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1z NTREE T 4a 15l 2

A7 2024 X EENEWHEIEFEBAIRTR SllZK
EHA6MTETN 81ETR ¥ 4 /NTHEYIFE

PostgreSQL & &K N RZK Ff 1K BEE=FK K 2 H] PostgreSQL 7K 17X

(I

FIMEANFNEFIEY T/INTEREHEN X AEX K R IE{EMRESIRER K /)\K
SPHNEEE (B RTIEREFREIE + PN + MENRRTIS ) K
NFEUIREFES12 ( Table Access Method EOFEX ) X
HEFHEEMPEURREWNIL (EX libpg COPY #HiY)K

FlmEXLETR EF>F] PostgreSQL NZK &K MEMZEIK X X R D =X
o XRN ‘NZIZBIIEER 20 NMEERR Fll + X SynchDB iE4K BTN
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Hello Open-source World

RfFEUERESIE:
EF Table Access
> Method =[]
ST BT A
HEAMBERE: SRR
.+ B GUC S

LB AR : TIEEH = Z: WALEIEHRS S HEF IR RIS
V=N BT libpg #MNIEA

S saL REEE < > SCI—ANET copy

: RBE . SHEEfEFNR EIE

GTM & EESSEN S HUEHEAS RN
FERTUIRAT FOW 20 o FEDRNEERSL
it BITHaN;ZiE e 3 T N
: REEEMNIREEET § F£735: ZESHISE0RE
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PostgreSQL {3454 ( E{EAR ) HOW3Z2

Hello Open-source World

* PostgreSQL HIRIMRIREAR EHMAE src HF Feses
T. LhEBRIARENER

« contrib (3ffE) 1 doc (3TH4) #IBMIMNAY
Iheg, FEBRINRIFIIRA, FERMMEIF

contrib

backend common include interface

S EOBX
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iy contrib

é;r doc

o I

w Gy backend

iy = backend

RS &
FESHERD

f pg_config
& ontroldata
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BIZFAVEZMFTIEER] PostgreSAL, FATHLEEE
XNIhEE—E TR, TR, TemEES.

BT BEBUR ORI BT, MRAIRBHAIE
fh, BHFLMIE PostereSiL PIME, BUEBFHEHMA
2RINS

XRE T IRBFIIRERMEM— 1 F B X
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Hello Open-source World

BEHIEF backend process

18313 shared buffer MRt 2
(shared memory) H{TIH 21t shared buffer

PostgreSQL Server Internal Shared Buffer

- Postmaster =¥ 581
iR EREZAHER
EIFIEK
(psql)

Port 5432 postmaster
Client Side

Client 1 . backend process

Client 2 backend process

FEIPHEE Background ER#IZEE8E

N — Srhe
max_connections = 100 (default) pProcess local bufferfflizHE
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Hello Open-source World

Database Cluster Database

o HIEEESEE (database cluster) REA .
PostgreSQL ARSBIZEIEMBIBEMNES . Databasef Table1 Table2 TableN

+ £ PostgreSOL FREIRIE “HIBEELEEE "
HAEKRE “—HABURERSSE" -

O PostgreSOL H&%%E%fi*ﬂtiﬁ?f#% Database3 :
EE . Function1

- — KR g3 "HEET , —1
HRENAEZZT &, B, B8F
%”

Database2 Index1 Index2 IndexN

Other Objects

Trigger1

DatabaseN
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Hello Open-source World

o
M

&

postgres=# CREATE DATABASE mydatabase;
postgres=# \c mydatabase
mydatabasel=# CREATE TABLE mytable(a INT, b TEXT);

$Ren Ty R HiRED)
XS EREF B RIERAIEZAL,
Database Cluster

PGDATA Directory:

$E_GDATA.#’ tablespace

base/ global/
1/ 5/ 16384/
-t . template0] template1 postgres mydatabase a8
BT initdb FHF;%E?J';% postmaster.pid
S
el FES 16390 psa

mytable

table,index data files Y

freespace and visibility maps EEE pid Hﬁﬁ%%%%jﬁ:

PG_VERSION postgresql.conf
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Hello Open-source World

EZfizizaieTiyjaetlaiie(-j?tname' oid from pg database where e PostgreSQL 0ID (MFRFMREF) ENACLHBIEESR
I B—MARGXRAME—FRIART, =M T PostgreSaL
it PRSI RIS R 7R .

mydatabase=t select relname, oid from pg_class where « Table, index, database, view &35, ZEHEITNAY
e e 01D, B PostereSOL B4

Sl - 01D REMEH 4 FHEH.
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base/16384/16390

) page
block 01 8192 pyte

) page
block 11 8492 byte

) page
block 21 8192 byte

block N page
8192 byte

UFFEZIE - RBLEZ &

HOWs2

Hello Open-source World

page header
I -
)

pd checksum | pd flags | pd lower | pd upper/| pd special

pd pagesize version| pd prune xid 1 2

L

T
line pointers
free space
pd_upper - pd_lower

tuple 2

special space

y I y J
heap tuples (actual data) special space
(optionally used by heap and
index access methods)

tuple 1

R4 A KL BPostgreSQL H &8 3%
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Hello Open-source World

* Heap tuple - RHURITEIE, M page/RFF itz fFriES
» Line pointer array (tBRditem pointer) - 4 byte IE§#B, FNiEFHIED—NIEEBHY
heap tuple
- 8% block number F1 offset number. JBE7E PostgreSQAL
RERH R SRIRIREALE]— tuple. RIIFMESE TID RIREME|I— tuple,
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SR FRINER A — TID EfL HOW33

Hello Open-source World

TID HiFFHA] heap HIFEEAEZEW— page (block)
BIBf—1ine pointer (offset) b

UFFEZIE - RBLEZ &

« TID value =
o block number =0
o offset =2

base/16384/16390 "'\..\

page pd Isn |pd checksum | pd flags pd_loWEg. pd upper | pd special

block 0
° 8192 byte pd_pagesize_version| pd_prune_xid =~ 1 2

. L J

age . 7 I

block 1 81g2gbvte line p(r)inters
) page

block 2| 8492 hyte

tuple 2
special space

block N page
8192 byte

R4 A KL BPostgreSQL H &8 3%



1%2HY Heap Tuple: IliF#d#E ( Seq Scan ) HOWSse

o FANEVEAEY sequential scan FEHIFL
=0FFH page BHY line pointers
#HiAm—iE

« {540: SELECT * FROM mytable;

UFFEZIE - RBLEZ &

Hello Open-source World

sequential scan

pd Isn | pd checksum | pd flags pd_lgﬁfer pd _upper | pd_special
pd pagesize version| pd prune xid 1 —> 2 —'>.3

tuple 3 tuple 2
tuple 1 /’ special space

pd Isn |pd checksum | pd flags pd_lgg«v’ér pd upper | pd_special
pd pagesize version| pd prune xid 1 —> 2 ——'>_3

tuple 3 / tuple 2
tuple 1 / special space

pd Isn |pd_checksum | pd_flags pd_lqw’ér pd_upper | pd_special
pd_pagesize version| pd_prune_xid 1 —> 2 —_}.3

tuple 3 / tuple 2
tuple 1 special space

T A A K4 BPostgreSQL & ik ib 1%



i%EY Heap Tuple: &35k HOWS:S

Hello Open-source World

btree index

e L1 btree index Ff5l
- f5l4n: SELECT * FROM mytable WHERE a=5;

pd Isn | pd checksum | pd flags qu___lower pd upper | pd special

e BNMEI|IHESIFE (key) FAEFR heap tuple pd_pagesize version | pd prune_ xid 1 2 3
# TID 4ER block 7
. , tuple 3 tuple 2
° 5'&?3:}%— index btree, TﬂzEIH‘EXTIF_‘?EI’\J key, 1= tuple 1 special space

L.

EIJHTlD E_J‘Eﬂ TID EI’\]bIock number ﬂ“ﬂ pd Isn | pd checksum | pd flags | pd lower pd_ktﬂ"j'@per pd special
o ’ pd_pagesize_version | pd_prune_xid 1 2 3

offsetE}%i@'ﬁ.‘i‘, E 1:7.]__\ tup le block 8 A - —

e

tuple 3 tuple 2

tuple 1 special space
pd Isn | pd_checksum | pd flags | pd _lower | pd_upper | pd_special
pd pagesize version| pd prune xid 1 2 3

tuple 3 tuple 2
tuple 1 special space

block 9 -

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



HOW

Hello Open-source

NN

Sh—EF

VUFFRZIE - Wi Z &

T4 A k4 BPostgreSQL B kS 1%

PGLIReH &



SQL i5a)&an|

BETEIH
SEFHE LEEER.

