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MPIN AMNO TO NPQTO KE®PAAAIO

H Baon douAsuel.
Twpa TTPETTEI VA PNV TTECEL.

O mpartog Topog 518a&e T yAwooa kat T punyavn mng. Queries, indexes, plans, MVCC kau locks. Autog
0 TOpOG EEKIVA ATTO €KEL KAl aItavTa O€ 0,TlL pWTA Kavelg poAig a Baon apyioet va e€umnpetel
paypatikovg xpnoteg. Iwmg pubuiletal o server, Tt KAVEL OTAV TEPTEL TO PEVUQ, TTOC Kpatag backups
IOV EMAVAPEPOVTAL, TG 0T Vel standbys kat kavelg failover, g aAAalelg oynua xwpig va
OTAUATHOELG TNV EPAPLOYT.

To mpaTo pépog kAeivel keva g SQL. Domains kat enums, prepared statements, dynamic SQL,
LISTEN ka1 NOTIFY, Setypata amo peyaiovg mivakeg. To devtepo avolyet tov server. To TPIiTo KAl TO
tétapto eivan backups, point in time recovery, replication kau failover. To mépmto etvan PgBouncer,
migrations kot bloat. To teAevtaio eivar Tpeig extensions, foreign data wrappers, pgvector kot PostGIS.

Oewpel 0TL EEpelg Ooa £XEL 0 TPMTOG TOHOG Kat 0Tt SovAevelg aveta oe terminal. 'Omov ypetadetal KAt
QUTO TOV TIPMTO TOLO, TO KEIUEVO AEEL O TTO10 KEPAAIO PplokeTal.

Mwg douAeveTal

Ta meévie TPMOTA KEQAAALA XPTOILOITOI0VV TN BACT TOL TTPOTOV TOUOV. ATTO TO KEPAAAL0 6 KAl HETA
ot velg S1kovg 00U Servers oe &va epyacTr)plo 01O ~/pglab, pe BUpeg amtd 5501 Kal TAvVe, Xwpig va
ayyi&eig v PostgreSQL mov iowg £xelg non. Kabe evtoin tov fifAiov, SQL 1 shell, ekteAéonke oe
npayuatikovg servers PostgreSQL 18.6, kat 1) €£080¢ kATw amd autny eivar 1) tpayuatikr. Xpovor,
process IDs, LSNs ka1 wpeg Oa eivat Stagopetikd ot Skt cov ekTéAeot), Ta vToAoUTa OXL.

KaBe kepdhaio kAeivel pe aoknoelg. Katw amod kabe ekpmvnon LITAPXEL TO AVAUEVOUEVO ATTOTEAECUA
Kat o1 AVoegig e e€nNynoeig etvatl oe Ywplotod Touo.

‘Eva backup 1rou dev €xelg eTravagépel dev gival backup. ‘Evag standby 1rou dev €xeig kdvel promote dev ival failover. Ze
QUTOV TOV TOUO TO KAVOUNE OAQ.
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MEPOZX |

O,11 éAertre atré TNV SQL

O mtpwTog TOL0G EPTace uEXPl Ta query plans, ta locks kat v
Row Level Security. ITpwv mepdoovue oTov server, KAeivovue
JTEVTE KEVA NG YAWOOAG TTOL GUVAVTAC o€ kKabe cofapr)
epappoyn. Aol oov tvmol Sedopévwv, prepared statements,
dynamic SQL, e1domomoeig amo ) faon kat Setypata amo
LEYAAOUC THVAKEG.
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KE®AAAIO 1

Domains, enums Kal composite types

O1 evowPaTWHEVOI TUTTOI AEVE TI HOPOPI EXEI IO TIMA. AeV AEVE TI
onuaivel. 'Eva email gival text, aAAG Oev gival KAOE text email. H
PostgreSQL o¢ agrivel va opio€ig 01IKkoUg oou TUTTOUC TTAVW OTOUG
evowpatwpévouc. Ta domains TTpocBETouv Kavoveg, Ta enums
TTEPIopiCouV TIG TIMEG O€ PIa AioTa Kal oI composite types
oMadoTToloUV TTOAAG TTEdIa O€ Eval.

H Bdon Tou TépoU
'OA\a TAL KEPAAQLA TOV TIPOTOV HEPOVE XPNOUOTOI0VV T fACT] sqlbook TOL TIPOTOV TOUOV, LLE TOVG 1610VU¢
TeAATEC, TTPOTOVTA KA TTapayyeAieg. Av ev TV €Xelg, TN PTIAYVELS UE TO SCript TOL PaKENOV data.

TERMINAL

bash data/setup.sh
psql -d sqlbook

'OMw¢ KAl OTOV TIPOTO TOUO, KAOE ATOTEAECA KATK AITO EVA qUETy €ival TO TIPAYUATIKO ATTOTEAETLLA
otnv PostgreSQL 18.

O id10g kavovag o€ TTOAAG onpueia

O mivakag customers exel email kat TNAEPwvo. To 1510 ka1 0 suppliers. Av Bedelg va eAéyyelg 0 Eva email
£Ye1 TN 0WOoTN popen, Ba eypageg to 1810 cHECK oe kGBe mivaka. Av avpilo aAld&et o kavovag, Oa Enperne
va Bpeig OAa ta onpueia.

'Eva domain eival évag tomog mov Baocietal oe AoV kat tpocBetel constraints. Opidelg Ttov kavova
pia popd xat Tov Xpnoipomoteic 6stov Ba xpnoonolovoeg Tov Bacikd TUTO.

SQL

CREATE DOMAIN email AS text
CHECK (VALUE ~ '~[~@\sl+@[~@\s]+\.[a-z]+$"');

CREATE DOMAIN positive_money AS numeric(10,2)
CHECK (VALUE > 0);
AMOTEAEZMA

CREATE DOMAIN
CREATE DOMAIN
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Meéoa 0To CHECK 1) AEEN VALUE eival i) Tiun ov eAgyyetat. Topa &vag VEOg mivakag XpnOUOIOolEl Toug
TUTIOVG OAV VA TJTAV EVOOUATOUEVOL.

SQL

CREATE TABLE newsletter_signups (

id integer GENERATED ALWAYS AS IDENTITY PRIMARY KEY,
address email NOT NULL UNIQUE,
voucher positive_money,

created_at timestamptz NOT NULL DEFAULT now()

INSERT INTO newsletter_signups (address, voucher)
VALUES ('anna@example.gr', 5), ('petros@example.gr', NULL);
AMOTEAEIMA

CREATE TABLE
INSERT 0 2

SQL

INSERT INTO newsletter_signups (address) VALUES ('anna at example.gr');

AMOTEAEZMA

ERROR: value for domain email violates check constraint "email_check"

To urpvopa AddBovg avagépet to domain kat Oyt tov sivaka. Avtd fondda otav o 1810¢ TOTOG VITAPYEL O
Seka mivakeg. BAEmelg auEomg mo1og kavovag apaflaotnke. To NULL OTO voucher TTEPACE, YIATL £VA CHECK
QITOTUYXAVEL LOVO OTaV 1) ouvOn KN Byel wevdng. To NuLL > o Sev eivan evdeg.

'Eva domain Aettovpyei ko o€ casts, oe mapapétpovg functions ko oe petapAntég PL/pgSQL. O
£\eyyog yivetal Ostov pid Tipn petatpénetal oto domain.

SQL

SELECT '-3'::positive_money;

ANMOTEAEZMA

ERROR: value for domain positive_money violates check constraint "positive_money_check"

MATIAA

‘Eva domain ptropei va €X€l Kail NoT NULL, GAAG KOAUTEPQ va TO aTToQUYEIG. ‘Eva LEFT J0IN i £va subquery TTou dgv
Bpiokel ypapun TTapdyel NULL o€ 0TAAN Tou domain Xwpig va yivel EAeyxog, oTréTe N eyyunaon dev IoXUEl TTavToU.
BdAe 10 NOT NULL OTN OTAAN TOu TTivaKad, OTTWG OTO address TTOPOTTAVW.
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AAAayn kavova og domain TTou XpnoIMOTTOIEITAI

O1 kavoveg aladovv. Ag ovpe 0T BEAelg va emtpemelg povo medd ypaupata ota emails. "Eva véo
constraint eA&yyet OAeg Tig LITAPYOLOEG TIHEG O€ KADE Tivaka stov Xpnouosotel to domain.

SQL

INSERT INTO newsletter_signups (address) VALUES ('Giorgos@example.gr');

AMOTEAEZMA

INSERT 0 1

SQL

ALTER DOMAIN email ADD CONSTRAINT email_lowercase CHECK (VALUE = lower(VALUE));

ATMOTEAESMA
ERROR: column "address" of table "newsletter_signups" contains values that violate the new constraint
H aMayr) anétuye, yat pa vapyovoa tiun Sev tnpel tov véo kavova. Me NoT VALID To constraint

o)Vl artd e8M KAl TEPA YA VEES TILEC KAl O1 TTAALEG HEvoLY omwg eivatl. 'Otav tig StopbBaoelg, To
VALIDATE CONSTRAINT TiG EAEYXEL OAEG Kal TO constraint ylvetat AN peg.

SQL

ALTER DOMAIN email ADD CONSTRAINT email_lowercase
CHECK (VALUE = lower(VALUE)) NOT VALID;

UPDATE newsletter_signups SET address = lower(address);

ALTER DOMAIN email VALIDATE CONSTRAINT email_lowercase;

AMOTEAEZMA

ALTER DOMAIN
UPDATE 3
ALTER DOMAIN

To 1810 poTiffo, TPWOTA NOT VALID KOl META VALIDATE, Ba to Eavadovpe oto ke@aialo 22 yia constraints oe
peyahoug mivakeg, 67ov kavel ) Stagopd avaueoa oe Atya Sevtepoiertta lock kot oe toAMA Aemtta.

Enums

H otAn orders. status emTpenel €61 TpEg pe eva cHeck. 'Eva enum gival tOmog pe otabept Mota tipov,
710V €xouV ka1 og1pd. H og1pd etvan avtn pe v omoia tig Sniwaoeg.
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SQL

CREATE TYPE ticket_priority AS ENUM ('low', 'normal', 'high', 'urgent');

CREATE TABLE tickets (
id integer GENERATED ALWAYS AS IDENTITY PRIMARY KEY,
subject text NOT NULL,
priority ticket_priority NOT NULL DEFAULT 'normal'

INSERT INTO tickets (subject, priority) VALUES
('Agv @tdver to email emiBeBaiwong', 'high'),
("AAayry 61ev8vvonc', 'low'),

('AlnAR xpéwon kaptag', 'urgent'),
("Epytnon yia eyyvnon', DEFAULT);

SELECT id, subject, priority FROM tickets ORDER BY priority DESC;

AMOTEAEZMA

CREATE TYPE
CREATE TABLE

INSERT 0 4
id | subject | priority
3 | AwmAf xpéwon KdpTag | urgent
1 | Aev @tdvel to email emiBeBaiwong | high
4 | Epwtnon yla gyyvnon | normal
2 | ANayrh 6ievBuvong | low

(4 rows)

To ORDER BY priority aKOAOVOEL TN 0€1pd TOL enum katl oYt TNV aAPaPnTikn. Me text TO urgent Ba epxoOTAV
TeAeLTAl0 KAl TO high TPp®TO. O1 oLVYKpicelg SovAebovy emiong pe T oepd g SHAWonG.

saQL

SELECT subject FROM tickets WHERE priority >= 'high' ORDER BY id;

ANOTEAEZMA

subject

Agv @tdvetl to email emiBeBaiwong
AlnAR Xpéwon KapTag
(2 rows)

SQL

INSERT INTO tickets (subject, priority) VALUES ('Kdtti', 'critical');
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ANMOTEAEZMA

ERROR: invalid input value for enum ticket_priority: "critical"
LINE 1: ... INTO tickets (subject, priority) VALUES ('Kdtti', 'critical'...

Neéa Tiun mpootibetat pe ALTER TYPE, o€ O7tola B¢on BéAerg. Tn fadovpe avapeoa 0To normal KAl TO high.

saQL
ALTER TYPE ticket_priority ADD VALUE 'elevated' AFTER 'normal';

SELECT enum_range(NULL::ticket_priority);

AMOTEAEZMA

ALTER TYPE

enum_range

{low,normal, elevated, high,urgent}
(1 row)

"Eva enum £yet 600 meP10PIOUOVG TTOV TIPETEL VA EEPELS TIPLV TO S1AAEEEIC. AEV LITOPELG VA APAIPETELG
Tun kat Sev pmopeig va alMAgeig  oelpd toug. Av pia tiun dev xperddetan ma, uEvel 0Tov TOIo yid
TTAVTA, EKTOC AV PTIAEELG VEO TUITO KA UETATPEWELC TN GTHAT).

EmmiAoyn KaAd yia KoéoTtog

enum MIKPEG AioTEG TTOU OTTAVIA Oev aQaIpEig TINEG
aAAdlouv kai €xouv aeipd

text ME CHECK NioTteg TToU OAAGZoUV TTOTE TTOTE  AAAQyK) TOU CHECK EAEYXEI OAO TOV TTiVOKA
TTVAKag avagopdg PE ANioTeg TTou aAAGdouv cuyvd i £va join TTopaTradvw
foreign key £xouv eTmITTAéOV TTEIA

O mivakag avagopdg etvat o 7o evéAkto. Mtopeig va mpooBEaelg meptypa@r], LETAPPAOT) T) OE1PA
ta&vounong xwpig va aAhagerg oyxnua. H epappoyn pmopet eniong va Stafadet tn AMota amo ) faon.

Composite types

'Evag composite type givatl pia opada edimv pe Ovoua, oav [id Ypapuun xmpig mivaka. Mopet va
ylvel Tomog oTANG 1) TOUTTOG TTOL emoTpePet pa function.
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SQL

CREATE TYPE address AS (
street text,
city text,
postal_code text

CREATE TABLE warehouses (

id integer PRIMARY KEY,
name text NOT NULL,

: location address NOT NULL

INSERT INTO warehouses VALUES

(1, 'Kevtpikfi amobAkn', ROW('NMelpaiwg 120', 'A6Ava’, '11854')),

(2, 'Amo®enkn Boppd', ROW('26n¢ OktwBpiov 90', 'Gecoalovikn', '54627'));
SELECT name, (location).city, (location).postal_code

FROM warehouses
ORDER BY 1id;

AMOTEAEZMA

CREATE TYPE
CREATE TABLE

INSERT 0 2

name | city | postal_code
Kevtpiki amobnkn | Aérva | 11854
Ano®nkn Boppd | @ecocarovikn | 54627
(2 rows)

O1 tapevB£oeIg 0TO (location). city Xperddovral. Xwpig avtég 1 PostgreSQL Oa S1afade to tocation g
Ovoua TVAKA KAl TO city ¢ oTnAN tov. 'Eva medio aAladet pe v i8ia ovvtagn oTo SET, Xwpig Tig
mapevOeoerg.

sQL

UPDATE warehouses SET location.postal_code = '11855' WHERE id = 1;

SELECT location FROM warehouses WHERE id = 1;

AMOTEAEZMA

UPDATE 1

location

("Melpaidg 120", A6Ava, 11855)
(1 row)
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YTIG OTNHAEG TTIVAK®WYV 01 composite types xpnoipomolovvtal omavia. 'Eva Eexwplotod nedio ava othin
elvat 7o evkoAo va pitel oe index, oe constraint ko o€ foreign key. H mpaypatikr tovg xpnouotnta
elvar aA\ov.

Kda0g trivakag givai kail TUTTog

TMa kaBe mivaka n PostgreSQL opilel avtopata Evav composite type pe to 1810 dvopa kat tig id1eg
otAeg. I'U autd pmmopelg va ypdypelg o ovopa tov alias ovo Tov 0To SELECT KAl VA TTAPEIS OAOKAN PN TN

YPAUUT @G pia T,
SQL

SELECT c FROM customers AS c WHERE c.id = 1;

AMOTEAEZMA

©

(1,Mapia, "ManadomnovAov' ,maria.p@example.gr,6944123456,1,1988-04-12,t,"2024-11-03 10:15:00+02")
(1 row)

Avtn n pla ripn mepva oe functions. To to_jsonb HeTATPETEL OAOKAN PN TN Ypaupr) oe JSON, pe ta
ovopaTa TV othAwv wg kAe1did. Eivat o mmo oUvtopog tpormog va guiagelg éva audit log 1 ua
amtavnon API.

SQL

SELECT jsonb_pretty(to_jsonb(c) - 'created_at') AS customer
FROM customers AS c
WHERE c.id = 2;

AMNOTEAEZMA
customer
{ +
"id": 2, +
"email": "gpapad@example.gr",+
"phone": "6977001122", +
"city_id": 2, +
"last_name": "MoamadémovAog", +
"birth_date": '"1979-09-30", +
"first_name": "Tiwpyog", +
"newsletter": false +

(1 row)

To jsonb_pretty asmtAqg ototyidel to JSON o€ ypappeg yia va Stafadetal.

Kot pa function propet va 8&yxetat oAOkAnpn ypauur wg opopa. O tOog tov opiouatog ival to
ovoua Tov Tivaka.
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SQL

CREATE FUNCTION display_name(c customers)

RETURNS text

LANGUAGE sql

IMMUTABLE

RETURN c.first_name || ' ' || left(c.last_name, 1) || '.';

SELECT c.id, display_name(c) FROM customers AS ¢ WHERE c.id <= 3 ORDER BY c.id;

AMOTEAEZMA

CREATE FUNCTION

id | display_name

1 | Mapia M.

2 | Twpyog M.

3 | EAévn N.
(3 rows)

Mua tétowa function ptopel va kAnBel kat oav va nrav otnAn, e T ovvta&n c.display_name. To
xpnopormolovy ORMs kat epyaieia GraphQL yia «vmohoyiopéva mediar. Eueig mpotipudye ) pn
KATOT], 7TOV paivetal apeowg ot eivan function.

Functions 1Tou £mioTpé@ouv TTOAAA TTEdia

Mua function emotpé@et pia Tiun. Av ypeialeoat o, Evag composite type Tig evmvel og pia.

SQL

CREATE TYPE price_range AS (low numeric, high numeric);

CREATE FUNCTION category_price_range(p_category integer)

RETURNS price_range

LANGUAGE sql

STABLE

RETURN (SELECT ROW(min(price), max(price))::price_range
FROM products WHERE category_id = p_category);

SELECT category_price_range(9);

SELECT (category_price_range(9)).x;
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ANMOTEAEZMA

CREATE TYPE

CREATE FUNCTION

category_price_range

(24.90,329.00)

(1 row)

low | high
24.90 | 329.00
(1 row)

Domains, enums ka1 composite types

To .x amhwvel ta edia oe otmAeg. IIpocoyn oe eva onpeio. Otav ypaAQeLS (f(x)).* OTO SELECT, 1)
PostgreSQL propel va kaiéoet ) function pia @opd yia kabe mebio. Ta akpiPég functions, kaAeos )
OTO FROM, OTTOU EKTEAEITAL pia popaA.

SQL

SELECT r.low, r.high
FROM category_price_range(9) AS r;

AMOTEAEZMA
low | high
24.90 | 329.00
(1 row)

MNMoU BpiokeIg TOUG TUTTOUG OOU

To psql &xel §Vo evtolég yia toug §1kovg gov TUTIOVG. To \dT Seiyvel GAOUE TOUG TUTTOVG KA TO \dD TA
domains pe ta constraints tovg. O mivakag Tov \db givatl apdig, omoTe Tov PAETOVUE LLE \X, TTOV
TutOVel kKaBe ypapun wg Alota medimv.

PsSQL

\dT

\Xx on

\dD email

\x off

AMOTEAEZMA

List of data types
Schema | Name | Description
public | address | o
public | email | 2
public | positive_money | @
public | price_range | @
public | ticket_priority | @
EKAOZH 1.0 - XENTEMBPIOZX 2026
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(5 rows)

Expanded display is on.
List of domains

—-[ RECORD 1 ]

Schema | public

Name | email

Type | text

Collation | @

Nullable | @

Default | o

Check | CHECK (VALUE ~ '~[~@\s]+@[~@\s]+\.[a-z]+$'::text) CHECK (VALUE = lower(VALUE))

Expanded display is off.

KPATA AYTO

‘Eva domain gival Bagikdg TUTToG Pe constraints, TTou opiCelg pia @opd kai xpnaiyotroleig raviou. Né€o
constraint o€ domain TTou XpnGCIYOTIOIEITAI TTPOCGOETEIG JE NOT VALID Kal EAEYXEIG IE VALIDATE. Eva enum €xel
oTabepr) ANioTa TINWV PE GEIPd, GTNV OTToia TTPOCBETEIG AAAG dev agaipeis. 'Evag composite type evwvel Tredia
o€ pia nipn. Kabe Trivakag eival kai composite type, ommote pia ypaupn mepva oAdkAnpn oe functions kai gTo

to_jsonb.

AOKNOE€Ig

AZKHzH 1.1 KivnTé TnAéQwvo

TI0Ee domain mobile_gr JTAV® O text JTOV OEXYETAL LOVO OEKA 10 710V EeKvoLV ATto 69. AOKIILOOE T
() d bil o) o) 69. A
LETATPOITN TOV '6944123456' KAL TOV '2105550101' 0TO0 domain o€ 500 XwPlOTEG EVTOAEG.

ANAMENOMENO AMOTEAEZMA

CREATE DOMAIN

6944123456
(1 row)

ERROR: value for domain mobile_gr violates check constraint "mobile_gr_check"

EKAOZH 1.0 - ZEMTEMBPIOX 2026 14



POSTGRESQL *E PRODUCTION Domains, enums kai composite types

AZKH:IH 1.2 Kavévag mmou dev TnpouUv 6Aol

®11a&e domain phone_digits TAVM O text L€ CHECK (VALUE ~ '~[@-9]1+$'). Bpeg mpdta oot mpopunBevteg
£YOUV TNAEPWVO IOV dev Tnpel Tov kavova kal LeTd Sokipaoe va aAAEELg TOV TUTIO TNG OTHANG
suppliers.phone O€ phone_digits.

ANAMENOMENO AMOTEAEZMA

CREATE DOMAIN

id | name |
5 | Nordic Office |
(1 row)

phone

+46855500404

ERROR: value for domain phone_digits violates check constraint "phone_digits_check"

AZKHIH 1.3 Zelpd Tagivounong amo enum
q)TldES enum shipping_speed UE '[lp.f'lg economy, standard KOl express, 1€ CIU’U’] ™m OSIpd. e Eval VALUES ue g
TPEIQ TIHEG WG text, avaKATEUEVES, TAEIVOUNOE TEG QIO TNV IO YPTYOPT) TNV JT0 ApyT).

ANAMENOMENO AMOTEAEZMA

CREATE TYPE

express
standard
economy
(3 rows)

AZKH:H 1.4 Néa rporepaidTNTA OTNV APXN

IIpooOeoe 0TO enum ticket_priority TOU KEQAAQAIOL TNV TIUN trivial TPV At TO low Ka Sei&e ) vea
MOTA TILGOV LLE TN OEPA TOVG.

ANAMENOMENO ATMOTEAEZMA

ALTER TYPE

priority
trivial
low
normal
elevated
high
urgent
(6 rows)
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AZKHIH 1.5 OAOKANnpn n mmapayyeAia og JSSON

Enéotpeype v mapayyeAia 5 og &va JSON avTiKeluevo mov mepléyel OAEG TIG OTIAEG TNG YPAUUTG TOV
orders, L€ TN XPTOT) TOL row type Tov mivaka.

ANAMENOMENO ATMOTEAEZMA

order_json

{ +
"id": 5, +
"status": "delivered", +
"created_at": '"2025-02-06T22:45:00+02:00",+
"shipped_at": '"2025-02-11T00:45:00+02:00",+
"coupon_code": null, +
"customer_id": 5, +
"shipping_city_id": 4 +

(1 row)

AZKHIH 1.6 ZUvown TrapayyeAiag pe composite type

d1na&e composite type order_summary e edid items integer KAl total numeric. @T1AEE function
summarize_order(p_order integer) JTOV EOTPEPEL AVTOV TOV TUITO HE TO TTANO0G TV YPAUU®DV KAl TO
OUVOAO quantity * unit_price TNg sapayyeiiag. KaAeog tn oto FROM yia TNV mapayyeiia 5.

ANAMENOMENO AMOTEAEZMA
CREATE TYPE
CREATE FUNCTION

items | total

+

1 | 34.90
(1 row)
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KE®AAAIO 2

Prepared statements kai generic plans

Kabe query trepva atrd parsing, planning kail ektéAeon. ‘Eva
prepared statement kavel 10 parsing pia @opa kai KpaTd 10 plan yia
va To ¢avaypnolpotroinoel. Autd kepdilel XpOvo Kal Xwpilel Tov
KwOIka SQL atrd TIC TINES, aAAG @Epvel Eva vEo epwTnua. Eival
KOAO €va plan yia OAEG TIG TIMEG MIAG TTAPAMETPOU;

PREPARE ka1 EXECUTE

Q¢ topa kKabe query £QTave 0ToV Server wg Eva Keipevo pe tig Tiueg péoa tov. O server 1o Siafade,
gpmiayve plan, To exteAovoe kot ta Eexvovoe OAa. Me PREPARE §ivelg Ovoua o€ eva query pe
TAPAULETPOVG $1, $2 KAl 0OVT® KAOeENG. Me EXECUTE TO TPEXELS SivovTag TIUEG.

SQL

PREPARE customer_orders(integer) AS
SELECT id, status, created_at::date AS day
FROM orders
WHERE customer_id = $1
ORDER BY created_at;

EXECUTE customer_orders(5);

AMOTEAEZMA
PREPARE
id | status | day
5 | delivered | 2025-02-06
6 | delivered | 2025-02-07
51 | delivered | 2025-10-27
83 | delivered | 2026-02-05
87 | cancelled | 2026-02-19
90 | delivered | 2026-02-23
137 | delivered | 2026-06-06
(7 rows)

O tmog kaBe mapapeTpov SnAGvVETAL 0NV TAPEVOEDT] LETA TO OVOUA. AV TOV TTAPAAEIWPELS, T)
PostgreSQL tov oupmepaivel amd To o ¥PTOUOTOIEITAL I} TTAPAUETPOC.

To onuavtiko eivar 6TL N T 5 Sev yivetan mote pepog tov kepevou SQL. Ta&idevel xwprotd kan o
server T Xe1pidetal wg Tiur), oxt g kKodika. I' autd o1 TapAueTPoL ival 1) OLOIACTIKT] ALLVA ATEVAVTL
oto SQL injection. Mia Tiur| 05twg 5; DROP TABLE orders eV LITOPEL va YIVEL EVTOAT), ATTADS QITOTLYXAVEL
WG UN EYKUPOG AKEPALOG.
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SQL

EXECUTE customer_orders('5; DROP TABLE orders');

ANMOTEAEZMA

ERROR: invalid input syntax for type integer: "5; DROP TABLE orders"
LINE 1: EXECUTE customer_orders('5; DROP TABLE orders')

Snv nipa&n Sev ypapelg PREPARE e TO XEpL. Ol drivers TV YAWGO®V TO KAVOUV y1d GEVA LEGK TOV

P TOoKOAOL NG PostgreSQL, stov £xel ywplota unvoparta yua parse, bind kat execute. 'Otav ypageig
WHERE id = $1 0T0 node-postgres 1 wHere id = ? 0T0 JDBC, otov server @tdavel éva prepared statement.
To PRePARE NG SQL elvat o TpoTog va Se1g ) unyavi) amo 1o psql.

‘Eva prepared statement {1 oTn oUvdeon

Ta prepared statements avrikovv otn oUvSeon mov ta eptiage. Mia AN ovvoeon dev ta PAEmel kat
otav kAeloel n olvdeon Yavovtat.

SQL - XYNEAPIAB

EXECUTE customer_orders(5);

ATIOTEAEZMA - XYNEAPIAB

ERROR: prepared statement "customer_orders" does not exist

H 013V680T] ﬁkéﬂ&l a Sikd TNG OTO pg_prepared_statements.
sQL

SELECT name, parameter_types, generic_plans, custom_plans
FROM pg_prepared_statements;

AMNOTEAEZMA

name | parameter_types generic_plans | custom_plans

I
customer_orders | {integer} | 0 | 1
(1 row)

Avt 1) Aemttopépera Ba pag amaoyoAnoet oto ke@aiaio 21. 'Evag connection pooler poipadet Atyeg
ouvdeoelg Tov server ae toAoUg clients. Av o client etolpuaoet éva statement oe pia guvdeon katl 1o
EKTEAEOEL O AAAT, ATTOTLYYXAVEL AKPIP®G OTtwg 1) ovvedpia B.

Custom ka1 generic plans

O1 OTiAEG generic_plans KA1 custom_plans HETPOVV VO SragopeTikovg Tpdovg ekteleonc. 'Eva custom
plan pmiayvetal oe kAOe EXECUTE Y1d TIG CUYKEKPIUEVEG TIUEG, OAV VA EIXEG YPAWEL TIC TIUES LETA OTO
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query. 'Eva generic plan gmidyvetat pia popd xwpig va EEpet Tig Tipeg kan Eavaypnoposmoteitat. O
TPOTOG TPOTTOG Sivel kaAvTepo plan, o Sebtepog yAitmwvel to planning.

H PostgreSQL amo@aailel povn tg. Ot mpateg mEVTe eKTEAEOEI aipvovy custom plan. Ao v £k
OUYKPIVEL TO EKTIUOUEVO KOOTOC TOL generic plan pe to peco k60tog Twv custom plans sov Eptiage. Av
To generic Sev elval akp1Potepo, TO KPATA KAl OTAUATA VA KAveL planning,.

INa va 1o Sovpue otnv mpadn yperalopaote Sedopeva pe avicokatavoun. g dvo ekatoppvpla
TTAPAYYEAES TOV £PYACTNPLOV TO delivered EIVAL I} CUVTPUITIKT TIAEIOVOTITA KA1 TO pending EIVAL GTTAVIO.

SQL

CREATE INDEX orders_status_idx ON lab.orders (status);
ANALYZE lab.orders;

SELECT status, count(x) FROM lab.orders GROUP BY status ORDER BY count(x);

AMOTEAEZMA

CREATE INDEX

ANALYZE
status | count
paid | 1321
shipped | 1330
pending | 1349
refunded | 59898
cancelled | 139461
delivered | 1796641
(6 rows)

Etowddovpe éva query avd Kataotaon KAl T0 EKTEAOVLE TTEVTE POPES YA TO delivered, OMWG Oa £kave
Hia epappoyn oov 1 mp®Tn 000vn Seiyvel Tig mapadoteeg mapayyeieg.

sQL

PREPARE by_status(text) AS
SELECT count(x), sum(total) FROM lab.orders WHERE status = $1;

EXECUTE by_status('delivered');
EXECUTE by_status('delivered');
EXECUTE by_status('delivered');
EXECUTE by_status('delivered');
EXECUTE by_status('delivered');

SQL

SELECT name, generic_plans, custom_plans
FROM pg_prepared_statements WHERE name = 'by_status';
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ANOTEAEZMA

name | generic_plans | custom_plans
by_status | 0 | 5
(1 row)

ITévte custom plans. Ty &k extéAeon 1 PostgreSQL ouykpivel. To ExPLAIN Seiyvel oo plan Oa
xpnotuomonoet.

SQL

EXPLAIN (COSTS OFF) EXECUTE by_status('delivered');

ANMOTEAEZMA

Finalize Aggregate
-> Gather
Workers Planned: 2
—> Partial Aggregate
—> Parallel Bitmap Heap Scan on orders
Recheck Cond: (status = $1)
—> Bitmap Index Scan on orders_status_idx
Index Cond: (status = $1)

To $1 0t ovVvOT KN oNpaivel 6Tt aVTo elvan To generic plan. Xwpig Ty, o planner vieBeoe O kaBe
KATAOTAOT] EXEL TTEPLITOV TO EVA EKTO TV YPAUU®V. To KOOTOG ByrjKe KOVTA 0TO KOOTOG TV custom
plans ya 1o delivered. Apa 10 kpatnoe. Topa deg T yivetan otav n epapuoyn ntrnoet tig Atyeg
€KKpELELG TapayyeAieg.

sQL

EXPLAIN (ANALYZE, COSTS OFF, BUFFERS OFF) EXECUTE by_status('pending');

AMOTEAEZMA

Finalize Aggregate (actual time=2.270..2.980 rows=1.00 loops=1)
-> Gather (actual time=0.227..2.974 rows=3.00 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Partial Aggregate (actual time=0.094..0.094 rows=1.00 loops=3)
-> Parallel Bitmap Heap Scan on orders (actual time=0.056..0.076 rows=449.67 loops=3)
Recheck Cond: (status = $1)
Heap Blocks: exact=34
—> Bitmap Index Scan on orders_status_idx (actual time=0.053..0.053 rows=1349.00 loops=1)
Index Cond: (status = $1)
Index Searches: 1
Planning Time: 0.001 ms
Execution Time: 2.988 ms

To Planning Time €lval oxedov undeév, yiati dev eywve planning. To plan opwg eivat to 1810 plan pe
parallel workers xat bitmap scan tov @TIAKTNKE Y10 £va €KTO TOV TVAKA, VD TOPA XPELAONAOTE
1.349 ypaupES. ZUykpive e to custom plan yia v i61a tipn. H phOuion plan_cache_mode emBaiietl tov
TpOTIO.

EKAOZH 1.0 - ZEMTEMBPIOX 2026 20



POSTGRESQL *E PRODUCTION Prepared statements kai generic plans

SQL

SET plan_cache_mode = force_custom_plan;
EXPLAIN (ANALYZE, COSTS OFF, BUFFERS OFF) EXECUTE by_status('pending');
RESET plan_cache_mode;

ANMOTEAEZMA

SET

Aggregate (actual time=0.125..0.125 rows=1.00 loops=1)
-> Index Scan using orders_status_idx on orders (actual time=0.005..0.069 rows=1349.00 loops=1)
Index Cond: (status = 'pending'::text)
Index Searches: 1
Planning Time: 0.030 ms
Execution Time: 0.130 ms

RESET

Me Vv Tiun pwtpootd tov o planner S1dhe€e eva amAd Index Scan Xwpig workers. O xpovog eKTEAEOTC
elvanl ToAMamAGo1a LiKpOTEPOG KAl 1 S1aPOpa HEYAADVEL OGO LEYAADVEL O TIVAKAG.

H plan_cache_mode €xe1 Tpeig TiueG. H auto elvan 1) tpoemmAoyn sov mepryplpape. H force_custom_plan KAVEL
planning oe kABe ekTEAEON KA ] force_generic_plan XPNOUOTOLEL TAVTA TO generic. Mmopeig va tnv
opioelg yia pia ouvSeon, yla Evav poio 1 ya pia function.

MATIAA

Av €va query givail yprjyopo aTo psql kai apyd atmod Tnv epapuoyn, utrowidaou generic plan. 210 psql ypdoeig
TIEG H€CTQ GTO query Kail Traipvelg TTavta custom plan. H epapuoyr oTéAvel TTapauéTPOUG Kal JETA aTTd TTEVTE
eKTEAEDEIG UTTOPET VO TTAPEI generic. AOKINAOE PE PREPARE Kal £C1 EXECUTE IO va O€IG O,TI BAETTEI N EQAPUOYH.

To generic plan xwpic PREPARE
Ao v £k800T) 16 TO EXPLAIN SEXETAL TNV ETIAOYT) GENERIC_PLAN. Aglyvel To generic plan evog query pe
TAPAUETPOUS XWPIC VA TO ETOIUACELS KAl Xwpig va To ekteAéoelg. Elval foAiko otav £xelg éva query
to Ta logs g eapUOYTG, e TA $1 KAl $2 LETA TOU.

sQL
EXPLAIN (GENERIC_PLAN, COSTS OFF)

SELECT id, total FROM lab.orders
WHERE customer_id = $1 AND created_at >= $2;

AMOTEAEZMA

Gather
Workers Planned: 2
—> Parallel Seq Scan on orders
Filter: ((created_at >= $2) AND (customer_id = $1))

Aev vitapyet index 01O customer_id, 0TTOTE OTTOIA TIUN K1 av €pBet o plan eivan éva parallel sequential
scan.
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Otav aAAdadel o Trivakag

"Eva amoBnkevpuévo plan e€aptatat amo tov mivaka, ta indexes kat ta statistics. ‘Otav kasolo amd
avtd aA\aEel, 1 PostgreSQL akvpavel to plan kot to Eava@uidyvel otnv emopevn eKteAeon. Avto
yivetal autopata. Yapyel pia mepintwor oung ov Sev umopel va kahv@Oet.

sSQL

PREPARE city_by_id(integer) AS SELECT * FROM cities WHERE id = $1;
EXECUTE city_by_id(1);

ALTER TABLE cities ADD COLUMN code text;
EXECUTE city by id(1);

AMOTEAEZMA
PREPARE
id | name | region | population
1 i ABAva i ATTlKA i 643452
(1 row)

ALTER TABLE

ERROR: cached plan must not change result type

To SELECT * £TTE0TPEPE TEGOEPIS GTNAES TIV MPA TOV PREPARE. META TO ALTER TABLE B emeotpepe mevte. O
client tepipuéver ) poper) mov Tov SnAwOnke, omtote N PostgreSQL apveital. Xe pia epappoyn pe pool
oLVvOEoEWV AUTO TO CPAANA eppavidetal yia Alya Aemtd petd astod kabe migration sov mpoobetel
O0TNAN, @OV va avavewBovv 0Aeg o1 cuvSéaeig. H Abon elvar va ava@épelg pntd Tig OTNAEG avTi yid
T] VA KAVELG DEALLOCATE KOl EQVAL PREPARE.

sQL

DEALLOCATE city_by_id;
PREPARE city_by_id(integer) AS SELECT * FROM cities WHERE id = $1;
EXECUTE city by _id(1);

AMOTEAEZMA

DEALLOCATE
PREPARE

id | name region | population | code

+
t

1 | ABAva | AtTtikh | 643452 | o
(1 row)

To DEALLOCATE ALL offtjvel OAa ta prepared statements tng ovvdeongc.
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KPATA AYTO

‘Eva prepared statement xwpiCel To SQL atrd TIg TIPEG Kal KpATd plan yia TIG ETTOPEVEG EKTEAEDEIG. Zel ubvo TN
ouUvdean TTou TO €@Tiage. O1 TTEVTE TIPWTEG EKTEAEOEIG TTaipvouV custom plan kai petd n PostgreSQL ptopei va
TePAoel o€ generic plan, TTou ayvoei Tnv TIPn. & dedouéva Pe aviocokatavour auto divel apyd queries povo
atré TNV €QAPUOYr). TO plan_cache_mode TO EAEYXEI KQI TO EXPLAIN (GENERIC_PLAN) Ogix Vel TO generic plan xwpig
EKTEAEOT).

AoKNOE€Ig

AzKHzH 2.1 [poiévra kaTnyopiag

®d1age prepared statement category_products e HiQ TAPAUETPO integer TTOV EMOTPEPEL OVOUA KAL TIUN
TV EVEPYOV TIPOIOVTWV lag Katnyopiag, pe @Onvotepo mpwto. ExtéAeoe 1o yia v katnyopia 9.

ANAMENOMENO ATMOTEAEZMA

PREPARE

name | price
AcvVppato movtikt |  24.90
Webcam HD | 59.00
Mnxaviké mMAnkTpoAdyto | 89.00
USB-C docking station | 139.00
086vn 27" 4K | 329.00

(5 rows)
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AzKHzH 2.2 [dvra custom yia Ta omwavia

®Ta&e prepared statement status_count (text) L& SELECT count (%) FROM lab.orders WHERE status = $1 KO
EKTEAEDE TO £E1 POPES V1A TO pending. Aeie mOoa custom kat mdoa generic plans eywvav.

ANAMENOMENO ATMOTEAEZMA

PREPARE

1349

1349

1349
(1 row)

generic_plans | custom_plans

0 | 6

(1 row)

AZKH:IH 2.3 Generic plan pg 800 TrapapéTpoug

Aei&e Ywpig ekTéAeoT KAl Ywpig KOOTN TO generic plan Tov query 7ov HeTPA TIG TAPAYYEALES TOV
lab.orders € total AVALLEOA OE $1 KAL $2.

ANAMENOMENO AMOTEAEZMA

Finalize Aggregate
—-> Gather
Workers Planned: 2
-> Partial Aggregate
—> Parallel Seq Scan on orders
Filter: ((total >= $1) AND (total <= $2))
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AZKH:H 2.4 EmiBoAn generic plan

Me plan_cache_mode = force_generic_plan 83i§s W€ EXPLAIN (COSTS OFF) TO plan TOV by_status yia v Tlp.ﬁ
refunded, Xwpig va apnoelg t pLOUIoN aAAayueEvD.

ANAMENOMENO ATMOTEAEZMA

SET

Finalize Aggregate
—> Gather
Workers Planned: 2
-> Partial Aggregate
—> Parallel Bitmap Heap Scan on orders
Recheck Cond: (status = $1)
—> Bitmap Index Scan on orders_status_idx
Index Cond: (status = $1)

RESET

AZKHEZH 2.5 ZTHAN TTOU TTPOCTEONKE

dnae prepared statement supplier_row(integer) L€ SELECT * FROM suppliers WHERE id = $1, EKTEAEOE TO Y1
Tov mpounBevtn) 1, TPoaBece OTNAN rating smallint OTOV suppliers KO EKTEAEGE TO EvAL.

ANAMENOMENO AMOTEAEZMA

PREPARE

id | name | city_id | email | phone

1 | BiBAtodravou ATTkAG | 1 | orders@vivliodianomi.example.gr | 2105550101
(1 row)

ALTER TABLE

ERROR: cached plan must not change result type

AzkHzH 2.6 KaBapni ouvdeon

Ypnoe 0Aa ta prepared statements tng oUVEeong kat Sei&e OTL TO py_prepared_statements lvatl aSel0.

ANAMENOMENO ATMOTEAEZMA

DEALLOCATE ALL

prepared
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KE®AAAIO 3

Dynamic SQL pe EXECUTE ka1 format

O1 TTapAPETPOI TOU TTPONYOUUEVOU KEQAAQIOU aVTIKABIOTOUV TIUEG.
Agv PTTOPOUV VA AVTIKATAOTAOOUV OVONATA TTIVAKWY ] OTNAWV.
Ortav 10 id10 TO query egapTaTtal atrd dedopEva, OTTWC EVOC TTIVAKAC
ava gAva r Jia avagopd yia Kabe Trivaka tng Baong, To query
TTPETTEI VA PTIAXTEI WG KEIPEVO Kal VA EKTEAEOTEI. AUTO AEyeTal
dynamic SQL kai gival ac@aAéG pdvo av EEPEIC TTWG PTTAIVOUV Ta
OVOMATA KAl Ol TIMEG HECO OTO KEIMEVO.

MNaTti dev apkouv ol TTaOPAUETPOI

'Eva $1 ptopel va otabet povo ekel 6mtov Oa otekotav pia otabepn tiun. To plan evog query e€aptdatat
QUTO TOVG TIVAKEG KA1 TIG OTINAES TOV, OITOTE AVTA JIPETEL VA EIVAL YVOOTA TIPLV €pOovV o1 TIpEC.

SQL

PREPARE count_any(text) AS SELECT count(x) FROM $1;

ANMOTEAEZMA

ERROR: syntax error at or near "$1"
LINE 1: PREPARE count_any(text) AS SELECT count(x) FROM $1

IMa va PeTpr|oelg TIg YPAULES EVOG TTIVAKA TTOV TO OVOLA TOV €pXETAl WG SeSOUEVO, TTPETEL VA PTIAEELG
TO KEIUEVO SELECT count(*) FROM orders KOl VA TO EKTEAEOEIS. AUTO yivetan péoa oe PL/pgSQL pe v
EVTOAT| EXECUTE, TTOV SeV €XE1 OXEOT LLE TO EXECUTE TwV prepared statements mapd povo oto ovopua.

To format Kai ol TPEIG HOPPEG TOU

IIpwv ekTeAEoOUE KATL, XPe1alOUAOTE AGPAAT] TPOTIO VA OTIAYVoLE TO Keipevo. H function format
SovAeVel OMIWG TO printf AWV YAWOO®V, LE TPELS LOPPES TTOV EXOVV ONUAOIA.

Mopon Ti kGvel MNam

%S Bader TNV TIPA OTTWG €ivai KEiJEVO TTOU €XEIG AON EAEYEE

%I Bacer Tnv TP wg identifier, pe ovéuara mvAakwy, oTnAwyv, schemas
OITTAG e10aywyIKa OTToU
XPEIaZeTal
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Mopon Ti kavel MNamn

%L Bader Tnv TiA wg literal, pe TINEG
pova gloaywyIkd Kal escaping

saQL

SELECT format('sI', 'orders') AS simple_name,
format('%I', 'Order Items') AS odd_name,
format('sL', '0O''Brien') AS literal,
format('sL', NULL::text) AS null_literal;

AMOTEAEZMA

simple_name | odd_name | Tliteral | null_literal
orders | "Order Items" | 'O''Brien' | NULL
(1 row)

To %I APNOE TO orders ®G EXEL KA1 £PAAE E10AYWYIKA 0TO Ovoud e Kevo kat kepaiaia. To st Suthaoiaoe
TO HOVO EI0AYOYIKO HECA OTNV TIUTN, £TOL MOTE VA U1 UITOPEL va KAeloel To string. Tia NULL &ypape NULL
XWPIg E10aYWYIKA, IOV elval To 0woTo péoa oe SQL.

EXECUTE o€ PL/pgSQL

Mua function mov petpd TIg YPAUUES OTTOI0VOT)TTOTE TIVAKA PTIAYVEL TO qUETY UE format KA1 TO EKTEAEL
L€ EXECUTE ... INTO, SOV QTOONKEVEL TNV TIPWOTN YPAULT TOV ATOTEAETUATOG O€ LETABANTT.

SQL

CREATE FUNCTION exact_count(p_table text)
RETURNS bigint
LANGUAGE plpgsql
AS $3%
DECLARE
n bigint;
BEGIN
EXECUTE format('SELECT count(x) FROM %I', p_table) INTO n;
RETURN n;
END;
$$;

SELECT relname AS table_name, exact_count(relname) AS rows
FROM pg_stat_user_tables

WHERE schemaname = 'public'

ORDER BY rows DESC

LIMIT 5;
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ANMOTEAEZMA

CREATE FUNCTION

table_name | rows
events | 1395
order_items | 310
orders | 162
payments | 155
reviews | 39
(5 rows)

To pg_stat_user_tables €xel pia ypauun yia kaOe mivaka. H function kaAeita yia kabévav kat ektelet
gva SrapopeTikd query kabe popd.

To %1 Opwg deyetar povo eva ovoua. I'a lab.orders Oa £Bade e10aywYKA YOPw ATt OAO TO "lab.orders"
ka1 Ba epayve mivaka pe teheia 0to Ovopd Tov. O TOTOG regelass AUVeL To TPoPAnua kavtepa. Eivatl to
ovopua evog mivaka sov 1) PostgreSQL £xet 161 emPBeParwoet 0Tt vTapyel KAl OTAV HETATPETETAL O
Kelpevo Pyaivel cwoTtd ypappevo, pe schema kot e10aymyka 6sov xpetaloval.

sSQL

CREATE FUNCTION exact_count(p_table regclass)
RETURNS bigint
LANGUAGE plpgsql
AS $$
DECLARE
n bigint;
BEGIN
EXECUTE format('SELECT count(x) FROM %s', p_table) INTO n;
RETURN n;
END;
$%;

SELECT exact_count('orders'::regclass) AS orders,
exact_count('lab.customers'::regclass) AS lab_customers;
AMOTEAEZMA

CREATE FUNCTION

orders | lab_customers

162 | 200000
(1 row)

SQL

SELECT exact_count('no_such_table'::regclass);

AMOTEAEZMA

ERROR: relation "no_such_table" does not exist
LINE 1: SELECT exact_count('no_such_table'::regclass)
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Topa &xovpe dvo functions pe 1o 1610 6vopa kot S1aPopeTiKo TUTO OPIoUATOG. TO 'orders'::regclass
SraAéyer ) Settepn. 'Evag mivakag mmov Sev ummapyel ammoppiorteTal Ot LETATPOTITN| OE regclass, TIPLV
PTA0EL 0TO EXECUTE. ES® TO %s elval ao@aleg, yiatl n Tiun etvat n18n eykvpo ovopua.

Tipég pe USING

¥to dynamic SQL o1 ipeg Sev xperadetal va Pitovy 0To Keipevo. To EXECUTE SEXETAL USING IE TIUES YA TA
$1, $2 TOL Kelevov. Eival o1 mapapueTpot Tov ponyovuevou ke@aiaiov, péoa oe dynamic query.

saQL

CREATE FUNCTION count_where(p_table regclass, p_column text, p_value text)
RETURNS bigint
LANGUAGE plpgsql
AS $$
DECLARE
n bigint;
BEGIN
EXECUTE format('SELECT count(x) FROM %s WHERE %I = $1', p_table, p_column)
INTO n
USING p_value;
RETURN n;
END;
$3$;

SELECT count_where('orders', 'status', 'delivered') AS delivered,
count_where('products', 'sku', 'BK-PRG-001') AS one_sku;
AMOTEAEZMA

CREATE FUNCTION

delivered | one_sku

125 | 1
(1 row)

O kavovag eivat ammhog. OvouaTa HItaivouy pe I 1) regclass. TIUEG TEPVOUV e USING. TO L HEVEL Y1 TIQ
OTIAVIEG TIEPUTTAOOELS OTTOV 1) TIUT) TIPETEL VA YPAPTEL LEGA OTO KEIUEVO, OMWG 0€ pia evtoin DDL mov
Oev 8eéxeTal mApAUETPOUG.

MNMwg yivetal To SQL injection

INa va katahaferg ylati emuévovpe, deg v ida function ypappévn pe ouvevwon strings. O
TPOYPAUUATIOTNC OKEPTNKE OTL 1| TIUT| Elval TTAVTA ATTAO KEIEVO.
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SQL

CREATE FUNCTION count_status_unsafe(p_status text)
RETURNS bigint
LANGUAGE plpgsql
AS $%
DECLARE
n bigint;
BEGIN
EXECUTE 'SELECT count(x) FROM orders WHERE status = ''' || p_status || '''"' INTO n;
RETURN n;
END;
$$;

SELECT count_status_unsafe('pending') AS normal,
count_status_unsafe($$x' OR 'a' = 'a$$) AS injected;
ATMOTEAEZMA

CREATE FUNCTION

normal | injected

3 162
(1 row)

H Seltepn kAnon enéotpeye 0Aeg TIg mapayyerieg. To KEIUEVO TTOV EKTEAEOTNKE 1) TAV WHERE status = 'x'
0R 'a' = 'a'. H Tiun exAeloe 1o string kot mpooBeoe S1kn g ovvOnk. Ze uia function stov kAvel DELETE
1 TpExel pe Sikawpata 8ok, 1 idia Teyvikn Stafader 1) ofrver Sedopéva dAAwv.

To 1610 KelueVO Pe USING ElVAL ATTADG 1A TTEPIEPYT] KATAOTAOT) IOV SV LITAPYEL.

SQL

SELECT count_where('orders', 'status', $$x' OR 'a' = 'a$$) AS safe;

AMOTEAEZMA

MATIAA

Mia function pe SECURITY DEFINER TPEXEI ME TO DIKAIWPATA TOU IBIOKTATN TNG. Av TrepiExel dynamic SQL, k&Be
A&Bog aT0 quoting yiveTtal KAIHAKwaon dIKalwpdTwy. 2& TETolEG functions opiCelG Kal SET search_path = pg_catalog,
public, WOTE £VOG XPAOTNG va un Ptropei va BaAel diké Tou Trivaka A dikA Tou function pe 1o id10 dvoua o€
schema T1Tou TTponyeirtai.

ATtroTeAéopaTa e TTOAAEG YPOAMMEG

To EXECUTE ... INTO Kpatd pia ypauur. I'a function mov emotpé@et mivaka Xpro1UoIToIElG RETURN QUERY
EXECUTE. ES® pia pikpn avagopd mmov Séxetat to dvoua g oTANg yia Ty opadosoinor.
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SQL

CREATE FUNCTION orders_by(p_column text)
RETURNS TABLE (grp text, orders bigint)
LANGUAGE plpgsql
AS $$
BEGIN
IF p_column NOT IN ('status', 'coupon_code', 'shipping_city_id') THEN
RAISE EXCEPTION '6ev emitpémnetatl opadomoinon katd %', p_column;
END IF;
RETURN QUERY EXECUTE format (
'SELECT %1$I::text, count(x) FROM orders GROUP BY %1$I ORDER BY count(x) DESC',
p_column);
END;
$3$;

SELECT * FROM orders_by('status');

AMOTEAEZMA

CREATE FUNCTION

grp | orders
delivered | 125
cancelled | 14
shipped | 12
paid | 5
pending | 3
refunded | 3
(6 rows)

To %141 onuaivel «To IPWTo Oplopa wg identifier». Me tov apBud pmopeig va xpnoiposmoroeig to 1810
oploua ToAEg popeg. O EAeyxog aTnV apyn meplopidel Tig oTrAeg o€ wa Alota mov Eperg. To s1
epmodidet To injection, aAA povo N Alota epmodidel kKATo10v va opadomor|oet Katd email Kot va Set
kaBe email g faong.

SQL

SELECT * FROM orders_by('email');

ANMOTEAEZMA

ERROR: 0dev emitpénetatl opadomoinon katd email
CONTEXT: PL/pgSQL function orders_by(text) line 4 at RAISE

EvtoAég piag xpriong pe DO

Yuyva to dynamic SQL ypetadetat pia @opd, o€ éva migration 1| o€ pia epyaoia ovvtrpnong. To bo
extelel éva avovopo block PL/pgSQL ywpig va priagerg function. ESo @Tiayvel évav sivaka apyeiov
yia kaBe £tog mapayyeAov.
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SQL

DO $%
DECLARE
y integer;
BEGIN
FOR y IN
SELECT DISTINCT extract(year FROM created_at)::integer FROM orders ORDER BY 1
LOOP
EXECUTE format(
'"CREATE TABLE %I AS SELECT * FROM orders WHERE created_at >= %L AND created_at < %L',
'orders_"' || y, make_date(y, 1, 1), make_date(y + 1, 1, 1));
RAISE NOTICE 'orders_%', y;
END LOOP;
END;
$3$;

SELECT 'orders_2025' AS table_name, count(x) FROM orders_2025

UNION ALL
SELECT 'orders_2026', count(x) FROM orders_2026;

AMOTEAEZMA

NOTICE: orders_2025
NOTICE: orders_2026

DO

table_name | count
orders_2025 | 74
orders_2026 | 88

(2 rows)

ES® T0 %L N)Tav ammapaitnto, agov TO CREATE TABLE AS Ogv S&xeTat USING. To RAISE NOTICE TUTIOVEL £va
urvopa yia kaBe mivaka, stov AEneIg oto psql.

To Tou psql

TMa epyacieg oLVTNPNONG LTTAPYKEL KATL AKOUN TT0 aTtAd, tov dev yperaletar PL/pgSQL. Tpapeig eva
query 70V emoTpPEPeEL evioAeg SQL g KEIUEVO KAl TO TEAEIMVELG UE \gexec AVTL YA EPWTNUATIKO. To
psql ekteAel kaBe TN TOV ATOTEAECUATOG WG XWPLTTH EVTOAT).

PsaL

SELECT format('DROP TABLE %I', relname)

FROM pg_stat_user_tables

WHERE relname LIKE 'orders\_20%'

ORDER BY relname
\gexec

ANMOTEAEZMA

DROP TABLE
DROP TABLE

IIpwv to TpEerg pe \gexec, TPEXELS TO 1810 query pe epOTNUATIKO kot Stafaderg Tig evtoAég mov Ba
exteAeotoLv. Eivatl 0 0 ao@aing tpomog va kavelg v idia aAAayr| og oA avTikeipeva.
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KPATA AYTO

Ta ovépata TVAKWY Kal 6TNAWY OeV yivovTal TTApAUETPOI, OTTOTE TO query QTIAXVETAI WG KEIPEVO Kal EKTEAEITAI
U ExecuTE péoa o€ PL/pgSQL. Ovopara PTraivouv PE format('sI') ) WG regclass, TIMEG TTEPVOUV PE USING KOI TO L
pével yia DDL. H ouvévwon strings pe Tipég xpriomn eivar SQL injection. Otrou n emmiAoyr 0THANG £pXETal OTTO
TOV XpNOTn, TTEPIOPITE T o€ AioTa. To po TpEXEI avwvupo block Kail To \gexec EKTEAET EVTOAEG TTOU TTaPAYE! Eva

query.

AoKNOE€Ig

AZKH:H 3.1 Quoting yia Ka0g TrepiTTwoN

Me &va format PTIAEE TNV EVTOAT] TTOU AAALEL OE Nikos TO OVOUA TV YPAUUGWV TOU THVAKA MeAdteg 2026 LE
email nikos ' ogexample.gr, 0TI OTNAN first name. MV TNV EKTEAETELG, EMECTPEPE LOVO TO KEIUEVO.

ANAMENOMENO ATMOTEAEZMA

sql

UPDATE "MeAdteg 2026" SET '"first name" = 'Nikos' WHERE email = 'nikos''o@example.gr'
(1 row)

AZKHIH 3.2 MéyioTn Tign otroiaodnrote oTRANG

dTiage function max_of(p_table regclass, p_column text) JTOV EMOTPEPEL WG text T LEYLOTN TIUT TNG
OTT']N’]Q. KaAeoe TI Y1A TO price TOV products KAl YIQ TO created_at TOV lab.orders.

