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of] PROFESSIONAL Oleg Bartunov’ Teodor Sigaev

Posy.gres

v

Locale support

GiST for

v

Extendability (indexing)
> GiST (KNN), GIN, SP-GiST

» Full Text Search (FTS)
» Jsonb, VODKA
> Extensions: B
. o
> intarray
> pg_trgm https://www.facebook.com/oleg.bartunov
> ltree obartunov@postgrespro.ru,
> hstore teodor@postgrespro.ru
> plantuner https://www.facebook.com/groups/postgresql/

Alexander Korotkov Mporpammuposaxue Ha C ana PostgreSQL 2/39


https://www.facebook.com/oleg.bartunov
mailto:obartunov@postgrespro.ru
mailto:teodor@postgrespro.ru
https://www.facebook.com/groups/postgresql/

Pogza’?g”g Alexander Korotkov

> Indexed regexp search

> GIN compression & fast scan
» Fast GiST build

> Range types indexing

» Split for GiST

» Indexing for jsonb

> jsquery

» Generic WAL + create am (WIP) a.korotkov@postgrespro.ru
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o PROFESSIONAL npOCTEMLUMM npumep: C1oxXeHne AByx
Pos gres yucen

#include ”postgres.h”
#include *fmgr.h”

PG_MODULE_MAGIC;
PG_FUNCTION_INFO_V1(add);

Datum
add(PG_FUNCTION_ARGS)
{
int32 argl = PG_GETARG_INT32(9),

arg2 = PG_GETARG_INT32(1);
PG_RETURN_INT32(argl + arg2);
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o)) PROFESSIONAL D a t u m

Posy.gres

» Datum — 3710 unsigned integer 4OCTaTOMHOM ANMHBI, YTOObI XPaHUTb B
cebe pointer.

thpedef uintptr_t Datum;

> Jlioboe 3HaueHune PostgreSQL moxeT b6bITb NpuBeaeHo K Tuny Datum
M HaobopOoT. N5 3TOro UCNoNb3yoTcA Makpockl DatumGet*(x) n
*GetDatum(x).

> 3HauyeHuA, KoTopble nomelLatoTca B Datum, moryT 6biTb NepeaaHsbl
Mo 3Ha4YeHUIo, OCTaNbHble NepeaaoTca No yKasaTento.

> AprymeHTbl GyHKLMM M BO3BPALLAEMble 3HAYEHMA NepeaatoTca Kak
Datum.
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g roessonat - PostgreSQL calling convention version 1
Posy.gres
> [lapameTpbl NepeaatoTca Yepes creunasbHyo CTPYKTYpPY

/* Standard parameter list for fmgr-compatible functions */
#define PG_FUNCTION_ARGS FunctionCallInfo fcinfo
typedef struct FunctionCallInfoData *FunctionCalllInfo;

[na poctyna K napameTpam 3aBegeHbl Makpocbl PG_GET_ARG_*(n)

#tdefine PG_GETARG_DATUM(n) (fcinfo->arg[n])
#define PG_GETARG_INT32(n) DatumGetInt32(PG_GETARG_DATUM(n))

[nAa Bo3BpaLLeHNa pe3ybTaTa UCMNO/b3YHTCA MaKpoChI
PG_RETURN_*(x)

#define PG_RETURN_DATUM(x) return (x)
#define PG_RETURN_INT32(x) return Int32GetDatum(x)

PG_FUNCTION_INFO_V1(funcname) yKkasbiBaeT Ha UCNO/b30BaHMeE
calling convention version 1, 6bi1 ewé version 0...
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efproressonal - PG MIODULE MAGIC
Pos{gres - -

BeBefE€H HaunHaA c Bepcum 8.2 N NO3BOAAET aBTOMATUYECKU NPOBEPATb
COBMECTUMOCTb MoAynsA co cbopkon PostgreSQL.

