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Co3iaHue No/b30BaTe/IbCKUX arperaTHbIX (PyHKLUM
MexaHu3M paboThl OKOHHBIX (PYHKIIMM U UX CO3/laHHe

[TapasnnenbHOe BHITIOJHEHWE arperaTHbIX (PyHKLWN



o)) PROFESSIONAL

ArperaTtHble (PYHKLNY Posigres

[TocTpouHast 06paboTKa arperupyemMoii BLIOOPKH

COCTOsIHME
(yHKLMY Tlepexoa U (prHanM3anuu

yHKLMA nepexoga
( mekywee 3HayeHue )

HavyasibHoe PyHKUUNSA
cocTosiHve COoCTO- ouHanmsaummn

"\ sHue

\J

B PostgreSQL nmeeTcsa 4ocTtaToO4HO MHOIO BCTPOEHHbIX arperaTHbIX
doyHKUMIA. YacTb U3 HUX onpegernieHa ctaHAapToMm (Takuie, Kak min, max,
sum, count 1 T. n.), YacTb ABNSAETCA paclUMpeHneM cTaHgapTa.

https://postgrespro.ru/docs/postgresqgl/12/functions-aggregate

Ho nHorga MoXeT okasarbCA Nosie3HbIM Co34aTb COOCTBEHHYIO arperaTrHyto
doyHKUMto. Takasa pyHKUnA paboTaeT o4eHb NPOCTO.

IMeeTcs HEKOTOPOEe COCTOsHME, NpeAcTaBeHHoe 3Ha4YeHMeM Kakoro-nmbo
TMNa faHHbIX, KOTOPOEe NHNLMAIU3NPYETCSA B Havasle onpefesieHHbIM
3HayeHneM (Hanpumep, TUMN numeric U HavYasibHoe 3HadeHue 0).

[Nnsa KaKaoi CTPOKM arpermpyemoit BbI6OpKM Bbl3biBaeTCA (PYHKLNA
nepexofa, KOTOPOi NepefaeTcs 3HaYeHne 13 TeKyLLEeil CTPOKKU, U KoTopas
[O/MKHA 06HOBUTL COCTOSAHME (Hanpumep, OyHKLUNA CNOXEHUS).

B KoHLUe BbI3blBaeTCs (pyHKUNA douHanm3auum, kotopas npeoobpasyer
nosly4eHHoe B pesysibtTarte paboTbl COCTOSAHME B pe3y/ibTart (B Halem
npumMepe JOCTaTOYHO NPOCTO BEPHYTb YNC/I0 — B UTOre NoslyvyaeTcs aHanor
JoyHKUMM sum).

https://postgrespro.ru/docs/postgresgl/12/xaggr




ArperarHbie (PpyHKIITUH

=> CREATE DATABASE ext_aggregates;

CREATE DATABASE

=> \c ext_aggregates

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

Me1 6ygeM nucaTh GYHKLIHIO OJIsI IOJIyYEeHUs CPEOHET0, aHAJIOT BCTPOEHHOU (YHKIIMH 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 TEKYIILIETO, 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 OR REPLACE 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 OR REPLACE 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 HadyaJbHOe 3HaueHHe, a TakkKe QyHKIUK mepexona u
buHanuzanmu:

=> CREATE AGGREGATE average(float) (

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

finalfunc = average_final
)i

CREATE AGGREGATE



MoxkHo Ipo6oBaTh 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 oT1amo4YHOMY BEIBOLY XOPOIIO BUIHO, KaK U3MeHsIeTCs HadalbHoe cocTostHue (0,0).
Oyuknus paboraer 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 BHUOHO, YTO UCIIOJIB3YIOTCS ABa PA3HBEIX COCTOSAHHUSA — CBO€ [OJIsA Ka)KJ:[OfI T'PDYIIIIEL.



OKOHHbIe (PyHKLUWNK Po@%’iﬁ%é%

OKHO omipe/ie/isieT arperupyemyro BbIOOPKY /11 KaXK0l CTPOKU

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

OKOHHble (pyHKUMM paboTatoT No406HO arperarHbIM, BbIYUC/IAS 3HAYeHne
Ha OCHOBE HEKOTOPOW BbIGOPKN. DTa BblIbOpKa Ha3biBaeTcs pamkol. Ho,
B OT/INYME OT arperarHbixX QQyHKUMIA, CTPOKM HE CBOpPaYMBalOTCA B OAHY
00LLy10, @ BMECTO 3TOro 3Ha4YeHMe BbIYUCTIAETCH AJ18 KaX[0N CTPOKN
BbIGOPKMN.

