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Shardman

PacnpepneneHHaa CYb/[ Postgres Pro Enterprise 17/
« Postgres Pro Enterprise

« PacwmpeHne Shardman

« Paclwmpenmne postgres_fdw

* PaclunpeHne BIHA

Shardmanct| — ytunnta ynpasnexme
Etcd — xpaHeHne CoCTOAHUSA 1 KOHPUTrypaLmm

BIHA — 0TKa30yCcTOM4YMBOCTb
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Shardman: npenmyuwiecTBa

[1pO3payYHOe roprsoHTanbHOE MaclUTabnupoBaHme
« OLTP Harpyska
« JloCTyn B KNacTep Yepes 1Kb0or y3en

e W36bITOYHOCTb AaHHbIX:
BCTPOEHHAA OTKA30YCTOMYNBOCTb

e |lenocTHOCTb AaHHbIX:
pacnpeneneHHble TpaHlakUum, ctporme rapaHTmum ACID
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Shardman: pacnpepenenHas b/l

Yienl

table

partition01

partition02_fdw

partition03

partition04_fdw

partition05

partition06_fdw

Y3en 2
table
partition01_fdw
partition02
partition03_fdw
> partition04
partition05_fdw
> partition06

Ka)ablI y3en COAePXXUT TOJSIbKO YacTb
JaHHbIX Tabnuy

Tabnuua CoCTOUT U3 Habopa CeKLMA, KOTOPble
Haxo4ATCA PU3MYECKN HA PABHbIX y3nax
KnacTepa

CeKumm ¢ apyrnx y3noB AOCTYMHbI Yepes fdw

Ycno cekumin GUKCUpyeTCs npu cosgaHnm
TabnuLbl
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Shardman: macwTtabupyemoctb b/]

[1Tpn no6aBneHnn yana

Yienl Y3en 2 Y3ien3

table

table

partition01

partition01 fdw

table

partition02_fdw

partition02

partition01_fdw

partition02_fdw

4acTb NapTULINM
nepeesaeT

KaXkabIn y3en oTBeYaeT 3a

partition03_fdw partition03_fdw 2 partitiono3 06paboTKYy MeHbLLUEro
N—— artition0d artition0A. fdw KoNim4yecTBa JaHHbIX
partition05 partition05_fdw partition05_fdw

N — S [Tpon3BOANTENBHOCTb

MHEWNHO YBEJIMHNBAETCH



ApxuTtekTtypa Shardman

Knacrep Etcd

etcd01

=

shard-1:[nodel]

shardmand

i

shard-2:[node2]

KnnmeHTcKkKMe nogknwueHmums
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MacwTta6upoBaHue Shardman g

shard-1:[nodel]

Knacrep Etcd

etcd01

[
—

KnmeHtckunme nopgKknwuyeHmsa

=

shard-2:[node2]

shard-3:[node3]
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Shardman: sBuabl Tabnuu

* |llapaMpoBaHHas Tabnuua — 370 CEKLMOHMPOBAHHAs Tabnunua, rae 4acTb CEKLNNA ABNAOTCS
0ObIYHbIMWN NOKANbHbIMU CEKLMAMM TabNKLbl, @ OCTaNbHblE — BHELUHUMUW CEKLIMAMM TabnnLbl
Yyepes fdw.

= KONMYeCTBO CEKLNN ONpeaensieTcsa npu co3gaHnm WapanMpoBaHHOM TabanLbl, OHO AO/MKHO ObITb OO/bLUE MW PaBHO
NnaHnpyemoro KosmyecTBa y3noB B pacrpeneneHHon CYB/. KonnyecTBo cekumin Heflb39 MBMEHUTD.

* HecKosbKo LLapANPOBaHHbIX TabnnL, MOy T GbiTh pasMelleHbl COBMECTHO.

= CeKunmn COBMELLEHHbIX TabnuL, , COOTBETCTBYHOLLME OAHOMY M TOMY XKe KITHOUY LLapAnpOoBaHMs, HaX04ATCA Ha OHOM
yane. COBMeCTHOE pasMeLLieHEe HEOBX0AMMO A5 TOro, YTOObI onepaLmnsa coeamHeHmsa HeckoNbkux TabamL (JOIN)
BbIMOJIHANNCD Ha Y3Ne, rae HaXoAATCA aKTUYeCcKmne JaHHbIe.

