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[1110Cbl CEKUMOHMPOBAHUA

1. IddeKTUBHOE 1CNo/Ib30BaHME bydep-Kawa B C/lyyae, Korga 4acTo
MCNOJIb3yeMble AaHHble HAaXoAATCA B HEOOIbLLOM NOAMHOXKECTBE
napTMLMK

2. MaccoBoe yganeHue/3arpysKka gaHHbIX

3. “XonopgHble” AaHHble MOryT 6bITb NepemeLLeHbl Ha bosiee
MeZl/IeHHble/ JeleBble HOCUTEN

4, PacnpeaeneHue faHHbIX MeXay HOCUTENAMMU, C LesIblo CHUXKEHUA
oX¥unaganmsa 1/0

5. PasaenbHoe 06cnyXMBaHUE NAPTULUM
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CekunoHupoBaHue B PostgreSQL 9.6 1 HU1Ke

trigger - my_table
my_table_1 my_table_2 my_table_3
check (a >= 0 and a < 100) check (a >= 100 and a < 200) check (a >= 200 and a < 300)



PGDAY"
RUSSIA

17
CekunoHupoBaHue B PostgreSQL 9.6 1 HU1Ke

HacnenoBsaHue

Check constraints

Tpurrep Ha BCTaBKY HOBbIX 3arMcen

LIST 1 RANGE cekuuoHnpoBaHue

OnTMMM3auma NnaHUMpPOBLLUMKA Ha OCHOBE MeXaHM3Ma constraint
exclusion (Mcnosib3yeT NoJiHbIM Nepe6op)

OTCcyTCTBME ONTUMM3ALMA BPEMEHM BbIMNOJIHEHUSA

e OTcyTCcTBUE AEeKNapaTUBHON0 CMHTAKCUCA
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Y10 uamenmnock B PostgreSQL 10

e /leknapaTuBHble CEKLIMOHUPOBaHUE

e HartmeHaa nogaeprkka INSERT-oB

e Katanor
o Tabnmua pg_partitioned_table
o KONOHKM relispartition, relpartbound B pg_class

e Constraint-bl Mo NpexHeMy MCNOJIb3YITCA ANA ONTUMM3ALMM MJ1aHa,
HO HEeABHO
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CREATE TABLE log (
ts TIMESTAMP,
level INTEGER,
code INTEGER,
msg TEXT)
PARTITION BY RANGE (ts);
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CREATE TABLE log (
ts TIMESTAMP,
level INTEGER,
code INTEGER,
msg TEXT)
PARTITION BY RANGE (ts);

CREATE TABLE log 17 ©1 PARTITION OF log
FOR VALUES FROM ('2017-01-01') TO ('2017-02-01');
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CREATE TABLE log (
ts TIMESTAMP,
level INTEGER,
code INTEGER,
msg TEXT)
PARTITION BY RANGE (ts);

CREATE TABLE log 17 91 PARTITION OF log
FOR VALUES FROM ('2017-01-01') TO ('2017-02-01');

CREATE TABLE log 17 62 PARTITION OF log
FOR VALUES FROM ('2017-02-01') TO ('2017-83-01")
PARTITION BY LIST (code);
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CREATE TABLE log (
ts TIMESTAMP,
level INTEGER,
code INTEGER,
msg TEXT)
PARTITION BY RANGE (ts);

CREATE TABLE log 17 91 PARTITION OF log
FOR VALUES FROM ('2017-01-01') TO ('2017-02-01');

CREATE TABLE log 17 62 PARTITION OF log
FOR VALUES FROM ('2017-02-01') TO ('2017-83-01")
PARTITION BY LIST (code);

CREATE TABLE log 17 02 errors PARTITION OF log 17 ©2 FOR VALUES IN (1);
CREATE TABLE log 17 02 warnings PARTITION OF log 17 ©2 FOR VALUES IN (2);
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pg_pathman
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pg_pathman

ONTMMM3aLMA NMAaHUPOBLLMKA

onTMMM3aumua executor-a

HASH 1 RANGE cekuuoHunpoBaHue

custom node ana INSERT-oB

aBTOMaTM4YeCKoe CO3/JlJaHME CEKLUM + BbI30B NMOJIb30BATE/NIbCKOIO
06paboTumMKa

HeOIoOKMpYIOLLAA MUrpauma AaHHbIX

e noageprkka FDW-tabauu B KayecTBe CEKLMM

® Vy/106HbIN API
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Kak paboTtaeT pg_pathman
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KOHUrypaumsa B Tadbnmuax

o pathman_config

o pathman_config_params

check constraint-bl ons xpaHeHna nHopmaunm o rpaHuuax

napTnunn Uim Xew-3Ha4yeHnu.