ANAMENOMENO AMOTEAEZMA

CREATE FUNCTION

max_price | last_order
2199.00 | 2026-07-01 02:44:55.05438+03
(1 row)

AZKHIH 3.3 [MeAdTeEG avd OTAAN pe aoc@aAeia

(I)ndge function customers_matching(p_column text, p_value text) JTOVL 87[10Tpé(p81 id KAl email TV TEAATOV
OO0V 1] OTNAN 100VTAL e TNV TIUT. Enitpeye povo Tig 0tnAeg last_name KAl phone. KAAEOE TN y1a last_name

= 'NManaddnovAog'.

ANAMENOMENO AMOTEAEZMA

CREATE FUNCTION

id email

2

I
| gpapad@example.gr
(1 row)
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AZKH:H 3.4 [livakeg avd Tpipnvo

Me éva po block ptiad&e 1éooepig Adelovg mivakeg payments_2025_q1 £wG payments_2025_g4 L€ TIG 101€G OTIAEG
LLE TOV payments. META LETPNOE TTOCOL TIVAKEG LITAPYOVV LE OVOLLA TTOV APXIlEL ATO payments_2025.

ANAMENOMENO ATMOTEAEZMA
DO

tables

AZKHIH 3.5 'Evwon TTOAAWV TTIVAKWY

DTAEE Y string_agg KAL format £V qUETY KEWUEVOU IOV EVWVEL L€ UNION ALL EVOL SELECT AVAL TTIVAKA TOV
schema 1ab, O7T0V KAOE SELECT EMOTPEPEL TO OVOUA TOV TIIVAKA KAL TO count (*) TOov. Enéotpeye novo 1o
KEeVo, TaElvounuévo katd ovoua mivaka.

ANAMENOMENO AMOTEAEZMA

sql

SELECT 'customers' AS table_name, count(x) FROM lab.customers+
UNION ALL +
SELECT 'events' AS table_name, count(x) FROM lab.events +
UNION ALL +
SELECT 'orders' AS table_name, count(x) FROM lab.orders +
UNION ALL +
(SELECI 'products' AS table_name, count(x) FROM lab.products

1 row

AzZKHzH 3.6 Injection oTnv Tpdsdn

XPNO1UOTTOINCE TNV count_status_unsafe TOL KEPAAAIOV Y1 VA LETPTOELG TIC TTAPAYYEALEG TTOVL SeV EXOUV
KATAOTAOT delivered, IEPVAOVTAG LOVO EVA KATAAMNAO string wg oplopa.

ANAMENOMENO ATMOTEAEZMA

not_delivered

37
(1 row)
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KE®AAAIO 4

LISTEN ka1 NOTIFY

Mia e@Qappoyr TTOU TTEPIPEVEI VEEC TTAPAYYEAIEG ITTOPET VA PWTA TN
BAaon KABe deuTePOAETTTO. OI TTEPIOCOTEPES EPWTNOEIC Ba
atravTnBouv «Titrota véor». H PostgreSQL €£xel évav atmAo
MNXaviouo €i1dotroiNoewyv. Mia ouvdoeon akoUel o€ Eva KavAaAl, pia
AAAN OoTéAvVEI uvupa Kal N TTpwTnN To AAPBAVEI QUECWG, XWPIG
EMITTAEOV CUCTAHUA UNVUNATWV.

KavdAia kail pnvopara

Eva kava eival armAmg &va ovopa. Aev To SUIoVPYELg, LITAPYEL LOAIG KATTO10¢ akovoel og avto. H
ouvvedpia B akolel 0To KaVA new_order [1€ LISTEN.

SQL - ZYNEAPIA B

LISTEN new_order;

AMOTEAEZMA - YNEAPIAB

LISTEN

H ovvedpia A otéhver urpvopa e NoTIFY. To uivupa £xel Kavail Kot Tpoaipetika Eva Keipevo, to
payload.

SQL - XYNEAPIA A

NOTIFY new_order, 'ping 1';

ATIOTEAEZMA - YNEAPIA A

NOTIFY

O server mapadider v e1domoinon oe kabe ovvSeon mov akoLel 0To kavaAl To psql dpwg T deiyvet
UOVO OTAV EKTEAETEL TNV ETTOUEVT] EVTOAT], YiaTi HOvo t0Te Safadet 0,11 Exel £pBet amod Tov server. Ag
movpe 0T N B elvan évag worker mov, poAg e1dommonOetl, wayvel Tig mapayyelieg o€ avapovr.

SQL - ZYNEAPIAB

SELECT count(x) AS pending FROM orders WHERE status = 'pending';
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AMOTEAEZMA - XYNEAPIAB

pending

(1 row)
Asynchronous notification '"new_order" with payload "ping 1" received from server process with PID 75732.

Katw amo to amotédeoua epgavidetal ny e1domoinon pe 1o kava, to payload kat to process ID tng
ovvdeong mov v otethe. Ma epappoyn dev xpeldldetan va ekteAéoet evioAn. O driver tng akovel 0To
socket ka1 kael Tov kKwS1KA gov poAg EpBet e18oroinon.

Eidotroifoeig kai transactions

'Eva NoTIFY péoa oe transaction otéAvetal povo otav yivel commit. Av to transaction avaipe6et, n
e18omoinon dev otéAveTal TOTE. AUTO €lval TO 10 XPTIOUO XAPAKTNPLOTIKO Tov pnxaviopov. O worker
Sev Ba wa&er ote pia mapayyeiia mov dev amobnkevTnke.

SQL - ZYNEAPIA A

BEGIN;

NOTIFY new_order, 'ping 2';
ROLLBACK;

BEGIN;

NOTIFY new_order, 'ping 3';
NOTIFY new_order, 'ping 3';
NOTIFY new_order, 'ping 4';
COMMIT;

ATOTEAEZMA - YNEAPIA A

BEGIN
NOTIFY
ROLLBACK
BEGIN
NOTIFY
NOTIFY
NOTIFY
COMMIT

SQL - ZYNEAPIA B

SELECT 'worker &Vmvnoe' AS status;
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AMOTEAEZMA - XYNEAPIAB

status

worker &ovmvnoe

(1 row)

Asynchronous notification "new_order" with payload "ping 3" received from server process with PID 75732.
Asynchronous notification "new_order" with payload "ping 4" received from server process with PID 75732.

H e18omoinon ping 2 ev 1)pbe mote. Anod 1o Sedtepo transaction pbav SVo kat oyt Tperg. Thieg
e1domooeig, pe 1610 kava kat 1610 payload, peoa oto id1o transaction evavovtat e pia. O worker
Sev evliagpepetat mOoEg POPES TOL elmav va LV oEL.

pg_notify

H evton NoTIFY B€Ael To kavaht kot to payload ypaupéva péoa oto keipevo. H function pg_notify
Seyetan kau ta S0 g TIHES, OMTOTE Yprolpomoteital o€ queries kau o€ triggers. O mo cuvnopevog
ouvduaouog eivan évag trigger mov e18omotel yia kabe veéa ypaupr).

SQL - ZYNEAPIAA

CREATE FUNCTION notify_new_order()

RETURNS trigger

LANGUAGE plpgsql

AS $%

BEGIN
PERFORM pg_notify('new_order', NEW.id::text);
RETURN NULL;

END;

$3$;

CREATE TRIGGER orders_notify

AFTER INSERT ON orders

FOR EACH ROW EXECUTE FUNCTION notify_new_order();

INSERT INTO orders (customer_id, status, created_at)

VALUES (4, 'pending', '2026-07-01 09:00'), (9, 'pending', '2026-07-01 09:05');

AMOTEAEZMA - ZYNEAPIA A

CREATE FUNCTION
CREATE TRIGGER
INSERT 0 2

SQL - XYNEAPIAB

SELECT id, customer_id FROM orders WHERE status = 'pending' ORDER BY id DESC LIMIT 2;
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AMOTEAEZMA - XYNEAPIAB

id | customer_id
164 | 9
163 | 4
(2 rows)

Asynchronous notification "new_order" with payload "163" received from server process with PID 75732.
Asynchronous notification "new_order" with payload '"164" received from server process with PID 75732.

O worker mr)pe éva purjvoua yia kabe véa mapayyeiia, pe to id mg. To payload eivar to id kat ot
OAOKAT| PN 1) YPOALUT KAl auTo Sev eivan Tuyaio.

MATIAA

To payload £xei1 6pio 8.000 bytes kai o1 eidotroIfoelg dev atrobnkevovTal TToubevd. Av o worker €xel
atroouvoeBei TN aTiyur Tou commit, dev Ba pdbel TToTé yia To privupa. I’ autd 10 payload eival éva id r TiTroTa
Kal n aAnBeia Bpioketal o€ Tivaka. H £180T1T0inon atrAWG AEEl «KOITO TOV TTIVAKO TWPO».

Oupd pe €100TTOINCEIG

3T0 Ke@PAAA10 38 TOV TPMTOV TOUOV PTIAEALE OVPA EPYATIMV UE FOR UPDATE SKIP LOCKED. O1 workers
pwTOLOAV ToV Tivaka ava kat Eava. Me LISTEN 0 worker pwTd povo otav vmapyet Aoyog kat emeidn) ot
e1domooeig pmopei va xabovv, potd kat pia (popd otnv ekkivnon kat ava taxtd diaothpata. To
oX£010 €xel Tpia uepn.
1. H epapuoyn ypagel v epyacia o€ mivaka Kat KAvel NoTIFY oto 1810 transaction.
2. O worker kavet LISTEN ka1 pOALg Eekivijoet adelddel 0,11 fpioketar 6N otov mivaka.
3. Xe kabe e18omoinon, 1 kabe Alya Aemtta av Sev £pBet kapia, maipvel epyaoieg e SKIP LOCKED LEYXPL
va ade1doel o Tvakag.

Av yaBei a eidoroinon, 1 epyacia mepUeEvel UEXPL TOV ETOUEVO YUPO kal dev yavetat. Av épBouv deka
edomomnoeig padi, o worker adelddet nv ovpa pe TNV TPOTN Kat o1 LItdAowTeg Bpiokovv Adelo mivaka.

Ytov koSka evog worker og Python pe psycopg2 to oxebio yivetal évag fpoxog mov EPIUEVEL OTO
socket tng ovvSeong.

PYTHON

import select
import psycopg2

conn = psycopg2.connect("dbname=sqlbook")
conn.autocommit = True
conn.cursor().execute("LISTEN new_order")
drain_queue(conn)

while True:
ready, _, _ = select.select([conn], [], [], 300)
conn.poll()
conn.notifies.clear()
drain_queue(conn)

To select TePUEVEL UEXPL va £pOel kATL 0TI oVVOEDN 1) va stepdoovy 300 Sevtepolenta. Xe kabe
nepintwon o worker adetadel v ovpd. H function drain_gueue €lval TO SKIP LOCKED TOU JIPGOTOV TOUOV OE

Bpoxo.
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Opla TOU pnxaviouou

O1 elbomomoelg mov dev exovv mapadobel mepiuévouv oe pia kowvr) ovpda Tov server, peyedovg 8 GB.
Mua oUv8eon ov akoLEL AAAA KPATA avolyTo £va transaction yia wpa Sev pmopel va Adfet tisota kat
Ta unvopata cvoowpevovtal. H function pg_notification_queue_usage EMOTPEPEL TTOCO YEUATI ELVAL T
ovpa.

sQL

SELECT pg_notification_queue_usage() AS queue_used;

ANMOTEAEZMA

queue_used

Av 1 ovpd yepioel, kABe NOTIFY astoTuyyavel kat padl tov to transaction mov to €otethe. Eivat omavio,
A agidel va mapakorovBeig autn v Tun.

Yrtapyovv kat §vo mepropiopot stov Ba cuvavroeig apyotepa. To LISTEN Sev Sovlevel uéow PgBouncer
o€ transaction mode, ylati n ovvdeon tov server aAAadel petd amd ke transaction kot padi yaverain
eyypa@r oto kavaAl. To kepaiaio 21 e€nyel yiati. Emiong ot e18omooeig Sev mepvolv oe standby
servers, omtOTe évag worker akovel TAvTa oTov primary.

'Otav o worker Sev B¢Aet mia unvopATA, OTARATA UE UNLISTEN. TO UNLISTEN # OTAUATA OAQ TA KAVAMA TNG
oUvOeong. To pg_listening_channels OEIXVEL O€ TTOLA KAVAALN AKOVEL L1 GUVEEOT).

SQL - ZYNEAPIA B

SELECT pg_listening_channels();
UNLISTEN »;
SELECT count(x) AS channels FROM pg_listening_channels();

AMOTEAEZMA - XYNEAPIAB

pg_listening_channels

new_order
(1 row)

UNLISTEN

channels

(1 row)

KPATA AYTO

To LISTEN eyYPA®El pIa cUVOEDN O€ KAVAAI KAI TO NOTIFY I TO pg_notify OTEAVOUV Urjvuua o€ OTTOIoV aKoUEl. Ta
unvupara @edyouv pévo pe commit Kai ol idleg e160TTOICEIG TOU idlou transaction evwvovTal. Agv
atrodnkevovTal, oTroTE N aAnBeia pével o Trivaka Kai n €1do1roinon Aéel pévo oTe va Koitdgelg. To payload
KpaTd éva id. To LISTEN XpeldeTal oTaBepr) oUvOean GTOV primary.
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Aokioeig

AZKH:H 4.1 Ei1®otmroinon xwpig payload
>t ovvedpia A AKOV 0TO KAVAAL cache_reset KAl OTeIAE 0€ AUTO LA e18oroinon xwpig payload.
ANAMENOMENO AMOTEAEZMA

LISTEN

NOTIFY
Asynchronous notification "cache_reset" with payload "" received from server process with PID 75732.

UNLISTEN

AZKHIH 4.2 Auvapiké KavaAi

AKOUL 0TO KAVAAL customer_7 KOl OTEIAE O€ AUTO L€ pg_notify TO email Tov ;eAdTn 7, PTIAYVOVTaAG TO
OVOLLOL TOV KAVAALOV LECA OTO query asto To id.

ANAMENOMENO ATMOTEAEZMA

LISTEN

pg_notify

(1 row)
Asynchronous notification "customer_7" with payload "dimitra.k@example.gr" received from
server process with PID 75732.

UNLISTEN

AZKHIH 4.3 E18oTroinon yia aAAayn KaTAoTOONG

dace trigger 0TOV orders JTOL OTEAVEL OTO KAVAAL order_status payload tng HOp@NE id:véa katdotaon,
pUovo OTav aAAAdeL 1) OTNAT status. AKOU 0TO KAVAAL kot GMa&e TNV KATAoTaon Tng mapayyeAiag 162 o
paid.

ANAMENOMENO AMOTEAESMA

CREATE FUNCTION
CREATE TRIGGER
LISTEN

UPDATE 1
Asynchronous notification "order_status" with payload "162:paid" received from server process with PID 75732.

UNLISTEN
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AzZKH:H 4.4 Rollback xwpig e1do1roinon

AKOVL 0TO KAVAA order_status, AAAae pEoa o transaction v katdotaon g mapayyeiiag 161 oe
cancelled KO KAVE ROLLBACK. Agife LeTA TNV KATAOTAON NG TTapayyeAiag.

ANAMENOMENO AMOTEAEZMA
LISTEN

BEGIN

UPDATE 1

ROLLBACK

UNLISTEN

AIKHIH 4.5 XZ€ Trold KAVAAIO dKOUW

AKOV 0TA KAvAMA a_jobs KA b_jobs, del€e Ta kavaia g ovvieong tavounueva Kat oTapata va
AKOVG 0€ OAQL

ANAMENOMENO AMOTEAEZMA

LISTEN
LISTEN
channel

a_jobs
b_jobs
(2 rows)

UNLISTEN
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KE®AAAIO 5

TABLESAMPLE kai dsiyparta

[a TTOANEG epwTAOEIC deV XPEIAleTal OAEG TIC YPAPUES. O pEoog
OpPOG dUO EKATOUMUPIWY TTapayyeAIwV Byaivel oxeddv idlog atrd
€ikoo1 XINGdecC. To TABLESAMPLE DIGBACEI £va TUXAIO KOUMWATI TOU
TTivaka. YTTapxouv dUOo TPOTTOI VA BIOAECEIC AuTO TO KOUUATI, UE
TTOAU OIAQOPETIKO KOOTOG KOl TTOAU dIA@POPETIKA aKpiBEla.

‘Eva TOIG £KATO TWV YPONNWYV

TO TABLESAMPLE UTTAIVEL AUECMG LETA TO OVOLLA TOV TIIVAKA 0TO FROM. Agyetal pia puebodo kat eva
7T0000TO.

saQL

SELECT count(x) AS sampled, round(avg(total), 2) AS avg_total
FROM lab.orders TABLESAMPLE BERNOULLI (1);

ANMOTEAEZMA

sampled | avg_total

20222 | 378.47
(1 row)

IIepimtov 20.000 YPAUUES, TO £va TOIG EKATO TOL Jtivaka. Av Eavatpefelg to query Ba mapeig Atyo
Sraopetikolg aplBuolg, yiat kabe ektéleon Staréyel Ao Setypa. Me REPEATABLE Kat &vav aplBuo, to
seed, 1o Setypa yivetat 810 kabe @popa, 600 Sev aAAddel o mivakag. 'OAa Ta LITOAOUTA queries Tov
KEPAAAIOL TO XPNOILOMOI0VV, MOoTe va PAEmelg Ta idia amoteAéouata pe to BipAio.

sQL

SELECT count(x) * 100 AS estimated_rows, round(avg(total), 2) AS avg_total
FROM lab.orders TABLESAMPLE BERNOULLI (1) REPEATABLE (42);

SELECT count(x) AS exact_rows, round(avg(total), 2) AS avg_total
FROM lab.orders;
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ANMOTEAEZMA

estimated_rows | avg_total

1986600 | 383.39
(1 row)

exact_rows | avg_total

2000000 | 380.08
(1 row)

IToMastAao1adovtag o tAnog Tov detypatog el 100 maipvelg eKTipnon yia 0Ao tov mivaka. H
EKTIUNOT) KAl 0 HECOG OPOG ATEXOUV Alyo atd Tig akpiPeig Tipeg. Ia pa avagopd 1 pia amd@aoTn avth
n akpifela gravel.

BERNOULLI ka1 SYSTEM

To BERNOULLI £€eTAlel KAOE YpaUT KAl TNV KPATA pe mBavotnta eva tolg ekatd. I'a va 1o kavel avto
nipénel va S1afdacel oAokAnpo tov mivaka. To sysTEm amo@acilel ava oeAiba. Alaeyet epimov o Eva
TOIG EKATO TV 0eAISwV Kot kpata OAeg Tig ypaupeg touvg. To ExPLAIN Selyvel T Stapopd 010 KOOTOC.

SQL

EXPLAIN (ANALYZE, BUFFERS, COSTS OFF, TIMING OFF)
SELECT count(*) FROM lab.orders TABLESAMPLE SYSTEM (1) REPEATABLE (42);

EXPLAIN (ANALYZE, BUFFERS, COSTS OFF, TIMING OFF)
SELECT count(x) FROM lab.orders TABLESAMPLE BERNOULLI (1) REPEATABLE (42);

AMOTEAEZMA

Aggregate (actual rows=1.00 loops=1)
Buffers: shared hit=140 read=12 written=9
-> Sample Scan on orders (actual rows=17963.00 loops=1)
Sampling: system ('l'::real) REPEATABLE ('42'::double precision)
Buffers: shared hit=140 read=12 written=9
Planning Time: 0.030 ms
Execution Time: 1.087 ms

Aggregate (actual rows=1.00 loops=1)
Buffers: shared hit=15462 read=1462 written=43
—> Sample Scan on orders (actual rows=19866.00 loops=1)
Sampling: bernoulli ('1'::real) REPEATABLE ('42'::double precision)
Buffers: shared hit=15462 read=1462 written=43
Planning Time: 0.016 ms
Execution Time: 16.966 ms

O kOpPog sample scan eivar id10¢. Ta buffers opwg Stapepouvv mapa moAw. To sysTem dyyi€e mepimov 150
0eMBEG KA TO BERNOULLT OAEG TIG 0Xe80V 17.000 TOVL JvaKaA. Xe &vay mivaka ekatovtadwv GB auto eivat
N Stapopd avapeoa oe SeLTEPOAETTA KA O€ MPEC.

To SYSTEM OLL®G EXEL VA KPLPO KOOTOG. O1 ypapueg piag oedidag Sev elvarl aveEaptnteg peta&d toug.
370 lab.orders, OTIWG 0€ KAOE mivaka OTT0V Ol YPAUUES UITATVOUV UE TN OE1PA oL STjuiovpyovvTal, Hia
oeMba kpatd mapayyeiieg g i61ag wpag. O mapayyelieg oe eKKpeROTNTA £lval Ol 1.349 710
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POo@ATES, Apa padepéveg oe Ayeg Sekaddeg oeAibeg 0o T€Aog Tov mivaka. Aeg Tl ekTipd kabe pebodog
YO QUTEG UE OKTG dlapopeTika seeds.

SQL

SELECT seed,
(SELECT count(x) * 100 FROM lab.orders TABLESAMPLE SYSTEM (1) REPEATABLE (seed)
WHERE status = 'pending') AS system_estimate,
(SELECT count(x) * 100 FROM lab.orders TABLESAMPLE BERNOULLI (1) REPEATABLE (seed)
WHERE status = 'pending') AS bernoulli_estimate

FROM generate_series(1l, 8) AS seed;

AMNOTEAEZMA

seed | system_estimate | bernoulli_estimate

1| 3100 | 1700
2 | 0 | 1400
3] 0 | 1100
4 | 4600 | 1700
5 4600 | 1200
6 | 4400 | 1000
7 ] 0 | 1600
8 | 4400 | 900
(8 rows)

H owotr) Tiur) eivat 1.349. To BERNOULLT TTEPTEL TAVTA KATTOL KOVTA. To sYSTEM gite Sev Bplokel kauia
€KKpeur) mapayyelia gite Ppiokel TpUTAAcieg, avaloya UE TO av Eeoe o€ pia amo Tig Alyeg 0eAibeg Tou
teAovg. [Ma TIHEG AWTAWUEVES OE OAO TOV TVAKA, OTIHE O LECOG OPOG TOV total, TO SYSTEM apkel. [a Tiuég
7OV eival HAdEUEVES O [1aL TTEPLOYXT), XPELA{ETA BERNOULLI.

To WHERE eappodetal petd ) SetypatoAnyia. To TABLESAMPLE STAAEYEL TIPMTA TO £VA TOIG EKATO TOV
TUVAKA KAl HETA KPATA O0EG QIO AUTEG TIG YPAUUES TTEPVOLV TN GUVOTKT. AgV TTAIPVELS TO EVA TOLG
EKATO TWV EKKPEUDV TTAPAYYEADV.

2100ep6 TTARBOG YPAUHWYV

Juyva Sev BEAEIG TOOOOTO AAAA €va CUYKEKPIEVO TTIATIO0C YPAUU®V, Yia tapadetyua Seka tuyaia
mpoldvTa yia pa oedida potaoewv. O ouvnB1oPEVOC TPOITOG VAl ORDER BY random() LIMIT 10. Eival
0woTOg aAAG Srafadet 6Ao Tov mivaka kat ta&ivopel kabe ypauun pe tuyxaio kKAeol.

saL
EXPLAIN (COSTS OFF)
SELECT id, name FROM lab.products ORDER BY random() LIMIT 10;
AMOTEAEZMA
Limit
-> Sort

Sort Key: (random())
—> Seq Scan on products

H eméxtaon tsm_system_rows, TOU €pyetal pe v PostgreSQL, mpoaBetel tn néBodo sysTeM_Rows. Atafadet
oeAideg péypt va padéwetl 00eg Yypauueg {ntnoeg.
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SQL

CREATE EXTENSION tsm_system_rows;
SELECT id, name FROM lab.products TABLESAMPLE SYSTEM_ROWS (5);

ANMOTEAEZMA

CREATE EXTENSION

id name
32109 | Bpoaotrpag Pyxis E24-709
32110 KaAwdio USB-C Atlas 82D-710

I
|
32111 | Tootiépa Pyxis C70-711
I
I
)

32112 | Bpaothpag Atlas 508-712
32113 | Mikpbowvo Orion 7B5-713
(5 rows

H sysTemM_Rows Sev S&xetan REPEATABLE, OTTOTE 0T O1k1) 00v ektéAeon Ba Seig aAha mpoidvta. Oa deig Ouwg
70 1810 portifo. Ta mévte mpoldvta £xovv cuveyoueva ids, ylati fynkav OAa amto v idia oeAida, pe to
1610 peloveknua mov eidape oto sysTem. I'a pia oeAiba mpotdoewy ovvnbwg Sev melpadet, yia
oTaTioTikn SovAeld melpadet. Yapyel kat 1) aSeA@T) eEKTAOT tsm_system_time IE TI) LEOOSO SYSTEM_TIME,
710V S1afader oeAideg yia 00a XIMOOTA TOL SEVTEPOAETTOL OpioELC.

Agiypa wg véog TTivakag
'Otav BeAerg va Sokiudoeig Eva query 1) éva migration oe peaAloTikad dedopeva, Eva avtiypapo tov
£VOG TOIG EKATO €lval CUYVA APKETO KAl PTIAYVETAL 0 Alya Sevtepoiemta.

sQL

CREATE TABLE lab.orders_sample AS
SELECT * FROM lab.orders TABLESAMPLE BERNOULLI (1) REPEATABLE (2026);

SELECT count(x) AS rows,
pg_size_pretty(pg_total_relation_size('lab.orders_sample')) AS size
FROM lab.orders_sample;

ANMOTEAEZMA

SELECT 19978

rows | size

+

19978 | 1744 kB
(1 row)

"Eva tuyaio Setypa mapayyehiov opmg Sev £xel ta items toug oUte 6Aovg Toug meAdteg Toug. Ia éva
OUVEKTIKO LITOOUVOAO TTAipVvelg Selypa amo Tov «yovikd» mivaka Kal ta vstoAowta pe joins. Ta
apadetyua, Selypa meAatov Kat LETA OAEG Ol TAPAYYEAieg TOVG.
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ZHMEIQZH

Ma éva ypriyopo TTARB0G ypaupwy dev Xpeldlecal Kav deiyua. To reltuples TOU pg_class KPOTA TNV EKTIUNOCTN TOU
TeAeUTaioU vAcuuM I ANALYZE. Eival auté TToU Xpnoipotrolei o planner kai diaBadeTal apéowg, 600 HEYAAOG KI av
gival o TTivakag.

saQL

SELECT reltuples::bigint AS estimated_rows
FROM pg_class
WHERE oid = 'lab.orders'::regclass;

AMOTEAEZMA

estimated_rows

2000000
(1 row)

KPATA AYTO

To TABLESAMPLE OIaBACel éva TUXQio TTOOOGTO €VOG TTIVOKQ KO TO REPEATABLE TO KAVEI ETTAVOAAWIKO. TO BERNOULLT
OlaAéyel YPOUUEG, eival akpiBEG aAAd Sladdel 6Ao Tov TTivaka. To sysTem OIaAEyel GEAIDEG, eival @BNVE aAAd
MEPOANTTTEI OTAV OI TIYEG €ival JaCEPEVEG OE IO TTEPIOXH TOU TTivaKka. To WHERE EQapUOleTal PeTd To Oeiypa. MNa
oTaBepo TTANBOG UTTAPYEI TO SYSTEM_ROWS KAl YIO YPr)yopo TTARB0G YPAUMWY TO reltuples.

AoKNOEIg

AzZKHzIH 5.1 EkKTignon yia ta checkout

A7t6 Setypa BERNOULLT TOU €VOG TOIG EKATO TOV lab.events Ie seed 7, EKTiUNOe TO0A events €X0OUVV kind =
‘checkout'. BaAe otnv id1a ypauun xat to akpiPég manbocg.

ANAMENOMENO AMOTEAEZMA

estimated | exact

139500 | 142762
(1 row)

AzZKH:IH 5.2 Méon adia avd kardoTaon

Ao Setypa sYSTEM Tov V0 TO1G EKATO TOV lab.orders e seed 3, LITOAOYIOE T HEOT) aia TapayyeAiag yia
TIC KATAOTAOELS delivered, cancelled KA refunded, pe S0 Sekadika.

ANAMENOMENO AMOTEAEZMA

status | avg_total | sampled
cancelled | 382.14 | 2709
delivered | 379.69 | 35695
refunded | 378.79 | 1170
(3 rows)
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AzZKH:H 5.3 [éoeg oehideg diafadel

Me EXPLAIN (ANALYZE, BUFFERS, COSTS OFF, TIMING OFF) Ogie mooeg oeAibeg Srafdader Eva Setypa SYSTEM TOv

U100V TO1G EKATO AITO TO lab.events e seed 1.

ANAMENOMENO ATMOTEAEZMA

Aggregate (actual rows=1.00 loops=1)
Buffers: shared hit=72
—> Sample Scan on events (actual rows=5268.00 loops=1)
Sampling: system ('@.5'::real) REPEATABLE ('l'::double precision)
Buffers: shared hit=72
Planning Time: 0.026 ms
Execution Time: 0.335 ms

AZKHIH 5.4 Agiypa TTEAATWV PE TIG TTOAPAYYEAIEG TOUG

d1ae ivaka lab. customers_sample e Sely L BERNOULLI TOU 10OV TOIG EKATO TWV TIEAATOV TOU
lab. customers pe seed 11. METpNOe PETA TOOOVG TMEAATEG EXEL KAL TTOOEG TAPAYYEAES TOU lab.orders
QAVIKOLV 0€ aQUTOVC.

ANAMENOMENO AMOTEAEZMA

SELECT 1019

customers | orders

1019 | 10533
(1 row)

AZKH:H 5.5 Tpia TuXaia TTpoiovTa HE @ONVO TPOTTO

Agie |1e EXPLAIN (C0STS OFF) TO plan evog query mov emoTPEPEL TPIA TPOTOVTA TOV lab. products e
SYSTEM_ROWS.

ANAMENOMENO AMOTEAEZMA

Sample Scan on products
Sampling: system_rows ('3'::bigint)

AIKHzH 5.6 EKTigunon amré tov planner

ASiES TO reltuples TOU lab.events KOl TOV lab.customers QIO TO pg_class, WG aKépouovg, Ue to (')voua TOV
TVaKAL.

ANAMENOMENO AMOTEAEZMA

table_name estimated_rows

I
lab.customers | 200000
|

lab.events 1000000
(2 rows)
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O server

Qg Twpa 0 server NTAV £va KOUTL IOV ATTAVTOVOE O€ queries. Xe
QUTO TO UEPOG TOV OTNVOVLE ATTO TO UNndev, Tov pvbuilovue kat
ToV mapakoAovBove. Atepyaoieg, pvnun, WAL, checkpoints,
autovacuum kot logs. ‘'OAa 6oa yperadetar va Eeperg mpv
kpatrnoeig backups 1 otoelg replication.
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KE®AAAIO 6

To gpyaocThpio Kal To data directory

ATIO €dw Kal TTEPa dev ApKei hia Baon. Oa oTrivoupe dIKOUG Pag
servers, Ba TOUG OTaUATAPE ATTOTONA, Ba TOUG avTiypd@pouuEe Kal Ba
TOUG OUVOEOUNE JETALU TOUC. 2€ QUTO TO KEPAAAIO PTIAXVOUUE TO
EPYAOTAPIO, OTAVOUUE TOV TTPWTO Server Je To XEPI Kal BAETTOUME
atrd TI ATTOTEAEITAI.

To epyaocTiiplo

'‘OMot o1 servers Tov PifAiov {ovv og Evav PAKEAO, TO ~/pglab. AkOUV g BUpeg artd 5501 KAl TAV®. Agv
ayyidovv v PostgreSQL mov iowg tpexel 61 oto unyavnua oov otn Bupa 5432. Xpetaleoal tnv
PostgreSQL 18 pe ta epyaleia Tng 0To PATH.

TERMINAL

postgres ——version

E=OAOX

postgres (PostgreSQL) 18.6 (Homebrew)

Ye kaOe terminal stov avolyeig yia to epyaotnplo opilelg pepikeg petaPfAnteg mepifarrovrog. To LAB
elvatl o pAakeAog. Ta PGHOST, PGPORT, PGUSER KQUL PGDATABASE €lval O Tp0oemAoYEG Ttov Stafalouvv Oha ta
epyaieia g PostgreSQL, amod To psql LEXPL TO pg_dump, OTAV OV Toug Sivelg ddheg Tipeg. O @AkeAog data
Tov BifAlov pmaivel oTo PATH y1a To script pglab, tov Ba SoUe aTo TEAOG TOL Keaiaiov.

TERMINAL

export LAB=~/pglab

export PGHOST=localhost PGPORT=5501 PGUSER=postgres PGDATABASE=sqlbook
export PATH="$HOME/pg-production/data:$PATH"

mkdir —-p "$LAB" && cd "$LAB"

'O)eg 01 evToAeg Tov BIBAIOV TPEYXOLY HECA OTO $LAB. ZTA AWTOTEAECUATA O PAKEAOG EpPAVIfETAL WG ~/
pglab.

initdb
"Evag PostgreSQL server Siayepidetan éva cluster, SnAadn évav @daxelo pe dheg Tig faoerg, toug
poloug kat Tig pvBuioelg tov. H Ae€n Sev onuaivel edo moAla unyavinuata. 'Eva cluster eivat eévag

(pAaKeAOG ka1 €vag server sov tov dlayelpidetat. O gpakelog Aéyetan data directory kat tov gpTidyvel T0
initdb.
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TERMINAL

initdb -D "$LAB/first" -U postgres —-A trust -E UTF8 \
——Llocale-provider=icu ——icu-locale=el-GR —--locale=en_US.UTF-8

EZ0AOX

The files belonging to this database system will be owned by user "you".
This user must also own the server process.

Using language tag "el-GR" for ICU locale "el-GR".
The database cluster will be initialized with this locale configuration:
locale provider: icu
default collation: el-GR
LC_COLLATE: en_US.UTF-8
LC_CTYPE: en_US.UTF-8
LC_MESSAGES: en_US.UTF-8
LC_MONETARY: en_US.UTF-8
LC_NUMERIC: en_US.UTF-8
LC_TIME: en_US.UTF-8
The default text search configuration will be set to "english".

Data page checksums are enabled.

creating directory ~/pglab/first ... ok

creating subdirectories ... ok

selecting dynamic shared memory implementation ... posix
selecting default "max_connections" ... 100

selecting default "shared_buffers" ... 128MB

selecting default time zone ... Europe/Athens

creating configuration files ... ok

running bootstrap script ... ok

performing post-bootstrap initialization ... ok

syncing data to disk ... ok

Success. You can now start the database server using:

pg_ctl -D ~/pglab/first -1 logfile start

O1 emthoyég Aéve ta €ng. To -b eivar 0 pakeAog. To -U postgres OVOUALEL TOV SUPETUSET postgres, AAIDG
Ba £mapve To OVOUA TOV XPTOTN TOU AEITOVPYIKOV. TO -A trust EMTPETNEL OUVOEDT] XWPIg KOOIKO, KATL
OV KAVOUUE LOVO o€ epyaaTrplo. Ta vioAouta opidovv UTF8 kal eAAnviko collation, omtwg otn Bdaon
TOV TPOTOL TOUOV.

H £€odog avagépel 0Tt ta data checksums eivar evepyd. Ao v €ékdoon 18 eivar 1) tpoemhoyr).
KaBe oeAiba twv 8 KB £xet éva checksum kau o server eAéyyel kabe oeAida tov Stafader aso tov Sioko,
WOTE U0 AANOIWOT) VA PAVEL WG O@AAUA KAl OY1 wg AaBog deSopeva. To kdoTog eivan Hikpo katl Oa to
XPEIAOTOVUE OTO KEPAAAO 19.
Ti £x€1 0 PAKEAOG

TERMINAL

1s "$LAB/first"
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E=OAOX

base

global
pg_commit_ts
pg_dynshmem
pg_hba.conf
pg_ident.conf
pg_logical
pg_multixact
pg_notify
pg_replslot
pg_serial
pg_snapshots
pg_stat
pg_stat_tmp
pg_subtrans
pg_tblspc
pg_twophase
PG_VERSION
pg_wal
pg_xact
postgresql.auto.conf
postgresql.conf

Ta neprocotepa ovopata Ba ta ouvavtnoovpe ava. Ta onuavtika eivat Alya.

ddkelog ) apxeio Ti kpatd

base €vag UTToQAKEAOG yia kK&Be Bdon, pe éva apyeio yia KaBe TTivaka kai index
global 6,71 avrikel o€ 6Ao TO cluster, 6TTwWG o1 poAol Kal N AioTa Twv Bdoewv

pg_wal 10 write ahead log, T0 nuepoAdyIo KaBe aAAayng (ke@diaio 9)

pg_xact n karaoToon kaBe transaction, commit rj abort

postgresql.conf ol pubuioeig Tou server

postgresql.auto.conf 0l PUBUICEIG TTOU YPAQEI TO ALTER SYSTEM (KEQAAQIO 7)

pg_hba. conf TT010G CUVOEETAI ATTO TTOU KAl TTWG ATTOBEIKVUEI TTOI0G gival

PG_VERSION N major €kdoan TTou £QTILE TOV PAKEAO

O @dakehog aviikel oTov server. Aev aAAdelg oUTe ofNvelg apyeia HEoA Tov UE TO XEPL, EKTOG ATTO TA
apyeia pvBuioewv. Ei8ikd 1o pg_wal Sev eivat log pe v £vvola twv apyeiwv kataypagng. Av to
adelaoelg ya va kepdioeig xwpo, xavelg dedouéva.

O mpwrTtoGg server

IIpw Eexvnoet o server, Tov Aépe og ot Bvpa Ba akovel. [IpooOETove TPEIG YPAUUEG OTO TEAOG TOU
postgresql.conf. 'OTav pia pLOUION eppavidetal Vo Popeg, 10XVEL 1) TeEAevTaia.
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TERMINAL

cat >> "$LAB/first/postgresql.conf" <<'EOF'

port = 5501

listen_addresses = 'localhost'
unix_socket_directories = "'
EOF

To listen_addresses 0picel o€ moteg SievBuvoelg Siktvov akovet o server. To AS€10 unix_socket_directories
KAeilvel Tig ouvdeoelg uEow unix socket, ®ote OAA Ta epyaleia va ouvSEovTal HEGW localhost, OTTWG Ba
ouvdeotav pa epappoyn. O server EEKIVA UE TO pg_ctl, IOV TOV TPEXEL OTO TTAPACKI|VIO KA YPAPEL TO
log tov oo apyeio Tov -1.

TERMINAL

pg_ctl -D "$LAB/first" -1 "$LAB/first.log" start
pg_ctl -D "$LAB/first" status

EZOAOZ

waiting for server to start.... done

server started

pg_ctl: server is running (PID: 75790)
/opt/homebrew/Cellar/postgresql@l8/18.6/bin/postgres "-D" "~/pglab/first"

To log ypapel T1 £kave o server otnv ekkivnon.
TERMINAL

cat "$LAB/first.log"

E=OAOX

2026-09-28 09:46:38.249 EEST [75790] LOG: starting PostgreSQL 18.6 (Homebrew) on aarch64-apple-
darwin25.6.0, compiled by Apple clang version 21.0.0 (clang-2100.1.1.101), 64-bit

2026-09-28 09:46:38.252 EEST [75790] LOG: listening on IPv6 address "::1", port 5501

2026-09-28 09:46:38.252 EEST [75790] LOG: Tlistening on IPv4 address "127.0.0.1", port 5501
2026-09-28 09:46:38.257 EEST [75796] LOG: database system was shut down at 2026-09-28 09:46:38 EEST
2026-09-28 09:46:38.260 EEST [75790] LOG: database system is ready to accept connections

Mia digpyacia ava ouvdeon

H PostgreSQL Sev eivan éva mpoypappa pe moda threads. Eivan toAég Siepyaaieg Tov Aettovpykov.
H nipatn, o postmaster, Eexiva tig vtdoAoteg kan epiuével ovvdeoeig. To PID Ttou eivat otny mpatn
YPAULT) TOV postmaster.pid. Me TO pgrep -P Bpiokoupe ta tadid tov.

TERMINAL

ps —o pid,command -p "$(pgrep -d, —P "$(head -1 "$LAB/first/postmaster.pid")")"
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E=OAOX

PID
75791
75792
75793
75794
75795
75797
75798
75799

COMMAND

postgres:
postgres:
postgres:
postgres:
postgres:
postgres:
postgres:
postgres:

io worker 0

io worker 1

io worker 2

checkpointer

background writer

walwriter

autovacuum launcher

logical replication launcher

KaBe Bonbntikn Siepyacia exet pia SovAeld. To checkpointer KA1 O background writer YpAPOUV 0eAideg
QUTO TN PvTjUn oTov S1oKo KAl 0 walwriter Ypagel 10 WAL. @a touvg Sovpe ota kepdiawa 8 kat 9. O
autovacuum launcher Eektva ta VACUUM tov ke@aAaiov 10. Ot io worker €ivatl véol oty €kdoor 18 kat
KAVOUV AOVYYPOVEG AVAYVWOELS AITO TOV 810K0 Y1a AOYaplaouo TV queries.

KaBe ovvdeon maipvel Sikn g Siepyaoia, tov backend. Anto péoa 1 PostgreSQL Seiyvel Oheg Tig
O1Epyaoieg 0TO pg_stat_activity. H OTNAN backend_type A&l Tt eivan 1 kaBepia.

SQL

SELECT backend_type, count(x)
FROM pg_stat_activity
GROUP BY backend_type
ORDER BY backend_type;

AMOTEAEZMA

backend_type

autovacuum launcher
background writer

checkpointer

client backend

io worker

logical replication launcher

walwriter
(7 rows)

O povog client backend elvan 1) 81k1) pag ovvSeon. Mia Siepyacia ava oUvSeon onuaivel 6Tt kabe
ovvdeon kootilel pepikd MB pviung kat xpovo yia va Eekivnoet. Xikieg ovvdeoeig eivar Yiieg
Siepyaoieg. Auto etvar o Aoyog LmtapEng twv connection poolers Tov ke@aiaiov 21.
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‘ psql - epappoyn - pgbench ’

véa ouvdeon

postmaster
SéxeTal ouvdioelg

fork

client backends IS UGS
. 7 e checkpointer - bgwriter - walwriter
pia Siepyacia ava aoveon autovacuum - io workers

v v

KoIvR pviun
shared_buffers - WAL buffers - locks

checkpoint, WAL

data directory
apxeia mvakwy - pg_wal

>xnua 6.1 - O postmaster déxeTal cuvdéoeig kai Eekiva évav backend yia kaBepia. Backends kal Bondntikég digpyaaoieg
poipadovTal TNV KOIVA PVAUN.

pg_hba.conf

KaBe véa avvSeomn mepva atd To pg_hba. conf, host based authentication. Kafe ypapun tov gxet omo
ovvdeong, faon, xpnot, Sievbuvon kat pebodo. O server Stafadel TIC YPALIES AITTO TTAV® TIPOG TA
KATO KAl e@appuodel v mpatn stov taiptadel. Av dev tanpradet kapia, n ovvdeon amoppintetat. Ot

YPAUUEG TOV initdb XWPIG TA OYOAIA Elvan Ayeg.

TERMINAL

grep -v '~#' "$LAB/first/pg_hba.conf" | grep —-v '~[[:space:]]x$"

EKAOZH 1.0 - ZEMNTEMBPIOX 2026 54



POSTGRESQL zE PRODUCTION

EZ0AOZ

local all

host all

host all

local replication
host replication
host replication

all
all
all
all
all
all

127.0.0.1/32

::1/128

127.0.0.1/32

::1/128

To epyaoTtrpio kai To data directory

trust
trust
trust
trust
trust
trust

To local a@opd unix sockets kat 1o host cuvoEaelg TCP. H A&En replication atn B€om tng faong apopd
Tig ouvdeoelg replication Twv ke@aiaimv 13 kat 16. ‘OAeg 01 YPAULEG EXOLV trust. AG @TIAEOLE Evav
POAO Y1a Hia e@appoyn sov Ba mpémel va 8ivel Kwdiko.

TERMINAL

psql —-d postgres —c "CREATE ROLE app LOGIN PASSWORD 'app-secret'"

E=OAOX

CREATE ROLE

T'pagovpe Eava 0AOKANPo 10 apyeio, pe 600 ypaupeg yia tov app otny apyr. H pébodog scram-sha-256

NTd KOEKO Kal Tov eEAEYXEL Xwpig va Tafdewel ToTE 0To SiKTLO.

TERMINAL

cat > "$LAB/first/pg_hba.conf" <<'EOF'
USER ADDRESS

# TYPE DATABASE

host all

host all

local all

host all

host all

host replication
host replication
EOF

app
app
all
all
all
all
all

127.0.0.1/32
1:1/128

127.0.0.1/32
1:1/128
127.0.0.1/32
1:1/128

pg_ctl -D "$LAB/first" reload

E=OAOX

server signaled

METHOD
scram-sha-256
scram-sha-256

trust
trust
trust
trust
trust

To reload Aée1 oToV server va favadiafacet ta apyeia pvbuicewv xwpig va otapatnoel. Ot adlayég oto
pg_hba. conf 1OXVOLV QITO TNV €mOUEVT oUVOeoT). H Aoy -w TOL psql onuaivel va prn {ntrnoet Kndiko

Q7TO TO TTANKTPOAOY10.

TERMINAL

psql -w -U app -d postgres —-c "SELECT current_user"
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E=OAOX

psql: error: connection to server at "localhost" (::1), port 5501 failed: fe_sendauth: no password supplied

TERMINAL

PGPASSWORD=app-secret psql -U app -d postgres —c "SELECT current_user"

EZOAOZ

current_user

H PostgreSQL Seiyvel mag S1aface to apyelo 0To view pg_hba_file_rules. AV LI YPOUUT) €XEL
OUVTAKTIKO AdBog, epavidetal 8 e Tr OTNAT error KA1 O SEIVEr Ayvoel OAOKAN PO TO VEO apyeio 0To
reload.

sQL

SELECT line_number, type, database, user_name, address, auth_method
FROM pg_hba_file_rules
ORDER BY line_number;

AMOTEAEZMA

line_number | type | database | user_name | address | auth_method
2 | host | {all} | {app} | 127.0.0.1 | scram-sha-256
3 | host | {all} | {app} | 881 | scram-sha-256
4 | local | {all} | {all} | @ | trust
5 | host | {all} | {all} | 127.0.0.1 | trust
6 | host | {all} | {all} | g8l | trust
7 | host | {replication} | {all} | 127.0.0.1 | trust
8 | host | {replication} | {all} | ::1 | trust

(7 rows)

NATIAA

>€ server TTou akoUel o€ SiKTUO OeV UTTAPYEI YPAMMN trust VIO host. H p€B0dOG €ival scram-sha-256 Kal N
81elBuvon 6co TTI0 oTeV YiveTal. H ypappn host all all 0.0.0.0/0 trust O€ server ue dnuéaia IP anuaivel 61
o1olog Bpel TN BUpa gival superuser.

2TAMATNHA KOl AVAKAPYN

To pg_ctl stop €Yl TPELG TPOTTOVG. O smart ePIUEVEL VA artooLvEeBovv Olot. O fast, 1 TPOETIAOYT,
AKVP®VEL Ta transactions 7oV TPEXOLVV, ATTOCVVOEEL OAOUG KAl YPAPEL O, TL £XEL 0TI UVT|UN OTOV S10KO
nipv otapatnoet. O inmediate OTAUATA AUECWDS, XWPIG VA YPAWEL TUTOTA, GOV VA ETTECE TO PEVUAL.

Ipdagpovpe pepikd Sedopéva kol OTAUATALE TOV SETrVer LIE inmediate.
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TERMINAL

psql —-d postgres —c "CREATE TABLE crash_test AS SELECT generate_series(1l, 10000) AS n"
pg_ctl -D "$LAB/first" -m immediate stop

pg_ctl -D "$LAB/first" -1 "$LAB/first.log" start >/dev/null

tail -n 7 "$LAB/first.log"

E=OAOZ

SELECT 10000

waiting for server to shut down.... done

server stopped

2026-09-28 09:46:38.768 EEST [75840] LOG: database system was not properly shut down; automatic recovery
in progress

2026-09-28 09:46:38.769 EEST [75840] LOG: redo starts at 0/178D118

2026-09-28 09:46:38.772 EEST [75840] LOG: invalid record length at ©/184D0C8: expected at least 24, got @
2026-09-28 09:46:38.772 EEST [75840] LOG: redo done at 0/184CF30 system usage: CPU: user: 0.00 s, system:
0.00 s, elapsed: 0.00 s

2026-09-28 09:46:38.773 EEST [75838] LOG: checkpoint starting: end-of-recovery immediate wait

2026—-09-28 09:46:38.776 EEST [75838] LOG: checkpoint complete: wrote 73 buffers (0.4%), wrote 3 SLRU
buffers; @ WAL file(s) added, @ removed, @ recycled; write=0.002 s, sync=0.001 s, total=0.003 s; sync
files=27, longest=0.001 s, average=0.001 s; distance=768 kB, estimate=768 kB; 1lsn=0/184D0C8, redo
1sn=0/184D0C8

2026-09-28 09:46:38.777 EEST [75834] LOG: database system is ready to accept connections

StV ekkivnon o server Bprke OTL 5ev OTAUATNOE OWOTA KAl EKave recovery. Eavadiafaoce to WAL
to TO TeEAevTaio onpueio mov NEepe OTL OAA 1jTav otov dioko kat Eavagkave kabe alaymn, To redo. O
TUVAKAG EIVAL EKEL LE OAECG TOV TIG YPAUUEG.

TERMINAL

psql —-d postgres —c "SELECT count(x) FROM crash_test"

AvTog 0 unyaviopdg, £va nuepoAdy1o mov ypagetat ipty asto ta Sedouéva kat Eavamailetal petd amod
kaBe mTwon, etval n faon yia OAa ta endpeva kegahaa. Ta backups kat ) replication tov pépoug III
kat IV etvan 1o 1610 redo, o€ AAAO pnyavnua 1 oe AAAT XPOVIKT| OTLYUT).

To script pglab

KaBe kepahaio ammo S kat mepa xpeladetal Evay 1) meplocoTepoug servers pe Tig idieg pvBuioeig. INa
va un ypagovpue kabe @opd tig id1eg evIOAEG, 0 PAKeAOG data TOV B1fAlov £xel To script pglab. Kavel 6oa
KAVAE LE TO XEPL O AUTO TO KEPAAWO, e V0 mtpoadnkeg. Opilel {HVn wPAG Europe/Athens, MOTE OL
wpeg ota logs xat ota amoteAéopata va eivat i81eg pe tov BiAiov. Kat otav Eexva évav standby tov
pepovg IV, mepruéver va ouvdebei otov primary mpv emotpepel. Xmpig opiopata TUIMVEL TL KAVEL

TERMINAL

pglab
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E=OAOX

To epyaotiplo tov B1RA{ov. KdBe server el oe évav @dkeAo péca oto $LAB.

pglab init ONOMA OYPA  véo cluster pe t1g pvBuiceirc tov BipAiov

pglab start ONOMA gek1vd tov server, log oto $LAB/ONOMA.log. Av eivat
standby, mepipévetl va apyxiocel va Aaupdvet WAL

pglab stop ONOMA OTOMATA TOV server

pglab restart ONOMA OTOMATA Kol EEK1VA Eavd

pglab data OYPA [—-lab] ¢@tidyxvelr tn Bdon sqlbook pe ta debouéva tov BiRAiov

pglab 1s deiyvel toug servers kKal TNV KATACOTOOHR TOUG

pglab rm ONOMA OTOMOTA TOV Server Kol GBAVEL TOV QAKEAS TOUL

YBrVOLLE TOV Server Tov KEPAAAIOL KAl (PTIAYVOVUE UE TO pglab TOV primary, TOV SErver siov Ha
XPNOorolovpe amd e6o kat teépa. To pglab data pOPTWVEL 0T PAGT sqlbook Ta SeSopéva Tov TPWTOL
TOUOUL.

TERMINAL

pglab rm first

pglab init primary 5501
pglab start primary
pglab data 5501

pglab 1s

EZ0AOX

first: oPprRotnke

primary: véo cluster oto $LAB/primary, 6vpa 5501
primary: o€ Agitouvpyia otn 6Vpa 5501

8vpa 5501: n Bdon sqlbook eivat €toiun

primary 0vpa 5501 oeg Asittovpyia

Ta emtopeva ke@Aaia EEKIVOUV OAA LLE AUTEG TIG EVIOAEG. Av KAITO10 Teipapa et oTpafd, To pglab rm
ka1 o1 idieg evroAeg oe @Epvouy miow o kabapr) katdotaon oe Aiya devtepoAenta.

KPATA AYTO

‘Eva cluster ivail éva data directory kai évag server. To initdb @TIAXVEI TOV QAKEAO, TO pg_ctl EEKIVA, OTANATA Kal
ZavagopTwvel pubuioelg. Kabe olvdeon eival pia digpyaaia kail ol BondnTikég diepyaaieg ypd@ouv aTov dioKo,
Kdvouv autovacuum kai diaBdalouv aclyxpova. To pg_hba.conf ATTOQACICEI TTOIOG CUVOEETAI E TNV TTPWTN
ypapun 1ou Taipiddel. Metd atré kaBe atrétopo oTaudrnua o server Kavel recovery Eavarraidovrag To WAL.

AoKNOEIg

AZKHIH 6.1 O @dkeAog TnG Bdong

Bpeg 1o OID g BAong sqlbook Kat Se1€e OTL LTTAPYEL LITOPAKEAOG UE AVTO TO OVOUA HECA OTO base TOV

primary.

ANAMENOMENO AMOTEAEZMA

0ID: 16384
~/pglab/primary/base/16384
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AZKH:IH 6.2 To apxeio evog Trivaka

Bpeg e pg_relation_filepath O€ 1010 Ap)eio PpiokeTan o mivakag orders kKt Seife o peyeog tov oe bytes
UE wec —c.

ANAMENOMENO ATMOTEAEZMA

base/16384/16501
16384

AZKH:IH 6.3 AgUTEPOG Sserver

d1ae e 1o pglab SeVTEPO server e Ovoud second 0T BUpa 5502, Eekiva Tov kat Seie e pglab 1s Kal
Tovg §vo. Metd offrjoe Tov.

ANAMENOMENO AMOTEAEZMA

second: véo cluster oto $LAB/second, 6Upa 5502
second: oe Agitovpyia otn 6Vpa 5502

primary 0vpa 5501 o€ Asittovpyla

second 0vpa 5502 o& Asitovpyia

second: oBrioTnke

AZKHzH 6.4 O1 KaOvoveg TTpéofaong

Agi€e aItd TO pg_hba_file_rules TOU primary T YPQLULT), TOV TUTO, TN Pdon kat ) pébodo kabe xavova.
MeTprnoe Petd 0001 KAvOveg eival trust.

ANAMENOMENO ATMOTEAEZMA

line_number | type | database | auth_method
117 | local | {all} | trust
119 | host | {all} | trust
121 | host | {all} | trust
124 | local | {replication} | trust
125 | host | {replication} | trust
126 | host | {replication} | trust
(6 rows)

trust_rules

AzZKH:IH 6.5 [60eg digpyaoieg avoiyel pia ouvdeon

Avoi€e 610 OLVEETEIC OTO TTAPATKINVIO LUE psql —c "SELECT pg_sleep(2)" & KA1 UETPTOE AITO TPITN OLVSEOT
70001 client backend LITAPYOLV. TTEPIIEVE HETA VA TEAEIWOOLV LIE wait.

ANAMENOMENO AMOTEAEZMA

3
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AZKH:IH 6.6 Recovery peTd a1rd TTTWON

Tpaye OTOV primary £vVAV THVAKA after_crash UE 1.000 YPAUUES, OTALATNOE TOV UE immediate, EEKIVA TOV
kot Sei&e Tig ypaupég tov log yia v apyn kat to teéhog tov redo. MEtpnoe HETA TIG YPAUUES TOV
mivaka.

ANAMENOMENO AMOTEAEZMA

SELECT 1000

waiting for server to shut down.... done

server stopped

primary: o€ Agitouvpyia otn 6Vpa 5501

2026-09-28 09:46:43.751 EEST [76072] LOG: redo starts at ©0/178D118

2026-09-28 09:46:43.766 EEST [76072] LOG: redo done at ©/1D@40D8 system usage: CPU:
user: 0.00 s, system: 0.01 s, elapsed: 0.01 s

1000
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KE®AAAIO 7

PuOuioeig ka1 atrd 1rou EpxovTal

H PostgreSQL £xel rTdvw atro TpIakOoleG pubuioels. Agv xpeiddeTal
Va TIG EEPEIC OAeC. XpeldleTal va EEPEIC TTOU opideTal pia pubuion,
TTOIA TIMA 1I0XUEI TEAIKA KAl TI TTPETTEI VA KAVEIG YIA va OGAAGEEL.
Katrolie¢ aAAadouv yia €va query, KAtroleg he €va reload kai KATTolEg
MOvo pe restart Tou server.

O server Tou Ke@aAaiou
KaBe kepdhaio tov epyaotnpiov Eekva pe kabapo server. Av £xelg o1 primary Qitd T0 TPONYOUUEVO
KEPAAA0, TO pglab rm primary TOV OPNVeL

TERMINAL

pglab init primary 5501
pglab start primary
pglab data 5501

EZ0OAOX

primary: véo cluster oto $LAB/primary, 6vpa 5501
primary: oe Aeitovpyia otn 6vUpa 5501
8Vpa 5501: n Bdon sqlbook eivat €toiun

pg_settings

KaBe pvBuon £xel pia ypapun oto view pg_settings. O1 7110 XPT)OUEG OTNAEG AEVE TNV TIUT, TN pHovada
g, ato 1oL 1pBe kot OTE pmopel va aAdEel.