* [nobanbHble Ta6J'IML|,bI ,£l,y6ﬂl/lpyI-OTCF| Ha BCE y3Jibl 1 NCTOJIb3YHOTCA AJTA PEOKO OOHOBNAEMbIX
HaHHbIX

* Hanpumep Hanbonee NoAXoAaWMMN AN 9TOro ABASOTCS TabnuLbl CNpaBoYHMKN. Korga BbINOAHAETCS COeaMHEHME
LIapAMPOBaHHON TabuLbl C rNo6anbHON TabnuLEeRn, OHO BbIMOMHAETCA Ha yane, rae HaxoaAaTcs AaHHble. [pn
M3MEHEHUM JaHHbIX B rNo6anbHON TabamLe, N3MEHEHNS AaHHbIX OAHOBPEMEHHO MPOMCXOAAT Ha BCEX y3ax
KnacTepa.
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Shardman: cxembl gaHHbIX

VicxogHasa cxema AaHHbIX: CxemMa aaHHbIX ans Shardman:

A7 pass_id inl4 (booking id bigint NOT NULL, .. )
passenger_id 115 with (distributed by ='booking 1id");
booking_leg_id % alter table booking add constraint booking pkey
seat: (o primary key (booking 1d);
boarding_time: timestamptz(6) o
P’“’:"“’;_Lf_':j_ . CREATE TABLE passenger
update_ts: timestampiz(6) (passenger id integer NOT NULL,

booking 1d bigint NOT NULL, ..)
with (distributed by ='booking id',

colocate with = 'booking');
e alter tablg passenger add constjlraint pa§senger_pkey
primary key (passenger 1d, booking 1id);
/9 passenger_id 14 7 booking_id n1e — _
booking_id 1114 booking_ref 1ol
booking_ref: text booking_name: text CREATE TABLE boarding pass
passenger_no: intd o account it nid (pass 1d integer NOT NULL,
first_name: text email: text booking id bigint NOT NULL, ..)
last_name -+l phone el with (distributed by ='booking id',
account_id int4 update_ts: timestamptz(6 colocate with = 'booking');
update_ts: timestamplz(6 price: numeric(7, 2) alter table boarding pass add constraint boarding pass pkey

\ / \ / primary key (pass id, booking id);
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Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id

join boarding pass bp on bp.passenger id = p.passenger id and bp.booking id = p.booking id
where b.booking id = 1111;

QUERY PLAN

Foreign Scan (cost=0.99..1.080 rows=1 width=185) (actual time=3.854..3.855 rows=12 loops=1)

Relations: ((booking 3 fdw b) INNER JOIN (passenger 3 fdw p)) INNER JOIN (boarding pass 3 fdw bp)

Foreign EXPLAIN:
Nested Loop (cost=1.29..270.02 rows=1 width=185)
-> MNested Loop (cost=0.86..261.56 rows=1 width=99)
-> Index Scan using passenger 3 booking id idx on passenger 3 r7 (cost=0.43..35.81 rows=11 width=51)
Index Cond: (booking id = 1111)
-> Index Scan using boarding pass 3 passenger id idx on boarding pass 3 r8 (cost=0.43..20.51 rows=1 width=48)
Index Cond: (passenger id = r7.passenger id)
Filter: (booking id = 1111)
-> Index Scan using booking 3 pkey on booking 3 ré6 (cost=0.43..8.45 rows=1 width=86)
Index Cond: (booking id = 1111)
Planning Time: ©.600 ms
Execution Time: 3.887 ms
(14 rows)




(<t PostgresPro

Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id

join boarding pass bp on bp.passenger id = p.passenger id and bp.booking id = p.booking id
where b.booking id = 1111;

Kntou wapamnpoBaHums

QUERY PLAN

Foreign Scan (cost=0.99..1.080 rows=1 width=185) (actual time=3.854..3.855 rows=12 loops=1)

Relations: ((booking 3 fdw b) INNER JOIN (passenger 3 fdw p)) INNER JOIN (boarding pass 3 fdw bp)

Foreign EXPLAIN:
Nested Loop (cost=1.29..270.02 rows=1 width=185)
-> MNested Loop (cost=0.86..261.56 rows=1 width=99)
-> Index Scan using passenger 3 booking id idx on passenger 3 r7 (cost=0.43..35.81 rows=11 width=51)
Index Cond: (booking id = 1111)
-> Index Scan using boarding pass 3 passenger id idx on boarding pass 3 r8 (cost=0.43..20.51 rows=1 width=48)
Index Cond: (passenger id = r7.passenger id)
Filter: (booking id = 1111)
-> Index Scan using booking 3 pkey on booking 3 ré6 (cost=0.43..8.45 rows=1 width=86)
Index Cond: (booking id = 1111)
Planning Time: ©.600 ms
Execution Time: 3.887 ms
(14 rows)
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Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id

join boarding pass bp on bp.passenger id = p.passenger id and bp.booking id = p.booking id
where b.booking id = 1111;

Kntou wapamnpoBaHums

QUERY PLAN

Foreign Scan (cost=0.99..1.00 rows=1 width=185) (actual time=3.854..3.855 rows=12 loops=1)
Relations: ((booking 3 fdw b) INNER JOIN (passenger 3 fdw p)) INNER JOIN (boarding pass 3 fdw bp)
Foreign EXPLAIN:

Nested Loop (cost=1.29..270.02 rows=1 width=185)
-> MNested Loop (cost=0.86..261.56 rows=1 width=99)
-> Index Scan using passenger 3 booking id idx on passenger 3 r7 (cost=0.43..35.81 rows=11 width=51)
Index Cond: (booking id = 1111)
-> Index Scan using boarding pass 3 passenger id idx on boarding pass 3 r8 (cost=0.43..20.51 rows=1 width=48)
Index Cond: (passenger id = r7.passenger id)
Filter: (booking id = 1111)
-> Index Scan using booking 3 pkey on booking 3 ré6 (cost=0.43..8.45 rows=1 width=86)
Index Cond: (booking id = 1111)

