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NnaH BCcTpeum

* [MpobsemMbl N 4TO C HAMKU OenaTb?
* [lapa cnos o PostgreSQL n o6 OS
 [IpodhununpoBaHmMe

* [lpnmepsl

2 /49



PGCOnf.CMGMpb 2023 PogzgresPro

e DOyHKUMOHaNbHLIE
- Bce cnomMmanoch
- Owunbkwn B norax

- Owmnbknm B oTBETAX CUCTEMDI

* [lepBble Wwarwu
- Ko owmnbkwm
- CoobuweHmne 06 owmnbke
- Stack traces
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e HegoyHKUMOHaJIbHbIE
- TopMo3a
- HexBaTKu pecypcoB, YaCTUYHbIe O0TKa3bl CUCTEMDI

 Houston, we have problems with performance
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NMpobnemsbl

- Y KOro-To C/IMWKOM Yy3Kue nsepu!

- HeT! BCcé noToOMYy, 4TO KTO-TO CJZINLLIKOM MHOro ecT!
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Y10 penartb?
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« CNoOXHOCTb pacTeT
- SMT -» SMP -» NUMA
- ISA = PCI - PCIx
- Xene3o - HyperVizor
- Local Storage - SAN - SDS
- VLAN/Routing — Fabrics - SDN (VNF)
- Standalone Database — Replication —» Sharding
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Y10 nenartb?

* Y3KUX OBepen ctaHoBUTCS bosibLue...
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Y10 nenartb?

* Y3KMUX OBepen ctaHoBUTCA bosbLue...
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* Y3KMUX OBepen ctaHoBUTCA bosbLue...
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Y10 nenartb?

* Y3KNX OBEpen CTAHOBUTCSH CJIMLLKOM MHOrO...

11/49



PGCOnf.CMGMpb 2023 PogzgresPro

« MeTpukun pecypcos
- Utilization, Saturation, Errors (USE)
e MeTpUKUN Harpys3ku
- Rate, Errors, Durations (RED)
« CMellaHHbIN BapuaHT
- Latency, Traffic, Errors, Saturation (LTES)
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ldentify Resources

Y10 penartb? i

—» Choose a Resource

Y
Errors Present?
Y
High Utilization?
Y
Saturation?

L

Investigate Discovery

Identified
the Problem?
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Napa cnoB o PostgreSQL

« CobCcTBEHHbIE pecypchl
- Shared Buffers
- WAL
- Autovacuum

 Pecypchbl OS
- Jnck
- CPU
- Network
- mem
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Napa cnoB o PostgreSQL

po_stat_ssl

Ppo_stat_activity
pg_backend_memory_contexts
EXPLAIN
pg_stat_statements
pg_stat_user_functions

|_log_backend_memory_contexts()

po_stat_monitor
pg_stat_kcache
pg_wait_sampling
pg_blocking_pids()
po_stat_progress_cluster

pg_prepared_xacts
po_locks

po_stat_progress_create_index
pog_stat_progress_copy pg_stat_all_indexes
pog_stat_all_tables
pg_statio_all_indexes
pg_statio_all_tables
po_statio_all_sequences

pg_is_wal_replay_paused()
pg_current_wal_lsn()
pg_wal_lsn_diff()
pa_ls_logdir()
pg_current_logfile()
pg_ls_lnglcalmapdll:l pg_mpll:atlon_siﬁ:s
pg_ls_logicalsnapdir() pg_stat_replication_slots
pg_ls_replslotdir() pg_stat_replication
po_stat_subscription_stats pg_stat_subscription
pg_stat_wal_r

pg_stat_archiver
pg_ls_archive_statusdir()

pg_stat_database_confl
pg_stat_recovery_pr ch

pg_gat_wal_mplay_pausa_state[J

Postgres Observability

Client Backends
Query Planning
Shared Buffers

Query Execution

Indexes Usage Tables Usage

Buffers 10 SLRU Caches

Network Storage

Tables/Indexes Data Files

nicstat iostat

ttps://pgstats.dev/

pg_buffercache

pg_shmem_allocations
po_stat_siru
*_stat_actlvlty

_stat_database
pg_stat_progress_vacuum

pg_stat_progress_analyze
_stat_all_tables

g_stat_wal

g_ls_waldir()
_walfile_name()
current_wal_insert_Isn()

