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SELECT * FROM users WHERE id = 100;

Table "public.users"

Column | Type | Collation | Nullable | Default
———————— +———— e —————
id | integer | | not null |
name | text | | |
Indexes:

"users_pkey" PRIMARY KEY, btree (id)
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SELECT * FROM users WHERE id = 100;

- IN—UDRTE > SQLOBEX Z R T D
- SELECTXX ? UPDATEX ? SCEIFIEL LY ?
- ERROR : syntax error at or near “xxxx"
- OEMICIE U (TN (EOK
s TP RECH DD ESHEFRIC LRV
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ERROR: relation "badtable" does not exist at character 15
VRATLANHOTZED

(U>4% (Rewriter) O T DEERZIZITI)
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PostgreSQLD X9 F—9DEEKR > T=RET—T )L

- BEREBDOT—TILERU
- PostgreSQL14(C(362{@H 3

T TTWEHBI. 1VTYvIR T—HE BEF. bUA— B 21— BE
e, ABRBREIINTIRTLANYOTCHD

- T—J)L& LTpg_catalogRF—VI(CEEIT DD T, SQLTPILEARATES
- B) T—TILERRYT B :

- SELECT relname FROM pg_class WHERE relname = ‘user’ and relkind = ‘r’;
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CREATE TABLE users (id INT PRIMARY KEY, name TEXT);

T—2I. 1TV O R(EF—) — pg_class

A1VT v O R(EF—) — pg_index

id5ll. name?!| — pg_attribute

EFF 4% — pg_constraint

#EZRER (I ZBIBRUIESEF—HHIBRT D) — pg_depend
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- MBITOALS—DDITZEFT 2D LN7ZRL)
VIHRE (LB bhnnd) BERITISVZFET D
CRITTSY I EDOKSICEBNDOT Y ZRIGT 2DH ZE R & OHIEHE
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- Seq Scan
- T=JID (ER) FEHSIEFCRF T D
- T—ILRDZ K DEIEDT —H ZEF T DEFICER
* Index Scan
A VTYVIDRERAF P LD S, TN ZRFvVTD
- T=TIAD—EPDT —5 =G T DEFICEHR
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X9 (FERE (Selectivity)

T—ILDFEHERZFNB U TCRBR PO CRAEZZRDD
-SIDOEETE : (B) —BDINDOBEERF-1, WEFEEISMNT DIDEHEX=47
- FDFRIEE : REZVNT—HEZDIEEDRFDI R~
- most_common_vals : {userO,user1,user2,user3,userd,userb,userb,user’,user8,user9}
- most_common_fregs : {0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1}
CHDERRT S A ERZEIG—(C U E EDOBINDIERE
- histogram_bounds : {1,100,200,300,400,500,600,700,800,900,1000}
- pg_statsEa—
- FREHIBIMISANALYZE TEHT
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EIRE (Selectivity) DRE

=R (WHERE id = 100) 088 HEE4 (WHERE id < 100) 088
BN ER— (BEEN-1) BomE 2 RIS LNS 10058 DBINDMEERD S

- BFOFAT . TZOBin) + ZN&DRFIDBIN, Mo BIESERIR
. SHREH ST EXSERS

 BNEZOIESHRIRE

- BINE TZENUANDEIE) HSBREZKRDD
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Analyzer
Planner

- Seq ScanDiFE& Cos’rA Index Scan
- G THICE 59 —F Seq Scan
- BBRT—H=F—TIWPAX /////

- Index ScanDHE&
- NBITHICK>TIRNDERD # oF:uples

BT Y =AVT VI RANERITRICRERLRT —5 +
T—TIADRENRNA>TNSET —%
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=# EXPLAIN SELECT * FROM users WHERE id = 100;
QUERY PLAN

Index Scan using users_pkey on users (cost=0.28..8.29 rows=1 width=10)
Index Cond: (id = 100)
(2 rows)

cost: 7S VFIHAREBH IR
rows : 7SV FHREL o 1ESITH
width : 7SV FIHARBH 727D TA X
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Executor

IO EF 2 —IDRIIWM TSV ZERTITD
- PostgreSQLOITHEF 1 —% (FPullA=
- BRNIC/ —bFZEEITLTVL
- ETOET/ —REFVITRY
- EXPLAIN ANALYZETT SV & —BICEITIREZHERTED
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Executor

@ QUERY PLAN
Executor

Index Scan using users_pkey on users (actual time=0.020..0.021 rows=1 loops=1)
Index Cond: (id = 100)
(2 rows)
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Executor

