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Agenda

1) zakladni konfigurace
- shared_buffers

(maintenance )work_mem

— max_connections

effective_cache_size

2) checkpoint tuning

checkpoint_segments (timeout
/ completion_target)

max_wal_size

bgwriter (delay / ...)

3) autovacuum tuning
- scale factor, limit, ...

4) dalSi konfiguracCni volby
- wal_level

— synchronous_commit
- default_statistics_target
- effective_io_concurrency

5) néco malo o hardwaru / OS
- ... pribézné



Zdroje

PostgreSQL 9.0 High Performance (Gregory Smith)
« vyCerpavajici prehled problematiky
« viceméné zaklad tohoto workshopu

PostgreSQL 9 High Availability (Shaun M. Tomas) PostgreSQL 9.0
* ne pfimo o tuningu, ale HA je “pfibuzné téma” High Performance
* hardware planning, performance triage, ...

What Every Programmer Should Know About Memory
e Ulrich Drepper, Red Hat

e http://www.akkadia.org/drepper/cpumemory.pdf
* hutné low-level pojednani o CPU a RAM

Righting Your Writes (Greg Smith)

e http://2ndquadrant.com/media/pdfs/talks/RightingWrites.pdf PostgreSQL 9 High
Availability Cookbook

PostgreSQL Wiki
e https://wiki.postgresql.org/wiki/Tuning_Your_PostgreSQL_Server



http://www.akkadia.org/drepper/cpumemory.pdf
http://2ndquadrant.com/media/pdfs/talks/RightingWrites.pdf
https://wiki.postgresql.org/wiki/Tuning_Your_PostgreSQL_Server

Zdroje

PostgreSQL 16 Administration Cookbook
(Ciolli, Mejias, Angelakos, Kumar, Riggs)
vyborna knizka s praktickymi recepty

PostgreSQL 14 Internals (Egor Rogov)
hodné detailll o “vnitfnostech”, proc¢/jak to funguje

e PDF zdarma

DalSi
https://www.postgresgl.org/docs/books/

PostgreSQL 16
Administration
Cookbook
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zakladni konfigurace



shared buffers

pameét vyhrazena pro databazi

prostor sdileny vSemi databazovymi procesy

cache “bloku” z datovych soubort (8kB)

— Castecné duplikuje page cache (double buffering)
bloky se dostavaji do cache kdyz ...

- backend potrebuje data (SQL dotaz, autovacuum, ...)

bloky se dostavaji z cache kdyz
- nedostatek mista v cache (LRU)

- pribézné (background writer)
— checkpoint

bloky mohou byt Cisté nebo zménéne (“dirty”)



shared buffers

default 128MB (od 9.3)

cilem je “musi nastartovat vSude” - nizké vychozi hodnoty
diive dokonce jen 32MB (kvdli limitdm kernelu - SHMALL)
9.3 alokuje sdilenou pamét jinak, nepodleha SHMALL
128MB lepsi, ale stale konzervativni (malé systemy)

|ze vyuzit huge pages (explicitni variantu, ne THP)

co je optimalni hodnota ...

— vysoka “cache hit ratio” hodnota, bez plytvani pameti

— VetsSi cache -> vétSi overhead, double buffering, vyhrazeno pro DB

ProC si DB nezjisti RAM a nenastavi “optimalni” hodnotu?

zavisi na workloadu (jak aplikace pouziva DB)

— zavisi objemu dat (aktivni Casti)



shared buffers

e doporuceno: iterativni pristup na zakladé monitoringu
1. konzervativni pocatecni hodnota (1GB?)
2. méfime dulezité metriky
* cache hit ratio (viz. pg_stat_bgwriter)
* vyuziti shared buffers (pg_buffercache)

* vyhazovani Spinavych bufferli (pg_stat_bgwriter, checkpointy)
* latence operaci (queries), maintenance, data loads, ...

