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John Gall, Theorem of doubtful validity, ”Systemantica”

Complex Systems Are 
Beyond Human Capacity 
To Evaluate









Other systems: MySQL \ InnoDB

open_tables(...)

DEBUG_SYNC(thd, "after_open_tables");

lock_tables(...)

DEBUG_SYNC  allows named sync points with 
SIGNAL  / WAIT_FOR ; 
DBUG (trace tool) can inject errors, sleep, print. 
Widely used in MTR tests.
Very similar to PG injection points + wait/wake combined.



Other systems: FoundationDB

Deterministic approach: replay using PRNG seed







Other systems



Tool of the ancient wizards



The transition



The transition



Test tools



Regression tests



Isolation tests



TAP tests



Injection points tests  (with wait and wake)















CASE STUDY 1:

before injection points

case 2PC vs CIC



February 2018: first encounter



November 2020: S3 metadata repack at 
risk
pg_repack --index is essentially REINDEX

We were doing it cron job every week

▌ Saved up to 20% of disk space



December 2020: reproduction

Go program simulates 
workload

AM check 
verifies 
invariants





January 2021: Fix for 2PC



April 2021: Bug resurrection





background pgbench

foreground pgbench 1

foreground pgbench 2



The most complex bug I ever worked on

› Reproduced in production once in 3 month with 1 MRPS avg workload

› 3 Yandex services reported suspicious behavior from Feb 2018

› 9 month of active investigation knowing where to search and what to fix

› Parts of the fix committed 4 times, 6 reviewers

› Tests triggered kernel bugs in 2 OSes
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February 2022: To be continued on Standby
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CASE STUDY 2:

MultiXact "edge case 2"





Sleep problem and the fix attempt











Deadlock
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User’s SELECT

Startup
wants page LWLock

Tries to cancel recovery conflict

Cannot cancel while holding lock



CRASH HERE!
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CASE STUDY 3:

measurement changes 
the system













Work in progress

▌Build reproducer of curruption due to CondVar in buffer 
mapping wait

▌Make injection point waits that can be used for such 
tests



CASE STUDY 4:

unobservable
injection points













▌ Injection points have SQL interface

▌Many interesting cases happen when SQL is not 
available



My wishlist



▌ Injection point waits suitable for kill -9 towards a 
postmaster or anything else

› I’m mostly interested in corruption investigations
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▌ Injection point waits suitable for kill -9 towards a 
postmaster or anything else

› I’m mostly interested in corruption investigations

▌ File system controls of injections points
› Or another observability without SQL

▌ injection_points_wait()
› Polling pg_stat_activity takes to much time



▌ Injection point waits are a last resort — use them only 
when the race window is too difficult to hit any other way

› Test takes tens of milliseconds
› Injection points require --enable-injection-points

› Don't codify a race - eliminate it. The best test for a fixed 
race is one you no longer need.



Questions?

Andrey Borodin
Open-source RDBMS development team lead