HH HOWs2

Hello Open-source World

EFES
s GIETEIEGNESRZIE (view)
FNAR Crule) o

. ERREER, © FIBEORE, XML BTEH
o {£F flex F1 bison HEKIEEIZH. BAIHITES., s BFUTHUTITRIEMZE.
« N[O parser/parser.co e N[O rewrite/rewriteHandler. co. « A[MOTE executor/execMain. c,

Analyzer Executor

R EIZER

BERBTH

o IFEIEIEE.

. RERRELE. R T

- MEHGEAE. - SRR R AR E M SE R B R TTSE
o HMFTRAFEMRAAER0ID, « ANMOZE optimizer/plan/planner. c.

o HREIAR.
« AN[O7fEparser/analyze. c,

UFFEZIE - RBLEZ &
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SQL i5a)&an|

exec_simple_query

FTAERIBEEHIET PostgresMain EHIZRH A

L3  (src/backend/tcop/postgres.c) o

REBAERTEZMN exec_simple_query ORI,

BB FH—MIETL extended query protocol KINITIEA]
o EALHERX 5 MHILARSFRRIIT.

"

o XRFLAHiT extended query protocol.

UFFEZIE - RBLEZ &

HOWs2

Hello Open-source World

OEE (2) VB

pg_parse_query raw_parser

(3) 1R[E] raw_parsetree_list

(4) iR[a] raw_parsetree_list

(5) A (6) A
pg_analyze_and_rewrite

_fixedparams

parse_analyze
fixedparams

(10) IR EEHY query tree A
(10) EEES/EH] query tree (7) R[E] query tree

(8) EF
pg_rewrite_query

(9) REIESE/ query tree

(12) EHE

pg_plan_queries Pg_plan_query

(14) JR[Elplan tree (13) iE[E plannedStmt

(15) 1AM (16) V@A
PortalStart

PortalRun

ExecutorStart
ExecutorRun

(18) iR[E] DestReceiver

R4 A KL BPostgreSQL H &8 3%



PostgreSQL Zif{i{E28 ( Planner ) Effift4a? HOWSS

Hello Open-source World

E—1N&E1\, JLEZMHHRITER.
1ZILFE = Query — Paths — Cost — Best Path — Plan

EERE
Join JIf7
FrEERERIHITH T, (seq scan, index scan, join...etc), . JoinT5iE,  (nested loop / hash / merge)
HELHEIRNE!
BRRHIRANEE (10, CPU.. .etc),
BAFRIR?
RN IRV, . (R
REBES M NERIIRMNERER
(Y AY Executor BT LABATAYLT R, . ErEpEDEESZ= OB

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



PostgreSQL &ifl{f{E23 callstack HOW?Z2

Hello Open-source World

exec_simple_query

\—; pg_plan_queries

!

pg_plan_query

|

standard_planner

— subquery_planner

—» query_planner generate_ ’k

gather_paths
Estimate the
make_one_rel

sizes of all tables

involved in this scan fetch_upper _rel create_gather »| cost_gather_path —»| add_path
_paths
set_base_rel Heap Access |

_sizes Method
* P * Say sequential scan
—

set_base_rel ; s is considered
_pathlist fractional_path fastest path

create_s;:]scal‘l cost_segscan > add_path
“5a create_plan

> create_plain_ create_segscan
partial_paths _path cost_segscan add_partial_path

create_plan_

| recurse
—» create_index_path—» cost_indexscan add_path

create_seqscan
_plan

——create_tidscan_path cost_tidcan add_path create_scan_plan

generate_useful _
gather_paths

. / planto
generate_ l\\ e XBCUIB_,-’

gather_paths —

REEZE TR A A k4 BPostgreSQL H &t ix




Portal — SRR EIFEHE R

EAHRT

UTIL_SELECT

ONE_MOD_WIT

ONE_SELECT

MULTI_QUERY K

exec_simple_query

BIEE Tuple
Table Slot (TTS)
E 3N

Portal #RHRENE AL
HiziEa, AR R
Portal Strategy

UFFEZIE - RBLEZ &

ONE_RETURNING}

Utility &34
ProcessUtility AR

SHOW
CALL
ProcessUtility EXPLAIN

CURSOR

SELECT
INSERT
Executor UPDATE

DELETE

DML, DDL 3z44
Executor &I

NEREH

Handled by ’

Responsible
Modules :

Buffer Manager

I

Heap Access
Method

Index Access
Method

HOWs2

Hello Open-source World

Ab3E DDL F0 DML AfE4R &R
SREHEXITRAY access
method AbIE

(BIECE Heap Tuple FiR)

R4 A KL BPostgreSQL H &8 3%
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SERYRIE - RiE

 Postmaster FHIETAE:

IEHZRNE.

}ﬁ‘aﬁﬂ%ﬁ"]?‘)ﬂl‘*ﬂ (buffer manager, lock manager &)

BEiiE8i#TE (background writer, checkpointer Z&) .
"‘lﬁhfﬂﬁﬂ%EI’J*E%/L,\ET—HE’\]o

FEANOEE PostmasterMain () -

src/backend/postmaster/postmaster. ¢

. BIRRAIFIE
- BEENEEXZAENGL + RREBBT.
« JBETE postmaster FEHIBIFHMEM—IR.

- ERHEENED:

FFiEZiE.

R, EeRRNEEEFEIIEH.
HIEEIEEIE attach EEFENXEZERNEFEITA.

NETZE

Postmaster
(server process)

create
shared memory

initialize
backend module

spawns

Backend
Process

HOWs2

Hello Open-source World

Shared Memory
(color represents a backend module)

Create

Initialize

Attach to existing shared
memory for every module

R4 A KL BPostgreSQL H &8 3%



¥R FEEEEBE #9415 — bootstrap process I E

Hello Open-source World

« BURESEABURE initdo BH—IX.
. EAERIMEUEEASIMIBE (e otl -D SPEDATA start) A [
—R. BRERBH—K. BEZTE. | e et
« SEVIIRLAERBEHMM bootstrap process:
e ANOER#: BootStrapXLOG() -
src/backend/access/transam/xlog. co
« PostgreSAL ZEXPM R BNIGIL control 3T, WAL 3Tf¥,
commit log, 3,
«  (HARBERAN R AE AT LAEX BHARIL.

o RIFFHR(VEEHEII—NNZE WAL STHEBITHEE, XN nEEEANEERE,
ERUAFE bootstrap BYBTR, FATRILUILH FPIREAIMZEZEEA, &
bootstrap WAL BYRHEMIINE, HEIZHMEREFEZHEFE.

ReadControlFile();

LIFREZE - Wiz 2Z 5 TR A A k4 BPostgreSQL H &t ix
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Hello Open-source World

« 7=RH BackgroundWorker 25t woid

Fdw¥actLauncherRegister{void}

« MB¢E BackgroundWorker %544, {
« REHBEAORHKZ.
o ENXIHRE ps BRB

LauncherMain™};

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



FdwXactLauncherMain{atum main_arg)
{

FaREAORKEHE S

pgsigna
pgsignal(
pgsignal(

L
LI

AFE

rc;

Tz now = 8;

EXNORE: £ ZEEIL wait_time = DEFAULT NAPTIME_PER_CYCLE;
e TEMN shutdown JEIBREL.
« A signal handler - SIGHUP, SIGUSR2.
o #WE1t postgres.
o REFMEIL WaitLatch FHFATE
+ AP postgres NER waitEvent,

GetCurrentTimestamp
f (TimestampDifferenc

tart_time

WL_TIMEOUT

CT_LAUN

Re
CHECK_

if (got_SIGHUP)
.I'

UFFEZIE - RBLEZ &
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Hello Open-source World

#include "postgres.h"
#include "fmgr.h"

PG_MODULE_MAGIC;
PG_FUNCTION INFO V1 (get sum);

Datum
get_sum (PG FUNCTION ARGS)
{
bool isnull, isnull2;
int a = 0, b =0, sum = 0;

isnull = PG _ARGISNULL (0) ;
isnull2 = PG _ARGISNULL (1) ;
if (isnull || isnull2)
ereport ( ERROR,
( errcode (ERRCODE FEATURE NOT SUPPORTED),
errmsg ("the input must be two integers")));

RBE

Makefile Control File SQAL Files Test Suites

a = PG_GETARG INT32 (0);
b = PG _GETARG INT32(1);
sum = a + b;

PG _RETURN INT32 (sum) ;

LIFREZE - Wiz 2Z 5 TR A A k4 BPostgreSQL H &t ix
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«  HEBEATLUEIT hooks ([E[EEREL) k&5 PostgreSQL HiZANZIELNIE,

hooks

8 5B GRIER

K

* PostgreSQL RETRZARR hook FREREL, BJLAZD X!

