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Co3aHue Nob30BaTe/IbCKUX arperaTHbIX (PyHKLUM
MexaHu3M paboTbl OKOHHBIX (DYHKIUN U UX CO3/laHue

[TapanenbHOe BBITIOJTHEHWE arperatHbIX (QyHKLIWN
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ArperartHbie (OyHKLNK Posggres

[TocTpouHasi 06paboTka arpervpyemoii BbIOOpKU

COCTOsIHUE
byHKLMK nlepexozia v hUHaIM3aLru

yHKUMA Nepexosa
( mekyuwjee 3Ha4eHue )

HauasnibHoe hyHKUMS
cocTosiHue COCTO- huHanmsauymum

"\ sHne

\J

B PostgreSQL nmeeTcsa gocTtato4HO MHOIO BCTPOEHHbIX arperaTHbIX
doyHKUMI. YacTb U3 HUX onpeaenieHa ctaHgapToMm (Takue, Kak min, max,
sum, count 1 T. N.), YacTb SABMSETCSA paclUMpeHnem cTaHgapTa.

https://postgrespro.ru/docs/postgresgl/16/functions-aggreqgate

Ho nHorga MoxeT okasartbCA Mosie3HbIM Co34aTb COOCTBEHHYIO arperatHyro
JoyHKUMI0. Takasa pyHKUNA paboTaeT o4eHb NPoCTo.

IMeeTcs HEKOTOPOe COCTOsHME, NpeAcTaB/IeHHoe 3Ha4YeHeM Kakoro-simbo
TUNa AaHHbIX, KOTOPOe NHUUMaTN3NPYETCS onpeaesieHHbIM 3Ha4YeHnem
(Hanpumep, TN NUMeric N HadasibHoe 3HadeHue 0).

[Nna KaKoi CTPOKM arpermpyemoin BblI6OpKM Bbl3biBAeTCA (PYHKLNA
nepexopa, kKotopasi nosyyaeT 3Ha4YeHne 13 TekyLen CTPOKN 1 A0/HKHA
00OHOBUTbL COCTOAHNE (Hanpumep, NpMbaBNAeT Tekyllee 3Ha4yeHne

K COCTOSIHMIO).

B KoHLUe BbI3blBaeTCa (PyHKUMA PuHann3aunm, kotopas npeobpasyer
nosly4yeHHoe B pe3ysibtarte paboTbl COCTOSAHNE B pe3y/ibTar arperaTHom
doyHKUMM (B HALLeM NpuUMepe LOCTaTOYHO NPOCTO BEPHYTb YAC/I0 — B UTOTE
noay4yaercsa aHanor pyHKUMmn sum).

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



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

ArperaTHbie QYHKIMH

=> CREATE DATABASE ext_aggregates;

CREATE DATABASE

=> \c ext_aggregates

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

ME&I 6y1eM ucaTh GYHKITHIO JJIS IT0JIyUYeHUsI CpeJHero, aHaJIoT BCTPOeHHOU QYyHKIIUY avg.
HauHeM ¢ TOro, 94TO CO3JaM Tab/IUILy:

=> CREATE TABLE test (
n float,
grp text

)i

CREATE TABLE

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

INSERT 0 5
CocTostHHe 0/DKHO BKIIOYAThL CYMMY SHaUEHHH M UX KOJHYeCTBO. /[JI ero XpaHeHHs CO3/aJuM COCTaBHOM THIIL:

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

);

CREATE TYPE

Tenepb orpenesiiM (DYHKHI/IIO Iiepexonaa. OHa BO3BpaliaeT HOBOe COCTOsIHHE Ha OCHOBE TE€KYIIEro, HpI/I6aBJ'IHFI TeKylllee 3SHaueHHne
K CyMMe U eTUHUITY K KOJINYECTBY.

MBI TaKyKe BKJIIOUNM B QYHKITHIO OTJIaJI0UHBIN BBIBOJ], YTOOBI IMeTh BOSMOXKHOCTh HaGJII0/IaTh 3a ee BHI30BOM.