Planning Time: ©.600 ms

Execution Time: 3.887 ms

(14 rows)

BbinonHeHune JOIN
Ha OpYyroMm wapae
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Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id

join boarding pass bp on bp.passenger id = p.passenger id and bp.booking id = p.booking id Kntod LapAUPoBaHns
where b.booking id = 1114;

QUERY PLAN

Nested Loop (cost=1.29..292.87 rows=1 width=185) (actual time=1.183..3.233 rows=12 loops=1)
-> Nested Loop (cost=0.86..284.42 rows=1 width=99) (actual time=1.169..3.178 rows=12 loops=1)
-> Index Scan using passenger ® booking id idx on passenger ® p (cost=0.43..38.15 rows=12 width=51) (actual time=0.704..0.805 rows=3 loops=1)
Index Cond: (booking id = 1114)
-> Index Scan using boarding pass @ passenger id idx on boarding pass @ bp (cost=0.43..20.51 rows=1 width=48) (actual time=0.328..0.788 rows=4 loops=3)
Index Cond: (passenger id = p.passenger_id)
Filter: (booking id = 1114)
-> Index Scan using booking @ pkey on booking @ b (cost=0.43..8.45 rows=1 width=86) (actual time=0.063..0.004 rows=1 loops=12)
Index Cond: (booking id = 1114)
Planning Time: ©.441 ms
Execution Time: 3.262 ms
(11 rows)
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Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id

join boarding pass bp on bp.passenger id = p.passenger id and bp.booking id = p.booking id Kntod LapAUPoBaHns
where b.booking id = 1114;

QUERY PLAN

Nested Loop (cost=1.29..292.87 rows=1 width=185) (actual time=1.183..3.233 rows=12 loops=1)
-> Nested Loop (cost=0.86..284.42 rows=1 width=99) (actual time=1.169..3.178 rows=12 loops=1)
-> Index Scan using passenger ® booking id idx on passenger © p (cost=0.43..38.15 rows=12 width=51) (actual time=0.704..0.805 rows=3 loops=1)

Index Cond: (booking id = 1114)
-> Index Scan using boarding pass @ passenger id idx on boarding pass @ bp (cost=0.43..20.51 rows=1 width=48) (actual time=0.328..0.788 rows=4 loops=3)
Index Cond: (passenger id = p.passenger_id)
Filter: (booking id = 1114)
Index Scan using booking @ pkey on booking @ b (cost=0.43..8.45 rows=1 width=86) (actual time=0.003..0.004 rows=1 loops=12)
Index Cond: (booking id = 1114)
Planning Time: ©.441 ms BbinonHeHne Ha
Execution Time: 3.262 ms NOKa/IbHOM LLapae
(11 rows)

=g
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Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id

join boarding pass bp on bp.passenger id = p.passenger id
where b.booking id = 1114;

QUERY PLAN

Nested Loop (cost=1.29..4821.72 rows=1815972 width=185) (actual time=1.821..3.743 rows=12 loops=1)
-> Nested Loop (cost=0.86..46.71 rows=12 width=137) (actual time=1.225..1.418 rows=3 loops=1)
-»> Index Scan using booking @ pkey on booking @ b (cost=0.43..8.45 rows=1 width=86) (actual time=0.728..0.729 rows=1 loops=1)
Index Cond: (booking id = 1114)
-> Index Scan using passenger @ booking id idx on passenger @ p (cost=0.43..38.15 rows=12 width=51) (actual time=0.491..0.682 rows=3 loops=1)
Index Cond: (booking id = 1114)
-> Append (cost=08.43..397.76 rows=16 width=48) (actual time=0.346..08.770 rows=4 loops=3)
-> Index Scan using boarding pass @ passenger id idx on boarding pass @ bp 1 (cost=0.43..20.50 rows=4 width=48) (actual time=0.037..0.073 rows=4 loops=3)
Index Cond: (passenger id = p.passenger_id)
-> Async Foreign Scan on boarding pass 1 fdw bp 2 (cost=1084.46..125.73 rows=4 width=48) (actual time=0.196..0.190 rows=8 loops=3)
Foreign EXPLAIN:
Index Scan using boarding pass 1 passenger id idx on boarding pass 1 (cost=08.43..20.50 rows=4 width=48)
Index Cond: (passenger id = $1)
-> Async Foreign Scan on boarding pass 2 fdw bp 3 (cost=184.46..125.73 rows=4 width=48) (actual time=0.872..0.072 rows=0 loops=3)
-> Async Foreign Scan on boarding pass 3 fdw bp 4 (cost=104.46..125.73 rows=4 width=48) (actual time=0.0606..0.060 rows=8 loops=3)
Planning Time: 2.493 ms
Execution Time: 3.945 ms
(17 rows)




