9.2

Co3paem cTeHA

TekyLwnm CTeHa, COCTOUT N3 2-YX Y310B: vsO1.sSXXXXXX, vs082. sXXXXXX (XXXXXX - Baw
HoMep cTyaeHTa). PaboTta cteHaa 6 YacoB. 2 NONbITKW 3anycka CTeHAa.

1. Hag Ttekctom Haxmute kHonky “"Co3gatb cTeHp”. Kaxpabin cTeHz co3paH noa
onpegenieHHyro TeMy Kypca. Cenyac Bbl HaxoauTecb B Teme - 9. MOHUTOPUHT B Kencax ,
3TOT CTEH4 He nojouaeT MoA npakTUyeckne 3aHATUA M3 APYrux MyHKTOB Kypca.

3anyck 0bbivyHO NAET Ao 10 MUHYT, B peakunx caydasx - 40 30 MUHYT.

2. [locne co3pgaHua cTeHAa BaM HY>XHO 3auty no SSH Ha sbox.slurm.io ¢ f0rvMHOM W
naposem n3 amyHoro KabuHeta (https://edu.slurm.io/):

ssh s@0PRO1@sbox.slurm.io
s000001 Hy>XHO 3aMeHUTb Ha Ball HOMep CTyAeHTa

[anee BaM Hy>XHO NeEPENTN Ha CaM CTeHJ, (Sbox aBaseTca NpPoCTo JuMpP-XOCTOM U He
NOHafobUTCA KpoMe Kak A5 BXOAa):

ssh vs@1.s000001
s000001 cHOBa HY>XHO 3aMeHUTb Ha Balll JNYHbIN HOMEP CTYAEHTa

Ha xocte vsO1 y Bac ectb nosHble Npaga (BkaroYas 6ecnaponbHbiv sudo):

sudo -1i
byabTe OCTOPOXXHbI U HE CIOManTe CTEHA A0 NPOXOXAEHWA BCEX 3a4aHUN )

MNMpakTuka: NMNapamertpbl KOHPUrypauum PostgreSQL

Tak >e MoXeTe NPOUTUCH NO Laram TekyLwen NpakTuKmu
- https://qgitlab.slurm.io/postgres/slurm_course/-
/blob/main/practice/lecture6/1.statistics.md, ayébanpoBaHHON HUXKE NO TEKCTY.

KYNMNEHO HA

1. AaBanTe nonpobyem canomaTb CTaTUCTUKY M MOCMOTPUM, KakK 3TO OTOBpasunTca B

SKLADCHIK:COM



2. [lna Havana AaBanTe 3anyCTUM Harpy3Ky Ha Hall cepBep

student$ sudo -u postgres -i

postgres$ cd ~

postgres$ ./tank.sh DB="demo" CLUSTER_HOST="localhost" CLUSTER_PORT="5432"
TIME="36000" CNT="10"

3. DTOT CKpUNT 3anyckaeT ¢dann . /tank.sql. [1pn XXenaHUM MOXHO €ro OTKPbITb U
NOCMOTPETb

4. NMocmoTpum Tabaunuy bookings.flights M BbINOAHUM 3anpoc

B APYIOW CECCUWN !!!

postgres$ psql demo

demo=> \d+ bookings.flights

Table
"bookings.flights"™
Column | Type | Collation | Nullable |
Default | Storage | Stats target | Description
--------------------- e T e it T
---------------------------------------- T St Dt T T T
flight id | integer | | not null |

nextval('bookings.flights flight id seq'::regclass) | plain |
WoeHTuoukaTop penca

flight no | character(6) | | not null |
extended Homep pewuca

scheduled departure | timestamp with time zone | | not null |
plain Bpema BbiieTa No pacnucaHuio

scheduled arrival | timestamp with time zone | | not null |
plain BpemAa npunéta No pacnucaHuw
departure_airport | character(3) | | not null |
extended A3ponopT OTnpaB/eHUuA

arrival_ airport | character(3) | | not null |

| extended | | AsponopT npubbITUA

status character varying(20) not null

| extended | | Ctatyc peiica

aircraft_code character(3) not null

| extended | | Kog camoneta, IATA

actual departure timestamp with time zone

| plain | | dakTuueckoe BpemMAa BbUieTa

actual arrival timestamp with time zone

| plain | | dakTuveckoe BpeMA NpunéTa

Indexes:

"flights pkey" PRIMARY KEY, btree (flight id)

"flights flight no _scheduled departure key"” UNIQUE CONSTRAINT, btree (flight no,
scheduled departure)

"ix  flights scheduled departure
Check constraints:

"flights check™ CHECK (scheduled arrival > scheduled departure)

"flights checkl" CHECK (actual _arrival IS NULL OR actual departure IS NOT NULL
AND actual arrival IS NOT NULL AND actual arrival > actual departure)

"flights status_check™ CHECK (status::text = ANY (ARRAY[ 'On Time'::character
varyling: :text, 'Delayed’::character varying::text, 'Departed’::character
varying::text, 'Arrived’::character varying::text, 'Scheduled’::character
varying::text, 'Cancelled’::character varying::text]))

Foreign-key constraints:

btree (scheduled departure)



"flights aircraft code fkey" FOREIGN KEY (aircraft _code) REFERENCES
bookings.aircrafts(aircraft code)

"flights arrival airport fkey" FOREIGN KEY (arrival airport) REFERENCES
bookings.airports(airport code)

"flights departure airport fkey" FOREIGN KEY (departure _airport) REFERENCES
bookings.airports(airport_code)
Referenced by:

