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Tembl Posigres

Co3aaHue NoIb30BaTe/IbCKUX arperaTHbIX (PyHKLIUM
MexaHu3M pab0Thl OKOHHBIX (PYHKIIMM U UX CO3/laHue

[TapannenbHOe BBITIOJIHEHWE arperaTHbIX (PYHKLIUMA
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ArperaTtHble (PYHKLNY Posigres

[TocTpouHast 06paboTKa arperupyemMoii BLIOOPKH

COCTOsIHUE
(yHKLMY nlepexoa U (prHanu3aluu

yHKLMA nepexosa
( mekywee 3HayeHue )

HavyasibHoe PyHKLUSA
cocTosHne - MHanm3auum
_[ cocTo ¢ L

"\ sHve

\J

B PostgreSQL nmeeTtcsa 4ocTaTO4HO MHOIO BCTPOEHHbIX arperaTHbIX
doyHKUMIA. YacTb N3 HUX onpegeneHa ctaHAapToM (Takue, Kak min, max,
sum, count 1 T. n.), YacTb ABASAETCA paclUMpeHneM cTaHgapTa.

https://postgrespro.ru/docs/postgresql/16/functions-aggregate

Ho nHorga MoxeT okasarbCs Mosie3HbIM Co34aTb COOCTBEHHYIO arperatHyto
doyHKUMI0. Takasa pyHKUnA paboTaeT o4eHb NPOCTO.

IMeeTcs HEKOTOPOE COCTOsHME, NpeAcTaBeHHoe 3Ha4YeHeM Kakoro-simbo
TUNa faHHbIX, KOTOPOEe NHULMANTM3NPYETCA onpeaeneHHbIM 3Ha4YeHneM
(Hanpumep, TN humeric N HadasibHoe 3HadeHue 0).

[NA Kakaoi CTPOKM arpermpyemoit BbiI6OpKM Bbl3biBaeTCA (PyHKLNA
nepexoga, kotopas nosyyaeT 3HauyeHue N3 TekyLe CTPOKN N [o/HKHA
0OHOBUTbL COCTOAHKE (Hanpumep, NpubaBNAeT Tekyllee 3Ha4YeHne

K COCTOSIHUIO).

B KoHLe Bbi3blBaeTCcs pyHKUMA douHanm3auum, kotopas npeobpasyer
nosly4yeHHoe B pesysbrare paboTbl COCTOAHUE B pe3y/ibTaT arperaTHoium
doyHKUMM (B HaLLEM NpUMepe LOCTAaTOYHO NPOCTO BEPHYTb YNC/I0 — B UTOre
nosiydaeTca aHasior oyHKUnm sum).

https://postgrespro.ru/docs/postgresql/16/xaggr




ArperarHbie (PyHKIITUH

=> CREATE DATABASE ext_aggregates;

CREATE DATABASE

=> \c ext_aggregates

You are now connected to database "ext aggregates" as user "student".

Me1 6ymeM nucaTh GYHKLIHIO OJIsI IOJIyYEHUs CPEOHET0, aHAJIOT BCTPOEHHOU (YHKIINH avd.
HauneM c TOT0, 4TO CO3maguM TabIuIy:

=> CREATE TABLE test (
n float,
grp text

);

CREATE TABLE

=> INSERT INTO test(n,grp)
VALUES (1,'A"), (2,'A'), (3,'B'), (4,'B"), (5,'B");

INSERT 0 5
CocTosiHUEe JOJXKHO BKJIIOYATh CyMMY 3Ha4YE€HUM U UX KOJIU4YecTBO. [I03TOMy cO3maguM COCTaBHOM THII:

=> CREATE TYPE average_state AS (
accum float,
qty float

);

CREATE TYPE

Tenepb omnpenennuM (I)yHKHI/IIO mepexona. Ona BO3Bpallla€T HOBO€ COCTOAHKE HAa OCHOBE TEKYIIETO, HpHﬁaBJ’IHH TeKyliee
3HAQ4YEeHHe K CyMMe U €eOUHUITY K KOJIU4YEeCTBY.

M5l TakKe BKITIOYUM B (l)yHKI.[I/IIO OTHaI[O‘IHBIﬁ BBEIBO[, YTOOBl UMETh BO3MOXKHOCTh Haﬁf[K)HaTb 3a ee BEISOBOM.

=> CREATE FUNCTION average_transition(
state average_state,
val float
)
RETURNS average_state AS $$
BEGIN
RAISE NOTICE '%(%) + %', state.accum, state.qty, val;
RETURN ROW(state.accum+val, state.qty+1)::average_state;
END;
$$ LANGUAGE plpgsql IMMUTABLE;

CREATE FUNCTION
OyHKIMS QUHATHU3aLUY AEJIUT [T0IyYeHHYI0 CYMMYy Ha KOJIMYeCTBO, YTOOHI IIOJIy4YUTh CpefHee:

=> CREATE FUNCTION average_final(
state average_state
)
RETURNS float AS $$
BEGIN
RAISE NOTICE ‘= %(%)', state.accum, state.qty;
RETURN CASE
WHEN state.qty > 0 THEN state.accum/state.qty
END;
END;
$$ LANGUAGE plpgsql IMMUTABLE;

CREATE FUNCTION

W HakoHeI] Hy?>KHO CO3[aTh arperaT, yKa3aB TUI COCTOSTHUS M eT0 HadaJbHOe 3HaueHHe, a TakxkKe QyHKIUY mepexona u
buHanuzanmu:

=> CREATE AGGREGATE average(float) (

stype = average_state,
initcond = '(0,0)',
sfunc = average_transition,

finalfunc = average_final
)i

CREATE AGGREGATE



MoxkHo po6oBaTh Hallly arperaTuyio GyHKIUIO B pabore:

=> SELECT average(n) FROM test;

NOTICE: 0(0) + 1
NOTICE: 1(1) + 2
NOTICE: 3(2) + 3
NOTICE: 6(3) + 4
NOTICE: 10(4) + 5
NOTICE: = 15(5)
average
3
(1 row)

Braromapst oTamo4YHOMY BEIBOLY XOPOIIO BUIHO, KaK U3MeHsIeTCs HadalbHoe cocTostHue (0,0).
Oyuknus paboraeTr u npu ykasaHuu rpynnuposku GROUP BY:

=> SELECT grp, average(n) FROM test GROUP BY grp;

NOTICE: 0(0) + 1
NOTICE: 1(1) + 2
NOTICE: 0(0) + 3
NOTICE: 3(1) + 4
NOTICE: 7(2) + 5
NOTICE: = 12(3)
NOTICE: = 3(2)
grp | average
_____ B

B | 4

A | 1.5

(2 rows)

3]1er BUOHO, YTO UCIIOJIB3YIOTCS ABa PA3HBEIX COCTOSAHHUSA — CBO€ [OJIsA Ka)KJ:[OfI T'PDYIIIIEL.