SQL

SELECT name, setting, unit, context, source

FROM pg_settings

WHERE name IN ('shared_buffers', ‘'work_mem', 'max_connections',
'statement_timeout', 'log_min_duration_statement')

ORDER BY name;
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ANOTEAEZMA
name | setting | unit | context | source
log_min_duration_statement | -1 | ms | superuser | default
max_connections | 100 | o | postmaster | configuration file
shared_buffers | 16384 | 8kB | postmaster | configuration file
statement_timeout | o | ms | user | default
work_mem | 4096 | kB | user | default
(5 rows)

To setting elval TAVTA KEIPNEVO OTN HOVASA TNG OTNANG unit. TO shared_buffers elval 16384 oeAideg Twv 8
KB, 6nAadn 128 MB. To sHow Setyvel tnv i81a Tiun o 1o @ik popen.

SQL

SHOW shared_buffers;

AMOTEAEZMA

shared_buffers

128MB
(1 row)

H oA source Agel moto eninedo e6woe v Tiur. To default onuaivel 0T kaveig dev v 0p1oe kat
1oYVEL 1] TN 710V etvan ypappevn otov kodika tng PostgreSQL. To configuration file onuaivel 0t npbe
a7tO TO postgresql.conf. TO initdb EYPAWE EKEL TO shared_buffers KL TO max_connections APOL EAYEE TL
QAVTEYEL TO UNYAVTLLAL

To context

H otnAn context eival 1 mo onuavtikr. Agel mote pmopei va ara&et pia pvdion.
Context AMNNGCEI Mapadeiyyata
postmaster uovo e restart Tou server shared_buffers, max_connections, port
sighup ue reload, yia 6Ao Tov server log_line_prefix, autovacuum_naptime
superuser ME SET aTtrod superuser log_min_duration_statement
user ME SET OTTO OTTOIOVONTIOTE work_mem, statement_timeout
internal TToTé, €ival oTaBepég Tou build block_size

O1 vtoAoUTEG TIUEG, backend KAL superuser—-backend, ApOPOLY pubuioelg tov opidovtal ot ovvoeon Kat
pévouv 18ieg wg to téAog ¢. Iooeg pubuioeig £xetl kabe katnyopia;

SQL

SELECT context, count(x) FROM pg_settings GROUP BY context ORDER BY count(x) DESC;
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ANOTEAEZMA
context | count
user | 151
sighup | 104
postmaster | 69
superuser | 49
internal | 20
superuser—backend | 4
backend [ 2
(7 rows)

O1 teprocotepeg arladovy Xwpig restart. O1 69 TOV postmaster OU®E TEPIAAUPAVOLY O,TL APOPA LVTIUT
mov Seopevetan oty ekkivnon, OUpeg, replication kat shared libraries. Mia aAhayr) tovg oe production
onuaivel ovvtoun Slakomr), onMOTE TPOYpPAUUATIETAL

‘E&I etriTreda

Mua pUBion pmopei va opiotel og moAAa onpeia. ‘'Otav oplotel o€ meplocoTepa Ao Eva, kepdidel to

7110 €181K0.

1. H mpoemroyr| tov koSika.

2. To postgresql.conf.

3. To postgresql.auto.conf, IOV Yp('X(pE:l TO ALTER SYSTEM.

4. H BAon, [e ALTER DATABASE ... SET.

5. O pOAOG, € ALTER ROLE ... SET, T] 0 pOAOG O€ pia BAOT), L€ ALTER ROLE ... IN DATABASE ... SET.
6. H oUvOeon pe SET kat To transaction pe SET LOCAL.

Ta emineda 4 ka1 5 e@ApUOLOVTAL TN OTLYUN TNG oUVOEONG. Ag Ta SOVLE LLE TO statement_timeout, IOV
AKUP®VEL OTIO10 qUETry EETMEPATEL TOV XPOVO TOL.

SQL

ALTER DATABASE sqlbook SET statement_timeout = '30s';
CREATE ROLE reporting LOGIN;
ALTER ROLE reporting SET statement_timeout = '5min’;

AMNOTEAEZMA

ALTER DATABASE
CREATE ROLE
ALTER ROLE

Mua véa o0vSeon wg postgres TAIPVEL TNV TIUT TNG BAOTC KA [ VEA GUVEEDT) WG reporting TNV TIUT TOV
pOAov.

TERMINAL

psql —-c "SELECT current_user, current_setting('statement_timeout')"
psql -U reporting —c "SELECT current_user, current_setting('statement_timeout')"
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E=OAOX

current_user | current_setting

postgres | 30s
(1 row)

current_user | current_setting

reporting | 5min
(1 row)

O poAog keépSioe ) Paon. "Etot opideig 011 1 epapuoyr) koPet kdbe query ota 30 Sevtepolemnta, eV 0
POAOG TV avapopmV £xel meP1oooTepo mepldnplo. To \drds Tov psql Seiyvel OAeg avteg Tig pvbuioelg
uadi.

PsaL
\drds
AMOTEAEZMA
List of settings
Role | Database | Settings
reporting | & | statement_timeout=5min
@ | sqlbook | statement_timeout=30s
(2 rows)

To SET AAAAdEL TNV TIUT] Y1 TV LIIOAOUTN OUVEEOT] KAl TO SET LOCAL LOVO W¢ TO TeAOG Tov transaction. H
OTIAN source TOV pg_settings Oeiyvel kaBe popa asto oo eminedo 1)pOe n Tiun. Ta tpExovpe oe véa
oLvSeon tov psql, agol 1 oUVEEDT) TOL TTPOTOL qUErY TOL KEPAAAIOU AVOLEE TPV ATTO TO ALTER DATABASE
KOl KPATA AKOUN TNV TTPOETAOYT.

PsaL

SELECT setting, source FROM pg_settings WHERE name = 'statement_timeout';

BEGIN;

SET LOCAL statement_timeout = '2s';

SELECT setting, source FROM pg_settings WHERE name = 'statement_timeout';

COMMIT;

SELECT setting, source FROM pg_settings WHERE name = 'statement_timeout';
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AMOTEAEZMA
setting | source
30000 | database

(1 row)

BEGIN

SET
setting | source
2000 | session

(1 row)

COMMIT
setting | source
30000 | database

(1 row)

H véa ovvSeon mnpe v Tun g Baong. To SET LocAL TV AAAaEe yia éva transaction kat xaOnke e to
comm1T. Elval 0 0wotog tpomog va dmaoelg oe Eva fapv query meplocoTepo Xpovo Xwpig va Eexaoelg tnv
aAAayt) ot oLVSEOT), KATL TTOL HETPAEL OTAV 1] oUVEEOT) EMOTPEPEL O€ pool.

ALTER SYSTEM ka1 reload

TNa puBuioelg OGAOL TOL Server PIToPeig va avoiEelg To postgresql. conf o€ editor. To ALTER SYSTEM KAVEL TO
1610 amd SQL. T'pa@et 010 postgresql.auto. conf, TOL S1APAETAL LETA TO postgresql.conf KA APA
vmeployLel. EAgyyel emiong to dvoua kAl TNy TIun mpv ypawet.

saQL

ALTER SYSTEM SET log_min_duration_statement = '250ms';

AMOTEAEZMA

ALTER SYSTEM

SQL

ALTER SYSTEM SET log_min_duration_statment = '250ms';

AMOTEAEZMA

ERROR: unrecognized configuration parameter "log_min_duration_statment"

TERMINAL

cat "$LAB/primary/postgresql.auto.conf"
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E=OAOX

# Do not edit this file manually!
# It will be overwritten by the ALTER SYSTEM command.
log_min_duration_statement = '250ms’'

To apyelo AMa&e, ala o server Sev to £xel Srafaoel akoun. H pvBuion £xel context superuser, dpa
@tavel éva reload. To pg_reload_conf() kavel amd SQL 0,TL €KAVe TO pg_ctl reload TOU TIPONYOVLEVOU
KePaAaiov.

SQL

SELECT pg_reload_conf();

ANMOTEAEZMA

pg_reload_conf

t
(1 row)

To reload eivat acVyypovo. O postmaster oteAvel orjua oe kaBe Siepyaoia kal kabe Siepyaoia
Eavadiafadel ta apyeia mpv ekteAéoel TNV emtopevn evtoAn mg. 'Eva sHow tov akoAovbel aueomg oto
1610 script ptopel va et akoun v mad Tiun. Metd asmd pua oTiyun) n vea T 1oyVeL

sQL

SHOW log_min_duration_statement;

AMOTEAEZMA

log_min_duration_statement

250ms
(1 row)

TO ALTER SYSTEM RESET OBT|VEL TN YPALULT) QIO TO apyeio Kat 1) pUuOUION EMOTPEPEL 0TV TIUT] TOV
postgresql.conf HETA TO emOuevo reload.

PuBuioceig Ttou BéAouv restart

Ag S1TAAO1A00VLE TO shared_buffers. TO ALTER SYSTEM §&xetal v alayr) kai to reload Sev mapamovietan,
OAAA 1) Twun) Sev aAAGdelL.

SQL

ALTER SYSTEM SET shared_buffers = '256MB';
SELECT pg_reload_conf();

SELECT name, setting, pending_restart
FROM pg_settings WHERE name = 'shared_buffers';
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ANMOTEAEZMA

ALTER SYSTEM

pg_reload_conf

t
(1 row)
name | setting | pending_restart
shared_buffers | 16384 | f
(1 row)

To pending_restart AE€L OTL LITAPYEL VEA TIUT) OTA APXELX TTOV Tepipevel restart. Xe production avto to
query eival évag Kahog EAeyyog HeTa amto kabe adayn pvBuicewyv. Kavouye restart kal Eavapwtayle.

TERMINAL

pglab restart primary

EZ0AOX

primary: oe Agitovpyia otn 8vpa 5501

SQL

SELECT name, setting, pending_restart
FROM pg_settings WHERE name = 'shared_buffers';

AMOTEAEZMA
name | setting | pending_restart
shared_buffers | 32768 | f
(1 row)

AdBn oTo postgresql.conf

'Otav ypagelg pe to XEPL OTO postgresql. conf, KAVEIG OV EAEYYEL T Eypaweg pEXPL TO emopevo reload. Ag
npooBecove a owoTtr| puOon kat pia pe opBoypagiko Aabog.

TERMINAL

cat >> "$LAB/primary/postgresql.conf" <<'EOF'
work_mem = '16MB'

wrok_mem = '8MB'

EOF

pg_ctl -D "$LAB/primary" reload
sleep 1

tail -n 2 "$LAB/primary.log"

EKAOZH 1.0 - ZEMTEMBPIOX 2026 67



POSTGRESQL *E PRODUCTION PuBpioeig kai até ol épyovral

E=OAOX

server signaled

2026-09-28 09:46:48.257 EEST [76218] LOG: unrecognized configuration parameter
"wrok_mem" in file "~/pglab/primary/postgresql.conf" line 898

2026-09-28 ©9:46:48.257 EEST [76218] LOG: configuration file "~/pglab/primary/
postgresql.conf" contains errors; no changes were applied

O server Ppnke ayvootn puOuon kat Sev epappooe kapia aAAayrn amod To apyeio, oUTE T OWOoTN. AuTh
1] CLUTTEPIPOPA O€ TIPOTTATEVEL ATTO UIOES AAAAYEC, AMA Tipértet va kortagelg To log yia va ) deig. To
view pg_file_settings Selyvel T1 PplokeTan ota apyeia, av e@apuooTnke kat oo eival to Adbog.

saL

SELECT sourceline, name, setting, applied, error

FROM pg_file_settings

WHERE name IN ('work_mem', 'wrok_mem');

SHOW work_mem;

AMOTEAEZMA
sourceline | name | setting | applied | error
897 | work_mem | 16MB | f | 2
898 | wrok_mem | 8MB | f | unrecognized configuration parameter
(2 rows)
work_mem
4MB
(1 row)

AopBmvovpe to AddBog. Ze Linux kat macOS 1o sed £xel Stagpopetikn oUvTagn yia enefepyaoia apyeiov
o1 B€0n Tov, OTTOTE YPAPOULLE TO ATTOTEAECUA O€ VEO APXELD KAL TO LETAPEPOVLE TTAV® OTO TTAALD.

TERMINAL

grep —-v '“wrok_mem' "$LAB/primary/postgresql.conf" > "$LAB/pg.conf.new"
mv "$LAB/pg.conf.new" "$LAB/primary/postgresql.conf"
pg_ctl -D "$LAB/primary" reload

E=OAOX

server signaled

sQL

SHOW work_mem;
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ANMOTEAEZMA

ZHMEIQZH

>¢ évav TTpayuaTikG server Ogv eTTeEepyAlecal Eva OPXEIO PE EKATOVTADES YPaUUEG OXOAiwy. Badeig aTo T€A0g
TOU postgresql.conf TN YPAMMN include_dir = 'conf.d' KOl KPATAG TIG OIKEG OOU PUBUIOEIG O€ MIKPA apxEia yéoa o€
auToVv ToV PAKeEAO, Eva avd Béua. Eival eukoAo va Ta d€1g e pia patid kai va ta BAAEIg o€ version control.

KPATA AYTO

To pg_settings O€iXVel KABE pUBUIGN, aTTO TTOU PBE Kai To context TNG. O1 PUBUICEIG postmaster BEAOUV restart, ol
sighup reload kai o1 user aAAGlouv e SeT. Kepdilel To Tio €101kS eTTiTred0, YE oelpd apxeia, Bdon, poAog, ouvdeon
Kal transaction. To ALTER SYSTEM YPA®EI EAEYUEVEG TIMEG OTO postgresql.auto.conf. META aTTO KAOE ANy EAEYXEIG
TO pending_restart KOI TO pg_file_settings, YIOTi éva AABOG OTO apXEio akupwvel OAN TNV aAAayr.

AoKNOE€Ig

AZKHZH 7.1 Ti dAAae a1rod TIG TTPOETTIAOYEG

Aei&e OAeg Tig pLOUICELG TOV primary TTOU €V €XOLV source 100 L€ default, override T} client, € TO OVOUQ,
TNV T, TN Lovada Kat Ty iy Touvg.

ANAMENOMENO AMOTEAEZMA

name | setting | unit | source

autovacuum_worker_slots 16 %) configuration file
DateStyle IS0, MDY @ configuration file
default_text_search_config | pg_catalog.english | @ configuration file
dynamic_shared_memory_type posix 2 configuration file
lc_messages en_US.UTF-8 I} configuration file
lc_monetary en_US.UTF-8 I} configuration file
lc_numeric en_US.UTF-8 o configuration file
lc_time en_US.UTF-8 %) configuration file
listen_addresses localhost 2 configuration file
log_min_duration_statement 250 ms configuration file
log_timezone Europe/Athens %) configuration file
max_connections 100 @ configuration file
max_wal_size 1024 MB configuration file
min_wal_size 80 MB configuration file
port 5501 %) configuration file
shared_buffers 32768 8kB configuration file
TimeZone Europe/Athens @ configuration file
unix_socket_directories %) configuration file
work_mem 16384 kB configuration file
statement_timeout 30000 ms database

(20 rows)
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AzZKH:IH 7.2 Méye@og o€ bytes

ASiES TO shared_buffers, TO work_mem KOl TO maintenance_work_mem O€ I,lOp(pT'] TIov 81&[3(1{8’[(11, UE pg_size_pretty
JIAV® OTO setting KA1 TN LOVASA TOV pg_settings.

ANAMENOMENO ATMOTEAEZMA

name size

I
maintenance_work_mem | 64 MB

I

I

shared_buffers 256 MB
work_mem 16 MB
(3 rows)

AZKHzH 7.3 PUOMIONn poAou o€ pia Bdaon

DdT1ae pOAo batch pe login kat OP1OE work_mem = '64MB' LOVO OTAV oLVEEETAL 0TI PAOT sqlbook. AiEe ammd
véa oLVEEOT) WG batch TNV TIUT JTOL TTAIPVEL

ANAMENOMENO ATMOTEAEZMA

CREATE ROLE
ALTER ROLE
64MB

AzZKH:H 7.4 'Eva restart rou repipével

AMa€e e ALTER SYSTEM TO max_connections O€ 150 kot Kave reload. Aei€e 1o setting KAl TO pending_restart
tov. Kave restart tov primary kat 6ei€e ta Eava.

ANAMENOMENO AMOTEAEZMA

ALTER SYSTEM

t

100 |t

primary: o€ Agitouvpyia otn 6Vpa 5501
150 | f
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AZKHIH 7.5 XpOvog poévo yia éva transaction

Méoa oe éva transaction Op1o€ work_mem 256 MB povo yia auvto to transaction kot 8et€e tnv riun. Meta
To comMIT Oeie Eava v Tiun).

ANAMENOMENO AMOTEAEZMA
BEGIN
SET

work_mem

COMMIT

work_mem

AzZKH:IH 7.6 PuBpioeig avd context

Metpnoe mooeg puOUICELS TOV pg_settings TTOL EEKIVOUV QITO autovacuum £XEL KAOe context.

ANAMENOMENO AMOTEAEZMA

context | count
postmaster | 3
sighup | 13
(2 rows)
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KE®AAAIO 8

Mvnun

H PostgreSQL xpnoiyotroiei yviun o€ tpia titreda. Mia koivr)
cache oeAidwv yia OAEC TIGC CUVOETEIC KAl UVAMN EpYATiag yia KAOE
Tagivounon kal hash k&0e query. To TpiTo €TTiITTEDO €ival n cache
apXEiwv Tou AsIToupyikou, TTou n PostgreSQL dev eAEyxel aAAG
uttoAoyilel. H cwoTr) puBuion dev gival «600 TTEPIOCOTEPN TOOO
KaAUTEPQ». Eival évag TTpoUTTOAOYIOUOC TTOU TTPETTEI VA BYAiVEl
QKOMN KAl OTN XEIPOTEPN WPA TOU Server.

O server Tou Ke@aAaiou
Xperadopaote ta peydia Sedopéva tov epyaotnpiov, 0mOTE TO pglab data TTAIPVEL KAl TO —-1ab. H
POpTwon drapkel mepimov dekamevte Sevtepolemnta.

TERMINAL

pglab init primary 5501
pglab start primary
pglab data 5501 —-lab
pglab restart primary

EZ0OAOX

primary: véo cluster oto $LAB/primary, 6vpa 5501
primary: oe Aeitovpyia otn 8vUpa 5501

0Vpa 5501: n Bdon sqlbook eivat €toiun

primary: oe Agitovpyia otn 8vVpa 5501

To restart ade1adet ) pvnun tov server, wote va Eekvrjoovpe amo kabapn) cache.

O xapTng TNG MVAMNG

Mvriun PUBuion [Molog TN XpNOIYOTTOIE

Kolvr} cache ggAidwv shared_buffers OAeg o1 ouvdéoelg Yadi, deoueleTal OTNV £KKivVNON
buffers Tou WAL wal_buffers OAeg o1 ouVdETEIG, HIKPA

MVANN epyaaiag work_mem KGBe kOuBog Tagivounong n hash, oe k4Be query
MVAMN ouvTAPNONG maintenance_work_mem CREATE INDEX, VACUUM, ALTER TABLE ADD FOREIGN KEY
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Mvrun PuBpion [Molog Tn xpnoiyoTTolEi

cache Tou AgitoupyikoU Kapia, TNV uttoAoyicel To 0,m diaBadeTal atrd apxeia
effective_cache_size

KaBe oeAiba mtov Srafader £va query epva poTA AITO TO shared_buffers. Av Sev elvan ekel, n
PostgreSQL ) {nta asmo to Aetrtovpyiko. To Aettovpyiko £xel ) 61kn tov cache kat iowg ) Ppet exel
Xwpig va mael otov §ioko. I' avto pia 0eMida read GTO EXPLAIN TOU TTP@TOV TOUOL dev anuaivel
atapaitnta Sioko. Znuaivel 0Tt 1 oeAdida Sev ftav ot Swkn pag cache.

Ti utrdpyxel oto shared_buffers

H enéxtaon pg_buffercache deiyvel kaOe buffer, SnAadr) kabe O¢on twv 8 KB 010 shared_buffers. I'a
kabéva Agel ol oeAida mo10v Tvaka Kpata.

SQL

CREATE EXTENSION pg_buffercache;

SELECT buffers_used, buffers_unused, buffers_dirty
FROM pg_buffercache_summary();
AMOTEAEZMA

CREATE EXTENSION

buffers_used | buffers_unused | buffers_dirty

221 | 16163 | 54
(1 row)

Meta to restart oxeSov 0Aa ta 16.384 buffers eivar adeia. Ag Srafdoovue 0OAOKANPO TO 1ab.orders, VAV
mivaka 132 MB, 0600 6nAad) to shared_buffers. [lepiuévelg 0Tt petd Oa yeuioet 1 cache pe mapayyehieg.

SQL

SELECT count(x) FROM lab.orders;

SELECT c.oid::regclass AS relation, count(x) AS buffers

FROM pg_buffercache AS b

JOIN pg_class AS c ON b.relfilenode = pg_relation_filenode(c.oid)

WHERE b.reldatabase = (SELECT oid FROM pg_database WHERE datname = current_database())
GROUP BY c.oid

ORDER BY buffers DESC

LIMIT 4;
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AMOTEAEZMA
count
2000000
(1 row)
relation | buffers
lab.orders | 282
pg_attribute | 61
pg_proc | 21
pg_class | 18
(4 rows)

Movo pepikeg exatovradeg oeAideg tov mivaka euetvav otn cache, amod Tig oxedov 17.000 mov
Safaotnkav. Aev eivar AdBog. ‘Otav Eva sequential scan Siafader ivaka peyahdTepo aso to Eva
TETAPTO TOV shared_buffers, 1] PostgreSQL tov Sivel éva pikpo ring buffer kot Eavaypnowpomoiet tig
161eg Alyeg B¢oeig Eava kat Eava. 'Etotl pia avag@opd mov oapmvel Evay tTepaoTio sivaka dev Simyvet
QUTO TN KVTUN Tig 0eAideg mov xperadovtal OAa ta vitoAouta queries. Ta i61a 10}VOVV y1a TO VACUUM KA1 TO
COPY.

Av BEAEIG TPAYLATIKA £vay Tivaka 0T pvTun, yia mapaderypa petd amo restart, to pg_prewarm TOV
(POPTAOVEL OAOKAN PO.

SQL

CREATE EXTENSION pg_prewarm;
SELECT pg_prewarm('lab.customers') AS pages_loaded;

SELECT c.oid::regclass AS relation, count(x) AS buffers

FROM pg_buffercache AS b

JOIN pg_class AS c ON b.relfilenode = pg_relation_filenode(c.oid)

WHERE b.reldatabase = (SELECT oid FROM pg_database WHERE datname = current_database())
GROUP BY c.oid

ORDER BY buffers DESC

LIMIT 4;

AMOTEAEZMA

CREATE EXTENSION

pages_loaded

3249

(1 row)

relation | buffers
lab.customers | 3249
lab.orders | 282
pg_attribute | 61
pg_proc | 22
(4 rows)
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Mola ogAida peuyel

'Otav 10 shared_buffers yepioet, kaBe vea oeAdida mpémetl va tapet ) 0o pag maiag. Kabe buffer eyet
¢va usage count o 0 £wg 5. AvEavetal kaBe Popd mov KATTo10g Xpnouortotel t oeAida. 'Otav
¥xperdetan Beon, evag Seiktng yupidel kukAika ta buffers kot perwvel o usage count kabevog mov
ovvavtd. To pwto mov Bpiokel pe undév eAevBepawvetat. O aiyopiBuog Aeyetan clock sweep. Ot
0eAideg mov ypnouomololvTal ouyvAa €xouy YnAd usage count kat emPBimvouy T0AAOVG YUPOUG.

SQL

SELECT usagecount, count(x) AS buffers
FROM pg_buffercache

WHERE usagecount IS NOT NULL

GROUP BY usagecount

ORDER BY usagecount;

AMOTEAEZMA

usagecount | buffers

1| 3626
2 | 18
3 24
4| 23
5 | 138

(5 rows)

O1 0eAideg TOV pg_prewarm S1aAoTnkav pia popd kat xovv usage count 1. '‘Oceg £xouvv 5 elval KLPIWG
0eM8eg TOU KATAAOYOU, OTIWG TO pg_class KAL TO pg_attribute, 710V TIG Stafadel kabe query.

Néoco ouxva Bpiokel o server T o€Aida oTn VAN

To pg_stat_database HETPA Y1 KAOE PAOT TA blks_hit KO TA blks_read. Ta mpaTa elvar oeAideg mov
Bpebnkav oTo shared_buffers Kat ta Sevtepa oeAideg tov {nnOnkav asd to Aertovpyiko. O AdOyog Tovg
etvat to cache hit ratio.

saL
SELECT blks_hit, blks_read,

round(100.0 x blks_hit / nullif(blks_hit + blks_read, @), 1) AS hit_pct
FROM pg_stat_database
WHERE datname = current_database();

ANMOTEAEZMA

blks_hit | blks_read | hit_pct

19203349 | 74213 |  99.6
(1 row)

ITave amo 99 toig ekatd, aAAd punv Eeyehieoat. Ta exatoppvpia hits fpbav kupiwg amd ™ eoptwon

TOV £PYAOTNpiov, OT0V KABE INSERT ypapel o€ oeAida sov poAg Epmiage otn pvnun. 'Evag péoog d6pog
yia 0An  {wr) Tov server kpLPel Tig kakeg wpeg. Tov petpag wg Stapopd avaupeosa oe 510 oTIypeg, yia
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mapadetypa kabe Aemtto and eva ovoTnua tapakolovOnong. Tov PAETEIS Kat ava stivaka 0To
pg_statio_user_tables, 710V Selyvel molog mivakag Sev xwpd ot pviun.

NMoéoo shared_buffers

To shared_buffers 8ev xpeladetal va eivat TepAaoTio, YTl amd iow LITApPYEL 1) cache Tov Aettovpyikov.
Mua oeMi8a o SimyveTal amd TO shared_buffers TOAD TOAVOV €lval AKOUT OTN LVTLT TOU AEITOVPYIKOV.
O ko1wvOg Kavovag eival TEPITTOV TO EVA TETAPTO TNG UVILUNG TOL UNYAVI|LLATOC, YO SETVET IOV TPEXEL
povo PostgreSQL. IToAU mteprocdtepo onuaivel 0Tt ot i8ieg oeAideg kpatiovvtat Vo PopéEg, pia otn
puvnun tng PostgreSQL kat pia Tov AeITovpytkov.

To effective_cache_size 8ev Seapelel timota. Agel oTov planner oo Uvrun VITAPXEL CUVOAKA yia
cache, 10 shared_buffers padi pe v cache tov Aertovpyikov. Me peyakvtepn T o planner Bewpet
mBavotepo 0TL 01 6eAideg evag index Oa BpeBovv otn pviun ko TpoTipd Mo evkoAa index scans.
Suvnbwg opideTal 0TO OO MG TPIA TETAPTA TNG UVIUNG TOU UIYAVI|LATOG.

work_mem o€ 6Ao Tov server

2T0 KEPAAAIO0 32 TOV TTPMTOL TOHOV e1daue OTL pia Ta&vounor o 8ev Xwpa 0TO work_mem YPAPEL
npoowpva apyeia. Edw pag eviiagépel mmg 1o PAETEIg € OAO TOV server, Ol o€ eva EXPLAIN. H
pLUOLON log_temp_files ypapel 0o log kaBe mpoowptvo apyeio peyaAtepo amod To 0p1o g. Me o
ypagel oAa.

sQL

ALTER SYSTEM SET log_temp_files = 0;
SELECT pg_reload_conf();

AMOTEAEZMA

ALTER SYSTEM

pg_reload_conf

t
(1 row)

SQL

EXPLAIN (ANALYZE, COSTS OFF, TIMING OFF, BUFFERS OFF)
SELECT customer_id, sum(total) AS spent

FROM lab.orders

GROUP BY customer_id

ORDER BY spent DESC

LIMIT 5;

AMOTEAEZMA

Limit (actual rows=5.00 loops=1)
-> Sort (actual rows=5.00 loops=1)
Sort Key: (sum(total)) DESC
Sort Method: top-N heapsort Memory: 25kB
-> Finalize GroupAggregate (actual rows=199642.00 loops=1)

EKAOZH 1.0 - ZEMTEMBPIOX 2026 76



POSTGRESQL >E PRODUCTION Mvnpn

Group Key: customer_id
—> Gather Merge (actual rows=544744.00 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Sort (actual rows=181581.33 loops=3)
Sort Key: customer_id
Sort Method: external merge Disk: 14208kB
Worker @: Sort Method: external merge Disk: 13992kB
Worker 1: Sort Method: external merge Disk: 13976kB
—> Partial HashAggregate (actual rows=181581.33 loops=3)
Group Key: customer_id
Batches: 21 Memory Usage: 8249kB Disk Usage: 19232kB
Worker @: Batches: 21 Memory Usage: 8249kB Disk Usage: 15920kB
Worker 1: Batches: 21 Memory Usage: 8249kB Disk Usage: 15904kB
—> Parallel Seq Scan on orders (actual rows=666666.67 loops=3)
Planning Time: 0.445 ms
Execution Time: 558.086 ms

H opadosmoinomn 200.000 edat®v Sev xwpeoe ota 4 MB. To HashAggregate €0mace o€ 21 batches kot
gypawpe otov Sioko kat ) Ta&vounon mov akoAovbel £yive pe external merge. KaBe worker tov parallel

plan £yel 51k0 TOL work_mem, Apa TPEIg S1Epyaoieg eypaypav apyeia. Xto log @aivetar kabe apyeio pe to

ueyebog tov.
TERMINAL

grep 'temporary file' "$LAB/primary.log" | tail -n 3

EZOAOZ

2026-09-28 ©09:47:09.881 EEST [76554] LOG: temporary file: path "base/pgsql_tmp/pgsql_tmp76554.0", size 16285696

2026-09-28 09:47:09.883 EEST [76540] LOG: temporary file: path "base/pgsql_tmp/pgsql_tmp76540.1", size 14548992

2026-09-28 09:47:09.913 EEST [76540] LOG: temporary file: path "base/pgsql_tmp/pgsql_tmp76540.0", size 19693568

Kat 070 pg_stat_database LITAPYEL TO CUVOAO yia kAOe BA0T ATd TNV TEAELTALA ETTAVAPOPA TOV
OTATIOTIKQV.

SQL

SELECT temp_files, pg_size_pretty(temp_bytes) AS temp_size
FROM pg_stat_database
WHERE datname = current_database();

ANOTEAEZMA
temp_files | temp_size

7 | 101 MB
(1 row)

Av autdg 0 ap1Buog peyaiavel ypryopa, kastola queries OEAovv meploodtepn puvrun 1 kaivtepo index.

Me mep1000TEPO work_mem TO 1810 query Sev ypagpet timota.
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SQL

SET work_mem = '64MB';

EXPLAIN (ANALYZE, COSTS OFF, TIMING OFF, BUFFERS OFF)
SELECT customer_id, sum(total) AS spent

FROM lab.orders

GROUP BY customer_id

ORDER BY spent DESC

LIMIT 5;

RESET work_mem;

AMOTEAEZMA

SET

Limit (actual rows=5.00 loops=1)
-> Sort (actual rows=5.00 loops=1)
Sort Key: (sum(total)) DESC
Sort Method: top-N heapsort Memory: 25kB
—> HashAggregate (actual rows=199642.00 loops=1)
Group Key: customer_id
Batches: 1 Memory Usage: 73745kB
-> Seq Scan on orders (actual rows=2000000.00 loops=1)
Planning Time: 0.026 ms
Execution Time: 645.016 ms

RESET

To HashAggregate XPTOILOTOINCE TAV® Ao 64 MB uvnung oe éva batch. Ta hash nodes €xouvv oplo
work_mem €11 hash_mem_multiplier, IOV €lval 2 amTO TPoemMAoYT), ylati eéva hash sov ondet oe batches
KOOTI(El TTEPIOCOTEPO AITO HIA TAEIVOUTNOT) TTOL Ypapel oTov §ioko. Apa avto to query Ba pmmopoloe va
mapel wg 128 MB. O planner Siahe€e emiong plan ywpig workers, ag@ot mAéov dev elxe AOYo va poipaocet
T SovAeld.

‘Evag mrpoUTroAoyIoHOG

Ag kQvovpe Tov Aoyaplaouo yia eévay server 16 GB e max_connections = 200. TO shared_buffers Jaipvel 4
GB. KaBe ovvSeon yperaletar pepika MB povo kat povo yia va uitapyetl, ag movpe 10, apa 2 GB oto
XEPOTEPO. Mévouy mepimov 10 GB yia v cache tov Aettoupyikod Kat yia T0 work_mem.

Av 10 work_mem givar 64 MB ka1 200 cuvdeoeig tpeyovv tavtoxpova eva query pe dvo hash nodes, 1)
BewpnTikn xepodTEPN MEPIMTWON eival 200 exti 2 et 128 MB, 6nAadr) 50 GB. O server 0a £ueve xwpig
LVTUT KAl TO AEITOUpY1KO Ba okoTwve Siepyaoieg. I' autd TO work_mem TOU SErver HEVEL LKPO, 16 €wg 32
MB og évav 1eto10 server. MeyaA@Vel [1€ ALTER ROLE ... SET Y1l TOV POAO TV AVAPOP®OV T) LE SET LOCAL
Y1a €va GLYKEKPIUEVO Papl query. AuTtod elval emiong 0 AOyog stov o1 Alyeg ouvdeaelg Tov pooler Tov
KEPAAQLOL 21 £lVAL AOPAAECTEPES ATTO TIG TTOAAEG,

To maintenance_work_mem €lval Atyotepo emkivouvo. To xpnoluosmolotv Alyeg Siepyaocieg tavtdoypova, 6oa
CREATE INDEX TPEXEIC Kal ol workers tov autovacuum. Me 1 GB éva peyao CREATE INDEX TaEvopel otn
LVT)UT] KA TEAELOVEL TTOAD 110 YPT]YOPa.
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NATIAA

>¢ Linux pe TToAAG GB shared_buffers, N PVARN XwpileTal o€ 0€Aideg Twv 4 KB Tou AsitoupyikoU Kal O TTivakag
TTOU TIG QVTIOTOIXiCEl YiveTal KI auTdg peyaAog o€ kaBe diepyacia. Ta huge pages Tou Linux, ogAideg Twv 2
MB, 10 AUvouv. H PostgreSQL T1a xpnoiyotrolei av gival d1aBéaipa, pe Tn pUBUICN huge_pages = try, QAAG TTPETTEI
Va Ta EVEPYOTTOINTEIG OTO AEITOUPYIKO.

KPATA AYTO

To shared_buffers €ival N KoIVA) cache ogAidwy, TTEPITTOU TO €va TETAPTO TNG PVAPNG. Ta peydAa sequential scans
XPNoiuoTtroloUv ring buffer kai dev Tn yepiouv. To pg_buffercache OEIXVEI TI TIEPIEXEI KOI TO pg_stat_database TO hit
ratio. To effective_cache_size €ival pévo UTTOOEIEN yia Tov planner. To work_mem I0XUEI ava KOO, avd worker Kai
avda ouvdeon, Ta hash nodes TTaipvouv 10 ITTAACI0. TO log_temp_files OEiXVEI TTOIO queries dev xwpouv. Kave
TOV Aoyaplacud yia Tn XEIpoTepn wpa, Oxi yia Tn héon.

AoKnoeig

AZKHzH 8.1 [lolol TTiVOKEG gival oTN VAN

Aei&e yia Toug mivakeg Tov schema 1ab tooca MB asd 11 oeAibeg Toug Bpiokovtal Twpa 0To
shared_buffers, Tafvounuéva amd Tov peyaidTepo.

ANAMENOMENO AMOTEAEZMA

relation [ cached
lab.customers | 25 MB
lab.orders | 5264 kB
lab.orders_pkey | 8192 bytes
(3 rows)

AzKHzH 8.2 Hit ratio avd trivaka

A710 TO pg_statio_user_tables Sele y1a TOUG TTIVAKEG TOV 1lab TA heap_blks_hit, heap_blks_read KOl TO JTOCOOTO
hit pe éva Sexadiko.

ANAMENOMENO AMOTEAEZMA

relname | heap_blks_hit | heap_blks_read | hit_pct
customers | 4206716 | 12998 | 99.7
events | 1067725 | 594 | 99.9
orders | 4035119 | 100703 | 97.6
products | 53571 | 2235 | 96.0
(4 rows)
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AZKHIH 8.3 Tagivounon mrou Xwpd

Me EXPLAIN (ANALYZE, COSTS OFF, TIMING OFF, BUFFERS OFF) Ogi&e To plan tng ta&vounong twv lab.customers
KOTA last_name, first_name, email, IPWTA L€ TNV TIPOETIAOYT] TOV work_mem KAl LeTA pe 32 MB povo yua
auTo To transaction.

ANAMENOMENO AMOTEAEZMA

Sort (actual rows=200000.00 loops=1)

Sort Key: last_name, first_name, email

Sort Method: external merge Disk: 12680kB

—> Seq Scan on customers (actual rows=200000.00 loops=1)
Planning Time: 0.098 ms
Execution Time: 333.913 ms

BEGIN
SET

Sort (actual rows=200000.00 loops=1)

Sort Key: last_name, first_name, email

Sort Method: quicksort Memory: 20629kB

-> Seq Scan on customers (actual rows=200000.00 loops=1)
Planning Time: 0.023 ms
Execution Time: 354.272 ms

COMMIT

AZKHIH 8.4 MvAun yia Tov péAo Twv avagopwv

DdT1age pONO reports pe login kal 0p1oe work_mem 128 MB yia avtov. Aei€e amd vea obvdeon wg reports TNV
TIUT) TOV work_mem KA TNV JINYT) TNG.

ANAMENOMENO ATMOTEAEZMA

CREATE ROLE
ALTER ROLE

setting | unit | source
131072 | kB | user
(1 row)
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AzKHzH 8.5 lMooca mpoowpiva apyxeia

Mn&évioe Ta OTATIOTIKA TNG PAONG UE pg_stat_reset (), TPEEE TASIVOUNOT) OA®WV TWV lab.orders KATA total
ue work_mem 4 MB ko 5eie ta temp_files Kt To HEYEOOC TOUG ATTO TO pg_stat_database.

ANAMENOMENO ATMOTEAEZMA

pg_stat_reset

(1 row)

188570
(1 row)

pg_stat_force_next_flush

(1 row)

temp_files | temp_size

2 | 60 MB

(1 row)

AIKHIH 8.6 POpTWON OTN UVAMN

DOPTWOE UE pg_prewarm TO primary key index Tov lab.orders kat 8ei€e mooeg 0eAideg Tov Ppiokovial 0To

shared_buffers.

ANAMENOMENO AMOTEAEZMA

pages_loaded

(1 row)

buffers

5486
(1 row)
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KE®AAAIO 9

WAL, checkpoints kai durability

‘Eva commit Tp€TTel va eTIRIWOEI ATTO MIa TITWOoN peupaTos. H
PostgreSQL dev 10 TTETUXAIVEI YPAPOVTAC KABE aANaypévn oeAida
oToVv QioKO Tn OTIyur Tou commit. ['pA@el pia guvToun TTEPIypaA®Pn
TNG aAAayAc o€ Eva nuePoAdyIo, To write ahead log. Tig o€AidEC TIC
ypagel apyotepa. Auto 1o KepAAaio egnyei 11 ypagetal oto WAL,
TTO00 PEYAAO Byaivel Kal TTOTE Ol GEAIDEC PTAVOUV TEAIKA OTOV
dioko.

O server Tou Ke@aAaiou

TERMINAL

pglab init primary 5501
pglab start primary
pglab data 5501

EZOAOZ

primary: véo cluster oto $LAB/primary, 6Vpa 5501
primary: oe Agitovpyia otn 8vVpa 5501
0Vpa 5501: n Bdon sqlbook eivat €toiun

MpwTta TO NUEPOASYIO

'Otav &va UPDATE aAGder ua ypapur), 1 PostgreSQL aAAadel ) 0eAMda 0To shared_buffers Kol TpoobeTet
a eyypagn oto WAL sov meptypaget v adlayr. H oeAida péver ot pviun wg dirty kat 6a
ypa@tel atov Sioko kamoa otiyur apyotepa. Xto commit 1 PostgreSQL mepipéver povo eva mpayua,
va @TAcoLvV 0ToV S10K0 01 eyypapeg tov WAL péypt kat TNy €yypaPr) Tov commit.

AvTo eivan ypnyopotepo yia 500 Aoyovg. To WAL ypagetanl 0E1p1aKA, 0TO TEAOG EVOG APYEIOV, EVM O1
oeAideg eivar oxoprtieg oe 0o tov Sioko. Kat pia eyypapn WAL eivan ouvnBwg pepikeg Sexadeg bytes,
evo pa oeAiba eivar 8 KB. Av o server mtéoel, To recovery tov ke@aiaiov 6 Eavaraidel to WAL kat
pepvel kaBe oeMda 0TV KATACTAOT) IOV €iXE UETA TO TEAELTAIO commit.
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[ UPDATE ... COMMIT

/I C——

(

o€Aida oT1o shared_buffers

yiverai dirty
v
. gyypaen WAL
apyareed flush oto commit
A 4 e e l _____________
| 1
checkpoint ! recovery JETA a1ré TITWON :
ypa®ei Tig dirty ogAideg : Eavarraigel To WAL atré 1o checkpoint ,

S T

A 4

apxeia mVAKwY

2xnua 9.1 - To commit Trepipéver pévo 1o WAL. O1 aeAideg pTdvouv aTta apxeia pe 1o checkpoint kai HeTa atd TTwaon 10
recovery avatraifel To WAL o116 10 TeAeuTaio checkpoint.

KabBe B¢on oto WAL &xet pua S1evbuvon, 1o LSN, log sequence number. Eivan évag ap1Buog mov
LEYOAMVEL TAVTA KAl YpAPeTal wg 600 Sekaefadikd ywplouéva pe kabeto.

sQL

SELECT pg_current_wal_lsn() AS 1sn,
pg_walfile_name(pg_current_wal_lsn()) AS file;

ANMOTEAEZMA

lsn | file

0/1CF3730 | 000000010000000000000001
(1 row)

To WAL eivan xwpilopévo oe apyeia twv 16 MB, ta segments, 0tov (pAkeAo pg_wal. To dvoua kabe
apyetov Pyaiver amo to LSN.
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TERMINAL

1s "$LAB/primary/pg_wal"

E=OAOX

000000010000000000000001
archive_status
summaries

O akelog archive_status XpTNOlUeVEL 0To archiving Tov Ke@AAAiov 13 Kol 0 summaries 0TA incremental
backups tov kepaiaiov 15.

Tiypagel éva INSERT

H enéxtaon pg_walinspect Stafader to WAL astd SQL. Kpatape to LSN mpv kat petd amo va pukpo
transaction kau {ntape Tig eyypaég avapeoda. To \gset Tov psql ammoBnkevel Tig oTHAeg evog
QITOTEAEOLATOG 08 LETAPANTES TOV Psql, TOL YPNOUOTOIOVVTAL PETA WG : ' 6vopa’.

PSQL

CREATE EXTENSION pg_walinspect;
CREATE TABLE notes (id integer PRIMARY KEY, body text);
CHECKPOINT;

SELECT pg_current_wal_1sn() AS before \gset
INSERT INTO notes VALUES (1, 'mpwtn onpeiwon');
SELECT pg_current_wal_lsn() AS after \gset

SELECT resource_manager, record_type, record_length, fpi_length, description
FROM pg_get_wal_records_info(:'before', :'after');
AMOTEAEZMA

CREATE EXTENSION
CREATE TABLE

CHECKPOINT

INSERT 0 1

resource_manager | record_type | record_length | fpi_length | description
XLOG | FPI_FOR_HINT | 3169 | 3120 | @

XLOG | FPI_FOR_HINT | 4973 | 4924 | o

XLOG | FPI_FOR_HINT | 3629 | 3580 | o

XLOG | FPI_FOR_HINT | 2357 | 2308 | @

Heap | INSERT+INIT | 87 | 0 | off: 1, flags: 0x00
Btree | NEWROOT | 90 | 0 | level: 0

Btree | INSERT_LEAF | 64 | 0 | off: 1
(Transagtion | COMMIT [ 34 | 0 | 2026-09-28 09:47:15.35412+03
8 rows

O1 té00epig TeAevTaieg eyypageg eivat to 1610 to INSERT. Mia oto heap pe ) ypauurn, Sto oto B-tree tov
primary key, mmov HOAIG QITEKTNOE TNV TIPMTN TOL 0eAIda Kat TV mp® TN Tov Tiun. H tedevtaia eivatl to
commit. Ot t€ooepig mpwTeg elvar 0AOKANpeg oeAideg. H oTiAn fpi_length eival To peyebog avtmv twv
full page images ka1 6¢Ael e€nynon.
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Full page writes

O Siokog Sev eyyvatal 0t pia oeAida twv 8 KB ypagetal oAdkAnpn 1) kabolov. Av to pedua kosel o
LEQDT), LITOPEL VAL LETVEL LIOT) TTAALA KAt pion) vea, pia torn page. To WAL meptypagpet aAhayeg, Oxt
0AOKAN peg oeAideg. Mia adayn Sev pitopel va epapprootel mavm oe oeA8a tov etval aypnot.

I'U avto n partn adhayr) kdbe oeAidag petd amod kabe checkpoint ypagel 0to WAL oAdOkANpn
oeMida. 'Ooeg aAlayég akohovBolv otny i81a oeAida péypt to emtdpevo checkpoint ypagovv povo tnv
TepLypagpr) Tovg. 1o recovery n PostgreSQL Eexiva amd v eikova g oeAidag kat epapuodet Tig
aMayEg TAVE NG,

O1 eyypa@ég FPI_FOR_HINT elvan pia e181kn) mepintwon. ‘Otav n PostgreSQL Srafdader pa ypappr) ko
paBaivel 6T to transaction sov v £ypawe Ekave commit, onueiovel otn ypauur éva hint bit, yia va
un xpelaoTel va to Wa&el Eava. Me evepyd checksums, akoun kat avt n pkprn aAlayrn aAAadel to
checksum g oeAidag, omtoTe N oeAida ypag@etal ohokAnpn oto WAL av eivatl n mp®Tn g arayr) Hetd
asto checkpoint. ESo 1)tav oeAideg Tov katahoyov mov S1aface to INSERT. TO CHECKPOINT AlyO JIptv €kave
OAEG TIG 0EAIOEG «TIPWTES».

H Sragpopa gaivetar kabBapd dtav aradelg toAMEG ypapueg do popeg ot oglpd.
PsaL

CREATE TABLE wal_demo AS
SELECT n AS id, repeat('x', 100) AS pad FROM generate_series(1l, 100000) AS n;
CHECKPOINT;

SELECT pg_current_wal_lsn() AS a \gset
UPDATE wal_demo SET pad = repeat('y', 100) WHERE id <= 20000;
SELECT pg_current_wal_lsn() AS b \gset
UPDATE wal_demo SET pad = repeat('z', 100) WHERE id <= 20000;
SELECT pg_current_wal_lsn() AS c \gset

')) AS first_update,

SELECT pg_size_pretty(pg_wal_lsn_diff(:'b', a
C :'b')) AS second_update;

pg_size_pretty(pg_wal_lsn_diff(:"

SELECT 'first' AS pass, sum(count) AS records,
pg_size_pretty(sum(record_size)) AS records_size,
pg_size pretty(sum(fpl size)) AS page_images
FROM pg_get_wal_stats(: :'b")
UNION ALL
SELECT 'second', sum(count), P9_ size_pretty(sum(record_size)), pg_size_pretty(sum(fpi_size))
FROM pg_get_wal_stats(: ')

ANMOTEAEZMA

SELECT 100000
CHECKPOINT
UPDATE 20000
UPDATE 20000
first_update | second_update

18 MB | 4761 kB
(1 row)

pass | records | records_size | page_images
first | 41733 | 4634 kB | 13 MB
second | 40346 | 4608 kB | @ bytes
(2 rows)
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To 1810 UPDATE €ypawe moMamAdolo WAL tnv tpotn (popd. Ot eyypapeg Tmv aAAay®v Exouv axedov to
1610 péyebog kar ota Svo. H Srapopd eivar akpiPmg o1 e1koveg twv oeAibwv. 'O0o 1m0 ouyva yivoviat
checkpoints, 1000 10 cLYVa KAOe oeAiba yiveTan Eava «TTPaTN» Katl TO00 meplocotepo WAL ypagel o
server ya v i6ia SovAeid.

O1 e1koveg 0eAidwv ovpmedovral kaAd. Me wal_compression 1) PostgreSQL Tig oupmedet mpv Tig ypawet.
PsaL

ALTER SYSTEM SET wal_compression = 1z4;
SELECT pg_reload_conf();

SELECT pg_sleep(1);

CHECKPOINT;

SELECT pg_current_wal_lsn() AS a \gset
UPDATE wal_demo SET pad = repeat('w', 100) WHERE id <= 20000;
SELECT pg_current_wal_lsn() AS b \gset

SELECT pg_size_pretty(pg_wal_lsn_diff(:'b', :'a')) AS compressed_first_update,
pg_size_pretty(sum(fpi_size)) AS page_images
FROM pg_get_wal_stats(:'a', :'b');

AMOTEAEZMA

ALTER SYSTEM
pg_reload_conf

t
(1 row)

pg_sleep

(1 row)

CHECKPOINT
UPDATE 20000
compressed_first_update | page_images

5349 kB | 550 kB
(1 row)

O1 elkdveg oeAidwv eneoav and apketd MB oe pepikég ekatovtadeg KB. To kootog eivat Aiyn CPU. Ze
servers i€ replication, 6stov o WAL ta&i8evel oto Siktuo kat amofnkevetan ota backups, To
wal_compression a&i¢el oxedov mavta. H tiun 1z4 vitapyet povo av n PostgreSQL ytiotke pe 124, 0mwg
oxedOV OAA Ta TTaKETA. AMIKOG VITAPYEL TO pglz, TTO APYO.

Checkpoints

'Eva checkpoint ypaget otov 6ioko 0Aeg Tig dirty 0eAiSeg Tov shared_buffers kal onueimvel 0to WAL
oTL uéyp1 avtod 1o LSN oAa etvan otov 6ioko. MeTa asmod mtwoT), T recovery SEKIvA amd 1o TEAEVTAIo
checkpoint kat oyt asto v apyr) tov xpovov. Kat ta segments tov WAL mptv asd avto Sev yperalovtat
A, OTTOTE AVAKVKAWMVOVTAL.

'Eva checkpoint Eexiva yia évav amd §o Adyoug. ITEpACE TO checkpoint_timeout, 5 AETTTA ATTO
TPOETAOYN, 1] YPAPTNKE T000 WAL Q10 TO 7TPONYOUUEVO OOTE VA TTANGIALEL TO max_wal_size, 1 GB amd
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nipoermhoyn. O TpwTog AOYog eival 0 puoloAoykog. O SedTepog onpaivel OTL 0 Server ypaget
EPLO0OTEPO AT’ OO0 TTPOPAEYaE.

To view pg_stat_checkpointer HETPA TA SVO £161. To num_timed elvan checkpoints Adyw ypovov kat to
num_requested OAQL TAL LITOAOTA, HAdl LE 00 {TNOE KATO10G LLE TNV EVTOAT) CHECKPOINT.

saL

SELECT num_timed, num_requested, buffers_written
FROM pg_stat_checkpointer;

AMOTEAEZMA

num_timed | num_requested | buffers_written

0 | 3 5278
(1 row)

Ag Sovpe T ylvetau pe oD Hikpo max_wal_size. TO pgbench, EVa PYAAEI0 (POPTOL TTOV EPYETAL IUE TNV
PostgreSQL, pTiayvel toug 81kolg TOV TVAKEG HEe TO -i. ME -s 5 0 pgbench_accounts €X€1 500.000
YPAUUEG. MeTd aAAddovpe OAEG TIC YPAUUES TPELS (POPEC.

TERMINAL

psql —c "ALTER SYSTEM SET max_wal_size = '64MB'" —c "SELECT pg_reload_conf()"
pgbench -i -s 5 —-q >/dev/null 2>&1
for 1 in 1 2 3; do
psql —q —-c "UPDATE pgbench_accounts SET abalance = abalance + 1"
done
grep ‘'checkpoint starting' "$LAB/primary.log" | tail -n 2
grep —-E 'too frequently|HINT' "$LAB/primary.log" | tail -n 2

E=OAOX

ALTER SYSTEM
pg_reload_conf

2026-09-28 09:47:22.096 EEST
2026-09-28 09:47:22.421 EEST
2026-09-28 09:47:22.421 EEST
2026-09-28 09:47:22.421 EEST

76680] LOG: checkpoint starting: wal
76680] LOG: checkpoint starting: wal
76680] LOG: checkpoints are occurring too frequently (@ seconds apart)

766801 HINT: Consider increasing the configuration parameter "max_wal_size".

Ta checkpoints Eekivovv pe artia wal ka1 PostgreSQL stpogiSomotet 0Tt yivovtal IoAD ouyva, Ue
VITOSEIEN VA LEYOADOELG TO max_wal_size. OTaV Ta de1g 0€ eva mpaypatiko log, avto kavelg.

saQL

SELECT num_timed, num_requested, buffers_written
FROM pg_stat_checkpointer;
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ANMOTEAEZMA

num_timed | num_requested | buffers_written

0 | 21 | 70692
(1 row)

"Eva checkpoint dev ypagpet dheg Tig oeAideg padi. Tig amAmvel 0To 90% TOL ¥POVOL (C TO ETTOLEVO
npoypappatiopevo checkpoint, dstwg opilel To checkpoint_completion_target, Y1QL VO UT) YOVATIOEL O
Silokog. EvBiapeoa o background writer ypagpet pepikég dirty oehideg tov Oa xperaotovv ovvtoua,
WOTe &va query tov Payvel eAetBepo buffer va un xpelaotel va ypawet 1o i610.

To log ypapet yia kdBe checkpoint mooeg oeAideg eypawe kat oco kpatnoe. H phOuion tog_checkpoints
£lvat evepyr) aIto TPOETTAOYT).

TERMINAL

grep 'checkpoint complete' "$LAB/primary.log" | tail -n 1

E=OAOX

2026-09-28 09:47:22.421 EEST [76680] LOG: checkpoint complete: wrote 2527 buffers
(15.4%), wrote @ SLRU buffers; @ WAL file(s) added, 1 removed, 1 recycled; write=0.313
s, sync=0.008 s, total=0.326 s; sync files=3, longest=0.007 s, average=0.003 s;
distance=30577 kB, estimate=38796 kB; lsn=0/2718FEB8, redo 1sn=0/250DB1C8

ZHMEIQZH

O kavévag yia TO max_wal_size €ival ammAOG. BAAe To apkeTd peydAo waTe axeddv OAa Ta checkpoints va givai
timed. O XWPOG TOU pg_wal UTTOPEI VA GTACEI WG AUTO TO YEYEBOG, OTTOTE O BIOKOG TTPETTEI VO TOV EXEL.
MeyaAuTepo didaTnua avaueoa ata checkpoints anuaivel Aiyotepa full page images, aAAG peyaAUTepo recovery
METE atrd TITWan, agou utrdpxel TeploadTepo WAL yia EavaTraigipo.

Néoco aoc@alég eival Eva commit

Tperg pubuioelg aladovv v eyyvnorn mov meptypaypape. O1 8o dev mpemel va Tig ayyi&elg mote ot
production.

PUBpion Ti kavel étav gival off T xaveig o€ TITwaon

fsync o server dgv {nNTA TTOTE OTTO TO iowg oAOkANnpo TO cluster, ammd aAAoiwpéva
AeIToupyiké va ypayel aTov dedopéva
dioko

full_page_writes Kapia eikova oeAidag oto WAL aelideg TTou dev dlopBuwvovTal HETG aTTd torn write

synchronous_commit TO commit ETTIOTPEPEI TTPIV Ta commits Twv TEAEUTAIWY KAQOUATWY TOU
ypa@Ttei To WAL oTov dioko OEUTEPOAETTTOU

To synchronous_commit = off elval StapopeTikd amd Ta AAAa Svo. Aev aAAOIOVEL TITTOTA. TE LA TTOOT)
XAvVovVTal HEPTKA ITO TA TEAELTALN commits, w¢ TPEIS POPES TO wal_writer_delay, ONAadn Atydtepo amod
gva Sevtepoiernto. H faon pével ouvenng, oav va unv Eywvav mote. Mopelg va to opiloeig yia &va
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transaction pe set LocAL. 'Eva log emoképewv 1 éva event analytics ptopel va 1o aveytel, pia Anpwpun
oxL.

SQL

BEGIN;

SET LOCAL synchronous_commit = off;

INSERT INTO events (customer_id, kind, occurred_at) VALUES (1, 'view', now());
COMMIT;

AMOTEAEZMA

BEGIN

SET

INSERT 0 1
COMMIT

MATIAA

>e macOS 10 fsync BEV AvayKAlel Tov BiOKO va adeIdOEl TNV ECWTEPIKK) Tou cache, ommoTe o€ laptop éva commit
gival ypriyopo pe otroia puBuion Ki av SoKIPNACEIG. Z€ €va Linux server pue Kavovikoug diokoug To
synchronous_commit = off TTOAATTAQCIAEl Ta commits avd deutepoAeTtTo. Mn Byddeig cupTTepdoUaTA VIA
atrodoon commit atmd To laptop cou.

Mivakeg xwpic WAL

'Evag unlogged mivakag dev ypaget kaBoAov WAL. Ot eyypag£g Tov givat ToAD 7110 ypriyopeg, aAAd
UETA QIO TTTOOT) O Server dev UItopel va EEPetL av elval ouverrg, omtote tov adeladel. OUTe mepva oe
replicas. Eival yia eSopéva mov pmopeig va Eavapmagelg, 0mmg Evav mivaka Jov popTmVELS ATt0
apyeio mpv Tov enelepyaoTeis.

