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Tembl Posygres

CTpyKTypa CTpaHULIbI

YCTpOHCTBO BEpCHUU CTPOK

Kak paboraroT BcTaBKa, 0OHOB/IeHHE U y/a/leHHe CTPOK
Kak paboraroT ¢puKcalysa ¥ OTKaT U3MeHeHUl
HOT-06HO0B/I€HNS

Touka COXpdHEHHA 1 BJ/IO’KEHHBIE TPAH3dKIIWUH
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CTpaHunubl Posigres
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Bepcun cTpok B Tabnuue POQESFF%%

MaccuB yka3areneu

offset, len yKa3aTejb Ha BepCHUI0 CTPOKM U ee JjIMHa
flags CTaTyC BepCHUU CTPOKH

Bepcuu cTpok

Xmin HOMEp TPaH3aKIL[iU, CO3/iaBIlier BepCUI)
Xmax HOMep TpaH3aKI[1H, yIaIuBIlIeld BepCUI0
infomask MH(OpMalIMOHHbIE OUTBI

ctid yKasaTesib Ha CJie]l. BeDCUI0 TOU >Ke CTPOKU
JlaHHbIE

Ka>1<,qa51 BepCHA CTPOKHU LI&/JIMKOM IIOMeIdeTCd B CTpdHHULIE

4yacTh 10JIel MOXKeT ObITh CXKaTa
4yacTh 10JIel MO)KeT ObITh OTIpaB/eHa Bo BHelllHee TOAST-xpaHuuiiie



TOAST Pt

Cny>xebHas Tabnuiia

I71s1 KaKoM 00bIuHOM Tabnuiibl (pg_toast_IN), roggeprkaHa UHAEKCOM
«JIIMHHBIE» 3HAUYEHUS TTOpe3aHbl Ha YaCTH, TTOMellaroluecsl Ha CTPAHULY
HCI0/Ib3YyeTCs IIPO3PauHo 151 IPUI0XKEHUS

YHTAeTCs TOJILKO MPH 00pallleHHU K «JTUHHOMY» 3HaUeHUI0
coOCTBeHHAs] BEpCUOHHOCTh, He 3aBUCHIIAsE OT OCHOBHOM TaOIMIIbI

Hactponka
ALTER TABLE Tabsimya ALTER cTton6ey SET STORAGE cTparterus
PLAIN 3arpeljaeT U cKaTtue, U BHEIIHEee XpaHeHue
EXTENDED pa3pelliaeT CkaTve U BHellIHee XpaHeHue
EXTERNAL pa3pelliaeT TO/IbKO BHEIIIHee XpaHeHue
MAIN B [1€PBYI0 ouepellb CKaTue


http://www.postgresql.org/docs/9.5/static/storage-toast.html
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CTpPOKN B HOEKCe Posgres

YKa3arenu

offset, len
flags

CTpoku
ctid
TaHHbIE

yKa3aTe/lb Ha BepCHIO CTPOKH U ee JJTMHA
CTaTyC BePCHUU CTPOKU

yKa3are/lb Ha BepCHI0 CTPOKU B Tabiuiie
3HaueHUs K/Irouer HHAeKCUPOBaHUs

XpaHI/IMbIe OdaHHbBIE€ 3aBUCAT OT THIId MHAEKCA

HeT nH(popmaLi 0 BepCUOHHOCTU
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BcTaBKa Pos{gres
3 &_ o
=g ET
E8ELES
E5 ESZ>
38 ©®E S
SE33TS
cTaTtyc Xmin Xxmax ; E ; §2 2 ctid AaHHble
(0,1) normal —>» 100 0 (0,1) 42,AAA
Tabnmua
©
Q
=
£3
€ O
ctid  paHHble S g
0,1) AAA > 100
NHOEKC clog



BcTaBKa

Poddgias

BcTraBka B CTpaHHILy, TOJ/IBKO eC/IF IIPOLEHT 3dHATOI0O MeCTd

He rpeBbImaer fillfactor

CREATE TABLE ( ... )

WITH (fillfactor = 3Ha4yeHue),

MeHbue (om 10%)

IIJIOTHOCTBH HMXKe

Tabymia 6obIiIe

PEeKOMEeH/1yeTCsI
TIpY YaCThIX 0OHOBIEHMSIX

bonbiue (0o 100%)

IIJIOTHOCTD BBEILIE

Tab/M1la MeHbIIIe

PEeKOMEeH/1yeTCsI
TIPYU CTAaTUYHBIX JaHHBIX
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YpnaneHue Pos}gres
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OTKaT UaMeHeHUn Posigres
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OOHOB/EeHUE Posy.gres
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HOT-06HOBNEHMe Posy.gres
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HOT-06HOB/IEeHNe Pogzﬁ?ég

