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pogga’?gg UTto HOBOro 9.6 ?

. [MapannenbHoe ncnonHeHne 3anpocoB (sequence scan, join, aggregate)
. YnydiweHue pabotbl VACUUM c 60nbwnmMmu Tabnmuamm

. CMHXpOHHasa pensimkaumsa Ha HECKO/IbKO CepBepoB

. PaclumpeHne tabnuy, n MHAEKCOB Cpas3y Ha HeCKOJIbKO 6/10K0B

. YnydweHne FDW (join, order by, update, delete)

. "HoekcupoBaHue box n polygon Tnnos ¢ nomoLlbio SP-GIST

. CREATE ACCESS METHOD, GENERIC WAL

. Yny4llieHne nosIHOTEKCTOBOro nomncka — nouck dopas, ynydlleHa
noagepXXka cinoBapen, YHKUUK Ans MaHUnyMpoBaHnsa ¢ tsvector

9. KNN ana CUBE

10. KombrHupoBaHue arperatoB (HECKOJIbKO arperatoB — 0flHO COCTOSIHUE)
11. IOS ana 4YacTUYHbLIX MHOEKCOB

12. Wait monitoring

13. MacwtabupoBaHme Ha 60/bLLOE YNC/IO Aaep

14. Owmnbka snapshot too old

15. Pa3Hoe

0O~NO O b WDNBE

[MonHbIN cnncok ynydweHnia: https://www.postgresql.org/docs/devel/static/release-9-6.html


https://www.postgresql.org/docs/devel/static/release-9-6.html

Pogzgres MapannenbHoe BbINO/IHEHWE 3anpoca

# create table parallel test as
(select random() as val from generate_series(1,1000000));

# set max_parallel workers per _gather TO ©;
# explain analyze select count(*) from parallel test where val < 0.1;
QUERY PLAN
Aggregate (cost=17165.26..17165.27 rows=1 width=8) (actual time=86.284..86.284 rows=]
-> Seq Scan on parallel test (cost=0.00..16925.00 rows=96105 width=0) (actual time

Filter: (val < '0.1'::double precision)
Rows Removed by Filter: 900213

Planning time: ©0.051 ms

Execution time: 86.305 ms

# set max_parallel workers per gather TO 2;
# explain analyze select count(*) from parallel test where val < 0.1;
QUERY PLAN
Finalize Aggregate (cost=10733.66..10733.67 rows=1 width=8) (actual time=36.371..36.:
-> Gather (cost=10733.44..10733.65 rows=2 width=8) (actual time=36.270..36.367 rov
Workers Planned: 2
Workers Launched: 2
-> Partial Aggregate (cost=9733.44..9733.45 rows=1 width=8) (actual time=33.
-> Parallel Seq Scan on parallel test (cost=0.00..9633.33 rows=40044 v
Filter: (val < '@0.1'::double precision)
Rows Removed by Filter: 300071
Planning time: ©.057 ms

Execution time: 37.505 ms



P Q PROFESSIONAL

sgres
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ol PROFESSIONAL

Pos{gres
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Posggres MapannensHbie 3anpockl: TPC-H
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o PROFESSIONAL

Posggres  VACUUM Ha 60nblunx Taénuuax

o 32Bit naeHTUdomKaTop TPaH3akUuu,
«3aKonbLoBaHbI» 2 MpA

 Wraparound — Hago o6ountn BCE tabnuubl v
BCE 3anucu

« COBpPEMEHHOCTb — KaXXAble HEeCKOJ/1IbKO Heae b

e (MMKpO)ONTUMM3ALINA — MOMHUTb CaMbli
cTapbit XID ana kaxxaon tabnuubl



OOOOOOOOOOOO

Posfgres VACUUM Ha 60nbLmx Taénmuax

o Visibility map?!

e Jlo6aBM BUTUK «3adOPOXKEHO»

* Profit — yntaem NoMHOCTLIO TONbKO VM, 2 6uta
Ha cTpaHuuy (npepen - 116)



Posgres CI/IHXpOHHaFI peninkaumnsa Ha
HECKOJIbKO CcepBepoB
e [10 9.5 BKNKOUNTENIBHO Synchronous_commit = on AoXuaaeTcs
NOATBEPXAEHWNS OT XOTHA Obl OIHON CUHXPOHHOW PENJIUKN.

