Tarantool
Bbinyck 1.7.2

map. 14, 2019



OrnaeneHune

1 Yo HOBOro?

1.1  Yro moBoro B Tarantool 1.77 . . . . . . . . . .. 1
2 OO6mmue cBeneHust 2
2.1  Cepsep npumoxkennit + CYBIL . . . . . . . ... 2
2.2 Bosmoxmoctu CYBJIL . . . . . . . e 3
3 IlpakTukym 5
3.1 Ilpaxktmueckume 3ayanms Ha Lua . . . . . o . o L0 5
3.2  IIpakrmueckoe 3azanme Ha C . . . . . . . . ... 17
4 PykxoBOACTBO IOJIBL30BATEIA 21
4.1 TIPeUCIIOBUE . . . . o v v v i it e e e e e e e e e 21
4.2 Hagamo pabOTBL . . . . . o v v v e i e e e e e 22
4.3 Oymxmmonas CYBIL . . . . 0 o L o o 25
4.4 CepBep MPUIIOKEHUI . . o« v v v v vt et e et e e e e e e e e 58
4.5 AJMUHHCTPUDOBAHHUE CEPBEPHOM TACTH . « « o v o o v v e oo e et e e e e e e e e e 72
4.6 KOHHEKTODBI . . . . . v v v v vt it et e e e e e e e e 108
4.7 BOOPOCBI M OTBETDBL . .« v v v v vt v vt et e e e e e e e e e e 120
5 CopaBoYHHKH 121
5.1 CopaBOYHHK IO BCTPOEHHOW OUOJIMOTEKE . . . . .+ o o v it e e i e e e e e 121
5.2  CopaBOYHHK IO CTOPOHHUM OMOJTMOTEKAM . . . .« .« o v v e vt et et e e e e e e 228
5.3  CHpPaBOYHUK IO HACTPOMKE . . . .« ¢ o v v v e v i e et et et e e e et e e e e e 247
6 PyKoBOJCTBO y4YacTHHKa MPOEKTAa 257
6.1 Copasounmk mo C APL . . . . . . . . 257
6.2 JleTamm PEATIHMBAIIAT . . . . .« v o v e i e e e e e e e e e e e e e e e e e 280
6.3 COOpKa M YyUACTHE B IIPOEKTE . . . « ¢ v v v e v e e ettt et e e et e e e e e 293
6.4 CornameHus M0 Pa3PAbOTKE . . .+ v« v v v v v et e e e e e e e e e 298
Lua Module Index 329




rIABA 1

Y10 HoBOro?

3aech cobpaHa WHGOPMAIUS O CYIECTBEHHBIX M3MEHEHUIX, KOTOPbIe MPOU3OILIN B KOHKPETHBIX BEPCUIX
Tarantool’a.

Boitee MesKue H3MEHEHNS U UCIPABJIEHHS 1e(DEKTOB YKA3AHBL B OTUETAX O BLIILYIICHHLIX CTAOMILHBIX DEIli-
zax (milestone — closed) na GitHub.

1.1 Y70 HoBoro B Tarantool 1.77

JlnckoBBI IBUZKOK, KOTOPBIH B Oosiee pannux Bepcusx Tarantool’a naseiBasicsa sophia u phia, 3aMeHeH HOBBIM
JIBI2KKOM TIOJ[ HA3BaHWEM vinyl.

ﬂO6aBHeHbI HOBbIE€ THUIIbI THICKCUPYEMbIX T10JIEeM.
O6uosnena Bepcus LuaJIT.

V kjacrepa PEIINKAINN MOSBUIACH BO3MOYXKHOCTH CAMOHACTPOWKH, UYTO CYIIECTBEHHO YIIPOIIAET HACTPOUKY
HOBOI'O KJlacTepa.

Oyukius space_object:inc() obbsBieHa ycTapeBIneii.

Oyukius space_object:dec() obbsaBieHa ycTapeBIeil.



https://github.com/tarantool/tarantool/milestones?state=closed
https://github.com/tarantool/tarantool/milestones?state=closed

FABA 2

Obuwme ceeneHuns

2.1 Cepsep npunoxennn + 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 — 310 open-source mpoekT. VICXOMHBIA KO OTKPBIT JJisi BCEX W PACIPOCTPAHSETCs OeCIIaTHO
cornacuo Jjunensuun BSD license. Iomnepxusaembie mwiardopmbr: GNU / Linux, Mac OS u FreeBSD.

Coznaresem Tarantool’a — a Tak»ke ero OCHOBHBIM IIOJIb30BaTejleM — siBjisieTcss kommanusi Mail. Ru, kpymn-
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-



http://www.gnu.org/licenses/license-list.html#ModifiedBSD
http://api.mail.ru
http://www.alexa.com/siteinfo/mail.ru
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CJIeI0BATENILHO, HO O49eHb 9(PEKTUBHO, T.K. OHO UCIOJIL3YET CPELy B3aMMHOM MHOI'03aJaYHOCTHU CaMOIo
Tarantool’a.

Ojun w3 BerpamBaembix Lua-nakeroB — 310 API mna dynkmuonana CYBJI. Takum o6pazoM, 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.

2.2 BosmoxHoctn CYB/

Kommonent "box"— cepseprast qacts ¢ dyukiuonaiom CYBJI — sto Baxknas gyacte Tarantool’a, xorst on
MOXKeT paboTaTh 1 6e3 JAHHOTO KOMIIOHEHTA.

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, XKypHaJIUpyeMbIx merge-jiepesbes (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 —

2.2. BosmoxHoctu CYB/[, 3
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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 Takke momepKnBaeT AaCMHXPOHHYIO PEMJIMKAIIMIO — KAaK JIOKAJIbHYIO, 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.

4 Mnasa 2. Ob6uwime ceepeHus
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[MpakTrkym

3.1 lNpakTuyeckne 3agaHus Ha Lua

Here are three tutorials on using Lua stored procedures with Tarantool:
e Insert one million tuples with a Lua stored procedure,
o Sum a JSON field for all tuples,

e Indexed pattern search.

3.1.1 BctaBka 1 MaIH KOpTexei C NOMOLLbLIO XpaHUMO npouenypbl Ha A3blke Lua

This is an exercise assignment: “Insert one million tuples. Each tuple should have a constantly-increasing
numeric primary-key field and a random alphabetic 10-character string field.”

The purpose of the exercise is to show what Lua functions look like inside Tarantool. It will be necessary
to employ the Lua math library, the Lua string library, the Tarantool box library, the Tarantool box.tuple
library, loops, and concatenations. It should be easy to follow even for a person who has not used either Lua
or Tarantool before. The only requirement is a knowledge of how other programming languages work and a
memory of the first two chapters of this manual. But for better understanding, follow the comments and the
links, which point to the Lua manual or to elsewhere in this Tarantool manual. To further enhance learning,
type the statements in with the tarantool client while reading along.

Configure

We are going to use the "tarantool sandbox"that was created 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.
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Delimiter
In earlier versions of Tarantool, multi-line functions had to be enclosed within "delimiters". They are no
longer necessary, and so they will not be used in this tutorial. However, they are still supported. Users

who wish to use delimiters, or users of older versions of Tarantool, should check the syntax description for
declaring a delimiter before proceeding.

Create a function that returns a string

We will start by making a function that returns a fixed string, “Hello world”.

function string_function()
return "hello world"
end

The word "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".

The screen now looks like this:

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.

6 Fnasa 3. MpakTtukym
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Then we assign a value to string_value, namely, the result of string_function(). Soon we will invoke
main_function() to check that it got the value.

For more about Lua variables see Lua manual chapter 4.2 "Local Variables and Blocks" .

The screen now looks like this:

tarantool> function main_function()
> local string_value
>  string_value = string_function()
> return string_value
> end

tarantool> main_function()

- hello world

tarantool>

Modify the function so it returns a one-letter random string

Now that it’s a bit clearer how to make a variable, we can change string_function() so that, instead of
returning a fixed literal "Hello world it returns a random letter between A’ and ’Z’.

function string_function()
local random_number
local random_string
random_number = math.random(65, 90)
random_string = string.char(random_number)
return random_string

end

It is not necessary to destroy the old string_function() contents, they’re simply overwritten. The first
assignment invokes a random-number function in Lua’s math library; the parameters mean “the number
must be an integer between 65 and 90.” The second assignment invokes an integer-to-character function in
Lua’s string library; the parameter is the code point of the character. Luckily the ASCII value of A’ is 65
and the ASCII value of ’Z’ is 90 so the result will always be a letter between A and Z.

For more about Lua math-library functions see Lua users "Math Library 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().

The screen now looks like this:

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()

3.1. Mpaktuyeckune 3agaHus Ha Lua 7
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tarantool>

... Well, actually it won’t always look like this because math.random() produces random numbers. But for
the illustration purposes it won’t matter what the random string values are.

Modify the function so it returns a ten-letter random string

Now that it’s clear how to produce one-letter random strings, we can reach our goal of producing a ten-letter
string by concatenating ten one-letter strings, in a loop.

function string_function()
local random_number
local random_string
random_string = ""
for x = 1,10,1 do
random_number = math.random(65, 90)
random_string = random_string .. string.char(random_number)
end
return random_string
end

The words "for x = 1,10,1"mean “start with x equals 1, loop until x equals 10, increment x by 1 for each
iteration.” The symbol ".."means "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().

For more about Lua loops see Lua manual chapter 4.3.4 "Numeric for".

The screen now looks like this:

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.

8 Fnasa 3. MpakTtukym
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function main_function()
local string_value, t
string_value = string_function()
t = box.tuple.new({l, string_value})
return t
end

Once this is done, t will be the value of a new tuple which has two fields. The first field is numeric: 1. The
second field is a random string. Once again the string_function() can be invoked from main_function()
which can be invoked with main_function().

For more about Tarantool tuples see Tarantool manual section Submodule box.tuple.

The screen now looks like this:

tarantool> function main_function()
> local string_value, t
> string_value = string_function()
> t = box.tuple.new({1, string_value})
> return t
> end

tarantool> main_function()

- [1, '"PNPZPCOOKA']

tarantool>

Modify main_function to insert a tuple into the database

Now that it’s clear how to make a tuple that contains a number and a 10-letter random string, the only trick
remaining is putting that tuple into tester. Remember that tester is the first space that was defined in the
sandbox, so it’s like a database table.

function main_function()
local string_value, t
string_value = string_function()
t = box.tuple.new({1,string_value})
box.space.tester:replace(t)
end

The new line here is box.space.tester:replace(t). The name contains ’tester’ because the insertion
is going to be to tester. The second parameter is the tuple value. To be perfectly correct we could have
said box.space.tester:insert(t) here, rather than box.space.tester:replace(t), but "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.
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The screen now looks like this:

tarantool> function main_function()
> local string_value, t
>  string_value = string_function()
> t = box.tuple.new({l,string_valuel})
>  box.space.tester:replace(t)
> end

tarantool> main_function()

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

- - [1, '"EUJYVEECIL']

tarantool>

Modify main_function to insert a million tuples into the database

Now that it’s clear how to insert one tuple into the database, it’s no big deal to figure out how to scale up:
instead of inserting with a literal value = 1 for the primary key, insert with a variable value = between 1
and 1 million, in a loop. Since we already saw how to loop, that’s a simple thing. The only extra wrinkle
that we add here is a timing function.

function main_function()
local string_value, t
for i = 1,1000000,1 do
string_value = string_function()
t = box.tuple.new({i,string_value})
box.space.tester:replace(t)
end
end
start_time = os.clock()
main_function()
end_time = os.clock()
'insert done in ' .. end_time - start_time .. ' seconds'

The standard Lua function os.clock() <http://www.lua.org/manual/5.1/manual. html#pdf-os.clock> will
return the number of CPU seconds since the start. Therefore, by getting start time = number of seconds
just before the inserting, and then getting end time = number of seconds just after the inserting, we can
calculate (end time - start time) = elapsed time in seconds. We will display that value by putting it in
a request without any assignments, which causes Tarantool to send the value to the client, which prints it.
(Lua’s answer to the C printf () function, which is print (), will also work.)

For more on Lua os.clock() see Lua manual chapter 22.1 "Date and Time". For more on Lua print() see
Lua manual chapter 5 "Functions".

Since this is the grand finale, we will redo the final versions of all the necessary requests: the request
that created string_function(), the request that created main_function(), and the request that invokes
main_function().

function string_function()
local random_number
local random_string
random_string = ""
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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_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 screen now looks like this:

tarantool> function string_function()
> local random_number

return random_string
end

> 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

>

>

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>

3.1. Mpaktuyeckune 3agaHus Ha Lua
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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.

3.1.2 Mopacyet cymmbl no JSON-nonsim Bo Bcex KopTexxax

This is an exercise assignment: “Assume that inside every tuple there is a string formatted as JSON. Inside
that string there is a JSON numeric field. For each tuple, find the numeric field’s value and add it to a 'sum’
variable. At end, return the ’sum’ variable.” The purpose of the exercise is to get experience in one way to
read and process tuples.

json = require('json')
function sum_json_field(field_name)
local v, t, sum, field_value, is_valid_json, lua_table
sum = 0
for v, t in box.space.tester:pairs() do
is_valid_json, lua_table = pcall(json.decode, t[2])
if is_valid_json then
field_value = lua_table[field_name]
if type(field_value == "number" then sum = sum + field_value end
end
end
return sum
end

LINE 3: WHY "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 lua_table = json.decode(t[2])), then the function would
abort with an error if it encountered something wrong with the JSON string - a missing colon, for example.
By putting the function inside "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
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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":
15}', 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 1s left over from some previous test, destroy it
box.space.tester:drop()

box.schema.space.create('tester')
box.space.tester:create_index('primary', {parts = {1, 'unsigned'}})

then add some tuples where the first field is a number and the second field is a string.

box.space.tester:insert{444, '{"Item": "widget", "Quantity": 15}'}
box.space.tester:insert{445, '{"Item": "widget", "Quantity": 7}'}
box.space.tester:insert{446, '{"Item": "golf club", "Quantity": "sunshine"}'}
box.space.tester:insert{447, '{"Item": "waffle iron", "Quantit": 3}'}

Since this is a test, there are deliberate errors. The "golf club"and the "waffle iron"do not have numeric
Quantity fields, so must be ignored. Therefore the real sum of the Quantity field in the JSON strings should
be: 15 + 7 = 22.

Invoke the function with sum_json_field("Quantity").

tarantool> sum_json_field("Quantity")

- 22

It works. We'll just leave, as exercises for future improvement, the possibility that the "hard
coding"assumptions could be removed, that there might have to be an overflow check if some field values are
huge, and that the function should contain a "yield"instruction if the count of tuples is huge.

3.1.3 NHaekcmnpoBaHHbIi Nnouck no wabnoHam

Here is a generic function which takes a field identifier and a search pattern, and returns all tuples that
match. |br| * The field must be the first field of a TREE index. |br| * The function will use Lua pattern
matching, which allows "magic characters"in regular expressions. |br| * 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. |br| * To be cooperative, the function should yield after
every 10 tuples, unless there is a reason to delay yielding. |br| 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.
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Read the following Lua code to see how it works. The comments that begin with "SEE NOTE ..."refer to

long explanations that follow the code.

function indexed_pattern_search(space_name, field_no, pattern)
-- SEE NOTE #1 "FIND AN APPROPRIATE INDEX"
if (box.spacel[space_name] == nil) then
print ("Error: Failed to find the specified space")
return nil

end
local index_no = -1
for i=0,box.schema.INDEX_MAX,1 do
if (box.space[space_name].index[i] == nil) then break end
if (box.space[space_name].index[i].type == "TREE"
and box.space[space_name] .index[i].parts[1].fieldno == field_no
and (box.space[space_name].index[i].parts[1].type == "scalar"
or box.spacel[space_name] .index[i].parts[1].type == "string")) then
index_no = i
break
end
end
if (index_no == -1) then

print ("Error: Failed to find an appropriate index")
return nil
end
-- SEE NOTE #2 "DERIVE INDEX SEARCH KEY FROM PATTERN"
local index_search_key = ""
local index_search_key_length = 0
local last_character = ""
local ¢ = ""
local c2 = ""
for i=1,string.len(pattern),1 do
¢ = string.sub(pattern, i, i)

if (last_character ~= "J") then
if (C == '~ or ¢ == ||$|| or ¢ == n(n or ¢ == n)u or ¢ == " "
or ¢ == ||[|| or ¢ == n]n or ¢ == Ny or ¢ == nyn
or ¢ == "-" or ¢ == "7") then
break
end
if (¢ == "%") 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 = ¢
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 = 0

14

Fnasa 3. MpakTtukym




Tarantool, Bbinyck 1.7.2

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 TOO GREAT"
if (string.sub(tuple[field_no], 1, index_search_key_length)
> index_search_key) then
break
end
-- SEE NOTE #6 "INNER LOOP: BREAK AFTER EVERY 10 TUPLES -- MAYBE"
number_of_tuples_since_last_yield = number_of_tuples_since_last_yield + 1
if (number_of_tuples_since_last_yield >= 10
and tuple[field_no] ~= previous_tuple_field) then
index_search_key = tuple[field_no]
is_time_for_a_yield = true
break
end
previous_tuple_field = tuple[field_no]
-- SEE NOTE #7 "INNER LOOP: ADD TO RESULT SET IF PATTERN MATCHES"
if (string.match(tuple[field_no], pattern) ~= nil) then
number_of_tuples_in_result_set = number_of_tuples_in_result_set + 1
result_set [number_of_tuples_in_result_set] = tuple

end
end
-- SEE NOTE #8 "OUTER LOOP: BREAK, OR YIELD AND CONTINUE"
if (is_time_for_a_yield "= true) then
break
end
require('fiber').yield()
end
return result_set

end

NOTE #1 "FIND AN APPROPRIATE INDEX|br|@"|br| The caller has passed space name
(a string) and field no (a number). The requirements are: |br| (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; |br| (b) field no must be the first index
part; |br| (c) the field must contain strings, because for other data types (such as "unsigned")
pattern searches are not possible; |br| 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|br|@"|br| 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 % ~ $ () . [] * + - ?. For example, if the
pattern is "ABC.E the period is a magic character and therefore the index search key will be
"ABC". But there is a complication ... If we see "% "followed by a punctuation character, that
punctuation character is "escaped"so remove the "%"when making the index search key. For
example, if the pattern is "AB%S$E the dollar sign is escaped and therefore the index search
key will be "ABSE". Finally there is a check that the index search key length must be at least
three — this is an arbitrary number, and in fact zero would be okay, but short index search
keys will cause long search times.

NOTE #3 — "OUTER LOOP: INITIATE|br|@"|br| 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.
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NOTE #4 "INNER LOOP: ITERATOR|br|@"|br| 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|br|@Q"|br| 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|br|@"|br| 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|br|@Q"|br|
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 "TABCDE" > "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|br|@"|br| There are
three conditions which will cause a break from the inner loop: (1) the for loop ends naturally
because there are no more index keys which are greater than or equal to the index search key,
(2) the index key is too great as described in NOTE #5, (3) it is time for a yield as described
in NOTE #6. If condition (1) or condition (2) is true, then there is nothing more to do, the
outer loop ends too. If and only if condition (3) is true, the outer loop must yield and then
continue. If it does continue, then the inner loop — the iterator search — will happen again with
a new value for the index search key.

EXAMPLE:

Start Tarantool, cut and paste the code for function indexed_pattern_search, and try the
following:

box.space.t:drop()
box.schema.space.create('t')

box.space.t:create_index('primary',{})
box.space.t:create_index('secondary',{unique=false,parts={2, 'string',3, 'string'}})
box.space.t:insert{1,'A','a'}

box.space.t:insert{2, 'AB',"''}

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.")

t
t
t
t
box.space.t:insert{3, 'ABC','a'}
t
t
t
t

The result will be:

tarantool> indexed_pattern_search("t", 2, "ABC.E.")

- - [7, 'ABCDEF', 'a'l
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3.2 lMpakTuyeckoe 3apgaHue Ha C

Here is one C tutorial: C stored procedures.

3.2.1 XpaHumble npoueaypbl Ha a3bike C

Tarantool can call C code with modules, or with ffi, or with C stored procedures. This tutorial
only is about the third option, C stored procedures. In fact the routines are always "C
functions"but the phrase "stored procedure"is commonly used for historical reasons.

In this tutorial, which can be followed by anyone with a Tarantool development package and
a C compiler, there are 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.

Preparation

Check that these items exist on the computer: |br| * Tarantool 1.7 |br| * A gcc compiler, any
modern version should work |br| * "module.h|br|@"|br| * "msgpuck.h|br|@"|br|

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 |br| sudo apt-get install
tarantool-dev |br| or on Fedora say |br| 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 |br| 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.
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.

3.2. MpakTnyeckoe 3agaHue Ha C 17



https://github.com/rtsisyk/msgpuck

Tarantool, Beinyck 1.7.2

#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: |br| gcc -shared -o easy.so -fPIC
easy.c

Now go back to the client and execute these requests:

box.schema.func.create('easy', {language = 'C'})
box.schema.user.grant ('guest', 'execute', 'function', 'easy')
capi_connection:call('easy')

If these requests appear unfamiliar, re-read the descriptions of box.schema.func.create 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.

The result should look like this:

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;
for (i = 0; i < field_count; ++i)
{
val = mp_decode_uint (&args) ;
printf ("val=Yd.\n", val);
}
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return O;

}

Compile the program, producing a library file named harder.so: |br| gcc -shared -o harder.so
-fPIC harder.c

Now go back to the client and execute these requests:

box.schema.func.create('harder', {language = 'C'})
box.schema.user.grant('guest', 'execute', 'function', 'harder')
passable_table = {}

table.insert(passable_table, 1)

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. |br| The second displayed line will be "field count = 3"because there
are three items in the table. |br| The next three lines will be "1"and "2"and "3"because those
are the values in the items in the table.

And now the screen looks like this:

tarantool> capi_connection:call('harder', passable_table)
arg_count = 1

field_count = 3

val=1.

val=2.

val=3.

-0

Conclusion: decoding parameter values passed to a C function is not easy at first, but there
are routines to do the job, and they’re documented, and there aren’t very many of them.

hardest.c
Go back to the shell where the easy.c and the harder.c programs were created.

Create a file. Name it hardest.c. Put these 13 lines in it:

#include "module.h"

#include "msgpuck.h"

int hardest(box_function_ctx_t *ctx, const char *args, const char *args_end)
{

uint32_t space_id = box_space_id_by_name("capi_test", strlen("capi_test"));
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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: |br| gcc -shared -o hardest.
so -fPIC hardest.c

Now go back to the client and execute these requests:

box.schema.func.create('hardest', {language = "C"})
box.schema.user.grant('guest', 'execute', 'function', 'hardest')
box.schema.user.grant('guest', 'read,write', 'space', 'capi_test')

capi_connection:call('hardest')

This time the C function is doing three things: (1) finding the numeric identifier of the
"capi_test"space by calling box space id by name(); |br| (2) formatting a tuple using more
msgpuck.h functions; |br| (3) inserting a row using box _insert.

Now, still on the client, execute this request: |br| box.space.capi_test:select()

The result should look like this:

tarantool> box.space.capi_test:select()

- - [10000, 'String 2']

This proves that the hardest() function succeeded, but where did box space id by name()
and box_insert() come from? Answer: the C API. The whole C API is documented here.
The function box space id by name() 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 box.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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rnABA 4

Py KOBOACTBO NOJ1Ib30BATENA

4.1 lMpepancnosune

Jobpo moxkasioBars B Mmup Tarantool! Ceiiyac Bbl yntaere "PykoBoacrso nosb3oBaress". Mer
coBeTyeM HAaYMHATH UMEHHO C Hero, a 3arem nepexoautb K "Cnpasounurxam”@, ecau BaMm mo-
Hamo0aTCcs boJiee TTOAPOOHBIE CBE/IeHUSI.

4.1.1 Kak nosb30BaTbCsl AOKYMeEHTaLunen

3nakoMmcTrBo ¢ Tarantool’om BbI MoXkeTe HaYaThb C TOrO, YTO CKAdYaeTe IOTOBBINl yCTaHOBOY-
HbI nakeT (Kak onmcaHo B Ha4daje 2aa6b, 2 "Havwano pabomu" @) miiv BOCIIOIb3yeTeCh HAIINM
OHJIAllH-CTEHAOM Ha http://try.tarantool.org. B mobom ciy4dae [Jisi mepBOro 3HAKOMCTBA BbI
MOX>K€eTe BBINOJHUTH TpeHupoBouHbiii mpumMmep "IlepBuunbiii 3anyck Tarantool’a m cozpammue
6a3bl JaHHBIX'"U3 BTOpPOIl YacTtu riiasBbl 2. Ilocie sToro BbI MoOXKeTe 3ariigHyTh B Ham "IIpax-
mukym"@, rae comep>kKuTcd elle OoJibllle MPAKTUYECKUX 3aJaHUU.

B 2aase 3 "®ynxuyuonan CYB/]"@ pacckazano o Bo3dmoxkHocTsax Tarantool’a kak NoSQL
CYB/I, a B 2aaee 4 "Cepsep npunooscenuti"@ — o BosmoxkHocTtsax Tarantool’a kak cepsepa
npujoxkeuuii Lua.

T'nasa 5 "Admurnucmpuposarue cepgeproli wacmu"@ tnipesHaszHaveHa B MEPBYIO OUepeb JIJs
CHUCTEMHBIX aJIMUHUCTPATOPOB.

I'nasa 6 "Konnexmopst"@ akTyajibHa TOJIBKO JIJIsI TEX II0JIb30BaTEJIEN, KOTOPbIE XOTAT YCTaHAB-
auBaTh coeauneHue ¢ Tarantool’om ¢ moMoIbIO MpPOrpamMm Ha JIPYTUX SI3bIKAX MIPOTrPaAMMUPO-
Banus (manpumep C, Perl nnu Python) — mns npounx nosib3oBaTesieil Ta riiaBa HeakKTyasIbHA.

T'rasa 7 "Bonpocwst u omeemu," @ conepuUT OTBETbI HA HEKOTOPbIE YaCTO 3a/aBaeMbIe BOITPOCHI
o Tarantool’e.

OmbITHBIM YKe TmoJib30oBaTesisM OyayT nosesubl "Cnpasounuru”@, "Pyxosodcmeo yuacmuura
npoexma"@ u KOMMEHTapUU B UCXOJHOM KOJIE.
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4.1.2 Kak cBsi3aTbCsl ¢ coobuectBom pa3pabortumkosB Tarantool’a

OcrtaBuTh coobIlleHre 0 HalAeHbIX AedeKTax UM CJeJIaTh 3alpoC HAa HOBbI (DYyHKITMOHAT MOXK-
HO TYT: http://github.com/tarantool/tarantool/issues

IloobmiaThbecsd HanpsaAMYIO ¢ KoMaHioi paspaborku Tarantool’a moxkHo B telegram mam Ha do-
pyMax (aHIVIOSI3BIYHOM WJIM PYCCKOSI3BIYHOM ).

4.2 Ha4ano paboTtbl

B »To0ii r1aBe pacckasbiBaeTcsi, KAaK CKavaThb, yCTAHOBUTh U HavaTh paboratb ¢ Tarantool’om c
HYJI.

JlJisi IPOMBIIIJIEHHON 3KCITyaTalMu PEeKOMEHyeTCsl CKa4yaTb OMHAPHBIN (MCIIOJIHIeMBbI) ma-
keT. Torga BbI rapaHTHPOBAHHO HOJy4YuTe COOPKY TOU K€ BepCcuu, UYTO U y pPa3paboOTUYMKOB.
9TO CyYIIECTBEHHO YMPOCTUT IOUCK OMIMOOK, €cjii BaM B OyAyIlleM IOHAJ00UTCH MOMOIIb, a
Tak>ke MO3BOJUT M36exkaTh MpobJieM n3-3a TOr0, YTO BbI MCHOJIb30BAJIM WHCTPYMEHTHI WJIU Ta-
paMeTpbl OTJIMYHBIE OT TeX, YTO WHCIIOJb30BaJiu npu cbopke camu pazpaborumku. CMm. pasjesa
“Cravwusanue u ycmaroska bunaprozo naxema’.

s pazpabordecKux 1eJsieil BbI MOXKeTe CKavaTh UCXOAHbIe (pallyibl U cOOpaTh OMHAPHBIN MaKeT
caMoCTosATeJIbHO ¢ nmoMoubilo Komnuigropa C/C++ u OGbIYHBIX UHCTPYMEHTOB [ijisi COOPKU.
XoTs 3T0 u 60Jiee TPYAHBIN CTOCOD IMOJYy4YUTh OMHAPHBIN MAaKeT, HO OH JaeT BaM OOJIbININil KOH-
TPOJIb HA/, pe3yJsibTaToM. Tak>Ke B COCTaB MCXOAHBIX (PANIOB BXOJAT JOMOJHUTEIbHBIE ITAKEThI,
Hanpumep Habop TectoB st Tarantool’a. Cm. paznen Céopka u3 ucrodnwvix datiaos@" Coopxra
u3 ucxrodnuvx gatiaos'"s Pykxosodcmee yuwacmrura npoexma@" Pykosodcmee ywacmrura npo-
exma'".

Ilocse ycTanoBKu BbI MOXKeTe cpa3y omnpoboBath Tarantool B geticrBuu. Hu>ke BbI HaligeTe mH-
CTPYKIAY MO CO3JAHUIO0 De301acHoOll TeCTOBOM cpeabl. Bcero 3a HECKOJIBKO MUHYT BbI CMO2KETEe
3amyctuth Tarantool-cepBep u 3a7aTh HECKOJIBKO MHCTPYKIIUI MO MAaHUITYJIMPOBAHUIO JAHHbBI-
mu. Cm. pasgen ITepsuunniti 3anyck Tarantool’a u co3ddanue 6a3vt danHwvix Q" Ilepsuurviti 3a-
nyckx Tarantool’a u co3zdanue 6a3vt daHHbLT.

4.2.1 CkaumBaHMe n ycTaHOBKa OMHapHOro nakerta

Bunapubie makeTsl /st AByX Bepcuii Tarantool’a — crabuabHoit 1.6 1 camoii cBexkeii 1.7 — BbI-
JIO2KeHBI Ha cTpaHulie http://tarantool.org/download.html. ITpu Ka>kJoM U3MEHEHUN UCXOTHOTO
kona Ha GitHub (pemosuropwmii http://github.com/tarantool/tarantool, Berka "1.7") mpoucxo-
auT cOOpKa, aBTOMaTUYeCKOe TECTUPOBAHNE U BBIKJIAJIKA OMHAPHBIX MAKETOB HA BBIIIEyKa3aH-
HYIO CTPaHUILY.

YTobbI cKaYaTh U yCTAHOBUTH OMHAPHBIN MaKeT AJid Ballieii olmepanmnoHHOi CUCTEMbI, OTKPOITEe
TepMHUHAJI ¢ KOMaHJHOI CTPOKOIl M BBeANTe MHCTPYKIINN, KOTOPBIE JJaHbI JJIs Ballleil onepaiu-
OHHOW cHCTeMBbI Ha cTpaHune http://tarantool.org/download.html.

4.2.2 lMepBuyHbiii 3anyck Tarantool’a n cosgaHue 6a3bl AaHHbIX
,Z[anee pacCKa3bIBaeTCd, KaK CO3JaTb IIPOCTYIO TeCTOBYIO 6a3y AJaHHbIX IIOCJI€ YCTAaHOBKHU
Tarantool’a.

Cospaiite HOByI0 gupektopuio. OHa MOHAAOOUTCS TOJIBKO [Jisi TECTOBBIX Iejieil, U ee MOXKHO
Oyner yJaJiuTh MO OKOHYAHUU IKCIIEPUMEHTOB.
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$ mkdir ~/tarantool_sandbox
$ cd ~/tarantool_sandbox

Jlanee pacckasbIBaeTcs, KaK CO3aTh IIPOCTYIO TECTOBYIO 0asy JAaHHBIX IIOCJIE€ yCTaHOBKU
Tarantool’a.

3amycrure Tarantool-cepsep. Imsi mporpammMbl — tarantool.

# Ecau ebl ckavwaau OGuHapHbl nakem c nomoybl apt-get uau yum, eeedume:
/usr/bin/tarantool
# Ecau el ckavanu 6uHapHbtli nakem e gopmame TAR

~/tarantool/bin/tarantool
# Ecau ebl cobpaau Tarantool us ucxzolueix galiroe, eeedume:

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

Tarantool-cepBep 3anyckaercs B MHTEPAKTUBHOM PEXXUMe U BbIBO/IUT IIPUTJIANIIEHNEe KOMAH/THOMR
crpoku. UTobsl co3maTh 6a3y JaHHBIX, 3aJalTe ee HACTPOUKHU C MOMOIIbIO Bbi3oBa box.cfg. Bot
npuMep MUHUMAJIbLHON KOHMUrYpaun:

tarantool> box.cfg{listen = 3301}

Eciu Bce B nopsiake, To Tarantool-cepBep HauHeT B mporpecce oTobpa>kaTh IIPOIECC WHUIMA-
JU3aluu, HalpuMep:

tarantool> box.cfg{listen = 3301}

2015-08-07 09:41:41.077 ... version 1.7.0-1216-g73£7154

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

ITockonbky Tarantool-cepBep y»ke 3aIryIiieH, BbI MOXKe€Te 3alyCTUTh HOBBIA TEPMHUHAJ WU IIPU-
COeIMHUTHCI K OCHOBHOMY mopTy Tarantool-cepBepa, BBe/isi CiIeyIOIIyI0 KOMAH/IY:

$ telnet 0 3301

HO MOKa 4To OyaeT Jiydlile ocTaBuTh Tarantool-cepBep paboTraTh B MHTEPAKTUBHOM pexkume. Ha
IPOMBIIIIJIEHHBIX CEPBEPAX UHMEPAKMUBHDLIU PEHCUM HYIKEH JIUMIIb JJIs aIMUHUCTPUPOBAHUSI,
O/THAKO /IJISI HATJISITHOCTH OOJIBIIIUHCTBO IIPUMEPOB B JaHHOM PYKOBOJCTBE J/IaHbI MMEHHO B
uHTepakTuBHOM pexxuMme. Urtak, Tarantool ket or Bac BBoJa MHCTPYKIIHA.

CospaiiTe nepBoe MPOCTPAHCTBO U IIE€PBbIN uHdexc:

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

> type = 'hash',

> parts = {1, 'unsigned'}

> 1)

BeinosinuTe BecraBKy Tpex "koprexkeit" (tuple) B mepBoe "npocrpancrso" (space) us Baiueii 6a3bl
JaHHBIX:
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tarantool> t = s:insert({1})
tarantool> t = s:insert({2, 'Music'})
tarantool> t = s:insert({3, 'Length', 93})

ITponsBenuTe BHIOOPKY KOpTeXka M3 IIEPBOr0 INPOCTPAHCTBA B 0a3e mo IepBOMY YKa3aHHOMY
KJTIOJY:

tarantool> s:select{3}

Bot uTo JOJI2KHO 0T06pa)KaTI)C$I Ha BallleM TepMHuHaJie K 3TOMY MOMEHTY:

tarantool> s = box.schema.space.create('tester')
2015-06-10 12:04:18.158 ... creating './00000000000000000000.x1og.inprogress’'

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

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>

,Z[aﬂee, YTOOBI IIOArOTOBUTBHCA K TECTOBOMY IIpHMeEPY B CjleAyIolleM pa3JeJjie, BBeauTe:

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

4.2.3 YcTaHOBKa ygaJsieHHOro coeguHeHus

B mpeapigyiiem paszgesie Ball IEPBbI 3ampoc ObL1 box.cfglisten = 3301. 3HadeHuem listen
Moxket GbITh Jr060# URI (yHMBepcasbHBIN KO pecypca), B JAHHOM CJIydYae — IPOCTO HOMEP
sgokanbHoro nopra (3301). Ber Moxkere ornpasisaTsb 3anpockl Ha URI juia npocaymuBanus ¢
IIOMOMIbIO:

1. telnet,
2. konuekrtopa (cMm. raaBy Konnexmopo@" Konnexmopw"),
3. apyroro ’k3emiutsipa Tarantool’a ¢ momorbo console module, 1uGo
4. tarantoolctl connect.
Let’s try (4).

Ilepekarouurecsr Ha Apyroii repmuunas. Hanpumep, B Linux-cucreme /ijisi 9TOro Hy>kHO 3aIry-
CTUTH HOBBIN 3K3emIuisagp Bash. IIpu sTtom BaMm He moTpebdyeTrcst BbI3bIBaTh cd, YTOObI MEPEKJIIO-
YUTHCA HA JUPEKTOpUIo ~/tarantool_sandbox.
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Start the tarantoolctl utility:
$ tarantoolctl connect '3301'

This means "use tarantoolctl connect to connect to the Tarantool server that’s listening on
localhost:3301".

BBenute caenyroruii 3anpoc:
tarantool> {{box.space.tester:select{2}}}

910 o3Havaer "mocaars 3ampoc Tomy Tarantool-cepBepy u BbIBeCTM Ppe3yJibTAT HAa
skpaH."Pe3ysabraroM B JaHHOM ciiy4dae OyJeT OoAuH M3 KOPTEeXKeil, YTO Bbl BCTABJISIJIN PaHee.
Ha tepMuHasie Tenepsb JOJI2KHO OTOOpa>kaThCs IPUMEPHO CJIEAYIOIIee:

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

- - [2, '"Music'l]

localhost:3301>

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

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

To stop Tarantool (an alternative): the standard Lua function os.exit()

To stop Tarantool (from another terminal): sudo pkill -f tarantool
e To destroy the test: rm -r ~/tarantool_sandbox

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

4.3 PynkymoHan CYB/

4.3.1 Mopaenb AaHHbIX
B sToMm pa3ageJdie onmucbiBaeTcsda TO, KakK B Tarantool’e OpraHn30BaHO XpaHeHHEe JaHHbIX U KaKue
ornepanuu C JaHHbIM OH IIOOJep>KHBaeET.

Eciu BbI y>Xe BBINOJHUJIA TeCTOBOe 3ajaHue u3 pasgeia Ilepsuunsiii 3anyck Tarantool’a u
cozdanue b6a3v. daHHbLLX B IIPpeAblAyIleil rjiaBe, TO Ballna 60asa JaHHBIX MMeeT CJIEIYFOIUI BUJI:
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'rEPAEE tester

I/--Tl._.IF"LE SET 'tester

TUPLE: [ 1]
TUPLE: [

2, 'Music' ]
TUPLE: [ 3, 'length', 93]

INDEX 'primary’

g J

Here follow the descriptions of basic concepts.

MpocTpaHcTBO

ITpocmparcmeo ¢ numeHeM ‘tester’ B HaleM mpumMepe — 3TO KOHTEWHeP.

Korga Tarantool ucnosib3yercst [Jisi XpaHeHUsI JAHHBIX, TO OH CO3JAa€eT MO0 MEeHbIIell Mepe OJHO
npocrpaHncTBo (space). B obiiem ke ciydae mpocrpaHcTB MoXKeT ObIThb MHOro. Kaxkmoe mpo-
CTPAHCTBO MMeET YHUKAJIbHOE UM, 33/JaHHOE I10Jb30BaTe/JeM, & TaK>Ke YHUKAJIbHBIA YUCIOBOMN
nAeHTU@PUKATOP, KOTOPBII TOXXEe MOXKeT ObITh 3aJaH II0JIb30BAaTEJIEM, HO OObIYHO HA3HAYAETCS
aBTromatudecku camuM Tarantool’om. ITpocTpaHCTBO Bcerga COAEp>KUT OJUH HAGOP KopTexKei
u omH wiiu 6oJiee MHIEKCOB.

Habop kopTtexeii

Habop xopmeotceti — B HAINIEM IIpUMepe OH Ha3BaH ’'tester’ — 3To rpynmna KopTeXKeii.

Kaxkmoe mmpocTpaHCTBO BCer/ia COAEP>KUT OuH Habop Koprexkeii. I nenTudpunkarop Habopa Kop-
TeXKell COBIaJaeT C UMEeHEeM CaMOoro IIPOCTPAHCTBA, B HAIlleM npumepe — tester.

Koprex (tuple) BoinosiHsieT Ty »Ke poJjb, 4To "cTpoka"uiau "3anmch a KOMIIOHEHTbI KOpTeXKa
(ero "mouisl") BBINOJIHSAIOT Ty K€ POJib, 4TO "moJie cToJ0IA, COOTBETCTBYIOIIEE JaHHOU CTPO-
Ke'"uim "mosie B 3anucu ' 3a TeM UCKIIIOYEHUEM, UTO I10JI KOPTEXKa MOryT ObITh COCTaABHbIMU (Ha-
IpuMep, OHU MOT'YT ObITh MACCUBAMU WJIY OTOOPArKEHUSIMU) U UM He Hy>KHbI uMeHa. [Tosromy
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HET HeOOXOAUMOCTHU IIPeIBAPUTEIBHO OMpeAesiTh HAG0p KopTexkeii mpu CO3JaHUM ITPOCTPAH-
CTBa, a KAXK/IbII KOPTEXK MOXKET MMETh PA3JIMYHOE KOJIMIECTBO djieMeHTOB. KopTexku xpausrcs
B Buae MsgPack-maccuBos.

Koprexx MoxKkeT nMeTh J11000€e KOJIMYECTBO MOJIEH, U 9TO MOTYT ObITH MOJIsI pa3HbIX TUIIOB. V1eH-
THPUKATOPOM MOJIs siBJisieTcsi ero HoMmep. Ilosist HymepyloTcsi, HaunHuasi ¢ 1. Tak, Hanpumep, 17
MOKET MCHOJIb30BaThCS B HEKOTOPBHIX KOHTEKCTAaX [Jisi O0O03HAYEHMsI IIEPBOrO MOJsI KOPTeXkKa.

Korma Tarantool Bo3BpaimjaeTr 3HadyeHme KOpTeXka, OH OepeT CTPOKU B OJIMHAPHBbIE KABBIYKMU,
OTHeJIsieT II0JIsi C 3alaThIMU U 3aKJI0YaeT KOPTeXX B KBaJgparTHble cKobku. Hampuwmep, [ 3,
'length', 93 1.

Nupekc

Hnodexc — B HallleM mpuUMepe OH IIEPBUYHBIN — 9TO COBOKYITHOCTh 3HAYEHUN KJTIO4Yell u yKa3a-
o
TeJieil.

Yrobb1 HAOOpPOM KOpTeKeili ObLJIO MOXKHO IT0JIb30BaThCsl, B MIPOCTPAHCTBE HEOOXOaMM IO Kpaii-
Hell Mepe onuH WHJeKC. Boobiie >ke MHAEKCOB B IIPOCTPAaHCTBe MoOXKeT ObITh MHoro. Kak m
B CJIy4Yae C MPOCTPAHCTBAMM, IIOJIb30BATEJIb MOXKET — M JOJI2KEeH — yKasaTb MM WHJIEKCa, a
Tarantool nmoacraBiisgeT yHUKaJIbHBIN duciaoBoil naenrudukarop ("uaenrudukarop unaexkca").
B marmmem mpumepe Bcero oAnH MHJAEKC C mMeHeM ‘“‘primary”’.

An index may be multi-part, that is, the user can declare that an index key value is taken
from two or more fields in the tuple, in any order. An index may be unique, that is, the user
can declare that it would be illegal to have the same key value twice. An index may have one
of four types: HASH which is fast and is best for exact-equality searches with unique keys,
TREE which allows partial-key searching and ordered results, BITSET which can be good for
searches that contain ’=’ and multiple ANDed conditions, and RTREE for spatial coordinates.
The first index is called the “primary key” index and it must be unique; all other indexes are
called “secondary” indexes.

Nuaekc MmoxKeT comepkaTh HACHTHPUKATOPDI MoJieil KopTeXkKa U TUITBI JAaHHBIX /I 9TUX MMOJIEN.
NnpekcupoBaHHbIe IO MOTYT COAEP2KATh JaHHBIE CJEAYIOIUX TUMOB:

unsigned (6e33HaKOBOE HeJI0e YKUCIIO B auanaszone or 0 no 18,446,744,073,709,551,615)

e integer (3HaKOBoe WeJOe Yucjao B auanasone or -9,223,372,036,854,775,808 no
9,223,372,036,854,775,807)

e number (Ge33HAKOBOE I€JIOE YNCJIO, JIUG0 3HAKOBOE I1€JI0€ YNCII0, JUG0 YUCIIO ¢ IIaBalolei
TOYKOM )

e string (cTpokoBoe 3HavUeHUE, T.e. JI00as II0CIeI0BATEILHOCT OKTETOB )
e scalar (Jlorm4yeckoe 3Ha4YeHUe, JIN0OO YNCJIO, JINOO CTPOKOBOE 3HAYEHUE)
e array (mocsemoBarenbHOCTE unces ajs RTREE-undexcos)

B pamkax Halmero mpmMepa pacCMOTPHUM CJIEAYIOMINI 3aIIpoc:

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

B pesynbTaTe y Bcex KOpTeKeil B MpocTpaHCTBe tester MOJI2KHO OBITH IoJie ¢ HOMepoMm 1, co-
Jeprkalree 6e33HaKOBOE IIeJI0€ YUCIIO.

