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OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
NPSAMbIM UN HENPAMBIM, CleunasibHbIM UK CyYaiHbIM UCMO/Ib30BaHMEM
MaTtepuasnioB kypca. KomnaHus Postgres Professional He npegocTtasnser
Kakux-1mbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasnbl Kypca
NPeaocTaB/STCA HA OCHOBE MPUHLUMNA «KakK eCTb» 1 KoMnaHua Postgres
Professional He 06s3aHa nNpeAoCcTaBNATb COMPOBOXAEHME, NMOALEPXKKY,
06GHOB/IEHNSA, pacLUMPEHNA N U3MEHEHNS.



o)) PROFESSIONAL

Tembl Posigres

[TocnenoBarebHOE COeIMHEHNE XellIMPOBaHUEM:
OJIHO- U JIByXTIPOXO/IHOE

['pynnupoBKa C MOMOLLBIO XeIlUPOBaHUs
BoluricviresnibHast CJIOXKHOCTb

[TapanienbHOe coeiHEHVE XellIMPOBaHUEM:
OJTHO- Y ABYXMPOXOAHOE



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 |
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 |
R |
KOP3WHBbI o
work_mem x hash_mem_multiplier

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

Npes XxelumpoBaHnsA COCTOUT B TOM, YTO (PYHKLUNA XeLnpoBaHus
pasHoOMeEpPHO pacnpeaensieT 3Ha4yeHns nNo orpaHN4YeHHOMY YNC/Ty KOP3UH
xew-1abnmubl. B Takom criydyae pasHble 3Ha4YeHUs Kak npasuio oyayT
nonagatb B pasHble KOP3uHbI. ECniv paBHOMEpPHOCTU He ByaeT, B O4HY
KOP3WHY MOXET NnonacTtb MHOIoO 3Ha4YeHuil. B Takom criydyae OHu
BbICTPanBaloTCs B CMUCOK, U M0 Mepe yBEIMYEHNA O/INHbI CUcKa
3(pdpekTMBHOCTb NMOUCKa No xelw-tTabnuue byaet nagarsb.

NTak, CTpOKM NepBoro Habopa untatoTca nocnenoBaresibHoO, N A/151 KaX 40
N3 HUX BbIYMCNAETCA XeL-PYHKUMA OT 3HAYEHUSA NOMEn, BXOAALLMX

B yC/10BUe coeauHeHus (B HaweM npumMepe — Y1UC/ioBble
noeHTndonkaTopsbl).

Mo 3HaUYeHMI0 XeL-hyHKLUM onpeaensieTcss Homep Kop3uHbl. Hanpumep,
€CN UCNonb3yeTcsi 4 KOP3MHbl, TO B KAYeCTBe HoMepa KOP3MHbl MOXHO
B3STb ABa MMaALnX 6uTa.

B KOp3uHy XeLLI-Ta6J'II/ILI|bI nomMeLwaroTcs BbIYNCNIEHHBI XeLwl-Kkoa 1 BCce nosn4,
KOTOpblE BXOAAT B yC/10BME CoeaMHEHNA TN NCNOJIb3YKOTCA B 3arpoce.

Pa3mep xeL-Tabnuubl B NaMATN OrpaHUyYeH 3Ha4eHnem work_mem x

x hash_mem_multiplier. Hanny4was atppekTMBHOCTb AOCTUraeTcs, ecam
BCA Xell-Tabnuua nomMeLwaeTcsa B 3T0T 06beM NamaTu LesmkoMm. (3To eLe
OofHa npuyMHa He 1UCrosb30oBaThb B 3anpoce JINWHWE Nons, B TOM YUC/e,
«3BE3404KYy».)

icxoaHbI KoA anroputmMa MOXHO HaiTu B chaiine
src/backend/executor/nodeHashjoin.c.




o)) PROFESSIONAL

ConocTaB/ieHue Pos}gres

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

11 ‘11000111 ‘ 1 ‘Yellow Submarine ‘ BHELLHMIA HaBop

1 xew-kog  id title | album_id name
| ! -
' 00 | 01000100 | 4 | The Beatles R 11000100 5 | ADay in the Life
|
1 [ 1 | All Together Now
01 | 10100001 | 3 |LetltBe ! -
! ‘ 2 | Another Girl
‘ 10001001 | 6 | Abbey Road ‘ _
| ! 3 | Across the Universe
|
' 10 ‘ ‘ ‘ ‘ ! 1 | All You Need Is Love
l | 2 | Act Naturally
1 l
| |

work_mem x hash_mem_muiltiplier

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

Mo Mepe YTeHUSA Mbl BblUMCNAEM XeLl-(PYHKLMIO OT 3HaYeHUs nosnen,
y4acTBYHOLLNX B YC/TIOBUN COeANHEHUSA. ECNM B COOTBETCTBYHOLLEN KOP3UHE
Xelw-tabnuubl 06HapyXnsaeTcs CTpoka

