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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
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NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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Tembl Posigres

[TonyueHre OTCOPTUPOBAHHBIX JaHHBIX
CopTuUpoBKa B IamMATU

BHelHsAs cCOpTUPOBKa
VHKpeMeHTa/ibHasi COPTUPOBKa
CopTUpoBKa B Mapasule/ibHbIX IJIaHax
CopTHpOBKa Mpu MOCTPOEHUM UHJIeKCa

OxkoHHbIE (DYHKIMU C COPTUPOBKOU
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[TlonydyeHne paHHbIX Pos{gres

WNupekcHbiv goctyn (B-mepeBo)
BO3BpalllaeT OTCOPTUPOBaHHBIN HAOOp CTPOK

[TocnegoBarenbHbIN A0oCTyI (Seq Scan)

BO3BpAIllaeT HeYIopsil0ueHHbI Habop CTPOK
HeoOXo/[Ma /IOTIO/THUTeTbHAs OTlepalivisi COPTUPOBKHU

Kak y»e 6bl/10 CKa3aHo paHee, MHAEKCHbI AocTyn (Npy UCNONb30BaHMM
B-AepeBa) No3BO/ISIET Cpasy Xe NosyunTb Habop CTPOK, OTCOPTUPOBAHHbI
Mo K/oYaM UHAEKCUPOBaHUS.

Ho uTo Aenatb, ecnin cCoOpTMPOBKA TPebyeTcst No NoNsAM, AN KOTOPbIX HET
nHaekca? B aTom cnyyae cepBepy NpuMxoauTcs cHavasa nosy4YnTb AaHHble
13 Tab/IMLbl C NOMOLLbIO NOCNEA0BATENIbHOMO CKAHNPOBaHMS, a 3aTeM
BbIMNOMHUTL AOMOMHUTENbHYIO OnepaLuuio COPTUPOBKN.



ITonyyeHHEe OTCOPTUPOBAHHBIX JaHHBIX

WHOEeKCHBIN IOCTYII aBTOMaTU4YeCKU BO3BpalllaeT CTPOKHU, OTCOPTUPOBAHHEIE 110 IPOMHIEKCUPOBAaHHOMY CTOJIOITY:

=> EXPLAIN (costs off)
SELECT * FROM flights
ORDER BY flight_id;

QUERY PLAN
Index Scan using flights pkey on flights
(1 row)

Ho ecnu IIOIIPOCHUTH CEPBEP OTCOPTHUPOBATHE NaHHEBIE I10 CTOJ'[6Hy 6e3 HWHOEKCa, 1'[0Tpe6yeTc;{ OBa OTHOEJIbHBIX IIara:
IIOJIydYeHHre JaHHBIX U COPTHUPOBKaA.

=> EXPLAIN (costs off)
SELECT * FROM flights
ORDER BY status;

QUERY PLAN
Sort
Sort Key: status
-> Seq Scan on flights
(3 rows)

[ansime MbI 6yoeM pa3bupaThecsi, Kak yCTPOeHa COPTUPOBKA B y3ie Sort.
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CopTnpoBKa B namAaTun Pos{gres

bricTpasi coprupoBKa (quick sort)

YacTrnuHas nupamMu/iajibHasi CopTUpoBKa (top-N heapsort)

KOrJia Hy>KHa TOJIBKO 4aCTb 3HAYeHUN

B ngeansHom cnyyae Habop CTPOK, NoAsiexallmii COpTUPOBKE, LIESTUKOM
NnomeLlaeTcs B NaMATb, OrpaHNYeHHY0 napaMeTpom work_mem. B aTom
Cnyyae BCe CTPOKM MPOCTO COPTUPYIOTCHA a/ITOPUTMOM Bbicmpou
copmuposku (quick sort) n pesynsrar BoO3BpallaeTcs pogmuTenbCKoMy y3ny.

ECnn Hy)XHO NONYYUTb INLLb HECKO/TbKO NepPBbIX CTPOK OTCOPTMPOBAHHOIO
Habopa (npwu ncnosb3oBaHUn Npeanoxenus LIMIT), coptupoBaTh BeCb
Habop He 06dA3aTesibHO. B 3TOM cny4vae cepBep MOXET NPUMEHUTb
yacmuyHyr rnupamudasibHyro copmuposky (top-N heapsort), KoTopas Takke
BbIMOJIHAETCS B ONepaTtuBHOM NamMATL.