 HauumHada c 9.6 B napameTtpe synchronous_standby names
MOXHO 3anucarb YMCNO PEN/IUK, OT KOTOPbIX TPebyeTcH

noaTBepXaeHne, Hanpumep: «2 (standbyl, standby?2,

standby3)».
CONFIRM i




o PROFESSIONAL

Posy,gres PacwunpeHue tabnuy

e Tabnuua c 60bLUNM KO/T-BOM MHCEPTOB — pacTeT C XBOCTA,
CTpaHuua 3a cTpaHunuen
« dparmeHTtauunsa! ([posix_Jfallocate)

e Bbopbba npoueccoB 3a /IOKN hanna — AN paclunMpeHuns



o PROFESSIONAL

Posy,gres PacwunpeHue tabnuy

A OaBaunTe yBenmumBaTtb cpa3y Ha HEeCKO/IbKO CTpaHuL
« Konuyectso Min(512, lockWaiters * 20)



Pogggf%eog FDW (sort, join, insert, update, delete)

# explain (analyze, verbose) select * from foreign tab
order by id;
QUERY PL.

Foreign Scan on public.foreign tab (cost=100.00..155.68 rows=1365

Output: id, val

Remote SQL: SELECT id, val FROM public.local tab ORDER BY id ASC
Planning time: ©.088 ms
Execution time: 1423.868 ms

# explain (analyze, verbose) update foreign tab
set val = -1 where id = 1;
QUERY PLAI
Update on public.foreign tab (cost=100.00..140.35 rows=12 width=4:
-> Foreign Update on public.foreign tab (cost=100.00..140.35 nrc
Remote SQL: UPDATE public.local tab SET val = (-1)::numeri
Planning time: 0.114 ms
Execution time: ©.595 ms



o PROFESSIONAL

Pos{gres SP-GIST

e Space-Partitioned
e Ilna Toyek: quad-tree, k-d-tree

(13




PO%EFFS%’O% SP-GiST

 [1pAMOYrosibHUK — BCe MJ10X0

ﬂ\
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(13

[MPAMOYronbHUK — TouKa?!



o PROFESSIONAL

Pos{gres SP-GIST

e [la, Touka. 4D
e HapwucoBaTb gayke He npocuTte
by Alexander Lebedev, Postgres Professional



Poggéi%"“é Pacluupsiemoctb PostgreSQL

e PYyHKL NN

e TUNbl AaHHbIX

* Onepatopsbl

e Arperarbl

* A3bIKN XpaHUMbIX Npoueayp (sql, pl/pgsql, pl/perl,
pl/python, pl/tcl, pl/R, pl/java, ...,pl/v8)

« Knaccbl oneparopoB (MHAEKCHbIN aocTyn: btree, Hash,
GIST, GIN, SP-GIST, BRIN)

* Foreign Data Wrappers — (npaktuyeckn ko scem CYB/)

» Custom Nodes (gpyrvue cnocobbl BbINOMHEHUA 3anpoca,
Hanpumep Ha GPU)



o)l PROFESSIONAL

Pos{gres 9.6 opens «Pandora box»

IHOEKCHbIN MeToA A0CTYyMna Kak pacwmpeHue !

e 3JaJ/10XXeHo B Postgres
N3HaYaJ1bHO, YyTPpa4eHo
Mo NYTUN Pa3BUTUA.

B 9.6 coenaHo:

PedhakTopuHr nHtepenca,

«JleranibHas» KomaHga CREATE
ACCESS METHOD;

Generic WAL, Nno3BoNSAKOLWMNNA
ONKnCbIBaTb pPasHULYy Mexay
CTpaHuuamu B 06LLIeM BUuae.

 contrib/bloom B
KayecTBe npumepa (1
He TOJIbKO npumepa).

by Alexander Korotkov, Teodor Sigaev
Postgres Professional



o) PROFESSIONAL

Pos{gres

mm 20 — <AO-HZ2m

No positions in index !