=> 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
DOYHKINS GUHAIH3AIIH [e/INUT IIOTyIeHHYI CYMMY Ha KOJIMYIeCTBO, YTOOHI IIOJIYIHTh CPeHee:

=> 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

U HaKOHeIT HY>KHO CO3/1aTh arperar, ykasaB THII COCTOSTHUS U eT0 HauaJbHOe 3HaueHUe, a Takoke QYHKITUY ITlepexosia 1
buHaMM3aUH:

=> CREATE AGGREGATE average(float) (

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

finalfunc = average_final
)i

CREATE AGGREGATE



Mo>kHO ITpo60BaTh Hallly arperaTHy QyHKITHUIO B paboTe:
=> SELECT average(n) FROM test;

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

+ + + +
AWN R

Byiaroziaps 0T/1aJ04HOMY BBIBOJY XOPOIIIO BH/IHO, KaK H3MeHseTCsa HadaJbHoe cocTossHHe (0,0).
dyHKIMA paboTaeT U IPU yKasaHUHU IpynnupoBKu 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
_____ L

B | 4

A | 1.5

(2 rows)

3;1ec1; BHU/THO, YTO UCIIOJIB3YIOTCA JBa PAa3HBIX COCTOAHUSA — CBOe I Ka)KﬂOfI TPYIIIIBL.



OKOHHble (PyHKLUWUNK Po&a?s%

OKHO or1pe/ie/isieT PaMKY (arperupyemMyro BbIOOPKY)
JUTS1 K&KIOWU CTPOKU

OVER () OVER (PARTITION BY)
12345 12345
12345 12345
12345 12345
12345 12345
12345 12345

OKOHHble (hyHKLUMN paboTaroT NoA0OHO arperaTHbiM, BbIYUCIASA 3HAYEHNE Ha
OCHOBE HEKOTOPOW BbIGOPKN. DTa BbIOOpKA Ha3biBaeTCA pamKodl.

Ho, B OT/InuMe OT arperarHbiX PyHKUMIA, CTPOKM HE CBOPaYMBaOTCA B OOHY
00Lyt0, 8 BMECTO 3TOro 3Ha4eHne BblUNCIAETCA A1 KaKA0M CTPOKM
BbIOOPKMN.

OkHO 3agaetca B npensioxeHnn OVER nocne nmeHn yHKUnn.

Ecnn okHo yka3aHo kak OVER(), To OKOHHast (pyHKUMA BblUNCNAETCS
Ha OCHOBE BCEX CTPOK — OAMHAKOBO AJ/19 KaXKA0W CTPOKM BbIOOPKMN.

Ecnn onpegeneHne okHa BkntoyaeT dopasy PARTITION BY, To OKOHHas
JoYHKUMSA BbIYMCIAETCA HA OCHOBE rpynn CTPOK (aHanorM4yHo rpynnupoBke
GROUP BY). B atom cniydyae a/1s1 BCeEX CTPOK OAHOI rpynnbl 6yaeT nosyyvyeHo
O[MHaKOBOE 3HaYeHne PyHKLMN,



OVER()

COSﬂaHHaH HaMU arperaTHas ll)yHKI_[I/IH pa60TaeT KaK OKOHHasl 6e3 BCIKUX N3MeHeHUH:

=> SELECT n, average(n) OVER() 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)
n | average
.

1 | 3

2 | 3
3| 3

4 | 3

5 | 3

(5 rows)

O6paTuTe BHUMaHUe, 4TO, IIOCKOJIbKY PaMKa /IJIsI BCeX CTPOK OAMHAaKOBa, 3Ha4eHHe BBIUHC/IAETCS TOJIBKO OJJUH pas, a He I I
Ka’K/I01 CTPOKU.

W g nipepuioskeHuss 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
[ B
1] A | 1.5
2 | A | 1.5
3| 8B | 4
4 | B | 4
5| B | 4
(5 rows)

3meck Bce paboTaeT TOYHO TakK JKe, Kak Il 00BI9HOM rpynnupoBKu GROUP BY.