OKOHHble (PyHKUUNK Po@%’iﬁ%é%

OKHO omipe/ie/isieT arperupyemMyto BbIOOPKY /it KaXKA0H CTPOKH

OVER () OVER (PARTITION BY)
12345 12|345
12345 12345
12345 12|345
12345 12|345
12345 12345

OKOHHbIe (hyHKUMKM paboTatoT NoA06HO arperarHbiM, BbIYMCIAA 3HAUYEHNe
Ha OCHOBE HEKOTOPOW BbIGOPKN. DTa BblIbOpKa Ha3blBaeTCs pamKod.

Ho, B oT/Inume oT arperarHbiX QdyHKLUMIA, CTPOKM HE CBOpPaYNBatOTCA B OAHY
06Llyt0, @ BMECTO 3TOr0 3Ha4YeHME BbIYMCNIAETCA ANA KaXO0A CTPOKU
BbIGOPKMN.

OkHO 3agaetcs B npeasiokeHnn OVER nocne nmeHu pyHKUnn.

Ecnn okHo yka3aHo kak OVER(), TO OKOHHasa oyHKUMSA BblYUCIAETCA
Ha OCHOBE BCEX CTPOK — OAWHAaKOBO A1 KaXA0N CTPOKN BbIGOPKN.

Ecnun onpegeneHne okHa BkntoyaeT dopasy PARTITION BY, To okoHHasd
OYHKUMSA BbIYMCNAETCA HA OCHOBE TPy CTPOK (aHa/1I0rM4yHo rpynnupoBkKe
GROUP BY). B aTtom cniyyae Ansa Bcex CTPOK Of4HOM rpynnbl 6yaeT
No/ly4eHO OAMHAKOBOE 3HaYeHne (PYHKLUMN.



OVER(

Co3pmaHHas HaMU arperatHasi GyHKIUsS paboTraeT Kak OKOHHas 6e3 BCSIKUX NU3MEeHEeHUH:
=> SELECT n, average(n) OVER() FROM test;

NOTICE: 0(0)
NOTICE: 1(1)
NOTICE: 3(2)
NOTICE: 6(3)
NOTICE: 10(4) + 5

+ 4+ + +
AWN R

NOTICE: = 15(5)
n | average
e,
1| 3

2 | 3

3| 3

4 | 3

5 | 3

(5 rows)

O0OpaTuTe BHUMAHUE, YTO, ITOCKOJIBKY PaMKa [IJIsi BCeX CTPOK OOMHAKOBA, 3HAUYEHUE BEIYUCIISIETCS TOJIBKO OOWH pas3, a He
OJIS1 OJ1s1 KaXXK[OW CTPOKH.

W nnsa npepnoxenuss PARTITION BY:
=> SELECT n, grp, average(n) OVER(PARTITION BY grp) FROM test;

NOTICE: 0(0) + 1
NOTICE: 1(1) + 2
NOTICE: = 3(2)

NOTICE: 0(0) + 3
NOTICE: 3(1) + 4
NOTICE: 7(2) + 5

NOTICE: = 12(3)

n | grp | average
i B
1] A | 1.5
2 A | 1.5
3|18B | 4
4 | B | 4
5| B | 4
(5 rows)

3mech Bce paboTaeT TOYHO TaK XKe, Kak [Jsi o0bryHoM rpynnupoBku GROUP BY.



HapacTatowmin ntor Po@SF“éE

«I'omoBa» PAMKH MOXXET ABHUIdThCs

OVER (ORDER BY) OVER (PARTITION BY ORDER BY)
12 3 45 12345
12345 12345
12345 12345
12 3 45 123 4|5
12345 12345

Kak TonbKo B onpefenieHnn okHa Mbl yKasbiBaem npegnoxeHne ORDER BY,
ynopsagoymnsatoLLiee CTPOKM BbIGOPKY, Npeanonaraercs, 4To paMmka okHa
OXBaTbIBAET CTPOKM OT camMOoi NepBOn A0 TeKyLlen. DTO MOXHO 3anucarb

N ABHbIM 06pa3zom: ROWS BETWEEN UNBOUNDED PRECEDING AND
CURRENT ROW.

Hanpumep, ecnu B KauecTBe OKOHHOV oyHKLMM UCMNOMb3YeTca sum, Mbl
Nosly4aem CyMMy «HapacTatoLLMM UTOroM>.

KoHeuHo, 4151 KaxKA0W rpynnbl CTPOK, onpeaensemMbix npeasioxeHmem
PARTITION BY, okHO 6yaeT cBoe.



OVER(ORDER BY)

Ecnm go6aBuTh K onpeneneHuio paMku npennoxenue ORDER BY, nmomy4yuM paMKy, «XBOCT» KOTOPOM CTOUT Ha MeCTe, a
TOJIOBa IBUKETCS BMeCTe C TeKylllell CTPOKOM:

=> SELECT n, average(n) OVER(ORDER BY n) FROM test;

NOTICE: 0(0) + 1

NOTICE: = 1(1)
NOTICE: 1(1) + 2
NOTICE: = 3(2)
NOTICE: 3(2) + 3
NOTICE: = 6(3)
NOTICE: 6(3) + 4
NOTICE: = 10(4)
NOTICE: 10(4) + 5
NOTICE: = 15(5)
n | average
e,

1| 1

2 | 1.5

3| 2

4 | 2.5

5 | 3

(5 rows)

CHOBa He TOHAKOOMIIOCh HUKAKUX U3MEHEHUN — BCce paboTaeT. 3mech BUNHO, KAK KaXKOas CJIEAyoInas CTpoKa
TIOCJIEOBATEILHO NOOABIISIETCS K COCTOSIHUIO U BBI3HIBAETCSI QYHKIMS (DUHATU3AINN.

