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NMpwrta n 1K ocou TTpoCTTAdEIa.
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Avolge a Abon ag@ol To query 6ov SGOEL TO AVAUEVOLEVO ATOTEAETA T) APOV KOAAT|OEIC V1A APKETN
wpa. Ma Stapopetikn Avon mov Sivel tig i61eg ypaupuég etvar ovviBwg e€ioov owotr). H e€nynon katw
o kABe ADoT AEel TL TPETEL va 10YVEL YA VA EIvAL OWOTH KAL, OTTOL LITAPYEL, TTO1A KOIVT| rtayida
QAITOPEVYEL.

O1 \oerg oe SQL mov aladovv Sedopéva ektedéotnkav peoa oe transaction mov éyive rollback, extog
av 1 AVon yperdetal commit, O7TmwG Eva VACUUM T} eva LISTEN. O1 AVoeig pe evroAeg shell ektedéotnkav pe
TN 0€1pd, OTOVE SEIVers ToL EPYAOTIPIOL OTIKE TOUE APNOoEe 1 Bewpia KAl Ol TTPONYOVUEVES AOKI|OEIS TOV
KEQAAALOL. AV &va melpapd 6ov AAMAEEL TNV KATAOTAGT), TO pglab rm KAl Ol VTOAEG OTNV APYT) TOV
KEPAAAIOV OE PEPVOLV TIOW.
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POSTGRESQL XE PRODUCTION - AYZEIX Domains, enums kai composite types

KE®AAAIO 1

Domains, enums Kal composite types
Aoknon 1.1 - Kiviité TnAépwvo

®11a&e domain mobile_gr TAVM OE text IOV SEYETAL LOVO SEKA WPn@ia stov EeKvOLY amd 69. AOKILACE TN
UETATPOITT TOV '6944123456' KL TOV '2105550101' 0O domain og S0 XwPlOTEG EVTOAEC.

AYZH

CREATE DOMAIN mobile_gr AS text CHECK (VALUE ~ '~69[0-9]1{8}%');

SELECT '6944123456'::mobile_gr AS ok;
SELECT '2105550101'::mobile_gr AS not_ok;

ANMOTEAEZMA

CREATE DOMAIN

6944123456
(1 row)

ERROR: value for domain mobile_gr violates check constraint "mobile_gr_check"
H mipawytn petatporn) mepva. H Sevtepn amotuyydvel, ylati 1o TnAEpwvo gival otabepo g ABrvag.

'O\ Ta KIVNTA TV TeEAAT®OV Tov Bi1Aiov tapiddovy atov kavova, omtote o domain Oa prmopovoe va
UITEL 0N 0Tﬁ>\l’] customers.phone.

Aoknon 1.2 - Kavovag TTou dev Tnpouv 6Aol

®1a&e domain phone_digits JTAV® OE text UE CHECK (VALUE ~ '~[0-9]1+$'). Bpeg mparta stotot mpounbevteg
£xovv MAEP®VO oV Sev TNPEl TOV Kavova Kal Hetd dokipaoe va aAMAEELG TOV TUITO TNG OTNANG
suppliers.phone O€ phone_digits.

AYZH

CREATE DOMAIN phone_digits AS text CHECK (VALUE ~ '~[0-9]1+$%');
SELECT id, name, phone FROM suppliers WHERE phone !~ '~[0-9]+$';
ALTER TABLE suppliers ALTER COLUMN phone TYPE phone_digits;
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ANMOTEAEZMA

CREATE DOMAIN

id | name | phone

5 | Nordic Office | +46855500404
(1 row)

ERROR: value for domain phone_digits violates check constraint "phone_digits_check"
To query Bpiokel evav mpounBevtr pe 51ebvi popen kat + pmpootd. H adhayr) thmov eAeyyet kabe

VITAPYOLOA TIUT| KAl Ao Tuy)Xavel akplBag oe avtod to TnAEpwvo. 'H aA\adelg tov kavova moTe va
Sexetar to + 1) Sopbwverg mpwta ta Sedopéva.

Aoknon 1.3 - Zeipd Tagivopnong atré enum

®dT1aEe enum shipping_speed IE TUUEG economy, standard KL express, UE QUTI) T OE1PA. T€ EVA VALUES LIE TIG
TPEIG TILEG g text, avakateuéveg, TAEIVOUNOE TeG ATIO TNV IO YPTIYOPT) 0TIV JTLO APYT).

AYZH

CREATE TYPE shipping_speed AS ENUM (‘'economy', 'standard', ‘'express');

SELECT speed
FROM (VALUES ('standard'), ('express'), ('economy')) AS v(speed)
ORDER BY speed::shipping_speed DESC;

ANMOTEAEZMA

CREATE TYPE

express
standard
economy
(3 rows)

Xwpig to cast n tagvounon Ba ntav adgafntikn. To cast oe enum Sivel ) oepd g SnAwong, omdte
TO DESC BACEL TPATO TO express.

Aoknon 1.4 - Néa TTpoTEpAIOTNTA OTNV APXN

IIpooBeoe 0T0 enum ticket_priority TOU KEQAAQIOL TNV TIUT) trivial TPV AIIO TO low Kal Seie N veéa Aota
TIU®OV LIE T OE1PA TOVG,.

AYZH

ALTER TYPE ticket_priority ADD VALUE ‘trivial' BEFORE 'low';

SELECT unnest(enum_range(NULL::ticket_priority)) AS priority;
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POSTGRESQL XE PRODUCTION - AYZEIX Domains, enums kai composite types

ANMOTEAEZMA

ALTER TYPE

priority
trivial
low
normal
elevated
high
urgent
(6 rows)

To BEFORE KL TO AFTER 0p1¢ovv 1 0€0T). TO unnest QITAQVEL TOV TTIVAKA IOV EMOTPEPEL TO enun_range OF
ypappeg. Av tpegeig tig 500 evIoAEG HEoA 0TO 1810 BEGIN, TO SELECT QUTOTUYXAVEL LLE unsafe use of new
value. M1a véa T enum XprolHOTTOLEITAL LOVO POV Yivel commit TO ALTER TYPE.

Aoknon 1.5 - OA6kAnpn n rapayyeAia o JSON

Enéotpeye v mapayyelia 5 wg eva JSON avTiKeilevo mov TEPIEXEL OAEG TIG OTNAEG TNG YPAULTG TOV
orders, L€ T XPTOT] TOL rOwW type Tov sivaka.

AYZH

SELECT jsonb_pretty(to_jsonb(o)) AS order_json
FROM orders AS o
WHERE o0.id = 5;

AMNOTEAEZMA
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)

To alias o uovo tov eivat oAOKANpN 1 ypauur. Av avplo ipootedel onAn otov mivaka, Ba eppaviotet
ka1 010 JSON ywpig alayn oto query.
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Aoknon 1.6 - Zuvoyn TrapayyeAiag pye composite type

®1a&e composite type order_summary pe 7edia items integer KAl total numeric. @Tia&e function
summarize_order(p_order integer) JTOV EMOTPEPEL AVTOV TOV TOIO UE TO TTANOOG TV YPAULDV KA1 TO GUVOAO
quantity x unit_price TNg sapayyeiiag. KaAeoe tn 0To FROM yia TNV ;tapayyeiia 5.

AYZH

CREATE TYPE order_summary AS (items integer, total numeric);

CREATE FUNCTION summarize_order(p_order integer)

RETURNS order_summary

LANGUAGE sql

STABLE

RETURN (SELECT ROW(count(*), sum(quantity * unit_price))::order_summary
FROM order_items WHERE order_id = p_order);

SELECT s.items, s.total FROM summarize_order(5) AS s;

AMOTEAEZMA

CREATE TYPE
CREATE FUNCTION

items | total

1 | 34.90

(1 row)
TO count (%) ETOTPEPEL bigint KA TO ROW(...)::order_summary TO LETATPEIEL OF integer. XTO FROM 1] function

exteAeital pla @opd kot Ta media g ylvovtatl otrieg.
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KE®AAAIO 2

Prepared statements kai generic plans
Aoknon 2.1 - Mpoidvra Katnyopiag

®dTaEe prepared statement category_products 1€ HiQ TAPAUETPO integer IOV EMOTPEPEL OVOLA KAL TIUT TOV
EVEPYQOV TIPOTOVIWV L10¢ KATNyopiag, ue ¢invotepo mpaoto. EKTéAeoe To yia v katnyopia 9.

AYZH

PREPARE category_products(integer) AS
SELECT name, price FROM products
WHERE category_id = $1 AND active
ORDER BY price;

EXECUTE category_products(9);

AMOTEAEZMA
PREPARE
name price
Acvpuato movtikt 24.90

|
I
Webcam HD | 59.00
I
|
I

Mnxovikd MANKTPOASY 10 89.00
USB-C docking station | 139.00
086vn 27" 4K 329.00

(5 rows)

To PREPARE Sev avaipeitan e RoLLBACK. To statement pével ot ovvSeon akoun ki av to transaction dmrov
PTIayTNKE akvpwOel. MOVO TO DEALLOCATE T) TO KAEIO1U0 TN oLVOEOT|C TO GfTVoLY.
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Aoknon 2.2 - lavra custom yia Ta oTavia

dTaEe prepared statement status_count (text) L€ SELECT count(x) FROM lab.orders WHERE status = $1 KOl
EKTEAEOE TO £EL POPEC V1A TO pending. Aeie oo custom kot tdoa generic plans ywvav.

AYZH

PREPARE status_count(text) AS
SELECT count(x) FROM lab.orders WHERE status = $1;

EXECUTE status_count('pending');
EXECUTE status_count('pending')
EXECUTE status_count('pending')
EXECUTE status_count('pending' ;

")

EXECUTE status_count('pending :
EXECUTE status_count('pending');

’

SELECT generic_plans, custom_plans
FROM pg_prepared_statements WHERE name = 'status_count';

ANMOTEAEZMA

PREPARE

1349

1349
(1 row)

generic_plans | custom_plans

0 | 6
(1 row)

Kat o1 &1 exteréoerg mrpav custom plan. Ta custom plans yia to pending elvat @Onva index scans, evm
To generic plan vtoBetel Eva €kTo TOL Tvaka KAl KOOTICEL TOAD TteploooTepo. H oUykpion g Ekng
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extéleong 1o aneppye. H oepd tov tpotov Tinev kabopidel Tt Oa yivel, katt stov e€nyel ylati to 810
query ouUIIEPIPEPETAL SIAPOPETIKA OE S1APOPETIKES CLVOETELG.

Aoknon 2.3 - Generic plan pe 300 TTAPAUETPOUG

Aci&e xwpig eKTEAEDT) KA XWPIG KOOTN TO generic plan Tov query ov HETPA TIG TTAPAYYEMEG TOV lab.orders
LLE total AVAECA OF $1 KA $2.

AYZH

EXPLAIN (GENERIC_PLAN, COSTS OFF)
SELECT count(x) FROM lab.orders WHERE total BETWEEN $1 AND $2;

AMOTEAEZMA

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

Xwpig index 010 total 0 planner £yel pia emioyn, parallel sequential scan. Ot mapauetpot epgpavidovral
OTO Filter 0G $1 KA $2.

Aoknon 2.4 - EmifoAn generic plan

Me plan_cache_mode = fo rce_generic_plan Saige LE EXPLAIN (COSTS OFF) TO plan TOV by_status yia Tnv ’[1}1]’]
refunded, XWPIg VA APNOELG TN pLOLOT AAAQYUEVT.

AYZH

SET plan_cache_mode = force_generic_plan;
EXPLAIN (COSTS OFF) EXECUTE by_status('refunded');
RESET plan_cache_mode;

AMOTEAEZMA

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

To plan &yet $1 ot ovvOnkN, dpa eivat generic. Eivan to 1810 plan sov ypnopomomOnke kat yia 1o
pending KA Y1A TO delivered, AoV dev eEaptdtal amd TNy Tiun.
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Aoknon 2.5 - ZTAAn 1Tou TTPpOoOoTEBNKE

®naée prepared statement supplier_row(integer) € SELECT % FROM suppliers WHERE id = $1, EKTEAECE TO YA
Tov mtpounBevtr) 1, Tpoobece OTNAN rating smallint OTOV suppliers KO EKTEAETE TO EQVAL.

AYZH

PREPARE supplier_row(integer) AS SELECT x FROM suppliers WHERE id = $1;
EXECUTE supplier_row(1);

ALTER TABLE suppliers ADD COLUMN rating smallint;
EXECUTE supplier_row(1);

AMOTEAEZMA

PREPARE

id | name | city_id | email | phone

(11 | ?1[3)\1061()(\)0;1(] ATT1KAG | 1 | orders@vivliodianomi.example.gr | 2105550101
row

ALTER TABLE

ERROR: cached plan must not change result type

H Seltepn eKTEAEOT) ATTOTUYXAVEL € cached plan must not change result type. Eva statement pe pnn
MOTA 0TNA®V, OTIWE SELECT id, name, email, Oev Oa emnpeaddtav asmo ) vea oTnAT.

Aoknon 2.6 - KaBapr ouvdeon
¥Bnoe 0Aa ta prepared statements tng oOvSeong kat Seie OTL TO pg_prepared_statements elval ade10.

AYEZH

DEALLOCATE ALL;

SELECT count(x) AS prepared FROM pg_prepared_statements;
AMOTEAEZMA

DEALLOCATE ALL

prepared

Kat avtiotoyo kavel to PgBouncer oe session mode. '‘Otav évag client agnvet pia ovvdeon, otédvel
DISCARD ALL, JTOU TtePLAALPAVEL TO DEALLOCATE ALL, ®OTE 0 emopevog client va Bpel kabapn ovvSeon.
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POSTGRESQL XE PRODUCTION - AYZEIX Dynamic SQL pe EXECUTE kai format

KE®AAAIO 3

Dynamic SQL pe EXECUTE ka1 format

Aoknon 3.1 - Quoting yia KABe TrepiTTTWON

Me &va format GTIAEE TNV EVTOAT) 710V AAAALEL OE Nikos TO OVOUA TOV YPAUUMVY TOV TIVAKA MeAdteg 2026 LE
email nikos'o@example.gr, OTN OTNAN first name. MNV TNV EKTEAECELS, EMECTPEWPE UOVO TO KEIUEVO.
AYEH

SELECT format('UPDATE %I SET %I = %L WHERE email = %L',
'MeAdteg 2026', 'first name', 'Nikos', 'nikos''o@example.gr') AS sql;

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

Kat ta §Vo ovopata mnpav SUTAA e10aywyikd, yiati £xovv kevo. Ol TIHeg I pav HOVA KAl TO E10AYWYIKO
péoa oto email Suthaoidotnke.

Aoknon 3.2 - MéyioTn TipN otrolacdnIToTe 0THANG

d11a&e function max_of(p_table regclass, p_column text) JTOV EMOTPEPEL WG text TN UEYLOTN TIUT TNG OTHANG.
Kdaleoe TN Y1A TO price TOV products KAl Y1A TO created_at TOU lab.orders.

AYZH

CREATE FUNCTION max_of(p_table regclass, p_column text)
RETURNS text
LANGUAGE plpgsql
AS $%
DECLARE
result text;
BEGIN
EXECUTE format('SELECT max(%I)::text FROM %s', p_column, p_table) INTO result;
RETURN result;
END;
$$;

SELECT max_of('products', 'price') AS max_price,
max_of('lab.orders', 'created_at') AS last_order;
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ANMOTEAEZMA

CREATE FUNCTION

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

O mivakag praivet pe ss, apol wg regelass eival 181N owotd ypaupévog. H otAn ptaiver pe s1. To cast
0€ text Yivetal peoa oto query, wote 1 function va ovAevel yia otnieg kabe tomov.

Aoknon 3.3 - NMeAdTeg avd oTAAN HE AOPAAEIQ

®1ae function customers_matching(p_column text, p_value text) JTOV EMOTPEPEL id KAL email TV TEAATWV
O7I0L 1| OTNAN 1ooLTAL LE TV TiuT). Estitpepe povo Tig oTAeg last_name KAl phone. KAAEOE TN y1a last_name =
'MomadoémovAog ' .

AYZH

CREATE FUNCTION customers_matching(p_column text, p_value text)
RETURNS TABLE (id integer, email text)
LANGUAGE plpgsql
AS $$
BEGIN
IF p_column NOT IN ('last_name', 'phone') THEN
RAISE EXCEPTION 'un emitpentdi otiAn %', p_column;
END IF;
RETURN QUERY EXECUTE
format ('SELECT id, email FROM customers WHERE %I = $1 ORDER BY id', p_column)
USING p_value;
END;
$$;

SELECT * FROM customers_matching('last_name', 'ManaddémovAoc');

AMOTEAEZMA

CREATE FUNCTION

id | email

2 | gpapad@example.gr
(1 row)

H otm)An eAéyyetan pe Alota kot praivel pe 1. H tiun epva e USING Kot 8ev yiveTat ToTe HEPog Tov
KEWWEVOUL.
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Aoknon 3.4 - llivakeg ava Tpipnvo

Me &va po block @Trid&e t€ooepig Ade10vg TTvaKeg payments_2025_ql £wG payments_2025_q4 € TIG 101G OTNAEG
LLE TOV payments. META LETPT|OE TTOCOL THVAKEG LITAPYOLV LLE OVOUA TTOV APYI{EL ATTO payments_2025.

AYZH

DO $$
BEGIN
FOR g IN 1..4 LOOP
EXECUTE format('CREATE TABLE %I (LIKE payments)', 'payments_2025_q' || q);
END LOOP;
END;
$$;

SELECT count(x) AS tables
FROM pg_tables
WHERE tablename LIKE 'payments\_2025%"';

AMOTEAEZMA

DO

tables

(1 row)

H petafAntr evog For o Staotnua akepainyv SnAm@vetal autopata, omote Sev ¥pelaoTnKe DECLARE. To
LIKE payments QVTLYPAPEL OTHAES KL TUTTOVG. T \_ 0TO LIKE TNG avadntnong {NTd KUPIOAEKTIKT KATW
TTAVAQ, APOV AANIGOG T) _ TALPLAEL LIE OTTO10VOTTTOTE XAPAKTI PAL.