HapacTatowmin ntor Pogéa?zs%

«I'omoBa» PAMKH MOXXET OABUI'dTbhCs

OVER (ORDER BY) OVER (PARTITION BY ORDER BY)
12345 12345
12345 12345
123[45 12345
12345 12345
12345 12345

»
»

Kak ToNbKO B onpefenieHnn okHa Mbl yKasbiBaem npegnoxeHne ORDER BY,
ynopsgounsatoLlee CTPOK/ BbIOOPKK, NpeanosiaraeTcs, YTo pamMka OkHa
oXxBaTbIBAET CTPOKN OT camoii NepBoi A0 Tekyule. ATO MOXHO 3anucaTb

N ABHbIM 0b6pa3zom: ROWS BETWEEN UNBOUNDED PRECEDING AND
CURRENT ROW.

Hanpumep, ecnu B KauecTBe OKOHHO (PYHKLIMM UCNONb3YETCA SUM, Mbl
Mosly4aem CyMMy «HapacTaroLLMM UTOroM>.

KoHeuHo, A/151 KaXKA0W rpynnbl CTPOK, onpeaensemMbix npeasioxXeHmem
PARTITION BY, pamka 6yaeTt pacnonaratbCcs B npegenax aToi rpynnol.



OVER(ORDER BY)

Eciiu 106aBUTH K OIIpefie/IeHUI0 OKHa IIpefiyiokeHre ORDER BY, IOTy9HM paMKYy, «XBOCT» KOTOPOM CTOMT Ha MecCTe, a T0JI0Ba
JBIDKETCS BMeCTe C TeKyIllei 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 HOHaﬂO6I/IJIOCL HUKaKHUX U3MeHeHUHN — Bce pa60TaeT. SHGCL BHUTHO, KaK KaK/iad cjaeyromiasi CTpoKa I10C/ie1oBaTeJIbHO
I[O6aBJIHeTCﬂ K COCTOSTHHIO U BBI3BIBAETCA (l)yHKHHH (1)HH3JII/I3aI_[I/II/I.

ITosiHast popMa TOTO Ke 3aIIPoca BHITJISIIUT TaK:

SELECT n, average(n) OVER(

ORDER BY n -- COpTUpPOBKa
ROWS BETWEEN UNBOUNDED PRECEDING -- ot camoro Havana
AND CURRENT ROW -- 0O TeKyweu CTPOKH
)
FROM test;

To >xe camoe paboTaeT u B coueTaHuu ¢ 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
i B
1] A | 1
2 | A | 1.5
3|18B | 3
4 | B | 3.5
5| B | 4
(5 rows)
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CKonb35Lasa pamMka Posjgres

MoryT ABUTaTbCSI «TOJI0Ba» U «XBOCT» PAMKH OJJHOBPEMEHHO

OVER (ROWS BETWEEN 2 PRECEDING AND CURRENT ROW)

12345

A

12345

3HayeHne
Hafo ybpatb
13 COCTOSIHUSA

»

PamMKy MOXHO yKa3aTb ABHO B npeg/oxeHnn ROWS BETWEEN. B Tom
yncrie ABUraTtbCAa MOXET He TO/IbKO «r0/10Ba» PaMKu, HO N ee «XBOCT».

https://postgrespro.ru/docs/postgresqgl/16/sql-expressions#SYNTAX-WINDO

W-FUNCTIONS

Ecnn B npeabloylmx npuMmepax pamMmka To/1bKO paclumnpsisiach (B Hee
[06aBANNCb BCe HOBbIE 3HAYEHWs), TO Tenepb paHee gobaBneHHble
3HAYEHNS 3HAYEHNSA MOTYT «YXOAUTb» U3 PaAMKM.

UT0o6bI NoNb3oBarTesibCckasa arperartHas pyHkuma pabortana apdpekTnsHo
B TAKOM pexume, HY>KHO peann3oBaTb (PyHKLMIO MHBEPCUM, KOTopas
yCTpPaHAET 3HauYeHNe N3 COCTOAHUA.


https://postgrespro.ru/docs/postgresql/16/sql-expressions#SYNTAX-WINDOW-FUNCTIONS
https://postgrespro.ru/docs/postgresql/16/sql-expressions#SYNTAX-WINDOW-FUNCTIONS

OVER(ROWS BETWEEN)

C noMoibio pasel ROWS BETWEEN M0>KHO 3afaTh JII00yI0 He0OXOAMMYH0 KOHQUTYpAIIHIo paMKH, YKa3blBasl (B 4aCTHOCTH):

UNBOUNDED PRECEDING — ¢ caMoro HaudaJjia;
n PRECEDING — n mpefbIayIux;

CURRENT ROW — TeKyIIas CTpoKa;

n FOLLOWING — n CJIeAYIOIIUX;

UNBOUNDED FOLLOWING — 0 caM0Tro KOHIIa.