CopTHpOBKa B NaMATH

B pacnopsixKeHUY MJIaHUPOBIIMKA UMEETCSI HECKOJIBKO METONOB COPTUPOBKH. B clenyioieM npuMepe UCIOIb3yeTCs
6rIcTpasi coptupoBka (Sort Method: quicksort). B Toi ke cTpoke yKa3aH 00bEM UCIOIH30BAaHHOM aMSATH:

=> EXPLAIN (analyze, timing off, summary off)
SELECT *

FROM seats

ORDER BY seat_no;

QUERY PLAN

Sort (cost=90.93..94.28 rows=1339 width=15) (actual rows=1339 loops=1)

Sort Key: seat no

Sort Method: quicksort Memory: 101kB

-> Seq Scan on seats (cost=0.00..21.39 rows=1339 width=15) (actual rows=1339 loops=1)
(4 rows)

YToOHI HAYATh BEIOABATh JAHHBIE, Y3JIy SOrt Hy’KHO ITOJTHOCTBI0O OTCOPTUPOBATH HAG0OP CTPOK. [To3TOMy HavyanmbHas
CTOMMOCTS y3JjIa BKJII0YaeT B ce0sl MOJIHYI0 CTOMMOCTE YTEHUS TaOIuuel. B 00Iem ciiydae CI0KHOCTL OBICTPOM COPTUPOBKYU
paBHa O(M logM), roe M — 4HCII0 CTPOK B UCXOOHOM Habope.

Ecnu Habop CTPOK OrpaHUYeH, IJIAHUPOBIINK MOXKET IIEePEKII0YNTHCS Ha YaCTUYHYI0 COPTUPOBKY (Ipy60o rOBOPsI, BMECTO
TIOJTHOM COPTUPOBKH 37ech 100 pa3 HaxOAUTCS MUHUMAaJIbHOE 3HaUEeHUe):

=> EXPLAIN (analyze, timing off, summary off)
SELECT *

FROM seats

ORDER BY seat_no

LIMIT 100;

QUERY PLAN

Limit (cost=72.57..72.82 rows=100 width=15) (actual rows=100 loops=1)
-> Sort (cost=72.57..75.91 rows=1339 width=15) (actual rows=100 loops=1)
Sort Key: seat no
Sort Method: top-N heapsort Memory: 32kB
-> Seq Scan on seats (cost=0.00..21.39 rows=1339 width=15) (actual rows=1339
loops=1)
(5 rows)

OﬁpaTI/ITe BHHUMaHNE, 9YTO CTOUMOCTE 3allpOCa CHU3UJIACh U OJId COPTUPOBKHU HOTpeﬁOBaHOCB MeHbIIIe maMsaTu. B 06H.IeM
ciiydae CJIOKHOCTB anroputMa top-N heapsort Huzke, yem gst 65ICTPOM COPpTUPOBKU — OHa paBHa O(M logN).
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BHeLLHAA COPTUPOBKa Pos{gres

album_id name @
ADay in the Lifte | A _____

All Together Now

All Together Now

|
| 1
Another Girl ! -
_ I:> ! 2 | Another Girl
Across the Universe | 5
|
|

A Day in the Life
All You Need Is Love

N R WIN | PO

Act Naturally

1 | All Together Now
Another Girl
A Day in the Life

Ecnv Habop CTPOK BENNK, OH He NOMECTUTCS B NaMsATb LEMKOM. B Takom
crlyyae Ucnonb3yeTcs afopUTM BHELLHE COPTUPOBKN.

Habop CTpoK untaeTcsa B NamMsiTb, MOKa €CTb BO3MOXHOCTb, 3aTEM
COpPTUPYETCA U 3annCbiBAETCA BO BPEMEHHbI thaiin.
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BHeLLHAA COPTUPOBKa Pos{gres

album_id name @
ADayin the Lifte | A _____

All Together Now

All You Need Is Love

|
| 1
Another Girl !
: I:> ! 2 | Act Naturally
Across the Universe | 3
|
|

Across the Universe
All You Need Is Love

N R WIN | PO

Act Naturally

1 | All Together Now 1 | All You Need Is Love
Another Girl 2 | Act Naturally
ADay in the Life 3 | Across the Universe
temp_file_limit 8

3Ta npoueaypa noBTOPSIETCA CTOMLKO Pas, CKOMIbKO HEOBX0ANUMO, UTOOGbI
3anucatb BCe [aHHble B dhalifibl, KaxXablil U3 KOTOPbIX MO OTAE/LHOCTU
OTCOPTMPOBAH.

