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Tembl Posygres

S3bIKM CepBepHOro NpOrpaMMHUPOBAHUS
IToBepeHHbIe U HeJJOBEPEHHbIE SI3bIKU
ITogkroueHWe HOBOIO SI3bIKa
TpaHcdopMalu TUIIOB

UnTtepdetic SPI gnst paboTs ¢ 6a3oii

3auem HY>KHBI A3bIKHW YU U3 4Yer'0 MO>XHO BLI6I/IpaTI:>



A3bIKKM NporpaMmmMmnpoBaHns Pogga’?“é“g

«BcTpoeHHbIe»

C
SQL

CraHgapTHble (TToAgep>kKka coobiijecTBa)

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

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

Pa3ymeeTcs, k PostgreSQL MOXHO obpalaTbCs «U3BHE» U3 JH0ObIX A3bIKOB
nporpammMmupoBaHna (Al), 415 KOTOPbIX peann3oBaHa nogaep)kka KNmeHT-
cepBepHoro npotokona. Ho pasHble Al MOXHO ncnonbL30BaThb U 4114
nporpaMmMmpoBaHnA Ha CTOPOHE cepBepa: An1a HanucaHua XpaHnUMbIX

doyHKUMIA 1 npouenyp.
B PostgreSQL «BcTpoeHbl» aBa All: C, Ha KOTOPOM HanncaHa BCA CUCTeMa,
n SQL. 3TK A3bIKM JOCTYNHbLI BCeraa.

B cuctemy Takxke BXoaAaT yeTbipe All, KoTopble UMEKTCA B CTaHAAaPTHOWN
nocTtaBke 1 nogaepxmsarotcs coobuiectsoM. C OAHUM U3 HUX —
PL/pgSQL — mbl yXXe XOpoLLo 3HakoMbl. OH LOCTYMEH Mo yMOYaHUIo

N Hanbosee 4acTo UCMOJb3yeTCA Ha CTOPOHe cepeepa. Jpyrne A3blkn —
PL/Perl, PL/Python (Tonbko Python3, nogaepxka Python2 npekpatieHa)
n PL/Tcl — Hapo ycTaHaBvMBaTh Kak paclumpeHusi. Takon (HECKOMbKO
CTpaHHbIN) BbIGOP A3bIKOB 06YC/N0BNEH UCTOPUYECKUMU NPUUYNHAMMN.

B AokymeHTauumn A3blkK, oT/INUHbIE OT C 1 SQL, Ha3biBakTCA
npoyedypHbIMU, OTCtofa 1 npucTtaska «PL» B Ha3BaHUAX. HasBaHue
HECKOJ/IbKO Heya4yHoe: HUKTO He MeLlaeT NoAKMoUYnUThL K PostgreSQL
OYHKYUOHa/IbHbIU NI eLe Kako-HMoyab s3biK. [103TOMY nyylle noHMMmaTtb
PL kak programming language, a He kak procedural language.

https://postgrespro.ru/docs/postagresgl/16/xplang

PostgreSQL — paclwimpsemas cuctema, N03TOMy MMeEEeTCA BO3MOXHOCTb
Aob6asneHunsa n gpyrux ArM.



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

of] PROFESSIONAL
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[JoBepeHHbIe

rapdHTHUPYIOT pa60Ty I10/Ib30BadTeJ/IA B pAMKdX BbIJIAHHOI'O JOCTYyIId

orpaHMueHO B3aUMO/eMCTBHe C OKpPY>KeHreM U BHyTpeHHoCTsiMu CYB/],
S13bIK JI0JDKEH TI03BOJIATE Pa00TATh B «I1eCOUHHULIE»

10 YMOJ/TYdHHIO OJOCTYII /I BCeX T10/Ib30BaTee

HenoBepeHHbie

JIOCTYTIHA T0/THast GYHKIMOHA/TBHOCTh sI3bIKa
JOCTYII TOJIBKO Y CyTIepIio/ib30BaTesieit

00BIYHO K Ha3BaHMUIO s3bIKa A00aBmsIOT «u»: plperl — plperlu

AN pasgenaioTca Ha goBepeHHble (trusted) n HegosepeHHble (untrusted).

