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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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Tembl Posigres

[TocnenoBarebHOE COeIMHEHNE XellIMPOBaHUEM:
OJIHO- U JIByXTIPOXO/IHOE

BreruucimrenbHas C/JI0KHOCTh

[TapasiiesbHOE COeJHEHME XeIMPOBaHKEeM:
OJJHO- Y IByXIIPOXOAHOE
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Xell-coegmnHeHne Posigres

ITo cTrpokam ofHOro Habopa CTPOUTCS XemI-Tab/uiia,
CTPOKHM JIpyroro Habopa COMOCTaBJISAIOTCS C Hel

ToJIbKO 5KBUCOEIUHEeHNS

D @8-
xew-Tabnumubl
A

OCHOBHYI0 e XeLnpoBaHNA Mbl pacCMOTPENu B TeMax « Tunebl
NHOEKCOB» N «[ pynnupoBKa.

[na coegmHeHnsa xewmpoBaHne NpUMeHSETCS cneayowmm o6pa3om.
CHauasia no ogHomy 13 Habopos B y3ne Hash cTtpoutcsa xew-tabnmua.
3arem B y3ne Hash Join cTpoku gpyroro Habopa ConocTas/IsAOTCA

C NOCTPOEHHO Tabnuuen.

Kak 1 xew-nHaekc, xew-coeanHeHme MoXeT paboTatb TO/IbKO C YC/I0BUEM
paBeHCTBa: Xell-(DYHKLMA HE COXPaHSIET NOPSIA0K 3HAYEHWIA.

PaccMoTpum Ha npumepe, Kak NpouUcXoanT CoeMHEHME.



OfHOMPOXOAHOE COEMHEHNE Podaies

[TpumeHsieTcs1, Kora /1Jisi Xell-Tab Il JO0CTAaTOUHO
oriepaTHBHOM MaMsSITH
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[ToCcTpoeHune xew-Tabnumubl  Posggres

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

yyacTsyeT
B YCNOBUN
coefMHeHust

ncnonb3yetca
B 3anpoce

10 | | |

BHYTPEHHUIA Habop

=

_ _ | xelw-kog  id title 3
d tite year ' 00 [01000100| 4 |The Beatles |
3 | LetltBe 1970 | |
1 | Yellow Submarine 1969 :> 3 01 | 10100001 | 3 |LetltBe i
6 | Abbey Road 1969 | 10001001 | 6 | Abbey Road 1
4 | The Beatles 1968 | |
| |

| |

: 1

‘

11 |11000111| 1 | Yellow Submarine |
N |
KOP3WHbI ..
work_mem x hash_mem_multiplier

[MepBbIM 3Tanom B NamMAaTu CTPOUTCA xeLu-Ta6n|/|u,a.

CTpokn nepBoro (BHyTpeHHero) Habopa YMTalTCAa nocsefoBaresibHo, U 415
Ka>K0M N3 HUX BbIYMCNAETCA XeL-OYHKUNA OT 3HAYEHUIA Nonen, BXOASALWMX
B YC/10BNE coeuHeHus (B HalweM npumepe 3To YnC/1oBble
noeHTndukartopsl id).

B KOp3uHy XeLLI-Ta6J'II/ILI|bI nomMeLwaroTcs BbIYNCNIEHHBI XeLl-Kkoa 1 BCce nosn4,
KOTOpbIE BXOOAT B YC/ioBUE coeanHeHnd ninm UCrnosib3yroTcd B 3arnpoce.

Pa3mep xel-Tabnuubl B NamMATN orpaHUyeH 3Ha4yeHnem work_mem x

x hash_mem_multiplier. Hanny4was atppekTMBHOCTb AOCTUraeTCs, ecam
BCA Xell-Tabnuua nomewaeTcs B 3T0T 06beM namsaT Le/IMKom. Moatomy
N1aHNPOBLLMK 00bIYHO 0ObIYHO BbiOMpAET B Ka4eCTBe BHYTPEHHErO
MEHbLUNA N3 ABYX HAbOPOB CTPOK. Takke CTOUT He MUCMNOb30BaTb B 3anpoce
NNLIHWE NONS, B TOM YMC/ie «3BE3404KY», YUTOObI HEe neperpyxarb xXeLu-
Tabnmuy HEHYXXHOW NHd)opMauueii.
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ConocTaB/ieHue Pos}gres

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

11 ‘ 110001 11 ‘ 1 ‘ Yellow Submarine ‘ BHELLIHWIA HABOP

} xew-kog  id title | album_id name

| |

| 00 | 010001 00 ‘ 4 ‘ The Beatles < : 110001 00 5 | ADay in the Life

| : 1 | All Together Now
|

3 01 | 10100001 | 3 |LetltBe | > | Another Girl

| 10001001 ] € | Abbey Road 1 3 | Across the Universe
|

3 10 ‘ ‘ ‘ ‘ ; 1 | All You Need Is Love

| | 2 | Act Naturally

| |

| |

| |

work_mem x hash_mem_muiltiplier

Ha BTOpOM 3Tane Mbl Noc/efoBares/ibHO YuTaeM BTOPO HAbop CTPOK.

Mo Mepe YTeHUSA Mbl BblYMCAAEM XeL-(DYHKLMIO OT 3HaYeHWin Nonen,
y4acTBYHOLLNX B YC/TIOBUN COeANHEHUSA. ECNM B COOTBETCTBYHOLLEN KOP3UHE
Xelw-tabnuubl 06HapyXnsaeTcs CTpoka

1) C TaknM Xe XeLl-KofoM,
2) 1 CO 3HAYEeHUAMN Moseli, NOAXOAALLMMMN NOA, YC/TOBUE COEANHEHMS,
TO Mbl HaLLIX Napy.