o CHECK (key >= 0 AND key <100)
o CHECK (get_hash_part_idx(hashint4(key), 3) = 2)

KALLMpOBaHUE
NCMNONb30BaHMNE XYKOB
custom node

plpgsql API
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KawmnpoBaHMe

P1 || P2 || P3 || P4 || P5 || P6 || P7

0 100 200 300 400 500 600 700
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Parser

v

Rewriter

v

Planner

v

Executor
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Parser

v

Rewriter

binary search / hashing

Executor
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SELECT * FROM my_table
WHERE a >= 450 and a < 600
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key constant
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a >= 450

P1

P2

P3

P4

P5

P6

P7

100

200

300

400

500

600

700
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a>=
¢ binary search
P1 P2 || P3 || P4 ‘PS\ P6 || P7
100 200 300 400 500 600 700

PGDAY"
RUSSIA

17

21



P1

P2

P3

100

200

300
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a >= 450 and a < 550

b e 7}

100
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a >= 450 and a < 550

aEn - | - [
00 500 60

100 200 300 4 0 700

24



PGDAY"
RUSSIA

17

explain (costs off)
select * from my table where a >= 450 and a < 550;

QUERY PLAN
Append
-> Seq Scan on my table 5
Filter: (a >= 450)
-> Seq Scan on my table 6
Filter: (a < 550)
(5 rows)

25
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Push down ycnoBui pmabTpaumm

SELECT * FROM my_table
WHERE a >= 450
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Push down ycnoBui buabTpauum

-> Seq Scan on my_table_5
Filter: (a >= 450)
-> Seq Scan on my_table_6
Filter: (a >= 450)
-> Seq Scan on my_table_7
Filter: (a >= 450)
(9 rows)

27



PGDAY"
RUSSIA

17

Push down ycnoBui buabTpauum

QUERY PLAN

-> Seq Scan on my_table_5
Filter: (a >= 450)
-> Seq Scan on my_table_6

_%Hea— 77?7

-> Seq Scan on my_table_7

—%@—)—-—%@9— 77?7

(9 rows)
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Push down ycnoBui buabTpauum

Append
-> Seq Scan on my_table_5
Filter: (a >= 450)
-> Seq Scan on my_table_6
-> Seq Scan on my_table_7
(7 rows)
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Custom scan

Parser

v

Rewriter

v

Planner
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SELECT * FROM my_table
WHERE a = ?
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SELECT * FROM my_table
WHERE a = ?

MapameTpu3oBaHHbIe 3anpochbl:
e prepared statements

e nested loops

e noA3anpochl
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Append

—> Scan partition_1

> Scan partition_2

—> Scan partition_3
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Append

Scan partition_1

Scan partition_2

Scan partition_3
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RuntimeAppend

OID

Scan node
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RuntimeAppend

oID Scan node

118179 Scan partition_2
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RuntimeAppend

- OID Scan node

118179 Scan partition_2

118173 Scan partition_1

37



PGDAY"
RUSSIA

17

RuntimeAppend

oID Scan node

118179 Scan partition_2

118173 Scan partition_1
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RuntimeAppend

— OID Scan node
118179 Scan partition_2
118173 Scan partition_1
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[pumep

SELECT * FROM my_table
WHERE a = (SELECT id FROM sometable LIMIT 1);
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bbino:

EXPLAIN (ANALYZE, COSTS OFF, TIMING OFF)
SELECT * FROM my_table WHERE a = (SELECT id FROM sometable LIMIT 1);

QUERY PLAN

Append (actual rows=2 loops=1)
InitPlan 1 (returns $0)
-> Limit (actual rows=1 loops=1)
-> Seq Scan on sometable (actual rows=1 loops=1)
-> Seq Scan on my_table 1 (actual rows=2 loops=1)
Filter: (a = $0)
Rows Removed by Filter: 92
-> Seq Scan on my_table 2 (actual rows=0 loops=1)
Filter: (a = $0)
Rows Removed by Filter: 88

