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About Me

Owner of Tallinn/Estonia based ProOpenSource OÜ

Website: www.ProOpenSource.eu

Blog: www.ProOpenSource.it

Mastodon: https://digitalcourage.social/@sjstoelting 

Telegram: https://t.me/postgreschat 

https://proopensource.it/blog/my-way-to-postgreql
http://www.ProOpenSource.eu/
http://www.ProOpenSource.it/
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About Me

Maintainer of pgsql_tweaks, a PostgreSQL extension

Sources: https://codeberg.org/pgsql_tweaks
Website: https://pgsql-tweaks.org/
Docu: https://rtfm.pgsql-tweaks.org/

https://proopensource.it/blog/my-way-to-postgreql
https://codeberg.org/pgsql_tweaks
https://pgsql-tweaks.org/
https://rtfm.pgsql-tweaks.org/


  

https://proopensource.it/conference-calendar/
(Based on ProOpenSource Nextcloud)

https://ics.postgresql.life/ 
(Based on Google Calendar)

PostgreSQL Event
Calendars

https://proopensource.it/conference-calendar/
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About Me

Member of the PGEU Diversity Committee

This year the conference survey will have some diversity related 
questions. Please support the committee by filling it out.

Thank you

https://proopensource.it/blog/my-way-to-postgreql
https://www.postgresql.eu/diversity/


  

What is Time Travelling

Photo by Lukas Tennie on Unsplash

https://unsplash.com/de/@luk10?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/de/fotos/nahaufnahme-eines-zifferblatts-mit-fehlenden-zahnradern-3dyDozzCORw?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash


  

Timetravel Definition

Being able to return 
data as it has been 
at a certain point in 
time.

That can obviously 
only be data saved 
in the past.

And we need dates 
and times stored 
with data. Photo by Tim Green

https://www.flickr.com/photos/atoach/


  

PostgreSQL History

PostgreSQL supported time travel as it was 
implemented in its core up to version 6.2. It 
has been removed in PostgreSQL 6.3.

https://www.postgresql.org/docs/6.3/c0503.htm


  

Other Ideas

Hans-Jürgen Schönig from CYBERTEC has 
written about implementing time travelling in 
his blog post in 2019 about AS OF-queries.

I have tested them, but they seem not to work 
with PostgreSQL 17, 18, 19.

The creation of the trigger fails.

https://www.cybertec-postgresql.com/en/implementing-as-of-queries-in-postgresql/


  

Other Ideas

The problem here is:
CREATE FUNCTION version_trigger() RETURNS trigger AS
$
…
…
END;
$ LANGUAGE plpgsql;

The solution with PostgreSQL >= 17 is:
CREATE FUNCTION version_trigger()
  RETURNS TRIGGER
  LANGUAGE PLPGSQL
AS
$$
…
…
END;
$$



  

Other Ideas - E-Maj

E-Maj is a PostgreSQL extension which is 
available by source code and with PGXN.

It enables you to set marks for a group of 
tables and to roll back to a mark.

This is great for tests against databases and 
spares you to install backups.

https://github.com/dalibo/emaj_web
http://http//pgxn.org/dist/e-maj/


  

What is covered?

Table partitioning by list

Primary key with partitioned tables

Updating records with the possibility to access 
the previous records as they have been at a 
certain point in time

Deleting records with the possibility to access 
the previous records as they have been at a 
certain point in time

https://www.postgresql.org/docs/current/ddl-partitioning.html#DDL-PARTITIONING-OVERVIEW-LIST


  

Let’s start

Photo by Wim van 't Einde on Unsplash 

https://unsplash.com/de/@wimvanteinde?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/de/fotos/klarglas-sanduhr-mit-blauer-flussigkeit-iEhFJJAMTK4?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash


  

 Primary Key - Partitioning

Photo by Ylanite Koppens on StockSnap

PostgreSQL does not support unique indexes 
or primary keys over partitioned tables.

But there is a solution to solve the primary key 
problem without any extensions in 
PostgreSQL.

https://stocksnap.io/photo/vintage-keys-GRRCFFNXRE
https://stocksnap.io/author/ylanitekoppens
https://stocksnap.io/


  

 Unique Identifiers

The solution is relatively easy to solve with 
Unique Identifiers.

Since PostgreSQL 14 there is the version 7 
UUID available without the need of an 
extension: uuidv7.

https://en.wikipedia.org/wiki/Universally_unique_identifier
https://www.postgresql.org/docs/current/functions-uuid.html


  

 Preparation

I stated we do not need an extension.

