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OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
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Kakux-1mbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasnbl Kypca
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Professional He 06s3aHa nNpeAoCcTaBNATb COMPOBOXAEHME, NMOALEPXKKY,
06GHOB/IEHNSA, pacLUMPEHNA N U3MEHEHNS.
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COE,E[I/IHEHI/IE C/IMAHWEM B IIapaJ/l/ie/IbHBIX ITI/IaHAX
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CopTupoBKa Pos{gres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name
1 | Yellow Submarine 1969 1 | All Together Now
3 |LetltBe 1970 1 | All You Need Is Love
4 | The Beatles 1968 2 | Another Girl
6 | Abbey Road 1969 2 | Act Naturally
3 | Across the Universe
5 | ADay in the Life

b0 COpPTHUPOBKaA,
]'II/I6O rosiydyeHre OTCOPTUPOBAHHBIX AdHHBIX OT HWUXKECTOALLEIO y3/ia IJIaHa

TpGTI/IVI, " I'IOC]'Ie,CIIHI/II‘/lI, cnocob coeanHeHnd — coegnHeHne CrinaHmnem.

[MoAroToBUTENBHBIM 3TAMOM AJ19 HETO C/1YXUT COPTUPOBKA 060MX HABOPOB
cTpok. CopTnpoBka — foporas onepauus, oHa UMEET C/TI0KHOCTb
O(N log N).

Ho nHoraa aToro atana ygaetcs u3dexarb, eC/iv MOXHO cpasy Mo/yyunTb
OTCOPTUPOBaHHbIE HABOPbLI CTPOK, HANPUMEpP, 3a CYHET MHAEKCHOro AocTyna
K Tabnuue.
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CnunaHune Posigres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name
1 | Yellow Submarine 1969 1 | All Together Now
3 |LetltBe 1970 1 | All You Need Is Love
4 | The Beatles 1968 2 | Another Girl
6 | Abbey Road 1969 2 | Act Naturally
3 | Across the Universe
5 | ADay in the Life

pe3y/ibTaT CoeArHeHNA aBTOMaTUUeCKHW OTCOPTHPOBAH

Camo cnusHne ycTtpoeHo npocto. CHavana 6epem nepsble CTPOKM 060mX
HabopPOB M CpaBHUBAEM X MeXAy cob0il. B gaHHOM cnyyae Mbl cpasy
HalL/IM COOTBETCTBME N MOXEM BEPHYTb NEPBYIO CTPOKY pesynbrara:
(«Yellow Submarine», «All Together Now»).

OO6LLMIA anropmMTM TakoB: YMTAEM CrieflytoLLyo CTPOKY Toro Habopa, Ass
KOTOPOro 3HaYeHmWe NoJisi, Mo KOTOPOMY NMPOUCXOANT COEAUHEHNE, MEHbLLIe
(0MH HAabOopP «OTOHSAET» Apyroii). Ecnuv e 3HaueHns OAUHaKOBbI, Kak

B HallLleM NpuMepe, To UATaeMm CneayHoLlyo CTPOKY BTOPOro Ha6opa.

(Ha camom gene anropuTtm CriokHee — 4To, ecnv 1 B NepBoM Habope CTPOK
MOXET ObITb HECKO/IbKO OANHAKOBbIX 3Ha4YeHnn? Ho Mbl He Byaem
3arpomoxgarb 00LLy0 KapTUHY getanamu. Ncesaokon anroputMma MoXXHO
nocMmoTpeTb B doaine src/backend/executor/nodeMergejoin.c.)

BaXHO, YTO a/ITOPUTM CINSIHUS! BO3BPaLLAET pe3ysikTaT CoeAnHEHs
B OTCOPTMPOBAHHOM BuAE. B 4aCTHOCTW, NOJyUYEHHbI HA60P CTPOK
MOXXHO UCMO/b30BaTb A5 CIeAlyoLWEero CoeguHeHns cnnsHmem 6e3
[IOMNOTHUTENbHOI COPTUPOBKM.
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CnunaHune Posigres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name
1 | Yellow Submarine 1969 ~« 1 | All Together Now
3 |LetltBe 1970 K» 1 | All You Need Is Love
4 | The Beatles 1968 2 | Another Girl
6 | Abbey Road 1969 2 | Act Naturally
3 | Across the Universe
5 | ADay in the Life

BHoBbL cooTBeTcTBME: («Yellow Submarine», «All You Need Is Love»).
CHOBa unTaem creayroLyto CTpoKy BTOPOro Habopa.
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CnunaHune Posigres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name

