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YyeT Ucnosab3oBaHUA pecypcos

Bb1bpanu
NOANUCKU

3anpocunu
06bembI O6bHosuNU™
notpebneHus™

* 8 16 noTtokos
IN “RAINI:



YyeT ncnonb3oBaHUA pecypcos
B undpax

» bonblaa Tabnuua pecypcoB (>12 MIH CTPOK);

* 1% obHoBrneHunn (~250 Tbicay update’oB):

- ¢ cobnogeHnem nepapxmm (customer — reseller —
provider);

- C OM3HECOBOW NPOBEPKON Ha NPEBLILLEHNE OrPaHUYEHNN.

* B Heckonbko NOToKOB (16 MO yMOn4aHuio),
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Koa npoueaypbl 06HOBAEHUA,
hibernate

SELECT subscription id FROM subscriptions
WHERE app i1d = <dropbox id>;

Get cur usage value from external API call;

SELECT * FROM resources
WHERE resource id = <resource 1d> Q&Si
FOR UPDATE;

IF cur usage value < usage limit THEN
UPDATE resources /_Sx

SET usage value = cur usage value 'QZS%
WHERE resource id = <resource 1d>;
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TectuposaHue, o6bI4YHO

data processing rate (records per minute)
4000

2000

1000

13:12:00 13:26:24 13:40:48 13:55:12 14:09:36 14:24:00 14:38:24 14:52:48



TecTupoBaHue, oaHaXAbl

data processing rate (records per minute)

4000

dJ'MN';* 241 712 pecypcos
3000 1w 1 yac 13 MuHyT
| ll# .H"‘ '.;' Vs I'U‘I ';d-'.i \

2000 4 44% 3a 10 MuHyT
165 425 pecypcos
3 uaca 17 muHyT
1000
0

14:52 15:21 15:50 16:19 16:48 17:16 17:45 18:14

®
o
@«
H



MpuunHa?

* TTpobnemsr cepsepa
» TTpobnembl HacTpoek 6asbr
* ABTOBAKYYM

- PoHOBAS HArpy3Ka
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JBpUKa!

=# begin;  TpaH3akuua He co3aaeT
=# create table x(n numeric); Harpysku
=# <ocmassisieM mpaH3aKyuro OmKpbImMou> « He 6nokupyert

6u3HecoBble TabnuLbl
« OHa BoObLEe MOXeT 6bITb
3anylueHa B Apyrou base

4000

3500

3000

2500

2000

1500

1000

500

0
14:24:00 14:52:48 15:21:36 15:50:24 16:19:12 16:48:00 17:16:48 17:45:36 18:14:24
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HE
MCTTONb3YNTE
[NMHHBIE

TPAH3AKLMHA




Bonpochol

* A ANUHHaA
TpaH3akumsg 3710
CKOJIbKO?
(tepsem 10% 3a 1
MUHYTY)

* I noyemy UmeHHo
3TOT PYHKLUMUOHAN?

* MOXHO Nu YTO-HUbYAD
C 3TUM caenaTb?
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UTOo umeem

v BocnpoussoammocTb
v PostgreSQL 9.6
v TToapObHLIU NOr AKTUBHOCTU NPUNOXKEHUS

X ®OHOBASA AKTUBHOCTb NPUNOXKEHUS
x Java
x Hibernate
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Koa npoueaypbl 06HOBAEHUA,

postgresq|

;LRFORM pg sleep(0.003); € yMMTauUA BaIepXKU
2?r usage vafﬁf = trunc (random () *10000) ;

FOREACH resource IN resource 1d LOOP
SELECT *

FROM resources /’ﬁix
X3

WHERE resource_id = <resource_id>41“/

3 FORLRpAsey
4" ——
IF cur usage value < usage limit THEN
FOREACH resource IN resource_id LOOP

UPDATE resources /'“Tx
SET usage value = cur usage value X3
HERE r ce 1d = <resource 1d>; QL‘,/
-
END ?g
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(BREAKPOINTS)
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MpobaemHbiN 3anpoc

bad procedure timing, ms

2
» 1.5 -
g FOREACH resource IN resource 1d LOOP
o 1 SELECT *
2 FROM resources
= WHERE resource id = <resource id>
S 0.5 FOR UPDATE;
END LOOP;
3

timepoints
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TpaH3aKuuA

TpaH3akuua — rpynna nocneaoBartesnibHbIX onepauun ¢
6a3ou AaHHLIX, KOTOpasa npeacTasnseT cobou Nornuyeckyro
eAUHULY paboTbI C AGHHBIMU. TpaH3aKLUA MOXeT bbITb
BbIMNOJSIHeHa NMbo Lenukom U ycnewHo, cobnroaas
LleNNOCTHOCTb AGHHBIX U HE3aBUCUMO OT MapannesibHO UAYLUX
ApYTUX TPAH3aKLUMM, NMbO He BbINOSNHeHa BoobLLe, U TOrAa OHa
He A0SIXHA NPOU3BECTU HUKAKOTO IPEeKTa.

