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O poknape

B noknage He 6yaer:

° «Cepe6pF|HbIX nynby, BOJILLEOHbIX HACTPOEK, YHUBEPCaJibHbIX PELENTOB,

® XapAKOPHbIX «BHYTPEHHOCTENY.

A yTO 6YypeT?

® ONnTnMMunsaumnda C nNOMOLWbrO 3KCNEPUMEHTOB: NMPUHLUUIbI, U AEN N UHCTPYMEHTbI, KOTOPbIE
MOXXHO NPUMEHATb Ha MNMPaKTUKeE,
® OflbIT UCMOJIb30BAHUNA B Pa3HbIX KOMMaHUAX, OT MaJIEHbKUX CTapTanoB A0 KOMMaHumn-

«e[JMHOPOroB»



Postgres.ai:
OT NAEW K KOMMNaHUM 1 niaTopme



Kak pazpaboTunkimn/DBA Haxo4aT NpobneMsbl
NPON3BOANTENBHOCTU CEMOAHSA
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CurHanbl o npo6nemax (alerts)

_—HaboeHNs «<BPYYHYIO

monitoring |

prod
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Hanbonee nonynsipHbie cpeacTBa AN aHann3a 3arnpocoB «B LeNIOM»:

e pg_stat_statements e log analysis (pgBadger) @
O HEeT 3K3eMMNJISipoB o TpebyeT NoAAEPXKU
3arnpocos o He «realtime»
O HeT NJlaHoB o 06blYHO HeT nnaHoB (ecTb, ecnu auto_explain)
O

4acTo HenoJIHOLIeHHasa KapTuHa
(log_min_duration_statement >> 0)



Kak DBA peluatoT HanaeHHble npobnembl?
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4 cnocoba yNny4dlinTb NPOU3BOAUTENIbHOCTb:

1. TroHWHT KOHpUra Postgres ~280 knobs!

btree, hash, GiST, SP-GiST, GIN,
2. WHpekcobl RUM, BRIN, Bloom;

unique, partial, functional, covering

3. W3meHuTb SQL-3anpoc / cxemy b/],

4. Hapactutb pecypcbl (CPU, RAM, disks)

DBA-akcnepT nponyckaeT MHOrue waru
«HepHasa marns»!

No real-workload
and real-data

L Sub-optimal
verification
or even far
. from optimal
(or very limited . p
decisions

and affecting
production)



[ IpUMeEpbI N3 XXN3HK



[Mountanu YMHbI€ CTaTbW UJIN MNMOCTbI B 6norax. BosHukna naes.

3HayeHue default statistics_target (100) camwKom malio.
JlaBante nomeHsieM Ha 1000!

...0TnnyHas npes!

...CaenaHo — yxe B production!



Ho BCe N 3anpocCbl yyYLLNINCL?
KaK MMEeHHO M3MEHWCA KaXKdbl 3anpoc?



Ho BCe N 3anpocCbl yyYLLNINCL?
KaK MMEeHHO M3MEHWCA KaXKdbl 3anpoc?

[IpoBepuM C MOMOLLbIO 3KCNEePUMeHTOB!



Postgres.ai — GUI: popMa co3gaHna aKCnepnmMeHTa

Start experiment

AWS EC2 instance type PostgreSQL major version 0 pr)KeH ne
amazon-ec? - i3.4xlarge ~ Postgres v9.6 v
Database snapshot
Prod basebackup (2018-08-29 00:00:00, 786 GB) ~

O6bekT (B)
Define workload for experiment

(® Replay real workload (O) Custom SQL

Workloads Replay speed
Prod pgreplay (30 min., 165 MB) ~ 1

Harpyska
What do we test? (workload)

@ Postgres parameters tuning O DDL (indexes, etc)
Server configuration for test

Add configuration option below

autovacuum_analyze_scale_factor ~ m
N3meHeHune
(delta)

Experiment description (for example, "my test #1")

D Stay ON (1800 sec.) for SSH connect

CANCEL




2 roga cnycTs: npoBepKa ¢ NoMOLLbI aKkcnepumeHTa, 3HadeHusa 100 n 1000:

Experiment #69

On i3.xlarge with snapshot: '2018-07-12 Prod' of database 'postila_ru' from server 'dev.imgdata.ru'. Postgres version: 9.6

Experiment status: [eag Changed: 2018-07-22 07:29:59

Experiment created: 2018-07-20 21:52:50

Run ID: #69_94.

Status: done
Total query duration: 456m46s651ms249us

Queries: 2208
Query groups : 98
Errors: 12
Number of errors: 12

Number of unique normalized events: 2

Show more v

Queries

Query group #1

Run ID: #69_95.
Status: done

Delta: default_statistics_target = 1000

Total query duration: 42m5s361ms43us

-3m41s290ms206ys / -8.06% / 1.09 times

Queries: 2208
Query groups : 97
Errors: 12
Number of errors: 12

Number of unique normalized events: 2

Show more v

SELECT "“t"."id" AS "“t@ _ce"; "t"“."pictureId™ AS “t@ ci'; "t"“.“parentId" AS “t@ _c2", "t"."“userZd" AS "t@0_c3"; "t"."boardId" AS "t@ c4", “t'."s
ource" AS "t@_c5", "t"."sourceDomain" AS "t@_c6", "t"."channel" AS "t@_c7", "t"."message" AS "t@_c8", "t"."likes" AS "t@_c9", "t"."reposts"
AS "t@_c10", "t"."comments" AS "t@_cll", "t"."created" AS "t0_cl12", "t"."newsletter" AS "t@_c13", "t"."nl_complete" AS "t0_c14", "t"."nl_las
t_id" AS "t@_c15", "t"."changed" AS "t@_c16", "t"."tsvector" AS "t@_c17", "t"."creation_method" AS "t@_c18", "t"."pushed_to_facebook" AS "t@



Experiment #69 @

En 100 " °°™¢ TOCJIE: default_statistics_target = 1000

[O: default statistics_target
Exy

Experiment created: 2018-07-20 21:52:50
Run ID: #69_94. Run ID: #69_95.