Inverted Index in PostgreSQL

Report Index

: A
gbrasives, 27
acceleration measurement, 58

accelerometers, 5, 10, 25, 28, 30, 36, 58, 59, Ey

73, 74

actuators, 4, 37, 45,?977Y

compensation, 30, 68

compressive strength, 54
compressors, 29

computational fluid dynamics, 23, 29
computer games, 56

concurrent engineering, 14

contact resistance, 47, 66
convertors, 22

adaptive Kalman filters,
adhesion, 63, 64
adhesive bonding, 15
adsorption, 44

Posting list
Posting tree

coplanar waveguide components, 40
Couette flow, 21
creep, 17
crystallisation, 64

aerodynamics, 29

aerospace instrumentation, 61
aerospace propulsion, 52
aerospace robotics, 68

aluminium, 17

amorphous state, 67

angular velocity measurement, 58
antenna phased arrays, 41, 46, 66
argon, 21

assembling, 22

atomic force microscopy, 13, 27, 35
atomic layer deposition, 15
attitude control, 60, 61

attitude measurement, 59, 61
automatic test equipment, 71
automatic testing, 24

- .

FE

Entry tree

Posting tree

[

{0k

Posting tree

backward wave oscillators, 45

Fast update list

Posting tree

N
— 1




Posdgras

Improving GIN: RUM

Entry tree

Posting tree

L ]

-

AN

1

@

Posting tree

Posting tree
B | -
Fast update list
iptr1 iptr2 iptr3 iptr4 iptrS
iptr1 addInfo1 iptr2 addInfo2 iptr3 addinfo3 || iptr4 addinfo4 || iptrb addInfo5

https://github.com/postgrespro/rum



https://github.com/postgrespro/rum

Pnggres Mouck dpas

e 3anpockl ‘A & B':itsquery n 'B & A':itsquery
9KBMBAJIEHTHbI
e [lonck qppas — yunTbiBaeT Nopsaaok c/10B B
3anpoce
Pesynbtatbl ‘A B'n'B A' 0/1KHbI 6bITb pa3Hble!
 Hosbi onepatop: PHRASE (<->):
 [lopanok
* PaccTosiHne

a<n>b==a&b& (3 I):pos(b)i—pos(a)] =n)
A<n> B - A«phrase n» B




o PROFESSIONAL

Pos{gres Mouck ppas

« TSQUERY phraseto tsquery([CFG,] TEXT)

select phraseto_tsquery('english’,'PostgreSQL can be extended by the user in many ways');
phraseto tsquery

( ( ('postgresql' <3> 'extend' ) <3> 'user') <2>'mani') <-> 'way"'

(1 row)

CTor1-ci0oBa OnyckKarmTCcd!



I:’nggres Mouck dpas

e CnoxHee yem npocto N (~5%)

e GIN/GIST Tpebyto recheck (~2p)

e RUM He Tpebyer, Bce ecTb B niaekce (~3%)
by Teodor Sigaev, Dmitry Ivanov, Oleg Bartunov
Postgres Professional



o PROFESSIONAL

Posggres PepaktupoBaHue tsvector

o Stas Kelvich (PostgresPro)

e setweight(tsvector, «char», text[]) - npocTaHOBKa MeTOK
fiekcemam

select setweight( to_tsvector('english', '20-th anniversary of PostgreSQL'),
'A', '{postgresql,20}');
setweight
'20':1A 'anniversari':3 'postgresql':5A 'th':2
(1 row)

e ts delete(tsvector, text[]) - ynaneHne nekcem

select ts_delete( to_tsvector('english', '20-th anniversary of PostgreSQL'),
'{20, postgresql}'::text[]);
ts_delete
'anniversari':3 'th':2
(1 row)




o PROFESSIONAL

Pos{gres Tsvector editing functions

e unnest(tsvector)

select * from unnest( setweight( to_tsvector('english',

'20-th anniversary of PostgreSQL'),'A', '{postgresql,20}'));
lexeme | positions | weights

_____________ A

[ J

20 | {1} | {A}

anniversari | {3} | {D}

postgresql | {5} | {A}

th | {2} | {D}

(4 rows)

e tsvector to_ array(tsvector) — tsvector to text[]
array to_tsvector(text[])

select tsvector_to_array( to_tsvector('english',

'20-th anniversary of PostgreSQL'));
tsvector_to_array

{20, anniversari, postgresql, th}

(1 row)