HanomHuMm, 4TO 06N pa3mep BPEMEHHbIX ddaliioB ceaHca (He BKAYas
BPEMEHHbIe Tabnuubl) orpaHMyeH 3Ha4YeHnem napametpa temp_file_limit.
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BHeLLHAA COPTUPOBKa Pos{gres

|

|

|

: 1 | All Together Now

| 1 | All You Need Is Love
|

|

|

1 | All Together Now 1 | All You Need Is Love
2 | Another Girl 2 | Act Naturally
5 | ADay in the Life 3 | Across the Universe

[lanee HeckosbKO oaiisioB (ABa unu 6o51ee) CoOeanHAIOTCA C COXPaHEHNEM
nopsiaKa CTPOK.

[ns coeanHeHuns He TpebyeTcsa MHOro MecTa B NamsTh, AOCTATOYHO
pa3MecTUTb N0 OAHOM CTPOKe M3 Kaxkaoro dparna (kak B npumepe Ha
cnange). Cpeam aTnx CTPOK BblIOUPAETCA MUHUMasIbHas (MakcMMasibHas)
1 BO3BpALLAETCs Kak YacTb pe3y/ibTara, a Ha ee MecTo YMTaeTcs HoBast
CTpOKa 13 TOro Xe doaisia. Ha npakTnke CTPOKMN YMTaKTCA HE NO OAHOW,
a naketamm, 4tTobbl YCKOPUTbL BBOA-BbIBOA,.

Ecnn onepaTtnBHON NaMsiTU HEQOCTATOYHO, YTOObI COEANHUTL Cpasy BCe
doalinbl, CHayasia coeguHsieTca YacTb haisioB 1 pesynstaT 3anncbiBaeTca
B HOBbI BPEMEHHbIN dalin, 3aTem NPoncxXxoanT CoeanHEHNE 3TUX HOBbIX
dhaiinoB n Tak gasnee.

MbI HE 06CYyXaaeM 3[1eCcb BCe AeTan peannsaumm COpTUPOBKU, C HUMU
MOXHO O3HaKOMUTbLCS B (paine src/backend/utils/sort/tuplesort.c.

cTopua pa3sutmsa cnocobos copTupoBkM B PostgreSQL xopoLlo onncaHa
B npe3eHTauun peropu Ctapka «Sorting Through The Ages»:
https://wiki.postgresqgl.org/images/5/59/Sorting_through_the_ages.pdf,
CYHXPOHHbIV NepeBos AoKaaa Ha PYyCCKMinl A3bIK OCTYNEH Ha canTte
https://pgcont.ru/talk/1587768.




BHeniHsisI COPTHPOBKA

IIpuMep mnaHa ¢ BHelTHelM copTupoBKoi (Sort Method: external merge):

=> EXPLAIN (analyze, buffers, timing off, summary off)
SELECT *

FROM flights

ORDER BY scheduled_departure;

QUERY PLAN

Sort (cost=31883.96..32421.12 rows=214867 width=63) (actual rows=214867 loops=1)
Sort Key: scheduled departure
Sort Method: external merge Disk: 17112kB
Buffers: shared hit=3 read=2624, temp read=2139 written=2145
-> Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63) (actual rows=214867

loops=1)
Buffers: shared read=2624
Planning:
Buffers: shared hit=10 read=1
(8 rows)

O6paTuTe BHUMaHKUE Ha TO, YTO y3en Sort 3amuchiBaeT U YUTAeT BpeMeHHbIe JaHHbIe (temp read u written).

YBenuuum 3HaYeHHe work mem:
=> SET work_mem = '48MB';
SET

=> EXPLAIN (analyze, buffers, timing off, summary off)
SELECT *

FROM flights

ORDER BY scheduled_departure;

QUERY PLAN

Sort (cost=23802.46..24339.62 rows=214867 width=63) (actual rows=214867 loops=1)

Sort Key: scheduled departure

Sort Method: quicksort Memory: 26161kB

Buffers: shared hit=2624

-> Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63) (actual rows=214867
loops=1)

Buffers: shared hit=2624

(6 rows)

Teneps Bce CTPOKY IOMECTHUINUCH B IAMSTh, ¥ IJIAHUPOBIIKUK BEIOpas 6ojiee meneByo OLICTPYI0 COPTUPOBKY.
=> RESET work_mem;

