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EvoALoKTIKO GYEOLOL

* Ydpyovv EVOALOKTIKOL TPOTOL EMECEPYAOTTOC KAOE
QLTI LULOTOC LE OLOPOPETIKA KOGTN

* H emilhoyn tov tpOmov ektéAeoNC (oy€010 - plan) pe
TO WKPOTEPO KOGTOC Elval EvaL ODGKOAO TPOPANUOL

* O aptOudC TOV EVOALIKTIKOV TPOTOV OWEAVEL OGO
AVEAVOVV 01 TEAECTEG (€M1 LEPOVC AELTOVPYIEG) TTOV
YPNOLOTOLOVVTOL GE VO EPOTNLA

— Mo epmTnom givot OVCLUGTIKG Ui, OAYEPPIKN TOPAGTACT)
(0€vTpo) Tov TEPIAAUPAVEL TOVS OYECIOKOVES TEAEGTEG



H Aettovpyia Tov PEATIOTOTOINTY
EPWOTNCEDV
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e 21N GLVEYELN O PEATIGTOTOINTNG EMIYEIPEL VL
TPOGOLOPIGEL EVA OTTOOOTIKO GYE010 EMECEPYAUTLOC
— Hapoyomyn eVOALIKTIKOV 6YE0LOV
— Extipnon k06tovg (pnoILOTOLOVTOS TANPOPOPia, 0T
TOUC KOTAAOYOVS TOV GUGTNUATOC

— EmAoyn 1ov 6yediov mov €xel 10 LKpOTEPO
CVOUEVOUEVO KOGTOG
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KoatdAoyoc GuGTNUOTOC

* Kataympnon tinpoeopiov yio KAOe mivoko Kot
KAOE evpeTP1O0 KOOMS KOl Y10l TIC OYELC, TIC
GUVOPTNGELC KA.T.

e 2VAL0YN TIVAK®V TOV OVOUALOVTUL TIVOKES TOV
KOTOAOYOV 1] KOTAAOYOS TOV GUGTNOTOS 1)
KOTOAOYOS 1 AECIKO OEOOUEVOV 1] LETUOEOOUEVA

* O BeATioTOTOIMTNG YPNCIUOTOLEL TOV KATAAOYO Y10
Vo VTTOAOYICEL TO KOGTOC TV EVOAAUKTIKOV

oYeOimV KaBm¢ Ko T0 uEYyeBoc Tmv evolaueEc®V
OTTOTEAECUATOV.



O KotdAOYOC MG GLAAOYN
TIVOK®OV

* Emitpeneton 1 oOloxEipiomn tov Omms Ko
oTOVG TivakeC Lac Bacnc mwov opiCel o
XPNOTNG

* (261060 10 XABA ye1piCeTon pe €101k0 TpOMTO
TOVC KATAAOYOLC YVOPILOVTUC TO GYT L
TOVG.



Kataroyoc otnv PostgreSQL

File ~ Object v Tools ~ Help ~
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£ == aDbForShowingQueryProcessing

AR pPg_amop pOStgFES
- 59| Casts pg_amproc postgres

E & Catalogs (2)
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& [ Materialized Views pg_db_role_setting postgres
& 1.3 Seguences pg_default_acl postgres
<} [ Tables pg_depend postgres
G {Z) Trigger Functions pg_description postgres
B [T Types pg_enum postgres
- [F Views pg_event_trigger postgres
& [T Event Triggers pg_extension postgres
® '@E’“ensmns pg_foreign_data_wrapper postgres
(- = Foreign Data Wrappers pg foreign_server postgres
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H Baon yio ta mapooetypoto o
Oa ypnowomomcovpe

CITY

~

(*) id: integer (PK)

name: text

countrycode: character(3) (FK -> COUNTRY)
district: text

population:integer

COUNTRYLANGUAGE

r

COUNTRY

(*) countrycode character(3) (FK -> COUNTRY)
(*) language text

isofficial boolean

percentage real

(*) code character(3)
name text

continent text

region text
surfacearea real
indepyear smallint
population integer
lifeexpectancy real
gnp numeric(10,2)
gnpold numeric(10,2)
localname text
governmentform text
headofstate text

capital integer (FK -> CITY)

code?2 character

J




[TAnpo@opiec KATAAOYOV

L = O X
File Object Tools Help
Browser S B % Q|/>_| Dashboard Properties SQL % tutorial_5/postgres@PostgreSQL 13* X
v B servers (5) & | tutorial_5/postgres@PostgreSQL 13 v 5 )
x
gt mlmvise v e - ws (a8 =0
v = Databases (5) Query  Query History 2
> = db_2022. 2023 A_with.e 1 SELECT relname,relkind,reltuples,relpages
> = lab_8 2 FROM pg_class
> =* old_project 3 WHERE relname LIKE 'country%' OR relname LIKE 'city%';
> = postgres
v = tutorial_5
> [&) casts
> % catalogs Data Output Messages Notifications Ve

(2] Tri = =
> [ Event Triggers =, [_D o [:] i = P
> % Extensions

relname relkind reltuples relpages

> £ Foreign Data Wrapper: name i “char” (1) = real = integer o
> &7 Languages 1 city r 4079 32
> ¢ Publications S — . e =
o4
X W Schemas 3 countrylanguage r 984 6
> “2) Subscriptions r :
4 city_pkey i 4079 14
> &8, Login/Group Roles
»'B g P 5 country_pkey i 239 2
> |5 Tablespaces
6 countrylanguage_pkey i 984 6

> Eisc_server
> & stsp_vm_ubuntu

> & stsp_vm_ubuntu_sec

Total rows: 6 of 6  Query complete 00:00:00.045 Ln 3, Col 55



2 (€010 VTTOAOYIGLLOV GTNV
PostgreSQL

H evtoin EXPLAIN poc dgiyvel To 6YE€010 EKTEAECONC LG EPDOTNOMNG

H eviodi EXPLAIN ANALY SE napovctacet avoAvTIKG Tovg.
TPOAYHOTIKOVG ¥POVOLG EKTEAEGNG HLAG EPATNGTG GE OVTITAPAPOAN [e
TIG OPYIKES EKTIUNGELS KOGTOVS TOV GYEOIOVL TTOL EPUPUOGTNKE.

Meletmvtac Ta GYEOLN KOl TOVG YPOVOLC EKTEAECT|C UTOPOVLE VO
KOTOANEOVUE GE AMOPAGELS TOV APOPOVY TO PLGIKO GYEOIUGUO TNG
Bdonc kot BeATidVOLV TNV 0mTOO0CT KPIGIU®V OUTUATOV.

Me ) BonBeia Tov KATAAOYOV UTOPOVUE VO EKTIUNGOVUE TNV
emiextikomra (selectivity) ke Loyikng cuvOnkng ko vo emAEEOVE
T0/T0. KOADTEPO/-0L ATTO T, VITOYNPLOL EVPETNPLAL.

Mmopodpe akoun vo 000UE oV 1 GEPA EKTELEGNS TV GLVOEGEMV Elvat
BeAtion. Av dev gival ko O ovue, va emPdiovue pio opiopéEvn Gepad,
EKTEAEGTC TOV GUVOEGEMV.

AV O£V YPNGULOTOIOVVTOL EVPETNPLOL TOV VIAPXOLY {G™G 0PEiieTon o€
TOPWOYNUEVN OTATIGTIKN TAN|POPOpPia.
— Mg mv evtoa] VACUUM ANALY SE umopovpue va Z;nmcovua pnw mv

AVOVEMTT] TG GTATIGTIKNG TANPOPOpiag Yo OAN ) Paon 1 yia kamoto
nivaka oote vo fondncovpe 1o PeAticTomom



A WwN

($)]

vi W N

H evroA EXPLAIN

EXPLAIN SELECT country.name, city.name,
round(city.population*100.0/country.population,2)
FROM city, country
WHERE country.capital=city.id
AND country.continent='Europe';

QUERY PLAN
text

Hash Join (cost=8.56..97.67 rows=46 width=52)
Hash Cond: (city.id = country.capital)
-> Seq Scan on city (cost=0.00..72.79 rows=4079 width=17)
-> Hash (cost=7.99..7.99 rows=46 width=19)
-> Seq Scan on country (cost=0.00..7.99 rows=46 width=19)

Filter: (continent = 'Europe’:text)

['o kdBe Prjna (k6uPo) tov

oyediov divovral
EKTLUGELS Y10,
XpOvo VTOAOYIGLLOV
TPMTNG TAELAONC
XpOvo OAOKANPWOOTG
VITOAOYIGLLOV

[TANn00¢ mAe1dowV
OTTOTEAEGLLOTOC

MéyeBog kdBe mAeIdO0C
TOV OTTOTEAEGLLOTOG



[ pa@ikn amelkOvion GYEOimV

Emiéyovue “Explain”
N “Explain Analyse”
(eEVOAAOKTIKG TOTAE
F7 1 Shift-F7
avTicTor(O)