Well, we need one to get speedy access to the 
data: btree_gist.

btree_gist is an index that is part of the contrib 
package and available on all supported 
platforms.
CREATE EXTENSION IF NOT EXISTS btree_gist;

https://www.postgresql.org/docs/current/btree-gist.html


  

 Time Travel Table

/**
 * Creates the partitioned table which will store all versions of records
 * 
 * TSTZRANGE is a TIMESTAMP WITH TIME ZONE range Type
 * https://www.postgresql.org/docs/current/rangetypes.html
 */
CREATE TABLE timetravel (

timetravelid UUID NOT NULL DEFAULT uuidv7(),
changed TSTZRANGE NOT NULL DEFAULT

tstzrange(clock_timestamp(), 'INFINITY', '[)'),
data_text TEXT,
data_json JSONB,
p_key INTEGER NOT NULL DEFAULT ((to_char(now(), 'YYYYMM'))::INTEGER),
deleted BOOLEAN NOT NULL DEFAULT FALSE,
CONSTRAINT timetravel_pk PRIMARY KEY (timetravelid, changed, p_key)

) PARTITION BY LIST (p_key)
;

https://www.postgresql.org/docs/current/rangetypes.html


  

 Indexes

CREATE INDEX timetravelid_idx
ON timetravel
USING btree
(timetravelid, p_key)

;

CREATE INDEX timetravel_changed_idx
ON timetravel
USING gist
(changed)

;

CREATE INDEX timetravel_not_deleted_idx
ON timetravel
USING btree
(deleted)
WHERE NOT deleted

;



  

 Partition Management

A function will be used to create partitions with 
unique names.

The function will be executed manually.

In real life I would use a cron job, for example 
with pg_cron.

https://github.com/citusdata/pg_cron


  

 Show Time

Showing slides with SQL is a bit boring.



  

 Schema, Searchpath

-- Drops the Schema used in this script with all objects

DROP SCHEMA IF EXISTS timetravel CASCADE;

CREATE SCHEMA IF NOT EXISTS timetravel;

SET SEARCH_PATH TO timetravel, public;



  

 Index Type

/**
 * Creates the btree GIST index which will be used for the column changed
 * https://www.postgresql.org/docs/current/btree-gist.html
 */
CREATE EXTENSION IF NOT EXISTS btree_gist;

https://www.postgresql.org/docs/current/btree-gist.html


  

 Timetravel Table

/**
 * Creates the partitioned table which will store all versions of records
 * 
 * TSTZRANGE is a TIMESTAMP WITH TIME ZONE range Type
 * https://www.postgresql.org/docs/current/rangetypes.html
 */
CREATE TABLE timetravel (

timetravelid UUID NOT NULL DEFAULT uuidv7(),
changed TSTZRANGE NOT NULL DEFAULT

    tstzrange(clock_timestamp(), 'INFINITY', '[)'),
data_text TEXT,
data_json JSONB,
p_key INTEGER NOT NULL DEFAULT ((to_char(now(), 'YYYYMM'))::INTEGER),
deleted BOOLEAN NOT NULL DEFAULT FALSE,
CONSTRAINT timetravel_pk PRIMARY KEY (timetravelid, changed, p_key)

) PARTITION BY LIST (p_key)
;

https://www.postgresql.org/docs/current/rangetypes.html


  

 Table Timetravel Indexes

-- Creating indexes
CREATE INDEX timetravelid_idx

ON timetravel
USING btree
(timetravelid, p_key)

;

CREATE INDEX timetravel_changed_idx
ON timetravel
USING gist
(changed)

;

CREATE INDEX timetravel_not_deleted_idx
ON timetravel
USING btree
(deleted)
WHERE NOT deleted

;



  

 Functions

/**FUNCTIONS*****************************************/

/**
 * Function to handle partitions
 * 
 * It uses system tables to check for existing partitions
 * Partitions are done for months
 * Returns the name of the created partition
 */



  

FUNCTION timetravel_partition

CREATE OR REPLACE FUNCTION timetravel_partition (
in_changed TIMESTAMPTZ,
in_schema TEXT,
in_table TEXT

)
RETURNS TEXT
LANGUAGE PLPGSQL
AS

$$
DECLARE

in_range BOOLEAN = FALSE;
p_key INTEGER;
part_name TEXT;



  

FUNCTION timetravel_partition
BEGIN

-- Calculate the partition time
SELECT (to_char($1, 'YYYYMM'))::INTEGER
INTO p_key
;

-- Partition name
part_name := 'timetravel_' || p_key::TEXT;

-- Check the changed date to be in an existing partition
EXECUTE 'SELECT count(*) > 0
FROM pg_inherits
INNER JOIN pg_class AS parent

