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®yHKLMM, BO3BPAlLLlaloLle OJHY CTPOKY

@DYHKIIMH, BO3BPAILIAIOI[1e MHOXXECTBO CTPOK
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CocTaBHble TUMNbI Posigres

CoCTaBHOU TUIT

HabOp MMEeHOBaHHBIX aTpUOyTOB (TI071ei)
TO >Ke, UTO Tab/MuHasi CTPOKa, HO 6e3 orpaHNUeHUl [1e/I0CTHOCTH

Cosgmanue

SIBHOe 00bsB/IeHUe HOBOI'O THUIIA
HesIBHO TIPY CO3/aHWH TaO/IULIBI
Heornpe/ie/IeHHbIN COCTaBHOM T record

Ncnonb3oBanue

anI/IGYTbI KdK CKdJ/IADHbI€ 3HaY€HUA

orepaLyy O 3HaUeHUsIMU COCTaBHOTO TUIA: CPaBHEHMe, IPOBepKa
Ha NULL, ucrnosib30BaHuMe C Mog3anpocamMmu

CocTaBHOli TN — 3TO HAGOp aTpubyTOB, KaXKAbIi 3 KOTOPbIX UMEET CBOE
MMS 1 CBOW TuN. COCTaBHOW TN MOXHO paccMaTpuBaTh Kak Tab/nuHyo
CTPOKY. HacTo OH Ha3bIBAETCH «3anucbio» (a B CU-NOA0BHLIX S3blKaxX Takow
TN Ha3bIBAETCA «CTPYKTYPOn»).

https://postgrespro.ru/docs/postgresgl/16/rowtypes

CocTaBHOI TN — 0OBEKT 6a3sbl AaHHbIX, Er0 06BLABEHNE PETUCTPUPYET
HOBbI TUN B CUCTEMHOM KaTasiore, nocsie Yero OH CTaHOBUTCA
NosHOUEHHbIM Tunom SQL. Mpu co3gaHnmn Tabnmubl asToMaTU4eCcKn
CcO34aeTCcs U OAHOMMEHHbIA COCTaBHOW TN, NPeACTaB/SOLINIA CTPOKY 3TOW
Tabnuupl. BaxxHoe oTnnume cocTomT B TOM, YTO B COCTABHOM TUME HET
OrpaHMyYeHuni LeNOCTHOCTMN.

https://postgrespro.ru/docs/postgresqgl/16/sql-createtype

ATpnBYTbI COCTABHOIO THMa MOryT UCMO/b30BaTbCA KakK OTAe/IbHble
3HayeHus (XoTa atpubyT, B CBOKO oYepeb, TOXE MOXET MMEeTb COCTaBHOM
™n).

CocTaBHOI TUM MOXHO UCMNO/b30BaTh Kak Nto6on gpyron Tmn SQL,
Hanpumep, co3gaBaTtb CTON6LUbI TabnuL 3TOro TMna 1 T. N. 3HaYeHus
COCTaBHOrO TMNa MOXHO CPaBHMBaTb MeXay cOb60i, NPOBEPSATb

Ha HeonpegeneHHocTb (NULL), ncnonb3osarb ¢ nogsanpocamu B Takux
KOHCTPYKUMAX, kak IN, ANY/SOME, ALL.

https://postgrespro.ru/docs/postgresgl/16/functions-comparisons
https://postgrespro.ru/docs/postgresqal/16/functions-subgquery




fABHOE 00BbSAB/IEHHE COCTAaBHOTO THIIA

TlepBEIit c10COG BBECTU COCTABHOM THUII — SIBHBHIM 00pa30M OObSIBUTH €I0:

=> CREATE TYPE currency AS (
amount numeric,
code text

);

CREATE TYPE

=> \dT

List of data types
Schema | Name | Description
........ e S
public | currency |
(1 row)

Taxkoi TUI MOZKHO KMCIIOJIb30BaTh TOYHO TaK Ke, Kak 1060 apyrou Tun SQL. Hanpumep, MBI MOKeM CO3[aTh TaOIUIY CO
cToNIOIIaMU TAKOTO THIIA:

=> CREATE TABLE transactions(

account_id integer,

debit currency,

credit currency,

date_entered date DEFAULT current_date
)i

CREATE TABLE

Hy2KHO 711 Tak meyath — BOIPOC CJIOKHEBIM, YHUBEPCAIBLHEIX PELIENITOB TYT HE CYIIECTBYeT. B KAKUX-TO CIIydasix 3TO MOXKET
OBITH IIOJIE3HO; B KAKUX-TO yIoOHee NelCTBOBATh B PEISIIMOHHBIX pPaMKaX: BEIIENIUTh CYIIHOCTD, IIPENCTaBlIsIeMyl0 TUIIOM, B
OTHETNbHYIO TabNUIy U CCHIIAThCS Ha Hee. JTO IT03BOIUTh n3bekaTh U30BITOYHOCTH NAaHHBIX (HOpMaIu3alus) U YIPOCTUTh

MHIOEKCUPOBaHUe (B CIydae COCTAaBHOTO THIIa CKOpee BCEro MoTpedyeTcss MHAEKC 10 BEIPAXEHUI0).

B nemom PostgreSQL o6GmagaeT mOCTAaTOYHO GOJBIIMM KOJTMYECTBOM BCTPOEHHEIX TUIIOB JAHHAIX, TAK YTO, BEPOSITHO,
HEeOOXOOUMOCTh B CO3IaHUU COOCTBEHHOTO THUIla OyAeT BO3HUKATL HE YaCTO, €CJIM He CKa3aTh PeOKo.

