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OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
NPSAMbIM UN HENPAMBIM, CleunasibHbIM UK CyYaiHbIM UCMO/Ib30BaHMEM
MaTtepuasnioB kypca. KomnaHus Postgres Professional He npegocTtasnser
Kakux-1mbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasnbl Kypca
NPeaocTaB/STCA HA OCHOBE MPUHLUMNA «KakK eCTb» 1 KoMnaHua Postgres
Professional He 06s3aHa nNpeAoCcTaBNATb COMPOBOXAEHME, NMOALEPXKKY,
06GHOB/IEHNSA, pacLUMPEHNA N U3MEHEHNS.
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CHUMOK Posigres

JlaeT cornacoBaHHYIO KapTUHY JaHHBIX HA MOMEHT BpeMeHU

HECl)OpMaJ'II:HOI BHHBI TOJIBKO 3aCl)I/IKCI/IpOBaHHI:Ie Ha 3TOT MOMEHT [iaHHbIe

Cospgaercs:

Read Committed —
B Hauasle Ka)k/IoTro orepaTropa

Repeatable Read, Serializable —
B HayaJie MepBOro oreparopa TpaH3aKIux

» Bpemsi

B Teme «CTpaHuLbl 1 BEPCUN CTPOK» Mbl BUAENN, YTO B CTPAHMLIAX AaHHbIX
don3NYECKM MOXET HAaXOAUTLCS HECKOIbKO BEPCUIA OAHOWN M TOW Xe CTPOKMN.

TpaH3akunmn paboTaloT CO CHUMKOM OaHHbIX, KOTOPbI onpeaensiet, Kakue
BEpCUN AO/DKHbI ObITb BUAHbI, & Kakne — HeT, 4Tobbl o6ecneunTb
COrNacoBaHHY KapTUHY AaHHbIX Ha onpeAesiEHHbI MOMEHT BPEMEHN
(Ha MOMEHT CO31aHNA CHUMKA — MoKa3aH Ha PUCYHKe CUHUM LBETOM).

30nAums Ha OCHOBe CHMMKOB AlaHHbIX (Ssnapshot isolation) TpebyeT, 4TobbI
TpaH3akumn 6bI11N BUAHbI TO/IbKO Te AaHHble, KOTopble Obin
3ahmkcmpoBaHbl HA MOMEHT CO34aHNSA CHAMKA. DTO rapaHTUpPYeET, YTo
AaHHble CHUMKa 6yayT cornacoBaHHbIMU (B 06bI4HOM ACID-cmbICcne).

Ha ypoBHe nsonsauum Read Committed CHUMOK co3faeTcs B Havasie
KapK[oro orneparopa TpaH3akumm. CHAMOK akTMBEH, MNOKa BbINOTHAETCS
oneparop.

Ha ypoBHsx Repeatable Read n Serializable cHnmok co3gaetcs oguH pas
B Ha4yasie NepBoro oneparopa TpaH3akumn. Takoil CHUMOK OCTaeTcs
aKTMBHbIM A0 CaMOro KOoHLa TpaH3akuuu.



o)) PROFESSIONAL

BnanmocTb Bepcuit CTPOK Pos{gres

BuMoCTh BepcuM CTPOKU OrpaHrWyeHa Xmin U xmax

BepCI/IH ImoriagdeT B CHUMOK, KOI'ld

HW3MeHeHUA TPpaH3dKLWuN Xmin BU/HBI [1/11 CHUMKa,
HW3MEHEeHUS TPaH3dKIIMHU XINaX He BUAHBI /11 CHUMKd

V3MeHeHUs1 TpaH3aKLUU BUHbI, KOT/ia

b0 3TO Ta >Ke caMasi TpaH3aKLus, UTO Co3/iana CHUMOK,
6o oHa 3aBepllniach puKkcaryelt 0 MOMeHTa CO3/laHuUsT CHUMKA

OTaenbHBIE TTpaBU/Ia /1J1sk BUUMOCTH COOCTBEHHBIX M3MeHeHHUH

YUWTBIBAeTCS MOPSIKOBBINA HOMEp Olepaliy B TpaH3akKLyKY (cmin/cmax)

CHUMOK [1aHHbIX He ABMSETCA (Pr3NUYECKOI KONneli HyXXHbIX BEPCUIA CTPOK.

Byaet nnn HeT gaHHasi Bepcus CTPOKM BUAHA B CHUMKE, onpeaensieTcs
[ABYMsi NOMISIMW €€ 3aro/loBka — Xmin U Xmax, — TO eCTb HOMepamu
co3faBsLUen 1 yaanuslLEn TpaH3aKkuMii. Takne MHTepBasibl He
nepecekaroTcs, NO3TOMY OfHa CTpOKa npeacTassieHa B /11060M CHUMKe
MaKCUMyM OZIHOW CBOEW BepCUueil.

TouHble NpaBuaa BUAMMOCTY A0BO/IbHO CMIOXHbI U YUMUTbIBAIOT pas/inyHble
«KpaiiHue» cnyyan. YyTb ynpoujasi, MOXHO ckasaTb, YTO BEPCUS CTPOKM
BUAHA, KOrAa B CHUMKE BUOHbI U3MEHEHUS, CAEMaHHble TpaH3akumen xmin,
N HE BUOHbI U3MEHEHUS], CAleNaHHble TpaH3akUMen xmax.

B cBoto ouepefb, U3MEHEHUA TpaH3aKunn BUAHbI B CHUMKE, ec/iv IGO0 3T0
Ta XXe camas TpaH3akuus, YTo co3jasia CHMMOK (OHa cama BUAMT CBOW Xe
N3MeHeHUs), NMMBO0 TpaH3akuusa 6blna 3afukcnpoBaHa 40 CO34aHUsA CHUMKA.