ON pg_inherits.inhparent = parent.oid
INNER JOIN pg_class AS child

ON pg_inherits.inhrelid   = child.oid
INNER JOIN pg_namespace AS nmsp_parent

ON nmsp_parent.oid  = parent.relnamespace
WHERE parent.relname = $1

AND nmsp_parent.nspname = $2
AND child.relname = $3'

INTO in_range
USING in_table, in_schema, part_name
;



  

FUNCTION timetravel_partition

IF (NOT in_range) THEN
    -- Create a new partition
    EXECUTE 'CREATE TABLE ' || part_name ||
    ' PARTITION OF timetravel FOR VALUES IN (''' || p_key::text || ''')';

    RAISE NOTICE 'Partition % created.', part_name;
END IF;

RETURN part_name;
END;
$$
;



  

Creating the Partitions

-- Create the partitions for this some months

SELECT timetravel_partition (
now(),
'timetravel',
'timetravel'

);

SELECT timetravel_partition (
now() - INTERVAL '1 Month',
'timetravel',
'timetravel'

);

SELECT timetravel_partition (
now() - INTERVAL '2 Months',
'timetravel', 'timetravel'

);



  

Autovacuum Off

/**
 * Turning autovacuum off for some tests, has to be done for each partition
 * 
 *** DON'T DO THAT OTHERWISE, IT WILL HARM YOU! ***
 */

DO $$
DECLARE
    table_name TEXT;
    i SMALLINT;
    months TEXT;
BEGIN
    FOR i IN 0..2 LOOP
        months := i::TEXT || ' Month';
        EXECUTE 'SELECT timetravel_partition (now() - INTERVAL ''' || months || 
''',
            ''timetravel'', ''timetravel'')'
        INTO table_name;

        EXECUTE 'ALTER TABLE timetravel.' || table_name || ' SET 
(autovacuum_enabled = false)';
    END LOOP;
END;
$$;



  

Trigger Function INSERT/UPDATE

-- Trigger function for inserts and updates
CREATE OR REPLACE FUNCTION trigger_timetravel_in_upd ()

RETURNS TRIGGER
LANGUAGE PLPGSQL
AS

$$
BEGIN

-- Setting default values
NEW.deleted = false;
NEW.changed = tstzrange(clock_timestamp(), 'INFINITY', '[)');



  

Trigger Function INSERT/UPDATE

    CASE WHEN TG_OP = 'UPDATE' THEN

        IF NEW.timetravelid <> OLD.timetravelid THEN
            RAISE EXCEPTION 'The identity column timetravelid can not be changed!';
        END IF;

        IF NEW.p_key <> OLD.p_key THEN
            RAISE EXCEPTION 'The partition key can not be changed!';
        END IF;

        IF NOT OLD.deleted THEN
            IF upper(OLD.changed) = 'infinity' THEN
                -- Updated the latest version of a record
                INSERT INTO timetravel (timetravelid, data_text, data_json, changed)
                SELECT NEW.timetravelid
                    , NEW.data_text
                    , NEW.data_json
                , NEW.changed
                ;

                -- Only the range for the old record is changed, it has an end now
                NEW.data_text = OLD.data_text;
                NEW.data_json = OLD.data_json;
                NEW.changed = tstzrange(lower(OLD.changed), lower(NEW.changed));

                RETURN NEW;
            ELSE
                -- It is not the newest version, therefore there is nothing to do
                RETURN NULL;
            END IF;
        ELSE
            -- An already deleted record cannot be changed
            RETURN NULL;
        END IF;



  

Trigger Function INSERT/UPDATE
    CASE WHEN TG_OP = 'UPDATE' THEN

        IF NEW.timetravelid <> OLD.timetravelid THEN
            RAISE EXCEPTION 'The identity column timetravelid can not be changed!';
        END IF;

        IF NEW.p_key <> OLD.p_key THEN
            RAISE EXCEPTION 'The partition key can not be changed!';
        END IF;

        IF NOT OLD.deleted THEN
            IF upper(OLD.changed) = 'infinity' THEN
                -- Updated the latest version of a record
                INSERT INTO timetravel (timetravelid, data_text, data_json, changed)
                SELECT NEW.timetravelid
                    , NEW.data_text
                    , NEW.data_json
                , NEW.changed
                ;

                -- Only the range for the old record is changed, it has an end now
                NEW.data_text = OLD.data_text;
                NEW.data_json = OLD.data_json;
                NEW.changed = tstzrange(lower(OLD.changed), lower(NEW.changed));

                RETURN NEW;
            ELSE
                -- It is not the newest version, therefore there is nothing to do
                RETURN NULL;
            END IF;
        ELSE
            -- An already deleted record cannot be changed
            RETURN NULL;
        END IF;
    WHEN TG_OP = 'INSERT' THEN
        RETURN NEW;
    ELSE
        RETURN NULL;
    END CASE;
END;
$$;