[Tat®vTac pe To TOVTIKL
TV G€ Eva KOuPo,
BAETOLUE AVOAVTIKEG

TANPOPOPIEC

= av /s

Query  Query Histo

s wN

bELECT country.name, city.name,
round(city.population*100.0/country.population,2)

Y v Nolimit v

FROM city, country
WHERE country.capital=city.id
AND country.continent='Europe';

Data Output Messages Explain X  Notifications

Graphical Analysis Statistics

Ries |[R]|| b

|

country

Total rows: 1 of 1

Query complete 00:00:00.039

Explain
(F7)

Hash Inner Join
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H evtoA) EXPLAIN ANALYSE

EXPLAIN ANALYSE SELECT country.name, city.name,
round(city.populationx100.0/country.population,2)
FROM city, country
WHERE country.capital=city.id
AND country.continent="'Europe';

QUERY PLAN
text

Hash Join (cost=8.56..97.67 rows=46 width=52) (actual time=0.083..0.581 rows=46 loops=1)
Hash Cond: (city.id = country.capital)
-> Seq Scan on city (cost=0.00..72.79 rows=4079 width=17) (actual time=0.010..0.193 rows=4079 loops=1)
-> Hash (cost=7.99..7.99 rows=46 width=19) (actual time=0.041..0.041 rows=46 loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 11kB
-> Seq Scan on country (cost=0.00..7.99 rows=46 width=19) (actual time=0.008..0.034 rows=46 loops=1)
Filter: (continent = 'Europe”:text)
Rows Removed by Filter: 193
Planning Time: 0.127 ms

Execution Time: 0.599 ms




IHapatnpnoeic yio Toug ¥pOvovg

e O1ypOVOL EIVOL GE MSEC EVM O1 EKTIUNGELS KOGTOVG
elval GE aPNPMNUEVEC LOVAOEC LE ATOTEALEGLLOL VOL LNV
ExeL vonua n aplfunTtikn cOyKp1cT) TOUC.

e AvT0 OV £YEL VONUO £IVOL 1 GUYKPLIGT) TOV
CVOLEVOLEVOL UEYEDOVC TOV ATOTEAEGLIATOC GE GYECT
LLE TO TTPOLYLOTIKO.

* To loops pag osiyvel mOceC PopeEg ekTeLEiTUL EVOG
KouPog kabmc vrdpyovv mepintwoels (m.y. Nested
loop join) emavarapPavopevnc eKTELEONC EVOG
Koupov. Ta Tpayuatikd KOGTN GE QLT TNV TEPITTOON
etval LECO1 OPot.
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H evtoA) EXPLAIN ANALYSE

EXPLAIN ANALYSE SELECT country.name, city.name,
round(city.populationx100.0/country.population,2)
FROM city, country
WHERE country.capital=city.id
AND country.continent='Europe'
ORDER BY city.name;

QUERY PLAN
text

Sort (cost=98.94..99.06 rows=46 width=52) (actual time=0.571..0.573 rows=46 loops=1)
Sort Key: city.name
Sort Method: quicksort Memory: 28kB
-> Hash Join (cost=8.56..97.67 rows=46 width=52) (actual time=0.065..0.501 rows=46 loops=1)
Hash Cond: (city.id = country.capital)
-> Seq Scan on city (cost=0.00..72.79 rows=4079 width=17) (actual time=0.010..0.189 rows=4079 loops=1)
-> Hash (cost=7.99..7.99 rows=46 width=19) (actual time=0.043..0.043 rows=46 loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 11kB
-> Seq Scan on country (cost=0.00..7.99 rows=46 width=19) (actual time=0.009..0.036 rows=46 loops=1)
Filter: (continent = 'Europe":text)
Rows Removed by Filter: 193
Planning Time: 0.173 ms

Execution Time: 0.590 ms



EmnAcov mAnpopopiec

e O1kouPor tavounong (Sort) dsiyvouv emiong ™ uEBooo
mov ypnoponomOnke kal to pEyedoc e wwnung (RAM
N 0iokov) mov amartnOnKe.

* O1kouPor katakepuaticuov (Hash) ogiyvouv mécot
Koot (buckets) kol mocec 0éopec (batches) amartnOnkav
KaO®C Kol T0 LEYI6TO HEYEDOC KOPLOG LVIUNG TTOV
amotnOnke.

—  Av 01 060 EC ETval TEPLOGOTEPEC OO Uia,
YPNGLULOTOINONKE Ko YOPOS GTO 0IGKO OAAQ
aVTO OEV OElYVETOL.



& | tutorial_5/postgres@PostgreSQL 13 v 5
@By /vy Yv Nolmit v @ pv B OV % B = O

Query  Query History

EXPLAIN (ANALYSE,BUFFERS) SELECT country.name, city.name,

round(city.population*100.0/country.population,2) ’
H emthoy BUFFERS
WHERE country.capital=city.id 87-514 Oyn

AND country.continent='Europe'

ORDER BY city.name:; Bon0d ctov eviomioud tov onueiov mov
Exovv ta. peyarvtepa k6ot E1c0000v/EE6d0V

VB W N

Data Output Messages Explain X  Notifications

= RvO 8|8 2|~

QUERY PLAN a
text

1 Sort (cost=98.94..99.06 rows=46 width=52) (actual time=0.555..0.55/ rows=46 loops=1)

2 Sort Key: city.name

icksort Memory: 28kB

4 Buffers: shared hit=37

5 -> Hash Join (cost=8.56..97.67 rows=46 width=52) (actual time=0.062..0.486 rows=46 loops=1)

ountry.capital)

c0st=0.00..72.79 rows=4079 width=17) (actual time=0.011..0.182 rows=4079 loops...

9 Buffers: shared hit=32

10

1

12

13 -> Seq Scan on country (cost=0.00..7.99 rows=46 width=19) (actual time=0.009..0.033 rows=46 loops...
14 Filter: (continent = 'Europe’:text)

15 Rows Removed by Filter: 193

:

17 Planning:

18 Buffers: shared hit=6

19 Planning Time: 0.170 ms

20 Execution Time: 0.579 ms

Total rows: 20 of 20 Query complete 00:00:00.045



T amo@acelc ypelaeTon Vo TAPEL
0 PeAticTOTOINTNG;

* M¢Booo cdpmonc (scan method)
* M£0ooo cvvoeonc (Join method)

¢ 2e1pa ovvoeonc (Join order)



T amo@acelc ypelaeTon Vo TAPEL
0 PeAticTOTOINTNG;

* MéBoootl capmwong otnv Postgres:
* Sequential Scan
* Bitmap Index Scan
* Index Scan
* MeEBooor cuvoeonc oty Postgres:
* Nested Loop
* With Inner Sequential Scan
*  With Inner Index Scan
* Hash Join

* Merge Join



‘Eva mopaoetypa yio tny €TA0Y
uebooov capwong otnv Postgres

Baawguévo orny zapovaiaon «Explaining the Postgres Query Optimizer» tov Bruce Momyjian,
hitps:/ | momjian.us/ presentations

*  Anuwovpyia evog temporary table pe £va index

Query Query History

1 CREATE TEMPORARY TABLE sample (form, junk) AS

2 SELECT governmentform, repeat('x', 250)

3 FROM country

4 ORDER BY random(); -- add rows 1in random order
5

6 CREATE INDEX i_sample on sample (form);

*  Anuwovpyia wac EXPLAIN function

8 CREATE OR REPLACE FUNCTION lookup_form(text) RETURNS SETOF
9 text AS $S

10 BEGIN

11 RETURN QUERY EXECUTE '

12 EXPLAIN SELECT form

13 FROM sample

14 WHERE: Form = T2% || “§1 } [, "v*%";

15 END



‘Eva mopaoetypa yio tny €TA0Y
uebooov capwong otnv Postgres

* Evpeon ¢ katavounc Tov 0g0oUEV@V 610 sample table

18 WITH forms (form, count) AS (

19 SELECT form, COUNT (%)

20 FROM sample

21 GROUP BY 1

22 )

23 SELECT form, count, (count * 100.0 / (SUM(count) OVER
24 ()))::inumeric(4,1) AS "%"

25 FROM forms
26 ORDER BY 2 DESC;
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‘Eva mopaoetypa yio tny €TA0Y
uebooov capwong otnv Postgres

Evpeon ¢ katavoung twv ocdouEvmy 6to sample table

form count
' e
text bigint

Republic

Constitutional Monarchy
Federal Republic

Dependent Territory of the UK
Monarchy

Overseas Department of Fra...
Territory of Australia
Constitutional Monarchy, Fed...
Nonmetropolitan Territory of ...
Socialistic Republic
Nonmetropolitan Territory of ...
US Territory

Part of Denmark

Monarchy (Sultanate)

Islamic Republic

122

i T BT N
a N O 0

N N N WO W W & b b~ b

%
numeric (4,1) 6

(=]

Nonmetropolitan Territory of ...