© DUREHAREMB S B RBEE~m, BE Citus, 2R

General hooks:

Security hooks:

Function hooks:

Planner hooks:

Executor hooks:

—fig PostgreSQL Ifge hooks,

Z&£EX hooks (FIMIERSFIAFRIE) .
EREGFEITHAIEIRY hooks,

ALK ZSF ERRIF= R BRI T XIBY hooks,
HATRTERAYT=# hooks,

PostgreSQL tHEBL &KL NAITEE.

PAFRZE - RBE2ZE

T K=HY hooks

HOWs2

Hello Open-source World

Start
Transaction

l

Parse +
Analyzer +
Rewrite

l

Planner

‘ planner hook
Extension ‘ l

Executor Start

executor start hook 1

Executor Run

l

Commit
Transaction

pre-commit-hook
post-commit hook:

R4 A KL BPostgreSQL H &8 3%



&

hooks Z5AZiE a1t

o WMR—NMEHERT hooks, FEALTEFTEENX

_PG_init() #IHELEE

void PG init (void)
£ _PG_init O A, BEER hooks EEZEIEE X HIH
HWE,
HATRFEEENX PG fini (). Hook HYENEK PostgreSOL
NE < B,

i PG_init BEL

UFFEZIE - RBLEZ &

HOWs2

Hello Open-source World

nitiallise NOOK varlaple

static ClientAuthentication_hook_ type original client_auth_hook =

Hook method
static void auth delay checks(Port *port, int status)
{
BENXAY auth
if (original_client_auth_hook) hook
original_client_auth_hook{port, status);
if (status != STATUS OK)
==\ Ky
BEXAYZIE,
pg_usleep(leeeceal); QD%KZQ@%M,
} sleep —F

CUsTom

void PG _init(void)

e hook m

{
original client_auth_hook = ClientAuthentication_hook;
ClientAuthentication_hook = auth_delay checks;
H
i& hook FEAIZIEE M HEL
KT RAFREeRY
hook

T A A K4 BPostgreSQL & ik ib 1%
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Datum it

&z S

VIS

e src/include/fmgr.h ENX TiF%#2{E Datum BY MACRO,
o IRIBEIEMIBIBAER, FHAIEALUFIALLT MACRO f# Datum 3%,

« ERT C BHHERE.

return
return
return
return
return
return
return
return

HE— SRR tine e meroma oo retarn
75 pk Datum i 5 )
FF return

return
return
return

#dEflnE Fh_FETUFH_TE; P ||
#define PE_RETURN_B _ RETURN_|
i _Px) RETURN_|
#define PG_RETURM_HEAPTUPLEHEADER return HeapTupleHeadercetDatum(

UFFEZIE - RBLEZ &

HOWs2

Hello Open-source World

+ W% PG TE&EI’JW’I‘Z APl BRI EZE

HEEREN
argument B3
Datum %£3%
PHEEEUE

Datum 2R\ {5iE

#dEflnE
#detine
#define

#define

=5, 24 EE!

R4 A KL BPostgreSQL H &8 3%



SQL &£ F Tuple Descriptor HOW?Z2

Hello Open-source World

SE =\ B SR K b (33 S RTR! . CREATE FUNCTION get user name (uid int)
© P SOl BAENMEY, MEEESHDEEEE: CREATE FUNCTION ge
« FrE (scalar) SELECT name FROM users WHERE id = uid;

$$ LANGUAGE sqgl;
« H1T (record)

e %17 (setof)

CREATE FUNCTION get all users|()
RETURNS SETOF users AS $$

SELECT * FROM users;

« AR = ER—ITHIENSM $$ LANGUAGE sql;
- B85

o HI% (natts)
- BINBE: KB (type 0ID) , BF (attname) , KE (typlen) , #5
B (typmod) o o - &
« Executor AEREA— Tuple (—1THIRE)
«  HRBURE] record/setoff BfwAsiE(lt
« REBREBIEKTLAET
LIFREZE - Wiz 2Z 5 TR A A k4 BPostgreSQL H &t ix



BlF: pg_visibility — iR[E] setof I E

Hello Open-source World

o SOL ERFWATLUEE ZITHIE (tuples) patun
. - visibility rel(P&_FUNCTION_ARGS)
e  Fif& SELECT —4 %, REIZITHIE—HE. e y_rel(PG_FUNCTION_AR
. XE - - IR
XFEZEFHZF| Set Returning Functions SRF R
(SRF) API#EO
(src/include/funcapi.h) o FEIRAAW SRF
e pg visibility rel £IREIEERHE—N ATHEHK, tuple descriptor, -_IE_Fun.:.:t;-:
HIETI A LEER . B retleT
- SRF EO%IR isibilit | | }
FEOSER pg visibility rel BEIFT user_fctx AJLAFESETE funcetx = SR PERCALL SETUR(). HERAESE, thEE b
EE@ﬁ%K%&ﬂ‘EETO ﬁ\%’f{{ﬁjgpﬁ"ﬂ?&}&, ﬁ]- info = [:-.-I:it::_”:: ‘FIJI'II:E‘t:'-:-}l.'_-';E;"_FI:tZ'-:_: J\Z/|\ nulls array
LéEE,*@éﬂﬂﬁﬁﬂjlﬁ if (info-»next < info-»count)
! - ¢ ST A SRS
uncetx* E HeapTuple  tuple; o
P#URE user_fotx lp ‘_EW] g
JEAEITAY values Fl veluesha]
null array *E;E tuple values
descriptor j&H tuple info->next
T " tuple = heap_form_tuple(funcctx-»>tuple_desc, wvalues, nulls);
mlﬁi SRF ?‘Z{I]Egéﬂ‘ SRF_RETURMN_NEXT(funcctx, HeapTupleGetDatum(tuple));
ERTER tuple T, A } S~

L}i&@%%éﬁﬁﬁ)t' g _ SRF_RETURN_DONE(funcctx); 1=[E] tuple

UFFEZIE - RBLEZ &



BlF: pg_visibility — tuple descriptor HOW?Z2

Hello Open-source World

« pg_visibility SRERHKN (WHZL) EEBEFNAITH.

« LTi3E%IAY tuple descriptor &1F PostgreSQL — tuple %>
AL, FABEEE, WAARFFE.

o MKIERIANT

static Tup
pg_visibility tupdesc({boocl include_blkne, bool include_pd)
{

tupdesc;

maxattr = 2;

a = 8;

postgres=# create extension pg visibility;
CREATE EXTENSION

postgres=# create table t3(a int, b int); if (include_blkno}
++maxattr;

if (include_pd)
++maxattr;

CREATE TABLE

postgres=# insert into t3 values (generate series(1,500),0);

tupdesc = CreateTemplateTupleDesc({maxattir);

INSERT 0 500 try(tupdesc, ++a,
updesc, ++a, "all

pdesc, ++a, '311:

postgres=# select * from pg visibility('t3'::regclass);

blkno | all visible | all frozen | pd all visible

Assert{a == maxattr);

return BlessTupleDesc(tupdesc);

FE X attribute number,

LIFREZE - Wiz 2Z 5 TR A A k4 BPostgreSQL H &t ix
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+ 42 MVCC ( Multi-Version Concurrency Control) H O W22

Hello Open-source World

MVCC thAYZ i AFH A1EH], WZE PostegreSOL #LlHZ—, EBITABIRLEIFZTMA, FIXRIELE
g AT IR ER— B E, NMEIMESH A THESREES SRR,

B—XREREMQEZBIEN “FRA” , ERE “IBMAK” .
RIFFH L IEMERE, BEAEHEEE.
PostgreSQL {FFAYRZ MVCC AYZZ{KR, HAY Snapshot Isolation (IRERFRE)

LESEMITIR{ERT, PostgreSAL RZESi%FF KR ESHIRE M.
s ae :
FI R A EBTEAZR BN A “ 7, MEEEEREEH R —HENRARRET AT 0.

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



=558 — Transaction ID ( txid )

m— T MHE—HIFGR 32 (LTS EHAE,

+ HAZRFBEES, AEFEBAHMK=ETNESS.

- 7EES BEGIN WEHE, RBEMESZSH~E, HHEHX
X QB Ak LA .

o H—NEZHBHBREN, BEEMNESZSSATSH~%.

- BFSH i mEEEEEZENARE.