  

Trigger Function INSERT/UPDATE

-- Attach the trigger function for inserts
CREATE OR REPLACE TRIGGER timetravel_insert

BEFORE INSERT
ON timetravel
FOR EACH ROW
WHEN (pg_trigger_depth() < 1)
EXECUTE PROCEDURE trigger_timetravel_in_upd()

;

-- Attach the trigger function for updates
CREATE OR REPLACE TRIGGER timetravel_update

BEFORE UPDATE
ON timetravel
FOR EACH ROW
EXECUTE PROCEDURE trigger_timetravel_in_upd()

;



  

Trigger Function DELETE
/**
 * The trigger inserts a records with the old data but with an end
 * timestamp in column changed and with deleted = TRUE but end timestamp
 * is INFINITY
 * 
 * https://www.postgresql.org/docs/current/datatype-datetime.html#DATATYPE-DATETIME-SPECIAL-VALUES
 */
CREATE OR REPLACE FUNCTION trigger_timetravel_del ()

RETURNS TRIGGER
LANGUAGE PLPGSQL
AS

$$
DECLARE

ts timestamp with time zone;
BEGIN

-- When a record has already been deleted, an error is raised and no data is changed
IF OLD.deleted THEN

RAISE EXCEPTION 'Timetravel record with the timetravelid % is already deleted.', OLD.timetravelid;
END IF;

IF upper(OLD.changed) = 'infinity' THEN
-- Only the latest version has to be taken care off
ts = clock_timestamp();

INSERT INTO timetravel (timetravelid, changed, data_text, data_json, deleted)
VALUES (

OLD.timetravelid,
tstzrange(ts, 'INFINITY'),
OLD.data_text,
OLD.data_json,
TRUE

);

RETURN OLD;
ELSE

-- All other records stay as they are
RETURN NULL;

END IF;
END;
$$



  

VIEWS
/**
 * The view does return only the current and undeleted records
 * 
 * It contains the column rec_version, that has the information
 * of the iterations of the records
 */
CREATE OR REPLACE VIEW timetravel_v AS
WITH rec_v AS

(
SELECT t.timetravelid
, count(*) OVER (PARTITION BY t.timetravelid) AS rec_version

FROM timetravel AS t
)

SELECT DISTINCT ON (t.timetravelid)
t.timetravelid
, rec_v.rec_version
, t.data_text
, t.data_json
, min(lower(t.changed)) OVER (PARTITION BY t.timetravelid) AS created_at
, t.changed
, lower(t.changed) AS valid_from
, upper(t.changed) AS valid_until

FROM timetravel AS t
INNER JOIN rec_v

ON t.timetravelid = rec_v.timetravelid
WHERE NOT deleted

AND upper(t.changed) = 'infinity'::TIMESTAMPTZ
;



  

VIEWS
-- Querying view
SELECT *
FROM timetravel_v
ORDER BY timetravelid
;



  

VIEWS
-- Querying table
SELECT *

, ROW_NUMBER() OVER (PARTITION BY t.timetravelid ORDER BY lower(changed)) AS 
rec_version
FROM timetravel AS t
ORDER BY timetravelid

, rec_version
;



  

VIEWS
/**
 * Statistics information will will be used several times,
 * therefore a view makes more sense 
 */
CREATE VIEW timetravel_stats AS
WITH rec_v AS

(
SELECT t.timetravelid

, ROW_NUMBER() OVER (PARTITION BY t.timetravelid ORDER BY 
lower(t.changed)) AS rec_version

FROM timetravel AS t
)

SELECT count(t.timetravelid) AS recordcount
, count(DISTINCT t.timetravelid) AS unique_records
, count(DISTINCT t.timetravelid) - count(DISTINCT t.timetravelid) FILTER 

(WHERE t.deleted) AS active_records
, count(DISTINCT t.timetravelid) FILTER (WHERE t.deleted) AS deleted_records
, min(rec_v.rec_version) AS min_version_number
, max(rec_v.rec_version) AS max_version_number

FROM timetravel AS t
INNER JOIN rec_v

ON t.timetravelid = rec_v.timetravelid
;



  

VIEWS
-- Query the statistic view
SELECT *
FROM timetravel_stats
;



  

Insert Data
/**TEST*DATA*****************************************/
-- Insert records into several partitions

ALTER TABLE timetravel ALTER COLUMN p_key
SET DEFAULT to_char(now() - INTERVAL '2 Months', 'YYYYMM'::TEXT)::INTEGER;

