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Pogzg}issé”g Oucknenmep

» fl He pacckarKy Npo BCe Y3KMe MeCTa, a TO/IbKO Npo
HeKoTopble. Te KOTOpble BCTPETUNUCH B }KU3HMU,
n/VMnn 3auenuamn B3rnsaa B Koae.

» NCTUHbI He cywecTByeT, 0 TOM, YTO HAaCKOIbKO
3HAYUMO U/WUAN TUNNYHO MOXKHO A0/T0 CNOPUTH.
Bcé, uto a usnarato — cyry6o moé NMXO.

» Hy, yto nogenatsb!
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o)) PROFESSIONAL

Posygres

Mpumep N21: NHTEHCUBHbIU
UPDATE
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Pogzgres Mpumep Nel: DDL

[MpocTada 3a4a4a — CYUTAEM XUTbI.

Table ”public.url”

Column | Type | Collation | Nullable | Default
--------- e e S
id | integer | | not null |

href | text | | not null |

paraml | text | | |

param20 | text | | |
hits | bigint | | not null | o
Indexes:
»url_pkey” PRIMARY KEY, btree (id)
?url_href_index” btree (href)
»?url_paraml_idx” btree (paraml)

?url_param20_idx” btree (param20)

HAPOP! B



Pogza}i%ég Mpumep Nel: HarpysouHoe TecTMpoBaHMe

\set id random(1l, 100000000)
UPDATE url SET hits = hits + 1 WHERE id = :id + 1;

$ pgbench -c 60 -j 60 -M prepared -f scriptl.sql \
-T 1000 -P 1 postgres

» ~200 000 TPS
» ~20 MB/sec writes
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ef proressonaL — Mlapamen Nol: CvpoBasa peasibHOCTb
Pogzgres PrMER TR poRane

\set id random_zipfian(1l, 100000000, 1.5)
UPDATE url SET hits = hits + 1 WHERE id = :id + 1;

$ pgbench -c 60 -j 60 -M prepared -f scriptl.sql \
-T 1000 -P 1 postgres

» ~15 000 TPS (B ~10 pa3 Huxke)
» ~5 MB/sec writes (B ~5 pas Bbiwe bytes/TPS)
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Pogza}ssgg Mpumep Nel: YT1o nowno He TaK?

HepaBHOoMepHOEe pacnpeaeneHue, ns-3a sToro:
» Bonbluas KOHKYpPEeHLMA 33 CTPOKM,

» Xy»Ke paboTtaet HOT.
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Pogzgres Tuple lock: npobnema

Heap

8/40

Y3kue mecrta PostgreSQL

Anekcanap Kopotkos



g roessona - Tuple lock: naTy

Pos{gres

tid lock
x5 ' tidlock |
tx4 : x5 |
1x3 x4 |
x2 x3 |

Heap ‘F{ow vi HHDW VQ}—"IROW v3| ‘

pk lock :

¥ -
Heap IF{ow v1} }Flow vg‘{ "lFiow VSI
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Posigres "7

index 1 index 2 index 3

hot chain o : hot chain hot chaln

[toe b{twp ofup ] § ¢ [t |->|tup| |
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Podgias HoT

Xopowo ana HOT

Updates

MNnoxo ana HOT

Updates
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g roessonat - KoceTbinb: table split

Pos{gres

BEGIN;

ALTER TABLE url DROP COLUMN hits;

CREATE TABLE url_hits (id INTEGER PRIMARY KEY,
hits BIGINT NOT NULL);

COMMIT;

\set id random_zipfian(1l, 100000000, 1.5)
UPDATE url_hits SET hits = hits + 1 WHERE id =

1id;

» ~30 000 TPS (B ~2 pasa nyuwe)
» ~4 MB/sec writes (8 ~3 pas nydwe bytes/TPS)
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ef ProFessonaL - Mppimen Nol: Pesrome
Posjgres PP

» [lpoBoaMTe Harpy3o4yHOe TECTUPOBAHME HA PA3HbIX
pacnpeaeneHunax Harpysku u AaHHbIX. B }kn3Hu (4ale Bcero)
pacnpegeneHuns byayt “kocbimn” U KOppeANpPOBaHHbLIMMU.

» Ha “Kocbix” pacnpeaeneHmnsx BOSHUKAET KOHKYPEHLMSA 3a
OTAENbHble CTPOKM.

