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Tembl Posigres

Tpurrepsl U TpUrrepHbie GYHKIUU

B Kakoit MOMeHT cpabaTbiBatOT TPUTTEPbI

KoHTeKCT BbITNIO/IHEHHWsI TPUTTEPHOW (QyHKLIUA
Bo3Bparjaemoe 3HaueHve

1711 Uero MO)KHO NMPUMEHSTb TPUITEPHI U [IJI1 YEr0 He HY>KHO

CoObITHIiHBIE TPUTTEPbI
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Tpurrepbl 1 PYHKLNY Posigres

Tpurrep

00BeKT 0a3bl JAHHBIX — CITUCOK 00pabaTbIBaeMbIX COOBITHI

MPY BO3HUKHOBEHWHY COOBITHSI BBI3bIBAETCSI TPUTTEPHAsT (PYHKLIUS
U el repesjaeTcst KOHTEKCT

TpurrepHast pyHKLUsS
00BeKT 6a3bl JAHHBIX — KOf 06paboTKK COOLITHS

BBITIOTHSETCS] B TOM JKe TPAH3dKIWH, UTO U OCHOBHAs Orliepaluysa

cornanieHue: QyHKLYsS He IPUHUMAaeT MlapameTphbl,
BO3BpalllaeT 3HauUeHHe IcepoTUNA trigger (pakTruuecky record)

MOXXET HCII0/Ib30BaThCA B HECKOJIBKHUX TPUITEPAX

MexaHn3Mm TpUrrepoB NO3BOJISET BbIMOHATL ONpeaeseHHble AeACTBUSA
«B OTBET» Ha ornpefesieHHble cobbITUA. Tpurrep COCTOUT U3 ABYX YacTel:
Ccob6CTBEHHO Tpurrepa (KOTopbi onpeaenset cobbITUSA) U TPUTTEPHONA
doyHKUMN (KOTOopasi onpeaenseTt aencreus). U tpurrep, N pyHKums
ABNAKTCA caMOCTOATEIbHbIMU 06bekTamu B/,

Korga BO3HMKAET COBbITUE, HA KOTOPOE «MOAMUCaH» TPUITEP, Bbi3bIBAETCS
TpurrepHasn dpyHkums. Eii nepegaeTca KOHTEKCT BbI30Ba, YTOObI MOXHO
6bI/10 ONPEeAENNTb, KAKO MMEHHO TPUITEP U B KAKNX YC/TIOBUSIX BbI3BaJ1

doyHKUMIO.

TpurrepHas oyHKUNS — 3TO 06bl4HasA PYHKUMS, KOTopas HanncaHa
C YYETOM HEKOTOPbIX COr/IaLLEHMWIA:

* OHa NULLIETCS Ha NID60OM A3bIKe, KpoMe umcToro SQL;
* OHa He MMeeT NapameTpOB;

* OHa BO3BpallaeT 3HayeHue Tuna trigger (Ha camom fesne 310 NceBaoTun,
no dpakTy BO3BpaLlaeTcs 3anncb, COOTBETCTBYHOLLLAA CTPOKe Tabnuubl).

TpurrepHas (OyHKUNSA BbINOIHAETCS B TOWN e TpaH3aKuun, YTo U OCHOBHas
onepauus. Takmm obpa3om, ecnu TpurrepHast yHKUMS 3aBepLUnNTCA
C OLIMGKOI, BCA TpaH3akuusa byaeT npepsaHa.

https://postgrespro.ru/docs/postgresqgl/16/trigger-definition
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CobbITuA Posigres

INSERT, UPDATE, DELETE

TabMUL[BI before/after statement
before/after row

TIpe/ICTaB/IeHUS before/after statement
instead of row

TRUNCATE

TaO/IULIbI before/after statement

Ycnosue WHEN

yCTaHaB/IUBaeT JOIOJTHUTE/bHBIN (PUIBTP

Tpurrepbl MOryT cpabartbiBatb Ha BcTaBky (INSERT), o6HOBNeHne
(UPDATE) nnu yganeHue (DELETE) cTpok B Tabnuue wiv npegcrasneHnn,
a TaKxe Ha onyctoweHne (TRUNCATE) Tabnuu,.

Tpurrep MoxeT cpabartbiBaTb A0 BbinosiHeHUs aeictensa (BEFORE),
nocne Hero (AFTER), nnn Bmecto Hero (INSTEAD OF).

Tpurrep MoxeT cpabaTtbiBaTb 0AMH pas ass Bcen onepaummn (FOR EACH
STATEMENT), nnn kaxaplii pa3 ansa Kaxkaon satpoHyTon ctpokm (FOR
EACH ROW).

He ana no60oii KoMOGUHaLMM 3TUX YCNTOBUIA MOXHO CO34aTb Tpurrep.
Hanpumep, instead-of-Tpurrepbl MOXXHO onpenennTb TONbKO A
npeAcTaB/ieHuii Ha YpPOBHE CTPOK, a truncate-Tpurrep MOXHO onpegenuTb
TOMILKO AN Tabnuu, 1 TONbKO Ha YPOBHE onepartopa. Jonyctumble
BapuaHTbl NepeyncsieHbl Ha cnange.

Kpome Toro, MOXHO Cy3uTb 061acTb AENCTBUS TpUITepa, ykasanB
pononHutensHoe ycnosme WHEN: ecnn ycnoBue He BbINOMIHAETCA —
Tpurrep He cpabarbiBaer.

https://postgrespro.ru/docs/postgresal/16/sql-createtrigger




Before statement Pogga’?“é“g

CpabarniBaet J{ BEFORE STATEMENT
Jlo orepaLu <
S
=
Bo3sspairjaemoe 3HayeHuve 8
2
UTHOPUPYeTCs §
KoHTeKcT o
=
TG-nepemeHHble %
o0
\J

PaccMoTpum noApo6Hee pasHble TUMbl TPUITEPOB.

Tpurrep BEFORE STATEMENT cpabartbiBaeT o4uH pas 415 onepayum
He3aBMCUMO OT TOTrO, CKOJIbKO CTPOK ByAeT 3aTPOoHYTO (BO3MOXHO, YTO
N HX OfHOW). ITO NPOMUCXOANT [0 TOro, Kak onepaumns Havyana BbINOHATLCS.

Bo3Bpallaemoe 3HauyeHune TpUrrepHoii oyHKLUMKM urHopupyetcs. Ecnu
B TpUIrepe BO3HUKAET OLLIMGKA, onepawms OTMEHSIeTCS.

[MocKoMbKYy TpuUrrepHas yHKUNA He MMeEeT napamMeTpoB, KOHTEKCT BbI30Ba
B PL/pgSQL nepepaetca el ¢ NOMOLLbIO npegonpeneneHHbix TG-
NnepemMeHHbIX, TaknX, Kak:

« TG_WHEN = «<BEFORE»,
* TG _LEVEL = «STATEMENT>,
* TG_OP = «INSERT»/«UPDATE»/«DELETE»/«TRUNCATE>»

n ap. TpurrepHon doyHKUMN MOXHO Takke nepeaarb Nosib3oBaTesibCKUi
KOHTEKCT (aHanor oTCYTCTBYHOLLMX NapamMeTpoB) Yepe3 NePeEMEHHYH0
TG_ARGV, x0TA 3a4acTyto /lydlle BMECTO OHOM «0006LWEHHON» (OYHKL MK
C034aTb HECKOJ/IbKO «4aCTHbIX».

https://postgrespro.ru/docs/postgresql/16/plpgsqgl-trigger
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Before row Posigres

CpabarniBaet J{ BEFORE STATEMENT
riepe/i IEMCTBUEM CO CTPOKOM <
B TIpOLiecce BBITIONIHEHUs OTIeparfiu %
o
Bo3sBpailiaemMoe 3HaueHue =
¢ BEFORE ROW
CTpOKa (BO3MOYKHO, U3MEHEHHas!) =
Q
null ormensieT feiicTBue z
o
=
KoHrekct @
OLD update, delete

NEW insert, update

TG-nepeMeHHbIE

Tpurrepsl BEFORE ROW cpabaTtbIiBatloT KaxKAbli pa3 nepeg Tem, Kak
onepauusa 3aTpoHeT CTPOKY. DTO NPOUCXOLMUT HENOCPEACTBEHHO B npoLiecce
BbINO/IHEHMA onepauun.

B kauyecTBe KOHTeKCcTa TpurrepHas QdyHKUMS NoslyYaeT nepeMeHHble:

« OLD — crapasd cTpoka (He onpefeneHo Ans onepaumn BCTaBKu),

« NEW — n3ameHeHHas cTpoka (He onpefenieHo ansa yaaneHus),

* TG_WHEN = «<BEFORE»,

* TG_LEVEL = «<ROWH,

e TG_OP = «INSERT»/«UPDATE»/«DELETE>»

n op.