INSERT INTO timetravel (data_text, data_json)
SELECT substr(md5(random()::text), 1, 25) AS data_text

, to_jsonb(substr(md5(random()::text), 1, 25)) AS data_json
FROM generate_series(1, 100000) s(i)
;

ALTER TABLE timetravel ALTER COLUMN p_key
SET DEFAULT to_char(now() - INTERVAL '1 Month', 'YYYYMM'::TEXT)::INTEGER;

INSERT INTO timetravel (data_text, data_json)
SELECT substr(md5(random()::text), 1, 25) AS data_text

, to_jsonb(substr(md5(random()::text), 1, 25)) AS data_json
FROM generate_series(1, 100000) s(i)
;

ALTER TABLE timetravel ALTER COLUMN p_key
SET DEFAULT to_char(now(), 'YYYYMM'::TEXT)::INTEGER;

INSERT INTO timetravel (data_text, data_json)
SELECT substr(md5(random()::text), 1, 25) AS data_text

, to_jsonb(substr(md5(random()::text), 1, 25)) AS data_json
FROM generate_series(1, 100000) s(i)
;



  

Insert Data
-- Querying table
SELECT *

, ROW_NUMBER() OVER (PARTITION BY t.timetravelid ORDER BY lower(changed)) AS 
rec_version
FROM timetravel AS t
ORDER BY timetravelid

, rec_version
;



  

Update Data
-- Update existing records
WITH t1 AS

(
SELECT row_number() OVER () AS id

, timetravelid
FROM timetravel

)
, t2 AS

(
SELECT floor(random() * (300000-1+1) + 1)::bigint AS id

, substr(md5(random()::text), 1, 25) AS data_text
, to_jsonb(substr(md5(random()::text), 1, 25)) AS data_json

FROM generate_series(1, 300000) s(i)
)

, t3 AS
(

SELECT DISTINCT ON (t1.timetravelid)
t1.timetravelid
, t2.data_text
, data_json

FROM t1
INNER JOIN t2

ON t1.id = t2.id
)

UPDATE timetravel SET
data_text = t3.data_text,
data_json = t3.data_json

FROM t3
WHERE timetravel.timetravelid = t3.timetravelid
;



  

Update Data



  

Updated Data
-- Querying table
SELECT *

, ROW_NUMBER() OVER (PARTITION BY t.timetravelid ORDER BY lower(changed)) AS 
rec_version
FROM timetravel AS t
ORDER BY timetravelid

, rec_version
;



  

Delete Data
-- Delete some records
WITH t1 AS

(
SELECT row_number() OVER () AS id

, timetravelid
FROM timetravel
LIMIT 6000

)
, t2 AS

(
SELECT timetravelid
FROM t1
WHERE id IN (99, 654, 5698)

)
DELETE FROM timetravel
USING t2
WHERE timetravel.timetravelid = t2.timetravelid
;



  

Data Statistics
-- Table statistics
SELECT *
FROM timetravel_stats
;



  

Current Data from View
-- Get current data
SELECT *
FROM timetravel_v AS tv
ORDER BY tv.timetravelid
;



  

Deleted Data
-- Get all records of a deleted one
WITH t1 AS

(
SELECT timetravelid
FROM timetravel
WHERE deleted

)
SELECT count(*) FILTER (WHERE deleted) OVER () AS deleted_records

, t.timetravelid
, ROW_NUMBER() OVER (PARTITION BY t.timetravelid ORDER BY t.timetravelid, 

lower(t.changed)) AS rec_version
, t.data_text
, t.data_json
, t.deleted
, t.changed
, lower(t.changed) AS rec_changed

FROM timetravel AS t
INNER JOIN t1

ON t.timetravelid = t1.timetravelid
ORDER BY t.timetravelid

, lower(t.changed)
;



  

Data for a Point in Time
/**
 * Result for a certain point in time
 * 
 * Using CONTAINS which is <@,
 * see https://www.postgresql.org/docs/current/functions-range.html
 */
SELECT t.timetravelid

, ROW_NUMBER() OVER (PARTITION BY t.timetravelid ORDER BY lower(t.changed)) 
AS rec_version

, t.data_text
, t.data_json
, min(lower(t.changed)) OVER (PARTITION BY t.timetravelid)
, t.changed
, lower(t.changed) AS valid_from
, upper(t.changed) AS valid_until
, t.deleted

FROM timetravel AS t
WHERE '2026-08-18 12:28:27.704 +0200'::timestamptz <@ t.changed
ORDER BY t.timetravelid

, lower(t.changed)
;



  

Trigger for View
-- One trigger to bind them all ;-)
CREATE OR REPLACE FUNCTION trigger_timetravel_view_in_upd_del ()

