
Time Travel – Yes, 
But How?
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How I am?



Changelog? 
Two-dimensional time? 

What works better?

Hettie Dombrovskaya
DRW
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Postgres Vision 2022
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How?
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What exactly we need?

2022

POINT-IN-TIME RECOVERY 
– YES!

CHANGELOG – YES! STORING BITEMPORAL 
DATA - ????



What are bitemporal functions 
and why anybody would want to 
use them?
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Quick refresher
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Asserted 
Versioning 
Model

• Bitemporal functions  operate on bitemporal 
tables
• Bitemporal – two-dimensional time:
- effective time
- asserted time 
- the combination of effective and asserted 

times: time regions
NOT  SQL Standard
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Bitemporal operations

• create bitemporal table
• bitemporal insert
• bitemporal update
• bitemporal correction
• Bitemporal inactivate
• bitemporal delete
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Bitemporal CREATE TABLE

select * from bitemporal_internal.ll_create_bitemporal_table(
'postgres_air_bitemp', 
'frequent_flyer_transaction',
$$frequent_flyer_id int,

level text,
booking_leg_id int,
award_points int,
status_points int$$,
'frequent_flyer_id');
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CREATE TABLE IF NOT EXISTS postgres_air_bitemp.frequent_flyer_transaction(

frequent_flyer_transaction_key integer NOT NULL DEFAULT

nextval('postgres_air_bitemp.frequent_flyer_transaction_frequent_flyer_transaction_key_seq'::regclass),

frequent_flyer_id integer NOT NULL,

level text ,

booking_leg_id integer,

award_points integer,

status_points integer,

effective temporal_relationships.timeperiod NOT NULL,

asserted temporal_relationships.timeperiod NOT NULL,

row_created_at timestamp with time zone NOT NULL DEFAULT now(),

CONSTRAINT frequent_flyer_transaction_pk PRIMARY KEY (frequent_flyer_transaction_key),

CONSTRAINT frequent_flyer_transaction_frequent_flyer_id_assert_eff_excl EXCLUDE USING gist (

effective WITH &&,

asserted WITH &&,

frequent_flyer_id WITH =)

)
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Why PostgreSQL works best for bitemporality?20
22

Range types +/- infinity
GIST/GIST 

with exclusion 
constraints

16



Bitemporal Insert
# Effective Interval Assertive Interval Customer No. Name Type

1 [2022-06-01, oo) [ 2022-05-01 , oo) C100 John Doe Silver

A
s
s
e
r
t
e
d

1

Effective

now = 2022-05-01
select ll_bitemporal_insert(

'customers’,
, $$’customer_no’, name', ’type' $$,
, $$'C100','John Doe', 'Silver' $$,
timeperiod(‘2022-06-01','infinity'), 
timeperiod(‘2022-05-01','infinity’))
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Bitemporal Update
# Effective Interval Assertive Interval Customer No. Name Type

1 [2022-06-01, oo) [2022-05-01,2022-09-15) C100 John Doe Silver

2 [2022-06-01,2022-09-15) [2022-09-15, oo) C100 John Doe Silver

3 [2022-09-15, oo) [ 2022-09-15, oo) C100 John Doe Gold

A
s
s
e
r
t
e
d

1

3

1

2

Effective

now = 2022-09-15

select 
ll_bitemporal_update($$customers$$,
$$customer_no$$, $$100$$, 
$$type$$, $$Gold$$,
timeperiod(‘2022-09-15’, ‘infinity’), 
timeperiod(‘2022-09-15’, ‘infinity’))
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Bitemporal Correction

#Effective Interval Assertive Interval Customer No. Name Type

1[2022-06-01, oo) [2022-05-01,2022-09-15) C100 John Doe Silver

2[2022-06-01,2022-09-15) [2022-09-15, oo) C100 John Doe Silver

3[2022-09-15, oo) [2022-09-15, 2022-09-22) C100 John Doe Gold

4[2022-09-15, oo) [ 2022-09-22, oo) C100 John Doe Platinum

A
s
s
e
r
t
e
d

3

1

2 4

3

1

2

Effective

now = 2022-09-22

select ll_bitemporal_correction($$customers$$,
$$type $$,
$$ Platinum$$,
$$ customer_no$$,
$$ C100$$,
timeperiod(‘2022-09-15','infinity'),
now())
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Bitemporal Inactivate
# Effective Interval Assertive Interval Customer No. Name Type

