U [0 BTOPUYHBIM KJIOYaM B WHIEKCAX.

JduckoBbiii aBu>KOK (vinyl) coBmernaer B cebe MOAXOJbI, 3aUMCTBOBAHHBIE U3 COBPEMEHHBIX (hailioBbIx
cucTeM, XKypHaJIupyeMblx merge-jieBepbeB (log-structured merge trees) m kiaccuueckux B-zepesbes. Bee
JIAHHBIE B 9TOM JBIKKE pas3buThl 10 3aberam (runs), rje Kaxkaplii 3aber npejcrasiaser coboii daitn Ha
jucke. MakcuMmaJibHBIN pa3mep 3abera oObrgHO paBeH 64MB, u ero MoxkHO HacTpauBaTh. Kaxk et 3aber —
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910 HabOp CTpPaHUI], KOTOPbIE HY>KHBI JIJIs KAKUX-TO Ieseil. Eciin 3aber moIHOCTHIO CMepIKeH, TO JUAIIa30HbI
KJTIOUEell Ha ero CTpaHUIaX He TepeceKaroTcd. Kcam ke Jauamna3oHbl KJodei B 3a0ere B KaKOH-TO MOMEHT
CIJIBHO U3MEHSIJINCh, TO MBI UMEEM JeJI0 ¢ YACTUIHO CMEPXKEHHBIM 3a0eroM. B 3ToM ciiyuae Ha HEKOTOPBIX
CTPAaHUIAX MOSIBIWJINCH HOBBIE KJIIOUN W 3HAYECHUS, KOTOPBIX paHee He ObLI0 B maHHOM 3abere. JIMcKOBBIi
JBUYKOK OOHOBJISIET NAaHHBIE 110 MPUWHIIAILY [IONUCHIBAHWS B KOHEI[: HOBDBIE JAHHBIE HUKOTJA HE 3aTUPAIOT
cTapble.

Tarantool momuepkuBaer paboTy C COCTABHBIMU KJIIOYAMU B WHIEKCAX. BO3MOXKHBIE TUIIBI KJIIOYEH:

HASH, TREE, BITSET u RTREE.

Tarantool Takxke MOIIEPKUBAET ACMHXPOHHYIO PEMJIMKAIMIO — KaK JIOKAJbHYIO, TAK U HA y/IAJEHHBIX
cepBepax. [Ipu 3T0M permkarimio MOXKHO HACTPOUTD 110 IIPUHITUILY MACTEP-MaCTeP, KOI/1a HECKOJIHKO Y3JI0B
MOI'yT HE€ TOJIbKO O6pa.6aTbIBaTb BXOJIAIYIO HaIr'PY3Ky, HO U IIOJIYyYaThb JJaHHbIEC OT JIPYI'UX Yy3JIOB.

1.2. BosmoxtHoctn CYB/[ 3
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FABA 2

Bonpocbl n oTeeThl

Bo- | ITouemy Tarantool? Tarantool — 310 in-memory cepsep 6a3 JAHHBIX TOCJIETHET0 TIOKOJICHUST, TPeHA~
MIPOC; 3HAYEHHBIN 71 PAOOTHI ¢ BeO-TTpuIoKeHusIMu. Pa3zpaboTKa BeIeTCs ¢ yIeTOM MHOT'OJIETHETO OIbITa
Ort- | ucnonpzoBanust Tarantool’a B crenax Mail.Ru. Ilepsebrit pesus cocrosincs B 2008 rosy.
BeT:
Bo- | ITouemy Lua? Lua — 310 Jjierkuii, OBbICTDPBIA U PACIIUPSEMbI SI3BIK, ITO3BOJILAIONIUN HCIIOIb30BATH
IIPOCt Pa3JIMYHbIE APAIUTMbI IPOrPAMMUPOBAHMA. Lua TaKKe JIETKO BCTPANBAETC B PA3JINYHbIE IIPUJIO-
Ot- | xkenns. Ko-pyrunsr (coroutines) 8 Lua 6imsko coornocsTes ¢ daidiGepamu (fibers) B Tarantool’e, a
BeT: | Bcad Lua-apxuTeKTypa IJIaiKo JIOXKUTCS HA €er0 BHYTPEHHIO peajn3aluio. Liua — 3T0 nmepBblil A3bIK,
Ha KOTOPOM MOXKHO IHCATH XpaHUMbIe Iporeaypsl st Tarantool’a. B Oymymem crmcok mosmep-
KUBAEMBIX A3BIKOB INIAHUPYETCS PACIIAPUTD.
Bo- | B uem cocrout riasaoe npemmyinectBo Tarantool’a? Tarantool mpemocrapisier Gorarbiii HabOP
upoct dyuknuit no padore ¢ 6azamu manabix (HASH, TREE, RTREE, BitSet-ungekcol, BropudHbie UH-
Ot- | meKchl, cocTaBHbIE WHJEKCHI, TPAH3AKIMU, TPUITEPbl, ACUHXPOHHAs DEILIMKAINs), U BCE 9TO — B
Ber: | rubkoit cpese Lua-uareprnperaropa. 9tu jBa obcTosTebCTBA JesaoT Tarantool ObICTpbIM 1 Ha-
JeKHBIM IN-Memory cepBepoM 06a3 JIaHHBIX C aTOMApPHBIMU OIIEPAIUSMHU U CJIOXKHOM JIOTMKOIl Ha
cropore cepeepa. [Ipenmytmecrsom Tarantool’a o cpasuenuto ¢ rpajurmonabivu SQL CYBJI sie-
JISIETCSI €r0 BBICOKAsl MPOU3BOJIUTEIHFHOCTD: HU3KUE HAKJIAIHBIE PACXOJbl U 06€30JIOKMPOBOYHAS ap-
XUTEKTypa mo3BoJisitor Tarantool’y obpabareiBarh Ha TOPSIOK OOJIBIE 3aIPOCOB B CEKYHIy HA
aHajiormaaoM obopynosanuu. [Ipenmyrinectso ke nepes napyrumu NoSQL CYB/I 3akmouaercs B
bospitteit ruokocTu Tarantool’a: si3bik Lua mo3Bosser rmbko oOpabATHIBATE JTAHHBIE, XPAHIIIIAECS
B KOMIIAKTHOM, HEHOPMAJIM30BAHHOM (bopMare.
Bo- | KakoBbr Bamu mianbl 10 pa3Butuio?! MbI MOCTOSHHO yJIydIiaeM ITPOU3BOAUTEILHOCTD CEPBEPHOMN
npoct yactu. Hamwu riasubie 1emm Ha 2016-2018 rom — 9TO aBTOMATHYECKHI IMIAPAMHI ¥ CHHXPOHHAs
Or- | pemmukarust, a Takxke dacruanas nogepxkka SQL. Ilnan pabor HaxoauTcst B OTKPBITOM JIOCTYIIE,
BET: | W BCe KeJIA0IINe MOI'YT OCTaBJISITh 3alIPOChl Ha JT00aBjeHe (DYHKIINOHAIA.
Bo- | Kro paspabareiBaer Tarantool? Bo-mepBbix, atum 3anmMaercst KoMana paspaborkn B Mail.Ru —
IPOCE CM. UCTOPUIO KOMMHUTOB Ha github.com/tarantool. Besi paspaborka Bejercsi OTKPBITBIM 06pa30M.
Or- | Kpome TOro, ak THBHYIO POJIb UIPAIOT YjIeHbI coobIecTBa paspaborunkop Tarantool’a. x cuamu
BeT: | OBLIO CO3/IaHO OOJIBIIMHCTBO KOHHEKTOPOB M BEILYTCs JIOPADOTKY I10/T PA3HbIE JUCTPUOYTUBBI.
Bo- | Hackoubko cepbesnnl mwranbl Mail.Ru B ornomenun Tarantool’a? Tarantool — aro mpoekT ¢ ot-
IIPOCE KPBITBIM KOJIOM, PACIpPOCTpaHseMblit 1o, juriersneii BSD, mostoMy oH He 3aBHCHT OT BHEITHUX
Or- | croncopos. B To ke Bpemsi, Tarantool — 310 yacTh Texnomorudeckoro "kocrsika'"Mail.Ru, u mosro-
BET: | My OH IOJIb3yeTCsl CHJIbHON TOJIEP2KKOit co croporbl Mail.Ru.
Bo- | Bosnukator ju npobsemel u3-3a Toro, ¥ro Tarantool siBistercst in-memory pemennem? OcHOBHOILE
IIpOCt JBUXKOK 0a3 jaHHbIX B Tarantool’e paboraer ¢ oniepaTUBHON HaMATHIO, HO P 9TOM OH TapaHTUPYET
Ot- | coxpaHHOCTBH JaHHBIX Giarogapst Mexanusmy WAL (write ahead log), T.e. xKypHasy ynpexaarorei
BetT: | 3amucu. Takke B Tarantool’e uCoIb3y0TCS TEXHOJIOIUU CXKATHAS W PACIIPEIETICHUS JTAHHBIX, KOTO-
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FABA 3

Py KOBOACTBO NOJ1b30BATENA

3.1 lMNpeagncnosue

Jobpo mnoxkasioars B Mup Tarantool! Ceituac Bor uuraere "PykoBojcTso mosbzoBarensa". Mbl coBeryem
HAaYMHATH UMEHHO C HErO, a 3aTeM mepexoauTh K "CrpaBouHIKaM €Ciu BaM MOHAI00SATCs 0ojiee moapodbHbIe
CBEJICHUS.

3.1.1 Kak nonb3oBaTbCs AOKYMeEHTaLunewn

3uakomcTBo ¢ Tarantool’oM Bbl MOXKeTe HAUATH € TOTO, UTO CKAYAETE TOTOBBIH YCTAHOBOUHBIH maker (Kak
onmcaHo B Hadaje ryasbl 2 "Hagamo pa6ors") minm BOCHOJIb3yeTeCh HAINM OHJIAMH-CTEHIOM Ha http://
try.tarantool.org. B moboMm ciaydae [jis IEpBOTO 3HAKOMCTBA BBl MOXKETE BBIMOJHUTH TPEHUPOBOUTHBIE
npuMepsbl U3 Bropoit yactu riasel 2 "IlepBuunsiii 3amyck Tarantool’a u cozmanue 6a3bl JaHHbIX" .

B rage 3 "®yuknnonan CYB/1"pacckazano o Bozmoxkuoctsix Tarantool’a kak NoSQL CYB/I. B konre aroit
IJIaBBI TAK Ke IIPUBOJUTCS CIIPABOYHUK 110 6ubsmorekam Tarantool’a. Ho ecsin BeI coOupaerech HCIIOIb30BATh
Tarantool TosibKO Kak cepsep npuioxkenuii Lua, To Bbl MOXKeTe MPOIYCTUTH U 3TY, U CJICLYIONLYIO 3a Hei
raBy 4 "Pennukanms".

TnaBa 5 "CopaBounuk 1o koudwurypupoBanuio"u rimaBa 6 "AnMmMuHucTpupoBaHWE CEepPBEPHON da-
cru'peIHA3HAYEHBI B MEPBYIO OYePeb JJIsl CHCTEMHBIX aJIMAUHUCTPATOPOB. TeM He MeHee JIIOOOMY IOJIb-
zoBareso Tarantool’a 10J1€3HO 3HATH, KAK TPOU3BOUTCsT HACTpoiika Tarantool-cepsepa, 103TOMY MBI HACTO-
SITEJIBHO PEKOMEHJIyeM TIPOYeCTh pa3Jies Mpo mapamerpbl box.cfg. [asa 7 "KonrekTopbl"HyKHA TOJBKO
TeM MOJIb30BATE/ISIM, KTO XOUET YCTAHABIUBATH coeuHenne ¢ Tarantool’oM ¢ TOMOIIBIO TPOrpamMM Ha, JIPYTHIX
s3pikax nporpammuposanus (Hanpumep C, Perl niu Python) — syia npounx nosib3oBaresieil ata riasa Heax-
ryajgbHa. B rimase 8. "Momynn'"oka3aHo, KaK yCTAHABIUBATEL CYMIECTBYIONIHE U CO3/ABATH HOBBIE MOJLYJIN
(6ubnmorexn) Ha si3pikax Lua u C.

B nepsoix apyx Ilpusioxkenusix, A u B, npuogurcst cipaBodtasi nHGpOpMaIinsi 110 BHYTPEHHEN peajin3aiun
Tarantool’a: Kopl OIMMUGOK, JIOTUKA BHY TPEHHUX IIPOIECCOB (BOCCTAHOBJICHUS U PEILIUKAIMN) U COOCTBEHHBIE
dopmaTsl daitios.
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Tpu nuuHbIX yuebHBIX puMepa B [Ipuiaoxennn C — "BeraBka 1 MJIH TaIjIOB C IOMOIIBIO XPAHUMOM IIPO-
neaypol Ha s3bike Lua "Tlomcuer cymmbr mo JSON-mosisim Bo Beex Tamtax"u "VHIeKCcupOBaHHbBIN TOUCK 110
mabJIOHaAMPeIHA3HAYMEHb! JIJIs I0JIb30BaTes e, KOTOPhIE eIl IJI0X0 3HAKOMBbI ¢ #a3bikoM Lua mim NoSQL

CYB.

B Ilpunoxennn D "Vinyl"mogpobHo pacckasbiBaeTcs PO JAMCKOBBIA JBUKOK Tarantool’a 1oj HazBaHHEM
vinyl.

B IIpunoxenun E "Torossie perento" cobpanbl pabodne (pparMeHThbl KOIa, KOTOPBIE IPUTOJISITCS JJIsl Perie-
HUsI TUNAYHBIX WK, HA060POT, 0COD0 TPYIHBIX 3a/1ad.

B Ilpunoxenun F comepKurcst 0anH JIMHHBIN y9IeOHbBIN TpuMep 1o paboTe ¢ XpaHUMBIMU IPOTIEIyPaMu Ha
a3bike C.

OUBITHBIM I0JIB30BATE/ISIM MOI'YT ObITH MHTEepecHbl CIpaBOYHUKN U PYKOBOICTBO pa3paboTumMKa, a TaK:Ke
MOAPOOHBIE KOMMEHTAPUN B MCXOTHOM KOJIE.

3.1.2 Kak cBsizaTbCsi C coobuiecTBoM pa3pabotyukos Tarantool’a

OcraBuTh coobIEHNE O HAlIeHBIX TedeKTax WK CAeJIaTh 3alpOC Ha HOBBIH (DYHKIIMOHAT MOYKHO TyT: http:
//github.com/tarantool/tarantool/issues

ToobmaThest HANpsIMYyIo ¢ KoMaHaoil pazpaborku Tarantool’a moxkuo B telegram wimm na dopymax (amrio-
SI3BIYHOM WJIA PYCCKOS3BITHOM ).

3.2 Havano pabotbl

B »sTo0it rimaBe pacckasbIBaeTcsI, KaK CKadaTh, YCTAHOBUTH M HaYaTh paboraTh ¢ Tarantool’om ¢ HyJsI.

JIJ1s TIPOMBIIIJIEHHON SKCILIYATAIIMH PEKOMEHYeTCsl CKadaTh OMHAPHBIN (ucmojHgeMblii) maker. Torpa Bbl
rapaHTUPOBAHHO IOJIyYnTe COOPKY TOW Ke BEpCHUHU, YTO U y Pa3spabOTUYUKOB. DTO CYIIECTBEHHO YIIPOCTHUT
IIOWCK OMMOOK, €CJIM BaM B OyAyIeM MOHAIOOUTCs MOMOINb, & TAKKE MO3BOJIUT M30eKaTb Mpo0JIeM m3-3a
TOTO, YTO BBl UCIOJIB30BAJIM HHCTPYMEHTBI WX TAPAMETPBI OTJINIHBIE OT TEX, UYTO UCIIOJIH30BAJIN IPU COOPKE
camu paspaborunku. Cm. pazzaen “ Ckavwusarue u ycmarosra bunapHozo naxema’.

st paspaboTyecKux Iejieil Bbl MOXKeTe CKadaThb MCXOHbIe (hailyibl 1 coOpaTh OMHAPHBIN ITAKeT CaMOCTOsI-
TeIbHO ¢ oMOIbI0 KoMiuisiTopa C/C-++ 1 06bIMHBIX MHCTPYMEHTOB J1jist COOpKU. XO0Ts 3T0 1 60J1ee TPYAHbII
c1rocod TOJTyInTh OMHAPHBINA [TAKET, HO OH JaeT BaM OOJIBINUIl KOHTPOIb HAJl PE3YIbTATOM. 1aKXKe B COCTAB
UCXOJHBIX (PANIOB BXOMST JONOJHUTEIbLHBIE TTAKEeTHI, HanmpuMep Habop TectoB st Tarantool’a. Cum. pasmen
Céopra uz ucrodnwoix gatinoe@" Coopra us ucxodnur @aiinoe".

ITocne ycraHoBKM BbI MOXKeTe cpa3y omnpoboBarh Tarantool B meficrBum. Hurke BBI Haiijilere MHCTPYKIUN
10 CO3/IAHUIO 0OE30I1acHOi TECTOBOI cpejibl. Beero 3a HECKOJIBKO MUHYT BBl CMOXKeTe 3aIlyCTHTh Tarantool-
cepBep U 33J]aTh HECKOJBKO MHCTPYKIHUI M0 MaHUITyinpoBaHuio jganabiMu. Om. pasnen Ilepsuunnitl sanyck
Tarantool’a u cozdanue 6asv. dannvirQ" [lepsuunvit sanyck Tarantool’a u cosdanue 6asvr dannviz”.

3.2.1 Cka4duBaHue n yctaHoBKa OMHapHOro nakerta

Bunapubie makers! st AByx Bepcumit Tarantool’a — crabuibHoit 1.6 u camoil cBexkeii 1.7 — BBLIOXKEHBI Ha
crpanune http://tarantool.org/download.html. IIpn kakjaom m3aMmenenmn ucxomHoro koja Ha GitHub
(pemosuropuit http://github.com/tarantool/tarantool, Berka "1.7") npoucxomnur cGopKa, aBTOMATHYE-
CKOE TeCTUPOBAHUE W BBIKJIAJIKA OMHAPHBIX [TAKETOB HA BBHIMIEYKA3AHHYO CTPAHMUILY.

3.2. Hauano pabotbi 7
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YTo06b!I cKavYaTh U YCTAHOBUTHL OMHAPHBIN MTAKET JJIsi Ballleil orneparinoHHOl CHCTEMbI, OTKPOUTE TEPMUHAJ C
KOMAaH/JHOH CTPOKOI U BBeJUTE NHCTPYKIINU, KOTOPBIC JAHBI JJId Ballleil OlleparioHHONi CUCTEMBbI Ha CTPAHUIIE
http://tarantool.org/download.html.

3.2.2 llepBu4Hbin 3anyck Tarantool’a n cosgaHne BGa3sbl AaHHbIX

Jasee paccka3bIBaeTCs, KAK CO3/IaTh IPOCTYIO TECTOBYIO 06a3y JAHHBIX MMOCJe ycTaHOBKH larantool’a.

Cozpaiite HOBYIO qupekToputo. OHa IMOHaI0OUTCS TOJIBKO ISl TECTOBBIX IieJIeil, U ee MOXKHO OyJIeT yIajuTh
110 OKOHYaHUN SKCIIEPUMEHTOB.

$ mkdir ~/tarantool_sandbox
$ cd ~/tarantool_sandbox

Jasee paccka3piBaeTCs, KAK CO3/IaTh IPOCTYIO TECTOBYIO 06a3y JAHHBIX MOCJE ycTaHOBKH larantool’a.

Samycrure Tarantool-cepsep. Umst mporpammbr — tarantool.

# Ecau ebl ckawaau GuHapHbel nakem c nomoysl apt-get uasu yum, eeedume:
/usr/bin/tarantool
# Ecau ebl ckavwaau OuHaprbll nakem e @opmame TAR

~/tarantool/bin/tarantool
# Ecau ebl cobpaau Tarantool u3 ucxTolHblz galaos, eeedume:

$
$
$
$ # u pasapzueuposasu ezo e dupekmopuw ~/tarantool, esedume:
$
$
$ ~/tarantool/src/tarantool

Tarantool-cepsep 3aiyckaercst B MHTEPaAKTUBHOM PEXKUME ¥ BBIBOJUT IIPUTJIAIIIEHIe KOMaHHON CTPpOKH. dT0-
OBl co37aTh Da3y JAaHHBIX, 33JaliTe ee HACTPOMKM C MOMOIIBIO BbI3oBa bor.cfg. Bor mpumep MuUHMMAJIBHONL
KOH(UTYpaIuu:

tarantool> box.cfg{listen = 3301}

Ecmu Bce B mopsinke, To Tarantool-cepBep nHauner B mporpecce oToOpaXkaTh MPOIECC MHUINATABAINN, Ha-
IIpuMep:

tarantool> box.cfg{listen = 3301}

2015-08-07 09:41:41.077 ... version 1.7.0-1216-g73£f7154

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

ITockosbky Tarantool-cepBep yzke 3aIyIreH, Bbl MOYKeT€ 3allyCTUTh HOBBI T€PMHUHAJ U IPUCOETUHUTHCA K
ocHOBHOMY 11opTy Tarantool-cepBepa, BBeIs CIEAYIONIYIO KOMAHILY:

$ telnet 0 3301

HO TIOKa ITO Oy/ier Jrydie ocTaBuTh Tarantool-cepsep paborarh B MHTEPAKTUBHOM pexkume. Ha nmpombirien-
HBIX CepBepax UHMEPAKMUEHYIT Pestcum HyKeH JIUIIb JJId aJIMAHACTPUPOBAHUS, OHAKO JJIs HAIJISIHOCTH
OOJILIITUHCTBO MIPUMEPOB B JIAHHOM PYKOBOJICTBE JIAHBI MMEHHO B MHTepaKTuBHOM pexkume. MTtak, Tarantool
JKJIET OT BAC BBOIA MHCTPYKITHIA.

CoznaiiTe epBbIil creiic u mepBbiil undexc:

8 Mhasa 3. PykoBoactBo nonb3oBatens
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tarantool> s = box.schema.space.create('tester')
tarantool> s:create_index('primary', {

> type = 'hash’',

> parts = {1, 'unsigned'}

>3

Boiosinure Berasky Tpex "ramios"(rak B Tarantool’e naspiBatorcs "sanucu") B nepsbiit "cueiic"us Bameit
0a3bl JaHHBIX:

tarantool> t
tarantool> t
tarantool> t

s:insert ({1})
s:insert ({2, 'Music'})
s:insert ({3, 'Length', 93})

IIpousBeure BHIOOPKY TaIlIa U3 IMEPBOrO Crefica B 6a3e 10 MepBOMY YKA3aHHOMY KJIIOUY:

tarantool> s:select{3}

Botr aro gosmxHO 0TOOpaXKaThCd Ha BAIlEM TEPMUHAJE K 9TOMY MOMEHTY:

tarantool> s = box.schema.space.create('tester')
2015-06-10 12:04:18.158 ... creating './00000000000000000000.x1log.inprogress’'

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

tarantool> t = s:insert{1}

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

tarantool> t = s:insert{3, 'Length', 93}

tarantool> s:select{3}

- - [3, 'Length', 93]

tarantool>

Jlajiee, 9TOOBI MOATOTOBUTHCST K TECTOBOMY IIPUMEDPY B CJIEIYIOMEM pa3jiesie, BBEIUTE:

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

3.2.3 VYcTaHoBKa yganeHHOro coeguHeHus

B npespiymmem paszesie Barn nepsblit 3anpoc Obl1 box.cfg{listen = 3301}. 3navyenuvem listen Moxer
6biTh s060it URI (yHuBepcasibhblil Koz pecypca), B JAHHOM CJydae — IHPOCTO HOMEP JIOKAJIBHOIO IIOPTa
(3301). Ber moxkere ormpasisaTh 3anpockl Ha URI jyis npociymuBasus ¢ HOMOIIBIO:

1. telnet,
2. xounekropa (cm. rnaBy Konnexmopo@" Konnexmopu"),

. TOr0 IKIEMILIIST MIOMOIIBIO MOOYAA 5
3 OT0 9K3€ a Tarantool’a ¢ moMoIb0 MO0 console,

3.2. Hauano pabotbi 9
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4. tarantoolctl connect.
JlapaiiTe monpobyem BapuaHT ¢ tarantoolctl connect.

IlepexirounTecy Ha npyroit repmunaass. Hampumep, B Linux-cucreme 1jis 9TOro Hy»KHO 3aIlyCTUTh HOBBINT
sx3emrigp Bash. Ilpm aTom Bam me morpebyercss BI3BIBATDL cd, 9TOOBI MEPEKTIOUATLCS Ha JIUPEKTOPHUIO
~/tarantool_sandbox.

Samycrure yruauTy tarantoolctl:
$ tarantoolctl connect '3301'

JlaHHast KOMaH/a O3HAYAeT "HCIIOJIb30BaTh yTHIUTY tarantoolct] mist coemmnenusi ¢ Tarantool-cepsepoM,
KOTOpBIi cirymaer Ha localhost:3301."

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

D10 oznadaer "mocsarh 3anpoc Tomy Tarantool-cepsepy u BbIBecTH pe3ysibrar Ha dKpas.'Pesyibrarom B
JIAHHOM cJjIy4ae OyseT OJIMH M3 TAIlJIOB, YTO BBl BCTABJsIM paHnee. Ha TepMuHase Tenepb JIOJKHO 0TOOpa-
JKaThCsl IPUMEPHO CJIeIyTOIIee:

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

- - [2, '"Music']

localhost:3301>

Bpr MoxkeTe mOBTOPHO BBOAMTH KOMaH/bI box.space...:insert{} u box.space...:select{} ckoiabko
YIOIHO pa3, Ha JII0b6oM K3eMmiasape Tarantool’a. B Komie TecTrpoBaHuss BOCIOIB3YHTECH CJIEAYIOMIIMU KO-
MasgamMu. ITobs! yuamnTs creiic: s:drop () *. Yrobsr ocranoButsh tarantoolctl: Ctrl+C wau Ctrl+D. Hro-
661 ocraHoBuTh Tarantool (anbrepHaTuBHBI BapuaHt): os.exit(). Yrobbl ocranosuTh Tarantool (¢ apyroro
repMunasia): sudo pkill -f tarantool. UroObl yaaauTh TecToBYIO 6a3y: rm -r ~/tarantool_sandbox.

Eciu B BBIIO/IHIWIM BCe MHCTPYKIIMA U3 TOH TVIABBI, TO K JJAHHOMY MOMEHTY BbI y2kKe ycranoBmian Tarantool
(u3 GunapHoro nakera, Jgubo u3 UCXouHbIX (dailios), samycruim Tarantool-cepsep, a TakKe BBIIOJIHUIIN
BCTaBKY U BBIOOPKY TAILJIOB.

3.3 ®dyukyuonan CYB/[

B s7o0it rmaBe onuceiBaercst To, kak B Tarantool’e xpaHsATCsi JaHHBIE U KaKWe OIEPAIUU C JAHHBIM UM IIOJI-
JEPKUBAIOTCS.

3.3.1 Mopgenb aaHHbIX

Ecin BBl y2xe BhIOJHMIN 3a/iaHue U3 pasgena Ilepsuvwnoiti sanyck Tarantool’a u cozdarue 6a3vi darHovir B
[peJIbLIY el TyIaBe, TO Balla 6a3a JaHHBIX HA TEKYIIHA MOMEHT UMEET CJIeIYIONIUil BU/I:

10 fnasa 3. PykoBoacteo nonb3osartens
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HABOP TAIUIOB 'tester'

o +
| Kmou: 1 |
| Kmou: 2 |
| Kmou: 3 |
o +
o +
o e +
Cneiic

Chnetic ¢ umeneM ‘tester’ B TaHHOM IpUMeEpPE — 3TO KOHTEWHED.

Korma Tarantool uctob3yercst /st XpaHeHUs TaHHBIX, TO OH CO3/Ia€T 110 MEHbIIEH Mepe o/inH creiic. B obrem
JKe CJIydae CIIeiCOB MOYXKeT ObITh MHOTO. KasK Iplil Clieiic mMeeT YHUKAJIBHOE MMsI, 33/IaHHOE I10JIb30BaTEJIEM,
a Tak)Ke YHWKAJbHBI YHUCIOBON WMIIEHTU(MUKATOD, KOTOPBI MOXKEeT ObITh 3aJlaH II0Jb30BAaTEIeM, HO, KaK
IpaBWJIO, HA3HAYaeTcsd aBromMarmdecku camum Tarantool’om. IIpocrpamcTBa Beerma comepkar oauH HAOOD
TAIlJIOB W OJINH WK 0OJiee WHJIEKCOB.

Habop Ttannos

Habop manaos — B janHOM TIpuMepe OH Ha3BaH ‘tester’ — 3TO rpyIma TaIoB.

Kazxkaprit crefic Bcera comepKuT oauH Habop Tamios. VaenTudukaTop Hadbopa TaIIoB COBIAIAET C MMEHEM
caMoro cieiica, B JaHHOM IIpuMepe — tester.

Taru1 BBIIOJHsIET Ty ¥Ke POJIb, uTo "cTpoka'mim "3anmuch a KOMIIOHEHTHI Talia (KOTOpble Mbl Ha3blBaeM "mo-
Jig'"") BBIIOJIHAIOT TY Ke POJib, 9T0 "110J1e ¢ToJI611a, COOTBETCTBYONIeE JaHHO cTpoke"wiu "mose B 3amnucu"3a
TE€M UCKJIIOYEHUEM, YTO I[OJI TAIIA MOT'YT ObITh COCTABHBIMU (HAIIPUMED, OHH MOT'YT ObITh MACCABAME HJIA
0TOOpaKEeHUIMK) U MM He HY KHBI HMeHa. [103ToMy HeT HeOOXOAUMOCTH IIPe/IBAPUTENHLHO OIPeIesATh Habop
TaIJIOB IIPU CO3JAaHUU clefica, a KaXKJblil Tall MOYXKeT MMETh DAa3JIMYHOe KOJMYECTBO IJIEMEHTOB. Taruibi
xpansTcs B Bujge MsglPack-maccuBos.

Tamr MoxkeT nMeTh JTI060€ KOJTMIECTBO MOJIEil, M 9TO MOTYT OBIThH IOJI Pa3HBIX TUNOB. VaerTnduraTopom
oI ABJsteTcs ero Homep. llosist Hymepyrores, naunnas ¢ 1. Tak, Hanpumep, “1” MOXKeT UCIOJIB30BATHCS B
HEKOTOPBIX KOHTEKCTaX Jiisi 0O03HAYMEHUS TIEPBOTO MOJIsT TAILIA.

Kormga Tarantool Bo3Bpalaer 3HaueHne Tailia, OH OepeT CTPOKU B OJMHAPHBIE KABBIUKHU, OTJ/EJIsIeT IOJIS C
3alIATHIMU U 3aKJ/II0YaeT TAILUl B KBaJiparable ckobku. Hampumep, [ 3, 'length', 93 ].

Nupekc

Hndexc — B qaHHOM IIpUMepe, IEPBUYHBIA — 3TO COBOKYITHOCTH 3HAYEHUN KJIOUYell 1 yKa3areJieil.

Y1066l HAOOPOM TAILIOB OBLIO MOXKHO IIOJIB30BATLCsI, B CIleiice HEOOXOAUM II0 KpaiiHeil Mepe OJIMH WHIIEKC.
Boobrie xe umrHmekcoB B cmeiice moxkeT ObITh MHOrO. Kak m B ciiydae CcO creiicamu, IMOJb30BATEIbh MOYKET

3.3. ®Pyukyuwonan CYB/[, 11
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— U JIOJDKEH — yKa3aThb MMs HHIEKca, a Tarantool moicrapisier yHHKAJIbHBINA YHUCJIOBONH HIAEHTU(PUKATOD
(«upenTHdUKATOP MHAEKCA ). B HallleM npuMepe BCero OJMH MHJEKC ¢ UMeHeM “primary”.

WMunexc MmoxkeT OBITH cOCMagHbimM. JHAUEHUE KITFOYa B TAKOM WHIEKCE COCTABJISETCH U3 3HAYCHUI NBYX WA
GoJtee ToJIell TaILIA, IPUYEM OHM MOTYT OpaTbcs B j000M mopsiake. VHmekc MOXKeT OBITh yHuKaAbHbM. B
9TOM CJIydae OJIMH U TOT K€ KJII0Y He MOXKET BCTPedaTbCs B MHEKce OoJiee OfHOrO pasa. Takxke HHIEKC
MOKET OBITH OJHOTO M3 cJexyrommx wemopexr munos: HASH (ol camblit GbICTPBIH U caMbIil SKOHOMHBIH
B IUIAHE WCIIOJIbH30BAaHWsl MAMSTH, HO OH JI0JKeH ObITh yHuKadbHbIM), TREE (oH mo3BOsisieT mesaTh mOuMCK
[0 9acTU KJIOYa M IHOJydaTh OTCOpTUpoBanHble pedyibrarsi), BITSET (ou xopom s moucka ¢ "=’ u
Goubiiux KosmmaectBoM AND-yesopuit) uin RTREE (g npocrpancreenubix koopausar). Ilepsbiit nngekce
Ha3bIBaeTCd “nepsusnbim’ (primary) u JoszkeH ObITh yHUKAJIbHBIM. Bce ocTasibHble MHIEKCHI HA3BIBAIOTCS

“propmunbivMu’ (secondary).

MH‘HGKC MOZKeT CO/IepzKaTb I/IﬂeHTI/I(bI/IKaTOpr moJIeil Tamjia W THUIIbI JaHHBIX JIJId 9TUX OoJIEeiA. MH‘HQKCI/IPO-
BaHHbBIE TIOJIA MOTYT COAEPzKaTh JJaHHbIC CJIEAYIOINUX TUIIOB!:

e unsigned (6e3znakoBoe Ies0e dncso B quanazone or 0 mo 18,446,744,073,709,551,615)

e integer (3HaKoBOe IeJoe  umcao B jgmamasone ot -9,223,372,036,854,775,808 10
9,223,372,036,854,775,807)

e number (6e33HaK0Boe TeJI0e JIUCI0, JIMOO 3HAKOBOE IEI0e UHUCJI0, TUOO UMUCJIO C IIaBaoNIIei Tquoﬁ)
e string (cTpoKOBOe 3HaYEHUE, T.€. J00asl 0CIIEeI0BATEILHOCTh OKTETOB )

e scalar (noruquKoe 3HaveHue, JTUO60 IUCTI0, JIMOO CTPOKOBOE 3Haqu1/1e)

e array (nocsejoBaresbHOCTb unces st RTREE-undekcos)

B pamkax marmero npumepa pacCMOTPHUM CJIEIY IO 3a1IPOC:

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

B pesysbrare y BCex TamsioB B cueiice tester MOJKHO OBITH 1IOJIE C HOMEPOM 1, comeprkalee HE33HAKOBOE
11eJ10€ 4ucJIo.

OtpeiesnieHnst CrIeiiCOB M MHIEKCOB XPAHSTCS B CACTEMHBIX crieficax. MOXKHO (€ HEKOTOPBIMU OIPAHIIEHUSIMN )
Ha X0y JI00aBJISITh, VAAJIITh U MEHSTb 9TH OIpejesieHus. |[paBujia CHHTAKCUCA B OIIPEJIEJIEHUSIX CIEfCOB U
WHJEKCOB JaHbl B pasaene bubauomerxa "boxr"@.

Tunbl gaHHbIX

Tarantool paGoraer ¢ unciaamu (numbers), crpokamu (strings), Jsorndeckumu 3uaderusiMu (booleans), ta6-
sunamu (tables) u mosb3oBaTebCKUME TUNAME JaHHBIX (userdata).

Obwwii Tun | Ocobbit Tun | PesynstaT Lua type() | Mpumep

scalar number "number" 12345

scalar string "string" '"ABC

scalar boolean "boolean" true

scalar nil nil" nil

compound | Lua table "table" table: 0x410f8b10
compound | tuple "Userdata" 12345: {"A B C’}

B szbike Lua tum number (4ucsio) — 9T0 4HCIIO ¢ MIaBAIOIEl TOYKOM JBOiHOM TouHoCcTH, HO B Tarantool’e
MOXKHO HCITOJIb30BATh KaK IeJIble YHC/Ia, TaK U JHCJIa C IUIaBalolieil 3amnsaroii. Tarantool mo BozMoxKHOCTH
COXPaHAET YHCJIOBble 3HAYEHHUS B BUJIE YUCEJ C IJIABAIOIIEN TOYKOMN, €CJIM YHCJIOBOE 3HAYEHUE COJEPKUT
JIECATUYIHYIO 3alATyI0 WIM €CIM OHO O4eHb Beauko (Gosee 100 Tpummonos = leld). Ecim B dopmare ¢
[IJIABAIOIIENl TOYKON COXPAaHUTh He yJaeTcs, TO Tarantool coxpamsier Takoe 3HaUe€HHE B BHJIE IEJIOI0 YHCIIA.
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YTob6b! Jaxke 0UeHb OOJIbINME BEJTUINHBI TAPAHTUPOBAHHO 00PabATHIBAINCH KAK IeJIble UUC/IA, UCIIOb3YH-
re dyukImoO tonumber6s, aubo npunucksaiire B Koune cydduke LL (Long Long) mmm ULL (Unsigned
Long Long). Bor npumMepbl 3amucu 9ucesl B PA3/IMIHbIX MPEICTABJCHUAX (OOBIYHOM, IKCIOHEHIUAIHHOM,
¢ cydbdukcom ULL u ¢ ucnonp3osannem dynknuu tonumber64): -55, -2.7e+20, 100000000000000ULL,
tonumber64 ('18446744073709551615").

st xpanenus Janubix B 6a3e Tarantool ucmonn3yer dopmat MsgPack. /lannbie mpu XpaneHuu HMEIOT Tepe-
MEHHYIO JIJTUHY, IO9TOMY JIJIsI CAMOTO MaJIEHBKOI'O YHUCJIa MOTPeOYeTCsT TOIBKO OfUH OaiiT, a camoe OosbIlee
quciio norpebyer neBsThb OaitroB. Eciu mose mmeer magekce 'unsigned’, TO OHO MOXKET COAEPIKATH TOJIBKO
1esible De33HAKOBBIE YHCJIa CO 3HavUeHusaMu B quanaszone ot 0 mo 18,446,744,073,709,551,615.

Tun string (crpoka) —9T0 HOCJIEI0BATEILHOCTD OATOB, MeoIIasl lIepeMeHHY 0 IuHy. Kak npaBuso, crpoku
MIPe/ICTABJIEHbI B BUE aI(DaBUTHO-INCIOBBIX CUMBOJIBI, 3aKIIOYEHHBIX B OJNHAPHBIE KABHITKH.

Tun boolean (normyeckuii) MoXKeT UMeTh TOJBKO 3HavYeHNst true wim false.

Tun nil (HysneBoii) MOXKeT MMETh TOJBKO OJHO 3HAYECHHUE, TAKZXKE HA3bIBAEMOe nil, HO 4acTo 0TobOpazkaeMoe
kak null. HyneBoe 3nadenme MOXKHO CpaBHUBATH CO 3HAUECHUSIMU JIIOOBIX TUIIOB C TTOMOIIBIO OTIEPATOPOB ==
(paBeH) wim ~= (He paBeH), HO HUKAKWe JPyTHUe ONEPAIUH JJIsl HyJIeBbIX 3HAYEHUH He JH0CTyHHbL. Hysesbie
3HAYEHUsI TAKXKe HeJIb3sl UCI0JIb30BaTh B Liua-rab/imiax; BMECTO HYJIEBOI'O 3HAYEHUsI B TAKOM CJIydae MOXKHO
ykazarb yaml. NULL, mu6o json.NULL, mu6o msgpack. NULL.

Tun tuple Bosepamaerca B ¢popmare YAML, manpumep - [120, 'a', 'b', 'c']. Hekoropnlie dyHKimn
MOTYT BO3BPAIIATH TAOIHUIIBI C HECKOILKUME Taruiamu. CKaJisipHasi BEJIMIUHA MOXKET ObITh KOHBEPTUPOBAHA
B Tamn ¢ 1 moslem. Lua-Tabiuia MOXKeT COlepKaTh BCe THIIBI IOJIEH, pa3peleHHble Jjis TaljIoB, KPOMe
Hysesoro tuma (nil).

HeKOTOpre U3 3TUX TUIIOB JaHHBIX IIOAXOJAT JIJIA un&emupyemm:r nonaet.

CM. TakzKe MPUMEPBI TAIIOB B pa3jesie po naker box.tuple.

Onepauyun

OcHoBHbIe omepanuu — 3TO OATH onepanuil s usmenenus jganubix (INSERT, UPDATE, UPSERT,
DELETE, REPLACE) u onna onepaius mis sosppainenus ganubix (SELECT). Takxke B Tarantool’e mosu-
JIEPKUBAIOTCS BTOpocTeneHuble oneparun tuna PING, KOTOpble MOXKHO HCIOJB30BATH TOJBKO B paMKax
6uHapHOro MpoToKoja. Kpome toro, B Tarantool’e ectb onepainuu Jjist uHOEKC-UMeEPAMopos, KOTOPble MOXK-
HO HMCIIOJIb30BATh TOJBKO B Koje Ha si3bike Lua. (MHgekc-urepaTopsl HyKHBI JjIsi 06X0/1a UHIEKCOB OT OJHOIO
KJIOYa, K JIPYTOMY U JIAIOT BO3MOXKHOCTH II0JIb30BATHCs IIPEMMYIIECTBAMU PA3HBIX TUIIOB WHIEKCOB, HAIIPU-
Mep BBIYHUCJISITH 3HAYEHUE BhIpaXKeHuit jjorndeckoro tuma npu o6xome BITSET-unnekcoB win gBurarbes B
nopsizike yobiBanus 3uadenuit npu obxome TREE-unexcos.)

ITTecTp MpuUMEPOB OCHOBHBIX OIEPAITHIL:

-- JlobaBnseM HOBHI Tamia B Habop TamloB C MMeHeM tester.

-- IlepBoe moxme, field[1], 6yzmer paBmo 999 (Tumn = unsigned) .

-- Bropoe mome, field[2], 6ymeTr pasBmo 'Taranto' (Tum = string).
tarantool> box.space.tester:insert{999, 'Taranto'}

-- O6moBnseM Tami, MeHseM 3Hademme nonsg field[2].

-- YcmoBume "{999}", comepxamee 3HadUeHHE KI9a, KOTOPOE HYXHO

-- KMCKaThb B II€PBUYHOM HHJEKCE, IIOCTPOEHHOM IIO II€PBOMY IIOJIO

-- Tamia, #ABIAETCH 06A3aTeNbHHM, IOCKONbKY 3ampocam update ()

-- Bcerga TpebyeTcsa ycioBHe, OIpefeldvliee 3HAYEHHE IIEPBUYHOTO
-- Kio4Ya, B maHHOM cnyvae field[1].

-- VcuoBume "{{'=', 2, 'Tarantino'l}}" ompegmenser, wro momo field[2] myxHO
-- IPUCBOUTH HOBOE 3HAYEHUE.
tarantool> box.space.tester:update({999}, {{'=', 2, 'Tarantino'}})
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-- BhmosnHseM omepanuo upsert() Ius Tamna W CHOBa MeHsEM

-- 3Havenue mons field[2].

-- CummTaxcuc 3ampoca upsert() aHamormwex cuaTakcucy update(),

-- HO BO3BpaljaeMble 3HAYEHUS y ITUX B3aIPOCOB Pa3HHE.

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

-- llpowsBozuM 3aMeHy Tamua C moMoumpl replace(), mo6asiseM HOBOe IOINE.
-- 9TO MOXHO CZelaTh K C IoMombl 3ampoca update(),

-- HO TaxoW BapWaHT YaCTO OKa3kBaeTCH 6ollee CIOXHEM.

tarantool> box.space.tester:replace{999, 'Tarantella', 'Tarantula'}

-- BosBpamaeM 3HadeHWe Tamja.

-- Ycmosue "{999}" Bce eme ob6g3aTeNbHO, XOTH OHO U HE [OJIXHO
-- cozepxaTh 3HAYEHNE IIEPBUYHOTO KJIOYa.

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

-- YmanseM Tami.

-- VYcnoBue, ompefensioliee 3HaueHWe IIEPBUYHOTO KIOYA,
-- CHOBa SBJIAETCH OOI3aTEIbHBIM.

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

Kaxk Tarantool Bermosasier ocHoBHBIE onepanun? JlaBaiite pacCMOTPUM 3TO Ha CJEAYIONEM IPUMeEpE:

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

DT0 aHAJIOTUYHO CJIEYIONIEMY BBIpaXKeHUIO Ha si3bike SQL:

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

1. Eciu 3ampoc jsienaercs ¢ yIaaeHHOro KJIMEHTa, TO KJIUNEHT Pa3dupaeT BBEJEHHOE BHIPDAYKEHIE, ITPOBEPSIET
Ha KOPPEKTHOCTb U [TEPEBOJIMT €ro B (hopMaT MHCTPYKIUI OMHAPHOTO [IPOTOKOJIA, KoTopble Tarantool-
CcepBep CMOXKeT TOHSTh 0e3 MOBTOPHOrO pa3bopa. 3aTeM KJIHEHT OTIPABJIAET BCE B BUJIE ITAKETA Ha
CTOpPOHY cepBepa.

2. IloTok, BhIIOJNHAIONNIT 00PAOOTKY TPaH3aKIUI HA CTOPOHE CepBeEpa, UCIOIb3YeT IEPBUYHBIN MHIEKC
no nosto field[1], uTo6sr HafiTu HyKHBI Tamn B naMmsTu. OH IpPOBEpsieT, YTO JAHHBIA TAIlJI MOKHO
OOHOBUTD (MBI XOTUM JIAIIL U3MEHATH 3HAYECHUE HE MHIEKCUPOBAHHOIO MOJIs, U BPsiJL JIU 9TO-TO IOHIET
HE TaK B TAKOM IIPOCTOM CJIYYae).

3. Ilorok 00pabOTKM TPaH3AKIINI TOCHLIAET COODIIEHIE IPYTOMY ITOTOKY, KOTOPBIH 3aHNMAETCS 3AIIUCHIO

B WAL.

B 9T0T MOMEHT HPOUCXOIUT nepedaua ynpasierus (yield). UTobbl MOHATH BAXKHOCTB 9TOTO COOBITHSI — & OHO
JIECTBATEJIBHO BarXKHO, — HY2KHO IHOSICHUTH HECKOJIBKO (PaKTOB U BBECTH PsiJi HOBBIX TEPMUHOB.

DOAKT #1:

B Tarantool’e ecTb TOJIBKO O7H TOTOK 00pabOTKY TpaH3akiwmii. MHOrHe JIrou y2Ke IPUBBIKJIA K MBICJIU, YTO
[IOTOKOB J1jis 00PabOTKHU JAHHBIX MOXKET OBbITH MHOTO (HAIIPUMED, OTOK # 1 9uTaeT JaHHble U3 CTPOKK #X, B
TO BpeMsl KaK II0TOK #2 3aluchiBaeT JaHHble B cTosiben #y). B ciyuae ¢ Tarantool’om Takoro me mpoucxomur.
JOCTYT K 6a3e ecTh TOJIBLKO y TMOTOKa 0OpabOTKHU TpaH3aKIWil, 1 Ha KaxKIbIil sx3eMmiissp Tarantool’a ectb
TOJIBKO OJIMH TaKOil IIOTOK.

OAKT #2:
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TTorok 06pabOTKK TPAH3aKIMI MOYKET yIIPABJIATH MHOXKECTBOM (patibepos. Paiibep — 3170 HAOOP UHCTPYKIIHUIA,
CpeJi KOTOPBIX MOT'YT OBITH U curHaJjbl "mepenars yrupasienue". [lorok 06paboTKu TpaH3aKIUil BRIIIOJIHSIET
WHCTPYKIINW, TIOKA HE YBUIWT TAKOW CUTHAJ, W TOIJA OH IEPEKJ0YAETCs] Ha BBIIOJHEHWE WHCTPYKIUA 13
apyroro daiibepa. Hampumep, Takum 00pa3om MOTOK 00pPabOTKNA TPAH3AKIHI CHAYAJIA BBIMOTHSIET YTEHUE
JAHHBIX U3 CTPOKU #X 1ys (paitbepa #1, a 3aTeM BBITTOJHIET 3aIUCh B CTPOKY #y 1 daitbep #2.

D®AKT #3:

Bes nmepenaun ynpassienusi He 000ATHACH, T.K. HHAYE TIOTOK 0OpabOTKN TPAH3AKIIUN CMOYKET BBLIIOJIHATDH UH-
CTPYKIMK TOJILKO Jijist oJHOrO (aitbepa. Ilepeata yrnpaBeHnsi MOXKET OCYIIECTBIATHCS OJIMH UX JBYX CITO-
coboB. IlepBblil — 910 HeasHas nepedava. OHA jesaeTcs P KayKJION OIEpAIln, CBSI3aHHON ¢ M3MEHEHUeM
JIAHHBIX, [IPUA KaXKJIOM OOpAIEHUN K CETEBOMY COEJIUHEHUIO, a TaKKe IPH KayKJIOM 3aIpoce, KOTOPbIii mepe-
naercs depe3 Tarantool-kiauenT. Bropoii crrocob nepemadu yupasiieHus — 9TO siBHasl epeiada. Fe MoXKHO —
7 HY?KHO — BBI3BIBATH BHYTpH Lua~-pyHKOUi ¢ mOMOIILI0 nHCTpYKnn “yield”, 9ToObI He HOMyCTUTD 3aXBaTa
porieccopa oHUM (haitbepoM. DTO HA3BIBAETCS B3AUMHAL MHO20300AYHOCTD.

TTockosbKy Bce omepalyu, CBsiI3aHHBIE ¢ U3MEHEHUEM JaHHBIX, 3aKAHINBAIOTCS HESBHOW Iepejadeil yipas-
JIEHUsI U HESIBHBIM KOMMUTOM, U ITOCKOJIBKY KaXK7asi TaKas OIepalius MOXKeT 3aTparuBaTh He Hojiee OIHOTO
Talja, TO He BO3HUKAET HYKIbl B Oj0kmpoBkax. st mpumepa paccMoTpuM ciaemyomyo Lua-dyHKImio,
KOTOpas OCYIIeCTBJsgeT Tpu onepamnuu B Tarantool’e:

s:select{999} -- He npoucTrooum Hu nepedavl YRPABAEHUA, HU KOMMUMQ
s:update({...},{{...} -- npouczodum u nepedaud YNPasAEHUR, U KOMMUM
s:select{999} -- He npoucToOum HU nepedavi YRPpaBAEHUS, HU KOMMUMA

Tocnemosarensrocts oneparwmit “SELECT + UPDATE” asisiercst aromapHoii TpaH3akiei: dyHKIISA CO-
xXpaHsieT 6a3y JAHHBIX B COIVIACOBAHHOM BHje, oka He orpaboraer UPDATE. A B ciyuae “UPDATE -+
SELECT” cornacoBanuocTu Her, mockoybKy mocie oneparun UPDATE nmorok o6paboTku TpaH3akmuii Mo-
JKeT TEePEKJIIOUNTC Ha JIpyroit daiibep M yIaJuTh TOT Tall, 9TO ObLI OOHOBJIEH B paMKax IMPEIbILyIei
onepaiuu UPDATE.

IIpumevanne mpo ABUKOK: B ABMKKE vinyl mepeata ympaBjeHUs TPOUCXOAUT IIO-IPYTOMY, CM. PA3/IesI PO
pazausus mesicdy deusickamu memtr u vinyl.

HpI/IMe‘{aHHe! HpI/IMe‘{aHI/Ie IIPO COCTaBHBIC TPpaH3aKIINN

€CTh CII0cO0 OTJIOKUTD TIepeIady yIPAaBJICHUs, CM. PA3IES PO AMOMAPHbLE ONEPAUUL.

TTockobKO OJIOKMPOBKU HE HCIOJIB3YIOTCSH, & 3allMCh Ha JIMCK IIPOU3BOIUTCSA TOJBKO Ipu pabore ¢ WAL-
daitsiom, To Tpanzakiuu B Tarantool’e 06br9HO coBepinatoTcst 6bicTpo. Kpome Toro, eciiv Mbl MMeeM JIeJI0 C
MOIITHBIM MHOTOSIZIEPHBIM TIporieccopoM, To Tarantool-cepBep MoxkeT 3a/1eiicTBOBATH 1jist pabOThI HE BCe II0-
TOKHU TAKOT'O IIPOIECCOPa, U IIPOABAHYTHIE TIOJIH30BATEIN MOTYT 0€300/Ie3HEHHO 3aIyCcKaTh BTopoii Tarantool-
cepBep Ha TOM YKe IIPOIECCOpe.

CM. Tak»Ke TIpEMepBl C 3alpPOCAMHU B PErPECCHOHHBIX TecTax i Tarantool’a (https://github.
com/tarantool/tarantool/tree/1.7/test/box). IlosHOe onmcaHWe TPAMMATHKH IOJJIEPXKUBAEMBIX B
Tarantool’e dyHKIHUil 1151 MaHUITYTUPOBAHUSI JAHHBIMU CM. Jlajlee B 9TOH IyiaBe.

He Bce oneparun 8 Tarantool’e MOKHO BBIPa3UThH C MOMOIIBIO0 (DYHKIHIA 110 MAHAITYJIMPOBAHIIO JAHHBIMA UJIN
¢ OMOIBIo s13bika Lua. YToOBI MOIyIUTh JOCTYI KO BCEM BO3MOXKHOCTSIMU MAHWITYJIUPOBAHUS JTAHHBIMUA,
BaM IOHaIO00UTC Kownexmop das Perl, PHP, Python uau dpyzozo sasvika npoepammuposarus. KineHT-
CEPBEPHBIIl IIPOTOKOJI JIjisi KOHHEKTOPOB sIBJISIETCSI OTKPBITHIM. JlOKyMeHTaIus IOCTYIIHA B BUJE aHHOTUPO-
BaHHBIX BNF-duazpamm.
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CoxpaHeHune pgaHHbIX Ha OUCK

Tarantool coxpansier gannbie u nuaGOpManuIo 06 n3MeHeHugx B Heckoabkux WAL-daitnax (write-ahead log).
3amucoio B WAL 3anumaercss otaenbbii moTok. OH JIOBAT BCE 3alPOChI, KOTOPbIE MOTYT TPUBECTH K W3-
MEHEHUIO JAHHBIX B 0a3e, Hanpumep box.schema.create miu box.space.insert. Kak npaswio, 3anuce
0 3aImpoce, BKJOYas CIyKeOHble o u duiarn, jejiaercads B WAL-caiin HemeyienHo. 910 0becrieunBaeT
COXPAHHOCTBb JAHHBIX, IIOCKOJIbKY, JayKe €CJIM JAHHBbIE U3 [aMsTH YTepsiHbl BCJIEJICTBHE I1epe0osi B 3JIeK-
TpocHabxkeHuu, Tarantool BOCCTAHOBUAT WX aBTOMATUYECKHU IPU CJIEAYIOMIEM CTApTe: OH 3arpy3uT JIaHHBIE
u3 WAL-daiiios, a 3arem npumenur Bce 3anucannbie B WAL-daiinax 3anpocer (910 HazbBaercsa "uporecce
Boccranosienus"). Ilosp3oBarenun MOryT MEHATH YaCTOTY 3allUCU WJIM BOBCE OTKJIOYarh 3amuch B WAL ¢
IIOMOIIBIO TTapaMeTpa wal mode.

Tarantool Takzke coxpansier psijt haiijioB cO CTATHYECKUMMU CHUMKAMU JaHHBIX (snapshots). Daiia co cHUMKOM
— 3TO JUCKOBAasl KOMHUs BCEX JAHHBIX B 6a3e Ha KaKo#-TO MOMEHT. BMecTo TOro, 4robbl 3a4nuThiBaTh Bee WAL-
daiisibl, TOABUBIIIECS ¢ MOMEHTa, co3anus 6a3bl, Tarantool B mporecce BOCCTAHOBIIEHUST MOYXKET 3arDy3UTh
caMblii CBEXKUI CHUMOK W 3aTeM 3a4uTaTb ToJbKO Te WAL-daiiabl, Koropble ObLIU Cle/aHbl ¢ MOMEHTA
coxpaHenusi cHuMka. CHUMKHI MOTYT JIeIaThCsl AaBTOMATUIECKH, WJIA YKe T0JIb30BATEIN MOTYT CO3/aBaTh UX
caMu B JIIOOOH MOMEHT ¢ MOMOIIBIO 3ampoca box.snapshot().

Cwm. mogpobuoCcTH 0 pabore moroka 3anucu B WAL B pazzene Jlemaau pearusaruis.

ManunynupoBaHue gaHHbIMU®

OcCHOBHBIE 3aIIPOCHL IS MAHUNYAUPOSAHUS dannbLmu — ITO insert, replace, update, upsert, delete,
select. Bce onu peanmmsoBanbl B 6ubmoreke box. MHOrme M3 3TUX 3aIpOCOB MOTYT BO3BPAIATH JTaHHBIE.
Kaxk npaBuio, 1 BBOOMMBIE, U BO3BpAIaeMble 3HAUCHUS ABIIIOTCA Liua-Tabaumamu.

Lua-cunrakcuc B JaHABIX QYHKIUSIX MOXKET Pa3andarses. Jlaee IpuBOAATCs BAPHAHTHI TAKUX PA3IHIU HA
npumepe SELECT-3anpocoB. AHajioru4ysble paBuia CyIIECTBYIOT U JJjisl OCTAJIbHBIX (PYHKIM. B KaxKiom
U3 [IPUBEJIEHHBIX [IPUMEPOB BBIIIOJIHSFOTCS CJIEJIYIOIIIe JIeiCTBUsI: IPOU3BOIUTCS BEIOOPKA 110 HAOOPY TaILIOB
u3 creiica ¢ uMeHeM 'tester’, rie 3HaYEHUE 0, KOTOPOE COOTBETCTBYET KJIFOUY B IEPBUYHOM UHIEKCE, PABHO
1. Takke BO Bcex mpuMepax MbI IOAPa3yMeBaeM, 9TO YUCJI0BOI uaeHTudUKATOD creiica 'tester’ pasen 512,
HO 9TO BEPHO TOJILKO /I HaIleil TeCTOBOI 6a3bI.

Bo-niepBbIx, ecTb ATb cnocobos ccolaku Ha 0bserm:

-- #1 mMa_Monynsa . MMA_BJIOXEHHOTO_MOZIYINS . HMMA_obbekTa

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

-- #2 BMecTO MMeHHM OObeKTa yKa3hBaeM JIWTepal B KBaJpaTHHX CKobkax
tarantool> box.space['tester']:select{1}

-- #3 BMecTO mMeHE OObeKTa yKa3HBaeM UHCIOBON HIeHTUPHKATOP B KBaApPATHHX CKOOKax
tarantool> box.space[512] :select{1}

-- #4 BMecTO nmTepana, obosHavawmero mMa ob6beKTa, yKa3HBaeM II€PEeMEHHY0
tarantool> variable = 'tester'

tarantool> box.space[variable] :select{1}

-- #b5 ykasmnBaeM IepeMEeHHY BMECTO CCHUIKM Ha BeCh OOBEKT

tarantool> s = box.space.tester

tarantool> s:select{1l}

Jljist mpuMepoB B OCTAJIBHON YaCTH JIOKYMEHTAIUH MbI OyJieM, KaK IPABUJIO, MCIOJIH30BATH BAPUAHT CUH-
takcuca #1, Hanpumep "box.space. tester:". Ho BbI MOXKeTe ¢ TeM Ke yCIIeXOM MOJIb30BATHCS JIIOOBIM 13
[T ONUCAHHBIX BBIIE BAPUAHTOB.

Takzke MbI B JajpHeiiineM Oy/eM HCIOIB30BATh CUHTAKCHC THIIA "space_object:"mIs cchikn Ha creiics
(KaK B IIPUBEJIEHHBIX BbilIe IpuMepax) 1 "index_object: " mis ccbuiku Ha UHIEKCHI (HApUMeD, box . space.
tester.index.primary :).
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Bo-BTOphIX, €CTh ceMb cnocobos 3adanus Napamempos:

-- #1

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

-- #2

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

-- #3

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

-- #4

tarantool> box.space.tester.select(box.space.tester,1)
-- #5

tarantool> box.space.tester:select({1},{iterator="'EQ'})
-- #6

tarantool> variable = 1

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

-- #7

tarantool> variable = {1}

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

3HadeHne MEPBUIHOIO KJII0Ya 3aKJII0YaeTCsI B (DUTypHBIE CKOOKM. ECIH »Ke 9TOT HepBUYHBII KJTIOY SIBJISIET-
Csl COCTABHBIM, TO U 3Ha4YeHue OyJeT cOCTaBHBIM, Hampumep . ..select{1,2,3}. QurypHble CKOOKI B CBOIO
0odYepeib MOT'YT 3aKJ/IF0YAThCH B KPYIJIble CKOOKH — HAIIpUMED, . . .select ({...}). D10 onmmoHaIbHBII Bapu-
AHT CUHTAKCHCA, 1 OH HEOOXOIUM TOJBKO B TOM CIIydae, €CJIN HYKHO MEPEATh YTO-TO OMHUMO IEPBUIHOTO
KJIIOYa, KaK B IpuMepe #5. Bumecto 3nauennii-nmurepanos — manpumep, 1 (ckamsproe sHavenne) mm {1}
(Lua-tabauna) — MOXKHO MCHOJIB30BATh UMEHA IIEPEMEHHBIX, KaK B mpuMepax #6 u #7. Xors B HEKOTOPBIX
caydasix pUrypHBIE CKOOKH MOYKHO OIyCKaTh, Mbl PEKOMEH/IyeM BCErJia UX MCIO0Jb30BaTh. Tak BbI IBHO 000-
3HadnTe, YTO 3HaudeHne nmeer tun "Lua-rabiuna". B mpumepax u onmcaHMsIX B JIOKYMEHTAIUA MBI Be3Je
ucnoabzyem durypusie ckobku, nanpumep "{1}". Ho kak u B ciay4ae co ccbuikamu Ha 00BbEKT, Bbl MOXKETe
[TOJTB30BATHCS JIIOOBIM JIOIIYCTUMBIM BAPUAHTOM CHHTAKCHUCA.

Bcee dynkiun jj1st MaHUIY IMPOBaHUS JIAHHBIMY OIEPUPYIOT Habopamu TarioB. OMHAKO, IIOCKOJIBKY [IEPBUY-
HbIE KJIFOYM BCErja YHUKAJIbHBI, KOJMYECTBO TAIJIOB B TaKOM Habope Bcerga paHo 0 wim 1. ExuacTBeHHBIM
UCKJTIOUEHNEM sIBJIsieTcsl (DyHKIUs box.space. . .select, KoTopasi MOXKeT OpaTh HA BXOJ KaK MEPBUYHBIN,
TaK ¥ BTOPUYHBII KJIIOY.

Onepauyun c ungekcamu

OHepaLLHI/I C UHJAEKCaMU IIPOU3BOIAATCA aBTOMATUYICCKHU. Ecim 3allpoC 10 MaHUITYJINPDOBAHUIO JJTaHHBIMU MCHA-
€T JaHHbI€ B TallJle, TO MCHAIOTCA U KJIIOYU B MHIACKCE IJId JAaHHOI'O Tallla. HOSTOIVIy TIOJIL30BaTEJIIO HY2KHO
3HATh TOJIBKO KaK M 3a4YeM 3aJaBaTb MHICKCHI.

IIpocras omeparust /iist CO3MaHNS HHIEKCA, KOTOPYIO MBI PACCMaTPUBAJIN PaHee, UMeJIa CJIEYIONIIil BU;:

:samp: “box.space.{uma-cneiica}:create_index (' {uma-urnexrcal')"”

ITo ymourganuto, npu 3toM coznaercs TREE-unnekce no nepsomy nosto (06erano ero Haspisator "Field#1")
JUTsl BCeX TaIuioB B crefice. IIpemosiaraercs, 9T0 UHAEKCUPYEMOE 0JIE ABJISIETCS TUCJIOBBIM.

Taxzke BO3MOXKHBI CJIe/IyIOIIE BAPUAHTHI:
1. Nagekcupyemoe moJie MOXKET ObITH CTPOKOM, a He THCIOM.
box.space. space-name :create_index('index-name', {parts = {1, 'string'}})

OOBIYHBI MHJIEKC, KaK [IPABUJIO, CTPOUTCS 110 HOJsSM ofHoro m3 Asyx TuroB: 'NUM’ = wguciosoii
(numeric) = r060e HeoTpHUIATEIBHOE TIesI0€e Yncio, 6o 'STR’ = crpoka (string) = robast mocsieto-
BaTeJIbHOCTL GailiToB. Hucia B MHIEKCE YHOPSJIOYEHbI 10 YUCJIOBO mpsiMoii (Hampumep, ducio 2345
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6ourbrie, geM uucsio 500), a cTpoKM — 110 Koy HepBoro Gaiira, 3aTeM II0 KOJY BTOPOrO, TPETHEro H T.II.
(u Tenepn cTpoka ‘2345’ Gymer Menbiie, yeM crpoka '5007).

[TonpobGuee o npyrux THUIAX UHIAEKCOB CM. B onucaHuu GyHKIUH create index.
Muimexc MOKET CTPOUTHCST IO HECKOJIBKAM TIOJISIM.

box.space. space-name :create_index (' tndex-name', {
parts = {3, 'unsigned', 2, 'string'}
b

B obbrarom mamekce moxkeT ObITH MakcumyM 255 gacreit. Kaxmas 4acTh XapakKTepU3yeTCs HOMEPOM
IOJIsT ¥ €r0 THIIOM.

WHyieke MOXKeT ObITh HEYHUKAJIHHBIM.
box.space.*space-name*:create_index (' indez-name', { unique = false })

HepBI/I‘{Hbel UHACKC IJId Tall/la JOJIZKEH CTPOUTHCA IO YHHUKaJIbHBIM 3HaYCHUAM HOJIefI, HO OCTaJIbHBIC
(BTOpI/ILIHI)Ie) NHJAEKCBbI MOI'yT CTPOUTBHCA IO HEYHUKaJIbHBIM 3HAYCHUAM.

WHjteke MOXKeT IPEJICTaBIATh OO0 HE TOJIBKO JIEPEBO.
box.space.*space-name*:create_index('indez-name', { type = 'hash' })

Yare Bcero MHAEKC — T0 JepeBo (110 yMOJIYAHMIO) UM Xell (B 9TOM CJIydae UHJIEKC JIOJIZKEH ObITh
VHUKAJIbHBIM; B OIIpeJIeJIeHHBIX CJIydasX TaKOU WHJIEKC 3aHWMaeT MeHbIle MeCTa M IOUCK IO HeMY
paboraer ObicTpee). Tperuii Tun mHgekca — 310 Habop 6uToB (bitset); 9TO HEYHUKAJIBHBIA MHIEKC,
NpeIHA3HAYEHHbIN it pabOTHI ¢ Pa3/IMIHBIMU OMHAPHBIMU 3HAYEHUSIMU. 1eTBEPTHIA TUIl WHJIEKCA —
a10 R-71epeBo; 910 To2kKE HeyHUKAJIBbHBIN UHIEKC, IIPEeIHA3ZHAYCHHBIN 7isi pabOThI C MACCUBAMU, a HE CO
CTPOKAMU U OE33HAKOBBIMU IUCJIAMH.

Hajimume wHjIEKCOB HMKAK He BJIMsEeT Ha CHHTAKCUC 3allpOCOB Ha m3MeHeHue maHHbix. A Bor SELECT-
3aIpoChl, OJarogapst MHIEKCAM, CTAHOBATCSA OoJiee pa3sHOOOPA3HBIMHU.

Botr npocroit SELECT-3ampoc, KOTOpBIil Mbl pacCMaTpPUBAJIN PAHEE:

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

To ymorganuio, Takodi 3a1Ipoc UINET HyKHBIH TAILL 110 3HAYEHUIO B IIEPBOM (IIepBUYHOM ) uHeKce. [TockoabKy
MIEPBUYIHBIN WHIEKC BCETIa YHUKAJIEH, TO JAHHBIN 3alIpoc BEpHET He 0OoJiee OIHOTrO TallIa.

Tak>ke BO3MOXKHBI cieayromuyue BapuaHTbhI:

1. ITomumo ycioBud paBEHCTBa, IIPU ITOUCKE MOI'yT UCIIOJIb30BATbhCA U APYTrue yCJIOBUA CDaBHEHNA.

box.space. space-name :select(value, {iterator = 'GT'})

MozkHO ucnosb30BaTh cienyorue orneparopsl cpasaenust: LT (menbine), LE (Menbrue wiu pasho), EQ
(pasno), REQ (mepasHno), GE (6osbime nmm pasao), GT (6osbime). CpaBHEHUsT UMEIOT CMBICI TOJBKO
JIJIsl MHJIEKCOB THUIIa 'tree’.

DTOT BApUAHT IIOMCKA MOXKET BEPHYTh 0OJiee OJHOrO Tamia. B Takom ciydae Taribl OyyT OTCOPTHU-
POBaHbl B HOpsijiKe yOblBaHus 10 Kiody (ecan ucnosibsobasica oneparop LT, LE wim REQ), au6o B
HOpsiZIKe BO3pacTaHus (BO BCEX OCTAJILHBIX CJIyYasiX).

Ilonck MOXKeT MPOU3BOIUTHCS IO BTOPUYHOMY WHJIEKCY.
box.space. space-name .index. indez-name :select (value)

IIpu moucke 1m0 MEPBUYHOMY UHIIEKCY MMs WHIEKCA MOXKHO HE YKa3bIBaTh. [Ipu moucke ke 1o BTOpUY-
HOMY WHJIEKCY UMsI MHIEKCA YKA3bIBATH HEOOXOIIMO.

3. Ilouck mozker OPOU3BOJUTHCA KaK II0 BCEMY KJII0O1Y, TaK U II0 €ro 9aCTsAM.
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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, ']

ITouck MoXKeT IPOUBBOAUTHCS IO BCEM MOJISIM (B 9TOM CJIydae UCHOJIb3yeTcst Tabiuia 3HAYeHNil):
box.space. space-name :select ({1, 'A'})

JIu6o ke 1o oxHOMY 100 (B 9TOM CJIydae UCHOJIb3yeTcs TabJnuIa Wik CKAJISIPHOE 3HAYCHUE):
box.space. space-name :select (1)

Bo Bropom ciygae Tarantool Bepuer asa tamta: {1, 'A'} u {1, 'B'}. Ilpu HE0oOXOAMMOCTU MOYKHO
3a/1aTh Jla’Ke HyJIEBbIE I0JIsI, B pe3yJbTaTe dero Tarantool BepHeT Bce TpH Taruia.

IIpumepsr:
e [Ipumep paborer ¢ BITSET-unmexcom:

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

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

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

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

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

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

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

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

M5! mosTyyuM cireLyIonuit pe3ysIbTaT:

--103, 7
- [4, 3]

nockosbKy (7 AND 2) ue pasao 0 u (3 AND 2) He pasro 0.

IIpu moucke mo BITSET-unmekcam wmoxkuO wucnosb3oBarh onepatopbl  BITS ANY SET,
BITS ALL_SET, BITS ALL NOT_SET, EQ u ALL.

e [Ipumep paborsr ¢ RTREE-unmekcom:

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

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

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

tarantool> box.space.rtree_example:insert{1, {3, 5, 9, 10}}
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tarantool> box.space.rtree_example:insert{2, {10, 11}}
tarantool> box.space.rtree_example.index.rtree:select({4, 7, 5, 9}, {iterator = 'GT'})

Mpb1 mostyauM cite Iy omnmii pe3yJibrar:

- - [1, [3, 5, 9, 10]1]

ITOCKOJIBKY TIPIMOYTOJIBHUK C YIJIAaMU B KoopawHaTax 4,7,5,9 JIE2KUT MEeJTMKOM BHYTPHU TPIMOYTOJIHLHUKA
¢ yIJIaMu B KoopJmHaTax 3,5,9,10.

IIpu noucke o RTREE-unekcam moxkuo ucnosb3zosars oneparopel GT, GE; LT, LE, OVERLAPS u
NEIGHBOR.

Bubnuoreka "box

Hapsny c ucronmennem Kyckos kKoja Ha Liua u 3a1aHmneM cOOCTBEHHDBIX (DYHKIINM, Bl MOXKETE UCIIOIH30BATh
dyukumonas CYBJI, npemocrapisiemblii Lua-6ub/morekoii box u ee BIOYKEHHBIMEH MOJLYJISIMHE.

3.3.2 BnoxeHHble moaynn u3 bubnmnortekn "box

Conepxumoe 6ubsmorekn ‘box‘‘ MOKHO MPOCMATPUBATH BO BPEMs WCIIOJHEHHUS C IOMOIIBIO KOMAHJIBI box
(6e3 aprymentoB). Bubinoreka box COIEPKUT CJIEIYIONINE BJIOXKEHHBbIE MOYy/IH: box.schema, box.tuple,
box.space, box.index, box.cfg, box.info, box.slab, box.stat. Kaxkablil BIOKEHHBII MOIYJIb COIEP-
KUT 1O KpaftHeii mepe onny Lua-pyHKIHUIO, a HEKOTOpPLIE BJIOYXKEHHBIE MOJY/IN TaKKe COJEPIXKAT TOJIs-
wienbl. OYHKIMA BO BJIOXKEHHBIX MOJYJISX IIPeHA3HAUEHBI JIsl onpe/iesenns naHubix (onepaiuu CREATE
u DROP), manunynmuposanus nanapivu (INSERT DELETE UPDATE UPSERT SELECT REPLACE) u

IPOCMOTPA, JAHHBIX ([IPOCMOTP COAEPKUMOrO CIEeHCOB U KOH(MUIYPAIUl CepBepa,).

DakKTOpbl, KOTOPbIE MOT'YyT BJIHATH Ha ObICTpO/eiicTBre (DYyHKIUHA JIsi MAHUILYJIMPOBAHUS JAH-
HBIMU M3 OmbJmoreku box
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Pasmep | KosmmdecrBo Kiroueil B MHIEKCE PaBHO KOJUYECTBY TallJIOB B Habope JaHHBIX. B ciydae c

nngekca | TREE-ungekcom: ¢ pocToM KOJMYIecTBa KII0Ueil YBeJIMIUBAETCsS BPEMsl MIOUCKA, XOTs 3aBUCH-
MOCTh 3J1€Ch, KOHEUHO ke, He jmHeiiHas. B ciayuae ¢ HASH-unmekcoM: ¢ pocToM KOJHIECTBA
KJTIOYell yBEJTMINBAETCA 00bEeM UCIIOIB3YEMOI TAMSTH, HO KOJUIECTBO HU3KOYPOBHEBBIX IIIAroB
OCTaeTCs IPUMEPHO TEM 2Ke€.

Tun un- | Kak npasuio, nmouck no HASH-ungekcy paboraer onictpee, yem no TREE-umnznekcy, eciu B

IEeKCa, Habope ecThb DoJiee OHOTO TallIa.

Kouu- OOBIYHO J1JIsT BBIOOPKYU 3HAYEHUI OJHOIO Talljla UCIOJIb3YEeTCs TOJIBKO OfWH mHIekc. Ho npu

YECTBO OOHOBJIEHUY 3HAYMEHUIT B Tarie Tpedyercs N obparienuii, eciin y Habopa Tansos ectb N HHIEK-

obpa- COB.

MIeHn

K  HH-

JIeKCaM

Komu- Hexoropsre 3ampocsr, nHanpumep SELECT, moryT Bo3Bpamarh HECKOJIHKO TAIioB. Kak mpa-

9€CTBO BHJIO, 9TO HAMMeHee BaXKHbI (haKTOP U3 BCEX.

obpa-

MeHn

K Tal-

JraM

Ha- Bazkubiv ntapamerpom st 3anucu B WAL asisiercss wal _mode. Ecim 3amncs B8 WAL oTkitro-

CTpOIi- YeHa WM 3aJ[aHa 3alliCh C 33JIEPXKKOM, HO 3TOT (aKTOp He TaK BarkeH. Fciim ke 3ammch B

K7 WAL npoussoauTest Ipu KazKJI0M 3aIpoce Ha U3MEHEHHE JAHHBIX, TO TPH KayKJIOM TaAKOM 3a-

WAL [Ipoce MPUXOAUTCH KIATh, ITIOKa 0TpadoTaeT obpaleHue K 60j1ee MeJIEHHOMY JIUCKY, U JTAHHBIA
daKTOp CTAHOBHUTCS BaKHEE BCEX OCTAJBLHBIX.

Jasiee B onmcannyn KaXxa0it bYHKINN JJTsT MAHUITYJIUPOBAHUS JAHHBIMU OyeT JAaHO IpUMeJaHne, KaKue u3
BBIIIENIPUBEIEHHBIX (DAKTOPOB MOIYT BJIUATL Ha €€ ObICTPO/IENCTBHE.

