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Tembl Posigres

A3BIKU CepBepHOro NporpaMmMUpPOBaHUS
[ToBepeHHbIe U HeZlOBepeHHbIe I3bIKU
[ToaxknroueHUe HOBOTO sI3bIKa
TpaHcdopmaruu TUTIOB

UnTtepdetic SPI gns paboTs ¢ 6a3oit

3auem HY>XHBI A3BbIKHW 1 U3 4ET'0 MO>XHO BI)I6I/IpaTb



A3bIKN NporpamMmmMmnpoBaHns Poggai“éé

«BcTtpoeHHbIe»

C
SQL

CrangapTHble (TToAep>Kka coobiijecTBa)

PL/pgSQL
PL/Perl, PL/Python, PL/Tcl

CtopoHHUe
PL/Java, PL/V8, PL/R, PL/Lua, ...

PasymeeTtcs, k PostgreSQL MOXHO obpallaTbCca «nM3BHE» U3 N0ObIX A3bIKOB
nporpammupoBaHus (Al), 4NA KOTOPbIX peasin3oBaHa nogaepxkKa K/ImMeHT-
cepBepHoro npotokona. Ho pasHsie Al MOXHO Mcnosb30BaThb U o1
nporpaMMnpoBaHnsa Ha CTOPOHE cepBepa: ANA HanncaHnsa XpaHUMbIX
doyHKUMIA 1 Nnpoueayp, TPUIrepoB U T. M.

B PostgreSQL «BcTpoeHbI» aea All: C, Ha KOTOPOM HanncaHa BCSA CUCTEMA,
n SQL. 3TN A3bIKM OOCTYMHbLI BCerga.

B cuctemy Takxe BXogaT yetbipe All, KOTopble MMEKTCA B CTaHAaPTHOM
nocTtaBke 1 nogaepxmsarotcs coobuiectsoM. C ogHUM 13 HUX — PL/pgSQL —
Mbl y>K€ XOPOLLO 3HaKoMbl. OH AOCTYMNEeH No yMoN4yaHuio 1 Hanbosnee 4acTo
NCMNOMb3YeTCH Ha CTOPOHe cepsepa. Apyrue a3bikn — PL/Perl, PL/Python n
PL/Tcl — Hago ycTaHaBnvBaTb Kak paclumpeHns. Takoil (HECKO/IbKO
CTpaHHbIi1) BbIOOP A3bIKOB 0OYCNOBNEH UCTOPUYECKMMI NPUUYNHAMMN.

B AoKyMeHTaumn A3bikK, OTIMYHbLIE OT C 1 SQL, Ha3biBalOTCA
rnpoyeodypHbIMU, OTCloAa 1 npuctaeska «PL» B Ha3BaHuAX. HeygayuHoe
Ha3BaHWe: HUKTO He MellaeT NoakIoUunTb K PostgreSQL ¢gbyHKYUOHa IbHbIU
NN elle Kakon-HMbyab A3blK. Mo3ToMy nydlle noHMmatb PL kak
programming language, a He kak procedural language.

https://postgrespro.ru/docs/postgresqgl/12/xplang

PostgreSQL — paclumpsemas cuctema, no3aTomy MMeeTcs BO3MOXHOCTb
nobasneHna n gpyrux Arl.
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[loBepeHHbIe A3bIKK Posigres

JIloBepeHHbIe

rapaHTUPYIOT pa60Ty I10JIb30BdT€J/IAd B pdAMKdX BbIJIAHHOT'O JOCTYIId

OrpaHUueHO B3aMO/IEMCTBHe C OKpPY>KeHreM U BHyTpeHHOCTs MU CYB/],
SI3bIK ZIOJDKEH TTO3BOJISATH pab0TaTh B «I1€COUHULIE»

M0 YMO/TUaHUIO OOCTYII AJI BCeX 10J/1b30BaTe/Ieu

HenoBepeHHble

JIOCTYITHA TI0/THasi GYHKIMOHATBHOCTD sI3bIKa
JOCTYII TOJILKO Y CyTiepriosib30BaTesieit

00BIYHO K Ha3BaHUIO si3bIKa [j00aB/sitoT «u»: plperl — plperlu

Bce AlN moxHO pa3genutb Ha AoBepeHHble (trusted) v HefoOBepeHHble
(untrusted).

[ oBepeHHble fA3bIKN A0/MKHbI COGN0AATbL OrpaHMYeHnst 4ocTyna,
yCTaHOB/EHHble B cucTteme. C NOMOLLbIO OYHKLNIA, HAMUCAHHbIX Ha TaKux
A3blkax, NO/Ib30BATE/b HE [0/MKEH CYMETb NOyYnTb AOCTYN K YeMy-16o,
€C/N TaKoit AOCTYN eMy He NpeaocTaB/eH.

Mo cyTW 3TO O3HAYaET, YTO A3bIK AO/DKEH OrpaHnYMBaTb B3aMMoaencTene
Nosb30BaTeNsa C OKPYXXeHnem (Hanpumep, ¢ onepaynuoHHOM CUCTEMON) U

C BHyTpeHHocTAaMN CYB/ (4TobbI Hesb3s 6b1/10 060NTU 06bIYHbIE NPOBEPKU
poctyna). He Bce peanusaumm A3bIKOB YMeKOT paboTaTb B TaKOM pexume
«NEeCOYHULbI».

icnonb3oBaHMe [OBEPEHHOrO sA3blka SIBNSeTCs 6e30nacHbIM, NO3TOMY
OOCTYMN K HeMy MnonyyaroT Bce nonb3oBartenu (ana ponun public BbigaeTcs
npuBMNerus usage Ha s3bik).

