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Mcnonb3oBaHue MaTepuasioB Kypca

HekoMmmepueckoe ncnosib3oBaHne Marepuanos Kypca (npeseHtauuu,
AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.

OGpaTtHaA cBsi3b
OT3bIBbl, 3aMeYaHns 1 NPeasIOKEHUA HanpasnsnTe No agpecy:
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OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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AaHHble

onepaynoHHada cucrtema

Xeneso unu BUpTyasibHas cpega

[Mpon3BoANTENBHOCTb PabOoTbl MHGOPMALMOHHON CUCTEMBbI 06ecneunBaeTca
Ha pa3HbIX YPOBHAX.

Mbl COBCEM He paccMmaTpuBaeM [Ba BaXXKHbIX YPOBHSA: 060pyaoBaHmne
(koTOpOE MOXET 6bITb BUPTYa/IN3MPOBAHO, M TOrAa K KapTuHe fobaBnsercs
eLle oAvH Cr1oi) 1 onepaymoHHy0 cuctemy. B yactHocTu, paboTta CYB/],

C JaHHbIMW NpoUCXoauT Yepes doaiiioByro cuctemy, a 3ppeKTUBHOCTb

N Ha[EeXHOCTb onepauunii BBOAa-BblBO4A 3aBUCUT OT AMCKOBOM NOACUCTEMDI.
[MoaTomy npexae BCero Hy>kHo obecnevnTb HeobxoAMMble pecypchl

N HacTpouTb OC f/18 X MakCMMasibHOro UCMNo/1b30BaHUS.

Cepsep 6a3 gaHHbIX HacTpaMBaeTCA Tak, YToObl C/yXebHble 3a4a4ymn He
3aHMManun 6osblle pecypcoB, YeM HEOOXOANMO, U YTOObI BONBbLLUNHCTBO
3anpocoB paboTanu npuemaemo. Ha aTom ypoBHE Mbl MOXEM He TOSbKO
HacTpavBaTb KOHIUIypauuoHHbIe napameTpbl (M3 KOTOPbIX PaCCMOTPUM
NNLWb MasTyto YacTb), HO U YNpaBnATb pacrnosiokXeHMeM fgaHHbIX. Hawa
3aia4a CocTouT B TOM, YTOObI 06ecneynTb pasyMHOe pacnpegeneHme
pPecypcoB 1 afiekBaTHy0 paboTy naaHMpOoBLLKKA.

[lanee neno AoxoauT A0 HACTPOWKM OTAEeNbHbIX 3anpocoB. B Teme
«MpodhnnmpoBaHne» Mbl FOBOPW/IN, YTO Pa3paboTUMK 0ObIYHO AymaeT
Haj, oNTUMM3aLMeli 3anpPocoB, KOTOPbIE B laHHbI/i MOMEHT MULLET,

a aiMUHUCTPATOP — Haj, onTMMM3aLMeli 3anpocoB, OKa3bIBAKOLLNX
Hanb6o/bllee BMSIHWE Ha cepBep B Le/loM. B 3Toli Teme Mbl paccMOTpUM
HEeKOTOopble NpreMbl ONTUMM3aL/MKN 3anpPoCoB.

Ho 3anpocsl, coctaBnsowme pabouyo HarpysKky, UHULMNPYOTCS
NpuAoXeHneM. NMosaToMy 1 HAaCTPOMKa NPUIOXKEHUS HE MEHEE BadKHA, YEM
HacTpoiika CYB/.



HacTponka cepBepa Q

Wcrions30BaHue pecypcos
Pu3MuecKoe pacrosiokeHue JaHHbIX

CTraTUCTUKa U HACTPOMKHK ONTUMM3aTopa



o)) PROFESSIONAL

Pecypcbl: CPU 1 BBOA-BbIBOA Posiares

doHoBBIE pabourie MPOI[eCChI

max_parallel_workers_per_gather = 2
max_parallel_workers = 8
max_worker_processes = 8

BBoa-BBIBOJ,

effective_io_concurrency = 1
maintenance_io_concurrency = 10

HayHeM c HacTpoek, KOTopble ONpeaensatoT, KaKMMN pecypcamm MOXeT
pacnopsxartbca CYB/.

PostgreSQL MOXeT ncnosib3oBatb HECKO/TLKO AA4ep NpoLeccopos npu
napannenbHon obpaboTke. 19 3TOro 3anyckarTcsa A0NOIHUTE bHbIE
dooHOBbIe paboumne npoueccol. [MoapobHOo napassiesnibHoe BbINO/IHEHVE
3anpocoB 6bI/10 PAacCCMOTPEHO B TeMe «[lapanniefnbHblii A0CTYN»,

a ucnosib3zoBaHme HOHOBbLIX NPOLECCOB A1 NPUKNaAHON paspaboTkm —
B TeMe «®OHOBbLIe npoLecchl» Kypca DEV?2.

3 HacTpoek, CBA3aHHbIX C UCMO/1b30BaHMEM BBOAA-BbIBOAA, OTMETUM
napameTp effective_io_concurrency. OH coobLiaeT cucteme KomyecTBo
He3aBUCKMbIX AMCKOB B AVCKOBOM Maccuse. ®akTnyeckn aToT napameTp
B/IMSIET TO/IbKO HA KOMMYECTBO CTpaHuUL,, KOTopble 6yayT npensapuTesibHo
CUMTbIBATbLCA B KELL MpY CKaHMpOBaHU1 No GUTOBOI KapTe.

[oxoXuin napameTp, AeACTBYHOLWMIA /151 HEKOTOPbIX CNYXEOHbIX 3a4ady,
Ha3blBaeTCHA maintenance_io_concurrency.
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Pecypchl: naMAaTb Pos{gres

[TamaTe
work_mem = 4MB %®
hash_mem_multiplier =2

maintenance_work_mem = 64MB

shared_buffers = 128MB
effective_cache_size = 4GB

Pan HaCTPOEK B/INAET Ha BblAeSTIEHNE N NCNOJ/Ib30OBaHNE NMaMATH.

MapameTp work_mem onpeaensiet pasmep AOCTYNHON namMaTu Ass
OTAE/NbHbIX onepauunii (paccmaTpuBasicsl B COOTBETCTBYIOLLUX TEMaX).

Takxe OH BNUSET N Ha BbIGOP NiaHa. Hanpumep, npu He6oNbLUMX
3HaAYEeHNAX NpeanoyYTeHne OTA4aeTCs COPTUPOBKE, KOTopas /ydlle paboTaeT
Npv HegocTatke NamMsaTh, YeM xXelmposaHue. Noatomy 14 y3nos,
MCNOJb3YIOLLNX XelnpoBaHne, pasMmep padboyein NnaMaT MOXHO YBENNUYUTL
C NOMOLLIbIO NapameTpa-mynstunankatopa hash_mem_multiplier.

MapameTp maintenance_work _mem B/INSAET Ha CKOPOCTb NMOCTPOEHUS
NHAEKCOB N Ha paboTy cny>kebHbIX NPoLeccoB.

MapameTp shared_buffers onpepnenset pasmep dycepHoro kewwa
aK3emrnsapa. Hactporika aToro napameTpa paccMaTpuBaeTCs B Kypce
DBA2, HO TOYHO MOXHO CKa3aTtb, YTO 3HAYEHUe Mo YMO/THaHUI0 KpaiHe
Masno.

MapameTp effective_cache_size noackasbiBaeT PostgreSQL o6umii 06bem
Kelumpyembix AaHHbIX (Kak B 6ydhepHoM Kelle, Tak 1 B kewe OC). Yem
60sbLUEe ero 3HavyeHne, TeM 6osee nNpeanoyTUTeNbHbIM 6yAeT UHAEKCHBIN
[OCTyn. TOT NapamMeTp He B/INSAET Ha peasibHoe BblAesieHne namsTu.
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dusnyeckoe pacrnonoxeHme Posggres

TabnuuHbIe MPOCTpaHCTBa

pasHeceHMe [JaHHBIX 10 pasHbIM (Pr3MYeCKUM yCTPOMCTBaM
ALTER TABLESPACE SET ...

CeKLMoHUpOBaHUe

paszesieHre Tab/IULIbI HAa OT/e/bHO yTIpaB/isieMble YacTH
Q7151 YIIPOLLeHUsI aIMUHUCTPHUPOBaHUS M YCKOPeHUs J0CTyTa

[TapgupoBaHue

pasMelljeHre CeKLMi Ha Pa3HbIX CepBepax [yIs MaCIITabupOBaHuUs
Harpy3ky Ha YTeHHe 1 3aIlich

CeKLJMOHMPOBaHUe U paclurpeHue postgres-fdw
WIU CTOPOHHUE PelleHUst

dusnyeckaa opraHmsauma AaHHbIX MOXET CUbLHO B/IUATL Ha
npon3BoAnNTE/IbHOCTD.

C nomMoulbio TaG/INUYHBbIX NPOCTPAHCTB MOXHO YNpPaBNATb Pa3MeLLEHNEM
06BEKTOB MO (PU3NYECKMM YCTPONCTBAM BBOAA-BbIBOAA. Hanpumep,
aKTMBHO UCMNO/Ib3yeMble AaHHble XpaHUTb Ha SSD-Anckax, a apxXmuBHble —
Ha 6osiee meaneHHbIx HDD.

YacTb napameTpoB cepBepa, KOTOpble 3aBUCAT OT XapaKTepUCTUK HOCUTENS,
(Hanpumep, random_page cost) MOXHO yCTaHaB/MBaTb Ha YPOBHE
Tab/IMYHbIX NPOCTPAHCTB.

CeKLuMoOHUpoBaHMe MO3BOJISIET OpraHn3oBaTb PaboTy C AaHHbIMU OYEHb
60/1bLLIOro 06beMa. OCHOBHas BbIroga As1si Npon3BoANTENIbHOCTA COCTOUT
B 3aMeHe MOJ/IHOr0 CKaHNMPOBaHWUSA BCeli TabnuLbl CKAHUPOBAHUEM
OTAE/IbHOW CEKLMN. 3aMETUM, UTO CEKLIUM TOXE MOXHO pasMellaTtb

MO pa3NINYHbIM Tab/IMUYHBLIM NPOCTPAHCTBAM.

Elwle oguH BapmaHT — pasMeLleHne CeKLMA Ha pa3HbiX cepepax
(wapgupoBaHue) C BO3MOXHOCTbIO BbINOMIHEHNA pacnpeaeneHHbIX
3anpocoB. CtaHgapTHbIN PostgreSQL coaepXuT TofbKo 6a30Bble
MeXaHu3Mbl, He0OXoANMbIEe A8 opraHM3aunn WwapanpoBaHus:
CeKuuoHnpoBaHue 1 pacwmnpeHune postgres-fdw. bonee apdekTnBHO

N NONTHOLEHHO LWAPANHT peasin3yeTcs C MOMOLLbI0 BHELUHUX peLleHNiA.
O630pHO 3TOT BOMPOC paccmaTpuBaeTcs B nocnegHen teme kypca DBA3.

https://postgrespro.ru/docs/postgresql/16/ddI-partitioning
https://postgrespro.ru/docs/postgresql/16/postgres-fdw
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OnTumMmnsaTop: CTaTUCTUKa Posigres

AKTya/bHOCTb

HACTPOMKa aBTOOUMCTKHU U aBTOaHa/IM3a
autovacuum_max_workers, autovacuum_analyze_scale_factor, ...