Bos3Bpat HeonpegeneHHoro 3HayeHns NULL BocnpnHMMaeTca Kak OTMeHa
AEeNCcTBUSA Hag AaHHo cTpokoin. Cama onepaumsi NPOAO/HKUT BbINOSTHEHNE,

HO Tekyulasi CTpoka He byaeT obpabotaHa n gpyrue Tpurrepbl Ansa aTol
CTPOKU He cpaboTaloT.

UT06bI HE BMeLLMBATbLCSA B paboTy onepaunn, Tpurrep A0/HKEH BEPHYTb
CTPOKY B TOM BuAe, B KOTOPOM ee cobupaeTcs nameHuTb onepaunsa: NEW
[OJ151 BCTaBKN 1 06HOB/EHUs, Ntoboe 3HadeHue (Ho He NULL) ana yoaneHus
(06bI4YHO Mcnonb3yT OLD).

Ho TpurrepHas oyHKUMS MOXET N U3MEHUTb 3HavyeHne NEW, 4ToObl
NOBNUATbL Ha pe3y/ibTar onepaunun — 4acto MMEHHO A1 3TOro Takoi
Tpurrep 1 cosgator.
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Instead of row Posigres

CpabarniBaet J{ BEFORE STATEMENT
BMECTO /IeiICTBUSI CO CTPOKOU <
17151 TIpe/ICTaB/IeHN %
o
Bo3sBpailiaemMoe 3HaueHue =
o BEFORE ROW
CTpOKa (BO3MOYKHO, U3MEHEHHas1) — = INSTEAD OF ROW
Oyzet BuaHa B RETURNING %
null ormeHsieT melcTBHE g
0
m
KoHTekcT
OLD update, delete
NEW insert, update
TG-nepemeHHble v

Tpurrepbl INSTEAD OF oueHb noxoxu Ha Tpurrepbl BEFORE,
HO onpeAensaTCa TONbKO ANA NpeacTaBeHnii 1 cpabaTtbiBaloT He [0,
a BMecTo onepauumu.

B 3aga4y Takux TpurrepoB 06bIYHO BXOANUT BbINOSIHEHNE HEOOXOANMBIX
onepauuin Hag, 6a3oBbiMn Tabuammn npeactaBneHns. Takke Tpurrep
MOXET BEPHYTb U3MeHeHHOoe 3HayeHne NEW — nmeHHO oHO byaeT BUAHO
npw BbINOSTHEHUM onepaumn ¢ ykasaHunem gopassl RETURNING.
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After row Posigres

CpabaTbiBaeT BEFORE STATEMENT

T10CJIe BBITIOJIHEHUS OrlepaLyy
ouepeb U3 npomeammx yciosue WHEN

BosBpairjaemoe 3HaueHue

BEFORE ROW
WTHOPUpYeTCa INSTEAD OF ROW
KoHTekcT
OLD, OLD TABLE update, delete

NEW, NEW TABLE insert, update

TG-nepeMeHHbIe

AFTER ROW

<——+—— BbINOJ/IHEHME onepaumn —+——

Tpurrepbl AFTER ROW, kak n BEFORE ROW, cpabaTtbIBatoT A/151 KaXaoi
3aTparMBaemMoi CTPOKM, HO He cpa3sy nocrie AencTBus Haf CTPOKOW,

a nocne Toro, Kak BbINoOSIHEHA BCA onepaums - YToobl Npu obpatleHnn

N3 3TUX TPUITEPOB K U3MeHSoLLeca Tabnvue pesystaT He 3aBucen

OT nopsaaka 06paboTKn CTPOK. 15 3TOro cobbITUA CHavyasia NoMeLLarTCs
B oyepeb 1 06pabarbiBalOTCA Noc/ie OKOHYaHUA onepauun. Yem MeHblLue
CcobbITUIN NnonaZeT B odyepenb, TeM MeHblLUe ByaeT HaknagHbIX pacxonoB —
NO3TOMY UMEHHO B 3TOM C/ly4yae O4YeHb Nosie3HO UCMNOb30BaTh YC10BME
WHEN, 4T0o6bl OTCEeYb 3aBe,0OMO HEHYXXHbI€ CTPOKN.

BosBpallyaemoe 3HayeHue Tpurrepos AFTER ROW urHopupyetca
(MocKoMbKy onepauys yxe BbINoSIHEHA).

KOHTEKCT TpurrepHoin doyHKLMN COCTaBNAIOT:
* OLD — cTtapas cTpoka (He onpefeneHo 415 onepaunn BCTaBku),
* NEW — HOoBOe 3HauyeHune CTpoKM (He onpeaeneHo onsa yaaneHus).

Kpome aTnux nepemMeHHbIX, HaumHasa ¢ sepcun 10 TpurrepHas pyHKUnA
MOXET NOJIy4YnTb AOCTYN K CNeunasibHbIM rnepexooHbIM mabsuyam
(transition tables). Tabnvua, ykazaHHasa npu co3gaHum Tpurrepa kak OLD
TABLE, cogepXuT ctapble 3Ha4eHNsA CTPOK, 06paboTaHHbIX TPUIrepom,
a Tabnuua NEW TABLE — HOBble 3Ha4YeHuWs Tex Xe CTPOK.

[oCTynHbl N 06bl4Hble TG-NepemMeHHble, BKIoYas:
* TG_WHEN = «<AFTER»,

* TG_LEVEL = «<ROW»,

* TG_OP = «INSERT»/«UPDATE»/«DELETE>».



After statement Pogga’?ég

NEW TABLE insert, update

AFTER ROW
TG-nepemenHble

AFTER STATEMENT

CpabaTbiBaeT J{ BEFORE STATEMENT
rnocsie orepauyu =
(ma>ke ecv He 3aTPOHYTa HU OfIHA CTPOKA) %
o
Bo3Bpairjaemoe 3HaueHue =
°© BEFORE ROW
UT'HOpUPYETCS = INSTEAD OF ROW
()
e
KoHrekcrt S
OLD TABLE update, delete JTT
\/

Tpurrep AFTER STATEMENT cpabatbiBaeT 0AnH pas nocsie OKOHYaHs
onepauuu n nocne scex Tpurrepos AFTER ROW (He3aB/MCKMMO OT TOrO,
CKOJIbKO CTPOK Obl/10 3aTPOHYTO).

Bo3BpallaeMoe 3Ha4yeHne TpUrrepHoi yHKLMN UrHOPUpYeTCs.

KOHTEeKCT Bbi30Ba nepefaeTcs C NOMOLLbIO NepexogHbIX Tabnuy,
O6palasdcb K HUM, TpUrrepHas oyHKLUUSA MOXET npoaHaIn3mposaTb BCe
3aTpOHyTble CTPOKU. OBbIYHO NepexoHble TabNuLbl UCNONb3YHTCA UMEHHO
¢ Tpurrepamu AFTER STATEMENT, a He AFTER ROW.

Takxe onpeneneHbl 06bl4Hble TG-NepemMeHHble:

e TG_WHEN = «<AFTER»,

* TG_LEVEL = «<STATEMENT>»,

* TG_OP = «INSERT»/«UPDATE»/«DELETE»/«TRUNCATE>»

n ap.



IlopsimoK BBI30Ba TPUITEPOB

Co3mamuM «yHUBEPCAbHYI0» TPUITEPHYI0 QYHKIKIO, KOTOPAasi OMKUCHBAET KOHTEKCT, B KOTOPOM OHa Bbi3BaHA. KOHTEKCT
nepenaeTcs: B pa3nuyHbiX TG-epeMeHHEBIX.

3aTteM co3gaguM TPUITEPHI Ha Pa3JINYHbIE COOBITHS, U 6yneM CMOTPETH, KaKure TPUTTEPEI U B KaKOM ITOPsAJKEe BEI3EIBAIOTCSA
IIPY BBHIIIOJITHEHUN onepaunﬁ.

=> CREATE OR REPLACE FUNCTION describe() RETURNS trigger
AS $$
DECLARE
rec record;
str text := '";
BEGIN
IF TG_LEVEL = 'ROW' THEN
CASE TG_OP
WHEN 'DELETE' THEN rec := OLD; str :
WHEN 'UPDATE' THEN rec := NEW; str :
WHEN 'INSERT' THEN rec := NEW; str :
END CASE;
END IF;
RAISE NOTICE 'S %
TG_TABLE_NAME,
RETURN rec;
END
$$ LANGUAGE plpgsql;

OLD::text;
OLD || * -> "' || NEW;
NEW: : text;

% %1 %'

TG_WHEN, TG_OP, TG_LEVEL, str;

CREATE FUNCTION
Tabnua:

=> CREATE TABLE t(
id integer PRIMARY KEY,
s text

)i

CREATE TABLE
Tpurrepsl Ha ypoBHE ollepaTopa.

