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OEDB
MVCC &Il H 2
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ETFEHEAFOMEZLEGL (7 H JOLEL‘)J&L\U%OTCTO

ZDWeb TIl&. Postgres TMVCC NEDKIITEESIN TS, £ELT. MVCC DHBERZRART S
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OEDB
MVCC ZHHR—FL TS D T—ER—X
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OEDB

MVCC D 55 FELY
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OEDB

MVCC DR FvTSavhk

MVCC MR FvTLaubzaES5E,. SQL XML RZ BT ILNENIEHIETEET
RAFv T 3ykIE, READ COMMITTED fRit E—F D5 E X/ SQLX D FHIREFIZ.
REPEATABLE READ X U SERIALIZABLE f@Bf E—F DEE XS Yo a2 ORAIREFIZEREG
LET
CD&IZ RFTYTLavr OB HEETCRBHE—FDSSFENEHIELTLNADTY
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®@®ebB MVCC RFvTLayhaE>T=1TRIRIEDRE
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aA3ykLESUH I3 DERDES: 99
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L%
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@EpB MvVCC RFvTLavhEEBRIITERINTAD

transaction snapshot’s
id (xid) current xid
—.
0 25 50 75 100 125
start stop
xid 110

Green is visible. Red is invisible.

RZBNSH 03V E bSUH 0230 id 1000 BIR SN ARIICTE TLI-E D D A
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®eps RIEDEEM

* ZTOYINIEAZT2=T1hRD Postgres TEMELTLVET

s E—TOREIEFHRER ST, contrib EP1—ILTdhS pageinspect A A+—)LLTLY
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@ EDB E&E pageinspect:

https://www.postgresql.jp/document/13/html/pageinspe
CREATE TABLE mvcc_demo (val INTEGER); ct.html
pg_freespacemap:
https://www.postgresql.jp/document/13/html/pgfreespa
CREATE EXTENSION pageinspect; cemap.html

DROP VIEW IF EXISTS mvcc_demo_page@;

CREATE EXTENSION pg_freespacemap;

CREATE VIEW mvcc_demo_page@ AS
SELECT “(©," || 1p || ')’ AS ctid,
CASE 1lp_flags
WHEN 6 THEN ’'Unused’
WHEN 1 THEN ’Normal’
WHEN 2 THEN ’'Redirect to ' || lp_off
WHEN 3 THEN 'Dead’
END,
t_xmin::text::int8 AS xmin,
t_xmax::text::int8 AS xmax,
t_ctid
FROM heap_page_items(get_raw_page( 'mvcc_demo’, 0))
ORDER BY 1p;
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https://www.postgresql.jp/document/13/html/pageinspect.html
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®EDB INSERT T xmin EE5

DELETE FROM mvcc_demo;
INSERT INTO mvcc_demo VALUES (1);

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

CZTEDONLTLNASQLXIE. https://momiian.us/main/writings/pgsal/mvee.sql TAFTEET
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https://momjian.us/main/writings/pgsql/mvcc.sql

@®epB INSERT T mxin {5

INSERT

DELETE

I8 (delete)
UPDATE

# (insert)
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®EepB DELETE T xmax {5

DELETE FROM mvcc_demo;
INSERT INTO mvcc_demo VALUES (1);

SELECT xmin, xmax, * FROM mvcc_demo;
xmin | xmax | val
______ +______+_____

5411 | 0 | 1
BEGIN WORK:
DELETE FROM mvcc_demo;
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®EepB DELETE T xmax {5

SELECT xmin, xmax, * FROM mvcc_demo;

xmin | xmax | val
______ +______+_____

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

SELECT txid_current();
Txid_current

Delete LTHATILIE
HIfgESN T thD S
Yo a3V RA%

COMMIT WORK;
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@EDB DELETE T xmax {5

INSERT

DELETE

I8 (delete)
UPDATE

# (insert)

18 © Copyright EnterpriseDB Corporation, 2021. All rights reserved.