* PostgreSQL #tXBXxTF 64 ALt Transaction ID HYTTIL,

MATASLIERRENE. ATUASZEXE,

Past (Visible) Current Txid Future (Invisible)

1000 (1001)

3
|

FROZEN

 —Txid Wrap around———— M —  ———

Current Txid

UFFEZIE - RBLEZ &

FROZEMN FROZEN FROZEN FROZEN FROZEN

HOWs2

Hello Open-source World

T3 txid
Bootstrap (initdb)
ATERAY txid

HER txid - txid I
ti SRR T IR B FF R AR IR

t (TransactionId) @xFFFFFFFF)

txid IRGERT, VACUUM #iZSIBIBEIEEN R
i8R FROZEN. FROZEN HYEIER 4A] R

Past (Visible)
1000 1001 1002

Ox i~

FROZEMN

R4 A KL BPostgreSQL H &8 3%


https://www.postgresql.org/message-id/1609864010909-0.post%40n3.nabble.com

2= 1)

« H—ANEZHRMERIEN, EENESSASH~E.

Heap Access Method BEXEfMA&EF S HHECAIIRIR:

src/backend/access/heap/heapam. ¢,
e heap_insert(), heap delete(),
e heap_update (), - ZHEZ,

heap_insert(Relation relation, H

eapTuple tup, CommandId cid,
int options, BulkIns

te bistate)
tionId wxid = GetCurrentTransactionId();
heaptup;
buffer;

vmbuffer = InvalidBuffer;
all visible_cleared = fal

rt(HeapTupl
RelationGetNumberOfAttribut

Fill in tuple

heéptup = heap_prepare_inse

ert(relation, tup, xid, cid, options); g%%u
Tuple Header B,

UFFEZIE - RBLEZ &

FIF R FFE Heap

, cmin, X 2
BT LTS

ctionId))

ionId);

heap_prepare_insert(Rzlaticn relation, HeapTuple

dId cid, int optic

Hello Open-source World
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Commit Log (CLOG) 7T 48 HOW?Z2

Hello Open-source World

+ CLOG BHEMAELZEAE, LU 8KB TT AR BBARIRE .
* EH,]IEH% 1”::':'! I g H,:H:Ex'lku_.\ Timeling
e IN_PROGRESS, COMMITTED, ABORTED, SUB_COMMITTED.

Commit 102

. HANZIIREESS.

+ IR 8KB TR T, RESHIECHHY 8KB T,

o A% shutdown Z¢=Z checkpoint FIZFEMITHIRTR, HZEAF commmren | commmes | commmed |m rroomess| T
AE) CLOG BIESHFME HRT. TAR&RS

BN XBEHZHAFE

- FHA=FH CLOG %K%%%&?:%ﬁ%’a’, Heap ¥z EZB—ESH
! ” RIS, RIEBIRENERZ/EIRIER.

* VACUUM $AsRiBATHRZERY CLOG MIfR.

COMMITTED COMMITTED COMMITTED ABORTED

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



Hintbit 21t 4 ? HOW3Z2

Hello Open-source World

« Hintbit E2fETfF1E Heap Tuple BY t_infomask B—A~ flag 1.

o A MFIETRY T IE T RESTAID] CLOG SREFBHXAES (xmin F xmax) RUIRZ/[ELRIRZS.
o SE—FEIEIMERIHIE CLOG SBAEAYMEE)RE,

« 78] CLOG HYZESRKLA hintbit HIFERAEFAE t_infomask ERIXE|IZFHM.

o LUEHIAT MEFIET AN ZE—E i8] CLOG, E#EM hintbit BXISEL.

- TJHERY hintbit 1&:

#define HEAP_XMIN_COMMITTED 0x0100 /* t_xmin committed */
#define HEAP_XMIN_INVALID 0x0200 /* t_xmin invalid/aborted */

#define HEAP_XMAX_COMMITTED 0x0400 /* t_xmax committed */
#define HEAP_XMAX_INVALID 0x0800 /* t_xmax invalid/aborted */

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



Heap Tuple 77fi 5% HOW?Z2

Hello Open-source World

* Heap Tuple IERVESLFRFEEME FRUFELEI, 12 Heap Access Method TEALIBHIRETEE(FRHAIALE,

base/16384/16390 Page Structure

page pd_Isn | pd_checksum | pd flags | pd_lower | pd_upper | pd_special

block 0
710¢ 8192 byte pd_pagesize_version | pd_prune_xid | 1 2 3

_ page |-
block T 8192 byte | ™.

block 2 page §&?E$B_T::||§\§§ 5
- 8192 byte Hintbit FRAEXE

tuple 2 FHF%Z*E;H@E’Q

special space

page -l.-
.

Tgp‘lé Structure

f_xmin t_xmax t cid i ctid t infomask2 | t_infomask t_hoff t_bits user data

AARRYIRN MR/ EHRRMIE E—FERN, X yax N
Transaction 1D Y Transaz;ci—j:)n ID ;;&?%i%%nj/?\ g%?ﬂl?&ﬁ'\]%fi1u BIEfRET =2

LAFFREZiE - WEIir2Z & A AN E B FRYE A2 k2 BPostgreSQL B I8



Transaction Snapshot ( ERHRE ) (4 ? 1

Hello Open-source World

 Transaction Snapshot (E% Snapshot) B=—1¥iE&E, BHEEEEDT

Transaction) o

lq: Eﬁj]’{klu\ Eﬁg%fg:%\ (AC't ive

e PostgreSQL AMIEBLAN ARIZNFTAE—NNE SRR

{xmin, Xxmax, xip list]

o xmin: {HCTFENIKRSEIER /) Transaction ID - PNFXNME = EFSERERBELR.
e xmax: BIEXIHEIRAIERK Transaction ID + 1 - KRFHFTXME = EEZERIEXHKEZR.
o xip_list: IEEH#HITHINESSIIR - NEHKXT xmin B/hF xmax.

* ﬁljﬂﬂ

« READ COMMITTED #23\HY Transaction Block,
postgres=# select pg current snapshot(); -
pg_current_snapshot_ B q%ﬂzlﬁ*#ﬁﬁ"] SnapShOt

747:750:747,748 - FRUAIREIRE| HEE SR XEIE
_ o - REPEATABLE READ f&3tHJ Transaction Block, 7E
1E>K—X Snapshot,
o FLLUEARRHEEZFRXBEIE

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



Transaction Snapshot — f§|F% HOW?Z2

Hello Open-source World

Backend A Backend B

(DI=t-F T Wyl costgres=# BEGIN; AN =tE-C M oostgres=# BEGIN;

- MRER Postgres*# INSERT INTO mytable VALUES ('A'); - ERIBIZ postgres=# INSERT INTO mytable VALUES('B');
postgres=# SELECT txid current();

txid current

Postgres*# SELECT txid current();
txid current

5) EEYE Postgres*# select pg current snapshot(); 6) BEFYHT postgres=*# select pg current snapshot();
Snapshot pg_current snapshot Snapshot pg _current snapshot

747:750:748
(1 row)

Backend C

W=t E-C M postgres=# BEGIN;
Postgres*# INSERT INTO mytable VALUES('C');

747:750:747
(1 row)

Backend A
*  txid BAREET R - HAESAN (< )

Postgres*# SELECT txid current(); e txid 748 HARIBIBELATN - KRIER
rxld_current ¢ txid T HEARBIRAINL - B4R
Backend B
- txid 2 QEIERAT L - RIZR
b o e [T «id B EAMBIRTAIN - FiER
postgres=# select pg current snapshot(); o txid 748 HHEARIBIERIN - HEIESA (748 < )
EEYH] : ” e
;) B YA Pg current snapshot . txid FEAWNBETL - e
napshot
747:750:747,748 Backend C

(1 row)

K4

. txid 0 T 748 BAMBBERTN - iR
N . Sm— C 1 &= Bis
MBS REE S & C txid T EARMIEAR - Biey O DA AR EPosigreSQL iR



o] W H R — EARGRIE HOW:Zs
o o MA] UM BT RY E B4R R
e Transaction ID, xmin, xmax, cid, snapshot, CLOG, hintbit,
 Heap Tuple HIEEFHZEH xmin, xmax, cid, F1 hintbit BI{E.
* Snapshot FIZAE[ Transaction ID Hl Transaction Manager 1Zfi.
- CLOG FEGFEHEANEFE.
« HAKX LN Heap Tuple B xmin F0 xmax AT HYRT TS FI T

