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Dealing with GEO-Spatial data
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Data of those objects is stored in a table
possibly like so:

create table things (
    id                   bigserial primary key,
    name                text,
    …    
    latitude            numeric,
    longitude         numeric
);
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Retrieving data naively

select * from things 
     where 
         latitude between 52.155 and 52.29583 
     and longitude between 5.3875 and 5.1625;

And you’ll get nothing
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Retrieving data naively

select * from things 
     where 
         latitude between 52.155 and 52.29583 
     and longitude between 5.1625 and 5.3875;

This still sucks
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Let’s do it ourselves

alter table things add column coordinates point;
alter table things alter column coordinates 
 set data type point using point(latitude, longitude);

create table things (
    id                   bigserial primary key,
    …                 …,
    latitude            numeric,
    longitude         numeric
);

create index concurrently things_coordinates_idx 
        on things using GIST(coordinates);

Coordinates 
stored here
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And we can finally get rid of the betweens

select * from things where coordinates <@ 
box( point(52.155, 5.3875), point(52.29583, 5.1625));

52.155

5.3875

52.29583

(52.29583, 5.1625) (52.29583, 5.3875)

(52.155, 5.3875)(52.155, 5.1625)

5.1625
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Dealing with GEO-Spatial data

Can't Find It - Fowl Language Comics

More juicy tidbits on database.one/blog

or talk to me directly

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.fowllanguagecomics.com%2Fcomic%2Fcant-find-it%2F&psig=AOvVaw3qtg9Hwm_U79vbkSsMynlW&ust=1698155641873000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCMDCrvCojIIDFQAAAAAdAAAAABAS
https://database.one/blog
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One troublesome query
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One troublesome query

SELECT IDX FROM PARAMETERINFO
WHERE (NAME = $1 OR
       (LOWER(NAME) = LOWER($1) AND FLAGS & x'80'::int4 > 0)
  )
  AND FLAGS & x'20'::int4 > 0;

Pg_stat_statements on production:  it takes about 8.656 milliseconds for an 

average execution of this query.

It is not too complex and on a relatively small table (about 13.000 rows), 

but it runs quite often (359.513.795 in one year), and is causing a 

considerable amount of the system’s overall load.

The query can not be changed.
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The queryplan (on local test)

Seq Scan on parameterinfo  (cost=0.00..535.30 rows=8 width=4) (actual 
time=7.324..7.324 rows=0 loops=1)
  Filter: (((flags & '32'::bigint) > 0) AND (((name)::text = 'Blah'::text) OR 
((lower((name)::text) = 'Blah'::text) AND ((flags & '128'::bigint) > 0))))
Rows Removed by Filter: 13029

Planning Time: 0.090 ms
Execution Time: 7.337 ms
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Better readable
SELECT IDX FROM PARAMETERINFO
WHERE (NAME = $1 OR
       (LOWER(NAME) = LOWER($1) AND FLAGS & x'80'::int4 > 0)
  )
  AND FLAGS & x'20'::int4 > 0;

SELECT IDX FROM PARAMETERINFO
WHERE NAME = $1 AND FLAGS & x'20'::int4 > 0

UNION

SELECT IDX FROM PARAMETERINFO
WHERE LOWER(NAME) = LOWER($1) AND FLAGS & x'80'::int4 > 0
  AND FLAGS & x'20'::int4 > 0;
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First index : functional or expression

create index concurrently on PARAMETERINFO (NAME);
create index concurrently on PARAMETERINFO (LOWER(NAME));
analyze table PARAMETERINFO;

SELECT IDX FROM PARAMETERINFO
WHERE NAME = $1 AND FLAGS & x'20'::int4 > 0

UNION

SELECT IDX FROM PARAMETERINFO
WHERE LOWER(NAME) = LOWER($1) AND FLAGS & x'80'::int4 > 0
  AND FLAGS & x'20'::int4 > 0;
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Second index : partial

create index concurrently on PARAMETERINFO (name) where (FLAGS & 
x'20'::int4) > 0 ;
 

create index concurrently on PARAMETERINFO (LOWER(NAME)) where 
(FLAGS & x'80'::int4) > 0 and (FLAGS & x'20'::int4) > 0 ;

analyze table PARAMETERINFO;

SELECT IDX FROM PARAMETERINFO
WHERE NAME = $1 AND FLAGS & x'20'::int4 > 0
UNION
SELECT IDX FROM PARAMETERINFO
WHERE LOWER(NAME) = LOWER($1) AND FLAGS & x'80'::int4 > 0
  AND FLAGS & x'20'::int4 > 0;
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Third index : hash

create index concurrently on PARAMETERINFO using hash(NAME) where 
(FLAGS & x'20'::int4) > 0 ;
 

create index concurrently on parameterinfo using hash(LOWER(NAME)) 
where (FLAGS & x'80'::int4) > 0 and (FLAGS & x'20'::int4) > 0 ;

analyze table PARAMETERINFO;