TABLE "bookings.ticket flights" CONSTRAINT "ticket flights flight id fkey"
FOREIGN KEY (flight id) REFERENCES bookings.flights(flight id)
Access method: heap

5432=> explain (analyze, buffers) select count(*), a.model from bookings.tickets t
join bookings.ticket flights tf on t.ticket no = tf.ticket no join bookings.flights f
on tf.flight id = f.flight _id join bookings.aircrafts a on a.aircraft_code =
f.aircraft_code where f.scheduled departure between '2016-10-01' and '2016-11-01°

group by a.model;

QUERY PLAN

Finalize GroupAggregate (cost=66357.77..66360.05 rows=9 width=24) (actual
time=2073.009..2088.056 rows=8 loops=1)
Group Key: a.model
Buffers: shared hit=13208 read=22242, temp read=6401 written=6524
-> Gather Merge (cost=66357.77..66359.87 rows=18 width=24) (actual
time=2072.999..2088.041 rows=24 loops=1)
Workers Planned: 2
Workers Launched: 2
Buffers: shared hit=13208 read=22242, temp read=6401 written=6524
-> Sort (cost=65357.75..65357.77 rows=9 width=24) {(actual
time=2051.453..2051.461 rows=8 loops=3)
Sort Key: a.model
Sort Method: quicksort Memory: 25kB
Worker @: Sort Method: quicksort Memory: 25kB
Worker 1: Sort Method: quicksort Memory: 25kB
Buffers: shared hit=13208 read=22242, temp read=6401 written=6524
-> Partial HashAggregate (cost=65357.52..65357.61 rows=9 width=24)
(actual time=2051.404..2051.411 rows=8 loops=3)
Group Key: a.model
Buffers: shared hit=13192 read=22242, temp read=6401
written=6524
-> Hash Join (cost=39194.40..64098.95 rows=251713 width=16)
(actual time=1322.816..1873.465 rows=222358 loops=3)
Hash Cond: (f.aircraft _code = a.aircraft_code)
Buffers: shared hit=13192 read=22242, temp read=6401
written=6524
-> Parallel Hash Join (cost=39193.19..63125.86
rows=251713 width=4) (actual time=1322.738..1693.474 rows=222358 loops=3)
Hash Cond: (t.ticket no = tf.ticket no)
Buffers: shared hit=13154 read=22242, temp read=6401
written=6524
-> Parallel Seq Scan on tickets t
(cost=0.00..17406.40 rows=346340 width=14) (actual time=0.025..177.330 rows=277072
loops=3)
Buffers: shared hit=6135 read=7808
-> Parallel Hash (cost=34571.78..34571.78
rows=251713 width=18) (actual time=968.819..968.822 rows=222358 loops=3)
Buckets: 65536 Batches: 16 Memory Usage:

2848kB



Buffers: shared hit=7019 read=14434, temp
written=3000
-> Parallel Hash Join
(cost=2292.46..34571.78 rows=251713 width=18) (actual time=17.122..782.220
rows=222358 loops=3)
Hash Cond: (tf.flight id = f.flight id)
Buffers: shared hit=7019 read=14434
-> Parallel Seq Scan on ticket flights
tf (cost=0.00..29691.55 rows=985755 width=18) (actual time=0.028..330.941
rows=788604 loops=3)
Buffers: shared hit=5409
read=14425
-> Parallel Hash
(cost=2168.86..2168.86 rows=9888 width=8) (actual time=9.911..9.912 rows=5601
loops=3)
Buckets: 32768 Batches: 1 Memory
Usage: 928kB
Buffers: shared hit=1579 read=9
-> Parallel Seq Scan on flights f
(cost=0.00..2168.86 rows=9888 width=8) (actual time=0.068..5.729 rows=5601 loops=3)
Filter:
((scheduled departure >= '2016-10-01 00:00:00+00"': :timestamp with time zone) AND
(scheduled departure <= '2016-11-01 00:00:00+00"'::timestamp with time zone))
Rows Removed by Filter:
16343
Buffers: shared hit=1579
read=9
-> Hash (cost=1.09..1.09 rows=9 width=20) (actual
time=0.025..0.026 rows=9 loops=3)
Buckets: 1024 Batches: 1 Memory Usage: 9kB
Buffers: shared hit=3
-> Seqg Scan on aircrafts a (cost=0.00..1.09 rows=9
width=20) (actual time=0.015..0.017 rows=9 loops=3)
Buffers: shared hit=3
Planning Time: 1.813 ms
Execution Time: 2088.432 ms
(46 rows)

5. laBaute norosopum npo time, cost n buffers. Yto BbI NPO 3TO 3HaeTe?

6. [MpoBepsemM Hally CTaTUCTUKY U aBTOBAKYyM

demo=> \Xx

demo=> select * from pg settings where name = 'autovacuum';
-] RECORD 1 J---4==-----cccmmcmccccccccccccccccceeae
name autovacuum

setting on

unit

category Autovacuum

short_desc Starts the autovacuum subprocess.
extra desc

context sighup

vartype bool

source default

min_val

max_val

enumvals

boot val on

reset val on

sourcefile

sourceline

pending restart i




demo=> select * from pg settings where name = 'default statistics target’;
~[ RECORD 1 J--==#=== === === o e e e e e e e e e e e e e e m e

name default statistics target

setting 100

unit

category Query Tuning / Other Planner Options
short_desc Sets the default statistics target.
extra_desc This applies to table columns that have not had a column-specific
target set via ALTER TABLE SET STATISTICS.