MpoBepKn OAHOro TOMLKO XeLl-KoAa He[ocTaTtouHo. Bo-nepsbix, He Bce
YCNOBWS COEAMHEHUSA, NepeYnc/ieHHble B 3anpoce, MoryT ObITb yUTEHbI Npu
BbINO/THEHUWN COeQUHEHNS XelumpoBaHuem (MOAAEePXKMBAKOTCA TOMBbKO
9KBUCOEAMHEHWS). BO-BTOPbIX, BO3MOXHbI KOI/IU3UMW, NPU KOTOPbIX pa3Hble
3Ha4YeHus nonyyar of4MHaKoBble Xell-KoAbl (BePOATHOCTb 3TOr0 Masna, Ho
TEM HE MEHee OHa ecCTb).

B Hallem npumepe Ansi NepBoli CTPOKN COOTBETCTBUS HET.
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ConocTtaBneHue Posigres

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

11 ‘ 110001 11‘ 1 ‘ Yellow Submarine ‘4

} xew-kog  id title | album_id name
| |
' 00 |01000100| 4 |The Beatles | 5 | ADay in the Life
|
l w 11000111 | 1 | All Together Now
01 |10100001| 3 |LetltBe ! -
! ‘ 2 | Another Girl
‘ 100010 01| 6 | Abbey Road ‘ :
| ! 3 | Across the Universe
|
' 10 ‘ ‘ ‘ ‘ | 1 | All You Need Is Love
l | 2 | Act Naturally
1 l
| |

BTopas cTpoka BTOporo Habopa faeT COOTBETCTBME, KOTOPOE YXe MOXHO
BEPHYTb BbllecTosdwemy y3ny niaHa: («Yellow Submarine», «All Together
Now»).
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ConocTtaBneHue Posigres

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

} xew-kog  id title | album_id name
| |
' 00 |01000100| 4 |The Beatles | 5 | ADay in the Life
|
1 [ 1 | All Together Now
01 |10100001| 3 |LetltBe ! -
! ‘ 11110110 | 2 | Another Girl
‘ 10001001 | 6 | Abbey Road ‘ _
| ! 3 | Across the Universe
|
|10 ‘ ‘ ‘ ‘< ! 1 | All You Need Is Love
l | 2 | Act Naturally
1 l
| |

11 ‘ 110001 11‘ 1 ‘ Yellow Submarine ‘

[na TpeTbei CTPOKM COOTBETCTBUA HET (COOTBETCTBYHOLLAA KOP3UHA XelLu-
Tabnnybl nycra).
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ConocTaB/ieHue Pos}gres

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

Xel-Kog, id title album_id name

|

|

|

' 00 |01000100| 4 |The Beatles | ADay in the Life
1 All Together Now
' 01 |10100001| 3 |LetitBe «>

| 10001001| 6 | Abbey Road 4\\\\\\¥

| 101000 01

|

|

|

|

|

|

|

|

Another Girl

Across the Universe
All You Need Is Love

N IR, W|IN| PP, |O

10 | | |

Act Naturally

11 ‘ 110001 11‘ 1 ‘ Yellow Submarine ‘

[nsi yeTBepToi Nonyvyaem coorBeTcTBue («Let It Be», «Across the
Universe»).

3ameTnm, 4YTO B KOP3UHe Xell-Tab/mLbl 0Ka3asioCb ABe CTPOK/ NepBoro
Habopa, 1 X NPUAETCA NPOCMOTPETL 06e.
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ConocTtaBneHue Posigres

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

} xew-kog  id title | album_id name
| |
' 00 |01000100| 4 |The Beatles | 5 | ADay in the Life
|
1 [ 1 | All Together Now
01 |10100001| 3 |LetltBe ! -
! ‘ 2 | Another Girl
‘ 100010 01| 6 | Abbey Road ‘ :
| ! 3 | Across the Universe
|
10 ‘ ‘ ‘ ‘ } 11000111 | 1 | All You Need Is Love
l f 2 | Act Naturally
1 ‘ 110001 11 ‘ 1 ‘ Yellow Submarine ‘< ‘
|

10

[na naTon cTpokn nonyyaem cooreetcTeue («Yellow Submarine», «All You
Need Is Love»).
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ConocTaB/ieHue Pos}gres

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

11 ‘ 110001 11‘ 1 ‘ Yellow Submarine ‘ |
|

} xew-kog  id title | album_id name
| |
' 00 | 010001 00 \ 4 \ The Beatles | 5 | ADay in the Life
|
1 [ 1 | All Together Now
1 01 [10100001| 3 |LetltBe ! -
! ‘ 2 | Another Girl
| 100010 01| 6 | Abbey Road | _
| : 3 | Across the Universe
|
' 10 ‘ ‘ ‘ ‘(EX 1 | All You Need Is Love
| | 11110110 | 2 | Act Naturally
:
|

11

N5 WecToli CTPOKM COOTBETCTBUS HET. Ha aToM paboTa coeanHeHus!
3aBeplUeHa.

icxoaHbI Koa anroputma MOXHO HaiTu B chaline
src/backend/executor/nodeHashjoin.c




ODHONIPOXOOTHOE COeIHHEHHE XEIIHPOBaHHEeM

IIpy HU3KOM CEJIEKTUBHOCTHU ONITUMU3ATOP IPENIoYUTaeT COefUHEeHNE XellINPOBaHUEM:

=> EXPLAIN (costs off)
SELECT *
FROM aircrafts a
JOIN seats s ON a.aircraft_code = s.aircraft_code;

QUERY PLAN
Hash Join
Hash Cond: (s.aircraft code = ml.aircraft code)
-> Seq Scan on seats s
-> Hash
-> Seq Scan on aircrafts data ml
(5 rows)

¥V3en Hash Join Haunzaet paboTy ¢ Toro, 4To obpalnaetcs K gouepHeMy y3iny Hash. ToT mmonmydaeT oT CBOEro JOYEpPHETO
y37a (3mech — Seq Scan) Bech HaOOP CTPOK U CTPOUT XEII-TabJIHITy.