HepoBepeHHble 53blkM HE MMEIOT HUKaKNX orpaHnvyeHnin. B yacTHOCTH,
OYHKUMA Ha TaKoM 513blKe MOXET BbIMNOMHATL Ntobble onepauyumn B OC

C Npasamu Nosib3oBaresis, 3anycTBLUEro cepsep 6a3bl aHHbIX. DTO MOXET
ObITb HebGe30nacHbIM, MO3TOMY AOCTYM K TAKOMY S3blKY UMEIT TO/IbKO
cynepnonb3oBarenu PostgreSQL.

HanomHum, 4TO, €cnu HeobxoaMMo, Cyrnepnonb3oBaTesib MOXET CO34aThb
JoyHKUMIO Ha HeaoBepeHHOM A3blke ¢ ykazaHnem SECURITY DEFINER un
BblAaTb MpaBo Ha ee UCMOJ/IHEHNE 0ObIYHbLIM MO/1b30BaTENAM.



A3BIKH IPOrpaMMHUPOBaHUS

=> CREATE DATABASE ext_languages;

CREATE DATABASE

=> \c ext_languages

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

HpOBepI/IM CIIMCOK YCTAHOBJIEHHBIX SA3BIKOB:

=> \dL
List of languages
Name | Owner | Trusted | Description
--------- L T S
plpgsql | postgres | t | PL/pgSQL procedural language
(1 row)

Tlo ymomuanuto ycranosneH Tonbko PL/pgSQL (C u SQL He B cuerT).
HoBble s13bIKM IPUHSITO 0OPMIISTH KaK PacCIIupeHus. BoT Kakue JOCTYIHHI [JIsT YCTAHOBKH:

=> SELECT name, comment, installed_version
FROM pg_available_extensions

WHERE name LIKE ‘pl%'

ORDER BY name;

name | comment | installed version
plperl | PL/Perl procedural language |
plperlu | PL/PerlU untrusted procedural language |
plpgsql | PL/pgSQL procedural language |
plpython3u | PL/Python3U untrusted procedural language |
| |

I I

plsh PL/sh procedural language
plxslt PL/XSLT procedural language
(6 rows)

ITepBrle YeTHIpe — U3 YHCJIa CTAaHAAPTHHIX, @ C ABYMS IIOCIeIHUMH MBI I03HAKOMUMCS I103Ke.

YcTaHOBUM B TeKylIyio 6a3y maHHLIX OBa BapuaHTa si3bika PL/Perl: plperl (moBepeHnHEIH) u plperlu (HemoBepeHHBIH):
=> CREATE EXTENSION plpertl;

CREATE EXTENSION

=> CREATE EXTENSION plperlu;

CREATE EXTENSION

=> \dL

List of languages
| Owner | Trusted | Description
--------- B T T T
plperl | student | t | PL/Perl procedural language
plperlu | student | f | PL/PerlU untrusted procedural language
plpgsql | postgres | t | PL/pgSQL procedural language
(3 rows)

YTOOH! I3BIKM aBTOMATUYECKHU IOSBIISIJINCH BO BCEX HOBHIX 0a3aX JaHHBIX, PACIIMPEHNS HYKHO yCTaHOBUTH B BT templatel.

HepnoBepeHHEIH S3BIK He UMEET OrpaHudeHuil. Hampumep, MOXKHO co371aTh GYHKINIO, YUTAIOIIYIO 000 daiin
(amanornyHo mraTHOM PyHKIMU pg read file):

=> CREATE FUNCTION read_file_untrusted(fname text) RETURNS SETOF text
AS $perl$

my ($fname) = @_;

open FILE, $fname or die "Cannot open file";

chomp(my @f = <FILE>);

close FILE;

return \@f;
$perl$ LANGUAGE plperlu VOLATILE;

CREATE FUNCTION



=> SELECT * FROM read_file_untrusted('/etc/passwd') LIMIT 3;

read file untrusted
root:x:0:0:root:/root:/bin/bash
daemon:x:1:1:daemon:/usr/sbin:/usr/sbin/nologin
bin:x:2:2:bin:/bin:/usr/sbin/nologin
(3 rows)

Yo 6y11eT, ecliu HOHpOﬁOBaTL coeiiaTh TO K€ CaMO€e Ha JOBEPEHHOM SI3BIKE?

=> CREATE FUNCTION read_file_trusted(fname text) RETURNS SETOF text
AS $perl$

my ($fname) = @_;

open FILE, $fname or die "Cannot open file";

chomp(my @f = <FILE>);

close FILE;

return \@f;
$perl$ LANGUAGE plperl VOLATILE;

ERROR: ‘'open' trapped by operation mask at line 3.
CONTEXT: compilation of PL/Perl function "read file trusted"

BrI30B Open (B 4uCIie MPOYero) 3ampelleH B JOBEPEHHOM SI3HIKE.
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[loaknyYeHmne HOBOIO A3blka Posggres

CREATE FUNCTION f(...)

LANGUAGE ...
cTaTnueckas npoeepka
\ check_function_bodies
\J
pg_proc
l WHTEp-
SELECT f(...) handler npertarop
A3blKa
nepegaya Ha BbINONHEHME,
06ecneyeHne «necoUHNLbI»,
npeobpasoBaHve TUNoB
DO $$ ... $%

LANGUAGE ...