RETURNS TRIGGER
LANGUAGE PLPGSQL
AS

$$
BEGIN

CASE
WHEN TG_OP = 'INSERT' THEN

EXECUTE 'INSERT INTO timetravel (data_text, data_json) VALUES ($1, $2)'
USING NEW.data_text, NEW.data_json
;

WHEN TG_OP = 'UPDATE' THEN
EXECUTE 'UPDATE timetravel SET data_text = $1, data_json = $2 WHERE 

timetravelid = $3'
USING NEW.data_text, NEW.data_json, OLD.timetravelid
;

WHEN TG_OP = 'DELETE' THEN
EXECUTE 'DELETE FROM timetravel WHERE timetravelid = $1'
USING OLD.timetravelid
;

ELSE
RAISE EXCEPTION 'Operation not supported.';

END CASE;

RETURN NEW;
END;
$$
;



  

Trigger for View
-- Attach the trigger function to the view
CREATE OR REPLACE TRIGGER timetravel_v_trigger

INSTEAD OF INSERT OR UPDATE OR DELETE
ON timetravel_v
FOR EACH ROW
EXECUTE PROCEDURE trigger_timetravel_view_in_upd_del ()

;



  

Query the View
-- Query the view
SELECT *
FROM timetravel_v
;



  

Data Query Before Deletion
-- Query before deletion
WITH t1 AS

(
SELECT row_number() OVER (ORDER BY timetravelid) AS id

, timetravelid
FROM timetravel
LIMIT 120

)
, t2 AS

(
SELECT timetravelid
FROM t1
WHERE id IN (118)

)
SELECT t.*
FROM timetravel_v AS t
INNER JOIN t2

ON t.timetravelid = t2.timetravelid
ORDER BY rec_version
;



  

Delete a Record from View
-- Deleting from the view
WITH t1 AS

(
SELECT row_number() OVER (ORDER BY timetravelid) AS id

, timetravelid
FROM timetravel
LIMIT 120

)
, t2 AS

(
SELECT timetravelid
FROM t1
WHERE id IN (118)

)
DELETE
FROM timetravel_v
USING t2
WHERE timetravel_v.timetravelid = t2.timetravelid 
;



  

Deleted Records
-- Query the deleted records
WITH t1 AS

(
SELECT timetravelid
FROM timetravel
WHERE deleted

)
SELECT count(*) FILTER (WHERE deleted) OVER () AS deleted_records

, t.timetravelid
, ROW_NUMBER() OVER (PARTITION BY t.timetravelid ORDER BY t.timetravelid, 

lower(t.changed)) AS rec_version
, t.data_text
, t.data_json
, t.deleted
, t.changed
, lower(t.changed) AS rec_changed

FROM timetravel AS t
INNER JOIN t1

ON t.timetravelid = t1.timetravelid
ORDER BY t.timetravelid

, lower(t.changed)
;



  

Data Before Update
-- Check records before update
WITH t1 AS

(
SELECT row_number() OVER (ORDER BY timetravelid) AS id

, timetravelid
FROM timetravel
LIMIT 330

)
, t2 AS

(
SELECT timetravelid
FROM t1
WHERE id IN (324)

)
SELECT t.timetravelid

, ROW_NUMBER() OVER (PARTITION BY t.timetravelid ORDER BY lower(t.changed)) AS 
rec_version

, t.data_text
, t.data_json
, t.deleted
, t.changed
, lower(t.changed) AS valid_from

FROM timetravel AS t
INNER JOIN t2

ON t.timetravelid = t2.timetravelid
ORDER BY lower(t.changed) DESC
;



  

Update Data With View
-- Update a record
WITH t1 AS

(
SELECT row_number() OVER (ORDER BY timetravelid) AS id

, timetravelid
FROM timetravel
LIMIT 330

)
, t2 AS

(
SELECT timetravelid
FROM t1
WHERE id IN (324)

)
UPDATE timetravel_v SET

data_text = substr(md5(random()::text), 1, 25),
data_json = to_jsonb(substr(md5(random()::text), 1, 25))

FROM t2
WHERE timetravel_v.timetravelid = t2.timetravelid
;



  

Data After Update
-- After some updates of the same record
WITH t1 AS

(
SELECT row_number() OVER (ORDER BY timetravelid) AS id

, timetravelid
FROM timetravel
LIMIT 330

)
, t2 AS

(
SELECT timetravelid
FROM t1
WHERE id IN (324)

)
SELECT now() - valid_from AS changed_diff

, t.timetravelid
, t.rec_version
, t.data_text
, t.data_json
, t.changed
, lower(t.changed) AS valid_from