=> CREATE TRIGGER t_before_stmt

BEFORE INSERT OR UPDATE OR DELETE -- coGbiTus

ON t -- Tabnuua

FOR EACH STATEMENT -- ypoBeHb

EXECUTE FUNCTION describe(); -- TpurrepHas QyHKuus

CREATE TRIGGER

=> CREATE TRIGGER t_after_stmt
AFTER INSERT OR UPDATE OR DELETE ON t
FOR EACH STATEMENT EXECUTE FUNCTION describe();

CREATE TRIGGER
W HaA ypOBHE CTPOK:

=> CREATE TRIGGER t_before_row
BEFORE INSERT OR UPDATE OR DELETE ON t
FOR EACH ROW EXECUTE FUNCTION describe();

CREATE TRIGGER

=> CREATE TRIGGER t_after_row
AFTER INSERT OR UPDATE OR DELETE ON t
FOR EACH ROW EXECUTE FUNCTION describe();

CREATE TRIGGER
IIpo6yem BCTaBKYy:

=> INSERT INTO t VALUES (1,'aaa'), (2, 'bbb');

NOTICE: t BEFORE INSERT STATEMENT:
NOTICE: t BEFORE INSERT ROW: (1,aaa)
NOTICE: t BEFORE INSERT ROW: (2,bbb)
NOTICE: t AFTER INSERT ROW: (1,aaa)
NOTICE: t AFTER INSERT ROW: (2,bbb)
NOTICE: t AFTER INSERT STATEMENT:
INSERT 0 2



OGHOBIIEHUE:
=> UPDATE t SET s = 'ccc' WHERE id = 1;

NOTICE: t BEFORE UPDATE STATEMENT:

NOTICE: t BEFORE UPDATE ROW: (1,aaa) -> (1,ccc)
NOTICE: t AFTER UPDATE ROW: (1,aaa) -> (1,ccc)
NOTICE: t AFTER UPDATE STATEMENT:

UPDATE 1

Tpurrepsl Ha YpoBHE omepaTopa cpaboTaioT, JaXke ecjii KoMaHa He oOpaboTasia Hi OOHOM CTPOKH:
=> UPDATE t SET s = 'ddd' WHERE id = 0;

NOTICE: t BEFORE UPDATE STATEMENT:
NOTICE: t AFTER UPDATE STATEMENT:
UPDATE 0

Touku#t moMmeHT: ontepaTop INSERT c npennoxkeruem ON CONFLICT npuBogut K ToMy, uTo cpabatriBaioT BEFORE-
TPUTTEDPHL U Ha BCTABKY, X Ha OOHOBJIEHUE:

=> INSERT INTO t VALUES (1,'ddd'), (3,'eee')
ON CONFLICT(id) DO UPDATE SET s = EXCLUDED.s;

NOTICE: t BEFORE INSERT STATEMENT:

NOTICE: t BEFORE UPDATE STATEMENT:

NOTICE: t BEFORE INSERT ROW: (1,ddd)

NOTICE: t BEFORE UPDATE ROW: (1,ccc) -> (1,ddd)
NOTICE: t BEFORE INSERT ROW: (3,eee)

NOTICE: t AFTER UPDATE ROW: (1,ccc) -> (1,ddd)
NOTICE: t AFTER INSERT ROW: (3,eee)

NOTICE: t AFTER UPDATE STATEMENT:

NOTICE: +t AFTER INSERT STATEMENT:

INSERT 0 2

W, HakoOHell, yoaJleHue:
=> DELETE FROM t WHERE id = 2;

NOTICE: t BEFORE DELETE STATEMENT:
NOTICE: t BEFORE DELETE ROW: (2,bbb)
NOTICE: t AFTER DELETE ROW: (2,bbb)
NOTICE: t AFTER DELETE STATEMENT:
DELETE 1

s nosiusinerocs B PostgreSQL 15 onepatopa MERGE crmenuanbsHOTo TpUrrepa HeT, paboTaioT TPUTTEPH Ha
0OHOBIIEHUE, yOalleHNe U BCTABKY:

=> MERGE INTO t
USING (VALUES (1, 'fff'), (3, 'ggg'), (4, 'hhh')) AS vals(id, s)
ON t.id = vals.id
WHEN MATCHED AND t.id = 1 THEN
UPDATE SET s = vals.s
WHEN MATCHED THEN
DELETE
WHEN NOT MATCHED THEN
INSERT (id, s)
VALUES (vals.id, vals.s);

NOTICE: t BEFORE INSERT STATEMENT:

NOTICE: t BEFORE UPDATE STATEMENT:

NOTICE: t BEFORE DELETE STATEMENT:

NOTICE: t BEFORE UPDATE ROW: (1,ddd) -> (1,fff)
NOTICE: +t BEFORE DELETE ROW: (3,eee)

NOTICE: t BEFORE INSERT ROW: (4,hhh)

NOTICE: t AFTER UPDATE ROW: (1,ddd) -> (1,fff)
NOTICE: t AFTER DELETE ROW: (3,eee)

NOTICE: +t AFTER INSERT ROW: (4,hhh)

NOTICE: +t AFTER DELETE STATEMENT:

NOTICE: t AFTER UPDATE STATEMENT:

NOTICE: t AFTER INSERT STATEMENT:

MERGE 3

IlepexooHbIe TaOTHIIBI

HamuireM TpUTTEePHYI0 QYHKLNIO, TOKA3LIBAIOLIYIO COIEPKUMOE ITePEeXOqHBIX Tabnull. 3meck MBI HCIIONb3yeM UMEHa
old _table u new table, KoToprie 6ynyT 0OBsIBIEHEI IPX CO3NAHUYU TPUTTEPA.

Hepexo):[HLIe TaﬁJ’II/IHI)I «BBITJTIAOAT» HACTOAINUMHU, HO HE IPUCYTCTBYIOT B CUCTEMHOM KaTaJIOre U pacCliojyiaraloTcsa B



OIlepaTUBHOMN IaMSTH (XOTS U MOTYT COPAChIBATHCS HA OUCK IPH GOIBIIOM 00BEME).

=> CREATE OR REPLACE FUNCTION transition() RETURNS trigger
AS $%
DECLARE
rec record;
BEGIN
IF TG_OP = 'DELETE' OR TG_OP = 'UPDATE' THEN
RAISE NOTICE 'Crapoe cocTtosiHue:';
FOR rec IN SELECT * FROM old_table LOOP
RAISE NOTICE 'S', rec;
END LOOP;
END IF;
IF TG_OP = 'UPDATE' OR TG_OP = 'INSERT' THEN
RAISE NOTICE 'HoBoe cocTtosiHMe:';
FOR rec IN SELECT * FROM new_table LOOP
RAISE NOTICE '%', rec;
END LOOP;
END IF;
RETURN NULL;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
Co3pmaguM HOBYIO TabIHITy:

=> CREATE TABLE trans(
id integer PRIMARY KEY,
n integer

)i

CREATE TABLE
=> INSERT INTO trans VALUES (1,10), (2,20), (3,30);
INSERT 0 3

YTOOH! IPU BHIIOJIHEHUY OIlepPalliy CO3[aBajluCh lTIePeXOfHbIe TaOIuIIb, He0OX0MUMO YKa3bBaTh UX UMeHa IIPU CO3[MaHuu
Tpurrepa:

=> CREATE TRIGGER t_after_upd_trans
AFTER UPDATE ON trans -- ToJbKO OfHO cOObITME Ha OOMH TpuUrrep
REFERENCING

OLD TABLE AS old_table

NEW TABLE AS new_table -- moxHo u opHy, He obszaTenbHo obe
FOR EACH STATEMENT
EXECUTE FUNCTION transition();

CREATE TRIGGER
ITpoBepumM:
=> UPDATE trans SET n = n + 1 WHERE n <= 20;

NOTICE: Crapoe cocTofiHuE:
NOTICE: (1,10)

NOTICE: (2,20)

NOTICE: HoBoe cocTofiHue:
NOTICE: (1,11)

NOTICE: (2,21)

UPDATE 2

TlepexonHEe TaGNMULEL CONEPKAT TOJIBKO T€ CTPOKHU, KOTOPHIE GBIIM 3aTPOHYTHL OLl€paLdei.

[71s1 omiepanyii BCTaBKU U yOAJIeHUs IePeXOnHbIe TaOIuIlbl pab0Tal0T TOYHO TaK Ke, HO HOCTYIIHa OyOeT TOJIbKO OfIHA U3
tabmun: NEW TABLE unu OLD TABLE COOTBETCTBEHHO.

