BuHnn cHoBa B moae,
nnn Victopma gNCKoBOro
asumXkKa B Tarantool

Cepreun bpoHHukos, VK Tech

HL HighLoad++



[laBante sSHAKOMWMTbCHA

Cepren bpoHHMKOB
Begywuin paspaboTtunk Backend

Pa3zpaboTurk B Tarantool @ Hawén nocnegHne 2 6ara
B AICKOBOM [OBVIXKE
Tarantool

() tech
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BornbLon onbIT yyacTus

B KPYMHbIX MPOrpamMmMHbIX
npoekTax: Parallels Desktop
for Mac, Virtuozzo,
KasperskyOS



O uem goknan??

@ O paspaboTke Tarantool 6e3 nprkpac.
@ O6 NHXEHEPHbIX N NPOAYKTOBbIX OLLUNOKaX.
@ O6 ncnpabneHn 3TNX OLLNBOK.

@ O6 ncnonb3oBaHuy $passviHra npn paspadoTke [10O.
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[logBneHne ONcKoBOro ABkKa B Tarantool

[lepBbin penns, nepsble Nob3oBaTENN 1 NPO6IEMDI
bonb nonb3oBaTenen

YemogaH ¢ OTOpPBaHHOW PYyYKOW

PaboTa Hag owmnbKami

Vinyl cHoBa B moae

ONOCHIOMOCIMOMOMNO

BbiBOObI

() tech
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2014 ron

[[ToaBneHmne oMcCcKoOBOIro
asrikka B T arantool



Tarantool B 2014-m

@ In-memory 6a3a JaHHbIX.
® ba3sa gaHHbix. Ouepep.

® Kew co BTOPUYHBIMI HOEKCAMMW.

() tech



OaoviH OBIM>KOK — memtx

100% OaHHbIX B MaMaTI © TpaH3aKLUMOHHOCTb ©
Bblicokas :

, [TpOCT B MCMNOb30BaHWN: ©
NPOVI3BOANTENIbHOCTD: HE HALLO MG S,
1 MOps &

() tech

[TlepcuncTeHTHOE
XpaHeHne Ha gncke

HapexxHbin
B 3KCMyaTauum



3auem eLle OMcKoBbIV OBUV>KOK?

@ [JaHHble MOryT HE NMOMECTUTBLCS B ONEPaTUBHYIO NaMATb
@ Honrunn ctapT Tarantool ¢ memtx

@ CHmxeHne pacxogos: RAM Bcé ele gopoxe SSD/HDD
® HoBbilh PbIHOK

> TexHonormdyeckumi Bbi3OB

() tech



NoTmBauma

«Mbl 2TO genaem, NOTOMY YTO Mbl MOXEMY.

KocTta Ocunnos

() tech
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NoTmBauma

«Mbl 3TO penaem, NOTOMY YTO Mbl MOXeM. Korga mbl
HadyHann, Mbl He NOHMMaJIN, BO YTO Mbl BBA3bIBAEMCSH».

KocTta Ocumnos

() tech
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Buenmnoreka Sophia

< pmwkaa / sophia Public

Modern transactional key-value/row storage library.

5[8 View license

v¢ 1.9kstars % 150forks § Branches () Tags A~ Activity

() tech
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MHTerpaunma Sophia B Tarantool

commit f4/b3bdeccaal?98345/1645/3cadb3220dba?ab
author: Dmitry Simonenko <pmwkaa@gmail.com>
date: Tue Mar 18 21:57:32 2014 +0400

sophia-index: add sophia space engine.

