
How to compare 
Postgres query plans 
& tune slow queries 
with pganalyze

@LukasFittl 
hachyderm.io/@lukas



1. Identifying slow queries & their plans at scale 
2. [New!] Plan Statistics in pganalyze 
3. [New!] Plan Comparison in pganalyze 
4. How to debug why a query is slow 
5. Benchmarking alternate plans with settings & hints 
6. [New!] Query Tuning Workbooks in pganalyze 
7. Coming Soon: Query Tuning Advisor



Identifying 
slow queries 
& their plans at scale



Why is our database spending so much 
[I/O Time | CPU Time | …]?





WITH input AS (...) 
SELECT * 
  FROM query_fingerprints AS f 
  JOIN input USING (database_id, fingerprint, postgres_role_id)

auto_explain + pganalyze



WITH input AS (...) 
SELECT * 
  FROM query_fingerprints AS f 
  JOIN input USING (database_id, fingerprint, postgres_role_id)

  ->  Nested Loop  (cost=0.57..19.30 rows=1 width=45) (actual rows=3624 loops=1) 
        Buffers: shared hit=19534 read=4214 dirtied=145 
        I/O Timings: read=1033.376 
        ->  CTE Scan on input_1  (cost=0.00..0.20 rows=10 width=60) (actual rows=4442 loops=1) 
              CTE Name: input 
        ->  Index Only Scan using … on public.query_fingerprints f (cost=0.57..1.91 rows=1 width=37) (…) 
              Index Cond: ((…)) 
              Heap Fetches: 2603 
              Buffers: shared hit=19534 read=4214 dirtied=145 
              I/O Timings: read=1033.376

EXPLAIN



Is the query always slow, or just sometimes?



Is the query always slow, or just sometimes?

1.4s average vs 14.6 s outlier execution



Is the plan the same, or does it change?

Plan Fingerprints show changes in plan structure



Is the plan the same, or does it change?

Plan Fingerprints show changes in plan structure



[New!] 
Plan Statistics in 
pganalyze



New for all databases: Grouping of plan types



New for Amazon Aurora: aurora_stat_plans 
Aurora PostgreSQL versions 14.10, 15.5, and later versions. 



New for Amazon Aurora: aurora_stat_plans



New for Amazon Aurora: aurora_stat_plans



[New!] 
Plan Comparison in 
pganalyze



Comparing Automated EXPLAIN plans

What’s different between the first and the second plan?



Comparing Automated EXPLAIN plans



Comparing Automated EXPLAIN plans



Comparing Automated EXPLAIN plans



Comparing Automated EXPLAIN plans



Comparing Automated EXPLAIN plans



Comparing Automated EXPLAIN plans



CTEs and InitPlans are split out in the diff



How to debug 
why a query is slow
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Form a Thesis 
on What To 
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EXPLAIN without ANALYZE 
= The plan the planner chose (but no actual statistics) 

EXPLAIN (ANALYZE) 
= The plan chosen + runtime statistics 

EXPLAIN(ANALYZE, BUFFERS) 
= The plan chosen + runtime statistics + I/O statistics



postgres=# EXPLAIN SELECT * FROM test WHERE c = 123;
                              QUERY PLAN                               
-----------------------------------------------------------------------
 Gather  (cost=1000.00..97366.28 rows=1 width=8)
   Workers Planned: 2
   ->  Parallel Seq Scan on test  (cost=0.00..96366.18 rows=1 width=8)
         Filter: (c = 123)
(4 rows)



postgres=# EXPLAIN ANALYZE SELECT * FROM test WHERE c = 123;
                                                     QUERY PLAN                                                      
------------------------------------------------------------------------------------
---------------------------------
 Gather  (cost=1000.00..97366.28 rows=1 width=8) (actual time=307.117..307.328 
rows=1 loops=1)
   Workers Planned: 2
   Workers Launched: 2
   ->  Parallel Seq Scan on test  (cost=0.00..96366.18 rows=1 width=8) (actual 
time=250.789..283.322 rows=0 loops=3)
         Filter: (c = 123)
         Rows Removed by Filter: 3333333
 Planning Time: 0.189 ms
 Execution Time: 307.371 ms
(8 rows)