OAHUM U3 Hanbornee pacnpoCcTpaHEHHBIX Habopos
TpebOoBAHUU K TPAH3AKLMAM U TPAH3AKLIMOHHLIM CUCTEMAM
asnsetca Habop ACID (Atomicity, Consistency, Isolation,
Durability).

(wikipedia)
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https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D0%B7%D0%B0%D0%BA%D1%86%D0%B8%D1%8F_(%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)

Multi-Version Concurrency Control

* Yutatenu He 6n0KUpYHOT NucaTenen u apyrux
ymuTaTeneu

* TTucatenu He 6NOKUPYHOT YMTATENEU U APYTUX
nucartenen™

* Bce TpaH3akumuum paboTaroT CO CBOUMU BepCUAMU
AAGHHBIX (CHUMKAMK)

* T.e. UMeem XOopoLyHO NApannesibHoCTb, HO...

* ecnu, KOHeYHo, MUCaTenam He HYXHO MeHATb AaHHbIe, KOTOpbIe U3MEHeHbI B
TPaH3aKUUM, KOTOpas eLlé He 3aBeplueHa
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Pages

$PGDATA /base/20932184/20932188
Page | Page | .. |Page|

ltem | Item | Item —»
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Tuple Tuple Special
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Heap tuples

Null OID
Header i ?itmap (opt) User data
t xXmin t xmax
xid xid




Heap tuple example

=# create table demo (i int);

=# insert into demo wvalues (1) :;

=# select lp, t xmin, t xmax
from heap page 1tems(get raw page('demo’, 0));

lp | t xmin | t xmax

1 | 456 | 0
=# update demo set i = 2;

=# select lp, t xmin, t xmax
from heap page 1tems (get raw page('demo', 0));

lp | £t xmin | t xmax
T e
1 | 456 | 457
2 | 457 | 0

IN “RANI: yCTGHOBU paclumpeHue pageinspect, YTo6bI NOBTOPUTL SKCMEPUMEHT A



Heap tuple rollback example

=# begin;
=# delete from demo where i = 2;
=# rollback;

=# select lp, t xmin, t xmax
from heap page items (get raw page('demo', 0));

lp | t xmin | t xmax
e T

1 | 456 | 457

2 | 457 | 458
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Commit Log

_# INSERT; 456

t mmpff_ggmmx * COMMITED

1 | 456 0

—# UPDATE;
1p | t_xmin 4T xmax 456 4577
1 | 1€ """ COMMITED COMMITED

llllllll

2 | 1457 | 0

---------

=# BEGIN;DELETE;
lp | t xmin | t_ 156 457 458

; : jgg : j-oml = COMMITED COMMITED IN PROGRESS

—# ROLLBACK; 456 457 458
""" COMMITED COMMITED ABORTED
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Transaction snapshot

=# begin;
=# SELECT txid current();

txid_current

470
=# SELECT txid current snapshot();

txid current snapshot

lllllllllllllllllllllllllllllllllllllllllllllllll

---------------------------------------------------

xid_list. 1 3Tu - akTUBHBbI
xmax. Bce TpaH3akuuM, HAYUHAA C 3TOW - AKTUBHBI

xmin. Bce TpaH3aKUMU A0 3TOU - HEAKTUBHbI
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PostgreSQL visibility check rules

ABORTED
IS
t_xmin CURRENT
status > IN_PROGRESS. TRANSACTION
?
IS
t_xmin YES
COMMITED ACTIVE IN
SNAPSHOT
? NO

xmin - the value of t_xmin in heap tuple header
xmax - the value of t_xmax in heap tuple header
t_xmin status - status of transaction that set xmin
t_xmax status - status of transaction that set xmax
snapshot - our transaction's transaction snapshot
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Reminder: problem query

SELECT ~*
FROM resouy
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page Hoader | o

Indexes

C ndex
L\

Item | [tem

el

Tuple

Tuple

Tuple

Special
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HOT (Heap Only Tuple) Update

Page Header | Item

Item | [tem

_—

NTuple v3

Tuple v2

Tuple vl

Special
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Single-page cleanup (minivacuum)

<m11>

Header Item Itegl Item

e

~|Tuple v5 "T)uplé v4/| Tuple v3
[ |Tuple v2 Hltrp’l/e v1|Special
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Single-page cleanup (minivacuum)

Item | [Tuple v6

Special

https://qgithub.com/postgres/postgres/blob/master/src/backend/access/heap/pruneheap.c



https://github.com/postgres/postgres/blob/master/src/backend/access/heap/pruneheap.c