TTonHast GopMa TOTO K€ 3aIpoca BEITIISIOUT TaK:

SELECT n, average(n) OVER(

ORDER BY n -- COpPTUpPOBKa
ROWS BETWEEN UNBOUNDED PRECEDING -- ot camoro Havana
AND CURRENT ROW -- 0O TeKyweW CTPOKM
)
FROM test;

To ke camoe paboTaeT u B couetanuu ¢ PARTITION BY:

=> SELECT n, grp, average(n) OVER(PARTITION BY grp ORDER BY n)

FROM test;
NOTICE: 0(0) + 1
NOTICE: = 1(1)
NOTICE: 1(1) + 2
NOTICE: = 3(2)
NOTICE: 0(0) + 3
NOTICE: = 3(1)
NOTICE: 3(1) + 4
NOTICE: = 7(2)
NOTICE: 7(2) + 5
NOTICE: = 12(3)

n | grp | average
e, .
1] A | 1
2 A | 1.5
3| 8B | 3
4 | B | 3.5
5| 8B | 4
(5 rows)



Pamky
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CKonb35Lasa pamMmka Posjgres

MoryT BUraThCsl «rO/I0Ba» M «XBOCT» PAMKHU OJHOBPEMEHHO

OVER (ROWS BETWEEN 2 PRECEDING AND CURRENT ROW)

12345

12345

12345

112 3 4|5

3HaYeHne
Haao ybpatb
13 COCTOSAHUA

12345

MOXHO yKa3aTb ABHO B npeanoxeHnn ROWS BETWEEN. B Tom

yncne gsuratbCA MOXET He TOJIbKO «rosioBa» paMKu, HO N ee «XBOCT».

https://

postgrespro.ru/docs/postgresgl/16/sql-expressions#SYNTAX-WINDO

W-FUN

CTIONS

Ecnn B

npeablayLumx npuMepax pamka ToMbKo paclumpsinach (B Hee

[06aBANNCb BCe HOBble 3HAYeHWs), TO Tenepb paHee A06aB/IEHHblE

3Ha4yeH
UTOOBbI

NSt 3HAYEHUS MOTYT «yXOAUTb» U3 PaAMKM.
nosib3oBarefibckas arperarHas oyHkuus padéotasa apdpekTnBHO

B TaKOM peXxnme, Hy>KHO peasin3oBaTtb beHKLIII/IPO MHBEPCUN, KOTOpPas
YCTPaHAET 3Ha4YeHNE N3 COCTOAHNUA.



OVER(ROWS BETWEEN)

C nomorsio ¢ppa3sl ROWS BETWEEN MoxHO 3amaTh J1I00yi0 Heo6xonuMyIo KOHGUTypaIluio paMKy, yKa3bBas (B
YACTHOCTH):

UNBOUNDED PRECEDING — c caMoro Haydala;
n PRECEDING — n npepgboymux;

CURRENT ROW — Tekyiasi CTPOKa;

n FOLLOWING — n cienymomnux;

UNBOUNDED FOLLOWING — mo caMoro KOHIa.

PaccMOTpuM BHIYKCIEHHE «CKOJIB3SIIIET0 CPETHETO» AJIs TPEX 3HAUEHUH. B OTIHYKe OT IPedbIgyIuX IPUMEPOB U3
COCTOSIHUS NOJIZKHO «BBIYUTATHCSI» 3HAUYEHUE, YXOOAIee U3 PAMKHU, HO Y HAC €CTh TOJIBKO QYHKINS «H00aBIEHUSI».
EnuHCTBEHHEBIN CIIOCOO BHIIIOJIHUTH 3aIIPOC — IIEPECUYUTHIBATh BCIO PAaMKy 3aHOBO:

=> SELECT n, average(n) OVER(ROWS BETWEEN 2 PRECEDING AND CURRENT ROW)
FROM test;

NOTICE: 0(0) + 1

NOTICE: = 1(1)
NOTICE: 1(1) + 2
NOTICE: = 3(2)
NOTICE: 3(2) + 3
NOTICE: = 6(3)
NOTICE: 0(0) + 2
NOTICE: 2(1) + 3
NOTICE: 5(2) + 4
NOTICE: = 9(3)
NOTICE: 0(0) + 3
NOTICE: 3(1) + 4
NOTICE: 7(2) + 5
NOTICE: = 12(3)
n | average
.

1] 1

2 | 1.5

3| 2

4 | 3

5 | 4

(5 rows)

OT0, KOHEeYHO, Heab(DEeKTUBHO, HO MEI MOXKeM HalucaTh HeJOCTAIOIYI0 QYHKIIUIO «<MHBEPCUU»:

=> CREATE FUNCTION average_inverse(
state average_state,
val float
) RETURNS average_state AS $$
BEGIN
RAISE NOTICE '%(%) - %', state.accum, state.qty, val;
RETURN ROW(state.accum-val, state.qty-1)::average_state;
END;
$$ LANGUAGE plpgsql IMMUTABLE;

CREATE FUNCTION

HykHO yKa3aTh 9Ty GYHKIUIO B ONIpeieJIeHUH arperara:
=> DROP AGGREGATE average(float);

DROP AGGREGATE

=> CREATE AGGREGATE average(float) (
-- 0ObI4HbIA arperar

stype = average_state,
initcond = '(0,0)',
sfunc = average_transition,

finalfunc = average_final,

-- BapuaHT ¢ obpaTHoi ¢yHKuuen
mstype = average_state,
minitcond = '(0,0)',

msfunc = average_transition,
minvfunc = average_inverse,

mfinalfunc = average_final

)i
CREATE AGGREGATE



IIpoGyem:

=> SELECT n, average(n) OVER(ROWS BETWEEN 2 PRECEDING AND CURRENT ROW)
FROM test;

NOTICE: 0(0) + 1

NOTICE: = 1(1)
NOTICE: 1(1) + 2
NOTICE: = 3(2)
NOTICE: 3(2) + 3
NOTICE: = 6(3)
NOTICE: 6(3) -1
NOTICE: 5(2) + 4
NOTICE: = 9(3)
NOTICE: 9(3) - 2
NOTICE: 7(2) + 5

NOTICE: = 12(3)
n | average

Temepb JTUIIHUX OMlePAIUi He MTPOUCXOMHUT.
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[Mapannennsm Posigres

