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| How Postgres is good
: MY as NoSQL database ?

o)l PROFESSIONAL

Pos{gres

| Bo3MOKHOCTM BoraTtble, a TaK
KTO ero 3Haer ...

'SQL/JSON 2016 ! Mopa HakoHeLL
NOMEPATL NPON3BOAUTE/NLHOCTb!
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Pos gres Benchmarking NoSQL Postgres

* Existing benchmarks were homemade by postgres people

* People tend to believe independent and «scientific» benchmarks
* Reproducible
* More databases
* Many workloads
* Open source

HighLoad™



Pos ' gres YCSB Benchmark

* Yahoo! Cloud Serving Benchmark -
https://github.com/brianfrankcooper/YCSB/wiki

* De-facto standard benchmark for NoSQL databases

* Scientific paper «Benchmarking Cloud Serving Systems with YCSB»
https://www.cs.duke.edu/courses/fall13/cps296.4/838-CloudPapers/ycsb
pdf

* We run YCBS for Postgres master, MongoDB 3.4.2

* 1 server with 72 cores, 3 TB RAM, 2 TB SSD for clients
* 1 server with 72 cores, 3 TB RAM, 2 TB SSD for database
* 10Gbps switch

HighLoad-


https://github.com/brianfrankcooper/YCSB/wiki
https://www.cs.duke.edu/courses/fall13/cps296.4/838-CloudPapers/ycsb.pdf
https://www.cs.duke.edu/courses/fall13/cps296.4/838-CloudPapers/ycsb.pdf
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Pos gres YCSB Benchmark: Core workloads

* Workload A: Update heavy - a mix of 50/50 reads and writes
* Workload B: Read mostly - a 95/5 reads/write mix
* Workload C: Read only — 100% read

* Workload D: Read latest - new records are inserted, and the most
recently inserted records are the most popular

Workload E: Short ranges - short ranges of records are queried

Workload F: Read-modify-write - the client will read a record, modify it,
and write back the changes

* All (except D) workloads uses Zipfian distribution for record selections

HighLoad:-



pogzgres YCSB Benchmark: details (1)

* #1: Postgres 10, synchronous commit=off
Mongodb 3.4.2 (w1, j0) — 1 mlin. Rows, #clients <=128

* #2: Postgres 10, synchronous commit=off
Mongodb 3.4.2 (w1, j0) — 1 mlIn. Rows, #clients <= 1000

* #3: Postgres 10, synchronous commit=on
Mongodb 3.4.5 (w1, j1)

* We tested:
* Functional btree index for jsonb, jsonbc, sqgljson
* Mongodb (wiredtiger with snappy compression)
* Return a whole json, just one field, small range

HighLoad:-
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Pos gres Pacnpeaenenue 3unda n PostgreSQL

* Pa3paboTtumkm B ocHoBHOM noab3ytoTcs pgbench. PostgreSQL —
pgbench optimized DBMS.

* YCSB npepnaraet ncnonb3osatb pacnpeaeneHme 3unda

* B pgbench He 6bin0 pacnpeaeneHna 3unda, ucnpaBnaemcs

https://www.postgresql.org/message-id/flat/BF3B6F54-68C3-417A-BFA
B-FB4D66F2B410@postgrespro.ru

HighLoad:-
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Pos gres Y10 370 32 pacnpeaeneHue 3nnoda

* YacTtota obpaTHO NponopumoHasibHa paHry

SHA4YEeHNHA 0’ f " :H.DL userslttu sites |
A
. \ SLOPE = -2.07
* T.e. BTOpOE Nno 4acTtoTe 3Ha4YeHne BCTpevaeTca w'} e
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* XOopoLwo annpoKCUMUpPYyeT apyrme 1 L
KU3HEHHble CUTyauunm
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Pos gres Zipfian distributions of queries #1
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Pos gres Uniform distribution of queries: #2
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Pos gres Zipfian distributions of queries: #2
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Pos gres Zipfian distributions of queries: #3

workload A workload B workload C
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Pos gres BbiBOAbI

* CoyetaHue «synchronous _commit = off», zipfian distribution n 6onbLuon
KOHKypeHTHOCTU ( > 100) He oyeHb XOpOLLO A1A MOCTrpeca
(obHOBNEHME)

* [laxke Ana oAHOPOAHOro pacnpeaeneHus npu 6onbLIOM KONNYECTBE
kKnneHTtoB (> 500) nponssoauTenbHOCTb OOHOBNAEHMA NOCTrpeca
aerpaavpyet

* MepcncteHTHOCTb «synchronous_commit = on» HEMHOro NoOmMmoraeT
noctrpecy KoHkypuposaTb ¢ Mongodb (j1), HO He KapanHaNbHO

HighLoad:-
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Posdgras AciD

Isolation — Ha BbINONHEHWE AQHHOM TPAH3aKUMUKN HE A0KHbI OKAa3blBaTb
B/IUSIHNE APYrne TpaH3aKLUMK, KOTopble paboTatoT napasaienbHo C HeM.

