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Pogzgres Pro

NMpoOnemsbl TyT,
npooJsieMbl TaM...




YTO Mbl XOTUM?
* [lpoBepuTb 4TObLI BCE:
- PaboTano
- be3 owmnbok
- bbICTpO
- [llpakTn4yeckn naoeasibHoO
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Pogzgres Pro

* MIHorpa cny4valoTcs
- OwunbkKM B oTBEeTax CUCTEeMbI
- Owunbkwn B norax

- Bce cnomMmanochb

* Y10 nenaem?
- CMOTpuUM norwu
- [llblITaemMca BOCNPON3BECTU
- W3BnekaeM stack trace-bl
- YuTaem Kopn, LOKYMeHTauuo, CHoBa Kog...



NMpobsieMbl U X NPUYUHDI

A 6bIBalOT TOPMO3a...
- PacTeT BpemMs OTKJIMKa CUCTEMBbI
- TanM-ayTbl, »Xanobbl
- MaccosBsble

 «Houston, we have problems»
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NMpobsieMbl U X NPUYUHDI
* Y KOro-To CJINWLKOM y3Kune gsepu!

e HeTt! BCcé NOTOMY, YTO KTO-TO CJ/INLLKOM MHOIo ecT!
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Mpo6nemMbl U UX NPUYUHDI

e MHOro net Tomy Ha3saaga...
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NMpob6nemMbl U UX NPUYUHDI

e MHOro neTt TomMmy Hasag...
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Figure 11. Pentium processor and i486 CPU performance for SPEC benchmarks.
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NMpob6nemMbl U UX NPUYUHDI
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Data partially collected by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammaond
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NMpobsemMbl U UX NPUYUHDI -

 CJQIOXKHOCTb pacTeT
- SMT -» SMP - NUMA
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NMpobsemMbl U UX NPUYUHDI -

 C/IOXKHOCTb pacTeT
- SMT -» SMP - NUMA
- Local Disks - SAN - SDS
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NMpobnemMbl U X NPUYUHDI

« CNOXXHOCTb pacTeT
- SMT -» SMP - NUMA
- Local Disks - SAN = SDS
- VLAN/Routing — Fabrics - SDN (VNF)
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NMpobsieMbl U X NPUYUHDI
« CNOXXHOCTb pacTeT
- SMT -» SMP - NUMA
- Local Disks - SAN = SDS
- VLAN/Routing — Fabrics - SDN (VNF)
- Xenes3o —» HyperVizor n Containers
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Pogzgres Pro

« CNoOXHOCTb pacTeT
- SMT -» SMP -» NUMA
- Local Disks - SAN = SDS
- VLAN/Routing — Fabrics - SDN (VNF)
- Xenes3o —» HyperVizor n Containers
- Standalone Database — Replication —» Sharding



NMpob6nemMbl U UX NPUYUHDI

* Y3KUX OBepen ctaHoBUTCS bosibLue...
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NMpobsemMbl U UX NPUYUHDI

* Y3KUX OBepen ctaHoBUTCS bosibLue...
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* Y3KMUX OBepen ctaHoBUTCA bosbLue...



NMpob6nemMbl U UX NPUYUHDI

* Y3KNX OBEpen CTAHOBUTCSH CJIMLLKOM MHOrO...
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NMpobsieMbl U X NPUYUHDI
* [Tonck y3kon geepwu
- [lepebop BCEX KOMIMOHEHT
- MepneHHO
- TpyAao3aTpaTHO

e« 3aMepuTb BCE& HEBO3MOXHO

* Ho Mmo>XHO genaTtb check list-bl
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NMpobsieMbl U X NPUYUHDI
 Yek-InCT pecypcos
- Utilization, Saturation, Errors (USE)
 YeK-NNCT Harpyskwu
- Rate, Errors, Durations (RED)
« CMellaHHbIN BapuaHT
- Latency, Traffic, Errors, Saturation (LTES)
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Pecypchbl u Harpy3sku B PostgreSQL -

 [logknto4vyeHUNs
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Pecypchbl u Harpy3sku B PostgreSQL -

 [logknto4vyeHUNs
- CocTodaHue (idle, active)
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Pecypchbl 1 Harpy3ku B PostgreSQL -