KoHcTpyupoBaHHe 3HAaYEHHH COCTABHBLIX THIIOB

3Ha4yeHus COCTABHOI'O THIIA MOXKHO (OPMUPOBATh B BUfie CTPOKY, BHYTPX KOTOPOX B CKOOKax IepedYrCIIeHbl 3HaYeHUs.
O6paTrTe BHUMaHUe, YTO CTPOKOBBIE 3HAUEHUS 3aK/II0YaeTCs B IBOMHEIE KaBBIYKU:

=> INSERT INTO transactions VALUES (1, NULL, '(100.60,"RUB")');

INSERT 0 1

[pyro# cnoco6 — KoHCTPyKTOp ROW:

=> INSERT INTO transactions VALUES (2, ROW(80.00, 'RUB'), NULL);

INSERT 0 1

Ecnm cocTaBHOU THUII cOnepKUT 60jiee OOHOIO0 I10JisI, TO cJ10BO ROW MOKHO OIIyCTHUTh:
=> INSERT INTO transactions VALUES (3, (20.00,'RUB'), NULL);

INSERT 0 1

=> SELECT * FROM transactions;

account id | debit | credit | date entered
------------ R e S e
1 | | (100.00,RUB) | 2024-07-05
2 | (80.00,RUB) | | 2024-07-05
3 | (20.00,RUB) | | 2024-07-05

ATprIGYTI)I COCTABHOTI' O THIIA KdK OTJe/IbHbIEe SHAYCHUsA

OfpaieHue K OTOEIFHOMY aTpUOyTy COCTABHOTO TUIIA — II0 CYTH TO K€, YTO ¥ 00palleHuIo K CTOnI0Iy TabIuIlkl, Begb
CTPOKa TAGIUIEI — 3TO U €CTh COCTABHOM THII:

=> SELECT t.account_id FROM transactions t;



account id

(3 rows)

Kak mpaBusio, TpedyeTcsi 6paTh COCTaBHOE 3HAUYEHHEe B CKOOKHU, HAlpUMep, YTOOH OTIUYaTh aTPUOYT 3allUCH OT CTOJIGIA
TAOIHUIIEL:

=> SELECT (t.debit).amount, (t.credit).amount FROM transactions t;

amount | amount

| 100.00
80.00 |
20.00 |
(3 rows)

Wnu B cimy4yae, KOrfia UCIOJIb3YyETCS BhIpakKeHUe:
=> SELECT ((10.00, 'RUB')::currency).amount;

amount

CocTaBHOe 3HaueHUe He 00513aTeIbHO CBI3aHO C KaKUM-TO KOHKPETHBIM TUIIOM, OHO MOXKET OBITH HeonpeueneHHoﬁ
3allMChIO IICEBOOTHUIIA record:

=> SELECT (10.00,'RUB')::record;

(10.00,RUB)
(1 row)

Ho monyuuTcst mu 06paTUTHCS K aTPUOYTY TAKOM 3aIUCH?
=> SELECT ((10.00,'RUB')::record).amount;

ERROR: could not identify column "amount" in record data type
LINE 1: SELECT ((10.00,'RUB')::record).amount;

HeTt, nockonbKy aTpubyTH TaKOTO TUIIA O€3LIMSIHHEIE.

HesBHBIM COCTAaBHOM THII OJIsI TAaO/IHII

Bornee yacToe Ha IIpaKkTUKe IPUMeHeHNe COCTABHEIX TUIIOB — yIIpolleHue paboTH GyHKIUY Cc TabIumaMu.
TTpu co3maHuu TAGIUIEI HESIBHO CO3[aeTCs U OHHOUMMEHHBIM COCTaBHOM TuIll. HampuMep, MecTa B KUHOTeaTpe:

=> CREATE TABLE seats(
line text,
number integer

);

CREATE TABLE

=> INSERT INTO seats VALUES
('A*, 42), ('B*, 1), ('C', 27);

INSERT 0 3
Komanpa \dT «mpssueT» Takue HesIBHEIE TUITHL, HO IIPU KEJIaHUYU WX MOXKHO YBUIETH HEIIOCPEICTBEHHO B Tabnune pg type:

=> SELECT typtype FROM pg_type WHERE typname = 'seats’;

typtype



Onepaunn HaJd 3HAaYeHHsIMH COCTAaBHBIX THIIOB

3HAYeHUsI COCTAaBHBIX TUIIOB MOXKHO CPAaBHHUBAThH MEXIAY COO0H. DTO MPOUCXOTUT [T0O3JIEMEHTHO (IIPUMEPHO TaK XKe, KaK
CTPOKU CPaBHUBAIOTCS IOCHMBOJIBHO):

=> SELECT * FROM seats s WHERE s < ('B',52)::seats;

line | number

...... T
A | 42
B | 1
(2 rows)

OCTOpPOXKHO: CYIIECTBYeT MHOI'O TOHKOCTEH, CBSI3aHHBIX C HEOIIPeeIeHHbIMI 3HaYEeHUSIMU BHYTPY 3aluCe.
Takxke paboTaet npoBepka Ha HeompeneneHHOCTh IS [NOT] NULL u cpaBuenue IS [NOT] DISTINCT FROM.
CocTaBHBIE THUITBI MOXKHO HCITIOJIb30BATh C MOA3AIPOCaMH, YTO GEIBAET O4eHb YOOGHO.

ITo6GaBuM TabnuIly c OUIeTamMu:

=> CREATE TABLE tickets(
line text,
number integer,
movie_start date

)i
CREATE TABLE

=> INSERT INTO tickets VALUES
('A', 42, current_date),
('B', 1, current_date+l);

INSERT 0 2
Temneps, HaIpXMeDP, MOKHO HAIIMCATh TAKOM 3aIIpoC [AJIs IOWCKa MeCT B GMileTax Ha CETONHSIIHUN CeaHC:

=> SELECT * FROM seats WHERE (line, number) IN (
SELECT line, number FROM tickets WHERE movie_start = current_date
)i

line | number

A | 42
(1 row)

Be3 BO3MOXKHOCTHM UCIIOIb30BaTh II043allpoC IIPHUIIIIOCH OBI STBHO COequHATH TaﬁJ'H/ILILI.
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[1lapameTpbl nognporpamMmm Posigres

[TogmporpaMma MoXXeT IPUHUMAaTh IapaMeTpbl COCTaBHOT'O
THUTa

Crioco6 peanu3aliviy BbIUKC/ISIEMBIX 11071

B3arMo3aMeHsieMocTh table.column u column(table)

Ipyrue criocobbl

Tpe/iCTaB/IeHus
ctonbipl GENERATED ALWAYS

PasymeeTcs, noAnporpamMmbl MOTyT NPUHMMAaThL NapameTpbl COCTaBHbIX
TUNOB.