- C TaKMM Xe XeLl-KoaoM,
- U CO 3HAYEHMAMM NOMER, NOAXOAALMMN NOA, YCI0BUE COEANHEHNS,
TO Mbl HaLL/I 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 Ans 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;

XeL-Kog, id title
00 01000100\ 4 ‘The Beatles

album_id name

5 | ADay in the Life
All Together Now
Another Girl

11000111
01 | 10100001 | 3 |LetltBe

|
|
|
|
|
|
|
|
| 10001001 | 6 | Abbey Road
|
|
|
|
|
|
|
|
|

Across the Universe
All You Need Is Love

NP, W IN|PFP

10 | | |

Act Naturally

11 ‘11000111 ‘ 1 ‘Yellow Submarine ‘4

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 ‘ _
| I 3 | Across the Universe
|
|10 ‘ ‘ ‘ ‘< ! 1 | All You Need Is Love
l | 2 | Act Naturally
; |
| |

11 ‘11000111 ‘ 1 ‘Yellow Submarine ‘

[na TpeTbei CTPOKM COOTBETCTBUA HET (COOTBETCTBYHOLLAA KOP3UHA XelLu-
Tabnnybl nycra).
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ConocTtaBneHue Posigres

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

XeL-Kog, id title
00 01000100\ 4 ‘The Beatles \

1 album_id name
|

|

1

: 01 | 10100001 | 3 |LetltBe <>

| 10001001 | 6 | Abbey Road 4K

| 10100001
|

|

|

|

|

|

5 | ADay in the Life
All Together Now
Another Girl

Across the Universe
All You Need Is Love

N PP, | W|IN|PF

10 | | |

Act Naturally

11 ‘11000111 ‘ 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 B 06LEeM cnydae Ux NpuaeTcs NpocMoTpeTL obe.
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ConocTtaBneHue Posigres

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

XeL-Kog, id title
00 01000100\ 4 ‘The Beatles

album_id name

5 | ADay in the Life
All Together Now
Another Girl

Across the Universe
All You Need Is Love

| |
| |
| |
| |
| |
; 1
| 0110100001 | 3 | LetltBe

} 10001001 | 6 | Abbey Road l
| |
| |
| |
| |
|

| |
| |
|

10 \ \ \ \ f 11000111
11 ‘11000111 ‘ 1 ‘Yellow Submarine ‘<

NP, | W IN|PF

Act Naturally

[na naTon cTpokn nonyyaem cooreetcTeue («Yellow Submarine», «All You
Need Is Love»).
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ConocTtaBneHue Posigres

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

XeL-Kog, id title
00 01000100\ 4 ‘The Beatles

album_id name

A Day in the Life
All Together Now
Another Girl

|

|

|

|

1

: 01 | 10100001 3 |LetltBe
| 10001001 | 6 | Abbey Road
|

|

|

|

|

|

|

All You Need Is Love

5
1
2
3 | Across the Universe
1
2

10 <
‘ ‘ ‘ ‘ X 11110110

Act Naturally
11 ‘11000111 ‘ 1 ‘Yellow Submarine ‘ |
|

10

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



ODHONIPOXOOTHOE COeIHHEHHE XEIIHPOBaHHEeM

I71s1 60/IBIIION BEIGOPKY ONTUMM3ATOD IPENIOYUTAET COeqUHEeHNE XelIUPOBaHUEM:

=> EXPLAIN (costs off)
SELECT *
FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no;

QUERY PLAN

Hash Join
Hash Cond: (tf.ticket no = t.ticket no)
-> Seq Scan on ticket flights tf
-> Hash
-> Seq Scan on tickets t
(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.

