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CopmepxaHue:

e [lpoueccsl B PostgreSQL

e |PC - MexnpoLeccHoe B3aMMoaencTeme

e Pacnpegnenexune CTpyKTyp AAHHbLIX MEXLY NIOKANbHOW W pa3aensieMoi NamMaTbio
* Ycrpoucrso Buffer cache

o MexaHu3mbl (API's) paspensemoit namatn B *NIX-cucremax

 Knaccnueckas mogens System V

o [loncku pasgenseMon namaTv

e Bbi30B mmap()

o [InHaMuueckas pasgensemas namatb

e MHCTpyMeHTbI 4191 paboTbl C NaMATbIO
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[poueccol B PostgreSQL

Yactb BbIBOAA KOMaHAb! ps auxf | grep “postgres

/opt/postgresql-9.4.12/bin/postgres -D /data/pgsql/9.4

\_ postgres: logger process

\_ postgres: checkpointer process

\_ postgres: writer process

\_ postgres: wal writer process

\_ postgres: autovacuum launcher process

\_ postgres: archiver process last was 0000000100000E5400000049
\_ postgres: stats collector process

\_ postgres: wal sender process replica 192.168.12.87(58523) streaming E54/4A5B2E78
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[poueccel B PostgreSQL - 2
OcHoHoit npouecc PostgreSQL - postmaster.

Ero 0CHOBHble (yHKLMM:

[opoxaenue (fork) cnyxebHbix 1 Nonb30BaTeNbCKuUX npoLeccos (workers)
[1pUéM HOBbIX COEAMHEHUN

YnpaBneHue MexnpoLecCHbIM B3aUMOAENCTBUEM

Bbiaenenue u ynpaBneHue o6wWwmMmMmn CTpyKTypamMu namaTy

T.e.Bca paznenseman namsatb PostgreSQL-knacrepa accoumumpoBaHa ¢ NpoLeccom postmaster
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|PC - MexnpoLeccHoe B3auMofencTeme
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PacnpeneneHmne CTpyKTyp JAHHbIX MEXY OKaNbHOW M pa3aensemMoi NamMaTbio

PostgreSQL memory
Worker 1

e Relation cache

« (atalog cache

 Plan cache

e work mem

e maintenans_work_mem
o Temp_buffers

Worker 2

Relation cache

Catalog cache

Plan cache

work_mem
maintenans_work_mem
Temp_buffers

Shared memory

 Buffer cache

—» o WAL cache

e Procinfo

* Locking info

e Transaction info

o Statistics

e Background processes
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Ycrpowncrso Buffer cache

Shared memory

Buffer descriptors ~_Pin count - prevent page replacement

LWLock - for page changes




Ycrpoicro Buffer cache - 2
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Hactpoiika shared buffers B postgresql.conf

shares_buffers = between 25% and 40% RAM if RAM > 1Gb
ATTENTION!!! Larger settings for shared_buffers usually require a corresponding increase in max_wal_size

huge_pages = try / on /off
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Hactpoiika Huge pages B Linux

Yka3sbiBaeM Hy)XHOe HaM 3HaueHwue shared buffers u cTapTyeM knactep C BbIKNOUYEHHbIMU huge pages
[lpoBepsieM:

$ head -1 $PGDATA/postmaster.pid
24267

$ grep “VmPeak /proc/24267/status
VmPeak: 17556252 kB

$ grep "Hugepagesize /proc/meminfo
Hugepagesize: 2048 kB

$ echo $((17556252/2048))

8572

YcTaHaBnvMBaeM napameTpobl
$ sysctl -w vm.nr_hugepages=8572

$ sysctl -w hugetlb_shm_group = 498 <« PYNMa, KOTOPOM NPUHALNEXUT CUCTEMHBINA NO/b30BaTENb postgres

[poBepseM:
$ grep Huge /proc/meminfo
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Mexanusmbl (API’s) pasgenaemoin namsmu B *NIX-cuctemax

System V

o Knaccuyeckuit MexaHu3M ynpaBneHus pasaenseMon namatbto. [ogaepxusaetcs
bonbwmnHcreoM *NIX cucrem

o [lamMaTb 1€AMTCS MEX Y HECBA3HBIMM NPOLIECCAMM,

Shared mapping - mmap(2)
e Shared anonymous mapping. [Tamatb genutca Mexay cesisHbiMM npoueccamu. (Yepes fork() )
e Shared file mapping. [lamMaTb 4eAUTCs Mexay HeCBA3HbIMM NPOLECCaMM.