OAHOKpPaTHOoE BblNO/IHEHNE

NHTepdelic ans noakntoueHns Hooro Al Ans Ucnonb3oBaHNsi Ha CTOPOHE
cepBepa BK/IHOYAET BCETO TPU GYHKLMM.

Mpn co3gaHnn XpaHnMoKr noanporpamMmmel (OyHKUMM UK Nnpoueaypsbl), ee
Kog, npoBepseTca Ha Hasmume ownbok (validator). Ecnn nposepka
NPOXo4uT yCrneLwHo, nognporpaMmma cCoxpaHseTcs B CUCTEMHOM KartaJsiore.
Kak Mbl 3Haem, TEKCT nognporpammMbl 3anncbiBaeTcs B BUAe 00bIYHOW
CTPOKM, N POBHO 3Ta CTPOKa N coxpaHsaeTcs. Takum 06pa3om, KOMNNNALMS
He noaaepXunsaetcs (4TO He UCKKYaEeT Ucnosib3oBaHne JIT-komnunaymn).
[MpoBepKa MOXET OTK/IoYaTbCA napameTpoM check_function_bodies;
yTunuta pg_dump nosib3yeTcs 3TUM, YToObl YMEHbLUNTL 3aBUCUMOCTb

OT nopsigka co3gaHns 06bEKTOB.

[Mpn BbI30BE NOANPOrpamMmMbl ee TEKCT NepefaeTca NHTeprnpeTaropy Ha
BbINOJSIHEHME, a NOJTy4YeHHbIN OTBET Bo3Bpalaetcsa B cuctemy (handler).
Ecnn A3blk 06bABNEH AOBEPEHHBIM, MHTEPMNPETATOP AO/DKEH 3anyCKaTbCs
B «MecovHnue». 34ecCb Takke pellaeTcs BaxHas 3ajava npeobpasoBaHus
TMnoB. He Bce Tunbl SQL mMoryT nmetb aHasiorn B All. O6bIYHbINA Noaxona
B 3TOM C/ly4yae — rnepegada TeKCTOBOro npeacraB/ieHnsa Tmna, Ho
peann3aunsa MOXeT TakKe yUuUTbIBaTb OnpeaesieHHble Nosib30BaTesiem
mpaHcgopmayuu TUNOB.

[Mpu BbINONHEHUN SQL-komaHabl DO nHTepnpeTtartopy nepegaeTcs Kog ans
OAHOKpaTHOro BbinosHeHus (inline).

N3 aTnx Tpex dyHKumMii ToNbko hyHkumsa-handler agnseTtca obasaresnibHom,
OCTaJ/IbHble MOTYT OTCYTCTBOBAaTb.



ITogKiaiodeHHe HOBOI O sI3bIKa

Ecnu 3arnsaryTte, 4To BeinonHsgeT kKomaHaa CREATE EXTENSION, ayist HeqOBEPEHHOTO f3bIKa MBI YBUAUM IIPUMEPHO
crepnylolee:

CREATE LANGUAGE plperlu
HANDLER plperlu_call_handler
INLINE plperlu_inline_handler
VALIDATOR plperlu_validator;

W nna HemoBepeHHOrOo (0OpaTtuTe BHMMaHue Ha ci10B0 TRUSTED):

CREATE TRUSTED LANGUAGE plperl
HANDLER plperl_call_handler
INLINE plperl_inline_handler
VALIDATOR plperl_validator;

B aTO0# KOMaHfe yKa3bIBAIOTCA NMeHa GYHKINH, pealu3yIouX TOYKH BXoJa OCHOBHOT0 o6paborynka, o6paboTynka ajis
DO u npoBepku.

YcranoBuMm eme onuH 136Kk — PL/Python. OH gocTyIleH TOIBKO KaK HeIOBEPEHHBIH:
=> CREATE EXTENSION plpython3u;
CREATE EXTENSION

Ha ero nmpumMepe IocMOTpUM, KaK IPOUCXOOUT Ipeobpa3oBaHue MexXAy cucTeMoy TunoB SQL u cucTeMoi TUIIOB S3bIKA.
[I71s1 MHOTHUX THUIIOB IIPENYCMOTPEHEI Ipeo0pa30BaHUs:

=> CREATE FUNCTION test_py types(n numeric, b boolean, s text, a int[])
RETURNS void AS $python$

plpy.info(n, type(n))

plpy.info(b, type(b))

plpy.info(s, type(s))

plpy.info(a, type(a))
$python$ LANGUAGE plpython3u IMMUTABLE;

CREATE FUNCTION
=> SELECT test_py_types(42,true, ‘foo',ARRAY[1,2,3]);

INFO: (Decimal('42'), <class 'decimal.Decimal'>)
INFO: (True, <class 'bool'>)

INFO: ('foo', <class 'str's>)

INFO: ([1, 2, 3], <class 'list'>)

test py types

A 4TO MBI YBUIUM B TaKOM CIly4ae?

=> CREATE FUNCTION test_py jsonb(j jsonb)
RETURNS jsonb AS $python$

plpy.info(j, type(j))

return j
$python$ LANGUAGE plpython3u IMMUTABLE;

CREATE FUNCTION
=> SELECT test_py_ jsonb('{ "foo": "bar" }'::jsonb);

INFO: ('{"foo": "bar"}', <class 'str'>)
test py jsonb

{"foo": "bar"}
(1 row)

3meck SQL-Tum json ObuI epenaH B GyHKIIWIO KAK CTPOKA, & BO3BpalaeMoe 3HaueHne OBIJI0 BHOBL IPE00Pa30BaHo B jsonb
U3 TEKCTOBOI'O IIPENCTAaBIIEHUA.