Status: done Status: done
Delta: default_statistics_target = 1000

Total query duration: 456m46s651ms249us Total query duration: 42m5s361ms43us
-3m41s290ms206ys / -8.06% / 1.09 times
Queries: 2208 Queries: 2208
Query groups : 98 Query groups : 97
Errors: 12 Errors: 12
Number of errors: 12 Number of errors: 12
Number of unique normalized events: 2 Number of unique normalized events: 2
Show more v Show more v
Queries
Query group #1

SELECT "“t"."id" AS "“t@ _ce"; "t"."pictureId™ AS “t@ ci'; "t"“.“parentId" AS “t@ _c2", "t"."“userZd" AS "t@_c3"; "t"."boardId" AS "t@ c4", “t'."s
ource" AS "t@_c5", "t"."sourceDomain" AS "t@_c6", "t"."channel" AS "t@_c7", "t"."message" AS "t@_c8", "t"."likes" AS "t@_c9", "t"."reposts"
AS "t@_c10", "t"."comments" AS "t@_cll", "t"."created" AS "t0_cl12", "t"."newsletter" AS "t@_c13", "t"."nl_complete" AS "t0_c14", "t"."nl_las
t_id" AS "t@_c15", "t"."changed" AS "t@_c16", "t"."tsvector" AS "t@_c17", "t"."creation_method" AS "t@_c18", "t"."pushed_to_facebook" AS "t@



Experiment #69 e

En JO: default_statistics_target = 100 " ' TOCJIE: default_statistics_target = 1000

Exy
Experiment created: 2018-07-20 21:52:50
Run ID: #69_94. Run ID: #69_95.

Status: done Status: done
Delta: default_statistics_target = 1000

Total query duration: 456m46s651ms249us Total query duration: 42m5s361ms43us
-3m41s290ms206ys / -8.06% / 1.09 times
Queries: 2208 Queries: 2208
Query groups : 98 Query groups : 97
Errors: 12 Errors: 12
Number of errors: 12 Number of errors: 12

Number of unique normalized events: 2

B yenom, HoBoe 3Ha4yeHue Showmore v
AAaeT JyyLlyro Queries
MpoON3BOANTESIBHOCTb
Query group #1

SELECT "“t"."id" AS "“t@ _ce"; "t"“."pictureId™ AS “t@ ci'; "t"“.“parentId" AS “t@ _c2", "t"."“userZd" AS "t@0_c3"; "t"."boardId" AS "t@ c4", “t'."s
ource" AS "t@_c5", "t"."sourceDomain" AS "t@_c6", "t"."channel" AS "t@_c7", "t"."message" AS "t@_c8", "t"."likes" AS "t@_c9", "t"."reposts"
AS "t@_c10", "t"."comments" AS "t@_cll", "t"."created" AS "t0_cl12", "t"."newsletter" AS "t@_c13", "t"."nl_complete" AS "t0_c14", "t"."nl_las
t_id" AS "t@_c15", "t"."changed" AS "t@_c16", "t"."tsvector" AS "t@_c17", "t"."creation_method" AS "t@_c18", "t"."pushed_to_facebook" AS "t@



Query ¢

J0: default_statistics target = 100 |cnze [TOCJIE: default_statistics_target = 1000

main" Al
Total duration: 3m28s597ms709us Total duration: 2m57s987ms259us
-30s610ms450ps / -14.67 % / 1.17 times
Count: 10 Count: 10

flpoMoTaeM HeMHOro BHH3...

Query group #4

SELECT "t"."id" AS "t@_ce", "t"."pictureId" AS "to0_cl", "t"."parentId" AS "t@_c2", "t"."userId" AS "t@_c3", "t"."boardId" AS "t@_c4", "t"."s
ource" AS "t@_c5", "t"."sourceDomain" AS "t@_c6",...

Total duration: 2m2s205ms534pus Total duration: 3m50s716ms819us
+1m48s511ms285us / +88.79 %
Count: 86 Count: 86
Mean time: 1s420ms995ps Mean time: 2s682ms754pus
Max duration: 7s749ms642us Max duration: 2m27s462ms230us
Min duration: 697us Min duration: Tms81us

Samples v Samples v



Query ¢

J0: default_statistics target = 100 |cnze [TOCJIE: default_statistics_target = 1000

main" Al

Total duration: 3m28s597ms709us Total duration: 2m57s987ms259pus
STa I'pyl'lrla 3ar|pOCOB cTasia HaMHOro 30s610ms450ps / -14.67 % / 1.17 times
Mez/ieHHee rnocsie usMeHeHus! | Coune 1o
Mean time: 17s798ms726ps

Max duration: Tm44s620ms546pus

Pewnnu c nomoulibto: Min duration: 184ms883us

“ALTER TABLE/INDEX ... ALTER COLUMN SET
STATISTICS ..."
Ha KOHKPETHOM cToN6Le ry group #4

Samples v

SELECT "t"."id" AS "t@_ce", "t"."pictureId" AS "t@0_cl", "t"."parentId" AS "t@_c2™, "t"."userId" AS "t@_c3", "t"."boardId" AS "t@_c4", "t"."s
ource" AS "t@_c5", "t"."sourceDomain" AS "t@0_c6",...

Total duration: 2m2s205ms534pus Total duration: 3m50s716ms819us
+1m48s511ms285us / +88.79 %
Count: 86 Count: 86
Mean time: 1s420ms995ps Mean time: 2s682ms754pus
Max duration: 7s749ms642us Max duration: 2m27s462ms230us
Min duration: 697us Min duration: Tms81us

Samples v Samples v



YHpaBﬂeHme NIMEHEHVAMU B APYIUX 061acTax



MHTepdencel (GUI, CLI, APl — ntobble):

bonbluoe konnyecTso pasBuTbix peweHun ClI/CD

TeamCity
D circleci

/@ ;,, Travis Cl
SELENIUM u GitLab

POSTMAN
mTESTING ewman
" ¢ Bamboo




Elye ognH npumep

Test section
Flow field about a model
simulates conditions of flight  Model

R B —
Controlled ¥\A\’\"$”#ﬁf - B
airstream ~~:;;;i;fi\$l;fl_7; *************

———— I\

Balance
/

Test instrumentation

GFDL and CC-BY-2.5, Wikipedia.org
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/
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Balance
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Test instrumentation

GFDL and CC-BY-2.5, Wikipedia.org

ABMaL M, KOCMOC, aBTOMOOUIECTPOEHME U T.4.:
aspoamHaMunyeckas Tpyoa



SKCI'IepI/II\/IeHTbI B Pa3BUTbIX OTPaACIIAX:

1. ..MPON3BOAATCS B CneLnaribHOM OKPY>KeHUN,
He B production!