ITockoneky Tpurrepsl AFTER ROW cpa6aThIBaloT IIOCIIE BHIIOTHEHUS BCEH OIEpaIuy, TEPEeXOAHEE TaOIHI[EI MOXKHO
WCIIOIB30BAaTh U B HUX. Ho OOBIYHO 9TO HE UMEET CMEICIIA.
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BO3MO)XHOEe UCNoJsib30BaHNe Posiares

BEFORE STATEMENT - TIpOBepKa MPUMEHUMOCTH OTlepariiu

TpoBepKa KOPPeKTHOCTH;

BEFORE ROW -
MoAU(UKALUS CTPOKU

INSTEAD OF ROW - u3MeHeHHe 0a30BbIX TaO/HL] MPeCTaB/IeHHUS

TIPOBEpPKa COIJIaCOBAHHOCTH,
B TOM UMCJIe Ha YPOBHE TaO/IULILL;
AFTER ROW - «ay[MT» Orepariuii;

AFTER STATEMENT

KaCKa[HOe U3MeHeHHe TabJIuI]
(neHopManu3aiysi, aCUHXPOHHAsT
obpaborka...)

<« BbINOMHEHNE onepaumy ————

11

KakoBO npakTuyeckoe npumeHeHue TpurrepoB?

BEFORE-TpUrrepbl MOXHO UCMNO/b30BaTh A/19 NPOBEPKN KOPPEKTHOCTU
onepauu 1 Npu Heo6xoANMOCTU BbI3biBaTb OLUMOKY.

Tpurrepsl BEFORE ROW MOXHO NPUMEHATb 419 MoAuhurKaLnm CTPOKK
(Hanpumep, 3anoIHUTb MYCTOE NOoJie HY)XXHbIM 3Ha4YeHnem). ITo bbiBaeT
YyA06HO, YTOObI HE NOBTOPSATbL SIOTUKY 3aMOSTHEHUSA KTEXHUYECKNX» NONEN
B K&XXJ0i onepaunn, a Takke no3BonseT BMeLllaTbcsa B paboTty
NPUI0XEHUA, KO KOTOPOro HEAOCTYNEH ANA USMEHEHUS.

Tpurrepol INSTEAD OF ROW npuMeHSAT Ansa Toro, 4tobbl 0TO6pasnTb
onepauun Haf npefcTasfieHneM B onepaumv Hag 6a3oBbiMy Tabnnuamu.

Tpurrepsl AFTER ROW n AFTER STATEMENT nonesHsl B cniyyasax, koraa
HY)>XHO 3HaTb TOYHOE COCTOSAHMe noce onepauun (BEFORE-Tpurrepsl
MOTYT B/INATb Ha pe3ynbTar, Tak YTO Ha 3TOM 3Tarne ACHOCTU eLle HeT):

* [1/191 TPOBEPKUN COrMTAcOBAHHOCTU onepauuu;
* N1 «ayauTax, TO eCcTb 3anNncy M3MEHEHUIA B OTAENbHOE XPaHWU/NLLE;

e [J19 KackagHOoro naMeHeHus gpyrux taénuy, (Hanpumep, 06HOBNATL
[eHOopMaIn3oBaHHble faHHble NpyY U3MeHeHUn 6a3oBbIX Tabnuy, uam
3anncbiBaTb U3MEHEHNA B oUepedb A/15 nocnenywwen o6paboTkn BHe
[AHHOW TpaH3akuun).

Ecnn onepauun 3aTparmsatoT cpasy MHOro CTpok, To Tpurrep AFTER
STATEMENT c nepexogHbiMu Tabnuuamm MOXeT oka3aTbCcAa 6o/ee
a(pdpekTMBHbIM pelueHuem, yem Tpurrep AFTER ROW, nockosnbKy
No3BO/ISIET 06pabaTbiBaTb BCE M3MEHEHMS NMaKeTHO, a He NMOCTPOYHO.
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CNOXXHOCTU Posigres

KO,Z[ BbI3bIBAETCA HEABHO

CJIOKHO OTC/I€AUTD JIOTHUKY BBITTO/THEHHA
[IpaBuia BUAUMOCTH U3MEHUMBOM TPUTTEPHOU (DYHKLIMH
BuzeH pe3ynerar TpurrepoB BEFORE ROW wnu INSTEAD OF ROW
[TopsiZioK BbI30Ba TPUTTEPOB AIJisi OAHOTO COOBITHS
TPUTTEPhI 0TPAbATHIBAIOT B a/ihaBUTHOM TIOPSIZIKe
He npenotspatiiaeTcs 3arjuk/anuBaHue
TPUTTEP MOXKET BbI3BaTh CpabaTbIBaHUe JPYTUX TPUTTEPOB
MO)XHO HapyLIWThL OrPaHUYeHUS L|eJI0OCTHOCTH

HarpuMep, UCKITIOUMB U3 00pabOTKH CTPOKU, KOTOPBIE [IO/DKHBI YA TUThCS
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O[lHaKO He CTOUT 3/10yNoTPe6NsATL TpUrrepamu. Tpurrepbl cpabaTbiBaloT
HesIBHO, UTO CU/IbHO 3aTPYAHSIET NOHMMAaHKEe NOTVKN PaboThbl U KpaiiHe
YCNOXHSAET NoAAEPXKKY NPUNoXeHWs. MonbITKN peann3oBaTb CNOXHYH
NOTUKY Ha Tpurrepax 06bI4YHO 3aKaHUMBAOTCS N1a4yeBHO.

B HEKOTOpbIX Clyyasx BMECTO TPUITEPOB MOXHO MUCMNO/1b30BaTh
Bbluncngembie nona (GENERATED ALWAYS AS ... STORED). Takoe
peLLeHne — ecnm OHO noaxoauT — ByaeT 3aBef,OMO MpoLLe 1 Npo3pavHee.

ECTb psifj TOHKOCTEiA, CBA3aHHbIX C TPUITEpPaMu, KOTOpPbIE Mbl CO3HATE/IbHO
He paccMaTpuBaeM noapoGHO:

npaBuna BUAMMOCTN N3MeH4YMBbIX (volatile) doyHKUnin B Tpurrepax
BEFORE ROW n INSTEAD OF ROW (He ctouT obpauiatbca K Tabnuue,
nonarasicb Ha NnopsiA4oK, B KOTOPOM cpaboTaroT Tpurrepsbl);

NOPSA0K BbI30Ba HECKO/TbKMX TPUITEPOB, 06pabdaTbiBatoLnX OA4HO M TO Xe
COObITME (He cToUT ycyryonaTtb 1 6e3 Toro HessBHoe cpabarbiBaHue
TpUIrrepoB 3aBA3KO0I Ha NocrenoBare/ibHOCTb 06pPaboTKK);

BO3MOXHOCTb 3aLUK/IMBaHUS B C/lyYyae KackafHOro cpabaTbiBaHUsS
[IPYrMX TPUITepoB, KOTOpbIe, B CBOK o4epedb, MOryT NPUBOANTb K HOBbIM
cpabaTtblBaHUAM AAaHHOTO TPUITEPa;

BO3MOXHOCTb HapyLNTb OrpaHnyeHmns LenocTHOCTH (Hanpumep, npu
NCKNIOYEHMN N3 06paboTKn CTPOKK, KoTopas yaanserca ycnosmem ON
DELETE CASCADE, MOXeT 6bITb HapyLLUeHa CCbl/1I04YHas LLe/TOCTHOCTD).

Ecnun Bbl CTONKHY/IUCb C TEM, YTO 3TV TOHKOCTM BaXHbl A/151 BaLLEro
NPUNOXEHNS — CEPbE3HO 3a/lyMaliTeCh.



IIpuMepHI HCIIOJIL30BaHUSI TPUITEPOB

TIpumep 1: coxpaHeHHEe UCTOPUU U3MEHEHUS CTPOK.

IlycTs ecTh Tabnulla, comepskallasi akTyallbHble JaHHbBIE. 3aada COCTOUT B TOM, YTOOHI B OTHEJIbHOU TabIuile COXPaHITh
BCIO UCTOPHUIO U3MEHEHUsI CTPOK OCHOBHOM TaGIHIIBL.

Honnep}KKy PICTOpI/I‘-IeCKOﬁ Ta6J'II/I].IbI MOXKHO OBIJTO OBI BO3JIOKUTH Ha IIPUIOKEeHKWEe, HO TOIr'Ja BEeJIMKa BEPOsATHOCTH, YTO B
KaKHX-TO ClIy4dasiX u3-3a oIIn6oK HUCTOpUA HE 6yI[eT COXPaHATBCA. HOSTOMy penmM 3agavdy C IIOMOIIBIO TPUTTEPA.

