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Pogza}isség Oucknenmep

B pa3paboTKe NoAKAOYaEMbIX ABUXHKKOB XPaHEHUSA
3aMHTepecoBaHbl Pa3IMYHble CTOPOHLI. He Bcs
nHdopmauus, NnpeacTaBNeHHas B AaHHOM AOKNaje,
COr/lacoBaHa Co BCEMM 3aUHTEPECOBAHHbIMM
CTOPOHaMM.
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J o= Pluggable storage engines? 3auem?

Posygres

» [loKa y nocTrpeca oAuH ABUMKOK XpaHeHus, u bbiBaeT oH
noAsepraeTca KPUTUKe.

» [locTrpec u3HavyanbHO pa3paboTaH B AyXe pacluMpAemMOoCTHy.
OTcyTCTBME NOAKNIOYAEMbIX ABUKKOB XpPaHeHUs — focagHoe
ynyuweHue.

> Y MHOrMX KOMMaHui pa3pabaTtbiBaOTCA CBOM ABMMKM: Postgres
Pro (in-memory OLTP), EnterpriseDB (zheap), 2ndQuadrant
(columnar on-disk), Fujitsu (columnar in-memory), Citus
(columnar on-disk).
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).oceonn. H1€AP With undo log
Pos gres by EnterpriseDB

http://rhaas.blogspot.ru/2018/01/do-or-undo-there-is-no-vacuum.html

Author: Robert Haas
1/30/2018

What if PostgreSQL didn’t need
VACUUM at all? This seems hard to
imagine. After all, PostgreSQL uses
multi-version concurrency control
(MVCC), and if you create multlp\e
versions of row:

of the

. In PostgreSOL VACUUM is

n g o
11001100 ‘1,]1 1/'n1 TS :“ﬂ Al ) 2 B in charge of making sure that happens,

0101010101 ( D \ and the autovacuum process is in

somehow

v
A P s ¢ 4 & @ charge of making sure that happens

soon enough Yet, other schemes are

abases handle M\
vy, and there are

reasons to believe that PostgreSQL
could benefit significantly from adopting a new approach. In fact, many of my colleagues at EnterpriseDB are busy
implementing a new approach, and today I'd like to tell you a little bit about what we’re doing and why we’re doing
it.
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o)l PROFESSIONAL In-memory OLTP FDW
Posggres by postgres Professional

https://goo.gl/nDékdC

pgbench -s 1000 -j $n -c $n -M prepared on 4 x 18 cores Intel Xeon E7-8890 processors
mean of 3 3-minute runs with shared_buffers = 32GB, max_connections = 300
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o)) PROFESSIONAL

vops — parquet layout

Pos gres by Postgres Professional

https://github.com/postgrespro/vops

Horizontal layout

Vertical layout

Parquet layout
rows 1-3

coll
row3 col2

colt gl =
l:‘: D: col3
rowd row5s rowé rows 4-6
col3 l:‘: I:I: I:‘:

colt
col2

col3

’ Query “ Seq. exec., msec ‘ ParaHeIexec.(nnsec)‘
Original Q1 for lineitem 38028 10997
Original Q1 for lineitem_projection 33872 9656
Vectorized Q1 for vops_lineitem 3372 951
Mixed Q1 for vops_lineitem_projection 1490 396
Original Q6 for lineitem 16796 4110
Original Q6 for lineitem_projection 4279 1171
Vectorized Q6 for vops_lineitem 875 284
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https://github.com/postgrespro/vops

of] PROFESSIONAL COLA indeX (LSM-tree)
POS greS by Postgres Professional

B nepcnexkTnee Hy>XeH He TOJIbKO MHAEKC, HO BECb

ABUXOK.
BcTaBka HeyrnopsaaoYeHHbIX AaHHbBIX
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KonwvyecTBo 3neMeHTOB B MHAEKCE, MIH
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o)) PROFESSIONAL

Posggres by Fujitsu

https://www.pgcon.org/2016/schedule/events/919.en.html

In-memory columnar enigne

PostgreSQL|  VCI vel Pe rﬁ:’rzlmce per rf;’:"'mce RDBMS1 [RDBMS1 [RDBMS2 [RDBMS3 zggfr” '1‘353""53 zggmsa
Vel off 1CPU 40CPU 1CPU 40CPU  [column  [Row hcpu laocpu
hepu kocPu i memory in memory
Row Row loption ___loption