O6nenyHeHre COCTOSTHU Mapaslle/lbHbIX TTPOL[eCCOB

pyHKUMA Nepexoaa

Ha4danbHoe
COCTOAHME

hyHKUMA

o6beanHeHne COCTO- turanusaun

COCTOSIHMIA qaHune

> o

Ha4YasibHOe
COCTOSIHME

dyHKUMA Nepexoga

11

ArperaTHble (PyHKUNN MOTYT BbINOTHATLCSA B Napasl/ieNlbHOM pPeXnme.
OCHOBHOW npoLecc, BbIMOMHALWNIA 3anpoc, MOXET CO3[aTb HECKOJIbKO
oOHOBbIX pabo4ymx NPOLLECCOB, KaXKabI N3 KOTOPbIX BYAET BbINOSTHATb
napannenbHyt 06paboTKy YacTu AaHHbIX B y3ne njaHa. 3arem
NOIyYEHHbIE pe3ynbTaTbl NepeaarTca B OCHOBHOM NPOLECC, KOTOPbI
cobupaet ux n qoopmMmpyeT ooLLNA pesynbTar.

UT06bI NOMb30BaTeNbCKNE arperaTHble yHKUUN Mornin paboTatb
napasifienibHo, HYXXHO peann3oBaTtb (PYHKLMIO 00beAMHEHNS ABYX
COCTOSIHMI B OAHO 0o06LLee.



ITapaninenu3m

Tabmuila € ISIThIO CTPOYKAMM, KOHEYHO, CITMIIKOM Maja OJjIsl IapajlyIeIbHOTO BEIITONHEHUSI. Bo3bMeM OO0bIlle JaHHBIX:

=> CREATE TABLE big (
n float
);

CREATE TABLE

=> INSERT INTO big
SELECT random()*10::integer FROM generate_series(1l,1_000_000);

INSERT 0 1000000

=> ANALYZE big;

ANALYZE

BcTpoenHtble arperatable GyHKIIUN MOTYT BBIIIOJIHSATHCS B IIapajljIeIbHOM PeXKUMe:
=> EXPLAIN SELECT sum(n) FROM big;

QUERY PLAN
Finalize Aggregate (cost=10633.55..10633.56 rows=1 width=8)
-> Gather (cost=10633.33..10633.54 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=9633.33..9633.34 rows=1 width=8)
-> Parallel Seq Scan on big (cost=0.00..8591.67 rows=416667 width=8)
(5 rows)

A pamra GyHKUUS — HeT:
=> EXPLAIN SELECT average(n) FROM big;

QUERY PLAN
Aggregate (cost=264425.25..264425.26 rows=1 width=8)
-> Seq Scan on big (cost=0.00..14425.00 rows=1000000 width=8)
JIT:
Functions: 3
Options: Inlining false, Optimization false, Expressions true, Deforming true
(5 rows)

YToOH OOAepKaTh MapasjiebHoe BhIIOJIHeHne, TpeGyeTcs emle onHa GYHKIHS A1 00beIUHEHHUs IBYX COCTOSIHU:

=> CREATE FUNCTION average_combine(
statel average_state,
state2 average_state
) RETURNS average_state AS $$%
BEGIN
RAISE NOTICE '%(%) & %(%)',
statel.accum, statel.qty, state2.accum, state2.qty;
RETURN ROW(
statel.accum+state2.accum,
statel.qty+state2.qty
) ::average_state;
END;
$$ LANGUAGE plpgsql IMMUTABLE;

CREATE FUNCTION
Kpowme Toro, y6epeM OT/IafO4YHbIM BEIBOJ, 13 GYHKIIUU Ilepexofa:

=> CREATE OR REPLACE FUNCTION average_transition(
state average_state,
val float

)

RETURNS average_state

LANGUAGE sql IMMUTABLE

RETURN ROW(state.accum+val, state.qty+1)::average_state;

CREATE FUNCTION

Ilepeco3mamuM arperat, yKa3as HOBYIO QYHKIIMIO ¥ IIOATBEPAUB 6€30I1aCHOCTH MapasiIeJIbHOTO BEIITOTHEHHUS:



=> DROP AGGREGATE average(float);
DROP AGGREGATE

=> CREATE AGGREGATE average(float) (
-- 0Obl4HbIA arperar

stype = average_state,
initcond = '(0,0)",

sfunc = average_transition,
finalfunc = average_final,
combinefunc = average_combine,
parallel = safe,

-- BapuaHT ¢ obpaTHoi ¢yHKuuen
mstype = average_state,
minitcond = '(0,0)',

msfunc = average_transition,
minvfunc = average_inverse,
mfinalfunc = average_final

)i

CREATE AGGREGATE

Teneps Hama GyHKIMUSA ToxXe paboTaeT NapaieNbHo:
=> EXPLAIN SELECT average(n) FROM big;

QUERY PLAN
Finalize Aggregate (cost=113759.38..113759.39 rows=1 width=8)
-> Gather (cost=113758.42..113758.63 rows=2 width=32)
Workers Planned: 2
-> Partial Aggregate (cost=112758.42..112758.43 rows=1 width=32)
-> Parallel Seq Scan on big (cost=0.00..8591.67 rows=416667 width=8)
JIT:
Functions: 5
Options: Inlining false, Optimization false, Expressions true, Deforming true
(8 rows)

=> SELECT average(n) FROM big;

NOTICE: 0(0) & 1716103.4306671338(343068)
NOTICE: 1716103.4306671338(343068) & 1642599.702914722(328328)
NOTICE: 3358703.133581856(671396) & 1646657.0587575578(328604)
NOTICE: = 5005360.192339414(1000000)
average
5.005360192339414
(1 row)

3mechs BUAHO, YTO TPH IIpollecca MONeNIuiIN paboTy IPUMEPHO IOPOBHY, ¥ 3aTEM TPU COCTOSHUS OBIIIA ITOTIAPHO
00BbEeIUHEHHI.