OkHO 3agaetcs B npeasioxeHnn OVER nocne nmeHn yHKunn.

Ecnun okHO yka3zaHo kak OVER(), TO OKOHHasa (yHKLUMA BbIYNCIAETCA Ha
OCHOBE BCEX CTPOK — OAMHaKOBO A/151 K&X 0N CTPOKN BbIGOPKN.

Ecnun onpegeneHne okHa BkntodaeT dopasy PARTITION BY, To okoHHas
OYHKLUMA BbIYMCNAETCA HA OCHOBE Py CTPOK (aHa/IornM4yHO rpynnupoBKe
GROUP BY). B aTtom crniyyae a5 Bcex CTPOK Of4HOM rpynnbl 6yaeT
No/ly4eHO OAMHAKOBOE 3HaYeHE (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
IOJIS1 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 TakK e, Kak [l o0bryHoM rpynnupoBku GROUP BY.



HapacTatowmin ntor Po@SF“éE

«I'omoBa» PAMKH MOXET ABHUI'dThCA

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,
ynopsagoumnsatoLLee CTPOKM BbIOOPKW, Npegnonaraercs, YTo paMmka okHa
OXBaTbIBAET CTPOKM OT caMOW NepBOM A0 TeKyLLeNn. DTO MOXHO 3anucarb

N ABHbIM ob6paszom: ROWS BETWEEN UNBOUNDED PRECEDING AND
CURRENT ROW.

Hanpumep, ecnu B KauecTBe OKOHHOI OYHKLMM UCNOMb3YETCA SUm, Mbl
Nosly4aem CyMMy «HapacTatoLLMM NTOroM>.

KoHeuHo, AN151 KaxKAom rpynnbl CTPOK, onpeaensemMbix npeasioxXeHnem
PARTITION BY, okHO 6yaeT cBoe.



OVER(ORDER BY)

Ecnm mo6aBuTh K onpeneneHuio paMku npennoxenue ORDER BY, nmomyuuM 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 TOHAHOOMIIOCh HUKAKUX U3MEHEHUN — BCce paboTaeT. 3mech BUNHO, KAK KaXKAas CJIEAyoInasi CTpoKa
TIOCJIEOBATEILHO NOOABIISIETCS K COCTOSIHUIO, ¥ BEI3HIBAETCSI QYHKUMST (GUHATU3AINHN.

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 1A | 1.5
3| 8B | 3
4 | B | 3.5
5| 8B | 4
(5 rows)



Pamky

o)) PROFESSIONAL

Ckonb35Lasa pamMmka Posjgres

MoryT ABUraThCsl «rO/I0Ba» U «XBOCT» PAMKH OJHOBPEMEHHO

OVER (ROWS BETWEEN 2 PRECEDING AND CURRENT ROW)

12345

12345

12345

112 3 4|5

3HaueHve
Hafo ybpatb
13 COCTOSAHMS

12345

MOXXHO yKa3aTb ABHO B npeanoxeHnn ROWS BETWEEN. B Tom

yncne gsuratbCAa MOXXET He TOJIbKO «rosioBa» paMkKu, HO U ee «XBOCT».

https://

postgrespro.ru/docs/postgresql/12/sqgl-expressions#SYNTAX-WINDO

W-FUN

CTIONS

Ecnn s

npeabliaywmx npyuMepax pamka ToNbKo paclumpsinach (B Hee

[06aBnsaANnCb BCe HOBble 3HAYeHns), TO Tenepb paHee A06aB/IEHHbIE

3Ha4yeH
UTOOBbI

NSt 3HAYEHUS MOTYT «yXOAUTb» U3 PAMKMU.
nosib3oBarefibckas arperarHas oyHkuus padotana sapdpekTuBHO

B TaKOM pexnme, Hy>KHO peasin3oBaTtb (byHKLI'I/I}O MHBEPCUN, KotTopas
YCTPaHAET 3Ha4YeHNe N3 COCTOAHUA.



OVER(ROWS BETWEEN)

C nomorsio ¢ppa3sl ROWS BETWEEN MoxkHO 3amaTh J1I00yi0 Heo6xonuMyIo KOHGUTypalluio paMKy, yKa3sBas (B
YACTHOCTH):

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

CURRENT ROW — Tekyiiasi CTPOKa;

n FOLLOWING — n cienymomnux;

UNBOUNDED FOLLOWING — mo caMoro KOHIa.