RESET
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Incremental Sort Posigres

copTUpOBKa
Mo nosilo name

yxe

| \
|
Sl 1 1 | All Together Now :
|
album_id name ; 1 | All You Need Is Love |
| |
1 | All You Need Is Love : Act Naturally !
|
1 | All Together Now @ | Another Girl |
2 | Another Girl - !
2 | Act Naturally Pre-sorted Groups
3 | Across the Universe % *************************** )
5 | ADay in the Life Across the Universe

|
1
|
: 5 | ADay in the Life
{
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Ecnu Habop aaHHbIX TpebyeTca oTcopTuposathk no knodam K, ... K ... K

m n

1 NPV 3TOM M3BECTHO, UTO HABOP YXXe OTCOPTUPOBAH MO NEePBbIM M K/lto4amMm,
MOXXHO He MepecopTMPOBbLIBaTL BCE aHHble 3aHOBO. J0CTaTOYHO pa3buTb
Habop AaHHbIX HA rPyNMbl, UMELLMEe OHAKOBbIE 3HAYEHNSI HAYasIbHbIX
knouel K, ... K (3HaYeHuns Takvx rpynn cieaytoT Apyr 3a Apyrom), u 3atem

OTCOPTUPOBATb OTAENbHO KadKAyt U3 rpynmn no oCTaBLUMMCS K/louam
K ., - K. Takoii cnocob HasbIBaeTCA UHKpeMeHmasibHoU copmupoBsKod.

m+

ANropuT™M 06pabaTbiBaeT OTHOCUTE/TbHO KPYMHbIE TPynMbl CTPOK OTAENbHO,
a Hebo/bLUNE 06bEAVHSIET U COPTUPYET NOMHOCTbIO. MOCKONbKY
COpPTMPYEMbIE HABOPbI AaHHbIX YMEHbLLIAKTCS, yMEHbLUAETCS U TpebGoBaHue
K 4OCTYNHOMY 06beMy namMaTu. Ho yBenimueHne konnyectsa Habopos
NPUBOANT K POCTY HakKnaAHbIX PACX0o0B.

Habopbl MoryT ob6pabarbiBaTbCA Kak B OnepaTtnuBHON NamsaTu, Tak U Ha
aucke — ecnn He xBaraet o6bema work_mem.

HKpeMeHTaslbHast COPTUPOBKA NO3BOJISET BblAaBaTb pe3y/bTaTbl yXe
nocne o6paboTKM NepBoi rpynnbl, HE A0XUAAACL COPTUPOBKN BCErO
Habopa.

OTK/TOUNTb UCMOJIb30BAHNE NHKPEMEHTA/IbHOW COPTUPOBKU MOXHO
C nomoLbio napameTpa enable_incremental_sort.



HNuKpeMeHTaIbHasi COPTHPOBKA

HHKpeMeHTaJbHasi COPTUPOBKA MOKET UCIIOJIb30BaTh KaK COPTUPOBKY B IIAMSTH, TAK U BHEIIHIOI COPTUPOBKY.
[s uimocTpanyuy co3ganguM HHIOeKC Ha Tabnuile bookings:

=> CREATE INDEX ON bookings(total_amount);

CREATE INDEX

ITocMoTpyM Ha IpUMepP UHKPEMEHTAIbHON COPTUPOBKU:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT *

FROM bookings

ORDER BY total_amount, book_date;

QUERY PLAN

Incremental Sort (actual rows=2111110 loops=1)
Sort Key: total_amount, book_date
Presorted Key: total amount
Full-sort Groups: 2823 Sort Method: quicksort Average Memory: 28kB Peak Memory: 28kB
Pre-sorted Groups: 2624 Sort Method: quicksort Average Memory: 2193kB Peak Memory:
2263kB
-> Index Scan using bookings total amount idx on bookings (actual rows=2111110
loops=1)
(6 rows)

3mech maHHEIE, TOJyYeHHEIe U3 Tabnuilel bookings mo TombKo 4To co3maHHOMY MHOeKCy bookings total amount idx, yxe
OTCOPTHPOBAHE 110 cToJOIy total amount (Presorted Key), mo3aToMy ocTaeTcst HOYNOPSIAOYUTL CTPOKH II0 CTONOIY
book_date.

Crpoka Pre-sorted Groups 0THOCUTCSI K KPYIIHEIM I'PyIIIIaM, KOTOPhIE JOCOPTUPOBLIBAIMCE 1O cToIOIy book date, a cTpoka
Full-sort Groups — K HeGoIBIINM IpynnaM, KOTOphle OBl 00beUHEeHBl U OTCOPTUPOBAHHI IIOJIHOCTRIO. B npuMepe Bce
TPYNIE IOMECTUIUCE B BBIOEJIEHHYIO IaMATh U IPUMeHsIach ObICTpast COPTHPOBKA.