TouHoCT®L

default_statistics_target = 100
WHJIEKC TI0 BHID@)KEHUIO, PACIIMpeHHasi CTaTUCTHKA

MNaHMpPOBLUUK ONMPAETCs B CBOMX OLIEHKAx Ha CTaTUCTUKKY, MO3TOMY
cTaTucTuka Ao/HkKHa cobmparbcsa AOoCTaTovyHO YacTo. [JocTuraerca aTo
HaCTPOMKOW nNpouecca aBTOOUYNCTKN M aBToaHa/IM3a. [letasin HacTPOMKK
noapo6Ho paccmarpmBatoTcs B Kypce DBA2.

Kpome Toro, ctatuctmka gosmkHa 6biTb OCTaTO4HO TOUYHON. AGCOOTHOM
TOYHOCTW JOCTUYb HE NOYUNUTCA (M HE HYXKHO), HO MOrPELLUHOCTU HEe OO/DKHbI
NPUBOANTL K MOCTPOEHMIO HEKOPPEKTHBIX NaHOB. Npru3Hakom
HeakTya/IbHOWN, HETOYHOW CTaTUCTUKN ByAeT cepbe3Hoe HECOOTBETCTBUE
0XWAaeMOoro 1 peasibHOro Yncsia CTPOoK B JINCTOBbIX y3/1ax niaHa.

[ns1 yBenmyeHnsa TOYHOCTN MOXET NoTpeboBaTbCsl USMEHUTb 3HAYEHNE
default_statistics_target (rnobasibHO AN ANs oTAEe/bHbIX CTONOLO0B Tabnuu).
NHorga 6yaet nonesHbIM MHAEKC MO BbipaXXeHuto, obnagaoumii
COGCTBEHHOM CTATUCTUKOWN. B OTAENbHbIX CyYasix MOXHO UCMNOb30BaTb
pacLUMPEHHYH CTaTUCTUKY.
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OnTumMmnsaTop: CTOMMOCTb Posigres

BBo-BBIBOJ,
seq_page_cost =1.0
random_page_cost = 4.0
Bpewms niporjeccopa

cpu_tuple_cost, cpu_index_tuple_cost, cpu_operator_cost

CTOMMOCTSD I10/1Ib30BaTe/IbCKHUX Q)YHKL[I/II‘/JI

meeTcsa 60/1bLIOE YNCNO HACTPOEK ANA CTOMMOCTU 3/IEMEHTaPHbIX
onepauuii, 3 KOTopbIX, Kak Mbl y)xe BUAeNun, B UTore cknablBaeTcs
CTOMMOCTb MaHa 3anpoca. Takme HaCTPOMKM NMEET CMbIC/T U3MEHSATb, €CNn
3anpocbl, HECMOTPSA Ha TOYHYHO OLLEHKY KapANHa/IbHOCTU, BbINOSIHAKTCSA He
camMbIM 3PPeKTUBHBbIM 06pa3oMm.

MapameTpbl seq_page cost u random_page_cost cBA3aHbl CO BBOAOM-
BbIBOZIOM U ONPeAensitoT OTHOCUTENbHYH CTOMMOCTb YTEHUS OAHO
CTpaHuLbl NPV NocnefoBaTelbHOM U NPV NPOVU3BOSIbHOM AOCTYrE.

3HaueHne seq_page _cost paBHO eINHULIE U er0o He CTOUT U3MEHATD.
Bbicokoe 3HauyeHue napameTpa random_page_cost OTpaxaeT peanmu
HDD-anckoB. Ona SSD-ANCKoB (a Takke B Cyyasx, Korga Bce gaHHble
C 60NbLLOKN BEPOATHOCTLIO BYAyT 3aKellnpoBaHbl), 3Ha4YEeHUEe 3TOro
napameTpa HeobxoauMOo 3HaYMUTe/IbHO YMeHbLlaTh, Hanpumep, 4o 1.1.

MapameTpbl BpeMeHn npoLeccopa onpeaensioT Beca A1s yuyeta CTOMMOCTU
06paboTKM NPOYMTAHHbIX AaHHbIX. O6bIYHO 3TN NAPaMETPbl HE MEHSIOT,
MOCKOJ/IbKY TPY/AHO CMPOrHO3MpoBaTh 3P EKT N3MEHEHUIA.

Ho, Kak Mbl BUAenu B TeMe «PyHKLMU», UHOTAA NOSEe3HO 3a4aTb CTOMMOCTb
No/1b30BaTENNbCKON (PYHKLUMMN B eANHULAX Cpu_operator _cost.

https://postgrespro.ru/docs/postgresaql/16/runtime-config-query




HacTpoHKH CTOMMOCTH

TIpumep 3anpoca ¢ KOPPEKTHOM OI€HKOM KapOUHAaIbHOCTH:

=> EXPLAIN (analyze, timing off) SELECT *
FROM bookings
WHERE book_ref < '9000';

QUERY PLAN

Seq Scan on bookings (cost=0.00..39835.88 rows=1202928 width=21) (actual rows=1187454
loops=1)
Filter: (book ref < '9000'::bpchar)
Rows Removed by Filter: 923656
Planning Time: 14.118 ms
Execution Time: 255.214 ms
(5 rows)

HJ'IaHHpOBH.II/IK BI)I6pEU'I ImociiegoBaTeJyIbHOE€ CKaHMPOBaAHMKE, U CAeJiall 3TO Ha OCHOBE TIOJTHOM I/IH(I)OpMaLII/II/I.

Tak 7u ymadHo 3TO penieHue? [IpoBepuM, CKOMAHIOBaB IIJIAHUPOBIIUKY HE UCIIOJIb30BaTh IIOCJIEOBATEILHOE
CKaHUPOBaHUE, ECIIU €CTH APYTUE CIOCOOHI:

=> SET enable_seqscan = off;
SET

Ananoruysbie enable-mapamMeTpsl €CTh U IS IPOYUX CIIOCOGOB COEOUHEHUS, METOOOB JOCTYIIa U MHOTHX APYTHUX Ollepalui.
ITH mapaMeTphI JOBOJIBHO TPy00 BMELINBAIOTCS B PA0OTy MIAaHUPOBIHUKA, HO BEChbMa IOJIE3HEI [IJIsi OTIAagKu U
9KCIIEPUMEHTOB.

=> EXPLAIN (analyze, timing off) SELECT *
FROM bookings
WHERE book_ref < '9000°';

QUERY PLAN

Index Scan using bookings pkey on bookings (cost=0.43..41921.67 rows=1202928 width=21)
(actual rows=1187454 loops=1)
Index Cond: (book ref < '9000'::bpchar)
Planning Time: 0.100 ms
Execution Time: 191.071 ms
(4 rows)

Pe3ynbTat, CKOpee BCEro, OKaXKeTCs B II0JIb3y UHAEKCHOTO CKaHUPOBAHUS, ITIOCKOJIBKY BCE NaHHBIE 3aKEIINPOBAHbI U
IIPOU3BOJIBHEINA JOCTYI BHIIIOJIHSIETCS OBICTPO. Takas xKe CUTyalusi BO3MOXKHA IIPU UCIOJIb30BaHUM OBICTPHIX SSD-IHUCKOB.
IlenaTh BEIBOIOLI Ha OCHOBAHUM OJHOTO 3alPoca HEeIPaBUILHO, HO CHCTeMaTh4YecKas OIHMOKa [0JIKHA ITOCIYKUThb ITOBOIOM
K U3MEHEHMUIO ITI00aNbHEIX HaCTPOeK. B TakoM cirydae cTouT nmub0 YMEHbIINTh 3HaYeHne random page cost, 9ToOkI
IJIAHUPOBIIUK HE 3aBHIIIAJI CTOMMOCTL HHAEKCHOTO OOCTyma, 1ubo yBenuuuth effective cache size, utobrI cmenaTh
WHIEKCHOe CKaHUpPOBaHUE 6oJjiee IPUBIIEKATEIbHEIM.

=> RESET enable_seqscan;

RESET
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KnveHTsl ¥ coeiuHeHUs

Cxema J1aHHBIX

11



o)) PROFESSIONAL

KNneHTbl 1 coeanHeHuns Posigres

MHuoro ceaHcoB

Ty/1 COeUHeHUI
Kypcopsi

eCJI Hy’>KHa 4acThb BbIOODKU
cursor_tuple_fraction

MHOro KOpoTKUX 3arpocoB

TIOJTOTOBJ/IEHHbIE OI1epPaTopkI
riepeHocC Joruku B SQL

12

Ecnv npuioxeHne OTKpbIBAET C/INLLIKOM MHOIO COeAMHEHWIA UIn
ycTaHaB/IMBaET NX CNIULLKOM 4acTo U Ha KOPOTKOE BpPeMS, MOXET
notpeboBaTbCA YCTAHOBUTL Mexay npunoxeHvem n CYB/[ nyn
coeauHeHuin. OgHako nyn HaknagblBaeT Ha NPUIoXKeHne onpeaesneHHble
orpaHuyeHus. NMNogpobHOo 3TOT BOMPOC paccMOTpeH B kypce DEV2.

Kypcopbl cnegyer ncnonb3oBaTb, TO/ILKO €C/IN HYXXHO NOMyYMTb HEGObLLYIO
4acTb BbIOOPKN 1 ee pa3mep 3aBUCUT OT AeNCTBUIA Nonb3osBartesis. B atom
cny4dae napametp cursor_tuple_fraction noackaxeT NiaHNPOBLLMKY, YTO
HY>XHO ONTUMM3NPOBATL NMOJTyYeHNe NepBbIX CTPOK BbIOOPKM.

Ecnn npunoxeHne BbINONHAET CANLLKOM 60/1bLLOE KOTIMYECTBO MESTKMX
3anpocoB (KaxAablil U3 KOTOPbIX cam Nno cebe BbINo/HAETCA 3(PEKTUBHO),
obuan apdekTMBHOCTL 6yAeT o4eHb HEBbICOKA. DTO YaCTO NPOUCXOLMUT
MNPY NCMOSIb30BaHUN CPenCTB OObEKTHO-PEALNOHHOIO OTOGPaXeHNS
(ORM). B Teme «[lMpothunmpoBaHme» Mbl paccMaTpuBaIin NOXOXNA Nnpumep
C (byHKUMen, KoTopas Bbi3blBasiacb B LMKIIE.

B Takux cnyyaax co ctopoHbl CYB/, npakTnyeckn HeT cpeacTs A
onTumMmnsaumm (KpoMe NoAroToB/IEHHbIX ONepaTopoB, eCn 3anpochl
MOBTOPSAOTCA). [JleCTBEHHbIN MeTo, — n3basrieHne oT NpoLeaypHOro koaa
B NPU/IOXEHUN N NepeHoc ero Ha cepsep b/, B B1ae He6G0NbLLOrO Yncnia
KpynHbIX SQL-komMaHA. 3To AaeT NJIaHNPOBLLVKY BO3SMOXHOCTb NPUMEHNUTb
60nee apdhekTBHbIE CNOCOOLI A0CTYNa N COeAMHEHNIA N N36aBNSIET OT
MHOTO4YMC/IEHHbBIX NEPECHIIOK AaHHbIX OT K/IMEeHTa K cepBepy 1 obparHo.