3.3.3 [Ba aBuxkka ba3bl gaHHbIX: memtx un vinyl

JIBUKOK J1j1s1 pabOThI C JAHHBIMU — 9TO HAOOp MHCTPYKIHMI OYeHb HU3KOI'O YPOBHSI, KOTOPBIE 3aIaf0T JIOIHKY
XPaHEHUud W JOCTylla K 3HadeHusaAM mojeit Tamios. B Tarantool’e ects 2 nBukka: memtx (njst paGoTsl ¢
JaHHbIMKE B namaTu) u vinyl (mis paGorbl ¢ ganHbiMu Ha jucke). Utobbl B koudwurypamuu Tarantool’a
yKa3aTh IBIKOK vinyl, mobaBbre ycioBue engine = 'vinyl'. B Tekymieil 7OKyMeHTAIIMY TJIABHBIA AKIEHT
CZleJIaH Ha MCIOJIb30BAHUM JIBUKKA Memtx, MOCKOJIbKY OH HUCIIOJIH3YETCS [0 YMOIIAHUIO U TIOSBUJICS PAHDIIE
vinyl’a. B To ke Bpemsi vinyl siBisieTcst IOTHOCTBIO pAOOYIUM JBUKKOM JJIsi pADOTHI C JJAHHBIMU BHJIA " KJITIOY-
3HAYEHUE U OH IOJONIET TeM, KTO XO4YeT XPAHWThH JaHHbIE HEIIOCPEJICTBEHHO HAa JMCKE W TaKUM 00pa3soM
YMEHBIITATH BPEMsi BOCCTAHOBJIEHUSI U MIOJIY YATH BO3MOXKHOCTH PabOTHI ¢ 6a30it 6osibirero oobema. [losicuenust
[0 APXUTEKTYPE U PE3yJIbTaThl CPABHUTEIbHBIX TECTOB Ha ObICTpOeiicTBue npusenensl B [Ipuaoxkennn D:
vinyl. C xgpyroit croponsl, B vinyl’e HeT HEKOTOPBIX (DYHKIUI U OMIWil, KOTOpble ecTh B memtx’e. lasee
B JIOKYMEHTAIUN JIJIsI BCEX TAKUX CJIyYaeB JAHBI IPpUMeYaHusl, HauuHamomuecs: co cjoB "lIpumedanue mpo
aBmkok: vinyl". A B KOHIE JaHHOI IJIaBbl NpHUBEIEH 0030p BCEX 0mauduil mescdy deusckamu memlr u
vinyl.

3.3.4 CnpaBo4HUK No bubnmnotekam

BnoxeHHbiii mogynb box.schema

The box.schema submodule has data-definition functions for spaces, users, roles, and function tuples.
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box.schema.space.create (space-name [7 {options} ] )
Create a space.

ITapameTrpsbl

e space-name (string) — name of space, which should not be a number and should
not contain special characters

e options (table) — see "Options for box.schema.space.create"chart, below
Return space object
Rtype userdata

Options for box.schema.space.create

Name Effect Type Default

temporary space is temporary boolean | false

id unique identifier number | last space’s id, +1

field count fixed field count number | 0 i.e. not fixed

if not exists | no error if duplicate name boolean | false

engine storage engine = ‘memtz’ or ‘vinyl’ | string ‘memtx’

user user name string current user’s name

format field names+types table (blank)
ITapameTrpsl

e space-id (num) — the numeric identifier established by box.schema.space.create

There are five syntaz variations for object references targeting space objects, for example box.schema.
space.drop(space-id) will drop a space. However, the common approach is to use functions attached
to the space objects, for example space_ object:drop().

Note re storage engine: vinyl does not support temporary spaces.

Mpumep

tarantool> s = box.schema.space.create('space55')

tarantool> s = box.schema.space.create('space55', {
> id = 555,
>  temporary = false
> b

- error: Space 'spacebb' already exists

tarantool> s = box.schema.space.create('space55', {
> if_not_exists = true

>3

For an illustration with the format clause, see box.space. space example.

After a space is created, usually the next step is to create an index for it, and then it is available for insert,
select, and all the other box.space functions.
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box.schema.user.create (user-name [, {options} ] )
Create a user. For explanation of how Tarantool maintains user data, see section Users and the _user
space.

IIapameTpsbl

e user-name (string) — name of user, which should not be a number and should not
contain special characters

e options (table) — if_not_exists, password
Return nil

Example:

box.schema.user.create('Lena')
box.schema.user.create('Lena', {password = 'X'})
box.schema.user.create('Lena', {if_not_exists = false})

box. schema.user.drop(user—name[, {options}])
Drop a user. For explanation of how Tarantool maintains user data, see section Users and the _user

space.
ITapameTpsl
e user-name (string) — the name of the user
e options (table) — if_exists
Example:

box.schema.user.drop('Lena')
box.schema.user.drop('Lena’,{if _exists=false})

box.schema.user.exists (user-name)
Return true if a user exists; return false if a user does not exist.

ITapameTrpsnl
e user-name (string) — the name of the user
Rtype bool

Example:

box.schema.user.exists('Lena')

box.schema.user.grant (user-name, priveleges, object-type, object—name[, {Optz'ons}])
box.schema.user.grant (user-name, priveleges, ’um’verse’[, nil, {options}])

box.schema.user.grant (user-name, mle-name[7 nil, nil, {options}])
Grant privileges to a user.

IIapameTpsbr
e user-name (string) — the name of the user

e priveleges (string) — 'read’ or 'write’ or ’execute’ or a combination,

object-type (string) — 'space’ or 'function’.

object-name (string) — name of object to grant permissions to

e role-name (string) — name of role to grant to user.
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e options (table) — grantor, if_not_exists
If 'function','object-name' is specified, then a _func tuple with that object-name must exist.

Variation: instead of object-type, object-name say 'universe’ which means ’all object-types and
all objects’.

Variation: instead of privilege, object-type, object-name say role-name (see section Roles).

Example:

box.schema.user.grant('Lena', 'read', 'space', 'tester')
box.schema.user.grant('Lena', 'execute', 'function', 'f')
box.schema.user.grant('Lena', 'read,write', 'universe')
box.schema.user.grant('Lena', 'Accountant')

box.schema.user.grant('Lena', 'read,write,execute', 'universe')
box.schema.user.grant('X', 'read', 'universe', nil, {if_not_exists=truel}))

box.schema.user.revoke (user-name, privilege, object-type, object-name)
Revoke privileges from a user.

ITapameTrpsbl
e user-name (string) — the name of the user
e privilege (string) — 'read’ or 'write’ or ’execute’ or a combination
e object-type (string) — 'space’ or 'function’
e object-name (string) — the name of a function or space

The user must exist, and the object must exist, but it is not an error if the user does not have the
privilege.

Variation: instead of object-type, object-name say 'universe’ which means ’all object-types and
all objects’.

Variation: instead of privilege, object-type, object-name say role-name (see section Roles).

Example:

box.schema.user.revoke('Lena', 'read', 'space', 'tester')
box.schema.user.revoke('Lena', 'execute', 'function', 'f')
box.schema.user.revoke('Lena', 'read,write', 'universe')
box.schema.user.revoke('Lena', 'Accountant')

box.schema.user.password (password)
Return a hash of a password.

ITapameTrpsl
e password (string) — password
Rtype string

Example:

box.schema.user.password('JIEHA')

box.schema.user.passwd( [user—name ], password)
Associate a password with the user who is currently logged in. or with another user. Users who wish to
change their own passwords should use box.schema.user.passwd(password). Administrators who wish
to change passwords of other users should use box.schema.user.passwd(user-name, password).
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ITapameTrpsbl
e user-name (string) — user-name
e password (string) — password

Example:

box.schema.user.passwd('JIEHA')
box.schema.user.passwd('Lena', 'JIEHA')

box.schema.user.info( [user-name ])
Return a description of a user’s privileges.

ITapameTrpsbl

e user-name (string) — the name of the user. This is optional; if it is not supplied,
then the information will be for the user who is currently logged in.

Example:

box.schema.user.info()
box.schema.user.info('Lena')

box.schema.role.create (role-name [, {options} ] )
Create a role. For explanation of how Tarantool maintains role data, see section Roles.

ITapameTrpsbl

e role-name (string) — name of role, which should not be a number and should not
contain special characters

e options (table) — if _not_exists
Return nil

Example:

box.schema.role.create('Accountant')
box.schema.role.create('Accountant', {if_not_exists = false})

box.schema.role.drop(role-name)
Drop a role. For explanation of how Tarantool maintains role data, see section Roles.

IIapameTpsbl
e role-name (string) — the name of the role

Example:

box.schema.role.drop('Accountant')

box.schema.role.exists (role-name)
Return true if a role exists; return false if a role does not exist.

ITapamerpsbt
e role-name (string) — the name of the role
Rtype bool

Example:
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box.schema.role.exists('Accountant')

box.schema.role.grant (user-name, privilege, object-type, object—name[, optz'on])
Grant privileges to a role.

ITapameTrpsnl
e user-name (string) — the name of the role
e privilege (string) — 'read’ or 'write’ or ’execute’ or a combination
e object-type (string) — 'space’ or ’function’
e object-name (string) — the name of a function or space
e option (bool) — {if not_exists=true} or {if not exists=false}
The role must exist, and the object must exist.

Variation: instead of object-type, object-name say 'universe’ which means ’all object-types and
all objects’.

Variation: instead of privilege, object-type, object-name say role-name — to grant a role to a

role.

Example:

box.schema.role.grant('Accountant', 'read', 'space', 'tester')
box.schema.role.grant('Accountant', 'execute', 'function', 'f')
box.schema.role.grant('Accountant', 'read,write', 'universe')
box.schema.role.grant('public', 'Accountant')
box.schema.role.grant('rolel', 'role2', nil, nil, {if_not_exists=false})

box.schema.role.revoke (user-name, privilege, object-type, object-name)
Revoke privileges from a role.

ITapameTrpsbl
e user-name (string) — the name of the role
e privilege (string) — 'read’ or 'write’ or ’execute’ or a combination
e object-type (string) — 'space’ or 'function’
e object-name (string) — the name of a function or space

The role must exist, and the object must exist, but it is not an error if the role does not have the
privilege.

Variation: instead of object-type, object-name say 'universe’ which means ’all object-types and
all objects’.

Variation: instead of privilege, object-type, object-name say role-name.

Example:

box.schema.role.revoke('Accountant', 'read', 'space', 'tester')
box.schema.role.revoke('Accountant', 'execute', 'function', 'f')
box.schema.role.revoke('Accountant', 'read,write', 'universe')
box.schema.role.revoke('public', 'Accountant')

box.schema.role.info( [role-name ])
Return a description of a role’s privileges.

ITapameTrpsbl
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e role-name (string) — the name of the role.

Example:

box.schema.role.info('Accountant')

box.schema.func.create (func-name [, {options} ] )
Create a function tuple. This does not create the function itself — that is done with Lua — but if it is
necessary to grant privileges for a function, box.schema.func.create must be done first. For explanation
of how Tarantool maintains function data, see section Functions and the _func space.

ITapameTrpsbl

e func-name (string) — name of function, which should not be a number and should
not contain special characters

e options (table) — if _not_exists, setuid, language.
Return nil

Example:

box.schema.func.create('calculate')
box.schema.func.create('calculate', {if_not_exists = false})
box.schema.func.create('calculate', {setuid = false})
box.schema.func.create('calculate', {language = 'LUA'})

box.schema.func.drop (func-name)
Drop a function tuple. For explanation of how Tarantool maintains function data, see section Functions
and the _func space.

ITapameTrpsbl
e func-name (string) — the name of the function

Example:

box.schema.func.drop('calculate')

box.schema.func.exists (func-name)
Return true if a function tuple exists; return false if a function tuple does not exist.

ITapameTrpsl
e func-name (string) — the name of the function
Rtype bool

Example:

box.schema.func.exists('calculate')

BnoxeHHblii mogynb box.space

The box . space submodule has the data-manipulation functions select, insert, replace, update, upsert,
delete, get, put. It also has members, such as id, and whether or not a space is enabled. Submodule source
code is available in file src/box/lua/schema.lua.

A list of all box.space functions follows, then comes a list of all box.space members.
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The functions and members of box.space

Name

Use

space_ object:create_index()

Create an index

space_object:insert()

Insert a tuple

space_ object:select()

Select one or more tuples

space__object:get()

Select a tuple

space_ object:drop()

Destroy a space

space__object:rename()

Rename a space

space_ object:replace()

Insert or replace a tuple

space__object:put()

Insert or replace a tuple

space_ object:update()

Update a tuple

space__object:upsert()

Update a tuple

space_ object:delete()

Delete a tuple

space__object:count()

Get count of tuples

space_ object:len()

Get count of tuples

space__object:truncate()

Delete all tuples

space_ object:auto_increment()

Generate key + Insert a tuple

space__object:pairs()

Prepare for iterating

space__object.id

.Numeric identifier of space

space_ object.enabled

.Flag, true if space is enabled

space__object.field_ count

.Required number of fields

space_ object.index

.Container of space’s indexes

box.space. schema

.(Metadata) List of schemas

bozx.space. _space

.(Metadata) List of spaces

box.space. index

boz.space. _user

box.space. _priv

.(Metadata) List of privileges

boz.space. _cluster

(

( )

.(Metadata) List of indexes
.(Metadata) List of users

( )

( )

.(Metadata) List of clusters

object space_object

space_object:create_index (index-name [, {options} ])
Create an index. It is mandatory to create an index for a tuple set before trying to insert tuples
into it, or select tuples from it. The first created index, which will be used as the primary-key
index, must be unique.

Parameters: space_object = an object reference; index name (type = string) = name of index,
which should not be a number and should not contain special characters; options.

Return index object
Rtype index object

Options for space_object:create_index:
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Name Effect Type Default
type type of index string ("HASH’ or 'TREE’ or 'BITSET’ or | "TREE’
'RTREE’)
id unique identifier | number last index’s
id, +1
unique index is unique boolean true
if not existe  error  if | boolean false
duplicate name
parts field-numbers + | {field no, ’'unsigned’ or ’string’ or ’integer’ or | {1,
types ‘number’ or ’array’ or ’scalar’} 'unsigned'}
Possible errors: too many parts. Index ’...” already exists. Primary key must be unique.

Note re storage engine: vinyl supports only the TREE index type, and vinyl secondary indexes
must be created before tuples are inserted.

tarantool> s = box.space.spacebb

tarantool> s:create_index('primary', {unique = true, parts = {1, 'unsigned', 2, 'string'}

-}

Details about index field types: The six index field types (unsigned | string | integer |
number | array | scalar) differ depending on what values are allowed, and what index types
are allowed. unsigned: unsigned integers between 0 and 18446744073709551615, about 18
quintillion. May also be called 'uint’ or 'num’, but 'num’ is deprecated. Legal in memtx
TREE or HASH indexes, and in vinyl TREE indexes. string: any set of octets, up to the
mazximum length. May also be called ’str’. Legal in memtx TREE or HASH or BITSET
indexes, and in vinyl TREE indexes. integer: integers between -9223372036854775808
and 18446744073709551615. May also be called ’int’. Legal in memtx TREE or HASH
indexes, and in vinyl TREE indexes. number: integers between -9223372036854775808 and
18446744073709551615, single-precision floating point numbers, or double-precision floating
point numbers. Legal in memtx TREE or HASH indexes, and in vinyl TREE indexes. array:
array of integers between -9223372036854775808 and 9223372036854775807. Legal in memtx
RTREE indexes. scalar: booleans (true or false), or integers between -9223372036854775808
and 18446744073709551615, or single-precision floating point numbers, or double-precison
floating-point numbers, or strings. When there is a mix of types, the key order is: booleans,
then numbers, then strings. Legal in memtx TREE or HASH indexes, and in vinyl TREE
indexes.

Index field types to use in create index
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Tun What can be in it Where is it | IIpu-

TTOJIst legal Me-

JUIsl  WH- pBIL:

JIEKCH-

poBaHUsA

unsigned| integers between 0 and 18446744073709551615 memtx TREE | 123456
or HASH

indexes, vinyl
TREE indexes
string strings — any set of octets memtx TREE | 'A

or HASH | B C
indexes vinyl | "\65
TREE indexes | \66

\67’
integer | integers between -9223372036854775808 and | memtx TREE | -2763
18446744073709551615 or HASH
indexes, vinyl
TREE indexes
number | integers between -9223372036854775808 and | memtx TREE | 1.234

18446744073709551615, single-precision floating | or HASH | -44
point numbers, double-precision floating point | indexes, vinyl | 1.447e-44
numbers TREE indexes
array array of integers between -9223372036854775808 | memtx {10,
and 9223372036854775807 RTREE 11}
indexes {3, 5,
9, 10}
scalar booleans (true or false), integers between - | memtx TREE | true
9223372036854775808 and 18446744073709551615, | or HASH | -1
single-precision floating point numbers, double- | indexes, vinyl | 1.234
precision floating point numbers, strings TREE indexes | 7 ”’

space_object:insert (tuple)
Insert a tuple into a space.

Parameters: space_object = an object reference; tuple (type = Lua table or tuple) = tuple to
be inserted.

Return the inserted tuple
Rtype tuple
Possible errors: If a tuple with the same unique-key value already exists, returns ER_TUPLE_FOUND.

Example:

tarantool> box.space.tester:insert{5000, 'tuple number five thousand'}

- [5000, 'tuple number five thousand']

space_object:select (key)
Search for a tuple or a set of tuples in the given space.

Parameters: space_object = an object reference; key (type = Lua table or scalar) = key to be
matched against the index key, which may be multi-part.
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Return the tuples whose primary-key fields are equal to the passed field-values. If the
number of passed field-values is less than the number of fields in the primary key,
then only the passed field-values are compared, so select{1,2} will match a tuple
whose primary key is {1,2,3}.

Rtype

tuple

Possible errors: No such space; wrong type.

Complexity Factors: Index size, Index type.

Example:
tarantool> s = box.schema.space.create('tmp', {temporary=truel})
tarantool> s:create_index('primary',{parts = {1,'unsigned', 2, 'string'}})
tarantool> s:insert{1,'A'}
- [1, 'A']
tarantool> s:insert{1,'B'}
- [1, 'B']
tarantool> s:insert{1,'C'}
- [1, 'c']
tarantool> s:insert{2,'D'}
- [2, 'D']
tarantool> -- must equal both primary-key fields
tarantool> s:select{1,'B'}
- - [1, 'B']
tarantool> -- must equal only ome primary-key field
tarantool> s:select{1}
- - [1, 'A]
- [1, 'B']
- [, 'c']
tarantool> -- must equal 0 fields, so returns all tuples
tarantool> s:select{}
- - [1, 'A']
- [1, 'B']
- [, 'c']
- [2, 'D']

For examples of complex select requests, where one can specify which index to search and what
condition to use (for example "greater than"instead of "equal to") and how many tuples to return,
see the later section index object:select.
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space_object:get (key)
Search for a tuple in the given space.

Parameters: space_object = an object reference; key (type = Lua table or scalar) = key to be
matched against the index key, which may be multi-part.

Return the tuple whose index key matches key, or null.
Rtype tuple
Possible errors: If space object does not exist.
Complexity Factors: Index size, Index type, Number of indexes accessed, WAL settings.

The box.space...select function returns a set of tuples as a Lua table; the box.space. ..
get function returns at most a single tuple. And it is possible to get the first tuple in a tuple
set by appending [1]. Therefore box.space.tester:get{1} has the same effect as box.space.
tester:select{1}[1], if exactly one tuple is found.

Example:

box.space.tester:get{1}

space_object:drop()
Drop a space.

Parameters: space_object = an object reference.
Return nil
Possible errors: If space object does not exist.
Complexity Factors: Index size, Index type, Number of indexes accessed, WAL settings.

Example:

box.space.space_that_does_not_exist:drop()

space_object:rename (space-name)
Rename a space.

Parameters:space_object = an object reference; space-name (type = string) = new name for
space.

Return nil
Possible errors: space object does not exist.

Example:

tarantool> box.space.spaceb5:rename('space56')

tarantool> box.space.spaceb6:rename('space55')

space_object:replace (tuple)

space_object:put (tuple)
Insert a tuple into a space. If a tuple with the same primary key already exists, box.space.
..:replace() replaces the existing tuple with a new one. The syntax variants box.space. ..
:replace() and box.space...:put() have the same effect; the latter is sometimes used to show
that the effect is the converse of box.space...:get().
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Parameters: space_object = an object reference; tuple (type = Lua table or tuple) = tuple to
be inserted.

Return the inserted tuple.
Rtype tuple

Possible errors: If a different tuple with the same unique-key value already exists, returns
ER_TUPLE_FOUND. (This will only happen if there is a secondary index. By default secondary
indexes are unique.)

Complexity Factors: Index size, Index type, Number of indexes accessed, WAL settings.

Example:

box.space.tester:replace{5000, 'tuple number five thousand'}

space_object:update (key, {{operator, field no, value}, ... })
Update a tuple.

The update function supports operations on fields — assignment, arithmetic (if the field is
numeric), cutting and pasting fragments of a field, deleting or inserting a field. Multiple operations
can be combined in a single update request, and in this case they are performed atomically and
sequentially. Each operation requires specification of a field number. When multiple operations
are present, the field number for each operation is assumed to be relative to the most recent
state of the tuple, that is, as if all previous operations in a multi-operation update have already
been applied. In other words, it is always safe to merge multiple update invocations into a single
invocation, with no change in semantics.

Possible operators are:
e + for addition (values must be numeric)
e - for subtraction (values must be numeric)

e & for bitwise AND (values must be unsigned numeric)

| for bitwise OR (values must be unsigned numeric)

=~ for bitwise XOR (exclusive OR) (values must be unsigned numeric)

: for string splice

! for insertion

# for deletion

= for assignment
For ! and = operations the field number can be -1, meaning the last field in the tuple.

Parameters: space_object = an object reference; key (type = Lua table or scalar) = primary-key
field values, must be passed as a Lua table if key is multi-part; {operator, field no, value} (type
= table): a group of arguments for each operation, indicating what the operation is, what field
the operation will apply to, and what value will be applied. The field number can be negative,
meaning the position from the end of tuple (#tuple + negative field number + 1).

Return the updated tuple.
Rtype tuple
Possible errors: it is illegal to modify a primary-key field.
Complexity Factors: Index size, Index type, number of indexes accessed, WAL settings.

Thus, in the instruction:
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s:update(44, {{'+', 1, 55 }, {'=", 3, 'x'}})

the primary-key value is 44, the operators are '+' and '=' meaning add a value to a field and
then assign a value to a field, the first affected field is field 1 and the value which will be added
to it is 55, the second affected field is field 3 and the value which will be assigned to it is 'x"'.

Example:

Assume that the initial state of the database is tester that has one tuple set and one primary
key whose type is unsigned. There is one tuple, with field[1] = 999 and field[2] = 'A".

In the update:

box.space.tester:update(999, {{'=', 2, 'B'}})

The first argument is tester, that is, the affected space is tester. The second argument is 999,
that is, the affected tuple is identified by primary key value = 999. The third argument is =, that
is, there is one operation — assignment to a field. The fourth argument is 2, that is, the affected
field is field [2]. The fifth argument is 'B', that is, field [2] contents change to 'B'. Therefore,
after this update, field[1] = 999 and field[2] = 'B'.

In the update:

box.space.tester:update ({999}, {{'=', 2, 'B'}})

the arguments are the same, except that the key is passed as a Lua table (inside braces). This is
unnecessary when the primary key has only one field, but would be necessary if the primary key
had more than one field. Therefore, after this update, field[1] = 999 and field[2] = 'B' (no
change).

In the update:

’box.space.tester:update({999}, {{'=", 3, 1}})

the arguments are the same, except that the fourth argument is 3, that is, the affected field is
field[3]. It is okay that, until now, field[3] has not existed. It gets added. Therefore, after
this update, field[1] = 999, field[2] = 'B', field[3] = 1.

In the update:

box.space.tester:update ({999}, {{'+', 3, 1}})

the arguments are the same, except that the third argument is '+', that is, the operation is
addition rather than assignment. Since field[3] previously contained 1, this means we’re adding
1 to 1. Therefore, after this update, field[1] = 999, field[2] = 'B', field[3] = 2.

In the update:

box.space.tester:update ({999}, {{'[', 3, 1}, {'=', 2, 'C'}})

the idea is to modify two fields at once. The formats are '|' and =, that is, there are two
operations, OR and assignment. The fourth and fifth arguments mean that field[3] gets OR’ed
with 1. The seventh and eighth arguments mean that field[2] gets assigned 'C'. Therefore,
after this update, field[1] = 999, field[2] = 'C', field[3] = 3.

In the update:

box.space.tester:update ({999}, {{'#', 2, 1}, {'-', 2, 3}})

34 fnasa 3. PykoBoacteo nonb3osartens



Tarantool, Beinyck 1.7.1

The idea is to delete field[2], then subtract 3 from field[3]. But after the delete, there is a
renumbering, so field[3] becomes field[2]" before we subtract 3 from it, and that’s why the
seventh argument is 2, not 3. Therefore, after this update, field[1] = 999, field[2] = O.

In the update:

box.space.tester:update ({999}, {{'=', 2, 'XYZ'}})

we're making a long string so that splice will work in the next example. Therefore, after this
update, field[1] = 999, field[2] = 'XYZ'.

In the update

box.space.tester:update({999}, {{':', 2, 2, 1, '"!!'}})

The third argument is ' : ', that is, this is the example of splice. The fourth argument is 2 because
the change will occur in field[2]. The fifth argument is 2 because deletion will begin with the
second byte. The sixth argument is 1 because the number of bytes to delete is 1. The seventh
argument is '!!' because '!!' is to be added at this position. Therefore, after this update,
field[1] = 999, field[2] = 'X!!Z".

space_object :upsert (tuple wvalue, {{operator, field_no, value}, ... })
Update or insert a tuple.

If there is an existing tuple which matches the key fields of tuple_value, then the request has the
same effect as space_ object:update() and the {{operator, field_no, value}, ...} parameter
is used. If there is no existing tuple which matches the key fields of tuple_value, then the request
has the same effect as space object:insert() and the {tuple_value} parameter is used. However,
unlike insert or update, upsert will not read a tuple and perform error checks before returning
— this is a design feature which enhances throughput but requires more caution on the part of the
user.

Parameters: space_object = an object reference; tuple_value (type = Lua table or scalar) =
field values, must be passed as a Lua table; {operator, field no, value} (type = Lua table) = a
group of arguments for each operation, indicating what the operation is, what field the operation
will apply to, and what value will be applied. The field number can be negative, meaning the
position from the end of the tuple (#tuple + negative field number + 1).

Return null.

Possible errors: it is illegal to modify a primary-key field. It is illegal to use upsert with a space
that has a unique secondary index.

Complexity factors: Index size, Index type, number of indexes accessed, WAL settings.

Example:

box.space.tester:upsert({12,'c'}, {{'=', 3, 'a'}, {'=', 4, "'} ‘

space_object:delete (key)
Delete a tuple identified by a primary key.

Parameters: space_object = an object reference key (type = Lua table or scalar) = key to be
matched against the index key, which may be multi-part.

Return the deleted tuple
Rtype tuple
Complexity Factors: Index size, Index type

Note re storage engine: vinyl will return nil, rather than the deleted tuple.
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Example:

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

- [1, 'My first tuple'l]

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

tarantool> box.space.tester:delete('a')

- error: 'Supplied key type of part O does not match index part type:
expected unsigned'

space_object.id
Ordinal space number. Spaces can be referenced by either name or number. Thus, if space
tester has id = 800, then box.space.tester:insert{0} and box.space[800] : insert{0} are
equivalent requests.

Parameters: space_object = an object reference.

Example:

tarantool> box.space.tester.id

- 512

space_object.enabled
Whether or not this space is enabled. The value is false if the space has no index.

Parameters: space_object = an object reference.

space_object.field_count
The required field count for all tuples in this space. The field count can be set initially with:
box.schema.space.create(..., {

>

field_count = field_count_value ,
B
The default value is 0, which means there is no required field count.
Parameters: space_object = an object reference.

Example:

tarantool> box.space.tester.field_count

-0

space_object.index
A container for all defined indexes. There is a Lua object of type box.index with methods to search
tuples and iterate over them in predefined order.

Parameters: space_object = an object reference.

Rtype table

36 fnasa 3. PykoBoacteo nonb3osartens



Tarantool, Beinyck 1.7.1

Example:

tarantool> #box.space.tester.index

-1

tarantool> box.space.tester.index.primary.type

- TREE

space_object: count( [k‘ey] [, itemtor] )
Parameters: space_object = an object reference; key (type = Lua table or scalar) = key to be
matched against the primary index key, which may be multi-part; iterator = comparison method.

Return Number of tuples.

Example:

tarantool> box.space.tester:count(2, {iterator='GE'})

-1

space_object:len()
Parameters: space_object = an object reference.

Return Number of tuples in the space.

Example:

tarantool> box.space.tester:len()

-2

Note re storage engine: vinyl does not support len(). One possible workaround is to say #select (.

.

space_object:truncate()
Deletes all tuples. .

Parameters: space_object = an object reference.
Complexity Factors: Index size, Index type, Number of tuples accessed.

Return nil

ITpumeuanue: Note that truncate must be called only by the user who created the space OR
under a setuid function created by that user. Read more about setuid functions here

Note re storage engine: vinyl does not support truncate().

Example:

tarantool> box.space.tester:truncate()

tarantool> box.space.tester:len()
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space_object:auto_increment (field-value [, field-value ... ] )

Insert a new tuple using an auto-increment primary key. The space specified by space object
must have an unsigned or integer or numeric primary key index of type TREE. The primary-key
field will be incremented before the insert.

Note re storage engine: vinyl does not support auto_increment ().

Parameters: space_object = an object reference; field-value(s) (type = Lua table or scalar) =
tuple’s fields, other than the primary-key field.

Return the inserted tuple.

Rtype tuple
Complexity Factors: Index size, Index type, Number of indexes accessed, WAL settings.
Possible errors: index has wrong type or primary-key indexed field is not a number.

Example:

tarantool> box.space.tester:auto_increment{'Fld#1', 'F1d#2'}

- [1, 'Fla#1', 'Fld#2']

tarantool> box.space.tester:auto_increment{'Fld#3‘}

- [2, 'Fld#3']

space_object:pairs()

A helper function to prepare for iterating over all tuples in a space.
Parameters: space_object = an object reference.

Return function which can be used in a for/end loop. Within the loop, a value is returned
for each iteration.

Rtype function, tuple

Example:

tarantool> s = box.schema.space.create('space33')

tarantool> -- index 'X' has default parts {1, 'unsigned'}
tarantool> s:create_index('X', {})

tarantool> s:insert{0, 'Hello my '}, s:imsert{l, 'Lua world'}

- [0, 'Hello my ']
- [1, 'Lua world']

tarantool> tmp = "'

tarantool> for k, v in s:pairs() do
>  tmp = tmp .. v[2]
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> end

tarantool> tmp

- Hello my Lua world

box.space._schema
_schema is a system tuple set. Its single tuple contains these
major-version-number, minor-version-number.

Example:

The following function will display all fields in all tuples of _schema:

fields:

'version',

function example()
local ta = {}
local i, line
for k, v in box.space._schema:pairs() do
i=1
line = "'
while i <= #v do
line = line .. v[i]
i=1i+1
end
table.insert(ta, line)
end
return ta
end

Here is what example () returns in a typical installation:

tarantool> example()

- - 'cluster lec4el1f8-8f1b-4304-bb22-6c47ce0cf9cb6 '
- 'max_id 520 '
'version 1 7 0

box.space._space

_space is a system tuple set. Its tuples contain these fields: id, uid, space-name, engine, field_count,

temporary, format. These fields are established by space.create().
Example:

The following function will display all simple fields in all tuples of _space.

function example()
local ta = {}
local i, line
for k, v in box.space._space:pairs() do

i=1
line = "'
while i <= #v do
if type(v[i]l) ~= 'table' then
line = line .. v[il v
end
i=1i+1
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end

table.insert(ta, line)
end
return ta

end

Here is what example () returns in a typical installation:

tarantool> example()

- '512
- '513
- 'b614

tester memtx 0 '
1

origin vinyl O
archive memtx 0 '

- - '272 1 _schema memtx O '
- '280 1 _space memtx O '
- '281 1 _vspace sysview 0 '
- '288 1 _index memtx O '
- '296 1 _func memtx 0 '
- '304 1 _user memtx O '
- '305 1 _vuser sysview O '
- '312 1 _priv memtx O '
- '313 1 _vpriv sysview O '
- '320 1 _cluster memtx O '
1
1
1

Example:

The following requests will create a space using box.schema.space.create with a format clause.
Then it retrieves the space tuple for the new space. This illustrates the typical use of the format
clause, it shows the recommended names and data types for the fields.

tarantool> box.schema.space.create('TM', {
> format = {

> [1] = {["name"] = "field_1"},
> [2] = {["type"] = "unsigned"}
>}
>}

- index: []

on_replace: 'function: 0x41c67338'
temporary: false
id: 522
engine: memtx
enabled: false
name: TM
field_count: O
- created

tarantool> box.space._space:select(522)

- - [522, 1, '"IM', 'memtx', O, {}, [{'name': 'field_1'}, {'type': 'unsigned'}]]

box.space._index
_index is a system tuple set. Its tuples contain these fields: space-id index-id index-name
index-type is-index-unique [tuple-field-no, tuple-field-type ...].

The following function will display all fields in all tuples of _index: (notice that the fifth field gets
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special treatment as a map value and the sixth or later fields get special treatment as arrays):

function example()
local ta = {}
local i, line, value

i=1
line = "'
while v[i] ~= nil do
if i < 5 then
value = v[i]
end
if i == 5 then

if i > 5 then
value = v[i]J[11[1] .. ' '

end
line = line .. value .. ' '
i=1+1
end
table.insert(ta, line)
end

return ta
end

if v[i].unique == true then
value = 'true'
end

end

for k, v in box.space._index:pairs() do

- vlil[11[2]

Here is what example () returns in a typical installation:

tarantool> example()

- - '272 0 primary tree true O str
- '280 O primary tree true O num
- '280 1 owner tree tree 1 num '
- '280 2 name tree true 2 str '
- '281 O primary tree true O num
- '281 1 owner tree tree 1 num '
- '281 2 name tree true 2 str '
- '288 0 primary tree true O num
- '288 2 name tree true O num '
- '289 0 primary tree true O num
- '289 2 name tree true O num '
- '296 O primary tree true O num
- '296 1 owner tree tree 1 num '
- '296 2 name tree true 2 str '
- '297 O primary tree true O num
- '297 1 owner tree tree 1 num '
- '297 2 name tree true 2 str '
- '304 0 primary tree true O num
- '304 1 owner tree tree 1 num '
- '304 2 name tree true 2 str '
- '305 0 primary tree true O num
- '305 1 owner tree tree 1 num '
- '305 2 name tree true 2 str '
- '312 0 primary tree true 1 num
- '312 1 owner tree tree O num '
- '312 2 object tree tree 2 str '
- '313 0 primary tree true 1 num
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- '313 1 owner tree tree O num '

- '313 2 object tree tree 2 str '
- '320 O primary tree true O num '
- '320 1 uuid tree true 1 str '

- '512 0 primary tree true O num '
- '513 O primary tree true O num '
- '516 O primary tree true O STR '

box.space._user
_user is a system tuple set for support of the authorization feature.

box.space._priv
_priv is a system tuple set for support of the authorization feature.

box.space._cluster
_cluster is a system tuple set for support of the replication feature.

Example: use box.space functions to read _space tuples

This function will illustrate how to look at all the spaces, and for each display: approximately how many
tuples it contains, and the first field of its first tuple. The function uses Tarantool box . space functions len()
and pairs(). The iteration through the spaces is coded as a scan of the _space system tuple set, which
contains metadata. The third field in _space contains the space name, so the key instruction space_name =
v [3] means space_name is the space_name field in the tuple of _space that we’ve just fetched with pairs().
The function returns a table:

function example()
local tuple_count, space_name, line
local ta = {}
for k, v in box.space._space:pairs() do
space_name = v[3]

if box.space[space_name].index[0] = nil then
tuple_count = 'l or more'
else
tuple_count = 'O'
end
line = space_name .. ' tuple_count =' .. tuple_count
if tuple_count == 'l or more' then
for k1, vl in box.space[space_name]:pairs() do
line = line .. '. first field in first tuple = ' .. vi1[1]
break
end
end
table.insert(ta, line)
end

return ta
end

And here is what happens when one invokes the function:

tarantool> example()

- - _schema tuple_count =1 or more. first field in first tuple = cluster
- _space tuple_count =1 or more. first field in first tuple = 272
- _vspace tuple_count =1 or more. first field in first tuple = 272
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- _index tuple_count =1 or more. first field in first tuple = 272
- _vindex tuple_count =1 or more. first field in first tuple = 272
- _func tuple_count =1 or more. first field in first tuple =1

- _vfunc tuple_count =1 or more. first field in first tuple =1
- _user tuple_count =1 or more. first field in first tuple = 0
- _vuser tuple_count =1 or more. first field in first tuple = 0O
- _priv tuple_count =1 or more. first field in first tuple =1
- _vpriv tuple_count =1 or more. first field in first tuple =1

- _cluster tuple_count =1 or more. first field in first tuple 1

Example: use box.space functions to organize a _space tuple

The objective is to display field names and field types of a system space — using metadata to find metadata.
To begin: how can one select the _space tuple that describes space?

A simple way is to look at the constants in box.schema, which tell us that there is an item named
SPACE _ID == 288, so these statements will retrieve the correct tuple: box.space. space:select{288} or
box.space. _space:select{box.schema.SPACE 1D}

Another way is to look at the tuples in box.space. index, which tell us that there is a secondary
index named ’name’ for space number 288, so this statement also will retrieve the correct tuple:
box.space. _space.index.name:select{’ _space’}

However, the retrieved tuple is not easy to read: tarantool> box.space. space.index.name:select{’ space’}

— - - [280, 1, ’_space’, 'memtx’, 0, 7, [{’name’: ’id’, ‘type’: ‘num’}, {'name’: ’owner’,’type’: ‘num’},
{’name’: 'name’,’type’: ’str’}, {'name’: ’engine’, ‘type’: ’str’},{'name’: ’field count’, 'type’: 'num’},
{'name’: 'flags’,’type’: ’str’}, {"name’: 'format’, "type’: 7F}H]

It looks disorganized because field number 7 has been formatted with recommended names and data
types. How can one get those specific sub-fields? Since it’s visible that field number 7 is an array of
maps, this for loop will do the organizing: local tuple of space, field name, field type tuple of space
= box.space. space.index.name:select{’ space’}[1] for i = 1, #tuple of space[7], 1 do field name
= tuple of space[7][i]['name’] field type = tuple of space[7][i]['type’] print(field name ..’
.field type) end

And here is what happens when one executes the for loop: id,num owner,num namestr engine,str
field count,num flags str format,*

BnoxeHHbiii moayns box.index

The box.index submodule provides read-only access for index definitions and index keys. Indexes are
contained in box . space. space-name . index array within each space object. They provide an API for ordered
iteration over tuples. This API is a direct binding to corresponding methods of index objects of type box.
index in the storage engine.

object index_object

index_object.unique
True if the index is unique, false if the index is not unique.

Parameters:

e index_object = an object reference.
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Rtype boolean

index_object.type

Index type, "TREE’ or '"HASH’ or 'BITSET’ or 'RTREE’.
Parameters:

e index_object = an object reference.

index_object.parts

An array describing index key fields.
Parameters:

e inder_object = an object reference.
Rtype table

Example:

tarantool> box.space.tester.index.primary

- unique: true

parts:

- type: unsigned
fieldno: 1

id: 0

space_id: 513
name: primary
type: TREE

index_object:pairs(bitset-value | search-value, iterator-type)

This method provides iteration support within an index. The bitset-value or search-value
parameter specifies what must match within the index. The iterator-type parameter specifies
the rule for matching and ordering. Different index types support different iterators. For example,
a TREE index maintains a strict order of keys and can return all tuples in ascending or descending
order, starting from the specified key. Other index types, however, do not support ordering.

To understand consistency of tuples returned by an iterator, it’s essential to know the principles
of the Tarantool transaction processing subsystem. An iterator in Tarantool does not own a
consistent read view. Instead, each procedure is granted exclusive access to all tuples and spaces
until there is a "context switch": which may happen due to the-implicit-yield-rules, or by an
explicit call to fiber.yield. When the execution flow returns to the yielded procedure, the data set
could have changed significantly. Iteration, resumed after a yield point, does not preserve the read
view, but continues with the new content of the database. The tutorial Indexed pattern search
shows one way that iterators and yields can be used together.

Parameters:
e index_object = an object reference;
e bitset-value | search-value... = what to search for
e iterator-type = as defined in tables below.
Return this method returns an iterator closure, i.e. a function which can be used to get
the next value on each invocation

Rtype function, tuple
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Possible errors: Selected iteration type is not supported for the index type, or search value is not
supported for the iteration type.

Complexity Factors: Index size, Index type, Number of tuples accessed.

A search-value can be a number (for example 1234), a string (for example 'abcd'), or a table of
numbers and strings (for example {1234, 'abcd'}). Each part of a search-value will be compared
to each part of an index key.

Iterator types for TREE indexes

ITpumeuanue: Formally the logic for TREE index searches is: comparison-operator is = or >=
or > or <= or < depending on iterator-type
for i = 1 to number-of-parts-of-search-value

if (search-value-part[i] is nil and <comparison-operator> is "=") or
(search-value-part[i] <comparison-operator> index-key-part[i] is true),
—then
comparison-result[i] is true
endif

if all comparison-results are true, then search-value "matches"index key.

Notice how, according to this logic, regardless what the index-key-part contains, the comparison-
result for equality is always true when a search-value-part is nil or is missing. This behavior of
searches with nil is subject to change.

Type Argumemdsscription
box.index.E(earch| The comparison operator is ==’ (equal to). If an index key is equal to a
or 'EQ’ value | search value, it matches. Tuples are returned in ascending order by index

key. This is the default.

box.index.RE€hrch| Matching is the same as for box.index.EQ. Tuples are returned in
or 'REQ’ | value | descending order by index key.

box.index.(fBearch] The comparison operator is *>’ (greater than). If an index key is greater

or 'GT’ value | than a search value, it matches. Tuples are returned in ascending order by
index key.

box.index.(fEearch] The comparison operator is >=" (greater than or equal to). If an index key

or 'GE’ value | is greater than or equal to a search value, it matches. Tuples are returned

in ascending order by index key.
box.index.Alsbarch| Same as box.index.GE.
or ALL’ value

box.index.IiTsearch] The comparison operator is <’ (less than). If an index key is less than a

or 'LT’ value | search value, it matches. Tuples are returned in descending order by index
key.

box.index.JEsearch| The comparison operator is <=’ (less than or equal to). If an index key

or 'LE’ value | is less than or equal to a search value, it matches. Tuples are returned in

descending order by index key.

Iterator types for HASH indexes

3.3. ®Pyukyuwonan CYB/[, 45



Tarantool, Bbeinyck 1.7.1

Type| ArgumBesription

box.indemAIAll index keys match. Tuples are returned in ascending order by hash of index
key, which will appear to be random.

box.indearHl{'he comparison operator is '==" (equal to). If an index key is equal to a search
or valug value, it matches. The number of returned tuples will be 0 or 1. This is the default.
’EQ7

box.indeardiThe comparison operator is ">’ (greater than). If a hash of an index key is greater
or valug than a hash of a search value, it matches. Tuples are returned in ascending order
'GT’ by hash of index key, which will appear to be random. Provided that the space is

not being updated, one can retrieve all the tuples in a space, N tuples at a time,
by using {iterator="GT’, limit=N} in each search, and using the last returned
value from the previous result as the start search value for the next search.

Iterator types for BITSET indexes

value

Type ArgumenBescription

box.index.ALL none | All index keys match. Tuples are returned in their order within
or '"ALL’ the space.

box.index.EQ or | bitset | If an index key is equal to a bitset value, it matches. Tuples are
EQ’ value | returned in their order within the space. This is the default.
box.index.BITS AMHits&ETIf all of the bits which are 1 in the bitset value are 1 in the index

key, it matches. Tuples are returned in their order within the space.

box.index.BITS A

value

\NbXseB H'TIf any of the bits which are 1 in the bitset value are 1 in the index

key, it matches. Tuples are returned in their order within the space.

box.index.BITS A

value

\ [Hits®¥Q'IIf SEDf the bits which are 1 in the bitset value are 0 in the index

key, it matches. Tuples are returned in their order within the space.

Iterator types for RTREE indexes
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Type ArgumBressription

box.index.Alzlone| All keys match. Tuples are returned in their order within the space.
or ’ALL’

box.index.F(geardhIf all points of the rectangle-or-box defined by the search value are the
or 'EQ’ valug same as the rectangle-or-box defined by the index key, it matches. Tuples
are returned in their order within the space. "Rectangle-or-box"means
"rectangle-or-box as explained in section about RTREE". This is the

default.
box.index.GBeardhlf all points of the rectangle-or-box defined by the search value are within
or 'GT’ valu¢ the rectangle-or-box defined by the index key, it matches. Tuples are

returned in their order within the space.

box.index.GEgeardhlf all points of the rectangle-or-box defined by the search value are within,
or 'GE’ valug or at the side of, the rectangle-or-box defined by the index key, it matches.
Tuples are returned in their order within the space.

box.index.IiT'searchIf all points of the rectangle-or-box defined by the index key are within the
or 'LT’ valug rectangle-or-box defined by the search key, it matches. Tuples are returned
in their order within the space.

box.index.iEsearchlIf all points of the rectangle-or-box defined by the index key are within, or
or 'LE’ valug at the side of, the rectangle-or-box defined by the search key, it matches.
Tuples are returned in their order within the space.

box.index. QVGERHNPSome points of the rectangle-or-box defined by the search value are
or valugswithin the rectangle-or-box defined by the index key, it matches. Tuples
"OVERLARS’ are returned in their order within the space.

box.index. NEaHBIDBome points of the rectangle-or-box defined by the defined by the key are
or valug within, or at the side of, defined by the index key, it matches. Tuples are
"NEIGHBOR’ returned in order: nearest neighbor first.

First Example of index pairs():

Default "TREE’ Index and pairs() function:

tarantool> s = box.schema.space.create('spacel7')

tarantool> s:create_index('primary', {
> parts = {1, 'string', 2, 'string'}
> 1)

tarantool> s:insert{'C', 'C'}

_ [‘C‘, |C|]

tarantool> s:insert{'B', 'A'}

— [‘B‘ , |A|]

tarantool> s:insert{'C', '!'}

_ ['C' s LN | |]

tarantool> s:insert{'A', 'C'}

_ [‘A‘ s |C|]
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tarantool> function example()

> for _, tuple in

> s.index.primary:pairs(nil, {

> iterator = box.index.ALL}) do
> print (tuple)

> end

> end

tarantool> example()

[IAI, |C|]
[IBI’ 'A']
[ICI’ |!|]

(e, 'c'l

tarantool> s:drop()

Second Example of index pairs():

This Lua code finds all the tuples whose primary key values begin with "XY’. The assumptions
include that there is a one-part primary-key TREE index on the first field, which must be a string.
The iterator loop ensures that the search will return tuples where the first value is greater than
or equal to 'XY’. The conditional statement within the loop ensures that the looping will stop
when the first two letters are not 'XY’.

for tuple in

box.space.t.index.primary:pairs("XY",{iterator = "GE"}) do
if (string.sub(tuple([1], 1, 2) “= "XY") then break end
print (tuple)

end

Third Example of index pairs():

This Lua code finds all the tuples whose primary key values are greater than or equal to 1000, and
less than or equal to 1999 (this type of request is sometimes called a "range search"or a "between
search"). The assumptions include that there is a one-part primary-key TREE index on the first
field, which must be a number. The iterator loop ensures that the search will return tuples where
the first value is greater than or equal to 1000. The conditional statement within the loop ensures
that the looping will stop when the first value is greater than 1999.

for tuple in
box.space.t2.index.primary:pairs(1000,{iterator = "GE"}) do
if (tuple[1] > 1999) then break end
print (tuple)
end

index_object:select (search-key, options)

This is an alternative to box.space...select() which goes via a particular index and can make use of
additional parameters that specify the iterator type, and the limit (that is, the maximum number
of tuples to return) and the offset (that is, which tuple to start with in the list).

Parameters:
e index_object = an object reference;

e search-key = values to be matched against the index key;
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e option(s) any or all of
— iterator = <terator-type,
— limit = mazimum-number-of-tuples,

— offset = start-tuple-number.

Return the tuple or tuples that match the field values.
Rtype tuple set as a Lua table

Example:

-- Create a space named tester.
tarantool> sp = box.schema.space.create('tester')
-- Create a unique index 'primary'
-- which won't be needed for this example.
tarantool> sp:create_index('primary', {parts = {1, 'unsigned' }})
-- Create a non-unique index 'secondary'
-- with an index on the second field.
tarantool> sp:create_index('secondary', {
>  type = 'tree',
> unique = false,
> parts = {2, 'string'}
>}
-- Insert three tuples, values in field[2]
-- equal to 'X', 'Y', and 'Z'.
tarantool> sp:insert{l, 'X', 'Row with field[2]=X'}
tarantool> sp:insert{2, 'Y', 'Row with field[2]=Y'}
tarantool> sp:insert{3, 'Z', 'Row with field[2]=Z'}
-- Select all tuples where the secondary index
-- keys are greater than 'X'.~
tarantool> sp.index.secondary:select({'X'}, {

> iterator = 'GT',
> 1limit = 1000
>}

The result will be a table of tuple and will look like this:

- - [2, 'Y', 'Row with field[2]=Y']
- [3, 'Z', 'Row with field[2]=Z']

Ilpumeuanue: index.indez-name is optional. If it is omitted, then the assumed index is the
first (primary-key) index. Therefore, for the example above, box.space.tester:select ({1},

{iterator = 'GT'}) would have returned the same two rows, via the 'primary’ index.
ITpumeuanmue: iterator = iterator-type is optional. If it is omitted, then iterator = 'EQ'
is assumed.

ITpumeuanne: field-value [, field-value ...] is optional. If it is omitted, then every

key in the index is considered to be a match, regardless of iterator type. Therefore, for the
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example above, box.space.tester:select{} will select every tuple in the tester space via the
first (primary-key) index.

ITpumeuanue: box.space. space-name .index. index-name :select(...)[1]°. can be
replaced by box.space. space-name .index. index-name :get (...). That is, get can be used as
a convenient shorthand to get the first tuple in the tuple set that would be returned by select.
However, if there is more than one tuple in the tuple set, then get returns an error.

Example with BITSET index:

The following script shows creation and search with a BITSET index. Notice: BITSET cannot
be unique, so first a primary-key index is created. Notice: bit values are entered as hexadecimal
literals for easier reading.

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

> parts = {1, 'string'},

> unique = true,

>  type = 'TREE'

>3
tarantool> s:create_index('bitset_index', {

> parts = {2, 'unsigned'},

> unique = false,

> type = 'BITSET'

>3
tarantool> s:insert{'Tuple with bit value = 01', 0x01}
tarantool> s:insert{'Tuple with bit value = 10', 0x02}
tarantool> s:insert{'Tuple with bit value = 11', 0x03}
tarantool> s.index.bitset_index:select(0x02, {

> iterator = box.index.EQ

>3

- - ['Tuple with bit value = 10', 2]

tarantool> s.index.bitset_index:select(0x02, {
> iterator = box.index.BITS_ANY_SET
>3
- - ['Tuple with bit value = 10', 2]
- ['Tuple with bit value = 11', 3]

tarantool> s.index.bitset_index:select(0x02, {
> iterator = box.index.BITS_ALL_SET
> B
- - ['Tuple with bit value = 10', 2]
- ['Tuple with bit value = 11', 3]

tarantool> s.index.bitset_index:select(0x02, {
> iterator = box.index.BITS_ALL_NOT_SET
>3

- - ['Tuple with bit value = 01', 1]

index_object:get (key)

50 fnasa 3. PykoBoacteo nonb3osartens



Tarantool, Beinyck 1.7.1

Search for a tuple via the given index, as described earlier.

Parameters: space_object = an object reference; key (type = Lua table or scalar) = key to be

matched against the index key, which may be multi-part.
Return the tuple whose index-key fields are equal to the passed key values.
Rtype tuple
Possible errors: No such index; wrong type; more than one tuple matches.
Complexity Factors: Index size, Index type. See also space_ object:get().

Example:

tarantool> box.space.tester.index.primary:get(2)

- [2, 'Music'l]

index_object:min( [key-value ] )
Find the minimum value in the specified index.

Parameters:
e inder_object = an object reference;
e key-value.
Return the tuple for the first key in the index. If optional key-value is supplied, returns
the first key which is greater than or equal to key-value.

Rtype tuple

Possible errors: index is not of type "TREE’.
Complexity Factors: Index size, Index type.

Example:

tarantool> box.space.tester.index.primary:min()

- ['Alpha!', 55, 'This is the first tuple!']

index_object :max( [key-value ] )
Find the maximum value in the specified index.

Parameters:
e index_object = an object reference;
e key-value.
Return the tuple for the last key in the index. If optional key-value is supplied, returns
the last key which is less than or equal to key-value.

Rtype tuple

Possible errors: index is not of type "TREE’.
Complexity Factors: Index size, Index type.

Example:

3.3.
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tarantool> box.space.tester.index.primary:max()

- ['Gamma!', 55, 'This is the third tuple!']

index_object:random(random-value)
Find a random value in the specified index. This method is useful when it’s important to get
insight into data distribution in an index without having to iterate over the entire data set.

Parameters:
e indez_object = an object reference;

e random-value (type = number) = an arbitrary non-negative integer.

Return the tuple for the random key in the index.
Rtype tuple

Complexity Factors: Index size, Index type.
Note re storage engine: vinyl does not support random().

Example:

tarantool> box.space.tester.index.secondary:random(1)

- ['Beta!', 66, 'This is the second tuple!']

index_object:count ( [key] [, iterator ] )
Iterate over an index, counting the number of tuples which match the key-value.

Parameters:
e inder_object = an object reference;

e key-value (type = Lua table or scalar) = the value which must match the key(s) in the
specified index. The type may be a list of field-values, or a tuple containing only the field-
values; iterator = comparison method.

Return the number of matching index keys.

Rtype number

Example:

tarantool> box.space.tester.index.primary:count(999)

-0

tarantool> box.space.tester.index.primary:count('Alpha!', { iterator = 'LE' })

-1

index_object:update (key, {{operator, field no, value}, ... })
Update a tuple.

Same as boz.space...update(), but key is searched in this index instead of primary key. This index
ought to be unique.
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Parameters:
e indez_object = an object reference;
e key (type = Lua table or scalar) = key to be matched against the index key;
e operator, field_mo, value (type = Lua table) = update operations (see:
box.space...update()).
Return the updated tuple.
Rtype tuple
index_object:delete (key)
Delete a tuple identified by a key.

Same as box.space...delete(), but key is searched in this index instead of in the primary-key index.
This index ought to be unique.

Parameters:
e indez_object = an object reference;

e key (type = Lua table or scalar) = key to be matched against the index key.

Return the deleted tuple.

Rtype tuple

Note re storage engine: vinyl will return nil, rather than the deleted tuple.

index_object:alter ({options})
Alter an index.

Parameters:
e index_object = an object reference;

e options = options list, same as the options list for create index.

Return nil

Possible errors: Index does not exist, or the first index cannot be changed to {unique = false}, or
the alter function is only applicable for the memtx storage engine.

Note re storage engine: vinyl does not support alter ().

Example:

tarantool> box.space.spacebb.index.primary:alter({type = 'HASH'})

index_object:drop()
Drop an index. Dropping a primary-key index has a side effect: all tuples are deleted.

Parameters:

e index_object = an object reference.

Return nil.

3.3.
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Possible errors: Index does not exist, or a primary-key index cannot be dropped while a secondary-
key index exists.

Example:

tarantool> box.space.spacebb.index.primary:drop()

index_object:rename (indez-name)
Rename an index.

Parameters:
e index_object = an object reference;

e jndez-name (type = string) = new name for index.
Return nil

Possible errors: index object does not exist.

Example:

tarantool> box.space.spacebb.index.primary:rename('secondary')

Complexity Factors: Index size, Index type, Number of tuples accessed.

index_object:bsize()
Return the total number of bytes taken by the index.

Parameters:

e inder_object = an object reference.

Return number of bytes

Rtype number

Example showing use of the box functions

This example will work with the sandbox configuration described in the preface. That is, there is a space
named tester with a numeric primary key. The example function will:

e select a tuple whose key value is 1000;
e return an error if the tuple already exists and already has 3 fields;
e Insert or replace the tuple with:

— field[1] = 1000

— field[2] = a uuid

— field[3] = number of seconds since 1970-01-01;

Get field[3]| from what was replaced;

Format the value from field[3] as yyyy-mm-dd hh:mm:ss.ffff;

Return the formatted value.
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The function uses Tarantool box functions box.space...select, box.space...replace, fiber.time, uuid.str. The
function uses Lua functions os.date() and string.sub().

function example()
local a, b, c, table_of_selected_tuples, d
local replaced_tuple, time_field
local formatted_time_field
local fiber = require('fiber')
table_of_selected_tuples = box.space.tester:select{lOOO}
if table_of_selected_tuples "= nil then
if table_of_selected_tuples[1] “= nil then
if #table_of_selected_tuples[i] == 3 then
box.error({code=1, reason='This tuple already has 3 fields'})
end
end
end
replaced_tuple = box.space.tester:replace
{1000, require('uuid').str(), tostring(fiber.time())}
time_field = tonumber(replaced_tuple[3])
formatted_time_field = os.date(")Y-%m-%d %H:%M:%S", time_field)
c = time_field 7 1
d = string.sub(c, 3, 6)

formatted_time_field = formatted_time_field .. '.' .. d
return formatted_time_field
end

... And here is what happens when one invokes the function:

tarantool> box.space.tester:delete(1000)

- [1000, '264ee2da03634£24972be76c43808254', '1391037015.6809']

tarantool> example(1000)

- 2014-01-29 16:11:51.15682

tarantool> example(1000)

- error: 'This tuple already has 3 fields'

Example showing a user-defined iterator

Here is an example that shows how to build one’s own iterator. The paged_iter function is an "iterator
function which will only be understood by programmers who have read the Lua manual section [terators and
Closures. It does paginated retrievals, that is, it returns 10 tuples at a time from a table named "t whose
primary key was defined with create index(’primary’,{parts={1,’string’}}).

function paged_iter(search_key, tuples_per_page)
local iterator_string = "GE"
return function ()
local page = box.space.t.index[0]:select(search_key,
{iterator = iterator_string, limit=tuples_per_pagel})
if #page == 0 then return nil end
search_key = page [#page] [1]
iterator_string = "GT"
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return page
end
end

Programmers who use paged_iter do not need to know why it works, they only need to know that, if they
call it within a loop, they will get 10 tuples at a time until there are no more tuples. In this example the
tuples are merely printed, a page at a time. But it should be simple to change the functionality, for example
by yielding after each retrieval, or by breaking when the tuples fail to match some additional criteria.

for page in paged_iter("X", 10) do

print ("New Page. Number Of Tuples = " .. #page)
for i=1,#page,1 do print(pagel[i]) end
end

Submodule box.index with index type = RTREE for spatial searches

The bozx.index submodule may be used for spatial searches if the index type is RTREE. There are operations
for searching rectangles (geometric objects with 4 corners and 4 sides) and bozes (geometric objects with
more than 4 corners and more than 4 sides, sometimes called hyperrectangles). This manual uses the term
rectangle-or-box for the whole class of objects that includes both rectangles and boxes. Only rectangles will
be illustrated.

Rectangles are described according to their X-axis (horizontal axis) and Y-axis (vertical axis) coordinates
in a grid of arbitrary size. Here is a picture of four rectangles on a grid with 11 horizontal points and 11
vertical points:

X AXIS
i 2 3 4 5 6 7 8 9 10 11
1
2 He------ + <-Rectangle#1
Y AXIS 3 | [
4 4 #
5 S + <-Rectangle#2
6 | |
7 | F/ S / <-Rectangle#3
8 [ |
9 | 4o /
10 B e e L L T #
11 # <-Rectangle#j

The rectangles are defined according to this scheme: {X-axis coordinate of top left, Y-axis coordinate
of top left, X-axis coordinate of bottom right, Y-axis coordinate of bottom right} — or more succinctly:
{x1,y1,x2,y2}. So in the picture ... Rectangle#1 starts at position 1 on the X axis and position 2 on
the Y axis, and ends at position 3 on the X axis and position 4 on the Y axis, so its coordinates are
{1,2,3,4}. Rectangle#2’s coordinates are {3,5,9,10}. Rectangle#3’s coordinates are {4,7,5,9}. And finally
Rectangle#4’s coordinates are {10,11,10,11}. Rectangle##4 is actually a "point"since it has zero width and
zero height, so it could have been described with only two digits: {10,11}.

Some relationships between the rectangles are: "Rectangle#1’s nearest neighbor is Rectangle#2 and
"Rectangle#3 is entirely inside Rectangle#2".

Now let us create a space and add an RTREE index.

tarantool> s = box.schema.space.create('rectangles')
tarantool> i = s:create_index('primary', {
>  type = 'HASH',
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> parts = {1, 'unsigned'}
>3

tarantool> r = s:create_index('rtree', {
> type = 'RTREE',
> unique = false,
> parts = {2, 'ARRAY'}
> 1

Field#1 doesn’t matter, we just make it because we need a primary-key index. (RTREE indexes cannot be
unique and therefore cannot be primary-key indexes.) The second field must be an "array which means its
values must represent {x,y} points or {x1,y1,x2,y2} rectangles. Now let us populate the table by inserting
two tuples, containing the coordinates of Rectangle#2 and Rectangle#4.

tarantool> s:insert{1, {3, 5, 9, 10}}
tarantool> s:insert{2, {10, 11}}

And now, following the description of RTRFEE iterator types, we can search the rectangles with these requests:

tarantool> r:select ({10, 11, 10, 11}, {iterator = 'EQ'})

- - [2, [10, 1111

tarantool> r:select({4, 7, 5, 9}, {iterator = 'GT'})

- - [1, [3, 5, 9, 10]]

tarantool> r:select ({1, 2, 3, 4}, {iterator = 'NEIGHBOR'Z})

- - [1, [3, 5, 9, 10]1]
- [2, [10, 11]1]

Request#1 returns 1 tuple because the point {10,11} is the same as the rectangle {10,11,10,11}
("Rectangle#4"in the picture). Request#2 returns 1 tuple because the rectangle {4,7,5,9}, which was
"Rectangle#3"in the picture, is entirely within{3,5,9,10} which was Rectangle#2. Request#3 returns 2
tuples, because the NEIGHBOR iterator always returns all tuples, and the first returned tuple will be
{3,5,9,10} ("Rectangle#2"in the picture) because it is the closest neighbor of {1,2,3,4} ("Rectangle#1"in
the picture).

Now let us create a space and index for cuboids, which are rectangle-or-boxes that have 6 corners and 6
sides.

tarantool> s = box.schema.space.create('R')
tarantool> i = s:create_index('primary', {parts = {1, 'unsigned'}})
tarantool> r = s:create_index('S', {

> type = 'RTREE',

> unique = false,

> dimension = 3,

> parts = {2, 'ARRAY'}
> 1

The additional field here is dimension=3. The default dimension is 2, which is why it didn’t need to be
specified for the examples of rectangle. The maximum dimension is 20. Now for insertions and selections
there will usually be 6 coordinates. For example:

tarantool> s:insert{1, {0, 3, 0, 3, 0, 3}}
tarantool> r:select({1, 2, 1, 2, 1, 2}, {iterator = box.index.GT})
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Now let us create a space and index for Manhattan-style spatial objects, which are rectangle-or-boxes that
have a different way to calculate neighbors.

tarantool> s = box.schema.space.create('R')
tarantool> i = s:create_index('primary', {parts = {1, 'unsigned'l}})
tarantool> r = s:create_index('S', {

>  type = 'RTREE',

> unique = false,

> distance = 'manhattan',
> parts = {2, 'ARRAY'}
>3

The additional field here is distance='manhattan'. The default distance calculator is ’euclid’, which is the
straightforward as-the-crow-flies method. The optional distance calculator is 'manhattan’, which can be a
more appropriate method if one is following the lines of a grid rather than traveling in a straight line.

tarantool> s:insert{1, {0, 3, 0, 3}}
tarantool> r:select({1, 2, 1, 2}, {iterator = box.index.NEIGHBOR})

More examples of spatial searching are online in the file R tree index quick start and usage.

BnoxeHHbiii moaynb box.session

The box.session submodule allows querying the session state, writing to a session-specific temporary Lua
table, or setting up triggers which will fire when a session starts or ends. A session is an object associated
with each client connection.

box.session.id()

Return the unique identifier (ID) for the current session. The result can be 0 meaning there
is no session.

Rtype number

box.session.exists (id)
Return 1 if the session exists, 0 if the session does not exist.
Rtype number

box.session.peer (id)
This function works only if there is a peer, that is, if a connection has been made to a separate server.

Return The host address and port of the session peer, for example "127.0.0.1:55457". If
the session exists but there is no connection to a separate server, the return is null. The
command is executed on the server, so the "local name"is the server’s host and port,
and the "peer name"is the client’s host and port.

Rtype string
Possible errors: ’session.peer(): session does not exist’
box.session.sync()
Return the value of the sync integer constant used in the binary protocol.
Rtype number

box.session.storage
A Lua table that can hold arbitrary unordered session-specific names and values, which will last until
the session ends.
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Mpumep

tarantool> box.session.peer(box.session.id())

- 127.0.0.1:45129

tarantool> box.session.storage.random_memorandum = "Don't forget the eggs"

tarantool> box.session.storage.radius_of_mars = 3396

tarantool> m = "'

tarantool> for k, v in pairs(box.session.storage) do
> m=m.. k.. "s'.. v ..
> end

tarantool> m

- 'radius_of_mars=3396 random_memorandum=Don''t forget the eggs.

See the section Triggers for instructions about defining triggers for connect and disconnect events with box.
session.on_connect () and box.session.on_disconnect (). See the section Access control for instructions
about box.session functions that affect user identification and security.

BnoxeHHbii moaynb box.tuple

The box.tuple submodule provides read-only access for the tuple userdata type. It allows, for a single
tuple: selective retrieval of the field contents, retrieval of information about size, iteration over all the fields,
and conversion to a Lua table.

box.tuple.new(value)
Construct a new tuple from either a scalar or a Lua table. Alternatively, one can get new tuples from
tarantool’s select or insert or replace or update requests, which can be regarded as statements that do
new () implicitly.

ITapameTrpsl

e value (lua-value) — the value that will become the tuple contents.
Return a new tuple
Rtype tuple

In the following example, x will be a new table object containing one tuple and t will be a new tuple
object. Saying t returns the entire tuple t.

Example:

tarantool> x = box.space.tester:insert{
> 33,
> tonumber('1'),
> tonumber64('2')
> }:totable()
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tarantool> t = box.tuple.new{'abc', 'def', 'ghi', 'abc'}

tarantool> t

- ['abc', 'def', 'ghi', 'abc']

object tuple_object

#<tuple_object>
The # operator in Lua means "return count of components". So, if t is a tuple instance, #t will
return the number of fields.

Rtype number

In the following example, a tuple named t is created and then the number of fields in t is returned.

tarantool> t = box.tuple.new{'Fld#1', 'F1ld#2', 'F1d#3', 'Fld#4'}

tarantool> #t

-4

tuple_object:bsize()
If t is a tuple instance, t:bsize () will return the number of bytes in the tuple. It is useful to
check this number when making changes to data, because there is a fixed maximum: one megabyte.
Every field has one or more "length"bytes preceding the actual contents, so bsize() returns a
value which is slightly greater than the sum of the lengths of the contents.

Return number of bytes
Rtype number

In the following example, a tuple named t is created which has three fields, and for each field it
takes one byte to store the length and three bytes to store the contents, and a bit for overhead,
so bsize() returns 3*(1+3)+1.

tarantool> t = box.tuple.new{'aaa', 'bbb', 'ccc'}

tarantool> t:bsize()

- 13

<tuple_object>(field-number)

If t is a tuple instance, t [field-number] will return the field numbered field-number in the tuple.
The first field is t[1].

Return field value.
Rtype lua-value

In the following example, a tuple named t is created and then the second field in t is returned.
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tarantool> t = box.tuple.new{'Fld#1', 'F1ld#2', 'F1d#3', 'Fld#4'}

tarantool> t[2]

- Flad#2

tuple_object:find( [ﬁeld—number ] , search-value)

tuple_object:findall( [ﬁeld—number ] , search-value)
If t is a tuple instance, t:find(search-value) will return the number of the first field in t that
matches the search value, and t:findall(search-value [, search-value ...]) will return
numbers of all fields in t that match the search value. Optionally one can put a numeric argument
field-number before the search-value to indicate “start searching at field number field-number.”

Return the number of the field in the tuple.
Rtype number

In the following example, a tuple named t is created and then: the number of the first field in t
which matches ’a’ is returned, then the numbers of all the fields in t which match ’a’ are returned,
then the numbers of all the fields in t which match ’a’ and are at or after the second field are
returned.

tarantool> t = box.tuple.new{'a', 'b', 'c', 'a'}

tarantool> t:find('a')

-1

tarantool> t:findall('a')

tarantool> t:findall(2, 'a')

-4

tuple_object:transform(start-field-number, ﬁelds—to—remove[, field-value, ])
If t is a tuple instance, t:transform(start-field-number, fields-to-remove) will return a
tuple where, starting from field start-field-number, a number of fields (fields-to-remove)
are removed. Optionally one can add more arguments after fields-to-remove to indicate new
values that will replace what was removed.

ITapameTpst
e start-field-number (integer) — base 1, may be negative
e fields-to-remove (integer) —
e field-value(s) (lua-value) —

Return tuple

Rtype tuple
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In the following example, a tuple named t is created and then, starting from the second field, two
fields are removed but one new one is added, then the result is returned.

tarantool> t = box.tuple.new{'Fld#1', 'F1d#2', 'F1d#3', 'Fld#4', 'Fld#5'}

tarantool> t:transform(2, 2, 'x')

- ['Fla#1', 'x', 'Fld#4', 'F1d#5']

tuple_object :unpack( [start—ﬁeld—number [, end—ﬁeld—number] ] )
If t is a tuple instance, t :unpack () will return all fields, t :unpack (1) will return all fields starting
with field number 1, t:unpack(1,5) will return all fields between field number 1 and field number
5.

Return field(s) from the tuple.
Rtype lua-value(s)

In the following example, a tuple named t is created and then all its fields are selected, then the
result is returned.

tarantool> t = box.tuple.new{'Fld#1', 'F1d#2', 'F1d#3', 'Fld#4', 'Fld#5'}

tarantool> t:unpack()
- Fld#1
- Fld#2
- Flad#3
- Fld#4
- Fld#5

tuple_object:pairs()
In Lua, lua-table-value:pairs() is a method which returns: function, lua-table-value, nil.
Tarantool has extended this so that tuple-value:pairs() returns: function, tuple-value, nil.
It is useful for Lua iterators, because Lua iterators traverse a value’s components until an end
marker is reached.

Return function, tuple-value, nil
Rtype function, lua-value, nil

In the following example, a tuple named t is created and then all its fields are selected using a
Lua for-end loop.

tarantool> t = box.tuple.new{'Fld#1', 'Fld#2', 'F1d#3', 'Fld#4', 'F1d#5'}

tarantool> tmp =

tarantool> for k, v in t:pairs() do
>  tmp = tmp .. Vv
> end

tarantool> tmp
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- F1d#1F1d#2F1d#3F1d#4F1d#5

tuple_object:update({{format, field number, value}, ...})
Update a tuple.

This function updates a tuple which is not in a space. Compare the function box.space.
space-name :update{key, format, {field_number, wvaluel}...), which updates a tuple in
a space.

Parameters: briefly: format indicates the type of update operation such as ’'=’ for ’assign new
value’, field_number indicates the field number to change such as 2 for field number 2, value
indicates the string which operates on the field such as 'B’ for a new assignable value = 'B’.

For details: see the description for format, field_number, and value in the section
box.space.space-name:update{key, format, {field number, value}...).

Return new tuple
Rtype tuple

In the following example, a tuple named t is created and then its second field is updated to equal
‘B’

tarantool> t = box.tuple.new{'Fld#1', 'Fld#2', 'F1d#3', 'Fld#4', 'F1d#5'}

tarantool> t:update({{'=',2,'B'}})

- ['Fla#1', 'B', 'Fld#3', 'Fld#4', 'F1d#5']

Mpumep

This function will illustrate how to convert tuples to/from Lua tables and lists of scalars:

tuple = box.tuple.new({scalarl, scalar2, ... scalar_n}) -- scalars to tuple
lua_table = {tuple:unpack()} -- tuple to Lua table
scalarl, scalar2, ... scalar_n = tuple:unpack() -- tuple to scalars
tuple = box.tuple.new(lua_table) -- Lua table to tuple

Then it will find the field that contains ’b’, remove that field from the tuple, and display how many
bytes remain in the tuple. The function uses Tarantool box.tuple functions new(), unpack(), find(),
transform(), bsize().

function example()

local tuplel, tuple2, lua_table_1, scalarl, scalar2, scalar3, field_number

local luatablel = {}

tuplel = box.tuple.new({'a', 'b', 'c'})

luatablel = {tuplel:unpack()}

scalarl, scalar2, scalar3 = tuplel:unpack()

tuple2 = box.tuple.new(luatablel)

field_number = tuple2:find('b')

tuple2 = tuple2:transform(field_number, 1)

return 'tuple2 = ' , tuple2 , ' # of bytes = ' , tuple2:bsize()
end
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... And here is what happens when one invokes the function:

tarantool> example()

- tuple2 =
_ [la|, ‘C‘]
- ' # of bytes = '

-5

MpocmoTp coctosiHua cepsepa

Submodule box.cfg

The box.cfg submodule is for administrators to specify all the server configuration parameters; the full
description of the parameters is in section book-cfg. Use box.cfg without braces to get read-only access to
those parameters.

Example:

tarantool> box.cfg

- snapshot_count: 6
too_long_threshold: 0.5
slab_alloc_factor: 1.1
slab_alloc_maximal: 1048576
background: false

<..

>

Submodule box.info

The box.info submodule provides access to information about server variables. Some important ones:

box.

server.uuid holds the unique identifier of the server. This value is also in the boz.space. cluster system
space.

pid is the process ID of the server. This value is also shown by the tarantool module.
version is the Tarantool version. This value is also shown by tarantool —version.
uptime is the number of seconds since the server started.

info()

Since box.info contents are dynamic, it’s not possible to iterate over keys with the Lua pairs()
function. For this purpose, box.info () builds and returns a Lua table with all keys and values provided
in the submodule.

Return keys and values in the submodule.
Rtype table

Example:

tarantool> box.info ()

- server:
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lsn: 158
ro: false
uuid: a2684219-b2b1-4334-88ab-50b0722283fd
id: 1
version: 1.7.0-1216-g73£f7154
pid: 12932
status: running
vclock:
- 158
replication:
status: off
uptime: 908

tarantool> box.info.pid

- 12932

tarantool> box.info.status

- running

tarantool> box.info.uptime

- 1065

tarantool> box.info.version

- 1.7.0-66-g9093daa

Submodule box.slab

The box.slab submodule provides access to slab allocator statistics. The slab allocator is the main allocator
used to store tuples. This can be used to monitor the total memory use and memory fragmentation.

The display of slabs is broken down by the slab size — 64-byte, 136-byte, and so on. The example omits
the slabs which are empty. The example display is saying that: there are 16 items stored in the 64-byte
slab (and 16*64=102 so bytes used = 1024); there is 1 item stored in the 136-byte slab (and 136*1=136 so
bytes used = 136); the arena_used value is the total of all the bytes used values (10244136 = 1160); the
arena_size value is the arena_used value plus the total of all the bytes free values (1160+4193200-+4194088
= 8388448). The arena_size and arena_used values are the amount of the % of slab_alloc_arena that is
already distributed to the slab allocator.

Example:

tarantool> box.slab.info().arena_used

- 4194304

tarantool> box.slab.info() .arena_size

- 104857600

tarantool> box.slab.stats()

- - mem_free: 16248
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mem_used: 48
item_count: 2
item_size: 24
slab_count: 1
slab_size: 16384

- mem_free: 15736
mem_used: 560
item_count: 14
item_size: 40
slab_count: 1
slab_size: 16384
<Ol

tarantool> box.slab.stats() [1]
- mem_free: 15736

mem_used: 560

item_count: 14

item_size: 40

slab_count: 1

slab_size: 16384

Submodule box.stat

The box.stat submodule provides access to request and network statistics. Show the average number of
requests per second, and the total number of requests since startup, broken down by request type and network
events statistics.

tarantool> type(box.stat), type(box.stat.net) -- wirtual tables

- table
- table

tarantool> box.stat, box.stat.net

- net: []
- [

tarantool> box.stat ()

- DELETE:
total: 1873949
rps: 123
SELECT:
total: 1237723
rps: 4099
INSERT:
total: O
rps: O
EVAL:
total: O
rps: O
CALL:
total: O
rps: O
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REPLACE:
total: 1239123
rps: 7849

UPSERT:
total: O
rps: O

AUTH:
total: O
rps: O

ERROR:
total: O
rps: O

UPDATE:
total: O
rps: O

tarantool> box.stat() .DELETE -- a selected item of the table
- total: O
rps: O

tarantool> box.stat.net()
- SENT:
total: O
rps: O
EVENTS:
total: 2
rps: O
LOCKS:
total: 6
rps: O
RECEIVED:
total: O
rps: O

Cny»xebHble 3anpochl

To learn which functions are considered to be administrative, type help(). A reference description also
follows below:

box.snapshot ()

Take a snapshot of all data and store it in snap dir/<latest-1lsn>.snap. To take a snapshot,
Tarantool first enters the delayed garbage collection mode for all data. In this mode, tuples which were
allocated before the snapshot has started are not freed until the snapshot has finished. To preserve
consistency of the primary key, used to iterate over tuples, a copy-on-write technique is employed. If
the master process changes part of a primary key, the corresponding process page is split, and the
snapshot process obtains an old copy of the page. In effect, the snapshot process uses multi-version
concurrency control in order to avoid copying changes which are superseded while it is running.

Since a snapshot is written sequentially, one can expect a very high write performance (averaging to
80MB/second on modern disks), which means an average database instance gets saved in a matter
of minutes. Note: as long as there are any changes to the parent index memory through concurrent
updates, there are going to be page splits, and therefore one needs to have some extra free memory
to run this command. 10% of slab_alloc_arena is, on average, sufficient. This statement waits until a
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snapshot is taken and returns operation result.

Change Notice: prior to Tarantool version 1.6.6, the snapshot process caused a fork, which could
cause occasional latency spikes. Starting with Tarantool version 1.6.6, the snapshot process creates a
consistent read view and writes this view to the snapshot file from a separate thread.