[na Toro, yTobbl BLINONHUTL CBOUCTBO isolation, HO Npu 3TOM YnTarowme
N NULYLLMe TPaH3aKuMKM He BAOKUPOBaANU Apyr Apyra, bl npMaymaH
MVCC. Mpu MVCC cTtapble Bepcumn CTPOK COXPaHAKTCA ANA TOro, Ytobbl
YymTatowme TpaH3akuunu Mmorim BMaeTb ux.

Snapshot — 310 cocToAaHMe 6a3bl AaHHbIX MEXKAY ABYMA TPAH3aKLUUAMM.
[na Toro, 4ytobbl UAEHTUOULMPOBATL CHAMLLOT, HYKHO YMETb OT/INYATb,
KaKne TpaH3aKuMM B NPOLLAOM, @ KaKUM — B byaywiem. B PostgreSQL
CHanMWwoT 3a43€ETCA C NMOMOLLbIO XMin, XmaxX U maccusa Xip.

HighLoad:-
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Pos gres YTo Takoe snapshot

TX5 TX11
TX6 Xmin: 6
' xmax: 10
TX7 | TX:10 xip: [6, 8]
TX8l
TX9 TX12
A SO N SN S N R S
5 6 7 8 9 10|11 12 xid
snapshot

HighLoad:-
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Pos gres Mcnonb3oBaHue snapshot'os

snapshot xmin: 8, xmax: 13, xip: [8, 9, 10, 11]

!

snapshot xmin: 10, xmax: 15, xip: [10, 11, 13, 14]
A

snapshot xmin: 13, xmax: 18, xip: [13, 14, 16]

Xmin 3 12 9 11 heap
Xmax 12 9 11 0

id 1 1 1 1
value 1 2 3 4

HighLoad:-
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Pos gres Read committed vs snapshots

XID 10 » 1) XID 10 yntaet tynabl (1; B) n (2; C).
2) XID 11 obHoBANAeT TynA (4; E) Ha
(4; A) n KOMMUTUTCA.

3) XID 10 yutaet tynna (3; D), a (4; E)
ndex 'A:lB] cl (D E eMy YXe He BUOUM, T. K. OH Y*Ke OblIn

- ~=! [ \ I_\- .e
N VRS Vi - B MTOre Mbl NOTEPAAM CTPOKY. YTOObI

Heap |(EB)] O] [BD)] BB L&A | 13K He 6b110 HYKHO BHauase caenaTthb

XID 11 5. 0) XID 10 6epéT cHanwoT ansa
2: UPDATE t1 SET value ='A' WHERE id = 4; YMTaKOLLLEro 3anpoca.

Output | (1;B)| | (2;C) | | (3; D)
1—» —3—>

HighLoad:-
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Pos gres Contended update

XID 10 » 1) Obe TpaH3aKuMM NPOYMTAIN B COOTBETCTBUM
UPDATE t SET value = value + 1 CO CBOMMM CHANLWOTaMM OAHY U Ty XKe BEPCULo
WHERE id = 1 cTpoku ctid = (0;1). U nogrotosmau
\ XID 11 > 06H.OBJ1éHHbIe Bepcuu c value = 2.
\ \2 UPDATE t SET value = value + 1 i()a;LdMioczzpj?g.;)ﬁ:?/zfjjzcgpow " RobaBnAeT
1 WHERE id =1 ’ '

s . 3) xid 11 ToxKe nbiTaeTcss 06HOBUTL CTPOKY ctid =
\%3/ T (0;1), HO BUAUT YTO OHA YXKe 0bHOB/EHa... YTO

ctid (0; 1) (0: 2) Aenatb ganolie?
Xmin 3 10
xmax 10 11
id 1
value 1 2

HighLoad:-
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Pos gres ACID answer

isolation level >= repeatable read

ERROR: could not serialize access due to concurrent
update

Ecnn Ham npuxogmntca o6HOBAATL CTPOKY, KOTOPYIO YrKe ycnena
0bHOBUTbL Apyrasa napannenbHas TpaH3aKLUKUA, TO 3TO 3HAUYMUT YTO eé
pes3y/ibTaT OTPa3UTbCA Ha pe3ybTaTax Hallen TPaH3aKumMn. Takmum
obpasom, A4NA CTPOroro BbiNO/IHEHUA CBOMCTBA isolation Ham HM4Yero He
OCTAETCA KakK BblAaTb OWKMOKY (M nonpoboBaThb HalLy TPaH3aKLUUIO eLlé

pas).