Long transaction suddenly comes

?Item Item | Item
— .
Item | [ltem pltem quPléV6

T Tuple VS‘:I_‘)_\_g\plévjl/ Tuple v3
(| Tuple v2 [<Fuple v1 | Special
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Long transaction suddenly comes

*Item Item | Item
Item ng:em &t§mLiTup1§v6

e

Tuple VSK‘_;I"_‘E\I)IQ \7/4- Tuple v3

—

Tuple v2

<Tuple v1 | Special
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Tuple v7

Special
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Long transaction suddenly comes

*Item Item | Item
Item Eem \!‘t%mLiTuplgVG

*Item [tem | Item
Item ‘I‘Eem \I‘t%mLEuplézvlz

T Tuple VSK‘ﬁg\plévll/ Tuple v3
| Tuple v2 ﬂlttﬁl/e/vl Special
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Tuple v1 Ef-illlle&"’lﬁ Tuple v9 <
| Tuple v8 [<Tuple v7 | Special
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Long transaction suddenly comes

ltem [1tem [1tem

Item fl}:_g_T | Item
Item | Item . ltem uplq[v12

= N

T~
Item | Item | Item
Item [[tem{ltem | | uplq[vls

.
Item | Item | Item

Item | [tem {Item Tuplé v6 Item [[tem [-Item | upquv24-$7
1 Tuple v5 [*Tuple v4/| Tuple v3 |Tuple v11Tuple\v10| Tuple v9 ; |Tuple v17[Tuple\v16|Tuple v15;7 |Tuple v23/Tuplely22|Tuple v21|_
q"i Tuple v2 i-@u-p‘l’évl iSpeciali

q”i Tuple v8 i<El=u'pT'ev7 iSpecialV
e —
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Long transaction suddenly comes

[Tuple v11[fuplely 10| Tuple va |
Tuple va e w7 [Special :
-

special
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Long transaction suddenly comes

1 value - 16 references from index to heap
1 value - 128 tuples
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Homework

PSQL:
psgl> create table x
(n numeric primary key,
s varchar) ;
psgl> insert into x wvalues (1, 'xxxxxx');
psgl> alter table x
set (autovacuum enabled = off);

psgl> begin;
psgl> select txid current();
psqgl> <leave the transaction open>

BASH:

S while :; do psql -c "update x set s =

md5 (random () : :text) where n = 1;" > /dev/null;
done
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Homework (cont.)

psql> explain analyze
select count(*) from x where n = 1;

Aggregate (cost=.. rows=1 width=8) (actual time=0.030..0.031 rows=1 loops=1)
-> 1Index Only Scan using x pkey on x .. (actual time=0.012..0.026 rows=1 ..)
Index Cond: (n = 'l'::numeric)

Heap Fetches: 1

Planning time: 0.086 ms

Execution time: 0.058 ms
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Homework results

psql> explain analyze select count(*) from x where n = 1;

Time elapsed, |# of updates |Heap Fetches |Query execution
minutes 'rlme ms

0.058

5 34 636 289 1.906
10 62 780 524 3.448
20 108 291 903 6.093
30 145 729 1215 8.170



Homework results (cont.)

psgl> explain analyze select count(*) from x where n = 1;

10 Query execution time, ms

8

6

0 20 40 60 80 100 120 140
# of updates, thousands

0.058ms + (0.56ms per 10k updates)
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BbiBOAbI

1. HNaHHbIEe 0c0b0 He meHaroTca? [nuHHbIe TpaH3akuum
- He npobnema;

2. AKTUBHO MeHaroTCS, HO paBHOMEpPHO pa3masaHbI? He
Takas 6onblias npobnema;

3. AKTUBHO MeHSHOTCSA OAHU U Te Xe AaHHbIe? Ybupaun
ANIUHHbIE TPAH3AKUMUU;

4. He moxews? YBOAU UX HQ ACUHXPOHHYHO pensuKy™;

5. Bcé paBHO He MOXelb FrapaHTUPOBATb UX
oTcyTcTBue? CHUXaM NobOYHbIE 3PPEeKThI
(Hanpumep, yMeHbLIaM KONTMYeCTBO NMOPOXAAEMbIX
Tannos);

* Anekcei Jlecosckuii - OTnaaka U yctpaHeHue npobnem B PostgreSQL Streaming Replication
https://www.youtube.com/watch?v=on2yVvKejwc



https://www.youtube.com/watch?v=on2yVvKejwc

Bulk updates

CkopocTtb 0b6padoTkn 50 000 noanUCcok B 3aBUCUMOCTN OT
pa3mepa nadku, noanncok B CEKYHAY

Without long | With long D
egr‘ada'l'lon
transaction | transaction

Bulk size = 1

(no optimization)

Bulk size=5 134 129 3.7%
H Bulk size = 10 132 131 0.8%
l Bulk size = 100 102 100 2%
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