» Ha “Kocbix” pacnpeaeneHusx xyxe pabotaetr HOT. MoKHO
BbIAE/INTb YAaCTO OBHOBASIEMYIO YAaCTb KOJIOHOK B OTAENbHYI0
Tabauuy, Torga He Hy»KHO 6yaeT 06HOBAATb MHOMO MHAEKCOB.

» MoHuTtopuHr: pg_locks, pg_stat_activity(.wait_event
.wait_event_type), pg_stat_all_tables(.n_tup_hot_upd
.n_tup_upd)
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o)) PROFESSIONAL

Posygres

Mpumep No2: npobnemsbl c
shared_buffers
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o)) PROFESSIONAL

Pos gres Mpumep No2

» Ypanto-Ka 1 HECKONbKO HEHYXHbIX Tabauu, rae-1o
1000-1500 Bcero.

» YTO-TO TOPMO3MUT, A NiyyLle B Napannenb.

» Oi, arae mos penanka???!!!

Replication lag, minutes

10:0010:2010:4011:0011:2011:4012:0012:2012:40 1:00 1:20 1:40 2:00 2:20 2:40
AM AM AM AM AM AM PM PM PM PM PM PM PM PM PM
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Pog}gres Mpobnemsl ¢ shared_buffers

E shared_buffers hash

» shared_buffers —

E Bucket
X3W-Tabnmua | [ buffer| [buffer] [ bufer]
» Mounck buter |
tag 1
' Bucket
KOHerTHOFO \—> lbuffer‘ lbuﬁer‘ lbuffer‘
buffer tag’a 3a :
0(1) :) I Bucket

; ’ |buffer| lbuffer‘ lbuffer‘
» [louncK Bcex -

bydpepos TabamLpl Bucat
34d O(N) ;( _ ) lbuffer‘ lbuffer‘ lbuffer‘
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ol PROFESSIONAL CBeTnoe 6yﬂ|yu'l|ee:
Pos gres nepegenka shared_buffers

Tree of relations

» shared_buffers —
radix tree

» Mounck \

KOH KypeTHorO Trees of blocks
buffer tag’a 3a
O(log(n)), 3aTo

€CTb JIOKA/IbHOCTb

» lMounck Bcex
6ydepos Tabanupbl
32 0(n):)
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Pogza}isség Hebonbloe obneryeHme B PostgreSQL 12

Ecnn Heckonbko DROP TABLE crpynnnpoBaHo B 04HY
TPaH3aKUMIO, TO Ha pen/inke OHU BblYMLLLAIOTCA U3
shared_buffers 3a ognH npoxoa.

Tenepb BMmecTO

DROP TABLE tabl; ... DROP TABLE tabN;

nydule nncatb

BEGIN;
DROP TABLE tabl; ... DROP TABLE tabN;

COMMIT;
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Pogzg}gsgg Mpumep Ne2: Pestome

Pennuke Taxkeno nocnenoBaTeNbHO CKAHNMPOBATL
shared_buffers B ogmH notok.

v

v

B HEeKoTOpbIX C/ly4aax MOXKHO ONTUMU3NPOBATL
Harpysky Ha penanky (DROP TABLE B ogHo#
TpaH3aKuun).

v

A elWe MOXXHO YMEHbLNTb Ha pennke
shared_buffers :)

MoHuTtopuHr: perf, gdb (sampling) :)

v
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o)) PROFESSIONAL

Posygres

Mpumep No3: npobnemsl ¢
SAVEPOINT amu
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Posigras Mevmep Nes (1/2

\set aid random(1, 100000 * :scale)

\set bid random(1, 1 * :scale)

\set tid random(1l, 10 * :scale)

\set delta random(-5000, 5000)

BEGIN;

INSERT INTO pgbench_history (tid, bid, aid, delta, mtime)
VALUES (:tid, :bid, :aid, :delta, CURRENT_TIMESTAMP);
SAVEPOINT s1;

INSERT INTO pgbench_history (tid, bid, aid, delta, mtime)
VALUES (:tid, :bid, :aid, :delta, CURRENT_TIMESTAMP);

SAVEPOINT sN;

INSERT INTO pgbench_history (tid, bid, aid, delta, mtime)
VALUES (:tid, :bid, :aid, :delta, CURRENT_TIMESTAMP);
SELECT pg_sleep(1.9);

END;
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Posjgres MPvmep Ne3 (2/2)

pgbench -c 2 -j 2 -M prepared -f script.sql@l -T 1000 -P 1 postgres &
pgbench -c 60 -j 60 -M prepared -T 1000 -P 1 postgres
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o O
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o] PROFESSIONAL Subtransacﬁons (1/2)

Pos{gres

/*

*
*
*
*
*
*
*
*
*

Each backend advertises up to PGPROC_MAX_CACHED_SUBXIDS TransactionIds
for non-aborted subtransactions of its current top transaction. These
have to be treated as running XIDs by other backends.