K coxasneHuto, ecniv NpuioxeHne yxe HanvcaHo, nepeenarb ero ooiBaet
OYeHb 3aTpaTtHo.
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Cxema gaHHbIX Pos{gres

Hopwmasnu3aiiys — ycTpaHeHUe W30bITOUHOCTU B ZJaHHBIX

YTIPOILIIaeT 3arpoCkl ¥ MPOBEPKY COTJIaCOBAHHOCTH

IleHOpMasM3al[ysi — MpUBHeCeHHe U30bITOUHOCTH
MOXXEeT IIOBBICUTE IMMPOU3BOAUTE/IBHOCTDE, HO TPE6YET CUHXPOHH3allin

WH/IEKChI
TripeZipacCUrTaHHbIe T0/Is (TeHeprupyeMblie CTOOLIbI UJTH TPUTTEPHI)
MaTepHasiM30BaHHbIe Tpe/ICTaB/IeHuUs

KeIIMPOBaHUe Pe3y/IbTaToB B TIPUIOXKEHHUH

13

Ha nornyeckom ypoBHe 6a3a faHHbIX A0/MKHA ObiTb HOPMasIM30BaHHOM:
HedpopMasibHO, B XPaHUMbIX AaHHbIX HE A0/MKHO ObITb N3BLITOYHOCTN.
Ecnn 31O He Tak, Mbl UMeeM A1eN10 C OLLIMOKON NPoeKTMpOoBaHus: byaeT
C/I0XKHO NPOBEPSATb COrMacoBaHHOCTb AaHHbIX, BO3MOXHbI pas/inyHble
aHoMa MM Npu N3MEHEHNN AaHHbIX U T. M.

OfiIHaKo Ha YpOBHE XpaHeHWsi HEKOTopoe Ay6nMpoBaHNe MOXET AaTb
CYLLECTBEHHbIli BbIMIPbILL B NPOM3BOAUTENBHOCTN — LIEHOW TOr0, UTO
N36bITOUYHbIE laHHblE HEOBXOANMO CUHXPOHM3NPOBATL C OCHOBHbIMW.

CaMmblil YyacTblil cnoco6 AeHopMaIn3aunm — NHAEKCbI (XOTS O HUX 0ObIYHO
He AymaloT B TaKOM KOHTEKCTe). MIHAEKCbl 0GHOB/ISAKOTCA aBTOMaTUYECKM.,

MoXHO Ay6nnpoBaTh HEKOTOPbIE AaHHble (MK pe3y/bTaTbl pacyeTa Ha
OCHOBE 3TUX AaHHbIX) B CTON6LAX Tabnuu,. MOXHO NCNoNb30BaTh
reHepupyeMble CTON6LbI UM CUHXPOHU3MPOBATbL AAHHbIE C MOMOLLIbHO
TpurrepoB. Tak UAn nHauye, 3a AeHopManm3aumio oTBeYaeT 6a3a AaHHbIX.

[pyroii npumep — MaTepuasin3oBaHHble NpeacTaB/IeHns. VX Takke Halo
06HOBNATbL, HANPUMEP, NO PacnUcaHnlo UAu Apyrum cnocobom. MoapobHo
3TO paccmaTtpuBasiocb B Teme «MaTepuanunsaums.

[Ay6nuposartb AaHHblE MOXHO M Ha YPOBHE NPUIOXKEHUS, KeLumpys
pe3ynbTarbl BbIMO/IHEHUA 3anpoCcoB. ITO MNOMYNAPHbIA CNOC06, HO YacTo
K HemMy npubéeraroT 13-3a HernpaBuU/bHOW PaboTbl NPUIOXKEHUS ¢ 6a3oi
AaHHbIX (Hanpumep, B cnyyvae ucnonb3osaHusa ORM). Ha npunoxeHue
NIOXUTCA 3a4a4a no CBOeBpeMeHHOMY OOHOB/IEHUIO Kella, 0becrneyeHnto
pasrpaHvYeHus OOCTyna K AaHHbIM Kewa 1 T. 1.



o)) PROFESSIONAL

Cxema gaHHbIX Pos{gres

Turibl JaHHBIX

BBIOOD MOAXOASAIINX THUTIOB
cocTaBHbIe TUTIBI (MaccuBbl, JSON) BMeCTO OT/ie/TbHbIX Tab/HI]

OFpaHI/II—IEHI/IH e/JIOCTHOCTHU

NOMUMO 0b6ecriedeHHs 11eJIOCTHOCTH [JAHHbBIX, MOTYT YUUTHIBAaThCS
T/IAHUPOBLLMKOM /i711 yCTPaHeHUsl HeHY)KHBIX COeIMHEeHUH, Y/TyulleH!s
OL[eHOK Ce/IeKTUBHOCTU U PYTUX ONTUMH3aLi

TePBUYHBIN K/TH0Y Y YHUKA/IbHOCTh — YHHKa/IbHBIA UHJEKC

BHEIIIHWN K/THOU

OTCYTCTBHe Heollpe/le/IeHHbIX 3HaueHHUi

nipoBepka CHECK (constraint_exclusion)
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BaxkeH npaBu/bHbIA BbIOOP TUMNOB AaHHbIX U3 BCErO0 MHOroobpasus,
npepnaraemoro PostgreSQL. Hanpumep, npeactaBneHne NHTepPBasioB AaT
He ABYMS OTAeNIbHbIMW CTON6LaMK1, a C NOMOLLbI0 Anana30oHHbIX TUMOB
(daterange, tstzrange) no3BosiSeT ncnosib3oBarb nHAeKCbl GiST n SP-GIST
ONA Taknx onepauuii, Kak nepecevyeHne NHTepBasioBs.

B page cnyyaeB athpekT gaeT ncnonb3oBaHMe COCTaBHbIX TUMOB (TakMX Kak
maccusbl uam JSON) BMECTO K/1acCMYeckoro noaxoga ¢ cosgaHmem
OTAeNbHON Tabnunubl. DTO NO3BONAET CIKOHOMUTbL HA COEANHEHUN N HE
TpebyeT xpaHeHns 60NbLLIONO KOIMYecTBa CNyXebHon nHopmMaumnm

B 3aro/1oBKax Bepcuin CTpok. Ho Takoe pelueHuve cregyet NpUHUMATb

C 60/bLLON OCTOPOXHOCTbLIO, MOCKO/IbKY OHO UMEET CBOU MUHYCHI.

OrpaHquva LeJ/TIOCTHOCTU BayKHbl CaMU 1O cebe, HO B HEKOTOPbIX
cnydasx niaaHNpoBLKWK MOXET YUUTbIBaTb UX N A1 ONTUMN3aLnn.

* OrpaHu4yeHns NepBUYHOTO KKYa U YHUKaSIbHOCTN COMPOBOXAAKTCS
MOCTPOEHNEM YHUKA/IbHbIX UHAEKCOB U rapaHTUPYIOT, YTO BCe 3HAYEHUs
CTONBUOB K/toya pas/inyHbl (ToYHas ctaTucTuka). Takme rapaHTum
NO3BO/AOT U 60s1ee 3(PJPEKTUBHO BbINONHATL COEANHEHNS.

* Hasimume BHelwwHero kio4va 1 orpaHnyeHnii NOT NULL gaet rapaHTtuu,
KOTOpble NO3BO/IAIT B pAAe C/iyyaeB YCTPaHATb NULLHNE BHYTPEHHNE
coeilMHEHUS (UTO OCOBEHHO BaXXHO NPW NCMO/b30BaHUKM NpeacTaB/eHunit),
a TaKke ynyyliaeT oLUeHKY CefieKTUBHOCTU B c/lyyae, ec/in CoeguHeHne
MPOUCXOANT NO HECKOJIbKAM CTOM6UaM.

* QOrpaHunyeHne CHECK c ncnonb3soBaHvuem napametpa
constraint_exclusion N03BONMSAET He CKAaHMPOBAaTb Tabnmubl (U1 Cekunn),
€C/IN B HUX rapaHTUPOBaHHO HET TpebyeMbiX AaHHbIX.



CxeMa DJaHHBIX

CChIIOYHOE OrpaHWYeHHUe [IeJIOCTHOCTH 0COGEHHO BaXkKHO IIPY COCTaBHOM Kilio4e. [I[puMep TOYHOM OIIEHKHU CTPOK, KOTOPOe
OymeT MmoJIy4eHo B pe3yJbTaTe COeNUHEHHS:

=> EXPLAIN SELECT *
FROM ticket_flights tf
JOIN boarding_passes bp ON tf.flight_id = bp.flight_id
AND tf.ticket_no = bp.ticket_no;

QUERY PLAN
Hash Join (cost=310601.20..677476.01 rows=7925688 width=57)
Hash Cond: ((tf.flight id = bp.flight id) AND (tf.ticket no = bp.ticket no))
-> Seq Scan on ticket flights tf (cost=0.00..153887.09 rows=8392709 width=32)
-> Hash (cost=137535.88..137535.88 rows=7925688 width=25)
-> Seq Scan on boarding passes bp (cost=0.00..137535.88 rows=7925688 width=25)
(5 rows)

OHHaKO €CJIh YOANTUTh BHELIHUN KJII0Y, OLIEHKa CTaHOBUTCA HeaHeKBaTHOﬁ. 9T0 €lle OOHO IIPOsiBJIEHHEe l'[pO6J'IeMI:I
KOPpPEeJInPOBAaHHLBIX ITPEJUKATOB:

=> BEGIN;
BEGIN

=> ALTER TABLE boarding_passes
DROP CONSTRAINT boarding_passes_ticket_no_fkey;

ALTER TABLE

=> EXPLAIN SELECT *
FROM ticket_flights tf
JOIN boarding_passes bp ON tf.flight_id
AND tf.ticket_no

bp.flight_id
bp.ticket_no;

QUERY PLAN

Gather (cost=164413.25..358122.02 rows=331 width=57)
Workers Planned: 2
-> Parallel Hash Join (cost=163413.25..357088.92 rows=138 width=57)
Hash Cond: ((tf.flight id = bp.flight id) AND (tf.ticket no = bp.ticket no))
-> Parallel Seq Scan on ticket flights tf (cost=0.00..104929.62 rows=3496962
width=32)
-> Parallel Hash (cost=91302.70..91302.70 rows=3302370 width=25)
-> Parallel Seq Scan on boarding passes bp (cost=0.00..91302.70
rows=3302370 width=25)
(7 rows)

=> ROLLBACK;

ROLLBACK



3anpocsbl Q

[IyTu onTumu3aLuu
KopoTtkue 3arpocsl

JJTMHHBIE 3arpOoChI
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o)) PROFESSIONAL

[TyT onTrMKn3aunum Posggres

HEJ'IL ONTUMMH3alIUX — TI0/TYUYHTb aAEKBaTHbIﬁ IJ1aH

VcripaBneHve He3(PpeKTUBHOCTEH

KaKUM-TO 00pa30M HalTH 1 UCIIPaBUTh Y3KOe MeCTO
ObIBaeT CJIOXKHO OTIPE/Ie/IUTh, B UeM rpobsiema
YacTo TPUBOAUT K 60phbe C TIaHUPOBIIMKOM

[IpaBU/IbHBIM pacyeT KapJMHA/JIbHOCTU
,I[O6I/ITI:CH IPpaBHU/IBHOI'O paCyeTd KapAWMHA/JIbHOCTH B Ka>KOM Y3J/1€
U TI0JIOXKUTBCA Ha TVIdAHWPOBIHUK
€CJIM IJIaH BCe e1nle HeaAEKBaTHLIﬁ, HACTPpAaWBdTb r/100a1bHbIe MMapaMeTpPhbI
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Llenb onTuMm3anum 3anpoca — noslyunTb afeKkBaTHbI NnaH BbINOSIHEHMSI.
EcTb pasHble NyTu, KOTOPbIMU MOXHO UATU K 3TOI LEenu.