Mopudukaruu Hash Join BkmoualoT yxke paccMoTrpeHrHEe paHee Left (Right), Semi u Anti, a Takxke Full nnst monzoro
COeqUHEeHUS:

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

QUERY PLAN
Hash Full Join (cost=3.47..30.04 rows=1339 width=55)
Hash Cond: (s.aircraft code = ml.aircraft code)
-> Seq Scan on seats s (cost=0.00..21.39 rows=1339 width=15)
-> Hash (cost=3.36..3.36 rows=9 width=40)
-> Seq Scan on aircrafts data ml (cost=0.00..3.36 rows=9 width=40)
(5 rows)

I'pynnupoBKa H YHHKA/IbHBIE 3HAYEHHUST

s rpynnupoBku (GROUP BY) u ycTpanenus ny6nukatoB (DISTINCT u onepauinu co MHOXecTBaMu 6e3 ciioBa ALL)
HCIIOJIB3YIOTCSI METOMABI, CX0KHE C MeTOmaMu coequHeHusi. OOQUH U3 CIIOCOOO0B BEIIOJTHEHUST COCTOUT B TOM, YTOOHI
TOCTPOUTH XeUI-TAOIUITY 10 HYKHEIM IIOJISIM U IOJIyYUTh U3 Hee YHUKAJIbHEIE 3HAYEHUS.

=> EXPLAIN SELECT fare_conditions, count(*)
FROM seats
GROUP BY fare_conditions;

QUERY PLAN

HashAggregate (cost=28.09..28.12 rows=3 width=16)

Group Key: fare conditions

-> Seq Scan on seats (cost=0.00..21.39 rows=1339 width=8)
(3 rows)

To ke camoe u ¢ DISTINCT:

=> EXPLAIN SELECT DISTINCT fare_conditions
FROM seats;

QUERY PLAN

HashAggregate (cost=24.74..24.77 rows=3 width=8)

Group Key: fare conditions

-> Seq Scan on seats (cost=0.00..21.39 rows=1339 width=8)
(3 rows)

Hcnmoinb30BaHue IIaMsATH



VBenuuuM pasMep naMsTH, OTBEIEHHOU 07 XelI-TabIuIry:
=> SET work_mem = '64MB';

SET

=> SET hash_mem_multiplier = 3;

SET

Teneps pa3Mep OrpaHUYEH 3HAYEHUEM:

=> SELECT wm.setting work_mem, wm.unit,
hmm.setting hash_mem_multiplier,
wm.setting::numeric * hmm.setting::numeric total
FROM pg_settings wm, pg_settings hmm
WHERE wm.name = 'work_mem' AND hmm.name = 'hash_mem multiplier';

work mem | unit hash_mem multiplier | total

65536 | kB
(1 row)

3 | 196608

Komanpa EXPLAIN noka3bsIBaeT HeCTaHOapTHEIE 3HAUEHUS ITapaMeTPOB IIPU yKa3aHuu settings:

=> EXPLAIN (analyze, settings, 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)
-> Seq Scan on tickets t (actual rows=2949857 loops=1)
-> Hash (actual rows=2111110 loops=1)
Buckets: 4194304 Batches: 1 Memory Usage: 145986kB
-> Seq Scan on bookings b (actual rows=2111110 loops=1)
Settings: hash mem multiplier = '3', jit = 'off', search _path = 'bookings, public', work mem = '64MB'
(7 rows)

Xemr-rabnuiia moMecTuach B maMsarh (Batches: 1). ITapameTp Buckets rmoka3rlBaeT YKCIIO KOP3UH B XelI-TabnuIe, a
Memory Usage — KCIOJIb30BaHHYIO OII€PaTUBHYIO ITaMsThb.

O6paTuTe BHUMaHUe, YTO XeIll-TabIuIja CTPOUIach 110 MEHbIIeMy Habopy CTPOK.

CpaBHI/IM C TaKHM 2Ke€e 3aIIpoCcoM, KOTOpHﬁ BBIBOJUT TOJIBKO OOHO 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: 4194304 Batches: 1 Memory Usage: 113172kB
-> Seq Scan on bookings b (actual rows=2111110 loops=1)
(6 rows)

Pacxopn maMsiTH YMEHBIIHUJICS, TaK KaK B XeII-Ta0/IuIle Teeph TOIBKO OMHO I10Jie (BMECTO TPeX).