FROM timetravel_v AS t
INNER JOIN t2

ON t.timetravelid = t2.timetravelid
ORDER BY lower(t.changed) DESC
;



  

Data After Update
-- The latest one from the view, or the current active one
WITH t1 AS

(
SELECT row_number() OVER (ORDER BY timetravelid) AS id

, timetravelid
FROM timetravel
LIMIT 330

)
, t2 AS

(
SELECT timetravelid
FROM t1
WHERE id IN (324)

)
SELECT t.timetravelid

, t.rec_version
, t.data_text
, t.data_json
, t.changed
, lower(t.changed) AS valid_from

FROM timetravel_v AS t
INNER JOIN t2

ON t.timetravelid = t2.timetravelid
ORDER BY lower(t.changed) DESC
;



  

Data Statistics
-- Table statistics
SELECT *
FROM timetravel_stats
;



  

Add Another Record
-- Added another entry
WITH t1 AS

(
SELECT row_number() OVER (ORDER BY timetravelid) AS id

, timetravelid
FROM timetravel
LIMIT 330

)
, t2 AS

(
SELECT timetravelid
FROM t1
WHERE id IN (324)

)
INSERT INTO timetravel_v
SELECT t.*
FROM timetravel_v AS t
INNER JOIN t2

ON t.timetravelid = t2.timetravelid
;



  

Statistics Before/After Another Record
-- Table statistics
SELECT *
FROM timetravel_stats
;



  

A Deleted Record
-- Remember we have deleted records?
WITH t1 AS

(
SELECT row_number() OVER () AS id

, timetravelid
FROM timetravel
WHERE deleted
LIMIT 1

)
SELECT t.timetravelid

, ROW_NUMBER() OVER (PARTITION BY t.timetravelid ORDER BY lower(t.changed)) 
AS rec_version

, t.data_text
, t.data_json
, t.deleted
, t.changed
, lower(t.changed) AS valid_from

FROM timetravel AS t
INNER JOIN t1

ON t.timetravelid = t1.timetravelid
ORDER BY lower(t.changed) DESC
;



  

Update Deleted Record
-- Update an already deleted record with the view
WITH t1 AS

(
SELECT row_number() OVER () AS id

, timetravelid
FROM timetravel
WHERE deleted
LIMIT 1

)
UPDATE timetravel_v SET
  data_text = substr(md5(random()::text), 1, 25),
  data_json = to_jsonb(substr(md5(random()::text), 1, 25))
FROM t1
WHERE timetravel_v.timetravelid = t1.timetravelid
;



  

Check Deleted Record
-- Check for changes
WITH t1 AS

(
SELECT row_number() OVER () AS id

, timetravelid
FROM timetravel
WHERE deleted
LIMIT 1

)
SELECT t.timetravelid

, ROW_NUMBER() OVER (PARTITION BY t.timetravelid ORDER BY lower(t.changed)) 
AS rec_version

, t.data_text
, t.data_json
, t.deleted
, t.changed
, lower(t.changed) AS valid_from

FROM timetravel AS t
INNER JOIN t1

ON t.timetravelid = t1.timetravelid
ORDER BY lower(t.changed) DESC
;



  

Check Deleted Record in Table
-- Update an already deleted with the table
WITH t1 AS

(
SELECT row_number() OVER () AS id

, timetravelid
FROM timetravel
WHERE deleted
LIMIT 1

)
UPDATE timetravel SET
  data_text = substr(md5(random()::text), 1, 25),
  data_json = to_jsonb(substr(md5(random()::text), 1, 25))
FROM t1
WHERE timetravel.timetravelid = t1.timetravelid
;



  

Check Deleted Record in Table
-- Result: Nothing changed
WITH t1 AS

(
SELECT row_number() OVER () AS id

, timetravelid
FROM timetravel
WHERE deleted
LIMIT 1

)
SELECT t.timetravelid

, ROW_NUMBER() OVER (PARTITION BY t.timetravelid ORDER BY lower(t.changed)) 
AS rec_version

, t.data_text
, t.data_json
, t.deleted
, t.changed
, lower(t.changed) AS valid_from

FROM timetravel AS t
INNER JOIN t1

ON t.timetravelid = t1.timetravelid
ORDER BY lower(t.changed) DESC
;



  

Check Bloat
/**
 * Index and table bloat
 * 
 * pg_table_bloat and pg_index_bloat are from https://pgsql-tweaks.org/
 */
SELECT 'table' AS type

, schema_name
, table_name
, '' AS index_name
, table_owner
, tuple_count
, dead_tuple_count
, dead_tuple_percent
, pg_size_pretty(table_length_in_bytes) AS object_size

