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off PROFESSIONAL MCXOAHb'e KoHuenuuu pOStgreS

Posy.gres

McxoaHble KOHLENUWM, 3a/10KeHHble B postgres, Kak ucciefoBaTebCkui
npoekT Berkeley.

> [loaaep:KKa CNOXKHbIX TUMOB AaHHbIX
> PacwunpaemocTtb

» Rules (npasuna)

» Heap smecto undo/redo noros

> J1ieMeHTbl 06 bEKTHOCTH

Stonebraker M., Rowe L. A., Hirohama M. The implementation of POSTGRES
//IEEE Transactions on Knowledge & Data Engineering. —1990. — No. 1. - C.
125-142.
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g "reeeeona - Mo aepKa CNOXKHbIX TUNOB AAHHbIX

Posy.gres

Postgres nogaepKuBaeT cneayrowme TMNbl AaHHbIX by-design:
1. 6asoBble TUMbl AAHHbIX,
2. KOMMNO3WUTHbIE TUMbI AaHHbIX,
3. maccusbl.

2 + 3 = LOKYMEHTOOPUEHTUPOBaHHOE xpaHeHue (B8 1990 roay!).

Moaaep»KKa CAOXKHbIX TUMOB AaHHbIX NOAYyYNAa CBOE AanbHellllee
passuTKe: hstore, xml, json, jsonb.
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of] PROFESSIONAL PaCLuMpHeN\OCTb

Posy.gres

It is imperative that a user be able to construct new access methods to
provide efficient access to instances of nontraditional base types Michael
Stonebraker, Jeff Anton, Michael Hirohama.

Extendability in POSTGRES, IEEE Data Eng. Bull. 10 (2) pp.16-23, 1987
> Tunbl 4aHHbIX
> DOyHKLMK
> [poueaypHble A3bIKK
» OnepaTopbl
» Knaccbl onepaTopoB (operator classes)
» MeToabl aoctyna (access methods)

PacwmpsaemocTb MeToao0B A0CTyMNa B HACTOALWMIA MOMEHT He NoaHas. He
xBaTaeT KomaHabl CREATE ACCESS METHOD u pacwmpaemoctn WAL.
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o)) PROFESSIONAL

Posdgres Rules

bbino:

on new EMP.salary where EMP.name = ”Fred”
then do replace

E (salary = new.salary) from E in EMP
where E.name = *Joe”

Crano:

CREATE RULE emp_insert AS ON insert TO emp
WHERE NEW.name = ’Fred’

DO ALSO UPDATE emp e SET salary = NEW.salary
WHERE e.name = ’Joe’;

» Huskuii overhead: HeT Tpurrepa, NnepenuncbIBaeTca cam 3anpoc.

> He Npo3payvyHO A4N1A NoNb30BaTENA, MOXXHO C/N10BUTb INHOKN.
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o ProFessONAL [ pa6OTa|'OT rules?

Pos{gres

# EXPLAIN (COSTS off) INSERT INTO
emp (name, salary) VALUES (’Fred’, 1000);
QUERY PLAN
Insert on emp
-> Result

Update on emp e
Update on emp e
Update on salesman e_1
-> Seq Scan on emp e
Filter: (name = ’Joe’::bpchar)
-> Seq Scan on salesman e_1
Filter: (name = ’Joe’::bpchar)
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g rorssons - Henpeackasyemble rules

Pos{gres

# CREATE TABLE t1 (val float8);
# CREATE TABLE t2 (val float8);
# CREATE RULE t1_insert AS ON insert TO t1
DO ALSO INSERT INTO t2 VALUES (NEW.val);
# INSERT INTO t1 VALUES (random());
# SELECT * FROM t1;
val
0.104912102222443
(1 row)
# SELECT * FROM t2;
val
0.835614582523704
(1 row)
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Pogzg}isgg Bbinunutb rules?

