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• Types of statistics in PostgreSQL

• Data distribution statistics

• Monitoring statistics

• Troubleshooting example
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Today we’ll talk about
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But why do we need to know about them?
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• To understand how queries are planned – to be able to optimize 
them.

• To understand when to create custom statistics by understanding 
correlation between data

• To know about different monitoring views available for better 
understanding of – when to run vaccum, when to add/remove 
indexes etc.
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Statistics in PostgreSQL
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Data Distribution – single column statistics
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Data Distribution – single column statistics

• Can be updated by running the “ANALYZE” command (on its own or with 
VACUUM)

• Can by triggered automatically by autovacuum worker if the following 
calculated threshold exceed total number of tuples inserted, updated, or 
deleted since the last ANALYZE :

analyze threshold = analyze base threshold + analyze scale factor * number of 
tuples
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Note : The “ANALYZE” here has nothing to do with “EXPLAIN ANALYZE”

autovacuum_analyze_threshold autovacuum_analyze_scale_factor pg_class.reltuples
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Data Distribution – single column statistics

• Information collected stores in pg_statistic system catalog (only readable by 
superuser)

• pg_stats is a view on top of pg_statistics which is readable by all.

• The amount of samples considered by ANALYZE depends on the 
default_statistics_target parameter. 
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https://www.postgresql.org/docs/current/catalog-pg-statistic.html
https://www.postgresql.org/docs/current/runtime-config-query.html
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• Default value for default_statistics_target is 100, which means 100 most 
common values ;100 histogram bounds can be stored in those arrays.

• default_statistics_target can be set per column basis or globally for the 
entire database 
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Note : Increasing the target causes a proportional increase in the 
time and space needed to do ANALYZE.

Data Distribution – single column statistics
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Data Distribution – single column statistics
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Data Distribution – single column statistics
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MCV helps the planner predict the selectivity 
of equality expressions, such as where 
name='test5' 

To help the planner predict the selectivity 
of inequality or range expressions, such as 

where id is between 5000–10000.
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When to run ANALYZE?

• After a bulk insert/delete on a relation

• Major change in data distribution

• Major version upgrade

• Recently added or dropped an index from the relation

• Estimated rows and actual returned rows do not match in the 
explain plan
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Note : For some of these changes, autoanalyze will run automatically. Like for 
bulk insert/delete. 
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Data Distribution – multivariate statistics
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• Multiple columns used in the query clauses are sometimes correlated, and 
planner normally assumes that multiple conditions are independent of each 
other.

• Regular statistics = per column = don’t capture knowledge about cross-column 
correlation

• Solution = Compute multivariate statistics using CREATE STATISTICS command

• Statistics object created stored in pg_statistic_ext (pg_stats_ext is a publicly 
readable view)

• Data collection done by ANALYZE or autoanalyze

• Functional Dependencies, Multivariate N-distint, Multivariate MCV
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Data Distribution – multivariate statistics

https://www.postgresql.org/docs/current/catalog-pg-statistic-ext.html
https://www.postgresql.org/docs/current/view-pg-stats-ext.html
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• Functional Dependencies : 

CREATE STATISTICS stts (dependencies) ON city, zip FROM 
zipcodes;

ANALYZE zipcodes;

SELECT stxname, stxkeys, stxddependencies FROM 
pg_statistic_ext join pg_statistic_ext_data on (oid = stxoid) 
WHERE stxname = 'stts’; 

stxname | stxkeys | stxddependencies 

--------+---------+------------------------------------------ 

stts    | 1 5     | {"1 => 5": 1.000000, "5 => 1": 0.423130} 

(1 row) 
14

Data Distribution – multivariate statistics
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Functional Dependencies example

n_distinct a=1000 ; 
n_distinct b=100 
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Functional Dependencies example
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• Multivariate n-distinct count:

CREATE STATISTICS stts2 (ndistinct) ON city, state, zip FROM 
zipcodes; ANALYZE zipcodes; 

SELECT stxkeys AS k, stxdndistinct AS nd FROM pg_statistic_ext 
join pg_statistic_ext_data on (oid = stxoid) WHERE stxname = 
'stts2’; 

-[ RECORD 1 ]------------------------------------------------

k  | 1 2 5 

nd | {"1, 2": 33178, "1, 5": 33178, "2, 5": 27435, "1, 2, 5": 
33178} 

(1 row) 
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Data Distribution – multivariate statistics
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• Multivariate MCV lists:

§ CREATE STATISTICS stts3 (mcv) ON city, state FROM zipcodes;

§ data collected only for those groups of columns appearing together in a 
statistics object 

§ defined with the mcv option.