N
-

Administrated by the UN

N
N

Parlementary Monarchy

N
w

Emirate Federation

N
E

Parliamentary Coprincipality

N

Monarchy (Emirate)

N
(=]

Socialistic State

N
~N

Co-administrated

Independent Church State

N
(=}

Occupied by Marocco
Federation

Constitutional Monarchy (Em...

[
N

Autonomous Area
People'sRepublic

Islamic Emirate

Dependent Territory of the US

Total rows: 35 0f 35  Query complete 00:00:00.064

1
1

0.8
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

Rows !



‘Eva mopaoetypa yio tny €TA0Y
uebooov capwong otnv Postgres

* 10600 onuavTIKY EIVOL 1] KOTOVOUT TOV 0EOOUEVOV;

30 EXPLAIN SELECT form
31 FROM sample

32 WHERE form = 'Republic';

QUERY PLAN a
text

1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=32)

2 Index Cond: (form = 'Republic”:text)

34 EXPLAIN SELECT form
35 FROM sample
36 WHERE form = 'Monarchy';

QUERY PLAN a
text
1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=32)
2 Index Cond: (form = "Monarchy::text)

38 EXPLAIN SELECT form
39 FROM sample
40 WHERE form = 'Federation';

QUERY PLAN 8
text

1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=32)

2 Index Cond: (form = 'Federation"::text)



‘Eva mopdogtyua yio TNV ETA0YN

uebooov capwong otnv Postgres

* H extéheon g ANALYZE npokaiet sequential scan yia t1¢ mo
GUYVEG TUEG

40
41
42
43
44

1

2

ANALYZE sample;
EXPLAIN SELECT form Heap
FROM sample

WHERE form = 'Republic';

QUERY PLAN a

text

Seq Scan on sample (cost=0.00..12.99 rows=122 width=16)
Filter: (form = 'Republic:text)

>

L]

8K

* H ANALYZE od¢v ekteleiton auTtOUOTA GTOVS TPOCHPTVOVC
Tivakeg yloti avtol lval opatol LOVo 6T GHVOOO TOV TOVC

ONULOVPYNGCE



‘Eva mopdogtyua yio TNV ETA0YN

uebooov capwong otnv Postgres

* H extéheon tc ANALYZE npokalel bitmap index scan yio TG
MYOTEPO GLYVEC TIUEG

46
47
43

EXPLAIN SELECT form
FROM sample
WHERE form = 'Monarchy';

QUERY PLAN
text

Bitmap Heap Scan on sample (cost=4.18..12.66 rows=5 width=16)
Recheck Cond: (form = 'Monarchy':itext)
-> Bitmap Index Scan on i_sample (cost=0.00..4.18 rows=5 width=0)

Index Cond: (form = 'Monarchy'::text)

Index 1

0
1
0
1

Index 2 Combined
col1 ="A’ col2 =’NS’ Index

0
1
1
0

0
1
0
0

Table

==

‘A’ AND NS’




‘Eva mopdogtyua yio TNV ETA0YN

uebooov capwong otnv Postgres

* H extéheon g ANALYZE mpokaiet index scan yio Tig 6mévieg
TUUEC

50 EXPLAIN SELECT form
51 FROM sample
52 WHERE form = 'Federation';

QUERY PLAN 8
text

1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=16)

2 Index Cond: (form = ‘Federation’:text)

Index / =
Emdoyn Index/Bitmap H < [

Index scan O0tav n
EMAEKTIKOTNTO ETVOL
nepimov 5-10%




54
55
56
57
58
59
60
61

‘Eva mapaostyua, y

1o TNV ETAOYN

uebooov capwong otnv Postgres

Olec o1 Tipéc. ..

WITH form (form, count) AS (
SELECT form, COUNT (=)
FROM sample

GROUP BY 1

SELECT form AS 1, count, lookup_form(form)

FROM form
ORDER BY 2 DESC;

10
11

12

14

15

| count
a

text bigint

Republic

Republic

Constitutional Monarchy
Constitutional Monarchy
Federal Republic

Federal Republic
Dependent Territory of the...
Dependent Territory of the...
Monarchy

Monarchy

Monarchy

Monarchy

Territory of Australia
Territory of Australia

Territory of Australia

122
122
29
29
15
15
12

12

w

lookup_form
text

Seq Scan on sample (cost=0.00..12.99 rows=122 width=16)
Filter: (form = 'Republic”:text)
Seq Scan on sample (cost=0.00..12.99 rows=29 width=16)
Filter: (form = "Constitutional Monarchy'::text)
Seq Scan on sample (cost=0.00..12.99 rows=15 width=16)
Filter: (form = 'Federal Republic’:text)
Seq Scan on sample (cost=0.00..12.99 rows=12 width=16)
Filter: (form = ‘Dependent Territory of the UK'::text)
Bitmap Heap Scan on sample (cost=4.18..12.66 rows=5 width=16)
Recheck Cond: (form = 'Monarchy"::text)
-> Bitmap Index Scan on i_sample (cost=0.00..4.18 rows=5 width=0)
Index Cond: (form = 'Monarchy'::text)
Bitmap Heap Scan on sample (cost=4.18..12.64 rows=4 width=16)
Recheck Cond: (form = 'Territory of Australia:text)

-> Bitmap Index Scan on i_sample (cost=0.00..4.17 rows=4 width=0)



‘Eva mopdogtyua yio TNV ETA0YN

uebooov capwong otnv Postgres
* Tlaipvoviag LOvo TV TPWOTN YPOULUY. ..

64 WITH form (form, count) AS (

65 SELECT form, COUNT (=)

66 FROM sample

67 GROUP BY 1

63 )

69 SELECT form AS 1, count,

70 (SELECT =+

71 FROM lookup_form(form) AS 12
72 LIMIT 1) AS lookup_form

73 FROM form

74 ORDER BY 2 DESC;



‘Eva mopaoetypa yio tny €TA0Y
uebooov capwong otnv Postgres

|
text

8
Republic

Constitutional Monarchy
Federal Republic

Dependent Territory of the UK

count

bigint "

lookup_form
text

122
29
15

12

Seq Scan on sample (cost=0.00..12.99 rows=122 width=16)

Seq Scan on sample (cost=0.00..12.99 rows=29 width=16)

Seq Scan on sample (cost=0.00..12.99 rows=15 width=16)

Seq Scan on sample (cost=0.00..12.99 rows=12 width=16)

10
11
12
13
14
15
16
17
18
19

20

Monarchy

Territory of Australia
Nonmetropolitan Territory of ..
Overseas Department of Fran..
Constitutional Monarchy, Fed...
US Territory

Nonmetropolitan Territory of ...
Socialistic Republic
Commonwealth of the US

Part of Denmark

Islamic Republic

Monarchy (Sultanate)

Special Administrative Regio...
Dependent Territory of Norway
Nonmetropolitan Territory of ...

Territorial Collectivity of Fran...

L s

Bitmap Heap Scan on sample (cost=4.18..
Bitmap Heap Scan on sample (cost=4.18..
Bitmap Heap Scan on sample (cost=4.18..
Bitmap Heap Scan on sample (cost=4.18..
Bitmap Heap Scan on sample (cost=4.18..
Bitmap Heap Scan on sample (cost=4.17..
Bitmap Heap Scan on sample (cost=4.17..
Bitmap Heap Scan on sample (cost=4.17..
Bitmap Heap Scan on sample (cost=4.16..
Bitmap Heap Scan on sample (cost=4.16..
Bitmap Heap Scan on sample (cost=4.16..
Bitmap Heap Scan on sample (cost=4.16..
Bitmap Heap Scan on sample (cost=4.16..
Bitmap Heap Scan on sample (cost=4.16..
Bitmap Heap Scan on sample (cost=4.16..

Bitmap Heap Scan on sample (cost=4.16..

12.66 rows=5 width=16)
12.64 rows=4 width=16)
12.64 rows=4 width=16)
12.64 rows=4 width=18)
12.64 rows=4 width=16)
11.28 rows=3 width=16)
11.28 rows=3 width=18)
11.28 rows=3 width=16)
9.50 rows=2 width=16)
9.50 rows=2 width=16)
9.50 rows=2 width=16)
9.50 rows=2 width=16)
9.50 rows=2 width=16)
9.50 rows=2 width=16)
9.50 rows=2 width=16)

9.50 rows=2 width=16)

[ToAV cuyveg
TULEG

A1yotepo
GUYVEC TIUEG



‘Eva mopaoetypa yio tny €TA0Y
uebooov capwong otnv Postgres

21 Peoples Republic 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=... ,
22 Co-administrated 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=... ETCU:VlSQ
23 Parlementary Monarchy 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=... TIHEQ
24 Administrated by the UN 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=...