() tech
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Sophia B Tarantool 1.6.3

Subject: Tarantool 1.6.3 released
Date: 18 Jul 2014

The major new features of 1.6 are:
- Sophia engine (disk-based)

Sophia is RAM-Disk hybrid storage. It is designed to provide best possible

on-disk performance without degradation in time. It has guaranteed O(1) worst
case complexity for read, write and range scan operations.

https://groups.google.com/g/tarantool/c/6t280K\VTJT8/m/x0-FrSMHuHOJ

() tech

14


https://groups.google.com/g/tarantool/c/6t280KVTJT8/m/x0-FrSMHuH0J
https://groups.google.com/g/tarantool/c/6t280KVTJT8/m/x0-FrSMHuH0J
https://groups.google.com/g/tarantool/c/6t280KVTJT8/m/x0-FrSMHuH0J

2016 rono

[TyTIn Tarantool
N Sophia pacxogaTCcH

15



Sophia B penosntTopum Tarantool

commit 2da?23daa891e59d2b9f1a332blbbc2led31fadb/
author: Dmitry Simonenko <pmwkaa@gmail.com>
date: Tue Apr2617:47:27 2016 +0300

sophia: convert to a built-in source

() tech
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Phia B Tarantool

commit 1da?3e203e3bf5al83blef64cH5195decddb23e35
author: Konstantin Osipov <kostja@tarantool.org>
date: Tue Apr 26 21:43:00 2016 +0300

sophia: rename sophia -> phia

() tech
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Vinyl B Tarantool

commit b82af8749709d74e8d7e676722d1799682c92b%e
author: Konstantin Osipov <kostja@tarantool.org>
date: FrilJun 2417:00:04 2016 +0300

phia -> vinyl

.. _two-storage-engines:

- The two storage engines: memtx and phia
+ The two storage engines: memtx and viny!

() tech
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UTO He Tak c Sophia?

@ «Cblpon» ko
@ [LyénuposaHune koga ¢ Tarantool (CTPYKTYPbl AaHHbIX)

@ [LyénuposaHune ¢yHkunoHanbHocTy (WAL, Tx)

() tech
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MNpeBpaLeHme Sophia B Vinyl

® PedakTopuHr koga Sophia

@ TMonHbI peansaiiH

() tech
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Vinyl B Tarantool 1.7.1

Subject: Tarantool 1.7.1 (alpha)
Date: 11 Jul 2016

The main feature of this release is a new storage engine, called "vinyl". VVinyl is a
write optimized storage engine, allowing the amount of data stored exceed the
amount of available RAM 10-100x times.

Vinyl is a continuation of Sophia engine from 1.6, and effectively a fork and a
distant relative of Dmitry Simonenko's Sophia. Sophia is superseded and
replaced by Vinyl.

https://groups.google.com/g/tarantool/c/KGY|3VKIKb8

) tech 21


https://groups.google.com/g/tarantool/c/KGYj3VKJKb8

XapaktTepunctTmkm Vinyl

B ocHoBe — LSM (Log-Structured @ PoHoBble onepaLn COOPKIN
Merge) Tree «MyCOpa»
OnTnMKrsaums nog 3anncb
MHoronoTo4Hasa paboTa C AUCKOM @ 5 &

N peKoe 4YTeHne

() tech
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Tarantool oaviH, a oBu>KKa aBa.
Hy>keH napuTeT Nno donvam!

() tech
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Hago porHaTb memtx!

MIHOrOoNOTOYHOCTb YTEHWS 1 3aMKCU Ha OVCK
KewmnpoBaHne B NamaTu

OTnoxeHHasa onepaung DELETE
[Topnep>xka onepaunvt UPSERT

BTOpWyHble NHOEKCHI

OMIOMIOCMOMOMNO

«BblpaBHBaem» Lua APl onga memtx 1 vinyl
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BHyTpeHHee ycTpouncTBOo Vinyl

XpaHeHune gaHHbIX Ha BUHUNE

kostja@tarantool.org
Konstantin Osipov

XpaHeHne gaHHbIx Ha BuHune, KoHctaHTuH Ocunos, Highload 2016

() tech

A

[=]

25



Ocob6eHHOCTM pa3spaboTkm Vinyl

@ OrpaHN4YeHHOCTb PECYPCOB B KOMaHAE
@ Bblcokast CKOPOCTb pPa3paboTKy

® HepocTaTo4YHOE Harpy3o4yHOE N TECTUPOBAHE NPOU3BOANTENBHOCTY

() tech
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Ocob6eHHOCTM pa3spaboTkm Vinyl