AoBepeHHble A3bIKN A0/MKHbI CO6/1I0AaTb OrpaHNyYeHnsa 4ocTyna,
yCTaHOB/IEHHbIE B cUcTeMe. Ecnn nonb3oBartesib He UMeeT focTyna

K AaHHbIM, NoAnporpamMmmMa Ha J0BEPEHHOM AA3blKe He J0/MKHa NPefoCTaBUTb
eMy Takoi J0oCTyn.

M0 CyTM 3TO O3HAYaET, UTO A3bIK AO/HKEH OrpaHMyYmBaTh B3aMmogencTene
No/b30BaTeNs C OKPYXXEHNEM (Hanpumep, ¢ onepawyoHHON CUCTEMON)

N ¢ BHyTPeHHoCcTAMN CYB/[] (4TOObI HENBL3S1 ObINO 060NTN 00bIYHbLIE
npoBepku AocTtyna). He Bce peanmsaymn A3bIKOB YMEKT padoTarb B TaKOM
peXumMe «necoyYHuLbI».

icnonb3oBaHe AOBEPEHHOTIO s3blka IBNSETCS 6€30nacHbIM, MO3TOMY
AOOCTYM K HEMY MO/y4aloT BCce Nnosib3osatesnin (415 ponu public Beigaetcs
NpUBUAErA usage Ha A3bIK).

HeaoBepeHHble A3bIKM HE MMEKOT HUKaKMX OrpaHnyeHunin. B 4yacTHOCTH,
JOYHKUMSA Ha TakoM A3blKe MOXET BbIMOMHATL /1t00ble onepaunn B OC

C NpaBaMu Nosib30BaTesis, 3anycTmBLIero cepsep 6asbl AaHHbIX. DTO MOXET
ObITb He6e30nacHbIM, MO3TOMY AOCTYN K TAKOMY A3bIKY MMEIT TO/IbKO
cynepnonb3oBartenu PostgreSQL.

HanomHum, 4TO, ecnn HeobxoaMMo, Ccyrnepnosib3oBaTe/lb MOXET Co34aTb
JOYHKUMIO Ha HeJ0BEPEHHOM £13blKe, B TOM uncne ¢ ykazaHmem SECURITY
DEFINER, n BblgaTb NpaBo Ha ee NCMOoJ/IHEHME 00bIYHbIM NOJIb30BaTE/IAM.



SI3BIKM IPOrpaMMHpPOBaHUS

=> CREATE DATABASE ext_languages;

CREATE DATABASE

=> \c ext_languages

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

HpOBepI/IM CITMCOK YCTaHOBJIEHHBIX A3BIKOB:

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

ITo yMoJTyaHHI0 ycTaHOBJIeH ToIbK0 PL/pgSQL (C u SQL He B cueT).
HoBBbIe sI3bIKM IIPUHATO 0GOPMJIITE KaK paclInpeHus. BoT Kakue JOCTYIIHBI AJIs1 yCTaHOBKU:

=> SELECT name, comment, installed_version
FROM pg_available_extensions

WHERE name LIKE ‘pl%'

ORDER BY name;

name | comment | installed version
____________ R
plperl PL/Perl procedural language
plperlu PL/PerlU untrusted procedural language
plpgsql PL/pgSQL procedural language 1.0

| |
| |
| |
plpython3u | PL/Python3U untrusted procedural language |
| |
| |

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

IlepBEle YeThIpe — U3 YHCJIa CTAHJAPTHEIX, a C ABYMsI IT0C/IeIHIMU MBI II03HaKOMHMCS IT03)Ke.

VcTaHOBHM B TeKyIllyIo 6a3y faHHBIX [iBa BapuaHTa si3bika PL/Perl: plperl (1oBepeHHBIN) U plperlu (HegoBepeHHBIH):
=> CREATE EXTENSION plperl;

CREATE EXTENSION

=> CREATE EXTENSION plperlu;

CREATE EXTENSION

=> \dL

List of languages
Owner | Trusted | Description

plperl | student | t | PL/Perl procedural language

plperlu | student | f | PL/PerlU untrusted procedural language
plpgsql | postgres | t | PL/pgSQL procedural language

(3 rows)

UTOGHI SI36IKU aBTOMATHYeCKH IT0SIBJISJIMCH BO BCeX HOBBIX 6a3ax JaHHBIX, paCIIMPeHNs HY?>KHO YCTAaHOBUTE B B4 templatel.