3. zvySime objem shared_buffers 2x
4. znovu zméfime dllezité metriky
« zlepSily se — opakujeme zvySeni shared buffers (2x)

« jinak se vratime o krok zpét a konec

* reprodukovatelny aplikacni benchmark (ne stress test)

- to samé ale iterace Ize provadeét daleko rychleji (restarty kdykoliv)



shared buffers

* pg_buffercache
- http://www.postgresqgl.org/docs/devel/static/pgbuffercache.htmi

- extenze dodavana s PostgreSQL (Casto v extra -contrib baliku)

- prida dalsi systémovy pohled (seznam blok{ v buffer cache)

CREATE EXTENSION pg buffercache;

SELECT

datname,

usagecount,

COUNT (*) AS buffers,

COUNT (CASE WHEN isdirty THEN 1 ELSE NULL END) AS dirty
FROM pg buffercache JOIN pg database d

ON (reldatabase = d.oid)

GROUP BY 1, 2
ORDER BY 1, 2;


http://www.postgresql.org/docs/devel/static/pgbuffercache.html

work mem

e |imit paméti pro operace
- default 4MB (velmi konzervativni, staCi pro OLTP)
- jedna query mlze pouzit nékolik operaci
- ovliviuje i planovani (ocenovani dotazt, moznost plant)
— uz respektuji snad vsechny operace (i Hash Aggregate)
* pri prekroCeni se pouzije temporary file
- nemusi nutné znamenat zpomaleni (muZe byt v page cache)
- muZe se pouzit jiny algoritmus (quick-sort, merge sort)
e optimalni hodnota zavisi na
— mnozstvi dostupné pameti
- poctu paralelnich dotazU
- slozitosti dotazu (pgbench-like dotazy vs. analytické dotazy)



work mem

« priklad
- systemu zbyva (RAM — shared_buffers) paméti
- nechceme pouzit vSechno (vytlaCilo by to page cache, OOM atd.)
— oCekavame ze aktivni budou vSechna spojeni (connection pool)

- ocCekavame ze kazdy dotaz pouzije 2 * work_mem
work_mem = 0.25 * (RAM - shared_buffers) / max_connections / 2;

« “spojené nadoby” (méné klientl -> vic work_mem)
e alternativni postup
- podivej se na pomalé dotazy,

— zjisti jestli maji problém s work_mem / kolik by potfebovaly

— zkontroluj jestli nehrozi OOM a pfipadné zmeéen konfiguraci



work mem

work_mem nemusi byt nastaveno pro vSechny stejne
|lze meénit per session
SET work_mem = '1TB';

|ze nastavit per uzivatele

ALTER USER webuser SET work_mem = '8MB';
ALTER USER dwhuser SET work_mem = '128MB';

|ze nastavit per databazi

ALTER DATABASE web SET work_mem = '8MB';
ALTER DATABASE dwh SET work_mem = '128MB';

http://www.postgresql.org/docs/devel/static/sql-alteruser.html
http://www.postgresql.org/docs/devel/static/sql-alterdatabase.html


http://www.postgresql.org/docs/devel/static/sql-alteruser.html
http://www.postgresql.org/docs/devel/static/sql-alterdatabase.html

maintenance work mem

* obdobny vyznam jako work_mem, ale pro “maintenance” operace
- CREATE INDEX, REINDEX, VACUUM, REFRESH

» default 64MB — neni Spatné, ale mize se hodit zvysit
- napr. REINDEX velkych tabulek apod.

» muze mit vyrazny vliv na operace, ale ne nutné “vice je lépe”

test=# set maintenance work mem = '4MB';
test=# create index test 1 idx on test(i);
CREATE INDEX

Time: 27076,920 ms

test=# set maintenance work mem = '64MB';
test=# create index test 1 idx on test(1i);
CREATE INDEX

Time: 39468,621 ms



max connections

e default 100 — moc vysoké nebo moc nizké Cislo?
— zalezi na pocCtu jader apod. (N jader — maximalné N x 100% CPU)

- oCekava se ze Cast spojeni je neaktivni ...
- ... ale pokud to neplati tak si spojeni prekazi

— context switche, lock contention, cache line contention (CPU caches),
..., disk contention, pouziva se vic RAM (work_mem)

- vysledkem je snizeni vykonu / propustnosti, zvysSeni latenci, OOM, ...

e orientacCni “tradiCni” vzorec
((core_count * 2) + effective_spindle_count)
* radsi pouzijte nizSi hodnotu a connection pool (napr. pgbouncer)

https://wiki.postgresqgl.org/wiki/Number_ Of Database Connections


https://wiki.postgresql.org/wiki/Number_Of_Database_Connections

wal level

které informace se musi zapisovat do Write Ahead Logu
nékolik Urovni, postupné pridavajicich detaily

minimal

- lokalni recovery (crash, immediate shutdown)