PSQL

CREATE UNLOGGED TABLE staging AS SELECT n FROM generate_series(1, 100000) AS n;

SELECT pg_current_wal_lsn() AS a \gset

INSERT INTO staging SELECT n FROM generate_series(1l, 100000) AS n;

SELECT pg_current_wal_lsn() AS b \gset

INSERT INTO wal_demo SELECT n, 'x' FROM generate_series(100001, 200000) AS n;
SELECT pg_current_wal_lsn() AS c \gset

SELECT pg_size_pretty(pg_wal_lsn_diff(:'b"', a')) AS unlogged_insert,
pg_size_pretty(pg_wal_lsn_diff(:'c', :'b')) AS logged_insert;

SELECT count(*) AS staging_rows FROM staging;
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ANMOTEAEZMA

SELECT 100000

INSERT 0 100000

INSERT 0 100000

unlogged_insert | logged_insert

0 bytes | 6855 kB
(1 row)

staging_rows

200000
(1 row)

To 1810 mA100¢ ypappwv Sev eypaye kabBolov WAL otov unlogged mivaka kat apketa MB otov
KAVOVIKO. Topa TIpOCOUOIWMVOULE TITWOT).

TERMINAL

pg_ctl -D "$LAB/primary" -m immediate stop
pglab start primary
psql —c "SELECT count(x) AS staging_rows FROM staging"

E=OAOZ

waiting for server to shut down.... done
server stopped

primary: oe Agitovpyia otn 8Vpa 5501
staging_rows

O mivakag vmapyel akoun, adelog. "Eva kavoviko otapatua Ba tov kpatovoe akeépalo. Movo wa
TwoT Tov adeladet.

KPATA AYTO

KaBe aAayr ypagetal Tpwta oto WAL kal To commit epiyével pévo 1o WAL. H 8éon oto WAL €ival To LSN
KOl TO pg_walinspect O€iXVEl TIG eyypa®ég. H mpwtn aAlayr) k&Oe oeAidag petd ammd checkpoint ypdger oAdkAnpn
Tn o€hida, o1roTe Ta oUXVA checkpoints @ouokwvouv To WAL Kal TO wal_compression TO MIKPaiVel. Ta checkpoints
TIPETTEN VA Eival OXEOOV OAA timed, OANIWG HEYOAWVEIG TO max_wal_size. TO fsync KOI TO full_page_writes HEVOUV
TrévTa on. To synchronous_commit = off XAVEI TA TEAEUTAIA commits xwpig va aAAoiwael dedopéva. O1 unlogged
TTVAKEG adeIGlouV PETA OTTO TITWON.

AOKROEIg

AzZKHzIH 9.1 To WAL gvog index

Metpnoe tooco WAL ypagel nj Snuiovpyia evog index oto pgbench_accounts(abalance).

ANAMENOMENO AMOTEAEZMA

16 MB
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AZKH:IH 9.2 O1 gyypa@ég evog UPDATE

Me pg_walinspect &ei€e Tig eyypagpég WAL 7tov ypA@eL £val UPDATE TOV body TNG ONUEI®OTC 1 OTOV TTivaKa
notes, |1€ TOV resource manager, Tov TOII0 KAl TO UNKOG TOUG.

ANAMENOMENO ATMOTEAEZMA

resource_manager record_type record_length

I I

XLOG | FPI_FOR_HINT | 129
I I
I I

Heap HOT_UPDATE 87
Transaction COMMIT 34
(3 rows)

AZKH:IH 9.3 Toa apxeia Tou pg_wal

Agi€e o Gvopa Tov TpEXOVTOG segment KAl HETPNOE TOOA Apyeia segments VITAPYOVV OTO pg_wal TOV

primary.

ANAMENOMENO ATMOTEAEZMA

000000010000000000000028
4

AzKH:H 9.4 Checkpoint pe 10 Xépi
K&ve cHECKPOINT kat Oei€e artd TO pg_stat_checkpointer TS AAAEAV TA num_requested KA1 num_done.

ANAMENOMENO ATMOTEAEZMA

num_requested | num_done

1] 1
(1 row)
CHECKPOINT

pg_stat_clear_snapshot

(1 row)

num_requested num_done

2
(1 row)
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AzkHzH 9.5 Unlogged o€ logged

MetaTtpeye TOV MVAKA staging € KAVOVIKO UE ALTER TABLE ... SET LOGGED, A(pOU TTPp@TA BAAELS 100.000
ypaupeg. Metpnoe moco WAL eypawe 1 LeTATPOTT.

ANAMENOMENO ATMOTEAEZMA

6318 kB
p

AZKH:IH 9.6 Commit xwpig avapovn

Meéoa oe eva transaction 0p10e synchronous_commit O€ of f LOVO y1a AUTO TO transaction, 5ele Tnv Tun kot
nipdoBeoe éva event. Agife v Tiun Lava petd to commit.

ANAMENOMENO AMOTEAEZMA
BEGIN
SET

synchronous_commit

off
(1 row)

INSERT 0 1
COMMIT

synchronous_commit

on
(1 row)
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KE®AAAIO 10

Autovacuum o€ 3a0og

2TOV TTPWTO TOPO €idAUE OTI KAOE UPDATE KQI DELETE QQIVEI VEKPEG
ekOOOEIC YpauUwWY Kal OTI To vAacuum TIG KaBapilel. O autovacuum 10
Kavel autopata. Edw BAETToupe TTéTE attopaacidel va TPEEEL, TTWE TO
pUBWICeIC yIa TTIVOKEG TTOU OEV TAIPIALOUV OTIC TTPOETTIAOYEG, TI TOV
eUTTOOICEI KQI YIATI £va VACUUM TTOU OEV TPEXEI TTOTE UTTOPEI va
oTapaTtioel OAOKANPEN TN Baon.

O server Tou Ke@aAaiou

Extog amo ta Sedouéva tov BiAIov (popT®mVouUE KAl TOUE TIVAKES TOU pgbench. O autovacuum eAgyyet
kaOe Baon kabe Aemttod, 0mwg 0pidel TO autovacuum_naptime. I va PNV TTEPIUEVOVLLE, OTO EPYATTIPLO TOV
Badovpe va eAéyyel kaBe Sevtepolemnto. Zntape emiong va ypagel oto log kabe extéleon Tov.

TERMINAL

pglab init primary 5501

pglab start primary

pglab data 5501

pgbench -i -s 5 —-q >/dev/null 2>&1

psql —q —c "ALTER SYSTEM SET autovacuum_naptime = '1s'" \
—c "ALTER SYSTEM SET log_autovacuum_min_duration = @" \
—c "SELECT pg_reload_conf()"

EZOAOX

primary: véo cluster oto $LAB/primary, 6vpa 5501
primary: o€ Agitouvpyia otn OVpa 5501

0Vpa 5501: n Bdon sqlbook eivat €toiun
pg_reload_conf

t
(1 row)

MoéTe Tpéxel

O autovacuum TPEYEL VACUUM O€ £VAV TTIVAKA OTAV 01 VEKPEG YPAUUES TOV Eemepaaovy éva op1o. To oplo
£xel eva otabepod LEPOG KAl EVA AVAAOYIKO.

ANMOTEAEZMA

6p1o = autovacuum_vacuum_threshold + autovacuum_vacuum_scale_factor x ypauuécg
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Me T1¢ poemAoyeg, 50 KAl 0,2, EVag TVAKAG 500.000 YPAUUGOV XPELAZETAL 100.050 VEKPES YPALLUES.
T Tal INSERT DTTAPYEL XWPLOTO OP1O LIE TA autovacuum_vacuum_insert_k, MOTE KA TIVAKEG TTOV LOVO
UEYOADMVOLY VA TTEPVOUV QIO VACUUM KA1 VAL TTAYMVOLVY O1 YPAUUES TOVE, KATL 7tov Ba Sovue mapakdto.
T To ANALYZE TO OP10 £XEL TA autovacuum_analyze_x, 50 KA1 O,1.

To query stov akohovBel vitoAoyidel yia kaBe mivaka TOoeg VEKPES YPALLEG EXEL KAL TTOOEG XPELAJOVTAL
yia 1o emopevo autovacuum. To current_setting EMIOTPEPEL TNV TIUT UG pUOUIOTC WG KEIUEVO.

SQL

SELECT relname, n_live_tup, n_dead_tup,
current_setting('autovacuum_vacuum_threshold')::integer
+ current_setting('autovacuum_vacuum_scale_factor')::numeric *x n_live_tup
AS vacuum_at
FROM pg_stat_user_tables
WHERE relname LIKE 'pgbench%'
ORDER BY relname;

AMOTEAEZMA
relname | n_live_tup | n_dead_tup | vacuum_at
pgbench_accounts | 500000 | 0 | 100050.0
pgbench_branches | 5 | 0 | 51.0
pgbench_history | 0 | 0 | 50.0
pgbench_tellers | 50 | 0 | 60.0

(4 rows)

AM\alove 150.000 Aoyapracuovg. Eivat teptocotepot amd 1o 0p1o, 0mt0Te HEoa o€ £va SeVTEPOAETTO O
autovacuum Ba Eumvnoet.

TERMINAL
psql —c "UPDATE pgbench_accounts SET abalance = 1 WHERE aid <= 150000"
sleep 5

E=0AOS

UPDATE 150000

saQL

SELECT relname, n_dead_tup, last_autovacuum IS NOT NULL AS vacuumed,
autovacuum_count, autoanalyze_count
FROM pg_stat_user_tables

WHERE relname = 'pgbench_accounts';
AMOTEAEZMA
relname | n_dead_tup | vacuumed | autovacuum_count | autoanalyze_count
pgbench_accounts | 0|t | 1 | 1
(1 row)
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Ot vekpég ypappeg kaBapiotnkav. TpeEapie kal ANALYZE, a@ov AANAEQY TTEPIOCOTEPES ATTO TO 10% T®V
ypauuav. To log ypagetl 1 akpifmg Ekave.

TERMINAL

grep —-A 12 ‘'automatic vacuum of table "sqglbook.public.pgbench_accounts"' \
"$LAB/primary.log" | head -n 13

EZOAOX

2026-09-28 09:47:27.576 EEST [76983] LOG: automatic vacuum of table "sqlbook.public.pgbench_accounts":
index scans: 1

pages: @ removed, 10656 remain, 4920 scanned (46.17% of total), @ eagerly scanned

tuples: 150000 removed, 499988 remain, @ are dead but not yet removable

removable cutoff: 836, which was @ XIDs old when operation ended

new relfrozenxid: 831, which is 5 XIDs ahead of previous value

frozen: @ pages from table (0.00% of total) had @ tuples frozen

visibility map: 4920 pages set all-visible, 2460 pages set all-frozen (0 were all-visible)

index scan needed: 2460 pages from table (23.09% of total) had 150000 dead item identifiers removed

index "pgbench_accounts_pkey": pages: 1786 in total, @ newly deleted, @ currently deleted, @ reusable

avg read rate: 32.501 MB/s, avg write rate: 0.034 MB/s

buffer usage: 13168 hits, 958 reads, 1 dirtied

WAL usage: 10663 records, 1 full page images, 1908390 bytes, @ buffers full

system usage: CPU: user: 0.05 s, system: 0.00 s, elapsed: 0.23 s

O ypapupeg mtov a€idel va dtapaderg etvan AMyeg. To pages Aéel mOoeg oehideg odpwoe. To vAcuuM Sev
Srafader oAOKANpo ToV Tivaka, pLovo Tig oeAideg mov dev eivar onuewwpéveg oto visibility map wg all
visible, SnAadn oeAiSeg 670V OAEG 01 YpaUUES elval 0paTEG 0 OAOUG. TO tuples AEEL TOOEG VEKPEG
YPAUUES APAIPETE KAl TTOOEG T)TAV VEKPES AAAA Oev pitopovoav va agatpebolv. To index scan Agel OTL
EPAOE KAl aTo Ta indexes yla va ofnoel toug SelkTeg mpog TIG YPAULES TTOV APAIPETE.

Mivakeg TToU deV TAIPIAJOUV OTIG TTPOETTIAOYEG

To 20% elval Aoyiko yia Evav mivaka YyIMAadwv ypapuov. Ia évav sivaka 500 ekatoppvpiov onuaivet
100 EKATOUUVPIA VEKPES YPAUUES TIPLV QITO TO TIPMTO VACUUM, EVAG TEPACTIOS TTIVAKAG LLE XIA1ASES
(POVOKWUEVEG 0eABeg Kat va VACUUM Ttov kpatd wpeg. H PostgreSQL 18 £fale éva avotato 0p1o, To
autovacuum_vacuum_max_threshold, 100 EKATOUUVPIA QITTO TIPOETAOYT), AAA Y1a TTOAAOVG THIVAKEG elval
AKOUN TTOAD.

O1 puBuioeig Tov autovacuum opidovtal kat ava mivaka, wg storage parameters.
saL

ALTER TABLE pgbench_accounts SET (
autovacuum_vacuum_scale_factor = 0.01,
autovacuum_vacuum_threshold = 1000

SELECT relname, reloptions FROM pg_class WHERE relname = 'pgbench_accounts';

ANMOTEAEZMA

ALTER TABLE

relname | reloptions

pgbench_accounts | {fillfactor=100,autovacuum_vacuum_scale_factor=0.01,autovacuum_vacuum_threshold=1000}
(1 row)
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Twpa 1o 6p10 eival 1.000 oLV 1% TV Ypaup®v, SnAadn 6.000. O autovacuum Oa tpeyel mo ouyva,
oA kKABe popa pe Atyotepn SovAeld. T'a sivakeg mov S&xovTat TOAAA UPDATE, OTIWS OVPEC EPYATIMV 1)
UETPNTEG, AUTH elval oxedOV TAvTa 1) 0WOoTN Katevbvvor).

To avtifeto omavia xperdetal. Me autovacuum_enabled = false OTALATAG TOV autovacuum yia evay

Jivaka, KATL tov Sev mpémel va peivel £1ol. Akoun kat tote o autovacuum Oa tpeel yia va amotpeyet
wraparound, 6stwg Oa Sovpe.

Néoo ypriyopa douAeuel

O autovacuum eival okomua apyog, yia va unyv avraywvidetal v epappoyn. Kabe oeAida mov
Srafader n Aepavetl kootidel povadeg. 'Otav padewel 6oeg opiel To vacuum_cost_limit, 200 QIO
TPOETNAOYT, KOIUATAL Y1a autovacuum_vacuum_cost_delay, 2 mS a0 TPOEMAOYT). Me TIg poemAoyeg Eva
worker Srafadetl asmmo tov §ioko To oA pepikeg Sekadeg MB 1o SevtepoAemnto. Xe evav oUyYpovo server
pe SSD kau mivakeg ekatovtadwv GB avto eiva Atyo.

Y7rdpyovv emiong to 7oAD autovacuum_max_workers WOTKers Tavtoxpova, 3 oo mpoemiAoyT], Y OAEG TIG
Baoeig Tov server. To 0p10 KOGTOVG HOIPALETAL AVAUETA TOVG. AV €XEIG TTOANOVG LEYAAOUG TTIVAKES KAl
01 VEKPEG YPALLEG LEYAADVOUV EVQD 0 autovacuum TpEXEL CLVEYELN, AVERALELS TO vacuum_cost_limit O€
1.000 ﬁ 2.000 kot iowg ta workers. Ao ™mv E'ZKSOOT] 18 10 autovacuum_max_workers (1}\}\61@81 ue reload,
UEXPL TOV AP1OUO TOV autovacuum_worker_slots.

Ti1 gptrodifel o VACUUM

Mua vekpr) ypauur agaipeital povo otav kaveva transaction dev pmopet ma va ) Sei. 'Eva transaction
mov Eekivnoe mpv mebavel n ypauur propet va t det, 0mote 000 eival avoryto 1 ypauun Hevel. Ag To
Sovpe. H ovvebpia B avoiyel £va transaction og REPEATABLE READ KAt S1aAdel KATL, 0TTOTE KPATA Eva
snapshot.

SQL - XYNEAPIAB

BEGIN ISOLATION LEVEL REPEATABLE READ;
SELECT count(x) FROM pgbench_branches;

AMOTEAEZMA - YNEAPIAB

BEGIN

H ovvedpia A adadet 6Aovg Toug tellers kat TPEYEL VACUUM LE VERBOSE, IOV TUTIGVEL O, TL YPAPEL O
autovacuum oto log.

SQL - ZYNEAPIA A

UPDATE pgbench_tellers SET tbalance = tbalance + 1;
VACUUM (VERBOSE) pgbench_tellers;
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ANOTEAEZMA - XYNEAPIA A

UPDATE 50

INFO: vacuuming "sqlbook.public.pgbench_tellers"

INFO: finished vacuuming "sqlbook.public.pgbench_tellers": index scans: 0

pages: @ removed, 1 remain, 1 scanned (100.00% of total), @ eagerly scanned

tuples: @ removed, 100 remain, 50 are dead but not yet removable

removable cutoff: 852, which was 1 XIDs old when operation ended

new relfrozenxid: 852, which is 27 XIDs ahead of previous value

frozen: @ pages from table (0.00% of total) had @ tuples frozen

visibility map: @ pages set all-visible, @ pages set all-frozen (@ were all-visible)
index scan not needed: @ pages from table (0.00% of total) had @ dead item identifiers removed
avg read rate: 0.000 MB/s, avg write rate: 0.000 MB/s

buffer usage: 23 hits, @ reads, 0 dirtied

WAL usage: 1 records, @ full page images, 299 bytes, @ buffers full

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s

VACUUM

O150 V8Kpég ypaupég elval dead but not yet removable. TO removable cutoff €lval TO J[(l}\al(')TSpO
transaction sov BA&mel axoun kammolog kat Agel mooa transactions mow Bploketal.

Ye production auTod gival To 710 oUXVO TPOPANUA e TO VACUUM. M1a oUvEeoT PEVEL idle in transaction Yld
Wpeg Kal ae OAn TN Baomn, Oyt Lovo oTovg mivakeg mov Sidfaoce, kapia vekpn ypauun dev apaipeitat. To
backend_xmin TOV pg_stat_activity Oelyvel mola ovvdeon kpatd mow tov opidovia. H ouvaptmon age Aéel
mooa transactions mow eivat.

SQL - ZYNEAPIA A

SELECT pid, state, age(backend_xmin) AS xmin_age, left(query, 40) AS query
FROM pg_stat_activity

WHERE backend_xmin IS NOT NULL AND pid <> pg_backend_pid()

ORDER BY age(backend_xmin) DESC;

AMOTEAEZMA - ZYNEAPIA A

pid | state | xmin_age | query
77041 | idle in transaction | 1 | SELECT count(x) FROM pgbench_branches
(1 row)

H ouvvedpla B eivat idle in transaction KAl TO TEAELTAIO TNG qUETY T)TAV TO SELECT IOV 7N)pe To snapshot.
MONG KAEIOEL, TO ETOUEVO VACUUM QLPALPET TIG YPALLUEG.

SQL - ZYNEAPIAB

COMMIT;

ATMOTEAEZMA - XYNEAPIAB

COMMIT

SQL - ZYNEAPIA A

VACUUM (VERBOSE) pgbench_tellers;
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ANOTEAEZMA - XYNEAPIA A

INFO: vacuuming "sqlbook.public.pgbench_tellers"

INFO: finished vacuuming "sqlbook.public.pgbench_tellers": index scans: 0

pages: @ removed, 1 remain, 1 scanned (100.00% of total), @ eagerly scanned

tuples: 50 removed, 50 remain, @ are dead but not yet removable

removable cutoff: 853, which was @ XIDs old when operation ended

frozen: @ pages from table (0.00% of total) had @ tuples frozen

visibility map: 1 pages set all-visible, @ pages set all-frozen (@ were all-visible)
index scan not needed: @ pages from table (0.00% of total) had @ dead item identifiers removed
avg read rate: 0.000 MB/s, avg write rate: 0.000 MB/s

buffer usage: 23 hits, @ reads, 0 dirtied

WAL usage: 3 records, @ full page images, 612 bytes, @ buffers full

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s

VACUUM

Trnv 161a emidpaon €xovv £va replication slot tov Sev katavaiwverat kot £va standby pe
hot_standby_feedback, 710V Ba Sovpe oto ke@ahaio 17, kabwg kal ta prepared transactions. H pvOuion
idle_in_transaction_session_timeout QITOOVLVOEEL OTTOIA OUVSEOT] eivel avolytn oe transaction ywpig va
KAVEL TLTOTA TTEPIOCOTEPO ATTO TOV XPOVO TNG. T LA EPAPLOYT) EVA AETTTO elval yEvVal0dwpo 0p10.

Freeze ka1 wraparound

KaBe transaction sov aAAadel Sedopéva maipvel éva transaction ID, o xid. KaBe ypauun Bvpdtat to
xid ;tov v £ypawe kan 1 PostgreSQL amogpaoidel moteg ypauueg PAEmel éva transaction cuykpivovtag
xids. To xid Opwg etvar apBpog twv 32 bits. Metd ano nepinov 4 Sioekatoppvpla transactions
Eavapyidel ammo Vv apyr Kat ) ovykplon Aertovpyel kukAika. Kabe xid fAemnet 5o Sioekatoppvpla
transactions wg mapeABov kat §Vo wg peEMov.

Av pia ypapur ypa@nke sptv amo meploodtepa atd Svo ditoekatoppdpla transactions, to xid tng 6a
guoade Eapvika pe pueAhov kat 1 ypauur) 0a eEapavidotav. I'’ auTto To VACUUM JTAYMVEL TIC TTAALEG
ypappég. Tig onueinvel wg frozen, stov onpaivel «opatn ge OAOLG yld Tavtar». Ao ekel kat epa to xid
Toug Sev petpaet.

KaBOe mivakag kpatd 0To relfrozenxid TO TAAAOTEPO Xid TTOL HITOPEL VA EXEL AKOUT KATIOLA U
TIAYWUEVT] YPAUUT) TOL Kat KABe PAoT TO EAAY10TO TWV TIIVAKW®YV TNE OTO datfrozenxid. H nAikia avtav
TOV TILQOV EVAL TO IO ONUAVTIKO VOUUEPO TTapakolovOnong pag PostgreSQL.

saQL

SELECT datname, age(datfrozenxid) AS xid_age
FROM pg_database
ORDER BY xid_age DESC;

AMOTEAEZMA
datname | xid_age
postgres | 109
sqlbook | 109
templatel | 109
template0 | 109
(4 rows)

‘Otav &vag mivakag PTAcEL Td 200 EKATOUUVPLA, TO autovacuum_freeze_max_age, O autovacuum TpEyel o€
aUTOV £va VACUUM «to prevent wraparound», akOUn Kt av o iivakag 6ev Exel 0UTE Hid VEKPT] YPALLUT KAl
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aKOUN K1 av 0 autovacuum eival asrevepyosonpevog. AUTO TO VACUUM OAPQOVEL OAO TOV TTIVaKa Kot Sev
otapatd otav kasmolog ¢ntnoet lock. Xe 7oAl peydo mivaka pmopel va kpatnoet mpeg.

MATIAA

Av yia otroiovanTToTe Adyo To freeze dev TTpoAafaivel, yia TTapadelypa eTTeIdN éva Lexaouévo transaction )
replication slot kpatd Tricw TOV opidovTa, N NAIKia cuvexicel va peyaAwvel. Aiyo Trpiv atmod Ta d0o
dioekatoupUpla n PostgreSQL otapard va déxetal véa transactions 1Tou ypd@ouy, yia va TTPOCTOTEWE TA
oedopéva. H Baon yivetal otnv mpdén read only péxpr va Tpéger vacuum. 'Eva alert 4Tav T0 age(datfrozenxid)
gemmepvd Ta 500 ekaTOPPUPIA GE YAITWVEL.

Ag Sovpe mog peyaimver ) nAkia. To pgbench Tpeyel transactions mov ypagovy, ondte kabéva
KatavaAmver eva xid.

TERMINAL

psql -At -c "SELECT age(relfrozenxid) FROM pg_class WHERE relname = 'pgbench_branches
pgbench -n -t 2000 -c 2 2>&1 | grep 'number of transactions actually processed'
psql -At —-c "SELECT age(relfrozenxid) FROM pg_class WHERE relname = 'pgbench_branches'"

EZOAOX

29
number of transactions actually processed: 4000/4000
4029

KaBe transaction tov pgbench kot kafe dAho transaction oe omolovoTote mivaka g faong,
HEYOA®OE TNV NAKIA OADV TV TIVAK®V KATA &va. 'Eva VACUUM (FREEZE) TTAYWVEL OAEG TIC YPAUUES TOV
mivaka kot undevidel oxedov v nAkia tov.

TERMINAL
psql -q -c "VACUUM (FREEZE) pgbench_branches"
psql —At —c "SELECT age(relfrozenxid) FROM pg_class WHERE relname = 'pgbench_branches"'"

EZ0OAOX

NMpbodog evog VACUUM

‘000 TpEXEL Eva VACUUM, gite S1kO 00V elte TOL autovacuum, TO pg_stat_progress_vacuum OELXVEL OE TTO1A
paon Ppioketal ko mooeg aeAideg Exel oapwoet. 'Eva vAcuum og peyaho sivaka Ywpig mpoodo oto
heap_blks_scanned Y1 TOAAT] @pa elval onuadt 0Tt katt to kpatd, ovviBwg eva lock.

SQL

SELECT pid, relid::regclass AS relation, phase,
heap_blks_scanned, heap_blks_total
FROM pg_stat_progress_vacuum;
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ANMOTEAEZMA

pid | relation | phase | heap_blks_scanned | heap_blks_total

(0 ro»lvs)

Edwm eivar ade10, agov kaveva vacuum Sev tpexet avtn ) ottyun. To 1610 query oe évav toAvaoyolo
server Selyvel ta workers tov autovacuum.

KPATA AYTO

O autovacuum Tpéxel a€ évav TTivaka OTav ol VEKPEG YPAUUEG EETTEPACOUV threshold + scale_factor x ypapuéc. a
MEYAAOUG TTIVOKEG KAl TTIVOKEG JE TTOAAG UPDATE XOUNAWVEIG TO scale_factor AVA TTVAKA. TO vacuum_cost_limit OPICEl
TOo0 ypryopa douleuel. Kapia vekpr] ypauun dev agaipeital 600 £va malaidtepo transaction gival avoixto,
OTTOTE TTAPOKOAOUBEIG TO backend_xmin KAl OPICEIG idle_in_transaction_session_timeout. TO freeze TTpooTaTelel AT
10 wraparound TwvV Xids. To age(datfrozenxid) TIPETTEI VO PEVEI TTOAU KATW atrd Ta dUO digekaTouuupla.

Aokioeig

AZKHzIH 10.1 [olol Tivakeg TAnoiddouv 1o 6pio

Ta TOUG TVAKES TOV public UE TOUAAKIOTOV pia vekpr) ypaupur], Sei&e To n_dead_tup KOl TO TTOGOOTO TOV
0plov vacuum s1ou €X0UV PTACEL, UE £va SeKASIKO, XPTOUOTOIMVTAG TIG PUOUICELG TOV Server.

ANAMENOMENO AMOTEAEZMA

relname | n_dead_tup | pct_of_threshold
pgbench_tellers | 65 | 108.3
pgbench_accounts | 3876 | 3.9
(2 rows)

AZKH:H 10.2 PUBmiOn yia Tnv oupd

(I)Tl('lgs JvaKa job_queue (id bigint PRIMARY KEY, payload text) W€ autovacuum_vacuum_scale_factor O KOl
autovacuum_vacuum_threshold 500 Kkatevdelav 0To CREATE TABLE. Asigs TO reloptions TOV.

ANAMENOMENO AMOTEAEZMA

CREATE TABLE

reloptions

{autovacuum_vacuum_scale_factor=0,autovacuum_vacuum_threshold=500}
(1 row)

EKAOZH 1.0 - ZEMTEMBPIOX 2026 100



POSTGRESQL *E PRODUCTION Autovacuum o€ Bda6og

AzZKHzH 10.3 H maAaiétepn ouvdeon o€ transaction

Avoi€e 0TO TAPAOCKI|VIO €va psql TTov Eekva transaction, Siafadet kan epuevel Tpia SevtepoAemta.
'‘Oco mepruével, Seie amd aAAN oUvSeoT TV KATACTAOT) KAl TNV NAKIA TOV backend_xmin KABe aUVEeON G
IOV EXEL.

ANAMENOMENO AMOTEAEZMA

state | xmin_age | query
active | 3 | SELECT pg_sleep(3)
(1 row)

ATZKHZH 10.4 HAIKia avd Trivaka

Agie Toug méEvTe Tivakeg NG PAONE UE TN peyaAlTepT NAKIA relfrozenxid, LOVO TVAKEG KAl O indexes
n views, pad pe to péyebog toug.

ANAMENOMENO ATMOTEAEZMA

table_name | xid_age | size
pg_statistic_ext_data | 4113 | 16 kB
pg_authid | 4113 | 72 kB
pg_foreign_table | 4113 | 16 kB
pg_type | 4113 | 248 kB
pg_user_mapping | 4113 | 24 kB
(5 rows)

AZKHzH 10.5 Freeze kai visibility map

Tpe&e VACUUM (FREEZE, VERBOSE) OTOV pgbench_tellers KOl EVIOTOE 0TV £5080 OOeg 0eAibeg onuelmOnkav
all frozen.

ANAMENOMENO AMOTEAEZMA

INFO: aggressively vacuuming "sqglbook.public.pgbench_tellers"

INFO: finished vacuuming "sqlbook.public.pgbench_tellers": index scans: 0

pages: @ removed, 1 remain, 1 scanned (100.00% of total), @ eagerly scanned

tuples: @ removed, 50 remain, @ are dead but not yet removable

removable cutoff: 4857, which was @ XIDs old when operation ended

new relfrozenxid: 4857, which is 191 XIDs ahead of previous value

frozen: 1 pages from table (100.00% of total) had 50 tuples frozen

visibility map: 0@ pages set all-visible, 1 pages set all-frozen (1 were all-visible)
index scan not needed: @ pages from table (0.00% of total) had @ dead item identifiers removed
avg read rate: 0.000 MB/s, avg write rate: 0.000 MB/s

buffer usage: 23 hits, @ reads, 0 dirtied

WAL usage: 3 records, @ full page images, 526 bytes, @ buffers full

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s

VACUUM
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AZKHZIH 10.6 Autovacuum ovd mrivaka

Agl€e y1a ToVG TVAKEG TOU pgbench TO0EC POPEG ETpee o kabevav autovacuum kot autoanalyze kat
TTOOEG YPAUUES Exovv aAd&et amto To TeAevtaio analyze.

ANAMENOMENO ATMOTEAEZMA

relname | autovacuum_count | autoanalyze_count | n_mod_since_analyze
pgbench_accounts | 1 | 1| 4000
pgbench_branches | 0 | 1 | 0
pgbench_history | 1 | 1| 0
pgbench_tellers | 1 | 1| 50

(4 rows)
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KE®AAAIO 11

NMNapakoAouOnon

Ortav pia epapuoyn apyeEi, N TpwTn €pWTNON €ival TTola queries
apyouv kai 11 Tepiyévouv. H PostgreSQL divel TI¢ atmavTAoeIg aTro
U0 TTNYEG. To log KaTaypdgel yeyovoTa, OTTwG £€va apyo query N
MIa avauovh yia lock. Ta views oTaATIOTIKWY PJETPOUV CUVEXWC TI
KAVEI O Server. 2€ auTO To KEQYAAAIO OTAVOUE Kal Ta U0 OTTwG Oa
Ta oTivape o€ production.

O server Tou Ke@aAaiou

TERMINAL

pglab init primary 5501

pglab start primary

pglab data 5501

pgbench -i -s 5 -q >/dev/null 2>&1

E=OAOX

primary: véo cluster oto $LAB/primary, 6Upa 5501
primary: oe Agitovpyia otn 8vVpa 5501
B8vpa 5501: n Bdon sqlbook eivat €toiun

‘Eva log 1TToU Bon@a
To log g PostgreSQL autd smpoemhoyn) ypaget Aiya. Zpaiupata, checkpoints, tnv ekkivnon kat to
otapatnua. Téooepig puOUIoELg TO KAVOUV XPTIOIUO EPYAAELD.

PuBpion Tiun MNari

log_line_prefix "%m [%p] %g%Bu@sd ' wpa, PID, xpRoTng kai Baon o€ kGBe ypapun
log_min_duration_statement '250ms ' KABe query TTou KPATNOE TTEPICTOTEPO
log_lock_waits on KGBe avapovh yia lock peyaAutepn atré 10

deadlock_timeout

log_temp_files 0 KABe TTpOoWPIVO apxEio, OTTWG OTO KEPAAaIo 8

>to prefix o =m eivai 1 @pa, To %p T0 PID, T0 %u 0 Xpriog Kat To %d 1 faor. To %q A&el 011 0,11 akoAovBel
YPAPETAL LOVO V1A YPAUUES TTOV APOPOLV CUVOETELS, OX1 Yia Tig PonOntikeg Siepyaoiec.
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SQL

ALTER SYSTEM SET log_line_prefix = 'sm [%p] %q%u@%d ';
ALTER SYSTEM SET log_min_duration_statement = '250ms';
ALTER SYSTEM SET log_lock_waits on;

ALTER SYSTEM SET log_temp_files = 0;

SELECT pg_reload_conf();

ANMOTEAEZMA

ALTER SYSTEM
ALTER SYSTEM
ALTER SYSTEM
ALTER SYSTEM

pg_reload_conf

t
(1 row)

'Eva query mtov kpatd oo Sevtepodento ypagpetal oto log pe m Siapkerd tov.
TERMINAL
psql —-q -c "SELECT pg_sleep(0.5)" >/dev/null
grep ‘'duration:' "$LAB/primary.log" | tail -n 1
EZ0AOZ

2026-09-28 09:47:39.821 EEST [7725@0] postgres@sqlbook LOG: duration: 501.239 ms
statement: SELECT pg_sleep(0.5)

To 6p10 Twv 250 ms elval onpeio ekkivnong. Ze pa e@apuoyr ov astavta o€ milliseconds, éva query
TOV H1o0V SeVTEPOAETTOL elvan 1)8N TTPOBANUaA. Av OU®G TO Op1o elval TOAD xaunAo, to log yepidel kat to
1610 10 logging kooTtilel.

Twpa pia avapovr) ywa lock. H ouvedpia A kpata éva row lock kai n B epiuévet.
SQL - ZYNEAPIA A

BEGIN;
UPDATE products SET stock = stock — 1 WHERE id = 3;

AMOTEAEZMA - YNEAPIAA

BEGIN
UPDATE 1
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SQL - XYNEAPIAB

UPDATE products SET stock = stock — 2 WHERE id = 3;

ANMOTEAEZMA - XYNEAPIAB

—— N €VTOAR MEPLUEVETL

SQL - ZYNEAPIAA

COMMIT;

ATOTEAEZMA - XYNEAPIA A

COMMIT

AMOTEAEZMA XTH ZYNEAPIA B

UPDATE 1

TERMINAL

grep -A 2 'still waiting' "$LAB/primary.log" | tail -n 3

E=OAOX

2026-09-28 09:47:40.837 EEST [77261] postgres@sqlbook LOG: process 77261 still waiting
for ShareLock on transaction 831 after 1001.107 ms

2026-09-28 09:47:40.837 EEST [77261] postgres@sqlbook DETAIL: Process holding the lock:
77248. Wait queue: 77261.

2026-09-28 ©9:47:40.837 EEST [77261] postgres@sqlbook CONTEXT: while updating tuple
(0,3) in relation "products"

Metd amd éva SeuTepOAETTO AvVaUOoVTC, 00 EIVAL TO deadlock_timeout, O SEIVEr £ypaye mola Siepyaocia
TepUEVeL, yia tolo lock, stola v epsmodidel kat oo ftav To query. Avto eival 0,11 Xpeladeoat yia va
Bpeig To transaction mov kpatovoe To lock, akoun kt av €xel kAeioel ed® kot GPEG.

auto_explain

To log Aée1 0T éva query 1jTav apyo, oxt yiati. H enéktaon auto_explain ypagel oto log 1o plan kaBe
query 70V EeMePVA £va OP10, OAV VA E1XEC TPEEEL EXPLAIN ANALYZE €Ketvn T otryur). Etvat moAvmipo ya
queries 710V ival apyd HOVO HEPIKES POPEG, LLE CUYKEKPLUEVEG TIUEG T) OE MPES POPTOUL.

doptovetal yia pia oOvEeoT Le LOAD T} Y1 OAeg e T pUBION session_preload_libraries. ES® To
Sokiudadovpe oe pia ovvdeon, pe 0plo undev wote va ypagtel oiyovpa to plan tov query pag.
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PSQL

LOAD 'auto_explain';

SET auto_explain.log_min_duration = 0;
SET auto_explain.log_analyze = on;

SET auto_explain.log_timing = off;

SELECT count(x) FROM pgbench_accounts WHERE abalance = @ AND bid = 3;

AMOTEAEZMA

LOAD
SET
SET
SET
count

100000
(1 row)

TERMINAL

grep -A 12 ‘'plan:' "$LAB/primary.log" | tail -n 12

EZ0AOX

2026-09-28 ©9:47:42.053 EEST [77295] postgres@sqlbook LOG: duration: 16.893 ms plan:
Query Text: SELECT count(x) FROM pgbench_accounts WHERE abalance = @ AND bid = 3;
Finalize Aggregate (cost=12427.04..12427.05 rows=1 width=8) (actual rows=1.00 loops=1)
-> Gather (cost=12426.83..12427.04 rows=2 width=8) (actual rows=3.00 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Partial Aggregate (cost=11426.83..11426.84 rows=1 width=8) (actual rows=1.00 loops=3)
—> Parallel Seq Scan on pgbench_accounts (cost=0.00..11322.00 rows=41930 width=0)
(actual rows=33333.33 loops=3)
Filter: ((abalance = @) AND (bid = 3))
Rows Removed by Filter: 133333

To 1log_analyze LETPA TIG TIPAYUATIKEG YPAUUEG KAOE KOUPOV, ONT®WG TO EXPLAIN ANALYZE. KooTiel Alyo o€
kaBe query, akoun kot oe 6oa Sev ypagpovtat teAikd o1o log. To log_timing = of f KPATA AVTO TO KOOTOG
ukpo. e production to auto_explain UE OP1O HEPIKWV SEVLTEPOAETTTWV Elval PONVI| aopaieia.

pg_stat_statements

To log PAEmel pepovopéva apyd queries. Aev fAErtel €va query 7tov Kpatd 2 ms aAd ekTeAeitanl ekatd
XASEG POPEG TNV MPA KA TTOL UITOPEL VA £1vaL TO LEYOADTEPO KOOTOG TOL server. To pg_stat_statements
Kpatd cuVoAa yia kaBe Stapopetikd query. To idape oto ke@aAalo 36 Tov TPMTOL TOHOV. ESk T0
OTIVOULE QITO TNV apyT), ONTwg o€ VEo server. META TO ¥PTOIUOTOI0VE OE TIPAYUATIKO POPTO.

H enéxtaon yperaletal Ko pvnun sov Seouebetal 0Tnv eKKivior), 0OTe UIaivel 0To
shared_preload_libraries kau O¢Aet restart.
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TERMINAL

psql —q —c "ALTER SYSTEM SET shared_preload_libraries = 'pg_stat_statements'"
pglab restart primary

psql —q —c "CREATE EXTENSION pg_stat_statements"

pgbench -n -c 4 -t 1000 2>&1 | grep 'actually processed'

EZ0AOX

primary: oe Agitovpyia otn 8Vpa 5501
number of transactions actually processed: 4000/4000

To pgbench £tpeke 4.000 transactions amod teéooepig ovvSeoeig. ITola queries KOOTIOAV TOV
TEPLOCOTEPO XPOVO GUVONIKA;

SQL

SELECT left(query, 60) AS query, calls,
round(total_exec_time::numeric, 1) AS total_ms,
round(mean_exec_time: :numeric, 3) AS mean_ms,
rows
FROM pg_stat_statements
WHERE dbid = (SELECT oid FROM pg_database WHERE datname = current_database())
ORDER BY total_exec_time DESC

LIMIT 5;
AMNOTEAEZIMA
query | calls | total_ms | mean_ms | rows
UPDATE pgbench_accounts SET abalance = abalance + $1 WHERE a | 4000 | 51.3 | 0.013 | 4000
UPDATE pgbench_branches SET bbalance = bbalance + $1 WHERE b | 4000 | 50.9 | 0.013 | 4000
UPDATE pgbench_tellers SET tbalance = tbalance + $1 WHERE ti | 4000 | 26.9 | 0.007 | 4000
CREATE EXTENSION pg_stat_statements | 1| 14.6 | 14.589 | 0
SELECT abalance FROM pgbench_accounts WHERE aid = $1 | 4000 | 7.7 | 0.002 | 4000

(5 rows)

Ot iuég péoa ota queries gywvav 1, $2. H enéktaon kavovikomolel kibe query avtikabiotovtag tig
oTaBepeg LeE TAPAUETPOUG, OTTOTE TA 4.000 UPDATE LE S1APOPETIKOVE AOYAPIACHOVE EIVAL Hial YPOUUT) HE
calls = 4000. O1 xpOVvol 0N O1kN) 0oL ekTeAeoT) Ba Srapepovv. IIpdoee OLWG TO UPDATE TOV
pgbench_branches. AAMAZEL Evav Tivaka TTEVTE YPAUU®VY KAl KOOTIEL 000 TO UPDATE £VOG TTIVAKA 500.000
ypauuav. Ot ouvSEoelg mepipueévouy 1) pia tnv aAAn yia ta row locks twv Atywv branches kat o ypovog
QAVALOVIG LETPAEL OTOV XPOVO EKTEAEOTC.

O1 0TiAEG shared_blks_hit KAl shared_blks_read Oelyvouv mola queries S1aadovv moAAeg oeAideg kat To
temp_blks_written JTOLQ YPAPOLV TTPOowPLVa apyeia. ‘'Otav ad\ddeig kat kat Belerg kabapn pétpnon, To
pg_stat_statements_reset() undevidel ta mavta.

Ti TTEpIPEVOUV Ol CUVOEDEIG

To pg_stat_activity €€l V0 OTAEG IOV Aéve Tt Tepiuevel kabe ovvOeon avtn tn oTiyur], T0

wait_event_type KO TO wait_event. ‘Otav eivat keveg, n ovvdeon tpexel ot CPU. Mia uovo patida Sev Aéet
oM. TToAég patieg oe oelpd Sivouv pia e1kova Tov oV INyaivel o xpovog. dTiayvovpe Evav mivaka
yia Setypata kat maipvovpe 30 Setypata, Eva kabe 100 ms, 6000 TpEYeL To pghench pe okt ovviéoelg.
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SQL

CREATE TABLE wait_samples (wait_type text, wait_event text);

ANMOTEAEZMA

CREATE TABLE

TERMINAL

pgbench -n —-c 8 -T 5 >/dev/null 2>&1 &
sleep 1
for 1 in $(seq 1 30); do
psql —g —c "INSERT INTO wait_samples
SELECT coalesce(wait_event_type, 'CPU'), coalesce(wait_event, 'running')
FROM pg_stat_activity WHERE application_name = 'pgbench'"
sleep 0.1
done
wait

sQL

SELECT wait_type, wait_event, count(x) AS samples,
round(100.0 * count(x) / sum(count(x)) OVER (), 1) AS pct
FROM wait_samples
GROUP BY wait_type, wait_event
ORDER BY samples DESC

LIMIT 6;
AMOTEAEZMA
wait_type | wait_event | samples | pct
Client | ClientRead | 127 | 52.9
CPU | running | 75 | 31.3
Lock | transactionid | 23 | 9.6
10 | WalWrite | 11 | 4.6
LWLock | WALWrite | 3] 1.3
LWLock | LockManager | 1| 0.4
(6 rows)

H gicova aAAder amo eKTEAEOT) O€ EKTEAEOT], AAA TA PEYAAA KoppuaTia pévouy. O TOTog Lock 1
transactionid €lval OUVOEDELG TTOV TTEPIUEVOLY Eva AAO transaction va teAeiwoet, e6o yid TI¢ YPAUUES
TOV pgbench_branches. O TOITOG 10 L€ WalSync T) WalWrite glval commits tov stepipueévouy 1o WAL. O timog
Client L€ ClientRead EIVAL CUVOEGEIC TTOV TEPIUEVOVV TNV EPAPLOYT] VA OTEIAEL TNV ETOUEVT) EVTIOAT|. AUTH)
1N TEXVIKN Agyetal wait event sampling ka1 eivan i) faon moAMav epyaeinv mapakorovBnong.

/10 ava digpyacia

To pg_stat_io HETPA AVAYVAOOELS, EYYPAPEC, hits kat evictions ava eibog Siepyaoiag kat ava 18og
AVTIKEWEVOL. ATTAVTA 0€ EPWTNOELS OTTWG «IT010¢ Ypapel oeAideg otov 8loko, to checkpointer 1) ta
backends;». Av ta backends ypagpouv moAég oeAibeg pova toug, o background writer kot Ta
checkpoints Sev ipoAafaivovv.
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SQL

SELECT backend_type, context,
reads, writes, hits, evictions
FROM pg_stat_io
WHERE object = 'relation' AND (reads > @ OR writes > 0)
ORDER BY backend_type, context;

ANOTEAEZMA
backend_type | context | reads | writes | hits | evictions
autovacuum launcher normal 1 0 1 0
background worker bulkread 986 0 2655 0
checkpointer normal 2] 3092 7] @
client backend bulkread 1193 0 2029 0
client backend bulkwrite 0 6212 8066 0
client backend normal 9937 0 1644919 (/]
client backend vacuum 394 0 2525 0
standalone backend normal 479 1050 97339 0
standalone backend vacuum 8 0 946 0
(9 rows)

To context EeXmPilel TO normal ATIO TO bulkread KO TO bulkwrite, TOV eivan ot ring buffers tov kegaiaiov 8.
Yrtapyetl kat 1o vacuum. Asto tnv £kSoor 18 To view £xel kat otnAeg oe bytes kat petpd kan to WAL, pe

object = 'wal'.

Ti va TTapakoAouBeig

"Eva ovotmua mapakoiovOnong, 6stwg to Prometheus pe tov postgres_exporter, Stafdadel avutd ta views
kaBe Atya Sevtepoiemnta. 'O,TL K1 av XPr oo oeLg, o1 evdei&elg mov aidovv alert eivan Atyeg.

‘Evoeign Mnyn Mp6BANua éTav
nAikia xid age (datfrozenxid) Eerepvd Ta 500 ekaToppupia
TTahaiéTepo transaction xact_start KOI backend_xmin OTO AVOIXTO YIO AETTTA

pg_stat_activity

OuVvOEDEIg TIANB0G OTO pg_stat_activity TIANOIACEl TO max_connections

deadlocks kai rollbacks pg_stat_database au&dvovtal améToua

checkpoints pg_stat_checkpointer TTOAAG num_requested

lag replication pg_stat_replication, KEQAAQIO 17 MEYOAWVEI

XWPOG diokou TO AEITOUPYIKO KATw o116 20% €AEUBEPO
KPATA AYTO

PUGHIO€ TO |Og Je Xpl"]OIUO log_line_prefix, log_min_duration_statement, log_lock_waits KOl log_temp_files. To
auto_explain YPA®El TO plan Twv apywv queries. To pg_stat_statements XPEIACETAI shared_preload_libraries KQI
restart kai &€ixvel TTola KAVOVIKOTTOINUEVA queries KOOoTi(ouV TTEPICOOTEPO GUVOAIKA. Ta wait_event TOU
pg_stat_activity, O€ OeiyuaTa, OEIXVOUV TI TIEPINEVOUV O GUVOEDEIG KAl TO pg_stat_io TTOIOG OIGBALEl KAl YPAPEL.
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Aokioeig

AZKHZH 11.1 Ta 10 apyd Katd péco 6po

Agi€e armod To py_stat_statements TA TPlA queries Tng fAONG LE TOV HEYOADTEPO LECO XPOVO EKTEAEDOTC,
A7t0 O0A EKTEAECTIKAV TOVAAXIOTOV 100 POPEG, LE TIG KANOELS KAL TOV UECO XPOVO O MS LEe Tpia
Sexadika.

ANAMENOMENO ATMOTEAEZMA

query | calls | mean_ms
UPDATE pgbench_branches SET bbalance = bbalance + $1 WHERE b | 75044 | 0.063
UPDATE pgbench_tellers SET tbalance = tbalance + $1 WHERE ti | 75044 | 0.017
UPDATE pgbench_accounts SET abalance = abalance + $1 WHERE a | 75044 | 0.009

(3 rows)

AZKHIH 11.2 'Eva query, TToOAAEG TIEG

Mn8évioe 10 pg_stat_statements, TPEEE HVO POPEG TO qUEry TTOV HETPA TOUE TEAATEG U1AG TTOANG, Hid Yid
™V 7TOAN 1 KAt pia yia v 7oAn 2. Aeife petd mog Kataypa@nkay.

ANAMENOMENO ATMOTEAEZMA

query | calls

SELECT count(x) FROM customers WHERE city_id = $1 | 2
(1 row)

AzKHzH 11.3 MeydAa sequential scans

Aei€e amtd TO pg_stat_user_tables TOVG TPELG TIVAKEG LUE TIG TEPIOOOTEPEC YPAUUES ava sequential scan
KaTa HEco 0po, padi e to mAnbog twv sequential scans kat T0 GUVOAO TV YpauU®V ToL Stafacav.

ANAMENOMENO ATMOTEAEZMA

relname | seq_scan | seq_tup_read | rows_per_scan
pgbench_accounts | 5 | 1000000 | 200000
pgbench_tellers | 75045 | 3752250 | 50
products | 4 | 60 | 15
(3 rows)
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AzKHzH 11.4 [éoa apyd queries

Metpnoe mooeg ypauuég tov log tov primary lval yia query sov Eemeépace To log_min_duration_statement
kot Sei&e T peyavtepn Siapkela.

ANAMENOMENO ATMOTEAEZMA

3
duration: 2109.653 ms

AZKHIH 11.5 Yyégia Tng Bdong

Aeie ao To pg_stat_database yia TN 0T sqlbook Ta commits, Ta rollbacks, ta deadlocks kot To mocooto
twv rollbacks oto ovvoAo twv transactions pe Svo Sekadika.

ANAMENOMENO AMOTEAEZMA

xact_commit xact_rollbac deadlocks rollback_pct

[ k| |
75278 | 0 | |
(1 row)

0 0.00

AzKHzH 11.6 [lolog ypd@el oTov dioko

‘ABpo10e atod TO pg_stat_io TIG EYYPAPES 0eMBWV OxEoewVv ava eidog Siepyaoiag kat Sei€e povo doa
gypaypav KATL.

ANAMENOMENO ATMOTEAEZMA

backend_type | writes
client backend | 6212
checkpointer | 3092
standalone backend | 1050
(3 rows)
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Backup kai avaktnon

"Eva backup a&idel 600 10 restore mov £xelg Sokiuaoel. e auto
TO pEpPog PAemovpue ta dvo €16n backup tng PostgreSQL, to
logical pe to kau 1o physical pe avtiypago tov data
directory kot tov WAL. Me 1o Sevtepo @tavoupe otnv
ETTAVAPOPA OE 0ITO100T)ITOTE SEVTEPOAETTO TOV TTAPEAOOVTOG.
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KE®AAAIO 12

pg_dump Kai pg_restore

To pg_dump ECAYEI HIA BACN WG EVTOAEC TTOU TNV CAVAPTIAXVOUV.
AouAeuegl 600 n Bdaon cival o€ AsiToupyia, TTapdyel Eva apxeio TTou
dlaadleTal atrd oTToIAdATIOTE VEATEPN £KOOON KAl ETTITPETTEI VA
ETTAVOQEPEIC Eva JOVO KOPUATI. Eival To epyalcio yia pikpEg BAOEIG,
yla avTiypag@a e AAAo punxavnua Kai yia upgrades. ‘Exel Opwg Kal
OpIa TTOU TTPETTEI va EEPEIC TTPIV OTNPICEIC 0€ aUTO TNV Ao@AAEIa
TwV OEQOPEVWY OOU.

O server Tou Ke@aAaiou

IIpooBetovpe Evav poOAO ePAPLOYTC TTOV EXEL KATTO1A STKAlMUATA KAl Evay Tivaka, yia va SOUUE T
ylvetal pe autd oto restore.

TERMINAL

pglab init

primary 5501

pglab start primary

pglab data
psql —-q -c
—C
-C
—C

E=OAOX

5501

"CREATE ROLE app LOGIN" \

"GRANT SELECT ON customers TO app" \
"ALTER TABLE reviews OWNER TO app" \
"ANALYZE"

primary: véo cluster oto $LAB/primary, 6vVpa 5501
primary: oe Aegitovpyia otn 8Vpa 5501
8vpa 5501: n Bdon sqlbook eivat €toiun

‘Eva dump

TERMINAL

pg_dump -Fc —-f sqlbook.dump sqglbook
1s -1 sglbook.dump

E=OAOX

-rw—r—r—@ 1 you staff 53070 Sep 28 09:47 sqglbook.dump
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To -Fc onuaivel custom format, éva cupmeopevo apyeio mov Stafadet povo 1o pg_restore. H fdom tou
BiBAiov ywpa oe Atyeg Sexadeg KB. To pg_dump Sev avtiypagpet apyeia. Zuvoéetat Omwg kaOe client,
avolyel éva transaction og REPEATABLE READ kat Stafadel ta mavta amo £va snapshot. 'Oco k1 av kpatnoel,
o dump Setyvel  Baon omwe NTav T oTyun stov Eekivnoe. Ot alayég ov yivovtal oto peta&d Sev
TO €N PEAOLV.

To pg_restore -1 TUTIMVEL TOV JIVOAKA TIEPIEXOUEVOV TOV APYEIOL.
TERMINAL

pg_restore -1 sqlbook.dump | sed -n '2,12p'
pg_restore -1 sqlbook.dump | grep —E 'TABLE (DATA )?public (cities|orders)

EZOAOX

Archive created at 2026-09-28 09:47:50 EEST
dbname: sqlbook
TOC Entries: 74
Compression: gzip
Dump Version: 1.16-0
Format: CUSTOM
Integer: 4 bytes
Offset: 8 bytes
Dumped from database version: 18.6 (Homebrew)
Dumped by pg_dump version: 18.6 (Homebrew)

~E wE wE wE wE wE wE wE wE s

219; 1259 16385 TABLE public cities postgres
228; 1259 16501 TABLE public orders postgres
3958; @ 16385 TABLE DATA public cities postgres
3967; © 16501 TABLE DATA public orders postgres

KaBe avtikeipevo eivan pua ypapun. O mivakag kat ta §edopeva Tov elval YwploTeg eyypageg, To 1610
ka1 kaOe index, constraint ko Sikaiwpa. AVTO EMTPETEL VA EMTAVAPEPELG EMAEKTIKA.

Tpeig evoTNTEG

'Eva dump ywpiletatl oe Tpelg eVOTITEG, TTOL TO —section EMAEYEL EEXWPLOTAL
Evornta MepiExel
pre-data TUTTOI, TTIVAKEG, sequences, functions, views
data Ta OedOPEVA TWV TTIVAKWY, UE COPY
post-data indexes, constraints, triggers, foreign keys

H oepd €xer Aoyo. Doptavelg ta Sedopéva oe mivakeg ywpig indexes, tov eivat mohd ypnyopotepo. Ta
indexes ta gTidyvelg pia popa oto teAog. I'a tov 1610 Adyo 1o restore piag peyaing fAong Kpatda JToAD
nep1oc0tePo ato to dump. To dump Safader SeSopéva, to restore ta ypagpel kol Eavaytidel kabe
index.

To plain format, -Fp ka1 tpoermAoyn, ypaget amAd SQL. Eivat ypriowpo yia va deig tt akpipaong Oa
exteleotel. ESG 10 oxnua evog mivaka, Ywpig oxOAla Kot KEVES YPAULES.
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TERMINAL

pg_dump --schema-only -t cities sqlbook | grep -v —-E '~(-—|$|SET|SELECT)"

E=OAOX

\restrict 1Fe9nL7rJnRfHbLCV]jtaq4zXD8dWWQ1L2ZUwAc2KwIwAnwwnzolglESVpdZMluy
CREATE TABLE public.cities (
id integer NOT NULL,
name text NOT NULL,
region text NOT NULL,
population integer,
| CONSTRAINT cities_population_check CHECK ((population > 0))
ALTER TABLE public.cities OWNER TO postgres;
ALTER TABLE ONLY public.cities
ADD CONSTRAINT cities_name_key UNIQUE (name);
ALTER TABLE ONLY public.cities
ADD CONSTRAINT cities_pkey PRIMARY KEY (id);
\unrestrict 1Fe9nL7rJnRfHbLCVjtaq4zXD8dWWQ1L2ZUwAc2KwIwAnwwnzolglESVpdZMLluy

O1 YPAUUEG \restrict KAl \unrestrict IPOOTATEVOLV TO Psql amd éva dump sov mpoomabel va ekteAéoet
evtoA&g tou psql. To kAedi toug eivan Tuyaio oe kaBe dump.

Restore og dAAoO server

Ttrvovpe SeVTEPO Server Ue OVoUd restore Kt eava@eépouvpe to dump exel. To ——create @TIAYVEL TN
Baon pe to ovoua kat Tig pubuioelg g apyikng. I' avto cuvdeopaote apyikad otn PAoT postgres.