Aoknon 3.5 - ' Evwon TToAAWV mTIVAKWYV

DTIAEE e string_agg KAL format £VA qUETY KEWEVOL IOV EVAOVEL UE UNION ALL €VA SELECT AVA TVAKA TOV
schema 1ab, 05t0V KAOE SELECT EMOTPEPEL TO OVOLA TOV TIIVAKA KAl TO count (%) TOV. EMéotpeye povo to
Kelevo, Tallvounuévo Katd Ovoud ivaka.

AYZH

SELECT string_agg(
format('SELECT %L AS table_name, count(x) FROM lab.%I', tablename, tablename),
E'\nUNION ALL\n' ORDER BY tablename) AS sql

FROM pg_tables

WHERE schemaname = 'lab';
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AMNOTEAEZMA
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 +
SELECT 'products' AS table_name, count(x) FROM lab.products

(1 row)

To dvopua Tov mivaka epgavidetal 50o @opég e S0 POAOLG. Q¢ TIUT 0TN AMIOTA TOL SELECT HITAVEL UIE %L
KOl ¢ TVAKAG 0TO FROM LE %I. To Keluevo autd ptopel va ekteleoTel pe EXECUTE péoa oe function 1)
astevBelag pe \gexec.

Aoknon 3.6 - Injection oTnVv TPadn

XPNOLOTOINOE TNV count_status_unsafe TOU KEPAAALOL Y1 VA LETPT|OELG TIG TTApAYYeAieg TTov Sev Exouvv
KATAOTAOT) delivered, TEPVAOVTAG LLOVO €va KATAMNAO string wg Oplopa.

AYZH

SELECT count_status_unsafe($$x' OR status <> 'delivered$$) AS not_delivered;

AMOTEAEZMA

not_delivered

37
(1 row)

To string KAEIVEL TNV TIUN LE TO TIPAOTO EI0AYWYIKO KAl APTIVEL TO TEAELTAIO0 E10AYWYIKO Tng function va

KAE10€1 TO 'delivered'. TO EKTEAEOUEVO quUeETY €YIVE status = 'x' OR status <> 'delivered'. O7010G €Agy)eEL
TNV TIUN EAEYXEL TO query.
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KE®AAAIO 4

LISTEN ka1 NOTIFY

Aoknon 4.1 - EidoTtroinon xwpig payload

311 ouvedpla A AKOL 0TO KAVAAL cache_reset KAl 0TeIAE 0€ AUTO pia £1807moinon xwpig payload.

AYZH

LISTEN cache_reset;
NOTIFY cache_reset;
UNLISTEN cache_reset;

AMOTEAEZMA

LISTEN

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

UNLISTEN

Mua ovvSeon Adappaver kat Tig Sikeg g e1domomoeirg. ESa 1 e1domoinon epgpavidetal apéomns KAT®
QUTO TO NOTIFY. Xwpig BEGIN kAOe evToAn eivan S1kd tng transaction, oo te 1o commit £yive e T0 TEAOG
NG EVTOANC KAl 1] AtV TnoT) Tov server Epepe padi kat v eidomoinon. To payload eivan kevd keipevo.
TToAAEG EQAPUOYES XPTIOILOITTOIOVY TETO10 KAVAAL Y10 VA TTOVV 0 OAOUG TOUG SEIVETS TNG EPAPLOYTS va
adeldoovv pa cache.

Aoknon 4.2 - Auvapiko KavaAi

AKOV OTO KAVAAL customer_7 KAl OTEIAE O€ AUTO LE pg_notify TO email Tov TEAATN 7, PTIAYVOVTAG TO OVOUA
TOV KAVAAI0L HEoa 0To query asto To id.
AYEH

LISTEN customer_7;

SELECT pg_notify('customer_' || id, email) FROM customers WHERE id = 7;
UNLISTEN customer_7;
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ANMOTEAEZMA

LISTEN

pg_notify

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

UNLISTEN

To NoTIFY ev Ba Sexotav Ekppaon wg Ovopa Kavaiov. To pg_notify d&xetal 0roladnmote Ty text,
0TTOTE EVA KAVAAL QVA TTEAATN T) AVA XPNOTH QTIAYVETAL LIE EVA qUETY.

Aoknon 4.3 - EidoTtroinon yia aAAayn KatdoTaong

DdTaEe trigger 0TOV orders TOV OTEAVEL GTO KAVAAL order_status payload g HOP@N|G id:véa katdotaocn, LOVO
oTav aA\Ael 1 OTNAT status. AKOU 0TO KAVAAL Kat AAaEe TNV KATAOTAOT TNG TapayyeAiag 162 o€ paid.

AYZH

CREATE FUNCTION notify_status()
RETURNS trigger
LANGUAGE plpgsql

AS $$

BEGIN
PERFORM pg_notify('order_status', NEW.id || ':' || NEW.status);
RETURN NULL;

END;

$$;

CREATE TRIGGER orders_status_notify

AFTER UPDATE OF status ON orders

FOR EACH ROW

WHEN (OLD.status IS DISTINCT FROM NEW.status)
EXECUTE FUNCTION notify_status();

LISTEN order_status;
UPDATE orders SET status = 'paid' WHERE id = 162;
UNLISTEN order_status;

AMOTEAEZMA

CREATE FUNCTION
CREATE TRIGGER
LISTEN

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

UNLISTEN

To UPDATE OF status EVEPYOJTOLEL TOV trigger HOVO OTAV 1] EVTOAT] AVAPEPEL TN OTHAT KAl TO WHEN LLOVO OTAV
N Tur) ipaypatikd aAhage. 'Eva uppaTE tov ypagel v id1a katdotaon Sev atédver eidomoinon.
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Aoknon 4.4 - Rollback xwpig g16o1r0inon

AKOV 0TO KAVAAL order_status, AAAAEE LE€oa oe transaction v Kataotaon g mapayyeiiag 161 o
cancelled KO KAVE ROLLBACK. Agife PeTd TV KATAoTAOoT TNG TTapayyeAiag.

AYZH

LISTEN order_status;

BEGIN;

UPDATE orders SET status = 'cancelled' WHERE id = 161;
ROLLBACK;

SELECT status FROM orders WHERE id = 161;

UNLISTEN order_status;

ANMOTEAEZMA

LISTEN
BEGIN
UPDATE 1
ROLLBACK

status

UNLISTEN

O trigger ekTeA£0TNKE KAl KAAEOE TO pg_notify, AAAA 1] e180T0IN0N TTEPipeve To commit stov dev 1)pOe
TOTE. e Kapia evToAr) dev epgavietal e18omoinor, oe avtifeon pe v spoTyovUEVT] AOKNOT) OTT0V
NpOe KAT®W AT TO UPDATE.

Aoknon 4.5 - & Tola KavaAia aKkouw

AKOV 0TA KAVAALQ a_jobs KA b_jobs, ei&e Ta kavaAia tng ovvoeong ta&ivounuéva Kat oTapdta va akovg
oge OAa.

AYSH
LISTEN a_jobs;
LISTEN b_jobs;

SELECT channel FROM pg_listening_channels() AS channel ORDER BY channel;
UNLISTEN x;
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ANMOTEAEZMA

LISTEN
LISTEN

channel

a_jobs
b_jobs
(2 rows)

UNLISTEN

To pg_listening_channels €lvan set returning function, ostote potaivel 0to FRoM oav stivakag. To UNLISTEN x
elvat auto mov kavel évag pooler oe session mode sipv Swoet T oUvSeon oe aAdov client.

EKAOZH 1.0 - ZEMNTEMBPIOX 2026 19



POSTGRESQL ZE PRODUCTION - AYZEIX TABLESAMPLE kai deiypata

KE®AAAIO 5

TABLESAMPLE kai dsiyparta

Aoknon 5.1 - EKTipnon yia Ta checkout

Agt6 Selypa BERNOULLT TOU €VOC TOLG EKATO TOV lab.events pe seed 7, eKTiUNOe oo events £xouvy kind =
'checkout'. Bae otnv i61a ypapun kat to akpifeg Andog.
AYEH

SELECT (SELECT count(x) * 100 FROM lab.events TABLESAMPLE BERNOULLI (1) REPEATABLE (7)
WHERE kind = 'checkout') AS estimated,
(SELECT count(x) FROM lab.events WHERE kind = 'checkout') AS exact;

AMOTEAEZMA

estimated | exact

139500 | 142762
(1 row)

Ta events £yovv mepimov éva ¢fdopo checkout, amdwpéva opoopopea otov mivaka. H ektipnon
auteyet Atyo amd v akpipn turn. Me sysTem Ba rjtav emiong KaAr|, apov To kind dev eival palepuévo oe
oeAidec.

Aoknon 5.2 - Méon agia ava KkataoTaon

A7t6 Setypa sysTEM Tov S0 TOIG EKATO TOL lab.orders pe seed 3, vITOAOY10€ TN péomn ala mapayyeAiag yia
TIC KATAOTAOELG delivered, cancelled KAl refunded, pe do dekadika.

AYZH

SELECT status, round(avg(total), 2) AS avg_total, count(x) AS sampled
FROM lab.orders TABLESAMPLE SYSTEM (2) REPEATABLE (3)

WHERE status IN ('delivered', 'cancelled', 'refunded')

GROUP BY status

ORDER BY status;

AMOTEAEZMA
status | avg_total | sampled
cancelled | 382.14 | 2709
delivered | 379.69 | 35695
refunded | 378.79 | 1170
(3 rows)
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AUTEG 01 TPELG KATAOTAOELS Elval ATTAWEVES € OAO TOV TTIVAKA, OTTOTE TO SYSTEM Sivel Aoyikolg Hesoug
0povg e eEAA10TO KOOTOC. H 0TnAN sampled Seiyvel oe mooeg ypauueg Paoidetar kdbe uéoog 6pog, KAt
mtov mavta a&ilel va PAgmeig SimAa oe pa extipnon.

Aoknon 5.3 - [160&gg oeAideg diapadel

Me EXPLAIN (ANALYZE, BUFFERS, COSTS OFF, TIMING OFF) Ogie mooeg oeAibeg Srafadet éva Setypa sySTEM Tov
U100V TO1G €KATO AITO TO lab.events pE seed 1.

AYZH

EXPLAIN (ANALYZE, BUFFERS, COSTS OFF, TIMING OFF)
SELECT count(*) FROM lab.events TABLESAMPLE SYSTEM (0.5) REPEATABLE (1);

AMOTEAEZMA

Aggregate (actual rows=1.00 loops=1)
Buffers: shared hit=72
—> Sample Scan on events (actual rows=5268.00 loops=1)
Sampling: system ('0.5'::real) REPEATABLE ('1l'::double precision)
Buffers: shared hit=72
Planning Time: 0.026 ms
Execution Time: 0.335 ms

To dBporoua TwV hit KAl read OTO Buffers gival o1 oeAideg Tov Setypartog. Eival sepimov 1o pioo toig
£KaTO TV 0eAbwv Tov ivaka. To moo00To ptopel va £xel dekadikda.

Aoknon 5.4 - Aciypa TTEAATWV HE TIG TTAPAYYEAIEG TOUG

DT1aEE Tvaka lab. customers_sample (e SETYLA BERNOULLT TOV 100V TOLG EKATO TMWV TIEAATMV TOU lab. customers
ue seed 11. MEtpnoe PETA TOOOUG TTEAATEG EXEL KA TTOOEG TTAPAYYEANES TOV lab.orders AVIKOUV O€ AUTOVG,.

AYZH

CREATE TABLE lab.customers_sample AS
SELECT * FROM lab.customers TABLESAMPLE BERNOULLI (@.5) REPEATABLE (11);

SELECT (SELECT count(x) FROM lab.customers_sample) AS customers,

(SELECT count(x) FROM lab.orders AS o
WHERE o.customer_id IN (SELECT id FROM lab.customers_sample)) AS orders;

AMOTEAEZMA

SELECT 1019

customers | orders

1019 | 10533
(1 row)
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To Selypa yivetar 0Tov yoviko sivaka kat o1 tapayyeiieg akorovBovv pe subquery. 'Etot kabe
TTAPAYYEALQ TOV VITOGLUVOAOL EXEL TOV TTEAATI TNG, KATL 710V Sev Ba ioyve av Emaipveg xwplotod detypa
o kaBe mivaka.

Aoknon 5.5 - Tpia Tuxaia Trpoidvra pe ONVO TpoTTO
Agi€e e EXPLAIN (COSTS OFF) TO plan evOg query Tov emOTPEPEL TPLA TPOIOVTA TOV lab. products [LE
SYSTEM_ROWS.
AYSH
EXPLAIN (COSTS OFF)
SELECT id, name, price FROM lab.products TABLESAMPLE SYSTEM_ROWS (3);
AMOTEAESMA

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

To plan eivat £va sample Scan XWPIG Sort KA XWPIg Limit. TO SYSTEM_ROWS OTAUATA HOAIG HAZEWEL TPELG
YPOAUUEG, 000 HEYAAOG KL AV €lval O TVAKAG.

Aoknon 5.6 - EKTipnon amé tov planner

A€1€e TO reltuples TOU lab.events KO TOV lab. customers QIO TO pg_class, KOG AKEPALOVC, LUE TO OVOLA TOU
TVOKAL.

AYZH

SELECT oid::regclass AS table_name, reltuples::bigint AS estimated_rows
FROM pg_class

WHERE oid IN ('lab.events'::regclass, 'lab.customers'::regclass)

ORDER BY 1;

AMOTEAEZMA

table_name estimated_rows

I
lab.customers | 200000
|

lab.events 1000000
(2 rows)

META TO VACUUM ANALYZE TOU EPYQOTNPIOL 01 EKTIUNOELG elvatl akpiPeic. Te evav mivaka stov aradel,
QUITEXOLV QIO TNV TIPAYUATIKOTNTA 000 £xel aAMAEEL 0 Ttivakag artd Tov TeAevtaio autovacuum.
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KE®AAAIO 6

To gpyaocThpio Kal To data directory
Aoknon 6.1 - O @dakeAog TG Bdong

Bpeg o OID g BAoTG sqlbook Kl 1€ OTL LITAPYEL LITOPAKENOG LLE AVTO TO OVOUA LETA OTO base TOV
primary.
AYEH

0id=$(psql -At —c "SELECT oid FROM pg_database WHERE datname = 'sqlbook'")
echo "OID: $oid"
1s —-d "$LAB/primary/base/$oid"

EZOAOZ

0ID: 16384
~/pglab/primary/base/16384

To -At TUTTWVEL LOVO TNV TIUT), XWPIG EMKEPAAISES KL OTOIYI0T, £TO1 MOTE VA LITEL O PETAPAN TN TOV
shell. KaBe Baon eivan évag paxerog pe to OID g,

Aoknon 6.2 - To apyxeio vog Trivaka

Bpeg pe pg_relation_filepath O€ 7010 apyeio PpiokeTal o mivakag orders Kat Seife to pueyebog tov oe bytes
HE wc -c.

AYSH

file=$(psql —-At —-c "SELECT pg_relation_filepath('orders"')")

echo "$file"

wCc —C < "$LAB/primary/$file"

EZ0AO3

base/16384/16501
16384

H SiaSpopun etvan oxetikn pe to data directory. To péyebog eivar molMamhaoio twv 8.192 bytes, agov o
TVAKAG ATOTEAEITAL AITTO OAOKAT PG OEAISEG.
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Aoknon 6.3 - AsUTepog server

Dace pe 10 pglab deTEPO server pe OVoUd second TN BUpa 5502, Eekiva Tov Kat Seie e pglab 1s KA TOVG
Svo. Metda offnoe tov.

AYZH

pglab init second 5502
pglab start second
pglab 1s

pglab rm second

E=ZOAOZ

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

primary 0vpa 5501 o& Asittovpyia

second 0vpa 5502 o& Asitovpyia

second: oBrioTnke

O1 8v0 servers elval evieAmg aveEaptntol, pe S1kd Tov @akelo, OUpa, Siepyacieg ka pvnun o kabevag.
'Etol Ba otrjvoupe primary kot standby oto pépog IV.

Aoknon 6.4 - O1 kavéveg TpéoRaong

Aei&e a0 To pg_hba_file_rules TOU primary TI YPAWUUT), TOV TUTTO, TN Baon kat T pebodo kabe kavova.
Metpnoe petd doot Kavoveg eival trust.

AYZH

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

SELECT count(x) AS trust_rules FROM pg_hba_file_rules WHERE auth_method = 'trust'

AMOTEAEZMA
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
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To pglab init APTVEL TO APYELO TOV initdb OTWG elval, pe OAeg TIG YPAUUES trust. H OTNAN database elvat
TVAKAG, YIATL Hla ypapur| Lropet va apopd ToAES PACELS XWPLIOUEVEG LLE KOUUA.

Aoknon 6.5 - [160gg digpyacieg avoiyel pia cuvdeon

Avoi&e 800 OUVEEDELG OTO TTAPACKNVIO UE psql —c "SELECT pg_sleep(2)" & KAl UETPNOE QIO TPITNH CLVOEOT
7TO001 client backend LITAPYOLV. [IePIUEVE LETA VA TEAEIOOOLV LIE wait.

AYZH

psql —c "SELECT pg_sleep(2)" >/dev/null &
psql —c "SELECT pg_sleep(2)" >/dev/null &
sleep 0.5
psql —At -c "SELECT count(x) FROM pg_stat_activity
WHERE backend_type = 'client backend' AND application_name = 'psql'"
wait

EZOAOZ

Tpeig client backends, dSnAadn tpeig Siepyaoieg, pia yia kabe psql. H tpitn eivar avtr) stov petpa. To
PIATPO OTO application_name APTIVEL 6w AAAEG TUVEEDELG TTOV 10WG EXEIG AVOIYTEGS, OMWE VA psql O€ AAAO
terminal, a@ot kABe psql SNA®MVEL TO GVOUA TOL OTOV server. To & TPEXEL L1 EVTOAT OTO JTAPACKI|VIO KAt
TO wait JIEPIUEVEL OAEG TIG EVTOAEG TOV TTAPACKIVIOL.

