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1. Going to the source: VACUUM stats in Postgres today

2. The concepts and structure behind VACUUM Advisor

3. Bloat estimates and tuning the dead row threshold

4. How pganalyze tracks and alerts on the xmin horizon

5. Freezing metrics and anti-wraparound vacuums

6. Understanding and tuning autovacuum performance

7. What’s next? Looking ahead to upcoming features

What We’ll Talk About Today



Going to the source: 
VACUUM statistics in 
Postgres today



pg_stat_progress_vacuum

- How far has a currently running vacuum progressed?

- Is the vacuum using multiple index phases? (= more I/O)


pg_stat_activity

- How many backends of type “autovacuum worker” are 
running?

The Obvious Statistics Views



Xmin horizon / removable cutoff

- pg_stat_activity.backend_xmin

- pg_replication_slots.xmin 
- pg_replication_slots.catalog_xmin

- pg_prepared_xacts.transaction


=> Helps you determine if MVCC visibility rules prevent 
VACUUM from doing cleanup

The Non-Obvious Statistics Views



Frozen Transaction ID and Minimum Multixact ID

- pg_class.relfrozenxid

- pg_class.relminmxid


=> Tells you which table gets an anti-wraparound vacuum next

=> Use logic to interpret correctly across Transaction ID epochs 
=> Helps you monitor when anti-wraparound vacuums are 
running but not making progress (and you’re getting closer to 
transaction ID or Multixact ID wraparound)

The Non-Obvious Statistics Views



The Best Information: 

Autovacuum Log Events



10 minutes is the default as of Postgres 15 
10 seconds is the default on RDS

Most systems can run fine with 0 
(log all autovacuums)

log_autovacuum_min_duration



log_autovacuum_min_duration
LOG: automatic aggressive vacuum to prevent wraparound of table "postgres.public.table1": index scans: 0 

pages: 0 removed, 313661 remain, 0 skipped due to pins, 313660 skipped frozen
tuples: 0 removed, 19133309 remain, 0 are dead but not yet removable, oldest xmin: 2409257730
index scan not needed: 0 pages from table (0.00% of total) had 0 dead item identifiers removed
I/O timings: read: 7.421 ms, write: 0.000 ms
avg read rate: 57.698 MB/s, avg write rate: 0.627 MB/s
buffer usage: 69 hits, 92 misses, 1 dirtied
WAL usage: 1 records, 1 full page images, 2057 bytes
system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.01 s  

LOG: automatic vacuum of table "postgres.public.table2": index scans: 0
pages: 0 removed, 952311 remain, 0 skipped due to pins, 0 skipped frozen
tuples: 0 removed, 67714455 remain, 0 are dead but not yet removable, oldest xmin: 2410997930
index scan not needed: 0 pages from table (0.00% of total) had 0 dead item identifiers removed
I/O timings: read: 513.942 ms, write: 505.749 ms  
avg read rate: 36.341 MB/s, avg write rate: 45.740 MB/s
buffer usage: 232417 hits, 137168 misses, 172644 dirtied
WAL usage: 343213 records, 172440 full page images, 358270925 bytes
system usage: CPU: user: 17.08 s, system: 1.08 s, elapsed: 29.48 s



log_autovacuum_min_duration
LOG: automatic aggressive vacuum to prevent wraparound of table "postgres.public.table1": index scans: 0 

pages: 0 removed, 313661 remain, 0 skipped due to pins, 313660 skipped frozen
tuples: 0 removed, 19133309 remain, 0 are dead but not yet removable, oldest xmin: 2409257730
index scan not needed: 0 pages from table (0.00% of total) had 0 dead item identifiers removed
I/O timings: read: 7.421 ms, write: 0.000 ms
avg read rate: 57.698 MB/s, avg write rate: 0.627 MB/s
buffer usage: 69 hits, 92 misses, 1 dirtied
WAL usage: 1 records, 1 full page images, 2057 bytes
system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.01 s  

LOG: automatic vacuum of table "postgres.public.table2": index scans: 0
pages: 0 removed, 952311 remain, 0 skipped due to pins, 0 skipped frozen
tuples: 0 removed, 67714455 remain, 0 are dead but not yet removable, oldest xmin: 2410997930
index scan not needed: 0 pages from table (0.00% of total) had 0 dead item identifiers removed
I/O timings: read: 513.942 ms, write: 505.749 ms  
avg read rate: 36.341 MB/s, avg write rate: 45.740 MB/s
buffer usage: 232417 hits, 137168 misses, 172644 dirtied
WAL usage: 343213 records, 172440 full page images, 358270925 bytes
system usage: CPU: user: 17.08 s, system: 1.08 s, elapsed: 29.48 s

Autovacuum on table 1 had to do almost no work

Autovacuum on table 2 had to do a lot of work by comparison:

~1.1 GB of data read, 1.4 GB of data written, 360 MB of WAL written



Combined Statistics and Logs in pganalyze



Combined Statistics and Logs in pganalyze

242.8 GB read 103.2 GB written



But, we’ve had autovacuum statistics 
in pganalyze for almost 6 years

(and its been very useful to many customers!)