MHTepecHOo, 4To ANnsa AocTyna K CToNn6uy Tabnmubl MOXHO UCMNO/b30BaTh

He TONIbKO NPUBbLIYHYIO dOPMY «Tabnuua.ctonéew», Ho U PYHKUNOHA/IbHYIO:
«cTon6eu(tabnuua)». ITo NO3BO/AET CO34aBaTb BblUNCNAEMbIE NOSIS,
onpenensas yHKUMo, NPUHUMAaOLLYH0 Ha BXO[, COCTaBHOM TUM.

https://postgrespro.ru/docs/postgresgl/16/xfunc-sql

DTO HECKO/IbKO KYpPbe3HbIii CNoco6, NOCKO/IbKY TOM0 e pesysibTarta MOXHO
[06uTtbcAa 6onee ABHO € NOMOLLbIO npeactasneHns. CtaHgapTt SQL takxke
npenycmatpusaet reHepupyemble (GENERATED ALWAYS) cTonbupbl, XoTA
B PostgreSQL aTa BO3MOXXHOCTbL MNOKa peasin3oBaHa He B COOTBETCTBUN

CO CTaHAapTOM — CTO/16Ubl HE BbIYUCAAKOTCA Ha JIETY, & COXPaHAOTCSA

B Tabnuue.

https://postgrespro.ru/docs/postgresql/16/ddl-generated-columns




ITapameTpsl COCTAaBHOIO THIA

OnpenenuM GYHKINIO, IPUHUMAIOINIYI0 3HaUYeHUe COCTAaBHOTO TUIIa ¥ BO3BPAIlAIONIyI0 TEKCTOBLIN HOMED MecTa.

=> CREATE FUNCTION seat_no(seat seats) RETURNS text
IMMUTABLE LANGUAGE sql
RETURN seat.line || seat.number;

CREATE FUNCTION

O6paTuTe BHUMaHKE, 4YTO B 00IIEeM Cilydae KOHKAaTeHAIlusl UMeeT KaTeTOpHuio n3MeH4YuBoCTH stable, a He immutable,
TIOCKOJIBKY /IS HEKOTOPBIX TUIIOB JAHHBIX IIPUBENEHNE K CTPOKE MOXKET JaBaTh Pa3HbIe Pe3yJIbTAaThl B 3aBUCUMOCTH OT
HACTPOEK.

=> SELECT seat_no(ROW('A',42));

seat no

Yto ymo6HO, Tako¥ (PyHKINKM MOXKHO IlepefaBaTh HEIIOCPEACTBEHHO CTPOKY TaOJIUITEL:

=> SELECT s.line, s.number, seat no(s.*) FROM seats s;

______ Y
A | 42 | A42

B | 1] B1

C | 27 | C27

(3 rows)

Mo3kHO 060UTHUCE U 6€3 «3BE3TOUKU»:
=> SELECT s.line, s.number, seat_no(s) FROM seats s;

line | number | seat_no

...... e
A | 42 | A42

B | 1] B1

C | 27 | C27

(3 rows)

CHHTaKCHUCOM [IolIycKaeTcs obpalieHne K GyHKINYM KaK K CTOJIONy Tabimunel (1 Hao60poT, K CTONOIY KaK K PyHKITUN):

=> SELECT s.line, number(s), s.seat_no FROM seats s;

______ B L Ty
A | 42 | A42

B | 1| Bl

C | 27 | C27

(3 rows)

Tarum 06pa30M MO2KHO HUCITOJIB30BATh Q)YHKHI/II/I KaK BBIYHUCJISIEMEIE «Ha JIeTy>» CTOMNOITEI TAGIIHII.

YTo, ecnu U B TabiuIle oKaxkeTcs: cTonbell C TeM ke uMeHeM? PaHblle B 1060M ClIydae IpedodyTeHue OTHaBaloch
cTomO1y, a HauuHas ¢ Bepcuu 11 BEIOOD 3aBUCHUT OT CUHTAKCUYECKON (HOPMEI.

Pasymeercsi, Takoro xe 3dderra MOKHO JOOUTHCS, OIPENENINB IIpeiCTaBIeHHE.

=> CREATE VIEW seats_v AS
SELECT s.line, s.number, seat_no(s) FROM seats s;

CREATE VIEW

=> SELECT line, number, seat_no FROM seats_v;

______ B L Ty
A | 42 | A42

B | 1| Bl

C | 27 | C27

(3 rows)



A mavunas ¢ Bepcuu 12, PostgreSQL mo3BosieT Ipu cO3naHUM TabIUll OOBSIBUTh «HACTOSIINE» BEYUCIISIEMEIE CTOJIOIIEL.
IIpaBmoa, B oTimyue oT cTaHmapTa SQL, Takue CTONOIE He BHIYUCIISIIOTCS Ha JIETY, @ COXPAHSIIOTCS B TabIuIe:

=> CREATE TABLE seats2(
line text,
number integer,
seat_no text GENERATED ALWAYS AS (seat_no(ROW(line,number))) STORED

)i
CREATE TABLE

=> \d seats2
Table "public.seats2"
Column | Type | Collation | Nullable | Default
--------- B et L R e T e
line | text | | |
number | integer | |
I

seat no | text | | generated always as (seat no(ROW(line,

number))) stored

=> INSERT INTO seats2 (line, number)
SELECT line, number FROM seats;

INSERT 0 3

=> SELECT * FROM seats2;

______ B L Ty
A | 42 | A42

B | 1| Bl

C | 27 | C27

(3 rows)

Eciu MBI BIIOCJIEICTBUY PEIINIIN, YTO CIeAyeT sIBHO 3aJaBaTh 3HAYeHHUe I10JIsI, TO HaM JOCTAaTOYHO YOATUTh BHIPAXKEeHHE:
=> ALTER TABLE seats2 ALTER COLUMN seat_no DROP EXPRESSION;

ALTER TABLE

CyliecTByIOIIMe NaHHbIe B CTOJIOIE OCTaIUCh, HO CTOIGEL Tereph He BHIYHMCIISIEeMBIH, a "0OBIYHbIH":

=> SELECT * FROM seats2;

______ L S e
A | 42 | A42

B | 1| Bl

C | 27 | C27

(3 rows)
=> \d seats2

Table "public.seats2"

Column | Type | Collation | Nullable | Default
--------- L L e L
line | text | | |

number | integer | |

I I I

seat_no | text |
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«OOHOCTPOUHbIE» OYHKUNKN  Posggres

Bo3BpailiatoT 3HaueHHe COCTaBHOIO THIIA
OO6BIYHO BBI3BIBAIOTCS B CIIMCKe BHIOOPKH 3arpoca

[Ipu BBI3OBE B MipeiokeHMU FROM B0O3BpalLiatoT
OHOCTPOYHYO TabnuIly

OYHKLUUM MOTYT He TOMbKO NPUHMMAaThL NapameTpbl COCTABHOIO TUNa,
HO 1 BO3BpallaTb 3HAYEHNe COCTaBHOro Tuna.