Space definitions and index definitions are stored permanently in system spaces. It is possible
to add, drop, or alter the definitions at runtime, with some restrictions. See syntax details for
defining spaces and indexes in reference on Tarantool’s "box"module.
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Tunbl aaHHbIX

Tarantool paGoraer ¢ umciaamu (numbers), crpokamu (strings), Jiormd4ecKuMM 3HAYEHUSIMU
(booleans), Tabaunamu (tables) u nmonb3oBaresbckuMu TUIaMu JaHHbIX (userdata).

O6wwmin Tun | Ocobbin Tun | Pesynbtat Lua type() | Mpumep

scalar number "number" 12345

scalar string "string" ’A B C

scalar boolean "boolean" true

scalar nil "nil" nil

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

In Lua, a number is double-precision floating-point, but Tarantool allows both integer and
floating-point values. Tarantool will try to store a number as floating-point if the value
contains a decimal point or is very large (greater than 100 billion = 1leld4), otherwise
Tarantool will store it as an integer. To ensure that even very large numbers will be
treated as integers, use the tonumber6j function, or the LL (Long Long) suffix, or the ULL
(Unsigned Long Long) suffix. Here are examples of numbers using regular notation, exponential
notation, the ULL suffix, and the tonumber64 function: -55, -2.7e+20, 100000000000000ULL,
tonumber64 ('18446744073709551615"').

For database storage, Tarantool uses MsgPack rules. Storage is variable-length, so the
smallest number requires only one byte but the largest number requires nine bytes. When
a field has an ’unsigned’ index, all values must be unsigned integers between 0 and
18,446,744,073,709,551,615.

Tun string (cTpoka) — 3TO MOCJIEOBATEIBHOCTb 0AliTOB, UMeLIas nepemennyo aimuy. Kak
OpaBUJIO, CTPOKU HPEACTABJIEHbI B BU/IE aI(paBUTHO-YHUCIOBbIX CUMBOJIbI, 3aKJIIOUYEHHBIX B OJ[U-
HapHbIE KABBIYKU.

Tun boolean (J'IOI‘I/I'-IeCKI/II.;I) MOXKET MMETh TOJIBKO 3HadYeHud true miam false.

Tun nil (uynesBoil) MOXKeT UMeTh TOJBKO OJHO 3HAYEHME, TAKXKe HasblBaeMoe Nil, HO 4acTo
orobparkaemoe kak null. HyneBoe 3HaueHue MOXKHO CPABHUBATH CO 3HAYEHUSIMU JIIOOBIX TH-
OB C IIOMOIIBIO omneparopoB == (paBeH) mwiu = (He paBeH), HO HUKAKWE ApPYyrue olepa-
AU JJIsl HYJIEBBIX 3HAYeHuil He poctynubl. HysieBble 3HaUEHNs Tak>ke HeJIb3sl MCIIOJIb30BAaTh B
Lua-Tabaunax; BMeCTO HYJIEBOrO 3HAYEHHUsS B TAKOM CJiy4vae MOXXHO ykasarb yaml. NULL, iubo
json.NULL, nu6o msgpack. NULL.

Tun tuple Bo3Bparaerca B ¢opmare YAML, nanpumep - [120, 'a', 'b', 'c']. HekoTopsie
dyHKIMU MOTYT BO3BpAIlaTh TAOJIUIBI C HECKOJILKUME KopTexkamu. CKajsipHasi BeJIUYNHA MO-
2keT OBbITh KOHBEPTHUpOBaHA B KOpTexk ¢ 1 mosiem. Lua-tabimma MoOXKeT coAep>kKaTb BCe THUIIbI
noJieil, JOIMyCTUMbIE JJisi KOpTeXKel, KkpoMe Hyseoro tuma (nil).

Hexkoropbie u3 3Tux TUIIOB JAHHBIX IIOAXOAAT [Jisi UHOEKCUPYEMBLT Noaed.

CwM. Tak>Ke mIpuMepbl KOpTeXKeii B paszese nmpo MoayJb box.tuple.

Onepauun

OcHOBHBIE OIlepali — 3TO NATh onepanuii s usMmeHenus jganubix (INSERT, UPDATE,
UPSERT, DELETE, REPLACE) u ogua onepanus aJist Bo3spaienusi nanubix (SELECT). Tak-
ke B Tarantool’e mognep>kuBatoTcsi Bropocrternennbie onepanuu tuna PING, koTopble MOXKHO
MCIOJIB30BAaTh TOJILKO B pamMkax O6uHapHoro mpotokoJia. Kpome Toro, 8 Tarantool’e ects orie-
panuu njis undekc-umepamopos, KOTOPbIe MOXKHO HCIIOJIb30BAaTh TOJIBKO B KOJie Ha si3bike Lua.
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(Mapekc-urepaTopbl Hy>KHBI [1j1s1 00X04a MHIEKCOB OT OJHOTO KJII0YA K JPYrOMYy W HAIOT BO3-
MOXKHOCTh MOJIb30BaThCsl MPENMYIIECTBAMHN PA3HBIX THUIIOB WHIEKCOB, HANIPUMED BBbIYUCJIATH
3HaYeHUe BBIpAa>keHui Jjiormvueckoro tuna npu obxoae BITSET-unaekcoB nan ABUTaThCHA B I10-
psingke yObiBanusi 3Hadenuii npu ooxone TREE-unaekcos.)

IITecTr mpuMepPOB OCHOBHBIX OIIE€pPAIUii:

-- JlobaBnseM HOBHII KOpTeX B Habop KOpTexXedl C mMeHeM tester.

-- llepBoe mozme, field[1], 6yzmer paBmo 999 (Tum = unsigned) .

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

-- O6HoOBIseM KOpTeX, MeHseM 3HadeHue mous field[2].

-- VYcmoBme "{999}", comepxamee 3HaYeHHE KINYA, KOTOPOE HYXHO
-- KWCKaTh B IIEPBUYHOM HHIEKCE, NOCTPOEHHOM [IO II€PBOMY IO

-- ROpTexa, ABIfeTCs 0673aTeNbHHM, IOCKONLKY 3ampocam update()
-- Bcerza TpebyeTcs yCloBHe, OIpefelidnliee 3HAUEHNE IIEPBUIHOLO
-- KioYa, B maHHOM ciyvae field[1].

-- VYcuosume "{{'=', 2, 'Tarantino'l}}" ompegmenser, wro momo field[2] HyxHO
-- IPUCBOUTL HOBOE 3HAYEHUE.
tarantool> box.space.tester:update({999}, {{'=', 2, 'Tarantino'l}})

-- BomosmsieM omepanmno upsert() s KopTexXa M CHOBa MEHSEM

-- 3Havenue monsa field[2].

-- CumTakcuc 3ampoca upsert() amamorwder curTakcucy update(),

-- HO BO3BpaljaeMble 3HAYEHUS y ITHUX B3alpPOCOB Da3HHE.

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

-- IlpousBonuM 3aMeHy KopTexa C momomel replace(), mobaBmseM HOBOe IOIE.
-- DTO MOXHO CZejaTb X C moMomsl 3ampoca update(),

-- HO TakKO# BapHAHT YaCTO OKa3hBaeTCHA 6oJlee CIIOXHBIM.

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

-- BosBpamaeM 3HaYeHWE KOpPTEXa.

-- VYcaoBme "{999}" Bce eme o6A3aTeIbHO, XOTS OHO KM HE HOJIXHO
-- cozepxaTh 3HAaYEHNE IIEPBUYHOTO KJNYa.

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

-- YmamseM KOpTex.

-- VYcuoBue, ompefensoliee 3HaYeHWE IIEPBUYHOIO KIOYA,
-- CHOBAa SBIAETCH OOSI3aTENbHBIM.

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

Kak Tarantool BbImmosiHsier ocHOBHBIe omeparuu? JlaBailiTe paccMOTpUM 3TO Ha CJIeAyIOIIEM
npumepe:

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

OTO aHAJOTUYHO CJEAYIOIeMy BbIparkeHuio Ha s3bike SQL:

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

1. If this is happening on a remote client, then the client parses the statement and changes
it to a binary-protocol instruction which has already been checked, and which the server
can understand without needing to parse everything again. The client ships a packet to
the server.

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

3. The transaction processor thread sends a message to the write-ahead logging (WAL)
thread.

At this point, a yield takes place. To know the significance of that — and it’s quite significant
— you have to know a few facts and a few new words.

DOAKT #1:

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

®AKT #2:

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

DOAKT #3:

Yields must happen, otherwise the transaction processor thread would stick permanently on
the same fiber. There are implicit yields: every data-change operation or network-access causes
an implicit yield, and every statement that goes through the tarantool client causes an implicit
yield. And there are explicit yields: in a Lua function one can and should add “yield” statements
to prevent hogging. This is called cooperative multitasking.

ITockoabky Bce omepaiiuu, CBsi3aHHbIE C U3MEHEHUEM /IaHHBbIX, 3aKAHIYNBAIOTCsI HESBHOI mepe-
nadeii ynmpaBJIeHUsI U HEIBHBIM KOMMMTOM, U MOCKOJIBKY KakK/Jasl TaKasl omepalys MOXKeT 3a-
TparuBaTh He OoJiee OJHOTO KOPTEXKa, TO He BO3HUKAET HY>KJbI B OJIOKUpoOBKax. JJist mpumepa
paccmoTpuM cienyonryio Lua-dyHKInio, KoTopasi OCyIecTBJisieT Tpu onepanuu B Tarantool’e:

s:select{999} -- He npouczodum Hu nepedavul YNpPasaerHus, HU KOMMUMQ
s:update({...},{{...} ) -- npouczodum u nepedana YnNPaBAEHUS, U KOMMUM
s:select{999} -- He npoucTodum HU nepedavul YNPaBAEHUL, HU KOMMUMA

IlocnenosarenbuocTh omepariuii “SELECT + UPDATE” saBasiercst atomapHOii TpaH3aKIiueii:
dyHkIiusa coxpansgeT 6a3y JaHHBIX B COTJIACOBAHHOM BHU/e, rmoka He orpabortaer UPDATE. A B
ciay4dae “UPDATE + SELECT” corsiacoBaHHOCTH HeT, MOCKOJIbKY ImocJje onepaiuu UPDATE
HNOTOK O0OpabOTKU TPaH3aKIMiI MOXKET IEePEKJII0YUTCS Ha Apyroii ¢aiibep u yJajiuTb TOT KOp-
TeXK, UTO OBLI 0OOHOBJIEH B paMKax mpeabiaymieit oneparuu UPDATE.

ITpumeuanue nmpo ABUXKOK: B JBH>KKe vinyl mepenada ynpaBJieHUsI IIPOUCXOUT MO-APYTroOMy,
CM. paszies npo pa3audus mexncdy deustckamu memtr u vinyl.

IIpumeuanue: IlpumMedyaHue PO cocTaBHbIE TPAH3AKIIAU:
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There is a way to delay yields. Read about execution atomicity in section Transaction control.

ITockobKO GIOKUPOBKY HE UCHOJb3YIOTCs, & 3aMUCh HA JIUCK IPOU3BOIUTCS TOJILKO npu pabore
¢ WAL-daiisiom, To Tpansakmuum B Tarantool’e ob6brvHO coBepmiatorcss 6picTpo. Kpome Toro,
ecJid Mbl UMEEM [IeJI0 C MOIIHBIM MHOTOsSIA€PHBIM MmpoiieccopoM, To Tarantool-cepBep moxker
3a/1eficTBOBATH /I pabOTHI HEe BCE IMTOTOKU TAKOTO MPOIECCOPA, U IIPO/IBUHYTHIE MMOJIH30BATEHN
moryT 6e360sie3HeHHO 3amyckaTh Bropoi Tarantool-cepBep Ha Tom »Ke IIpolieccope.

CwM. Tak>ke NMPUMeEPHI C 3alIpOcaMu B PErpecCUOHHbBIX Tectax s Tarantool’a (https://github.
com/tarantool/tarantool/tree/1.7/test/box). IlosiHOE ommMcaHuMe rpaMMaTHUKHN IIOAJAEPKUBaE-
MbIxXx B Tarantool’e dyHkIuii 111 MaHUITYJIMPOBAHUA JAHHBIMU CM. Jajiee B 9TOM TJiaBe.

He Bce onepariuu B Tarantool’e MO2KHO BBIPa3sUTh C IOMOMIBIO (DYHKIINNI 110 MAHUILYJIUPOBAHUIO
JaHHBIMU WJIY C TIOMOIIBIO a3bika Lua. YTo6bl MoJIyduTh JOCTYII KO BCEM BO3MOXKHOCTSIMU Ma-
HUMYJINPOBAHUs JaHHBIMHU, BaAM IIOHAI00uTcsa kKoHHexmop das Perl, PHP, Python uau dpyzozo
A3BIKA NPO2PAMMUPOSaHUS,. BUHapHBI KIIMEHT-CEPBEPHBIN MPOTOKOJI J1JIsi KOHHEKTOPOB sIBJIsI-
ercsi OTKPbITbIM. JIoKyMeHTaIusi mo HEMY HOCTYITHA B BuAe aHHOTUPOBaHHbIX BNF-duazpamm.

Persistence

Tarantool coxpamsier gammblie U MHPOpPMAINIO 00 M3MeHeHUsX B HeckoJabKux WAL-daitmax
(write-ahead log). 3anuceio B WAL 3anumaercsi oraenbHbiil moToK. OH JIOBUT BCe 3arpoChl,
KOTOpPbIe MOTYT IPUBECTU K M3MEHEHUIO JJAHHBIX B 6a3e, HArpumMmep box.schema.create nim box.
space.insert. Kak nmpaBmiio, 3anuch o 3anpoce, BKJIIO4Yasi CJAy»KeOHble 1moJist u dJiaru, Jejaercs
B WAL-daitn HeMeajieHHO. DTO obecrneumBaeT COXPaHHOCTb JAaHHBIX, MOCKOJIbKY, HAaXKe €CJIu
JIAHHbIE U3 MaMATH yTEPsSHbI BCJIEACTBUE mepebosi B 3jieKTpocHabxxkeHun, Tarantool BoccraHo-
BUT UX aBTOMATUYECKU MIPU CJIEAYIOIEM cTapTe: OH 3arpy3utT ganubie u3 WAL-daitios, a 3arem
npuMeHHT Bce 3anucaHubie B WAL-daiinax 3anpocs! (910 HasbiBaeTcs: "MpoIecc BOCCTaHOBJIE-
Hus"). ITosib30BaTesiM MOTYyT MEHSITh YacTOTy 3alKCH WJIM BOBCE OTKJIOYarTh 3amucb B WAL ¢
nomoipio mapaMmerpa wal mode.

Tarantool Tak>ke coxpansier psifi (pailjIoB CO CTATUYECKMMH CHUMKaMu JaHHbIX (snapshots).
®aiisl co CHUMKOM — 3TO JUCKOBasl KON BCeX JAHHBIX B 0a3e Ha KaKoii-Tto MomeHT. BmecTo
TOTO, YTOOBI 3a4uTHIBATh Bce WA L-daitnbl, mogBuBIinecs ¢ MOMeHTa co3aanus 6as3bl, Tarantool
B MIPoIlecce BOCCTAHOBJIEHUSI MOYXKET 3arpy3UTh CAMbIl CBEXKUII CHUMOK M 3aT€M 3a4UTATH TOJIb-
k0 Te WAL-daiinbl, KoTopbie ObLIN CeJaHbl C MOMEHTA cOXpaHeHUsi cHUMKa. CHUMKH MOTyYT
JeJIaThCs aBTOMAaTUYECKH, WM YKe MOJb30BATEI MOTYT CO3/IaBaTh MX CaMu B JIIO0OII MOMEHT
¢ nomoinbio 3anpoca box.snapshot().

Details about the WAL writer and the recovery process are in the Internals section.

MarmnynmpoaaHme AdHHbIMAN

OcHOBHBIE 3aPOCHI IS MAHUNYAUPOBAHUS JaHHbLMU — ITO insert, replace, update, upsert,
delete, select. Bce oHu peasm3oBaHbl B Oubsimoreke box. MHOrme m3 3TUX 3allPOCOB MOTYT
BO3BpaIarh JaHHble. Kak nmpaBujio, 1 BBOAUMbBIE, 1 BO3BpalllaeMble 3HAUEHUs sIBJISIOTCS Lua-
TabJINIIAMUA.

Lua-cuaTakcuc B JaHHBbIX (DYHKIUSIX MOXKET pa3iandarbces. /lasee npuBoasTCs BApUAHTHI TAKUX
pasauyuii Ha npumepe SELECT-3amnpocoB. AHajlorudyHbie IPaBUJia CyHI€CTBYIOT U JIJIsI OCTaJIb-
HbIX (yHKIM. B KaXK/1I0M U3 NPUBEIEHHBIX NIPUMEPOB BBIMOJIHAIOTCS CJeyoniue qeficTBus:
OpOU3BO/IUTCH BBIOOPKA MO HAGOPY KOpTe>Keil n3 MPOCTPAHCTBA C UMeHeM ’tester’, rae 3HaveHue
I0JIst, KOTOPOE COOTBETCTBYET KJIIOYY B MEPBUYHOM HHIAeKce, paBHo 1. Tak>ke BO Bcex mpume-
pax MBI IIOApPa3yMeBaeM, YTO YHUCJIOBOU uaeHTudUKATOp IpocTpaHcTBa ’tester’ pasen 512, HO
9TO BEPHO TOJIBKO [JIs HAIlleil TeCTOBOii 6a3bl.
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Bo-11epBbIX, €CTh NATH CNOCOO08 CCHLAKU HA 00BEeKM:

-- #1 mMa_Momyna . MMA_BJIOXEHHOTO_MOZIYINS . HMMdA_obbekTa

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

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

-- #3 BMecTO uMMeHH O6bBEKTa yKa3hBaeM UHCJIOBOX HMIeHTHPMKATOp B KBaIPaTHHX CKOOKax
tarantool> box.space[512] :select{1}

-- #4 BMecTO jmTepana, obo3Hadabmero mMs 0o6beKTa, yKas3hBaeM IIE€PEMEHHYN
tarantool> variable = 'tester'

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

-- #5 yKashBaeM NepeMEHHYKH BMECTO CCHIIKK Ha BeChb OOBEKT

tarantool> s = box.space.tester

tarantool> s:select{1l}

s mpuMepoB B OCTAJIBHOII YacTU JOKYMEHTAU MbI OyJgeM, KaK ITPaBUJIO, MCIIOJIb30BaTh
BapMaHT CUHTaKcuca #1, Hanpumep "box.space.tester:". Ho BbI MOXKeTe ¢ TeM »Ke yCIEeXOM
TMOJIB30BATHCS JIIOOBIM M3 MSATHU OIMMMCAHHBIX BBIIIIE BAPUAHTOB.

Tak>ke MbI B JaJibHelleM OyJaeM HMCIOJIb30BAaTh CMHTAKCHC Tuna "space_object:" st cchliaiKu
Ha IpocTpaHcTBa (KaK B IIPUBEJEHHBbIX BbIlIe npuMepax) u "index_object:"musi ccbliku Ha
WHEKChl (HanpuMep, box.space. tester.index.primary:).

Bo-BTOpBIX, €CTh CEMb €CNOCOO08 3a0aHUA 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)

3HavYeHUe MMEPBUYHOrO KJII04Ya 3aKJjro4vaercs B purypHbie cKOOKu. Eciam ke 3TOT mepBUYHBIN
KJIIOY SIBJISIETCSI COCTAaBHBIM, TO M 3Ha4YeHue OyJIeT COCTaBHbIM, Hampumep ...select{1,2,3}.
durypHbie CKOOKH B CBOIO OYepe/ib MOTYyT 3aKJII0YaThbCs B KPYyIJible CKOOKU — Hampumep,

select({...}). DTo onmuoHaJbHBLIA BapUAHT CUHTAKCHCA, 1 OH HEOOXOIMM TOJHKO B TOM CJIy-
Yae, eCcJiM Hy>KHO IepeJlaTh 4TO-TO HOMHWMO IEPBUYHOTO KJI0Ya, Kak B nmpumepe #5. Bmecto
3HaYEeHUH-IuTepaaoB — Hanpumep, 1 (ckansipnoe 3Hadenue) wim {1} (Lua-tabumuia) — MOXKHO
HCIOJIb30BATh UMEHA MEePEMEHHbIX, KaK B mpumepax #6 m #7. XoTd B HEKOTOPBIX CJIydasix
dburypuble CKOOKI MO>KHO OITyCKaTh, Mbl PEKOMEH/yeM BCEr/ila UX HCIOJb30BaTh. Tak BbI IBHO
obo3HauynTe, 9To 3HavYeHne nmeer tun "Lua-rabauna". B nmpuMmepax m onncaHuWsX B JIOKYMEH-
TaMu MbI Be3Jle MCHojb3yeM durypHble ckobku, Hanpumep "{1}". Ho kak u B ciydae co
CCBLJIKAMU Ha 00'bEKT, BBl MOXKETE I10JIb30BATHCsI JIIOOBIM JIOIyCTUMBIM BAaPUAHTOM CHHTAKCHCA.

Bce dyHskIimu ajisi MaHUILYJIMPOBAHUS JAaHHBIMU ONEePUPYIOT Habopamu koprexkeii. OHako, mo-
CKOJIbKY IEPBUYHBIE KJIIOYN BCErJa yHUKAJIbHbBI, KOJIMYECTBO KOPTeXKeii B TaKoM Habope Bcersa
paBuo 0 unu 1. EnuHCcTBEeHHBIM UCKJIIIOUYEHUEM siBJIseTcst PYHKIUS box.space. . .select, koTopas
MO2KeT OpaTh Ha BXO0/] KaK IIEPBUYHBII, TAK ¥ BTOPUYIHBIN KJIIOY.
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Complexity factors that may affect data-manipulation functions

Paz- KoamvecTBo KJiro4Yeil B MHAEKCE PAaBHO KOJIMYECTBY KOpTeXkeil B Habope maHHbIX. B

mep ciaydyae ¢ TREE-ungekcom: ¢ pocTOM KOJMYECTBA KJIIOYEH yBEJIUYUBAETCS BpPeMsS

WHIEK- | MOMCKAa, XOTs 3aBUCUMOCTD 3/IeCh, KOHEYHO >Ke, He JuHeiiHasd. B cay4dae ¢ HASH-

ca MHJIEKCOM: C POCTOM KOJIMYEeCTBa KJIIOYell yBeJUYUBaeTcs OObeM WCIIOJIb3yeMO
HNaMSTHA, HO KOJMYECTBO HU3KOYPOBHEBBIX IMIArOB OCTAETCs IIPUMEPHO TEM Ke.

Tun Kak npasmmo, mouck mo HASH-unaekcy paboraer ObicTpee, yemMm mo TREE-

WHJEK- | UHOEKCY, ecju B Habope ecTh OoJiee OJHOTO KOpTeXKa.

ca

Kouan- OObIYHO OJ1s1 BBIOOPKY 3HAYEHUII OOHOTO KOPTEXKA MCIIOJIb3yEeTCs TOJIbKO OJIUH WH-

yecTBO | mekc. Ho mpu obHOB/JIeHUN 3HaYeHUI B KopTexke Tpebyerca N obpariienuii, ecan y

obpa- Habopa kKopTexkeii ecTb N MHJIEKCOB.

I eHun

K UH-

JeKcam

Komnu- Hexkoropsie 3anpocer, Hanpumep SELECT, moryT Bo3BpamaTh HECKOJBKO KOpPTe-

gecTtBo | xkeil. Kak npaBusio, 3To0 HanMeHee BaXKHbII (paKTOp U3 BCEX.

obpa-

IIIEeHU

K KOp-

TeXKaM

Ha- Baxknbim nmapamerpom g samucu B WAL saBisierca wal mode. Ecnu 3anuch B

crpoii- | WAL orkiiodyeHa ujim 33JiaHa 3a0uCh C 3aJepP>KKOii, HO 3TOT (pakKTOp He TaK Ba-

KU keH. Ecan ke 3anmuce B WAL nmpoun3BoauTcs Npu KaXkK/I0M 3ampoce Ha U3MEHeHUe

WAL JNaHHBIX, TO IIPU KAaX»K/I0M TAKOM 3alpoce MPUXOIUTCS >KIaTh, II0Ka oTpaboTaer 06-
paiieHue K 0oJiee MeIJIEHHOMY JMCKY, U JaHHBII (DAKTOP CTAHOBUTCS Ba>KHee BCeX
OCTaJIbHBIX.

In the discussion of each data-manipulation function, there will be a note about which
complexity factors might affect the function’s resource usage.

Onepauun c nigekcamn

Or[epaulxm C MHIJEKCaMu IIPOMU3BOAATCA aBTOMAaTUYECKMHA. Ecin 3alipocC 110 MaHUITYJIMPOBAaHUIO
AJaHHBbIMHM MeEeHsAEeT JaHHbIe B KOPpTe>XXe, TO MEeHAIOTCA M KJII0OYM B MHEKCe JJId JaHHOI'O KopTe>Ka.
H03TOMy IIOJIb30BaTeJ/JII0 HYy>KHO 3HaTb TOJIBKO KaK M 3a1eM 3aJaBaTb MHIECKCHI.

ITpocras onepanus AJisl CO3OAaHUS MHIEKCA, KOTOPYIO Mbl pACCMaTPUBaJIM paHee, uMeJia Cjery-
IO BUI:

:samp: ~box.space.{uma-npocTparcrsal:create_index (' {umMa-umnexcal')"

ITo ymouruauuro, npu stom co3naercss TREE-unaekc no nepsoMmy mosro (0OObIYHO €ro Ha3bIBAIOT
"Field#1") nns Bcex koprexkeii B npocrpancrse. Ilpeanosnaraercs, 4To MHIEKCUPYyEMOe II0JIe
SIBJISIETCSI YMCJIOBBIM.

Tak>ke BO3MO>KHBI CJIeIyIOI€ BAPUAHTHI:
1. UnpekcupyemMoe 1oje MOXKeT ObITh CTPOKOIi, & He YHNCJIOM.
box.space. space-name :create_index (' tndex-name ', {parts = {1, 'string'}})

OOBIYHBIIT MHOEKC, KaK IIPAaBUJIO, CTPOUTCH IO MOJSM OAHOTrOo m3 AByx Tumos: 'NUM’
= 4mcioBoil (numeric) = a060e HeoTpunATEIbHOE IEJIoe Ynciao, oo 'STR’ = crpo-
Ka (string) = mamobasi nocaenoBaresibHOCTL GaliToB. Hucsa B uMH/EKCE YIOPSIAOYEHbI IO
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49uCJIOBO npsiMoii (Hampumep, uuciio 2345 Goabine, yem yuciao 500), a CTPOKH — O KOy
nepporo GaiiTa, 3aTeM IO KOJy BTOPOro, TpeThero u T.J. (M Ternepb crpoka ’2345° Gyner
MeHbIle, yeM cTpoka '5007).

IToapo6Hee o Apyrux TUNax MHIAEKCOB CM. B onucaHuu pyHKIuu create index.
Wuaekc MOXKeT CTPOUTHCS MO HECKOJIBKUAM TOJISIM.

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

B obvsruHoM mHZIEKCE MOXKET OBITH MaKcuMyM 255 gacreil. Kaxk/jas yacTs Xxapakrepusyercs
HOMEPOM MOJISI ¥ €r0 TUIIOM.

Nunekc MoxKeT ObITH HEYHUKAJIbHBIM.
box.space.*space-name*:create_index('indez-name', { unique = false })

Heanqulﬁ NMHAOEKC JId KOpTeXXa OOJI2KEH CTPOUTBHCA 110 YHUKAJbHBIM 3HAYCHUAM no.nef/i,
HO OCTaJIbHbIE (BTOpI/I'-IHI)Ie) NMHAOEKCbI MOTYT CTPOUTBHCHA IIO HEYHUKAJIbHBIM 3HAYE€HUAM.

NMHuaekc MoXKeT IIpecTaBJIaTh COO0M He TOJILKO JAEpPeBO.
box.space.*space-name*:create_index('indez-name', { type = 'hash' })

The two ordinary index types are ’tree’ which is the default, and ’hash’ which must be
unique and which may be faster. The third type is ’bitset’ which is not unique and which
works best for combinations of binary values. The fourth type is ’rtree’ which is not
unique and which works with arrays, instead of ’string’ or ’unsigned’ values.

Hanuyne nMHIEKCOB HUKAK HE BJIMSET HA CHHTAKCHUC 3allPOCOB HA M3MEHEHHWe JaHHBIX. A BOT
SELECT-3anpocsl, 6Jiarozapss nH/ieKCaM, CTAHOBSITCsI 00Jjiee pa3HOOOpPa3HBIMU.

Bor npocroit SELECT-3anpoc, KOTOPbIiI MbI PAaCCMATPUBAJIA paHee:

rextsamp: “box.space. {*{uma-npocTparcTBal*}:select ({*{3mauenune}*1}) "

ITo ymon4aHuiO, TAKOl 3aIllpOC UIIET HY>KHBII KOPTEXK N0 3HAYEHUIO B NepBoM (IIEPBUYHOM )
unaekce. ITockobKy MepBUYHBINA MHIEKC BCEria YHUKAJIEH, TO JaHHBIA 3apoc BepHeT He GoJjiee
O/THOT'O KOpTEeXKa.

Tak>ke BO3MO>KHbI cijeayronme BapuaHTbI:

1.

3.

ITomumo ycJi1oBUudA paBE€HCTBAa, IIPU IIONCKEe MOT'YT HUCIIOJIb30BaThCAd U Apyrue yCcJIOBUA CpaB-
HEeHU#.

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

Mo2KHO UCIIOJIB30BAaTh CJieyoniue oreparopsl cpaBuenus: LT (menbine), LE (MenbIte ninn
paBuo), EQ (paBno), REQ (uepaBno), GE (Goabiue niu paBuo), GT (Gosbiue). CpaBHeHust
HNMEIOT CMBICJI TOJIBKO JIJIsI MHAEKCOB Turma ’‘tree’.

DTOT BapMaHT HOWCKA MOXKET BEPHYTH GoJiee OIHOTrO KOpTexka. B TakoM ciyvae KOpTexXu
GyAyT OTCOPTUPOBAHBLI B IOPsAKe yOBIBAHUS IO KJIIOYY (€C/I HMCIIOJIB30BAJICS OIEpPaTop
LT, LE unu REQ), 1mu6o B mopsi/ike Bo3pacTtanusi (BO BCEX OCTAJIBHBIX CJIyYasX).

Ilouck Mo2keT TPOU3BOAUTHCS IO BTOPUIHOMY UHIEKCY.
box.space. space-name .index. indexz-name :select (value)

HpI/I IIOMCKEe IIO IMePpBUYIYHOMY MHIAEKCY MMIA HMHIEKCA MO2KHO H€ YKa3bIBaTb. HpI/I IIOnucCKe
2Ke I1I0 BTOPDUYIHOMY HMHJAEKCY MM HMHEKCAa YKa3bIBaTb HeO6XO,E[I/IMO-

ITouck moxkeT IIPOU3BOJUTHCA KaK II0 BCeMY KJII0O1Yy, TaK U 110 €ro 4acCTdM.
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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 MoOXKeT MPOU3BOAMUTHCS IO BCEM MOJAM (B 9TOM CiIydae WCIOJIb3yeTcs Tabauia
3HAYEHU ):

box.space. space-name :select ({1, 'A'})

JInGo ke o ogHOMY MOJIIO (B 9TOM CjIydae MCHOJIb3YyeTCsl TabJuna Uiu CKaJIsIPHOE 3Have-
HUE):

box.space. space-name :select (1)

Bo BTopom ciay4uae Tarantool BepHer aBa Koprexka: {1, 'A'} u {1, 'B'}. IIpu Heobxoam-
MOCTH MOXXHO 33/IaTh JIaXKe HyJIeBbIe 110Jis1, B pe3yjbrare uero Tarantool BepHer Bce Tpu
KOpTeXkKa.

ITpumepsr:
e IIpumep paGoret ¢ BITSET-ungekcom:

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'})

Mb1 nony4dnM ciiegyomuii pe3yabTar:

--103,7]
- [4, 3]

nockouibKy (7 AND 2) ne pasuo 0 u (3 AND 2) ne pasno 0.

IIpu noucke no BITSET-unaekcaM MOXKHO MCIIOJb30BaTh oneparopel BITS ANY SET,
BITS ALL_SET, BITS ALL NOT_ SET, EQ u ALL.

e IIpumep paborsi ¢ RTREE-unagekcom:

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

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

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

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

MpbI OIydYnM CJI€AYIOIUN pe3yIbTaT:

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

MOCKOJIbKY MPSIMOYTOJIBHUK C yIJIaMU B KoopAuHaTax 4,7,5,9 JeXXUT NeJJNKOM BHYTPU IIpsi-
MOYTOJIBHUKA C yrjlaMu B KoopAmHaTax 3,5,9,10.

IIpu nmoucke mo RTREE-ungekcam moxkHO mcnojib3oBaTh omepartopbl GT, GE, LT, LE,
OVERLAPS u NEIGHBOR.

4.3.2 KoHTponb TpaH3akuuii

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 B3aumHoii MHOro3aga4yHocTun

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.

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 bozx.space...insert or
box.space...update or box.space...delete, will usually cause yielding; however, box.space...select
will not. A fuller description will appear in section Implicit yields.

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
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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)

~ nok"

Implicit yields

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 wupdate upsert delete (the "data-
change'requests), and functions in module fio, net box, console, or socket (the "os"and
"network"requests).
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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 box.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 standard Lua
module os 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 IO, 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.

4.3.3 OrpaHuyeHue goctyna

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.

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").
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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.

ITpumeuanue: 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

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.

replication3 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:

tarantool> box.space._user:select{0}

- - [0, 1, 'guest', 'user']
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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 = passwordl}).

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_os$$'})

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

- - [17, 1, 'JeanMartin', 'user', {'chap-shal': 't3xjUpQdrt8570+YRvGbMY5py8Q="2}]

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

ITpumeuanme: The maximum number of users is 32.

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"),
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the numeric id of the user who received the privilege ("grantee id"),

the type of object - "space"or "function"or "universe

e the numeric id of the object,

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_id - 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-name*[, *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=truel|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 space55, and then took the privilege away:

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

tarantool> box.schema.user.revoke('guest' , 'read', 'space', 'space55')

IIpumeuanue: 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.

IIpumeuanue: 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.

Functions and the _func space

The fields in the func space are:
e the numeric function id, a number,

e the function name
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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 () ... end without adding anything in
the func space. The func space only exists for storing function tuples so that their names
can be used within grant/revoke functions.

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 = false})
Specifying if_not_exists=false would cause error: Function '...' already exists ifthe 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 f7()
>  box.session.uid()
> end

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

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

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

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

42 Fnaea 4. PykoBogcTBo nosnb3oBarens




Tarantool, Bbinyck 1.7.2

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.

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.
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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 U1l 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('ULl')

-- 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 evecute 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}

4.3.4 Tpurrepnol

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:

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.
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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 (trigger-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.

ITapameTrpsbl

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)

ITpenynpexaenne: 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, the error is logged but otherwise is ignored. The trigger is invoked while the
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session associated with the client still exists and can access session properties, such as
box.session.id.

ITapamerpsbt

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(trigger-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.
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Unlike other trigger types, on auth trigger functions are invoked before the event.
Therefore a trigger function like function auth_function () v = box.session.user(); end
will set v to "guest the user name before the authentication is done. To get the user
name after the authentication is done, use the special syntax: function auth_function
(user_name) v = user_name; end

If the trigger fails by raising an error, the error is sent to the client and the connection
is closed.

ITapameTrpsbl

e trigger-function (function) — function which will become the trigger
function

e old-trigger-function-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>.

ITapameTrpsbl

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.space.X:on_replace(f)

space_object:run_triggers (true/false)
At the time that a trigger 1is 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).

4.3.
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Return nil

Example:

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 = 0O
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

You can use:

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

on_auth() to return all authentication-trigger functions;
e on_disconnect() to return all disconnect-trigger functions;
e on_replace() to return all replace-trigger functions.

In the following example, we find that there are three functions associated with on_connect
triggers, and execute the third function, which happens to contain the line "print(’function
#3°)". Then we delete the third trigger.

tarantool> box.session.on_connect ()

- - 'function: 0x416ab6f8'
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- 'function: 0x416ab6f8'
- 'function: 0x416ad800'

tarantool> box.session.on_connect () [3] ()
function #3

tarantool> box.session.on_connect(nil, box.session.on_connect()[3])

4.3.5 OrpaHuyeHus

Number of parts in an index

For TREE or HASH indexes, the maximum is 255 (box.schema.INDEX_PART_MAX). For
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).
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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 memtx and vinyl.

4.3.6 OuckoBbiii aBu»xok vinyl

A storage engine is a set of very-low-level routines which actually store and retrieve tuple
values. Tarantool offers a choice of two storage engines:

e memtx (the in-memory storage engine) is the default and was the first to arrive.

e vinyl (the on-disk storage engine) is a working key-value engine and will especially appeal
to users who like to see data go directly to disk, so that recovery time might be shorter
and database size might be larger. On the other hand, vinyl lacks some functions and
options that are available with memtx. Where that is the case, the relevant description
in this manual will contain a note beginning with the words "Note re storage engine".
See also a coverage for all the differences between memtx and vinyl further on this page.

To specify that the engine should be vinyl, add the clause engine = 'vinyl' when creating a
space, for example: space = box.schema.space.create('name', {engine='vinyl'}).

Pasnnunsa mexay asuxkamu memtx un 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".

e With memtx, the index type can be TREE or HASH or RTREE or BITSET. |br| With
vinyl, the only index type is TREE.

e With memtx, create_index can be done at any time. |br| With vinyl, secondary indexes
must be created before tuples are inserted.

e With memtx, for index searches, nil is considered to be equal to any scalar. |br| With
vinyl, nil or missing parts are not allowed.

e With memtx, temporary spaces are supported. |br| With vinyl, they are not.

e With memtx, the alter() and len() and random() and auto_increment() and truncate()
functions are supported. |br| With vinyl, they are not.
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With memtx, the count() function takes a constant amount of time. |br| With vinyl, it
takes a variable amount of time depending on index size.

With memtx, delete will return deleted tuple, if any. |br| 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.

Vinyl features

Full ACID compliance

Multi-Version Concurrency Control (MVCC)

Pure Append-Only

Multi-threaded (Client access and Engine scalability)
Multi-databases support (Single environment and WAL)

Multi-Statement and Single-Statement Transactions (Snapshot Isolation (SI), multi-
databases)

Asynchronous or synchronous transaction execution (Callback triggered versus blocking)
Separate storage formats: key-value (Default), or document (Keys are part of value)
Update without read

Consistent Cursors

Prefix search

Point-in-Time Snapshots

Versional database creation and asynchronous shutdown/drop

Asynchronous Online/Hot Backup

Compression (Per region, both 1z4 and zstd are supported)

Metadata Compression (By default)

Key Compression (Compress key duplicates, including suffixes)

Easy to use (Minimalist APT)

Easy to integrate (Native support of using as storage engine)

Easy to write bindings (Very FFI-friendly, API designed to be stable in future)
Easy to build in (Amalgamated, compiles into two C files)

Event loop friendly

Zero-Configuration (Tuned by default)

Implemented as a small library written in C with zero dependencies

BSD Licensed

It is appropriate for databases that cannot fit in memory, where access via secondary keys is
not required.

In vinyl terminology:

4.3.
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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)

e Get - the worst case is amortized O(max_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

A uyTto 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.

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.

N
\>*t

in-memory index

- wal file
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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.
set |
c

in-memory index 2

- wal file

2 db file

When the Run Creation Thread finishes the task, the first in-memory index is freed.

in-memory index

- wal file
=] do file

= branch 1

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.
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in-memory index

- wal file

=] db file
= branch 1
= branch 2
(= branch N

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)
N

in-memory index

- wal file

cdbha nranches
S (=]
=]
dol = db2 =
=2 =

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.

node
structure

two in-memory indexes

node tile branches
e =
=}
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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

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.

4.3. ®yukuymnonan CYB/[ 55



Tarantool, Beinyck 1.7.2

nade index

- wal file

node@® node N

in-memory 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

=] =] =] =]

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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branches
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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
E] S} S} S}
=2 =] =2

=}

©C 0 0

Vinyl is read optimized. It is very likely that the most recently created Runs (hot data) will be
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in the file system cache. The scheduler will give priority to the Ranges which have the largest
in-memory indexes and 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).

4.4 CepBep NpuUIOXKeHU

4.4.1 Mpo mopynu/rocks

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

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

4.4.2 YcTaHOBKaA CyuULeCTBYIOLLEro Moayns

Monaynu, cozganabie KoMmaHaou Tarantool’a u ujieHamu coobilecTBa pa3paboTYNKOB, BbLJIOXKE-
vbl Ha rocks.tarantool.org. IIpo HekoTopbie u3 3Tux monyJeit — expirationd, mysql, postgresql,
shard — nmonpobHee roBOpUTCS B APYrUX pasgeliax TeKyIleil JOKyMeHTAIUN.

IITar 1: YcranoBute LuaRocks. O0ree onucanme toro, kak ycrtaHoBuThb LuaRocks B Unix-
cucreMe, IpUBOAUTCHA B KpaTkom pykoBoscTie 1mo LuaRocks. Hanpumep, ycranoButs LuaRocks
B Ubuntu Mo>XHO ciieayrorneii KOMaH/ 0i:

$ sudo apt-get install luarocks

IITar 2: /IobaBbTe pemnosutopuii Tarantool’a B cnmcok rocks-cepBepoB. [Ijs 3Toro mobaBbTe
rocks.tarantool.org B daiis .luarocks/config.lua:

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

Tertepb MO>KHO:
® NCKATh CYIIIECTBYIOIVIE€ MO/IYJIM B ODIIEM PEIro3uTopuu
$ luarocks search module-name
® /100aBJIITH HOBbIE MO/YJIM B CBOIl JIOKAJbHBIA Pemo3uTOPUii
$ luarocks install module-name --local
e 3arpy2karthb J0b0i1 Mmoaysab ajs Tarantool’a ¢ momorbo require
tarantool> local-name = require('module-name ')
(BoT mmo4yeMy MHOrme IIpuMepbl B 3TOil JOKYyMEHTAIIUN HAYMHAIOTCH C BbBI30Ba require.)

Hanee na crpanune penosuropus "tarantool/rocks" ma GitHub BbI MOXKeTe mOCMOTpPETHb IpU-
Mepbl MOAyJIeil 1 MHCTPYKIMU MO JT00aBJIEHUIO COOCTBEHHBIX MOAYyJeil B oOIuii peno3utopuii.

For developers, we provide instructions on creating their own Tarantool modules in Lua,
C/C++ and Lua+C.
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4.4.3 Co3pgaHune HOBOro moayns Ha si3bike Lua

Jnsa npumepa co3zmanum HOBbIN Lua-daiin ¢ nmenem mymodule.lua, B KOTOPOM OMWIIIEM 3KC-
nopTupyeMyio (hbyHKIIMIO C HEKOTOPbIM MMEHeM, a 3aTreM ¢ nomoinbio Tarantool’a 3arpysum u
HIPOCMOTPHUM HAIIl HOBBII MOYJIb M BBI3OBEM OIMCAHHYIO B HEM (QYHKIIHUIO.