OcHoBHas Tabauna:

=> CREATE TABLE coins(
face_value numeric PRIMARY KEY,
name text

)i
CREATE TABLE

HcTopuueckas Tabiuia NoJI’KHA HA3EIBAaTLCS TaK Ke, KAaK OCHOBHAasI, HO 3aKaHYMBAThCS Ha « history». CHauasa co3maem
KJIOH OCHOBHOU TaOIHUIIHL...

=> CREATE TABLE coins_history(LIKE coins);
CREATE TABLE
..M 3aTeM 06aBJIsieM CTOJOLbl «AeHCTBUTEILHO C» U «eMCTBUTEIILHO I10»:

=> ALTER TABLE coins_history
ADD start_date timestamp,
ADD end_date timestamp;

ALTER TABLE
OpHa TpurrepHas QyHKIUs OyaeT BCTaBJIATh HOBYIO HCTOPUYECKYIO CTPOKY C OTKPHITHIM MHTEpPBaIOM OeHCTBUS:

=> CREATE OR REPLACE FUNCTION history_insert() RETURNS trigger
AS $$
BEGIN
EXECUTE format(
"INSERT INTO %I SELECT ($1).*, current_timestamp, NULL',
TG_TABLE_NAME||'_history'
) USING NEW;

RETURN NEW;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
Ipyras dyaknus OymeT 3aKpEBaTh WHTEPBAJ OEHCTBUS HCTOPUYECKOM CTPOKH:

=> CREATE OR REPLACE FUNCTION history_delete() RETURNS trigger
AS $$
BEGIN
EXECUTE format(
'UPDATE %I SET end_date = current_timestamp WHERE face_value = $1 AND end_date IS NULL',
TG_TABLE_NAME| | '_history"
) USING OLD.face_value;

RETURN OLD;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION

Tenepb CO3gafguM TPUITEPHL. BaxxHble MOMEHTHI:

e OOGHOBNIEHHEe TPAKTYyeTCs Kak yhajeHHe U IOCIeAyolas BCTaBKa; 34eCh BaXKeH IMOPSIN0K, B KOTOPOM cpaboTaioT
Tpurreps (o andasuty).

e Current timestamp Bo3BpamaeT BpeMs Hadajla TPAaH3aKINU, I03TOMY IIpu 00HOBNIeHnU start date ogHOU CTpoKU
Oymet paBeH end date mpyroii.

e Hcmonb3oBanue AFTER-TpurrepoB nmo3sosseT u3bexkath mpobiem ¢ INSERT ... ON CONFLICT u moTeHUHaIbHEIMKI
KOH(MDIMKTaM¥ C APYTUMH TPUITEPaMH, KOTOPEIe MOTYT CYIIECTBOBATh HA OCHOBHOU TabuIle.

=> CREATE TRIGGER coins_history_insert
AFTER INSERT OR UPDATE ON coins
FOR EACH ROW EXECUTE FUNCTION history insert();

CREATE TRIGGER



=> CREATE TRIGGER coins_history_delete
AFTER UPDATE OR DELETE ON coins
FOR EACH ROW EXECUTE FUNCTION history_delete();

CREATE TRIGGER

IIpoBepuM paboTy TPUTTEPOB.

=> INSERT INTO coins VALUES (0.25, 'Monywka'), (3, 'AnTbiH');
INSERT 0 2

=> UPDATE coins SET name = '3 koneiiku' WHERE face_value = 3;
UPDATE 1

=> INSERT INTO coins VALUES (5, '5 koneek');

INSERT 0 1

=> DELETE FROM coins WHERE face_value = 0.25;

DELETE 1

=> SELECT * FROM coins;

face value | name
____________ Fem e e e e e oo
3 | 3 konemnkwu
5 | 5 koneek
(2 rows)

B ncropuyeckoi Tabnulie XpaHUTCS BCS HCTOPHS U3MEHEHUH:
=> SELECT * FROM coins_history ORDER BY face_value, start_date;

| start date end date
+
0.25 | Monyuwka | 2025-02-05 10:34:26.381143 | 2025-02-05 10:34:31.618675
3 | AnTbiH | 2025-02-05 10:34:26.381143 | 2025-02-05 10:34:28.474533
3 | 3 koneikn | 2025-02-05 10:34:28.474533
5 | 5 koneek | 2025-02-05 10:34:29.545159

(4 rows)

U Temeps 1o Hel MOXKHO BOCCTAHOBUTH COCTOSIHHE Ha JII000M MOMEHT BpeMEeHHU (3TO HEMHOT'O HalloOMHHaeT paboTty
mexanu3zMa MVCC). Hanpumep, Ha caMoe Ha4aso:

=> \set d '2025-02-05 10:34:26.422687+03"'

=> SELECT face_value, name

FROM coins_history

WHERE start_date <= :'d' AND (end_date IS NULL OR :'d' < end_date)
ORDER BY face_value;

face value | name
____________ Fomm e e e e -
0.25 | Monyuwka
3 | AnTbiH
(2 rows)

IIpuMepHI HCNIOJIL30BAaHUSI TPHUITEPOB

IIpumep 2: 06HOBIsIEMOE IIPENCTABIIEHNE.
IlycTs uMeIoTCs OBe TaOIUIIB: adPOIOPTEL U PEUCH:

=> CREATE TABLE airports(
code char(3) PRIMARY KEY,
name text NOT NULL

)i

CREATE TABLE

=> INSERT INTO airports VALUES

('SV0', 'MockBa. llepemeTbeBo'),
('LED', 'CaHkT-NeTtepbypr. MynkoBo'),
('TOF', 'Tomck. boraweBo');

INSERT 0 3



=> CREATE TABLE flights(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
airport_from char(3) NOT NULL REFERENCES airports(code),
airport_to char(3) NOT NULL REFERENCES airports(code),
UNIQUE (airport_from, airport_to)

)i

CREATE TABLE

=> INSERT INTO flights(airport_from, airport_to) VALUES
('SvVo','LED');

INSERT 0 1
st ymo6CTBa MOKHO OIIPefleNIUTh IpefiCTaBlIeHue:

=> CREATE VIEW flights_v AS
SELECT id,
(SELECT name
FROM airports
WHERE code = airport_from) airport_from,
(SELECT name
FROM airports
WHERE code = airport_to) airport_to
FROM flights;

CREATE VIEW
=> SELECT * FROM flights_v;

id | airport_from | airport_to
e i

1 | MockBa. llepeMetbeBo | CaHkT-lMeTtepbypr. Mynkoso
(1 row)

Ho Ttakoe npencraBneHue He OOIyCKaeT U3MeHeHUul. HanpuMep, He IOIy4YUTCS U3MEHUTD IYHKT Ha3Ha4YeHUs TaKUM
o6pa3zom:

=> UPDATE flights_v
SET airport_to = 'Tomck. Boraweso'
WHERE id = 1;

ERROR: cannot update column "airport to" of view "flights v"
DETAIL: View columns that are not columns of their base relation are not updatable.

OnHaKO MBI MOXKEM OIPENeNUTh TPUrTep. TpurrepHast GyHKIUsS MOXKET BHITJISAETh, HAalIpUMep, Tak (OJis KpaTKOCTH
o6pabaThiBaeM TOJIBKO a9pOIOPT Ha3HAUEHHsI, HO He COCTABUT TPYAa HOOABUThH U a9POIOPT BHUIETA):

=> CREATE OR REPLACE FUNCTION flights_v_update() RETURNS trigger
AS $$
DECLARE
code_to char(3);
BEGIN
BEGIN
SELECT code INTO STRICT code_to
FROM airports
WHERE name = NEW.airport_to;
EXCEPTION
WHEN no_data_found THEN
RAISE EXCEPTION 'Asponopt "%" otcytcTtByer', NEW.airport_to;
END;
UPDATE flights
SET airport_to = code_to
WHERE id = OLD.id; -- u3meHeHue id urHopupyem
RETURN NEW;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
W cam Tpurrep:

=> CREATE TRIGGER flights_v_upd_trigger
INSTEAD OF UPDATE ON flights_v
FOR EACH ROW EXECUTE FUNCTION flights_v_update();

CREATE TRIGGER
ITpoBepumM:

=> UPDATE flights_v
SET airport_to = 'Tomck. Boraweso'
WHERE id = 1;



UPDATE 1
=> SELECT * FROM flights_v;

id | airport from | airport to
O L
1 | Mocksa. llepeMeTbeBo | Tomck. boraweso
(1 row)

ITonbITKa U3MEHHUTH a3PONOPT Ha OTCYTCTBYIOIINI B Tabule:

=> UPDATE flights_v
SET airport_to = 'HxHo-CaxanuHck. XomyToBoO'
WHERE id = 1;