Aoknon 6.6 - Recovery HeTd a1rd TTTWON

Tpdye 0TOV primary £vAV TVAKA after_crash L€ 1.000 YPAUUES, OTAUATIOE TOV UUE immediate, EEKIVA TOV KAl
Oeile Tig ypaupég tov log yia v apyn kat to tédog tov redo. METpnoe petd Tig YPAULES TOV TTivVaKa.

AYZH

psql —c "CREATE TABLE after_crash AS SELECT generate_series(1l, 1000) AS n"
pg_ctl -D "$LAB/primary" -m immediate stop

pglab start primary

grep —-E 'redo (starts|done)' "$LAB/primary.log" | tail -n 2

psql -At -c "SELECT count(x) FROM after_crash"

E=OAOX

SELECT 1000

waiting for server to shut down.... done

server stopped

primary: o€ Agitouvpyia otn OVpa 5501

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

2026-09-28 09:46:43.766 EEST [76072] LOG: redo done at ©/1D040D8 system usage: CPU:
user: 0.00 s, system: 0.01 s, elapsed: 0.01 s

1000
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To pglab stop KAVEL KAVOVIKO OTAUATNHA, YU AUTO 1) AVOT) KOAEL TO pg_ctl U -m immediate. Ol YPOAUUEG redo
starts at KO redo done at Oelyvouv asd moio onueio tov WAL Eekivnoe to recovery kat o0 TeAEinoE.
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KE®AAAIO 7

PuOuioeig ka1 atrd 1rou EpxovTal
Aoknon 7.1 - Ti GAAage atrd TIG TTPOETTIAOYEG

Aei€e OAeg TIg pLOULOELG TOV primary TTOL OEV EXOUVV source 100 L€ default, override 1) client, UE TO OVOUQ, TNV
T, T povada kat Ty syt Tovg.

AYZH

SELECT name, setting, unit, source

FROM pg_settings

WHERE source NOT IN ('default', 'override', 'client')
ORDER BY source, name;

AMOTEAEZMA
name | setting | unit | source
autovacuum_worker_slots 16 %) configuration file
DateStyle IS0, MDY 2 configuration file
default_text_search_config pg_catalog.english | @ configuration file
dynamic_shared_memory_type posix o configuration file
lc_messages en_US.UTF-8 %) configuration file
lc_monetary en_US.UTF-8 7] configuration file
lc_numeric en_US.UTF-8 %) configuration file
lc_time en_US.UTF-8 o configuration file
listen_addresses localhost @ configuration file
log_min_duration_statement 250 ms configuration file
log_timezone Europe/Athens @ configuration file
max_connections 100 2 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 2 configuration file
unix_socket_directories %) configuration file
work_mem 16384 kB configuration file
statement_timeout 30000 ms database
(20 rows)

AvTO TO query €lval T0 TTPMTO JTOV TPEXELS O€ EVAV AYVWOTO SErver. Zou AEEL TL €xel AAAEEL KATTO10G
QUTO TIG TTPOETIIAOYEG KAl O 71010 e7imedo. To override eival TIHEG 7T0V LVITOAOYICEL O Server oTnv eKKIvnoT
KQ1 TO client 00eg otéAvel o client ot ovvdeon, Omtwg 1 Kwdikomoinor.
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Aoknon 7.2 - MéyeOog o¢ bytes

ASES TO shared_buffers, TO work_mem KOl TO maintenance_work_mem O€ },lOp(pT'] JTOL 61(1[5('1{&(11, UE pg_size_pretty
TAV® OTO setting KAL T LOVASA TOV pg_settings.

AYZH

SELECT name,
pg_size_pretty(setting::bigint * CASE unit WHEN '8kB' THEN 8192
WHEN 'kB' THEN 1024 END) AS size
FROM pg_settings
WHERE name IN ('shared_buffers', 'work_mem', 'maintenance_work_mem')
ORDER BY name;

ANMOTEAEZMA

name | size

maintenance_work_mem | 64 MB

shared_buffers | 256 MB
work_mem | 16 MB
(3 rows)

To shared_buffers petplétal oe oeAibeg twv 8 KB kat ta aAa Vo oe KB. H otiAn unit Gov Agel g va
LETATPEWELG TO setting. TO SHOW KAVEL TN LETATPOIT) 1A GEVA, AAAA LOVO yia pia pvBuion kabe popa.

Aoknon 7.3 - PuBuion péAou o€ pia Baon
®1a&e pOAo batch e login kat OPLOE work_mem = '64MB' LOVO OTAV OUVOEETAL 0T BACT) sqlbook. AeiEe amd
VEQ CUVOEOT) WG batch TNV TIUT TTOV TAIPVEL.

AYZH

psql —c "CREATE ROLE batch LOGIN"
psgl —c "ALTER ROLE batch IN DATABASE sqlbook SET work_mem = '64MB'"
psql -U batch -At -c "SHOW work_mem"

EZ0AOX

CREATE ROLE
ALTER ROLE
64MB

To IN DATABASE €lval TO 7110 €101k0 atod Ta emineda twv ovvdeoewv. O 1810¢ poAog oe AAAN BaoT mtaipvel
TO work_mem TOV Server.
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Aoknon 7.4 - ‘Eva restart Trou trepIpével

AMa€e e ALTER SYSTEM TO max_connections 0€ 150 Kat Kave reload. Agie To setting KA1 TO pending_restart TOU.
Kave restart tov primary kot deie ta Eava.

AYZH

psql —c "ALTER SYSTEM SET max_connections = 150"

psql —-At -c "SELECT pg_reload_conf()"

psql -At —c "SELECT setting, pending_restart FROM pg_settings WHERE name = 'max_connections'"
pglab restart primary

psql -At —c "SELECT setting, pending_restart FROM pg_settings WHERE name = 'max_connections'"

EZOAOZ

ALTER SYSTEM

t

100 |t

primary: o€ Agitouvpyia otn 6Vpa 5501
150 | f

IIpwv asto to restart 1 Tun eivat 100 KAl TO pending_restart aAn0ég. Metd eivat 150 kat Wevdeég. To -At
TUTTOVEL TIG SVO OTNAES XWPIOUEVEC LIE |.

Aoknon 7.5 - Xpoévog povo yia éva transaction

Meoa og €va transaction 0p1oe work_mem 256 MB povo yia avto to transaction kot Sei&e v tiun. Meta to
commiT Seie Eava v Tun.

AYZH

BEGIN;

SET LOCAL work_mem = '256MB';
SHOW work_mem;

COMMIT;

SHOW work_mem;

AMOTEAEZMA

BEGIN
SET

work_mem
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To SET LOCAL YAveTal pe T0 TEAOG TOV transaction, eite pe coMMIT eite pe ROLLBACK. "Eva SET xwpig LocAL Ba
£ueve og OAN TNV vIToAowtn oLVSEOT).

Aoknon 7.6 - PuBpuicesig ava context

Metpnoe mooeg puOUIOELG TOV py_settings TTOL EEKIVOUV QIO autovacuum X1 KAOe context.

AYZH

SELECT context, count(x)

FROM pg_settings

WHERE name LIKE 'autovacuum'
GROUP BY context

ORDER BY context;

AMOTEAEZMA

context | count

postmaster | 3

sighup | 13
(2 rows)

O eprocoTepeg pubuioeig Tov autovacuum arralovv pe reload. 'Ooeg opilovv mooeg Siepyaoieg
VITAPYOLV 1) oo™ pvnun deouebetal otnv ekkivnon Belovy restart.
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KE®AAAIO 8

MvAun
Aoknon 8.1 - Molol TiVaKeS €ival oTnN PvAEN

Aei€e yia Toug mivakeg Tov schema 1lab tooa MB amd Tig oeAideg Toug fpioKOvVTal T@PA OTO shared_buffers,
TAEVOUNUEVA QITO TOV HEYAAVTEPO.

AYZH

SELECT c.oid::regclass AS relation,
pg_size_pretty(count(x) * 8192) AS cached
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())
AND c.relnamespace = 'lab'::regnamespace
GROUP BY c.oid
ORDER BY count(x) DESC;

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

KaOe buffer eivan 8.192 bytes, omdte to 7An0og el 8.192 Sivel to péyebog. To regnamespace HETATPETEL
o Ovopa evog schema oto OID Tov, O7IwE TO regclass YA TOUG TIIVAKEG,.

Aoknon 8.2 - Hit ratio avd trivaka

A7t0 TO py_statio_user_tables O€IEE Y1 TOVC TVAKES TOV lab TA heap_blks_hit, heap_blks_read KOl TO TOCOOTO
hit pe éva Sekadiko.

AYZH

SELECT relname, heap_blks_hit, heap_blks_read,
round(100.0 x heap_blks_hit / nullif(heap_blks_hit + heap_blks_read, @), 1) AS hit_pct
FROM pg_statio_user_tables
WHERE schemaname = 'lab'
ORDER BY relname;

EKAOZH 1.0 - ZEMTEMBPIOX 2026 31



POSTGRESQL SE PRODUCTION - AYZEIZ Mvnpn

ANMOTEAEZMA

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)

'‘OAa Ta TOCOO0TA Elval YNAA AOY® TNG POPTWOTC, AAAA TO lab.orders EXEL TOAD TIEPLIO0OTEPA reads amd
Toug aAovg. To Srafdaoape oAokAnpo pe sequential scans tov ypnopomolovy ring buffer, onote
oxedov kabe oeAiba npbe amd 1o Aertovpyko. To nullif mpootatevel ammd diaipeon pe o undév yua
miivakeg mov dev Stafdotnkay moTe.

Aoknon 8.3 - Tagivounon 1Tou Xwpd

Me EXPLAIN (ANALYZE, COSTS OFF, TIMING OFF, BUFFERS OFF) &eife to plan tng ta&ivounong twv lab. customers
KQTA last_name, first_name, email, IPMTA LLE TNV TIPOETAOYT) TOV work_mem KAl LETA e 32 MB povo yia autod
To transaction.

AYZH

EXPLAIN (ANALYZE, COSTS OFF, TIMING OFF, BUFFERS OFF)
SELECT last_name, first_name, email FROM lab.customers
ORDER BY last_name, first_name, email;

BEGIN;

SET LOCAL work_mem = '32MB';

EXPLAIN (ANALYZE, COSTS OFF, TIMING OFF, BUFFERS OFF)
SELECT last_name, first_name, email FROM lab.customers
ORDER BY last_name, first_name, email;

COMMIT;

ATNOTEAEZMA

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
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Me 4 MB 1 ta&vounon yivetal external merge 0Tov 6ioko. Me 32 MB yivetal quicksort otr pvnun. To seT
LOCAL €O 0TOo transaction eivat o TpOITOg va SOOELG UViUn 0 &va query Xwpig va TNy aPnoeig o
ovvdeon.

Aoknon 8.4 - Mvijun yia Tov pOAO TwWV ava@opwyVv

DT1aEE POAO reports pe login kar OP10€ work_mem 128 MB yia avtov. Aeie amod véa ouvEean WG reports TNV
TIUT) TOV work_mem KO TNV JINYT) TNG.

AYZH

psql —c "CREATE ROLE reports LOGIN"
psql —c "ALTER ROLE reports SET work_mem = '128VMB'"
psql -U reports —-c "SELECT setting, unit, source FROM pg_settings WHERE name = 'work_mem'"

E=OAOX

CREATE ROLE
ALTER ROLE
setting | unit | source

131072 | kB | user
(1 row)

H 7y elvan user, SnAadt| n ptBuion tov poiov. Ot ava@opEg Taipvouy JTOAAN LVIUT EVG 1) EQAPLOYT
pével ota 4 MB kat 0 TpoimoAOY1oHOG TOV Server HETPAEL LOVO O0EG OUVOEDELS TOV reports UTTOPEL val
VIAPEOLY TAVTOYPOVAL.

Aoknon 8.5 - [é6oca rpoocwpIivd apyeia

Mndévioe Ta 0TaTOTIKA TNG BAOTG LUE pg_stat_reset(), TPEEE TAEIVOUNOT) OAWV TV lab.orders KATA total e
work_men 4 MB kau Sei€e ta temp_files kKa To pEYEOOG TOVG ATTO TO py_stat_database.

AYZH

SELECT pg_stat_reset();

SELECT id FROM lab.orders ORDER BY total OFFSET 1999999;
SELECT pg_stat_force_next_flush();

SELECT temp_files, pg_size_pretty(temp_bytes) AS temp_size

FROM pg_stat_database
WHERE datname = current_database();
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ANMOTEAEZMA

pg_stat_reset

(1 row)

188570
(1 row)

pg_stat_force_next_flush

(1 row)

temp_files | temp_size

2 | 60 MB
(1 row)

TO OFFSET ETIOTPEPEL LOVO TNV TEASVTALA YPALLT), AAAA 1) TAEIVOUN 0T £yIve Yia OAeG. Ta Tpoowpva
apyela etvatl ta KopudaTa g taglvounong mov dev xwpeoav ot puvnun. To pg_stat_reset undevidet toug
LETPNTEG TNC TPEYXOLOAS BAOTG, KATL PO TPV asto eva meipapa. Kabe Siepyacia otéAvel ta
OTATIOTIKA TNG TNV KOWVI| LVAUN TO TTOAD pia opd To SevtepoAento. To pg_stat_force_next_flush T1)
Bader va ta oteilel aUEowE HETA TNV EVTIOAT), WOTE TO TEAELTAIO query va ta Oel.

Aoknon 8.6 - Pé6pTWON OTN MVAMN

DOPTWOE |IE pg_prewarn TO primary key index Tov lab.orders kau Seie mdoeg 0eAibeg Tov Bpiokovtat oto
shared_buffers.

AYZH

SELECT pg_prewarm('lab.orders_pkey') AS pages_loaded;

SELECT count(x) AS buffers
FROM pg_buffercache AS b
WHERE b.relfilenode = pg_relation_filenode('lab.orders_pkey')
AND b.reldatabase = (SELECT oid FROM pg_database WHERE datname = current_database());

AMOTEAEZMA

pages_loaded

(1 row)

5486
(1 row)
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To pg_prewarm SovAevel kat yia indexes. 'OAeg 01 0eAiSeg OV POPTWOE Elvan oTn Lviun, a@ov to index
TV mepimov 43 MB ywpd aveta ota 128 MB. 'Eva index stov xpnotposmoleitatl oe kaBe avadntnon ivat
KOAOG LITOWPNPLOC Y1a prewarm UETA amto restart.
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KE®AAAIO 9

WAL, checkpoints kai durability

Aoknon 9.1 - To WAL &vé6g index

Metpnoe moco WAL ypd@el nj Snuiovpyla evog index 0To pgbench_accounts (abalance).

AYZH

before=$(psql -At —-c "SELECT pg_current_wal_lsn()")
psql —-q —c "CREATE INDEX accounts_abalance_idx ON pgbench_accounts (abalance)"
psql —-At -c "SELECT pg_size_pretty(pg_wal_lsn_diff(pg_current_wal_lsn(), '$before'))"

E=0OAOZ
16 MB
To WAL eivau stepimov 0600 to péyebog tou index, agov kdBe oeAiba tov véou index ypagetat

0AOKAN PN 0to WAL. T'U avto 1 Snuovpyia evog peydov index gpaivetal kat wg ayur) oto lag twv
replicas tov uépoug IV.

Aoknon 9.2 - O1 eyypagég evog UPDATE

Me pg_walinspect dei€e Tig eyypapeg WAL ov ypA@eL £va UPDATE TOV body TNG ONUEIOONE 1 GTOV TTivVaKA
notes, LLE TOV T€SOUTCE MAanager, TovV TOIO KAL TO UIKOG TOUG,.

AYZH

before=$(psql —-At —-c "SELECT pg_current_wal_lsn()")
psql —-q —c "UPDATE notes SET body = 'aAAayupévn' WHERE id = 1"
psql —c "SELECT resource_manager, record_type, record_length
FROM pg_get_wal_records_info('$before', pg_current_wal_lsn())"

EZOAOS

resource_manager | record_type | record_length
XLOG | FPI_FOR_HINT | 129
Heap | HOT_UPDATE | 87
Transaction | COMMIT | 34
(3 rows)

To uPDATE Eypanpe pia eyypagr) heap kat to commit. O TOTOC HOT_UPDATE ONjUaivel OTL 1] VEA EKS00T) HITNKE
otV 181 oehida kat To index Sev xpeldotnke aAhayrn, agov 10 body Oev £xet index. To FPI_FOR_HINT givat
N ewova pag oeAidag Aoyw hint bits, pikpr| xapn 0To wal_compression IOV EVEPYOTIOOALLE.
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Aocknon 9.3 - Ta apxeia Tou pg_wal

Aei&e T0 OVopLa TOV TPEYOVTOC segment KAl HETPNOE TTOCA apyeia segments LITAPYOLV GTO pg_wal TOU
primary.

AYZH

psql -At —c "SELECT pg_walfile_name(pg_current_wal_lsn())"

1s "$LAB/primary/pg_wal" | grep —c '~0000'

EZ0AOS

000000010000000000000028
4

Ta segments £yovv ovouata 24 Sekaefadikmv Yyneinv sov apyidovv amo tov apBuod tov timeline,
00000001. TO grep —c HETPA YPAUUES TTOV TALPIALOVYV, OTTOTE APTVEL EEW TOV PAKEAO archive_status. O
Server Kpatd LEPIKA segments £TOILA V1A TO HEANOV, AVAKUKAGVOVTAG TTAALA AVTL VA PTIAYVEL VEQ.

Aoknon 9.4 - Checkpoint pe 1o Xépi

K&ve CHECKPOINT Ko 68i§8 asto 10 pg_stat_checkpointer ’.T[(bg ('XMGECW TOA num_requested KA1 num_done.