HighLoad:-
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Pos gres Contended update: read committed

XID 10 » 1) Obe TpaH3aKuMM NPOYMTANN B COOTBETCTBUM

UPDATE t SET value = value + 1 CO CBOMMM CHANLWOTaMM OAHY U Ty XKe BEPCULo
WHERE id = 1 cTpoku ctid = (0;1). U nogrotoBuam

obHOBNEHHbIe Bepcuu ¢ value = 2.

UPDATE t SET value = value + 1 Bepcuto ctid = (0;2) c value = 2.

WHERE id = 1 3) xid 11 Toe nbiTaeTcA 06HOBUTb CTPOKY ctid =
1— /)/)/
3/5 6
K

|3 \
\ \ XID 11 > 2) xid 10 nepBaA o6HOBASAET CTPOKY 1 AobaBnseT
2
3

(0;1), HO BUAUT YTO OHA yr*Ke OOHOBAEHA U KAET
3aBepuweHms xid 10.

ctid (0; 1) (0; 2) (0; 3) 4) xid 10 komutuTCA.
Xmin 3 10 11 5) xid 11 I'IpOCbII'Ia.ETCFI, HaxoauT nocnfe,u,moro
Bepcuto cTpoku ctid = (0;2) u nouunt eé.
Xmax 10 11 0 6) xid 11 nepesbluMcnAeT OBGHOBNEHHYIO BEPCUIO
id 1 1 cTpoKu (value = 3) n Bctasnsaet eé B heap.
value 1 2 3

HighLoad
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POS‘QSFFSSeONg Kak mbl nounnu tuple B PostgreSQL 9.4

1) Joxnagaemca, NoKa TpaH3aKuma, 3anmMcaHHas B Xmayx,
3aKOHYUTCS.

2)Mwem nocneaHumn tuple B uenoyke update'os.

3)MbiTaemca 3anucaTtbes ceon xid B tuple xmax. Ecam KTo-To yxe
cAenan 3To Ao Hac, TO nepexoaAum K wary 1.

Mpu 6onbwom contention'e BCE BbINO COBCEM MNIOXO.
Monpasnnun B 0e5680f4.

HighLoad:-


https://git.postgresql.org/gitweb/?p=postgresql.git;a=commitdiff;h=0e5680f4737a9c6aa94aa9e77543e5de60411322

Pos) gres Kak mbl nounm tuple B PostgreSQL 9.5+
1)bepem Lock Ha tuple id.

2)Joxnaaemca, NoOKa TpaH3aKLUMA, 3aNMcaHHaA B Xmax,
3aKOHYMUTCS.

3)wem nocneaHum tuple B uenoyke update'os.
4)3anuncbiBaem cBou xid B tuple xmax.

Ctano nyyuwe — TpaH3aKLUMKU CTan BbICTpanuBaTbCs B odepeap!

HighLoad:-
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Pos{gres
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\ tx5

\:\L tx4

\ tx3

EL .

CTtano nydule, Ho...

* tuple id meHsaeTca n Bcé
oyepeab NOCTOAHHO
nepeesKaer.

* Monyyaetca O(n?) onepauusn
B3ATMSA/OTNYCKaAHUA NOKa.

* Heavy weight lock cam no cebe
He aelweéBbln. BKkntovaeTtca B
cebs 3arnaabiBaHME B X3LU-
Tabnnuy B shared memory.

HighLoad:-



pogzgres Buasbl lock'os

spinlock LWLock HWLock

3apaHee HeEBO3MOXHO BbliaennTb shared

memory nof Kaxxabin lock o _ +
Uncno ypoBHei 6/10KUPOBKY 1 2 3
Ouepenb 6/10KNPOBOK — + +

+

Deadlock detection — —

Nna tuple lock nogxoant Tonbko heavy-weight lock...

HighLoad:-
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Pos gres OntTnmmnsauuma: primary key lock

* B otanumm ot tuple id, 3HaueHune
primary key, Kak npaBuno, He
MEHAETCH.