PacCMOTPHM BEIYHCIEHHE «CKOJIB3SINET0 CPeHET0» I TPEX 3HAUEHH. B 0T/IMYIHe OT Ipe/bIAYIUX IIPUMEPOB M3 COCTOSHHUS
TIOJDKHO «BBIYMTAThCS» 3HAUEHHUE, YXO/sIIlee U3 PAMKH, HO Y Hac eCTh TOIbKO QYHKITUS «[06aBIeHUsI». ETUHCTBEHHBIN CII0CO6
BBIIIOJIHUTB 3aIIP0C — II€PECUUTHIBATE BCI0 PAMKY 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
I,

1 | 1

2 | 1.5

3| 2

4 | 3

5 | 4

(5 rows)

9T0, KOHEYHO, Hea(l)q)eKTI/IBHO, HO MBI MO’Ke€M HallkucCaTb HeJOCTaloIyI0 (byHKHI/IIO «UHBEPCHUU»:

=> 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

Hy>KHO yKa3aTh 3Ty QYHKITHIO B OIIpe/ie/IeHUY arperaTa:
=> DROP AGGREGATE average(float);

DROP AGGREGATE

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

);
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) -

NOTICE: 5(2) +

NOTICE: = 9(3)

NOTICE: 9(3) -

NOTICE: 7(2) +

NOTICE: = 12(3)
n | average

FNgy.

v N

Tenep}. JIMIITHHE OIlePaltiy He BBIIIOJTHAIOTCA.



[Mapannennsm Pos{gres

OO6beHeHNe COCTOSTHUM Mapaslie/lbHbIX TIPOL[eCCOB

(PyHKUMSA Nepexopa

Ha4dasibHoe
CoCToAHMe

yHKUMSA
o6beanHeHNe cocTo- tpuHan3auun
COCTOSIHWIA qHune

>

HaYasibHOe
CcocTosHue

(pyHKUMSA Nepexopa

11

ArperaTHble (PyHKUMN MOTYT BbINONHATLCA B Napasi/ie/IbHOM pexunme.
OCHOBHOW npoLecc, BbIMO/THALNA 3aNpoc, MOXET C03AaTb HECKO/IbKO
(J0OHOBbIX pPabounx NPOLLECCOB, KaX bl N3 KOTOPbIX OYAET BbINOHATb
napannenbHyt 06paboTKy YacTu AaHHbIX B y3/1€ NnaHa. 3atem
NoslyYeHHble pe3y/bTaTthbl NepeaatTcs B OCHOBHOW NPOoLECC, KOTOPbIN
cobupaet ux n dopmmpyeTt ooLLNn pesynsTar.

UTo6bl NO/b30BaTeNIbCKME arperaTHble yHKL MK MOrM paboTtaTthb

napannenbHo, HYXXHO peann3oBaTb PYHKLUMIO 06beANHEHUS ABYX
COCTOSIHMIA B 0AHO obLiee.



ITapasiesmsm

Taﬁnnua C IIATBI0 CTPOYKaMH, KOHEYHO, CJIUIITKOM MaJjia JJId I1apa/lIeJIbHOTO BBITIOJTHEHMS. Bo3bMeM GoJIbIIIEe JaHHBIX:

=> CREATE TABLE big (
n float
)i

CREATE TABLE

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

INSERT © 1000000

=> ANALYZE big;

ANALYZE

BCTpOEHHLIe arperaTHble (byHKHI/II/I MOTYT BBIIIOJIHATHECA B IIapaJyIeJIbHOM peXHMe:
=> 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 Hamra QyHKITHS — 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)

YToGHI IOAEP>KATh MapaJIIeIbHOE BBIIIOMHEHHUE, TPe6GyeTcs ellle oaHa GYHKITHS 11 06He[UHEHUS IBYX COCTOSTHII:

=> 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
KpoMme Toro, y6epeM OT/Ia[0UHBIH BEIBOZ U3 QYHKIIUY IT€PeX0ofia:

=> 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

Ilepeco3/aiM arperar, yKa3aB HOBYI0 QYHKITHIO U IT0/ITBEP/IUB 6e30I1aCHOCTH I1apaJlyIeITbHOTO BBIITOJTHEHUST:



=> 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 Hallla QyHKIMS ToXKe paboTaeT HapaLIebHO:
=> 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) & 1677204.5364560492(335560)
NOTICE: 1677204.5364560492(335560) & 1665859.2531424211(333576)
NOTICE: 3343063.7895984706(669136) & 1654883.505679228(330864)
NOTICE: = 4997947.295277699(1000000)

average

4.997947295277699
(1 row)

SHECB BHU/IHO, YTO TPHU IIpoIiecca I1oge/InIn pa60Ty IIPYMEPHO IIOPOBHY, U 3aTe€M TPU COCTOAHUA GBLITH II0IIapHO OG’I;eI[I/IHeHBI.

B OKOHHOM pe’KHMe IapaJsijieJIbHOe BhIIIOJIHEHNE He II0/[Iep>KUBAeTCs, B TOM YHUCJIe U /I/I BCTPOEHHBIX QYHKITHH.
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Toru Posygres

PostgreSQL mo3BoJisieT co3zaBarh arperaTHble U OKOHHbIE
byHKLMN

ArperarHble U OKOHHbIe (DYHKIIUU [1at0T BO3MO>KHOCTD
HCTI0/Tb30BaTh MPOLeAYPHYI0 00paboTKy B ctisie SQL
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of] PROFESSIONAL

Mpaktuka L) Posigras

1. HanuiuTe OTUeT, BLIBOASIIHIN CK/IaZiICKKe OCTAaTKU T10 KaXKI0H
KHUTE B ZIeHe)KHOM BbIpayKeHUH (MCITO/Tb3Ys 3aKyTIOUHYTO, a He
PO3HUUHYIO 1ieHy). OdopmuTe oTUeT Kak (HOHOBOE 3a/laHHUe.
YuTHTe, UTO MOCTYIUIEHUS] IPOUCXOJAT Pa3HbIMU MAPTUSIMU
110 pa3HOM IieHe, a MPO/IaXKK HUKAK He MPUBSI3aHbl K TTApTHIM.
[To3TOMy cuMTaiiTe, UTO B MEPBYIO OUepe/b MPOAAIOTCS KHUTH
13 Oosiee CTapbIX MApTHM.

2. [NononHuTte pacivpenue bookfmt dbyHKIMaAMM min 1 max zis
dopmara uznanusi. OGHOBHTE BepCHIO pacilivpeHus U yoeauTech,
yTO (DYHKLIMU TTOSIBUIUCH B Oa3e JaHHbIX.
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1. HayHuTe ¢ 3anpoca K Tabnuue operations, BbIBOAALLEINO TOTbKO
MNOCTYNNIEHUS KHUT, HO Alo6aBbTe CTONGEL, NOKa3blBaLLINA 0bLlee
KONIMYECTBO NPOAAHHbIX KHUI AAHHOrO NOCTYN/EHUS.

B kayecTBe npumepa KHUr1, Ans KOTOpoin Ha cknage oCTa/INCb 3K3eMNJIspbl
N3 HECKOJIbKMX NapTuUih, MOXHO B35Tb KHUTY € book id = 15.

HanuiimTe OKOHHYO (OYHKLNIO, BbIYMCASIOLLYIO MPY UCMO/b30BaHUN
B PEXMME «HAPaCTAMOLLLEro UTOra» OCTATOK KHUT I@aHHOTO MOCTYMN/IEHMS Ha
cknage (Mnu pewmnTe 3aaady, UCnonb3ysi UMELMNECS OKOHHbIE (DYHKLMN).