Although box.snapshot() does not cause a fork, there is a separate fiber which may produce snapshots
at regular intervals — see the discussion of the snapshot daemon.

Example:

tarantool> box.info.version

- 1.7.0-1216-g73£7154

tarantool> box.snapshot ()

- ok

tarantool> box.snapshot ()

- error: can't save snapshot, errno 17 (File exists)

Taking a snapshot does not cause the server to start a new write-ahead log. Once a snapshot is taken,
old WALs can be deleted as long as all replicas are up to date. But the WAL which was current at the
time box.snapshot () started must be kept for recovery, since it still contains log records written after
the start of box.snapshot().

An alternative way to save a snapshot is to send the server SIGUSR1 UNIX signal. While this approach
could be handy, it is not recommended for use in automation: a signal provides no way to find out
whether the snapshot was taken successfully or not.

coredump ()
Fork and dump a core. Since Tarantool stores all tuples in memory, it can take some time. Mainly
useful for debugging.

ATOMaprIe onepayun

In several places in this manual it’s been noted that Lua processes occur in fibers on a single thread. That
is why there can be a guarantee of execution atomicity. That requires emphasis.

Cpepa B3aMMHOII MHOro3aga4HocTu

Tarantool uses cooperative multitasking: 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": an explicit
yield() request, or an implicit yield due to an operating-system call. Any system call which can block will
be performed asynchronously, and any running fiber which must wait for a system call will be preempted
so that another ready-to-run fiber takes its place and becomes the new running fiber. This model makes all
programmatic locks unnecessary: cooperative multitasking ensures that there will be no concurrency around
a resource, no race conditions, and no memory consistency issues.

When requests are small, for example simple UPDATE or INSERT or DELETE or SELECT, fiber scheduling
is fair: it takes only a little time to process the request, schedule a disk write, and yield to a fiber serving
the next client.
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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. For the default memtx storage engine some of the box calls, including the data-change
requests boz.space...insert or box.space...update or box.space...delete, will usually cause yielding; however,
bozx.space...select will not. A fuller description will appear in section The Implicit Yield Rules.

Note re storage engine: vinyl has different rules: insert or update or delete will very rarely cause a yield, but
select can cause a yield.

In the absence of transactions, any function that contains yield points may see changes in the database
state caused by fibers that preempt. Then the only safe atomic functions for memtx databases would be
functions which contain only one database request, or functions which contain a select request followed by a
data-change request.

At this point an objection could arise: "It’s good that a single data-change request will commit and yield,
but surely there are times when multiple data-change requests must happen without yielding."The standard
example is the money-transfer, where $1 is withdrawn from account #1 and deposited into account #2. If
something interrupted after the withdrawal, then the institution would be out of balance. For such cases,
the begin ... commit|rollback block was designed.

box.begin()
Begin the transaction. Disable implicit yields until the transaction ends. Signal that writes to the write-
ahead log will be deferred until the transaction ends. In effect the fiber which executes box.begin()
is starting an "active multi-request transaction blocking all other fibers.

box.commit ()
End the transaction, and make all its data-change operations permanent.

box.rollback()
End the transaction, but cancel all its data-change operations. An explicit call to functions outside
box.space that always yield, such as fiber.yield or fiber.sleep, will have the same effect.

The requests in a transaction must be sent to the server as a single block. It is not enough to
enclose them between begin and commit or rollback. To ensure they are sent as a single block: put them
in a function, or put them all on one line, or use a delimiter so that multi-line requests are handled together.

All database operations in a transaction should use the same storage engine. It is not safe to
access tuple sets that are defined with {engine='vinyl'} and also access tuple sets that are defined with
{engine="'memtx '}, in the same transaction.

Mpumep

Assuming that in tuple set ’tester’ there are tuples in which the third field represents a positive dollar
amount ... 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)
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~ "ok"

MpaBuna HesiBHOW nepepayn ynpasneHus

The only explicit yield requests are fiber.sleep() and fiber.yield(), but many other requests "imply"yields
because Tarantool is designed to avoid blocking.

The implicit yield requests are: insert replace update upsert delete (the "data-change"requests), and functions
in module fio, net_boz, console, or socket (the "os"and "network'requests).

Note re storage engine: vinyl causes select to be an implicit yield request, but data-change requests may not
be.

The yield occurs just before a blocking syscall, such as a write to the Write-Ahead Log (WAL) or a network
message reception.

Implicit yield requests are disabled by boz.begin, and enabled again by commit. Therefore the sequence

begin
implicit yield request #1
implicit yield request #2
implicit yield request #3
commit

will not cause implicit yield until the commit occurs (specifically: just before the writes to the WAL, which
are delayed until commit time). The commit request is not itself an implicit yield request, it only enables
yields caused by earlier implicit yield requests.

Despite their resemblance to implicit yield requests, truncate and drop do not cause implicit yield. Despite
their resemblance to functions of the fio module, functions of the os module do not cause implicit yield.
Despite its resemblance to commit, rollback does not enable yields.

If wal mode = 'none’, then implicit yielding is disabled, 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 if it is inside a function or Lua program being executed on the server, but causes yielding if
it is done as a series of transmissions from a client, including a client which operates via telnet, via one of
the connectors, or via the MySQL and PostgreSQL rocks, or via the interactive mode when "Using tarantool
as a client"@.

After a fiber has yielded and then has regained control, it immediately issues testcancel.
OrpaHuyeHne pgocrtyna
Understanding the details of security is primarily an issue for administrators, but ordinary users should at

least skim this section so that they will have an idea of how Tarantool makes it possible for administrators
to prevent unauthorized access to the database and to certain functions.
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Briefly: there is a method to guarantee with password checks that users really are who they say they are
("authentication"). There is a _user space where user names and password-hashes are stored. There are
functions for saying that certain users are allowed to do certain things ("privileges"). There is a _priv 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").

Passwords

Each user may have a password. The password is any alphanumeric string. Administrators should advise
users to choose long unobvious passwords, but it is ultimately up to the users to choose or change their own
passwords.

Tarantool passwords are stored in the user space with a Cryptographic hash function so that, if the
password is 'x’, the stored hashed-password is a long string like ’1L30vhkIPOKh+Vn9Av1kx69M/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. 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.

ITpumeuanme: To get the hash-password of a string 'X’; say box.schema.user.password('X'). To see
more about the details of the algorithm for the purpose of writing a new client application, read the scramble.h
header file.

Users and the _user space

The fields in the _user space are:
e the numeric id of the tuple
e the numeric id of the tuple’s creator
e the user name
e the type
e optional password

There are four special tuples in the user space: ’guest’, "admin’, "public’, and ’replication’.

Name ID | Type| Description

guest 0 | user | Default when connecting remotely. Usually an untrusted user with few privileges.

admin 1 user | Default when using tarantool as a console. Usually an administrative user with
all privileges.

public 2 role | Not a user in the usual sense. Described later in section Roles.

replication 3 | role | Not a user in the usual sense. Described later in section Roles.

To select a row from the user space, use box.space._user:select. For example, here is what happens
with a select for user id = 0, which is the ’guest’ user, which by default has no password:
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tarantool> box.space._user:select{0}

- - [0, 1, 'guest', 'user']

To change tuples in the _user space, do not use ordinary box.space functions for insert or update or delete
- the user space is special so there are special functions which have appropriate error checking.

To create a new user, say:

box.schema.user.create(user-name)
box.schema.user.create(user-name, {if_not_exists = true})
box.schema.user.create(user-name, {password = password}).

The password=password specification is good because in a URI (Uniform Resource Identifier) it is usually
illegal to include a user-name without a password.

To change the user’s password, say:

-- To change the current user's password
box.schema.user.passwd(password)

-- To change a different user's password
box.schema.user.passwd(user-name, password)
(Usually it is only the admin user who can change a different user’s password.)
To drop a user, say:
box.schema.user.drop(user-name) .

To check whether a user exists, say:
box.schema.user.exists(user-name)

which returns true or false.

To find what privileges a user has, say:
box.schema.user.info(user-name)

Example:

Here is a session which creates a new user with a strong password, selects a tuple in the user space, and
then drops the user.

tarantool> box.schema.user.create('JeanMartin', {password = 'Iwtso_6_o0s$$'})

tarantool> box.space._user.index.name:select{'JeanMartin'}

- - [17, 1, 'JeanMartin', 'user', {'chap-shal': 't3xjUpQdrt8570+YRvGbMY5py8Q="1}]

tarantool> box.schema.user.drop('JeanMartin')

ITpumeuanue: The maximum number of users is 32.
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Privileges and the priv space

The fields in the _priv space are:
e the numeric id of the user who gave the privilege ("grantor id"),
e the numeric id of the user who received the privilege ("grantee id"),
e the type of object - "space"or "function"or "universe
e the numeric id of the object,

e the type of operation - "read- 1, or "write- 2, or "execute- 4, or a combination such as
"read,write,execute".

The function for granting a privilege is:

box.schema.user.grant(grantee, operation, object-type, object-name*[, *options])
-- OR
box.schema.user.grant (grantee, operation, 'universe' [, nil, options])

where 'universe’ means ’all objects’, and the optional grant-option can be:

e grantor=grantor_name_or_%d - string or number, for custom grantor

e if not_exists=truel|false - bool, do not throw error if user already has the privilege
The function for revoking a privilege is:

box.schema.user.revoke(grantee, operation, object-type, object-namex*[, *options])
box.schema.user.revoke(grantee, operation, 'universe'[, nil, options])

where 'universe’ means ’all objects’, and the optional grant-option can be:
e if not_exists=true|false - bool, do not throw error if user already lacks the privilege

For example, here is a session where the admin user gave the guest user the privilege to read from a space
named spaceb5, and then took the privilege away:

tarantool> box.schema.user.grant('guest', 'read', 'space', 'spaceb5')

tarantool> box.schema.user.revoke('guest', 'read', 'space', 'spaceb55')

ITpumeuanue: Generally privileges are granted or revoked by the owner of the object (the user who created
it), or by the ’admin’ user. Before dropping any objects or users, steps should be taken to ensure that all
their associated privileges have been revoked.

ITpumeuanue: Only the ’admin’ user can grant privileges for the "universe’.

ITpumeuanme: Only the creator of a space can drop, alter, or truncate the space. Only the creator of a
user can change a different user’s password.
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Functions and the _func space

The fields in the _func space are:
e the numeric function id, a number,
e the function name
o flag
e possibly a language name.

The func space does not include the function’s body. One continues to create Lua functions in the usual
way, by saying "function function_name () ... endwithout adding anything in the func space. The
_func space only exists for storing function tuples so that their names can be used within grant/revoke
functions.

The function for creating a _func tuple is:
box.schema.func.create(function-name [, options])
The possible options are:

e if not_exists = true/false - default = false,

e setuid = true/false - default = false,

e language = 'LUA'/'C' - default = 'LUA’.

Example:
box.schema.func.create('f', {language = 'C', setuid = falsel})
Specifying if _not_exists=false would cause error: Function '...' already existsifthe func tuple

already exists.

Specifying setuid=true would cause the setuid flag (the fourth field in the func tuple) to have a value
meaning "true and the effect of that is that the function’s caller is treated as the function’s creator, with full
privileges. The setuid behavior does not apply for users who connect via console.connect.

Specifying language='C' would cause the language field (the fifth field in the func tuple) to have a value
'C’, which means the function was written in C. Tarantool functions are normally written in Lua but can be
written in C as well.

The function for dropping a _func tuple is:
box.schema.func.drop(function-name)

The function for checking whether a _func tuple exists is:
box.schema.func.exists(function-name)

In the following example, a function named ’f7’ is created, then it is put in the func space, then it is used
in a box.schema.user.grant function, then it is dropped:

tarantool> function £7()
>  box.session.uid()
> end

tarantool> box.schema.func.create('f7"')

tarantool> box.schema.user.grant('guest', 'execute', 'function', 'f7')
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tarantool> box.schema.user.revoke('guest', 'execute', 'function', 'f7')

tarantool> box.schema.func.drop('£f7"')

box.session and security

After a connection has taken place, the user has access to a "session"object which has several functions. The
ones which are of interest for security purposes are:

box.session.uid() -- returns the id of the current user
box.session.user () -- returns the name of the current user
box.session.su(user-name) -- allows changing current user to 'user-name'

If a user types requests directly on the Tarantool server in its interactive mode, or if a user connects to
the admin port, then the user by default is ’admin’ and has many privileges. If a user connects from an
application program via one of the connectors, then the user by default is ’guest’ and has few privileges.
Typically an admin user will set up and configure objects, then grant privileges to appropriate non-admin
users. Typically a guest user will use box.session.su() to change into a non-generic user to whom admin
has granted more than the default privileges. For example, admin might say:

box.space._user:insert{123456,0, 'manager', 'user'}
box.schema.user.grant ('manager', 'read', 'space', '_space')
box.schema.user.grant('manager', 'read', 'space', 'payroll')

and later a guest user, who wishes to see the payroll, might say:

box.session.su('manager')
box.space.payroll:select{'Jones'}

Roles

A role is a container for privileges which can be granted to regular users. Instead of granting and revoking
individual privileges, one can put all the privileges in a role and then grant or revoke the role. Role information
is in the _user space but the third field - the type field - is 'role’ rather than 'user’.

If a role R1 is granted a privilege X, and user Ul is granted a privilege "role R1 then user Ul in effect has
privilege X. Then if a role R2 is granted a privilege Y, and role R1 is granted a privilege "role R2 then user
Ul in effect has both privilege X and privilege Y. In other words, a user gets all the privileges that are
granted to a user’s roles, directly or indirectly.

box.schema.role.create(role-name [, {if not_exists=true} ] )
Create a new role.

box.schema.role.grant (role-name, privilege)
Put a privilege in a role.

box.schema.role.revoke (role-name, privilege)
Take a privilege out of a role.
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box.schema.role.drop(role-name)
Drop a role.

box.schema.role.grant (role-name, ’execute’, 'role’, role-name)
Grant a role to a role.

box.schema.role.revoke (role-name, ’execute’, 'role’, role-name)
Revoke a role from a role.

box.schema.role.exists (role-name)
Check whether a role exists. Returns (type = boolean) true if role-name identifies a role, otherwise
false.

box.schema.user.grant (user-name, ’execute’, 'role’, role-name)
Grant a role to a user.

box.schema.user.revoke (user-name, ’execute’, 'role’, role-name)
Revoke a role from a user.

There are two predefined roles. The first predefined role, named ’public’, is automatically assigned to new
users when they are created with box.schema.user.create(user-name) - Therefore a convenient way to
grant 'read’ on space 't’ to every user that will ever exist is: box.schema.role.grant ('public', 'read’,
'space','t'). The second predefined role, named ’'replication’, can be assigned by the ’admin’ user to users
who need to use replication features.

Example showing a role within a role

In this example, a new user named Ul will insert a new tuple into a new space named T, and will succeed
even though user Ul has no direct privilege to do such an insert — that privilege is inherited from role R1,
which in turn inherits from role R2.

-- This example will work for a user with many privileges, such as 'admin'
box.schema.space.create('T')

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

-- Create a user Ul so that later it's possible to say boz.session.su('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 Ul (order doesn't matter)
box.schema.role.grant('R1', 'execute', 'role', 'R2')
box.schema.user.grant('Ul', 'execute', 'role', 'R1')

-- Grant read and ezecute privileges to R2 (but not to RI1 and mot to Ul)
box.schema.role.grant('R2', 'read,write', 'space', 'T')
box.schema.role.grant('R2', 'execute', 'universe')

-- Use box.sesston.su to say "mow become user Ul"

box.session.su('Ul")

-- Next insert succeeds because Ul in effect has write privilege on T
box.space.T:insert{1}

Tpurrepsbi

Triggers, also known as callbacks, are functions which the server executes when certain events happen.
Currently the main types of triggers are connection triggers, which are executed when a session begins or
ends, and replace triggers which are for database events.

All triggers have the following characteristics:
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e They associate a function with an event. The request to "define a trigger"consists of passing the
name of the trigger’s function to one of the "on_event-name () "functions: on_connect (), on_auth(),
on_disconnect(), or on_replace().

e They are defined by any user. There are no privilege requirements for defining triggers.

e They are called after the event. They are not called if the event ends prematurely due to an error.
(Exception: on_auth() is called before the event.)

e They are in server memory. They are not stored in the database. Triggers disappear when the server
is shut down. If there is a requirement to make them permanent, then the function definitions and
trigger settings should be part of an initialization script.

e They 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.

e They can be multiple for one event. Triggers are executed in the reverse order that they were defined
in.

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

e They are replaceable. The request to "redefine a trigger"consists of passing the names of a new trigger
function and an old trigger function to one of the "on event-name ..."functions.

Connection triggers

box.session.on_connect ({rigger-function [, old-trigger-function-name ] )
Define a trigger for execution when a new session is created due to an event such as console.connect.
The trigger function will be the first thing executed after a new session is created. If the trigger fails
by raising an error, the error is sent to the client and the connection is closed.

ITapameTrpsl
e trigger-function (function) — function which will become the trigger function

e old-trigger-function-name (function) — existing trigger function which will be
replaced by trigger-function

Return nil or function list
If the parameters are (nil, old-trigger-function-name), then the old trigger is deleted.

Example:

tarantool> function f ()
> x=x +1
> end
tarantool> box.session.on_connect (f)

Ilpenynpexaeume: If a trigger always results in an error, it may become impossible to connect
to the server to reset it.

box.session.on_disconnect (trigger-function [, old-trigger-function-name ] )
Define a trigger for execution after a client has disconnected. If the trigger function causes an error,

3.3. ®Pyukyuwonan CYB/[, 77



Tarantool, Bbeinyck 1.7.1

the error is logged but otherwise is ignored. The trigger is invoked while the session associated with
the client still exists and can access session properties, such as box.session.id.

ITapamerpsnt
e trigger-function (function) — function which will become the trigger function

e old-trigger-function-name (function) — existing trigger function which will be
replaced by trigger-function

Return nil or function list
If the parameters are (nil, old-trigger-function-name), then the old trigger is deleted.

Example:

tarantool> function f ()
> x=x+1
> end
tarantool> box.session.on_disconnect (f)

Mpumep

After the following series of requests, the server will write a message using the log module whenever any user
connects or disconnects.

function log_connect ()
local log = require('log')
local m = 'Connection. user=' .. box.session.user() .. ' id=' .. box.session.id()

log.info(m)

end

function log_disconnect ()
local log = require('log')
local m = 'Disconnection. user=' .. box.session.user() .. ' id=' .. box.session.id()

log.info(m)

end

box.session.on_connect(log_connect)
box.session.on_disconnect(log_disconnect)

Here is what might appear in the log file in a typical installation:

2014-12-15 13:21:34.444 [11360] main/103/iproto I>

Connection. user=guest id=3

2014-12-15 13:22:19.289 [11360] main/103/iproto I>

Disconnection. user=guest id=3

Authentication triggers

box.session.on_auth ({rigger-function [, old-trigger-function-name ] )

Define a trigger for execution during authentication.

The on_auth trigger function is invoked in these circumstances: (1) The console.connect function
includes an authentication check for all users except ’guest’; for this case the on__auth trigger function
is invoked after the on_connect trigger function, if and only if the connection has succeeded so far. (2)
The binary protocol has a separate authentication packet — for this case, connection and authentication
are considered to be separate steps.

78

Cnaea 3. PyKOBOACTBO nonb3oBartens




Tarantool, Beinyck 1.7.1

Unlike other trigger types, on_auth trigger functions are invoked before the event. Therefore a trigger
function like function auth_function () v = box.session.user(); end will set v to "guest the
user name before the authentication is done. To get the user name after the authentication is done,
use the special syntax: function auth_function (user_name) v = user_name; end

If the trigger fails by raising an error, the error is sent to the client and the connection is closed.
ITapameTrpsl
e trigger-function (function) — function which will become the trigger function

e old-trigger-function-name (function) — existing trigger function which will be
replaced by trigger-function

Return nil
If the parameters are (nil, old-trigger-function-name), then the old trigger is deleted.

Example:

tarantool> function f ()
> x=x +1
> end
tarantool> box.session.on_auth(f)

Replace triggers

object space_object

space_object:on_replace (trigger-function [, old-trigger-function-name ] )
Create a "replace trigger". The function-name will be executed whenever a replace() or
insert() or update() or upsert() or delete() happens to a tuple in <space-name>.

ITapameTrpst
e trigger-function (function) — function which will become the trigger function

e old-trigger-function-name (function) — existing trigger function which will be
replaced by trigger-function

Return nil or function list
If the parameters are (nil, old-trigger-function-name), then the old trigger is deleted.

Example:

tarantool> function £ ()
> x=x+1
> end
tarantool> box.space.X:on_replace(f)

space_object:run_triggers (true/false)
At the time that a trigger is defined, it is automatically enabled - that is, it will be executed.
Replace triggers can be disabled with box.space. space-name :run_triggers(false) and re-
enabled with box.space. space-name :run_triggers(true).

Return nil

Example:
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tarantool> box.space.X:run_triggers(false)

Mpumep

The following series of requests will create a space, create an index, create a function which increments a
counter, create a trigger, do two inserts, drop the space, and display the counter value - which is 2, because
the function is executed once after each insert.

tarantool> s = box.schema.space.create('space53')
tarantool> s:create_index('primary', {parts = {1, 'unsigned'}})
tarantool> function replace_trigger ()
> replace_counter = replace_counter + 1
> end
tarantool> s:on_replace(replace_trigger)
tarantool> replace_counter = 0
tarantool> t = s:insert{l, 'First replace'}
tarantool> t = s:insert{2, 'Second replace'}
tarantool> s:drop()
tarantool> replace_counter

Another Example

The following series of requests will associate an existing function named F with an existing space named
T, associate the function a second time with the same space (so it will be called twice), disable all triggers
of T, and delete each trigger by replacing with nil.

tarantool> box.space.T:on_replace(F)
tarantool> box.space.T:on_replace(F)
tarantool> box.space.T:run_triggers(false)
tarantool> box.space.T:on_replace(nil, F)
tarantool> box.space.T:on_replace(nil, F)

Getting a list of triggers

The code on_connect () — with no arguments — returns a table of all connect-trigger functions; on_auth ()
returns all authentication-trigger functions; on_disconnect() returns all disconnect-trigger functions;
on_replace() returns all replace-trigger functions. In the following example a user finds that there are
three functions associated with on_connect triggers, and executes the third function, which happens to
contain the line "print(’function #3’)". Then it deletes the third trigger.

tarantool> box.session.on_connect ()

- - 'function: 0x416ab6£f8'
- 'function: 0x416ab6£f8'
- 'function: 0x416ad800'

tarantool> box.session.on_connect () [3] ()
function #3

tarantool> box.session.on_connect(nil, box.session.on_connect()[3])
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OrpaHunyenuns

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. 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 2147483647 (box.schema.FIELD_MAX). The practical maximum is
whatever is specified by the space’s field count member, or the maximum tuple length.

Number of bytes in a tuple

By default the value of slab_alloc_mazimal is 1048576, and the maximum tuple length is
approximately one quarter of that: approximately 262,000 bytes. To increase it, when starting
the server, specify a larger value. For example box.cfg{slab_alloc_maximal=2*1048576}.

Number of bytes in an index key

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

Number of spaces

The theoretical maximum is 2147483647 (box.schema.SPACE_MAX).
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).

For additional limitations which apply only to the vinyl storage engine, see section Differences between memix
and vinyl.
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Paznuunsa mexay asuxkamu memtx n vinyl

The primary difference between memtx and vinyl is that memtx is an "in-memory"engine while vinyl is an
"on-disk"engine. An in-memory storage engine is generally faster, and the memtx engine is justifiably the
default for Tarantool, but there are two situations where an on-disk engine such as vinyl would be preferable:

1. when the database is larger than the available memory and adding more memory is not a realistic
option;

2. when the server frequently goes down due to errors or a simple desire to save power — bringing the
server back up and restoring a memtx database into memory takes time.

Here are behavior differences which affect programmers. All of these differences have been noted elsewhere
in sentences that begin with the words "Note re storage engine: vinyl".

With memtx, the index type can be TREE or HASH or RTREE or BITSET. With vinyl, the only index
type is TREE.

With memtx, create_index can be done at any time. With vinyl, secondary indexes must be created before
tuples are inserted.

With memtx, for index searches, nil is considered to be equal to any scalar. With vinyl, nil or missing
parts are not allowed.

With memtx, temporary spaces are supported. With vinyl, they are not.

With memtx, the alter() and len() and random() and auto increment() and truncate() functions are
supported. With vinyl, they are not.

With memtx, the count() function takes a constant amount of time. With vinyl, it takes a variable amount
of time depending on index size.

With memtx, delete will return deleted tuple, if any. With vinyl, delete will always return nil.

It was explained earlier that memtx does not "yield"on a select request, it yields only on data-change
requests. However, vinyl does yield on a select request, or on an equivalent such as get () or pairs(). This
has significance for cooperative multitasking.

For more about vinyl, see Appendix D vinyl.

3.4 Pennukauuns

Mexanusm pemmkaruu 1mo3Bosisger cpa3y MHOrmM Tarantool-cepBepam paboOTaTh € KOMUSIMU OJHUX U TEX
Ke 0a3 mamHbIX. [Ipm 3TOM BCe 6a3bl OCTAIOTCA B CHHXPOHU3UPOBAHHOM COCTOSHUN OJarogaps TOMY, UTO
KaKJIplil cepBep MOXKET COODIIATH JIPYTUM CEpBEPAM O COBEPINEHHBIX WM u3MeneHusx. Cepsepa, KOTOPbIE
paboTaloT HaJ| OJHUMH U TeMHU 2Ke 0a3aMu, IpeJCTaBisioT coboit "kaactep". Y KaxKJI0To cepBepa B KjiacTepe
€cTh 4ncsIoBoil uiaentuduxkarop (server id), yHUKaIbHBIA B pAMKax KJacTepa.

Yr06bl HACTPOUTD PEILIMKAIMIO, HEOOXOIUMO HACTPOUTD IJIABHBIE cepBepa (master), KoTopbie epBbIMU 00pa-
6aTBIBAIOT 3aIIPOCH HA M3MEHEHNUe JIaHHBIX, 3aT€M HACTPOUTH cepBepa-peliuku (replica), KoTopble KOIUPYOT
K cebe 3a1pochl Ha U3MEHEHUE JaHHBIX C TJIABHBIX CEPBEPOB, U MIPOIKUCATH IIPOIELYPbI JJisi BOCCTAHOBJIEHUSI
nocJje coosl.

3.4.1 ApxuTekTypa MexaHn3Ma penamkauuu

Yro0BI 3HATH O BCEX M3MEHEHUSX HA CTOPOHE IJIABHOTO CEPBEpa, KAXK/Ias PEIINKA HEIIPEPHIBHO OIMPAIINBAECT
[JIABHBII cepBep Ha npeiamer obHoBsenuil B ero WAL-daiine (write ahead log) u nupumensier sru obHoBjeHMst
Ha cBoeiil cropone. Kaxkiast 3amick B WAL-daiisie pejcrasiisier coboil OMuH 3alIpOC HA U3MEHEHNE JAHHBIX
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(manpumep, INSERT, UPDATE wau DELETE) u upucsoennsiit ganuoit 3amucu Homep (LSN = log sequence
number). Homepa npucsanBatoTcst B nopsijike Bospacranusi. [lo cyru, pensmkaiusi 8 Tarantool’e sipasiercst
[IOCTPOYHOM: BCe KOMAH/IbI HA M3MEHEHHE JIAHHBIX TTOJTHOCTHIO JI€TEPMUHUPOBAHDI, U KaXKIasl TaKas KOMAaHIa
OTHOCHUTCST TOJIBKO K OJTHOMY TAILTY.

Beizosbl xpanumbix Lua-nporenyp dbukcupytorcs ve B WAL-daiisie, a B KypHaie coberruil (event log).
Takum 00pa3zoM rapanTHpyercs, UTO He JIeTEPMUHUPOBAHHOE MOBEJEHME JIOTUKU Ha Lua He mpuBeleT K
PaACCHUHXPOHU3AINHU PEILINIUPOBAHHBIX JAHHBIX.

3.4.2 HacTtpoiika rnaBHoOro cepsepa

Y106bI HACTPOUTH BO3MOXKHOCTH YCTAHOBKHU COEJIMHEHUs! JiJIsi PEIINK, Ha CTOPOHE TJIABHOTO CepBepa Tpe-
OyeTcst JIMINTb yKa3aTh 3HadeHUe i napamerpa listen@"listen"B init-3ampoce box.cfg. Hampumep, box.
cfg{listen=3301}. Kornma URI a1 npociaymmBanus 3a/1aH, IJIaBHBINA CEPBEP 'OTOB IPUHUMATDH 3aIIPOCHI HA
COeJIMHEHNE OT JII000r0 KOoImdecTBa pervinK. KaxKkias peruimka Ipu 3TOM HAXOJIUTCS B HEKOTOPOM CIMAMmyce
PENAUKAUUL.

3.4.3 HacTtpoiika cepBepa-penamku

Kazxkmomy Tarantool-cepBepy HeoGxoium KOPpPeKTHBINH aiijl cO CTaTudecKuM CHUMKOM JIAHHBIX (.snap-
dait). aily-CHUMOK CO3/1a€TCsI HA cepBepe [pu IIepBOM 3arpoce box . cfg. Eciu npu nepsoM TakoM 3ampoce
Ha cepBepe He OIpe/iesieH NCTOUHNK permKkarmu (replication source), To cepsep CTapTyeT B pesKUMe TIABHOTO
cepBepa W co3jaer Jjisi cebst HOBbIN KyacTep ¢ HOBbIM yHuKabHbiMu UUID. Eciu ke ucrounuk perimka-
MU [IPU 1epBOM box.cfg-3ampoce OIpe/iesieH, TO CepBep CTapTyeT B PeKUMe Peruinku, a dailj-CHUMOK U
unadopmarus o kiaacrepe oepyres u3 WAL-daitinos na riiaBaom cepsepe. [oaromy mpu HacTpoiike pernmka-
Iy HY2KHO yKa3aTbh napamerp replication  source B 3ampoce box.cfg. [Ipu mepBoM CoequHEHNN C TJIABHBIM
CEPBEPOM CepPBEP-PEILINKa BKJIIOYAETCS B COCTaB KJyacTepa. B janpHeiiem Takast pensmka o0IaeTcs TOJIbKO
C TJIABHBIM CEpBEPOM M3 JIAHHOT'O KJIACTepa.

Tlocsie ycraHOBKY COEIMHEHMS € TJIABHBIM CEPBEPOM DEIIMKA 3AMPAIIUBAET ¥ HEro Bee udMeHenus:, 9bu LSN-
nomepa B WAL-daiiste Gosbiiie HOMepa MOCEHEro JOKAJIHLHOrO u3MeHeHus Ha peruinke. [Tosromy WAL-
daitspl Ha TVIABHOM cepBepe HY>KHO XPAHUTh J0 TeX MOP, TOKA BCE PEIIUKY He TIPUMEHST U3MEHEHUS U3 ITUX
WAL-daitnoB na cBoeit cropone. CocTosiHUe PEIVIMKKA MOXKHO "OOHYJIUTD yIaauB BCe (DAMIbl PEITHKAINN
(.snap-daiin co cuumrom u .xlog-daiiin ¢ 3amucavmu WAL) u 3amycrus cepsep cHoBa. Pernivka 1pu 3ToM
BO3BMET BCEe TAILJIBI C TIABHOTO CepBepa M MPUJET B CHHXPOHU3MPOBaHHOE cocTosiame. OOpaTnTe BHUMAHIUE,
49TO Takas nporeaypa "obuynenus " cpaboTaeT, TOJBLKO eCIU Ha TJIABHOM cepBepe OYIyT JOCTYIIHBI BCE HY KHBIE

WAL-aitnbr.

ITpumeuanue: Ilapamerpsl perMKaIyym MOXKHO MEHSITH HA JIETY, YTO [I03BOJIET HA3HAYATH PEILIMKY Ha
POJIb TJIABHOTO cepBepa u Haobopot. st 9Toro ncmosms3yercs 3ampoc box. cfg.

IIpumeuanue: Permika ne 6epeT HACTPONWKM KOH(MUTYpAIUU C TVIABHOTO CEpBEpa, HAIIPUMED HACTPONKU
zarycka (poHoeol npoepammo. 0as pabomyv, O CHUMKAMU HA TJIABHOM cepBepe. UTOObI HOJIyYUTH Te Ke
HACTPOWKHM HA PEIINKE, Hy?KHO 3a/IaTh UX sBHBIM 00pPa30M.

Ilpumeuanue: Pennukaius TpeOyeT HacTpoiiku nmpusuieruii. [IpuBuierun /s 1ocTyma K crieiicaM MOKHO
3aJ1aTh HAIIPSIMYIO JJIsI [TOJIb30BaTE/IsI, IO/, YbUM UMEHEM 3allyIleH cepBep-pemmka. Ho o6braHO puBmieruu
Ha JIOCTYI K cIieficaM 3a/Ja10TCs ¢ IOMOIIBIO POoAl, KOTOPasd 3aTeM IIPUCBAUBAETCS IOJIb30BATEJIIO, 10/, YbUM
UMeHeM 3allyIeH cepBep-pelnKa.
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3.4.4 BocctaHoBneHue nocne cbos

"ChoiiTo curyanus, KOrjia IJIaBHBIH CepBep CTAHOBUTCS HEJIOCTYIEH BCJIEJCTBUE MpPOOJeM ¢ 000pYI0BaHU-
€M, CeTEBBIX HEIOJIaI0K WJIA IPOrPAMMHOM OMmMOKU. Y PEIUINKHA HET CIOCco0a ABTOMATHIECKN OOHADYKUTD,
9TO CBSA3b C TVIABHBIM CEPBEPOM yTEpsiHA HACOBCEM, MOCKOJIBKY MPUIUHBI COOsI W OKPYKEHHUE, B KOTOPOM
pa3BepHyTa PEIINKAIUs, MOTYT ObITh 04YeHb pasHbiMu. [losToMy 0OHAPYKUBATEH COOM JOIPKEH UEJIOBEK.

Ho xorja cboit yxke oOHapyKeH, poIie/ypa BoccTaHoBIeHus TpocTa. CHava a HyKHO HA3HAYUTD OJIHY W3
PEILIMK Ha POJIb HOBOI'O [VIABHOI'O cepBepa, 3ajaB napamerp box.cfgq... listen=URI <index-uri>}. 3arem,
€CJIn Ha TPEeXKHEeM IJIABHOM CEPBEPE OCTAJNCh M3MEHEHHs, KOTOPbIe He YCIeIH IPUMEHUTHCS Ha BBIOPAHHON
perutuke mepest, c6oeM, HyKHO IIPUMEHUTD 9TH U3MEHEHUsI BPYUIHYIO.

3.4.5 NHcTpyKuun no GbICTpOMY 3anycKy MPOCTOro kKjaactepa u3 AByX CepBepoB C
Hynsi

ITar 1. 3amycTure NepBbIi cepBep CO CJEAYIONIUMA HACTPONKAMU:

box.cfg{listen = *uri#1+}

-- B 3TOM 3aIpoce MOXHO 3a7aTh 6ojblle OTpPaHWYEHUHE
box.schema.user.grant('guest', 'read,write,execute', 'universe')
box . snapshot ()

... Itax, cosjaJicst HOBBIN KJacTep.

IlTar 2. Ha BTOPOM CepBepe MpOBEphTe My TH, IO KOTOPBIM OY/IyT XPaHUTHCSA (DailyIbl perinKanui. TH Iy T
3azai0Tcd B napamerpax snap  dir (g .snap-daiios) u wal_ dir (s .xlog-daitios). B yka3aHHBIX Jupek-
TOPUAX JOJKHO OBITH MyCTO, 9TOOBI HE CJIyIHIOCH KOH(MDIMKTA ¢ TeMH HAYAJIbHBIMA JQHHBIMH, 9TO IIPUILYT
¢ EepPBOro CepBepa, KOrja BTOPOil CepBep MPUCOSJIUHUTCA K KJIACTEPY.

Step 3. BamycruTe BTOPOIl cepBep €O CJIEIYIONUMUA HACTPONKAMMA:

box.cfg{
listen = uri#2,
replication_source = uri#l

}
... e uri#l = URI, Ha KOTOPOM BKJIIOYEHO MPOCJYIIUBAHUE Y IIEPBOTO CepBepa.
Bot u BCé.

B omnucannoit Bbillle KOHGUIYypalluy [I€PBBIN CEPBEP BBIMOJIHSET POJIb "TJIABHOIO & BTOPO CJIyKUT "peruin-
koit". Jlajiee Bce m3MeHeHMsI, ITPOUCXOSINNE HA CTOPOHE IJIABHOTO CepBepa, Oy/yT JIOCTYIHBI C PEILIUKH.
IIpocroii k1acTep U3 IByX cepBEpOB, IJle IVIABHBIN CepBEp 3allyIeH Ha OJIHOM KOMITbIOTEPE, 8 CEPBep-PeILInKa
— Ha JPYIOM, BCTPEYAeTCsd OYeHb 4acTo U obJasaer AByMs BaxkubiMu npenmyiiecrBamu: FAILOVER (r.e.
OTKa30yCTOWINBOCTD, TOCKOJIBKY B CJIydae OTKJIIOYEHHs IJIABHOTO CEPBEPA €0 MECTO MOYKET 3aHATH CepBep-
perwka) 1 LOAD BALANCING (r.e. 6ajaHCUPOBKa HAIDY3KH, IIOCKOJIBKY KJIMEHTHI MOI'YT 00pamaTbes
¢ SELECT-zanpocaMn Kak K I[JIABHOMY CePBEpY, TaK U K peruinke). IIpy HeoOXOIMMOCTH B HACTPOHKax
PEIUIMKN MOYXKHO 33J1aTh apamMeTp read_ only = true.

3.4.6 MoHnTOpUHI gencTBuin penanku

B bozx.info ectp mose box.info.replication.status, KOTOpe MOXKET IPUHUMATDH CJIEAYIOIINE 3HATCHUS:
"off "stopped "connecting "auth "follow niau "disconnected". Eciu periuka umeer craryc "follow To mist Hee
BBICTaBJIAIOTCA 3HAQUCHUE ele JAByX IoJieil: box.info.replication.idle = KOIMYECTBO CEKyHJ, KOTOPbIC
PEIUIHKa IPOBeJIa B COCTOsSTHUN Oe3eiicTBust, box.info.replication.lag = KOJUYECTBO CEKYH/I, HA KOTOPOE
PCIIKA OTCTACT OT IJIABHOI'O cepBepa.
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B otcyprane Bemercs 3amnuch o meiicTBUAX, CBA3AHHBIX C peluinkanueil. Eciau ryaBHBIM cepBep 3allyIleH co
CJICAYIOIUMY HACTPOMKAMM:

box.cfg{
<o.o>

3
logger = *uMsa_odaiima_mnsa_BeleHNWS_XypHala*,
<..0>

TO HA KAXKJLyI0 YCTAHOBKY /IIOTEPIO COCIMHEHUS PEILIMKY C TIABHBIM CEPBEPOM B XKypHAJIe OYIyT IOSIBIIATHCS
CTPOYKH cO cjioBoM "relay".

3.4.7 MNpepoTBpaweHue Aydonupyrowmnxcs aencrTeuii

IIpeanosokum, ITO pervimKa MBITAETCS CIeJIaTh HEUTO, 9TO yKe OBbLIO CJIeJaHO Ha IVIaBHOM cepBepe. Ha-
npumep: box.schema.space.create('X') Dro npusener K ommubke "Space X exists"("Cueiic X yxke cy-
niecrByer"). B 1aHHOM 9acTHOM cjiydae MOYXKHO CKOPPEKTUPOBATH UHCTPYKIIUIO CJIEIYIOMUM 00pa3oM: box .
schema.space.create('X', {if_not_exists=true}) Ho cymecTtByer u Gojiee yHUBepCaIbHOE pEIICHUE:
HCII0JIH30BaTh MeTo box.once(key , function). Eciu box.once() ObL1 BhI3BaH paHee C T€M Ke 3HAUYEHU-
eM napameTrpa key, To GyHKIua function UTHOPUPYETCS; B IPOTUBHOM ciy4ae QyHKIua function OyaeT
BhbIntosiHeHA. [ToaToMy JieficTBuUSI, KOTOPBIE JIOJIZKHBI COBEPIIATHCS TOJILKO OJIMH Pa3 3a BpeMsi TeKyIeil ceccun
PeILIUKAINY, HY?KHO TIOMEIATh B (DYHKIINIO U BBI3BIBATH €€ C MMOMOIIBI0 MeToza box . once (). Hampumep:

function f£()
box.schema.space.create('X")

end

box.once('space_creator', f)

3.4.8 Pennukauyus no cxeme master-master

B ciyuae macTpoiiku pemmkamum mo cxeme master-replica n3aMeHeHusI Ha TJIABHOM CepBepe MOCTYIIHBI T
MIPOCMOTPA € PEILIMKHU, HO He HAOOOPOT, MOTOMY KaK IJIABHBIN CepBep B TaKO# cxemMe yKa3aH B KadeCTBe
€JIMHCTBEHHOI'O NCTOYHMKA PeIuIMKanun. B ciydae cxeMmbl master-master (nHorma ee Takzke HasbiBaeT multi-
master) npocMOTp M3MeHeHHi BO3MOXKEH B JII0O60OM HalpasiieHuu. B mpocroM ciaydae (master-master ¢ qsymst
cepBepaMu) Ha HEePBOM CepBepe HYKHO 3aJaTh CJIELYIOIIe HACTPONKM:

box.cfg{ replication_source = uri#2 }

DTOT 3ampPOC MOYKHO BBIMOJIHUTH B JIOOOW MOMEHT, T.K. apaMmerp replication  source MOXKHO 3aJaBaTbhb Ha
XOJTy.

B nannom mpumepe oba cepsepa siBiisitoTcs oiHOBpeMeHHO u "riaBabivu u "periukamu. [losromy Kaxkgoe
U3MEHeHne, KOTOPOe CIYIaeTCs Ha OJHOM CepBepe, CTAHOBUTCH JIOCTYITHO JJIsi IPOCMOTPA C IPYTOro cepBepa.
OTKa30yCTONINUBOCTD B TAKOW KOH(MDUTYPAIUH COXPAHSIETCs, a BO3MOXKHOCTU 10 OAJIAHCHPOBKE HAIPY3KHU
CTAHOBATCS elre mupe (Ternepb KIMEHThl MOIYyT 0OpAIaThes K 000MM CepBepaM CO BCEMH THIIAMHU 3aIIPOCOB
— KaK Ha YTEHWe JIAHHBIX, TaK ¥ Ha U3MEHEHUe).

Ecyn 1Be onepanuu Haj OJHUM M T€M K€ TAIlJIOM IIPOU3BOJATCA 'mapasueibHo" (a 910 MOKeT 1moTpeboBaTh
MHOI'O BPEMEHHU, IIOCKOJIbKY DEILIMKAIMs — 9TO ACHHXPOHHBIN I[IPOIECC), IPUYEM OJHA U3 ONepaluii — 3T0
delete, a BrOpas — replace, TO CyImECTBYeT BEPOITHOCTD, UTO JAHHBIE HA CEPBEPAX CTAHYT Pa3/JIAIATHCS.

3.4.9 Ortsetbl Ha Bonpocbl "HT1o ecnn?
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Bompoc: Yto ecin B Ki1acrepe Bua master-master 6osee qsyx cepsepos? Otser: Ha KaxK10M cepBepe HyzKHO
3asaTh mapaMerp replication  Source W yKasaTh B HEM BCe OCTAJbHBIE cepBepa. Hampumep, mist cepsepa #3
HACTPOHKM OyIyT coemyromumu: box.cfg{ replication _source = {uri#1, uri#2} }

Bormpoc: Yro ecsin kakoil-To cepBep HyKHO yoparh u3 Kiacrepa? Orser: s pEIINKU — BBIITOJIHATE 3aIIPOC
box.cfg{}, ykazas mycroit uctouHuk persmmkanun: box.cfg{replication_source="'"'}

Bompoc: Yro eciin kakoii-To cepBep BAPYT BbiObIBaeT u3 Kaacrepa? Orser: OcrajabHbIE cCepBepa IPOIOJIZKAIOT
paborarh. Eciu BBIOBIBIIMIT cepBep CHOBa BO3BPAIAETCA B KJIACTEP, TO OH IMOJYyYINT WHMOPMAIIUIO O BCEX
U3MEHEHHUsIX, KOTOPbIe MTPOU30ILIA Ha OCTAJIBHBIX CEPBEPAX 3a BPEMSI €r0 OTCYTCTBUSI.

Bompoc: Yro ecim aBa cepBepa COBEpIIAIOT U3MEHEHMSI, CBSI3aHHBIE C OJHHUM M TeM Ke TamioMm?! OTBer:
IIpumensiTest mocieIHIEe U3 COBEPIIEHHBIX M3MeHeHui. J[Jist mpuMepa pe/ImoIoKuM, 9To cepep #1 meHser
HEKOTOPBIT TAIlJI, & 3aTeM CEpBEp #2 MeHseT TOT »Ke Taljl. B JaHHoM ciaydae M3MEHEHUsT cepBepa #2 3a-
TPyT u3MeHeHus: cepsepa #1. UTobbI oTCaeKUBaTh, KTO TMPHUIIET MOCaeaunM, B Tarantool’e ucmomb3yorcs
BEKTOpPHbLIE YacChl.

Bormpoc: Yo eciu 06a cepBepa BBIIOJHSIOT BCTABKY OJHOrO 1 Toro ke tamia? Orser: Eciu ryiaBHbIN cepBep
MIOTIBITAETCS BCTABUTH TAILT, KOTOPBIA y2Ke ObLI BCTABJIEH HA PEILINKE, TO MbI MOJIYyIAM IIPUMED CEPhE3HOMN
ommbOKu. Permnkalmss OCTAaHOBUTC, U ee TIPUIACTCS Iepe3ayCcKaTh B PYIHYIO.

Bormpoc: Yto ecsin riiaBHBIN cepBEp CTAHOBUTCS HEJOCTYIIEH W MOJIB30BATEISIM TPUXOINTCS TEPEKITIOIATHCS
peruky? Otser: Pernka mojydaer cooOllieHre, 9TO CBsA3b MOTEpsiHA. Lerephb pelimka J0JKHa HAadaTh
paborars HezaBucuMO. J[Jist 9TOTO el Hy»KHO 3aJaTh IIyCTONH MCTOYHUK DPEIIMKAINHN, BBIIIOJHUB HA CTOPOHE
pernku 3anpoc box.cfg{replication_source='"'}.

Bormpoc: Yrto eciim HYKHO TIOCMOTPETh, K KAKOMY KJIACTEPY MPUHAJIEKUT JaHHbi cepBep? Orser: Unen-
TudukaropoM Kaactepa ssisgercs UUID, KoTopblit TeHEpupyeTcs MPH MIEPpBOM 3aIlyCKe TJIABHOTO CepBepa.
Hanneiit UUID xpanutca B cucreMHOM crefice box.space. schema. Yrobsr nocmorpers UUID kiacrepa,
BBejUTE 3a1pOC box.space._schema:select{'cluster'}

Bompoc: Yro ecin HyzKHO TOCMOTpPETh, Kakue cepepa BxoaaT B kiactep? OTBer: Y KaxKI0ro cepBepa eCcThb
yuusepcabubiil naeaTudurarop — 310 ero UUID B nosie box . info.server.uuid. Takxke y cepsepa ecTb ero
TIOPSIZIKOBBIN MIeHTUGMUKATOP B KJIacTepe — 3TO HOMED B 1oJie box . info.server.id. YTobb! yBuAETH HOMEPA
BCEX CEPBEPOB B KJacTepe, BBeuTe 3anpoc: box.space._cluster:select{}. lanusiii 3anpoc Bo3Bpaiaer
TabsuIy co BceMu Tamiiamu Buja {server.id, server.uuid} jyist Bcex cepBepoB, UTO KOIJa-inbo BXOJAWIN B
JaHHBIA KJIacTep.

Bompoc: Yro ecin kakoii-to u3 GaityioB perimkanum Ha perinke noBpexaeH wim ynaueH? Orser: Hyx-
HO OCTAHOBUTH CEPBEP, yIAIUTh Bee (aiiibl, oTHOCAImMeCst K 6a3e NAHHBIX (910 (ailyibl ¢ paciupeHusIMu
"snap "xlog"u ".inprogress"), cHOBa 3amycTUTH cepBep U BBeCTH 3anpoc box.cfg{...replication_source=.
..}, 9TOOBI BOCCTAHOBUTH COE/IMHEHUE C TJIABHBIM CEPBEPOM U 3arPy3UTh JIAHHLIE C HETO.

Bompoc: YrTo eciu mpu peruimkanuu BO3HUKAIOT BOIPOCHI, CBsi3aHHBIE ¢ OezonacHocThio? Orser: YUro-
OBl TPEJIOTBPATUTH I[OSBJIEHNE HECAHKIMOHUPOBAHHBIX WMCTOYHUKOB DEIUIMKAINH, HYXKHO 33JaTh Ia-
pOJIb I KayKJIOTO IIOJIb30BATENsI, Y KOTOPOI'O €CTh INPHUBUJIETMH JIOCTYIIAa K COOTBETCTBYIOIIUM CIIeli-
caM, a TakxKe JJId KaxKJIOro II0JIb30BaTessl, Y KOTOPOrO HACTPOECHA PENAUKGUUONHAA DPOND. 3AMETb-
te, uro URI jna mapamerpa replication source Tenepb Hy’KHO BCerJia YKa3blBaThb B IIOJHOM BHJIE:
replication_source='username:password@host:port'

Bompoc: YUto eciin nmpoaBUHYTHIE TTOJB30BATEN XOTAT TUIyOKe pa3odpaThCcs C TeM, KaK paboTaeT perinKa-
nusi? Orser: CMm. naOPMAIIIO 0 3alycKe cepBepa ¢ pertukanueil B [Ipunoxkennn B. /lemasu peasuzayuu.
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3.4.10 lNpakTnyeckoe pykoBOACTBO MO penaukKauuu

Huzke mpuBomgaTcst monraroBble MHCTPYKITANA, KOTOPBIE IIOMOTYT BaM MOy IUThH MPAKTUIECKUNA OIBIT 8 IMAHU-
CTPUPOBAHUS KJIACTEPA, & UMEHHO OIBIT CO3/IAHUS KJIACTEPa U JT00ABICHUS PEILIUKH.

3amycTuTe Ba TEpMUHAIA, KAXK/BIl B CBOEM OKHE, W PACIIOJIOXKUTE UX PAZIOM Ha KpaHe. (lanee B mpume-
pax oba TepMHHAJIA MTOKa3aHbl B Buje 3akjagoK. Illejkaure Ha 3aronoBok 3akiaagaku — "Terminal #1"unn
"Terminal #2 — 4T0o0bI yBUJIETH BLIBOJ HA COOTBETCTBYIONIEM TEPMUHAJIE. )

s

E

B nepsom repmuHasie (Terminal #1) BbIIOJHATE CeIyIONITE KOMAHIBL:

$ # Terminal 1

$ mkdir -p ~/tarantool_test_node_1
$ cd ~/tarantool_test_node_1

$ rm -R ~/tarantool_test_node_1/x*
$ ~/tarantool/src/tarantool
tarantool> box.cfg{listen = 3301}

tarantool> box.schema.user.create('replicator', {password = 'password'})
tarantool> box.schema.user.grant('replicator', 'execute','role', 'replication')
tarantool> box.space._cluster:select ({0}, {iterator = 'GE'})

B pesynbraTe ObLIH 33 aHBI HACTPOMKHU HOBOT'O KJaacTepa, a Ha skpame 0611 BeiBemen UUID Tekymero cepse-
b
pa. Tenepb BbIBOJ Ha 9KpaHe BHINVIAANAT cieayionmM obpas3oM (3a TeM uckiodenueM, uro UUID y Bac GymyT

Apyre):

$ # Terminal 1

$ mkdir -p ~/tarantool_test_node_1

cd ~/tarantool_test_node_1

rm -R ./*

~/tarantool/src/tarantool

~/tarantool/src/tarantool: version 1.7.0-1724-g033ed69
type 'help' for interactive help

tarantool> box.cfg{listen = 3301}

<ooo o>

tarantool> box.schema.user.create('replicator', {password = 'password'})
<...> I> creating ./00000000000000000000.x1og.inprogress’

$
$
$
$

tarantool> box.schema.user.grant('replicator', 'execute', 'role', 'replication')

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

- - [1, '6190d919-1133-4452-b123-becalb178b32']

Bo Bropom repmunasie (Terminal #2) BbimoaHuTe CIIeLyIONMe KOMAHIBL:

$ # Terminal 2
$ mkdir -p ~/tarantool_test_node_2
$ cd ~/tarantool_test_node_2
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$ rm -R ~/tarantool_test_node_2/*
$ ~/tarantool/src/tarantool
tarantool> box.cfg{

> listen = 3302,

> replication_source = 'replicator:password@localhost:3301"'
>}
tarantool> box.space._cluster:select ({0}, {iterator = 'GE'})

B pesyabrare Obun 3amaHbl HACTPOHKU cepBepa-pemuku. Ha sxpane nepsoro tepmunaia (Terminal #1)
MTOSIBUJIUCH COOOITEHUS C ITOATBEPKICHUSME, UYTO PEIUIMKA YCTAHOBUJIA COEIUMHEHNE C [JIABHBIM CEPBEPOM U
gro cogepxkumoe WAL-daiina 6b110 ornpasieno Ha permuky. Ha sxpane Broporo tepmunasa (Terminal
#2) nosiBWIIICH COOBIIEHUsI O TOM, YTO PEIUIMKAIMs HauuHAeTcs, a Takxke TaM O0bum BbiBegensl UUID u3
cucremHoro crefica _cluster (ogun n3 Hux conagaer ¢ UUID B nepBoM TepMuHAJIE, TOCKOIBKY 06a cepBepa
BXOZAT B 00muii Kiacrep).

$ # Terminal 1

$ mkdir -p ~/tarantool_test_node_1

<oooooo>

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

- - [1, '6190d919-1133-4452-b123-becalb178b32']

tarantool>

<...> [11031] relay/127.0.0.
[11031] relay/127.0.0.

[11031] relay/127.0.0.

1:58734/101/main I> recovery start

1:58734/101/main I> recovering from ~./00000000000000000000.snap"'
1:58734/101/main I> snapshot sent

[11031] relay/127.0.0.1:58734/101/main I> recover from ~./00000000000000000000.x1log’
[11031] relay/127.0.0.1:58734/101/main recovery.cc:211 W> file
*./00000000000000000000.x10og™ wasn't correctly closed

[11031] relay/127.0.0.1:58734/102/main I> recover from ~./00000000000000000000.x1log"

AN AN AN A
vV V V VvV

A
\4

$ # Terminal 2
$ mkdir -p ~/tarantool_test_node_2
$ cd ~/tarantool_test_node_2
$ rm -R ./*
$ ~/tarantool/src/tarantool
/home/username/tarantool/src/tarantool: version 1.7.0-1724-g033ed69
type 'help' for interactive help
tarantool> box.cfg{
> listen = 3302,

> replication_source = 'replicator:password@localhost:3301"'
>}
<.
<...> [11243] main/101/interactive I> mapping 1073741824 bytes for tuple arena...
<...> [11243] main/101/interactive C> starting replication from localhost:3301
<...> [11243] main/102/applier/localhost:3301 I> connected to 1.7.0 at 127.0.0.1:3301
<...> [11243] main/102/applier/localhost:3301 I> authenticated
<...> [11243] main/102/applier/localhost:3301 I> downloading a snapshot from 127.0.0.1:3301
<...> [11243] main/102/applier/localhost:3301 I> done
<...> [11243] snapshot/101/main I> creating ~./00000000000000000000.snap.inprogress’'
<...> [11243] snapshot/101/main I> saving snapshot ~./00000000000000000000.snap.inprogress’'
<...> [11243] snapshot/101/main I> done
<...> [11243] iproto I> binary: started
<...> [11243] iproto I> binary: bound to 0.0.0.0:3302
<...> [11243] wal/101/main I> creating ~./00000000000000000000.x1log.inprogress"
<...> [11243] main/101/interactive I> ready to accept requests
tarantool> box.space._cluster:select ({0}, {iterator = 'GE'})
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- - [1, '6190d919-1133-4452-b123-becalb178b32"']
- [2, '236230b8-af3e-406b-b709-15a60b44c20c']

B nepsom Tepmunase (Terminal #1) BbIIOJHUTE CII€yTOIINE 3AIIPOCHL:

tarantool> s = box.schema.space.create('tester')
tarantool> i = s:create_index('primary', {3})
tarantool> s:insert{l, 'Tuple inserted on Terminal #1'}

Tenepb BBIBO/I Ha 9KPaHe€ BBIIVIAJIUT CJIEYIONINM o6pa30M:

<ooo 0>

tarantool>

tarantool>

<...> [11031] relay/127.0.0.1:58734/101/main I> recovery start

<...> [11031] relay/127.0.0.1:58734/101/main I> recovering from ~./00000000000000000000.snap"’
<...> [11031] relay/127.0.0.1:58734/101/main I> snapshot sent

<...> [11031] relay/127.0.0.1:58734/101/main I> recover from ~./00000000000000000000.x1log"
<...> [11031] relay/127.0.0.1:58734/101/main recovery.cc:211 W> file

*./00000000000000000000.x10og™ wasn't correctly closed
<...> [11031] relay/127.0.0.1:58734/102/main I> recover from ~./00000000000000000000.x1log'
tarantool> s = box.schema.space.create('tester')

tarantool> i = s:create_index('primary', {})

tarantool> s:insert{l, 'Tuple inserted on Terminal #1'}

- [1, 'Tuple inserted on Terminal #1']

$ # Terminal 2
$ mkdir -p ~/tarantool_test_node_2
$ cd “/tarantool_test_node_2
$ rm -R ./*
$ ~/tarantool/src/tarantool
/home/username/tarantool/src/tarantool: version 1.7.0-1724-g033ed69
type 'help' for interactive help
tarantool> box.cfg{
> listen = 3302,
> replication_source = 'replicator:password@localhost:3301"'

>}

[11243] main/101/interactive I> mapping 1073741824 bytes for tuple arena...

[11243] main/101/interactive C> starting replication from localhost:3301

[11243] main/102/applier/localhost:3301 I> connected to 1.7.0 at 127.0.0.1:3301
[11243] main/102/applier/localhost:3301 I> authenticated

[11243] main/102/applier/localhost:3301 I> downloading a snapshot from 127.0.0.1:3301
[11243] main/102/applier/localhost:3301 I> done

[11243] snapshot/101/main I> creating ~./00000000000000000000.snap.inprogress'’
[11243] snapshot/101/main I> saving snapshot ~./00000000000000000000.snap.inprogress'
[11243] snapshot/101/main I> done

[11243] iproto I> binary: started

[11243] iproto I> binary: bound to 0.0.0.0:3302

[11243] wal/101/main I> creating ~./00000000000000000000.x1log.inprogress"'

[11243] main/101/interactive I> ready to accept requests

ANNANNANANANANANANNANNANNANNNA
V VV V V V V V V V VYV VYV
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tarantool> box.space._cluster:select ({0}, {iterator = 'GE'})
- - [1, '6190d919-1133-4452-b123-becalb178b32"']
- [2, '236230b8-af3e-406b-b709-15a60b44c20c']

B nepsom Tepmunasie yenenruao orpaboranu onepanun CREATE u INSERT. Ho Bo BTopoM TepMuHaJIe HUYEro
He ITPOU30IILIIO.

Bo Bropom repmunasie (Terminal #2) BblosHuTe CIIEAYIONIHE 3AIPOCHL:

tarantool> s = box.space.tester
tarantool> s:select({1}, {iterator = 'GE'})
tarantool> s:insert{2, 'Tuple inserted on Terminal #2'}

Temnepn BbIBO/ HA 9KPaHE BBIIVISIUT CJIELYIONIM 00pa30M:

<ovw o>

tarantool>

tarantool>

<...> [11031] relay/127.0.0.
[11031] relay/127.0.0.

[11031] relay/127.0.0.

1:58734/101/main I> recovery start
1:58734/101/main I> recovering from ~./00000000000000000000.snap"'
1:58734/101/main I> snapshot sent
[11031] relay/127.0.0.1:58734/101/main I> recover from ~./00000000000000000000.x1log’
[11031] relay/127.0.0.1:58734/101/main recovery.cc:211 W> file
*./00000000000000000000.x10og™ wasn't correctly closed

<...> [11031] relay/127.0.0.1:58734/102/main I> recover from ~./00000000000000000000.x1log'
tarantool> s = box.schema.space.create('tester')

A AN ANAY
vV V V VvV

tarantool> i = s:create_index('primary', {3})

tarantool> s:insert{l, 'Tuple inserted on Terminal #1'}

- [1, 'Tuple inserted on Terminal #1']

<ooo 002

tarantool> box.space._cluster:select({0}, {iterator = 'GE'})
- - [1, '6190d919-1133-4452-b123-becalb178b32"']
- [2, '236230b8-af3e-406b-b709-15a60b44c20c']

tarantool> s = box.space.tester

tarantool> s:select ({1}, {iterator = 'GE'})

- - [1, 'Tuple inserted on Terminal #1']

tarantool> s:insertq{2, 'Tuple inserted on Terminal #2'}

- [2, 'Tuple inserted on Terminal #2']

Bo Bropom Tepmunaie ycrerao orpaboranu oneparuu SELECT u INSERT. Ho B mepBom TepMunasie HUYEro
HE POU3OIILIO.

B nepsom TepmunHase (Terminal #1) BBIIOSHUTE CII€yTOIINE 3AIIPOCH M KOMAH/IBI:
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$ os.exit()
$ 1s -1 ~/tarantool_test_node_1
$ 1s -1 ~/tarantool_test_node_2

Tenepr Tarantool-cepBep B mepBoM TepMHHAJIE OCTAHOBJIEH. B OKHe BTOPOro TepMuHAJA MOSIBUINCH COOO-
menust 06 3ToMm cobbiTun. C momombio KoMaH 1s -1 Mbl yOe uInch, 9TO Ha 00OUX CepBepax CO3/aJIuCh
dall/IbI-CHUMKY C OJUHAKOBBIMHU pa3MepaMU, ITOCKOJIBKY TaM COMIEPIKATCS OJJHU U T€ K€ TAILIbI.

<ooo 0>
tarantool> s:insert{l, 'Tuple inserted on Terminal #1'}

- [1, 'Tuple inserted on Terminal #1']

$ 1s -1 ~/tarantool_test_node_1

tarantool> os.exit ()

total 8

-rw-rw-r-- 1 4925 May 5 11:12 00000000000000000000. snap
-rw-rw-r-- 1 634 May 5 11:45 00000000000000000000.x1og
$ 1s -1 ~/tarantool_test_node_2/

total 8

-rw-rw-r-- 1 4925 May 5 11:20 00000000000000000000.snap
-rw-rw-r-- 1 704 May 5 11:38 00000000000000000000.x1og
$

<ol
tarantool> s:select ({1}, {iterator = 'GE'})

- - [1, 'Tuple inserted on Terminal #1']

tarantool> s:insertq{2, 'Tuple inserted on Terminal #2'}

- [2, 'Tuple inserted on Terminal #2']

tarantool>
<...> [25579] main/103/replica/localhost:3301 I> can't read row
<...> [25579] main/103/replica/localhost:3301 !> SystemError
unexpected EOF when reading from socket,
called on fd 10, aka 127.0.0.1:50884, peer of 127.0.0.1:3301: Broken pipe
<...> [25579] main/103/replica/localhost:3301 I> will retry every 1 second

Bo Bropom Tepmunaie (Terminal #2) npournopupyiite coobiienust 06 OMMOKAX U BBIIOJIHATE CJIEIY IO
3AIIPOCHL:

tarantool> box.space.tester:select ({0}, {iterator = 'GE'})
tarantool> box.space.tester:insert{3, 'Another'}

Tenepb BBIBO/I Ha 9KPaHe€ BBIIVIAJIUT CJACYIONINM o6pa30M (COO6IL[€HI/IH 00 omubKax MbI He HpI/IBOﬂI/IM)Z

< ove o2
tarantool> s:insertq{1, 'Tuple inserted on Terminal #1'}

- [1, 'Tuple inserted on Terminal #1']

$ 1s -1 ~/tarantool_test_node_1

tarantool> os.exit ()

total 8

-rw-rw-r-- 1 4925 May 5 11:12 00000000000000000000.snap
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-rw-rw-r-- 1 634 May 5 11:45 00000000000000000000.x1log
$ 1s -1 ~/tarantool_test_node_2/

total 8

-rw-rw-r-- 1 4925 May 5 11:20 00000000000000000000. snap
-rw-rw-r-- 1 704 May 5 11:38 00000000000000000000.x1og
$

<o L2
tarantool> s:insert{2, 'Tuple inserted on Terminal #2'}

- [2, 'Tuple inserted on Terminal #2']

tarantool>
<...> [11243] main/105/applier/localhost:3301 I> can't read row
<...> [11243] main/105/applier/localhost:3301 coio.cc:352 !> SystemError
unexpected EOF when reading from socket,
called on fd 6, aka 127.0.0.1:58734, peer of 127.0.0.1:3301: Broken pipe
<...> [11243] main/105/applier/localhost:3301 I> will retry every 1 second
tarantool> box.space.tester:select ({0}, {iterator = 'GE'})
- - [1, 'Tuple inserted on Terminal #1']
- [2, 'Tuple inserted on Terminal #2']

tarantool> box.space.tester:insert{3, 'Another'}

- [3, 'Another']

3ampocet SELECT u INSERT Bo BTOpOM TepMuHAaje 0TpabOTAJN HECMOTPsI HA TO, YTO CEPBEp B IMEPBOM
TEpPMUHAJIE OCTAHOBJIEH.

B nepsom Tepmunase (Terminal #1) BbIIOSHUTE CII€yTOIINE 3AIIPOCHL:

$ ~/tarantool/src/tarantool
tarantool> box.cfg{listen = 3301}
tarantool> box.space.tester:select ({0}, {iterator = 'GE'})

Temeps BBIBOJ Ha 9KpaHe BBIIVISIUT CJIELYIONIM 00pa30M:

<ooooo>
tarantool> s:insert{1l, 'Tuple inserted on Terminal #1'}

- [1, 'Tuple inserted on Terminal #1']

$ 1ls -1 ~/tarantool_test_node_1

tarantool> os.exit()

total 8

-rw-rw-r-- 1 4925 May 5 11:12 00000000000000000000.snap
-rw-rw-r-- 1 634 May 5 11:45 00000000000000000000.x1og
$ 1s -1 ~/tarantool_test_node_2/

total 8

-rw-rw-r-- 1 4925 May 5 11:20 00000000000000000000.snap
-rw-rw-r-- 1 704 May 5 11:38 00000000000000000000.x1og
$ ~/tarantool/src/tarantool

< >

tarantool> box.cfg{listen = 3301}

<...> [22612] main/101/interactive I> ready to accept requests
<ool LL>
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tarantool> box.space.tester:select ({0}, {iterator = 'GE'})
- - [1, 'Tuple inserted on Terminal #1']

S
tarantool> s:insert{2, 'Tuple inserted on Terminal #2'}

- [2, 'Tuple inserted on Terminal #2']

tarantool>
<...> [25579] main/103/replica/localhost:3301 I> can't read row
<...> [25579] main/103/replica/localhost:3301 !> SystemError

unexpected EOF when reading from socket,

called on fd 10, aka 127.0.0.1:50884, peer of 127.0.0.1:3301: Broken pipe
<...> [25579] main/103/replica/localhost:3301 I> will retry every 1 second
tarantool> box.space.tester:select({0}, {iterator = 'GE'})
- - [1, 'Tuple inserted on Terminal #1']

- [2, 'Tuple inserted on Terminal #2']

tarantool> box.space.tester:insert{3, 'Another'}

- [3, 'Another']

<...> [11243] main/105/applier/localhost:3301 I> connected to 1.7.0 at 127.0.0.1:3301
<...> [11243] main/105/applier/localhost:3301 I> authenticated

I'naBubrit cepBep CHOBa YCTaHOBHUJI CO€JUHEHHE C KJIaCTE€pOM U HE O6Hapy)KI/IJ'I U3MeHeHus, cae/laHHble pe-
IJINKOU 3a BpeMs ero HEJOCTYITHOCTU. 910 U He YAUBUTEJIbHO: MbI 2K€ HE IPOCUJIN PEIJINKY BBICTYIIaTh B
Ka9eCTBe NCTOYHHKA PEIJINKAIIIN.

B nepsom Tepmunane (Terminal #1) sBexure:

tarantool> box.cfg{
> replication_source = 'replicator:password@localhost:3302'
>}

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

Tereph BBIBOJI HA SKPaHE BBITVISIJIUT CJIEIYIONUM 00pa30M:

<ooo o>

$ ~/tarantool/src/tarantool

<oo>

tarantool> box.cfg{listen = 3301}

<...> [22612] main/101/interactive I> ready to accept requests
<o o>

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

- - [1, 'Tuple inserted on Terminal #1']

tarantool> box.cfg{
> replication_source='replicator:password@localhost:3302"'
>}
[28987] main/101/interactive C> starting replication from localhost:3302

[22612] main/101/interactive C> starting replication from localhost:3302
[22612] main/101/interactive I> set 'replication_source' configuration
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option to "replicator:password@localhost:3302"

[22612] main/104/applier/localhost:3302 I> connected to 1.7.0 at 127.0.0.1:3302
[22612] main/104/applier/localhost:3302 I> authenticated
[22612] wal/101/main I> creating ~./00000000000000000008.x1log.inprogress'
[22612] relay/127.0.0.1:33510/102/main I> domne ~./00000000000000000000.x1log"
[22612] relay/127.0.0.1:33510/102/main I> recover from ~./00000000000000000008.xlog'
tarantool> box.space.tester:select ({0}, {iterator = 'GE'})
- - [1, 'Tuple inserted on Terminal #1']

- [2, 'Tuple inserted on Terminal #2']

- [3, 'Another']

<ooooo>
tarantool> s:insert{2, 'Tuple inserted on Terminal #2'}

- [2, 'Tuple inserted on Terminal #2']
tarantool>
<...> [25579] main/103/replica/localhost:3301 I> can't read row
<...> [25579] main/103/replica/localhost:3301 !> SystemError

unexpected EOF when reading from socket,

called on fd 10, aka 127.0.0.1:50884, peer of 127.0.0.1:3301: Broken pipe
<...> [25579] main/103/replica/localhost:3301 I> will retry every 1 second
tarantool> box.space.tester:select ({0}, {iterator = 'GE'})

- - [1, 'Tuple inserted on Terminal #1']
- [2, 'Tuple inserted on Terminal #2']

tarantool> box.space.tester:insert{3, 'Another'}

- [3, 'Another']

<...> [11243] main/105/applier/localhost:3301 I> connected to 1.7.0 at 127.0.0.1:3301

<...> [11243] main/105/applier/localhost:3301 I> authenticated

tarantool>

<...> [11243] relay/127.0.0.1:36150/101/main I> recover from ~./00000000000000000000.x1log"

<...> [11243] relay/127.0.0.1:36150/101/main recovery.cc:211 W> file
*./00000000000000000000.x1og™ wasn't correctly closed

<...> [11243] relay/127.0.0.1:36150/102/main I> recover from ~./00000000000000000000.x1log"

TyT Mbt BugmM, 94T0 068 cepBepa CHOBA CHHXPOHU30BAJIUCH U 9TO KAXK/IBII N3 HUX BUIUT TE 3AINCH, KOTOPHIE
cziestall Apyrom.

Yr006bI yIauTh BCE TECTOBbIE JIaHHbIE, BhITOHUTE "0s.exit () "Ha oboux TepMHUHAJIAX, a 3aTeM Ha KaXKJOM
U3 HUAX BBIMOJIHATE CJICIYIONTNE KOMAH/IbI:

$ cd ~
$ rm -R ~/tarantool_test_node_1
$ rm -R ~/tarantool_test_node_2

3.5 CnpaBo4HUK Mo KOHUryprupoBaHuio

B sroit riraBe npusoguTca cupasouHas wHMOpPMAaIUsa 0 KOHMUIYPAIMOHHBIX ITapaMeTpax, KOTOPble MOXKHO
repeiaBaTh B KOMAHJIHON CTPOKe WJIM YKa3bIBaTh B (Daiijie MHUITNAJIN3AIIN.
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o Onuyuu KomandHot cmpoky
o Vhusepcaavhoili k00 pecypca (URI)
o Dalin UHUYUGAUIAUUY
e [lapamempo. KoHgpu2ypayuy
— OcrosHbvie napamempol
— Hacmpotixa rpanusvuusa 0aHHbiT
Donosasn npozpamma 0As pabomovl co CHUMKAMU
— 2Kypraauposarue u chumku 6 6uHapHom popmame
— Penauxayus
— Paboma ¢ cemesvimu coeOUHeHUAMU

3anucoy 6 orcypran

o Pesicum 2opaue20 pe3epsuposaHuA

s 3amycka Tarantool-cepBepa HY?KHO BBECTH OJHY U3 CJIELYIOMMX KOMAH];:

$ tarantool

# W

$ tarantool omnmum

# W

$ tarantool Qaiin-uHunmanusanuu-Ha-lua [ aprymenTs ]

3.5.1 Onuun KoMmaHgHOW CTPOKMU
-h, --help
BriBecTn Ha 9KpaH COUCOK BCEX OMITNI KOMAHIHOW CTPOKHM C KOMMEHTAPHUSIMI.

-V, --version
BriBecTn Ha 9KpaH MM MPOJAYKTA U HOMED BEPCHUM, HAIIPUMED:

$ ./tarantool --version
Tarantool 1.7.0-1216-g73£7154
Target: Linux-x86_64-Debug

B mannOoM mpumepe:
“Tarantool” — 9TO MMs TOBTOPHO UCIOJIb3YeMON ACHHXPOHHOI CETEeBOil TPOrPAMMHON CPEJIbI.

Howmep Bepcun cocrasiieH 110 CTaHIapPTHON cxeMe u3 3 yacreil: <major>-<minor>-<patch>, rje <major>
U3MEHSIeTCSI OYeHb PEeJIKO, <minor> yBeJnYIHBaeTCs Ha KaKJblil milestone m cBuiieTencTByeT 0 BO3-
MOXKHBIX HECOBMECTUMOCTSIX C IPEIbIIYIIIIMU BEPCUAME, & <patch> yKa3bIBaeT KOJIUIECTBO PEJIU30B C
JopaboTKamMu ¢ MOMeHTa TekyIrnero milestone’a. [ist cOOpok, He peqHA3HAYEHHBIX JIJIsT PeJIn3a, 37eCh
MOTYT OBITE J100aByIeHbl Takyke HoMep u SHA1-Koj1 KoMMEUTa, KOTOPBIE YKA3bIBAIOT, HACKOJIBKO CHJIHLHO
TeKyIas cCOOpKa OTIIMYIAETCS OT IPEIBIIYIIETO Pesn3a.

“Target” — aro miardopma, Ha KOTOpOil ObLIa clenana ganHasi coopka Tarantool’a. 3a 3roit cTpoukoii
MOXKET CJIeJ[0BaTh MHMOPMAIUS JIJisl JAHHON 11aTdOpPMBI.
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IIpumeuanue: nentuduxarop sepcun (version id) B Tarantool’e mosry9aroT ¢ HOMOIIBIO KOMAHJIBL it
describe. Tlo sromy maeHTHMUKATOPY MOXKHO B JIFOOO MOMEHT W3BJIEYb COOTBETCTBYIOIINE HUCXOJHBIE
daitabr u3 git-pernozuTopus.

3.5.2 YHuBepcanbHbiii kog pecypca (URI)

Hexkoropsie dyHkImMy u mapaMerpsl KoHdurypaiuu B Tarantool’e 3aBucsaT oT yHUBEPCAJIBHOI'O KOJA JIOCTYIIA
(URI = Universal Resource Identifier). ®opmar URI-cTpoku anajoruden obuienpuisarony cunrakcucy URI-
CXEMbI ¥ MOXKET COZEpKaTh (IepednciisieM IO MOPSAIKY) MMsl [0Jb30BaTe s JJId BXOJa B CHUCTEMY, APOJib,
nmst win [P-apec xocra, Homep mopra. O6s3aTe/IbHBIM TAPAMETPOM SIBJISIETCST TOJIBKO HOMep mopTa. [Taposs
00sI3aTesIeH, eC/IM YKA3aHO MMsl II0JIb3oBaTells (3a uckinodenueM umenn 'guest’). Takum obpasoM, cuHTaKCHC
URI dopmasibaO BeITIsanT Tak: [host:]port mian [username:password@lhost:port. Eciu ne ykazan host,
TO 3HaYeHneM 110 ymoJrdanuo sipyisiercst '0.0.0.0” (T.e. sroGoit anpec dopmara IPv4) nin [::] (T.e. siroboit aapec
dopmara IPv6) na sokanbuoit mamune. Ecyiu ne yka3zanbl username : password, TO 3HAYEHUEM [0 yMOJTIAHUIO
sBysiercst 'guest’. Bor HeCKOIBKO TpuMepoB:

Yacts URI Mpumep

port 3301

host:port 127.0.0.1:3301
username:password@host:port | notguest:sesame@mail.ru:3301

B mekoropmix caywasx BMecro URI  MOXKHO  yKasbpBaThb COKeT JoMeHa Unix, HampuMmep
"unix/:/tmp/unix domain socket.sock"nam mpocto "/tmp/unix domain socket.sock".

Cwm. rakxxe Appendix E: Cookbook, tie npuBogurcst Bapuant peasmsaruu it napcuara URI-anpecos.