TERMINAL

pglab init restore 5502
pglab start restore
pg_restore —p 5502 --create -d postgres sqlbook.dump

EZ0AOX

restore: véo cluster oto $LAB/restore, 6vpa 5502

restore: oe Agitovpyia otn 6vVpa 5502

pg_restore: error: could not execute query: ERROR: role "app" does not exist
Command was: ALTER TABLE public.reviews OWNER TO app;

pg_restore: error: could not execute query: ERROR: role "app" does not exist
Command was: GRANT SELECT ON TABLE public.customers TO app;

pg_restore: warning: errors ignored on restore: 2
Ta deSopéva emavnABav, pe Svo apaipata. O polog app Sev VITAPYEL OTOV VEOD server. O1 pOAOL avijkovv
o€ 0MAo 1o cluster kat Ox1 o€ pa Ao, 0moTe TO pg_dump Sev Tovg epiexet. To 1610 10yLeL yia Ta

tablespaces kat ya Tig puOUIOELG TOV ALTER ROLE ... SET. AUTA TA €EAYEL TO pg_dumpall L€ TNV ETTAOYT) —
globals-only.
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TERMINAL

pg_dumpall ——globals-only —-f globals.sql
grep —-E '~(CREATE|ALTER) ROLE' globals.sql

EZ0AOX

CREATE ROLE app;

ALTER ROLE app WITH NOSUPERUSER INHERIT NOCREATEROLE NOCREATEDB LOGIN NOREPLICATION NOBYPASSRLS;
CREATE ROLE postgres;

ALTER ROLE postgres WITH SUPERUSER INHERIT CREATEROLE CREATEDB LOGIN REPLICATION BYPASSRLS;

H owoTr) oepd eivan mpwta ta globals kat petd o1 fAoelg. EAvaoTVOULE TOV restore QIO TNV ApXT) KAl
ETMAVAPEPOVLE L€ AVTT) TN OEPA.

TERMINAL

pglab rm restore

pglab init restore 5502

pglab start restore

psql —q —p 5502 -d postgres —f globals.sql 2>&1 | grep ERROR
pg_restore —p 5502 --create -d postgres sqlbook.dump

psql —p 5502 —c "SELECT count(x) AS orders FROM orders"

E=OAOX

restore: oBAoTnKe

restore: véo cluster oto $LAB/restore, 6vpa 5502

restore: oe Agitovpyia otn 8Vpa 5502

psql:globals.sql:18: ERROR: role "postgres" already exists
orders

162
(1 row)

To povo o@AAa givar OTL 0 pOAOG postgres LITAPYEL NON, KATL avapevouevo katl akivduvo. To restore
TeEAElWOoE YWPig opaiuata.

NATIAA

‘Eva backup pe pg_dump Xwpig Ta globals dev emavagépetal cwoTd o€ véo server. O1 IBIOKTATEG Kal Ta
SIKaIWwpaTa XavovTal Kal n epapuoyr ogv utopei va ouvoedei. Kpdrta TévTa Kal €va pg_dumpall --globals—only
OiTTAa oTa dumps.

Ta statistics dev épxovral padi

H Bdon otov restore €xel ta 101 8edouéva, arla o planner dev E¢per Timota yU avta.
u s

TERMINAL
psql -At -p 5501 —c "SELECT count(*) FROM pg_stats WHERE schemaname = 'public'"
psql —-At —p 5502 —c "SELECT count(*) FROM pg_stats WHERE schemaname = 'public'"
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E=OAOX

Meypt va tpegel o autovacuum &va ANALYZE o€ kaBe mivaka, ta plans Baocifovtal oe eKTIUNOELS Xwpig
Sebopéva. Metd amo kabe restore TPEYELS ANALYZE AUECWG, T), amtd TNV ekdoon 18, kavelg to dump pe —
statistics, OTTOTE Ta statistics emavapepovrar padi pe ta Sedopéva.

TERMINAL

pg_dump -Fc —-statistics —-f sqlbook_stats.dump sqlbook
pg_restore -1 sqlbook_stats.dump | grep —c 'STATISTICS DATA'

EZOAOX

30

Etrava@opd evOg KOMHATIOU

To 7o ouyvo restore Sev eivar 0AOkANpN 1) Baon. Eivar «ofrjoaue kata AaBog Tig KPITIKES, PEPE TeC
miow». To -t emAéyel mivakeg. Emavag@epovpe tov products o€ pia véa adeia faor.

TERMINAL

createdb -p 5502 partial

pg_restore —p 5502 -d partial -t products sqlbook.dump

psql —p 5502 -d partial -At —c "SELECT count(x) FROM products"
psql -p 5502 -d partial -c "\d products" | tail -n 5

E=OAOX

30

Check constraints:
"products_cost_check" CHECK (cost >= @::numeric)
"products_price_check" CHECK (price > @::numeric)
"products_stock_check" CHECK (stock >= 0)

O mivakag 1pBe pe ta Sedopéva kat Ta CHECK Tov, aAA Xwpig primary key kan ywpig To identity. Avtda
£lval YwploTd AVTIKEIUEVA OTOV TVAKA JIEPIEXOUEV®VY KAl TO -t Oev Ta @Epvel. Ta mAnpn eleyyo
PTUAYVEIG AOTA LE TO -1, KPATAG 1) OXO0AALeIg TIG YPAUUES TToL B&Ae1g Kau T Sivelg 0To -L.

TERMINAL

pg_restore -1 sqlbook.dump | grep —E ' public reviews' | grep —v 'FK CONSTRAINT' > reviews.list
cat reviews.list

dropdb -p 5502 partial

createdb —-p 5502 partial

pg_restore —p 5502 -d partial -L reviews.list —--no-owner sqlbook.dump
psql —p 5502 -d partial -c "\d reviews" | grep -A 1 Indexes
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E=OAOX

234; 1259 16582 TABLE public reviews app
233; 1259 16581 SEQUENCE public reviews_id_seq app
3973; @ 16582 TABLE DATA public reviews app
3988; @ @ SEQUENCE SET public reviews_id_seq app
3793; 2606 16596 CONSTRAINT public reviews reviews_pkey app
Indexes:
"reviews_pkey" PRIMARY KEY, btree (id)

Topa npbav xat o primary key kat 1o sequence. Ta foreign keys ta agproape £€m amd ™ Alota, agov
01 TTIVOKEG customers KAL products 8gV LITAPYOLV 0€ avTN TN BACT). To —-no-owner APTVEL WG IG10K TN TN TOV
XPNOTN oL KAVEL TO restore, avTi yia TOV app TOU APYIKOD SErver.

Parallel dump ka1 restore

TNa peydeg Paoerg to directory format, -Fd, ypagel kdBe mivaxa og xwp1oto apyeio. To -j SovAedet ue
mtoA\eg ouvlEaelg tavtdypova. To 1810 -j emraydvel kat To restore, sov eival cuvi|BwE To 710 APYO ATTO
Ta §vo.

TERMINAL

pg_dump -Fd -j 4 -f sqlbook.dir sqlbook
1s sqlbook.dir | head -n 5
pg_restore —-p 5502 -j 4 ——create -d postgres ——no-owner ——clean ——if-exists sqlbook.dir

E=OAOX

3958.dat.gz
3960.dat.gz
3961.dat.gz
3963.dat.gz
3964.dat.gz

To —-clean —if-exists OPnvel TpwTa ) faon av vmapyel. To apyeio toc.dat elvatl o mivakag
TIEPIEXOUEV®V KL KADE .dat.gz Ta Sedouéva evog mivaka.

Opi1a Tou pg_dump
To pg_dump lval owoTtd epyaleio ya facelg pepikwv GB, yia aviiypagn oe mepiBailov SoKIU®Y Kat yia
upgrade oe véa major ekdoor. Tpia Ipaypata OpmG To KAvouv avemapkeg wg povadiko backup piag
peyaAng paong.
1. Emavagépet povo ) otryun tov dump. Av kavelg dump kaBe fpaduv kat 1 KAtaoTpo@r) yivel to
amoyevua, Yavelg mm SovAeld pag pépag.
2. To restore Eavaytilel kaOe index, onote yia pia faon ekatovradwv GB kpatad wpeg.
3. ‘000 TpeYeL, KpaTA eva ACCESS SHARE lock o€ kaBe mivaxa. 'Eva ALTER TABLE EKEIVI] TNV PA TTEPIUEVEL
Kal OTwG e18ape 0ToV TPOTO TONO, TOW TOV TEPIUEVOLV OAOL.

Ta 6Vo mpwta Advovtat pe to physical backup tov etdopevov kepaiaiov.
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ZHMEIQZH

> upgrade XpnOIPOTIOIEIG TO pg_dump TNG VEAG £€kBOONG YIa va dlaBdoelg Tov TToAIG server. KABe pg_dump S10BACE!
servers TToAaIOTEPWYV EKOOTEWV Kal Ypd@el dump TTou KaTaAapaivel n dIKr Tou €kdoan.

KPATA AYTO

To pg_dump €€Ayel pia Baan amé éva ouvetég snapshot xwpig va Tn otaparioel. To custom kai 1o directory
format diaadovTal Pe pg_restore, TTOU ETTAVAPEPEI OAA i} HEPOG TOUG KAl OOUAeUEl TTApAAANAa pe -j. PAAol kai
tablespaces B¢AouV pg_dumpall --globals-only. Tal statistics xpeidifovral ——statistics OTO dump 1} ANALYZE PETA. To -
t PEpvel uévo Trivaka Kal dedopéva, yia Ta UTTOAOITTA XPNOIPOTIOIEIG AioTa PE -1 KAl -L.

AoKRoEIg

AZKHIH 12.1 To oXAupa piag Baong

Tpdpe novo 1o oynua 6Ang g PAONG sqlbook O€ APYEID schema.sql KAL LETPTOE TTOOES EVIOAES CREATE
TABLE TIEPIEXEL KA OE TTOOES YPAUUES EPPAVICETAL PRIMARY KEY.

ANAMENOMENO AMOTEAEZMA

12
12

AzKH:H 12.2 To6oca dedopéva

Metpnoe atd Tov TvakKa TEPIEYOUEV®V TOV sqlbook.dump TOOEG EYYPAPES elval SeSopEva TvAKwY,
7t00€eg eivan constraints kat tooeg foreign keys.

ANAMENOMENO AMOTEAEZMA

12
18
15

AzKHzH 12.3 TIAnpwpég wg INSERT

E&nyaye povo ta Sedopéva tov mivaka payments ¢ EVIOAES INSERT, pia ava ypapun. Aeie Tig tpelg
TPATEG.

ANAMENOMENO ATMOTEAEZMA

INSERT INTO public.payments VALUES (1, 1, 289.00, 'card', '2025-01-17 20:56:00+02"');
INSERT INTO public.payments VALUES (2, 2, 38.00, 'paypal', '2025-01-19 19:04:00+02');
INSERT INTO public.payments VALUES (3, 3, 160.00, 'card', '2025-01-28 16:56:00+02"');
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AZKHZIH 12.4 ZUJdTTiEON

d1iage dump custom format ywpig cvpsTieon KAt e CLUITIEDT] zstd KAl CUYKPLVE TA HEYEDT LE TO apyikod
sqlbook.dump.

ANAMENOMENO ATMOTEAEZMA

182794 plain.dump
53070 sqlbook.dump
55717 zstd.dump

AzZKH:H 12.5 Mia Bdaon pe dAAo évopa

Enavagepe 1o sqlbook.dump OTOV restore G€ V€A BACT] [L€ OVOUA sqlbook_copy, Xwpig 1810k T TEG. METpNoe
UETA TOUG TIEAATEG TNC.

ANAMENOMENO AMOTEAEZMA

30

AZKH:H 12.6 Movo Ta SiKalwpaTa

Aei&e arto Tov Tvaka TEPIEXOUEV®Y TOV sqlbook.dump TIG EYYPAPES STKAUMUATOV KAl 1810KTNOiAg IOV
(l(pOpOI')V TOV pf)}\O app, U€ pg_restore -1 KA1 grep.

ANAMENOMENO AMOTEAEZMA

3982; @ 0 ACL public TABLE customers postgres

234; 1259 16582 TABLE public reviews app

233; 1259 16581 SEQUENCE public reviews_id_seq app

3973; 0 16582 TABLE DATA public reviews app

3988; @ © SEQUENCE SET public reviews_id_seq app

3793; 2606 16596 CONSTRAINT public reviews reviews_pkey app

3808; 2606 16602 FK CONSTRAINT public reviews reviews_customer_id_fkey app
3809; 2606 16597 FK CONSTRAINT public reviews reviews_product_id_fkey app
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KE®AAAIO 13

Physical backup ka1t WAL archiving

‘Eva physical backup €ival avTiypa@o Twv apxeiwv Tou data
directory. Agv Eava@Tidxvel TiTToTa oTo restore, OTTOTE ETTAVAPEPEI
MIa Baon ekaTtovTddwyv GB oTtov xpdvo 1mou XpeidleTal yia va
avTiypagouyv Ta apxeia. Movo Tou dpwe dev apkei. XpelaleTal Kal TO
WAL ka1 6tav kpatdg 6Ao to WAL, 1o backup tTaver va gival pia
QwTOoYypaQia Kal YiveTal pia Taivia.

O server Tou Ke@aAaiou

TERMINAL

pglab init primary 5501

pglab start primary

pglab data 5501

pgbench -i -s 5 -q >/dev/null 2>&1

E=OAOX

primary: véo cluster oto $LAB/primary, 6Upa 5501
primary: oe Agitovpyia otn 8vVpa 5501
B8vpa 5501: n Bdon sqlbook eivat €toiun

MNarti éx1 atrAwg cp

'Eva cp -r Tov data directory eve o server ovAevet Sev Sivel ypriowpo avtiypago. H avtypagr) kpata
Alya AeTtta ka 0To petald o server ypagel o apyeia sov £xouv non aviypaget kat o AAAa mov Sev
gxovv. To ammotéleopa elvatl apyeia amod S1a@opeTIKEG OTIYUES, KATL oAV 0eAIdeg OV KOMNKAV 01N
peon.

H Mon eitvan 1o WAL, Av EEpetg amod oo onueio tov WAL Eexivnoe nj avtypagr) Kat KpAatnoelg OAo o
WAL w¢ T0 TéA0g NG, &va recovery avastailel ke arayr) kat gEpvel OAa ta apyeia otny idta otryun.
Eivat akp1Bwg To recovery pHetd ammo TwoT) TOV KePAAaiov 6, Tavw e avtiypa@o. To pg_basebackup
KAavel OAn avt T SovAeld CwoTd.

pg_basebackup

To pg_basebackup oUVOEETAN 0TOV server e To replication protocol, to 610 ov Ba xpnolpomnoiei o
standby tov pépoug IV. O server Eexiva éva checkpoint, onueiovel to LSN kat otéAvel OAa ta apyeia
Tov, padi pe to WAL sov ypagpetat 000 S1apKel 1 avtypan.
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TERMINAL

pg_basebackup -D "$LAB/backupl" -X stream —-c fast
1s "$LAB/backupl"

EZ0AOX

backup_Tlabel
backup_manifest
base

global
pg_commit_ts
pg_dynshmem
pg_hba.conf
pg_ident.conf
pg_logical
pg_multixact
pg_notify
pg_replslot
pg_serial
pg_snapshots
pg_stat
pg_stat_tmp
pg_subtrans
pg_tblspc
pg_twophase
PG_VERSION
pg_wal

pg_xact
postgresql.auto.conf
postgresql.conf

To -x stream otéAvel 1o WAL mtapddnAa pe ta apyeia, amod devtepn ovvdeon, wote to backup va

miepiexel 0o 10 WAL mov xpetaletat. To —c fast {nta apeco checkpoint avti va mepiével to enopevo.

Me -p Ba TOmwve Kat v 1po0do, KATL XPNO1Ho o peydeg Baoerg.

O @akehog potader ue data directory, pe Svo emutAgov apyeia. To backup_label AEEL ATTO TTOV TIPETEL VA
Eexvnoel 1o recovery.

TERMINAL

cat "$LAB/backupl/backup_label"

EZ0AOX

START WAL LOCATION: 0/6000028 (file 000000010000000000000006 )
CHECKPOINT LOCATION: 0/6000080

BACKUP METHOD: streamed

BACKUP FROM: primary

START TIME: 2026-09-28 09:47:57 EEST

LABEL: pg_basebackup base backup

START TIMELINE: 1

To backup_manifest eivar &va JSON pe kabe apyeio tov backup, to uéyebog kan eva checksum tov. To
£PYAAELO0 pg_verifybackup TO XPNOIUOITOLEL YA va eAEYEEL OTL TimtoTa Sev ¥aOnke 1 Sev aAAo1OONKE.
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TERMINAL

pg_verifybackup "$LAB/backupl"

E=OAOX

backup successfully verified

Ta va tpe€et 1o pg_basebackup Xperadovtal Tpia paypata, stov n PostgreSQL £xetl amo mpoemroyn. To
wal_level JIPETEL VA €lval replica, va LTAPXEL OlaBéo1pog WAL sender 010 max_wal_senders KAl {10 YPOLLLT)
replication OTO pg_hba.conf y1at TOV Xpnotr. O xprotng BeAet 1o attribute REPLICATION. O postgres TO €€l WG
superuser. Xe production griayveig Eexwplotod poro yia ta backups, omtwg Ba Sovue oe doknon.

Restore amé 1o backup

To restore evog physical backup eivat amho. O @dakelog eivar 1161 €va data directory. Tov Sivovpe AAAn
BUpa, yia va tpé€et Simha otov primary. Metd tov Eexivayle.

TERMINAL

echo "port = 5502" >> "$LAB/backupl/postgresql.conf"

mv "$LAB/backupl" "$LAB/restored"

pglab start restored

grep —-E 'backup recovery|consistent|redo done|ready' "$LAB/restored.log"

EZOAOX

restored: oe Agitouvpyia otn 6Vpa 5502

2026-09-28 09:47:58.360 EEST [77990] LOG: starting backup recovery with redo LSN
0/6000028, checkpoint LSN 0/6000080, on timeline ID 1

2026-09-28 09:47:58.362 EEST [77990] LOG: completed backup recovery with redo LSN
0/6000028 and end LSN 0/6000120

2026-09-28 09:47:58.362 EEST [77990] LOG: consistent recovery state reached at 0/6000120
2026-09-28 09:47:58.362 EEST [77990] LOG: redo done at 0/6000120 system usage: CPU:
user: 0.00 s, system: 0.00 s, elapsed: 0.00 s

2026-09-28 09:47:58.371 EEST [77984] LOG: database system is ready to accept connections

O server BprKe To backup_label, Eekivnoe recovery aso to LSN Tov ka1 0Tapatnoe HOAG EPTace 0
consistent katdotaor, SnAadr| 0To onpeio 670V TEAEIWOE 1) AVTIYpAPT). ATtO eKel KAl TEPA etvat Evag
KAVoViKOg server e ta eSopéva tov primary tn otyun tov backup.

TERMINAL

psql —-p 5502 —c "SELECT count(x) AS accounts FROM pgbench_accounts"
pglab rm restored
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E=OAOX

accounts

500000
(1 row)

restored: oBrictnke

ZHMEIQZH

‘Eva physical backup €ivai avtiypago oAdkAnpou Tou cluster, 6Awv Twv Baoewv Kal Twv pOAwV padi. Aev
emavaeépel évav Tivaka i yia Baon. Kai eravagépetal pévo oe server Tng idlag major ékdoang, atnyv idia
apxITeEKTOVIKA. [a Ta UTTOAOITTA UTTAPXEI TO pg_dump.

WAL archiving

To backup pag Seiyvel Tov primary tn oTiypr| 70V TEAEIWOE 1) avTypa@r). Av kpatdape kal OAa ta
segments Tov WAL mov ypa@ovtal amo kel ka mepa, Lmopovpe va Eexvrjoovpe anod 1o backup kat va
Eavamaitovpe 660 WAL B&lovpe, wg omo1o01mmote onueio. Avtod Aéyetar continuous archiving.
KaBe @opd mov yepilel £va segment, o server eKTEAEL TO archive_command Y10 VAL TO QVTLYPAWEL KATIOV
ACPAAEG.

TERMINAL

mkdir -p "$LAB/archive"
psql —q —c "ALTER SYSTEM SET archive_mode = on" \

—c "ALTER SYSTEM SET archive_command = 'test ! —-f $LAB/archive/%f && cp %p $LAB/archive/%f'"
pglab restart primary

EZ0OAOX

primary: oe Agitovpyia otn 8Vpa 5501

370 archive_command TO %p €ivan 1 Stadpoun Tov segment kAt 10 f T0 OVOUA Tov. H evioAn mpémel va
EOTPEPEL EMTUYIA LOVO AV TO apyelo amoBnkedTNKe Kal va pnv avukabiotd apyeio sov vadpyet non.
To test ! —f T0 €EAOPAMCEL. TO archive_mode O&Ae1 restart, To archive_command aAAel pe reload.

'Eva segment apyeloBeteitar otav yepioet. To pg_switch_wal() KAgivel To TpEXOV segment aUETmG, KATL
XPTOUO Y1a SOKIUEG.

TERMINAL

pgbench -n -t 2000 -c 2 >/dev/null 2>&1
psql —q -c "SELECT pg_switch_wal()"
sleep 2

1s "$LAB/archive"
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E=OAOX

pg_switch_wal

0/93DFCDO
(1 row)

000000010000000000000007

000000010000000000000008
000000010000000000000009

To view pg_stat_archiver A&€l T apy€100eTHONKE KAl AV ATETUXE KATL.
saL
SELECT archived_count, last_archived_wal, failed_count, last_failed_wal
FROM pg_stat_archiver;
AMOTEAEZMA

archived_count last_archived_wal failed_count last_failed_wal

+ 4 +
t 1 t

3 | 000000010000000000000009 0| o

(1 row)

‘Otav 10 archiving atroTuyxdvel

T1 yivetat av o mpoopiopdg Sev eivar Stabeoiog, yia mapadetypa yeuoe o §iokog 1) emeoe 10 51kTLO;
IIpocopoiwvovpe gva archive 0mov Sev LTOPOVUE VA YPOWPOULLE.

TERMINAL

chmod 500 "$LAB/archive"

for 1 in 1 2 3; do psql -q —-c "SELECT pg_switch_wal()" >/dev/null; pgbench -n -t 500 >/dev/null 2>&1; done
sleep 3

grep 'archive command failed' "$LAB/primary.log" | tail -n 1

1s "$LAB/primary/pg_wal/archive_status" | tail -n 3

E=OAOX

2026-09-28 09:48:04.890 EEST [78034] LOG: archive command failed with exit code 1
000000010000000000000009.done
00000001000000000000000A . ready
00000001000000000000000B. ready

To archive_command QITOTUYXAVEL KA O server To Savadokipddet Eava kat Eava. X10 archive_status KAOe
segment IOV TIEPIUEVEL EXEL EVA APXELO . ready. Kat To 10 onuavtiko, o server dev ofrver kaveva
segment 7tov Sev apyelo0etnOnke. To pg_wal HEYAADVEL XWPIg OP10, OO0 K1 AV EIVAL TO max_wal_size, LEXPL
va yepioet o 810k0g KAl va OTALATIOEL O Server.

saQL

SELECT archived_count, failed_count, last_failed_wal
FROM pg_stat_archiver;
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ANOTEAEZMA
archived_count | failed_count | last_failed_wal
3| 5 | 00000001000000000000000A
(1 row)

MoAig o mpoopiopog yivel Eava Stabeopog, o server apyelobetel doa mepipuevovy, e T oelpd.
TERMINAL

chmod 700 "$LAB/archive"

sleep 3

1s "$LAB/primary/pg_wal/archive_status" | grep —-c ready || true
1s "$LAB/archive" | wc -1

EZOAOZ

MATIAA

‘Eva failed_count TTOU PeyaAwvel gival eteiyov alert. Oco atroTuyxdavel 1o archiving, 10 pg_wal YEMIZEl Kal OEV EXEIG
backup yia 6,11 ypdetail. To avtiBeto AdBog gival e§icou Kako. ‘Eva archive_command TTOU ETTIGTPEPEI ETTITUXIO
XWPIG va atmoBnkeloel, OTIWG Eva OKETO true, KAvel Tov server va aBrivel WAL 1rou dev 0wOnkKe TToTE.

Néoo WAL ptropeig va xaoeig

'Eva segment apyetobeteital 6tav yepioet ta 16 MB. Ze pia jovyn faon avtod Htopel va mapel mpeg Kat
av xabel o server, yavetal padi kat 0,T1 fpioketan 0to piooyepato segment. To archive_timeout KAEIVEL TO
segment LETA Amtd O0A SeVTEPOAETTA OPIOELS, AKOUT KL AV Sev yeuoe. Me archive_timeout = 60 XAVELS TO
TOAU €va Aemto Sedopévmv. AuTod To PEYIOTO TToV ptopeig va yaoeig Aéyetar RPO, recovery point
objective. Xto pépog IV Ba Sovpe g i replication to katefadet oxedov oto undev.

ZHMEIQZH

> ¢ production dev YPAPEIG archive_command PE cp. EpyaAeia 6TTwg Ta pgBackRest, Barman kai WAL-G kévouv
backup kai archiving padi, ue oupTrieon, kputrToypdenan, TTapdAAnAn peTapopd, attobrikeuon o€ S3 Kal
KaVOVEG d1aTipnong. XpnoiuoTroloUv Toug idloug HnNXaviopoug TTou €idaueE, oTToTE O,TI EHaBeg €W 10XUEI KOl
EKEI.

KPATA AYTO

‘Eva physical backup €ivai avtiypago Tou data directory kai Tou WAL 110U YpA@TNKE 600 avTiypagoTav. To
pg_basebackup TO KAVEl Y€ TO replication protocol kai ypa@el backup_label KQI backup_manifest, TTOU EAEYXEI TO
pg_verifybackup. TO restore €ival ekkivnon server TTAVwW oTO avTiypa@o. Mg archive_mode KQI archive_command KPOTAG
kaBe segment Tou WAL. ‘Eva archiving TTou atroTuyxavel YEUIZel TO pg_wal, OTTOTE TO pg_stat_archiver B€Ael alert.
To archive_timeout OPICEl TTOOQ OEDOPEVA UTTOPEIG VA XAOEIG TO TTOAU.
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Aokioeig

AZKHzH 13.1 Backup o¢€ tar

ITape base backup tov primary oe pop@r) tar pe cupstieon gzip 0Tov PAKeAO backup_tar Kal Seife ta
apyeta tov Snuovpynonkav.

ANAMENOMENO ATMOTEAEZMA

backup_manifest
base.tar.gz
pg_wal.tar.gz

AZKHIH 13.2 POAog yia backups

DT1aEe pONO backup L€ LOGIN KA REPLICATION, Xwpig va eivan superuser. ITape pe avtov base backup otov
(PAKEAO backup_role. Ae1Ee TN YpOALUT LABEL TOU backup_label.

ANAMENOMENO AMOTEAEZMA

LABEL: nightly

AZKHzH 13.3 AAAoiwpévo backup

IIpooBeoe éva byte 0To TEAOG TOL APYEIOV PG_VERSION TOU backup_role Kal EAey&e to backup pe
pg_verifybackup.

ANAMENOMENO AMOTEAEZMA

pg_verifybackup: error: "PG_VERSION" has size 4 on disk but size 3 in the manifest

AZKHzH 13.4 KatdoTtoaon tou archiving

K)eloe 10 tpéyov segment e pg_switch_wal, Tepipeve S0 devtepolemta kal Selfe artd To py_stat_archiver
av To Tehevtaio apyelobetnuevo segment elval AVTO IOV HOALG EKAELOE.

ANAMENOMENO ATMOTEAEZMA

archived | failed_count
t | 5
(1 row)

AzKHzH 13.5 To archive ka1 To pg_wal
Meétpnoe mooa apyeia segments vrapyovy 0To archive kal OO 0TO pg_wal TOV primary.

ANAMENOMENO AMOTEAEZMA

12
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AZKHIH 13.6 XpOVOg avdueoa o€ segments

'‘Op10e archive_timeout 0€ 60 SeLTEPOAETTA UE ALTER SYSTEM, Kave reload kau Sei€e tnv Tiun kat to context
™mg pOOONG.

ANAMENOMENO ATMOTEAEZMA

pg_reload_conf

t
(1 row)

name | setting | unit | context
archive_timeout | 60 | s | sighup
(1 row)
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KE®AAAIO 14

Point in time recovery

KAaTrolog TpEXEl €va DELETE XWPIG WHERE OTIG TPEIG TO HECNUEPI. TO
backup Tng Tponyouuevng vuxTag Ba £pepVe TTIOW TIC TTANPWHEG,
aAAG Ba €oBnve OAn Tn douA&id Tou TTpwivou. Me éva base backup
Kal To archive Tou WAL uTtTopEic va etTava@Epeic Tn Baon 01Twg
ATav oTig 14:59:59. AuTo €ival 1o point in time recovery kai gival o
AOyo¢ tTou kpartape 1o WAL.

O server Tou Ke@aAaiou

Ytnvoupe archiving 6mtwg 0to ponyolpevo kepaiaio kat staipvovue base backup. Avt ™ @opa
ypagovpe Tig puOUioelg 0To TEAOG TOV postgresql. conf KA OXL L€ ALTER SYSTEM. O1 servers tov recovery 0a
elvat avtiypagpa avtod Tov pakelov kal Ba adhadovpe Tig puBuioelg Toug pe VEES YPAUUES OTO TEAOG
Tov 1810V apyeiov. To postgresql.auto.conf Stafadetar petd kat Ba Tig akvpwve.

TERMINAL

pglab init primary 5501

pglab start primary

pglab data 5501

pgbench -i -s 5 -q >/dev/null 2>&1

mkdir —-p "$LAB/archive"

cat >> "$LAB/primary/postgresql.conf" <<EOF
archive_mode = on

archive_command = 'test ! —-f $LAB/archive/%f && cp %p $LAB/archive/Sf'
EOF

pglab restart primary

pg_basebackup -D "$LAB/base" -X stream -c fast

EZ0OAOX

primary: véo cluster oto $LAB/primary, 6vpa 5501
primary: oe Aeitovpyia otn 8Vpa 5501

0vpa 5501: n Bdon sqlbook eivat €toiun

primary: oe Agitovpyia otn 8vVpa 5501

To heredoc ywpig el0aywykd, <<EoF, avTikab1oTd To $LAB pe TN Stadpopn Tov epyacTnpiov Ipv ypawel,
EVQ) TO % KAL TO %p LEVOUV OTIMG EIVAL YO TOV SErver.

To AdBog

Meta to backup n epappoyn Sovievel kavovika yia Aiyo. O pgbench staidel tov poAo g Kavovikng
kivnong. Kpatape v wpa Atyo stptv asto to AddBog oe pa petafAntn tov shell. e éva mpaypatiko
neplotatiko Oa m Pplokape oto log 1 Oa ™ pabaivaue amod omolov kave to AdBog.
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TERMINAL

pgbench -n -t 1000 >/dev/null 2>&1

psql —-At —-c "SELECT count(x) FROM payments"
sleep 1

before_mistake=$(psql -At —c "SELECT now()")
echo "$before_mistake"

sleep 1

psql —c "DELETE FROM payments"

E=OAOX

155

2026-09-28 09:48:19.399261+03
DELETE 155

Kai ) Soverd ovveyiletal, yiati kaveig dev 1o mpdoete aueong.
TERMINAL

pgbench -n -t 1000 >/dev/null 2>&1
psql —-q -c "SELECT pg_switch_wal()"
sleep 2

EZ0OAOX

pg_switch_wal

0/8626FCO
(1 row)

To pg_switch_wal e€ao@aiilel 0L To segment pe to AdBog eivan oo archive. Ze payuatiko server autod
TO KAVEL TO archive_timeout T T) CLUVEXNG Kivnom.
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base backup
Ta apxeia oTig 12:00

A 4

WAL timeline 1
12:00 éwg 14:59

|
|

: DELETE recovery oTauard 6w

, 15:00

S |

l v

WAL timeline 1 recovery_target_time
META TO AdBOg 14:59:59

timeline 2
véd IO0TOpia META TO promote

>xnua 14.1 - To recovery &ekiva a1mé 10 base backup, avarrailel To WAL wg Tn aTiyun piv atré 10 AdBog Kal HETA TO
promote ouveyiCel o€ véo timeline.

Recovery péxpi pia oTiyun

Agev ayyifovpe tov primary. @udyvovpe vav veo server amd 1o base backup ot B0pa 5502 kat Tov
Ague Tpia mpaypata. Amd mov Ba Bpiokel ta segments tov WAL, wg mtola otiyun Oa kavel recovery kat
T Ba kavel OTav @Tacel exel.

TERMINAL

cp -Rp "$LAB/base" "$LAB/pitr"
cat >> "$LAB/pitr/postgresql.conf" <<EOF

port = 5502

archive_mode = off

restore_command = 'cp $LAB/archive/%f S%p'
recovery_target_time = '$before_mistake'
recovery_target_action = 'pause'

EOF

touch "$LAB/pitr/recovery.signal”
pglab start pitr
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E=OAOX

pitr: oe Agitovpyia otn 6Vpa 5502

To cp -Rp KpATA TA Sikawpata twv apyeiwv. O server apveital va Eekvijoet av to data directory eivan
QAVOLYTO 0€ AAAOVG XPNOTES. TO restore_command VAl TO AVTIGTPOQPO TOV archive_command, O SETVET TO
exteAel yia ke segment ov Xpe1ddetal, e TO %f Y10 TO OVOLA KAl TO %p Yia TN S1a8pour) 07ov mpemet
va 1o avtypayel. To apyeio recovery.signal AE€1 OTOV server OTL penel va kavel targeted recovery
Kat Ox1 va EeKvroel Kavovika. To archive_mode = off eumtoSidel Tov vEo server va ypaget ato 1810 archive
L€ TOV primary 000 Kavoupe Sokiueg. Xwpig avto, 0 pitr HETA TO recovery Ba eypagpe Sikd Tov apyeia
oto archive tov primary. 'Eva endpevo recovery asto to 1810 archive Ba pmopovoe va akorovBnoet
Ok TOL 10TOPlA AVTL YA TOV primary.

TERMINAL

grep —E 'point-in-time|restored log file|recovery stopping|pausing' "$LAB/pitr.log"

E=OAOX

2026-09-28 09:48:23.327 EEST [78545] LOG: restored log file "000000010000000000000006" from archive
2026-09-28 09:48:23.328 EEST [78545] LOG: starting point-in-time recovery to 2026-09-28 09:48:19.399261+03
2026-09-28 09:48:23.355 EEST [78545] LOG: restored log file "000000010000000000000007" from archive
2026-09-28 09:48:23.372 EEST [78545] LOG: recovery stopping before commit of transaction 1831, time
2026-09-28 09:48:20.459659+03

2026-09-28 09:48:23.372 EEST [78545] LOG: pausing at the end of recovery

O server mrnpe ad 1o archive 6oa segments ypeladotav, Eavaemaiée 1o WAL kol otapdtnoe spwv amd
To commit Tov TpoTOL transaction petd v opa mov Tov Swoape. Avtd To transaction eivat TO DELETE.
Topa eivar og mavon, oe Aettovpyia povo yia avayvwor. EA&yyoupe.

SQL - OYPA 5502

SELECT pg_is_in_recovery() AS in_recovery,
pg_get_wal_replay_pause_state() AS replay,
(SELECT count(x) FROM payments) AS payments;

ATIOTEAEZMA - OYPA 5502

in_recovery | replay | payments
t | paused | 155
(1 row)

O1 155 MANpwpEg eivar ekel. Av ) ortyun dev nitav owotr, Oa popovoape va 6TNCOVLE TOV pitr KOl Va
Sokiudoovpue pe AAAN wpa, Xwpig Kaveva pioko yia Tov primary. Ikavosroinuévol, TEAEIWVOULE TO
reCOVery LLe pg_promote (), IOV KAVEL TOV SEIVEr KAVOVIKO, e SuvatotnTa eyypaeng.

SQL - OYPA 5502

SELECT pg_promote();
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ATMOTEAEXMA - ©YPA 5502

pg_promote

TERMINAL

sleep 1
grep —-E 'selected new timeline|archive recovery complete|ready to accept' "$LAB/pitr.log"

EZOAOX

2026-09-28 09:48:23.357 EEST [78539] LOG: database system is ready to accept read-only connections
2026-09-28 ©09:48:24.399 EEST [78545] LOG: selected new timeline ID: 2

2026-09-28 09:48:24.435 EEST [78545] LOG: archive recovery complete

2026-09-28 09:48:24.455 EEST [78539] LOG: database system is ready to accept connections

Timelines

O pitr Eekivnoe asto o 1610 TapeABOV pe Tov primary aAAA astO TO OTUEIO TOV recovery Kat HeETd exel
A 10Ttopia. O primary £0fnoe Tig TANPWUES, 0 pitr OXL. AV Kat 01 5o Eypapav WAL pe ta idia
ovopata apyelwv, Oa pmAékovtav oto archive. I' avto kaBe promote Eexva veo timeline. Ta
ovopata twv segments apyifouv pe tov aplBuo tov timeline kat éva apyeio .history KATAYPAPEL ATTO
71010 onpeio StakhadmOnke.

TERMINAL

1s "$LAB/pitr/pg_wal" | grep -v archive_status
cat "$LAB/pitr/pg_wal/00000002.history"

EZOAOX

000000010000000000000006

000000010000000000000007

00000002.history

000000020000000000000007

000000020000000000000008

summaries

1 0/7CF4700 before 2026-09-28 09:48:20.459659+03

To history Aéel 6T to timeline 2 Eexivnoe amod To timeline 1 og éva LSN kat ypagpet kat tov Adyo, 10
target Tov recovery. Av KAIIOTE YPEIAOTEL recovery peoa aso to timeline 2, o server Ba akoAovOnoet Tov
0woTO Spopo peoa ano 1o archive. Ta timelines Ba EavaBpovpue oto failover tov kepaiaiov 19.

AAAoI TPOTTOI VO OPICEIG TN OTIYHN

H wpa dev etvan mavta o kahvTtepog 0to)og. Av 1o AdBog kal aAAa transactions £ywvav oto 1810
Sevtepolento, BeAerg peyaitepn akpifela.
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PUBuIoN Zrapard

recovery_target_time OTO TTPWTO commit HETA aTTd AUTA TV WP
recovery_target_xid oT0 commit evOg OUYKeKPIPEVOU transaction
recovery_target_lsn o€ éva LSN

recovery_target_name o€ éva restore point pe évopa
recovery_target = 'immediate’ MOAIG To backup yivel consistent

To recovery_target_inclusive, aANB€g amo mpoemAoyn ya xid kat Isn, opicel av to 1610 to target
epappoletat N otapatape akpifmg spv. Ia wpa, 1 Tavon ylvetat Iptv amod To TPOTO commit 1oV
glvat auotnpd petd ad autr).

To 1o ypnopo oy mpdaén eivat o restore point. Iptv amod kabe emxivouvn SovAeld, Eva migration n
£va Ladlko UPDATE, (PTIAYVELS Eva OTLElo e dvoua.

sQL

SELECT pg_create_restore_point('before_price_update');

AMOTEAEZMA

pg_create_restore_point

0/9000090
(1 row)

Av kAt el otpafa, KAVELG TECOVErY LIE recovery_target_name = 'before_price_update' KOl EEPEIC AKPIPGOC
700 Ba otapatroel. Oa To KAVOLUE O ACKNON.

MATIAA

To point in time recovery @épvel Tiow 6A0 To cluster o€ pia oTiypr. XdvovTal Kal 01 wWoTEG aAAayEG TTOU Eyivav
peTd, ommwg Ta 1.000 transactions Tou pgbench petd 10 AddBog pag. " autd ouyva dev avTikaBIoTAg Tov primary
JE TOV server Tou recovery. Tov KpaTdg OiTTAd, avTiypd@Elg aTro eKei HOVO TIG YPAUUEG TTOU XGBNKav Kal Tig
gavaBddeig atov primary.

Avto kavoupe e8q. O primary €xel OAa ta owotd transactions ko kapia Anpoun. O pitr €xel Tig
TANPWHES. Me &va pg_dump HOVO TV SeG0UEVHOV TOV TVAKA TIG HETAPEPOVLLE.

TERMINAL

pg_dump —-p 5502 —-data-only -t payments sqlbook | psql —-q —-p 5501 >/dev/null
psql -At -p 5501 —c "SELECT count(x) FROM payments"

EZ0AOX

155
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KPATA AYTO

Base backup kai archive Tou WAL etravagépouv To cluster o€ otmroiadATrote oTiyur YeTd 10 backup. Avtiypdeeig
10 backup, 0pileIg restore_command KQI VA recovery_target_*, @TIAXVEIG recovery.signal Kal EEKIVAG. Me
recovery_target_action = 'pause’ SAéVXSIQ TO GTTOTé)\EOLJCI TpIv atoé 10 pg_promote(). KaBe promote §£KIV('X \Zo)
timeline. ®Tidve restore point TTpIv atmd emiKivouveg aANayEG. Zuxvd gival KAAUTEPO va PEPEIG ATTO TOV server
TOU recovery HOvo 0,TI XABnKe.

AoKNOE€Ig

AZKH:IH 14.1 Recovery o€ restore point

AMa&e oTov primary OAeg TIC TIHES TV TTPOIOVTWVY 0TO S1ITAAO010, KAEIoE TO segment KAt PTIAEE ATtd TO
base VEO server rp 0Tn BUpa 5503 Le recovery wg To restore point before_price_update KAl promote 6to
éAog. Aei&e Vv Tiur) TOL TPOIOVTOG 1 OTOV primary Kot GTov rp.

ANAMENOMENO AMOTEAEZMA

pg_switch_wal

0/9016E60
(1 row)

rp: oe Aeittovpyia otn 6UVpa 5503
33.80
16.90

AZKHIH 14.2 o0 oTapdTnoe
Aei&e a6 to log Tov rp TN ypapuun 610V OTAUATNOE TO recovery Kot Tr YPAUn Le o véo timeline.

ANAMENOMENO AMOTEAEZMA

2026-09-28 09:48:28.734 EEST [78645] LOG: recovery stopping at restore point
"before_price_update", time 2026-09-28 09:48:25.569355+03
2026-09-28 ©9:48:28.742 EEST [78645] LOG: selected new timeline ID: 2

AZKHIH 14.3 ZTOIXEiO TOU pg_control

Me 10 pg_controldata O€ife yia tov rp TNV katdotaon tov cluster kat To timeline Tov TeAgvtaiov
checkpoint.

ANAMENOMENO AMOTEAEZMA

Database cluster state: in production
Latest checkpoint's TimelLineID: 2
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AIKHEZIH 14.4 Recovery wg 10 TEAOG TOU backup

DT1aEE A0 TO base SEIVeET early 0TI OVPA 5504 L€ recovery_target = 'immediate' KOl promote Kol HeTPnoe

TIG YPQALLLES TOV pgbench_history, OTTOVL kAOe transaction tov pghench ypaget pia ypappn.

ANAMENOMENO ATMOTEAEZMA

early: oe Aeirtovpyia otn 6Upa 5504
(/]

2000

AZKH:H 14.5 O pitr yerd To promote

XTOV pitr, JTOV €lval TAEOV KAVOVIKOG server, deife av elval oe recovery kat sola eivat n peyovoa Beon
tov 010 WAL pad pe to dvoua tov segment.

ANAMENOMENO AMOTEAEZMA

in_recovery | lsn | segment
f | ©/7D32000 | 000000020000000000000007
(1 row)
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KE®AAAIO 15

Incremental backups kai EéAeyxog Twv
backups

‘Eva TAApeg backup kaBe voxta avtiypagel cava kal Eava ta idia
dedopéva, agou Ta TTEPIOOOTEPA deV aAAAGloUV aTTO PNEPQ O€ PEPQ.
ATé TNV ékdoon 17 n PostgreSQL taipvel incremental backups,
TTOU TTEPIEXOUV HOVO 00€eC aeNideC AAAagav. 210 BEUTEPO MICO TOU
KEQOAAQIOU QTTAVTAPE OTNV TTIO CNUAVTIKA £pWTNON TOU HEPOUG.
Mwg ¢€peig T éva backup Ba douAéwel Tn pépa TTou Ba 1O
XPEIQOTEIC;

O server Tou Ke@aAaiou
®&lovpe Aiyo peyaAltepn Bdaor), wote o1 Stagpopeg ota peyedn va @aivovrat. O pgbench pe -s 10
PTIAYVEL EVA EKATOUUVPIO0 AOYAPLACHOVC.

TERMINAL

pglab init primary 5501

pglab start primary

pglab data 5501

pgbench -i -s 10 —-q >/dev/null 2>&1

EZ0AOX

primary: véo cluster oto $LAB/primary, 6vpa 5501
primary: oe Aeitovpyia otn 8vUpa 5501
8Vpa 5501: n Bdon sqlbook eivat €toiun

MepiAnyn Tou WAL

INa va &&pet moteg oeAibeg aMafav amod to mponyovuevo backup, o server ypeiadetan pia epiAnyn tov
WAL. H Siepyaocia WAL summarizer Siafadel to WAL kaBag ypagetal kat Kpatd, ylia kabe
KOLUATL TOV, TT01e¢ 0eAISES o1V apyeinv aAAagay. Ot tepAPelg LItaivouvy 01O pg_wal/sunmaries IOV
eidape oto ke@aiaio 9. Evepyormoteital pe tn puOMon sunmarize_wal, ue reload.

SQL

ALTER SYSTEM SET summarize_wal = on;
SELECT pg_reload_conf();
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ANMOTEAEZMA

ALTER SYSTEM

pg_reload_conf

t
(1 row)
saL
SELECT summarized_tli, summarized_1lsn, pending_1lsn
FROM pg_get_wal_summarizer_state();
AMOTEAEZMA

summarized_tli | summarized_1lsn | pending_1lsn

+

1 | ©/178D0A0 | 0/97D4638
(1 row)

O summarizer Stafader to WAL kat ypaget tepianpelg katd Staotnupata. To pending_lsn €ival wg stov
£xe1 S1afaoel Kat To summarized_lsn WG IOV £XEL YPAWEL TEPAYPELG. MOAIG TOV EVEPYOTTO|TALE, OTOTE
SovAevel akoun tave oto WAL g @optwong. Aev xpelddetar va tov mepipevels. 'Eva incremental
backup mepiuével Hovo Tov va (pTAcouV o1 TIEPIMYPELS ¢ TO OTUELD TTOV Xpe1ddeTal.

NMARpeg Kal incremental backup
Ipmta éva mAnpeg backup, 0twg 010 KEPAAALO 13.
TERMINAL

pg_basebackup -D "$LAB/full" -c fast

H epappoyn SovAevet yia Aiyo. Meta maipvouvpe incremental backup. H emAoyr —-incremental 8&xetan
TO backup_manifest TOV TTponyovpevov backup. Ao exel o server paBaivel o LSN tov kot otéAvel povo
Tig 0eAideg mov AAAagay arto TOTE.

TERMINAL

pgbench -n -t 2000 >/dev/null 2>&1
pg_basebackup -D "$LAB/incrl" -c fast —-incremental="$LAB/full/backup_manifest"
du —-sh "$LAB/full" "$LAB/incrl"

E=OAOX

198M ~/pglab/full
50M ~/pglab/incrl

To incremental eival éva t€tapto Tov AT povg. To peyaivtepo pépog tov eivar to WAL g avtiypagng
Ka1 01 0eAI8EG TOU pgbench_accounts TTOL AyYLEAV T 2.000 transactions, 0kOpIieg 0€ OAO TOV TTivakKa. Xe
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Ha sTpayuatikn faon, 6sov peydho pHeépog twv Sedopevmy eival 10topiko mtov dev aladel, n Stagopda
elvat oA peyavtepn.

Ta apyeia mov AMa&av pepikag amodnkevovtat pe mpoOepa INCREMENTAL. KaBe TéTo10 apyeio kpatd
uovo g oehideg mov dAAagav kat to peyebog tov apykov.

TERMINAL

find "$LAB/incrl" -name 'INCREMENTAL.x*x' | wc -1

EZOAOX

927

'Eva incremental psopet va Baoidetat oe dAho incremental. 'Etor gmidyvetal pia ahvoida, ya
mapadetypa eéva mAnpeg v Kuplakn kot éva incremental kaBe AN pépa mavew 0To TTPONYOULEVO.

TERMINAL
pgbench -n -t 1000 >/dev/null 2>&1

pg_basebackup -D "$LAB/incr2" -c fast —-incremental="$LAB/incrl/backup_manifest"
du -sh "$LAB/incr2"

EZOAOX

37M ~/pglab/incr2

pg_combinebackup

'Eva incremental backup Sev Eexiva povo tov. To pg_combinebackup EVOVEL TNV AALOISA, AITO TO AT PEG
¢ To TeAevtaio incremental pe ) oepd, e va mAnpeg backup £tolo yia restore.

TERMINAL
pg_combinebackup "$LAB/full" "$LAB/incrl" "$LAB/incr2" -o "$LAB/combined"
pg_verifybackup "$LAB/combined"

du -sh "$LAB/combined"

E=OAOX

backup successfully verified
198M ~/pglab/combined

To amotéAeopa £xel to 1810 peyebog pe eva mAnpeg backup kat 616 tov manifest, tov eAeyyet to
pg_verifybackup. To Eexvape 0mwg kaOe restore.
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TERMINAL

echo "port = 5502" >> "$LAB/combined/postgresql.conf"
pglab start combined

psql -At -p 5501 —c "SELECT count(x) FROM pgbench_history"
psql -At —-p 5502 —c "SELECT count(*) FROM pgbench_history"

EZ0AOX

combined: o€ Aeiltovpyia otn 60pa 5502
3000
3000

Ta 3.000 transactions Twv 5o yOpwv Tov pgbench eivatl 0Aa exel. H alvoida £xel Eva pioko. Av yabet
N AAowwBel Evag kpikog, OAA Ta emdpeva incrementals etvan aypnota. I'U avtd ot alvoideg etvan
KOVTEG, Le AT peg backup kaOe Alyeg pépeg.

‘EAgyxog Twv backups

"Eva backup pmopei va asmotiyel pe moAhovg 1pomovg xwpig va to uabeig. 'Eva apyeio Sev petapepbnke
0AOKAN PO, 0 Siokog Tov backup aroiwoe pia oeAida, to archive £xel éva kevo, 1 ta deSopeva ftav non
xaAaopéva otov primary. Kabe eminebo Beher 51ko Tov Eeyyo.

‘EAeyxog EpyaAeio Ti maével

apxeia Tou backup pg_verifybackup apxeia Tou Agitrouv  dAAagav, WAL trou Aeitrel
checksums oeAidwv pg_checksums —-check aAolwpéveg oeNideg, o€ oTapaTnuévo cluster
Soun TTIVAKWYV Kal pg_amcheck oTaopéva indexes kal heap, o€ server TTou TPEXEI
indexes

OTI eTTAVaQEPETA £va TTPAyUATIKO restore OAa T TTAPATTAVW Kal 60a €V OKEPTNKES

To pg_amcheck XPNOUOITOLEL TNV ETEKTAOT) amcheck Y1 va eAEYEeL OTL kKAOe B-tree eival cwotd
Ta&lvounuévo katl 0t to heap exet Eykvpeg ypappeg. To ——install-missing EYKAOIOTA TNV EMEKTACT) AV
Aetzer. 'Otav oAa eival owoTd, Sev TUTMVEL TITOTA.

TERMINAL

pg_amcheck —-p 5502 —-install-missing sqlbook
echo "exit code: $?"

EZOAOZ

exit code: 0

To pg_checksuns Stafadet kaBe oeAiba kabe apyeiov kat eAéyyel o checksum tng. @elet Tov server
OTOLATNEVO.
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TERMINAL

pglab stop combined
pg_checksums —--check -D "$LAB/combined"

EZ0AOX

combined: otoaudtnoe

Checksum operation completed
Files scanned: 1324

Blocks scanned: 23263

Bad checksums: @

Data checksum version: 1

NATIAA
O povog €Aeyxog TTou atrodelkvUiel OTI €va backup emavagépertai gival £va restore. BaAe €va script va
eTavo@EPEl auTopaTa To TeAeuTaio backup o€ éva dokipaoTiké unxavnua kabe efdoudda, va Eekiva Tov server,
Va TPEXEI pg_amcheck KAI €va query TToU AEyxEl OTI UTTAPXOUV TTpdopaTta dedopéva. METpa Kal TTOGO KPATNOE.
AUTOG 0 XpbdVOog gival To TTpayuaTikd oou RTO.

Mia oTpaTnyIkn
Avo vovpuepa opidovv Tt xperaleoat. To RPO eivan mooa debopéva pmopeig va yaoeig. To RTO eivat
71000 XPOVO WITOPEIC va peivelg ekTog Aettovpylag. Me 60a eldape wg tTmpa, Hia AOYIKT) OTPATIYIKT yio
pa Baon Atywv ekatovtadwv GB eivai n e&ng.

1. Xvveyég archiving tov WAL pe archive_timeout €vog Aemrtov. To RPO elval éva Aemto.

2. TTIAfpeg backup kdBe Kuplaxr) kot incremental ke aAAn viyta.

3. Ta backups kat to archive oe aAAo unyavnua kat oe A tomoBeoia amod tov primary. 'Eva backup

otov 1610 Sioko yavetatl padi Tov.

4. Awatnpnon ya Vo gfdopuadeg kat 6,1t WAL ypetaletat yia recovery asto to o staAd backup.

5. Avtoparto restore kat éAeyyog ke efdouada.
"Eva pg_dump TNg Baong kabe viuyta Simmha oe avta dev kavel kako. Eivat o o eDkoA0g TPOITOg va PEPELS
miow &vav mivaka kat dtafadetar ano kabe £kSoomn. 'Oco yia to RTO, éva restore aso backup
exatovtadwv GB kpatd mpeg. Av xpelddeoatl Aemtd, xperddeoatl 1161 Evav server smov JTEPIUEVEL ETOUOG,.
AvTo elvan 1o BEpa Tov enOUEVOL UEPOLG.

KPATA AYTO

Mg summarize_wal O server kpaTd TTEPIAfWeIG Tou WAL Kail TO pg_basebackup ——incremental GTEAVEI HOVO TIG OEAIBEG
TToU GAAagav atrd éva Trponyoupuevo backup. To pg_combinebackup EVWVEI TNV aAuaida g€ TTARPEG backup. To
pg_verifybackup EAEYXEI TA APXEIA, TO pg_checksums TIG OENIOEG KAI TO pg_amcheck TN dour}. MOvo éva TTpaypaTikod
restore atmodeikvUel 0TI To backup douAelel. O xpdvog Tou gival To RTO cou.
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Aokioeig

AZKHZH 15.1 Al0OEOINEG TTEPIAAYEIG

Aeie mooeg mepMpelg WAL vmtdpyovv kat asto 1to10 g 1010 LSN KaAUITouy GUVOAKA, aIto To

pg_available_wal_summaries().

ANAMENOMENO ATMOTEAEZMA

summaries | from_lsn | to_1lsn

9 | 0/1000028 | 0/F000028
(1 row)

AZKHZIH 15.2 600 XWwpo YAITWVEIG

Aei&e oe KB 10 péyebog Tov full, TOU incrl KAl TOV incr2. YTTOAOYIO€ HETA LIE TO awk TL TOGOOTO TOU
AN poug eivar ta Vo incrementals padi.

ANAMENOMENO AMOTEAEZMA

202264
51348
38368
44%

AZKHzH 15.3 AAucgida xwpig apxn
Aokipaoe va eveoeLg e pg_combinebackup LOVO TO incrl KOL TO incr2, XWPIG TO TIAT|PES, 08 PAKEAO broken.

ANAMENOMENO AMOTEAEZMA

pg_combinebackup: error: backup at "~/pglab/incrl" is an incremental backup, but the
first backup should be a full backup

AZKH:H 15.4 'EAgyx0g TOU primary

TpeEe pg_amcheck o€ OAEG TIG PACELG TOV primary, UE EAEYXO KAl TWV YPAUU®V TOL heap ota Sedopéva twv
indexes. Agi&e Tov kwdiko e£080v.

ANAMENOMENO AMOTEAEZMA

exit code: 0
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AzKHzH 15.5 Checksums oT1o TApeg backup

Aoxipaoe va eAéyEerg ta checksums tov AkEAOL full P pg_checksums —-check Kot &el&e e pg_controldata
TNV KATAOTAOT JTOV YPAPEL TO pg_control TOV.

ANAMENOMENO ATMOTEAEZMA

Database cluster state: in production
pg_checksums: error: cluster must be shut down
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Replication kai
O1a0ecIpoTNTA

"Eva backup oe @épvel mow petd amo wpeg. 'Evag standby mov
akoAovBel Tov primary oe pepvel mow oe devtepolenta. ESw
ot vovpe streaming replication, fA&mtovpe Tt v kaBvotepel
kat 1L v epmmodidel, kavoupe failover kat @tavouvpe ot logical
replication, Tov avtiypa@el HEPOVOUEVOUC TTIVAKES AVALECA OE
SlagpopeTikovg servers.
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KE®AAAIO 16

Streaming replication

O standby cival évag server o€ dIapkEG recovery. Avti va diaadel
segments atrd éva archive, Aaupavel To WAL Tou primary péoa arméd
MIa oUuvOeon KOBWC YPAPETAl KAl TO EQVATTAICEl AUECTWG. 2€
KOAVOVIKEC OUVONKEC BpioKeTal KAGOHUATA TOU OEUTEPOAETTTOU TTIOCW
atrd TOV primary Kai OEXETAI queries avayvwaong.

O server Tou Ke@aAaiou
TERMINAL

pglab init primary 5501

pglab start primary

pglab data 5501

pgbench -i -s 5 -q >/dev/null 2>&1

E=ZOAOZ

primary: véo cluster oto $LAB/primary, 6Vpa 5501
primary: oe Agitovpyia otn 8vpa 5501
Bvpa 5501: n Bdon sqlbook eivatl étoiun

‘Evag standby o€ 800 evToAég

"Evag standby Eexiva amo éva base backup tov primary. Me tnv €mAoyn -R, TO pg_basebackup YPAPEL OTO
backup ka1 60a xperaletan yia va yivel standby.