25 Federation 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=...

26 Emirate Federation 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=...

27 Constitutional Monarchy (Em... 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=..

28 Parliamentary Coprincipality 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=...

29 Autonomous Area 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=...

30 Monarchy (Emirate) 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=...

31 Socialistic State 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=...

32 Islamic Emirate 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=...

33 Independent Church State 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=...

34 Dependent Territory of the US 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=...

35 Occupied by Marocco 1 Index Only Scan using i_sample on sample (cost=0.14..8.16 rows=1 width=...

Total rows: 350f 35  Query complete 00:00:00.071

Ta anoteAéouoto umopet va otapEpovy avaloya Le To clustering tov TILOV GTo!
heap pages



‘Eva mopaoetypa yio tny €TA0Y
uebooov capwong otnv Postgres

 Empariovrtog to index scan...

76 SET enable_seqscan = false;

77

78 SET enable_bitmapscan = false;
79

80 WITH form (form, count) AS (

81 SELECT form, COUNT (=)

82 FROM sample

83 GROUP BY 1

84 )

85 SELECT form AS 1, count,

86 (SELECT =

87 FROM lookup_form{(form) AS 12
88 LIMIT 1) AS lookup_form

89 FROM form
9¢ ORDER BY 2 DESC:



‘Eva mopaoetypa yio tny €TA0Y
uebooov capwong otnv Postgres

Empdrirovtac To index scan... ‘Heav ~13

| count lookup_form

text a bigint = text : o
1 Republic 122  Index Only Scan using i_sample on sample (cost=0.14}47.58 fjows=122 width=16)
2 Constitutional Monarchy 29 Index Only Scan using i_sample on sample (cost=0.14}41.60 fows=29 width=16)
3 Federal Republic 15 Index Only Scan using i_sample on sample (cost=0.14}37.62 fjows=15 width=16)
4 Dependent Territory of the ... 12 Index Only Scan using i_sample on sample (cost=0.14}33.92 fjows=12 width=16)
5 Monarchy 5 Index Only Scan using i_sample on sample (cost=0.14..19.19 rows=5 width=16)
6 Nonmetropolitan Territory o... 4 Index Only Scan using i_sample on sample (cost=0.14..19.17 rows=4 width=16)
7 Overseas Department of Fr... 4 Index Only Scan using i_sample on sample (cost=0.14..19.17 rows=4 width=16)
8 Constitutional Monarchy, F... 4 Index Only Scan using i_sample on sample (cost=0.14..19.17 rows=4 width=16)
9 Territory of Australia 4  Index Only Scan using i_sample on sample (cost=0.14..19.17 rows=4 width=16)
10 Socialistic Republic 3 Index Only Scan using i_sample on sample (cost=0.14..15.50 rows=3 width=16)
11 Nonmetropolitan Territory o... 3 Index Only Scan using i_sample on sample (cost=0.14..15.50 rows=3 width=18)
12 US Territory 3 Index Only Scan using i_sample on sample (cost=0.14..15.50 rows=3 width=16)
13 Territorial Collectivity of Fra... 2  Index Only Scan using i_sample on sample (cost=0.14..11.83 rows=2 width=16)
14 Monarchy (Sultanate) 2  Index Only Scan using i_sample on sample (cost=0.14..11.83 rows=2 width=16)
15 Dependent Territory of Nor... 2  Index Only Scan using i_sample on sample (cost=0.14..11.83 rows=2 width=16)



BeAtioon amd00onC ommA®V EPOTNGEMV

* [Toec etvan 01 moOAelc TG Bevelovéhag pe
tAnBvouod dveo tov 1.000.000;

& | tutorial_5/postgres@PostgreSQL 13 v S
MR/ Yv Nolmt v ®m pv A OBy B B = @

Query  Query History

1 EXPLAIN ANALYSE SELECT city.name

2 FROM city

3 WHERE city.countrycode='VEN' me{g
4 AND city.population>1000000

EVPETNPLO
aAAG e
Data Output Messages Explain X  Notifications ,
= B vEhO e 8 |2~ XpnGn

QUERY PLAN a o1l OL’L'lG’L‘lKO’)V

text

Seq Scan on city (cost=0.00..93.19 rows=2 width=9) (actual time=0.289..0.335 rows=2 loops...
Filter: ((population > 1000000) AND (countrycode = 'VEN":bpchar))
Rows Removed by Filter: 4077

Planning Time: 0.066 ms

a A WO N =

Execution Time: 0.344 ms



AEgVOPIKO EVPETNPLO 6TO population

* Evpetplo katokepuatiopov oev fa ypnoipeve. (I'orti;)

& | tutorial_5/postgres@PostgreSQL 13 v S

m By /vy YV Nolmt +~ ® »pv B3 DOy % B =v @

Query  Query History

1 CREATE INDEX city_population_idx ON city

2 USING btree(population);

5]

4 EXPLAIN ANALYSE SELECT city.name

5 FROM city /4
6 WHERE city.countrycode="VEN' MS BSVSP],KO
7 AND city.population>1000000; 4

EVPETNPLO KOl
Data Output Messages Explain X  Notifications “8 Xpﬁ(jn
= BvO| 8(8| 2|~ )
QUERY PLAN OTOTIOTIKMWV

text

uy

Bitmap Heap Scan on city (cost=6.04..41.55 rows=2 width=9) (actual time=0.082..0.087 rows=2 loops=1)
Recheck Cond: (population > 1000000)
Filter: (countrycode = 'VEN"::bpchar)
Rows Removed by Filter: 235
Heap Blocks: exact=25
-> Bitmap Index Scan on city_population_idx (cost=0.00..6.04 rows=234 width=0) (actual time=0.036..0.037 rows=237 loop...
Index Cond: (population > 1000000)

Planning Time: 0.221 ms

O 00 N o0 a0 B W N

Execution Time: 0.108 ms



Evpetnplo kotokepU. 610 countrycode

» KaAvtepo amd 0evopikod yio tnv epmnon avtn (I'ati;)

& | tutorial_5/postgres@PostgreSQL 13 v

vl

m By /vy Yv Nolmt v @ »p>v O @ v (2]

o)

o)
i
<

Query  Query History

DROP INDEX city_population_idx;

CREATE INDEX city_coutnry_idx ON city
USING hash(countrycode);

EXPLAIN ANALYSE SELECT city.name

FROM city

WHERE city.countrycode='VEN' MS haSh
AND city.population>1000000; ,
EVPETNPLO KOl
Data Output Messages Explain X  Notifications ,
= BvO0 8 8 & ~ He Xpnon
QUERY PLAN 8 OTOTIOTIKMWV

text

N oo WwN e

iy

Bitmap Heap Scan on city (cost=4.31..38.63 rows=2 width=9) (actual time=0.014..0.018 rows=2 loops=1)
Recheck Cond: (countrycode = 'VEN'"::bpchar)
Filter: (population > 1000000)
Rows Removed by Filter: 39
Heap Blocks: exact=1
-> Bitmap Index Scan on city_coutnry_idx (cost=0.00..4.31 rows=41 width=0) (actual time=0.009..0.009 rows=41 loop...
Index Cond: (countrycode = 'VEN'"::bpchar)

Planning Time: 0.163 ms

O 00 N o g A~ W N

Execution Time: 0.032 ms



EmnAcov eVOALOKTIKEG. ..

e 2VUVOVLUGUOS EVPETNPLOV
XpMNon Ko Tov OEVOPIKOV EVPETNPiov 6TO population ko Tov
ELVPETNPIOL KATAKEPUATIGULOV GTO countrycode

e Evpemfprov morl@OV Y0PIKTNPLOTIKOV

Xpnon 0evopikov (Yuati;) evpeTnpiov 6T OVO YOPOKTNPIGTIKA
countrycode xai population (oo Tp®dTO Kol OO OEVTEPO;)

e Clustering

[Ipocoyn: MoOvo Eva evpetnplo Umopel va, ypnoporombet yio tnv
OLLOOOTTOINGT TOV TAELAOMV EVOG TTIVaKAL.



Ouaoomoinon (Clustering) (1/3)

e @&hovue va Bpovue TOAELS pe TANOLGLUO AV® TOV EVOC

EKOTOULLLPIOV

& | tutorial_5/postgres@PostgreSQL 13 v 5

mBv /vy YV Noimt v @ »pv B Oy B B = O

Query  Query History

1 EXPLAIN ANALYSE SELECT city.name

2 FROM city

3 WHERE city.population>1000000;

Data Output Messages Explain X  Notifications

= BvO0O| 8|8 &~
QUERY PLAN 8
text

1 Seq Scan on city (cost=0.00..82.99 rows=234 width=9) (actual time=0.009..0.277 rows=237 loops...

Filter: (population > 1000000)
Rows Removed by Filter: 3842
Planning Time: 0.246 ms

a A W N

Execution Time: 0.289 ms



* Anuiovpyodue EVO OEVOPIKO EVPET
&
B /Y Yy Nlmit ~ @8 » v B3 0O v

Ouaoomoinon (Clustering) (2/3)

P10 6T0 population

=,

tutorial_5/postgres@PostgreSQL 13 v

& w

D =V O

Query  Query History

HowWw N

CREATE INDEX city_population_tree_idx ON city(population);
EXPLAIN ANALYSE SELECT city.name

FROM city

WHERE city.population>1000000;

Data Output Messages Explain X  Notifications

= Biv0O 8 | 8| &)~

N oo A WwN

QUERY PLAN a
text

Bitmap Heap Scan on city (cost=6.09..41.02 rows=234 width=9) (actual time=0.051..0.137 rows=237 loops=1)
Recheck Cond: (population > 1000000)
Heap Blocks: exact=25
-> Bitmap Index Scan on city_population_tree_idx (cost=0.00..6.04 rows=234 width=0) (actual time=0.042..0.042 rows=237 loop...
Index Cond: (population > 1000000)
Planning Time: 0.245 ms

Execution Time: 0.162 ms



Ouaoomoinon (Clustering) (3/3)

* Ouaoomolovue (clustering) tic eyypa@ES Tov mivaka City
LE BAcT TO EVPETNPLO TOV UOALC ONULOVPYTGULLE.

