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Oner baptyHoB, AnekcaHap KopoTtkos, ®eaop Curaes
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Pos{gres Poccuiickme paspadboTuymnku

Oner bapryHoB, ®enop Curaes, AjsekcadHzp KopoTkoB

PostgreSQL CORE

Locale support

PostgreSQL extendability:
GiST(KNN), GIN, SP-GiST
Full Text Search (FTS)
NoSQL (hstore, jsonb)
Indexed regexp search
VODKA access method (WIP)

Pacuivpenusn:
Intarray
Pg_trgm

Ltree

Hstore
plantuner
JsQuery

« [loknaaunkn PGCon, PGConf: 20+ noknanos
MeHTOopbl GS0C

Kommutepbl PostgreSQL (1+1 in progress)
OpraHu3atopbl KOHJepeHLUNi

50+ net akcnepTusbl PostgreSQL: paspaboTka, ayauT, KOHCaTTUHT

Novartis, Raining Data, Heroku, Engine Yard, WarGaming, Rambler, Avito, 1c




OOOOOOOOOOOO

Pos}gres PacnpegeneHHble HecHacTus

2PC — He cepebpsaHaa nyns
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Posf{gres  PacnpepgeneHHble HecyacTua: #1
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Posf{gres  PacnpepgeneHHble HecyacTua: #1

PelleHue:




o) PROFESSIONAL

Posygres  PacnpepgeneHHble HecHacTua: #2
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Posygres  PacnpepgeneHHble HecHacTua: #2

BbiBOA!
LlenocTHbIV read He nmeet pelleHns B 2PC




[TonnTtndyeckne Urpbl
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Pos{gres MupoBble TeHaeHuuu MO

Popularity trend

Ranking scores %
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Pos{gres Gartner's Magic Quadrant
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COMPLETENESS OF VISION ~———» As of October 2014 COMPLETENESS OF VISION ~——> As of October 2015
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Posjigres  Gartner.TeHgeHuum pbiHka CYB/[

HOBbIX NPUIOXEHN CYLLLECTBYOLLNX MPUNOXKEHUIA

6yayT UCnonbL30BaThb
penAUnoHHbIe 6a3bl AaHHbIX
C OTKPbITbIM KOAOM
B 2018 roay*

* Gartner, State of Open Source RDBMS, 2015, Donald Feinberg and Merv Adrian, April 21, 2015



http://info.enterprisedb.com/20150423-gartner-osdbms-report.html?src=2015gosdbms-fb

Po sgres Jtanbl pa3Butusa PostgreSQL

B03MOXHOCTH YPOBHS
Enterprise / mpoctoTa
WCII0/Tb30BaHUs

CoBmectumMocTs ¢ SQL

Crabunuzariysi paboThl
CTaHZapTaMH
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Pos{gres Community Todo: No Cluster !

https://wiki.postgresql.org/wiki/Todo

w VY
page discussion view source history
Todo
This list contains known PostgreSQL bugs and feature requests and we hope it is complete. If you
would like to work on an item, please read the Developer FAQ first. There is also a development Contents [hide]
information page. 1 Development Process
navigation = [ - marks ordinary, incomplete items 2 AdminSiigtion
; ; ; 2.1 Configuration files
= Main Page = [E] 1 - marks items that are easier to implement T .
= Random page = [D] # - marks changes that are done, and will appear in the PostgreSQL 9.6 release. o
= Recent changes For help on editing this list, please see Talk:Todo. Please do not add items here without discussion 24 SSL
el on the mailing list. 2.5 Point-In-Time Recovery (PITR)
search 2.6 Standby server mode

Development Process 3 Data Types

Go Search WARNING for Developers: Unfortunately this list does not contain all the information necessary for a1 Domelre

someone to start coding a feature. Some of these items might have become unnecessary since they LR

tools k . . . . . 3.3 Arrays
e were added --- others might be desirable but the implementation might be unclear. When selecting
n
Sl items listed below, be prepared to first discuss the value of the feature. Do not assume that you can B nEHE: Dalathpe
= Related changes = " i : ; : 3.5 Text Search
N Soecinl P select one, code it and then expect it to be committed. Always discuss design on Hackers list
i . before starting to code. The flow should be: 0 2L
= Printable version 4 Functions

= Permanent link 4.1 Character Formatting

5 Multi-Language Support

6 Views and Rules

HE TOT KNNACTEP ! | 7 SQL Commands

Administration 7.1 CREATE
N . _ _ o 7.2 UPDATE
Allow administrators to cancel multi-statement idle transactions \ 23 ALTER
This allows locks to be released, but it is complex to report the cancellation back to the T

client. 75 COPY

= Cancelling idle in transaction state & 7.6 GRANT/REVOKE
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Pos{gres

Knactep —
BayKHeuLwasn

dhrua NoYTH
Bcex hopkoB !