3.5.3 ®ainn nHnumanmnsaunn

Ecim B komangie 3amycka Tarantool’a ykazan gatin uhuyuasudayuy 1a asvike Lua, TO 3alyCK HAYNHAETCS C
BbI30Ba Lua-niporpammbl u3 daitia ¢ nmerem "script.lua. 9ra Lua-nporpamma MoxKeT IPUHUMATH JaJIb-
HellIe apryMeHThl, yKa3aHHbIe B KOMAHIHOW CTPOKE, WJIN MCIOIb30BaTh (DYHKINN ONEPAINOHHON CHCTEMBI,
takue kak getenv(). Eciu mocsie 3amycka Tarantool’a mpesmnosiaraercss nCrob30B8aTh cepBep 06a3 JAHHBIX
i TpebyeTcs OTKPBITH IOPTHI Ha IIPOCyInuBanue, To Lua-nmporpaMma moYTH BCeria HAYUHAETCS C BBI30Ba
box.cfg(). Just npumepa BozbMeM dailil script.lua, KOTOPBIH COAEPKUT CJIEIYIONIIE CTPOKH:

#!/usr/bin/env tarantool

box.cfg{
listen = os.getenv("LISTEN_URI"),
slab_alloc_arena =0.1,
pid_file = "tarantool.pid",
rows_per_wal = 50

}

print('Starting ', argli])

Hamnee upenmosoxknM, aro cucremuas nepementnast LISTEN URI conepxxutr 3nadenne 3301, a BbI30B KO-
MAaH/HOW CTPOKHM TaKOB: ~/tarantool/src/tarantool script.lua ARG. BeiBom Ha sKpane B TaKOM Ciiydae
Oy/JIeT BBITVISIETD CJIEIYIOMIIM 00pa30M:

$ export LISTEN_URI=3301
$ ~/tarantool/src/tarantool script.lua ARG
. main/101/script.lua C> version 1.7.0-1216-g73f7154
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. main/101/script.lua C> log level 5
. main/101/script.lua I> mapping 107374184 bytes for a shared arena...
.. main/101/script.lua I> recovery start
. main/101/script.lua I> recovering from './00000000000000000000.snap"'
. main/101/script.lua I> primary: bound to 0.0.0.0:3301
... main/102/leave_local_hot_standby I> ready to accept requests
Starting ARG
. main C> entering the event loop

Ecim nocne manmumasmzanum BaM TOHAI00WTCH 3aIlyCTUTh WHTEPAKTUBHYIO Tarantool-ceccmio Ha TOM K€
TEepPMUHAJIE, TO ITO MOYKHO CJeJaTh C IOMOIIBIO KOMaHIbl console.start().

3.5.4 lNapameTpbl koHUrypaumm

TTapameTpbl KOHMUTYPAITIHT 33IAI0TCS CJAETYIONNM 0Opa30M:
box.cfg{ key = value [, key = value ...]]

TTockosibKy BBI30OB box . cfg MOXKeT co/lep:KaTh MHOIO IAPAMETPOB KOH(MUTYPAIUH, TIPUIEeM HEKOTOPBIE Mapa-
MeTpbI (HalpuMep, ajpeca JUPeKTOPHii) MOIyT CO BpeMEHEeM MEHSThCs, TO MMeeT CMbICJ XPAHUTh box.cfg B
Lua-daiine. O6bruno 310 Lua-daitn iy nHunmMaIn3anu, KOTOPbIi YKa3biBaeTCsl B KOMAaHIHON CTPOKE IIpU
zamycke Tarantool’a.

BospmmacTBO MapaMerpoB KOHMUIYpAIUN CIIy2KAT JIJIs HACTPOUKN BBIJIEIEHUS] PECYPCOB W OTKPBITHS TIOP-
TOB, & TaKXKe JJIs 3aJaHns MoBeAeHne 0a3bl JaHHLIX. Bee mapaMeTpbl sBASIOTCS Heobsi3aTe bHbIMEA. Heko-
TOpBIE [TApPaAMeTPhl SIBJIAIOTCH JUHAMAYECKUMH, T.€. MX MOXKHO MEHSITh BO BPEMs HCIIOJHEHUS C IIOMOIIBIO
IIOBTOpPHOTO BbI3oBa box.cfg{}.

Jlisg mpocMOTpa Bce He HYJIEBBIX 3HAYEHUi IapaMerpos, Beeaure box.cfg (6e3 durypubix ckobok). s
IIPOCMOTPAa 3HAYCHUdA OIIPEICJICHHOrO IIapaMeTpa, HallpUMep aJpeca IJjd IPOCIyIIUBAaHWsA, BBeIUTE box.
cfg.listen.

B cnenyromux pasmesiax onmcaHbl Bce IapaMeTpPhbl, KOTOPBIE CJIY2KAT JJIs HACTPONUKN OCHOBHBIX OII€pPAaIluii,
XpaHEeHUsI, CO3JI[AHUS CTATHIECKUX CHUMKOB JIAHHBIX, PEILIMKAIINUA, PAOOTHI C CETEBHIMU COCIUHEHUSIMHU U
2KYPHAJIUPOBAHUSI.

OcHoBHble napameTpbl

background
Banycruth Tarantool-cepsep B hoHOBOM perxkume. ITpu 3TOM HYKHO 3a/IaTh HE HyJI€Bble 3HAUEHUS JIJIsT
napamerpos logger u pid_ file.

Tun 3nagenus: boolean Ilo ymomuanuro: false JIunamudeckuii: HeT

coredump
ITapameTtp ycrapesn. He ucmonnsyiite ero.

Tun 3uadenus: boolean ITo ymomuanuro: false IunamMuyecknii: mHer

custom_proc_title
HobaBurh yKa3aHHYIO CTPOKY K 3az0406ky npouecca Tarantool-cepsepa (3arojioBOK Iponecca BbIBO-
murest B kooake COMMAND B orser Ha KoMaHI6I ps -ef u top -c¢).

Hanpuwmep, urdopmanust o mporiecce Tarantool-cepsepa, KOTopasi BBIBOJUTCsSI [0 KOMaHie ps -ef,
OOBIYHO UMEET CJIeIYIONIUil BU/I:

$ ps -ef | grep tarantool
1000 14939 14188 1 10:53 pts/2 00:00:13 tarantool <running>
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OjHako, ecau B KOH(MUIypanun yka3aH mapamerp custom_proc_title='sessions', To nndopmarus
B BBIBOJIE ps -ef Oyzmer npyroii:

$ ps -ef | grep tarantool
1000 14939 14188 1 10:53 pts/2 00:00:16 tarantool <running>: sessions

Tun snadenus: string [lo ymosraanuro: null Aunnamuaeckuit: ma

listen
Homep mopra st urenus /3amucu jaubix, gu6o URI-cmpoxa (URI = Universal Resource Identifier).
SHaueHusI 110 YMOJTIAHUIO Y JIAHHOTO [IapaMeTpa HET, IO9TOMY OH ODsI3aTeJIeH, eC/IN Y KJIUEHTOB JI0JIK-
Ha OBITH BOBMOXKHOCTB yCTaHABJIUBATEL coe/uHenne ¢ Tarantool-cepBepoM 110 mopram, He ABJIAIONIIMCS
“‘nopmamu das admunucmpuposarus’. Coenmaenns: depe3 listen=URI MHOIrIA HA3BIBAIOT COEIUHEHU-
saMi 110 "GuHApHOMY IIPOTOKOJLY "uau 1o "raBHomy mopTy".

CranpaprHoe 3HadeHue — 310 3301. ITopT s mpociymBaHus MOXKHO 3a/1aBaTh TaK¥XKe JJIsl PEHCUMA
20DAYUE20 PE3EPEUPOBAHUA.

IIpumeuanune: CepBep-peluinKa MPUHAMAET 3aIPOCHI HA COEIMHEHWE HA ITOM 2Ke 1mopry. Permmka
[IPUHAMAET TOJIBKO 3aIPOCHI HA YTEHUE, IT0KA el He Oy/eT Ha3HAYEHA POJIb IJIABHOIO CEPBEPA.

Tun 3nadenns: integer mim string Ilo ymomaanuro: null dnnamuaecknii: ma

pid_file
CoxpannuTh uaeHTH(MUKATODP Tpolecca B yKazaHHbI daiti. [IyTh MOXKHO yKa3bBATH OTHOCHTEIHLHO
paboueit qupexropun (work dir). Crangapraoe 3HaYeHne — 310 “tarantool.pid”.

Tun 3uadenus: string Ilo ymosraanuio: null Jluramudeckuii: ner

read_only
Ilepeectu cepsep B pexkum "mocrymen Tosbko Ha urenue". Ilociie ycTaHOBKH 3TOro mapamerpa
Tarantool-cepsep 6ymer Bozspamars omubky ER - READONLY ma Bce 3ampochl Ha u3MeHEHUe JIaH-
HBIX.

Tun 3uadenns: boolean Ilo ymomuanuro: false unamuaeckunii: ma

snap_dir
JupekTopus [jisl XpaHeHHs] CTATHYECKUX CHUMKOB JAHHBIX (.snap-daiiios). [Iyrh MOKHO yKa3blBATH
OTHOCHTEJIbHO paboueil pupekropun (work dir). Eciau sror mapaMerp He 3ajaH, TO IO YMOJYAHUIO
ucnosb3yercs pabodas gupekropus (work dir). Cm. Taxxke wal_ dir.

Twun 3navenns: string [lo ymomaanuto: "." Iunamudeckuit: et

vinyl_dir
HupexkTopus ajist xpanenus (aitioB u nogaupekTopuit geukka vinyl. IlyTh MOXKHO yKa3bIBATH OTHO-
curesibHO paboueii aupekropun (work  dir). Ecam sTor mapamerp He 3aJ1aH, TO IO YMOIYAHUIO UCIIOJIb-
syercst pabouast jpupekropust (work dir).

Tun 3uadenus: string [To ymosraanuio: "." [lunamuaeckuii: HeT

username
UNIX-ums mosp30BaTe s, Ha KOTOPOE HY2KHO MEPEKJIIOUUTHCS ITOCTIE 3AITYCKA.

Tun 3nadenns: string Ilo ymosraanuio: null Jlunamuveckuii: ner

wal_dir
JupekTopus Jyis XpaHeHHs KypPHAJIOB yupexatomeil 3anucu (.xlog-daiiio). IIyrs M0oKHO yKa3bl-
BATh OTHOCUTENBHO pabodeil nupekropun (work dir). VIHorma ncnonb3yoT pasable mytn K wal _dir n
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snap__dir, arobds! .xlog-daitier u .snap-dailabl MOKHO ObLIIO XPaHUTh Ha Pa3HBIX Jauckax. Ecin sror
napaMerp He 3a/IaH, TO [0 YMOJUAHUIO UCIOJb3yeTcst pabodas aupektopust (work dir).

Tun 3uavenns: string Ilo ymosraanuio: "." JIunamuaeckuii: HeT

work_dir

HupekTopusa g xpanenuss paboumx daitoB 0a3bl JaHHBIX. llocie 3amycka cepBep IEpeK/IIova-
ercad Ha work_dir ¢ momomipio chdir(2). IlyTh MOXKHO yKa3blBaTh OTHOCHTEJIBHO TEKyINeil mu-
pexkTopun. Ecim sror mapamerp He 3aJaH, TO II0 yMOJYAHUIO HCIOJIB3YETCS TEKYINAsl JIUPEKTO-
pus. Ornocurenpno work_dir MOKHO yKasblBaThb Jpyrue napamerpbsl. Hampumep, eciau 3ajarb
box.cfg{work dir="/home/user/A’,wal dir="B’;snap dir="C’} To .xlog-daitner Oy/yT XpaHUTbHCA B
mupektopun /home/user/A/B, .snap-daiinbl — B qupektopun /home/user/A/C, a Bce mpotne daiabl
U TIOJITUPEKTOPUN — B pabodeit gupekrtopun /home/user/A.

Tun 3unadenns: string Ilo ymosraanuio: null Jlunamudeckuit: ner

Hactpoiika xpaHunuuia gaHHbIX

slab_alloc_arena

O6bem mamsitu (B rurabaiitax), koropeiii Tarantool Bblmessier s XpaHeHus TaiuioB. Korja sror
o0beM maMsiTh OKa3bIBaeTcs 3aHsAT, Tarantool-cepBep HauwmHaeT BblmaBaTh ommuOKy ER_MEMORY_ISSUE
na 3anpocel INSERT u UPDATE. /lannoe orpanuverne OTHOCUTCSI TOJBKO K XPAHEHUIO TAILIOB: JIJIst
XpaHeHUs MHJIEKCOB U HHGOpMANuu 00 yCTAHOBJIEHHBIX COeIMHEeHHsX larantool-cepBep uCHOJIb3yeT
JIOIIOJIHUTEIBHYIO TaMATh. TakuM 00pa3oM, B 3aBHCHUMOCTUA OT KOHKPETHO! KOHMUI'YpAIuu U HArpy3-
ku, pakTUUIeCcKoe IMpeBbIlleHne pacxola naMatu y Tarantool-cepsepa moxker cocrapiath 10 20% or
YKa3aHHOTO 3/1eCh 3HAYCHU.

Tun 3nagenus: float Ilo ymosaanuio: 1.0 Junamuaeckuii: mer

slab_alloc_factor

JlaHHBIIT TapaMeTp UCIOJb3YeTCs B KAYeCTBE MHOYKUTEJIS IIPU BBIYUCJECHUN pa3Mepa (pparMeHTOB Ia-
MSATH, BBLIEIAEMbIX JJI XPAHEHUS TAILJIOB. B HEKOTOPBIX ciiydasx (B 3aBUCUMOCTH OT OBIIEro 00beMa
namgaTu 1 pa3bpoca 1o pa3Mepy TAIJIOB) Bbl MOXKETE CHU3UTH 00beM BBIJIEJICHHON aMATH, 33/[aB MEHb-
mee 3HaYeHne MHOXKUTEJIS.

Tun snadenus: float ITo ymosraanurio: 1.1 Junamuyeckuii: Het

slab_alloc_maximal

MaxkcuMabHO BO3MOXKHBIN pa3Mep (pparmMenTa maMsiTH, BBIIEISIEMOTO i OHOrO Taria. MoxHo 3a-
JaTh OOJIBINNI pa3Mep, ecyin HeOOXOINMO XPAHUTD TAILIBI OOJIBITIONO Pa3Mepa.

Tun 3nagenns: integer Ilo ymomganuio: 1048576 lunamudeckuii: HeT

slab_alloc_minimal

MuHuMaIBHO BO3MOXKHBIN pa3mMep (pparMeHTa MaMsiTH, BbIIEISIEMOTO JJisi OJHOrO Tarnia. MoXHO 3a-
JIaTh MEHBIIUI pa3Mep, ecyii OOJIBIIMHCTBO TAILIOB B 6a3e MMEIOT OYeHbh MaJIeHbKUIl pa3Mep. SHAYeHUE
MOKET JIe’KaTh B mHTepBaJsie oT 8 10 1048280 BKIIOUATETHHO.

Tun snadenus: integer Ilo ymomuanuio: 16 JIunamudeckuit: HeT

vinyl

ITosib30BaTENIbCKIE 3HAUEHUS [TAPAMETPOB JJIs ABUKKA Vinyl MOXKHO 3a/1aTh ¢ IOMOIIBIO 3aIIpOCa, CJle-
AYIOIIEro BUJA:
vinyl = {

run_age_wm = number,

run_age_period = number of seconds,

memory_limit = number of gigabytes,

compact_wm = number,

threads = number,
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run_age = number,
run_prio = number,

B 6ymymem 3ToT cmocod MOXKeT ObITH TTePeCMOTPEH.

3Havennus 1o YMOJ/IT9aHUIO:

vinyl = {
run_age_wm = O,
run_age_period = O,
memory_limit = 1,
compact_wm = 2,
threads = 5,
run_age = O,
run_prio = 2,

®PoHoBas nporpamma asns paboTbl CO CHAMKaMM

DoHoBas IporpamMMa Il paboThl co cHUMKaMu (snapshot daemon) — 9T0 TOCTOSTHHO 3aILyTIeH-
Hblil daitbep. OH MoxkeT cpabarTbiBaTh Yepe3 3aJ[aHHbIe IIPOMEXKYTKH BPEMEHM, CO3/1aBasi HOBbIE
daitab-canvku (.snap-daitinl) u ynausas crapbie. [lpu ynanennu daiiia-cHUMKa yIATA0TCS TaK-
ke Bce WAL-daiuinr (.xlog), Koropble crapiie yuajgeHHOro daiiia-CHUMKa U cojepzkar uHdOop-
MaIyio, KOTopasi Obljia B yJIAJIEHHOM CHUMKE.

ITapamerpsl snapshot period u snapshot count yKa3bIBaIOT JJIMHY HHTEPBAJIOB i CpabaThIBa-
HUsi (DOHOBOI TPOrPAMMBbI M KOJIMYECTBO CAEJIAHHBIX (hailjloB-CHUMKOB, IIOC/I€ KOTOPOTO MOXKHO
VIaIATh CaMbIil CTapblil CHUMOK.

snapshot_period

Uurepsan (B cekyHIax) Mexiy cpabarbiBanusiMu  (HOHOBOH mporpaMMbl. Ecin — 3Hadenue
snapshot_period Oouibllle HyJIs, a Tak»Ke HMEJINM MECTO KaKHe-Jnbo M3MeHeHus B Oasze, TOo do-
HOBasl IporpamMma Oy/eT KaxKjble snapshot_period cekyH[I BBI3bIBATH MeTOJ box.snapshot, m upu
KasKJIOM TaKOM BBI30BE OYyJIET CO3/1aBATHCS HOBBI CHUMOK.

Hampuwmep, B pesymbprare 3ampoca box.cfg{snapshot_period=3600} domoBas nporpamma OyaeT pa3
B YaC CO3/IaBATH HOBBIA CHUMOK.

Tun 3nadenns: integer Ilo ymomganuto: 0 Junamuyeckwuit: na

snapshot_count

MaxkcumasbHOe KOJIMYeCTBO CHIUMKOB B JINPEKTOPUHU snap_ dir, 1mocjie KOTOporo (oHoBasi mporpaMma
MOXKET yIaJIATh caMble cTapble CHUMKY. Eenn 3nagenne snapshot  count paBHO HyJ10, TO (DOHOBAST IIPO-
rpaMma He 3aHMMAaeTCs yIajeHHeM CTapblX CHUMKOB. Hampumep, B pe3ysibTrare CJeIyomero 3ampoca:

box.cfg{
snapshot_period = 3600,
snapshot_count = 10

}

donoBas mporpamma OyseT pa3 B 4Yac CO3/aBaTh HOBBIA CHUMOK JI0 T€X IOp, MOKa He coszacT 10
caumkoB. ITocsie coznanus 11-ro cauMKa POHOBasi IporpaMMa YIAAJUT CAMBINA CTApbIii CHUMOK U BCE
cBsizanubie ¢ HUM WAL-daiiibr.

Tun 3nagenns: integer Ilo ymomganuio: 6 Junamuaeckuit: ma
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KypHanuposaHue n cHumkn B buHapHom cpopmare

panic_on_snap_error, panic_ on_wal_error, rows_per wal, snap _io_rate_limit, wal_mode,
wal_dir_rescan_ delay

panic_on_snap_error
IIpepBarh WUCIIOJIHEHWE, ecyu TpU uYTeHHH Qaila-CHIMKa BO3HMKaeT omuOKa (Ha dTame 3aIyckKa
Tarantool-cepsepa).

Tun 3nagenus: boolean Ilo ymomuanuro: true Junamuaeckuii: et

panic_on_wal_error
IIpepsars ucnosHenue, eciu upu yrennn WAL-daiiina Bosaukaer onmbOKa (Ha sTare 3amycka Tarantool-
cepBepa, JnbO Ha JTalle IEePBOro 3aIPOoca JAHHBIX CO CTOPOHBI DEILIUKH).

Tun 3nagenus: boolean Ilo ymomuanuro: true Junavuaeckuii: ma

rows_per_wal
MaxcuMajibHOe KOJIMYEeCTBO 3allcell, KOTOPbIE MOXKHO XpaHuTh B ogHoM WAL-daitie. Korna sro orpa-
HUYeHne JoCTUruyTo, To Tarantool cozmaer noBbiit WAL-daitn n nazeiBaer ero mo LSN-nomepy mepBoit
zanucu B HOBOM baiiiie (<lsn-nomep-nepeoli-sanucu> .x10g). DTO MOKET IPUTOJUTHCS IIPHU IIPOCTO
OPTaHW3aINU CO3/IAHUs PE3EPBHBIX KOIMIl C TIOMOIIBIO I'SynC.

Tun 3nagenus: integer Ilo ymomganuio: 500000 Junamudeckuit: Her

snap_io_rate_limit
YmMenbimuTh naenue npoussogureabaoctu na 3apocax INSERT /UPDATE /DELETE Bo Bpems orpa-
60TKH boz.snapshot ¢ TOMOIIBIO OTPAHUYEHNST HA MAKCUMAJIbHOE KOJTMIECTBO MErabaiT, KOTOpOe MOXKeT
3aMICHIBATHCS HA JUCK B ceKyHy. C TOI ¥Ke TesIbI0 MOXKHO Pa3BecTn nupekropun wal  dir u snap _ dir
II0 Pa3HBIM A/PeCcaM U COXPAHITH CHUMKH Ha JIDYTOM JIUCKE.

Tun 3uadenus: float Ilo ymosraanuro: null Junamutieckuit: ga

wal_mode
SagaTh pexkumM cuHXpoHu3armu Mexay daitbepamu, WAL-daitom u uckom:

e none: 3anuch B WAL-(aiin ne Begercs;
e write: daiibepbl K AyT, NOKa uX JaHHbE OyayT 3amucanbl B WAL-daiin (6e3 fsync(2));

e fsync: aiibepbl 0KNJAIOT CBOM JlaHHbIE, fsync(2) UPOUCXOJUT IIOCJIE KayKJOrO0 BbI30Ba
write(2);

Tun snagenus: string ITo ymosraanuto: "write" Iunamuyeckumii: ma

wal_dir_rescan_delay
KosmyecTBo ceKyHI MeXKTy MEPUOJMIECKAM CKaHupoBaHueM nupektopun ¢ WAL-daiimamu Ha mpen-
MeT Hajmans n3Menennit B WA L-daiiax, KOTopble ciie/lyeT CHHXPOHU3UPOBATh B PAMKAX PEIIUKAIINN
WM pexKuMa ropsgdeil roTOBHOCTH.

Tun 3uadenns: float Ilo ymomaanuro: 2 Jlunamudeckuii: et

Pennukauyus

replication_source
Wcrounuk pemnmmkaruu. Eciin B mapamerpe replication  source ykaszaHa He IIyCTas CTPOKA, TO TaKOi
Tarantool-cepBep cunrtaercss penaukoti. CepBep-peIyinka OyeT MbITAThCS YCTAHOBUTH COEJIUHEHHE C
[JIABHBIM CEPBEPOM, Ueill ajipec yKazan B napamerpe replication_ source B Buge URI (Universal Resource
Identifier), nanpumep konstantin :secret_password@tarantool.org:3301.
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Ecau B xy1actepe 60J1ee OHOTO UCTOUHUKA PEILIUKAIIHT, TO CaeayeT yKa3aTh Mmaccus u3 URI, nanpumep
box.cfg{replication_source = {uri##1,uri#2}}

Ecmm onna m3 URI cooTBeTcTByeT TeKyIneM cepBepy — T.e. TOMY, Ha KOTOPOM ceifdac BBIIOJIHAETCS
zanpoc boz.cfg{ }, — 1o Takoii ucrounuk urHopupyercda. Takum 06pas’oM, MOKHO HCIOJIL30BATH OJIHU U
Te JKe 3HaUEHH: replication source Ha MHOI'HX CEPBEPAX.

Wwmst mosb3oBaTeis mo ymoJrdanuio — ‘guest’. Cepeep-peluinka He IPUHUMAET 3aIllpOChl Ha N3MEHEHUe
JAHHBIX Ha MOPTY Jyisi npociaymmBanus (mapamerp listen). Ilapamerp replication source siisiercs
JMHAMAYIECKUM: ITOOBI IEPEBECTH PEILINKY B PEXKUM IJIABHOT'O CEPBEPA, HY2KHO TOJIHKO 33/1aTh IIyCTYIO
cTpoKy B replication_ source n BbIIOTHUTH 3anpoc box.cfg{replication_source=new-value}.

Tun s3nadenus: string [lo ymomuanuio: null Junamudaeckuit: yes

PaboTta c ceteBbiMn coeguHeHnaMuN

10 collect interval, readahead

io_collect_interval

Mexky wWrepanusMu OCHOBHOrO muKja Tarantool-ceppep yXoauT B CISIIUi  PeKUM  Ha
i0_collect interval cexkyns. DTOT mapamMeTp MOYXKHO HCIOJB30BATH JJIsi OPAHUYEHUs] HAIDY3KH
Ha MPOIECCOP B TOM CJIydae, KOT/Ia KOJUIECTBO KIMEHTCKUX COETUHEHUH OYeHb BETUKO, HO 3aIPOCHI
OT HHUX IPUXOJAT HeYacTo (HAIpUMEpP, OT KaXKJIOr0 COeIMHEHUs IIPUXOAUT BCErO HECKOJIBKO 3allPOCOB

B CEKYH/LY).

Tun 3uadenus: float Ilo ymosraanuro: null Junamutieckuii: ga

readahead

Pasmep Oydepa npenBapuresbHOrO dYTEHUS Ha KaXKj0e KJINEHTCKOE COeINHEHHe. JdeM OoJiblie pas-
Mep Oydepa, TeM OOJbINEe TaMATH OyaeT MOTPEOSATh KaK/I0€ aKTUBHOE COeIWHEHWe W TeM OOJIbIIe
3aIPOCOB MOXKHO OyJIeT 3a4UTaTh U3 CUCTEMHOro Oydepa 3a ouH cucreMHbIi BbI30B. O0Iee mpaBuio
JIUTsI OIIpEJIeJIEHNUST OIITUMAJIBHOTO pa3Mepa Oydepa TakoBo: Oydep JI0JKeH BMeNaTh M0 KpaiiHeil me-
pP€ HECKOJIbKO JIECATKOB 3anpocoB. Iloaromy, eciu cpeanuili pazmep Talsa B 3alpoce y Bac OOJIBIIOIN,
HaIPUMEP HECKOJIbKO KIJIO- WX JlaKe MerabaiT, To pa3mep Oydepa mpeaBapuTeIbHOTO YTEHUST CIeTy-
€T yBeJIMYNTh. KM BBl HE MCIOJIb3yeTe MaKeTHYI0 00paboTKy 3alpoCcoB, TO JIyUIlle OCTABUTH Pa3Mep
O6ydepa 1Mo yMoTIaHHIO.

Tun 3nadenus: integer ITo ymomganmio: 16320 InnamMudecknii: ga

3anuce B XypHan

log_level

VPpoBeHb JleTaJIN3aIMY [IPY 3aIIUCH B 2KypHaJ. Bcero ects mects ypoBHeit:
e 1 — SYSERROR
e 2 — ERROR
e 3 — CRITICAL
e 4 — WARNING
e 5 — INFO
e 6 — DEBUG

C 1mOMOIIBIO0 HACTPOUKHU YPOBHSI JETAJIM3AINN MOYKHO BKJIIOYATH YKYPHAJIUPOBAHUE BCEX KJIACCOB COOBI-
Tl BBIIIIEe WU HUXKe yKa3aHHOro ypoBHsi. [lo ymosgyanuto Tarantool BBIBOIMT CBOIl »KypHaJI B CTaH-
JapTHBI OTOK omuboK (stderr), HO BBIBOJ OIIMOGOK MOXKHO HACTPOUTD € IIOMOIIBIO IIapaMeTpa logger.
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Tun 3nadenus: integer Ilo ymomuanuio: 5 Jlunamudeckuit: ma

logger
ITo ymomaanuio Tarantool BEIBOAUT CBOIT »KypHAJ B CTAHJAPTHBINA MOTOK ommubok ( stderr). C momo-
IIBIO JAHHOIO IIapaMeTpa BBIBOJ, OIMNOOK MOXKHO HIEPEHACTPOHUTH Ha BBIBOJI B (ailjl, B IpOrpaMMHBII
kaHaJ (pipe) mwiu B cucTeMHBIN perucrparop (system logger).

IIpumep HacTpoek:

box.cfg{logger = 'tarantool.log'}
-- UAu
box.cfg{logger = 'file: tarantool.log'}

B pesyaprare B Tarantool-gupekTopun, NCIOIB3YyEMO IO YMOJIIAHNAIO, OYIET OTKPBHIT Ha 3alUCh (aitsl
tarantool.log. Eciu npedukc B 3HaYeHNN napamMerpa logger He yKa3aH WX 2Ke yKa3aH Ipedukc
"file: To masibHEliIIas CTPOKA WHTEPIPETUPYETCS KaK IIyTh K (Daiiry.

[Ipumep HacTpoex:

box.cfg{logger = '| cronolog tarantool.log'}
-- uau

box.cfg{logger = 'pipe: cronolog tarantool.log'}'

B pesynprare npu 3amycke Tarantool-cepBepa Oyjer Tak»Ke 3aIyleHa IporpaMma cronolog, u Bce
coobIeHus st XKypHasa OyJly IepechLIaThCs Ha CTAHIAPTHBINA BBOA (stdin) nmporpammbl cronolog.
Ecsin 3nauenue napamerpa logger HaumHaercd ¢ cuMBoJja '|” win ¢ npedukca "pipe: To nanbHeiinasa
CTPOKa MHTEPIIpeTUpyeTcd Kak Unix-komnseiiep.

IIpumep nacTpoex:

box.cfg{logger = 'syslog:identity=tarantool'}
-- Uau

box.cfg{logger = 'syslog:facility=user'}
- uau
box.cfg{logger = 'syslog:identity=tarantool,facility=user'}

Ecin 3nagenne napamerpa logger naunnaercs ¢ upedukca "syslog: To masapHeiinias cTpoka HHTEPIIPe-
TUPYyeTCs KaK COODIeHne st MporpaMMbr syslogd, KoTopast 0OBITHO 3almyIneHa B (POHOBOM PEeXKHUMe Ha
soboit Unix-nmardopme. B sToit crpoke MmoxkHO 337aTh 3nadenns identity, facility miam oba st
3HaUEHNs cpasy. B kauecTBe identity MoxKer GbITH 3a/aHa JI00ast CTPOKA (3HAMEHHE 1T0 YMOTIAHUIO —
tarantool), KoTopast Oy/IeT UCIOJIB30BAThC KaK IpedUKC Iepes BCeMu COOOIEeHNsIMI B »KypHase. B
kauectBe facility samaerca abbpeBuarypa uMenu ogaoro u3 Tunos 110 B nporpamme syslog (3nadenue
[0 YMOJITYAHUIO — USeT ), KOTOpas yKa3blBaer nporpamme syslogd, Kyua/KOMy II€peJaBaTh COOOIIEHUSI.

Bosmoxkubie 3nadennst facility: auth, authpriv, cron, daemon, ftp, kern, lpr, mail, news, security,
syslog, user, uucp, local0, locall, local2, local3, local4, local5, local6, local?.

Ha pannbiit moment 3uadenue’ ‘facility urnopupyercst, Ho B Oy/yiieM OHO OYIET UCIIOIH30BATHCS.

IIpu 3zammcu coobmenuit B aitn Tarantool mepeorkpbiBaeT dailyi ¢ XKypHAJIOM HA KaXKIbIil
SIGHUP. Eciu xypran sBjsiercs mporpammoii, To ee pid-umeHTHMUKATOP COXpAHSETCsl B Iepe-
MeHHO# log.logger pid. Ilns poramuum >KypHaJia HY?KHO II0CJIaTh CUIHAJ IIPOrpaMMe ¢ 3TUM pid-
MJIEHTU(DUKATOPOM.

Tun 3uadenns: string Ilo ymosraanuio: null Jlunamuveckuii: ner

logger_nonblock
Ecnu B 3navennn napamerpa logger_nonblock ykazano true, To Tarantool me Gioxupyer daiin c
JKyPHAJIOM Ha 3alliCh, U €CJIU 0O9epejb HA 3alliCh B s/Ipe OKA3BIBAETCS IIEPEIIOTHEHA, TO TOCJIE Ty IOIIne
coobmienust or Tarantool’a He monmaalT B OYepeb U TEPSIIOTCs, [IOKa OYepe/ib He OYUCTUTCs. Kcium
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B rapamerpe log level ykazan BBICOKUiI ypoBeHb JeTajn3anuu u Tarantool ornpasiisier B o4epesb Ha
3aIMCh MHOT'O COODIIEHUI [JIs1 XKyPHAJIa, TO MOYKHO yBEJIUIUTH CKOPOCTH 3alllCH B YKYPHAJI, BLICTABUB
3HaveHne mapaMerpa logger_nonblock B {rue u 10KepTBOBaB HEKOTOPBHIM KOJIMYIECTBOM COOOINEHUIT,
KOTOPBIE TPU 3TOM MOTYT OBITH [TOTEPSIHBI.

Tun snadenus: boolean Ilo ymomganuio: true IwHamuaeckuii: HeT

too_long_threshold
Eciin 06paborka 3ampoca 3aHuMaeT 0OJIbIe BPEMEHHU, 9eM YKA3aHO B 3TOM Hapamerpe (B CeKyHIAX),
TO B XKYPHAaJ JI00aBJISIETCS IPEIyIPEIUTEIbHAS 3ANCh. JTO ITPOUCXOJIUT, TOJBKO €CJIU YPOBEHD JIE€Ta~
JIM3alMU, yKA3aHHBI B apamerpe log level, Boime win pasen 4 (WARNING).

Tun snagenus: float ITo ymosaanuro: 0.5 Junamuyueckuii: ma
ITpumep paboThI C >KYypPHAJIOM:

B sTom mpumepe mbr mokaxkem, Kak paboTaeT poTarus XKYpPHAJa, T.e. 9TO MPOUCXOJWT, KO/ HACTPOEHA
3alliCh B XKyPHAJI U UCHOJIb3YIOTCA CUTHAJBI JJId apXUBHUPOBAHUS 3aIINCeit.

Samycrure Ba OT/eJIbHBIX TepMuHasa, Terminal #1 u Terminal #2.

B nepsom Tepmunaie (Terminal #1): 3amycrum unrepaktusayio Tarantool-ceccuio, HACTPOUM 3aIIUCH COO0-
mennii B xkypHas Log file, a 3arem 3anumem B )KypHas coobmenue "Log Line #1":

box.cfg{logger='Log_file'}
log = require('log')
log.info('Log Line #1')

Bo sropom tepmunade (Terminal #2): ¢ momormbo KoMas bl mv epenMenyeM dbaitsn Kyprasa B Log _file.bak.
B pesynbrare ciemyioriee coobirienne Oyer 3anucano yxe B daitsn Log file.bak.

’ mv Log_file Log_file.bak

B nepsom repmunasie (Terminal #1): samumem B xKypuas coobimenue "Log Line #2".

llog.info('Log Line #2')

Bo Bropom tepmumnase (Terminal #2): ¢ HOMONIBIO KOMAHJbI PS BBIACHUM HIACHTH(MUKATOP MIPOLECCa
Tarantool-cepsepa.

’ps -A | grep tarantool

Bo Bropom rtepmunasie (Terminal #2): ¢ momomipio Komanabl kill -HUP monwiem Tarantool-cepsepy
SIGHUP-curnau.

kill -HUP process_id

B nepsom repmunasie (Terminal #1): sanumem B xypuas coobimenue "Log Line #3".

log.info('Log Line #3')

Bo Bropom repmunasie (Terminal #2): ¢ noMormipio KoMaH bl less nmpocMoTpuM comepkumoe daitios. st
daitna Log file.bak GymyT BbIBeIeHBI Cielyiomue CTPOKH (€C/IM BbI BBIIOJHSETE ITOT IpuMep y cebs, TO
OTJIMYATHCH JIOJPKHBL TOJIBKO JIATa U BPEMsl):

2015-11-30 15:13:06.373 [27469] main/101/interactive I> Log Line #1°
2015-11-30 15:14:25.973 [27469] main/101/interactive I> Log Line #2°

a st KypHasia Log  file BbIBOJ OyJeT CIIeAyIONIIM:
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log file has been reopened
2015-11-30 15:15:32.629 [27469] main/101/interactive I> Log Line #3

3.5.5 Pexxwnm ropsivero pesepsupoBaHus

PezkuM ropstuero pesepBupoBaHus [I03BOJISET OPraHU30BaTh BOCCTAHOBJIEHUE [TOCJIE COOsI IIPOCTHIM 00pa3oM,
6e3 HACTPOIKN perukanuu. JIjs1 9TOro 3amycTuTe HA TOM K€ KOMIIbIoTepe BTOpOit 3K3eMIuissp Tarantool-
cepBepa C TeMU Ke HacTpoiikamu box.cfg, BKodas nupekropun u He Hyjesble URI-ajpeca. B ciryuae ycnexa
JIOJIZKHO TIOSIBUTHCSI TTPEJLYITPEK JIEHHE:

W> primary: [URI] is already in use, will retry binding after [n] seconds

DT0 03HAYAET, YTO BTOPOH IK3EMILIADP TOTOB 3aMEHUTH HEPBBI, €CJIU TOT BBIAIET U3 CTPOS.

Pexum ropstuero pesepBUpoBaHMs MOAPA3YMEBAET, UYTO HA OJHOM KOMIIBIOTEPE 3aYIIEHBI JIBA IKIEMILIs-
pa Tarantool-cepsepa ¢ ommHaxoBoOil KOH(puUrypamueil. [lepBblii 3alylIeHHBI 3K3EMILISAD SBJIseTCS "TyaB-
ueM" (primary), a Bropoii — "pesepsubim" (standby). PesepBHbIil 9K3eMIUISIp IPU 3aI1yCKe TIOMBITAETCSI YCTa~
HOBHUTD COEJIMHEHNE Ha MOPTY JJIs IPOCIYIIUBAHNS, HO Y HEro He TOJIYUNTCs 9TO CIEIaTh, IIOCKOJIBKY aapec
YK€ 3aHST IJIABHBIM 9K3eMILISIPOM. TakuMm 06pa3oM, pe3epBHBIN 9K3EMILISP MOBTOPSIET B IUKJIE CJIEIYIOIIIE
neficrBus: 3aunThiBaer ganubie u3 WAL-daiisia, KOTOpblil 0GHOB/ISETCS JIABHBIM IK3eMILIAPOM (U Giaronaps
TOMy 002 YK3eMILIAPa BCErJa CUHXPOHU3MPOBAHBI MEXKJy COOOI) M IBITAETCsS YCTAHOBUTH COEJIMHEHNE Ha
OPTY Il TPOC/IYIIMBAHUS. K/ 110 KaKoW-1100 MIPUIIHE IJIABHBII CePBEP BBIXOJUT U3 CTPOSI, TO MOPT JIJIst
MIPOCIIYIIUBAHAS OCBOOOKIACTCS, PE3EPBHBIN 9K3EMILIAD YCTAHABJIMUBACT Ha HEM COEGIMHEHHE U CTAHOBUTCH
riaBHbIM. TakuM 06pa3oM, BpeMsl HEJOCTYIIHOCTH B CJIy4ae cO0s OKA3BIBAETCS TOYTU HE3AMETHBIM.

IIpu ucnosb30BaHUU TOPSIUEro pe3epBUpOBaHus (3HadeHue napamerpa local_hot_standby pasuo "true")
3HaYeHue mmapaMmerpa wal_mode He JIOJXKHO OBITH paBHO "none".

3.6 AgMuHuUCTpupoBaHne cepBepHOi 4acTun

Tunuunble 387290 aIMIHAICTPUPOBAHUSI CEPBEPHOIl YaCcTU BKJIIOYAIOT B cebsi: 3allyCK M OCTAHOBKY CepBepa,
repe3arpy3Ky HacTPOEK, CO3JaHiue CHUMKOB, POTAIUIO JIOT'OB.

3.6.1 OGpaboTka curHanos oT cepsepa

Bo Bpemst ocnoBHOro nukaa Tarantool-cepBep oOpabaThIBAET CIETYIONINE CUTHAJIBI:
SIGHUP wmoxker mpuBecTH K POTAIME JIOTA, CM. npumep 6 pasddese "Sanucv 6 srcypran"@.
SIGUSR1 wMoOxKeT IpUBECTH K COXPAHEHWIO CHUMKA, CM. onucanue GpyHKuuu box.snapshot.

SIGTERM MoxeT HpUBECTH K KOPPEKTHOMY 3aBEPINEHUI0 PabOThl (C IIPEeJIBAPUTENHHBIM COXPAHEHUEM
BCEX JIAHHBIX).

SIGINT (wau "mpepbiBaHUEe € KJIABHATYDHI") MOXKET IPUBECTU K KOPPEKTHOMY 3aBEPIIEHHIO PAaGOTHI (C
IPEIBAPUTEILHBIM COXPAHEHUEM BCEX JTAHHBIX ).

SIGKILL upuBoauT K aBapuitHOMY 3aBepIIeHuIo paboThbl (¢ BOZMOXKHOI HOTepeli NaHHbIX).

JleiicTBrE JAPYIUX CUTHAJIOB OIPEJIEISeTCs Oonepannonnoii cucremoii. Bee curnaser, kpome SIGKILL, moryT
OBLITH MTPOUTHOPUPOBAHBI, 0COOEHHO ecyiu Tarantool-cepBep BBITOJHSIET JAIUTEIHHYIO HPOIEIYPY, KOTOpPas
[TO3BOJISIET BEPHYTHCS K TJIABHOMY ITUKJIY.
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3.6.2 HassaHue npouecca

Omneparmonnste cucrems! Linux u FreeBSD mosBosistior 3amyinieHHOMY IIpOIECCY MEHSTH €ro Ha3BaHUe, B
KOTOPOM HM3HAYAJIbHO COJEPKUTCs MMsI IporpaMMbl. Tarantool ucrosbp3yer 3Ty BO3MOKHOCTD, ITOOBI YIIPO-
CTUTH PabOTy CUCTEMHOIO 8 IMHHHUCTPATOPA, HAIIPUMEDP IIOCMOTPETh, KaKHe CIy2KObI 3aIlyIleHbl Ha XOCTe, X
CTaryC U T.1.

Hazsanue nporecca Tarantool-cepBepa cOCTOUT U3 CJIEIYIOMNUX IACTEI:

uMa_nporpaMmil [uMs_daiina_wHunuanusanuu] <uMs_ponu> [HasBaHMe_mpolueccal

e MMsi HOPOrpamMMsbl — 3TO, Kak Ipasuio, "tarantool".

e nMa ddailyla MHUNNAIU3AIUN — 3T0 uMdA @Pating unuyuasuseyuu wa Lua, ecom stor daitn 6but
yKa3aH [PHU 3aITyCKe.

® MMsI__POJIM — 9TO MOKET OBITH OJ[MH U3 CJIE/[YIOIIUX BApUAHTOB: - "running" (y3es HAXOAUTCS B PezKIMe
"roToB K npunaTHo 3aupocoB”), - "loading" (y3es1, KOTOPBIIi 3arpyKaeT JAHHBIE U3 PAHEE COXPAHEHHOIO
cuumka u WAL-daitna), - "orphan (ysen ve Bxomut B cocras Kiacrepa), - "hot _standby" (cm. pasmen
AOKAALHARA 20pauas 20mosrocmy (local hot standby)), aubo - "dumper"+ process-id (uumer coxpanenue
CHUMKA).

e Ha3zBaHMe Ipolecca — 3To Heobg3aTenbHOe HasBaHue Tarantool-mpomecca B cucreme, KoTopoe Oe-
peTcs U3 KOH(MUIypPaInoHHOro napaMerpa custom_ proc_title, ecinu oH yKa3aH.

Hampuwmep:

$ ps -AF | grep tarantool
1000 17337 16716 1 91362 6916 0 11:07 pts/5 00:00:13 tarantool script.lua <running>

3.6.3 UNcnonb3oBaHune tarantool B Ka4ecTBe KJMEHTA

Ecau tarantool 3amyiren 6e3 gatiig uHuLUaAU36GY4UY, UTH XKe B (afiie MHAUATN3AIIE YKa3ana QyHKIs
console.start(), To tarantool crapTyer B MHTEDAKTUBHOM PEXKHMME: OH BBIBOJIUT MPHUIJIAIICHUE KOMAHIHON
crpoku ("tarantool>"), u 3anpoCchl MOXKHO BBOJUTH IPSIMO B KOHCOJM. B TakoMm pexume‘tarantool* moxer
OBITH UCIOJB30BAH B KAYECTBE KJIMEHTA [JIsi YIAAJEHHOTO CEPBEPA.

B sTrom pazzesie onmcaHbl CHHTaAKCHYIECKUE MTPaBUIa JJI BBOJA 3aIIPOCOB B KoHcosim Tarantool’a, ¢ mpume-
JaHUSMHU W IpuMepamu. JIpyrue KIueHTCKue IpPOrpaMMbl MOIYT UMETh CXOXKHE IapaMeTrpbl U CHUHTAKCUC
zarpocoB. HekoTopblie cBejieHNs U3 9TOrO pa3jiesia Ayoaupyiorces B riase book-cfg.

YcnoBHbie 0003HAa4eHUs1, UCNOJIb3yeEMble B 3TOM pa3sgene
TokeHbI — 3TO TTOCIETOBATEILHOCTH CUMBOJIOB, KOTOPbIE PACCMATPUBAIOTCS KAK CHHTAKCUIECKHE IMHUITLI B
paMkax 3anpoca. KpajgparHble cKOOKHI | 1 | ncnosb3yrores miisi 0603HaYe sl ONIMOHAIBHBIX TOKeHOB. Tpu

TOYKHU B CTPOKE ... OBHAYAIOT, YTO IIPEABbIIYIINE TOKEHBI MOT'Y T TOBTOPATHCA. BepTI/IKaJH)HaH qgepTa ‘ O3Ha4vaeT,
YTO IPEeObLAYyIIUE W IIOCJICAYIOINE TOKEHBI ABJJIAIOTCA B3aUMOHCKJIIOYIAIONINIMA aJIbT€pHATUBaAMM.

MapameTpbl 3anycka KJMeHTa U3 KOMaHAHOW CTPOKU

O6mumit BuT:

$ tarantool
U
$ tarantool ommum
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W
$ tarantool daiin-muunuanusanuu-#a-lua [ aprymemts ]

Patis-uruyuasudayuu-Ha-lua — 91O JIIO0ON CKPHUIIT, COIAEPXKAINUN JIOTUKY WHHUIHAgu3annn. Koa u3 sroro
daitna BeITONHSAETCS TpHU 3amycke Tarantool’a. Hampumep: init.lua. I[Ipumevanus: Ilpu ucmonab3oBamnm
ckpuira, Tarantool He BBIBOAUT IpHUIIaIenne KOMAaHIHON cTpoKu. CKPHUIIT JOKEH CONEPXKATH KOH(MUTYypa-
[IMOHHBIE HACTPOUKH, B T.4. box.cfg{...listen=. ..} uin box.listen(...), 9TOOBI BHEIIHNIE TPOrPAMMBI
MOIJIM yCTaHOBUTHL coeanueHue ¢ Tarantool-cepBepoM Ha OJHOM U3 yKA3aHHBIX IOPTOB.

Omunust — 9T0 OHO U3 CJIEAYIONNX 3HAYeHU (yKa3aHbl B ajadaBUTHOM HOPsiZKe, [0 OJTHOMY MMEHU OIIIUN ):

-7, -h, --help
Tarantool-kmeHT BBIBOJUT KpaTKyIO CIPaBKy, BKJIOYasl CIHCOK BceX IapamerpoB. Hampuwmep:
tarantool --help. BeIBog ocTaHaBIMBaETCA MOCJIE TOKA3a CIPABKH.

-V, --version
Tarantool-k/meHT BBIBOAUT CBO HOMep Bepcuu. Hampumep: tarantool --version. BeiBom ocranas-
JINBAETCS [IOCJIE TTOKa3a HOMEepa BEPCUHU.

TOKEHbI, 3anpocChbl n cneuvanbHble KOM6VIHaLI.I/II/I Knasuul

W nentudukaTopoM Ipoeaypbl MOXKET ObITh JiI00as HOCIEeI0BATEIbHOCTh OYKB, Iudp U/WiIn HoI4ePKUBa-
HUIi, KOTOpasl OTBeYaeT IIpaBUiaM UMeHOBaHUs uiaeHTudguKaropos B Lua. Tepmun "uneHTudUKATODPDI IIPO-
ety p " TakKe IPUMEHSTIOT K uMeHaM pyHkiuii. [Ipumedanue: B ciaydae ¢ uMeHaMu (DYHKIIUN PETUCTP UMEET
3Hadenue, 103ToMy insert um Insert — 3TO HE OLHO U TO 2Ke.

CTPOKOBBIM JIMTEPATIOM MOXKET OBITH JIIOOAs TOCJIENOBATEIHFHOCTh U3 HyJisi B 00JIee CUMBOJIOB, KOTOpAast 3a-
KJIIOYEHA B 00UHAPHbIE Ka6biuku. 60tinbie Ka6biuky TaKXKe JTOIMYyCTUMbI, HO IIPEINOYTHTEIbHBIM BAPUAHTOM
ABJIAIOTCSA OJIMHADHBIE KABBIUKHA. A d6otinbie Keadpammbie cko0Ku TOAXOAAT JJisi MHOTOCTPOYHBIX JINTEPAJIOB
(em. Lua documentation). Hanpuwmep: "Hello, world’, "A’, [[A\B!]].

Yuc/I0BBIM JIUTEPATIOM MOYKET OBITH JIF0DAas MOC/IEI0BATEIbHOCT CUMBOJIOB, COCTOSAIIASA U3 OIHON u OoJiee
mudp ¢ HeobA3aTETbHLIM 3HAKOM -+ WMJIM - B Hadajge. B cocraB OOJBINMAX YUCJIOBBIX JIATEPAJIOB, & TaKXKe
YHCJIOBBIX JIITEPAJIOB C IJIABAIONIEH TOYKOI MOXKET BXOJUTH JECATUIHBII Pa3Ie/uTe b (3alsaTast Uil TOYKa),
CAMBOJIBI JIJIsI 9KCIOHEHITHAJIHHOTO TpejcTaBienus u cyddurcol. Hampumep: 500, -500, 5e2, 500.1, 5LIL,
5ULL.

OnHOGAATOBBIM CHMBOJIOM MOXKET OBbITh 3allsATas, OTKPBLIBAIOIIAS WJIN 3aKPBIBAIONAA KPYIJas CKOOKa, a
rakxke apudmerndeckuii oneparop. Hanpumep: * | ().

Tokenbr JOJI2ZKHBI Pa3/1e/IATbCA OJHUM HUJIN OOJIBIITUM KOJIMIECTBOM np06en0B. WckiroueHneM sIBJISIIOTCSI OJ1-
HOOANTOBLIE TOKEHBI 1 CTPOKOBBI€ JINTEPAJIbI — BOKPYT' HUX HpO6eJII)I HE HY2KHBI.

3anpocsbi

Generally requests are entered following the prompt in interactive mode while tarantool is running. (A
prompt will be the word tarantool and a greater-than sign, for example tarantool>). The end-of-request
marker is by default a newline (line feed).

For multi-line requests, it is possible to change the end-of-request marker. Syntax: console =
require('console'); console.delimiter(string-literal). The string-literal must be a value in single
quotes. Effect: string becomes end-of-request delimiter, so newline alone is not treated as end of request. To
go back to normal mode: console.delimiter('')string-literal. Delimiters are usually not necessary
because Tarantool can tell when a multi-line request has not ended (for example, if it sees that a function
declaration does not have an end keyword). Example:
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console = require('console'); console.delimiter('!")
function £ ()

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

console.delimiter('')!

For a condensed Backus-Naur Form [BNF] description of the suggested form of client requests, see http:
//tarantool.org/doc/dev_guide/box-protocol.html.

In interactive mode, one types requests and gets results. Typically the requests are typed in by the user
following prompts. Here is an example of an interactive-mode tarantool client session:

$ tarantool

[ tarantool will display an introductory message
including version number here ]

tarantool> box.cfg{listen = 3301}

[ tarantool will display configuration information
here ]

tarantool> s = box.schema.space.create('tester')

[ tarantool may display an in-progress message here ]

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

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

- [1, 'My first tuple'l]

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
$

Explanatory notes about what tarantool displayed in the above example:

e Many requests return typed objects. In the case of "box.cfg{listen=3301} this result is displayed
on the screen. If the request had assigned the result to a variable, for example "c = box.
cfg{listen=3301} then the result would not have been displayed on the screen.

e A display of an object always begins with "---"and ends with "...".

e The insert request returns an object of type = tuple, so the object display line begins with a single
dash (’-’). However, the select request returns an object of type = table of tuples, so the object display
line begins with two dashes (- -7).

3.6.4 VYTunurta tarantoolctl

With tarantoolctl one 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
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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.

The use of tarantoolctl as a client is described in a separate section, tarantoolctl connect.

configuring for tarantoolctl

"The tarantoolctl script will look for a configuration file in the current directory ($PWD/.tarantoolctl). If
that fails, it looks in the current user’s home directory (SHOME/.config/tarantool/tarantool). If that fails,
it looks in the SYSCONFDIR directory (usually /etc/sysconfig/tarantool but it may be different on some
platforms). Most of the settings are similar to the settings used by box.cfg{...}; however, tarantoolctl
adjusts some of them by adding an application name. A copy of usr/local/etc/default/tarantool, with
defaults for all settings, would look like this:

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"

The settings in the above script are:

pid_file The directory for the pid file and control-socket file. The script will add "/instance-name "to the
directory name.

wal_dir The directory for the write-ahead *.xlog files. The script will add "/4instance-name"to the
directory-name.

snap_dir The directory for the snapshot *.snap files. The script will add "/instance-name"to the
directory-name.

vinyl_dir The directory for the vinyl-storage-engine files. The script will add "/vinyl/instance-name "to
the directory-name.

logger The place where the application log will go. The script will add "/ 4nstance-name .1log"to the name.

username The user that runs the tarantool server. This is the operating-system user name rather than the
Tarantool-client user name.

instance_dir The directory where all applications for this host are stored. The user who writes an
application for tarantoolctl must put the application’s source code in this directory, or a symbolic
link. For examples in this section the application name my app will be used, and its source will have
to be in instance_dir/my_app.lua.

commands for tarantoolctl
The command format is tarantoolctl operation application_name, where operation is one of: start,
stop, enter, logrotate, status, eval. Thus ...

start <application>
Start application <application>

stop <application>
Stop application
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enter <application>
Show application’s admin console

logrotate <application>
Rotate application’s log files (make new, remove old)

status <application>
Check application’s status

eval <application> <scriptname>
Execute code from <scriptname> on an instance of application

typical code snippets for tarantoolctl

A user can check whether my app is running with these lines:

if tarantoolctl status my_app; then

fi

A user can initiate, for boot time, an init.d set of instructions:

for (each file mentioned in the instance_dir directory):
tarantoolctl start “basename $ file .lua”

A user can set up a further configuration file for log rotation, like this:

/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

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

The assumptions are: the root password is known, the computer is only being used for tests, the Tarantool
server is ready to run but is not currently running, tarantoolctl is installed along the user’s path, and there
currently is no directory named tarantool_test.

Create a directory named /tarantool test:

’$ sudo mkdir /tarantool_test

Edit /usr/local/etc/default/tarantool. It might be necessary to say sudo mkdir /usr/local/etc/default first.
Let the new file contents be:
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default_cfg = {
pid_file = "/tarantool_test/my_app.pid",

wal_dir = "/tarantool_test",
snap_dir = "/tarantool_test",
vinyl_dir = "/tarantool_test",
logger = "/tarantool_test/log",
username = '"tarantool",

}

instance_dir = "/tarantool_test"

Make the my app application file, that is, /tarantool_test/my_app.lua. Let the file contents be:

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

fiber.sleep(5)

i=1+1

print('insert ' .. i)

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

Tell tarantoolctl to start the application ...

$ cd /tarantool_test
$ sudo tarantoolctl start my_app

. expect to see messages indicating that the instance has started. Then ...

’$ 1ls -1 /tarantool_test/my_app

. expect to see the .snap file and the .xlog file. Then ...

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

. expect to see the contents of my app’s log, including error messages, if any. Then ...

$ cd /tarantool_test

$ # assume that 'tarantool' invokes the tarantool server
$ sudo tarantool

tarantool> box.cfg{}

tarantool> console = require('console')

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

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

... expect to see several tuples that my app has created.

Stop. The only clean way to stop my app is with tarantoolctl, thus:

$ sudo tarantoolctl stop my_app

Clean up. Restore the original contents of /usr/local/etc/default/tarantool, and ...
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$ cd /

$ sudo rm -R tarantool_test

3.6.5 VYTununta tarantoolctl connect
The tarantoolctl connect utility is a client program. Use it to connect to a tarantool server and pass
requests.

To invoke the utility one says: tarantoolctl connect URI and the format of a URI is described in the URI
section.

Hampuwmep:

$ tarantoolctl connect username:password@127.0.0.1:3306

There are alternatives to tarantoolctl connect — one can use the console module or the net.box module
from a Tarantool server. Also one can write one’s one 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.

Statements about console.connect() behavior are usually applicable for tarantoolctl connect as well. For
example, an authentication trigger will be activated whenever tarantoolctl connect starts or ends.

3.6.6 Admin ports

"Admin port "admin console and "text protocol"all refer to the same thing: a connection which is set up
with console.listen(...) for entry of requests by administrators.

"Binary port "binary protocol and "primary port"all refer to a different thing: a connection which is set up
with box.cfg{listen=...} for entry of requests by anyone.

Ordinary connections to the Tarantool server should go via a binary port. But admin ports are useful for
special cases involving security.

When one connects to an admin port: * No password is necessary * The user is automatically ’admin’,
a user with many privileges. Therefore one must set up admin ports very cautiously. If it is a TCP
port, it should only be opened for a specific IP. Ideally it should not be a TCP port at all, it should
be a Unix domain socket, so that access to the server machine is required. Thus a typical setup for
an admin port is: console.listen(’/var/lib/tarantool/socket name.sock’) and a typical connection URI
is: admin:any string@/var/lib/tarantool/socket name.sock if the listener has the privilege to write on
/var/lib/tarantool and the connector has the privilege to read on /var/lib/tarantool. Alternatively both
setup and connection can be done with tarantoolctl.

If no administrator password exists which could be given out to users, and admin ports are restricted or
are sockets, then requests which require ’admin’ privileges can only occur locally, and are subject to Unix
security and monitoring.

For additional security, some requests are illegal. For example, "conn:eval”@ will result in the error message
error: console does not support this request type"because conn:eval requires the binary protocol.

If security via admin ports is not necessary, it is still possible to be an admin user by wusing the tarantool
server as a client, or by connecting to a binary port with a valid password.

To find out whether a TCP port is an admin port, use telnet. For example:
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$ telnet 0 3303

Trying 0.0.0.0...

Connected to O.

Escape character is '~]'.

Tarantool 1.7.1-70-gbc479ad (Lua console)
type 'help' for interactive help

In this example the response does not include the word "binary"and does include the words "Lua console".
Therefore it is clear that this is a successful connection to an admin port, and admin requests can now be
entered on this terminal.

3.6.7 3ameTKu NO agMUHUCTPUPOBAHUIO HA Pa3HbIX NaaTcopmax

This section will contain information about issue or features which exist on some platforms but not others -
for example, on certain versions of a particular Linux distribution.

Administrating with Debian GNU/Linux and Ubuntu

Setting up an instance:

’$ 1n -s /etc/tarantool/instances.available/instance-name.cfg /etc/tarantool/instances.enabled/

Starting all instances:

’$ service tarantool start

Stopping all instances:

’$ service tarantool stop

Starting/stopping one instance:

’$ service tarantool-instance-name start/stop

Fedora, RHEL, CentOS

There are no known permanent issues. For transient issues, go to http://github.com/tarantool/
tarantool/issues and enter "RHEL"or "CentOS"or "Fedora"or "Red Hat"in the search box.

FreeBSD

There are no known permanent issues. For transient issues, go to http://github.com/tarantool/
tarantool/issues and enter "FreeBSD"in the search box.

Mac OS X

There are no known permanent issues. For transient issues, go to http://github.com/tarantool/
tarantool/issues and enter "OS X"in the search box.
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3.6.8 3ameTku gnsa nonb3oBaTtenen systemd

Tarantool fully supports systemd for managing instances and supervising database daemons.

Instance management

Tarantool was designed to have multiple running instances of Tarantool on the same machine. Use systemctl
start/stop/restart/status tarantool@$MYAPP to manage your databases and Lua applications.

creating instances

Simply put your Lua configuration to /etc/tarantool/instances.available/$¥VAPP .1lua:

box.cfg{listen = 3313}
require('myappcode') .start ()

(this minimal example is sufficient).

Another starting point could be the example.lua script that ships with Tarantool and defines all options.

starting instances

Use systemctl start tarantool@$MYAPP to start ${MYAPP} instance:

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

(console examples here and further on are for Fedora).

Use systemctl enable tarantool@$MYAPP to enable ${MYAPP} instance for auto-load during system
startup.

monitoring instances

Use systemctl status tarantool@$MY4PP to check information about ${MYAPP} instance:

$ systemctl status tarantool@example

tarantool@example.service - Tarantool Database Server

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

Docs: man:tarantool(1)

Process: 5346 ExecStart=/usr/bin/tarantoolctl start %I (code=exited, status=0/SUCCESS)
Main PID: 5350 (tarantool)

Tasks: 11 (limit: 512)

CGroup: /system.slice/system-tarantool.slice/tarantool@example.service

+ 5350 tarantool example.lua <running>

Use journalctl -u tarantool@$MYAPP to check the boot log:

$ journalctl -u tarantool@example -n 5
-- Logs begin at Fri 2016-01-08 12:21:53 MSK, end at Thu 2016-01-21 21:17:47 MSK. --
Jan 21 21:17:47 localhost.localdomain systemd[1]: Stopped Tarantool Database Server.
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Jan 21 21:17:47 localhost.localdomain systemd[1]: Starting Tarantool Database Server...

Jan 21 21:17:47 localhost.localdomain tarantoolctl[5969]: /usr/bin/tarantoolctl: Found example.luay,
—»in /etc/tarantool/instances.available

Jan 21 21:17:47 localhost.localdomain tarantoolctl[5969]: /usr/bin/tarantoolctl: Starting instance.

e

Jan 21 21:17:47 localhost.localdomain systemd[1]: Started Tarantool Database Server

attaching to instances

You can attach to a running Tarantool instance and evaluate some Lua code using the tarantoolctl utility:

$ tarantoolctl enter example

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

-2

unix/:/var/run/tarantool/example.control>

checking logs

Tarantool logs important events to /var/log/tarantool/$M¥YAPP .log.
Let’s write something to the log file:

$ tarantoolctl enter example

/bin/tarantoolctl: Found example.lua in /etc/tarantool/instances.available

/bin/tarantoolctl: Connecting to /var/run/tarantool/example.control

/bin/tarantoolctl: connected to unix/:/var/run/tarantool/example.control
unix/:/var/run/tarantool/example.control> require('log').info("Hello for README.systemd readers")

Then check the logs:

$ tail /var/log/tarantool/example.log

2016-01-21 21:09:45.982 [5914] iproto I> binary: started

2016-01-21 21:09:45.982 [5914] iproto I> binary: bound to 0.0.0.0:3301

2016-01-21 21:09:45.983 [5914] main/101/tarantoolctl I> ready to accept requests

2016-01-21 21:09:45.983 [5914] main/101/example I> Run console at /var/run/tarantool/example.
—control

2016-01-21 21:09:45.984 [5914] main/101/example I> tcp_server: remove dead UNIX socket: /var/run/
—»tarantool/example.control

2016-01-21 21:09:45.984 [5914] main/104/console/unix/:/var/run/tarant I> started

2016-01-21 21:09:45.985 [5914] main C> entering the event loop

2016-01-21 21:14:43.320 [5914] main/105/console/unix/: I> client unix/: connected

2016-01-21 21:15:07.115 [5914] main/105/console/unix/: I> Hello for README.systemd readers
2016-01-21 21:15:09.250 [5914] main/105/console/unix/: I> client unix/: disconnected

Log rotation is enabled by default if you have logrotate installed. Please configure /etc/logrotate.d/
tarantool to change the default behavior.
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stopping instances

Use systemctl stop tarantool@$NYAPP to see information about the running ${MYAPP} instance.

$ systemctl stop tarantool@example

Daemon supervision

All instances are automatically restarted by systemd in case of failure.

Let’s try to destroy an instance:

$ systemctl status tarantool@example|grep PID

Main PID: 5885 (tarantool)

$ tarantoolctl enter example

/bin/tarantoolctl: Found example.lua in /etc/tarantool/instances.available
/bin/tarantoolctl: Connecting to /var/run/tarantool/example.control

/bin/tarantoolctl: connected to unix/:/var/run/tarantool/example.control
unix/:/var/run/tarantool/example.control> os.exit(-1)

/bin/tarantoolctl: unix/:/var/run/tarantool/example.control: Remote host closed connection

Now let’s make sure that systemd has revived our Tarantool instance:

$ systemctl status tarantool@example|grep PID
Main PID: 5914 (tarantool)

Finally, let’s check the boot logs:

$ journalctl -u tarantool@example -n 8

-- Logs begin at Fri 2016-01-08 12:21:53 MSK, end at Thu 2016-01-21 21:09:45 MSK. --

Jan 21 21:09:45 localhost.localdomain systemd[1]: tarantool@example.service: Unit entered failed,,
—state.

Jan 21 21:09:45 localhost.localdomain systemd[1]: tarantool@example.service: Failed with result
—'exit-code'.

Jan 21 21:09:45 localhost.localdomain systemd[1]: tarantool@example.service: Service hold-off time
—over, scheduling restart.

Jan 21 21:09:45 localhost.localdomain systemd[1]: Stopped Tarantool Database Server.

Jan 21 21:09:45 localhost.localdomain systemd[1]: Starting Tarantool Database Server...

Jan 21 21:09:45 localhost.localdomain tarantoolctl[5910]: /usr/bin/tarantoolctl: Found example.lua;
—in /etc/tarantool/instances.available

Jan 21 21:09:45 localhost.localdomain tarantoolctl[5910]: /usr/bin/tarantoolctl: Starting instance.
—..

Jan 21 21:09:45 localhost.localdomain systemd[1]: Started Tarantool Database Server.

Customizing the service file

Please don’t modify the tarantool@.service file in-place, because it will be overwritten during package
upgrades. It is recommended to copy this file to /etc/systemd/system and then modify the required settings.
Alternatively, you can create a directory named unit.d/ within /etc/systemd/system and put there a
drop-in file name.conf that only changes the required settings. Please see systemd.unit(5) manual page
for additional information.

116 Fnasa 3. PykoBoacteo nonb3osartens




Tarantool, Beinyck 1.7.1

Debugging

coredumpctl automatically saves core dumps and stack traces in case of a crash. Here is how it works:

$ # !!! please never do this on the production system !!!

$ tarantoolctl enter example

/bin/tarantoolctl: Found example.lua in /etc/tarantool/instances.available
/bin/tarantoolctl: Connecting to /var/run/tarantool/example.control

/bin/tarantoolctl: connected to unix/:/var/run/tarantool/example.control
unix/:/var/run/tarantool/example.control> require('ffi').cast('char *', 0)[0] = 48
/bin/tarantoolctl: unix/:/var/run/tarantool/example.control: Remote host closed connection

coredumpctl list /usr/bin/tarantool displays the latest crashes of the Tarantool daemon:

$ coredumpctl list /usr/bin/tarantool

MTIME PID UID GID SIG PRESENT EXE
Sat 2016-01-23 15:21:24 MSK 20681 1000 1000 6 /usr/bin/tarantool
Sat 2016-01-23 15:51:56 MSK 21035 995 992 6  /usr/bin/tarantool

coredumpctl info <pid> shows the stack trace and other useful information:

$ coredumpctl info 21035

PID: 21035 (tarantool)
UID: 995 (tarantool)
GID: 992 (tarantool)
Signal: 6 (ABRT)
Timestamp: Sat 2016-01-23 15:51:42 MSK (4h 36min ago)

Command Line: tarantool example.lua <running>
Executable: /usr/bin/tarantool
Control Group: /system.slice/system-tarantool.slice/tarantool@example.service

Unit: tarantool@example.service
Slice: system-tarantool.slice
Boot ID: 7c686e2efddc4e3eab9122757e3067e2
Machine ID: a4a878729c654c7093dc6693f6a8ebee
Hostname: localhost.localdomain
Message: Process 21035 (tarantool) of user 995 dumped core.

Stack trace of thread 21035:

#0 0x00007£84993aa618 raise (libc.so0.6)

#1 0x00007f84993ac21a abort (libc.so.6)

#2 0x0000560d0a9e9233 _ZL12sig_fatal_cbi (tarantool)

#3 0x00007£849a211220 __restore_rt (libpthread.so.0)

#4 0x0000560d0aaabd9d 1j_cconv_ct_ct (tarantool)

#5 0x0000560d0aaa687f 1j_cconv_ct_tv (tarantool)

#6 0x0000560d0aaabe33 1j_cf_ffi_meta___newindex (tarantool)
#7 0x0000560d0aaae2f7 1j_BC_FUNCC (tarantool)

#8 0x0000560d0aa9aabd lua_pcall (tarantool)

#9 0x0000560d0aa71400 lbox_call (tarantool)

#10 0x0000560d0aa6ce36 lua_fiber_run_f (tarantool)

#11 0x0000560d0a9e8d0c _ZL16fiber_cxx_invokePFiP13__va_list_tagESO_ (tarantool)
#12 0x0000560d0aa7b255 fiber_loop (tarantool)

#13 0x0000560d0ab38edl coro_init (tarantool)

coredumpctl -o filename.core info <pid> saves the core dump into a file.

coredumpctl gdb <pid> starts gdb on the core dump.

It is highly recommended to install the tarantool-debuginfo package to improve gdb experience. Example:
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$ dnf debuginfo-install tarantool

gdb also provides information about the debuginfo packages you need to install:

$ # gdb -p <pid>

Missing separate debuginfos, use: dnf debuginfo-install
glibc-2.22.90-26.fc24.x86_64 krb5-1libs-1.14-12.fc24.x86_64
libgcc-5.3.1-3.£c24.x86_64 libgomp-5.3.1-3.fc24.x86_64
libselinux-2.4-6.fc24.x86_64 libstdc++-5.3.1-3.fc24.x86_64
libyaml-0.1.6-7.£c23.x86_64 ncurses-1libs-6.0-1.20150810.fc24.x86_64
openssl-libs-1.0.2e-3.fc24.x86_64

Symbol names are present in stack traces even if you don’t have the tarantool-debuginfo package installed.

For additional information, please refer to the documentation provided with your Linux distribution.

Precautions

e Please don’t use tarantoolctl {start,stop,restart} to control instances started by systemd. It is
still possible to use tarantoolctl to start and stop instances from your local directories (e.g. $HOME)
without obtaining ROOT access.

e tarantoolctl is configured to work properly with ;program:systemd. Please don’t modify system-wide
settings of tarantoolctl, such as paths, directory permissions and usernames. Otherwise, you have a
chance to shoot yourself in the foot.

e systemd scripts are maintained by the Tarantool Team (http://tarantool.org). Please file tickets
directly to the upstream’s bug tracker rather than to your Linux distribution.

3.6.9 O6HoBneHnune Tarantool’a B ycnoBusax akcnnyatauum

First, put your application’s business logic in a Tarantool-Lua module that exports its functions for CALL.

For example, /usr/share/tarantool/myapp.lua:

local function start()

-- Initial version

box.once("myapp:.1.0", function()
box.schema.space.create("somedata")
box.space.somedata:create_index("primary")

end

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

-- migration code from 1.1 to 1.2
box.once("myapp:.v1.2", function()
box.space.somedata.space:alter(...)

box.space.somedata:insert(...)

end
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-- start some background fibers if you need

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

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

return {

start = start;

stop = stop;

api_for_call = api_for_call;

}

This file is maintained by the application’s developers. On its side, Tarantool Team provides templates for
you to assemble deb /rpm packages and utilities to quickly assemble packages for specific platforms. If needed,
you can split applications into standalone files and/or modules.

Second, put an initialization script to the /etc/tarantool/instances.available directory.

For example, /etc/tarantool/instances.available/myappcfg.lua:

#!/usr/bin/env tarantool

box.cfg {
listen = 3301;
}

if myapp "= nil then
-- hot code reload using tarantoolctl or dofile()

-- unload old application

myapp.stop()

-- clear cache for loaded modules and dependencies
package.loaded['myapp'] = nil

package.loaded['somedep'] = nil; -- dependency of 'myapp’
end

-- load a new version of app and all dependencies
myapp = require('myapp').start({some app options controlled by sysadmins})

As a more detailed example, you can take the example.lua script that ships with Tarantool and defines all
configuration options.

This initialization script is actually a configuration file and should be maintained by system administrators,
while developers only provide a template.

Now update your app file in /usr/share/tarantool. Replace your application file (for example, /
usr/share/tarantool/myapp.lua) and manually reload the myappcfg.lua initialization script using
tarantoolctl:

’$ tarantoolctl eval /etc/tarantool/instance.enabled/myappcfg.lua

After that, you need to manually flush the cache of package.loaded modules.

For deb/rpm packages, you can add the tarantoolctl eval instruction directly into Tarantool’s
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specification in RPM. spec and the /debian directory.
Finally, clients make a CALL to myapp.api_for_call and other API functions.

In the case of tarantool-http, there is no need to start the binary protocol at all.

3.6.10 Pe3epBHOe konupoBaHue

The exact procedure for backing up a database depends on: how up-to-date the database must be, how
frequently backups must be taken, whether it is okay to disrupt other users, and whether the procedure
should be optimized for size (saving disk space) or for speed (saving time). So there is a spectrum of possible
policies, ranging from cold-and-simple to hot-and-difficult.

Cold Backup

In essence: The last snapshot file is a backup of the entire database; and the WAL files that are made after
the last snapshot are incremental backups. Therefore taking a backup is a matter of copying the snapshot
and WAL files. (1) Prevent all users from writing to the database.This can be done by shutting down the
server, or by saying box.cfg{read only=true} and then ensuring that all earlier writes are complete (fsync
can be used for this purpose). (2) If this is a backup of the whole database, say box.snapshot(). (3) Use
tar to make a (possibly compressed) copy of the latest .snap and .xlog files on the snap dir and wal dir
directories. (4) If there is a security policy, encrypt the tar file. (5) Copy the tar file to a safe place. ... Later,
restoring the database is a matter of taking the tar file and putting its contents back in the snap dir and
wal _dir directories.

Continuous remote backup

In essence: replication is useful for backup as well as for load balancing. Therefore taking a backup is a
matter of ensuring that any given replica is up to date, and doing a cold backup on it. Since all the other
replicas continue to operate, this is not a cold backup from the end user’s point of view. This could be done
on a regular basis, with a cron job or with a Tarantool fiber.

Hot backup
In essence: The logged changes done since the last cold backup must be secured, while the system is running.

For this purpose one needs a "file copy"utility that will do the copying remotely and continuously, copying
only the parts of a file that are changing. One such utility is rsync.

Alternatively, one needs an ordinary file copy utility, but there should be frequent production of new snapshot
files or new WAL files as changes occur, so that only the new files need to be copied.

Note re storage engine: vinyl databases require additional steps.

3.6.11 O6Hosnenune Tarantool’a
This information applies for users who created databases with older versions of the Tarantool server, and
have now installed a newer version. The request to make in this case is: box.schema.upgrade().

For example, here is what happens when one runs box.schema.upgrade() with a database that was created in
early 2015. Only a small part of the output is shown. tarantool> box.schema.upgrade() alter index primary
on _space set options to {"unique":true}, parts to [[0,"unsigned"]|] alter space schema set options to {}
create view _vindex... grant read access to 'public’ role for _vindex view set schema version to 1.7.0 — ...

3.7 KoHHeKkTOpbI

B sroit ritase onucanbr API jjig pasiaudHbIX S36IKOB TPOrPAMMUPOBAHMUS.
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3.7.1 lMNpoTtokon

Tarantool protocol was designed with a focus on asynchronous I/O and easy integration with proxies. Each
client request starts with a variable-length binary header, containing request id, request type, server id, log
sequence number, and so on.

The mandatory length, present in request header simplifies client or proxy I/O. A response to a request is
sent to the client as soon as it is ready. It always carries in its header the same type and id as in the request.
The id makes it possible to match a request to a response, even if the latter arrived out of order.

Unless implementing a client driver, one needn’t concern oneself with the complications of the binary protocol.
Language-specific drivers provide a friendly way to store domain language data structures in Tarantool. A
complete description of the binary protocol is maintained in annotated Backus-Naur form in the source tree:
please see iproto protocol.

3.7.2 MNpumep naketa

The Tarantool API exists so that a client program can send a request packet to the server, and receive a
response. Here is an example of a what the client would send for box.space[513] :insert{'A', 'BB'}. The
BNF description of the components is in file iproto protocol.

Component Byte #0 | Byte #1 | Byte #2 | Byte #3
code for insert 02

rest of header

2-digit number: space id cd 02 01

code for tuple 21

1-digit number: field count = 2 | 92

1-character string: field[1] al 41

2-character string: field[2] a2 42 42

Now, one could send that packet to the tarantool server, and interpret the response (iproto protocol has a
description of the packet format for responses as well as requests). But it would be easier, and less error-
prone, if one could invoke a routine that formats the packet according to typed parameters. Something
like response=tarantool_routine("insert 513,"A "B");. And that is why APIs exist for drivers for Perl,
Python, PHP, and so on.

3.7.3 lMNMpumepbl HacTpoek AN pa3sINYHbIX KOHHEKTOPOB

This chapter has examples that show how to connect to the Tarantool server via the Perl, PHP, Python, and
C connectors. The examples contain hard code that will work if and only if the server (tarantool) is running
on localhost (127.0.0.1) and is listening on port 3301 (box.cfg.listen = '3301') and space ’examples’ has
id = 999 (box.space.examples.id = 999), and space 'examples’ has a primary-key index for a numeric field
(box.space[999] .index [0] .parts[1].type = "unsigned") and user ’guest’ has privileges for reading and
writing.