HeZloBepeHHBII I3BIK He IMeeT orpaHuYeHHUH. Halrpumep, MOKHO €03/jaTh QyHKIIHIO, YUTAOLIYIO JII060H daiia (aHaJI0TMIHO
mraTHoM QyHKIMM 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)

YTto 6y,IIET, eCc/Iu HOHpO60BaTI: CAeJsaTh TO Ke CaMO€ Ha TIOBEPEHHOM 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 uncie Hpoqero) 3aIlpelleH B 10BEePEHHOM s3BIKE.
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CREATE FUNCTION f(...)

AS 3% ... $%
LANGUAGE ...

validator

cTaTuyeckas nposepka
check_function_bodies = on

A/
Pg_proc

|

\/
SELECT f(...)

VHTEp-
npetarop
A3blKa

handler

nepefaya Ha BbINOMHEHNE,
o6ecneyeHne «necoUHNLbI»,
npeobpasoBaHve TUNoB

DO $3 ... $$
LANGUAGE ...

OAHOKpPaTHOoeE BblINO/TIHEHNE

NHTepdoenic nogkntoueHnsa Hosoro Al asst NCnosb30BaHUA Ha CTOPOHE
cepBepa BK/1Ho4aeT BCero Tpu oyHKLUUMN.

Mpu co3gaHnn xpaHMMOK NOANPOrpaMmbl, ee Ko NpoBepseTca Ha Handme
owmnbok (validator). Ecniv npoBepka NpoxoauT ycnewHo, nognporpammMa
COXpaHseTcs B CUCTEMHOM Katasiore. Mpun aTom ecnu nognporpavMmma
odpopmMnieHa B cTusie ctaHgapta SQL, To ee Teso XxpaHUTCA B BUAE Aepesa
pasbopa 1 byaet obpabdartbiBaTbCA 06bIYHBIM 06pa30M. B oCTasIbHbIX
CNyyasx coxpaHseTcs TONbKO UCXOAHbIN KOA B BUAE TEKCTOBOW CTPOKN.
KoMmnunsauua noanepXxusaeTca TONbKO ANA nognporpamMmm Ha sa3sbike C.

[MpoBepKY MOXHO OTKIHOUNTL NapameTpom check function_bodies; ytnnurta
pg_dump nonb3yeTcs aTUM, YTOObl CHATL 3aBUCMMOCTb OT NopsAKa
co3faHus 06 bLEKTOB.

[Mpn BbI30BE NOANPOrpaMmMbl ee TEKCT NepefaeTcs Ha BbINoSIHEHNEe
NHTepnpeTaTopy SA3blKa, a NoJlyYeHHbIn OTBET BO3BPALLLAETCH B CUCTEMY
(handler). Ecnn A3blKk 06bABMEH 4OBEPEHHBLIM, MHTEPNPETaTOpP A0/IKEH
3anyckaTbCsl B «NnecoyHuLe». 34ecb Takke pellaeTcs BaxHasa 3agada
npeobpaszoBaHunsa TMNoB. He Bce Tunbl SQL moryT nmeTb aHasnoru B Ar.
OO6bIYHbI NOAX0A B 9TOM C/lyyae — nepefadva TeKCTOBOro NpeacTaB/eHus
TMNa, HO peasin3aumsa MOXET TakKKe yUnTbiBaTb onpefeneHHble
nosnb3oBaTenem mpaHcgopmayuu TUNoB.

https://postgrespro.ru/docs/postgresql/16/sql-createtransform

[Mpw BbINONIHEHUM SQL-KoMaHabl DO nHTepnpeTaTtopy nepegaetcsa Kog ansa
OZHOKpAaTHOro BbiNnosiHeHud (inline).

N3 3aTnx Tpex pyHKumMIn obsa3aTenibHa Tonbko doyHkumna-handler.


https://postgrespro.ru/docs/postgresql/16/sql-createtransform

IToax/Ir0OYeHue HOBOI'O sA3hIKa

Ecsiu 3aryIgHyTh, 4TO BRIIOIHAET KoMaHga CREATE EXTENSION, To /I HeIJOBEPEHHOTO A3bIKa B CKPUIITE MBI YBHUANM IIPUMEPHO
caemyonee:

CREATE LANGUAGE plperlu
HANDLER plperlu_call_handler
INLINE plperlu_inline_handler
VALIDATOR plperlu_validator;

A 111 foBepeHHOro (06paTuTe BHUMaHUe Ha c10BO TRUSTED):

CREATE TRUSTED LANGUAGE plperl
HANDLER plperl_call_handler
INLINE plperl_inline_handler
VALIDATOR plperl_validator;

B 3T0# KOMaH/Ie YKa3bIBAKTCSI UMeHa QYHKIIHIM, peaIu3yoIINX TOUKK BX0/la OCHOBHOIO 06pa6oTurKa, o6padoTynka st DO u
TIPOBEPKH.