- muze preskocCit WAL pro nékteré prikazy (napf. CREATE INDEX,
CLUSTER, COPY do tabulky vytvorené ve stejné transakci)

- nejasné zda se vyplati, staré bugy v kodu

replica

- WAL archivace (log-file shipping replikace, warm_standby)
- read-only standby, zalohy, ...

logical

- moznost logickeé replikace (interpretuje WAL log)

realné rozdily jsou minimalni (hlavneé replica vs. logical)



effective cache size

default 4GB, ale neovlivhuje primo zadnou alokaci

slouzi Cisté jako “napovéda” pfi planovani dotazU
- Jak pravdépodobné je ze blok “X” nebudu Cist z disku?
- Jakou ¢ast bloku budu muset &ist z disku?

dobry vzorec
(shared buffers + page cache) * X
page cache je odhad
- zbyvajici RAM bez pameéti pro kernel, work_mem, ...

casto se pouziva
- X =0.75 - agresivni hodnota (hodné sdileni mezi backendy)

- X = 1/max_connections — defensivni hodnota

vétSinou nema cenu to prilis detailné ladit
- rozumny default, zvySovani ma maly vliv (ve srovnani s dalSimi parametry)



checkpoint tuning

https://Iblog.2ndquadrant.com/basics-of-tuning-checkpoints/


https://blog.2ndquadrant.com/basics-of-tuning-checkpoints/

CHECKPOINT

« WAL

rozdéleny na 16MB segmenty

- omezeny pocet segmentd, recyklace

« COMMIT
— zapis do transakcniho logu (WAL) + fsync

- sekvenéni povaha zapist

uprava dat v shared_buffers (bez zapisu na disk)

* CHECKPOINT

pri “zaplnéni” WAL nebo timeoutu (checkpoint_timeout)
zapis zmén ze shared buffers do datovych soubor(
zapisuje se do page cache + fsync na konci
checkpoint_flush_after pomaha odstranit “Spicky”



CHECKPOINT

* checkpointy chceme délat “tak akorat Casto”
- pfrili§ ¢asto — brani optimalizacim (sluZzovani zapis(, fazeni)
- prilis zfidka — dlouha recovery, akumulace WAL segmentt
» dva zakladni duvody pro checkpoint
— vyprseni casoveho limitu (checkpoint_timeout)
— vygenerovani mnozstvi WAL (max_wal_size)

- kdysi davno parametr checkpoint_segments

max_wal_size ~ 2 nebo 3 checkpointy



checkpoint_timeout apod.

* checkpoint_timeout

maximalni vzdalenost mezi checkpointy

default 5 minut (dost agresivni), maximum 1 den
jakysi orientacni horni limit na recovery time, ale ...
recovery je vetsinou rychlejsi (jenom samotneé zapisy)

ale ne nutné (recovery je single-threaded, zalezi na prefetchingu)

* checkpoint_completion_target

kdysi davno checkpoint zapsal vSe + fsync => dopad na latenci
completion_target rozklada zapisy v Case

cil: dokoncit zapisy do page cache s predstihem, nechat kernelu Cas na
zapis dat na disk (rychly fsync na zaveér)

funguje s “timed” | “xlog” checkpointy

checkpoint_flush_after — alternativni feSeni



checkpoint tuning

* pg_stat_bgwriter

SELECT checkpoints_timed, checkpoints_req
FROM pg_stat_bgwriter;

checkpoints_timed | checkpoints_req

« obecné vétSina checkpointlt by méla byt “timed”
e cilem je minimalizovat checkpoints_req
- nelze 100% (shutdown, CREATE DATABASE, ..))



bgwriter

e background writer (bgwriter)
— proces pravidelné prochazejici buffery, aplikuje clock-sweep

- jakmile “usage count” dosahne 0, zapiSe ho (bez vyhozeni z cache)

e pg_stat bgwriter
- systémovy pohled (globalni) se statistikami bgwriteru

- (mimo jiné) pocty blokll zapsanych z riznych dlvodd

- buffers_alloc — pocet blok(l nactenych do shared buffers
- buffers_checkpoint — zapsané pri checkpointu

- buffers_clean — zapsané “standardné” bgwriterem

- buffers_backend — zapsané “backendem” (chceme minimalizovat)