HecKonbKo YCNOXHAET KapTUHY Cry4dait onpegenieHnst BUAMMOCTH
COBCTBEHHbLIX U3MEHEHWNI TpaH3aKUMn. 30ecb MOXET NoTpeboBaTbCs
BUAETb TO/IbKO YacCTb TakMx U3MEHEeHUn. Hanpumep, Kypcop, OTKPbITbIN

B OnpeAeneHHbli MOMEHT, HU MPY KakoOM YPOBHE N30/1SLMN HEe O0/DKEH
YBUAETb N3MEHEHWIA, CAeNaHHbIX NOC/1e 3TOro MomeHTa. [n1a atoro

B 3aro/10BKe BEPCUN CTPOKK €CTb crneyuasibHoe none (ncesgocTonioubl cmin
N cmax), nokasblBatolllee HoMep onepauu BHYTPU TpaH3akuumn, n aTot
HOMep TOXe NPUHUMAaETCA BO BHUMaHME.
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BnanmocTb Bepcuit CTPOK Pos{gres

» Bpemsi

PaccMoTpuM, Kak 3T0 paboTaeT, Ha MPOCTOM NpuMepe.

Ha pucyHKe CMHUM LBETOM OTMEYEH MOMEHT CO34aHusA CHUMKA. UepHble
JINHUW NOKa3blBaloT TpaH3akLMmM OT MOMEHTa Havyasa 40 MOMeHTa
domkcaummn (06opBaHHbIE TPaH3aKLUMN HUKOrAa He rnonagarT B CHUMOK).

B laHHOM c/lyyae B CHUMKE [10/IKHbl ObITb BUAHbI TO/TbKO U3MEHEHUS,
c/leNlaHHble TpaH3akumeli T2, NoCKobKY OHa 3adimkcMpoBaHa [0 TOro, Kak
c03/1aH CHUMOK.

N3meHeHns TpaH3akumm T1 He JO/MKHbI 6biTb BUAHBI, MOCKO/IbKY B MOMEHT
C0O3[aHMA CHUMKa OHa elle He bbliia 3adomkcupoBaHa. A N3MeHeHus
TpaH3akumn T3 He JO/DKHbI ObITb BUAHbI, MOCKO/IbKY OHAa €llle He Havaacb
B MOMEHT CO3aHnNsA CHUMKA.



BHUOuMOCTH BEpCHH CTPOK

BocmpousBeneM cutyarnuio, Ioka3aHHyo Ha ciaaine. Kaxkpas u3 Tpex TpaH3aknui OyneT mo6aBIsiTh HOBYIO CTPOKY B
TabnuIy.

=> CREATE DATABASE mvcc_snapshots;

CREATE DATABASE

=> \c mvcc_snapshots

You are now connected to database "mvcc snapshots" as user "student".
=> CREATE TABLE t(s text);

CREATE TABLE

IlepBas TpaH3aKNus (He 3aBEPIIMTCS [I0 CO3TAHUSI CHUMKA):

| => \c mvcc_snapshots

| You are now connected to database "mvcc_snapshots" as user "student".
| => BEGIN;

| BEGIN

| => INSERT INTO t VALUES ('first');

| INSERT 0 1

| => SELECT txid_current();

txid current

Bropas TpaH3akIus (3aBepliaeTcs cpasy):

| => \c mvcc_snapshots

| You are now connected to database "mvcc_snapshots" as user "student".
|  => BEGIN;

| BEGIN

|  => INSERT INTO t VALUES ('second');

| INSERT @ 1

| => SELECT txid_current();

txid current

| => commIT;

| commIT

Co3pmaeM CHUMOK B TpaH3aKLUU B OTOEJIBHOM CeaHcCe.
=> BEGIN ISOLATION LEVEL REPEATABLE READ;
BEGIN

=> SELECT * FROM t;

second
(1 row)

3aBepH.IaeM IIEePBYIO TPAH3aKIHUIO II0CJI€ TOTO, KaK CO30aH CHUMOK:

| => commIT;



COMMIT

TpeTbH TpaH3aKIHugd HaYWHAaeTCs II0CJie CO3JaHusd CHUMKa:

=> \c mvcc_snapshots

You are now connected to database "mvcc snapshots" as user "student".
=> BEGIN;

BEGIN

=> INSERT INTO t VALUES ('third');

INSERT 0 1

=> SELECT txid_current();

txid current

=> COMMIT;

COMMIT

O4eBHOHO, YTO B HAIlleM CHUMKE IIO-IIPEKHEMY BUAHA OOHA CTPOKA:

=> SELECT *, xmin, xmax FROM t;

| xmin | xmax

second | 528 | 0

(1 row)

Bompoc B ToM, Kak 3T0 noHuMaeT PostgreSQL.
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BnanmocTb Bepcuit CTPOK Pos{gres

MOMEHT OKOHYaHUs
TPaH3aKLU1N HEN3BECTEH —
3HaeM N1LLIb TeKYLWMIi cTaTyc
npy CO3AaHNN CHUMKA

&

» Bpemsi

Kak ommumuThb T1 oT T2 mocJsie TOro, Kak CHUMOK CO3/]aH?

CNoXHOCTb peasnnsaymm COCTOUT B TOM, YTO HAM U3BECTEH TO/IbKO MOMEHT
Hayas1a TpaH3akumn. OH onpenenseTca HoMepom TpaHsakumm (xid),

C KOTOPbIM MOXHO CpaBHUTb HOMEP XMin MUK XmMax BepCuUmn CTPOKMN.

Ho MOMEHT 3asepweHusi TpaH3akUMn HAr4e He 3anucbiBaeTcs. Bee, 4To Mbl
MOXET Y3HaTb — 3TO meKywul cTaTyc TpaH3aKLUWiA.

To ecTb nocre Toro, Kak TpaH3sakumsa T1 3aBepwuntcs omkcaumen, oHa
HU4yem He ByaeT oTMYaTbCA OT TpaH3akuum T2: HeT cnocoba BbIACHUTb, YTO
oaHa n3 HuMx bblna 3adomkcupoBaHa 00 Co3[aHus CHUMKa, a gpyras —
rnoce.