YT0o06BI TOMOYb 00PAbOTYNKY SI3EIKA, MOXKHO CO37aTh JOMOJIHUTENbHEIE TpaHchopMauu TUIoB. [IJ1s1 Haulero ciydas eCTh
nonxopsilee pacuiupeHue:

=> CREATE EXTENSION jsonb_plpython3u;

CREATE EXTENSION



DaKTUYECKHU OHO Co37aeT TpaHchopMauuo TakuM o6pa3oM (4To [T03BOJISIET IlepefaBaTh TUH jsonb u B Python, u oGpaTHO B

SQL):

CREATE TRANSFORM FOR jsonb LANGUAGE plpython3u (
FROM SQL WITH FUNCTION jsonb_to_plpython3(internal),
TO SQL WITH FUNCTION plpython3_to_jsonb(internal)

)i

Tparcdhopmanuio HeoOXOAUMO SBHO YKa3aTh B OIpefesieHny QyHKITUT:

=> CREATE OR REPLACE FUNCTION test_py_jsonb(j jsonb)
RETURNS jsonb
TRANSFORM FOR TYPE jsonb -- ucnonbzoBaTtb TpaHchopmaLuio
AS $pythons

plpy.info(j, type(j))

return j
$python$ LANGUAGE plpython3u IMMUTABLE;

CREATE FUNCTION
=> SELECT test_py_jsonb('{ "foo": "bar" }'::jsonb);

INFO: ({'foo': 'bar'}, <class 'dict'>)
test py jsonb

{Ilfooll: llbarll}
(1 row)
Teneps SQL-tun jsonb nepenaetcs B Python xak tun dict — cnoBaph (acconuaTUBHBIN MaCCUB).

OyuKIuN 060paboTYnKa sI3bIKa U TpaHCcHOopMaIMy MOXKHO HAIIUCATh TOJIBKO Ha C, I03TOMY MHL He GyIeM paccMaTpUBaTh,
Kak 3TO [IeJlaeTcs.
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3aaayu Pos{gres

O6paboTka nH(popmaru, XxpaHUMOU B 6a3e JaHHBLIX

MIOATIpOrpaMMa BCer/ia BhIMOIHSETCS] B KOHTEKCTe MoAk/IodeHust K b/l
PL/pgSQL unTerpuposas ¢ SQL
JI7IS1 OCTaJIbHbIX — WMHTepdeiic cepBepHOro rporpammupoBanus (SPI)

BbIuriciieHus:, He CBsI3aHHbIE C 0a30M JJaHHBIX

BO3MOXHOCTU PL/pgSQL cunbHO orpaHnyeHbl
3¢ (deKTUBHOCTD

yA0OCTBO UCIIO/IE30BAHUS

Ha/IM4yMe TOTOBBIX OUOMOTEK
CrieLiMa/M3MPOBAHHbBIe 3a/laun

Sap,atm, AnA peweHnsa KOTOPbIX MCNOJ1b3YHTCA XPaHUMbIE noanporpamMmmsbl,
MOXXHO YCJ/10OBHO NnoAe/iNTb Ha ABeE rpynnobl.

B nepsyto BXxoauT paboTta ¢ nHpopmaymnein, Kotopast CoaepXX1Tcs BHYTPU
6a3bl faHHbIX. 34eCb N0ObIe XpaHMMble NOANPOrpaMmMbl BbINTPbIBAIOT

Y BHELWHNX (KIMEHTCKUX) Nporpamm, nockosibKy OHU HaXo4ATcsa 6nmxe

K AaHHbIM: BO-NEepBbIX, HE TpebyeTcs yCTaHOBKa COeiHEHNSA C CEpPBEPOM,

N BO-BTOPbIX, HE TPebyeTcs nepecbisika nuwHero no cetn. PL/pgSQL oyeHb
yno6eH ansa Takux 3agadv, NOCKOIbKY TECHO UHTerpuposaH ¢ SQL.
MoanporpamMmbl Ha A4PYrnX A3blkax MOTYT M0/1b30BaTbCA cneunasibHbIM
nHTepdencom SPI ansa pabotbl ¢ 6a301 AaHHbIX, B KOHTEKCTE MOAKIOYEHNS
K KOTOPOW OHW paboTaltoT.

Ko BTOpO# rpynne MoXHO OTHECTU /1t06bIE BbIYNC/IEHUSA, HE CBSI3aHHbIE

C obpalleHnem Kk 6ase gaHHbIX. 3aecb BO3MOXHOCTN PL/pgSQL cunbHO
orpaHuyeHbl. Hayatb € TOro, YTO OH BbIYUCIUTENBHO He 3hhEKTUBEH:
N060€e BbIpaXXeHME BbIUNC/ISETCS C NOMOLLLIO 3anpoca (XoTb B PostgreSQL
Bepcun 13 aTa cutyaums n ynydweHa).

Ecnun 6bl 661711 BaXKHbI TONIbKO 3PAIEKTUBHOCTL N YHUBEPCASTbHOCTb, MOXHO
6b1110 Obl MCNOb30BaThb A3blk C. HO nucatb Ha HEM NPUKNaLHON Kopg, KpaHe
[0poro v Jonro.

Kpowme Toro, A3blk PL/pgSQL gocTtaTtoyHO CTapoOMOAEH U He pacnonaraer
BO3MOXHOCTAMU N BUBIMOTEKAMN, KOTOPbIE eCTb B cCOBPeMeHHbIX All, 1 oH
MOXET ObITb B MPUHLMIMNE HE NMPUrOAEH A/1F PELLUEeHUs Lenoro psaga 3agau.