PaccMOTpuM BHIYKCIEHHE «CKOJIB3SIIET0 CPETHETO» I 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(HEeKTUBHO, HO MEI MOXKeM HalucaTh HeJOCTAIOYI0 QYHKIIUIO «<MHBEPCUU»:

=> CREATE OR REPLACE 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 arperaTa:
=> 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 OMlePAUi He MTPOUCXOMHUT.
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[Mapannennsm Pos{gres

O6nenyHeHre COCTOSTHU MapaslielbHbIX TTPOL[eCCOB

pyHKUMA Nepexoaa

Ha4dasnbHOe
COCTOAAHME

yHKUMSA

o6beanHeHne COCTO- turanusaum

COCTOSIHWIA qaHune

> o

Ha4dasibHOe
COCTOSAAHME

doyHKLMA Nepexoaa

11

ArperaTHble (PyHKUNN MOTYT BbINOTHATLCSA B Napasi/ieNIbHOM pPeXnME.
OCHOBHOW NpoLecc, BbIMOMHALWNIA 3anpoc, MOXET CcO34aTb HECKOJIbKO
napannenbHbIX pabounx NPoLECcCoB, Kaxablil U3 KOTOPbIX 6yAeT BbIMNOMHATb
napannenbHyl YacTb NaaHa Ansd 4acTu AaHHbIX. 3aTeM MO/YUYEHHbIE
pes3ynbTarbl NepegarTcsl B OCHOBHOW NPOLIECC, KOTOPbIN COBMPAET UX 1
doopmmpyeT o0LLNiA pe3ynbTar.

UT06bI NOMb30BaTENbCKNE arperaTHble PyHKUUN Morniv paboTtatb
napasifienibHo, HYXXHO peanin3oBaTb (PYHKLMIO 06beAMHEHNS ABYX
COCTOSIHMI B OAHO 06LLee.



ITapanienu3m

Tabmuila € ISIThIO CTPOYKAMM, KOHEYHO, CITMIIKOM Maja OJjIsi ITapajlyIeIbHOTO BEIIIONHEHUSI. Bo3bMeM OO0JIbIlle JaHHBIX:

=> CREATE TABLE big (
n float
);

CREATE TABLE

=> INSERT INTO big
SELECT random()*10::integer FROM generate_series(1,1000000);

INSERT 0 1000000

=> ANALYZE big;

ANALYZE

BcTpoenHtbie arperaTtable 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)

YTo6H OOAepkKaTh MapasjiebHoe BEIIOIHeHne, TpeGyeTcs emle onHa GYHKIHS O/11 00beIUHEHHUs IBYX COCTOSIHHU:

=> CREATE OR REPLACE 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 AS $$

SELECT ROW(state.accum+val, state.qty+l)::average_state;
$$ LANGUAGE sql IMMUTABLE;

CREATE FUNCTION

Ilepeco3mamuM arperat, yKa3as HOBYIO GYHKIIMIO ¥ IIOATBEPAUB 6€30I1aCHOCTh MapasiieIbHOTO 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 QyHKIMUA 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) & 1661399.8801416736(332220)
NOTICE: 1661399.8801416736(332220) & 1652604.6120231883(331040)
NOTICE: 3314004.492164862(663260) & 1683878.4475513375(336740)
NOTICE: = 4997882.939716199(1000000)
average
4.9978829397162
(1 row)

3mechs BUAHO, YTO TPH IIpollecca MONeNIuiIn paboTy IPUMEPHO IOPOBHY, ¥ 3aTEM TPU COCTOSHUS OBIIA ITOTTAPHO
00BbEeIUHEHHI.

B OKOHHOM pezKHuMe Iapa’eslbHOe BHIIOJIHEHNE He IIOAePKUBAETCsI, B TOM YHCJIEe U [JISI BCTPOEHHBIX (QYHKIWH.
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Toru Posigres

PostgreSQL 1io3Bo/1sieT co3/jaBaTh arperatHbie U OKOHHbIE
hyHKLIMH

ArperarHble ¥ OKOHHbIe (DYHKIMM AatOT BOSMOXXHOCTh
HCII0/Ib30BaTh TPoLleypHYyI0 06paboTKy B cTrie SQL

13
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Mpaktuka L Posigras

1. HanuimuTe OTUeT, BLIBOASIIHIN CK/IaJICKKe OCTATKHU M0 KaXKJ0H
KHUTE B IEHE)KHOM BbIp@)XKeHUH (HMCIIO/b3Ys 3aKyIIOUHY0, a He
pO3HUYHYIO 1ieHy). OdopmuTe oTueT Kak (hOHOBOe 3a/jaHHe.
YuTuTe, 4To MOCTYIUIEHUS POUCXOJAT Pa3HbIMU MAPTUSIMU
T10 Pa3HOH IIeHe, a TIPO/IaKU HUKAK He TIPUBSI3aHbI K TTAPTHSIM.
[To3TOMy cuMTaiiTe, UTO B MEPBYIO OUEPe/Ib MPOAAIOTCS KHUTH
u3 6osee cTapbix MapTH.