MO>XHO NOCMOTPETL B Nf1aH 3anpoca, NoOHATb NPUUYNHY He3dhhEKTUBHOIO
BbIMOJIHEHNA N cAenaTb YTO-TO, UCnpaBnsoLLee cutyaumto. K coxaneHuo,
npo6siema He Bceraa 6bIBaeT O4EBUAHOM, a Ucnpas/fieHne 4YacTo CBOANTCS
K 60pbbe C onTMMMN3aTopom.

Ecnn natn Takum nytem, TO XO4ETCH UMETb BO3MOXHOCTb LEe/IMKOM UMK
4aCTUYHO OTK/IHOUYUTL MNIAHUPOBLUMK U CaMOMY CO3aTb MnsiaH BbINOSIHEHUSA.
Takas BO3MOXHOCTb Ha3blBaeTCA rnoockaskamu (XMHTaMu) U B ABHOM Buae
oTcyTcTBYeT B PostgreSQL.

[pyroli nogxon COCTOUT B TOM, YTO6bI AOBUTLCSI KOPPEKTHOIO pacyeTa
KapAuHa/IbHOCTM B K&X/A0M Yy3ne nnaHa. [lnst 3Toro, KOHeYHo, Hy>Ha
akKypaTHas cTaTuCTMKa, HO 3TOr0 YacTo 6bIBAET HEIOCTATOUHO.

Ecnv natn Takum nytem, To Mbl He 60peMcs C NIaHUPOBLUUKOM,
a noMmoraem emy MpUHATL BEPHOE peLleHne. K coxaneHunto, aTo YacTto
OKasblBaeTCA C/INLIKOM C/TIOXHOWN 3ajadyeil.

Ecnu npu npaBnnbHO OLEHEHHOW KapANHaIbHOCTU NNaHUPOBLLVK BCe
paBHO CTPOUT HE3(P(PEKTUBHBIN NNaH, 3TO NOBO/ 3aHATLCA HACTPONKONA
rno6anbHbIX KOHPUIypaLNoHHbIX NnapaMeTpoB.

OG6bIYHO UMEET CMbIC/T MPUMEHSITL 06a CNoco6a, CMOTPS MO CUTYyaLUK
1 coobpasysicb CO 34paBblM CMbIC/IOM.



o)) PROFESSIONAL

KopoTKne 3anpochl Pos{gres

YuraroT HeOOJIBIITYI0 YaCTh JaHHBIX, BLIAOT Majio CTPOK
XapakrepHsl ajs1 OLTP
BaykHO monyuaTh OTBET OBICTPO

XapakTepHbie 0COOeHHOCTH T/1aHa

yc/10BUA C BBICOKOM CeIeKTUBHOCTBIO
HWHOEKCHBI
coeqMHeHHWsI MeTO40M BJ/IOKEHHOI'O LMK/Id
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3anpocbl MOXHO (A0BO/LHO YC/IOBHO) pa3fenuTb Ha ABe rpynnbl, UMetoLLne
CBOM 0COBEHHOCTM U TpebytoLme pasHblX NOAX0A0B K ONTUMMU3ALIMN:
«KOPOTKUE» U «AJTUHHBIEY.

K nepBoi 0THOCATCA 3anpockl, XxapakTepHble ana OLTP-cuctem. Takme
3anpocbl YATaAKT HEMHOIO AaHHbIX U BblAatoT O4HY UM HECKO/TbKO CTPOK.
OHW MOryT o6palarbcs 1 K 60/bwMM Tabnnyam, Ho B 3TOM c/iydyae MMeroT
YC/I0BUSA C BbICOKOW CENEKTUBHOCTLIO, MO3BO/IANOLLNE YATATL /UL Maslyto
4acTb [aHHbIX.

OG6bIYHO KOPOTKME 3anpocbl 06CNYXMBAKOT NOMb30BaTENbCKUIA NHTEPIENC,
N NO3TOMY BaXXHO, YTOObI OHW BbINOHANIUCL KaK MOXHO ObICTpee.
[MpuopuTET OTAAETCA BPEMEHM OTK/IMKA.

3710 obecrneunBaeTcst TEM, YTO HEOOXOAUMbIE 3arnpocam AaHHble YATatoTCS
6o 13 o4eHb HebonbLKnx Tabnuy, (ogHa-aABe cTpaHuubl), MO0 NO MHAOEKCY.
CoeaHEHUS, KaK NpPaBW/0, BbIMOMHAKTCSA METOAOM B/IOXXEHHOTO LMKNA,
KOTOPbI He TpebyeT NoAroTOBUTENbHBLIX AENCTBUIA (B OTIMUYME OT XeLu-
COeJUHEHMS) U He BbI3blBaeT Npob6aeM Npun He6GO/LLLOM KO/INYEeCTBE
COeNHSAEMbIX CTPOK.



KopoTkue 3anpocsl

Cpasy OTKJIIOYUM I1apasljielIbHOe BEIIONHEeHUe. [171 KOPOTKUX 3alIPOCOB OHO 6eCII0Ie3Ho, a IapaleibHble IIJIaHkl CII0XKHEee
YUTaTh.

=> SET max_parallel_workers_per_gather = 0;
SET

PaccMoTpuM 3ampoc, KOTOPHIHM BEIBOOUT ITI0CafOYHbEIe TalIOHH], BIlaHHBIE Ha PEHCH, OTIPaBIISIoNuecs B TedeHHe YaCoBOI0
UHTepBasa:

=> EXPLAIN (analyze, timing off) SELECT bp.*
FROM flights f
JOIN boarding_passes bp ON bp.flight_id = f.flight_id
WHERE date_trunc('hour',f.scheduled_departure) = '2017-06-01 12:00:00";

QUERY PLAN

Hash Join (cost=5860.43..164201.65 rows=39616 width=25) (actual rows=1799 loops=1)
Hash Cond: (bp.flight id = f.flight id)
-> Seq Scan on boarding passes bp (cost=0.00..137535.88 rows=7925688 width=25)
(actual rows=7925812 loops=1)
-> Hash (cost=5847.00..5847.00 rows=1074 width=4) (actual rows=51 loops=1)
Buckets: 2048 Batches: 1 Memory Usage: 18kB
-> Seq Scan on flights f (cost=0.00..5847.00 rows=1074 width=4) (actual
rows=51 loops=1)
Filter: (date_trunc('hour'::text, scheduled departure) = '2017-06-01
12:00:00+03"': :timestamp with time zone)
Rows Removed by Filter: 214816
Planning Time: 0.401 ms
Execution Time: 4358.258 ms
(10 rows)

DTOT 3alpOC MOKHO OTHECTH K Pa3psify KOPOTKUX: U3 ABYX OOMBIINX TaOmull TpeGyeTCst TOpa3no MeHbIIe MPOIeHTa
maHHbX. OOHAKO B IJIAHE MBI BUOUM, YTO TaOJIMIIE YUTAIOTCS IMOJTHOCTLI0. KpoMe Toro, HabmomaeTcst 60bliast pa3HuIia
MeK[Iy IIPOTHO3UpyeMoU U haKTUIeCKON KapaUHAIbHOCTHIO.

HauneM onTuMm3aInio C CaMOro BJIOKEHHOTI0 y311a, Seq Scan no tabnuue peticos flights. M3-3a 4ero niaaHUpOBIIUK
omubaeTcs B OlLIEHKEe KapOWHAIbHOCTH?

Iemno B dyuknuu date trunc: Ayst Hee HET BCIIOMOTATEIbHOM GYHKINH IJIAHWPOBIIUKA, II03TOMY OepeTcst pukcupoBaHHas
OIleHKa CeleKTUBHOCTU 5%. B Temax «Bba3oBas cratuctuka» u «PacmupeHHas cTaTUCTHKa» MBI MCIIPaBIISIIN TIOOOOHEIE
CUTYyallu!U C IIOMOIIBI0 HHMIEKCa 110 BEIpaXkKeHUI0 U PaclIipPeHHOM cTaTUCTUKU. Ho B JaHHOM cilydyae JOCTAaTOYHO IlepenucaTh
yCJIOBHe TakK, YTOOEI CIeBa OT OllepaTopa HaXOOUJIOCh II0Jle TaGIUIb:

=> EXPLAIN (analyze, timing off) SELECT *

FROM flights

WHERE scheduled_departure >= '2017-06-01 12:00:00'
AND scheduled_departure < '2017-06-01 13:00:00"';

Index Scan using flights flight no scheduled departure key on flights
(cost=0.42..5560.92 rows=22 width=63) (actual rows=51 loops=1)

Index Cond: ((scheduled departure >= '2017-06-01 12:00:00+03'::timestamp with time
zone) AND (scheduled departure < '2017-06-01 13:00:00+03'::timestamp with time zone))
Planning Time: 1.115 ms
Execution Time: 34.219 ms
(4 rows)

Temepb olleHKa GOJIbIlle MOX0XKa Ha IPaBIy, a 3alIpoC 3a04HO CTaJl KCIOJIb30BaTh UHAEKC. XOPOIIIO U 3TO?

B mesniom xopoio, HO uHOEKC co3paH 1o cronbuam flight no u scheduled departure, a ycioBue ecTs TOJIBKO HA BTOPOH
cronben. B Teme «MeTOnbl JOCTyIIa» MEI BEIICHUJIM, YTO B 3TOM CJIy4dae MHIEKC OymeT CKaHUPOBATHLCS IIOJIHOCTHIO, YTO
HeJb3s1 CUuTaTh 3 HEKTUBHEIM CIIOCOGOM JOCTYIIA K AaHHBIM.