YMeHbIIUM WOrk mem ¥ IIOBTOPUM 3aIIpoC:
=> SET work_mem = '128 kB';
SET

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT *

FROM bookings

ORDER BY total_amount, book_date;

QUERY PLAN

Incremental Sort (actual rows=2111110 loops=1)
Sort Key: total amount, book date
Presorted Key: total amount
Full-sort Groups: 2823 Sort Method: quicksort Average Memory: 28kB Peak Memory: 28kB
Pre-sorted Groups: 2624 Sort Methods: quicksort, external merge Average Memory: OkB
Peak Memory: 45kB Average Disk: 1047kB Peak Disk: 1088kB
-> Index Scan using bookings total amount idx on bookings (actual rows=2111110
loops=1)
(6 rows)

Temneps, IpyU HEXBATKE MaMSTH, IJI HEKOTOPHIX KPYIHEIX IPYII IPULIITIOCH IPUMEHUTE BHEIITHIOI COPTUPOBKY C
HMCII0JIb30BaHUEM BpeMeHHEIX (daiinoB (Pre-sorted Groups ... external merge).

=> RESET work_mem;

RESET
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B napannenbHbIX nnaHax Posggres

¥3en Gather Merge coxpaHsieT MOpsi/JOK COPTUPOBKH

BBITIOJ/IHACT C/IMAHWE [IdHHbBIX, MMOCTYIIAIOIWX OT JOYEPHHX Y3J/I0B

Gather
Merge
Sort Sort Sort

[ Parallel Seq Scan } [ Parallel Seq Scan } [ Parallel Seq Scan }
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CopTupOBKa MOXET yyacTBOBaTb B NapasifieNibHbIX naaHax. Kaxablii
pabounii Npouecc cCoOpTUMPYET CBOK YacTb AaHHbIX 1 NepeaaeTt pesysbrar
BbILLECTOSILLEMY Y3/, KOTOPbIi COBUPAET AaHHbIE B €AUHBIA HA6op.

Ho y3en Gather gnsi aToro He roaMTcsl, NOCKONbKY OH BblJaeT pe3ynbrar
B TOM MOPsiIKe, B KOTOPOM CTPOKM NOCTYNarT OT pabounx nNpoLeccos.

MoaToMy B Takmx nnaHax ucnonb3yetcs y3en Gather Merge, coxpaHsaoLLnii
MOPSIA0K COPTMPOBKM NOCTYNAaKLLMX CTPOK. 151 3TOro OH peannayeT
aIfTOPUTM C/IMSIHMS, 0GbEANHSSE HECKO/IbKO OTCOPTUPOBAHHBLIX HA60POB

B O/IVH.



B IIapa’iyieJIbHBIX IVIaHaX

3amnpoc, COpTUPYIOMUY 60IbIIYIO TaGIUITY 10 HEMHIEKCUPOBAaHHOMY II0JII0, MOXKET BHIIIOIHATHCS ITapasjieIbHo:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT *

FROM bookings

ORDER BY book_date;

QUERY PLAN
Gather Merge (actual rows=2111110 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Sort (actual rows=703703 loops=3)
Sort Key: book date
Sort Method: external merge Disk: 25288kB
Worker 0: Sort Method: external merge Disk: 21216kB
Worker 1: Sort Method: external merge Disk: 21720kB
-> Parallel Seq Scan on bookings (actual rows=703703 loops=3)
(9 rows)

3mech KaXKOBIHM IIPOLlEeCC YUTAaeT U COPTUPYET CBOIO YacTh TabIMIIE], a 3aTeM OTCOPTUPOBaHHEIe HAOOPH! CIMBAIOTCS IIPU
nepefade WX BeAylleMy IIPOIIECCy C COXpaHeHUeM IIopsaKa.
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[locTpoeHue B-aepesa Posigres

Ncrions3yeTcss COpTUPOBKaA

CHaua/ia BCe CTPOKH COPTUPYIOTCS

3aTeM CTPOKU COOMPAIOTCS B JIMCTOBbLIE WH/IEKCHBIE CTPAHMIIBI
CCBUIKY Ha HUX COOMPAOTCS B CTPAHULIBI CIEYIOIIEero YPOBHS
Y TakK Jjasee, roKa He JO1eM 10 KOPHS

Mo>KeT BBITIO/IHSIThCS I1apa/uie/IbHO

max_parallel_maintenance_workers

Orpanuuenue

maintenance_work_mem, TdK KdK OIlepalus He YacCTad

15

Mpwn nocTpoeHnn nHaekca (peyb MAeT Npo B-gepeBo) cepsep Mor Obl
[06aBNATbL 3anncK B NYCTOW MHAEKC MO OAHON, obpabaTtbiBas
nocnenoBartesibHO CTPOKN Tabnuupbl. Ho Takoi cnocob kpaiHe
Headh(peKTMBEH.