TERMINAL

pg_basebackup -D "$LAB/standby" -R -X stream -c fast

1s "$LAB/standby" | grep signal

grep primary_conninfo "$LAB/standby/postgresql.auto.conf" | tr -d "'" | tr ' ' '"\n' |
grep —E '~(user|host|port|dbname)="

E=OAOX

standby.signal
user=postgres
host=1localhost
port=5501
dbname=sqlbook

To apyelo standby.signal AEEL OTOV SEIVer va LEIVEL OE Trecovery yia tavta, oe avtifeon pe to
recovery.signal TOU J{PONYOULEVOL KEPAAAIOV, TTOV OTAUATA O€ £vav 0TOX0. TO primary_conninfo OTO
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postgresql.auto.conf A&el 1oV Ba Bpet tov primary. Eivat éva connection string 6mwg avtd stov divelg oto
psql. TO pg_basebackup YPAPEL ekel KADE TAPAUETPO GUVIEDTC KA TIC TEPIOOOTEPES LIE TIG TIPOETIAOYEG
TOUC, OTOTE TO tr KAL TO grep KPATOLV HOVO TIG TEOOEPIS TTOV pag evilagepouy. Atvovue otov standby
A BUpa kat tov EexvayLe.

TERMINAL

echo "port = 5502" >> "$LAB/standby/postgresql.conf"
pglab start standby
grep —-E 'entering standby|started streaming|ready to accept' "$LAB/standby. log"

E=OAOX

standby: oe Aeitovpyia otn 6VUpa 5502

2026-09-28 09:48:44,991 EEST [79133] LOG: entering standby mode

2026-09-28 09:48:44,993 EEST [79127] LOG: database system is ready to accept read-only connections
2026-09-28 09:48:45.034 EEST [79134] LOG: started streaming WAL from primary at 0/7000000 on timeline 1

O standby &ekivnoe recovery, éptace oe consistent katdotaot, AvolEe yia oLvSETELS LOVO AVAYVWOTG
kat apyloe va Aappavet WAL asnd tov primary.

Ti1 BAéTTel o primary
INa kaOe standby o primary €xet pia Siepyacia walsender, ;tov Tov otéAvel to WAL. To view
pg_stat_replication &€l pia ypauun ava walsender.

SQL

SELECT application_name, state, sync_state,
sent_1sn, write_1lsn, flush_1lsn, replay_1lsn
FROM pg_stat_replication;

AMNOTEAEZMA

application_name | state | sync_state | sent_lsn | write_lsn | flush_1lsn | replay_1lsn
walreceiver | streaming | async | 0/7000000 | /7000000 | 0/7000000 | 0/7000000
(1 row)

Ta t¢ooepa LSN eival ta otadia tov ta&idiov tov WAL, To sent €lval 0,Tt E0TeWAE 0 primary, 10 write
0,11 eypaye o standby 010 Ae1TOVPYIKO, TO flush 0,TL EPTACE OTOV SIOKO TOV KA1 TO replay O,Tl
Eavartaiymke kat eival opato oe queries. Topa sov Sev yivetan Timota, eivatl 0Aa i8ia. To async 0T0
sync_state oTpaivel 0t o primary Sev mepipevel tov standby oto commit. Avtd aMAadel 0To ke@AAaio
18.
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__________

pg_wal

primary

A 4
walsender

WAL oe mpayuarikd xpovo

startup
replay

standby

walreceiver
write - flush

>xnAua 16.1 - O walsender otéAvel WAL kaBwg ypdapeTal
startup 1o avamaicel.

LSN mou épracav

Streaming replication

. O walreceiver 10 ypdgel ato pg_wal Tou standby kai n digpyaaia

Ytov standby ta i8ia paivovtal amo v aAAn hevpa. H Siepyacia walreceiver Aapfavel to WAL xau

n Siepyaoia startup to Eavamnailet.

SQL - OYPA 5502

SELECT pg_is_in_recovery() AS standby, status, sender_host, sender_port

FROM pg_stat_wal_receiver;

SELECT backend_type FROM pg_stat_activity

WHERE backend_type IN ('walreceiver',
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ATMOTEAEXMA - ©YPA 5502

standby | status | sender_host | sender_port
t | streaming | localhost | 5501
(1 row)

backend_type

startup
walreceiver
(2 rows)

O1 aAAayég Tagidevouv

'O, ypagetan otov primary, dedopéva, mivakeg, indexes, polot, @tavel otov standby. H replication
elvan physical. Avtiypagpet to WAL, apa 6Ao 1o cluster, geAiSa mtpog oeAMida.

saL
CREATE TABLE announcements (id integer PRIMARY KEY, body text);
INSERT INTO announcements VALUES (1, 'Néa ocvAAoyr BipAiwv');
AMNOTEAEZMA

CREATE TABLE
INSERT 0 1

SQL - ©YPA 5502

SELECT * FROM announcements;

AMOTEAEZIMA - OYPA 5502

id | body

1 | Néa ovAroyn BiBA{wv
(1 row)

O standby &éxetan povo avayvmoeig. Kabe mpoonabeia eyypapng amotuyyavet.
SQL - ©YPA 5502

INSERT INTO announcements VALUES (2, 'Amé tov standby');

AMOTEAEZMA - OYPA 5502

ERROR: cannot execute INSERT in a read-only transaction

'‘Ocot mivakeg eivan unlogged, 0mwg eidape 0to ke@aiaio 9, Sev ypagpovv WAL, dpa Sev pTtavouy mote
otov standby. Exel vtdpyouvv povo wg adeia kehden mov Sev pmopeig va Siafaces.
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MNéoco Triocw givai

To lag petpietan pe Svo tpomovg. e bytes, wg amodoTaon avaueoa oto tpexov LSN tov primary kat 0to
replay_lsn. Kai o€ xpOvo, [ TIg OTNAEG write_lag, flush_lag KAl replay_lag, IOV A&ve 000 KpATNoE KAOe
0Tad10 ya 1o tpoopato WAL. Poptmvoupe Tov primary pe to pgbench kot petpape 6060 Sovievel.

TERMINAL

pgbench -n -c 4 -T 3 >/dev/null 2>&1 &
sleep 1.5
psql —-c "SELECT pg_size_pretty(pg_wal_lsn_diff(pg_current_wal_lsn(), replay_1lsn)) AS behind,
replay_lag
FROM pg_stat_replication"
wait

EZOAOX

behind | replay_lag
8888 bytes | 00:00:00.000123
(1 row)

Ye &va TomKoO epyaotrplo o standby etval Atya KB kat iA\lootd tov deutepoAéntov mow. e
mipaypatiko Siktvo, e evav standby oe aAho datacenter, iowg apketég Sexadeg ms. Xtov 1610 Tov
standby 1 ouvapN oM pg_last_xact_replay_timestamp() Slvel TNV @pa Tov TeAevtaiov commit Tov
Eavaraiymke. Ze évav ovyo primary Ouwg auTr) 1] ®Pa HEVEL Tow AT emeldr) Sev yivovtat
commits, omtoTe Sev elval KAAO HETPO HOVT TNG.

20vdeon OTOV CWOTO server

H epappoyn mpémnet va ypapel otov primary ko propet va Stafadet amo tov standby. To libpg, n
B1BA100O1IKN IOV YpnoHoTotel To psql kal ot teprocoTepot drivers, Sexetal TOAAOUG servers oe Eva
connection string kat tnv TAPAUETPO target_session_attrs, 7OV A&l 010V OeAe1g. O1 MoTeg TOU host Kal
TOV port AVTIOTOLKOLV B£0T) 71pog B€0T), 07TOTE TO localhost ypa@eTal dVO Popec. Me read-write To libpq
SoK1Adel TOUG SErvers LE T OE1pA KAl KPATA TOV JIPAOTO TTOV SEXETAL EYYPAPECS.

TERMINAL

psql "host=localhost, localhost port=5502,5501 target_session_attrs=read-write" \
-At -c "SELECT current_setting('port')"

psql "host=localhost, localhost port=5501,5502 target_session_attrs=standby" \
-At -c "SELECT current_setting('port')"

E=OAOX

5501
5502

O standby pmrike mtpatog otV MTP®TN AloTa, aAG artoppiednke. H Sevtepn &toe standby kot tov
Bpnke, av kat fTav Sevtepog. ‘Otav o primary ad\agel peta amo failover, n idia pvOUION oTEAVEL TV
EPAPLOYT) OTOV VED XWPig aAayr ot S1apop@maor). YIAPYoUV KAl Ol TIUEG read-only, primary KO prefer—
standby.
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ZHMEIQZH

270 £pyaoThplo N replication CuvOEETAl WG postgres XWPIG KWAIKO, XAPN OTO trust TOU pg_hba.conf. Z€ production
@TIAXVEIG PONO JE REPLICATION KOI KWOIKO, TOV BACEIG OE YPOUUN) replication TOU pg_hba.conf UE scram-sha-256. O
KWOIKOG UTTaivEl O€ éva apyeio .pgpass aTov standby avTi yia TO primary_conninfo.

KPATA AYTO

‘Evag standby €ival base backup pe standby.signal Kal primary_conninfo, TTOU TQl YPAQEI TO pg_basebackup -R. O
walsender Tou primary atéAvel WAL, o walreceiver Tou standby 1o Aaufdver kai n digpyacia startup 1o
Zavarraidel. To pg_stat_replication O€iXVvel Ta 0TAdIQ sent, write, flush kai replay kai 1o lag. O standby &éxeTai
MOVO avayvwaoelS. To target_session_attrs OTEAVEI KABE TUVOEDN OTOV OWOTO SErver.

AoOKROoEIg

AZKHIH 16.1 ATré Tov primary otov standby

dT1age oTOV primary mvakd rep_test Pe 1.000 YPAUUES ATTO TO generate_series, TEPIUEVE LIOO
SevTtepOAETO KA PETPNOE TIG YpAUUEG oTov standby.

ANAMENOMENO AMOTEAEZMA

1000

AzKHzH 16.2 Ta LSN Ttou standby
Ytov standby Seie o TeAevtaio LSN mov éAafe, To teAevtaio mov Eavagmaiée kat av eivat ioa.

ANAMENOMENO ATMOTEAEZMA

received | replayed | caught_up
0/C7B3C98 | ©/C7B3C98 | t
(1 row)

AZKHIH 16.3 ZUvOeon povo ot standby

Me connection string stov £xel kat Tovg 600 servers, e TOV primary pmTo, ovvdeoe 1o psql oe server
70V elvau og recovery kau Sei&e tn BUpa KAl TO pg_is_in_recovery().

ANAMENOMENO AMOTEAEZMA

5502 |t
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Streaming replication

AzZKH:IH 16.4 Cascading replication

d1iage Sevtepo standby, Tov standby2 0T BUpa 5503, ov maipvel WAL astd Tov standby avTl yia TOvV

primary. Aeie peTd Ao TOV standby TTO10G CUVOEETAL OE AUVTOV.

ANAMENOMENO ATMOTEAEZMA

standby2: oe Aeitovpyila otn 6Vpa 5503

application_name | state
walreceiver | streaming
(1 row)

AzkHzH 16.5 DDL oTov standby
Aoxipaoe va @Tiagelg index 0Tov mivaka announcements astd Tov standby.

ANAMENOMENO AMOTEAEZMA

ERROR: cannot execute CREATE INDEX in a read-only transaction
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KE®AAAIO 17

Replication slots, lag ka1 conflicts

O standby Tou TTponyoupevou Ke@aAaiou dOUAgUE €TTEION ATAV
TTAVTa OUVOEDENEVOG. 2TNV TTPAELN €vag standby kavel restart, xavel
TO OIKTUO N pEvel TTiow. ToTE gpgavidovTal Tpia TTpoBARuaTa. O
primary oBrjvel WAL TTou o standby dev TTpoAa3e, o primary kpatd
WAL yia évav standby 1rou dgv Ba emmioTpéwel. Kal Ta queries Tou
standby ouykpouovTal e To WAL TToU TTPETTEI va EQVATTAIXTEI.

O server Tou Ke@aAaiou

"Evag primary pe pikpo max_wal_size, ®OTE va avakvkAovel WAL ypryopa. Atsmha tov évag standby
X0WPIg TIOTA EMITAEOV.

TERMINAL

pglab init primary 5501

echo "max_wal_size = '64MB'" >> "$LAB/primary/postgresql.conf"
pglab start primary

pglab data 5501

pgbench -i -s 5 -q >/dev/null 2>&1

pg_basebackup -D "$LAB/standby" -R -X stream -c fast

echo "port = 5502" >> "$LAB/standby/postgresql.conf"

pglab start standby

E=OAOZ

primary: véo cluster oto $LAB/primary, 6Upa 5501
primary: o€ Agitouvpyia otn OVpa 5501

8vpa 5501: n Bdon sqlbook eivat €toiun

standby: oe Agitovpyia otn 8Vpa 5502

Otav o WAL dev utrapyel mia

O standby otaparta, ywa mapadetypa yia avaBaduion tov Aetrtovpyikov. Xto peta&l o primary SovAevel
kat ypaget apketd WAL ywa apketd checkpoints.

TERMINAL

pglab stop standby

for i in 1 2; do psql —q —c "UPDATE pgbench_accounts SET abalance = abalance + 1"; done
psql —q —c "CHECKPOINT"

pglab start standby

sleep 2

grep 'has already been removed' "$LAB/standby.log" | tail -n 1

EKAOZH 1.0 - ZEMTEMBPIOX 2026 152



POSTGRESQL *E PRODUCTION Replication slots, lag kai conflicts

E=OAOX

standby: otoaudtnoe

standby: oe Agitovpyia otn 8Vpa 5502

2026-09-28 09:49:08.704 EEST [79706] FATAL: could not receive data from WAL stream:
ERROR: requested WAL segment 000000010000000000000007 has already been removed

O standby {rtnoe 1o segment astd 10 0moio Emperne va ouveyioel, aAAd o primary 1o giye 1160
AVAKUVKAMOEL, apov kaveig Sev tov eiste 011 1o ¥peraletat kamolog. O standby Ba Eavadokipader yia
mava kot Sev Ba tpoywprioel mote. Av vapyet archive, o standby pmopel va dpel ta segments amto
eKel U restore_command, OMIWG OTO KeEPAAA0 14. 'Eto1 ouveyidel kavovika. Xwpig archive, mpémel va
EavagpTiaytel amo véo base backup.

Replication slots

'Eva replication slot eival pia §£opevon otov primary. @uupatat péypt tov £xel Aafet WAL évag
ovykekpipevog standby kan o primary Sev ofrjvel kavéva segment asd ekeivo To onueio kal petd.
EavagTiayvovpe tov standby pe slot. To - -S TOV pg_basebackup PTIAKVEL TO slot kat ypapel To Ovoud
TOV OTO primary_slot_name TOU standby.

TERMINAL

pglab rm standby

pg_basebackup -D "$LAB/standby" -R -C -S standby_slot -X stream —-c fast
echo "port = 5502" >> "$LAB/standby/postgresql.conf"

pglab start standby

grep primary_slot_name "$LAB/standby/postgresql.auto.conf"

EZ0AOX

standby: ofAoctnke
standby: oe Agitouvpyia otn 6Vpa 5502
primary_slot_name = 'standby_slot'

sQL

SELECT slot_name, slot_type, active, restart_1lsn, wal_status
FROM pg_replication_slots;

ANOTEAEZMA
slot_name | slot_type | active | restart_lsn | wal_status
standby_slot | physical | t | 0/29000000 | reserved
(1 row)

To slot etvat evepyo ka1 1O restart_lsn Elval TO ONUELO AITO TO 071010 0 primary kpatd WAL.
Enavaiaufavovpe to meipaua.
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TERMINAL

pglab stop standby

for i in 1 2; do psql —-q —c "UPDATE pgbench_accounts SET abalance = abalance + 1"; done
psql —q —c "CHECKPOINT"

du -sh "$LAB/primary/pg_wal"

EZ0AOZ
standby: otaupdtnoe
592M ~/pglab/primary/pg_wal

SQL

SELECT slot_name, active, wal_status,
pg_size_pretty(pg_wal_lsn_diff(pg_current_wal_lsn(), restart_1lsn)) AS retained
FROM pg_replication_slots;

ANOTEAEZMA
slot_name | active | wal_status | retained
standby_slot | f | extended | 588 MB
(1 row)

O primary kpatnoe 6Ao 10 WAL, apketd mavm asto To max_wal_size. TO wal_status EYIVE extended, TOV
onuaivel 0t kpatd WAL mépa astd 1o Kavoviko 0p1o yia xapn tov slot. 'Otav o standby emotpeyer,
ovveyilel Kavovika.

TERMINAL

pglab start standby

sleep 3

psql —c "SELECT application_name, state, replay_lsn = pg_current_wal_lsn() AS caught_up
FROM pg_stat_replication"

EZOAOZ

standby: oe Agitovpyia otn 8Vpa 5502

application_name | state | caught_up
walreceiver | streaming | t
(1 row)

O standby 1rou d¢gv yuplioe TToTé

To slot dev E&pet av o standby Ba emotpeywel. Av ofnoeig evav standby kot Eexaoeig to slot tov, o
primary Oa kpatd WAL ywa tavta, uéyxpt va yepioet o Siokog. EmumAéov, omwg eidape 0to kepadiao 10,
£va slot kpatd miow kat tov opidovra Tov vacuuM. Eivar amod Tig /o ouyveg attieg mtwong oe production.
H pUB1om max_slot_wal_keep_size BACe1 0Op10. Av €va slot yperadetat meprioootepo WAL, o primary 1o
akvpovel kat ofnvel to WAL. O standby Oa mipémel va Eavagprtiaytel, aAla o primary Oa {roet.
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TERMINAL

psql —-q —-c "ALTER SYSTEM SET max_slot_wal_keep_size = '100MB'" -c "SELECT pg_reload_conf()"
pglab stop standby

for i in 1 2; do psql —q —c "UPDATE pgbench_accounts SET abalance = abalance + 1"; done
psql —q —c "CHECKPOINT"
grep 'invalidating' "$LAB/primary.log" | tail -n 1

EZOAOZ

pg_reload_conf

t
(1 row)

standby: otaudtnoe
2026-09-28 09:49:24.257 EEST [79352] LOG: invalidating obsolete replication slot "standby_slot"

SQL

SELECT slot_name, active, wal_status, invalidation_reason
FROM pg_replication_slots;

AMOTEAEZMA
slot_name | active | wal_status | invalidation_reason
standby_slot | f | lost | wal_removed

(1 row)

To slot elvat lost ka1 0 Adyog eivat wal_removed. O standby 8ev pmopel va ovveyioel amod avto, omote
ofrvoupe to slot kat Eavagptiayvovpe tov standby. Ao v eékdoon 18 vtapyetl kat To
idle_replication_slot_timeout, JTOU AKLPWVEL &va slot av peivel avevepyo meplocoTePO atd 600 opilel.

TERMINAL

psql —-q —-c "SELECT pg_drop_replication_slot('standby_slot')"

pglab rm standby

pg_basebackup -D "$LAB/standby" -R -C -S standby_slot -X stream —-c fast
echo "port = 5502" >> "$LAB/standby/postgresql.conf"

pglab start standby

E=OAOX

pg_drop_replication_slot

(1 row)

standby: oprotnke
standby: oe Aegitovpyia otn 8Vpa 5502
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NATIAA

KdaBe slot BéAel TTapakoAouBnon. ‘Eva slot Pe active = false yIO TTOAAN WPA 1 PE wal_status OIAPOPETIKO OTTO
reserved €ival alert. To max_slot_wal_keep_size TIPETTEI VA Eival WIKPOTEPO ATTO TOV EAEUBEPO XWpPO Tou diokou. H
TIPOETTIAOYA TOU, -1, ONUAiVEl XWPig 6pIo.

Conflicts otov standby

"Eva query otov standby Siafadet ano éva snapshot, 6twg otov primary. O primary opwg dev EEper Tt
Srafader o standby. Av éva vacuum otov primary offrjoet ypauuég sov to query tov standby xpelddetan
akourn, to WAL tov vacuum gptavel otov standby kot Sev pmopel va e@approotel xwplg va xaAdoel to
query. O standby &ye1 §0o emhoyeg. Na kabBuotepnoel to replay 1) va akvpwoel to query. [lepiuéver to
JOAD max_standby_streaming_delay, 30 OEVTEPOAETITA AITO TTPOETAOYT). Metd akvpavel. I'a to meipaua to
KAvoupe &va SevtepOlenTo.

SQL - ©OYPA 5502
ALTER SYSTEM SET max_standby_streaming_delay = '1s';
SELECT pg_reload_conf();

AMOTEAESZMA - ©YPA 5502

ALTER SYSTEM

pg_reload_conf

t
(1 row)

H ovvedpia B otov standby avoiyetl éva paxpt transaction mov Siafadet toug tellers kot petd SovAgvet
yia évte devtepoAenta.

SQL - XYNEAPIAB - ©YPA 5502

BEGIN ISOLATION LEVEL REPEATABLE READ;
SELECT count(x) FROM pgbench_tellers;
SELECT pg_sleep(5);

SELECT sum(tbalance) FROM pgbench_tellers;
COMMIT;

AMOTEAEZMA - SYNEAPIA B - OYPA 5502

—— N €VTOA MEPLUEVEL

¥to peta&L o primary aAdder OAovg toug tellers kat tpeyetl vacuum, tov ofrjvel Tig TaAlEg eKS00EIS.

SQL

UPDATE pgbench_tellers SET tbalance = tbalance + 1;
VACUUM pgbench_tellers;
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ANMOTEAEZMA

UPDATE 50
VACUUM

ATOTEAEZMA XTH XYNEAPIA B

BEGIN

ERROR: canceling statement due to conflict with recovery
DETAIL: User query might have needed to see row versions that must be removed.

ERROR: current transaction is aborted, commands ignored until end of transaction block
ROLLBACK
To query tov standby akvp®mBnke pe conflict with recovery. To DETAIL Agel OTL XpeladoTay eKGO0ELG
ypapuav sov apaipédnkav. O standby petpd TET01EC AKLPWOELG AVA ATIAL
SQL - OYPA 5502

SELECT datname, confl_snapshot, confl_lock
FROM pg_stat_database_conflicts
WHERE datname = 'sqlbook';

ATMOTEAEXMA - ©YPA 5502

datname | confl_snapshot | confl_lock

sqlbook | 1| 0
(1 row)

hot_standby_feedback

H p0Buion hot_standby_feedback otov standby otéAvel otov primary to maiaiotepo snapshot sov
xpnowosotel. O primary to o€fetal oav va ntav eéva 81k0 Tov avolyto transaction kat To vAcuumM Sev
ofnvel ypaupég mov yperddetan o standby.

SQL - ©YPA 5502

ALTER SYSTEM SET hot_standby_feedback = on;
SELECT pg_reload_conf();

EKAOZH 1.0 - ZEMTEMBPIOX 2026 157



POSTGRESQL *E PRODUCTION Replication slots, lag kai conflicts

ATMOTEAEXMA - ©YPA 5502

ALTER SYSTEM

pg_reload_conf

t
(1 row)

SQL - ZYNEAPIAC - ©YPA 5502

BEGIN ISOLATION LEVEL REPEATABLE READ;
SELECT count(x) FROM pgbench_tellers;
SELECT pg_sleep(5);

SELECT sum(tbalance) FROM pgbench_tellers;
COMMIT;

AMOTEAEZMA - YNEAPIA C - ©YPA 5502

-— 1 €vToAfj mepluévet

SQL

SELECT slot_name, xmin FROM pg_replication_slots;
UPDATE pgbench_tellers SET tbalance = tbalance + 1;
VACUUM (VERBOSE) pgbench_tellers;

AMOTEAEZMA

slot_name | xmin
standby_slot | 838
(1 row)

UPDATE 50

INFO: vacuuming "sqlbook.public.pgbench_tellers"

INFO: finished vacuuming "sqglbook.public.pgbench_tellers": index scans: 0

pages: @ removed, 1 remain, 1 scanned (100.00% of total), @ eagerly scanned

tuples: @ removed, 100 remain, 50 are dead but not yet removable

removable cutoff: 838, which was 1 XIDs old when operation ended

frozen: @ pages from table (0.00% of total) had @ tuples frozen

visibility map: @ pages set all-visible, @ pages set all-frozen (@ were all-visible)
index scan not needed: @ pages from table (0.00% of total) had @ dead item identifiers removed
avg read rate: 0.000 MB/s, avg write rate: 0.000 MB/s

buffer usage: 21 hits, @ reads, 0 dirtied

WAL usage: 1 records, @ full page images, 299 bytes, @ buffers full

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s

VACUUM
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ATIOTEAEZMA XTH ZYNEAPIAC

BEGIN

COMMIT

Avtn ) @opd 1o query teAeiwoe. To VACUUM AP OE TIG VEKPES YPAUUES WG not yet removable, YIOUTL O
primary n&epe 1o snapshot tov standby. Este181) o standby ypnowomoei slot, o primary kpatd avtr| v
mAnpo@opia ot otnAn xnin Tov slot. Xwpig slot Oa tnv £fAemeg 0T0 backend_xmin TOV pg_stat_replication.
To slot ™ Bupatar kat dtav o standby amocuvdebet, onote éva eykataieleupévo slot pe feedback
epmodidet To vacuum og OAn  Baon. To kdoTog eivar otov primary. 'Eva query avag@opdg pag opag
otov standby kpata bloat piag wpag otov primary. H emmidoyr) eival avaueoa oe akupwuéva queries
otov standby, bloat otov primary 1 peydo replay lag pe peyaAtepo max_standby_streaming_delay. It
standby mov vtapyet povo ya failover, Ta pukpd opla kot n akvpwon eivar owotd. a standby
AVAPOP®V, TO hot_standby_feedback |LE statement_timeout GTOV POAO TV AVAPOPWV gival oLvviBwg o
kaAvtepog ovupifaouog.

KPATA AYTO

Xwpig slot o primary oprivel WAL 1Tou évag standby dev mpoAaBe kai o standby xpeidletal archive r véo base
backup. ‘Eva slot kpatd 1o WAL, aAAd éva slot xwpig standby yepicel Tov dioko, otréTe Badelg
max_slot_wal_keep_size KOI TTAPAKOAOUBEIG TO pg_replication_slots. Eva query otov standby ptropei va akupwBei
atré 10 replay Tou vAcuuM. TO max_standby_streaming_delay OPIiCel TTOOO TTEPIPEVEI O standby kai TO
hot_standby_feedback MHETAQEPEI TO KOOTOG OTOV primary wg bloat.

Aokioeig

AzKHzH 17.1 éoco WAL kpartd kdabe slot

Aeie yia kaBe slot o Ovopua, av eivar evepyo, To wal_status Kl 1000 WAL pmopel akoun va ypagtel
TPV aKVPWOEL, aIto 1) OTNAT safe_wal_size.

ANAMENOMENO ATMOTEAEZMA

slot_name | active | wal_status | safe
standby_slot | t | reserved | 112 MB
(1 row)
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AzZKH:IH 17.2 Slot xwpig standby

DTAEE U pg_create_physical_replication_slot &va slot spare tov kpatd WAL amo topa kat Seie to
restart_lsn KOl TO active TOV. X[1)0€ TO peTA.

ANAMENOMENO ATMOTEAEZMA

slot_name | reserved

spare | t

(1 row)

slot_name | active | has_restart_1lsn
spare | f | t

(1 row)

pg_drop_replication_slot

(1 row)

AzkHzH 17.3 Conflicts avd aitia
AsiEs oToV standby ('))\sg TG 0’[]’])\89 confl_TOU pg_stat_database_conflicts Y1Q Tn) B('l(ﬂ] sqlbook.

ANAMENOMENO AMOTEAEZMA

confl_tablespace | confl_lock | confl_snapshot | confl_bufferpin | confl_deadlock | confl_active_logicalslot
0 | 0 | 1| 0 | 0 | 0
(1 row)

AIKH:IH 17.4 Lag o€ bytes yia kd0e oTdd10

Aei€e amd tov primary ywa kaBe standby oe bytes moco miow eivat To write, to flush kot to replay amo
70 Tpeyov LSN.

ANAMENOMENO ATMOTEAEZMA

application_name | write_behind flush_behind replay_behind

walreceiver 0 0 (/]

(1 row)
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AzkHzH 17.5 KAgioipo Tou feedback
Agi€e otov primary 1o xnin TOU slot. KAgioe puetd 1o hot_standby_feedback otov standby kau Sei&e to Eava.

ANAMENOMENO ATMOTEAEZMA

t
pg_reload_conf
t

(1 row)

.f
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KE®AAAIO 18

Synchronous replication

Me Tnv asynchronous replication To commit emoTpEPel HOAIG TO
WAL ypagTei oTov dioko Tou primary. Av o primary xa0gi éva
KAGOMA TOU OEUTEPOAETITOU PETA, T TEAEUTAIO commits uTTopEi va
MNVv €xouv @T1Aoel oTov standby. H synchronous replication kéaver 1o
commit va trepipével kal Tov standby. Kepdileig Tnv eyyunon ol
Kavéva commit dev xavetal o€ failover kal TTANPWVEIG PE
KaBuoTépnon og KABe commit Kal Ye Evav vEO TPOTTO VA KOAAACEI O
server.

O server Tou Ke@aAaiou

Avo standbys avt T @opa. O kabévag exet dvopa pe t pUOUOT cluster_name. O walreceiver
XPNOOTTO1EL AUTO TO OVOUA MG application_name OTAV GLVOEETA OTOV pPrimary kat e aUTO 0 primary

Toug Eexwpidel.
TERMINAL

pglab init primary 5501
pglab start primary
pglab data 5501
for n in 1 2; do
pg_basebackup -D "$LAB/standby$n" -R -X stream -c fast

printf "port = %s\ncluster_name = 'standby%s'\n" "550$((n + 1))" "$n" >> "$LAB/standby$n/postgresql.conf"
pglab start "standby$n"

done

E=0OAOZ

primary: véo cluster oto $LAB/primary, 6vpa 5501
primary: oe Agitovpyia otn 8vVpa 5501

0vpa 5501: n Bdon sqlbook eivat étoiun

standbyl: oe Aeitovpyia otn 6Vpa 5502

standby2: oe Aeitovpyila otn 6Vpa 5503

sQL

SELECT application_name, state, sync_state FROM pg_stat_replication ORDER BY 1;
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AMOTEAEZMA
application_name | state | sync_state
standbyl | streaming | async
standby? | streaming | async
(2 rows)

‘Evag synchronous standby

H p0Buion synchronous_standby_names 0Tov primary Aéet motot standbys eivat synchronous. AAGCet pe
reload.

saQL
ALTER SYSTEM SET synchronous_standby_names = 'standbyl';
SELECT pg_reload_conf();

ANMOTEAEZMA

ALTER SYSTEM

pg_reload_conf

t
(1 row)

SQL

SELECT application_name, sync_state FROM pg_stat_replication ORDER BY 1;

AMOTEAEZMA

application_name | sync_state

standbyl | sync
standby? | async
(2 rows)

O standby1 €lval sync KAl O standby2 UEVEL async. ATO €8 kAt tEpa KOs commit otov primary sepiuével
MOTIOV 0 standby1 va ypawel to WAL tov commit otov §ioko tov. ‘OG0 0 standbyl amavta ypryopa, N
Slagopa eivar pia kaBuvotepnon ion pe évav yopo ato Siktvo.

Otav o synchronous standby Acitrel

STAUATALE TOV standbyl KAl TIPOOTABOVE VA YPAWOULLE.
TERMINAL

pglab stop standbyl
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E=OAOX

standbyl: otopdtnoe

SQL - ZYNEAPIAB

INSERT INTO cities VALUES (12, 'Képkvpa', 'Iévia Nnoid', 100000);

AMOTEAEZMA - LYNEAPIAB

—— N €VTOAR MEPLUEVETL

To INSERT Sev TeAetmvel. Ao wa Tpitn oLvOeoT PAETOVE T1 TTEPIUEVEL.
SQL

SELECT application_name, state, wait_event_type, wait_event
FROM pg_stat_activity
WHERE wait_event = 'SyncRep';

AMOTEAEZMA

application_name | state | wait_event_type | wait_event

book-b | active | IPC | SyncRep
(1 row)

H otvdeon mepipével oo syncrep. Kat o o mapd€evo, n ypapun eivar 16n ypappevn kat oto WAL tov
primary. O primary asAqwg Sev Aget otov client 6Tt To commit stétuye uéypt va to emPefaimoet o
standby. Av o standby Sev emotpéwel motE, n oLVEeon Ba meprugvel yia mavta. MOALG emoTPEWEL, TO
commit oAokAnpavetal.

TERMINAL

pglab start standbyl

EZOAOX

standbyl: o€ Agitovpyia otn 60pa 5502

ATNOTEAEZMA XTH XYNEAPIA B

INSERT 0 1

MATIAA

‘Eva synchronous cUoTtnua ye évav povo standby éxer xeipodtepn dioBeaiudTnTa a1réd évav yoévo server. Av
Téael €iTe 0 primary €ite o standby, o1 eyypa@ég aTapatouv. I’ autd B€AeIg TouAdyioTov dUo standbys kal va
apkei évag atré auTtoud.
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AkKUpwon evog commit TTou TTEPIPEVEI

Ti yivetar av akupaoelg Eva commit stov mepipével tov standby; Ttapatape Eavd tov standbyl Kot 1
ouvvedpia B ypager.

TERMINAL

pglab stop standbyl

E=ZOAOZ

standbyl: otoudtnoe

SQL - XYNEAPIAB

INSERT INTO cities VALUES (13, 'XaAkiba', 'Iteped EANGDa', 60000);

ATNOTEAEZMA - XYNEAPIAB

—— N €VTOA MEPLUEVEL

saL
SELECT pg_cancel_backend(pid) AS cancelled

FROM pg_stat_activity WHERE wait_event = 'SyncRep';
AMOTEAEZMA

cancelled

AMOTEAEZMA XTH ZYNEAPIAB

WARNING: canceling wait for synchronous replication due to user request

DETAIL: The transaction has already committed locally, but might not have been replicated to the standby.

INSERT 0 1

saQL

SELECT id, name FROM cities WHERE id >= 12 ORDER BY id;

AMOTEAEZMA

12 | Képkupa
13 | XaAkida
(2 rows)
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H akbpwon Sev avaipeoe 1o INSERT. To sipoeiSomontiko punvuua to Aget kabapd. To transaction éxave
Nnén commit tomkd, aAAa iowg Sev eprtaoce otov standby. H ypapun elvat otov primary kat opatr) o€
oAovg. H eyyvnon tng synchronous replication 1oyet udovo av o client tepiuével va teAe1moeL To
commit. Mia epappoyn mov Badet timeout oto commit kot Bewpel 6TL améTuye, Oa kavel Aabog.

TERMINAL

pglab start standbyl

EZOAOX

standbyl: o€ Agitovpyia otn 60pa 5502

Quorum

H otvtafn avy n (Atota) {Ntd emPePfainwon amo omolovodnmote n g Alotag. Me ANY 1 (standbyl,
standby2) KaBe commit sTePIUEVEL OTTO10V ATTO TOVG SVO ATTAVTI|OEL TPMTOG KA1 O Server ouveyidel va
YPAPEL 000 (E1 E0TM KAl EVAG.

saL
ALTER SYSTEM SET synchronous_standby_names = 'ANY 1 (standbyl, standby2)';
SELECT pg_reload_conf();

AMOTEAEZMA

ALTER SYSTEM

pg_reload_conf

t
(1 row)

SQL

SELECT application_name, sync_state FROM pg_stat_replication ORDER BY 1;

AMNOTEAEZMA

application_name | sync_state

standbyl | quorum
standby2 | quorum
(2 rows)
TERMINAL

pglab stop standbyl
psql —c "INSERT INTO cities VALUES (14, 'Xéppec', 'Kevtpikfi Makedovia', 70000)"
pglab start standbyl
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E=OAOX

standbyl: otopdtnoe
INSERT 0 1
standbyl: o€ Agitovpyia otn 60pa 5502

To INSERT TeAeiwoe AUECKC, APOV O standby2 TO emiPfePaiwoe. H AAAN oUvTagn, FIRST n (Afota), elval
oelpa mpotepatdTnTag. Iepiuével tovg n TPWTOLG TNG AloTag mov eivat ouvSedepévol kat av évag
AElTtEL, TOV EMOUEVO.

Néoco synchronous

To synchronous_commit 0pidel TL akpifmg mepiuevel eva commit. Myopel va aAAagel ava transaction,
0TtOTE 8EV TANP®VOLV OAEC 01 EYYPAPEG TO 1510 KOOTOC.

Tiun To commit TrepIyével

off TiTToTa, 0UTE TOV BioKO TOU primary

local ToV BioKO TOou primary, oxi Tov standby

remote_write Tov standby va ypdwel To WAL oTo AeiItoupyikéd Tou

on Tov standby va ypdwel To WAL oTov &ioko Tou

remote_apply Tov standby va Eavatrai§el To WAL, waoTe n aAAayr) va gival oparn ekei

X(opig synchronous_standby_names TQ remote_x KOl TO on eivan 16 L€ TO local. To remote_apply AVvel eva
KAQOKO 1pofANnua. O xpnotng amobnkevel KATL, 1) EQAPLOYT TOV OTEAVEL 0 pia oeAida mov Stafdadet
arto tov standby. H aA\ayr) tov Sev vmdpyel akoun exel. Me remote_apply, OTAV £TOTPEWEL TO commit, 1)
aayn eivar 1161 opatr| og kaBe synchronous standby.

TERMINAL

psql —q —c "SET synchronous_commit = remote_apply" \

—c "INSERT INTO cities VALUES (15, 'Apdua', 'AvatoAtikr Makedovia', 58000)"
psql —p 5502 -At -c "SELECT name FROM cities WHERE id = 15"
psql —p 5503 —-At —c "SELECT name FROM cities WHERE id = 15"

E=OAOX

Apdua
Apdua

H aM\ayr) pavnke apeéowg kat otovg dvo standbys. ESa eivat Tomkol kot Ba v EBAemav oxedov
AUECTMG OVTWG 1) AAA®G. Ze TPAYLATIKO SikTvo, 1) pe évav standby amaoyoAnuévo, n Stapopd eivat
QAUTN AVAUECSA O€ «TO PAETTW» Kal «Sev 10 PAETI® akOun».

"Eva SET LOCAL synchronous_commit = local O€ £va transaction sov ypaget dedopéva xwplig a&ia, 0mwg
OTATIOTIKA EMOKEPEWV, TO ATAAACOEL QIO TNV avapovr) tov standby. Ot onuavtikeg eyypapeg
ouvexilouv va EPIEVOLV.
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KPATA AYTO

Me synchronous_standby_names KGB€ commit Trepipével kai standbys, pe avoyr) TTou opigelg PE FIRST n A ANY n. Av &gV
ATTAVTAOEI KAVEIG, 01 EYYPOPEG OTAPATOUV OTO SyncRep, OTTOTE BEAEIG TTAVTA TTEPIOCOTEPOUG standbys atré 6ooug
TEPIPEVEIG. 'Eva commit TTOU akupWVETal TNV WP TTOU TTEPIYEVEL £XEI ABN YiVEl TOTTIKA. TO synchronous_commit
opiel ava transaction T1 TTEpPIPEVEI TO commit KAl TO remote_apply KAVEI TNV aAAayr) opath atov standby Tpiv
ETTIOTPEWEL.

AoKNOE€Ig

AZKHZIH 18.1 ZEIPA TTPOTEPAIOTNTAG

'‘Op1oe synchronous_standby_names G€ FIRST 1 (standby2, standbyl), kave reload kau 6eie yia kabe standby to
sync_priority KAl TO sync_state.

ANAMENOMENO ATMOTEAEZMA

pg_reload_conf

t
(1 row)

application_name | sync_priority | sync_state

1 | sync

standby2 |
standbyl | 2 | potential
(2 rows)

AZKHIH 18.2 Commit TTou dev TrepIpével

Trapdtnoe kat toug SVo standbys. Kave €va INSERT GTOV cities UE synchronous_commit = local Y10l QUTO TO
transaction ka1 Seie 0T teAeiwoe. Eekiva petd toug standbys.

ANAMENOMENO AMOTEAEZMA

standbyl: otapdtnoe

standby2: otopdtnoe

BEGIN

SET

INSERT 0 1

COMMIT

standbyl: oe Ageitovpyia otn 6VUpa 5502
standby2: o€ Aeitovpyia otn 6V0pa 5503
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AZKH:IH 18.3 O gmOpEVOG OTN O€Ipd

Me 10 FIRST 1 (standby2, standbyl) TNG TTPMTNG AOKNONG, OTAUATNOE TOV standby2, O€i&e TO sync_state TOV
standbyl Kal TpOoOeae pia TOAN. Eekiva petd Eava tov standby2.

ANAMENOMENO ATMOTEAEZMA

standby2: otoudtnoe

application_name | sync_state
standbyl | sync

(1 row)

INSERT 0 1

standby2: o€ Agitovpyia otn 6VUpa 5503

AzZKHzH 18.4 [liow o€ asynchronous

Adewaoe to synchronous_standby_names, kave reload ko 68i§8 TO sync_state TWV standbys.
ANAMENOMENO AMOTEAEZMA

pg_reload_conf

t

(1 row)

application_name | sync_state
standbyl | async
standby? | async

(2 rows)

AZKHIH 18.5 Opatd oTov standby apéowg

Me synchronous_standby_names = 'ANY 2 (standbyl, standby2)' KOl synchronous_commit = remote_apply yua &va

transaction, tpoaBece pia TOAN kal S1aface TNV APUECHS ATTO TOV standby?2.

ANAMENOMENO ATMOTEAEZMA

pg_reload_conf

t
(1 row)

Zdaven
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KE®AAAIO 19

Failover, timelines kail pg_rewind

O Aoyog uttapéng evog standby €ival n oTiyur TTou O primary
xaveTtal. Tote o standby yiveTal primary, n e@apuoyn cuvoEeTal o€
QUTOV Kal O TTAAIOG primary, 0Tav ETTIOTPEWEI, TTPETTEI VA YiVEI
standby xwpic¢ va xaAdaoel TiTrota. KaBe Briua £xel pia mrayida. H
XEIPOTEPN €ival OUO servers TTou TTICTEUOUV TauTOXpova OTI €ival O

primary.

O server Tou Ke@aAaiou

O primary kpatd 256 MB WAL L€ T0 wal_keep_size, Y1a AOYO 710U Oa (pavel 00 pg_rewind.
TERMINAL

pglab init primary 5501

echo "wal_keep_size = '256MB'" >> "$LAB/primary/postgresql.conf"
pglab start primary

pglab data 5501

pgbench -i -s 5 —-q >/dev/null 2>&1

pg_basebackup -D "$LAB/standby" -R -X stream -c fast

echo "port = 5502" >> "$LAB/standby/postgresql.conf"

pglab start standby

EZOAOZ
primary: véo cluster oto $LAB/primary, 6vpa 5501
primary: o€ Agitouvpyia otn OVpa 5501

0Vpa 5501: n Bdon sqlbook eivat €toiun
standby: o€ Asgitouvpyia otn 6Vpa 5502

O primary xaverai

H epappoyn ypaget. O primary mE@tel amdtopa, 0nmg Ha Ene@te av xalovoe To Hnyavnua tou.
TERMINAL
pgbench -n -t 500 >/dev/null 2>&1

psql —-At —c "SELECT count(x) FROM pgbench_history"
pg_ctl -D "$LAB/primary" -m immediate stop
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E=OAOX

500
waiting for server to shut down.... done
server stopped

O standby 1o katahafaivel apeowg, apov xadnke n cvvdeon replication. Zvveyilet va tpoomabel va
ouvdebel. Aev aAAAdel poAo povog Tov. H PostgreSQL Sev amopaoilel tote povn g 0Tt o primary
nébave, yati amto v mAevpd tov standby évag vekpodg primary kot éva koppevo Siktvo gaivovtal
6.

TERMINAL

sleep 1

grep —E 'could not connect|FATAL' "$LAB/standby.log" | tail -n 1
EZ0AOS

2026-09-28 09:49:58.331 EEST [80848] FATAL: streaming replication receiver
"walreceiver" could not connect to the primary server: connection to server at
"localhost" (::1), port 5501 failed: Connection refused

Promote

H asmtogpaon eivat S1kn oov 1 evog epyaieiov mov mapakoiovBel toug servers. To promote kavel tov
standby primary. I'ivetat pe pg_ctl promote 1) UE SELECT pg_promote() O SQL.

TERMINAL

pg_ctl -D "$LAB/standby" promote
psql -p 5502 -At —-c "SELECT pg_is_in_recovery(), count(x) FROM pgbench_history"
grep —E 'promote|selected new timeline|ready to accept connections' "$LAB/standby. log"

EZ0AOZ

waiting for server to promote.... done
server promoted

1500

2026-09-28 09:49:59.451 EEST [80828] LOG: received promote request
2026-09-28 09:49:59.453 EEST [80828] LOG: selected new timeline ID: 2
2026-09-28 09:49:59.478 EEST [80821] LOG: database system is ready to accept connections

O standby &ywve primary oto timeline 2 ka1 £€yet ka1 Ta 500 transactions, a@ov ta eiye Aapet pv meoel
o primary. Me asynchronous replication avto dev eivan eyyvnuevo. Ta teAevtaia commits pmopel va
¥avovtav kat auto eival akpifog 0,1 eEao@aiilel n synchronous replication Tov ponyovuevov
KePaAaiov.

H eappoyn pe target_session_attrs=read-write Kl T0UG SV0 servers oto connection string fpiokel tov
vEo primary ywpig kapia aAlayn.
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TERMINAL

psql "host=localhost, localhost port=5501,5502 target_session_attrs=read-write" \
-At —-c "SELECT current_setting('port')"

EZ0AOX

5502

Split brain

O mta\16¢ primary emokevAdETAL KA KATTO10¢ TOV EEKIVA, Xwpig va EEpet ot eyve failover. Eekiva
KAVOVIKA w¢ primary.

TERMINAL

pglab start primary

psql —-At —-c "SELECT pg_is_in_recovery()"

psql —q —c "INSERT INTO cities VALUES (20, 'TpikoaAa', 'OeccaAia’, 80000)"

psql —p 5502 —-q —c "INSERT INTO cities VALUES (20, 'KoBdAa', 'AvatoAiki Makebovia', 70000)"
psql -At —-c "SELECT name FROM cities WHERE id = 20"

psql -p 5502 -At -c "SELECT name FROM cities WHERE id = 20"

E=OAOX

primary: oe Aeitovpyia otn 8vVpa 5501
f

TpikaAa

KoaBdAa

Twpa vtapyovv SVo primaries pe S1aPopeTikn TOAN yia To 1610 id. Avto Aéyetan split brain. Ma
£QPAPUOYT) TTOL CLUVOEETAL |LE TN OWOTN OE1PA 0TO connection string Ba ypdgel otov évav, pia aAAn
£papuoyt 1N &éva cron job pe alid pvBuion otov aAro. Ot §vo 10Topieg Sev evovovTal TOTE ALTOUATA.
Kastolog mpérmet va S1aAEEEL TTo1a KPpATA KAt VAL LETAPEPEL LLE TO XEPL 0,TL XPEIAdeTAL ATTO TNV AAAN.

I' avto kaBe failover mepirapfavel fencing, eEao@daiion 0Tt o TaA10g primary Sev ptopet va
Eavaypawet. ZPnvelg to unxavnua, Tov fyadelg amo to Siktuo 1 ToLAAYIoToV aradelg tn pLOULoT Tov
WOTE va unv EEKIv|oel wg primary. XT10 £€pyQaOTI|P10 TOV OTAUATAUE.

TERMINAL

pglab stop primary

E=OAOX

primary: otaudtnoe

pg_rewind

O mta\6¢ primary mpemet va yivel standby tov véov. Aev pmopet amhag va Eekvnoet wg standby, yati n
1otopia tov ammekAve. "Exetl v eyypa@r] yia ta TpikaAa kat iowg 0,1t AAAo tpoAafe va ypawet siptv
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TIECEL, IOV 0 VEOG primary Sev mrpe moté. Oa pmopovoeg va Tov ofnoelg kat va tov Eavaptiagelg amo
véo base backup, aA\a ya pia paon ekatovtadwv GB autd kpatd opeg.

To pg_rewind BPIOKEL TO OMUEID OITOV XWPIOTNKAV 01 SVO 10TOpieg, amod To history tov timeline 2.
AvTiypagel asto Tov veo primary povo Tig oeAdeg ov AANAEQY arto eKEL KAl TEPA O OTTO10VTTTOTE ATTO
toug Svo. Xperadetan ta data checksums 1 10 wal_log_hints, ®oTe kKABe aAlayr) oeAidag va gpaivetal oto
WAL. Ta checksums eivan evepyd amo sipoemoyn oty £kdoon 18. Xpetddetal iong 0TO pg_wal TOV
staA1oV primary 6Ao 1o WAL astd 1o teAevtaio kowvo checkpoint péypt onuepa. Avto eivat o Adyog tov
wal_keep_size TNV apyn Tov kepaiaiov. Xwplg avutod o maldg primary Oa eiye 1161 avakukAmoel ta
segments Kl TO pg_rewind Ba xpe1adOTav —-restore-target-wal, yld va ta 7dpel asto to archive pe to
restore_command. Me -R ypaepel kat Tig puBuioeig standby, 07twg To pg_basebackup —R.

TERMINAL

pg_rewind -D "$LAB/primary" -—source-server="host=1localhost port=5502 user=postgres dbname=postgres" -R

E=OAOX

pg_rewind: servers diverged at WAL location ©0/771A9B8 on timeline 1
pg_rewind: rewinding from last common checkpoint at ©0/6000080 on timeline 1
pg_rewind: Done!

To pg_rewind avTypa@el Alya apyeia, o1 0AOKANpo 1o cluster. Avapeod Tovg OLwg eival katl Ta apyeia
pvBuicewv Tov vEou primary, ov Ta avTikadiotd oAa. O TaAldg primary €xet TwPA TO postgresql. conf
OV 5502, pe ) B0pa 5502. Te mpayuatikovg servers e idieg pvbuioeig avtd dev gpaivetal, aAAd av
KkaOe server £yel KATL S1KO TOV OTO postgresql. conf, JIPETEL VA TO Eavaypawelg puetd to rewind.
AwopBavovpe  BOpa kot Eexvape Tov mao primary wg standby tov véov.

TERMINAL

grep '~port' "$LAB/primary/postgresql.conf"

echo "port = 5501" >> "$LAB/primary/postgresql.conf"

pglab start primary

sleep 2

psql -At —-c "SELECT pg_is_in_recovery(), (SELECT name FROM cities WHERE id = 20)"
psql —p 5502 —-c "SELECT application_name, state FROM pg_stat_replication"

EZOAOX

port = 5501

port = 5502

primary: oe Agitovpyia otn 8Vpa 5501
t | KaBaAa

application_name | state

walreceiver | streaming
(1 row)

H eyypapn yia ta Tpikaia xaBnxke. O server tng B0pag 5501 £xel ma TV 10TOPiaA TOL VEOL primary kat

ta TpikaAa vdpyxovv povo oto log. Av fjtav onuavtika Sedopéva, Ba mperne va ta eixeg owoet Ipv
amno to pg_rewind.
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pIv

5501 primary
timeline 1

5502 standby

mrwaon - promote - rewind

META

5502 primary

timeline 2

WAL

l

5501 standby
META TO pg_rewind

Zxnua 19.1 - Metd 1o failover o mpwnv standby €ivai primary o€ véo timeline kai o Trpwnv primary Tov akoAouBei wg standby.

Mpoypappatiopévn evaAAayn

'Otav aA\adeig primary okOsmpa, yia avapaduion 1y ouvt)pnon tov unyavinuatog, n diadikaocia Agyetat
switchover ka1 eival asAovoTepT). ZTAPATAC TOV primary Kavovika. 1o KAVovIKO OTauatnua o
primary otéAvel otov standby 6Ao to WAL wg to teAevtaio checkpoint mpwv kAeioet. O standby €xel 0Aa
Ta commits kat 0 7TaA10g primary dev £xel TimoTta tov Aeimel and tov standby. Kavelg promote tov
standby ka1 o ;taA16¢ primary pstaiver standby xwpig pg_rewind, ag@ov ot 10Topieg dev amekAvav. Oa 1o
KAVOLUE g AOKN 0.

EpyaAcia yia autéparo failover

Ta frjpata autov Tov kepaiaiov, aviyvevor, andgaon, fencing, promote kat rewind, oe production ta
kavel éva epyaleio. To mo S1adedopevo eivan o Patroni. Tpéyel Simia oe kaBe PostgreSQL kot kpata
oe éva ovotnua onwg o eted 1) to Consul mtolog eival o primary, pe eéva lock ov Anyet. O primary
avavewvel 1o lock kaBe Atya Sevteporerntta. Av Sev pmopel, otapatd povog Tov va ypaget. Av to lock
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An&ey, evag standby to maipvel kan kavel promote. "Etol 8o servers 8ev pmopovv va givan primary
TaLUTOYpOoVva, yiati uovo evag kpatd to lock.

EpyaAcio Ti kavel

Patroni autépuaro failover pe eted, Consul 1 ZooKeeper, rewind, puBuion
standbys

repmgr €VTOAEG yia switchover kai failover, pe évav daemon yia autéuaro

pg_auto_failover évag monitor node atmmo@aailel yia £va (euyog primary kai standby

CloudNativePG operator yia Kubernetes tmou kdvel 1a idia pe Kubernetes objects

Ot managed vmnpeoieg, 6mwg 10 Amazon RDS, kavouv 10 1610 miow asmo éva DNS dvopa stov aAhadet
7IPOG TOV VEO primary.

KPATA AYTO

H PostgreSQL dev kdvel roté failover pévn 1ng. To promote yiveTal e pg_ctl promote I pg_promote() KOI EEKIVA
véo timeline. O TTaAiog primary TTpéTTel va atropovwOei, aAAiwg €xelg split brain. To pg_rewind TOV Eavagépvel wg
standby avTiypag@ovTtag pévo 6,1t dAAage petd tn diakAddwan. O,T1 gixe ypdwel pévo autoég xavetal. ‘Eva
switchover e Kavoviké oTaudTnua Tou primary dev xpelddetal rewind. e production 6Aa autd Ta KAvel Eva
epyaAeio 6TTwg 10 Patroni.

AoKNOE€Ig

AZKHzH 19.1 Timeline oT1o pg_control

Agi€e e 1o pg_controldata To timeline tou teAevtaiov checkpoint yia tov server g BVpag 5502 kat To
apyeio history mov éptia&e to promote.

ANAMENOMENO ATMOTEAEZMA

Latest checkpoint's TimelLineID: 1
Latest checkpoint's TimelLineID: 2
1 @/771A9B8 no recovery target specified

AzZKHzH 19.2 [lolog gival primary

Aeie yia Tov 5502 av elval o€ recovery kai To timeline Tov Ao TA TPAOTA OKT® PNPid TOV OVOUATOG
oV TpEYovTog segment. I'a tov 5501 Seife av eivan o€ recovery Kot TO received_tli TOU

pg_stat_wal_receiver.

ANAMENOMENO AMOTEAEZMA

100000002
t]2
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AIZKHZH 19.3 Switchover

Kave switchover wote o server g 00pag 5501 va avayivel primary. ZTAUATNOE KAVOVIKA TOV 5502,
kdAve promote Tov 5501, TPOCHETE GTOV 5502 standby.signal KAl primary_conninfo {POG TOV 5501 KAl
ESKiVCl TOV. ASiES TO pg_stat_replication TOU 5501.

ANAMENOMENO AMOTEAEZMA

standby: otaupdtnoe
waiting for server to promote.... done
server promoted
standby: o€ Agitouvpyia otn 6Vpa 5502
state | sync_state
streaming | async
(1 row)

AZKHIH 19.4 AOKIMA Xwpig aAAayég

STAUATNOE TOV 5502 KAl TPEEE pg_rewind UE ——dry-run JIPOG TOV 5501. Aei&e Tig Svo TeAevtaieg ypaupueg
g e§o6ov kat Eekiva Eava tov 5502.

ANAMENOMENO AMOTEAEZMA

standby: otoudtnoe

pg_rewind: source and target cluster are on the same timeline
pg_rewind: no rewind required

standby: oe Agitovpyia otn 8Vpa 5502

AZKH:H 19.5 Xaugéva commits

Y1ov 5501 Seie av vmtapyet ) eyypa@r e id 20 0ToV cities KAl TL OVOUA EXEL

ANAMENOMENO ATMOTEAEZMA

id | name
____+ ________
20 | KoBdAa

(1 row)
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KE®AAAIO 20

Logical replication

H physical replication avtiypa@el oAOkANpPo 10 cluster ogAida TTpog
oeAida kai o standby gival €va TIoT6 avTiypa@o 1Tou Hovo
dlaBadletal. H logical replication oTEAvel aAAQYES YPAUPWY,
«TTPOOBECE AUTH TN YPOUMN OTOV orders», VIO OOOUC TTIVOKEG
O1aAécelc. O TTapaAqTITNG €ival KAVOVIKOG server TTou OEXETal
EYYPOAPEG, NTTOPEI VA £xEl AANOUG TTiVAKES Kal GAAN major €kdoon.
Eival To epyaAcio yia avaBabuioeic xwpic downtime kai yia B&oeig
AVAPOPWV.

O server Tou Ke@aAaiou

H logical replication xpeialetan oto WAL meprocotept tAnpogopia asto v physical, yia va
Eavapmael g ypapupeg. To wal_level TPEMEL vaL €lval logical, kAT 7tov B¢Aet restart. O Seltepog server,
0 reporting, elval aveEaptnto cluster, Oyt avtiypago tov primary.

TERMINAL

pglab init primary 5501

echo "wal_level = logical" >> "$LAB/primary/postgresql.conf"

pglab start primary

pglab data 5501

pglab init reporting 5502

pglab start reporting

createdb —p 5502 ——template=template@® —-locale-provider=icu ——icu-locale=el-GR \
——Tlocale=en_US.UTF-8 sqglbook

EZOAOX

primary: véo cluster oto $LAB/primary, 6vpa 5501
primary: o€ Agitouvpyia otn OVpa 5501

0Vpa 5501: n Bdon sqlbook eivat €toiun

reporting: véo cluster oto $LAB/reporting, 8vpa 5502
reporting: o€ Agitoupyia otn OVpa 5502

Publication ka1 subscription

Ytov primary, tov publisher, jna publication Aéel oot mivakeg kat moieg aAAayEG OTEAVOVTAL.
SQL

CREATE PUBLICATION sales_pub FOR TABLE orders, order_items;
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ATIOTEAESMA

CREATE PUBLICATION
H logical replication dev avtiypaget to oynua. Ot sivakeg mpémel va vmtapyovv otov subscriber pe tig
161eg onAeg. Toug pTidyvoupe amtod Eva dump Tov oYnUATOG.