postgres=# EXPLAIN (ANALYZE, BUFFERS) SELECT * FROM test WHERE c = 456;
                                                     QUERY PLAN                                                      
------------------------------------------------------------------------------------
---------------------------------
 Gather  (cost=1000.00..97366.28 rows=1 width=8) (actual time=303.560..304.600 
rows=1 loops=1)
   Workers Planned: 2
   Workers Launched: 2
   Buffers: shared hit=2757 read=41531
   I/O Timings: shared read=95.324
   ->  Parallel Seq Scan on test  (cost=0.00..96366.18 rows=1 width=8) (actual 
time=256.848..286.938 rows=0 loops=3)
         Filter: (c = 456)
         Rows Removed by Filter: 3333333
         Buffers: shared hit=2757 read=41531
         I/O Timings: shared read=95.324
 Planning Time: 0.231 ms
 Execution Time: 304.649 ms
(12 rows)



BUFFERS shows you the impact of the physical 
contents of the table (i.e. dead rows, empty space) 

1 buffer = 8 kB buffer page 
(on most Postgres installs)
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“The planner's task is fuzzy, there can be many 
valid plans for the same query, and its not always 
clear which one is best.” 
- Tom Lane in “Hacking the Query Planner” at PGCon ’11

https://www.pgcon.org/2011/schedule/attachments/188_Planner%20talk.pdf


Postgres planner responsibilities: 
1. Find a good query plan. 
2. Don't spend too much time (or memory) finding it. 
3. Support the extensible aspects of Postgres.



What the planner doesn’t do: 
- Find all possible query plans 

(it discards seemingly worse plans quickly) 
- Change a plan when its expectations don’t hold true 

(e.g. a lot more rows match than expected) 
- Keep track of execution performance 

(it will happily keep producing slow queries)



New pganalyze 
EXPLAIN Insight: 

Inefficient Nested Loop

->  Nested Loop  (cost=0.25..181.76 rows=1 width=152)                   
                 (actual rows=1007)



Both the lower Aggregate and the Index Only Scan 
had somewhat accurate row estimates. 

But yet the Nested Loop estimate is wildly off, 
causing the upper Aggregate to run 1656 times, 
instead of the expected 1 time.
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To Understand 
Why A “Bad” Plan Was Chosen 
Start By Forcing The Good Plan



Benchmarking 
alternate plans with 
settings & hints



SELECT * FROM test 
WHERE object_id = 123 Planner

Good 
Plan
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Good 
Plan
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Cost=500

Cost=300SELECT * FROM test 
WHERE object_id = 456



The easiest test: 

If your bad plan 
involves a planner feature, 

turn it off.



Index 
Scan

Seq 
Scan Cost=500Cost=300

SET enable_seqscan = off

Index 
Scan

Seq 
Scan Cost=500Cost=10000000000.00



Source: Postgres Documentation - Query Planning

https://www.postgresql.org/docs/current/runtime-config-query.html#RUNTIME-CONFIG-QUERY-ENABLE


Once you have the right plan, 
look at the individual plan nodes 

and find out where the 
cost mis-estimate originates



If you see a Hash or Merge Join being used instead 
of a Nested Loop + Parameterized Index Scan, try: 

SET enable_mergejoin = off; 
SET enable_hashjoin = off;



For more complicated cases, 
Utilize pg_hint_plan to force the good plan 
(to find the root cause of the cost mis-estimate)



EXPLAIN SELECT EXISTS ( 
  SELECT 1 FROM schema_column_stats scs WHERE scs.invalidated_at_snapshot_id IS NULL AND scs.table_id IN ( 
    SELECT id FROM schema_tables WHERE invalidated_at_snapshot_id IS NULL AND database_id = 12345)); 