3arem Hash Join o6paiiaercst Ko BTOpOMy OOYepPHEMY Y31y ¥ COEIUHSIET CTPOKH, IIOCTEIIEHHO BO3Bpallast 0JIyYeHHEIEe
pe3yabTaTHL.

IIpoBepuM, KaK BBIIIOJIHSIETCS 3TOT 3aIlIPOC:

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

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

QUERY PLAN

Hash Join (actual rows=1339 loops=1)
Hash Cond: (s.aircraft code = ml.aircraft code)
-> Seq Scan on seats s (actual rows=1339 loops=1)
-> Hash (actual rows=9 loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 9kB
-> Seq Scan on aircrafts data ml (actual rows=9 loops=1)
(6 rows)

Xerr-ta6uila moMecTunachk B maMsaTh (Batches: 1). ITapameTp Buckets moka3siBaeT YKCII0 KOP3WH B XelI-TabIuIle, a
Memory Usage — 06beM HCIIOTb30BAaHHOM OTI€PATHUBHOM MaMSTH.

O6paTuTe BHUMaHUeE, YTO XeIl-TabIulla CTPOUsach 10 MeHbIIeMy Habopy CTPOK.

Mopudukamnuu Hash Join BKo4aloT yzKe paccMoTpeHHEIe paHee Left, Semi u Anti, a Takke Right gns npasoro u Full ansa
TIOJTHOTO COeqUHEeHUM:

=> EXPLAIN (costs off)
SELECT *
FROM aircrafts a
FULL JOIN seats s ON a.aircraft_code = s.aircraft_code;

QUERY PLAN

Hash Full Join
Hash Cond: (s.aircraft code = ml.aircraft code)
-> Seq Scan on seats s
-> Hash
-> Seq Scan on aircrafts_data ml
(5 rows)

=> EXPLAIN (costs off)
SELECT *
FROM seats s
RIGHT JOIN aircrafts a ON a.aircraft_code = s.aircraft_code;



QUERY PLAN

Hash Right Join

Hash Cond: (s.aircraft code = ml.aircraft code)
-> Seq Scan on seats s

-> Hash

-> Seq Scan on aircrafts data ml
(5 rows)

O6paTrTe BHUMaHue, YTO HE3aBUCHMO OT TOTO, B KAKOM IIOPSAKE IIepeydrCIIeHE TaOIUIEl B COeNUHEeHNH, Xell-Tabinmna
CTPOUTCS IO MEHbIIIeMy Habopy.



[lByxnpoxogHoe coegnHeHne Sres

[TpumeHsieTcs1, KOTZia Xell-Tabiuiia He TIOMeIllaeTCst
B OMepaTUBHYIO TaMsiTh: HAOOPBI JaHHBIX pa30HBaOTCs
Ha MaKeThl U MOC/Ie/J0BaTe/IbHO COEAUHSIIOTCS

13
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[ToCcTpoeHune xew-Tabnumubl  Posggres

id title year __ _____________________

| xelw-Tabnmua }
:> | (naket 00) ;

work_mem x hash_mem_multiplier

nakert naket naket
01 10 11

BPEMEHHbIE
chaiinsl ana
BHYTPEHHero
Habopa

14

Ecnun xew-tabnmua He nomewaeTcsa B 06beM NaMsiTu, OrpaHNYEHHbIN
work_mem x hash_mem_muiltiplier, nepsblii (BHYTPEHHNIN) HAGOP CTPOK
pasbrBaeTcs Ha OTAe/bHblE NAKeTbI. s pacnpeaeneHnsi No naketam
MCMNO/b3YETCS HEKOTOPOE KO/IMYECTBO OMTOB XeLl-Koaa, MO3TOMY YMC/I0
NMakeToB BCerga sBNSAETCS CTENEHbIO uncna 2. B ngeane B kaxablii naket
nonagaeT NPUMEPHO OAMHAKOBOE KOIMYECTBO CTPOK, HO, €C/IN 3HAYEHNS
B CTPOKax NOBTOPSAOTCS, BO3MOXEH NepeKkoc.

Mpy nnaHMpoBaHMK 3anpoca 3apaHee BblYMCISAETCA MUHUMA/IbHO
Heo6xo4MMOoe YMC/I0 NAaKeTOB Tak, YTOObI XeW-Tabnuua 4as Kaxaoro naketa
nomMellanach B namsaT. DTO YNC/I0 HE YMEHbLLIAETCS, AaXe ec/u
ONTMMM3ATOP OLINGCH C OLEHKaMW, HO NPY HEOBXOANMOCTN MOXET
[INHAMUYECKWN YBENNUYNBATbCS.

Xew-Tabnuua ansa nepBoro naketa octaeTcs B NamsAaT, a CTPOKMU,
NpuHagaexawue Apyrum naketam, copacbiBaloTCcA Ha AMCK BO BPEMEHHbIE
haiinibl — KaxKAbliA NakeT B CBOW haiis.