Lua-daiin B HaimeM npumMepe OyeT TaKAM:

-- mymodule - npocmelwul Lua-modyas O0as Tarantool'a

local exports = {}

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

end

return exports

s 3arpy3Ku u IIpocMoOTpa MO/IYJIsI, & TaK»Ke BBI30Ba OIIMCAHHOI B HEM (OYHKIIVY, BBIIOJIHUM
cJieyIonue KOMaHbI:

tarantool> mymodule = require('mymodule')

tarantool> mymodule

- myfun: 'function: 0x405edf20'

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

4.4.4 Co3pgaHue HoBoro moaynsi Ha sisbike C/CH+

st npumepa co3naauM HOBbI C-daitsi ¢ nmeHem mymodule.c, B KOTOPOM OMHUIIEM 3KCIIOPTHU-
pyeMyio PYHKIHUIO C HEKOTOPBIM MMEHeM, a 3aTeM ¢ momoIibio Tarantool’a 3arpysum m mpo-
CMOTPHM HAIIl HOBBIII MOYJIb M BBI30BEM OIMCAHHYIO B HeM (DYHKIIUIO.

O6paTtuTe BHUMaHHE, YTO JJisi KOPPEKTHOI paboThl TpebyeTcsli 3apaHee yCTaHOBUTh MOIYJIb
tarantool-dev.

C-daiinn B HanteM npumepe OyaeT TaKuM:

/% mycmodule - npocmelwul C-modyass das Tarantool'a */
#include <lua.h>
#include <lauxzlib.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);
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/* 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 regl[] = {
{ "myfun", myfun I},
{ NULL, NULL }
3
lual_register(L, "mycmodule", reg);
return 1;
}

C moMomipio geec ckoMmnuimpyeM Hami kon B Buge shared-6ubamnoreku (6e3 npedukca "lib"), a
3aTeM HPOCMOTPUM €€ COAEP>KUMOE C MOMOIIBIO 1s:

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

s aBromaTusanmum cOopKu peKomeHayeTcs ucrosb3oBatb CMake-ckpunter st Tarantool’a.

s 3arpy3Ku U IIpocMoTpa MO/IYJisl, & TaK>Ke BbI30Ba OIMCAHHON B HEM (DYHKIINU, BHIIOJIHUM
cileyoe KOMaH/bl:

tarantool> mycmodule = require('mycmodule')

tarantool> mycmodule

- myfun: 'function: 0x4100ec98'

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

- Hello, world

Bb1 moxkere anasornmdHbIiM o6pa3oM co3zmaBarbh Moayim Ha CH-+ mpw ycjgoBum, 94TO B UX KOIe
He OyayT BBIOPACHIBATHCH UCKJIIOYEHUS.

4.4.5 Co3paHuve HOBOro moayns Ha cmecu s3bikos Lua/C

1. Cozgmaiite HOBBIII Lua-Moaysib u Ha30BUTE ero, HanmpuMmep, myfunmodule.
2. Cospaiite (BioxkeHHbIil) Moayis Ha C u HaszoBuTe ero, Hanpumep, myfunmodule.internal.

3. Barpysure HOBbBIIT C-Moaynb u3 Lua-koza ¢ nmomorpsio require ('myfunmodule.internal'), a
3arem cAesaiiTe AJisi HEro 06ePTKY UM BBI3BIBAliTE €ro (pyHKIUN HAIPIAMYIO.

IIpumepsr wmopysieit Ha cmecn a3bikoB Lua/C  MOXKHO IIOCMOTPETb B  DENO3UTOPUN
"tarantool /http" na GitHub.
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4.4.6 MNpumevaHua ans ocobbix cnyyaes

e B cpene Lua Bce 3arpy»keHHble MOAYJIM KemHpyloTcs: B Tabimie package.loaded. YToObI
neperpys3uTh KaKou-JInb0 MO/Iyjb C JUCKA, YKAXKUTE JJisl ero KJjada 3HadeHue nil:

tarantool> package.loaded['modulename'] = nil

e Jlyist moucka .lua-MojyJieii MCIIOJb3yiiTe KOMaHAy package.path, a jJis1 moucka GMHAPHBIX
mopysieit Ha C ucnonb3yiiTe KOMaHay package.cpath.

tarantool> package.path

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

tarantool> package.cpath

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

3HaKy BOIPOCa CTOSIT BMECTO MMEHU MOJIyJIsI, KOTOpOe ObLJIO YKAa3aHO paHee IIPU BbI30BE
require (' umsa_modyas ').

e Jlas mpocMoOTpa BHYTPEHHEIO COCTOSTHUSA NPAMO U3HYTpu Lua-mMoayist ucroJib3yiiTe state
M COOTBETCTBYIOIIYIO JIOKAJIBHYIO IIEPEMEHHYIO B paMKaX MOJIYJIs:

-- mymodule
local exports = {}
local state = {}
exports.myfun = function()

state.x = 42 -- ucnoassyem state
end

return exports

e OGparuTe BHUMaHMeE, YTO B TEKYIIEN JOKyMeHTAluu B npuMepax Lua-Ko/ia uCIoJIb3yTCs
A0KAABHBLE TIEpEMEHHBIE. By/IbTe akKypaTHbI, €CJIU B CBOUX MO/YJISIX BbI OyeTe UCI0Ib30-
BaTh 2.400a4bHblE TIEPEMEHHBIE, TTIOCKOJIbKY II0Jb30BaTe/ M BalInX MOIYJIEH MOTryT He 3HATh
006 9TUX mepeMeHHbIX.

4.4.7 KHura peuenTtoB

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

Any of the programs can be executed by copying the code into a .lua file, and then
entering chmod +x ./program-name .lua and ./program-name .lua on the terminal. As is usual
for Tarantool/Lua programs, the first line is a "hashbang|br|@"|br| #!/usr/bin/env tarantool
|br| This runs the Tarantool Lua application server, which should be on the execution path.

Use freely.
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hello world.lua

The standard example of a simple program.

#!/usr/bin/env tarantool

print('Hello, World!')

console _start.lua

Use boz.once() to initialize a database (creating spaces) if this is the first time the server has
been run. Then use console.start() to start interactive mode.

#!/usr/bin/env tarantool

-- Configure database
box.cfg {

listen = 3313
}

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

fio write.lua

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

#!1/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))

62

Fnaea 4. PykoBogcTBo nosnb3oBarens




Tarantool, Bbinyck 1.7.2

if not f then
error("Failed to open file: "..errno.strerror())
end
f:write("Hello\n");
f:close()

ffi_printf.lua

Use the LuaJIT fii library to call a C built-in function: printf(). (For help understanding ffi,
see the FFI tutorial.)

#!/usr/bin/env tarantool

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

1]

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

ffi_gettimeofday.lua

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

#!/usr/bin/env tarantool

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

1]

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

ffi.C.gettimeofday(timeval_buf, nil)

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

ffi_zlib.lua

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

#!/usr/bin/env tarantool

local ffi = require("ffi")
ffi.cdef[[
unsigned long compressBound(unsigned long sourcelen);

4.4. CepBep npunoxeHnii 63



http://luajit.org/ext_ffi.html
http://luajit.org/ext_ffi_tutorial.html
http://luajit.org/ext_ffi.html
http://luajit.org/ext_ffi.html
http://luajit.org/ext_ffi_tutorial.html
http://luajit.org/ext_ffi_tutorial.html

Tarantool, Beinyck 1.7.2

int compress2(uint8_t *dest, unsigned long *destLlen,
const uint8_t *source, unsigned long sourcelen, int level);
int uncompress(uint8_t *dest, unsigned long *destLen,
const uint8_t *source, unsigned long sourcelen);
1]

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

-- Lua wrapper for compress2()
local function compress(txt)
local n = zlib.compressBound (#txt)
local buf = ffi.new("uint8_t[?]", 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[?]", 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 c¢ = compress(txt)
print ("Compressed size: ", #c)

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

ffi_meta.lua

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

#!/usr/bin/env tarantool

local ffi = require("ffi")

ffi.cdef[[

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

local point
local mt = {

__add = function(a, b) return point(a.x+b.x, a.y+b.y) end,
__len = function(a) return math.sqrt(a.x*a.x + a.y*a.y) end,
__index = {

area = function(a) return a.x*a.x + a.y*a.y end,

}’
}
point = ffi.metatype("point_t", mt)
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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(). (¢pairs() is faster than pairs(),
but pairs() is recommended for map-like tables or mixed tables.) The display will look like: "1
Apple | 2 Orange | 3 Grapefruit | 4 Banana | k3 v3 | k1 v1 | k2 v2".

#!/usr/bin/env tarantool

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

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

count array.lua

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

#!/usr/bin/env tarantool

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

count array with nils.lua

Missing elements in arrays, which Lua treats 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)
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count array with nulls.lua

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

#!/usr/bin/env tarantool

local json = require('json')

local t = {}

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

t[6] = 4; t[7] = json.NULL; t[8]= json.NULL;
t[9] = json.NULL

t[10] = 10

print (#t)

local counter = 0

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

print (counter)

local max = 0

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

count _map.lua

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

#!/usr/bin/env tarantool

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

print(size)

swap.lua

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

#!/usr/bin/env tarantool

local x = 1
local y = 2
X, Y=Y, X

print(x, y)

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)
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print('r.path=',r.path)
print('r.scheme',r.scheme)
print('r.login="',r.login)
print('r.query=',r.query)
print('r.service=',r.service)
print('r.fragment="',r.fragment)
print('r.host=',r.host)

class.lua

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

illustration is at http://lua-users.org/wiki/LuaClassesWithMetatable.

#!/usr/bin/env tarantool

-- define class objects

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

end

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

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

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

-- create a new object of myclass

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

print(object.data)

garbage.lua

Force Lua garbage collection with the collectgarbage function.

#!/usr/bin/env tarantool

collectgarbage('collect')

fiber producer and consumer.lua

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

number of simultaneous tasks waiting for processing.
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#!/usr/bin/env tarantool

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

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

end

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

local function start()
local consumer_n = 5
local producer_n = 3

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

-- Start consumers

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

end

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

start ()
print('started')

socket _tcpconnect.lua

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

#!/usr/bin/env tarantool

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

print(s:peer() .type)
print(s:peer().protocol)

print(s:peer() .port)

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

socket tcp_echo.lua

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

#!/usr/bin/env tarantool

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

if line == nil then
break -- error or eof

end

if not s:write("pong: "..line) then
break -- error or eof

end

end
end

local server, addr = require('socket').tcp_server('localhost', 3311, handler)

getaddrinfo.lua

Use socket.getaddrinfo() to perform non-blocking DNS resolution, getting both the
AF INET6 and AF INET information for ’google.com’. This technique is not always
necessary for tcp connections because socket.tcp 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)
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socket _udp_echo.lua

Tarantool does not currently have a udp 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:recvirom()

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

elseif msg "= nil then

-- got a mew 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)
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end
local server = udp_server('127.0.0.1', 3548, handler)
if not server then
error('Failed to bind: ' .. errno.strerror())
end

print('Started')

require('console') .start()

http _get.lua

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

#!/usr/bin/env tarantool

local http_client = require('http.client')

local json = require('json')

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

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

end

local data = json.decode(r.body)

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

4.5 ApMnHNCTprpoBaHne cepBepHO 4acTu

TunugHble 337a4YM aIMUHUCTPUPOBAHUS CEPBEPHOM YacCTH BKJIIOYAIOT B ceds 3allyCK M OCTa-
HOBKY cepBepa, nepe3arpy3Ky HACTPOEK, CO3JaHNe CHUMKOB, POTAIIUIO JIOTOB.

4.5.1 WNcnonb3oBaHue tarantool B kauecTtse knneHTa

Eciiz tarantool 3amyinen 6e3 @ating UHUUUGAUIAUUL, NI Ke B (pailjle MHUINAJIN3AUN yKa-
3aHa dyHkmus console.start(), To tarantool crapryer B UHTEPAKTUBHOM PEXKMMe: OH BBIBOIUT
npurJianieHue KoMaHaHou crpoku ("tarantool>"), m 3anpochl MOXKHO BBOJUTH IPSIMO B KOH-
cosiu. B TakoMm pexkmme tarantool MOXKHO HCIIOJIb30BATh B KadeCTBe KJIMEHTA [IJIsl yIaJIEHHOTO
cepsepa.
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B sTom pa3zesie onucaHbl CHHTaAaKCHUYeCKIe IIPaBUJIa AJId BBO/IAa 3aIPOCOB B KoHcosm Tarantool’a,
C IPpUMEeYaHUsIMU U ITpuMepamu. Ipyrue KiameHTCKUe mporpaMMbl MOTYT UMETh CXOXKHWe mapa-
MeTpPbl U CUHTAKCHUC 3anpocoB. HekoToprbie cBeaeHUsI U3 3TOro pasjesa AyOJupyloTcs B IJiaBe
CnpagouHukr no KoHPu2ypuposaHulo.

YcnoBHble 0003HauYeHNs, UCNOsIb3yeMble B 3TOM pa3fene

TokeHBbI — 3TO IIOCJIEIOBATEJIHLHOCTUA CHUMBOJIOB, KOTOPbIE€ PACCMATPUBAIOTCI KaK CHUHTaKCUYe-
CKHUe eJVMHUIbI B paMKax 3anpoca. KBagparHbie ckoOku [ u | ucnosb3yrorcs it 0603HaYeHUs
HeoO0sA3aTeJIbHBIX TOKEHOB. TPU TOYKU B CTPOKE ... O3HAYAIOT, YTO IIPEAbIAYIIE TOKEHbI MO-
I'yT HOBTOPATHCs. BeprukasnbHasi yepra | o3Ha4YaeT, YTO NpeAblAylie U MOCIeLyOInie TOKEHbI
ABJIAIOTCHA B3aMMOMCKJIIOYAIOMIUMHI aJIbTepPHATUBAMU.

MapameTpbl 3anycka KAMeHTa U3 KOMAHAHOW CTPOKM

OO6Gmiuit Buma:

$ tarantool

A

$ tarantool omnmum

nnm

$ tarantool ¢aiin-mEunmanusamuu-sa-lua [ apryments ]

Patin-unuyuasudauuu-Ha-lua — 310 JIOOON CKPUIIT, COMEP>KAIMUAN JIOTUKY HWHUIAAITASAINN.
Kopn u3 sroro ¢aiisa BemonHsiercs npu 3anycke Tarantool’a. Hanpumep: init.lua. |br| Ilpume-
vanwus: [Ipu ucnonp3oBanuu ckpunrta, Tarantool He BbIBOAUT mpurJiaineHne KOMaHIHOU CTPO-
ku. CKpUNT OOJKEH coAeprKaTh KOH(UTypaIlMOHHbIE HACTPOUWKU, B T.4. box.cfg...listen=. ..
nan box.listen(...), 4TOOBI BHEIIHNE IIPOTPAMMBI MOIJIM YCTAaHOBUTH coenmHeHue ¢ Tarantool-
cCepBEPOM HAa OJHOM M3 YKA3aHHBIX ITOPTOB.

Onyus — 3TO OAHO U3 cjeayoInMX 3HadYeHuil (ykasaHbl B aadaBUTHOM HOPsJAKE, IO HOJTHOMY
VIMEHU OIILIUHN):

-7, -h, --help
Tarantool-kJmeHT BBIBOAWT KPaTKYIO CHPaBKY, BKJIIOYasl CHHCOK Bcex mapaMerponB. Ha-
npuMep: tarantool --help. BbIBoj ocTaHaBimBaeTcs IOcjie ITOKa3a CIIPABKU.

-V, --version
Tarantool-kaneHT BLIBOAUT CBOiT HOMep Bepcumn. Hanmpumep: tarantool --version. BeiBog
OCTaHAaBJIMBAETCS IOCJIe TI0Ka3a HOMepa BEPCUMU.

TokeHbl, 3anpocChbl N cneyvanbHbie KOM6VIHaLI,VII/I Knasuul

N penrudukaropoM mnpouesypbl MOXKeT ObITh Jr00asi I0Caed0BaTeIbHOCTh OYyKB, nudp u/uimu
mo/IYepKuBaHUii, KOTOpasi OTBEYaeT IMpaBujaM mMeHoBaHus uaeHtudukaropos B Lua. Tepmun
"unenTndukaropsl mnpoueayp'"rakxke npuMeHSIOT K uMeHaMm dyukumii. |br| IIpumeuanue: B
caydvae ¢ uMeHaMu QYHKIUI PErUCTP MMeeT 3HaYeHne, II09TOMY insert u Insert — 3TO He OJHO
U TO XKe.

CTpPOKOBBIM JINTEPAJIOM MOXKET OBITh JII00asl II0CJIEJO0BATEJIbHOCTD U3 HyJs U 060Jjiee CHMBOJIOB,
KOTOpPasl 3aKJI0YeHA B 00UHAPHBLE KABLIWKU. JJ80tinble KaB8biKYU TaK»Ke NOIIyCTHUMBbI, HO Ipe-
MOYTUTEJIbHBIM BapUAaHTOM SIBJIFAIOTCH OLMHAPHBIE KABBIYKHU. A deolMvie KadpamHvie crobKuU
HY>KHBI JIJISI MHOTOCTPOYHBIX JIUTEPAJIOB (CM. JIOKyMeHTanuo 1o a3biKy Lua). |br| Hanpumep:

"Hello, world’, *A’, [[A\B!]].
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Yuc10BBIM JINTEPAJIOM MOXKET OBITH JII00asi IIOCJIeI0BaTEIbHOCTh CUMBOJIOB, COCTOSIIIAs U3 OJl-
HOI 1 6oJiee udp ¢ HeobsA3aTEAbHBIM 3HAKOM -+ WJIX - B HadYaJjie. B coctaB GOJILIINX YNCJIOBBIX
JUTEepaJyioB, a TaK>Xe YHCJIOBBIX JIUTEepaJIoB C HHaBaIOIIIeﬁ TOYKOMN MOXKET BXOAUTHb AdeCdATrnY-
HBIA paszaesnTesib (3asTasi WX TOYKA), CUMBOJIBL JJIsl SKCIIOHEHIMAJIBHOrO IPEACTABJICHUS U
cyddukcet. |br| Hanpumep: 500, -500, 5e2, 500.1, 5LL, 5ULL.

OHOGANITOBBIM CUMBOJIOM MOKET ObITh 3alsaTas, OTKPbHIBAIOIIAA UJINA 3aKPbIBAIOMIAs KpyTrJiast
cKkOOKa, a Takxke apudmMerndeckuii oneparop. |br| Hanpumep: * , ().

TokeHbI AOJI2KHBbI pa3aejidTbCdad OAHUM WNJIN 60JIbIINM KOJIHNYECTBOM HpO6eJ’IOB. Nckmrouennem
ABJIAIOTCA O,E[HO6aﬁTOBbIe TOKE€HbI 1 CTPOKOBbI€ JIUTE€PpAaJibl — BOKPYT HUX HpOGeJ’IbI He HY>KHBbI.

3anpocsl

3ampochkl BBOISITCH IIOCJIE MNPHUIJIAIIIEHUsST KOMAaHOHOW cTpoKu, korga Tarantool pabGoraer B
unrepakTuBHoM pexkume. (IIpurnamenue — 310 ciaoBo tarantool m 3mak "GoJsblie BOT Tak:
tarantool>). Mapkepom KOHIIa 3aIIpoca IO YMOJIYAHUIO SIBJISIETCS IIEPEBOJ CTPOKH.

s BBOma MHOTOCTPOYHBIX 3allpOCOB MOXKHO 3a/laTh [APYroil MapKep KOHIIa 3ampoca.
st 9TOro BBegUTE KOMAaH/Iy CJIEAYIOIIEro Buja: console = require('console'); console.
delimiter (Hoesli-mapkep). B KkadecTBe HOBOro Mapkepa YKa>KWUTe€ CTPOKOBBINI JIUTEPaJl B
oguHApHBIX KaBblukaX. l[locjsie sToro BamM HyXKHO OyZeT BBOAUTHL YyKa3aHHBIN MapKep B
KOHIIE KaKJOoro 3ampoca, noroMy d4rto Tarantool mepecraHeT WHTeEpPIIPETHPOBATH IIEPEBO/,
CTPOKHM KaK KOHeI[ 3ampoca. UToO0bl BepHYTbCA K OOBIYHOMY peXKHMMY, BBeauTe: console.
delimiter('')string-literal. Kak mpasmiio, 3agaBaTh CBOii MapKep HeT HEOOXOOMMOCTH, IIO-
ckosibky Tarantool cam pacnosHaer, 4TO 3ampoc BBEJEH He IIOJHOCTHIO (CKarKeMm, KOrAa
Tarantool He Bcrpedaer cioBa end B o0bsiBineHun dynkuuun). Hanpumep:

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

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

console.delimiter('')!

CM. Takxke onucaHue @opmama KAueHMCKUT 3anpocoeé B Buje aHHoTupoBaHHbix BNF-
auarpamm (Backus-Naur Form).

Paboras B unmepaxmusrom pexkume, Tarantool-cepBep npuHUMaeT BBEJeHHbIE 3aIPOCHI U BbI-
BOJUT PE3YyJIbTAThI. 3aIIPOCHI, KaK IPaBUJIO, BBOJUT II0JIb30BaTesb. BOT MpuMep MHTEepaKTUBHOM
IOJIL30BaTEJIBCKOIl ceccuu:

$ tarantool
[ smecs tarantool BHBOZUT HIPUBETCTBHE X HOMEDP BEPCHE ]
tarantool> box.cfg{listen = 3301}
[ smecyr tarantool BHBOZUT CBOW TeKymue HACTPOUKH ]
tarantool> s = box.schema.space.create('tester')
[ smecp tarantool MoxeT BHBeCTH COOOLEHHE O TOM,

uTo mmeT obpaboTka 3ampoca |

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

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

- [1, 'My first tuple'l]
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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
$

ITosicHeHusi K MPUBEIEHHOMY BBIIIIE IIPUMEPY:

e Ha muorme 3ampocskl Tarantool Bo3Bpamiaer tTunm3smpoBaHHbIE 00beKTHI. B oTBer Ha 3a-
npoc box.cfglisten=3301 Tarantool BeiBesieT pe3ysnbraT Ha 9kpaH. Eciiu B 3anpoce 3asaHo0,
YTO €ero pe3yJbTaT JOJI2KEH ObITH 3allCaH B HEKOTOPYIO IIEPEMEHHYIO, HAIPUMEDP C = box.
cfglisten=3301, TO B TAaKOM cCJly4ae BbIBOJA pe3yJibTaTa Ha 3KpaH He IIPOUCXOIUT.

e BriBox o6bekTa B Tarantool’e Bcerga naumnaercs co ctpoku "---"u 3akaH4YmBaeTcsi CTpo-

ko "...".

e ITo 3anpocy Ha BCTaBKy JAHHBIX BO3Bpalaercs o0beKT Tuma Koprexx (tuple), u B sToM
ciiy4dae mepej; BBIBOAOM Oyzer crodarTb omuHo4uHoe tupe (’-’). A mo 3anpocy Ha BbIGODKY
JAHHBIX BO3Bpalaercs: o0bekT Tuma rabiauia koprexkei (table of tuples), u B aToMm ciyuae
nepes BbIBOJAOM OyayT crosTh asa tupe (*- -’).

4.5.2 Ytununta tarantoolctl

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

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

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

KoHdurypuposanue tarantoolctl

Ckpunr tarantoolctl cHa4dajia nipoBepsieT Hajinune ¢aiijia KoHPUurypanum B TEKyIeil Jupek-
Topun ($PWD/.tarantoolctl). Eciu He HaxoauT, TO IpOBEpsieT AOMAIIHIOK AUPEKTOPUIO TEKY-
mero mnoJsib3oBaresist ($HOME/.config/tarantool/tarantool). Ecam onsite He Haxogur, TO MpoO-
BepsieT JUpeKTopuio, yKkasanuyio B nepemenHoii SYSCONFDIR (oGbraHo 31O /etc/sysconfig/
tarantool, HO Ha Pa3HBIX IJIAT(OPMAX ITOT IMYTh MOXKET PA3JIUYATHCH ). BOJIBIIMHCTBO IapaMeT-
poB tarantoolctl aHaJIOrM4YHBLI TE€M, YTO 3aJal0TCA B 3anpoce box.cfg...; ogHako tarantoolctl
MeHsIeT 3HaUeHNe HEKOTOPBIX IIapaMeTpPOB, JJOMUChIBAasi K HUM UMs npujioxkKeHusd. /lajsee npuso-
auTcsa kommsi (paiisa usr/local/etc/default/tarantool, rie AJisi BCeX MapaMeTpPOB yKas3aHbI UX
3HAYEHUS 110 YMOJIYAHUIO:

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

KOMMeHTapI/II/I K InapaMeTpaM B IIPpUBEJECHHOM BbIIII€ CKPpUIITE:

pid_file JdupekTopus, rae xpaHsitcs pid-daiiin u socket-daitn. Ckpurnr tarantoolctl mobasiisi-
et "/instance-name"K MMeHU TUPEKTOPUMN.

wal_dir JImpekrTopusi, rjie XpaHaTcsa *.xlog-daitabl. Ckpunrt tarantoolctl mo6Gasiisier "/
instance-name"K MMEeHU HUPEKTOPUMU.

snap_dir JlupekTopusi, rae XpaHsaTcs *.snap-daisibl. Ckpunrt tarantoolctl pobasasier "/
instance-name "K MUMeHU JUPEKTOPUMN.

vinyl_dir /lupekrtopwus, rae xpaHarcsa daiiiabl gBuxkka vinyl. Ckpunt tarantoolctl gobasJisieT
"/instance-name "K MUMEHU JUPEKTOPUMH.

logger /IupekTopusi, rae xpaHsTcs daiiapl KypHasa ¢ coobmienusimu ot Tarantool-
npuioxkenuii. Ckpurnr tarantoolctl mobasisier "/instance-name "K MMeHU JUPEKTOPUU.

username Vms mosib30BaTesisi, u3-mo/J; KoToporo 3amyiieH Tarantool-cepBep. 9To uMsi moJab30-
BaTeJis B ONEPAIMOHHOI cucTteMe, a He B Tarantool-kianenre.

instance_dir Vmsa ngupekTopum, rae XpaHATca ucxonHble daitabl Bcex Tarantool-npuioxkenwmit
JJ1st JaHHOTO XocTa. ITosib3oBaTesio, KOTOPBI NUIIET IPUJIOXKEHNE JJis tarantoolctl, Hy K-
HO IIOJIO>KWUTH MICXO/IHBIN KO/l CBOEro MPUJIOXKEHUS B 3Ty AUPEKTOPUIO M/ HACTPOUTH CUM-
auHkK. /lanee nyisi mpuMepoB B 3TOM pas/iesie Mbl UcHoJib3yeM Tarantool-npumiiokeHue c
MMEHEeM Iy_app, U ero MCXOJHBIN KO/ JOJI2KEH JiexKaThb B daiiie instance_dir/my_app.lua.

Komanpgbl ana tarantoolctl

Komanapl gns tarantoolctl mMmeroT Buj tarantoolctl onepayus uma_npusoxenus. B kadecTBe
onepauuy, MOXKHO yKa3aTh OJHO M3 CJEAYIOIUX 3HadeHuii: start, stop, enter, logrotate, status,
eval.

start <application>
3amycTuTh npujoXxkeHue ¢ umeHeM < application>

stop <application>
OcTaHOBUTH NPUJIO2KEHNE

enter <application>
BriBecTu KOHCOJIb [JI yIIpaBJIeHUs] IPUJIO2KEHIEM

logrotate <application>
ITpousBecTu poTanuio >KypHaJIOB yKA3aHHOI'O IPUJIOXKeHNs (CO34aTh HOBbIE, yAAJIUTH CTa-

pbie)

status <application>
IIpoBepuTth cTaTryc NpujIo>KeHUs

eval <application> <scriptname>
BrmonanTts Kopn u3 daiina <scriptname>> OT UMEHU 3aIyIIEHHOIO 3K3€MILISIPA IIPUJIOXKe-
Hua <application>
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connect <URI>
Connect to a Tarantool server running at the specified URI

Mpumepsl kopga ana tarantoolctl

ITpoBepuTs, 3amyIeHO Jii IIPUJIOXKEHUE my_app:

if tarantoolctl status my_app; then

fi

BeimosnauTs nHCTpYKInu u3 (aiiyia init.d Bo BpeMsi 3amyCcKa ITPUJIOXKEHUS:

for (wxaxmeii daiinm B mupekTopmu instance_dir):
tarantoolctl start “basename $ file .lua”

VYkazarb daiist KoH(uryparum Jjisd poTannun >KypHaJjia, HallpuMep:

/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

MoppobHbIi npumep ans tarantoolctl

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

Urak, HAIlIU UCXO/THBIE YCJIOBUS: HAM U3BECTEH IIaPOJIb rO0t-1I0JIb30BaTeJIs1; KOMITBIOTED UCHOJIb-
3yeTcsl TOJIBKO IJis TecTupoBaHus; Tarantool-cepBep HacTpPoOeH U roTOB K 3aIlyCKY, HO MOKAa €Ile
He 3alIyllleH ;uporpamMma tarantoolctl ycTaHOBJIEHA B II0JIb30BaTEJILCKOM OKPY2>KEHUU; IIOKa He
CyllleCTByeT AUPEKTOpum ¢ uMeHeM tarantool_test.

Co3maanM AUPEKTOPUIO C MMeHeM /tarantool_test:

$ sudo mkdir /tarantool_test

Orpenaktupyem daiisn /usr/local/etc/default/tarantool. JIjas 9TOro HaM cCHavajia MOXKET MO-
HaJ0OOUTHCA BBIMOJHUTH KOMaHAy sudo mkdir /usr/local/etc/default. YKasaHHBIN (aiia Oymer
coeprKaThb CJIEAYIOIINe HACTPOUNKM:

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",

4.5. AgMUHNCTPUPOBAHWNE CEPBEPHOI 4acTu 77




Tarantool, Beinyck 1.7.2

}

instance_dir = "/tarantool_test"

Cozmanum daiin /tarantool_test/my_app.lua OJ18 NPUIIOXKEHUS My_app:

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

fiber.sleep(5)

i=1+1

print('insert ' .. i)

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

C IIOMOIIBIO tarantoolctl 3allyCTUM Hallle IIpuJIo>KeHue...

$ cd /tarantool_test
$ sudo tarantoolctl start my_app

oo 1 TIOJIYYIHUM COOGIJ_(eHI/ISI O TOM, 9YTO 3IK3EMILJIAP HaIlero rnpunjao2KeHus:d 3allyIleH. 3areM cka-
KeM:

$ 1s -1 /tarantool_test/my_app

... 1 yBUOUM .snap-daist u .xlog-daiis. 3aTeM cKaXkeMm:

$ sudo less /tarantool_test/log/my_app.log

... ¥ YBUOUM cojepxkKuMoe daiisa >KypHaJjia sl NPUJIOXKEeHUsI my_app, B T.9U. COOOIeHusi od
OIMMOKAaX, €CJIM OHU ObLIN. 3aTeM CKaX>KeM:

$ cd /tarantool_test

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

tarantool> box.cfg{}

tarantool> console = require('console')

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

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

..« 1 YyBUAUM T€ HECKOJIbKO KOpTe)Keﬁ, KOTOpbI€ CO3daJi0 IIpUuJIO>KeHue my_app.

Bcé. Teneps ocTaHOBUM ITPUJIOXKEHUE my_app. EAMHCTBEHHBINI KOPPEKTHHBINI CIIOCOD — 3TO HC-
I1oJib30BaThb tarantoolctl:

$ sudo tarantoolctl stop my_app

IlouncTum cucreMy mnocjie TectupoBanusi. IIpuBesem coxepxkumoe ddaitina /usr/local/etc/
default/tarantool K MCXOAHOMY BUJ/Y W YJAJIUM HAIIly TECTOBYIO JIUPEKTOPUIO:

$ cd /

$ sudo rm -R tarantool_test
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An example for tarantoolctl connect

$ tarantoolctl connect username:password@127.0.0.1:3306

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

4.5.3 Cny>xxebHble nopTbl

TepMmuubl "mOpT AJs aMUHUCTPUPOBAHUS "KOHCOJIb [Jisi aJMUHUCTPUPOBAHUS "TEKCTOBBIN
IIPOTOKOJI"OTHOCSITCSI K yCTAaHOBKE COEIMHEHWs C moMolnbio console.listen(...) nisi BBoma 3a-
IPOCOB OT AAMUHUCTPATOPOB.

Tepmunsbt "6uHapHBI HOPT "GUHAPHBIN NPOTOKOJI "TIEPBUYHBIN MTOPT'"OTHOCATCS K APYTOMY BU-
Jy COeJMHEHHsl — TOMY, YTO yCTAHABJIMBAETCs C IIoMoIpio mapamerpa boz.cfg{listen=...} n
npeaHA3HAYEHO JIJI BBO/IA 3alIPOCOB OT JIIOOBIX MOJb30BaTEJIeN.

s obbruyabix coeguHeHunii ¢ Tarantool-cepBepom 10/I2KEeH HCMOJB30BATHCA OWHAPHBINA ITPO-
TOKOJI. A TIOPTHI [Jisi aAMUHHCTPUPOBAHUSI HY>KHBI JIJIsI OCOOBIX CJIyYaeB, KOTrJa ITOBBIMIEHBI
TpeboBaHus K 6€30MacHOCTH.

IIpu ycraHoBKe coequHeHUE Yepe3 MOPT JJis A IMUHUCTPUPOBAHUS:
e ITaposnr He TpebyeTcst
e ITosp30BaTe/ b aBTOMATUYECKH MOJIyYaeT IMPUBUJIETUN aJMUHUCTPATOPA.

ITosToMy mOpTHI AJisi aAMUHUCTPUPOBAHUS CJIelyeT HACTPAMBATh O4Y€Hb OCTOPO>KHO. Eciiz 3To
TCP-mopT, TO OH A0JI>KE€H OBITh OTKPBITh TOJILKO JIJis1 ofnipejesientoro IP-aapeca. B umease mbr
pekoMeHyeM BoBce He mcnoJsb3oBaTh TCP-noprhl. BMecTo HUX Jrydiile HACTPOUTH JOMEHHbBIN
Unix-cokeT, KOTOpPbIil TpeObyeT HACTPOIKY ITPaB JOCTyIa K cepBepHOoil Mmamninue. Toraga TumuIHas
HaCTpOUKa ImopTa AJjs aJIMAHACTPUPOBAaHUS OyJdeT BBIIJISIETh CJIEIYIOIIM 00pa3om:

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

a TunmuaHblit URI nasa coegumHeHus OyZieT TaKUM:

admin:any_string@/var/lib/tarantool/socket_name.sock

DT10 B TOM ciy4ae, eciu y cepBepa (listener’a) ects npuBuiernn Ha 3anuck B (aiisn /var/lib/
tarantool, a HA cTOpPOHe KJyimeHTa (connector’a) ecTh NPUBUWIErMH HA YTEHUE U3 TOrO ke (haiiia.
AHAJIOTUYHO MOXKHO YCTAHOBUTH COEIWHEHNE W 3a74aTh HACTPOUKM ¢ momoIibio tarantoolctl.

Eciu He 3a/1aH mapoJsb aAMUHUCTPATOPA, KOTOPBIII MOXKHO COOOIIUTH MOJIL30BATEISAM, a IIOPTHI
JJI aJMUHUCTPUPOBAHUA HACTPOEHBI ¢ orpanmdyeHueM gocryna mno IP gmbo gepe3 cokeTwl, TO
3ammpockl, Tpedyolue MPUBUJIETHI agMUHHCTPATOPA, MOXXHO /I€JIaTh TOJIBKO JIOKAJIBHO, TIe
BOITPOCHI 0€30MACHOCTH U MOHUTOPUHTA PETYJIMPYIOTCS C MOMOINbI0 cpesicTB Unix-cucreMsbl.

B 1ensx OOmOJIHUTENBHOIN 0€30IIaCHOCTU HEKOTOPbhIe 3alpoCchl HA IOPTAaX JJisi aAMHUHUCTPU-
poBaHug 3amnpenieHbl. Hampumep, conn:eval BepHeTr coobriienue o6 omnmbKe - error: console
does not support this request type, MOCKOJIBKY 3ampoc conn:eval JOJXKEH OCYIIECTBJIATbHCA B
paMkKax OGMHAPHOrO IIPOTOKOJIA.
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Ecim Bompochl 6e30macHOCTH Ha MOPTax JJIS aJAMUHUCTPUPOBAHUA HEAKTyaJIbHbI, TO CTaTh
IOJIb30BaTeJIEM C IIPABAMU AMUHUCTPATOPA MOXXHO, ucnoavdys Tarantool-cepsep 6 xkauecmee
KAUEHMA WA yKAa3aB aJMAHUCTPATOPCKUI HapOJib IPU YCTAHOBKE COEIWHEHUs O OMHApPHOMY
IIPOTOKOJIY.

BrisscanTs, asiserca iau Heknili TCP-mopT nmoproM AJisi aAMUHUCTPUPOBAHUs, MOX>KHO C IIOMO-
mpio telnet. Hammpumep:

$ telnet 0 3303

Trying 0.0.0.0...

Connected to O.

Escape character is '~]'.

Tarantool 1.7.2-70-gbc479ad (Lua console)
type 'help' for interactive help

B »ToMm mpumepe B orBere OT cepBepa Her cJjoBa "binary"u ecrb cisioBa "Lua console". DTo
3HAYNT, 9YTO MbI YCTAHOBUJIN COEJIMHEHUE HA TIOPTY JIs a/IMUHUCTPUPOBAHNS U MOXKEM BBOJIUTH
aJMUHUCTPATOPCKUE 3aIlIPOChl HA 3TOM TEPMUHAJIE.

4.5.4 CnyxebHble 3anpocsl

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-lsn>.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 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 ()
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tarantool> box.snapshot ()

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

Taking a snapshot does not cause the server to start a new write-ahead log. Once a
snapshot is taken, old WALSs can be deleted as long as all 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.

4.5.5 lNpocmoTp cocTosiHusa cepsepa

Submodule box.cfg

The box.cfg submodule is for administrators to specify all the server configuration parameters
(see "Configuration reference"for a complete description of all configuration parameters). 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.

e server.lsn Log Sequence Number for the latest entry in the WAL.

e server.ro True if the server is in "read only"mode (same as read_only in box.cfg).

e server.uuid The unique identifier of this server, as stored in the database. This value is

also in the boz.space. cluster system space.
e server.id The number of this server within a cluster.
e version Tarantool version. This value is also shown by tarantool —version.

e status Usually this is ’running’, but it can be ’loading’, ’orphan’, or ’hot _standby’.
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The

vclock Same as replication.vclock.

pid Process ID. This value is also shown by the tarantool module. This value is also shown
by the Linux "ps -A"command.

cluster.uuid UUID of the cluster. Every server in a cluster will have the same cluster.uuid
value. This value is also in the box.space. schema system space.

vinyl() Returns runtime statistics for the vinyl storage engine.
replication.lag Number of seconds that the replica is behind the master.

replication.status Usually this is ’follow’, but it can be ’off’, ’stopped’, ’connecting’, ’auth’,
or ’disconnected’.

replication.idle Number of seconds that the server has been idle.
replication.vclock See the discussion of "vector clock”@ in the Internals section.
replication.uuid The unique identifier of a master to which this server is connected.

replication.uptime Number of seconds since the server started. This value can also be
retrieved with tarantool.uptime().

replication fields are blank unless the server is a replica. The replication fields are in an

array if the server is a replica for more than one master.

box.info ()

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

Return keys and values in the submodule.
Rtype table

Example:

tarantool> box.info()
- server:
1sn: 158
ro: false
uuid: a2684219-b2b1-4334-88ab-50b0722283fd

id: 1
version: 1.7.2-435-g6ba8500
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
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- 1065

tarantool> box.info.version

- 1.7.2-435-g6ba8500

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 (1024+136 = 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
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
<..0>

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

mem_used: 560

item_count: 14

item_size: 40

slab_count: 1
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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) -- virtual tables
- table
- table

tarantool> box.stat, box.stat.net
- net: []
-0

tarantool> box.stat()
- DELETE:
total: 1873949
rps: 123
SELECT:
total: 1237723
rps: 4099
INSERT:
total: O
rps: O
EVAL:
total: O
rps: O
CALL:
total: O
rps: O
REPLACE:
total: 1239123
rps: 7849
UPSERT:
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
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tarantool> box.stat.net()
- SENT:
total: O
rps: O
EVENTS:
total: 2
rps: O
LOCKS:
total: 6
rps: O
RECEIVED:
total: O
rps: O

4.5.6 Pennukauus

Mexanu3Mm penJmKalun Mo3BoJigeT cpa3y MHorum Tarantool-cepBepam paboTaTh C KOIMASIMU
O/THUX U TeX e 6a3 mauubixX. IIpu 3TOM Bce 6a3bl OCTAIOTCS B CHHXPOHU3NMPOBAHHOM COCTOSTHUU
Ojaroapsi TOMy, UTO KaXKJbIii CepBEp MOXKET COoOobINATh APYTMM CEPBEpaM O COBEPIIEHHBIX
uM n3meHeHusix. CepBepa, KOTopbie paboTAIOT HAJ, OJHUMH U TeMU Ke 6a3zamu, IPeCTABJISIOT
co6oii "kisactep". YV KaxkJ10ro ceppepa B KJlacTepe eCTb 4HMcJIOBOil naeHTndukarop (server id),
YHUKAJIBbHBIA B paMKax KJjacTepa.

Yr06bl HACTPOUTH PEIVIMKALIO, HEOOXOAMMO HACTPOUTH IJIaBHbIE cepBepa (master), KoTopble
IepBbIMH 00pabaThIBAIOT 3aIPOCHI HA U3MEHEHUE JaHHBIX, 3aTeM HAaCTPOUTHh CepBepa-pPerInKu
(replica), koTOpble KONUPYIOT K cebe 3alpochl HA U3MEHEHME [IaHHBIX C TVIABHBIX CEPBEPOB, U
IpoNuCcaTh MPOUEayPhl [AJisi BOCCTAHOBJIEHUS ITOCJ€e cOOsI.

ApxntekTypa MexaHusma pennuvkauum

YTo0bI 3HATH O BCEX NU3MEHEHUSIX HA CTOPOHE TJIABHOTO CepBepa, KaXK/[asi perjinkKa HelmpepbIBHO
oIpalIMBaeT IJIaBHbIN cepBep Ha npeamer oGHoBJIeHUt B ero WAL-(aiine (write ahead log) u
npuMeHsieT 3Tu OoOHOBJIeHUs Ha cBoeili cropone. Kaxknas 3anuce B WAL-daiisie npejscrasisier
c060ii oguH 3anpoc Ha uameHenue naHubix (Hanpumep, INSERT, UPDATE unu DELETE) u
npucBoeHHbIi nanuoi 3anucu Homep (LSN = log sequence number). Homepa npucsauBarorcst B
nopsijike Bo3pacrauus. Ilo cyru, pensiukanus B Tarantool’e siBasieTcsi HOCTPOYHOIL: Bce KOMaH-
bl HA U3MEHEHNUE JaHHbBIX IIOJITHOCTHIO JeTEPMUHNPOBAHbBI, U KAaXK/1asl TaKasi KOMaH/Ia OTHOCUTCS
TOJIBKO K OJHOMY KOPTEXKY.

BpizoBbl xpanuMbix Lua-tiporieayp dukcupyiorcs He B WAL-daiisie, a B »KypHajie cobObITUit
(event log). Takum obpa3oM rapaHTUPYyeTCs, YTO HE JAETEPMUHUPOBAHHOE MOBEIEHUE JIOTUKU
Ha Lua He npuBeseT K paCCMHXPOHU3AINN PEIIUIMPOBAHHBIX JaHHbBIX.

