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Mcnonb3oBaHue MaTepuasioB Kypca

HekoMmmepueckoe ncnosib3oBaHne Marepuanos Kypca (npeseHtauuu,
AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.

OGpaTtHaA cBsi3b
OT3bIBbl, 3aMeYaHns 1 NPeasIOKEHUA HanpasnsnTe No agpecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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Tembl Posigres

A3BIKU CepBepHOro MpOrpaMMHUPOBAHUS
[ToBepeHHbIe U HeJOBEPEHHbIE SA3bIKU
[ToakroueHUe HOBOTO sI3bIKa
TpaHcdopmaruu TUTIOB

UnTtepdetic SPI gnst paboTsi ¢ 6a3oi

3auem HY>KHBI A3bIKHW 1 U3 4E€T'0 MO>XHO BI:>I6I/IpaTI:>
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A3bIKM NporpaMMnpoBaHnA  Posggres

«BcTpoeHHbIe»

C
SQL

CranzapTHble (TTogep>kKka coobiijecTsa)

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

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

PasymeeTcs, Kk PostgreSQL MOXHO obpallarbCsa «n3BHE» U3 JT0ObIX A3bIKOB
nporpammMmunpoBaHunsa (Al), 415 KOTOPbIX peasin3oBaHa noanepXKa KneHT-
cepBepHoro npotokona. Ho pasHsie Al MOXHO ncnosb3oBaThb U AN
nporpaMmmMmpoBaHnAa Ha CTOPOHE cepeepa: 419 HanmcaHua XpaHUMbIX

doyHKUMIA 1 npoueayp.
B PostgreSQL «BcTpoeHbI» aga All: C, Ha KOTOPOM HanucaHa BcA cUcTema,
n SQL. 3TN A3bIKM AOCTYMHbI BCerga.

B cuctemy Takxe BXoaAaT vetbipe All, KoTopble MMEKTCS B CTaH4AaPTHOM
nocTtaBke 1 nogaepxxmearoTcs coobuectsomM. C OAHUM U3 HUX —
PL/pgSQL — MbI ye Xopowo 3HakoMbl. OH AOCTYNEeH Mo yMON4YaHuo

N Hanbosiee 4acTo MUCMNOb3yeTCA Ha CTOPOHe cepBepa. Apyrne A3blkn —
PL/Perl, PL/Python (Tonbko Python3, nogaepxka Python2 npekpatleHa)
n PL/Tcl — Hago ycTaHaBnmMBaTth Kak paclumpeHuns. Takoin (HeCKObKo
CTpaHHbIi1) BbIGOP A3bIKOB 06YCNOBNEH UCTOPUYECKMMWN NPUUYNHAMMN.

B AokymMeHTauuu a3blkun, otnnyHble oT C n SQL, HasbiBaloTCA
npoyedypHbIMU, OTCloAa 1 npucTtaBka «PL» B Ha3BaHMAX. Ha3BaHue
HECKO/IbKO HeyauyHoe: HUKTO He MeLlaeT noakiunTb K PostgreSQL
QQYHKYUOHA/IbHbLIU U eLe Kakon-Hnbyap A3bik. M1o3Tomy nydwe noHMMmarb
PL kak programming language, a He kak procedural language.

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

PostgreSQL — paclumnpsemasi cuctema, Nno3ToMy MMeeTcsi BO3MOXHOCTb
nob6asnieHnsa n apyrux Al.




of] PROFESSIONAL

[loBepeHHbIe A3bIKA Posigres

IloBepeHHbIe

rapdHTUPYIOT pa60Ty I10JIb30BdT€JIAd B pAMKdX BbIJIAHHOT'O JOCTYIId

OrpaHUueHO B3aMO/IeNCTBHe C OKpY>KeHreM U BHyTpeHHOCTsiMU CYB/],
S3bIK [JO/DKEH TMO3BOJIATE paboTaTh B «I1€COUYHHULIE»

10 YMO/TUaHUIO OOCTYII [AJi BCeX T10/Ib30BaTeen

HenoBepeHHbie

JIOCTYITHA TT0/THasi GYHKIMOHA/IBHOCTD sI3bIKa
JOCTYII TOJIBKO Y CyTIeprio/ib30BaTesieit

00BIYHO K Ha3BaHMIO si3bIKa [100aBysitoT «u»: plperl — plperlu

Al pasgensaiTca Ha goBepeHHble (trusted) n HegoBepeHHble (untrusted).