Pos{gres Tsvector editing functions

o ts filter(tsvector,text[]) - domnsTpaumna nekcem No MeTke

select ts_filter($$'20':2A 'anniversari':4C 'postgresql':1A,6A 'th':3$$::tsvector,

{C}");
ts filter

'anniversari':4C
(1 row)

select ts_filter($$'20':2A 'anniversari':4C 'postgresqgl':1A,6A 'th':3%$$::tsvector,

"{C,A}");
ts _filter

'20':2A 'anniversari':4C 'postgresql':1A,6A
(1 row)




o PROFESSIONAL

Pos{gres Non-9.6

e RUM (Generic WAL, CREATE ACCESS METHOD)
* In index ranking
e Filtering
e Inverse FTS

e CrnoBapb Kak paclumpeHune

e [lpepsarpy>xeHHble cnosapwu

Alexander Korotkov, Arthur Zakirov, Teodor Sigaev
(PostgresPro)



PO%EFFS%”&: KNN ansi CUBE

e N-mMepHble KyObil....
e [lounck 6nmxaniuero!
Stas Kelvich (PostgresPro)



Poggé’?sé’% KomGuHMpoBaHue arperaTos

# create table agg test as (select i, random() val
from generate _series(1,1000000) i);
# vacuum analyze agg test;

# explain analyze select avg(val) from agg test;
QUERY PLAN

Aggregate (cost=17908.00..17908.01 rows=1 width=32) (actual time=:
-> Seq Scan on agg test (cost=0.00..15408.00 rows=1000000 widt!

Planning time: 0.041 ms

Execution time: 267.739 ms

# explain analyze select avg(val), sum(val) from agg test;
QUERY PLAN

Aggregate (cost=20408.01..20408.01 rows=1 width=64) (actual time=:
-> Seq Scan on agg test (cost=0.00..15408.00 rows=1000000 widtl

Planning time: 0.044 ms

Execution time: 259.963 ms

PaHbwe 6bn10 (258.638 ms => 333.232 ms)
ABa arperarta no ueHe ogHoro!



PnggreS |OS No BbIpaXXeHUAM

# create table ios test as (select i,
random() val,
(random()*2)::int::bool flag
from generate series(1,1000000) i);

# create index ios test i val true idx on ios test(i, val) where flag;
# vacuum analyze ios_test;

# explain analyze select i, val from ios test
where flag order by i limit 10;

Limit (cost=0.42..0.73 rows=10 width=12) (actual time=0.020..0.024 rows=1

-> Index Only Scan using ios test i val true_idx on ios test (cost=0.4
Heap Fetches: ©
Planning time: 0.105 ms
Execution time: 0.049 ms
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Pos{gres Wait monitoring

 pg_wait_sampling

500

[local] :5432 postgres@postgres=# \d pg_stat_activit
View "pg_catalog.pg_stat_activity" 450
Column i

400

datname 350

pid integer

usesysid oid 300

usename name

application_name | text 250

client_addr inet

client_hostname text 200

client_port integer

backend_start timestamp with time zone 150

xact_start timestamp with time zone

query_start timestamp with time zone 100

state_change timestamp with time zone 50

wait_event_type text — = =

wait_event text i— ‘.\ﬁ Lﬁ—h__._ )

state text 0 _.T_ el _“_ =

backend_xid pals] A3 14:03:29 .03 14:03:49 .03 14:04:09 .04

X1C . 14:03:19 14:03:39 14:03:59 14:04:19
backend_xmin xid
query text == |_ock:tuple === Lock:transactionid
LWLockTranche:wal_insert == L\WLockTranche:lock_manager

== | \WLockTranche:buffer mapping LWLockTranche:buffer_content
=pd= | WL ockNamed: XidGenlLock LwWLockNamed:WALWriteLock
—8— LWLockNamed:WALBufMappingLock LWLockNamed:ProcArrayLock

== WL ockNamed:CLogControlLock


https://github.com/postgrespro/pg_wait_sampling/

Posigres MacwTtabupoBaHue Ha 60nblUOEe
yucsio agep

[Mepen TeM, Kak «noTporarb» Silnd60n 610K AAaHHbIX HY>XXHO ero
«3annHnTb». Pin/UnpinBuffer — oyeHb yacTtad onepauusi.