Simon Riggs npeanaran HayaTb NPOLLECC BbIMUINBAHUA

ruIes, T.K. NTOABUIUNCDL TPpUTTEPDLI Ha view:
http://www.postgresql.org/message-id/CA+
USnNMLzz7MPud6zRvw4gbq66FbSjqLYNB+UL=1sXTUS-a97fA@mail.gmail.
com.

Ho He noay4nnock, NOTOMY YTO:
» ECTb Nnonb3oBaTenn, KOTopble UCNONb3YIOT rules.

» Rules ncnonb3ytoTcs BHYTPU ANA peanmsauum
OObIYHbIX View.

» HekoTopble cYUTaloT, YTO rules —3To He TakK YK MU
naoxo.
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J oSN I neMeHTbl 06 bEKTHOCTU: HacieAoBaHUeE

Posy.gres

bbino:

create EMP (name = c12, dept = DEPT, salary = float)
create SALESMAN (quota = float) inherits (EMP)

Crano:

CREATE TABLE emp (

id SERIAL PRIMARY KEY, name CHAR(12),

dept_id INTEGER REFERENCES dept(id), salary FLOAT);
CREATE TABLE salesman (quota FLOAT) INHERITS (emp);

Mo npamomMy Ha3HauYeHWto HacnegoBaHWe B PostgreSQL npumeHatoT
peako, 3aTo Yepes Hero caenaH partitioning.
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g "ForESSoN InemeHTbl 06 bEKTHOCTU: MeTozbl (6b1n10)

Posy.gres

create DEPT (
dname = c10,
floor = integer,
floor-space = polygon)
define function set-of-DEPT as retrieve (DEPT. all)
where DEPT.floor = $.floor
create FLOORS (
floor = integer,
depts = set-of-DEPT)
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J rorESsoN  InemMeHTbl 06 bEKTHOCTM: MeToapl (cTano)

Pos{gres

CREATE TABLE floor (floor INTEGER PRIMARY KEY);
CREATE TABLE dept (
id SERIAL PRIMARY KEY, dname CHAR(10),
floor INTEGER REFERENCES floor(floor),
»”floor-space” POLYGON);
CREATE FUNCTION ”set-of-DEPT”(floor) RETURNS SETOF dept
As $3%
SELECT * FROM dept WHERE floor = $1.floor;
$$ LANGUAGE sql;
# SELECT f.floor, f.”set-of-DEPT” FROM floor f;

floor | set-of-DEPT
|

|
1| (1,7”sales ?,1,”((0,0),(1,1),(2,2),(2,1))”)

1 | (2,”marketing ”,1,”((4,4),(5,6),(3,4))”)
(2 rows)
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dneMeHTbl 0O6BEKTHOCTU: MeTOAbI (KaK 3To
o] PROFESSIONAL

Pos gres pa6oraet?)

» 3anucb tab.func paBHocunbHa 3anucu func(tab). (HanomuHaer ali] u
ifa] 8 C).

> MOXHO He To/IbKO paboTaTh ¢ GYHKLMAMM, KaK C KOIOHKAMM, HO U C
KOJIOHKaMM, KaK C GYHKLMAMM.

# SELECT id(dept), dname(dept) FROM dept;
id |  dname

e
1 | sales
2 | marketing

(2 rows)

Alexander Korotkov KoHuenuuu PostgreSQL 12/39



Pogzgres Heap: uto 6b110

Update He genaeTcs in-place, 3aBoguMTCcA HOBaa Bepcus
cTpoku B heap. Delete nomeuaeT CTPOKY KaK yAanéHHy!o.

» He ncnonb3ytotca undo/redo noru.
» Bo3moxeH time-travel.
» Heobxoanmoctb VACUUM.
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Pogza’}isg”g Bes redo nora

TeopeTnyYecKkn — BO3MOXKHO, eC/MU...
» IMeTb NONHbIN KOHTPO/Ib 3@ TEM, YTO M KOraa
baKTUYECKM NULLETCA Ha AMUCK.
» B KOHUEe KaXKaon TpaH3aKummn GpUKCMpoBaTb BCe
M3MEHEHHbIE AaHHbIe.