Exeoution time] Execution | Execution | Exeoution | Execution | Execution | Execution | Execution
time (ms) (ms) (ms) (ms) (ms) time (ms) | time (ms) | time (ms) | time (ms) | time (ms) | time (ms) | time (ms)

a1 91,841 26,09 1,004] 25,942 97 4312 2,227 53 38935 1618

Q2 4,894 4, 'ﬁ 4,449 4,96: 2,06 1,387 4,606 1,601 531

laa 28,99 16,99 14,690 16,80: z,ﬁ 8716 5943 2,839 1678

a4 5,00 5,373 3,179 5,007 843 1,545 2,784 2484 15701

las 13,70 8,431 6,790) 9,004 i (% 1617 4694 1420 2182

las 9,01 7,51 408 7,691 53 284 416 154 8,796

Q7 14,502 13,110 14,029 13,958 1674 1342 19,567 42 18,56

las 5,253 5,029 4,604 4,884 605 1887 19,233 1504

lag 69,843 69,138 67,276 66,411 6,387 150,000 535358 1,214

la1o 11,064 11, 37# 9,157 11,43 3,529 74 4584 33812

Q11 1,315 616 308 763

12 57 34,863 720

la1a 1899 11,358 6763

14 1,787 750 19

16 1037 7,357 60:

17 276 1640 9,420

la1s 21,768 1,840

la1e 26,308 297

la20 10,797 564

@21 24, s% 24,63 24,228 25,49 2,32 13,794 34,946 1,557

la22 3,27 2,503 1,023 2,63 33 569 6,872 305
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o)) PROFESSIONAL

cstore_fdw

Pos gres by Citus Data

https://citusdata.github.io/cstore_fdw/
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) PR Columnar storage
Posggres by 2ndquadrant

https://blog.2ndquadrant.com/column-store-plans/

Column Store Plans

SHARE f G+ ¥ in

@ April 25, 2016 by alvherre

Over at pgsql-general, Braulio Bhavamitra asks:

| wonder if there is any plans to move postgresql entirely to a columnar store (or at least make it an

option), maybe for version 10?

This is a pretty interesting question. Completely replacing the current row-based store wouldn’t be a
good idea: it has served us extremely well and I'm pretty sure that replacing it entirely with a

columnar store would be disastrous performance-wise for OLTP use cases.
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ol PROFESSIONAL FOSDEM POStgreSQL
Pos gres Developer Meeting 2018
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Pogzgres Obwasa naen

Y ABUXKKOB XpPaHEHUA pa3sHble:
» Cnocobbl CKaHMPOBATb U U3MEHSATb TabAULbI,
» peanmnsauymm MVCC;

(uHaye amo yxce He 6yOoym pa3sHbie 0BUXKU XPAHEHUSA)

obwue:
» TPaH3aKLUMM U CHaNLWOoThI,

» WAL.
(uHavye amo yxce He 6ydem odHa CYE/])
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Pogzg}issé”g C yero HauaTb?

» Extend FDW

» Pro: cpa3y 40BONbHO MHOMO cBo60AblI.

» Cons: Mo Havyany NoAKAYaEMble ABUKKU
XpaHeHua 6yayT cunbHo “obaeneHbl”
GYHKUMOHANBHOCTbIO.

» Pluggable heap

» Pro: noakntovaemble ABUXKKN XpaHEHUA Cpasy
6yayT “first class citizen”.

» Cons: cBob6oaa byaeTt AoctaBaTbcs HeboNbLWMMM
nopuMAMM, AOCTUraeMbIMU PedaKTOPUHIOM.
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o] PROFESSIONAL n
Pogzgres NaH peann3auunun

» JT1an 1: tid row locator (zheap).
» IJT1an 2: non-tid row locator (index-organized table).