§ Calculates the frequencies of most common values (mcv) together for the 
specified columns

18

Data Distribution – multivariate statistics
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Only consider creating statistics objects 
for columns which are actually used in 
conditions together

19
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Data Distribution statistics and read replica

Because a RR can only read from the disk and not write, it will use the data 
distribution statistics from the primary. 
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Monitoring Statistics

21
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Monitoring Statistics

22

• Collection and reporting of server activity

• Can by dynamic – what’s happening in my server right now - 
controlled by track_activities

• Collected statistics – controlled by Cumulative Statistics System 
(v15+) ; by Statistics Collector (v14 and below) 
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Monitoring Statistics - Dynamic Statistics Views
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Information about exactly what is going on in the system right now 

pg_stat_activity 

pg_stat_replication

pg_stat_wal_receiver

pg_stat_subscription

pg_stat_progress_create_index

pg_stat_progress_vacuum

pg_stat_progress_basebackup

pg_stat_recovery_prefetch

pg_stat_ssl

pg_stat_gssapi

pg_stat_progress_analyze

pg_stat_progress_cluster

pg_stat_progress_copy

Note : The reporting and collection of these statistics is independent of the 
cumulative statistics system
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Dynamic Statistics Views – pg_stat_activity
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idle_in_transaction_session_timeout

log_min_duration_statement
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Dynamic Statistics Views – pg_stat_activity
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Dynamic Statistics Views – pg_stat_replication

26Run on the primary instance
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Dynamic Statistics Views 
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• pg_stat_progress_vacuum

https://dataegret.de/2017/10/deep-dive-into-postgres-stats-
pg_stat_progress_vacuum/

• pg_stat_progress_create_index

https://dataegret.de/2017/10/deep-dive-into-postgres-stats-pg_stat_progress_vacuum/
https://dataegret.de/2017/10/deep-dive-into-postgres-stats-pg_stat_progress_vacuum/
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Statistics in PostgreSQL

28
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Monitoring Statistics - Collected Statistics Views
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Information about relations/database metadata

pg_stat_archiver

pg_stat_bgwriter

pg_stat_database

pg_stat_database_conflicts

pg_stat_user_tables

pg_stat_xact_user_tables

pg_stat_user_indexes

pg_stat_slru

pg_stat_replication_slots

pg_stat_io

Note : The reporting and collection of these statistics is independent of the 
cumulative statistics system
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Monitoring Statistics - Collected Statistics Views
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• Can be reset using - select pg_stat_reset(); - for the database you 
are connected to.

• Every PostgreSQL process collects statistics locally, then updates 
the shared memory at appropriate intervals.

• Clean shutdown – permanent copy in pg_stat directory ; unclean 
shutdown – all counters reset.
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Collected Statistics Views - pg_stat_bgwriter
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Collected Statistics Views - pg_stat_user_tables
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Collected Statistics Views - pg_stat_user_tables
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Collected Statistics Views - pg_stat_user_indexes
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Collected Statistics Views - pg_stat_io
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The backend_type is same as what 
you see in pg_stat_activity :

autovacuum launcher, 
autovacuum worker, 
logical replication launcher, 
logical replication worker, 
parallel worker, 
background writer, 
client backend etc.
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Troubleshooting approach using statistics

36
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#1 - I see very high write IO spikes in my 
metrics. What should I do?
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Check using pg_stat_io 
what is causing the IO 

spikes

Checkpointer
/bgwriter Autovacuum Client 

backend

pg_stat_bgwriter
log_checkpoints

pg_stat_user_tables
log_autovacuum_min_duration

pg_stat_activity
log_min_duration_statement
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#1 - I see very high write IO spikes in my 
metrics. What should I do?
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Check using pg_stat_io 
what is causing the IO 

spikes

Client 
backend

pg_stat_activity
log_min_duration_statement

EXPLAIN ANALYZE

Query seem to be 
doing Sequential 

scans :O

Create necessary 
indexes and 

ANALYZE the table
pg_stat_user_indexes
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Key Takeaways
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ANALYZE command track_activities Cumulative Stat System
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Key Takeaways

• Data distribution statistics are different from monitoring statistics

• Statistics collected by ANALYZE are used by planner to plan queries

• PostgreSQL enables you to create multivariate statistics for correlated metrics

• More samples collected to ANALYZE relation, more space and time needed

• The monitoring statistics can provide important information related to – 
vacuum, indexes, IO usage by processes etc.

40
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Thank you!
Divya Sharma
https://www.linkedin.com/in/divyasharma95/
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