bblno

PinBuffer:
S LOCK(bufHdr);
bufHdr->pinCount++;
S UNLOCK(bufHdr);

Crano
PinBuffer:
atomic_increment(buf _hdr->pinCount);

by Alexander Korotkov (PostgresPro), Andres Freund



Posigres MacwTtabupoBaHue Ha 60/bLUOE
uucno agep

pgbench -s 1000 -M prepared -S -T 300 on 4 x 18 cores Intel Xeon E7-8B890 processors
(shared_buffers = 32GB, max_connections = 300)

1600000
1400000
1200000

1000000
-#— pgsql-9-5
i master

o
800000 padding

TP

600000

400000

200000

0 20 40 60 80 100 120 140 160 180 200
Clients count



o PROFESSIONAL

Posy,gres Snapshot too old

 Oracle
 Bug to bug implementation of bug
e 3agavya — nNpubunTb 60/1bHO CTapble TPpaH3aKunn

e old _snapshot_threshold = -1
# 1min-60d; -1 disables; 0 is immediate



o PROFESSIONAL

Posggres Paccbinyxa

e KonoHku Foreign Key ans multicolumn joins (Kpocc-koppenauns)

e BbluncneHune ebluncneHme konoHok NOC/IE ORDER BY (KoHCTaHTUH KHXHUK,
PostgresPro)

e \ev, \sv — penaktnpoBaHue 1 nokas npeacrtab/ieHnin
e \crosstabview
e idle_in_transaction_session_timeout - pewaet npobnemy «idle in transaction»

* simple VACUUM progress reporting — MOXHO C/ieguTb 3a BbINO/IHEHNEM BaKyyma
pg_stat_progress_vacuum

» per-tablespace effective io_concurrency
e HOBbIN peXUM CUHXPOHHOW pennkauuu - ‘remote_apply'

e CuctemHas view pg_config



Pogggi?seog Uro 6yaet B 10.0 ?

BDR — aByHanpaB/fieHHas penninkauus
http://2ndgquadrant.com/en/resources/bdr/

Pglogical (5x 6bicTpee slony, londiste3)
http://2ndquadrant.com/en/resources/pglogical/

Declarative partitioning (+pg_pathman)

Highly Available multimaster «13 Kopo6ku»

IHKpeMeHTa bHbIN 63Kan Ha ypoBHE 6/10KOB

FDW pushdown aggregates

In-memory XxpaHunuuie

XpaHeHne BpeMeHHbIX 00bEKTOB B NaMATH
BPEMEHHble Tabnunubl Ha crerBe



Pogga’?sé“é Mbl ULLEM TaNaHTbl

* PazpaboTumkun, nHxeHepsbl, QA, PM, TexHn4eckmne
nucaTtenun, ctaxepbl (CTYAeHTbl), NI0AN HayKU

+ PaboTtaTb B KOMaHAe, «XXUTb» B COOOLLECTBE
* YMETb U NTIOOUTb YUUTbCH
* JTiobUTb BbI3OBbLI
« [lepxatb uesnb
 BOo3MOXHa yaaneHHasa padoTa



o)l PROFESSIONAL

Pos}gres Poccuiickoe coo6LecTBo

« Camoe opraHn3oBaHHOE — HECKOJIbKO ThICSAY YesI0BEeK
e MuTanbl Npu NoAAeP>KKU KPYMHbIX KOMMIaHWA

« KpynHeniwne B Mmpe KOHdEepPeHLUn No NOCTrpecy:

 nietom PGDay.ru B CaHkT-lNeTtepbypre (2014, 2015, 2016)
 3umonn PGConf.ru B Mockse (2015, 2016)

o CeKkumn n KBapTUPHUKN Ha KPYNHENLLINX KoHdrepeHLnsax
« Highload++, RIT, Codefest, Stachka

e YyacTByeM B MeXayHapoaHbIX KOHPEepPEeHUUAX
« PGConf.EU, PGCon.org

« CBOOOAHLIE KypCcbl DBA1, DBA2, «Hacking Postgres» ot
Postgres Professional




Yoo 50 CIMIOCOOOB MOMOUYb TB
Pos{gres cooolyecTsy

Core Code

Other Code

Everything Else



o] PROFESSIONAL 50 CHOCOGOB I-IOMOLIb COOﬁLU.ECTBy

Pos{gres

Appo
Pa3paboTka, review, TectupoBaHue,
reporting bugs

JKocucrtema

PaclunpeHus, apavisepbl, ORM, cpeacrsa
MOHUTOpPUHra... nogaepxka Pg B
npuknagHom MO