VCTaHOBHM ellle OZIMH s13bIK — PL/Python. OH [OCTYIIEH TOJIBKO KaK He/0BEPEHHEII:
=> CREATE EXTENSION plpython3u;

CREATE EXTENSION

Ha ero npumMepe MOCMOTPHM, KaK IIPOUCXOJUT IIpeo6pa3oBaHue MeKIy CUCTeMOM TUIIOB SQL M CCTeMOI THUIIOB s3bIKa. JlIs
MHOTHMX THIIOB IIPeZlyCMOTPEHEI IIpe06pasoBaHus:

=> 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 YBUAYM B TaKOM CJIy4ae?

=> 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's)
test py jsonb

{Ilfooll: Ilbarll}
(1 row)

3mechk SQL-THII json 6BLI IlepefiaH B QYHKIIHMIO KaK CTPOKA, a BO3BpalllaeMoe 3HaueHHe ObL7I0 BHOBE IIpeobpa3oBaHo B jsonb us
TEKCTOBOTO ITpe/ICTaBIeHHSI.

TpaHcpopMaIyu TUIIOB

UYTo6BI IIOMOYE 06pa6OTUHKY S3BIKA, MOXKHO CO3/IaTh JOIIOJHUTEIbHBIE TPAHCHOPMAITUH THIIOB. /IJIs HAIIIETO CIyYasi eCTh
TIOIXO/ISIIIIee PaCIIHpPeHHe:



=> CREATE EXTENSION jsonb_plpython3u;
CREATE EXTENSION
PaKTHUUeCKU OHO CO3/jaeT TpaHCPOopMaIHio TaKUM 06pa3oM (UTo II03BOJIIeT IlepefiaBaTh THII jsonb 1 B Python, 1 o6paTHO 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

TpaHchopMaIi0 He06X0AUMO SIBHO yKa3aTh B ONIPefeIeHUU QYHKITHH:

=> CREATE OR REPLACE FUNCTION test_py_jsonb(j jsonb)
RETURNS jsonb
TRANSFORM FOR TYPE jsonb -- ucnonbzoBaTtb TpaHcdopmaLuio
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-THII jsonb nepesaeTcd B Python kak TuI dict — c10Bapb (accorfaTUBHBIN MAacCHUB).



NHTepdeiic SPI Pos{gres

PostgreSQL

[LIBKOK
SQL

KNNEeHT

HWU3KOYypOBHEBBIN API

pasbop

yHKUMA ¢
Ha asbike C naaHMpoBaHue

\
BbIMNOJ/IHEHNE

00

dyHKUMSA SPI

Ha ApyroM si3bike

PostgreSQL pacnonaraet BHyTPeHHUM HU3KOYpPOoBHEBbIM API ana paboTsl
c 6a3oi gaHHbIX. Coga BXoAAaT PyHKUMM Ans paddéopa 1 nepenunucbiBaHus
3anpoca, NoOCTPOEHMA NaHa, BbINO/IHEHWS 3anpoca (Bko4vas obpalleHus
K Tabnuuam, MHAeKcam 1 T. n.). 310 cambii 3 EKTUBHbIA CNOCO6 paboThl
C AaHHbIMW, HO OH TpebyeT BHMMaHMS KO MHOTUM AeTasisiM, TaknM, Kak
ynpas/ieHne namaTbio, ycTaHOBKa G/1I0KMPOBOK U T. A.

Aok SQL, ABNAOLWMIACA YaCTbIo KaxA0ro 06c/y>KusaroLLero npovecca,
NoNb3yeTca UMEHHO 3TUM, HU3KOYPOBHEBLIM, API.

[ns ynobcTea nmeetcsa 60/1ee BbICOKOYPOBHEBDI (HO B psije criydyaes
MeHee athdrekTUBHbIN) MHTepdeinc: SPI, Server Programming Interface.

https://postgrespro.ru/docs/postgresagl/16/spi

NHTepdhelic SPI paccuntaH Ha A3blk C: nognporpamma Ha C MOXeT
NO/1Ib30BaTbCS Kak aTUM MHTephencom, Tak 1 — npm HeobxoaMMOCTN —
HN3KOYPOBHEBbLIM.