¢ | tutorial_5/postgres@PostgreSQL 13 v 5

v /Yy Yv Nolmit ~ @ pv B OB v % B i=v O

Query  Query History

CLUSTER city USING city_population_tree_idx;
EXPLAIN ANALYSE SELECT city.name

FROM city

WHERE city.population>1000000;

W N =

Data Output Messages Explain X  Notifications

= BvO 8|8 &~

QUERY PLAN
text

Bitmap Heap Scan on city (cost=6.09..41.02 rows=234 width=9) (actual time=0.087..0.144 rows=237 loops=1)
Recheck Cond: (population > 1000000)
Heap Blocks: exact=3
-> Bitmap Index Scan on city_population_tree_idx (cost=0.00..6.04 rows=234 width=0) (actual time=0.076..0.078 rows=237 loop...
Index Cond: (population > 1000000)

Planning Time: 0.371 ms

N OO s W =

Execution Time: 0.197 ms

* Tvmapatnpeite; AAAGLEL TO 6Y€010; Tr aAAGCeL; Tati;



‘Eva mopaoetypa yio tny €TA0Y
nefooov cvuvoeonc otnv Postgres

Baawguévo orny zapovaiaon «Explaining the Postgres Query Optimizer» tov Bruce Momyjian,
hitps:/ | momjian.us/ presentations

* Anuovpyia 2 temporary tables (ywpic index kot yopic oTATIGTIKA)

CREATE TEMPORARY TABLE samplel (id, junk) AS
SELECT city.countrycode, repeat('x',250)
FROM city
ORDER BY RANDOM() ;

CREATE TEMPORARY TABLE sample2 (id, junk) AS
SELECT country.code, repeat('x',250)
FROM country

1
2
3
4
5
6
7
8
9 ORDER BY RANDOM() ;



‘Eva mopaoetypa yio tny €TA0Y
nefooov cvuvoeonc otnv Postgres

«  XVvoeon tev Ovo tables pue avotnpn cuvOnkn emAOYNC

11 EXPLAIN SELECT sample2.junk
12 FROM samplel JOIN sample2 ON (samplel.id = sample2.id)

13 WHERE samplel.id = 'BRA'
QUERY PLAN a
text
1 Nested Loop (cost=0.00..383.75 rows=405 width=32) Nested Loop Join with Inner Sequential Scan
2 -> Seq Scan on sample1 (cost=0.00..355.30 rows=81 width=16)
3 Filter: (id = 'BRA":bpchar) (R ey
4 -> Materialize (cost=0.00..23.40 rows=5 width=48) aag \—» aai
5 -> Seq Scan on sample2 (cost=0.00..23.38 rows=5 width=48) i ‘_ﬁ—: 229
6 Filter: (id = 'BRA":bpchar) aa!' >N\ A i
aal > aar
\ aay
‘ aaa
Emloyn nested loop join yia @OpTOULC 1 aag
lvqu OV HS”YSGOUQ No Setup Required

Used Forl Small Tables
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‘Eva mopaoetypa yio tny €TA0Y
nefooov cvuvoeonc otnv Postgres

e 2V0voeon Tmv Ovo tables pe o yaiapn cuvOnkn emAOYNC

15 EXPLAIN SELECT sample2.junk

16 FROM samplel JOIN sample2 ON (samplel.id = sample2.id)

17 WHERE samplel.id > 'BOL' and samplel.id < 'BRA'

QUERY PLAN
text

Hash Join (cost=396.97§435.38 rpws=433 width=32)

Hash Cond: (sample2.id = sample1.id)

-> Seq Scan on sample2 (cost=0.00..20.70 rows=1070 width=48)
-> Hash (cost=395.96..395.96 rows=81 width=16)

-> Seq Scan on sample1 (cost=0.00..395.96 rows=81 width=16)
Filter: ((id > 'BOL::bpchar) AND (id < 'BRA":bpchar))

Emiloyn hash join yio @dptovg
uecaiov pey£boug

Outer

aay

aag

aak

aar

Hashed

Hash Join
Inner
aak [—— aas
aam ——| aay [——| aar
aao aaw

Must fit in Main Memory




‘Eva mopaoetypa yio tny €TA0Y
nefooov cvuvoeonc otnv Postgres

e XVvdeon tov dVo tables yopic cuvOnKkn emAOYNC

19 EXPLAIN SELECT sample2.junk
20 FROM samplel JOIN sample2 ON (samplel.id = sample2.id)

QUERY PLAN a
text
1 Merge Join (cost=1526.80 rows=87012 width=32)
2 Merge Cond: (sample2.id = sample1.id) Merge Join
3 -> Sort (cost=74.54..77.21 rows=1070 width=48)
4 Sort Key: sample2.id Outer Inner
5 -> Seq Scan on sample2 (cost=0.00..20.70 rows=1070 width=48) aaa »| aaa
6 -> Sort (cost=1452.26..1492.92 rows=16264 width=16) Sorted aab > aab
7 Sort Key: sample1.id o | _aab Sorted
8 -> Seq Scan on sample1 (cost=0.00..314.64 rows=16264 width=1... aad > M _aac
aae
aaf
EmAoyn merge join yio ¢OPTOLG aaf

ueydAov peyeboug

Ideal for Large Tables
An Index Can Be Used to Eliminate the Sort
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‘Eva mopaoetypa yio tny €TA0Y
nefooov cvuvoeonc otnv Postgres

20voeon TV 000 tables yopic cuvOnkn emhoyne. H cepd tnc cvvdeong twv 0o

22
23

tables dev eivon onuoavTiky.

EXPLAIN SELECT sample2.junk

FROM sample2 JOIN samplel ON (sample2.id = samplel.id)

QUERY PLAN
text

8
Merge Join (cost=1526.80..2837.33 rows=87012 width=32)
Merge Cond: (sample2.id = sample1.id)
-> Sort (cost=74.54..77.21 rows=1070 width=48)
Sort Key: sample2.id
-> Seq Scan on sample2 (cost=0.00..20.70 rows=1070 width=48)
-> Sort (cost=1452.26..1492.92 rows=16264 width=16)
Sort Key: sample1.id

-> Seq Scan on sample1 (cost=0.00..314.64 rows=16264 width=1...

To pikpotepo sample?2
table eivon mvto otV
eEMTEPIKT) TAELPA TOV
merge join



4

25
26
27
28
29
30

Evo mopdostyuo yio TNV €mA0YN
nefooov cvuvoeonc otnv Postgres

Anuovpyio GTATIGTIKOV

ANALYSE samplel;
ANALYSE sample2;

EXPLAIN SELECT sample2.junk
FROM samplel JOIN sample2 ON (samplel.id = sample2.1id)

QUERY PLAN 8
text

Hash Join (cost=14.38}.263.25 rpws=4079 width=254)

Hash Cond: (sample1.id = sample2.id)
-> Seq Scan on sample1 (cost=0.00..192.79 rows=4079 width=4)
-> Hash (cost=11.39..11.39 rows=239 width=258)

-> Seq Scan on sample2 (cost=0.00..11.39 rows=239 width=258)



‘Eva mopaoetypa yio tny €TA0Y
nefooov cvuvoeonc otnv Postgres

*  To eEmtepikd joins umopel va EMNPEGACOVY TNV EMAOYT] TOV GLVOECE®Y OTTO TO
BeAtioTomom

32 EXPLAIN SELECT samplel.junk
33 FROM samplel RIGHT OUTER JOIN sample2 ON (samplel.id = sample2.id);

QUERY PLAN
text

-t

Hash Right Join (cost=14.38..263.25 rows=4079 width=254)

2 Hash Cond: (sample1.id = sample2.id)

3 -> Seq Scan on sample1 (cost=0.00..192.79 rows=4079 width=258)
4 -> Hash (cost=11.39..11.39 rows=239 width=4)

5 -> Seq Scan on sample2 (cost=0.00..11.39 rows=239 width=4)