Check if in current
Check hintbit ——» current check cid

fransaction _‘

not current

xmin
¥max

Lr check snapshot check CLOG Set hintbit

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



o] WAEFEF — SEE HOW33

Hello Open-source World

Input Tuple

Check Hintbit

HEAP_XMIN_COMMITTED

Committed Mot commitied

Check SI’IBDSHDI Check xmin
Xmin validity

iim‘ notin pfogress xminl\talid \iininvalid

Check hintbit Check if xmin is in
IEAP_XMAX_INVALID current transaction

has ih\_félid Xmax TE'L,(, cur;ent [ B not current

_Check hintbit e e Check snapshot

IEAP_XMAX_COMMITTED Xmin

¥max not committed |  xmax cimmitted insertedibefore scah inserted after scan not in progress| in progress

Check if xmax is in Check snapshot Check hintbit Check CLOG
current transaction XIMax IEAP_XMAX_INVALID xmin

: - | — — e
not current curient notin p'rogresslﬂ lirogfess xmax valid xmax invalid comlnmed aborted
& ¥

Check snapshot Check cmax I--I'rwisibh;--I Visible Check if xmax is_ in Visible Set Hintbit Set Hintbit
Xmax \ / current transaction HEAP_YMIN_COMMITTED HEAP_XMIN_COMMITTED

) T - — g
notin progress|  in progress,, ol Sct;iletid after scan curient not current l l
v k2 L2

Cneill-;g):_ o¢ Visible |::|;1visib|;::l Visible Check cmax Set Hintor e LE '::"“"‘S”’"‘:'

 XMAX_INVALID
commitied | not committed deleted before scan l

[Invisible |

|Invisible |

Visible:

|Invisible | |Irvisible |

¢ ¥ deleted after

X _ . = sCan
Set Hintbit Set Hintbit I:_Invisible.:l Visible

JEAP_XMAX_COMMITTED IEAP_XMAX_INVALID

| l

DJJ:F;EZE ® mﬂ‘@zlﬁ E:'Ef.isifn.lgﬁ' Visible




PostgreSQL FE£i14 HOW?Z2

Hello Open-source World

« PostgreSQL R 1FF P LUEMIINFERIFH, AU —RS &%
o XTFRBIANEITBER: HERBERE, FSESIMEENRATEER, LUERIEHEN + LB RAEAINFEE.
« XA— " " AR, MREBED LK, wE—NEREE (DeadlockTimeout BRIN1FD) SRS iH NEEHR.

- HBRRGZSM—X EHIRE’

ARE)@RK T -
« PG HIZEEIHEMHLE] R s ER— P EBIEEMRS T TE,
s E—IHHABEEFAT, — FEE R SE 5 B B oA A E .

o is lock ) Sleep is lock - Deadlock
AcquireLock ——————» L N0 ) } L O— S
available? 1 second available? Detection

yes Mo

y Ve J

e

Acquired | .. IS lock —na— Sleep
) -| cHr— - i - =
lock ' available? || until waken up

wake up

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



PostgreSQL FE£i14 HOW?Z2

Hello Open-source World

- ZNFEEEPITERES, WHI POpSEEIN S 2 =Tz
PFIERT, FRZ AT,
- ERBEEHENSHT, XMHEFES—EFETE.
. BIF:
« T8 A, B, C, RRMIIFHIE,
- Hisk A B B FRx A EFF B BRENHIZEIR.
- BIrE, RREBFE

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



—E&{iR3X — Two Phase Commit ( 2PC) QU E:

Hello Open-source World

« {fF BEGIN X#EFENX— “HB5HEH” (transaction block)
o HMIAZTEHITHNER
« {¥F PREPARE TRANSACTION <name> RLZERZ| KR,

« EFRAEESW PostgreSOL EFAME L, MERARERHLRXAR

BEGIN;
CREATE TABLE testZ2 (a INT, b INT);
INSERT INTO test2Z2 VALUES (123, 456);

INSERT INTO test2Z2 VALUES (123, 456);

)
INSERT INTO test2 VALUES (123, 456);

)
PREPARE TRANSACTION 'mytransaction'

- —EGBTEfE, MMREEIRK ‘mytransaction’

COMMIT PREPARED 'mytransaction’;

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



—BRAIERM DM EBUEE

DHNBIEEENE—
(WA sharding) »

MROBETHAE—TE +

1BE AL S PostgreSQAL H"]ﬁ?\B%cIjJLﬁ‘E, BEBBARZINPX, B
BLIET postgres fdw HHEFTFIE TR
ET PostgreSOL M3z —NELEY O]l g 2 0% B AR UERE

L XBEFERM,

iz T R iR 3T AT .

o MR—NMmimT ERREEYM, BLAHEBEImT REfA R
Rol Iback, AT =t3EE Rol Ibacks,

o ATEIXANINGE, FAIMHAKIE posteres_fdw T,
S#EER 2PC kAR BIE
o WAMEKIE Transaction Manager, 1LEEIiEZRIRTEX T

i =8 2PC,

° ?ﬂ.l\\\Eq

Manager &3
LlﬁlﬁZL' Jbﬂ 1T Zu..\

7 ‘&IEEE

— il

Jﬁ.ﬁ_lj Ivw\ O

W XGEITHRY Transaction

iLE

My partitioned table

partition 1
(LOCAL)

partition 2
(REMOTE)

partition 3
(REMOTE)

partition 4
(REMQOTE)

2PC via
postgres_fdw
)

2PC via

postgres_fdw

2PC via

postgres_fdw

HOWs2

Hello Open-source World

My partitioned table

I_' partition 2

(LOCAL)

My partitioned table

I_' partition 3

(LOCAL)

My partitioned table

I_' partition 4

(LOCAL)

R4 A KL BPostgreSQL H &8 3%



FDW EZARZ24 HOWZ22

Hello Open-source World

« Planner #0 Executor ;2ijlo] FOW sxFEHJIEIRL Query
o LFRAYZEH RELKIND FOREIGN TABLE Bi<filik FDW B35, l
 Planner: Parser

- 1B FDW REUZIZEFRRIK/)D, TERAITIHXI. l

. HEERRITE—MHRIRRA. oreion tables.

. BASEERERITIT {” Areieret
» Executor : l

¢ T FOW FBRAETER)EFE (Deparse) RIZIZFREEALIEHY PostgreSQL Rewriter Remote

Catalog Server

iE/ETJ o l
LTIERE SR F“
Planner .29 5 <« Connact—»

. JREUER
e BERARER, (EIHESHETCEZERMAMBHLER) obtain foreign server info Flanning
obtain user mapping info l
 FDW:
. AFEHIMESSHEIEN A, XL S o B S
- REBEEIER, BERENNEOTEER I

Result

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



FDW ZRH 24T HOW:2

Hello Open-source World

REXBAHEFEFER
o ATHIREIBEEI—EU%, Deparse FEHNIERAIHASEEWMAIZET SELECT * FROM t WHERE a > 2000;
ARS8 L

- ESHIRER—RTIBVIRIE.
e XMEE{EZMAZR|T Extended Query Protocol, Cursor, Fetch

F0 REPEATABLE READ FR=% 3| translates query into a series of operations per server

FDW

1: START TRANSACTION ISOLATION LEVEL REPEATAELE READ

- FHPTE: R DIEC ARE s
- 1: {§5F REPEATABLE READ FRES4R3|BENHTE Sk EET

2, 3, 4: {fF Extended Query Protocol#iEfa]F CURSOR €13

2N ﬁa‘ﬁ#)ﬂii?ﬂﬁ’] TR

5: FETCH izimiREIHBIEERIRBHIET ALk,

6: FEH CURSOR.

7: ERIIEES.

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



FDW B[R] & &0 &

Hello Open-source World

 PostgreSAL LUEHHFHIFLN BT 7 FFH FDW:
» postgres_fdw

e file fdw
° *@E_/I\%ﬁﬂl‘] FDW; Eﬁﬁﬁggcfm_/l\ﬂfgiir$@§& (Hand ler Functi on) ’ u&_/l\gﬁﬁEIZIgI E:s:'s:::;resjdu_handler:jF-G_Fl.lr-lcrIc:r-J_.ﬂ.RGsj
(Validator Function) (RIBRIXE) . 1 uEine Troutine
« Handler Function — IR[E|—NEIFE R #1545 : eignpaths;
« Validator Function - FR#ZE(Ri# FOW BIS# (Options) BEHIEM. MRTIRE E f rrareigns

1t BB BN ARG AR TS5
o KEBOHIFALTIEEE2ESEIN Handler Function BHEENESHE.

postgres_fdw--1.0.sqgl X

1 /* contrib/pos

ndForeignInsert;

6 CREATE FUNCTION postgres fdw handler() ”r-lbngplnpd,tahlp

7RETURNS fdw_handler

3 AS E_PATHN

) LANGUAGE C STRICT

1
11 CREATE FUNCTION postgres fdw validator(text[], oid)
12 RETURNS void

1AS LE PATHNAME

4 LANGUAGE C STRICT;

B
tgresIterateDirectMod
esEndDirectModify;