@ OrpaHN4YeHHOCTb PECYPCOB B KOMaHAE

@ Bblcokast CKOPOCTb pPa3paboTKy

® HepocTaTo4YHOE Harpy3o4yHOE N TECTUPOBAHE NPOU3BOANTENBHOCTY
® HepocTaTo4YHOE TECTUPOBAHNE:

e Het Cl
e HeT caHnTan3epos
e HeT ¢pas3nHra

() tech
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2017 ron

[TepBbiV pernns
1 MepBble NoJib3oBaTernn
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Vinyl B Tarantool 1.7.4

Subject: Tarantool 1.7.4 (Release)
Date: 17 May 2017

Vinyl Engine, the flagship feature of 1./.x, is now feature-complete.

All core features were finished and there are no known crashes,

bad results or other showstopper bugs.

https://groups.google.com/g/tarantool/c/3x88ATXYbY

() tech

29


https://groups.google.com/g/tarantool/c/3x88ATX9YbY

[MlepBble Nonb3oBaTesNn

> [lonb3oBaTenn N3 coobLlecTBa

® Mail.ru FRS:

o oTpenopTnan 10 KpaLlen

@ [Mo4dTa Mail.ru: oTprLAaTENbHbBIA OMNbIT UCNOb30OBAHUS

() tech
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2012 rono

[ TOoMNbITKW
cTatumsaumm

31



Bob aKCnnyaTaumnm

)  [Npobnembl NPOV3BOANTENBHOCTY
o 3a0EepPXKW 1N3-3a KOMMPECCUN 1 GOHOBBIX MPOLLECCOB

e [lpobnema «3anvnaHng» orianasoHOB

° |_|pOVI3BO,EI,VITeJ'IbHOCTb TOYE4YHbIX 3aripOCOB MO BTOPWYHbIM KJTtO4aM

() tech
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Bob aKCnnyaTaumnm

O  TlNpobnembl NPON3BOANTENBHOCTM

©) [Tpobnembl HaCTPONKN
o CNOXHOCTb HACTPOWKIN 11 K4EPHDBIN ALK

® TpaH3aKLI,I/IOHHbIe OorpaHn4yYeHn4

() tech
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Bob aKCnnyaTaumnm

)  TMpobnembl NPON3BOANTENBHOCTY

)  [lpobnembl HaCTPOVIKW

) Hwnskasa HapEXHOCTb

() tech
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PacTepannm akcnepTtTm3y rno Vinyl

(1) BHeluHVe KpyrnHble Nofib3oBaTeN He NOSBUANCH
(1) BHyTpeHHNxX nonb3oBaTenen 6bi10 Mano

(1) OcHoBHble paspaboTunku Vinyl mToOCTENeHHO NOKUHY AN KOMaHOY

() tech
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PatoTaem Hag oLumékKamMmm

@ BardunkCuHr crnaamm oCTanbHbIX YIEHOB KOMaHAbI

@ PaspaboTka poKyCHbIX TecToB anga Vinyl

@ [lo kopkam TAXKeNo NOHATb NPWYKHDI, BRDEMS NHXEHEPOB TPATUTCH

BIMYCTYIO

() tech
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PatoTaem Hag oLumékKamMmm

® Tarantool kpoLlnTCH, NONb3OBATENN MNPOAOIKAOT NCMNOb30BATb
N CTPafaloT

@ Penus Tarantool 2.4.2: ncnpasneHo 10 kpaLuei B Viny!

() tech
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Bcé v Tak ninoxo~?

® TpoekT VK My Tracker
e 2800 nMHCTaHCOB

o 32 MOps
e 106 Tb gaHHbIX B Vinyl

() tech

=

-

m
trgcker

38



2023 rono

HemogaH
C OTOPBaHHOU PY4YKOW

39



UemogaH Cc oTopBaHHOU PYYKOU

@ Bce 1n3BecTHble NPO6eMbl NCTMPaB/IEHDI
@ EcTb nogospeHune, 4to Vinyl BCE elle HeCTabunbHbIl
@ CrTapble NoAb3oBaTENN MPOAOIKAIOT MCMNOMb30BaTb

® HoBbIM NOb30OBATENAM npensiaratb HeJib34

() tech
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() tech

@@@@J

GREGoRY

I6e npuvutsl, 10 KOMOPLIM A Nepeuién Ha BUHUA:

31M0 00p0o20 U HeYoo0Ho.
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CTaTyc nogaoep>kkm Vinyl

He ncnonbsynte
BUHWN.