2. [NononHuTe pacivpenue bookfmt dyHKIMsaMu min 1 max st
dopmara uzganusi. O6GHOBHTE BepCHIO paciliipeHus U yoeauTecs,
yTO (PyHKIMU MOSIBUIUCH B Oa3e JJaHHbIX.
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1. HayHuTe ¢ 3anpoca K Tabnuue operations, BbIBOAALLENO TO/TbKO
NOCTYN/IEHMS KHUT, HO Ao6aBbTe CTOM6EL, NoKa3blBaloLWKii obLiee
KO/IMYECTBO NPOAAHHbLIX KHUI AaHHOro NOCTYNNEeHMS.

B kauyecTBe npumepa KHUr1, Ans KOTOPON Ha CKnaje ocTa/IMCb 3K3EeMNASPbI
N3 HECKOJ/IbKMX NapTuii, MOXXHO B3SiTb KHUTY ¢ book id = 15.

HannwmnTte OKOHHYI (OYHKUMIO, BbIYMCAAIOLLYIO NPY UCNOSIb30BaHUN
B PeXUMe «HapacTarLLero ntTora» 0CTaTtok KHUI faHHOro NOCTYMNeHns Ha
cknage (wnn pewnTe 3agady, UCNONb3ys MMEOLNECA OKOHHble QOYHKLMN).

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



student$ psql bookstore2

1. OT4yeT IO CKJIQJCKHM OCTaTKaM

HauHeM ¢ IpoCTOro 3ampoca, KOTOPHIH BEIBOOUT IOCTYIIJICHUST KHUT U [00aBiIseT K KaKI0H CTPOKE KOJIMYEeCTBO IIPOJAaHHBIX 9K3eMIUITPOB JaHHO!
KHUTH:

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

book id | qty | sold gty | price

--------- R R
15 | 18 | 235 | 1362
15 | 22 | 235 | 1280
15 | 16 | 235 | 1647
15 | 22 | 235 | 1617
15 | 17 | 235 | 1482
15 | 24 | 235 | 1224
15 | 15 | 235 | 1406
15 | 14 | 235 | 1492
15 | 20 | 235 | 1287
15 | 16 | 235 | 1329
15 | 18 | 235 | 1393
15 | 22 | 235 | 1636
15 | 25 | 235 | 1334

(13 rows)

HawM xoTenock 65 UMETh Cl)yHKI.II/IIO, KOTOopas Ha OCHOBaHUU CTOJIOLIOB qty u soldﬁqty BBEIYHCJIUT OCTATOK KHHUT OT KaXXA0rI'0 IIOCTYIIJICHUA.

CocTostHHE TaKO¥ arperaTHoy (GpyHKIMH, KOTOPYIO MBI 6yieM HCIIOIb30BaTh B peKHUMe «HapacTaollero UTora», BKIII0YaeT [Ba IeJIbIX YHcIIa:

¢ KOJINYEeCTBO KHUT, yXKe pacClipefeJyIeHHbIX MeXy IIOCTYIIJIEHUSIMU;
¢ KOJINYEeCTBO HepaCIIPOOaHHBIX KHUTI B TEKYILEeM IIOCTYIIJIEHUHN.

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

)i

CREATE TYPE

(DyHKI.[I/IH nepexona yBeInu4uBaeT KOJIMYECTBO PaCIIpeieJIEeHHBIX KHUI' Ha YHUCJIO KHUT B IIOCTYIIJIEHUH, HO TOJIBKO 0 TE€X IIOD, II0OKa OHO He
IIpEBHIIIaEeT 0o0IIIero Yucia NPOOaHHBIX KHUT:

=> CREATE OR REPLACE FUNCTION distribute_transition(
state distribute_state,
qty integer,
sold_qty integer
)
RETURNS distribute_state AS $$
DECLARE
new_distributed integer;
BEGIN
new_distributed := least(state.distributed + qty, sold_qty);
RETURN ROW(
new_distributed,
qty - (new_distributed - state.distributed)
)::distribute_state;
END;
$$ LANGUAGE plpgsql IMMUTABLE;