PostgreSQL derived databases

A list of PostgreSQL derived forks and rebranded distributions in alphabetical order.

Name Vendor License Availability Notes
Aster Data Teradata Proprietary 2005-.... PostgreSQL + Map/Reduce
BDR 2ndQuadrant BSD 2014- PostgreSQL Multi Master, contributed actively back to Core PG
Bizgres Greenplum BSD 2005-2007 PostgreSQL + Bl features
CitusDB Citus Data Proprietary 2012- Sharding and replication across many servers with MPP [1] £}
Cybercluster Cybertec BSD 2007-2010 Clustering (pgCluster fork)
Greenplum Database Greenplum Apache2 2005-.... PostgreSQL + Bl features (formerly known as "Bizgres MPP")
ExtenDB ExtenDB Proprietary 2003-2007 PostgreSQL + Bl Features [2] &
FUJITSU Enterprise Postgres Fuijitsu proprietary 2006-.... Full PostgreSQL compatibility with additional functionality [3] &
GresCube NTT DATA Proprietary 2012-.... Database appliance solution based on PostgreSQL [4] &
GridSQL EnterpriseDB GPL 2007-2010 PostgreSQL + Bl Features (formerly ExtenDB) [5] &2
Great Bridge PostgreSQL | Great Bridge LLC BSD 1999-2001 PostgreSQL re-distribution
HadoopDB Yale University |Apache License V2.0 2009-.... PostgreSQL + shared-nothing cluster + Hadoop [6] &
Hadapt & Teradata Proprietary 2011-.... HadoopDB fork
Mammoth Command Prompt BSD 2005-2010 PostgreSQL + proprietary replication + extensions
Netezza IBM proprietary 2002-.... Appliance based on PostgreSQL SQL engine
NuSphere UltraSQL NuSphere proprietary 2002-2003 Native Win32 port of PostgreSQL
ParAccel Actian proprietary 2005-.... PostgreSQL + Bl features [7] 2
Pervasive PostgreSQL Pervasive BSD 2005-2006 PostgreSQL re-distribution
pgCluster SRA BSD 2002-2005 Clustering (Share Naothing)
pgCluster-Il SRA BSD 2006-2007 Clustering (Shared Disk)
pgPool-1l & pgPool GDG BSD 2006-.... Clustering (Connection Pooling / Replication / Load-Balancing)
PipelineDB &} PipelineDB GPL v3 2015-.... Streaming SQL
PostgresForest NTT DATA BSD 2006-2010 (Clustering / PostgresForest is a fork of the JDBC driver, not from the backend code.
Postgres Plus EnterpriseDB 0ss 2008-.... PostgreSQL + contrib + apps + drivers
Postgres Plus Advanced Server| EnterpriseDB proprietary 2008-.... Postgres + Oracle compatibility + apps, formally EnterpriseDB AS [8] &
Postgres-R PGDG BSD 2006-2010 Clustering
Postgres-X2 & PGX2DG BSD 2015- Clustering (formerly Postgres-XC)
Postgres-XC PGXCDG BSD 2010-2013 Clustering [9] &
Postgres-XL & PGXLDG BSD 2014-.... Clustering
PowerGres SRA 0SS proprietary 2003-.... Native Win32 port of PostgreSQL and Linux RPM
PowerGres Plus SRA 0SS proprietary 2003-.... |PostgreSQL + custom storage engine, redundant WAL, encrypted database [10] &
PostgreSQL for Solaris Sun TPL 2006-2009 PostgreSQL re-distribution
RecDB umn.edu BSD 2013-.... Recommendation Engine [11] &7
Red Hat Database Red Hat BSD 2002-2003 PostgreSQL re-distribution
Redshift Amazon Private/Cloud-based | 2013-.... Data Warehouse on AWS (based on ParACCEL) [12] & [13] £
Stado Stado GDG GPL 2011-2011 PostgreSQL + Bl Features (fork of GridSQL) [14] 5}
TelegraphCQ UC Berkeley BSD 2000-2008 Data Stream oriented fork of PostgreSQL
TruCQ Truviso proprietary 2008-2012 Fork of TelegraphCQ
Vertica HP proprietary 2005-.._ Column-oriented DaiaWar_ehouse {creat_ed b?! Stonebraker),
may only be forking the psgl client library.
Yahoo! Everest Yahoo! private 2008-.... multi-petabyte database / MPP [15] &2




Pogggfsseog Monutnueckue nrpbl

DHTEepnpan3 Xo4eT 3HTepnpansHbiX peLueHni

* Ne Cluster in community roadmap !