1 [2022-06-01, oo) [2022-05-01,2022-09-15) C100 John Doe Silver

2 [2022-06-01,2022-09-15) [2022-09-15, oo) C100 John Doe Silver

3 [2022-09-15, oo) [2022-09-15, 2022-09-22) C100 John Doe Gold

4 [2022-09-15, oo) [2022-09-22, 2022-11-05) C100 John Doe Platinum

5 [2022-09-15,2022-12-31 ) [ 2022-11-05, oo) C100 John Doe Platinum

A
s
s
e
r
t
e
d 4

3

1

2
5

4
3

1

2

Effective

now = 2022-11-05

select ll_bitemporal_inactivate(
$$customers$$,
$$customer_no$$,
$$C100$$,
timeperiod(‘2022-12-31','infinity'),
timeperiod(‘2022-11-05','infinity'),
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Bitemporal Delete
# Effective Interval Assertive Interval Customer No. Name Type

1 [2022-06-01, oo) [2022-05-01,2022-09-15) C100 John Doe Silver

2 [2022-06-01,2022-09-15) [2022-09-15, oo) C100 John Doe Silver

3 [2022-09-15, oo) [2022-09-15, 2022-09-22) C100 John Doe Gold

4 [2022-09-15, oo) [2022-09-22, 2022-11-05) C100 John Doe Platinum

5 [2022-09-15,2022-12-31 ) [2022-11-05, 2022-11-17 ) C100 John Doe Platinum

A
s
s
e
r
t
e
d

4

5

3

1

2
5

4
3

1

2

Effective

now = 2022-11-17

select ll_bitemporal_delete(
'customers',
$$ customer_no$$,
$$ 'C100' $$,
timeperiod(‘2022-11-17','infinity'))
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Implementation:
https://github.com/hettie-
d/pg_bitemporal
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Frequent Flyer 
Example

0
2
2
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frequent_flyer_transaction(4 M rows)

FREQUENT_FLYER_TRANSACTION

frequent_flyer_transaction_key serial

frequent_flyer_id int

level text

booking_leg_id int

award_points int

status_points int

effective tstzrange

asserted tstzrange

row_created_at timestamptz



select *

from 

postgres_air_bitemp.frequent_flyer_transaction t

where  now()<@asserted 

and now()<@effective

--700 ms
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select frequent_flyer_id,

lower(effective) as start_time, 

booking_leg_id,

departure_airport,
arrival_airport,

award_points,

status_points,

level

from postgres_air_bitemp.frequent_flyer_transaction t

join postgres_air.booking_leg bl using (booking_leg_id)

join postgres_air.flight f

using (flight_id)
where frequent_flyer_id=39189

and now()<@asserted 

order by lower(effective)

2022 27

Individual History

14 ms



2022 28



Building 
Change Logs

0
2
2
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with award_points as (select 

frequent_flyer_id,

time_of_change,

booking_leg_id,

current_points_balance,

points_balance_change,

activity

from (

select frequent_flyer_id,

lower(effective) as time_of_change,

booking_leg_id,

award_points as current_points_balance,

coalesce(lag(award_points) over (w),0) as previous_points_balance,

award_points - coalesce(lag(award_points) over(w),0) as points_balance_change,

case when (award_points - coalesce(lag(award_points)over(w), 0))<0 then 'points used'

when (award_points - coalesce(lag(award_points)over(w),0))>0 then 'points earned'

else 'no_change'

end as activity

from postgres_air_bitemp.frequent_flyer_transaction

where now()<@asserted

window w as (partition by frequent_flyer_id order by lower(effective))

) a where points_balance_change !=0 ) 
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select 

frequent_flyer_id,

time_of_change,

departure_airport,

arrival_airport,

current_points_balance,

points_balance_change,

activity 

from award_points a

join postgres_air.booking_leg bl using (booking_leg_id)

join postgres_air.flight f

using (flight_id)

order by 1,2;
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select 100 ms
frequent_flyer_id,
time_of_change,
departure_airport,
arrival_airport,
current_points_balance,
points_balance_change,
activity 

from award_points a
join postgres_air.booking_leg bl using (booking_leg_id)
join postgres_air.flight f
using (flight_id)
where a.frequent_flyer_id=36966
order by 1,2;
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And you can do it for any 
attribute history!