@®EepB  UPDATE TXmin & Xmax Z{£5

DELETE FROM mvcc_demo;
INSERT INTO mvcc_demo VALUES (1);

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

BEGIN WORK;
UPDATE mvcc_demo SET val = 2;
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@®EepB  UPDATE TXmin & Xmax Z{£5

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

UPDATE Lt=+52H
oL EH %
DEATILNRZ S

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

I AR5 Ry V= Wi\
SITEFHEIDATILMN

COMMIT WORK; FEYS
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@EDB UPDATE TXmin & Xmax Z{#5

INSERT

DELETE

I8 (delete)
UPDATE

# (insert)
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®EpB Abort LTS5 H O3> ® ID HT—RR—X(ZTHES

DELETE FROM mvcc_demo;

INSERT INTO mvcc_demo VALUES (1);
BEGIN WORK;

DELETE FROM mvcc_demo;

ROLLBACK WORK;

SELECT xmin, xmax, * FROM mvcc_demo;
xmin | xmax | val
______ +______+_____

5415 | 5416 | 1
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@epB T7HR—KFLEID HE&H. SO aVREIEEKDERRT S
pg_xact

Alh  Stats flags MSLHHL R O— LAY S TlE. 20 IDETT
628 0?0 021 ogo 120 R—kLTfz1ELTY—0F BT
FSUHHL IV EEMIZT B0 FRER

DITESHRIIDERFIHYFEA

020 1;0 1;0 031 0;0

o6 (G100 00010

012 [B0]0 o1 ©

oos [1i0[10]0i0(1:0

oos |1i0[1i0|0i0|0i0

ooo [T 0|0 1[0 0]1 0

00 In Progress Xxmin Xmax
01 Aborted

10 Committed
Transaction Id (XID)
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®EepB  {TAYYTXmax ZfE5

DELETE FROM mvcc_demo;
INSERT INTO mvcc_demo VALUES (1);
BEGIN WORK;

SELECT xmin, xmax, * FROM mvcc_demo;
xmin | xmax | val
______ +______+_____

5416 | 0 | 1

SELECT xmin, xmax, * FROM mvcc_demo FOR UPDATE;

xmin | xmax | val
______ +______+_____

5416 | 0 | 1
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®epB  {TAYYT xmax ZfE5

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

COMMIT WORK;

2T ILDE Y HEAP_XMAX_EXCL_LOCK Z{E>T. xmax D {THIBRL 1= xid Tl&#A<, OvoEFEHEHLTL
5 xid THAZEERLTLNS
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®eoB AP DSQLX ISR F oL 3y

FSUH a0 B EBDSQLE THER SN SIS E . BIDITEMDEENBHETT , TAhZTILD
XHOMERDRIREIL—ILEFH>TWNDEMNSTY,

-z IE. A—VILORABIE. RIS Y230 TEDSQLY N TEZERHLTE. TORBIZERE
MHLTIFHYFEE A,

ZDESLTDERE. ecmin/emax EXIENB VAT LOATURId AT LZFOTEREINTULE
T, ik, RERIZIZIDDHSLIED T,
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®epB INSERT TCmin Zf5

DELETE FROM mvcc_demo;
BEGIN WORK:;

INSERT INTO mvcc_demo VALUES (1);
INSERT INTO mvcc_demo VALUES (2);
INSERT INTO mvcc_demo VALUES (3);
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®epB INSERT TCmin Zf5

SELECT xmin, cmin, xmax, * FROM mvcc_demo;
xmin | cmin | xmax | val
—————— Dt L
5419 | 0 | 0 | 1
5419 | T | 0 | 2
5419 | 2 | 0 | 3

COMMIT WORK;
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®epB DELETE TCmin Z{#5

DELETE FROM mvcc_demo;
BEGIN WORK:;

INSERT INTO mvcc_demo VALUES (1);
INSERT INTO mvcc_demo VALUES (2);
INSERT INTO mvcc_demo VALUES (3);
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®epB DELETE TCmin Z{#5

SELECT xmin, cmin, xmax, * FROM mvcc_demo;
Xxmin | cmin | xmax | val
—————— e et P
9421 | 0 | 0 | 1
9421 | T | 0 | 2
5421 | 2 | 0 | 3

DECLARE c_mvcc_demo CURSOR FOR
SELECT xmin, xmax, cmax, * FROM mvcc_demo;
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®epB DELETE TCmin &5
DELETE FROM mvcc_demo;

SELECT xmin, cmin, xmax, * FROM mvcc_demo;
xmin | cmin | xmax | val
—————— e ek T T

FETCH ALL FROM c_mvcc_demo;

. : o 4,= s: S N > N - "'I
xmin | xmax | cmax | val N5OITIE. COMUY I3V TERHI

BRLTWSD T DSV HF I3V TIER

—————— L LT 2EC A, TDT. FTOREERB15IC
5421 | 5421 | 0 | 1 EH—YLEESBERHYET .

