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YYacTHUKN COCTA3aHUSA

e Inheritance (check constraints)
e PostgreSQL 10

e PostgreSQL 11 NEW!

e TimescaleDB NEW!

e pg_pathman



Ha 4to Oyoem cMoTpeTb

e Cnocobbl NnapTUUMpoOBaHUS

e PaboTta ¢ 60onbLWXUM YMCITIOM NAPTULNIA
e APl ana ynpaBneHus napTmymsimm

e [loCTynHble ONTUMKU3ALMM 3anNpPOCOB

e Kak pewamsb 803HUKarowue rnpobremsi



[ maBa 1. BBeaeHune



Inheritance

my_table
my_table_1 my_table_2 my_table_3
INHERITS (my_table) INHERITS (my_table) INHERITS (my_table)
CHECK CHECK CHECK

(a >= 0 AND a < 100) (a >= 100 AND a < 200) (a >= 200 AND a < 300)



Inheritance

trigger (_

(for each row)

INSERT

o

my_table

moe

my_table_1

my_table_2

my_table_3




TimescaleDB

my_table
my_table_1 my_table_2 my_table_3
CHECK (TIME), CHECK(HASH) CHECK (...), CHECK (...) CHECK (...), CHECK (...)
my_table_4 my_table_5 my_table_6

CHECK (...), CHECK (...) CHECK (...), CHECK (...) CHECK (...), CHECK (...)



PG 10

my_table_1

my_table

my_table_2

my_table_3




PG 11

my_table_1

my_table_2

~

- - —h_ _ _ _
I  DEFAULT



pg_pathman

e HASH n RANGE cekumoHupoBaHue

e OnTuMmM3aLMn NNaHNPOBAHNA U NCMOSTHEHNS

e PartitionFilter BMmecTo TpurrepoB (6bicTpbit INSERT)
e ABTOMAaTUYECKOE CO34aHNE CEKLUN NPU BCTaBKe

e HebOnoknpyoLliee cekuMoOHMpoOBaHNE

e [loonepxka FDW-napTtmumn



P1 P2 P3 P4 PS5 P6 P/

0 é 100 200 300 4060 500 600 /00

partition: P1 Partition dispatch cache
min:
max.




He Bce prepared statements oanHakoBo nonesHeol

HeT nyna coegnHeHmnn? Good luck with that!

FOR EACH ROW Ttpurrepbl He HacnegyrTca OT poanTens
He paboTtatoTt primary keys (kpome Knioda CeEKLMOHNPOBAHUSA)
He pabotaet INSERT ON CONFLICT (B vanilla Toxe)



explain
select * from partitioned join dummy
using (id);

Planning time: 15.527 ms
Execution time: 60.136 ms

Planning time: 4.194 ms
Execution time: 0.145 ms

Planning time: 5.450 ms
Execution time: 60.7198 ms



TimescaleDB

e CoOCTBEHHbIN KaTanor Anga ynpasneHus napTuumamm

e CekunmoHnpoBaHue o timestamp no ymon4aHuio

e OnuuoHanbHoe HASH-cekunoHMpoBaHne No Apyromy rorsio
e [lapTnumn cosgaroTcda NeHNBoO (BMeCTe C HOBbIMU JAHHbLIMN)
e CBexue napTuumm n nx MHOEKCbI NonaaarT B Kell

e [lononHutenbHble MYHKLMM ANS aHaANUTUKK



PostgreSQL

e [leknapaTuMBHbIN CUHTAKCUC

e RANGE u LIST cekunoHunpoBaHme

e HASH cekunoHuposaHne NEW!

e PoguTtenbckas Tabnuua He XpaHUTCA Ha AUCKE

e INSERT n COPY knagyTt CTpOKM cpa3sy B napTULmnm

e [lna “HeynoObHbIX” aaHHbIX cywectByeT DEFAULT-naptuumna NEW!

e MHOXecTBO MHTEPECHbIX onTuMmmdaumm NEW!



create table test (id int, value float8)
partition by range (id, value);



create table test_1 partition of test
for values from (1, @) to (10, 0);

create table test_2 partition of test
for values from (10, @) to (20, 0);



create table test (id int, value float8)
partition by range (id, value);

create table test_1 partition of test
for values from (1, @) to (10, 0);

create table test_2 partition of test
for values from (10, 0) to (20, 0);

create table test_3 (like test);
alter table test attach partition test_3
for values from (20, @) to (30, 0);



\d+ test

Partition key: RANGE (id, value)

Partitions: test_1 FOR VALUES FROM (1, @) TO (10, @),
test_2 FOR VALUES FROM (1@, @) TO (20, 0),
test_3 FOR VALUES FROM (20, @) TO (30, 0)



alter table test detach partition test_2;
alter table test detach partition test_3;

insert into test_2 select * from test_3;
drop table test_3;

alter table test attach partition test_2
for values from (10, @) to (30, 0);

\d+ test
Partition key: RANGE (id)

Partitions: test_1 FOR VALUES FROM (1, @) TO (19,
test_2 FOR VALUES FROM (10, @) TO (30,