/* The actual data block contents */
#define PG_MODULE_MAGIC_DATA \
{\
sizeof(Pg_magic_struct), \
PG_VERSION_NUM / 10, \
FUNC_MAX_ARGS, \
INDEX_MAX_KEYS, \
NAMEDATALEN, \
FLOAT4PASSBYVAL, \
FLOAT8PASSBYVAL \
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Pos

o)) PROFESSIONAL pg_a a

gres
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of FROFESSONAL 143 yero COCTOUT pacwmnpeHmne pg_aa?

Posy.gres

> Makefile — dalin ans cb6opku ¢ nomoubio GNU make

> pg_aa-1.0.sql —SQL-ckpunT, co3garomin 06vekTbl B,
> pg_aa.C — UCXOAHbIM TEeKCT Ha C

» pg_aa.control — control file c napameTtpamum

» sql/pg_aa.sql — perpeccnoHHble TecTbl

> data/pg_aa.sql — faHHble gnA perpecCMOHHbIX TECTOB

> expected/pg_aa.out — oxugaemble pe3ynbrathbl
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Pos v S}Esség Makefile

# pg_aa/Makefile

MODULE_big = pg_aa # HasaHue cobupaemoro .so ¢aiina

0OBJS = pg_aa.o # Cnucok .o ¢aitnos, M3 KOTOpbIX cobupaeTca .so
EXTENSION = pg_aa # HasaHue camoro extension’a

DATA = pg_aa--1.0.sql # Oaiinbl, KOTOpble HYXHO CKONMUpOBaTb B
SHLIB_LINK = -1gd -laa -lcaca # BubaMoTeKku, KOTOpble HYXHO NOAKNKYUTH
REGRESS = pg_aa # Cnucok TecToB

ifdef USE_PGXS # Ecnu USE_PGXS yCTaHOB/NEHO, TO HyxHble AnA c6opku daibl
# PostgreSQL HaxogATcsa C nomowbl yTuauTel pg_config

PG_CONFIG = pg_config

PGXS := $(shell $(PG_CONFIG) --pgxs)

include $(PGXS)

else # EC/IM HeT, TO CYMTAeTCA YTO pacWUpeHue MOMeWeHo B Manky
# contrib wucxopHwkoB PostgreSQL

subdir = contrib/pg_aa

top_builddir = ../..

include $(top_builddir)/src/Makefile.global

include $(top_srcdir)/contrib/contrib-global.mk

endif
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o)) PROFESSIONAL pg_a a . CO nt rol

Posy.gres

370T dain ABNAeTCA BXOAHOM ToUKoM ans KomaHg, (CREATE|ALTER | DROP)
EXTENSION.

# pg_aa extension

comment = *ASCII art extension for PostgreSQL’

default_version = 1.0’ Bepcus SQL-ckpunTa, KoTopas

byneT ycTaHaBNMBATLCA MO-YMONYaHUK
3HayeHne, koTopoe byaeT
noactasnATbca B MODULE_PATHNAME
SQL-ckpunTa

MoxHO nu nepemewatTb extension B
LpYTyl cxemy

module_pathname = ’$libdir/pg_aa’

relocatable = true

H* OH B H R ¥ H
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POS o SFFSSé’\g pg_aa--]_OSC”

/* pg_aa/pg_aa--1.0.sql */

-- complain if script is sourced in psql, rather than via CREATE
EXTENSION
\echo Use ”CREATE EXTENSION pg_aa” to load this file. \quit

-- PostgreSQL code for pg_aa.

CREATE FUNCTION aa_out(bytea, int4) -- OyHKUMA BbiBOAA C nomowbl libaa
RETURNS text

AS ’MODULE_PATHNAME”

LANGUAGE C IMMUTABLE STRICT;

CREATE FUNCTION caca_out(bytea, int4) -- OyHkuua BbiBoAa C nomowblo libcaca
RETURNS text

AS ’MODULE_PATHNAME’

LANGUAGE C IMMUTABLE STRICT;
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Pos v S}Esség Extension 1 3aBucnumocTm
CBA3b mexAay extension’om u ero ob6veKkTamu xpaHuTca B pg_depend.
Bnarogapsa atomy:

» DROP EXTENSION yaanAaet Becb extension n emy He HY)KeH A5 3TOro
OTAENbHbINA CKPUNT.