Co3gaguM HOBBIM MHOEKC:

=> CREATE INDEX ON flights(scheduled_departure);



CREATE INDEX
TIpoBepuM HamI 3ampoc:

=> EXPLAIN (analyze, timing off) SELECT bp.*
FROM flights f
JOIN boarding_passes bp ON bp.flight_id = f.flight_id
WHERE f.scheduled_departure >= '2017-06-01 12:00:00'
AND f.scheduled_departure < '2017-06-01 13:00:00';

QUERY PLAN

Nested Loop (cost=10.28..13068.31 rows=812 width=25) (actual rows=1799 loops=1)
-> Bitmap Heap Scan on flights f (cost=4.65..86.93 rows=22 width=4) (actual rows=51
loops=1)
Recheck Cond: ((scheduled departure >= '2017-06-01 12:00:00+03'::timestamp with
time zone) AND (scheduled departure < '2017-06-01 13:00:00+03'::timestamp with time zone))
Heap Blocks: exact=50
-> Bitmap Index Scan on flights scheduled departure idx (cost=0.00..4.64
rows=22 width=0) (actual rows=51 loops=1)

Index Cond: ((scheduled departure >= '2017-06-01 12:00:00+03'::timestamp
with time zone) AND (scheduled departure < '2017-06-01 13:00:00+03'::timestamp with time
zone))

-> Bitmap Heap Scan on boarding passes bp (cost=5.63..588.51 rows=155 width=25)
(actual rows=35 loops=51)
Recheck Cond: (f.flight id = flight id)
Heap Blocks: exact=49
-> Bitmap Index Scan on boarding passes flight id seat no key (cost=0.00..5.59
rows=155 width=0) (actual rows=35 loops=51)

Index Cond: (flight id = f.flight id)

Planning Time: 0.355 ms
Execution Time: 33.460 ms
(13 rows)

B nipuHIUIie, MBI JOCTUTIU XKeJ1aeMOTr0: IIJIaHUPOBIIUK HCIIONIb3YyEeT UHIEKCHBIN HAOCTYII, JaHHBIE COeJUHAITCS MEeTOO0M
BJIOZKEHHOTO IIMKJa. [IpoBepuM ellle KOJIM4eCTBO CTPaHUIL], KOTOPhIe HOTpe60BaJ’IOCL IIPOYUTaTh:

=> EXPLAIN (analyze, buffers, costs off, timing off) SELECT bp.*
FROM flights f

JOIN boarding_passes bp ON bp.flight_id = f.flight_id
WHERE f.scheduled_departure >= '2017-06-01 12:00:00"'

AND f.scheduled_departure < '2017-06-01 13:00:00';

QUERY PLAN

Nested Loop (actual rows=1799 loops=1)
Buffers: shared hit=259
-> Bitmap Heap Scan on flights f (actual rows=51 loops=1)
Recheck Cond: ((scheduled departure >= '2017-06-01 12:00:00+03'::timestamp with
time zone) AND (scheduled departure < '2017-06-01 13:00:00+03'::timestamp with time zone))
Heap Blocks: exact=50
Buffers: shared hit=53
-> Bitmap Index Scan on flights scheduled departure idx (actual rows=51 loops=1)
Index Cond: ((scheduled departure >= '2017-06-01 12:00:00+03'::timestamp
with time zone) AND (scheduled departure < '2017-06-01 13:00:00+03'::timestamp with time
zone))
Buffers: shared hit=3
-> Bitmap Heap Scan on boarding passes bp (actual rows=35 loops=51)
Recheck Cond: (f.flight id = flight id)
Heap Blocks: exact=49
Buffers: shared hit=206
-> Bitmap Index Scan on boarding passes flight id seat no key (actual rows=35
loops=51)
Index Cond: (flight id = f.flight id)
Buffers: shared hit=157
Planning:
Buffers: shared hit=16
Planning Time: 0.213 ms
Execution Time: 0.678 ms
(20 rows)



B03MOXKHEIM yIydlieHueM 6yIoeT UCKIIIoYeHne HocTyna K Tabnuie flights 3a cueT ckaHMpOBaHUS TOJIBKO MHAEKCA. Y OaIUM
CO3[aHHBIM paHee WHAEKC U CHeaeM OPYTOH C JOIOITHUTEIPHEIM CTOIOIOM, KOTOPHIN HY2KEH OIS COEqUHEHU:

=> DROP INDEX flights_scheduled_departure_idx;

DROP INDEX

=> CREATE INDEX ON flights(scheduled_departure, flight_id);
CREATE INDEX

=> EXPLAIN (analyze, buffers, costs off, timing off) SELECT bp.*
FROM flights f

JOIN boarding_passes bp ON bp.flight_id = f.flight_id
WHERE f.scheduled_departure >= '2017-06-01 12:00:00"'

AND f.scheduled_departure < '2017-06-01 13:00:00';

Nested Loop (actual rows=1799 loops=1)
Buffers: shared hit=207 read=3
-> 1Index Only Scan using flights scheduled departure flight id idx on flights f
(actual rows=51 loops=1)
Index Cond: ((scheduled departure >= '2017-06-01 12:00:00+03'::timestamp with
time zone) AND (scheduled departure < '2017-06-01 13:00:00+03'::timestamp with time zone))
Heap Fetches: 0
Buffers: shared hit=1 read=3
-> Bitmap Heap Scan on boarding passes bp (actual rows=35 loops=51)
Recheck Cond: (f.flight id = flight id)
Heap Blocks: exact=49
Buffers: shared hit=206
-> Bitmap Index Scan on boarding passes flight id seat no _key (actual rows=35
loops=51)
Index Cond: (flight_id = f.flight_id)
Buffers: shared hit=157
Planning:
Buffers: shared hit=40 read=1
Planning Time: 0.509 ms
Execution Time: 1.121 ms
(17 rows)

MBI BHIUTPAIH ele oKoyio 20% YTeHui. ITO MOKET OBITh Ba2KHO [IJISI 3alTPOCOB, KOTOPHIE BHIMTOIHSIIOTCS YaCTO, HO BPSI JIU
9TO Ha cinydai. CKopee BCero, BKIIIOUEHNE B MHAEKC BCEX MoJiel Tabnuilel boarding passes 6ymeT u36BITOYHBIM —
HaKJIaJHbIE PACXOAbI IIEPEBECST BEIUTPHILI B TPOU3BOAUTEILBHOCTH. OCTAaHOBUMCS Ha JOCTUTHYTOM.



o)) PROFESSIONAL

[ANVHHbIE 3anpocChbl Pos{gres

YuraroT 00JIbIIHe Tab/IULIBI 1[e/THKOM
XapakrepHsl a1 OLAP
BaykHO He UMTaTh OFHU U Te Ke JJaHHbIe TTOBTOPHO

XapakTepHbie 0COOeHHOCTH T/1aHa

YCJIOBUSI C HU3KOU CeNIeKTUBHOCTBIO
TI0JIHOe CKaHUPOBaHHe

coe/lMHeHVe XelIMpOBaHueM
arperanusi

rapasijie/ibHOe BbINIOJITHEHHUe
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[nvHHble 3anpockl BcTpedatoTcss B OLAP-cuctemax. OHU XxapakTepuayrTcs
TeMm, UTo N5 NonyYeHus pesynbTaTta Ao/HKHbI NpounTaTh 60MbLIoe
KOMIMYECTBO [laHHbIX. MpY 3TOM He BaXHO, CKO/IbKO CTPOK BO3BpaLlaeT
3anpoc: B pe3ynbrare arperawum MOXeT ocTaTbCsl 1 oAHa.

Takne 3anpockl MOryT YnTaTb 60/bLUME TabAWLbI LIENIMKOM, a YC/10BUS
06bIYHO HU3KOCENEKTMBHbBI. [103TOMY BMECTO MHAEKCHOrO AoCcTyna 6onee
3O EKTMBHLIM CTAHOBUTCS NocneAoBaTe/lbHOe CKaHUpPOBaHMe, a BMECTO
CcoeiNHEHUNSI BNOXEHHbIM LIMK/IOM — Xell-coeinHeHne. Tem 6onee, 4Tto Ans
[IVHHOTO 3anpoca BaXHO BblAaTb BECb pe3ynbTaT 3a pasyMHOe BpeMms,

a He nepBble CTPOKN KaK MOXHO paHbLLe.

OueHb BaXXHO CNeAuTb, YTOObI OAHWN U Te Xe AaHHble He YMTa/INCh

B 3anpoce HECKO/bKO pa3. TO MOXET NPOUCXOANTb MO CaMbIM Pa3HbIM
NpuumMHam (13-3a KOpPPEeNMpPoBaHHbIX NOA3aNpPOCOB, 13-3a UCMO/b30BaHNS
cbyHKUMIA 1 T. N.), KOTOpble NPMBOAAT K MNOSIBNIEHNIO BIOXXEHHbIX LINK/I0B,
SIBHbIX U/IN HESIBHbIX.

Pa3ymeeTcs, B niaHe A/IMHHOIO 3anpoca MoryT BCTpeyaTbCsa U MHAEKCHbII
[0CTYnN (NPY HANTMYNN BbICOKOCENEKTUBHBIX YC0BUIA), U COEANHEHNE
B/IOXXEHHbIM LUUK/I0M (MpyY coeguMHEeHNM HEGObLLOIO KonnyecTsa CTPOK).

Bnarogapsi TOMy, YTO A/IMHHbIE 3anpockl 06pabaTbiBAOT MHOMO AAHHbIX
1 06bIYHO arpernpytoT ux (NoNbL3oBaTesNsM Peako 6bIBAT HYXHbl MU/TUOHBI
CTPOK), OHV MOTYT BbIUTPbIBaTb OT NapasnNesibHOro BbINO/HEHMSI.



JnuHHBbIE 3alIpoChl

3apaya: MoCYUTaTh KOJIUYECTBO IIaCCaXxHupoBs, JIETEBIIUX pefICﬁMI/I, U BHIJIET, l'IpI/IGBITI/Ie KOTOPEIX COCTOSAJIUCE C
OI03JaHUEM OT OTHOM MHUHYTBI 0 Y€ThIpEX 4aCOB.

BoT 3ampoc, pelnammuii 3agady, HO BpeMsI €0 BEHIIOJIHEHUS HAaCc He YCTPauBaeT:
=> \timing on
Timing is on.

=> SELECT count(*)

FROM flights f
JOIN ticket_flights tf ON tf.flight_id = f.flight_id
JOIN boarding_passes bp ON bp.flight_id = tf.flight_id AND bp.ticket_no = tf.ticket_no

WHERE f.actual_departure - f.scheduled_departure BETWEEN interval 'l min' AND interval '4 hours'
AND f.actual_arrival - f.scheduled_arrival BETWEEN interval 'l min' AND interval '4 hours';

6940272
(1 row)

Time: 133023,560 ms (02:13,024)
=> \timing off

Timing is off.
KopoTkuit 3T0 3amIpoc UK OJIUHHBINA?
Y3HaeM CeeKTUBHOCTD YCJIOBUH:

=> SELECT count(*) FROM flights f;

214867
(1 row)

=> SELECT count(*) FROM flights f
WHERE f.actual_departure - f.scheduled_departure BETWEEN interval 'l min' AND interval '4 hours'
AND f.actual_arrival - f.scheduled_arrival BETWEEN interval 'l min' AND interval ‘4 hours';

173846
(1 row)

YcmoBusi oT6upaioT npuMepHo 80% CTPOK, Bce TaGIUIE! B 3anpoce Gosbinre. OYeBHAHO, 3TO MIHHHBIN 3aIpOC.
IIpoBepuM ero IJiaH:

=> EXPLAIN

SELECT count(*)

FROM flights f
JOIN ticket_flights tf ON tf.flight_id = f.flight_id
JOIN boarding_passes bp ON bp.flight_id = tf.flight_id AND bp.ticket_no = tf.ticket_no

WHERE f.actual_departure - f.scheduled_departure BETWEEN interval 'l min' AND interval '4 hours'
AND f.actual_arrival - f.scheduled_arrival BETWEEN interval 'l min' AND interval ‘4 hours';



QUERY PLAN

Aggregate (cost=12190.22..12190.23 rows=1 width=8)
-> Nested Loop (cost=6.19..12189.76 rows=184 width=0)
Join Filter: (f.flight id = tf.flight id)
-> Nested Loop (cost=5.63..12076.87 rows=184 width=22)
-> Seq Scan on flights f (cost=0.00..9070.01 rows=5 width=4)

Filter: (((actual departure - scheduled departure) >=
'00:01:00"'::interval) AND ((actual departure - scheduled departure) <=
'04:00:00"'::interval) AND ((actual arrival - scheduled arrival) >= '00:01:00'::interval)
AND ((actual arrival - scheduled arrival) <= '04:00:00'::interval))

-> Bitmap Heap Scan on boarding passes bp (cost=5.63..599.82 rows=155
width=18)

Recheck Cond: (f.flight id = flight id)

-> Bitmap Index Scan on boarding passes flight id seat no key
(cost=0.00..5.59 rows=155 width=0)

Index Cond: (flight id = f.flight id)
-> Index Only Scan using ticket flights pkey on ticket flights tf
(cost=0.56..0.60 rows=1 width=18)
Index Cond: ((ticket no = bp.ticket no) AND (flight id = bp.flight id))
(12 rows)

3mech MBI BUOAUM UHOEKCHBIN OOCTYII U COEOUHEHHNS BJIOKEHHBIM ITUKJIOM — OIIe€palii, COBCEM He IMoaxomdaniue s
AJIMHHOTO 3aIIpoca. Hoquy Tak HOJ'Iy‘II/I]'IOCI)?