Ob6patuTte BHUMaHue Ha cTpoky Hash Cond: oHa comepXKUT IpenuKaTH, Y4acTBYIOIINE B COEIUHEHUN. Y CIIOBIE MOXKET
BKJIIOYATh U TaKHe IIpefuKaThl, KOTOpPhle He MOTYT HCIIOJIb30BaThCs MEXaHN3MOM COeUHEHUsI, HO MOJIKHEI YUUTHIBATHC.
OHM 0TOOpPazXkKalTCs B OTAEIbHOM cTpoke Join Filter, u Hy>KHBIE OJIST UX BEIYUCIIEHUS II0JISI TOXKE ITOMTAagaloT B XeI-TabIuIly
(cpaBHUTE 00HEM TTAMSTH):

=> 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
AND b.total_amount::text > t.passenger_id;



QUERY PLAN

Hash Join (actual rows=1198320 loops=1)
Hash Cond: (t.book ref = b.book ref)
Join Filter: ((b.total amount)::text > (t.passenger id)::text)
Rows Removed by Join Filter: 1751537
-> Seq Scan on tickets t (actual rows=2949857 loops=1)
-> Hash (actual rows=2111110 loops=1)
Buckets: 4194304 Batches: 1 Memory Usage: 127431kB

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



[lByxnpoxogHoe coegnHeHne Sres

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

12
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[ToCcTpoeHune xew-Tabnumubl  Posggres

id title year __ _____________________

| xelw-Tabnmua }
:> | (naket 1) ;

work_mem x hash_mem_multiplier

nakert naket naket
2 3 4

BPEMEHHbIE
chaiinsl ana
BHYTPEHHero
Habopa

13

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 KpaTHoO AByM. B ngeane B KaxAblii nakeT nonagaet
MPYMEPHO OANHAKOBOE KOMIMYECTBO CTPOK, HO, €C/IN 3HAYEHUS B CTPOKaxX
MOBTOPSAIOTCH, BO3MOXEH Nepekoc.

Mpy NnaHMpoBaHMK 3anpoca 3apaHee BblYMCISETCA MUHUMA/IbHO
Heo6xo4MMOoe YMC/I0 NAaKeTOB Tak, YTOObI XelW-Tabnuua 4as Kaxaoro naketa
nomMellanach B namsaT. DTO YNC/I0 HE YMEHbLLAETCS, AaXKe ec/u
ONTMMM3ATOP OLINGCH C OLEHKaMW, HO NPY HEOBXOANMOCTN MOXET
[INHAMUYECKN YBENNUYNBATBLCS.

Xeww-Tabnuua 419 nepsBoro naketa octaeTcs B NaMATH, a CTPOKN,
npyHagnexawue gpyrum naketam, copacbiBatoTCA Ha QUCK BO BPEMEHHbIE
haiinbl — KaxKAbliA NakeT B CBOW haiis.

Ha PUCYHKE MOKa3aHO YETbIPE NakeTa.
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ConocTtaB/ieHne — naket 1 Posigres

album_id name

xXew-tabnuua
(nakert 1)

BPEMeHHble
thaiinbl ans
BHELLHero
Habopa

AU

naket naket nakert

naket naket naket
2 3 4

temp_file_limit 14

[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
-

1 xew-tabnmua <~

l (naket 2) ;

| - |

! |

! )

nakert naket naket
2 3 4 nakert nakert naket
2 3 4

15

[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.

Mpoueaypa NoBTOpsieTCs A5 Bcex ocTaBlumxcs N—1 nakeToB. Ha pucyHke
NnokasaHo coeiHeHne A1l BTOPOro nakera.



ConocTtaB/ieHne — naket 3 Pogza’?sé“é

album_id name

i

16

Ha pucyHKe nokasaHo coeguHeHne ansa TPEeTbero naketa.
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ConocTaB/ieHne — naket 4 Posigres

album_id name

17

Mocne o6paboTKM NOC/IeAHEro naketa CoeAnHeHe 3aBepLueHo
BpeMeHHble dhalinibl 0CBOOOXAEHDI.

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 XeLw-Tabnuuy nonagasnv To/1bKO AEeNCTBUTENbHO HYXXHble Nos
(o6sa3aHHOCTL aBTOpa 3anpoca),

- Xew-Tabnmya cTponnacb No MeHbLeMy Habopy CTPOK (0693aHHOCTb
NNaHNPOBLLNKA).