[oBepeHHble A3bIKN A0/MKHbI CO6MI0AAaTb OrpaHnyYeHns 4ocTyna,
yCTaHOB/IEHHbIE B cUCTeMe. Ecnun nonb3oBartesib He UMeeT gocTyna

K AaHHbIM, NoAnporpaMma Ha fJOBEPEHHOM A3blKe He Jo/MKHA NpeAoCcTaBUTb
eMy Takou AocCTyn.

Mo CyTW 3TO O3Ha4YaeT, YTO A3bIK AO/HKEH OrpaHnyMBaTb B3aumMoaencTemne
No/b30BaTeNs C OKpyXXeHnem (Hanpumep, ¢ ornepaunoHHOW CUCTEMOI)

N ¢ BHyTpeHHocTAMM CYB/ (4TO6bI HEeMb3s 6bI/10 060MUTU 06bIYHbIE
NpoBepKu AocTtyna). He Bce peanusaunm A3bIKOB YMeKOT paboTarb B TaKOM
pPeXnMe «NeCOUYHNLbI.

icnonb3oBaHve AOBEPEHHOTO si3blka SIBNSETCS 6€30NacHbIM, MO3TOMY
[IOCTYN K HeMy nosyyatoT Bce nonb3oBateny (Ana ponu public BbigaeTcs
NnpUBUNErns usage Ha s3blK).

HepnoBepeHHble A3blKM HE MMEKOT HMKaKNX OorpaHnyeHnin. B yacTHocTH,
JoyHKLUMA Ha TaKOM SA3blKe MOXET BbIMOMHATL /1t06bIe onepaunn B OC

C NpaBaMu Nosib30BaTesIs, 3anycTuBLIEro cepsep 6a3bl AaHHbIX. DTO MOXET
ObITb He6e30MnacHbIM, MO3TOMY AOCTYN K TAKOMY A3blKY UMEKT TO/IbKO
cynepnonb3oBarenu PostgreSQL.

HanomHumMm, 4TO, ecnvm HeobxoaAnMo, cyrnepnosib3oBatesib MOXET co34aTb
JoyHKLUNIO HA HeQOBEPEHHOM A3bIKe, B TOM vncne ¢ ykasaHmem SECURITY
DEFINER, v BblgaTb NpaBo Ha ee NCMOo/IHEHME 0ObIYHbLIM NOJIb30BaTENAM.



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 ymomuaHnuto ycranosneH Tonbko PL/pgSQL (C u SQL He B cuerT).
HoBble s13bIKM IPUHSITO 0OPMIISATH KaK pacIIupeHus. 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 IIOCIeIHUMU MBI I03HAKOMHUMCS I103Ke.

YcTaHoBUM B TeKylIyio 6a3y maHHLIX OBa BapuaHTa si3bika PL/Perl: plperl (moBepeHHEIH) 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 @BTOMATUYECKHU IOSBIISIJINCH BO BCEX HOBHIX 0a3aX JaHHBIX, PACIIMDPEHNS HYKHO yCTaHOBUTH B BT templatel.

HepmoBepeHHEIH S3EIK He UMeET OorpaHudeHuil. Hampumep, MOXKHO Co37aTh GYHKIHNIO, YHTAIOIIYIO 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) 3alpelleH B JOBEPEHHOM SI3HIKE.
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[loakYeHMe HOBOIO A3blKka Posggres

CREATE FUNCTION f(...)

AS $$ ... $% validator
LANGUAGE ...
cTaTnyeckas npoeepka
\ check_function_bodies = on
\J
Pg_proc
l WHTEp-
SELECT f(...) handler nperarop
A3blKa
nepegaya Ha BbINOSIHEHWE
o6ecneyeHne «necoUHNLbI»,
npeobpas3oBaHve TUNoB
DO $$ ... $%

LANGUAGE ...

OAHOKpaTHOoe BblNO/THEHNE

NHTepdhenic nogknoveHnss HoBoro Al Ana ncnosb30BaHMs Ha CTOpPoHe
cepBepa BK/HOYAET BCEro TpU QOYHKLNN.