(<t PostgresPro

Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id Knwouy lwapompoBaHuA
join boarding pass bp on bp.passenger id = p.passenger id

where b.booking id = 1114;

QUERY PLAN

Nested Loop (cost=1.29..4821.72 rows=1815972 width=185) (actual time=1.821..3.743 rows=12 loops=1)
-> Nested Loop (cost=0.86..46.71 rows=12 width=137) (actual time=1.225..1.418 rows=3 loops=1)
-»> Index Scan using booking @ pkey on booking @ b (cost=0.43..8.45 rows=1 width=86) (actual time=0.728..0.729 rows=1 loops=1)
Index Cond: (booking id = 1114)
-> Index Scan using passenger @ booking id idx on passenger @ p (cost=0.43..38.15 rows=12 width=51) (actual time=0.491..0.682 rows=3 loops=1)
Index Cond: (booking id = 1114)
-> Append (cost=08.43..397.76 rows=16 width=48) (actual time=0.346..08.770 rows=4 loops=3)
-> Index Scan using boarding pass @ passenger id idx on boarding pass @ bp 1 (cost=0.43..20.50 rows=4 width=48) (actual time=0.037..0.073 rows=4 loops=3)
Index Cond: (passenger id = p.passenger_id)
-> Async Foreign Scan on boarding pass 1 fdw bp 2 (cost=1084.46..125.73 rows=4 width=48) (actual time=0.196..0.190 rows=8 loops=3)
Foreign EXPLAIN:
Index Scan using boarding pass 1 passenger id idx on boarding pass 1 (cost=08.43..20.50 rows=4 width=48)
Index Cond: (passenger id = $1)
-> Async Foreign Scan on boarding pass 2 fdw bp 3 (cost=184.46..125.73 rows=4 width=48) (actual time=0.872..0.072 rows=0 loops=3)
-> Async Foreign Scan on boarding pass 3 fdw bp 4 (cost=104.46..125.73 rows=4 width=48) (actual time=0.0606..0.060 rows=8 loops=3)
Planning Time: 2.493 ms
Execution Time: 3.945 ms
(17 rows)




(<t PostgresPro

Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id Knwouy lwapompoBaHuA
join boarding pass bp on bp.passenger id = p.passenger id

where b.booking id = 1114;

QUERY PLAN

Nested Loop (cost=1.29..4821.72 rows=1815972 width=185) (actual time=1.821..3.743 rows=12 loops=1)
-> Nested Loop (cost=0.86..46.71 rows=12 width=137) (actual time=1.225..1.418 rows=3 loops=1)
-» Index Scan using booking @ pkey on booking @ b (cost=0.43..8.45 rows=1 width=86) (actual time=0.728..0.729 rows=1 loops=1)

Index Cond: (booking id = 1114)
-> Index Scan using passenger @ booking id idx on passenger @ p (cost=0.43..38.15 rows=12 width=51) (actual time=0.491..0.682 rows=3 loops=1)

Index Cond: (booking id = 1114) BbinonHeHue Ha
-> Append (cost=0.43..397.76 rows=16 width=48) (actual time=0.346..0.778 rows=4 loops=3) JIOKaJ1bHOM LWapae
-»> Index Scan using boarding pass @ passenger id idx on boarding pass ©® bp 1 (cost=0.43..20.50 rows=4 width=48) (actual time=0.037..0.073 rows=4 loops=3)
Index Cond: (passenger id = p.passenger_id)
-> Async Foreign Scan on boarding pass 1 fdw bp 2 (cost=1084.46..125.73 rows=4 width=48) (actual time=0.196..0.190 rows=8 loops=3)
Foreign EXPLAIN:
Index Scan using boarding pass 1 passenger id idx on boarding pass 1 (cost=08.43..20.50 rows=4 width=48)
Index Cond: (passenger id = $1)
-> Async Foreign Scan on boarding pass 2 fdw bp 3 (cost=184.46..125.73 rows=4 width=48) (actual time=0.872..0.072 rows=0 loops=3)
-> Async Foreign Scan on boarding pass 3 fdw bp 4 (cost=104.46..125.73 rows=4 width=48) (actual time=0.0606..0.060 rows=8 loops=3)
Planning Time: 2.493 ms
Execution Time: 3.945 ms
(17 rows)
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Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id Knwouy lwapompoBaHuA
join boarding pass bp on bp.passenger id = p.passenger id

where b.booking id = 1114;