5421 | 5421 | 11 2

5421 | 5421 | 21 3

COMMIT WORK;
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®epB UPDATE TCmin Z{#5
DELETE FROM mvcc_demo;

BEGIN WORK;

INSERT INTO mvcc_demo VALUES (1);
INSERT INTO mvcc_demo VALUES (2);
INSERT INTO mvcc_demo VALUES (3);

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

—————— e et

5422 | 0 | 0 | 1

5422 | T | 0 | 2

5422 | 2 | 0 | 3

DECLARE c_mvcc_demo CURSOR FOR
SELECT xmin, xmax, cmax, * FROM mvcc_demo;
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®epB UPDATE TCmin Z{#5
UPDATE mvcc_demo SET val = val * 10;

SELECT xmin, cmin, xmax, * FROM mvcc_demo;
xmin | cmin | xmax | val
—————— R s T T TP
5422 | 3 O | 10
5422 | 3 0 | 20
5422 | 3 | 0 | 30
FETCH ALL FROM c_mvcc_demo;
xmin | xmax | cmax | val
—————— R s T T TP
5422 | 5422 | 0 | 1
5422 | 5422 | T | 2
5422 | 5422 | 2 | 3

COMMIT WORK;
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®epB REBFSUVILAVTHEEERT S

DELETE FROM mvcc_demo;
INSERT INTO mvcc_demo VALUES (1);

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

BEGIN WORK;

INSERT INTO mvcc_demo VALUES (2);
INSERT INTO mvcc_demo VALUES (3);
INSERT INTO mvcc_demo VALUES (4);
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®epB BEBNSIUYVILAVTITEZERT S

SELECT xmin, cmin, xmax, * FROM mvcc_demo;
xmin | cmin | xmax | val
—————— e i R PP
5424 | 0 | 0 | 1
9425 | 0 | 0 | 2
5425 | T | 0 | 3
9425 | 2 | 0 | 4

UPDATE mvcc_demo SET val = val * 10;
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®epB REBNSUOYILAVTITEERT S

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

—————— i el PP

9425 | 3 | O | 10

9425 | 3 | 0 | 20

9425 | 3 | 0 | 30

9425 | 3 | O | 40

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

COMMIT WORK;
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®ebB Combo Command id

« cmin & cmax [TREIZIZE— DR T LATLED T, A—DEHRSQLIXD S HF o3
UTERL. D HIBRLIz1TTOREBEZEREERTHAZLETEE A,

« ZD1=8. ¥ 51D combo command id Z1EY . EFE®D cmin & cmax DEFEMLTLNHO—
AILAE) N 27 BRIHEIILTVET,
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®epB  UPDATE T combo command id Z{#5

-- use TRUNCATE to remove even invisible rows
TRUNCATE mvcc_demo;
BEGIN WORK;

DELETE FROM mvcc_demo;
DELETE FROM mvcc_demo;
DELETE FROM mvcc_demo;

INSERT INTO mvcc_demo VALUES (1);
INSERT INTO mvcc_demo VALUES (2);
INSERT INTO mvcc_demo VALUES (3);
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®eps UPDATE T combo command id Z{#5

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

—————— e it S

5427 | 3 | 0 | 1

5427 | 4 | 0 | 2

5427 | S5 | 0 | 3

DECLARE c_mvcc_demo CURSOR FOR
SELECT xmin, xmax, cmax, * FROM mvcc_demo;

UPDATE mvcc_demo SET val = val * 10;
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®eps UPDATE T combo command id Z{#5

SELECT xmin, cmin, xmax, * FROM mvcc_demo;
xmin | cmin | xmax | val
—————— R s et It
9427 | 6 | 6 | 160
9427 | 6 | O | 20
9427 | 6 | 0 | 30
FETCH ALL FROM c_mvcc_demo;
xmin | xmax | cmax | val
—————— Rt et T
5427 | 5427 | 0 | 1
9427 | 5427 | T | 2
9427 | 5427 | 2 | 3

40 © Copyright EnterpriseDB Corporation, 2021. All rights reserved.