context user

vartype integer

source default

min_val i

max_val 10000

enumvals

boot val 100

reset val 100

sourcefile

sourceline

pending restart | f

/. Beiknro4vaeM ux

demo=> alter system set autovacuum=off;
ALTER SYSTEM

demo=> alter system set default statistics target=1;
ALTER SYSTEM

8. [lepezarpy>xaem KOHPUIU

demo=> select pg reload conf();
-[ RECORD 1 ]--+--
pg reload conf | t

0. ﬂpGBE‘pﬂE‘M, YTO BbIKJTHOHEH aBTOBaAKyyM U C60p CTaTUCTUNKK MOCTaBJ1I€EH HA MNHWUMYM

demo=> select * from pg settings where name = 'autovacuum';
[ RECORD 1 ]J-==4====-ccccccccccccccaccccccacanana-
name autovacuum

setting off

unit

category Autovacuum

short_desc Starts the autovacuum subprocess.
extra desc

context sighup

vartype bool

source default

min_val

max_val

enumvals

boot val on

reset val on

sourcefile

sourceline

pending restart | f

demo=> select * from pg settings where name = 'default statistics target’;
-[ RECORD 1 J---d----mm e s e mmm e e e e e e e e e e e e e e e e e e e e - -

name | default statistics target



setting 1

unit

category Query Tuning / Other Planner Options
short_desc Sets the default statistics target.
extra desc This applies to table columns that have not had a column-specific
target set via ALTER TABLE SET STATISTICS.

context user

vartype integer

source default

min_val 1

max_val 10000

enumvals

boot val 100

reset val 100

sourcefile

sourceline

pending restart f

10. 3anyckaem aHanus

demo=> \q
postgres$ vacuumdb demo -Zq -j4

11. Jlomaem panblue

postgres$ psql demo
psql (12.6)
Type "help"” for help.

demo=> update bookings.flights set flight no=flight no;
UPDATE 65829

demo=> update bookings.flights set flight id=flight id;
UPDATE 65848

12. BbINOJIHUM Haw CTapbiX 3anpoc

demo=> explain (analyze, buffers) select count(*), a.model from bookings.tickets t
join bookings.ticket flights tf on t.ticket no = tf.ticket no join bookings.flights f
on tf.flight id = f.flight _id join bookings.aircrafts a on a.aircraft_code =
f.aircraft _code where f.flight no = 'PGB405' and f.scheduled departure between '2016-
10-01" and '2016-11-01' group by a.model;

demo=> update bookings.flights set flight no=fligh no;

QUERY PLAN

Finalize GroupAggregate (cost=49109.95..49112.23 rows=9 width=24) (actual
time=10440.568..10441.031 rows=8 loops=1)
Group Key: a.model
Buffers: shared hit=2674468 read=15327
-> Gather Merge (cost=49109.95..49112.05 rows=18 width=24) (actual
time=10440.555..10441.014 rows=24 loops=1)
Workers Planned: 2
Workers Launched: 2
Buffers: shared hit=2674468 read=15327
-> Sort (cost=48109.93..48109.95 rows=9 width=24) (actual
time=10420.790..10420.798 rows=8 loops=3)
Sort Key: a.model
Sort Method: quicksort Memory: 25kB
Worker @: Sort Method: quicksort Memory: 25kB



Worker 1: Sort Method: quicksort Memory: 25kB
Buffers: shared hit=2674468 read=15327
-> Partial HashAggregate (cost=48109.70..48109.79 rows=9 width=24)
(actual time=10420.757..10420.766 rows=8 loops=3)
Group Key: a.model
Buffers: shared hit=2674452 read=15327
-> Hash Join (cost=2769.50..47974.17 rows=27105 width=16)
(actual time=29.419..10249.919 rows=222358 loops=3)
Hash Cond: (f.aircraft code = a.aircraft _code)
Buffers: shared hit=2674452 read=15327
-> Nested Loop (cost=2768.30..47868.31 rows=27105
width=4) (actual time=29.359..10060.418 rows=222358 loops=3)
Buffers: shared hit=2674417 read=15327
-> Parallel Hash Join (cost=2767.87..35091.22
rows=27105 width=18) (actual time=29.307..958.314 rows=222358 loops=3)
Hash Cond: (tf.flight id = f.flight id)
Buffers: shared hit=6210 read=15240
-> Parallel Seq Scan on ticket flights tf
(cost=0.00..29726.48 rows=989248 width=18) (actual time=0.022..366.615 rows=788604
loops=3)
Buffers: shared hit=6180 read=13654
-> Parallel Hash (cost=2741.54..2741.54
rows=2107 width=8) (actual time=18.552..18.553 rows=5601 loops=3)
Buckets: 32768 (originally 4096)
Batches: 1 (originally 1) Memory Usage: 1216kB
Buffers: shared hit=2 read=1586
-> Parallel Seq Scan on flights f
(cost=0.00..2741.54 rows=2107 width=8) (actual time=0.033..9.976 rows=5601 loops=3)
Filter: ((scheduled departure >=
'2016-10-01 00:00:00+00"' : :timestamp with time zone) AND (scheduled departure <=
'2016-11-01 00:00:00+00"' : :timestamp with time zone))
Rows Removed by Filter: 16343
Buffers: shared hit=2 read=1586
-> Index Only Scan using tickets pkey on tickets t
(cost=0.42..0.47 rows=1 width=14) (actual time=0.040..0.040 rows=1 loops=667073)
Index Cond: (ticket no = tf.ticket no)
Heap Fetches: 667073
Buffers: shared hit=2668207 read=87
-> Hash (cost=1.09..1.09 rows=9 width=20) (actual
time=0.024..0.024 rows=9 loops=3)
Buckets: 1024 Batches: 1 Memory Usage: 9kB
Buffers: shared hit=3
-> Seqg Scan on aircrafts a (cost=0.00..1.09 rows=9
width=20) (actual time=0.013..0.016 rows=9 loops=3)
Buffers: shared hit=3
Planning Time: 0.784 ms
Execution Time: 10441.125 ms
(44 rows)