                                                                     QUERY PLAN                                                                      
------------------------------------------------------------------------------------------------------------- 
Result  (cost=9.13..9.14 rows=1 width=1) 
   InitPlan 1 (returns $1) 
     ->  Nested Loop  (cost=1.00..971672.56 rows=119623 width=0) 
           ->  Index Only Scan using index_schema_column_stats_on_table_id on schema_column_stats scs 
               (cost=0.43..372676.50 rows=23553966 width=8) 
           ->  Memoize  (cost=0.57..0.61 rows=1 width=8) 
                 Cache Key: scs.table_id 
                 Cache Mode: logical 
                 ->  Index Scan using schema_tables_pkey on schema_tables  (cost=0.56..0.60 rows=1 width=8) 
                       Index Cond: (id = scs.table_id) 
                       Filter: ((invalidated_at_snapshot_id IS NULL) AND (database_id = 12345))

Bad plan, with join order = (schema_column_stats schema_tables)



SET enable_memoize = off; 
 
EXPLAIN SELECT EXISTS ( 
  SELECT 1 FROM schema_column_stats scs WHERE scs.invalidated_at_snapshot_id IS NULL AND scs.table_id IN ( 
    SELECT id FROM schema_tables WHERE invalidated_at_snapshot_id IS NULL AND database_id = 12345)); 

                                                                     QUERY PLAN                                                                      
------------------------------------------------------------------------------------------------------------- 
Result  (cost=13.13..13.14 rows=1 width=1) 
   InitPlan 1 (returns $1) 
     ->  Nested Loop  (cost=0.99..1451807.35 rows=119623 width=0) 
           ->  Index Scan using schema_tables_database_id_schema_name_table_name_idx on schema_tables   

  (cost=0.56..37778.03 rows=34753 width=8) 
                 Index Cond: (database_id = 12345) 
           ->  Index Only Scan using index_schema_column_stats_on_table_id on schema_column_stats scs 
               (cost=0.43..26.68 rows=1401 width=8) 
                 Index Cond: (table_id = schema_tables.id) 

Good plan, with join order = (schema_tables schema_column_stats)



/*+ Leading((scs schema_tables)) IndexOnlyScan(scs index_schema_column_stats_on_table_id) IndexScan(schema_tables 
schema_tables_pkey) Set(enable_memoize off) */ 
EXPLAIN SELECT EXISTS ( 
  SELECT 1 FROM schema_column_stats scs WHERE scs.invalidated_at_snapshot_id IS NULL AND scs.table_id IN ( 
    SELECT id FROM schema_tables WHERE invalidated_at_snapshot_id IS NULL AND database_id = 12345)); 

                                                                     QUERY PLAN                                                                      
------------------------------------------------------------------------------------------------------------- 
Result  (cost=122.90..122.91 rows=1 width=1) 
   InitPlan 1 (returns $1) 
     ->  Nested Loop  (cost=0.99..14582869.23 rows=119623 width=0) 
           ->  Index Only Scan using index_schema_column_stats_on_table_id on schema_column_stats scs  

  (cost=0.43..372676.50 rows=23553966 width=8) 
           ->  Index Scan using schema_tables_pkey on schema_tables  (cost=0.56..0.60 rows=1 width=8) 
                 Index Cond: (id = scs.table_id) 
                 Filter: ((invalidated_at_snapshot_id IS NULL) AND (database_id = 12345)) 

Bad plan, with join order = (schema_tables schema_column_stats)



     ->  Nested Loop  (cost=1.00..971672.56 rows=119623 width=0) 
           ->  Index Only Scan using index_schema_column_stats_on_table_id on schema_column_stats scs 
               (cost=0.43..372676.50 rows=23553966 width=8)

     ->  Nested Loop  (cost=0.99..14582869.23 rows=119623 width=0) 
           ->  Index Only Scan using index_schema_column_stats_on_table_id on schema_column_stats scs  

  (cost=0.43..372676.50 rows=23553966 width=8)

     ->  Nested Loop  (cost=0.99..1451807.35 rows=119623 width=0) 
           ->  Index Scan using schema_tables_database_id_schema_name_table_name_idx on schema_tables   

  (cost=0.56..37778.03 rows=34753 width=8)

Good plan: 
1,451,807 cost 

Bad plan without Memoize: 
14,582,869 cost 

Bad plan with Memoize: 
971,672 cost





Query Tuning 
with pganalyze



Let’s start with a trace of a slow web request



Let’s start with a trace of a slow web request



Multiple Mis-Estimates of Nested Loops

Under Estimate

Under Estimate

Under Estimate



Index Scan in a Loop takes 99% of I/O Time



Let’s Tune The Query!