Yellow Submarine 1969 «
Let It Be 1970 X
The Beatles 1968 >

Abbey Road 1969

All Together Now
All You Need Is Love
Another Girl

O~ W|PF

Act Naturally

Across the Universe
A Day in the Life

G| W[ NN |PFP|PFP

B JaHHOM c/lydae COOTBETCTBMS HET.
Mockonbky 1 < 2, unTaem creayoLLyo CTPOKY NepBoro Habopa.
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CnunaHune Posigres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name
1 | Yellow Submarine 1969 1 | All Together Now
3 |LetltBe 1970 « 1 | All You Need Is Love
4 | The Beatles 1968 X» 2 | Another Girl
6 | Abbey Road 1969 2 | Act Naturally
3 | Across the Universe
5 | ADay in the Life

CoOTBETCTBUSA HET.
3 > 2, no3ToMy ynTaem crenyroLlyro CTPOKY BTOPOro Habopa.



o)) PROFESSIONAL

CnunaHune Posigres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name
Yellow Submarine 1969

Let It Be 1970 |«
The Beatles 1968 X
Abbey Road 1969 >

All Together Now
All You Need Is Love
Another Girl

O || W|PE

Act Naturally

Across the Universe
A Day in the Life

G| W[ NN [P |

CHoBa HeT COOTBETCTBUSA, CHOBa 3 > 2, CHOBA YMTaeM CTPOKY BTOPOro
Habopa.



CnungaHune

SELECT a.title,

S.name
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Posygres

FROM albums a JOIN songs s ON a.id = s.album_id;

id title year
1 | Yellow Submarine 1969
3 |LetltBe 1970
4 | The Beatles 1968
6 | Abbey Road 1969

album_id name

All Together Now

All You Need Is Love

Another Girl

Act Naturally

Across the Universe

G| W[ NN |FP |

A Day in the Life

EcTb cooTBeTcTBUE: («Let It Be», «Across the Universe»).

3 = 3, uMTaem cneayoLlyto CTPOKY BTOpOro Habopa.
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CnunaHune Posigres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

Across the Universe

id title year album_id name
1 | Yellow Submarine 1969 1 | All Together Now
3 |LetltBe 1970 « 1 | All You Need Is Love
4 | The Beatles 1968 2 | Another Girl
6 | Abbey Road 1969 2 | Act Naturally
3
5

A Day in the Life

11

CoOTBETCTBUSA HET.
3 <5, yutaem CTpPOKy nepBoro Habopa.
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CnunaHune Posigres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

Across the Universe

id title year album_id name
1 | Yellow Submarine 1969 1 | All Together Now
3 | LetltBe 1970 1 | All You Need Is Love
4 | The Beatles 1968 « 2 | Another Girl
6 | Abbey Road 1969 2 | Act Naturally
3
5

A Day in the Life

12

CoOTBETCTBUSA HET.
4 <5, yaTaem CTPOKY nepBoro Habopa.
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CnunaHune Posigres

SELECT a.title, s.name
FROM albums a JOIN songs s ON a.id = s.album_id;

id title year album_id name

1 | Yellow Submarine 1969 All Together Now

3 | LetltBe 1970 All You Need Is Love
4 | The Beatles 1968 Another Girl

6

Act Naturally

Across the Universe
A Day in the Life

O W | NN ||

Abbey Road 1969 <X
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I nocnegHvin war: CHoBa HET COOTBETCTBUS.
Ha atom coeanHeHne cnnsHMEM OKOHYEHO.



CoeguHEeHHE CIHSIHHEM

Ecmu pe3yibeTar HeobXoouM B OTCOPTHUPOBAHHOM BHE, OIITUMU3ATOP MOZXKET IIPEAINOYeCTh COeJUHEHNE CIINAHUEM.
OCO6€‘HHO, €CJIM OaHHBI€ OT HOYEePHUX Y3JIOB MOZKHO IIOJIYy4YHUTH y2Ke OTCOPTHUPOBAHHBIMU — KaK B 3TOM IIpHMepe:

=> EXPLAIN (costs off) SELECT *
FROM tickets t

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
ORDER BY t.ticket_no;

QUERY PLAN
Merge Join
Merge Cond: (t.ticket no = tf.ticket no)
-> Index Scan using tickets pkey on tickets t
-> Index Scan using ticket flights pkey on ticket flights tf
(4 rows)

Bor eIle OOUH IMpuMep C AByMs COeJUHEHUSAMHU CIINAHUEM, B KOTOPOM OOUH y3eJl Merge ]oin moiy4yaeT 0TCOpTI/Ip0BaHHI>IfI
"Habop oT mpyroro y3na Merge Join:

=> EXPLAIN (costs off) SELECT t.ticket_no, bp.flight_id, bp.seat_no
FROM tickets t

JOIN ticket_flights tf ON t.ticket_no = tf.ticket_no

JOIN boarding_passes bp ON bp.ticket_no = tf.ticket_no

AND bp.flight_id = tf.flight_id
ORDER BY t.ticket_no;

QUERY PLAN
Merge Join
Merge Cond: (tf.ticket no = t.ticket no)
-> Merge Join
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
-> Index Scan using boarding passes pkey on boarding passes bp
-> Index Only Scan using tickets pkey on tickets t
(7 rows)