2R  Mons Anderson

() tech
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CTaTyc nogaoep>kkm Vinyl

OHO He Henbunmoe...
OHO HepgoOHOLLUEeHHOe.

2R  Mons Anderson

() tech
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CTaTyc nogaoep>kkm Vinyl

yxoaunT B cTaTycC
beta/deprecated

N NLIaeTCcsa cannopTa.

2R  Mons Anderson

() tech

44



2024 rono,

Pa6boTa Hag oLLmKaMm
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HakornmBLimecsa npoérnembl B Vinyl

@ CNOXHOCTW B HaCTpOWKe

O OTcyTCTBME CTabUNbHOCTV MPW SKCyaTaLN

O PenyTauusa nepepn Nonb3oBaTENAMM OCTaBAAET XenaTb Sy4yllero

() tech
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UTO nenatb c HecTabubHOCTbIO?

® TllepenncbiBaTb OOPOro, HET TaKUX MIaHOB
@ TlokpbiTVE KOJa PErPeCcCrOHHbIMY TECTAMI XOPOLLEE

@ HanucaTtb TecTbl? Ho kakme?

() tech
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Coenanuv crtaTmnydeckKkmm aHarnins

) He TpebyeT LONOAHUTENBHON PaBOTHl
) Wcnonbsosanu Coverity, Svace, PVS Studio, Infer

) Bblnn HEKPUTNYHbIE CpabaTbiBaHNS

() tech
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YCTpaHWIn «TEMHbIE» MecCcTa B Koae

©) 3anyck Bcex TECTOB NOf, CaHUTaNn3epamu

Vlcnpaensem BCce nogaBNeHHble paHee NpobriemMbl, HaOEeHHbIEe
CaHuTansepamm

») BknioyeHre BCcex NpoBepOK B CaHNUTal3epax 419 BCero Koga
©) Vicnpasunm «<mopratowmey TecTbl (1 Hawnm 6aru!)

Ho6asnnn nogaepxky ASAN B SMALL (1 Hawnm 6arn!)
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T MMIYHDbIE KOMIMOHEeHTbIl TecCcTa

® Tarantool Lua API

@ BcTpoeHHbIn MexaHnam c6oes (a-la BUGGIFY B FoundationDB)

() tech
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T MMIYHDbIE KOMIMOHEeHTbIl TecCcTa

® Tarantool Lua AP
@ BcTpoeHHbIn MexaHnam c6oes (a-la BUGGIFY B FoundationDB)
®  TunuyHbIl TecT:

s = box.schema.create space(...)

s.create index('pk’)

s:insert({1})

box.error.injection.set('ERRINJ WAL DELAY", true)
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Caoenann oas3saviHr-TtecCT

G TeCT «4epHOro suKa» ans DML/DDL-onepauuin

G PaHpomusauma Bcero
e rapameTpos bl n Tabnuy,
e TUMOB AAHHbIX
e ocNefoBaTeIbHOCTEN onepaunmn Hag gaHHbIMY
e MocfienoBaTeNlbHOCTEN CHOEB

® BblCOKas KOHKYPEHTHOCTb C MOMOLLbIO danbepoB
@ CaHuTalnsepbl, accepThbl
® Bcero1.5KLOC Ha Lua
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Cpoenanwv dpa3ssamHr-TecT (nceBpgokon,)

local function main()
setup box()
create space()

forid =1, num_workers do
fiber.new(worker _func, id, space, test_gen, deadline)
end
start_error_injections(space, deadline)
end

() tech
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TecT Hawen 30 Kpawen

() tech
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TecT Hawen 30 Kpa3awewn