MocKoMbKY ncTopuyeckas nHgopmalms 06 akTMBHOCTU TpaH3aKLUuWii HUrae
He XPaHUTCSl, CHAMOK MOXHO C03[aTb TO/IbKO B TEKYLLMIA MOMEHT. Henb3s,
Hanpumep, co3AaTb CHUMOK, NOKa3blBaKOLLMIA COrfacoBaHHbIe AaHHbIe Mo
COCTOSIHMIO Ha MATb MUHYT Ha3af, JaXe ecnn Bce Heobxoanmble BEPCUM
CTPOK CYLLLECTBYIOT B TAB/IMYHbIX CTpaHMLAX.
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CHMMOK AaHHbIX Pos{gres

Xmin — HOMep CaMOM paHHeU aKTMBHOW TpaH3aKLUU
Xmax — HOMep, CJeyIOLIUi 3a moc/iefAHel 3adMKCHPOBaHHOM TpaH3aKLen
xip list — crMCcoK akTUBHBIX TPaH3aKLMI

B
:

» xid

J J \

Y Y Y
N3MeHeHNs BUOMMOCTb M3MEHeHU U3MEeHeHnst
6€3yC/I0BHO BUAHbI NpOBepPsiETCS N0 CNUCKY 6€3yC/I0BHO He BUAHbI

B MOMEHT co3gaHua CHUMKa AaHHbIX 3anoMyUHalTCA HECKO/TIbKO 3Ha4YeHun,
KOTOpblEe 1 onpegendaroT CHNMOK:

- XMin — HWKHSAS rpaHnLa CHUMKa, B Ka4eCcTBe KOTOPOI BbICTynaeT HoMep
camoii paHHei akTUBHOW TpaH3aKLUnn.

Bce TpaH3akuuy ¢ MeHbLUMMW HOMepamu 60 3adMKCUMPOBaHbI, U Toraa nux
N3MeHeHns1 6e3yCc/IOBHO BUAHbI B CHUMKE, MO0 OTMEHEHbI, 1 Toraa
N3MEHEHUSI UTHOPUPYHOTCS.

- Xmax — BEepPXHAA rpaHnLa CHUMKa, B Ka4ecTBe KOTOpoK 6epeTcst HoMep,
cnenywoLLnin 3a HOMepoM nocnegHer 3athKCMpPoBaHHOM TpaH3akuun. Bepx-
HAS rpaHuMLa onpeaensetr MOMEHT, B KOTOPbIN 6b111 caenaH CHUMOK.
O6paTuTe BHUMaHMe, YTO MOMEHT 3aaeTcA He BpemMeHeM (Kak 6bls10
YC/IOBHO NoOKa3aHo Ha npeaplaywmx cnaigax), a ysenmymaroLLumMmcs
HOMEepamun TpaH3aKLNiA.

Bce TpaH3akuuy ¢ Homepamu, 60/1bLINMK UX PaBHLIMIU Xmax, He
CYLLEeCTBOBA/I B MOMEHT CO3jaHNsi CHUMKA, NMO3TOMY M3MEHEHMUS TaKunxX
TpaH3akUuiA TOYHO He BUIHbI.

- Xip_list (xid-in-progress list) — cnMcoK akTUBHbIX TpaH3aKLUWiA.

STOT CNMCOK UCMNOMb3YeTCs A71st TOro, YTOObl HE NMOKa3bIBaTb B CHUMKE
M3MEHEHUSI TPAH3aKLUUIA, KOTOPbIE YXXe 3aBepLUNINCE, HO B MOMEHT
C03/aH1s1 CHUMKA ObINN eLle aKTUBHbI.

NHdhopmaLmio 0 CHAMKE MOXHO MOYyUNTb C MOMOLLBI0 OYHKLMN
pg_current_snapshot() n HECKONbKUX APYrnX, CM.
https://postgrespro.ru/docs/postgresqgl/13/functions-info




CHHMOK OaHHBIX

BupumocTs Bepcuil CTPOK onpenenseTcss CHUMKOM. [TocMOTpuM Ha Hero:
=> SELECT pg_current_snapshot();

pg_current snapshot

527:529:527
(1 row)

CHUMOK ompenendeTCcsa B MOMEHT CO30aHusl TpeMsi OCHOBHBIMU 3HAYEHUSAMHU, KOTOPEIE (l)yHKL[I/IH BBIBOOUT 4Yepe3 NBOETOYUA:

xmin — HOMep caMOl paHHel aKTUBHOU TpaH3aKIINuH;
Xmax — HOMED, CJIeOYIOMNH 3a MocIenHel 3abUKCUPOBAHHON TpaH3aKIueH (OnpenessieT MOMEHT CO3IaHus
CHUMKA);

e xip list — cnrcok HOMepOB aKTUBHEIX TPaH3aKIIKUH (B JaHHOM cJlydae OHa OfHA).

B cHUMKe DOmIXKHBI OBITH BUOHBI U3MEHEHHUSA TpaH3aKL[I/Iﬁ C HOMéepaMu:

e xid < xmin;
e xmin <= xid < xmax, 3a UCKJII0UYeHUeM TpaH3aKuui u3 xip list.

B namreMm cnyuae:

e xid < 527;
e 527 <=xid < 529, 3a uckmodyenueM 527.

| => SELECT *, xmin, xmax FROM t;

S | xmin | xmax
________ B T e
first | 527 | 0
second | 528 | 0
third | 529 | 0
(3 rows)

TlepBas cTpOKa He BUHA — OHa CO3[aHa TpaH3akIyel 527, KoTopas BXOOUT B CIIMCOK aKTUBHEBIX.
Bropas cTpoKa BUHa — OHa CO37laHa TpaH3akiuel 528, KkoTopas nonagaeT B fUana30H CHUMKAa.