6 CREATE FOREIGN DATA WRAPPER postgres fdw
HANDLER postgres fdw handler
VALIDATOR postgres fdw validator;

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1
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FIREDEIEES . buffer manager HOW3ZS

Hello Open-source World

« Buffer Manager = PostgresSQL HYtZ:MEIR, JLFFrBRIE hiERER L backend pr
EEH I EEIEZMIGE) Buffer Manager, R —

« Buffer Manager EIBHZRNFIRMHEEHPHIE, HBIiL Storage Manager e
S5EEEEHITHERXE. j’fi*fif*ﬁ*ﬁ*ﬁ*’******"

* PostgreSQL HY Buffer Manager AEAMRIRIEM T SRV HHER ITE]1%
e

« Buffer Manager MHIBEFERIEZE MR ZEXEENZ M,

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1


http://www.interdb.jp/pg/pgsql08.html

i518] buffer pool HEARIEIREIR HOW322

Hello Open-source World

(1) FeHFIREHE buffer tag FIEAXRISE: spcNode, dbNode, relNode, forkNum, blockNum

(2) BE#ITEIHIEIRA Buffer Tag, ‘Tag C - EAMRABEREITE 'Tag C' IMAIMEH bucket,

(3) UHEZIRIREVZAGH bucket XFRZHY BufMappingPartitionLock 43[X%i.

(4) £ Buffer Table HE&E 'Tag C' XTRNHIEHE, HIREL buf_id = 2, EIE/HIE buf_id &3 2 B buffer descriptors,
(5) FEHL BufMappingPartitionLocko,

(6) HEEMEFRFIRIRA 2 R PXENL.

backend process backend process

(2) Acquire BufMapp]ngLock 77(1 ) (6)

/* create a tag so we can lookup the buffer *
INIT_BUFFERTAG(newTag, smgr->smgr_rnode.node, forkNum, blockNum);

(5) Release BufMappingl.ock « determine its hash code and partition lock ID *
newHash = BufTableHashCode(&newTag) ;

newPartitionLock = BufMappingPartitionLock(newHash) ;

e block t uffe ol alr
LNLOCkAcﬂUlre(newPartltlonLOCk Lw SHARED)
buf id = BufTableLookup(&newTag, newHash);
if (buf_id >= @)

{

d it. Now, pin the buffer so no one ca
buffer pool, and check to see if
into the buffer
buf = GetBufferDescriptor(buf id);
valid = PinBuffer(buf, strategy);

* Ca elease the mapping lock as pon as we've pinned 1t *
LWLockRelease(newPartitionLock);

*foundPtr = true;

LAFEZE - BB ZzE TR A5 Ao BPostgreSQL B &1

LY


http://www.interdb.jp/pg/pgsql08.html

+24 2 Table Access Method OW32

ello Open-source World
Client :IF

o JiF$3tE (Sequential Scan) . el N

Planner

Executor

«  F1THH (Parallel Scan) .

« Z3[3REX (Index Fetch) .

o BRAPITIEME (Query Estimate) o

« FHAN (Insert) , EH1 (Update) , IfR (Delete) -

Table Access Method

« Bl (Create Table) , HEZF (Vacuum, Vacuum Full) . Manager
PostgreSQL 1
o K#E (TOAST)
Iep A Heap Access Method

« AEMAEN APl ELERHEBFEZH LI

Buffer Manager | ________!

PostgreSQL Ej('b* (BUFMGR) May or may not use

buffer maanger at all
Heap Access Method
P HENX Access

Storage Manager Method (AR AB)

(SMGR)

LIFREZE - Wiz 2Z 5 = ZPostgreSQL &t i



ARIBRS N EHAEIREE:
« tE (Build) .

-2 Index Access Method

 Zo|F3EFFHITIHE (Index Scan and Parallel Scan) .

«  ZE5|33EiTfh (Estimate) o

e 3EAN (lnsert) , EF1 (Update) , MiIfR (Delete) .
e ME—Z9R (Unidex Constraint) — AR #,

« HEF (Sort) - MR I%,
o ZRSIIEFFEIE (Validate) o
- FF

NZFRAR AP EIERBEFEZH I,

UFFEZIE - RBLEZ &

H—7fh PostgreSAL HiF
MZS| & 2B Index
Access Method API SCIf

Application

owse

Client ‘
ello Open-source World

PostgreSQL Parser

e AN

Planner

!

Executor

Index Access Method Table Access Method
Manager Manager

B-tree

Hash Access Method Heap Access Method

Buffer Manager
(BUFMGR})

Storage Manager
(SMGR)

Kernel

FPostgreSQL & & it I%



Tuple Table Slot (TTS)

o TTS 2—MREFRITHIE (B1E5E) B BIEZE.
« ERIBEAAIE (Query Processing) JHIEFRIEARLEE.
- HXREEZERENIT, A REEERASEFHIT,

« FEH Executor EIRFD Access Method HIRHR{E

« M E S AL RREEFEALIEEN.

o« TTS BEIXTIRE— TTS Operation [EIFREFEIF PostgreSAL E4iEHr TTS F|

Heap Tuple SxEHMAER Tuple HIEIEIZI .
o ZEMJENTE src/include/executor/tuptable. h

INSERT F{equEest

Executor I 1H1h1 d
INSERT Result
(TTS)

INSERT Request
(TTS)

—_— -
Custom Acces

Executor

-« Method
INSERT Result

UFFEZIE - RBLEZ &

TTS Data

Conversion

TTS Data

TTS Data
B
Conversion
S —

TTS Data

/* base HL e tabl

uintls
#define FIELDNO
AttrNumber
const Tuple
#define FIELDNO
TupleDesc
#‘1&+1n: FIELDNO

} TIJ[_lr—TﬂLlr- 510 vt

Heap Tuple

HOWs2

Hello Open-source World

ts tableDid;

Buffer Manager

Result
Heap Tupls

Custom Tuple

Buffer Manager

Result
Custom Tuple

R4 A KL BPostgreSQL H &8 3%



Tuple Table Slot (TTS) HNE:

Hello Open-source World
O E

e PostreSQL W#%ZHBY Executor £/ e Heap Access Method & HRIEIEIR
EIER =X
e PostgerSQL RERZIEFEH: o HIFFEME FMNHIEEN, 887 :

o FE L natts Access Method Header ¥

I THERENHR

e Tuple Descriptor e Flag (&

e Flag & o RIZE

o ¥IE#4E (Datum Array) o ARPHIEESE
o T{EZYE (Isnull Array) ° . .. FF
° . . . EFE

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



£z 1 A

e HB5HK) Access Method [1:
e slot _callbacks () .
« tuple insert () .
« &5pgy Buffer Manager 3E[:
* RelationGetBufferForTuple () &
« RelationPutHeapTuple () .
e« MarkBufferDirty () .

BEBATER, IEREHY
IBAE CTID . EIIMEIR
I CTID SEIIRIREIEE A

UFFEZIE - RBLEZ &

Executor

slot_callbacks( )

Initiate tuple
insert )
tuple_insert()

heap_insert()

initialize tuple
header :
heap_prepare_insert()

i __ |Buffer Manager Routines
Get Buffer ID

to put Tuple L . =
RelationGetBufferForTuple()

RelationPutHeapTuple()

MarkBufferDirty()

WAL Routines

Insert WAL Record

Save CTID to
TTS

Free local o . o
tuple memary | Cl€@N Up local

resources

HOWs2

Hello Open-source World

B E Tuple BY Meta Data,
B2 xmin, xmax, cid,
relation 01D &

tR1E Relation, 1 Tuple {52, [4
Buffer Manager 1EXR—PIEB TR
ERAEFEHR/T1 (Buffer Block/Page) -

1814 Buffer Manager 38 Tuple Fi#
BREINAER/TTER.

JLEAFER/TIRRIEA “BE” o KRE
B E#IE, TR Checkpoint HITHT,
22 Buffer Manager EEEHRNEDT
Bt ST NFEE .