13. YTO Bbl MOXETe NO HeMy cka3aTb? YTO M3MeHnNoCh B HeM? Kakne noaBanch
AOMONHUTENIbHbIE NPOoLEecChI?

14. Bo3BpallaemM Halun napameTpbl 06paTHO

demo=> alter system set default statistics target=100;
ALTER SYSTEM

demo=> alter system set autovacuum=on;
ALTER SYSTEM

demo=> select pg reload conf();



pg reload conf

demo=> \q
postgres$ vacuumdb demo -q -j 4

A UTO y Hac B MOHUTOPUHre? Moxem in Mbl YBUAETb NpobaemMy Tam?
[laBanTe pacCMOTPMM TaKOU napameTp M3 naaHa Kak recheck

15. [NocMoTpuM Ha Tabanyy bookings.flights

postgres$ psql demo
psdl (12.6)
Type "help"” for help.

demo=> \d+ bookings.flights

Table
"bookings.flights”
Column | Type | Collation | Nullable |
Default | Storage | Stats target | Description
--------------------- S L S S S S
---------------------------------------- N N T L L T LT TP E
flight id | integer | | not null |

nextval('bookings.flights flight id seq'::regclass) | plain |
WoeHTudukaTop peunca

flight no | character(6) | | not null |

| extended | | Homep peiica

scheduled departure | timestamp with time zone | | not null |

| plain | | Bpema BbiieTa MO pacnUCaHMi

scheduled arrival timestamp with time zone not null

| plain | | Bpema npunéTta no pacnucaHuiw
departure_airport character(3) not null

| extended | | AsponopT oTnpaBneHus

arrival airport character(3) | not null

| extended | | AsponopT npubbiTuA

status character varying(20) | not null

| extended | | CtaTyc peiica

aircraft_code | character(3) | | not null |
extended Koo camoneTta, IATA

actual departure | timestamp with time zone | | |
plain dakTu4yeckoe BpemA BblIeTa

actual arrival | timestamp with time zone | | |

| plain | | dakTuveckoe BpeMA NpuNéTa

Indexes:

"flights pkey" PRIMARY KEY, btree (flight id)

"flights flight no scheduled departure_key" UNIQUE CONSTRAINT, btree (flight no,
scheduled departure)

"ix flights scheduled departure" btree (scheduled departure)

Check constraints:

"flights check™ CHECK (scheduled arrival > scheduled departure)

"flights checkl” CHECK (actual arrival IS NULL OR actual departure IS NOT NULL
AND actual arrival IS NOT NULL AND actual arrival > actual departure)

"flights status _check” CHECK (status::text = ANY (ARRAY['On Time'::character
varying::text, 'Delayed’::character varying::text, 'Departed’::character
varying::text, 'Arrived’::character varying::text, 'Scheduled’::character
varying: :text, 'Cancelled'::character varying::text]))

Foreign-key constraints:



"flights aircraft code fkey" FOREIGN KEY (aircraft _code) REFERENCES
bookings.aircrafts(aircraft code)

"flights arrival airport fkey" FOREIGN KEY (arrival airport) REFERENCES
bookings.airports(airport code)

"flights departure airport fkey" FOREIGN KEY (departure _airport) REFERENCES
bookings.airports(airport_code)
Referenced by:

TABLE "bookings.ticket flights" CONSTRAINT "ticket flights flight id fkey"
FOREIGN KEY (flight id) REFERENCES bookings.flights(flight id)
Access method: heap

16. Co3pgaamm nHaekc B 3Ton Tabauue no noawo scheduled_departure U BbIMOJHUM
NPOCTON 3anpocC K 3TON Tabauue

demo=> create index concurrently ix flights scheduled departure on
bookings.flights(scheduled departure);
CREATE INDEX

demo=> explain(analyze, buffers) select flight id from bookings.flights f where
f.scheduled departure between '2016-10-01"' and '2016-11-01";

QUERY PLAN

Bitmap Heap Scan on flights f (cost=353.33..2188.69 rows=16491 width=4) (actual
time=1.511..6.087 rows=16803 loops=1)

Recheck Cond: ((scheduled departure >= '2016-10-01 00:00:00400': :timestamp with
time zone) AND (scheduled departure <= '2016-11-01 00:00:00+00': :timestamp with time
zone))

Heap Blocks: exact=915

Buffers: shared hit=963

-> Bitmap Index Scan on ix_flights scheduled departure (cost=0.00..349.20
rows=16491 width=0) (actual time=1.391..1.392 rows=16803 loops=1)

Index Cond: ((scheduled departure >= '2016-10-01 00:00:00+00'::timestamp
with time zone) AND (scheduled departure <= '2016-11-01 00:00:00+00"'::timestamp with
time zone))

Buffers: shared hit=48

Planning Time: ©.103 ms
Execution Time: 7.179 ms
(9 rows)

17. NMosasunca Recheck - nepenposepka. [NoueMmy oHa noasmaacb? YTo 3TO 3HAUNT?

18. [laBante nepecTponm 3anpoc Tak, uTobbl He bbino Recheck

demo=> explain(analyze, buffers) select f.scheduled departure from bookings.flights f
where f.scheduled departure between '2016-10-01' and '2016-11-01";