TpeTLH CTPOKa HE BUHA — OHa CO3[aaHa TpaH3aKL{Heﬁ 529, KOTOpPasd He BXOOUT B JUAIlIa30H CHUMKaA.
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BupTtyasibHble TpaH3aKLuun Pos{gres

Tonbko UHUTarollasa TPaH3aKHA HUKAK He B/IUSeT Hd BUAWMMOCTDb

00C/TyKMBAFOLIHIA TIPOLIeCC Bbie/sieT BUPTYalbHbIN HOMEp
BUPTYasbHbI HOMep He YUUTHIBAeTCsI B CHUMKaX

BUPTYya/IbHbIM HOMEP HUKOTI/ia He TI0TaZiaeT B CTPaHULIbI
HaCTOSIILIMM HOMeP Bbl/Ie/ISIeTCsl TIPU ITePBOM U3MeHEeHUH J1aHHbIX

10

Ha npaktuke PostgreSQL ncnonb3yet onTtuMusaunto, no3BoAaoLLYyH
«3KOHOMUTb» HOMEpa TpaH3aKLWiA.

Ecnv TpaH3akuUusi TONbKO YMTAET faHHble, TO OHA HMKAaK He BMSIET Ha
BUAMMOCTb BEPCUIi CTPOK 1 ee HOMEP He Hafl0 yUnUTbIBaTb B CHUMKaX
[laHHbIX.

[Mo3ToMy BHauvasnie 06CNyX1MBatLLNA NpoLUecc BblAaeT TpaH3akuum
supmyasibHbIl Homep (virtual xid). Homep coOCTOUT N3 BHYTPEHHETO
naeHTudmkaropa npouecca u nocnegoBaTesibHOro Ynicna.

Bblgava aToro Homepa He TpebyeT CUHXPOHU3aLUN Mexay BcemMu
npoueccamMy 1 NO3TOMY BbINOJTHAETCH O4YeHb 6bICTPO. C Apyro NPUYNHOR
NCNo/1b30BaHUA BUPTYasibHbIX HOMEPOB Mbl MO3HAKOMUMCA B TEME
«3amMopo3Ka» 3Toro Mmoayns.

Takon BUPTYasibHbIi HOMEP Hesb3s 3anucbliBaTb B CTPAHWULbI AaHHbIX,
NOTOMY YTO Npu crieayrouem obpalleHnn K CTpaHnLEe OH MOXET NOTEPSIThb
BCAKNIA CMbICH.

Kak To/IbKO TpaH3akumns HaunHaeT MeHATb AaHHble, el cpasy Xe BblgaeTcs
HaCTOSALWMIA HOMEP, KOTOPbIA MOXET NOABNATLCA B CTPAHULAX AaHHbIX
(B NOMSAX XmMin 1 Xmax BEPCUin CTPOK).



BupryanbHble TPAaH3aKIUH

TonbKo YuTaloIue TpaH3aKIU¥U HUKaK He BIIUAIT Ha BUOIUMOCTb BepCI/Iﬁ CTPOK U HE YYUTEIBAKOTCA B CHUMKaX NJaHHBIX. Onu
He MMEIT HacCTOosAIlIero HoMepa:

=> SELECT pg_current_xact_id_if_assigned();

pg_current xact id if assigned

HacTosmuii HoMep NprCBauBaeTCs IPU II€PBOM H3MEHEHUY, BEIIIOJTHEHHOM TPaH3aKLKeH, a TaKKe IIPU BE30Be QYHKINUU
pg current xact id().
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[[OPU30OHT CHMUMKa Posigres

HeakKTyaslbHble
BEPCUM CTPOK
HE HYXHbI CHUMKY

-9
°

DL, T ELL T ET
[ ]

» xid

12

Homep camoli paHHel U3 akTUBHbIX TpaH3akUuii (Xmin CHUMKA) nveet
BaXKHbIA CMbIC/T — OH ONpeaensieT 20pU30HM CHUMKA.

FOPU3OHT COBLITUI B acTPOn3nKe — 3TO rpaHuLa, 3a KOTOpOoW
HabnoaaTesib He MOXET YBUAETb HUKaKMe cobbITUSA. A B HaLleM criyvae
FOPU30HT CHYMKa — 3TO rpaHuLLa, 3a KOTOpOoi onepartop, NUCMNO/b3YHLLNIA
CHMMOK, HE MOXET YBUAETb HeakTyaslbHble BEPCUN CTPOK.

[ecTBnTeNbHO, BUAETH HEeakTyaslbHYl0 BEPCUIO TPpebyeTCs TObKO B TOM
CNnyyae, Korga akTtyasibHasi co3faHa elle He 3aBepLUMBLLENCA TpaH3aKUMEN,
M MO3TOMY MOKa He BuAHa. Ho 3a ropu3oHTOM BCe TpaH3akuun yxe
rapaHTMpPOBaHHO 3aBEPLUU/INCD.
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[[OPU30HT TpaH3aKunm Posggres

Repeatable Read, Serializable

HeakKTyaslbHble
BEPCUM HE HYXHbI
TpaH3aKLumm

° ———o o—o o e > xd
BEGIN  SELECT { UPDATE INSERT
BMpTyé_anblVl HacToALLMIA
Homep HoMep 13

Ha pasHbIX YPOBHSAX N30/15LMN TPAH3aKLMKN NO-Pa3HOMY UCMOMb3YOT CHUMKM
[laHHbIX.

[nsa ypoBHel Repeatable Read u Serializable TpaH3akumsi CTPOUT CHMMOK
Npv nepBoM obpaLleHnmn K cepBepy 1 UCNOsb3YET ero A0 CBOEro OKOHYaHus.

JleBas rpaHunua cHMMKa (Ha4yano ropu3oHTasIbHOro oTpeska Ha cnaige)
onpegensioLas ropu3oHT TpaH3akLuun, paBHa HOMepy camoin paHHein
aKTUBHOWM TpaH3akLmu. NOCKO/bKY TekyLlas TpaH3akuusa cama sBsieTcs
aKTWBHO, FOPM30HT HUKOTA4Aa He MOXET OKa3aTbCs NnpaBee HacTOSALLEro
HOMepa AaHHOW TpaH3aKuuu.
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[[OPU30HT TpaH3aKunm Posggres

Read Committed

HeakTyaslbHble
BEPCUM HE HYXHbI
TpaH3aKumm

» xid

® {——
BEGIN SELECT

BleTyéanblﬁ
HoMep 14

B cnyyae ypoBHs nzonsuum Read Committed CHUMKOB MOXET ObITb
HEeCKO/bKO.