I ByXmIpOXogHOE COeTUHEHHE XeIIHPOBaHUEM

Temepb yMEHBIIMM OrPaHUYEHHUE MaMsTH TaK, YTOOHI Xell-TaGIuila He TOMECTHIIAcCh, ¥ BEIBEIEM CTATUCTHKY
WCIOJIb30BaHus 6yhepHOTo Kela:

=> SET work_mem = '32MB';

SET

=> SET hash_mem_multiplier = 1;
SET

=> EXPLAIN (analyze, buffers, 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)
Buffers: shared hit=192 read=62670, temp read=12515 written=12515
-> Seq Scan on tickets t (actual rows=2949857 loops=1)
Buffers: shared hit=96 read=49319
-> Hash (actual rows=2111110 loops=1)
Buckets: 1048576 Batches: 4 Memory Usage: 28291kB
Buffers: shared hit=96 read=13351, temp written=5217
-> Seq Scan on bookings b (actual rows=2111110 loops=1)
Buffers: shared hit=96 read=13351
Planning:
Buffers: shared hit=8
(12 rows)

Teneps notpeboBanoch YeTrIpe nmaketa (Batches: 4).

BupgHo, uto y3en Hash 3anuceiBaeT nakeThsl BO BpeMeHHbIe ¢aiisl (temp written), a y3en Hash Join u 3anuceBaeT, u
yuTaeT (temp read u written).
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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
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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 coeauHeHne, TpebyeTca 3annartuTb HaknagHble
pacxofbl Ha NOCTPOEHUe XeL-Tabnuubl: N3-3a 3TOro NPU Hebos1bLLOM Ynucne
CTPOK B/IOXEHHbI LUNKN 60onee athheKTUBEH.

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=161874.35..498578.52 rows=8391852 width=136)
Hash Cond: (tf.ticket no = t.ticket no)
-> Seq Scan on ticket flights tf (cost=0.00..153851.52 rows=8391852 width=32)
-> Hash (cost=78912.49..78912.49 rows=2949749 width=104)
-> Seq Scan on tickets t (cost=0.00..78912.49 rows=2949749 width=104)
(5 rows)

HauanpHast ctrouMocTs y3i1a Hash Join cknapeiBaeTCs U3 CTOUMOCTEH:

® [IOJy4YeHHs BCEro epBoro Habopa AaHHHIX (30eCh — OUIIeTEI);
® IIOCTPOEHWS Xell-TabIuIEl — MoKa Tabuila He rOTOBa, COeqUHEHNEe He MOXKEeT HayaThCs.

MoxHo 06paTI/ITL BHUMAaHHE HaA TO, YTO B y3JIe Hash cTtoumocTh IIOCTPOEHUA XeII-TabIuIlb He OTpaXxeHa.

TTonHast CTOMMOCTH CKJIafbIBa€TCSI U3 CTOUMOCTEM!:

e IIOJIyYEeHUs BCETO BTOPOT0o Habopa HAHHEIX (3TeCh — IEePEeJIeTH);
e IIPOBEPKH II0 XeIl-TabIuIle;
e ofpalleHus K OUCKY B CIydae, KOTHa IIPeIoaraeTcs UCII0Ib30BaHue 60jee OJHOTO IaKeTa.

I'maBHBIN BBIBOZ: CTOMMOCTH XeIll-COeuHeHus mponopiuoHanbia N + M, rme N u M — 4YuCJIO CTPOK B COEIUHSIEMBIX
Habopax maHHHIX. [Tpu 6onmbmux N # M 3T0 3HAUYUTENNBHO BEITOJHEE, YEM IIPOU3BEMEHUE B CITyYae COEIUHEHUS BHEIIHUM
IIUKJIOM.



[lapannensHo, 0AVH Npoxon Q SSSSSSSSSSSS

I[Tpoliecchbl UCTIO/B3YIOT OOIIYI0 XeI-TabauiTy
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[MapannenbHbIN aSITOPUTM Posigres

e
Parallel Hash Join
Parallel Parallel Hash Parallel Parallel Hash Parallel Parallel Hash
Seq Scan n Seq Scan Seq Scan A
Parallel Parallel Parallel
Seq Scan Seq Scan Seq Scan

Parallel Hash Join Parallel Hash Join
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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.
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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

=> SET work_mem = '64MB"';
SET
BEITOJTHUM 3alIpoc C arperamnuei:

=> 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: 115424kB
-> Parallel Seq Scan on bookings b (actual rows=703703 loops=3)
(11 rows)

O6paTuTe BHUMaHUe Ha UCIHIONb30BaHue namMatu (Memory Usage): 00beM IIpeBHIIaeT OrpaHudYeHue, yCTaHOBIEHHOE [T
opHOTO paboyero mporecca, Ho B 00IIyI0 TaMsTh TPeX IIPOIECCOB XemI-TabIuIa IOMeI[aeTcsi. [I09TOMy BBHIIIOTHSETCS
omHOIpoxogHoe coenuHeHue (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

naket nakert nakeTt naketr
1 2 3 4 nakert naket nakeTt naket
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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.