Change Log 
Solution



Change Log Tables

AWARD_EVENT_LOG – 1.2M 
frequent_flyer_id int
time_of_change timestamptz
booking_leg_id int
next_award_points_balance int
prev_award_points_balance int
activity text

STATUS_EVENT_LOG  - 1.2 M
frequent_flyer_id int
time_of_change timestamptz
booking_leg_id int
next_status_points_balance int
prev_status_points_balance int
activity text

LEVEL_EVENT_LOG – 9K
frequent_flyer_id int

time_of_change timestamptz
booking_leg_id int

next_level text
previous_level text

activity text



with 

award_point_period as (

select * from (select 

frequent_flyer_id,

time_of_change,

booking_leg_id,

next_award_points_balance,

prev_award_points_balance,

award_points_balance_change,

activity, ---'used' or 'booked'

time_of_change as expi_ts,

lag (   time_of_change,1, '-infinity'::timestamptz) over

(partition by frequent_flyer_id order by time_of_change) as effe_ts

from award_event_log) a 

where  '07-01-2022' >= effe_ts

and  '07-01-2022' <   expi_ts

),
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status_point_period as (

select * from (select

frequent_flyer_id,

time_of_change,

booking_leg_id,

next_status_points_balance,

prev_status_points_balance,

status_points_balance_change,

activity, ---'used', 'reset'

time_of_change as expi_ts,

lag (   time_of_change,1, '-infinity') over (partition by 
frequent_flyer_id order by time_of_change) as effe_ts

from status_event_log) a 

where  '07-01-2022' >= effe_ts

and  '07-01-2022' <   expi_ts

)
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level_period as (

select * from (select 

frequent_flyer_id,

time_of_change,

booking_leg_id,

next_level,

previous_level,

activity, ---'used', 'reset'

time_of_change as expi_ts,

lag (   time_of_change,1, '-infinity') over

(partition by frequent_flyer_id order by time_of_change)

as effe_ts

from level_event_log)a

where  '07-01-2022' >= effe_ts

and  '07-01-2022' <   expi_ts

) 2022 40



select f.frequent_flyer_id ,

coalesce(a.booking_leg_id, s.booking_leg_id, l.booking_leg_id,f.booking_leg_id)

as booking_leg_id,

coalesce(a.time_of_change, s.time_of_change, l.time_of_change,f.time_of_change)

as booking_leg_id,

coalesce(a.activity, s.activity, l.activity,'initial') as activity,

coalesce   (a.prev_award_points_balance, f.award_points) as award_points_balance,

coalesce   (s.prev_status_points_balance, f.status_points) as

status_points_balance,

coalesce (l.previous_level, f.level) as level

from frequent_flyer f

left join award_point_period a

on f.frequent_flyer_id = a.frequent_flyer_id

left join status_point_period s

on f.frequent_flyer_id = s.frequent_flyer_id

left join level_period l

on f.frequent_flyer_id = l.frequent_flyer_id
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And if you want to 
build a generic 
case…



with 

award_point_peri as (

select 

frequent_flyer_id,

booking_leg_id,

next_award_points_balance,

prev_award_points_balance,

award_points_balance_change,

activity, ---'used' or 'booked'

time_of_change as expi_ts,

lag (   time_of_change,1, '-infinity'::timestamptz) over (partition by 
frequent_flyer_id order by time_of_change) as effe_ts

from award_event_log

),
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award_point_period as (

select * from  award_point_peri

union all

select 

frequent_flyer_id,

null,

null,

null,

null,

null, ---'used' or 'booked'

'infinity'::timestamptz as expi_ts,

max(expi_ts) as effe_ts

from  award_point_peri group by frequent_flyer_id

),
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frequent_flyer_asl_period as(

select 

f.frequent_flyer_id ,

coalesce(l.booking_leg_id, f.booking_leg_id) as booking_leg_id,

coalesce(l.activity, f.activity) as activity,

f.award_points_balance,

f.status_points_balance as status_points_balance,

coalesce(l.next_level, f.level) as level,

greatest (f.effe_ts, coalesce(l.effe_ts,'-infinity')) as effe_ts,

least (f.expi_ts,  coalesce(l.expi_ts, 'infinity')) as expi_ts

from frequ_flyer_as_period f

left join level_period l

on f.frequent_flyer_id = l.frequent_flyer_id

and (f.effe_ts,f.expi_ts) overlaps (l.effe_ts, l.expi_ts)

)
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select * 

from frequent_flyer_asl_period

where  '07-01-2022' >= effe_ts

and  '07-01-2022' <   expi_ts

;

8 sec
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Conclusion



Comparison

Bitemporal model:
• Less space (more attributes => more space saving)
• Easier querying at point-in time (Stonebreaker)
• No extra costs for building individual change log
• Significantly less cost of building relative time-dependent queries
• Support of correction



Give it a try!
https://github.com/hettie-d/pg_bitemporal



Thank you!
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PG Day Chicago Apr 20 2023!