QUERY PLAN

Nested Loop (cost=1.29..4821.72 rows=1815972 width=185) (actual time=1.821..3.743 rows=12 loops=1)
-> Nested Loop (cost=0.86..46.71 rows=12 width=137) (actual time=1.225..1.418 rows=3 loops=1)
-» Index Scan using booking @ pkey on booking @ b (cost=0.43..8.45 rows=1 width=86) (actual time=0.728..0.729 rows=1 loops=1)
Index Cond: (booking id = 1114)
-> Index Scan using passenger @ booking id idx on passenger @ p (cost=0.43..38.15 rows=12 width=51) (actual time=0.491..0.682 rows=3 loops=1)
Index Cond: (booking id = 1114) BbinonHeHue Ha
-> Append (cost=0.43..397.76 rows=16 width=48) (actual time=0.346..0.778 rows=4 loops=3) JIOKaJ1bHOM LWapae
-»> Index Scan using boarding pass @ passenger id idx on boarding pass ©® bp 1 (cost=0.43..20.50 rows=4 width=48) (actual time=0.037..0.073 rows=4 loops=3)
Index Cond: (passenger id = p.passenger id)
-> Async Foreign Scan on boarding pass 1 fdw bp 2 (cost=104.46..125.73 rows=4 width=48) (actual time=0.196..0.190 rows=8 loops=3)
Foreign EXPLAIN: BbiNOSIHEHME Ha
Index Scan using boar‘dlnngass_l_passenger‘_ld_ldx on boarding pass 1 (cost=08.43..20.50 rows=4 width=48) ApYrvX LWapAax
Index Cond: (passenger id = $1)
-> Async Foreign Scan on boarding pass 2 fdw bp 3 (cost=184.46..125.73 rows=4 width=48) (actual time=0.872..0.072 rows=8 loops=3)
-> Async Foreign Scan on boarding pass 3 fdw bp 4 (cost=104.46..125.73 rows=4 width=48) (actual time=0.066..0.060 rows=8 loops=3)
Planning Time: 2.493 ms
Execution Time: 3.945 ms
(17 rows)
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Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id

join boarding pass bp on bp.passenger id = p.passenger id
where b.booking id = 1111;

QUERY PLAN

Nested Loop (cost=1.42..4378.09 rows=1664641 width=185) (actual time=5.079..7.489 rows=12 loops=1)
-> Foreign Scan (cost=08.99..1.00 rows=11 width=137) (actual time=4.117..4.118 rows=3 loops=1)
Relations: (booking 3 fdw b) INMER JOIN (passenger 3 fdw p)
Foreign EXPLAIN:
Sort (cost=44.56..44.59 rows=11 width=137)
Sort Key: r7.passenger id
-> Nested Loop (cost=0.86..44.37 rows=11 width=137)
-> Index Scan using booking 3 pkey on booking 3 ré6 (cost=0.43..8.45 rows=1 width=86)
Index Cond: (booking id = 1111)
-> Index Scan using passenger 3 booking id idx on passenger 3 r7 (cost=0.43..35.81 rows=11 width=51)
Index Cond: (booking id = 1111)
Append (cost=0.43..397.76 rows=16 width=48) (actual time=1.845..1.117 rows=4 loops=3)
-> Index Scan using boarding pass @ passenger id idx on boarding pass @ bp 1 (cost=0.43..20.50 rows=4 width=48) (actual time=0.072..0.072 rows=0 loops=3)
Index Cond: (passenger id = p.passenger id)
-> Async Foreign Scan on boarding pass 1 fdw bp 2 (cost=184.46..125.73 rows=4 width=48) (actual time=0.139..0.139 rows=0 loops=3)
Foreign EXPLAIN:
Index Scan using boarding pass 1 passenger id idx on boarding pass 1 (cost=0.43..20.50 rows=4 width=48)
Index Cond: (passenger id = $1)
-> Async Foreign Scan on boarding pass 2 fdw bp 3 (cost=184.46..125.73 rows=4 width=48) (actual time=0.093..0.093 rows=0 loops=3)
-> Async Foreign Scan on boarding pass 3 fdw bp 4 (cost=184.46..125.73 rows=4 width=48) (actual time=0.874..0.074 rows=4 loops=3)
Planning Time: 3.933 ms
Execution Time: 7.743 ms
(22 rows)




(<t PostgresPro

Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id

join boarding pass bp on bp.passenger id = p.passenger id
where b.booking id = 1111; Kntoy lWapaMpoBaHUs

QUERY PLAN

Nested Loop (cost=1.42..4378.09 rows=1664641 width=185) (actual time=5.079..7.489 rows=12 loops=1)
-> Foreign Scan (cost=08.99..1.00 rows=11 width=137) (actual time=4.117..4.118 rows=3 loops=1)
Relations: (booking 3 fdw b) INMER JOIN (passenger 3 fdw p)
Foreign EXPLAIN:
Sort (cost=44.56..44.59 rows=11 width=137)
Sort Key: r7.passenger id
-> Nested Loop (cost=0.86..44.37 rows=11 width=137)
-> Index Scan using booking 3 pkey on booking 3 ré6 (cost=0.43..8.45 rows=1 width=86)
Index Cond: (booking id = 1111)
-> Index Scan using passenger 3 booking id idx on passenger 3 r7 (cost=0.43..35.81 rows=11 width=51)
Index Cond: (booking id = 1111)
Append (cost=0.43..397.76 rows=16 width=48) (actual time=1.845..1.117 rows=4 loops=3)
-> Index Scan using boarding pass @ passenger id idx on boarding pass @ bp 1 (cost=0.43..20.50 rows=4 width=48) (actual time=0.072..0.072 rows=0 loops=3)
Index Cond: (passenger id = p.passenger id)
-> Async Foreign Scan on boarding pass 1 fdw bp 2 (cost=184.46..125.73 rows=4 width=48) (actual time=0.139..0.139 rows=0 loops=3)
Foreign EXPLAIN:
Index Scan using boarding pass 1 passenger id idx on boarding pass 1 (cost=0.43..20.50 rows=4 width=48)
Index Cond: (passenger id = $1)
-> Async Foreign Scan on boarding pass 2 fdw bp 3 (cost=184.46..125.73 rows=4 width=48) (actual time=0.093..0.093 rows=0 loops=3)
-> Async Foreign Scan on boarding pass 3 fdw bp 4 (cost=184.46..125.73 rows=4 width=48) (actual time=0.874..0.074 rows=4 loops=3)
Planning Time: 3.933 ms
Execution Time: 7.743 ms
(22 rows)
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Shardman: 3anpoc ¢ Ko4YoM LWapaAnpoBaHuUS