[MoaToMy ncnonb3oBaHue Apyrnx A3blKoB (OTNNYHBLIX OT SQL, PL/pgSQL n
C) 4na cepBepHOro NporpaMmMmupoBaHns MOXET ObITb BMOJIHE OnpaBAaHo.



NHTepdeiic SPI Pos{gres

PostgreSQL

LBUXOK
SQL

KNNeHT

HW3KOYPOBHEBLIN API

pasbop

yHKUMA ‘v

Ha asbike C naaHMpoBaHue

\J
BbINO/IHEHNE

b [

dyHKUMA SPI

Ha ApYyrom fA3blke

PostgreSQL pacnonaraet BHyTPEHHUM HU3KOYpoBHEBbIM API aAns paboTbl
c 6a3oi gaHHbIX. Cioga BXoaaT yHKUMM onsi pasbopa u nepenmcbiBaHns
3anpoca, NOCTPOEeHUA nsaHa, BbIMO/IHEHUA 3anpoca (BK/4yas obpalleHus
K Tabnuuam, MHAekcam 1 T. n.). ITo caMblil IPAEKTNBHBIN CNOCO6 paboTbl
C JAaHHbIMW, HO OH TPebyeT BHUMaHNS KO MHOTUM AeTasisiM, TakuM, Kak
ynpasfieHne namaTblo, ycTaHOBKa G/I0KMPOBOK U T. A.

[ABMXOK SQL, ABNAIOLWMIACA YaCTbIO KaxA0ro 06cyusaroLLero npouecca,
NoNb3yeTcsd UMEHHO 3TUM, HU3KOYPOBHEBLIM, API.

[ns ynobctBa nmeetcsa 6osee BbICOKOYPOBHEBbLIN (HO B psje C/yvyaeB
MeHee 3adhdekTMBHbIN) HTepdelic: SPI, Server Programming Interface.

https://postgrespro.ru/docs/postgresql/12/spi

NHTepdbeinic SPI paccuntaH Ha s3bik C: nognporpamma Ha C MOXeT
N0/b30BaTbCA KaK 3TUM MHTepthencom, Tak U — Npu He0BXoAUMOCTU —
HN3KOYPOBHEBbLIM.

Ho, kak npaBu/io, aBTopbl 513bIKOB NPOrPaMMMUpPOBaHNA NPeaoCcTaBNsAT
06€epTKK1, NO3BO/NAIOLLME NOANPOrpamMmmamM Ha 3TUX si3blkax TOXe
Nosib3oBaTbCst SPI. 3T0 3HAUMTENBHO BbIrOAHEE, YEM VUHULMMPOBATL U3
noAnporpamMmbl HOBOE COeANHEHNE U UCMOMNb30BaTb [/151 PaboThbl C 62301
BO3MOXHOCTb K/IMEHT-CEPBEPHOrO NPOTOKONA.



HUnurepdenc SPI

Ins moctyma K Bo3MoxkHOCTSM SPI momnporpaMMel Ha si3eIKe Python aBToMaTuueckyu HMIOPTUPYIOT MOIYNb plpy (MBI yXke
ucnonb3oBanu GyHkIuio info us storo momysns — aranor komauasl RAISE INFO sa3sika PL/pgSQL).

=> CREATE TABLE test(
n integer PRIMARY KEY,
descr text

)i

CREATE TABLE
=> INSERT INTO test VALUES (1,'foo'), (2,'bar'), (3,'baz');
INSERT 0 3

Hanwmmem gist npuMepa GyHKIHNIO, BO3BPAIIAONIyI0 TEKCTOBOE OIKCAHUeE 0 K04y, OTCYTCTBHE KITI0Ya OOJIKHO
IPUBOJUTH K OLINOKE.

Kaxkue KOHCTPYKILIUM 3[IeCh COOTBETCTBYIOT oOpaleHuio K SPI?

=> CREATE OR REPLACE FUNCTION get_descr_py(n integer) RETURNS text
AS $pythons$
if "plan_get_descr_py" in SD:
plan = SD["plan_get_descr_py"]
else:
plan = plpy.prepare(
"SELECT descr FROM test WHERE n = $1", ["integer"]
)
SD["plan_get_descr_py"] = plan
rows = plan.execute([n])
if rows.nrows() ==
raise plpy.spiexceptions.NoDataFound()
else:
return rows[0]["descr"]
$python$ LANGUAGE plpython3u STABLE;

CREATE FUNCTION

Br130B plpy.prepare coorBetcTByeT ynkiuu SPI prepare (u SPI keepplan), a plpy.execute — dyukrmuu SPI execute plan.
Takke HesiBHO BhI3bIBaeTcst SPI connect u SPI finish. To ecTh 06epTKa s3bIKa MOXKET [OMIOHUTEIBHO YIIPOIIATh
uHTepderc.

OGpaTuTe BHUMaHHE:

e YTOOBI COXpPAHUTH IIJIaH IIOATOTOBIEHHOI'0 3allpoca, IPUXOOUTCS UCIOIL30BaTh CI0Baph SD, coXxpaHseMEId MeX Iy
BBI30BaMU GYHKINY;
e Tpebyetcs siBHAs MPOBEPKa TOT'0, YTO CTPOKA OBlIa HalifieHa.

