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Agenda
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• Monitoring slow SQL statements

• Locks in PostgreSQL

• Session monitoring

• Sampling wait events

• Identifying bottleneck using wait events
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Monitoring database performance
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Monitoring slow SQL statements

• Log slow queries

• log_min_duration_statement

• Note: Only SQLs that have completed will be logged

• Statement statistics

• pg_stat_statements
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• Number of calls

• Average time to execute

• Slowest time to execute

• IO wait time

• Buffer utilization

• Temp file usage
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Typical bottlenecks in workload

• CPU

• IO

• Buffer access

• Memory structures

• Locks – table, row, page
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Monitoring session activity with 
pg_stat_activity
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Connection 
attributes

datid
datname
pid
leader_pid
usesysid
usename

Client details application_name
client_addr
client_hostname
client_port

Time/
age

backend_start
xact_start
query_start
state_change

State wait_event_type
wait_event
state

Transaction and 
query details

backend_xid
backend_xmin
query_id
query
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Session state

State Details

active Actively executing a query

idle Idle connection – waiting for client to send a request (connection pool)

idle in transaction (IIT) The session is waiting client to send a request while in middle of a 
transaction

idle in transaction (aborted) Same as IIT but when previous command resulted in an error

fastpath function call The backend is executing a fast-path function

disabled Activity tracking is disabled in session (track_activity)
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Wait Event Types
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Wait Event 
Type

Description

Activity An idle backend server process waiting for activity in its main processing loop. 

BufferPin Waiting for exclusive access to a data buffer

Client Wating for activity on a socket connected to a user application (external to server)
Extension Waiting on condition defined by an Extension module
IO Waiting on disk IO

IPC Waiting on another PostgreSQL server process

Lock Waiting on heavy weight locks – such as row lock or table lock

LWLock Waiting on light weight locks (typically used to protect in-memory structure)

Timeout Waiting for a timeout to expire – for example Vacuum Sleep 
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Lock acquisition
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Wait Event 
Type

Description

Spinlock Lightweight lock

LwLockNamed Waiting for exclusive access to a 
data buffer

LwLockTranche
Wating for activity on a socket 
connected to a user application 
(external to server)

BufferPin
Exclusive access to shared 
buffer

Lock
a heavy-weight lock — used 
mostly for SQL level objects

Spinson ‘lock’mutex

Lock 
Available

• If NotAddtoWaitQueueList
• Release ‘lock’ mutex

Release ‘lock’mutex

Sleepon itsprocess 
wait semaphore
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Impact of active sessions on utilization
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CPU Utilization

Active sessions
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Sampling backend activity
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Logging slow queries
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idleidle idleQuery 1 Query 2 Query 3

Time
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Sampling sessions
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How often should you sample?
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Query run often
Fast query run rarely

Slow query

User 1
User 2
User 3

Time
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Average Active Sessions
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Active session state 
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Time

CPU IO Wait

idleidle idle idleQuery 1 Query 2 Query 3
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Average active session by session state
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What’s causing bottleneck in the workload?
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Average active session sliced by wait events
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Where should I focus tuning efforts?
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Average active session sliced by queries
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Where is the query stuck?
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Top queries sliced by wait events
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Include statement statistics
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Putting it all together

23

SQL Statistics

SQL dissected by top wait event

Average Active 
Session by wait 
events
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Scenario: Increase in average load



© 2023, Amazon Web Services,. Inc or its affiliates. All rights reserved.

High load on host
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Load average for 1 minutes
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Workloads notes

• Nothing has changed in the workload

• The workload is meant to process events which are collected 
through sensors

• Sensors send data collected – INSERT INTO events

• Events are analyzed and updated – UPDATE events

• Events table has two jsonb columns

• 1 Primary key and 3 secondary indexes (expression based)
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CPU Utilization

Active sessions
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Let’s slice the average active sessions by wait events
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Client:ClientRead
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IO:DataFileRead
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Lock:Extend
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LwLock:BufferContent
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LwLock:BufferMapping
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LwLock:WALInsert
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LwLock:WALWrite

35



© 2023, Amazon Web Services,. Inc or its affiliates. All rights reserved.

IPC:XactGroupUpdate
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IPC: ProcArrayGroupUpdate
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Let’s review the top wait event again
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What changed: Slice top SQL by wait events
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During the 
performance 
degradation

Just before 
the performance 
degradation

3x increase in 
Lwlock:BufferContent
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Checkpoint and data file writes
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Timed checkpoints

Requested checkpoints

Buffers written up by backend
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Workload tuning

• Tune autovacuum

• Manage concurrency

• Reduce working set

• Tune fill factor

• Partitioning

• Reduce number of indexes
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Conclusion

Wait events give great 
insights

• pg_stat_activity just 
gives a snapshot à like 
clicking a picture

• Take snapshots of 
pg_stat_activity à
create a movie

• Compare and see what 
changed

Capture additional 
metrics

• pg_stat_statements

• pg_stat_database

• pg_stat_user_*

• pg_locks

• pg_stat_bgwriter

Enable logging

• log_min_duration_statement

• log_lock_waits

• log_checkpoints

• log_temp_files

• log_autovacuum_min_duration

42



© 2023, Amazon Web Services,. Inc or its affiliates. All rights reserved.

Thank you!
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