It is easy to meet all the conditions by starting the server and executing this script:

box.cfg{listen=3301}

box.schema.space.create('examples',{id=999})
box.space.examples:create_index('primary', {type = 'hash', parts = {1, 'unsigned'}})
box.schema.user.grant('guest', 'read,write', 'space', 'examples')
box.schema.user.grant('guest', 'read', 'space','_space')
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3.7.4 Java

See http://github.com/tarantool/tarantool-java/.

3.7.5 Go

Please see https://github.com/mialinx/go-tarantool-1.6.

3.76 R

See https://github.com/thekvs/tarantoolr.

3.7.7 Perl

The most commonly used Perl driver is DR::Tarantool. It is not supplied as part of the Tarantool repository;
it must be installed separately. The most common way to install it is with CPAN, the Comprehensive Perl
Archive Network. DR::Tarantool requires other modules which should be installed first. For example, on
Ubuntu, the installation could look like this:

sudo cpan install AnyEvent

sudo cpan install Devel::GlobalDestruction
sudo cpan install Coro

sudo cpan install Test::Pod

sudo cpan install Test::Spelling

sudo cpan install PAR::Dist

sudo cpan install List::MoreUtils

sudo cpan install DR::Tarantool

P P P P PH PO L B

Here is a complete Perl program that inserts [99999,"BB’| into space[999] via the Perl API. Before trying to
run, check that the server is listening and that examples exists, as described earlier. To run, paste the code
into a file named example.pl and say perl example.pl. The program will connect using an application-
specific definition of the space. The program will open a socket connection with the tarantool server at
localhost:3301, then send an INSERT request, then — if all is well — end without displaying any messages. If
tarantool is not running on localhost with listen address = 3301, the program will print “Connection refused”.

#!/usr/bin/perl

use DR::Tarantool ':constant', 'tarantool';
use DR::Tarantool ':all';

use DR::Tarantool::MsgPack::SyncClient;

my $tnt = DR::Tarantool::MsgPack::SyncClient->connect(

host => '127.0.0.1", # look for tarantool on localhost
port => 3301, # on port 3301
user => 'guest', # username. one could also say 'password=>...'
spaces => {
999 => { # definition of space[999] ...
name => 'examples', #  space[999] name = 'ezamples'
default_type => 'STR', #  spacel[999] field type is 'STR' <f undefined
fields => [ { # definition of space[999].fields ...
name => 'fieldl', type => 'NUM' } 1, # space[999].field[1] name='fieldl',type='NUM'
indexes => { # definition of space[999] indezes ...

0=>{
name => 'primary', fields => [ 'fieldl' ] } } } } );
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$tnt->insert ('examples' => [ 99999, 'BB' 1);

The example program uses field type names 'STR’ and 'NUM’ instead of ’string’ and ’'unsigned’, due to a
temporary Perl limitation.

The example program only shows one command and does not show all that’s necessary for good practice.
For that, please see DR::Tarantool CPAN repository.

3.7.8 PHP

The PHP driver is tarantool-php. It is not supplied as part of the Tarantool repository; it must be installed
separately. It can be installed with git. It requires other modules which should be installed first. For example,
on Ubuntu, the installation could look like this:

sudo apt-get install php5-cli

sudo apt-get install php5-dev

sudo apt-get install php-pear

cd ~

git clone https://github.com/tarantool/tarantool-php.git
cd tarantool-php

phpize

./configure

make

P P P PH PO PO B B B

$ # make install is optional

At this point there is a file named ~/tarantool-php/modules/tarantool.so. PHP will only find it if the
PHP initialization file php.ini contains a line like extension=./tarantool.so, or if PHP is started with
the option -d extension="/tarantool-php/modules/tarantool.so.

Here is a complete PHP program that inserts [99999,’BB’| into a space named ’examples’ via the PHP
API. Before trying to run, check that the server is listening and that examples exists, as described earlier.
To run, paste the code into a file named example.php and say php -d extension="/tarantool-php/
modules/tarantool.so example.php. The program will open a socket connection with the tarantool server
at localhost:3301, then send an INSERT request, then — if all is well — print "Insert succeeded". If the tuple

9

already exists, the program will print “Duplicate key exists in unique index 'primary’ in space ’examples’”.

<?php
$tarantool = new Tarantool('localhost', 3301);

try {
$tarantool->insert('examples', array(99999, 'BB'));
echo "Insert succeeded\n";

} catch (Exception $e) {
echo "Exception: ", $e->getMessage(), "\n";

}

The example program only shows one command and does not show all that’s necessary for good practice.
For that, please see tarantool-php project at GitHub.

3.7.9 Python

Here is a complete Python program that inserts [99999, 'Value', 'Value'] into space examples via the
high-level Python API.
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#!/usr/bin/python
from tarantool import Connection

¢ = Connection("127.0.0.1", 3301)
result = c.insert("examples", (99999, 'Value', 'Value'))
print result

To prepare, paste the code into a file named example.py and install tarantool-python with either pip
install tarantool\>0.4 to install in /usr (requires root privilege) or pip install tarantool\>0.4
--user to install in ~ i.e. user’s default directory. Before trying to run, check that the server is listening and
that examples exists, as described earlier. To run the program, say python example.py. The program will
connect to the server, will send the request, and will not throw an exception if all went well. If the tuple
already exists, the program will throw tarantool.error.DatabaseError: (3, "Duplicate key exists
in unique index 'primary' in space 'examples'").

The example program only shows one request and does not show all that’s necessary for good practice. For
that, see http://github.com/tarantool/tarantool-python. For an example of a Python API for Queue
managers on Tarantool, see https://github.com/tarantool/tarantool-queue-python.

3.7.10 C

tnt_connect ()

Here follow two examples of using Tarantool’s high-level C API.

Mpumep 1

Here is a complete C program that inserts [99999, 'B'] into space examples via the high-level C API.

#include <stdio.h>
#include <stdlib.h>

#1include <tarantool/tarantool.h>
#include <tarantool/tnt_net.h>

#include <tarantool/tnt_opt.h>

void main() {

struct tnt_stream *tnt = tnt_net (NULL); /% See note = SETUP */
tnt_set (tnt, TNT_OPT_URI, "localhost:3301");
if (tnt_connect(tnt) < 0) { /* See mote = CONNECT */
printf ("Connection refused\n");
exit(-1);
}
struct tnt_stream *tuple = tnt_object(NULL); /* See note = MAKE REQUEST */
tnt_object_format (tuple, "[%d%s]", 99999, "B");
tnt_insert(tnt, 999, tuple); /* See note = SEND REQUEST */

tnt_flush(tnt);
struct tnt_reply reply; tnt_reply_init(&reply); /* See note = GET REPLY */
tnt->read_reply(tnt, &reply);
if (reply.code != 0) {
printf ("Insert failed %lu.\n", reply.code);
}
tnt_close(tnt); /% See below = TEARDOWN x/
tnt_stream_free(tuple);
tnt_stream_free(tnt);
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Paste the code into a file named example.c and install tarantool-c. One way to install tarantool-c (using
Ubuntu) is:

git clone git://github.com/tarantool/tarantool-c.git ~/tarantool-c
cd ~/tarantool-c

git submodule init

git submodule update

cmake .

make

make install

€ H H PO L B B

To compile and link the program, say:

$ # sometimes this is nmecessary:
$ export LD_LIBRARY_PATH=/usr/local/lib
$ gcc -o example example.c -ltarantool

Before trying to run, check that the server is listening and that the space examples exists, as described earlier.

To run the program, say ./example. The program will connect to the server, and will send the request. If

Tarantool is not running on localhost with listen address = 3301, the program will print “Connection refused”.

If the insert fails, the program will print "Insert failed"and an error number (see all error codes in the file
src/box/errcode.h).

Here are notes corresponding to comments in the example program.

SETUP: The setup begins by creating a stream.

struct tnt_stream *tnt = tnt_net (NULL);
tnt_set(tnt, TNT_OPT_URI, "localhost:3301");

In this program, the stream will be named tnt. Before connecting on the tnt stream, some options may have
to be set. The most important option is TNT OPT URI. In this program, the URI is localhost:3301,
since that is where the Tarantool server is supposed to be listening.

Function description:

struct tnt_stream *tnt_net(struct tni_stream *s)
int tnt_set(struct tnt_stream *s, int option, wvariant option-value)

CONNECT: Now that the stream named tnt exists and is associated with a URI, this example program
can connect to the server.

if (tnt_connect(tnt) < 0)
{ printf ("Connection refused\n"); exit(-1); }

Function description:
int tnt_connect(struct tnt_stream *s)

The connection might fail for a variety of reasons, such as: the server is not running, or the URI contains an
invalid password. If the connect fails, the return value will be -1.

MAKE REQUEST: Most requests require passing a structured value, such as the contents of a tuple.

struct tnt_stream *tuple = tnt_object(NULL);
tnt_object_format (tuple, "[%d/%s]", 99999, "B");

In this program, the request will be an INSERT, and the tuple contents will be an integer and a string.
This is a simple serial set of values, that is, there are no sub-structures or arrays. Therefore it is easy in this
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case to format what will be passed using the same sort of arguments that one would use with a C printf ()
function: %d for the integer, %s for the string, then the integer value, then a pointer to the string value.

Function description:
ssize_t tnt_object_format(struct tnt_stream *s, const char *fmt, ...)

SEND REQUEST: The database-manipulation requests are analogous to the requests in the box library.

tnt_insert(tnt, 999, tuple);
tnt_flush(tnt);

In this program, the choice is to do an INSERT request, so the program passes the tnt_stream that was
used for connection (tnt) and the stream that was set up with tnt_object_format () (tuple).

Function description:

ssize_t tnt_insert(struct tnt_stream *s, uint32_t space, struct tnt_stream *tuple)
ssize_t tnt_replace(struct tnt_stream *s, uint32_t space, struct tnt_stream *tuple)
ssize_t tnt_select(struct tnt_stream *s, uint32_t space, uint32_t index,

uint32_t limit, uint32_t offset, uint8_t iterator,

struct tnt_stream *key)
ssize_t tnt_update(struct tnt_stream *s, uint32_t space, uint32_t index,

struct tnt_stream *key, struct tnt_stream *ops)

GET REPLY: For most requests, the client will receive a reply containing some indication whether the
result was successful, and a set of tuples.

struct tnt_reply reply; tnt_reply_init(&reply);
tnt->read_reply(tnt, &reply);
if (reply.code != 0)

{ printf("Insert failed %lu.\n", reply.code); }

This program checks for success but does not decode the rest of the reply.
Function description:

struct tnt_reply *tnt_reply_init(struct tnt_reply *r)
tnt->read_reply(struct tnt_stream *s, struct tnt_reply *r)
void tnt_reply_free(struct tnt_reply *r)

TEARDOWN: When a session ends, the connection that was made with tnt_connect () should be closed,
and the objects that were made in the setup should be destroyed.

tnt_close(tnt);
tnt_stream_free(tuple);
tnt_stream_free(tnt);

Function description:

void tnt_close(struct tnt_stream *s)
void tnt_stream_free(struct tnt_stream *s)

Mpumep 2

Here is a complete C program that selects, using index key [99999], from space examples via the high-level
C API. To display the results, the program uses functions in the MsgPuck library which allow decoding of
MessagePack arrays.
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#ainclude <stdio.h>

#include <stdlib.h>

#1include <tarantool/tarantool.h>
#1include <tarantool/tnt_net.h>
#2nclude <tarantool/tnt_opt.h>

#define MP_SOURCE 1
#include <msgpuck.h>

void main() {

struct tnt_stream *tnt = tnt_net(NULL);
tnt_set (tnt, TNT_OPT_URI, "localhost:3301");
if (tnt_connect(tnt) < 0) {
printf ("Connection refused\n");
exit(1);
}
struct tnt_stream *tuple = tnt_object(NULL);
tnt_object_format (tuple, "[/dl", 99999); /* tuple = search key */
tnt_select(tnt, 999, 0, (2°32) - 1, 0, 0, tuple);
tnt_flush(tnt);
struct tnt_reply reply; tnt_reply_init(&reply);
tnt->read_reply(tnt, &reply);
if (reply.code !'= 0) {
printf("Select failed.\n");
exit(1);
}
char field_type;
field_type = mp_typeof (¥reply.data);
if (field_type !'= MP_ARRAY) {
printf("no tuple array\n");
exit(1);
}
long unsigned int row_count;
uint32_t tuple_count = mp_decode_array(&reply.data);
printf ("tuple count=ju\n", tuple_count);
unsigned int i, j;
for (i = 0; i < tuple_count; ++i) {
field_type = mp_typeof (*reply.data);
if (field_type != MP_ARRAY) {
printf("no field array\n");
exit(1);
}
uint32_t field_count = mp_decode_array(&reply.data);
printf(" field count=ju\n", field_count);
for (j = 0; j < field_count; ++j) {
field_type = mp_typeof (¥reply.data);
if (field_type == MP_UINT) {
uint64_t num_value = mp_decode_uint (&reply.data);
printf (" value=Y%1lu.\n", num_value);
} else if (field_type == MP_STR) {
const char *str_value;
uint32_t str_value_length;
str_value = mp_decode_str(&reply.data, &str_value_length);

printf (" value=J,.*s.\n", str_value_length, str_value);
} else {

printf ("wrong field type\n");

exit(1);
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}
}
tnt_close(tnt);
tnt_stream_free(tuple);
tnt_stream_free(tnt);

Similarly to the first example, paste the code into a file named example?2.c.

To compile and link the program, say:

$ gcc -o example2 example2.c -ltarantool

To run the program, say ./example2.

The two example programs only show a few requests and do not show all that’s necessary for good practice.
See more in the tarantool-c documentation at http://github.com/tarantool/tarantool-c.

3.7.11 WNnTepnpeTauns Bo3BpalLaeMblx 3HAYEHUN

For all Connectors, calling a function via Tarantool causes a return in MsgPack format. If the function is
called using the connector’s API, some conversions may occur. All scalar values are returned as tuples (with
a MsgPack type-identifier followed by a value); all non-scalar values are returned as a group of tuples (with
a MsgPack array-identifier followed by the scalar values). If the function is called via the binary protocol
command layer — "evalather than via the connector’s API, no conversions occur.

In the following example, a Lua function will be created. Since it will be accessed externally by a ’guest’
user, a grant of an execute privilege will be necessary. The function returns an empty array, a scalar string,
two booleans, and a short integer. The values are the ones described in the msgpack section in the table
Common Types and MsgPack Encodings.

tarantool> box.cfg{listen=3301}
2016-03-03 18:45:52.802 [27381] main/101/interactive I> ready to accept requests

tarantool> function f() return {},'a',false,true,127; end

tarantool> box.schema.func.create('f')

tarantool> box.schema.user.grant('guest','execute', 'function','f"')

Here is a C program which calls the function. Although C is being used for the example, the result would
be precisely the same if the calling program was written in Perl, PHP, Python, Go, or Java.

#include <stdio.h>

#include <stdlib.h>

#include <tarantool/tarantool.h>
#1include <tarantool/tnt_net.h>
#include <tarantool/tnt_opt.h>
void main() {

struct tnt_stream *tnt = tnt_net (NULL); /% SETUP */
tnt_set (tnt, TNT_OPT_URI, "localhost:3301");
if (tnt_connect(tnt) < 0) { /* CONNECT */
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printf ("Connection refused\n");
exit(-1);

}
struct tnt_stream *tuple = tnt_object(NULL); /% MAKE REQUEST */
struct tnt_stream *arg; arg = tnt_object(NULL);
tnt_object_add_array(arg, 0);
struct tnt_request *reql = tnt_request_call(NULL); /* CALL function f() */
tnt_request_set_funcz(reql, "f");
tnt_request_set_tuple(reql, arg);
uint64_t syncl = tnt_request_compile(tnt, reql);
tnt_flush(tnt); /* SEND REQUEST */
struct tnt_reply reply; tnt_reply_init(&reply); /% GET REPLY */
tnt->read_reply(tnt, &reply);
if (reply.code != 0) {

printf("Call failed %lu.\n", reply.code);

exit(-1);
}
const unsigned char *p= (unsigned char*)reply.data;/* PRINT REPLY */
while (p < (unsigned char *) reply.data_end)
{

printf("%x ", *p);

++p;
}
printf("\n");
tnt_close(tnt); /* TEARDOWN */
tnt_stream_free(tuple);
tnt_stream_free(tnt);

When this program is executed, it will print: dd 0 0 0 5 90 91 al 61 91 ¢2 91 c¢3 91 7f The first five bytes —
dd 0 0 0 5 — are the msgpack encoding for "32-bit array header with value 5" (see the msgpack Specification
page). The rest are as described in the Common Types and MsgPack Encodings table.

3.8 Moaynu

3.8.1 Mopgynu, Lua Rocks n mogynun, nogknitouaemble c nomMmoubio require

BosmoxkaocTu Tarantool’a MOXKHO pacHIMpsiTh C HOMOINBIO Moayieii. B sa3bike Lua ux maswiaroT "rocks'.
Tem, KTO HE 3HAKOM C sI3bIKOM Lua, MbI DEKOMeHyeM NpofiTn KpaTkuit obydatomuit kypc no Lua (Lua-
Modules-Tutorial) npexe, 4eM 9uTaTh Ty IJIABY.

Install a module

The modules that come from Tarantool developers and community contributors are on rocks.tarantool.org.
Some of them — expirationd, mysql, postgresql, shard — are discussed elsewhere in this manual.

Step 1: Install LuaRocks. A general description for installing LuaRocks on a Unix system is in the LuaRocks-
Quick-Start-Guide. For example on Ubuntu one could say: $ sudo apt-get install luarocks

Step 2: Add the Tarantool repository to the list of rocks servers. This is done by putting
rocks.tarantool.org in the .luarocks/config.lua file: $ mkdir ~/.luarocks $ echo "rocks servers =
{[[http://rocks.tarantool.org/]|}">> ~/.luarocks/config.lua

Once these steps are complete, the repositories can be searched with $ luarocks search module-name and
new modules can be added to the local repository with $ luarocks install module-name —local and any
module can be loaded for Tarantool with tarantool> local-name = require(’'module-name’) ... and that
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is why the examples in the manual’s Modules section often begin with require requests. See rocks on
github.com /tarantool for more examples and information about contributing.

3.8.2 lMpumep: kak co3pgaTb y cebst HOBbIE MoAyAb Ha s3bike Lua

In this example, create a new Lua file named mymodule.lua, containing a named function which will be
exported. Then, in Tarantool: load, examine, and call.

The Lua file should look like this:

-- mymodule - a simple Tarantool module

local exports = {}

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

end

return exports

The requests to load and examine and call look like this: tarantool>mymodule = require(’'mymodule’) >—
>

tarantool>mymodule — >- myfun: function: 0x405edf20’ >... tarantool>mymodule.myfun(os.getenv(’'USER’))
Hello world >— >...

3.8.3 lNpumep: kak co3gaTtb y cebs HOBbI Moaynb Ha si3bike C/C++
In this example, create a new C file named mycmodule.c, containing a named function which will be exported.
Then, in Tarantool: load, examine, and call.

Prerequisite: install tarantool-dev first.

The C file should look like this:

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

#include <lauxlib.h>

#include <lualib.h>

#include <tarantool.h>

static int

myfun(lua_State *L)

{
if (lua_gettop(L) < 1)
return lual_error(L, "Usage: myfun(name)");
/* Get first argument */
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_APT int
luaopen_mycmodule (lua_State *L)
{

static const struct lual_reg reg[] = {
{ "myfun", myfun I},
{ NULL, NULL }
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};
lual_register(L, "mycmodule", reg);
return 1;

}

Use gee to compile the code for a shared library (without a "lib"prefix), then use ls to examine it:

$ gece 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

Tarantool’s developers recommend use of Tarantool’s CMake-scripts which will handle some of the build
steps automatically.

The requests to load and examine and call look like this: tarantool>mycmodule =
require('mycmodule’) — ... tarantool>mycmodule — - myfun: ’function: 0x4100ec98’
tarantool>mycmodule.myfun(os.getenv(’'USER’)) — - Hello, world ...

One can also make modules with C++-, provided that the code does not throw exceptions.
Tips for special situations

Lua caches all loaded modules in the package.loaded table. To reload a module from disk, set its key to
nil: tarantool> package.loaded|' modulename’] = nil

Use package.path to search for .lua modules, and use package.

cpath to search for C binary modules. tarantool >package.path — -

./?lua;./? /init.lua;/home/roman/.luarocks/share/lua/5.1/?.lua; /home /roman/.luarocks/share /lua/5.1/7 /init.lua; /home /ror
2.0.3/7.lua;/usr/local /share/lua/5.1/7.lua; /usr/local /share/lua/5.1/? /init.lua ... tarantool>package.cpath
—-./?.s0;/home/roman/.luarocks/lib /lua/5.1/7.s0;/home /roman/ . luarocks/lib/lua/?.so;/usr/lib/tarantool /?.so;. /7 .s0; /usr/
... Substitute question-mark with modulename when calling require ('modulename"').

To see the internal state from within a Lua module, use state and create a local variable inside the scope of
the file:

-- mymodule

local exports = {}

local state = {}

exports.myfun = function()
state.x = 42 -- use state

end

return exports

Notice that the Lua examples use local variables. Use global variables with caution, since the module’s users
may be unaware of them.

To see a sample Lua + C module, go to http on github.com/tarantool.

3.8.4 Moaynu Ha cmecu si3bikoB Lua/C

e Create a Lua module, say myfunmodule.
e Create C module and name it myfunmodule.internal or something like that (submodule).

e Load C module from Lua code using require(’myfunmodule.internal’) and then wrap or use it.
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3.9 lNpunoxenue A. Koabl ounbok

In the current version of the binary protocol, error message, which is normally more descriptive than error
code, is not present in server response. The actual message may contain a file name, a detailed reason or
operating system error code. All such messages, however, are logged in the error log. Below follow only
general descriptions of some popular codes. A complete list of errors can be found in file errcode.h in the
source tree.

List of error codes

ER_NONMASTEKRn’t modify data on a replication slave.

ER ILLEGAL | BAgAIMSrameters. Malformed protocol message.

ER MEMORY| I36U&f memory: slab alloc_ arena limit has been reached.

ER_WAL 10

Failed to write to disk. May mean: failed to record a change in the write-
ahead log. Some sort of disk error.

ER KEY PARTK&Q@HENTount is not the same as index part count

ER_NO_SUCH

| RAECified space does not exist.

ER_NO_SUCH

[:’Ehﬁ}lf)Xciﬁed index in the specified space does not exist.

ER PROC_ LUAAn error occurred inside a Lua procedure.

ER_FIBER_S1]

A€ recursion limit was reached when creating a new fiber. This usually
indicates that a stored procedure is recursively invoking itself too often.

ER_UPDATE |FAmldvror occurred during update of a field.

ER_TUPLE F

OANIplicate key exists in a unique index.

3.10 lMpunoxxenne B. Jetann peanusayun

This section is for advanced users or users who wish to know more about how the Tarantool program works.
The discussion here is technical but generalized. The ultimate authority is the code.

3.10.1 CoxpaHHocTb gaHHbix u cpopmat WAL-daiina

To maintain data persistence, Tarantool writes each data change request (INSERT, UPDATE, DELETE,
REPLACE) into a write-ahead log (WAL) file in the wal dir directory. A new WAL file is created for every
rows_per _wal records. Each data change request gets assigned a continuously growing 64-bit log sequence
number. The name of the WAL file is based on the log sequence number of the first record in the file, plus
an extension .xlog.

Apart from a log sequence number and the data change request (its format is the same as in the binary
protocol and is described in doc/dev  guide/box-protocol.html), each WAL record contains a header, some
metadata, and then the data formatted according to msgpack rules. For example this is what the WAL file
looks like after the first INSERT request ("s:insert({1})") for the introductory sandbox exercise Starting
Tarantool and making your first database@" Starting Tarantool and making your first database “. On the left
are the hexadecimal bytes that one would see with:

$ hexdump 00000000000000000000.x1og

and on the right are comments.

Hex dump of WAL file Comment

58 4c 4f 47 Oa

File header: "XLOG\n"
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30 2e 31 32 0a File header: "0.12\n" = version

. (not shown = more header + tuples for system spaces)

d5 ba Ob ab Magic row marker always = OxabObbadb if version 0.12

19 00 Length, not including length of header, = 25 bytes

ce 16 a4 38 6f Record header: previous crc32, current crc32,

a7 cc 73 7f 00 00 66 39

84 msgpack code meaning "Map of 4 elements" follows

00 02 element#1: tag=request type, value=0x02=IPROTO_INSERT
02 01 element#2: tag=server id, value=0x01

03 04 element#3: tag=lsn, value=0x04

04 cb 41 d4 e2 2f 62 fd d5 d4 element#4: tag=timestamp, value=an 8-byte "Double"

82 msgpack code meaning "map of 2 elements" follows

10 cd 02 00 element#1: tag=space id, value=512, big byte first

21 91 01 element#2: tag=tuple, value=1-element fixed array={1}

Tarantool processes requests atomically: a change is either accepted and recorded in the WAL, or discarded
completely. Let’s clarify how this happens, using the REPLACE request as an example:

1. The server attempts to locate the original tuple by primary key. If found, a reference to the tuple is
retained for later use.

2. The new tuple is validated. If for example it does not contain an indexed field, or it has an indexed
field whose type does not match the type according to the index definition, the change is aborted.

3. The new tuple replaces the old tuple in all existing indexes.

4. A message is sent to WAL writer running in a separate thread, requesting that the change be recorded
in the WAL. The server switches to work on the next request until the write is acknowledged.

5. On success, a confirmation is sent to the client. On failure, a rollback procedure is begun. During the
rollback procedure, the transaction processor rolls back all changes to the database which occurred
after the first failed change, from latest to oldest, up to the first failed change. All rolled back requests
are aborted with ER_WAL_IO error. No new change is applied while rollback is in progress. When the
rollback procedure is finished, the server restarts the processing pipeline.

One advantage of the described algorithm is that complete request pipelining is achieved, even for requests
on the same value of the primary key. As a result, database performance doesn’t degrade even if all requests
refer to the same key in the same space.

The transaction processor thread communicates with the WAL writer thread using asynchronous (yet
reliable) messaging; the transaction processor thread, not being blocked on WAL tasks, continues to handle
requests quickly even at high volumes of disk I/O. A response to a request is sent as soon as it is ready, even
if there were earlier incomplete requests on the same connection. In particular, SELECT performance, even
for SELECTS running on a connection packed with UPDATEs and DELETESs, remains unaffected by disk
load.

The WAL writer employs a number of durability modes, as defined in configuration variable wal mode.
It is possible to turn the write-ahead log completely off, by setting wal mode to none. Even without the
write-ahead log it’s still possible to take a persistent copy of the entire data set with the boz.snapshot()
request.

An xlog file always contains changes based on the primary key. Even if the client requested an update or
delete using a secondary key, the record in the .xlog file will contain the primary key.

3.10.2 ®opmaT cTtaTnyeckoro caina-cHMMKa

The format of a snapshot .snap file is nearly the same as the format of a WAL .xlog file. However, the
snapshot header differs: it contains the server’s global unique identifier and the snapshot file’s position in
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history, relative to earlier snapshot files. Also, the content differs: an .xlog file may contain records for any
data-change requests (inserts, updates, upserts, and deletes), a .snap file may only contain records of inserts
to memtx spaces.

Primarily, the .snap file’s records are ordered by space id. Therefore the records of system spaces, such as
_schema and _space and _index and func and _priv and _cluster, will be at the start of the .snap file,
before the records of any spaces that were created by users.

Secondarily, the .snap file’s records are ordered by primary key within space id.

3.10.3 lNpouecc BoccTaHOBNEHUS

The recovery process begins when box.cfg{} happens for the first time after the Tarantool server starts.

The recovery process must recover the databases as of the moment when the server was last shut down.
For this it may use the latest snapshot file and any WAL files that were written after the snapshot. One
complicating factor is that Tarantool has two engines — the memtx data must be reconstructed entirely from
the snapshot and the WAL files, while the vinyl data will be on disk but might require updating around the
time of a checkpoint. (When a snapshot happens, Tarantool tells the vinyl engine to make a checkpoint, and
the snapshot operation is rolled back if anything goes wrong, so vinyl’s checkpoint is at least as fresh as the
snapshot file.)

Step 1 Read the configuration parameters in the box.cfg{} request. Parameters which affect recovery may
include work_ dir, wal_dir, snap _dir, vinyl_dir, panic_on_snap_error, and panic_on_wal_error.

Step 2 Find the latest snapshot file. Use its data to reconstruct the in-memory databases. Instruct the vinyl
engine to recover to the latest checkpoint.

There are actually two variations of the reconstruction procedure for the memtx databases, depending
whether the recovery process is "default".

If it is default (panic_on_snap_error is true and panic_on_wal_error is true), memtx can read data in
the snapshot with all indexes disabled. First, all tuples are read into memory. Then, primary keys are built
in bulk, taking advantage of the fact that the data is already sorted by primary key within each space.

If it is not default (panic_on_snap_error is false or panic_on_wal_error is false), Tarantool performs
additional checking. Indexes are enabled at the start, and tuples are added one by one. This means that any
unique-key constraint violations will be caught, and any duplicates will be skipped. Normally there will be
no constraint violations or duplicates, so these checks are only made if an error has occurred.

Step 2 Find the WAL file that was made at the time of, or after, the snapshot file. Read its log entries
until the log-entry LSN is greater than the LSN of the snapshot, or greater than the LSN of the vinyl
checkpoint. This is the recovery process’s "start position"; it matches the current state of the engines.

Step 3 Redo the log entries, from the start position to the end of the WAL. The engine skips a redo
instruction if it is older than the engine’s checkpoint.

Step 4 For the memtx engine, re-create all secondary indexes.

3.10.4 3anyck cepBepa c penauvkauyuein

In addition to the recovery process described above, the server must take additional steps and precautions
if replication is enabled.

Once again the startup procedure is initiated by the box.cfg{} request. One of the box.cfg parameters may
be replication_source. We will refer to this server, which is starting up due to box.cfg, as the "local"server
to distinguish it from the other servers in a cluster, which we will refer to as "distant"servers.
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If there is no snapshot .snap file and replication_ source is empty: then the local server assumes it is an
unreplicated "standalone"server, or is the first server of a new replication cluster. It will generate new
UUIDs for itself and for the cluster. The server UUID is stored in the _cluster space; the cluster UUID
is stored in the schema space. Since a snapshot contains all the data in all the spaces, that means the
local server’s snapshot will contain the server UUID and the cluster UUID. Therefore, when the local server
restarts on later occasions, it will be able to recover these UUIDs when it reads the .snap file.

If there is no snapshot .snap file and replication_ source is not empty and the _cluster space contains no
other server UUIDs: then the local server assumes it is not a standalone server, but is not yet part of a
cluster. It must now join the cluster. It will send its server UUID to the first distant server which is listed
in replication source, which will act as a master. This is called the "join request". When a distant server
receives a join request, it will send back:

1. the distant server’s cluster UUID,

2. the contents of the distant server’s .snap file. When the local server receives this information, it puts
the cluster UUID in its _schema space, puts the distant server’s UUID and connection information in
its _ cluster space, and makes a snapshot containing all the data sent by the distant server. Then, if
the local server has data in its WAL .xlog files, it sends that data to the distant server. The distant
server will receive this and update its own copy of the data, and add the local server’s UUID to its
__cluster space.

If there is no snapshot .snap file and replication_ source is not empty and the _ cluster space contains other
server UUIDs: then the local server assumes it is not a standalone server, and is already part of a cluster. It
will send its server UUID and cluster UUID to all the distant servers which are listed in replication source.
This is called the "on-connect handshake". When a distant server receives an on-connect handshake:

1. the distant server compares its own copy of the cluster UUID to the one in the on-connect handshake.
If there is no match, then the handshake fails and the local server will display an error.

2. the distant server looks for a record of the connecting instance in its _cluster space. If there is none,
then the handshake fails. Otherwise the handshake is successful. The distant server will read any new
information from its own .snap and .xlog files, and send the new requests to the local server.

In the end ... the local server knows what cluster it belongs to, the distant server knows that the local server
is a member of the cluster, and both servers have the same database contents.

If there is a snapshot file and replication source is not empty: first the local server goes through the
recovery process described in the previous section, using its own .snap and .xlog files. Then it sends a
"subscribe"request to all the other servers of the cluster. The subscribe request contains the server vector
clock. The vector clock has a collection of pairs 'server id, lsn’ for every server in the _cluster system space.
Each distant server, upon receiving a subscribe request, will read its .xlog files’ requests and send them to
the local server if (Isn of .xlog file request) is greater than (Isn of the vector clock in the subscribe request).
After all the other servers of the cluster have responded to the local server’s subscribe request, the server
startup is complete.

The following temporary limitations apply for version 1.7:

e The URIs in replication source should all be in the same order on all servers. This is not mandatory
but is an aid to consistency.

e The servers of a cluster should be started up at slightly different times. This is not mandatory but
prevents a situation where each server is waiting for the other server to be ready.

e The maximum number of entries in the _cluster space is 32. Tuples for out-of-date replicas are not
automatically re-used, so if this 32-replica limit is reached, users may have to reorganize the _cluster
space manually.
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3.11 lMpunoxxeHne C. Y4yebHble npumepbl Ha a3bike Lua

There are three tutorials: Insert one million tuples with a Lua stored procedure, Sum a JSON field for all
tuples, Indexed pattern search.

3.11.1 BcTtaBka 1 mMAaH TansoB C NOMOLLbIO XPaHUMOW npouenypbl Ha A3bike Lua

This is an exercise assignment: “Insert one million tuples. Each tuple should have a constantly-increasing
numeric primary-key field and a random alphabetic 10-character string field.”

The purpose of the exercise is to show what Lua functions look like inside Tarantool. It will be necessary
to employ the Lua math library, the Lua string library, the Tarantool box library, the Tarantool box.tuple
library, loops, and concatenations. It should be easy to follow even for a person who has not used either Lua
or Tarantool before. The only requirement is a knowledge of how other programming languages work and a
memory of the first two chapters of this manual. But for better understanding, follow the comments and the
links, which point to the Lua manual or to elsewhere in this Tarantool manual. To further enhance learning,
type the statements in with the tarantool client while reading along.

Configure

We are going to use the "tarantool sandbox"that was created in section first database. So there is a single
space, and a numeric primary key, and a running tarantool server which also serves as a client.

Delimiter
In earlier versions of Tarantool, multi-line functions had to be enclosed within "delimiters". They are no
longer necessary, and so they will not be used in this tutorial. However, they are still supported. Users

who wish to use delimiters, or users of older versions of Tarantool, should check the syntax description for
declaring a delimiter before proceeding.

Create a function that returns a string

We will start by making a function that returns a fixed string, “Hello world”.

function string_function()
return "hello world"
end

The word "function"is a Lua keyword — we're about to go into Lua. The function name is string_function.
The function has one executable statement, return "hello world". The string "hello world"is enclosed in
double quotes here, although Lua doesn’t care — one could use single quotes instead. The word "end"means
“this is the end of the Lua function declaration.” To confirm that the function works, we can say

string_function()

Sending function-name () means “invoke the Lua function.” The effect is that the string which the function
returns will end up on the screen.

For more about Lua strings see Lua manual chapter 2.4 "Strings" . For more about functions see Lua manual
chapter 5 "Functions".

Tenepp BbIBOJ Ha SKpaHe BBIIVISIUT CJIELYIONIM 00pa30M:
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tarantool> function string_funciton()
> return "hello world"
> end

tarantool> string_function()

- hello world

tarantool>

Create a function that calls another function and sets a variable

Now that string_function exists, we can invoke it from another function.

function main_function()
local string_value
string_value = string_function()
return string_value

end

We begin by declaring a variable "string_value". The word "local"means that string value appears only
in main_function. If we didn’t use "local"then string_value would be visible everywhere - even by other
users using other clients connected to this server! Sometimes that’s a very desirable feature for inter-client
communication, but not this time.

Then we assign a value to string_value, namely, the result of string_function(). Soon we will invoke
main_function() to check that it got the value.

For more about Lua variables see Lua manual chapter 4.2 "Local Variables and Blocks" .

Teneps BBIBOM HA SKPaHEe BBIIVIAIAT CJIELYIOIIM 00pa30M:

tarantool> function main_function()
> local string_value
>  string_value = string_function()
> return string_value
> end

tarantool> main_function()

- hello world

tarantool>

Modify the function so it returns a one-letter random string

Now that it’s a bit clearer how to make a variable, we can change string_function() so that, instead of
returning a fixed literal "Hello world it returns a random letter between A’ and ’Z’.

function string_function()
local random_number
local random_string
random_number = math.random(65, 90)
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random_string = string.char (random_number)
return random_string
end

It is not necessary to destroy the old string_function() contents, they’re simply overwritten. The first
assignment invokes a random-number function in Lua’s math library; the parameters mean “the number
must be an integer between 65 and 90.” The second assignment invokes an integer-to-character function in
Lua’s string library; the parameter is the code point of the character. Luckily the ASCII value of A’ is 65
and the ASCII value of 'Z’ is 90 so the result will always be a letter between A and Z.

For more about Lua math-library functions see Lua users "Math Library Tutorial". For more about Lua
string-library functions see Lua users "String Library Tutorial".

Once again the string_function() can be invoked from main function() which can be invoked with
main_function().

Teneps BBIBOJ HA SKPaHE BBIIVIAINAT CJIELYIOIMIIM 00pa3oM:

tarantool> function string_function()
> local random_number

> local random_string

> random_number = math.random(65, 90)

>  random_string = string.char(random_number)
> return random_string

> end

tarantool> main_function()

-C

tarantool>

... Well, actually it won’t always look like this because math.random() produces random numbers. But for
the illustration purposes it won’t matter what the random string values are.

Modify the function so it returns a ten-letter random string

Now that it’s clear how to produce one-letter random strings, we can reach our goal of producing a ten-letter
string by concatenating ten one-letter strings, in a loop.

function string_function()
local random_number
local random_string
random_string = ""
for x = 1,10,1 do
random_number = math.random(65, 90)
random_string = random_string .. string.char(random_number)
end
return random_string
end

The words "for x = 1,10,1"mean “start with x equals 1, loop until x equals 10, increment x by 1 for each
iteration.” The symbol ".."means "concatenate that is, add the string on the right of the ".."sign to the
string on the left of the ".."sign. Since we start by saying that random string is (a blank string), the end
result is that random _string has 10 random letters. Once again the string_function() can be invoked
from main_function() which can be invoked with main_function().
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For more about Lua loops see Lua manual chapter 4.3.4 "Numeric for".

Temeps BBIBOJ, Ha 9KpaHe BBIIVISIUT CJIELYIONIM 00pa30M:

tarantool> function string_function()
>  local random_number

> local random_string

> random_string = ""

> for x = 1,10,1 do

> random_number = math.random(65, 90)

> random_string = random_string .. string.char(random_number)
> end

> return random_string

> end

tarantool> main_function()

- 'ZUDJBHKEFM'

tarantool>

Make a tuple out of a number and a string

Now that it’s clear how to make a 10-letter random string, it’s possible to make a tuple that contains a
number and a 10-letter random string, by invoking a function in Tarantool’s library of Lua functions.

function main_function()
local string_value, t
string_value = string_function()
t = box.tuple.new({l, string_value})
return t
end

Once this is done, t will be the value of a new tuple which has two fields. The first field is numeric: 1. The
second field is a random string. Once again the string_function() can be invoked from main_function()
which can be invoked with main_function().

For more about Tarantool tuples see Tarantool manual section Submodule box.tuple.

Teneps BBIBOJ HA SKPaHEe BBIIVIAINAT CJIELYIOIMIM 00pa3oM:

tarantool> function main_function()
> local string_value, t
> string_value = string_function()
> t = box.tuple.new({l, string_value})
> return t
> end

tarantool> main_function()

- [1, '"PNPZPCOOKA']

tarantool>
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Modify main_function to insert a tuple into the database

Now that it’s clear how to make a tuple that contains a number and a 10-letter random string, the only trick
remaining is putting that tuple into tester. Remember that tester is the first space that was defined in the
sandbox, so it’s like a database table.

function main_function()
local string_value, t
string_value = string_function()
t = box.tuple.new({1,string_value})
box.space.tester:replace(t)
end

The new line here is box.space.tester:replace(t). The name contains ’tester’ because the insertion
is going to be to tester. The second parameter is the tuple value. To be perfectly correct we could have
said box.space.tester:insert (t) here, rather than box.space.tester:replace(t), but "replace"means
“insert even if there is already a tuple whose primary-key value is a duplicate”, and that makes it easier to
re-run the exercise even if the sandbox database isn’t empty. Once this is done, tester will contain a tuple
with two fields. The first field will be 1. The second field will be a random 10-letter string. Once again the
string_function() can be invoked from main_function() which can be invoked with main_function().
But main_function() won’t tell the whole story, because it does not return t, it only puts t into the database.
To confirm that something got inserted, we’ll use a SELECT request.

main_function()
box.space.tester:select{1}

For more about Tarantool insert and replace calls, see Tarantool manual section Submodule box.space.

Teneps BBIBOM HA SKPaHE BBIIVIAIAT CJIELYIOIMIM 00pa30M:

tarantool> function main_function()
> local string_value, t
>  string_value = string_function()
> t = box.tuple.new({l,string_valuel})
>  box.space.tester:replace(t)
> end

tarantool> main_function()

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

- - [1, '"EUJYVEECIL']

tarantool>

Modify main_function to insert a million tuples into the database

Now that it’s clear how to insert one tuple into the database, it’s no big deal to figure out how to scale up:
instead of inserting with a literal value = 1 for the primary key, insert with a variable value = between 1
and 1 million, in a loop. Since we already saw how to loop, that’s a simple thing. The only extra wrinkle
that we add here is a timing function.

function main_function()
local string_value, t
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for i = 1,1000000,1 do
string_value = string_function()
t = box.tuple.new({i,string_value})
box.space.tester:replace(t)
end
end
start_time = os.clock()
main_function()
end_time = os.clock()
'insert done in ' .. end_time - start_time .. ' seconds'

The os.clock() function will return the number of CPU seconds since the start. Therefore, by getting
start _time = number of seconds just before the inserting, and then getting end time = number of seconds
just after the inserting, we can calculate (end time - start time) = elapsed time in seconds. We will display
that value by putting it in a request without any assignments, which causes Tarantool to send the value to
the client, which prints it. (Lua’s answer to the C printf () function, which is print (), will also work.)

For more on Lua os.clock() see Lua manual chapter 22.1 "Date and Time". For more on Lua print() see
Lua manual chapter 5 "Functions".

Since this is the grand finale, we will redo the final versions of all the necessary requests: the request
that created string_function(), the request that created main_function(), and the request that invokes
main_function().

function string_function()
local random_number
local random_string
random_string = ""
for x = 1,10,1 do
random_number = math.random(65, 90)
random_string = random_string .. string.char(random_number)
end
return random_string
end

function main_function()
local string_value, t
for i = 1,1000000,1 do
string_value = string_function()
t = box.tuple.new({i,string_valuel})
box.space.tester:replace(t)
end
end
start_time = os.clock()
main_function()
end_time = os.clock()
'insert done in ' .. end_time - start_time .. ' seconds'

Teneps BBIBOM HA SKPaHE BBITVISAINAT CJIELYIOMAM 00pa30M:

tarantool> function string_function()
> local random_number

> local random_string

> random_string = ""

> for x = 1,10,1 do

> random_number = math.random(65, 90)

> random_string = random_string .. string.char(random_number)
> end
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>  return random_string
> end

tarantool> function main_function()

> local string_value, t

> for i = 1,1000000,1 do

> string_value = string_function()

> t = box.tuple.new({i,string_value})
> box.space.tester:replace(t)

> end

> end

tarantool> start_time = os.clock()

tarantool> main_function()

tarantool> end_time = os.clock()

tarantool> 'insert done in ' .. end_time - start_time seconds'

- insert done in 37.62 seconds

tarantool>

What has been shown is that Lua functions are quite expressive (in fact one can do more with Tarantool’s Lua
stored procedures than one can do with stored procedures in some SQL DBMSs), and that it’s straightforward
to combine Lua-library functions and Tarantool-library functions.

What has also been shown is that inserting a million tuples took 37 seconds. The host computer was a
Linux laptop. By changing wal_mode to 'none’ before running the test, one can reduce the elapsed time to
4 seconds.

3.11.2 lMoacyet cymmbl no JSON-nonsam Bo BCcex Tannax

This is an exercise assignment: “Assume that inside every tuple there is a string formatted as JSON. Inside
that string there is a JSON numeric field. For each tuple, find the numeric field’s value and add it to a ’sum’
variable. At end, return the ’sum’ variable.” The purpose of the exercise is to get experience in one way to
read and process tuples.

json = require('json')
function sum_json_field(field_name)
local v, t, sum, field_value, is_valid_json, lua_table
sum = 0O
for v, t in box.space.tester:pairs() do
is_valid_json, lua_table = pcall(json.decode, t[2])
if is_valid_json then
field_value = lua_table[field_name]
if type(field_value == "number" then sum = sum + field_value end
end
end
return sum
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end

LINE 3: WHY "LOCAL". This line declares all the variables that will be used in the function. Actually
it’s not necessary to declare all variables at the start, and in a long function it would be better to declare
variables just before using them. In fact it’s not even necessary to declare variables at all, but an undeclared
variable is "global". That’s not desirable for any of the variables that are declared in line 1, because all of
them are for use only within the function.

LINE 5: WHY "PAIRS()". Our job is to go through all the rows and there are two ways to do
it: with boz.space.space object:pairs() or with variable = select(...) followed by for i, n, 1 do
some- function (variable[i]) end. We preferred pairs() for this example.

LINE 5: START THE MAIN LOOP. Everything inside this "for"loop will be repeated as long as there
is another index key. A tuple is fetched and can be referenced with variable t.

LINE 6: WHY "PCALL". If we simply said 1ua_table = json.decode(t[2])), then the function would
abort with an error if it encountered something wrong with the JSON string - a missing colon, for example.
By putting the function inside "pcall"(protected call), we're saying: we want to intercept that sort of error,
so if there’s a problem just set is_valid_json = false and we will know what to do about it later.

LINE 6: MEANING. The function is json.decode which means decode a JSON string, and the parameter
is t[2] which is a reference to a JSON string. There’s a bit of hard coding here, we’re assuming that the
second field in the tuple is where the JSON string was inserted. For example, we're assuming a tuple looks
like

field[1]: 444
field[2]: '{"Hello": "world", "Quantity": 15}'

meaning that the tuple’s first field, the primary key field, is a number while the tuple’s second field, the
JSON string, is a string. Thus the entire statement means "decode t [2] (the tuple’s second field) as a JSON
string; if there’s an error set is_valid_json = false; if there’s no error set is_valid_json = true and
set lua_table = a Lua table which has the decoded string".

LINE 8. At last we are ready to get the JSON field value from the Lua table that came from
the JSON string. The value in field name, which is the parameter for the whole function, must
be a name of a JSON field. For example, inside the JSON string '{"Hello": "world "Quantity":
16}', there are two JSON fields: "Hello"and "Quantity". If the whole function is invoked with
sum_json_field("Quantity"), then field_value = lua_table[field_name] is effectively the same as
field_value = lua_table["Quantity"] or even field_value = lua_table.Quantity. Those are just
three different ways of saying: for the Quantity field in the Lua table, get the value and put it in variable
field_value.

LINE 9: WHY "IF". Suppose that the JSON string is well formed but the JSON field is not a number,
or is missing. In that case, the function would be aborted when there was an attempt to add it to the sum.
By first checking type(field_value) == "number", we avoid that abortion. Anyone who knows that the
database is in perfect shape can skip this kind of thing.

And the function is complete. Time to test it. Starting with an empty database, defined the same way as
the sandbox database that was introduced in first database,

-- 1f tester ts left over from some previous test, destroy 1t
box.space.tester:drop()

box.schema.space.create('tester')
box.space.tester:create_index('primary', {parts = {1, 'unsigned'}})

then add some tuples where the first field is a number and the second field is a string.
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box.space.tester:insert{444, '{"Item": "widget", "Quantity": 15}'}
box.space.tester:insert{445, '{"Item": "widget", "Quantity": 7}'}
box.space.tester:insert{446, '{"Item": "golf club", "Quantity": "sunshine"}'}
box.space.tester:insert{447, '{"Item": "waffle iron", "Quantit": 3}'}

Since this is a test, there are deliberate errors. The "golf club"and the "waffle iron"do not have numeric
Quantity fields, so must be ignored. Therefore the real sum of the Quantity field in the JSON strings should
be: 15 + 7 = 22.

Invoke the function with sum_json_field("Quantity").

tarantool> sum_json_field("Quantity")

- 22

It works. We'll just leave, as exercises for future improvement, the possibility that the "hard
coding"assumptions could be removed, that there might have to be an overflow check if some field values are
huge, and that the function should contain a "yield"instruction if the count of tuples is huge.

3.11.3 NHpaekcupoBaHHbIi NOUCK No wabsioHam

Here is a generic function which takes a field identifier and a search pattern, and returns all tuples that
match. * The field must be the first field of a TREE index. * The function will use Lua pattern matching,
which allows "magic characters"in regular expressions. * The initial characters in the pattern, as far as the
first magic character, will be used as an index search key. For each tuple that is found via the index, there
will be a match of the whole pattern. * To be cooperative, the function should yield after every 10 tuples,
unless there is a reason to delay yielding. With this function, we can take advantage of Tarantool’s indexes
for speed, and take advantage of Lua’s pattern matching for flexibility. It does everything that an SQL
"LIKE"search can do, and far more.

Read the following Lua code to see how it works. The comments that begin with "SEE NOTE ..."refer to
long explanations that follow the code.

function indexed_pattern_search(space_name, field_no, pattern)
-- SEE NOTE #1 "FIND AN APPROPRIATE INDEX"
if (box.spacel[space_name] == nil) then
print ("Error: Failed to find the specified space")
return nil

end
local index_no = -1
for i=0,box.schema.INDEX_MAX,1 do
if (box.space[space_name].index[i] == nil) then break end
if (box.space[space_name].index[i].type == "TREE"
and box.space[space_name] .index[i].parts[1].fieldno == field_no
and (box.space[space_name].index[i].parts[1].type == "scalar"
or box.spacel[space_name] .index[i].parts[1].type == "string")) then
index_no = i
break
end
end
if (index_no == -1) then

print ("Error: Failed to find an appropriate index")
return nil

end

-- SEE NOTE #2 "DERIVE INDEX SEARCH KEY FROM PATTERN"
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local index_search_key = ""

local index_search_key_length = 0

local last_character = ""

local ¢ = ""

local c2 = ""

for i=1,string.len(pattern),1 do
¢ = string.sub(pattern, i, i)

if (last_character ~= "%") then
if (¢ == '"'" or ¢ == "$" or ¢ == "(" or ¢ == ")" or ¢ == "."
or ¢ == "[" or ¢ == "]" or ¢ == "*" or c == "+"
or ¢ == "-" or ¢ == "?7") then
break
end
if (c == "%") then

c2 = string.sub(pattern, i + 1, i + 1)
if (string.match(c2, "%p") == nil) then break end

index_search_key = index_search_key .. c2
else
index_search_key = index_search_key .. c
end
end
last_character = c

end
index_search_key_length = string.len(index_search_key)
if (index_search_key_length < 3) then
print("Error: index search key " .. index_search_key .. " is too short")
return nil
end
-- SEE NOTE #3 "OUTER LOOP: INITIATE"
local result_set = {}
local number_of_tuples_in_result_set = 0
local previous_tuple_field = ""
while true do
local number_of_tuples_since_last_yield = 0O
local is_time_for_a_yield = false
-- SEE NOTE #4 "INNER LOOP: ITERATOR"
for _,tuple in box.space[space_name].index[index_no]:
pairs(index_search_key,{iterator = box.index.GE}) do
-- SEE NOTE #5 "INNER LOOP: BREAK IF INDEX KEY IS TO0 GREAT"
if (string.sub(tuple[field_no], 1, index_search_key_length)
> index_search_key) then
break
end
-- SEE NOTE #6 "INNER LOOP: BREAK AFTER EVERY 10 TUPLES -- MAYBE"
number_of_tuples_since_last_yield = number_of_tuples_since_last_yield + 1
if (number_of_tuples_since_last_yield >= 10
and tuple[field_no] ~= previous_tuple_field) then
index_search_key = tuple[field_no]
is_time_for_a_yield = true
break
end
previous_tuple_field = tuple[field_no]
-- SEE NOTE #7 "INNER LOOP: ADD TO RESULT SET IF PATTERN MATCHES"
if (string.match(tuple[field_no], pattern) ~= nil) then
number_of_tuples_in_result_set = number_of_tuples_in_result_set + 1
result_set [number_of_tuples_in_result_set] = tuple
end
end

3.11. MNpunoxenne C. YuebHblie npumepsbl Ha si3bike Lua
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-- SEE NOTE #8 "OUTER LOOP: BREAK, OR YIELD AND CONTINUE"

if (is_time_for_a_yield "= true) then
break
end
require('fiber').yield()
end
return result_set
end

NOTE #1 "FIND AN APPROPRIATE INDEX"The caller has passed space name (a string) and field no
(a number). The requirements are: (a) index type must be "TREE"because for other index types (HASH,
BITSET, RTREE) a search with iterator=GE will not return strings in order by string value; (b) field no
must be the first index part; (c) the field must contain strings, because for other data types (such as
"unsigned") pattern searches are not possible; If these requirements are not met by any index, then print an
error message and return nil.

NOTE #2 "DERIVE INDEX SEARCH KEY FROM PATTERN"The caller has passed pattern (a string).
The index search key will be the characters in the pattern as far as the first magic character. Lua’s magic
characters are % ~ $ () . [] * + - 7. For example, if the pattern is "ABC.E the period is a magic character
and therefore the index search key will be "ABC". But there is a complication ... If we see "%"followed by
a punctuation character, that punctuation character is "escaped"so remove the "%"when making the index
search key. For example, if the pattern is "AB%$E the dollar sign is escaped and therefore the index search
key will be "ABS$E". Finally there is a check that the index search key length must be at least three — this
is an arbitrary number, and in fact zero would be okay, but short index search keys will cause long search
times.

NOTE #3 — "OUTER LOOP: INITTATE"The function’s job is to return a result set, just as box.space.select
would. We will fill it within an outer loop that contains an inner loop. The outer loop’s job is to execute the
inner loop, and possibly yield, until the search ends. The inner loop’s job is to find tuples via the index, and
put them in the result set if they match the pattern.

NOTE #4 "INNER LOOP: ITERATOR"The for loop here is using pairs(), see the explanation of what index
iterators are. Within the inner loop, there will be a local variable named "tuple"which contains the latest
tuple found via the index search key.

NOTE #5 "INNER LOOP: BREAK IF INDEX KEY IS TOO GREAT"The iterator is GE (Greater or
Equal), and we must be more specific: if the search index key has N characters, then the leftmost N characters
of the result’s index field must not be greater than the search index key. For example, if the search index
key is ’ABC’, then ’ABCDE’ is a potential match, but ’ABD’ is a signal that no more matches are possible.

NOTE #6 "INNER LOOP: BREAK AFTER EVERY 10 TUPLES — MAYBE"This chunk of code is for
cooperative multitasking. The number 10 is arbitrary, and usually a larger number would be okay. The simple
rule would be "after checking 10 tuples, yield, and then resume the search (that is, do the inner loop again)
starting after the last value that was found". However, if the index is non-unique or if there is more than
one field in the index, then we might have duplicates — for example {"ABC 1}, {"ABC 2}, {"ABC 3}nd it
would be difficult to decide which "ABC"tuple to resume with. Therefore, if the result’s index field is the
same as the previous result’s index field, there is no break.

NOTE #7 "INNER LOOP: ADD TO RESULT SET IF PATTERN MATCHES"Compare the result’s index
field to the entire pattern. For example, suppose that the caller passed pattern "ABC.E"and there is an
indexed field containing "ABCDE". Therefore the initial index search key is "ABC". Therefore a tuple
containing an indexed field with "ABCDE"will be found by the iterator, because "ABCDE"> "ABC". In
that case string.match will return a value which is not nil. Therefore this tuple can be added to the result
set.

NOTE #8 "OUTER LOOP: BREAK, OR YIELD AND CONTINUE"There are three conditions which will
cause a break from the inner loop: (1) the for loop ends naturally because there are no more index keys
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which are greater than or equal to the index search key, (2) the index key is too great as described in NOTE
#5, (3) it is time for a yield as described in NOTE #6. If condition (1) or condition (2) is true, then there
is nothing more to do, the outer loop ends too. If and only if condition (3) is true, the outer loop must yield
and then continue. If it does continue, then the inner loop — the iterator search — will happen again with a
new value for the index search key.

Hampuwmep:

Start tarantool, cut and paste the code for function indexed pattern search, and try the
following: box.space.t:drop() box.schema.space.create(’t’) box.space.t:create _index(’primary’,{})
box.space.t:create _index(’secondary’,{unique=false,parts={2,’string’,3,’string’} })
box.space.t:insert{1,’A’’a’} box.space.t:insert{2,’AB’,”} box.space.t:insert{3,’ABC",’a’}
box.space.t:insert{4,”ABCD’,”} box.space.t:insert{5,’ABCDE’ ’a’} box.space.t:insert{6,”ABCDE’,"}
box.space.t:insert{7,”ABCDEF’,’a’} box.space.t:insert{8,’ABCDF’,"} indexed pattern_search("t 2,
"ABC.E.") The result will be: tarantool> indexed pattern search("t2, "ABC.E.") — - - [7, "ABCDEF’,
] ...

3.12 Mpunoxenune D. Vinyl

3.12.1 Bepenune

Vinyl’s features are:
e Full ACID compliance
e Multi-Version Concurrency Control (MVCC)
e Pure Append-Only
o Multi-threaded (Client access and Engine scalability)
e Multi-databases support (Single environment and WAL)
e Multi-Statement and Single-Statement Transactions (Snapshot Isolation (SI), multi-databases)
e Asynchronous or synchronous transaction execution (Callback triggered versus blocking)
e Separate storage formats: key-value (Default), or document (Keys are part of value)
e Update without read
e Consistent Cursors
e Prefix search
e Point-in-Time Snapshots
e Versional database creation and asynchronous shutdown/drop
e Asynchronous Online/Hot Backup
e Compression (Per region, both 124 and zstd are supported)
e Metadata Compression (By default)
e Key Compression (Compress key duplicates, including suffixes)
e Easy to use (Minimalist APT)
e Easy to integrate (Native support of using as storage engine)

e Easy to write bindings (Very FFI-friendly, API designed to be stable in future)
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Easy to build in (Amalgamated, compiles into two C files)
e Event loop friendly
o Zero-Configuration (Tuned by default)
e Implemented as a small library written in C with zero dependencies
e BSD Licensed
It is appropriate for databases that cannot fit in memory, where access via secondary keys is not required.
In vinyl terminology:
e There is one Environment.
e An Environment has N Databases - a vinyl database is like a Tarantool space.
e A Database has N Ranges.
e A Range has one Range File.
e A Range File has N Runs.
e A Run has N Regions - a vinyl Region is like a B-tree page.
e A Region has keys and values - a vinyl key-value is like a Tarantool tuple.

A key and its associated value are together, so when one accesses a key one gets the whole tuple. In other
words, in vinyl the data is stored in the index. There are up to two in-memory copies of an index, as well as
the copy in the Range File.

For operations that insert or update tuples - called Set operations in vinyl - vinyl makes changes to in-
memory copies of the index, and writes to Tarantool’s Write-ahead Log. A scheduler assigns tasks to multiple
background threads for transferring index data from memory to disk, and for reorganizing Runs. To support
transactions, Set operations can be delayed until an explicit commit. If multiple users access the same tuples
simultaneously, the concurrency control method is MVCC and the isolation level is Snapshot.

Formally, in terms of disk accesses, vinyl has the following algorithmic complexity:

e Set - the worst case is O(1) append-only key writes to the Write-Ahead Log + in-memory Range index
searches + in-memory index inserts

e Delete - the worst case is O(1) key writes and in-memory index inserts (the same as Set)

o Get - the worst case is amortized O(maz_run_count per mnode) random Region reads from a single
Range file, which itself does in-memory index search + in-memory Region search

e Range - queries, the worst case of full Database scan is amortized O(total Region count) + in-
memory key-index searches for each Range

3.12.2 A yTto tam "nop kanotom"?

In this section, to illustrate internals, we will discuss this example:

1. filling an empty database with one million tuples (we’ll call them "keys"to emphasize the indexed
nature)

2. reading all stored tuples in the original order.
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Inserting the first 200.000 keys

During the first 200,000 Set operations, inserted keys first go to the in-memory index. To maintain persistence,
information about each Set operation is written to Tarantool’s Write-ahead Log.

in-memory index

- wal file

At this point we have keys in an in-memory index and records in the Write-ahead Log.

Inserting the next 300.000 keys

As the in-memory index becomes too large for available memory, the index must be copied from memory to
disk. The on-disk copy of the in-memory index is called a Run. To save the Run, a new file is created, the
Range File. We will call it db file for this example.

The scheduler wakes a worker thread in the background, a Run Creation Thread. The thread creates a second
in-memory index. If there are Set operations taking place while the thread is working, their contention effect
will be small because they will operate on the second in-memory index.

o)

| set |

S

in-memory index 2

- wal file

=] db fils

When the Run Creation Thread finishes the task, the first in-memory index is freed.

in-memory index

- wal file
2 db file

= branch 1
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Inserting the next 200.000 keys

Several times, the in-memory index becomes too large and a Run Creation Thread transfers the keys to a
Run. The Runs have been appended to the end of db file. The number of created Runs becomes large.

in-memory index

- wal file

=] db file
= branch 1
= branch 2

= branch M

There is a user-settable maximum number of Runs per Range. When the number of Runs reaches this
maximum, the vinyl scheduler wakes a Compaction Thread for the db file. The Compaction Thread
merges the keys in all the Runs, and creates one or more new db files.
([ set \‘

—

in-memory index

- wal file

dba branches
S| =]
=]
dbl = db2 =
= =

Now there are multiple pairs of in-memory indexes, and each pair has an associated db file. The combination
of the in-memory indexes and the db file is called a Range, and the db file is called a Range File.
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node
structure

two in-memory indexes

node file branches
=] (=]
=]

Thus the contents of a Range are: a range of sorted key values, stored in Runs of a Range File and (when
necessary) in memory. Since the ranges do not overlap, each Range can be handled independently. Therefore,
while one of the background threads is working on Range 1, another background thread can be working on
Range 2, without contention. That means that all the background operations (Run Creation, Compaction,
Garbage Collection, and Backup) can take place in parallel on multiple threads.

The foregoing explanation will now be repeated with different wording.

Before the Compaction there was one Range, which was created automatically when the Database was
initialized. The Range had:

1. an in-memory index with some keys in it,
2. a Range File with several Runs,
3. a Write-Ahead Log file recording the Set operations, in the order they happened.
The number of Runs became too big, so the vinyl scheduler starts the Compaction Thread and creates two

new Ranges.

node@

nodel node2

So, each of the two new Range Files contains half of the keys that were in the original Range. The Range’s
in-memory indexes are split in the same way.

After the splitting, vinyl must take into account that: while the Compaction was going on in the background,
there might have been more Set operations taking place in parallel. These Set operations would have changed
one of the in-memory indexes, and these changes too will be merged.

When the Compaction Thread finishes, the original Range is deleted, and information about the new Ranges
is inserted into an in-memory Range Index.

nade index

node@®

nodel node2
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This Range Index is used for all Set operations and all searches. Since the Range Index has the minimum
and maximum key values that are in each Range, it is straightforward to scan it to find what Range would
contain a particular key value.

f

set

node index

wal file

node@ node N

in-memary index

Inserting the last 300.000 keys

The final 300,000 Set operations take place; the background threads continue to create new Runs and do
more Compactions. After the millionth insertion, the Database has four Ranges.

node index

nodel node2 node3 noded

S S S S

The inserting is done. Now, because the words "memory"and "disk"have appeared in this explanation several
times, here are a few words about how vinyl is designed to use these resources most efficiently:

e If there is more memory available, then Run Creation and Compaction will be less frequent, and there
will be fewer disk accesses.

e The best vinyl performance will occur if there is no setting of a memory limit, but this must be balanced
against other considerations, such as requirements for the memtx storage engine. If there is a setting
of a memory limit, the vinyl scheduler will give priority to the Ranges that have the largest in-memory
indexes, so that the largest memory blocks are freed first.

e To make the most of hard drives and Flash, vinyl will delay operations that require disk access (except
the writing of the Write-ahead Log which is specially tunable), so that the accesses are done in large
sequential blocks.

e Overwriting does not occur; vinyl is an "append-only"engine.

Reading million keys

We will now start to read the million rows in the order that they were inserted, which was random.
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.-/l-- --..\\‘-.

[ get |

S~

nade index
noded node N
agranches
=}
=} =
key indexes dn

During the Get (search), vinyl first finds the correct Range by looking in the Range Index. Then it searches
the Range’s first in-memory index, and/or the Range’s second in-memory index, and/or each Run of the
Range, starting from the end of the Range File.

Remember that a Run is divided into Regions, which are like what would be called "pages"or "blocks"in a
B-tree. For each Run, there is a list of the Regions and their minimum/maximum key values - the Region
Index - as well as some metadata.

region index

) min
region
max

Region Indexes are loaded into memory when the Database is opened. Since the Database’s Range Index and
the Region Indexes are normally in-memory, searching and retrieving a tuple might require only zero or one
disk accesses. However, when memory is limited and there are many Runs, search time may rise. For each
additional Run there is a possible additional disk access during a search. Also, it is impossible to maintain
memory limits without doing a Run Creation process, because new Set operations might occur more quickly
than the Compaction process can run.

nodel node2 node3 noded

S S S S

=] = = =
=] =
=]

Vinyl is read optimized. It is very likely that the most recently created Runs (hot data) will be in the file
system cache. The scheduler will give priority to the Ranges which have the largest in-memory indexes and
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the most Runs.

The scheduler may also try to arrange that a Range will have only one Run, which will ensure the average
number of disk seeks for each search is O(1).

3.13 lNpunoxeHue E. NoTOBbLIE peuenTbl

These 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 .lua on the terminal. As is usual for Tarantool/Lua programs,
the 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 box.once() to initialize a database (creating spaces) if this is the first time the server has been run. Then
use console.start() to start interactive mode.

#!/usr/bin/env tarantool

-- Configure database
box.cfg {

listen = 3313
}

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

require('console').start()

fio read.lua

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

#!/usr/bin/env tarantool

local fio = require('fio')

local errno = require('errno')

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

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

154 Fnasa 3. PykoBoacteo nonb3osartens




Tarantool, Beinyck 1.7.1

fio write.lua

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

#!/usr/bin/env tarantool

local fio = require('fio')

local errno = require('errno')

local f = fio.open('/tmp/xxxx.txt', {'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 FF1
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"));

fii gettimeofday.lua

Use the LuaJIT fli 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

fii 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 sourcelen);
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 "zlibl" or "z")

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

fii meta.lua

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

#!/usr/bin/env tarantool

local ffi = require("ffi")

ffi.cdef[[

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

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

1,
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}
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 |kl vl | k2 v2".

#!/usr/bin/env tarantool

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

map = { k1 = 'vi', 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 "nil"s, cause the simple "#"operator to deliver improper
results. The "print(#t)"instruction will print "4"; the "print(counter)"instruction will print "3"; the
"print(max)"instruction will print "10". Other table functions, such as table.sort(), will also misbehave
when "nils"are present.

#!/usr/bin/env tarantool

local t = {}

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

local counter = 0

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

print (counter)

local max = 0

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

count array with nulls.lua
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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, %
print(x, y)
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=vi&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
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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.
g 2 g g

#!/usr/bin/env tarantool

collectgarbage('collect')

fiber producer and consumer.lua

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

waiting for processing.

#!/usr/bin/env tarantool

local fiber = require('fiber')
local function consumer_loop(ch, i)

-- initialize consumer synchronously or raise an error()

fiber.sleep(0) -- allow fiber.create() to continue
while true do

local data = ch:get()

if data == nil then

break
end
print('consumed', i, data)
fiber.sleep(math.random()) -- simulate some work
end
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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,l1 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

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.
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#!/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.

#!/usr/bin/env tarantool

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

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

socket udp echo.lua

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

#!/usr/bin/env tarantool

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

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

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

elseif msg "= nil then
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-- 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() -- ytield, 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
local e = s:errno() -- save errno
s:close()
errno(e) -- restore errno
return nil -- check errno:strerror()
end
fiber.create(udp_server_loop, s, handler) -- start a new background fiber
return s

end

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

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

end

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

error('Failed to bind: ' .. 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')
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if r.status "= 200 then
print('Failed to get weather forecast ', r.reason)
return

end

local data = json.decode(r.body)

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

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 }
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 Banana").

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

3.14 TMpunoxxerHne F. YyebHblie npnmepbl Ha a3bike C

There is one C tutorial: C' stored procedures.

3.14.1 PaboTa c xpaHumbiMu npoueaypamu Ha a3bike C

Tarantool can call C code with modules, or with ffi, or with C stored procedures. This tutorial only is about
the third option, C stored procedures. In fact the routines are always "C functions"but the phrase "stored
procedure"is commonly used for historical reasons.

In this tutorial, which can be followed by anyone with a Tarantool development package and a C compiler,
there are three tasks. The first — easy.c — prints "hello world". The second — harder.c — decodes a passed
parameter value. The third — hardest.c — uses the C API to do DBMS work.

After following the instructions, and seeing that the results are what is described here, users should feel
confident about writing their own stored procedures.

IToaroroska

Check that these items exist on the computer: * Tarantool 1.7 * A gcc compiler, any modern version should
work * "module.h"* "msgpuck.h"

The "module.h"file will exist if Tarantool 1.7 was installed from source. Otherwise Tarantool’s
"developer"package must be installed. For example on Ubuntu say sudo apt-get install tarantool-dev
or on Fedora say dnf -y install tarantool-devel

The "msgpuck.h"file will exist if Tarantool 1.7 was installed from source. Otherwise the "msgpuck"package
must be installed from https://github.com/rtsisyk/msgpuck.

Both module.h and msgpuck.h must be on the include path for the C compiler to see them.
For example, if module.h address is /usr/local/include/tarantool/module.h, and msgpuck.h address is
/usr /local /include/msgpuck /msgpuck.h, and they are not currently on the include path, say export CPATH=/
usr/local/include/tarantool:/usr/local/include/msgpuck

Requests will be done using tarantool as a client. Start tarantool, and enter these requests.

box.cfg{listen=3306}
box.schema.space.create('capi_test')
box.space.capi_test:create_index('primary')
net_box = require('net.box')
capi_connection = net_box:new(3306)

In plainer language: create a space named capi_ test, and make a connection to self named capi_connection.

Leave the client running. It will be necessary to enter more requests later.
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easy.c

Start another shell. Change directory (cd) so that it is the same as the directory that the client is running
on.

Create a file. Name it easy.c. Put these six lines in it.

#include "module.h"
int easy(box_function_ctx_t *ctx, const char *args, const char *args_end)

{
printf ("hello world\n");
return O;

}

Compile the program, producing a library file named easy.so: gcc -shared -o easy.so -fPIC easy.c

Tenepsr BepHUTECH B KJINEHTCKUN TEPMUHAJ U BLIIIOJHUTE CJIEYIOIINE 3AIIPOCHL:

box.schema.func.create('easy', {language = 'C'})
box.schema.user.grant('guest', 'execute', 'function', 'easy')
capi_connection:call('easy')

If these requests appear unfamiliar, re-read the descriptions of box.schema.func.create and
box.schema.user.grant and conn:call.

The function that matters is capi_connection:call(’easy’).

Its first job is to find the ’easy’ function, which should be easy because by default Tarantool looks on the
current directory for a file named easy.so.

Its second job is to call the ’easy’ function. Since the easy() function in easy.c begins with printf ("hello
world\n"), the words "hello world"will appear on the screen.

Its third job is to check that the call was successful. Since the easy() function in easy.c ends with return 0,
there is no error message to display and the request is over.

BoiBom Ha sKpame OyIeT BBITVISACTH CJIeIYIONIM 00pa30M:

tarantool> capi_connection:call('easy')
hello world

-0

Conclusion: calling a C function is easy.
harder.c
Go back to the shell where the easy.c program was created.

Create a file. Name it harder.c. Put these 17 lines in it:

#include "module.h"
#include "msgpuck.h"
int harder(box_function_ctx_t *ctx, const char *args, const char *args_end)
{
uint32_t arg_count = mp_decode_array(&args);
printf("arg_count = %d\n", arg_count);
uint32_t field_count = mp_decode_array(&args);
printf("field_count = Jd\n", field_count);
uint32_t val;
int i;
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for (i = 0; i < field_count; ++i)
{
val = mp_decode_uint (&args);
printf("val=Yd.\n", val);
}
return O;

}

Compile the program, producing a library file named harder.so: gcc -shared -o harder.so -fPIC
harder.c

Tenepsr BepHUTECH B KJINEHTCKUN TEPMUHAJ U BBIIIOJHUTE CJIEYIOIIE 3AIIPOCHL:

box.schema.func.create('harder', {language = 'C'})
box.schema.user.grant('guest', 'execute', 'function', 'harder')
passable_table = {}

table.insert(passable_table, 1)

table.insert(passable_table, 2)

table.insert (passable_table, 3)

capi_connection:call('harder', passable_table)

This time the call is passing a Lua table (passable table) to the harder() function. The harder() function
will see it, it’s in the char *args parameter.

At this point the harder() function will start using functions defined in msgpuck.h, which are documented
in http://rtsisyk.github.io/msgpuck. The routines that begin with "mp"are msgpuck functions that
handle data formatted according to the MsgPack specification. Passes and returns are always done with this
format so one must become acquainted with msgpuck to become proficient with the C API.

For now, though, it’s enough to know that mp decode array() returns the number of elements in an array,
and mp _decode uint returns an unsigned integer, from args. And there’s a side effect: when the decoding
finishes, args has changed and is now pointing to the next element.

Therefore the first displayed line will be "arg count = 1"because there was only one item passed:
passable table. The second displayed line will be "field count = 3"because there are three items in the
table. The next three lines will be "1"and "2"and "3"because those are the values in the items in the table.

Teneps BBIBOI, HA SKPAHE BBITVISAIAT CJELYIOMIM 00pa30M:

tarantool> capi_connection:call('harder', passable_table)
arg_count = 1

field_count = 3

val=1.

val=2.

val=3.

-0

Conclusion: decoding parameter values passed to a C function is not easy at first, but there are routines to
do the job, and they’re documented, and there aren’t very many of them.

hardest.c
Go back to the shell where the easy.c and the harder.c programs were created.

Create a file. Name it hardest.c. Put these 13 lines in it:

#include "module.h"
#include "msgpuck.h"
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int hardest(box_function_ctx_t *ctx, const char *args, const char *args_end)
{

uint32_t space_id = box_space_id_by_name("capi_test", strlen("capi_test"));

char tuple[1024];

char *tuple_pointer = tuple;

tuple_pointer = mp_encode_array(tuple_pointer, 2);

tuple_pointer = mp_encode_uint(tuple_pointer, 10000);

tuple_pointer = mp_encode_str(tuple_pointer, "String 2", 8);

int n = box_insert(space_id, tuple, tuple_pointer, NULL);

return n;

Compile the program, producing a library file named hardest.so: gcc -shared -o hardest.so -fPIC
hardest.c

TeHepb BepHUTEChb B KJIUEHTCKUNA TEepMHUHAaAJI U BBIIIOJIHUTE CJIEAYIOoIne 3aIllPOChI:

box.schema.func.create('hardest', {language = "C"})
box.schema.user.grant('guest', 'execute', 'function', 'hardest')
box.schema.user.grant('guest', 'read,write', 'space', 'capi_test')

capi_connection:call('hardest')

This time the C function is doing three things: (1) finding the numeric identifier of the "capi_test"space by
calling box space_id by name(); (2) formatting a tuple using more msgpuck.h functions; (3) inserting a
row using box__insert.

Now, still on the client, execute this request: box.space.capi_test:select()

BriBoa Ha skpane Oy/ieT BBINISIETH CJICIYIONUM 00pa30M:

tarantool> box.space.capi_test:select()

- - [10000, 'String 2']

This proves that the hardest() function succeeded, but where did box space id by name() and
box_insert() come from? Answer: the C API. The whole C API is documented here. The function
box space id by mname() is documented here. The function box_insert() is documented here.

Conclusion: the long description of the C API is there for a good reason. All of the functions in it can be
called from C functions which are called from Lua. So C "stored procedures"have full access to the database.

Cleaning up

Get rid of each of the function tuples with boz.schema.func.drop, and get rid of the capi test space with
boz.schema.capi_test:drop(), and remove the .c and .so files that were created for this tutorial.

An example in the test suite

Download the source code of Tarantool. Look in a subdirectory test/box. Notice that there is a file named
tuple_bench.test.lua and another file named tuple_bench.c. Examine the Lua file and observe that it
is calling a function in the C file, using the same techniques that this tutorial has shown.

Conclusion: parts of the standard test suite use C stored procedures, and they must work, because releases
don’t happen if Tarantool doesn’t pass the tests.
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3.15 Appendix G. Some significant changes in version 1.7

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

There are new types for indexed fields.

The LuaJIT version is updated.

Automatic replication cluster bootstrap (to make it easier to configure a new replication cluster) is supported.
The space_object:inc() function is removed.

The space__object:dec() function is removed.