=> SELECT get_descr_py(1);

get descr py
foo
(1 row)

=> SELECT get_descr_py(42);

ERROR: spiexceptions.NoDataFound:
CONTEXT: Traceback (most recent call last):
PL/Python function "get descr py", line 11, in <module>
raise plpy.spiexceptions.NoDataFound()
PL/Python function "get descr py"

IToka3aTebHO CPaBHHUTH C aHAJIOTHYHOH Ipouenypon Ha s3eike PL/pgSQL:

=> CREATE OR REPLACE FUNCTION get_descr(n integer) RETURNS text
AS $%
DECLARE
descr text;
BEGIN
SELECT t.descr INTO STRICT descr
FROM test t WHERE t.n = get_descr.n;
RETURN descr;
END;
$$ LANGUAGE plpgsql STABLE;

CREATE FUNCTION



o [lnaH mOATOTABIUBAETCS U II€PEUCIIONL3yeTCsI aBTOMAaTUUYECKY;
e [IpoBepKa CylleCTBOBaHUS CTPOKU yKa3biBaeTcsi citoBoM STRICT.

=> SELECT get_descr(1);

get descr

foo
(1 row)
=> SELECT get_descr(42);

ERROR: query returned no rows
CONTEXT: PL/pgSQL function get descr(integer) line 5 at SQL statement

[Ipyrue sA3bIKY MOTYT IIPENOCTaBIISITh APYTro# crocob poctyna K ¢yHKuusM SPI, a MOryT u He IpegoCTaBNIsATh.



o)) PROFESSIONAL

13 yero BblOUpaTH Posggres

WuTeHcrBHast paboTa ¢ JaHHBIMU
SQL, PL/pgSQL
[TpoBepeHHbIe, YaCTO UCIIO/Ib3yeMble

PL/Perl, PL/Python, PL/V8, PL/Java

JIpyryie sA3bIKH OOIT[ero Ha3HaueHus
PL/Go, PL/Lua, ...
CrierjuasibHbIe 3a1auu

PL/R (cratuctuka), PL/Proxy (yzaseHHbIe BbI30OBBI), ...

MakcumanbHast 3heKTHUBHOCTb
C

11

Ecnn xpaHnmble npoueaypbl UCNOb3YHTCA ANA UHTEHCUBHOW paboThl
C AaHHbIMU, NydlnmM BbIBOpoM ckopee Bcero 6yayT 0b6bluHble SQL 1
PL/pgSQL.

[na gpyrux 3agay U3 WraTHbIX A3bIKOB YacTo ucnonb3yot PL/Perl n
PL/Python, a n3 ctopoHHnx — PL/V8 n PL/Java. (C PL/V8 moryT 6bITb
CNOXHOCTK 13-3a Toro, 4To Debian n Red Hat nepecTtann noctaBnATb 3TO
paclmpeHne B BMUAE NakeTa n3-3a C/I0XHOCTE co COOPKOIA.)

MoxxHO nonpo6osarb 1 Apyrve a3biku, Hanpumep, PL/Go nnu PL/Lua, ecniv
B 3TOM eCTb CMbIC/1. Obs3are/ibHO obpallaiiTe BHUMaHne Ha COCTosHUE
NpoOeKTa, akTMBHOCTb COOOLLECTBa, BO3MOXHOCTb NOMYYUTb NOALEPXKKY.

EcTb psg cneymanim3vpoBaHHbIX A3bIKOB. Hanpumep, Ana ctatTmcTuyeckom
06paboTkn gaHHbIX npurogutca PL/R, ona yaaneHHoro Bbi3oBa npouenyp v
LuapamHra MoXeTt ucnonb3osatbcs PL/Proxy.

B AoKymMeHTauum nepevymcrieHo HEKOTOPOE KOMMYECTBO S13bIKOB:
https://postgrespro.ru/docs/postgresgl/12/external-pl
Bonble nHhopmaymm o AOCTYMNHbIX A3blkax €CTb Ha BUKN:

https://wiki.postgresqgl.org/wiki/PL_Matrix

Ho 1 3TO He NoNHbIA cnMcok. ECTb MHOXECTBO NPOEKTOB, XOTSI MHOTME U3
HMUX He NpoaBuratoTcs Aasiblie NepBoli BEpCUm.

He cnepyet cbpacbiBaTb CO CHETOB U A3bIK C, eCNN HY)KHa MakCcMasibHas
a(pdpekTMBHOCTb. Be3yc/ioBHO, 3TO CNOXHee, HO B JOKYMEHTaLUN U

B UCXOA4HOM Koge PostgreSQL ecTb MHOXeCTBO NpMMepoB, Ha OCHOBe
KOTOPbIX MOXHO NnucaTb COGCTBEHHbIE (PYHKLINN.



IIpuMep cnenuaIM3UPOBAaHHOIO si3bIKa: XSLT

B KayecTBe UIITIOCTPALNY OYEHb CIIEINAIN3UPOBAHHOI0 A3bIKa (KOTOPHIY HUKaK HeJlb3sl Ha3BaTh IPOllefyPHLIM! )
nocMmotpuM Ha PL/XSLT. [TlonycTuM, MEI TOJIydaeM [aHHBIE [JIs OT4YeTa C IIOMOIIbIO 3aIllpoca, U IIpefCcTaBiIsgeM UX B
¢popmaTte XML:

=> SELECT *
FROM query_to_xml('SELECT n, descr FROM test',true,false,'');

query_to_xml

<table xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance">+

<row>
<n>1l</n>
<descr>foo</descr>
</row>

<row>
<n>2</n>
<descr>bar</descr>
</row>

<row>
<n>3</n>
<descr>baz</descr>
</row>

T Tk T T T T T S S S S S

</table>

(1 row)