CHavana TpaH3akuusa nosyyaeT BUPTyasibHbIA HOMep. pn nepBom
obpalleHnn K 6ase AaHHbIX CTPOUTCA CHUMOK.
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[[OPU30HT TpaH3aKunm Posggres

Read Committed

® *———o » Xid
BEGIN SELECT

BMpTyé_anblVl
HOomMep 15

Mo OKOHYaHUM 3anpoca CHUMOK 0CBOOOXAAeTCs. MOCKONbKY B HalleMm
NnpuMepe NepBbIii onepaTop TPaH3aKUMM He MeHAN AaHHble, OHa He
nonyynna HacTosILMiA HOMep 1 He BYAET yaAepXnBaTb rOPU30OHT A0 Hayana
crefytouero oneparopa.
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[[OPU30HT TpaH3aKunm Posggres

Read Committed

HeakTyaslbHble
BEPCUMN HE HYXKHbI
TpaH3aKuum

® *——eo 00— » Xid
BEGIN SELECT UPDATE
BUPTYa/lbHbIli H&CTO;HLLI,I/IVI
Homep HoMep 16

Ecnu TpaH3akuusa HauyMHaeT MEeHATbL AaHHble, eil BblAAaeTCHA HACTOALWNN
HOMep. B 3TOT k& MOMEHT CTPOMTCA HOBbIN CHUMOK, TOPU30OHT KOTOPOro
(xmin), Kak 1 Bcerga, HaxoANTCA Ha YPOBHE NepBOil aKTUBHOW TpaH3aKLUW.

MocKoNbKy Tekyllas TpaH3akuus cama siBSETCA akTUBHOM, FOPU30HT
HUKOT4a HEe MOXEeT OKa3aTbCsl NpaBee HoMepa AaHHOl TpaH3aKLUuW.
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[[OPU30HT TpaH3aKunm Posggres

Read Committed

HeakTya/lbHble
BEpPCUM CTPOK
HEe HY)XHbl TPAH3aKLMN

® *— 4—& —e » Xid
BEGIN SELECT UPDATE
BUPTYa1bHbIl HaCTdﬂmMVl
Homep HoMep 17

Korga onepatop 3aBepLuaeT paboTy, CHUMOK OCBOBOXAAETCS, a TpaH3aKL s
JIEPXUT FOPU3OHT Ha YPOBHE CBOEro HOMepa Ha c/lyvaii oTkara.

Ecnu TpaH3akuusa 6yaet [oNro HaxoguTbCA B TaKOM COCTOSAHUM (OHO
Ha3blBaeTcs idle in transaction), He BbINOMHAS HUKAKUX KOMaHA, rOPU30HT
OyLeT ocTaBaTbCA Ha MecTe.



o)) PROFESSIONAL

[[OPU30HT TpaH3aKunm Posggres

Read Committed

HeakTya/lbHble
BEPCUM CTPOK
He HY)XXHbl TPaH3aKLum

° — —e  o———o o » Xid
BEGIN SELECT | UPDATE INSERT
BUPTYa/lbHbIli H&CTO;HLLI,I/IVI
Homep Homep 18

Cnepytowmii onepatop UCNosb3yeT HOBbIA CHUMOK, TOPU30HT KOTOPOTO
yunTbIBaeT HOMepa APYrUX akTUBHbIX TPaH3akKuuin. Tekylas TpaH3akLumsa
NO-NpexHemMy akTUBHA, MO3TOMY FOPU30OHT CHUMKA (XMIn) HE MOXET ObITb
6osblle ee HoMepa.
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[[OPU30HT TpaH3aKunm Posggres

Read Committed

HeakTyaslbHble
BEpPCUM CTPOK
He HY)XXHbl TPaH3aKLym

® *— H —e ¢ e > xid
BEGIN SELECT | UPDATE INSERT
BUPTYa/lbHbIli H&CTO;HLLI,I/IVI
Homep HoMep 19

Mexay onepaTtopamu, Korga HeT akTUBHOIO CHUMKa, FOPU30HT ONATb
CMeLLaeTcs K HoMepy TpaH3akuun. Ecnv TpaHsakums Tak 1 He nosaydnna
HacToswWwMmMi Homep (He Havasia N3MEeHsTb laHHble), OHa BOOOLEe He byaeT

flepXaTb FOPU30HT.
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[OpPU30HT 6a3bl AaHHbIX Posggres

HeakTyasibHble HeakTyasibHble
BEpPCUM MOXHO BEPCUM CTPOK
BblUMLLATH eLle HyXHbl CHAMKaM
*—e *—e T3
*r—e T2
———o T1
i UPDATE
; » xid
HacToALWwMiA
Homep T1 20

Takxe MOXHO onpeaennTb U ropU30oHT 6a3bl AAaHHbIX KAK MUHUMAaIbHbIA 13
rOPM30HTOB BCEX TPaH3aKUMiA. Mpy 0CBOGOXAEHUN CHUMKA FOPU30HT 6a3bl
[laHHbIX CMELLLAeTCsl BNPaBO K FOPU30OHTY CEeAYIOLEro akTMBHOIO CHUMKA.
O6pPaTHOro ABUXEHUSI ObITb HE MOXET, MOCKO/IbKY XMin BHOBb BO3HMKAKOLLLMX
CHUMKOB — MWHMMaJIbHbI HOMEpP aKTUBHOI TpaH3akUuM — CABUraeTcs
TO/bKO BMNpaBo.