Ha pucyHke nokasaHo 4eTbipe nakeTta.
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ConocTtaB/ieHne — naket 1 Posigres

album_id name

xXew-tabnuua
(naket 00)

BPEMeHHble
thaiinbl ans
BHELLHero
Habopa

naket naket naket
01 10 11

nakert naket naket
01 10 11

temp_file_limit 15

[lanee unTaeTcs BTOPOIA (BHELLHWIA) HAbop CTPOK. Ecnu cTpoka
NPUHAANEXUT NEePBOMY NaKeTy, OHa COMOCTAB/SIETCA C XeLl-Tabnmuel,
KOTopast Kak pa3 coaepXuT nepsblii nakeT. C Apyrummn naketamm CTPOKyY
COMOCTaBNATb HE Haflo — B HUX HE MOXET HaliTUCb COOTBETCTBMUE,
MOCKO/IbKY XeLl-KoAbl 3aBeloOMO OyayT OT/IMYaThCS.

Ecnu cTpoka npuHagnexuT Apyromy nakerty, oHa copacbiBaeTcs Ha ANCK —
ONATb Xe, KaXAblil NakeT B CBO BPEMEHHbIN doaiin.

Takum ob6pasom, npu N naketax ucnosb3yrorca 2(N-1) gainos.

Cnepyet yuntbiBaTb, YTO UCNOMb30BaHME BPeMEHHbIX (haii/ioB Ha Ancke
orpaHuymBaeTcsa napameTpom temp_file_limit, KOTOpbIA onpeaenser ooLwmnii
npenen AMCKoBOWN NnamMsTu Asisi ceaHca. (bBydpepbl BpeMeHHbIX Tabnuu,

B 3TO OrpaHnyeHne He BXO4AT.)
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ConocTaB/ieHne — nakeTt 2 Posigres

! 1 album_id name
| Xew-tabnmua < |
| (naket 01) ;
naket nakeT nakeTt
01 7 10 W 11 W nakeT naket nakeT
01 10 11

16

[anee no ouepenn obpabaTbiBalOTCA BCE NakeTbl, HAYMHAA CO BTOPOrO.
3 BpeMeHHOro dpaina B Xel-TabsnmLy CUMTLIBAKTCA CTPOKM BHYTPEHHErOo
Habopa, 3aTeM 13 Apyroro BpeMeHHOro hanna cYMTbIBatOTCS CTPOKU
BHeLUHero Habopa 1 conocTaBNAKTCA C Xelw-Tabnmuen.

Mpouenypa nosTopsieTcsa Ana Bcex octaswmnxca N-1 naketoB. Ha pucyHke
nokasaHo coeguHeHune ans stoporo naketa (01).



ConocTtaB/ieHne — naket 3 Pogza’?sé“é

album_id name

i

17

Ha pucyHke nokasaHo coefAuHeHune Ans TpeTbero nakera (10).
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ConocTaB/ieHne — naket 4 Posigres

album_id name

18

lMocne o6paboTKM Noc/iefHero naketa CoeAnHeHne 3aBepLleHo
N BpeMeHHbIE hainibl 0CBOOOXAEHbI.

Takum 06pasom, Npy HexBaTke onepaTtvBHOM NaMATU a/ITOPUTM COefMHEHMS
CTaHOBUTCSA ABYXNPOXOAHbLIM: KaXAblil NakeT (KpoMe nepsBoro) Tpebyertcs
3anucarb Ha QUCK 1 3aTeM npoynTatb NOBTOPHO. PasymeeTtcs, 310
cKasblBaeTcs Ha a(p(PeKkTUBHOCTY coeguHeHUs. Mo3aToOMy BaXHO, YTOObI:

* B Xel-Tabnuuy nonagaam T0/1bKO AeNCTBUTE/IbHO HYXHbIe Nos
(06s3aHHOCTL aBTOpaA 3anpoca),

e Xew-tabnuua cTpowsnachk nNo MeHbLLlemMy Habopy cTpok (0683aHHOCTb
NNaHUPOBLLNKA).



I ByXmIpOXogHOE COeTUHEHHE XeIIHPOBaHUEM

BosbmeM Temneps Gombiiyie TaGIUILl U BEIBEOEM CTaTUCTHUKY HCIIONIb30BaHus OydepHOro Kelra:

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

FROM bookings b
JOIN tickets t ON b.book_ref = t.book_ref;

QUERY PLAN
Hash Join (actual rows=2949857 loops=1)
Hash Cond: (t.book ref = b.book ref)
Buffers: shared hit=64 read=62798, temp read=54218 written=54218
-> Seq Scan on tickets t (actual rows=2949857 loops=1)
Buffers: shared hit=32 read=49383
-> Hash (actual rows=2111110 loops=1)
Buckets: 131072 Batches: 32 Memory Usage: 4551kB
Buffers: shared hit=32 read=13415, temp written=10701
-> Seq Scan on bookings b (actual rows=2111110 loops=1)
Buffers: shared hit=32 read=13415
Planning:
Buffers: shared hit=99 read=7 dirtied=1
(12 rows)

Teneps xemI-tTabauila He TOMECTHUIIACh B ITaMSATh U UCIIOIBL3YEeTCs OBYXIPOXOAHOE coenuHeHue. IloTpeboBanock 32 makeTra
(Batches).

BupgHo, uto y3en Hash 3anuceiBaeT nakeThsl Bo BpeMeHHbIe ¢aiisl (temp written), a y3en Hash Join u 3anuceBaeT, u
yuTaeT (temp read u written).