®epB  UPDATE T combo command id Z{#5

SELECT t_xmin AS xmin,
t_xmax::text::int8 AS xmax,
t_field3::text::int8 AS cmin_cmax,
(t_infomask::integer & X'0020'::integer)::bool AS is_combocid
FROM heap_page_items(get_raw_page( 'mvcc_demo’, 0))
ORDER BY 2 DESC, 3;
Xxmin | xmax | cmin_cmax

|
—————— o mmm o m e
5427 | 5427 | 0| t
5427 | 5427 | 11t
5427 | 5427 | 2 ] t
5427 | @ | 6 | f _ _ _
5427 | 0 | 6 | f REDVITTIE /conltlllb/??gmn%peq’é_ﬁo'{b\‘a'i
5427 | 0 | 6 | f T, NT,. APE—TR—CDOBENRZSEIITH

Y IREDRAFT YT avhTIERNEGEWESLTITT—4
COMMIT WORK: LRENBEIIZHEYET,

(Ewk 0x0020 I&. AERAYIZIE HEAP_COMBOCID &&
[FNTULET),
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®EepB MVCC REDF LD

xmin:  ERELIZNSUHI2a0 DES ., INSERT & UPDATE TERESNS

xmax: EMILI-bS2HF 0230 DFES ., UPDATE & DELETE TERESINS, BARK
IOV OTHRASND,

cmin/cmax: AFILDERH B NIEIELI-OT KRB EZHRNTHIDIZFES, B—F5>
YOI TATILEEREMIELI=5E . combo command id D#&#KIZH A
L5, BATREIEITAEY I THEHLND,
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®epe IBEDRN—CDHEBRBROEH

IBRDE—17/3—23> (non-MVCC) T—AR—RX VAT LTIE ANL—V AR—
ARzRBETOBENHYFET

o HIRSINT=AT
o F7HR—ILIzbZU T aVNERLIZTT
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®EDB MVCC DAL —LDHEIBBROEH

MVCC TlE. BIZRDEHIHYET

o UPDATE THLWMTZEBLEFY (BFOTHNESHZAONLSDITTIEHYE
HFA) . TDE=H, GELMTHAEHTUL RN —DERZHEMICEFRI ALY
FNIEGEYEREA,

o HIRRL=1T2RTRIRIDVELHYFTY (HRIRIE. COIIGITNRADNS
VYOGS R TRITNIERITTEFEA),

Postgres TI&. IBRDEHELMVCCHAEDEHRLELLLMELTHNET
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®epB HRBROIERSEL

Postgres Tld. BIEKRIZFEHENIZITHONET:

o H—R—VDODBHFERII. LEDEHE. IT~NDT7 IV EADBIZETINET , B
AIZI%. SELECT, UPDATE B U DELETE TR—UZ7 O ALI-FTY,

o /\YHHTSHURTEITEINS autovacuum AR TIL, TEHTHIRBEMNE
TENET,

FE)TVACUUM ZEEIL THIRRETHEELTEET,
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QDB 14 OEBEROBE

BREEFETIE. IO DELGSIVTATATHEOLN TS ZERIOBI AN ITHA
EX I

o E—TATIL/AT(HRLKREL)
o E—TT7ATLERAUE (RE/NEW)
o AUTYIRAIUNY
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®EepB E—TFTR—U DA

ltem

ltem ltem

8K

Tuple

Special
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DEDB (L FvHRMIBTDIETATFLTHY . ¥ TN TIEHYEEA

8K

Tuple2 Tuple1 Special
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QEDB b —F4F LEMOBFFE

ltem | Item
Dead Dead
8K
. Tupled Special

© Copyright EnterpriseDB Corporation, 2021. All rights reserved.

AV TIDANEZHEL TS
DT, TATLRAVEDE
FMAFKSSTEHTEFEEA



50

QEDB T VACUUM MN7AFLOBRAZETVET

ltem

ltem

8K

Unused Unused

Tuple3

Special
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QEDB  HIRRLI-1TO BB
TRUNCATE mvcc_demo;

- ENENOR—IDEZF%E 10% KiEGlZT D
INSERT INTO mvcc_demo SELECT @ FROM generate_series(1, 240);

-- EEAR—RADEIE (%) ZFEIT S

SELECT (1080 * (upper - lower) /
pagesize::float8)::integer AS free_pct

FROM page_header(get_raw_page(’'mvcc_demo’, 0));

free_pct

INSERT INTO mvcc_demo VALUES (1);
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@EDB  HIRLE={TOHIEK

SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin | xmax | t_ctid
————————— e T S
(0,241) | Normal | 5430 | 0 | (0,241)