> Henb3a cnyyaliHo yaanuTb YacTb extension’a.

» B SQL dump He nonagatoT 06beKTbl extension’a, a ToNIbKO KOMaHAa
CREATE EXTENSION.

# SELECT p.proname
FROM pg_depend d
JOIN pg_extension e ON e.oid = d.refobjid
JOIN pg_proc p ON p.oid = d.objid
WHERE e.extname = ’pg_aa’;
proname
aa_out
caca_out
(2 rows)

Alexander Korotkov MporpammuposaHue Ha C ans PostgreSQL 13/39



of PROFESSIONAL aa_out..mHmumanM3auMﬂIAOTpMCOBKa

Posy.gres

Datum

{

{

aa_out (PG_FUNCTION_ARGS)

bytea *img = PG_GETARG_BYTEA_PP(@); /* MNony4yaem 3HayeHuAa aprymeHTtoB */
int width = PG_GETARG_INT32(1);

old_locale = pstrdup(setlocale(LC_CTYPE, NULL));
setlocale(LC_CTYPE, ”C”); /* libaa HopmanbHO paboTaeT ToNbKO B

* nokanmn C */

im = gdImageCreateFromPngPtr (VARSIZE_ANY_EXHDR(img),

VARDATA_ANY (img));

context = aa_init(&mem_d, &params, NULL);

for (i = @; i < gdImageSX(tb); i++) /* OTpucosbiBaem */

for (j = ©; j < gdImageSY(tb); j++)
aa_putpixel(context, i, j, get_intensity(tb, i, j));
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g ToEsSONAL 93 out — BO3BpaLLeHMe pesynbraTa

Posy.gres

/* Monyyaem BbIBOA WM pa3baBnaem ero nepeeBojamu cTpok */
s = (char *)aa_text(context);
result = (text *)palloc(VARHDRSZ +

(width + 1) * height * MAX_MULTIBYTE_CHAR_LEN);
SET_VARSIZE(result, d - (char *)result);
d = VARDATA(result);
for (i = @; i < height; i++)

{
if (1 > 9)
*d++ = ’\n’;
for (j = 0; j < width; j++)
*d++ = *s++;
}

pfree(old_locale);
PG_RETURN_TEXT_P(result);

setlocale(LC_CTYPE, old_locale); /* Bo3Bpawaem nokanb Haszag */
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o)) PROFESSIONAL

POS gres Varlena 3HayeHuA

> 3HayeHUs c He PUKCUPOBAHHOM ASIMHOMN XPaHATCA KaK 3arosI0BOK +
LaHHble.

» 3aronoBoK 3aHMMaeT 4 6alita (VARHDRSZ), XpaHuUT dnarv 1 gaunHy.
HauuHas c 8.3 gns KOPOTKMX 3HaUYeHu ecTb 1-6aitToBan Bepcus
3aro/sioBKa.

> B 3aronoBKe TaKe COAEePKUTCA NPU3HAK cxKaTtoro n TOAST
3HAYeHUN.