Setting up a master

Y100l HACTPOUTH BO3MO>KHOCTh YCTAHOBKY COEAWHEHUSI JIJIsS PEIJINK, HA CTOPOHE IJIaBHOT'O cep-
Bepa TpebyeTcs JINIb yKa3aTh 3HaYeHue /it napamerpa listen@"listen "B init-3ampoce box.cfg.
Hamnpumep, box.cfg{listen=3301}. Korma URI gois npocirymmBanusd 3a/iaH, IJIaBHBIN cepBep ro-
TOB IIPUHUMATH 3AIIPOCHI HA COEUHEHNE OT JIFO0Oro KoJimvecTBa pervink. KaXknas perimka npu
9TOM HAXOAUTCH B HEKOTOPOM CMAMYCE PENAUKAUUL .
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Hacrpoiika cepsepa-pennuku

Kaxxgomy Tarantool-cepBepy Heobxonum KOppeKTHbBIH (aiiil co cTaTUYeCKUM CHUMKOM JaHHBIX
(.snap-daiin). Pailn-CHUMOK CO3JaeTcs Ha cepBepe mpu nepBoM 3ampoce box.cfg. Ecau npu
IIEPBOM TaKOM 3alpoce Ha cepBepe He OIIpeeJieH MCTOYHHMK pemsiukanuu (replication source),
TO cepBep CTapTyeT B PeXKMMe IVIABHOT'O cepBepa M CO34aeT [Jjisi cedsi HOBBIN KJIacTep C HOBBIM
yHukaapHbiMu UUID. Ecam >ke HCTOYHHK pelIMKanuyu Npu IIepBoM box.cfg-3ampoce ompe-
JieJIeH, TO CepPBEpP CTapTyeT B pPexXXuMe pemanku, a daii-cCHUMOK u mHEOpMAINUsi O KJIacTepe
6epyrca nu3 WAL-daiisioB Ha rsiaBHOM cepBepe. IloaToMy 1pu HacTpoiike periuKaiul Hy>KHO
yKazaTb napamMetp replication_ source B 3amnpoce box.cfg. IIpu nepsom coeguHeHUN C TIaBHBIM
CEpBEPOM CepBep-peMINKA BKJIIOYAEeTCs B COCTaB KJjacTepa. B manbpHelillleM Takas penynKa
0obIIaeTcst TOJILKO C IJIABHBIM CEPBEPOM M3 JAHHOTO KJlacTepa.

ITocsie ycTtaHOBKHM coenuHEHUsI C TJIABHBIM CEPBEPOM peIUIMKA 3alpallinBaeT y Hero Bce m3Me-
Henus, ubu LSN-aHomepa B WAL-daiise 6osbiiie HOMepa MOCJeJHEero JIOKAJIbHOTO M3MEHEHUs
Ha perutuke. Ilostomy WAL-daiiabl Ha TJIaBHOM cepBepe HY>KHO XPaHUTh A0 TeX IOop, MOoKa
BCe PeIUINKYU He MPUMeHsIT m3MeHeHusi n3 3tux WAL-daiinoB Ha cBoeit cropoHe. Cocrosinue
perMKy MoXKHO "oGHYJIMTh yaanus Bce daitnbl persmmkanuu (.snap-daits co cHuMkoMm u .xlog-
daiinel ¢ 3anucavu WAL) u 3amycTuB cepBep cHoBa. Peruiuka npu 3ToM BO3bMET BCE KOPTEXKU
C TVIABHOTO CepBepa U OPUJEeT B CUHXPOHU3UPOBaHHOE cocTtossHue. ObGparure BHUMaHUE, UTO
Takasi mmporeaypa "obuysnenus'"cpaboraer, TOJIBKO €CJIM HA IJIABHOM cepBepe OyayT HOCTYITHbI
Bce HyKHble WAL-daiiab.

Ilpumeuanue: Ilapamerpbl pemyimKamuy MOXKHO MEHSTh Ha JIETy, YUTO IIO3BOJISIET HA3HAYATDH
PeIUInKy Ha PoJib IJIABHOTO cepBepa U Haobopot. st 3Toro ucrnosiblyercs 3ampoc box.cfg.

ITpumeuanmne: Pensinka He GepeT HACTPOUKU KOH(MUIrypaluy C IJIABHOTO CepBepa, HAIPUMED
HaCTPOUKu 3amycka (PoHo80T Mpozpammbv, 0asi pabomuv, CO CHUMKAMU HA TJIABHOM CepBepe.
Yr06hl MOJYyYNUTH TE K€ HACTPOMKN Ha peIlINKe, HYy>KHO 3aJaTh UX ABHBIM 00pa3oM.

IIpumeuanune: Penninkarnus Tpebyer HacTpoiiku npuBuseruii. IlpuBuiieruu niist mocrymna K npo-
CTPAHCTBAM MOXKHO 33JIaTh HANPSIMYIO [Jisl IOJIb30BaTeJIsl, [0/ YbUM MMEHEM 3aIlyIIeH cepBep-
perinka. Ho oObIYHO IIpUBMJIETMN HA JOCTYH K IMPOCTPAHCTBAM 33JIAIOTCHA C MOMOIIBIO POAU,
KOTOpas 3aTEM IIPHCBAMBAaETCH II0JIb30BATEJIIO, IO YbUM MMEHEeM 3allyIleH CcepBep-peIinKa.

BoccraHosnenune nocne cbos

"C6oit"— 310 cuTyarusi, KOrjga riiaBHbII CEpBEpP CTAHOBUTCS HEOCTYMEH BCJIEACTBHUE ITPODIeM
c obopygOBaHUEM, CETEBBIX HEIOJAJ0K WJIM HPOrPAMMHON OImubOKu. ¥ pEeIJimKu HeT crocoba
aBTOMATUYECKA OOHAPYXKUTb, YTO CBSI3b C IVIABHBIM CEPBEPOM yTEpsiHA HACOBCEM, IMOCKOJBbKY
OPUYUHBI cO0S U OKPYy2KEeHNe, B KOTOPOM Pa3BePHYTA PENJINKAIUs, MOTYT ObITh O4Y€Hb PA3HBIMMU.
TTosTomy obGHapy>KUBATh COOM JOJI>KEH YeJIOBEK.

However, once a master failure is detected, the recovery is simple: declare that the replica is
now the new master, by saying box.cfg{... listen=URI}. Then, if there are updates on the old
master that were not propagated before the old master went down, they would have to be
re-applied manually.
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Quick startup of a new simple two-server cluster

IITar 1. BamycTuTe mepBbIii cepBep CO CJEAYIONINMU HACTPOMKAMM:

box.cfg{listen = *uri#1+}

-- B 2TOM 3ampoce MOXHO 33aIaTh 6OJblle OTPaHUYEHUN
box.schema.user.grant('guest', 'read,write,execute', 'universe')
box.snapshot ()

... ATtak, co3majicss HOBBIiI KJjacTep.

IITar 2. Ha BTOpOM cepBepe HpoBepbTE MYyTH, IO KOTOPHIM OYAYyT XpPaHUTbCs (paijbl perJiu-
Kanuu. DT IyTH 3aJal0Tcsi B mapamerpax snap dir (aas .snap-daiinos) u wal dir (aas
.xlog-daiisioB). B ykasaHHBIX AUPEKTOPUSIX JOJXKHO OBITH IIyCTO, YTOOLI HE CJIy4YHJIOCh KOH-
daukKTa ¢ TeMU HAYAJIBHBIMU JAHHBIMH, YTO NPUIAYT C IIEPBOrO CepBepa, KOorja BTOPOU cepBep
OPUCOEMHUTCS K KJIacTepy.

Step 3. 3anycTuTe BTOpPOii cepBep CO CJIEAYIONIMMU HACTPOUKAMMU:

box.cfg{
listen = uri#2,
replication_source = uri#l

}
... t1e uri#l = URI, Ha KOTOPOM BKJIIOYEHO MPOCJYHINBaHUE Yy MEePBOTO cepBepa.
BoT u BCé.

B onmucannoii Bbillie KOHPUTYpPAIUA TIEPBbIli CEpBEP BBIMIOJJHSAET POJIb '"TJIAaBHOTO a BTOPOI CJIy-
xkut "periukoit". /lasee Bce m3MeHeHUsi, IPOUCXOSIIE HA CTOPOHE IJIABHOIO cepBepa, Oy-
ayT goctynHbl ¢ pemuku. IIpocrtoii kiactep m3 JIByX cepBepOB, rjie TJIABHbIM cepBep 3a-
OyIIeH Ha OJHOM KOMIIBIOTEPE, & CepBep-peIlInKa — Ha JAPYroM, BCTPEYAeTCss OY€Hb 4YacTo
u obisamaer AByMsa BakHbimu npeumyinecrBamu: FAILOVER (T.e. oTKa30ycToMYmBOCTh, IO-
CKOJIbKY B CJIyYae OTKJIIOYEHUs IJIABHOI'O CepBepa €ro MeCTO MOXKET 3aHSITh CePBEeP-PeIUINKa) U
LOAD BALANCING (t.e. 6aancupoBKa HArpy3K#, IIOCKOJIbKY KJIMEHTBHI MOLYT 00palnarTbCs
¢ SELECT-3anpocamu Kak K IVIABHOMY cepBepy, Tak U K pemumnke). IIpu HeobxommmocTu B
HacCTPoiiKax PelyIMKN MOXKHO 33JaTh ImapameTp read only = true.

MoHuTopuHr geicTenii penanku

In box.info there is a box.info.replication.status field: "off "stopped "connecting "auth "follow or
"disconnected". |br| If a replica’s status is "follow then there will be more fields — the list is
in the section Submodule box.info.

B owcyprane BeneTcs 3anuch O JefiCTBUSIX, CBI3aHHBIX ¢ peruukaiueil. Eciu riiaBHbBIE cepBep
3aIyIieH CO CJIEAYIONIMMU HACTPONKAMM:

box.cfg{
<o,
logger = *uMa_odaiina_jnsa_BeNeHWS_XypHayax,
< L

TO HA KaXKJAYI0 YCTAaHOBKY/IIOTEPIO COEQVWHEHMUs] PEIVINKUA C IVIABHBIM CEPBEPOM B XKypHaJie
OyayT MOSBJISATHCSA CTPOYKH cO cjioBoMm "relay".
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MpepoTBpawerve aydonupytowmxca gencrenia

IIpeamosnoxkuM, 9TO PEIVIMKA ObITAETCS C/IeJaTh HEYTO, YTO y»Ke OBbLIO cAejlaHo Ha IJiaB-
HoMm cepBepe. Hampumep: |br| box.schema.space.create('X') |br| Dto npusBemer k omubke
"Space X exists"("IIpocrpancrBo X yxke cymiecrtByer"). B mamHoM YacTHOM ciiydae MOXK-
HO CKOPPEKTUPOBATb HMHCTPYKIUIO CJeayromuM obGpasom: |br| box.schema.space.create('X',
{if __not_exists=true}) |br| Ho cymecrByer u Gosee obliee pelieHne: NCI0JIb30BATH MeTO/, box .
once(key, function). Eciam box.once() ObLI BI3BAH paHee C TEM >Ke 3HAUEHUEM HapamMmeTpa key,
TO PyHKIUs function UTHOPUPYETCs; B IPOTUBHOM ciiy4dae (pyHKIus function Oy/eT BbIMOJIHE-
Ha. [TosTtomy gmeiicTBUsi, KOTOPbIE [IOJIXKHBI COBEPINATHCS TOJBKO OJIMH pa3 3a BpeMsl TeKYIei
ceccum pemInKalum, Hy>KHO HOMelaTh B (PyHKIIMIO U BBI3BIBATH €€ C MOMOIIbI0 MeToda box.
once (). Hanmpumep:

function f£()
box.schema.space.create('X')

end

box.once('space_creator', f)

Pennukauyus no cxeme master-master

B ciyyae macTpoiiku peruimkamum o cxeme master-replica msmeHeHuss Ha IVIAaBHOM cepBepe
JOCTYIIHBI JIJIsi IPOCMOTPA C PEMJIMKHA, HO HE HA0OOOPOT, IOTOMY KaK IJIaBHBIII cepBep B TaKOii
cxeMe yKa3aH B KadeCTBe €IWHCTBEHHOT'O HMCTOYHUWKA penyimkanuu. B ciayvae cxembl master-
master (nHOrza ee tak»ke HasbpiBaeT multi-master) npocMorp u3MeHeHMiT BO3MOXKEH B JIFIOOOM
Hanpasjienuu. B mpocroMm ciayuae (master-master ¢ aByMsi cepBepamu) Ha HEPBOM cepBepe
HY>KHO 33/1aTh CJIEAYIOIe HACTPOUKM:

box.cfg{ replication_source = uri#2 }

DTOT 3aIpOC MOXKHO BBINOJHUTEL B JII000ii MOMEHT, T.K. ImapameTp replication source MoxKHO
3a/1aBaTh HA XOMIY.

B pmanHOM mpumepe oba cepBepa SIBJISIOTCH OoaHOBpeMeHHO u "raaBHbiMu u "permukamvu'". ITo-
ITOMY KaXKJ/i0e M3MeHEHHEe, KOTOPOe CJIyYaeTcs Ha OJIHOM cepBepe, CTAHOBUTCS JOCTYIHO JIJIst
mpocMoTpa ¢ Apyroro ceppepa. OTKa30yCcTONYMBOCTh B TakKoll KOH(MUIYyPAIMUA COXPAHSIETCs, a
BO3MOX>XHOCTH IO GAJIAHCUPOBKE HArPpy3KU CTAHOBSITCH ele Impe (Tenepb KJINEHTbI MOTYT 00-
pamarbcs K 060MM cepBepaM €O BCEMU TUIIAMHU 3allpOCOB — KaK Ha YTEHUE JaHHbIX, TaK W Ha
U3MEHEHUeE).

Ecim nBe omepanuy HaJ OQHMM M TeM XK€ KOPTeXKeM IIPom3BoAsATCs "mapasuienabHo"(a srTo
MOKeT MoTpeGoBaTh MHOTO BPEMEHM, MOCKOJIbKY PeIUIMKAIUsl — 3TO ACMHXPOHHBIN Iporiecc),
npudeM O/iHA M3 ollepanmii — 3To delete, a Bropasa — replace, TO CyHIeCTBYyeT BEPOSATHOCTb,
YTO JaHHBbIE HA cepBepax CTAaHyT Pa3IMdaThCs.

Oteetbl Ha Bonpockl "Y1o ecnun?

Bonpoc: Uro ecam B Kiacrepe Buga master-master Gosiee nByx cepsepoB? |br| Oreer: Ha
KaXK/IOM cepBepe Hy>XHO 33aJaTh mapamerp replication source m yka3aThb B HEM BCE OCTAJIb-
Hble cepBepa. Hanpumep, njisi cepBepa #3 HacTpoiiku Oyayt caexnyromumu: |br| box.cfg{ |br|
replication source = {uri#1, uri#2} |br| }

Bomnpoc: Yro ecam Kakoii-ro cepBep Hy»HO y6pars u3 kuaacrepa? |br| Orser: usi pe-
IUIMKW — BbINOJHUTE 3amnpoc box.cfg{}, ykaszaB mycroiéi mcroyHuk pemnukanuu: |br| box.
cfg{replication_source='"}
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Bompoc: YUTo ecsim Kakoii-To cepBep BAPYTr BbiObiBaeT u3 kuacrepa? |br| Oreer: OcrasibHble
cepBepa HNpososkKamT paborarsb. Eciu BbIObIBIINIT cepBep CHOBa BO3BPAIIAETCs B KJIACTEP, TO
OH TOJIYYUT MHQPOPMAINIO O BCEX M3MEHEHUSX, KOTOPbIe MPOU30MILIN HA OCTAJBHBIX CepBepax
3a BpeMsd ero OTCyTCTBUS.

Bonpoc: Yto ecaim aBa cepBepa COBEPIIAIOT U3MEHEHUsI, CBSI3aHHbBIE C OJHUM UM TE€M >Ke KopTe-
xkem? |br| Orer: IIpumeHsiTCS MOCJEeHNE U3 COBEPIIIEHHBIX M3MeHeHu. [Ijisi npuMmepa npe/i-
TMOJIO>KVM, YTO cepBep #1 MeHsieT HEKOTOPBI KOPTEXK, & 3aTeM CepBEpP #2 MEHsIeT TOT Ke
KopTexX. B maHHOM ciiydae m3MeHEHHsI cepBepa 72 3aTpyT u3meHeHusi cepsepa #1. UTob6bI
OTCJIEXKUBATh, KTO ObLJI mocisienuuM, B Tarantool’e ucnosb3yoTcsi BEKTOpPHbIE YacChI.

Bomnpoc: Yrto ecsim 06a cepBepa BBINOJHSIIOT BCTABKY OJHOIO M TOro ke koprexa? |br| Ot-
BeT: Ecam rJiaBHBIA cepBep MOIBITAETCS BCTABUTH KOPTEXK, KOTOPBIN y»Ke ObLJI BCTAaBJIEH Ha
peIrinke, To 3TO Oy/IeT ImpuMep cepbe3HOoi omunoKu. Persmmkanusi OCTAHOBUTCS, U €€ IIPUAEeTCs
nepe3anyckarb B Py4HYIO.

Bonpoc: Uto ecsiz riaBHBII cepBEP CTAHOBUTCS HEJOCTYIEH U MOJb30BATESAM ITPUXOIUTCS IIe-
pekJsirouarbes perunky? |br| Orser: Peruimka nosydaer coofiieHne, 9To CBsA3b norepsiHa. Te-
mepb perJimkKa JoJI2KHA HavaTh paborath He3aBucumo. JIJis 3Toro eii Hy>KHO 3a1aTh ITyCTOM HC-
TOYHUK PEIJIMKAI[UY, BBIIIOJIHUB HA CTOPOHE PeIINKu 3arpoc box.cfg{replication_source='"'}.

Bompoc: Yto ecau Hy>KHO HOCMOTPETb, K KAKOMY KJIACTEPY IIPUHA/JIEXKUT JAHHBIA cep-
Bep? |br| OtrBer: Upentuduxkaropom kiacrepa ssisierca UUID, koropslii reHepupyercs
npu 1nepBoMm 3arrycke riaBHoOro cepsepa. danubiit UUID xpaHuTcsi B CHCTEMHOM ITPOCTPaH-
crBe boz.space. schema. Yrober nmocmorpers UUID kiacrepa, BBeauTe 3ampoc box.space.
_schema:select{'cluster'}

Bomnpoc: Yro ecsin Hy>KHO IOCMOTPEThb, KaKue cepBepa Bxogdar B Kiacrep? |br| Orser: ¥V kax-
JIOTO cepBepa ecTh yHUuBepcasbHbIN naeHTudukarop — 3to ero UUID B moJie box.info.server.
uuid. Tak>ke y cepBepa €CThb €ro HNOPAJKOBBINI HAeHTUMUKATOP B KJjIaCTepe — 3TO HOMEp B
noJie box.info.server.id. YToOBI yBUIeTH HOMEPA BCEX CEPBEPOB B KJacTepe, BBEJIUTE 3AITPOC:
box.space._cluster:select{}. JlanHbIil 3arTpoc Bo3BpaIaeT TabJiMIly CO BCEMU KOPTEXXaMu BUAA
{server.id, server.uuid} aas Bcex cepBepoB, 4TO KOrga-anbo BXOAWUIU B JAHHBIA Kjacrep.

Bompoc: Uto eciu kakoii-To n3 ¢aiijioB pemjuKalnuy HAa PemnJukKe IMOBPEeXKJIeH WU yJajieH?
|br| OrBer: Hy>kHO ocTaHOBUTBH cepBep, yAaauTh Bce aiiibl, oTHOCAIUEC K Gase JaHHBIX
(aro aitner ¢ pacmupennsmu "snap "xlog"u ".inprogress"), cHOBa 3amycTuTh CepBep U BBe-
ctu 3amnpoc box.cfg{...replication_source=...}, 4TOObI BOCCTAHOBUTH COEJNHEHUE C I'JIAaBHBIM
cepBepOM U 3arpys3uThb JIaHHBbIE C HETO.

Bomnpoc: Yrto ecau npu penivkanuy BO3HUKAIOT BOIIPOCHI, CBs3aHHbIE ¢ Ge3zomacHocTbio? |br|
OtBer: UTOOBI IIPEIOTBPATUTDH MOSIBJIEHNE HECAHKIIMOHMPOBAHHBIX NCTOYHUKOB PEMJIMKAIINN,
HY>KHO 33/1aTh HAaPOJIb JJIs1 Ka>K/I0T0 [I0JIb30BaTeJIsl, y KOTOPOro €CTh IPUBUJIETHH JIOCTYHA K CO-
OTBETCTBYIOIIAM IIPOCTPAHCTBAM, a TaK>Ke [Jisl KaXK/JOr0 I10JIb30BaTeJisl, Y KOTOPOT0 HACTPOEHA
PENAUKAUUOHHAA POAb. 3ameTbTe, uTo URI nia napamerpa replication  source Tenepb Hy»KHO
BCerja yKasbIBaThb B MOJHOM Buze: |br| replication_source='username:password@host:port'

Q: What if advanced users want to understand better how it all works? |br| A: See the
description of server startup with replication in the Internals section.

MpakTuyeckoe pykoBoACTBO MO pennukauumn

Huxxe IIPUBOAATCHA ITOHIIAroBbl€e MHCTPYKIUU, KOTOPbI€ ITIOMOTYT BaM IIOJIyYUTDH HpaKTI/I‘IeCKI/Iﬁ
OIIBIT AaAMUHUCTPUPOBaHNA KJjlaCcTepa, a MMEHHO OIIbIT CO3JaHud KJacTepa u ﬂOﬁaBJ'IEHI/IH pe-
IIJINKUA.

Banyc'rMTe ABa TepMHnHaJla, Ka}K,Z[bIﬁ B CBO€M OKHE€, W PacCIIOJIO?KUTe HNX PAJ0M Ha 3S3KpaHe.
(,Z[a.nee B nIpuMepax oba TepMHHaJIa IIOKa3aHbl B BHU/AE 3aKJIaJAOK. I_[IeJ'IKHI/ITe Ha 3aroJioBokK
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sakJiagku — "Terminal #1"uim "Terminal #2 — 9T0OBI YBUAETH BBIBO/] HA COOTBETCTBYIOIIEM
TepMUHAJIE. )

$

B nepsom tepmunasie (Terminal #1) BbinosHuTe Cieayoimne KOMaHIbI:

$ # 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 pesyabraTe ObLiIM 3a/laHbI HACTPOMKM HOBOTO KJlacTepa, a Ha skpaHe O0bli1 BbiBemen UUID
TeKyIero cepsepa. Tenephb BbIBOJ HA 9KpaHe BBIIVISIUT CJIeAyOINUM o0pa3om (3a TeM HCKJIIO-
genneMm, 9yro UUID y Bac GyayTt apyrue):

$ # 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 tepmunasie (Terminal #2) BbInoJiHUTE CileAyIOle KOMaHIbI:

$ # Terminal 2
mkdir -p ~/tarantool_test_node_2
cd ~/tarantool_test_node_2
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'})
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B pesyapraTre ObLINM 3asaHBI HACTPOIKM cepBepa-penyinku. Ha skpaHe mepBoro tepMmHaja
(Terminal #1) nosiBUIMCHh COOBIIEHNS C MOATBEPXK/IEHUSIMU, UTO PEIJIMKA yCTAHOBUJIA COEIU-
HEHUeE C IJIaBHBIM cepBEPOM u 4T0 cozepkumoe WAL-daiisia 661510 oTripasjieHo Ha perinky. Ha
skpaHe Broporo repmuHaia (Terminal #2) nosgBusincsk coobIieHUsI 0 TOM, YTO PEIUINKALUs Ha-
4MHaeTcs, a TakxKe TaM 6b1iu BeiBegenbl UUID u3 cucremuoro mpocrpancrsa _ cluster (ogunm
u3 Hux coBmnagaer ¢ UUID B mepBoM TepMmMHAaJie, IMOCKOJIbLKY 00a cepBepa BXOIAT B OOIIMUii
KJIacTep).

$ # Terminal 1
$ mkdir -p ~/tarantool_test_node_1
<ool o>

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

- - [1, '6190d919-1133-4452-b123-becalb178b32']

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"

$ # 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'})
- - [1, '6190d919-1133-4452-b123-becalb178b32']
- [2, '236230b8-af3e-406b-b709-15a60b44c20c']

ANANANANANANANANANNNANNANNANNANNA
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B nepBom repmunuase (Terminal #1) BBIIOJIHUTE CJIEAYIOMINE 3aPOCHI:
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tarantool> s = box.schema.space.create('tester')
tarantool> i = s:create_index('primary', {})
tarantool> s:insert{1l, 'Tuple inserted on Terminal #1'}

Tenepb BbIBO/I Ha 3KpPaHe€ BbIIVIAJUT CJIeAyIOIIM O6p3.30M!

<.o.ooLL>

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', {})

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
tarantool> box.space._cluster:select ({0}, {iterator = 'GE'})
- - [1, '6190d919-1133-4452-b123-becalb178b32']
- [2, '236230b8-af3e-406b-b709-15a60b44c20c"']

AN ANANANANANANANANNNANNANNA
V VV V V V V V V V V V.YV

B mepBom TepmuHasie ycmermmHo otpaboranu omeparniuu CREATE u INSERT. Ho Bo BTOpOoM
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TepMHHaJI€e HU4YIero He IIpou30II1JIo.

Bo Bropom tepmuuasie (Terminal #2) BbInoJiHUTE CIIeAyIONE 3aIIPOCHI:

tarantool> s = box.space.tester
tarantool> s:select ({1}, {iterator = 'GE'})
tarantool> s:insert{2, 'Tuple inserted on Terminal #2'}

Tenepb BBIBO/I Ha 3KpPaHe€ BbITVIAJUT CJI€AyIOIIM O6p3.30M!

<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 ANEAY
vV V V VvV

\

tarantool> i = s:create_index('primary', {})

tarantool> s:insert{l, 'Tuple inserted on Terminal #1'}

- [1, 'Tuple inserted on Terminal #1']

Kool o>
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:insert{2, 'Tuple inserted on Terminal #2'}

- [2, 'Tuple inserted on Terminal #2']

Bo Bropom TepmuHasie ycmemrHo orpabotasu omneparmuun SELECT u INSERT. Ho B mepBom
TepMUHAJIE HUYEro He MPOU30IILIO.

B nepBom tepmunasie (Terminal #1) BbinosHuTE CileAyOUIEe 3alIPOChl 1 KOMAH/IbI:

$ os.exit()
$ 1s -1 ~/tarantool_test_node_1
$ 1ls -1 “/tarantool_test_node_2

Temteps Tarantool-cepBep B mepBoM TepMHWHAaJIE OCTAaHOBJIEH. B OKHe BTOpPOro TepmMmuHaJja IMo-
SABUJINCH COOOIeHUst 00 3TOM coObITuu. C MOMOIIbIO KOMaHI 1s -1 MbI yOeauInch, ITo Ha 060ux
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cepBepax COo3JaJINChb (baﬁﬂbI-CHHMKI/I C OAMHAKOBBIMU padMepaMu, IIOCKOJIbKY TaM COIep2>KaTCA
OJIHU M Te 2Ke KOPTe>KMHU.

<ovl o>
tarantool> s:insert{1l, '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
$ 1ls -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
$

<.ooo L2
tarantool> s:select({1}, {iterator = 'GE'})

- - [1, 'Tuple inserted on Terminal #1']

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

Bo Bropom Tepmunazne (Terminal #2) npournopupyiite coobiieHusi o6 ommbGKax U BBIIIOJHUATE
cjeyIoliue 3apochr:

tarantool> box.space.tester:select ({0}, {iterator = 'GE'})
tarantool> box.space.tester:insert{3, 'Another'}

Tenepb BBIBOJ, HA dKpaHe BBINISAUT CJIEAYIOIUM 00pa3oM (coolieHusi 06 ommbKax MblI He
IPUBOUM ):

<ollaL>
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.x10g
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<ol
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']

3amnpocet SELECT u INSERT Bo BTOpoM TepMuHaJie oTpaboTaii HECMOTPSI HA TO, YUTO CEPBEP
B MEPBOM TE€PMUHAJE OCTAHOBJIEH.

B nepBom repmuuase (Terminal #1) BBIIIOJIHUTE CJEAYIONINE 3AIPOCHI:

$ ~/tarantool/src/tarantool
tarantool> box.cfg{listen = 3301}
tarantool> box.space.tester:select ({0}, {iterator = 'GE'})

Tenepb BbIBO/I Ha 3KpPaHe€ BbITVIAJAUT CJIedyIoIM 06pa30M:

<oolLL>
tarantool> s:insert{1l, '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
$ ~/tarantool/src/tarantool

<ol

tarantool> box.cfg{listen = 3301}

<...> [22612] main/101/interactive I> ready to accept requests
<ooooo>

tarantool> box.space.tester:select ({0}, {iterator = 'GE'})
- - [1, 'Tuple inserted on Terminal #1']
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<ooloLLu>
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';maBHBIT cepBep CHOBa yCTaHOBHJI coeguHeHHe c kJjacrtepoM m HE obHapykuni m3MeHeHUs,
cieJIaHHbIE PEMJINKOIi 32 BpeMsi €ro HEJJOCTYITHOCTU. DTO U He YANBUTEJIbHO: MBI YK€ He IIPOCUJIA
PEeIINKY BBICTyHaTh B KA4e€CTBE MCTOYHUKA PEIlINKAIINN.

B nepBom repmunuasie (Terminal #1) BBeagure:

tarantool> box.cfg{
> replication_source = 'replicator:password@localhost:3302'
>}

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

Ternepb BBIBOA HA 3KpaHe BBIVISIJIAT CJIEIYIOMIUM OOpa3om:

<ooloLLo>
$ ~/tarantool/src/tarantool
< 0>

tarantool> box.cfg{listen = 3301}

<...> [22612] main/101/interactive I> ready to accept requests
<ol

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

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'
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[22612] relay/127.0.0.1:33510/102/main I> done ~./00000000000000000000.x1log'
[22612] relay/127.0.0.1:33510/102/main I> recover from ~./00000000000000000008.x1log"
tarantool> box.space.tester:select ({0}, {iterator = 'GE'})
- - [1, 'Tuple inserted on Terminal #1']
- [2, 'Tuple inserted on Terminal #2']
- [3, 'Another']

<ol
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'

Tyr mbl Bugum, 910 002 cepBepa CHOBA CHMHXPOHU30BAJIMCh W YTO KAXK/IbI W3 HUX BUIUT TE€
3a0ucu, KOTOphbIE c/ieJiaj APYyroii.

Yr106bhl yIAJIMTh BCE TECTOBbIE JaHHbIE, BhIOJHUTE "os.exit () "Ha 06oux TepMUHAJIAX, 4 3aTEM

Ha KaXX/IOM M3 HHX BBbIIIOJIHUTE CJeAyIollrue KOMaH/bI:

$ cd ~
$ rm -R ~/tarantool_test_node_1
$ rm -R ~/tarantool_test_node_2

4.5.7 Pe3epBHOe KonupoBaHue

ITpu BHIGOPE KOHKPETHON MPOIEAyPhI [AJisl PE3ePBHOTO KOMMMPOBaHUs 6a3bl JJAHHBIX HYXKHO y4H-
TBIBATh CJeAyIoNe Tpe6oBaHus: HACKOJIbKO aKTyaJbHOM O>KHA ObITh KONKs, MOXKHO JI1 Bpe-
MEHHO OTKJIIOYATH JAPYTrUX IOJb30BaTeJieil, a TakK»Ke Hy>KHa JIM OINTUMU3AIUs pasMepa KOIUu
(uToGBbI KONUsI 3aHMMAJIA MEHbIIE MecTa HA JUCKEe) WU CKOPOCTHM CaMoil mpoueaypbl (4To0b
nmponeypa 3aHuMalia MeHbIlle BpeMeHn ). Boibuparh MOXKHO M3 HECKOJIbKUX BAPDUAHTOB B /ua-
nasoHe oT "mpocToro u xojogHoro" o "TpyaHoro u ropsidero”.
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Cold backup

CyTb mpolieAyphbl: mocjaeanunii co3ganabiii Tarantool’om daiisi-cHUMOK sIBJISIETCSI pe3€pPBHOI KO-
nueit Bceit 6a3bi; a WA L-daiiabl, co3JaHHbIE CJIEIOM, SIBJAFIOTCSI MHKPEeMeHTHbIMU KontusaMu. I1o-
9TOMY BCsI HPOILEAYPA PE3ePBUPOBAHUS CBOJAUTCS K KOIMMPOBAHUIO MOCJe/aHero daijia-CHuMKa
u nocaenaymomux WAL-daiinos.

1. Bpemenno 3amperuTe BCeM MNOJb30BaTeJsIM [eJiaTh 3anucu B 6aze. [ljisgs TOro Mo>kHO
octanoButhb Tarantool-cepsep, 1ubo BBecTu 3anpoc box.cfg{read_only=true} m ybemurbcs,
4qT0 BCe O0OpallleHus] HA 3alNCh 3aBEPIIUINUCH (IJ1s1 9TOT0 MOXKHO HCIOJb30BaTh fsync).

2. Ecamu BbI XOTHTE CO3JaTh PE3€BPHYIO KOIHUIO JJis BCeil 6a3bl LEJIMKOM, BBEIHUTE 3aIIPOC
box.snapshot ().

3. C nomoinupio tar cosjaiiTe cKaTyilo (HACKOJIBKO 3TO MOXKHO) KOIHIO IIOCJIEIHErO .snap-
daitna u nocsenyommx .xlog-daitiaoB u3 aupekrTopuii snap dir u wal dir.

4. Ecsu Toro TpebyIoT nmpaBuja 6e30MacHOCTU, 3aInndpyiiTe moyduBInuiics tar-daii.
5. Ckomnupyiite tar-¢aiisi B HaJe’KHOe MeCTO.

... B majgbHelnieMm Bbl CMOX»K€T€ BOCCTAaHOBUTH 0a3y JaHHBIX, HPOCTO B3sB 3TOT tar-daiia u
pasapxmuBUpPOBaB €ro CoaepzKMMoe B AupeKropuu snap_dir m wal_dir.

Continuous remote backup

CyTb mpouemypbl: [ijis pe3epBupoBaHmus (a Tak»ke /[ijis 0aJaHCUPOBAHUS HArPY3KHM) MOXKHO
HCIOJIB30BaTh penaukauuro. Ilporieaypa pesepBupoBaHusl B paMKaX PEIJIMKAIMOHHOTO KJia-
crepa CBOJAUTCS K TOMY, 4TOOBI JepKaTh BCE PEIJIMKU B aKTyaJIbHOM COCTOSIHHUM U II€PUOIU-
gecKu gejartb ¢ HuxX "xosojuble"konuu. ITockobKy BO BpeMsi CHSITUSI KOIIMHU C KaKOW-I160
OHOW PeIINKN BCE OCTAJIbHBbIE PEIJIMKH! ITPOA0JI2KAI0T CUHXPOHU3UPOBATHCS C IJIABHBIM Cep-
BEPOM, TO 3Ta IPOIEAYyPA HECKOJHKO OTJIMYAETCA OT ONMCAHHOI BBIIIE IIPOIEAYPbI "X0JI0/HO-
ro'"pe3sepBupoBanusi. PeryjiisipHoe pe3epBupoOBaHie B KJiacTepe MOXXHO HACTPOUTH C ITOMOMILIO
IJIaHUPOBINUKA cron miu Tarantool-daiibepa.

Hot backup

CyThb mporeaypsbl: Mo Xoay paboTbl CUCTEMBI HYXKHO COXPaHSTH 3almncu 00 U3MEHEHUsIX, CJe-
JIAaHHBIX CO BPEMEHM IIOCJeHero "XoJioaHoro'" pesepBupoBaHus.

ast sTOoro BaM IoHagobuTCs crnenpajgbHasi yTUJIWTA [Jisi KONUpPoBaHUs dYacreil daitios (ua-
npuMep, rsync), Koropasi HO3BOJIUT Y/JAJIEHHO M HA IMOCTOSHHOW OCHOBE KONUPOBATH TOJIBKO
U3MeHUuBINUECs: Yactu (paitsioB-cHuMKoB u WAL-daiiios, a He Bce 3tu Palyibl eJIMKOM.

Bbl MoxkeTe B35ITh M OOBIYHYIO yTUJNUTY ([Jisi KONUPOBaHUs (PaijIoB LEJMKOM), HO TOrJa BaM
npuaercss co3gasath daiiabl-ciuMku u WAL-daiiabpl Ha KaK/10e M3MeHeHUe, UTOObI HY>KHO
OBLJIO KOTIMPOBATH TOJILKO HOBbIE (DAiJIbI.

IIpuMmeuyaHnue mpo ABUXKOK: IIPU OPraHU3AallMM Pe3epBUPOBAHUSA AJisI 6Ga3 JAaHHBIX HA JIBUXKKE
vinyl moHamo6aTCs JOMOJHATE/IbHBIE JIeiiCTBUSI.

4.5.8 O6HoBneHne cepBepa n 6a3bl AaHHbIX

98 FnaBa 4. PykoBopctBo nosnb3oBaTtens


https://en.wikipedia.org/wiki/rsync

Tarantool, Bbinyck 1.7.2

O6HoBnenne Tarantool’a B ycnosusix akcnayarauum

Bo-1niepBbIx, BBIHECUTE BCIO OU3HEC-JIOTUKY CBOErO MPUJIOXKEHUsI B OT/AeabHbI Tarantool-momynb
Ha s3bike Lua tak, 9To0bl Bece Hy>KHble DYHKIUN ObLIM HOCTYHHBI AJis Bbi3oBa n3BHe (CALL).

Bor npumep Takoro monyussd, daiisn /usr/share/tarantool/myapp.lua:

local function start()
-- Inttial version
box.once ("myapp:.1.0", function()
box.schema.space.create("somedata")
box.space.somedata:create_index("primary")

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

-- migration code from 1.1 to 1.2
box.once("myapp:.v1.2", function()
box.space.somedata.space:alter(...)
box.space.somedata:insert(...)

end
-- 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;

}

ITognep>kka 3TOoro paijia JEXUT Ha CTOPOHE Pa3paboTUYMKOB HNPUJIOXKEHUsI. A KoMaH a pa3pa-
oorku Tarantool’a co cBoeii cTtopoHb! IpeaJIaraetr HIabJIOHbI, AJIs TOTO 9YTOOBI BbI MOTIJIN CO3/IaTh
y cebs deb/rpm-cGopKy, a Tak»Ke yTHWINTBI JJisi GbICTPOro co3nanusi cOOPOK Mo pa3Hble ILIaT-
dopwmbl. Eciiu nonagoburcsi, Bl MoOXKeTe pa3bUTh IIPUJIOXKEHUsI HAa OTAejbHbIe dailyibl u,/uinu
MO/TyJIH.

Bo BTOpBIX, IOJIOXKUTE CKPUNT HHUNMUAJIU3ANUUA B JUPEKTOpUIO /etc/tarantool/instances.
available.

Bor npumep takoro ckpumnra, daiia /etc/tarantool/instances.available/myappcfg.lua:

#!/usr/bin/env tarantool

box.cfg {
listen = 3301;
}
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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})

Bosee neranbHblil npumep (co BcemMu HacTpoiikamm) cojepkutcs B daiine example.lua, KOTO-
pPhIil BXoauT B coctaB guctpubyruBa Tarantool’a.

OTOT CKPUNT MHUINAIU3AINN IO CYTHU SABJIsieTcsd KOHUrypamuoHHbIM (aiisiom. Ero mogmepxk-
KO MOJI?KHBI 3aHUMAThCS CUCTEMHbIE aIMUHUCTPATOPHI, B TO BpeMs KaK pa3paboT4YuKu TOJIbKO
IIPeIOCTaBJISIOT UM IIabJI0H.

Tereps obHOBUTE Daiijl ¢ BalINM NPUJIOXKEHNEM B AUpeKTopuu /usr/share/tarantool. 3ameHuTe
crapyio Bepcuio ¢aiina (Hanpumep, /usr/share/tarantool/myapp.lua) u BPYYHYIO 3arpys3uTe
CKPMUIIT MHANMAJIN3anun myappcfg.lua ¢ IOMOLILIO YTUJINTBI tarantoolctl:

$ tarantoolctl eval /etc/tarantool/instance.enabled/myappcfg.lua

ITocsie aTOro Bam HY2>KHO BPYYHYIO OYMCTUTBH KeHI MOJIyJieil package.loaded.

Yro6s1 cozgars deb/rpm-cbopky, BbI MoxKeTe 106aBUTh UHCTPYKIMIO tarantoolctl eval mpsiMo
B cnenudukanuio Tarantool’a B daiiine RPM.spec u B gupekropun /debian.

B urore ksmentnl genaor Boi3oB (CALL) dyskinun myapp.api_for_call u apyrux dyHKumii us
API.

Eciu BbI ncnosib3dyere tarantool-http, To 3amycKaTh OMHAPHBIN ITPOTOKOJI HE HY2KHO.

Upgrading a Tarantool database

OTa undopmalus mojie3Ha B TOM CJIydae, eCJi y Bac ecTh 0a3a JaHHbIX, paboTaronias Ha KaKoii-
aubo crapoit Bepcuu Tarantool’a, a Tenmeps BbI ycTtanoBujm Tarantool HoBoit Bepcuu. B sTtom
cjIy4dae BBIMOJHUTE 3anpoc box.schema.upgrade().

HampuMep, BOT YTO IPOMCXOJUT, €CJIA BBIMOJHUATH 3AITpoc box.schema.upgrade () njys 6a3bl, co-
3panHoli B Havasie 2015 roga (Js npuMepa MokasaHa JIMIIbL Majas 4acTh BbIBOAUMBIX COOO-
LIEeHUH ):

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
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4.5.9 O6paboTka curHanoe oT cepeepa

Bo Bpemsi ocHoBHOrO nukJa Tarantool-cepsep o6pabaTbiBaeT cCJieIyOIue CUTHAIbI:
SIGHUP woxkeT npuBecTr K pOTaIuu Jiora, CM. npumep 8 paddeae "3anuces 6 scyprar”"@.
SIGUSR1 wmo2keT IIpUBECTA K COXPAHEHUIO CHUMKA, CM. onmcaHue yHKiuu box.snapshot.

SIGTERM MoKeT OpUBeCTU K KOPPEKTHOMY 3aBepIIeHUI0 paboThl (C NpeaBapUTeJbHBIM CO-
XpaHeHueM BCeX JIAHHBIX).

SIGINT (wiu "unpepsbiBaHue ¢ KJiaBuUaTypbl") MOXKET IIPUBECTH K KOPPEKTHOMY 3aBEPIIEHUIO
paGoThl (C mpeaBapUTENbHBIM COXPAHEHWEM BCEX JIAHHBIX).

SIGKILL npuBOAuT K aBapUHOMY 3aBepIIEHHUIO paboThl (C BO3MOXKHOI norepeil TaHHBIX).

HeiicrBue apyrux CHUTHAJIOB OMPeesisieTcs OIEepaIlMoOHHOM cucremoii. Bcece curnasibl, Kpome
SIGKILL, moryT 6bITh IPpOUTHOPUPOBaAHBI, 0cOO0eHHO ecjiu Tarantool-cepBep BBIIOJIHAET JJIH-
TEJIbHYIO IIPOIe/IypPy, KOTOPasi HO3BOJISIET BEPHYTHCs K TVIABHOMY ITUKJLY.

4.5.10 HasBaHune npouecca

Omneparnmonusbie cucrtembl Linux m FreeBSD mo3BouisitoT 3arynieHHOMY OPOIIECCY MEHSTH €ro
HasBanue (title), B koropom m3Ha4YaIbLHO comepKuTcs uMs nporpammsbl (name). Tarantool wuc-
MOJIB3YET 3Ty BO3MOXKHOCTb, 9TOOBI YIIPOCTUTh PpaboTy CUCTEMHOTO aJIMUHUCTPATOPA, HAPUMED
OCMOTPETh, KAKHNEe CJIy>KObI 3aIlyI[eHbl Ha XOCTe, UX CTaTyC U T.1.

HazBauue nporecca Tarantool-cepBepa cocrouT u3 ciieayrOMMX 4acTemn:
uMsi_mporpaMusl [wMs_daiina_weunuanusamun] <uMsa_pouu> [HasBazume_mporeccal
e uMs IpOrpaMMbl — 3TO, KaK HpaBujo, "tarantool".

e nms _pailia  mHMDEaIu3AAN — 3TO UM @datisa unuyuasudayuy Ha Lua, ecau stor daiir
OBLJI YKa3aH MpH 3aIlyCKe.

® UMsI POJIM — ITO MOXKET OBITh OJAUH U3 CJIEAYIONINX BaPUAHTOB:
— "running" (y3esa HaxomuTcsa B pexkume "rOTOB K IIPUHSITHIO 3aiIpocoB”),

— "loading" (y3e, KOTOPBIii 3arpy»kaeT JaHHbIE U3 PaHee COXPAHEHHOro CHUMKA u WAL-
daitna),

— "orphan"(y3es He BXOOUT B COCTaB KJiacTepa),
— "hot standby or
— "dumper"+ process-id (uger coxpaHeHue CHUMKA).

e Ha3BaHME IIpoOIlecca — 3TO Heobs3aTesibHOe Ha3BaHnme Tarantool-niporiecca B cucreme, Ko-
Topoe Oepercs U3 KOH(MUIrYypalmoHHOTO nmapamerpa custom proc title, eciiu oH ykasaH.