 [logknto4vyeHUNs
- CocTodaHue (idle, active)
- bnokuposka (Lock, LWLock)

26 /99



Pecypchbl 1 Harpy3ku B PostgreSQL -

 [looksito4eHnd
- CocTosiHMe (idle, active)
- bnokuposka (Lock, LWLock)

e 3anpochobl
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Pecypchbl u Harpy3sku B PostgreSQL -

 [looksito4eHnd
- CocTosiHMe (idle, active)
- bnokuposka (Lock, LWLock)

e 3anpochobl
- YacToTa
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Pecypchbl u Harpy3sku B PostgreSQL

 [looksito4eHnd
- CocTosiHMe (idle, active)
- bnokuposka (Lock, LWLock)

e 3anpochobl
- YacToTa
- Bpemsga BbINOJIHEHUA
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Pecypchbl u Harpy3sku B PostgreSQL
 [looksito4eHnd

- CocTosaHue (idle, active)

- bnokuposka (Lock, LWLock)
e 3anpochobl

- YacToTa

- Bpemsga BbINOJIHEHUA

« Cny»xebHble npouecchl
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Pecypcbl n Harpy3ku B PostgreSQL

 pg_stat_activity - cnncok ceccnm n nx coctosaHue
- state, wait_event - cocTosaAHUA / BNOKNPOBKYA

31/99
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select state, wait_event, count(1l) as cnt
from pg_stat_activity
group by state, wait _event order by 1, 3;

state wailt_event cnt
__________ +_____________________+_____
active LockManager 262
active SInvallrite 125
active DataFileTruncate 79
active WALWrite 20
active 14
active WALSync 1
inactive | ClientRead 3

AutoVacuumMain 1

LogicalLauncherMain 1




select state, wait_event, count(1l) as cnt
from pg_stat_activity
group by state, wait _event order by 1, 3;

active
active
active
active
active
active
inactive

wailt_event
LockManager
SInvallWrite
DataFileTruncate
WALWrite
< NULL >
WALSync
ClientRead
AutoVacuumMain
LogicalLauncherMain

Pogzgres Pro



Pogzgres Pro

select state, wait_event, count(1l) as cnt
from pg_stat_activity
group by state, wait _event order by 1, 3;

state wailt_event cnt
__________ +_____________________+_____
active LockManager 262
active SInvalWrite 125
active DataFileTruncate 79 —
active WALWrite —720
active < NULL ><— 14
active WALSync 1
inactive | ClientRead 3
AutoVacuumMain 1
LogicalLauncherMain 1
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select state, wait_event, count(1l) as cnt
from pg_stat_activity
group by state, wait _event order by 1, 3;

state wait_event | cnt

__________ +_____________________+_____

active LockManager | 262

active SInvallirite 125

active DataFileTrunca

active WALWrite _

active < NULL > 14~

active WALSync 1

inactive | ClientRead 3
AutoVacuumMain 1
LogicalLauncherMain 1
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 OnuncaHme BCcex BO3MOXHbIX oxxmnaaHum PostgreSQL:
https://bit.ly/3rmWAhu

DR



https://bit.ly/3rmWAhu

Pecypchbl 1 Harpy3ku B PostgreSQL -

* pg_stat statements - CTaTuCTMKa No oTAeNIbHbIM 3anpocam
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Pecypcbl n Harpy3ku B PostgreSQL

* pg_stat statements - CTaTuCTMKa No oTAeNIbHbIM 3anpocam
(+) planning / execution time

38 /99



Pecypchbl 1 Harpy3ku B PostgreSQL

* pg_stat statements - CTaTuCTMKa No oTAeNIbHbIM 3anpocam
(+) planning / execution time
(—) cymMMapHasa CTaTUCTUKA 3a BCE BpeMs
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Pecypchbl u Harpy3sku B PostgreSQL

* pg_stat statements - CTaTuCTMKa No oTAeNIbHbIM 3anpocam
(+) planning / execution time
(—) cymMMapHasa CTaTUCTUKA 3a BCE BpeMs

* pg_profile - nctopnyeckmm MOHUTOPUHT
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Pecypchbl u Harpy3sku B PostgreSQL

* pg_stat statements - CTaTuCTMKa No oTAeNIbHbIM 3anpocam
(+) planning / execution time
(—) cymMMapHasa CTaTUCTUKA 3a BCE BpeMs

* pg_profile - nctopnyeckmm MOHUTOPUHT
 SQL Tuning
- https://use-the-index-luke.com/

@ USE THE INDEX, LUKE!