Ho, kak npaBn/10, aBTOPbI A3bIKOB NPOrpaMMUPOBaHUS NPeAoCTaBASOT
06epTKK, NO3BOMAIOLME NOANPOrpaMMamM Ha 3TUX si3blKaxX TOXe
nonb3oBaTbcs SPI. 3TO 3HaUMTE/NbHO BbIrOAHEE, YEM MHULMNPOBATL U3
noAnporpaMmMbl HOBOE COeAUHEHNE U UCMONb30BaTb A/1s1 PaboThbl C 6a301
K/TMEeHT-CepBEePHbIli NPOTOKON.


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

HuTepdeiic SPI

JJ1s1 ocTyIia K BOo3MOKHOCTAM SPI mmofiiporpaMMEI Ha s3bIKe Python aBToMaTH49ecKd UMIIOPTUPYIOT MOAYJIE plpy (MBI yoxe
UCIOJIb30BaIN QYHKIMIO info 13 9TOoro Mozyssi — aHasor koMaHab! RAISE INFO s3pika 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

Hamumewm 1t mpuMepa GyHKITHI0, BO3BPAILAIOIYI0 TEKCTOBOE OIIMCaHHUe 110 KIouy. OTCYTCTBHE KJII0Ya JJOJDKHO IPUBOJUTE K
OIITHOKE.

Kakue KOHCTPYKITUH 3/1eCh COOTBETCTBYIOT 0OpaleHu:o K SPI?

=> CREATE 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 cooTBeTcTBYeT GyHKIMH SPI_prepare (1 SPI_keepplan), a plpy.execute — ¢yHKIiuu SPI_execute_plan. Taxoxe
HesIBHO BbI3bIBaeTcst SPI_connect u SPI_finish. To ecTs 06epTKa si3bIKa MOJKeT JOIIOJHUTEIbHO YIIPOIaTh HHTepdeic.

O6patnuTe BHUMaHUE:

® YT00BI COXPAaHHUTH IUIAH ITOJTOTOBJIEHHOTO 3aIIP0Ca, IIPUXOUTCS UCII0IH30BaTh CI0BAaphb SD, COXpaHsIeMBbIH MEXKIY
BBI30BaMU QYHKITHUH;
e TpebGyeTcs SBHast IIPOBEPKa TOT0, YTO CTPOKaA ObLIa HakieHa.

=> SELECT get_descr_py(1);

get descr py

=> 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"

ITokasaTeJbHO CPABHUTH C aHAJIOTUYHOM QyHKIIHeN Ha s13bIKe PL/pgSQL:

=> CREATE 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



e Il1aH II0ArOTaB/JIHUBAETCS U IIePEUCII0Ib3yeTCsI aBTOMaTHUECKH,
e JIpoBepKa CYyILIeCTBOBAHMS CTPOKH yKasbiBaeTcs cioBoM STRICT.

=> SELECT get_descr(1l);

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

JIpyTHe SI3BIKH MOTYT IIPeIOCTaBIATh APYTOii CI10co6 focTyma K GYHKIIM SPI, a MOTYT U He NIPeJ0CTaBJSITh.
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O6paboTka nH(popmMaIM, XpaHUMOM B 6a3e JaHHBIX

MOJNporpaMMa BCer/ia BLITIOMHSIETCSl B KOHTEKCTe MoAK/IoueHus K b/l
PL/pgSQL unTerpuposaH ¢ SQL
JL7Is1 OCTa/IbHbIX — HMHTEepQeic cepBepHOro rnporpammupoBanus (SPI)

BLILII/ICJ'[eHI/IH, He CBsI3aHHbBIe ¢ Oa30i AdHHBIX

Bo3MoxxHOCTH PL/pgSQL cunbHO orpaHrueHsl
3¢ heKTUBHOCTD

yI0OCTBO UCIIO/TH30BaHUS

HaJTYMe TOTOBBIX OMOMMOTEK
creLiaIM3upoBaHHbIe 3a/1aun
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3a,u,aL||/|, ANA peweHnda KOTOPbIX UCMOJIb3YHTCA XpaHUMbIe noanporpamMmeol,
MOX>XHO YCJ/10BHO NoAe/INTb Ha ABe Ipynrbl.