What’s new?





Going from simple metrics, to:


=> Making underlying Postgres processes transparent


=> Transforming data points to meaningful information


=> Finding insights for tuning workload-specific settings


=> Getting built-in alerts for critical problems



The concepts and 
structure behind 
VACUUM Advisor



The concepts and structure 
behind VACUUM Advisor

pganalyze VACUUM Advisor



The concepts and structure 
behind VACUUM Advisor

Behind the scenes

Production DB

pganalyze-collector

- Gather autovacuum and freezing metrics

- Transform XIDs to full 64-bit version

- Collect column statistics for bloat estimates

- Capture autovacuum logs (if available)

pganalyze API

Workload Repository

VACUUM Advisor

Background Process

VACUUM Advisor



1. Avoid Bloat, by vacuuming dead rows early, and 
preventing blocked VACUUMs due to the xmin

2. Understand Freezing, and how Postgres avoids 
Transaction ID and Multixact ID wraparound

3. Optimize Performance, by giving autovacuum 
enough resources, and avoiding conflicting locks


Three ways to think about VACUUM



Using VACUUM Advisor

Production DB
VACUUM Advisor

Bloat is caused by 
Insufficient VACUUM Frequency

Backend engineer runs 
ALTER TABLE … SET 

(autovacuum_scale_factor = …)



Using VACUUM Advisor

Production DB
VACUUM Advisor

VACUUM is blocked by xmin horizon

through a stale replication slot!

Data platform team member runs 
pg_drop_replication_slot()



Using VACUUM Advisor

Production DB
VACUUM Advisor

Database Is Approaching 
80% of TXID Wraparound,


and table X is the cause

On-call engineer checks 
pganalyze in detail, and considers:


1) Letting an existing autovacuum complete

2) Running manual VACUUM

3) Taking other actions (e.g. TRUNCATE, 

if data can be rebuilt)


and tracks it closely!



Bloat estimates and 
tuning the dead row 
threshold



Bloat estimates and

tuning the dead row threshold

Table bloat = 

A less than optimal “page density”


(i.e. how many live tuples are on each page, 
vs how many could potentially fit there)



Name Surname, @twitterhandle

Position @codeship

Bloat estimates and

tuning the dead row threshold

Bloat estimation queries 
look scary


and complicated



Bloat estimates and

tuning the dead row threshold

But the idea is simple.


Based on the:

- Number of tuples on the table (per ANALYZE / VACUUM)

- Average column width (as collected by ANALYZE)

- Alignment of columns (as defined by the platform)

- FILLFACTOR (as configured on the table)


What is the optimal size of the table,

if all pages were packed efficiently?

(and how does current table size compare to that?)



Bloat estimates and

tuning the dead row threshold

Are we running bloat estimation queries to 
provide bloat estimates in pganalyze?


Not directly. We just need column statistics*, and a 
few other data points. No additional queries 
necessary, and no overhead! 
 
* requires setup of the pganalyze.get_column_stats helper function.

https://pganalyze.com/docs/install/troubleshooting/column_stats_helper


Bloat estimates and

tuning the dead row threshold



Bloat estimates and

tuning the dead row threshold



Bloat estimates and

tuning the dead row threshold



Bloat estimates and

tuning the dead row threshold

To start, the Insufficient VACUUM Frequency insight

will *not* trigger for tables with existing, stable bloat.


In those cases you will need to first run

VACUUM FULL (or rather, pg_repack) 

in order to have VACUUM Advisor 
detect new bloat caused by bad settings.



How pganalyze tracks 
and alerts on the xmin 
horizon



How pganalyze tracks and 
alerts on the Xmin Horizon

What is the xmin horizon?


It limits which dead tuples (row versions) can 
be cleaned up by a VACUUM.



How pganalyze tracks and 
alerts on the Xmin Horizon

“At this point we decided we needed some help. 
… 
It turned out that the issue wasn’t that auto-vacuum wasn’t being run often enough, but 
that it was blocked by something (spoiler alert: at least one transaction) and couldn’t 
remove dead tuples while working. It was really clear when we examined the logs.” 
 