MoaToMy Npu co3AaHun 1 NepecTPoeHnn NHAeKca UCMosb3yeTcs
COPTMPOBKA: BCE CTPOKM Tab/unLbl COPTUPYHOTCS, U DOPMUPYHOTCS 3anuncu,
KOTOPbIE Pack/1afblBalOTCs Mo JIMCTOBbLIM MHAEKCHBLIM CTpaHuLaM. 3aTem
[10CTPanBalOTCsl BEPXHME YPOBHY [lepeBa, COCTOSILME M3 CCbI/IOK Ha
3NEMEHTbI CTPAHWL, H/XENeXalllero YpoBHs, 0 Tex nop, noka Ha
ouyepeqHOM YPOBHE He NoNy4nuTcs ofHa CTpaHuua — oHa U ByaeT KOpHEM
flepesa.

CopTupoBKa YCTPOEHa TOYHO TakK Xe, Kak paccMaTpuBasioch Bbille. OHaKO
pasmep namsiTu orpaHuyeH He work_mem, a maintenance_work_mem,
MOCKO/bKY onepauusi Co3AaHust MHAeKca He C/IMLLKOM YacTas i UMeeT
CMbIC/1 BbIAENUTb 718 Hee 60/1bLie NaMsTu.

[MoCTpoOeHne NHAEKCA MOXET BbINONMHATLCA napasiienibHo. KonmyecTso
pabouunx NpoLLeccoB BbIOMPaETCs Tak Xe, Kak U Nnpu BbINOSTHEHUN
napannesibHbIX 3arnpocoB (B 3aBUCMMOCTM OT pa3mepa Tabnuubl), HO
orpaHM4YeHo 3HadyeHneM napamertpa max_parallel_maintenance_workers.



OKOHHble (PyHKUUN Po@%’iﬁ%é%

OKHO ompe/ie/isieT arperupyemyto BbIOOPKY /IS K&XKA0H CTPOKH

B orcopTrupoBaHHOM Habope rpaHuI[bl PAMKH MOTYT JABUTaThCS

OVER () OVER (ORDER BY)

?‘2345 :AL2345
1?345 1?345
12?45 12(?45
1234}5 1234}5
12345 12345
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icnonb3oBaHMe COPTUPOBKM B OKOHHbIX beHKLI'I/IFIX NMeeT 0COBEHHOCTH.

B oT/inune ot 06bIYHbIX arperaTHbIX QPYHKUMIA, OKOHHbIE (PYHKUUN
BbIUNC/IAKOTCA AN KaXKO0N CTPOKM Habopa, He YMeHbLUasi ero pasmep.
Mocne umenun cpyHkumn B npeanoxeHmm OVER yka3sbiBaeTCcA OKHO,
onpepensioliee Habop CTPOK, KOTOPYHO A0/MKHA 06paboTarb OKOHHas
doyHKUMA B KaXKA0WM CTpoke Habopa. Takasd BbibopKa Ha3blBaeTCcs pamKod.

Ecnn okHO yka3aHo kak OVER(), To pamka ognHakoBa A1 KaXKA0W CTPOKM
N COCTOUT M3 BCEX CTPOK Habopa.



OxoHHBbIEe (PYHKITHH

ITocMOTpUM ILJIaH 3aIPOCa, BEIYUCIISIONIETO0 CYMMY OPOHUPOBAHUM HapacTaIOMIUM UTOTOM:

=> EXPLAIN SELECT *, sum(total_amount) OVER (ORDER BY book_date)
FROM bookings;

QUERY PLAN
WindowAgg (cost=342915.67..379860.10 rows=2111110 width=53)
-> Sort (cost=342915.67..348193.45 rows=2111110 width=21)
Sort Key: book date
-> Seq Scan on bookings (cost=0.00..34558.10 rows=2111110 width=21)
(4 rows)

OxoHHas GyHKIWS BEYUCISAETCS B y3iie WindowAgg, KOTOPHIY [T0JTy4YaeT OTCOPTHPOBAHHbLIE JAHHEIE OT JOYEPHETO0 y3Ja
Sort.