QUERY PLAN

Index Only Scan using ix flights scheduled departure on flights f
(cost=0.29..514.11 rows=16491 width=8) (actual time=0.0629..2.212 rows=16803 loops=1)
Index Cond: ((scheduled departure >= '2016-10-01 00:00:00+00 " ::timestamp with time
zone) AND (scheduled departure <= '2016-11-01 00:00:00+00" : :timestamp with time
zone))
Heap Fetches: ©
Buffers: shared hit=49
Planning Time: ©.128 ms
Execution Time: 3.168 ms



19. Kak ewe MmoxHo nibasutbcs ot Recheck?

NMapameTtpbl KOHPuUrypauum PostgreSQL: Mapamerp
work_mem | autovacuum_work_mem |
maintenance work mem

Mo>keTe 3anyCTuUTb CKPUMT Ha CTeHAe ~/practice/lecture6/2.work_mem.sh, KOTOPbIU
Cnnkep 3alyckan B BUAEO.

Ay nponTUCh NO LWaram TekyLlen NpakTUKu
- https://gitlab.slurm.io/postgres/slurm_course/-
/blob/main/practice/lecture6/2.work mem.md, Tak>Xe NnpeACTaBNE€HHOW HUXE MO TEKCTY.

1. ﬂOCMGTpMM, KakKne napaMeTpbl BbICTaBJ/1EHDbI cemyac B cucteme

postgres$ psql -d demo
demo=> select * from pg settings where name like '%work mem%';

S R EE D R | S o

- O O S G I SN G I AN N SN G I AN G G G I S G G G G S I N B G G N G G I I I G N I I S I O G N O e s e .

name autovacuum_work_mem
setting -1

unit KB

category Resource Usage / Memory
short _desc Sets the maximum memory to be used by each autovacuum worker
process.

extra_desc

context sighup

vartype integer

source default

min_val -1

max_val 2147483647

enumvals

boot val -1

reset val -1

sourcefile

sourceline




pending restart | f
T TUEETIE) 2 | omt b o o i 1 e S S S S S B R S S

name maintenance_work mem

setting 65536

unit kB

category Resource Usage / Memory

short_desc Sets the maximum memory to be used for maintenance operations.
extra_desc This includes operations such as VACUUM and CREATE INDEX.
context user

vartype integer

source default

min_ val 1024

max_val 2147483647

enumvals

boot val 65536

reset val 65536

sourcefile

sourceline

pending restart | f

S RECORD 3 J---#- = --co oo oo e e

name work mem

setting 4096

unit kB

category Resource Usage / Memory

short_desc Sets the maximum memory to be used for query workspaces.
extra _desc This much memory can be used by each internal sort operation and
hash table before switching to temporary disk files.

context user

vartype integer

source default

min_val 64

max_val 2147483647

enumvals

boot val 4096

reset val 4096

sourcefile

sourceline

pending restart | f

2. CUIBHO YMEHbLNM NnapamMmeTp work_mem

demo=> alter system set work mem='64";
ALTER SYSTEM

demo=> select * from pg reload conf();
-[ RECORD 1 ]--+--
pg_reload conf | t

3. NMpoBepuM, Kakou CTan cenyac napameTp

demo=> select * from pg settings where name like work mem;

[} RECORD! T ] i mimimmimim i mioimm i mm e i e

name work mem

setting 64

UnlE kB

category Resource Usage / Memory

short_desc Sets the maximum memory to be used for query workspaces.
extra_desc This much memory can be used by each internal sort operation and

hash table before switching to temporary disk files.



context user

vartype | 1nteger

Soufed ( ) B8 Z¥configuration file
min_val = “| o4

max_val | 2147483647
>Vid I CCOOYN/

Boot’val b

reset val 64

sourcefile /var/lib/pgsql/12/data/postgresql.auto.conf
sourceline =

pending restart | f

4. BbInONHUM 3dafnpocC v paz6epem NJaaH €ro BblMOJHEHWA

demo=> explain (analyze,buffers)select count(*) from (select distinct flight id,
flight no from bookings.flights) f where flight id in (select flight id from
bookings.boarding passes b where seat no = 'A2');

QUERY PLAN

Aggregate (cost=41654.16..41654.17 rows=1 width=8) (actual time=671.702..671.758
rows=1 loops=1)
Buffers: shared hit=11304 read=4907 dirtied=15 written=8, temp read=360
written=606
-> Hash Join (cost=37262.02..39134.38 rows=1007911 width=0) (actual
time=671.697..671.753 rows=0 loops=1)
Hash Cond: (f.flight id = b.flight id)
Buffers: shared hit=11304 read=4907 dirtied=15 written=8, temp read=360
written=606
-> Subqguery Scan on ¥ (cost=10896.02..12048.08 rows=65832 width=4) (actual
time=98.297..98.299 rows=1 loops=1)
Buffers: shared hit=1591, temp read=360 written=606
-> Unique (cost=10896.02..11389.76 rows=65832 width=11) (actual
time=98.295..98.296 rows=1 loops=1)
Buffers: shared hit=1591, temp read=360 written=606
-> Sort (cost=10896.02..11060.60 rows=65832 width=11) (actual
time=98.293..98.294 rows=1 loops=1)
Sort Key: flights.flight id, flights.flight no
Sort Method: external merge Disk: 1384kB
Buffers: shared hit=1591, temp read=360 written=606
-> Seq Scan on flights (cost=0.00..2246.32 rows=65832
width=11) (actual time=0.010..46.799 rows=65835 loops=1)
Buffers: shared hit=1588
-> Hash (cost=26241.65..26241.65 rows=7548 width=4) (actual
time=573.384..573.438 rows=0 loops=1)
Buckets: 2048 Batches: 8 Memory Usage: 16kB
Buffers: shared hit=9713 read=4907 dirtied=15 written=8
-> Gather (cost=1000.00..26241.65 rows=7548 width=4) (actual
time=573.383..573.436 rows=0 loops=1)
Workers Planned: 2
Workers Launched: 2
Buffers: shared hit=9713 read=4907 dirtied=15 written=8
-> Parallel Seqg Scan on boarding passes b (cost=0.00..24486.85
rows=3145 width=4) (actual time=549.651..549.651 rows=0 loops=3)
Filter: ((seat no)::text = 'A2'::text)
Rows Removed by Filter: 631480
Buffers: shared hit=9713 read=4907 dirtied=15 written=8
Planning Time: ©.557 ms
Execution Time: 672.123 ms
(28 rows)