3pech coequnstorcs nepenetsl (ticket flights) u mocamounsle Tanons (boarding passes), u ¢ 3TUM, yzKe OTCOPTUPOBaHHEIM
0 HOMepaM OuIeToB, HaGOPOM CTPOK CoeguHSIOTCS OuneTh (tickets).
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BbluncnmtenbHasa CNOXHOCTb Posgares

~ N+ M, rae

Ny M — 4ucsio CTPOK B IePBOM 1 BTOPOM Habopax [JaHHBIX,
ey He TpeOyeTcsi COPTUPOBKA

~ Nlog N+ Mlog M,

eC/IM COPTUPOBKA HY)KHa

Bo3MoykHBIe HauaibHbIE 3aTPAThl Ha COPTHUPOBKY

OddeKTHUBHO 17151 6OMBIIIOTO YKC/Ia CTPOK
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B cnyuae, Korga He TpebyeTcss COpTUPOBaTh AaHHble, 06LAas C/I0XHOCTb
COEIMHEHMSI CNISIHUEM NPOMNOpPLMOHa/IbHA CyMMe Yucria CTPOoK B 060MX
Habopax AaHHbIX. Ho, B OT/IMUME OT COeANHEHMST XELLMPOBAHNEM, 3[ECh HE
TpebyrTCA HaknaaHble pacxofbl Ha NOCTPOEHME XeL-TabnuLbl.

[ToaTOMy coefMHEHME CITIUAHUEM MOXET YCMNeLHO NPUMEHATLCA Kak
B OLTP-, Tak n B OLAP-3anpocax.

OpHako ecnu copTupoBka TpebyeTcs, TO CTOMMOCTb CTAHOBUTCSA
NponopuUnoHasibHOM NPON3BEAEHUIO KOTMYEeCTBa CTPOK Ha fiorapudom aToro
KOoNmyecTBa, U Ha 60/blLUNX 06beMax Takoil cnocob ckopee BCero
npourpaeT COeANHEHUIO XeLLNPOBAHNEM.



BhruuciauTebHas1 CJI0XKHOCTH

HOCMOTpI/IM Ha CTOUMOCTh COeIUHEHUs CIINAHUEM:

=> EXPLAIN SELECT *
FROM tickets t

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
ORDER BY t.ticket_no;

QUERY PLAN
Merge Join (cost=1.04..822385.86 rows=8391852 width=136)
Merge Cond: (t.ticket no = tf.ticket no)
-> Index Scan using tickets pkey on tickets t (cost=0.43..139108.66 rows=2949749 width=104)
-> Index Scan using ticket flights pkey on ticket flights tf (cost=0.56..571004.68 rows=8391852 width=32)
(4 rows)

HauanbHas CTOMMOCTD BKJTIOYAET:

e CyMMy HaYaJIbHEIX CTOMMOCTEH HOYEePHUX Y3JI0B (BKJII0YAEeT CTOMMOCTH COPTHPOBKH, €CJIM OHA HEOOXOMUMa);
e CTOMMOCTH IIOJIy4YeHUs IIePBOi ITaphl CTPOK, COOTBETCTBYIOIIUX APYT APYTY.

TTorrast CTOMMOCTD CKIaAbIBa€TCS U3:

¢ CYMMEBI CTOMMOCTEN IIOJIy4YEeHU s oboux Ha60pOB HAAHHBIX;
¢ CTOHMMOCTHU CpaBHEHHUs CTPOK.

OOuuit BEIBO: CTOMMOCTDH COENUHEHUS CIUsAHNEM IponopuroHanbia N + M (rme N u M — 9KCIo COeIUHSIEMBIX CTPOK), €CTIH He
TpebyeTcs oTHenbHass COpTUpoBKa. CopTupoBka Habopa u3 K cTpok mobaBnseT K olleHKe Kak MuHUMYM K * log(K).

B oTnume OT COeAMHEHUS XeIIMPOBaHUEM, CIIUsTHUE 6e3 COPTHPOBKH XOPOIIO MOAXOMUT IJIsi CIIy4asi, KOrga Hamo OBICTPO
MOIYYUTh IEPBbIE CTPOKH.

=> EXPLAIN SELECT *
FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
ORDER BY t.ticket_no
LIMIT 1000;

QUERY PLAN
Limit (cost=1.04..99.04 rows=1000 width=136)
-> Merge Join (cost=1.04..822385.86 rows=8391852 width=136)
Merge Cond: (t.ticket no = tf.ticket no)
-> 1Index Scan using tickets_pkey on tickets t (cost=0.43..139108.66 rows=2949749 width=104)
-> 1Index Scan using ticket flights pkey on ticket flights tf (cost=0.56..571004.68 rows=8391852 width=32)
(5 rows)

OﬁpaTI/ITe BHHMaHHE U Ha TO, KaK YMEHbIINUJIaCh OGH.[aH CTOHUMOCTE.