I{ermouka 0OHOB/IEHUM CTPOUTCS B IIpe/iesiaX OJHON CTPaHULIbI

He TpeOyeTcsi oOpaillleHre K ApyruM O/0Kam,
He YXYAILIaeTCs IPOU3BOJUTE/TbHOCTD

eCc/Id Ha CTpaHHIIe He XBaTaeT MeCTa, 1jellouka 0OphLIBaeTCs
(kak eciu O6bI onTUMM3alYs He paboTara)

ymeHblneHue fillfactor yBesimumBaet 1aHChl Ha ONTUMHA3ALIAIO

14
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[eMOoHCTpauuns Pos{gres

p

$ psql
postgres=#

15
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Toyka coxpaHeHus Posggres

BEGIN;
insert into t(n) values (42);
SAVEPOINT SP;
delete from t;
ROLLBACK TO SP;
update t set n=n+1;
COMMIT;

Kak OTKaTHUTh TOJIBKO YaCTh U3MEHEHWH TPaH3aKLIWN?

16
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BnoXeHHble TpaH3akL N Posigres

CoOCTBeHHbIM HOMEP

CobctBennbii ctaryc B CLOG

KOHEYHBIU CTaTyC 3aBUCUT OT CTAaTyCa OCHOBHOM TPaH3aKIIUU
He TO e caMoe, UTO aBTOHOMHbIe TPaH3aKI[Uu!

MHMopMaLysi XpaHUTCS Ha IUCKe

Karanor SPGDATA/pg_subtrans/
NaHHbIe K31IMpytoTcs B Oydepax (aHanmornuHo CLOG)

17
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BnoXeHHble TpaH3akL N Posigres

BEGIN; txid=100
insert into t(n) values (42);

SAVEPOINT SP; txid=101
delete from t;

ROLLBACK TO SP;
update t set n=n+1; txid=102

COMMIT;

18
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ITorm Posygres

B cTpaHuIiie MOI'yT XpaHUTbCS HECKOJILKO BEPCUU CTPOKH,
OrpaHUuYeHHbIe HOMepaMH TPaH3aKIUU

Tonbko TabMuHbIe CTPAHULILI colep>KaT MHGOPMALHIO
O BepCHUOHHOCTH

duKcalys YU OTKAT BbIIOJIHSIOTCS OIMHAKOBO OLICTPO

I TOUeK COXpaHeHUs1 UCTIOJIb3YOTCS B/IOXKEHHbIe TPaH3aKL[UU

19
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[ 1paKTuKa Pos{.gres

1. Co3aarb 6a3y gaHHbix DB3, B Heli yCTaHOBUTH paciiiipeHue pageinspect
1 CO3/1aTh TaO/IULLYy.

2. BHyTpM oHOM TpaH3aKILIUU:
— BCTaBUTh CTPOKY B TaO/IUILY;
— CO34dTb TOUKY COXPdHEHHA;
— BCTaBUThb B TaO/MMITY ellle OfHY CTPOKY;
— OTKATUTb U3MEHEHHA 10 TOUKHN COXPAdHEHHA;
— BCTaBUTE ellje OAHY CTPOKY;
— 3a(PMKCHMpPOBaTh W3MEHEeHUS.

[Ipu 5TOM MocCJ/Ie KaXK/10M BCTaBKHU:

— BbIBECTU HOMep TeKylllel TpaH3aKI[1Y;
— TIPOKOHTPOIMPOBATh TaO/MMITy C OMOII[bIO TICEBAOCTOMOI0B XMin ¥ Xmax;
— MIPOKOHTPOJIMPOBATh COZIEP’KUMO€ CTPaHULIbI C TIOMOII[BIO0 pageinspect.

3. OOBSICHUTH MOJIyYeHHbIe pe3y/lbTarhl.

20



CTpaHunupbl
N BEPCUUN CTPOK

Copyright
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Tembl Posigres

CTpyKTypa CTpaHUL[bI

YCcTpoucTBO BepCcUii CTPOK

Kak paboraroT BcTaBKa, 0OHOB/IEHUe U yziajieHre CTPOK
Kak paboraroT hrkcaiys ¥ 0TKatr u3MeHeHUH
HOT-06HOBEHYS

Touka COXpPaHeHHA U BJI0O)KEHHbIE TPaH3aKIINMH
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CTpaHunubl Posigres
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Pa3smep cTpaHuLbl COCTaB/SAET 8 KM106anT. TO 3HAUYEHME YBENNUYUTD
N3MeHUTb (BNMOTb A0 32 KNN06aiT), HO TOMTLKO Npu coopke.

N Tabnuubl, n MHAEKCHI, 1 6ONLLUNHCTBO APYrMX 0O6BLEKTOB, KOTOPbIE B
PostgreSQL 0603HavatoTCs No-aHrNMnCcKn TepMmMHOM relation, ncnonb3yroT
OLVHAKOBYH CTPYKTYPY CTpaHuL, YTOObI NONb30BaTbLCA 00LLMM BydpepHbIM
Kawem. B Hauyane cTtpaHuubl MAET 3arofioBok (24 6aita), cogepxatiui
o6Lue cBeneHuA 1 pasmep cneyrowmx obnacreit: ykasarenein, cBO60AHOI0
NPOCTpaHCTBa, BEPCUIA CTPOK K cneunasnbHom 061acTu.