> CTDYKTypr AaHHbIX, UCNoJib3yemble B UHOEKCAX —

crash safe.
Ha npakTnke — NoYTn He BO3MOMKHO.
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of] PROFESSIONAL MVCC, WAL: Baanm Muxees
Pos{gres .

Date: Mon, @9 Aug 1999 16:08:19 +0800
From: Vadim Mikheev

To: Oleg Bartunov

Subject: Re: indices grow !

----skipped ------
A 4TO ero noHumaTb-TO! -:)
OCHOBHOE 4YTO HaAO MOMHUTb:

3anpoc (Te Query - TO 4TO 4YMTaeT 3anucu M3 6asbl ucnonbsysa Seq/Index
scans M oTbupaeT uMx B cooTBeTCTBUM C ycnoBuaAmn B WHERE ucnonbsysa
joins, subselects etc) BuauT (Te BO3BpawaeT) TONbLKO Te 3anucu,
KOTOpbI 6blAM XMBbI B MOMEHT cCTapTa

3anpoca(READ COMMITTED)/TpaH3akuun(SERIALIZABLE).

Bcé ocTanbHoe nuuwb nponssogHoe -Z)

http://www.sai.msu.su/~megera/postgres/mvcc.html
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Posigras Mvee

MVCC — mexaH13M, NO3BONAIOLMNIN KaxKa0M TpaH3aKL MM BUAETD
CBOW «cnenok» (snapshot) 6a3bl AaHHbIX Ha ONpeeneHHbIM
MOMEHT BPEMEHMU, XOTA AaHHbIE Ha TEKYLLMUA MOMEHT YKe MOIN
N3MEHMUTbCA.

B PostgreSQL MVCC obecneunBaeTtcs TeM, YTO AaHHble He
YAANATCA, CTapble BEPCUMM CTPOK OCTAOTCA C OTMETKaMM 06
OKOHYAHWU UX aKTYaNbHOCTK, NapanfieNbHO 3aBOAATCA HOBble
Bepcum cTpok. CneunanbHbin npouecc VACUUM yaansaeT ctapble
BEPCUU CTPOK.
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Posigas Mvee

> ctid — pusnyeckoe pacnonoxkeHune Koprexa:
(cTpaHuua,cmeweHne)

» Xmin — id TpaH3aKu1K, co3aaBLuei 4aHHYIO CTPOKY

> Xmax — id TpaH3aKumMK, yaanmBLIel SAaHHYIO CTPOKY

> cmin —id KOMaHAbl TPAH3aKL MUK, CO34aBLIEN AaHHYIO CTPOKY

» cmax — id KomaHZAbl TPaH3aKUMK, YOANUBLLIEN AaHHYIO CTPOKY
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Pod; gres MVCC: npumep (1)

DELETE FROM mvcc_demo;

DELETE ©

INSERT INTO mvcc_demo VALUES (1);
INSERT 0 1

SELECT xmin, xmax, * FROM mvcc_demo;
xmin | xmax | val

(1 row)

BEGIN WORK;

BEGIN

UPDATE mvcc_demo SET val = 2;
UPDATE 1
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Pod; gres MVCC: npumep (2)

SELECT xmin, xmax, * FROM mvcc_demo;
xmin | xmax | val
______ oo =
5414 | © | 2
(1 row)
SELECT xmin, xmax, * FROM mvcc_demo;
xmin | xmax | val
______ oo
5413 | 5414 | 1
(1 row)
COMMIT WORK;
COMMIT
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Pod; gres MVCC: npumep (3)

DELETE FROM mvcc_demo;

DELETE 1

INSERT INTO mvcc_demo VALUES (1);

INSERT 0 1

BEGIN WORK;

BEGIN

DELETE FROM mvcc_demo;

DELETE 1

ROLLBACK WORK;

ROLLBACK

SELECT xmin, xmax, * FROM mvcc_demo;
xmin | xmax | val

______ o mm e e oo
5415 | 5416 | 1

(1 row)
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of rroFessona - NV/CC: ycnosue BMAMMOCTU