0),
0)



insert into test values(100, 0);
ERROR: no partition of relation "test" found for row

create index on test (value);
ERROR: cannot create index on partitioned table "test”

insert into test values (1, @) on conflict (id)

do update set value=1;

ERROR: ON CONFLICT clause is not supported with partitioned
tables

update test set id=15 where id = 1;
ERROR: new row for relation "test_1" violates partition
constraint



HoBwecTtBa 11 Bepcun

e [unbkoe HASH-cekunoHnpoBaHue

e [lapTuuma no ymondanuto (default partition)

e Local partitioned indexes

e OnTummMsaymm 3anpocos

O

©)

@)

Sorted append

Parallel append DONE!
Partition-wise JOIN DONE!
Partition-wise aggregates

Faster partition pruning



create table foo (i int) partition by hash (i);

create table foo_1 partition of foo for values with (modulus 2, remainder 0);

create table foo_2 partition of foo for values with (modulus 2, remainder 1);
alter table foo detach partition foo_1;
create table foo_1_1 partition of foo for values with (modulus 6, remainder 0);

create table foo_1_2 partition of foo for values with (modulus 6, remainder 2);

create table foo_1_3 partition of foo for values with (modulus 6, remainder 4);

3aTtem pacnpegensiem gaHHble 3 foo_1 mexay foo_1_{1,2,3}

Kpome Toro, orpomHyto HASH-napTMumnio MoXXHO pasbutb yxxe no gpyromy kputeputo (multilevel)



[ maBa 2,
B KOTOPOW CNy4YnMNOCb MHOIo NapTuUymm



explain (costs off, analyze, timing off) select * from foo where i = 1;
QUERY PLAN
Append (actual rows=0 loops=1)
-> Seq Scan on foo (actual rows=0 loops=1)
Filter: (i = 1)
-> Seq Scan on foo_1 (actual rows=0 loops=1)
Filter: (i = 1)
Planning time: 48.881 ms
Execution time: 0.173 ms

(7 rows)

Ha muHymouky, 10K napmuuyut 6 mabnuuye foo



Flame Graph

Reset Zoom

 parseNodeS..
 nodeRead |

| | nodeRead

| mdnblocks
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]

y_constraints (7,193 samples, 49.00%)

Function: relation_excluded_b



Flame Graph
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select avg(i) from foo;

(partition-wise aggregates)



Finalize Aggregate
-> Append
->

Partial Aggregate

-> Foreign Scan

Remote SQL:

->

Partial Aggregate

-> Foreign Scan

Remote SQL:

->

Partial Aggregate

-> Foreign Scan

Remote SQL:

on public.
SELECT i

on public.
SELECT i

on public.
SELECT 1

f_f00_2018_01
FROM public.fo00_26018_01

f_fo00_2018_602
FROM public.fo0_2018_62

f_fo00_2618_063
FROM public.fo00_2018_03



select * from foo where i = 100;

(parallel append)



Gather (actual rows=1022 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Parallel Append (actual rows=341 loops=3)
Worker 0: actual rows=312 loops=1
Worker 1: actual rows=340 loops=1
-> Seq Scan on public.foo_1 (actual rows=340 loops=1)
Worker 1: actual rows=340 loops=1
Filter: (foo_2.j = 10)
-> Seq Scan on public.foo_2 (actual rows=174 loops=2)
Worker 0: actual rows=312 loops=1
Filter: (foo_2.j = 10)
-> Seq Scan on public.foo_3 (actual rows=334 loops=1)
Filter: (foo_3.j = 10)



select * from foo f join bar b using (i);

(partition-wise join)



Append
-> Hash Join
Hash Cond: (f.i = r.1i)
-> Seq Scan on foo_1 f

-> Hash
-> Seq Scan on bar_1 r

-> Hash Join
Hash Cond: (r_1.i = f_1.1)
-> Seq Scan on bar_2 r_1

-> Hash
-> Seq Scan on foo_2 f_1



select i from foo order by t desc limit 10;

(sorted append)



Limit (actual rows=10 loops=1)
-> Append (actual rows=10 loops=1)
Sort Key: foo_20618_3.t DESC
-> Seq Scan on f00_2018_3 (actual rows=10 loops=1)
-> Seq Scan on fo00_2018_2 (never executed)

-> Seq Scan on f00_2018_1 (never executed)
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pgl0.bench
pgll.bench
inh.bench

timescale.bench

static_custom_pruning.bench

pathman.bench

1000

1500

2000



[ naBa 3, boHyCcHas



https://qgithub.com/funbringer/YCSB

/2 punsnyeckux sapa

500 napTnymu

3 MJTH CTPOK No 1kbaunT
napTULMNOHUPOBAHWE MO CTPOKE
select, update, delete no knrouy


https://github.com/funbringer/YCSB

shared_preload_libraries = 'pg_pathman
dynamic_shared_memory_type = mmap

maintenance_work_mem = 512MB
shared_buffers = 32GB
max_locks_per_transaction = 512
Bgwriter_flush_after = 2MB
max_wal_size = 16GB
synchronous_commit = off
deadlock_timeout = 60s
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95% reads
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100% reads workload c
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INSERT

workload d
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SELECT small range
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READ
MODIFY
WRITE
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