IIpo6neMa B omubKe OLIEHKU CEJIeKTUBHOCTU yCIoBuM. [InaHMpoBmIUK cunuTaeT, 4To u3 Tabnunsl flights 6ymer BriGpaHo
BCEro IISITh CTPOK.

TTopo6yeM GBICTPO MPOBEPUTH TUIIOTE3Y, UTO IEPEXOM Ha APYTO# Crioco6 CoOeqUuHEHUs TOMOXKeT meiy. [lompocum
IJIAHWPOBIIUK HE UCIIOJIH30BATh BIIOKEHHEBIHM I[UKJI, €CJIU 9TO BO3MOXKHO:

=> SET enable_nestloop = off;
SET

=> EXPLAIN (analyze, buffers, timing off, costs off)

SELECT count(*)

FROM flights f
JOIN ticket_flights tf ON tf.flight_id = f.flight_id
JOIN boarding_passes bp ON bp.flight_id = tf.flight_id AND bp.ticket_no = tf.ticket_no

WHERE f.actual_departure - f.scheduled_departure BETWEEN interval 'l min' AND interval '4 hours'
AND f.actual_arrival - f.scheduled_arrival BETWEEN interval 'l min' AND interval '4 hours';



QUERY PLAN

Aggregate (actual rows=1 loops=1)
Buffers: shared hit=7083 read=123780, temp read=102066 written=102066
-> Hash Join (actual rows=6940272 loops=1)
Hash Cond: ((tf.flight id = f.flight id) AND (tf.ticket no = bp.ticket no))
Buffers: shared hit=7083 read=123780, temp read=102066 written=102066
-> Seq Scan on ticket flights tf (actual rows=8391852 loops=1)
Buffers: shared read=69960
-> Hash (actual rows=6940272 loops=1)
Buckets: 262144 (originally 1024) Batches: 64 (originally 1) Memory
Usage: 7780kB
Buffers: shared hit=7083 read=53820, temp written=34991
-> Hash Join (actual rows=6940272 loops=1)
Hash Cond: (bp.flight id = f.flight id)
Buffers: shared hit=7083 read=53820
-> Seq Scan on boarding passes bp (actual rows=7925812 loops=1)
Buffers: shared hit=4459 read=53820
-> Hash (actual rows=173846 loops=1)
Buckets: 262144 (originally 1024) Batches: 1 (originally 1)
Memory Usage: 8160kB
Buffers: shared hit=2624
-> Seq Scan on flights f (actual rows=173846 loops=1)
Filter: (((actual departure - scheduled departure) >=
'00:01:00"'::interval) AND ((actual departure - scheduled departure) <=
'04:00:00"'::interval) AND ((actual arrival - scheduled arrival) >= '00:01:00'::interval)
AND ((actual arrival - scheduled arrival) <= '04:00:00'::interval))
Rows Removed by Filter: 41021
Buffers: shared hit=2624
Planning:
Buffers: shared hit=52
Planning Time: 0.484 ms
Execution Time: 30803.275 ms
(26 rows)

OOpalmeHus K TabIUIlaM aBTOMaTHYeCKY CMEHUJIUCH Ha IIOC/IeN0BaTEIbHOE YTEHHE. 3aIIPOC YCKOPHUIICS, eMY
noTpeboBaoch MpoyuTaTh npuMepHo 130 THICSY 6I0KOB (IPOTUB 29 MUIIIMOHOB Y II€PBOi Bepcuu!).

=> RESET enable_nestloop;

RESET

Hawm ocTamoch Gomee AaKKypaTHO 00BSICHUTH IIJIQaHUPOBIIUKY, KaKO¥ TIJIaH CTOUT MCII0JIb30BaTh. CaMblif MSITKUH CIIOCO0 —
IpenoCcTaBUTh bonee TOYHYIO CTaTUCTHUKY. B manHOM Cliy4dae IOAONIEeT CTaTUCTUKA 110 BBIPAzKEeHHI0, KOTOPYIO MBI
paccMaTpuBalid B TeMe «PacmnpeHHaH CTAaTUCTHUKaA»:

=> CREATE STATISTICS ON (actual_departure - scheduled_departure) FROM flights;
CREATE STATISTICS

=> CREATE STATISTICS ON (actual_arrival - scheduled_arrival) FROM flights;
CREATE STATISTICS

=> ANALYZE flights;

ANALYZE

ITpoBepuM nnaH:

=> EXPLAIN

SELECT count(*)

FROM flights f
JOIN ticket_flights tf ON tf.flight_id = f.flight_id
JOIN boarding_passes bp ON bp.flight_id = tf.flight_id AND bp.ticket_no = tf.ticket_no

WHERE f.actual_departure - f.scheduled_departure BETWEEN interval 'l min' AND interval '4 hours'
AND f.actual_arrival - f.scheduled_arrival BETWEEN interval 'l min' AND interval '4 hours';



QUERY PLAN

Aggregate (cost=759183.95..759183.96 rows=1 width=8)
-> Hash Join (cost=11616.26..744878.36 rows=5722237 width=0)
Hash Cond: (tf.flight id = f.flight id)
-> Merge Join (cost=1.12..649931.87 rows=7925688 width=8)
Merge Cond: ((tf.ticket_no = bp.ticket no) AND (tf.flight id =
bp.flight id))
-> Index Only Scan using ticket flights pkey on ticket flights tf
(cost=0.56..292346.85 rows=8392709 width=18)
-> Index Only Scan using boarding passes pkey on boarding passes bp
(cost=0.56..275989.88 rows=7925688 width=18)
-> Hash (cost=9070.01..9070.01 rows=155131 width=4)
-> Seq Scan on flights f (cost=0.00..9070.01 rows=155131 width=4)
Filter: (((actual departure - scheduled departure) >=
'00:01:00"'::interval) AND ((actual departure - scheduled departure) <=
'04:00:00'::interval) AND ((actual arrival - scheduled arrival) >= '00:01:00'::interval)
AND ((actual arrival - scheduled arrival) <= '04:00:00'::interval))
(10 rows)

O11eHKM UCIIPaBUJINCE, TEIEPh BO BCEX y3JIaX OHU HOBOJILHO TOYHO COOTBETCTBYIOT peasbHEIM Iudpam. OgHAKO
TIJTAHUPOBIITUK BEIOPA He TOT IJIaH, YTO MEI BUMIEJIW: OH IePeCcTall UCIOIb30BaTh COeIUHEHNE BIOKEHHBIM ITUKIIOM, HO
OCTaBUJI UHOEKCHHBIN [OCTYN ¥ MPUMEHUJT COeqUHEeHNe CUsIHUeM. B pe3ynbTaTe 3ampoc CTajl BHIIOTHSITHCS eIle OhICcTpee,
XOTsI eMy U ToTpeboBaioCh IPOYUTATh 60JIee ABYX MUJIJIMOHOB CTPAHHUII. XOPOIIIO 3TO UJTH IIJIOX0?

OTO 3aBUCHUT OT 0OCTOSITENILCTB. ECIM MBI YBEPEHEI, 4YTO pa3Mepa Kellla XBaTHUrT, 4YTOOBI B HEM HaXOOWJINCh NJaHHBbIE HAIIIUX
KPYIIHEIX TaOJIUI] — XOPOIo. B KOHIlE KOHIIOB, 3aIIPOC HEMCTBUTENIFHO CTaJl BEIIONHATHCS GrIcTpee! OmHAKO B peanbHOH
CHUCTeMe 3a Kelll 6y]1yT KOHKYPHPOBATh JaHHBIE MHOTUX Ta6J'II/I].I. Ecnu peanbHOE o6pa1ueHHe K CTpaHHUIIaM OKaXeTCAa
MefiJIeHHee 0XKHUAaeMoro, 3TO II0BOJ, BEPHYTHLCS K HACTPoiiKaM cepsepa Bl ¢ moMourpio mapaMeTpoB random_page_cost u
effective cache size.

OpHaKo 3aafAuMCs BOIIPOCOM: He YHUTaeM JIU MHI JINIIHYE faHHbe? 3HaHWe IIpeIMEeTHOU 00JIacTH II03BOJISIET HaM NIPUHTH K
BEIBOAY, uTO Tabnuma ticket flights BoBce He HyHa B 3anpoce. Tabnuiy flights MozkHO coeguHNUTE HEIOCPEACTBEHHO C
boarding passes — BHeIIHUe KIIOYM IIPOBEPSIOT KOPPEKTHOCTD JaHHBIX, HO He TpeOyloTcs Oy coequHeHus. [lo6aBneHue
ticket flights HuKak He orpaHUYMUBaeT NAaHHEIE (HE MOXKET OBITH CUTyallly, IPK KOTOPOI ITOCAOYHEIN TaJIOH €CTh, a
TIepesieT OTCYTCTBYET).