-> Seq Scan on my_table 100 (actual rows=0 loops=1)
Filter: (a = $0)
Rows Removed by Filter: 101
Planning time: 2.799 ms
Execution time: 2.615 ms
(306 rows)
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Crano:

EXPLAIN (ANALYZE, COSTS OFF, TIMING OFF)
SELECT * FROM my_table WHERE a = (SELECT id FROM sometable LIMIT 1);

QUERY PLAN

Custom Scan (RuntimeAppend) (actual rows=2 loops=1)
Prune by: (my_table.a = $0)
InitPlan 1 (returns $0)
-> Limit (actual rows=1 loops=1)
-> Seq Scan on sometable (actual rows=1 loops=1)
-> Seq Scan on my table 1 (actual rows=2 loops=1)
Filter: (a = $0)
Rows Removed by Filter: 92
Planning time: 2.811 ms
Execution time: 0.106 ms
(10 rows)
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[Ipumep
Nested loop

Table A

Table B

Rosein 17

partition 1

partition 2

partition 3
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[Ipumep
Nested loop

Table A

Table B

Rosein 17

partition 1

partition 2

partition 3
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[Ipumep
Nested loop

Table A

Table B

Rosein 17

partition 1

partition 2

partition 3
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Rosein 17

Nested loop with pg_pathman

Table B

Table A partition 1

_§- partion

partition 3
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Nested loop with pg_pathman

Table A

Table B

Rosein 17

partition 1

partition 2

partition 3
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[Ipumep

Nested loop with pg_pathman

Table A

Table B

Rosein 17

partition 1

partition 2

partition 3
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INSERT

INSERT

—

SubPlan

(MCTOYHMK [aHHbIX)
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INSERT

INSERT

PartitionFilter

SubPlan

(MCTOYHUK JaHHbIX)
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INSERT
INSERT 2. Onpegensaem
TeKywas Tabamua TEIPITAIL Al
A
3. MoameHsiem PartitionFilter 1. Mony4yaem CTpoky
TekyLyto Tabnuuy

Ha napTuuunto

llllll

SubPlan

(MCTOYHUK JaHHbIX)
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INSERT

Bbino

EXPLAIN (COSTS OFF)
INSERT INTO partitioned_table
SELECT generate_series(1, 10), random();
QUERY PLAN
Insert on partitioned_table
-> Subquery Scan on “*SELECT*”
-> Result
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Crano:

EXPLAIN (COSTS OFF)
INSERT INTO partitioned_table
SELECT generate_series(1, 10), random();
QUERY PLAN
Insert on partitioned_table
-> Custom Scan (PartitionFilter)
-> Subquery Scan on “*SELECT*”
-> Result
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pg_pathman’s API
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HASH-cekunoHnpoBaHue

SELECT create_hash_partitions(
<table_name>,
<key>,
<partitions_count>

);

MNprmeyaHuma:
e Knwoy He aonkeH 6biTb NULL;
e Ko/myecTBo NapTULMA HEJIb3A M3MEHUTb NOC/IE Pa3BUEHMS.
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RANGE-ceKymoHupoBaHue

SELECT create_range_partitions(
<table_name>,
<key>,
<start_value>,
<interval>,
<partitions_count>,

);

MNprmeyaHuma:
e Knwoy He aonkeH 6biTb NULL;
e Hapg TMNOM Katoya AONXKHbI 6bITh OnpeAesieHbl onepaTopbl <, <=, =, >=, >
e ABTOMATMYECKOE CO3JaHMe NapTULIMIA BO3MOXKHO, €C/IM TUMN NOAAEPKMBAET onepartop +
e Ec/M KonnyecTBo NapTULUMK He 3aZaHo, pg_pathman onpegenuT ero aBToMaTM4YeCcKm

)
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Ecnv TMN He nopaepyKMBaeT onepartop +

Hanpumep, ecam Knwod nmeet tmun TEXT:

CREATE TABLE abc (key TEXT NOT NULL);

SELECT create_range_partitions('abc’, -- table name
‘key', -- key column
NULL::TEXT, -- start value is not set
NULL::TEXT, -- interval is not set
0); -- partition count set to zero

SELECT add_range_partition('abc', 'a'::TEXT, 'b'::TEXT);
SELECT add_range_partition('abc', 'b'::TEXT, 'c'::TEXT);