OG6bIYHO (PYHKLIMM BbI3bIBAKOTCA B CNUCKE BbIGOPKK 3anpoca (npeasoxeHme
SELECT).

Ho doyHKUMIO MOXHO BbI3BaTb U B npeasioxeHnn FROM, kak 6yato tabnuuy
N3 O HOW CTPOKMN.



DYHKIHMH, BO3BpPAIaIOIiHe OJHO 3HAUYCeHHe

HanwumeM GyHKINIO, KOHCTPYHUPYIOLIYIO ¥ BO3BPAIIAIONIYIO TAOIMYHYIO CTPOKY 10 OTHENIbHBIM KOMIIOHEHTaM.
Takyio GyHKINIO0 MOXKHO 00baBUTh Kak RETURNS seats:

=> CREATE FUNCTION seat(line text, number integer) RETURNS seats
IMMUTABLE LANGUAGE sql
RETURN ROW(line, number)::seats;

CREATE FUNCTION

=> SELECT seat('A', 42);

ME! mosry4aeM pe3yJbTaT COCTaBHOIO THIA. ET0 MOXKHO «pa3BepHYThH» B OQHOCTPOYHYIO TabGIUIy:
=> SELECT (seat('A', 42)).%*;
line | number
A | 42
(1 row)
HMmeHa CTOJ'I6L[OB U UX THUIIBI IIOJIy4Y€HEI 3[J€Ch U3 OIIMCaHUs COCTaBHOI'O THUIIA seats.

Ho ¢yHKIIMIO MOKHO BEI3EIBATh He TOJIBKO B CIIUCKe BHIOOPKU 3aIrpoca UJIM B YCIIOBUSX, KakK 4acTh BeIpaxeHUus. K pyHKInu
MOZKHO 06paTUTHCA U B mpemmoxenun FROM, Kak K TaOnuiie:

=> SELECT * FROM seat('A', 42);

line | number
A | 42
(1 row)
IIpu 5TOM MEI TOXKe II0JTy4yaeM OOHOCTPOYHYIO TabIUITy.

KcraTtu, MOKHO 11 TOKOOHEIM 00pa30M BhI3BaTh GYHKIINIO, BO3BPAIAIONIYI0 OTAENIbHOE (CKalsipHOe) 3HaYeHue?

=> SELECT * FROM abs(-1.5);

IIpyro# BapuaHT, KOTOPHIM MHI y2Ke Bupenu B TeMe «SQL. OyHKINN» — OOBSABUTH BEIXOOHBIE ITapaMeTPHI.

3a00HO OTMETHUM, YTO B 3amnpoce He 0053aTEeIbHO COﬁI/IpaTb COCTABHOM TUII U3 OTHEJIbHEBIX ITOJIEH — 9TO 6yJIeT npongenaHo
AaBTOMATU4YECKH:

=> DROP FUNCTION seat(text, integer);
DROP FUNCTION

=> CREATE FUNCTION seat(line INOUT text, number INOUT integer)
IMMUTABLE LANGUAGE sql
RETURN (line, number);

CREATE FUNCTION

=> SELECT seat('A', 42);

=> SELECT * FROM seat('A', 42);



ITonydaeM TOT ke pe3ybTaT — HO UMEHA U THUIIHI IT0JIeH B JAHHOM CiIydae II0JIyYeHBl U3 BBIXOJHBIX ITapaMeTpoB GyHKIINHY,
a caM COCTaBHOM THUII OCTaeTCs aHOHUMHBIM.

U elfe onvH BapHaHT — OOBSIBUTH QYHKLMIO KAK BO3BPAIIAIOIIYIO IICEBOOTUII record, KOTOPHIH 0003Ha4YaeT COCTAaBHOU THII
«BOOOIIE», 6€3 YTOYHEHUS €r0 CTPYKTYPHL.

=> DROP FUNCTION seat(text, integer);
DROP FUNCTION

=> CREATE FUNCTION seat(line text, number integer) RETURNS record
IMMUTABLE LANGUAGE sql
RETURN (line, number);

CREATE FUNCTION

=> SELECT seat('A',42);

Ho BeI3BaTh Takyio ¢yHKIUIO B npennoxenun FROM yxe He MOTy4YUTCs, MOCKOIBKY BO3BpAlllaeMblll COCTaBHOM THII HE
IIPOCTO aHOHUMHEIN, HO ¥ KOJIMYECTBO U TUIIHL €T0 IoJIel 3apaHee (Ha 3Tane pa3bopa 3ampoca) HEU3BECTHBI:

=> SELECT * FROM seat('A',42);

ERROR: a column definition list is required for functions returning "record"
LINE 1: SELECT * FROM seat('A',42);

B aTOM ciiy4ae npu BeI30Be QYHKIUU CTPYKTYPY COCTAaBHOI'O THUIIA IPUOETCS YTOYHUTL — MEI SBHO YKa3blBaeM Ha3BaHUS U
THUIIBI CTONIOIOB:

=> SELECT * FROM seat('A',42) AS (line text, number integer);

IIpu Hanucanuy GyHKUIWH HOMyCTUM JTI000H U3 3TUX TPEX BAaPUAHTOB, HO JIy4Ille Cpa3y OAyMaTh 00 MUCIIONIb30BaHuU: OyaeT
71 ynoOeH aHOHUMHEIN THII ¥ YTOYHEHNe CTPYKTYPHI TUIIAa IIPX BEI30BE.
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TabnuyHblie yHKLNK Pos{gres

OO6mwsiBsitoTcst Kak RETURNS SETOF wm RETURNS TABLE
MoryT BO3BpalllaTh HeCKOJIBLKO CTPOK
OOBIYHO BBI3BIBAIOTCS B MpeAIOyKeHHH FROM

MO>XKHO HCII0/1b30BaTh KaK IpeacraB/ieHHe C IIdpaMeTpaMu1

0COOEeHHO y,E[O6HO B COUeTaHHH C HO,I[CTEIHOBKOFI TeJIa Cl)YHKI_II/II/I B 3aripoc

Mbl 3HaeM, YTO K (PyHKUNAM MOXHO obpauiatsca B npeanoxeHnn FROM,
O4HaKOo [0 CUX Nop pesysibTaTtoM Oblsia ogHa cTpoka. KoHeyHo, nHtepecHee
6b1/10 6bl UMETb PYHKLMW, BO3BpaLLatoLmne MHOXECTBO CTPOK (TabnyHble
PyHKUUN) — 1 UX AEeNCTBUTENBHO MOXHO onpeaensTb.