Posy.gres

KomeHTapuit K ncxogHomy koay B src/backend/utils/time/tqual.c:

((Xmin == my-transaction && inserted by the current transaction
Cmin < my-command &% before this command, and
(Xmax is null || the row has not been deleted, or
(Xmax == my-transaction && it was deleted by the current transaction
Cmax >= my-command))) but not before this command,
[ or
(Xmin is committed && the row was inserted by a committed transaction, and
(Xmax is null || the row has not been deleted, or
(Xmax == my-transaction & & the row is being deleted by this transaction
Cmax >= my-command) || but it’s not deleted ”yet”, or
(Xmax != my-transaction & & the row was deleted by another transaction
Xmax is not committed)))) that has not been committed

mao [Mike Olson] says 17 march 1993: the tests in this routine are correct;
if you think they’re not, you’re wrong, and you should think about it again.
i know, it happened to me.
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POS v gres WAL (Write-Ahead Log)

WAL 6biBaeT:
» Ha nornyeckom yposHe (insert/update/delete n 1.4.);
» Ha ypoBHe 610KOB.

Ons Toro, utobbl caenatb WAL Ha GpM3NYECKOM YPOBHE HYXKHO OAHO U3
AByX:
> Bcerga MMeTb Ha Ancke consistent snapshot gaHHbIX;
> ,ﬂ,ep)KaTb BCe AaHHble B OI'IepaTVIBHOﬁ namaTm nam
> [lep’KaTb Ha AMCKEe HEe MeHblUe ABYX KOMWUI AaHHbIX O4HOBPEMEHHO.
> KoHTponnpoBsaTb Nopaaok dpakTuyeckoi sanucu bydepos OC Ha
OUCK (oyeHb 3aBucuT ot OC).

Moatomy B PostgreSQL WAL Ha ypoBHe 6/10K0B.
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of proressonal \WJAL B Post SQL
Pos gres B PostgreSQ

Nioboe nsmeHeHUe Ha ANCKOBbLIX CTPaHULLAX BHaYane 3anucbiBaeT B
WAL. Npexae, yem PostgreSQL coobuwaeT 06 ycnewHom commit’e
TpaH3akuun gna WAL genaetcsa fsync. 9tum obecneumsaeTcs

durability.
Insert
Dirty buffer Dirty buffer
: LSN LSN|
! AR 7 H
f WAL record :
:Shared memory :
LSN
2

> WAL
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Pogza}isség Heap: yTo cTano

v

Monyumnnca MVCC.

v

WAL Taku HyXeH.

v

Undo nor AEVICTBMTEﬂbHO MOXHO HEé UCNOoN1b30BaTh.

v

Time-travel’om noxkepTBOBaNN paan MeHbLLEro
bloat’a.
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Poy aﬁ?%é”g Yro Takoe ACID?

v

Atomicity — ATomapHOCTb

v

Consistency — CornacoBaHHOCTb

v

Isolation — U3onnpoBaHHOCTb

v

Durability — Hagé»HocTb
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of] PROFESSIONAL |SO|aﬁOn (M3OﬂVIpOBaHHOCTb)

Posy.gres

Bo Bpems BbINONHEHMA TPaH3aKLMM NapaniebHble TPaH3aKUuMm He
[OJ/KHbI OKa3bIBaTb BIMSAHME Ha eé pesynbTaT. Bkaoyan HesBHoe
BANAHWE, HapYyLUEHNe MHBAaPNAHTOB, COXpaHAEMbIX TpaH3aKumen. CTporo
roBops, Hy»keH Hactosawmii SERIALIZABLE.

> B PostgreSQL 9.1 nossuncs SSI, peannsyowmin HacToALWwMMN
SERIALIZABLE, pocturaemble Hebonblumm overhead’ om.