56



CeKLMOHMpOBaHME MO BbipaxKeHMUIO

CREATE TABLE abc (doc jsonb not null);
SELECT create_hash_partitions('abc', 'doc->>''name''', 3);

INSERT INTO abc VALUES ('{"name": "Oleg"}'::jsonb);
INSERT INTO abc VALUES ('{"name": "Teodor"}'::jsonb);
INSERT INTO abc VALUES ('{"name": "Alexander"}'::jsonb);

EXPLAIN (COSTS OFF) SELECT * FROM abc WHERE doc->>'name' =

QUERY PLAN
Append
-> Seq Scan on abc_2
Filter: ((doc ->> 'name'::text) = 'Teodor'::text)
(3 rows)

'Teodor' ;

PGDAY"
RUSSIA

17
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pg_pathman’s API

SELECT append_range_partition('abc');

SELECT prepend_range_partition('abc');

SELECT add_range_partition('abc’,
'2016-05-01" : :date,
'2016-06-01' : :date) ;
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pg_pathman’s API

SELECT append_range_partition('abc');

SELECT prepend_range_partition('abc');

SELECT add_range_partition('abc’,
'2016-05-01" : :date,
'2016-06-01' : :date) ;

SELECT attach_range_partition('abc', 'some_table',
'2016-06-01" : :date,
'2016-07-01"' : :date);

SELECT detach_range_partition('some_table');

SELECT replace_hash_partition('abc_6', 'some_table');
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pg_pathman’s API

SELECT append_range_partition('abc');

SELECT prepend_range_partition('abc');

SELECT add_range_partition('abc’,
'2016-05-01" : :date,
'2016-06-01' : :date) ;

SELECT attach_range_partition('abc', 'some_table',
'2016-06-01" : :date,
'2016-07-01"' : :date);

SELECT detach_range_partition('some_table');

SELECT replace_hash_partition('abc_6', 'some_table');

SELECT merge_range_partitions('abc_1', 'abc_2');
SELECT split_range_partition('abc_1', '2016-02-01'::date);
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pg_pathman’s API

SELECT append_range_partition('abc');

SELECT prepend_range_partition('abc');

SELECT add_range_partition('abc’,
'2016-05-01" : :date,
'2016-06-01' : :date) ;

SELECT attach_range_partition('abc', 'some_table',
'2016-06-01" : :date,
'2016-07-01"' : :date);

SELECT detach_range_partition('some_table');

SELECT replace_hash_partition('abc_6', 'some_table');

SELECT merge_range_partitions('abc_1', 'abc_2');
SELECT split_range_partition('abc_1', '2016-02-01'::date);

SELECT drop_range_partition('abc_06");
SELECT drop_partitions('parent_table', false);
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pg_pathman’s API

SELECT parent, partition,

pg_size_pretty(pg_relation_size(partition)) AS size

FROM pathman_partition_list;

test_hash
test_hash
test_hash
test_hash
test_range
test_range
test_range
test_range
test_range

test_hash_0
test_hash_1
test_hash_2
test_hash_3

test_range_1
test_range_2
test_range_3
test_range_4
test_range_5

range_min, range_max,

72

8192 bytes
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Hebnokupytowaa murpauust AaHHbIX

SELECT partition_table_concurrently( test');
SELECT stop_concurrent_part_task( test');

SELECT * FROM pathman_concurrent_part_tasks;

userid | pid | dbid | relid | processed | status
———————— T
user | 7367 | 16384 | test | 472000 | working
(1 row)
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/lonoiHMTEeIbHbIE NAapaMeTpbl

SELECT set_interval ("abc', '2 months');
SELECT set_auto ("abc', true);

SELECT set enable parent ('abc', true);

SELECT set _init callback ('abc', 'my func(jsonb)');
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set_auto(<tabamua>, <true/false>);

AKTUBMPYET aBTOMATMYECKOE CO3/laHMeE NapTMUMM. TUN K/to4va
CEKLUMOHMPOBAHMA [0/ KEH NOAAEPKMBATL ONEPaTop CAOKEHUA (+)

[lprmepbl TUNOB:
INTEGER
FLOAT
DECIMAL
DATE
TIMESTAMP
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set_enable_parent(<tabnuuya>, <true/false>);