DELETE FROM mvcc_demo WHERE val > ©;
INSERT INTO mvcc_demo VALUES (2);

SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin | xmax | t_ctid
————————— e T S
(0,241) | Normal | 5430 | 5431 | (0,241)
(0,242) | Normal | 5432 | 0 | (0,242)
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OQEDB  HIRRLI-{TOHIRE
DELETE FROM mvcc_demo WHERE val > 0;
INSERT INTO mvcc_demo VALUES (3);

SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin | xmax | t_ctid
————————— e e e e
(0,241) | Dead | | |
(0,242) | Normal | 5432 | 5433 | (0,242)
(0,243) | Normal | 5434 | 0 | (9,243)

BEDOTILFIL—YTHEIZE. ALT —EIN—XATETHFOMD ST oLV NEMITES
TS RIHRMELNH IO, BRERIERICESTEITINET . LHLELNL, ThlTEIC
ENTITHNAEIT T IREAGEVIZRIL T,
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@EDB  HIRLE={TOHIEK

-- SELECT Z{FE > THHIMICE— R—DERBEEITS
SELECT * FROM mvcc_demo
OFFSET 1000 ;

val

SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin xmax | t_ctid
————————— R el e T Ak e TP
(0,241) | Dead | | |
(0,242) | Dead | | |
(0,243) | Normal | 5434 | 0 | (0,243)
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©EDB  CALBEIZHYET

8K

ltem ltem
Dead Dead
<—

Tuple3

Special
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@EDB  MIRRLI=fTO BB

SELECT pg_freespace( 'mvcc_demo’);
pg_freespace

VACUUM mvcc_demo;

SELECT * FROM mvcc_demo_page®
OFFSET 240;
ctid | case

Unused
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©EDB  CALBEIZHYET

8K

ltem

ltem

Unused Unused

Tuple3

Special
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@EDB  Jy—RR—ZTYT

SELECT pg_freespace( ‘mvcc_demo’);
pg_freespace

VACUUM (&, FY—RAR—=ZRIVTDEHEITNET , TV —AR—ZAIVT T, KEDZEEZAR—X N
HAER—UHEBEFELTLNET , COIEHREFE->T. INSERT ¥—EBD UPDATE (R—UEBREF-C K54
BE)EEDR—=UIZITINERDET . BE—R—DDBRETIE T —AR—ZAIYTDEBEHILITLE
A,
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QEDB D TY—RR—R YT D

TRUNCATE mvcc_demo;
VACUUM mvcc_demo;

SELECT pg_freespace('mvcc_demo’);
pg_freespace

59 © Copyright EnterpriseDB Corporation, 2021. All rights reserved.



OEDB T —ZRR—ZTYT D

INSERT INTO mvcc_demo VALUES (1);
VACUUM mvcc_demo;

SELECT pg_freespace( 'mvcc_demo’);
pg_freespace

(0,8128)
INSERT INTO mvcc_demo VALUES (2);
VACUUM mvcc_demo;

SELECT pg_freespace( 'mvcc_demo’);
pg_freespace

(0,8096)
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QEDB D TY—RR—R YT D

DELETE FROM mvcc_demo WHERE val = 2;
VACUUM mvcc_demo;

SELECT pg_freespace('mvcc_demo’);
pg_freespace

(0,8128)
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@EDB  yACUUM TlE. 77 L OBEDR—SHEBRELET

DELETE FROM mvcc_demo WHERE val = 1;
VACUUM mvcc_demo;

SELECT pg_freespace('mvcc_demo’);
pg_freespace

SELECT pg_relation_size( 'mvcc_demo’);
pg_relation_size

VACUUM FULLZEX L. T—T I IT7MIL DY A XEHR/IBREFT/INSTEET A, T—T LA D HEth
OyIONHEIZEYET,

62 © Copyright EnterpriseDB Corporation, 2021. All rights reserved.