» VARSIZE*(x) — anuHa, VARDATA*(x) — nonyyeHue ykasaTena Ha
AaHHble, SET_VARSIZE*(x) — ycTaHOBUTb O/INHY.
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g "rorEssoNA KaK MCNob30BaTh aa_out

Posy.gres

psql test

# CREATE EXTENSION pg_aa;

CREATE EXTENSION

# CREATE TABLE logo (name text NOT NULL, data bytea NOT NULL);
CREATE TABLE

# \q

echo -e ’PostgreSQL\t\\\\x’ ‘xxd -p pg_logo.png | tr -d ’\r\n’° |
psql test -c ’COPY logo FROM stdin;’

psql test
# SELECT aa_out(data, 10) FROM logo;
aa_out
_mixWQIxm,+
YWQenWx3i(+
)%QoxXWWnr +
1°N2%W7” <+
WiQ”
(1 row)
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g roessonat - Jibcaca u caca_out

Posy.gres

# SELECT caca_out(data, 5@) FROM logo;

Kak Takoe BO3MOHO?
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o] PROFESSIONAL PerpechOHHb|e TecCTbl

Posy.gres

~/.psqlrc

-- Pager Bcerpa BkJ4eH
\pset pager always

-- Y6upaem 3KpaHUpoBaHWe C CUMBONA escape

\setenv PAGER ’sed ”s/\\\\\\\\x1B/‘echo ”\@33”‘/g” | less’
-- HacTpoitku ana less: oTobpaxeHue ANUHHbIX NIMHWIA, LBETOB T.A.
\setenv LESS ’-iMSx4R -FX’
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o PROFESSIONAL PerpeccmoHHb|e TeCTbl: SQL

Posy.gres

sql/pg_aa.sql

CREATE EXTENSION pg_aa;

CREATE TABLE logo (name text NOT NULL, data bytea NOT NULL);
\copy logo FROM ’data/logo.data’

SELECT aa_out(data, 20) FROM logo ORDER BY name;
SELECT aa_out(data, 4@) FROM logo ORDER BY name;

SELECT caca_out(data, 20) FROM logo ORDER BY name;
SELECT caca_out(data, 40) FROM logo ORDER BY name;
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PerpeccnmoHHble TeCTbl: OXMUAAEMbIN
o] PROFESSIONAL
Posggres pesynsrar

expected/pg_aa.out

CREATE EXTENSION pg_aa;
CREATE TABLE logo (name text NOT NULL, data bytea NOT NULL);
\copy logo FROM ’data/logo.data’
SELECT aa_out(data, 20) FROM logo ORDER BY name;
aa_out
qyggwp+
jWQQusQr
1p%Y1nQk
.L,.uJQQ,
9z’ W’= )QQc
j$’ még,
ah’ $sQl
-.Tlp ,dmmt
¢ )$c yfI1?)_
1’ /\ggaaQf
WA-Ay ., [2PP2%s -t

"
o+ o+ + o+ o+ o+ o+ + o+
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of] PROFESSIONAL com |eX t e
Posygres “*MPe*HP
typedef struct Complex
{
double X;
double y;

} Complex;

CREATE TYPE complex (

internallength = 16, -- Tun GUKCUPOBAHHOW ANUHBI
input = complex_in, -- npeobpa3oBaHue B TeKCT
output = complex_out, -- npeobpa3oBaHuMe U3 TekcTa
receive = complex_recv, -- nepecbiika No ceTwu
send = complex_send, -- nonydYyeHue no ceTu
alignment = double -- BblpaBHMBaHue

)
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of PROFESSIONAL |nputfunCﬁOn

Posy.gres

MpeobpasoBaHue cstring => complex. EcM YTO-TO NOLWWNO He TaK, TO
Knaaet ereport c yposHem >= ERROR.

Datum
complex_in(PG_FUNCTION_ARGS)
{
char *str = PG_GETARG_CSTRING(9);
double X,
2
Complex *result;

if (sscanf(str, ” ( %1f , %1f )7, &x, &y) != 2)
ereport (ERROR,
(errcode (ERRCODE_INVALID_TEXT_REPRESENTATION),
errmsg(”invalid input syntax for complex: \”%s\””,
str)));

result = (Complex *) palloc(sizeof(Complex));
result->x = x;

result->y = y;

PG_RETURN_POINTER(result);
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of] PROFESSIONAL OutputfunCﬁon

Posy.gres

MpeobpasosaHne complex => cstring.