postgres=# explain(analyse)

SELECT *

FROM booking b

join passenger p on p.booking id = b.booking id

join boarding pass bp on bp.passenger id = p.passenger id
where b.booking id = 1111; Kntoy lWapaMpoBaHUs

QUERY PLAN

Nested Loop (cost=1.42..4378.09 rows=1664641 width=185) (actual time=5.079..7.489 rows=12 loops=1)
-> Foreign Scan (cost=08.99..1.00 rows=11 width=137) (actual time=4.117..4.118 rows=3 loops=1)
Relations: (booking 3 fdw b) INMER JOIN (passenger 3 fdw p)
Foreign EXPLAIN: BoinonHeHne JOIN Ha
Sort (cost=44.56..44.59 rows=11 width=137) APYyroMm wapae
Sort Key: r7.passenger id
-> Nested Loop (cost=0.86..44.37 rows=11 width=137)
-> Index Scan using booking 3 pkey on booking 3 ré6 (cost=0.43..8.45 rows=1 width=86)
Index Cond: (booking id = 1111)
-> Index Scan using passenger 3 booking id idx on passenger 3 r7 (cost=0.43..35.81 rows=11 width=51)
Index Cond: (booking id = 1111)
Append (cost=0.43..397.76 rows=16 width=48) (actual time=1.845..1.117 rows=4 loops=3)
-> Index Scan using boarding pass @ passenger id idx on boarding pass @ bp 1 (cost=0.43..20.50 rows=4 width=48) (actual time=0.072..0.072 rows=0 loops=3)
Index Cond: (passenger id = p.passenger id)
-> Async Foreign Scan on boarding pass 1 fdw bp 2 (cost=184.46..125.73 rows=4 width=48) (actual time=0.139..0.139 rows=0 loops=3)
Foreign EXPLAIN:
Index Scan using boarding pass 1 passenger id idx on boarding pass 1 (cost=0.43..20.50 rows=4 width=48)
Index Cond: (passenger id = $1)
-> Async Foreign Scan on boarding pass 2 fdw bp 3 (cost=184.46..125.73 rows=4 width=48) (actual time=0.093..0.093 rows=0 loops=3)
-> Async Foreign Scan on boarding pass 3 fdw bp 4 (cost=184.46..125.73 rows=4 width=48) (actual time=0.874..0.074 rows=4 loops=3)
Planning Time: 3.933 ms
Execution Time: 7.743 ms
(22 rows)
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Sort Key: r7.passenger id
-> Nested Loop (cost=0.86..44.37 rows=11 width=137)
-> Index Scan using booking 3 pkey on booking 3 ré6 (cost=0.43..8.45 rows=1 width=86)
Index Cond: (booking id = 1111)
-> Index Scan using passenger 3 booking id idx on passenger 3 r7 (cost=0.43..35.81 rows=11 width=51)
Index Cond: (booking id = 1111)
Append (cost=0.43..397.76 rows=16 width=48) (actual time=1.845..1.117 rows=4 loops=3)
-> Index Scan using boarding pass @ passenger id idx on boarding pass @ bp 1 (cost=0.43..20.50 rows=4 width=48) (actual time=0.072..0.072 rows=0 loops=3)
Index Cond: (passenger id = p.passenger id)
-> Async Foreign Scan on boarding pass 1 fdw bp 2 (cost=1084.46..125.73 rows=4 width=48) (actual time=8.139..0.139 rows=0 loops=3)
Foreign EXPLAIN: . e . . BbINOAHEHWE Ha
Index Scan using boarding pass 1 passenger id idx on boarding pass 1 (cost=0.43..20.50 rows=4 width=48)
Index Cond: (passenger id = $1) ARYINXIapaax
-> Async Foreign Scan on boarding pass 2 fdw bp 3 (cost=1084.46..125.73 rows=4 width=48) (actual time=0.093..0.093 rows=0 loops=3)
-> Async Foreign Scan on boarding pass 3 fdw bp 4 (cost=1084.46..125.73 rows=4 width=48) (actual time=0.874..0.074 rows=4 loops=3)
Planning Time: 3.933 ms
Execution Time: 7.743 ms
(22 rows)
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Sort (cost=44.56..44.59 rows=11 width=137) APYyroMm wapae
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Index Cond: (booking id = 1111) NTOKaJIbHOM LLapae
Append (cost=0.43..397.76 rows=16 width=48) (actual time=1.845..1.117 rows=4 loops=3)
-> Index Scan using boarding pass @ passenger id idx on boarding pass @ bp 1 (cost=0.43..20.50 rows=4 width=48) (actual time=0.072..0.072 rows=0 loops=3)
Index Cond: (passenger id = p.passenger id)
-> Async Foreign Scan on boarding pass 1 fdw bp 2 (cost=1084.46..125.73 rows=4 width=48) (actual time=8.139..0.139 rows=0 loops=3)
Foreign EXPLAIN: BbINOMHEHME Ha
Index Scan using boarding pass 1 passenger id idx on boarding pass 1 (cost=0.43..20.50 rows=4 width=48)
Index Cond: (passenger id = $1) ARYINXIapaax
-> Async Foreign Scan on boarding pass 2 fdw bp 3 (cost=1084.46..125.73 rows=4 width=48) (actual time=0.093..0.093 rows=0 loops=3)
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Shardman: mynbTunnekcupoBaHue fdw