1MTE &£OZW

QUERY PLAN

Index Scan using users_pkey on users (actual time=0.020..0.021 rows=1 loops=1)
Index Cond: (id = 100)
(2 rows)
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Executor

1MTE &£OZW

QUERY PLAN

Index Scan using users_pkey on users (actual time=0.020..0.021 rows=1 loops=1)
Index Cond: (id = 100)
(2 rows)
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Executor

BRI DITZ
B9 5 FTIC
£5% B
@ QUERY PLAN i o B B(ms)
| e O e e L e e A e E
. | Index Scan using users_pkey on users (actual time=0.020..0.021 rows=1 loops=1)
Index Cond: (id = 100)
(2 rows)
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Executor

1MTE &£OZW

QUERY PLAN
. Index Scan using users_pkey on users (actual time=0.020..0.021 rows=1 loops=1)
Index Cond: (id = 100)
(2 rows)
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Executor

1MTE &£OZW

= LIBHNTE
H5BNE MIEDTE
QUERY PLAN U 7= F5fE
. Index Scan using users_pkey on users (actual time=0.020..0.021 rows=1 loops=1)
Index Cond: (id = 100)
(2 rows)
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Executor

SELECT * FROM users WHERE id < 100 ORDER BY id;

QUERY PLAN
Sort (actual time=1.646..1.656 rows=99 loops=1)
Sort Key: name
Sort Method: quicksort Memory: 30kB
-> Index Scan using users_pkey on users (actual time=0.025..0.067 rows=99 loops=1)
Index Cond: (id < 100)

23 © Copyright EnterpriseDB Corporation, 2022. All rights reserved.
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Executor

SELECT * FROM users WHERE id < 100 ORDER BY id;

QUERY PLAN

Sort (actual time=1.646..1.656 rows=99 loops=1)
Sort Key: name
Sort Method: quicksort Memory: 30kB
-> Index Scan using users_pkey on users (actual time=0.025..0.067 rows=99 loops=1)
Index Cond: (id < 100)
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Executor

SELECT * FROM users WHERE id < 100 ORDER BY id;

21 1
L”TE}U QUERY PLAN

Sort (actual time=1.646..1.656 rows=99 loops=1)
Sort Key: name
Sort Method: quicksort Memory: 30kB
-> Index Scan using users_pkey on users (actual time=0.025..0.067 rows=99 loops=1)
Index Cond: (id < 100)

25 © Copyright EnterpriseDB Corporation, 2022. All rights reserved.
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Executor

SELECT * FROM users WHERE id < 100 ORDER BY id;

TEE 1 1|
J: IS QUERY PLAN

Sort (actual time=1.646..1.656 rows=99 loops=1)
Sort Key: name
Sort Method: quicksort Memory: 30kB
-> Index Scan using users_pkey on users (actual time=0.025..0.067 rows=99 loops=1)
Index Cond: (id < 100)
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Executor

SELECT * FROM users WHERE id < 100 ORDER BY id;

S0 0] |
L”TE}U QUERY PLAN

Sort (actual time=1.646..1.656 rows=99 loops=1)
Sort Key: name
Sort Method: quicksort Memory: 30kB
-> Index Scan using users_pkey on users (actual time=0.025..0.067 rows=99 loops=1)
Index Cond: (id < 100)
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Executor

SELECT * FROM users WHERE id < 100 ORDER BY id;

=111
L”TE}U x99 QUERY PLAN

Sort (actual time=1.646..1.656 rows=99 loops=1)
Sort Key: name
Sort Method: quicksort Memory: 30kB
-> Index Scan using users_pkey on users (actual time=0.025..0.067 rows=99 loops=1)
Index Cond: (id < 100)
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Executor

SELECT * FROM users WHERE id < 100 ORDER BY id;

QUERY PLAN
Sort (actual time=1.646..1.656 rows=99 loops=1)
Sort Key: name
Sort Method: quicksort Memory: 30kB
-> Index Scan using users_pkey on users (actual time=0.025..0.067 rows=99 loops=1)
Index Cond: (id < 100)
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Executor

SELECT * FROM users WHERE id < 100 ORDER BY id;

QUERY PLAN
Sort (actual time=1.646..1.656 rows=99 loops=1)
Sort Key: name
Sort Method: quicksort Memory: 30kB
-> Index Scan using users_pkey on users (actual time=0.025..0.067 rows=99 loops=1)
Index Cond: (id < 100)
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J—%(name = ‘user_100")DieRI=IRFRT D