«Bepcusi cTpokn» Ha3bIBAETCs NMo-aHrninckn tuple; ecnim aTo He HapyLlaeT
OJHO3HAYHOCTU, Mbl By/1IEM COKpaLllaTh Ha3BaHWe A0 NPOCTO «CTPOKU».

Ykazarenu nmerT ouKCcpoBaHHbI pasmep (YeTbipe GaiTa) n cocTaBnAoT
MaccuB, No3nuns B KOTOPOM onpeaenset naeHtugukarop cTtpoku (tuple id,
tid). Ykazarenu ccolnarotca Ha CO6CTBEHHO CTPOKM (tuple), KoTopble
pacnosioXeHbl B KOHUe 6n10Ka. Takasd KOCBEHHas agpecauns yaqobHa tem,
4TO BO-NePBbIX, MO3BOMISAET HANTK CTPOKY, HE Nepebupas Bce CoAepXumoe
6n10kKa (CTPOKM MMEIT pasHyo AJ/IMHY), a BO-BTOPbIX, MO3BOMAIOT
nepemeLlarb CTPOKY BHYTpM 6/10Ka, He HapyLlas BHELHUX CCbIIOK U3
NHOEKCOB.

Mexay yKkazaTensimmy 1 BepcusiMm CTPOK HaxoamuTcs CBO60HOe MecTo.
B KOHLIe 6/10Ka MOXET HaXoAMUTbCA crneyunanbHas 06nacTb, KoTopas
NCMosb3yeTcsl B HEKOTOPbIX MHAEKCHbIX CTPaHULIaX.



Bepcuun cTpok B Tabnmue Pogza’?é%

MaccuB ykazareneu

offset, len yKasare/b Ha BepCUI0 CTPOKU U ee JJIMHA
flags CTaTyC BePCHUU CTPOKH

Bepcuu cTpok

Xmin HOMep TPaH3aKLWH, CO3/IaBIlei BepCHI0
Xmax HOMep TPaH3aKLIUH, Ya/JUBIIel BEPCHIO
infomask “HGbOpPMaLIMOHHbBIE OUTBI

ctid yKasaTesb Ha CJiefl. BEPCHIO TOM >Ke CTPOKHU
JlaHHbIE

Kamaﬂ BepCHA CTPOKH LI€JIMKOM IIOMeEIaeTCA B CTPAHHULIE

YacTh 0JIeld MOXKeT OBbITh CKaTa
YacTh 1osiell MoxkeT ObITh OTTpaB/ieHa Bo BHelliHee TOAST-xpanunuiiie

CTpaHuLa CoepX1T MaccuB yKasaTeniei Ha BepCun CTPOK.

Kax/blil ykasaTenb COAepXUT CCbI/IKY Ha CTPOKY, a TakKe HECKOJIbKO 6UT,
onpeaensoLLMX cTaTyc 3TON CTPOKW.

Bepcun cTpok B TabnmyHbIX cTpaHmuax (heap pages no-aHrivimnckKun) kpome
COOCTBEHHO AaHHbIX, UMEIOT TakKe 3aro/ioBOK. 3aros1ioBokK, NoOMMMO
NpoYero, CO4EPXUT CreayloLne BaxHble nons:

- Xmin n xmax onpependarT BMaANMOCTb ﬂ,aHHOI‘/’I BEPCUN CTPOKN B TEPMUNHAX
Ha4Ya/IbHOIo 1 KOHEYHOIo HOMepOoB TpaHBaKLI,I/Il7l;

- infomask cogepxut pag 6uTtos, onpegenaLwmx CBoMCTBa 4aHHOW BepCcumn.
YacTb 3TUX GUTOB CAYXUT «MNoAcKaszkamMn» Ans onTuMmsauunu;

- ctid siBnsieTcA cCbI/IKO Ha crnenyouyto, 6o5ee HOBYHO, BEPCUIO TON Xe
CTPOKM.

Mpn 3TOM Kaxkaasi Bepcusa CTPOKM BCeraa nomewaeTcsi BHyTPb O4HOM
CTpaHuubl. ECnin Bepcua CTPOKN MeeT 6onbluoin pasmep, PostgresSQL
nonpobyeT cXaTb YacTb Nosen. Ecnu He nonyyaercs 3a CYET 3TOro
[0CTaTO4HO YMEHbLINTL pasmep CTPOKM, OHa OTMNpaBNAeTCH BO BHeELUHee
xpaHunuwe TOAST.