2. PacwupeHne bookfmt 6b1/10 HanMcaHo B NpakTuke K Teme «Co3gaHune
pacLnpeHnin».



1. OTYeT O CKJIaJCKHUM OCTaTKaM

HaunewMm c IIPOCTOrO 3aIrrpoca, KOTOpLIfI BBIBOIUT ITOCTYIVIEHU KHUT U ﬂO6aBJ’IHeT K Ka)KJIOﬁ CTPOKe KO/INMYECTBO ITPOJaHHBIX
9K3eMILIIPOB I[aHHOfI KHHUTH:

=> WITH sold(book_id, qty) AS (
-- NpPomaxu KHUT
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 npumepa
ORDER BY o.book_id, o.at;

book id | gty | sold qty | price

--------- B I
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 xoTeJsiochk 651 UMETh QYHKIIHI0, KOTOpast Ha OCHOBAaHUU CTOJIGIIOB (ty U sold_qty BBIYMCINUT OCTaTOK KHUT OT Ka’kK/J[0T0
TOCTYILIEHHUS.

CoCTOsSIHHe TaKOM arperaTHOM ¢YHKITHH, KOTOPYI0 MBI 6y/IeM HCII0JIb30BaTh B PEXKHMe «HapacTaloIlero UTora», BKIIYaeT JBa
LIeJIBIX YHCIa:

® KOJIMYeCTBO KHHT, y>Ke pacIIpeaeIeHHbIX MeXXIY II0CTYIVIEHUSIMU;
® KOJIMYECTBO HEPACIIPOJAHHBIX KHUT B TEKYIIEM IIOCTYILJIEHUH.

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

)i

CREATE TYPE

(DyHKI_II/IH Iepexo/a yBeJIMUruBaeT KOJIMYeCTBO paclpe/ie/IEeHHbIX KHUT Ha YHCJ/I0 KHUT B IIOCTYIVIEHUH, HO TOJIBKO 0 T€X II0D,
II0OKa OHO He IIpeBhIIIaeT 0611161‘0 qucjIa IPpOJaHHBIX 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



quHKI_II/IH (I)HH&HH3&HHH IIPOCTO BO3BpallfaeT KOJIMYEeCTBO HePaCIIPOJaHHBIX KHUT TeKYILEero II0CTyIVIEHUA:

=> CREATE FUNCTION distribute_final(
state distribute_state

)

RETURNS integer

LANGUAGE sql IMMUTABLE

RETURN state.qty;

CREATE FUNCTION
CospiaeM arperar, yKasaB THII COCTOSIHHS M €r0 HauaJIbHOe 3HaueHue, a TakKe QYHKI[UH I1epexo/ia ¥ GHUHaIN3aIliH:

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

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

finalfunc = distribute_final
)i

CREATE AGGREGATE

Jlo6aBHM HOBYIO arperaTHyI0 QYHKIIHIO K 3aIIpOCy, yKa3aB IPYIIIHPOBKY 10 KHUTaM (book_id) 1 cOpTHPOBKY B ITOps/iKe BpeMeHH
COBepIIIeHHU OllepalIiuii:

=> WITH sold(book_id, qty) AS (
-- NpPomaxu KHUT
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 -- pna npuvepa
ORDER BY o.book_id, o.at;

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

--------- B 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)

OcTastoch y6paTh YCJI0BHe /It KOHKPeTHOM KHHIH, YMHOXKHUTB OCTaTOK Ha IfeHy, CTPYIIINPOBATh Pe3y/IbTaT 110 KHUTaM |
0GOPMHUTH 3aIIpOC B BHAie GYHKITHH, YTOOEI 3apeTUCTPUPOBATE ee KaK $OHOBOE 3a/jaHHe:



=> 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('OT4yeTr no cknagckum octatkam', 'stock_task');

register program

book_id | cost

_________ B
1| 5661
2| 9224
3 | 13200
4 | 10400
5 | 28105
6 | 9259
7 | 7455
8 | 18615
9 | 15744
10 | 49676

(10 rows)

3aMeTHuM, UTO 3a/javy MOKHO PeITUTh U C IIOMOIIBI0 CTaHAAPTHBIX OKOHHBIX (byHKL[HfI



=> 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; -- orpaHuM4uM 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)

PaayMeeTca, O0TUEeT HEeTPYAHO CeIaTh 6oJee HarJIsIAHBIM, BBIBOJA Ha3BaHKE KHHUI'Y BMECTO I/IﬂeHTI/I(l)I/IKaTopa.