POSIX shared memory

o [lamMaTb eUTCS Mex .y HeCBA3HbIMM NPOLLeCCaMn B3 HArpy3Ku JIMLWIHEN HArpy3ku Ha GannoByLo
CUCTEMY U BBOL/BbIBOA.

o [lonaraetcq nonee npocTbiM M 3OPEKTUBHBIM, YeM cTapble API



Knaccuyeckas mopenb System V - napametpsl aapa

[Mapametp
SHMMAX
SHMMIN
SHMALL
SHMSEG
SHMMNI
SEMMNI

SEMMNS

SEMMSL
SEMMAP
SEMVMX

OnucaHue

MakcuManbHbli pa3mep CerMeHTa pasfensemoil namsty (B baiitax)
MuHWUManbHbIA pa3Mep CerMeHTa pasaensemoli namaTu (B 6aitax)

061uin 06bEM [OCTYNHOI pa3fensemMoit namsTy (B 6aiTax uan CTpaHULax)
MakcumanbHoe YMCno CerMeHTOB pasfensieMon NamsTh Ans npolecca
MakcuUManbHoe YMCo cerMeHToB pasfensieMoii NamsTi Ans BCen CUCTEMbI

MakcuManbHoe Yucno MEeHTMdUKATOpoB ceMadopoB (T. €., uX Habopos)
MakcumansHoe Yucno ceMadopoB ANs BCeil CUCTEMB

MakcumanbHoe uncno cemahopos B Habope
Yucno 3anuceit B kapTe ceMadopoB

MakcumanbHoe 3HaueHune ceMadopa

PEKOMEH,EI,YEMbIE 3Ha4eHna

He MeHbLue 1 Kb (bonblue, ecnm 3amyckaeTcs MHOO KOnuii cepeepa)

ecnu B baiitax, 1o xe, uto 1 SHMMAX; ecv B cTpanmuax, 1o ceil(SHMMAX/PAGE_SIZE)
TpebyeTcs TONbKO 1 CerMEeHT, HO 3HAYEHME N0 YMONYaHMI0 ropasao 6onblue
kak SHMSEG nntoc noTpebHOCTb ApyruX NPUNOXEeHUHA

kak MMHUMYM ceil((max_connections + autovacuum_max_workers +
max_worker_processes +5)/16)

ceil((max_connections + autovacuum_max_workers + max_worker_processes + 5)/ 16) *
17 nntoc noTpebHOCTb APYruX NPUNOXKEHHI

He MeHblue 17

He meHblue 1000 (no ymonyaHmto oHO 06bI4HO paBHO 32767; 63 He0BXOAMMOCTH MEHSTb
€ro He cnegyer)



Knaccuyeckas mogens System V-2

[lpumep cKpunTa No HaCTPOMKE NapaMeTpoB pa3feNnsieMon NamsTu

#!/bin/bash

# simple shmsetup script
page_size=$(getconf PAGE_SIZE)
phys_pages=$(getconf PHYS_ PAGES)
shmall=$(expr $phys_pages / 3)
shmmax=$(expr $shmall \* $page_size)
echo kernel.shmmax = $shmmax

echo kernel.shmall = $shmall

$ ./shmsetup >> /etc/sysctl.conf
$ sysctl -p
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Knaccuueckas mogenb System V-3

IPC, ynpaBneHue MexnpoLeccopHbiM B3aMMOeNCTBUEM
YTUAKTBI ipcs M ipcrm MCnonb3ytoTcs ANs NPoCMOTPa M 0CBOOOXAEHUS Pa3AenseMblX pecypcos

- XKenaTenpHO yCTaHOBUTh COOOPa3HO KOIUYECTBY |
<"} TIOOKJIIOYEeHUH ‘

------ Shared Memory Limits --------

Cemacopb!:
$ ipcs -

------ Semaphore Limits ’

max number of segments = 4096 // SHMMNI
max number of arrays = 6000 // SEMMN max seg size (kbytes) = 16777216 // SHMMAX
max semaphores per array = 2500 // SEMMSL max total shared memory (kbytes)= 16777216 // SHMALL
max semaphores system wide = 32000 // SEMMNS min seg size (bytes) = 1 // SHMMIN
max ops per semop call = 32 // SEMOPM
semaphore max value = 32767 //SEMVMX

------ Messages: Limits --------
$ sysctl kernel.sem = 2500 32000 32 6000 max queues system wide = 52768 // MSGMNI

max size of message (bytes) = 65536 // MSGMAX
default max size of queue (bytes) = 65536  // MSGMNB
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Knaccuueckas mogenn System V u coBpeMenHbin PostgreSQL (9.3+)

$ ipcs -m

------ Shared Memory Segments --------

key shmid owner perms bytes nattch  status
0Ox6c0145c0 6488064 zabbix 600 219056 7
0x0052dafl 7602177 postgres 600 56 4

Boizenexo BCEMO 56 BAUT!
HauuHag ¢ Bepcun 9.3, PostgreSOL npakTuuecku
HE UCNOJIb3YET System V
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Yutaem ncxoaHbiv KoL

src/backend/storage/ipc/shmem.c
The shared memory is created by a postmaster and is inherited by each backend via fork() (or, in some ports,
via other OS-specific methods).