(staging, “nabopaTtopus”)
2. JeTanbHbIW aHaNU3 3a CYET CMNeLCPeaCcTB

3. BbICOKNM ypOBEHL aBTOMaTU3aLUM.

MHoro “nporoHoB”. Cepun. [lelwéBbIN, ObICTPbIN 3aMycK



Nancy CLI — ¢pyHaaMeHT «nabopaTtopum b1»



Nancy CLI cerogHsa

o Open source: https://gitlab.com/postgres-ai-team/nancy

Cnucok napameTtpoB: https://qitlab.com/postgres-ai-team/nancy/blob/master/help/nancy_run.md
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Nancy CLI cerogHsa

o Open source: https://gitlab.com/postgres-ai-team/nancy

Cnucok napameTtpoB: https://qitlab.com/postgres-ai-team/nancy/blob/master/help/nancy_run.md

e [ e MOXHO 3anyckarTb:

o --run-on localhost: no6as mawmnHa ¢ MacOS, Debian/Ubuntu nnn RHEL/Centos)

O --run-on aws:yAanéHHbl 3anyck Ha BpeMeHHbix AWS EC2 (cnoTbl, pekoMeHayeTcs i3)
e [loppepxuBaemble Bepcun Postgres:

o 9.6

o 10

o 11


https://gitlab.com/postgres-ai-team/nancy
https://gitlab.com/postgres-ai-team/nancy/blob/master/help/nancy_run.md

Nancy CLI cerogHsa

o «O6BbEKT»:
o --db-dump: gamn / sql-dbann
o --db-local-pgdata: konua PGDATA

o --db-pgbench: B/, creHepupoBaHHas ¢ nomoLbto pgbench



Nancy CLI cerogHsa

o «O6beKkT»:

o --db-dump: gamn / sql-dbann

o --db-local-pgdata: konua PGDATA

o --db-pgbench: B[, creHepupoBaHHas ¢ nomMmoLbto pgbench
e «Harpyska» (workload):

o --workload-custom-sql: B nponsBonbHbIn SQL, B 0AMH NOTOK,;

o -workload-real: amynauus «peanbHOM» Harpysku c nomouybto pgreplay
(TpebytoTcst noru ¢ «npogar), MHOronoTo4yHo. Mo)KHO 3aJlaBaTb «CKOPOCTb»
(-workload-real-replay-speed)

o -workload-pgbench: amynsauus Harpysku, “crafted workload”



Nancy CLI cerogHsa

e UYTO NpoBepaem:

--delta-sql-do/ --delta-sql-undo: DDL (Hanpumep, HOBbI UHAEKC), UIBMEHEHME

@]
HaCTpoeK Tabnuu, nponseBosibHblie B-Mmurpauunn, nepecéop ctatucTnkm (ANALYZE), 6opbba ¢
pa3ayTtuem (bloat) n 1.4.

o -delta-config: u1smeHeHne ogHON NN HECKONIbKMX onumi KoHdura PostgreSQL



Nancy CLI cerogHsa

e UYTO NpoBepaem:

(@]

(@]

--delta-sql-do/ --delta-sql-undo: DDL (Hanpumep, HOBbI UHAEKC), UIBMEHEHME
HaCTpoeK Tabnuu, nponseBosibHblie B-Mmurpauunn, nepecéop ctatucTnkm (ANALYZE), 6opbba ¢
pa3ayTtuem (bloat) n 1.4.

—delta-config: n1smeHeHne 0aHOM MM HECKONbKMX onunin KoHdura PostgreSQL

e Y10 B pesynbraTte (Habop apTedakToB):

(@]

o

CHanuwoTbl pg_stat_*** (pg_stat_statements, pg_stat_kcache, pg_stat_bgwriterunT.n.)
Jlorn Postgres (oTAenbHO: NOAroTOBKA, MPOUTrpbiBaHUE Harpy3Ku)

FlameGraphs / perf cpu

«PopgHas» Bblaayda pgreplay nnm pgbench

NHbopmauma o cucteme

[WIP/MR exists] 6asoBble nposepku CPU 1 10 (sysbench)



TexHuuyeckune CnoXXHocTu

"Ha oMbITe UCMOMNb30BaHNSA B PALE KOMMaHW,
pasmepbl b1 — oT manoro (aecatkn ') go cpeaHero (Heckonbko Th)
Tnn Harpyskn — OLTP (go 15k TPS)



Kak co3faBaTb Ka4eCTBEHHYH Harpysky?

log min_duration_statement = ©



CTpaxu log min_duration statement = ©

Kak oueHUTb NOTOK slora nNpu log_min_duration_statement = @ (6bICTPO U HUYErO He MeHsA!):
https://gist.qgithub.com/NikolayS/08d9b7b4845371d03e195a8d8df43408 (BHMMaHWe Ha KOMMEeHTapum)

postgres=# with const(stats_since, "pg_stat_statements.max") as (

select
(select stats_reset from pg_stat_database where datname = current_database()),
(select setting from pg_settings where name = 'pg_stat_statements.max')
)
select

(select stats_since from const),
(select now() - stats_since from const) stats_age,
count(*) as query_groups,
(select "pg_stat_statements.max" from const),
sum(calls * length(query)) as total_bytes,
sum(calls * length(query)) / extract(epoch from now() - (select stats_since from const)) as bytes_per_sec,
sum(calls) / extract(epoch from now() - (select stats_since from const)) as entries_per_sec
from pg_stat_statements

!
=[ RECORD 1 Jmmmmmmmmm o oo oo oo

286293.502638455
802.853456789136

bytes_per_sec
entries_per_sec

+
stats_since | 2018-10-14 21:05:01.409838+00
stats_age | 1 day 20:22:22.575579
query_groups | 486 Bcero oxxngaem ~300 kB/s,
pg_stat_statements.max | 500 ~800 3anmcel‘;| B JIOr B CeKYH‘qy
total bytes | 45733261483

|

|


https://gist.github.com/NikolayS/08d9b7b4845371d03e195a8d8df43408

HO...



log destination = syslog
logging collector = off

UIn

log destination = stderr
logging collector = off

Uin

log destination = csvlog
logging collector = on

Kakow BapuaHT BblbpaTb Mnpu
MHTEHCVUBHOM NTOrMPOBaHMN?