HeakTyanbHble BEPCUM CTPOK 3a FOPM3OHTOM 6a3sbl AaHHbIX YXXe HUKOorda He
OyayT HYXXHbl H/ OHON TpaH3akKuMn. Takne Bepcumn CTPOK MOTyT ObITb
6e30MacHO BblYULLEHBI.

Ha cnange nokasaH npumep Tpex TpaH3akuui ¢ ypoBHeM m3onsumm Read
Committed. Ansa onepatopa UPDATE TpaH3akuun T1 6b1s1 NOCTPOEH
cHMMOK. Korga onepatop oTpabarbiBaeT, CHAMOK yaanseTca 1 nepecrtaet
yaepXxvBaTb ropn3oHT. OgHako TpaH3akums T1 no-npexHemy akTneHa, u
MO3TOMY rOPU30HTbI CHUMKOB TpaH3akuuin T2 n T3 He cABUHYTCA npasee
HoMepa TpaH3akuum T1. Tem camMmbiM akTUBHasA TpaH3akLUus, ec/in y Hee
€CTb HaCTOALMIN HOMEP, YAEPXUBAET rOPU3OHT caMM DakTOM CBOEro
CyLLleCTBOBaHUA.

A 3TO 03Ha4vaeT, YTO HeaKTyaslbHble BEPCUN CTPOK B 3TOWN B/l HE MOryT ObITb
ounLleHsbl. [Mpn aToM «gonrovrparoLas» TpaH3akumsa MOXET HUKaK He
nepecekarbCca No AaHHbIM C APYTMMU TPaH3aKUNAMN — 3TO COBEPLLEHHO
He BaXKHO, ropu30HT 6a3bl AaHHbIX OANH HA BCEX.
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[OpPN30HT Oasbl AaHHbIX Posggres

HeaKTyaslbHble HeaKTyaslbHble
BEpPCUM MOXHO BEpCUM CTPOK
BblUMLLATH eLLE HYXXHbl CHUMKaMm
*—e —e T3
—e T2
———o T1
UPDATE
; » Xid
' old_snapshot_threshold
HacTosALWwmnn idle_in_transaction_session_timeout
Homep T1 21

Ecnv onncaHHas cutyaunst AeicTBUTENbHO CO34aeT NPo6eMbl 1 HET
cnocoba n36exaTb ee Ha YpPoBHE NPUIOXKEHUS, NOMOTYT ABa nNapameTpa:

- old_snapshot _threshold onpepgensieT makCuMasibHOEe BPEMS XU3HU
CHUMKa. lMocie aToro BpeMeHn cepBep nosyyaeT npaso yaanATb
HeakTyasibHble BEPCUM CTPOK, a eC/IN OHU NOHA[00ATCA «A0NrourparoLLemn»
TpaH3akumn, To OHa NosydunT owmnbkKy snapshot too old.

- idle_in_transaction_session_timeout onpeaenseTr MakCMasibHOe BPeMS
6e34encTBMNSA akTUBHOW TpaH3akuun. INocne aToro BpeMeHu ceaHc
npepbIBaeTCA.



T'opHu30HT TPaH3aKIUH M 0a3bI TAaHHBIX

Cou TOPU30HT TPAH3aKIHUA MOXKET YBUNETh B CHCTEMHOM KaTaJlore:

=> SELECT backend_xmin FROM pg_stat_activity
WHERE pid = pg_backend_pid();

backend xmin

XoTs Hallla TPaH3aKIUs SBISEeTCS BUPTYaJbHOM U He BIUSET Ha BUOUMOCTL OPYTUX TpaH3aKINl, oHa obpalmaeTcs K
IaHHBIM, UCIIOJIb3YsI CHUMOK, U II03TOMY yIePKUBAET FTOPU3OHT O6a3bl JaHHEIX.

TTocne 3aBepiieHNs TpaH3aKIUKU TOPU30HT IIPOABUTAETCS BIIEpe], IT03BOJISAS OUUIIATh HeaKTyalbHble BEPCUU CTPOK:
=> COMMIT;
COMMIT

=> SELECT backend_xmin FROM pg_stat_activity
WHERE pid = pg_backend_pid();

backend_xmin
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DKCNOPT CHUMKa Pos{gres

3ajjaua

pacripezieUTh paboTy MeXy HeCKOJIbKUMU OJHOBPEMEeHHO paboTaroIymMu
TPaH3aKLUSIMU TaK, YTOObI OHU BU/IE/TN OfIHU U Te Ke JaHHbIe

npumep: pg_dump --jobs=N

MOXHO
CMOJIb30BaTh, NOKa
aKTWBHa 3KCropTMpoBasLUas
TpaH3akums

BEGIN ISOLATION LEVEL REPEATABLE READ;

ééLECT pg_export_snapshot(); x

ugeHTupukaTop
CHUMKa

BEGIN ISOLATION LEVEL REPEATABLE READ;
SET TRANSACTION SNAPSHOT ugeHTu@ukatop;

BEGIN ISOLATION LEVEL REPEATABLE READ;
SET TRANSACTION SNAPSHOT wugeHTudukatop;

MMEET CMbIC/ Ansi
Repeatable Read
nnu Serializable
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BbIBalOT CUTYyaL MK, Korga HECKOMbKO TPaH3aKLU Wil AoMKHbI rapaHTUPOBaHHO
BUAETb OAHY U Ty Xe KapTUHY AaHHbIX. PasyMeeTcs, HeMb3si nonaraTbcsa Ha
TO, YUTO KapTWHbI COBNaAyT NPOCTO M13-3a TOr0, YTO TPAH3aKLMK 3anyLeHbl

«O[JHOBPEMEHHO». [11151 3TOr0 €CTb MEXaHN3M 3KCMopTa U UMMNOPTa CHUMKA.