Node 1 MNode 2

backend

backend

backend

backend R

backend backend B

backend backend -

TCP socket
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3arpy3ka gaHHbix B Shardman

shard-1:[node1] shardmanctl load --schema load_schema.yaml

Knacrep Etcd B
B yaml dbhaiine onpenenén CTOYHMK AaHHbIX (CSV mnnn

apyrasa b) n HekoTopble NapaMeTpbl paboTbl YTUANTDI:
migrate.jobs KONNMYeCTBO NapannenbHbIX NPOLECCOB
3arpysKku

migrate.batch 3agaéT KOMYeCTBO CTPOK B OZHOM NOPLNN

etcd01

migrate.schema onpegensieT CNMCOK CXem
migrate.schemas.tables : cnvcok Tabnui, B cxeme
ABa Tuna Tabnumu; global n sharded.

=

[1ns wapanpoBaHHOM TabnLbl HY>XXKHO yKasaTb:
distributedby - nms cton6bua, ncnonb3yemoro Ans
CEKLMOHMPOBAHNS TabnnLbl
partitions - KONMYECTBO CEKLNIA, KOTOpble ByayT
CO3/1aHbl AN 9TOWN TabunLbl

=

shard-2:[node2]

CHauana 3arpy»atoTcs rnobanbHbile (global) Tabnuupl,
3aTeM LapavpoBaHHble (sharded) Tabnunubl 1 B KOHLE
LuapAMpOBaHHble Tabnuubl ¢ NnapameTpoMm colocatedwith.
MopsiaoK 3arpy3ku TabamL 04HOro TMna MOXHO
N3MEHNTb C MOMOLLbIO NapamMeTpa priority

shardmanctl load ymeeT pacnpenensTb
AaHHble MPU MUrpaLMK AaHHbIX Cpasy B TOT
LIapA, rae OHWM AOMKHbI XPaHUTbCA

shard-3:[node3]
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Shardman: BoamoxHocTu Postgres Pro Enterprise 17

MEXaHN3M CXXaTuna daHHbIX CFS,

pg_probackup : MHKpeMeHTaNbHbIN 63Kar Ha YPOBHE CTPaHWNL,
ncrnonb3ya PTRACK,

paclmpeHne pgpro_stats : c6op CTaTUCTUKM MNAHUPOBAHUSA Y
BbIMOJIHEHUA pacnpefeeHHbIX 3anpOoCOoB, 3aTparnBaroLLMX
HECKOJ/IbKO Y3/10B B KJ1aCTepe

BCTPOEHHbIN 0TKa30yCcToOM4YMBbLIM KnacTep BIHA
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BiHA: BCTpOeHHbIN 0TKa30yCTOUMYUBbIU KlacTep

biha.nquorum= 2

BcTpoeH B aapo Postgres Pro Enterprise
Ha4yMHasa ¢ Bepcun 16

[TpocTana ycTaHOBKa U KOH(MUIYypUpoBaHue
He TpebyeTca ycTaHOBKa AOMNoHUTENbHOro M0

Jlngep nNpoosmKaeT paboTaTb, eCNu
COB6MO4aeTCs KBOPYM

38



(<t PostgresPro

BiHA: BCTpOeHHbIN 0TKa30yCTOUMYUBbIU KlacTep

biha.nquorum= 2

BcTpoeH B aapo Postgres Pro Enterprise
Ha4ymMHasa ¢ Bepcun 16

[lpocTasa ycTaHOBKa U KOHMUIYypUpOBaHMe
He TpebyeTca ycTaHOBKa AOMNOHUTENBbHOro 10