We also keep track of whether the cache overflowed (ie, the transaction has
generated at least one subtransaction that didn’t fit in the cache).

If none of the caches have overflowed, we can assume that an XID that’s not
Listed anywhere in the PGPROC array 1is not a running transaction. Else we

have to look at pg_subtrans.

*/
#define PGPROC_MAX_CACHED_SUBXIDS 64 /* XXX guessed-at value */

struct XidCache

{

TransactionId xids[PGPROC_MAX_CACHED_SUBXIDS];
s
Snapshot

GetSnapshotData(Snapshot snapshot)

if (pgxact->overflowed)
suboverflowed = true;
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Pos gres Subtransactions (2/2)

bool
XidInMVCCSnapshot(TransactionId xid, Snapshot snapshot)

* We start by searching subtrans, if we overflowed.
*/
if (snapshot->suboverflowed)

/*
* Snapshot overflowed, so convert xid to top-level. This is safe
* because we eliminated too-old XIDs above.
*/

xid = SubTransGetTopmostTransaction(xid);

» CabTpaH3aKuum xpaHaTca B pg_subtrans SLRU.
» MomHuTe, Kaxapbidi TRY/CATCH B PL/pgSQL — 3to SAVEPOINT!
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Pogzg}i“ég Y10 Takoe SLRU?

» CTpyKTypa AaHHbIX 41 MaNeHbKOro Yyncna bydepos
(He bonee 128).

» MonckK Hy*KHOro bydepa nocnenoBaTeNbHbIN.

» JlocTyn K pa3gensemoit NaMmaT 3aLlmnLLEH
LWLock’os. |0 Kaxaoro 6ydepa 3amuLeHO CBOUM
LWLock’om.
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Pos : Si%ég OTKyaa B3aamcb SLRU? (1/2)

commit 2589735da@8c4e597accbb6eab5ae65b6339ee630
Author: Tom Lane <tgl@sss.pgh.pa.us>
Date: Sat Aug 25 18:52:43 2001 +0000

Replace implementation of pg_log as a relation accessed through the
buffer manager with ’pg_clog’, a specialized access method modeled

on pg_xlog. This simplifies startup (don’t need to play games to
open pg_log; among other things, OverrideTransactionSystem goes away),
should improve performance a little, and opens the door to recycling
commit log space by removing no-longer-needed segments of the commit
log. Actual recycling is not there yet, but I felt I should commit
this part separately since it’d still be useful if we chose not to

do transaction ID wraparound.
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Pos : Si%ég OTKyaa B3aamcb SLRU? (2/2)

commit @abe7431c6d7a022e7f24a4f145c702900156174
Author: Bruce Momjian <bruce@momjian.us>
Date: Wed Jun 11 22:37:46 2003 +0000

This patch extracts page buffer pooling and the simple
least-recently-used strategy from clog.c into slru.c. It doesn’t
change any visible behaviour and passes all regression tests plus a
TruncateCLOG test done manually.

Apart from refactoring I made a little change to SlruRecentlyUsed,
formerly ClogRecentlyUsed: It now skips incrementing lru_counts, if
slotno is already the LRU slot, thus saving a few CPU cycles. To make
this work, lru_counts are initialised to 1 in SimpleLrulInit.

SimpleLru will be used by pg_subtrans (part of the nested transactions
project), so the main purpose of this patch is to avoid future code
duplication.

Manfred Koizar
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ol PROFESSIONAL [o) . ?
POS gres Mpumep Ne3: Y1o genatob:

» He penatb 6onee 64 SAVEPOINT o8 :)

» Yeennuntb PGPROC_MAX_CACHED_SUBXIDS B
ncxogHukax (~50% WwyTKK)

» aaTtb zheap n gpyrmux undo-based storage
» Kynutb y Postgres Pro ceKpeTHbIN KOCTbINb

» Pa3paboTymkam noctrpeca — yHocuTb Bcé ¢ SLRU B
buffer manager

» MoHuTopuTb pg_stat_activity(.wait_event
.Wwait_event_type)
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Poddgias