TOAST Pos{gres

CnyxebHasi Tabmmiia

JUTST KXK/I0M 00bIYHOM Tabsmuiel (pg_toast_N), Tioaep)kaHa UHIEKCOM
«JJTMHHBIEe» 3HAYEeHHs TIOpe3aHbl Ha YaCTH, TIOMeIIAoI[ecs Ha CTPaHULTY
WCTIO/b3YEeTCS TPO3PauHoO JJIst TIPUIOXKEHUS

YMTAETCS TOJILKO TP 00paIlleHUH K «IJIMHHOMY» 3Haue€HUI0
CoOCTBeHHast BepCOHHOCTb, He 3aBUCSII[asi OT OCHOBHOM TaO/UIIbI

Hactpolika
ALTER TABLE Tab6smya ALTER cTos6ey SET STORAGE cTtpaTerus
PLAIN 3arpelaeT U cKaTue, U BHellIHee XpaHeHue
EXTENDED paspelliaeT ckarve U BHeIlIHee XpaHeHue
EXTERNAL paspellaeT TOJIBKO BHeIIHee XpaHeHue
MAIN B IIEPBYIO ouepeab CKarue

TOAST — The Oversized Attributes Storage Technique — TexHonorus
XPaHEeHUs «ANIMHHbIX» 3HAYEHWIA B OTAE/bHbIX CNYXEOHbIX Tabnuuax. Ons
Ka>K[0 OCHOBHOM Tabnuupbl Npn He06XOANMOCTU co34aeTcsa oTae/ibHas
toast-tabnuua (U K Hel cneymasnbHbI MHOEKC).

Bepcuu cTpok B toast-Tabnuue Toxe A0/MKHbI NOMeLaTbCsa Ha OaHY
cTpaHuuy. Mo3ToMy «AJ/IMHHbIE» 3HAYEHMS XPAHSATCS NOPE3EHHbLIMUN Ha
yacTun. V13 aTux yacteii PostgreSQL npo3payHo A1 NpunoXxeHus
«CKnenBaeT» Heobxogumoe 3HauveHne. ObbIYHbIMKU cpeacTBaMum toast-
Tabnvua He BuaHa.

[MpenmMyLLEecTBO Takoro noxoga cocTouUT B TOM, YTO toast-Tabnuua
NCNOMb3yeTcsl TOMIbKO NPY 06paLLEHNN K «AIMHHOMY>» 3HAYeHUIo (elle oOanH
NnoBof, He nucatb «select *» B cepbe3HOM koae). Kpome Toro, ans toast-
Tabnvubl NOALEPXMBAETCH CBOSA BEPCUOHHOCTb. TO eCTb eCc/i 06HOB/IEHNE
[AaHHbIX He 3aTparvBaeTt «4J/IMHHOe» 3HavyeHne, HoBas BEpCUSA CTPOKN byaet
ccblNaTbCA Ha TO Xe caMoe 3HadyeHue B toast-tabnuue — 3T0 SKOHOMUT
MecCTO.

HeaocTaToK e COCTOUT B TOM, UTO NPV 06paLleHnn K «AJIMHHOMY>
3HAUYEHMI0 NPUXOANTCS 06paLLaTbCA He K OHON Tabnuue, a K ABYM.

CTpareruo ncnosib3oBaHusa toast-xpaHunviia MOXXHO HacTpanBaTb Ha
YPOBHe Kaxaoro crosiéua. o ymonyaHuio Ans noteHunasibHo ANIMHHbIX
3HavyeHnin ncnonblyetca EXTENDED (cHavana cxatue, NOTOM BHeLlHee
XpaHeHue).

http://www.postgresql.org/docs/9.5/static/storage-toast.html
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CTpoKn B nHgekce Posggres

YKazarenm
offset, len
flags

Ctpoku
ctid
JAdaHHbIE

yKasare/b Ha BepCUI0 CTPOKU U ee JJIMHA
CTaTyC BepCHUH CTPOKHU

yKa3zaTesib Ha BePCHIO CTPOKH B Tab/Le
3HaueHUs K/Itouel NHEeKCUPOBAHUS

XpaHI/IMbIe AdHHBIE€ 3aBUCAT OT THIId MHIEKCd

HeT nHbopmaliv 0 BepCMOHHOCTHU

NHchbopmaums B MHOEKCHOW CTpaHuue 3aBUCUT OT Tuna uHaekca. Tem He
MeHee, 006bIYHO MMEETCH MacCKB yKasartesie N CTPOKK (Kak B TabIMYHON

cTpaHuue). KpomMe Toro, B KOHLIE CTPaHMLbl OTBOAUTCSA MECTO Mop,

cneuvanbHble AaHHbIE.

CTpOKM B MHAEKCAX MOTYT UMETb OYEeHb Pa3Hyt CTPYKTYpY B 3aBMCUMOCTH
OT TMNa nHaekca. O6bIYHO OHM cofepXaT Kak MUHMMYM 3HaYeHue K/io4a
NHAEKCMPOBAHNA U CCblNKy (Ctid) Ha COOTBETCTBYIOLLYHO CTPOKY Tabnnybl.