A Guide to Database Performance for Developers

A
41 /99


https://use-the-index-luke.com/

Pecypchbl u Harpy3sku B PostgreSQL

r

« AHppen 3yOKOB — aBTOp

pg profile / pgpro _pwr

« [loknapn 16 oktabpsa B 12:15
(3an 2)

pg profile — yTnnnta
CTpaTernyeckoro
MOHUTOPUHIra PostgreSQL
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Ho ObIBalOT aTUNUYHbIE CQIYYaMm...
Cunctema TOPMO3UT

PecypcChbl n3pacxonoBaHbl

3anpocCbl TOPMO3AT

— [lnaHbl HOpManbHbIE

He nomoraeTt THOHWHI 6a3bl n OS

YTOo He xBaTaeT? Kyna bexxaTb?
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NMpodunupoBaHue
e JlaBHbIM OaABHO...
« gdb (lidb)

- attach nogkn4YnTbCA K Npoueccy

- bt cTeK BbI30Ba q

- print BbIBOO AaHHbIX N3 MaMATU

» http://poormansprofiler.org/

e A cenvac...
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http://poormansprofiler.org/

Pogzgres Pro

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



Pogzgres Pro

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)



56272bd202b1
56272bdacé6db
56272bda8987
56272bda686e
56272bac6ebc
56272bb10466
56272bb0fed3
56272bb81e82
56272bee3d84
56272bee45d8
56272bee45d8
56272bdbfaae
56272bd34ce6d
56272bd34ce6d
56272bd35e89
56272bd35e89
56272bab7f44
7f94alcded09
56272bab7fe9

NMpodunuposaHue Perf + CPU

PGSemaphoreLock (bin/postgres)
LWLockAcquire (bin/postgres)
LockAcquireExtended (bin/postgres)
LockRelation0Oid (bin/postgres)
relation_open (bin/postgres)
index_open (bin/postgres)
systable beginscan (bin/postgres)
ApplySetting (bin/postgres)
process_settings (inlined)
process_settings (inlined)
InitPostgres (bin/postgres)
PostgresMain (bin/postgres)
BackendRun (inlined)
BackendStartup (inlined)
ServerLoop (inlined)
PostmasterMain (bin/postgres)
main (bin/postgres)
__libc_start_main (inlined)
_start (bin/postgres)
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perf.pl $1 > S1.collapse

# flamegraph.pl $1.collapse > $1.svg

# stackcollapse

NMpodunuposaHue Perf + CPU

 FlameGraph
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NMpodpunuposanume Perf + CPU
 Continuous Profiling: https://pyroscope.io/

Search ab BEH o
=
Q
postgres (99.63%, 10.45 minutes)
[unknown] (14.24%, 1.49 4_llb:_start_ull_nin (63.99%, 6.71 minutes)
= [unknown] (13.95%, 1.46 { main (63.99%, 6.71 minutes) sigusrl_handler (19.98%, 2.16 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 || Fortaly ParallelQueryMain (19.8%, 2.08 miny
[unknown] (13.6%, 1.43 mf Port| Pord||Portalkun (55.64%, 5.84 minutes) pgss_ExecutorRun (19.8%, 2.68 minuy
[unknown] (13.6%, 1.43 nlll Proc|pgsi|| Portalrunselect (55.58%, 5.83 minutes) standard_Executorfun (19.8%, 2.8 nf
[unknown] (13.6%, 1.43 nifl pes{ staf|| pgss_ExecutorRun (55.59%, 5.83 minutes) Exechgg (19.81%, 1.59 minutes) |
[unknown] (13.6%, 1.43 offf sta standard_ExecutorRun (55.59%, 5.83 minutes) fetch_input_tuple (18.95%, 1.99 m
[unknown] (13.62%, 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:
[unknown] (11.27%, gather_merge_readnext (55.57%, 5.83 minutes) ExechestL|
[unknown] (18.71%, ExecAgg (49.39%, 5.18 minutes) ExecSort (i Exel [Indef| index|index_getne:
[unknawn] (16. 31% fetch_input_tuple (45.36%, 5.18 minutes) Ex in btgettuple (
[unknown] (18.85% ExecSort (49.36%, 5.18 minutes) fete _bt_first (7
[unknown] (9.13 ExechestLoo _bt] || _bt_s
[unknown] (8.5 Execestloop (46.52%, 4.25 minutes) ExechestLoo _bt
[unknown] { Exechestloop (12.22%, ExeclestLoo
[unknown ] Exechest Exe Indexney | |index_fetch_hindex_getnext_tid (16.8%, 1.7 ExecNestLog
[unknow | index_gi btgettuple (16.74%, 1.76 minu Exechestlog
[unki ind in ReadBuhed | bt first (16.68%, 1.75 minut Exech Execs
i [unl btgs Reads: _bt_bi nsrl _btl| | _bt_search.p Index!
_bt, _bt_comp: _bt| |_bt_rel] index
p _blll Reads in
Read btg|
b