YTO Bbl MOXeTe CcKa3aTtb NPO Hero?
A UTO y Hac B MOHUTOPUHre? MoXeM in Mbl YBUAETb TaM Hally npobnemy?

5. MocmoTpuMm, Kakoe 3Ha4veHne napametpa default_statistics_target BbicTaBneHbl cenyac
B cuCTeMe

demo=> select * from pg settings where name = 'default statistics target’;
name | setting | unit | category |

short_desc | extra_desc
| context | vartype | source | min val | max val | enumvals | boot val | reset val |
sourcefile | sourceline | pending restart

--------------------------- | e
____________________________________ ey
e T T T TR —— +--
------- R Sy RS PR RpUE S SR SR SRR R S SR
S e

default statistics target | 100 | | Query Tuning / Other Planner Options |
Sets the default statistics target. | This applies to table columns that have not had
a column-specific target set via ALTER TABLE SET STATISTICS. | user | integer |
default | 1 | 10000 | | 100 | 100 | |

[ F

(1 row)

6. BoictaBum napametp work_mem B 20Mb 1 CMAbHO YMEHbLLNM
napamMeTp default_statistics_target

demo=> alter system set default statistics target=1;
ALTER SYSTEM

demo=> alter system set work mem='20MB';
ALTER SYSTEM

demo=> select * from pg reload conf();
pg _reload_conf

demo=> \qg
7. Caenaem aHanun3 Tabaumy bookings.flights n bookings.boarding_passes

postgres$ vacuumdb -d demo -t bookings.flights --analyze-only --verbose

vacuumdb: vacuuming database "demo”

INFO: analyzing "bookings.flights"”

INFO: "flights": scanned 300 of 2639 pages, containing 24426 live rows and 139 dead
rows; 300 rows in sample, 214867 estimated total rows

postgres$ vacuumdb -d demo -t bookings.boarding passes --analyze-only --verbose
vacuumdb: vacuuming database "demo"

INFO: analyzing "bookings.boarding passes”

INFO: "boarding passes”: scanned 300 of 59065 pages, containing 40534 live rows and
266 dead rows; 300 rows in sample, 7980469 estimated total rows

8. BbinonaHum 3drpoc v p336EpE‘M [M1dH €ro BblMOJHEHWA

postgres$ psql -d demo



demo=> explain (analyze,buffers)select count(*) from (select distinct flight id,
flight no from bookings.flights) f where flight id in (select flight id from
bookings.boarding passes b where seat no = 'A2');

Aggregate (cost=140375.66..140375.67 rows=1 width=8) (actual
time=17380.464..17380.466 rows=1 loops=1)
Buffers: shared hit=598761 read=48480 written=3600
-> Nested Loop (cost=5864.65..111352.49 rows=11609269 width=0) (actual
time=17380.461..17380.462 rows=0 loops=1)
Buffers: shared hit=598761 read=48480 written=3600
-> HashAggregate (cost=5864.22..8013.70 rows=214948 width=11) (actual
time=756.563..909.272 rows=214867 loops=1)
Group Key: flights.flight i1d, flights.flight no
Buffers: shared hit=2640
-> Seqg Scan on flights (cost=0.00..4789.48 rows=214948 width=11)
(actual time=0.013..284.882 rows=214867 loops=1)
Buffers: shared hit=2640
-> Index Only Scan using boarding passes flight id seat no_key on
boarding passes b (cost=0.43..2.50 rows=54 width=4) (actual time=0.071..0.071 rows=0
loops=214867)
Index Cond: ((flight id = flights.flight id) AND (seat _no =
A2 - -text))
Heap Fetches: @
Buffers: shared hit=596121 read=48480 written=3600
Planning Time: ©.537 ms
Execution Time: 17383.021 ms
(15 rows)

9. BepHemM obpaTHO napameTp default statistics_target

alter system set default statistics target=100,
ALTER SYSTEM

select * from pg reload conf();
pg_reload_conft

demo=> \qg
10. Caenaem aHanus tabany bookings.flights n bookings.boarding_passes

vacuumdb -d demo -t bookings.flights --analyze-only --verbose

vacuumdb: vacuuming database "demo"

INFO: analyzing "bookings.flights”

INFO: "flights": scanned 2640 of 2640 pages, containing 214867 live rows and 1294
dead rows; 30000 rows 1n sample, 214867 estimated total rows

vacuumdb -d demo -t bookings.boarding passes --analyze-only --verbose
vacuumdb: vacuuming database "demo"
INFO: analyzing "bookings.boarding passes”