- Mathieu Tamer at Precogs 
 
 
https://medium.com/precogs-tech/vacuuming-dead-tuples-not-yet-removable-in-postgresql-and-other-tales-303bfb2d87f4

https://medium.com/precogs-tech/vacuuming-dead-tuples-not-yet-removable-in-postgresql-and-other-tales-303bfb2d87f4


How pganalyze tracks and 
alerts on the Xmin Horizon

LOG: automatic vacuum of table "mydb.myschema.mytable": index scans: 0
    pages: 0 removed, 14761 remain, 0 skipped due to pins, 12461 skipped frozen
    tuples: 0 removed, 122038 remain, 14433 are dead but not yet removable, oldest xmin: 538040633
    index scan bypassed: 255 pages from table (1.73% of total) have 661 dead item identifiers
    I/O timings: read: 0.000 ms, write: 0.000 ms
    avg read rate: 0.000 MB/s, avg write rate: 0.000 MB/s
    buffer usage: 4420 hits, 0 misses, 0 dirtied
    WAL usage: 1 records, 0 full page images, 245 bytes
    system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.01 s

This VACUUM did not remove any dead rows.

It just scanned them and determined it can’t clean them up.


It will run again shortly, to try once more.



How pganalyze tracks and 
alerts on the Xmin Horizon

The xmin horizon can be “held back” by:

• Long running transactions 

(involving any table, not just the one being vacuumed!)

• Lagging or stale physical/logical replication slots

• Abandoned prepared transactions

• Long running queries on standbys 

(with hot_standby_feedback = on)



How pganalyze tracks and 
alerts on the Xmin Horizon

The usual situation:

Long-running transactions prevent some cleanup, 

but its not a problem



How pganalyze tracks and 
alerts on the Xmin Horizon

The bad situation:

For 196 hours no VACUUM could clean up Bloat, 
because a stale logical replication slot was still open

=> This will directly cause bloat, slow down your queries, 
and require pg_repack to get table sizes down again



How pganalyze tracks and 
alerts on the Xmin Horizon



How pganalyze tracks and 
alerts on the Xmin Horizon

One essential implementation detail:


pganalyze tracks and alerts on calendar time (hours), 
not age(…xmin) - aka transaction ID distance - like the typical 
monitoring queries for xmin horizon.


Is 200,000 transactions ago a lot? Hard to say.

Is no dead rows being cleaned up for 24 hours bad? Very likely.



Freezing metrics and 
anti-wraparound 
vacuums



Freezing metrics and 
anti-wraparound vacuums
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VACUUM is running,

but it hasn’t finished :(
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Database shut down and

we have to manually VACUUM it



Freezing metrics and 
anti-wraparound vacuums



Freezing metrics and 
anti-wraparound vacuums



Understanding and 
tuning autovacuum 
performance



Understanding and tuning 
autovacuum performance



Understanding and tuning 
autovacuum performance

Number of active autovacuum workers over 24 hours,

compared to the maximum allowed workers


If this is close to the maximum, you likely have an autovacuum backlog.


Increasing autovacuum_max_workers *and* adjusting 
cost delay settings is recommended.



Understanding and tuning 
autovacuum performance

Regular autovacuums (which are not for anti-wraparound, i.e. freezing, reasons) 
will be skipped when a conflicting lock is held on a table. 
 
The most common problem is doing an explicit “LOCK TABLE” as part of your 
application logic, e.g. to implement gapless invoice sequence numbers.


This will prevent these regular autovacuums from running at all, requiring a later 
anti-wraparound vacuum to do all the work, causing more I/O at once.



Understanding and tuning 
autovacuum performance

When pganalyze VACUUM Advisor tells you about 
multiple index phases, 
your autovacuum_work_mem might be too low!



What’s next? Looking 
ahead to upcoming 
features



What’s next?

Looking ahead to upcoming features

The upcoming VACUUM Simulator will show you 
how pganalyze insights work behind the scenes



What’s next?

Looking ahead to upcoming features

pganalyze VACUUM Advisor will soon:


- Recommend cost limit / delay settings for long-running autovacuums

- Create insights to avoid backlogs due to insufficient worker capacity

- Track index bloat over time, to notify you when REINDEX is needed


We’re also working on:

 
- Improved methods to optimize autovacuum frequency

- Insights for eager freezing to reduce I/O impact of autovacuum

- Automation features with approval workflows, to optionally have 
pganalyze run per-table settings changes on your behalf



thanks!

PGANALYZE.COM

PGANALYZE.COM/BLOGPGANALYZE.COM/RESOURCES

Get a free trial of pganalyze

Get free pganalyze eBooks and Postgres blog posts

We will send you an email with a recording of this webinar tomorrow!
Feel free to get in touch with us at pganalyze.com/contact

PGANALYZE.COM/NEWSLETTER

https://pganalyze.com
https://pganalyze.com/blog
https://pganalyze.com/resources
http://pganalyze.com/contact
https://pganalyze.com/newsletter

