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Bio

* 15 neTt B Harpy3o4yHom

TEeCTUPOBAHUN
- PykoBoguTtenb rpynnboil
NPON3BOANTENIbHOCTHU
Muxaun Postgres Professional
XXUNuH
» KoHTpunbbIOTOP B Open Source
@ @mizhka NPOEeKTbl




O yem pasrosop?

» O 6eHymapkax CYB/[, B yacTHocTu PostgreSQL
* O npobnemax 6eHYMapKOB

+ Haydumcsa pelwlaTtb npobaeMbl oNTUMU3ALMEN XKefe3a




O yem HE BYAAET pa3srosop?

« 0O 6eHumMapkax OS, »kenesa

» 06 06paboTKe pes3ynbTaToB N MaTEMaTUKU

+ O MeTOoAMKax U NapaMeTpax TECTUPOBaHUSA




3auyeM 3anycTuTb 6eHYMapK?

» Kakyto 6a3y nydyiie Bblbpatb ansa X?

* A BAPYr NAXXeT npoAakLleH?

* A TOYHO HOBadA Bepcuda nydiue/He xy>ke? N HaCKOJIbKO?
* OueHUTb MapKeTUHr MaTepuan

* [loMeHANnn napameTp X




Kak 3anyctutb 6eHUMapK?

» HauTu B UHTEpHeTE

» CospaTb BUpTYyanky, yctaHaBnmeatb CYB/1
» HacTpouTb 6eHYMapK, CreHepuTb AaHHbIe
» 3anycTtuTb, NOA0XAaTh W...

 [lony4yuntb npoduT!




Kak noarotoButTbcA?

PostgreSQL
BEHUMAPK  pu— OS

ObopynoBaHue




[1] HammerDB TPC-C: Moexanug

* Order Entry Benchmark TPC Membership

(as of February 2010)

o https://www.tpc.org/tpcc/ K=
AMD

Greenplum HITACHI E = == INGIR=S

o B 6a3e ecTb cknagbl,

nnnnnn

PanOHbI U T.TI. intel)  &KICKFRE ~ Microsoft NETEZZA

o CosparoTcd opaepa ORACLE jaccer  SYBASE

UNISYS ' 1 vmware XSPRADA

Assodate Members



https://www.tpc.org/tpcc/

[1] HammerDB TPC-C: NMoexann

» Ob6opyanoBaHue

o 8 apep, 16 GiB namatu, 100 GB auck
* O6BbEM Hasbl

o 10 cknagos (20GiB)
- Harpyska

o 20 NnoToKoB

» 3anycku Ha 10 MUHYT




[1] HammerDB TPC-C: I'Ioexanue

+ 3 3anycka

120,000 - 130,000 opaepoB B MUHYTY




[1] HammerDB TPC-C: I'Ioexanue

» 3 3anycka
120,000 - 130,000 opaepoB B MUHYTY
» Ewe 3 3anycka

80,000 - 90,000 oppepoB B MUHYTY




[1] HammerDB TPC-C: Moexanu

- 3 3anycka

120,000 - 130,000 opaepoB B MUHYTY
- Ewe 3 3anycka

80,000 - 90,000 oppepoB B MUHYTY
- Ewe 3 3anycka

15,000 opaepoB B MUHYTY




[1] HammerDB TPC-C: ﬂoexanug
ATPS

w




[1] HammerDB TPC-C: I'Ipuexan@

ATPS




[1] HammerDB TPC-C: 3anpoc

--160ms
SELECT COUNT(DISTINCT (s_i_id))
FROM order_line, stock, district
WHERE ol_w_id = 160
AND ol_d_id = 8
AND d_w_id= 160
AND d_id = 8
-- 20 nocnegHuUX opaoepos
AND (ol_o_id < d_next_o_id)
AND ol_o_id >= (d_next_o_id - 20)
AND s_w_1id 10
AND s_1i_1id ol _i_id
AND s_quantity < 100000 ;




[1] HammerDB TPC-C: 3anpoc

 Ta6bnuua district

o 10 cTpokK Ha 1 cknag, PUKCUPOBAHHOE YUCIIO
 Taébnuua stock
o 100,000 cTpok Ha 1 cknaj, PUKCUPOBAHHOE YUCIIO

 Tabnuua order_line

o 10-15 cTpOK Ha Kaxabin opaep! hitps://bit.ly/3KSY/mi

o B Hayane tecta- 0, B KoHUe - 130 MmunnmoHos!!!


https://bit.ly/3KSY7mi

[1] HammerDB TPC-C: 3anpoc

- 3anpoc NpoBepKKn ypoBHA stock-oB -

* [lyHKT 2.8.2.2 cneundukaumm TPC-C
https://www.tpc.org/tpc_documents_current_versions/pdf/tpc-c_v5.11.0.pdf

2.8 The Stocdk-Level Transaction

The Stock-Level business transaction determines the number of recently sold items that have a stock level below a
specified threshold. It represents a heavy read-only database transaction with a low frequency of execution, a
relaxed response time requirement, and relaxed consistency requirements.