TERMINAL

pg_dump —--schema-only -t orders -t order_items sqlbook | psql —-q —p 5502 2>&1 | grep ERROR
psql —p 5502 —c "\dt"

E=OAOX

ERROR: relation "public.products" does not exist

ERROR: relation "public.customers" does not exist

ERROR: relation "public.cities" does not exist
List of tables

Schema | Name | Type | Owner
public | order_items | table | postgres
public | orders | table | postgres
(2 rows)

Ta opdApata eivar ta foreign keys mpog mivakeg tov dev avtypapovpe, TOUg TEAATEC, TIG TTOAELS KAl
ta poiovta. To psql ovveyidel petd amd kabe opdiua, omdte OAA Ta LITOAOLTA, TTivakeg, primary keys
kat to foreign key amod ta items oTig mapayyeAieg, Snuiovpyndnkay Kavovika.

Ytov subscriber 1 subscription cuvééetan otov publisher kot ¢ntd pa 1 teprocdTepeg publications.

SQL - ©YPA 5502

CREATE SUBSCRIPTION sales_sub

CONNECTION 'host=localhost port=5501 user=postgres dbname=sqlbook'
PUBLICATION sales_pub;

AMOTEAEZMA - ©YPA 5502

NOTICE: created replication slot "sales_sub" on publisher
CREATE SUBSCRIPTION

To urpvopa Agel 6Tt otov publisher priaymke éva logical replication slot, pe tov 1810 poAo mov eiyav

ta slots tov ke@aiaiov 17. H subscription Eekiva pe avtypa@n twv vapyovimy debopuevay kabe
TVaKA Kol LETA akoAovOel Tig aAAayEg.
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publisher 5501
PUBLICATION sales_pub
orders - order_items

WAL

l

logical slot

pgoutput

aAayéc ypauuwy
INSERT - UPDATE - DELETE

subscriber 5502

SUBSCRIPTION sales_sub
OIkd Tou indexes Kal TTiVOKEG

Logical replication

>xAua 20.1 - O publisher ammokwdikoTrolei To WAL o€ aAAay£G ypapupwy yia TOug TTivakeg Tng publication kai TIg aTéAvel aTov

subscriber.

SQL - OYPA 5502

SELECT srrelid::regclass AS table_name, srsubstate AS state

FROM pg_subscription_rel ORDER BY 1;

SELECT (SELECT count(x) FROM orders) AS orders,
(SELECT count(x) FROM order_items) AS items;

AMOTEAEZMA - OYPA 5502

table_name | state
order_items | r
orders | r

(2 rows)

orders | items

162 | 310
(1 row)
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H kataotaon r, ready, onuaivel 0Tt n apyikn avitypa@n teAeimoe. Topa kaBe arlayn otov primary
(pT('IVSI OTOV reporting.

SQL

INSERT INTO orders (customer_id, status, created_at) VALUES (5, 'pending', '2026-07-02 10:00');
UPDATE orders SET status = 'paid' WHERE id = 162;
DELETE FROM order_items WHERE order_id = 1;

AMOTEAEZMA

INSERT 0 1
UPDATE 1
DELETE 1

SQL - OYPA 5502
SELECT id, status FROM orders WHERE id >= 162 ORDER BY id;

SELECT count(x) AS items_of_order_1 FROM order_items WHERE order_id = 1;

ATIOTEAEZMA - OYPA 5502

id | status
162 | paid
163 | pending
(2 rows)

items_of_order_1

0
(1 row)

O subscriber gival kavovikog server

O reporting 8&xetal eyypa@eg. Mmopel va exel Sika tov indexes yia Tig avagopeg tov, S1kovg Tou
mivakeg kal S1kd Tov views. Auto Sev yivetau oe eévav physical standby.

SQL - ©YPA 5502

CREATE INDEX orders_created_idx ON orders (created_at);

CREATE TABLE daily_totals (day date PRIMARY KEY, orders integer);
INSERT INTO daily_totals

SELECT created_at::date, count(x) FROM orders GROUP BY 1;

SELECT count(x) AS days FROM daily_totals;
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ATMOTEAEXMA - ©YPA 5502

CREATE INDEX
CREATE TABLE
INSERT @ 135

H elevBepia avtr| £xet kau kivouvo. Av ypawelg otov subscriber og mivaka sov aviypa@etal, pmopet
VA GUYKPOLOTEL pe adayEg tov Ba €pBouv.

Conflicts

Tpagpovpie 0ToV reporting Hia apayyeia pe id 500 kat peta o primary @Tidyvel  S1kr Tov
mapayyeiia 500.

SQL - OYPA 5502
INSERT INTO orders (id, customer_id, status, created_at)
VALUES (500, 1, 'pending', '2026-07-03 09:00');
AMOTEAEZMA - OYPA 5502

INSERT 0 1

SQL

INSERT INTO orders (id, customer_id, status, created_at)
VALUES (500, 2, 'paid', '2026-07-03 09:05');
INSERT INTO orders (customer_id, status, created_at) VALUES (6, 'pending', '2026-07-03 09:10');

AMOTEAEZMA

INSERT 0 1
INSERT 0 1

TERMINAL

sleep 2
grep —-E 'conflict detected|duplicate key' "$LAB/reporting.log" | tail -n 2

EZOAOZ

2026-09-28 ©9:50:13.529 EEST [81296] ERROR: conflict detected on relation
"public.orders": conflict=insert_exists
2026-09-28 09:50:15.531 EEST [81338] ERROR: conflict detected on relation
"public.orders": conflict=insert_exists
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O worker mov eapuodet Tig arlayeg Bprke non ypauun e to ido primary key kan otapatnoe.
Eavampoomabel ovvExela kat amoTuyyavel kabe popa kat kapia erduevn adlayn Sev mepvad, ovte 1)
apayyeAia mov akoAovOnoe. Ao v ékdoor 18 kabe eidog conflict peTprEtan ywplotd oto

pg_stat_subscription_stats.
SQL - ©YPA 5502

SELECT subname, apply_error_count, confl_insert_exists
FROM pg_stat_subscription_stats;

ATNOTEAEXMA - ©YPA 5502

subname | apply_error_count | confl_insert_exists
sales_sub | 2 | 2
(1 row)

H Ao eivan va amo@aoioelg mowa ypaupr kpatag. ESq ofrjvoupe TV Tomkr Kot 1 avtypagn
ouveyilel amod ekel IOV OTAUATNOE.

SQL - OYPA 5502

DELETE FROM orders WHERE id = 500;

ATMOTEAEXMA - ©YPA 5502

DELETE 1

SQL - ©YPA 5502

SELECT id, customer_id, status FROM orders
WHERE created_at >= '2026-07-03' ORDER BY created_at;

ATMOTEAEXMA - ©YPA 5502

id | customer_id | status
500 | 2 | paid
164 | 6 | pending
(2 rows)

NMATIAA

‘Eva conflict atapartd 6An Tn subscription kai 6co €ivalr oTapaTnuévn 10 slot Tou publisher kpatd WAL.
MapakoAoUBEiG TO apply_error_count Kail TO log Tou subscriber. Kai amro@eUyeig TIG yypa@ég aTov subscriber o€
TIVAKEG TTOU avTlypa@ovTal, KTOG av Ta ids &gv HTTOPOUV Va CUYKPOUOTOUV.

Replica identity

Ta va e@appooel Eva UPDATE T) €va DELETE, 0 subscriber mipémet va Bpet tn ypaupr). Xpnoponotei 1o
replica identity tov mivaka, amo mpoemhoyn to primary key. 'Evag mivakag ywpig primary key Sev
UItOpel VoL OTEIAEL UPDATE KOl DELETE.
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SQL

CREATE TABLE page_views (url text, viewed_at timestamptz);
INSERT INTO page_views VALUES ('/', now());

ALTER PUBLICATION sales_pub ADD TABLE page_views;

UPDATE page_views SET url = '/home';

AMOTEAEZMA

CREATE TABLE
INSERT 0 1
ALTER PUBLICATION

ERROR: cannot update table "page_views" because it does not have a replica identity and publishes updates
HINT: To enable updating the table, set REPLICA IDENTITY using ALTER TABLE.

To INSERT TIEpAOE, TO UPDATE OYL. O primary apveitat va ypdyet pia aiayr) stov o subscriber Sev 6a
pmopel va epapuooel. O1 AVoelg eivan éva primary key 1) ALTER TABLE ... REPLICA IDENTITY FULL, JTOU
OTEAVEL OAOKAT| PN TNV TTAALA Ypapurn kat o subscriber tnv payvet pe dAeg tig otnAeg. To FULL elvat apyo
o€ peyalovg mivakeg xwpig katdAnAo index otov subscriber.

SQL

ALTER PUBLICATION sales_pub DROP TABLE page_views;

AMOTEAEZMA

ALTER PUBLICATION

QiATpa YPOANHWYV KAl OTHAWYV

Mua publication pmopel va 0TéEAVEL HOVO KATTO1Eg YPAULES LLE WHERE KA1 LOVO KATTOIEG OTNAEC e AloTA
omAwv. 'Etot évag server avagopmv maipvel uovo 0oa xpetadetal kat £vag mivakag mehataov ta&ldeet
xwpig email kot tTAEpwva.

sSQL

CREATE PUBLICATION customers_pub
FOR TABLE customers (id, first_name, city_id, created_at) WHERE (newsletter);

SELECT pubname, tablename, attnames, rowfilter FROM pg_publication_tables
WHERE pubname = 'customers_pub';
AMOTEAESMA

CREATE PUBLICATION

pubname | tablename | attnames | rowfilter

customers_pub | customers | {id,first_name,city_id,created_at} | newsletter
(1 row)
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To @irtpo ypappwv o pia publication stov GTEAVEL UPDATE KO DELETE LITOPEL VA AVAPEPETAL LLOVO OF
oTtAeg Tov replica identity 1) e oTHAeg 7TOV LITAPYOLY 0TI AlOTA, Yia TOV 1510 AOYO UE TIp1Vv.

AvaBaBuion pe logical replication

H logical replication SovAevel avaueoa oe Stagpopetikeg major ekbooeig. I'’ avto eivar o TpoOITog va
avapabuioelg pia peyan paon pe Stakosn Alywv 6evTepoAEmToV.

STNVELG TOV VEO SErVer LIE TN VEA EKG00T) KAl TO OYT LA QIO pg_dump --schema—only.

®dnidyvelg publication yia 6Aovg Toug stivakeg e FOR ALL TABLES kau subscription otov véo.
[Mepruévelg v apyikr avoypaen kat va undeviotei to lag.

STOUATAG TIG EYYPAPEG TNG EPAPUOYTC, TIEPIUEVELS VA PTACOLV 01 TEAEVTALEG AAAAYEG KAl Opilelg
TA sequences OTOV VEO SErVer LIE setval, APOV O1 TIHUEG T®V Sequences 6ev avTlypapovTal.

5. Tupidelg v e@apuoyn otov VEo server.

B w N R

Ta keva mov mipémel va Bupaoat eivar Atya. To oynua, ta sequences kat Ta large objects Sev
avtypagovtal. Ot aAAayEG OXTLATOG TIPETEL VA YIVOVTAL LE TO XEPL KAl 0TOVG VO Servers.

KPATA AYTO

H logical replication oTéAvel aAAQYEG YPAUPWY VIO OUYKEKPIUEVOUG TTIVAKEG. OEAEl wal_level = logical,
publication aTov publisher, subscription oTov subscriber kai Toug Trivakeg Rdn @TIaypévoug ekei. O subscriber
€ival KavovIKOG server TTou SEXETAI EYYPAPES KAl MIO EYYPAPA TTOU CUYKPOUETAI GTAPATA TNV AVTIYPA®H HEXPI
va Tn AUoelg. Ta upDATE Kal DELETE XpeldlovTail replica identity. YTrdpyxouv QIATpa yPOUUWY Kal OTNAWY. ZXAUA Kal
sequences dgv avTiypa@povTal.

AoOKNOE€Ig

AzKHzH 20.1 To slot Tng subscription
Aei&e otov primary ta slots pe to dvoua, tov TOTO, TO plugin kat av eivat evepya.

ANAMENOMENO AMOTEAEZMA

slot_name | slot_type | plugin | active
sales_sub | logical | pgoutput | t
(1 row)

AzKHzH 20.2 Néog mivakag oTnv publication

IIp60o0Oeae TOV payments OTI) sales_pub. PTIAEE TOV TVAKA OTOV reporting astd dump TOU OYNUATOG XWPIG
to foreign key, avavéwaoe ) subscription kau pEtpnoe Tig mANpwpEG eKel.

ANAMENOMENO ATMOTEAEZMA

155
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AZKHZIH 20.3 ZTRAN TrOU Agitrel
IIp6oBOeoe otov primary GTnAn channel text OTOV orders KA 1 TTAPAYYEALQ LUE channel = 'web'. Aelfe TO
opAAUa 0To log Tou reporting, TPOoOeTe TN OTNAN kKt ekel kat Seile OTL 1) mapayyedia EpTaoe.
ANAMENOMENO AMOTEAEZMA
2026-09-28 09:50:25.555 EEST [81431] ERROR: logical replication target relation

"public.orders" is missing replicated column: '"channel"
web |1

AZKHzIH 20.4 MMadon Tng subscription

Kave p1saBLE T subscription, §eife otov primary av 1o slot eivat evepyo, kave tnv Eava ENABLE kat Seite
o slot Eava.

ANAMENOMENO AMOTEAEZMA

sales_sub|f
sales_sub|t

AZKHzIH 20.5 Kardotaon tng subscription

X TOV reporting O€1&e AITO TO py_stat_subscription TOV worker stov epapuodet Tig alayeg, To TeAevTaio
LSN 7tov é\afe kat av yet pid.

ANAMENOMENO AMOTEAEZMA

subname | worker_type | running | receiving
sales_sub | apply | t | t
(1 row)
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KE®AAAIO 21

Connection pooling pue PgBouncer

Kabe aouvdeon otnv PostgreSQL cival pia digpyaoia, 0TTwg €idapue
OTO KEPAAQIO 6. To avolypa TnG KoaTiel XINIOOTA TOU
OEUTEPOAETTTOU Kal N UTTapEr TNG Yvriun. Mia epapuoyr} ME OEKADEC
servers Kal éva pool cuvoioewv OToV KaBEVA QPTAVEI EUKOAA TIG
XINIAOEG OUVOEDEIC, ATTO TIG OTTOIEG EAAXIOTEG DOUAEUOUV KAOE
oTiyun. ‘Evag connection pooler 61twg 10 PgBouncer poipader Aiyeg
TIPAYMOTIKEG OUVOETEIC O€ TTOANOUG clients.

O server Tou Ke@aAaiou

To PgBouncer eivat Eexwp1oto mpoypappa. e macOS eykabiotatal e brew install pgbouncer KO O€
Debian 1y Ubuntu pe apt install pgbouncer.

TERMINAL

pglab init primary 5501

pglab start primary

pglab data 5501

pgbench -i -s 5 —-q >/dev/null 2>&1
pgbouncer ——version | head -n 1

E=OAOX

primary: véo cluster oto $LAB/primary, 6vVpa 5501
primary: oe Agitovpyia otn 8Vpa 5501

8vpa 5501: n Bdon sqlbook eivat €toiun
PgBouncer 1.26.0

PuBuion
To PgBouncer S1afadet éva apyeio ini. H evotnTa [databases] Aéel g€ molov server odnyet kaBe dvopa
Baong mov ¢ntovv ot clients. H evotta [pgbouncer] puBuilet Tov id10 tov pooler.

TERMINAL

cat > "$LAB/pgbouncer.ini" <<EOF

[databases]

sqlbook = host=1localhost port=5501 dbname=sqlbook

tiny = host=1localhost port=5501 dbname=sqlbook pool_size=1

[pgbouncer]
listen_addr = localhost
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listen_port = 6501
unix_socket_dir =

auth_type = trust

auth_file = $LAB/userlist.txt
admin_users = postgres
pool_mode = transaction
default_pool_size = 5
max_client_conn = 200
max_prepared_statements = 100

logfile = $LAB/pgbouncer. log

pidfile = $LAB/pgbouncer.pid

EOF

echo '"postgres" ""' > "$LAB/userlist.txt"
pgbouncer -d "$LAB/pgbouncer.ini"

sleep 1

tail -n 1 "$LAB/pgbouncer.log" | cut —-c 1-80

E=OAOX

2026-09-28 09:50:39.200 EEST [81649] LOG process up: PgBouncer 1.26.0, libevent

O clients ovvdéovtat ot BUpa 6501 cav va ntav PostgreSQL. To sqlbook Kat TO tiny eivat §Vo pools
mpog v 161a faom, to Sevtepo e pia povo ovvsean, tov Ba xpnoipomooovpe yia éva neipaupa. To
default_pool_size €lval mOoeg ouvdeoelg avolyel To PgBouncer mpog tov server yia kaBe {evyog faong
KO XPN 0TI KAl TO max_client_conn 7t000VG clients §&yetat. To auth_file €€l TOVE XPNOTES TTOL YVWPILEL
Me auth_type = trust 8ev eA&yxel KmS81KoVg, OTTMWG KAl 0 server Tov epyactnpiov. To -d TPEXEL TO
PgBouncer 0Tto Tapackmnvio.
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50 clients
e@apuoyn - workers

TOAAES ONVES ouvdéaeis

PgBouncer
pool_mode = transaction
default_pool_size =5

Aiyes akpiBég ouvoéoeis
uia ava transaction

PostgreSQL
5 ouvdéosig

ZxnAua 21.1 - O1 clients avoiyouv 6oeg cuvdéoelg BEAouv o1o PgBouncer. O server BAETTEl dvo TIG Aiyeg ouvdEDEIG TOU pool.

To K60TOG HIOG VEAG OUVOEDNG

To pgbench —C avoiyel véa ouvoeon yia kabe transaction, 0TS pia PAPUOYT) Xwpig pool, yia
mapaderypa éva PHP script 1) pua serverless function. To tpéyxovpe pia (popd katevbeiav otov server
kat pia péow tov PgBouncer.

TERMINAL
pgbench -n -C -c 4 -T 3 —p 5501 2>&1 | grep —-E 'connection time|tps'
pgbench -n -C -c 4 -T 3 -p 6501 2>&1 | grep —-E 'connection time|tps'
EZ0AOS

average connection time = 2.262 ms
tps = 402.860409 (including reconnection times)
average connection time = 0.557 ms
tps = 1567.171777 (including reconnection times)

Méow tov PgBouncer To transaction eivat molMasthaota o yprnyopo. Mia véa ovdeon oto PgBouncer
elvar @On v, agpov dev Eexva Siepyaoia. To PgBouncer Sivel otov client pia ovvéeon tov server mov
elvan nén avoyt).
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MoAAoi clients, Aiyeg ocuvdéoeig

ITevivta clients SovAebovv Tavtoypova péow tov PgBouncer. H kovooha Siayeipiong eivan pia
WevTkn BAoT pe Gvoua pgbouncer, OTIOV TO SHOW POOLS Selyvel Tnv kataotaorn kabe pool. O mivakag Exet
7t0A\Eg OTNAEG, 0mmOTe {ntape amd 1o psql £€€0do CSV, kpatdpue 60eg pag evola@EPOLV e TO cut KAL TIg
OTOWYI{OVE |LE TO column.

TERMINAL

pgbench -n -c 50 -T 3 —-p 6501 >/dev/null 2>&1 &
sleep 1.5
psql —p 6501 -d pgbouncer --csv -c "SHOW POOLS" | cut -d, -f 1,3,4,7,10 | column -s, -t
psql —-p 5501 -At —c "SELECT count(*) FROM pg_stat_activity
WHERE backend_type = 'client backend' AND application_name = 'pgbench'"
wait

E=OAOX

database cl_active cl_waiting sv_active sv_idle

pgbouncer 1 0 0 0
sqlbook 6 44 5 0
5

A6 ToUg 50 clients tov pool sqlbook, 5 £xovv oUVOeOT KAl ekTeAoVV transaction, otn 0TNAN cl_active. Ot
VITOAOTTIOL TTEPIUEVOLV OEIPA, OTN OTNAT cl_waiting. O server €xel povo 5 cuvOEaelg Tov pgbhench,
sv_active. H avapovr oto PgBouncer givan @Bnvn kat ta transactions tov pgbench teAeiwvouv oe
KAQOpATA TOV XIAIOOTOU, OTTOTE 1) 0E1pA TTPoXwPAa ypnyopa. O server SovAevel e 0oeg oLVOEDELg
popel va eSumnpetrjoel armodoTika, o1 pe 00eg avoiyovv ot clients.

ZHMEIQZH

Moéoeg ouvdéaelg xpelddeTal o server; AlyoTepeg atr’ 60€G VOICeIS. Av Ta queries gival ypriyopa, pia oUvoean
TToU TpéxEl KATI Xpnolpotroiei évav mupiva tng CPU. MepioadTepeg evepyég ouvdETEeI aTTd dUO 1) TPEIG POPES
TOUG TTUPAVEG OTTAWG TTEPIPEVOUV N pia TNV GAAN, yia CPU, yia dioko 1 yia locks. ‘Eva pool Aiywv dekddwv
ouvoéoewv eCUTTNPETEN XINIADEG clients.

Tpeig TpéT1TOI pooling

TO pool_mode AEEL TOTE 1AL CUVOEDT) TOV SEIVeEr MOTPEPEL GTO POOl.

Mode H olvdeon emoTpEQEl Ti dev dOUAEUEI

session orav ammoouvdebei o client TiTToTa, AAAG YAITWVEIG JOVO TO KOOTOG TNG
ouvdeong

transaction aTo T€Aog kd&Be transaction 0,TI KPOTA KATAOTOON OTN GUVOEDN TTépa aTTd éva
transaction

statement METE aTTd KABE EVTOAN transactions pe TTOAEG eVTOAEG

To transaction €lval aUTO JTOL Sivel Ta pHeydAa o@EAN kat avto stov BEAet ipoooy). O client Sev €xel Sk
tov oLvSeon. Kabe transaction tov pmopel va tpé€et oe Sragpopetikn ovvdeon tov server kot Kabe
oUvOeomn Tov server eEumnpetel moAhovg clients ot oelpa.
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Ti omrdel o€ transaction mode

‘0,11 {e1 o1 oVVSEOT KA O)1 0To transaction Siappeet oe dAovg clients 1} xavetat. To pool tiny Exel pia
ouvbeon, onote Svo Sradoyikoi clients saipvovv olyovpa v id1a. O TpmdTog aAAadel pa pvbuon pe
SET.

TERMINAL

psql -p 6501 -d tiny -c "SET work_mem = '999MB'"
psql —p 6501 -d tiny —c "SHOW work_mem"

E=OAOX

SET
work_mem

O Sevtepog client, mov Sev ekave kaveva seT, Bprike 999 MB work_mem. Te uia JIPAYUATIKT] EQAPLOYT
QAUTO OTULAIVEL OTL VA SET statement_timeout 1) EVA SET search_path €vOg request ennpeadet tuyaia aAa
requests. H AVom) eival to SET LocAL péoa o€ transaction, ov Yavetat e To commit.

Ta vitoAouta tov dev SovAetovy oe transaction mode eivat Alya ala onpavTika.

« Ta session advisory locks Tov tp@ToL TOHOV. XPNOUOTOIEIG TA pg_advisory_xact_lock, JTOV
elevBepavovtal oto TeAog Tov transaction.

« To LISTEN TOU Keahaiov 4. O worker mov akovel cuvdeetan amevbeiag otov server.

« IIpoowpivol mivakeg sov mpermel va {Noovv TEPA Ao €va transaction kat cursors WITH HoLD.

« To prepARE Tng SQL. Ta prepared statements Tov TPOTOKOAAOL, AVTA TTOV XPNOILOTTOI0VY Ot drivers,
SovAevovy arto v €kdoor 1.21 tov PgBouncer av opioelg max_prepared_statements. To PgBouncer
Bupatat mowa statements xel etoluaoet kabe client kat ta etopadel Eava oe 001 CLVEEOT) TOV
server ypelaotel.

TERMINAL

pgbench -n -M prepared -c 4 -t 200 -p 6501 2>&1 | grep 'actually processed'

E=OAOX

number of transactions actually processed: 800/800

To -M prepared kGvel o pgbench va ypnowormotel prepared statements tov sipwtokoAov. 'OAa Ta
transactions mépacav, av kat ke client aAade cuvexmg oLVSeoT OTOV Server.

Molov BAétrel o server

O server PAemel povo 1o PgBouncer. Xto pg_stat_activity kaBe cUvEeon xel SievBuvon tov PgBouncer
ka1 o paypatikog client dev gpaivetatl. To PgBouncer Seiyvel toug Sikotg tov clients e SHow CLIENTS KAt
TIG OUVOEOELG TTPOG TOV SErver e SHoW SERVERS. To sHow STATS Sivel petpnteg ava faon.
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TERMINAL

psql —p 6501 -d pgbouncer ——csv —-c "SHOW STATS" | cut -d, -f 1-4 | column -s, -t

E=OAOX

database  total_server_assignment_count total_xact_count total_query_count
2

pgbouncer @ 2

sqlbook 35876 35876 251096
tiny 2 2 2
MATIAA

>¢ production To PgBouncer &¢v €xel auth_type = trust. M€ scram-sha-256 KQI auth_query pWTA TNV idia TNV
PostgreSQL yia Toug KwdIKOUG, WATE VA Un XPEIAZETAI VO GUVTNPEIG avTiypa®o Twv XpnoTwy o€ apxeio. Kai
€TTEION OAEG 01 OUVOETEIG TTEPVOUV ATTO AUTO, TPEXEIG TOUAGXIOTOV dUO, i éva o€ KABE server TNG Epapuoyng,
WOTE va PNV €ival To JovadIKO GNUEI0 aTTOTUXIAG.

KPATA AYTO

KaBe ouvdean otnv PostgreSQL eival diepyaaia, oréte TTOAEG ouvd£oElg KOOTICOUV Kal aTravia BonBouv. To
PgBouncer &éxetail x1IAiadeg clients kal Toug poipddel o€ Aiyeg ouvdEDEIG Tou server. € transaction mode kG6e
transaction ptropei va Tpégel oe AAAN oUvdean, otrdTE SET, session advisory locks, L1sTEN Kal SQL PREPARE BEV
douAelouv OTTwg TTepIPEvelS. Ta prepared statements Tou TTPWTOKOAAOU BEAOUV max_prepared_statements. H
KOVGOAQ pgbouncer PE SHOW POOLS OEIXVEI TTOIOG TTEPIUEVEL.

Aokioeig

ATZKHZH 21.1 Pool o€ session mode

I1p600eoe 0TO pgbouncer. ini £va pool sess 7pog TNV 1610 BAOT UE pool_mode = session, EAVAPOPTOOE TIG
PLOUICELG (e RELOAD QITO TNV KOVOOAA KA Oe1€e artd TO SHOW DATABASES TO Ovoua kat to pool mode kaOe
Baong.

ANAMENOMENO AMOTEAEZMA

name pool_mode
pgbouncer statement
sess session
sqlbook

tiny
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AZKHzH 21.2 H p0Buion TTOU dev dSlappéel

Meéow Tov pool tiny AMaEe TO work_mem 0g 64 MB pe SET LocAL uéoa o€ transaction ko Sei€e amd veéo
client Tov i810v pool TNV TUr| TOL work_mem.

ANAMENOMENO ATMOTEAEZMA

RESET
BEGIN
SET

COMMIT
4MB

AZKHIH 21.3 Zuvdéoeig Tou PgBouncer oTov server

Agi€e aro tov server mOoeg OLVOETELG EXEL KAOE application_name Kl a7tO stola SievBuvaon, povo ya
client backends.

ANAMENOMENO AMOTEAEZMA

application_name | client_addr | count

pgbench | 127.0.0.1 | 3
pgbench 381l | 2
psql | ::1 | 1
(3 rows)

AZKH:zH 21.4 lMadon yia cuvtipnon

Kave PAUSE sqlbook QITO TNV KOVOOAQ, EEKIvA OTO TAPACKI|VIO &va query uéow tov PgBouncer, deie 0Tt
TIEPIUEVEL |LE TO SHOW POOLS KOL KAVE RESUME sqlbook.

ANAMENOMENO ATMOTEAEZMA

database cl_active cl_waiting
sqlbook @ 1
népace

AzKHzH 21.5 Pool TTou dev @Tdvel

Tpé€e pgbench pe 20 clients péow Tov pool tiny yia §Vo Sevtepoienta kot deike n péomn kabvotepnon.
Kave 10 1610 péow Tov sqlbook.

ANAMENOMENO AMOTEAEZMA

5.844 ms
1.977 ms

latency average
latency average
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KE®AAAIO 22

Migrations xwpig downtime

‘Eva migration 1Tou Tpéxel o€ deUTEPOAETTTA OTO laptop PTTOPEi VA
OTAUATAOEl TNV €Qappoyn yia AeTTTd o€ production. Agv @Taigl TO
MEyeBoC Tou TTivaka povo. Praiel 1010 lock TTaipvel N VTOAR, TTOCO
TO KPATA KAl TTOI0C TTEPIMEVEI TTIOW TNG. Z€ AUTO TO KEQAAQIO
MaBaivoupe va BAETToupE TO lock KGBe aAAaynG Kal va OTTAPE KABE
ETTIKiVOUVN aAAay o€ BridaTa TTOU OEV UTTAOKAPOUV.

O server Tou Ke@aAaiou

TERMINAL
pglab init primary 5501

pglab start primary

pglab data 5501

pgbench -i -s 10 -q >/dev/null 2>&1

E=OAOX

primary: véo cluster oto $LAB/primary, 6Upa 5501
primary: oe Agitovpyia otn 8vVpa 5501
B8vpa 5501: n Bdon sqlbook eivat €toiun

H oupd Twv locks

210 KEPAAA10 38 TOV TIPAOTOL TOWOL eidape OTL TA TEPIOOOTEPA ALTER TABLE DEAOUV ACCESS EXCLUSIVE, IOV
OUYKPOVETAL AKOUT) KA UE TO SELECT. To XE1pOTEPO OUKE PaiveTal OVo pe Tpelg ovvoeoelg. H A
Slafadet Tov mivaka o€ €va transaction stov dev £xel kAeloel, OMTWS U AVAPOPA T) EVA EEXATEVO BEGIN.

SQL - ZYNEAPIAA

BEGIN;
SELECT count(x) FROM pgbench_branches;

ATNOTEAEZMA - XYNEAPIA A

BEGIN

EKAOZH 1.0 - ZEMTEMBPIOX 2026 194



POSTGRESQL *E PRODUCTION Migrations xwpig downtime

H B eival 1o migration. ITepiuéver v A.

SQL - ZYNEAPIAB

ALTER TABLE pgbench_branches ADD COLUMN region text;

ATMOTEAEZMA - XYNEAPIAB

—— N €VTOAR MEPLUEVEL

H C eivat éva ammAod query g e@papuoyng. Aev OUYKPOVETAL e TNV A, ag@ol kat o1 Vo povo dtafadovv.
Kt Opwg mepipévelt.

SQL - XYNEAPIAC

SELECT count(x) FROM pgbench_branches;

ANMOTEAEZMA - XYNEAPIAC

—— N €VTOAR MEPLUEVET

SQL - XYNEAPIAD

SELECT application_name, wait_event_type, pg_blocking_pids(pid) AS blocked_by,
left(query, 45) AS query

FROM pg_stat_activity

WHERE application_name LIKE 'book-%' AND pid <> pg_backend_pid()

ORDER BY application_name;

ANMOTEAEZMA - XYNEAPIA D

application_name | wait_event_type | blocked_by | query

book-a | Client | {} | SELECT count(x) FROM pgbench_branches

book-b | Lock | {83200} | ALTER TABLE pgbench_branches ADD COLUMN regio
book-c | Lock | {83201} | SELECT count(x) FROM pgbench_branches

(3 rows)

Ta locks pmaivouv og ovpa. H C {ntd lock mov eivat oupfatod pe g A aAAd Ot pe auTo TToV JIEPIUEVEL
n B kot prtaivel mow asto ) B. KaBe veéo query otov mivaka kavet to 1610. 'Oco 1 A Sev tedeimver,
EPAPLOYT) EXEL OTAUATIOEL 0€ AUTOV TOV mivaka. Ta requests g cLGoWPELOVTAL UEXPL VA
eEavtAnBolv o1 ouvdeoelg.
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A - BEGIN
SELECT
kpatd ACCESS SHARE

eumodidel

I I
: B - ALTER TABLE :
i mepipével ACCESS EXCLUSIVE |

| |
: 'C : SFLECT ) :
| TePIYével TTiow ard Tn B |

oupd

KaBe véo query
OTOV TTiVOKO

>xAua 22.1 - H B mrepiyével Tnv A kai OAa Ta eTToépeva queries Trepigévouv Tn B, akdun ki av dev cuykpouovTail Je Tnv A.

SQL - ZYNEAPIAA

COMMIT;

AMOTEAEZMA - ZYNEAPIA A

COMMIT

AMOTEAEZMA ZTH ZYNEAPIA B

ALTER TABLE
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ATIOTEAEZMA XTH ZYNEAPIAC

lock_timeout kai eTTavaAnyn

H auuva eivat 1o lock_timeout. Av To migration dev mtapet to lock Tov péoa oe Atyo xpovo, eykataleimel.
H ovpd miow tov eAevBepmvetal. Meta Eavadoxipadet. Emavaiaupavoupe To oevapio e eva script
710V SOKIUALET TPELG POPEC.

SQL - ZYNEAPIA A

BEGIN;
SELECT count(x) FROM pgbench_branches;

AMOTEAEZMA - ZYNEAPIA A

BEGIN

10
(1 row)

TERMINAL

for attempt in 1 2 3; do
if psql -q -c "SET lock_timeout = '50@0ms'" -c "ALTER TABLE pgbench_branches ADD COLUMN manager text"; then
echo "éylve otnv mpoonddela $attempt"; break
fi
echo "mpoondBeia $attempt amétvye"; sleep 1
done

E=OAOX

ERROR: canceling statement due to lock timeout
npoomndBela 1 amétvye
ERROR: canceling statement due to lock timeout
nmpoondde 1o 2 QMETLXE
ERROR: canceling statement due to lock timeout
npoondee1a 3 améTLYE

SQL - ZYNEAPIAA

COMMIT;

AMOTEAEZMA - ZYNEAPIA A

COMMIT
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KaBe mpoomabeia pmAdkape tnv e@appoyn yia piood SeutepoAento 1o oAv. ‘'Oco n A fjTav avorytr, To
migration amétuye. e production Ba Eavadokipale apyotepa 1) Oa e1domolovoe kawtolov. Ta epyaieia
migrations twv frameworks 6ev to kavouv pdova tovg. Opilelg lock_timeout 0t oUVOEOT) TOL migration
KAl TN AOYIKT) €avaAnyng eov.

Moio lock Traipvel gia evroAn

Aev yperddetar va amootnBioeig mivakeg. Tpeyelg tnv evioAn péoa oe transaction, KO1TAG TO pg_locks KAl
KAvelg ROLLBACK. To 1810 kOATTO Seiyvel kat av 1 eVIOAT Eavaypa@el OAOKANPO TOV Tivaka, a@ov TOTe
OAAACEL TO APXELO TOV, TO relfilenode.

SQL

CREATE FUNCTION lock_of(p_table regclass)
RETURNS text
LANGUAGE sql
RETURN (SELECT string_agg(mode, ', ') FROM pg_locks
WHERE relation = p_table AND pid = pg_backend_pid());

SELECT pg_relation_filenode('pgbench_accounts') AS filenode_before;
BEGIN;
ALTER TABLE pgbench_accounts ADD COLUMN note text;

SELECT lock_of('pgbench_accounts') AS lock, pg_relation_filenode('pgbench_accounts') AS filenode;
ROLLBACK;

AMNOTEAEZMA

CREATE FUNCTION

filenode_before

16650
(1 row)

BEGIN
ALTER TABLE

lock | filenode
AccessExclusivelock | 16650
(1 row)
ROLLBACK

To AbD coLuMN Xwpig default saipvel ACCESS EXCLUSIVE, AAAGL LOVO Y1d pidt oTiyur). AMAZEL TOV KATAAOYO
ka1 o1 ta Sedopeva, onote to filenode péver id10. Me default otaBepn Tipn 1woyvet 1o 1810 and v
£xSoon 11. H Ty amtoBnkevetal 0tov KatdAoyo Kat o1 TaES YpappeEg  Selyvouv yxwpig va
Eavaypagtovv. Me default tov aA\alel oe kABe ypauurn Ouwe, OTTWE TO clock_timestamp(), O JVAKAC
Eavaypagetal.

SQL

BEGIN;

ALTER TABLE pgbench_accounts ADD COLUMN created timestamptz DEFAULT clock_timestamp();

SELECT lock_of('pgbench_accounts') AS lock, pg_relation_filenode('pgbench_accounts') AS filenode;
ROLLBACK;
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ANMOTEAEZMA

BEGIN
ALTER TABLE

lock | filenode
SharelLock, AccessExclusivelock | 16666
(1 row)
ROLLBACK

Néo filenode, apa éva ekaToppLPIo YPAUUES EAVAYPAPTNKAV LE TO ACCESS EXCLUSIVE KPATNLEVO OAN
auTtn v wpa. Ze mivaka ekatovtadnv GB, autd eivat wpeg downtime. To 1610 kKAVOUV 01 TEPIOCOTEPES
QAAAYEG TUTTOV OTNANC.

AANayn Lock =avaypagel ToV TivoKa

ADD COLUMN Xwpig default ACCESS EXCLUSIVE, OTIyMIQia oxl
N pe oTaBepd default

ADD COLUMN W€ volatile ACCESS EXCLUSIVE vai

default

ALTER COLUMN TYPE ACCESS EXCLUSIVE ouvRewc vai

SET NOT NULL ACCESS EXCLUSIVE Ox1, AANG TOPWVEL GAO TOV TTIVAKG
ADD FOREIGN KEY SHARE ROW EXCLUSIVE Ox1, GANG TOPWVEL GAO TOV TTIVAKG
CREATE INDEX SHARE, MTTAOKAPEI EYYPOPES oxl

CREATE INDEX CONCURRENTLY SHARE UPDATE EXCLUSIVE Oxl

VALIDATE CONSTRAINT SHARE UPDATE EXCLUSIVE Oxl

To SHARE UPDATE EXCLUSIVE eivat To lock tov Bélerg. Emtpénel avayvmoeig kat eyypapeg kal GUYKPOVETAL
UOVO e AAEG OAAALYEG OYTILLATOG KA |LE TO VACUUM.

Constraints og duo BrApaTta

"Eva SET NOT NULL 1) &va véo foreign key mpémetl va eAeyEetl kabe ypappur katl 1o KAVEL KpAT®VTAG 10XVPO
lock. H Aon eivar va xwpioeig v mpoodnkn amd tov éAeyyo. Me NoT VALID TO constraint smpootiBetat
AUETWG, XWPIG EAEYXO TV LITAPYOVOWV YPAUU®Y, AAA 10V yia kaBe vea ypapurn. To VALIDATE
CONSTRAINT EAEYYXEL LETA TIG TTANEG, LLE SHARE UPDATE EXCLUSIVE, EVM 1) £PAPLOYT) SovAevel.

A7to v €kBoom 18 avTo 1oYVEL KA Y10 TO NOT NULL.
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sQL
ALTER TABLE pgbench_accounts ADD CONSTRAINT filler_not_null NOT NULL filler NOT VALID;
BEGIN;

ALTER TABLE pgbench_accounts VALIDATE CONSTRAINT filler_not_null;
SELECT lock_of('pgbench_accounts') AS lock;

COMMIT;

SELECT conname, contype, convalidated FROM pg_constraint

WHERE conrelid = 'pgbench_accounts'::regclass AND conname = 'filler_not_null';
AMOTEAEZMA

ALTER TABLE
BEGIN
ALTER TABLE

lock
ShareUpdateExclusivelLock
(1 row)
COMMIT
conname | contype | convalidated
filler_not_null | n | t
(1 row)

To 1610 ya éva foreign key. To pgbench_accounts.bid SELXVEL OTO pgbench_branches, AAAG Sev €xel foreign
key.

sQL

ALTER TABLE pgbench_accounts
ADD CONSTRAINT accounts_bid_fkey FOREIGN KEY (bid) REFERENCES pgbench_branches (bid) NOT VALID;

BEGIN;

ALTER TABLE pgbench_accounts VALIDATE CONSTRAINT accounts_bid_fkey;

SELECT lock_of('pgbench_accounts') AS accounts_lock, lock_of('pgbench_branches') AS branches_lock;
COMMIT;

AMNOTEAEZMA

ALTER TABLE
BEGIN
ALTER TABLE

accounts_lock | branches_lock

AccessSharelLock, ShareUpdateExclusivelLock | AccessSharelLock, RowShareLock
(1 row)

COMMIT
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Kavéva amod ta locks Sev pmhoxdapet eyypageg. O mivakag avapopdg mrpe RowshareLock, To 1610 lock mov
TIAUPVEL EVA SELECT ... FOR UPDATE.

CREATE INDEX CONCURRENTLY

"Eva kavoviko CREATE INDEX LITAOKAPEL KAOe eyypa@r) otov sivaka yia 000 ytifetatl To index. To
CONCURRENTLY 8V LItAokApel, pe tpia kootn. Alafadet tov mivaka §Vo popeg, dev Tpéyel peoa oe
transaction ka1, av AToTUXEL, APNVEL TOW TOL €va index stov dev elvat eyxvpo.

Aoxipuadovpe éva unique index 0to bbalance Twv branches. 'OAa ta branches Eekivovv pe vtoAouto
undév, omote vITapyoLV SUTAEC TIUEG.

SQL

CREATE UNIQUE INDEX CONCURRENTLY branches_balance_key ON pgbench_branches (bbalance);

AMOTEAEZMA

ERROR: could not create unique index "branches_balance_key"
DETAIL: Key (bbalance)=(0) is duplicated.

SQL

SELECT indexrelid::regclass AS index_name, indisvalid
FROM pg_index WHERE indrelid = 'pgbench_branches'::regclass;

AMOTEAEZMA
index_name | indisvalid
pgbench_branches_pkey | t
branches_balance_key | f
(2 rows)

To index vtapyel A& pe indisvalid = false. O planner ev To xpnoiposolel, Opwg kKabe eyypagr otov
mivaka 1o eviuepawvel. 'Eva script migrations mov amétuye 1ot kat dev To mpooete kaveig agrvel £va
aypnoto index mov kooTtidel. To afnvelg, S1opbwvelg ta Sedopéva kot Eavadokipaderg.

SQL

DROP INDEX CONCURRENTLY branches_balance_key;

AMOTEAEZMA

DROP INDEX
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Expand ka1 contract
Ta adayeg ov Sev yivovtal xwpig rewrite, 07twg pia alayn TOIIoL 1) €va rename srov XPTO1LOITOLEL 1)
EPAPLOYT), 1) TEXVIKT) €lval va KAVELS TNV aAayT o€ ToAA pikpa deploys, omtov kabe Exdoon g
£PAPLOYNG SOVAEVEL [IE TO OYT LA TIPLV KA UETAL.

1l
2%

4.
5.

Expand. IIpooféteig  véa o, xwpig default, ottypaia.

H epapuoyn ypaget xat otig §vo otieg, 1 €vag trigger aviypd@el v mad ot véa o€ kabe
INSERT KO UPDATE.

Backfill. Tepideig  véa otAn yia Tig TaAIEg YPAUUEG 08 LIKPA KOUUATIA, e commit petd amod
KaOe KopuAaTL.

H epapuoyn apyilet va Stafadet amo ) véa otnAn.

Contract. Ytapatdg va ypageig oty old kat tn ofnveig.

To Prina 3 eivar avto mov ypetadetal pocoyT|. 'Eva UPDATE EvOG EKATOUUVPIOL YPAUU®Y O &va
transaction kpatd row locks og 0Aeg, ypapet tepaotio WAL povoutdg Kat agivel £va eEKatoppplo
vekpeg ypaupeg. Mia procedure pe comMIT p€oa 0tov Bpoyo TO KAVEL 0€ KOUUATIAL.

SQL

ALTER TABLE pgbench_accounts ADD COLUMN balance_cents bigint;

CREATE PROCEDURE backfill_cents(p_batch integer)
LANGUAGE plpgsql
AS $%
DECLARE
last_id integer := 0;
max_id integer;
BEGIN
SELECT max(aid) INTO max_id FROM pgbench_accounts;
WHILE last_id < max_id LOOP
UPDATE pgbench_accounts SET balance_cents = abalance * 100
WHERE aid > last_id AND aid <= last_id + p_batch;
last_id := last_id + p_batch;
COMMIT;
END LOOP;
END;
$$;

CALL backfill_cents(100000);

SELECT count(x) FILTER (WHERE balance_cents IS NULL) AS missing FROM pgbench_accounts;

AMOTEAEZMA

ALTER TABLE
CREATE PROCEDURE
CALL

missing

KaBe koppam eivar §1kd tov transaction. Ot row locks kpatotv Alyo, o autovacuum psopei va
kaBapidel avaueoa ota koppatia kat ot replicas dev 8exovtatl éva tepdotio kOpa WAL. Te paypatikod
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oLOTNUA BACEIS KA Eva LIKPO pg_sleep AVAUECA OTA KOUUATIA YO VA UMV avTaywvifeoal Tnv
gpapuoyn.

NATIAA

Kd&Be migration o€ production TpEXEl € lock_timeout KOI KAOE CREATE INDEX JJE CONCURRENTLY. Av Ogv E€peig TToIo lock
TTaipvel pia evIoAr, To dokIuddelg o€ transaction Pe pg_tlocks TTPIV TN BAAEIG 0TO migration.

KPATA AYTO

‘Eva ALTER TABLE TTOU TTEPIPEVEL lock PTTAOKAPEI KGBE query TTou £pxeTal PETE aTTé auTod, OTTOTE KABE migration
B€AEI lock_timeout KaI ETTAVAANWN. To lock kai To rewrite piag evioAng Ta BAETTEIG o€ transaction PE pg_locks Kal
relfilenode. Constraints KaI NOT NULL TTPOOTIOEVTOI JE NOT VALID KaI EAEYXOVTAI JE VALIDATE, TTOU O€V PTTAOKApEL. Ta
indexes XTiCOVTQI JE CONCURRENTLY KO EAEYXEIG TO indisvalid. O1 pey@Aeg aAAayEg yivovTal pe expand, backfill o€
KoppdaTia Kal contract.

AoKRoEIg

AzZKHzIH 22.1 To lock evég index

Aei&e pe ) lock_of 7o10 lock maipvel éva Kavoviko CREATE INDEX OTO pgbench_accounts (abalance), LEGQ O€
transaction stov avaipeitat.

ANAMENOMENO AMOTEAEZMA

CREATE INDEX

SharelLock
(1 row)

AZKHzH 22.2 AAAayn T0TTOU

Aei&e av 1 aAAayT| TOV pgbench_accounts.abalance QIO integer O€ bigint SOVAYPAPEL TOV TIVAKA,
ovykpivovtag 1o filenode mpwv kat péoa oto transaction.

ANAMENOMENO AMOTEAEZMA

before

16650
(1 row)

ALTER TABLE

after | lock
16679 | ShareLock, AccessExclusivelock
(1 row)
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AZKHzIH 22.3 MeyaAUtepo varchar

DT1age mvVaKA labels (code varchar(10)) He pia ypapurn kot 8ei&e av n aAAayr| O€ varchar(50) KAl LETA O

text AAAGeL To filenode.

ANAMENOMENO ATMOTEAEZMA

CREATE TABLE
INSERT 0 1

ALTER TABLE

after_varchar50

16683
(1 row)

ALTER TABLE

after_text

16683
(1 row)

AZKHIH 22.4 Xwpig oupd

®11a&e CHECK (abalance > -1000000) OTO pgbench_accounts WG NOT VALID, KAVE TO VALIDATE kat Sei&e to

convalidated TPV KA HETA.

ANAMENOMENO AMOTEAEZMA

ALTER TABLE

convalidated

ALTER TABLE

convalidated
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AZKH:H 22.5 AkKupa indexes
Bpeg 6Aa ta indexes tng faong mov dev etvar £ykupa, pe Tov Tivakd Toug.

ANAMENOMENO ATMOTEAEZMA

index_name | table_name

(0 rows)
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KE®AAAIO 23

Bloat, REINDEX kai pg_repack

TO VACUUM KAVEI TOV XWPEO TWV VEKPWYV YPAUMWY OIABECIKO YIa VEES
YPAUMEG, aAAG oTTAvIa pIKpaivel Ta apxeia. MeTa atro Eva padiko
DELETE ] MIa TTEPiIODO OTTOU 0 autovacuum dev TTPOAAPBaIvVE, Evag
TTivakag PTTopei va mavel TTOANATTAAGCI0 XWpPo atrd 600 XPEIAdeTal.
To id10 10x Vel Kal yia Ta indexes Tou. AuTo gival To bloat. ESw 10
METPAME KAl TO APAIPOUNE PE TPEIG TPOTTOUG, ATTO TOV TTIO ATTAO Kal
ETTIKIVOUVO PEXPI AUTOV TTOU OEV OTAUATA TNV EQAPUOYN.

O server Tou Ke@aAaiou

To pg_repack elvar extension kat epyaieio ypauurg evtohmv. Xe Debian 1} Ubuntu eykabiotatan pe 1o
TOKETO postgresql-18-repack. 2€ macOS XTKST(XI artd Tov KOOKA Tov UE make install, W€ TO pg_config TNG
PostgreSQL 18 o1o PATH.

TERMINAL

pglab init primary 5501

pglab start primary

pglab data 5501

pgbench -i -s 10 -q >/dev/null 2>&1

psql —q —c "CREATE EXTENSION pgstattuple" -c "CREATE EXTENSION pg_repack"
pg_repack ——version

E=OAOX

primary: véo cluster oto $LAB/primary, 6Upa 5501
primary: o€ Agitouvpyia otn 6Vpa 5501

0vpa 5501: n Bdon sqlbook eivat €toiun

pg_repack 1.5.3

Mwg eTiayxveral bloat

PNvoupEe TEOOEPIS OTOVG TTIEVTE AOYAPLACHOVS, OMtwg Oa £kave pia epyaocia mov kabapiletl makid
Sebopcva. Metd TpEYouUEe VACUUM.
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SQL

SELECT pg_size_pretty(pg_relation_size('pgbench_accounts')) AS table_size,
pg_size_pretty(pg_relation_size('pgbench_accounts_pkey')) AS index_size;

DELETE FROM pgbench_accounts WHERE aid % 5 <> 0;
VACUUM pgbench_accounts;

SELECT pg_size_pretty(pg_relation_size('pgbench_accounts')) AS table_size,
pg_size_pretty(pg_relation_size('pgbench_accounts_pkey')) AS index_size;

AMOTEAEZMA

table_size | index_size

128 MB | 21 MB
(1 row)

DELETE 800000
VACUUM
table_size | index_size

128 MB | 21 MB
(1 row)

Timota dev pikpuve. O1200.000 AOYAPIACUOL TTOU EUEVAY EIVAL OKOPITIOL O OAEG TIG OAIOEG, Evag
oToLg mevTe oe KABe oeAiba. To pgstattuple SelYVEL TOGO KEVOC EVAL O TIVAKAG KA TO pgstatindex TTOCO
yeuateg eivar o1 oeAideg Tov index.

sQL

SELECT round(tuple_percent::numeric, 1) AS live_pct,
round(free_percent::numeric, 1) AS free_pct
FROM pgstattuple('pgbench_accounts');

SELECT avg_leaf_density, leaf_pages FROM pgstatindex('pgbench_accounts_pkey');

AMOTEAEZMA

live_pct | free_pct

18.0 | 77.8
(1 row)

avg_leaf_density | leaf_pages

18.2 | 2733
(1 row)

O1 {OVTAVES YPAULES TTIAVOLV TTEPLTTOV TO EVA TTEUITTO TOV TVAKA KA1 0 VITOAOUTOG XWPOG elval
eAevBepog. Ta @UAAA Tov index eival yepata katd Ayotepo amod eva epsto. Av o mivakag Oa
Eavayepioel ouvtopa, avto Sev eivar tpoPAnua, o xwpog Ba Eavaypnouomonbel. Av oy, kabe
sequential scan Siafadel mevte Popeg meploooTEPEG 0AISEG A’ 000 ¥peradetal. H cache yepilel pe
KEVO XWPO.
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ZHMEIQZH

To pgstattuple dIARALEI OAOKANPO TOV TTiVAKA. € TTivaKa eKATOVTAdWY GB, TO pgstattuple_approx OIVEl EKTIUNON
dlapadovTag povo TIg oeAideg TTou Sev gival all visible aTo visibility map.

Otav to VACUUM uikpaivel Tov Trivaka

Yrtapyet pia meplntwon 0o To VACUUM ETTIOTPEPEL XWPO OTO AEITOVPYIKO. AV 01 0eAibeg 0TO TEAOG TOV
apyeiov adelaoovy evieAng, Tig kKOPel. Ag ofrioovue ToVg AOYaplaopovg Le Ta peyaAvtepa ids, mmov
glvau oTig tedevtaieg oeAidec.

SQL

DELETE FROM pgbench_accounts WHERE aid > 800000;
VACUUM pgbench_accounts;
SELECT pg_size_pretty(pg_relation_size('pgbench_accounts')) AS table_size;

ANMOTEAEZMA

DELETE 40000
VACUUM
table_size

102 MB
(1 row)

O mivakag HiKpUVE KATA eva TEPTTO. I1a va KOWEL TO TEAOG, TO VACUUM XPEIAdETAL YOl 10 OTLYLLT) ACCESS
EXCLUSTVE lock. Av 8ev To mtapel aQuEomE, TAPAITEITAL ATTO TO KOWILO AVTL VA TIEPIUEVEL.

VACUUM FULL

To VACUUM FULL YPAPEL Evav VEO TTIVAKA HE LOVO TIG {OVTAVES YPAUUES, EavayTtidel OAa Ta indexes kot
ofrvel ta mala apyeia. Etval ammho kal ammoTeAEOUATIKO, AAAA KPATA ACCESS EXCLUSIVE G€ OAT TN
Siapxera. Kaveig dev S1afader 1) ypagel tov mivaka péypl va TeEAEImOEeL.

sQL

CREATE TABLE accounts_copy AS SELECT x FROM pgbench_accounts;
DELETE FROM accounts_copy WHERE aid % 2 = 0;

SELECT pg_size_pretty(pg_relation_size('accounts_copy')) AS before;

VACUUM FULL accounts_copy;
SELECT pg_size_pretty(pg_relation_size('accounts_copy')) AS after;
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ANMOTEAEZMA

SELECT 160000
DELETE 80000

before

e &va avTiypago, og pia fAacn avagopav 1) o mtapdbupo ouvTpNnong, To VACUUM FULL gival pia xapd.
Y& &vay JvVaKa JToV XPTO1UOTOIEL 1] EQAPLOYT], OXL.

REINDEX CONCURRENTLY

Juyva o mivakag eival evra&el kat povo ta indexes €xovv povokwoel. 'Eva index B-tree sov S€yetat
JTOAAQL UPDATE KO DELETE XAVEL OTASIAKA TNV TTUKVOTNTA TOU. TO REINDEX INDEX CONCURRENTLY YTil€l €val VEO
index 81mAa 01O TTAALO, e TOV TPOTIO TOV CREATE INDEX CONCURRENTLY. Ta aAAadel pe éva ovvtopo lock oto
TENOC.

SQL

SELECT pg_size_pretty(pg_relation_size('pgbench_accounts_pkey')) AS before;
REINDEX INDEX CONCURRENTLY pgbench_accounts_pkey;

SELECT pg_size_pretty(pg_relation_size('pgbench_accounts_pkey')) AS after,
avg_leaf_density
FROM pgstatindex('pgbench_accounts_pkey');

ANMOTEAEZMA

before

REINDEX

after | avg_leaf_density

3536 kB | 89.87
(1 row)

To index &yve LKPOTEPO KAL ] TTUKVOTNTA TV PUA®YV TOV Lemepaae 1o 90. 'Eva B-tree mov ytidetat
a7to TV apyn Yepidel kabe UANO WG TO fillfactor TOV, 90% QIO TTPOETIAOYT).

pg_repack

To pg_repack KAVEL O,TL TO VACUUM FULL X®PIg va KpaTd TOV mivaka kAelSwuévo. @tidyvel Eva aviiypago
TOV JTivaka kat evayv trigger mov kataypagel kaBe aAlayr) Ttov apyikoL oe évav mivaka log. Tepilet to
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avtiypao, xtilel ta indexes Tov, epAPUOEL 00EG AAMAYEC EYIVAY OTO LETAED KAl OTO TEAOC TTAIPVEL Y1
10l OTUYUT) ACCESS EXCLUSIVE yia va aAAAEEL TO apyiko Le To avtiypago. O@¢Aet primary key 1 unique
index otov mivaxa.

Ta va dovpe 0T 1) epappoyr) dev otapatd, TpExovpe o pgbench 600 SovAelel To py_repack.

TERMINAL

psql -At —-c "SELECT pg_size_pretty(pg_total_relation_size('pgbench_accounts'))"
pgbench -n -c 4 -T 6 2>&1 | grep -E 'processed|failed' > pgbench.out &

sleep 1

pg_repack —-d sqglbook -t pgbench_accounts 2>&1

wait

cat pgbench.out

psql —-At —c "SELECT pg_size_pretty(pg_total_relation_size('pgbench_accounts'))"

E=ZOAOZ

106 MB

INFO: repacking table "public.pgbench_accounts"
number of transactions actually processed: 76454
number of failed transactions: @ (0.000%)

24 MB

O mivakag pad pe ta indexes tov pikpuve kat to pgbench Sev elye kavéva amotuynuévo transaction.
To KOOTOG TOV pg_repack elval xwpog kat I/0. Xperdletal ehevBepo XPo yia Eva TIAT PEG AVTLYPAPO TOV
mivaka kot tov indexes Tov kat ypaget toAd WAL, stov gptavel kat otovg standbys. To —x Eavaytidet
uovo ta indexes kat to -j XTidel moAA indexes apaAAnAa.