QEDB B —R—UTEHINEHVDTORBE LSRR

63

UPDATETOEWWIT LA HHBRAM—U R XK. BIBRLIZTERRIZCBRIRATAZENTEE
T LOLENS. HAEDITEH CIETATLOBEIRETEALSIZHSTVET, T4bHb.,
BEEICESTIEHLUPDATE D7 AT LDBEFIFANTESLDTY,

—DIHE . VACUUM ML BTN | 7 AT LITENEE A,

BAERMIZIE. ZOEETATLOBEFAIZHOT B (heap-only-tuple) Fx A& E>TITLVE
9, CCTlE. FAUIERILE—TR—=U EIZHY . F Ao DHRDATYIADEIET R TH
CIZRYET,
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OQEDB  HOT EHITOE—R—C D EiR

64

HOT B DT AT LIE, ENDNF AL DERICHIEER BN T HENTEETI(RFER
[CHYED), FTAUVDEBEBPREDESICIIINIETEEF A FIAUDEBEIZHID I
AMET)E AL IR ITATLRAVAT AVTYIRIEIINESRBLTVWET . ETDAUTYIR
DIEM HOT/)AALIMFAUTIXE L THST= . CNAATBEIZHRYET,

HOT Fx AV THDAVTIIRERIFEHTT . INLDF AV TIEEFH =AU TIIANELN
FAZLDEIZFELNHDIGENHINGTY , L, A1V TYIRHOTF AU DEEITE
U, A0 TYIREEST= ST 0a0 DB THIBLIZNS Y030 TOMAMEHON S KT
HLLETEITITHIENTEET,

BERMIZIZ. AT YIRTERLI-BDINS O30 [FMVCC DRIBEHEIL—ILIZEKST., F
[ETAHOT FTAUDENRZALENESIZHO>TWVADTY . LD F o arhslEF
1AVDEBELNRZFEA,
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OEDB B —{TOMEIRRE

8K

ltem ltem ltem
Unused Unused
., Tuple, v1

Special
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@®EepB  UPDATE TEHEOHLLVTZEEM

ltem [tem ltem | —>»

Unused

8K

V/\ <—

Tuple, v2 Tuple, v1 Special

AVTYIRIVMNIFEMENFE R A AV TYIARIE HOT FAUDEBEEIRLTWSEITENSTY,
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@epB Y ALOMEFESTAVTYIREZELLRLEET

ltem ltem ltem | »

Redirect

8K

/\ i

Tuple, v2 Tuple, v3 Special
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®EDB  UPDATE Tt HULMTHABESEAOSNET

ltem ltem ltem | »

Redirect

8K

/\ <

Tuple, v4 Tuple, v3 Special
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@EDB HTLTOHOEHL UPDATE T EShET

8K

ltem ltem ltem
Redirect Unused
<«
Tuple, v4 Special
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QEDB  EHAOHFLTO LB

TRUNCATE mvcc_demo;
INSERT INTO mvcc_demo SELECT © FROM generate_series(1, 240);
INSERT INTO mvcc_demo VALUES (1);

SELECT * FROM mvcc_demo_page®
OFFSET 240;
ctid | case | xmin | xmax | t_ctid
————————— e T S e
(0,241) | Normal | 5437 | 0 | (0,241)
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@EDB  EHAOHLTO SR

UPDATE mvcc_demo SET val = val + 1 WHERE val > ©;

SELECT * FROM mvcc_demo_page®

OFFSET 2490;
ctid | case | xmin | xmax | t_ctid
————————— e T S e
(0,241) | Normal | 5437 | 5438 | (0,242)
(0,242) | Normal | 5438 | 0 | (0,242)
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@EDB  EHAOHLTO SR

UPDATE mvcc_demo SET val = val + 1 WHERE val > ©;

SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin | xmax | t_ctid
————————— e S R Sttt
(0,241) | Redirect to 242 | | |
(0,242) | Normal | 5438 | 5439 | (0,243)
(0,243) | Normal | 5439 | 0 | (0,243)

AVTYVIRIVNIFEBMEINEE A A1V TYIRIE HOT FTAUDEBEEIELTVSIEITENSLT
ER
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CDERIIBEYFET

ltem

ltem

ltem

Redirect

/N

<—

Tuple, v2

Tuple, v3

Special
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@EDB  EHAOHLTO SR

UPDATE mvcc_demo SET val = val + 1 WHERE val > ©;

SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin | xmax | t_ctid
————————— e S R Sttt
(0,241) | Redirect to 243 | | |
(0,242) | Normal | 5438 | 5439 | (0,243)
(0,243) | Normal | 5439 | 0 | (0,243)
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CDERIIBEYFET

ltem

ltem

ltem

Redirect

~

<—

Tuple, v4

Tuple, v3

Special
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@EDB  EHMOHLITOHER
- SO IUNTZTY FEN-OT . HOTF A > TlEtid %
-- [RER] ETH5ENTEET
SELECT * FROM mvcc_demo