PyHKUMA pg_export_snapshot Bo3BpawjaeT naeHTugukaTop CHAMKa,
KOTOPbIA MOXET ObITb NepefaH (BHELWHMMI NO OTHoWeHUo K CYB/]
cpencrteamMun) B ApYryto TpaH3akumio.

https://postgrespro.ru/docs/postgresgl/13/functions-admin#ZFUNCTIONS-SN

APSHOT-SYNCHRONIZATION

[Moka akcnopTupyroLas TpaH3akuusa BbINOMHAETCA, Apyrasd TpaH3akums
MOXET MMMOPTUPOBaTb CHUMOK ¢ nomMoLlbio komaHabl SET TRANSACTION
SNAPSHOT a0 BbINOMHEHWSI NEPBOro 3anpoca B Heil. MNpeaBapuTenbHO
Ha/Zl0 YCTaHOBUTb U YpOBeHb n3onsaumn Repeatable Read nnu Serializable,
NoToMy 4YTO Ha ypoBHe Read Committed onepatopb! 6yayT MCNOMb30BaTb
COOGCTBEHHbIE CHUMKMN.

https://postgrespro.ru/docs/postgresql/13/sql-set-transaction

SKCMOPT CHUMKA NPUMEHSETCA, Hanpumep, yTuaMToin pg_dump npu
napasinensHoOM pexume paboTbl Uv I0TMYeCcKon pennnkauuen ans
MONyYeHNss Ha4asIbHOTO COCTOSAHMA TabnuL, BXOLALLMX B NOAMUCKY
(nogpobHee cMm. Kypc DBA3 «Pe3epBHOE KONMpOBaHWE 1 peninkaums»).
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Toru Posigres

CHHMOK COZIep>XKUT UH(OPMaIHIO,
HeoOXOAMMYTO 1Sl OTIpeZie/ieHuUs] BUAUMOCTH BepCHii CTPOK

Bpewmsi co3maHusi CHUMKaA Oripefie/isieT ypOBeHb U30JISILUU

CHMMOK oripeneisieT ropyu30HT TPAH3dKINH, BJ'[I/IHI-OH_[I/Iﬁ
Ha BO3MOXHOCTH y/Jia/IeHHA HedKTya/IbHbIX BepCI/Iﬁ
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[1pakTnKa Pos{gres

1. BocnpousBegure CUTyaLMIO, IPA KOTOPOW OZiHA TPaH3aKLUs
elLle BUAUT y[aJIeHHYI0 CTPOKY, a Aipyras — y’Ke HeT.
[TocmoTpUTe CHUMKHM [JaHHBIX 3THUX TPaH3aKLUK U 3HaUeHUsI
T0JIer Xmin ¥ Xmax yZlaJleHHOW CTPOKHU.

OOBbsicCHUTE BUIUMOCTb HAa OCHOBAHUU 3TUX JAHHBIX.

2. Ecnum B 3arpoce BbI3bIBaeTCs (GyHKIHS, COAeprKaliiasi Jpyrou
3ampoc, KakoW CHUMOK JIJaHHBIX OyZleT MCIT0/Ib30BaThCs /IJIst
«BJIOKEHHOT0» 3aripoca’?

[TpoBepsre ypoBHU n30ssiMu Read Committed 1 Repeatable
Read u kateropun usmenumBocty (yHKUMN volatile u stable.

3. B ogHOV TpaH3aKLUM SKCIIOPTUPYWUTE CHUMOK, 3aTeM B JAPYrou
TpaH3aKL[UY U3MEHUTe JlaHHble. VIMIOpTUpyHTe CHUMOK U
MIPOBEpETE, UTO B HEM BU/HBI ellje He U3MeHeHHbIe TaHHbIe.
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2. MOXHO BOCMO/Mb30BaTbCA Crieayowmm wabdnoHoOM PyHKLMN,
B NpenanosioxXeHnn, 4To co3gaHa Tabnuua t:
CREATE FUNCTION test() RETURNS bigint AS $$

SELECT count(*) FROM t;

$$
VOLATILE -- wnn STABLE
LANGUAGE sql;

Takke MOXeT npurogutbca PyHKUnA pg_sleep(n), Bbi3biBaloLLLaA 3a4ePXKY
Ha N CeKyHA.



1. CHUMKH JAaHHBIX IBYX TPAH3aKIIHH

Tabmuila ¢ OMHOM CTPOKOI:

=> CREATE DATABASE mvcc_snapshots;
CREATE DATABASE

=> \c mvcc_snapshots

You are now connected to database "mvcc snapshots" as user "student".
=> CREATE TABLE t(n integer);
CREATE TABLE

=> BEGIN;

BEGIN

=> INSERT INTO t(n) VALUES (1);
INSERT 0 1

=> SELECT pg_current_xact_id();

pg current xact id

=> COMMIT;

COMMIT

IlepBas TpaH3aKIUs BUAUT CTPOKY:

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
BEGIN

=> SELECT * FROM t;

n

1
(1 row)

=> SELECT pg_current_xact_id();

pg_current_xact_id

=> SELECT pg_current_snapshot();

pg_current _snapshot

28782:28782:
(1 row)

Bropast TpaH3aKIusA B OPYTOM CeaHCe ylasseT CTPOKY:

| => \c mvcc_snapshots

| You are now connected to database "mvcc_snapshots" as user "student".
| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

| => DELETE FROM t;

| DELETE 1

| => SELECT * FROM t;



n

(0 rows)

| => SELECT pg_current_xact_id();

pg_current_xact_id

| => SELECT pg_current_snapshot();

pg_current snapshot

28782:28782:
(1 row)

IlepBas TpaH3aKIusa OpoaoXKaeT BUAETH CTPOKY:

=> SELECT xmin, xmax, * FROM t;

xmin | xmax | n
_______ B
28781 | 28783 | 1
(1 row)

CHUMKY 00eux TpaH3aKIU¥ OOMHAKOBEI, U I10 IIpaBUIaM BUIUMOCTH OHU 00€ IOJKHEI ObLIN OBl BULETh CTPOKY, TaK Kak

e HU3MeHeHUS TpaH3aknuu xmin = 28781 BupHE B CHUMKe (28781 < 28782),
e H3MEHEHHUS TPaH3aKIuu xmax = 28783 He BUAHBI B CHUMKe (28783 >= 28782).