Let’s Tune The Query!



Automatic Naming of Parameters 



Paste a query sample to extract parameters



Or use parameters from Query Samples



Benchmark the same query, 
with different parameters



We’ve recorded the Baseline



Why are the plans different?



Different Join Order

CTE fingerprints
->  Nested Loop  (cost=1.84..1140.04 rows=1 width=45) (actual time=0.166..428.961 rows=31973 loops=1)
      ->  Nested Loop  (cost=1.27..1137.25 rows=1 width=16) (actual time=0.157..349.766 rows=31973 loops=1)
            ->  Index Scan using index_query_table_associations_on_database_id_and_table_name on public.query_table_associations qta  (cost=0.70..327.43 rows=290 width=8) (actual 
time=0.022..64.070 rows=128992 loops=1)
            ->  Index Scan using index_query_occurrences_on_query_id on public.query_occurrences o  (cost=0.57..2.79 rows=1 width=8) (actual time=0.002..0.002 rows=0 loops=128992)
      ->  Index Scan using query_fingerprints_query_id_idx on public.query_fingerprints qf  (cost=0.57..2.77 rows=1 width=45) (actual time=0.002..0.002 rows=1 loops=31973)

CTE fingerprints
->  Nested Loop  (cost=1.84..8.14 rows=1 width=45) (actual time=0.058..2.619 rows=56 loops=1)
      ->  Nested Loop  (cost=1.27..7.52 rows=1 width=53) (actual time=0.032..1.473 rows=244 loops=1)
            ->  Index Scan using index_query_table_associations_on_database_id_and_table_name on public.query_table_associations qta  (cost=0.70..4.72 rows=1 width=8) (actual 
time=0.021..0.288 rows=244 loops=1)
            ->  Index Scan using query_fingerprints_query_id_idx on public.query_fingerprints qf  (cost=0.57..2.79 rows=1 width=45) (actual time=0.004..0.004 rows=1 loops=244)
      ->  Index Scan using index_query_occurrences_on_query_id on public.query_occurrences o  (cost=0.57..0.61 rows=1 width=8) (actual time=0.004..0.004 rows=0 loops=244)



Use query variants to test hypothesis



Use query variants to test hypothesis



1. For simple scan selectivity, look into CREATE STATISTICS 
2. For join selectivity, try increasing statistics target 
3. Review cost settings (e.g. random_page_cost) 
4. Create multi-column indexes that 

align with the planner’s biases (e.g. for bounded sorts) 
5. For complex queries with surprising join order, 

try forcing materialization (WITH x AS MATERIALIZED…) 
6. For multi-tenant apps, consider adding more explicit 

clauses like “WHERE customer_id = 123”

6 ways to guide the planner:



Coming Soon: 
Query Tuning Advisor



1. Inefficient Nested Loops (nested loops when rows are not 1) 
2. GROUP BY causing wrong index usage due to sort order 
3. ORDER BY + LIMIT causing wrong index usage due to “quickstart” scan 
4. Functional dependency causing wrong index usage 
5. JSONB expression causing wrong index usage 
6. Lossy Bitmap Heap Scan leading to increased table access 
7. Early sort because of large result set mis-estimate 
8. Memoize on Postgres 14+ causing inefficient plans

Common “Pathological” Bad Plans:



• Open to current pganalyze cloud customers 
• Focused on 1:1 sessions to 

tune a particular slow query together 
• You’ll get access to the Query Tuning Workbooks 

feature ahead of the official launch 
• We’ll use your feedback in the process 

of developing Query Tuning Advisor 
• If you’re interested, let us know 

in the post-webinar survey or by email

Join Our Early Access Program 
for Query Tuning Workbooks!



thanks!

PGANALYZE.COM

PGANALYZE.COM/BLOGPGANALYZE.COM/RESOURCES

Get a free trial of pganalyze

Get free pganalyze eBooks and Postgres blog posts
PGANALYZE.COM/NEWSLETTER

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