B napannenbHbIX nnaHax

id title year
Let It Be 1970
4 | The Beatles 1968

o)) PROFESSIONAL

Posygres

album_id name

1 | All Together Now

All You Need Is Love

Another Girl

1
2
2 | Act Naturally
3

[N

‘Yellow Submarine ‘ 1969 |

| Abbey Road | 1969

(o]

BHEIIIHWI Habop CTPOK
CKaHUPYeTCsl NapasulesibHO,
BHYTPEHHUU — T0C/Ie/I0BaTeIbHO
Ka)X/[bIM pabOUMM TTPOIeCCOM

Across the Universe

KA 5 | ADay in the Life

All You Need Is Love

Another Girl

Act Naturally

WININ|PFP| P

Across the Universe

A

5

A Day in the Life

All You Need Is Love

Another Girl

Act Naturally

Across the Universe

GO W I IN|N|FP|PFP

A Day in the Life
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COE,CI,I/IHEHI/IG CIMAHNEM MOXXET UCIMO/1b30BaTbCA B MNMapasifi€/ibHbIX MjiaHax.

Tak xe, KaK U npun coegnHeHMn B1I0OXXEHHbLIM LIMK/TOM, CKaHMpoBaHne O04HOIro

Habopa CTPOK BbINOJSIHAETCA pabounmm npoLeccamn napasiiesnbHo,

HO ApYyro Habop CTPOK KaxApblil padounii NpoLecc YATaeT NOSTHOCTbIO
camocToATeNbHO. NoaToMy nNpu coeanHeHnn 601bLnX 06bLEMOB CTPOK

B NMapaJsiie/ibHbIX M/iaHax ropasgo dawe ncnosib3yeTtca coegnHeHmne

XeLpoBaHNeM, nvetollee achPeKTMBHbIN NapannenbHblii anropuTMm.



CopTupoBka Cz

CopTUpOBKa B MaMsATU
BHemHsAs COpTUPOBKa
['pyrninrpoBKa C TOMOILLBI0 COPTUPOBKU

CopTHpOBKa B Tapa/ijie/bHbIX TJlaHax

18
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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

VHKpeMeHTaIbHasi COPTUPOBKa

KOria JaHHbIE y>Ke OTCOPTUPOBAHLI, HO HE 10 BCEM K/TFOUdM

19

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 BO3BpaLLaeTCA BbILLECTOALEMY Y3/Y.

Ecnn Hy)XHO oTCcOpTMpOBaTb He BeCb HAO0OP AaHHbIX, a TO/IbKO ero YyacTb
(npn ncnonb3oBaHun npegaoxeHnsa LIMIT), MOXeT NpUMeHATLCA
yacmu4Has nupamuoasibHas copmuposka (top-N heapsort).

Ecnn Habop gaHHbIX TpebyeTcsa otcoptuposarth no kawdam K1 ... Km ... Kn
N NPWY 3TOM U3BECTHO, YTO HAabOop Yy)Xe OTCOPTMPOBAH MO NepBbIM M K/o4Yam,
MOXHO HE NnepecopTMpPOBbIBaThL BCE AaHHble 3aHOBO. [JocTaTo4yHO pa3dbutb
Habop AaHHbIX Ha rpynnbl, UMetoLWne OANHAKOBbIE 3HAYEHNS HaYaslbHbIX
kntouenn K1 ... Km (3Ha4yeHnsa Takmx rpynn cneayroT Apyr 3a gpyrom), 1 3atem
OTCOPTMPOBAaTbL OTAE/ILHO KaXaylo U3 rpynn no octasLUnMMcA Krvam

Km+1 ... Kn. Takoih cnoco6 Ha3blBaeTCs UHKpeMeHmasibHol copmuposKod.
[MOCKONbKY COpTUPYEMble HABOPbI AAaHHbIX YMEHbLUAKTCHA, YMEHbLUAETCS U
TpeboBaHue K AOCTYNHOMY 06beMy NamMsaTu.



CopTHpOBKa B NaMATH

CopTupoBKa BHIIONHAETCS B y31e Sort. YToO HavyaTh BEIaBaTh HaHHBIE BHIIECTOSIEMY y3JIy, COPTUPOBKA NOJIKHA OBIThH
TIOJTHOCTBIO 3aBEPIIEHA.