_last_wal_receive_Isn()
pg_last_wal_replay_lsn()

pb_stat_bgwritnr

po_stat_progress_basebackup
pgstattuple

pg_tablespace_size()
pg_database_size()
pg_total_relation_size()
pa_relation_size()
pg_table_size()
pg_indexes_size()
pg_lIs_tmpdir()
pa_ls_dir()

walfile_name_offset()
pa_current_wal_flush_Isn()

pg_!ast_xa:t_rupla'y_tlmestamp(l

pg_relation_filenode()
py_relation_filepath()
pg_filenode_relation()
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Napa cnoB o PostgreSQL

 pg_stat_activity - cnncok ceccnm n nx coctosaHue
- state, wait event - B/IOKUPOBKK / MHOTO el / y3Kue asepu?
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NMapa cnoB o PostgreSQL

* pg_stat statements - CTaTuCTMKa No oTAeNIbHbIM 3anpocam
- planning / execution time - Ton 3anNpocoB

« explain analyze / pgpro_stats - nonydeHnda nnaHa 3anpoca
- SQL Tuning
- https://use-the-index-luke.com/

(@’% USE THE INDEX, LUKE!
A

A Guide to Database Performance for Developers
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strace Operating System Hardware Various:
ltrace ss nstat sar /proc
opensnoop \ \ / // dmesg dstat
‘k - -
lsof \ Applications gethostlatency
fatrace /
filelife : - execsnoo
pestat \ v | System lerarles/ // mpstat P t;rngta:
System Call Interface profile SHONDODS
perf \ \ / // / runglen rdmsr
E-F:-ace . VES >ockets Scheduler#{ ©offcputime
=l File Systems TCP/UDP softirgs
bpftrace Volume Manager IP Virtual cPU
i g Memory % top atop S
b it Block Device/ [ Net Devicey \ y B ek
ext4slower / Device Drivers \ % PR,
(& for btrfs A
nfs,xfs,zfs) perf \ i ymsrat perE
i mdflush tiptop | tcpdump ) tcplife slabtop
. —> tcpretrans free DRAM
iostat : udpconnect
biosnoop |/O Bridge hardirqgs
biolatency [ criticalstat
biotop | |
blktrace I/O Controller Network Controller numastat
¥\ nicstat
netstat
Disk Disk Disk Port Port Port & 1ip
* f + http:/Amwww.brendangregg.com/
SCSl log swapon ethtool snmpget lldptool linuxperthtml, 2019

Pogzgres Pro
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« top -c
- workload n ytnnmnsaumsa cnctemsl
e jostat -x
- workload n ytunmnsaunsa gnucka
* mpstat, vmstat, netstat
- workload n ytunnmnsauma npoueccopa / namMaTn / ceTu
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e OOPMYNNPOBKY MPUYNHBI

-~ MAaCCOBbIV MOTOK 3anpoc X

- noTtpebnaet MHOro pecypcos Y
* YBbl, HaM He nomor SQL Tuning v TIOHWHI Ba3bl N OS
* YTO He xBaTaeT?

- lNpodumnupoBaHuns!
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NMpodunupoBaHue

« gdb (lldb)
- attach nogokn4YNTLCA K Npoueccy

- bt cTeKk BbI30OBa
— print BbIBOA4 OaHHbIX N3 NaMATH

 Poor man’s profiler

21 /49



PGCOnf.CMGMpb 2023 PogzgresPro

* NIHCTpyMeHThl
- Execution (CPU): DTrace, perf, eBPF
- Disk (Block devices): blktrace, ioprof, eBPF
- Memory: Valgrind, perf, eBPF
- Network: tcpdump, wireshark, eBPF
« Cnocobbl
- sampling - CHUMKWN C onpeneneHHoOM 4YacToTou
- timing (call/exit) - 3amMep BpeMeHU
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Sampling