51/99


https://pyroscope.io/

. |

Flame Graph
|
a

Aosnblue
|
|
|
|
|
|
|
|
|
|

©

|| | pglz decompress

LLinpe

gy
I —— _

NMpodunuposaHue Perf + CPU

52 /99



gresPro
53

8

Po

0
Q.
v
=
>
Q.
-




gresPro
54

8

Po

)
W
c
o)
hL
‘a




Pogzgres Pro

 select distinct X nnun select X group by X

o JeHunc CmunpHos (darthunix) B pgsqgl-hackers ot 30.08.2023:

— ObcyxaeHune

https://www.postgresqgl.org/message- |d/ﬂat/3888A879 CAEC
-4930-A4EE-FO6DC1F12C96%40gmail.com

— [laTy

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



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/

Pogzgres Pro

-- co3paéMm Tabnuuy M3 1 UYNCNIOBOM KOJIOHKM
create table t(a int, primary key(a));




Pogzgres Pro

create table t(a 1int, primary key(a));

—-- BCTaBJ/ISEM HECKOJIbKO MWIJIMOHOB CJlyYalHbIX 4vuncen
insert into t select random() * 5000000

from generate_series(1, 5000000)

on conflict do nothing;




Pogzgres Pro

explain analyze select distinct a from t;
latency average =

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




Pogzgres Pro

explain analyze select distinct a from t;

latency average =

explain analyze select a from t group by a;
latency average =




Distinct vs Group By

[
Cnyyam y |
N | _b.. Dbt saveitem
G I"O u p By _bt readnextpage

ExecGroup
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Distinct vs Group By

YTeHué U3 MHAOeKca GroupBy

ha _b.. Dbt saveitem
bt readnextpage

| |
Exe.. B

I —| L T
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Distinct vs Group By

Cny4yam
Distinct

I
bt s..

- _bt readpag
_bt readnextpage

_bt next

Ilhln
!
{

..
I o . .
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Distinct vs Group By

Distinct YTeHue U3 MHOEeKca 29777

"S-

bt readpage
_bt readnextpage
_bt steppage
_bt next

ExecProcNodelnstr
ExecUnique

63 /99



Pogzgres Pro
tts_minimal_copyslot: execTuples.c
const TupleTableSlotOps TTSOpsMinimalTuple = {

<lll>

.copyslot = tts_minimal_copyslot,

3amMeYdaHune: OaHHbIN KO CO3a4aeT AyOsb CTPOKM B NaMATH



Pogzgres Pro

const TupleTableSlotOps TTSOpsVirtual = {

<lll>

.copyslot = tts_virtual_copyslot,

3aMeYyaHue: NaHHbIVM KOO CO30AEeT TOJIbKO CCbIJIKU



Distinct vs Group By

e [laT4d oT deHunca CMmnpHoBa

diff --git a/src/backend/executor/nodeUnique.c b/src/backend/executor/nodeUnique.c
index 45835d74fa..cB859%add6el 180644
--- 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);
unigquestate-»ps.ps_ProjInfo = NULL;
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MenaoneHHbin Commit

postgres=# begin;
Time: 0.230 ms
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MepneHHbin Commit

postgres=# begin;

Time: 0.230 ms

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

HEeCKO/IbKO MMHYT paHee...