ERROR: Asponopt "l0xHO-CaxanuHCK. XOMyTOBO" OTCYyTCTBYyeT

CONTEXT: PL/pgSQL function flights v update() line 11 at

RAISE
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CoObITUNHbIE TPUTTEpPb Pos{gres

COOBITUIHBIN TPUTTED
TIOXOK Ha OOBIYHBIN «TaOIMUHBINA» TPULTEP, HO IPYTOM OOBEKT
TpurrepHasi GyHKLMS

cornamieHue: QyHKLYsS He IPUHUMAaeT MlapameTphl,
BO3BpalljaeT 3HaueHe TNICeB0THUIA event_trigger

AJIA TIOJTyUeHHA KOHTeKCTa C/IY>KaT CIielikda/ibHbIe d)YHKL[I/II/I

CoObITHsS
DDL_COMMAND_START repe/; BbINO/IHEHUeM KOMaH/bl
DDL_COMMAND_END T0CJIe BBITTOTHeHUS KOMaH/IbI
TABLE_REWRITE riepe/i Tiepe3armchbio TabIUIbI
SQL_DROP rocsie yaaneHust 06beKTOB
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Cob6bITUIAHbIE TPUITEPLI — MO CYTU TE Xe TPUrrepbl, HO cpabaTbiBalOT OHU
He Ha DML-, a Ha DDL-onepauun (CREATE, ALTER, DROP, COMMENT,
GRANT, REVOKE) 1 He npuBsi3aHbl K onpegeneHHoMy 00bekTy 6a3bl
OaHHbIX.

Takne Tpurrepbl SIBASIKOTCA HE MHCTPYMEHTOM pa3paboTKu NPUIOXKEHW,
a cKopee cnyxart Ans peleHns 3aga4 aMUHUCTprpoBaHus. Moatomy
3eCb Mbl YNIOMUHAEM UX TOMTbKO AN1S1 NOSTHOTbI KAPTUHBI U PACCMOTPUM
TO/IbKO NPOCTbIE NPUMEPBI.

https://postgrespro.ru/docs/postgresql/16/event-trigger-definition
https://postgrespro.ru/docs/postgresql/16/event-trigger-matrix
https://postgrespro.ru/docs/postgresql/16/sql-createeventtrigger
https://postgrespro.ru/docs/postgresql/16/functions-event-triggers




Tpurrepsl COOBITHH

IIpumep tpurrepa anst cooeitust ddl command end — 3aBepierue DDL-oneparuu.
Co3panuM (GyHKINIO, KOTOpasi ONMKCHIBAET KOHTEKCT BHI30Ba:

=> CREATE OR REPLACE FUNCTION describe_ddl() RETURNS event_trigger
AS $%
DECLARE
r record;
BEGIN
-- [Ina cobbitus ddl_command_end KOHTEKCT Bbi30Ba B ChneuuanbHON GyHKUUM
FOR r IN SELECT * FROM pg_event_trigger_ddl_commands()
LOOP
RAISE NOTICE '%. tun: %, O0ID: %, umsa: % ',
r.command_tag, r.object_type, r.objid, r.object_identity;
END LOOP;
-- OyHKuMM Tpurrepa cobbiTUi He HYXHO BO3BpawWaTb 3HayeHue
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
CawMm Tpurrep:

=> CREATE EVENT TRIGGER after_ddl
ON ddl_command_end EXECUTE FUNCTION describe_ddl();

CREATE EVENT TRIGGER
Co3maeM HOBYIO TabIuIly:
=> CREATE TABLE tl(id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY);

NOTICE: CREATE SEQUENCE. Ttun: sequence, 0ID: 16455, wumsa: public.tl id seq
NOTICE: CREATE TABLE. tun: table, 0ID: 16456, wma: public.tl

NOTICE: CREATE INDEX. tun: index, OID: 16459, wuma: public.tl pkey
NOTICE: ALTER SEQUENCE. Ttun: sequence, 0ID: 16455, wmsa: public.tl id seq
CREATE TABLE

Co3paHue TabIuIBl MOXKET MOXKET IIPUBECTH K BEIIIOJTHEHUIO HECKOIBKUX KoMaHAa DDL, moatomy dyHKINS
pg_event trigger ddl commands Bo3BpaljaeT MHOXKECTBO CTPOK.

Tpurrep Ha cobriTre table rewrite cpabaTeiBaeT qo nepe3anucu Tabnuiel Komannamu ALTER TABLE u ALTER TYPE.
OYHKIMS HUZXKE BEIBeEeT NHGOPMAaLNIO O Iepe3anuchbiBaeMoi TabnuIle ¥ KOf, ONMKUCHIBAIOUIUY IPUYHUHY ITePe3annucu:

=> CREATE FUNCTION describe_rewrite() RETURNS event_trigger
AS $$
BEGIN

-- Ons cobbiTus table_rewrite cneunanbHbie QyHKUMKM BO3BpawWawT AaHHbIE:

RAISE NOTICE 'BypeTt nepe3anucaHa Tabnuua %, kop %',
pg_event_trigger_table_rewrite_oid()::regclass, -- nepesanucwiBaemas Tabnuua
pg_event_trigger_table_rewrite_reason(); -- kop npu4uHbl nepesanncu

END
$$ LANGUAGE plpgsql;

NOTICE: CREATE FUNCTION. Tun: function, OID: 16461, uma: public.describe rewrite()
CREATE FUNCTION

Temepb co3maeM TPUTTED:

=> CREATE EVENT TRIGGER before_rewrite
ON table_rewrite EXECUTE FUNCTION describe_rewrite();

CREATE EVENT TRIGGER
W3MmeHuM Tabnuily — Ha3HAYUM APYToH TUI CTONOIy id:
=> ALTER TABLE t1 ALTER COLUMN id type bigint;

NOTICE: bypeT nepesanucaHa Tabnuua tl, kop 4

NOTICE: ALTER SEQUENCE. Ttun: sequence, OID: 16455, wmsa: public.tl id seq
NOTICE: ALTER TABLE. tun: table, OID: 16456, umsa: public.tl

ALTER TABLE

XoTst mepe3anuch TaGIUIbl MOXKET OBITh BEI3BaHA U APYrUMU KoMaHAamu, B yacTHocTd CLUSTER u VACUUM FULL,
coOriTHe table rewrite mist HUX He BEI3BIBAETCS.
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Toru Posigres

Tpurrep — croco6 oTpearpoBaTh Ha BO3HUKHOBEHHE COOBITHS

C 1oMOI1IbI0 TPUTTEPa MOYKHO OTMEHUTh OMeparjuio,
W3MEHUTD ee Pe3y/bTaT WU BbITIOJIHUTD JOTIOTHUTE/TbHbIE
JIeCTBUS

TpHrrep BBITIOJ/THAETCA KdK YdCThb TPAH3dKLIWU;
omubOKa B TpUIrTepe 1ripuBOAUT K OTKATY TPAdH3dKLIMKA

Ncnonb3oBanve TpurrepoB AFTER ROW u niepexofHbIX Tabsui]
yZopo)kaeT 00paboTKy

Bce xopol1110 B Mepy: C/I0)KHYIO JIOTUKY TPYAHO OT/Ia>KUBaTh
13-3a HEeSIBHOTO BbITIOJIHEHHSI TPUTTEPOB
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Mpaktuka L) Posigras

1. Co3paiite Tpurrep, oOpabaTbiBaroliii 0OHOBJIEHHE TTOJIS
onhand_qty nipesacraBnienus catalog_v.

[TpoBepsre, uto B «Karanore» nmosiBuiack BO3MOXXHOCTb
3aKa3bIBaTh KHUTH.

2. OG6ecrieubTe BBIMO/IHEHWE TPeOOBaHKS COTTIACOBAHHOCTH:
KOJTMUYeCTBO KHUT Ha CKJIafie He MOKeT OBbITb OTPHUIaTe/TbHBIM
(He/b3s1 KyIUTh KHUATY, KOTOPDOU HEeT B HAJIMUUM).

BHuUMare/IbHO pOBepbTe MPaBUWILHOCTL peasu3aliiu, yUuThiBas,
YTO C TIPUWIOYKeHHEM MOT'YT OTHOBpEMEHHO paboTaThb HeCKOTbKO
T10/1b30BaTeJ/IeH.
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2. MOXeT nokasaTtbCsi, YTO gocTaTo4yHO co3gaTb AFTER-Tpurrep Ha Tabnuue
operations, nogcunTbiBaloLWwmin cymmy qty change. OgHako Ha ypoBHe
n3onaumm Read Committed, ¢ KOTopbIM paboTaeT npunoxeHne «KHWXHbIN
MarasuH», Ham npuaeTca 6/10kMpoBaTb Tabnmuy operations B 3KCK/1H03MBHOM
pexnme — nHadye BO3MOXHbI CLieHapum, Npu KOTOPbIX Takasd npoBepka

He cpaboTaert.