AYZH

SELECT num_requested, num_done FROM pg_stat_checkpointer;
CHECKPOINT;

SELECT pg_stat_clear_snapshot();

SELECT num_requested, num_done FROM pg_stat_checkpointer;

ANMOTEAEZMA

num_requested | num_done

1] 1
(1 row)
CHECKPOINT

pg_stat_clear_snapshot

(1 row)

num_requested | num_done

2 | 2
(1 row)
Kat o1 800 petpnteg avéndnkav kata éva. "Eva CHECKPOINT pe To xept peTpd wg requested. To
XPNOUOTOLEIG TPV ATIO €VAL pg_ctl stop YO VA YIVEL TO GTAUATN LA TTI0 YPTIYOPO, T} TPV aTtd Eva

meipapa Ostwg auta Tov Ke@aiaiov. To pg_stat_clear_snapshot OB VEL TNV AT0BNKEVUEVT EIKOVA TGOV
OTATIOTIKQOV TNG 0LVEEOG, MOTE TO SeVTEPO SELECT va S1afA0el VEEG TIUEG.
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Aoknon 9.5 - Unlogged o€ logged

MeTATpeye TOV TVAKA staging O€ KAVOVIKO L€ ALTER TABLE ... SET LOGGED, QLPOV JIPOTA BAAEIS 100.000
ypaupég. Metpnoe mooco WAL gypawe 1 LETATPOTT).

AYZH

psql —q —c "INSERT INTO staging SELECT n FROM generate_series(1, 100000) AS n"
before=$(psql —-At —c "SELECT pg_current_wal_lsn()")

psql —q —c "ALTER TABLE staging SET LOGGED"

psql -At -c "SELECT pg_size_pretty(pg_wal_lsn_diff(pg_current_wal_lsn(), '$before'))"
psql —At —c "SELECT relpersistence FROM pg_class WHERE relname = 'staging'"

E=OAOX

6318 kB
p

H petatporm Eavaypagpel oAokAnpo tov mivaka oto WAL, ®ote va vitapyel o€ recovery kat o€ replicas.
To relpersistence €ywve p, permanent. 'Eva ovvnOiouévo potifo eival poptwon oe unlogged mivaxa,
emeCepyaoia Kot PETA SET LOGGED Hidt (pOPA OTO TENOG.

Aoknon 9.6 - Commit xwpig avapovn

Meoa og €va transaction 0p10o€ synchronous_commit O€ off LOVO Yl AUTO TO transaction, Sei&e v Tun kat
nipooBeoe Eva event. Agife v Tiun Eava petd to commit.

AYZH

BEGIN;

SET LOCAL synchronous_commit = off;

SHOW synchronous_commit;

INSERT INTO events (customer_id, kind, occurred_at) VALUES (2, 'view', now());
COMMIT;

SHOW synchronous_commit;
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AMOTEAEZMA
BEGIN
SET

synchronous_commit

of f
(1 row)

INSERT 0 1
COMMIT

synchronous_commit

on
(1 row)

Movo avto to commit entéotpeye Ywpig va mepiuevel tov 6ioko. Ta commits Twv LITOAOLTWV
transactions, akoun kat tng idiag oLVEeoNg, TEPIUEVOLY KAVOVIKA.
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KE®AAAIO 10

Autovacuum o€ 3a0og

Aoknon 10.1 - Mool rivakeg TTAnoi1dlouv 10 6pIO

T TOUG TVAKEG TOV public € TOVAAYIOTOV Hid VEKPT) Ypauur), Se1EE TO n_dead_tup KL TO T0GOCTO TOU
0plov vacuum srov €Xouv PTaoel, ue Eva Sekadiko, ypnolpomoiwvtag Tig pubuioelg tov server.

AYZH

SELECT relname, n_dead_tup,

round(100 x n_dead_tup

/ (current_setting('autovacuum_vacuum_threshold')::integer
+ current_setting('autovacuum_vacuum_scale_factor"')::numeric * n_live_tup), 1)
AS pct_of_threshold

FROM pg_stat_user_tables
WHERE schemaname = 'public' AND n_dead_tup > @
ORDER BY pct_of_threshold DESC;

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

"Eva 1000010 KOVTA 0TO 100 onuaivel 0Tt o autovacuum Oa tpe€el ovvtoua. To query ayvoel Tig
pLOUIoEIg ava Tivaka, 0TTOTE Y1A TOV pgbench_accounts LITOTIUA TO TOGO0TO. Mia AN png ekdoyr Ba
S1aade ka1 o reloptions.

Aoknon 10.2 - PUBuIon yia TRV oupd
q)TldES TVOKQ job_queue (id bigint PRIMARY KEY, payload text) € autovacuum_vacuum_scale_factor O KOl

autovacuum_vacuum_threshold 500 katevOeiav 0To CREATE TABLE. ASiES TO reloptions TOVL.

AYZH

CREATE TABLE job_queue (id bigint PRIMARY KEY, payload text)
WITH (autovacuum_vacuum_scale_factor = 0, autovacuum_vacuum_threshold = 500);

SELECT reloptions FROM pg_class WHERE relname = 'job_queue';
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ANMOTEAEZMA

CREATE TABLE

reloptions

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

Me scale factor undév to 0p1o Sev e€aptatal ano to peyebog. Mia ovpa aderadetl kat yepidel ovuveyela,
OTIOTE TPEXEL VACUUM KABE 500 VEKPES YPAUUESG OGO LEYAAN T) LIKPT] KL AV €lvAl TN 0TIy €KELv.

Aoknon 10.3 - H traAaiétepn ouvdeon o€ transaction

AvO1EE 0TO TTAPACKIVIO £va psql IOV EeKva transaction, Stafadel kan epiuéver tpia Sevtepodemnta. ‘'Oco
TEPIUEVEL, Belle atd AAN oUVEEoT TNV KATAOTAOT] KAl TNV NAIKIA TOV backend_xmin KAOe olvdeomng mov
£xeL

AYZH

psql —q —c "BEGIN ISOLATION LEVEL REPEATABLE READ" \
—c "SELECT count(x) FROM pgbench_branches" \
—c "SELECT pg_sleep(3)" -c "COMMIT" >/dev/null &
sleep 1
psql —-c "SELECT state, age(backend_xmin) AS xmin_age, query
FROM pg_stat_activity
WHERE backend_xmin IS NOT NULL AND pid <> pg_backend_pid()"

wait

EZOAOZ

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

To -c pmopel va 500el moAAeg popég kat To psql ektelel Tig evroAeg pe ) oglpd otny idia ovvdeorn. H
oUVOEDT) TOV TAPACKNVIOU elval active YIATI TPEXEL TO pg_sleep, AAMA KpaTd snapshot astd To SELECT mtpiv.
To pid <> pg_backend_pid() aprvel £Ew T oVVOEDT) TOV KAVEL TV EPMTNON.
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Aoknon 10.4 - HAkia ava trivaka

Aei&e Tovg mMEVTE Tmivakeg TG fAONC Ue TN LEYAADTEPT) NAIKIA relfrozenxid, LOVO TlvaKeg Kat 01 indexes 1)
views, padi pe to péyebog toug.

AYZH

SELECT oid::regclass AS table_name, age(relfrozenxid) AS xid_age,
pg_size_pretty(pg_total_relation_size(oid)) AS size

FROM pg_class

WHERE relkind = 'r'

ORDER BY age(relfrozenxid) DESC

LIMIT 5;
AMOTEAEZMA
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)

MOovo mivakeg EXOVV relfrozenxid, YU QUTO TO relkind = 'r'. O peyaAog sivakag pe peyain nAkia eivat
auTOC 7t0L Ba TTApet To o pakpL VAcuuM to prevent wraparound. Xe production 0¢Aeig va to tp€eig eov
TPAOTOC, O€ NOLYT WPA.

Aoknon 10.5 - Freeze kai visibility map

TpeEe VACUUM (FREEZE, VERBOSE) OTOV pgbench_tellers KOl €VTOMOE 0NV £€080 OO0 0eAideg onueindnkay all
frozen.

AYZH

VACUUM (FREEZE, VERBOSE) pgbench_tellers;

AMOTEAEZMA

INFO: aggressively 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, 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: @ 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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H ypapun visibility map Agel mooeg oeAideg onueiwOnkav all visible kau all frozen. 'Eva enopevo vacuum
yia freeze Ba mpoomepdoel avteg Tig 0eAideg, omoTe og mivakeg stov aAadovv Alyo to freeze kootilel
eAdyiota petd v mpatn @opd. To vacuum Sev Tpéxel péoa oe transaction, yU' avtod autr) 1 Avon
exteleital povn me.

Aoknon 10.6 - Autovacuum avd Trivaka

A&l yla Toug TTVAKEG TOV pgbench TOCEG Popeg ETpee oe kabevav autovacuum kat autoanalyze kal TO0EG
YPappEG xouv aANAEEL arto To TeAevtaio analyze.

AYZH

SELECT relname, autovacuum_count, autoanalyze_count, n_mod_since_analyze
FROM pg_stat_user_tables

WHERE relname LIKE 'pgbench%'

ORDER BY relname;

AMOTEAEZMA

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)
To n_mod_since_analyze HETPA TIC YPAUUES TTOV AAAEAV QIO TO TEAELTALO ANALYZE KA £lval QUTO JIOU

ovykpivetal e To Oplo Tov analyze. O1 ivakeg mov aMage to pgbench &xovv mepaoet 161 anmo
autovacuum ka1 autoanalyze péoa 0To Ke@AAA0.
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KE®AAAIO 11

NMNapakoAouOnon

Aoknon 11.1 - Ta o apyd Katd yéoo 6po

Ael€e amtd TO pg_stat_statements TA TPIA queries NG fAONG LE TOV HEYAADTEPO UEGO XPOVO EKTEAEOT|C, ATIO
000 EKTEAEOTNKAY TOVAAYIOTOV 100 (POPEC, LIE TIG KAT|OELG KAl TOV HECO XPOVo oe ms pe Tpia Sexadika.

AYZH

SELECT left(query, 60) AS query, calls, round(mean_exec_time::numeric, 3) AS mean_ms
FROM pg_stat_statements
WHERE dbid = (SELECT oid FROM pg_database WHERE datname = current_database())
AND calls >= 100
ORDER BY mean_exec_time DESC

LIMIT 3;
AMOTEAEZMA
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)

To @iltpo oTig KAToelg agrvel £Ew queries mtov ETpefav pia popd, OTMC TO CREATE EXTENSION. 'Eva query
UE LEYAAO LLECO XPOVO Kat Alyeg KANOelg OeAet AAAN AVTILETGOIMION Aitd £va yPTyopo quUery Le
EKATOLUVPIA KAT|OELG,

Aoknon 11.2 - ‘Eva query, TTOAAEG TIMEG

Mn&evioe To pg_stat_statements, TPEEE OVO POPEG TO qUETY TTOV HETPA TOVG TTEAATEG AG TTOANG, Hid yia TNV
JTOAT] 1 Ko pia yia tnv toAn 2. Aeife petd mmg KataypapnKay.

AYZH

SELECT pg_stat_statements_reset() IS NOT NULL AS reset;

SELECT count(*) FROM customers WHERE city_id
SELECT count(*) FROM customers WHERE city_id

.
’

1
25

SELECT query, calls
FROM pg_stat_statements
WHERE query LIKE '%FROM customers WHERE city_id%';
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ANMOTEAEZMA

query | calls

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

Ta 8Vo queries eyvav pia ypapun pe $1 kat S0o kAnoeig. H enéktaon dev kpatd moteg TIUEG
xpnoworomOnkav. T'a avtd xpetalecat to log 1) To auto_explain.

Aoknon 11.3 - MeydAa sequential scans

A€el€e a0 TO pg_stat_user_tables TOUG TPELG TVAKEG LE TIG TIEPLOCOTEPES YPALUEG ava sequential scan katd
UEo0 0po, Had ue to AN0og Twv sequential scans kAt T0 GUVOAO TWV YPAUUGV TTOL Safacav.

AYZH

SELECT relname, seg_scan, seq_tup_read,

seq_tup_read / nullif(seq_scan, @) AS rows_per_scan
FROM pg_stat_user_tables
ORDER BY rows_per_scan DESC NULLS LAST

LIMIT 3;
AMOTEAEZMA
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)

O pgbench_accounts Stafadetar oAOkAnpog oe kabe sequential scan, astd TO qUEry TOUV auto_explain IOV
gpayve pe otnieg Ywpig index. Av T€Tola scans eival queries tng epapuoyng, &va index paAhov Aetrmet.
O1 pikpoi mivakeg Tov pgbench £xouvv yihiadeg scans aAAd Aiyeg ypappeg to kabeva. Ia mivaka sevte
ypauuov To sequential scan eivat o @OnvoTepo plan kat dev xperdletan index. I'’ autod Kortdg Tig
YPAUUEG avd scan Kat Ot uovo To Anbog twv scans.
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Aoknon 11.4 - Méca apyd queries
Metpnoe mooeg YPAUUES TOV 10g TOL primary €lval yla quUEry JT0L EENMEPATE TO log_min_duration_statement KO
Sei€e n peyalutepn Siapkela.
AYZH
grep —c 'duration:' "$LAB/primary.log"
grep —o 'duration: [0-9.]% ms' "$LAB/primary.log" | sort -k2 -n | tail -n 1
EZ0AOS

3
duration: 2109.653 ms

To grep -0 KPATA LOVO TO KOUUATL IOV TAPLALEL KAL TO sort -k2 -n Ta&vopel apiBuntika pe to devtepo
nebio. Ia mpaypatika logs vapyel 1o pgBadger, 710V PTIAYVEL avapopd HTML a6 to log g
PostgreSQL.

Aoknon 11.5 - Yyeia tng Baong

Agi€e a0 To pg_stat_database yla Tn BAon sqlbook Ta commits, ta rollbacks, ta deadlocks kat to 000010
Twv rollbacks oto olivolo Twv transactions pe S0o Sexadika.

AYZH

SELECT xact_commit, xact_rollback, deadlocks,

round(100.0 * xact_rollback / nullif(xact_commit + xact_rollback, @), 2) AS rollback_pct
FROM pg_stat_database
WHERE datname = 'sqlbook';

AMOTEAEZMA

xact_commit | xact_rollback | deadlocks rollback_pct

|
75278 | 0 | 0 |
(1 row)

0.00

'Eva otabepd mooooto rollbacks eival guolohoyiko, a@ov kabe oeAALA EQAPUOYNS KATAANYEL O
rollback. Mia astotoun av&non onuaivel 0Tt kAT apyidel va AITOTUYXAVEL LAQKA.
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Aoknon 11.6 - lNMoiog ypdapel oTov dioKOo

ABpo1oe aIod TO pg_stat_io TIG EYYPAPESG 0eABwV oxEoewv ava eidog diepyaoiag kat Seife povo ooa
£ypayav Katt.

AYZH

SELECT backend_type, sum(writes) AS writes
FROM pg_stat_io

WHERE object = 'relation'

GROUP BY backend_type

HAVING sum(writes) > 0

ORDER BY writes DESC;

AMOTEAEZMA
backend_type | writes
client backend | 6212
checkpointer | 3092
standalone backend | 1050
(3 rows)

Ye évav vyl server Tig eP000TEPeS oeAideg Tig ypapel to checkpointer, Aiyeg o background writer kau
oxedov kapia ta client backends. ESw ta backends éypawav kupiwg katd ) @optwon tov pghench,
710V Yepidel oeAibeg o yprnyopa ast’ 6o sipoAafaivovy ot fondntikég Siepyaoieg. O standalone backend
£lval To initdb, JTOL TPEYEL TOV SEIVer Ymwpig postmaster yia va gptid&et to cluster.
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KE®AAAIO 12

pg_dump kai pg_restore
Aoknon 12.1 - To oxfua piag Baong

Tpdwe novo to oxnua 6ANg g PACGNG sqlbook OE APXELO schema. sql KA LETPTOE TTOOEG EVTOAEG CREATE TABLE
TEPLEYXEL KA OE TTOOEG YPALLES EUPAVICETAL PRIMARY KEY.

AYZH

pg_dump —-schema-only —f schema.sql sqlbook
grep —c '~CREATE TABLE' schema.sql
grep —c 'PRIMARY KEY' schema.sql

EZOAOZ

12
12

AwSeka mivakeg kal Swdeka primary keys. Xto dump ta primary keys ev eivan HEoa GTO CREATE TABLE.
Tpa@ovtal YwploTd WG ALTER TABLE ... ADD CONSTRAINT, OTNV €VOTITA post-data, (OTE TO index Toug va
¥Totet apov poptwbovv ta dedouéva. IIpocoyn oTo grep —c. Otav dev Bpet Timota TLTMVEL O AAAA
EMOTPEPEL KOOIKO AITOTUYIAG, KATL TOV OTAUATA EVA SCript UE set —e.

Aoknon 12.2 - NNéoca dedopéva

Metpnoe amo ToV TVAKA TTEPIEXOUEVOY TOV sqlbook.dump TTOOEG EYYPAPEG eivar SeBopEva TVAK®V, TOOEG
elvau constraints ko mooeg foreign keys.

AYZH

pg_restore -1 sqlbook.dump | grep —c 'TABLE DATA'
pg_restore -1 sqlbook.dump | grep —-c —E '[0-9] CONSTRAINT'
pg_restore -1 sqlbook.dump | grep —c 'FK CONSTRAINT'

E=ZOAOX

12
18
15

KaBe mivakag &xel pia eyypagpn dedopévwv. Ta constraints eivan ta primary keys kai ta unique, eve ta
CHECK glvat puepog tov CREATE TABLE. Ta foreign keys &xouv S1kd toug o, FK CONSTRAINT. To pattern [0-9]
CONSTRAINT {NTA ap1Buo apeowg mpv amod tn A€, omote agrvel €€w ta foreign keys, omov pecolafei to
FK.
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Aocknon 12.3 - MAnpwpég wg INSERT
E&nyaye pnovo ta dedopéva tov mivaka payments mG EVIOAEG INSERT, pia ava ypauur. Aei&e Tig tpelg mpmTeg.

AYZH

pg_dump —--data-only —--inserts -t payments sqlbook | grep '~INSERT' | head -n 3

EZOAOZ

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"');

To —inserts ypa@el INSERT avTi yia copy. Eivat stoAd 1o apyo oto restore, aAAd 10 amtoteAeopua
POPTAOVETAL KAl 0g AAeg Baoeig SeSopevawv kat pumopet va StaPaotel ypapuun ypapur. To —column-
inserts IPOOOETEL KA TA OVOUATA TWV OTNADYV.