BoT npuMep IIaHa C COEOQUHEHNEM CIIUSHUEM, UCIIOIL3YIOIIMM COPTHPOBKY (3MeCh sIBHAST COPTHPOBKA BhIGpaHa M3-3a
He6O0JIbIIOT0 Pa3Mepa TabIUIIB):

=> EXPLAIN (costs off) SELECT *
FROM aircrafts a

JOIN seats s ON a.aircraft_code = s.aircraft_code
ORDER BY a.aircraft_code;

QUERY PLAN
Merge Join
Merge Cond: (s.aircraft code = ml.aircraft code)
-> 1Index Scan using seats pkey on seats s
-> Sort
Sort Key: ml.aircraft code
-> Seq Scan on aircrafts_data ml

B crnepyrolieM npuMepe s COPTHPOBKU UCIIOIL3yeTCst GBICTpasi CoOpTUpPoBKa (Sort Method). B To# xke cTpoke yKasaH
KCIIOIb30BAHHEIA 00BEM MaMSITH:

=> 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: 111kB
-> Seq Scan on seats (cost=0.00..21.39 rows=1339 width=15) (actual rows=1339 loops=1)
(4 rows)

Ecnu HaGOp CTPOK OTpaHUYEH, MJIAHUPOBIITUK MOXKET IIEPEKTIOYUTHCS HAa YaCTUYHYIO0 COPTUPOBKY (Ipyb0 roBOps, BMECTO
TIOJTHOY COPTUPOBKYU 30ech 100 pa3 HaXOOUTCSI MUHUMAJIPHOE 3HAUYEHUE):

=> 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: 33kB
-> Seq Scan on seats (cost=0.00..21.39 rows=1339 width=15) (actual rows=1339 loops=1)
(5 rows)

O6paTI/ITe BHUMaHNE, YTO CTOUMOCTE 3allpoCa CHU3UJIACh, U OJIA COPTUPOBKHU HOTpe6OBaJ’[OCL MEHBbIIe ITaMATH.

ITpuMep UHKPEMeHTaIbHOM COPTUPOBKY, NOCTYIIHOM c 13-i Bepcuu PostgreSQL:

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

FROM tickets

ORDER BY ticket_no, passenger_id;



QUERY PLAN
Incremental Sort (actual rows=2949857 loops=1)
Sort Key: ticket no, passenger id
Presorted Key: ticket no
Full-sort Groups: 92184 Sort Method: quicksort Average Memory: 31kB Peak Memory: 31kB
-> 1Index Scan using tickets pkey on tickets (actual rows=2949857 loops=1)
(5 rows)

3pech maHHBIE, TOTy4YeHHEIe u3 Tabnuis tickets mo mupekcy tickets pkey, yzke orcoptupoBaHH o cTosnbiy ticket no
(Presorted Key), mosToMy ocTaeTcst BOYIOPSILOYUTH CTPOKHU IO CTOJOIy passenger id. [ COPTHPOBKY OTHEJIBHAIX IPYIIIT
KCIIONIb30Baach ORICTPasi COPTUPOBKA.

rpynHHPOBKalIYHHKaﬂLHLHB3HaquHﬂ

Kaxk MBI BUfieIH B IPeObIAYyIIeH TeMe, I yCTPaHeHHs Ny0IMKaTOB MOXKET UCII0Ib30BaThCs XelllnpoBaHue. [Ipyroi crocob
— COPTUPOBKa 3HAYEHUM:

=> EXPLAIN (costs off)
SELECT DISTINCT ticket_no
FROM ticket_flights
ORDER BY ticket_no;

QUERY PLAN
Result
-> Unique
-> Index Only Scan using ticket flights pkey on ticket flights
(3 rows)

Taxkoit cmoco6 0COGEHHO BEITOEH, eCITH Tpe6y9Tc;I IIOJIYy4YHUTDb OTCOpTI/IpOBaHHHﬁ pe3ynpTart (KaK B JaHHOM cny‘{ae).

YcrpaHeHue qyGIHKaTOB IPOUCXOOUT B y3rie Unique. OH IoJIy4aeT OTCOPTUPOBAHHEIN HAG0p CTPOK (OT y37a Sort uimu, Kak
B 3TOM IIPUMEpPE, OT MHAEKCHOI0 CKAHMPOBAHUSI) ¥ YOMPAET MTOBTOPSIOIINECS 3HAUYEHMUS.

[71s1 TPYITUPOBKY OyIeT UCII0Ib30BAaThCS IIOX0XKUM 0 CMBICITY y3ern GroupAggregate.
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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
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B naeasnbHOM c/lydae Habop CTPOK, NoA/IeXallnii COPTUPOBKE, LIE/TMKOM
NOMeLLLaeTcs B NaMsiTb, OrpaHUYeHHyo napaMeTpoM work _mem. B aTom
c/lyyae BCe CTPOKM MPOCTO COPTMPYHOTCS (MCNO/b3YETCs asifopUTM GbICTPOA
COPTUPOBKM gSOrt) U BO3BpaLLaeTCsl pe3ysibTar.