NATIAA

Kai 70 pg_repack BEAEI BUO POPEG ACCESS EXCLUSIVE YIO Aiyo, OTNV APXH YIO va OTroEl Tov trigger Kal 0To TEAOG yia
TNV aAAayr). Av éva pakpuU transaction Kpatd Tov TTivaKa, TO pg_repack TTEPIMEVEI KAI N OUPA TOU KEQaAaiou 22
Eavayupicel. O1 vedTEPEG EKBOTEIG TOU OKOTWVOUV OTTOIOV TO EUTTOBICEI META OTTO €va OpI0, EKTOG AV OWOEIG —
no-kill-backend. TPEXE TO O€ WPEG ME Aiyn Kivnon).

MpoAnyn
O kaAUTEPOG TPOTTOC Va UV ¥petadeoatl OAa auvtd eivar va un @Tiayveig bloat.

« O autovacuum va stpodafaiver, pe Tig pubuioeig avd mvaka Tov Ke@aiaiov 10.

« Kavéva transaction avotyto yia wpeg, a@ol Kpatd miow Tov 0pidovTa TOv VACUUM.

» Ta padika bELETE 0g Koppatia, omwg 1o backfill tov kepaiaiov 22, wote o0 autovacuum va kabapilet
avapeoa.

» T edopéva mov ofrvovtatl ava mepiodo, partitioning. "Eva brRoP 1) DETACH £vOg mtalov partition Sev
agnvel kaborov bloat.

o XaunAOTepo fillfactor Y1 VAKES IE TTOANA UPDATE, oTe va yivovtat HOT updates.

KPATA AYTO

MeTA OTTO DELETE 1} UPDATE O XWPOG YivETal EAEUBEPOG PE TO VACUUM OAAG TO apPXEIO BEV MIKPAIVEI, EKTOG ATTO KEVEG
oelideg aT1o TEAOG TOU. TO pgstattuple KOI TO pgstatindex HETPOUV TO bloat. To vAcuuM FULL TO OQAIPET JE ACCESS
EXCLUSIVE Yl OAN Tn SIGPKEIQ, TO REINDEX CONCURRENTLY aaipei bloat indexes xwpig va UTTAOKAPE! KAl TO pg_repack
Eavaypdaeel Tivaka pe guvtopa locks otnv apyr kai ato T€AoG. H TpdAnwn gival évag autovacuum TTou
TTpoAaBaivel kai partitioning yia dedopéva TTou arivovtal HOdIKA.
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Aokioeig

AzZKHzH 23.1 [léoo yepdrol givai ol tellers

Agi€e artod To pgstattuple TO HEYEODOC TOL pgbench_tellers, TIG (WVTAVESG KAL TIG VEKPES YPAUUES KAL TO
7T0000TO EAEVOEPOL XMPOV.

ANAMENOMENO ATMOTEAEZMA

table_len | tuple_count | dead_tuple_count | free_pct

49152 | 100 | 251 | 62.7
(1 row)

AZKHIH 23.2 Index perd 1o pg_repack
ASES TO avg_leaf_density KAl TOV aplep(') TV (pl)Mﬁ)V TOV pgbench_accounts_pkey }18’[('1 TO pg_repack.

ANAMENOMENO AMOTEAEZMA

avg_leaf_density | leaf_pages

91.33 | 438

(1 row)

AZKHIH 23.3 OAd Ta indexes gvog ivaka

EavayTtioe [e REINDEX TABLE CONCURRENTLY OAQ Tat indexes Tov pgbench_branches kat 8eife peta ta indexes
TOV Tivaka e to pueyebog toug.

ANAMENOMENO AMOTEAEZMA

REINDEX

index_name | size
pgbench_branches_pkey | 16 kB
(1 row)

AZKHIH 23.4 Ti0a ékave To pg_repack
TpéEs TO pg_repack L€ ——dry-run Y10 TOV TVAKA accounts_copy KOt 881&8 ™mv E':EOSO.

ANAMENOMENO AMOTEAEZMA

INFO: Dry run enabled, not executing repack
WARNING: relation "public.accounts_copy" must have a primary key or not-null unique keys
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AZKHzH 23.5 MéyegBog Xwpig bloat
Y7toAOY10€ Y1a TO pgbench_accounts TTO00E X®POG Ba xperaldTav av o mivakag Ntayv YERATog, astod To

tuple_len TOV pgstattuple. ZUYKPIVE TOV L€ TO MPAYLATIKO HEyedog.

ANAMENOMENO ATMOTEAEZMA

actual | live_data | live_pct
21 MB | 18 MB | 88.6
(1 row)
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Extensions

Meydalo pepog g dUvaung g PostgreSQL Sev Bpioketar otov
upnvVa Tg aAAa otig extensions. KAeivovpue pe tpeig mov
aAAAovV TO T1 pummopet va kavel pia Baon. Iivakeg tov {ovv oe
AAAOV server 1) o€ apyelo, avadnTnon e opoloTnTa vectors ya
epapuoyeg Al kan yewypa@ika dedopeva.
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KE®AAAIO 24

Foreign data wrappers

‘Evag foreign table poiader pe mivaka, aAAG Ta dedopéva Tou
BpiokovTtal aA\oU, oe dANov PostgreSQL server, o€ €éva apyeio CSV
N o€ pIa evieAWC dla@opeTIKA Bacon. To query Tov diadadlel ocav
KavovikO tTivaka Kal o foreign data wrapper pcta@pdadel Tnv
avayvwaon o€ 0,7 kataAaBaivel n rnyn. Eival o 1o atrAdg 1pd1mog
va evwoelg 0edouEva atrd dUO GUOTAUATA XWPIG va T avTIYPAYEIG.

O server Tou Ke@aAaiou

Avo servers. O primary ue T BAOT) TOV KATAOTIUATOC KAl O warehouse LLE TN} fA0N TN ammoOnkng, 6ov
£vag mivakag kpatd to amobepa kabe mpoidovtog oe kKAbe keEVTpo Sravoung.

TERMINAL

pglab init primary 5501

pglab start primary

pglab data 5501

pglab init warehouse 5502

pglab start warehouse

createdb —-p 5502 warehouse

psql —-p 5502 -d warehouse —-q <<'SQL'

CREATE TABLE stock (
product_id integer NOT NULL,
center text NOT NULL,
gty integer NOT NULL,
PRIMARY KEY (product_id, center)

INSERT INTO stock

SELECT p, c, (p * 7 + length(c) * 3) % 25

FROM generate_series(1, 30) AS p, unnest(ARRAY['ABAva', 'Oeccalovikn']l) AS c;
SQL

psql —p 5502 -d warehouse —-At —c "SELECT count(x), sum(qty) FROM stock"

EZOAOX

primary: véo cluster oto $LAB/primary, 6vpa 5501
primary: o€ Agitouvpyia otn OVpa 5501

0Vpa 5501: n Bdon sqlbook eivat €toiun

warehouse: véo cluster oto $LAB/warehouse, 6Upa 5502
warehouse: oe Agitovpyia otn 6UVpa 5502

60|725
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postgres_fdw

O wrapper yia dAMovg PostgreSQL servers gival to postgres_fdw, 7100 €pxetal pe tnv PostgreSQL.
Xpewalovrat tpia avtikeipeva. 'Evag server, stov Agel ol BplokeTal 1 amtopakpuopevn faon, Eva
user mapping, 70V A£e1 w¢ TT010¢ XP1oTNg ovvdeopaote ekel. Tpito eivan ot idio1 o1 foreign tables.

sSQL

CREATE EXTENSION postgres_fdw;
CREATE SERVER warehouse_srv

FOREIGN DATA WRAPPER postgres_fdw

OPTIONS (host 'localhost', port '5502', dbname 'warehouse');
CREATE USER MAPPING FOR postgres

SERVER warehouse_srv
OPTIONS (user 'postgres');

AMOTEAEXMA

CREATE EXTENSION
CREATE SERVER
CREATE USER MAPPING

Avti va SnAwoovpe Tig OTIHAES UE TO XEPT, TO IMPORT FOREIGN SCHEMA S1aBAel TOV OPIOUO TWV TIVAK®Y QIO
TOV atopakpuouevo server. Toug Badovpe oe §1kd Toug schema, mote va Eexwpilovv.

sQL

CREATE SCHEMA wh;
IMPORT FOREIGN SCHEMA public LIMIT TO (stock) FROM SERVER warehouse_srv INTO wh;

SELECT center, sum(qgty) AS units FROM wh.stock GROUP BY center ORDER BY center;

ANMOTEAEZMA

CREATE SCHEMA
IMPORT FOREIGN SCHEMA

center | units
ABAVQ | 355
0eoocarovikn | 370
(2 rows)

Kat éva join avapeoa og TomKoO Kol QTOUAKPUOUEVO TIIVAKA, LIE TA TIPOIOVTA JIOV £XOVV GUVOAIKO
atofepa kAT amd 10 Tepdya.
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SQL

SELECT p.id, p.name, sum(s.qty) AS units
FROM products AS p

JOIN wh.stock AS s ON s.product_id = p.id
GROUP BY p.id, p.name

HAVING sum(s.qty) < 10

ORDER BY units, p.id;

AMOTEAEZMA
id | name | units
6 | Ruby amdé tnv apxn | 7
24 | IeT poxalplyv | 9
(2 rows)

Ti OTEAVETAI OTOV ATTOMOKPUOMEVO server

H astodoon evog foreign table e€aptatarl amod 1o T Ba exteAéoel 0 ATOUAKPLOUEVOC Server kat Tt Oa
YIVEL TOTTIIKA, APoL petapepBolv ot ypauueg. To postgres_fdw Tpoomtabel va oteilel 000 TePLooOTEPA
pmopet, To Aeyopevo pushdown. To EXPLAIN (VERBOSE) Seiyvel To akpiEg query mov OTEAVEL, 01N
YPQpLUT) Remote SQL.

sQL

EXPLAIN (VERBOSE, COSTS OFF)
SELECT center, sum(qty) FROM wh.stock WHERE qty > 5 GROUP BY center;

AMOTEAEZMA

Foreign Scan
Output: center, (sum(qty))
Relations: Aggregate on (wh.stock)
Remote SQL: SELECT center, sum(qty) FROM public.stock WHERE ((qty > 5)) GROUP BY 1

OAOKANPO TO query, LLe TO WHERE KOl TO GROUP BY, EKTEAEOTIKE OTOV warehouse. 'HpBav povo 8o ypaupec.
Agev pmopolv Ouwg va otaiovy 0Aa. Mia function mov o asopakpuopevog server iowg Sev £xel, 1) tov
Sev elvat IMMUTABLE, E(APUOZETAL TOTIKA.

saQL

EXPLAIN (VERBOSE, COSTS OFF)

SELECT product_id FROM wh.stock WHERE qty > random() *x 20;
AMOTEAEZMA

Foreign Scan on wh.stock
Qutput: product_id
Filter: ((stock.qty)::double precision > (random() * '20'::double precision))
Remote SQL: SELECT product_id, qty FROM public.stock
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Twpa To Remote SQL NTA OAEG TIG YPAUNES KAL TO Filter epappoletal Tomkd. [a 60 ypappeg dev exet
onuaoia. I'a 60 ekatoppvpla onuaivet 0t 6Aeg taidevovy oto diktvo. 'Eva join pe tomko mivaka £xet
70 1610 TTPOPAN LA, APOV 0 ATOHAKPVOUEVOG server Oev PAETEL TOV TOTIKO TVAKAL.

SQL

EXPLAIN (VERBOSE, COSTS OFF)

SELECT p.name, s.qty

FROM products AS p JOIN wh.stock AS s ON s.product_id = p.id
WHERE p.category_id = 9;

AMOTEAEZMA

Hash Join
Output: p.name, s.qty
Inner Unique: true
Hash Cond: (s.product_id = p.id)
—> Foreign Scan on wh.stock s
OQutput: s.product_id, s.center, s.qty
Remote SQL: SELECT product_id, gty FROM public.stock
—> Hash
Output: p.name, p.id
—> Seq Scan on public.products p
Qutput: p.name, p.id
Filter: (p.category_id = 9)

O planner @£pvel OAO TOV stock KA1 KAVEL TO join TOMKA, yiaTi Sev £xel statistics yia tov
QUITOLLAKPUOUEVO TTivaka Kal Oev E€pet 0Tt pepikég Sexaddeg TIUEG TOV product_id B apkovoav. Me v
£TTLAOYT) use_remote_estimate POTA TOV QTOLOKPUOUEVO SEIVeEr yld EKTIUNOELS, e EVA ANALYZE Tov foreign
table kpata Tomka statistics. Mmopei 10Te va emiAé€el parameterized scan, £va query ava Tiur tov join.
Ia joins avapeoa og Vo foreign tables tov 1610V server, To postgres_fdw OTEAVEL OAOKANPO TO join O0TOV
QUTOLLOKPUCUEVO SErver.

Eyypaepég

'Evag foreign table tov postgres_fdw S€Y€TaL KO INSERT, UPDATE KO DELETE.
saL

UPDATE wh.stock SET qty = qty + 10 WHERE product_id = 30;
SELECT product_id, center, qty FROM wh.stock WHERE product_id = 3@ ORDER BY center;

AMOTEAEZMA
UPDATE 2

product_id | center | qty

30 i ABnAva i 10

30 | Ggcoarovikn | 28

(2 rows)
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NATIAA

‘Eva transaction 1mou ypda@el TotTiké kai o€ foreign table &ev gival atopikd avapeoa otoug dUo servers. To
postgres_fdw KAVEI commit OTOV ATTOUAKPUOUEVO server Aiyo TTpIv atrd To TOTTIKO commit. Av TO TOTTIKO ATTOTUXEI
UETE, N atTopakpuapévn aAAayn €xel fdn yivel. MNa ETaQoPES TTOU TTPETTEN VA €ival CWOTEG Kal oTa dU0 pépn,
XPEIaeaal oxedloopud o€ eTiTTESO EQAPUOYNG, OXI €va join.

file_fdw

To file_fdw Stafadel Eva apyeio tov server oav mivaka. Kabe query Eavadiafadel to apyeio, omote eva
CSV 7ov avavemvel £va A0 TTpOYPALA (PATVETAL TTAVTA eEVIHEpwUEVO. DTidyvouue éva CSV pe Tiuég
evog tpounBev.

TERMINAL

cat > "$LAB/supplier_prices.csv" <<'CSV'
sku,supplier_price
BK-LIT-001,9.80
BK-LIT-002,11.40
BK-PRG-001,31.00
EL-KB-001,61.50
csv
psql —q —c "CREATE EXTENSION file_fdw" \
—-c "CREATE SERVER files FOREIGN DATA WRAPPER file_fdw" \
—c "CREATE FOREIGN TABLE supplier_prices (sku text, supplier_price numeric)
SERVER files OPTIONS (filename '$LAB/supplier_prices.csv', format 'csv', header 'true')"

H Sadpopur| tov apyeiov etvat astdAvTn Kat agopda tov server, Oyt tov client. I'” autd 1o file_fdw
XPEWAZETAL SIKAIOUATA SUPEruser 1 Tov pOAO pg_read_server_files.

sSQL

SELECT sp.sku, p.name, p.cost, sp.supplier_price
FROM supplier_prices AS sp

LEFT JOIN products AS p ON p.sku = sp.sku

ORDER BY sp.sku;

AMOTEAEZMA
sku [ name | cost | supplier_price
BK-LIT-001 | B{iog kat moAtteio touv AAEEN Zopumd | 9.10 | 9.80
BK-LIT-002 | To KiBwtio | 7.80 | 11.40
BK-PRG-001 | Mabaivw Python | 17.50 | 31.00
EL-KB-001 | o | 2 | 61.50
(4 rows)

O KWBE1KOG EL-KB-001 gV LITAPYEL OTA TIPOTOVTA LAG, OTTOTE TO LEFT JOIN Olvel Keveg otnAeg. AuTo To
potifo, &va apyeio wg mivakag kat éva join yia va deig Tt taptadel, lval o o ypryopog Tposog va
eAEYEELG Eva apyElo TPV TO POPTHOOELG.

ZHMEIQZH

YTmapyouv wrappers yia TToAAd GAAa cuoTtpaTa, 6Tmwg MySQL, SQLite, MongoDB, Redis kai apyeia Parquet.
Aev épxovtal pe Tnv PostgreSQL kai n o1étntd Toug diagépel. MNa ad hoc queries o€ dAAn PostgreSQL
UTTAPXEI KOl TO TTAAQIOTEPO dblink, TTOU EKTEAEI Eva qUEry WG KEIPEVO KAl ETTIOTPEPEI YPAPMEG.
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KPATA AYTO

‘Evag foreign data wrapper kdvel dedopéva GAAOU CUCTAUATOG va @aivovTal wg TTivakes. MNa dAAn PostgreSQL
XPEIAeoal postgres_fdw, Server, user mapping kai foreign tables, cuviBwg Y€ IMPORT FOREIGN SCHEMA. TO EXPLAIN
(VERBOSE) O€iXVEl OTO Remote SQL TI OTEAvETaL. O,T1 dev OTEAVETAI HETOPEPETAI OAOKANPO Kal EQapudleTal TOTTIKA. Ol
EYYPOQEG a€ BUO servers dev ival aTOUIKES. To file_fdw SIABACEI apXEia TOU server oav TTiVOKEG.

Aokioeig

AZKHzIH 24.1 Pushdown gvég LIMIT
Agi€e 1€ EXPLAIN (VERBOSE, COSTS OFF) TO Remote SQL Yla TA TP peyaAUtepa amobepata tng O@eooahovikng.

ANAMENOMENO AMOTEAEZMA

Foreign Scan on wh.stock

OQutput: product_id, qty

Remote SQL: SELECT product_id, gty FROM public.stock WHERE ((center = '@gococaAovikn'))
ORDER BY qty DESC NULLS FIRST LIMIT 3::bigint

AZKHE:IH 24.2 AméBgpa avd karnyopia

Aei&e yia kaBe katnyopia to ouvolko amofepa ota SUo KEVIPA, e join aAvAIETA OTA TOTIKA products
KA1 categories KA1 OTO QT[O},l(XKpUO}léVO wh.stock.

ANAMENOMENO AMOTEAEZMA

category | units
Laptops 127
‘Hxog 122
Neplopepe takd 110
Noyoteyvia 107
Mpage o 86
KouT {va 60
Bdoei1g Hedouévwy 59
MpoypoupaAT1oN6C 46
TexvoAoyla 13
(9 rows)

AZKHIH 24.3 Né£o kévrpo Siavoung

IIpooBeoe péow tov foreign table amoBepa 5 Tepayiov 0T0 KEVTIPO Ndtpa YA TA TPOIOVTA 1 £MG 3 KA
UETPNOE QIO TOV warehouse TTOOEG YPAUUES EXEL TO VEO KEVTPO.

ANAMENOMENO AMOTEAEZMA

3
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AZKHIH 24.4 Méyeg0og apTidag

'‘Op10e OTOV Server warehouse_srv TO fetch_size 0€ 500 KAl Sel€e TIG EMAOYEG TOV Server asod o

pg_foreign_server.

ANAMENOMENO ATMOTEAEZMA

ALTER SERVER

srvname | srvoptions

warehouse_srv | {host=localhost,port=5502,dbname=warehouse, fetch_size=500}
(1 row)

AZKH:H 24.5 To CSV aAAddel
IIpdoBeoe LA ypappn OTo supplier_prices.csv KAl HETPNOE Eava Ti¢ ypappeg tov foreign table.

ANAMENOMENO ATMOTEAEZMA

5
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KE®AAAIO 25

pgvector

O1 e@appoyEG pe YAwoolkd povtéAa avadnTouv Keipeva ye Baon 1o
vonua, oxi TIG A£CeIC. ‘Eva JovTENO PETATPETTEI KABE KEiUEVO O€ £va
embedding, uia AioTa ekatovTadwyv apiBuwy, €101 WOTE KEIPEVA
ME TTapdpoIo vonua va divouv KovTIva onueia otov Xwpo. H
avalATnon Yivetal «BPEG Ta ONUEIQ TTOU €ival TTI0 KOVTA O0€ auTo». H
ETTEKTOON pgvector Kavel auTr) TnNv avaltnon JEoa oTnV
PostgreSQL, dittAa ota utréAoitTa dedouéva oou.

O TUTTOG Vector

H enéxtaon Aéyetat vector Kot ipooBetel Evav TOmo pe 1o 1610 Ovopa. Te macOS eykabiotatal pe brew
install pgvector kat o Debian 1) Ubuntu pe to takeTo postgresql-18-pgvector.

SQL

CREATE EXTENSION vector;
SELECT extversion FROM pg_extension WHERE extname = 'vector';

AMOTEAEZMA

CREATE EXTENSION

extversion

Ta embeddings ta pTiayvet Eva povtédo €€ amo tn Paon, yia mapdderypa eva API 1) éva tomko
povtero. H epappoyn ta amodnkevet. 'Eva mpaypatikdo embedding £xel 384, 768 1) 1.536 diaotaoeic.
TMa va dovpe mmg SovAetel 0 TUTOG EEKIVALLE |LE TPELC, TTOV UITOPOVLE VA TIC KaTaAdfovpe. Aivoupe pe
TO X€pP1 0€ Peplkd mpoiovta Tpelg fabuoiic, mooo eival texvoloyia, kovdiva kat fipAio.
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SQL

CREATE TABLE product_vectors (

product_id integer PRIMARY KEY REFERENCES products

(id),

) features  vector(3) NOT NULL
INSERT INTO product_vectors VALUES
(1, 'le.o0, 0.0, 1.0]"),
(5, 'lo.6, 0.0, 0.8]"),
(7, 'le.7, 0.0, 0.71'),
(13, '[1.0, 0.0, 0.0]"'),
(15, '[0.9, 0.1, 0.0]'),
(22, '[0.1, 1.0, 0.0]1"),
(24, '[0.0, 0.9, 0.0]"');
SELECT pv.product_id, p.name, pv.features

FROM product_vectors AS pv JOIN products AS p ON p.id = pv.product_id
ORDER BY pv.product_id;

AMOTEAEZMA

CREATE TABLE

INSERT 0 7
product_id | name | features
1 | Biog kat moAitei{a touv AAEEN Zopund | [0,0,1]
5 | MaBaivw Python | [0.6,0,0.8]
7 | KoBapdg kwbikag otnv mpdgn | [0.7,0,0.7]
13 | Laptop Student 15 | [1,0,0]
15 | MnyoavikG MANKTPOAGY 10 | [0.9,0.1,0]
22 | Kagetiépa espresso | [0.1,1,0]
24 | ZET POXA1PLHOV | [0,0.9,0]
(7 rows)
AtrooTtdoeig

H enéxtaon xet tpeig teAeoteg ammootaong. '0co uikpoTepn N T, T000 0 KOVTA.

TeAeoTG

<#>

AtréoTaon Mote

€UKAgideIa, n amdoTaon o€
eubeia ypauun

otav PeTPAEl KAl TO PIKOG Tou vector

ouvnuitTévou, 1 ueiov 10
OuUVNUITOVO TNG ywviag

n ouvnBiopévn yia embeddings keiyévou

apvnTIKO ECWTEPIKO YIVOUEVO
ypnyopdtepn

pgvector

yla vectors pe urkog 1, idia og1pd e Tn <=> Kal

ITowa poidvTa Ho1adovv MEPIOCOTEPO LLE EVA TTOL Elval KUPImG TeEXVOAOYia kal Atyo BiAio; To vector
NG EPOTNONG YPAPETAL WG KEIUEVO KA LETATPETETAL OE vector.
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SQL

SELECT pv.product_id, p.name,

round((pv.features <=> '[0.8, 0.0, 0.5]')::numeric, 3) AS distance
FROM product_vectors AS pv JOIN products AS p ON p.id = pv.product_id
ORDER BY pv.features <=> '[0.8, 0.0, 0.5]"

LIMIT 3;
AMOTEAEZMA
product_id | name | distance
7 | KaBapdg kwdikag otnv mpdgn | 0.026
5 | MaBaivw Python | 0.067
13 | Laptop Student 15 | 0.152
(3 rows)

Ta Vo 710 kovTva eivar Ta P TPOYPARUATIONOV, TTOL £X0VV KAl TA SV0 XAPAKTNPIOTIKA.
AxoAovBet 1o laptop. Auto eival oAokAnp1n N 18€a g onuactoloyikng avadntong. H povn Stagpopa ot
L1 TTPAYUATIKT] EQPAPLOYT) elval 0Tt o1 SlaoTdoelg elval ekatovtadeg kat Sev xouv Ovoua.

‘Eva peyaAuTtepo ouvoAo

TMa va petprioovpe taxLTTa kKo akpifeia yxperalopaote moAha vectors. Xwpig HOVTEAD, GTIAYXVOULE
ovvBhetikd. Aéka katnyopieg, kabepia pe eva tuyaio kevtpo otig 128 Sraotdoelg. I'ipw amod ta kEvipa
PTAYVOLUE 50.000 AVTIKEIUEVA YUP® ATTO TA KEVTPQ, e oA Bopufo. Mowadet pe 0,1 Sivel Eva
TPAYLATIKO HOVTENO, OTIOV TA Kelpeva evag BEpatog padevovial o€ Hia ePLoyn Tov X®Pov. To setseed
KAvel Tovg Tuyaiovg apBuovg idovg oe kABe extéEAED.

SQL

SELECT setseed(0.42);

CREATE TABLE centers AS
SELECT ¢ AS category,

ARRAY (SELECT random() * 2 — 1 FROM generate_series(1, 128) WHERE c > @) AS v
FROM generate_series(1, 10) AS c;

CREATE TABLE items AS
SELECT i AS id, c.category,
(SELECT array_agg(c.v[d] + (random() - ©.5) * 4 ORDER BY d)
FROM generate_series(1, 128) AS d WHERE i > 0)::vector(128) AS embedding
FROM generate_series(1, 50000) AS i
JOIN centers AS ¢ ON c.category =1 + i % 10;

ALTER TABLE items ADD PRIMARY KEY (id);
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ANMOTEAEZMA

setseed

(1 row)
SELECT 10
SELECT 50000
ALTER TABLE

TA WHERE ¢ > @ KOULWHERE i > @ givan stavta aAnor). Kavouv ouwg to subquery va e€aptatat amo v
eEwtepikn) ypauun, mote 1 PostgreSQL va to ektelel Eava yia kabe ypaupurn, He veoug tuxaiovg
ap1Buovg, avti va to LITOAOYICEL pia (popaA.

Xwpig index n avadrtnon vtoAoyidet TNV amdoTacn amd kabe ypapurn kal Kpatd Tig S€ka LiKpOTEPEG.
Eivat akpiprg, ala Stafadet oAOKANpo Tov mivaka.

SQL

EXPLAIN (ANALYZE, COSTS OFF, BUFFERS OFF)

SELECT id FROM items

ORDER BY embedding <=> (SELECT embedding FROM items WHERE id = 7)
LIMIT 10;

AMOTEAEZMA

Limit (actual time=10.892..10.893 rows=10.00 loops=1)
InitPlan 1
-> Index Scan using items_pkey on items items_1 (actual time=0.015..0.016 rows=1.00 loops=1)
Index Cond: (id = 7)
Index Searches: 1
-> Sort (actual time=10.892..10.892 rows=10.00 loops=1)
Sort Key: ((items.embedding <=> (InitPlan 1).coll))
Sort Method: top-N heapsort Memory: 25kB
—> Seq Scan on items (actual time=0.020..9.596 rows=50000.00 loops=1)
Planning Time: 0.111 ms
Execution Time: 10.905 ms

HNSW

'Eva B-tree Sev fonba edw, apov Sev vapyel oelpd avaueoa oe vectors. To pgvector €xet dvo €idn
index yla approximate nearest neighbor avadimon, sov Bpiockovv oAd ypryopa toug
TEPLOOOTEPOVG ATTO TOVG TTI0 KOVTIVOUE YEITOVEG, Xwpig eyyvnon ot Ba fpouv dAovg.

To HNSW eivat évag ypagog oe emimeda. Kabe vector ouvdeetan pe pepikovg kovtivoug tov. Ta mavm
eminmeSa eyovv Alya onueia kat pakpleg cuvEEoeLg, Ta KAT® OAA Ta oTueia kal kovTiveg ovvdeoelg. H
avadnmnon exkiva amd mave Kot katefaivet, nyaivovrag kabe popd mpog Tov yeitova ov givat o
KovTa otnv epwnorn. H kAdomn teAeot®mv opilel v amdotaoT] Kat Ipemel va Tapladel e ToV TEAEOTT)
TOL query.
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€miTed0 2 - Aiya onpeia, MaKPIEG OUVOETEIG ]

A

KareLaivel oTov KOVTIVOTEPO

[ emimedo 1 - TEPIOOOTEPA ONUEIA ]
éekiva amo mavw xarefaiver
[ emimedo 0 - 6Aa Ta vectors, KOVTIVEG OUVOEDEIG ]

ef_search umrowngiol
o1 10 kaAdrepor
|

I
I
v

gpwTnon
ORDER BY embedding <=> q LIMIT 10

>xnua 25.1 - H avalntnon oto HNSW &ekiva atmé 1o apaid Travw €TTITTed0 Kal KOTERAIVEI TTPOG TOUG KOVTIVOTEPOUG YEITOVEG
WG TO KATW €TTITTESO.

SQL

CREATE INDEX items_embedding_hnsw ON items USING hnsw (embedding vector_cosine_ops);

SELECT pg_size_pretty(pg_relation_size('items')) AS table_size,
pg_size_pretty(pg_relation_size('items_embedding_hnsw')) AS index_size;

EXPLAIN (ANALYZE, COSTS OFF, BUFFERS OFF)

SELECT id FROM items

ORDER BY embedding <=> (SELECT embedding FROM items WHERE id = 7)
LIMIT 10;
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ANMOTEAEZMA

CREATE INDEX

table_size | index_size

28 MB | 40 MB
(1 row)

Limit (actual time=0.565..0.572 rows=10.00 loops=1)
InitPlan 1
—> Index Scan using items_pkey on items items_1 (actual time=0.003..0.003 rows=1.00 loops=1)
Index Cond: (id = 7)
Index Searches: 1
-> Index Scan using items_embedding_hnsw on items (actual time=0.564..0.571 rows=10.00 loops=1)
Order By: (embedding <=> (InitPlan 1).coll)
Index Searches: 1
Planning Time: 0.117 ms
Execution Time: 0.580 ms

To Index Scan U€ Order By S1afaoe &va pikpd KouudTt Tov ypagov avti yia 6Ao tov mivaka. To index
elval peyahtepo asto tov 1610 tov mivaka. Avto etvatl cuvnopévo yia HNSW kat yia tov Adyo avto ta
indexes vectors B€AovV apKeTI) LV OOTE VA XWPOUV OTO shared_buffers. To XTIO1H0 eival apyo oe
peyaoug mivakeg. BonBd éva peyaho maintenance_work_mem kat ta parallel workers tov

max_parallel_maintenance_workers.

AkpiBeia

T1600VE AITO TOVG TTPAYUATIKOVG SEKa KovTIvOTEPOULG Ppioket To index; To pétpo Aéyetat recall. To
voAoyidovue yia 20 epwtroeig. IIpota 1 akpiPrg amavnon, pe o index amevepyosmoinuevo yia &va
transaction. Metd 1 asmavtnon pe to index.

sQL

BEGIN;

SET LOCAL enable_indexscan = off;

CREATE TABLE exact_top AS

SELECT q.id AS query_id, n.id

FROM items AS q

CROSS JOIN LATERAL (SELECT id FROM items ORDER BY embedding <=> q.embedding LIMIT 1@) AS n
WHERE q.id <= 20;

COMMIT;

CREATE FUNCTION recall_at_10()
RETURNS numeric
LANGUAGE sql
AS $$
SELECT round(100.0 * count(x) / 200, 1)
FROM items AS q
CROSS JOIN LATERAL (SELECT id FROM items ORDER BY embedding <=> q.embedding LIMIT 1@) AS n
JOIN exact_top AS e ON e.query_id = g.id AND e.id = n.id
WHERE qg.id <= 20;
$$;

SELECT recall_at_10() AS recall_pct;
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ANMOTEAEZMA

BEGIN

SET

SELECT 200
COMMIT

CREATE FUNCTION

recall_pct

H pUBu1om hnsw.ef_search opidel TOOOLE LITOWNPIOVE KPATA I} AvadfjTnon 0TO KAT® EMimedo, 40 Ao
nipoesthoyn. MikpoTtepn Tur| elval ypnyopotepn Kal Atyotepo akpifng.

SQL

SET hnsw.ef_search = 10;

SELECT recall_at_10() AS recall_ef10;
SET hnsw.ef_search = 100;

SELECT recall_at_10() AS recall_ef100;
RESET hnsw.ef_search;

ANMOTEAEZMA

SET
recall_ef10

(1 row)

RESET

Me ef_search 10 T0 index Bplokel EPITTOL TA TPIA TETAPTA TOV TPAYUATIKDV YEITOVWV. Me TV
mpoeTmAoyn Ppilokel Toug evvid 0Toug deka kal e 100 Alyo eplocotepovs. Kabe avénon kootidel
XPOVo, apov To index e€etadel mePIO0OTEPOVS LITOYPNPLOVG. To 0WOTO ef_search T0 Bplokelg akpiBog
£1o1. Metpdg 1o recall oe epwToeIg He YVWOoTr amdvTnon Kat SIaAEYELS T LIKPOTEPT) TIUT TT0VL Sivel
0,71 0oV apkel. Ol TAPAUETPOL TOV XTICIUATOC, m KA ef_construction OTO WITH TOU CREATE INDEX, aveAouv
emiong v akpifeta pe ko6otog peyebog kat Ypovo.

AvalATnon pe @iATpo

Ye ua epappoyn oxedov mavia IATpapels. «Ta o mapopold £yypa@a avtol TOU TTEAATN», «TA 0
TTAPOLOLA TTPOTOVTA AUTHG TNG Katnyopiag». ES®m to HNSW éyet pia mayida. To index Ppioket toug
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ef_search JT10 KOVTIVOUG LITOWPNPLOUG KA LETA EPAPUOCETAL TO WHERE. AV KAVELG A0 avTovg Sev epva To
PIATPO, TO ATOTEAEOUA EIVAL ATYOTEPES YPAUUES ATTO 00EG {ITNOEG, 1) Kauia.

SQL

SELECT count(x) AS returned

FROM (SELECT id FROM items
WHERE category = 3
ORDER BY embedding <=> (SELECT embedding FROM items WHERE id = 7)
LIMIT 10) AS nearest;

ANMOTEAEZMA

returned

To avtikeipevo 7 avikel oty katnyopia 8. Ot 40 voyn@iot tov index eivar OAot amd v katnyopia 8
kat kaveig Sev mepva to gidtpo. To query &moe deka ypaupeg kat Sev mrpe kapia. Amo v £kSoon
0.8 1o pgvector kavel iterative scan. Av puetd to giAtpo dev epetvav apketeg ypauueEg, ouveyidel my
avadnnon oto index.

sSQL

SET hnsw.iterative_scan = relaxed_order;

SELECT count(x) AS returned

FROM (SELECT id FROM items
WHERE category = 3
ORDER BY embedding <=> (SELECT embedding FROM items WHERE id = 7)
LIMIT 10) AS nearest;

RESET hnsw.iterative_scan;

AMOTEAEZMA

SET

returned

(1 row)

RESET

To relaxed_order UTOPEL VA ETMOTPEWYEL TIC YPAUUES O eEAAPP®S AdBog oe1pd, mtov SopBavetal pe eva
€EWTEPIKO ORDER BY. TO strict_order KPATA ALOTNPT) O€1PA HE Alyo peYaAUTEPO KOOTOG. T pidtpa pe
Alyeg TIHEG, OTIWC T) KATNYOpia, pia AAAn Avon elvar eéva partial index ava T 1y partitioning.

IVFFlat ka1 halfvec

To Sevtepo €idog index, To IVFFlat, ywpidel ta vectors o€ lists opadeg yOpm amod KEVTPA KAl PAYVEL
UOVO OTIG ivfflat.probes J10 KOVTIVEG opadeg. Xtifetan ToAU ypnyopotepa arto to HNSW kan mavet
AyOTEPO XWOPO, AMA Exel xaunAotepn akpifela yia v idia tayvmnta. EmutAéov ta kEvrpa tov
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vrroAoyidovtat aso ta Sedoueva mov vtapyovy otav ytidetatl. Av ta deSopeva aAAagouv oD, To
Eavayrtileig. INa 1ig meproooTepeg epapuoyeg 10 HNSW elvan n kaAUtepn agpetnpia.

O tOTOC halfvec ammoBnkevel kaOe Sidotaon oe 2 bytes avtl yia 4. 'Eva embedding 1.536 Staotdoewv
mavel 3 KB avti yia 6, pe aueAntéa ammAeia akpifeiag oty avadimnon. To index evog vector SExeTan
®G 2.000 S100TACELS, EVK TOV halfvec WG 4.000.

KPATA AYTO

To pgvector TTPooBETEl TOV TUTTO vector KOI TOUG TEAEOTEG OTTOOTACNG <->, <=> KaI <#>. Ta embeddings Ta @TIdYVEl
€va povrého €Ew atrd Tn Baon. Xwpig index n avadntnon eivar akpifig kai diafadel 6Ao Tov Trivaka. ‘Eva
HNSW index pe Tnv KAGON TEAEOTWV TNG OTTOOTACGAG GOU KAVEl approximate avalnTnon, Je akpiBeia TTou
ENEYXEIG UE TO hnsw.ef_search KaI HETPAG wG recall. Me @iATpa XpNOIUOTIOIEIG hnsw. iterative_scan. TO halfvec MIOET
TOV XWPO.

AoOKRoEIg

AZKH:H 25.1 Td TTI0 KOVTIVA o€ guBgia ypapun

Bpeg ta Tpia poidvTa ToV product_vectors IOV €lval 7110 KOVTA OTO [0.0, 1.0, 0.1] pe evkAeidela
QITOOTAOT], LUE TNV ATOO0TACT] OTPOYYUAEUEVT 0 Tpld dekadikd.

ANAMENOMENO AMOTEAEZMA

product_id | distance

22 | 0.141

24 | 0.141

15 | 1.277
(3 rows)

AZKHIH 25.2 Mé&oog 6pog vectors

Y7toAOY10€ e TO avg TO UECO Vector TwVv AVTIKEIHEV®VY NG Katnyoplag 3 kal Bpeg v amdotaon
OUVT|ULTOVOU TOV QITO TO KEVTPO TNG KATIYOPLAG OTOV centers, LE TEOOEPA OEKAOTKA.

ANAMENOMENO AMOTEAEZMA

distance
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AZKHIH 25.3 XpOvog xwpig index

Me 10 index amevepyomonuevo yia éva transaction, 8ei€e e EXPLAIN (ANALYZE, COSTS OFF, BUFFERS OFF) TO
plan g avadtnong T®v TEVTE KOVIIVOTEP®Y OTO AVTIKEIUEVO 100.

ANAMENOMENO ATMOTEAEZMA

SET

Limit (actual time=10.028..10.029 rows=5.00 loops=1)
InitPlan 1
—> Bitmap Heap Scan on items items_1 (actual time=0.006..0.007 rows=1.00 loops=1)
Recheck Cond: (id = 100)
Heap Blocks: exact=1
—> Bitmap Index Scan on items_pkey (actual time=0.004..0.004 rows=1.00 loops=1)
Index Cond: (id = 100)
Index Searches: 1
-> Sort (actual time=10.027..10.028 rows=5.00 loops=1)
Sort Key: ((items.embedding <=> (InitPlan 1).coll))
Sort Method: top-N heapsort Memory: 25kB
-> Seq Scan on items (actual time=0.012..8.780 rows=50000.00 loops=1)
Planning Time: 0.049 ms
Execution Time: 10.038 ms

AZKHIH 25.4 Index yla eukAgideia atréoTaon

To index Tov keaAaiov eival yia <=>. Aeife [e EXPLAIN (COSTS OFF) AV XPTOIUOTOLEITAl 08 avadiTnon pe

<>,
ANAMENOMENO ANMOTEAEZMA

Limit
InitPlan 1
—> Index Scan using items_pkey on items items_1
Index Cond: (id = 7)
—-> Sort
Sort Key: ((items.embedding <—> (InitPlan 1).coll))
—-> Seq Scan on items

AZKHzIH 25.5 Mioo péyebog

Aei&e 10 peyebog oe bytes evog embedding Tov items W¢ vector KAl WG halfvec.

ANAMENOMENO ATMOTEAEZMA

vector_bytes | halfvec_bytes

520 | 264
(1 row)
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KE®AAAIO 26

PostGIS

[16co atréxel N atmoBnkn atrd Tov TTEAATN, TTOI0 ONUEI TTAPAAAPG
gival yEoa o€ dEKA XINIOUETPA, TTOIO €ival TO TTIO KOVTIVO KATACTNMA.
AUTEC 01 EpwTAOEIC BEAOUV YEWMETPIO TTAVW O€ PIa oPaipa,
indexes yia onueia kal oxAPATa Kal €va Kovo AeCIAGYIO yia
ouvteTayuéveg. To PostGIS Tta mpooBéTel 6Aa otnv PostgreSQL kai
gival aTro TIG TTI0 WPIMESG extensions TTOU UTTAPXOUV.

2nueia oTov XApTn
To PostGIS eykabiotatal ue brew install postgis 0€ macOS 1) L€ TO TTAKETO postgresql-18-postgis—3 O
Debian ka1 Ubuntu.

saL
CREATE EXTENSION postgis;
SELECT postgis_lib_version();
AMOTEAESZMA

CREATE EXTENSION

postgis_lib_version

3.6.4
(1 row)

'Eva onpeio otn I'n opidetan pe yewypa@ikod urjkog kat mhatog. H PostgreSQL Sev Epet povn g

onuaivovv dvo apiBuoi. Kabe yewpetpia tov PostGIS €xet éva SRID, tov apifuo evog cuotuatog

ovvtetayuevmv. To 4326 eivat to WGS 84, 1o cvotnua tov GPS, pe unkog kat tAdtog o€ poipeg. To
PostGIS &ye1 5o tOmovG.

TutroG YTtroAoyiopoi Movadeg

geometry o€ eTmiTedo, he TNV aTTAR TOU OUOTAPOTOG, Yia TO 4326 poipeg
YVEWMETPIO TOU OXOAgioU

geography Tavw oTo eAAeIpoeIdég Tng NG péTpa
TMa arooTaoelg avaueoa e TOAELS, TO geography 81vel 0WOTA ammoteAéouata Xwpig okéyn. Ilpoobetovpe

oG ToAe1g Tov PiAiov tn B¢on tovg. I1pocoyn ot oelpd. To ST_MakePoint TTAIPVEL TPOTA TO UNKOG, TTOV
elvat o a&ovag x. Metd maipvel to mAATog.
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saL
ALTER TABLE cities ADD COLUMN location geography(Point, 4326);

UPDATE cities AS c¢ SET location = ST_MakePoint(v.lon, v.lat)::geography

FROM (VALUES
('ABAva', 23.7275, 37.9838), ('Oecocarovikn', 22.9444, 40.6401),
('Matpa', 21.7346, 38.2466), ('HpdkAelo', 25.1442, 35.3387),
('Ndproa', 22.4191, 39.6390), ('BéAog', 22.9420, 39.3622),
('Iwdvviva', 20.8537, 39.6650), ('Xavia', 24.0180, 35.5138),
('KoAopdta', 22.1142, 37.0389), ('Pdédog', 28.2176, 36.4349),
('KoCavn', 21.7887, 40.3007)

) AS v(name, lon, lat)

WHERE c.name = v.name;

SELECT name, ST_AsText(location) AS wkt FROM cities ORDER BY id LIMIT 3;

AMOTEAEZMA

ALTER TABLE

UPDATE 11

name | wkt
Aerva | POINT(23.7275 37.9838)
0eocarovikn | POINT(22.9444 40.6401)
Nétpa | POINT(21.7346 38.2466)
(3 rows)

To sT_AsText ypagpel 1 yewpetpia oe WKT, well known text, Tnv Tumomomugvn Hop@r KEWEVOL yia
YewUeTpieg.

Atrootaoccig

SQL

SELECT round(ST_Distance(a.location, b.location)::numeric / 1000, 1) AS km
FROM cities AS a, cities AS b
WHERE a.name = 'A®6rjva' AND b.name = '@eoocaAovikn';

ANMOTEAEZMA

ITepimov 300 km og vbeia, mavw oy kKaprvAn g I'ng. Ag Sovue T Ba £8ive 10 1610 O€ geometry.

saL
SELECT ST_Distance(a.location::geometry, b.location::geometry) AS degrees

FROM cities AS a, cities AS b
WHERE a.name = 'A®6rAva' AND b.name = 'OeoocaAovikn';
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ANMOTEAEZMA

degrees

2.769327589867253
(1 row)

Mua amootaon og poipeg dev onuaivel Tirota, agov pia poipa punkovg eivat SiapopeTikn amdotaon oe
Sragopetiko mAatog. T'a va SovA&ypelg o€ geometry IE HETPA, LETATPETELS O EVA TIPOBOAKO CUOTNUA UE
ST_Transform. T1a Tnv EMGSa etvat to ETZA87, SRID 2100, pie ouvtetayueveg o€ uETpa.

SQL

SELECT round(ST_Distance(ST_Transform(a.location::geometry, 2100)

ST_Transform(b. location::geometry, 2100)3::numeric / 1000, 1) AS km
FROM cities AS a, cities AS b
WHERE a.name = 'A@fva' AND b.name = '@ecocalovikn';

ANMOTEAEZMA

2xedov 1610 pe 1o geography. Ta mpofoAika cvothuata ivat akpifn Heoa oTny IEPLOYT] YA TNV OTT0i
PTIAYTNKAV KAl YPNYOPOTEPA OTOVC LITOAOYIOHOVE. TO geography €ival 0woTo TAVTOV, PE Alyo
UEYAAVTEPO KOOTOG.

Méoa o€ pIa akKTiva

IToteg moAe1g ameyovv Atyotepo asto 150 km asto ) Adpioa; H function sT_bwithin azavtd vat 1 oyt ywa
Ula autd0TaoT) KAl 0e avtifeon pe Eva ST Distance < 150000, LWTOPEL VA XpN ol oel index.

sQL

SELECT b.name, round(ST_Distance(a.location, b.location)::numeric / 1000) AS km
FROM cities AS a JOIN cities AS b ON b.id <> a.id

WHERE a.name = 'Adpioa’ AND ST_DWithin(a.location, b.location, 150000)

ORDER BY km;

ANOTEAEZMA
name | km
BéAog | 54
KoCdvn | 91
0ecocaAovikn | 120
Iwdvviva | 134
(4 rows)
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NMoAAG onpeia kai éva GiST index

INa va gavet n a&ila evog index ypeladdpaote oA onpeia. @Tidyvoupe 100.000 onpeia Taparafng
ue Tuxaieg B£0e1g yUpw atd TIg TOAELS, TTEPIOCOTEPA OTIG UEYAAVTEPEC.

SQL

SELECT setseed(0.26);

CREATE TABLE pickup_points AS
SELECT n AS id, c.name AS city,
ST_Project(c.location, sqrt(random()) * 20000, radians(random() * 360)) AS location
FROM generate_series(1, 100000) AS n
JOIN LATERAL (
SELECT name, location FROM cities

WHERE n > 0@
ORDER BY population * random() DESC
LIMIT 1

) AS c ON true;
ALTER TABLE pickup_points ADD PRIMARY KEY (id);

SELECT city, count(x) FROM pickup_points GROUP BY city ORDER BY count(x) DESC LIMIT 4;

AMOTEAEZMA

setseed

(1 row)
SELECT 100000
ALTER TABLE

city | count
ABrva | 71339
0ecocaAovikn | 19530
HpdkAg1o | 3570
Nnatpa | 2686
(4 rows)

To ST_Project EMOTPEPEL TO ONUEIO O LA ATTOOTAOT] KAt pia kateLOvvon amd eva airo. ESwm wg 20 km
asto TV 7OAN, o€ Tuxaia katevbuvor. H moAn kdBe onueiov Stahéyetar Tuxaia, pe Heyan potiunon
OTIG TTOALEIG [e HeYAho TAnBuopo.

Ta onueia kat ta oynuata Oehovv indexes tov katalaBaivovy tov ywpo. Eival ta GiST indexes tov
KeEPaAaiov 35 TOL TP TOL TOpoL. Kabe kOpuPfog kpatd eva opBoywvio mov mepiéyel OAa Ta onueia amd
KAT® TOL Kat 1] avad)non katefaivel uovo ota ophoymvia sIou TEUVOLY TNV TEPLOXT| TNG EPWTNOTG.

SQL

CREATE INDEX pickup_points_location_idx ON pickup_points USING gist (location);
ANALYZE pickup_points;

EXPLAIN (ANALYZE, COSTS OFF, BUFFERS OFF)

SELECT count(*) FROM pickup_points
WHERE ST_DWithin(location, (SELECT location FROM cities WHERE name = 'BdéAoG'), 2000);
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ANMOTEAEZMA

CREATE INDEX
ANALYZE

Aggregate (actual time=0.057..0.058 rows=1.00 loops=1)
InitPlan 1
—> Seq Scan on cities (actual time=0.004..0.005 rows=1.00 loops=1)
Filter: (name = 'BOAog'::text)
Rows Removed by Filter: 10
—> Bitmap Heap Scan on pickup_points (actual time=0.036..0.055 rows=7.00 loops=1)
Filter: st_dwithin(location, (InitPlan 1).coll, '2000'::double precision, true)
Rows Removed by Filter: 8
Heap Blocks: exact=15
—> Bitmap Index Scan on pickup_points_location_idx (actual time=0.029..0.029 rows=15.00 loops=1)
Index Cond: (location && _st_expand((InitPlan 1).coll, '2000'::double precision))
Index Searches: 1
Planning Time: 0.132 ms
Execution Time: 0.088 ms

To Index Cond UE TOV TEAEOTI) && EIVAL O TTPOTOG, XOVOPIKOG EAeyX0G ne Ta opBoywwvia. To Filter pe To
ST_DWithin €lval 0 akPIPng EAEYX0C 0TI YPAUUES TTOL TIEPATAV TOV TP TO. 'ETo1 SovAevouy oxedov oAa
TA XWPKA queries.

O 110 KOVTIVOG

IMa «ta mévte o kovTva onpeia» Sev EEpelg amo mpv Vv akTiva. O TEAETTIG <> EMOTPEPEL
QUTOOTAOT] KAl £VA ORDER BY LIE AVTOV GLVOSELOUEVO QUTO LIMIT ¥pnotportotel To GiST index yia
avalnmon k nearest neighbours. To index emotpé@pel Ta onueia KATA OEIPA ATOCTACTG KAl
otapatd poAg Bpet mévte. Eivan i 18ta 16€a pe to HNSW tov siponyovpevov ke@aiaiov, ard akpiprg.

sSQL

EXPLAIN (COSTS OFF)

SELECT id FROM pickup_points

ORDER BY location <—> ST_MakePoint(23.7275, 37.9838)::geography
LIMIT 5;

SELECT id, city,
round(ST_Distance(location, ST_MakePoint(23.7275, 37.9838)::geography)) AS meters

FROM pickup_points

ORDER BY location <—> ST_MakePoint(23.7275, 37.9838)::geography

LIMIT 5;

AMNOTEAEZMA
Limit

—> Index Scan using pickup_points_location_idx on pickup_points
Order By: (location <—> '0101000020E61000000AD7A3703DBA374004E78C28EDFD4240" : :geography)

id | city | meters
84508 | Aenva | 53

7835 | Aérva | 55
88630 | Aenva | 77
77745 | Aenva | 120
87317 | Aenva | 128
(5 rows)
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2XAHaTa
Extog amo onueia, to PostGIS kpatd ypaupég kat mohvywva. Mia {ovn tapadoong eival éva

oAUYwvo. ESw évag kOkAog 10 km yOpw amd 10 KEvTpo g O@e00aAOVIKNG, TTOV PTIAYVEL TO ST_Buffer.
To Seltepo elvar £va 0pBoyDVIo YOPw amtd TO AeKAVOIESIO TG ATTIKNG LE TO ST_MakeEnvelope.

sSQL

CREATE TABLE delivery_zones (name text PRIMARY KEY, area geography(Polygon, 4326));

INSERT INTO delivery_zones
SELECT 'Oecocaiovikn kévtpo', ST_Buffer(location, 10000)
FROM cities WHERE name = 'OGeoocoaAovikn';

INSERT INTO delivery_zones
VALUES ('Aekavomédio', ST_MakeEnvelope(23.60, 37.90, 23.85, 38.08, 4326)::geography);

SELECT z.name, round(ST_Area(z.area)::numeric / 1000000) AS km2, count(p.id) AS points
FROM delivery_zones AS z

LEFT JOIN pickup_points AS p ON ST_Intersects(z.area, p.location)

GROUP BY z.name, z.area

ORDER BY z.name;

ANMOTEAEZMA

CREATE TABLE

INSERT 0 1
INSERT 0 1

name | km2 | points
0eccaAovikn kKévtpo | 312 | 4773
Nekavoméd 1o | 439 | 24968
(2 rows)

To ST_Area G€ geography O1VEL TETPAYWOVIKA HETPA KA TO ST_Intersects EAEYYEL AV BVO YEWUETPIEG EXOVV
KOwo onpeio, edw av to onueio eivar peoa otn {wvn. Kat avto xpnowomnotel to GiST index twv
ONUEIWV.

MNMpog Tov xaptn
M epappoyn mov Seiyvel xaptn otov browser BAet ouviiBwg GeoJSON. To ST_AsGeoISON TO (PTIAYVEL

KA L€ TO jsonb_build_object TOV TIPWTOL TOUOL PTIAYVELS OAOKANPO TO AVTIKEILEVO TTOV TTEPIUEVOUV
B1BA10O1KEG OTTdE TO Leaflet.

saQL

SELECT jsonb_pretty(jsonb_build_object(
'type', 'Feature',
'geometry', ST_AsGeoJSON(location)::jsonb,
'properties', jsonb_build_object('name', name, 'population', population)
)) AS feature
FROM cities WHERE name = 'BdAog';
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ANMOTEAEZMA

feature

"type": "Feature",
"geometry": {
"type": "Point",
"coordinates": [
22.942,
39.3622

|

Do

"properties": {
"name": "BOAog",
"population": 144449

+F++++ A+t

(1 row)

KPATA AYTO

To PostGIS mpoaBéTel TOUG TUTTOUG geometry KaI geography. KABe yewuetpia €xel SRID, e 10 4326 yia urikog Kai
TIAGTOG. TO ST_MakePoint TTOPVEI TIPWTA TO IAKOG. TO geography OiVElI ATTOOTACEIG KOl EYPadd o€ pETpa TTAVwW OTN
I'n, EVW yIa geometry O€ PETPA XPEIACECAI ST Transform O€ TIPOROAIKO cUoTnua OTTwG T0 2100. MNa akTiveg
XPNOIYOTIOIEIG ST_DWithin KAl VIO TOUG KOVTIVOTEPOUG ORDER BY <-> M€ LIMIT KaI Ta OU0 pe GiST index. To
ST_AsGeoJSON Byddel Ta SEBOPEVA VIO XAPTEG.

Aokioeig

AZKHzH 26.1 A6 Tn Occoalovikn oto HpdkAgio
YnoAdyloe og km, pe éva dekadiko, nv amtootaon Oeooaiovikng kat HpakAeiov.

ANAMENOMENO AMOTEAEZMA
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AZKHIH 26.2 H 110 pakpivi} TTOAN

TMa kaBe OAN Bpeg TV 70 HaKPvr AAAN TTOAN Kat TNV amdotaon oe km, xwpig dekadika,
Ta&lvounuéveg KAt amdotaot.

ANAMENOMENO ATMOTEAEZMA

name | farthest | km
Twdvviva P660¢ 739
P6bo¢ Twdvviva 739
KoCZavn Pé6o¢ 707
Beoocarovikn | Pédog 655
HpdkAe 10 KoZdavn 625
Ndpoa P660¢ 621
Mdatpa P6bo¢ 608
Xavid Oeococadovikn | 577
BéAog P660¢ 566
KaAaudta P660¢ 549
ABrva P660¢ 434
(11 rows)

AIKHZIH 26.3 Xnueia kovrd otnv Mdrpa

Bpeg ta Tpia onueia tapaiafng sov eivat ;o Kovtad 0to kEvTpo g Ilatpag, ue v amdotaocn oe
petpa xwpig dekadka.

ANAMENOMENO AMOTEAEZMA

id | meters
83148 | 266
68849 | 696
16478 | 821

(3 rows)

AIKHZH 26.4 [MukvoTnTa avd woAn

Metpnoe yia ke stoAn tooa onueia maparafrng ameyxovy Atyotepo amd 5 km astd to k&vtpo g kat
Selle TIg TE00EPIG e TA TTEPLOTOTEPA.

ANAMENOMENO AMOTEAEZMA

name | points
ABAVQ | 4473
0eooaAovikn | 1231
HpdkAg1o | 211
Nétpa | 155
(4 rows)
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AIKHEIH 26.5 ZXE€ Trold {wvn

Ta to onueio maparaPng 1, Set€e oe mowa {wvn mapddoong Ppioketal, av fplokeTal oe kAo, padl pe
™V 7TOAN TOUL.

ANAMENOMENO ATMOTEAEZMA

id | city | zone
1 | AeAva | @
(1 row)
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