Datum

complex_out (PG_FUNCTION_ARGS)

{
Complex *complex = (Complex *) PG_GETARG_POINTER(®);
char *result;

result = psprintf(”(%g,%g)”, complex->x, complex->y);
PG_RETURN_CSTRING(result);
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o)) PROFESSIONAL

POS gres Send function

CneumanbHble makpocbl pg_send*(buf, value) ana kpoccnnatpopmeHHol
OTMNPaBKM 3HAYEHUIA.

Datum

complex_send(PG_FUNCTION_ARGS)

{
Complex *complex = (Complex *) PG_GETARG_POINTER(®);
StringInfoData buf;

pq_begintypsend (&buf);
pq_sendfloat8(&buf, complex->x);
pg_sendfloat8(&buf, complex->y);
PG_RETURN_BYTEA_P(pq_endtypsend(&buf));
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o)) PROFESSIONAL

POS gres Receive function

CneumanbHble makpocbl pa_getmsg*(buf) ana kpoccnnatdopmeHHoro
noslydeHus 3HaYeHuM

Datum
complex_recv(PG_FUNCTION_ARGS)
{
StringInfo buf = (StringInfo) PG_GETARG_POINTER(®);
Complex *result;

result = (Complex *) palloc(sizeof(Complex));
result->x = pq_getmsgfloat8(buf);

result->y = pq_getmsgfloat8(buf);
PG_RETURN_POINTER(result);
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of] PROFESSIONAL OnepaTopCﬂomeHMﬂ

Posy.gres

Datum -- Koa onepatopa Ha C
complex_add(PG_FUNCTION_ARGS)
{

Complex *a = (Complex *) PG_GETARG_POINTER(®);

Complex *p = (Complex *) PG_GETARG_POINTER(1), *result;
result = (Complex *) palloc(sizeof(Complex));

result->x = a->x + b->x;

result->y = a->y + b->y;

PG_RETURN_POINTER(result);

CREATE FUNCTION complex_add(complex, complex)
RETURNS complex
AS ’MODULE_PATHNAME”
LANGUAGE C IMMUTABLE STRICT;

CREATE OPERATOR + ( -- OnpeaeneHwe onepaTtopa
leftarg = complex, rightarg = complex, -- Tunbl aprymeHToB
procedure = complex_add, -- OyHKUMA, KOTOpasa BLINOJHAET onepaTop
commutator = + -- KommyTaTop ecTb( ewé negator)

)5
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of] PROFESSIONAL OnepaTopyMHOHeHMﬂ

Posy.gres

Datum -- Koa onepatopa Ha C
complex_mult (PG_FUNCTION_ARGS)
{

Complex *a = (Complex *) PG_GETARG_POINTER(®);
Complex *p = (Complex *) PG_GETARG_POINTER(1);
Complex *result;

result = (Complex *) palloc(sizeof(Complex));
result->x = a->x * b->x - a->y * b->y;

result->y = a->x * b->y + a->y * b->x;
PG_RETURN_POINTER(result);

CREATE FUNCTION complex_mult(complex, complex)
RETURNS complex
AS ’MODULE_PATHNAME’
LANGUAGE C IMMUTABLE STRICT;

CREATE OPERATOR * ( -- OnpeaeneHwe onepaTtopa

leftarg = complex, rightarg = complex, -- Tunbl aprymeHToB
procedure = complex_mult, -- OyHKUMA, KOTOpasa BbINOJHAET onepaTop
commutator = * -- KommyTaTop ecTb( ewé negator)

)s
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of] PROFESSIONAL MCHOﬂb3OBaHM€ OnepaTOpOB

Posy.gres

Tenepb mMbl MOKeM NPeobpa3oBbiBaTb KOMMIEKCHbLIE YACNA U3 CTPOKU U B
CTPOKY, a TaKKe UCMo/b30BaTb ONepaTopbl + 1 *,

# SELECT °(1, 1)’::complex + ’(-1,1)’::complex;
?column?

# SELECT °(1, 1)’::complex * ’(-1,1)’::complex;
?column?
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o] PROFESSIONAL OnepaTopb|CpaBHeHMﬂ

Posy.gres

CpaBHEHMe NO KOMNNEKCHOTO Yncna no moaynto.