Mpwn co3gaHnn xpaHUMOK NoANpPorpaMMmsbl, ee Ko NpoBepseTca Ha Hannume
owmnbok (validator). Ecnvn nposepka npoxoauT ychneLwHo, nognporpamma
COXpaHseTcs B CUCTEMHOM Kataviore. pu aTom ecnu nognporpavMmma
ogoopmsieHa B cTune ctaHgaprta SQL, To ee Te/io XpaHUTCA B BUAe Aepesa
paszbopa n oyaet obpabaTbiBaTbCs 0ObIYHLIM 06pa3oM. B ocTasibHbIX
CNyyasx CoOXpaHAeTcs TONbKO UCXOAHbI KO B BUAE TEKCTOBOW CTPOKM.
KomMnunauusa nogaepxusaeTcsa TONbKO 419 nognporpaMm Ha s3bike C.

[MpoBepKYy MOXHO OTKNHOUNTL NapameTpom check_function_bodies; ytunuta
pg_dump nosib3yeTcsa 3TUM, YTOObI CHATb 3aBMCUMOCTb OT NopsKa
co30aHNA 0OBHEKTOB.

[Mpn BbI3OBE NOANpOrpaMmMbl ee TEKCT nepeaaeTca Ha BbINOSIHEHME
NHTEepnpeTaropy A3blka, a NoslyYeHHbI OTBET BO3BpAaLLaeTCa B CUCTEMY
(handler). Ecnun a3bik 06bsBEH AOBEPEHHBIM, MHTEPNPETATOP A0/IKEH
3anyckarbCsl B «MecoyHuLe». 34eCb Takke pellaeTcsa BaxHasa 3ajada
npeobpasoBaHusa TMNOB. He Bce Tunbl SQL MoryT nmetb aHasiorn B ArN.
OO6bIYHbI NOAX0A B 9TOM C/lyyae — rnepefada TeKCTOBOro nNpeacTaB/eHus
TVNa, HO peasin3aunsa MOXeT Takke yunuTbiBaTb onpeneneHHble
nonb3oBarenem mpaHcgpopmayuu TUNOB.

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

[Mpn BbINONHeHUM SQL-komaHabl DO nHTepnpeTaropy nepegaerca Koa Ans
OAHOKpAaTHOro BbinosHeHus (inline).

N3 aTux Tpex oyHKUMin ob6s3aTenbHa ToNbKO yHKuMSa-handler.



ITogKiaiodeHHe HOBOI O sI3bIKa

Ecnu 3arnsauyTse, uTo BeinonHsAeT kKoMaHna CREATE EXTENSION, To 11 HeIOBEPEHHOI'O si3blKa B CKPUIITE MBI YBUOUM
TIPHMEPHO cliefyloliee:

CREATE LANGUAGE plperlu
HANDLER plperlu_call_handler
INLINE plperlu_inline_handler
VALIDATOR plperlu_validator;

A pns poBepenHoro (o6patute BHUMaHue Ha cyioso TRUSTED):

CREATE TRUSTED LANGUAGE plperl
HANDLER plperl_call_handler
INLINE plperl_inline_handler
VALIDATOR plperl_validator;

B aTO0# KOMaH[e yKa3bIBAIOTCA NMeHa GYHKINH, pealu3yIoiuX TOYKH BX0ga OCHOBHOTO o6paboTrynka, o6paboTynka ais
DO u npoBepku.

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

Ha ero nmpumMepe IocMOTpUM, KaK IPOUCXOOUT Ipeobpa3oBaHue MeXAy cucTeMoy TunoB SQL u cucTeMoi TUIIOB S3bIKA.
[71s1 MHOTHMX THUIIOB IIPETYyCMOTPEHEI IPe0o0pa30BaHUs:

=> 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 IepenaH B GyHKIIWIO KAK CTPOKA, & BO3BpallaeMoe 3HaueHne OBIJI0 BHOBL IPE00Pa30BaHo B jsonb
U3 TEKCTOBOI'O IIPENCTAaBIIEHUA.

TpaunchopMauuu THIIOB

YT0oO6B TOMOYb 00PabOTUNKY sI3BIKA, MOXKHO CO37aTh JOMOJIHUTENbHEIE TpaHchopManuy TUIOB. [IJI1s Haulero ciaydas ecTh
TOOXO[siIee pacliupeHue:



=> CREATE EXTENSION jsonb_plpython3u;
CREATE EXTENSION

DaKTUYECKHU OHO Co37aeT TpaHchopMauuo TakuM o6pa3oM (4To [103BOJISIET ITepenaBaTh TUH jsonb u B Python, u 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

Tparcdhopmanuio HeoOXOAUMO SBHO YKa3aTh B OIpefesieHny QyHKIUHU:

=> 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 kak tun dict — cnoBaph (acconuaTUBHBIN MaCCUB).