SELECT

now(),

buffer checkpoint, buffer clean, buffer backend, buffer alloc
FROM pg stat bgwriter;



bgwriter (delay / ...)

alternativni pristup k velikosti shared buffers
— mensSi shared buffery + agresivnéjsi zapisy

- ne vzdy lze libovolné zvétSovat shared buffers
bgwriter_delay = 200ms

— prodleva mezi behy bgwriter procesu
bgwriter_lru_maxpages = 100

- maximalni pocCet stranek zapsanych pri kazdém béhu
bgwriter_lru_multiplier = 2.0

- nasobek poctu stranek potfebnych béhem predchozich béhl
— adaptivni pristup, ale podléha bgwriter_Iru_maxpages
problém

— statické hodnoty, nenavazané na velikost shared buffers



autovacuum tuning

https://blog.2ndquadrant.com/autovacuum-tuning-basics/


https://blog.2ndquadrant.com/autovacuum-tuning-basics/

autovacuum options

autovacuum_work_mem = -1 (maintenance_work_mem)
autovacuum_max_workers = 3

autovacuum_naptime = 1min
autovacuum_vacuum_threshold = 50
autovacuum_analyze_threshold = 50
autovacuum_vacuum_scale_factor = 0.2
autovacuum_analyze_scale_factor = 0.1
autovacuum_freeze_max_age = 200000000
autovacuum_multixact_freeze_max_age = 400000000
autovacuum_vacuum_cost_delay = 20ms
autovacuum_vacuum_cost_limit = -1 (vacuum_cost_1imit=200)
vacuum_cost_page_hit = 1

vacuum_cost_page_miss = 10

vacuum_cost_page_dirty = 20



autovacuum = off

http://en.wikipedia.org/wiki/Nuclear_explosion


http://en.wikipedia.org/wiki/Nuclear_explosion

autovacuum thresholds

« autovacuum_naptime = 1min
— prodleva mezi behy “autovacuum launcher” procesu
— v ramci béhu se spusti autovacuum na vSech DB
- interval mezi autovacuum procesy (1 minuta / poCet DB)

- jinak — interval mezi béehy autovacuum na konkrétni DB



autovacuum thresholds

autovacuum_vacuum_threshold = 50
autovacuum_vacuum _insert threshold = 1000
autovacuum_analyze_threshold = 50

autovacuum_vacuum_scale factor = 0.2
autovacuum_vacuum_insert scale factor = 0.2
autovacuum_analyze_scale_factor = 0.1

— parametry urCujici které tabulky se maiji Cistit / analyzovat

- informace se berou ze systémového katalogu pg_stat_all tables

zménénych_radek > (threshold + celkem_radek * scale_factor)



autovacuum thresholds

vacuum_cost_page_hit = 1

vacuum_cost_page_miss = 2 (drive 10)

vacuum_cost_page_dirty = 20
autovacuum_vacuum_cost_delay
autovacuum_vacuum_cost_limit

2ms (drive 20ms)
-1 (vacuum_cost_1limit=200)

parametry urcujici agresivitu autovacuum operace (PG14+)

- maximalné 200 stranek za kolo / 100000 za vterinu (jen buffer hits)
— pokud musi nacist do shared buffers tak 100 / 50000
- pokud skutecné vycisti (tj. oznacCi jako dirty) tak 10 / 5000

- 800 MB/s, 400 MB/s, 40 MB/s
drive (11-12) 80 MB/s, 40 MB/s, 4 MB/s

a jesté diive 80 MB/s, 8 MB/s, 4 MB/s (hrliza)



autovacuum limit

* pokud autovacuum neni dostatecné agresivni
- bloat (necCisti se smazaneé radky) — pomalejSi dotazy, diskovy prostor
- wraparound (32-bit transaction IDs)

e autovacuum_vacuum_cost_limit
— globalni limit, sdileny vSemi autovacuum worker procesy

- zvysSeni autovacuum_max_workers vetSinou nic neresi (je jich vic
ale pracuji pomaleji)

* |ze predefinovat pro jednotlivé tabulky
ALTER TABLE t SET (autovacuum_vacuum_cost_limit = 1000);

- tabulka (resp. autovacuum worker) je vyjmuta z globalniho limitu a limit je
aplikovan na samostatneho workera

— ale stale to nezarucCuje ze volny worker bude k dispozici



autovacuum fails

e pristup “meéné prace ale Castégji”
- doporucovany, ale mlze v nékterych situacich uskodit