(a) There are three kinds of shared memory data structures available to POSTGRES: fixed-size structures, queues and hash
tables.

(b) During initialization, each module looks for its shared data structures in a hash table called the "Shmem Index". If the
data structure is not present, the caller can allocate a new one and initialize it. If the data structure is present, the caller
"attaches” to the structure by initializing a pointer in the local address space.

(c) In standard Unix-ish environments, individual backends do not need to re-establish their local pointers into shared
memory, because they inherit correct values of those variables via fork() from the postmaster.

(d) memory allocation model: shared memory can never be freed, once allocated.
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Mwem pasgensemyio namarb

$ ps -u postgres o pid,cmd f | grep postgre | grep -v local

24267 /opt/postgresql-9.4.12/bin/postgres -D /data/pgsql/9.4

24269 \_ postgres: logger process

27271 \_ postgres: checkpointer process

27272 \_postgres: writer process

27273 \_ postgres: wal writer process

27274 \_ postgres: autovacuum launcher process

27275 \_ postgres: archiver process last was 0000000100000E670000000D
27276 \_ postgres: stats collector process

27302 \_ postgres: wal sender process replica 192.168.12.87(55843) streaming
E67/EDEBF58

$ pmap 24267



Miwem pasgensemyto namatb - 2

24267:. /opt/postgresql-9.4.12/bin/postgres -D /data/pgsql/9.4

0000000000400000
0000000000b5a000
0000000000b67000
000000000141d000
0000003401e00000

00007fd1aa707000
00007fd1aa708000
00007fd1aa712000
00007fd1aa724000
00007fd1aa72b000
00007fd1aa92b000
00007fd1aa92c000

00007fd1b07bd000
00007fd1b07c3000
00007fd1b090c000
00007fd1b0b0Ob000
00007fd1b0b15000
00007fd1b0Ob1e000
00007fd1b0b1f000

5484K r-x-- /opt/postgresql-9.4.12/bin/postgres
52K rw--- /opt/postgresql-9.4.12/bin/postgres
336K rw--- [anon]

404K rw--- [anon]

128K r-x-- /lib64/1d-2.12.s0

4K r---- /lib64/libnss_files-2.12.s0
4K rw--- /lib64/libnss_files-2.12.s0
72K rw-s- /dev/shm/PostgreSQL.1999361057
28K r-x-- /opt/postgresql-9.4.12/lib/pg_stat_statements.so
2048K ----- /opt/postgresql-9.4.12/lib/pg_stat_statements.so
4K rw--- /opt/postgresql-9.4.12/lib/pg_stat_statements.so
96836K r---- /usr/lib/locale/locale-archive
24K rw--- [anon]
1316K r-x-- /usr/lib64/libxml2.s0.2.7.6.#prelink#.HKKIRX (deleted)
2044K ----- /usr/lib64/libxml2.s0.2.7.6.#prelink#.HKKIRX (deleted)
40K rw--- /usr/lib64/libxml2.s0.2.7.6.#prelink#.HKKIRX (deleted)
4K rw--- [anon]
4K rw-s- [ shmid=0x118001 ]
4K rw--- [anon ]

00007fd1b0c00000 17430528K rw-s- /anon_hugepage (deleted)

00007ffd39ad8000
00007ffd39b24000

84K rw--- [ stack]
4K r-x-- [anon]

FFFFFFFFFF600000 4K r-x-- [anon |
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Mexanusmbl (API’s) pasgenaemoin namsmu B *NIX-cuctemax

System V

* Knaccuueckuin MexaHu3M ynpaBneHus pasaenseMon namatbio. [loaaepxusaetcs
bonbwmnHcreoM *NIX cucrem

o [lamMaTb 1€AMTCS MEX Y HECBA3HBIMM NPOLIECCAMM,

Shared mapping - mmap(2)

e Shared file mapping. [lamMaTb 4eAUTCs Mexay HeCBA3HbIMM NPOLECCaMM.