BaXXHbIn MOMEHT COCTOUT B TOM, YTO UHAEKC HE COAEPXNUT MHAOPMAaLUN O

BEPCUMOHHOCTK. MpounTaB CTPOKY MHAEKCA, HEBO3MOXHO OnNpeaennTb
BMANMOCTb 3TOI CTPOKU, He 3ar/isiHyB B TAG/IMUHYO CTpaHuLy (ans
ONTMMM3ALM CYXUT KapTa BUAMMOCTHW).



BcTaBka Posgres

3 8_ o
E3EERZE
EGESZ>
883825
£E3358¢%
craryc Xmin  xmax ; ; ; EE 2 ctid JaHHble
(0,2) normal » 100 0 (0,2) 42, AAA
Tabnuua
°©
[0
ED
£3
Eo
ctid  AaHHble S g
(0,1) |  AAA T » 100
NHAEKC clog

PaccMoTpuM, Kak BbIMOJTHAKOTCA onepauumn co CTPOKaMn Ha HU3KOM YPOBHeE,
N HaA4YHEM CO BCTaBKW.

B HawweMm npumepe npegnonaraeTca Tabnuua ¢ ABymMsa ctonéuamm
(UMCNOBOI 1 TEKCTOBbI); NO TEKCTOBOMY MO0 co3aH UHAEKC b-tree.

Mpn BCTaBKe CTPOKM B TAB/IMYHOWN CTpaHuULEe NOABUTCA yKasartesib C
HOMepoM 1, cchllaloLLmMiica Ha NepByo U eANHCTBEHHYIO BEPCUIO CTPOKM.
Homepa Ha pucyHke nmetot Bug (0,1): 3gecb 0 — Homep 6noka, a 1 —
NMOPAAKOBbLIA HOMEpP ykasaTess.

B Bepcun CTPOKM Nosie Xmin 3arno/IHEHO HOMEPOM TeKyLLEen TpaH3akumum
(100 B Hawwem npumepe). NMoCcKoNbKy n3MeHeHus eLle He OUKCUPOBasIUCh, B
CLOG coortBeTcTBYHOLadA 3an1ch (gsa buta) 3anosiHeHa HyNAMn — rnpusHak
aKTUBHOW TpaH3aKuuu,

[Mone ctid Bepcun CTPOKN CChINAeTCs Ha 3Ty Xe CTPOoKY. DTO O3HAYaeT, YTo
60n1ee HOBOW BEPCUM HE CYLLECTBYET.

B MHAEKCHOI CTpaHuLEe Takke COo3aeTcsl ykazaTeslb C HOMepPOM 1, KOTOpblid
CCbI/TAETCA HA BEPCUIO CTPOKM, KOTOpasi, B CBOIO O4Yepe/lb, CCbiIaeTcs Ha
NepByt CTPOKY B TabNNUHON cTpaHuLe. UTo6bl HEe 3arpoMOXAaTh PUCYHOK,
yKasaTeflb U CTpoka 06beAnHEHbI.
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BcTaBka Posigres

BcTaBKa B CTpaHUILy, TOMBKO €C/TH MPOLIEHT 3aHATOr0 MecTa
He mipeBbiiaeT fillfactor

CREATE TABLE ( ... )

WITH (fillfactor = 3HauyeHue);

MeHbwe (om 10%) 6onbe (00 100%)
TJIOTHOCTD HIKE MJIOTHOCTb BBIIIIE
Tab/uia O0oJbIiIe Tab/IMI]a MeHbIIIe
PEKOMEHTyeTCsI PEKOMEH/TyeTCst

TIPY YaCThIX 0OHOB/IEHUSIX TMPU CTAaTUUHBIX JAHHBIX

BcTaBka CTPOKM NPON30OMAET B CTPAHULY, TONIbKO €C/IM NPOLEHT 3aHATOro
MecTa B Heil He npesblwaer fillfactor (no ymonyaHuto oH paseH 100%).

Uewm Bbliwe fillfactor, Tem komnakTHee pacnonaratoTcs 3anncu u,
COOTBETCTBEHHO, pasmMep Tabnuubl NoayyaeTca MeHblue. OgHako npu
OOHOB/IEHNN CTPOK Ha JAHHOW CTpaHuLEe MOXET He HanTUCb CBOGOAHOrO
MecTa 1 HoBas Bepcust ByaeT nomelleHa B Apyryt cTpaHuuy (4To MeHee
3(pdhekTMBHO).
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durkcauma N3AMeHeHumn Posigres
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Mpu doukcaumm nameHeHnin B CLOG ansa faHHON TpaH3akunn BbiCTaBNAeTCA
npusHak committed. 3To eAMHCTBEHHAs onepauns (He cumMTas, KOHEeYHO,
XypHana ynpexaaroLlen 3anucu), kotopas Heobxoamma.