281 Input Data Generation

2811 Each terminal must use a unique value of (W _ID, D ID) that is constant over the whole
measurement, i.e., D_IDs cannot be re-used within a warehouse.

2.8.1.2 The threshold of minimum quantity in stock (threshold) is selected at random within [10 .. 20].



https://www.tpc.org/tpc_documents_current_versions/pdf/tpc-c_v5.11.0.pdf

[1] HammerDB TPC-C: 3anpoc Q

[TloueMy TOPMO3UT 3anpoc?




[1] HammerDB TPC-C: 3anpoc

https://bit. Iy/3A6OBQ3

100000
CTpPOK!




[1] HammerDB TPC-C: 3anpoc

Aggregate
-> Hash Join
Hash Cond: (order_line.ol_i_id = stock.s_i_id)
-> Nested Loop
-> Bitmap Heap Scan on district
Recheck Cond: ((d_w_id = 10) AND (d_id = 8))
-> Bitmap Index Scan on district_i1
Index Cond: ((d_w_id = 16) AND (d_id = 8))
-> Index Scan using order_line_1i1 on order_line
Index Cond: ((ol_w_id = 10) AND (ol_d_id = 8) AND (ol_o_id
< district.d_next_o_id) AND (ol_o_id >= (district.d_next_o_id - 20)))
-> Hash
-> Index Scan using stock_i1 on stock
Index Cond: (s_w_id = 10)
Filter: (s_quantity < 100000)




[1] HammerDB TPC-C: 3anpoc

(ol_w_id = 10) g
AND (ol_d_id = 8)
-- 20 nocnegHux opaepos
AND (ol_o_id < district.d_next_o_id)
AND (ol_o_id >= (district.d_next_o_id - 20))

All rows in the ORDER-LINE table with matching OL W ID (equals W ID), OL D ID (equals D ID), and

OL O _ID (lower than D NEXT O ID and greater than or equal to D NEXT O ID minus 20) are selected.
They arethe items for 20 recent orders of the district.




[1] HammerDB TPC-C: 3anpoc

(ol_w_id = 10)
AND (ol_d_id = 8)
-- 20 nocsiegHUX opnepos
AND (ol_o_id < district.d_next_o_id)
AND (ol_o_id >= (district.d_next_o_id - 20))




[1] HammerDB TPC-C: 3anpoc

(ol_w_id = 10)
AND (ol_d_id = 8)
-- 20 nocsiegHUX opnepos
AND (ol_o_id < district.d_next_o_id)
AND (ol_o_id >= (district.d_next_o_id - 20))




[1] HammerDB TPC-C: 3anpoc

(ol_w_id = 10)
AND (ol_d_id = 8)
-- 20 nocsiegHUX opnepos
AND (ol_o_id < district.d_next_o_id)
AND (ol_o_id >= (district.d_next_o_id - 20))

i

ol_o_id >= expression (district.d_next_o_id)




[1] HammerDB TPC-C: 3anpoc

* Index Scan using order_line_i1 on order_line

o Estimated rows=143,442

o Actual rows=219

« Owmn6bKa B oLeHKe uucna cTpok (cardinality)




[1] HammerDB TPC-C: 3anpoc
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[1] HammerDB TPC-C: 3anpoc
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[1] HammerDB TPC-C: 3anpoc

SELECT COUNT(DISTINCT (s_i_id))
FROM order_line, stock, district

WHERE 0%_W-?d i 10 PostgreSQL He
AND ol_d_id = 8 yMeeT OLeHMBaTh

ﬁmg g:ViV(_ji<=1=81 0 /MHTepBanbl c

HEeU3BeCTHbIMW
-- 20 nocnegHux opaepos

AND (ol_o_id < d_next_o_id)

AND ol_o_id >= (d_next_o_id - 20)

AND s_w_id = 10

AND s_i_id = ol_i_id

AND s_quantity < 1006000; -- 160ms




[1] HammerDB TPC-C: 3anpoc

-- 2 mSs
select COUNT(DISTINCT (s_i_id))
from district d, stock s, order_line ol
join lateral (select o.o_id
from orders o
where o.o_w_id = d.d_w_1id
and o.o_d_id = d.d_1id
and o.o0_1id < d.d_next_o_1id
order by o.o_id desc limit 206) o on (true)
where d.d_w_id = 160
and d.d_id = 8

and ol.ol_w_id = d.d_w_id
and ol.ol_d_id = d.d_1id
and ol.ol_o_id = o.o_1id
and s_w_id = d.d_w_1id

and s_i_id = ol.ol_i_id
and s quantlty < 100000 ;