B OKOHHOM pezKHuMe IapaeslbHOe BHIIOJIHEHNE He IIOAePKUBAETCsI, B TOM YHCJIEe U [JISI BCTPOEHHBIX (QYHKIWH.



of] PROFESSIONAL

Toru Posigres

PostgreSQL rio3Bo/sieT C03/jaBaTh arperarHbie U OKOHHbIE
hyHKLUU

ArperarHble ¥ OKOHHbIe (DYHKIIMU IAtOT BOSMOXXHOCTh
HCII0/Ib30BaTh ITPoLieypHYyi0 06paboTKy B cTrie SQL

13
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Mpaktuka L) Posigras

1. HanuiuTe OTUeT, BLIBOASIIHI CK/IaJICKKe OCTATKHU M0 KaXK/[OH
KHUTE B IEHE)KHOM BbIp@)XeHUH (HMCIIO/b3Ys 3aKyIIOUHYH0, a He
PO3HUYHYIO 1ieHy). OdopmuTe oTueT Kak (hOHOBOe 3a/jaHHe.
YuTuTe, UTo MOCTYIUIEHUS POUCXOJAT Pa3HbIMU MAPTUSIMU
T10 pa3HOH IIeHe, a TIPOJIaKK HUKAK He TPUBSI3aHbl K TTAPTHSIM.
[To3TOMy cuMTaiiTe, UTO B MEPBYIO OUEpe/Ib MPOAAIOTCS KHUTH
13 6osee CTapbix MapTHA.

2. [NononHuTe paciuvpeHue bookfmt dyHKIMsaMM min 1 max zyist
dopmara uzganus. OGHOBUTE BepCUIO pacliMpeHust U ybeanuTecs,
4TO (PYHKLMU MOSIBUIUCH B Oa3e JJaHHbIX.
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1. HayHuTe ¢ 3anpoca K Tabnuue operations, BbIBOASLLETO TOTbKO
MNOCTYNNIEHUS KHUT, HO A06aBbTE CTOMOEL, NoKa3blBaloLWNA obLlee
KOIMYECTBO NPOAAHHBLIX KHUT AaHHOro MNOCTYNEeHMS.

B kauecTBe npumepa KHUr1, Ans KOTOPOi Ha CKnaje ocTa/IMCb SK3eMNSpPbI
N3 HECKOJ/IbKMX NapTuii, MOXXHO B3SiTb KHUTY ¢ book id = 15.

HanuwmnTte OKOHHY (OYHKLMIO, BbIYMCAAIOLLYHO MPU UCNOJSIb30BaHUN
B peXuMe «HapacTarLLero ntTora» 0CTaToK KHUI AaHHOro MOCTYMNeHNs Ha
cknage (wnn pewunTe 3agady, UCNOMb3ya MMEOLNECA OKOHHbIe QOYHKLUUN).

2. PacwupeHne bookfmt 66110 HanncaHo B npakTuke Kk tTeme «CosgaHne
pacLnpeHunin».



1. OTyeT MO CKJIAJACKHM OCTaTKaM

HauneM ¢ nIpocToro 3amnpoca, KOTOPHY BEIBOOUT IIOCTYILJIEHUS KHUT U [00aBiseT K KaXXI0M CTPOKe KOJIUYEeCTBO IIPOIaHHBIX
9K3EeMIIJITPOB HaHHON KHUTHU

=> WITH sold(book_id, qty) AS (
== NpPojaXu KHUr
SELECT book_id,
-sum(qty)
FROM  operations
WHERE qty < 0
GROUP BY book_id
)
SELECT o.book_id,
o.qty,
s.qty as sold_qty,
o.price
FROM operations o
LEFT JOIN sold s ON s.book_id = o.book_id
WHERE o.qty > 0
AND o.book_id = 15 -- pna npuvepa
ORDER BY o.book_id, o.at;

book id | gty | sold qty | price

--------- R
15 | 36 | 515 | 1159
15 | 40 | 515 | 1290
15 | 35 | 515 | 1360
15 | 32 | 515 | 1210
15 | 37 | 515 | 1659
15 | 29 | 515 | 1286
15 | 31 | 515 | 1585
15 | 48 | 515 | 1686
15 | 35 | 515 | 1669
15 | 28 | 515 | 1345
15 | 33 | 515 | 1517
15 | 30 | 515 | 1582
15 | 28 | 515 | 1458
15 | 32 | 515 | 1522
15 | 32 | 515 | 1276
15 | 21 | 515 | 1422
15 | 28 | 515 | 1604

(17 rows)

Ham xoTesiocs OBl UMETh (byHKL[I/IIO, KOTOpPas Ha OCHOBaHUHU CTOJ'IGLIOB qty u SOldiqty BBEIYHCJIUT OCTATOK KHHUT OT KazXKJa0Tro
IIOCTYIIJIEHUSA.

CocTostHuE TaKOou arperaTHoﬁ d)yHKLII/II/I, KOTOPYIO MBI 6leeM HCIIOJIB30BATh B PEXKUME «HapaCTalollero uTora», BKJI4YaeT
ABa LIeJIbIX YHClia:

® KOJIM4YEeCTBO KHHUT, YK€ pacCIIpefesIeHHbIX MeXXy IIOCTYIIJIEHUAMU;
® KOJIN4YECTBO HepacCIIPOAaHHBIX KHUT B TEKYIIEM IIOCTYIIJIEHUHU.

=> CREATE TYPE distribute_state AS (
distributed integer,
qty integer

)i

CREATE TYPE

(DyHKHI/Iﬁ Imepexonga yBeJIn4uBaeT KOJIMYEeCTBO pacClpenesIeHHbIX KHUT' Ha YXUCJIO KHUT B IIOCTYIIJIEHUH, HO TOJIBKO OO0 TeX
II0pP, IIOKa OHO He IIPEBBIIIAeT 06H.(el"0 YHUCJia MIPOJAaHHBIX KHUT':

=> CREATE FUNCTION distribute_transition(
state distribute_state,
qty integer,
sold_qty integer
)
RETURNS distribute_state
LANGUAGE sql IMMUTABLE
RETURN ROW(
least(state.distributed + qty, sold_qty),
qty - (least(state.distributed + qty, sold_qty) - state.distributed)
)::distribute_state;

CREATE FUNCTION



CDyHKLII/IH (I)I/IHaJ'[I/I3aHI/II/I IIPOCTO BO3BpPAIllae€T KOJIMYECTBO HEPACIIPOOAHHBIX KHUT' TEKYIIETrO IIOCTYIIJIEHUA:

=> CREATE FUNCTION distribute_final(
state distribute_state

)

RETURNS integer

LANGUAGE sql IMMUTABLE

RETURN state.qty;

CREATE FUNCTION
Co3spmaeM arperar, yKa3aB TUII COCTOSIHUS U eT0 HadajlbHOe 3Ha4ueHue, a Takxke QYHKIUY Iepexona u dUHanu3alum:

=> CREATE AGGREGATE distribute(qty integer, sold_qty integer) (

stype = distribute_state,
initcond = '(0,0)"',
sfunc = distribute_transition,

finalfunc = distribute_final

)i
CREATE AGGREGATE

[To6aBuM HOBYIO arperaTHyio (pyHKIIHIO K 3aIIPOCY, yKa3aB I'PyNNUpPOBKY o KHuraMm (book id) u copTUpoBKYy B mopsimke
BPeMEeHU COBEPILIEHUs Ollepalnii:

=> WITH sold(book_id, qty) AS (
== NpojaXu KHuUr
SELECT book_id,
-sum(qty): :integer
FROM  operations
WHERE qty < 0
GROUP BY book_id
)
SELECT o.book_id,
o.qty,
s.qty as sold_qty,
distribute(o.qty, s.qty) OVER (
PARTITION BY o.book_id ORDER BY o.at
) left_in_stock,
o.price
FROM  operations o
LEFT JOIN sold s ON s.book_id = o.book_id
WHERE o.qty > 0
AND o.book_id = 15 -- pgna npumepa
ORDER BY o.book_id, o.at;

book id | qty | sold gty | left in stock | price

--------- L e R S e
15 | 36 | 515 | 0 | 1159
15 | 40 | 515 | 0 | 1290
15 | 35 | 515 | 0 | 1360
15 | 32 | 515 | 0 | 1210
15 | 37 | 515 | 0 | 1659
15 | 29 | 515 | 0 | 1286
15 | 31 | 515 | 0 | 1585
15 | 48 | 515 | 0 | 1686
15 | 35 | 515 | 0 | 1669
15 | 28 | 515 | 0 | 1345
15 | 33 | 515 | 0 | 1517
15 | 30 | 515 | 0 | 1582
15 | 28 | 515 | 0 | 1458
15 | 32 | 515 | 0 | 1522
15 | 32 | 515 | 0 | 1276
15 | 21 | 515 | 12 | 1422
15 | 28 | 515 | 28 | 1604

(17 rows)

OcTanoch yopaTh YCIOBHE [AJisi KOHKPETHON KHUTH, YMHOXKHUThL OCTAaTOK HA LIEHY, CrPYIIHUPOBATh PE3y/IbTaT 0 KHUTAM U
odbopMuUTh 3anpoc B Bume GyHKUMM, 4YTOOH 3aPEruCTPUPOBATh ee Kak POHOBOe 3afaHue:



=> CREATE FUNCTION stock_task(params jsonb DEFAULT NULL)
RETURNS TABLE(book_id bigint, cost numeric)
LANGUAGE sql STABLE
BEGIN ATOMIC
WITH sold(book_id, qty) AS (
-- NPomaxu KHWUT
SELECT book_id, -sum(qty)::integer FROM operations
WHERE qty < 0
GROUP BY book_id
), left_in_stock(book_id, cost) AS (
SELECT o.book_id,

distribute(o.qty, s.qty) OVER (
PARTITION BY o.book_id ORDER BY o.at
) * price
FROM operations o
LEFT JOIN sold s ON s.book_id = o.book_id
WHERE o.qty > 0
)
SELECT book_id, sum(cost) FROM left_in_stock GROUP BY book_id ORDER BY book_id;
END;

CREATE FUNCTION
=> SELECT register_program('OTyeT no cknapckum octatkam', 'stock_task');

register program

©QOVWoONOUTEA WN

=

(10 rows)

3aMeTHM, 4TO 3a7avy MOKHO PEIIUTh U C IIOMOIIBI0 CTAHAAPTHEIX OKOHHEIX (QYHKITHN:



=> WITH sold(book_id, qty) AS (
== NpogaxXu KHUr
SELECT book_id,
-sum(qty)
FROM  operations
WHERE qty < 0
GROUP BY book_id
), received(book_id, qty, cum_qty, price) AS (
-- NOCTYNAEHUs KHUT
SELECT book_id,
qty,
sum(qty) OVER (PARTITION BY book_id ORDER BY at),
price
FROM  operations
WHERE qty > 0
), left_in_stock(book_id, qty, price) AS (
-- OCTaBWMECs Ha cKnapge KHUIM
SELECT r.book_id,
CASE
WHEN r.cum_qty - s.qty < 0 THEN 0
WHEN r.cum_qty - s.qty < r.qty THEN r.cum_qty - s.qty
ELSE r.qty
END,
r.price
FROM  received r
LEFT JOIN sold s ON s.book_id = r.book_id
)
SELECT book_id,
sum(qty*price)
FROM  left_in_stock
GROUP BY book_id

ORDER BY book_id

LIMIT 10; -- orpaHuM4uMM BbIBOf,
book id | sum
_________ [ S
1| 5661
2 | 9224
3 | 13200
4 | 10400
5 | 28105
6 | 9259
7 | 7455
8 | 18615
9 | 15744
10 | 49676

(10 rows)

Pa3yMeeTC$I, OT4YeT HETPYOHO CaejiaThb 6oJiee HATJISIOHLIM, BEIBOMISI HA3BaHUE KHUTY BMECTO I/II[eHTI/I(bI/IKaTopa.

2. Min u max ajsa tuna book_format

Cetiyac pyHKIIME min 1 max paboTaloT He B COOTBETCTBUU C ONIPEJeJIEHHBIM PaHee KJIaCCOM OIePaTOPOB:

=> SELECT min(format), max(format) FROM books;

min | max
___________ Fomm e -
60x100/16 | 84x108/32
(1 row)

A BOT IpaBUJIbHBIN ITOPSAOK:

=> SELECT format FROM books GROUP BY format ORDER BY format;



(76,100,32)
(84,108,32)
(60,84,16)
(60,88,16)
(60,90,16)
(66,90,16)
(60,100,16)
(70,90,16)
(70,100,16)
(84,108,16)
(60,90,8)

(11 rows)

Co3pgapguM Bepcuio 1.1 pacmpeHus ¢ y4eToM CJIeQyoIero:

e CocTOosgHUEM OJid arperaTHoﬁ (l)yHKL[I/II/I SABJIAETCA TeKylllee MUHUMAaJIbHOe (MakcuMaslbHOE) 3HaYeHue.