Korga kakas-nnm6o gpyras TpaH3akumsa oopaTuTcst K 3TO TabMUHOR
CTpaHuue, er NnpuaeTca OTBETUTbL Ha BONpPOC: 6bi1a nn TpaHsakuma 100
3aomKcmpoBaHa Uan otkayeHa (To ecTb, MHbIMU CNoBaMu, CyLLLEeCTBYET /N
CTpoKa nnu Het)? Ona atoro e npuaetcs ceeputbesd ¢ CLOG.

[MOCKONbKY BbINOHATL TaKyt MPOBEPKY KaxKabl pa3 HaknaaHo,
BbISICHEHHbIN CTaTyC TpaH3akUumn 3anmcbiBaeTcsl B GUTbI-NOACKA3KM Xmin
committed n xmin aborted. Ecnim oanH U3 aTnx 6UTOB YCTAaHOB/IEH, TO
COCTOSIHME TpaH3akKuum Xxmin cHMTaeTCA N3BECTHbIM U CreaytoLLen
TpaH3akumn yxe He npuaetcsa obpawarsca K CLOG.

Moyemy 3T GUTLI HE yCTaHaBNNBAKOTCSA TOW TpaH3akuuei, kotopas
BbINOJIHANA BCTaBky? [leno B TOM, YTO B MOMEHT BpeMEHU, Koraa cyabba
TpaH3akuun onpegenutca (BbinosiHeHa hukcaumsa nnu otkar), oyaet
COBEpPLUEHHO HEMOHATHO, Kakne MMEeHHO CTPOKN B KaKMX MMEHHO CTpaHuuax
TpaH3akuma ycnena noMeHsaTb. Kpome Toro, 4acTb 3TUX CTPaHUL, MOXET
ObITb BblITECHEHA N3 BydoepHOro Kawa Ha ANCK; YaTaTb X 3aHOBO, YTOObI
N3MEHUTb BUTbI, 03Ha4Yas10 Obl CYLLLECTBEHHO 3aMeaINTb (oUKCaLuio.

O6parHas CTopoHa OT/I0KEHHOro U3MEHEHUsA COCTOMT B TOM, YTO Ntobas
TpaH3aKkuma (gaxe BbINONHAKOLWAA NpocToe YTeHne — select) moxet
HeoXnaaHHO NopoAnNTb 60/1bLIOIKN 06BEM XYpPHaUIOB (NPY YCTAHOBIEHHOM
napametpe wal_log_hints nnn npn HanMuMmn B CTpaHULLE KOHTPO/IbHbIX
CYMM) 1 BbI3BaTb BbITECHEHME TPA3HbLIX OY(PepoB 13 KaLla, ec/iv nepes Hew
MacCCOBO U3MEHSAINCH [aHHbIe.
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Mpn yganeHun CTPOKM B NOJ1e XmMax 3an1cbiBaeTcs HOMEpP TEKYLLEN
yaansioulen TpaH3akuun.

Bonblue HnYero He NPoOUCXoauT.



OTKaT n3aMeHeHun Posgres

3 8_ o
E3EERZE
EG ESZ>
SES®25
£E339%
craryc Xmin  xmax ; ; ; EE 2 ctid JaHHble
(0,1) 4 normal » 100 | 101 |t t (0,1) | 42,AAA
Tabnuua '
3
=l o]
£3
€ o
ctid  AaHHble >100 t
©0.1) | AAA e 101 [t
NHAEKC clog

OTKar n3MeHeHu paboTaeT aHasIorMyHo hmkcaumm, Tonbko B CLOG anis

TpaH3akumn BbicTaBnsdeTca 6ut aborted. OH BbINOSTHAETCA Tak e ObICTPO,
Kak n domkcaums.

Homep oTKaueHHOI TpaH3aKLMn ocTaeTcs B Nosie Xmax — ero MOXHo 6bI/10
6bl CTEPETb, HO B 3TOM HET CMbicna. Npu obpalleHnn K cTpaHuue cTaTyc

TpaH3akumn 6yaeT nepeHeceH B BEPCUIO CTPOKM B BUTLI xmax committed n
xmax aborted.
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O6HoBNeHMe paboTaeT Tak, kKak Oy4To cCHavasia BbIMOMHANOCH yaaneHne
CTapoin Bepcum CTPOKKU, a 3aTeM BCTaBKa HOBOWA.

CTtapasi Bepcus nomevyaeTcss HOMEPOM TeKYLLEeN TpaH3akumMm B nosne xmax.
O6paTuTe BHUMaHne, 4To HoBOe 3HayeHne 102 3anucasiocb NOBepX CTaporo
101, Tak Kak TpaH3akums 101 6bina oTkadeHa. Kpome Toro, 6uthbl Xmax
committed n xmax aborted copoLLeHbl B HOMb, TaK KaK CTaTyC TeKyLLel
TpaH3akLun eLle He N3BECTEH.