NHTepdeiic SPI Pos{gres

PostgreSQL

LBVXOK
SQL

KNNeHT

HV3KOYpPOBHEBBIN API

pasbop

hyHKLMA ¢
Ha asbike C naaHMpoBaHue

\J
BbINO/IHEHNE

00

dyHKUMA SPI

Ha Apyrom fA3blke

PostgreSQL pacnonaraet BHyTPEHHUM HU3KOYpPoBHEBbIM API ans paboThl
c 6a3oi gaHHbIX. Cioga BXoaaT pyHKUMK st pasbopa u nepenncbiBaHnA
3anpoca, NOCTPOEeHNA naHa, BbINO/IHEHUA 3anpoca (Bk/iyas obpatleHuns
K Tabnuuam, MHAeKcam 1 T. n.). ITO caMblil SPJEKTMBHBIN cNOocob6 paboTbl
C AaHHbIMW, HO OH TpebyeT BHUMaHWS KO MHOTUM AeTasisiM, TaknM, Kak
ynpasfieHne namaTblo, ycTaHOBKa G/I0KMPOBOK U T. A.

[ABWXOK SQL, ABNAIOWMIACA YaCTbIo KaxA0ro o6cnyxunsaroLLero npouecca,
Nosib3yeTcsa UMEeHHO 3TUM, HU3KOYPOBHEBbLIM, API.

[ns ynobcTBa nmeetcsa 6osee BbICOKOYPOBHEBbLI (HO B pAe c/lyyaeB
MeHee appeKTMBHbIN) HTepdieiic: SPI, Server Programming Interface.

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

NHTepdberic SPI paccuntaH Ha s3bik C: nognporpamma Ha C MOXeT
N0/1b30BaTbCA KakK 3TUM MHTepdencom, Tak 1 — npu HeobxoauMoCcTn —
HN3KOYPOBHEBbLIM.

Ho, kak npaBni0, aBTOPbI A3bIKOB NPOrpaMMMPOBaHUS NPeAoCTaBNSOT
06epTKK1, NO3BO/AIOLLME NOANPOrpamMmmMam Ha 3TUX si3blkax TOXe
nonb3oBaTbcs SPI. 3To 3HaUMTE/NbHO BbIroAHEE, YEM MHULMMPOBATL U3
noAnporpamMmmbl HOBOE CoeANHEHNE U UCNONb30BaTb [1/151 PaboTbl C 6a30l
K/TMEeHT-CepBepPHbIi NPOTOKON.



HUnurepdenc SPI

Ins moctyma K Bo3MoxkHOCTSM SPI momnporpaMMel Ha si3eIKe Python aBToMaTuueckyu HMIOPTUPYIOT MOIYNL 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

Hanmmem giist npuMepa QyHKINIO, BO3BPAIIAONIYI0 TEKCTOBOE OIKCAHUe 0 K04y, OTCYTCTBHE KITI0Ya HOJIZKHO
IPUBOJOUTH K OLINOKE.

Kaxkue KOHCTPYKILIUM 3[IeCh COOTBETCTBYIOT oOpalreHuio 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 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 [OMIOHUTEIIBHO YIIPOIIATh
uHTepderic.

OGpaTuTe BHUMaHHE:

e YTOOBI COXpPAHUTH IIJIaH IIOATOTOBIEHHOI'0 3allpoca, IPUXOOUTCS UCIOIL30BaTh CI0Baphb SD, coXxpaHseMBId MeX Iy
BBI30BaMU GYHKINY;
e Tpebyetcs siBHAs MPOBEPKa TOT'0, YTO CTPOKA OBla HaleHa.