2. Min 1 max a1a tTuna book_format

Certuac (l)yHKHHH min 1 max pa60Ta10T He B COOTBETCTBHHU C OIIpeleJIEHHBIM paHee K/IaCCOM OIIEpaTOpOB:

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

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

A BOT IIpaBUJIbHBIN IIOPSIOK:

=> 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)

CoszasauM Bepcuro 1.1 pacIIMpeHUs C yYeTOM CIeAYIOIIero:

o CocTosTHHEM UL arperaTHoﬁ qDYHKI_II/II/I SIBJISETCS TeKylllee MUHUMaJIbHOe (MakcuMaJibHOE) 3HaUeHHUe.

o @yHKL{I/IFI Iepexoja 3alliCbIBaeT B COCTOIHNE MUHHUMaJIbHOE (MakcUMaJJIbHOE) U3 ABYX 3HaueHUM — 3alIOMHEHHOTO B
COCTOAHHHU U TEKYIIIETO.

o CDYHKLH/IH CIJI/IHaJII/IBaHI/II/I He Hy’>KHa — BO3BpalllaeTCsda IIPOCTO TeKYyIllee COCTOTHUEe.

bookfmt/bookfmt.control

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

comment = 'GopMaTt u3paHua'

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 =<

)5

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 = >

)5

IIpH co3/jaHHMH arperaTa MbI OIIOJTHUTEILHO YKa3aIx OIIePaTOp COPTUPOBKH, PeaTH3YIOIIHY CTPATETHIO «MEHBIIIe» («GOJIbIIe»)
KJIacca oIlepaTopoB, UTOOBI IUTAHUPOBIUK MOT OIITHMH3HUPOBATh BHI30B HAIIIMX arperaTHBIX QYHKIIUH, IPOCTO IoJIy4asi IepBoe
3Ha4YeHHe U3 HHJeKca.

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'

BBITIOJTHUM 0OHOBJIEHUE:

=> ALTER EXTENSION bookfmt UPDATE;

ALTER EXTENSION
IIpoBepum:

=> 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. HamnuimmTe arperatHyto ()YHKLMIO, BBIYMCIISIOLIYIO
Cpe/iHeB3BellleHHOe 3HaueHue I COBOKYITHOCTH 3/1eMeHTOB
HEeCKOIbKMX TUIOB. Beca /711 TUTIOB 3/1eMeHTOB MepesjatoTcst
(YHKLMM B BU/le MacCHBa.

2. busHec-ueHTp cAaeT ouckl KOMOaHUSAM. B KOHIle MecsLa
aaMUHUCTpaIruu B1I mpuxoauT obIIHii cUeT 3a 371eKTPO3HEPIHIo,
KOTOPBIM HaJ|0 pacrpesie/IiTh MeXAY apeHjaTopamMu
TMPOMOPLMOHA/IBHO TI/IOLaJiy 3aHMMaeMbIX [TOMEL[eHUH.
BricTaB/isieMble apeHziaTopaM cueTa HeoOXOAMMO OKPYT/IUTh
[0 KOTIeekK, HO Tak, UToObl X CyMMa COBIIajia CO 3HaUeHUEeM,
yKa3aHHBIM B 0011]eM cueTe.
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1. CpeaHeB3BeLLEHHOE 3HAaUYeHNe COBOKYMHOCTM 3/IEMEHTOB — cpeaHee
3HauYeHune, yunTbiBalOLEE BEC, NN BAXKHOCTb, KAX/0r0 3/1IEMEHTA.
3HaueHune BblUUCAETCS NO hopmye

(xw(t) +xw(t) + ... +xw(t)) / (w(t,) + w(t) + ... + w(t)), rae
X, — 3HaUEHMe 3NeMeHTa, {, — TUM 3NEeMeHTa, w(t) — Bec afeMeHTa
AJaHHOro Tnna.

TpebyeTca HanucaTb arperarHyro (oyHKUMIO crieaytoLero suaa:
w_agv(x float, t integer, w float[]).