71/99



MenaoneHHbin Commit

HECKO/IbKO MUHYT paHee..
cosgann 1000 BpeMeHHbIX Tabnuy,

72 /99



Pogzgres Pro

-- 1000 BpeMeHHbIX Tabnuy,

create temp table t_tab_%s
on commit delete rows
as
select id::bigint, repeat('x', 1023)
from generate_series(1,1000) id;



MenaoneHHbin Commit

postgres=# begin;

Time: 0.230 ms

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

postgres=*# commit;

Time: 180.267 ms

Disk??? Het, CPU!
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it

MepneHHbin Comm

|

entry SYS.. Allo..

@opEm Bas..
PG Pat. ftruncate (REIAHONCE Allo..
pvs.. md.. (ENSESNNGEN LocalExec.. (MSHErelation open

pspr.. mdn.. mdtruncate Allo.. table open
md.. @ smgrtrunc..

.. ve
do _writepages
_ filemap fdatawrite ra.. upd..
extd release file try .
_fput _queue w..
task work run ‘queue_wor..
exit to user mode prep.. ext4 put i..
syscall exit to_user_mode blk update..
eentry SYSCALL 64 afte.. blk mq_en..
_libc close
FileClose
E@omEN do_truncate GOSN handle .
entr. do sys ftr. smgrclose ‘handle irq..
fmtint _li.. do_syscall. smgrclosenode handle_ed..
ReceiveSharedInvalidMe..
LockRelationOid

LockRelationOid
relation open
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MepneHHbin Comm

il
:
'

do _writepages

Truncate???

exit to user mode prep..

i i
handle ed..

do_syscall..
entry SYS..

Allo..

relation_open [EW LWLockRe.. [S@ilj LWLockAt..
.. index Updatesstatswn LockRolatonoid  LockAoquirekxto.

LockRelationOid
relation_open

76 /99



MepneHHbin Comm

-
:
'

do _writepages

Index Build???

com.. exit to user mode prep..

==
IIIIIIIEE

dof. _ex. tru ontry SYSCALL 64 afte.
_libc close
fy cha.. FileClose
@Om do_truncate COCIOSSNMMMNNNN  _ handle i
Smorclosemmmmmmms =~ handle irq..
smgrclosenode ~~ handle ed..
ReceiveSharedInvalidMe..
LockRelationOid

Allo..

relation open
pspr.. -mdtruncate Allo,. table open
md.. m@Em smgrtrunc.. HCE M

| USRS LockRelationOid
relation open

77799



MepneHHbin Comm

B
:
s\

do _writepages

e
a

PreCommit???

com.. exit to user mode prep..

2

do f.. ex.

@@ do_trupcate

fmtint _li.. do syspall.
@OpE Bas.. eniry pYS.. Allo.. [Rela..
Pg_.. Pat. Allo..

pvs.. md.. relation open

pspr.. -mdtru cate HA]IO.. table open
md.. [MaE smgrtjunc.. ommand..

handle i..

handle ed..

LockRelationOid
relation open

g S
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MenaoneHHbin Commit

1000 tables on commit delete rows
precommit:

for (i = 0; i < 1000; i++) {
truncate table t _tab %i

BoT n npuyunHa...
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1,000,000 Tabnuy,

* pgio: Silly Little Oracle Benchmark (SLOB) for PostgreSQL
https://github.com/therealkevinc/pgio

81/99


https://github.com/therealkevinc/pgio

1,000,000 Tabnuy,

* pgio: Silly Little Oracle Benchmark (SLOB) for PostgreSQL
https://github.com/therealkevinc/pgio

* [1lo Ha4vany nobexxano BCE BbICTPO

82 /99


https://github.com/therealkevinc/pgio

1,000,000 Tadbnuu

* pgio: Silly Little Oracle Benchmark (SLOB) for PostgreSQL
https://github.com/therealkevinc/pgio

* [1lo Ha4vany nobexxano BCE BbICTPO

 Yepe3 napy 4acos BCE 3aTynuio

83 /99


https://github.com/therealkevinc/pgio

Pogzgres Pro

pgio: Silly Little Oracle Benchmark (SLOB) for PostgreSQL
https://github.com/therealkevinc/pgio