# Postgres 9.6.10
pgbench -U postgres -j2 -c24 -T60 -rnf - <<EOF

select;
EOF




200000

# Postgres 9.6.10

pgbench -U postgres -j2 -c24 -T60 -rnf - <<EOF
select;

100000 EOF

150000 LAIE

50000

w/o query logging syslog stderr csvlog/logging collector

Ubuntu 16.04 (AWS official AMI), i3.2xlarge (61GB, 8 vCPUs) / Linux 4.4.0-1049-aws



200000

# Postgres 9.6.10
pgbench -U postgres -j2 -c24 -T60 -rnf - <<EOF

150000 161513

select;

EOF
100000

50000

400000

w/o query logging syslog stderr csvlog/logging collector

Ubuntu 16.04 (AWS official AMI), i3.2xlarge (61GB, 8 vCPUs) / Linux 4.4.0-1049-aws
300000 317701

241240
200000

100000

w/o query logging syslog stderr  csvlog/logging collector

CentOS Linux 7 / Linux 3.10.0 (10 CPU, 64GB RAM)



200000

# Postgres 9.6.10
pgbench -U postgres -j2 -c24 -T60 -rnf - <<EOF

150000 LALEE

select;

EOF
100000

50000

400000

w/o query logging syslog stderr csvlog/logging collector

Ubuntu 16.04 (AWS official AMI), i3.2xlarge (61GB, 8 vCPUs) / Linux 4.4.0-1049-aws
300000 317701

All-queries logging with syslog is 200000 241240

e 44x slower compared to “no logging”
e 33x slower compared to stderr /
logging collector

100000

Be Carefu| W|‘th SyS|Og /jourﬂa|d __—> w/o query logging syslog stderr  csvlog/logging collector

CentOS Linux 7 / Linux 3.10.0 (10 CPU, 64GB RAM)



CoBeTbl Anga cnyydas log min_duration_statement = ©

OueHuTe IOPS 1 noTtok 3anucu

[MpoBepbTe CBOK cUCTEMY NlorpoBaHus (syslog/journald moxeT 3amMegnaTb
BCE paguKanbHo, nogymainTe o nepexoae Ha STDERR, logging collector)

Ecnu nporHo3supyemas Harpyska 4Ype3mMepHo Benunka (AecaTku MerabanT u
6onee), paCCMOTPUTE BapUaHT C COMIM/INPOBAHNEM

("SET log min_duration_statement = 0;" B KOHKPETHbIX, C/ly4alHO
BblGpaHHbIX CECCUSIX)



AnbTepHaTuUBHbIN BapuaHT — “crafted workload”

--workload-pgbench (many thanks Michel Pelletier! @michelp)

[Tpnmep:

--workload-pgbench \
"-n -c${CPU_COUNT} -j${CPU_COUNT} -T$T \
-f /var/lib/postgresql/9.6/main/workload/1 select posts.sql@6 \
-f /var/lib/postgresql/9.6/main/workload/2_insert_post_view.sql@60 \
-f /var/lib/postgresql/9.6/main/workload/3 insert_bot_ visit.sql@50 \
-f /var/lib/postgresql/9.6/main/workload/4_select_post_by host.sql@2 \
-f /var/lib/postgresql/9.6/main/workload/5_ select_post_by rare_host.sql@l \
-f /var/lib/postgresql/9.6/main/workload/6_select post_by_ category.sql@l \
-f /var/lib/postgresql/9.6/main/workload/7_conveyor.sql@6 \
-f /var/lib/postgresql/9.6/main/workload/8 select post fresh.sql@l


https://github.com/michelp

[TOMOXET «CKpadTUTb Harpy3sKy»:
postgres-checkup — nepuoaunyeckas gmarHoctuka sgoposbsi b/

Open source: https://qitlab.com/postgres-ai-team/postgres-checkup

e KoMnneKkcHbIV rny6okuin aHanna. MOHUTOPUHIM 3TOrO He AenatoT
e bes BMewartenbcTBa (NE€rkne NpoBepKMm)

e Ha Habnogaemble cepBepbl HAYEMO CTaBUTb He HYXKHO (pa3Be uTo
pg_stat_statements, ecnu eLué HeT)

JTro6oi «6oeBo» b/l perynsipHble «4eKarbl» Hy>XHbl HE MEHbLLIE, YeM 63Karibl


https://gitlab.com/postgres-ai-team/postgres-checkup

CobupaeM camble “BAuaTenbHble” rpynnbl 3anpocoB — oT4éT KOO3 B

postgres-checkup:

# Calls

27.00
0.48/sec
1.00/call
0.00%

302.00
5.39/sec
1.00/call
5.00%

Observations

Master (db2)

KOO3 Top 50 queries

V¥ Total time

2.729s
48ms/sec
101ms/call
14.00%

2.156s
38ms/sec
7ms/call
11.00%

Start: 2019-01-25T21:15:40.689378+00:00
End: 2019-01-25T21:16:36.752667+00:00
Period seconds: 56.06329
Period age: 00:00:56.063289

Rows

216.00
3.85/sec
8.00/call
2.00%

302.00
5.39/sec
1.00/call
2.00%

Error (calls): 0.00 (0.00%) Error (total time): 0.00 (0.00%)

shared_blks_hit

3.25M blks
57.81K blks/sec
120.04K blks/call
31.00%

2.60M blks
46.24K blks/sec
8.59K blks/call
25.00%

shared_blks_read

0.00 blks
0.00 blks/sec
0.00 blks/call
0.00%

1.00 blks
0.02 blks/sec
0.00 blks/call
0.00%

Query

SELECT "t"."id" AS "t0_cQ", "t"."pictureld" AS "t

SELECT s.lid, t.translation, s.version FROM loc;




CobupaeM camble “BAuaTenbHble” rpynnbl 3anpocoB — oT4éT KOO3 B
postgres-checkup:

KOO3 Top 50 queries

) [Ba cHanwoTa pg_stat_statements,
Observations aHaNMUau
pyeMm pasHuLYy OCHOBHbIX METPUK