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

Habop CTpok untaetcsa B NaMsThb, Noka eCTb BO3MOXHOCTb, 3aTeM
COpPTUPYETCA U 3anncbiBaeTCA BO BPEMEHHbI dhaiin.
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BHeLLHAA COPTUPOBKa Pos{gres

album_id name @
ADayin the Lifte | A _____

5
- \
1 | All Together Now 1 !
- ! 1 | All You Need Is Love |
2 | Another Girl ! |
- ‘ 2 | Act Naturally ‘
3 | Across the Universe | - |
[ 3 | Across the Universe |
1 | All You Need Is Love ! |
2 | Act Naturally work_mem
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 22

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
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[anee HeckKonbLKO (harinoB C/AMBAKOTCA aHa/IOTMYHO TOMY, Kak paboTtaet
coefvHeHue cnimaHneM. OCHOBHOE OT/IYMe COCTOUT B TOM, YTO C/IMBaTbCA
MOryT 6osiee AByx (paisioB 0OAHOBPEMEHHO.

[na cnvsHua He TpebyeTca MHOro MecTa B naMsaTtu. ocTaTouHo
pa3MecTUTb MO O4HOM CTPOKe M3 Kaxkaoro dparna (kak B npymepe Ha
cnainge). Cpean aTux CTPOK BbloMpaeTcs MMHUMasibHasi (MakcumMasibHas)
1 BO3BpAaLLLaeTCH KakK YacTb pesysbrara, a Ha ee MecTo YMtaeTca HoBas
CTpOKa 13 Toro xe cpanna.

Ha npakTuke CTPOKW YATalOTCS He Mo OfHOI, a NopuUsiMU, YTOObI
ONTMMMU3NPOBATbL BBOA-BbIBOA,

Ecnv onepaTtuBHO NamMsiTU HeAOCTaTOYHO, YTOObI CINTb Cpasy Bce dhaiinsl,
MpoLiecc NOBTOPSIETCS MHOrOKPaTHO: CNMBAOTCS MO HECKO/bKO dhalinios 3a
pa3 1 pe3ynbTaTbl 3aNNCbIBAKOTCS B HOBblE BPEMEHHbIe doaii/ibl, 3aTeM
MPOUCXOANT CAINSTHUE 3TUX HOBbIX (DANOB 1 Tak Aanee.

Ha camom gene, KOHeYHO, COPTUPOBKA YCTPOEHa CNoXHen. C getansimn
peanm3aunmn MOXXHO NO3HAKOMUTLCA B doaiine
src/backend/utils/sort/tuplesort.c.

icTopusa pa3BuTtms cnocoboB copTupoBkM B PostgreSQL xopoLwlo onncaHa
B npe3eHTauun peropu Ctapka «Sorting Through The Ages»:
https://wiki.postgresql.org/images/5/59/Sorting_through_the ages.pdf.




BHeniHsisI COPTHPOBKA

Ecnu Habop CTPOK OJIsi COPTUPOBKYU He IIOMENIAETCS LIEJIMKOM B OII€PATUBHYIO IaMsITh pa3MepoM work mem, mpuMeHsIeTCs
BHEIITHS ST COPTHPOBKA C MCII0Ib30BaHNEeM BpeMeHHEIX ¢aiisioB. Botr npumep Takoro nnaHa (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: 17136kB
Buffers: shared hit=3 read=2624, temp read=2142 written=2150
-> 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=61 read=14
(8 rows)

OOpaTuTe BHUMaHUeE Ha TO, YTO y3eq Sort 3anucheiBaeT U YUTaeT BpeMeHHbIe faHHBIe (temp read u written).

YBenuuum 3HadeHHe 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: 36360kB
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 IIOMECTHUINUCH B IAMSTh, ¥ IJIAHUPOBIIKUK BEIOpas 6ojiee memneByo OLICTPYI0 COPTUPOBKY.
=> RESET work_mem;

RESET
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[TapannienbHas COPpTUPOBKa  Posggres

¥3en Gather Merge coxpaHsieT MOpsi/JOK COPTUPOBKH

BBITIOJ/IHACT C/IMAHWE JAdHHBIX, IMOCTYIIAIOINX OT HUKECTOALLMX Y3/10B

——— > Gather Merge [«———
7y
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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.



ITapanienbHasi COPTHPOBKaA

=> EXPLAIN (costs off) SELECT amount, count(*)
FROM ticket_flights
GROUP BY amount;

QUERY PLAN
Finalize GroupAggregate
Group Key: amount
-> Gather Merge
Workers Planned: 2
-> Sort
Sort Key: amount
-> Partial HashAggregate
Group Key: amount
-> Parallel Seq Scan on ticket flights

(9 rows)

B aTOM myTaHe BHIIONTHEHUS paboyne MPOIeCCH TapauIeibHO YUTAIT TaGIuIly IIepeieToB, BEIIOIHSIOT TPYIIUPOBKY C
nomomrsio xemuposanus (Partial HashAggregate) u copTupyoT nmonydeHHBIN pe3ynbTar (Sort).