YTo6BI BEIBECTH OTUET II0JIb30BATEIII0, €I'0 MOXKHO IIpeobpa3oBaTh B popmat HTML c nomouisio XSLT-ipeoGpa3oBaHusi.
TTogkmiouuM s3bIK PL/XSLT:

=> CREATE EXTENSION plxslt;
CREATE EXTENSION
BoT Tak MOXKeT BHIJISIeTh IPOCTOe Ipeobpa3oBaHue:

=> CREATE FUNCTION html_report(xml) RETURNS xml
AS $xml$
<?xml version="1.0"7>
<xsl:stylesheet version="1.0" xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform">
<xsl:template match="/">
<html><body><table>
<xsl:for-each select="table/row">
<tr>
<td><xsl:value-of select="n"/></td>
<td><xsl:value-of select="descr"/></td>
</tr>
</xsl:for-each>
</table></body></html>
</xsl:template>
</xsl:stylesheet>
$xml$ LANGUAGE xslt IMMUTABLE;

CREATE FUNCTION
W BOT pe3ynbTar:

=> SELECT * FROM html_report(
query_to_xml('SELECT * FROM test',true,false,'')
)5



html report
<html><body><table>
<tr>
<td>1</td>
<td>foo</td>
</tr>
<tr>
<td>2</td>
<td>bar</td>
</tr>
<tr>
<td>3</td>
<td>baz</td>
</tr>
</table></body></html>+

+ o+ + + A+ o+ o+ o+ o+

(1 row)

TakuM 06pa3oM MOKHO Pa3meuTh JIOTUKY oTueTa (00BYHbIN SQL-3ampoc) U ero mpencTaBlieHue.



o)) PROFESSIONAL

Toru Posigres

PostgreSQL 1103BO/ISIET ITOAK/TIOUATh JTFOObIe SI3bIKA

Borarbiii BbIOOD S3BIKOB ITPOrPAMMHPOBAHUS ITO3BOJISIET pelllaTh
nro0ObIe 3a7lau Ha CTOPOHE cepBepa

13



o)) PROFESSIONAL

Mpaktuka L) Posigras

1. OtnpaBnsiiTe N0OIB30BaTeI0, COBEPIUMBIIEMY MOKYIIKY
B MarasuHe, IMCbMO-TIOITBEP)K/|€HUE C yKa3aHWeM CYyMMBI.
B BUpTyasibHOM MalliHe HaCTPOEeH JIOKa/IbHbIM MTOUTOBBIN
cepBep, TiepechlIatolIuii 00y UCXOASIIYIO TTOUTY
B JIOKa/IbHBIU fALYK MOb30BaTess student. B PostgreSQL HeT
BCTPOEHHOU (PYHKILMU [/ OTIIPAaBKU MTHUCEM, HO ee MOXKHO
peasiM30BaTh Ha KAKOM-/IM0O0 HeJJoBepeHHOM sI3bIKe.
Yb6eaurech, UTO MUCHMO He MOKeT OBITh OTTIPaB/IEHO [0 TOTO,
KaK TpaH3aKLs TIOKYTKY OyzieT 3aBepiiieHa.
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1. Ana oTnpaBku Nosb3ynTEeCh Y)XKe roToBoi thyHKumeit public.sendmail
(mocmoTpuTe ee onpeneneHne) UM HanuwuTe CBOLO.

Mocblnarb NMCbMO BHYTPY TpaH3akL My NOKYNK1U HenpasW/bHO: TpaH3akKums
MOXET ObITb 060pBaHa No Kakoi-nmbéo NpuymnHe, a NUCbMO YyXxe Yaer.
Bocnonb3yntecb MexaHn3MoOM (DOHOBbLIX 3a4aHWI: B TpaH3aKumm
[ob6aBnaiTe 3agaHne Ha OTnpaBKy NMcbMa. B Takom cnyyae oHo Byaet
OTnpaB/ieHo, TO/IbKO eC/iM TPaH3akKuusa 3aBepLUnTCs YCneLwHo.



student$ psql bookstore2

1. ITouTOBBIE COOOIIIEHUS

IIpocTas GyHKIMS OJIsT OTIIPABKYU IIOYTOBHIX COOOIIEHUH Yepe3 JIOKAJIbHEIN IIOYTOBHY CepBep MOXKET BHITJISINETh TaK:
=> \sf sendmail

CREATE OR REPLACE FUNCTION public.sendmail(from addr text, to addr text, subj text, msg text)
RETURNS void
LANGUAGE plpython3u
AS $function$
import smtplib
server = smtplib.SMTP('localhost"')
server.sendmail(
from addr,
to_addr,
"\r\n".join([
"From: %s" % from addr,
"To: %s" % to_addr,
"Content-Type: text/plain; charset=\"UTF-8\"",
"Subject: %s" % subj,
"\r\n%ss" % msg
1) .encode('utf-8")
)
server.quit()
$function$

Mopyne email maeT GosbIlie BO3MOKHOCTEM, HO OHU HaM He HYXKHEL.
Co3pmagum (HOHOBOE 3aJaHUeE [JIST OTIIPABKU ITUCEM:

=> CREATE FUNCTION public.sendmail_task(params jsonb)
RETURNS text
AS $$
SELECT sendmail(
from_addr => params->>'from_addr"',

to_addr => params->>'to_addr’,
subj => params->>'subj"',
msg => params->>'msg’