B nepsyto BXxoanT paboTa ¢ MHpopmauueit, Kotopasi CogepXnTca BHYTpU
6a3bl faHHbIX. 34ech /1bble XpaHUMble NoANPOorpamMmMbl BbIUTPbIBAKOT

Y BHELHUNX (K/TMEHTCKNX) NPOrpamm, NOCKOIbKY OHU HaxogaTcs 6nvke

K AaHHbIM: BO-NepBbIX, He TpebyeTca yCcTaHOBKa COeAVHEHNS C CEPBEPOM,
N BO-BTOPbIX, HE TpebyeTcsa nepecblnika AnwHero no cetn. PL/pgSQL oyeHb
yao6eH Ansa Takux 3agad, NoCKOsbKY TeCHO MHTerpuposBaH ¢ SQL.

Ko BTOpOW rpynne MOXHO OTHECTU 06pabOoTKy, He CBA3AHHYIO C
obpaueHnem K 6ase gaHHbIX. 3aecb BO3MOXHOCTN PL/pgSQL cnnbHO
orpaHuyeHbl. Hayartb € TOro, YTo OH BbIYUCUTENbHO HE aDDEKTUBEH:
Nt060e BbipaXeHne BbIYNC/ISETCA C NOMOLLbIO 3anpoca (4/15 KOTOporo
B psfe NPOCTbIX C/lydaeB UCK/IKOYEH aTan njiaHnpoBaHus).

Ecnu 6bl 6blIM BaXHbl TO/TbKO 30EKTUBHOCTb U YHUBEPCANIbHOCTb, MOXHO
6b1/10 6bl UCNONBL30BaTh s3blk C. HO NcaTh HA HEM NPUKNAAHON Kof KpaliHe
[0pPOro 1 Aonro.

Kpome Toro, sa3blk PL/pgSQL goctaToyHO cTapoMOAeH 1 He pacrnonaraeT
BO3MOXXHOCTAMMU 1 BUGIMOTEKAMU, KOTOPble eCTb B COBpPeEMEHHbIX Al,
N OH B MPUHLMNE He NPUroAeH A/1F peLleHuns Lenoro psaga 3agau.

[Mo3aToMy Mcnonb3oBaHue Apyrnx A3blkoB (OT/IMYHLIX OT SQL, PL/pgSQL
n C) oNnsa cepBepHOro nporpamMmmMmnpoBaHns BO MHOTUX CryyYasx BNnosiHe
onpasAaHo.
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13 yero BblOUpaThH Posggres

MuTeHcuBHas paboTa C JaHHBIMH
SQL, PL/pgSQL

[IpoBepeHHbIe, YACTO UCTIO/Ib3yeMble
PL/Perl, PL/Python, PL/V8, PL/Java

[Ipyryie s3bIKM OOITIero Ha3HaueHUs
PL/Go, PL/Lua, ...

CrierjiasibHbIe 3a/jauu

PL/R (cratuctuka), PL/Proxy (yzaneHHbIe BBI3OBbI), ...

MakcumasnbHasi 3¢h()eKTUBHOCTh
C

11

Ecnn nognporpaMmbl UCNOMb3YHTCA A1 MIHTEHCUBHON paboThl
C AaHHbIMW, Ny4YlM BbIGOPOM BEPOATHO ByayT 06bI4HbIe SQL n PL/pgSQL.

Ana ppyrnx 3agay U3 WraTtHbIX A3bIKOB YacTo ncrnonb3ytot PL/Perl

n PL/Python, a n3 ctopoHHnx — PL/V8 un PL/Java. (C PL/V8 moryT 6bITb
C/TOXXHOCTM 13-3a Toro, 4to Debian n Red Hat nepectasin noctaBnATb 310
paclimpeHne B BUe nakera ns-3a C/I0KHOCTEN CO COOPKOIA.)

MoxHO nonpo6osatb 1 Apyrue A3blkn, Hanpumep, PL/Go nnn PL/Lua, ecnn
B 3TOM eCTb CMbIc/1. O6a3aTesibHO 0bpallaiiTe BHUMaHMe Ha COCTOsAAHNE
NMPOeKTa, akTMBHOCTb COO6LLECTBa, BO3MOXHOCTb NO/yUNTb NOAAEPXKKY.