H£R—% WAL 2%, 4
ARG ERIREEH
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« 1A Sequential Scan.
e H5HK) Access Method []:
« relation_size () .
e slot _callbacks () .
e scan_begin () .
« scan_getnextslot ()

e scan_end ()

BRBIERE,
Executor JRZEZINA
REIZEH P

UFFEZIE - RBLEZ &

Executor

fetch a tuple

clean up the mes:

prepare data
Prepare data to
return

tuple
he
ondition

send data back to user

relation_size( )

slot_callbacks( )

scan_begin( )

scan_getnextslot(

)

scan_end( )

ExecQual( )

HOWs2

Hello Open-source World

relat . storage
manager

Storage Manager &

BIRERIIEER
Access Method
fEpE t R
buffer manager
ntinuous Lo Buffer Manager ﬁ:;lf_\'
WEHEHETT (AR
HENLEZAE)

ntinuous Loop !
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WAL H:& REDO it

T RET
& Hl TR
FH R
WAL HER
BEH

. stream replication
WAL receiver

HIESEEH
FHRECH
BT WALROI B
, [EEHIFER
B WAL B
WERB N
=,

UFFEZIE - RBLEZ &

startup BEFE 7T XTIEUR
B9 WAL 183E#1T REDO.

WAL receiver

XLogWalRcvFlush

XLogWalRev
SendReply

XLogWalRcvWrite

ProcessWal
SndrMessage

XLogWalRev
ProcessMsg

walrev_receive

walrcv_startstreaming

WalRcvFetch
TimeLineHistoryFiles

walrcv_connect

WalReceiverMain

startup
StartupXLOG

PerformWalRecovery

buffer pool
ApplyWalRecord

blk
heap_redo

heap_xlog_
insert/update ...

WAL WAL WAL blk Pk

WAL segment files data tuae blocks

Standby PostgreSQL

HOWs2

Hello Open-source World

REDO f&, iRt
> BEENG, AR
FhEE LR .
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WAL REDO R HOW?Z2

Hello Open-source World

Heap tuple operations RM _HEAP, RM_HEAP2

Index operations RM BTREE, RM HASH, RM GIN, RM GIST, RM_SPGIST, RM_BRIN
Sequence operations RM_SEQ

Transaction operations RM_XACT, RM_MULTIXACT, RM_CLOG, RM_XLOG, RM_COMMIT TS
Tablespace operations RM SMGR, RM DBASE, RM TBLSPC, RM_RELMAP

replication and hot standby operations RM_STANDBY, RM_REPLORIGIN, RM GENERIC ID, RM LOGICALMSG ID

PG HERET % REDO R, B ZFEEGREIEAEEN, ¥ FHAA) INSERT, UPDATE, COMMIT I21E:

« INSERT: WAL HZELERZTE x|_rmid F1 x|_info = 'RM_HEAP' 0 'XLOG_HEAP_INSERT' . fEFXIRAY heap_xlog_insert () EREEM.
« UPDATE: WAL HZELERZTE x|_rmid F1 x|_info = 'RM_HEAP' 0 'XLOG_HEAP_UPDATE'., Xt AY heap_xlog_update ) EREE.
« COMMIT: WAL HRsLEpZr "RM_XACT' #0 'XLOG_XACT_COMMIT', {FXIAZAY xact_redo_commit () EREIEHL.

Hﬂlﬂl
I

HHlﬂl

HHIHI

x| _rmid 1 x|_info
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Hello Open-source World

« WAL Sender # Receiver: O Wake up —
T INSERT PostgreSQL WAL Writer | WAL sender | WAL Sender ( Replication
: E&F SR WAL TR, A Backend proc proc [T poe [T\ St
psql client Heap Insert
° %ﬁiﬁ‘fuiﬂﬂza&ﬁm%ﬂ WAL i23R. i
N Heap Access | Insert <h WA ad W.
° 1 iTJ' 1 E’\Jaégo Method — FIL’[{;?:IIEG;L from |'1|'-1|-

Buffer Manager
Write WAL Record

e Startup Proc:

o TIERAIEIZEILRY WAL 123, 1B Heap
Access Method 1Z{fHJ heap redo () H{#{

ALTE,

WAL Manager

Standby

Starti lp- proc
Startup | Wal Receiver

 Replication Slot (E#lIfE) : Proc

Flush WAL

 EEAAREMAE, &SR neap re |

Find a buffer Heap Access

REFIERMIREH . OrewiPe | Method .
1= =5 - 3 ~ Insert new tuple from disk
© BRANFLRER UG EET REMRET Y SELECT et | Readdata e her rom a

PostgreSQL

N S S A Backend proc o
ﬁ%)ﬂiﬁ%‘]zm TEI, WAI— jz'ﬁ:;%EE*éo e Buffer Manager

psql client
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A Standby BY WAL receiver

HIEK.
B |ibpg f={HEY:

« Replication Protocol E{aIHAIEF

e« COPY Protocol 3E{&#y WAL i23%.

(Handshake)

i

~

RARIE

= FH) Replication Protocol ZEH!.

 |IDENTIFY_SYSTEM,
e START_REPLICATION.
 TIMELINE_HISTORY.

 CREATE_REPLICATION_SLOT,
* READ_REPLICATION_SLOT,

FFEZIE

NETZE

TS R
- BRGATEAL 1D

— Timeline ID

- WAL HJ LSN &

- BURER

BEIEKRE

W EBFHF N COPY 1&=:
- S {t WAL Catchup
- RIEHFH) WAL iER

BIA%.

Primary Standby

—

walsender walreceiver

'retu rs:

IDENTIFY SYSTEM request

IDENTIFY SYSTEM response

- slot name

- start Isn

- physical or logical
- timeling

-i\'l enter "COPY"
A mode

COPY - Catch up WAL
COPY - New WAL records

wake up startup to
replay WAL

HOW3

g Qben-source World

K& timeline ID
aiEN, RGHE
it 1D BEMET
=IEEF

JREY timeline
history.,

BEREDTSRENMR
N timeline ID
B A LSN 5
FianEml. Hiz
HAEER N ETHIE
Z2F (MRAB) .

reSQL F & Ix



BfE)Z (Timeline) ;& WAL #l% 2 R T EBEHIEEZT LA — N

it iE4% ( Timeline )

2. TR WAL BOELFF,
VB CRIEIRREE, Timeline M 1 FFiA:

0000000100000013000000E1
0000000100000013000000E3

0000000100000013000000E5
0000000200000013000000E4

Timeline += 1 HEIEEMT Point In Time Recovery
(PITR) B E A LSN,

Timeline += 1 HEDESHIEEARET =

WAL SZHERIGZMNBEEET Timeline 8.

0000000100000013000000E2
0000000100000013000000E4
0000000200000013000000E3
0000000200000013000000E5

8 Timeline S —PITNH) History Xf5:

2 0/3002B08 no recovery target specified

cat pg wal/00000003.history

1 0/30000D8 no recovery target specified

UFFEZIE - RBLEZ &

Timeline ID 1

timeline 1

HOWs2

Hello Open-source World

user made some mistake here
in timeline 1 and want to
recovery back in time

user do point in time
recovery to timeline
1 here

user do more PITRs

back to timeline ID 2
Timeline ID 2 ,ackto limeline

timeline 1D 2 created
as a result of PITR to

Timeline ID 5

Timeline ID 4

Timeline ID 3

timeline 1D 3, 4, 5
created as a result of
PITRs to timeline 2

AJIE#EES Timeline 3 BYAEHE.

Timeline 3 3EHE Timeline 2 BY LSN 0/3002B08 =,
Timeline 2 3¥HE Timeline 1 BY LSN 0/30000D8 =,

TR A A k4 BPostgreSQL H &t ix



Libpg COPY 1/}1¥

c REFMUEERMBPERT R ZER:

LSN RZEEZ.

Timeline ZIBJAIZER,

S HISeE (Replication Horizon) .
BMEFZET SRIEBITIRE (Keep Alive) o
Replication Slot HYBIEEZ.

- WAL EVfRMIERZEZHE COPY tYZEREY.

TEFIGER COPY_BOTH #R=, AIFNIaBIBAVIE .
Walsender 0 Walreceiver RJET PostgreSOL G &8 1HIE.

Walreceiver ZE[E— |ibpq (g% libpg FE) -
Walsender ZE[E—™ |ibpq (fFi% libpg FE) -

FEeEREFERRR e EEREZBRT — M —H®HERE
(Shared Library) F.TCHY wrapper fRERSCER
(libpgwalreceiver) .

T—NEDBRNSIRTT libpgwalreceiver BIZATI LKA H

TE X R B ARSI B AR 4

UFFEZIE - RBLEZ &

HOWs2

Hello Open-source World

Primary Standby

—— —_ )|

walreceiver
walsender
libpgwalreceiver

libpg Server libpg Client
Library CONNECT Library

COPY BOTH
WAL Streaming

DISCOMNMNECT

R4 A KL BPostgreSQL H &8 3%



WAL Receiver i#E ( RE )

src/backend/replication/walreceiver. co

oK% : WalReceiverMain () -

VM |ibwalreceiver wrapper 3&if|o)

« ANOER
« PIRAERETNE
| ibpa AR E AR S5

FEIEW WAL, BN\

FEf4 REDO,

FFEZIE

NETZE

Postmaster

2, EE Startup

aireceiver Proc

End of streaming

HOWs2

Postmaster fork () Hello Open-source World

walreceiver #H1E,

libwalreceiver libpq (frontend)

{#H primary conninfo
B EE S MERE.

to Walsender
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F1n vs ¥I3EE M

: @ YRR D

BIEER SQL F1 Schema BIARNFREIBMIIIEZ1 « XHRGRAIBNESN (BIEXH, BREFF) .
IEITIIT SAL F0 Schema RIAIT/REIE. - BUEMEERIENHREIRE.