CpaBHUM C TaKMM e 3alIPOCOM, KOTOPHIN BHIBOJUT TOJIBKO OIHO IIOJIE:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT b.book_ref
FROM bookings b

JOIN tickets t ON b.book_ref = t.book_ref;

QUERY PLAN
Hash Join (actual rows=2949857 loops=1)
Hash Cond: (t.book ref = b.book ref)
-> Seq Scan on tickets t (actual rows=2949857 loops=1)
-> Hash (actual rows=2111110 loops=1)
Buckets: 262144 Batches: 16 Memory Usage: 7057kB

-> Seq Scan on bookings b (actual rows=2111110 loops=1)
(6 rows)

Pacxopm nmamsaTtu YMEHELIIUJICA, TaK KaK B xem—Ta6nHue Tenepb TOJIBKO OOHO II0JIe (BMeCTO Tpex), U KOJINYECTBO ITIaKETOB
YMEHBIINJIOCH BOBOE.
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BbluncnmtenbHasa CNOXHOCTb Posgares

~ N+ M, rae

Ny M — 4uncio CTPOK B MIEPBOM U BTOPOM Habopax /JaHHbIX

HauasibHble 3aTpaThbl Ha IOCTPOeHUe Xelll-TabInLIbI

OddeKTUBHO /17151 6OJIBIIIOTO YKC/Ia CTPOK

20

O6Las CNoXHOCTb COeIMHEHNA XeLMpoBaHMEM NPONOPLMOHa/IbHA CyMMe
yncna CTPOK B O4HOM M ApYrom Habopax faHHbIX. [10aToMy MeTop,
COeJUHEHMS XelumpoBaHneM ropasao addekTBHEE B/IOXKEHHOIO LMKNa npu
6O0/IbLLIOM YKMCIie CTPOK.

OpHako, 4Tobbl HaYaTb CoeguHeHne, TpebyeTca NOCTPOUTL XeLl-Tabnuuy:
N3-3a 3TOro NP HEGOJILLLOM YMC/e CTPOK BNIOXEHHbIN LMK 60nee
apdpexTmBEH.

CoeguHeHune xelwmpoBaHueM (B CoO4ETaHMUM C NOSTHLIM CKaHUPOBaHNEM
Tabnny) xapaktepHo ana OLAP-3anpocoBs, B KOTOPbIX HaA0 obpabdoTtarb
60/1bLLOE YNC/I0 CTPOK, NPUYemM o6LLaa NponyckHas CNnoCcOOHOCTb BaxXHee
BPEMEHM OTK/MKA.



CTOMMOCTH X€elI-COeTHHeHHU A

=> EXPLAIN SELECT *
FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no;

QUERY PLAN
Hash Join (cost=161881.63..498636.26 rows=8392681 width=136)
Hash Cond: (tf.ticket no = t.ticket_no)
-> Seq Scan on ticket flights tf (cost=0.00..153886.81 rows=8392681 width=32)
-> Hash (cost=78914.39..78914.39 rows=2949939 width=104)
-> Seq Scan on tickets t (cost=0.00..78914.39 rows=2949939 width=104)
(5 rows)

HauanpHas ctouMocTh y3na Hash Join ckimagsiBaeTcs U3 CTOUMOCTEMN:

e TIOJIyYeHUs BCETO MepBOoTro HaGopa HaHHHIX (37eCh — OUIIeTHI);
® TIOCTPOEHUS XeUI-TabIuIEl — IoKa TabuIla He TOTOBA, COEMUHEHNE He MOXKEeT HadyaThCs.

MoxHo 06paTI/ITb BHUMaHHE Ha TO, 4YTO B y3Jie Hash cTtoumocTs IIOCTPOEHUNA XeLH-TaGJII/IL[bI He OTpaxeHa.

TTonHast CTOMMOCTh I00aBJIsIeT K Ha4aIbHOH ciiegyroIiire CTOUMOCTHU:

e IIOJIyYeHUs BCero BTOporo Habopa HaHHEIX (3TeCh — IepeJieTH);
e IIPOBEPKH II0 XemI-TabIuIe;
e oOpalleHus K QUCKY B Cllydae, KOT[ia IPeArnoiaraeTcs UCIoIb30BaHue 60jiee OJHOTO MaKeTa.

['7TaBHEIA BHIBOJI: CTOMMOCTD XeIll-COeqUHeHHUsI pornopiuonansia N + M, rome N u M — 4KCII0 CTPOK B COEQUHSIEMBIX
Habopax maHHbIX. [Tpu Gonbmux N 1 M 9TO 3HAYUTENIBHO BEIFOJHEE, YEM IIPOU3BEIeHNEe B CllyYae COeOUHEHUS BIOKEHHBIM
ITUKJIOM.
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[MapannenbHbIN aSITOPUTM Posigres

OddeKTUBHBIN a/ITOPUTM: MapasiiebHOe MOCTPOeHHe
XelI-Tab/uIbl 1 Tlapasuie/lbHOe COTIOCTaB/IeH e

Parallel Hash Join Parallel Hash Join Parallel Hash Join

[Parallel } [Parallel Hash [Parallel } [Parallel Hash [Parallel } [Parallel Hash

Seq Scan Seq Scan Seq Scan

Parallel Parallel Parallel
Seq Scan Seq Scan Seq Scan
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B oTnume ot gpyrnx cnocoboB COeAUHEHMS, Xell-CoeAMHEHNE HEe TOMbKO
MOXET y4acTBOBaTb B NapasifieNibHbIX MaHax, Ho U UMeEeT OTAe/bHbIN
3(pheKTNBHBIN anropuTm paboTbl. ATOT a/ITOPUTM NO3BONSET NapasinenbHO
BbIMNOJIHATE 06a aTana CoeAnHEeHNs: 1 NoCTpoeHne xew-Tabnnupbl no
nepBomMy (BHYTpeHHeMY) Habopy CTPOK, U COnocTaB/ieHNE C HEW CTPOK
BTOPOro (BHeLUHero) Habopa.

BO3MOXHOCTb NapannenbHOro XeL-coeAnHeHns ynpasiseTcsa napameTpom
enable_parallel_hash; no ymonuyaHuio napameTp BK/THOYEH.

Kak 1 y nocnegoBatenbHOro afiroputma, y napanniensHoro ectb ABa
BapuaHTa: OHOMNPOXOAHbI NPX AOCTATOYHOM KOSIMYECTBE ONnepaTUBHOINA
NamsATL U ABYXNPOXOAHbIN.