SELECT IDX FROM PARAMETERINFO
WHERE NAME = $1 AND FLAGS & x'20'::int4 > 0
UNION
SELECT IDX FROM PARAMETERINFO
WHERE LOWER(NAME) = LOWER($1) AND FLAGS & x'80'::int4 > 0
  AND FLAGS & x'20'::int4 > 0;
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Performance

Original was 55x slower 

Bitmap Heap Scan on parameterinfo  (cost=8.06..35.18 rows=8 width=4) (actual time=0.013..0.014 rows=0 
loops=1)
  Recheck Cond: ((((name)::text = 'Blah'::text) AND ((flags & '32'::bigint) > 0)) OR ((lower((name)::text) = 
'blah'::text) AND ((flags & '128'::bigint) > 0) AND ((flags & '32'::bigint) > 0)))
  ->  BitmapOr  (cost=8.06..8.06 rows=8 width=0) (actual time=0.011..0.011 rows=0 loops=1)
        ->  Bitmap Index Scan on parameterinfo_name_idx  (cost=0.00..4.01 rows=1 width=0) (actual 
time=0.008..0.008 rows=0 loops=1)
              Index Cond: ((name)::text = 'Blah'::text)
        ->  Bitmap Index Scan on parameterinfo_lower_idx1  (cost=0.00..4.05 rows=7 width=0) (actual 
time=0.003..0.003 rows=0 loops=1)
              Index Cond: (lower((name)::text) = 'blah'::text)
Planning Time: 0.101 ms
Execution Time: 0.035 ms

Planning Time: 0.090 ms
Execution Time: 7.337 ms

elmo from sesame street is 
dancing in the dark with a 
black background .

https://tenor.com/view/tuesday-happy-elmo-gif-13143615
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One little index

Can't Find It - Fowl Language Comics

More juicy tidbits on database.one/blog

or talk to me directly

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.fowllanguagecomics.com%2Fcomic%2Fcant-find-it%2F&psig=AOvVaw3qtg9Hwm_U79vbkSsMynlW&ust=1698155641873000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCMDCrvCojIIDFQAAAAAdAAAAABAS
https://database.one/blog
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PAGING
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Method 3

Get a chunk 
per request



PostgreSQL lightningtalks © 2026 Ellert van Koperen

select * from postgres_air.boarding_pass limit 1;
 pass_id  | passenger_id | booking_leg_id | seat |     boarding_time      |
----------+--------------+----------------+------+------------------------+
 27467390 |     18250564 |       18114010 | 10E  | 2024-05-28 07:25:00+00 |

select count(1) from postgres_air.boarding_pass;

30195223  = ± 30M

select boarding_time from postgres_air.boarding_pass order by 
boarding_time asc limit 1; 

2024-05-26 18:55:00.000000 +00
 
select boarding_time from postgres_air.boarding_pass order by 
boarding_time desc limit 1;

2024-08-13 14:55:00.000000 +00
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BEFORE WE START

create index concurrently if not exists 
boarding_pass_boarding_time_idx on 
postgres_air.boarding_pass(boarding_time);

select count(1) from postgres_air.boarding_pass 
where date(boarding_time) = '2024-06-01'::date; 
-- 393588 (0.4M) , count took 7.3s
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GET A CHUNK

select * from postgres_air.boarding_pass 
  where date(boarding_time) = '2024-06-01'::date 
  limit 100; 
-- get first chunk, this is fast-ish, execution 50ms
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GET ANOTHER CHUNK

select * from postgres_air.boarding_pass 
  where date(boarding_time) = '2024-06-01'::date 
  limit 100; 
-- get first chunk, this is fast-ish, execution 50ms

select * from postgres_air.boarding_pass 
  where date(boarding_time) = '2024-06-01'::date 
  offset 346600 limit 100; 
-- get way further chunk, that is much much slower 
execution at 3s 882ms



PostgreSQL lightningtalks © 2026 Ellert van Koperen

GET ANOTHER CHUNK

select * from postgres_air.boarding_pass 
  where date(boarding_time) = '2024-06-01'::date 
  limit 100; 
-- get first chunk, this is fast-ish, execution 50ms

select * from postgres_air.boarding_pass 
  where date(boarding_time) = '2024-06-01'::date 
  offset 346600 limit 100; 
-- get way further chunk, that is much much slower 
execution at 3s 882ms

YOU IDIOT !
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GET ANOTHER CHUNK
select * from postgres_air.boarding_pass 
  where boarding_time >= '2024-06-01'::timestamptz 
   and boarding_time < '2024-06-02'::timestamptz 
  limit 100; 
-- get first chunk, this is still ok, execution 14ms

select * from postgres_air.boarding_pass 
 where boarding_time >= '2024-06-01'::timestamptz 
   and boarding_time < '2024-06-02'::timestamptz 
 offset 346600 limit 100; 
-- get way further chunk, better but still much slower 
execution at 438ms
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GET ANOTHER CHUNK
select * from postgres_air.boarding_pass 
  where boarding_time >= '2024-06-01'::timestamptz 
   and boarding_time < '2024-06-02'::timestamptz 
  order by boarding_time, pass_id limit 100; 
-- get first chunk, this is still ok, execution 17ms

select * from postgres_air.boarding_pass 
 where boarding_time >= '2024-06-01'::timestamptz 
   and boarding_time < '2024-06-02'::timestamptz 
 order by boarding_time, pass_id offset 346600 limit 100; 
-- get way further chunk, but meh with offset, execution 
at 232ms
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WHY IS THIS STILL SLOW ?