CosnaHne AMcTpmbyTnUBOB, NakeTnpoBaHue

AdoKymMmeHTaUuus

YnydiwieHune, nepesog, nyonmkaumsa ctaren,
KHUI, Y4eOHbIX, MapKETUHIOBbIX
Marepuasios...6norrnHr!

PacckaxuTte o0 CBOei UCTOPUN C
PostgreSQL!

OOLeHue, obpasoBaHue
Co3aaHune nokasibHbIX CO0OLECTB
[MpoBeaeHne KoHdepeHuun,
MUTanoB, CEMNHAPOB, Y4YEOHbIX
KYpPCOB.

BHegpuTte PostgreSQL!
B Bawlein komnaHuu. 3anycrture
yuyebHbIN Kypc B Balwuem BY3e

CnoHcopcTBO

CnoHcupyinTe paspaboTKy HY>XXHOW
Bam doyHKLUMOHa/IbHOCTM.
CnoHcupyinTe meponpusaTme.



Poggéi%"“é Ecnu Bbl ¢ Open Source

CBob6oaa — Heob6XxoaAMMoe ycroBue aA1d TBOpYecTBa.
oen poxaatloTcs B CBOOOAHOM TBOPUYECTBE.

FnaBHbIe CBOWCTBA
* BO3MOXXHOCTb 6ecniaTHOro TMpaXXnpoBaHUS
e JlOCTYyN K UCXOAHbIM KOAdam

OcHOBHbIle cB060abl N0 FSF/GNU:

e BbINOSHATL Nporpammy

e I3yyatb 1 moandurumpoBaTh Nporpammy
 [lepepaBaTb KONUU Nporpammb

 [lepepaBaTtb KON MoaANMPULMPOBAHHOW NPOrpaMmmsbl

«Bbe3paccygHas» cBoooga MIT/IBSD:
« Co3paBartb 3aKpbITYHO NporpaMmmMmy Ha OCHOBE OTKPbITOM



o)l PROFESSIONAL

Pos{gres

EcJIx Bbl 3aX0TEJIH CTATh PasSpadOTUMKOM
OPEN SOURCE mmpoexrTa




o)l PROFESSIONAL

Pos{gres UTto gaet yyactue B Open Source

e [1pnYaCTHOCTb K 60/IbLLOMY NPOEKTY, 60/IbLLOMY
coo0LlecTBy

 Peannsauua Kkak paspadboTtumka
 BnnaHmne Ha pa3BuTe npoekTa

e He3zaBMCMMOCTb OT KOMMNaHUN, penytauus B
coobLllecTBe

e Kapbepa B CO0O0OLLECTBE KOPPEMPYET C Kapbepoun B
KOMMaHnu

e BO3MOXHOCTb XWUTb 1 paboTaTb B y106HOM MecTe —
nOwma (no Piter, no Moscow) !

e YnoBnetesopeHne — help the World !



o)l PROFESSIONAL

Pos{gres Tpe6oBaHUA K pa3padboTUuKky

e 3HaHWMe 1 BNnaaeHne OCHOBHbLIMU MHCTPYMEHTapPUAMN

* A3bIK[N] NnporpammmpoBaHuns

* Git, Tpekkepbl, BUKU, cpeacTBa AOKYMEHTUPOBaHUS
e COBMECTUMOCTb C COOOLLECTBOM

« 3HaHue aHrNMNCKoro A3bika (pasHble)

* YMeHune BecTu nepenuncky

* He nponagatb HaAo/ro

- CnepoBartb CTU/MHO KOAUPOBaHUA

* CUHXPOHM30BaTbLCA C LMKIOM pa3paboTku

- CnepoBartb MPUHATLIM CLeHapuam pa3paboTku

* [MpnHMMaTbL yyacTme B XN3HU coobLlecTBa



Posdgras

CNACUBO 3A BHUMAHUE !
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