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Detective Story

Adyen loves Postgres - hundreds of Postgres
clusters, Petabytes of data, millions of TPS

| love performance problems and detective
stories




Your detective today

Dmitry Fomin

e Postgres performance and observability
practitioner at Adyen

e Postgres fanboy (former Certified Oracle DB
Performance and RAC Expert)

e \When I'm not chasing latency spikes, | play the
blues harmonica
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The Crime Scene:
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Dead queries everywhere

Average latency per cluster
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Firsttool: wait events
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Wait events

17:15
Name

10

CPU count
CPU*

IPC
Timeout

LWLock

17:20

17:25

17:30

17:35

17:40

17:45

17:50

17:55

18:00

Max v
2178
131
128
87.3
68.8
53.3
16.3
8.93
1.33

18:05

Min
822
10.7
128
7.36
0.727
0.149
0.973
6.67
0.000667

Mean
959
2911
128
20.7
6.09
2.35
4.1
7.50
0177




The First Clue: SyncRep Wait Events

Wait events onGlEEEEEEED (sessions in second)
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How sync replication works:

Replica

BACKEND
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- ]
| WAL BUFFER




The Red Herring: A Network Ghost

00:35 00:40 00:45 00:50 00:55 01:00 01:05 0110 01:15 01:20 01:25 0: BRI — " —— "
Name Max v Min Mean 00:35 00:40 00:45 00:50 00:55 01:00 01:05 0110 01115 01:20 01:25

3
backend - SyncRep - IPC 242 1 39.8 Name Mean Last Max
82 1 6.15 DelayedACKLocked - Delayed acks further delayed because of locked socket 0.0183 0 0.433

56 56 56 DelayedACKLost - Times quick ack mode was activated 0.349 0.233 1.37
40 == DelayedACKs - Delayed acks sent 42.8 29.8 361

NB: Correlation does not mean causation




How sync replication works:

Replica

BACKEND

| |
- ]
| WAL BUFFER




while :; do timeout 60 perf record —F 99 -p 1160873 ——call-graph dwarf —-e 'syscalls:sys_x'

latency [ms] kill
0.000

0.001 899349 59509
0.002 1347867 59912
0.004 10892 1278294
0.008 1040 794998
0.015 103 4112
0.031 72 137
0.061 509 686
0.122 216 457
0.244 17
0.488

0.977

1.953

3.906

7.812 | OMG!

15.625
31.250

sendto epoll_createl epoll_ctl

84
334482
802515
11740
882
71

35

708
175
4
1

Tracing detalls

-0 pl160873_reciever_$(date "+%Y.%m.%d—%H.%M.%S").perf; done

close recvfrom pwrite64 fdatasync write read newstat openat getpid unlink fsync link futex select

590828 989730 1358311 859 12 1824 1657
2540280 159015 3325263 125038 1721 8686 576 2155
306960 13188 2148968 206471 8635 1654 5 4777 11 1935 1006 1
11020 1881 939556 389696 42 43 4701 4194 4 464 15 1
1399 958 42937 537963 6 P 121 2924 1 2420
96 19 924 565588 1 2319 2567 13 2364
119 40 310 82394 99 2377 1 39
921 229 2400 13443 3 3 3 73 1 14 1
464 136 1424 40406 1 1 3 5 1 1 1
1 1 92 9330 14430 P 1846
13 124550 2887 1 1
8 617838 96 4 p
9556 2
1 1542 P 1
389
126
9
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What is fsync/fdatasync

fsync and fdatasync are system calls that command the
operating system to flush a file's dirty pages from page cache
to the physical storage device.

Think of It as a "save now and make it permanent" button for the
operating system.



The Breakthrough: A Clue from the Kernel

The Smoking Gun: "We found that fdatasync latency on
the replica's WAL disk had spikes that were a perfect
match for the primary's SyncRep spikes.”

Direct evidence: fsync=off on replica eliminates
SyncRep walt events spikes



The Paradox: "But We're Using remote_write!”

synchronous_commit:

e off / local: Fire and forget / Commit durable on primary only.

e on (the default): Guarantees WAL is flushed to disk on the
replica.

e remote_apply: The strongest guarantee. WAL is flushed to disk
AND applied (visible to new transactions) on the replica.

e remote_write: Guarantees WAL is in the replica's OS cache.



/ -
Let me ponderthis®
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How Our Sync Replication Really Works

Replica
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Proving the Storage appliance was the Culprit

e Isolate:
test lab - a server connected directly to the storage appliance.

e Reproduce In synthetic:
FIO to generate I/O and trace events.

e Decompose:

block_rq_issue (request sent to the driver) and block_rq_complete
(hardware signaled completion).”



The Workaround 1: Quorum Commits

synchronous_standby_names = ANY 1 (serverl, server?2)



The Workaround 2: commit delay

commit_siblings = 100
commit_delay = 300



Result: wait events
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Average latency per cluster
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Thinking Forward: We can change Postgres

PATCH Proposal

GUCs: wal_recelver_flush_after_n_bytes and
wal receiver flush after ms



Key Takeaways for Your Own Investigations

e Wait events - perfect data source

e Decompose & Isolate, use scientific method
e Correlation does NOT mean Causation

e Averages Lie

e Sync Rep Is Nuanced

e Source Code - the ultimate source of truth



Links

e pg_walit_sampling: https://github.com/postgrespro/pg_wait_sampling

e pg_sentinel: https://github.com/pgsentinel/pgsentinel

e Myths and Truths about Synchronous Replication in PostgreSQL by
Alexander Kukushkin:

https://www.youtube.com/watch?v=PFn9gRGzTMc

ecommit_delay for better performance by Laurenz Albe:

https://www.cybertec-postgresqgl.com/en/commit_delay-performance-

postgresal-benchmark/



https://www.youtube.com/watch?v=PFn9qRGzTMc

Thanks

Ants Aasma from Cybertec

Jakob Wartak from EDB



WE ARE HIRING!




Want to contact?




Questions and Feedback
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