[1] HammerDB TPC-C: 3anpoc

* go-tpc

o https://qgithub.com/pingcap/go-tpc/blob/master/tpcc/stock_level.go

» 2 3anpoca BMecTO

o SELECT d_next_o_id
FROM district
WHERE d_w_id = ? AND d_id = ?

o SELECT ..
WHERE ol_o_id < ?
AND ol_o_id >= ? - 20 ..



https://github.com/pingcap/go-tpc/blob/master/tpcc/stock_level.go

[1] HammerDB TPC-C: BbiBogpbi

* He poBepsinTe UMeHUTbIM 6eHYMapKaMm!

- Hapgo aHanmsnpoBaTtb 3anycku
 MlpeanbHbln 6EHYMaApPK - TOT YTO HanNMcaH BamMu Noa

Ballle pelleHune




Kak noarotoButTbcA?

PostgreSQL
BEHUMAPK  pu—— OS
ObopynoBaHue




[2] Simple Update

« update t set ¢c1 = ?, ¢c2 = ? where id = ?

* HeT olum60K NnaHunpoBLlinka B otindyum ot HammerDB TPC-C
 [1lpocTaa peannsauuna Ha JMeter-e

» Llenb - Yncno 3anpocoB B ceKyHAOy




[2] Simple Update

» Ob6opyanoBaHue

o 16 aaep, MHOIro NaMATU U AUCKa
* O6bEM H6a3bl

O HECKOJIbKO rurabauT
- Harpyska

o 10 notokoB JMeter-a Ha 5 MUHYT

» JMeter Bbigan 43051 3anpoc B cekyHay! KpyTo!




[2] Simple Update Q
TPS (Time) ?
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[2] Simple Update




[2] Simple Update

JMeter GC / Full GC
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[2] Simple Update Q
Yemy paBeH TPS ?




[2] Simple Update

* AHApen AKVUHbLUVH
“OnucaTtenbHas ctaTUCTUKaA

nepdopmMaHc-pacnpeaesieHun” |
JPe rfolizer w1 OR
Performance analysis toolkit | '

* https://heisenbug.ru/talks/737c5ad2c665484d8504b745ef19a607//
» https://habr.com/ru/companies/jugru/articles/722342/



https://heisenbug.ru/talks/737c5ad2c665484d8504b745ef19a607/
https://habr.com/ru/companies/jugru/articles/722342/

[2] Simple Update




[2] Simple Update

Pa36poc nopsaaka 10%




[2] Simple Update Q
UYTo Aenatb ?




[2] Simple Update Q
TIOHUTDb YXXene3o0 u 0S




[2] Simple Update: XXene3so

* [1o ymonuyaHuo OS+HW HacTpoeHbl nog Power Saving
« HacTtpowuka Intel nnatpopmbl nog MaxPerformance

o Cnacnbo Munxauny LiBeTkoBy n Muxanny CUHABUHY




[2] Simple Update: XXene3so

 BIOS
o OTK/tOYaeM aHeprocbepexxeHumne

o Turbo Mode = ON
o FAN, CPU, etc: MaxPerformance




[2] Simple Update: XXene3so

- turbostat - aHanor vmstat, iostat, mpstat
O MpoOBepKa YacToTbl MO Aapam

o %time B C-State (0, 1, 1E)




[2] Simple Update: XXene3so

- KomaHpa “cpupower frequency-info”

» driver: intel_pstate
o GRUB_CMDLINE_LINUX_DEFAULT: intel_pstate=enable

 governor: performance
o /etc/default/cpufrequtils: GOVERNOR="performance”




[2] Simple Update: XXene3so

» CPU C-State: CO - running, C6 - sleep/idle
* Ha NoCTOAHKY

o GRUB: processor.max_cstate=1 idle=poll
- Ha nety

o echo 1> /dev/cpu_dma_latency




[2] Simple Update: XXene3so

* YMeHblUaeM 4acToTy MUrpaLMm NpoLeccoB
o kernel.sched_migration_cost_ns=50000000
» Bbikntovyaem desktop ontummnsauum
o kernel.sched_autogroup_enabled=0
* [1poyme

o kernel.sched_min_granularity_ns=100000000
o kernel.sched_wakeup_granularity_ns=10000000
o kernel.sched_nr_migrate=2




[2] Simple Update: XXene3so

» Linux 5.13+ (sysctl -> sysfs)
o cd /sys/kernel/debug/sched
o echo 50000000 > migration_cost_ns