* pokud existuje dlouha transakce (zapomenuta session, dlouhy dotaz, ...)
- autovacuum nic vycistit nemdze

- bude se poustét stale dokola (vytézovat CPU ...)

e pokud autovacuum pusti “VACUUM ANALYZE”
— obé faze podléhaji throttlingu

- VACUUM uvolnuje zamek na tabulce po kazdé 8kB strance
—  ANALYZE nikoliv — mtze blokovat DDL



logovani a monitoring



logging & monitoring

 ddlezité volby
- log_line_prefix (string)
- log_min_duration_statement (integer)
- log_checkpoints (boolean)
- log_temp_files (integer)
- log_lock_waits (integer)

- log_auto_vacuum_min_duration (1integer)

e Zzajimave nastroje
- http://pgfouine.projects.pgfoundry.org/
- http://dalibo.github.io/pgbadger/


http://pgfouine.projects.pgfoundry.org/
http://dalibo.github.io/pgbadger/

auto_explain.
auto_explain.
auto_explain.
auto_explain.
auto_explain.
auto_explain.
auto_explain.

auto_explain

log_min_duration (integer)
log_analyze (boolean)
log_buffers (boolean)
log_timing (boolean)
log_triggers (boolean)
log_verbose (boolean)
log_format (enum)

.. dalsi volby ..

http://www.postgresql.org/docs/devel/static/auto-explain.html


http://www.postgresql.org/docs/devel/static/auto-explain.html

pg_stat_statements

userid

dbid

queryid

query

calls

total_time

rows
shared_blks_hit
shared_blks_read
shared_blks_dirtied
shared_blks_written

local_blks_hit
local_blks_read
local_blks_dirtied
local_blks_written
temp_blks_read
temp_blks_written
blk_read_time
blk_write_time



dalsi konfigurace



Durability tuning

bezpecCné

e synchronous_commit = off
 max_wal_size = vysoke Cislo
* unlogged tables (pfi padu DB zmizi, nereplikuji se)

nebezpecné

* fsync = off
* full_page_ writes = off
* unlogged tables (pfi padu DB zmizi, nereplikuji se)

http://www.postgresgl.org/docs/9.4/static/non-durability.html


http://www.postgresql.org/docs/9.4/static/non-durability.html

synchronous_commit

ma se ¢ekat na dokoncéeni commitu?

“durability tuning” dlouho pred NoSQL hype

stale plné transakcni / ACID

az do 9.0 jenom on / off

9.1 pridala synchronni replikaci — daleko vic moznosti

on (default) — Cekej na commit
remote_write — Cekej i na zapis do WAL na replice (9.1)
local — neCekej na repliku, staci lokalni WAL (9.1)

off — neCekej ani na lokalni WAL

jde nastavovat “per transakce”

dulezité “on”, méné dulezité “local”

http://www.postgresql.org/docs/9.4/static/runtime-config-wal.html


http://www.postgresql.org/docs/9.4/static/runtime-config-wal.html

wal_log_hints

MVCC

zpristupnéni vice verzi radek paralelné bézicim transakcim
moderni alternativa k zamykani (fadek, tabulek, ...)

u kazdého radku jsou ID dvou transakci — INSERT / DELETE
nutna kontrola zda dana transakce skoncila (commit / rollback)
narocné na CPU, takze se vysledek cachuje pomoci “hint bitu”
plvodné se nelogovalo do WAL (kontrola se zopakuje)

problém po recovery / na replikach (hint bity nenastaveny, vSechno se
musi zkontrolovat znovu proti commit logu)

odkazy

http://en.wikipedia.org/wiki/Multiversion_concurrency_control
http://www.postgresgl.org/docs/current/static/mvcc-intro.htmi
http://momjian.us/main/writings/pgsql/internalpics.pdf
http://momijian.us/main/writings/pgsql/mvcc.pdf


http://en.wikipedia.org/wiki/Multiversion_concurrency_control
http://www.postgresql.org/docs/current/static/mvcc-intro.html
http://momjian.us/main/writings/pgsql/internalpics.pdf
http://momjian.us/main/writings/pgsql/mvcc.pdf

random_page_cost

pii planovani se pouziva zjednoduseny model “ceny” planu
pét “cost” proménnych

- seq_page cost=1

- random_page cost=4

— cpu_tuple _cost=0.01

— cpu_index_tuple_cost = 0.005

— Cpu_operator_cost = 0.0025
zmena hodnot se velmi obtizné se ovéruje

- jednomu dotazu to pomuUze, drunému ublizi :-(

asi jediné co se obecné vyplati tunit je random_page_cost
- na SSD, velkych RAID polich zkuste snizit na 2, mozna 1.5



statement timeout

optimalizovat rychlost dotazl je fajn, ale ...
cas od Casu se objevi “nenazrany dotaz”
- napr. kartézsky skoucin produkujici 100 triliont radek