* B utore oyepeab Ha update oaHa,
He nepees’<aerT.

| Pklock | * HyXXHa ymeTb Noay4yaTb Xopollee
(M LOCTAaTOUYHO ANMHHOE)

irul X3WMPOBAHHOE NpecTaBleHUE
primary key, 4Tobbl MCKNOUYNTD
(R KONN3UM.

eap

HighLoad:-
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Pos gres Ontummnsauum ana high-contention write

* Primary key lock during update
* Hn3koypoBHEBbIE ONTUMU3ALIUK

Small improvement to compactify tuples

https://www.postgresql.org/message-id/flat/3c6ff1d3a2ff429ee80d003
1e6¢c69ch7

Fix performance degradation of contended LWLock on NUMA

https://www.postgresql.org/message-id/flat/2968c0be065baab8865c4c
95de3f435c@postgrespro.ru

HighLoad:-


https://www.postgresql.org/message-id/flat/3c6ff1d3a2ff429ee80d0031e6c69cb7
https://www.postgresql.org/message-id/flat/3c6ff1d3a2ff429ee80d0031e6c69cb7
https://www.postgresql.org/message-id/flat/2968c0be065baab8865c4c95de3f435c@postgrespro.ru
https://www.postgresql.org/message-id/flat/2968c0be065baab8865c4c95de3f435c@postgrespro.ru
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Posygres
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Pos gres Zipf with postgres optimized — So-So :(
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Posygres
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db_config
== mongo_w1j1_f1
pg wilj1_f1_opt
pg wijl_f1_vanilla

db

mongo-wij1
pg_wiji

Persistent case (sync. Commit) — Good :)
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Npu 6oNbLLIOM YMCNE KOHHEKTOB
 NPOW3BOAMNTE/ILHOCTL BCE PaBHO Najaet

Mpobnema OCTaETCA, HYMKHbI
[OMNONHWTE/NbHBIE ONTUMM3ALLUY
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Pos gres Yto genatb ¢ high-contention write?

* [1na 60NbLWIKNHCTBA NPUNOKEHNIN TEKYLLEN
npoun3ssoauTesnbHocTn PostgreSQL bonee yem
NOCTaTOYHO.

* [lo-Bo3MOXKHOCTU N3beraTtb high-contention write.
* XOaTb ynyyleHuu :)

HighLoad:-



Pogzgres Kak nsberatb high-contention write? (1/4)

CREATE TABLE post ( CREATE TABLE post comment (
id bigserial primary key, id bigserial primary key,
author text, post_id bigint
title text, REFERENCES post (id),
body text, author text,
views count bigint, body text
comments _count bigint );

)

HighLoad:-
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Pos}gres Kak nsberatb high-contention write? (2/4)

post.views_count
* CTporasa consistency, KaKk npaBuao, He HY»XHa
* Hakanameaem npocMoTpPbl B NPUIOKEHUN Uaun in-memory b/l

* NNepuoanyeckn no cron obHoBAAeM 3Ha4YeHUnA post.views count

HighLoad:-



Pogggres Kak nsberatb high-contention write? (3/4)

CREATE TABLE post (

)5

id bigserial primary key,
author text,

title text,

body text,

views count bigint,
comments_count bigint,

last snapshot txid snapshot

CREATE TABLE post comment (

)5

id bigserial primary key,
post id bigint

REFERENCES post (id),
author text,
body text,
insert xid bigint

HighLoad



Pogzgres Kak nsberatb high-contention write? (4/4)

Mo trigger'y yctaHasnnBaem post_comment.insert_xid = txid_current().
o cron'y o6HOBNAAEM CHETYMK KOMMEHTAPUEB.

UPDATE post
SET comments count = views count + (
SELECT count(*) FROM post comment pc
WHERE pc.post id = post.id AND
NOT txid visible in snapshot(pc.insert xid,
post.last snapshot)

)

last_snapshot = txid_current_snapshot();

HighLoad:-



o)l PROFESSIONAL

Pos gres BbiBOAbI

* PostgreSQL noKa3biBaeT xopowiune pesynbtaTtbl Ha YCSB benchmark, Hanpsamyto
KOHKYypupya ¢ NoSQL peleHnamu.

* Echn ogHoBpemeHHO synchronous _commit = off n ncnonb3syetca
pacnpeaenenmne 3unda, To BO3HUKaeT npobaema ¢ high-contention write.

* 1na high-contention write ecTb pag naTyen, yay4llatowmx CUTyaumto.

* MoXHO ycnewHo 6opoTtbea ¢ high-contention write Ha ypoBHE NpUAOKEHUA,
XOTS 3TO N KOCTbI/IN.

* Mbl BCE NOHUMaeMm, U byaem n ganblue TPYAUTLCA HaA, YyYLLEHUEM
CUTYaLUN.

HighLoad:-
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