KnactepHble peLlleHnsa cCOoKy:

- XC -5 X2, XL — Huawel, 2ndQuadrant, NTT (9.5+)
- MPPDB (XC?) — Huawei (?)

* pg_shard — CitusDB (9.5+)

- FDW — EDB+NTT ( 9.5+)

* Greenplum — Pivotal (8.2)

- DTM — Postgres Professional

EcCTb pecypcshl, a pelieHna HeTt (



o) PROFESSIONAL

Pos{gres Cluster Summit 2015, Vienna




Pogzsﬁé’“é Cluster Summit 2015, Vienna

e Community Todo:
- nobaBntb K/TIACTEP

e [Mpoaos/mKaTb pasBMBaTh K/laCTEPHbIE peLleHns

* He mewartb gpyr gpyry

« [py>XeCTBEHHOCTb paclLunpeHnam (knactepHoe
pelleHne Kak pacwumpeHue ?)

e Peuntb c DTM gna 9.6



Poy gres Jtanbl pa3Butusa PostgreSQL

B03MOXXHOCTH YPOBHSA ['opr3oHTa/IbHOE
Enterprise / mipoctoTta MacIITabupoBaHUe
MCIT0/Tb30BaHUS (ITapauHr)

CoBmectumocTs ¢ SQL
CTaHJapTaMH

31.10.2015
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Pos}{gres MpurotoBneHne Knacrepa




Pogggi%eo% Postgres Cluster Matrix

Consistency

WS RS Psra"e' M-M Synchr Recov. HA
ead ACID BASE

Postgres-R + + + + + +
XCIXLIX2 2 4 4 . . N
PGCluster + +
PgPool + " N
Pl/proxy + + +
pg_shard/CituDB 4+ + " i
Greenplum + + +
Bucardo + + + + n
BDR N N N N .
SR + +7? + + +

FDW + + + +
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Pos}gres

Distributed transaction manager



Pogza’FFsséNé Pluggable transaction API




Po@aﬁs& eXtensible Transaction API

XidStatus (*GetTransactionStatus)(Transactionld xid,
XLogRecPtr *Isn);

void (*SetTransactionStatus)(Transactionld xid, int
nsubxids, Transactionld *subxids, XidStatus status,
XLogRecPtr Isn);

Snapshot (*GetSnapshot)(Snapshot snapshot);
Transactionld (*GetNewTransactionld)(bool isSubXact);

Transactionld (*GetOldestXmin)(Relation rel, bool
IgnoreVacuum);

bool (*IsInProgress)(Transactionld xid);
Transactionld (*GetGlobalTransactionld)(void);

bool (*IsinSnapshot)(Transactionld xid, Snapshot
snapshot);



po%a’?e‘% New commit callback events

e XACT EVENT START,

e XACT _EVENT_ COMMIT,

e XACT EVENT PARALLEL COMMIT,
e XACT EVENT ABORT,

e XACT EVENT PARALLEL ABORT,

e XACT EVENT PREPARE,

e XACT EVENT PRE_COMMIT,

e XACT EVENT PARALLEL PRE_COMMIT,
e XACT EVENT PRE_PREPARE,

e XACT EVENT COMMIT PREPARED,
« XACT EVENT ABORT PREPARED
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Posf{gres Transaction Manager before patch

PostgreSQL

transam/clog.c:
GetTransactionStatus
SetTransactionStatus
transam/varsup.c:
GetNewTransactionId
ipc/procarray.c:
TransactionIdIsInProgress
GetOldestXmin
GetSnapshotData
time/tqual.c:
X1dInMVCCSnapshot
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Posggres Transaction Manager after patch

PostgreSQL

transam/clog.c:
GetTransactionStatus
SetTransactionStatus
transam/varsup.c:
GetNewTransactionId
ipc/procarray.c:
TransactionIdIsInProgress
GetOldestXmin
GetSnapshotData
time/tqual.c:
X1dInMVCCSnapshot
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Posggres Distributed Transaction Manager

PostgreSQ)lL

transam/clog.c:
GetTransactionStatus
SetTransactionStatus
transam/varsup.c:
GetNewTransactionId
ipc/procarray.c:
TransactionIdIsInProgress
GetOldestXmin
GetSnapshotData
time/tqual.c:
X1dInMVCCSnapshot
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Pos{gres Different DTM implementations

Local 2PC Arbiter Examples
transactions
Shapshot XL, DTM
sharing V
Timestamp Spanner,
\' v Cockroach,
tsDTM