Aoknon 12.4 - ZuuTrieon

®1na&e dump custom format ywpig cvpstieon kat pe CLITIEDT) zstd KA1 CUYKPLVE TA LEYEDN LE TO ApyIKO
sqlbook.dump

AYZH

pg_dump -Fc -Z none —-f plain.dump sqglbook
pg_dump -Fc -Z zstd —-f zstd.dump sqlbook
1s -1 plain.dump sqlbook.dump zstd.dump | awk '{print $5, $9}'

E=OAOX

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

To custom format cvpmeder pe gzip amd mpoemAoyr. e pia T000 pikpn faon gzip ko zstd fyalovv
oxedov 1o 1810 peyebog. Xe dumps moMav GB 1o zstd oupmmieder oAl o ypriyopa yia apouolo 1
HKpoTepo peyebog kat o xpovog tov dump pukpaivel aoOntd. To awk kpatd povo to peyebog kat To
ovopa asto v €§odo tov 1s.
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Aoknon 12.5 - Mia Bdaon pe GAAo évoua

Enavagepe to sqlbook.dump OTOV restore 0€ VEA PAOT) LE OVOULA sqlbook_copy, XWwPIg 1010kt TEG. METPNOE
UETA TOVG TTEAATEG TNC.

AYZH

createdb —-p 5502 sqlbook_copy
pg_restore —p 5502 -d sqlbook_copy ——-no—owner sqlbook.dump
psql -p 5502 -d sqlbook_copy —-At —c "SELECT count(x) FROM customers"

E=OAOX

30

Xwpig —-create TO pg_restore YPAPEL 01 PACT) TOV -d, TOL TPETEL va vtapyel. 'Etol emavagepelg Eva
dump pe Ao dvoua, yia tapaderyua yia va ouykpivelg dedouéva e v Kavovikn Baor.

Aoknon 12.6 - Mévo 1a dikaiwpaTa

Aei€e artd ToV TVAKA TIEPIEYOUEVROV TOV sqlbook. dump TIG EYYPAPES SIKAWUATOV Kot 110K TNoiag 71ov
QAPOPOLY TOV POAO app, LUE pg_restore —1 KAL grep.

AYZH

pg_restore -1 sqlbook.dump | grep —-E 'ACL|app$'

E=OAOX

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

To GRANT glvan eyypa@r) TOTTOV AcL, access control list. O mivakag reviews £xe1 18510k T TN TOV app, 7OV

ypagetan 0to TeA0g KaBe ypauurg g Alotag. Me —-no-privileges KAl ——no-owner TO restore ta ayvoei OAa
auta.
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KE®AAAIO 13

Physical backup ka1t WAL archiving

Aoknon 13.1 - Backup o€ tar

IIape base backup tov primary o€ pop@n tar e GupITieon gzip 0Tov PAKEAO backup_tar kKl Sel€e Ta apyeia
g0V SnuovpynOnkav

AYEH

pg_basebackup -D "$LAB/backup_tar" -Ft -z -X stream -c fast

1s "$LAB/backup_tar"

EZ0AO3

backup_manifest
base.tar.gz
pg_wal.tar.gz

To base. tar.gz ePIEXEL TA apyela Tov data directory kat 1o pg_wal.tar.gz 10 WAL g aviypagng. To tar
elvat foAko yia petagopd kat amobnkevor). I'a restore 1o arocLUITIECELS Oe Evav Ade10 PAKeAO Kal TO
WAL péoa 010 pg_wal TOV.

Aoknon 13.2 - PéAog yia backups

DT1aEE POAO backup [L€ LOGIN KO REPLICATION, XwPig va elvan superuser. I1ape pe avtov base backup otov
(PAKeENO backup_role. AEIEE TN YPAUUT) LABEL TOV backup_label.
AYZH

psql —q —c "CREATE ROLE backup LOGIN REPLICATION"
pg_basebackup -U backup -D "$LAB/backup_role" -X stream -c fast -1 "nightly"
grep LABEL "$LAB/backup_role/backup_label"

E=OAOX

LABEL: nightly

To REPLICATION QLPKEL Y1Q TO pg_basebackup. O poAog Sev pmopet va Stafdaoer 1) va aAla€er mivakeg pe SQL,
uovo va aviypawet apyeia. To -1 Sivel etikeéta oto backup, 7tov ypagetal 0To backup_label.
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Aocknon 13.3 - AANAoiwpévo backup

IIpooBeoe Eva byte 010 TEAOG TOU APYEIOL PG_VERSION TOU backup_role Kal EAey&e To backup pe
pg_verifybackup.

AYZH

printf 'x' >> "$LAB/backup_role/PG_VERSION"
pg_verifybackup "$LAB/backup_role"

EZOAOZ

pg_verifybackup: error: "PG_VERSION" has size 4 on disk but size 3 in the manifest

To péyeBog tov apyeiov Sev taprdder pe To manifest, omote o EAeyyog amotvyyavel. 'Eva backup stov
Sev eAeyyelg nmopel va eivan dpnoto kat va to pabelg n pépa mov Ha 1o Ypelaoteig.

Aocknon 13.4 - Katdotaon tou archiving

K)eloe 1o Tpéyov segment e pg_switch_wal, tepipeve S00 Sevtepolemnta kat Sei&e armod To pg_stat_archiver
av 1o TeEAevTaio apyelobemuévo segment eival auToO OV HOAIG EKAEITE.
AYZH

pgbench -n -t 10 >/dev/null 2>&1
closed=$(psql -At —c "SELECT pg_walfile_name(pg_switch_wal())")
sleep 2

psql —c "SELECT last_archived_wal = '$closed' AS archived, failed_count FROM pg_stat_archiver"

EZOAOX

archived | failed_count

t | 5
(1 row)
To pg_switch_wal emoTpEPel To LSN 0710 teAeiwoe To segment KAl TO pg_walfile_name TO OVOUA Tov. To
pgbench otnv apyr ypagpet Aiyo WAL. Av Sev £xel ypa@Ttel Timota amo 1o tponyovuevo switch, to

pg_switch_wal &gV KAeivel kaveéva segment Kal TO OVOUA JTOV ETOTPEPEL EIVAL TOV ETTOUEVOV, TTOU OeV £XEL
apyeobetnBet akoun. "Eva script mapakoAotOnong pmmopel va kavetl tov 1610 EAeyyo kabe Atya Aemtd.

Aoknon 13.5 - To archive kai To pg_wal

Metpnoe mooa apyeia segments vITAPYOLVV 0TO archive KAt TOCA OTO pg_wal TOV primary.

AYZH

1s "$LAB/archive" | wc -1
1s "$LAB/primary/pg_wal" | grep -c '~0000'
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E=OAOX

12

To archive kpatd kdBe segment asto T OTIYLT OV evepyomonoape To archiving, ev® to pg_wal pOovVO
000 XpeladeTal akOUN o Server 1) £Xel AVOKUKA®OEL yla emopevn xpnon. To archive peyaimver yia
TTAVTA, EKTOC av ofTvelg O,Tt etval TaAaldTtePo astod To 7o ;oo backup mtov BeAeig va kpatnoeig.

Aoknon 13.6 - Xpévog avaueoa o€ segments

'Op10¢ archive_timeout g€ 60 SeVTEPOAETTA PE ALTER SYSTEM, KAve reload kau Seie tnv Tiun kot To context
g pOBong.

AYZH

psql —q —c "ALTER SYSTEM SET archive_timeout = 60" -c "SELECT pg_reload_conf()"
sleep 1

psql -c "SELECT name, setting, unit, context FROM pg_settings WHERE name = 'archive_timeout"'"

E=OAOX

pg_reload_conf

t
(1 row)

name | setting | unit | context
archive_timeout | 60 | s | sighup
(1 row)

To archive_timeout €lval sighup, omtoTte aAAadel pe reload. Kabe segment smov kAeivel vapig etvatl mavta 16
MB oo archive, av kat piooyepdto, omoTe JTOAD HIKPO archive_timeout YEUIEL TO archive ywpig Adyo.
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KE®AAAIO 14

Point in time recovery

Aoknon 14.1 - Recovery o¢ restore point

AMa&e otov primary OAeg TIC TIHEG T®V TIPOTOVTWOV 0TO SUTAAG10, KAeloe To segment kat GTAEE artd To
base VEO SEIVET rp o epr(l 5503 e recovery wg 1o restore point before_price_update KAl promote 0to
TéA0g. Aei€e Vv T TOL TTPOTOVTOC 1 GTOV primary Kot oTov rp.

AYZH

psql —q —c "UPDATE products SET price = price x 2"
psql —q -c "SELECT pg_switch_wal()"

sleep 2

cp -Rp "$LAB/base" "$LAB/rp"

cat >> "$LAB/rp/postgresql.conf" <<EOF

port = 5503

archive_mode = off

restore_command = 'cp $LAB/archive/%f %p'
recovery_target_name = 'before_price_update'
recovery_target_action = 'promote’

EOF

touch "$LAB/rp/recovery.signal”

pglab start rp

sleep 1

psql -At -p 5501 —c "SELECT price FROM products WHERE id
psql -At —p 5503 -c "SELECT price FROM products WHERE id

1II
1||

EZOAOX

pg_switch_wal

0/9016E60
(1 row)

rp: oe Aeittovpyia otn 6Vpa 5503
33.80
16.90

O rp otapatnoe oto restore point, PV astod oV STAAGIACUO. MEe recovery_target_action = 'promote’ €YIVE
AUECMG KAVOVIKOG server, Ywpig tavor. To restore point @ridytnke petd 1o AdBog Twv mANpwu®V,
0TOTE 0 rp 8V EXEL TTAN PWUEC.

Aoknon 14.2 - Novu oTapdTnoe

Agie a6 to log Tov rp TN ypapur) 0ov OTAUATOE TO recovery Kal T YPAUr Le To veo timeline.

AYZH

grep —E 'recovery stopping|selected new timeline' "$LAB/rp.log"
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E=OAOX

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 09:48:28.742 EEST [78645] LOG: selected new timeline ID: 2

IMa restore point to log Aget recovery stopping at restore point L€ TO OVOLA KAL TNV ®PA TOL. O rp 7 pe Kl

avtog timeline 2. Eival ave€aptntog amd tov pitr, 710V £miong eival oto timeline 2, apov kaveig amo
Toug 6o Sev apyelobetel.

Aoknon 14.3 - Z1oixeia Tou pg_control

Me 10 pg_controldata 8€i€e yia Tov rp TV katdotaon tov cluster kat To timeline tov TeAevTtaiov
checkpoint.

AYZH

pg_controldata "$LAB/rp" | grep -E "cluster state|Latest checkpoint's TimelLineID"

EZOAOZ
Database cluster state: in production
Latest checkpoint's TimelLineID: 2

To pg_controldata S10BALeL TO APXELO global/pg_control, TNV TALTOTNTA TOL cluster. AovAevel kan 6TV O
server €lval OTAPATNUEVOC, KATL TTOAVTIHO 0TV Slepeuvag yaTi évag server Sev Eekva.

Aoknon 14.4 - Recovery wg 1o T€A0G TOoU backup

D1aEe Ao TO base SErVer early 0t OUPA 5504 UE recovery_target = 'immediate' KOl promote kol HETPNoe Tig
YPAUUEG TOV pgbench_history, 0710V KaOe transaction tov pgbench ypaget pia ypappun
AYZH

cp —-Rp "$LAB/base" "$LAB/early"
cat >> "$LAB/early/postgresql.conf" <<EOF

port = 5504

archive_mode = off

restore_command = 'cp $LAB/archive/Ssf S%p'
recovery_target = 'immediate'
recovery_target_action = 'promote'

EOF

touch "$LAB/early/recovery.signal"

pglab start early

sleep 1

psql -At -p 5504 —c "SELECT count(*) FROM pgbench_history"
psql -At —-p 5501 —c "SELECT count(*) FROM pgbench_history"
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E=OAOX

early: oe Aeitovpyia otn 6Vpa 5504
(/]
2000

To inmediate oTapaTA pONG To backup yivel consistent, 07wg oTo restore Tov ponyoLPEVOL KePAAaiov.

O early Oev £€xel kaveva transaction tov pgbench, agov 6Aa eywvav peta to backup. O primary £yet
2.000.

Aoknon 14.5 - O pitr yerd To promote

JTOV pitr, OV €IVAL TTAEOV KAVOVIKOG server, Selfe av eival o€ recovery kat sola eivat 1 tpExovoa Beon
Tov 010 WAL pad pe to 6voua tov segment.

AYZH

SELECT pg_is_in_recovery() AS in_recovery,
pg_current_wal_1lsn() AS 1sn,
pg_walfile_name(pg_current_wal_lsn()) AS segment;

AMNOTEAEZMA

in_recovery | lsn | segment

f | ©/7D32000 | 000000020000000000000007
(1 row)

Metda to promote o pitr ypagelt WAL oto timeline 2 kot to dvopa tov segment apyidel amo 00000002. Av
glye archive_mode = on, Ba apye100eToVOE e ALTA TA OVOUATA, XWPIC VA CUYKPOVETAL LIE TA APXELA TOV
primary.
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KE®AAAIO 15

Incremental backups kai EéAeyxog Twv
backups

Aoknon 15.1 - AIaOéoIpEg TTEPIANYEIG

Aei&e mooeg mepapelg WAL vdpyovv kal amo mo10 g o100 LSN kaAOTTouv GUVOANKA, asto To

pg_available_wal_summaries().

AYZH

SELECT count(x) AS summaries, min(start_1lsn) AS from_1lsn, max(end_1lsn) AS to_1lsn
FROM pg_available_wal_summaries();

AMOTEAEZMA

summaries | from_lsn | to_1lsn

9 | 0/1000028 | 0/F000028
(1 row)

KaBe mepinyn kadvmtel éva koppdt tov WAL. 'Eva incremental backup ypeidletat mepianpeig xwpig
keva amto 1o LSN tov stporyotuevou backup pexpt onuepa. Av 10 summarize_wal TAV KAEIOTO Y1 AlyO 1)
o1 PN YPelIg ofnomkay, to incremental asotuyyavel kat xpetadeoat Veo mATPeg.

Aoknon 15.2 - [1600 XWpPo YAITWVEIG

Aeie oe KB 10 péyebog tou full, TOU incrl KA1 TOU incr2. YTOAOYIOE HETA LE TO awk TL TOCOOTO TOV TIATPOUG
eivat ta Svo incrementals padi.

AYZH

du -sk "$LAB/full" "$LAB/incrl" "$LAB/incr2" | awk '{print $1}' > sizes.txt
cat sizes.txt
awk 'NR == 1 {full = $1} NR > 1 {incr += $1} END {printf "%.0f%%\n", 100 * incr / full}' sizes.txt

E=OAOX

202264
51348
38368
44%

Ta 6Vo incrementals pad eival pikpoTepa amod Eva mANpeg. Me éva mAnpeg v efSopada kat £&1
incrementals, T0 cUVoAo TG efGopAdAg eival TOAD LIKPOTEPO ATTO EITTTA TN P1).
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Aocknon 15.3 - AAucida xwpig apxn
AOKILOOE VA EVOOELG E pg_combinebackup LOVO TO incrl KOL TO incr2, XWPIG TO TIANPES, O (PAKEAO broken.

AYZH

pg_combinebackup "$LAB/incrl" "$LAB/incr2" -o "$LAB/broken"

EZOAOZ

pg_combinebackup: error: backup at "~/pglab/incrl" is an incremental backup, but the
first backup should be a full backup

To epyaleio apveital, yati to tpwto backup g ahvoidag mpemet va eivan mAnpeg. EA&yyet emiong ot
KkaBe kpikog faoiletal 0TOV TTPONYOLUEVO, OTTOTE BV pImopelg va evaoelg backups pe AaBog oeipa.

Aoknon 15.4 - ‘'EAeyxog Tou primary

Tpe€e pg_amcheck 0€ OAEG TIG PATELG TOV primary, e EAEYXO KA TV YPAUU®V Tov heap ota Sedopéva twv
indexes. Aei€e Tov K0O1KO €050V

AYZH

pg_amcheck ——all ——install-missing ——heapallindexed
echo "exit code: $?"

EZOAOX

exit code: 0

To —-al1 eAeyyel ke Pdaon mtov Sexetal ouvOETelg. To —-heapallindexed EAEYXEL EMUITAEOV OTL KAOE
ypappr) tov heap vtapyetl ota indexes tng. Eivat mmo apyo, ala mavet indexes mov €xaoav eyypagpeg.
e HEYAAOUC Servers o TPEXEIS 08 AVTLypago Katl Ol 0Tov primary.

Aoknon 15.5 - Checksums oT1o mAfRpeg backup

Aokipaoe va ehéyEeig ta checksums Tov AKEAOU full e pg_checksums —-check KAl O€IEE U pg_controldata
TNV KATACTAOT) IOV YPAPEL TO pg_control TOV.

AYZH

pg_controldata "$LAB/full" | grep 'cluster state'
pg_checksums —--check -D "$LAB/full"
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E=OAOX

Database cluster state: in production
pg_checksums: error: cluster must be shut down

To pg_control ToL backup avtiypagnke 600 o primary SoUAeve, 0mOTE YPAPEL in production. To
pg_checksums S0VAEVEL LOVO o€ cluster mov otapdtnoe cwotd. Eva backup to eAéyyelg agpov 1o
ETTAVAPEPELS, TO EEKIVIOELS KAL TO OTAUATNOELS, OTIWG KAVALE UE TO combined. I'’ QuTO 0 7110 TIAN PTG
£\eyyog evog backup elvan mavta éva restore.
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KE®AAAIO 16

Streaming replication

Aoknon 16.1 - Ao Tov primary otov standby

®T1aEe ooV primary mivaka rep_test UE 1.000 YPAUUESG QTIO TO generate_series, TIEPILEVE OO
Sevtepolento kot LETPNOE TIG YPpAUUES oTov standby.