ECTb pag cneunann3npoBaHHbIX A3bIKOB. Hanpumep, Ana ctatucTnyeckon
06paboTkM gaHHbIX npurogntca PL/R, ona yaaneHHoOro BbizoBa npoueayp
N WwapanHra MOXHO ncrnosnb3osartb PL/Proxy.

B AOKyMeHTauUnn ynoMsaHyTO HEKOTOPOE KOMIMYECTBO SA3bIKOB:
https://postgrespro.ru/docs/postgresql/16/external-pl

Bonblue nHpopmMmaunm o AOCTYMNHbIX SA3blKaX €CTb Ha BUKMW:
https://wiki.postgresql.org/wiki/PL_Matrix

Ho 1 3TO He NO/HbI CNUCOK. ECTb MHOXECTBO AIpYrMX NPOEKTOB, XOTS
MHOIMe 13 HUX He NpoABuratoTcs Aasiblie NepBoi Bepcun. He cneayet
cOpacbIBaTb CO CYETOB U s3blK C, €C/1 Hy)XHa MakcumasibHas
3P(PEKTUBHOCTb. DTO C/IOXKHEE, HO B IOKYMEHTaLMM U B UCXOAHOM Kofe
PostgreSQL ecTb MHOXECTBO COOTBETCTBYIOLLUX NPUMEPOB.



https://postgrespro.ru/docs/postgresql/16/external-pl
https://wiki.postgresql.org/wiki/PL_Matrix

IIpuMep crienaIM3UPOBaAaHHOIO A3bIKa: XSLT

B xauecTBe HJLIIOCTPALMH OUYeHb CIIeI[HaJM3UPOBAHHOIO s13bIKa (KOTOPHIM HUKAK HeJslb3s Ha3BaTh IIPOIlelypHEIM!) IIOCMOTPHM
Ha PL/XSLT. [lomycTHM, MBI IT0JIydaeM JAaHHBIe [JIs1 0TYeTa C IIOMOIIBIO 3aIIpoca, U IIpe/icTaB/sieM X B opmaTe 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>

+ 4+ A+ o+

</table>

(1 row)

UT0o65I BEIBECTH OTUET I10JIb30BaTeJII0, eT0 MOYKHO ITpeo6pa3oBaTk B popmaT HTML c momorrsio XSLT-IIpeo6pa3soBaHUs.
TlogxatounM s13bIK PL/XSLT:

=> CREATE EXTENSION plxslt;
CREATE EXTENSION
BOT Tak MOJKET BEIIISILETD IIPOCTOe IIpeoGpa3oBaHue:

=> 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
U BOT pe3ysIbTar:

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



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 06pasoM MO>KHO Pa3/iesIUTh JIOTHKY oTUeTa (00BIYHBIN SQL-3a1Ipoc) U ero Ipe/iCTaBIeHuE.
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Toru Posygres

PostgreSQL 1103Bo/ISIeT MOAK/IIOUATh JIO0ObIe SI3bIKH

Borartbiii BEIOOp SI3bIKOB ITPOrPaMMHPOBAHUS TIO3BOJISIET PelllaTh
mobble 3a7jaun Ha CTOPOHE CepBepa
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Mpaktuka L Posigras

1. OtnpasnsiTe NOIB30BaTENI0, COBEPLIMBLIEMY MOKYIIKY
B MarasuHe, [MMCbMO-TIOATBepXJeHne C yKa3aHueM CyMMBbI.
B BUpTya/nbHOM MaliHe HaCTPO€eH JIOKaIbHbIA MOYTOBBIN
cepBep, TiepechUIatoIIni 00y UCXOASIIYIO TTOUTY
B JIOKa/IbHBIN AWK Noab30BaTesns student. B PostgreSQL HeT
BCTPOEHHOM (DYHKLMU [1J11 OTOPABKU MHUCEM, HO €€ MOXKHO
peasiM30BaTh Ha KAKOM-/IM0O0 HeJJoBepeHHOM si3bIKe.
Y6enuTech, UTo NMUCEMO He MOKeT ObITh OTIPaB/eHo /0 TOrO,
KaK TPaH3aKI¥s MOKYIIKU OyZieT 3aBepiiieHa.

14

1. ns oTnpaBku NoMb3yNTECH Y)XKe roToBou thyHkuueit public.sendmail
(mnocmoTpuTe ee onpeaeneHne) UM HanuwmnTe CBOIO.