» B MySQL SERIALIZABLE gocturaetcs nyTém 610KMpoBKKu Tabauu,
» B Oracle HacTosiwero SERIALIZABLE Her...
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o] PROFESSIONAL ypOBHM M3OI-IHLI|MM TF)aH3aI.(LIIMM
Pos gres (saL-cranpapr)

» READ UNCOMMITTED — moryT 6bITb YBUAEHbI HE
3aKOMUYEHble AaHHbIe.

» READ COMMITTED — moryT 6bITb YBUAEHbI TO/IbKO
3aKOMUYEHble AaHHble.

» REPEATABLE READ — ntobas onepaums YTeHUA A0NXKHA
NOBTOPATbLCA.

» SERIALIZABLE — pe3ynbTtaTt 401XKeH coBnagaTb €
nocnenoBaTesIbHbIM BbINOJIHEHUEM TPAH3aKLMNA.
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)..ocoone  PE/1A3WLMA YPOBHEN U30NALNN B
Pos gres PpostgresQl

» SQL-cTaHpapT paspeLaeT UCNOAb30BaTb Hosee CUNbHbIN
YPOBEHb U30AALMUM TPAH3aKLWNA.

» READ UNCOMMITTED He peann3oBaH, BMECTO Hero Bcerga
ncnonbzyetca READ COMMITTED. He 3akomu4yeHble
M3MEHEHWA HUKTO HUKOr4a He BUAUT!

» [10 9.1 REPEATABLE READ u SERIALIZABLE — oaHO 1 TO ke
(snapshot isolation). TpaH3akuMa BUAUT COCTOAHME Ha3bl Ha
MOMEHT cBoero ctapta. OBHOBNEHME OAHUX U TEX XKe CTPOK
BbI3bIBAET OLUNOKY.

» B pamkax ogHoM KomaHabl paboTtaeT snapshot isolation.
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).......... HapyuweHue snapshot isolation B pamkax
Pos gres «komangpi

Takol 3anpoc Bceraa yBennuut balance Ha 100, aaxe ecnu oH 6bia
O6HOB/IEH NapannenbHoM TpaH3aKLUMeN.

UPDATE accounts SET balance = balance + 100 WHERE acctnum =
12345;

http://www.postgresql.org/docs/9.3/static/
transaction-iso.html#XACT-READ-COMMITTED
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o)) PROFESSIONAL

Pos{gres

Alexander Korotkov

Mpo6nema SERIALIZABLE (1/3)

(id ] color

white

black

white

black

white

AN B WN|F-

black
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o] PROFESSIONAL |'|p06}'|eMa SER'ALIZABLE (2/3)

Pos{gres

BEGIN;
UPDATE dots

SET color = ’black’
WHERE color = “white’;

COMMIT;

BEGIN;

UPDATE dots
SET color = ’white’
WHERE color = °“black’;

COMMIT;

Alexander Korotkov
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Pos gres Mpo6nema SERIALIZABLE (3/3)

m color

black
white
black
white
black
white

AN WN-

Takan CUTyaumnAa He morna BO3HUKHYTb Npu nocsieaosaTte/ibHOM
BbIMNOJIHEHUU TpaH3aKLI,Mﬁ!
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Po S}ﬁsgg Serializable Snapshot Isolation (SSI)

> BeepeHa B 9.1.

> OTCNeKMBaeT 3aBUCMMOCTU MEXK Y ONepaLnusammn YTEHUA 1 3anmcK
PasIMYHbIX TPAH3aKUMI (TPaH3aKuMa A npoynTana To, YTo 3anucana
TpaH3akuus b).

» OcHoBbIBaeTCA Ha npeanKkaTHbIX 6I'IOI-(VIpOBI-(aX.

> [py KOHPANKTE BO3HUKAET OLINOKA (KNNMEHT AoNXKeH bbiTb roToB
NOBTOPMUTb TPaH3aKLMIO).
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of] PROFESSIONAL HaKﬂaﬂ,Hble paCXO'D'bI SSI

Pos{gres

> [peanKaTHble 6OKUPOBKMU.
> OnpegenHue KOHGIMKTOB.