Jlydwie noctynutb cneayowmm obpasom: A4ob6asnTb B Tabnuuy books none
onhand_qty n co3gatb Tpurrep, U3MeHsALWWIA 3TO nosne Npu N3MeHeHum
Tabnuvubl operations (To eCTb, DaKTUYECKH, BbIMO/HUTL AeHOPMa/iM3aLnio
AaHHbIX). Ha none onhand_qty Tenepb MOXHO Ha/10XUTb OrpaHnyeHne
CHECK, peanuaytouiee TpeboBaHne coracoBaHHOCTU. A (PyHKUNA
onhand_qty(), KOTopyto Mbl cO3aaBain paHee, 60/blLe He HYXHa.

Ocob60e BHUMaHWe Hal0 YAEeUTb Haya/ibHOM YCTaHOBKE 3HAYEeHMs,
YUMTbIBAs!, YTO OJIHOBPEMEHHO C BbINO/IHEHWEM HaLLMX onepauuii B cucteme
MOryT paboTatoT Nosib3oBaTesnu.



1. Tpurrep ajisi OOHOB/IEHHMsI KaTajiora

=> CREATE FUNCTION update_catalog() RETURNS trigger

AS $$

BEGIN
INSERT INTO operations(book_id, qty_change) VALUES

(OLD.book_id, NEW.onhand_qty - coalesce(OLD.onhand_qty,0));

RETURN NEW;

END

$$ VOLATILE LANGUAGE plpgsql;

CREATE FUNCTION

=> CREATE TRIGGER update_catalog_trigger
INSTEAD OF UPDATE ON catalog_v

FOR EACH ROW

EXECUTE FUNCTION update_catalog();

CREATE TRIGGER

2. [IpoBepKka KoIu4YeCTBa KHUT

ITo6aBnsieM K TabIuIle KHUT II0JIe HaJIM4YHOro KonudecTtsa. (o Bepcun 11 BazkHO GBIO yYUTHIBATH, YTO YKa3aHUE
upemioxeHuss DEFAULT BEI3EIBAJIO ITEPE3aNKCh BCEX CTPOK TaOIUIE, yoepKuBas OJIOKHPOBKY.)

=> ALTER TABLE books ADD COLUMN onhand_qty integer;
ALTER TABLE

Tpurrepras ¢ynkius mist AFTER-Tpurrepa Ha BCTaBKy It OOHOBJIEHHS KOJIMYeCTBa (IIpefrosaraeM, 4To mnojue
onhand (ty He MOXKeT OBITH IIYCTHIM):

=> CREATE FUNCTION update_onhand_qty() RETURNS trigger
AS $$
BEGIN
UPDATE books
SET onhand_qty = onhand_qty + NEW.qty_change
WHERE book_id = NEW.book_id;
RETURN NULL;
END
$$ VOLATILE LANGUAGE plpgsql;

CREATE FUNCTION

[anslille BCe IPOUCXOAUT BHYTPU TPaH3aKIIUH.
=> BEGIN;

BEGIN

BrokupyeMm omnepanuu Ha BpeMs TpaH3aKIIUu:
=> LOCK TABLE operations;

LOCK TABLE

HauanbHOE 3amoHeHue:

=> UPDATE books b

SET onhand_qty = (
SELECT coalesce(sum(qty_change),0)
FROM operations o
WHERE o.book_id = b.book_id

);

UPDATE 6

Teneps, KOrfa IoJie 3al0JIHEHO, 3aiaeM OIPaHUYeHU:

=> ALTER TABLE books ALTER COLUMN onhand_qty SET DEFAULT 0;
ALTER TABLE

=> ALTER TABLE books ALTER COLUMN onhand_qty SET NOT NULL;
ALTER TABLE

=> ALTER TABLE books ADD CHECK(onhand_qty >= 0);

ALTER TABLE



Co3pmaeM TpUITEp:

=> CREATE TRIGGER update_onhand_qty_trigger
AFTER INSERT ON operations

FOR EACH ROW

EXECUTE FUNCTION update_onhand_qty();

CREATE TRIGGER
T'otoBo.

=> COMMIT;
COMMIT

Temneps books.onhand qty o6HOBnsIETCS, HO TpencTaBieHue catalog v mo-npezHeMy BHI3BIBaeT QYHKIUIO OIS IOACYETA
Konu4uecTBa. X0Th B KICXOOHOM 3aIpoce oOpalneHue K GYHKIUNA CHHTAKCUYECKU He OTIMYAeTCsI OT O0PAIeHuUs K [IOJII0,
3amnpoc GBI 3alIOMHEH B IPYTOM BUE:

=> \d+ catalog_v

View "bookstore.catalog v"

Column |  Type | Collation | Nullable | Default | Storage | Description
-------------- R i e R it R e
book_id | integer | | | | plain
title | text | | | | extended |
onhand gty | integer | | | | plain
display name | text | | | | extended |
authors | text | | | | extended |

View definition:
SELECT book id,
title,
onhand qty(b.*) AS onhand qty,
book name(book id, title) AS display name,
authors(b.*) AS authors
FROM books b
ORDER BY (book name(book id, title));
Triggers:
update catalog trigger INSTEAD OF UPDATE ON catalog v FOR EACH ROW EXECUTE FUNCTION
update catalog()

[MosToMy mepeco3faniM NpPefCTaBIeHne:

=> CREATE OR REPLACE VIEW catalog_v AS
SELECT b.book_id,
b.title,
b.onhand_qty,
book_name(b.book_id, b.title) AS display_name,
b.authors
FROM  books b
ORDER BY display_name;

CREATE VIEW

Teneps QYHKINIO MOXKHO YHAIUTD.

=> DROP FUNCTION onhand_qty(books);
DROP FUNCTION

He6omnblas npoBepka:

=> SELECT * FROM catalog_v WHERE book_id = 1 \gx

[ RECORD 1 J4-----mmmmmmmmm e o
book_id | 1

title | Cka3ka o uape CantaHe

onhand_qty | 19

display name | Cka3ka o uape CantaHe. MywkuH A. C.
authors | NywkuH AnekcaHpp Cepreesuy

=> INSERT INTO operations(book_id, qty_change) VALUES (1,+10);
INSERT 0 1

=> SELECT * FROM catalog_v WHERE book_id = 1 \gx



<] RECORD 1 Ja-ecmmmmommmmcmcmmce oo e e ceeeee

book id | 1

title | Cka3ska o uape CanTtaHe

onhand_qty | 29

display name | Cka3ka o uape Cantane. MNywkuH A. C.
authors | NywkuH AnekcaHpp Cepreesuy

HeKoppeKTHbIe omepaliui 0GPEIBAIOTCS
=> INSERT INTO operations(book_id, qty_change) VALUES (1,-100);

ERROR: new row for relation "books" violates check constraint "books onhand qty check"
DETAIL: Failing row contains (1, Cka3ska o uape CantaHe, -71).
CONTEXT: SQL statement "UPDATE books
SET onhand qty = onhand gty + NEW.qty change
WHERE book id = NEW.book id"
PL/pgSQL function update onhand_qty() line 3 at SQL statement



of] PROFESSIONAL

[1pakTuka+ Pos{gres

1. Hamummre Tpurrep, yBeJMUMBaOIIMA CYETUYHK (TI0/1€ version)
Ha eIMHULLY TIpU KaXkK,0M U3MeHeHUU CTPOKU. [1pu BcTaBke
HOBOW CTPOKU CYETUMK JI0/DKEH YCTaHaB/IMBAaTbCS B €JUHMULLY.
[TpoBepbTe MpPaBUJILHOCTH PabOTHI.

2. Jlanbl Tabmumiib 3aka3oB (orders) ¥ cTpok 3aka3oB (lines).
TpebyeTcst BLITIOJHUTD JIEHOPMaIA3aI||i0: aBTOMAaTHUeCKA
0OHOBJIATHL CYMMY 3aKa3a B Tabsuije orders IMpy U3MeHEHUH
CTPOK B 3aKase.

Co3paiite HeoOX0MMbIe TPUTTEPHI C UCTIOTH30BaHUEM
repexo/IHbIX Tab/uI] /71T MUHUMU3AIUK oriepaliiii 00HOB/IEHUSI.