Smaller feature changes and bug fixes can be seeen by looking at github.com closed milestones.
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rnABA 4

CnpasoyHuk no Lua API

4.1 Module box

The contents of the box library can be inspected at runtime with box, with no arguments. The submodules
inside the box library are: box.schema, box.tuple, box.space, box.index, box.cfg, box.info, box.slab,
box.stat. Every submodule contains one or more Lua functions. A few submodules contain members as well
as functions. The functions allow data definition (create alter drop), data manipulation (insert delete update
upsert select replace), and introspection (inspecting contents of spaces, accessing server configuration).

4.2 Mopynb clock

The clock module returns time values derived from the Posix / C CLOCK GETTIME function or
equivalent. Most functions in the module return a number of seconds; functions whose names end in
"64"return a 64-bit number of nanoseconds.

clock.time()

clock.time64 ()

clock.realtime()

clock.realtime64 ()
The wall clock time. Derived from C function clock gettime(CLOCK REALTIME). This is the best
function for knowing what the official time is, as determined by the system administrator.

Return seconds or nanoseconds since epoch (1970-01-01 00:00:00), adjusted.
Rtype number or number6t4

Example:

-- This will print an approxzimate number of years since 1970.
clock = require('clock')
print(clock.time() / (365%24*%60%60))

See also fiber.time64 and os.clock().
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clock.monotonic ()

clock.monotonic64()
The monotonic time. Derived from C function clock gettime(CLOCK MONOTONIC). Monotonic
time is similar to wall clock time but is not affected by changes to or from daylight saving time, or
by changes done by a user. This is the best function to use with benchmarks that need to calculate
elapsed time.

Return seconds or nanoseconds since the last time that the computer was booted.
Rtype number or number64

Example:

-- This will print nanoseconds since the start.
clock = require('clock')
print(clock.monotonic64())

clock.proc()
clock.proc64()
The processor time. Derived from C function clock gettime(CLOCK PROCESS CPUTIME ID).

This is the best function to use with benchmarks that need to calculate how much time has been spent
within a CPU.

Return seconds or nanoseconds since processor start.
Rtype number or number64

Example:

-- This will print nanoseconds in the CPU since the start.
clock = require('clock')
print(clock.proc64())

clock.thread()
clock.thread64()
The thread time. Derived from C function clock gettime(CLOCK THREAD CPUTIME ID). This

is the best function to use with benchmarks that need to calculate how much time has been spent
within a thread within a CPU.

Return seconds or nanoseconds since thread start.
Rtype number or number64

Example:

-- This will print seconds in the thread since the start.
clock = require('clock')
print(clock.thread64())

clock.bench(function[, function parameters ])
The time that a function takes within a processor. This function uses clock.proc(), therefore it calculates
elapsed CPU time. Therefore it is not useful for showing actual elapsed time.

Parameters:
e function = function or function reference;
e function parameters = whatever values are required by the function.

Return table. first element = seconds of CPU time; second element = whatever the function
returns.
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Rtype table

Example:

-- Benchmark a function which sleeps 10 seconds.
-- NB: bench() will not calculate sleep time.
-- So the returned value will be {a number less than 10, 88}.
clock = require('clock')
fiber = require('fiber')
function f(param)
fiber.sleep(param)
return 88
end
clock.bench(f,10)

4.3 Mopynb console

The console module allows one Tarantool server to access another Tarantool server, and allows one Tarantool
server to start listening on an admin port.

console.connect (uri)
Connect to the server at URI, change the prompt from tarantool>’ to 'urs>’, and act henceforth as
a client until the user ends the session or types control-D.

The console.connect function allows one Tarantool server, in interactive mode, to access another
Tarantool server. Subsequent requests will appear to be handled locally, but in reality the requests
are being sent to the remote server and the local server is acting as a client. Once connection is
successful, the prompt will change and subsequent requests are sent to, and executed on, the remote
server. Results are displayed on the local server. To return to local mode, enter control-D.

If the Tarantool server at uri requires authentication, the connection might look something like:
console.connect('admin:secretpassword@distanthost.com:3301"').

There are no restrictions on the types of requests that can be entered, except those which are due to
privilege restrictions — by default the login to the remote server is done with user name = ’guest’. The
remote server could allow for this by granting at least one privilege: box.schema.user.grant ('guest',
'execute', 'universe').

ITapameTpsl
e uri (string) — the URI of the remote server
Return nil

Possible errors: the connection will fail if the target Tarantool server was not initiated with box.
cfg{listen=...}.

Example:

tarantool> console = require('console')

tarantool> console.connect('198.18.44.44:3301")

198.18.44.44:3301> -- prompt is telling us that server is remote
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console.listen(uri)
Listen on URI. The primary way of listening for incoming requests is via the connection-information
string, or URI, specified in box.cfg{listen=...}. The alternative way of listening is via the URI
specified in console.listen(...). This alternative way is called "administrative"or simply "admin
port"@. The listening is usually over a local host with a Unix domain socket.

ITapameTrpsl
e uri (string) — the URI of the local server

The "admin"address is the URI to listen on. It has no default value, so it must be specified if connections
will occur via an admin port. The parameter is expressed with URI = Universal Resource Identifier
format, for example " /tmpdir/unix domain socket.sock or a numeric TCP port. Connections are often
made with telnet. A typical port value is 3313.

Example:

tarantool> console = require('console')

tarantool> console.listen('unix/:/tmp/X.sock')
. main/103/console/unix/:/tmp/X I> started
- fd: 6
name:
host: unix/
family: AF_UNIX
type: SOCK_STREAM
protocol: 0O
port: /tmp/X.sock

console.start ()
Start the console on the current interactive terminal.

Example:

A special use of console.start() is with initialization files. Normally, if one starts the tarantool
server with tarantool 4nittalization file there is no console. This can be remedied by adding
these lines at the end of the initialization file:

console = require('console')
console.start ()

console.ac([true/false])
Set the auto-completion flag. If auto-completion is true, and the user is using tarantool as a client,
then hitting the TAB key may cause tarantool to complete a word automatically. The default auto-
completion value is true.

4.4 Mopynb crypto

"Crypto"is short for "Cryptography which generally refers to the production of a digest value from a function
(usually a Cryptographic hash function), applied against a string. Tarantool’s crypto module supports ten
types of cryptographic hash functions (AES, DES, DSS, MD4, MD5, MDC2, RIPEMD, SHA-0, SHA-1,
SHA-2). Some of the crypto functionality is also present in the Modyav digest module. The functions in
crypto are:
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crypto.cipher.{aes128|aes192|aes256|des}.{cbc|cfblecb|ofb}.encrypt (string, key,
initialization__vector)
crypto.cipher.{aes128|aes192|aes256|des}.{cbc|cfblecb|ofb}.decrypt (string, key,

initialization_ vector)
Pass or return a cipher derived from the string, key, and (optionally, sometimes) initialization vector.
The four choices of algorithms:

e aesl28 - aes-128 (with 192-bit binary strings using AES)

o aesl92 - aes-192 (with 192-bit binary strings using AES)

e aes256 - aes-256 (with 256-bit binary strings using AES)

e des - des (with 56-bit binary strings using DES, though DES is not recommended)
Four choices of block cipher modes are also available:

e cbc - Cipher Block Chaining

e cfb - Cipher Feedback

e ecb - Electronic Codebook

e ofb - Output Feedback

For more information on, read article about Encryption Modes
Example:

crypto.cipher.aes192.cbc.encrypt('string', 'key', 'initialization')
crypto.cipher.aes256.ecb.decrypt('string', 'key', 'initialization')

crypto.digest.{dss|dss1|md4|md5|mdc2|ripemd160} (string)
crypto.digest.{shalshal|sha224|sha256|sha384|sha512} (string)
Pass or return a digest derived from the string. The twelve choices of algorithms:

e dss - dss (using DSS)

e dssl - dss (using DSS-1)

e md4 - md4 (with 128-bit binary strings using MD4)

e md5 - md5 (with 128-bit binary strings using MD5)

e mdc2 - mdc2 (using MDC2)

e ripemd160 -

e sha - sha (with 160-bit binary strings using SHA-0)

e shal - sha-1 (with 160-bit binary strings using SHA-1)

e sha224 - sha-224 (with 224-bit binary strings using SHA-2)
e sha256 - sha-256 (with 256-bit binary strings using SHA-2)
e sha384 - sha-384 (with 384-bit binary strings using SHA-2)
e sha512 - sha-512(with 512-bit binary strings using SHA-2).

Example:

crypto.digest.md4('string')
crypto.digest.shab12('string')
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4.4.1 Incremental methods in the crypto module

Suppose that a digest is done for a string A’, then a new part 'B’ is appended to the string, then a new
digest is required. The new digest could be recomputed for the whole string ’AB’, but it is faster to take
what was computed before for A’ and apply changes based on the new part 'B’. This is called multi-step or
"incremental"digesting, which Tarantool supports for all crypto functions..

crypto = require('crypto')

-- print aes-192 digest of 'AB', with one step, then incrementally
print(crypto.cipher.aes192.cbc.encrypt('AB', 'key'))

¢ = crypto.cipher.aes192.cbc.encrypt.new()

c:init ()

c:update('A', 'key')

c:update('B', 'key')

print (c:result())

c:free()

-- print sha-256 digest of 'AB', with one step, then incrementally
print (crypto.digest.sha256('AB'))

c = crypto.digest.sha256.new()

c:init ()

c:update('A')

c:update('B')

print(c:result())

c:free()

4.4.2 Getting the same results from digest and crypto modules

The following functions are equivalent. For example, the digest function and the crypto function will both
produce the same result.

crypto.cipher.aes256.cbc.encrypt('string', 'key') == digest.aes256cbc.encrypt('string', 'key')
crypto.digest.md4('string') == digest.md4('string')

crypto.digest.md5('string') == digest.md5('string')

crypto.digest.sha('string') == digest.sha('string')

crypto.digest.shal('string') == digest.shal('string')

crypto.digest.sha224('string') == digest.sha224('string')

crypto.digest.sha256('string') == digest.sha256('string')

crypto.digest.sha384('string') == digest.sha384('string')

crypto.digest.shab12('string') == digest.sha512('string')

4.5 Module csv

The csv module handles records formatted according to Comma-Separated-Values (CSV) rules.
The default formatting rules are:

e Lua escape sequences such as \n or \10 are legal within strings but not within files,

o Commas designate end-of-field,

e Line feeds, or line feeds plus carriage returns, designate end-of-record,

Leading or trailing spaces are ignored,
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Quote marks may enclose fields or parts of fields,

When enclosed by quote marks, commas and line feeds and spaces are treated as ordinary characters,
and a pair of quote marks is treated as a single quote mark.

The possible options which can be passed to csv functions are:

delimiter = string — single-byte character to designate end-of-field, default = comma

quote_char = string — single-byte character to designate encloser of string, default = quote mark

chunk-size = number — number of characters to read at once (usually for file-10 efficiency), default
= 4096

skip_head_lines = number — number of lines to skip at the start (usually for a header), default 0

load (readable [, {options} ] )

csv.

Get CSV-formatted input from readable and return a table as output. Usually readable is either a
string or a file opened for reading. Usually options is not specified.

ITapameTrpsbl

e readable (object) — a string, or any object which has a read() method, formatted
according to the CSV rules
e options (table) — see above

Return loaded value

Rtype table
Example:
Readable string has 3 fields, field#2 has comma and space so use quote marks:
tarantool> csv = require('csv')
tarantool> csv.load('a,"b,c ",d')
- --a

-~ 'p ,C 1

-d
Readable string contains 2-byte character = Cyrillic Letter Palochka: (This displays a palochka if and
only if character set = UTF-8.)
tarantool> csv.load('a\\211\\128b"')
- - - a\211\128b
Semicolon instead of comma for the delimiter:
tarantool> csv.load('a,b;c,d', {delimiter = ';'})
- - -2a,b

- ¢c,d
Readable file ./file.csv contains two CSV records. Explanation of fio is in section fio. Source CSV
file and example respectively:
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tarantool> -- input in file.csv is:
tarantool> -- a,'"b,c ",d
tarantool> -- al\211\1128b

tarantool> fio = require('fio')

tarantool> f = fio.open('./file.csv', {'O_RDONLY'})

tarantool> csv.load(f, {chunk_size = 4096})

- - -a
- 'b,c '
-d
- - a\\211\\128b

tarantool> f:close(nn)

- true

csv.dump (csv-table [, options, writable ] )
Get table input from csv-table and return a CSV-formatted string as output. Or, get table input
from csv-table and put the output in writable. Usually options is not specified. Usually writable,
if specified, is a file opened for writing. csv.dump() is the reverse of csv.load().

ITapameTrpsbt

e csv-table (table) — a table which can be formatted according to the CSV rules.

e options (table) — optional. see above

e writable (object) — any object which has a write() method

Return dumped value
Rtype string, which is written to writable if specified
Example:

CSV-table has 3 fields, field#2 has "so result has quote marks

tarantool> csv = require('csv')

tarantool> csv.dump({'a','b,c ','d'})

- 'a,"b,c ",d

Round Trip: from string to table and back to string

tarantool> csv_table = csv.load('a,b,c')

tarantool> csv.dump(csv_table)

- 'a,b,c
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csv.iterate (input, {options})
Form a Lua iterator function for going through CSV records one field at a time.

ITapameTrpsbl
e csv-table (table) — a table which can be formatted according to the CSV rules.
e options (table) — see above
Return Lua iterator function
Rtype iterator function
Example:

csv.iterate() is the low level of csv.load() and csv.dump(). To illustrate that, here is a function which
is the same as the csv.load() function, as seen in the Tarantool source code.

tarantool> load = function(readable, opts)
opts = opts or {}

>  local result = {}

> for i, tup in csv.iterate(readable, opts) do

> result[i] = tup

> end

> return result

> end

tarantool> load('a,b,c')
- - -a

- b

- c

4.6 Mopynb digest

A "digest"is a value which is returned by a function (usually a Cryptographic hash function), applied against
a string. Tarantool’s digest module supports several types of cryptographic hash functions (AES, MD4, MD5,
SHA-0, SHA-1, SHA-2) as well as a checksum function (CRC32), two functions for base64, and two non-
cryptographic hash functions (guava, murmur). Some of the digest functionality is also present in the crypto
module.

The functions in digest are:

digest.aes256c¢cbc.encrypt (string, key, iv)
digest.aes256¢cbc.decrypt (string, key, v)
Returns 256-bit binary string = digest made with AES.

digest.md4 (string)
Returns 128-bit binary string = digest made with MD4.

digest.md4_hex(string)
Returns 32-byte string = hexadecimal of a digest calculated with md4.
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digest.md5 (string)
Returns 128-bit binary string = digest made with MD5.

digest.md5_hex(string)
Returns 32-byte string = hexadecimal of a digest calculated with md5.

digest.sha(string)
Returns 160-bit binary string = digest made with SHA-0.|br| Not recommended.

digest.sha_hex(string)
Returns 40-byte string = hexadecimal of a digest calculated with sha.

digest.shal (string)
Returns 160-bit binary string = digest made with SHA-1.

digest.shal_hex(string)
Returns 40-byte string = hexadecimal of a digest calculated with shal.

digest.sha224 (string)
Returns 224-bit binary string = digest made with SHA-2.

digest.sha224_hex(string)
Returns 56-byte string = hexadecimal of a digest calculated with sha224.

digest.sha256 (string)
Returns 256-bit binary string = digest made with SHA-2.

digest.sha256_hex(string)
Returns 64-byte string = hexadecimal of a digest calculated with sha256.

digest.sha384 (string)
Returns 384-bit binary string = digest made with SHA-2.

digest.sha384_hex(string)
Returns 96-byte string = hexadecimal of a digest calculated with sha384.

digest.shab12(string)
Returns 512-bit binary tring = digest made with SHA-2.

digest.shab512_hex(string)
Returns 128-byte string = hexadecimal of a digest calculated with sha512.

digest.base64_encode (string)
Returns base64 encoding from a regular string.

digest.base64_decode (string)
Returns a regular string from a base64 encoding.

digest.urandom (integer)
Returns array of random bytes with length = integer.

digest.crc32(string)
Returns 32-bit checksum made with CRC32.

The cre32 and crc32 update functions use the CRC-32C (Castagnoli) polynomial value: Ox1EDC6F41
/ 4812730177. If it is necessary to be compatible with other checksum functions in other programming
languages, ensure that the other functions use the same polynomial value.

For example, in Python, install the crcmod package and say:

>>> import crcmod

>>> fun = crcmod.mkCrcFun('4812730177")
>>> fun('string')

3304160206L
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In Perl, install the Digest: :CRC module and run the following code:

use Digest::CRC;

$d = Digest::CRC->new(width => 32, poly => Ox1EDC6F41, init => OxFFFFFFFF, refin => 1, refout
w=>1);

$d->add('string');

print $d->digest;

(the expected output is 3304160206).

digest.crc32.new()
Initiates incremental cre32. See incremental methods notes.

digest.guava(state, bucket)
Returns a number made with consistent hash.

The guava function uses the Consistent Hashing algorithm of the Google guava library. The first
parameter should be a hash code; the second parameter should be the number of buckets; the returned
value will be an integer between 0 and the number of buckets. For example,

tarantool> digest.guava(10863919174838991, 11)

-8

digest.murmur (string)
Returns 32-bit binary string = digest made with MurmurHash.

digest.murmur.new( [seed ])
Initiates incremental MurmurHash. See incremental methods notes.

4.6.1 Incremental methods in the digest module

Suppose that a digest is done for a string A’, then a new part 'B’ is appended to the string, then a new
digest is required. The new digest could be recomputed for the whole string ’AB’, but it is faster to take
what was computed before for A’ and apply changes based on the new part 'B’. This is called multi-step or
"incremental"digesting, which Tarantool supports with crc32 and with murmur...

digest = require('digest"')

-- print crc32 of 'AB', with one step, then incrementally
print(digest.crc32('AB'))

c = digest.crc32.new()

c:update('A')

c:update('B')

print(c:result())

-- print murmur hash of 'AB', with one step, then incrementally
print(digest.murmur('AB'))

m = digest.murmur.new()

m:update('A")

m:update('B")

print (m:result())
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4.6.2 Example

In the following example, the user creates two functions, password_insert () which inserts a SHA-1 digest
of the word "~S~e~c~ret Wordpass'into a tuple set, and password_check() which requires input of a

password.

tarantool> digest = require('digest')

tarantool> function password_insert()

>  box.space.tester:insert{1234, digest.shal('~S~e~c"ret Wordpass')}

> return 'OK'
> end

tarantool> function password_check(password)

> local t = box.space.tester:select{12345}
> if digest.shal(password) == t[2] then

> return 'Password is valid'

> else

> return 'Password is not valid'

> end

> end

tarantool> password_insert ()

- '0K'

If a later user calls the password_check() function and enters the wrong password, the result is an error.

tarantool> password_insert('Secret Password')

- 'Password is not valid'

4.7 BnoxxeHHbli moaynb box.error

The box.error function is for raising an error. The difference between this function and Lua’s built-in
error () function is that when the error reaches the client, its error code is preserved. In contrast, a Lua

error would always be presented to the client as ER_PROC_LUA.

box.error (reason=string [7 code=number ] )

When called with a Lua-table argument, the code and reason have any user-desired values. The result

will be those values.
ITapameTrpsbl
e code (integer) —
e reason (string) —

box.error()

When called without arguments, box.error () re-throws whatever the last error was.
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box.error (code, errtext[, errtext ])

box.

box.

Emulate a request error, with text based on one of the pre-defined Tarantool errors defined in the file
errcode.h in the source tree. Lua constants which correspond to those Tarantool errors are defined as
members of box.error, for example box.error.NO_SUCH_USER == 45.

ITapamerpsbt
e code (number) — number of a pre-defined error
e errtext(s) (string) — part of the message which will accompany the error
For example:

the NO_SUCH_USER message is "User '%s' is not foundt includes one "%s"component which will
be replaced with errtext. Thus a call to box.error(box.error.NO_SUCH_USER, 'joe') or box.
error (45, 'joe') will result in an error with the accompanying message "User 'joe' is not
found".

Except whatever is specified in errcode-number.

Example:

tarantool> box.error{code = 555, reason = 'Arbitrary message'}

- error: Arbitrary message

tarantool> box.error()

- error: Arbitrary message

tarantool> box.error (box.error.FUNCTION_ACCESS_DENIED, 'A', 'B', 'C')

- error: A access denied for user 'B' to function 'C'

error.last()

Returns a description of the last error, as a Lua table with five members: "line"(number)
Tarantool source file line number, "code" (number) error’s number, "type (string) error’s C++ class,
"message" (string) error’s message, "file"(string) Tarantool source file. Additionally, if the error is
a system error (for example due to a failure in socket or file io), there may be a sixth member:
"errno" (number) C standard error number.

rtype: table

error.clear()
Clears the record of errors, so functions like box.error() or box.error.last() will have no effect.

Example:

tarantool> box.error{code = 555, reason = '"Arbitrary message'}

- error: Arbitrary message

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

- error: Invalid identifier '#' (expected letters, digits or an underscore)

tarantool> box.error.last()

- line: 278
code: 70
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type: ClientError
message: Invalid identifier '#' (expected letters, digits or an underscore)
file: /tmp/buildd/tarantool-1.7.0.252.g1654e31 precise/src/box/key_def.cc

tarantool> box.error.clear()

tarantool> box.error.last()

- null

4.8 Mopynb fiber

The fiber module allows for creating, running and managing fibers.

A fiber is a set of instructions which are executed with cooperative multitasking. Fibers managed by the
fiber module are associated with a user-supplied function called the fiber function. A fiber has three possible
states: running, suspended or dead. When a fiber is created with fiber.create(), it is running. When a
fiber yields control with fiber.sleep(), it is suspended. When a fiber ends (because the fiber function ends),
it is dead.

All fibers are part of the fiber registry. This registry can be searched with fiber.find() - via fiber id (fid),
which is a numeric identifier.

A runaway fiber can be stopped with fiber object.cancel. However, fiber object.cancel is advisory — it works
only if the runaway fiber calls fiber.testcancel() occasionally. Most box . * functions, such as box.space...delete()
or box.space...update(), do call fiber.testcancel() but box.space...select{ } does not. In practice, a runaway fiber
can only become unresponsive if it does many computations and does not check whether it has been cancelled.

The other potential problem comes from fibers which never get scheduled, because they are not subscribed
to any events, or because no relevant events occur. Such morphing fibers can be killed with fiber.kill() at
any time, since fiber.kill() sends an asynchronous wakeup event to the fiber, and fiber.testcancel() is checked
whenever such a wakeup event occurs.

Like all Lua objects, dead fibers are garbage collected. The garbage collector frees pool allocator memory
owned by the fiber, resets all fiber data, and returns the fiber (now called a fiber carcass) to the fiber pool.
The carcass can be reused when another fiber is created.

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

fiber.create (function [, function-arguments ] )
Create and start a fiber. The fiber is created and begins to run immediately.

ITapameTrpsbl
e function — the function to be associated with the fiber
e function-arguments — what will be passed to function
Return created fiber object
Rtype userdata

Example:

182 Fnaesa 4. CnpaBoyHuk no Lua API


http://www.lua.org/pil/contents.html#9

Tarantool, Beinyck 1.7.1

tarantool> fiber = require('fiber')

tarantool> function function_name ()
>  fiber.sleep(1000)
> end

tarantool> fiber_object = fiber.create(function_name)

fiber.self ()
Return fiber object for the currently scheduled fiber.
Rtype userdata

Example:

tarantool> fiber.self()
- status: running
name: interactive
id: 101

fiber.find (id)
ITapameTrpsbl
e id — numeric identifier of the fiber.
Return fiber object for the specified fiber.
Rtype userdata

Example:

tarantool> fiber.find(101)
- status: running

name: interactive

id: 101

fiber.sleep(time)

Yield control to the transaction processor thread and sleep for the specified number of seconds. Only

the current fiber can be made to sleep.
ITapameTrpsbl
e time — number of seconds to sleep.

Example:

tarantool> fiber.sleep(1.5)

fiber.yield()
Yield control to the scheduler. Equivalent to fiber.sleep(0).
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Example:

tarantool> fiber.yield()

fiber.status()
Return the status of the current fiber.

Return the status of fiber. One of: “dead”, “suspended”, or “running”.
Rtype string

Example:

tarantool> fiber.status()

- running

fiber.info ()
Return information about all fibers.

Return number of context switches, backtrace, id, total memory, used memory, name for
each fiber.

Rtype table

Example:

tarantool> fiber.info()
- 101:
csw: 7
backtrace: []
fid: 101
memory:
total: 65776
used: 0
name: interactive

fiber.kill (id)

Locate a fiber by its numeric id and cancel it. In other words, fiber.kill() combines fiber.find() and

fiber _object:cancel().
ITapameTpsl
e id — the id of the fiber to be cancelled.
Exception the specified fiber does not exist or cancel is not permitted.

Example:

tarantool> fiber.kill(fiber.id())

- error: fiber is cancelled

fiber.testcancel()
Check if the current fiber has been cancelled and throw an exception if this is the case.
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Example:

tarantool> fiber.testcancel()

- error: fiber is cancelled

object fiber_object

fiber_object:id()
ITapameTpst
e self — fiber object, for example the fiber object returned by fiber.create
Return id of the fiber.
Rtype number

Example:

tarantool> fiber_object = fiber.self()

tarantool> fiber_object:id()

- 101

fiber_object:name ()
ITapameTrpsl
e self — fiber object, for example the fiber object returned by fiber.create
Return name of the fiber.
Rtype string

Example:

tarantool> fiber.self () :name()

- interactive

fiber_object :name (name)
Change the fiber name. By default the Tarantool server’s interactive-mode fiber is named
‘interactive’ and new fibers created due to fiber.create are named ’lua’. Giving fibers distinct
names makes it easier to distinguish them when using fiber.info.

ITapameTrpsl
e self — fiber object, for example the fiber object returned by fiber.create
e name (string) — the new name of the fiber.

Return nil

Example:
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tarantool> fiber.self() :name('non-interactive')

fiber_object:status()
Return the status of the specified fiber.

ITapameTrpsnt

e self — fiber object, for example the fiber object returned by fiber.create
Return the status of fiber. One of: “dead”, “suspended”, or “running”.
Rtype string

Example:

tarantool> fiber.self():status()

- running

fiber_object:cancel()
Cancel a fiber. Running and suspended fibers can be cancelled. After a fiber has been cancelled,

attempts to operate on it will cause errors, for example fiber object:id() will cause error: the
fiber is dead.

ITapameTrpsnt
e self — fiber object, for example the fiber object returned by fiber.create
Return nil
Possible errors: cancel is not permitted for the specified fiber object.

Example:

tarantool> fiber.self():cancel()

- error: fiber is cancelled

fiber_object.storage
Local storage within the fiber. The storage can contain any number of named values,
subject to memory limitations. Naming may be done with fiber_object .storage.name or
fiber_object}.storage['name']. or with a number fiber_object .storage [number]. Values
may be either numbers or strings. The storage is garbage-collected when fiber_object : cancel()
happens.

Example:

tarantool> fiber = require('fiber')

tarantool> function f () fiber.sleep(1000); end

tarantool> fiber_function = fiber:create(f)
- error: '[string "fiber_function = fiber:create(f)"]:1: fiber.create(function, ...):
bad arguments'
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tarantool> fiber_function = fiber.create(f)

tarantool> fiber_function.storage.strl = 'string'

tarantool> fiber_function.storage['strl‘]

- string

tarantool> fiber_function:cancel()

tarantool> fiber_function.storage['stril']

- error: '[string "return fiber_function.storage[''strl'']"]:1: the fiber is dead'

See also box.session.storage.
fiber.time ()

Return current system time (in seconds since the epoch) as a Lua number. The time is
taken from the event loop clock, which makes this call very cheap, but still useful for
constructing artificial tuple keys.

Rtype num

Example:

tarantool> fiber.time(), fiber.time()

- 1448466279.2415
- 1448466279.2415

fiber.time64()

Return current system time (in microseconds since the epoch) as a 64-bit integer. The time
is taken from the event loop clock.

Rtype num

Example:

tarantool> fiber.time(), fiber.time64()

- 1448466351.2708
- 1448466351270762

4.8.1 Example Of Fiber Use

Make the function which will be associated with the fiber. This function contains an infinite loop (while 0
== 0 is always true). Each iteration of the loop adds 1 to a global variable named gvar, then goes to sleep
for 2 seconds. The sleep causes an implicit fiber.yield().
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tarantool> fiber = require('fiber')
tarantool> function function_x()

> gvar = 0

> while 0 == 0 do

> gvar = gvar + 1
> fiber.sleep(2)
> end

> end

Make a fiber, associate function x with the fiber, and start function x. It will immediately "detach"so it
will be running independently of the caller.

tarantool> gvar = 0

tarantool> fiber_of_x = fiber.create(function_x)

Get the id of the fiber (fid), to be used in later displays.

tarantool> fid = fiber_of_x:id()

Pause for a while, while the detached function runs. Then ... Display the fiber id, the fiber status, and gvar
(gvar will have gone up a bit depending how long the pause lasted). The status is suspended because the
fiber spends almost all its time sleeping or yielding.

tarantool> print('#', fid, '. ', fiber_of_x:status(), '. gvar=', gvar)
# 102 . suspended . gvar= 399

Pause for a while, while the detached function runs. Then ... Cancel the fiber. Then, once again ... Display
the fiber id, the fiber status, and gvar (gvar will have gone up a bit more depending how long the pause
lasted). This time the status is dead because the cancel worked.

tarantool> fiber_of_x:cancel()

tarantool> print('#', fid, '. ', fiber_of_x:status(), '. gvar=', gvar)
# 102 . dead . gvar= 421

4.9 Mopgynb fiber-ipc

The fiber-ipc submodule allows sending and receiving messages between different processes. The words
"different processes"in this context mean different connections, different sessions, or different fibers.

Call fiber.channel () to allocate space and get a channel object, which will be called channel for examples
in this section. Call the other fiber-ipc routines, via channel, to send messages, receive messages, or check
ipc status. Message exchange is synchronous. The channel is garbage collected when no one is using it, as
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with any other Lua object. Use object-oriented syntax, for example channel:put(message) rather than
fiber.channel.put (message).

fiber.channel ( [capacity ] )
Create a new communication channel.

ITapamerpst

e capacity (4nt) — positive integer as great as the maximum number of slots (spaces
for get or put messages) that might be pending at any given time.

Return new channel.
Rtype userdata

object channel_object

channel_object:put (message [, timeout ] )
Send a message using a channel. If the channel is full, channel:put () blocks until there is a free
slot in the channel.

ITapameTrpsl
e message (lua_object) —
e timeout —

Return If timeout is provided, and the channel doesn’t become empty for the duration
of the timeout, channel:put () returns false. Otherwise it returns true.

Rtype boolean

channel_object:close()
Close the channel. All waiters in the channel will be woken up. All following channel:put() or
channel:get () operations will return an error (nil).

channel_object:get( [timeout ] )
Fetch a message from a channel. If the channel is empty, channel:get () blocks until there is a
message.

ITapameTrpbi

e timeout —
Return the value placed on the channel by an earlier channel:put ().
Rtype lua_object

channel_object:is_empty()
Check whether the specified channel is empty (has no messages).

Return true if the specified channel is empty
Rtype boolean

channel_object:count ()
Find out how many messages are on the channel. The answer is 0 if the channel is empty.

Return the number of messages.
Rtype number

channel_object:is_full()
Check whether the specified channel is full.

Return true if the specified channel is full (has no room for a new message).
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Rtype boolean

channel_object:has_readers()
Check whether the specified channel is empty and has readers waiting for a message (because they

have issued channel:get () and then blocked).
Return true if blocked users are waiting. Otherwise false.
Rtype boolean

channel_object:has_writers()
Check whether the specified channel is full and has writers waiting (because they have issued

channel:put () and then blocked due to lack of room).
Return true if blocked users are waiting. Otherwise false.
Rtype boolean
channel_object:is_closed()

Return true if the specified channel is already closed. Otherwise false.

Rtype boolean

4.9.1 Example

fiber = require('fiber')
channel = fiber.channel(10)
function consumer_fiber ()
while true do
local task = channel:get()

end
end

function consumer2_fiber()
while true do
-- 10 seconds
local task = channel:get(10)

if task "= nil then
else
-- timeout
end
end

end

function producer_fiber()
while true do
task = box.space...:select{...}

if channel:is_empty() then
-- channel s empty
end

if channel:is_full() then
-- channel s full
end
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end
end

if channel:has_readers() then

-- there are some fibers

-- that are waiting for data
end

if channel:has_writers() then

-- there are some fibers

-- that are watting for readers
end
channel:put (task)

function producer2_fiber()
while true do

end
end

task = box.space...select{...}
-- 10 seconds
if channel:put(task, 10) then

else
-- timeout
end

4.10

Module fio

Tarantool supports file input/output with an API that is similar to POSIX syscalls. All operations are
performed asynchronously. Multiple fibers can access the same file simultaneously.

4.10.1 Common pathname manipulations

fio.pathjoin(partz'al—string[, partial-string ])
Concatenate partial string, separated by ’/’ to form a path name.

ITapameTrpsbl

e partial-string (string) — one or more strings to be concatenated.

Return path name

Rtype string

Example:

tarantool> fio.pathjoin('/etc', 'default', 'myfile')

- /etc/default/myfile

fio .basena.me(path-name[, suﬁ?x])
Given a full path name, remove all but the final part (the file name). Also remove the suffix, if it is
passed.

ITapameTrpsbl
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e path-name (string) — path name
e suffix (string) — suffix
Return file name
Rtype string

Example:

tarantool> fio.basename('/path/to/my.lua', '.lua')

- my

fio.dirname (path-name)
Given a full path name, remove the final part (the file name).

ITapameTrpsbl

e path-name (string) — path name
Return directory name, that is, path name except for file name.
Rtype string

Example:

tarantool> fio.dirname('path/to/my.lua')

- 'path/to/'

4.10.2 Common file manipulations
fio.umask(mask-bits)
Set the mask bits used when creating files or directories. For a detailed description type "man 2 umask".
ITapameTpsbl
e mask-bits (number) — mask bits.
Return previous mask bits.
Rtype number

Example:

tarantool> fio.umask(tonumber('755', 8))

- 493

fio.lstat (path-name)
fio.stat (path-name)
Returns information about a file object. For details type "man 2 Istat"or "man 2 stat".

ITapameTrpsbl
e path-name (string) — path name of file.

Return fields which describe the file’s block size, creation time, size, and other attributes.
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Rtype table

Example:

tarantool> fio.lstat('/etc')

- inode: 1048577
rdev: 0O
size: 12288
atime: 1421340698
mode: 16877
mtime: 1424615337
nlink: 160
uid: O
blksize: 4096
gid: O
ctime: 1424615337
dev: 2049
blocks: 24

fio.mkdir (path—name[, mode])
fio.rmdir (path-name)
Create or delete a directory. For details type "man 2 mkdir"or "man 2 rmdir".

ITapameTpsbl
e path-name (string) — path of directory.

e mode (number) — Mode bits can be passed as a number or as string constants, for
example 7S IWUSR". Mode bits can be combined by enclosing them in braces.

Return true if success, false if failure.
Rtype boolean

Example:

tarantool> fio.mkdir('/etc')

- false

fio.glob(path-name)
Return a list of files that match an input string. The list is constructed with a single flag that controls
the behavior of the function: GLOB_NOESCAPE. For details type "man 3 glob".

ITapameTrpsbl
e path-name (string) — path-name, which may contain wildcard characters.
Return list of files whose names match the input string
Rtype table
Possible errors: nil.

Example:

tarantool> fio.glob('/etc/x*"')

- - /etc/xdg
- /etc/xml
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fio

fio

fio

fio
fio

fio

- /etc/xul-ext

.tempdir ()

Return the name of a directory that can be used to store temporary files.

Example:

tarantool> fio.tempdir()

- /tmp/1G31e7

.cwd()

Return the name of the current working directory.

Example:

tarantool> fio.cwd()

- /home/username/tarantool_sandbox

.1link(sre, dst)
fio.

symlink(src, dst)

.readlink(src)
.unlink(src)

Functions to create and delete links. For details type "man readlink "man 2 link "man 2 symlink "man
2 unlink"..

ITapameTrpsbl
e src (string) — existing file name.
e dst (string) — linked name.

Return fio.link and fio.symlink and fio.unlink return true if success, false if failure.
fio.readlink returns the link value if success, nil if failure.

Example:

tarantool> fio.link('/home/username/tmp.txt', '/home/username/tmp.txt2')

- true

tarantool> fio.unlink('/home/username/tmp.txt2"')

- true

.rename (path-name, new-path-name)

Rename a file or directory. For details type "man 2 rename".

ITapameTpsl
e path-name (string) — original name.
e new-path-name (string) — new name.

Return true if success, false if failure.
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Rtype boolean

Example:

tarantool> fio.rename('/home/username/tmp.txt', '/home/username/tmp.txt2')

- true

fio.chown (path-name, owner-user, owner-group)
fio.chmod (path-name, new-rights)
Manage the rights to file objects, or ownership of file objects. For details type "man 2 chown"or "man

2 chmod".
ITapameTrpsl
e owner-user (string) — new user uid.
e owner-group (string) — new group uid.
e new-rights (number) — new permissions
Example:

tarantool> fio.chmod('/home/username/tmp.txt', tonumber('0755', 8))

- true

tarantool> fio.chown('/home/username/tmp.txt', 'username', 'username')

- true

fio.truncate (path-name, new-size)
Reduce file size to a specified value. For details type "man 2 truncate".

ITapameTrpsbl

e path-name (string) —

e new-size (number) —
Return true if success, false if failure.
Rtype boolean

Example:

tarantool> fio.truncate('/home/username/tmp.txt', 99999)

- true

fio.sync(
Ensure that changes are written to disk. For details type "man 2 sync".

Return true if success, false if failure.
Rtype boolean

Example:
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tarantool> fio.sync()

- true

fio.open(path—name[, ﬂags[, mode] ])
Open a file in preparation for reading or writing or seeking.

ITapameTrpsl
e path-name (string) —

e flags (number) — Flags can be passed as a number or as string constants, for
example '0_RDONLY’, 'O_WRONLY’, ’0_RDWR’. Flags can be combined by enclosing them
in braces.

e mode (number) — Mode bits can be passed as a number or as string constants, for
example 7S IWUSR". Mode bits are significant if flags include O CRFEATE or
O_TMPFILE. Mode bits can be combined by enclosing them in braces.

Return file handle (later - fh)
Rtype userdata
Possible errors: nil.

Example:

tarantool> fh = fio.open('/home/username/tmp.txt', {'O_RDWR', 'O_APPEND'})

tarantool> fh -- display file handle returned by fio.open

- fh: 11

object file-handle

file-handle:close()
Close a file that was opened with fio.open. For details type "man 2 close".

ITapameTpsbt

e fh (userdata) — file-handle as returned by fio.open().
Return true if success, false on failure.
Rtype boolean

Example:

tarantool> fh:close() -- where fh = file-handle

- true

file-handle:pread(count, offset)

file-handle:pwrite (new-string, offset)
Perform read /write random-access operation on a file, without affecting the current seek position
of the file. For details type "man 2 pread"or "man 2 pwrite".
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ITapameTrpsl
e fh (userdata) — file-handle as returned by fio.open().
e count (number) — number of bytes to read

e new-string (string) — value to write

offset (number) — offset within file where reading or writing begins

Return fh:pwrite returns true if success, false if failure. fh:pread returns the data
that was read, or nil if failure.

Example:

tarantool> fh:pread(25, 25)

file-handle:read(count)
file-handle:write (new-string)
Perform non-random-access read or write on a file. For details type "man 2 read"or "man 2 write".

ITpumeuanme: fh:read and fh:write affect the seek position within the file, and this must be
taken into account when working on the same file from multiple fibers. It is possible to limit or
prevent file access from other fibers with fiber.ipc.

ITapameTrpnbi
e fh (userdata) — file-handle as returned by fio.open().
e count (number) — number of bytes to read
e new-string (string) — value to write
Return fh:write returns true if success, false if failure. fh:read returns the data that

was read, or nil if failure.

Example:

tarantool> fh:write('new data')

- true

file-handle:truncate (new-size)

Change the size of an open file. Differs from fio.truncate, which changes the size of a closed
file.

ITapameTrpst

e fh (userdata) — file-handle as returned by fio.open().
Return true if success, false if failure.
Rtype boolean

Example:
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tarantool> fh:truncate(0)

- true

file-handle:seek(positzbn[, oﬁset—fmm])
Shift position in the file to the specified position. For details type "man 2 seek".

ITapameTrpst
e fh (userdata) — file-handle as returned by fio.open().
e position (number) — position to seek to

e offset-from (string) — 'SEEK_END’ = end of file, 'SEEK_CUR’ = current position,
'SEEK_SET’ = start of file.

Return the new position if success
Rtype number
Possible errors: nil.

Example:

tarantool> fh:seek(20, 'SEEK_SET')

- 20

file-handle:stat()
Return statistics about an open file. This differs from fio.stat which return statistics about a
closed file. For details type "man 2 stat".

ITapameTrpst

e fh (userdata) — file-handle as returned by fio.open().
Return details about the file.
Rtype table

Example:

tarantool> fh:stat()
- inode: 729866
rdev: 0O
size: 100
atime: 140942855
mode: 33261
mtime: 1409430660
nlink: 1
uid: 1000
blksize: 4096
gid: 1000
ctime: 1409430660
dev: 2049
blocks: 8

file-handle:fsync()
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file-handle:fdatasync()
Ensure that file changes are written to disk, for an open file. Compare fio.sync, which is for all
files. For details type "man 2 fsync"or "man 2 fdatasync".

ITapameTrpst
e fh (userdata) — file-handle as returned by fio.open().
Return true if success, false if failure.

Example:

tarantool> fh:fsync()

- true

4.11 Module fun

Lua fun, also known as the Lua Functional Library, takes advantage of the features of LuaJIT to help
users create complex functions. Inside the module are "sequence processors"such as map, filter, reduce,
zip — they take a user-written function as an argument and run it against every element in a sequence,
which can be faster or more convenient than a user-written loop. Inside the module are "generators"such as
range, tabulate, and rands — they return a bounded or boundless series of values. Within the module are
"reducers "filters "composers"... or, in short, all the important features found in languages like Standard ML,
Haskell, or Erlang.

The full documentation is On the luafun section of github. However, the first chapter can be skipped because
installation is already done, it’s inside Tarantool. All that is needed is the usual require request. After
that, all the operations described in the Lua fun manual will work, provided they are preceded by the name
returned by the require request. For example:

tarantool> fun = require('fun')

tarantool> for _k, a in fun.range(3) do
> print(a)
> end

4.12 Module jit

The jit module has functions for tracing the LuaJIT Just-In-Time compiler’s progress, showing the byte-
code or assembler output that the compiler produces, and in general providing information about what
LuaJIT does with Lua code.

jit.bc.dump (function)
Prints the byte code of a function.

Example:
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function £()
print ("D")

end

jit.bc.dump(f)

For a list of available options, read the source code of be.lua.

jit.dis_x86.disass(string)
Prints the i386 assembler code of a string of bytes

Example:

-- Disassemble hexzadecimal 97 which is the x86 code for zchg eax, edi
jit.dis_x86.disass('\x97")

For a list of available options, read the source code of dis  x86.lua.

jit.dis_x64.disass(string)
Prints the x86-64 assembler code of a string of bytes

Example:

-- Disassemble hexzadecimal 97 which is the z86-64 code for zchg eaz, edi
jit.dis_x64.disass('\x97")

For a list of available options, read the source code of dis  x64.lua.

jit.dump. on(option[, output file ] )
jit.dump.off()
Prints the intermediate or machine code of following Lua code

Example:

-- Show the machine code of a Lua "for" loop
jit.dump.on('m')

local x = 0;

for i = 1, 1e6 do
x =x +1i

end

print(x)

jit.dump.off ()

For a list of available options, read the source code of dump.lua.

jit.v. on(option[7 output file ])
jit.v.off ()
Prints a trace of LuaJIT’s progress compiling and interpreting code

Example:

-- Show what LuaJIT <s doing for a Lua "for" loop
jit.v.on()
local x = 0
for i = 1, 1e6 do
x=x+1
end
print(x)
jit.v.off ()

For a list of available options, read the source code of v.lua.
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4.13 Module json

The json module provides JSON manipulation routines. It is based on the Lua-CJSON module by Mark
Pulford. For a complete manual on Lua-CJSON please read the official documentation.

json.encode (lua-value)
Convert a Lua object to a JSON string.

ITapameTrpsnI

e lua_value — either a scalar value or a Lua table value.
Return the original value reformatted as a JSON string.
Rtype string

Example:

tarantool> json=require('json')

tarantool> json.encode(123)

- 123"

tarantool> json.encode({123})

- '[123]"

tarantool> json.encode ({123, 234, 345})

- '[123,234,345]"'

tarantool> json.encode({abc = 234, cde = 345})

- '"{"cde":345,"abc":234}"

tarantool> json.encode({hello = {'world'}})

- '{"hello":["world"]}'

json.decode (string)
Convert a JSON string to a Lua object.

ITapameTrpsl

e string (string) — a string formatted as JSON.
Return the original contents formatted as a Lua table.
Rtype table

Example:

tarantool> json = require('json')

tarantool> json.decode('123')

- 123
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tarantool> json.decode('[123, "hello"]l')

- [123, 'hello']

tarantool> json.decode('{"hello": "world"}').hello

- world

json.NULL

A value comparable to Lua "nil"which may be useful as a placeholder in a tuple.

Example:

-- When nil is assigned to a Lua-table field, the field is null
tarantool> {nil, 'a', 'b'}
- - null

- a

-b

-- When json.NULL is assigned to a Lua-table field, the field is json.NULL
tarantool> {json.NULL, 'a', 'b'}
- - null

- a

-b

-- When json.NULL is assigned to a JSON field, the field is null
tarantool> json.encode({field2 = json.NULL, fieldl = 'a', field3 = 'c'}

- '{"field2":null,"field1":"a","field3":"c"}"'

The JSON output structure can be specified with __serialize:
e __serialize="seq" for an array
e __serialize="map" for a map

Serializing ’A’ and ’'B’ with different __serialize values causes different results:

tarantool> json.encode(setmetatable({'A', 'B'}, { __serialize="seq"}))
- ! ["A","B”] 1
tarantool> json.encode(setmetatable({'A', 'B'}, { __serialize="map"}))

— |{||1|| SUAM s nomn. I|Bll}|

tarantool> json.encode({setmetatable({f1

= 'A', f2 = 'B'}, { __serialize="map"})})
_ ! [{nf2u:uBu,nf1u : "A"}] 1
tarantool> json.encode({setmetatable({fl1 = 'A', £2 = 'B'}, { __serialize="seq"})})

- a1
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4.13.1 Configuration settings
There are configuration settings which affect the way that Tarantool encodes invalid numbers or types. They
are all boolean true/false values

e cfg.encode_invalid_numbers - allow nan and inf (default is true)

e cfg.encode_use_tostring - use tostring for unrecognizable types (default is false)

e cfg.encode_invalid_as_nil - use null for all unrecognizable types (default is false)

e cfg.encode_load_metatables - load metatables (default is false)

For example, the following code will interpret 0/0 (which is "not a number") and 1/0 (which is "infinity")
as special values rather than nulls or errors:

json = require('json')
json.cfg{encode_invalid_numbers = true}
x = 0/0

y = 1/0

json.encode({1, x, y, 2})

The result of the json.encode request will look like this:

tarantool> json.encode({1, x, y, 2})

- '[1,nan,inf,2]

The same configuration settings exist for json, for MsgPack, and for YAML. >>>>>>> Fix every NOTE
to be highlighted on site + JSON cfg rewritten

4.14 Module log

The Tarantool server puts all diagnostic messages in a log file specified by the logger configuration parameter.
Diagnostic messages may be either system-generated by the server’s internal code, or user-generated with
the log.log_level_function_name function.

log.error(message)

log.warn(message)

log.info(message)

log.debug(message)
Output a user-generated message to the log file, given log level function name = error or warn or
info or debug.

ITapameTrpsl

e message (string) — The actual output will be a line containing the
current timestamp, a module name, 'E’ or W’ or T or D’ or 'R’
depending on log_level_function_name, and message. Output will not occur
if log_level_function_name is for a type greater than log level. Messages may
contain C-style format specifiers %d or %s, so log.error('...%d...%s',z,y) will
work if x is a number and y is a string.

Return nil
log.logger_pid()

log.rotate()
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4.14.1 Example

$ ~/tarantool/src/tarantool

tarantool> box.cfg{log_level=3, logger='tarantool.txt'}
tarantool> log = require('log')

tarantool> log.error('Error')

tarantool> log.info('Info %s', box.info.version)
tarantool> os.exit ()

$ less tarantool.txt

[5257] main/101/interactive C> version 1.7.0-355-gadf762d
[5257] main/101/interactive C> log level 3

[5261] main/101/spawner C> initialized

[5257] main/101/interactive [C]:-1 E> Error

NN NN
O = = O

The ’Error’ line is visible in tarantool.txt preceded by the letter E.

The ’Info’ line is not present because the log level is 3.

4.15 Mopynb msgpack

The msgpack module takes strings in MsgPack format and decodes them, or takes a series of non-MsgPack
values and encodes them.

msgpack.encode (lua_ value)
Convert a Lua object to a MsgPack string.

ITapameTrpsbl

e lua_value — either a scalar value or a Lua table value.
Return the original value reformatted as a MsgPack string.
Rtype string

msgpack.decode (string)
Convert a MsgPack string to a Lua object.

ITapameTrpsbl
e string — a string formatted as MsgPack.

Return

e the original contents formatted as a Lua table;

e the number of bytes that were decoded.
Rtype table

msgpack.NULL
A value comparable to Lua "nil"which may be useful as a placeholder in a tuple.

4.15.1 Example
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tarantool> msgpack = require('msgpack')

tarantool> y = msgpack.encode({'a',1,'b',2})

tarantool> z = msgpack.decode(y)

%égantool> z[1], z[2], z[3], z[4]

tarantool> box.space.tester:insert{20, msgpack.NULL, 20}

- [20, null, 20]

The MsgPack output structure can be specified with __serialize:
e __serialize = "seq"or "sequence" for an array
e __serialize = "map"or "mapping" for a map

Serializing A’ and 'B’ with different __serialize values causes different results. To show this, here is a
routine which encodes {’A’,’B’} both as an array and as a map, then displays each result in hexadecimal.

function hexdump(bytes)
local result = "'
for i = 1, #bytes do
result = result .. string.format("%x", string.byte(bytes, i)) .. ' '
end
return result

end

msgpack = require('msgpack')
ml = msgpack.encode(setmetatable({'A', 'B'}, {

__serialize = "seq"
1))
m2 = msgpack.encode(setmetatable({'A', 'B'}, {
__serialize = "map"
1))
print('array encoding: ', hexdump(ml))
print('map encoding: ', hexdump(m2))

Result:

array encoding: 92 al 41 al 42
map encoding: 82 01 al 41 02 al 42

The MsgPack Specification page explains that the first encoding means:

fixarray(2), fixstr(1), "A", fixstr(1), "B"

and the second encoding means:
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fixmap(2), key(1), fixstr(l), "A", key(2), fixstr(2), "B".

Here are examples for all the common types, with the Lua-table representation on the left, with the MsgPack
format name and encoding on the right.

Common Types and MsgPack Encodings

{} "fixmap’ if metatable is 'map’ = 80 otherwise "fixarray’ = 90

‘a’ fixstr’ = al 61

false false’ = ¢2

true ‘true’ = c3

127 ‘positive fixint’ = 7f

65535 ‘uint 16" = cd ff ff

4294967295 ‘uint 32" = ce ff ff ff ff

nil 'nil’ = ¢c0

msgpack.NULL | same as nil

[0] =5 "fixmap(1)’ + ’positive fixint’ (for the key) + ’positive fixint’ (for the value) = 81 00 05
[0] = nil "fixmap(0)’ = 80 — nil is not stored when it is a missing map value
1.5 float 64’ = cb 3f £8 00 00 00 00 00 00

Also, some MsgPack configuration settings for encoding can be changed, in the same way that they can be
changed for JSON.

4.16 Mopynb net.box

The net.box module contains connectors to remote database systems. One variant, to be discussed later,
is for connecting to MySQL or MariaDB or PostgreSQL — that variant is the subject of the SQL DBMS
modules appendix. In this section the subject is the built-in variant, net.box. This is for connecting to
tarantool servers via a network.

Call require('net.box') to get a net.box object, which will be called net_box for examples in this section.
Call net_box.new() to connect and get a connection object, which will be called conn for examples in this
section. Call the other net.box() routines, passing conn:, to execute requests on the remote box. Call
conn:close to disconnect.

All net.box methods are fiber-safe, that is, it is safe to share and use the same connection object across
multiple concurrent fibers. In fact, it’s perhaps the best programming practice with Tarantool. When multiple
fibers use the same connection, all requests are pipelined through the same network socket, but each fiber
gets back a correct response. Reducing the number of active sockets lowers the overhead of system calls and
increases the overall server performance. There are, however, cases when a single connection is not enough
— for example when it’s necessary to prioritize requests or to use different authentication ids.

net_box.new( URI[, {option[s]} ])
Create a new connection. The connection is established on demand, at the time of the first request.
It is re-established automatically after a disconnect. The returned conn object supports methods for
making remote requests, such as select, update or delete.

For the local tarantool server there is a pre-created always-established connection object named
net_boz .self. Its purpose is to make polymorphic use of the net_box API easier. Therefore conn
= net_boz .new('localhost:3301') can be replaced by conn = net_boz.self. However, there is
an important difference between the embedded connection and a remote one. With the embedded
connection, requests which do not modify data do not yield. When using a remote connection, due to
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the implicit rules any request can yield, and database state may have changed by the time it regains
control.

ITapamerpsbt
e URI (string) — the URI of the target for the connection
e options — a possible option is wait_connect

Return conn object

Rtype userdata

Example:

conn = net_box.new('localhost:3301")
conn = net_box.new('127.0.0.1:3306', {wait_connect = false})

object conn

conn:ping()
Execute a PING command.

Return true on success, false on error
Rtype boolean

Example:

net_box.self:ping()

conn:wait_connected( [timeout ] )
Wait for connection to be active or closed.

ITapameTrpsl

e timeout (number) —
Return true when connected, false on failure.
Rtype boolean

Example:

net_box.self:wait_connected()

conn:is_connected()
Show whether connection is active or closed.

Return true if connected, false on failure.
Rtype boolean

Example:

net_box.self:is_connected()

conn:close()
Close a connection.

Connection objects are garbage collected just like any other objects in Lua, so an explicit
destruction is not mandatory. However, since close() is a system call, it is good programming
practice to close a connection explicitly when it is no longer needed, to avoid lengthy stalls of the
garbage collector.
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Example:

conn:close()

conn.space.<space-name>:select{field-value, ...}
conn.space. space-name :selectq{. ..} is the remote-call equivalent of the local call box.space.
space-name :select{...}.

IIpumeuanme: due to the implicit yield rules a local box.space.space-name :select{...}
does not yield, but a remote conn.space.space-name :select{...} call does yield, so global
variables or database tuples data may change when a remote conn.space. space-name :select{.
..} occurs.

conn.space.<space-name>:get{field-value, ...}
conn.space. space-name :get(...) is the remote-call equivalent of the local call box.space.
space-name :get(...).

conn.space.<space-name>:insert{field-value, ...}
conn.space. space-name :insert (. ..) is the remote-call equivalent of the local call box.space.
space-name :insert(...).

conn.space.<space-name>:replace{field-value, ...}
conn.space. space-name :replace(...) is the remote-call equivalent of the local call box.
space. space-name :replace(...).

conn.space.<space-name>:update{field-value, ...}
conn.space. space-name :update(...) is the remote-call equivalent of the local call box.space.
space-name :update(...).

conn.space.<space-name>:upsert{field-value, ...}
conn.space. space-name :upsert (. ..) is the remote-call equivalent of the local call box.space.
space-name :upsert(...).

conn.space.<space-name>:delete{field-value, ...}
conn.space. space-name :delete(...) is the remote-call equivalent of the local call box.space.
space-name :delete(...).

conn: call (function-name [, arqguments ] )
conn:call('func', '1', '2', '3') is the remote-call equivalent of func('1', '2', '3').
That is, conn:call is a remote stored-procedure call.

Example:

conn:call('function5')

conn:eval (Lua-string)
conn:eval (Lua-string) evaluates and executes the expression in Lua-string, which may be
any statement or series of statements. An ezecute privilege is required; if the user does not
have it, an administrator may grant it with box.schema.user.grant (username, 'execute',
'universe').

Example:

conn:eval('return 5+5')

conn:timeout (timeout)
timeout(...) is a wrapper which sets a timeout for the request that follows it.
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Example:

conn:timeout(0.5) .space.tester:update({1}, {{'=', 2, 15}})

All remote calls support execution timeouts. Using a wrapper object makes the remote connection
API compatible with the local one, removing the need for a separate timeout argument, which
the local version would ignore. Once a request is sent, it cannot be revoked from the remote
server even if a timeout expires: the timeout expiration only aborts the wait for the remote server

response, not the request itself.

4.16.1 Example showing use of most of the net.box methods

This example will work with the sandbox configuration described in the preface. That is, there is a space
named tester with a numeric primary key. Assume that the database is nearly empty. Assume that the

tarantool server is running on localhost 127.0.0.1:3301.

tarantool> net_box = require('net.box')

tarantool> function example()
> local conn, wtuple
if net_box.self:ping() then
table.insert(ta, 'self:ping() succeeded')
table.insert(ta, '
end
if box.cfg.listen == '3301' then
table.insert(ta, 'The local server listen address = 3301')
else

table.insert(ta, '(
table.insert(ta, '(
end
conn = net_box.new('127.0.0.1:3301")
conn.space.tester:delete{800}
table.insert(ta, 'conn delete done on tester.')
conn.space.tester:insert{800, 'data'}
table.insert(ta, 'conn insert done on tester, index 0')
table.insert(ta, ' primary key value = 800.')
wtuple = conn.space.tester:select{800}
table.insert(ta, 'conn select done on tester, index 0')
table.insert(ta, ' number of fields = ' .. #wtuple)
conn.space.tester:delete{800}
table.insert(ta, 'conn delete done on tester')
conn.space.tester:replace{800, 'New data', 'Extra data'}
table.insert(ta, 'conn:replace done on tester')

(so connect will fail)')

table.insert(ta, 'conn update done on tester')
conn:close()
table.insert(ta, 'conn close done')

end

VVVVVVVVVVVVVVVVVVVVVVYVYVVYVYVYVYV

tarantool> ta = {}

tarantool> example()

(no surprise -- self connection is pre-established)')

table.insert(ta, 'The local server listen address is not 3301')
(maybe box.cfg{...listen="3301"...} was not stated)')

conn:timeout(0.5) .space.tester:update({800}, {{'=', 2, 'F1d#1'}})
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tarantool> ta

self:ping() succeeded

' (no surprise -- self connection is pre-established)'
The local server listen address = 3301
conn delete done on tester.

conn insert done on tester, index O

' primary key value = 800.'

conn select done on tester, index O

' number of fields = 1'

conn delete done on tester
conn:replace done on tester

conn update done on tester

conn close done

4.17 ®PyHkuna box.once

box.once (key, function[, ])
Execute a function, provided it has not been executed before. A passed value is checked to see whether
the function has already been executed. If it has been executed before, nothing happens. If it has not
been executed before, the function is invoked. For an explanation why box.once is useful, see the

section Preventing Duplicate Actions.
ITapameTrpst
e key (string) — a value that will be checked

e function (function) — a function

e ... —arguments, that must be passed to function

4.18 Module os

The os module contains the functions exzecute(), rename(), getenv(), remove(), date(), exit(), time(), clock(),
tmpname(). Most of these functions are described in the Lua manual Chapter 22 The Operating System
Library.

os.execute (shell-command)

Execute by passing to the shell.

ITapameTrpsbl

e shell-command (string) — what to execute.

Example:

tarantool> os.execute('ls -1 /usr')

total 200

drwxr-xr-x 2 root root 65536 Apr 22 15:49 bin
drwxr-xr-x 59 root root 20480 Apr 18 07:58 include
drwxr-xr-x 210 root root 65536 Apr 18 07:59 lib
drwxr-xr-x 12 root root 4096 Apr 22 15:49 local
drwxr-xr-x 2 root root 12288 Jan 31 09:50 sbin
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os.rename (old-name, new-name)

Rename a file or directory.
ITapameTrpsl
e old-name (string) — name of existing file or directory,
e new-name (string) — changed name of file or directory.

Example:

tarantool> os.rename('local','foreign')

- null
- 'local: No such file or directory'
-2

os.getenv (variable-name)

Get environment variable.
Parameters: (string) variable-name = environment variable name.

Example:

tarantool> os.getenv('PATH')

- /usr/local/sbin:/usr/local/bin:/usr/sbin

os.remove (name)

Remove file or directory.

Parameters: (string) name = name of file or directory which will be removed.

Example:

tarantool> os.remove('file')

- true

os.date (format-string [, time-since-epoch ] )

Return a formatted date.

Parameters: (string) format-string = instructions; (string) time-since-epoch = number of seconds since
1970-01-01. If time-since-epoch is omitted, it is assumed to be the current time.

Example:

tarantool> os.date("%A %B %d")

- Sunday April 24

os.exit()

Exit the program. If this is done on the server, then the server stops.
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Example:

tarantool> os.exit()
user@user-shell:~/tarantool_sandbox$

os.time ()
Return the number of seconds since the epoch.

Example:

tarantool> os.time()

- 1461516945

os.clock()
Return the number of CPU seconds since the program start.

Example:

tarantool> os.clock()

- 0.05

os . tmpname ()
Return a name for a temporary file.

Example:

tarantool> os.tmpname ()

- /tmp/lua_7SWim2

4.19 Mopaynb pickle

pickle.pack(format, argumem‘[, argument ])

To use Tarantool binary protocol primitives from Lua, it’s necessary to convert Lua variables to binary

format. The pickle.pack() helper function is prototyped after Perl 'pack’.

Format specifiers
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b, converts Lua variable to a 1-byte integer, and stores the integer in the resulting string

B

s, S | converts Lua variable to a 2-byte integer, and stores the integer in the resulting string, low
byte first

i, I converts Lua variable to a 4-byte integer, and stores the integer in the resulting string, low
byte first

I, L | converts Lua variable to an 8-byte integer, and stores the integer in the resulting string, low
byte first

n converts Lua variable to a 2-byte integer, and stores the integer in the resulting string, big
endian,

N converts Lua variable to a 4-byte integer, and stores the integer in the resulting string, big

q, converts Lua variable to an 8-byte integer, and stores the integer in the resulting string, big

Q endian,

f converts Lua variable to a 4-byte float, and stores the float in the resulting string

d converts Lua variable to a 8-byte double, and stores the double in the resulting string

a, A | converts Lua variable to a sequence of bytes, and stores the sequence in the resulting string

ITapameTrpsl
e format (string) — string containing format specifiers
e argument(s) (scalar-value) — scalar values to be formatted
Return a binary string containing all arguments, packed according to the format specifiers.

Rtype string

Possible errors: unknown format specifier.

Example:

tarantool> pickle = require('pickle')

tarantool> box.space.tester:insert{0, 'hello world'}

- [0, 'hello world'l]

tarantool> box.space.tester:update ({0}, {{'=', 2, 'bye world'}})

- [0, 'bye world']

tarantool> box.space.tester:update ({0}, {
> {'=', 2, pickle.pack('iiA', 0, 3, 'hello')}
> 1B

- [0, "\0\0\0\0\x03\0\0\Ohello"]

tarantool> box.space.tester:update({0}, {{'=', 2, 4}})

- [0, 4]

tarantool> box.space.tester:update ({0}, {{'+', 2, 4}})

- [0, &]

tarantool> box.space.tester:update ({0}, {{'~', 2, 4}})

4.19. Mogyns pickle 213



Tarantool, Bbeinyck 1.7.1

- [0, 12]

pickle.unpack(format, binary-string)
Counterpart to pickle.pack(). Warning: if format specifier A’ is used, it must be the last item.

ITapamerpsbt

e format (string) —

e binary-string (string) —
Return A list of strings or numbers.
Rtype table

Example:

tarantool> pickle = require('pickle')

tarantool> tuple = box.space.tester:replace{0}

tarantool> string.len(tuple[1])

-1

tarantool> pickle.unpack('b', tuple[1])

- 48

tarantool> pickle.unpack('bsi', pickle.pack('bsi', 255, 65535, 4294967295))

- 255
- 65535
- 4294967295

tarantool> pickle.unpack('ls', pickle.pack('ls', tonumber64('18446744073709551615'), 65535))

tarantool> num, num64, str = pickle.unpack('slA', pickle.pack('slA', 666,
> tonumber64 ('666666666666666'), 'string'))

4.20 Mopynb socket

The socket module allows exchanging data via BSD sockets with a local or remote host in connection-
oriented (TCP) or datagram-oriented (UDP) mode. Semantics of the calls in the socket API closely follow
semantics of the corresponding POSIX calls. Function names and signatures are mostly compatible with
luasocket.

The functions for setting up and connecting are socket, sysconnect, tcp_connect. The functions for sending
data are send, sendto, write, syswrite. The functions for receiving data are recv, recvfrom, read. The
functions for waiting before sending/receiving data are wait, readable, writable. The functions for setting
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flags are nonblock, setsockopt. The functions for stopping and disconnecting are shutdown, close. The

functions for error checking are errno, error.

Socket functions

Purposes

Names

setup

socket()

socket.tep  connect()

socket.tcp server()

socket_object:sysconnect()

socket_object:send()

sending

socket_object:sendto()

socket_object:write()

socket _object:syswrite()

receiving

socket_object:recv()

socket_object:recufrom()

socket _object:read()

flag setting

socket_object:nonblock()

socket_object:setsockopt()

socket_ object:linger()

client /server

socket_object:listen()

socket_ object:accept()

teardown

socket_ object:shutdown()

socket_object:close()

error checking

socket_object:error()

socket_object:errno()

information

socket.getaddrinfo()

socket_ object:getsockopt()

socket_object:peer()

socket_object:name()

state checking

socket_object:readable()

socket_object:writable()

socket object:wait()

Typically a socket session will begin with the setup functions, will set one or more flags, will have a loop
with sending and receiving functions, will end with the teardown functions — as an example at the end of
this section will show. Throughout, there may be error-checking and waiting functions for synchronization.
To prevent a fiber containing socket functions from "blocking"other fibers, the implicit yield rules will cause
a yield so that other processes may take over, as is the norm for cooperative multitasking.

For all examples in this section the socket name will be sock and the function invocations will look like

sock:function_name(...).

socket.__call(domain, type, protocol)

Create a new TCP or UDP socket. The argument values are the same as in the Linux socket(2) man

page.

Return an unconnected socket, or nil.

Rtype userdata

Example:

socket ('AF_INET', 'SOCK_STREAM', 'tcp')
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socket .tcp_connect(host[, port])
Connect a socket to a remote host.

ITapameTrpsbl
e host (string) — URL or IP address
e port (number) — port number
Return a connected socket, if no error.
Rtype userdata

Example:

tcp_connect ('127.0.0.1', 3301)

socket.getaddrinfo (host, type[, {option—list}])
The socket.getaddrinfo() function is useful for finding information about a remote site so that the
correct arguments for sock:sysconnect () can be passed.

Return A table containing these fields: "host "family "type "protocol "port".
Rtype table
Example:

socket.getaddrinfo('tarantool.org', 'http') will return variable information such as

- - host: 188.93.56.70
family: AF_INET
type: SOCK_STREAM
protocol: tcp
port: 80

- host: 188.93.56.70
family: AF_INET
type: SOCK_DGRAM
protocol: udp
port: 80

socket.tcp_server (host, port, handler-function)
The socket.tcp_server() function makes Tarantool act as a server that can accept connections.
Usually the same objective is accomplished with box.cfg{listen=...).

Example:

socket.tcp_server('localhost', 3302, function () end)

object socket_object

socket_object:sysconnect (host, port)
Connect an existing socket to a remote host. The argument values are the same as in
tep__connect(). The host must be an IP address.

Parameters:
e Either:
— host - a string representation of an IPv4 address or an IPv6 address;

— port - a number.
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e Or:
— host - a string containing "unix/";
— port - a string containing a path to a unix socket.
e Or:
— host - a number, 0 (zero), meaning "all local interfaces";

— port - a number. If a port number is 0 (zero), the socket will be bound to a random
local port.

Return the socket object value may change if sysconnect() succeeds.

Rtype boolean

Example:

socket = require('socket')
sock = socket('AF_INET', 'SOCK_STREAM', 'tcp')
sock:sysconnect (0, 3301)

socket_object:send(data)
socket_object:write (data)
Send data over a connected socket.

ITapameTrpsl
e data (string) —
Return the number of bytes sent.
Rtype number
Possible errors: nil on error.

socket_object:syswrite(size)

Write as much as possible data to the socket buffer if non-blocking. Rarely used. For details see
this description.

socket_object:recv(size)

Read size bytes from a connected socket. An internal read-ahead buffer is used to reduce the
cost of this call.

ITapameTrpst

e size (integer) —
Return a string of the requested length on success.
Rtype string

Possible errors: On error, returns an empty string, followed by status, errno, errstr. In case the
writing side has closed its end, returns the remainder read from the socket (possibly an empty
string), followed by "eof"status.

socket_object:read(limit[7 timeout])

socket_object:read (delimiter [, timeout ] )

socket_object:read({lz'mit:limit}[, timeout])

socket_object:read ({delimiter=delimiter} [, timeout ] )
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socket_object:read ({limit=limit, delimiter:delimiter}[, timeout ])
Read from a connected socket until some condition is true, and return the bytes that were read.
Reading goes on until 1imit bytes have been read, or a delimiter has been read, or a timeout has
expired.

ITapameTrpst

e limit (integer)— maximum number of bytes to read for example 50 means "stop
after 50 bytes"

e delimiter (string) — separator for example '?” means "stop after a question
mark"

e timeout (number) — maximum number of seconds to wait for example 50 means
"stop after 50 seconds".

Return an empty string if there is nothing more to read, or a nil value if error, or a string
up to 1limit bytes long, which may include the bytes that matched the delimiter
expression.

Rtype string

socket_object:sysread(size)
Return all available data from the socket buffer if non-blocking. Rarely used. For details see this
description.

socket_object:bind(host[, port])
Bind a socket to the given host/port. A UDP socket after binding can be used to receive data
(see socket_object.recufrom). A TCP socket can be used to accept new connections, after it has
been put in listen mode.

ITapameTrpsnt
e host —
® port —
Return a socket object on success
Rtype userdata
Possible errors: Returns nil, status, errno, errstr on error.

socket_object:1listen (backlog)
Start listening for incoming connections.

ITapameTrpst

e backlog — On Linux the listen backlog backlog may be from
/proc/sys/net/core/somaxconn, on BSD the backlog may be SOMAXCONN.

Return true for success, false for error.
Rtype boolean.

socket_object:accept ()
Accept a new client connection and create a new connected socket. It is good practice to set the
socket’s blocking mode explicitly after accepting.

Return new socket if success.
Rtype userdata

Possible errors: nil.
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socket_object:sendto (host, port, data)
Send a message on a UDP socket to a specified host.

ITapameTrpsbt
e host (string) —
e port (number) —
e data (string) —
Return the number of bytes sent.
Rtype number
Possible errors: on error, returns status, errno, errstr.

socket_object:recvfrom(limit)
Receive a message on a UDP socket.

ITapameTpst
e limit (integer) —
Return message, a table containing "host "family"and "port"fields.
Rtype string, table
Possible errors: on error, returns status, errno, errstr.
Example:

After message_content, message_sender = recvfrom(1) the value of message_content might
be a string containing X’ and the value of message_sender might be a table containing

message_sender.host = '18.44.0.1'
message_sender.family = 'AF_INET'
message_sender.port = 43065

socket_object:shutdown (how)
Shutdown a reading end, a writing end, or both ends of a socket.

ITapameTpst

e how — socket.SHUT RD, socket. SHUT WR, or socket. SHUT RDWR.
Return true or false.
Rtype boolean

socket_object:close()
Close (destroy) a socket. A closed socket should not be used any more. A socket is closed
automatically when its userdata is garbage collected by Lua.

Return true on success, false on error. For example, if sock is already closed, sock:close()
returns false.

Rtype boolean

socket_object:error()

socket_object:errno()
Retrieve information about the last error that occurred on a socket, if any. Errors do not cause
throwing of exceptions so these functions are usually necessary.

Return result for sock:errno(), result for sock:error(). If there is no error, then
sock:errno() will return 0 and sock:error().
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Rtype number, string

socket_object:setsockopt (level, name, value)
Set socket flags. The argument values are the same as in the Linux getsockopt(2) man page. The
ones that Tarantool accepts are:

e SO ACCEPTCONN
e SO_BINDTODEVICE
e SO BROADCAST
¢ SO DEBUG
e SO DOMAIN
e SO ERROR
¢ SO DONTROUTE
e SO KEEPALIVE
e SO MARK
e SO _OOBINLINE
e SO PASSCRED
e SO PEERCRED
e SO PRIORITY
¢ SO PROTOCOL
e SO_RCVBUF
e SO RCVBUFFORCE
¢ SO RCVLOWAT
e SO SNDLOWAT
e SO RCVTIMEO
e SO _SNDTIMEO
e SO REUSEADDR
e SO _SNDBUF
e SO SNDBUFFORCE
e SO TIMESTAMP
e SO TYPE
Setting SO _LINGER is done with sock:linger(active).

socket_object:getsockopt (level, name)
Get socket flags. For a list of possible flags see sock:setsockopt ().

socket_object:linger( [active ])
Set or clear the SO LINGER flag. For a description of the flag, see the Linux man page.

ITapameTpst
e active (boolean) —

Return new active and timeout values.
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socket_object :nonblock([ﬂag])
e sock:nonblock() returns the current flag value.
e sock:nonblock(false) sets the flag to false and returns false.
e sock:nonblock(true) sets the flag to true and returns true.

This function may be useful before invoking a function which might otherwise block indefinitely.

socket_object:readable( [timeout ])
Wait until something is readable, or until a timeout value expires.

Return true if the socket is now readable, false if timeout expired;

socket_object:writable( [timeout ])
Wait until something is writable, or until a timeout value expires.

Return true if the socket is now writable, false if timeout expired;
socket_object:wait( [timeout ] )

Wait until something is either readable or writable, or until a timeout value expires.

Return 'R’ if the socket is now readable, "W’ if the socket is now writable, '/RW’ if the
socket is now both readable and writable, ” (empty string) if timeout expired;

socket_object:name()
The sock:name () function is used to get information about the near side of the connection. If a
socket was bound to xyz.com:45, then sock:name will return information about [host:xyz.com,
port:45]. The equivalent POSIX function is getsockname().

Return A table containing these fields: "host "family "type "protocol "port".
Rtype table

socket_object:peer()
The sock:peer() function is used to get information about the far side of a connection. If
a TCP connection has been made to a distant host tarantool.org:80, sock:peer() will
return information about [host:tarantool.org, port:80]. The equivalent POSIX function is
getpeername ().

Return A table containing these fields: "host "family "type "protocol "port".
Rtype table

4.20.1 Example

Use of a TCP socket over the Internet

In this example a connection is made over the internet between the Tarantool server and tarantool.org, then
an HTTP "head"message is sent, and a response is received: "HTTP/1.1 200 0K". This is not a useful way
to communicate with this particular site, but shows that the system works.

tarantool> socket = require('socket')

tarantool> sock = socket.tcp_connect('tarantool.org', 80)

tarantool> type(sock)
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- table

tarantool> sock:error()

- null

tarantool> sock:send("HEAD / HTTP/1.0rnHost: tarantool.orgrnrn")

- true

tarantool> sock:read(17)

- "HTTP/1.1 200 OKrn"

tarantool> sock:close()

- true

Use of a UDP socket on localhost

Here is an example with datagrams. Set up two connections on 127.0.0.1 (localhost): sock_1 and sock_2.
Using sock_2, send a message to sock_1. Using sock_1, receive a message. Display the received message.
Close both connections. This is not a useful way for a computer to communicate with itself, but shows that
the system works.

tarantool> socket = require('socket')

tarantool> sock_1 = socket('AF_INET', 'SOCK_DGRAM', 'udp')

tarantool> sock_1:bind('127.0.0.1")

- true

tarantool> sock_2 = socket('AF_INET', 'SOCK_DGRAM', 'udp')

tarantool> sock_2:sendto('127.0.0.1', sock_1:name().port,'X"')

- true

tarantool> message = sock_l:recvfrom()

tarantool> message

- X

tarantool> sock_1:close()

- true

tarantool> sock_2:close()
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- true

Use tcp_server to accept file contents sent with socat

Here is an example of the tcp server function, reading strings from the client and printing them. On the
client side, the Linux socat utility will be used to ship a whole file for the tcp _server function to read.
Start two shells. The first shell will be the server. The second shell will be the client.

On the first shell, start Tarantool and say:

box.cfg{}
socket = require('socket')
socket.tcp_server('0.0.0.0', 3302, function(s)
while true do
local request
request = s:read("\n");
if request == "" or request == nil then
break
end
print (request)
end
end)

The above code means: use tcp server() to wait for a connection from any host on port 3302. When it
happens, enter a loop that reads on the socket and prints what it reads. The "delimiter"for the read function
is "\n"so each read() will read a string as far as the next line feed, including the line feed.

On the second shell, create a file that contains a few lines. The contents don’t matter. Suppose the first line
contains A, the second line contains B, the third line contains C. Call this file "tmp.txt".

On the second shell, use the socat utility to ship the tmp.txt file to the server’s host and port:

’$ socat TCP:localhost:3302 ./tmp.txt

Now watch what happens on the first shell. The strings "A "B "C"are printed.

4.21 Mopynb strict

The strict module has functions for turning "strict mode"on or off. When strict mode is on, an attempt to
use an undeclared global variable will cause an error. A global variable is considered "undeclared"if it has
never had a value assigned to it. Often this is an indication of a programming error.

By default strict mode is off, unless tarantool was built with the ~-DCMAKE_BUILD_TYPE=Debug option — see
the description of build options in section building-from-source.