V3en Gather Merge co6upaeT maHHBIE B OOUH OTCOPTUPOBAHHLIN HAa00OP, KOTOPHIM 3aTEM OKOHYATEJIFHO IPYIIINPyeTCs
y3noM Finalize GroupAggregate.
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Co3gaHue nHaekca 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
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NHaekc (peyb MaeT npo B-gepeBo) MOXHO CTPOUTb, A406aBNAs
nocnenoBaresibHO B NYCTON MHAEKC MO OAHOW CTPOKe 13 Tabnuubl. Ho Takom
crnocob6 kpanHe HeahPeKTNBEH.

MoaToMy nNpu co3AaHun MHAEKCA UCMOMb3YETCS COPTUPOBKA: BCE CTPOKU
TabnuLbl COPTUPYIOTCH 1 packnaibiBaloTcs NO SIMCTOBLIM MHAEKCHbLIM
CTpaHuuaM. 3aTeM [0CTPanBalOTCSl BEPXHMNE YPOBHU [epeBa, COCTOsILLME U3
CCbI/IOK HA 9/1EMEHTbI CTPaHWLL HUXKENEXallero YpoBHs, [0 TeX Nop, Nnoka Ha
oyepeaHOM YPOBHE He NoNy4nuTcs ofHa CTpaHuua — oHa U byaeT KOpHeM
fepesa.

CopTupoBKa YCTPOEHa TOUYHO Tak Xe, Kak paccmaTpuBanoch Bbille. OAHAKO
pasMep namsTn orpaHnMyeH He work_mem, a maintenance_work_mem,
MOCKO/IbKY onepauust Co3gaHnsi MHAEKcAa He C/IMLIKOM YacTast U umeeT
CMbICN BblAENUTb A5l Hee 60o/blue NaMsATy.

[MocTpoeHne nHaekca MOXeT BbINOMHATLCA napasienbHo. OrpaHnveHne
Ha KONMYeCTBO NPOLEeCCOB HakMaabiBaeTCcs 3HaYeHneM napamMmerpa
max_parallel_maintenance_workers, XOTs peasibHOe KO/IM4YeCTBO MOXET
BbI6paHO MU MeHbLUe. OrpaHnyeHne Ha NnamMsiTb AENCTBYET AN BCeX
3anyLeHHbIX MPOoLEecCOoB, a He A1 KaX40ro U3 H1UX No OTAe/IbHOCTMW.
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Toru Posigres

COE,Z[I/IHEHI/IE CJIMTHUEM MO>KeT HOTPE6OB&TB IMoAIrOTOBKHU

Ha/I0 OTCOPTHUPOBAaTh HAOOPHI CTPOK
W/ TIOJTYYUTh UX 3apaHee OTCOPTHPOBAaHHBIMU

Db dekTHBHO /7151 60MBIINX BEIOOPOK

XOPOLIIO, e/ HAbOPHBI yKe 0TCOPTUPOBAHbI
XOPOLLIO, eC/I Hy)KeH OTCOPTUPOBAHHbBIN pe3y/bTaT

He 3aBuCUT OT nopsijika COeJUHEHHSsI

[Toaep>kuBaeT TOJILKO S5KBUCOeAUHEHUS

Apyruve He peajiM30BdHbl, HO MPUHIUITHA/IBHBIX OFpaHI/I‘IEHI/Iﬁ HeT
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UTo6bI Ha4YaTb COeAMHEHME CNUSTHUEM, 06a Habopa CTPOK A0/MKHbI ObITb
OTCOPTUPOBAHbI. XOPOLLIO, EC/IN YAAETCA NOMYUYNTb AAHHBIE YXKE B HY)XHOM
nopsiaKe; ecrim HeT — TPebyeTCs BbINOMHUTb COPTUPOBKY.

Camo cnumsiHMe BbINOSTHAETCA 04YeHb IPdEKTUBHO Aaxke A1 60/bLINX
HabopoB CTPOK. B kauecTBe NpUATHOro 6OHyca pesy/bThpylowas BblIbopka
TOXe yrnopsagoyeHa, No3aToMy Takoh Cnocob coeanHeHNs npuBrekaTeseH,
€C/1 BbILLECTOALLMM Y3/1aM MNiaHa Takke TpebyeTcsa COpTUpoBKa
(Hanpumep, 3anpoc ¢ gpaszoit ORDER BY nnu elle ogHa copTupoBka
CNUsHNEM).

B HacTosLlee BpemMa coeguHEeHNe CNMAaHneM nogaepxmnBaeT ToNbKO
JKBMNcoeanHeHnd, coegnHeHnA no onepaynsam «BOoNbLUE» UNMN KMEHbLLE
HE pea/in30BaHbI.

NTak, B pacnopshkeHunn nnaHnpoBLimKa ecTb Tpu cnocoba coeHeHWS:
B/TOXXEHHbIN LMK/, XelWMpoBaHne N cansiHue (He cumTas pas/imyHbIX
mMoaudomkaunin). ECTb cuTyauum, B KOTOPbIX KaxKAblii U3 CNOCOO0B
oKasblBaeTcsa 6osee apPeKTUBHbIM, YEM OCTasIbHblE. DTO NO3BONAET
NNaHNPOBLUVKY Bbl6paTb MMEHHO TOT CMOC06, KOTOPbIN — Kak
npegnonaraeTca — Jydlle nofgonaeT B KaXA0M KOHKPETHOM Criyyae.