— Zzere spoustu CPU Casu nebo 1/0 vykonu (pripadné oboji)
— ovlivhuje ostatni aktivitu na systemu

je dobré takové dotazy priibézné zabijet / fixovat
statement_timeout
= limit na maximalni délku dotazu (milisekundy)

— oblivauje “vSechno” (loady, ...)
- stejné jako work_mem apod. jde nastavit per user / db

alternativa
— cron skript (umoznuje napf. regularni vyrazy na dotaz, ...)



temp_file_limit

 alternativni zplisob omezeni “nenazranych” dotaz(l
« pokud dotaz generuje moc temporary soubor(
e vetsinou to znamena ze bézi dlouho
— nakonec ho zabije statement_timeout
— do té doby ale bude pretézovat I/O subsystém
— z page cache vytlaCi vSechna zajimava data

— nezadouci interakce s write cache kernelu (dirty bytes,
background_dirty bytes)



hardware a OS



Disk layout

Casti data directory maji rozdilné charakteristiky
— naroky na trvanlivost zapsanych dat

— zpusob pfistupu (sekvenéni / ndhodny, ¢teni / zapis)
WAL
— sekvencni zapisy/Cteni, Cte se vyjimecné (recovery/replikace)
- kriticka Cast databaze (ztrata nepfijatelna)
data files
- mix zapisu a ¢teni, nahodné i sekvencéné
- kriticka Cast databaze (ztrata nepfijatelna)
temporary soubory (pgsql_tmp)
- mix zapisl a ¢teni, v podstaté jenom sekvencné

— nekriricka Cast (zadny fsync, irelevantni po padech/restarted)



10 scheduler

 fika se ze ...

cfq — se snazi o férove rozdéleni I/O kapacity v ramci systému

deadline - lehky jednoduchy scheduler snazici se o rovnomeérné
latence

noop - dobra volba tam kde si to zafizeni stejné chytfe preorganizuje
(nerotaCni média aka SSDs, RAID pole s fadicem a BBWC)

multiqgueue deadline, multiqueue Kyber, multigueue BFQ, ...

* ale cfq je “default” scheduler, a napfr. “ionice” funguje jenom v ném

* ve vétSiné pripadl minimalni rozdily



souborové systémy

* ext3
- ne, zejména kvUli problémdm pfi fsync (vSechno)
* ext4, XFS
— cca stejny vykon, berte to co je “default” vasi distribuce

mount options: noatime, barrier=(0|1), discard (SSD, ext4 i xfs)

— XFS tuning: allocsize, agcount/agsize (mkfs)
« ZFS/BTRFS

primarnim motivem neni vyssi vykon, ale jiné vlastnosti (odolnost na
commodity hw, snapshoty, komprese, ...)

Spatny vykon na random workloadech (zejména r-w)
dobry vykon na sekvencnich (lepSi nez XFS / EXT4, ..))
http://www.citusdata.com/blog/64-zfs-compression


http://www.citusdata.com/blog/64-zfs-compression

readahead

blockdev --getra /dev/sda

default 256 sektorll (256 * 512B = 128kB)

zvysSeni vétsinou zlepsSi vykon sekvencniho Cteni
— nema negativni dopad na nahodny pristup (adaptivni)

nema cenu to dlouho tunit
- zejmeéna ne na zakladé syntetického testu (dd, fio, bonnie++, ...)
— vykon se veétSinou zpocatku rychle zlepsi, pak uz roste pomalu

dobré hodnoty
- 2048 (1MB) — standardni disky

- 16384 (8MB) — stredni RAID pole
- 32768 (16MB) — veétsi RAID pole



effective _Io_concurrency

Kolik paralelnich 1/0 requestu dokazi disky odbavit?
— samostatné disky -> 1 nebo vic (diky TCQ, NCQ optimalizacim)
- RAID pole -> radové pocet diskl (spindl()
- SSD disky -> hodné paralelnich requestu
vice 1/O requestu zaslanych “predem” umozuje
— optimalizace v disku (poradi, slucovani, ...)
- vyuziti paralelnich soucasti diskt (RAID spindles, SSD kanaly)
preklada na pocet stranek které se maji nacist dopredu

pouziva se jenom pro “Bitmap Heap Scan”
— preskakuje nekteré stranky podle bitmapy