CREATE FUNCTION
QyHKIMA (pUHATKH3alKU IPOCTO BO3BPAllaeT KOJIMIECTBO HepacIpolaHHEIX KHUT TeKYIero IOCTYTIIeH s :

=> CREATE OR REPLACE FUNCTION distribute_final(
state distribute_state

)

RETURNS integer AS $$

BEGIN
RETURN state.qty;

END;

$$ LANGUAGE plpgsql IMMUTABLE;

CREATE FUNCTION



CospaeM arperar, yKa3aB THUII COCTOSTHUSA U €r0 HavaJIbHOe 3HaYeHNe, a TaKXkKe q)yHKI.II/II/I Iiepexofa u Cl)I/IHaJII/I3aHI/IH:

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

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

finalfunc = distribute_final
)i

CREATE AGGREGATE

ITo6aBUM HOBYIO arperaTHyo ¢yHKIUIO K 3alIpoCy, yKasaB IPYIIUPOBKY o KHuraM (book id) u COPTHPOBKY B IOpsifKe BPeMEHU COBEPIIEHUS
omnepanuii:

=> WITH sold(book_id, qty) AS (
== NpogaxXu KHUr
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 -- pgns npumepa
ORDER BY o.book_id, o.at;

book id | qty | sold qty | left_in_stock | price

--------- L e S e
15 | 18 | 235 | 0| 1362
15 | 22 | 235 | 0 | 1280
15 | 16 | 235 | 0 | 1647
15 | 22 | 235 | 0| 1617
15 | 17 | 235 | 0 | 1482
15 | 24 | 235 | 0| 1224
15 | 15 | 235 | 0 | 1406
15 | 14 | 235 | 0 | 1492
15 | 20 | 235 | 0| 1287
15 | 16 | 235 | 0| 1329
15 | 18 | 235 | 0| 1393
15 | 22 | 235 | 0 | 1636
15 | 25 | 235 | 14 | 1334

(13 rows)

Ocrasnock yopaTh yCIOBHE [/Isi KOHKPETHOM KHUTH, YMHOXKHUTh OCTATOK Ha LIEHY, CTPYIIIMPOBATh Pe3yJIbTaT 110 KHUraM U 0OPMHUTH 3aIIpoC B BUE
dyHKIMH, 4TOOB 3apETUCTPUPOBATh €€ KaK (OHOBOE 3alaHUE:

=> CREATE FUNCTION stock_task(params jsonb DEFAULT NULL)
RETURNS TABLE(book_id bigint, cost numeric)
AS $$
WITH sold(book_id, qty) AS (
== NpooaxXu KHuUr
SELECT book_id,
-sum(qty)::integer
FROM  operations
WHERE qty < 0
GROUP BY book_id
), left_in_stock(book_id, cost) AS (
SELECT o.book_id,
distribute(o.qty, s.qty) OVER (
PARTITION BY o.book_id ORDER BY o.at
) * price
FROM  operations o
LEFT JOIN sold s ON s.book_id = o.book_id
WHERE o.qty > 0
)
SELECT book_id,
sum(cost)
FROM  left_in_stock
GROUP BY book_id
ORDER BY book_id;
$$ LANGUAGE sql STABLE;

CREATE FUNCTION
=> SELECT register_program('OT4yeT no cknapckum octaTtkam', 'stock_task');

register_program

=> SELECT * FROM stock_task() LIMIT 10;



book id | cost

......... [ S —
1| 7958
2 | 3786
3| 8778
4 | 15264
5 | 19251
6 | 17070
7 | 8088
8 | 44474
9 | 40178
10 | 50669

(10 rows)

3ameTum, 4TO 3aJa4y MOXKHO PELIXUTh U C IIOMOIIBI0O CTaHOaPTHBIX OKOHHBIX (l)yHKL[I/IfI:

=> 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 (
== MNOCTYMJIEHUA KHUr
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 (
-=- OCTaBuuecs Ha CKnage KHUru
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; -- orpaHu4yum BbiBOJ
book id | sum
_________ P,
1| 7958
2 | 3786
3| 8778
4 | 15264
5 | 19251
6 | 17070
7 | 8088
8 | 44474
9 | 40178
10 | 50669

(10 rows)

Pa3yMeeTca, OT4YEeT HeTPYOHO cOejlaTb 6GoJiee HATJISIIHBIM, BEIBOMSI HA3BaHUE KHUTH BMECTO I/II[eHTI/I(l)I/IKaTOPa.