TabnuyHble PyHKUNN eCTeCTBEHHO BbI3blBaTh B nNpeasioxeHnn FROM

N MOXHO paccMarpuBaTb UX Kak CBOeobpasHoe npencras/ieHue.,
(PopmasibHO PostgreSQL no3Bo/seT Bbi3BaTh Takyo PYHKUUIO N B CMINCKE
BbIOOPKM, HO TakK /lyylle He genarb.)

Kak 1 ¢ 06bl4HbIMU DYHKUMSMI, B PAAE ClyYaeB NIaHUPOBLLMK MOXET
NnoAcTaBUTb TENO (OYHKLIMM B OCHOBHOI 3anpoc. 9T0 NO3BO/ISIET CO3aBaTb
«MpefCcTaBNeHns ¢ napaMmeTpamMmn» 6e3 HaknaHbIX PacxoioB.

https://wiki.postgresql.org/wiki/Inlining_of SQL_functions




DYHKIHMH, BO3BpAIaloline MHOXKECTBO CTPOK (Tab/Iu4YHbIe (PYHKITHH)

Hanumem ¢pyHKINIO, KOTOpasi BepHET BCe MecCTa B IPSIMOYIOJILHOM 3ajie 3afaHHOI'0 pa3Mepa.

=> CREATE FUNCTION rect_hall(max_line integer, max_number integer)
RETURNS SETOF seats
IMMUTABLE LANGUAGE sql
BEGIN ATOMIC
SELECT chr(line+64), number
FROM generate_series(1,max_line) AS line,
generate_series(1,max_number) AS number;
END;

CREATE FUNCTION

KmroueBoe otnuune — cimoBo SETOF. B TakoM cinydae GyHKINS BO3BpallaeT He IIEPBYIO0 CTPOKY IIOCTIEJHEro 3ampoca, Kak
0OBIYHO, @ BCe CTPOKH IIOCJIEIHEr0 3ampoca.

=> SELECT * FROM rect_hall(max_line => 2, max_number => 3);

line | number

BMmecto SETOF seats moxkHO0 ucmnonb3oBaTth 1 SETOF record:
=> DROP FUNCTION rect_hall(integer, integer);
DROP FUNCTION

=> CREATE FUNCTION rect_hall(max_line integer, max_number integer)
RETURNS SETOF record
IMMUTABLE LANGUAGE sql
BEGIN ATOMIC
SELECT chr(line+64), number
FROM generate_series(1,max_line) AS line,
generate_series(1,max_number) AS number;
END;

CREATE FUNCTION
Ho B aTOM citydae, Kak MBI BUJI€JIM, IIPU BbI30Be QYHKIUM NIPUAETCS YTOUHSATh CTPYKTYPY COCTaBHOTO THUIIA:

=> SELECT * FROM rect_hall(max_line => 2, max_number => 3)
AS (a_line text, a_number integer);

a line | a number

rows)

A MoxHO 00BIBUTE GYHKIHIO C BEIXOmHEIME nnapaMerpamu. Ho SETOF record Bce paBHO IPUAETCS HANHUCATh, YTOOBI
oKa3aTh, 4TO GYHKIMS BO3BpAlllaeT He ONHY CTPOKY, & MHOXKECTBO:

=> DROP FUNCTION rect_hall(integer, integer);

DROP FUNCTION



=> CREATE FUNCTION rect_hall(
max_line integer, max_number integer,
OUT p_line text, OUT p_number integer
)
RETURNS SETOF record
IMMUTABLE LANGUAGE sql
BEGIN ATOMIC
SELECT chr(line+64), number
FROM generate_series(1,max_line) AS line,
generate_series(1,max_number) AS number;
END;

CREATE FUNCTION

=> SELECT * FROM rect_hall(max_line => 2, max_number => 3);

p _line | p_number
________ Fomm e
A | 1
A | 2
A | 3
B | 1
B | 2
B | 3
(6 rows)

Emre onyH paBHO3HAYHBIH (M K TOMY K€ OIKCAHHEIN B cTaHmapTte SQL) cmoco6 o0baBUTh TAOIUYHYIO0 QYHKINIO — YKa3aTh
cnoBo TABLE:

=> DROP FUNCTION rect_hall(integer, integer);
DROP FUNCTION

=> CREATE FUNCTION rect_hall(max_line integer, max_number integer)
RETURNS TABLE(t_line text, t_number integer)
LANGUAGE sql
BEGIN ATOMIC
SELECT chr(line+64), number
FROM generate_series(1,max_line) AS line,
generate_series(1,max_number) AS number;
END;

CREATE FUNCTION
=> SELECT * FROM rect_hall(max_line => 2, max_number => 3);

t_line | t_number

I/IHOTJIa B 3aIlpocax OBIBAET ITOJIE3HO IIPOHYMEpPOBATh CTPOKH B TOM IIOPAAKE, B KOTOPOM OHH IIOJIYYEHEI OT (l.)yHKLII/II/I HJ’[S{
9TOr'0 €CTh ClieliualbHasd KOHCTPYKIIUA:

=> SELECT *
FROM rect_hall(max_line => 2, max_number => 3) WITH ORDINALITY;

t line | t number | ordinality

rows)

IIpu ucnonws3oBanuu ¢yHKIMK B npeanoxennn FROM, nepen Hell HessBHO nmoagpa3yMeBaeTcs KimtodeBoe cioso LATERAL,
YTO II03BOJIsIeT GYHKIUYU oOpamaThcs K cTonbram TabIull, CTOSIIUX B 3allpoce ciaeBa OT Hee. IHOTIa 5TO IIO3BOJISIET
VIPOCTUTE (POPMYIUPOBKY 3aIIPOCOB.