HayHeM c ogHOMNpPOX0A4HOro BapuaHTa.



[lapannensHo, 0AVH Npoxon Q SSSSSSSSSSSS

I[Tpoliecchbl UCTIO/B3YIOT OOIIYI0 XeI-TabauiTy
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[ToCcTpoeHune xew-Tabnumubl  Posggres

id title year __ _____________________ .
— ‘
! |
| |
|
:> | xew-tabnua !
! |
|
|
ﬁ ) !
work_mem x hash_mem_multiplier x
Parallel X KONM4eCTBO NPOLLECCOB

Hash
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OAHOMPOXOAHbIN aMrOPUTM UCNONb3YETCA, eCNn Xel-Tabnmua noMmeLlaeTcs
B CyMMapHbIl 06beM NamATH, BblAe/IEeHHbI BCEM yYacTBYHOLMM

B COeVHEeHNN npoueccam, To eCTb pasmMep XeLw-tabnnybl orpaHnyeH
3HavyeHnem work_mem x hash_mem_multiplier X Konn4yecTBO NPOLLECCOB.

[Mpouecchl napasnensHo YiTaroT NepBbii HAbop CTPOK (Hanpumep,
ncnonb3ya ysen Parallel Seq Scan) n ctpoaT obuyto xew-tabnuuy
B pasgensemMon namsaTu, rae Kaxablii U3 HAX UMeeT K Heil ocTyn.
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ConocTaB/ieHue Pos}gres

album_id name

|
|
:
| Xel-Tabnmua
|
|
|
|

Parallel
Hash Join
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Mocne Toro, Kak xeww-Tabnamua NoNHOCTLIO NOCTPoeHa, paboyne npoLeccesl
MPUCTYNaloT K napasi/ie/isHOMYy YTEHUIO BTOPOro Habopa v ConocTaBNsAoT
NpoYnTaHHbIE UMW CTPOKN C 06LLeli-xel-Tabnuuein. Takum obpasom,
Kaxx[bli N3 NPOLLeCCOB NPOBEPSET MO XeLw-Tabnunue To/1bKO YacTb AaHHbIX.



OaHOPOXOaHOE Mapajijie/IbHOe XelI-COeTHHEeHHEe

VBenuuuM 00beM [aMsITH, BEIOEJISIEMEIN IIPOIECCY OIS IOCTPOEHUS Xell-TabIuIIbl:
=> SET work_mem = '32MB';

SET

BrimonHuM 3ampoc ¢ arperamnue:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT count(*)
FROM bookings b

JOIN tickets t ON b.book_ref = t.book_ref;

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=983286 loops=3)
Hash Cond: (t.book ref = b.book ref)
-> Parallel Seq Scan on tickets t (actual rows=983286 loops=3)
-> Parallel Hash (actual rows=703703 loops=3)
Buckets: 4194304 Batches: 1 Memory Usage: 115392kB
-> Parallel Seq Scan on bookings b (actual rows=703703
loops=3)
(11 rows)

O6paTuTe BHUMaHUe Ha UCHIONb30BaHue namMatu (Memory Usage): 00beM IIpeBHIIaeT OrpaHudYeHue, yCTaHOBIEHHOe [T
opHoro pa6ouero mporecca (64MB = work mem x hash mem multiplier), Ho B 0611y10 TaMATH TPEX IPOIIECCOB XEIII-
Tabuila momelnaeTcs. [1I09ToOMy BBIIOIHSIETCSI OMHOIPOXOogHOe coenuHenne (Batches: 1).



[MapasinensHo, ABa npoxoaa Q SSSSSSSSSSSS

HabophsI cTpOK pa30MBarOTCs Ha TIaKeThI, KOTOPhIe 3aTeM
TrapasuieibHO 06pabaThIBarOTCS pabourMHU TIPOIieccaMu
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Pa3bneHne Ha nakeTbl Posigres

album_id name

id title year

7NN 0 o

nakert nakert nakert nakert
00 T 01 7 10 W 11 W naket nakert nakert nakert
00 01 10 11
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Xelw-Tabnuua MoXeT He NMOMEeCTUTLCA B 0O0beM NaMATKN, OrpaHUYEHHbI
work_mem x hash_mem_multiplier x Konn4ecTBO NPOLLECCOB, NPUYEM 3TO
MOXET BbIACHUTBLCA N Ha 3Tare BbINO/IHEHUA COeAHEHUS. B aTOM criyyae
MCNONb3YeTCs ABYXNPOXOAHbIN aNifOPUTM, KOTOPbIN CYLLECTBEHHO
oT/IMYaeTcsa N OT ABYXNPOXOAHOrO Noc/enoBaresisHoro, U ot
O4HOMNPOXOAHOTO NapasienbHoro.

CHauana pabouve npouecchl napansiesnibHo YnMTaloT NepBblii HABOP AAHHbIX,
pa3buBaloT ero Ha nakeTbl U 3anNNCbIBAOT NaKeTbl BO BpEMEHHbIE haiinbl.
MepBblii NakeT ToXe nonagaeT B doaiin; Xxew-tabnmua B naMaTn He
CTpouTCS.

O6partuTe BHUMaHME, YTO KaX/blil MPOLECC 3anuCbiBaeT CTPOKN BO BCe
BPEMEHHbIE (haiiNbl; 3annCb CUHXPOHU3NPYETCS.

3atem paboumne npoLecchl napassienibHo YNTaT BTOPOI HA6op AaHHbIX
N Takxe pasbuBaloT ero Ha NakeTbl 1 3annCbiBalOT BO BPEMEHHbIe dhaiinbl.