INFO: "boarding passes”: scanned 30000 of 59194 pages, containing 4013733 live rows
and 53968 dead rows; 30000 rows in sample, 7919630 estimated total rows

11. BeinonHnm 3anpoc v pasbepem niaH ero BbINOAHEHWS

postgres$ psql -d demo



explain (analyze,buffers)select count(*) from (select distinct flight id, flight no
from bookings.flights) f where flight id in (select flight id from
bookings.boarding passes b where seat no = 'A2');

QUERY PLAN

Aggregate (cost=113088.10..113088.11 rows=1 width=8) (actual
time=6848.021..6870.766 rows=1 loops=1)
Buffers: shared hit=3881 read=57973 dirtied=305 written=19
-> Hash Join (cost=108149.80..113011.21 rows=30753 width=0) (actual
time=6848.005. .6870.749 rows=0 loops=1)
Hash Cond: (flights.flight id = b.flight id)
Buffers: shared hit=3881 read=57973 dirtied=305 written=19

-> HashAggregate (cost=5863.01..8011.68 rows=214867 width=11) (actual
time=1693.340..1693.341 rows=1 loops=1)
Group Key: flights.flight id, flights.flight no
Buffers: shared hit=2640
-> Seq Scan on flights (cost=0.00..4788.67 rows=214867 width=11)
(actual time=0.017..406.716 rows=214867 loops=1)
Buffers: shared hit=2640
-> Hash (cost=102196.71..102196.71 rows=7207 width=4) (actual
time=5154.604..5177.345 rows=0 loops=1)
Buckets: 8192 Batches: 1 Memory Usage: 64kB
Buffers: shared hit=1241 read=57973 dirtied=305 written=19
-> Gather (cost=1000.00..102196.71 rows=7207 width=4) (actual
time=5154.603..5177.334 rows=0 loops=1)
Workers Planned: 2
Workers Launched: 2
Buffers: shared hit=1241 read=57973 dirtied=305 written=19
-> Parallel Seqg Scan on boarding passes b
(cost=0.00..100476.01 rows=3003 width=4) (actual time=5058.988..5058.988 rows=0
loops=3)
Filter: ((seat no)::text = '"A2'::text)
Rows Removed by Filter: 2641937

Buffers: shared hit=1241 read=57973 dirtied=305 written=19
Planning Time: ©.573 ms

Execution Time: 6873.942 ms
(23 rows)

9.5



[lomalwuHee 3apaHue.

3ana3sabiBaHMe perninku
1. Co3patb cnoT penankaunm Ha cepsepe PostgreSQL Ha nopTy 5432,

2. Co3pante pennuky Ha 12 Bepcuun PostgreSQL Ha nopTty 5433, utobbl OHa paboTtana
yepes CA0T penankauum;

3. Ha pennavke BbiCTaBUTe NMapameTp max_standby_streaming_delay = 1h. [lpumeHuTte
ero

3. BeinoaHute BHYTPW TPaH3aKUWW 3arpoc C noagc4eTtoMm KOM4YeCTBa 3anucen B
Tabanuax bookings.ticket_flights, bookings.tickets, bookings.flights 1 nayson B 120

CEKYHA,

4. Joxantecb cbopa meTpuk B pgwatch2 n ybegutecs, uto penamkaumsa y Bac Hayana
3ana3/bliBaTh.

SAMEHAHWE

Ecan Ha rpadukax pgwatch2 HeTt 3anasgbiBaHMA, TO MOXHO BbIMOAHUTL Caeayroume
NeNCTBUS:

1. Hy>XKHO yBEANUYNTb YUNCNO CEKYH/, B NapamMeTpe pg_watch2

2. Ha nnagepe BblMoJHNTb AOMNONAHUTE/IbHYHO KOMaHAY obBHONEHUSA AdHHDbIX,
HanpumMmep update bookings.tickets set ticket _no = ticket no;

Yek-1ucm

1. Co3paH cnot penamkaymm Ha cepsepe PostgreSQL Ha nopTty 5432;

2. Co3gaHa penanka Ha 12 Bepcum PostgreSQL Ha nopTty 5433 1 oHa paboTaeTt yepes
CNOT penankauuw;

3. Ha penauke BbiCTaB/ieH NapaMeTp max_standby streaming delay = 1h

4. BbInoNHEH BHYTPU TpaH3akKuMm 3anpoc € NOACYETOM KOAMYeCTBa 3anncen B

Tabanuyax bookings.ticket flights, bookings.tickets, bookings.flights 1 nay3ou B 120
CeKYHA;

5. [loATBEPXAEHO COCTOSAHME OTCTaBaHME PEenanKu.

Pemenue:

1. Cozmath ¢0T perumMkanuu Ha cepBepe PostgreSQL Ha mopTy 5432;



student$ sudo -u postgres -i

postgres$S cd ~

postgres$ ./tank.sh DB="demo" CLUSTER HOST="localhost" CLUSTER PORT="5432"
TIME="36000" CNT="10"

postgres$ psql

pEgl {l2:6)

Tyvpe "help" for help.

postgres=¥ SELECT pg create physical replication slot('synch slot5433"');
pg create physical replication slot

(synch slot>433,)

(1 row)