2. Min u max gns tuna book format

Ceityac GpyHKIMK min ¥ max paGoTaT He B COOTBETCTBHH C OIIPEfieJIEHHBIM PaHee KJIaCCOM OIIePaTOpPOB:

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

min | max
___________ [
60x100/16 | 84x108/32
(1 row)

A BOT IIPaBUTIBHBIN IOPSILOK:

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



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)
(76,100,16)
(84,108,16)
(60,90,8)
(12 rows)

Co3papum Bepcuio 1.1 pacUIMpeHus ¢ y4eTOM CIIEAYOIIero:

e CocTosiHUEM IJIsI arperaTHoﬁ beHKIIHH SIBJIAETCA TeKylllee MUHUMAJIbHOe (MakcuMasbHOE) 3Ha4YeHue.

. (DyHKLII/Iﬂ nmepexoa 3aluChIiBaeT B COCTOSTHHME MHHUMAJIbHOE (MakCcHUMabHOE) U3 ABYX 3HaYEeHUHN — 3alIOMHEHHOTO B COCTOSIHUM U

TEKyILIEero.
e OyHKIUA GUHANMM3aUNN He Hy’KHa — BO3BpAIlaeTCs IIPOCTO TEKYIIlee COCTOSTHUE.

student$ cat >bookfmt/bookfmt.control <<EOF
default_version = '1.1'

relocatable = true

encoding = UTF8

comment = 'QopmaT u3paHus'

EOF

student$ cat >bookfmt/bookfmt--1.0--1.1.sql <<'EOF'
\echo Use "CREATE EXTENSION bookfmt" to load this file. \quit

CREATE OR REPLACE FUNCTION format_min_transition(
min_so_far book_format,
val book_format

)

RETURNS book_format AS $$

SELECT least(min_so_far, val);

$$ LANGUAGE sql IMMUTABLE;

CREATE AGGREGATE min(book_format) (

stype = book_format,
sfunc = format_min_transition,
sortop =<

)i

CREATE OR REPLACE FUNCTION format_max_transition(
max_so_far book_format,
val book_format

)

RETURNS book_format AS $$

SELECT greatest(max_so_far, val);

$$ LANGUAGE sql IMMUTABLE;

CREATE AGGREGATE max(book_format) (

stype = book_format,
sfunc = format_max_transition,
sortop = >

)i

EOF

TIpu co3maHuM arperaTta MEI JOIOJIHUTETILHO YKa3alli OllepaTop COPTUPOBKH, Pealn3yoUUi CTpaTeruio «MeHsblle» («6oblne») Kacca
OIIEPaTOpPOB, YTOOHI IIJTAHUPOBIIUK MOT ONITUMU3UPOBATh BEI30B HAIIWX arperaTHHX GyHKIUH, IIPOCTO MOJTydas IepBoe 3HaYeHNe U3 HHAEKCa.

student$ cat >bookfmt/Makefile <<'EOF'
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)

EOF

student$ sudo make install -C bookfmt

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

/bin/mkdir -p '/usr/share/postgresql/12/extension’

/bin/mkdir -p '/usr/share/postgresql/12/extension'’

/usr/bin/install -c -m 644 .//bookfmt.control '/usr/share/postgresql/12/extension/"'
/usr/bin/install -c -m 644 .//bookfmt--0.sql .//bookfmt--0--1.0.sql .//bookfmt--1.0--1.1.sql
make: Leaving directory '/home/student/bookfmt'

BrITONTHUM OGHOBJIEHNE:

=> ALTER EXTENSION bookfmt UPDATE;
ALTER EXTENSION

TIposepum:

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

'/usr/share/postgresql/12/extension/"'



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

=> SELECT min(format)::text, max(format)::text FROM books WHERE false;

min | max



o)) PROFESSIONAL

[1pakTuka Pos{gres

1. B 6aHKOMaT 3arpy>keH0 HeKOTOpPOe KOJTMYeCTBO KYITHOp
orpe/ie/IeHHbIX [JOCTOMHCTB.
Hanwmiivte ¢yHKLIMIO, BO3BpAIIatOIy0 MUHUMAbHBIA Habop
KyTIFOp, KOTOPbIMM 0aHKOMaT MOXKeT BbI/IaTh YKa3aHHYIO CyMMY.