A TOYHOCTb NPEeANONOXEHNA HANPAMYHO 3aBUCUT OT MMeloLeiica
CTaTUCTUKMN.
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1. Co3paiiTe uH/EKC 110 CTO/IOIAM passenger_name ¥ passenger_id
Tabmuiibl omteToB (tickets).

[Torpe6oBacst v BpeMeHHbIH (haiis /1 BHITIOIHEHUS 3TOM
oreparun?

2. TlpoBepbTe IJ1aH BBITIOJTHEHUS 3aIpoCca 13 IeMOHCTpPal[1H,
TOKa3bIBaOIIlero BCce MeCTa B CajioHaX B MOPSsi/iKe KO/IOB
CcaMoJ1eTOB, HO 0(hOPMJIEHHOTO B BH/le Kypcopa.

YMeHbIIIMTe 3HaUeHWe rapaMmeTpa cursor_tuple_fraction
B ZlecsATh pa3. Kak mpu 3ToM W3MeHUJICS T/1aH BbITIO/IHEHUS ?
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1. BkoumnTe XypHanimpoBaHue UCnosib30BaHNSA BPEMEHHbIX (paiisios,
yCTaHOBMB 3Ha4YeHne napametTpa log_temp_files B HOJb.

2. Peub npget o 3anpoce

SELECT *
FROM aircrafts a

JOIN seats s ON a.aircraft_code = s.alircraft_code
ORDER BY a.aircraft_code;



1. Uapekc

BKJTIOYMM XypHaAJIUPOBaHKUE BPEMEHHBIX (ailyioB.
=> SET log_temp_files = 0;

SET

=> \timing on

Timing is on.

Texymiee 3Ha4YeHue maintenance_work mem:

=> SHOW maintenance_work_mem;

maintenance work mem

Time: 0,514 ms
Co3paeM HHOEKC:
=> CREATE INDEX ON tickets(passenger_name, passenger_id);

CREATE INDEX
Time: 13487,526 ms (00:13,488)

BpeMeHHEIH daiiin I0HagoOUICs:
postgres$ tail -n 2 /var/log/postgresql/postgresql-13-main.log

2023-06-28 20:12:04.897 MSK [27037] postgres@demo LOG: temporary file: path "base/pgsql_tmp/pgsql_tmp27037.0.sharedfileset/0.0", size 62390272
2023-06-28 20:12:04.897 MSK [27037] postgres@demo STATEMENT: CREATE INDEX ON tickets(passenger name, passenger id);

2. [TapameTp cursor_tuple_fraction

IInaH BEITOJTHEHUS Kypcopa:

=> EXPLAIN DECLARE c¢ CURSOR FOR SELECT *
FROM aircrafts a

JOIN seats s ON a.aircraft_code = s.aircraft_code
ORDER BY a.aircraft_code;

QUERY PLAN

Merge Join (cost=1.51..420.71 rows=1339 width=55)
Merge Cond: (s.aircraft_code = ml.aircraft_code)
-> 1Index Scan using seats_pkey on seats s (cost=0.28..64.60 rows=1339 width=15)
-> Sort (cost=1.23..1.26 rows=9 width=72)
Sort Key: ml.aircraft_code
-> Seq Scan on aircrafts data ml (cost=0.00..1.09 rows=9 width=72)
(6 rows)

Time: 98,489 ms
Tekymee 3HadeHue cursor_tuple fraction:
=> SHOW cursor_tuple_fraction;

cursor_tuple fraction

0.1
(1 row)

Time: 0,183 ms
VMeHBIIUM ero:
=> SET cursor_tuple_fraction = 0.01;

SET
Time: 0,105 ms

=> EXPLAIN DECLARE c CURSOR FOR SELECT *
FROM aircrafts a

JOIN seats s ON a.aircraft_code = s.aircraft_code
ORDER BY a.aircraft_code;

QUERY PLAN
Merge Join (cost=0.41..431.73 rows=1339 width=55)
Merge Cond: (ml.aircraft_code = s.aircraft_code)
-> Index Scan using aircrafts_pkey on aircrafts_data ml (cost=0.14..12.27 rows=9 width=72)
-> Index Scan using seats_pkey on seats s (cost=0.28..64.60 rows=1339 width=15)
(4 rows)

Time: 0,373 ms

Tenepb IIAHUPOBIIUK BEIOUPAET APYTOH IIJIaH: ero HavasabHas CTOMMOCTb HUXKe (XOTs 06Iasi CTOMUMOCThb, Ha060POT, BHIIIE).