- sequential scan apod. spolehaji na “kernel readahead”

neni soucasti planovani (pouziva se az pri exekuci)



effective _Io_concurrency

pgbench scale 3000 (45GB database), Intel S3500 SSD

EXPLAIN (ANALYZE, BUFFERS)
SELECT * FROM pgbench_accounts
WHERE aid BETWEEN 1000 AND 50000000 AND abalance !'= 0;

QUERY PLAN
Bitmap Heap Scan on pgbench_accounts
(cost=1059541.66..6929604.57 rows=1 width=97)
(actual time=5040.128..23089.651 rows=1420738 loops=1)
Recheck Cond: ((aid >= 1000) AND (aid <= 50000000))
Rows Removed by Index Recheck: 3394823
Filter: (abalance <> 0)
Rows Removed by Filter: 48578263
Buffers: shared hit=3 read=1023980
-> Bitmap Index Scan on pgbench_accounts_pkey
(cost=0.00..1059541.66 rows=50532109 width=0)
(actual time=5038.707..5038.707 rows=49999001 loops=1)
Index Cond: ((aid >= 1000) AND (aid <= 50000000))
Buffers: shared hit=3 read=136611
Total runtime: 46251.375 ms



effective _Io_concurrency

http://www.postgresql.org/message-id/CAHyXUOyiVvTfQAnR9cyH=HWh1WbLRsioe=mzRJTHwtr=2azsTdQ@mail.gmail.com

effective_io_concurrency 1: 46.3 sec, ~ 170 mb/sec
effective_io_concurrency 2: 49.3 sec, ~ 158 mb/sec
effective_io_concurrency 4: 29.1 sec, ~ 291 mb/sec
effective_io_concurrency 8: 23.2 sec, ~ 385 mb/sec
effective_io_concurrency 16: 22.1 sec, ~ 409 mb/sec
effective_1io_concurrency 32: 20.7 sec, ~ 447 mb/sec
effective_io_concurrency 64: 20.0 sec, ~ 468 mb/sec
effective_io_concurrency 128: 19.3 sec, ~ 488 mb/sec
effective_io_concurrency 256: 19.2 sec, ~ 494 mb/sec

Did not see consistent measurable gains > 256
effective_io_concurrency. Interesting that at setting of '2'
(the lowest possible setting with the feature actually working)
1s pessimal.


http://www.postgresql.org/message-id/CAHyXU0yiVvfQAnR9cyH=HWh1WbLRsioe=mzRJTHwtr=2azsTdQ@mail.gmail.com

vm [ dirty memory

* data se nezapisuji primo na disk, ale do “write cache”
- kernel to dle svého uvazeni zapisSe na disk

— zapis lze vynutit pomoci fsync()
- konfliktni pozadavky na velikost write cache

« chceme velkou write cache
- kernel ma vétsi volnost v reorganizaci requestu

- spiSe sekvencni zapisy, rewrite blokl —> jediny zapis
* chceme malou write cache

— rychlejSi shutdown (nutnost zapsat vSechno)

- chceme take read cache (read-write ratio 90%)

- pozadavek na hodné paméti (slozité dotazy -> nutnost zapsat)



vm [ dirty memory

* kernel pouziva dva prahy / thresholdy

dirty_background_bytes <= dirty_bytes

dirty_background_ratio <= dirty_ratio

« dirty_background_bytes
- kernel za¢ne zapisovat na pozadi (pdflush writeback)
- procesy stéle zapisuji do write cache

e dirty_bytes
- kernel stale zapisuje ...