Master (db2)

Start: 2019-01-25T21:15:40.689378+00:00
End: 2019-01-25T21:16:36.752667+00:00
Period seconds: 56.06329

Period age: 00:00:56.063289

CopTupoBka no total_time ]

Error (calls): 0.00 (0.00%) Error (total time): 2700 (0.00%)

# Calls V¥ Total time Rows shared_blks_hit shared_blks_read Query
27.00 2.729s 216.00 3.25M blks 0.00 blks

T Joojeml | owmeesl  Booesl | 100aKbkeesl | 000blajea | SELECTUIO"AS'IO.cOn rpictureia” AS
0.00% 14.00% 2.00% 31.00% 0.00%
302.00 2.156s 302.00 2.60M blks 1.00 blks

2 155(?//(:? iri?/i/:l‘lec 152(?//::'7 gi;iilt::z:ﬁc 88(2) E:EZ(S:ZE SELECT s.lid, t.translation, s.version FROM loc;i

5.00% 11.00% 2.00% 25.00% 0.00%




CobupaeM camble “BAuaTenbHble” rpynnbl 3anpocoB — oT4éT KOO3 B

postgres-checkup

Observations

Master (db2)

KOO3 Top 50 queries

Start: 2019-01-25T21:15:40.689378+00:00
End: 2019-01-25T21:16:36.752667+00:00
Period seconds: 56.06329
Period age: 00:00:56.063289

Error (calls): 0.00 (0.00%) Error (total time): 0.00 (0.00%)

[lBa pasa: no BpeMeH#u (nepuon HabnoaeHUs) 1
Mo KONMYecTBY BbI3OBOB B rpynmne

OvddepeHumnpyem!

# Calls V¥ Total time Rows shared_blks_read
27.00 2.729s 216.00 3.25M blks 0.00 blks

1 0.48/sec 48ms/sec 3.85/sec 57.81K blks/sec 0.00 blks/sec
1.00/call 101ms/call 8.00/call 120.04K blks/call 0.00 blks/call
0.00% 14.00% 2.00% 31.00% 0.00%
302.00 2.156s 302.00 2.60M blks 1.00 blks

2 5.39/sec 38ms/sec 5.39/sec 46.24K blks/sec 0.02 blks/sec
1.00/call 7ms/call 1.00/call 8.59K blks/call 0.00 blks/call

| 5.00% 11.00% 2.00% 25.00% 0.00%

Query o
A Takxe CMOTPUM Ha «yaeJibHblN BEC»

rpynnbl, MO KaX01 U3 METPUK

SELECT "t"."id" AS "t0_c0Q", "t"."pic d" AS "t

LECT s.lid, t.translation, s.version FROM loc;i




Kak UMeHHO «KpadTUTb»

KOO3 Top 50 queries

Observations

Habupaem top-N rpynn,
Master (db2) yTO6bI 661510 80+ NpoLeHToB Nno total-time

Start: 2019-01-25T21:15:40.689378+00:00
End: 2019-01-25T21:16:36.752667+00:00
Period seconds: 56.06329

Period age: 00:00:56.063289

Error (calls): 0.00 (0.00%) Error (total time): 0.00 (0.00%)

# Calls V¥ Total time Rows hared_blks_hit shared_blks_

3HaHue 0 «40NW» rPynMnbl B 06LLEM MOTOKE 3anpocCoB.,
no calls ncnonbayem, 4Tobbl 3aNONHUTL XXX
B pgbench ... -f groupl.sql@XXX

27.00 2.729s 21 3.25M blks
0.48/sec 48ms/sec .85/sec 57.81K blks/sec
1.00/call 101ms/cal 8.00/call

0.00 blks/call

0.00% 14.00% 2.00% 0.00%

302.00 2.156s 700 2.60M blks 1.00 blks
5.39/sec 38ms/se 5.39/sec 46.24K blks/sec 0.02 blks/sec
1.00/call 1.00/call 8.59K blks/call 0.00 blks/call
5.00% 11.00% 2.00% 25.00% 0.00%

SELECT s.lid, t.translation, s.version FROM loc;




ArperuvpoBaHHble 0T4ETbI — KOOT 1 K002, yaHaéM MHOIo MHTepEeCcHOoro

Calls

143,004
376.86/sec
1.00/call
100.00%

Error (calls): 0.00 (0.00%)
Error (total time): 0.00 (0.00%)

Total time

563,081.09 ms
1.483s/sec
3ms/call
100.00%

Rows shared_blks_hit

308,255 120,731,634 blks
812.34/sec  318.17K blks/sec
2.16/call 844.25 blks/call

100.00% 100.00%

shared_blks_read

780,781 blks
2.06K blks/sec
5.46 blks/call
100.00%

shared_blks_dirtied

21,600 blks
56.92 blks/sec
0.15 blks/call
100.00%

share

118 bl
031k
0.00t
100.0

Workload
type

1 select

2 insert

select ...
for [no
key]
update

Error (calls): 0.00 (0.00%)
Error (total time): 0.00 (0.00%)

Calls

118,133
311.31/sec
1.00/call
82.61%

23,371
61.59/sec
1.00/call
16.34%

1,500
3.95/sec
1.00/call
1.05%

¥ Total time

420,931.45 ms
1.109s/sec
3ms/call
74.76%

133,250.23 ms
351ms/sec
5ms/call
23.66%

8,899.41ms
23ms/sec
5ms/call
1.58%

Rows

284,853
750.67/sec
2.41/call
92.41%

23,371
61.59/sec
1.00/call
7.58%

31
0.08/sec
0.02/call
0.01%

shared_blks_hit

117,030,990 blks
308.41K blks/sec
990.67 blks/call
96.93%

194,111 blks
511.54 blks/sec
8.31 blks/call
0.16%

3,606,533 blks
9.25K blks/sec
2.34K blks/call
2.90%

shared_blks_read

740,766 blks
1.96K blks/sec
6.27 blks/call
94.88%

40,015 blks
105.45 blks/sec
1.71 blks/call
5.12%

0 blks
0.00 blks/sec
0.00 blks/call
0.00%

shared_blk:

308 blks
0.81 blks/se
0.00 blks/cze
1.43%

21,269 blks
56.05 blks/
0.91 blks/ca
98.47%

23 blks
0.06 blks/se
0.02 blks/ce
0.11%

KOO1 — xapaKTepucTMKa BCEro «noToka»

K002 - «knaccbl» 3anpocos:
SELECT, SELECT .. FOR UPDATE,
INSERT nT.4.