Hanpumep:

$ ps -AF | grep tarantool
1000 17337 16716 1 91362 6916 0 11:07 pts/5 00:00:13 tarantool script.lua <running>

4.5.11 3ameTkn No agAMUHUCTPUPOBAHUIO O Pa3HbIX naaTdgopm

This section will contain information about issues or features which exist on some platforms
but not others - for example, on certain versions of a particular Linux distribution.
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Debian GNU/Linux and Ubuntu

HacTrpoiika koukpeTHOro sk3eMmiuisipa Tarantool-cepsepa:

$ In -s /etc/tarantool/instances.available/*instance-name.cfg* /etc/tarantool/instances.enabled/

BaHyCK BCeX 3K3eMIIJIAPOB:

$ service tarantool start

OcraHnoBKa Bcex IK3EeMIIJIAPOB:

$ service tarantool stop

BaHyCK/OCTaHOBKa KOHKPETHOI'O 3K3eMIlJidpa:

$ service tarantool-instance-name start/stop

Fedora, RHEL, CentOS

N3BecTHBIX BocIpou3BoAAIIXCcA NedeKTOB AJI9 JaHHBIX INIaTdopM HeT. Ecin BBI CTOJIKHYJINCH
c miasaomuM gedeKToM, IMOCMOTPUTE OMMCAHUS IIpobjeM Ha cTpaHuiie http://github.com/
tarantool/tarantool/issues, BBes B crpoke moucka cjioBo "RHEL "CentOS "Fedora"uau "Red
Hat".

FreeBSD
N3BecTHBIX BOCHIPOU3BOASAMINXCS AedEKTOB AJisd AaHHOU myiardopmbl HeT. Ecim BbI CTOJKHY-

JUCH C IJIaBaOIUM AgedeKTOM, MOCMOTPUTE OIMCAaHUs IIpobJieM Ha crpaHuie http://github.
com/tarantool/tarantool/issues, BBes B cTpoke moucka cjioBo "FreeBSD".

Mac OS X
N3BecTHBIX BOCTIpOU3BOAAIIUXCH AePEKTOB JJI JaHHBIX JIaTdopM HeT. Eciimu BbI CTOJIKHYJINCH

c mIaBaomuM nedeKToM, MOCMOTPUTE OIMCAaHUs Hpobjiem Ha cTpaHulie http://github.com/
tarantool/tarantool/issues, BBeJis B CTPOKe Ioucka cjioso "OS X".

4.5.12 3ameTku ansa nonb3osaTeneit systemd

Tarantool mosHOCTBIO mMOgaep2kmBaeT padboTy ¢ systemd Kak CO CPeJICTBOM /[JISI YIPAaBJIEHUHA
9K3EMIJIIPAMU U KOHTPOJIsI 32 (POHOBBIMU ITpOrpamMmMamMu 0a3bl JaHHBIX.

YnpasneHue ak3emnasipamu

B apxurektype Tarantool’a 3ajio’keHa BO3MOXKHOCTBH 3amyckKa cpa3dy MHOTUX 3SK3€MILIs-
poB Tarantool-cepBepa uHa oamoii mamuue. C nomomibio systemctl start/stop/restart/status
tarantool@$MYAPP MOXKHO yIIPaBJIATh Oa3zamMu JAHHBIX U Lua-mIpuIoXKeHUsIMU.
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C03p,aHme IK3emMmnnapos

3agaiiTe Bce HACTPOMKH B Buie Lua-ckpurita u momecturte nx B daii /etc/tarantool/instances.
available/$MYAPP .1lua:

box.cfg{listen = 3313}
require('myappcode') .start ()

(TO MpUMEp MUHMMAJILHO JOCTATOYHOUW KOHMUIYypaLun).

Tak>ke BbI MoxkeTe nmocMoTpeTh npuMep Lua-ckpunt B daiiyie example.lua, KOTOPbIi BXOAUT B
coctaB auctpudbyrtuBa Tarantool’a u co/ep>kuT 3HaYEeHUsT BCEX OMITHIA.

3anyck 3k3emnnsipos

Jna 3amycka sk3emiuisipa ${MYAPP} BbIDOJIHUTEe KOMaH/y systemctl start tarantool@$MY4PP:

$ 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>

(3mech u nanee Mbl IPUBOAUM MPUMEPbI KOHCOJIBHOIO BbiBoaa Jisi Fedora).

st aBTOMaTHYecKoi 3arpy3kKu sk3eMmmisipa ${MYAPP} Bo BpeMsd 3amycKa BCell CUCTEMbI UCIIOJIb-
3yiliTe KOMaHOy systemctl enable tarantool@$MYAPP.

MOHI/ITOpI/IHI' JK3emMnnsapos

Jnsa npoBepku mHpopMaruu 06 sk3eMmmiisipe ${MYAPP} BpIIOJIHMTEe KOMaH/Iy systemctl status
tarantool@$MYAPP:

$ 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>

1 mpoBepKu >KypHAaJIa 3arpy3KHU BBINIOJHATE KOMAaHay journalctl -u tarantool@$MYAPP:

$ 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.

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.lua
—in /etc/tarantool/instances.available

Jan 21 21:17:47 localhost.localdomain tarantoolctl[5969]: /usr/bin/tarantoolctl: Starting instance.
o

Jan 21 21:17:47 localhost.localdomain systemd[1]: Started Tarantool Database Server
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I'Iop,coep,m HEeHue K 3K3emMmnasapam

Bb1 MoOXKeTe MOACOeOMHUTHCS K 3allyIIeHHOMY 3K3eMisapy Tarantool-cepBepa u BBIIIOJIHUTH
Hekuii Lua-cKkpunT ¢ moMonipo yTHUINTHI tarantoolctl:

$ 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>

MpoBepka xxypHana

Tarantool BeneT 3ammcu o BaXKHbIX coObITUsX B dailie /var/log/tarantool/$MYAPP .log.

aBaiiTe 3anurieM 4To-HUOYAL B (paiia KypHaJja:

$ 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")

3aTeM IIPOBEPUM COAEP>KUMOE >KypHaJia:

$ 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

JJia poranuu >KypHajia Hy>KHO YCTaHOBUTH Hporpammy logrotate. Hacrtpoiiku ajs poramun
MO2XKHO 3a1aTh B (aiisie /etc/logrotate.d/tarantool.

OcraHoBKa 3k3eMnnsapos

s mpocmorpa mHbOpManum o 3amylmieHHOM 3k3eMmiuisipe ${MYAPP} BBINMOJHUTE KOMAaHIY
systemctl stop tarantool@$NYAPP.

$ systemctl stop tarantool@example
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KoHTponb 3a ¢oHOoBbIMY nporpammamum

Ecau kakoii-nubo sk3emiuisip Tarantool-cepBepa BbIXOAUT U3 CTPOsi, systemd aBTOMATUYUECKU
nepe3anycKaeT ero.

,Z[aBaf/iTe nonp06yeM BbIBECTH U3 CTPOA OJUH IK3EMILJIAP:

$ 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

A Tenepn ybenuMmcsi, UTO systemd mepesamnycTuiia ero:

$ systemctl status tarantool@example|grep PID
Main PID: 5914 (tarantool)

U non xowHer npoBepuM COZIEP>KUMOE >KYypPHAJIa 3arpy3Ku:

$ 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.
e

Jan 21 21:09:45 localhost.localdomain systemd[1]: Started Tarantool Database Server.

MpaBska HacTpoek cepsucHoro caiina

IloxkamyiicTa, He pemakTupyiite ¢aiiya tarantool@. service mo MecTy, MOCKOJIbBKY BCE Balllu U3Me-
HeHUs OyIyT Ilepe3alrcaHbl IIPU INocjeayommux obHoBieHusax Tarantool’a. Mbl pekomeH1yeM
CKOITMPOBAaTh 3TOT dailyl B /etc/systemd/system U IpaBUTh HACTPOUKU y>Ke B Konuu. JIubo BbI
MO2KeTe CO3/1aTh HO/IIUPEKTOPUIO C UMeHeM unit.d/ B aupekropuu /etc/systemd/system u moJio-
KuUTh TyZa drop-in ¢aiis ¢ umeHeM name . conf, B KOTOpoM OyIyT yKa3aHbI TOJBKO Te€ HACTPOUKM,
KOTOPbIe HY>XHO nmoMeHATb. CM. mogpobHocTHu B systemd.unit (5).

OTnapka

ITpu aBapuiinom 3aBepuiennu Tarantool-cepBepa, coredumpctl aBTOMATUYECKU COXPaHSAET JaM-
nbl namsaTu (core dumps) u TpaccupoBky creka (stack traces). Bor kak paboraer sror mexa-
HU3M:
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$ # !!! BHUMAHHE: Kkukozda ke deaalme amozo

# B ycnoBMAX IPOMHIIEHHOM sKcmmyaTamun !!!
$ 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

BBenem coredumpctl list /usr/bin/tarantool, YTOOBI HOJYYUTH OTYET O MOCJETHUX aBAPUNHBIX
3aBepuienusix Tarantool-memona:

$ 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

YT06bI NOJIy4YUTh TPACCHPOBKY CTE€Ka U MPOYyIo MoJIe3HyI0 MH(opManuio, BBeJieM coredumpctl
info <pid>:

$ 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 0x00007£84993ac2la abort (libc.so.6)

#2 0x0000560d0a9e9233 _ZL12sig_fatal_cbi (tarantool)

#3 0x00007£849a211220 __restore_rt (libpthread.so.0)

#4 0x0000560d0aaa5d9d 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)

Teneps BBesmeMm coredumpctl -o filename.core info <pid>, 4YTOOBI COXPAHUTH AAMII HAMSTU B
OTaeabHbIN daii.

amnee c momomnibio kKoMmaHabl coredumpctl gdb <pid> 3amycTuM oTiagumK gdb U IIOZaaMM coxXpa-
HEHHBI JaMI MMaMATh €My Ha BXOJI.
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MpbI 0UeHb pEKOMEH/IyeM YCTAHOBUTD MAaKeT tarantool-debuginfo, 4ToGBI caeaTh OTIIAAKY CPE/I-
crBamu gdb 6ouiee acdpdekTuBnoi. Hanmpumep:

$ dnf debuginfo-install tarantool

C nomoinpio gdb BbI MOXKeTe y3HaTh, Kakue erle debuginfo-makeTbl HY>KHO yCTAHOBUTD:

$ # gdb -p <pid>

Missing separate debuginfos, use: dnf debuginfo-install
glibc-2.22.90-26.£c24.x86_64 krbb5-libs-1.14-12.fc24.x86_64
libgcc-5.3.1-3.fc24.x86_64 libgomp-5.3.1-3.fc24.x86_64
libselinux-2.4-6.f£c24.x86_64 libstdc++-5.3.1-3.fc24.x86_64
libyaml-0.1.6-7.£c23.x86_64 ncurses-1ibs-6.0-1.20150810.fc24.x86_64
openssl-libs-1.0.2e-3.£c24.x86_64

B TpaccupoBKe cTeKa UCIOJIB3YIOTCS CHUMBOJINYECKVE MMEHA, Ja*Ke €CJI y BaC He yCTAHOBJIEH
nmaker tarantool-debuginfo.

domosHuTeIbHO cM. JOKyMeHTanuio mo Bamieii Linux-cucreme.

Ocobblie ykasaHus

e IloxkaumyiicTa, He ucnoJsb3yiiTe tarantoolctl {start,stop,restart} aJis ympasJieHUs 3K3€eM-
nJgpaMu, KOTopble OBLIIN 3alrymieHbl ¢ nomoInbsio systemd. Ho BbI MoxkeTe mcrosib30BaTh
tarantoolctl muis 3aHyCKa/OCTaHOBKI/I 3K3EeMIIJIIPOB B BAaIllMX JIOKAJIBHBIX JUPEKTOPUSIX
(manpumep, $HONE), yro He TpebGyeTr MOJIB30BATEILCKUX IIpaB ypoBHsi ROOT.

e Vruinura tarantoolctl y>Ke HaAcCTpOeHa TaK, YTOObI KOpPpeKTHO paboraTth ¢ systemd. Ilo-
KaJryiicrta, He MeHsiiTe 06IecucTeMHble HACTPOMKM Jisi tarantoolctl, Takme Kak MyTH,
HACTPOMKM MpaB JJjisl AUPEKTOPUIl M MMeEHA I0JIb30BaTejell, T.K. 9TO MOXKET MPUBECTU K
HEOXXUJAHHBIM HpobjieMmaM.

e Tloanep>kkoii ckpunrToB AJisi systemd 3aHuMaerca KomaHaa paspaborku Tarantool’a (http:
//tarantool.org). Ecam y Bac Bo3Huk M npobiembl npu pabore Tarantool’a ¢ systemd, To
MBI IpOoCcUM coobmiaTs 06 sToMm Haireit komauge (https://github.com/tarantool/tarantool/
issues/), a He paspaborunkam Baiiero Linux-auctpubyTusa.

OrpaHunyenus

These limitations exist due to decisions by packagers to support systemd alongside sysvinit.

/etc/init.d/tarantool start under systemd, or systemctl start tarantool (without an
@instance argument), will start only those instances which were enabled before reboot or
before the last time that systemd was reloaded with systemctl daemon-reload.

(systemctl start tarantool, without an @instance argument, is provided only for
interoperability with sysvinit scripts. Please use systemctl start tarantool@instance instead.)

/etc/init.d/tarantool stop under systemd, or systemctl tarantool stop (without an @instance
argument), will do nothing.

Starting with Tarantool version 1.7.1.42, a new version of tarantool-common is required.
(tarantool-common is a downloadable package which provides scripts to work with tarantool
configuration and log files.) An attempt to upgrade tarantool-common will cause restart of all
instances.
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sysvinit -> systemd conversion

These instructions apply only for Debian/Ubuntu distros where both sysvinit and systemd
exist.

Install new systemd-enabled packages.

#For each instancename in /etc/tarantool/instances.enabled/: |br| #To enable the instance
to be automatically loaded by systemd: |br| systemctl enable tarantool@instancename

#The following command does nothing but is recommended for consistency: |br| /etc/init.
d/tarantool stop

#Disable sysvinit-compatible wrappers: |br| systemctl disable tarantool; update-rc.d
tarantool remove

4.6 KoHHekTOpbI

B »70ii riiaBe onucanbt API nyisi pa3indHbIX sI3bIKOB MPOrpaMMUPOBAHUS.

4.6.1 lNpoTokon

BunapHbIi ITPOTOKOJI [JIs Tepegadn JaHHBIX B Tarantool’e 6611 paspaboTaH ¢ y4eTom IoTpesGHo-
creii aCHHXPOHHOTrO BBO/Ia-BbIBoia. OcHOBHAas ero 3asagya — obJierunts nurerpanuio Tarantool’a
Cc KJImeHTCKuMu npuioxkeHusimu. Kimenrckuii 3anpoc B Tarantool-mporokosie HaumHaeTcs C
OMHapPHOIO 3aroJioBKa IEPEeMEeHHON IJIMHbI. B 3aro/ioBke yKa3bIBaeTCs UACHTUMOUKATOP U TUM
3ampoca, naeHTuduKaTOp cepBepa, HOMep 3alWuCu B >KypPHAaJie U T./I.

Tak>ke B 3arojioBKe 00s13aTeJIbHO yKa3bIBA€TCS JIJINHA 3alpoca, 9TO obJjerdyaetr oopaboTKy aaH-
HbIX. OTBET HA 3alIPOC MOCHLJIAETCS II0 Mepe TOTOBHOCTU. B 3arosioBke orBeTa yKa3bIBA€TCs TOT
2Ke nAeHTUdUKATOP U TUII 3aIIpOCca, YTO U B M3HaYaJIbHOM 3arpoce. I1o naneaTndukaropy Mox-
HO JIETKO COOTHECTH 3aIIPpOC C OTBETOM, JarKe eCJIM OTBET OBLJI MOJIyYeH He B MOPAJKE OTCHLIKH
3aIpocoB.

BraaBarbcsi B ToHKOCTU peanu3anun Tarantool-mpoTokoJsia Hy»KHO TOJBKO Opu pa3paborke HO-
BOro KoHHeKTOopa st Tarantool’a — cM. noanoe onucanue bunaprozo npomoxoaa 6 Tarantool’e
B Bujle anHoTupoBaHHubix BNF-auarpamm (Backus-Naur Form). B ocTtanbHbIX cirydasx qoCTa-
TOYHO B34Tb YK€ CYIIECTBYIOIINI KOHHEKTOP Jis HYy>KHOT'O BaM sI3bIKA IIPOrPAaMMUPOBAHUSI.
Takue KOHHEKTOPHI O3BOJISIOT JIETKO XPAHUTh CTPYKTYPbhl JAHHBIX U3 PA3HBIX SA3bIKOB B POP-
mare Tarantool’a.

4.6.2 lNpumep nakeTa AaHHbIX

C mowmortnpio Tarantool API kimeHTckme mporpamMMbl MOTYT HOChLIaTh B ajpec Tarantool-
cepBepa MakKeThl C 3alpocaMy U II0JIyYaTh HA HUX OTBEThI. BOT IpuMep MCXOOMINEero makera,
KOTOPBIH Oyzer cchopmupoBaH AJis 3arpoca box.space[513] :insert{'A', 'BB'}. Onucauusi Kom-
noneHToB 3amnpoca (B Buge BNF-guarpamm) Bbl Haiiere HA cTpaHuie o 6UHAPHOM NPOMOKOILE
6 Tarantool’e.
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KomnoHeHT Bant Bawnr Banrt Bawnt
#0 #1 #2 #3

KO/ AJisI BCTABKU 02

OCTaTOK 3aroJioBKa

gyucso n3 2 nmudp: ID npocrpancTrBa cd 02 01

KOJI, IJisd KopTexKa 21

4yuciio n3 1 nudpel: KOJIMYecTBO moJieit — | 92

2

crpoka u3 1 cumBosa: nose|1] al 41

CTpPOKa M3 2 CHMBOJIOB: moJie|2] a2 42 42

Tenepb moJiyduBHINICS MAKET MOXKHO mocJiath Tarantool-cepBepy u 3aTeM IIPOMHTEPIPETUPO-
BaTh MOJIyYEHHbIN oTBeT (ONnMCcaHUWsI KOMIIOHEHTOB OTBETA Bbl HalijleTe Ha TOIl »Ke cTpaHule o
6unaprom npomoxoae 6 Tarantool’e). Ho Gosee npocTbiM U BEPHBIM CIIOCOGOM Oy/ieT BbI3BATH
nporeaypy, Koropasi 3a Bac chopMHPYET IOTOBBIIl ITaKeT C 33JaHHBIMU NapaMerpaMu. dTo-to
BpoJe response=tarantool_routine("insert 513,"A"B");. s sroro B Tarantool’e cymiecrByror
API pnsa Perl, Python, PHP u apyrux nmporpaMMHBIX SI3BIKOB.

4.6.3 Hactpoiika okpy>xeHusi gnst npumMmepoB paboTbl C KOHHEKTOpamMu

B sToi1 riaBe pUBO/STCH MPUMEPHI TOrO, KAK MOXXHO yCTAHOBUThH coeaumHeHune ¢ Tarantool-
cepBepoOM C IMMOMOIIbI0 KOHHEKTOPOB /Jist si3b1koB Perl, PHP, Python u C. O6paTture BHuMaHue,
9TO B IIpUMeEPax UCXOAHOrO KOJa yKa3aHbl (GUKCUPOBAHHBIE 3HAYEHUS [IJISI 9JIEMEHTOB TECTOBOT'O
OKPY2KeHHs, IO3TOMY [Jisi KOPPEKTHO# paboThl BCeX MPUMEPOB HY>KHO CODJIIOCTHU CJIEAYIOIIe
YCJIOBUSI:

e Tarantool-cepBep 3aryieH Ha JioKayibHOI MamuHe (localhost = 127.0.0.1), a mpocJiyiuu-
BaHMe i Hero HactpoeHo Ha nopry 3301 (box.cfg.listen = '3301'),

e B Ga3se ecTh MpoCTpaHCTBO examples ¢ maeHTudukaropom 999 (box.space.examples.id =
999) m y Hero ectb NEPBUYHBIN MHIEKC, IIOCTPOEHHBINA 10 KJIIOYy 4YucaoBoro tumna (box.
space[999] .index [0] .parts[1].type = "unsigned"),

® J1JId II0JIb30BaTeJidA ’guest’ HaCTpOE€HbI IIpUBUJIErn Ha YTeHue u 3alliChb.

Takoe TecToBOe OKpy2>KeHUE JIETKO HACTPOUTH, 3anycTuB Tarantool-cepBep JIOKaJIbHO M BBIIIOJI-
HUB CJIeIyIOIe 3alpocChl:

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')

4.6.4 Java

CwM. http://github.com/tarantool/tarantool-java/.

4.6.5 Go

CwM. https://github.com/mialinx/go-tarantool.
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4.6.6 R

CwM. https://github.com/thekvs/tarantoolr.

4.6.7 Perl

Haubosnee monynsapHbiMm Tarantool-komHekTopoMm s si3bika Perl sBiasiercs DR::Tarantool.
OH ycranaBauBaercsi otaeabHo ot Tarantool’a, Hanpumep ¢ momorpio cpan (cm. CPAN, the
Comprehensive Perl Archive Network), u TpebGyer npeaBapuTeibHON yCTAHOBKHY €Ille HEeCKOJIb-
KO 3aBUCUMbBIX MozayJjeil. Bor nmpumep ycraHoBku 3Toro koHHekTopa moa Ubuntu:

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 PH PH PO B B

anee mpuBoauTCS IpUMeEP MOJIHOIIEHHOI nporpaMmbl Ha sa3biKe Perl, koTopas ocyinecrBiaser
BCTaBKYy Koprexka [99999, 'BB'] B mpoctpaHcTBO space[999] c¢ momompio Tarantool API st
a3bika Perl. Ilepen 3anyckoM gaHHON IporpaMmbl IIPOBEPHTE, YTO Ballleé TECTOBOE OKPY2KEHUEe
HACTPOEHO TaK, Kak onucaro ebiwe (y Tarantool-cepBepa 3aaH nopT AJisi MPOCIYIIMBAHUS U B
Gaze co34aHO POCTPAHCTBO examples). YToGbl 3allyCTUTh TECTOBYIO IIPOrPaMMy, COXPAHUTE €e
MCXOIHBIN Ko B (paiisi c uMeHeM example.pl u BbINOJHUTE KOMaHOy perl example.pl. IIporpam-
Ma YCTAaHOBHUT COeUHEHNE, UCIO0JIb3ys yKa3aHHOE B Hell oIlicaHue IIPOCTPAHCTBA, OTKPOET COKET
i coenquaeHust ¢ Tarantool-cepBepom mo azpecy localhost:3301, momter INSERT-3anpoc, a
3aTeM — €ecJiM BCE XOPOIII0 — 3aKOHYUT pabory 6e3 Kakux-jaumbo coodiienuit. Eciiu okakercs,
uyto Tarantool-cepBep He 3amyIilieH Ha IIPOCIYIIIUBaHUE MO0 YKAa3aHHOMY aJpecy, TO mporpaMmma
BbIgacT coobieHune ob oimnbke “Connection refused”.

#!/usr/vin/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", # nouck Tarantool-cepsepa no adpecy localhost
port => 3301, # na nopmy 3301
user => 'guest', # uMs noavsoeamens; 30ecv ke MoxHo dobasums

—'password=>. ..

spaces => {

999 => { onpedesaenue npocmparcmea space[999]
name => 'examples', ums npocmparcmea space[999] = 'examples'
default_type => 'STR', ecau mun nosas e space[999] ne 3adax, mo = 'STR'

fields => [ {
name => 'fieldl', type => 'NUM' } 1,
indexes => {
0 =>{
name => 'primary', fields => [ 'fieldl' ] } } } } );

onpedesenue nosel e npocmparcmee space[999]
ums noas spacel[999].field[1]='fieldl', mun ='NUM'
onpedesnerue urderkcoe npocmparcmea space[999] ...

HOR R R R R

$tnt->insert ('examples' => [ 99999, 'BB' 1);
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N3-3a cymecTByloniux orpaHndeHuii B sa3bike Perl, BMecTo moJieii Tuna ’string’ m 'unsigned’ B
TecTOBOM mporpamMe ykasaubl moJis tTuna "STR’ u "'NUM’.

B sTo0ii nporpamMmmMe MbI ITPUBEJIN IPUMEP UCHOJIb30BAHUS JIUIIIb OJHOTO 3arpoca. /s mosiHoeH-
Hoit paborkl ¢ Tarantool’om ¢ momoribio Perl API, moxkasyiicta, obparnurech K JOKYMEHTAITUN
n3 CPAN-penosutopus DR::Tarantool.

4.6.8 PHP

The most commonly used PHP driver is tarantool-php. It 1is not supplied as
part of the Tarantool repository; it must be installed separately, for example
with git. See :ref:‘installation instructions <https://github.com/tarantool/tarantool-
php/blob/master/#installing-and-building>¢ . in the driver’s README file.

JaJjiee npuBoAMTCSI MPpUMEP MOJHOLIEHHON mporpaMmMbl Ha s3bike PHP, KoTtopasi ocyuiecTsiis-
eT BCTaBKy koprexka [99999, 'BB'] B mpocTpaHCcTBO examples ¢ momomibio Tarantool API s
a3bika PHP. Ilepen 3anyckoMm maHHOI ITporpaMMbl IPOBEPbhTE, UTO Ballle TECTOBOE OKPY KEHUE
HACTPOEHO TaK, Kak onucano eéviuwe (y Tarantool-cepBepa 3agaH mopT [Jjisi HIPOCIYIINBAHUS U
B Gaze co3maHo mpocTpaHcTBO examples). UToObI 3allyCTUTH TECTOBYIO IIPOrPaMMy, COXPAHUTE
ee UCXOJHBIN Ko B (ailyi ¢ mMeHeM example.php ¥ BBIIIOJIHUTE KOMaHAY php -d extension="/
tarantool-php/modules/tarantool.so example.php. IIporpamma OTKpOET COKET /IJIsi COeqUHEHUSI
¢ Tarantool-cepBepom 1o agpecy localhost:3301, mouuter INSERT-3amnpoc, a 3aTem — ecJyiu Bcé
xopoimo — Belgact coobienne "Insert succeeded". Eciin okaxkercsi, YTO TakKoOil KOPTEXK y»Ke Cy-
IIeCTBYyeT, TO IIporpaMma BbIZacT coobiieHue ob ommbke “Duplicate key exists in unique index
’primary’ in space ’examples’”.

<?php
$tarantool = new Tarantool('localhost', 3301);

try {
$tarantool->insert('examples', array(99999, 'BB'));
echo "Insert succeeded\n";

} catch (Exception $e) {
echo "Exception: ", $e->getMessage(), "\n";

}

The example program only shows one request and does not show all that’s necessary for good
practice. For that, please see tarantool/tarantool-php project at GitHub.

Besides, you can use an alternative PHP driver from another GitHub project: it includes a
client (see tarantool-php/client) and a mapper for that client (see tarantool-php/mapper).

4.6.9 Python

lanee npuBoguTCs NpUMEP IOJIHOIIEHHOI MporpamMMbl Ha s3blke Python, koropas ocyriects-
JfeT BCTaBKYy KopTexka [99999, 'Value', 'Value'] B mMpoCcTpaHCTBO examples ¢ MOMOIIBIO BBICOKO-
ypoBHeBoro Tarantool API nisa sizeika Python.

#!/usr/bin/python
from tarantool import Connection

¢ = Connection("127.0.0.1", 3301)
result = c.insert("examples", (99999, 'Value', 'Value'))
print result
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Ilepen 3amyckom maHHOII IIporpaMMbl IIPOBEPBHTE, YUTO Ballle TECTOBOE OKPY2>KEeHHE HACTPOEHO
Tak, Kak onucaro eviuwe (y Tarantool-cepBepa 3a/1aH MOPT /iJjisl MPOCJIYININBaHNUs U B 6a3e co3ga-
HO IPOCTPAHCTBO examples), U yCTAHOBUTE KOHHEKTOP tarantool-python. /Ijisi yCTaHOBKU KOH-
HEKTOpa BOCHOJIb3yiiTech jub0 KoMmaHAol pip install tarantool>0.4 (4Jjisi yCTAaHOBKH B OUPEK-
TOPHUIO /usr; BaM NOTPebyIOTCs IIpaBa ypoBHs root), 1nbo komaugoii pip install tarantool>0.4
--user ([JIsl yCTAHOBKM B JIMPEKTOPUIO ~, T.€. B UCIOJIb3YEMYO 110 YMOJIYAHUIO JUPEKTOPUIO Te-
KYIIEro nojb3oBaresis). UToGbl 3allyCTUTh TECTOBYIO MPOTPAMMY, COXPAHUTE €€ MCXOMHBIN KO/
B aiisi ¢ nmMeHeM example.py M BBIIOJHUTE KOMaHAy python example.py. IIporpamma ycrano-
BUT coenuHeHne ¢ Tarantool-cepBepom, IOIILJIET 3aIPOC U HE CreHEPUPYET HUKAKOTO UCKJIIoYe-
HU#, ecJiM BCE mponuio xopomio. Eciin okaXkeTcs, UTO Takoil KOPTEXK yrKe CYIIEeCTBYET, TO IIPO-
rpaMMa CreHepupyeT HCKJIIodeHHne tarantool.error.DatabaseError: (3, "Duplicate key exists
in unique index 'primary' in space 'examples'").

The example program only shows one request and does not show all that’s necessary for good
practice. For that, please see tarantool-python project at GitHub. For an example of using
Python API with queue managers for Tarantool, see queue-python project at GitHub.

4.6.10 C

B sTOoM pa3sgesie maHbI ABa IpuMepa HUCOOJb30BaHus BbICOKOypoBHeBoro API miyst Tarantool’a
u sa3bika C.

Mpumep 1

Jajsiee mpuBOAMTCs MPUMeEp IIOJIHOIEHHON mnporpamMmbl Ha s3bike C, KOTOpasi OCYIIEeCTBJIs-
eT BCTaBKy KopTrexka [99999,'B'] B IIPOCTPAaHCTBO examples C IIOMOIIBIO BBICOKOYPOBHEBOTO
Tarantool API ngis siseika C.

#ainclude <stdio.h>
#include <stdlib.h>

#include <tarantool/tarantool.h>
#include <tarantool/tnt_net.h>

#include <tarantool/tnt_opt.h>

void main() {

struct tnt_stream *tnt = tnt_net(NULL); /% Cm. nume = HACTPOHKA */
tnt_set (tnt, TNT_OPT_URI, "localhost:3301");
if (tnt_connect(tnt) < 0) { /* Cm. Humxe = COEJUHEHHE */
printf ("Connection refused\n");
exit(-1);
}
struct tnt_stream *tuple = tnt_object(NULL); /* Cm. Humxe = COBJAHUE 3AIIPOCA */
tnt_object_format (tuple, "[%d%s]", 99999, "B");
tnt_insert(tnt, 999, tuple); /* Cm. Humxe = OTIIPABKA 3AIIPOCA */

tnt_flush(tnt);
struct tnt_reply reply; tnt_reply_init(&reply); /#* Cm. nuxe = IIOJVYEHHE OTBETA */
tnt->read_reply(tnt, &reply);
if (reply.code != 0) {
printf ("Insert failed %lu.\n", reply.code);
}
tnt_close(tnt); /* Cm. Huxe = SABEPIEHUE */
tnt_stream_free(tuple);
tnt_stream_free(tnt);
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CkonupyiiTe NCXOOHBII KO MporpamMMbl B aiiyl ¢ mMeHeM example.c M yCTAHOBUTE KOHHEKTOP
tarantool-c. Bor oguu u3 crocoGoB ycTaHoBKH tarantool-c (moz Ubuntu):

git clone git://github.com/tarantool/tarantool-c.git ~/tarantool-c
cd ~/tarantool-c

git submodule init

git submodule update

cmake

make

make install

B P P P PH PH &P

Y1066 CKOMOWMJINPOBATH U CJIMHKOBATH TECTOBYIO IPOrPaAMMY, BBIIIOJTHATE CJIE/IYIOILYI0 KOMAaH-
Aay:

$ # unoz0a smo HeobToduMmo:
$ export LD_LIBRARY_PATH=/usr/local/lib
$ gcc -o example example.c -ltarantool

Ilepen 3amyckoM mporpaMMbl IIPOBEPBHTE, YTO BAllleé TECTOBOE OKPYXKEHHE HACTPOEHO TaK, KaK
onucano eviwe (y Tarantool-cepBepa 3asaH 1OpPT JUIsi MPOCJIyIIMBaHUs U B 6a3e CO34aHO IPO-
crpaHcTBO examples). YToOBI 3aIyCTUTH TECTOBYIO IPOrPaMMYy, BBIIIOJIHUTE KOMAaH1y ./example.
ITporpamma ycranoBut coemuneHue ¢ Tarantool-cepsepom u momuier 3amnpoc. Ecim okakercs,
uyro Tarantool-cepBep He 3amyIleH Ha IIPOCJYINMBaHUE [0 YKA3aHHOMY ajpecy, TO ImporpaMmma
BbIIAcT coobienne 06 omubke “Connection refused”. A ecsiu He nipoiimer INSERT-3ampoc, To
nporpamma Bbigact coobienne "Insert failed"u koz ommGku (Bce Koapl ommbGok B Tarantool’e
cM. B ucxoguom daiine /src/box/errcode.h).

amnee caenyroT npuMedyaHusi, HA KOTOPbI€ MbI CChLJIAJINCHh B KOMMEHTAPUAX K UCXOJHOMY KOy
TECTOBOI IMPOrpaMMbI.

HACTPOWMKA: Hacrpoiika HauMHaeTCs C cO3JaHus MOTOKA (tnt_stream).

struct tnt_stream *tnt = tnt_net (NULL);
tnt_set(tnt, TNT_OPT_URI, "localhost:3301");

B namteit TectoBoii mporpamme moToK Ha3BaH tnt. Ilepen ycTramoBKO# coeanHeHUs HY>KHO 3a-
AaTh psjd HacTpoedHbIx onmuii. Camas BaxkHas u3 Hux — TINT _ OPT _URI. dnsa sToii onuuun
ykazana URI-cTpoka localhost:3301, T.e. ajipec, 10 KOTOPOMY JIOJI?’KHO OBITH HACTPOEHO ITPO-
caymmuBanue Ha cropoHe Tarantool-cepsepa.

Onucanne byHKIMH:

struct tnt_stream *tnt_net(struct tnt_stream *s)
int tnt_set(struct tnt_stream *s, int option, wariant option-value)

COEJMHEHWNE: Tenepp Korma Mbl CO34aJIM MIOTOK C UMEHEM tnt M CBA3aJIi ero ¢ KOHKPETHbIM
URI, namia mporpamMmma MOXKeT yCTaHaBJIUBaTh coeguHenue ¢ Tarantool-cepBepom.

if (tnt_connect(tnt) < 0)
{ printf ("Connection refused\n"); exit(-1); }

Onucanue QyHKITUNI:
int tnt_connect(struct tnt_stream *s)

ITonbiTKa coequHEHUsI MOXKET U He yAaThcCs, HanmpuMep ecju Tarantool-cepBep He 3amyimeH niim
B URI-cTpoke ykasaH HeBepHbIl mapoJib. B ciay4ae Heymaum dbyHkims tnt_connect() BepuHer
-1.
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CO3JAHUE 3AIIPOCA: B GoJibIIIMHCTBE 3aIlIPOCOB TPeOyeTcs IepeiaBaTh CTPYKTY PUPOBaH-
HbI€ JaHHbIE, HAIIPUMEP COAEPKUMOe KOPTeXKa.

struct tnt_stream *tuple = tnt_object(NULL) ;
tnt_object_format (tuple, "[%d%s]", 99999, "B");

B pannoii mporpamMe Mbl ucnosibdyeMm 3amnpoc INSERT, a kopTeX comepKuT I1iejioe 4ucjio u
CTPOKY. DTO MpOCTOoii Habop 3HaYeHUT 6e3 KaKNX-JIN00 BJIO>)KEHHBIX CTPYKTYP WU MaccuBoB. V1
mepe/iaBaeMble 3HAYEHUsSI MbI MOXKEM yKa3aTh CAMBIM IIPOCTBIM 00pa3oM — aHAJIOTUYHO TOMY,
KakK 39TO caejiaHo B crangaprHoii C-dbynkuun printf (): %d ajiss obo3HAYEHUS LEJI0r0 UUCIIa, %S
IJ1 0003HAYEHUs CTPOKM, 3aTE€M YHCJI0BOE 3HAUEHNE, 3aTeM yKa3aTejb HA CTPOKOBOE 3HAYEHUE.

Onucanmne QyHKITNNI:
ssize_t tnt_object_format(struct tnt_stream *s, const char *fmt, ...)

OTITPABKA 3AIIPOCA: OrmnpaBka 3alipocoB Ha U3MEHEHNE JaHHbIX B Da3e Jejaercs aHajIo-
TUYHO TOMY, KaK 3TO jJejaercad B Tarantool-6ubimoreke box.

tnt_insert(tnt, 999, tuple);
tnt_flush(tnt);

B maunoit mporpamme mbi geaaem INSERT-3ampoc. B aTom 3ampoce mbl mepejiaeM IMOTOK tnt,
KOTODPBIII paHee WCIIOJb30BaJIU JJIS yCTAHOBKN COEJUHEHWS, U IOTOK tuple, KOTOPHBIIl TakxKe
PaHee HACTPOWMJIN C MOMOIIbI0 QYHKIMN tnt_object_format ().

Onucanne byHKIMU:

ssize_t tnt_insert(struct tnt_stream *s, uint32_t space, struct tnt_stream *tuple)
ssize_t tnt_replace(struct tnt_stream *s, uint32_t space, struct tnt_stream *tuple)
ssize_t tnt_select(struct tnt_stream *s, uint32_t space, uint32_t index,

uint32_t limit, uint32_t offset, uint8_t iterator,

struct tnt_stream xkey)
ssize_t tnt_update(struct tnt_stream *s, uint32_t space, uint32_t index,

struct tnt_stream *key, struct tnt_stream *ops)

ITOJIYUEHUE OTBETA: Ha GoJbIIMHCTBO 3aIlIPOCOB KJIMEHT II0JIyYaeT OTBET, KOTOPBIA CO-
aep>KuT nHPOPMAIUIO O TOM, ObLII JIM JAaHHBIN 3aIIPOC YCIIEIIHO BBIIIOJIHEH, & TAK2KE COIEP2KUT
Habop KopTexKeii.

struct tnt_reply reply; tnt_reply_init(&reply);
tnt->read_reply(tnt, &reply);
if (reply.code != 0)

{ printf("Insert failed %lu.\n", reply.code); }

JanHasi mporpaMma npoBepsieT, ObLI Jid 3alpPOC BBIIIOJIHEH YCIIEIIHO, HO HUKAK He WHTepIIpe-
THUPYET OCTABIIyIOCH YaCTh OTBETA.

Onucanme QyHKITUNI:

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)

3ABEPIIEHUWE: Ilo okoHYaHUM ceCCUM HAM HY>KHO 3aKpPbITh COeJIMHEHHNE, CO3/JaHHOE C TOo-
MoInbio GyHKINM tnt_connect (), M yaaJauTh O0ObEKTHI, CO3JAaHHbIE HA dTale HACTPOWKU.

tnt_close(tnt);
tnt_stream_free(tuple);
tnt_stream_free(tnt);
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Omnucanne pyHKIAN:

void tnt_close(struct tnt_stream *s)
void tnt_stream_free(struct tnt_stream *s)

Mpumep 2

Jlanee nmpuBouTCs eIlle OAWH NPUMEP MOJHOIIEHHOU mporpaMmbl Ha sisbike C, KoTopasi ocy-
IIECTBJISIET BBIOOPKY I10 MHAEKC-KJIIOYY [99999] m3 mpocrpaHcTBa examples ¢ HOMOIIBIO BbI-
cokoypoBHeBoro Tarantool API gasa ssbika C. last BbIBOgA pe3yibTaTOB B 3TOil mporpamme
ucnoJib3yoTca yHKuu n3 oubamoreku MsgPuck. 91tu dyHKIINN HY>KHBI AJ15 JI€KOANPOBAHUS

MaccuBOB 3HadYeHWi B popmare MessagePack.

#include <stdio.h>

#include <stdlib.h>

#1include <tarantool/tarantool.h>
#include <tarantool/tnt_net.h>
#include <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, "[%d]", 99999); /# kopmex tuple =
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=Yu\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);

kawyw 0as noucka */
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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%lu.\n", num_value);

} else if (field_type == MP_STR) {
const char *str_value;
uint32_t str_value_length;
str_value = mp_decode_str(&reply.data, &str_value_length);

printf (" value=7.*s.\n", str_value_length, str_value);
} else {

printf ("wrong field type\n");

exit(1);

}

tnt_close(tnt);
tnt_stream_free(tuple);
tnt_stream_free(tnt);

AHaJlornYHO NepBOMY HNpPUMEPY, COXPAHUTE HCXOIHBIA KO/ IporpamMmbl B aiile ¢ mMeHeM
example2.c.

Y1006bI CKOMITUJINPOBATH U CJAMHKOBATH TECTOBYIO IPOTPAMMY, BBIIIOJHUTE CJIEAYIOILYI0 KOMaH-
Aay:

$ gcc -o example2 example2.c -ltarantool

s 3amycka mporpaMMbl BBIIIOJIHUTE KOMaHAY ./example2.

B »Tumx aByx mporpaMmax Mbl IPUBEJIM IIPUMEP HCIOJb30BAHUS JIMIIb ABYX 3anpocoB. Jlisa
noJiHoIeHHOo# pabothl ¢ Tarantool’om c¢ momoinbio C API, moxkasyiicta, obparurech K JI0KY-
MeHTanum u3 ImpoekKrta tarantool-c ma GitHub.

4.6.11 NnTepnpeTaunsi Bo3BpalwlaemMbix 3Ha4YeHNN’

IIpu pabote c a0b6biM Tarantool-konHekTOpoM PYHKIINH, BbI3BaHHBIE C ITOMOIIbIo Tarantool’a,
BO3BpamiaioT 3HavueHust B popmare MsgPack. Eciau dyHkius 6nl1a Bei3Bana yepe3 API kounek-
TOpa, To (hopMaT BO3BpAIAEMBIX 3HAYEHUI Oy/eT CJIeIyIOHNM: CKaJIsIpHbIe 3HAYEHUsI BO3BPa-
IAIOTCs B BUJIe Koprexkeil (cHauana ujer uaeHtTudukarop tuna u3 dpopmara MsgPack, a 3arem
uJeT 3HaYeHme); Bce Npo4due (He CKaJISIPHbIe) 3HAYEHUs] BO3BPAIIAIOTCH B BHUJIE IPYII KOPTe-
kel (cHauana uaer uaenrudgukarop maccusa B popmare MsgPack, a 3arem uayT ckajnspHbie
3Havenusi). Ho ecsm pyHKius 6b11a BbI3BaHA B pAMKaX OMHAPHOTrO IIPOTOKOJIA (C IIOMONIBIO KO-
MaHabl eval), a He yepe3 API konHekTOopa, TO HOAOOHBIX M3MeHEeHNH (hopMaTa BO3BPAIAEMBbIX
3HAYEHU HE MPOUCXOMT.

Hanee npuBogurcs npumep co3ganusi Lua-dyskiuu. [Tockonbky 3Ty (pyHKOUIO Oyaer BbI3bI-
BaTh BHEIIHUU MIOJb30BaTeb 'guest’, To Hy»KHO HACTPOUTH NPUBUJIErMN HA HCIOJHEHHUE C IIOo-
MOIMIbIO grant. Drta (hyHKIMS BO3BPAIAET IIyCTOU MAaCCHUB, CTPOKY-CKAaJSpP, JABA JIOTUYECKUX
3HAYEHUsI M KOPOTKOE IeJIoe YHCJIO0. 3HadYeHue OyJAyT TeMHu »Ke, 4TO ONHCAHBbI B pasiee IIPo
MsgPack B Tabiaune Cmandapmmusie muns. 86 MsgPack-xoduposke.

tarantool> box.cfg{listen=3301}
2016-03-03 18:45:52.802 [27381] main/101/interactive I> ready to accept requests

116 FnaBa 4. PykoBopctBo nosnb3oBaTtens



http://github.com/tarantool/tarantool-c

Tarantool, Bbinyck 1.7.2

tarantool> function f() return {},'a',false,true,127; end

tarantool> box.schema.func.create('f')

tarantool> box.schema.user.grant('guest','execute','function','f"')

Hanee uger npumep nporpammbl Ha C, n3 KOTOPBIN MbI BbI3biBaeM 3Ty Lua-dyHKiuio. XoTs B
npuMepe uchoJb3oBaH ko Ha C, pe3yabpTaT OyeT OAMHAKOBBIM, HA KAKOM ObI sI3bIKE HU Obljia
HammcaHa BbI3biBaeMmasi nmporpamma: Perl, PHP, Python, Go nau Java.