=# EXPLAIN SELECT * FROM users, salary WHERE
users.id = salary.id and users.name = ‘user_100';

QUERY PLAN

Nested Loop (cost=0.29..26.80 rows=1 width=18)
-> Seqg Scan on users (cost=0.00..18.50 rows=1 width=10)
Filter: (name = 'user_100': :text)

users salary

g

-> Index Scan using salary_pkey on salary (cost=0.29..8.30 rows=1 width=_8)

Index Cond: (id = users.id)
(5 rows)
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J—4(name = ‘user_100") DRI EIRRT B

£ IFAPE (FREIFK)
METED & QUERY PLAN

Nested Loop (cost=0.29..26.80 rows=1 width=18)
-> Seq Scan on users (cost=0.00..18.50 rows=1 width=10)
Filter: (name = 'user_100': :text)

Parser
Analyzer

Planner
Executor

-> Index Scan using salary_pkey on salary (cost=0.29..8.30 rows=1 width=8)

Index Cond: (id = users.id)
(5 rows)

© Copyright EnterpriseDB Corporation, 2022. All rights reserved.
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J—4(name = ‘user_100") DRI EIRRT B

£ IFAPE (FREIFK)
METED & QUERY PLAN

Nested Loop (cost=0.29..26.80 rows=1 width=18)
-> Seq Scan on users (cost=0.00..18.50 rows=1 width=10)
Filter: (name = 'user_100': :text)

Parser
Analyzer

Planner
Executor

-> Index Scan using salary_pkey on salary (cost=0.29..8.30 rows=1 width=8)

Index Cond: (id = users.id)
(5 rows)
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J—4(name = ‘user_100") DRI EIRRT B

SFAREN - F=fTDIDF D

E%ﬁo?ﬁiW%%

_____ R

Nested Loop (cost=0.29..26.80 rows=1 width=18)
-> Seq Scan on users (cost=0.00..18.50 rows=1 width=10)
Filter: (name = 'user_100': :text)

Parser
Analyzer

Planner
Executor

-> Index Scan using salary_pkey on salary (cost=0.29..8.30 rows=1 width=8)

Index Cond: (id = users.id)
(5 rows)
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J—4(name = ‘user_100") DRI EIRRT B

HTIRE TS DT,
TOEF1—FIGRTK QUERY PLAN

Nested Loop (cost=0.29..26.80 rows=1 width=18)
-> Seq Scan on users (cost=0.00..18.50 rows=1 width=10)
Filter: (name = 'user_100': :text)

Parser
Analyzer

Planner
Executor

-> Index Scan using salary_pkey on salary (cost=0.29..8.30 rows=1 width=8)

Index Cond: (id = users.id)
(5 rows)
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FoESICTF—TILICHIHTINSERT U7zE(CBackend 7O AN B 7 7 1 )LIE ?

open("base/5/2684\0", 0x2, 0x180) =130 — pg_namespace_nspname_index
open("base/5/2615\0", 0x2, 0x180) =140 - pg_namespace
open("base/5/2663\0", 0x2, 0x180) =150 - pg_class_relname_nsp_index
open("base/5/2662\0", 0x2, 0x180) =160 - pg_class_oid_index
open("base/5/2659\0", 0x2, 0x180) =170 - pg_attribute_relid_attnum_index
open("base/5/2703\0", 0x2, 0x180) =180 - pg_type_oid_index
open("base/5/1247\0", 0x2, 0x180) =190 - pg_type
open("base/5/16384_fsm\0", 0x2, 0x180) =-12 — test_tblFSM
open("base/5/16384\0", Ox2, 0x180) =200 — test_tbl
open("pg_wal/000000010000000000000001\0", 0x400002, 0x180) =210 - WAL

MySQLIFR/{— yoku0825H'B1E9. DBAL LTORRR https://engineering.linecorp.com/ja/interview/mysql-yoku0825/
36 © Copyright EnterpriseDB Corporation, 2022. All rights reserved.
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(_Analyzer )
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Executor

IS DSQLZ SRR U

PFSATNIRFTLANYOT ZE>TT—TILPIDOEEZMES
TSV FhEtERZEE>TERIT ISV ZstE L
TOCF21—IDNEITTSVZEEITI D,
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BEGIN;
SELECT ...;
INSERT ...;