Takum o6pasom, npu N naketax Ha guck 3anucbiBatoTcs 2N chaiinos.
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ConocTaB/ieHue Pos}gres

work_mem x hash_mem_multiplier

| album_id name
xew-tabnuua }
(naket 00) » ‘
< |

|
|
|
|
|
|
|
|
\
|
! -
|
‘ xel-Taénuua <§C
|
|
|
|
\
|
|
|
|
|
|
|
|

(naket 01)

xew-tTabnuua <«
(naket 10)

naket HaKeT
11 11

3arem Kaxaplili paboumnin npoLuecc BbIoMpaeT cebe rno ogHoOMYy nakerty.
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Mpovecc 3arpyxaet nepsblii HA60P BbIOpPaHHOIo nakerta B XeL-T1abnvuy

B NamATU. B 3aTOM anroputme y Kaxkgoro npotecca cBosi xell-tabnuua
pasmepom work_mem x hash_mem_multiplier, HO pacnonaratTcsa OHU

B 06LLEein naMATK, TO eCTb AOCTYN K KaXA0W Tabnuue ecTb y Bcex paboumx
NpoLeccos.

[Mocne 3anoHeHns xeLw-Tabnuubl NpoLecc YiMTaeT BTOpoi Habop
BbIGpAHHOIo naketa 1 cornocTaBNAeT CTPOKM.

Korga npouecc 3aBepLiaeT 06paboTKy OAHOro naketa, OH BbloMpaeT
cneayrowmnia, eule He 06paboTaHHBbIN.
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ConocTaB/ieHue Pos}gres

work_mem x hash_mem_multiplier

album_id name

o6Lwmmun
yeunusiMm
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Korpa Heo6paboTaHHble NakeTbl 3aKaHYMBAKTCS, 0CBO6OAMBLUMICA
npoLiecc noakyaeTcs K 06paboTke 0AHOIO M3 eLle He 3aBepLLEHHbIX
MakeToB, NO/b3YSCb TEM, YTO BCE XeLU-TabNMLbl HAXoASTCSA B pa3aensieMoit
namsTu.

Heckonbko xew-Tabnuy, paboTatoT /yylle, Yem ofHa 60/bLuasn: B 3TOM
C/lyyae npoLle opraHnM3oBaTb COBMECTHYH paboTy 1 MEHbLLIE PecypcoB
TPaATUTCA Ha CMHXPOHMU3ALNIO.



[IByXmmpoxogHOEe mapajlyie;IbHOe XeIlll-COeTHHEeHue

Teneps yMeHbIIUM 00HEM ITaMSITHU:

=> SET work_mem = '16MB';

SET

BrinmoHUM TOT Ke 3alpoc C arperauue:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT count(*)
FROM bookings b

JOIN tickets t ON b.book_ref = t.book_ref;

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=983286 loops=3)
Hash Cond: (t.book ref = b.book ref)
-> Parallel Seq Scan on tickets t (actual rows=983286 loops=3)
-> Parallel Hash (actual rows=703703 loops=3)
Buckets: 1048576 Batches: 4 Memory Usage: 28896kB
-> Parallel Seq Scan on bookings b (actual rows=703703
loops=3)
(11 rows)

CoenuHeHHE CTajlo ABYXIIPOXOOHEIM C YETBHIPbMS IIaKE€TaMH.
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Toru Posigres

CoeyHeHMe XellIMPOBaHKEM TpeOyeT TOATr0TOBKU

HaJ0 IMOCTPOUTDL XeH_I-Ta6J'II/IL[y

OddekTHBHO 7151 O0MBIINX BEIOOPOK

B TOM 4MCJ/ie eCTb BO3MOXXHOCTD Ilapa/l/Ie/;IbHOI'0 COeJWHEeHUA

3aBHCHT OT MOPSKA COeTUHEHNS
BHYTpPeHHHI Habop JJ0/DkeH OBITb MeHbIlle BHEILITHeT0,
yT0OBI MUHUMH3UPOBATh Xell-TabHIy
HO,E[,E[EP)KI/IBEIET TOJIBKO 3KBUCOeJMHEHUS

AJId XelI-KOA0B OIriepaTopbl «0o7IbIlIe» U «MeHbIlIe» He UMEIOT CMBIC/Ia
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B oTnune OT coeiHEeHUSI BMIOXXEHHbIM LIMK/TIOM, Xell-coeAnHeHne TpedyeT
NOAroTOBKW: NOCTPOEHUS Xelw-Tabnuubl. MNMoka Tabnuua He NoCTPoeHa, HI
oflHa pe3y/nbLTUpYyoWas CTpoka He MOXET ObITh NosyyeHa.

3aro coeguHeHne xewmpoBaHnemM a(pdekTMBHO paboTaeT Ha 60nbLUINX
ob6bemax gaHHbIx. Ob6a Habopa CTPOK YMTaKTCA NOC/eAoBaTe/IbHO U TOMbKO
o4VH pas (ABa pasa B C/lydae HexBaTku onepaTuBHO namsaTn).

OrpaHM4YeHneM COeIMHEHUS XeLLUMPOBaHWS SIBSETCS NoAAepXKKa TO/bKO
3KBMUCOEANHEHWIA. 1eNno B TOM, UTO Xell-3HaYeHns1 MOXHO CpaBHMBATb
TO/IbKO Ha PaBEHCTBO, ornepawumn «60/bLIe» U «MeHbLLIE» NPOCTO HE UMEIDT
cMbIca.
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[1pakTnKa Pos{gres

1. HamummTe 3amnpoc, MoKa3bIBalOIIUi 3aHAThIE MeCTa B Ca/loHe
IS BCeX PEeCOB.
Kakoii criocob coepviHeHHs BbIOpan ry1aHAPOBIIMK? [TpoBepkTe,
XBaTHUJIO JIM OTI€PATUBHOM IMaMSTH JIJIs1 pa3MeIIeHHs Xelll-Ta0/Tui].