> [lOBbILEHHOE YMC/IO OTKATOB TPAH3aKLUUNA.
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Yoo, K@K MMCATb NPUIOXKEHMA, UCTTONb3YIOLWNIA
Posygres ss

» MOXHO UrHopMpOBaTb Nappanennsm (He ncnonb3osatb SELECT FOR
SHARE/UPDATE, LOCK).

> BbITb FOTOBbIM MOBTOPUTL TPAH3aKLMIO NPU OWKOKe.
> O6bABNATL YMTAIOLLME TPAH3aKUMK ¢ nomoubio BEGIN READ ONLY;

> W3beratb AOATMX TPaH3aKLMN.
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of PROFESSIONAL Atom|c|ty (aTON\apHOCTb)

Posy.gres

N3meHeHus, KoTopble BHOCUT B B[], TpaH3aKLmMA, MOryT 6biTb IMb6O
NOSIHOCTbIO MPUHATLI, NMB0 NONHOCTLIO OTBEPrHYTLI. TPAaH3aKLMA He
MOMKET bbITb 3aUKCMPOBaAHA YaCTUYHO (MHaye YTo 3TO byaeT 3a
TpaH3aKumA?).

AtomapHocTb B PostgreSQL obecneumBaeTca cieayowmm.

» 3a cuét MVCC, noKa TpaH3aKuusa paboTaeT, COXPaHAOTCA U
CTapble, M HOBble gaHHble. B 11060 MOMEHT TpaH3aKLMio
MOXHO NPUHATb AN OTKATUTD.

» Commit/rollback TpaH3akuum 3awwmiaeTcs oqHoM
WAL-3anucbto, KoTopasa aTomapHa.

» Takum 06pasom, BCA TPaH3aKLMA — aTOMapHa.
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Pos . S}Esgg Durability (Hagé»HocTb)

AnnapaTHble cOoM He AONKHbI NPUBOAUTL K NOTEPE AAHHbIX.
Hapé»kHocTb B PostgreSQL obecneunBaetca cnegyowmm.

> Bce geincreunaA ¢ JaHHbIMKM AENATCA Ha aTOMapHble onepauumy,
KoTopble aybaumpytotca cooTseTcTByOWMMM WAL-3anncamu.

» Ecnu 6asa ynaggér, To npu caeaytollem 3anycke byaer
BbIMNOJIHEH NPOLLECC recovery, B pe3y/ibTaTe KOTOPOro mbl
OKa*KemcA B TOM MecTe, Ha KOTOpPOM ynasnau.

» ATOMapHble onepaumn ¢ 4aHHbIMW YCTPOEHbI TaKUM 06pas3om,
YTOObI HUKaAKME CTPYKTYPbI AaHHbIX HE «NOMOMAaJIUCh».
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J e Consistency (cornacoBaHHOCTD)

Posy.gres

TpaH3akumu nepesogAaT b/, U3 ogHOro cornacoBaHHOrO COCTOAHUA B
Apyroe (BHYTpW TPAH3aKLUKN COCTOAHUA MOTYT BbITb
Hecor/1acoBaHHbIMM).

CornacoBaHHOCTb B PostgreSQL obecneynBaeTcs cieayoLmm.

> PeannsoBaHbl HEO6XOAMMbBIE NPOBEPKM ANA BCEX
peannsoBaHHbIX constraints, KOTopble KOppPeKTHO paboTatoT
NPy KOHKYpeHTHOM gocTyne K b/.

» Constraints, peann3oBaHHble Ha YPOBHE NPUIOKEHUA JOMKHbI
6bITb peann3oBaHbl B COOTBETCTBUM C UCMNO/b3YEMbIM YPOBHEM
N30/1ALUN TPAH3AKLMIA.
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Cnacubo 3a BHUMaHue!

AnekcaHgp KopoTkos
a.korotkov@postgrespro.ru
000 «MocTtrpec MpodeccroHanbHbIN»
http://postgrespro.ru/
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