» IJT1an 3: no row locator (columnar).
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Podgias WAL

BapuaHTbl peweHua:
» BCcTpoeHHble ABUXKKKU, NogKAto4aemMble yepes AP
MOTYT UMEeTb cBOM redo pyHKUMH,
» Generic WAL,
» 2 phase recovery: BOCCTaHaBAMBaeM BCTPOEHHbIE
ABUXKKK, @ MNOTOM ABUMKKN-PACLLUMPEHMA.
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o] PROFESSIONAL Tuple |OCk

Posygres

Before: After:

Executor

\\\ \hlkt\l

Executor

heap_lock_tuple
\ \ \ \ \
Heap Heap
= = = = = = = = = =
C c C c C c C c C c
=3 =3 =3 =3 =3 =3 =3 =3 =3 =3
@ (v} @ (o] @ (v} @ (v} @ (o]
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of PROFESSIONAL Tuple identifier vs row identifier

Posygres

Before: After:
Undo log
Tuple Snapshot
TID
y
TID
Tuple (j
Heap Heap t /

= = = = = = = = = =
c c c c c c o c o c
o o o o o o o o o o
[v] @ [v] @ [v] [v] @ [v] @ [v]
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J ProFESSONAL - Baapmonencteme ¢ index access methods
Pogzgres 8

» He xoueTtcs nucatb otaenbHble index access
methods ans Kaxkaoro ABUXKKa XpaHeHUA.

» [o3ToMy HYXXHO cOBepLUEHCTBOBATb index access
methods API, 4Tobbl OH NOAXOAUN ANA Pa3HbIX
OBUKKOB.
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Pogza}isség BcTaBka/yaaneHue B/v3 nHaekca

Index tuple
TID
Keys

aminsert

Index

P ambulkdelete

Y

Anekcanap Kopotkos

Bitmap

10110001001001
01110001101101
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of] PROFESSIONAL COBepLLIeHCTBOBaHMe
Pos gres index access methods API

» BO3MOXHOCTb yaAaneHmna ogHoro tuple.

» XpaHeHue NPoun3BOAbHOM “NoNesHon Harpyskun”
tuple Bmecto TID.

» ObHoBNeHMe “nonesHoi Harpyskn” tuple.
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ol PROFESSIONAL yCOBepLL'eHCTBOBaHHOe
Pos gres index access methods API

Index tuple

. Bitmap
aminsert, ambulkdelete
Payload [—amupdate,» Index < 10110001001001

Keys amdelete 01110001101101
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Mepeuncnonb3yemsble opclass’bi?

HoBbin access method’bl 4O/KHBI UMETb BO3MOXKHOCTb

nepencnonb3oBaTb cywecTeytowme opclass’sl.
Hanpumep, LSM moxKeT nepencnonbiosatb B-tree

opclass’bl.
pg_am (index) (€ pg_opclass Before

v T A
pg_am (index) pg_opclass_type «— pg_opclass After

Anekcanap Kopotkos
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o] PROFESSIONAL LSM engine

Posygres

Merge Merge
A |::> |::> T3

» Index-organized table, rae index — LSM,

» 1N NONHOLLEHHOM U KOPPEKTHOM peanmsaumm
HYXHa nogaep:*<ka “cnenoro” UPDATE (n UPSERT)
Ha yposHe SQL.
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Habop natuen ana noaKknrYaembix
o] PROFESSIONAL
Pos gres psuxkos xpaHeHUs

v

CMm. mailing list thread !

v

MocnenHAan peBn3na BKAOYaeT B ceba 12 natyen.

v

Pa3paboTtumku: Alvaro Herrera, Haribabu Kommi,
Alexander Korotkov.

v

Habop natueit ynopagoyeH cneayowmm obpasom:
BHa4asne BBegeHue APl, notom pedakTopuHr. HyXXHO
HaobopoT!

1https:
//www.postgresql.org/message-1id/20160812231527.GA690404@alvherre.pgsql

Anekcanap KopoTtkos Mopakntouaemble ABUKKK XpaHeHUs B PostgreSQL 24 /25


https://www.postgresql.org/message-id/20160812231527.GA690404@alvherre.pgsql
https://www.postgresql.org/message-id/20160812231527.GA690404@alvherre.pgsql

o)) PROFESSIONAL

POS gres Cnacubo 3a BHMMaHue!
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