() tech

Segmentafzan fault i
code: SEGV_MAPERR ‘
#3 Bx578642135298 in space_cache_replace+624 162
#4 Bx57864214d98b in alter_space_do(txn_stmt*, alter_space*)+587e
1ndex(tllgger , void*)+952

ist*, void*)+134

iggers(space®, space*)+168
o(txn_stmt*, alter_space™)+554

9X589976239€u7 Bx57864227d3ca in trigger_run+17@ fndexCringer?. void®) 952

Bx5abe762318yg 8x57864213349d in_space_on_replace+77

Bx5aBe762494a9 in fiber cond walt tlmeOL' =
Bx5aBe76249654 in fiber #2 Bx7bce74e45328 in _51gact10n+88

Bx5a8e768528¢8 in vy_me = vy_run_writer_append_stmt+708
- - ER_INVALID VYLOG FILE: Invalid VYLOG file: Run 9455 forgotten but not registered €XID €2 €@ €D

xrow_update op_do_array insert: Assertion ‘size <= tuple_field_cnt_lim' failed @) €2 URAMEH SREZT
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KonmmyecTBO OTKPbITbIX 1 3aKPbITbIX
npooérnem

60
= 3akpblTble = OTKPbITbIE

20

Jul, 24 Oct, 24 Jan, 25 Apr, 25 Jul, 25 Oct, 25

() tech
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HepocTaTkum dpa3saHr-TecTa

®© BepoATHOCTHbIN
O HenpepnckasyemMocTb -> Henb3a ncnosnb3oBaTb B Cl

® HeT «namaTtiny

() tech
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NMovemy He ncnonb3oBaTb libFuzzer/AFL?

® OcHoBHon AP| peannsosaH ansa Lua

© lyénunyHbin Tarantool C API cnnwKoM H3KOYPOBHEBbIV

() tech
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NMpunBaTHble CnN-dYyHKLLINN

datetime.parse (Lua) =

O
datetime parse from (Lua) = @
builtin.tnt_datetime_strptime (LuallT FFI) =

tnt datetime strptime (C) =

datetime_strptime (C) =

tm_to datetime (C)

() tech



NMHOro koga gnsa peanmsaumnm LLua API

msgpack.decode (Lua) =

luamp iterator decode (Lua C API) =

luamp iterator decode (Lua C API) =

luamp decode (Lua C API) =

msgpuck (C)

() tech
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Hy>keH dpa33viHIr
nopaaep>kKkowm Lua

61



da33vHr gna Lua — luzer

Pe3ynbrartbl: npumep dpassuHr-tecta agnsa Lua

TestOneInput(buf
ok, res pcall(msgpack.decode, buf
ok

pcall(msgpack.encode, res

HEISENBUG

luzer.Fuzz(TestOneInput, n args

Cepren BpoHHUKOB
A sqaunderhood

[lo6asnsem nogaepxxky ckpuntoBoro a3bika B AFL n LibFuzzer Ha npumepe Lua, Heisenbug 2022

() tech



Mda33nHr-TecT a4 vinyl: MO>XKHO nyJdLue!

® TecT «ceporo auyka» gng DML/DDL-onepaLui

@ B ocHoBe — das3unHr-gsmxok anga Lua — luzer

@ [lapamMeTpbl TECTa MaKCMUN3NPYIOT NOKPbLITVE KOAa

> HaKonneHHbIn KOpnyc NO3BONSET 6bICTPO NPOBEPATb M3MEHEHIS
@ MwuHyC: HN3Kad NPOV3BOANTENBHOCTb

@ TecT MmoxHO 3anyckaTb B Cl

(Q tech

63



VicuepnrnbiBaloLwlee TecTmpoBaHme
HEeEBO3MO>XKHO

Program testing can be used to show the presence of
bugs, but never to show their absence!

Edsger W. Dijkstra

() tech
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Hy>kKHO yeegmnTernbHoe gokasaTesribCcTBo!

The only effective way to raise the confidence level of

a program significantly is to give a convincing proof of
its correctness.