[MepBas BepcusA CTPOKN CChilaeTcs Tenepb Ha BTopyto (nose ctid), Kak Ha
6oree HOoBYIO.

B MHAEKCHOI CTpaHuLe NOSIBNSIETCS BTOPOW yKka3aTtesb U BTopas CTPOKa,
CCbiflaloLLasCs Ha BTOPYH BEPCUI0 B TAB/IMYHOI cTpaHuLe.
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HOT-o6HOBNEHue Posigres
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UT0, ecniv nHaekc cosgaH no nosto, 3HadyeHre KOTOPOoro He N3MeHUs10Ch B
pe3ynbrate 06HOB/IEHNS CTPOKU? B 3TOM cnyyae HeT CMbIC/1a co34aBarb
[ONOMHUTENbHBIN y3en b-tree, cogepXallmii To e caMoe, He N3MeHeHHoe,
3Ha4yeHue. [1nsa Toro, YTo6bl HE co3faBaThb JIMLWHKE Y3/1bl (KOTOPble NOTOM
BCE paBHO NPULLIOCHL Obl YAANATb U3 CTPaHULbI), caenaHa BaxHas
ontummnsauua Heap-Only Tuple Update.

[lononHUTE NbHbIN y3en nHaekca He co34aeTcs, B MHAEKCHOW CTpaHuue no-
npexHemy OyfeT ofHa CTPOKa, CCbl/1aloLasiCa Ha NepByto CTPOKY
Tab/IMYHOM CTpaHuuUbl. A BHYTPY TabMMYHON CTPaHULblI OpraHn3yeTcs
Lilernoyka BepCuia:

- CTPOKM, KOTOPbIE U3MEHEHbI U BXOAAT B LEENOYKY, MapKMpyTCA BUTOM
heap hot updated,;

- CTPOKM, Ha KOTOpPbIE HET CCbINIOK U3 MHAEKCA, MapKupyoTca 6utom heap
only tuple;

- nogaepxmBaeTcsa obblvYHAA CBA3b BEPCUiIA CTPOK Yepes none ctid.

Takmm o6pasom, nonagasi B Tab/MyHyo CTpaHuLy 13 nHAekca u
ob6HapyxunBasi Bepcuto, noMeveHHyr kak heap hot updated, PostgreSQL
MOHUMAET, YTO HaZ0 TakXe NPONTK No BCeW Lenovyke 06HOBNEHNIA.



o] PROFESSIONAL

HOT-o6HOBNEHue Posigres

Ilermouka 06HOBNIEHHUM CTPOUTCS B TIpe/ieiax OJHOW CTPaHUIIbI

He TpeOyeTcst obOpallieHue K Apyrum 610Kam,
He yXYAIIAaeTCsl IPOU3BOAUTETEHOCTh

€C/IM Ha CTPAHUIIe He XBaTaeT MeCTa, I[erlouKa 00phIBAeTC st
(kaK ecyiv ObI ONTTUMM3ALIUS He paboTaa)

ymenblueHue fillfactor yBenuuBaer 11aHChl Ha ONTHMU3ALIMIO
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OnTumMusauns OencTByeT TOMIbKO B npeAenax ogHoro 6510ka, NoaToMy
[OMNONTHUTENbHbIN 06X0A LLENOYKN He TpebyeT obpalleHus K Apyrium 6r1okam
N He yxXyallaeT Npou3BOANTENbHOCTb.

OpHako ecnu Ha CTpaHuLe He XBaTUT CBOOOAHOIo MecTa, YToOblI
pa3mMecTUTb HOBYHO BEPCUIO CTPOKU, Lenovka npepseTcs. [oatomy npu
4acTbIX 0OHOBNEHMAX UMEET CMbICN YMeHbLlarth fillfactor Taénumubi.



leMoHcTpauus

Pos}

OOOOOOOOOOOO
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o] PROFESSIONAL

Touyka coxpaHeHud Pos{gres

BEGIN;
insert into t(n) values (42);
SAVEPOINT SP;
delete from t;
ROLLBACK TO SP;
update t set n=n+1;
COMMIT;

Kak oTKaTuTh TOJILKO YaCTh U3MEHEHUM TpaHBElKL[I/II/I?
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TOHKUIA MOMEHT NpeAcTaBNAoT PYHKLMOHAN TOYEK COXPaHeHus,
MO3BONSAKOLNIA OTKATUTb YacTb TEKYLLEM TpaH3akumMn. DTO He yK1aablBaeTcs
B NPVBE/EHHYIO BbILLIE CXEMY, MOCKO/bKY (h13MUYECKM HUKAKNE [laHHble He
OTKaTbIBAKTCS, /IMLLIb U3MEHSAETCSA CTaTyC BCEIl TpaH3aKLuu.