‘Eva mopaoetypa yio tny €TA0Y
nefooov cvuvoeonc otnv Postgres

*  Anuovpyia gvpetnpiov

| 35 CREATE INDEX i_samplel on samplel (id); Hrtav ~436 ue
36 CREATE INDEX 1i_sample2 on sample2 (id); hashjoin
42 EXPLAIN SELECT sample2.junk

43 FROM samplel JOIN sample2 ON (samplel.id = sample2.id)
44 WHERE samplel.id > 'BOL' and samplel.id < 'BRA'

UERY PLAN . .
?ext Nested Loop Join with Inner Index Scan
1 Nested Loop (cost=0.43].16.47 rojvs=1 width=254) Outer Inner

2 ->lIndex Only Scan usihg i_sample1 on sample1 (cost=0.28..8.30 rows=1 widtl aag aai
3 Index Cond: ((id > ‘BOL::bpchar) AND (id < 'BRA"::bpchar)) By, *_aag
V- : aar > aas

4 ->lIindex Scanusing i_sample2 on sample2 (cost=0.14..8.16 rows=1 width=25! : W
aai P> aar
5 Index Cond: (id = sample1.id) 4 aay
aaa

Index Lookup y

aag

No Setup Required
Index Must Already Exist



‘Eva mopaoetypa yio tny €TA0Y
nefooov cvuvoeonc otnv Postgres

H emloyn tov cuvOnkov 6tmg kot 1 xpnion tov LIMIT enmpedlovv tnv emrloyn Tov
join.
46 EXPLAIN SELECT sample2.junk

47 FROM samplel JOIN sample2 ON (samplel.id = sample2.id)
48 WHERE sample2.junk ~ 'Axxx';

QUERY PLAN ’

o & EmAéyOnke hash
1 Hash Join (cost=14.98..263.85 rows=4079 width=254) Jjoin YIOL’U:
2 Hash Cond: (sample1.id = sample2.id) (XV(XHéVOVT(Xl
3 -> Seq Scan on sample1 (cost=0.00..192.79 rows=4079 width=4) 7-[0}\)\#(’1 tuples. O
4 -> Hash (cost=11.99..11.99 rows=239 width=258) HleéTSPOQ
5 -> Seq Scan on sample2 (cost=0.00..11.99 rows=239 width=258) ,

. nivakac sample2

6 Filter: (junk ~ "“xxx":text)

TavVTO YIVETOL
hashed.



4

50
51
52

N o AN

Evo mopdostyuo yio TNV €mA0YN
nefooov cvuvoeonc otnv Postgres

Xwpic LIMIT emAéyeton hash join yia cuvoéoelg ympic cuvOnkn emAoyng

EXPLAIN SELECT sample2.junk

FROM samplel JOIN sample2 ON (samplel.id = sample2.id)
ORDER BY 1;

QUERY PLAN a

text

Sort (cost=507.87..518.07 rows=4079 width=254)
Sort Key: sample2.junk
-> Hash Join (cost=14.38..263.25 rows=4079 width=254)
Hash Cond: (sample1.id = sample2.id)
-> Seq Scan on sample1 (cost=0.00..192.79 rows=4079 width=4)
-> Hash (cost=11.39..11.39 rows=239 width=258)
-> Seq Scan on sample2 (cost=0.00..11.39 rows=239 width=258)



‘Eva mopaoetypa yio tny €TA0Y
nefooov cvuvoeonc otnv Postgres

54
55
56
57

—

g A WN

Me LIMIT emA€yetal merge join (umopel kot nested loop join avaioya pe 1o mAn00¢)
Y10 GUVOEGELS YWPIC cLVONKN EMAOYNG

EXPLAIN SELECT sample2.id, sample2.junk

FROM samplel JOIN sample2 ON (samplel.id = sample2.id)
ORDER BY 1

LIMIT 100;

QUERY PLAN a
text

Limit (cost=0.43..19.90 rows=100 width=258)
-> Merge Join (cost=0.43..794.62 rows=4079 width=258)
Merge Cond: (sample2.id = sample1.id)
-> Index Scan using i_sample2 on sample2 (cost=0.14..47.73 rows=239 width=258)

-> Index Only Scan using i_sample1 on sample1 (cost=0.28..695.31 rows=4079 width=4)



BeAtioon amdooonc cuvoccemv (1/3

* Ta kOplo KAEWOLE £YovV EvpETNPLIOL

& tutorial_5/postgres@PostgreSQL 13 v S
mBY /Yy Yv Nolimit v @ pv B OV B B = 0O
Query  Query History
1 EXPLAIN ANALYSE SELECT city.name, country.name
2 FROM city, country
3 WHERE country.code = city.countrycode
4 AND city.id = 3000;
Data Output Messages Explain X  Notifications
= B0 s 8 &8~

QUERY PLAN

a

text

-

Hash Join (cost=8.31..16.34 rows=1 width=20) (actual time=0.042..0.050 rows=1 loops=1)
Hash Cond: (country.code = city.countrycode)
-> Seq Scan on country (cost=0.00..7.39 rows=239 width=15) (actual time=0.010..0.022 rows=239 loops=1)
-> Hash (cost=8.30..8.30 rows=1 width=13) (actual time=0.009..0.009 rows=1 loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 9kB
-> Index Scan using city_pkey on city (cost=0.28..8.30 rows=1 width=13) (actual time=0.007..0.007 rows=1 loop...
Index Cond: (id = 3000)

Planning Time: 0.254 ms

O 0 N o a0 A~ W N

Execution Time: 0.065 ms



BeAtioon andoocnc cuvoecemv (2/3)

e Ta CEva KAELOLA OEV £YOVV EVPETNPLAL.

&  tutorial_5/postgres@PostgreSQL 13 v S
mBAv /vy Yv Nolmt v @ pv B Ov 2 B = O
Query  Query History
1 EXPLAIN ANALYSE SELECT city.name, country.name
2 FROM city JOIN country ON (country.capital = city.id)
3 WHERE city.name = 'Athenai';
Data Output Messages Explain X  Notifications
= BRvO s 8 8|~
QUERY PLAN a
text

=k

Hash Join (cost=83.00..91.02 rows=1 width=20) (actual time=0.359..0.383 rows=1 loops=1)
Hash Cond: (country.capital = city.id)
-> Seq Scan on country (cost=0.00..7.39 rows=239 width=15) (actual time=0.010..0.024 rows=239 I...
-> Hash (cost=82.99..82.99 rows=1 width=13) (actual time=0.324..0.324 rows=1 loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 9kB
-> Seq Scan on city (cost=0.00..82.99 rows=1 width=13) (actual time=0.292..0.315 rows=1 loops...
Filter: (name = ‘Athenai':text)

Rows Removed by Filter: 4078

O 0 N o o b~ W N

Planning Time: 0.268 ms

e
o

Execution Time: 0.398 ms



BeAtioon amdooonc cuvoccemv (3/3

o Anuiovpyia vEOV gvpeTNPiov Yo TO CEVO KAEWL...
& | tutorial_5/postgres@PostgreSQL 13 v S
m By /vy Yv Nolmt v @ »pv A OY B B = @
Query  Query History

CREATE INDEX country_capital_idx ON country USING hash(capital);
EXPLAIN ANALYSE SELECT city.name, country.name

FROM city JOIN country ON (country.capital = city.id)

WHERE city.name = 'Athenai';

HwWw N =

Data Output Messages Explain X  Notifications

= vl e 8 &~

QUERY PLAN 8
text

1 Nested Loop (cost=0.00..91.02 rows=1 width=20) (actual time=0.268..0.288 rows=1 loops=1)
-> Seq Scan on city (cost=0.00..82.99 rows=1 width=13) (actual time=0.261..0.280 rows=1 loops=1)
Filter: (name = ‘Athenai'::text)
Rows Removed by Filter: 4078
-> Index Scan using country_capital_idx on country (cost=0.00..8.02 rows=1 width=15) (actual time=0.005..0.006 rows=1 loop...
Index Cond: (capital = city.id)
Planning Time: 0.266 ms

0 N oA W N

Execution Time: 0.301 ms



EAEYyYovTOC TN 6E1PA TOV GLVOEGEWMV (1/2

* H cepd tv 6uvoEcemv ennpedlel TNV amdO0GT) TOV
cLGTNUATOC. TN Gepd TV amoPacilel 0 PEATIGTOTOMNTNG

¢§  tutorial_5/postgres@PostgreSQL 13 v S
M B v/ Yy Nolimt v @ »pv OOy B B = @

Query  Query History

1 EXPLAIN ANALYSE SELECT city.name, countrylanguage.language
2 FROM (country JOIN city ON (country.code=city.countrycode))
3 NATURAL JOIN countrylanguage

4 WHERE country.name = 'Belgium';

Data Output Messages Explain X  Notifications

s epvO0 s 8 & ~

QUERY PLAN a
text

-

Nested Loop (cost=4.31..21.06 rows=70 width=17) (actual time=0.032..0.079 rows=54 loops=1)

2 Join Filter: (country.code = city.countrycode)

3 -> Nested Loop (cost=4.31..18.02 rows=4 width=16) (actual time=0.024..0.045 rows=6 loops=1)