Edsger W. Dijkstra

() tech
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Bepudmkauma c nomoLlbio Mmogenemn

© CTtpowuTtenbHble 6nokun Tarantool
e SMALL — cemencTBO annokaTtopoB NaMaTy
e SALAD (Specialized ALgorithms And Data structures) —
SdPEKTVBHbIE peann3auiin CTPYKTYP OaHHbIX
e MATRAS (Memory Address TRanslation Allocator)
o Cneunouvurpyembi
G HeT3aBncumocTen
G KomnakTHbIN koA

() tech
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Bepundomkauma moaoenenm CBMC

e OrpaHunymBaeT MoLesib A4 peLleHns NnpobnemMbl B3pbiBa YCa
COCTOAHNM

Mopenb — ko Ha C
OTCYTCTBME JTIOXHOMOMOXNTESbHbIX CpabaTbiBaHWN

[eHepunpyeT KOHTPAPYMEP NPW HapyLIEeH cneundukaLm

® ®© O

Cneunounkaums:
e oTcyTcTBre UB
e oTcytcTBnie OOM
e [0O/Ib30BaTENbCKME YTBEPXKOEHUS



CBNMC B Tarantool

) Vicnonbsosanu CBMC ons SMALL n SALAD
) Hawnmn Heckosbko UB

) Nonyuynnn 6osblie YBEPEHHOCTI B KOPPEKTHOCTW!
(denkcTpa 6bi51 6bl JOBOJEH)

() tech
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2025 ron

BuH1A cHoBa B Mmoae

69



PaboTaemM Hag penyTaumenv

OnepaTrBHas paboTa C GOO63KOM OT IKCMIyaTaLm
OCTOPOXHO Npeasiaraem HOBbIM MOJIb30OBaATESSM
[Tnwem pykoBOoACTBO NO akcryaTayum Vinyl

Hosblie BHeapeHus: VK WorkSpace, lNouta Mail.Ru

OEOEORONO

[TouTa Mail.Ru: xoTaT ncnonbzosatb Vinyl, TOTOMY 4TO HacbillaHbl O €ro
CTabVNbHOCTW

() tech
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BbiBOODbI

) OTcyTCTBME NPAaMOTHOrO MPOEKTUPOBaHNS BEAET K MPo6neMam
©) HekayecTBeHHOE TECTUPOBaHNE 4OPOro O6XOANTCS

) [OdymaiiTe o TeCTUPOBaHN BO BPEMS NPOEKTNPOBAHIS

) VIHXUHUPWHT 1 Tpy4, BCe NEPETPYT

) [HepxuTte bus-pakTop Nof KOHTPONEM

() tech
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BuHun cHoBa B mope,

nnun Vlictopna ANcKoBoro
asmxka B Tarantool

VK, VK Tech, Tarantool
* Tenerpam: @ligurio
« Cnanapbl: brnkv.ru/hl2025

Hl_ HighlLoad++

OueHnnTe poKknan



http://brnkv.ru/hl2025

NMexaHnam céoeB B Tarantool (Cwun)

#define ERROR INJECT SLEEP(ID) \
ERROR_INJECT WHILE(ID, usleep(1000))

static int
vy task compaction execute(struct vy task *task)

{
ERROR_INJECT _SLEEP(ERRINJ_VY_COMPACTION_DELAY);

return vy _task write run(task, false);

() tech
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NMexaHnam céoeB B Tarantool (Lua)

— BKIoUnTb 3a0EpXKY.
box.error.injection.set("ERRINJ VY COMPACTION DELAY", true)

— BbIKIOYNTb 3aEPXKY .

box.error.injection.set("ERRINJ VY COMPACTION DELAY",
false)

() tech
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NMaTepwuanbi

G «XpaHeHue faHHbIX Ha BuHune» — K. Ocrnos

6 «Pabota c namsaTbio B Tarantool: Small — Specialized Memory
AlLLocators» — A. JlanyHOB

6 «The Humble Programmer» — Edsger W. Dijkstra

6 «TheFuzzing Book» Ha pycckom

) tech /5