Hanpumep, HanuueMm GyHKINIO, KOHCTPYUPYIOIIYIO 3aj Harnofo6ue aMmduTeaTpa, B KOTOPOM AaIbHUE PSObl UMEIOT O0JIbIle
MECT, 4eM OIIUKHUE:



=> CREATE FUNCTION amphitheatre(max_line integer)

RETURNS TABLE(t_line text, t_number integer)
IMMUTABLE LANGUAGE sql
BEGIN ATOMIC

SELECT chr(line + 64), number

FROM generate_series(1l,max_line) AS line, -- <--+
generate_series(1l, --
line -----------cmmememe - +

) AS number;
END;

CREATE FUNCTION
=> SELECT * FROM amphitheatre(3);

t line | t number

HHTepecHO, Y4TO K GYHKINH, BO3BPAIIAIOIIEd MHOKECTBO CTPOK, MOKHO 00PATUTHCS U B CIIMCKe BEIOOPKHM 3arpoca:
=> SELECT rect_hall(3,4);

rect hall

(12 rows)

B HEKOTOPHIX CiIydasix 9TO CMOTPUTCS JIOTUYHO, HO MHOTAA Pe3yJibTaT MOXKET YAUBUThL. HanmpuMmep, CKOJIBKO CTPOK BEPHET
Takou 3anpoc?

=> SELECT rect_hall(2,3), rect_hall(2,2);

rect_hall | rect_hall

___________ i
(A,1) | (A,1)
(A,2) | (A,2)
(A,3) | (B,1)
(B,1) | (B,2)
(B,2) |

(B,3) |

(6 rows)

TTonydaeTcst 6 CTPOK, a B Bepcusix go 10 mosydanoch HauMeHbIee 001ee KpaTHOE YKCila CTPOK, BO3BPAIEHHBIX KaXKI0H
dynxkiueit (12 B gaHHOM CiIy4ae).

Eme xyxe, 4TO 3alIpOC MOXKET BEPHYTh MEHbIIIE CTPOK, YeM OXKHUOAIOCh, €CliK PYHKLKS HE BePHET HU OMHOM CTPOKY IIPU
KaKOM-TO 3HAYEHUH [TapaMeTpPOB.

IToaToMy Tako¥ cioco0 BEI30Ba HE CTOUT UCIIOJIH30BATh.

(I)YHKIH/II/I KdK IpeacTaB/IEHHs C IIapaMeTpaMHAa

Kak MbI Buzmenu, GyHKIINIO MOXKHO UCIIOJIb30BaTh BO ppaze FROM kak Tabnuuy unm npencrasierue. Ho mpu 3ToM MBI
IOIIOJIHUTEJIFHO IOJIyYaeM BO3MOXKHOCTh HCIIOIF30BaTh IIapaMeTpEl, UTO B Psifie CIy4aeB ORIBAET yOOOHO.

EnuHCTBEHHAs CII0KHOCTB C TAKHUM ITOIXOOM COCTOUT B TOM, YTO Iipu obGpauiennu K ¢dyukuuu (Function Scan) 3ampock! u3
Hee CHayasla BHIIOIHSIOTCS [TOJIHOCTHIO, M TOJIBKO 3aTEM K Pe3yJIbTaTy IPUMEHSIIOTCS JOMOIHUTEIbHbIE YCIIOBUS U3
3ampoca.



=> EXPLAIN (costs off)
SELECT * FROM rect_hall(3,4) WHERE t_line = 'A';

QUERY PLAN
Function Scan on rect_hall
Filter: (t line = 'A'::text)
(2 rows)

Ecnu 6p1 QyHKIMS comepaKalia CJIOXKHBIH, JOITUH 3aIIPOC, 3TO MOTIJIO OB CTaTh TPOGIEMOH.

B HEKOTOPHIX ClIy4dasiX Telo (I)yHKLII/II/I MOZKeT IIOACTaBIIATECA B BI:IBI:IBaIOH.II/Iﬁ 3alpoc. st TaOITUYHBIX (byHKL[I/IfI
OrpaHUYeHUusd 0oJiee MsTKHe:

e (GbyHKIUS HanKcaHa Ha s3blke SQL;

o (dynkIMsa cama He momkHA O6bITh U3MeHYNBON (VOLATILE) u He HOJI2KHA COmEPKATh BRI30BOB TAaKUX (DYHKITUH;
e (dynkius He momxkHa ObITH cTporou (STRICT);

e TeJI0 MOJIZKHO COfiepKaTh eauHCTBeHHBIN onepaTop SELECT (HO OH MO2KEeT OBITh CIIOXKHBIM);

® U PSIf OPYTUX OrpPaHUYeHU.

B HameM ciydae eso B TOM, YTO IIOCTIEeNHUM pa3 MBI 00BABUIN (PYHKITNIO KaK U3MEHYUBYIO, He YKa3aB KaTeropuio
M3MEHYUBOCTHU SIBHO.

=> ALTER FUNCTION rect_hall(integer, integer) IMMUTABLE;
ALTER FUNCTION

=> EXPLAIN (costs off)
SELECT * FROM rect_hall(3,4) WHERE t_line = 'A';

QUERY PLAN
Nested Loop
-> Function Scan on generate series line
Filter: (chr((line + 64)) = 'A'::text)
-> Function Scan on generate series number
(4 rows)

Teneps HeT BrI30Ba GYHKINMY KaK TaKOBOI'O, a YCJIOBHE IIOACTABIEHO BHYTPH 3ampoca, 4To 6oee 3¢pdHeKTUBHO.



o)) PROFESSIONAL

Toru Posigres

CoCTaBHOM THI 00BeJUHSAET 3HAUOHUS [[PYTHUX THUIIOB
YrpoirjaeT u oboramiaer paboTy GyHKIUIM ¢ TabIUIaMH

ITo3BossieT CO31aBdTh BbIUMC/IMMbIE T10J/14
U 11peACTaB/IeHWsA C ITapdMeTpdMH

q)yHKL[I/II/I MOT'YT BO3BpAllldTb MHOXX€CTBO CTPOK
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o)) PROFESSIONAL

Mpaktuka L Posigras

1. Cospgatite dyHkuuto onhand_qty /s mofcueTa UMeroIUXCs
B Ha/IMUMM KHUT. DyHKIIYS TIPUHUMAaeT TlapaMeTp COCTaBHOTO
tuma books 1 Bo3BpalljaeT 1iejioe YucIo.