- ... procesy nemohou zapisovat do write cache (vlastni writeback)

https://www.kernel.org/doc/Documentation/sysctl/vm.txt
http://lwn.net/Articles/28345/

http://www.westnet.com/~gsmith/content/linux-pdflush.htm


https://www.kernel.org/doc/Documentation/sysctl/vm.txt
http://lwn.net/Articles/28345/
http://www.westnet.com/~gsmith/content/linux-pdflush.htm

vm [ dirty memory

e dobré hodnoty (vyladéné pro I/O subsystém)
- pokud mate fadiC s write cache

vin.dirty_background_bytes = .. write cache ..
vim.dirty_bytes = (8 x dirty_background_bytes)
- pokud RAID fadi¢ (nebo SSD) nemate, tak radsi nizSi hodnoty

« /proc/meminfo

- Dirty — waiting to get written back to the disk (kilobytes)

- Writeback — actively being written back to the disk (kilobytes)
* nepouzivejte “_ratio” varianty

- s aktualnimi objemy RAM (stovky GB) prilis velké hodnoty

- 1% z 128GB =>vic nez 1GB

- problémy pfi pfidani RAM (najednou jiné thresholdy)



vm [ dirty memory

* nizké hodnoty dirty background_ bytes ale mohou byt problém
- dotazy s velkymi temp soubory (tfidéni, ...) zaCnou délat I/O

* PostgreSQL 9.6 toto reSi pravidelnym “flush”
— Dbgwriter_flush_after = 512kB

- backend_ flush_after=0
- wal_writer_flush_after = 1MB
— checkpoint_flush_after = 256kB
* 0d 9.6 mUZete nechavat dirty_background_bytes vyssi



zone reclaim mode

NUMA (Non-Uniform Memory Access)
- What Every Programmer Should Know About Memory (PDF)

- architektura na strojich s mnoha CPU / velkymi objemy RAM

- RAM rozdélena na Casti, kazda pripojena ke konkrétnimu CPU
— pristupy konkrétniho jadra k castem RAM jsou drazsSi / levnéjsi
- numactl --hardware
zone_reclaim_mode

- snaha uvolnit pameét v aktualni zéné (snaha o data locality)

- https://lwww.kernel.org/doc/Documentation/sysctl/vm.txt

For file servers or workloads that benefit from having their data
cached, zone_reclaim_mode should be left disabled as the caching
effect is likely to be more important than data locality.

-  http://ffrosty-postgres.blogspot.cz/2012/08/postgresql-numa-and-zone-reclaim-mode.html


https://www.kernel.org/doc/Documentation/sysctl/vm.txt
http://frosty-postgres.blogspot.cz/2012/08/postgresql-numa-and-zone-reclaim-mode.html

Transparent Huge Pages

e umoznuji kernelu spravovat pamét v 2MB blocich (namisto 4kB)
- mozné i jiné velikosti (1GB apod.) ale 2MB nejCastéjSi (x86)
- transparentni pro userspace, kernel resi Cisté interné
- mensSi overhead (jedina “page fault” pro 2MB, méne polozek v TLB)
- vyzaduje “defragmentaci” paméti (souvislé 2MB bloky)

* rozhodné se doporucuje vypnout pro PostgreSQL
- PostgreSQL neni THP-aware, alokace se vSelijak prolinaji atd.

- v dlsledku to znamena Ze spotifeba paméti mlze byt vyssi

- defragmentace paméti ovliviiuje rychlost “malloc” a mize zasadné ovlivitiovat latenci
dotaz( (hlavné v OLTP aplikacich)

echo never > /sys/kernel/mm/redhat_transparent_hugepage/enabled
echo never > /sys/kernel/mm/redhat_transparent_hugepage/defrag

Neplést s huge pages pro shared_buffers! (huge_pages = try)



metodika

mejte jasnou predstavu o vykonu systému
- idealné vysledky sady méreni kterd mulZete rychle zopakovat

- overeni ze HW je v poradku apod. (umrel disk, baterka na rfadici)
- slouzi jako baseline pro ostatni (napf. na mailinglistu)

meéjte monitoring

— spousta véci se da zjistit pohledem na grafy (nahlé zmény apod.)
- muUZze vas to rovnou navést na zdroj problému nebo symptomy

- miZe vam to fict kdy k problému doslo, jestli rostl pomalu nebo se to stalo
nahle, apod.

zkuste rychle vyresit “seshora” (fix SQL dotazu, ...)

- muUze se jednat o “klasicky problém” (chybégjici index, ...)
pokud nejde, postupujte systematicky odspodu (neskakejte)
- hardware, OS, databaze, aplikace, ...
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