Incremental V V SAP HANA
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Pos)gres DTM architecture

asynchronous
replication

synchronous
replication




Pos{gres

o)l PROFESSIONAL

DTM from client's point of view

Primary server

Secondary server

create extension pg_dtm;

create extension pg_dtm;

select dtm_begin_transaction();
begin transaction;
update...;

commit;

select dtm_join_transaction(xid);
begin transaction;
update...;

commit;




Pogga’?é"% Arbiter protocol (begin)

node

O
(D
(@)
-
-

¥

x1d, snaphsot, gxmin

| dtmd

\

join(xid)
/
node snaphsot, gxmin




PoggSFFSSeONé Arbiter protocol (end)

node commit (xid)
\
D
ok

dtmd

commit(xid)
/
node 4ok




Pogza’?%ég DTM transaction control flow

----------------------------------------------------------------------------------------------------------------------- Arbiter—




S

OOOOOOOOOOOOO

tsDTM architecture
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Pos{gres tsDTM transaction control flow
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Pos{gres Lightweight two-phase commit

' Transaction status
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Pos{gres

Node 1

backends

Unix domain
sockets

Node 2

backends

Unix domain
sockets

Multiplexing

TCP sockets

Arbiter




pogégisgg Example of interaction with DTM

xid := execQuery(conl, "select dtm_begin_transaction()")
exec(con2, "select dtm_join_transaction($1)", xid)
exec(conl, "begin transaction")

exec(con2, "begin transaction")

exec(conl, "update t set v =v + $1 where u=%$2", amount,
accountl)

exec(con2, "update t set v = v - $1 where u=%$2", amount,
account2)

var wg sync.WaitGroup
wg.Add(2)

asyncEkExec(conl, “commit”’, &wgq)
asynckExec(cnn2, “commit”’, &wgq)
wg.Wait()
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Posigres Example of interaction with tsDTM

exec(conl, "begin transaction")

exec(con2, "begin transaction")

snapshot = execQuery(conl, "select dtm_extend($1)", gtid)
snapshot = execQuery(con2, "select dtm_access($1, $2)", snapshot, gtid)
exec(conl, "update t set v = v + $1 where u=$2", amount, accountl)
exec(con2, "update t set v = v - $1 where u=$2", amount, account2?)
exec(conl, "prepare transaction " + gtid + ")

exec(con2, "prepare transaction " + gtid + ")

exec(conl, "select dtm_begin_prepare($1)", gtid)

exec(con2, "select dtm_begin_prepare($1)", gtid)

csn = execQuery(conl, "select dtm_prepare($1, 0)", gtid)

csn = execQuery(con2, "select dtm_prepare($1, $2)", gtid, csn)
exec(conl, "select dtm_end_prepare($1, $2)", gtid, csn)

exec(con2, "select dtm_end_prepare($1, $2)", gtid, csn)

exec(conl, "commit prepared " + gtid + ")

exec(con2, "commit prepared " + gtid + ")



poggg;sgg Example of using FDW

exec(con, "select dtm_begin_transaction()")
exec(con, "begin transaction")

exec(con, "update t setv = v + $1 where u=%$2",
amount, accountl)

exec(con, "update t set v = v - $1 where u=%$2",
amount, account2)

exec(con, “commit”)



pogggi?gg Example of using pg_shard

exec(con, "begin transaction")

exec(con, "update t set v = v + $1 where u=%$2",
amount, accountl)

exec(con, "update t set v = v - $1 where u=%$2",
amount, account2)

exec(con, “commit”)



OOOOOOOOOOOO

Test configuration




pogza’?se"g Performance measurement

Simple bank debit/credit benchmark (a-la TPC-A)
Two clients with 60 writers

10
kTPS
90
80
70
60
==#= pg_shard
50 fdw
=== \v/0 DTM
40 — === \ith DTM
20
/s P A
10
0 Nodes



Poggao?%é% Multimaster performance

Simple update/select queries
Three clients with 140 readers

450

KTPS
400
350
300
250

== N0 Writers

200 === G \Writers
150
100

50

0 Nodes
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Pos)gres Roadmap

e Add XTM patch to PostgreSQL 9.6
 Experiment with different DTM implementations

 Provide integration of DTM with different cluster
solutions (pg_shard, FDW, XL,...)

 Implement multimaster on top of DTM



Poggéifse"“é Postgres Cluster Matrix

Consistency

WS RS Psra"e' M-M Synchr Recov. HA
ead ACID BASE

Postgres-R + + + + + +
XCIXLIX2 2 4 + 4 + 4
PGCluster + +
PgPool + + +
Pl/proxy + + +
pg_shard/Citus + + + + + +
Greenplum + + +
Bucardo + + + + n
BDR + + + + +
SR + +7? + + +

FDW + + + + +



Pos)
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