(Yepes fork() )

POSIX shared memory

o [laMaTb AENUTCS MEXY HECBAHBIMM NpoLeccamu 6e3 Harpy3ku NULLIHEN HArpy3ku Ha (aiioByH
CUCTEMY U BBOL/BbIBOA.

e [lonaraetcs nonee npocTbiM 1 3PPEKTUBHBIM, 4eM cTapble AP
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Yutaem ncxoaHbiv KoL

src/backend/storage/port/sysv_shmem.c

As of PostgreSQL 9.3, we normally allocate only a very small amount of System V shared memory, and only
for the purposes of providing an interlock to protect the data directory. The real shared memory block is
allocated using mmap(). This works around the problem that many systems have very low limits on the
amount of System V shared memory that can be allocated. Even a limit of a few megabytes will be enough
to run many copies of PostgreSOL without needing to adjust system settings.

mmap() ¥ aHOHUMHbIE CerMeHTbI pa3AenseMoil NaMATH He noaaepxusaetca pre-2.4 aapamu Linux
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[1e ewgé nocMoTpeTb pa3aensiemMyro NamsTh

$grep -B1 -E '"Size: *[0-9]{6} /proc/24267/smaps

7fd1b0c00000-7fd5d8a00000 rw-s 00000000 00:0c 973975612 /anon_hugepage

(deleted)
Size: 17430528 kB
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[lnHamunyeckas pasgensemas namars B PostgreSQOL

[lapametp dynamic shared memory type B postgresql.conf MOXeT npuHMMaTh Cregylume
3a4eHus:

 POSiX -yrnpasneHue pasaensemMon namaTbio no craHgapty POSIX. [ing Bbiaenequns namaty
MCMOMb3YeTCs CUCTEMHbIM BbI30B shm_open()

e SYSV - yNipaBaeH1e pa3nensemMon namsTbio o craHaapty System V. [ing BblaeneHus namaty
MCMOJIb3YEeTCS CUCTEMHBIN BbI30B Shmget()

e windows - ynpasneHue pasgensemon namstoio B Windows,

e mmap - 414 BbIAENEHNS NaMATU UCMOMb3YETC CUCTEMHBIN BbI30B mmap(),

* none - pasfensemas namMaTb He UCrosb3yercs
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[lnHamunyeckas pasgensemas namars B PostgreSQOL

shared_buffers # dynamic_shared_memory

[TapameTp dynamic_shared_memory type He BAWSIET HA CNOCOO BblaeNeHNS
NaMATU LN CTPYKTYP ONUCAHHbIX BbiLUe.

ﬂ,MHaMMHECKaﬂ pa3fgenfaemMaq naMAaTb UCNob3yeTca ANna napaniefibHbiX
BOpKepoB. [1pn dynamic_shared memory type = none napannenn3m pabotatb He
byner.
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MUHCTpYMEHTapuit AN9 aHan3a namsTu

YTunutbl

e pmap - NamaTb NpoLecca
* ipcs - 06beKTbl pa3aensieMoit namsaru System V

* PS - CMUCOK NPOLIECCOB

Dannbl
o /proc/$postmasterPID/maps - paclumpeHHas MHhopmaLLmMa U3 pmap
e /proc/$postmasterPID/smaps - kapTa namsT1 ¢ AeTanu3aumeit no Kaxaomy

[4aNa30Hy aZpecos
e /proc/$postmasterPID/status




PGDAY"
RUSSIA

CNMCOK MCTOYHMKOB

The Linux Programming Interface (published in October 2010, No Starch Press, ISBN 978-1-
59327-220-3)

|EEE Std 1003.1TM, 2016 Edition, Standard for Information Technology—®Portable Operating
System Interface (POSIX )

https://momjian.us/main/writings/pgsql/inside_shmem.pdf
https://www.postgresql.org/files/developer/tour.pdf
https://www.postgresqgl.org/docs/current/static/runtime-config-resource.html
https://www.depesz.com/2012/06/09/how-much-ram-is-postgresql-using/
http://man7.org/training/download/posix_shm_slides.pdf
https.//www.youtube.com/watch?v=R1U8ayT9PaY &

17


https://momjian.us/main/writings/pgsql/inside_shmem.pdf
https://www.postgresql.org/files/developer/tour.pdf
https://www.postgresql.org/docs/current/static/runtime-config-resource.html
https://www.depesz.com/2012/06/09/how-much-ram-is-postgresql-using/
http://man7.org/training/download/posix_shm_slides.pdf
https://www.youtube.com/watch?v=R1U8ayT9PaY&
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Cnacubo!
Bonpocbi?

dmitry.kremer@gmail.com
https://github.com/djester
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