=> 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"

IToka3aTeIpHO CPaBHUTH C @aHAJIOTUYHOHN QyHKIMEeH 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



o [lnaH mOATOTABIUBAETCS U II€PEUCIIONL3YEeTCs aBTOMATUUYECKY;
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# crnocob poctyna K ¢yHKuusM SPI, a MOryT u He IpPegoCTaBNsATh.
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3agayu Pos{gres

O6paboTka nHdpopmaruu, XpaHUMOU B 6a3e JaHHBLIX

MIOATIPOTrpaMMa BCer/ia BhIMO/IHSETCS] B KOHTEKCTe NoAk/IodeHus K b/l
PL/pgSQL unTerpuposas ¢ SQL
JI7IS1 OCTaJIbHBIX — WHTep@eiic cepBepHOro rporpammupoBanus (SPI)

BbruriciieHus:, He CBsI3aHHbIE C 0a30M JJaHHBIX

BO3MOXHOCTA PL/pgSQL cunbHO OrpaHUyeHbl
3¢ deKTUBHOCTD

yA0OCTBO UCIIO/Ib30BAHUS

Ha/IM4Me TOTOBBIX OUOIMOTEK
CrieliMa/IM3MPOBaHHbIe 3a/lauu

10

3a,qaL||/|, ANA peweHna KOTOPbIX UCMOJ1b3YHOTCA XpaHMble nognporpamMmmsbl,
MOX>XHO YC/10BHO NnoAe/iNTb Ha ABeE rpynnobl.

B nepsyto BXxoauT paboTta ¢ nHpopmaymein, Kotopast CoaepX1TCs BHYTPU
6a3bl faHHbIX. 34eCb 1I06ble XpaHUMble NOAMNPOrpaMmbl BbINTPbIBAKOT

Y BHELWHNX (KIMEHTCKUX) Nporpamm, nockosibKy OHU HaxoaAaTcsa o6nvxe

K A4aHHbIM: BO-NepBbIX, HE TPebyeTcs yCTaHOBKa CoefMHEHNSA C CEPBEPOM,
N BO-BTOpPbIX, HE TpebyeTcs nepecblnika nuwHero no cetn. PL/pgSQL oyeHb
yno6eH ansa Takux 3agadv, NOCKONbKY TECHO UHTerpmposaH ¢ SQL.

Ko BTOpOW rpynne MOXHO OTHECTWN 06pabOoTKy, He CBA3aHHYHO C
obpalleHrem K 6a3e gaHHbIX. 3aecb BO3MOXHOCTU PL/pgSQL cunbHO
orpaHuyeHbl. Hayartb € TOro, YTO OH BbIYUC/IUTE/IbHO HE 3DDEKTUBEH:
nto60e BblpaXeHne BbIYUC/ISIETCS C NOMOLLbIO 3anpoca (418 KOToporo
B psAfe NPOCTbIX Cly4yaeB MCK/KOYEH aTan naaHnpoBaHus).

Ecnn 6bl 661511 BaXKHbI TO/IbKO 3(PAIEKTUBHOCTb N YHUBEPCA/IbHOCTb, MOXHO
6b1/10 6bI Ucnonb3oBaTth A3blk C. Ho nucaTb Ha HEM NPUKIAAHON Kog, KpanHe
[0pPOro u Aonro.

Kpome Toro, a3blk PL/pgSQL goctaTtoyHo cTapoMoAeH 1 He pacnonaraet
BO3MOXHOCTAMM N BUGMOTEKAMN, KOTOPbIE eCTb B COBPEMEHHbIX All,
N OH B MNPUHLMNE He NPUro4eH A/1F peLleHuns Lenoro paga sagau.

[Mo3ToMy ncnonb3oBaHue apyrnx A3blKoB (OTAMYHBLIX OT SQL, PL/pgSQL
n C) onsa cepBepHOro nNporpamMmmMmpoBaHns BO MHOTMX C/yyYasix BnosiHe
onpasAaHo.
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13 yero BblIOMpaTH Posggres

WuTeHcrBHas paboTa ¢ JaHHBIMU
SQL, PL/pgSQL
[TpoBepeHHbIe, YAaCTO UCIIO/Ib3yeMble

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

JIpyryie sA3bIKK OOIT|ero Ha3HaueHust
PL/Go, PL/Lua, ...
CreriyasibHbIe 3a/1auu

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

MakcumanbHast 3(heKTHBHOCTb
C

11

Ecnn nognporpaMmmbl UCMO/b3YOTCA ANA UHTEHCUBHOW PaboThI
C OaHHbIMU, NydlnM BbIGOPOM BEPOATHO ByayT 06blvHble SQL n PL/pgSQL.