Example:

tarantool> strict = require('strict')

tarantool> strict.on()

tarantool> a = b -- strict mode ts on so thts will cause an error
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- error: ... variable ''b'' is not declared'

tarantool> strict.off()

tarantool> a = b -- strict mode is off so this will not cause an error

4.22 Module tap

The tap module streamlines the testing of other modules. It allows writing of tests in the TAP protocol. The
results from the tests can be parsed by standard TAP-analyzers so they can be passed to utilities such as
prove. Thus one can run tests and then use the results for statistics, decision-making, and so on.

tap.test (test-name)
Initialize.

The result of tap.test is an object, which will be called taptest in the rest of this discussion, which
is necessary for taptest:plan() and all the other methods.

ITapameTrpsnl

e test-name (string) — an arbitrary name to give for the test outputs.
Return taptest
Rtype userdata

tap = require('tap')
taptest = tap.test('test-name')

object taptest

taptest:plan(count)
Indicate how many tests will be performed.

ITapameTrpsi
e count (number) —
Return nil

taptest:check()
Checks the number of tests performed. This check should only be done after all planned tests are
complete, so ordinarily taptest:check() will only appear at the end of a script.

Will display # bad plan: ... if the number of completed tests is not equal to the number of
tests specified by taptest:plan(...).

Return nil

taptest:diag(message)
Display a diagnostic message.

ITapameTpsnt

e message (string) — the message to be displayed.
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Return nil

taptest:ok(condition, test-name)
This is a basic function which is used by other functions. Depending on the value of condition,
print ’ok’ or 'not ok’ along with debugging information. Displays the message.

ITapameTrpsi
e condition (boolean) — an expression which is true or false
e test-name (string) — name of test

Return true or false.

Rtype boolean

Example:

tarantool> taptest:ok(true, 'x')
ok - x

- true

tarantool> tap = require('tap')

tarantool> taptest = tap.test('test-name')
TAP version 13

tarantool> taptest:ok(l + 1 == 2, 'X')
ok - X

- true

taptest:fail (test-name)
taptest:fail('x') is equivalent to taptest:ok(false, 'x'). Displays the message.

ITapameTrpsl

e test-name (string) — name of test
Return true or false.
Rtype boolean

taptest:skip(message)
taptest:skip('x') is equivalent to taptest:ok(true, 'x' .. '# skip'). Displays the
message.

ITapameTrpsl
e test-name (string) — name of test
Return nil

Example:

tarantool> taptest:skip('message')
ok - message # skip

- true
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taptest:is(got, expected, test-name)
Check whether the first argument equals the second argument. Displays extensive message if the
result is false.

ITapameTrpst
e got (number) — actual result
e expected (number) — expected result
e test-name (string) — name of test
Return true or false.
Rtype boolean

taptest:isnt(got, expected, test-name)
This is the negation of taptest:is(...).

ITapameTpst
e got (number) — actual result
e expected (number) — expected result
e test-name (string) — name of test
Return true or false.
Rtype boolean

taptest:isnil (value, test-name)

taptest:isstring(value, test-name)

taptest:isnumber (value, test-name)

taptest:istable(value, test-name)

taptest:isboolean (value, test-name)

taptest:isudata(wvalue, test-name)

taptest:iscdata(wvalue, test-name)
Test whether a value has a particular type. Displays a long message if the value is not of the
specified type.

ITapameTrpsl

e value (lua-value) —

e test-name (string) — name of test
Return true or false.
Rtype boolean

taptest:is_deeply (got, expected, test-name)
Recursive version of taptest:is(...), which can be be used to compare tables as well as scalar
values.

Return true or false.
Rtype boolean
ITapameTrpst
e got (lua-value) — actual result
e expected (lua-value) — expected result

e test-name (string) — name of test
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4.22.1 Example

To run this example: put the script in a file named ./tap.lua, then make tap.lua executable by saying chmod
a+x ./tap.lua, then execute using Tarantool as a script processor by saying ./tap.lua.

#!/usr/bin/tarantool
local tap = require('tap')
test = tap.test("my test name")
test:plan(2)
test:ok(2 * 2 == 4, "2 x 2 is 4")
test:test("some subtests for test2", function(test)
test:plan(2)
test:is(2 + 2, 4, "2 + 2 is 4")
test:isnt(2 + 3, 4, "2 + 3 is not 4")
end)
test:check()

The output from the above script will look approximately like this:

TAP version 13
1..2
ok - 2 % 2 is 4
# Some subtests for test2
1..2
ok - 2 + 2 is 4,
ok - 2 + 3 is not 4
# Some subtests for test2: end
ok - some subtests for test2

4.23 Mopaynb tarantool

By saying require('tarantool'), one can answer some questions about how the tarantool server was built,
such as "what flags were used or "what was the version of the compiler".

Additionally one can see the uptime and the server version and the process id. Those information items can
also be accessed with boz.info but use of the tarantool module is recommended.

Example:

tarantool> tarantool = require('tarantool')

tarantool> tarantool
- build:
target: Linux-x86_64-RelWithDebInfo
options: cmake . -DCMAKE_INSTALL_PREFIX=/usr -DENABLE_BACKTRACE=0N
mod_format: so
flags: ' -fno-common -fno-omit-frame-pointer -fno-stack-protector -fexceptions
-funwind-tables -fopenmp -msse2 -std=cll -Wall -Wextra -Wno-sign-compare -Wno-strict-aliasing
-fno-gnu89-inline'
compiler: /usr/bin/x86_64-linux-gnu-gcc /usr/bin/x86_64-linux-gnu-g++
uptime: 'function: 0x408668e0'
version: 1.7.0-66-g9093daa
pid: 'function: 0x40866900'
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tarantool> tarantool.pid()

- 30155

tarantool> tarantool.uptime()

- 108.64641499519

4.24 Module vuid

A "UUID"is a Universally unique identifier. If an application requires that a value be unique only within
a single computer or on a single database, then a simple counter is better than a UUID, because getting a
UUID is time-consuming (it requires a syscall). For clusters of computers, or widely distributed applications,

UUIDs are better.

The functions that can return a UUID are:
o uuid()
o wuid.bin()
o vuid.str()

The functions that can convert between different types of UUID are:

e wuid_object:bin()
o wuid_object:str()
o wuid.fromstr()

o uuid.frombin()

The function that can determine whether a UUID is an all-zero value is:

o uuid_object:isnil()

uuid.nil
A nil object

uuid.__call()
Return a UUID
Rtype cdata
uuid.bin()
Return a UUID
Rtype 16-byte string
uuid.str()
Return a UUID
Rtype 36-byte binary string
uuid.fromstr (uuid_ str)
ITapameTrpsl

e uuid_str — UUID in 36-byte hexadecimal string
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Return converted UUID
Rtype cdata
uuid. frombin(uuid_ bin)
ITapameTrpsl
e uuid_str — UUID in 16-byte binary string
Return converted UUID
Rtype cdata

object uuid_object

uuid_object :bin([byte—order ])
byte-order can be one of next flags:

e I’ - little-endian,
e ’'b’ - big-endian,
e I’ - endianness depends on host (default),

e 'n’ - endianness depends on network

ITapameTrpsl
e byte-order (string) —oneof '1', 'b', 'h' or 'n'.
Return UUID converted from cdata input value.

Rtype 16-byte binary string

uuid_object:str()
Return UUID converted from cdata input value.
Rtype 36-byte hexadecimal string

uuid_object:isnil()
The all-zero UUID value can be expressed as uuid NULL, or as wuuid.
fromstr (' 00000000-0000-0000-0000-000000000000"'). The comparison with an all-zero
value can also be expressed as uuid_with_type_cdata == uuid.NULL.

Return true if the value is all zero, otherwise false.

Rtype bool

4.24.1 Example

tarantool> uuid = require('uuid')

tarantool> uuid(), uuid.bin(), uuid.str()

- 16ffedc8-cbae-4£93-a05e-349f3ab70baa
- !!binary FvG+Vy1MfUC6kIyeM81DYw==
- 67c999d2-5dce-4e58-bel6-aclbcb93160f

tarantool> uu = uuid()
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tarantool> #uui:bin(), #uu:str(), type(uu), uu:isnil()
- 16

- 36

- cdata

- false

4.25 Module yaml

The yaml module takes strings in YAML format and decodes them, or takes a series of non-YAML values
and encodes them.

yaml.encode (lua_ value)
Convert a Lua object to a YAML string.

ITapameTrpsbl

e lua_value — either a scalar value or a Lua table value.
Return the original value reformatted as a YAML string.
Rtype string

yaml.decode (string)
Convert a YAML string to a Lua object.

ITapameTrpsl

e string — a string formatted as YAML.
Return the original contents formatted as a Lua table.
Rtype table

yaml.NULL
A value comparable to Lua "nil"which may be useful as a placeholder in a tuple.

4.25.1 Example

tarantool> yaml = require('yaml')

tarantool> y = yaml.encode({'a', 1, 'b', 2})

tarantool> z = yaml.decode(y)

éééantool> z[1]1, =z[2], z[3], z[4]

N O =
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tarantool> if yaml.NULL == nil then print('hi') end
hi

The YAML collection style can be specified with __serialize:
e __serialize="sequence" for a Block Sequence array,
e __serialize="seq" for a Flow Sequence array,
e __serialize="mapping" for a Block Mapping map,
e __serialize="map" for a Flow Mapping map.

Serializing A’ and 'B’ with different __serialize values causes different results:

tarantool> yaml = require('yaml')

tarantool> yaml.encode(setmetatable({'A', 'B'}, { __serialize="sequence"}))

tarantool> yaml.encode(setmetatable({'A', 'B'}, { __serialize="seq"}))

-

tarantool> yaml.encode({setmetatable({f1

[
=
H
N

I

= 'B'}, { __serialize="map"})})

tarantool> yaml.encode({setmetatable({f1

[
=
-
N

I

= 'B'}, { __serialize="mapping"})})

-

Also, some YAML configuration settings for encoding can be changed, in the same way that they can be
changed for JSON.
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4.26 PasHoe

tonumber64 (value)

Convert a string or a Lua number to a 64-bit integer. The result can be used in arithmetic, and
the arithmetic will be 64-bit integer arithmetic rather than floating-point arithmetic. (Operations on
an unconverted Lua number use floating-point arithmetic.) The tonumber64() function is added by
Tarantool; the name is global.

Example:

tarantool> type(123456789012345), type(tonumber64(123456789012345))
- number
- number

tarantool> i = tonumber64('1000000000")

tarantool> type(i), i / 2, i - 2, i * 2, i +2, 1% 2,1~ 2
- number

- 500000000

- 999999998

- 2000000000

- 1000000002

-0

- 1000000000000000000

dostring (lua-chunk-string [, lua-chunk-string-argument ... ])

Parse and execute an arbitrary chunk of Lua code. This function is mainly useful to define and run
Lua code without having to introduce changes to the global Lua environment.

ITapamerpsbt
e lua-chunk-string (string) — Lua code

e lua-chunk-string-argument (lua-value) — zero or more scalar values which will
be appended to, or substitute for, items in the Lua chunk.

Return whatever is returned by the Lua code chunk.
Possible errors: If there is a compilation error, it is raised as a Lua error.

Example:

tarantool> dostring('abc')

error: '[string "abc"]:1: ''='' expected near ''<eof>'''

tarantool> dostring('return 1')

-1

tarantool> dostring('return ...', 'hello', 'world')

- hello
- world

tarantool> dostring([[
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- null

V V V V V V V V VvV

local f = function(key)
local t = box.space.tester:select{key}
if t 7= nil then
return t[1]
else
return nil
end
end
return £(...)]], 1)

4.26. Pa3sHoe
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CnpasoyHuk no Lua rocks

A module is an optional library which enhances Tarantool functionality.

For examples of creating one’s own module with Lua or C, see this link.

5.1 Mopynu SQL CYB/

The discussion here in the reference is about incorporating and using two modules that have already been
created: the "SQL DBMS rocks"for MySQL and PostgreSQL.

To call another DBMS from Tarantool, the essential requirements are: another DBMS, and Tarantool. The
module which connects Tarantool to another DBMS may be called a "connector". Within the module there
is a shared library which may be called a "driver".

Tarantool supplies DBMS connector modules with the module manager for Lua, LuaRocks. So the connector
modules may be called "rocks".

The Tarantool rocks allow for connecting to an SQL server and executing SQL statements the same way
that a MySQL or PostgreSQL client does. The SQL statements are visible as Lua methods. Thus Tarantool
can serve as a "MySQL Lua Connector"or "PostgreSQL Lua Connector which would be useful even if that
was all Tarantool could do. But of course Tarantool is also a DBMS, so the module also is useful for any
operations, such as database copying and accelerating, which work best when the application can work on
both SQL and Tarantool inside the same Lua routine. The methods for connect/select /insert/etc. are similar
to the ones in the net.boxr module.

From a user’s point of view the MySQL and PostgreSQL rocks are very similar, so the following sections —
"MySQL Example"and "PostgreSQL Exampleontain some redundancy.

5.1.1 MySQL Example

This example assumes that MySQL 5.5 or MySQL 5.6 or MySQL 5.7 has been installed. Recent MariaDB
versions will also work, the MariaDB C connector is used. The package that matters most is the MySQL
client developer package, typically named something like libmysglclient-dev. The file that matters most from
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this package is libmysqlclient.so or a similar name. One can use find or whereis to see what directories
these files are installed in.

It will be necessary to install Tarantool’s MySQL driver shared library, load it, and use it to connect to a
MySQL server. After that, one can pass any MySQL statement to the server and receive results, including
multiple result sets.

Installation

Check the instructions for Downloading and installing a binary package that apply for the environment
where tarantool was installed. In addition to installing tarantool, install tarantool-dev. For example, on
Ubuntu, add the line

sudo apt-get install tarantool-dev

Now, for the MySQL driver shared library, there are two ways to install:

With LuaRocks

Begin by installing luarocks and making sure that tarantool is among the upstream servers, as in the
instructions on rocks.tarantool.org, the Tarantool luarocks page. Now execute this:

luarocks install mysql [MYSQL_LIBDIR
[MYSQL_INCDIR
[--1locall

path]
path]

For example:

luarocks install mysql MYSQOL_LIBDIR=/usr/local/mysql/lib

See also Modules, LuaRocks, and requiring modules.

With GitHub

Go the site github.com /tarantool /mysql. Follow the instructions there, saying:

git clone https://github.com/tarantool/mysql.git

cd mysql &% cmake . -DCMAKE_BUILD_TYPE=RelWithDebInfo
make

make install

At this point it is a good idea to check that the installation produced a file named driver.so, and to check
that this file is on a directory that is searched by the require request.

Connecting

Begin by making a require request for the mysql driver. We will assume that the name is mysql in further
examples.

mysql = require('mysql')

Now, say:

connection_name = mysql.connect(connection options)
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The connection-options parameter is a table. Possible options are:
e host = host-name - string, default value = ’localhost’
e port = port-number - number, default value = 3306
e user = user-name - string, default value is operating-system user name
e password = password - string, default value is blank
e db = database-name - string, default value is blank
e raise = true/false - boolean, default value is false

The option names, except for raise, are similar to the names that MySQL’s mysql client uses, for details see
the MySQL manual at dev.mysgl.com/doc/refman/5.6/en/connecting.html. The raise option should be set
to true if errors should be raised when encountered. To connect with a Unix socket rather than with TCP,
specify host = 'unix/' and port = socket-name.

Example, using a table literal enclosed in {braces}:

conn = mysql.connect ({
host = '127.0.0.1",

port = 3306,
user = 'p',
password = 'p',
db = 'test',
raise = true
b
-- OR
conn = mysql.connect ({
host = 'unix/',
port = '/var/run/mysqld/mysqld.sock’
b

Example, creating a function which sets each option in a separate line:

tarantool> -- Connection function. Usage: conn = mysql_connect()
tarantool> function mysql_connection()

> local p = {}

> p.host = 'widgets.com'

> p.db = 'test'

>  conn = mysql.connect(p)

> return conn

> end

tarantool> conn = mysql_connect ()

We will assume that the name is ’conn’ in further examples.

How to ping

To ensure that a connection is working, the request is:
connection-name :ping ()

Example:
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tarantool> conn:ping()

- true

Executing a statement

For all MySQL statements, the request is:
connection-name :execute(sql-statement [, parameters])

where sql-statement is a string, and the optional parameters are extra values that can be plugged in to
replace any question marks ("?"s) in the SQL statement.

Example:

tarantool> conn:execute('select table_name from information_schema.tables')

table_name:
table_name:
table_name:

ALL_PLUGINS
APPLICABLE_ROLES
CHARACTER_SETS

<olu>
- 78

Closing connection

To end a session that began with mysql.connect, the request is:
connection-name :close()

Example:

tarantool> conn:close()

For further information, including examples of rarely-used requests, see the README.md file at
github.com /tarantool /mysql.

Example

The example was run on an Ubuntu 12.04 ("precise") machine where tarantool had been installed in a /usr
subdirectory, and a copy of MySQL had been installed on ~/mysql-5.5. The mysqld server is already running
on the local host 127.0.0.1.

$ export TMDIR="/mysql-5.5

$ # Check that the include subdirectory exists by looking

$ # for .../include/mysql.h. (If this fails, there's a chance
$ # that <t's in .../include/mysql/mysql.h instead.)

$ [ -f $TMDIR/include/mysql.h ] && echo "OK" || echo "Error"
0K

# Check that the library subdirectory exists and has the
# necessary .so file.

@ P
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$ [ -f $TMDIR/1ib/libmysqlclient.so ] && echo "OK" || echo "Error"
0K

$ # Check that the mysql client can connect using some factory

$ # defaults: port = 3306, user = 'root', user password = '',

$ # database = 'test'. These can be changed, provided one uses

$ # the changed values in all places.

$ $TMDIR/bin/mysql --port=3306 -h 127.0.0.1 --user=root \

--password= --database=test
Welcome to the MySQL monitor. Commands end with ; or \g.
Your MySQL connection id is 25
Server version: 5.5.35 MySQL Community Server (GPL)

Type 'help;' or '\h' for help. Type '\c' to clear ...

$ # Insert a row in database test, and quit.

mysql> CREATE TABLE IF NOT EXISTS test (s1 INT, s2 VARCHAR(50));
Query 0K, O rows affected (0.13 sec)

mysql> INSERT INTO test.test VALUES (1, 'MySQL row');

Query OK, 1 row affected (0.02 sec)

mysql> QUIT

Bye

$ # Install luarocks
$ sudo apt-get -y install luarocks | grep -E "Setting uplalready"
Setting up luarocks (2.0.8-2)

# Set up the Tarantool rock list in ~/.luarocks,

# following instructions at rocks.tarantool.org

mkdir ~/.luarocks

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

# Ensure that the next "install" will get files from Tarantool
# master repository. The resultant display <s normal for Ubuntu
# 12.04 precise

cat /etc/apt/sources.list.d/tarantool.list

deb http://tarantool.org/dist/1.7/ubuntu/ precise main

deb-src http://tarantool.org/dist/1.7/ubuntu/ precise main

$ # Install tarantool-dev. The displayed line should show version = 1.6
$ sudo apt-get -y install tarantool-dev | grep -E "Setting uplalready"
Setting up tarantool-dev (1.6.6.222.g48b98bb precise-1)

$

$ # Use luarocks to install locally, that ts, relative to SHOME
$ luarocks install mysql MYSQL_LIBDIR=/usr/local/mysql/lib --local
Installing http://rocks.tarantool.org/mysql-scm-1.rockspec...

(more info about building the Tarantool/MySQL driver appears here)
mysql scm-1 is now built and installed in ~/.luarocks/

$ # Ensure driver.so now has been created in a place
$ # tarantool will look at

$ find ~/.luarocks -name "driver.so"
~/.luarocks/lib/lua/5.1/mysql/driver.so

$ # Change directory to a directory which can be used for
$ # temporary tests. For this ezample we assume that the name
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$ # of this directory is /home/pgulutzan/tarantool_sandbozx.

$ # (Change "/home/pgulutzan” to whatever is the user's actual
$ # home directory for the machine that's used for this test.)
$ cd /home/pgulutzan/tarantool_sandbox

$ # Start the Tarantool server. Do mot use a Lua initialization file.

$ tarantool

tarantool: version 1.7.0-222-g48b98bb
type 'help' for interactive help
tarantool>

Configure tarantool and load mysql module. Make sure that tarantool doesn’t reply "error"for the call to
"require()".

tarantool> box.cfg{}

tarantool> mysql = require('mysql')

Create a Lua function that will connect to the MySQL server, (using some factory default values for the
port and user and password), retrieve one row, and display the row. For explanations of the statement types
used here, read the Lua tutorial earlier in the Tarantool user manual.

tarantool> function mysql_select ()
> local conn = mysql.connect ({
host = '127.0.0.1",
port = 3306,
user = 'root',
db = 'test'
19
local test = conn:execute('SELECT * FROM test WHERE s1 = 1')
local row = ''
for i, card in pairs(test) do
row = row .. card.s2 .. ' '
end
conn:close()
return row
end

V VV V V V V V V VYV VYV

tarantool> mysql_select()

- 'MySQL row '

Observe the result. It contains "MySQL row". So this is the row that was inserted into the MySQL database.
And now it’s been selected with the Tarantool client.

5.1.2 PostgreSQL Example

This example assumes that PostgreSQL 8 or PostgreSQL 9 has been installed. More recent versions should
also work. The package that matters most is the PostgreSQL developer package, typically named something
like libpg-dev. On Ubuntu this can be installed with:
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sudo apt-get install libpg-dev

However, because not all platforms are alike, for this example the assumption is that the user must check
that the appropriate PostgreSQL files are present and must explicitly state where they are when building
the Tarantool/PostgreSQL driver. One can use find or whereis to see what directories PostgreSQL files are
installed in.

It will be necessary to install Tarantool’s PostgreSQL driver shared library, load it, and use it to connect to
a PostgreSQL server. After that, one can pass any PostgreSQL statement to the server and receive results.

Installation

Check the instructions for Downloading and installing a binary package that apply for the environment
where tarantool was installed. In addition to installing tarantool, install tarantool-dev. For example, on
Ubuntu, add the line:

sudo apt-get install tarantool-dev

Now, for the PostgreSQL driver shared library, there are two ways to install:

With LuaRocks

Begin by installing luarocks and making sure that tarantool is among the upstream servers, as in the

instructions on rocks.tarantool.org, the Tarantool luarocks page. Now execute this:
luarocks install pg [POSTGRESQL_LIBDIR = path]
[POSTGRESQL_INCDIR = path]

[--1locall]

For example:

luarocks install pg POSTGRESQOL_LIBDIR=/usr/local/postgresql/lib

See also Modules, LuaRocks, and requiring modules.

With GitHub

Go the site github.com /tarantool /pg. Follow the instructions there, saying:

git clone https://github.com/tarantool/pg.git

cd pg && cmake . -DCMAKE_BUILD_TYPE=RelWithDebInfo
make

make install

At this point it is a good idea to check that the installation produced a file named driver.so, and to check
that this file is on a directory that is searched by the require request.

Connecting

Begin by making a require request for the pg driver. We will assume that the name is pg in further examples.

pg = require('pg')
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Now, say:
connection_name = pg.connect(connection options)
The connection-options parameter is a table. Possible options are:
e host = host-name - string, default value = ’localhost’
e port = port-number - number, default value = 3306
e user = user-name - string, default value is operating-system user name
e pass = password or password = password - string, default value is blank
e db = database-name - string, default value is blank
The names are similar to the names that PostgreSQL itself uses.

Example, using a table literal enclosed in {braces}:

conn = pg.connect ({
host = '127.0.0.1",

port = 5432,
user = 'p',
password = 'p',
db = 'test'

b

Example, creating a function which sets each option in a separate line:

tarantool> function pg_connect()
> local p = {}

> p.host = 'widgets.com'

> p.db = 'test'

> p.user = 'postgres'

> p.password = 'postgres'

> local conn = pg.connect(p)
> return conn

> end

tarantool> conn = pg_connect()

We will assume that the name is ’conn’ in further examples.

How to ping

To ensure that a connection is working, the request is:
connection-name :ping ()

Example:

tarantool> conn:ping()

- true
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Executing a statement

For all PostgreSQL statements, the request is:
connection-name :execute(sql-statement [, parameters])

where sql-statement is a string, and the optional parameters are extra values that can be plugged in to
replace any question marks ("?"s) in the SQL statement.

Example:

tarantool> conn:execute('select tablename from pg_tables‘)
- - tablename: pg_statistic

- tablename: pg_type

- tablename: pg_authid

<olo>

Closing connection

To end a session that began with pg.connect, the request is:
connection-name :close()

Example:

tarantool> conn:close()

For further information, including examples of rarely-used requests, see the README.md file at
github.com /tarantool /pg.

Example

The example was run on an Ubuntu 12.04 ("precise") machine where tarantool had been installed in a
/usr subdirectory, and a copy of PostgreSQL had been installed on /usr. The PostgreSQL server is already
running on the local host 127.0.0.1.

# Check that the include subdirectory ezxists
# by looking for /usr/include/postgresql/libpq-fe-h.
[ -f /usr/include/postgresql/libpgq-fe.h ] && echo "OK" || echo "Error"

©“ B P

$ # Check that the library subdirectory ezists and has the necessary .so file.
$ [ -f /usr/1ib/x86_64-1linux-gnu/libpq.so ] && echo "OK" || echo "Error"

Check that the psql client can connect using some factory defaults:
port = 5432, user = 'postgres', user password = 'postgres’,
database = 'postgres'. These can be changed, provided one changes

6 N N &H
H O R W

them in all places. Insert a row in database postgres, and quit.
$ psql -h 127.0.0.1 -p 5432 -U postgres -d postgres

Password for user postgres:

psql (9.3.10)

SSL connection (cipher: DHE-RSA-AES256-SHA, bits: 256)
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Type "help" for help.

postgres=# CREATE TABLE test (s1 INT, s2 VARCHAR(50));
CREATE TABLE

postgres=# INSERT INTO test VALUES (1, 'PostgreSQL row');
INSERT O 1

postgres=# \q

$

$ # Install luarocks
$ sudo apt-get -y install luarocks | grep -E "Setting uplalready"
Setting up luarocks (2.0.8-2)

$ # Set up the Tarantool rock list in ~/.luarocks,

$ # following instructions at rocks.tarantool.org

$ mkdir ~/.luarocks

$ echo "rocks_servers = {[[http://rocks.tarantool.org/]J1}" >> \
~/.luarocks/config.lua

$ # Ensure that the next "install” will get files from Tarantool master
$ # repository. The resultant display is normal for Ubuntu 12.04 precise
$ cat /etc/apt/sources.list.d/tarantool.list

deb http://tarantool.org/dist/1.7/ubuntu/ precise main

deb-src http://tarantool.org/dist/1.7/ubuntu/ precise main

$ # Install tarantool-dev. The displayed line should show wversion = 1.7
$ sudo apt-get -y install tarantool-dev | grep -E "Setting uplalready"
Setting up tarantool-dev (1.7.0.222.g48b98bb ™ precise-1)

$

$ # Use luarocks to install locally, that ts, relative to SHOME
$ luarocks install pg POSTGRESQL_LIBDIR=/usr/lib/x86_64-linux-gnu --local
Installing http://rocks.tarantool.org/pg-scm-1.rockspec...

(more info about building the Tarantool/PostgreSQL driver appears here)
pg scm-1 is now built and installed in ~/.luarocks/

$ # Ensure driver.so now has been created in a place
$ # tarantool will look at

$ find ~/.luarocks -name "driver.so"
~/.luarocks/lib/lua/5.1/pg/driver.so

# Change directory to a directory which can be used for

# temporary tests. For this example we assume that the

# name of this directory ts $HOME/tarantool_sandboz.

# (Change "$HOME" to whatever is the user's actual

# home directory for the machine that's used for this test.)
cd $HOME/tarantool_sandbox

& N H H &H

$ # Start the Tarantool server. Do not use a Lua initialization file.

$ tarantool

tarantool: version 1.7.0-412-g803b15c
type 'help' for interactive help
tarantool>

Configure tarantool and load pg module. Make sure that tarantool doesn’t reply "error"for the call to

"require()".
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tarantool> box.cfg{}

tarantool> pg = require('pg')

Create a Lua function that will connect to the PostgreSQL server, (using some factory default values for the
port and user and password), retrieve one row, and display the row. For explanations of the statement types
used here, read the Lua tutorial earlier in the Tarantool user manual.

tarantool> function pg_select ()

> local conn = pg.connect ({
host = '127.0.0.1",
port = 5432,
user = 'postgres',
password = 'postgres',
db = 'postgres'

1))

local test = conn:execute('SELECT * FROM test WHERE s1 = 1')

local row = "'

for i, card in pairs(test) do
row = row .. card.s2 .. ' '
end

conn:close()

return row

V VV V V V V V VYV YV VVYV

end

tarantool> pg_select()

- 'PostgreSQL row '

Observe the result. It contains "PostgreSQL row". So this is the row that was inserted into the PostgreSQL
database. And now it’s been selected with the Tarantool client.

5.2 Mopynb expirationd

For a commercial-grade example of a Lua rock that works with Tarantool, let us look at expirationd, which
Tarantool supplies on GitHub with an Artistic license. The expirationd.lua program is lengthy (about 500
lines), so here we will only highlight the matters that will be enhanced by studying the full source later.

task.worker_fiber = fiber.create(worker_loop, task)
log.info("expiration: task %q restarted", task.name)

fiber.sleep(expirationd.constants.check_interval)

Whenever one hears "daemon"in Tarantool, one should suspect it’s being done with a fiber. The program is
making a fiber and turning control over to it so it runs occasionally, goes to sleep, then comes back for more.

for _, tuple in scan_space.index[0]:pairs(nil, {iterator = box.index.ALL}) do

if task.is_tuple_expired(task.args, tuple) then
task.expired_tuples_count = task.expired_tuples_count + 1
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task.process_expired_tuple(task.space_id, task.args, tuple)

The "for"instruction can be translated as "iterate through the index of the space that is being scanned and
within it, if the tuple is "expired" (for example, if the tuple has a timestamp field which is less than the
current time), process the tuple as an expired tuple.

-- default process_exzpired_tuple function
local function default_tuple_drop(space_id, args, tuple)
local key = fun.map(
function(x) return tuple[x.fieldno] end,
box.space[space_id] .index[0] .parts
) :totable()
box.space[space_id] :delete (key)
end

Ultimately the tuple-expiry process leads to default_tuple_drop() which does a "delete"of a tuple from
its original space. First the fun fun module is used, specifically fun.map. Remembering that index[0] is
always the space’s primary key, and index|0].parts|N].fieldno is always the field number for key part N,
fun.map() is creating a table from the primary-key values of the tuple. The result of fun.map() is passed to
space_ object:delete().

local function expirationd_run_task(name, space_id, is_tuple_expired, options)

At this point, if the above explanation is worthwhile, it’s clear that expirationd.lua starts a background
routine (fiber) which iterates through all the tuples in a space, sleeps cooperatively so that other fibers can
operate at the same time, and - whenever it finds a tuple that has expired - deletes it from this space. Now
the "expirationd_run_task() "function can be used in a test which creates sample data, lets the daemon
run for a while, and prints results.

For those who like to see things run, here are the exact steps to get expirationd through the test.

1. Get expirationd.lua. There are standard ways - it is after all part of a standard rock - but for this
purpose just copy the contents of expirationd.lua to a default directory.

2. Start the Tarantool server as described before.

3. Execute these requests:

fiber = require('fiber')
expd = require('expirationd')
box.cfg{}
e = box.schema.space.create('expirationd_test')
e:create_index('primary', {type = 'hash', parts = {1, 'unsigned'}})
e:replace{l, fiber.time() + 3}
e:replace{2, fiber.time() + 30}
function is_tuple_expired(args, tuple)
if (tuple[2] < fiber.time()) then return true end
return false
end
expd.run_task('expirationd_test', e.id, is_tuple_expired)
retval = {}
fiber.sleep(2)
expd.task_stats()
fiber.sleep(2)
expd.task_stats()
expd.kill_task('expirationd_test')
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e:drop()
os.exit()

The database-specific requests (cfg, space.create, create_index) should already be familiar.

The function which will be supplied to expirationd is is_tuple expired, which is saying "if the second field
of the tuple is less than the current time , then return true, otherwise return false".

The key for getting the rock rolling is expd = require('expirationd'). The "require"function is what
reads in the program; it will appear in many later examples in this manual, when it’s necessary to get a
module that’s not part of the Tarantool kernel. After the Lua variable expd has been assigned the value of
the expirationd module, it’s possible to invoke the module’s run_task() function.

After sleeping for two seconds, when the task has had time to do its iterations through the spaces, expd.
task_stats() will print out a report showing how many tuples have expired — "expired count: 0". After
sleeping for two more seconds, expd.task_stats() will print out a report showing how many tuples have
expired — "expired _count: 1". This shows that the is_tuple expired() function eventually returned "true"for
one of the tuples, because its timestamp field was more than three seconds old.

Of course, expirationd can be customized to do different things by passing different parameters, which will
be evident after looking in more detail at the source code.

5.3 Mopaynb shard

With sharding, the tuples of a tuple set are distributed to multiple nodes, with a Tarantool database server
on each node. With this arrangement, each server is handling only a subset of the total data, so larger loads
can be handled by simply adding more computers to a network.

The Tarantool shard module has facilities for creating shards, as well as analogues for the data-manipulation
functions of the box library (select, insert, replace, update, delete).

First some terminology:

Consistent Hash The shard module distributes according to a hash algorithm, that is, it applies a hash
function to a tuple’s primary-key value in order to decide which shard the tuple belongs to. The hash
function is consistent so that changing the number of servers will not affect results for many keys. The
specific hash function that the shard module uses is digest.guava in the digest module.

Queue A temporary list of recent update requests. Sometimes called "batching". Since updates to a sharded
database can be slow, it may speed up throughput to send requests to a queue rather than wait for
the update to finish on ever node. The shard module has functions for adding requests to the queue,
which it will process without further intervention. Queuing is optional.

Redundancy The number of replicas in each shard.

Replica A complete copy of the data. The shard module handles both sharding and replication. One shard
can contain one or more replicas. When a write occurs, the write is attempted on every replica in turn.
The shard module does not use the built-in replication feature.

Shard A subset of the tuples in the database partitioned according to the value returned by the consistent
hash function. Usually each shard is on a separate node, or a separate set of nodes (for example if
redundancy = 3 then the shard will be on three nodes).

Zone A physical location where the nodes are closely connected, with the same security and backup and
access points. The simplest example of a zone is a single computer with a single tarantool-server
instance. A shard’s replicas should be in different zones.
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The shard package is distributed separately from the main tarantool package. To acquire it, do a separate
install. For example on Ubuntu say:

sudo apt-get install tarantool-shard tarantool-pool

Or, download from github tarantool/shard and compile as described in the README. Then, before using
the module, say shard = require('shard')

The most important function is:
shard.init (shard-configuration)
This must be called for every shard. The shard-configuration is a table with these fields:
e servers (a list of URIs of nodes and the zones the nodes are in)
e login (the user name which applies for accessing via the shard module)
e password (the password for the login)
e redundancy (a number, minimum 1)

e binary (a port number that this host is listening on, on the current host) (distinguishable from the
listen’ port specified by box.cfg)

Possible Errors: Redundancy should not be greater than the number of servers; the servers must be alive;
two replicas of the same shard should not be in the same zone.

5.3.1 Example: shard.init syntax for one shard

The number of replicas per shard (redundancy) is 3. The number of servers is 3. The shard module will
conclude that there is only one shard.

tarantool> cfg = {
> servers = {

> { uri = 'localhost:33131', zone = '1' },
> { uri = 'localhost:33132', zone = '2' },
> { uri = 'localhost:33133', zone = '3' }
>},

> login = 'tester',

> password = 'pass',

>  redundancy = '3',

>  binary = 33131,

>}

tarantool> shard.init(cfg)

5.3.2 Example: shard.init syntax for three shards

This describes three shards. Each shard has two replicas. Since the number of servers is 7, and the number
of replicas per shard is 2, and dividing 7 / 2 leaves a remainder of 1, one of the servers will not be used. This
is not necessarily an error, because perhaps one of the servers in the list is not alive.
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tarantool> cfg = {
> servers = {

> { uri = 'host1:33131', zone = '1' },
> { uri = 'host2:33131', zone = '2' },
> { uri = 'host3:33131', zone = '3' },
> { uri = 'host4:33131', zone = '4' },
> { uri = 'host5:33131', zone = '5' },
> { uri = 'host6:33131', zone = '6' },
> { uri = 'host7:33131', zone = '7' }
> 1,

> login = 'tester',

> password = 'pass',

> redundancy = '2',

>  binary = 33131,

>}

tarantool> shard.init(cfg)

shard[space-name] .insert{...}
shard[space-name] .replace{...}
shard[space-name] .delete{...}
shard[space-name] .select{...}
shard[space-name] .update{...}
shard[space-name] .auto_increment{...}

Every data-access function in the box module has an analogue in the shard module, so (for example) to insert
in table T in a sharded database one simply says shard.T:insert{...} instead of box.space.T:insert{.
..}. A shard.T:select{} request without a primary key will search all shards.

shard[space-name] .q_insert{...}
shard[space-name] .q_replace{...}
shard[space-name] .q_delete{...}
shard[space-name] .q_select{...}
shard[space-name] .q_updateq{...}
shard[space-name] .q_auto_increment{...}

Every queued data-access function has an analogue in the shard module. The user must add an operation _id.
The details of queued data-access functions, and of maintenance-related functions, are on the shard section
of github.

5.3.3 Example: Shard, Minimal Configuration

There is only one shard, and that shard contains only one replica. So this isn’t illustrating the features of
either replication or sharding, it’s only illustrating what the syntax is, and what the messages look like, that
anyone could duplicate in a minute or two with the magic of cut-and-paste.

$ mkdir ~/tarantool_sandbox_1

$ cd ~/tarantool_sandbox_1

$ rm -r *.snap

$ rm -r *.xlog

$ ~/tarantool-1.7/src/tarantool

tarantool> box.cfg{listen = 3301}
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tarantool> box.schema.space.create('tester')

tarantool> box.space.tester:create_index('primary', {})

tarantool> box.schema.user.passwd('admin', 'password')

tarantool> cfg = {

servers = {
{ uri = 'localhost:3301', zone = '1' },

1,

login = 'admin';

password = 'password';

redundancy = 1;

binary = 3301;

V V. V V V V V V

}

tarantool> shard = require('shard')
tarantool> shard.init(cfg)

tarantool> -- Now put something in ...
tarantool> shard.tester:insert{1, 'Tuple #1'}

If one cuts and pastes the above, then the result, showing only the requests and responses for shard.init and
shard.tester, should look approximately like this:

tarantool> shard.init(cfg)

2015-08-09 ... I> Sharding initialization started...
2015-08-09 ... I> establishing connection to cluster servers...
2015-08-09 ... I> - localhost:3301 - connecting...
2015-08-09 ... I> - localhost:3301 - connected
2015-08-09 ... I> connected to all servers
2015-08-09 ... I> started

2015-08-09 ... I> redundancy = 1

2015-08-09 ... I> Zone len=1 THERE

2015-08-09 ... I> Adding localhost:3301 to shard 1
2015-08-09 ... I> Zone len=1 THERE

2015-08-09 ... I> shards =1

2015-08-09 ... I> Done

- true

tarantool> -- Now put something in ...

tarantool> shard.tester:insert{1l, 'Tuple #1'}

- - [1, 'Tuple #1']

5.3.4 Example: Shard, Scaling Out

There are two shards, and each shard contains one replica. This requires two nodes. In real life the two nodes
would be two computers, but for this illustration the requirement is merely: start two shells, which we’ll call
Terminal#1 and Terminal #2.

On Terminal #1, say:

mkdir ~/tarantool_sandbox_1
cd ~/tarantool_sandbox_1
rm -r *.snap

rm -r *.xlog

©H P P &P
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$ ~/tarantool-1.7/src/tarantool

tarantool>
tarantool>
tarantool>
tarantool>
tarantool>
tarantool>

V V V V V V V V V

tarantool>
tarantool>
tarantool>
tarantool>

box.cfg{listen = 3301}
box.schema.space.create('tester')

box.space.tester:create_index('primary', {})
box.schema.user.passwd('admin', 'password')
console = require('console')
cfg = {
servers = {
{ uri = 'localhost:3301', zone = '1' },

}

{ uri = 'localhost:3302', zone = '2' },
1},
login = 'admin',
password = 'password',
redundancy = 1,
binary = 3301,

shard = require('shard')
shard.init(cfg)

-- Now put something in ...
shard.tester:insert{1, 'Tuple #1'}

On Terminal #2, say:

mkdir ~/tarantool_sandbox_2
cd ~/tarantool_sandbox_2

rm -r *.xlog

$
$
$ rm -r *.snap
$
$

~/tarantool-1.7/src/tarantool

tarantool>
tarantool>
tarantool>
tarantool>
tarantool>
tarantool>

V V V V V V V V VvV

tarantool>
tarantool>
tarantool>
tarantool>

box.cfg{listen = 3302}
box.schema.space.create('tester')

box.space.tester:create_index('primary', {})
box.schema.user.passwd('admin', 'password')
console = require('console')

cfg = {

}

servers = {
{ uri = 'localhost:3301', zone = '1' };

{ uri = 'localhost:3302', zone = '2' };
};
login = 'admin';
password = 'password';

redundancy = 1;
binary = 3302;

shard = require('shard')
shard.init(cfg)

-- Now get something out
shard.tester:select{1}

What will appear on Terminal #1 is: a loop of error messages saying "Connection refused"and "server check
failure". This is normal. It will go on until Terminal #2 process starts.

What will appear on Terminal #2, at the end, should look like this:

tarantool> shard.tester:select{1}

- - - [1, 'Tuple #1']
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This shows that what was inserted by Terminal #1 can be selected by Terminal #2, via the shard module.

Details are on the shard section of github.

5.4 Module tdb

The Tarantool Debugger (abbreviation = tdb) can be used with any Lua program. The operational features
include: setting breakpoints, examining variables, going forward one line at a time, backtracing, and showing
information about fibers. The display features include: using different colors for different situations, including
line numbers, and adding hints.

It is not supplied as part of the Tarantool repository; it must be installed separately. Here is the usual way:

git clone --recursive https://github.com/Sulverus/tdb
cd tdb

make

sudo make install prefix=/usr/share/tarantool/

To initiate tdb within a Lua program and set a breakpoint, edit the program to include these lines:

tdb = require('tdb')
tdb.start ()

To start the debugging session, execute the Lua program. Execution will stop at the breakpoint, and it will
be possible to enter debugging commands.

5.4.1 Debugger Commands

bt Backtrace — show the stack (in red), with program/function names and line numbers of whatever has
been invoked to reach the current line.

¢ Continue till next breakpoint or till program ends.

e Enter evaluation mode. When the program is in evaluation mode, one can execute certain Lua statements
that would be valid in the context. This is particularly useful for displaying the values of the program’s
variables. Other debugger commands will not work until one exits evaluation mode by typing -e.

-e Exit evaluation mode.

f Display the fiber id, the program name, and the percentage of memory used, as a table.

n Go to the next line, skipping over any function calls.

globals Display names of variables or functions which are defined as global.

h Display a list of debugger commands.

locals Display names and values of variables, for example the control variables of a Lua "for"statement.

q Quit immediately.

5.4.2 Example Session

Put the following program in a default directory and call it "example.lua":
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tdb = require('tdb')
tdb.start ()

i=1

j='a ..1i
print('end of program')

Now start Tarantool, using example.lua as the initialization file
$ tarantool example.lua
The screen should now look like this:

$ tarantool example.lua

(TDB) Tarantool debugger v.0.0.3. Type h for help
example.lua

(TDB) [example.lual

(TDB) 3: i =1

(TDB) >

Debugger prompts are blue, debugger hints and information are green, and the current line — line 3 of
example.lua — is the default color. Now enter six debugger commands:

n -- go to next line
n -- go to next line
e -- enter evaluation mode
j -- display j

-e -- exit evaluation mode
q -- quit

The screen should now look like this:

$ tarantool example.lua

(TDB) Tarantool debugger v.0.0.3. Type h for help
example.lua

(TDB) [example.lual

(TbB) 3: i =1

(TDB)> n

(TDB) 4: j = 'a' .. i
(TDB)> n

(TDB) 5

(TDB)> e

(TDB) Eval mode ON
(TDB)> j

J al

(TDB)> -e

(TDB) Eval mode OFF
(TDB)> q

: print('end of program')

Another debugger example can be found here.
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6.1 Mopaynb box

box_function_ctx_t
Opaque structure passed to the stored C procedure

int box_return_tuple(box_function ctx_t *ctx, box_tuple t *tuple)
Return a tuple from stored C procedure.

Returned tuple is automatically reference counted by Tarantool.
ITapameTpsl

e ctx (boz_ funtion_ctz_t*) — an opaque structure passed to the stored C procedure
by Tarantool

e tuple (box_tuple_t*) — a tuple to return
Pesyusbrar -1 on error (perhaps, out of memory; check box_error last())
PesyabraTr 0 otherwise

uint32 t box_space_id_by_name (const char *name, uint32_t len)
Find space id by name.

This function performs SELECT request to _vspace system space.
ITapameTpsbr
e char* name (const) — space name
e len (uint32_t) — length of name
Pesysnsrar BOX_ID_NIL on error or if not found (check box error last())
PesynbraTr space id otherwise

See also: boz_indez_id_by_name
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uint32 t box_index_id_by_name (uint32 t space_id, const char *name, uint32 t len)
Find index id by name.

ITapamerpsnt
e space_id (uint32_t) — space identifier
e char* name (const) — index name
e len (uint32_t) — length of name
Pesyaprar BOX_ID_NIL on error or if not found (check box_error last())
Pesyaprar space id otherwise
This function performs SELECT request to _vindex system space.
See also: box_space_id_by_name

int box_insert (uint32 t space_id, const char *tuple, const char *tuple end, box_tuple t **result)
Execute an INSERT/REPLACE request.

ITapameTrpsl
e space_id (uint32_t) — space identifier
e char* tuple (const) — encoded tuple in MsgPack Array format ([ fieldl, field2, ...|)
e char* tuple_end (const) —end of a tuple

e result (box_tuple_t**) — output argument. Resulted tuple. Can be set to NULL
to discard result

Pesyabrar -1 on error (check box error last())
PezyapraTr 0 otherwise
See also space_ object.insert()

int box_replace(uint32 t space_id, const char *tuple, const char *tuple end, box tuple t **result)
Execute an REPLACE request.

ITapameTpsl

e space_id (uint32_t) — space identifier

char* tuple (const) — encoded tuple in MsgPack Array format ([ fieldl, field2, ...])

char* tuple_end (const) —end of a tuple

result (box_tuple_t**) — output argument. Resulted tuple. Can be set to NULL
to discard result

Pesyabrar -1 on error (check box_error_last())
PezyapraTr 0 otherwise
See also space_ object.replace()

int box_delete(uint32 t space id, uint32 t inder id, const char *key, const char *key end,
box_tuple t **result)
Execute an DELETE request.

ITapameTrpsl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier

e char* key (const) — encoded key in MsgPack Array format ([ fieldl, field2, ...])
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e char* key_end (const) — end of a key

o result (box_tuple_tx*) — output argument. Result an old tuple. Can be set to
NULL to discard result

Pesyabrar -1 on error (check box error last())
PesyabraT 0 otherwise
See also space_ object.delete()

int box_update (uint32_t space_id, uint32 t index id, const char *key, const char *key end, const

char *ops, const char *ops end, int index_base, box tuple t **result)
Execute an UPDATE request.

ITapameTrpsbl
e space_id (usnt32_t) — space identifier
e index_id (uint32_t) — index identifier
e char* key (const) — encoded key in MsgPack Array format ([ fieldl, field2, ...])
e char* key_end (const) — end of a key

e char* ops (const) — encoded operations in MsgPack Arrat format, e.g. [[ '=',
field_id, value 1, ['!', 2, 'xxx']]

e char* ops_end (const) — end of a ops

e index_base (int) — 0 if field ids in update operation are zero-based indexed (like
C) or 1 if for one-based indexed field ids (like Lua).

e result (box_tuple_t#**) — output argument. Result an old tuple. Can be set to
NULL to discard result

Pesysbrar -1 on error (check box_error last())
PesyabraTr 0 otherwise
See also space_ object.update()

int box_upsert (uint32_t space_id, uint32 t index_id, const char *tuple, const char *tuple end, const

char *ops, const char *ops end, int index_base, box_tuple t **result)
Execute an UPSERT request.

ITapameTrpsbl
e space_id (uint32_t) — space identifier
e index_id (uwint32_t) — index identifier
e char* tuple (const) — encoded tuple in MsgPack Array format ([ fieldl, field2, ...])
e char* tuple_end (const) — end of a tuple

e char* ops (const) — encoded operations in MsgPack Arrat format, e.g. [[ '=',
field_id, value 1, ['!', 2, 'xxx']]

e char* ops_end (const) — end of a ops

e index_base (int) — 0 if field ids in update operation are zero-based indexed (like
C) or 1 if for one-based indexed field ids (like Lua).

e result (box_tuple_t**) — output argument. Result an old tuple. Can be set to
NULL to discard result

Pesyabrar -1 on error (check :box_error_last())
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PesyabraT 0 otherwise

See also space_object.upsert()

6.2 Moaynb clock

double clock_realtime (void)
double clock_monotonic (void)
double clock_process(void)
double clock_thread (void)

uint64 t clock_realtime64 (void)
uint64 t clock_monotonic64 (void)
uint64 t clock_process64(void)
uint64 t clock_thread64(void)

6.3 Mopaynb coio

enum COIO_EVENT

enumerator COIO_READ
READ event

enumerator COIO_WRITE
WRITE event

int coio_wait(int fd, int event, double timeout)

Wait until READ or WRITE event on socket (£d). Yields.
ITapameTrpsl
e fd (int) — non-blocking socket file description

e event (4nt) — requested events to wait. Combination of COIO_READ | COIO_WRITE
bit flags.

e timeout (double) — timeout in seconds.
PesyapraTt 0 - timeout
Pesyabrar >0 - returned events. Combination of TNT_IO_READ | TNT_IO_WRITE bit flags.

ssize_t coio_call(ssize t (*func)(va_list), ...)
Create new eio task with specified function and arguments. Yield and wait until the task is complete
or a timeout occurs.

This function doesn’t throw exceptions to avoid double error checking: in most cases it’s also necessary
to check the return value of the called function and perform necessary actions. If func sets errno, the
errno is preserved across the call.

Pesyabrar -1 and errno = ENOMEM if failed to create a task
Pesysnbrar the function return (errno is preserved).

Example:
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static ssize_t openfile_cb(va_list ap)
{
const char* filename = va_arg(ap);
int flags = va_arg(ap);
return open(filename, flags);
}
if (coio_call(openfile_cb, 0.10, "/tmp/file", 0) == -1)
// handle errors.

int coio_getaddrinfo(const char *host, const char *port, const struct addrinfo *hints, struct

addrinfo **res, double timeout)
Fiber-friendly version of getaddrinfo(3).

6.4 Mopaynb error

enum box_error_code

enumerator ER_UNKNOWN
enumerator ER_ILLEGAL_PARAMS
enumerator ER_MEMORY_ISSUE
enumerator ER_TUPLE_FOUND
enumerator ER_TUPLE_NOT_FOUND
enumerator ER_UNSUPPORTED
enumerator ER_NONMASTER
enumerator ER_READONLY
enumerator ER_INJECTION
enumerator ER_CREATE_SPACE
enumerator ER_SPACE_EXISTS
enumerator ER_DROP_SPACE
enumerator ER_ALTER_SPACE
enumerator ER_INDEX_TYPE
enumerator ER_MODIFY_INDEX
enumerator ER_LAST_DROP
enumerator ER_TUPLE_FORMAT_LIMIT
enumerator ER_DROP_PRIMARY_KEY
enumerator ER_KEY_PART_TYPE
enumerator ER_EXACT_MATCH
enumerator ER_INVALID_MSGPACK
enumerator ER_PROC_RET
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enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

ER_TUPLE_NOT_ARRAY
ER_FIELD_TYPE
ER_FIELD_TYPE_MISMATCH
ER_SPLICE

ER_ARG_TYPE
ER_TUPLE_IS_TOO_LONG
ER_UNKNOWN_UPDATE_QOP
ER_UPDATE_FIELD
ER_FIBER_STACK
ER_KEY_PART_COUNT
ER_PROC_LUA
ER_NO_SUCH_PROC
ER_NO_SUCH_TRIGGER
ER_NO_SUCH_INDEX
ER_NO_SUCH_SPACE
ER_NO_SUCH_FIELD
ER_SPACE_FIELD_COUNT
ER_INDEX_FIELD_COUNT
ER_WAL_IO
ER_MORE_THAN_ONE_TUPLE
ER_ACCESS_DENIED
ER_CREATE_USER
ER_DROP_USER
ER_NO_SUCH_USER
ER_USER_EXISTS
ER_PASSWORD_MISMATCH
ER_UNKNOWN_REQUEST_TYPE
ER_UNKNOWN_SCHEMA_OBJECT
ER_CREATE_FUNCTION
ER_NO_SUCH_FUNCTION
ER_FUNCTION_EXISTS
ER_FUNCTION_ACCESS_DENIED
ER_FUNCTION_MAX
ER_SPACE_ACCESS_DENIED
ER_USER_MAX
ER_NO_SUCH_ENGINE
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enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

ER_RELOAD_CFG
ER_CFG
ER_SOPHIA

ER_LOCAL_SERVER_IS_NOT_ACTIVE

ER_UNKNOWN_SERVER
ER_CLUSTER_ID_MISMATCH
ER_INVALID_UUID
ER_CLUSTER_ID_IS_RO
ER_RESERVED66
ER_SERVER_ID_IS_RESERVED
ER_INVALID_ORDER
ER_MISSING_REQUEST_FIELD
ER_IDENTIFIER
ER_DROP_FUNCTION
ER_ITERATOR_TYPE
ER_REPLICA_MAX
ER_INVALID_XLOG
ER_INVALID_XLOG_NAME
ER_INVALID_XLOG_ORDER
ER_NO_CONNECTION
ER_TIMEOUT
ER_ACTIVE_TRANSACTION
ER_NO_ACTIVE_TRANSACTION
ER_CROSS_ENGINE_TRANSACTION
ER_NO_SUCH_ROLE
ER_ROLE_EXISTS
ER_CREATE_ROLE
ER_INDEX_EXISTS
ER_TUPLE_REF_OVERFLOW
ER_ROLE_LOOP

ER_GRANT

ER_PRIV_GRANTED
ER_ROLE_GRANTED
ER_PRIV_NOT_GRANTED
ER_ROLE_NOT_GRANTED
ER_MISSING_SNAPSHOT
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enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

enumerator

box_error_t

ER_CANT_UPDATE_PRIMARY_KEY
ER_UPDATE_INTEGER_OVERFLOW
ER_GUEST_USER_PASSWORD
ER_TRANSACTION_CONFLICT
ER_UNSUPPORTED_ROLE_PRIV
ER_LOAD_FUNCTION
ER_FUNCTION_LANGUAGE
ER_RTREE_RECT

ER_PROC_C
ER_UNKNOWN_RTREE_INDEX_DISTANCE_TYPE
ER_PROTOCOL
ER_UPSERT_UNIQUE_SECONDARY_KEY
ER_WRONG_INDEX_RECORD
ER_WRONG_INDEX_PARTS
ER_WRONG_INDEX_OPTIONS
ER_WRONG_SCHEMA_VERSION
ER_SLAB_ALLOC_MAX
ER_WRONG_SPACE_OPTIONS
ER_UNSUPPORTED_INDEX_FEATURE
ER_VIEW_IS_RO

box_error_code_MAX

Error - contains information about error.

const char * box_error_type(const box_error t *error)
Return the error type, e.g. "ClientError "SocketError etc.

ITapameTrpsnl

error (box_error_t*) — error

PesyabraT not-null string

uint32_t box_error_code(const box_error_t *error)

Return IPROTO error code

ITapameTrpsbl

error (box_error_t*) — error

Pesyabprar enum box error code

const char * box_error_message(const box_error t *error)

Return the error message

ITapamerpsbt

error (box_error_t*) — error
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PesyabraT not-null string

box_error t * box_error_last (void)
Get the information about the last API call error.

The Tarantool error handling works most like libc’s errno. All API calls return -1 or NULL in the
event of error. An internal pointer to box error t type is set by API functions to indicate what went
wrong. This value is only significant if APT call failed (returned -1 or NULL).

Successful function can also touch the last error in some cases. You don’t have to clear the last error
before calling API functions. The returned object is valid only until next call to any API function.

You must set the last error using box error_set() in your stored C procedures if you want to return a
custom error message. You can re-throw the last API error to IPROTO client by keeping the current
value and returning -1 to Tarantool from your stored procedure.

Pesyabrat last error

void box_error_clear (void)
Clear the last error.

int box_error_set (const char *file, unsigned line, uint32 t code, const char *format, ...)
Set the last error.

ITapameTrpsnl
e charx file (const) —
e line (unsigned) —
e code (uint32_t) — IPROTO error code
e char* format (const) —
e ... — format arguments
See also: IPROTO error code

box_error_raise(code, format, ...)

A backward-compatible API define.

6.5 Mopynb fiber

struct fiber
Fiber - contains information about fiber

struct fiber *fiber_new(const char *name, fiber func f)

typedef int (xfuber_func) (va_list)
Create a new fiber.

Takes a fiber from fiber cache, if it’s not empty. Can fail only if there is not enough memory for the
fiber structure or fiber stack.

The created fiber automatically returns itself to the fiber cache when its "main"function completes.
ITapameTrpsl
e char* name (const) — string with fiber name
o f (fiber_func) — func for run inside fiber

See also: fiber start()
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void fiber_yield (void)
Return control to another fiber and wait until it’ll be woken.

See also: fiber wakeup()

void fiber_start (struct fiber *callee, ...)
Start execution of created fiber.

ITapameTrpsl
e fiber* callee (struct) — fiber to start
e ... —arguments to start the fiber with

void fiber_wakeup (struct fiber *f)
Interrupt a synchronous wait of a fiber

ITapameTrpsbl
e fiber* f (struct) — fiber to be woken up

void fiber_cancel (struct fiber *f)
Cancel the subject fiber (set FIBER_IS_CANCELLED flag)

If target fiber’s flag FIBER_IS_CANCELLABLE set, then it would be woken up (maybe prematurely).
Then current fiber yields until the target fiber is dead (or is woken up by fiber wakeup()).

ITapameTrpsl
e fiberx f (struct) — fiber to be cancelled

bool fiber_set_cancellable(bool yesno)
Make it possible or not possible to wakeup the current fiber immediately when it’s cancelled.

ITapameTpsl
e fiberx f (struct) — fiber
e yesno (bool) — status to set
PesyabraTt previous state

void fiber_set_joinable (struct fiber *fiber, bool yesno)
Set fiber to be joinable (false by default).

ITapameTrpsl
e fiber* f (struct) — fiber
e yesno (bool) — status to set

void fiber_join(struct fiber *f)
Wait until the fiber is dead and then move its execution status to the caller. The fiber must not be
detached.

ITapameTrpsbl
e fiberx f (struct) — fiber to be woken up
Before: FIBER_IS_JOINABLE flag is set.
See also: fiber set joinable()

void fiber_sleep(double s)
Put the current fiber to sleep for at least ’s’ seconds.

ITapameTrpsl
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e s (doudble) — time to sleep
Note: this is a cancellation point.
See also: fiber is_cancelled()

bool fiber_is_cancelled()

Check current fiber for cancellation (it must be checked manually).

double fiber_time (void)
Report loop begin time as double (cheap).

uint64 t fiber_time64 (void)
Report loop begin time as 64-bit int.

void fiber_reschedule (void)
Reschedule fiber to end of event loop cycle.

struct slab_cache

struct slab_cache *cord_slab_cache (void)
Return slab__cache suitable to use with tarantool/small library

6.6 Moaynb index

box_iterator_t
A space iterator

enum iterator_type

Controls how to iterate over tuples in an index. Different index types support different iterator types.
For example, one can start iteration from a particular value (request key) and then retrieve all tuples

where keys are greater or equal (= GE) to this key.

If iterator type is not supported by the selected index type, iterator constructor must fail with
ER_UNSUPPORTED. To be selectable for primary key, an index must support at least ITER _EQ

and ITER_GE types.

NULL value of request key corresponds to the first or last key in the index, depending on iteration
direction. (first key for GE and GT types, and last key for LE and LT). Therefore, to iterate over all
tuples in an index, one can use ITER GE or ITER _LE iteration types with start key equal to NULL.

For ITER EQ, the key must not be NULL.

enumerator ITER_EQ
key == x ASC order

enumerator ITER_REQ
key == x DESC order

enumerator ITER_ALL
all tuples

enumerator ITER_LT
key < x

enumerator ITER_LE
key <= x

enumerator ITER_GE
key >=x
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enumerator ITER_GT
key > x

enumerator ITER_BITS_ALL_SET
all bits from x are set in key

enumerator ITER_BITS_ANY_SET
at least one x’s bit is set

enumerator ITER_BITS_ALL_NOT_SET
all bits are not set

enumerator ITER_OVERLAPS
key overlaps x

enumerator ITER_NEIGHBOR
tuples in distance ascending order from specified point

box_iterator t *box_index_iterator(uint32 t space_id, uint32 t index id, int type, const
char *key, const char *key end)
Allocate and initialize iterator for space id, index_id.

The returned iterator must be destroyed by box_iterator free.
ITapameTrpsl
e space_id (usnt32_t) — space identifier
e index_id (uint32_t) — index identifier
e type (int) — ilerator type
e char* key (const) — encode key in MsgPack Array format ([partl, part2, ...])
e char* key_end (const) — the end of encoded key
Pesynbrar NULL on error (check :ref:box error last‘c api-error-box error last>‘)
Pesynbrat iterator otherwise
See also box_iterator mext, box_iterator _free

int box_iterator_next (box iterator t *iterator, box_ tuple t **result)
Retrieve the next item from the iterator.

ITapameTrpsnl

e iterator (box_iterator_t*) - an iterator returned by
ref:box _index iterator‘c _api-box index-box index iterator>°

e result (box_tuple_t**) — output argument. result a tuple or NULL if there is no
more data.

Pesysbrar -1 on error (check :ref:box_error last‘c api-error-box_error last>¢)
Pesyabprat 0 on success. The end of data is not an error.

void box_iterator_free(box_iterator t *iterator)
Destroy and deallocate iterator.

ITapameTrpsbl

e iterator (box_iterator_t*) - an iterator returned by
ref:box _index iterator‘c api-box index-box index iterator>*

ssize t box_index_len(uint32 t space_id, uint32 t index id)
Return the number of element in the index.
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ITapameTrpsbl

e space_id (usnt32_t) — space identifier

e index_id (uint32_t) — index identifier
Pesyabrar -1 on error (check :ref:box error last‘c api-error-box_error last>‘)
Pezynprar >= 0 otherwise

ssize t box_index_bsize(uint32 t space_id, uint32 t index id)
Return the number of bytes used in memory by the index.

ITapameTrpsbl

e space_id (uint32_t) — space identifier

e index_id (uint32_t) — index identifier
Pesynbrar -1 on error (check :ref:box error last‘c api-error-box_error last>‘)
Pezyaprar >= 0 otherwise

int box_index_random(uint32 t space_id, uint32 t index id, wint32_t rnd, box_tuple t **result)
Return a random tuple from the index (useful for statistical analysis).

ITapameTrpsbl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier
e rnd (uint32_t) — random seed

e result (box_tuple_t**) — output argument. result a tuple or NULL if there is no
tuples in space

See also: index_ object.random

int box_index_get (uint32_t space id, uint32 t index id, const char *key, const char *key end,

box_tuple t **result)
Get a tuple from index by the key.

Please note that this function works much more faster than index object.select or box index iterator
+ box_iterator mnext.

ITapameTrpsl
e space_id (usnt32_t) — space identifier
e index_id (uint32_t) — index identifier
e char* key (const) — encode key in MsgPack Array format ([partl, part2, ...])
e char* key_end (const) — the end of encoded key

e result (box_tuple_t#**) — output argument. result a tuple or NULL if there is no
tuples in space

Pesyabrar -1 on error (check :ref:box error last‘c api-error-box_error last>‘)
PezyapraTr 0 on success
See also: index_object.get ()

int box_index_min(uint32 t space id, uint32 t index_ id, const char *key, const char *key end,
box tuple t **result)
Return a first (minimal) tuple matched the provided key.
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ITapameTrpsbl
e space_id (usnt32_t) — space identifier
e index_id (uint32_t) — index identifier
e char* key (const) — encode key in MsgPack Array format ([partl, part2, ...])
e char* key_end (const) — the end of encoded key

e result (box_tuple_t#**) — output argument. result a tuple or NULL if there is no
tuples in space

Pesyabrar -1 on error (check :ref:box error last()‘c_ api-error-box_error last>¢)
PezsyapraTr 0 on success
See also: index_ object.min()

int box_index_max (uint32 t space id, uint32 t index id, const char *key, const char *key end,
box tuple t **result)
Return a last (maximal) tuple matched the provided key.

ITapameTrpsbl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier
e char* key (const) — encode key in MsgPack Array format ([partl, part2, ...])
e char* key_end (const) — the end of encoded key

e result (box_tuple_t**) — output argument. result a tuple or NULL if there is no
tuples in space

Pesynbrar -1 on error (check :ref:box_error last()‘c_api-error-box_error last>‘)
PesyabtaT 0 on success
See also: index object.max()

ssize_t box_index_count (uint32 t space_id, uint32 t index id, int type, const char *key, const

char *key end)
Count the number of tuple matched the provided key.

ITapameTrpsl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier
e type (int) — ilerator_type
e char* key (const) — encode key in MsgPack Array format ([partl, part2, ...])
e char* key_end (const) — the end of encoded key
Pesynbrar -1 on error (check :ref:box error last()‘c_api-error-box_error last>‘)
Pesynbrar 0 on success

See also: index_ object.count()
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6.7 Mopaynb latch

box_latch_t
A lock for cooperative multitasking environment

box_latch t *box_latch_new(void)
Allocate and initialize the new latch.

Pesyabrar allocated latch object
Tun pesyaprata box latch t *

void box_latch_delete(box latch t *latch)
Destroy and free the latch.

ITapameTpsbl
e latch (box_latch_t*) — latch to destroy

void box_latch_lock(box latch t *latch)
Lock a latch. Waits indefinitely until the current fiber can gain access to the latch.

param box latch t* latch latch to lock

int box_latch_trylock(box latch t *latch)
Try to lock a latch. Return immediately if the latch is locked.

ITapameTrpsl

e latch (box_latch_t*) — latch to lock
PesyabraT status of operation. 0 - success, 1 - latch is locked
Twun pesynbraTa int

void box_latch_unlock(box latch t *latch)
Unlock a latch. The fiber calling this function must own the latch.

ITapameTrpsl

e latch (box_latch_t*) — latch to unlock

6.8 Mopaynb lua/utils

void *lual_pushcdata (struct lua_State *L, uint32 _t ctypeid)
Push cdata of given ctypeid onto the stack.

CTypelD must be used from FFI at least once. Allocated memory returned uninitialized. Only numbers

and pointers are supported.
ITapameTpsl
e L (lua_State*) — Lua State
e ctypeid (uint32_t) — FFI's CTypelD of this cdata
PesyabraTr memory associated with this cdata
See also: luaL_ checkedata()

void *1lual_checkcdata(struct lua_State *L, int idz, uint32_t *ctypeid)
Checks whether the function argument idx is a cdata

ITapameTrpsbl
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e L (lua_Statex) — Lua State
e idx (4nt) — stack index
e ctypeid (uint32_t#*) — output argument. FFI’s CTypelD of returned cdata
PesynabpraTr memory associated with this cdata
See also: lual pushcdata()

void lual_setcdatagc (struct lua_State *L, int idzx)
Sets finalizer function on a cdata object.

Equivalent to call ffi.gc(0bj, function). Finalizer function must be on the top of the stack.
ITapameTrpsl
e L (lua_State*) — Lua State
e idx (int) — stack index

uint32 t lual_ctypeid(struct lua_State *L, const char *ctypename)
Return CTypelD (FFI) of given CDATA type

ITapamerpsbt
o L (lua_State*) — Lua State

e char* ctypename (const) — C type name as string (e.g. "struct request"or
"uint32 _t")

Pesyabrar CTypelD
See also: luaL pushcdata(), luaL checkcdata()

int lual._cdef (struct lua_ State *L, const char *ctypename)
Declare symbols for FFI

ITapameTrpsbl
o L (lua_State*) — Lua State
e char* ctypename (const) — C definitions (e.g. "struct stat")
PesyabraT 0 on success
Pesynbrar LUA_ERRRUN, LUA_ERRMEM™ or ~~LUA_ERRERR otherwise.
See also: ££i.cdef (def)

void lual._pushuint64 (struct lua_State *L, uint64 t val)
Push uint64 _t onto the stack

ITapameTrpsl
e L (lua_Statex) — Lua State
e val (uint64_t) — value to push

void luaL_pushint64 (struct lua_State *L, int64 t val)
Push int64 t onto the stack

ITapameTrpsbl
o L (lua_Statex) — Lua State

e val (int64_t) — value to push
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uint64 t lual._checkuint64 (struct lua_ State *L, int idz)

Checks whether the argument idx is a uint64 or a convertable string and returns this number.

Throws error if the argument can’t be converted

uint64 t lual_checkint64 (struct lua_State *L, int idz)
Checks whether the argument idx is a int64 or a convertable string and returns this number.

Throws error if the argument can’t be converted

uint64 t lual_touint64 (struct lua_State *L, int idz)

Checks whether the argument idx is a uint64 or a convertable string and returns this number.

PesyabraT the converted number or 0 of argument can’t be converted

int64 t lual_toint64 (struct lua_State *L, int idx)
Checks whether the argument idx is a int64 or a convertable string and returns this number.

PesyabraT the converted number or 0 of argument can’t be converted

6.9 Mopaynb say (nornposaHue)

enum say_level

enumerator S_FATAL
do not use this value directly

enumerator S_SYSERROR
enumerator S_ERROR
enumerator S_CRIT
enumerator S_WARN
enumerator S_INFO
enumerator S_DEBUG

say (level, format, ...)
Format and print a message to Tarantool log file.

ITapameTrpsl
e level (int) — log level
e char* format (const) — printf ()-like format string
e ... — format arguments
See also printf(3), say level

say_error (format, ...)
say_crit (format, ...)
say_warn (format, ...)
say_info (format, ...)
say_debug (format, ...)
say_syserror (format, ...)
Format and print a message to Tarantool log file.

ITapameTrpsnl

e char* format (const) — printf ()-like format string
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e ... — format arguments
See also printf(3), say_level

Example:

’say_info("Some useful information: %s", status);

6.10 Mopynb schema

enum SCHEMA

enumerator BOX_SYSTEM_ID_MIN
Start of the reserved range of system spaces.

enumerator BOX_SCHEMA_ID
Space id of _schema.

enumerator BOX_SPACE_ID
Space id of _space.

enumerator BOX_VSPACE_ID
Space id of _vspace view.

enumerator BOX_INDEX_ID
Space id of _index.

enumerator BOX_VINDEX_ID
Space id of _vindex view.

enumerator BOX_FUNC_ID
Space id of _ func.

enumerator BOX_VFUNC_ID
Space id of _vfunc view.

enumerator BOX_USER_ID
Space id of _user.

enumerator BOX_VUSER_ID
Space id of _vuser view.

enumerator BOX_PRIV_ID
Space id of _ priv.

enumerator BOX_VPRIV_ID
Space id of _vpriv view.

enumerator BOX_CLUSTER_ID
Space id of _cluster.

enumerator BOX_SYSTEM_ID_MAX
End of reserved range of system spaces.

enumerator BOX_ID_NIL
NULL value, returned on error.
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6.11 Mopynsb trivia/config

API_EXPORT
Extern modifier for all public functions.

PACKAGE_VERSION_MAJOR
Package major version - 1 for 1.7.0.

PACKAGE_VERSION_MINOR
Package minor version - 7 for 1.7.0.

PACKAGE_VERSION_PATCH
Package patch version - 0 for 1.7.0.

PACKAGE_VERSION
A string with major-minor-patch-commit-id identifier of the release, e.g. 1.7.0-1216-g73f7154.

SYSCONF_DIR
System configuration dir (e.g /etc)

INSTALL_PREFIX
Install prefix (e.g. /usr)

BUILD_TYPE
Build type, e.g. Debug or Release

BUILD_INFO
CMake build type signature, e.g. Linux-x86_64-Debug

BUILD_OPTIONS
Command line used to run CMake.

COMPILER_INFO
Pathes to C and CXX compilers.

TARANTOOL_C_FLAGS
C compile flags used to build Tarantool.

TARANTOOL_CXX_FLAGS
CXX compile flags used to build Tarantool.

MODULE_LIBDIR
A path to install *.1lua module files.

MODULE_LUADIR
A path to install *.so/*.dylib module files.

MODULE_INCLUDEDIR
A path to Lua includes (the same directory where this file is contained)

MODULE_LUAPATH
A constant added to package.path in Lua to find *.1lua module files.

MODULE_LIBPATH
A constant added to package.cpath in Lua to find *.so module files.

6.12 Mopaynb tuple

box_tuple_format_t
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box_tuple format t *box_tuple_format_default (void)
Tuple format.

Each Tuple has associated format (class). Default format is used to create tuples which are not attach
to any particular space.

box_tuple_t
Tuple

box_tuple t *pox_tuple_new(box tuple format _t  *format, const  char  *tuple,  const
char *tuple end)
Allocate and initialize a new tuple from a raw MsgPack Array data.

ITapameTrpsl

e format (box_tuple_format_t*) — tuple format. Use box tuple format default()
to create space-independent tuple.

e char* tuple (const) — tuple data in MsgPack Array format ([field1, field2, ...])
e char* tuple_end (const) — the end of data
Pesyabrar NULL on out of memory
Pesyabrat tuple otherwise
See also: boz.tuple.new()

int box_tuple_ref (box tuple t *tuple)
Increase the reference counter of tuple.

Tuples are reference counted. All functions that return tuples guarantee that the last returned tuple is
refcounted internally until the next call to API function that yields or returns another tuple.

You should increase the reference counter before taking tuples for long processing in your code. Such
tuples will not be garbage collected even if another fiber remove they from space. After processing
please decrement the reference counter using boz_ tuple unref(), otherwise the tuple will leak.

ITapameTrpsbl
e tuple (box_tuple_t*) — a tuple
Pesyabtat -1 on error
PezyapraTr 0 otherwise
See also: box_tuple unref()

void box_tuple_unref (box_tuple t *tuple)
Decrease the reference counter of tuple.

ITapameTrpsl
e tuple (box_tuple_t*) — a tuple
PesyabTat -1 on error
PezyabraTr 0 otherwise
See also: boz_tuple ref()

uint32 t box_tuple_field_count (const box tuple t *tuple)
Return the number of fields in tuple (the size of MsgPack Array).

ITapameTrpsbl

e tuple (box_tuple_t*) — a tuple
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size_t box_tuple_bsize(const boxr tuple ¢ *tuple)
Return the number of bytes used to store internal tuple data (MsgPack Array).

ITapamerpsnt
e tuple (box_tuple_t*) — a tuple

ssize_t box_tuple_to_buf (const box tuple t *tuple, char *buf, size t size)
Dump raw MsgPack data to the memory buffer buf of size size.

Store tuple fields in the memory buffer.

Upon successful return, the function returns the number of bytes written. If buffer size is not enough
then the return value is the number of bytes which would have been written if enough space had been
available.

PesyabTaTr -1 on error
PesyabraTr number of bytes written on success.

box_tuple format t *box_tuple_format (const box tuple t *tuple)
Return the associated format.

ITapamerpsnt
e tuple (box_tuple_t*) — a tuple
Pesyabrar tuple format

const char *box_tuple_field(const box tuple t *tuple, uint32 t field id)
Return the raw tuple field in MsgPack format.

The buffer is valid until next call to box tuple * functions.
ITapameTpsl
e tuple (box_tuple_t*) — a tuple
e field_id (uint32_t) — zero-based index in MsgPack array.
Pesyabrar NULL if i >= box_tuple field count()
Pesyaprar msgpack otherwise

box_tuple_iterator_t
Tuple iterator

box_tuple iterator t *box_tuple_iterator(box tuple t *tuple)
Allocate and initialize a new tuple iterator. The tuple iterator allow to iterate over fields at root level
of MsgPack array.

Example:

box_tuple_iterator_t* it = box_tuple_iterator(tuple);
if (it == NULL) {
// error handling using boz_error_last()
}
const char* field;
while (field = box_tuple_next(it)) {
// process raw MsgPack data
}

// rewind iterator to first position
box_tuple_rewind(it)
assert (box_tuple_position(it) == 0);
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// rewind three fields
field = box_tuple_seek(it, 3);
assert(box_tuple_position(it) == 4);

box_iterator_free(it);

void box_tuple_iterator_free(box tuple iterator t *it)
Destroy and free tuple iterator

uint32 t box_tuple_position(box tuple iterator t *it)
Return zero-based next position in iterator. That is, this function return the field id of field that will
be returned by the next call to boz_tuple next(). Returned value is zero after initialization or rewind
and box_tuple field count() after the end of iteration.

ITapameTpsbl
e it (box_tuple_iterator_t*) — a tuple iterator
PesyabTaT position

void box_tuple_rewind(box_tuple iterator t *it)
Rewind iterator to the initial position.

ITapamerpsnl
e it (box_tuple_iterator_t*) — a tuple iterator
After: box_tuple_position(it) ==

const char *box_tuple_seek(box_tuple iterator t *it, uint32_t field no)
Seek the tuple iterator.

The returned buffer is valid until next call to box _tuple * API. Requested field no returned by next
call to box_tuple next(it).