OnHako BTOpPasdA TPaH3aKIUs BCe-TaKU HEe BUOUT CTPOKY, IIOCKOJIBKY OHa CaMa €e yhaliijla, a 3TO — UCKJII0OYEeHHUe u3
OOBIYHBIX IIpaBUJI BUOUMOCTH.

=> COMMIT;
COMMIT
| => comMmIT;

| commIT

2. CHHMOK BJIOK€HHOTI' 0 3alpoca

BHyTpHu QyHKINH, TOACUYUTHIBAIONIEH YHUCIIO CTPOK TAOIHUIIBI, BCTABUM OOHOCEKYHIHYIO 3afIePKKYy [/ yIoOCTBa
TECTUPOBAHUS:

=> CREATE FUNCTION test() RETURNS bigint AS $$
SELECT pg_sleep(1);

SELECT count(*) FROM t;

$$ VOLATILE LANGUAGE sql;

CREATE FUNCTION

Teneps HauMHaeM TpaH3aKIUIo ¢ ypoBHeM usonsuuu Read Committed u B 3anpoce HECKOJIBKO pa3 BEI3BIBaeM (QYHKIHIO,
ONHOBPEMEHHO ITOACYUTHIBAS KOJINYECTBO CTPOK ITOA3AIIPOCOM.

=> BEGIN ISOLATION LEVEL READ COMMITTED;
BEGIN

=> SELECT (SELECT count(*) FROM t) AS cnt, test()
FROM generate_series(1,5);

TTapaJuieIbHO BHIIONHSIEM APYTYIO TPAH3aKLINIO, KOTOPast YyBeIMUUBAET YHUCJIO CTPOK B Tabnuie. Ecnu 0CHOBHOM 3ampoc u
BJIOKEHHEIH 3aIIPOC UCIONIb3YIOT Pa3Hble CHUMKHY, MBI OOHApPY2KUM 3TO 10 Pa3HHUIle B pe3yJbTarTe.

| => INSERT INTO t VALUES (1);

INSERT 0 1



cnt | test

(5 rows)

=> END;
COMMIT

3HaudeHue nepBoro cronba He U3MEHSIeTCSI — 3allPoC UCIIONIb3yeT CHUMOK, CO3[JaHHBIN B Hayasle BHIIONHeHUs. OJHaKo
3Ha4YeHUe BO BTOPOM CTOJIOIle H3MEeHsIeTCs — 3allPOCHl BHYTPH volatile-pyHKIMYM MCIIONB3YIOT OTHAEIbHBIE CHUMKH.

IToBTOPMM 3KCIIEPUMEHT AJIsI YPOBHS n3onsaiuu Repeatable Read:
=> TRUNCATE t;

TRUNCATE TABLE

=> BEGIN ISOLATION LEVEL REPEATABLE READ;

BEGIN

=> SELECT (SELECT count(*) FROM t) AS cnt, test()
FROM generate_series(1,5);

| => INSERT INTO t VALUES (1);

INSERT 0 1

cnt | test

=> END;

COMMIT

Temneps emme pas To xKe caMmoe A GYHKIUK C KaTeropuel n3MeH4YuBOCTH stable.
=> ALTER FUNCTION test STABLE;

ALTER FUNCTION

Vposers Read Committed:

=> TRUNCATE t;

TRUNCATE TABLE

=> BEGIN ISOLATION LEVEL READ COMMITTED;

BEGIN

=> SELECT (SELECT count(*) FROM t) AS cnt, test()
FROM generate_series(1,5);

| => INSERT INTO t VALUES (1);

INSERT 0 1

cnt | test

=> END;

COMMIT



Yposenn Repeatable Read:

=> TRUNCATE t;

TRUNCATE TABLE

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
BEGIN

=> SELECT (SELECT count(*) FROM t) AS cnt, test()
FROM generate_series(1,5);

| => INSERT INTO t VALUES (1);

INSERT 0 1

cnt | test

(5 rows)

=> END;
COMMIT

BrIBOIBI:

e 3ampocs! B volatile-byuknusx Ha ypoBHe udonsanun Read Committed mcnonp3yoT coOGCTBEHHBIE CHUMKY U MOT'YT
BUIETh U3MEHEHHUs B polriecce paboTel oneparopa. Takasi BO3MOXKHOCTh CKOpee OIacHa, 4YeM I0JIe3Ha.

o Tlpu mOOBIX APYTUX KOMOMHAIUSX KaTETOPUY U3MEHYUBOCTH U YPOBHS M30JISLMY BIOKEHHBIE 3allPOCH HCIIOIb3YIOT
CHUMOK OCHOBHOTO 3aIlpoca.

3. 9KCHopT CHHMKa

Oyukuus pg export snapshot Bo3BpamaeTr uneHTU(PUKATOP CHUMKA, KOTOPHY MOXKHO IIePefaTh B OPYTyI0 TPAH3AKIUIO
(BHEIIHUMHU 110 OTHOIIEeHUI0 K CYB]l cpefcTBaMu):

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
BEGIN

=> SELECT count(*) FROM t;

SELECT pg_export_snapshot();

pg_export_snapshot

00000005-0000000F-1
(1 row)

B APYyroMm CceaHcCe ymajiieM BCe CTPOKHU U3 TaﬁJ‘II/II.II:I:
| => DELETE FROM t;
| DELETE 1

3aTeMm TPaH3aKIUsA UMIIOPTUPYET CHUMOK U BUJUT B HEM T€ kK€ HaHHBIE, KOTOPBhI€ NJOCTYIIHBI TPDAH3aKIIUU, KOTOPpasa
JKCIIOPTHPOBaJia 3TOT CHUMOK:

| => BEGIN ISOLATION LEVEL REPEATABLE READ;

| BEGIN

| => SET TRANSACTION SNAPSHOT '00000005-0000000F-1';
| SET

| => SELECT count(*) FROM t;



| => comMmIT;
| commIT
=> COMMIT;

COMMIT