[MocblnaTb MMCbMO BHYTPU TpaH3aKLMn NOKYMKXU HernpaBubHO: TPaH3aKu s
MOXET ObITb 060pBaHa No Kakon-nmbéo npuymnHe, a NUCbMO YyXxe yhaer.
Bocnonb3yntecb MexaHn3Mom (DOHOBbLIX 3a[aHui: B TpaH3aKuum
fo6aBnanTe 3agaHne Ha oTnpaBKy NMcbMa. B Takom cnyyae oHO 6yget
OTNpaB/IEHO, TO/ILKO €CNM TpaH3aKLUnA 3aBepLUNTCSA YCNeLHO.



1. IlIouTOBBIE COOOIIEHUS

IIpocTast GYHKITHS /111 OTIIPABKU ITIOUTOBBIX COOOIIIEHMUH Uepes JIOKaIbHBIH II0UTOBHIE CepBeP MOJKET BBIIVIIETh 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%s" % msg
1) .encode('utf-8")
)
server.quit()
$function$

Mopysib email gaeT 60JIbIe BO3SMOYKHOCTEH, HO OHHM HaM He HY>KHBL.
Co3gaauM GOHOBOE 3aiaHue /It OTIIPABKH ITHUCEM:

=> CREATE FUNCTION public.sendmail_task(params jsonb) RETURNS text
LANGUAGE sql VOLATILE
BEGIN ATOMIC
SELECT sendmail(
from_addr => params->>'from_addr"',

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

)i

SELECT 'OK';

END;
CREATE FUNCTION
=> SELECT register_program('OTnpaBka nucbma', 'sendmail_task');

register program

®yHKIM checkout KHIDKHOTO IIPUIOXKEHUS COLEPIKUT BBI30B JJOIIOTHUTEILHOH QYHKIINY, Kyja MBI H IIOMECTHUM JIOTHKY
OTIIPaBKY ITHUCHMa:



=> 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 P.',
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+ Pogga’?ég

1. {3piku Python u Perl umerot yno6HbIM THT JaHHBIX —
aCCOLMaTMBHBIM MacCUB, — KOTOPbIK OTCyTCTBYeT B PL/pgSQL.
B Python 3to dict (csioaps), B Perl — hash (xer-rabnuiia).

HanummmTe Ha OHOM U3 3THX SI3bIKOB (DYHKI[HMIO, TTO/TyYatolyH0
Ha BXOJI, TEKCTOBYIO CTPOKY M BO3Bpall[alollyI0 TaO/lUIly 13 CJIOB,
KOTOpBIe BCTPEUAIOTCSl B TOU CTPOKe, C YKa3aHUEM KOJIMUeCTBa
BXOXKI€HUM.

Perraercs /in 3Ta 3azaua Ha si3bike SQL?

2. Hanuiute ¢yHKIMIO, KOTOpasi 10 UMeHU (paiiia oripeiesisieT
1 BeIBOAUT ero MIME-Tun, anamorunuHo komatie 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. Bocnonb3yitech pacwumpeHmem plsh, yctaHOBEHHbIM B BUPTYaslbHOM
mMaLlnHe Kypca. OHo npegocTasnseT A3blk PL/sh onia HanvcaHua oyHKLMi
Ha A3blke KOMaHaoh 060/104kM Unix.

Mprmep ncnonb3oBaHnA, NPUBEAEHHbIN aBTopoM (MuTtep Sii3eHTpayT):

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

echo "$1$2"

$$ LANGUAGE plsh;

O6paTnTe BHUMaHWE, YTO obpallleHne K napaMeTpam BO3MOXHO TO/IbKO
Mo HOMepY.



1. Kosim4ecTBO BXO0K/I€HHI CJIOB B CTPOKY

=> 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 $pythons$

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 pBa Tpu pBa Tpu Tpu');

word | cnt
...... [F S
pas | 1
pBa | 2
oM | 3
(3 rows)

Ha SQL 3aia4a To>Ke pellIaeTcsi 3/leMeHTapHO. 371eCh BMECTO SIBHOTO HCII0JIb30BAHHUS aCCOITIAaTHBHOIO MacCHBa MbI I10JIaTaeMCst
Ha peau3aIfyIo IPYIIIHPOBKH:

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

word | count
...... e
TpM | 3
pas | 1
psa | 2
(3 rows)

DaKTUYECKH B 060UX CiIy4dasixX UCII0JIb3yeTCsa xem—TaGnHua:

=> 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 daiina

=> 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)