2. busHec-ueHTp cAaeT ouckl KOMIaHUsaM. B koHIle Mecsiia
aaMuHucTparyu b1 mpuxoguT o01mumii cueT 3a 3/1eKTPOIHEPTHUIO,
KOTODBIM HaJI0 pacripe/ie/iuTb MeXXAy apeHAaTropamMmu
MIPOIOPLMOHA/IBHO TI/IOL[aiM 3aHMMaeMbIX [TOMeLeHUH.
BricTaBnsieMble apeHjaTopaM cueTa He00X0AUMO OKPYI/IUTh
10 KoTeek, HO Tak, 4YToObl UX CyMMa COBIIasia Co 3HaueHueM,
yKa3aHHBIM B 0011]eM cyeTe.
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1. CocTosiHMEe 6aHKOMaTa MOXHO NpeAcTaBUTb TabNuLEel:

banknotes (
value numeric, -- AOCTOMHCTBO
gty integer - - Ha/IN4HOE KO/INYecTBO

)
HanunwunTe arperatHyo oyHKLUUIO, pacCUMTaHHY0 Ha BbI30B B pPeXume
«HapacTarLwero ntora» no yobiBaHNIO AOCTOMHCTBA Kymnop. QNS KaxKaoun

CTPOKM Tabnmupbl OHa A0/HKHA BO3BpaLlaTb KO/IMYECTBO KYMop AaHHOIo
[IOCTOMHCTBA, KOTOPOE Ha/l0 BblaaTh.

2. MNomelLeHnss 6U3Hec-LeHTpa MOXHO nNpeAcTaBUTb TabIMLUEeil:

rent (
renter text PRIMARY KEY, -- apeHgaTop
area integer -- naowagb, MA2

);
Mpumep, nokasbiBaloLWMii NPo6/1eMy C 0ObIYHLIM OKPYTNIEHNEM:
INSERT INTO rent VALUES ('A',100), ('B',100), ('C',100);

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



1. Bankomar

=> CREATE DATABASE ext_aggregates;

CREATE DATABASE

=> \c ext_aggregates

You are now connected to database "ext aggregates" as user "student".
CocrosiHne GaHKOMAaTa ONUCHIBAETCS HAGOPOM KYIIIOD:

=> CREATE TABLE banknotes (
value numeric,
qty integer

)i

CREATE TABLE

=> INSERT INTO banknotes VALUES
(1e0, 7), (200, 4), (500, 2), (lee0, 8), (2000, 1), (5000, 3);

INSERT O 6

Hamnumem arperatayio GyHKIHIO AJ1s1 pabOTH B peXKHUMe «HapacTalollero urora». [ KaxmoHu CTPOKY TabIuIkl oHa 6ymeT
BO3BpAIaTh KOJIMYECTBO KYIIOP JAHHOTO HOCTOMHCTBA, KOTOpOe HeOOXOOUMO BHIAATD.

CocTrosgHue 6ymeT BKIIOYaTh BEIJAHHYIO K laHHOMY MOMEHTY CYMMY U KOJIM4Y€eCTBO BhIIaHHBIX KYIIIOP TEKYIEro
TIOCTOMHCTBA.

=> CREATE TYPE draw_state AS (
drawn numeric,
qty integer

)i

CREATE TYPE

OyHKIUS Tepexofia IojiydaeT (KpoMe COCTOSIHUS) TPU IapaMeTpa: HOCTOMHCTBO KYIIOP, UX KOJIMYECTBO U TPEOyeMyIo
CyMMy.

=> CREATE OR REPLACE FUNCTION draw_transition(
state draw_state,
value numeric,
qty integer,
amount numeric
)
RETURNS draw_state AS $$
DECLARE
amount_left numeric;
qty_to_draw integer;

BEGIN
amount_left := amount - state.drawn;
qty_to_draw := least( trunc(amount_left/value), qty );

RETURN ROW(
state.drawn + qty_to_draw*value,
qty_to_draw
)::draw_state;
END;
$$ LANGUAGE plpgsql IMMUTABLE;

CREATE FUNCTION
DyHKIUA GUHANMM3aNNN IIPOCTO BO3BPAIAeT IOCIeNHee KOJIMIEeCTBO KYIIOp:

=> CREATE OR REPLACE FUNCTION draw_final(
state draw_state

)

RETURNS integer AS $$

SELECT state.qty;

$$ LANGUAGE sql IMMUTABLE;

CREATE FUNCTION

OOBSABIISIEM arperar:



=> CREATE AGGREGATE draw(value numeric, qty integer, amount numeric) (

stype = draw_state,
initcond = '(0,0)"',
sfunc = draw_transition,

finalfunc = draw_final
)i
CREATE AGGREGATE
BoT KaK MOXXHO BOCIIOJIb30BaThCS TaKOH QyHKIHEH:

=> SELECT value,

qty,

draw(value, qty, 4400) OVER (ORDER BY value DESC)
FROM banknotes
ORDER BY value DESC;

100
(6 rows

N

[<)

[<)
———————

Koneuno, COPTHUPOBKY BCerga HEeoO0X0OUuMO YKa3bIBaThk B [IOPsAOKE y6LIBaHI/I${ AOCTOHHCTBa KYIIIOpP.

K coxxaneHuio, HeT BO3MOXKHOCTHU B CaMO# arperaTHoﬁ (byHKLII/II/I IIPDOBEPUTH, YTO IIPU IIOCJIEAHEM BEI30OBE BCA CyMMa
OKasaJlachb BHIHAaHHOM!:

=> WITH t(value, qty, draw) AS (
SELECT value,
qty,
draw(value, qty, 30000) OVER (ORDER BY value DESC)
FROM banknotes
)
SELECT *, sum(draw*value) OVER () total
FROM t
ORDER BY value DESC;

value | qty | draw | total
------- B LT
5000 | 3 | 3 | 27500
2000 | 1| 1 | 27500
1000 | 8 | 8 | 27500
500 | 2 | 2 | 27500
200 | 4 | 4 | 27500
100 | 7 | 7 | 27500

(6 rows)

DTO MOXKHO PEIIUTh CIIeAyIIuM 00pa3oM. [Jo6aBUM B TaGIUIy «CTOPOIKEBYIO» CTPOKY:
=> INSERT INTO banknotes VALUES (NULL, NULL);

INSERT 0 1

A x pyHKUME nepexona qo6aBUM IIPOBEPKY:

=> CREATE OR REPLACE FUNCTION draw_transition(
state draw_state,
value numeric,
qty integer,
amount numeric
)
RETURNS draw_state AS $$
DECLARE
amount_left numeric := amount - state.drawn;
qty_to_draw integer := least( trunc(amount_left/value), qty );
BEGIN
IF value IS NULL AND amount_left != 0 THEN
RAISE EXCEPTION 'Not enough banknotes';
END IF;
RETURN ROW(
state.drawn + qty_to_draw*value,
qty_to_draw
)::draw_state;
END;
$$ LANGUAGE plpgsql IMMUTABLE;



CREATE FUNCTION
YT06BI BOCIIOJIL30BAThCSI HOBOY (PyHKUMEN, Hano, 4ToOk 3HaueHus1 NULL OvLIH B KOHIE:

=> SELECT value,

qty,

draw(value, qty, 4400) OVER (ORDER BY value DESC NULLS LAST)
FROM banknotes
ORDER BY value DESC NULLS LAST;

value | qty | draw

=> SELECT value,

qty,

draw(value, qty, 30000) OVER (ORDER BY value DESC NULLS LAST)
FROM banknotes
ORDER BY value DESC NULLS LAST;

ERROR: Not enough banknotes
CONTEXT: PL/pgSQL function draw_transition(draw_state,numeric,integer,numeric) line 7 at RAISE

2. OKpyrieHue Koneexk

=> 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

CocCTosiHMEe arperaTHo# GyHKUUHM OyAeT BKIII0YATh OKPYTJIEHHYIO CYMMY U OMIKUOKY OKPYTJIEHUS:

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

);
CREATE TYPE

OyHKIUSA Iepexona no6aBisieT K COCTOSTHUIO OKPYTJIEHHYIO CYMMY U OIIMOKY OKPYTJIeHUs. A eciy ommnbKa OKPYTJIEHUS
IepeBaJMBaeT 3a IOJIKOIENKH, TO fo0aBIseT KOIEeHKy K CyMMe.

=> CREATE OR REPLACE 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
OyHKIMA GHUHATU3ALUY BO3BPAIlAeT OKPYIIIEHHYI0 CyMMY:

=> CREATE OR REPLACE FUNCTION round2_final(
state round2_state

)

RETURNS numeric AS $$

SELECT state.rounded_amount;

$$ LANGUAGE sql IMMUTABLE;



CREATE FUNCTION
OOBbSBIISIEM 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
clIydae IIOOXOOUT apeHOaTop, IIOCKOIbKY OH YHUKAaIeH.

=> 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)