. (DyHKLII/IS{ Imepexona 3alliCekIBaeT B COCTOsIHME MUHUMAJIbHOE (MakcuMasnbHOE) U3 ABYyX 3HaYEeHUHN — 3allOMHEHHOI'0 B
COCTOAHHNHU U TEKYIIEro.

. q)yHKI.II/IiI (I)I/IHaJII/I3aLII/II/I He Hy>KHa — BO3BpalllaeTCsda IIPOCTO TeKYylllee COCTOsIHuE.

student$ cat bookfmt/bookfmt.control

default version = '1.1'
relocatable = true
encoding = UTF8

comment = 'OopMaTt u3paHua'

student$ cat bookfmt/bookfmt--1.0--1.1.sql

\echo Use "CREATE EXTENSION bookfmt" to load this file. \quit

CREATE FUNCTION format min transition(
min_so far book format,
val book format

)

RETURNS book format

LANGUAGE sql IMMUTABLE

RETURN least(min_so far, val);

CREATE AGGREGATE min(book_format) (

stype = book format,
sfunc = format_min transition,
sortop =<

)

CREATE FUNCTION format max transition(
max_so far book format,
val book format

)

RETURNS book format

LANGUAGE sql IMMUTABLE

RETURN greatest(max_so far, val);

CREATE AGGREGATE max(book format) (

stype = book format,
sfunc = format_max_transition,
sortop = >

)

IIpu co3pmaHuM arperarta MbI JOIIOTHUTEIFHO YKa3aly OllepaTop COPTUPOBKH, PeaNu3yOUUNA CTPATErHI0 «MEeHbIIIe»
(«BonpIe») Kiacca onepaTopoB, YTOOH! IIJIAHUPOBIIUK MOT ONITEMU3UPOBATh BEI30B HAIIMX arperaTHHX GYHKIUN, IIPOCTO
rojty4asi lepBoe 3HadeHUe U3 UHAEeKca.

student$ cat bookfmt/Makefile

EXTENSION = bookfmt
DATA = bookfmt--0.sql bookfmt--0--1.0.sql bookfmt--1.0--1.1.sql

PG_CONFIG = pg config
PGXS := $(shell $(PG_CONFIG) --pgxs)
include $(PGXS)

student$ sudo make install -C bookfmt

make: Entering directory '/home/student/bookfmt'
/bin/mkdir -p '/usr/share/postgresql/16/extension'
/bin/mkdir -p '/usr/share/postgresql/16/extension'



/usr/bin/install -c -m 644 .//bookfmt.control '/usr/share/postgresql/16/extension/"'
/usr/bin/install -c -m 644 .//bookfmt--0.sql .//bookfmt--0--1.0.sql
.//bookfmt--1.0--1.1.sql '/usr/share/postgresql/16/extension/"'

make: Leaving directory '/home/student/bookfmt'

BEBIMOTHUM OOHOBJIEHUE:

=> ALTER EXTENSION bookfmt UPDATE;

ALTER EXTENSION
ITpoBepuM:

=> SELECT min(format)

76x100/32 | 60x90/8
(1 row)

=> SELECT min(format)

::text, max(format)::text FROM books;

::text, max(format)::text FROM books WHERE false;



of] PROFESSIONAL

[1pakTuka+ Pos{gres

1. HamummTe arperatHyto (yHKIUIO, BEIUUC/ISIOLIYIO
CpeJiHeB3BellIeHHOe 3HaueHue [I7isi COBOKYITHOCTH 3/IEMEHTOB
HeCKOJIbKMX TUMOB. Beca /ijis1 TUTIOB 3/1eMeHTOB Tiepe/iatoTCst
GyHKI[MY B BU/le MacCHBa.

2. busHec-ueHTp cAaeT ouckl KOMIaHUsIM. B koHLle Mecsiia
aaMuHucTparyu bl mpuxoauT ob1muii cueT 3a 3/1eKTPO3IHEPTHUIO,
KOTODBIM HaJI0 pacripe/ie/iuTb MeXXAy apeHAaropamMmu
MPOTOPLMOHA/IBHO TI/IOL[a i 3aHMMaeMbIX [TOMeEL[eHUH.
BricTaBnsieMble apeHjaTopaM cueTa He00XOAUMO OKPYI/IUTh
710 KoTeek, HO TaK, 4YToObl MX CyMMa COBIIajia CO 3HaueHUeM,
yKa3aHHBIM B 0011[eM cyeTe.
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1. CpefHeB3BeLLIEHHOe 3Ha4YeHe COBOKYNHOCTY 3/1EMEHTOB — cpefHee
3HayeHue, yumTbiBatoLLee BEC, NN BaXKHOCTb, KaXKA0ro a/ieMeHTa.
3Ha4veHue BbluMcgeTca no goopmyne

(xw(t) +xw(t) + ... +x w(t)) / (w(t) +w(t)+ ...+ w(t)), rae
X, — 3HaYeHNe aNemMeHTa, t — TUN aN1eMeHTa, w(t) — Bec afleMeHTa
AaHHOTo TUna.

TpebyeTcs HanucaTb arperaTHyro (oyHKUNIO crieaytoLero suaa:
w_agv(x float, t integer, w float[]).

2. MomeleHnss busHec-LeHTpa MOXHO NpeAcTaBuUTb TabnmLeil:

rent (
renter text PRIMARY KEY, -- apeHpaTop
area integer -- nnoowaab, MA2

)
Mpumep, nokasbiBaloLWmii NPo6/1IeMY C 0ObIYHLIM OKPYTIEHUEM:
INSERT INTO rent VALUES ('A',100), ('B',100), ('C',100);

SELECT round(1000.00 * area / sum(area) OVER ()), 2)
FROM rent,



1. CpegHeB3BEeNIEHHOE 3HAYEHHE

=> CREATE DATABASE ext_aggregates;

CREATE DATABASE

=> \c ext_aggregates

You are now connected to database "ext aggregates" as user "student".

PaccMoTpuM 3afavy Ha MpUMepe JaHHBIX 00 OlleHKaX 3a 9K3aMeHalUWOoHHEIEe PA6oTH. [IyCTh B 9K3aMeHAllMOHHEIN OUleT
BXOOST TEOPETUYECKUE BOIIPOCH! (TUIl 1) U mpaKTHUYeCKUe 3afaHus (TUI 2), IpudYeM 3aJaHusI UMeI0T OOJIbIITNY BEC B
UTOTOBOM OI[EHKE.