Llenb ontnuMmnsaymu: Ha 4to cMoTpeTb — throughput nnu latency?

BonblMHCTBO ONy6MKOBaHHbIX 6eHYMapKoB (0cobeHHO pgbench) opueHTUpoBaHbIl Ha
max throughput — MmakcumManbHoOe KoNM4ecTBO TpaH3aKLUMin B ceKyHAy, max TPS

/

Error (calls): 0.00 (0.00%)
Error (total time): 0.00 (0.00%)
Workload
t:;p:a Calls Vv Joétal time Rows shared_blks_hit shared_blks_read  shared_blk:
8,1 420931.45ms 284,853 117,030,990 blks 740,766 blks 308 blks
1 selsit 1.109s/sec 750.67/sec  308.41K blks/sec  1.96K blks/sec 0.81 blks/se
1.00/cal 3ms/call 2.41/call 990.67 blks/call 6.27 blks/call 0.00 blks/cz
82.61% 74.76% 92.41% 96.93% 94.88% 1.43%
23,371 133,250.23ms 23,371 194,111 blks 40,015 blks 21,269 blks
2 | e 61.59/sec 351ms/sec 61.59/sec 511.54 blks/sec 105.45 blks/sec 56.05 blks/s
1.00/call 5ms/call 1.00/call 8.31 blks/call 1.71 blks/call 0.91 blks/ca
16.34% 23.66% 7.58% 0.16% 5.12% 98.47%
select ... 1,500 8,899.41 ms 31 3,506,533 blks 0 blks 23 blks
3 for [no 3.95/sec 23ms/sec 0.08/sec 9.25K blks/sec 0.00 blks/sec 0.06 blks/se
key] 1.00/call 5ms/call 0.02/call 2.34K blks/call 0.00 blks/call 0.02 blks/ce
update 1.05% 1.58% 0.01% 2.90% 0.00% 0.11%




Llenb ontnuMmnsaymu: Ha 4to cMoTpeTb — throughput nnu latency?

BonblMHCTBO ONy6MKOBaHHbIX 6eHYMapKoB (0cobeHHO pgbench) opueHTUpoBaHbIl Ha
max throughput — MmakcumManbHoOe KoNM4ecTBO TpaH3aKLUMin B ceKyHAy, max TPS

Error (calls): 0.00 (0.00%) o
Error (tota time): 000 (0.00%) B «06bIYHON» XXWU3HWN 60€eBble B/l He
WotryI::ad Calls V Total time Rows shared_blks_hit  shared_blks_read  shared_blk: « e 3 ﬂ'ﬂ T» H a M a KC '/l M an b H O Vl
81 42093145ms 284,853 117,030,990 blks 740,766 blks 308 blks CKOpPOCTH (Ka K N aBTOMOOUIN Ha
. — 1.109s/sec 750.67/sec  308.41K blks/sec  1.96K blks/sec 0.81 blks/se
1.00/cal 3ms/call - 990.67 blks/call  6.27 blks/call 0.00 blks/ce (@) 6 bIYHbIX [ (@) p ora X) .
82.61% 74.76% 92.41% 96.93% 4.88% 1.43%
—
23371 133,250.23 ms | 23,371 194,111 blks 40,015 blks 21,269 blks Yy .
2 | e 61.59/sec 351ms/sec 61.59/sec 511.54 blks/sec 105.45 blks/sec 56.05 blks/s A'n bTe p H aT M B H bl M n OAXO'D"
1.00/call 5ms/call 1.00/call 8.31 blks/call 1.71 blks/call 0.91 blks/ca °
16.34% 23.66% 7.58% 0.16% 5.12% 98.47% H axonul M T b m I n Iaten cy
select ... 1,500 8,899.41 ms 31 3,506,533 blks 0 blks 23 blks M M H M M an b H O e C p e'u' H ee B pe M ﬂ
for [no 3.95/sec 23ms/sec 0.08/sec 9.25K blks/sec 0.00 blks/sec 0.06 blks/se
g key] 1.00/call 5ms/call 0.02/call 2.34K blks/call 0.00 blks/call 0.02 blks/ce OTKn M Ka
update 1.05% 1.58% 0.01% 2.90% 0.00% 0.11%




Pe3omMe n coBeThl
e (Cos3panTte Database Lab!

c ucnonb3oBaHueM Nancy CLI (nnv cooTBeTCTBYHOLMX NAEN)
“Staging on demand” — BpeMeHHble 3K3eMnAApbl, N0 3anpocy
perynsipHo roToBbTe KONuu 60eBbix b/,

HayyMTeCb aMynMpoBaTb Harpysky

(no noram / pgreplay unm «kpadToBasi Harpyska» ¢ pgbench)

O O O O

e Ha nrobon nto6oe n3MeHeHNe, Ha Nt060M BOMNPOC — 3KCNepUMeHTbI Haa b/
e [lpuuen Ha min latency

e lcnonb3ynte ncxoaHukun lNoctrpeca, NCNonb3ynTe NOUCK
(https://qithub.com/postares/postgres nnu http://qitlab.com/postgres/postares)

e [lpoBepsiTe 3g0poBbe cBoux b/l perynapHo (postgres-checkup)



https://gitlab.com/postgres-ai-team/nancy
https://github.com/postgres/postgres
http://gitlab.com/postgres/postgres
https://gitlab.com/postgres-ai-team/postgres-checkup

Cnacumoo!

Nikolay Samokhvalov
mk@postgres.ai
twitter: @postgresmen

Nancy CLI:
hitps:// gitlab.coml nostgres-ai-teaml nancy

DOStgreS_GheCkup‘ e e

https:// itlab.com/post res-ai-team/

nostgres-checkup



mailto:ns@postgres.ai
https://twitter.com/postgresmen
https://gitlab.com/postgres-ai-team/nancy
https://gitlab.com/postgres-ai-team/postgres-checkup
https://gitlab.com/postgres-ai-team/postgres-checkup

Koe-4yTo 13 «peXxuccepckon sepcumn»



Nancy real-world examples: seq_page cost

GitLab.com: random_page cost = 1.5 and seq_page _cost = 1

Decision was made to switch to seq_page cost = 4

DB experiments with Nancy CLI were made to check was this decision good in
terms of performance.