select * from postgres_air.boarding_pass 
 where boarding_time >= '2024-06-01'::timestamptz 
   and boarding_time < '2024-06-02'::timestamptz 
 order by boarding_time, pass_id offset 346600 limit 100; 
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WHY IS THIS STILL SLOW ?

select * from postgres_air.boarding_pass 
 where boarding_time >= '2024-06-01'::timestamptz 
   and boarding_time < '2024-06-02'::timestamptz 
 order by boarding_time, pass_id offset 346600 limit 100; 
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WHY IS THIS STILL SLOW ?
Page

Applicationoffset
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GET PREVIOUS CHUNK

select * from postgres_air.boarding_pass 
 where boarding_time >= '2024-06-01'::timestamptz 
   and boarding_time < '2024-06-02'::timestamptz 
 order by boarding_time, pass_id offset 346500 limit 100; 
-- last row of data from this chunk:

          boarding_time            |  pass_id  |
-----------------------------------+-----------+
2024-06-01 20:30:00.000000 +00:00  |  28810614 |
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GET CHUNK RIGHT AFTER

boarding_time            |  pass_id  |
-----------------------------------+-----------+
2024-06-01 20:30:00.000000 +00:00  |  28810614 |

select * from postgres_air.boarding_pass 
 where boarding_time >= '2024-06-01'::timestamptz 
 and boarding_time < '2024-06-02'::timestamptz 
 and boarding_time >= '2024-06-01 20:30:00.000000 +00:00'::timestamptz
 and pass_id > 28810614
 order by boarding_time, pass_id limit 100; 
-- There you go, execution: 15ms



PostgreSQL lightningtalks © 2026 Ellert van Koperen

FIX LOGIC

select * from postgres_air.boarding_pass 
 where boarding_time >= '2024-06-01'::timestamptz 
 and boarding_time < '2024-06-02'::timestamptz 
 and (
  (boarding_time > '2024-06-01 20:30:00.000000 +00:00'::timestamptz)
  or
  (boarding_time = '2024-06-01 20:30:00.000000 +00:00'::timestamptz
      and pass_id > 28810614)
  )
 order by boarding_time, pass_id limit 100; 
-- correct but execution: 145ms
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NOW REALLY FIX LOGIC USING BRAIN

select * from postgres_air.boarding_pass 
 where boarding_time >= '2024-06-01'::timestamptz 
 and boarding_time < '2024-06-02'::timestamptz 
 and (boarding_time, pass_id) 
   > ('2024-06-01 20:30:00.000000 +00:00'::timestamptz, 28810614)
  )
 order by boarding_time, pass_id limit 100; 
-- correct and execution: 5ms (!!)
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…  mostly



PostgreSQL lightningtalks © 2026 Ellert van Koperen

Paging

Can't Find It - Fowl Language ComicsACK:

Mathias van der Meent for spotting the monotonicity trap

More juicy tidbits on database.one/blog

or talk to me directly

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.fowllanguagecomics.com%2Fcomic%2Fcant-find-it%2F&psig=AOvVaw3qtg9Hwm_U79vbkSsMynlW&ust=1698155641873000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCMDCrvCojIIDFQAAAAAdAAAAABAS
https://database.one/blog
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Something about:

Selectivity
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Something about: selectivity
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Something about: selectivity
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OR IS IT ?
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Something about: selectivity
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Something about: selectivity
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Something about: selectivity
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Something about: selectivity

In human language
high selectivity = very picky

In Postgres language
high selectivity = many results, not very picky
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Something about: selectivity

Maybe we should not use selectivity

But use some other term instead.

Perhaps selected-fraction
or predicate-fraction
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Something about: selectivity

Can't Find It - Fowl Language ComicsACK:

Hetty Dombrovskaya, for in-depth discussion about selectivity

Floor Drees, for pushing me to give this talk the first time 

More juicy tidbits on database.one/blog

or talk to me directly

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.fowllanguagecomics.com%2Fcomic%2Fcant-find-it%2F&psig=AOvVaw3qtg9Hwm_U79vbkSsMynlW&ust=1698155641873000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCMDCrvCojIIDFQAAAAAdAAAAABAS
https://database.one/blog
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That is all I could cram into this 
short timeslot today 

More juicy tidbits on

database.one/blog
or talk to me directly

or find me on LinkedIn

  Leave feedback

https://database.one/blog
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https://database.one/blog
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