Vcnonb3yiTe 3Ty (yHKLMIO B pe/icTaBleHuu catalog v
B KaueCTBe «BBbIUMC/ISIEMOrO TOJIS».

[TpoBepsTe, UTO MPUIOKeHHE 0TOOpa)kaeT KOJTMUeCTBO KHHUT.

2. Co3paiiTe Tabmunyto QyHKIMIO get_catalog /711 OMCKa KHHUT.
DYHKLUS TPUHUMAeT 3HadeHUs1 1osiert (opMbl MOUCKa
(«MMs aBTOpa», «Ha3BaHWe KHUTW», «eCTh Ha CK/1aZie»)
Y BO3BpalljaeT NoAXosle KHUTY B (hopmare catalog_v.

[TpoBepbTe, UTO B «Mara3uHe» Hauaa paboOTaTh IMOMCK U

TPOCMOTP.
12
1.
FUNCTION onhand_qty(book books) RETURNS integer
2.

FUNCTION get_catalog(
author_name text, book_title text, in_stock boolean
)

RETURNS TABLE(
book_id integer, display_name text, onhand_qgty integer
)

[Mpn pelweHnn Xxotenocb 6bl BOCMOb30BaTbLCS YXXe rOTOBbIM
npencrasneHnem catalog_v, NPOCTO HA/IOXMB OrPaHNYEHNA Ha CTPOKN.

Ho B aTOM npeacrtaBneHnn N Ha3saHWe KHUIM, U aBTOPbl HAXOAATCA B O4HOM
nosie, K TOMy Xe B cokpawjeHHoM Buge. OuyeBnAHO, YTO NoMCK aBTopa «J/leB»
no nosto «J1 .H. Tonctoin» He gacT pesynbrara.

MoXHO 6b1/10 6bl MOBTOPUTL B (PYHKLMN get_catalog 3anpoc 13 catalog_v,
HO 3TO Ay6/MpoBaHue Koga, YTo noxo. NoatomMy paclumpsre
npeacrtasneHve catalog_v, fo6aBuB B HEro AOMNOIHUTESNbHbIE MONA:
3aro/10BOK KHUTX 1 MOJTHbIA CNUCOK aBTOPOB.

MpoBepbTe, UTO KOPPEKTHO 06pPaGaThLIBAKOTCS NyCThble NOMs Ha hopme.
Korga KnneHT BbI3biBaeT yHKUMIO get_catalog, nepeiaeT /v OH B 3TOM
c/lyyae nycTble CTPOKU NN HeonpeaeneHHble 3HauYeHns?



1. ®yakuus onhand_qgty

=> CREATE FUNCTION onhand_qty(book books) RETURNS integer
STABLE LANGUAGE sql
BEGIN ATOMIC
SELECT coalesce(sum(o.qty_change),0)::integer
FROM operations o
WHERE o.book_id = book.book_id;
END;

CREATE FUNCTION

=> CREATE OR REPLACE VIEW catalog_v AS

SELECT b.book_id,
book_name(b.book_id, b.title) AS display_name,
b.onhand_qty

FROM  books b

ORDER BY display_name;

CREATE VIEW

2. dyaknus get_catalog

Pacmupsiem catalog v 3aroJIoBKOM KHUTH M IIOJIHBIM CIIMCKOM aBTOPOB (IIPHJIOKEHUE UTHOPUPYET HEeU3BECTHEIE €My II0JIS).
QyHKINS, BO3Bpalllaollasi MOJIHEIM CIIMCOK aBTOPOB:

=> CREATE FUNCTION authors(book books) RETURNS text
STABLE LANGUAGE sql
BEGIN ATOMIC
SELECT string_agg(
a.last_name ||
I
a.first_name ||
coalesce(' ' || nullif(a.middle_name,''), ''),
ORDER BY ash.seq_num
)
FROM  authors a
JOIN authorship ash ON a.author_id = ash.author_id
WHERE ash.book_id = book.book_id;
END;

CREATE FUNCTION

HUcmnonb3yeM Ty GyHKIUIO B IpencTabieHuu catalog v. Takoe mpefncTaBieHne yKe CyIIeCTBYeT; Mbl MOTUMDHUIMPYEM €T0 —
U3MEHUM MIOPSAOK CTOJIOIOB U 3aIIpocC:

=> DROP VIEW catalog_v;
DROP VIEW

=> CREATE 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

dyuknus get catalog Temeps UCIONB3YET PaCIIUPEHHOE NPENCTABIEHNE:



=> CREATE FUNCTION get_catalog(
author_name text,
book_title text,
in_stock boolean
)
RETURNS TABLE(book_id integer, display_name text, onhand_qty integer)
STABLE LANGUAGE sql
BEGIN ATOMIC
SELECT cv.book_id,
cv.display_name,
cv.onhand_qty
FROM catalog_v cv
WHERE cv.title ILIKE '%'||coalesce(book_title,'')||'%’
AND cv.authors ILIKE '%'||coalesce(author_name,'"')||"'%
AND (in_stock AND cv.onhand_qty > 0 OR in_stock IS NOT TRUE)
ORDER BY display_name;
END;

CREATE FUNCTION



o)) PROFESSIONAL

[1pakTuka+ Pos{gres

1. HanummTe QyHKIUIO, TIePEBOJSIIYI0 CTPOKY, CO/ieprKall[yto
YKCJIO B 11I€CTHAZIIATEPUUHOM crCcTeMe, B 00bIUHOE 1]e/I0e UKMCIO.
Hanpumep: convert('FF') - 255

2. [lo6aBbTe B (hyHKLIMIO BTOPOI Heobs13aTe/IbHbIN TTapaMeTp —
OCHOBaHWe CUCTeMBI CUMC/IeHUs (1o yMonyaHuto — 16).
Hampumep: convert('e110',2) - 6

3. TabnuuHas dyHKUUS generate_series He paboTaeT
CO CTPOKOBBIMH THITaMU. [Ipe/ioyKuTe CBOIO (DYHKI[HIO
7151 TeHepaLUK M0C/Ie/[0BaTe/TbHOCTel CTPOK U3 3ar/laBHbIX
AHTTTUMCKUX OYKB.
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1. Hanpumep:
convert('FF') - 255

[N pewenuns npurogaTtca: TabnmyHasa pyHkumna regexp_split_to_table,
doyHKUMM upper u reverse, KOHCTpykuua WITH ORDINALITY.