Datum

complex_abs_1t(PG_FUNCTION_ARGS)

{
Complex *a = (Complex *) PG_GETARG_POINTER(®);
Complex *b = (Complex *) PG_GETARG_POINTER(1);
PG_RETURN_BOOL (complex_abs_cmp_internal(a, b) < 0);

CREATE FUNCTION complex_abs_lt(complex, complex) RETURNS bool
AS ’MODULE_PATHNAME’ LANGUAGE C IMMUTABLE STRICT;

CREATE OPERATOR < (
leftarg = complex, rightarg = complex, procedure = complex_abs_1t,
commutator = > , negator = >= ,
restrict = scalarltsel, join = scalarltjoinsel

)5

AHanorunyHbiM obpasom BBOAATCA <, <=, =, >=, >
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Pos v S}ﬁsgg Operator class (opclass)

» Opclass — MOCTMK Mexay TMNoM uHAeKca (access method) u Tunom
[OaHHbIX.

> Jlioboi MHAEKC CTPOMTCA C MCnonb3oBaHMeM opclass’a.
Ecnun KoOHKpeTHbIN opclass He 3aaaH, To ncnonb3yetca opclass
NO-yMOYaHMIO.

» Kpome atoro btree n hash opclass’bl MCMoAb3yOTCA NPU UCNOAHEHUU
3anpocoB A1 COPTUPOBKU U X3LUNPOBAHUA.

CREATE OPERATOR CLASS complex_abs_ops
DEFAULT FOR TYPE complex USING btree AS

-- OnepaTopbl, KoTopble nopaepxuBaeT opclass
OPERATOR 1 <,
OPERATOR 2 <=,
OPERATOR 3 =,
OPERATOR 4 >=,
OPERATOR 5 >,
-- OYHKUMA CcpaBHeHWA
FUNCTION 1 complex_abs_cmp(complex, complex);
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of PROFESSIONAL Mcnoﬂb3OBaHMe|4HAEKCa

Posy.gres

# CREATE INDEX complex_test_v_idx ON complex_test(v complex_abs_ops);
# SELECT * FROM complex_test WHERE v > ’(0.5, ©.5)’ ORDER BY v LIMIT 5;

(0.344993,0.617238)
(0.0314643,0.706409)
(0.472858,0.525748)
(0.649746,0.278991)
(0.282167,0.648376)
(5 rows)

Limit (cost=0.42..1.11 rows=10 width=16) (actual time=0.054..0.068
rows=10 loops=1)
-> 1Index Only Scan using complex_test_v_idx on complex_test
(cost=0.42..41539.82 rows=605000 width=16)
(actual time=0.054..0.066 rows=10 loops=1)
Index Cond: (v > ’(0.5,0.5)”::complex)
Heap Fetches: 10
Planning time: ©.198 ms
Execution time: 0.099 ms
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Pogza}isgg Set-returning functions (SRF)

» BO3BpalLaloT HECKONbKO 3HAaYeHUI (CTPOK).

» DYHKLMA BbI3bIBAETCA OTAENbHO Ha KaXKAayto
BO3BPALLAEMYIO CTPOKY.

