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Multi-version Concurrency Control (MVCC)

Strict Two-Phase Locking (S2PL)

Optimistic Concurrency Control (OCC)
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Isolation Level Dirty Read Nonrepeatable Read Phantom Read Serialization Anomaly

| Read uricomiiitind Allowed, butnctinPG |Pessible =~ | Possible Possible
Read committed  Not possible Possible Possible Possible
Repeatable read  Not possible Not possible Allowed, but not in PG Possible

Serializable Not possible Not possible Not possible Not possible
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Xmin  Xmax Cid Ctid UserData
30 0 (0, 1) 1 Insert
30 40 0 (0, 1) 1 Delete
30 50 0 (0, 2) 1

Update

50

0,2
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HeapTuple
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Xmin: | TuplefE 551D
Xmax: iFrTupledy = 551D, HAY
Cid: BN T AR RS, AR
ERERSE ZAERRIA] I TE

Ctid: 5§ RT — 1 iR Atuple 8935t
. A A Rblocknumber : offset

Page0 Page1 Page2 Page3 Page4 Page5
~~~~~~~~ = Js]|r
AT 178
pd_Isn pd_checksum| pd_flags pd_lower pd_upper
. pd_pagesize .
pd_special e pd_prune_xid ltem Iltem
tuple2 tuplet Qﬂhjz_’
t_xmin t_xmax t_cid t_ctid t_infomask2 | t_infomask NULL_bitmap UserData
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Xmin  Xmax Data
30 1
50 2
110 3
30 80 1
30 75 2
30 120 3
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Insert

demo=# create table mvcc(val int);
CREATE TABLE

demo=# insert into mvcc values(1);
INSERT 0 1

demo=# select xmin, xmax, * from mvcc;
xmin | xmax | val
+ +
938 0 | 1
(1 row)

Xmin

Xmax Cid

Ctid

UserData
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Delete

Session 1

Session 2

demo=# insert into mvcc values(1);
INSERT 0 1

demo=# select xmin, xmax, * from mvcc;
xmin | xmax | val
+ +
9401 O | 1
(1 row)

demo=# begin;
BEGIN

demo=# delete from mvcc;
DELETE 1

demo=# select xmin, xmax, * from mvcc;
xmin | xmax | val

+ +
940 | 941 | 1
(1 row)
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Update

Session 1

Session 2
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demo=# insert into mvcc values(1);
INSERT 0 1

demo=# select xmin, xmax, * from mvcc;
xmin | xmax | val
+ +
9421 0 | 1
(1 row)

demo=# begin;
BEGIN

demo=# update mvcc set val = 2;
UPDATE 1

demo=# select xmin, xmax, * from mvcc;
xmin | xmax | val
+ +
9431 0 | 2
(1 row)

demo=# select xmin, xmax, * from mvcg;
xmin | xmax | val

+ +
9421 943 | 1
(1 row)
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begin

update

commit

- % Update
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update

UZE:3

update

\ commit

GREENPLUM
DATABASE


https://app.diagrams.net/?page-id=DdB0-rqpNtl24GIwcdxk&scale=auto#G1PRskgGuG7NpCavCMp1zPmypoZsBFCz_z

GREENPLUM

DATABASE
Abort

Session 1 Session 2
demo=# insert into mvcc values(1); demo=# select xmin, xmax, * from mvcc;
INSERT 0 1 xmin | xmax | val

+ +
demo=# begin; 944 | 945 | 1
BEGIN (1 row)

demo=# delete from mvcc;
DELETE 2

demo=# abort ;
ROLLBACK
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pg_clog

XID  Status flags

028

024

020

016

012

008

004

000

0

0

oit1(oiof1io0

00 In Progress
01 Aborted

10 Committed
Transaction Id (XID)

Xmin

E 35 7F AbortFH Sk Xmax
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¥ridcommitted or INVALID

HeapTuple txmin | t xmax

t_cid t_ctid

t_ctid t_infomask2 | t_infomask

NULL_bitmap UserData
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demo=# insert into mvcc values(1);
INSERT O 1
demo=# begin;
BEGIN
demo=# select xmin, xmax, * from mvcc;
xmin | xmax | val
+ +
948 0 | 1
(1 row)

demo=# select xmin, xmax, * from mvcc for update;
xmin | xmax | val
+ +
948 0 | 1
(1 row)

demo=# select xmin, xmax, * from mvcc;