#include <stdio.h>

#include <stdlib.h>

#include <tarantool/tarantool.h>
#include <tarantool/tnt_net.h>
#include <tarantool/tnt_opt.h>
void main() {

struct tnt_stream *tnt = tnt_net (NULL); /* HACTPOHKA */
tnt_set (tnt, TNT_OPT_URI, "localhost:3301");
if (tnt_connect(tnt) < 0) { /* COE[JVHEHUE */
printf ("Connection refused\n");
exit(-1);
}
struct tnt_stream *tuple = tnt_object(NULL); /* CO3JAHHUE BAIIPOCA */

struct tnt_stream *arg; arg = tnt_object(NULL) ;
tnt_object_add_array(arg, 0);
struct tnt_request *reql = tnt_request_call(NULL); /# BH30B 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); /% OTIPABKA BAIIPOCA */
struct tnt_reply reply; tnt_reply_init(&reply);  /* IOJVYEHHE OTBETA */
tnt->read_reply(tnt, &reply);
if (reply.code != 0) {
printf("Call failed %lu.\n", reply.code);
exit(-1);
}
const unsigned char *p= (unsigned charx)reply.data;/# BHBOJ OTBETA */
while (p < (unsigned char *) reply.data_end)
{
printf("%x ", *p);
++p;
}
printf("\n");
tnt_close(tnt); /% BABEPIEHUE */
tnt_stream_free(tuple);
tnt_stream_free(tnt);

ITo 3aBepIlIeHnn IIporpaMMa BbIBeJeT Ha 3KpPpaH cjedylonue 3Ha4YeHUd:

dd 0 0 0590 91 a1l 61 91 c2 91 c3 91 7f

IlepBbie nate 6aiit — dd 0 0 0 5 — 310 pparmenT HaHHBIX B popmarte MsgPack, oznauarormit
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"32-GuTHBII 3aroJIOBOK MaccuBa co 3HadeHneM 5" (cMm. crerudurkanuo Ha dopmar MsgPack).
OcrasibHBbIE 3HAYEHUs ONUCAaHbI B Tabaumne Cmandapmhuwvie muns 6 MsgPack-xoduposxe.
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4.7

Bonpocbl u oTBeTbl

Bo-

ITouemy Tarantool? |br| Tarantool — 3To in-memory cepBep 6a3 JAaHHBIX MMOCJIEIHETO

IIPOC:IIOKOJIEHUH, Hpe,Z[HaBHa‘leHHbIﬁ AJId paGOTI)I (& BEG-HPI/IJ'IO}KBHI/IHMI/I. Pa3pa60TKa BeeTcd

|br| | ¢ yueTrom MHOroserHero onbiTa ucnojb3oBanusi Tarantool’a B crenax Mail.Ru. Ilepssrit
Ot- | peau3s cocrosisicst B 2008 rozy.

BET:

[br]

Bo- | ITouemy Lua? |br| Lua — 3T0 Jierkuii, GbICTPbIil U pacHIMpsieMbli sI3bIK, HO3BOJISIOIIMI

IIPOC:NCITIOJIB30BAaTh pa3/IMYHbIE IIapaaurMbl IIPpOrpaMMHUpPOBaHUA. Lua Tak>ke Jierko BCTpau-

|br| | Baercs B pazsmunbie npuioxkenuusi. Ko-pyrusnsl (coroutines) B Lua 6iim3ko cooTHOCsTCSE

Or- | ¢ ¢aitbepamu (fibers) B Tarantool’e, a Bcsa Lua-apxurekTypa IriiagKo JIOXKUTCS HA €ro

BeT:| BHYTPEHHIOIO peasm3anuio. Lua — 3To mepBbIii f3bIK, HA KOTOPOM MOXKHO IIHCATh Xpa-

|br| | HuMBIe mpoueaypsl qusa Tarantool’a. B GyaymieM CIMCOK MOAAEP>KMBAEMBIX S3bIKOB
JIAHUPYETCsl PACIINPUTH.

Bo- | B yem cocrout riiaBHoe npeumymiectso Tarantool’a? |br| Tarantool npegocrasisier Go-

npo¢:rarbiii Habop dyHkuuit o padore ¢ 6azamu manubix (HASH, TREE, RTREE, BitSet-

|br| | mHAEKCHI, BTOpUYHBIE MHIEKCHI, COCTABHbIE MHIAEKCHI, TPAH3aKIUU, TPUITEPbI, ACUH-
Or- | XpoHHasi penyiuKanms), U Bcé 310 — B rubkoil cpeme Lua-unrepnperaropa. |br| Dtu
BeT:| mBa obcrosTedabcTBa AesialoT Tarantool 6BICTPBIM U HAMAEXKHBIM iN-Memory cepBepoM
|br| | 6a3 maHHBIX C ATOMAPHBLIMU ONEPAIUSIMU U CJIOXKHOII JIOTMKOUW Ha CTOPOHE cepBepa.
IIpeumytectBom Tarantool’a mo cpaBHeHuio ¢ TpaauiimoHabiMu SQL CYB/I sBisiercs:
€ro BBICOKAasl MPOM3BOAUTEILHOCTh: HU3KNE HAKJIAHbIE PACXObI U 6€36/I0KNPOBOYHAST
apxurekTypa mo3BoJisitor Tarantool’y obpabarbiBaTh Ha MOPSAOK OOJIbIIE 3aIPOCOB B
CEeKYH/Iy Ha aHAJIOTU4YHOM oGopyaoBauuu. I[IpeumymiectBo ke nmepen apyrumu NoSQL
CVYB/I 3akao4daercss B Ooubineit rmokoctu Tarantool’a: si3pik Lua mo3Bosisier rmbOKo
oGpabaTbiBaTh JaHHbIE, XPAHAIIAECS B KOMIIAKTHOM, HEHOPMAaJIN30BaHHOM (pbopMare.
Bo- | KakoBbl Bamm miiasbl 10 pa3sutuo? |br| Mbl IOCTOSHHO yJIydYIlIaeM MNPOU3BOMTEb-

Ipo¢:HOCTH cepBepHoiil yacTtu. Harmnm rirasable nesan Ha 2016-2018 roa — 3To0 aBTOMaTHYIECKU

|br| | mapauHr U CMHXpOHHAsI PEeIINKalus, a Takxke yacrudnas noagepxkka SQL. ITnan pa-
Ort- | 60T HAXOAUTCS B OTKPBITOM JOCTYII€, X BCE YKEJIAIOIE MOTYT OCTABJSATH 3alPOCHI HA
BeT:| mobaBiieHUe (pYHKIIMOHAJIA.

[br|

Bo- | Kro paspabareiBaer Tarantool? |br| Bo-nepsbix, sTuM 3aHMMaeTcss KOMaHIAa pa3pa-

npo¢:6orku B Mail.Ru — cM. ucropuio kommuroB Ha github.com /tarantool. Besi paspaborka

|br| | Bemercst orkpbITbIM 06pazoM. Kpome TOro, ak TMBHYIO POJIb UI'PAIOT YJIEHBI COOOIIECTBA
Or- | pazpaborunkoB Tarantool’a. Ix cuiaMu GbLIIO CO3aaHO GOJILIIMHCTBO KOHHEKTOPOB U
BeT:| BeayTcsl JOpabOTKY II0J pasHble JUCTPUOYTUBBHI.

[br|

Bo- | Hackosnbko cepbesnsbl ianbl Mail.Ru B orHomenun Tarantool’a? |br| Tarantool — sro

OPOC:IIPOEKT C OTKPBITHIM KO/IOM, pacnpocTpaHsieMmblii o auinensueit BSD, mostomy ou me

|br| | 3aBucuT or BHemHux cnoHcopos. B To ke Bpemsi, Tarantool — 310 yacTh TexHoJIOrU4Ye-
Or- | ckoro "kocrsika"Mail.Ru, 1 1o3ToMy OH MOJIb3yeTCs CUJIBHOM MOAAEePXKKOI CO CTOPOHBI
Bet:| Mail.Ru.
[br|
Bo- | Bosuukator s ipobJjembl u3-3a Toro, uto Tarantool siBjsiercst in-memory perienuemMm?
npo¢: |br| OcuoBHOI aBMKOK 6a3 manubix B Tarantool’e paGoraer ¢ onepaTuBHOI MaMsThIO,
|br| | HO mpu 3TOM OH rapaHTHUpPyeT COXPAHHOCTb JAHHBIX Oiarogaps mexanusmy WAL (write
Or- | ahead log), T.e. )xypHany ynpexpaaroiueii 3anucu. Takxke B Tarantool’e ucnosb3yrorces
BET:| TEXHOJIOTUU CXKATUSI U PACHPE/IeJIEHNsI JIAHHBIX, KOTOPbIE MTO3BOJISIOT UCMOJIb30BaTh BCE
|br| | Bugpr namsaru nHanbosee apdexkruBHo. Ecsim Tarantool crankuBaercsi ¢ HEXBATKOM orie-
PATUBHOI MaMsATH, TO OH HPUOCTAHABJIMBAET IPUEM 3AIPOCOB HA U3MEHEHUE JTAHHBIX
J0 TeX MOop, I0Ka He IMOABUTCHA CBODO/HAsI IMaMsTh, HO IPH 3TOM C YCIIE€XOM IIPOJO0JI-
>KaeT o0paboTKy 3alpoCOB HAa YTEeHHE W yOaJieHWe JaHHbIX. A s Gosapmmmx 6as, rie
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y Tarantool’a ectb BTOpPOI1 JBU>KOK, YbH BO3MOXKHOCTU OrpPAaHHYEHbI JIMIIb PAa3MEPOM
>KeCTKOI'o JIicKa.
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rMABA D

CnpaBoYHUKM

5.1 CnpaBo4HuK no BCTpoeHHOW GBubnnorteke

This reference covers Tarantool’s built-in Lua modules.

IIpumeuanue: Some functions in these modules are analogs to functions from standard Lua
libraries. For better results, we recommend using functions from Tarantool’s built-in modules.

5.1.1 Module box

As well as executing Lua chunks or defining their own functions, you can exploit Tarantool’s
storage functionality with the box module and its submodules.

The contents of the box 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).

BnoxeHHbiii mogynb box.schema

The box.schema submodule has data-definition functions for spaces, users, roles, and function
tuples.

box.schema.space.create(space-name [, {options} ] )
Create a space.

ITapameTrpsbl
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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 = 'memtx’ or 'vinyl’ | string ‘memtx’

user user name string current user’s name
format field names-+types table (blank)

There are five syntax 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.

Example

tarantool> s = box.schema.space.create('spaceb5')

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

> 1)

- 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 bozx.space functions.

box.schema.user.create(user-name [, {options} ] )
Create a user. For explanation of how Tarantool maintains user data, see section Users
and the _user space.

ITapameTrpsbl

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
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IIpumepsbr:

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 _wuser space.

ITapameTrpsbr
e user-name (string) — the name of the user
e options (table) — if_exists

IIpumepsr:

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.

ITapameTpsl
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[, {options}])
box.schema.user.grant (user-name, priveleges, ’universe’[, nil, {options}])

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

ITapameTrpsbl

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.
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:
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box

box.

box.

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}))
.schema.user.revoke (user-name, privilege, object-type, object-name)

Revoke privileges from a user.
ITapamerpsbt

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

e privilege (string) — 'read’ or 'write’ or ’execute’ or a combination
® 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')

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

ITapameTrpsbl
e password (string) — password
Rtype string

Example:

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

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
box.schema.user.passwd(user-name, password).

ITapameTrpsbt
e user-name (string) — user-name
e password (string) — password

Example:

should

use
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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.

ITapameTrpsbl
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.

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

Example:

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

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

ITapameTrpsbr
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e user-name (string) — the name of the role

e privilege (string) — 'read’ or ’write’ or ’execute’ or a combination
® object-type (string) — ’space’ or ’function’

® 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.

ITapamerpsbt

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

e privilege (string) — 'read’ or 'write’ or ’execute’ or a combination
® object-type (string) — ’space’ or ’function’
® 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.

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

Example:

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

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

Example:

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

BnoxeHHbiii moagynb 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.

The functions and members of box.space
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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

bozx.space. schema

.(Metadata) List of schemas

box.space. space

.(Metadata) List of spaces

bozx.space. index

.(Metadata) List of indexes

box.space. wuser

.(Metadata) List of users

bozx.space. priv

.(Metadata) List of privileges

bozx.space. cluster

.(Metadata) List of clusters

bozx.space. func

.(Metadata) List of function tuples

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 CHASH’ or "'TREE’ or "BITSET”’ or | "TREE’
"'RTREE?’)
id unique number last
identifier index’s
id, +1
unique | index is | boolean true
unique
if not exists error if | boolean false
duplicate
name
parts field-numbers | {field no, ’unsigned’ or ’string’ or ’integer’ | {1,
+ types or '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: |br| The six index field types (unsigned | string
| integer | number | array | scalar) differ depending on what values are allowed,
and what index types are allowed. |br| 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. |br| string: any set of octets, up to the maximum length.
May also be called ’str’. Legal in memtx TREE or HASH or BITSET indexes,
and in vinyl TREE indexes. |br| integer: integers between -9223372036854775808
and 18446744073709551615. May also be called ’int’. Legal in memtx TREE or
HASH indexes, and in vinyl TREE indexes. |br| 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. |br| array: array of integers
between -9223372036854775808 and 9223372036854775807. Legal in memtx
RTREE indexes. |br| 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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Twun What can be in it Where is it | IIpu-
noJs legal MephbI:
JJtst
WHJIEK-
cupo-
BaHUS
unsigned integers between 0 and | memtx 123456
18446744073709551615 TREE or | |br|
HASH
indexes, |br|
vinyl TREE
indexes
string strings — any set of octets memtx A B
TREE or | C’ |br|
HASH \65
indexes |br| | \66
vinyl TREE | \67’
indexes
integer | integers between -9223372036854775808 | memtx -2763
and 18446744073709551615 TREE or | |br|
HASH
indexes, |br|
vinyl TREE
indexes
number | integers between -9223372036854775808 | memtx 1.234
and 18446744073709551615, single- | TREE or | |br|
precision floating point numbers, double- | HASH -44 |br|
precision floating point numbers indexes, |br| | 1.447e-+4
vinyl TREE
indexes
array array of integers between - | memtx {10,
9223372036854775808 and | RTREE 11} |br|
9223372036854775807 indexes {3, 5,
9, 10}
scalar booleans (true or false), integers | memtx true
between  -9223372036854775808 and | TREE or | |br|
18446744073709551615, single-precision | HASH -1 |br|
floating point numbers, double-precision | indexes, |br| | 1.234
floating point numbers, strings vinyl TREE | |br| 7
indexes |br| ”
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:
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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.

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 array of tuples
Possible errors: No such space; wrong type.
Complexity Factors: Index size, Index type.

Example:

tarantool> s = box.schema.space.create('tmp', {temporary=true})

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

tarantool> s:insert{1,'A'}

- [, Al

tarantool> s:insert{1,'B'}

- [1, 'B']

tarantool> s:insert{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 one primary-key field
tarantool> s:select{1}

- - [1, 'a']
- [1, 'B']
- [1, '¢']
tarantool> -- must equal 0 fields, so returns all tuples

tarantool> s:select{}

5.1. CnpaBo4HMK N0 BCTpOeHHOW Bubnuorteke 131



Tarantool, Beinyck 1.7.2

- - [1, 'A']
- [1, 'B']
- [1, '¢c']
- [2, 'D']

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

space_object: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:
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tarantool> box.space.spacebb:rename('space56')

tarantool> box.space.spaceb6:rename('spaceb5')

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().

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 unique secondary index.)

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

Example:

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

space_object:update(key, {{operator, field mno, 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)
e | for bitwise OR (values must be unsigned numeric)
~ for bitwise XOR (exclusive OR) (values must be unsigned numeric)
e : for string splice
e ! for insertion

e # for deletion

for assignment

5.1. CnpaBo4HMK N0 BCTpOeHHOW Bubnuorteke 133



Tarantool, Beinyck 1.7.2

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:

s:update(44, {{'+', 1, 55 }, {'=', 3, 'x'}})

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

Example:

Assume that initially there is a space named tester with a primary-key index whose
type is unsigned. There is one tuple, with field[1] = 999 and field[2] = 'A'.

In the update: |br| box.space.tester:update(999, {{'=', 2, 'B'}}) |br| 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: |br| box.space.tester:update({999}, {{'=', 2, 'B'}}) |br| 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: |br| box.space.tester:update ({999}, {{'=', 3, 1}}) |br| 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: |br| box.space.tester:update ({999}, {{'+', 3, 1}}) |br| 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: |br| box.space.tester:update({999}, {{'I|', 3, 1}, {'=', 2, 'C'}})
|br| 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
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field[2] gets assigned 'C'. Therefore, after this update, field[1] = 999, field[2]
— 'C', field[3] = 3.

In the update: |br| box.space.tester:update ({999}, {{'#', 2, 1}, {'-', 2, 3}}) |br|
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: |br| box.space.tester:update({999}, {{'=', 2, 'XYZ'}}) |br| 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: |br| box.space.tester:update({999}, {{':', 2, 2, 1, '"11'}}) |br| 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 value, {{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, 'p'}})

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
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Complexity Factors: Index size, Index type
Note re storage engine: vinyl will return nil, rather than the deleted tuple.

Example:

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

- [1, 'My first tuple'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 boz.index with
methods to search tuples and iterate over them in predefined order.
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Parameters: space_object = an object reference.
Rtype table

Example:

tarantool> #box.space.tester.index

-1

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

- TREE

space_object:count( [key ] [, iterator ] )
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:1len()
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

IIpumeuanue: 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:
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tarantool> box.space.tester:truncate()

tarantool> box.space.tester:len()

-0

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{'F1ld#1', 'F1d#2'}

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

tarantool> box.space.tester:auto_increment{'F1d#3'}

- [2, 'Fla#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 'l
- [1, 'Lua world']
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tarantool> tmp = ''

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

tarantool> tmp

- Hello my Lua world

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

Example:

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

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-bb22-6c47ce0cfIc6 '
- 'max_id 520 '
- 'version 1 7 0 '

box.space._space
_space is a system tuple set. Its tuples contain these fields: id, owner (= id of user who
owns the space), name, engine, field_count, flags (e.g. 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
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i=1
line = "'
while i <= #v do
if type(v[i]) ~= 'table' then
line = line .. v[i] .. ' !
end
i=1i+1
end
table.insert(ta, line)
end
return ta
end

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

tarantool> example ()
- - '272 1 _schema memtx 0 '
- '280 1 _space memtx O '
- '281 1 _vspace sysview 0 '
- '288 1 _index memtx O '
- '296 1 _func memtx O '
- '304 1 _user memtx 0 '

- '305 1 _vuser sysview O '
- '312 1 _priv memtx O '

- '313 1 _vpriv sysview O '
- '320 _cluster memtx 0 '

- '513 1 origin vinyl 0 '

1
1

- '5612 1 tester memtx 0 '
1

- '5614 1 archive memtx 0 '

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', {
> id = 12345,

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

- index: []

on_replace: 'function: 0x41c67338'
temporary: false
id: 12345
engine: memtx
enabled: false
name: TM
field_count: O
- created

tarantool> box.space._space:select(12345)
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- - [12345, 1, 'TM', 'memtx', O, {}, [{'name': 'field_1'}, {'type': 'unsigned'}]]

box.space._index

_index is a system tuple set. Its tuples contain these fields: id (= id of space), iid
(= index number within space), name, type, opts (e.g. unique option), [tuple-field-no,
tuple-field-type ...].

The following function will display all fields in all tuples of _index: (notice that the

fifth field gets 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
for k, v in box.space._index:pairs() do
i=1
line = "'
while v[i] “= nil do
if i < 5 then
value = v[i]

end
if i == 5 then
if v[i].unique == true then
value = 'true'
end
end
if i > 5 then
value = v[iJ[11[1] .. ' ' .. v[i][1][2]
end
line = line .. value v
i=1i+1
end
table.insert(ta, line)
end
return ta

end

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 O 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 0 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 '
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- '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 '
- '313 1 owner tree tree O num '

- '313 2 object tree tree 2 str '
- '320 0 primary tree true O num '
- '320 1 uuid tree true 1 str '

- '512 0 primary tree true O num '
- '513 0 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.

box.space._func
_func is a system tuple set with function tuples made by box.schema.func.create.

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 = ' .. vi[1]
break
end
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end
table.insert(ta, line)
end
return ta
end

And here is what happens when one invokes the function:

tarantool> example()
- - _schema tuple_count =1 or more. first field in first tuple = cluster
- _space tuple_count =1 or more. first field in first tuple = 272
- _vspace tuple_count =1 or more. first field in first tuple = 272
- _index tuple_count =1 or more. first field in first tuple = 272
- _vindex tuple_count =1 or more. first field in first tuple = 272
- _func tuple_count =1 or more. first field in first tuple =1
- _vfunc tuple_count =1 or more. first field in first tuple = 1
- _user tuple_count =1 or more. first field in first tuple = O
- _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: |br|
box.space. space:select{288} |br| or |br| box.space. space:select{box.schema.SPACE ID}
|br|

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:
|br| box.space. space.index.name:select{’ space’}

However, the retrieved tuple is not easy to read: |br| tarantool >
box.space. space.index.name:select{’ space’} |br| — |br| - - [280, 1, ’ space’, 'memtx’,
0, ”, [{’name’: ’id’, |br| ’type’: 'num’}, {’name’: ’owner’,’type’: 'num’}, |br| {’name’:
‘name’,’type’: ’str’}, {°name’: ’engine’, |br| type’: ’str’},{’name’: ’field count’, ’type’:
‘num’}, |br| {’name’: ’flags’,’type’: ’str’}, {’name’: ’format’, |br| type’: **’}]] |br|

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: |br| local tuple of space, field name,
field type |br| tuple of space = box.space. space.index.name:select{’ space’}[1] |br| for i
= 1, #tuple_of space[7], 1 |br| do |br| field name = tuple of space[7][i][’'name’] |br|
field type = tuple of space[7][i][’type’] |br| print(field name .., ..field type) |br| end

And here is what happens when one executes the for loop: |br| id,num |br| owner,num |br|
name,str |br| engine,str |br| field count,num |br| flags,str |br| format,*
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BnoxeHHbin 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.

Rtype boolean

index_object.type

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

e indez_object = an object reference.

index_object.parts

An array describing index key fields.
Parameters:

e indez_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
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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;
® 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
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

IIpumeuanue: Formally the logic for TREE index searches is: |br| 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.
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Type Argumdnéscription
box.index|B@arch The comparison operator is ==’ (equal to). If an index key
or 'EQ’ value| is equal to a search value, it matches. Tuples are returned in

ascending order by index key. This is the default.

box.index

REQch Matching is the same as for box.index.EQ. Tuples are returned

or value| in descending order by index key.

’REQ’

box.index|@darch The comparison operator is ’>’ (greater than). If an index key
or 'GT’ value| is greater than a search value, it matches. Tuples are returned

in ascending order by index key.

box.index
or 'GE’

Gé&arch The comparison operator is ’>=" (greater than or equal to). If an
value| index key is greater than or equal to a search value, it matches.
Tuples are returned in ascending order by index key.

box.index

Aédrch Same as box.index.GE.

or ALL’ | value
box.index|IsBarch The comparison operator is <’ (less than). If an index key
or ‘LT value| is less than a search value, it matches. Tuples are returned in

descending order by index key.

box.index
or 'LE’

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

Type Arguni2essription

box.indeng ML index keys match. Tuples are returned in ascending order by hash

of index key, which will appear to be random.

box.imdax:
or valu

’EQ?

Fillhe comparison operator is ’==" (equal to). If an index key is equal to
ea search value, it matches. The number of returned tuples will be 0 or
1. This is the default.

box.imdax:
or valu
'GT

ofi’he comparison operator is ’>’ (greater than). If a hash of an index

ekey is greater than a hash of a search value, it matches. Tuples are
returned in ascending order 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
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Type Argumeilsscription

box.index.ALL | none | All index keys match. Tuples are returned in their order

or ALL’ within the space.

box.index.EQ bitset| If an index key is equal to a bitset value, it matches. Tuples

or '"EQ’ value | are returned in their order within the space. This is the
default.

box.index.BITS| Bifsbt |SE3ll of the bits which are 1 in the bitset value are 1 in the

value | index key, it matches. Tuples are returned in their order

within the space.

box.index.BITS| BiN&f | Bdhy of the bits which are 1 in the bitset value are 1
value | in the index key, it matches. Tuples are returned in their

order within the space.

box.index.BITS| Bifsbt NI o$EHe bits which are 1 in the bitset value are 0 in the

value | index key, it matches. Tuples are returned in their order

within the space.

Iterator types for RTREE indexes

Type Argunidegsription

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

box.index/FfQarcHf all points of the rectangle-or-box defined by the search value
or '"EQ’ valueare the 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/GdarcHf all points of the rectangle-or-box defined by the search value are
or 'GT’ value within the rectangle-or-box defined by the index key, it matches.
Tuples are returned in their order within the space.
box.index/GEarcHf all points of the rectangle-or-box defined by the search value
or 'GE’ value are within, 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.I8arcHf all points of the rectangle-or-box defined by the index key are
or 'LT” value within the rectangle-or-box defined by the search key, it matches.

Tuples are returned in their order within the space.
box.index..IdearcHf all points of the rectangle-or-box defined by the index key

or 'LE’ value are within, or 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 | G¥drBIfAddthe points of the rectangle-or-box defined by the search

or valuesralue are within the rectangle-or-box defined by the index key, it

’OVERLAPS’ | matches. Tuples are returned in their order within the space.
box.index.NEdfeHIBfORe points of the rectangle-or-box defined by the defined by
or value the key are within, or at the side of, defined by the index key, it
'NEIGHBOR’ | matches. Tuples are returned in order: nearest neighbor first.

First Example of index pairs():

Default "TREE’ Index and pairs() function:

tarantool> s = box.schema.space.create('spacel7")
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tarantool> s:create_index('primary', {
> parts = {1, 'string', 2, 'string'}

> 1
tarantool> s:insert{'C', 'C'}
_ [ICI, 'C']
tarantool> s:insert{'B', 'A'}
_ [IBI’ lAl]
tarantool> s:insert{'C', '!'}
_ [lCl’ l!l]
tarantool> s:insert{'A', 'C'}
_ [IAV’ |Cv]

tarantool> function example()
> for _, tuple in

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

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

> end

> end

tarantool> example()

[IAI, 'C']
['B', 'A']
(e, "1l
[ICI’ 'C']

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():
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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 boz.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 indez_object = an object reference;
e search-key = values to be matched against the index key;
e option(s) any or all of
— iterator = zterator-type,
— limit = mazimum-number-of-tuples,

— offset = start-tuple-number.

Return the tuple or tuples that match the field values.
Rtype array of tuples

Example:

-- Create a space named tester.
tarantool> sp = box.schema.space.create('tester')
-- Create a unique index 'primary'
-- which won't be needed for this example.
tarantool> sp:create_index('primary', {parts = {1, 'unsigned' }})
-- Create a non-unique index 'secondary'
-- with an index on the second field.
tarantool> sp:create_index('secondary', {

> type = 'tree',

> unique = false,

> parts = {2, 'string'}

> 1
-- Insert three tuples, values in field[2]
-- equal to 'X', 'Y', and 'Z'.
tarantool> sp:insert{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'}, {
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> iterator = 'GT',
> limit = 1000
> 1)

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

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

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.

ITpumeuanme: 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 example above, box.space.tester:select{} will select every tuple
in the tester space via the first (primary-key) index.

ITpumeuanne: box.space. space-name .index. indez-name :select(...)[1] . can be
replaced by box.space.space-name .index. indez-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'

> 1
tarantool> s:create_index('bitset_index', {

> parts = {2, 'unsigned'},

> unique = false,

>  type = 'BITSET'

>}
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}
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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

>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_NOT_SET
>3

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

index_object:get (key)
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 index_object = an object reference;
® 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
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Possible errors: index is not of type "TREE’.
Complexity Factors: Index size, Index type.

Example:

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

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

index_object :max( [k:ey-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:

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 index_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!']

152 Fnasa 5. CnpaBo4Huku



Tarantool, Bbinyck 1.7.2

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

Parameters:
e index_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 box.space...update(), but key is searched in this index instead of primary
key. 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;
e operator, field_mo, walue (type = Lua table) = wupdate 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.
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index_object:alter ({options})
Alter an index.

Parameters:
e indez_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 indez_object = an object reference.
Return nil.

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 (index-name)
Rename an index.

Parameters:
e index_object = an object reference;

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

Possible errors: index object does not exist.

Example:

tarantool> box.space.spaceb5.index.primary:rename('secondary')

Complexity Factors: Index size, Index type, Number of tuples accessed.
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index_object:bsize()
Return the total number of bytes taken by the index.

Parameters:

e indez_object = an object reference.

Return number of bytes

Rtype number

Example showing use of the box functions

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

select a tuple whose key value is 1000;

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

Return the formatted value.

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{1000}
if table_of_selected_tuples "= nil then
if table_of_selected_tuples[1] “= nil then
if #table_of_selected_tuples[1] == 3 then
box.error({code=1, reason='This tuple already has 3 fields'})
end
end
end
replaced_tuple = box.space.tester:replace
{1000, require('uuid').str(), tostring(fiber.time())}
time_field = tonumber(replaced_tuple[3])
formatted_time_field = os.date("%Y-%m-%d %H:%M:%S", time_field)
c = time_field % 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:
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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 Iterators and Closures. It does paginated retrievals, that is, it
returns 10 tuples at a time from a table named "t whose primary key was defined with
create index(’primary’,{parts={1,’string’}}).

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"
return page
end

end

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

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

print("New Page. Number Of Tuples = " .. #page)
for i=1,#page,1 do print(page[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
bores (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
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horizontal points and 11 vertical points:

X AXIS
i 2 3 4 5 6 7 8 9 10 11
1
R + <-Rectangle#1
Y AXIS 3 | I
4 Ao #
5 2 + <-Rectangle#2
6 I I
7 | P —— / <-Rectangle#3
8 [ |
9 | +---# /
10 R e e L L T #
11 # <-Rectangle#/

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

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

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

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

>  type = 'HASH',

> parts = {1, 'unsigned'}

> 1)
tarantool> r = s:create_index('rtree', {

> type = 'RTREE',

> unique = false,

> parts = {2, 'ARRAY'}

>3

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

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

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

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

- - [2, [10, 11]]

tarantool> r:select({4, 7, 5, 9}, {iterator = 'GT'})
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- - [1, [3, 5, 9, 10]1]

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

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

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'l}})
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})

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
tarantool> i

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

>  type = 'RTREE',

> unique = false,

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

The additional 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.
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BnoxeHHbii 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
sesston 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.

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
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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.

BnoxenHbiii 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.

ITapameTrpsbt

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('1l'),
> tonumber64('2')
> }:totable()

tarantool> t = box.tuple.new{'abc', 'def', 'ghi', 'abc'}

tarantool> t

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

object tuple_object

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

Rtype number
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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.

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

tarantool> t[2]

- Fld#2

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

tuple_object:findall( [ﬁeld-numbe’r ] , 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 ...
1) will return numbers of all fields in t that match the search value. Optionally one
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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')

-1
-4

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.

ITapameTrpst
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

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', 'F1ld#2', 'F1d#3', 'Fld#4', 'Fld#5'}

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

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

tuple_object :unpack( [start-ﬁeld-number [, end-field-number ] ] )
If t is a tuple instance, t:unpack() will return all fields, t:unpack(1) will return all
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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', 'F1ld#2', 'F1d#3', 'Fld#4', 'Fld#5'}

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

tuple_object:pairs()
In Lua, 1lua-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', 'F1ld#2', 'F1d#3', 'Fld#4', 'Fld#5'}

tarantool> tmp = ''

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

tarantool> tmp

- F1ld#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, wvalue}...), 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
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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', 'Fld#5'}

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

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

Mpumep

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

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

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

tarantool> example()
- tuple2 =

- [Ial, Icl]

- ' # of bytes = '
-5

164 Fnasa 5. CnpaBo4Huku




Tarantool, Bbinyck 1.7.2

5.1.2 Module 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 number64

Example:

-- This will print an approzimate number of years since 1970.
clock = require('clock')
print(clock.time() / (365%24%60%60))

See also fiber.time64 and the standard Lua function os.clock.

clock.monotonic ()

clock.monotonic64()
The monotonic time. Derived from C function clock gettime(CLOCK MONOTONIC).
Monotonic 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()
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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[, Sfunction 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;
® function parameters = whatever values are required by the function.
Return table. first element = seconds of CPU time; second element — whatever
the function returns.

Rtype table

Example:

-- Benchmark a function which sleeps 10 seconds.
-- NB: bench() will not calculate sleep time.
-- So the returned wvalue will be {a number less than 10, 88}.
clock = require('clock')
fiber = require('fiber')
function f(param)
fiber.sleep(param)
return 88
end
clock.bench(f,10)

5.1.3 Module 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 (urt)
Connect to the server at URI, change the prompt from ’tarantool>’ to ’ur<>’, 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.
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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').

ITapameTrpsbr
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

console.listen(ur:)
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.

ITapameTrpsbl
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: O
port: /tmp/X.sock
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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 4nttialization 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.

5.1.4 Module 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 Module digest module. The functions in crypto are:

crypto.cipher.{aes128|aes192|aes256|des}.{cbc|cfblecb|ofb}.encrypt (string, key,
initialization_ vector)
crypto.cipher.{aes128|aes192|aes256|des}.{cbclcfblecb|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 aes128 - aes-128 (with 192-bit binary strings using AES)

e aesl192 - 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|dssl|md4|md5|mdc2|ripemd160} (string)
crypto.digest.{shalshal|sha224|sha256|sha384|sha512} (string)
Pass or return a digest derived from the string. The twelve choices of algorithms:
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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.sha512('string')

Incremental methods in the crypto module

Suppose that a digest is done for a string ’A’, then a new part B’ is appended to the string,
then a new digest is required. The new digest could be recomputed for the whole string ’AB’,
but it is faster to take what was computed before for A’ and apply changes based on the new
part B’. This is called multi-step or "incremental"digesting, which Tarantool supports for all
crypto functions..

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()
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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')

5.1.5 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,

e Commas designate end-of-field,

e Line feeds, or line feeds plus carriage returns, designate end-of-record,

Leading or trailing spaces are ignored,

Quote marks may enclose fields or parts of fields,

e 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-IO efficiency),
default = 4096

skip_head_lines = number — number of lines to skip at the start (usually for a header),
default 0

csv.load(readable [, {options} ] )
Get CSV-formatted input from readable and return a table as output. Usually readable
is either a string or a file opened for reading. Usually options is not specified.

ITapameTrpsbt

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
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csv

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

_ 'b,C '

- d

Readable string contains 2-byte character = Cyrillic Letter Palochka: (This displays a
palochka if and only if character set = UTF-8.)

tarantool> csv.load('a\\211\\128b')

- - - a\211\128b

Semicolon instead of comma for the delimiter:

tarantool> csv.load('a,b;c,d', {delimiter = ';'})

- - -a,b
- c,d

Readable file ./file.csv contains two CSV records. Explanation of fio is in section fio.
Source CSYV file and example respectively:

tarantool> -- input in file.csv is:
tarantool> -- a,'b,c ",d
tarantool> -- al|l\21111128b
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

.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().
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CsvVv.

ITapameTrpsbl

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)

iterate (input, {options})
Form a Lua iterator function for going through CSV records one field at a time. Use of an
iterator is strongly recommended if the amount of data is large (ten or more megabytes).

ITapameTrpsbr

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 = {}
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> for i, tup in csv.iterate(readable, opts) do
> result[i] = tup

> end

>  return result

> end

tarantool> load('a,b,c')

---a
- b
-c

5.1.6 Module 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.aes256cbc.encrypt (string, key, iv)
digest.aes256cbc.decrypt (string, key, iv)
Returns 256-bit binary string = digest made with AES.

digest.md4 (string)
Returns 128-bit binary string — digest made with MD4.

digest.md4_hex (string)
Returns 32-byte string = hexadecimal of a digest calculated with md4.

digest.md5 (string)
Returns 128-bit binary string — digest made with MD5.

digest.md5_hex (string)
Returns 32-byte string = hexadecimal of a digest calculated with md5.

digest.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.
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digest.sha256_hex (string)
Returns 64-byte string = hexadecimal of a digest calculated with sha256.

digest.sha384 (string)
Returns 384-bit binary string — digest made with SHA-2.

digest.sha384_hex(string)
Returns 96-byte string = hexadecimal of a digest calculated with sha384.

digest.shab12(string)
Returns 512-bit binary tring — digest made with SHA-2.

digest.shab12_hex(string)
Returns 128-byte string = hexadecimal of a digest calculated with sha512.

digest.base64_encode (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 crc32 and crc32 update functions use the CRC-32C (Castagnoli) polynomial value:
0x1EDC6F41 / 4812730177. If it is necessary to be compatible with other checksum functions
in other programming languages, ensure that the other functions use the same polynomial
value.

For example, in Python, install the crcmod package and say:

>>> import crcmod

>>> fun = crcmod.mkCrcFun('4812730177"')
>>> fun('string')

3304160206L

In Perl, install the Digest: :CRC module and run the following code:

use Digest::CRC;

$d = Digest::CRC->new(width => 32, poly => Ox1EDC6F41, init => OxFFFFFFFF, refin => 1, refouty
w=>1);

$d->add('string');

print $d->digest;

(the expected output is 3304160206).

digest.crc32.new()
Initiates incremental crc32. 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,
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tarantool> digest.guava(10863919174838991, 11)

-8

digest .murmur (string)
Returns 32-bit binary string = digest made with MurmurHash.

digest.murmur.new( [seed ])
Initiates incremental MurmurHash. See incremental methods notes.

Incremental methods in the digest module

Suppose that a digest is done for a string ’A’, then a new part B’ is appended to the string,
then a new digest is required. The new digest could be recomputed for the whole string *AB’,
but it is faster to take what was computed before for A’ and apply changes based on the new
part ’B’. This is called multi-step or "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())

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
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> 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'

5.1.7 Submodule 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 [, code=number ] )
When called with a Lua-table argument, the code and reason have any user-desired values.
The result will be those values.

ITapamerpsbt
e code (integer) —
e reason (string) —

box.error ()
When called without arguments, box.error() re-throws whatever the last error was.

box.error (code, errtemt[, errtext ])
Emulate a request error, with text based on one of the pre-defined Tarantool errors
defined in the file errcode.h in the source tree. Lua constants which correspond to those
Tarantool errors are defined as members of box.error, for example box.error.NO_SUCH_USER
== 4b.

ITapameTrpsbt
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 'Y%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:
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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'

box.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

box.error.clear ()
Clears the record of errors, so functions like bozx.error() or boz.error.last() will have no
effect.

Example:

tarantool> box.error{code = 555, reason = 'Arbitrary message'}

- error: Arbitrary message

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

- error: Invalid identifier '#' (expected letters, digits or an underscore)

tarantool> box.error.last()

- line: 278
code: 70
type: ClientError
message: Invalid identifier '#' (expected letters, digits or an underscore)
file: /tmp/buildd/tarantool-1.7.0.252.g1654e31 precise/src/box/key_def.cc

tarantool> box.error.clear()

tarantool> box.error.last()

- null

5.1.8 Module 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
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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:

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:
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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.

ITapameTrpsbr
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).

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

5.1. CnpaBo4HMK N0 BCTpOeHHOW Bubnuorteke 179




Tarantool, Beinyck 1.7.2

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: 0O
name: interactive

fiber.kill(zd)
Locate a fiber by its numeric id and cancel it. In other words, fiber.kill() combines
fiber.find() and fiber object:cancel().

ITapameTrpsbr
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.

Example:

tarantool> fiber.testcancel()

- error: fiber is cancelled

object fiber_object

fiber_object:id()
ITapameTrpbi
e self — fiber object, for example the fiber object returned by fiber.create
Return id of the fiber.
Rtype number

Example:
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tarantool> fiber_object = fiber.self ()

tarantool> fiber_object:id()

- 101

fiber_object:name ()
ITapameTrpsbt
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.

ITapameTrpsbt
e self — fiber object, for example the fiber object returned by fiber.create
e name (string) — the new name of the fiber.

Return nil

Example:

tarantool> fiber.self() :name('non-interactive')

fiber_object:status()
Return the status of the specified fiber.

ITapameTrpsbl

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
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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.

ITapameTrpsbl
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 .storagel'name']. or with a number fiber_object .storage[number].
Values may be either numbers or strings. The storage is garbage-collected when
fiber_object :cancel() happens.

Example:

tarantool> fiber = require('fiber')

tarantool> function f () fiber.sleep(1000); end

tarantool> fiber_function = fiber:create(f)

- error: '[string "fiber_function = fiber:create(f)"]:1: fiber.create(function, ...):
bad arguments'

tarantool> fiber_function = fiber.create(f)

tarantool> fiber_function.storage.strl = 'string'

tarantool> fiber_function.storage['stril']

- string

tarantool> fiber_function:cancel()

tarantool> fiber_function.storage['strl']

- error: '[string "return fiber_function.storage[''strl'']J"]:1: the fiber is dead'

See also box.session.storage.

fiber.time()
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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

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().

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.
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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

5.1.9 Submodule 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 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.

ITapameTrpsbl

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.

ITapameTrpsbl
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e message (lua_object) — string
e timeout — number

Return If timeout is provided, and there is no free slot in the channel 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 — number

Return the message placed on the channel by channel:put(). If timeout is
provided, and there is no message in the channel for the duration of the
timeout, channel:get () returns nil.

Rtype string

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).
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
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channel_object:is_closed()
Return true if the specified channel is already closed. Otherwise false.

Rtype boolean

Example

This example should give a rough idea of what some functions for fibers should look like. It’s
assumed that the functions would be referenced in fiber.create().

fiber = require('fiber')
channel = fiber.channel(10)
function consumer_fiber ()
while true do
local task = channel:get()

end
end

function consumer2_fiber ()
while true do
-- 10 seconds
local task = channel:get(10)
if task "= nil then

else
-- timeout
end
end
end

function producer_fiber()
while true do
task = box.space...:select{...}

if channel:is_empty() then
-- channel s empty
end

if channel:is_full() then
-- channel is full
end

if channel:has_readers() then

-- there are some fibers

-- that are watiting for data
end

if channel:has_writers() then
-- there are some fibers
-- that are waiting for readers
end
channel:put (task)
end
end
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function producer2_fiber ()
while true do
task = box.space...select{...}
-- 10 seconds
if channel:put(task, 10) then

else
-- timeout
end
end
end

5.1.10 Submodule fiber-cond

The fiber-cond submodule has a synchronization mechanism for fibers, similar to "Condition
Variables"and similar to operating-system functions such as pthread cond wait() plus
pthread cond signal().

Call fiber.cond() to create a named condition variable, which will be called cond for examples
in this section. Call cond:wait() to make a fiber wait for a signal via a condition variable. Call
cond:signal() to send a signal to wake up a single fiber that has executed cond:wait(). Call
cond:broadcast() to send a signal to all fibers that have executed cond:wait().

fiber.cond ()
Create a new condition variable.

Return new condition variable.
Rtype Lua object

object cond_object

cond_object:wait( [timeout ] )
Make the current fiber go to sleep, waiting until until another fiber invokes the
signal() or broadcast() method on the cond object. The sleep causes an implicit

fiber.yield().
ITapameTrpsl

e timeout — number of seconds to wait, default = forever.

Return If timeout is provided, and a signal doesn’t happen for the duration of
the timeout, wait () returns false. If a signal or broadcast happens, wait ()
returns true.

Rtype boolean

cond_object:signal ()
Wake up a single fiber that has executed wait() for the same variable.

Rtype nil

cond_object:broadcast ()
Wake up all fibers that have executed wait () for the same variable.