FROM pg_table_bloat
UNION
SELECT 'index' AS type

, schema_name
, table_name
, index_name
, '' AS table_owner
, tuple_count
, dead_tuple_count
, dead_tuple_percent
, pg_size_pretty(table_length_in_bytes) AS object_size

FROM pg_index_bloat
;



  

Check Bloat



  

Solve Bloat with REPACK
/**
 * PostgreSQL 19 at least became a REPACK function!
 * 
 * https://www.postgresql.org/docs/19/sql-repack.html
 */
REPACK (CONCURRENTLY) timetravel;
/*
 * We could run
REPACK timetravel;
 * But that is not concurrently
*/

https://www.postgresql.org/docs/19/sql-repack.html


  

Solve Bloat with REPACK
/**
 * As we can not execute REPACK in a function or procedure,
 * we just return the statements, that have to be executed.
 */
CREATE OR REPLACE FUNCTION timetravel_repack()

RETURNS TEXT
LANGUAGE PLPGSQL
AS

$$
DECLARE

-- We could also use the timetravel_part_vals table for this
part_names CURSOR FOR

SELECT child.relname AS p_name
FROM pg_inherits
INNER JOIN pg_class AS parent

ON pg_inherits.inhparent = parent.oid
INNER JOIN pg_class AS child

ON pg_inherits.inhrelid   = child.oid
INNER JOIN pg_namespace AS nmsp_parent

ON nmsp_parent.oid  = parent.relnamespace
WHERE parent.relname = 'timetravel'
AND nmsp_parent.nspname = 'timetravel'

;
part_name_rec RECORD;
res TEXT DEFAULT '';

BEGIN

OPEN part_names;

LOOP
FETCH NEXT FROM part_names INTO part_name_rec;
EXIT WHEN NOT FOUND;

res := res || 'REPACK (CONCURRENTLY) ' || part_name_rec.p_name || ';' || chr(10);

END LOOP;

CLOSE part_names;

RETURN res;
END
$$;

https://www.postgresql.org/docs/19/sql-repack.html


  

Solve Bloat with REPACK
SELECT timetravel_repack();

https://www.postgresql.org/docs/19/sql-repack.html


  

Solve Bloat with REPACK
REPACK (CONCURRENTLY) timetravel_202610;
REPACK (CONCURRENTLY) timetravel_202609;
REPACK (CONCURRENTLY) timetravel_202608;

https://www.postgresql.org/docs/19/sql-repack.html


  

Check Bloat
-- Check bloat again
SELECT 'table' AS type

, schema_name
, table_name
, '' AS index_name
, table_owner
, tuple_count
, dead_tuple_count
, dead_tuple_percent
, pg_size_pretty(table_length_in_bytes) AS object_size

FROM pg_table_bloat
UNION
SELECT 'index' AS type

, schema_name
, table_name
, index_name
, '' AS table_owner
, tuple_count
, dead_tuple_count
, dead_tuple_percent
, pg_size_pretty(table_length_in_bytes) AS object_size

FROM pg_index_bloat
;



  

Check Bloat



  

Record Count at Timestamps
-- Record count at different points in time
WITH tmx AS

(
SELECT min(lower(t.changed)) AS min_changed

, min(lower(t.changed)) + INTERVAL '20 Seconds' AS interval_changed
, max(lower(t.changed)) AS max_changed

FROM timetravel AS t
)

SELECT 'at min time' AS TYPE
, tmx.min_changed AS changed
, count(t.*) AS row_count

FROM tmx
INNER JOIN timetravel AS t

ON tmx.min_changed <@ t.changed
GROUP BY tmx.min_changed
UNION
SELECT 'at interval time' AS TYPE

, tmx.interval_changed
, count(t.*) AS row_count

FROM tmx
INNER JOIN timetravel AS t

ON tmx.interval_changed <@ t.changed
GROUP BY tmx.interval_changed
UNION
SELECT 'at max time' AS type

, tmx.max_changed
, count(t.*) AS row_count

FROM tmx
INNER JOIN timetravel AS t

ON tmx.max_changed <@ t.changed
GROUP BY tmx.max_changed
ORDER BY 2
;



  

Record Count at Timestamps



  

Active Records and Statistics
-- Comparing the view with active records with the statistics
SELECT 'table statistics' AS data_source

, *
FROM timetravel_stats
UNION
SELECT 'view statistics' AS data_source

, count(*)
, count(*)
, count(*)
, 0
, min(rec_version)
, max(rec_version)

FROM timetravel_v
ORDER BY 1 DESC
;



  

Link List

Slide and sources are available on Codeberg:

https://codeberg.org/sjstoelting/talks/

https://codeberg.org/sjstoelting/talks/
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