AYZH

psql —q —c "CREATE TABLE rep_test AS SELECT generate_series(1l, 1000) AS n"
sleep 0.5
psql —p 5502 -At —c "SELECT count(*) FROM rep_test"

EZOAOZ

1000

O mivakag kat ta Sedopeva tov epracav padi, oe poo devtepoAento. Kat 1o cREATE TABLE ypagel WAL,
OTWG KABe adayn).

Aoknon 16.2 - Ta LSN Tou standby

Ytov standby Sei&e 10 teAevtaio LSN mov eéhafe, To teAevtaio mov Lavagmaile kat av eivan ioa.

AYZH

SELECT pg_last_wal_receive_1lsn() AS received,
pg_last_wal_replay_lsn() AS replayed,
pg_last_wal_receive_lsn() = pg_last_wal_replay_1lsn() AS caught_up;

AMOTEAEZMA

received | replayed | caught_up

0/C7B3C98 | ©/C7B3C98 | t
(1 row)

Y 1jovyo primary ta dvo givat ioa. 'Otav o standby Aaupavet yprnyopotepa ar’ 6co Eavarmailel, yia
mapaderypa eneldn éva query tov kabvotepel to replay, To received ponyeiTal.
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Aoknon 16.3 - Zuvdeon poévo o€ standby

Me connection string stov £yel kat Toug §V0 servers, e TOV primary mpwto, cLVSeoe To psql o€ server mov
elvan o€ recovery kat Sei€e tn BUpa kKl TO pg_is_in_recovery().

AYSH

psql "host=localhost, localhost port=5501,5502 target_session_attrs=read-only" \
—-At —c "SELECT current_setting('port'), pg_is_in_recovery()"

E=0AOS

5502t

To read-only 8€yetan server sov dev emtpémnel eyypageg. O standby eivan tetolog. 'Evag primary pe

default_transaction_read_only = on Oa fTtav emiong. To standby eival AVOTNPOTEPO KAl SEXETAL LOVO Server
O€ recovery.

Aoknon 16.4 - Cascading replication

d1age Sevtepo standby, Tov standby2 ot BUpa 5503, oL maipvel WAL astd ToV standby VTl yld TOV
primary. Agife petd astd ToV standby TTO10G CLVEEETAL OE AUTOV.

AYZH

pg_basebackup -p 5502 -D "$LAB/standby2" -R -X stream -c fast

echo "port = 5503" >> "$LAB/standby2/postgresql.conf"

pglab start standby2

sleep 1

psql —p 5502 -c "SELECT application_name, state FROM pg_stat_replication"

E=OAOX

standby2: oe Aeitovpyia otn 6Vpa 5503

application_name | state
walreceiver | streaming
(1 row)

'Evag standby ptopel va oteidet WAL oe dMovg standbys. 'Etot o primary €ye1 évav walsender avti yia
7toAOUC, KATL Xprjolpo otav ot standbys eivan oe Ao datacenter kot B¢Aelg to WAL va ta&i8ewer pia
@opa. To pg_basebackup SovAevEL K amtod standby.
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Aoknon 16.5 - DDL otov standby

Aokipaoe va pTiagelg index oTov mivaka announcements asto Tov standby.

AYZH

CREATE INDEX ON announcements (body);

AMOTEAEZMA

ERROR: cannot execute CREATE INDEX in a read-only transaction

Ovte Sedopeva ovte oxnua aAalovv otov standby. 'Eva index mov BgAeig povo yia ta queries
avagopwv tov standby mpémel va gpriaytel 0ToV primary Kat va viapyel Kat ekel.
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KE®AAAIO 17

Replication slots, lag ka1 conflicts
Aoknon 17.1 - N6oco WAL kpatd kafe slot

Aei€e yua xaOe slot to ovopa, av eivatl evepyo, To wal_status kKat 1000 WAL pstopel akoun va ypagtel mpy
(lKUpﬁ)esi, o ™m OTT']}\T] safe_wal_size.
AYEH

SELECT slot_name, active, wal_status, pg_size_ pretty(safe_wal_size) AS safe
FROM pg_replication_slots;

AMOTEAEZMA
slot_name | active | wal_status | safe
standby_slot | t | reserved | 112 MB

(1 row)

To safe_wal_size DTTAPYEL OTAV €XEL OPIOTEL max_slot_wal_keep_size. Elval mooa bytes WAL axoun pmopet
va ypawyet o primary sptv to slot yafel. 'Eva alert otav nméoet katw amd eéva 6pio divel xpovo va
avudpaoelg.

Aoknon 17.2 - Slot xwpig standby

DTIAEE e py_create_physical_replication_slot &va slot spare 7oL kpatd WAL astd topa kot Seiée to
restart_lsn KA1 TO active TOV. X[1)0€ TO LETA.

AYZH

SELECT slot_name, 1lsn IS NOT NULL AS reserved
FROM pg_create_physical_replication_slot('spare', true);

SELECT slot_name, active, restart_1lsn IS NOT NULL AS has_restart_1lsn
FROM pg_replication_slots WHERE slot_name = 'spare’;

SELECT pg_drop_replication_slot('spare');
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ANMOTEAEZMA

slot_name | reserved

spare | t
(1 row)

slot_name | active |
spare | f |
(1 row)

has_restart_1sn

t

pg_drop_replication_slot

(1 row)

To Sevtepo Oploua, true, kKpatd WAL apéowg, mote eévag standby mov Ba gpriaytet apyotepa amod base
backup va Bpet 6Ao 0 WAL. Xwpig avto 1o slot apyidet va kpatd WAL povo otav cuvSedei kamoiog.

Aoknon 17.3 - Conflicts avad aitia

Aeie atov standby OAeg TIG OTNAEG confl_ TOV pg_stat_database_conflicts yia Th 0T sqlbook.

AYZH

SELECT confl_tablespace, confl_lock, confl_snapshot, confl_bufferpin,
confl_deadlock, confl_active_logicalslot

FROM pg_stat_database_conflicts

WHERE datname = 'sqlbook';

ANMOTEAEZMA

confl_tablespace | confl_lock | confl_snapshot | confl_bufferpin | confl_deadlock | confl_active_logicalslot

0 | 0 | 1| 0 | 0 | 0
(1 row)

To confl_snapshot €lval To €idog mov eidape, ekSooelg ypauumv mov ofrfotmkav. To confl_lock TPOKLITTEL

OTAV 0 primary saipvet ACCESS EXCLUSIVE lock, yla tapAdetya e DROP TABLE T) ALTER TABLE, O€ JIIVAKQ JTOV
Slafader eva query Tov standby.
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Aoknon 17.4 - Lag o€ bytes yia kG0e otadio

Agie a6 Tov primary yia kaBe standby oe bytes mdo0 miow givar To write, To flush ko to replay ano to
tpeyov LSN.

AYZH

SELECT application_name,
pg_wal_lsn_diff(pg_current_wal_lsn(), write_1sn) AS write_behind,
pg_wal_lsn_diff(pg_current_wal_lsn(), flush_1lsn) AS flush_behind,

pg_wal_lsn_diff(pg_current_wal_1lsn(), replay_lsn) AS replay_behind
FROM pg_stat_replication;

AMOTEAEZMA

application_name | write_behind | flush_behind replay_behind

walreceiver | 0 | 0

(1 row)

I
| 0

Av peyadmvel Hovo To replay_behind, 0 standby Aapfavet kavovikd aA\d kat kaBuotepel TNV epapuoyn,
ovvnBwg éva query mov mpokadel conflict kat o standby ;epipevel. Av peyahmvouv 0AQ, To pofAnuUa
elvat oo Siktvo 1) otov dioko tov standby.

Aoknon 17.5 - KAgiowpo Tou feedback
Agie oTov primary to xmin Tov slot. KAeioe petd to hot_standby_feedback otov standby kot Seie to Eava.

AYZH

psql —At —c "SELECT xmin IS NOT NULL AS has_xmin FROM pg_replication_slots"

psql —p 5502 -q —-c "ALTER SYSTEM SET hot_standby_feedback = off" —c "SELECT pg_reload_conf()"
sleep 2

psql —-At —c "SELECT xmin IS NOT NULL AS has_xmin FROM pg_replication_slots"
EZ0AOZ

t
pg_reload_conf

t
(1 row)

f

Me 10 feedback kAe10t0, o standby otéAvel kevo xmin xat o primary To ofrjvet amo to slot. To vacuumM Tov
primary SovAelel xwpig mePloplopo Kal Ta pakpla queries tov standby kivSuvevovv Eava.
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KE®AAAIO 18

Synchronous replication
Aoknon 18.1 - Zeipd TPOTEPAIOTNTAG

'‘Op10e synchronous_standby_names O€ FIRST 1 (standby2, standby1), kGve reload ko 8ei€e yia kaBe standby to
sync_priority KOl TO sync_state.

AYZH

psql —q —c "ALTER SYSTEM SET synchronous_standby_names = 'FIRST 1 (standby2, standbyl)'" \
—-c "SELECT pg_reload_conf()"
sleep 1
psql —c "SELECT application_name, sync_priority, sync_state
FROM pg_stat_replication ORDER BY sync_priority"

E=OAOX

pg_reload_conf

t

(1 row)

application_name | sync_priority | sync_state
standby2 | 1 | sync
standbyl | 2 | potential
(2 rows)

O standby2 EXEL TPOTEPAIOTNTA 1 KA €lval sync. O standbyl €XE1 2 KAl eival potential, SnAadn Oa yivel sync
av xabei o tpwtog. Me ANy 0Aot €xouv v 1S TpoTepaldTNTA KA €ivat quorum.

Aoknon 18.2 - Commit TTou dev TTEPIPEVEN

Ytapatnoe ko toug Svo standbys. Kave éva INSERT GTOV cities L€ synchronous_commit = local Y10l QUTO TO
transaction kot 8eie 0T TeAeiwoe. Eekiva petd toug standbys.

AYZH

pglab stop standbyl
pglab stop standby2
psql —c "BEGIN" -c "SET LOCAL synchronous_commit = local™ \
—c "INSERT INTO cities VALUES (16, 'KiAkig', 'Kevtpiki Makedovia', 20000)" -c "COMMIT"
pglab start standbyl
pglab start standby2
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E=OAOX

standbyl: otopdtnoe

standby2: otoudtnoe

BEGIN

SET

INSERT 0 1

COMMIT

standbyl: o€ Agitovpyia otn 60pa 5502
standby2: o€ Agitovpyia otn 6Vpa 5503

Xwpig standbys éva kavoviko commit Ba koAAoVoE. To local To APnoe va teAelwoel poAlg To WAL
£prtaoe otov dioko Tov primary. 'Otav Eekivnoav ot standbys, mfpav kat avtn v alayn, amiog

X®PIg eyyvnon yua m onypr).

Aoknon 18.3 - O eréuevog oTn oeIpd

Me 10 FIRST 1 (standby2, standbyl) TNG TIPMTNG AOKNONG, OTAUATNOE TOV standby2, S€ife TO sync_state TOU
standbyl Kal tpo0Beoe ia tOAn. Eekiva PHetd Eava Tov standby?.

AYZH

pglab stop standby2

sleep 1

psql —c "SELECT application_name, sync_state FROM pg_stat_replication"

psql —c "INSERT INTO cities VALUES (17, 'Bépoia', 'KevtpikA Makedovia', 66000)"
pglab start standby2

E=OAOX

standby2: otoudtnoe
application_name | sync_state
standbyl | sync

(1 row)

INSERT 0 1
standby2: o€ Agitovpyia otn 6Vpa 5503

MoAig xaBnke o standby2, O standbyl TIEPAOCE ATTO potential OE sync KAL TO INSERT TeAeiwoe kavovikd. To
FIRST e &vo ovopata kat &va 1 Sivel v i8ia avoyr) pe to ANY 1, pe ) Stagpopa ot EEperg motog standby
£xe1 kaBe popa v eyyunorn. Auto petpaet oto failover, omov BéAeig va mpodayeig tov standby stov
olyovpa €xel OAa Ta commits.
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Aoknon 18.4 - Niow og asynchronous

Abelaoe to synchronous_standby_names, kave reload kau SSiES TO sync_state TWV standbys.

AYZH

psql —q —c "ALTER SYSTEM RESET synchronous_standby_names" —c "SELECT pg_reload_conf()"
sleep 1

psql —-c "SELECT application_name, sync_state FROM pg_stat_replication ORDER BY 1"

EZOAOX

pg_reload_conf

t
(1 row)

application_name | sync_state

standbyl | async
standby? | async
(2 rows)

Xwpig Ovopa otn pvbuion 6Aot ot standbys etvat async. Avto kAvelg oe avaykn, otav ot synchronous
standbys Aelmovv kan tpémer va guveyioouvy ot eyypageg. Kat ta commits sov mepipevayv ekeivn
onyun) ehevBepawvovtal pe to reload.

Aoknon 18.5 - Opaté otov standby apéocwg

Me synchronous_standby_names = 'ANY 2 (standbyl, standby2)' KOl synchronous_commit = remote_apply Y1Q eva
transaction, tpdoOeoe pa tOAN Kot Saface v apuEowg amod ToV standby2.

AYZH

psql -q —-c "ALTER SYSTEM SET synchronous_standby_names = 'ANY 2 (standbyl, standby2)'" \
—-c "SELECT pg_reload_conf()"
sleep 1
psql —q —-c "BEGIN" -c "SET LOCAL synchronous_commit = remote_apply" \
—c "INSERT INTO cities VALUES (18, 'Zaven', 'AvatoAikr Makebovia', 56000)" -c '"COMMIT"
psql —p 5503 -At -c "SELECT name FROM cities WHERE id = 18"

E=OAOX

pg_reload_conf

t
(1 row)

=dvén

Me any 2 To commit sepiuével katl touvg dvo standbys va Eavamai&ouv v arlayr, 0mtoTe 1 Avayvwon
ato omolovdnmote n Ppiokel. Me ANy 1 1 eyyvnon Ba ioyve Hovo yia 65010V amavTnoe TPMTOG.
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KE®AAAIO 19

Failover, timelines kail pg_rewind

Aoknon 19.1 - Timeline oto pg_control

A&i€e e TO pg_controldata TO timeline Tov TeAevtaiov checkpoint yia tov server tng Bvpag 5502 kat To
apyeto history mov £ptia&e to promote.

AYZH

pg_controldata "$LAB/standby" | grep 'Latest checkpoint's TimeLineID"
psql —p 5502 —-q —-c "CHECKPOINT"

pg_controldata "$LAB/standby" | grep 'Latest checkpoint's TimeLineID"
cat "$LAB/standby/pg_wal/00000002.history"

EZ0AOZ
Latest checkpoint's TimelLineID: 1
Latest checkpoint's TimelLineID: 2

1 ©0/771A9B8 no recovery target specified

Metd to promote o server Sev kavel apeong checkpoint, yia va Sextel eyypagpeg 600 o ypryopa
yivetal. Meypt 1o mpwto checkpoint to pg_control ypagpet akoun to timeline 1. To history A¢et 61 T0
timeline 2 Eexivnoe aso to timeline 1 oe éva LSN, pe AOyo no recovery target specified, AoV HTAV QITAO
promote ka1 Ol recovery pe oToxo.

Aoknon 19.2 - lMolog €ival primary

Aeie yla Tov 5502 av elval o€ recovery Kat To timeline Tov azd ta TPOTA OKT® WPn@ia ToL OVOUATOE TOU
TpéYovTog segment. I'a tov 5501 Seie av elval o€ recovery Kal o received_tli TOU pg_stat_wal_receiver.

AYZH

psql —p 5502 -At -c "SELECT pg_is_in_recovery(), substr(pg_walfile_name(pg_current_wal_lsn()), 1, 8)"
psql —-p 5501 -At —c "SELECT pg_is_in_recovery(), received_tli FROM pg_stat_wal_receiver"

E=OAOX

f 100000002
t]2

O 5502 eivan primary ko ypaget segments tov timeline 2. O 5501 eivat standby ko Aapfavert WAL tou
timeline 2. To received_t1li eival to timeline tov WAL mtov éAafe teAevtaio o walreceiver.
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Aoknon 19.3 - Switchover

Kave switchover oote o server g B0pag 5501 va Eavayivel primary. ZTaudtnoe KaVOViKA ToV 5502,
KQve promote Tov 5501, TpO0HE0E GTOV 5502 standby.signal KA primary_conninfo J{POG TOV 5501 KAl EeKiva
TOV. Agi€€E TO pg_stat_replication TOV 5501.

AYZH

pglab stop standby

sleep 1

pg_ctl -D "$LAB/primary" promote

touch "$LAB/standby/standby.signal"

echo "primary_conninfo = 'host=1localhost port=5501 user=postgres'" >> "$LAB/standby/postgresql.auto.conf"
pglab start standby

sleep 2

psql —-c "SELECT state, sync_state FROM pg_stat_replication"

E=OAOZ

standby: otoudtnoe

waiting for server to promote.... done
server promoted

standby: oe Agitovpyia otn 8Vpa 5502

state | sync_state
streaming | async
(1 row)

0O 5502 OTAUATNOE KAVOVIKA KAl 0 5501 gixe Adfet 0Ao tov 10 WAL, omtdte petd to promote 0 5502
axoAovBel X(x)pi(_; pg_rewind. O 5501 glvan Td)p(l oto timeline 3. To primary_conninfo OTO postgresql.auto.conf
mpooTifeTan PETA TN YpAUUT) 7OV giye 0N TO apyelo kAl 10YVEL 1) TeEAgLTAIAL.

Aocknon 19.4 - Aokiyn Xwpig aAAayég

STAUATNOE TOV 5502 KAl TPEEE pg_rewind L€ ——dry-run JIPOG TOV 5501. Agi&e Tig S0 Tedevtaieg ypaupeg g
e€0dov kat Eekiva Eava Tov 5502.