Results:
https://qitlab.com/qitlab-com/qgl-infra/infrastructure/issues/4835#note_106669373

— in general, SQL performance improved ~40%

WIP here, it is an open question, why is it so.


https://gitlab.com/gitlab-com/gl-infra/infrastructure/issues/4835#note_106669373

Nancy real-world examples: educate yourself
PostgreSQL Documentation “19.5. Write Ahead Log”

https://www.postgresgl.org/docs/current/static/runtime-config-wal.html

 wal_level ( enum )

wal level determines how much information is written to the WAL. The default value is
replica , which writes enough data to support WAL archiving and replication, including running
read-only queries on a standby server. minimal removes all logging except the information
required to recover from a crash or immediate shutdown. Finally, logical adds information
necessary to support logical decoding. Each level includes the information logged at all lower
levels. This parameter can only be set at server start.

In logical level, the same information is logged as with replica , plus information needed to

allow extracting logical change sets from the WAL. Using a level of logical will increase the

WAL volume, particularly if many tables are configured for REPLICA IDENTITY FULL and many
UPDATE and DELETE statements are executed.


https://www.postgresql.org/docs/current/static/runtime-config-wal.html

Nancy real-world examples: shared buffers

shared_buffers = 15GB (25%)

B Total query execution time, ms

5000000 ms

4000000 ms

3000000 ms

2000000 ms

1000000 ms

0GB 10GB 20GB 30GB

40 GB

50 GB

postila.ru,

Real workload (5 min),

61 GB RAM (ec2 i3.2xlarge),
DB size: ~500GB

Various shared_buffers
values

If we go from 25% o higher values (~80%), we improve SQL performance ~50%



pgbench/pgreplay — Ha TOW XXe MawuHe, 4To U Postgres
nnn obasaTtesibHO OTAENbHO?



4yTOo U Postgres

)

pgbench/pgreplay — Ha Toi e MalunHe

NN oba3aTeslbHO OTAEeNbHO?

https://github.com/postgres-ai/nancy/pull/1 59)

FlameGraphs/perf
(thanks Victor Yagofarov!

[vfs write

i
e

B | [ | i

. ===z -mn_u-——

Function: pgbench (472 samples, 6.43%)


https://github.com/postgres-ai/nancy/pull/159

pgbench/pgreplay — Ha TOW XXe MawuHe, 4To U Postgres

NN oba3aTeslbHO OTAEeNbHO?

https://github.com/postgres-ai/nancy/pull/1 59)
«Bknapg» pgbench Bcero 6%

FlameGraphs/perf
(thanks Victor Yagofarov!

[ B) vfs_write
| vfsub_write_u.

e | [l

[ o] (]

W | eox W |
Emi.. | | S

PostmasterMaig

Function: pgbench (472 samples, 6.43%)


https://github.com/postgres-ai/nancy/pull/159

Nancy real-world examples: educate yourself
PostgreSQL Documentation “19.5. Write Ahead Log”

https://www.postgresgl.org/docs/current/static/runtime-config-wal.html

 wal_level ( enum )

Just conduct DB experiment with Nancy CLI,

wal_level determineshow muchi use --keep-alive 3600 and compare!
replica , which writes enough data {®

read-only queries on a standby server. minimal removes all logging except the information
required to recover from a crash or immediate shutdown. Finally, logical adds information
necessary to support logical decoding. Each level includes the information logged at all lower
levels. This parameter can only be set at server start.

In logical level, the same information is logged as with replica , plus information needed to

allow extracting logical change sets from the WAL. Using a level of logical will increase the

WAL volume, particularly if many tables are configured for REPLICA IDENTITY FULL and many
UPDATE and DELETE statements are executed.


https://www.postgresql.org/docs/current/static/runtime-config-wal.html

[ naBHoOE:

e OKcnepumeHTbl bl — nepexoa OT «4EPHOU Marnm» K NPOMbILLITIEHHbIM

MeTo4aM W peLleHnsIM, OCHOBaHHbIM Ha gaHHbIX
e Staging DB — kak MOXHO 651mxe K production
e Jlydwe nmeTb MHoro “staging DB". ELé ny4ywe — cosgaBaTtb Mo 3anpocy

e lcnonb3yiTe roToBble OPEN SOUrCe peLleHus Ais Toro, YTobbl 3HaTb O

cBoer bl n Harpyske Kak MOXHO 6o/blue
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1. Cpepa 1.
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Summary
nydule Unm xyxe, B Lesiom?

ApTudakTbl
nrobble NonesHble NoAPOOHOCTH

NMoapobHbIN aHann3 SQL-3anpocos

Ka)kaas rpynna: ny4yiie unm xyxe?
+ F’MCTOrpaMmbl:

— before
—_ after

query group #
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e Docker

e pgreplay

e pg_stat_***

e auto_explain

e pgBadger (with JSON output)

e AWS EC2 spot instances
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Nancy CLI: 371 (1 He TONbKO) 610K, UHTErPUPOBAHHbIE B €MHOE PeLIEHNE
https://github.com/postgres-ai/nancy
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DIY automated pipeline for DB experiments and optimization

How to automate database optimization using ecosystem tools and AWS?