SELECim,
COMMIT;
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SELECT & UPDATEA[EIEFICRE =

- UPDATERP DT —5 = Bz <730

- 1BIBMSELECT &£ 2818 TSELECT TR UBRM R =LY
- ACID®DI (Isolation)

- UPDATE®(ISELECTTERL), EWLWDS DI(XERERIICNG
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MVCC (Multi-Version Concurrency Control)

- PostgreSQL(IZEgI. EREEROMAZRFD

- 1DDT = UEHBDN—Y 3V ZHTE, —APEBELTCVWBIEICHS—ANFZOIENT
=5
- PostgreSQLT(ZUPDATE% TDELETE+INSERT) T=ER
- UPDATETHT—JILOWIBRIRB Y 1 X(FREL KR >TWL (F—TILDAEKXAL)
- BEREP—FTIOFv
- ROLLBACKU7=7—% (GENSHESRINBWVWT—F) HT—TILICED
- SERLTAIII VT URBH ST =5 ZEHD
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(T UARAR) UNDO

PostgreSQL

(| BN | B Gy

JIER-IAICKE

- Vacuum(IBZEEZ=[B >
TIZ%ZLR (T=HDH
5 "
SZWENBRCHON B = ' } '
Visibility Map)

min
e B oo

- TS Cekhofk
(ROLLBACK) &%
ZDOFETOK
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Database X
JIETIBTS
(UNDOOY) ~ase BB BB B8
FoTuw<
J=evecszdz= (AR IR | AR
BT3EF
- JZU»AEH o .. .. .I

(ROLLBACK) #5813
SECRTDENDS ot [N e




O EDB
N> 1)‘7 3 VID (XID)

BELSUY OV 3 VICEDETOSNS I FEELIE

- NS YUY 3 VIDIREEIENNT DK
- RSVH OV I VAT TCT —9ZEERITIRIC. cSVTOI3VIDAEIDLETENDS
- BYTWIE2DD RS VT O3 VIDERD

- xmin : ZDY TILEBNLIE LS VYT OY 3 DXID (INSERT. UPDATE)

- xmax : ZDY FIEHBR LI~ S Y0 3V DXID (DELETE, UPDATE)
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5 7LD O] 4E
TZHRIS>TVNBTF—TILADY I EEDESICELLHEDH ?

- BRNRE XS
- BADOXIDED/NESWWXIDTENSNIET — 5 (502 (BEICEINE=NT)
- BADXIDE DN WXIDTHIBRSNIe T — 5 (3507 (BEICHIBRENTZ)

© Copyright EnterpriseDB Corporation, 2022. All rights reserved.



O EDB
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T—AINR—RHDEREVOR 1K SRBT—H

xmin Xmax
insert delet
XID = 100: INSERT ‘Apple’; (insert) (delete)
100 Apple

44 © Copyright EnterpriseDB Corporation, 2022. All rights reserved.
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T—AINR—RHDEREVOR 1K SRBT—H

xXmin Xmax
insert delet
XID = 100: INSERT ‘Apple’; (insert) (delete)
INSERT 'Ball’; 100 Apple
COMMIT; 00 -

45 © Copyright EnterpriseDB Corporation, 2022. All rights reserved.
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INR—ADRAFTYvTIV3avkcZzR3B

T—AINR—RHDEREVOR 1K SRBT—H

XID = 100: INSERT ‘Apple’;
INSERT 'Ball’;
COMMIT;

XID = 200: UPDATE ‘Apple’ -> 'Cat’;

© Copyright EnterpriseDB Corporation, 2022. All rights reserved.

Xmin Xmax
(insert) (delete)
100 200 Apple
100 Ball
200 Cat
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T—AINR—RHDEREVOR 1K SRBT—H

xXmin Xmax
insert delet
XID = 100: INSERT ‘Apple’; (insert) (delete)
INSERT ‘Ball’; 100 200 Apple
COMMIT;\ o 100 Sl
XID = 200: UPDATE Apple -> Cat’;
200 Cat
XID = 150

&

47 © Copyright EnterpriseDB Corporation, 2022. All rights reserved.
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T—AINR—RHDEREVOR 1K SRBT—H

xmin xmax
insert delet
XID = 100: INSERT ‘Apple’; {inser) (delefe)
INSERT ‘Ball’; 100 200 Apple Q!’
COMMIT; S 100 Ball
XID = 200: UPDATE Apple -> Cat’;
200 Cat
XID = 150 xmin = 100 — @BZE(ICINSERT=N 7