[lpyroe pelueHne BO3MOXHO C NMOMOLLIbIO PEKYPCUBHOTO 3anpoca.

[MpoBepUTL peanusalnio MOXHO, UCMONb3YyA LeCTHagLaTepuyHble
KOHCTaHTbI: SELECT X'FF'::integer;

2. Hanpuwmep:
convert('0110',2) - 6

3. CuutanTe, 4TO Ha BXO/[, NOAAKTCA CTPOKN paBHOWN ANUHbLI. Hanpumep:
generate_series('AA','ZZ") -
N IAAl
IAB|
IACl
IZY|
lZZl



1. ®yHKUHSA OJIs MIeCTHAAUATEPHYIHOU CHCTEMBI

=> CREATE DATABASE sql_row;

CREATE DATABASE

=> \c sql_row

You are now connected to database "sql row" as user "student".
CHayasna oy ygoOocTBa onpenenuM QyHKITHUIO OIS OMHOUM HU(PHI:

=> CREATE FUNCTION digit(d text) RETURNS integer
IMMUTABLE LANGUAGE sql
RETURN ascii(d) - CASE
WHEN d BETWEEN 'O' AND '9' THEN ascii('0')
ELSE ascii('A') - 10
END;

CREATE FUNCTION
Teneps OCHOBHASA QYHKITUS:

=> CREATE FUNCTION convert(hex text) RETURNS integer
IMMUTABLE LANGUAGE sql
BEGIN ATOMIC
WITH s(d,ord) AS (
SELECT *
FROM regexp_split_to_table(reverse(upper(hex)),'') WITH ORDINALITY
)
SELECT sum(digit(d) * 16~(ord-1))::integer FROM s;
END;

CREATE FUNCTION
=> SELECT convert('OFE'), convert('OFF'), convert('100');

convert | convert | convert

254 | 255 | 256
(1 row)

2. OYHKIIHS OJIsI JII000OM CHCTEMbI CUHCICHHUSI

[IpenmosiaraeM, 4YTO OCHOBAHME CUCTEMBI CYUCIIEHUS OT 2 M0 36, TO eCTh YHCIIO 3amuckiBaeTcs udpamu ot 0 1o 9, mu6o
OGykBaMu OT A 10 Z. B aTOM ciiy4yae H3MEHEHUsI MUHUMAJIbHEIE.

=> DROP FUNCTION convert(text);
DROP FUNCTION

=> CREATE FUNCTION convert(num text, radix integer DEFAULT 16) RETURNS integer
IMMUTABLE LANGUAGE sql
BEGIN ATOMIC
WITH s(d,ord) AS (
SELECT *
FROM regexp_split_to_table(reverse(upper(num)),'') WITH ORDINALITY
)
SELECT sum(digit(d) * radix”~(ord-1))::integer FROM s;
END;

CREATE FUNCTION
=> SELECT convert('101100', 2), convert('2C'), convert('54', 8);

convert | convert | convert

3ameTuM, uTO B PostgreSQL HayuHas ¢ Bepcuu 16 eCTh BO3MOXKHOCTD 3allMCH IEJIOYUCIIEHHBIX KOHCTAHT He TOJIBKO B
IeCSATUYHOM, HO U B IBOMYHOM, IIIeCTHaOUaTePUYHOM H BOCBMEPUYHOM Buze. Takas BO3MOXKHOCThb 3aKpellyIeHa B
COBpeMeHHOM cTaHgapTe SQL:

=> SELECT 0b101100 AS bin, 0x2C AS hex, 0054 AS oct;



bin | hex | oct

44 | 44 | 44
(1 row)

3. ®yHKIHus generate_series OJIs1 CTPOK

CHauasia HalluIIeM BCIIOMOTaTeIbHbIE (byHKL[I/II/I, IIepeBofsimiye CTPOKY B YHCJIOBO€ IIPEACTAaBJIEHUuEe U 06paTHO.
HepBaﬂ O4Y€eHb ITOX02Ka Ha @yHKL[I/IIO U3 NIpeneiayiiero 3agaiud:

=> CREATE FUNCTION text2num(s text) RETURNS integer
IMMUTABLE LANGUAGE sql
BEGIN ATOMIC
WITH s(d,ord) AS (
SELECT *
FROM regexp_split_to_table(reverse(s),'') WITH ORDINALITY
)
SELECT sum( (ascii(d)-ascii('A')) * 26”(ord-1))::integer FROM s;
END;

CREATE FUNCTION
OGpaTHyO QYHKIUIO HAIKIIEM C IIOMOIIBI0 PEKYPCUBHOIO 3aIIpOCa:

=> CREATE FUNCTION num2text(n integer, digits integer) RETURNS text
IMMUTABLE LANGUAGE sql
BEGIN ATOMIC
WITH RECURSIVE r(num,txt, level) AS (
SELECT n/26, chr( n%26 + ascii('A') )::text, 1
UNION ALL
SELECT r.num/26, chr( r.num%26 + ascii('A') ) || r.txt, r.level+l
FROM r
WHERE r.level < digits

)
SELECT r.txt FROM r WHERE r.level = digits;
END;

CREATE FUNCTION
=> SELECT num2text( text2num('ABC'), length('ABC') );

num2text

Teneps GyHKIMIO generate series Ojst CTPOK MOKHO [IEPENKCATh, UCIOJL3Ys generate series myst LEJIBIX YHCETL.

=> CREATE FUNCTION generate_series(start text, stop text) RETURNS SETOF text
IMMUTABLE LANGUAGE sql
BEGIN ATOMIC
SELECT num2text( g.n, length(start)) FROM generate_series(text2num(start), text2num(stop)) g(n);
END;

CREATE FUNCTION
=> SELECT generate_series('AZ','BC');

generate series

BC
(4 rows)

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

DROP DATABASE