BbICTpPbIN BapUaHT
- perf top

LLInapranka
- perf record -F 99 -a -g --call-graph=dwarf sleep 2

- perf script --header --fields
comm,pid,tid,time,event,ip,sym,dso

TpebyeT ycTtaHoBKWU debuginfo ana PostgreSQL

TpebyeT perf-cbopky c libunwind (npobnema ¢ RHEL-based)
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NMpodunuposaHue Perf + CPU

 FlameGraph

Flame Graph

e ———— \\H\Hm-- m
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|
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24 /49



PGConf.Cuoupsb 2023

- Grafana-like - https://pyroscope.io

Q
postgres (99.63%, 10.45 minutes)
[unknown] (14.24%, 1.49 n\I_llbc_start_ull_nin (63.99%, 6.71 minutes)
= [unknown] (13.95%, 1.46  main (63.99%, 6.71 minutes) sigusrl_handler (19.98%, 2.1@ minu
[unknown] (13.79%, 1.45 maybe_start_bgworkers (19.81%, 2.
M [unknown] (13.72%, 1.44 || serverLoop (63.8%, 6.63 minutes) StartBackgroundWorker (19.81%, 2.
[unknown] (13.61%, 1.43 || PostgresMain (63.73%, 6.68 minutes)
[unknown] (13.61%, 1.43 [ PortalRyl ParallelgueryMain (19.8%, 2.8 miny
[unknown] (13.6%, 1.43 df Port| Porf| [Portalkun (55.64%, 5.84 minutes) pgss_ExecutorRun (19.8%, 2.68 minug
[unknown] (13.6%, 1.43 afll Proc|pgsi|| PortalRunselect (55.59%, 5.83 minutes) standard_ExecutorRun (19.8%, 2.88 nf
[unknown] (13.6%, 1.43 dffilpesi| staf|| pgss_ExecutorRun (55.59%, 5.83 minutes) ExecAgg (19.81%, 1.99 minutes) |
[unknown] (13.6%, 1.43 dfff sta standard_ExecutorRun (55.59%, 5.83 minutes) fetch_input_tuple (18.96%, 1.99 m
[unknown] (13.82%, 1.3 ExecAgg (55.58%, 5.83 minutes) ExecSort (18.98%, 1.99 minutes)
[unknown] (12.7%, 1.3 Fetch_input_tuple (55.58%, 5.83 minutes)
[unknown] (11.74%, 1 ExecGatherMerge (55.58%, 5.83 minutes) ExecNestLoop (17.51%, 1.84 min
[unknomn] (11.27%, gather_merge_readnext (55.57%, 5.83 minutes) I ExechestL|
[unknown] (18.71%, ExecAgg (49.39%, 5.18 minutes) Execsort ( Exel | Inddf| index_index_getne:
[unknown] (16.31% Fetch_input_tuple (49.36%, 5.18 minutes) ExechAgg in btgettuple (
[unknown] (18.85% ExecSort (49.36%, 5.18 minutes) et _bt_first (7]
[unknown] (9.13 ExechestLoo _bt| || _bt_s
[unknown] (8.5 Exechestloop (48.52%, 4.25 minutes) ExechiestLoo bt
[unknown] (; ExecMestloop (12.22%, ExechestLag
[unknown] ExecNest, Exe IndexNey | | index_fetch_hindex_getnext_tid (16.8%, 1.7 ExechestLog
[unknowi index_g btgettuple (16.74%, 1.76 minu Exechestlog
[unk ind in ReadBuhed | bt first (16.68%, 1.75 minuts Exect Execs,
i [unl bge Reads _bt_bi nsrl _bt)| | _bt_search.p: Index
bt _bt_comp: _bt| |_bt_rell index
: _boell Reads in
Read| btgf
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Pogzgres Pro
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- select distinct X nnin select X group by X

« JleHnc CmupHoB (darthunix) B pgsql-hackers ot 30 aBrycTa
2023:

- ObcyxgeHune
https://www.postgresqgl.org/message-id/flat/=z "
EC-4930-A4 E—F06DC(;.LF1§C96%4 gmail.con [m]=?