OFFSET 1000;
val

SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin xmax | t_ctid
————————— e et e S
(0,241) | Redirect to 242 | | |
(0,242) | Normal | 5438 | 5439 | (9,243)
(0,243) | Unused | | |
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OEDB

8K

CDERIIBEYFET

ltem ltem ltem
Redirect Unused
<
Tuple, v4 Special
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®EDB VACUUM TIXYX AL IMNIBEShFEEA

VACUUM mvcc_demo;

SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin | xmax | t_ctid
————————— e e e T PR
(0,241) | Redirect to 242 | | |
(0,242) | Normal | 5440 | 0 | (0,242)
(0,243) | Unused | | |
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®eps  FBI VACUUM [Z&DEHEMR

TRUNCATE mvcc_demo;

INSERT INTO mvcc_demo VALUES (1);
INSERT INTO mvcc_demo VALUES (2);
INSERT INTO mvcc_demo VALUES (3);

SELECT ctid, xmin, xmax
FROM mvcc_demo_page®;

ctid | xmin | xmax
_______ +______+______
(0,1) | 5442 | 0
(0,2) | 5443 | 0
(0,3) | 5444 | 0

DELETE FROM mvcc_demo;
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®eps  FBI VACUUM [Z&DEHEMR

SELECT ctid, xmin, Xxmax
FROM mvcc_demo_page@d;

ctid | xmin | xmax
_______ +______+______
(0,1) | 5442 | 5445
(0,2) | 5443 | 5445
(0,3) | 5444 | 5445

-- autovacuum ZEHNTIZITIEFHENE Y ZELN
VACUUM mvcc_demo;

SELECT pg_relation_size( 'mvcc_demo’);
pg_relation_size
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@eps AV TYIANHSIHE D UPDATE DRIE

ATIIRADBINSLEBRHF LB EIETATLON)FALIMNEFSICENTEEF A, FTAIULE
TRAVTIYIRATHEZABDEDTHITNIEEGST . ZFD=H)FALIF /HOT BEFHTIEATYIRENE
Hol=CETEMDAUTYIRIURN) H BT ENTELRLVNSTT,

ZNBBICIEK. TATLRARIE DELETE ERIBRICTESN T AIELMNTEEF A,
NFETRLTI= UPDATE DHITIE. AV TYIRDBAIDTLEZBH L TULENI EIZTEELESLY,
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®eps  mvec_demo A LICAUTYIREED

CREATE INDEX i_mvcc_demo_val on mvcc_demo (val);
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®EDB A TIIRADBHBDINTLDES

TRUNCATE mvcc_demo;

INSERT INTO mvcc_demo SELECT © FROM generate_series(1, 240);
INSERT INTO mvcc_demo VALUES (1);

SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin | xmax | t_ctid
————————— T el (TP
(0,241) | Normal | 5449 | 0 | (0,241)
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®EDB A TIIRADBHBDINTLDES

UPDATE mvcc_demo SET val = val + 1 WHERE val > ©;
SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin | xmax | t_ctid
————————— e T S R
(0,241) | Normal | 5449 | 5450 | (0,242)
(0,242) | Normal | 5450 | 0 | (0,242)

UPDATE mvcc_demo SET val = val + 1 WHERE val > 0;
SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin | xmax | t_ctid
————————— e T S R
(0,241) | Dead | | |
(0,242) | Normal | 5450 | 5451 | (0,243)
(0,243) | Normal | 5451 | 0 | (0,243)
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®EDB A TIIRADBHBDINTLDES

UPDATE mvcc_demo SET val = val + 1 WHERE val > ©;
SELECT * FROM mvcc_demo_page®

OFFSET 240;
Ctid | case | xmin | xmax | t_ctid
————————— e L S
(0,241) | Dead | | |
(0,242) | Dead | | |
(0,243) | Normal | 5451 | 5452 | (0,244)
(0,244) | Normal | 5452 | 0 | (0,244)
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®EDB A TIIRADBHBDINTLDES

SELECT * FROM mvcc_demo
OFFSET 1000
val

SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin xmax | t_ctid
————————— e T e A
(0,241) | Dead | | |
(0,242) | Dead | | |
(0,243) | Dead | | |
(0,244) | Normal | 5452 | 0 | (0,244)
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®EDB A TIIRADBHBDINTLDES