Rtype nil
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Example

Assume that a tarantool server is running and listening for connections on localhost port 3301.
Assume that guest users have privileges to connect. We will use the tarantoolctl utility to start
two clients.

On terminal #1, say

tarantoolctl connect '3301'
fiber = require('fiber"')
cond = fiber.cond()
cond:wait ()

The job will hang because cond:wait() — without an optional timeout argument — will go to
sleep until the condition variable changes.

On terminal #2, say

tarantoolctl connect '3301'
cond:signal()

Now look again at terminal #1. It will show that the waiting stopped, and the cond:wait()
function returned true.

This example depended on the use of a global conditional variable with the arbitrary name
cond. In real life, programmers would make sure to use different conditional variable names
for different applications.

5.1.11 Module fio

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.

Common pathname manipulations

fio.pathjoin(partial-string [, partial-string ... ] )
Concatenate partial string, separated by ’/’ to form a path name.

ITapameTrpsbt

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.basename (path-name [, suffix ] )
Given a full path name, remove all but the final part (the file name). Also remove the
suffix, if it is passed.
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ITapameTrpsbl
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/'

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".

ITapameTrpsl

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.
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Return fields which describe the file’s block size, creation time, size, and other
attributes.

Rtype table

Example:

tarantool> fio.lstat('/etc')

- inode: 1048577
rdev: O
size: 12288
atime: 1421340698
mode: 16877
mtime: 1424615337
nlink: 160
uid: O
blksize: 4096
gid: 0O
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".

ITapamerpsbl
e path-name (string) — path of directory.

e mode (number) — Mode bits can be passed as a number or as string
constants, for example S IWUSR". Mode bits can be combined by
enclosing them in braces.

Return 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".

ITapameTrpsbt
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:
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tarantool> fio.glob('/etc/x*')
- - /etc/xdg

- /etc/xml

- /etc/xul-ext

fio.tempdir()
Return the name of a directory that can be used to store temporary files.

Example:

tarantool> fio.tempdir()

- /tmp/1G31e7

fio.cwd()
Return the name of the current working directory.

Example:

tarantool> fio.cwd()

- /home/username/tarantool_sandbox

fio.link(src, dst)

fio.symlink(sre, dst)

fio.readlink(src)

fio.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

fio.rename (path-name, new-path-name)
Rename a file or directory. For details type "man 2 rename".

ITapameTrpsbr

e path-name (string) — original name.

5.1. CnpaBo4HMK N0 BCTpOeHHOW Bubnuorteke 191



Tarantool, Beinyck 1.7.2

e new-path-name (string) — new name.
Return true if success, false if failure.
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".

ITapameTrpsbl
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) —

® 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
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Example:

tarantool> fio.sync()

- true

fio.open(path-name[, ﬂags[, mode”)
Open a file in preparation for reading or writing or seeking.

ITapameTrpsbl
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 ”S IWUSR". Mode bits are significant if flags
include O  CREATE 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".

ITapameTrpsbi

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)
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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".

ITapameTrpst
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
e 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)

-
elete from t8//
insert in

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".

Ilpumeuanme: 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.

ITapameTrpsl
e fth (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.
ITapameTrpsbt

e fh (userdata) — file-handle as returned by fio.open().
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Return true if success, false if failure.
Rtype boolean

Example:

tarantool> fh:truncate(0)

- true

file-handle:seek(position [, offset-from ] )
Shift position in the file to the specified position. For details type "man 2 seek".

ITapameTrpbi
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".

ITapameTrpsbt

e fth (userdata) — file-handle as returned by fio.open().
Return details about the file.
Rtype table

Example:

tarantool> fh:stat()
- inode: 729866
rdev: O
size: 100
atime: 140942855
mode: 33261
mtime: 1409430660
nlink: 1
uid: 1000
blksize: 4096
gid: 1000
ctime: 1409430660
dev: 2049

5.1.

CnpaBo4HMK NO BCTPOEHHOI bubnunorteke 195



Tarantool, Beinyck 1.7.2

blocks: 8

file-handle:fsync()

file-handle:fdatasync()
Ensure that file changes are written to disk, for an open file. Compare fio.sync,
which is for all files. For details type "man 2 fsync"or "man 2 fdatasync".

ITapameTrpsbt
e fh (userdata) — file-handle as returned by fio.open().
Return true if success, false if failure.

Example:

tarantool> fh:fsync()

- true

5.1.12 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

W N =

5.1.13 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.

196 Fnasa 5. CnpaBo4Huku



http://rtsisyk.github.io/luafun
http://www.kyne.com.au/~mark/software/lua-cjson.php
http://www.kyne.com.au/~mark/software/lua-cjson.php
http://www.kyne.com.au/~mark/software/lua-cjson-manual.html

Tarantool, Bbinyck 1.7.2

ITapameTrpsbl

e lua_value — either a scalar value or a Lua table value.
Return the original value reformatted as a JSON string.
Rtype string

Example:

tarantool> json=require('json')

tarantool> json.encode(123)

- '123'

tarantool> json.encode({123})

- '[123]"

tarantool> json.encode({123, 234, 345})

- '[123,234,345]"

tarantool> json.encode({abc = 234, cde = 345})

- '{"cde":345,"abc":234}"'

tarantool> json.encode({hello = {'world'}})

- '{"hello":["world"]}'

json.decode (string)
Convert a JSON string to a Lua object.

ITapameTrpsbl

e string (string) — a string formatted as JSON.
Return the original contents formatted as a Lua table.
Rtype table

Example:

tarantool> json = require('json')

tarantool> json.decode('123')

- 123

tarantool> json.decode('[123, "hello"]')

- [123, 'hello']

tarantool> json.decode('{"hello": "world"}').hello

- world
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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"]'
tarantool> json.encode(setmetatable({'A', 'B'}, { __serialize="map"}))

_ |{||1|| : "A”,"2" : IIBII}I

tarantool> json.encode({setmetatable({f1 'A', £2 = 'B'}, { __serialize="map"})})

_ |[{uf2n:nBu "fl":"A"}]'

tarantool> json.encode({setmetatable({f1 'A', £2 = 'B'}, { __serialize="seq"})})

- a1

Configuration settings
There are configuration settings which affect the way that Tarantool encodes invalid numbers
or types. They are all boolean true/false values

e cfg.encode_invalid_numbers - 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)
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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

5.1.14 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.

ITapameTrpsbr

e message (string) — The actual output will be a line containing the
current timestamp, a module name, ’E’ or "W’ or I’ 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('.
kAL kst z,y) will work if x is a number and y is a string.

Return nil
log.logger_pid()

log.rotate()

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)
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tarantool> os.exit ()
$ less tarantool.txt

[6257] main/101/interactive C> version 1.7.0-355-gadf762d
[6257] main/101/interactive C> log level 3

[5261] main/101/spawner C> initialized

[6257] 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.

5.1.15 Module 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.

ITapameTrpsbr
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.

Example

tarantool> msgpack = require('msgpack')

tarantool> y = msgpack.encode({'a',1,'b',2})

tarantool> z = msgpack.decode(y)

éé;antool> z[1], z[2], z[3], =z[4]
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|
N T -

tarantool> box.space.tester:insert{20, msgpack.NULL, 20}

- [20, null, 20]

The MsgPack output structure can be specified with __serialize:
e __serialize = "seq"or "sequence" for an array
® __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"
19D
m2 = msgpack.encode(setmetatable({'A', 'B'}, {
__serialize = "map"
19D
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:

fixmap(2), key(1), fixstr(1l), "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
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{} ’fixmap’ if metatable is 'map’ = 80 otherwise ’fixarray’ = 90

’a’ fixstr’ = al 61

false ’false’ = c2

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 f8 00 00 00 00 00 00

Also, some MsgPack configuration settings for encoding can be changed, in the same way that
they can be changed for JSON.

5.1.16 Module 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 the implicit rules any request can yield, and
database state may have changed by the time it regains control.

ITapameTrpsnt
e URI (string) — the URI of the target for the connection

e options — a possible option is wait connect
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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( [tz’meout ] )
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.

Example:

conn:close()

conn.space.<space-name>:select{field-value,

conn.space. space-name :select{...} is the remote-call equivalent of the local call box.

space. space-name :select{...}.
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ITpumeuanue: due to the implicit yield rules a local box.space. space-name :select{.
..} does not yield, but a remote conn.space. space-name :select{...} call does yield,
so global variables or database tuples data may change when a remote conn.space.
space-name :select{...} occurs.

conn.space.<space-name>:get{field-value, ...}
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 [, arguments ] )
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 execute privilege is required;
if the user does not have it, an administrator may grant it with box.schema.user.
grant (username , 'execute', 'universe').

Example:

conn:eval('return 5+5')

conn:timeout (timeout)
timeout(...) is a wrapper which sets a timeout for the request that follows it.

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
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timeout expiration only aborts the wait for the remote server response, not the

request itself.

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, ' (no surprise -- self connection is pre-established)')
end
if box.cfg.listen == '3301' then
table.insert(ta, 'The local server listen address = 3301')
else
table.insert(ta, 'The local server listen address is not 3301')
table.insert(ta, '( (maybe box.cfg{...listen="3301"...} was not stated)')
table.insert(ta, '( (so connect will fail)')
end
conn = net_box.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')
conn:timeout(0.5) .space.tester:update ({800}, {{'=', 2, 'F1d#1'}})

table.insert(ta, 'conn update done on tester')
conn:close()
table.insert(ta, 'conn close done')

end

VVVV VVVVVVVVVVVVVVVVVVYVVVVYVYVYV

tarantool> ta = {}

tarantool> example()

tarantool> ta

- - self:ping() succeeded
- ' (no surprise -- self connection is pre-established)'
- The local server listen address = 3301
- conn delete done on tester.
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- 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

5.1.17 Function 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.

ITapamerpsbt
e key (string) — a value that will be checked
e function (function) — a function

e ... — arguments, that must be passed to function

5.1.18 Module pickle

pickle.pack(format, argument[, argument ])
To use Tarantool binary protocol primitives from Lua, it’s necessary to convert Lua
variables to binary format. The pickle.pack() helper function is prototyped after Perl
9 9
pack’.

Format specifiers
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b, converts Lua variable to a 1-byte integer, and stores the integer in the resulting
B string

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
Q string, big 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, converts Lua variable to a sequence of bytes, and stores the sequence in the
A resulting string
ITapameTrpsbr

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{0O, 'hello world'}

- [0, 'hello world'l]

tarantool> box.space.tester:update({0}, {{'=', 2, 'bye world'l}})

- [0, 'bye world'l]

tarantool> box.space.tester:update ({0}, {
> {'=', 2, pickle.pack('iiA', 0, 3, 'hello')}
>3

- [0, "\0\0\0\0\x03\0\0\0Ohello"]

tarantool> box.space.tester:update ({0}, {{'=', 2, 4}})

- [0, 4]

tarantool> box.space.tester:update ({0}, {{'+', 2, 4}})
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- [0, 8]

tarantool> box.space.tester:update ({0}, {{'~', 2, 4}})

- [0, 12]

pickle.unpack(format, binary-string)
Counterpart to pickle.pack(). Warning;: if format specifier A’ is used, it must be the last
item.

ITapameTrpsbI

e format (string) —

® 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'))

5.1.19 Module 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.
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The functions for setting up and connecting are socket, sysconnect, tcp_connect. The functions
for sending data are send, sendto, write, syswrite. The functions for receiving data are recv,
recvfrom, read. The functions for waiting before sending/receiving data are wait, readable,
writable. The functions for setting flags are nonblock, setsockopt. The functions for stopping
and disconnecting are shutdown, close. The functions for error checking are errno, error.

Socket functions

Purposes Names

setup socket()

socket.tcp 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:recvfrom()
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()
socket.iowait()

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
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Example:

socket ('AF_INET', 'SOCK_STREAM', 'tcp')

socket .tcp_connect(host[, port[, timeout] ])
Connect a socket to a remote host.

ITapameTrpsbl
e host (string) — URL or IP address
e port (number) — port number
e timeout (number) — timeout
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 tcp__connect(). The host must be an IP address.
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Parameters:

e Either:
— host - a string representation of an ITPv4 address or an IPv6 address;
— port - a number.

e Or:
— host - a string containing "unix/";
— port - a string containing a path to a unix socket.

e Or:
— host - a number, 0 (zero), meaning "all local interfaces";
— port - a number. If a port number is 0 (zero), the socket will be bound to

a random local port.
Return the socket object value may change if sysconnect() succeeds.

Rtype boolean

Example:

socket = require('socket')
sock = socket('AF_INET', 'SOCK_STREAM', 'tcp')
sock:sysconnect (0, 3301)

socket_object:send(data)
socket_object:write(data)
Send data over a connected socket.

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.

ITapameTrpsbt

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[, timeout])
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socket_object:read(delimiter [, timeout ] )
socket_object:read ({limit=limit} [, timeout ] )
socket_object:read({delimiter=delimiter} [, timeout ] )

socket_object :read ({limit=limit, delimiter=delimiter}|, timeout |)
Read from a connected socket until some condition is true, and return the bytes that
were read. Reading goes on until 1imit bytes have been read, or a delimiter has been
read, or a timeout has expired.

ITapameTrpsr

e limit (integer) — maximum number of bytes to read for example 50
means "stop after 50 bytes"

e delimiter (string) — separator for example ’?’ means "stop after a
question mark"

e timeout (number) — maximum number of seconds to wait for example 50
means "stop after 50 seconds".

Return an empty string if there is nothing more to read, or a nil value if
error, or a string up to limit bytes long, which may include the bytes that
matched the delimiter expression.

Rtype string

socket_object:sysread(size)
Return 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.recvfrom). A TCP socket can be used to accept new
connections, after it has been put in listen mode.

ITapameTrpsl
® 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.

ITapameTrpsl

® backlog — On Linux the Ilisten 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.
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Rtype userdata
Possible errors: nil.

socket_object:sendto (host, port, data)
Send a message on a UDP socket to a specified host.

ITapameTrpsl
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(limsit)
Receive a message on a UDP socket.

ITapameTrpsnt
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(l) 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.

ITapameTrpst

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()
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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.

socket_object:setsockopt (level, name, value)

Return result for sock:errno(), result for sock:error(). If there is no error,

then sock:errno() will return 0 and sock:error().

Rtype number, string

Set socket flags. The argument values are the same as in the Linux getsockopt(2)

man page. The ones that Tarantool accepts are:

Setting SO LINGER is done with sock:linger(active).

socket_object:getsockopt (level, name)

SO _ACCEPTCONN
SO _BINDTODEVICE
SO BROADCAST
SO _DEBUG
SO_DOMAIN
SO_ERROR

SO DONTROUTE
SO KEEPALIVE
SO_MARK

SO _OOBINLINE
SO_PASSCRED

SO _PEERCRED
SO_PRIORITY

SO _PROTOCOL
SO_RCVBUF
SO_RCVBUFFORCE
SO RCVLOWAT

SO _SNDLOWAT
SO_RCVTIMEO
SO_SNDTIMEO

SO REUSEADDR
SO_SNDBUF

SO _SNDBUFFORCE
SO TIMESTAMP

SO _TYPE

Get socket flags. For a list of possible flags see sock:setsockopt().

214

Fnasa 5. CnpaBo4Huku


http://man7.org/linux/man-pages/man2/setsockopt.2.html
http://man7.org/linux/man-pages/man2/setsockopt.2.html

Tarantool, Bbinyck 1.7.2

socket_object:linger( [active ] )
Set or clear the SO LINGER flag. For a description of the flag, see the Linux man
page.
ITapameTrpsbi
e active (boolean) —
Return new active and timeout values.
socket_object:nonblock([ﬂag])
e sock:nonblock() returns the current flag value.
e sock:nonblock(false) sets the flag to false and returns false.
e sock:nonblock(true) sets the flag to true and returns true.

This function may be useful before invoking a function which might otherwise block
indefinitely.

socket_object:readable( [timeout ] )
Wait until something is readable, or until a timeout value expires.

Return true if the socket is now readable, false if timeout expired;

socket_object:writable( [timeout ] )
Wait until something is writable, or until a timeout value expires.

Return true if the socket is now writable, false if timeout expired;

socket_object:wait( [timeout ] )
Wait until something is either readable or writable, or until a timeout value expires.

Return 'R’ if the socket is now readable, "W’ if the socket is now writable,
"RW?’ if the socket is now both readable and writable, ” (empty string) if
timeout expired;

socket_object :name ()
The sock:name() function is used to get information about the near side of
the connection. If a socket was bound to xyz.com:45, then sock:name will return
information about [host:xyz.com, port:45]. The equivalent POSIX function is
getsockname ().

Return A table containing these fields: "host "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

socket.iowait (fd, Tead-or-wm'te-ﬂags[, timeout])
The socket.iowait() function is used to wait until read-or-write activity occurs for a file
descriptor.

ITapamerpsbl

e fd — file descriptor
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e read-or-write-flags — 'R’ or 1 = read, "W’ or 2 = write, 'RW’ or 3 =
read|write.

e timeout — number of seconds to wait

If the fd parameter is nil, then there will be a sleep until the timeout. If the timeout
parameter is nil or unspecified, then timeout is infinite.

Return Activity that occurred ("R’ or "W’ or '/RW”’ or 1 or 2 or 3).

If the timeout period goes by without any reading or writing, the return is an error =
ETIMEDOUT.

Example: socket.iowait(sock:fd(), 'r', 1.11)

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)

- 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
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the received message. Close both connections. |br| This is not a useful way for a computer to

communicate with itself, but shows that the system works.

tarantool>

tarantool>
tarantool>

- true

tarantool>

tarantool>

- true

tarantool>

tarantool>

- X

tarantool>

- true

tarantool>

- true

socket = require('socket')

sock_1 = socket('AF_INET', 'SOCK_DGRAM', 'udp')

sock_1:bind('127.0.0.1")

sock_2 = socket('AF_INET', 'SOCK_DGRAM', 'udp')

sock_2:sendto('127.0.0.1", sock_1l:name().port,'X')

message = sock_l:recvfrom()

message

sock_1:close()

sock_2:close()

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
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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.

5.1.20 Module 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 this will cause an error

- error: ... variable ''b'' is not declared'

tarantool> strict.off()

tarantool> a = b -- strict mode is off so this will not cause an error

5.1.21 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.
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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.

ITapamerpsbt

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.

ITapameTrpst
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.

ITapameTrpsbl
e message (string) — the message to be displayed.
Return nil

taptest:ok(condition, test-name)
This is a basic function which is used by other functions. Depending on the value
of condition, print ’ok’ or 'not ok’ along with debugging information. Displays the
message.

ITapameTrpst
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
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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.

ITapameTrpsbt

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.

ITapameTrpst
e test-name (string) — name of test
Return nil

Example:

tarantool> taptest:skip('message')
ok - message # skip

- true

taptest:is(got, expected, test-name)
Check whether the first argument equals the second argument. Displays extensive
message if the result is false.

ITapameTrpsnt
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(...).

ITapameTrpst
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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(value, test-name)

taptest:iscdata(value, test-name)
Test whether a value has a particular type. Displays a long message if the value is
not of the specified type.

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
ITapameTrpsbt
e got (lua-value) — actual result
e expected (lua-value) — expected result

e test-name (string) — name of test

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()
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The output from the above script will look approximately like this:

TAP version 13
1..2
ok - 2 x 2 is 4
# Some subtests for test2
1..2
ok - 2 + 2 is 4,
ok - 2 + 3 is not 4
# Some subtests for test2: end
ok - some subtests for test2

5.1.22 Module 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'

tarantool> tarantool.pid()

- 30155

tarantool> tarantool.uptime()

- 108.64641499519

5.1.23 Module uuid

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
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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:
e uuid()
e uuid.bin()
e wuuid.str()
The functions that can convert between different types of UUID are:
e uuid_object:bin()
e uuid_ object:str()
e uuid.fromstr()
e uuid.frombin()
The function that can determine whether a UUID is an all-zero value is:
e 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)
ITapameTrpsbl
e uuid_str — UUID in 36-byte hexadecimal string
Return converted UUID
Rtype cdata
uuid.frombin(uuid_ bin)
ITapameTrpsbl
e uuid_str — UUID in 16-byte binary string
Return converted UUID
Rtype cdata

object uuid_object
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uuid_object:bin( [byte-order ])
byte-order can be one of next flags:

e ’I’ - little-endian,
e ’b’ - big-endian,
e ’h’ - endianness depends on host (default),

e 'n’ - endianness depends on network

ITapameTrpbi
e byte-order (string) —one of '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

Example

tarantool> uuid = require('uuid')

tarantool> uuid(), uuid.bin(), uuid.str()
- 16ffedc8-cbae-4£93-a05e-349f3ab70baa

- !binary FvG+VylMfUC6kIyeM81DYw==

- 67c999d2-5dce-4e58-bel6-aclbcb93160f

tarantool> uu = uuid()

tarantool> #uui:bin(), #uu:str(), type(uu), uu:isnil()
- 16

- 36

- cdata

- false
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5.1.24 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.

ITapameTrpsbr

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.

Example

tarantool> yaml = require('yaml')

tarantool> y = yaml.encode({'a', 1, 'b', 2})

tarantool>

N
]

yaml.decode (y)

éé;antool> z[1], z[2], z[3], =z[4]

N T o

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.
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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"}))

-

[‘A‘, ‘B‘]

tarantool> yaml.encode({setmetatable({f1

]
=
Hh
N

|

= 'B'}, { __serialize="map"})})

-

. {'f2': IB|’ 'fl': IAI}

tarantool> yaml.encode({setmetatable({fl1 = 'A', f2 = 'B'}, { __serialize="mapping"})})

-

Also, some YAML configuration settings for encoding can be changed, in the same way that
they can be changed for JSON.

5.1.25 Miscellaneous

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"')
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- number

- 500000000

- 999999998

- 2000000000

- 1000000002

-0

- 1000000000000000000

tarantool> type(i), i / 2, i - 2, i * 2, i +2, 1% 2, i~

2

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.

ITapameTrpsbl

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([[
> 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)

V V. V V V V VvV VvV

- null
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5.1.26 Kopab!l owmnbok ot 6a3bl gaHHbIX

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 NONMAST#Rt modify data on a replication slave.

ER_ILLEGALIIRAR AAtSmeters. Malformed protocol message.

ER MEMORYOUS8tilemory: 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 PAKEBy ¢@UDblint is not the same as index part count

ER_NO SUCH&HeCiied space does not exist.

ER_NO SUCHhdNp#EXed index in the specified space does not exist.
ER_PROC_LWA error occurred inside a Lua procedure.

ER_FIBER STA€¥ecursion limit was reached when creating a new fiber. This
usually indicates that a stored procedure is recursively invoking
itself too often.

ER_UPDATE ARIEHDr occurred during update of a field.

ER_TUPLE |ROUiplcate key exists in a unique index.

5.2 CnpaBo4HMK NO CTOPOHHUM OMGIMOTEKaM

This reference covers third-party Lua modules for Tarantool.

5.2.1 Mogynn SQL DBMS

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.box module.

From a user’s point of view the MySQL and PostgreSQL rocks are very similar, so the following
sections — "MySQL Example"and "PostgreSQL Exampleontain some redundancy.
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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 libmysqlclient-
dev. The file that matters most from this package is libmysqlclient.so or a similar name. One
can use find or whereis to see what directories these files are installed in.

It will be necessary to install Tarantool’s MySQL driver shared library, load it, and use it to
connect to a MySQL server. 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
[--locall

path]
path]

For example:

luarocks install mysql MYSQL_LIBDIR=/usr/local/mysql/lib

See also 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.
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mysql = require('mysql')

Now, say:
connection_name = mysql.connect(connection options)

The connection-options parameter is a table. Possible options are:

® host = host-name - string, default value = ’localhost’

e port = port-number - number, default value = 3306

® 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.mysql.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
1))
-- OR
conn = mysql.connect ({
host = 'unix/',
port = '/var/run/mysqld/mysqld.sock’
1))

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.
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How to ping

To ensure that a connection is working, the request is:
connection-name :ping()

Example:

tarantool> conn:ping()

- true

Executing a statement

For all MySQL statements, the request is:
connection-name :execute(sql-statement [, parameters])

where sql-statement is a string, and the optional parameters are extra values that can be
plugged in to replace any question marks ("?"s) in the SQL statement.

Example:

tarantool> conn:execute('select table_name from information_schema.tables')
- - table_name: ALL_PLUGINS
- table_name: APPLICABLE_ROLES
table_name: CHARACTER_SETS
<. o>
- 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.
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$ export TMDIR="/mysql-5.5

$ # Check that the include subdirectory exists by looking

$ # for .../include/mysql.h. (If this fails, there's a chance
$ # that <t's in .../include/mysql/mysql.h instead.)

$ [ -f $TMDIR/include/mysql.h ] && echo "OK" || echo "Error"

$ # Check that the library subdirectory exists and has the
$ # necessary .so file.
$ L

-f $TMDIR/1ib/libmysqlclient.so ] && echo "OK" || echo "Error"
0K
$ # Check that the mysql client can comnect using some factory
$ # defaults: port = 3306, user = 'root', user password = '',
$ # database = 'test'. These can be changed, provided one uses
$ # the changed values in all places.
$ $TMDIR/bin/mysql --port=3306 -h 127.0.0.1 --user=root \

--password= --database=test
Welcome to the MySQL monitor. Commands end with ; or \g.
Your MySQL connection id is 25
Server version: 5.5.35 MySQL Community Server (GPL)

Type 'help;' or '\h' for help. Type '\c' to clear ...

$ # Insert a 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/J]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 is, relative to $HOME
$ luarocks install mysql MYSQL_LIBDIR=/usr/local/mysql/lib --local
Installing http://rocks.tarantool.org/mysql-scm-1.rockspec...

(more info about building the Tarantool/MySQL driver appears here)
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mysql scm-1 is now built and installed in ~/.luarocks/

$ # Ensure driver.so now has been created in a place
$ # tarantool will look at

$ find ~/.luarocks -name "driver.so"
~/.luarocks/lib/lua/5.1/mysql/driver.so

# Change directory to a directory which can be used for

# temporary tests. For this example we assume that the name
# of this directory ts /home/pgulutzan/tarantool_sandboz.

# (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

B B P P P B

$ # Start the Tarantool server. Do not 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'
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
end

V V.V V V V V V V V V VYV

tarantool> mysql_select ()

- 'MySQL row '

Observe the result. It contains "MySQL row". So this is the row that was inserted into the
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MySQL database. And now it’s been selected with the Tarantool client.

PostgreSQL Example

This example assumes that PostgreSQL 8 or PostgreSQL 9 has been installed. More recent
versions should also work. The package that matters most is the PostgreSQL developer package,
typically named something like libpg-dev. On Ubuntu this can be installed with:

sudo apt-get install 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
[POSTGRESQL_INCDIR
[--1locall

path]
path]

For example:

luarocks install pg POSTGRESQL_LIBDIR=/usr/local/postgresql/lib

See also 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
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At this point it is a good idea to check that the installation produced a file named driver.so,
and to check that this file is on a directory that is searched by the require request.

Connecting

Begin by making a require request for the pg driver. We will assume that the name is pg in
further examples.

pg = require('pg')

Now, say:

connection_name = pg.connect(connection options)

The connection-options parameter is a table. Possible options are:
® host = host-name - string, default value = ’localhost’
e port = port-number - number, default value = 3306
® user = user-name - string, default value is operating-system user name
® 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.
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How to ping

To ensure that a connection is working, the request is:
connection-name :ping()

Example:

tarantool> conn:ping()

- true

Executing a statement

For all PostgreSQL statements, the request is:
connection-name :execute(sql-statement [, parameters])

where sql-statement is a string, and the optional parameters are extra values that can be
plugged in to replace any question marks ("?"s) in the SQL statement.

Example:

tarantool> conn:execute('select tablename from pg_tables')
- - tablename: pg_statistic

- tablename: pg_type

- tablename: pg_authid

< L

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.
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$ # Check that the include subdirectory ezists
$ # by looking for /usr/include/postgresql/libpq-fe-h.
$ [

-f /usr/include/postgresql/libpg-fe.h ] && echo "OK" || echo "Error"
0K
$ # Check that the library subdirectory ezists and has the necessary .so file.
$ [ -f /usr/lib/x86_64-linux-gnu/libpq.so ] && echo "OK" || echo "Error"
0K
$ # Check that the psql client can connect using some factory defaults:
$ # port = 5432, user = 'postgres', user password = 'postgres',
$ # database = 'postgres'. These can be changed, provided one changes
$ # them in all places. Insert a row in database postgres, and quit.

$ psql -h 127.0.0.1 -p 5432 -U postgres -d postgres
Password for user postgres:

psql (9.3.10)

SSL connection (cipher: DHE-RSA-AES256-SHA, bits: 256)
Type "help" for help.

postgres=# CREATE TABLE test (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 inm ~/.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 = 1.7
$ 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 $HOME
$ luarocks install pg POSTGRESQL_LIBDIR=/usr/lib/x86_64-linux-gnu --local
Installing http://rocks.tarantool.org/pg-scm-1.rockspec...

(more info about building the Tarantool/PostgreSQL driver appears here)
pg scm-1 is now built and installed in ~/.luarocks/

$ # Ensure driver.so now has been created in a place
$ # tarantool will look at

$ find ~/.luarocks -name "driver.so"
~/.luarocks/lib/lua/5.1/pg/driver.so
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# Change directory to a directory which can be used for

# temporary tests. For this example we assume that the

# name of this directory ts $HOME/tarantool_sandboz.

# (Change "$HOME" to whatever is the user's actual

# home directory for the machine that's used for this test.)
cd $HOME/tarantool_sandbox

P P H H &P

$ # 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()".

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'
b
local test = conn:execute('SELECT * FROM test WHERE s1 = 1')
local row = "'
for i, card in pairs(test) do
row = row .. card.s2 .. ' '
end
conn:close()
return row
end

V VV V V V V V V V VYV VYV

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.
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5.2.2 Module expirationd

For a commercial-grade example of a Lua rock that works with Tarantool, let us look at
expirationd, which Tarantool supplies on GitHub with an Artistic license. The expirationd.lua
program is lengthy (about 500 lines), so here we will only highlight the matters that will be
enhanced by studying the full source later.

task.worker_fiber = fiber.create(worker_loop, task)
log.info("expiration: task 7%q restarted", task.name)

fiber.sleep(expirationd.constants.check_interval)

Whenever one hears "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
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_expired_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.
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2. Start the Tarantool server as described before.

3. Execute these requests:

fiber = require('fiber"')
expd = require('expirationd')
box.cfg{}
e = box.schema.space.create('expirationd_test')
e:create_index('primary', {type = 'hash', parts = {1, 'unsigned'}})
e:replace{l, fiber.time() + 3}
e:replace{2, fiber.time() + 30}
function is_tuple_expired(args, tuple)
if (tuple[2] < fiber.time()) then return true end
return false
end
expd.run_task('expirationd_test', e.id, is_tuple_expired)
retval = {}
fiber.sleep(2)
expd.task_stats()
fiber.sleep(2)
expd.task_stats()
expd.kill_task('expirationd_test')
e:drop()
os.exit ()

The database-specific requests (cfg, space.create, create_index) should already be familiar.

The function which will be supplied to expirationd is is tuple expired, which is saying "if
the second field of the tuple is less than the current time , then return true, otherwise return
false".

The key for getting the rock rolling is expd = require('expirationd'). The "require"function
is what reads in the program; it will appear in many later examples in this manual, when it’s
necessary to get a 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.

5.2.3 Module 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:
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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.

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.

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.
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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)

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.

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' 1},
> { 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.
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shard[space-name] .q_insert{...}
shard[space-name] .q_replace{...}
shard[space-name] .q_deleteq{...}
shard[space-name] .q_select{...}
shard[space-name] .q_update{...}
shard[space-name] .q_auto_increment{...}

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.

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}

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

tarantool> box.space.tester:create_index('primary', {3})
tarantool> box.schema.user.passwd('admin', 'password')
tarantool> cfg = {

redundancy = 1;
binary = 3301;

> servers = {

> { uri = 'localhost:3301', zone = '1' },
> },

> login = 'admin';

> password = 'password';

>

>

>

}

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
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2015-08-09 ... I> Done
- true
tarantool> -- Now put something in ...

tarantool> shard.tester:insert{1, 'Tuple #1'}

- - [1, 'Tuple #1']

Example: Shard, Scaling Out

There are two shards, and each shard contains one 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

$ ~/tarantool-1.7/src/tarantool

tarantool> box.cfg{listen = 3301}

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

tarantool> box.space.tester:create_index('primary', {})
tarantool> box.schema.user.passwd('admin', 'password')
tarantool> console = require('console')

tarantool> cfg = {

> servers = {

> { uri = 'localhost:3301', zone = '1' },
> { uri = 'localhost:3302', zone = '2' },
> 3,

> login = 'admin',

> password = 'password',

> redundancy = 1,

>  binary = 3301,

>}

tarantool> shard = require('shard')
tarantool> shard.init(cfg)

tarantool> -- Now put something in ...
tarantool> shard.tester:insert{1, 'Tuple #1'}

On Terminal #2, say:

$ mkdir ~/tarantool_sandbox_2

$ cd ~/tarantool_sandbox_2

$ rm -r *.snap

$ rm -r *.xlog

$ ~/tarantool-1.7/src/tarantool

tarantool> box.cfg{listen = 3302}
tarantool> box.schema.space.create('tester')
tarantool> box.space.tester:create_index('primary', {3})

244 Fnasa 5. CnpaBo4Huku




Tarantool, Bbinyck 1.7.2

tarantool> box.schema.user.passwd('admin', 'password')
tarantool> console = require('console')
tarantool> cfg = {

>  servers = {

> { uri = 'localhost:3301', zone = '1' };
> { uri = 'localhost:3302', zone = '2' };
> 1

> login = 'admin';

> password = 'password';

>

redundancy = 1;

>  binary = 3302;

>}
tarantool> shard = require('shard')
tarantool> shard.init(cfg)
tarantool> -- Now get something out ...
tarantool> 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']

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.

5.2.4 Module tdb

The Tarantool Debugger (abbreviation = tdb) can be used with any Lua program. The
operational features include: setting breakpoints, examining variables, going forward one line
at a time, backtracing, and showing information about fibers. The display features include:
using different colors for different situations, including line numbers, and adding hints.

It is not supplied as part of the Tarantool repository; it must be installed separately. Here is
the usual way:

git clone --recursive https://github.com/Sulverus/tdb
cd tdb

make

sudo make install prefix=/usr/share/tarantool/

To initiate tdb within a Lua program and set a breakpoint, edit the program to include these
lines:

tdb = require('tdb')
tdb.start ()

To start the debugging session, execute the Lua program. Execution will stop at the breakpoint,
and it will be possible to enter debugging commands.
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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.

c 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.

Example Session

Put the following program in a default directory and call it "example.lua":

tdb = require('tdb')
tdb.start ()

i=1

j='a ..i
print('end of program')

Now start Tarantool, using example.lua as the initialization file
$ tarantool example.lua
The screen should now look like this:

$ tarantool example.lua

(TDB) Tarantool debugger v.0.0.3. Type h for help
example.lua

(TDB) [example.lual

(TDB) 3: 1 =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 -- extt evaluation mode
q -- quit

The screen should now look like this:
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$ 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.

5.3 CnpaBo4HuK nNo HacTpoiike

This reference covers all options and parameters which can be set for Tarantool on the
command line or in an initialization file.

Tarantool is started by entering the following command:

$ tarantool

# OR

$ tarantool options

# OR

$ tarantool lua-intitialization-file [ arguments ]

5.3.1 Onuun KOMHaHAHO CTPOKMU
-h, --help
Print an annotated list of all available options and exit.

-V, --version
Print product name and version, for example:

$ ./tarantool --version
Tarantool 1.7.0-1216-g73£7154
Target: Linux-x86_64-Debug

In this example:

“Tarantool” is the name of the reusable asynchronous networking programming
framework.

The 3-number version follows the standard <major>-<minor>-<patch> scheme, in which
<major> number is changed only rarely, <minor> is incremented for each new milestone
and indicates possible incompatible changes, and <patch> stands for the number of bug
fix releases made after the start of the milestone. For non-released versions only, there
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may be a commit number and commit SHA1 to indicate how much this particular build
has diverged from the last release.

“Target” is the platform tarantool was built on. Some platform-specific details may follow
this line.

IIpumeuanune: Tarantool uses git describe to produce its version id, and this id can be
used at any time to check out the corresponding source from our git repository.

5.3.2 YHuuBepcanbhblii kog pecypca (URI)

Some configuration parameters and some functions depend on a URI, or "Universal Resource
Identifier". The URI string format is similar to the generic syntax for a URI schema. So it
may contain (in order) a user name for login, a password, a host name or host IP address,
and a port number. Only the port number is always mandatory. The password is mandatory
if the user name is specified, unless the user name is ’guest’. So, formally, the URI syntax
is [host:]port or [username:password@lhost:port. If host is omitted, then ’0.0.0.0° or °[::]’ is
assumed, meaning respectively any IPv4 address or any IPv6 address, on the local machine.
If username:password is omitted, then ’guest’ is assumed. Some examples:

URI fragment Example

port 3301

host:port 127.0.0.1:3301
username:password@host:port | notguest:sesame@mail.ru:3301

In certain circumstances a Unix domain socket may be wused where a URI
is expected, for example "unix/:/tmp/unix domain socket.sock"or simply
"/tmp/unix domain socket.sock".

A method for parsing URIs is illustrated in Cookbook recipes.

5.3.3 ®ainn nHnumanmnsaunn

If the command to start Tarantool includes lua-initialization-file, then Tarantool begins by
invoking the Lua program in the file, which by convention may have the name "script.lua".
The Lua program may get further arguments from the command line or may use operating-
system functions, such as getenv(). The Lua program almost always begins by invoking box.
cfg(), if the database server will be used or if ports need to be opened. For example, suppose
script.lua contains the lines

#!/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 ', arg[1])

and suppose the environment variable LISTEN URI contains 3301, and suppose the command
line is “/tarantool/src/tarantool script.lua ARG. Then the screen might look like this:
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$ export LISTEN_URI=3301
$ ~/tarantool/src/tarantool script.lua ARG
. main/101/script.lua C> version 1.7.0-1216-g73£7154
. main/101/script.lua C> log level 5
. main/101/script.lua I> mapping 107374184 bytes for a shared arena...
.. main/101/script.lua I> recovery start
. main/101/script.lua I> recovering from './00000000000000000000.snap"'
. main/101/script.lua I> primary: bound to 0.0.0.0:3301
... main/102/leave_local_hot_standby I> ready to accept requests
Starting ARG
. main C> entering the event loop

If one wishes to start an interactive session on the same terminal after initialization is complete,
one can use console.start().

5.3.4 TapameTtpbl KoHUrypaumu

Configuration parameters have the form: |br| box.cfg{[key = value [, key = value ...]11}

Since box.cfg may contain many configuration parameters and since some of the parameters
(such as directory addresses) are semi-permanent, it’s best to keep box.cfg in a Lua file.
Typically this Lua file is the initialization file which is specified on the tarantool command
line.

Most configuration parameters are for allocating resources, opening ports, and specifying
database behavior. All parameters are optional. A few parameters are dynamic, that is, they
can be changed at runtime by calling box.cfg{} a second time.

To see all the non-null parameters, say box.cfg (no parentheses). To see a particular parameter,
for example the listen address, say box.cfg.listen.

The following sections describe all parameters for basic operation, for storage, for binary
logging and snapshots, for replication, for networking, and for logging.

Basic parameters

background
Run the server as a background task. The logger and pid_file parameters must be non-
null for this to work.

Type: boolean |br| Default: false |br| Dynamic: no |br|

coredump
Deprecated. Do not use.

Type: boolean |br| Default: false |br| Dynamic: no |br|

custom_proc_title
Add the given string to the server’s Process title (what’s shown in the COMMAND
column for ps -ef and top -c commands).

For example, ordinarily ps -ef shows the Tarantool server process thus:

$ ps -ef | grep tarantool
1000 14939 14188 1 10:53 pts/2 00:00:13 tarantool <running>
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But if the configuration parameters include custom_proc_title='sessions' then the output
looks like:

$ ps -ef | grep tarantool
1000 14939 14188 1 10:53 pts/2 00:00:16 tarantool <running>: sessions

Type: string |br| Default: null |br| Dynamic: yes |br|

listen
The read/write data port number or URI (Universal Resource Identifier) string. Has
no default value, so must be specified if connections will occur from remote clients that
do not use the “admin port”. Connections made with listen=URI are sometimes called
"binary protocol"or "primary port"connections.

A typical value is 3301. The listen parameter may also be set for local hot standby.

IIpumeuanme: A replica also binds to this port, and accepts connections, but these
connections can only serve reads until the replica becomes a master.

Type: integer or string |br| Default: null |br| Dynamic: yes |br|

pid_file
Store the process id in this file. Can be relative to work_dir. A typical value is “tarantool.
pid”.
Type: string |br| Default: null |br| Dynamic: no |br|

read_only

Put the server in read-only mode. After this, any requests that try to change data will
fail with error ER_ READONLY.

Type: boolean |br| Default: false |br| Dynamic: yes |br|

snap_dir
A directory where snapshot (.snap) files will be stored. Can be relative to work_ dir. If
not specified, defaults to work dir. See also wal _dir.

Type: string |br| Default: ".|br|@"|br| Dynamic: no |br|

vinyl_dir
A directory where vinyl files or subdirectories will be stored. Can be relative to work__ dir.
If not specified, defaults to work dir.

Type: string |br| Default: ".|br|@"|br| Dynamic: no |br|
username

UNIX user name to switch to after start.

Type: string |br| Default: null |br| Dynamic: no |br|

wal_dir
A directory where write-ahead log (.xlog) files are stored. Can be relative to work_ dir.
Sometimes wal dir and snap dir are specified with different values, so that write-ahead
log files and snapshot files can be stored on different disks. If not specified, defaults to
work dir.

Type: string |br| Default: ".|br|@"|br| Dynamic: no |br|

work_dir
A directory where database working files will be stored. The server switches to work dir
with chdir(2) after start. Can be relative to the current directory. If not specified, defaults
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to the current directory. Other directory parameters may be relative to work dir, for
example |br| box.cfg{work dir=’/home/user/A’,wal dir="B’,snap dir="C’} |br| will
put xlog files in /home/user/A /B, snapshot files in /home/user/A/C, and all other files
or subdirectories in /home/user/A.

Type: string |br| Default: null |br| Dynamic: no |br|

Configuring the storage

slab_alloc_arena
How much memory Tarantool allocates to actually store tuples, in gigabytes. When the
limit is reached, INSERT or UPDATE requests begin failing with error ER_MEMORY_ISSUE.
While the server does not go beyond the defined limit to allocate tuples, there is
additional memory used to store indexes and connection information. Depending on
actual configuration and workload, Tarantool can consume up to 20% more than the
limit set here.

Type: float |br| Default: 1.0 |br| Dynamic: no |br|

slab_alloc_factor
Use slab_alloc_factor as the multiplier for computing the sizes of memory chunks that
tuples are stored in. A lower value may result in less wasted memory depending on the
total amount of memory available and the distribution of item sizes.

Type: float |br| Default: 1.1 |br| Dynamic: no |br|

slab_alloc_maximal
Size of the largest allocation unit. It can be increased if it is necessary to store large
tuples.

Type: integer |br| Default: 1048576 |br| Dynamic: no |br|

slab_alloc_minimal
Size of the smallest allocation unit. It can be decreased if most of the tuples are very
small. The value must be between 8 and 1048280 inclusive.

Type: integer |br| Default: 16 |br| Dynamic: no |br|

vinyl
The default vinyl configuration can be changed with
vinyl = {
run_age_wm = number,
run_age_period = number of seconds,
memory_limit = number of gigabytes,
compact_wm = number,
threads = number,
run_age = number,
run_prio = number,
b

This method may change in the future.

Default values are:

vinyl = {
run_age_wm = O,
run_age_period
memory_limit =

=0,
1’

compact_wm = 2,

threads = 5,
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run_age = O,
run_prio = 2,

}

Snapshot daemon

The snapshot daemon is a fiber which is constantly running. At intervals, it may make new
snapshot (.snap) files and then may remove old snapshot files. If the snapshot daemon removes
an old snapshot file, it will also remove any write-ahead log (.xlog) files that are older than
the snapshot file and contain information that is present in the snapshot file.