- aTy
https://commitfest.postgresql.org/44/4531/

on . A ow = —



https://www.postgresql.org/message-id/flat/388BA879-CAEC-4930-A4EE-F06DC1F12C96%40gmail.com
https://www.postgresql.org/message-id/flat/388BA879-CAEC-4930-A4EE-F06DC1F12C96%40gmail.com
https://commitfest.postgresql.org/44/4531/
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-- co3paéMm Tabnuuy M3 1 UYNCIOBOM KOJIOHKM
create table t(a int, primary key(a));
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create table t(a 1int, primary key(a));
—-- BCTaB/IieM HeCKO/IbKO MWIJIMOHOB CAy4YalHbIX uucen

insert into t select random() * 5000000
from generate_series(1, 5000000)
on conflict do nothing;
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-- Unique
explain analyze select distinct a from t;

latency average =

pgbench -n -c 1 -7 1 -T 60 -P 1
-f unique.sql
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-- Unique

explain analyze select distinct a from t;
latency average =

-- Group By

explain analyze select a from t group by a [m]-:
latency average = '
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NMpumMmep Nel: Group By

(B ] _b.. bt saveitem
_bt readnextpage

ExecGroup
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NMpumep Nel: Group By z

YTEHUE N3 MHAEKCA  ww bt saveitem
bt readnextpage
_bt steppage
_btpext
i | 5 |
index getnext tid ~ [Qwisiby
Exe.  ExecGroup

ExecGroup
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NMpumMmep Neol: Unique

I
= bt s..

~ _bt readpage
_bt readnextpage

_bt next

Ilhln
!
{
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NMpumMmep Neol: Unique

I

o bt s.
- _bt readpage

_bt readnextpage
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NMpumMmep Neol: Unique vs Group By

*[laT4y oT leHnca CMNPHOBa

diff --git a/src/backend/executor/nodeUnique.c b/src/backend/executor/nodeUnique.c
index 45835d74fa..cB85%add6ed 188644

--- a/src/backend/executor/nodeUnique.c

+++ b/src/backend/executor/nodeUnique.c

@@ -141,7 +141,7 @@ ExecInitUnique(Unique *node, EState *estate, int eflags)
* Initialize result slot and type. Unigue nodes do no projections, so
* initialize projection info for this node appropriately.

*/
- ExecInitResultTupleSlotTL({&uniquestate-»>ps, &TTSOpsMinimalTuple);
+ ExecInitResultTupleSlotTL(&uniquestate-»>ps, &TTSOpsVirtual);

uniquestate->ps.ps_ProjInfo = NULL;
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load average: 71.76, 72.36, 72.54
@ stopped, © zombie

).1 wa, ©.90 hi, 0.9 si, 0.0 st
304 used, 10989072+buff/cache

308 used. 49603376 avail Mem

%CPU %MEM TIME+ COMMAND

70.0 1.1 0:00.38 postgres:(21047) BIND
65.0 0.5 0:00.14 postgres:(21449) BIND
60.0 0.9 0:00.19 postgres:(21391) BIND
60.0 0.5 0:00.12 postgres:(21459)—
60.0 0.5 0:00.12 postgres:(21461) idle
55.0 0.5 0:00.13 postgres:(21421) BIND
55.0 0.5 0:00.14 postgres:(21431) BIND

 BIND - 3T0 06paboTka ceTeBOro nakerta co CBA3aHHbIMW NepeMeHHbIMM 3anpoca,
BKJ1IO4Yad MHOrAa nJjiaHMpoBaHue
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NMpumep Ne2: SysCache

v —
L)

_—

e B kKowe KATAJIOI A 4YTO-TO HEe HALWNoChb...

« Ho oHO TaM HaBepHSsKa bbI10 CEKYHOY Ha3ada...