» MamATb, BblAENEHHYIO AN BO3BpaTa OAHOM CTPOKM,
He 06s3aTeNbHO 0cBOOOXKAAaTb. KOHTEKCT namaTn
OuYMLLLAeTCA MeXAY Bbl3oBaMu. 1A namATh, KoTopas
AOJ/IKHA COXPAHATLCA MeXKAy BbI30BaMU, €CTb
OTAENbHbIN KOHTEKCT.
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Posigres SRFwac (1/3)

/* KOHTeKCT, KOTOpbii b6yAeT COXpaHATLCA MexXay Bbi30BaMu QyKHUUM */
typedef struct
{
Complex current; /* Tekywee 3HayeHue*/
Complex step; /* lWar */
} gsc_fctx;

Datum
generate_series_complex(PG_FUNCTION_ARGS)
{

FuncCallContext *funcctx;

gsc_fctx *fctx;

if (SRF_IS_FIRSTCALL()) /* MNepBoHa4YanbHasa uHuuManu3lauua */
{
/* [locTaéMm 3Ha4yeHuAa aprymeHTos */
Complex *start = (Complex *)PG_GETARG_POINTER(®);
Complex *finish = (Complex *)PG_GETARG_POINTER(1);
int64 count = PG_GETARG_INT64(2);
MemoryContext oldcontext;
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Posigres SRFwac (2/3)

funcctx = SRF_FIRSTCALL_INIT();

/* MepeknwyaemMcA B MOCTOAHHbIN KOHTEKCT namatu */

oldcontext = MemoryContextSwitchTo(
funcctx->multi_call_memory_ctx);

/* 3anonHAem JaHHble KOHTekcTa */
fctx = (gsc_fctx *)palloc(sizeof(gsc_fctx));
fctx->current = *start;

funcctx->user_fctx = fctx;
/* MNepeknyaeMm KOHTEKCT namATU obpaTHo */
MemoryContextSwitchTo(oldcontext);

/* 3apaHee 3HaeM, CKONbKO 3HaYeHWih BepHéMm */
funcctx->max_calls = count;;

fctx->step.x = (finish->x - start->x) / (double)(count - 1);
fctx->step.y = (finish->y - start->y) / (double)(count - 1);
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Pos v S}Esség SRF Ha C (3/3)

funcctx = SRF_PERCALL_SETUP();

fctx = funcctx->user_fctx;

/* HyxHO ewé Bo3BpawaTb 3HayveHus? */

if (funcctx->call_cntr < funcctx->max_calls)

{
/* Konupyem Tekylee 3HayeHMe B TeKYWWA KOHTEKCT namatu */
Complex *result = (Complex *)palloc(sizeof(Complex));
memcpy (result, &fctx->current, sizeof(Complex));
/* YBenuyuBaem Tekylee 3HayeHue */
fctx->current.x += fctx->step.x;
fctx->current.y += fctx->step.y;
/* Bo3Bpawaem MNpUroTOBNEHHYW Konuw */
SRF_RETURN_NEXT (funcctx, PointerGetDatum(result));

}

else

{
SRF_RETURN_DONE (funcctx);

}

}
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of FroFEssoNAL - GRE B pa6OTe

Posy.gres

-- OnpepeneHna Ha ypoBHe SQL

CREATE FUNCTION generate_series_complex(complex, complex, bigint)
RETURNS SETOF complex AS ’MODULE_PATHNAME’
LANGUAGE C IMMUTABLE STRICT;

# SELECT * FROM generate_series_complex(’(0, 0)’, °(1, 1)’, 5);
generate_series_complex

(e,0)

(0.25,0.25)

(0.5,0.5)

(0.75,0.75)

(1,1)

(5 rows)

Alexander Korotkov MNporpammuposaHue Ha C ana PostgreSQL 37/39



Pogza}isgg 3aKknto4yeHne

» Muncatb Ha C nog PostgreSQL He TaK y»K CTpaLUHO.

» MOXHO HaunHaTb C paCLLIMF)EHMI‘/ﬁ, nocTteneHHo
npeogonesan Nopor BXoxX4geHmA.

» Welcome to community!
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o)) PROFESSIONAL

Posy.gres

Cnacubo 3a BHUMaHMe!
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