* He MOHATHO BbICTaBUTb 3Ha4YeHUE Ha [MOCTOAHKY




[2] Simple Update: XXene3so

» CPU Pinning: npuébusatb reosasmMmu VM Kk sgpam 1 socket-a
» CtapaTtbca nsberatb sibling agep
» Poor man:

1s -1 /proc/S(pgrep -f kvm-heizenbug)/task | \
xargs -IS taskset -cp 5-20 S




[2] Simple Update: Pe3synbrar

Pa3bpoc ymeHbwunca B 2.5 pa3sa 10% -> 4%
[MpomnsBoauTENbLHOCTbL Bbipocna Ha 2%




[2] Simple Update: BoHyc Q

» [ocTteBou anck: HDD vs SSD

o |sblk -fit
o echo 0 > /sys/block/vdb/queue/rotational




[2] Simple Update: BbiBogbi

» Harpy3ou4Hble MHCTPYMEHTbI BHOCSAT MOMEXN B pe3ynbTaThbl \/
» KauyecTBeHHbIe pe3ynibTaTbl TPEOYIOT TIOHUHIa Xenesa u 0S

o C-State, P-State, Frequency

o MnHUMN3npyem Mmurpaumm npoLeccon

o [MpnbuBaem npouecchl K sapam npoueccopa E:'J:
+ BoHyc! Ansible playbook - http://bit.ly/3KZ4Yek .i:':i:-li;;l:ﬁ” -I

[5] 24



http://bit.ly/3KZ4Yek

Kak nogrotoButbca? Q

PostgreSQL
BEHUMAPK  pu—— OS

ObopynoBaHue




[3] PostgreSQL

* MHO)XeCTBO HaCcTpoekK

* [OTOBblE KOHPUrypaTopbl
o pgtune
o tuned

* MnHMUManbHbIK Habop AN 6eHYMapKoB




[3] PostgreSQL: MuHumMmanka

» Shared buffers
o 4 RAM = 1-500 GiB
o MwunnnuoHbl 4K cTpaHuLbl
o Wnwn tbicauun 2M cTpaHuy

o nun pecatkn 1G cTpaHuy

» huge_pages = on

https.//www.postgresql.org/docs/15/kernel-resources.html#LINUX-HU



[3] PostgreSQL: MuHumanka

+ Bpemsa 3anpoca He Jo/KHO cTpagaTb ns-3a dirty pages
* bgwriter

o bgwriter_delay = 10ms

o bgwriter_flush_after = 0

o bgwriter_lru_maxpages = 4000

o bgwriter_lru_multiplier =10




[3] PostgreSQL: MuHumanka

* YeKNOUHTbI NPUTOPMaXXnuBaroT CUCTEMY
* YMeHbllaeM 4acToTy

o checkpoint_timeout = 30min

o checkpoint_completion_target = 0.9

o max_wal_size = 16GB

o wal_compression = on




[3] PostgreSQL: MuHumanka

» [Mapannenuam Mmewaet ana OLTP 3amepoB
* OTKNHOYUTb Napannennsm

o max_parallel_workers_per_gather = 0




[3] PostgreSQL: BoHyc

- LWLock WALWTrite

 Llenb 3amMepa - 3anpocbl unm commit-bi?

* YcKkopAeM KOMMMUT
o synchronous_commit = off (Tonbko ans TecToB)

o commit_delay = 0 (ocobeHHO ecnin max_connection BeIMKo)




Kak nogrotoButbca? Q
PostgreSQL
BEHUMAPK  pu—— OS
ObopynoBaHue

K 3anycKy rotoBbil!







B 3akniouyeHue [1]

* He poBepsinTe UMeHUTbIM 6eHYMapKaMm!

* AHanNU3unpymuTe TeCTbl Ha aHOMaJIUN U MOMEXMU

» JlenanTe TIHOHUHT XXenes3a, OS Ha NpoOn3BOANTENBHOCTb
* MUHUMU3UpynTe HacTpounku CYb/]

» CoxpaHAuTe Cbipble pe3yibTaThbl

» PasBuBaiTe aBTOMaTN3aLMIO 3aMyCKOB




B 3akniouyeHue [2]

“Henb3a TeopeTmnanpoBaThb, Npexae YemM NosiBATCS paKThbl.
HensbeXxHo HaunHaellb noacTpamBaTb MaKTbl MO CBOO

TEOPUIO, @ HE CTPOUTb TEOPUIO HA OCHOBE (haKTOB.”

“It is a capital mistake to theorize before one has data.
Insensibly one begins to twist facts to suit theories, instead

of theories to suit facts.”

Arthur Conan Doyle




CNAUObI TYT

\

Muxaunn XuvunuvnH

Telegram:
@mizhka

E-mail:
m.zhilin@postgrespro.ru