2. MNomeLeHNs1 BU3HeC-LEeHTPa MOXHO NpeAcTaBUTb Tabnumueil:

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

)
Mprmep, nokasbiBaroLwmii NPo6aeEMY C 0ObIYHbIM OKPYIIEHNEM:
INSERT INTO rent VALUES ('A',100), ('B',100), ('C',100);

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



1. CpegHeB3BellleHHOE 3HaYeHUe

=> CREATE DATABASE ext_aggregates;

CREATE DATABASE

=> \c ext_aggregates

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

PaccMOTpHUM 3afiauy Ha IIpUMepe JJaHHBIX 00 OIleHKaX 3a 9K3aMeHaIlMOHHbIe pa6oTsl. IIyCTh B 9K3aMeHaIlMOHHBIN GHJIeT BXOAAT
TeopeTHUUeCcKHe BOIIPOCH! (THUII 1) U ITpaKTHUYeCcKHe 3aJaHus (THII 2), IpUYeM 3aJjaHus UMeI0T 60/IbIINY BeC B UTOTOBOM OIfeHKe.

=> 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),

('UBanoB', 2, 10),

('NeTtpoB', 1, 8),

('NeTtpos', 1, 10),

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

CocTosiHHE OITUIlIeM KaK COCTaBHOM THII, COCTOHH.[I/Iﬁ U3 CYMMBI HpOI/IBBe,Z[eHI/Iﬁ 3HaYeHHUI Ha COOTBeTCTBy}OH.[I/Iﬁ BeC U CYMMEI
Be€COB!:

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

)i

CREATE TYPE
DyHKIUA ITepexofa 6y/eT IoJIydaTh (KpoMe COCTOSIHHS) TPH IlapaMeTpa: TeKylllee 3HaUeHHe, er0 THII 1 MacCUB BECOB:

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

CREATE FUNCTION

(IDYHKL{I/IH (l)HHaﬂH3aHHH BBIYHUC/IAET CpeJHEeB3BEIIeHHOE KaK OTHOIIIEHHe CYMMBI HpOI/ISBeI[eHI/IfI 3HaYeHHUH Ha
COOTBETCTBYIOIIIME BeCa 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

Temepb 06bSBJISIEM arperar:



=> 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

A Terepb IOJCYMTAEM CPeIHEB3BEIIeHHbIE OI[eHKH 3a 9K3aMeH, CIaHHBIHA CTyIeHTaMHU, [10J1arasi, UTo PelleHre MPaKTHYeCKOH
3ajlayd BJIBOE IleHHee 0TBETAa Ha TeOPETHYECKUI 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
_________ B
Netpos | 7
NBaHoB | 7.5

(2 rows)

2. OKpyrJjieHHe Kolleek

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

)i

CREATE TABLE

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

INSERT 0 3

CocTosIHHe arperaTHOM QyHKITUY 6YZeT BKIKYATh OKPYIVIEHHYI0 CYMMY U OIIMOKY OKPYIJIEHUS:

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

)i
CREATE TYPE

DyHKIU ITepexofia Zo6aBJIsgeT K COCTOSIHUIO OKPYIJIEHHYI0 CYMMYy U OIIMOKY OKPYIJIEHHS. A eCJIH OIIH6Ka OKPYIJIeHHs
TepeBaJUBaeT 3a II0JIKOIIEMKH, TO 06aBJIsgeT KOIIEHKY 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
DYHKINS GHHAIM3AIIH BO3BpAIljaeT OKPYIJIeHHYI0 CYMMY:

=> CREATE FUNCTION round2_final(
state round2_state

)

RETURNS numeric

LANGUAGE sql IMMUTABLE

RETURN state.rounded_amount;



CREATE FUNCTION
OG6BSABIISIEM arperar:

=> CREATE AGGREGATE round2(numeric) (

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

finalfunc = round2_final
);

CREATE AGGREGATE

IIpo6yeM. HaM Hy>KeH KaKOH-TO OIIpeJie/IeHHEBIH, HO He Ba)KHO KaK0O¥ IMEHHO, IIOPS0K IIPOCMOTpa CTPOK. B TaHHOM cityuae
TIOJXO/IUT apeH/IaTOP, ITOCKOIBKY OH YHUKAJIEH.

=> 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

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