Boob1ie, nepedopmMynupoBaHue 3apoca — CaMbIH pa3HOOOPa3HBIM M BApUATUBHBIN CIIOCO0 BIUSHUS Ha
IPOU3BONUTEILHOCTE. HEKOTOpHIE 3KBUBAIEHTHEIE TPE0OPA30BaHUS IIJITAHUPOBIIUK YMEET BHIIOIHATH CaM, HO MBI MOXKEM:

TepenucaTh yCIOBUS TaK, YTOOB OHU MOTIIH (MK HA000POT, HE MOTJIN) UCIIOIb30BaTh HHIEKC;

3aMEeHUTh KOpPeIUPOBaHHEIE ITO3aIPOCH! (KOTOPHIE, IO CYTH, ABJISIOTCS BJIOZKEHHBIM IIUKJIOM) COEQUHEHUSIMU;
YCTPAHUTE JIUITHYE CKAaHUPOBAHUS (KaK B 3TOM IIpUMepe, WX, CKaXkeM, 3a CUeT IPUMEHEeHUST OKOHHBIX QYHKITUN);
HUCIIONIH30BaTh HEIOCTYIHEIE IIJIAaHUPOBIUKY TpaHchopManuu, Takue, Kak npeobpasosanue ycinosuii OR B UNION;
¥ T. I

HTak, ynpoliaeM 3ampoc:

=> EXPLAIN (analyze, buffers, timing off, costs off)

SELECT count(*)

FROM flights f
JOIN boarding_passes bp ON bp.flight_id = f.flight_id

WHERE f.actual_departure - f.scheduled_departure BETWEEN interval 'l min' AND interval '4 hours'
AND f.actual_arrival - f.scheduled_arrival BETWEEN interval 'l min' AND interval '4 hours';



QUERY PLAN

Aggregate (actual rows=1 loops=1)
Buffers: shared hit=7115 read=53788, temp read=11797 written=11797
-> Hash Join (actual rows=6940272 loops=1)
Hash Cond: (bp.flight id = f.flight id)
Buffers: shared hit=7115 read=53788, temp read=11797 written=11797
-> Seq Scan on boarding passes bp (actual rows=7925812 loops=1)
Buffers: shared hit=4491 read=53788
-> Hash (actual rows=173846 loops=1)
Buckets: 262144 Batches: 2 Memory Usage: 5118kB
Buffers: shared hit=2624, temp written=253
-> Seq Scan on flights f (actual rows=173846 loops=1)
Filter: (((actual departure - scheduled departure) >=
'00:01:00"'::interval) AND ((actual departure - scheduled departure) <=
'04:00:00"'::interval) AND ((actual arrival - scheduled arrival) >= '00:01:00'::interval)
AND ((actual arrival - scheduled arrival) <= '04:00:00'::interval))
Rows Removed by Filter: 41021
Buffers: shared hit=2624
Planning:
Buffers: shared hit=16
Planning Time: 0.253 ms
Execution Time: 7355.845 ms
(18 rows)

ITorpeboBasnock IpoYuTaTh Bcero 61 Thicsuy cTparull. [IpoBepuM, CKOJILKO BCEr'0 CTPAHUIL B TabIuIax

=> SELECT sum(relpages) FROM pg_class
WHERE relname IN ('flights', 'boarding_passes');

Tenepb MEI YBEPEHBI, YTO HE YUTAaeM JIMIITHUX HaHHBIX.

MOXKHO 4 ellle YTO-TO YIIy4YIIUTh?

IInan 3ampoca TOBOPUT O TOM, YTO BHIIOJIHSIJIOCH OBYXIIPOXOOHOE COENIMHEHNE XeINPOBaHueM. MOXKHO YBEJIMYUTh
3HaYeHUe [TapaMeTpa work mem, 9YTOOB! XelI-COeIUHEeHUI0 ObLIO IOCTATOYHO OOHOI'0 IIpoxona 6e3 BpeMeHHEBIX (HalioB.

=> SET work_mem = '8MB'; -- umeeT cCMbiC/ YBENM4YUTb [Jisi BCEro cepsepa
SET

=> EXPLAIN (analyze, timing off, costs off)

SELECT count(*)

FROM flights f
JOIN boarding_passes bp ON bp.flight_id = f.flight_id

WHERE f.actual_departure - f.scheduled_departure BETWEEN interval 'l min' AND interval '4 hours'
AND f.actual_arrival - f.scheduled_arrival BETWEEN interval 'l min' AND interval '4 hours';



QUERY PLAN

Aggregate (actual rows=1 loops=1)
-> Hash Join (actual rows=6940272 loops=1)
Hash Cond: (bp.flight id = f.flight id)
-> Seq Scan on boarding passes bp (actual rows=7925812 loops=1)
-> Hash (actual rows=173846 loops=1)
Buckets: 262144 Batches: 1 Memory Usage: 8160kB
-> Seq Scan on flights f (actual rows=173846 loops=1)
Filter: (((actual departure - scheduled departure) >=
'00:01:00"'::interval) AND ((actual departure - scheduled departure) <=
'04:00:00'::interval) AND ((actual arrival - scheduled arrival) >= '00:01:00'::interval)
AND ((actual arrival - scheduled arrival) <= '04:00:00'::interval))
Rows Removed by Filter: 41021
Planning Time: 0.284 ms
Execution Time: 1489.752 ms
(11 rows)

B Hauasie TeMBl MBI OTKJIIOYAJIU ITapajulebHble IyTaHbl. OOQHAKO AJIS OJIMHHEBIX 3alIPOCOB MapasijiesibHble IJIaHbl MOTYT UMETh
cmeicii. KOHEYHO, IPYU yCIIOBUYM HANTUYUsI CBOOOIHEIX SAeP, KaK PacCMaTPUBAJIOCh B TeMe «IlapasienbHbIi JOCTYII».
TTocmoTpuM:

=> RESET max_parallel_workers_per_gather;
RESET

=> EXPLAIN (analyze, timing off, costs off)

SELECT count(*)

FROM flights f
JOIN boarding_passes bp ON bp.flight_id = f.flight_id

WHERE f.actual_departure - f.scheduled_departure BETWEEN interval 'l min' AND interval '4 hours'
AND f.actual_arrival - f.scheduled_arrival BETWEEN interval 'l min' AND interval '4 hours';

QUERY PLAN

Finalize Aggregate (actual rows=1 loops=1)
-> Gather (actual rows=3 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Partial Aggregate (actual rows=1 loops=3)
-> Parallel Hash Join (actual rows=2313424 loops=3)
Hash Cond: (bp.flight id = f.flight id)
-> Parallel Seq Scan on boarding passes bp (actual rows=2641937
loops=3)
-> Parallel Hash (actual rows=57949 loops=3)
Buckets: 262144 Batches: 1 Memory Usage: 8896kB
-> Parallel Seq Scan on flights f (actual rows=57949 loops=3)
Filter: (((actual departure - scheduled departure) >=
'00:01:00"'::interval) AND ((actual departure - scheduled departure) <=
'04:00:00'::interval) AND ((actual arrival - scheduled arrival) >= '00:01:00'::interval)
AND ((actual_arrival - scheduled arrival) <= '04:00:00'::interval))
Rows Removed by Filter: 13674
Planning Time: 4.249 ms
Execution Time: 1616.052 ms
(15 rows)

Met BUOUM, 4YTO IIJIQaHUPOBIIIUK HCIIOJIE3YyEeT HapanneanHﬁ IIJIaH, HO B BHpTyaJ’IbHOﬁ MallliHe C OOHUM AOPOM OH, KOHEYHO,
He JaeT HUKAKUX IPEeuMYIIeCTB.



o)) PROFESSIONAL

[Toacka3kn onTuMusaTopy Posigres

OTCyTCTBYIOT B SIBHOM BU/€E

XOTs CPeJiCTBa BJUSIHUS UMEIOTCsI: KOH(UTypaLMOHHbIe [apaMeTphl,
Marepuamm3sanus CTE u apyrue

CTOpoHHME pacCllupeHuUst
pg_hint_plan

22

Ewe oanH (TpagnuumoHHslii ans apyrux CYB/L) cnocob BANAHUA —
NoAcCKa3Ku onTuMmusaTopy — oTcyTcTBYyeT B PostgreSQL. 3T10
NpUHUMNMNabHOE peLueHne coobullecTBa:
https://wiki.postgresql.org/wiki/OptimizerHintsDiscussion.

Ha camoM gene yacTb NOACKa30K BCEe-TaKu HESIBHO CYLLECTBYET B BU/IE
KOHMPUIypaLMoHHbIX NapaMeTpoB 1 APYrux CpeacTs.

Kpome Toro, ecTb cneynasibHble paclunpeHns, Hanpuvep
https://postgrespro.ru/docs/enterprise/16/pg-hint-plan (aBTop — Knotapo
Xopuryum). Ho Henb3sa 3abbiBaTb, YTO MCMNO/Ib30BaHME NOACKA30K, CUMbHO
orpaHuumBaroLmx cBo604y NAaHNPOBLLMKA, MOXET HaBpeauTb B ByayLeM,
Korga pacrnpegeneHne gaHHbIX U3MEeHUTCS.




o)) PROFESSIONAL

Toru Posigres

HacTpolika BbITIO/IHSEeTCS Ha Pa3HbIX YPOBHSX CUCTEMBI

IlocTyTieH IWPOKUH CITEKTP MeTOA0B BIUSHUS
Ha I/IaH BBITIOJIHEHHSI 3allpOCOB

Pa3Hble TUIIBI 3dlIpOCOB Tp96y1-OT P4A3HBIX ITIOAXOA0B

Hwuuto He 3ameHUT roJIOBY U BAPaBbII‘/JI CMBICJI
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. OnTumusmMpyuTe 3arpoc, BEIBOASIINM KOHTAKTHYO
nHGbOpPMaI[UIO TTaCCa)KUPOB, KYTTUBIITMX OMIeThl OM3Hec-K/acca,
peiichl KOTOPBIX OBLTH 3a/iep>KaHbl 0oJiee yueM Ha 5 4acoB:
SELECT t.*

FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
JOIN flights f ON f.flight_id = tf.flight_id
WHERE tf.fare_conditions = 'Business'
AND f.actual_departure >
f.scheduled_departure + interval '5 hour';

2.  OnTUMU3UpYUTE 3aMpOC, BIUKUC/SIONIUN CPEAHIOK CTOMMOCTD
OW/IeTOB Ha TIepesieThl, BLIMO/THSIEMbIe Pa3TMUHBIMA TUITaMHU
CaMOJIETOB.

HaunuTe ¢ BapraHTa, Npe//I0KeHHOTO0 B KOMMEHTapHH.
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2.

SELECT a.aircraft_code, (
SELECT round(avg(tf.amount))
FROM flights f
JOIN ticket_flights tf ON tf.flight_id = f.flight_id
WHERE f.aircraft_code = a.aircraft_code

)

FROM aircrafts a



1. OnTuMH3anusA KOPOTKOro 3ampoca

OTKII0YUM IIapainejibHO€E BBIIIOJIHEHHUE.
=> SET max_parallel_workers_per_gather = 0;
SET

=> EXPLAIN (analyze, timing off)
SELECT t.*
FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
JOIN flights f ON f.flight_id = tf.flight_id
WHERE tf.fare_conditions = 'Business’
AND f.actual_departure > f.scheduled_departure + interval '5 hour';

QUERY PLAN

Merge Join (cost=215149.77..366708.12 rows=289911 width=104) (actual rows=2 loops=1)
Merge Cond: (t.ticket no = tf.ticket no)
-> Index Scan using tickets pkey on tickets t (cost=0.43..139110.69 rows=2949878
width=104) (actual rows=1336684 loops=1)
-> Materialize (cost=215149.30..216598.85 rows=289911 width=14) (actual rows=2
loops=1)
-> Sort (cost=215149.30..215874.07 rows=289911 width=14) (actual rows=2
loops=1)
Sort Key: tf.ticket_no
Sort Method: quicksort Memory: 25kB
-> Hash Join (cost=6742.28..183890.76 rows=289911 width=14) (actual
rows=2 loops=1)
Hash Cond: (tf.flight id = f.flight id)
-> Seq Scan on ticket flights tf (cost=0.00..174865.38 rows=869736
width=18) (actual rows=859656 loops=1)
Filter: ((fare conditions)::text = 'Business'::text)
Rows Removed by Filter: 7532196
-> Hash (cost=5847.00..5847.00 rows=71622 width=4) (actual rows=1
loops=1)
Buckets: 131072 Batches: 1 Memory Usage: 1025kB
-> Seq Scan on flights f (cost=0.00..5847.00 rows=71622
width=4) (actual rows=1 loops=1)
Filter: (actual departure > (scheduled departure +
'05:00:00'::interval))
Rows Removed by Filter: 214866
Planning Time: 16.369 ms
Execution Time: 3151.427 ms
(19 rows)

3mech MBI IMeeM IejI0 C 3allpPocoM, XapaKTepHEIM it OLTP — He6OoJIbIIoe YKUCII0 CTPOK, AJIS MOTyYeHUsT KOTOPHIX HAO
BBIOPATH TOJILKO HEOOJIBINYIO YacCTh HAHHEIX. [l09TOMYy 001Iee HalpaBjIeHNe ONTHMHU3AIUYN — IIEPEXO OT IIOJITHOT'0
CKaHUPOBAHUS U COEOUHEHUS XeIINPOBaHUEM K MHIEKCaM U BIIOKEHHBIM IIMKJIaM.