The snapshot period and snapshot count configuration settings determine how long the
intervals are, and how many snapshots should exist before removals occur.

snapshot_period

The interval between actions by the snapshot daemon, in seconds. If snapshot_period is
set to a value greater than zero, and there is activity which causes change to a database,
then the snapshot daemon will call box.snapshot every snapshot_period seconds, creating
a new snapshot file each time.

For example: box.cfg{snapshot_period=3600} will cause the snapshot daemon to create a
new database snapshot once per hour.

Type: integer |br| Default: 0 |br| Dynamic: yes |br]|

snapshot_count

The maximum number of snapshots that may exist on the snap dir directory before
the snapshot daemon will remove old snapshots. If snapshot count equals zero, then the
snapshot daemon does not remove old snapshots. For example:

box.cfg{
snapshot_period = 3600,
snapshot_count = 10

will cause the snapshot daemon to create a new snapshot each hour until it has created
ten snapshots. After that, it will remove the oldest snapshot (and any associated write-
ahead-log files) after creating a new one.

Type: integer |br| Default: 6 |br| Dynamic: yes |br|

Binary logging and snapshots

panic_on_snap _error, |br| panic_on_wal error, |br| rows per wal, |br|
snap_io_rate limit, |br| wal mode, |br| wal dir rescan_delay |br]|

panic_on_snap_error

If there is an error while reading the snapshot file (at server start), abort.

Type: boolean |br| Default: true |br| Dynamic: no |br|

panic_on_wal_error

If there is an error while reading a write-ahead log file (at server start or to relay to a
replica), abort.

Type: boolean |br| Default: true |br| Dynamic: yes |br|
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rows_per_wal
How many log records to store in a single write-ahead log file. When this limit is reached,
Tarantool creates another WAL file named <first-lsn-in-wal>.xlog. This can be useful
for simple rsync-based backups.

Type: integer |br| Default: 500000 |br| Dynamic: no |br]|

snap_io_rate_limit
Reduce the throttling effect of box.snapshot on INSERT/UPDATE/DELETE
performance by setting a limit on how many megabytes per second it can write to disk.
The same can be achieved by splitting wal dir and snap dir locations and moving
snapshots to a separate disk.

Type: float |br| Default: null |br| Dynamic: yes |br|

wal_mode
Specify fiber-WAL-disk synchronization mode as:

e none: write-ahead log is not maintained;
e yrite: fibers wait for their data to be written to the write-ahead log (no fsync(2));
e fsync: fibers wait for their data, fsync(2) follows each write(2);

Type: string |br| Default: "write|br|@"|br| Dynamic: yes |br|

wal_dir_rescan_delay
Number of seconds between periodic scans of the write-ahead-log file directory, when
checking for changes to write-ahead-log files for the sake of replication or local hot standby.

Type: float |br| Default: 2 |br| Dynamic: no |br|

Replication

replication_source
If replication source is not an empty string, the server is considered to be a
Tarantool replica. The replica server will try to connect to the master which
replication source specifies with a URI (Universal Resource Identifier), for example
konstantin :secret_password@tarantool.org:3301.

If there is more than one replication source in a cluster, specify an array of URIs, for
example |br| box.cfg{replication source = {uri#1,uri#2}} |br|

If one of the URIs is "selfhat is, if one of the URIs is for the same server that
box.cfg{} is being executed on — then it is ignored. Thus it is possible to use the same
replication source specification on multiple servers.

The default user name is ‘guest’. A replica server does not accept data-change
requests on the listen port. The replication source parameter is dynamic, that is, to
enter master mode, simply set replication source to an empty string and issue box.
cfg{replication_source=new-valuel.

Type: string |br| Default: null |br| Dynamic: yes |br|

Networking

io_ collect interval, |br| readahead |br|
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io_collect_interval

The server will sleep for io collect _interval seconds between iterations of the event loop.
Can be used to reduce CPU load in deployments in which the number of client connections
is large, but requests are not so frequent (for example, each connection issues just a
handful of requests per second).

Type: float |br| Default: null |br| Dynamic: yes |br|

readahead

The size of the read-ahead buffer associated with a client connection. The larger the
buffer, the more memory an active connection consumes and the more requests can be
read from the operating system buffer in a single system call. The rule of thumb is to
make sure the buffer can contain at least a few dozen requests. Therefore, if a typical
tuple in a request is large, e.g. a few kilobytes or even megabytes, the read-ahead buffer
size should be increased. If batched request processing is not used, it’s prudent to leave
this setting at its default.

Type: integer |br| Default: 16320 |br| Dynamic: yes |br|

Logging

log_level

How verbose the logging is. There are six log verbosity classes:
e 1 — SYSERROR
e 2 — ERROR
e 3 — CRITICAL
e 4 — WARNING
e 5 — INFO
e 6 — DEBUG

By setting log level, one can enable logging of all classes below or equal to the given
level. Tarantool prints its logs to the standard error stream by default, but this can be
changed with the logger configuration parameter.

Type: integer |br| Default: 5 |br| Dynamic: yes |br|

logger

By default, the log is sent to the standard error stream (stderr). If logger is specified,
the log is sent to a file, or to a pipe, or to the system logger.

Example setting:

box.cfg{logger = 'tarantool.log'}
-- or
box.cfg{logger = 'file: tarantool.log'}

This will open the file tarantool.log for output on the server’s default directory. If the
logger string has no prefix or has the prefix "file: then the string is interpreted as a file
path.

Example setting:

box.cfg{logger = '| cronolog tarantool.log'}

-- or
box.cfg{logger = 'pipe: cronolog tarantool.log'}'
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This will start the program cronolog when the server starts, and will send all log messages
to the standard input (stdin) of cronolog. If the logger string begins with ’|” or has the
prefix "pipe: then the string is interpreted as a Unix pipeline.

Example setting:

box.cfg{logger = 'syslog:identity=tarantool'}

-- or

box.cfg{logger = 'syslog:facility=user'}

-- or

box.cfg{logger = 'syslog:identity=tarantool,facility=user'}

If the logger string has the prefix "syslog: then the string is interpreted as a message
for the syslogd program which normally is running in the background of any Unix-like
platform. One can optionally specify an identity, a facility, or both. The identity is
an arbitrary string, default value = tarantool, which will be placed at the beginning of
all messages. The facility is an abbreviation for the name of one of the syslog facilities,
default value = user, which tell syslogd where the message should go.

Possible values for facility are: auth, authpriv, cron, daemon, ftp, kern, lpr, mail, news,
security, syslog, user, uucp, local0, locall, local2, local3, local4, local5, local6, local7.

The facility setting is currently ignored but will be used in the future.

When logging to a file, tarantool reopens the log on SIGHUP. When log is a program,
its pid is saved in the log.logger pid variable. You need to send it a signal to rotate logs.

Type: string |br| Default: null |br| Dynamic: no |br|

logger_nonblock
If logger_nonblock equals true, Tarantool does not block on the log file descriptor when
it’s not ready for write, and drops the message instead. If log level is high, and a
lot of messages go to the log file, setting logger_nonblock to true may improve logging
performance at the cost of some log messages getting lost.

Type: boolean |br| Default: true |br| Dynamic: no |br|

too_long_threshold
If processing a request takes longer than the given value (in seconds), warn about it in
the log. Has effect only if log level is more than or equal to 4 (WARNING).

Type: float |br| Default: 0.5 |br| Dynamic: yes |br|
Logging example:

This will illustrate how "rotation"works, that is, what happens when the server is writing to
a log and signals are used when archiving it.

Start with two terminal shells, Terminal #1 and Terminal #2.

On Terminal #1: start an interactive Tarantool session, then say the logging will go to Log _file,
then put a message "Log Line #1"in the log file:

box.cfg{logger="'Log_file'}
log = require('log')
log.info('Log Line #1')

On Terminal #2: use mv so the log file is now named Log file.bak. The result of this is: the
next log message will go to Log _file.bak. |br|

mv Log_file Log_file.bak
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On Terminal #1: put a message "Log Line #2"in the log file. |br|

log.info('Log Line #2')

On Terminal #2: use ps to find the process ID of the Tarantool server. |br]

ps -A | grep tarantool

On Terminal #2: use kill -HUP to send a SIGHUP signal to the Tarantool server. The result
of this is: Tarantool will open Log file again, and the next log message will go to Log file.
(The same effect could be accomplished by executing log.rotate() on the server.) |br|

kill -HUP process_zd

On Terminal #1: put a message "Log Line #3"in the log file.

log.info('Log Line #3')

On Terminal #2: use less to examine files. Log file.bak will have these lines, except that the
date and time will depend on when the example is done:

2015-11-30 15:13:06.373 [27469] main/101/interactive I> Log Line #1°
2015-11-30 15:14:25.973 [27469] main/101/interactive I> Log Line #2°

and Log file will have

log file has been reopened
2015-11-30 15:15:32.629 [27469] main/101/interactive I> Log Line #3
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6.1 CnpasoyHuk no C API

6.1.1 Module 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.
ITapameTrpsbl

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
Pesynbrar -1 on error (perhaps, out of memory; check box error_ last())
Pesyabrar 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.
ITapameTrpsbt
e char* name (const) — space name
e len (uint32_t) — length of name
Pesynprar BOX_ID_NIL on error or if not found (check box error last())

Pesyabrat space id otherwise
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See also: boz_index_id_by_name

uint32 t box_index_id_by_name(uint32 t space id, const char *name, uint32 t len)
Find index id by name.

ITapameTrpsbI
e space_id (uint32_t) — space identifier
e char* name (const) — index name
e len (uint32_t) — length of name
Pesynbrar BOX_ID_NIL on error or if not found (check box error last())
PesynnpraT space id otherwise
This function performs SELECT request to _vindex system space.
See also: boz_space_id_by_name

int box_insert(uint32 t space_id, const char *tuple, const char *tuple end,

box_tuple t **result)
Execute an INSERT/REPLACE request.

ITapameTrpsbr

space_id (uint32_t) — space identifier

e char* tuple (const) — encoded tuple in MsgPack Array format (| field1,
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

Pesynbrar -1 on error (check box error last())
Pesynbrar 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.

ITapameTrpsbl
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

Pesynbrar -1 on error (check box error last())
Pesynbrar 0 otherwise
See also space_ object.replace()

int box_delete(uint32 t space id, uint32 t index id, const char *key, const
char *key end, box tuple t **result)
Execute an DELETE request.
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ITapameTrpsbl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier

e char* key (const) —encoded key in MsgPack Array format ([ field1, field2,

e char* key_end (const) — end of a key

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())
Pesyabprar 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 (uint32_t) — space identifier
e index_id (uint32_t) — index identifier

e char* key (const) —encoded key in MsgPack Array format ([ field1, 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 ], ['!', 2, 'zxxx']]

e char* ops_end (const) — end of a ops

e index_base (int) — O 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

Pesynbrar -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.

ITapamerpsbt
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier

e char* tuple (const) — encoded tuple in MsgPack Array format (] fieldl,
field2, ...])

e char* tuple_end (const) — end of a tuple
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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) — O 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

PesysnbraT -1 on error (check :box_error last())
PesyabraTr 0 otherwise

See also space_ object.upsert()

6.1.2 Module 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)

6.1.3 Module 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 (f£d). Yields.

ITapameTrpsbr
e fd (int) — non-blocking socket file description

e cvent (int) — requested events to wait. Combination of COIO_READ |
COIO_WRITE bit flags.

e timeout (double) — timeout in seconds.

Pesyabrat 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.
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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.

Pesynbrat -1 and errno = ENOMEM if failed to create a task
Pesysnbrar the function return (errno is preserved).

Example:

static ssize_t openfile_cb(va_list ap)

{
const char* filename = va_arg(ap);
int flags = va_arg(ap);
return open(filename, flags);
}
if (coio_call(openfile_cb, 0.10, "/tmp/file", 0) == -1)

// handle errors.

int coio_getaddrinfo(const char *host, const char *port, const struct addrinfo *hints,

struct addrinfo **res, double timeout)
Fiber-friendly version of getaddrinfo(3).

6.1.4 Module 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
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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_KEY_PART_TYPE
ER_EXACT_MATCH
ER_INVALID_MSGPACK
ER_PROC_RET
ER_TUPLE_NOT_ARRAY
ER_FIELD_TYPE
ER_FIELD_TYPE_MISMATCH
ER_SPLICE

ER_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_O0BJECT
ER_CREATE_FUNCTION
ER_NO_SUCH_FUNCTION
ER_FUNCTION_EXISTS
ER_FUNCTION_ACCESS_DENIED
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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_FUNCTION_MAX
ER_SPACE_ACCESS_DENIED
ER_USER_MAX
ER_NO_SUCH_ENGINE
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
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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

ER_ROLE_GRANTED
ER_PRIV_NOT_GRANTED
ER_ROLE_NOT_GRANTED
ER_MISSING_SNAPSHOT
ER_CANT_UPDATE_PRIMARY_KEY
ER_UPDATE_INTEGER_OVERFLOW
ER_GUEST_USER_PASSWORD
ER_TRANSACTION_CONFLICT
ER_UNSUPPORTED_ROLE_PRIV
ER_LOAD_FUNCTION
ER_FUNCTION_LANGUAGE
ER_RTREE_RECT

ER_PROC_C
ER_UNKNOWN_RTREE_INDEX_DISTANCE_TYPE
ER_PROTOCOL
ER_UPSERT_UNIQUE_SECONDARY_KEY
ER_WRONG_INDEX_RECORD
ER_WRONG_INDEX_PARTS
ER_WRONG_INDEX_OPTIONS
ER_WRONG_SCHEMA_VERSION
ER_SLAB_ALLOC_MAX
ER_WRONG_SPACE_OPTIONS
ER_UNSUPPORTED_INDEX_FEATURE
ER_VIEW_IS_RO

box_error_code_MAX

box_error_t
Error - contains information about error.

const char * box_error_type(const box_error_t *error)
Return the error type, e.g. "ClientError "SocketError etc.

ITapameTrpsbl
e error (box_error_t*) — error
PesyabraTr not-null string

uint32 t box_error_code(const box error t *error)
Return IPROTO error code

ITapameTrpsbl
e error (box_error_t*) — error

Pesynbrar enum box error code
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const char * box_error_message(const box error_t *error)
Return the error message

ITapameTrpsbt
e error (box_error_t*) — error
PesyabraTr not-null string

box_error t * box_error_last(void)
Get the information about the last API call error.

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 API call failed
(returned -1 or NULL).

Successful function can also touch the last error in some cases. You don’t have to clear
the last error before calling API functions. The returned object is valid only until next
call to any API function.

You must set the last error using box _error _set() in your stored C procedures if you want
to return a custom error message. You can re-throw the last API error to IPROTO client
by keeping the current value and returning -1 to Tarantool from your stored procedure.

Pesyabrat last error

void box_error_clear (void)
Clear the last error.

int box_error_set(const char *file, unsigned line, uint32 t code, const char *format, ...)
Set the last error.

ITapameTrpsbl
e char* file (const) —
e line (unsigned) —

e code (uint32_t) — IPROTO error code

char* format (const) —
e ... — format arguments
See also: IPROTO error code

box_error_raise(code, format, ...)
A backward-compatible API define.

6.1.5 Module 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.
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The created fiber automatically returns itself to the fiber cache when its "main"function
completes.

ITapamerpsbt
e char* name (const) — string with fiber name
e f (fiber_func) — func for run inside fiber
See also: fiber start()

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.

ITapameTrpsbl
e fiberx 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()).

ITapameTrpsbl
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.

ITapameTrpsl

e fiberx f (struct) — fiber

e yesno (bool) — status to set
PesyabraT previous state

void fiber_set_joinable(struct fiber *fiber, bool yesno)
Set fiber to be joinable (false by default).

ITapameTrpsbt
e fiberx f (struct) — fiber
e yesno (bool) — status to set

void fiber_join(struct fiber *f)
Wait until the fiber is dead and then move its execution status to the caller. The fiber
must not be detached.
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ITapameTrpsbl
e fiberx f (struct) — fiber to be woken up
Before: FIBER_IS_JOINABLE flag is set.
See also: fiber set joinable()

void fiber_sleep(double s)
Put the current fiber to sleep for at least ’s’ seconds.

ITapamerpsnt
e s (double) — 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

6.1.6 Module 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
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enumerator ITER_ALL
all tuples

enumerator ITER_LT
key < x

enumerator ITER_LE
key <= x

enumerator ITER_GE
key >= x

enumerator ITER_GT
key > x

enumerator ITER_BITS_ALL_SET
all bits from x are set in key

enumerator ITER_BITS_ANY_SET
at least one x’s bit is set

enumerator ITER_BITS_ALL_NOT_SET
all bits are not set

enumerator ITER_OVERLAPS
key overlaps x

enumerator ITER_NEIGHBOR
tuples in distance ascending order from specified point

box_iterator t *box_index_iterator(uint32 t space id, uint32 t indexr 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.
ITapameTrpsbt
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier
e type (int) — iterator type
e char* key (const) — encode key in MsgPack Array format ([partl, part2,

)

e charx key_end (const) — the end of encoded key

Pesyabrar NULL on error (check :ref:box error last‘c_ api-error-
box error last>‘)

Pesyabrar iterator otherwise
See also box_iterator next, box_iterator free

int box_iterator_next (box_iterator t *iterator, box tuple t **result)
Retrieve the next item from the iterator.

ITapameTpsl

e iterator (box_iterator_tx*) - 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.
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Pesyabrat -1 on error (check ref:box error last‘c  api-error-
box error last>‘)

PesyabraTr 0 on success. The end of data is not an error.

void box_iterator_free(box iterator t *iterator)
Destroy and deallocate iterator.

ITapamerpsl

e iterator (box_iterator_tx*) - 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.

ITapameTrpsbr
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier

Pesynprar -1 on error (check :ref:tbox error last‘c api-error-
box error last>*‘)

Pesyabrar >= 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.

ITapameTrpsbt
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier

Pesyabprar -1 on error (check :ref:box error last‘c api-error-
box error last>*‘)

Pesyabrar >= 0 otherwise

int box_index_random(uint32 t space__ id, uint32 t index_id, uint32 t rnd,
box_tuple t **result)
Return a random tuple from the index (useful for statistical analysis).

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
boxr index iterator 4 box iterator mnext.

ITapameTrpsbt
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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*x) — output argument. result a tuple or NULL if there
is no tuples in space

Pesyabrat -1 on error (check :reftbox error last‘c api-error-
box error last>‘)

Pesynbrar 0 on success
See also: index_object.get ()

int box_index_min(uint32 t space id, uint32 t index id, const char *key, const
char *key end, box tuple t **result)
Return a first (minimal) tuple matched the provided key.

ITapameTrpsbl
e space_id (uint32_t) — space identifier
e index_id (uint32_t) — index identifier

e char* key (const) — encode key in MsgPack Array format ([partl, part2,

e char* key_end (const) — the end of encoded key

e result (box_tuple_t**) —output argument. result a tuple or NULL if there
is no tuples in space

Pesysbrar -1 on error (check :ref:box__error last()‘c_ api-error-
box error last>‘)

Pesysibrar 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

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*x) — output argument. result a tuple or NULL if there
is no tuples in space

Pesynprar -1 on error (check :ref:box_error last()‘c_ api-error-
box error last>‘)

Pezyaprar 0 on success
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See also: index_object.max()

ssize t box_index_count(uint32 t space_1id, uint32 t index id, int type, const char *key,
const char *key end)
Count the number of tuple matched the provided key.

ITapameTrpsbl
e space_id (uint32_t) — space identifier

e index_id (uint32_t) — index identifier

type (int) — iterator type

char* key (const) — encode key in MsgPack Array format (|[partl, part2,

e char* key_end (const) — the end of encoded key

Pesynprar -1 on error (check ;reftbox _error last()‘c_ api-error-
box error last>‘)

PesyapraTr 0 on success

See also: index object.count()

6.1.7 Module latch
box_latch_t
A lock for cooperative multitasking environment

box_latch _t *box_latch_new(void)
Allocate and initialize the new latch.

Pesyabrat allocated latch object
Tun pesynsrara box latch t *

void box_latch_delete(box latch t *latch)
Destroy and free the latch.

ITapameTrpsbl
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.

ITapameTrpsnl

e latch (box_latch_t*) — latch to lock
Pesyabrar status of operation. 0 - success, 1 - latch is locked
Tun pesyabraTa int

void box_latch_unlock(box latch t *latch)
Unlock a latch. The fiber calling this function must own the latch.

ITapameTrpsbl

6.1. CnpaBounuk no C API 271



Tarantool, Beinyck 1.7.2

e latch (box_latch_t*) — latch to unlock

6.1.8 Module 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.

ITapameTrpsbr
o L (lua_Stater) — Lua State
e ctypeid (uint32_t) — FFI’s CTypelD of this cdata
Pesynbrar memory associated with this cdata
See also: luaL _checkcdata()

void *lual_checkcdata(struct lua State *L, int idz, uint32 t *ctypeid)
Checks whether the function argument idx is a cdata

ITapameTrpsbl
e L (lua_Stater) — Lua State
e idx (int) — stack index
e ctypeid (uint32_t+*) — output argument. FFI’s CTypelD of returned cdata
Pesyaprar memory associated with this cdata
See also: luaL pushcdata()

void lual_setcdatagc(struct lua State *L, int idx)
Sets finalizer function on a cdata object.

Equivalent to call ffi.gc(obj, function). Finalizer function must be on the top of the stack.
ITapameTrpsbl
o L (lua_Statex) — Lua State
e idx (int) — stack index

uint32 t lual_ctypeid(struct lua State *L, const char *ctypename)
Return CTypelD (FFI) of given CDATA type

ITapameTrpsbl
e L (lua_Statex) — 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

ITapameTrpsl

e L (lua_Statex) — Lua State
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e char* ctypename (const) — C definitions (e.g. "struct stat")
PesyapraTr 0 on success
Pesynbrar LUA_ERRRUN, LUA_ERRMEM™ or ~ LUA_ERRERR otherwise.
See also: ffi.cdef (def)

void lual_pushuint64(struct lua_State *L, uint64 t val)
Push uint64 t onto the stack

ITapamerpsbt
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
e L (lua_State) — Lua State
e val (int64_t) — value to push

uint64 t lual_checkuint64(struct lua_State *L, int idx)
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 idx)
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 idx)
Checks whether the argument idx is a uint64 or a convertable string and returns this
number.

Pesynbrar 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.

Pesynbrar the converted number or 0 of argument can’t be converted

6.1.9 Module say (logging)

enum say_level

enumerator S_FATAL
do not use this value directly

enumerator S_SYSERROR
enumerator S_ERROR
enumerator S_CRIT

enumerator S_WARN
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enumerator S_INFO
enumerator S_DEBUG

say (level, format, ...)
Format and print a message to Tarantool log file.

ITapameTrpsbl
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.

ITapameTrpsbl
e char* format (const) — printf()-like format string
e ... — format arguments
See also printf(3), say_level

Example:

say_info("Some useful information: %s", status);

6.1.10 Module 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.
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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.

6.1.11 Module 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.
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TARANTOOL_CXX_FLAGS
CXX compile flags used to build Tarantool.

MODULE_LIBDIR
A path to install *.1lua module files.

MODULE_LUADIR
A path to install *.so/*.dylib module files.

MODULE_INCLUDEDIR
A path to Lua includes (the same directory where this file is contained)

MODULE_LUAPATH
A constant added to package.path in Lua to find *.1lua module files.

MODULE_LIBPATH
A constant added to package.cpath in Lua to find *.so module files.

6.1.12 Module tuple

box_tuple_format_t

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 *box_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.

ITapameTrpsbr

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
PezyapraTr 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 box tuple unref(),
otherwise the tuple will leak.
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ITapameTrpsbl
e tuple (box_tuple_t*) — a tuple
PesyabraTr -1 on error
PesyabpraTr 0 otherwise
See also: box_tuple unref()

void box_tuple_unref (box tuple t *tuple)
Decrease the reference counter of tuple.

ITapameTrpsbl
e tuple (box_tuple_t*) — a tuple
Pesyabrar -1 on error
PesyabpraTr 0 otherwise
See also: box_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

size t box_tuple_bsize(const box_tuple t *tuple)
Return the number of bytes used to store internal tuple data (MsgPack Array).

ITapameTrpsbl
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.

PesyabraTr -1 on error
Pesynbprar number of bytes written on success.

box_tuple format t *box_tuple_format(const box tuple t *tuple)
Return the associated format.

ITapameTrpsbl
e tuple (box_tuple_t*) — a tuple
Pesynbrat 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.
ITapameTrpsbr
e tuple (box_tuple_t*) — a tuple

e field_id (uint32_t) — zero-based index in MsgPack array.
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Pesynprar NULL if i >= box_tuple field count()
Pesynabrar 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);

// 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 box_tuple next(). Returned value is zero
after initialization or rewind and box_tuple field count() after the end of iteration.

ITapameTrpsbl
e it (box_tuple_iterator_t*) — a tuple iterator
PesynbraT position

void box_tuple_rewind(box tuple iterator t *it)
Rewind iterator to the initial position.

ITapameTpsl
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 mno)
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).

ITapameTrpsbl

e it (box_tuple_iterator_t*) — a tuple iterator
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e field_no (uint32_t) — field number - zero-based position in MsgPack array

After:
® box_tuple_position(it) == field_not if returned value is not NULL.
® 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 * API.
ITapameTrpsbl
e it (box_tuple_iterator_t*) —
Pesynaprar NULL if there are no more fields
Pesynbrar 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 *box_tuple_update(const box tuple t *tuple, const char *expr, const
char *expr end)

box tuple t *box_tuple_upsert(const box tuple t *tuple, const char *expr, const
char *expr end)

6.1.13 Module 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.

Pesyabprar 0 on success
Pesynbrat -1 on error. Perhaps a transaction has already been started

int box_txn_commit (void)
Commit the current transaction.

PesyapraTr 0 on success
Pesynbrat -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
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6.2 Oertann peanusauunn

6.2.1 BuHapHbiii npoTtokon B Tarantool’e

Bunapusrii mporokos B Tarantool’e — 310 GuHAPHBINA IMTPOTOKOJI IJIsi OOMeHa 3alpocaMu U OTBe-
TaMU.

Notation in diagrams

0 X
O
| | - X bytes
oot

TYPE - type of MsgPack value (if it is a MsgPack object)

f====+
| | - Variable size MsgPack object
f====+

TYPE - type of MsgPack value

+7TTT+

| | - Variable size MsgPack Array/Map
+TTT

TYPE - type of MsgPack value

Tunbl manabix n3 oubauoreku MsgPack:
e MP INT - mesioe uncio (integer)
e MP MAP - coorBercTBHe (map)
e MP ARR - maccus (array)

e MP STRING - crpoka (string)
e MP FIXSTR - crpoka ¢pukcupoBannoii qymas (fixed size string)
e MP OBJECT - o6bekt Tuna MsgPack (MsgPack object)

MakeT-npuBeTtcTeune

TARANTOOL'S GREETING:

| 64 bytes |
SRy Fo +
| | |
| BASE64 encoded SALT | NULL |
| 44 bytes | |
Fem - Fom - = +
64 107 127
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The server begins the dialogue by sending a fixed-size (128-byte) text greeting to the client.
The greeting always contains two 64-byte lines of ASCII text, each line ending with a newline
character (’\n’). The first line contains the server version and protocol type. The second line
contains up to 44 bytes of base64-encoded random string, to use in the authentication packet,
and ends with up to 23 spaces.

Unified packet structure
Once a greeting is read, the protocol becomes pure request/response and features a complete
access to Tarantool functionality, including:

e request multiplexing, e.g. ability to asynchronously issue multiple requests via the same
connection

e response format that supports zero-copy writes

For data structuring and encoding, the protocol uses msgpack data format, see http://msgpack.
org

The Tarantool protocol mandates use of a few integer constants serving as keys in maps used
in the protocol. These constants are defined in src/box/iproto constants.h

We list them here too:

-- user keys

<code> ::= 0x00
<sync> c:= 0x01
<schema_id> ::= 0x05
<space_id> 1= 0x10
<index_id> c:= 0x11
<limit> = 0x12
<offset> c:= 0x13
<iterator> c:= 0x14
<key> ::= 0x20
<tuple> = 0x21
<function_name> ::= 0x22
<username> ::= 0x23
<expression> ci= 0x27
<ops> c:1= 0x28
<data> ::= 0x30
<error> c:= 0x31

-- -- Value for <code> key in request can be:
-- User command codes

<select> ::= 0x01
<insert> ::= 0x02
<replace> ::= 0x03
<update> ::= 0x04
<delete> ::= 0x05
<call_16> ::= 0x06
<auth> = 0x07
<eval> ::= 0x08
<upsert> ::= 0x09
<call> ::= 0x0a
-- Admin command codes
<ping> 1= 0x40

-- -- Value for <code> key in response can be:
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<0K> ::= 0x00
<ERROR> 0x8XXX

Both <header> and <body> are msgpack maps:

Request/Response:

0 5

S + 4 + 4 t
| BODY + | | [ I
| HEADER | |  HEADER | | BODY I
| SIZE | | I |
[ R + 4 o4 +

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, the entire msgpack map for the body may be missing. Such is
the case, for example, for a <ping> request. schema_id may be absent in the request’s header,
meaning that there will be no version checking, but it must be present in the response. If
schema_id is sent in the header, then it will be checked.

Authentication

When a client connects to the server, 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;

AUTHORIZATION BODY: CODE = 0x07
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| | o o + |

| (KEY) | (TUPLE)| 1len == | len == 20 | |

|  O0x23:USERNAME |  0x21:| "chap-shal" | SCRAMBLE | |

| MP_INT:MP_STRING | MP_INT:| MP_STRING | MP_STRING | |

| | o 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.

Requests

e SELECT: CODE - 0x01 Find tuples matching the search pattern

SELECT BODY:

0x10: SPACE_ID 0Ox11: INDEX_ID

|

| 0x12: LIMIT
MP_INT: MP_INT | MP_INT: MP_INT

|

MP_INT: MP_INT

0x13: OFFSET
MP_INT: MP_INT

0x14: ITERATOR
MP_INT: MP_INT

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:

I |

0x10: SPACE_ID | 0x21: TUPLE |
MP_INT: MP_INT | MP_INT: MP_ARRAY |
|

MP_MAP

e UPDATE: CODE - 0x04 Update a tuple

UPDATE BODY:

| | |
| 0x10: SPACE_ID | 0x11: INDEX_ID |
| MP_INT: MP_INT | MP_INT: MP_INT |
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(TUPLE) | 0P |

0x21: | |

MP_INT: +~~~~=~~~~~ +
MP_ARRAY

0x20: KEY
MP_INT: MP_ARRAY

MP_MAP

0P:

Works only for integer fields:

* Addition 0P = '+' . spacelkey] [field_no] += argument

* Subtraction OP = '-' . spacelkey] [field_no] -= argument
* Bitwise AND OP = '&' . spacelkey] [field_no] &= argument
*
*

1]

Bitwise XOR OP = '~' . spacelkey] [field_no] ~= argument
Bitwise OR OP = '|' . spacelkey] [field_no] |= argument
Works on any fields:
* Delete 0P = '#'
delete <argument> fields starting
from <field_no> in the space[<key>]

| |
oP | FIELD_NO | ARGUMENT
MP_FIXSTR | MP_INT | MP_INT
| |

MP_ARRAY

* Insert op = '
insert <argument> before <field_no>
* Assign op = '='
assign <argument> to field <field_no>.
will extend the tuple if <field_no> == <max_field_no> + 1

[ |
opP | FIELD_NO | ARGUMENT
MP_FIXSTR | MP_INT | MP_OBJECT
[ |

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
S t t

| | |

| vt | FIELD_NO | POSITION
| MP_FIXSTR | MP_INT | MP_INT

|
OFFSET | ARGUMENT
MP_INT | MP_STR
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MP_ARRAY

It is an error to specify an argument of a type that differs from the expected type.

e DELETE: CODE - 0x05 Delete a tuple

DELETE BODY:

| |
| 0x10: SPACE_ID |
| MP_INT: MP_INT |
| |

|

Ox11: INDEX_ID |
MP_INT: MP_INT | MP

|

|
0x20: KEY |
_INT: MP_ARRAY |

|

MP_MAP

e CALL 16: CODE - 0x06 Call a stored function, returning an array of tuples. This is
deprecated; CALL (0x0a) is recommended instead.

CALL_16 BODY:

|

| 0x22: FUNCTION_N
| MP_INT: MP_STRING
|

|

AME | 0x21: TUPLE
| MP_INT: MP_ARRAY
|

MP_MAP

e EVAL: CODE - 0x08 Evaulate Lua expression

EVAL BODY:

|

| 0x27: EXPRESSION
| MP_INT: MP_STRING
|

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 |
MP_INT: MP_ARRAY |
|
|

ops) | oP
0x28: |
MP_INT: +~~~~~7~7~~
MP_ARRAY

MP_MAP
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Operations structure same as for UPDATE operation.

0 2

S + t +

| | | |

| 0P | FIELD_NO | ARGUMENT |

| MP_FIXSTR | MP_INT | MP_INT |

| | | |

[ + + +

MP_ARRAY
Supported operations:
'+' - add a value to a numeric field. If the filed is not numeric, it's

changed to O first. If the field does not exist, the operation is
skipped. There is no error in case of overflow either, the value
simply wraps around in C style. The range of the integer is MsgPack:
from -2763 to 2764-1

'-' - same as the previous, but subtract a value

- assign a field to a value. The field must exist, if it does not exist,

the operation is skipped.

'!' - insert a field. It's only possible to insert a field if this create no
nil "gaps" between fields. E.g. it's possible to add a field between
existing fields or as the last field of the tuple.

'#' - delete a field. If the field does not exist, the operation is skipped.
It's not possible to change with update operations a part of the primary
key (this is validated before performing upsert).

e CALL: CODE - 0x0a Similar to CALL 16, but — like EVAL, CALL returns a list of
values, unconverted

CALL BODY:

0x22: FUNCTION_NAME
MP_INT: MP_STRING

0x21: TUPLE
MP_INT: MP_ARRAY

MP_MAP

Response packet structure

We will show whole packets here:

OK: LEN + HEADER + BODY

0 5 OPTIONAL
Foo_— -+ } 4

| Il | Il |
| BODY || 0x00: 0x00 | 0x01: SYNC [l 0x30: DATA |
|HEADER| | MP_INT: MP_INT | MP_INT: MP_INT || MP_INT: MP_OBJECT |
| SIZE || | Il |
Foo—_——— ++ + ++ +
MP_INT MP_MAP MP_MAP

Set of tuples in the response <data> expects a msgpack array of tuples as value EVAL command
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returns arbitrary MP ARRAY with arbitrary MsgPack values.

ERROR: LEN + HEADER + BODY

0 5

[ TP ++ + ++ t
| [ | [ |
| BODY || 0x00: Ox8XXX |  0x01: SYNC Il 0x31: ERROR |
|HEADER| | MP_INT: MP_INT | MP_INT: MP_INT || MP_INT: MP_STRING |
| SIZE || | [ |
R ++ f ++

MP_INT MP_MAP MP_MAP

Where OxXXX is ERRCODE.

An error message is present in the response only if there is an error; <error> expects as value
a msgpack string.

Convenience macros which define hexadecimal constants for return codes can be found in
src/box/errcode.h

Replication packet structure

-- replication keys

<server_id> ::= 0x02
<lsn> ::= 0x03
<timestamp> 1= 0x04
<server_uuid> 1= 0x24
<cluster_uuid> ::= 0x25
<vclock> c:= 0x26

-- replication codes

<join> 1:= 0x41
<subscribe> ::= 0x42
JOIN:

In the beginning you must send JOIN
HEADER BODY

SERVER_UUID
0x24: UUID

MP_INT: MP_INT | MP_INT: MP_INT | MP_INT: MP_STRING

|

0x00: 0x41 | 0x01: SYNC
|
|

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.

0x00: 0x00
MP_INT: MP_INT

0x01: SYNC
MP_INT: MP_INT

0x26:| SRV_ID: SRV_LSN |
MP_INT:| MP_INT: MP_INT |
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| Il MP_MAP

MP_MAP MP_MAP
SUBSCRIBE:
Then you must send SUBSCRIBE:

HEADER

0x00: 0x41
MP_INT: MP_INT

0x01: SYNC
MP_INT: MP_INT

SERVER_UUID
0x24: UUID
MP_INT: MP_STRING

CLUSTER_UUID
0x25: UUID

|
|
| MP_INT: MP_STRING
|

MP_MAP

BODY

I

0x26: VCLOCK |
MP_INT: MP_INT |
I

MP_MAP

Then you must process every query that'll came through other masters.
Every request between masters will have Additional LSN and SERVER_ID.

XLOG / SNAP

XLOG and SNAP 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 - 0xd5ba0bab and EOF marker - 0xd510aded. So,
next, between Header and EOF marker there’s data with the following schema:
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0 34 17

| | | | | |
| 0xd5baObab | LENGTH | CRC32 PREV | CRC32 CUR | PADDING |
| | | | | |

MP_FIXEXT2 MP_INT MP_INT MP_INT -—-

|  HEADER | | BODY |

MP_MAP MP_MAP

6.2.2 lNepcucteHTHOCTb AaHHbiX U popmat 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
Tarantool’s binary protocol), each WAL record contains a header, some metadata, and then
the data formatted according to msgpack rules. For example this is what the WAL file looks
like after the first INSERT request ("s:insert({1})") for the 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"

30 2e 31 32 Oa File header: "0.12\n" = version

cee (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 db 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=l-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:
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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/0O. 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 DELETEs, 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 box.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.

6.2.3 ®opmarT paitna-cHumka

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 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.
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6.2.4 Tpouecc BoccTaHoBeHUs nocne cbos

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.

6.2.5 3anyck cepBepa B pexxume pensimkayumn

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.

If there is no snapshot .snap file and replication source is empty: |br| 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
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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: |br| 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. |br|] 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: |br| 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: |br]|

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. |br| 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: |br| 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, Isn’ 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
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have to reorganize the cluster space manually.

6.3 Cbopka n yyacTtue B npoekTe

6.3.1 Cbopka 13 ncxogHbix daiinos

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. |br| 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. |br| 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. |br| 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).
|br| For all platforms, this is python. The Python version should be greater than 2.6
— preferably 2.7 — and less than 3.0.

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 # see above
e python # see above; for test suite
e libreadline-dev or libreadline6-dev or readline-devel # for interactive mode
o libssl-dev # for digest module
e autoconf # optional, only in Mac OS scripts
e zliblg or zlib # optional, only in Mac OS scripts
2. 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 pip, any version
e dev, any version
e pyYAML version 3.10

e argparse version 1.1
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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/wiks/PyYANL

# what the current version ts.)

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

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

. 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

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 (1ibreadline-dev/readline-devel package).

OpenSSL development files (1ibssl-dev/openssl-devel package).

libyaml (libyaml-dev/libyaml-devel package).
e 1liblz4 (1liblz4-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 ../

294

FnaBa 6. PykoBopcTBo yuacTHuka npoekrta



https://pypi.python.org/pypi/msgpack-python
https://pypi.python.org/pypi/gevent
https://pypi.python.org/pypi/six

Tarantool, Bbinyck 1.7.2

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 butld 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.

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 named "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
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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 El 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.

6.3.2 Cbopka gokymeHTauumn
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:

e git (a program for downloading source repositories)

e CMake version 2.8 or later (a program for managing the build process)

e Python version greater than 2.6 — preferably 2.7 — and less than 3.0 (Sphinx is a Python-
based tool)

Also, make sure to install the following Python modules:
e pip, any version
e dev, any version
e pyYAML version 3.10
e Sphinx version 1.4.4

e sphinx-intl version 0.9.9
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e pelican, any version

e BeautifulSoup, any version

e 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 version

make sphinx-html-ru # multi-page Russian version
#

make sphinx-singlehtml one-page Russian version

Documentation is created and stored at /www/output:
o /www/output/doc (English versions)
o /www/output/doc/ru (Russian versions)

The entry point for each version is index.html file in the appropriate directory.

. 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

. Open your browser and enter 127.0.0.1:8000/doc into the address box. If your local

documentation build is valid, the default version (English multi-page) will be displayed
in the browser.

. 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:

6.3.
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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

6.3.3 PaboTa c pennsamu

How to make a minor release

$ git tag -a 1.4.4 -m "Next minor in 1.4 series"
$ vim CMakeLists.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 ChangeLog 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.

6.4 CornaweHus no paspaboTtke

6.4.1 CornaweHusn no pa3paboTke

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.
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6.4.2 CornaweHuns nNo AOKyMeHTauuu

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.

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:

® .. code-block:: tarantoolsession
® .. code-block:: console
® .. 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(pagel[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

(TDB) 3: i =1
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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:

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 |br| where: |br| c_api is the directory name,
|br| box_index is the file name (without ".rst"), and |br| 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 //"as 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
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n

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).

Language and style issues

US vs British spelling

We use English US spelling.

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.

ITapameTrpsbl
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
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my_index_object:rename (index-name)
Rename an index.

ITapameTrpsnt
e index_object — an object reference
e index_name — a new name for the index (type = string)
Return nil
Possible errors: index object does not exist.

Example:

tarantool> box.space.spaceb5.index.primary:rename('secondary')

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

6.4.3 CornaweHuns no paspabotke Ha a3bike 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 files1l "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:

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, @Qsee, @note and @todo.
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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

EEE R R R

@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.

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 IO 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

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
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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.

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.
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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: Ju b: %u "
"c: Ju \n", a, b, c);
else
next_statement;
}

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,
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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 ==7y) {
} else if (x > y) {
} else {

}

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.

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 (comdition) {
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:
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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:

=4+-<>* /% | & <=>===1!=7:

but no space after unary operators:
& * + - 7 ! sizeof typeof alignof  attribute  defined

no space before the postfix increment & decrement unary operators:
+4+ -

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.

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 ThisVariableIsATemporaryCounter.
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 "cntusr()".

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.
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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 x*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.

. 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

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.

. when you use sparse to literally create a new__ type for type-checking.

. 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.
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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 132 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.

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:
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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) {

out:

}
result = 1;
goto 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 ... \x/" style. Don’t use C99-style "// ..."
comments.

The preferred style for long (multi-line) comments is:

This ts the preferred style for multi-line
comments in the Linuz kernel source code.
Please use it consistently.

Description: A column of asterisks on the left side,
with beginning and ending almost-blank lines.
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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 (O
(let ((filename (buffer-file-name)))
;; 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 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.
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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 (DANGERQUS)"
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.

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).
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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 0z12345

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)

isa 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 FO0(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(),
kcalloc(), 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.
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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.

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.
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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:

*/

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. |br| Prentice Hall, Inc., 1988. |br| ISBN 0-13-110362-8 (paperback), 0-13-110370-9
(hardback).

e The Practice of Programming by Brian W. Kernighan and Rob Pike. |br| Addison-Wesley,
Inc., 1999. |br| ISBN 0-201-61586-X.

e GNU manuals - where in compliance with K&R and this text - for cpp, gcc, gcc internals
and indent

e WG14 International standardization workgroup for the programming language C

e Kernel CodingStyle, by greg@kroah.com at OLS 2002

6.4.4 CornaweHuns no pa3spabotke Ha si3bike Python
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?.

1 PEP 7, Style Guide for C Code, van Rossum
2 Barry’s GNU Mailman style guide
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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).

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)
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Optional:

# Extra 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:

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.
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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")

if width == 0 and height == 0 and (color == 'red' or
emphasis is None):
raise ValueError("I don't think so -- values are /s, /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.
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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

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.

e 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.

e 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".

Whitespace in Expressions and Statements
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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 == cprint 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:

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)
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No:

i=i+1

submitted +=1

X =x %2 -1

hypot2 = x * x + y *x y
c=(a+b) *x (a -Db)

e 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)
No:
def complex(real, imag = 0.0):
return magic(r = real, i = imag)
e Compound statements (multiple statements on the same line) are generally discouraged.
Yes:
if foo == 'blah':
do_blah_thing()
do_one ()
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()
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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 #.

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 x

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.

6.4. Cornawenus no paspaborke 323




Tarantool, Beinyck 1.7.2

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.

mnun

e For one liner docstrings, it’s okay to keep the closing " on the same line.

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.

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.

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:

b (single lowercase letter)

B (single uppercase letter)

® lowercase

® 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!)

3 CamelCase Wikipedia page
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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).

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

- _y - -

names; only use them as documented.

Prescriptive: Naming Conventions
Names to Avoid

Never use the characters ’l’ (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 ’l’, 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).
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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.

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).
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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.)

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.
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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.
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