O6paTtuTte BHUMaHUE, YTO KaxApblih MPOLLECC 3anmnCbIiBAET CTPOKN B KaXKApblid
BPEMEHHbI ¢halin; 3anMcb CUHXPOHU3NPYETCA.

3atem paboumne npouecchl napanienbHO YNTaKT BTOPOI HAGop AaHHbIX 1
Takxe pa3buBaloT ero Ha NakeTbl U 3aMMCbIBalOT BO BpeMeHHble thaiinbl.

Takum o6pasom, npu N naketax Ha guck 3anucbiBatoTcs 2N chaiinos.



o)) PROFESSIONAL

ConocTaB/ieHue Pos}gres

work_mem x hash_mem_multiplier

| album_id name
-
xew-tabnuua }
(naket 1) : ‘
|

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

(naket 2)

xew-tTabnuua <«
(naket 3)

naket
4 naket
4

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

Emre ymeHbIIUM 00HEM ITaMSITU, U COEIUHEHNE CTaHeT OBYXIIPOXOOHEIM C YeTHIPbMS ITaKeTaMU:
=> 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: 1048576 Batches: 4 Memory Usage: 28864kB
-> Parallel Seq Scan on bookings b (actual rows=703703 loops=3)
(11 rows)
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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. Hanmmmure 3arnpoc, nokasbIBarolyMi KMeHa MacCa’>KUpoB U
HOMepa pPercoB, 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_id, bp.seat_no
FROM flights f
JOIN boarding_passes bp ON bp.flight_id = f.flight_id;

QUERY PLAN
Hash Join (cost=8298.51..229403.28 rows=7925811 width=7)
Hash Cond: (bp.flight id = f.flight id)
-> Seq Scan on boarding passes bp (cost=0.00..137537.11 rows=7925811 width=7)
-> Hash (cost=4772.67..4772.67 rows=214867 width=4)
-> Seq Scan on flights f (cost=0.00..4772.67 rows=214867 width=4)
(5 rows)

Hcnonb30BaHO COeqUHEHME XelnnpoBaHueM.

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT f.flight_id, 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: 131072 Batches: 4 Memory Usage: 2917kB
-> Seq Scan on flights f (actual rows=214867 loops=1)
(6 rows)

Xemr-Ta6uila He ITIOMECTHUIIACh [ETUKOM B ITaMsITh, MOTPE6OBATIOCH YETHIPE ITaKeTa.

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=114696.33..114696.34 rows=1 width=8)
-> Gather (cost=114696.11..114696.32 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=113696.11..113696.12 rows=1 width=8)
-> Parallel Hash Join (cost=5467.82..105440.06 rows=3302421 width=0)
Hash Cond: (bp.flight id = f.flight id)
-> Parallel Seq Scan on boarding passes bp (cost=0.00..91303.21 rows=3302421 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)

3mech IIAaHUPOBINKK MCIIOIB30BAaJl TapaUIesIbHEIH IIJIaH. B mpeabiayeM 3anpoce 3T0 He ObUIO OIIPaBAaHO M3-3a BEICOKOU
CTOMMOCTH II€PECHIJIKU OJaHHBIX MEXKY IIPOolleCCaMiy, a B JaHHOM CJIy4ae I1epefgaeTcsda TOJIBKO OOHO YHCIIO.

=> 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)

O6paTute BHUMaHUe Ha nojie loops B y3max Bhime u Huke Gather — oHO COOTBETCTBYET peasibHOMY YHCITy IIPOLIECCOB,
paboTaBIIMX HaJ 3aIIPOCOM.

3. IIaccaxkuphl 1 HOMepa PeHCcoB

=> 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)

CHauarna BEIIONHsSETCS coequHeHue O6unetos (tickets) c mepeneramu (ticket flights), mpuuem xem-Tabnuma cTpouTcs mo
Tabnule OUIETOB.

3areM peticH (flights) coenuHsAIOTCS ¢ pe3ynbTaToOM II€PBOr'0 COeNUHEHUS; Xeul-TabIuIla CTPOUTCS 110 Tabulle peiicos.