xmin | xmax | val
+ +
948 | 949 | 1
(1 row)
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demo=# insert into mvcc select 0 from generate_series(1, 210);
INSERT 0 210

demo=# SELECT (100 * (upper - lower) / pagesize::float8)::integer AS free_pct
FROM page header(get_raw_page('mvcc’, 0));
free_pct

demo=# INSERT INTO mvcc VALUES (1);
INSERT 0 1




e

/B

]
I

ZEMIFRITAH

demo=# SELECT * FROM mvcc_demo_page0 OFFSET 210;
ctid | case | xmin | xmax |t_ctid
+ + + +
(0,211) | Normal | 978 | 0] (0,211)
(1 row)

demo=# DELETE FROM mvcc WHERE val > 0;
DELETE 1

demo=# INSERT INTO mvcc VALUES (2);
INSERT 0 1

demo=# SELECT * FROM mvcc_demo_page0 OFFSET 210;
ctid | case | xmin | xmax |t_ctid
+ + + +
(0,211) | Normal | 978 | 980 | (0,211)
(0,212) | Normal | 981 | 0](0,212)
(2 rows)
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demo=# DELETE FROM mvcc WHERE val > 0;
DELETE 1

demo=# INSERT INTO mvcc VALUES (3);
INSERT 0 1

demo=# SELECT * FROM mvcc_demo_page0 OFFSET 210;
ctid | case | xmin | xmax |t_ctid
+ + + +
(0,211) | Dead | | |
(0,212) | Normal | 981 | 982 (0,212)
(0,213) | Normal | 983 | 0](0,213)
(3 rows)
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demo=# SELECT * FROM mvcc OFFSET 1000;
val

demo=# SELECT * FROM mvcc_demo_page0 OFFSET
210;

ctid | case | xmin | xmax | t_ctid

+ + + +

(0,211) | Dead | | |

(0,212) | Dead | | |

(0,213) | Normal | 983 | 0](0,213)
(3 rows)
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demo=# SELECT pg_freespace('mvcc');

pg_freespace

demo=# VACUUM mvcc;
VACUUM
demo=# SELECT * FROM mvcc_demo_page0 OFFSET

210;
ctid | case | xmin | xmax | t_ctid
+ + + +
(0,211) | Unused | | |
(0,212) | Unused | | |
(0,213) | Normal | 983 | 0](0,213)

(3 rows)
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demo=# SELECT pg_freespace('mvcc');

/

I

pg_freespace

(0,544)
(1 row)
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demo=# INSERT INTO mvcc SELECT 0 FROM
generate_series(1, 210);
INSERT 0 210

demo=# INSERT INTO mvcc VALUES (1);
INSERT O 1

demo=# SELECT * FROM mvcc_demo_page0 OFFSET
210;
ctid | case | xmin | xmax |t ctid
+ + + +
(0,211) | Normal | 986 | 0] (0,211)
(1 row)
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demo=# UPDATE mvcc SET val = val + 1 WHERE val > 0;
UPDATE 1
demo=# SELECT * FROM mvcc_demo_page0 OFFSET
210;

ctid | case | xmin | xmax |t ctid

+ + + +

(0,211) | Normal | 986 | 988 | (0,212)

(0,212) | Normal | 988 | 0](0,212)
(2 rows)
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demo=# UPDATE mvcc SET val = val + 1 WHERE val > 0;
UPDATE 1
demo=# SELECT * FROM mvcc_demo_page0 OFFSET :

210; I
ctid | case |xmin|xmax |t_ctid V
+ + FRN—
(0,211) | Redirectto 212 | | ltem | ltem | Item | »
(0.212) [Normal | 988 989 [ (0,213) / |
(0,213) | Normal | 989 | 0](0,213) Redirect | /
(3 rows) L |

| 4
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demo=# UPDATE mvcc SET val = val + 1 WHERE val > 0;
UPDATE 1

demo=# SELECT * FROM mvcc_demo_page0 OFFSET
210;

ctid | case | xmin | xmax | t_ctid
+ + + +
(0,211) | Redirectto 213 | | |
(0,212) | Normal | 990| 01](0,212)

(0,213) | Normal
(3 rows)

| 989 990 | (0,212)
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demo=# SELECT * FROM mvcc OFFSET 1000;
val

demo=# SELECT * FROM mvcc_demo_page0 OFFSET
210;

ctid | case | xmin | xmax | t_ctid
+ + + +
(0,211) | Redirectto 212 | | |
(0,212) | Normal | 990| 0](0,212)
(0,213) | Unused .
(3 rows)
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demo=# VACUUM mvcc;

VACUUM

demo=# SELECT * FROM mvcc_demo_page0 OFFSET
210;

ctid | case | xmin | xmax | t_ctid
+ + + +
(0,211) | Redirectto 212 | | |
(0,212) | Normal | 990 0](0,212)

(0,213) | Unused | | |
(3 rows)

VacuumA = #fxrRedirect