[ns gpyrnx 3agay U3 WTaTHbIX A3bIKOB YacTo ucnonb3ytot PL/Perl

n PL/Python, a n3 ctopoHHux — PL/V8 n PL/Java. (C PL/V8 moryT 6bITb
C/TOXXKHOCTN K3-3a Toro, 4to Debian n Red Hat nepectanu noctaBnsatb 3T0
paclimpeHne B Buae naketa ns-3a C/10KHOCTen co CO0PKOiA.)

MoxHO nonpo6osartb 1 Agpyrue A3blkn, Hanpumep, PL/Go nan PL/Lua, ecnu
B 3TOM eCTb CMbIC/l. Ob6s3aTenbHO obpallalrite BHUMaHMe Ha COCTOSHNE
NpoeKkTa, akTMBHOCTb CO0OOLECTBAa, BO3MOXHOCTb NOMYYUTb NOALEPXKKY.

ECTb psag cneymann3npoBaHHbIX A3bIKOB. Hanpumep, Ans ctatucTuyeckom
06paboTkM gaHHbIX npuroantca PL/R, ona yaaneHHoOro Bbizosa npoueanyp
N WwapanHra MoXXHoO ncrnonb3osarb PL/Proxy.

B nokymeHTaumm ynomsaHyTo HEKOTOPOE KOIMYECTBO A3bIKOB:
https://postgrespro.ru/docs/postgresqgl/16/external-pl

Bonblue nHpopmaumm o 4OCTYMHbIX A3blKaX €CTb Ha BUKU:
https://wiki.postgresqal.org/wiki/PL_Matrix

Ho 1 3TO He NONHbI CNNCOK. ECTb MHOXECTBO APYrvX NPOEKTOB, XOTS
MHOIMe 13 HUX He NpoABuratoTcs Aasiblie NepBoi Bepcun. He cneayet
cbpachkIiBaTh CO CYETOB U A3bIK C, €CNN HY)KHA MakCMMaslibHas
3P(PEKTUBHOCTb. ITO C/I0XKHEE, HO B IOKYMEHTALUN U B UCXOAHOM Koe
PostgreSQL ecTb MHOXECTBO COOTBETCTBYHLLMX NPUMEPOB.



IIpuMep cnenuaIN3UPOBAaHHOIO si3bIKa: XSLT

B KayecTBe UIITIOCTPALNY OYEHb CIIEINAIN3UPOBAHHOI0 3bIKa (KOTOPHIY HUKaK HeJlb3sl Ha3BaTh IPOlleyPHLIM!)
nocMmotpuM Ha PL/XSLT. [TonycTuM, MHI ITOJIydaeM [aHHBIE [JIsI OT4YeTa C IIOMOIIbIO 3aIllpoca, U IpefCcTaBiIsieM 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)

YToO6BI BEIBECTU OTUET II0JIb30BATEIII0, €I'0 MOXKHO IIpeobpa3oBaTs B popmar HTML c nomouisio XSLT-ipeoGpa3oBaHusi.
TTogkmiouuM s3bIK PL/XSLT:

=> CREATE EXTENSION plxslt;
CREATE EXTENSION
BoT Tak MOXKeT BHIJISIIeTh 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 (00BIYHEINM SQL-3ampoc) U ero mpencTaBlieHue.
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Toru Posigres

PostgreSQL 1103BO/ISIET MTOAK/IIOUATE JTFO0bIE SI3bIKU

Borarbiii BLIOOD S3BIKOB ITPOrPaMMHPOBAHUS ITO3BOJISIET PelllaTh
nro0ObIe 3a/1auM Ha CTOPOHE cepBepa

13
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Mpaktuka L Posigras

1. OtnpaBnsiTe N0Ib30BaTeN0, COBEPILIMBIIEMY MOKYIIKY
B MarasvHe, IIMCbMO-TIOATBep)KIeHNe C yKa3aHueM CyMMBI.
B BUpTyasibHOM MaliHe HaCTPOEeH JIOKaIbHbINA MTOUTOBBIN
cepBep, TiepechlIatoIIyi 00y UCXOAALIYIO MTOUTY
B JIOKa/IbHBI fALUK M0b30BaTess student. B PostgreSQL HeT
BCTPOEHHOU (PYHKLIMM [1J151 OTTIPaBKH ITHUCEM, HO ee MOXKHO
peasin30BaTh Ha KAKOM-/IM00 He/JOBepEeHHOM sI3bIKe.
Yb6eaurech, UTO MUCHMO He MOKeT OBITh OTTIPaB/IEHO [0 TOTO,
KaK TpaH3aKLYs TIOKYTTKY OyzieT 3aBepiiieHa.