HOWs2

Hello Open-source World

S iR ES] KN
EEGIITER - BEBU - EERHERESR. BERAK, AAENSSH
HIBTHMIBIRE . . EHERE. BHHEX
EFEMHIRERE . HIRTHF .
3 3 o 313 vk
B LIRS EME, EH NI HNETFEE . ZMFmEEEER, °* FESRKE Point-In-
A SOL BT SRR TEM Time Recovery,
FEXT B & E T S A,
PAFRZiE - REixZE

T A A K4 BPostgreSQL & ik ib 1%
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|
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EFERNBIEES], MIEBIER.

ERASH FEEERER
A LAFEAEIRY PostgerSQL IRERXT 45 E RET MBI BE
MR Z [BIE R Bo

WiRRS ERIEES |

2 BIEE PRI BIEE
BE—HRAE.

B E SRS ESEH RS
, AT A IS HIERE

FEarEH] (PostgreSOL -

Mongodb) .

UFFEZIE - RBLEZ &

R =4l vs ¥)38 (i ) Sl

@ YR (i) S

HOWs2

Hello Open-source World

X IR B SRR B AR TR B 1

ol SR

MRETREENE, &
R R AT LR FT AT E
TR FF AR B IR IR AE
Patroni =M TUItHRIRY
MATLE

— 5 %5384,
EMBREKTE. Pgpool
rHTHENRRITIR.

wiEEs CIEN;:4 3
AT R &8 EEE R

A LURIME ZR#ERT Rk
HYEIZR D ECE SHIEIEK R
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ft 4= Memory Context

* PostgreSQL WiZEIZEEFIIHGH LT —ESIBEE] Memory
Context HIfEMH. EENFEEMNETEEZNAE.

« C BETPHAFEESERLE TRNRTF; BFUMRBRBHS
DERIAE.

« IRBMAGFEREZSHAFMR (Memory Leak) .

* PostgreSAL A LTI SEIZEFEH malloc () HXRAE,
MEI1EIT Memory Context 15K

«  FEFL Memory Context HIRMES BahBEMTBEIEKIARE,

- $IEBEN Memory Context:

Wal2MongoData *data;

data = pallocB(sizeof(Wal2MongoData));

data-»context = AllocSetCont [ t

- BMBENX Memory Context:

Wal2MongoData *data = ctx->output_plugin private;

* cleanup our own resources via memory context reset */

MemoryContextDelete(da s>context);

UFFEZIE - RBLEZ &

HOWs2

Hello Open-source World

ERIFFEERT, PR BE AT Memory Context:

Wal2MongoData *data;
MemoryContext old;

data = ctx-»output plugin private;

Vwoid leaking memory by using and resetting our own context */
= MemoryContextSwitchTo(data->context);

{5 palloc FiFK Memory Context HTE:

scan-»rs_base.rs_key = (5cankKey) palloc(sizeof(ScankKeyData) * nkeys);

A PLEE Memory Context:

MemoryContextReset(data-»context);

R ERE], THEEIEREISHE) Memory Context:

MemoryContextSwitchTo(old);

TR A A k4 BPostgreSQL H &t ix
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£

Logical Decoding Plugin ((ZiEfEMHHE{E)
« AHimkiiz OB .
o DIRIEHUREMNE B R AR RSN,
« Publication #1 Subscription {EFHRHEA
EHY pegoutput RERDIRF
(src/backend/replication/pgoutput)
Replication Slot (EH##)
* WAL Sender i@id Slot iR EHRIEHIKE.
- BREESLEHE, AITHERERNZLE
=kl S I
Table Sync Worker:
e Subscription SiERFEIEN.
- HRIZEE libpg COPY HHllFEN
Publication JRIGZRHEIIE.

UFFEZIE - RBLEZ &

Publication

INSERT PostgreSQL

Backend proc

psql client Heap Insert

Heap Access | Insert

Method

oo oo

Buffer Manager

Write WAL Record

Send initial
table data

WAL Manager

Subscription

Table Sync
Worker proc

Write WAL

oo oo
WAL Manager
Read data

RS (O OO

SELECT PostgreSQL

Backend proc

O

psql client

Buffer Manager

WAL Writer
proc

L

Flush WAL
to disk
- Rgoutput
- di

Logical Decoding
Plugin

Send change info

Apply Worker
proc

execute Insert

Heap Access
Method

HOWs2

Hello Open-source World

WAL Sender

Reorder Buffer

Logical
Replication
Launcher proc
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WAL Sender —- COMMIT

FEIX B RIAY
ERSHMTESE

Start
Replication
WAL Sender

EEF X
latch JR7S

ResetlLatch()

ZEGET S HY
WAL Segments

BEHREGIHER

WAL Writer T2 “PY
EE” WAL Sender

UFFEZIE - RBLEZ &

‘t*ﬂ

S

HILTE

BRI N O eR 3, RIBIRZ L ELAREX A TR R 2 :

COMMIT, COMMIT PREPARED, ABORT, ABORT PREPARED
FF

Decoding
Module

Reorder Buffer
Module

Logical Decoding
Plugin

pgoutput_stz Subscriber

pgoutput_change() | < Subscriber

COMMI T
fEREIZ 4

pgoutpu Subscriber

IREN IR BR
(Snapshot)

Flr = A Bk

JUREE 25

HOWs2

Hello Open-source World

Reorder Buffer AN[OH#:
Bl)Z ReorderBufferTXN &
HER B E S SHInF X
2

R EB/FAES ST

E ]

RIBLLBNAYME BT (INSERT,
UPDATE, DELETE, TRUNCATE),
AT N AV fERS . HAIEER
1T %) 5

BrRBV{SEFN Replica
Identity 2@ id
decoding plugin =&

&Sk 4 BPostgreSQL & i1
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LL

fZHr Tuple -> F&FHIL

« R4 HeapTuple #1 Relation RIER, FMETRMEZNXANEHE BB ENRIE.

1. B, FHNTESHIRE TupleDesc &itd. Bimd T —NREFABIIBER. XNAILLM Relation R IREL.

TupleDesc tupdesc = RelationGetDescr (relation);

2. M TupleDesc FAMIATLAFLERX NRAILMEA (Column) , fATHIRF, BFEXBES

tupedesc->natt AL
tupedesc->atttypid HAITD
tupedesc->attname->data AL

3. FANFATLARIEAZAL Index S (A 1 FFIR) , AEHAZAIAY Datum B, AR isnull A true, PRIV XEE.

Datum val = heap getattr (tuple, 1, tupdesc, &isnull);

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1



B4 Tuple -> & & HOW:ze

Hello Open-source World

4. BMWATLHBHEREB DIF AR RR. 590 integer, boolean, bigint 3!

format type be (tupedesc->atttypid); IREIHELEB FFF

5. 1R1E tupedesc—>atttypid, JHHESEHIMILERE 01D, HIEESZ AT TKERE (KE TEXT HH) .

0id typoutput; HiieR# o1p
bool typisvarlena; & AAUTKELERRD

getTypeOutputInfo (tupedesc->atttypid, &typoutput, &typisvarlena);

6. IR#E typisvarlena ¥ric, JEHRMHEIT AL REIT Datum UFEFHEATRR:

if (typisvarlena)

OidOutputFunctionCall (typoutput, wval) 448 Datum -> char*
else

{

Datum val?2;

val2 = PointerGetDatum (PG DETOAST DATUM(val)); “DETOAST” FAILKEE
OidOutputFunctionCall (typoutput, val2)); ¥4h Datum -> char*

LIFREZE - Wiz 2Z 5 TR A A k4 BPostgreSQL H &t ix
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S HOWs2

Hello Open-source World

FrE RIS IREEBEE 2025 FF321T.
5= ppt ATLANFRIX EESREY,

o RREERRIEANT ATLATE github ETE:

git clone git@github. com:HighgoSoftware/pg—lecture-resources. git,

hcary328@gmai |. com

LAFRZIE - REIRZE TR A5 Ao BPostgreSQL B &1
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