Mpumep No4: oyeHb N1OXOMU
(ans noctrpeca) UPDATE

JiekcaHap Kopotkos Y3kue mecTta PostgreSQL 29/40



Pogza}isg”g Mpumep Ne4 (1/3)

UPDATE tab

SET coll = vall, -- Bce Ko/a0HKU, Oaxe me,
col2 = val2, -- Komopsie He MeHAAUCH
col3 = val3,
cold = val4,
col5 = val5;

OueHb NNoxo, Ho Tak moryT genatb ORM! U3-3a aToro He
paboTaeTt HOT!
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Poy SFFSSéNg Mpumep Ne4 (2/3)

\set aid random(1, 100000 * :scale)

\set bid random(1, 1 * :scale)

\set tid random(1, 10 * :scale)

\set delta random(-5000, 5000)

BEGIN;

UPDATE pgbench_accounts SET abalance = abalance + :delta, bid = bid

WHERE aid = :aid;

SELECT abalance FROM pgbench_accounts WHERE aid = :aid;

UPDATE pgbench_tellers SET tbalance = tbalance + :delta, bid = bid
WHERE tid = :tid;

UPDATE pgbench_branches SET bbalance = bbalance + :delta

WHERE bid = :bid;

INSERT INTO pgbench_history (tid, bid, aid, delta, mtime)

VALUES (:tid, :bid, :aid, :delta, CURRENT_TIMESTAMP);

CREATE INDEX pgbench_accounts_bid_idx ON pgbench_accounts (bid);
CREATE INDEX pgbench_tellers_bid_idx ON pgbench_tellers (bid);
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Pogza}i“é”g Mpumep Neo4 (3/3)

$ pgbench -c 60 -j 60 -M prepared -f script.sql \
-T 1000 -P 1 postgres

~7 000 TPS

$ pgbench -c 60 -j 60 -M prepared -T 1000 -P 1 postgres

~115 000 TPS
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of] PROFESSIONAL rl N94 P
Pogzgres pumep e3rome

» He 06HOBANANTE KONOHKK, KOTOPblE He obHoBAseTe!

» Ecnm He nonyyaetca B NPUNOXKEHMM, TO ANA
y£06CTBa MOYXKHO 3aBECTU XPAaHUMKY.

» MoHuTopuTb pg_stat_all_tables(.n_tup_hot upd
.n_tup_upd).
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o)) PROFESSIONAL

Posygres

Mpumep No5: He becnnaTHbie
row-level locks
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Pogza}i“é“g Mpumep Ne5

\set aid random_zipfian(1l, 100000 * :scale, 1.5)
SELECT abalance FROM pgbench_accounts WHERE aid = :aid;

620 000 TPS, 0 MB\sec write

\set aid random_zipfian(1l, 100000 * :scale, 5.0)
SELECT abalance FROM pgbench_accounts
WHERE aid = :aid FOR SHARE;

125 000 TPS, 15 MB\sec write
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Pogza}isség Multixacts

Multixact offsets
SLRU

Multixact members
SLRU

L,

23163 multixact/sec, 2.06 offsets/multixact
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of] PROFESSIONAL KOCTb'nb: advisory |OCkS

Posygres

\set aid random_zipfian(1l, 100000 * :scale, 1.5)
SELECT abalance FROM pgbench_accounts WHERE aid = :aid;

620 000 TPS, 0 MB\sec write

\set aid random_zipfian(1l, 100000 * :scale, 5.0)
SELECT abalance FROM pgbench_accounts
WHERE aid = :aid FOR SHARE;

125 000 TPS, 15 MB\sec write,

\set aid random_zipfian(1l, 100000 * :scale, 1.5)

BEGIN;

SELECT pg_advisory_xact_lock_shared(:aid);

SELECT abalance FROM pgbench_accounts WHERE aid = :aid;
COMMIT;

290 000 TPS, 0 MB\sec write
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of] PROFESSIONAL rl NQS P
Pogzgres pumep e3lome

v

Ecnu 6patb mHoro row-level shared lock’os, To ecTb
pUCK pacnyxaHusa multixacts.

v

Multixacts nuwyTcs Ha AUCK.

v

KocTbinb B BUAe advisory locks moxeT nomoub.

v

MoHuTopuTb pg_stat_activity(.wait_event
.wait_event_type), pg_control_checkpoint.
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o)) PROFESSIONAL

Posygres

BmecTo 3aK14YeHus.
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o)) PROFESSIONAL

Posygres

Cnacubo 3a BHMMaHue!
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