2. Coszpaiite peruiuky Ha 12 Bepcuu PostgreSQL Ha nopty 5433, utoObl OHa paboTana
yepe3 CJIOT peIUIuKalliu;

postgres=# \g

postgres$ pg basebackup -D /var/lib/pgsql/12/main5433 -R -S synch slot5433 -v
pg basebackup: i1nitiating base backup, waiting for checkpecint to complete

pg basebackup: checkpoint completed

pg basebackup: write-ahead log start point: 2/13000028 on timeline 1

pg basebackup: starting background WAL receiver

pg basebackup: write-ahead log end point: 2/13000138

pg basebackup: waiting for background process to finish streaming

pg basebackup: syncing data to disk

pg basebackup: base backup completed

3. Ha penunke BbICTaBUTE MapaMeTp max standby streaming delay = 1h. llpumenure
ero CTpoka ¢ port=5433 MOKET HE KOPPEKTHO BCTaTh B KOH(PHUT
/var/1ib/pgsql/12/main5433/postgresql.conf. Hy>XHO IIPOUTU U UCTIPABUTH ITO.

postgres$ echo "port=5433" >> /var/lib/pgsql/l2/main5433/postgresgl.conf
postgres$ echo "max standby streaming delay = 1h" >>
~/12/main5433/postgresqgl.conf
postgress pg ctl =D ywvar/lib/pgsqlys/12/main5433 start
walting for server to start....2021-04-24 14:54:28.8372 UTC [23138] LOG:
starting PostgfreSQl: 12.6 ‘on: x86 64-pe-linux-gnu; complled by gcc (GCLC) 4:8.5
20150023 (Red Hat 4.8.5-44), 64-bit

2021-04-24 14:54:28.833 UTC [23138] LOG: listening on IPv4 address

e (LY, PERE a0

2021=-04-24 14:54:28.833 UTC [23138] LOG: listening on IPvé address "::",
PErE 5433

2021-04-24 14:54:28.836 UTC [23138] LOG: 1listening on Unix socket
"/var/run/postgresqgl/.s.PGSQL.5433"

2021-04-24 14:54:28.848 UTC [23138] LOG: listening on Unix socket
"/tmp/.5.PGS0L.5433"

2021-04-24 14:54:28.866 UTC [23138] LOG: redirecting log output to logging
collector process

2021-04-24 14:54:28.866 UTC [23138] HINT: Future log output will appear in
directory "log"

done

server started

4. BBIIOJMHUTE BHYTPHU TPAH3AKIIMH 3aIIPOC C IOJICYETOM KOJIMYECTBA 3alIMCEN B TaOIHIIax
bookings.ticket flights, bookings.tickets, bookings.flights ¥ may3ou B 120

CCKYH/,

postgresS$S psqgl -p5433 demo
pEgl (12:6)



Type "help" for help.

demo=# do $S

begln
pertorm eeunti(*] From beskings.ticket Flighbs;
perform count(*) from boockings:tickels;
peErtorm eounbt®) from bockings.tlights;
perform pg sleep(120);

end;

55;

..*.
*
*

DO

5. JloxkauTtech coopa MeTpuk B pgwatch2 u ydoenuTech, 4TO penjiMKanus y Bac Havyajia
3aI1a3/bIBaTh.

B IPYT'OU CECCUMU !!!

demo$ psqgl
psgl (12.6)
Type "help" for help.

demo=# \x
Expanded display 1s on.
demo=# select * from pg stat replication ;

=il RECOREL 1 [ e s i s e s
pid 28087

usesysid 10

usename posStgres

application name walrecelver

claent addr

client hostname

glaent part !

backend start 2021=04=-24 15:03:4L.419127+00
backend xmin

state streaming

sent lsn 2/16FA3478

write 1sn 2/16FA3478

flush 1sn 2/16FA3478

replay lsn 2/16E559RB8

write lag 00:00:00.000148

Flush lag 00:00:00.002821

replay lag DOs 002009376748

SYyne prierity 0

SYREe Stake async

reply time 2021-04-24 15:04:26.274246+00

demo=# select * from pg stat replication ;

=l RECORE | =i s s
pid 28087

usesysid 1.6

usename posStgres

application name walreceiver

client addr
client hostname

glient ;pert !

backend start 2021=04=24 15:03:41.415127+00
backend xmin

state streaming

sent 1lsn 2/2F080000

write lsn 2/2F000000



flush 1sn 2/2F000000

replay lsn 2/16E559B8

write lag D00 11 23852

Flush Lag BEEELT105 o GIL  RT

replay lag 00:01:19.455937

Sync priority 0

sync state asvyinc

reply time 2021-04-24 15:05:44.78153+00

demo=# select * from pg stat replication ;

-[ RECORD 1 |-+ ————————
pid 28087

usesysid 10

usename postgres

application name walreceiver

glaent addr

client hostname

glient \Bort =l

backend start 2021-04-24 15:03:41.419127+00
backend xmin

state streaming

sent lsn 2/305C0000

write lsn 2/30560000

tliush len 2/30520000

replay lsn 2/16E559R8

write lag DO:0U:11.636880

flush lag 00:00:11.64735

replay lag 20 S-S G 1l D s B T

SYRC pPrisriEy 0

sync state | async

reply time | 2021-04-24 15:05:46.394854+00
demo=#

3AMEYAHMUE Ecnu Ha rpadukax pgwatch2 HeT 3ana3apIBaHUs, TO MOKHO BBITTOJIHUTH
CIICAYIONIUE ICHCTBUS:

1. HyxHO yBEJIMYUTH YHCJIO CEKYHJ B IAPAMETPE pg watch?
2. Ha JIMACPC BBINMOJIHUTL JONOJIHHUTCIIbBHYH) KOMAH/1Y OOBHOJIEHUS JaHHBIX, HAIIPUMCP
update bookings.tickets set ticket no = ticket no;