IToGaBneHNE K 3aIPOCy OPYTUX OKOHHEBIX (DYHKIINM, UCIOIL3YIOMNUX TOT 2K€e IOPSIOK CTPOK (He 06s13aTENBHO C
COBIIQIAIOIINM OKHOM), a TakXke npemoxenuss ORDER BY He IpUBOOUT K IOSIBJIEHUIO JIUIITHUX COPTUPOBOK:

=> EXPLAIN SELECT *,

sum(total_amount) OVER (ORDER BY book_date),

avg(total_amount) OVER (ORDER BY book_date ROWS BETWEEN 3 PRECEDING AND 3 FOLLOWING)
FROM bookings
ORDER BY book_date;

QUERY PLAN
WindowAgg (cost=342915.67..411526.75 rows=2111110 width=85)
-> WindowAgg (cost=342915.67..379860.10 rows=2111110 width=53)
-> Sort (cost=342915.67..348193.45 rows=2111110 width=21)
Sort Key: book date
-> Seq Scan on bookings (cost=0.00..34558.10 rows=2111110 width=21)
(5 rows)

3mecsh mBa y3ma WindowAgg (KazKawlil ojis CBOEro OKHa), HOo o6mui y3en Sort. CTOMMOCTE 3aIIpoca yBEeIUYUIIach, HO JIUIIb
HEeMHOTIO.

Koneuno, okoHHEIE GQyHKINY, TPEOYIOINE PA3HOTO MOPSOKA CTPOK, BEIHYKAAIOT CEPBEP I€PECOPTUPOBLIBATL HaHHEIE:

=> EXPLAIN SELECT *,
sum(total_amount) OVER (ORDER BY book_date),
count(*) OVER (ORDER BY book_ref)

FROM bookings;

QUERY PLAN

WindowAgg (cost=422743.30..459687.73 rows=2111110 width=61)
-> Sort (cost=422743.30..428021.08 rows=2111110 width=29)
Sort Key: book date
-> WindowAgg (cost=0.43..99951.73 rows=2111110 width=29)
-> 1Index Scan using bookings pkey on bookings (cost=0.43..68285.08
rows=2111110 width=21)
(5 rows)

B sTom npumepe HuxHAH y3en WindowAgg (cooTBeTCTByOmNY GYHKIUH count) romydaeT yIopsigOYeHHEIN Habop CTPOK
0 MHOEKCY, a Ojis BepxHero y3na WindowAgg (cooTBeTCTByIoOIIero GyHKINY SUM) CTPOKYU IIEPEYIOPSAO0YNBaAET y3eil Sort.

COpTUPOBKA B OKOHHEIX QYHKINSX MOXKET HUCIIOIH30BaTh JII00kE METOIH, PACCMOTPEeHHEIE BhiIe. Harmpumep, GEICTPYIO
COPTHPOBKY:

=> EXPLAIN (analyze, buffers, timing off, summary off)
SELECT *, count(*) OVER (ORDER BY seat_no)
FROM seats;



QUERY PLAN

WindowAgg (cost=90.93..114.36 rows=1339 width=23) (actual rows=1339 loops=1)
Buffers: shared read=8
-> Sort (cost=90.93..94.28 rows=1339 width=15) (actual rows=1339 loops=1)
Sort Key: seat no
Sort Method: quicksort Memory: 101kB
Buffers: shared read=8
-> Seq Scan on seats (cost=0.00..21.39 rows=1339 width=15) (actual rows=1339
loops=1)
Buffers: shared read=8
(8 rows)

Wnu BHEIIHIOIO:

=> EXPLAIN (analyze, buffers, timing off, summary off)
SELECT *, sum(total_amount) OVER (ORDER BY book_date)
FROM bookings;

QUERY PLAN

WindowAgg (cost=342915.67..379860.10 rows=2111110 width=53) (actual rows=2111110
loops=1)
Buffers: shared hit=13447, temp read=16491 written=16528
-> Sort (cost=342915.67..348193.45 rows=2111110 width=21) (actual rows=2111110
loops=1)
Sort Key: book date
Sort Method: external merge Disk: 65984kB
Buffers: shared hit=13447, temp read=16491 written=16528
-> Seq Scan on bookings (cost=0.00..34558.10 rows=2111110 width=21) (actual
rows=2111110 loops=1)
Buffers: shared hit=13447
(8 rows)



o)) PROFESSIONAL

Toru Posigres

CopTHPOBKa UCTOJIb3yeTCs PU BbITIOJIHEHHH 3allPOCOB
Y [ IOCTpoeHus B-iepeBbeB

Cyl1eCTBYIOT pa3Hble CIoCOObI peann3aliii COPTHPOBKU

B NIaMATH
BHeILIHSs (CO3[at0TCsl BpeMeHHbIe (aiisibl)
HMHKpeMeHTa/IbHast

Hannune HMHAEKCOB MOXXET I103BOJIMTb 130exaThb COPTHUPOBKH
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. Kakotii tutan OyzieT BeIOpaH /iJist CIeAYIOIIero 3arpoca:

SELECT *

FROM flights

ORDER BY scheduled_departure;

W3mMeHUTCA /1M TIJIaH BBITIOJIHEHUS, €C/TA YBeJTMUUTh 3HauUeHue
work_mem n0 32 Moaut?