B/10O)XeHHble TpaH3aKuuu Pogza’?é%

CoOcTBeHHBIN HOMep

Cob6cteenneniii ctatyc B CLOG

KOHEYHBIH CTATyC 3aBUCHUT OT CTATyCa OCHOBHOH TPAH3aKIUU
He TO >Xe CaMOe, YTO aBTOHOMHBGI€e TpaHB&KLII/II/I!

WHudopmalyis XpaHUTCS Ha JUCKe

katasior $SPGDATA/pg_subtrans/
JaHHBIe KALIUpYIoTCs B Oydepax (aHamornyno CLOG)
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[Nsi 3TOro cryyas NPUMEHSIETCS MeXaHN3M B/IOXKEHHbIX (He nyTaTb C
aBTOHOMHbIMW) TPaH3aKLNIA.

BnoxeHHble TpaH3akLUMm NoOpoXaakTcs kKomaHaom savepoint u rollback to
savepoint 1 UMerT cBo Homep (60/bLINIA, YEM HOMEP OCHOBHOM
TpaH3akumn). CTtatyc B/IOXKEHHbIX TPaH3akKUUin 3anmcbiBaeTcs 00bIYHbIM
o6pasom B CLOG, ogHako thHaNbHbIN cTaTyc 3aBMCUT OT cTaTtyca
OCHOBHOW TpaH3akKLMn: ec/in OHa OTKayeHa, TO OTKaTbIBalOTCA N BCe
B/IOXKEHHbIE TpaH3aKuuu.

NHdhopmaumsi 0 BAOXKEHHOCTU TpaH3aKLUMii XpaHUTCA B KaTtanore
$PGDATA/pg_subtrans/. O6palleHune K thaitsiam NnponcxoamT yepes
6ychepsbl, opraHn3oBaHHbIe Tak Xe, Kak 1 dydepbl CLOG.



B/10O)XeHHble TpaH3aKuuu Pogza’?é%

BEGIN, txid=100
insert into t(n) values (42);

SAVEPOINT SP; txid=101
delete from t;

ROLLBACK TO SP;
update t set n=n+1; txid=102

COMMIT;
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B npuBegeHHOM npumepe nepBasi BNOXeHHas TpaH3akums (101) byaet
co3fiaHa npwv BbINOIHEHUN KOMaHAbl savepoint.

BcTtpetus komaHay rollback to savepoint, PostgreSQL oTkatbiBaeT
TpaH3akumio 101 n nopoXxaaeT HOBYH B/IOXEHHY0 TpaH3akumio (102).
HoBas TpaH3akumsa Hy)XKHa, Tak Kak B KOe CHOBa MOXET BCTPETUTLCS
rollback to savepoint n cHoBa noTpebyeTca BbINO/HUTL YACTUYHbIA OTKaT.

BcTtpetns komaHay commit, PostgreSQL donkcmnpyet TpaH3akummn 102 n 100,
npu atom 101 ocTaeTca oTKa4eHHOMN.



o] PROFESSIONAL

Toru Pos}gres

B cTpaHuile MOTYT XpaHUTbCSI HECKOIBKO BEPCUM CTPOKH,
OorpaHUuYeHHble HOMepaMU TpaH3aKLUh

Tosibko TabMMUHBIE CTPAaHULIBI COfiepyKaT UH(OPMAaLHIO
O BEPCUOHHOCTU

CDI/IKCEILII/IH M OTKAT BBITIOJIHAKOTCA OMHAKOBO 6bICTpO

J1715 ToueK COXpaHeHUs1 UCTI0/b3YHOTCS BJIOXKEHHbIe TPaH3aKLIUU

19



[1pakTuka Pogzaféf%

1. Cospmatb 6a3y ganHbeix DB3, B Hell ycTaHOBUTB paciivpeHue pageinspect
Y co371aTh TabuIy.

2. BHyTpu ofHOl TpaH3aKLUK:
— BCTaBMUTh CTPOKY B Tab/HILy;
— CO3aTb TOUKY COXPaHEHUH;
— BCTaBUThH B TAOMHITY ellje OFHY CTPOKY;
— OTKAaTUTh U3MEHEeHUA 10 TOUKHU COXPaHEeHH,
— BCTaBUTh ellje OJHY CTPOKY;
- BaCbHKCHpOBaTb HU3MEeHeHus.

ITpy 3TOM NOCIIE KaXK/J0U BCTaBKU:

— BBIBECTH HOMED TeKYIIeH TPaH3aKLIUK;
— MPOKOHTPOJ/IMPOBATh Tab/IMIy C IOMOLLBIO [ICEBJOCTONOL0B Xmin K Xmax;
— IIPOKOHTPOJIMPOBATh COZIeP)KUMOe CTPaHHIILI C TIOMOLIBI0 pageinspect.

3.  OOBbsCHUTH TO/TyUeHHbIe Pe3y/IbTaThl.

20
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