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demo=# INSERT INTO mvcc VALUES (1);
INSERT O 1
demo=# INSERT INTO mvcc VALUES (2);
INSERT 0 1
demo=# INSERT INTO mvcc VALUES (3);
INSERT O 1

demo=# SELECT ctid, xmin, xmax FROM
mvcc_demo_pageO;
ctid | xmin | xmax

+ +
(0,1)] 996| O
(0,2)] 997| O
(0,3)] 998| O
(3 rows)

demo=# DELETE FROM mvcc;
DELETE 3
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demo=# SELECT ctid, xmin, xmax FROM
mvcc_demo_pageO;
ctid | xmin | xmax
+ +
(0,1)| 996 | 999
(0,2) | 997 | 999
(0,3)| 998 | 999
(3 rows)

demo=# VACUUM mvcc;

VACUUM

demo=# SELECT pg_relation_size('mvcc');
pg_relation_size
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emo=# CREATE INDEX i_mvcc_val on mvcc (val);
CREATE INDEX

demo=# INSERT INTO mvcc SELECT 0 FROM
generate_series(1, 210);

INSERT 0 210

demo=# INSERT INTO mvcc VALUES (1);
INSERT 0 1

demo=# SELECT * FROM mvcc_demo_page0 OFFSET
210;
ctid | case | xmin | xmax |t_ctid
+ + + +
(0,211) | Normal | 1004 | 0] (0,211)
(1 row)
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demo=# UPDATE mvcc SET val = val + 1 WHERE val > 0;
UPDATE 1
demo=# SELECT * FROM mvcc_demo_page0 OFFSET
210;

ctid | case | xmin | xmax |t ctid

+ + + +

(0,211) | Normal | 1004 | 1005 | (0,212)

(0,212) | Normal | 1005 | 0] (0,212)
(2 rows)

demo=# UPDATE mvcc SET val = val + 1 WHERE val > 0;
UPDATE 1
demo=# SELECT * FROM mvcc_demo_page0 OFFSET
210;

ctid | case | xmin | xmax |t_ctid

+ + + +

(0,211) | Dead | | |

(0,212) | Normal | 1005 | 1006 | (0,213)

(0,213) | Normal | 1006 | 0] (0,213)
(3 rows)
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demo=# UPDATE mvcc SET val = val + 1 WHERE val > 0;
UPDATE 1
demo=# SELECT * FROM mvcc_demo_page0 OFFSET
210;

ctid | case | xmin | xmax |t ctid

+ + + +

(0,211) | Dead | | |

(0,212) | Dead | | |

(0,213) | Normal | 1006 | 1007 | (0,214)

(0,214) | Normal | 1007 | 0] (0,214)
(4 rows)
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Update %& 5|5

demo=# SELECT * FROM mvcc OFFSET 1000;
val

demo=# SELECT * FROM mvcc_demo_page0 OFFSET

210;
ctid | case | xmin | xmax |t_ctid
+ + + +
(0,211) | Dead | | |
(0,212) | Dead | | |
(0,213) | Dead | | |

(0,214) | Normal | 1007 | 0] (0,214)
(4 rows)
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demo=# VACUUM mvcc;
VACUUM
demo=# SELECT * FROM mvcc_demo_page0 OFFSET
210;
ctid | case | xmin | xmax |t ctid
+ + + +
(0,211) | Unused | | |
(0,212) | Unused | | |
(0,213) | Unused | | |
(0,214) | Normal | 1007 | 0] (0,214)
(4 rows)
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O greenplum-db/gpdb: Greenpl. X +

« 2 @ @& github.com/greenplum-db/gpdb % 00

A @ Pivotal Network @ :: pulse :: projects BSAN @ GPDB-Postgres-... @ dev:mm_gpexpan.. @ CMake @ PostgresMergeDe.. @ postgres_merge-.. @ 1847 [RR xkcd: Nighttime St...

Learn Git and GitHub without any code!

Using the Hello World guide, you'll start a branch, write comments, and open a pull request.

Read the guide

) greenplum-db / gpdb @uUnwatch~ 432 % Star 39k  YFork 11k
<> Code (D Issues 308 'l Pull requests 104 © Actions 'l Projects 6 [E5 Wiki U Security uli Insights 1 Settings
Greenplum Database http://greenplum.org Edit

Manage topics

- 55,652 commits ¥ 33 branches T 0 packages © 85 releases 42 223 contributors s View license
— -

Branch: master v New pull request Create new file  Upload files = Find file
&5 dh-cloud Fix a bug when setting DistributedLogShared->oldestXmin = + Latest commit 2759b6d yesterday
| .github CONTRIBUTING.md: Add guidelines to run pgindent 3 years ago
8 concourse Increase instance memory for gpexpand tests 6 days ago
i config Remove ORCA specific configure checks 6 days ago

B contrib Enable external table's error log to be persistent for ETL. (#9757) 25 days ago
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