=> CREATE TABLE results (
student text,
task_type integer CHECK (task_type IN (1,2)),
task_score float CHECK (task_score BETWEEN 1 AND 10)
)i

CREATE TABLE

=> INSERT INTO results(student, task_type, task_score) VALUES

('WBanoB', 1, 4),

('WBanoB', 1, 6),

('WBanoB', 2, 10),

('MetpoB', 1, 8),

('NeTtpoB', 1, 10),

('NeTtpoB', 2, 5);
INSERT 0 6

CoCTosTHUE OIMIIIEM KaK COCTAaBHOM THII, COCTOSIIIIUN U3 CYMMEI HpOH3Be,E[eHI/Iﬁ 3HAYEeHUH Ha COOTBeTCTByIOU.IHfI BEC U
CYMMEI BECOB:

=> CREATE TYPE w_avg_state AS (
w_accum float,
w_sum float

)i

CREATE TYPE
OyHKIHS epexona OymeT moaydaTs (KpoMe COCTOSIHUSI) TPU IlapaMeTpa: TeKyllee 3HaYeHNe, ero TUII U MacCUB BECOB:

=> CREATE FUNCTION w_avg_transition(
state w_avg_state,
val float,
val_type bigint,
weight float[]
)
RETURNS w_avg_state AS $$
DECLARE
w float = coalesce(weight[val_type], 0);
BEGIN
RAISE NOTICE '%(%) + % * % [%]', state.w_accum, state.w_sum, val, w, val_type;
RETURN ROW (state.w_accum + coalesce(val, 0) * w, state.w_sum + w)::w_avg_state;
END;
$$ LANGUAGE plpgsql IMMUTABLE;

CREATE FUNCTION

(DyHKLII/I?I (I)I/IHaT[I/I3a].II/II/I BBIUUCIISAET CPEJHEB3BEIIEHHOE KaK OTHOIIIEHUuE CyMMBbIL HpOPI3BeJIeHPIfI 3HAYEeHUH Ha
COOTBETCTBYHKOII[E BEeCa K CyMMe BECOB:

=> CREATE FUNCTION w_avg_final(
state w_avg_state
)
RETURNS float AS $$
BEGIN
RAISE NOTICE ‘= %(%)', state.w_accum, state.w_sum;
RETURN CASE
WHEN state.w_sum > 0 THEN state.w_accum / state.w_sum
END;
END;
$$ LANGUAGE plpgsql IMMUTABLE;

CREATE FUNCTION

Temneps 06bsIBNIsIEM arperart:



=> CREATE AGGREGATE w_avg(float, bigint, float[]) (

stype = w_avg_state,
initcond = '(0, 0)',
sfunc = w_avg_transition,

finalfunc = w_avg_final

)i
CREATE AGGREGATE

Teneps moxgcuuTaeM CpeIHEeB3BelIeHHEIe OIeHKHU 3a 9K3aMeH, CIaHHLIM CTyIeHTaMu, [1ojlarasi, 4To pelieHue
IpPaKTUYECKOM 3ajla’yy BOBOE IIeHHEEe OTBETA Ha TEOPETUYECKHUM BOIIPOC:

=> SELECT student, w_avg(task_score, task_type, ARRAY[1, 2])
FROM results
GROUP BY student;

NOTICE: 0(0) + 4 * 1 [1]
NOTICE: 4(1) + 6 * 1 [1]
NOTICE: 10(2) + 10 * 2 [2]
NOTICE: 0(0) + 8 * 1 [1]
NOTICE: 8(1) + 10 * 1 [1]
NOTICE: 18(2) + 5 * 2 [2]

NOTICE: = 28(4)
NOTICE: = 30(4)
student | w_avg
_________ L
Netpos | 7
NBaHoB | 7.5

(2 rows)

2. OkpyrjieHue Komneek

=> CREATE TABLE rent (
renter text PRIMARY KEY,
area integer

);

CREATE TABLE

=> INSERT INTO rent VALUES ('A',100), ('B',100), ('C',100);

INSERT 0 3

CocTostHMe arperaTHoO# QyHKUUHM OyAeT BKIII0YATh OKPYTJIEHHYIO CyMMY U OIIUOKY OKPYTJIEHHUS:

=> CREATE TYPE round2_state AS (
rounded_amount numeric,
rounding_error numeric

)i
CREATE TYPE

OyHKIUSA epexona nobaBiseT K COCTOSTHUIO OKPYTJIEHHYIO0 CYMMY U OIIMOKY OKpYTJIeHUs. A eciu omubKa OKpPyTJI€HUS
TepeBanuBaeT 3a IOJIKONEHKH, TO H00aBiIseT KOIeHKy K CyMMe.

=> CREATE FUNCTION round2_transition(
state round2_state,
val numeric
)
RETURNS round2_state AS $$
BEGIN
state.rounding_error :=
state.rounding_error + val - round(val,2);
state.rounded_amount :=
round(val,2) + round(state.rounding_error, 2);
state.rounding_error :=
state.rounding_error - round(state.rounding_error, 2);
RETURN state;
END;
$$ LANGUAGE plpgsql IMMUTABLE;

CREATE FUNCTION
Oynknusa GhUHaATKU3alMK BO3BpalllaeT OKPYIIeHHYI0 CyMMY:

=> CREATE FUNCTION round2_final(
state round2_state

)

RETURNS numeric

LANGUAGE sql IMMUTABLE

RETURN state.rounded_amount;



CREATE FUNCTION
OOGBbSBIISIEM arperar:

=> CREATE AGGREGATE round2(numeric) (

stype = round2_state,
initcond = '(0,0)",
sfunc = round2_transition,

finalfunc = round2_final

)i
CREATE AGGREGATE

IIpob6yem. HaMm HyKeH KaKOU-TO OIIpefielIeHHbIN, HO He BaXXHO KaKO¥ MMEHHO, IOPSOOK IIPOCMOTPa CTPOK. B maHHOM
clydae IOOXOOUT apeHOaTop, IIOCKOJIbKY OH YHUKAIeH.

=> WITH t AS (
SELECT *, sum(area) OVER () total_area
FROM rent
)
SELECT *, round2( 1000.00 * area / total_area ) OVER (ORDER BY renter)
FROM t;

renter | area | total area | round2

-------- R P
A | 100 | 300 | 333.33
B | 100 | 300 | 333.34
C | 100 | 300 | 333.33
(3 rows)