ITapameTpsbl
e it (box_tuple_iterator_t*) — a tuple iterator
e field_no (uint32_t) — field number - zero-based position in MsgPack array
After:
e box_tuple_position(it) == field_not if returned value is not NULL.
e box_tuple_position(it) == box_tuple_field_count(tuple) if returned value is NULL.

const char *box_tuple_next (box_tuple iterator t *it)
Return the next tuple field from tuple iterator.

The returned buffer is valid until next call to box_tuple * APL

ITapameTrpsl

e it (box_tuple_iterator_t*) —

Pesyabrar NULL if there are no more fields

Pesyabrar MsgPack otherwise
Before: box_tuple position() is zero-based ID of returned field.
After: box_tuple_position(it) == box_tuple_field_count(tuple) if returned value is NULL.
*

box_tuple t *pbox_tuple_update(const box tuple t *tuple, const char *expr, const char *expr end)
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box_tuple t *pbox_tuple_upsert(const box tuple t *tuple, const char *expr, const char *expr end)

6.13 Mopaynb txn

bool box_txn (void)
Return true if there is an active transaction.

int box_txn_begin (void)
Begin a transaction in the current fiber.

A transaction is attached to caller fiber, therefore one fiber can have only one active transaction.
PesyabraTr 0 on success
Pesyabrat -1 on error. Perhaps a transaction has already been started

int box_txn_commit (void)
Commit the current transaction.

PesyabraTr 0 on success
Pesyabrar -1 on error. Perhaps a disk write failure

void box_txn_rollback (void)
Rollback the current transaction.

void *box_txn_alloc(size t size)
Allocate memory on txn memory pool.

The memory is automatically deallocated when the transaction is committed or rolled back.

Pesyabrar NULL on out of memory

6.13. Mogynb txn
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7.1 CoctaB pokymeHTauuwm

Tarantool documentation consists of:
e a user guide
e developer guide (you're reading it)

e coding style guide for C, Python (for other connectors, we use conventions of the connector
programming language community)

7.2 Cbopka n3 ncxogHbix caiinos

For downloading Tarantool source and building it, the platforms can differ and the preferences can differ.
But the steps are always the same. Here in the manual we’ll explain what the steps are, and after that you
can look at some example scripts on the Internet.

1. Get tools and libraries that will be necessary for building and testing.
The absolutely necessary ones are:

e A program for downloading source repositories. For all platforms, this is git. It allows to download
the latest complete set of source files from the Tarantool repository at GitHub.

e A C/C++ compiler. Ordinarily, this is gcc and g++ version 4.6 or later. On Mac OS X, this is
Clang version 3.2 or later.

e A program for managing the build process. For all platforms, this is CMake. The CMake version
should be 2.8 or later.

e Command-line interpreter for Python-based code (namely, for Tarantool test suite). For all
platforms, this is python. The Python version should be greater than 2.6 — preferably 2.7 —
and less than 3.0.
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Here are names of tools and libraries which may have to be installed in advance, using sudo
apt-get (for Ubuntu), sudo yum install (for CentOS), or the equivalent on other platforms. Different
platforms may use slightly different names. Ignore the ones marked optional, only in Mac OS scripts
unless the platform is Mac OS.

e gcc and g+, or clang # see above

e git # see above

e cmake 7 see above

e python # see above; for test suite

e libreadline-dev or libreadline6-dev or readline-devel # for interactive mode
e libssl-dev # for digest module

e autoconf # optional, only in Mac OS scripts

e zliblg or zlib # optional, only in Mac OS scripts

. Set up Python modules for running the test suite.

This step is optional. Python modules are not necessary for building Tarantool itself, unless you intend
to use the "Run the test suite"option in step 7.

You need the following Python modules:
e Dip, any version
e dev, any version
e pyYAML version 3.10
e argparse version 1.1
e msgpack-python version 0.4.6
e gevent version 1.1b5
e six version 1.8.0

On Ubuntu, you can get the modules from the repository:

’sudo apt-get install python-pip python-dev python-yaml <...>

On CentOS 6, you can likewise get the modules from the repository:

’sudo yum install python26 python26-PyYAML <...>

If some modules are not available on a repository, it is best to set up the modules by getting a tarball
and doing the setup with python setup.py, thus:

# On some machines, this initial command may be necessary:
# wget https://bootstrap.pypa.io/ez_setup.py -0 - | sudo python

# Python module for parsing YAML (pyYAML), for test suite:
# (If wget fails, check at http://pyyaml.org/wiki/PyYAML
# what the current version is.)

cd ~

wget http://pyyaml.org/download/pyyaml/PyYAML-3.10.tar.gz
tar -xzf PyYAML-3.10.tar.gz

cd PyYAML-3.10

sudo python setup.py install
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Finally, use Python pip to bring in Python packages that may not be up-to-date in the distro
repositories. (On CentOS 7, it will be necessary to install pip first, with sudo yum install
epel-release followed by sudo yum install python-pip.)

’pip install tarantool\>0.4 --user

3. Use git to download the latest Tarantool source code from the GitHub repository tarantool/
tarantool, branch 1.7. For example, to a local directory named ~/tarantool:

git clone https://github.com/tarantool/tarantool.git ~/tarantool

4. Use git again so that third-party contributions will be seen as well.
The build depends on the following external libraries:

e Readline development files (libreadline-dev/readline-devel package).

OpenSSL development files (1ibssl-dev/openssl-devel package).

libyaml (libyaml-dev/libyaml-devel package).

1iblz4 (1iblz4-dev/1z4-devel package).
e GNU bfd which is the part of GNU binutils (binutils-dev/binutils-devel package).

This step is only necessary once, the first time you do a download.

cd “/tarantool

git submodule init

git submodule update --recursive
cd ../

On rare occasions, the submodules will need to be updated again with the command:

git submodule update --init --recursive

Note: There is an alternative — to say git clone --recursive earlier in step 3, — but we prefer the
method above because it works with older versions of git.

5. Use CMake to initiate the build.

cd ~/tarantool

make clean # unnecessary, added for good luck
rm CMakeCache.txt # unnecessary, added for good luck
cmake . # start initiating with build type=Dedbug

On some platforms, it may be necessary to specify the C and C-++ versions, for example:

CC=gcc-4.8 CXX=g++-4.8 cmake .

The CMake option for specifying build type is -DCMAKE_BUILD_TYPE=type, where type can be:
e Debug — used by project maintainers
e Release — used only if the highest performance is required
e RelWithDebInfo — used for production, also provides debugging capabilities

The CMake option for hinting that the result will be distributed is -DENABLE_DIST=0N. If this option
is on, then later make install will install tarantoolctl files in addition to tarantool files.

6. Use make to complete the build.
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make

This creates the ’tarantool’ executable in the directory src/

Next, it’s highly recommended to say make install to install Tarantool to the /usr/local directory and
keep your system clean. However, it is possible to run the Tarantool executable without installation.

7. Run the test suite.

This step is optional. Tarantool’s developers always run the test suite before they publish new versions.
You should run the test suite too, if you make any changes in the code. Assuming you downloaded to
~/tarantool, the principal steps are:

# make a subdirectory mamed “bin’

mkdir ~/tarantool/bin

# link python to bin (this may require superuser privilege)
1n /usr/bin/python ~/tarantool/bin/python

# get on the test subdirectory

cd “/tarantool/test

# run tests using python

PATH="/tarantool/bin:$PATH ./test-run.py

The output should contain reassuring reports, for example:

TEST RESULT

box/bad_trigger.test.py [ pass ]
box/call.test.py [ pass ]
box/iproto.test.py [ pass ]
box/xlog.test.py [ pass ]
box/admin.test.lua [ pass ]
box/auth_access.test.lua [ pass ]

. etc.

To prevent later confusion, clean up what’s in the bin subdirectory:

rm ~/tarantool/bin/python
rmdir ~/tarantool/bin

8. Make an rpm package.

This step is optional. It’s only for people who want to redistribute Tarantool. Package maintainers who
want to build with rpmbuild should consult the rpm-build instructions for the appropriate platform.

9. Verify your Tarantool installation.

tarantool $ ./src/tarantool

This will start Tarantool in the interactive mode.
For your added convenience, we provide OS-specific README files with example scripts at GitHub:
e README.FreeBSD for FreeBSD 10.1
e README.MacOSX for Mac OS X FEl Capitan
e README.md for generic GNU /Linux

These example scripts assume that the intent is to download from the 1.7 branch, build the server and run
tests after build.
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7.3

Cbopka gokymeHTauuu

This documentation is built using a simplified markup system named Sphinx (see http://sphinx-doc.org).
You can build a local version of this documentation and contribute to it.

You need to install:

git (a program for downloading source repositories)

CMake version 2.8 or later (a program for managing the build process)
Python version greater than 2.6 — preferably 2.7 — and less than 3.0 (Sphinx is a Python-based tool)
make sure to install the following Python modules:

pip, any version

dev, any version

pyYAML version 3.10

Sphinx version 1.4.4

sphinx-intl version 0.9.9

pelican, any version

BeautifulSoup, any version

gevent version 1.1b5

See installation details in the build-from-source section of this documentation. The procedure below implies
that all the prerequisites are met.

1.

Use git to download the latest source code of this documentation from the GitHub repository
tarantool/doc, branch 1.7. For example, to a local directory named ~/tarantool-doc:

git clone https://github.com/tarantool/doc.git ~/tarantool-doc

Use CMake to initiate the build.

cd ~/tarantool-doc

make clean # unnecessary, added for good luck
rm CMakeCache.txt # unnecessary, added for good luck
cmake . # start initiating

Build a local version of the existing documentation package.

Run the make command with an appropriate option to specify which documentation version to build.

cd ~/tarantool-doc

make all # all versions

make sphinx-html # multi-page English version
make sphinx-singlehtml # one-page English wersion
make sphinx-html-ru #

make sphinx-singlehtml #

multi-page Russian version
one-page Russian version

Documentation is created and stored at /www/output:
o Jwww/output/doc (English versions)
o Jwww/output/doc/ru (Russian versions)

The entry point for each version is index.html file in the appropriate directory.
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4. Set up a web-server.

Run the following command to set up a web-server (the example below is for Ubuntu, but the procedure
is similar for other supported OS’s). Make sure to run it from the documentation output folder, as
specified below:

cd “/tarantool-doc/www/output
python -m SimpleHTTPServer 8000

5. Open your browser and enter 127.0.0.1:8000 into the address box. If your local documentation build
is valid, the default version (English multi-page) will be displayed in the browser.

6. To contribute to documentation, use the .rst format for drafting and submit your updates as "Pull
Requests"via GitHub.

To comply with the writing and formatting style, use the guidelines provided in the documentation,
common sense and existing documents.

Notes:

e If you suggest creating a new documentation section (i.e., a whole new page), it has to be saved
to the relevant section at GitHub.

e If you want to contribute to localizing this documentation (e.g. into Russian), add your translation
strings to .po files stored in the corresponding locale directory (e.g. /sphinx/locale/ru/
LC_MESSAGES/ for Russian). See more about localizing with Sphinx at http://www.sphinx-doc.
org/en/stable/intl.html

7.4 CornaweHus no paspaboTtke

7.4.1 How to work on a bug
Any defect, even minor, if it changes the user-visible server behavior, needs a bug report. Report a bug at
http://github.com/tarantool/tarantool/issues

When reporting a bug, try to come up with a test case right away. Set the current maintenance milestone
for the bug fix, and specify the series. Assign the bug to yourself. Put the status to In progress’ Once the
patch is ready, put the bug the bug to 'In review’ and solicit a review for the fix.

Once there is a positive code review, push the patch and set the status to ’Closed’

Patches for bugs should contain a reference to the respective Launchpad bug page or at least bug id. Each
patch should have a test, unless coming up with one is difficult in the current framework, in which case QA
should be alerted.

There are two things you need to do when your patch makes it into the master:
e put the bug to ’fix committed’,

e delete the remote branch.

7.5 CornaweHnsa no goKymMmeHTauum

These guidelines are updated on the on-demand basis, covering only those issues that cause pains to the
existing writers. At this point, we do not aim to come up with an exhaustive Documentation Style Guide
for the Tarantool project.
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7.5.1 Markup issues
Wrapping text

The limit is 80 characters per line for plain text, and no limit for any other constructions when wrapping
affects ReST readability and/or HTML output. Also, it makes no sense to wrap text into lines shorter than
80 characters unless you have a good reason to do so.

The 80-character limit comes from the ISO/ANSI 80x24 screen resolution, and it’s unlikely that
readers/writers will use 80-character consoles. Yet it’s still a standard for many coding guidelines (including
Tarantool). As for writers, the benefit is that an 80-character page guide allows keeping the text window
rather narrow most of the time, leaving more space for other applications in a wide-screen environment.

Formatting code snippets

For code snippets, we mainly use the code-block directive with an appropriate highlighting language. The
most commonly used highlighting languages are:

e .. code-block:: tarantoolsession
e .. code-block:: console
e .. code-block:: lua

For example (a code snippet in Lua):

for page in paged_iter("X", 10) do

print ("New Page. Number Of Tuples = " .. #page)
for i=1,#page,1 do print(page[i]) end
end

In rare cases, when we need custom highlight for specific parts of a code snippet and the code-block directive
is not enough, we use the per-line codenormal directive together and explicit output formatting (defined in
doc/sphinx/_static/sphinx_design.css).

Examples:
e Function syntax (the placeholder space-name is displayed in italics):
box.space.space-name:create _index(’index-name’)
e A tdb session (user input is in bold, command prompt is in blue, computer output is in green):

$ tarantool example.lua

(TDB) Tarantool debugger v.0.0.3. Type h for help
example.lua

(TDB) [example.lual

(TbB) 3: i =1

Warning: Every entry of explicit output formatting (codenormal, codebold, etc) tends to cause troubles
when this documentation is translated to other languages. Please avoid using explicit output formatting
unless it is REALLY needed.

Using separated links

Avoid separating the link and the target definition (ref), like this:
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This is a paragraph that contains “a link’_.

. _a link: http://example.com/

Use non-separated links instead:

This is a paragraph that contains ~a link <http://example.com/> _.

Warning: Every separated link tends to cause troubles when this documentation is translated to other
languages. Please avoid using separated links unless it is REALLY needed (e.g. in tables).

Creating labels for local links
We avoid using links that sphinx generates automatically for most objects. Instead, we add our own labels
for linking to any place in this documentation.
Our naming convention is as follows:
e Character set: a through z, 0 through 9, dash, underscore.
e Format: path dash filename dash tag

Example: _c_api-box_index-iterator_type where: c_api is the directory name, box_index is the
file name (without ".rst"), and iterator_type is the tag.

The file name is useful for knowing, when you see "ref where it is pointing to. And if the file name is
meaningful, you see that better.

The file name alone, without a path, is enough when the file name is unique within doc/sphinx. So, for fiber.
rst it should be just "fiber not "reference-fiber". While for "index.rst"(we have a handful of "index.rst"in
different directories) please specify the path before the file name, e.g. "reference-index".

Use a dash “to delimit the path and the file name. In the documentation source, we use only underscores
" "in paths and file names, reserving dash “ds the delimiter for local links.

The tag can be anything meaningful. The only guideline is for Tarantool syntax items (such as
members), where the preferred tag syntax is module_or_object_name dash member_name. For example,
box_space-drop.

Making comments

Sometimes we may need to leave comments in a ReST file. To make sphinx ignore some text during processing,
use the following per-line notation with ".. //"as the comment marker:

. // your comment here

The starting symbols ".. //"do not interfere with the other ReST markup, and they are easy to find both
visually and using grep. There are no symbols to escape in grep search, just go ahead with something like
this:

grep ".. //" doc/sphinx/dev_guide/*.rst

These comments don’t work properly in nested documentation, though (e.g. if you leave a comment in
module -> object -> method, sphinx ignores the comment and all nested content that follows in the method
description).
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7.5.2 Language and style issues
US vs British spelling

We use English US spelling.

7.5.3 Examples and templates
Module and function

Here is an example of documenting a module (my_fiber) and a function (my_fiber.create).

my_fiber.create (function [, function-arguments ])
Create and start a my_fiber object. The object is created and begins to run immediately.

ITapameTrpsnl
e function — the function to be associated with the my_fiber object
e function-arguments — what will be passed to function

Return created my_fiber object

Rtype userdata

Example:

tarantool> my_fiber = require('my_fiber')

tarantool> function function_name()
> my_fiber.sleep(1000)
> end

tarantool> my_fiber_object = my_fiber.create(function_name)

Module, class and method
Here is an example of documenting a module (my_box.index), a class (my_index_object) and a function
(my_index_object.rename).

object my_index_object

my_index_object:rename (indez-name)
Rename an index.

ITapameTrpnbi
e index_object — an object reference
e index_name — a new name for the index (type = string)

Return nil
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Possible errors: index object does not exist.

Example:

tarantool> box.space.spacebb.index.primary:rename('secondary')

Complexity Factors: Index size, Index type, Number of tuples accessed.

7.6 lNpoTtokon IProto

7.6.1 Odunarpamma obuieit cxeMbl gaHHbIX

0 X
TR
| | - X 6afiT
PR

TYPE - Tun mepeMeHHON u3 6ubimoreru MsgPack (ecmm 3To 06berT u3 6bubmmoreru MsgPack)

4====+
| | - obberT u3 Gumbmmorexrum MsgPack, AWHaAMHUYECKH H3MEHSEMOT'O pasMepa
+====+4

TYPE - Tun nepeMeHHOH u3 6umbimoTerkm MsgPack

+ +

| | - maccus/comocTaBienue u3 6ubimoreku MsgPack, IuHaMUYeCKH M3MEHSEMOTO pasMepa
+TTT

TYPE - Tun nepemeHHo# u3 6ubmmoTexkm MsgPack

Tunsl ganabix n3 6ubanorekun MsgPack:
e MP _INT - memoe 1ucio
e MP MAP - Map
MP _ARR - Array
MP _STRING - String
MP _FIXSTR - Fixed size string
MP _OBJECT - Any MsgPack object

7.6.2 Overview

IPROTO is a binary request/response protocol.

7.6.3 Greeting Packet

TARANTOOL'S GREETING:
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| Tarantool Greeting (server version) |

| 64 bytes I
o S +
| | |
| BASE64 encoded SALT | NULL I
| 44 bytes | I
o . +
64 107 127

The server begins the dialogue by sending a fixed-size (128 bytes) text greeting to the client. The greeting
always contains two 64 byte lines of ASCII text, each line ending with newline character ("\n’). The first line
contains the server version and protocol type. The second line contains up to 44 bytes of base64-encoded
random string, to use in authentication packet, and ends with up to 23 spaces.

7.6.4 Unified packet structure
Once a greeting is read, the protocol becomes pure request/response and features a complete access to
Tarantool functionality, including:
e request multiplexing, e.g. ability to asynchronously issue multiple requests via the same connection
e response format that supports zero-copy writes
For data structuring and encoding, the protocol uses msgpack data format, see http://msgpack.org

Tarantool protocol mandates use of a few integer constants serving as keys in maps used in the protocol.
These constants are defined in src/box/iproto constants.h

Let’s list them here too:

-- user keys

<code> ::= 0x00
<sync> 1= 0x01
<schema_id> ::= 0x05
<space_id> 1= 0x10
<index_id> ::= 0x11
<limit> c:= 0x12
<offset> c:= 0x13
<iterator> c:= 0x14
<key> ::= 0x20
<tuple> 1= 0x21
<function_name> ::= 0x22
<username> c:= 0x23
<expression> ci= 0x27
<ops> 1= 0x28
<data> ::= 0x30
<error> ::= 0x31

-- -- Value for <code> key in request can be:
-- User command codes

<select> ::= 0x01
<insert> ::= 0x02
<replace> ::= 0x03
<update> ::= 0x04
<delete> ::= 0x05
<call> ::= 0x06
<auth> ::= 0x07
<eval> ::= 0x08
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<upsert> ::= 0x09
-- Admin command codes
<ping> 1= 0x40

-- -- Value for <code> key in response can be:
<0K> ::= 0x00
<ERROR> 0x8XXX

Both <header> and <body> are msgpack maps:

Request/Response:

0 5

tomm - + + + 4 ;
| BODY + | | I |
| HEADER | |  HEADER | | BODY [
| SIZE | | I I
Fomeme + + + o4 t

MP_INT MP_MAP MP_MAP

UNIFIED HEADER:

| | |
| 0x00: CODE | 0x01: SYNC | 0x05: SCHEMA_ID
| MP_INT: MP_INT | MP_INT: MP_INT | MP_INT: MP_INT

| | |

MP_MAP

They only differ in the allowed set of keys and values, the key defines the type of value that follows. If a body
has no keys, entire msgpack map for the body may be missing. Such is the case, for example, in <ping>
request. schema_id may be absent in request’s header, that means that there’ll be no version checking, but
it must be present in the response. If schema_id is sent in the header, then it’ll be checked.

7.6.5 Authentication

When a client connects to the server, the server responds with a 128-byte text greeting message. Part of the
greeting is base-64 encoded session salt - a random string which can be used for authentication. The length
of decoded salt (44 bytes) exceeds the amount necessary to sign the authentication message (first 20 bytes).
An excess is reserved for future authentication schemas.

PREPARE SCRAMBLE:

LEN (ENCODED_SALT)
LEN (SCRAMBLE)

44,
20;

prepare 'chap-shal' scramble:

salt = base64_decode(encoded_salt);
step_1 = shal(password) ;

step_2 = shal(step_1);

step_3 = shal(salt, step_2);
scramble = xor(step_1, step_3);
return scramble;
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AUTHORIZATION BODY: CODE = 0x07

| | o o + |

| (KEY) | (TUPLE)| 1len == | len == 20 | |

|  O0x23:USERNAME | 0x21:| "chap-shal" | SCRAMBLE | |

| MP_INT:MP_STRING | MP_INT:| MP_STRING | MP_STRING | |

| | Fom e o [ + |

| | MP_ARRAY |
MP_MAP

<key> holds the user name. <tuple> must be an array of 2 fields: authentication mechanism ("chap-shal"is
the only supported mechanism right now) and password, encrypted according to the specified mechanism.
Authentication in Tarantool is optional, if no authentication is performed, session user is ’guest’. The server
responds to authentication packet with a standard response with 0 tuples.

7.6.6 Requests

e SELECT: CODE - 0x01 Find tuples matching the search pattern

SELECT BODY:

Ox11: INDEX_ID
MP_INT: MP_INT

0x12: LIMIT

I
I
MP_INT: MP_INT |
I

|
| 0x10: SPACE_ID
| MP_INT: MP_INT
|

0x13: OFFSET
MP_INT: MP_INT

0x14: ITERATOR

MP_INT: MP_INT

I
0x20: KEY |
MP_INT: MP_ARRAY |

|

MP_MAP

e INSERT: CODE - 0x02 Inserts tuple into the space, if no tuple with same unique keys exists. Otherwise
throw duplicate key error.

e REPLACE: CODE - 0x03 Insert a tuple into the space or replace an existing one.

INSERT/REPLACE BODY:

0x10: SPACE_ID

|

| 0x21: TUPLE
| MP_INT: MP_INT

|

|
I
MP_INT: MP_ARRAY |
|

e UPDATE: CODE - 0x04 Update a tuple

UPDATE BODY:
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0x10: SPACE_ID
MP_INT: MP_INT

Ox11: INDEX_ID
MP_INT: MP_INT

(TUPLE) | 0P |

0x21: | |

MP_INT: +~~~~~~~~~~ +
MP_ARRAY

0x20: KEY
MP_INT: MP_ARRAY

0P:
Works only for integer fields:

Addition 0P = '+' . spacelkey] [field_no] += argument

*

* Subtraction OP = '-' . spacelkey] [field_no] -
* Bitwise AND OP
*
*

Bitwise XOR OP = '~' . spacelkey] [field_no] ~
Bitwise OR OP = '|' . spacelkey] [field_no] |
Works on any fields:
* Delete 0p = '#'
delete <argument> fields starting
from <field_no> in the space[<key>]

= argument

'&' . spacelkey] [field_no] &= argument

= argument
= argument

| | | I
| 0P | FIELD_NO | ARGUMENT |
| MP_FIXSTR | MP_INT | MP_INT |
| | [ I
Fommm e t ' +
MP_ARRAY
* Insert op ="'V
insert <argument> before <field_no>
* Assign op = '='
assign <argument> to field <field_no>.
will extend the tuple if <field_no> == <max_field_no> + 1
0 2
Fommm e t ' t
| | | |
[ 0P | FIELD_NO | ARGUMENT |
| MP_FIXSTR | MP_INT | MP_OBJECT |
| | | |
S RS — } : }
MP_ARRAY
Works on string fields:
* Splice op = ':'
take the string from spacel[key] [field_no] and
substitute <offset> bytes from <position> with <argument>
0 2
oo } + + t +
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| v | FIELD_NO | POSITION | OFFSET | ARGUMENT |

| MP_FIXSTR | MP_INT | MP_INT | MP_INT | MP_STR |

| | | | | |

Fom = + + + + +
MP_ARRAY

It’s an error to specify an argument of a type that differs from expected type.

e DELETE: CODE - 0x05 Delete a tuple

DELETE BODY:

|
0x10: SPACE_ID |
MP_INT: MP_INT |

|
Ox11: INDEX_ID |
MP_INT: MP_INT

0x20: KEY

| MP_INT: MP_ARRAY

s
1 t

MP_MAP

e CALL: CODE -

0x06 Call a stored function

CALL BODY:

0x22: FUNCTION_N

|
|
| MP_INT: MP_STRING
|

|
AME |  0x21: TUPLE
| MP_INT: MP_ARRAY

'
+
s '

MP_MAP

e EVAL: CODE -

0x08 Evaulate Lua expression

EVAL BODY:

0x27: EXPRESSION

I
[
| MP_INT: MP_STRING
I

|
0x21: TUPLE |
MP_INT: MP_ARRAY |

|

e UPSERT: CODE - 0x09 Update tuple if it would be found elsewhere try to insert tuple. Always use
primary index for key.

UPSERT BODY:

0x10: SPACE_ID

|
|
|
| MP_INT: MP_INT
|
|

0x21: TUPLE (oPS) |
MP_INT: MP_ARRAY 0x28: |
MP_INT: +

MP_ARRAY

MP_MAP

290

FnaBsa 7. PykoBopactBo pa3pabortuuka




Tarantool, Beinyck 1.7.1

Operations structure same as for UPDATE operation.

0 2

Fom = + + +

| | | |

| oP | FIELD_NO | ARGUMENT |

| MP_FIXSTR | MP_INT | MP_INT |

| | | |

[ R t } }

MP_ARRAY
Supported operations:
'+' - add a value to a numeric field. If the filed is not numeric, it's

changed to O first. If the field does not exist, the operation is
skipped. There is no error in case of overflow either, the value
simply wraps around in C style. The range of the integer is MsgPack:
from -2763 to 2764-1

'-' - same as the previous, but subtract a value

'=' - assign a field to a value. The field must exist, if it does not exist,
the operation is skipped.

- insert a field. It's only possible to insert a field if this create no
nil "gaps" between fields. E.g. it's possible to add a field between
existing fields or as the last field of the tuple.

'#' - delete a field. If the field does not exist, the operation is skipped.

It's not possible to change with update operations a part of the primary
key (this is validated before performing upsert).

7.6.7 Response packet structure

We’ll show whole packets here:

OK: LEN + HEADER + BODY

0 5 OPTIONAL
Fom——_——— ++ t ++ t
| [ | Il |
| BODY || 0x00: 0x00 | 0x01: SYNC Il 0x30: DATA |
|HEADER| | MP_INT: MP_INT | MP_INT: MP_INT || MP_INT: MP_OBJECT |
| SIZE || | Il |
o ++ } ++

MP_INT MP_MAP MP_MAP

Set of tuples in the response <data> expects a msgpack array of tuples as value EVAL command returns
arbitrary MP_ARRAY with arbitrary MsgPack values.

ERROR: LEN + HEADER + BODY

0 5

[ (. ++ t ++ +
| I | I |
| BODY || 0x00: Ox8XXX |  0x01: SYNC Il 0x31: ERROR |
|HEADER| | MP_INT: MP_INT | MP_INT: MP_INT || MP_INT: MP_STRING |
| SIZE || | Il |
Fom—_—— - ++ t ++ t
MP_INT MP_MAP MP_MAP
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Where O0xXXX is ERRCODE.

Error message is present in the response only if there is an error <error> expects as value a msgpack string

Convenience macros which define hexadecimal constants for return codes can be found in src/box/errcode.h

7.6.8 Replication packet structure

-- replication keys

<server_id> ::= 0x02
<lsn> ::= 0x03
<timestamp> 1= 0x04
<server_uuid> 1= 0x24
<cluster_uuid> ::= 0x25
<vclock> ::= 0x26

-- replication codes

<join> 1:= 0x41
<subscribe> ::= 0x42
JOIN:

In the beginning you must send JOIN

HEADER BODY
+ + t | e TR +
| | | SERVER_UUID I
| 0x00: 0x41 | 0x01: SYNC | 0x24: UUID || EMPTY |
| MP_INT: MP_INT | MP_INT: MP_INT | MP_INT: MP_STRING || |
| | | Il |
} } t 1 +

MP_MAP MP_MAP

Then server, which we connect to, will send last SNAP file by, simply,
creating a number of INSERTs (with additional LSN and ServerID)
(don't reply). Then it'll send a vclock's MP_MAP and close a socket.

| | I |

| | Il |

|  0x00: 0x0O0 | 0x01: SYNC || 0x26:| SRV_ID: SRV_LSN | |

| MP_INT: MP_INT | MP_INT: MP_INT || MP_INT:| MP_INT: MP_INT | |

| | Il Lauiaiiaiaintatatateiatatatatntd + |

| | I MP_MAP |
MP_MAP MP_MAP

SUBSCRIBE:
Then you must send SUBSCRIBE:

HEADER

|
0x01: SYNC |
MP_INT: MP_INT |

|
| 0x00: 0x41
|  MP_INT: MP_INT
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SERVER_UUID | CLUSTER_UUID
0x24: UUID | 0x25: UUID
MP_INT: MP_STRING | MP_INT: MP_STRING
|

MP_MAP

BODY

[

0x26: VCLOCK |
MP_INT: MP_INT |
|

MP_MAP

Then you must process every query that'll came through other masters.
Every request between masters will have Additional LSN and SERVER_ID.

7.6.9 XLOG / SNAP

XLOG and SNAP have the same format. They start with:

SNAP\n

0.12\n

Server: e6edab43-eda7-4a82-8bf4-7ddd442a9275\n
VClock: {1: 0}\n

\n

So, Header of an SNAP/XLOG consists of:

<format>\n
<format_version>\n
Server: <server_uuid>\n
VClock: <vclock_map>\n
\n

There are two markers: tuple beginning - 0xd5ba0Obab and EOF marker - 0xd510aded. So, next, between
Header and EOF marker there’s data with the following schema:

0 34 17

| | | | | |
| OxdSbaObab | LENGTH | CRC32 PREV | CRC32 CUR | PADDING |
| | | | | |

MP_FIXEXT2 MP_INT MP_INT MP_INT -—-

| HEADER | BODY |
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MP_MAP MP_MAP

7.7 CornaweHus no pa3pabotke Ha sa3bike C

The project’s coding style is based on a version of the Linux kernel coding style.

The latest version of the Linux style can be found at: http://www.kernel.org/doc/Documentation/
CodingStyle

Since it is open for changes, the version of style that we follow, one from 2007-July-13, will be also copied
later in this document.

There are a few additional guidelines, either unique to Tarantool or deviating from the Kernel guidelines.

1. Chapters 10 "Kconfig configuration files11l "Data structures13 "Printing kernel messages 14
"Allocating memory"and 17 "Don’t re-invent the kernel macros"do not apply, since they are specific
to Linux kernel programming environment.

2. The rest of Linux Kernel Coding Style is amended as follows:

7.7.1 General guidelines

We use Git for revision control. The latest development is happening in the 'master’ branch. Our git repository
is hosted on github, and can be checked out with git clone git://github.com/tarantool/tarantool.git #
anonymous read-only access

If you have any questions about Tarantool internals, please post them on the developer discussion list,
https://groups.google.com/forum/#!forum/tarantool. However, please be warned: Launchpad silently
deletes posts from non-subscribed members, thus please be sure to have subscribed to the list prior to posting.
Additionally, some engineers are always present on #tarantool channel on irc.freenode.net.

Commenting style
Use Doxygen comment format, Javadoc flavor, i.e. @tag rather than tag. The main tags in use are @param,
@retval, @Qreturn, @see, @note and Qtodo.

Every function, except perhaps a very short and obvious one, should have a comment. A sample function
comment may look like below:

/** Write all data to a descriptor.
This function is equivalent to 'write', except it would ensure
that all data is written to the file unless a non-ignorable

error occurs.

Q@retval O Success

¥ X X X X X X *

@reval 1 An error occurred (not EINTR)
* /

static int

write_all(int fd, void \*data, size_t len);

Public structures and important structure members should be commented as well.
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Header files

Use header guards. Put the header guard in the first line in the header, before the copyright or declarations.
Use all-uppercase name for the header guard. Derive the header guard name from the file name, and append
_INCLUDED to get a macro name. For example, core/log_io.h -> CORE_LOG _ I0_ H INCLUDED. In
.c (implementation) file, include the respective declaration header before all other headers, to ensure that
the header is self- sufficient. Header "header.h"is self-sufficient if the following compiles without errors:

’#include "header.h"

Allocating memory

Prefer the supplied slab (salloc) and pool (palloc) allocators to malloc()/free() for any performance-intensive
or large memory allocations. Repetitive use of malloc()/free() can lead to memory fragmentation and should
therefore be avoided.

Always free all allocated memory, even allocated at start-up. We aim at being valgrind leak-check clean,
and in most cases it’s just as easy to free() the allocated memory as it is to write a valgrind suppression.
Freeing all allocated memory is also dynamic-load friendly: assuming a plug-in can be dynamically loaded
and unloaded multiple times, reload should not lead to a memory leak.

Other

Select GNU C99 extensions are acceptable. It’s OK to mix declarations and statements, use true and false.

The not-so-current list of all GCC C extensions can be found at: http://gcc.gnu.org/onlinedocs/gcc-4.
3.5/gcc/C-Extensions.html

7.7.2 Linux kernel coding style

This is a short document describing the preferred coding style for the linux kernel. Coding style is very
personal, and I won’t force my views on anybody, but this is what goes for anything that I have to be
able to maintain, and I'd prefer it for most other things too. Please at least consider the points made here.

First off, I'd suggest printing out a copy of the GNU coding standards, and NOT read it. Burn them, it’s a
great symbolic gesture.

Anyway, here goes:

Chapter 1: Indentation

Tabs are 8 characters, and thus indentations are also 8 characters. There are heretic movements that try to
make indentations 4 (or even 2!) characters deep, and that is akin to trying to define the value of PI to be 3.

Rationale: The whole idea behind indentation is to clearly define where a block of control starts and ends.
Especially when you’ve been looking at your screen for 20 straight hours, you’ll find it a lot easier to see how
the indentation works if you have large indentations.

Now, some people will claim that having 8-character indentations makes the code move too far to the right,
and makes it hard to read on a 80-character terminal screen. The answer to that is that if you need more
than 3 levels of indentation, you’re screwed anyway, and should fix your program.

In short, 8-char indents make things easier to read, and have the added benefit of warning you when you’re
nesting your functions too deep. Heed that warning.
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The preferred way to ease multiple indentation levels in a switch statement is to align the "switch"and its
subordinate "case"labels in the same column instead of "double-indenting"the "case"labels. e.g.:

switch (suffix) {

case 'G':

case 'g':
mem <<= 30;
break;

case 'M':

case 'm':
mem <<= 20;
break;

case 'K':

case 'k':

mem <<= 10;

/* fall through */
default:

break;

Don’t put multiple statements on a single line unless you have something to hide:

if (condition) do_this;
do_something_everytime;

Don’t put multiple assignments on a single line either. Kernel coding style is super simple. Avoid tricky
expressions.

Outside of comments, documentation and except in Kconfig, spaces are never used for indentation, and the
above example is deliberately broken.

Get a decent editor and don’t leave whitespace at the end of lines.

Chapter 2: Breaking long lines and strings

Coding style is all about readability and maintainability using commonly available tools.
The limit on the length of lines is 80 columns and this is a strongly preferred limit.

Statements longer than 80 columns will be broken into sensible chunks. Descendants are always substantially
shorter than the parent and are placed substantially to the right. The same applies to function headers with
a long argument list. Long strings are as well broken into shorter strings. The only exception to this is where
exceeding 80 columns significantly increases readability and does not hide information.

void fun(int a, int b, int c)

{
if (condition)
printk (KERN_WARNING "Warning this is a long printk with "
"3 parameters a: %u b: %u "
"c: %u \n", a, b, c);
else
next_statement;
}
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Chapter 3: Placing Braces and Spaces

The other issue that always comes up in C styling is the placement of braces. Unlike the indent size, there
are few technical reasons to choose one placement strategy over the other, but the preferred way, as shown
to us by the prophets Kernighan and Ritchie, is to put the opening brace last on the line, and put the closing
brace first, thusly:

if (x is true) {
we do y
}

This applies to all non-function statement blocks (if, switch, for, while, do). e.g.:

switch (action) {
case KOBJ_ADD:
return "add";
case KOBJ_REMOVE:
return "remove";
case KOBJ_CHANGE:
return "change";
default:
return NULL;
}

However, there is one special case, namely functions: they have the opening brace at the beginning of the
next line, thus:

int function(int x)
{

body of function;
}

Heretic people all over the world have claimed that this inconsistency is ... well ... inconsistent, but all
right-thinking people know that (a) K&R are right and (b) K&R are right. Besides, functions are special
anyway (you can’t nest them in C).

Note that the closing brace is empty on a line of its own, except in the cases where it is followed by a
continuation of the same statement, ie a "while"in a do-statement or an "else"in an if-statement, like this:

do {
body of do-loop;
} while (condition);

and

if (x == y) {
} else if (x > y) {
} elée {

}

Rationale: K&R.

Also, note that this brace-placement also minimizes the number of empty (or almost empty) lines, without
any loss of readability. Thus, as the supply of new-lines on your screen is not a renewable resource (think
25-line terminal screens here), you have more empty lines to put comments on.
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Do not unnecessarily use braces where a single statement will do.

if (condition)
action();

This does not apply if one branch of a conditional statement is a single statement. Use braces in both
branches.

if (condition) {
do_this();
do_that();

} else {
otherwise();

}

Chapter 3.1: Spaces

Linux kernel style for use of spaces depends (mostly) on function-versus-keyword usage. Use a space
after (most) keywords. The notable exceptions are sizeof, typeof, alignof, and _ _attribute _, which look

somewhat like functions (and are usually used with parentheses in Linux, although they are not required in
the language, as in: "sizeof info"after "struct fileinfo info;"is declared).

So use a space after these keywords: if, switch, case, for, do, while but not with sizeof, typeof, alignof, or
__attribute . E.g.,

s = sizeof(struct file);

Do not add spaces around (inside) parenthesized expressions. This example is bad:

s = sizeof( struct file );

When declaring pointer data or a function that returns a pointer type, the preferred use of *’ is adjacent to
the data name or function name and not adjacent to the type name. Examples:

char *linux_banner;
unsigned long long memparse(char *ptr, char **retptr);
char *match_strdup(substring_t *s);

Use one space around (on each side of) most binary and ternary operators, such as any of these:
=+-<>*/R|& " <=>===1=7:
but no space after unary operators:
& * 4 - 7 I sizeof typeof alignof  attribute  defined
no space before the postfix increment & decrement unary operators:
++ -
no space after the prefix increment & decrement unary operators:
++ -
and no space around the ’.” and >"structure member operators.

Do not leave trailing whitespace at the ends of lines. Some editors with "smart"indentation will insert
whitespace at the beginning of new lines as appropriate, so you can start typing the next line of code right
away. However, some such editors do not remove the whitespace if you end up not putting a line of code
there, such as if you leave a blank line. As a result, you end up with lines containing trailing whitespace.
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Git will warn you about patches that introduce trailing whitespace, and can optionally strip the trailing
whitespace for you; however, if applying a series of patches, this may make later patches in the series fail by
changing their context lines.

Chapter 4: Naming

C is a Spartan language, and so should your naming be. Unlike Modula-2 and Pascal programmers, C
programmers do not use cute names like ThisVariablelsATemporaryCounter. A C programmer would call
that variable "tmp which is much easier to write, and not the least more difficult to understand.

HOWEVER, while mixed-case names are frowned upon, descriptive names for global variables are a must.
To call a global function "foo"is a shooting offense.

GLOBAL variables (to be used only if you really need them) need to have descriptive names, as do
global functions. If you have a function that counts the number of active users, you should call that
"count _active users()"or similar, you should not_ call it "entusr()".

Encoding the type of a function into the name (so-called Hungarian notation) is brain damaged - the compiler
knows the types anyway and can check those, and it only confuses the programmer. No wonder MicroSoft
makes buggy programs.

LOCAL variable names should be short, and to the point. If you have some random integer loop counter, it
should probably be called "i". Calling it "loop counter"is non-productive, if there is no chance of it being
mis-understood. Similarly, "tmp"can be just about any type of variable that is used to hold a temporary
value.

If you are afraid to mix up your local variable names, you have another problem, which is called the function-
growth-hormone-imbalance syndrome. See chapter 6 (Functions).

Chapter 5: Typedefs

Please don’t use things like "vps_t".

It’s a _mistake to use typedef for structures and pointers. When you see a

’vps_t a;

in the source, what does it mean?

In contrast, if it says

struct virtual_container *a;

you can actually tell what "a"is.

Lots of people think that typedefs "help readability". Not so. They are useful only for:
1. totally opaque objects (where the typedef is actively used to _hide  what the object is).
Example: "pte t"etc. opaque objects that you can only access using the proper accessor functions.

NOTE! Opaqueness and "accessor functions"are not good in themselves. The reason we have them for
things like pte_t etc. is that there really is absolutely zero  portably accessible information there.

2. Clear integer types, where the abstraction helps avoid confusion whether it is "int"or "long".
u8/ul6/u32 are perfectly fine typedefs, although they fit into category (d) better than here.

NOTE! Again - there needs to be a _reason__ for this. If something is "unsigned long then there’s no
reason to do
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typedef unsigned long myflags_t;

but if there is a clear reason for why it under certain circumstances might be an "unsigned int"and
under other configurations might be "unsigned long then by all means go ahead and use a typedef.

3. when you use sparse to literally create a new  type for type-checking.
4. New types which are identical to standard C99 types, in certain exceptional circumstances.

Although it would only take a short amount of time for the eyes and brain to become accustomed to
the standard types like "uint32 t’, some people object to their use anyway.

Therefore, the Linux-specific 'u8/ul6/u32/u64’ types and their signed equivalents which are identical
to standard types are permitted — although they are not mandatory in new code of your own.

When editing existing code which already uses one or the other set of types, you should conform to
the existing choices in that code.

5. Types safe for use in userspace.

In certain structures which are visible to userspace, we cannot require C99 types and cannot use the
'u32’ form above. Thus, we use __ u32 and similar types in all structures which are shared with
userspace.

Maybe there are other cases too, but the rule should basically be to NEVER EVER use a typedef unless
you can clearly match one of those rules.

In general, a pointer, or a struct that has elements that can reasonably be directly accessed should never
be a typedef.

Chapter 6: Functions

Functions should be short and sweet, and do just one thing. They should fit on one or two screenfuls of text
(the ISO/ANSI screen size is 80x24, as we all know), and do one thing and do that well.

The maximum length of a function is inversely proportional to the complexity and indentation level of that
function. So, if you have a conceptually simple function that is just one long (but simple) case-statement,
where you have to do lots of small things for a lot of different cases, it’s OK to have a longer function.

However, if you have a complex function, and you suspect that a less-than-gifted first-year high-school student
might not even understand what the function is all about, you should adhere to the maximum limits all the
more closely. Use helper functions with descriptive names (you can ask the compiler to in-line them if you
think it’s performance-critical, and it will probably do a better job of it than you would have done).

Another measure of the function is the number of local variables. They shouldn’t exceed 5-10, or you're doing
something wrong. Re-think the function, and split it into smaller pieces. A human brain can generally easily
keep track of about 7 different things, anything more and it gets confu/sed. You know you’re brilliant, but
maybe you’d like to understand what you did 2 weeks from now.

In source files, separate functions with one blank line. If the function is exported, the EXPORT* macro for
it should follow immediately after the closing function brace line. E.g.:

int system_is_up(void)
{
return system_state == SYSTEM_RUNNING;
}
EXPORT_SYMBOL (system_is_up) ;

In function prototypes, include parameter names with their data types. Although this is not required by the
C language, it is preferred in Linux because it is a simple way to add valuable information for the reader.
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Chapter 7: Centralized exiting of functions
Albeit deprecated by some people, the equivalent of the goto statement is used frequently by compilers in
form of the unconditional jump instruction.

The goto statement comes in handy when a function exits from multiple locations and some common work
such as cleanup has to be done.

The rationale is:
e unconditional statements are easier to understand and follow
e nesting is reduced
e errors by not updating individual exit points when making modifications are prevented

e saves the compiler work to optimize redundant code away ;)

int fun(int a)

{
int result = 0;
char *buffer = kmalloc(SIZE);
if (buffer == NULL)
return -ENOMEM;
if (conditionl) {
while (loopl) {
}
result = 1;
goto out;
¥
out:
kfree(buffer) ;
return result;
}

Chapter 8: Commenting

Comments are good, but there is also a danger of over-commenting. NEVER try to explain HOW your code
works in a comment: it’s much better to write the code so that the _working is obvious, and it’s a waste
of time to explain badly written code. ¢ Generally, you want your comments to tell WHAT your code does,
not HOW. Also, try to avoid putting comments inside a function body: if the function is so complex that
you need to separately comment parts of it, you should probably go back to chapter 6 for a while. You can
make small comments to note or warn about something particularly clever (or ugly), but try to avoid excess.
Instead, put the comments at the head of the function, telling people what it does, and possibly WHY it
does it.

When commenting the kernel API functions, please use the kernel-doc format. See the files
Documentation/kernel-doc-nano-HOWTO.txt and scripts/kernel-doc for details.

Linux style for comments is the C89 "/\* ... \x/" style. Don’t use C99-style "// ..." comments.

The preferred style for long (multi-line) comments is:

/*

* This 1s the preferred style for multi-line
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comments in the Linux kernel source code.

*
* Please use 1t consistently.

*

* Description: A column of asterisks on the left side,
*

with beginning and ending almost-blank lines.

*/

It’s also important to comment data, whether they are basic types or derived types. To this end, use just
one data declaration per line (no commas for multiple data declarations). This leaves you room for a small
comment on each item, explaining its use.

Chapter 9: You've made a mess of it

That’s OK, we all do. You’ve probably been told by your long-time Unix user helper that "GNU
emacs"automatically formats the C sources for you, and you’ve noticed that yes, it does do that, but the
defaults it uses are less than desirable (in fact, they are worse than random typing - an infinite number of
monkeys typing into GNU emacs would never make a good program).

So, you can either get rid of GNU emacs, or change it to use saner values. To do the latter, you can stick
the following in your .emacs file:

(defun c-lineup-arglist-tabs-only (ignored)

"Line up argument lists by tabs, not spaces"

(let* ((anchor (c-langelem-pos c-syntactic-element))
(column (c-langelem-2nd-pos c-syntactic-element))
(offset (- (1+ column) anchor))

(steps (floor offset c-basic-offset)))
(* (max steps 1)
c-basic-offset)))

(add-hook 'c-mode-common-hook
(lambda ()

;5 Add kernel style

(c-add-style

"linux-tabs-only"

'("linux" (c-offsets-alist
(arglist-cont-nonempty
c-lineup-gcc-asm-reg
c-lineup-arglist-tabs-only))))))

(add-hook 'c-mode-hook
(lambda Q)
(let ((filename (buffer-file-name)))
;5 Enable kernel mode for the appropriate files
(when (and filename
(string-match (expand-file-name "~/src/linux-trees")
filename))
(setq indent-tabs-mode t)
(c-set-style "linux-tabs-only")))))

This will make emacs go better with the kernel coding style for C files below ~ /src/linux-trees.
But even if you fail in getting emacs to do sane formatting, not everything is lost: use "indent".

Now, again, GNU indent has the same brain-dead settings that GNU emacs has, which is why you need
to give it a few command line options. However, that’s not too bad, because even the makers of GNU
indent recognize the authority of K&R (the GNU people aren’t evil, they are just severely misguided in
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this matter), so you just give indent the options kr -i8"(stands for "K&R, 8 character indents"), or use
"scripts/Lindent which indents in the latest style.

"indent"has a lot of options, and especially when it comes to comment re-formatting you may want to take
a look at the man page. But remember: "indent"is not a fix for bad programming.

Chapter 10: Kconfig configuration files

For all of the Kconfig* configuration files throughout the source tree, the indentation is somewhat different.
Lines under a "config"definition are indented with one tab, while help text is indented an additional two
spaces. Example:

config AUDIT
bool "Auditing support"
depends on NET
help
Enable auditing infrastructure that can be used with another
kernel subsystem, such as SELinux (which requires this for
logging of avc messages output). Does not do system-call
auditing without CONFIG_AUDITSYSCALL.

Features that might still be considered unstable should be defined as dependent on "EXPERIMENTAL":

config SLUB
depends on EXPERIMENTAL && !ARCH_USES_SLAB_PAGE_STRUCT
bool "SLUB (Unqueued Allocator)"

while seriously dangerous features (such as write support for certain filesystems) should advertise this
prominently in their prompt string:

config ADFS_FS_RW
bool "ADFS write support (DANGERQOUS)"
depends on ADFS_FS

For full documentation on the configuration files, see the file Documentation /kbuild /kconfig-language.txt.

Chapter 11: Data structures

Data structures that have visibility outside the single-threaded environment they are created and destroyed
in should always have reference counts. In the kernel, garbage collection doesn’t exist (and outside the kernel
garbage collection is slow and inefficient), which means that you absolutely have to reference count all
your uses.

Reference counting means that you can avoid locking, and allows multiple users to have access to the data
structure in parallel - and not having to worry about the structure suddenly going away from under them
just because they slept or did something else for a while.

Note that locking is not  a replacement for reference counting. Locking is used to keep data structures
coherent, while reference counting is a memory management technique. Usually both are needed, and they
are not to be confused with each other.

Many data structures can indeed have two levels of reference counting, when there are users of different
"classes". The subclass count counts the number of subclass users, and decrements the global count just
once when the subclass count goes to zero.
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Examples of this kind of "multi-level-reference-counting"can be found in memory management ("struct
mm_ struct": mm_users and mm_count), and in filesystem code ("struct super block": s count and
s_active).

Remember: if another thread can find your data structure, and you don’t have a reference count on it, you
almost certainly have a bug.

Chapter 12: Macros, Enums and RTL

Names of macros defining constants and labels in enums are capitalized.

#define CONSTANT 0x12345

Enums are preferred when defining several related constants.
CAPITALIZED macro names are appreciated but macros resembling functions may be named in lower case.
Generally, inline functions are preferable to macros resembling functions.

Macros with multiple statements should be enclosed in a do - while block:

#define macrofun(a, b, c) |

do { \
if (a == 5) |
do_this(b, c); |\

} while (0)

Things to avoid when using macros:

1. macros that affect control flow:

#define F00(z) \
do { \
if (blah(z) < 0) |
return -EBUGGERED; |\
} while(0)

is a _very bad idea. It looks like a function call but exits the "calling"function; don’t break the
internal parsers of those who will read the code.

2. macros that depend on having a local variable with a magic name:

#define FO00(val) bar(indez, val)

might look like a good thing, but it’s confusing as hell when one reads the code and it’s prone to
breakage from seemingly innocent changes.

3. macros with arguments that are used as l-values: FOO(x) = y; will bite you if somebody e.g. turns
FOO into an inline function.

4. forgetting about precedence: macros defining constants using expressions must enclose the expression
in parentheses. Beware of similar issues with macros using parameters.

#define CONSTANT 0z4000
#define CONSTEXP (CONSTANT [ 3)

The cpp manual deals with macros exhaustively. The gcc internals manual also covers RTL which is
used frequently with assembly language in the kernel.
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Chapter 13: Printing kernel messages

Kernel developers like to be seen as literate. Do mind the spelling of kernel messages to make a good
impression. Do not use crippled words like "dont"; use "do not"or "don’t"instead. Make the messages concise,
clear, and unambiguous.

Kernel messages do not have to be terminated with a period.
Printing numbers in parentheses (%d) adds no value and should be avoided.

There are a number of driver model diagnostic macros in <linux/device.h> which you should use to
make sure messages are matched to the right device and driver, and are tagged with the right level:
dev_err(), dev_warn(), dev_info(), and so forth. For messages that aren’t associated with a particular
device, <linux/kernel.h> defines pr_debug() and pr_ info().

Coming up with good debugging messages can be quite a challenge; and once you have them, they can
be a huge help for remote troubleshooting. Such messages should be compiled out when the DEBUG
symbol is not defined (that is, by default they are not included). When you use dev__dbg() or pr_ debug(),
that’s automatic. Many subsystems have Kconfig options to turn on -DDEBUG. A related convention uses
VERBOSE DEBUG to add dev_ vdbg() messages to the ones already enabled by DEBUG.

Chapter 14: Allocating memory

The kernel provides the following general purpose memory allocators: kmalloc(), kzalloc(), kealloc(), and
vmalloc(). Please refer to the API documentation for further information about them.

The preferred form for passing a size of a struct is the following;:

’p = kmalloc(sizeof (*p), ...);

The alternative form where struct name is spelled out hurts readability and introduces an opportunity for
a bug when the pointer variable type is changed but the corresponding sizeof that is passed to a memory
allocator is not.

Casting the return value which is a void pointer is redundant. The conversion from void pointer to any other
pointer type is guaranteed by the C programming language.

Chapter 15: The inline disease

There appears to be a common misperception that gcc has a magic "make me faster"speedup option called
"inline". While the use of inlines can be appropriate (for example as a means of replacing macros, see Chapter
12), it very often is not. Abundant use of the inline keyword leads to a much bigger kernel, which in turn
slows the system as a whole down, due to a bigger icache footprint for the CPU and simply because there
is less memory available for the pagecache. Just think about it; a pagecache miss causes a disk seek, which
easily takes 5 milliseconds. There are a LOT of cpu cycles that can go into these 5 milliseconds.

A reasonable rule of thumb is to not put inline at functions that have more than 3 lines of code in them.
An exception to this rule are the cases where a parameter is known to be a compiletime constant, and as
a result of this constantness you know the compiler will be able to optimize most of your function away at
compile time. For a good example of this later case, see the kmalloc() inline function.

Often people argue that adding inline to functions that are static and used only once is always a win since
there is no space tradeoff. While this is technically correct, gcc is capable of inlining these automatically
without help, and the maintenance issue of removing the inline when a second user appears outweighs the
potential value of the hint that tells gcc to do something it would have done anyway.
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Chapter 16: Function return values and names

Functions can return values of many different kinds, and one of the most common is a value indicating
whether the function succeeded or failed. Such a value can be represented as an error-code integer (-Exxx =
failure, 0 = success) or a "succeeded"boolean (0 = failure, non-zero = success).

Mixing up these two sorts of representations is a fertile source of difficult-to-find bugs. If the C language
included a strong distinction between integers and booleans then the compiler would find these mistakes for
us... but it doesn’t. To help prevent such bugs, always follow this convention:

If the name of a function is an action or an imperative command,
the function should return an error-code integer. If the name
is a predicate, the function should return a "succeeded" boolean.

For example, "add work"is a command, and the add _work() function returns 0 for success or -EBUSY for
failure. In the same way, "PCI device present"is a predicate, and the pci _dev _present() function returns 1
if it succeeds in finding a matching device or 0 if it doesn’t.

All EXPORTed functions must respect this convention, and so should all public functions. Private (static)
functions need not, but it is recommended that they do.

Functions whose return value is the actual result of a computation, rather than an indication of whether the
computation succeeded, are not subject to this rule. Generally they indicate failure by returning some out-
of-range result. Typical examples would be functions that return pointers; they use NULL or the ERR_PTR
mechanism to report failure.

Chapter 17: Don’t re-invent the kernel macros

The header file include/linux/kernel.h contains a number of macros that you should use, rather than explicitly
coding some variant of them yourself. For example, if you need to calculate the length of an array, take
advantage of the macro

’#define ARRAY_SIZE(z) (sizeof(z) / sizeof((z)[0]))

Similarly, if you need to calculate the size of some structure member, use

’#define FIELD_SIZEOF(t, f) (sizeof(((t*)0)->f))

There are also min() and max() macros that do strict type checking if you need them. Feel free to peruse
that header file to see what else is already defined that you shouldn’t reproduce in your code.

Chapter 18: Editor modelines and other cruft

Some editors can interpret configuration information embedded in source files, indicated with special markers.
For example, emacs interprets lines marked like this:

-%- mode: C -*-

Or like this:

/*

Local Variables:

compile-command: "gcc -DMAGIC_DEBUG_FLAG foo.c"
End:

*/
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Vim interprets markers that look like this:

/* vim:set sw=8 noet */

Do not include any of these in source files. People have their own personal editor configurations, and your
source files should not override them. This includes markers for indentation and mode configuration. People
may use their own custom mode, or may have some other magic method for making indentation work
correctly.

Appendix |: References
e The C Programming Language, Second Edition by Brian W. Kernighan and Dennis M. Ritchie. Prentice
Hall, Inc., 1988. ISBN 0-13-110362-8 (paperback), 0-13-110370-9 (hardback).

The Practice of Programming by Brian W. Kernighan and Rob Pike. Addison-Wesley, Inc., 1999. ISBN
0-201-61586-X.

e GNU manuals - where in compliance with K&R and this text - for cpp, gcc, gee internals and indent

WG14 International standardization workgroup for the programming language C
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Kernel CodingStyle, by greg@kroah.com at OLS 2002

7.8 CornaweHuns no paspabotke Ha a3bike Python

7.8.1 Introduction

This document gives coding conventions for the Python code comprising the standard library in the main
Python distribution. Please see the companion informational PEP describing style guidelines for the C code
in the C implementation of Python®.

This document and PEP 257 (Docstring Conventions) were adapted from Guido’s original Python Style
Guide essay, with some additions from Barry’s style guide?.

7.8.2 A Foolish Consistency is the Hobgoblin of Little Minds

One of Guido’s key insights is that code is read much more often than it is written. The guidelines provided
here are intended to improve the readability of code and make it consistent across the wide spectrum of
Python code. As PEP 20 says, "Readability counts".

A style guide is about consistency. Consistency with this style guide is important. Consistency within a
project is more important. Consistency within one module or function is the most important.

But most importantly: know when to be inconsistent — sometimes the style guide just doesn’t apply. When
in doubt, use your best judgment. Look at other examples and decide what looks best. And don’t hesitate
to ask!

Two good reasons to break a particular rule:

1. When applying the rule would make the code less readable, even for someone who is used to reading
code that follows the rules.

2. To be consistent with surrounding code that also breaks it (maybe for historic reasons) — although this
is also an opportunity to clean up someone else’s mess (in true XP style).

1L PEP 7, Style Guide for C Code, van Rossum
2 Barry’s GNU Mailman style guide
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7.8.3 Code lay-out

Indentation

Use 4 spaces per indentation level.
For really old code that you don’t want to mess up, you can continue to use 8-space tabs.

Continuation lines should align wrapped elements either vertically using Python’s implicit line joining inside
parentheses, brackets and braces, or using a hanging indent. When using a hanging indent the following
considerations should be applied; there should be no arguments on the first line and further indentation
should be used to clearly distinguish itself as a continuation line.

Yes:

# Aligned with opening delimiter
foo = long_function_name(var_one, var_two,
var_three, var_four)

# More indentation included to distinguish this from the rest.
def long_function_name (
var_one, var_two, var_three,
var_four) :
print(var_one)

No:

# Arguments on first line forbidden when not using vertical alignment
foo = long_function_name(var_one, var_two,
var_three, var_four)

# Further indentation required as indentation s not distinguishable
def long_function_name (

var_one, var_two, var_three,

var_four) :

print (var_one)

Optional:

# Exztra indentation is not necessary.
foo = long_function_name (

var_one, var_two,

var_three, var_four)

The closing brace/bracket/parenthesis on multi-line constructs may either line up under the first non-
whitespace character of the last line of list, as in:

my_list = [
1, 2, 3,
4, 5, 6,
]
result = some_function_that_takes_arguments(
'a', 'b', 'c',
'd', 'e', 'f',
)

or it may be lined up under the first character of the line that starts the multi-line construct, as in:
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my_list = [
1, 2, 3,
4, 5, 6,
]
result = some_function_that_takes_arguments (
'a', 'b', 'c',
'd', 'e', 'f',
)

Tabs or Spaces?

Never mix tabs and spaces.

The most popular way of indenting Python is with spaces only. The second-most popular way is with tabs
only. Code indented with a mixture of tabs and spaces should be converted to using spaces exclusively.
When invoking the Python command line interpreter with the -t option, it issues warnings about code that
illegally mixes tabs and spaces. When using -tt these warnings become errors. These options are highly
recommended!

For new projects, spaces-only are strongly recommended over tabs. Most editors have features that make
this easy to do.

Maximum Line Length

Limit all lines to a maximum of 79 characters.

There are still many devices around that are limited to 80 character lines; plus, limiting windows to 80
characters makes it possible to have several windows side-by-side. The default wrapping on such devices
disrupts the visual structure of the code, making it more difficult to understand. Therefore, please limit all
lines to a maximum of 79 characters. For flowing long blocks of text (docstrings or comments), limiting the
length to 72 characters is recommended.

The preferred way of wrapping long lines is by using Python’s implied line continuation inside parentheses,
brackets and braces. Long lines can be broken over multiple lines by wrapping expressions in parentheses.
These should be used in preference to using a backslash for line continuation.

Backslashes may still be appropriate at times. For example, long, multiple with-statements cannot use
implicit continuation, so backslashes are acceptable:

with open('/path/to/some/file/you/want/to/read') as file_1, \
open('/path/to/some/file/being/written', 'w') as file_2:
file_2.write(file_1.read())

Another such case is with assert statements.

Make sure to indent the continued line appropriately. The preferred place to break around a binary operator
is after the operator, not before it. Some examples:

class Rectangle(Blob):

def __init__(self, width, height,
color='black', emphasis=None, highlight=0):
if (width == 0 and height == 0 and
color == 'red' and emphasis == 'strong' or
highlight > 100):
raise ValueError("sorry, you lose")

7.8. Cornawenus no paspabotke Ha si3bike Python 309




Tarantool, Bbeinyck 1.7.1

if width == 0 and height == 0 and (color == 'red' or
emphasis is None):
raise ValueError("I don't think so -- values are s "%

(width, height))
Blob.__init__(self, width, height,
color, emphasis, highlight)

Blank Lines

Separate top-level function and class definitions with two blank lines.
Method definitions inside a class are separated by a single blank line.

Extra blank lines may be used (sparingly) to separate groups of related functions. Blank lines may be omitted
between a bunch of related one-liners (e.g. a set of dummy implementations).

Use blank lines in functions, sparingly, to indicate logical sections.

Python accepts the control-L (i.e. “L) form feed character as whitespace; Many tools treat these characters
as page separators, so you may use them to separate pages of related sections of your file. Note, some editors
and web-based code viewers may not recognize control-L as a form feed and will show another glyph in its
place.

Encodings (PEP 263)

Code in the core Python distribution should always use the ASCII or Latin-1 encoding (a.k.a. ISO-8859-1).
For Python 3.0 and beyond, UTF-8 is preferred over Latin-1, see PEP 3120.

Files using ASCII should not have a coding cookie. Latin-1 (or UTF-8) should only be used when a comment
or docstring needs to mention an author name that requires Latin-1; otherwise, using \x, \u or \U escapes
is the preferred way to include non-ASCII data in string literals.

For Python 3.0 and beyond, the following policy is prescribed for the standard library (see PEP 3131):
All identifiers in the Python standard library MUST use ASCII-only identifiers, and SHOULD use English
words wherever feasible (in many cases, abbreviations and technical terms are used which aren’t English). In
addition, string literals and comments must also be in ASCII. The only exceptions are (a) test cases testing
the non-ASCII features, and (b) names of authors. Authors whose names are not based on the latin alphabet
MUST provide a latin transliteration of their names.

Open source projects with a global audience are encouraged to adopt a similar policy.

Imports

e Imports should usually be on separate lines, e.g.:

Yes: import os
import sys

No: import sys, os

It’s okay to say this though:

from subprocess import Popen, PIPE
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e Imports are always put at the top of the file, just after any module comments and docstrings, and

before module globals and constants.
Imports should be grouped in the following order:
1. standard library imports
2. related third party imports
3. local application/library specific imports
You should put a blank line between each group of imports.

Put any relevant __all__ specification after the imports.

Relative imports for intra-package imports are highly discouraged. Always use the absolute package
path for all imports. Even now that PEP 328 is fully implemented in Python 2.5, its style of explicit
relative imports is actively discouraged; absolute imports are more portable and usually more readable.

When importing a class from a class-containing module, it’s usually okay to spell this:

from myclass import MyClass
from foo.bar.yourclass import YourClass

If this spelling causes local name clashes, then spell them

import myclass
import foo.bar.yourclass

and use "myclass.MyClass"and "foo.bar.yourclass.YourClass".

7.8.4 Whitespace in Expressions and Statements

Pet Peeves

Avoid extraneous whitespace in the following situations:

Immediately inside parentheses, brackets or braces.

Yes: spam(ham[1], {eggs: 2})
No: spam( ham[ 1 ], { eggs: 2 } )

Immediately before a comma, semicolon, or colon:

Yes: if x == 4: print x, y; X, y =y, X
No: if x == s print x ,y;x,y=y, X

Immediately before the open parenthesis that starts the argument list of a function call:

Yes: spam(1)
No: spam (1)

Immediately before the open parenthesis that starts an indexing or slicing:

Yes: dict['key'] = list[index]
No: dict ['key'] = list [index]

More than one space around an assignment (or other) operator to align it with another.

Yes:
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x =1
y=2
long_variable = 3

No:
X =1
y =2

long_variable = 3

Other Recommendations

Always surround these binary operators with a single space on either side: assignment (=), augmented
assignment (+=, -= etc.), comparisons (==, <, >, !=, <> <= >= in, not in, is, is not), Booleans (and,
or, not).

If operators with different priorities are used, consider adding whitespace around the operators with
the lowest priority(ies). Use your own judgement; however, never use more than one space, and always
have the same amount of whitespace on both sides of a binary operator.

Yes:

i=1i+1
submitted += 1

x = x*x2 - 1

hypot2 = x*x + y*y
c = (at+b) * (a-b)

No:

i=i+l

submitted +=1

x=x* 2 -1

hypot2 = x * x + y * y
c=1(a+Db) *x (a-b)

Don’t use spaces around the = sign when used to indicate a keyword argument or a default parameter
value.

Yes:

def complex(real, imag=0.0):
return magic(r=real, i=imag)

def complex(real, imag = 0.0):
return magic(r = real, i = imag)

Compound statements (multiple statements on the same line) are generally discouraged.

Yes:

if foo == 'blah':
do_blah_thing()
do_one()
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do_two ()

do_three()

Rather not:

if foo == 'blah': do_blah_thing()
do_one(); do_two(); do_three()

e While sometimes it’s okay to put an if/for/while with a small body on the same line, never do this for
multi-clause statements. Also avoid folding such long lines!

Rather not:

if foo == 'blah': do_blah_thing()
for x in 1st: total += x
while t < 10: t = delay()

Definitely not:

if foo == 'blah': do_blah_thing()
else: do_non_blah_thing()

try: something()
finally: cleanup()

do_one(); do_two(); do_three(long, argument,
list, like, this)

if foo == 'blah': one(); two(); three()

7.8.5 Comments
Comments that contradict the code are worse than no comments. Always make a priority of keeping the
comments up-to-date when the code changes!

Comments should be complete sentences. If a comment is a phrase or sentence, its first word should be
capitalized, unless it is an identifier that begins with a lower case letter (never alter the case of identifiers!).

If a comment is short, the period at the end can be omitted. Block comments generally consist of one or
more paragraphs built out of complete sentences, and each sentence should end in a period.

You should use two spaces after a sentence-ending period.
When writing English, Strunk and White apply.

Python coders from non-English speaking countries: please write your comments in English, unless you are
120% sure that the code will never be read by people who don’t speak your language.

Block Comments

Block comments generally apply to some (or all) code that follows them, and are indented to the same level
as that code. Each line of a block comment starts with a # and a single space (unless it is indented text
inside the comment).

Paragraphs inside a block comment are separated by a line containing a single #.
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Inline Comments

Use inline comments sparingly.

An inline comment is a comment on the same line as a statement. Inline comments should be separated by
at least two spaces from the statement. They should start with a # and a single space.

Inline comments are unnecessary and in fact distracting if they state the obvious. Don’t do this:

’X =x +1 # Increment

But sometimes, this is useful:

’X =x +1 # Compensate for border

Documentation Strings

Conventions for writing good documentation strings (a.k.a. "docstrings") are immortalized in PEP 257.

e Write docstrings for all public modules, functions, classes, and methods. Docstrings are not necessary
for non-public methods, but you should have a comment that describes what the method does. This
comment should appear after the def line.

e PEP 257 describes good docstring conventions. Note that most importantly, the " that ends a multiline
docstring should be on a line by itself, and preferably preceded by a blank line, e.g.:

"""Return a foobang

Optional plotz says to frobnicate the bizbaz first.

mwmn

e For one liner docstrings, it’s okay to keep the closing " on the same line.

7.8.6 Version Bookkeeping

If you have to have Subversion, CVS, or RCS crud in your source file, do it as follows.

__version = "$Revision$"

# $Source$

These lines should be included after the module’s docstring, before any other code, separated by a blank line
above and below.

7.8.7 Naming Conventions

The naming conventions of Python’s library are a bit of a mess, so we’ll never get this completely consistent
— nevertheless, here are the currently recommended naming standards. New modules and packages (including
third party frameworks) should be written to these standards, but where an existing library has a different
style, internal consistency is preferred.
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Descriptive: Naming Styles

There are a lot of different naming styles. It helps to be able to recognize what naming style is being used,
independently from what they are used for.

The following naming styles are commonly distinguished:

e b (single lowercase letter)

B (single uppercase letter)

e lowercase

e lower_case_with_underscores
e UPPERCASE

e UPPER_CASE_WITH_UNDERSCORES

e CapitalizedWords (or CapWords, or CamelCase — so named because of the bumpy look of its letters®).
This is also sometimes known as StudlyCaps.

Note: When using abbreviations in CapWords, capitalize all the letters of the abbreviation. Thus
HTTPServerError is better than HttpServerError.

e mixedCase (differs from CapitalizedWords by initial lowercase character!)
e Capitalized_Words_With_Underscores (ugly!)

There’s also the style of using a short unique prefix to group related names together. This is not used much
in Python, but it is mentioned for completeness. For example, the os.stat () function returns a tuple whose
items traditionally have names like st_mode, st_size, st_mtime and so on. (This is done to emphasize
the correspondence with the fields of the POSIX system call struct, which helps programmers familiar with
that.)

The X11 library uses a leading X for all its public functions. In Python, this style is generally deemed
unnecessary because attribute and method names are prefixed with an object, and function names are
prefixed with a module name.

In addition, the following special forms using leading or trailing underscores are recognized (these can
generally be combined with any case convention):

e _single_leading_underscore: weak "internal use"indicator. E.g. from M import * does not import
objects whose name starts with an underscore.

e single_trailing_underscore_: used by convention to avoid conflicts with Python keyword, e.g.

Tkinter.Toplevel (master, class_='ClassName')

e __double_leading_underscore: when naming a class attribute, invokes name mangling (inside class
FooBar, __boo becomes _FooBar__boo; see below).

PR——

e __double_leading_and_trailing_underscore__: "magic"objects or attributes that live in user-
controlled namespaces. E.g. __init

import__ or __file__. Never invent such names; only use
them as documented.

—_) - -

Prescriptive: Naming Conventions

3 CamelCase Wikipedia page
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Names to Avoid

Never use the characters 1’ (lowercase letter el), 'O’ (uppercase letter oh), or "I’ (uppercase letter eye) as
single character variable names.

In some fonts, these characters are indistinguishable from the numerals one and zero. When tempted to use
1, use 'L’ instead.

Package and Module Names

Modules should have short, all-lowercase names. Underscores can be used in the module name if it improves
readability. Python packages should also have short, all-lowercase names, although the use of underscores is
discouraged.

Since module names are mapped to file names, and some file systems are case insensitive and truncate long
names, it is important that module names be chosen to be fairly short — this won’t be a problem on Unix,
but it may be a problem when the code is transported to older Mac or Windows versions, or DOS.

When an extension module written in C or C++ has an accompanying Python module that provides a higher
level (e.g. more object oriented) interface, the C/C+-+ module has a leading underscore (e.g. _socket).

Class Names

Almost without exception, class names use the CapWords convention. Classes for internal use have a leading
underscore in addition.

Exception Names

Because exceptions should be classes, the class naming convention applies here. However, you should use the
suffix "Error"on your exception names (if the exception actually is an error).

Global Variable Names

(Let’s hope that these variables are meant for use inside one module only.) The conventions are about the
same as those for functions.

Modules that are designed for use via from M import * should use the __all__ mechanism to prevent

exporting globals, or use the older convention of prefixing such globals with an underscore (which you might
want to do to indicate these globals are "module non-public").

Function Names

Function names should be lowercase, with words separated by underscores as necessary to improve readability.

mixedCase is allowed only in contexts where that’s already the prevailing style (e.g. threading.py), to retain
backwards compatibility.
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Function and method arguments

Always use self for the first argument to instance methods.
Always use cls for the first argument to class methods.

If a function argument’s name clashes with a reserved keyword, it is generally better to append a single
trailing underscore rather than use an abbreviation or spelling corruption. Thus class_ is better than clss.
(Perhaps better is to avoid such clashes by using a synonym.)

Method Names and Instance Variables

Use the function naming rules: lowercase with words separated by underscores as necessary to improve
readability.

Use one leading underscore only for non-public methods and instance variables.
To avoid name clashes with subclasses, use two leading underscores to invoke Python’s name mangling rules.

Python mangles these names with the class name: if class Foo has an attribute named __a, it cannot be
accessed by Foo.__a. (An insistent user could still gain access by calling Foo._Foo__a.) Generally, double
leading underscores should be used only to avoid name conflicts with attributes in classes designed to be
subclassed.

Note: there is some controversy about the use of __ names (see below).

Constants

Constants are usually defined on a module level and written in all capital letters with underscores separating
words. Examples include MAX_OVERFLOW and TOTAL.

Designing for inheritance

Always decide whether a class’s methods and instance variables (collectively: "attributes") should be public
or non-public. If in doubt, choose non-public; it’s easier to make it public later than to make a public attribute
non-public.

Public attributes are those that you expect unrelated clients of your class to use, with your commitment to
avoid backward incompatible changes. Non-public attributes are those that are not intended to be used by
third parties; you make no guarantees that non-public attributes won’t change or even be removed.

We don’t use the term "private"here, since no attribute is really private in Python (without a generally
unnecessary amount of work).

Another category of attributes are those that are part of the "subclass API"(often called "protected"in other
languages). Some classes are designed to be inherited from, either to extend or modify aspects of the class’s
behavior. When designing such a class, take care to make explicit decisions about which attributes are public,
which are part of the subclass API, and which are truly only to be used by your base class.

With this in mind, here are the Pythonic guidelines:
e Public attributes should have no leading underscores.

e If your public attribute name collides with a reserved keyword, append a single trailing underscore
to your attribute name. This is preferable to an abbreviation or corrupted spelling. (However, not
withstanding this rule, ’cls’ is the preferred spelling for any variable or argument which is known to be
a class, especially the first argument to a class method.)
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Note 1: See the argument name recommendation above for class methods.

e For simple public data attributes, it is best to expose just the attribute name, without complicated
accessor /mutator methods. Keep in mind that Python provides an easy path to future enhancement,
should you find that a simple data attribute needs to grow functional behavior. In that case, use
properties to hide functional implementation behind simple data attribute access syntax.

Note 1: Properties only work on new-style classes.

Note 2: Try to keep the functional behavior side-effect free, although side-effects such as caching are
generally fine.

Note 3: Avoid using properties for computationally expensive operations; the attribute notation makes
the caller believe that access is (relatively) cheap.

e If your class is intended to be subclassed, and you have attributes that you do not want subclasses to
use, consider naming them with double leading underscores and no trailing underscores. This invokes
Python’s name mangling algorithm, where the name of the class is mangled into the attribute name.
This helps avoid attribute name collisions should subclasses inadvertently contain attributes with the
same name.

Note 1: Note that only the simple class name is used in the mangled name, so if a subclass chooses
both the same class name and attribute name, you can still get name collisions.

Note 2: Name mangling can make certain uses, such as debugging and __getattr__(), less
convenient. However the name mangling algorithm is well documented and easy to perform
manually.

Note 3: Not everyone likes name mangling. Try to balance the need to avoid accidental name clashes
with potential use by advanced callers.

7.8.8 References

7.8.9 Copyright

Author:
e Guido van Rossum <guido@python.org>

e Barry Warsaw <barry@python.org>

7.9 Paborta c pennszamum

7.9.1 How to make a minor release

$ git tag -a 1.4.4 -m "Next minor in 1.4 series"
$ vim CMakelLists.txt # edit CPACK_PACKAGE_VERSION_PATCH
$ git push --tags

Update the Web site in doc/www

Update all issues, upload the ChangeLog based on git log output. The ChangelLoog must only include items
which are mentioned as issues on github. If anything significant is there, which is not mentioned, something
went wrong in release planning and the release should be held up until this is cleared.

Click 'Release milestone’. Create a milestone for the next minor release. Alert the driver to target bugs and
blueprints to the new milestone.
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