 Kyha »Xe OHO Oesiochb...
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* VIHBanunaoauuna KaLa
- DDL- n utility-komaHAabl

- on-commit paccbllaeT BCeM npoLeccam B BUae
cooOLeHnn

 OTKAlO4YeHue Kala
- debug discard caches (DEVELOPER GUC)

* MOHUTOPUTbL MHBaNMOALUN C NOMOLbIO pgpro_stats:

- https://postgrespro.ru/docs/postqrespro/13/ ro-stats#P
GP O-SPTATg—IN\?AL—MSGS POSIITESP bIP


https://postgrespro.ru/docs/postgrespro/13/pgpro-stats#PGPRO-STATS-INVAL-MSGS
https://postgrespro.ru/docs/postgrespro/13/pgpro-stats#PGPRO-STATS-INVAL-MSGS
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NMpumep Ne3: Commit

-- co3paém 1000 BpeMmeHHbIX Tabnuy kaxgaa no 1000 cTpok

40 /49
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PGConf.Cuoupsb 2023

-- co3gaém 1000 BpemeHHbIX Tabnuy kaxgaa no 1000 cTpok

create temp table t_tab_%s
on commit delete rows

as
select id::bigint, repeat('x', 1023)
from generate_series(1,1000) id;
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NMpumep Ne3: Commit

postgres=# begin;

Time: 0.230 ms

postgres=*# select 1 from t_tab_100;
Time: 0.317 ms

postgres=*# commit;

Time: 180.267 ms

42 [/ 49
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postgres=# begin;

Time: 0.230 ms

postgres=*# select 1 from t_tab_100;
Time: 0.317 ms

postgres=*# commit;

Time: 180.267 ms

Anck He Topmo3uT, commit noTpebnsetr CPU
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NMpumep Ne3: Commit

|ﬁ

do _writepages

exit to user mode prep..

==
IIIIIIIEE

handle i..

handle ed..

entry SYS Allo..

@opEm Bas..
Pg_.. Pal. firuncate [RelalionCm Allo..
pvs. md. [NSTRNGHE Locolcxec. WIS rclation open

pspr.. mdn.. mdtruncate H table_open
md.. @deRy smgrtrunc.. Comman

mideny smq .. | N, relation open  LockRelationOid
RelationTr.. RelationTruncatelndexes ~~ tableopen ~  relation open

44 | 49
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NMpumep Ne3: Commit

:
:

TRUNCATE TABLE T_TAB_001
TRUNCATE TABLE T_TAB_002 do_writepages
TRUNCATE TABLE T_TAB_003...

e
=9

g

com..

exit to user mode prep..

do f.. ex.| tru..

@8 do_truncate

fmtint _li.. do_syscall..
entry] SYS.. Allo.. Rela..

(@opr Bas..
PO .. Pat Allo..
relation_open

Pvs.. m
PSPpr.. -md cate HAHO.. table open

smgrtrunc.. ommand.. Lock/ ire.
mde.. smq.. | T LockRelationOid

relation open

handle i..

handle ed..
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on commit delete rows

precommit:

for (1 = 0; 1 < 1000; 1i++) {
truncate table t_tab %i

}

commit transaction:
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NMpumep Ne3: Commit

postgres=# begin;

Time: 0.230 ms

postgres=*# select 1 from t_tab_100;
Time: 0.317 ms

postgres=*# commit;

Time: 180.267 ms
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« CHayvasia MoCMOTPUTE Ha METPUKU, HananTe npobnemy B
HUNX

« He Hapo npodwunuposaTb CPU, ecnn ToOpMO3NT ANCKOBa4
cuctemMma n HaobopoT

* AHanusnpyute! MeTpuku, flamegraph-bi - nuuwb
NWHCTPYMEHTbI aHann3a

« OborauwjamTe CBOM 3HAHUSA YTEHNEM OOKYMEHTALUN U
NHOIr 1a NCXOAHOro Koaa
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CnacubOo!
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