VACUUM mvcc_demo;
SELECT * FROM mvcc_demo_page®

OFFSET 240;
ctid | case | xmin | xmax | t_ctid
————————— e st e R
(0,241) | Unused | | |
(0,242) | Unused | | |
(0,243) | Unused | | |
(0,244) | Normal | 5452 | 0 | (0,244)
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OEDB

BREROFELED

HEEDA E—7427)L | IEHOT 74 | HOT7ZA T ATYIR

& ZEoMIT & BFA TLODIKEE | LDIKRE DB w&E FSMMDE#H

B—R—- SELECT, B—tr—7 Yes Eii ) FEH No No
UPDATE, R—=
DELETE

VACUUM autovacuum | BIEERLE T Yes FR{FEH FEH Yes Yes
F-13FE) NDE—TR—

BIREBEATESLDIX. FTILHARZDZETHDIS T I3V NENMGEEDH T,

HOTY 4T LAIXUPDATED F AV T, B—R—=UICHALTHEY . R— DAV TYIRAHNS LDEEF>T
W3 1D T,

BEDOFARETEH, BE—RX—UOERBRTEELTH TR

o=

x1T

SNFET A,

VACUUM TILIMESh 1 %

88

TATLRAVAEBRRATE, FEGAVTYIRIVRNERETE, 7V—AR—RXTvT (FSM) &
I HIEMNTEET,
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®eps  SERIALIZABLE S BfLANJL

* Postgres (&, & %5%% SERIALIZABLE 73 BEL N )LZEEELT-HE—D RDBMS TY,

» {tt> RDBMS T SERIALIZABLE EFFA TS L N JL I, Postgres T
REPEATABLE READ 7 BfLNJLICHHELET

« REPEATABLE READ W72 BEL NILELTA A+ 77345, Postgres TOHEE, KBEE
[ZDOWTHIELET
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®eos A EPETEHI

RDEENIH I AVEBEZFT

1. %E@ﬁ%%’ému

2. EEEDEEZHT

3. EETLMOEEEEZSIK
4. FEEEITELFEEFRT

COEEDHIT.A>B. B> ADEEEERRUVILEFIZETLTAHET,

ADEESH 1005, B DEESHMN2005H., EEEEIXIA>BA2065H. B> AN
30FHELET,
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®eos A EPETEHI

BRREFT X1, Tx2 DIIE

Tx1:

1. BEGIN

2. R(A) » 100/4,R(B) » 2004
3. W(A) > 805, W(B)> 2205
4. COMMIT

Tx2:

BEGIN
R(B)>2207/,R(A)>805
W(B) > 190/, W(A) > 1105
COMMIT

B wpn -
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OEDB

il
Tx1:
1.
2.

FE ST
=R1T
BEGIN

R(A) » 10055, R(B) » 2004

W(A) > 8075, W(B) > 22055
COMMIT

Tx2:

1. BEGIN
2. R(A) > 10073, R(B) > 2005

3. W(A) » 1305, W(B)~> 1704
4. COMMIT

Tx1 DFERIHEZTLFEST !
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®eos  AEREDREA

oA T —REDODWTEZTAHAZFTO==HT. LLTDIEF
= RIZFENRHD

R(A) > W(B)
R(B) > W(A)

NEBRHELT. AADS UYL ETHR—EE2BERH S,
MVCC DR F YT aybTIXZDBREIETELELY
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®eos R AL

Predicate Lock & &IENBFi%:

o LDRIUHILAVNEDRATINERANERET S
o EZAAEMORIL. COESAHCFEI IHRARAEITOTVNINEINEFIVITH
o BARAAEITIEZIL., COFARAEFEIDHESRAAZITOTVINEIAETFIVITS

L, MVCC &(FIhIZL1=3EE (2> TLVS, (sre/backend/storage/lmgr/predicate.c)

o OVIDHEEIL, 7 R—T-FT—TIL
o OVIEMMELLEBE TH>R—T>T—TINEAYIBEHEFIRAL—30T B

FRREICENIE LEEDT—/INURE 5% f1&D & (PGCon TDEE),
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®@epB SERIALIZABLE vs. SELECT FOR {UPDATE|SHARE}

e SELECT FOR {UPDATE|SHARE} Z{#>THEHkD Z &M AT BE
o ATNEAVILT—EERLEIZYIYEZ TS
o TITUHT—iavIZELAD
o BEHEFEMOHEEITIVI—avnER
o 7 —/S~YK[Z SERIALIZABLE M AAELNEEHNTLVS
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