Analyze: pgBadger:

bg_stat_statements e  Grouping queries can be implemented better (see pg_query)
auto_explan e  Makes all queries lower cased (hurts "camelCased" names)"
pgBadger to parse logs, use JSON output ) Doesn't really support plans (auto_explain)”

pg_guery to group queries better

pg_stat_kcache to analyze FS-level ops

*) Fixed/improved in pgBadger 10.0

Configuration:

e annotated.conf, pgtune, pgconfigurator, postgresqglco.nf

e  ottertune
pgreplay and pgBadger are not friends,

. . " en . ire diff log f
Suggested indexes (internal “what-if” APl w/o actual execution) require different log formats

e (useful: pgHero, POWA, HypoPG, dexter, plantuner)

Conduct experiments:
e pgreplay to replay logs (different 1og_line_prefix, you need to handle it)

e EC2 spotinstances

Machine learning
e MADIib


https://www.postgresql.org/docs/current/static/pgstatstatements.html
https://www.postgresql.org/docs/current/static/auto-explain.html
https://github.com/dalibo/pgbadger
https://github.com/lfittl/pg_query
http://powa.readthedocs.io/en/latest/stats_extensions/pg_stat_kcache.html
https://github.com/jberkus/annotated.conf
https://pgtune.leopard.in.ua/
http://pgconfigurator.cybertec.at/
https://postgresqlco.nf/
https://github.com/cmu-db/ottertune
https://github.com/ankane/pghero
https://powa.readthedocs.io/en/latest/
https://hypopg.readthedocs.io/en/latest/
https://github.com/ankane/dexter
http://www.sai.msu.su/~megera/wiki/plantuner
https://github.com/laurenz/pgreplay
https://pivotal.io/madlib

Postgres.ai — artificial DBA/DBRE assistants

Al-based cloud-friendly platform to automate database administration

s | Steve
*"féﬂ" Al-based expert in capacity planning and
database tuning

Joe https://Postgres.ai

Al-based expert in query optimization and
Postgres indexes

Nancy

Al-based expert in database experiments.
Conducts experiments and presents
results to human and artificial DBAs
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Postgres.ai — artificial DBA/DBRE assistants

Al-based cloud-friendly platform to automate database administration

......

Al-based expert in capacity planning and
database tuning

Al-based expert in query optimization and
Postgres indexes

Nancy

Al-based expert in database experiments.
Conducts experiments and presents
results to human and artificial DBAs

https://Postgres.ai
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Y10 BHYTpW docker-koHTenHepa Nancy

NcxopHuku: https://qithub.com/postgres-ai/nancy/tree/master/docker
O6pas: https://hub.docker.com/r/postgresmen/postgres-nancy

BHyTpu:

Ubuntu 16.04

Postgres (9.6, 10, 11)

postgres_dba Ha cny4yain pyyHoro “gebarruHra” https://github.com/NikolayS/postgres_dba
log min_duration_statement = @

pg_stat_statements BkntoyeHbl, ¢ track_io _timing = on

auto_explain onymMoHanbHO

pgreplay

pgBadger

FlameGraph (perf cpu) https://github.com/postgres-ai/nancy/pull/159



https://github.com/postgres-ai/nancy/tree/master/docker
https://hub.docker.com/r/postgresmen/postgres-nancy
https://github.com/NikolayS/postgres_dba
https://github.com/postgres-ai/nancy/pull/159

plain text pg_dump
o  restoration is very slow (1 vcpu utilized)
o “logical” - physical structure is lost (cannot experiment with bloat, etc)
o small (if compressed)
o  ‘“snapshot” only
pg_dump with either -Fd (“directory”) or -Fc (“custom”):
restoration is faster (multiple vCPUs, -j option)
“logical” (again: bloat, physical layout is “lost”)
o small (because compressed)
o  “snapshot” only
pg_basebackup + WALs, point-in-time recovery (PITR), possibly with help from WAL-E, WAL-G, pgBackRest
o less reliable, sometimes there issues (especially if 3rd party tools involved - e.g. WAL-E & WAL-G don't support
tablespaces, there are bugs sometimes, etc)
“physical”: bloat and physical structure is preserved
not small — ~ size of the DB
can “walk in time” (PITR)
requires warm-up procedure (data is not in the memory!)
AWS RDS: create a replica + promote it
o  no Spots :-/
o  Lazy Load is tricky (it looks like the DB is there but it's very slow — warm-up is needed)
Snapshots
Ideas for serialization
o  Stop Postgres / rsync “back” or re-copy locally on NVMe / start Postgres

o

O O O O



Prepare the EC2 instance(s) in advance and keep it

Prepare EBS volume(s) only (perhaps, using an instance of the different
type) and keep it ready. When attached to the new instance, do warm-up

Resource re-usage:
o reuse docker container
o reuse EC2 instance

o serialize experimental runs serialization (DDL Do/Undo; VACUUM FULL; cleanup)
Partial database snapshots (dump/restore only needed tables)

Filesystem snapshots to have few-second resets

(examples: https://events.yandex.ru/lib/talks/4402/,
https://heapanalytics.com/blog/engineering/testing-database-changes-right-way)



https://events.yandex.ru/lib/talks/4402/
https://heapanalytics.com/blog/engineering/testing-database-changes-right-way

ZFS/XFS snapshots to revert PGDATA state within seconds
FlameGraphs (perf) — DONE https://github.com/postgres-ai/nancy/pull/159
Support GCP
More artifacts delivered: pg_stat_kcache, etc
nancy describe to print the summary + top-N queries — DONE
nancy describe to print the “diff” for 2+ reports (the summary + numbers for top-30 queries, ordered by
by total time based on the 1st report) — DONE
Postgres 11 — DONE
pgbench -i for database initialization — DONE
pgbench to generate multithreaded synthetic workload — DONE
Workload analysis: automatically detect “N+1 SELECT” when running workload
Better support for the serialization of experimental runs
Better support for multiple runs https://github.com/postgres-ai/nancy/pull/97
o interval with step — WIP
o gradient descent
Provide costs estimation (time + money) — DONE
Go

Feedback/contributions welcome
https://qithub.com/postgres-ai/nancy
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https://github.com/postgres-ai/nancy/pull/97
https://github.com/postgres-ai/nancy

Challenge: security issues

Problem: a developer doesn’t have access to production.
Nancy works with production data/workload.
What about permissions and data protection?

Possible solutions:

e Option 1: allow using Nancy CLI only to those who already have access
production (DBAs, SREs, DBRES)

e Option 2: obfuscate data when preparing a DB clone (no universal
solution yet, TODO)

e Option 3: allow access only to GUI, hide/obfuscate parameters (TODO)



Challenge: reliable results

Issues:
1. Single runs is not enough (fluctuations) — must repeat

2. “Before”/"after” runs on 2 different machines / EC2 nodes — “not fair” comparison
(defective hardware, throttling)

Solutions (ideally: combination of them):

e Sequential runs
e A4+ iterations of each experimental run

e “Baseline benchmark” https://qgithub.com/postgres-ai/nancy/issues/94



https://github.com/postgres-ai/nancy/issues/94