AYZH

pglab stop standby

pg_rewind -D "$LAB/standby" --source-server="host=1ocalhost port=5501 user=postgres dbname=postgres" \
——dry-run 2>&1 | tail -n 2

pglab start standby

EZ0AOX

standby: otaupdtnos

pg_rewind: source and target cluster are on the same timeline
pg_rewind: no rewind required

standby: oe Aegitovpyia otn 8Vpa 5502

O1 8v0 servers £yovv TNy 1810 10T0PiA, OMTOTE TO py_rewind dev fplokel TmoTA va KAvVeL To ——dry-run

Oeiyvel TL Ba yvotav xwpig va aragel kavéva apyeio, kATt tov a&ldel va Tpexelg mptv ammo kabe
mpaypatiko rewind.
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Aocknon 19.5 - Xapéva commits

Y1ov 5501 Sete av vapyel 1) eyypa@n pe id 20 0ToV cities KAl TL OVOULA EXEL

AYZH

SELECT id, name FROM cities WHERE id = 20;

AMOTEAEZMA

20 | KoBdAa
(1 row)

H KapdAa, amo to timeline tov 5502, mépace oe 0Aa ta emopeva timelines. Ta Tpikaia eédnoav povo
otnv 10topia tov split brain kat ofroTnkav amod 1o pg_rewind.
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KE®AAAIO 20

Logical replication
Aoknon 20.1 - To slot Tng subscription
Aei€e otov primary ta slots pe to 6voua, Tov TOmo, To plugin kal av givat evepyd.

AYZH

SELECT slot_name, slot_type, plugin, active FROM pg_replication_slots;

AMOTEAEZMA

slot_name | slot_type | plugin | active
sales_sub | logical | pgoutput | t

(1 row)

H subscription éptia&e eva logical slot pe 1o ovoud tg. To plugin pgoutput petatpénel to WAL oe
aMayég ypauuav yia v logical replication. 'O, 1oyvet yia ta physical slots 10xVet k1 edm. Av ofnoeig
Tov subscriber xwpig bROP SUBSCRIPTION, TO slot uével kat kpata WAL.

Aoknon 20.2 - Néog trivakag otnv publication

I1p60Oece TOV payments 0TI sales_pub. DTIAEE TOV TVAKA GTOV reporting Astd dump Tov OYNUATOG XWPIG TO
foreign key, avavéwaoe ) subscription kau petpnoe Tig AN pwUEG EKEL.

AYZH

psql —q —c "ALTER PUBLICATION sales_pub ADD TABLE payments"

pg_dump —--schema-only -t payments sqlbook | psql —q —-p 5502 >/dev/null 2>&1
psql —p 5502 -g —-c "ALTER SUBSCRIPTION sales_sub REFRESH PUBLICATION"

sleep 2

psql —-p 5502 -At —c "SELECT count(x) FROM payments"

EZ0AOZ

155
To foreign key tov payments 7Tpog TO orders ONUIOVPYNONKE, APOV TO orders VITAPYEL OTOV reporting. Ta
unvopata Tov psql kpd@TNKav pe 1o 281, Yot ta yvwpidovpe. H subscription Sev paBaiver povn g

yla véovg mivakeg g publication. To REFRESH PUBLICATION {NTa TN vEa MoTa KAt EEKIVA ApyIKT)
AVTLYPAPT] YIa O00VE TIVAKEG TIPOOTEONKAV.
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Aoknon 20.3 - ZTAAN TToU AciTrEl

I1p60Oeoe oTOV primary OTrAn channel text OTOV orders KO [ TTAPAYYENQ UE channel = 'web'. A&IEe TO
o@AaAua 010 log Tov reporting, TPOaBeae T oTNAN Kat ekel kK Selle OTL N Tapayyelia E@Taoe.

AYZH

psql —q —c "ALTER TABLE orders ADD COLUMN channel text"

psgql —g —c "INSERT INTO orders (customer_id, status, created_at, channel)
VALUES (7, 'pending', '2026-07-04 12:00', 'web')"

sleep 2

grep 'missing replicated column' "$LAB/reporting.log" | tail -n 1

psql —p 5502 —-q —c "ALTER TABLE orders ADD COLUMN channel text"

sleep 6

psql —p 5502 —-At —c "SELECT channel, count(x) FROM orders WHERE channel IS NOT NULL GROUP BY 1"

EZ0AOX

2026-09-28 ©9:50:25.555 EEST [81431] ERROR: 1logical replication target relation
"public.orders" is missing replicated column: "channel"
web |1

O1 aMayeg oyruatog Sev avuypagovtal. H owot oglpd eival mpmta n véa otnAn otov subscriber kat
petd otov publisher. O subscriber ayvoei novxa otieg mov €xel kat Sev otéAvet o publisher, aAAa Sev
umopei va Seytel otAn mov dev £xel.

Aoknon 20.4 - NMNavon Tng subscription

Kave p1saBLE T subscription, Sei&e otov primary av o slot eivan evepyo, kave v ava ENABLE kat Seie To
slot Eava.

AYZH

psql —-p 5502 -q -c "ALTER SUBSCRIPTION sales_sub DISABLE"

sleep 1

psql —-At -c "SELECT slot_name, active FROM pg_replication_slots"
psql —p 5502 —-g —c "ALTER SUBSCRIPTION sales_sub ENABLE"

sleep 2

psql -At —c "SELECT slot_name, active FROM pg_replication_slots"

E=OAOX

sales_sub|f
sales_sub|t

Me 1 subscription oe stavon o slot puével avevepyo kat o primary kpatd to WAL asto exel tov

otapatnoe. Otav EavaevepyomonOei, n avriypagr) ovveyilel xwpig kevo. To DISABLE elval XprO1L0 mTpLy
QUTO L aAAayT) oxnuatog otov subscriber.
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Aoknon 20.5 - Katdotaon tng subscription

2TOV reporting Oei&E QIO TO pg_stat_subscription TOV worker stov e@apuodel Tig aAllayeg, o teAevtaio LSN
7ov €\afe xau av exel pid.

AYZH

SELECT subname, worker_type, pid IS NOT NULL AS running, received_1lsn IS NOT NULL AS receiving
FROM pg_stat_subscription;

AMOTEAEZMA

subname | worker_type | running | receiving
sales_sub | apply | t | t
(1 row)

KaBe subscription ye1 évav apply worker. Katd tnv apyikn avitypa@r) vaapyouvv kat workers timou
table synchronization, £vOG AVA TVAKA TTOV avTypa@etal ekeivn tn otyun. 'Evag apply worker ywpig
pid onuaivel 6Tt 1 subscription €xel otapatnoel, cuvr|Bwg asto conflict.
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KE®AAAIO 21

Connection pooling pue PgBouncer

Aoknon 21.1 - Pool o€ session mode

IIp600Oece 0TO pgbouncer. ini €va pool sess stpog TV 181a BAON e pool_mode = session, EAVAPOPTWOE TIG
puOULoEIg LE RELOAD QUTO TNV KOVOOAQ Kat Se1&e autd To SHOW DATABASES TO Ovopa kat to pool mode kaBe
Baong.

AYZH

awk '{ print } /~tiny = / { print "sess = host=localhost port=5501 dbname=sqlbook pool_mode=session" }' \
"$LAB/pgbouncer.ini" > "$LAB/pgbouncer.new"

mv "$LAB/pgbouncer.new" "$LAB/pgbouncer.ini"

psql —-p 6501 -d pgbouncer -q —-c "RELOAD"

psql -p 6501 -d pgbouncer --csv —c "SHOW DATABASES" |
awk =F, 'NR == 1 { for (i = 1; i <= NF; i++) if ($1i == "pool_mode") c = i } { print $1 "," $c }'
column -s, -t

EZOAOS

name pool_mode
pgbouncer statement
sess session
sqlbook

tiny

To kevo pool_mode onuaivel 0Tt N BAorn akoAovOel TNV TPOETIAOYT) TNE EVOTNTAS [pgbouncer], €5
transaction. TO pool_mode putopel va oprotet ava paon. 'Etol n epappoyr| xpnotormolel transaction mode
Ka1 &va epyakeio mov ypeladetal session, 0mtwg va script migrations pe advisory locks, ovvSéetat o
Ao ovopa g i81ag Baong. To awk TuTT@VEL KABE YPAULT KA LETA TN YPAULLT TOV tiny TpooBETel
véa. To 8eltepo awk PPlOKEL OTNV TTPDTN YPAUUT) OF TTOLA OTNAT EIVAL TO pool_mode KAl TUTTMVEL AUTH) TN
oAn 6tmha oTo ovopa.

Aoknon 21.2 - H puOuion 1Tou dev dlappécl
Meow Tov pool tiny AANaEe TO work_mem 0€ 64 MB pe SET LocAL péoa o€ transaction kau 6ei€e amo veo client
oV 1810V pool v Tun Tov work_men.
AYSH

psql -p 6501 -d tiny —-c "RESET work_mem"
psql —-p 6501 -d tiny -c "BEGIN" -c "SET LOCAL work_mem = '64MB'" -c "SHOW work_mem" -c "COMMIT"
psql -p 6501 -d tiny —-At -c "SHOW work_mem"
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COMMIT
4MB

To mpaTo RESET kaBapider ) Stappor tov kepadaiov. To SET LocAL ioyvoe peéoa oTo transaction kat
XAOnKe pe To CoMMIT, 0mOTE 0 enMOUEVOC client Bprike v mpoemAoy.

Aoknon 21.3 - Zuvdéoeig Tou PgBouncer otov server

Aei€e amtod Tov server mOoeg OLVOETEIC EXEL KADE application_name KAl A7tO moa SievOuvaor, povo ya client
backends.

AYZH

SELECT application_name, client_addr, count(x)

FROM pg_stat_activity

WHERE backend_type = 'client backend' AND pid <> pg_backend_pid()
GROUP BY application_name, client_addr

ORDER BY count(*) DESC;

AMOTEAEZMA

application_name | client_addr | count

pgbench | 127.0.0.1 | 3
pgbench | 88il | 2
psql | 8gil | 1
(3 rows)

O1 ovvdeaeig Tov PgBouncer kpatovVv 10 application_name TOL TeEAeUTAiov client mov Tig Xpnopomoinoe,
agpov 1o PgBouncer to evnuepmvel oe kaBe alayn client. 'OAeg €pyovtatl amo tn SievBuvon Tov
PgBouncer.
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Aoknon 21.4 - NMauon yia cuvtipnon

Kave PAUSE sqlbook QITO TNV KOVOOAQ, EEKIVA OTO TAPACKN VIO €va query uéow tov PgBouncer, deife ot
TIEPUEVEL LUE TO SHOW POOLS KOl KAVE RESUME sqlbook.

AYZH

psql —p 6501 -d pgbouncer —-q —c "PAUSE sqlbook"

psql —-p 6501 -At —-c "SELECT 'népace'" &

sleep 1

psql -p 6501 -d pgbouncer —--csv —c "SHOW POOLS" | cut -d, -f 1,3,4 | grep —E 'database|sqlbook' |
column -s, -t

psql -p 6501 —-d pgbouncer -q -c "RESUME sqlbook"

wait

E=ZOAOZ

database cl_active cl_waiting
sqlbook 0 1
népaoce

To PAUSE TTEPIUEVEL VA TEAEIOOOLV Ta transactions stov TpEXoLV, KAEIVEL TIC GLVOEDELC TTPOG TOV Server
Kal kpatd toug véoug clients oe avapovr). Eivat o tpomog va kaveig restart 1) switchover tov server
Xwpig ot clients va Sovv opapata, apket n Tadon va Kpatroel Atya devtepoiemnta.

Aoknon 21.5 - Pool trtou dev @Tdvel

Tpé€e pgbench pe 20 clients péow tov pool tiny yia 6o SevtepoAenta kat Sei€e ) péon kabvotepnon.
Kave 10 1610 peow Tov sqlbook.

AYZH

pgbench -n -c 20 -T 2 —-p 6501 tiny 2>&1 | grep 'latency average'
pgbench -n -c 20 -T 2 —-p 6501 sqlbook 2>&1 | grep 'latency average'

E=0OAOZ
latency average = 5.844 ms
latency average = 1.977 ms

Me pia oUv8eon otov server ot 20 clients sepluévouy oe pia ovpd kat n kabvotépnon kabe transaction
elvat oxedov 0 xpovog AWV Twv AAA®V. Me mtévte ouvdeoelg 11 oupd adelddel moAL o ypnyopa. Eva
pool 7ToAU LKpod Y TOV POPTO PAIVETAL WG LEYAAO cl_waiting KO maxwait OTO SHOW POOLS.
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KE®AAAIO 22

Migrations xwpig downtime
Aoknon 22.1 - To lock evog index

Aei€e pe ™ lock_of 71010 lock maipvel €va KavoviKo CREATE INDEX OTO pgbench_accounts(abalance), HEOQ O
transaction sov avapeital.

AYZH

CREATE INDEX accounts_abalance_idx ON pgbench_accounts (abalance);

SELECT lock_of('pgbench_accounts') AS lock;

AMOTEAEZMA

CREATE INDEX

SharelLock
(1 row)

To ShareLock ETTPETEL AVAYVWOOELS AAMA LITAOKAPEL INSERT, UPDATE Kl DELETE y1a 000 XTidetan o index. H
AVon ekTteleitan oe transaction, yU avto 6ev xpeldotnke BEGIN. To CONCURRENTLY Sev Ba umopovoe va
SokiuaoTtel €101, agpov Sev Tpéxel peéoa oe transaction.

Aoknon 22.2 - ANAayn TUTTOU

Aei&e av n aAayr) Tov pgbench_accounts.abalance QIO integer O€ bigint EAVAYPAPEL TOV TTIVAKA,
ovykpivovtag o filenode tpv kat péoa oto transaction.
AYEH

SELECT pg_relation_filenode('pgbench_accounts') AS before;
ALTER TABLE pgbench_accounts ALTER COLUMN abalance TYPE bigint;
SELECT pg_relation_filenode('pgbench_accounts') AS after, lock_of('pgbench_accounts') AS lock;

EKAOZH 1.0 - ZEMTEMBPIOX 2026 78



POSTGRESQL ZE PRODUCTION - AYZEIX

ANMOTEAEZMA

16650
(1 row)

ALTER TABLE

after | lock

16679 | ShareLock, AccessExclusivelock

(1 row)

Migrations xwpig downtime

To filenode dMage. O bigint Exel AAo péyebog otov 610K0, omoTe KABe ypapur Eavaypa@etat e ACCESS
EXCLUSIVE. ['la TETO1a aAAayn oe peydho stivaka xpnoiposoleic expand kot contract e vea 0TiAnN bigint.

Aoknon 22.3 - MeyaAuTepo varchar

®ae mivaka labels (code varchar(10)) L pic ypauur) kat Sei€e av n aAlayr| o€ varchar(50) KAl LETA O

text aAAader 1o filenode.

AYZH

CREATE TABLE labels (code varchar(10));

INSERT INTO labels VALUES ('A-1');

SELECT pg_relation_filenode('labels') AS start;

ALTER TABLE labels ALTER COLUMN code TYPE varchar(50);
SELECT pg_relation_filenode('labels') AS after_varchar50;
ALTER TABLE labels ALTER COLUMN code TYPE text;

SELECT pg_relation_filenode('labels') AS after_text;

AMOTEAEZMA

CREATE TABLE
INSERT 0 1

ALTER TABLE

after_varchar50

16683
(1 row)

ALTER TABLE
after_text

16683
(1 row)
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Kapia ano tig S0o arlayeg Sev Eavagypawe tov mivaka. Kabe varchar(10) eivat 1)8n €ykvpo varchar(50)
KOl £yKLPO text, Ue TNV i61a avastapaotaon otov 6ioko. To avtiBeto, Hikpdtepo 0p1o, BEAel Eleyyo
kabe ypapung.

Aoknon 22.4 - Xwpig oupd

@®TAEe CHECK (abalance > —1000000) OTO pgbench_accounts W NOT VALID, KAVE TO VALIDATE Kat Seiée o
convalidated JTP1V KA PETAL.

AYZH

ALTER TABLE pgbench_accounts

ADD CONSTRAINT abalance_sane CHECK (abalance > -1000000) NOT VALID;
SELECT convalidated FROM pg_constraint WHERE conname = 'abalance_sane';
ALTER TABLE pgbench_accounts VALIDATE CONSTRAINT abalance_sane;
SELECT convalidated FROM pg_constraint WHERE conname = 'abalance_sane';

ANMOTEAEZMA

ALTER TABLE

convalidated

ALTER TABLE

convalidated

Meypt T0 VALIDATE TO constraint eA&yyel HOVO VEES KAl AAAQYIEVESG YPAUES. AV LA TTAAA Ypapun TO
mapafiade, To VALIDATE Ba asotyyyave kat To constraint Oa £ueve NOT VALID, Xwpig va HmmAoKapel
Kavévav.

Aoknon 22.5 - Akupa indexes

Bpeg 0Aa ta indexes tng fAong mov Sev elval £ykupa, L€ TOV THVAKA TOUG.

AYZH

SELECT indexrelid::regclass AS index_name, indrelid::regclass AS table_name
FROM pg_index
WHERE NOT indisvalid;

AMOTEAEZMA

index_name | table_name

(0 rows)
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To kepalaio €ofnoe to akvpo index stov SnuovPYNoE, 0TOTE TO AWTOTEAEOUA Elval Adelo. AuTO To
query a€ilel va tpéxet petd amo kabe deploy, 1 wg EAeyyog oe £va oLOTNUA TApaKoAovBnonC.
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KE®AAAIO 23

Bloat, REINDEX kai pg_repack

Aoknon 23.1 - Méoo yeudarol givai ol tellers

Aei€e a0 To pgstattuple TO HEYEDOG TOV pgbench_tellers, TIC {WVTAVES KAL TIG VEKPES YPAUUES KAL TO
JT0000TO EAEVOEPOL XD POL.
AYZH

SELECT table_len, tuple_count, dead_tuple_count, round(free_percent::numeric, 1) AS free_pct
FROM pgstattuple('pgbench_tellers');

AMOTEAEZMA

table_len | tuple_count | dead_tuple_count | free_pct

49152 | 100 | 251 | 62.7
(1 row)

O mivakag exel pepikeg oeAideg. To pgbench aA\ddel ouvexamg Tovg 100 tellers, omdTe LVITAPYOLVY VEKPES
exbooelg avaueoa oe Svo mepaopata Tov autovacuum. Xe TO60 HIKPO TVAKA TO TOGOOTO KEVOL XMPOL
Oev €xel onuaoia.