2. CospgaiiTe UHZEKC 10 CTO/IOI[aM passenger_name 1 passenger_id
Tabmiibl 6unetoB (tickets). TTorpeboBasics i BpeMeHHBIH (haiin
JJ1s1 BBITIOJTHEHUST 3TOU orepaLyun?
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2. BkntounTe XypHanimpoBaHue UCnosib3oBaHnsA BPpEMEHHbIX (Ppaiisios,
yCTaHOBMB 3Ha4YeHne napametTpa log_temp_files B HOJb.



1. BeInmoIHEeHHE 3alpoca C COPTHPOBKOH

BEITIOJTHUM 3aIIpoC CO 3HAYEHUSIMU IIapaMeTPOB 110 YMOJIYaHUIO:

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

FROM flights

ORDER BY scheduled_departure;

QUERY PLAN

Sort (actual rows=214867 loops=1)
Sort Key: scheduled departure
Sort Method: external merge Disk: 17112kB
Buffers: shared hit=3 read=2624, temp read=2139 written=2145
-> Seq Scan on flights (actual rows=214867 loops=1)
Buffers: shared read=2624
Planning:
Buffers: shared hit=112 read=25 dirtied=6
Planning Time: 4.511 ms
Execution Time: 131.380 ms
(10 rows)

CepBep BeIOpas BHEIIHIOIO COPTUPOBKY (Sort Method: external merge).

OOpaTuTe BHUMaHUe Ha KOJIUYECTBO CTPAHMUI] ¥ TUII BBOJa-BrBoma (Buffers): smauenus temp read u written roBopsit o ToMm,
4TO CepBep HCIIOJIb30Bajl BpeMeHHbIe (aiibl.

BrIIONIHUTE 3aIIPOC TIOBTOPHO HECKOJIBKO Pa3 — BUIHO, YTO CePBepy BCerfa He XBaTaeT OllePaTUBHOM IaMsTHU.
YBenuuum 3Ha4YeHHe napameTpa work mem go 32 M6a¥rT:

=> SET work_mem = '32 MB';

SET

YBenuuus work mem, MBI IT03BOJIIEM CePBEPY UCIIOIL30BaTh O0JIbIIE OIIEPATUBHON TaMSTH [JIsI COPTUPOBKH.
TTOBTOPHO BEIIIOJIHUM 3aIIpOC U CPABHUM IIJIaHBL BEIIIOJIHEHU S :

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

FROM flights

ORDER BY scheduled_departure;

QUERY PLAN

Sort (actual rows=214867 loops=1)
Sort Key: scheduled departure
Sort Method: quicksort Memory: 26161kB
Buffers: shared hit=2624
-> Seq Scan on flights (actual rows=214867 loops=1)
Buffers: shared hit=2624
Planning Time: 0.069 ms
Execution Time: 92.015 ms
(8 rows)

Temeps cepBep UCIONIL3YET COPTUPOBKY B namATu (Sort Method: quicksort), B ctpoke Buffers ncuesnu nmons temp read u
written.

2. IIocTpoeHue MHOEKCA

Bkm0YrMM XypHalIupoBaHUe BpeMeHHBIX (Haliios:
=> SET log_temp_files = 0;

SET

Tekymee 3HadyeHrne maintenance work mem:

=> SHOW maintenance_work_mem;

maintenance work_ mem



Co3gaeM UHIOEKC:

=> \timing on

Timing is on.

=> CREATE INDEX ON tickets(passenger_name, passenger_id);

CREATE INDEX
Time: 22746,443 ms (00:22,746)

BpeMeHHbIH (aiin TOHaTOOUIICS:
student$ tail -n 2 /var/log/postgresql/postgresql-16-main.log

2025-02-05 11:32:22.476 MSK [80891] postgres@demo LOG: temporary file: path
"base/pgsql tmp/pgsql tmp80891.0.fileset/0.0", size 64790528

2025-02-05 11:32:22.476 MSK [80891] postgres@demo STATEMENT: CREATE INDEX ON
tickets(passenger name, passenger id);