Mo Havyany nobe>xano BCé 6bICTPO
HYepes3 napy 4acoB BCE 3aTynusao

HYepes cyTKM BCE BCTaJ1I0 KOJIOM


https://github.com/therealkevinc/pgio

pg_stat_activity:

wailt_event

AutoVacuumMain
LogicalLauncherMain
frozenid

frozenid

frozenid

frozenid

frozenid

frozenid

frozenid

frozenid

frozenid

frozenid
BgWriterMain
CheckpointWriteDelay
WalWriterMain

(81 rows)

autovacuum: ANALYZE public.pgio88012
autovacuum: ANALYZE public.pgio551406
autovacuum: ANALYZE public.pgiol115257

vacuum
vacuum
vacuum

vacuum
vacuum
vacuum
vacuum

(analyze)
(analyze)
(analyze)

(analyze)
(analyze)
(analyze)
(analyze)

pgi1088029;
pgi1088030;
pgio88031;

pgio0115271;
pgi0115273;
pgio115274;
pgi0551418;

Pogzgres Pro



1,000,000 Tabnuy,

. ProcessUtility
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vac_update datfrozenxid
— BbI3bIBAa€TCH Ha Ka)XaAbI vacuum

- BblMUCN9eT MUHUMaNbHOE 3Ha4YeHune frozenxid No scem

Tabnnuam B Hasze

- JeNnaeT noJsiHoe ckaHupoBaHue Tabnnubl pg_class

dunkc ckopo bypeT @



Index Scan B
NestedLoop
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Index Scan B Nested Loop

« JlonycTuM, eCcTb MasieHbKada Tabnunua (20 CTPOK) N nHOEKC

create table t (id bigint, value text);
create index t_idx on t (id);

insert into t
select 1 as i1d, md5(i*1 || 'HASH') as value

from generate_series(1,20) 1i;
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« EcTb 3anpoc c Nested Loop (5 MnanamoHoB UKMKIOB) MO HeEW:

set enable_hashjoin = off;
set enable _mergejoin = off;
set work_mem = 100000000;

select t.value

from t, generate_series(1,5000000) i
where t.id = 1 + 1000

limit 10;



Pogzgres Pro

Limit (actual rows=0 loops=1)
-> Nested Loop (actual rows=0 loops=1)
-> Function Scan on generate_series i1 (actual rows=5000000 loops=1)
-> Index Scan using t_pk on t (actual rows=0 loops=5000000)
Index Cond: (id = (1.1 + 1000))
Planning Time: 0.150 ms
Execution Time: 2717.768 ms



Index Scan B Nested Loop

5,000,000 / 2717 = 1840 wntepaumn 3a 1 MuaancekyHay
1.8 ntepaunm 3a 1 MUKpOCEKYHAY
550 HaHocekyHA Ha 1 uTepauuw BbIOOPKM M3 MHAEKCA!
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Index Scan B Nested Loop

Tes|

\oxnts
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Index Scan B Nested Loop

Scans per millisecond

2500

2000

1500
1000
50
1 2 3 4 5 6 7 8 9 10

Clients

(@]

o

94 /99



Index Scan B Nested Loop

P
P
LWLoc..
‘pg_atom.. BufferAlloc
_— RpadRuFFpr_rnmmnn
| 'UnpinBuffer |
- LWLockRelease bt steppage
| |_bt load first page
| _bt load first page
bt first
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Index Scan B Nested Loop

bt load first page/ bt get root
- KOpHeBad CcTpaHuua B-Tree nepeBa
-~ OHa XXe 1 eANHCTBEHHaH

— BbICOKas KOHKypeHUuud
e DUKC... MOKaA CJI0XKHO

* [lpowe yoanntb MHOEKC
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Bce?
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TecTbl 6e3 aHan3a — BpeM4d Ha BeTep!
Ncnonb3ynte NCTOPUHECKNA MOHUTOPUHT
He 6bonTecb npodunmpoBaTb U AOKOMATbLCA A0 NpaBabl

MeTpuku, flamegraph-bl - MNWb MHCTPYMEHTbLI aHaJIn3a

Pogzgres Pro
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Muxaunn  XMunuH

Telegram: @mizhka
e-mail: m.zhilin@postgrespro.ru
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