2. Vi3meHure 3anpoc, 4Tobbl OH BEIBOJU/I TOJILKO 00IIiee
KOJINUeCTBO 3aHSIThIX MECT.
Kak n3menuics miau 3aripoca? [ToueMy MjiaHUPOBIIUK He
MCIO/Tb30BaJl aHaJIOTMYUHBIN TJ1aH [/1s1 IpeblAyliero 3anpoca?

3. Hanmmure 3anpoc, nmokasbIBaroMi KMeHa MacCa’>KUPOB
1 HOMepa PercoB, KOTOPbIMU OHM CJIe[IyIOT.
Pa3beputecs 110 My1aHy 3arpoca, B Kakoi Moc/ieloBaTe/IbHOCTH
BBITIOJIHSFOTCS OTlepaLuHy.
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1. Ans aToro gocraroyHo coeguHuTb pelicol (flights) ¢ nocagoyHbiMun
TannoHamu (boarding_passes).

3. Takoi 3anpoc JO/MKEH COeANHATL Tpu Tabnuubl: 6uneTol (tickets),
nepeneTthl (ticket_flights) n peicsi (flights).



1. CnucCOK 3aHATBIX MECT

=> EXPLAIN SELECT f.flight_no, bp.seat_no
FROM flights f
JOIN boarding_passes bp ON bp.flight_id = f.flight_id;

QUERY PLAN
Hash Join (cost=8508.51..229844.17 rows=7925644 width=10)
Hash Cond: (bp.flight id = f.flight id)
-> Seq Scan on boarding passes bp (cost=0.00..137560.44 rows=7925644 width=7)
-> Hash (cost=4772.67..4772.67 rows=214867 width=11)
-> Seq Scan on flights f (cost=0.00..4772.67 rows=214867 width=11)
(5 rows)

Hcnonb30BaHO COeqUHEHME XelnnpoBaHueM.

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT f.flight_no, bp.seat_no
FROM flights f

JOIN boarding_passes bp ON bp.flight_id = f.flight_id;

QUERY PLAN
Hash Join (actual rows=7925812 loops=1)
Hash Cond: (bp.flight id = f.flight id)
-> Seq Scan on boarding passes bp (actual rows=7925812 loops=1)
-> Hash (actual rows=214867 loops=1)
Buckets: 262144 Batches: 2 Memory Usage: 6676kB
-> Seq Scan on flights f (actual rows=214867 loops=1)
(6 rows)

Xerm-Ta6uila He ITOMECTHUIIACh [ETUKOM B ITIaMsTh, TOTPe60OBAIIOCH Ba MaKeTa.
2. Kos1tnuyecTBO 3aHATHIX MECT

=> EXPLAIN SELECT count(*)
FROM flights f
JOIN boarding_passes bp ON bp.flight_id = f.flight_id;

QUERY PLAN

Finalize Aggregate (cost=114720.28..114720.29 rows=1 width=8)
-> Gather (cost=114720.06..114720.27 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=113720.06..113720.07 rows=1 width=8)
-> Parallel Hash Join (cost=5467.82..105464.18 rows=3302352 width=0)
Hash Cond: (bp.flight id = f.flight id)
-> Parallel Seq Scan on boarding passes bp (cost=0.00..91327.52
rows=3302352 width=4)
-> Parallel Hash (cost=3887.92..3887.92 rows=126392 width=4)
-> Parallel Seq Scan on flights f (cost=0.00..3887.92
rows=126392 width=4)
(9 rows)

3mecs IIJIAaHUPOBIIUK HCIIOJIE30BaAJl Hapa]'IJ'IeJ'IBHI)II;I nnaaH. B opepeigynieM 3amnpoce 3TO He OBLIO OIIPpAaBOAHO M3-3a BBICOKOM
CTOMMOCTH II€PECHIJIKU JAaHHBIX MEeXY IIPOoleCCaMy, a B JaHHOM CJIy4ae I1epefgaeTcsda TOJIBKO OOHO YHCJIO.

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT count(*)
FROM flights f

JOIN boarding_passes bp ON bp.flight_id = f.flight_id;



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=2641937 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=71622 loops=3)
Buckets: 262144 Batches: 1 Memory Usage: 10496kB
-> Parallel Seq Scan on flights f (actual rows=71622 loops=3)
(11 rows)

OG6paTHuTe BHUMaHHE Ha IIojIe loops B y3nax BhIlle U HUXKe Gather — 0HO COOTBETCTBYET peasbHOMY YHCIIY IPOIECCOB,
paboTaBIIMX Haf 3aIIPOCOM.

3. [Maccaxupsbl 1 HOMEpPa PercoB

=> EXPLAIN (costs off)

SELECT t.passenger_name, f.flight_no

FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
JOIN flights f ON f.flight_id = tf.flight_id;

QUERY PLAN
Hash Join
Hash Cond: (tf.flight id = f.flight id)
-> Hash Join
Hash Cond: (tf.ticket no = t.ticket no)
-> Seq Scan on ticket flights tf
-> Hash
-> Seq Scan on tickets t
-> Hash
-> Seq Scan on flights f
(9 rows)

CHauasa BEIIIOIHSETCS coequHeHue O6unetos (tickets) c mepenetramu (ticket flights), mpuyem xem-Tabnuiia cTpoUTCS 11O
Tabnuie OUIeTOoB.

3arteM peiict (flights) coemUHAIOTCS ¢ pe3yNIbTaToOM IIEPBOTO COEOUHEHUS; Xell-TabIuIla CTPOUTCS IO TabIulle PEeHCOB.