)i

SELECT 'OK';

$$ LANGUAGE sql VOLATILE;
CREATE FUNCTION
=> SELECT register_program('OTnpaBka nucbma', 'sendmail_task');

register program

q)yHKLII/IH checkout KHUKHOTO IIPUTIOKEHUSA COOEPXKUT BBI3OB ﬂOHOHHHTeHEHOﬁ beHKLII/II/I, Kyhoa MBI 41 IIOMECTUM JIOTUKY
OTIIPAaBKU ITKMCbMa:



=> CREATE OR REPLACE FUNCTION public.before_checkout(user_id bigint)
RETURNS void
AS $$
<<local>>
DECLARE

params jsonb;
BEGIN

SELECT jsonb_build_object(

'from_addr', 'bookstore@localhost’,

'to_addr', u.email,
‘subj’, 'Mo3ppaBnsieM ¢ NoKynkow',
'msg’, format (

E'YBaxaembii %s!\nBbl coBepwmnu nokKynky Ha obuyio cymmy %s #.',
u.username,
sum(ci.qty * get_retail price(ci.book_id))

)
INTO params
FROM users u
JOIN cart_items ci ON ci.user_id = u.user_id
WHERE u.user_id = before_checkout.user_id

GROUP BY u.user_id;

PERFORM empapi.run_program(
program_id => 2,
params => params
)i
END;
$$ LANGUAGE plpgsql VOLATILE;

CREATE FUNCTION



[1pakTuka POQSFFS%

1. {3wiku Python u Perl umerot yno6HbIM THT JaHHBIX —
aCCOLIMaTHBHBIA MaCcCHB, — KOTOpPbIK oTcyTCcTBYeT B PL/pgSQL.
B Python a3to dict (c/ioBaps), B Perl — hash (xeri-tabsnuria).

HarnummuTe Ha OAHOM U3 3TUX SI3bIKOB (DYHKI[UIO, TIO/TyYatOIIyIO
Ha BXO/], TEKCTOBYIO CTPOKY ¥ BO3Bpalllaroliyt0 TabIUily U3 C/I0B,
KOTOpbIe BCTPEYArOTCs B 3TOU CTPOKe, C yKa3aHWeM KOoJiiueCTBa
BXO>K/IEHUU.

Pemaetcs /v 3Ta 3agaua Ha s3bike SQL?

2. Hanumure yHKIMIO, KOTOpasi Mo UMeHH (aiiia orpejensieT
1 BbIBOAUT ero MIME-Tur, aHanornyHo koMmaH/e shell
file --brief --mime-type
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1. Hanpumep:

SELECT * FROM words_count('the best of the best');
word | cnt

______ +-----
the | 2
of | 1
best | 2

2. Bocnonb3yiitech paclumpeHmem plsh, yctTaHOBNEHHbIM B BUPTYas1bHOM
mMaLlnHe kypca. OHo npegocTasnseT A3blk PL/sh gsis HanvcaHua oyHKUnia
Ha s3blke KOMaHA40M 060104k Unix.

Mprmep ncnonb3oBaHnA, NPUBEAEHHbIN aBTopoM (MuTep din3eHTpayT):

CREATE FUNCTION concat(text, text) RETURNS text AS $$%
#1/bin/sh

echo "$1$2"

$$ LANGUAGE plsh;

O6paTnTe BHUMaHUE, UTO obpallleHne K napaMeTpam BO3MOXHO TO/bKO Mo
HoMepy.



1. KomnuecTBO pa3HbIX CJIOB B CTPOKeE

=> CREATE DATABASE ext_languages;

CREATE DATABASE

=> \c ext_languages

You are now connected to database "ext languages" as user "student".
=> CREATE EXTENSION plpython3u;

CREATE EXTENSION

=> CREATE FUNCTION words_count(s text)
RETURNS TABLE(word text, cnt integer)
AS $python$

words = {}

for w in s.split():

words[w] = words.get(w,0) + 1

return words.items()

$python$ LANGUAGE plpython3u IMMUTABLE;

CREATE FUNCTION

=> SELECT * FROM words_count('pa3 pgBa Tpu pBa Tpu Tpu');

word | cnt
...... B S,
pa3 | 1
pBa | 2
Tpn | 3
(3 rows)

Ha SQL 3apmaya Toxe peliaeTcs: 3JIeMeHTapHO. 3mech BMECTO SIBHOTO MCIIOJIb30BAaHUS aCCOIIMATUBHOTO MaCCUBa MBI
ImojlaraeMcs Ha peajin3aluio I'PYIIINUPOBKU:

=> SELECT word, count(*)
FROM regexp_split_to_table('pa3z pBa Tpu gBa Tpu Tpu','\s+') word
GROUP BY word;

word | count
______ B
Tpu | 3
pa3 | 1
pBa | 2
(3 rows)

QaKTUYECKH B 060UX CJIy4asiX UCIIOJIb3yeTCs XeIr-TabiIuia:

=> EXPLAIN (costs off) SELECT word, count(*)
FROM regexp_split_to_table('pa3 pBa Tpu gBa Tpu Tpu','\s+') word
GROUP BY word;

QUERY PLAN

HashAggregate

Group Key: word

-> Function Scan on regexp split to table word
(3 rows)

2. Tun daina

=> CREATE EXTENSION plsh;
CREATE EXTENSION

=> CREATE FUNCTION file_type(file text) RETURNS text AS $sh$
#!/bin/bash

file --brief --mime-type $1

$sh$ LANGUAGE plsh VOLATILE;

CREATE FUNCTION

=> SELECT file_type('/home/student/covers/novikov_dbtech2.jpg"');



file type
image/jpeg
(1 row)