18

2. Ans co3pgaHns Tabnuu, UCnosnb3yiiTe KoMaHIbl:

CREATE TABLE orders (
id int PRIMARY KEY,
total_amount numeric(20,2) NOT NULL DEFAULT O

);

CREATE TABLE lines (
id int PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
order_id int NOT NULL REFERENCES orders(id),
amount numeric(20,2) NOT NULL

),

Ctonbel orders.total amount 4o/mMKEH aBTOMATUYECKN BbIYUCIATLCA
Kak cymma 3Ha4dyeHui ctonbua lines.amount Bcex CTPOK, OTHOCALLMXCS
K COOTBETCTBYHOLLEMY 3aKasy.



1. CayeTyuK HOMEepa BepCHH

=> CREATE DATABASE plpgsql_triggers;

CREATE DATABASE

=> \c plpgsql_triggers

You are now connected to database "plpgsql triggers" as user "student".
Tabnuna:

=> CREATE TABLE t(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
s text,
version integer

)i
CREATE TABLE
TpurrepHas GyHKIUS:

=> CREATE FUNCTION inc_version() RETURNS trigger
AS $$
BEGIN
IF TG_OP = 'INSERT' THEN
NEW.version := 1;
ELSE
NEW.version := OLD.version + 1;
END IF;
RETURN NEW;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
Tpurrep:

=> CREATE TRIGGER t_inc_version
BEFORE INSERT OR UPDATE ON t
FOR EACH ROW EXECUTE FUNCTION inc_version();

CREATE TRIGGER

IIpoBepsiem:

=> INSERT INTO t(s) VALUES ('Pa3');
INSERT 0 1

=> SELECT * FROM t;

id | s | version

fBHOE yKa3aHUe version UTHOPUPYeTCs:
=> INSERT INTO t(s,version) VALUES ('[ea',42);
INSERT 0 1

=> SELECT * FROM t;

id | s | version
e e
1| Pa3 | 1
2 | fBa | 1
(2 rows)
H3MeHeHue:

=> UPDATE t SET s = lower(s) WHERE id = 1;
UPDATE 1

=> SELECT * FROM t;



id | s | version
i .
2 | fBa | 1
1| pa3 | 2
(2 rows)

sIBHOE yKa3aHWe TaKKe UTHOPUPYETCS:
=> UPDATE t SET s = lower(s), version = 42 WHERE id = 2;
UPDATE 1

=> SELECT * FROM t;

id | s | version
i .
1 | pa3 | 2
2 | pBa | 2
(2 rows)

2. ABTOMaTH4Y9eCKoe BhIYHC/IeHHEe 00IIel CyMMBbI 3aKa30B

Co3maeM TaGIUITHL YIIPOIIEHHON CTPYKTYPHI, JOCTAaTOYHOM [JIST TEeMOHCTPALINH:

=> CREATE TABLE orders (

id integer PRIMARY KEY,

total_amount numeric(20,2) NOT NULL DEFAULT 0
)i

CREATE TABLE

=> CREATE TABLE lines (
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
order_id integer NOT NULL REFERENCES orders(id),
amount numeric(20,2) NOT NULL

)i

CREATE TABLE
Co3maeM TPUTTEPHYIO QYHKIUIO U TPUTTEP AJIst 06paGOTKY BCTABKHU:

=> CREATE FUNCTION total_amount_ins() RETURNS trigger
AS $$
BEGIN
WITH 1(order_id, total_amount) AS (
SELECT order_id, sum(amount)
FROM new_table
GROUP BY order_id
)
UPDATE orders o
SET total_amount = o.total_amount + 1.total_amount
FROM 1
WHERE o.id = l.order_id;
RETURN NULL;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION

IIpennoxenve FROM B komanne UPDATE 1mo3BoJisieT COEIUHUTE Orders ¢ og3anpocoM II0 IEPEXOIHON Tabiulle u
KCII0JIb30BATh CTOJIOIEI II03aIIPOCA [IJIsI BRIYUCIIEHUS] 3HAUEHUS.

=> CREATE TRIGGER lines_total_amount_ins
AFTER INSERT ON lines
REFERENCING
NEW TABLE AS new_table
FOR EACH STATEMENT
EXECUTE FUNCTION total_amount_ins();

CREATE TRIGGER

OYHKIMS U TPUTTEP AJ1s1 06paboTKYU 0OHOBJIEHUS:



=> CREATE FUNCTION total_amount_upd() RETURNS trigger
AS $%
BEGIN
WITH 1_tmp(order_id, amount) AS (
SELECT order_id, amount FROM new_table
UNION ALL
SELECT order_id, -amount FROM old_table
), l(order_id, total_amount) AS (

SELECT order_id, sum(amount)
FROM 1_tmp
GROUP BY order_id
HAVING sum(amount) <> 0
)
UPDATE orders o
SET total_amount = o.total_amount + 1.total_amount
FROM 1
WHERE o.id = l.order_id;
RETURN NULL;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION
Ycnosue HAVING 1m0o3BoJISIET IPOITYCKATh U3MEHEHUsI, He BIUSIONIMEe Ha 00y CyMMy 3aKa3sa.

=> CREATE TRIGGER lines_total_amount_upd
AFTER UPDATE ON lines
REFERENCING
OLD TABLE AS old_table
NEW TABLE AS new_table
FOR EACH STATEMENT
EXECUTE FUNCTION total_amount_upd();

CREATE TRIGGER
OYHKIHUS U TPUTTED st 06PaGOTKY yoAIeHHs:

=> CREATE FUNCTION total_amount_del() RETURNS trigger
AS $$
BEGIN
WITH 1(order_id, total_amount) AS (
SELECT order_id, -sum(amount)
FROM old_table
GROUP BY order_id
)
UPDATE orders o
SET total_amount = o.total_amount + 1.total_amount
FROM 1
WHERE o.id = l.order_id;
RETURN NULL;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION

=> CREATE TRIGGER lines_total_amount_del
AFTER DELETE ON lines
REFERENCING
OLD TABLE AS old_table
FOR EACH STATEMENT
EXECUTE FUNCTION total_amount_del();

CREATE TRIGGER

Octarncsa HeoxBayeHHBIM onepaTop TRUNCATE. OpHako TpUrrep Ajsi 3TOTro ollepaTopa He MOXKEeT UCIO0Ib30BaTh
nepexonHbie Tabmuilel. Ho MbI 3HaeM, uTo mocse BeinonHeHuss TRUNCATE B lines He ocTaHeTCsI CTPOK, 3HAYUT MOIKHO
0OHYJIUTH CYMMEI BCEX 3aKa30B.

=> CREATE FUNCTION total_amount_truncate() RETURNS trigger
AS $$
BEGIN
UPDATE orders SET total_amount = 0;
RETURN NULL;
END
$$ LANGUAGE plpgsql;

CREATE FUNCTION

=> CREATE TRIGGER lines_total_amount_truncate
AFTER TRUNCATE ON lines

FOR EACH STATEMENT

EXECUTE FUNCTION total_amount_truncate();



CREATE TRIGGER

ITOIOTHUTENBHO HY2KHO 3alIPETUTh U3MEHSTh 3HaueHue total amount Bpy4YHyI0, HO 3TO 3aiaya peulaeTcss He TPUITepaMu.
IIpoBepsieM paboTy.

IMoGaBunu gBa HOBBIX 3aKa3a 0€3 CTPOK:

=> INSERT INTO orders VALUES (1), (2);

INSERT 0 2

=> SELECT * FROM orders ORDER BY id;

id | total amount
TSy S
1| 0.00
2 | 0.00
(2 rows)

oGaBuau CTPOKH B 3aKa3hl:

=> INSERT INTO lines (order_id, amount) VALUES
(1,100), (1,100), (2,500), (2,500);

INSERT 0 4

=> SELECT * FROM lines;

id | order_id | amount
R L e L
1| 1 | 100.00
2 | 1 | 100.00
3| 2 | 500.00
4 | 2 | 500.00
(4 rows)

=> SELECT * FROM orders ORDER BY id;

id | total_amount

1| 200.00
2 | 1000.00
(2 rows)

YOBOMIKM CYMMBI BCEX CTPOK BCEX 3aKa30B:

=> UPDATE lines SET amount = amount * 2;
UPDATE 4

=> SELECT * FROM orders ORDER BY id;

id | total_amount

2 | 2000.00
(2 rows)

Y@anuM ogHy CTPOKY IIepBOTO 3aKasa:

=> DELETE FROM lines WHERE id = 1;
DELETE 1

=> SELECT * FROM orders ORDER BY id;

id | total_amount

1| 200.00
2 | 2000.00
(2 rows)

OmnycTomuM TabJInuIly CTPOK:
=> TRUNCATE lines;
TRUNCATE TABLE

=> SELECT * FROM orders ORDER BY id;



id | total amount

(2 rows)

=> \c postgres
You are now connected to database "postgres" as user "student".
=> DROP DATABASE plpgsql_triggers;

DROP DATABASE