14

1. Ana oTnpaBku Nosb3yUTECh Y)XXe rotoBor thyHkuymeit public.sendmail
(mocmoTpuTe ee onpeneneHne) UM HanuwuTe CBOIO.

Mocblnarb NMCbMO BHYTPU TpaH3akumm NOKYNKN HenpasBW/bHO: TpaH3akums
MOXET ObITb 060pBaHa No Kakon-nmbéo npuynHe, a NUCbMO yXxe yhaer.
Bocnosnb3yntecb MexaHn3MoOM (DOHOBbIX 3a4aHWI: B TpaH3aKuum
[obasnainTe 3agaHne Ha oTnpaBKy NMcbMa. B Takom cnyyae oHo Byaet
oTnpaB/eHo, TO/IbKO eC/iv TpaH3akuusa 3aBepLunTcs yCnewHo.



1. ITouTOBBIE COOOILEHUS

TpocTast GyHKLHUs /I OTIIPABKYU IIOYTOBLIX COOBIIEHN Yepes3 JIOKAJIbHEIM TOYTOBLEIA CEPBEP MOXKET BBITTISNETh 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()
$function$

Mopynb email maeT GobIlle BO3MOKHOCTEM, HO OHU HaM He HYXKHEL.
Cozpanum GOHOBOE 3ajaHue [JIS OTIIPABKHU MMUCEM:

=> 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

(DyHKI.II/I?I checkout kHUXKHOTO IIPUJIOKEHUA COOEPXKUT BBI3OB IOTIOTHUTEILHOMN Cl)yHKLII/II/I, KyOa MBI 1 TIOMECTHUM JIOTUKY
OTIIPaBKH ITHCbMa:



=> 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+ POQSFEE

1. S3biku Python u Perl umeroT yi06HBIM THTT ZAHHBIX —
aCCOLIMaTHBHBIA MacCHB, — KOTOpPBIX oTCcyTCcTBYeT B PL/pgSQL.
B Python 3to dict (croBaps), B Perl — hash (xemi-ta6muiia).
HanuimTe Ha OAHOM U3 3TUX SI3bIKOB (DYHKI[UIO, TIO/TyYatoIyIO
Ha BXOJ TeKCTOBYIO CTPOKY 1 BO3Bpalljalolyi0 TaO/IUIly 13 CJIOB,
KOTOpbIe BCTPEYAOTCS B 3TOU CTPOKe, C yKa3aHWeM KoJiiueCTBa
BXO>K/IeHUU.

Pemaetcs /v 3Ta 3agaua Ha s3bike SQL?

2. Hanummre QyHKIMI0, KOTOpasi Mo UMeHH (aiiia orpejensieT
1 BeIBOAUT ero MIME-Tur, aHanornyHo koMaH/e shell
file --brief --mime-type
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1. Hanpumep:

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

______ B
the | 2
of | 1
best | 2

2. Bocnosnb3yiiTech paclumpeHuem plsh, yctaHOB/IEHHbIM B BUPTYaslbHOM
mMaLlnHe Kypca. OHo npegocTasnseT A3blk PL/Sh onig HanvcaHua oyHKLnia
Ha A3blke KOMaHA4oM 060/104KM Unix.

MprMmep Mcnonb3oBaHUS, NPUBEAEHHbIN aBTopoM (MuTep din3eHTpayT):

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

echo "$1$2"

$$ LANGUAGE plsh;

O6paTnTe BHUMaHWE, YTO obpallleHne K napaMmeTpamM BO3MOXHO TOMbKO
No HOMepY.



1. KoTH4eCTBO BXOXKIEHHH CJIIOB 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 $python$

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 peliaeTcs1 3JIeMeHTapHO. 3mech BMECTO SIBHOTO MCIIOJIb30BAaHUS aCCOIIMATUBHOTO MaCCUBa MBI
ImojlaraeMcs Ha peajin3aluio I'PYIIINUPOBKU:

=> SELECT word, count(*)
FROM regexp_split_to_table('pa3 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)