Gy <

48 © Copyright EnterpriseDB Corporation, 2022. All rights reserved.

xmax = 200 — KK TDELETEESN D
=825 |
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F—AINR—ADRAFVvITIVav kZzESD

T—AINR—RHDEREVOR 1K SRBT—H

Xmin Xmax
insert delet
XID = 100: INSERT ‘Apple’; inser!) (delete)
INSERT ‘Ball’; 100 200 Apple
cowrr [ o sal_ @
XID = 200: UPDATE Apple -> Cat’;
200 Cat
XID = 150 | xmin = 100 — #®ZXI(CINSERTEN 7

6 <

49 © Copyright EnterpriseDB Corporation, 2022. All rights reserved.
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T—INR—RADRFTv I3y xR

T—AINR—RHDEREVOR 1K SRBT—H

Xmin XMax
insert delet
XID = 100: INSERT ‘Apple’; (insert) (delete)
INSERT 'Ball’; 100 200 Apple Q
COMMIT;\ o 100 Bal 0
XID = 200: UPDATE Apple -> Cat’;
200 Cat

XID = 150 xmin = 200 — KREICINSERTEN 3
@ < FE#ED S HHBENTLAEL
SEXBL |
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T—INR—RADRFTv I3y xR

T—AINR—RHDEREVOR 1K SRBT—H

xXmin Xmax
insert delet
XID = 100: INSERT ‘Apple’; (insert) (delete)
INSERT ‘Ball’; 100 200 Apple
COMMIT;\ o 100 Sl
XID = 200: UPDATE Apple -> Cat’;
200 Cat
XID = 250

&

51 © Copyright EnterpriseDB Corporation, 2022. All rights reserved.
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T—INR—RADRFTv I3y xR

T—AINR—RHDEREVOR 1K SRBT—H

xXmin Xmax
' t delet
XID = 100: INSERT ‘Apple’; (insert) (delete)
INSERT 'Ball’; 100 200 Apple
COMMIT;\ o 100 ol
XID = 200: UPDATE Apple -> Cat’;
200 Cat

XID = 250 xmin = 100 — @BZE(ICINSERT=N 7
@ < xmax = 200 — ¥ (CDELETES hiz
=8 X0
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T—INR—RADRFTv I3y xR

T—AINR—RHDEREVOR 1K SRBT—H

Xmin XMax
insert delet
XID = 100: INSERT ‘Apple’; (insert) (delete)
INSERT 'Ball’; 100 200 Apple
COMMIT;\ o 100 ol 0
XID = 200: UPDATE Apple -> Cat’;
200 Cat

XID = 250 xmin = 100 — @EICINSERTENTZ
@ < FE#ED S HHBENTLAEL
825! |
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T—INR—RADRFTv I3y xR

T—AINR—RHDEREVOR 1K SRBT—H

Xmin XMax
insert delet
XID = 100: INSERT ‘Apple’; (insert) (delete)
INSERT ‘Ball’; 100 200 Apple
COMMIT; 106 sl @

XID = 200: UPDATE ‘Apple’ -> 'Cat’;

200 cat @

XID = 250 xmin = 200 — @ZEICINSERTENTZ
@ < FE#ED S HHBENTLAEL
825! |
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(XD (F DYWL (F TIER+4>
CRSYHHYIVUADI Y RENTVB EBRSHL

- O=LINy oENTVSHH LWL L. RiTHH6 Lnan

- MBEDXIDICK>TINSERTENEY Iy o7& LTH, O RS VYTFHOYaYHAO—
WINY O ENTWBIBEIF. FDYFILIERZ W
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kST O3 VDRT—HR

120 | Apple
COMMIT, ABORT(ZE S P o>THIMT 2 ? \ \
00100 ... 0110
- ACIDDA (At0m|C|ty) Commit log

D3Iy hOTEEEINBZ I 7AILIC, STV 3 UhCommit/Abort U7 IBERZ 18K
93 (2bits,/txn)

e SATTIINEBHRLUTHZ > 22bitOFEFH TCommit/AbortZEiLiRd B
- ${PGDATA}/pg_xactT« LU K UBE T ICIRE

I TIDSEE UIEXIDO S RT—5 RA7ZHR U TCOMMITEN7ZINSERT ) 72D H
TABORTEN/ZINSERT,) IRDHZEMERT B
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ICHERITBDINEREZLLHD
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