4 -> Seq Scan on country (cost=0.00..7.99 rows=1 width=4) (actual time=0.009..0.025 rows=1 loops=1)

5 Filter: (name = 'Belgium’:text)

6 Rows Removed by Filter: 238

7 -> Bitmap Heap Scan on countrylanguage (cost=4.31..9.99 rows=4 width=12) (actual time=0.009..0.013 rows=6 loops=1)
8 Recheck Cond: (countrycode = country.code)

9 Heap Blocks: exact=5

10 -> Bitmap Index Scan on countrylanguage_pkey (cost=0.00..4.31 rows=4 width=0) (actual time=0.007..0.007 rows=6 loop...
1 Index Cond: (countrycode = country.code)

12 -> Index Scan using city_coutnry_idx on city (cost=0.00..0.53 rows=18 width=13) (actual time=0.002..0.005 rows=9 loops=6)
13 Index Cond: (countrycode = countrylanguage.countrycode)

14 Planning Time: 1.214 ms

1S Execution Time: 0.106 ms



EAEYYOVTOC TN GEPA TOV GLVOECEWMV (2/2)

» TlIpdEeig ovvoeonc: mpoonéraomn mvdkwv (FROM) kot cuvinkec (WHERE)

e Y& uo ovvedpia (session) UmTopov e va ETPALOVUE TN GEPA GLVOIEGEDY TOL

eupaviCovror cto FROM 6étovrtag join_collapse limit=1
BB /vy Yv Nilmit v @ »pv 0 0Ov B B = O

Query  Query History

1 set join_collapse_limit = 1;

2 EXPLAIN ANALYSE SELECT city.name, countrylanguage.language
3 FROM (country JOIN city ON (country.code=city.countrycode))
4 NATURAL JOIN countrylanguage

5 WHERE country.name = 'Belgium';

Data Output Messages Explain X  Notifications

= RvhD e 8 &~

QUERY PLAN
text

oy

Nested Loop (cost=4.41..48.64 rows=70 width=17) (actual time=0.040..0.121 rows=54 loops=1)

2 Join Filter: (country.code = countrylanguage.countrycode)

3 -> Nested Loop (cost=4.14..41.72 rows=17 width=17) (actual time=0.033..0.071 rows=9 loops=1)

4 -> Seq Scan on country (cost=0.00..7.99 rows=1 width=4) (actual time=0.010..0.029 rows=1 loops=1)

5 Filter: (name = '‘Belgium’:text)

6 Rows Removed by Filter: 238

7 -> Bitmap Heap Scan on city (cost=4.14..33.56 rows=18 width=13) (actual time=0.016..0.034 rows=9 loops=1)

8 Recheck Cond: (countrycode = country.code)

9 Heap Blocks: exact=8

10 -> Bitmap Index Scan on city_coutnry_idx (cost=0.00..4.13 rows=18 width=0) (actual time=0.011..0.011 rows=9 loops=1)
11 Index Cond: (countrycode = country.code)

12 -> Index Only Scan using countrylanguage_pkey on countrylanguage (cost=0.28..0.36 rows=4 width=12) (actual time=0.003..0.005 rows=6 loops=9)
13 Index Cond: (countrycode = city.countrycode)

14 Heap Fetches: 54

15 Planning Time: 0.449 ms

-
o

Execution Time: 0.154 ms



AALGCOVTOG TPOTO VTTOA. GLUVOEGEWY (1/3)

@B /Yy Yy Nolmt v~ @ v A DBy D = O

Query  Query History

DROP INDEX IF EXISTS city_coutnry_idx;

EXPLAIN ANALYSE SELECT cl.name, COUNT(x)-1

FROM city c1 JOIN city c2 ON (cl.countrycode=c2.countrycode)
WHERE cl.population >= c2.population

GROUP BY cl1.1d;

vio s W N

Data Output Messages Explain X  Notifications

= BvyOD § &8 &~

QUERY PLAN
text

-t

HashAggregate (cost=10749.49..10800.47 rows=4079 width=21) (actual time=98.340..99.089 rows=4079 loops=1)
Group Key: c1.id
Batches: 1 Memory Usage: 721kB
-> Hash Join (cost=123.78..9726.91 rows=204515 width=13) (actual time=0.960..65.038 rows=308883 loops=1)
Hash Cond: (c1.countrycode = c2.countrycode)
Join Filter: (c1.population >= c2.population)
Rows Removed by Join Filter: 304736
-> Seq Scan on city ¢1 (cost=0.00..72.79 rows=4079 width=21) (actual time=0.012..0.552 rows=4079 loops=1)

O 0 N o g W N

-> Hash (cost=72.79..72.79 rows=4079 width=8) (actual time=0.937..0.939 rows=4079 loops=1)

—_
o

Buckets: 4096 Batches: 1 Memory Usage: 192kB

-t
oy

-> Seq Scan on city c2 (cost=0.00..72.79 rows=4079 width=8) (actual time=0.006..0.400 rows=4079 loops=1)

—_
N

Planning Time: 0.426 ms

-t
w

Execution Time: 99.427 ms



MRy /Yy Yv Noimt v @ »pv B DBy % B = @

AALACOVTOG TPOTO VTTOA. GLUVOEGEWV (2/3)

Query  Query History [Hopdpuetpol Tov EAEYYOLVY TO, E10M
1 t enable_hashjoin = off; ¢ 4

2 ZiPLAIN ANALYSEJSELECTocl.name, COUNT (%) -1 Tng GUVSSGT}Q T[OU “nopgl Va

3 FROM city cl1 JOIN city c2 ON (cl.countrycode=c2.countrycode) “

4 WHERE cl%,population >Z c2.population ’ ’ X«pnGl“OT[Olgl Y

5 GROUP BY cl.id;

Data Output Messages Explain X  Notifications

_=+[_DV[‘:]i%_‘_N

-

O 0 N oW N

10

BeAtioTOomomTNC.

AvaAioyn ypnon HeE 1o

join_collapse limit mov &idape

QUERY PLAN
text

10

N

HashAggregate (cost=12414.81..12465.79 rows=4079 width=21) (actual time=125.882..126.388 rows=4079 loops=1)
Group Key: c1.id
Batches: 1 Memory Usage: 721kB
-> Merge Join (cost=634.82..11392.23 rows=204515 width=13) (actual time=7.611..94.019 rows=308883 loops=1)
Merge Cond: (c1.countrycode = c2.countrycode)
Join Filter: (c1.population >= c2.population)
Rows Removed by Join Filter: 304736
-> Sort (cost=317.41..327.61 rows=4079 width=21) (actual time=3.778..4.488 rows=4079 loops=1)
Sort Key: c¢1.countrycode
Sort Method: quicksort Memory: 414kB
-> Seq Scan on city c1 (cost=0.00..72.79 rows=4079 width=21) (actual time=0.011..0.418 rows=4079 loops=1)
-> Sort (cost=317.41..327.61 rows=4079 width=8) (actual time=3.827..21.890 rows=613614 loops=1)
Sort Key: c2.countrycode
Sort Method: quicksort Memory: 288kB
-> Seq Scan on city c2 (cost=0.00..72.79 rows=4079 width=8) (actual time=0.012..0.521 rows=4079 loops=1)
Planning Time: 0.405 ms

Execution Time: 126.806 ms




AAOLOVTOC TPOTTO VTTOA. GLVOECEWMV (3/3)

e Ac dovpue 1t cvuPaivel otav, peTd TNV anevepyomoinomn t®v hash joins
OTEVEPYOTO|COVLLE KOl TOL MErge joins.

e Timapatnpeitor GYETIKA LE TNV ATOOOCT] TOV TPIOV AVTMOV GYEOI®V;
mBv /vy Y'v Noimt v @ pv B BY % D = O

Query  Query History

Ui AW N =

set enable_mergejoin = off;

EXPLAIN ANALYSE SELECT cl.name, COUNT(x)-1

FROM city cl1 JOIN city c2 ON (cl.countrycode=c2.countrycode)
WHERE cl.population >= c2.population

GROUP BY c1.1d;

Data Output Messages Explain X  Notifications

= BvO 8| &) &)~

O | 0 N (o || W N =

—t
{=]

QUERY PLAN
text

GroupAggregate (cost=0.56..113741.69 rows=4079 width=21) (actual time=0.910..1079.635 rows=4079 loops=1)
Group Key: c1.id
-> Nested Loop (cost=0.56..112668.12 rows=204515 width=13) (actual time=0.264..1059.831 rows=308883 loops=1)
-> Index Scan using city_pkey on city ¢1 (cost=0.28..152.47 rows=4079 width=21) (actual time=0.016..1.440 rows=4079 loops=1)
-> Index Scan using city_population_tree_idx on city c2 (cost=0.28..27.52 rows=6 width=8) (actual time=0.033..0.255 rows=76 loops=4...
Index Cond: (population <= c¢1.population)
Filter: (c1.countrycode = countrycode)
Rows Removed by Filter: 1964
Planning Time: 0.140 ms