Aoknon 23.2 - Index petd 10 pg_repack

AE:{ES TO avg_leaf_density KAl TOV Gpl@p(') TV (pb}\}\mv TOV pgbench_accounts_pkey }18’[('1 TO pg_repack.

AYZH

SELECT avg_leaf_density, leaf_pages FROM pgstatindex('pgbench_accounts_pkey');

AMOTEAEZMA

avg_leaf_density leaf_pages

91.33

|
| 438

(1 row)

To pg_repack Eavagytioe to index asmd v apyr), OOTE 1) TVKVOTNTA VAL KOVTA OTO 90 TOL fillfactor.
O1 aMayéeg Tov pgbench oto petadh mpocHecav ehdyioteg oeAidec.
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Aoknon 23.3 - OAa Ta indexes evog Trivaka

ZEAVayTiOe 1€ REINDEX TABLE CONCURRENTLY OAQL Tal indexes Tov pgbench_branches kat 8ei&e petd ta indexes tov
sivaka pe to peyefog toug.

AYZH

REINDEX TABLE CONCURRENTLY pgbench_branches;
SELECT indexrelid::regclass AS index_name,

pg_size_pretty(pg_relation_size(indexrelid)) AS size
FROM pg_index WHERE indrelid = 'pgbench_branches'::regclass;

AMOTEAEZMA

REINDEX

index_name | size

pgbench_branches_pkey | 16 kB
(1 row)

To REINDEX TABLE CONCURRENTLY KGvel T 1610 yia kaBe index tov mivaka, Eva mpog £va. Aev TpEYEL HEOA OE
transaction, yU auto 1 A0or ekteleital povn me.

Aoknon 23.4 - Ti1 Ba ékave 10 pg_repack
TpeEe TO py_repack LLE ——dry-run YO TOV JILVAKQA accounts_copy KAl O&i&e v €€0do0.

AYZH

pg_repack —-d sqlbook -t accounts_copy ——dry-run 2>&1

E=OAOZ

INFO: Dry run enabled, not executing repack
WARNING: relation "public.accounts_copy" must have a primary key or not-null unique keys

To accounts_copy (PTIAYTNKE € CREATE TABLE AS, 0TtOTE Ogv £xel primary key. To pg_repack 8ev pmopel va 1o

Eavaypawet online, yiati xpeialetar £va povadikod kAe1Si yia va epapuooet tig arayég tov log otig
0wOoTEG Ypauueg. ESa Ba éueve HOVO TO VACUUM FULL.
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Aoknon 23.5 - MéyeBog xwpig bloat

YtoAOy10¢€ y1a TO pgbench_accounts TO00C X®POG Ba ¥petaldTav av o ivakag NTav YEUATOS, Ao To
tuple_len TOU pgstattuple. ZUYKPIVE TOV UE TO TTPAYUATIKO HEYEDOG.

AYSH
SELECT pg_size_pretty(table_len) AS actual,
pg_size_pretty(tuple_len) AS live_data,
round(100.0 x tuple_len / table_len, 1) AS live_pct
FROM pgstattuple('pgbench_accounts');

AMOTEAEZMA

actual | live_data | live_pct

4

21 MB | 18 MB | 88.6
(1 row)

MeTd TO pg_repack 0 sivakag eival oxedov yepatog. To t0000Td dev @ptavel moTé o 100, yiati kabe

oeMiba eyet emike@aAida kan Seikteg mpog Tig ypauueg e Kan kdBe ypapur) xetl m Sikn g
emKkePaiida.
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KE®AAAIO 24

Foreign data wrappers
Aoknon 24.1 - Pushdown gvég LIMIT

A€l€e e EXPLAIN (VERBOSE, COSTS OFF) TO Remote SQL Yl TaL Tpia peyaAUtepa ammoféuata g O@ecoalovikng.

AYZH

EXPLAIN (VERBOSE, COSTS OFF)
SELECT product_id, gty FROM wh.stock

WHERE center = 'OeooaAovikn'
ORDER BY qty DESC

LIMIT 3;

ANOTEAEZMA

Foreign Scan on wh.stock

Output: product_id, qty

Remote SQL: SELECT product_id, qty FROM public.stock WHERE ((center = '@ecocaiovikn'))
ORDER BY gty DESC NULLS FIRST LIMIT 3::bigint

TO WHERE, TO ORDER BY KOl TO LIMIT JUIYQV OAQL GTOV warehouse, OTTOTE TAEISEWav povo Tpelg ypappeg. ‘Otav
TO LIMIT Sev pumopel va otakel, yia mapddetypa eme1dn vtdpyel Tomko PIATPO, O TOMKOG Server JTIPEmeL
VA PEPEL YPAUUES UEXPL VA Ppel TPELG.

Aoknon 24.2 - Aré0gpa ava karnyopia

Aeie yua xabe xatnyopia 10 6UVOAIKO amoBepa ota S0 KEVTPAQ, e join AVALETA OTA TOTKA products KAl
categories KA1 OTO anouakpvopévo wh.stock.

AYZH

SELECT c.name AS category, sum(s.qty) AS units
FROM wh.stock AS s

JOIN products AS p ON p.id = s.product_id

JOIN categories AS c ON c.id = p.category_id
GROUP BY c.name

ORDER BY units DESC, c.name;
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AMOTEAEZMA
category | units
Laptops 127
‘Hxog 122
Neplpepe takd 110
Noyoteyvia 107
Mpage{o 86
KouT {va 60
Bdoel1g dHedouévwy 59
MpoypouuaAT1oNOC 46
TexvoAoyia 13
(9 rows)

To query ypagetat akpipwg 0mwg yia Tomkovg ivakes. H Stapopd gpaivetar povo oto plan, 6stov o
stock S1afadetal 0AOKANPOG QIO TOV warehouse KA TO join YiVETAL TOTIKA.

Acknon 24.3 - Néo kévTpo Siavoprig

IIpooBeoe péow Tov foreign table amdBepa 5 TepayioVv 0TO KEVIPO Nétpa YA TA TPOTOVTA 1 ENG 3 KA
UETPNOE QIO TOV warehouse TTOOEG YPAUUEG EXEL TO VEO KEVTPO.

AYZH

psql —g —c "INSERT INTO wh.stock SELECT id, 'Matpa', 5 FROM products WHERE id <= 3"
psql —-p 5502 -d warehouse -At -c "SELECT count(x) FROM stock WHERE center = 'MNdtpa'"

EZ0OAOX

To INSERT ... SELECT S1dfaoe TomKkd Ta TPoiovTa KAl E0TEINE TIG YPAUUESG OTOV warehouse. H aAAaym)
PAIVETAL AUEOKC EKEL, Aol gytve commit padl pe To TomKo transaction.

Aoknon 24.4 - MéyeBog trapTidag

'‘Op10€ OTOV Server warehouse_srv TO fetch_size 0€ 500 Kot SelEe TIG EMAOYEG TOL Server amo o

pg_foreign_server.

AYZH

ALTER SERVER warehouse_srv OPTIONS (ADD fetch_size '500');
SELECT srvname, srvoptions FROM pg_foreign_server WHERE srvname = ‘warehouse_srv';
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ANMOTEAEZMA
ALTER SERVER

srvname | srvoptions

warehouse_srv | {host=localhost,port=5502,dbname=warehouse, fetch_size=500}
(1 row)

To postgres_fdw (PEPVEL TIC YPAUUEG O€ TAPTIOEG HECW CUTSOT, 100 QIO TIPOETNAOYT]. 2 HEYAAA

QITOTEAECLATA 1A HeYAAUTEPT TTapTida onuaivel Atyotepa ta&idia oto Siktvo. H emhoyn opidetal kat
ava foreign table.

Aoknon 24.5 - To CSV aAAadel

IIpooBeoe wa ypapurn oo supplier_prices.csv Kl HETPNOE Lava Tig ypaupég tov foreign table.

AYZH

echo "BK-LIT-003,12.10" >> "$LAB/supplier_prices.csv"
psql —At -c "SELECT count(x) FROM supplier_prices"
EZ0AOZ

To file_fdw Sev amoBnkevel timota. Kabe query Eavadiafadlel 1o apyeio, omoTe 1 véa ypauur) @avnke
apEomg. I'U avtod dev exel indexes kat kaBe query oe peyalo apyelo to Siafdadet oAOkANpo.
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KE®AAAIO 25

pgvector

Aoknon 25.1 - Ta o KovTIVd o€ guBeia ypauun

Bpeg Ta Tpila mpoiovTa TOL product_vectors IOV £1VAL TTIO KOVTA OTO [0.0, 1.0, 0.1] pE eVKAeIdela
QTO0TAOT), L€ TNV ATO0TAOT] OTPOYYVAEUEVT O Tpia dekadika.

AYZH

SELECT product_id,

round((features <—> '[0.0, 1.0, 0.1]1"')::numeric, 3) AS distance
FROM product_vectors
ORDER BY features <—> '[0.0, 1.0, 0.1]"'

LIMIT 3;

AMOTEAEZMA

product_id | distance
22 | 0.141
24 | 0.141
15 | 1.277

(3 rows)

Ta 6vo mpoiovta kovdivag eivar mpwta. H evkAeidela amdotaon LETPAEL KAl TO UKog TOL vector, omote
TO 22, 710V €xel fabuod 1,0 otV Kovdiva, eival /o KOVIA aso o 24 Ue 0,9. Me amdotaoT GUVTUITOVOU
Ba petpovoe povo 1 katevbuvor.

Aoknon 25.2 - Méoog 6pog vectors

Y7toAOY10¢€ L€ TO avg TO HECO Vector TV AVTIKEEV®V TNG Katnyopiag 3 kat fpeg v amdotaoT
CUVTILLITOVOL TOV QIO TO KEVTPO TNG KATNYOPIAG OTOV centers, L€ TEGOEPA SEKAGTKA.

AYZH

SELECT round((avg(i.embedding) <=> c.v::vector)::numeric, 4) AS distance
FROM items AS i JOIN centers AS c ON c.category = i.category

WHERE i.category = 3

GROUP BY c.v;

AMOTEAEZMA

distance

0.0005
(1 row)
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To avg SovAeviel oe vectors Sidotaon mpog Siaotaot. O Bopuvfog yOpw Ao To KEVIPO elvan
OUULETPIKOG, OTTOTE O LECOG 0POS 5.000 ONUEIWV TTEPTEL 0XedOV TAvw Tov. 'Eva péoo embedding eivan
pia It sepiAnyn pag opadag KEUEVY.

Aoknon 25.3 - Xp6évog Xxwpig index

Me to index amevepyomompevo yia éva transaction, 8eie [ie EXPLAIN (ANALYZE, COSTS OFF, BUFFERS OFF) TO
plan g avadinong TV TEVTE KOVTIVOTEPWV OTO AVTIKEIUEVO 100.

AYZH

SET LOCAL enable_indexscan = off;

EXPLAIN (ANALYZE, COSTS OFF, BUFFERS OFF)

SELECT id FROM items

ORDER BY embedding <=> (SELECT embedding FROM items WHERE id = 100)
LIMIT 5;

ANMOTEAEZMA

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

Xwpig to index o planner vtoAoyilel TNV ATOOTACT] Y1dt OAQ TA 50.000 AVTIKEIUEVA KAl TA TASIVOpEL e

top-N heapsort. ZUYKPIVE TOV XPOVO LIE TO Index Scan TOL Ke@aiaiov. H Siapopd peyaA®vel ypappikda pe
T0 ueyebog tov mivaka.

Aoknon 25.4 - Index yia eukAgideia atréoTOON

To index Tov ke@aAaiov elvan yia <=>. Agie |Ie EXPLAIN (COSTS OFF) AV XPTOLLOTIOLEITAL O€ avadNTNOon UE <~

AYSH
EXPLAIN (COSTS OFF)

SELECT id FROM items

ORDER BY embedding <—> (SELECT embedding FROM items WHERE id = 7)
LIMIT 10;
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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

'Oyt To plan elvan sequential scan pe ta&vounorn. 'Eva index vector_cosine_ops €Eumnpetel HOVO TOV <=>.
TNa evkeidela amootaon yperddetal index pe vector_12_ops. O TEAEOTIG TOL qUETY KAl 1] KAAOT) TOU
index mpémel va taptadovv, aliwg to index ayvoeital olwmAd.

Aoknon 25.5 - Mio6 péyebog
Aci&e 10 péyebog oe bytes evog embedding Tov items WG vector KA 0G halfvec.

AYZH

SELECT pg_column_size(embedding) AS vector_bytes,

pg_column_size(embedding::halfvec) AS halfvec_bytes
FROM items WHERE id = 1;

AMOTEAEZMA

vector_bytes | halfvec_bytes

520 | 264
(1 row)

KaBe iaotaon mavel 4 bytes wg vector KAl 2 WG halfvec, UV UlA LIKPT) emtike@aiida. Ta ekatoppvpla
embeddings exatovtadwv Staotdoewv, n Stapopa eivar GB otov Sioko kar oTn pviun.
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KE®AAAIO 26

PostGIS

Aoknon 26.1 - A6 1n Osoocalovikn oto HpdkAgio

YnoAoyioe oe km, pe éva Sekadiko, v amdotaon Oecoaovikng kar HpakAeiov.

AYZH

SELECT round(ST_Distance(a.location, b.location)::numeric / 1000, 1) AS km
FROM cities AS a, cities AS b
WHERE a.name = 'OeoocaAovikn' AND b.name = 'HpdkAeilo';

AMOTEAEZMA

ITavw amd 600 km o€ evbeia, mavw asto to Atyaio. H andotaomn oS1kag 1) akTtomAoikag eivat oA
peyahvtepn). INa dtadpopég oe Spopovg xperadeoan eva ypagpnua Spopmv kat tnv extension pgRouting.

Aoknon 26.2 - H o pakpivil ToAn

Ta kaBe OAN Bpeg TV 1o paxpviy AAAN OAN Kot TV astootaon oe km, xwpig Sexadikd, ta&ivounuéveg
KaTa arooTtaon.

AYZH

SELECT a.name, far.name AS farthest, far.km
FROM cities AS a
CROSS JOIN LATERAL (
SELECT b.name, round(ST_Distance(a.location, b.location)::numeric / 1000) AS km
FROM cities AS b
WHERE b.id <> a.id
ORDER BY km DESC
LIMIT 1
) AS far
ORDER BY far.km DESC, a.name;
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AMOTEAEZMA
name | farthest | km
Twdvviva P660¢ 739
P6bo¢ Twdvviva 739
KoCZavn P66o¢ 707
Oeocoalovikn | Pédog 655
HpdkAg 10 KoCdavn 625
Ndpioa P660¢ 621
Matpa P6bo¢ 608
Xavid Oeocoaiovikn | 577
BéAog P660¢ 566
KaAaudta P660¢ 549
ABrva P660¢ 434
(11 rows)

To LATERAL TOV TIPMTOL TOLOL TPEXEL TO subquery pia @opd yia kabe toAn. H Podog kat ta Inavviva
elvat ota 8o akpa g xwpag kat n PoSog etvat i) 1o pakpivi yia Tig TeEpIoo0TePES TOAELGS.

Aoknon 26.3 - Znpueia kovtda otnv Marpa

Bpeg ta tpia onpeia mapaiafng sov eivat o Kovia oto kEvTpo g IIATpag, e Ty amdoTacT o HETpa
xwpig Sexadka.

AYZH

SELECT p.id, round(ST_Distance(p.location, c.location)) AS meters
FROM pickup_points AS p, (SELECT location FROM cities WHERE name = 'Mdtpa') AS c
ORDER BY p.location <—> c.location

LIMIT 3;
AMOTEAEZMA
id | meters
83148 | 266
68849 | 696
16478 | 821
(3 rows)

To ORDER BY <-> pe LIMIT ¥protposotei to GiST index kat Stafadetl povo Atyouvg koppoug, 060 peyahog Kt
av elvat o JTivakag.
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Aoknon 26.4 - MukvoTnTa avd TTOAN

Metpnoe yia kaBe toAn oo onpeia tapahafng amexovyv Atyotepo amd 5 km amo 1o kévipo g kat
Sel€e TIg TE0OEPIG UE TA TTEPLOCOTEPAL.

AYZH

SELECT c.name, count(p.id) AS points

FROM cities AS c

LEFT JOIN pickup_points AS p ON ST_DWithin(c.location, p.location, 5000)
GROUP BY c.name

ORDER BY points DESC, c.name

LIMIT 4;
ANOTEAEZMA
name | points
ABRva | 4473
0eccaAovikn | 1231
HpdkAg1o | 211
Nnatpa | 155
(4 rows)

Ta onueia eival amopeva wg 20 km aso kabe oA, pe TV TETPAYOVIKT| pida 0NV At00TACT OOTE VA
KAAUTTTOLY OHOIOHOPPA TOV KUKAO. Méoa ota 5 km mé@tet mepimov 1o eva §€Kato EKTo Twv onueinv
KkaBe TOANG, 000 eival 0 Aoyog Twv eufadwv.

Aoknon 26.5 - & mroia {wvn

Ta to onueio mapaiafng 1, Seife oe mowa (wvn mapadoong Bpioketal, av fpioketal oe KATOw, Hadl ue
TNV TOAN TOV.
AYZH

SELECT p.id, p.city, z.name AS zone

FROM pickup_points AS p

LEFT JOIN delivery_zones AS z ON ST _Intersects(z.area, p.location)
WHERE p.id = 1;

AMOTEAEZMA

id | city | zone

1 | AeAva | @
(1 row)

To LEFT JOIN KPATA TO OMpeio akoun ki av Sev etvan og kapia {ovn, OmOTE 1) GTNAN zone eivat kevr). Ta

IO onueia kot ToAEG wveg, eva GiST index 010 area TwV {WVOV KAVEL TO 1610 join ypryopo kal astod
TNV QA TAeLPAL.
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