BKkAtoYaeT/BbIKOYAET POAMTEIbCKYIO TabsmLy B (M3) NlaHa 3anpoca

SELECT set_enable_parent('abc', false); : SELECT set_enable_parent('abc', true);
EXPLAIN (COSTS OFF) SELECT * FROM abc; é EXPLAIN (COSTS OFF) SELECT * FROM abc;
QUERY PLAN | QUERY PLAN

Append é Append

-> Seq Scan on abc_1 : -> Seq Scan on abc

-> Seq Scan on abc_2 ; -> Seq Scan on abc_1

-> Seq Scan on abc_3 : -> Seq Scan on abc_2
(4 rows) E -> Seq Scan on abc_3

: (5 rows)
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set_init_callback(<tabnmuya>, <mma_dyHKLUUN>)

YcTaHaBAMBAET NOJ/Ib30BaTE/IbCKYIO (PYHKLMIO
B KayecTBe 06paboTymMKa Co34aHMA HOBOM
NapTULMK

"parent":
"parent_schema" :
"parttype”:
"partition”:
"partition_schema" :
"range_min":
"range_max" :

}

"my_table",
"public”,
o
"my_table_1",
"public",
-

"101"

L

CREATE FUNCTION my_callback(args JSONB) ...
'my_callback(jsonb)');

SELECT set init callback('abc’,

PGDAY"
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Mprmep Nel: MMeHoBaHME NapTMLIMK

CREATE OR REPLACE FUNCTION my callback(params jsonb)
RETURNS VOID AS

$$
DECLARE
range_min timestamp;
new_relname text;
BEGIN
range_min := (params->>'range min')::timestamp;

-- generate new name for partition based

-- on 1its parent name and Lower bound

new_relname := format('%s %s',
params->>'parent’,
to_char(range_min, 'YYYY MM'));

-- rename partition
EXECUTE format('ALTER TABLE %s.%s RENAME TO %s',
params->>'partition_schema',
params->>'partition’,
new_relname);
END
$$ LANGUAGE plpgsql;
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Mprmep Ne2: pacnpegeneHue naptuumm no tablespace-am

-- suppose we have three tablespaces: ts 0, ts 1, ts 2
CREATE SEQUENCE ts counter;

CREATE OR REPLACE FUNCTION my callback(params jsonb)
RETURNS VOID AS

$$
DECLARE
ts_name text;
BEGIN
-- calculate tablespace name
ts_name = 'ts ' || nextval('ts counter') % 3;

-- move partition to the tablespace
EXECUTE format(ALTER TABLE %s.%s SET TABLESPACE %s',
params->>'partition_schema’',
params->>'partition’,
ts_name);
END

$$
LANGUAGE plpgsql; 69
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100.0¢ T T '

Benchmarks

planning time

e—e pg pathman
== Qriginal

10.0 |

Milliseconds
=
(=]

2 4 8 16 32 64 128 256 512 1024
Partitions count

0.0 I I I

70



PGDAY"
RUSSIA

17

BenChmarkS 15000 B pg_pathman
INSERT

B inheritance
(pg_partman)

B postgres10

10000

TPS

5000

100 1000

sections count
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Benchmarks
parameterized query

SELECT * FROM partitioned
WHERE key = (

SELECT part_key

FROM sometable

WHERE id = $1

LIMIT 1
)

Rows per partition: 10 000

TPS

PGDAY"
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40 B pg_pathman
(RuntimeAppend)

B postgres (Append)

30
20

10

100 500

sections count
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Roadmap

3agava
1. MHOroypoBHeBO€E CeKLMOHUPOBaHME
2. Custom scan node ans UPDATE
3. Foreign Key Ana napTMumMpoBaHHbIX Tabaumu
4. NULL-napTm1ummn
5. MHTerpauusa c cmHtakcucom Postgres 10

6. LIST-cekumoHnpoaHue
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BeTka Ha github

rel_future_multilevel
rel_future_update_node

rel_future ri
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ol PROFESSIONAL

Posy{gres

Cnacnbo 3a BHMMaHue!

github.com/postgrespro/pg_pathman

Mnbpoap MycuH i.musin@postgrespro.ru
Omntpun MeaHoB d.ivanov@postgrespro.ru
Nnbayc KypbaHnranueB i.kurbangaliev@postgrespro.ru
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