Execution Time: 1080.384 ms



Xpnon oToTICTIKOV

O KatdAoyoc kpatd GTOTIGTIKY TANPOPOPia TNV 0moia, aEl0TOLEL O
BeATioTOMOMTNC YO VO EKTIUNGEL TO KOGTOC KAOE GYediov VITOAOYIGLOV
EVOG QLT LOLTOG.

mBv /vy Yv Nimit v~ @ »pv @ @ v §
Query  Query History

1 SELECT relname, relkind, reltuples, relpages

O n{va]((xg K(XT(X}\VOVOD 3 WHERE relname LIKE 'country%' OR relname LIKE 'city%'

pg ClaSS ngpléxgl Data Output Messages Explain X  Notifications
TANPOPOPIES Y10 TO = RvO a8 8~
TAN00G TOV TAELGOMV e 8| Thar() O rea 8| iman 8
KOl TOV CEAMO®WV 6TO 1 county r 239 5
8’ Ié e 2 countrylanguage r 984 6
LGKO yla Kave 3 COUNMMTY_pPKey i > 239 2
GXéGn/ TE{V(XK(X 4 countrylanguage_pkey i 984 6
5 city_pkey i 4079 14
6 city r 4079 32
7 country_capital_idx i 232 4
8 city_population_tree_idx i 4079 13



2TOTIOTIKA ¥PNOLLLO Y10 EKTIUNON
emAektikotTnToc (1/2)

1oV ivako KaTaAOyoL pg_ statistic VILEPYOVV TPOCEYYIGTIKA CTATICTIKA Y10 TIG O GLYVES TIUEC GE KAOE
nedio kdbe wivaxa. H dyn pg stats mwov divet tnv 1010 tAnpopopia pe o OANTTO TPOHTO.

R /sy Yv Nolmt ~ @ pv B 0O v 0 B i=v O
Query  Query History
SELECT attname, n_distinct,
array_to_string(most_common_vals, E', ')

Data Output

= BvDa s 8

1
2
3
4

1
2
3
4
5
6
7

AS most_common_vals,

array_to_string(most_common_freqs,

AS most _common_freqs

WHERE tablename = 'countrylanguage';

Messages Explain X  Notifications

N

attname a n_distinct 8 most_common_vals

name real text

countrycode -0.23678862 CAN, CHN, IND, RUS, USA, TZA, ZAF, ...
language -0.4644309  English, Arabic, Spanish, French, Chi...
isofficial 2 |

percentage -0.3628049 0,0.4,0.2,0.1,0.5,0.6,0.3,0.7, 1.4, ..

Medio n_distinct: —

o >0 : ekTiu®UEVO TANO0C SLOKPITOV TILOV TEIOV

e <0 : (apvnTiKOG) AOYOG TOL TANBOVC TV TIUOV TOV

E', I)

a most_common_freqs
text

0.0121951215, 0.0121951215, 0.0121951215, 0.0
0.06097561, 0.033536587, 0.028455285, 0.02540
0.7581301, 0.24186991

0.06605691, 0.025406504, 0.022357723, 0.02032

\ /4 /4
H 6yn xatardyov pg stats

TEPLEYEL TANPOPOPILES Y10 TIC
TLO GUYVEC TIUEC KAOE TEdTOV

TEdIOL TPOG TO TANOOC TV EYYPUPOV TOV TTIVAKO,



2TOTIOTIKA PO
Y10 EKTIUNON
EMAEKTIKOTNTOG (2/2)

1oV ivako KaTaAdyov pg_statistic vdpyovv
KOl TO TPOGEYYIGTIKA 1GTOYPAULOTO TULDV

& tutorial_5/postgres@PostgreSQL 13 v
a8

& v

v Y v Nolimit v @ » v 3 @ v

1l
<

, , , , , Query  Query History
v kéBe medio kabe wivaxa. H dyn pg_stats
, , , — 1 SELECT attname,
61\/81 Kol avtn v TC)\,TIPO(POPI(I HE 10 2 array_to_string(histogram_bounds, E',
’ ) 3 as histogram_bounds
evANTTO TPOHTO. A FR
5 WHERE tablename = 'countrylanguage';

H Aloto tov TiH®v 100 16TOYPAUUATOS
otapepifovy 10 GHVOAO TOV TIULDV TOV
nediov o€ opAoES e 1010 TAnbuouo
TV, EQocov vrdpyovv Kot Guyveg
TinéC (most_ common_vals), ogv
Aappdvovtot vTOYN GTOV VITOAOYIGUO
TOL 1GTOYPAULOTOC.

AWON =

[Taipver tnv Tyu NULL av o tomog tov
nediov dev vmootnpilel teleotn <
KOG Kot av 01 GUYVES TIUEC EYOVV 10N
KOAOWYEL OAO TOV TANBLGUO TIUDV.

Data Output

= B0 @

Messages Explain X  Notifications

S 3

N~

atthame

8 histogram_bounds
name

text
countrycode  AIA, ALB, ANT, ARG, ARM, ASM, ATG, BDI, BHS, BMU, BTN, CCK, CHL, COK, CRI, CRI, CXR, CYR, [
language [South]Mande, Adja, Amhara, Arabic-French-English, Avarian, Balante, Banda, Bashkir, Beja, Bisl
isofficial

percenta 4,6.6,8.6,9.3,9.5,10.1,10.5,10.8,10.9, 11.3, 11.5, 11.7,11.9, 12.1, 12.4,12.5, 12.9, 13.1, 13.3,

vH\c’)\yn KATOAOYOL

pg stats mepieyel
TANPOPOpPLES YO TOL
1GTOYPAULLOTO, TOV
TILOV KAOE Tediov



POOuion akpiPeloc 6TatioTiK®OV

e default statistics target
MetafAnt cvoetiuatoc (configuration variable) wov mTpocolopilet
10 u€Y1oTo TANOOC TV 6Ta most common_ vals Kot
histogram bounds

e H npoxaBopiopévn tyun awtng e uetaPintg eivar 100. O
OLOYELPLOTNG UTOPEL VA TNV TPOTOTONCEL UE TNV EVTOAN:
SET default statistics target = 10;

e ALTER TABLE SET STATISTICS

Emtpénel 6To otayEploth) TNV oAAOyT) TOL 0PloL Y10, GLYKEKPLUEVO
Tivako/Ted 0.

* 'Eyel amoderyOel 0T1 1 yprion moAD avOAVTIKOV GTOTIGTIKMV OEV
BeAtiwvel TNV eKTIUNGT KOGTOVE KAOMC O1 EKTIUNGELC EUTEPLEYOVV
cparpata. IIoc umopeite va aElomomceTe avtd TO YEYOVOC Y10 VO
OTTOPVYETE TNV TNPNOT TEPITTOV CTATICTIKOV;



Evnuepmon 6TaTIGTIKOV

H evnuépmon tTov oToTioTIKOV ENNPEACEL TO
TOPAYOLEVO GYE010 EKTEAECTC O TO PEATIGTOTOMN TN

e [l TNV eVNUEP®OT TOV GTATICTIK®OV OANC TNC Pdong:
VACUUM ANALYSE

* EVNUEPOOT GTATICTIKOV Y10 GUYKEKPIUEVO VUKL
VACUUM ANALYSE city

* EKXTOC a0 TNV EVNUEPDGCT TOV GTATICTIKOV YIVETOL
Kot GLAAOYN amoppupdtev (garbage collection). '
TOPAOELYLLOL OTTOOECUEVETOL YMDPOG TOL APOPd
TAELBOEC TOV £YOLV OLOYPOPEL.



2NUOVTIKO KEQAAOO EYYELPLOLOV
avapopdc PostgreSQL (version 13)

e Keg@. 14 — Performance Tips
AvoALTIKT TEPLYPaPT YPNIoNS TOL explain Kl Tov explain analyse,
YEVIKT] OVOQPOPA GTN YPTOT) CTOTIGTIKDV 0t T0 BEATIGTOTONTN,

ELEYYOC GEPAS GLVIECEMV (JOINS), POPTMGCN LUEYAAOV OYKOV
OE00OUEVOV.
e Evotnta 19.7 — Query Planning

[Teprypagetl OAeC TIC TapapETpou (configuration parameters) mov
umopel va petafAarel o otoyelpltotg Hog Baonc vy va aAAAEEL TO
VTOAOYILOUEVO PEATIOTO GYEOLO VTTOAOYIGLLOV.

e Kepdiarwo 71 — How the Planner Uses Statistics

[Teprypdpel T®C amd T GTATIGTIKA VTOAOYILETOL 1 EKTIUNGN TOV
KOGTOVG VTOAOYIGULOV ep@TNGEMV (Y. IIMd¢ yiveTon n extiunon g
EMAEKTIKOTNTOG Lol GLVONKNC, TOL HEYEOOVE TOV OTOTEAEGLOTOG
Lo EpOTNONG K.A.T.)