3aMeTuM, 4TO pelc, 3amepKaHHEN 60Jlee YeM Ha 5 4acoB, BCETO OOUH, a IJIaHUPOBIIUK CKaHUPYeT BCIO TabauIly. MoxkHO
TIIOCTPOUTH UHIEKC II0 BEIPAKEHUIO0 Ha Pa3HOCTHU [BYX CTOJIOI[OB M HEMHOTI'O IIEPEINCATh YCIIOBHE:

=> CREATE INDEX ON flights ((actual_departure - scheduled_departure));
CREATE INDEX

=> ANALYZE flights;

ANALYZE

=> EXPLAIN (analyze, timing off)
SELECT t.*
FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
JOIN flights f ON f.flight_id = tf.flight_id
WHERE tf.fare_conditions = 'Business'
AND f.actual_departure - f.scheduled_departure > interval '5 hour';



QUERY PLAN

Nested Loop (cost=12.82..177166.68 rows=8 width=104) (actual rows=2 loops=1)
-> Hash Join (cost=12.39..177160.87 rows=8 width=14) (actual rows=2 loops=1)
Hash Cond: (tf.flight id = f.flight id)
-> Seq Scan on ticket flights tf (cost=0.00..174865.38 rows=869736 width=18)
(actual rows=859656 loops=1)
Filter: ((fare conditions)::text = 'Business'::text)
Rows Removed by Filter: 7532196
-> Hash (cost=12.37..12.37 rows=2 width=4) (actual rows=1 loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 9kB
-> Index Scan using flights expr idx on flights f (cost=0.42..12.37
rows=2 width=4) (actual rows=1 loops=1)
Index Cond: ((actual departure - scheduled departure) >
'05:00:00"'::interval)
-> 1Index Scan using tickets pkey on tickets t (cost=0.43..0.73 rows=1 width=104)
(actual rows=1 loops=2)
Index Cond: (ticket no = tf.ticket no)
Planning Time: 4.153 ms
Execution Time: 1457.255 ms
(14 rows)

Temneps 3atimemcs Tabnunei ticket flights, koTopast ToXke cCKaHUPYeTCs ITOITHOCTHIO, XOTS U3 HEE YUTAETCSA
He3Ha4YuTeJIbHas 9acTh CTPOK.

ITomor 6vI MHAEKC IO KiTaccaM obcinyxkuBaHus fare conditions, Ho nyutmie co3mats uHmEKC 1o crosbuy flight id, uto
T103BOJNIUT 3(PpGHEKTUBHO BHIIOIHATH COeIUHEeHNe BI0oXKeHHBIM IukioM c flights:

=> CREATE INDEX ON ticket_flights(flight_id);
CREATE INDEX

=> EXPLAIN (analyze, timing off)
SELECT t.*
FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
JOIN flights f ON f.flight_id = tf.flight_id
WHERE tf.fare_conditions = 'Business’
AND f.actual_departure - f.scheduled_departure > interval '5 hour';

QUERY PLAN

Nested Loop (cost=1.28..837.39 rows=8 width=104) (actual rows=2 loops=1)
-> Nested Loop (cost=0.85..831.57 rows=8 width=14) (actual rows=2 loops=1)
-> Index Scan using flights expr idx on flights f (cost=0.42..12.37 rows=2
width=4) (actual rows=1 loops=1)
Index Cond: ((actual departure - scheduled departure) >
'05:00:00'::interval)
-> Index Scan using ticket flights flight id idx on ticket flights tf
(cost=0.43..409.49 rows=11 width=18) (actual rows=2 loops=1)
Index Cond: (flight_id = f.flight_id)
Filter: ((fare_conditions)::text = 'Business'::text)
Rows Removed by Filter: 10
-> 1Index Scan using tickets pkey on tickets t (cost=0.43..0.73 rows=1 width=104)
(actual rows=1 loops=2)
Index Cond: (ticket no = tf.ticket_no)
Planning Time: 21.421 ms
Execution Time: 7.052 ms
(12 rows)

BpeM;{ BBIIIOJTHEHU S YMEHBIINIJIOCE 1O MUJIJIMCEKYH]I.

2. OnTHuMHU3anUsI JJIMHHOIO 3ampoca

OueBUAHO, MBI UMEEM EJIO0 C IJIMHHEIM 3alIDOCOM: B HEM NIPUCYTCTBYeT Gonbias Tabnura nepenetos ticket flights, mpu
9TOM HU Ha OfHY TabJuly He HaKJIafbIBAae€TCS HUKAKWX YCIIOBHH. BEITOIHUM 3ammpoc ¥ IOCMOTPUM Ha IIJIaH €ro
BBITIOJTHEHUS:



=> EXPLAIN (analyze, buffers, costs off, timing off)
SELECT a.aircraft_code, (
SELECT round(avg(tf.amount))
FROM flights f
JOIN ticket_flights tf ON tf.flight_id = f.flight_id
WHERE f.aircraft_code = a.aircraft_code

)

FROM aircrafts a;

QUERY PLAN

Seq Scan on aircrafts data ml (actual rows=9 loops=1)
Buffers: shared hit=24480 read=558817
SubPlan 1
-> Aggregate (actual rows=1 loops=9)
Buffers: shared hit=24480 read=558816
-> Hash Join (actual rows=932428 loops=9)
Hash Cond: (tf.flight id = f.flight id)
Buffers: shared hit=24480 read=558816
-> Seq Scan on ticket flights tf (actual rows=8391852 loops=8)
Buffers: shared hit=864 read=558816
-> Hash (actual rows=23874 loops=9)
Buckets: 65536 (originally 32768) Batches: 1 (originally 1)
Memory Usage: 2629kB
Buffers: shared hit=23616
-> Seq Scan on flights f (actual rows=23874 loops=9)
Filter: (aircraft code = ml.aircraft code)
Rows Removed by Filter: 190993
Buffers: shared hit=23616
Planning:
Buffers: shared hit=57 read=7 dirtied=1
Planning Time: 25.172 ms
Execution Time: 10730.474 ms
(21 rows)

B nnane 3alipocCa BUOUM, YTO OLIEHKU KapPAUHAJIbBHOCTHU BIIOJIHE al€KBATHEI BO BCEX y3JiaX, fombIIne TaﬁJ'II/ILII)I CKaHUDPYIOTCA
IIOCJIeJOBATEJIbHO U IIPUMEHSAETCS Xelll-COeJuHEeHNue.

OpHako IIPHU 3TOM 3allIpOC YUTaeT B HECKOJIBKO pa3 GobIIe CTpaHHUI, 4YeM Heo0X0IuMO:

=> SELECT sum(relpages) FROM pg_class
WHERE relname IN ('flights','ticket_flights','aircrafts_ml');

IIpuynHa B KOPPEIUPOBAHHOM IIOI3aIIPOCE, KOTOPHIM BRHIIOJIHSIETCS OJIS KaXKIOH U3 IEeBITU MOIEJIel CaMOIeTOB, 00pa3ys
HEeSTBHBIN BIIOKEHHBIN IMKJI. PacKpoeM mofa3ampoc, oOaBuB ITPYIIIUPOBKY.

MoxeT I0Ka3aThCsI 3aMaHYHUBLIM U30aBUTLCS OT Ta6J‘II/IL(BI CaMOJIeTOB aircrafts, Beb KOO CaMoOJieTa MOXKHO IIOJIYYUThb
HeIIoCpenCTBeHHO U3 Tabnuusl peiicos flights. OgHako B 3TOM cinydae U3 pe3yNbTaTOB NPONafeT MOfelb, He COBEPIIXBIIAs
HH OfiHOT0 peiica. [ToaToMy HEOOXOAUMO JIeBOE COeUHEHHE.

Kpome Toro, cpa3y BCIOMHUM, YTO B AEMOHCTPALUK MHl YBeJINYHUBaAIX work mem, 4ToOB H36€2KaTh ABYXIIPOXOJHOIO
COeNUHEeHUs.

=> SET work_mem = '8MB';
SET

=> EXPLAIN (analyze, buffers, timing off)
SELECT a.aircraft_code, round(avg(tf.amount))
FROM aircrafts a
LEFT JOIN flights f ON f.aircraft_code = a.aircraft_code
LEFT JOIN ticket_flights tf ON tf.flight_id = f.flight_id
GROUP BY a.aircraft_code;



QUERY PLAN

HashAggregate (cost=257728.41..257728.54 rows=9 width=36) (actual rows=9 loops=1)
Group Key: ml.aircraft code
Batches: 1 Memory Usage: 24kB
Buffers: shared hit=2765 read=69820
-> Hash Right Join (cost=7459.71..215769.15 rows=8391852 width=10) (actual
rows=8456132 loops=1)
Hash Cond: (f.aircraft code = ml.aircraft code)
Buffers: shared hit=2765 read=69820
-> Hash Right Join (cost=7458.51..183366.07 rows=8391852 width=10) (actual
rows=8456131 loops=1)
Hash Cond: (tf.flight id = f.flight id)
Buffers: shared hit=2764 read=69820
-> Seq Scan on ticket flights tf (cost=0.00..153878.52 rows=8391852
width=10) (actual rows=8391852 loops=1)
Buffers: shared hit=140 read=69820
-> Hash (cost=4772.67..4772.67 rows=214867 width=8) (actual rows=214867
loops=1)
Buckets: 262144 Batches: 1 Memory Usage: 10442kB
Buffers: shared hit=2624
-> Seq Scan on flights f (cost=0.00..4772.67 rows=214867 width=8)
(actual rows=214867 loops=1)
Buffers: shared hit=2624
-> Hash (cost=1.09..1.09 rows=9 width=4) (actual rows=9 loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 9kB
Buffers: shared hit=1
-> Seq Scan on aircrafts data ml (cost=0.00..1.09 rows=9 width=4)
(actual rows=9 loops=1)
Buffers: shared hit=1
Planning:
Buffers: shared hit=26 read=2
Planning Time: 1.851 ms
Execution Time: 4929.575 ms
(26 rows)

JIumHre YTeHUs TPOIIaid, 3alIPOC YCKOPUIICS.