Jlnpep NpoaoKaeT paboTaTh, eC/n
COOMOOAETCSH KBOPYM

B cnyyae c60s1 BeOMble npeasiaratoT ceds
KaHau4aTaMun 1 OpraHns3ytoTcs BbIOOPbI
HOBOrO Nnaepa

3awmTa ot split-brain 39
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BiHA: y3en pedepu

Pedepn — NerkoBeCHbIN 9K3eMMAAP,
KOTOPbIN HE COAEPXKUT MOSIb30BATENbCKMX

JaHHbIX, HO ABNFAEeTCA YeHOM KacTtepa BiHA:
CaM KaHaAnaaToM Ha 3BaHWE HOBOIO J1INAEPAa
HE BbICTYIMAET, HO YyHaCTBYET B N0JIOCOBaAHWN

Pedepn MOXXeT paboTaTb B pexmme
referee_with_wal :
« [lonydaet Becb WAL 1 GUAbTPYET €ro, NpUMEHSAOTCSH
@ TO/IbKO CcUCTEMHDbIe 3anncn WAL 6e3
NOSIb30BaTE/IbCKMX AaHHbIX

—odle  [lpn cboe nnaepa MoxeT otnpasnaTe WAL kaHAnOaTy

e T Ha HOBOIO nAepa,

referee_with_wal eC/IN TOT OTCTAET OT pedepu

40
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BiHA: npuoputeTbl KaHAMOaTOB B NUAepbl

biha.node_priority =10

biha.node_priority = -1

MO>HO yCTaHOBUTb
NPUOPUTETLI AN
BbIABVYXEHNA y3/1a B
KayecTBe KaHAamaaTa

[IPMOPUTET y31a B CEKYHAAX
onpenensaeT TanM-ayT, no
OOCTUXEHUM KOTOPOro y3er
NpeaioXnT cebs B KadecTBe
KaHAuaaTa Ha Bblbopax.

TONbKO B CUHXPOHHOM
Knacrtepe

41



BiHA: CUHXPOHHbIN peXum

sync-standbys=2
sync_standbys_min=1

(<t PostgresPro

B Shardman 0TkasoyCToOn4YMBbIN
kKnacTep BiHA paboTaeT B
CUHXPOHHOM pexunme

[lof KanoTOM BbIMOSIHAETCA
bihactl init ... -sync-standbys=
<YMCNO_CUMHXPOHHbIX_BEOOMbIX_CEPBEPOB>

Kpome Toro, HacTpamBaeTcs napameTp
sync_standbys_min -

MUHUMaNbHOE KOTMYECTBO CUHXPOHHbBIX
BEIOMbIX CEPBEPOB, KOTOPble JO/MKHbI ObITb
AOCTYMHbI, YTOObI IMAEP NPOAOMKA/T
paboTy.

42
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Tononorua knactepa Shardman

"Topology": {
"shard-1": [

"shard-2": [
YTO6bI CO3[aTh KNacTep {

{

C HEOBXOAVMMOW TOMONOrMEWN
OTKasoycTonumBocCTK BIHA,

HY>XHO YKa3daTb lNapaMeTpPbl

N7151 KaxK40oro ysna

B (hansie KoHpUrypawumm

sdmspec.json

B pasgesne Topology

"host": "hostl",
"role": "leader",
"pgPort": 5432,
"silkPort": 80608,
"bihaPort": 25432,
"priority": 10

"host": "host2",
"role": "follower",

"pgPort": 5433,
"silkPort": 8601,
"bihaPort": 25433,
"priority": 1000

"host": "host3",

"role": "referee-with-wal",
"pgPort": 5434,

"silkPort": 80608,
"bihaPort": 25434

"host": "host2",
"role": "leader",
"pgPort": 5432,
"silkPort": 8668,
"bihaPort": 25432,
"priority": 18

"host": "hostl",
"role": "follower",
"pgPort": 5433,
"silkPort": 8801,
"bihaPort": 25433,
"priority": 1008

"host": "host3",

"role": "referee-with-wal",
"pgPort": 5434,

"silkPort": 8000,
"bihaPort": 25435
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Tononorua knactepa Shardman

5 shardmanctl cluster topology

== REPLICATION GROUP shard-1, RGID -

T T B

== REPLICATION GROUP shard-2, RGID - 2

N R BT R

44




Pe3epBHOe kKonupoBaHue Shardman

Knacrep Etcd

etcd01

=
=

shard-1:[nodel]

shardmand

(<t PostgresPro

shardmand

il

shard-2:[node2]

A4

shardmand

!

shard-3:[node3]

V

\\4

shardmanctl probackup
[init|archive-command | backup | restore | show |validate]

Backup:

1. BnokmnpoBka MeTafaHHbIX Shardman, 4TobbI He
JIONYCTUTb M3MEHEHNA BO BPEMS PE3EPBHOIO
KOMMpOBaHMA.

2. Bbirpyska MeTaaaHHbIx 13 etcd B hann JSON B
KaTasnor pe3epBHOro KOMMpoBaHMs.

3. 3anyck pg_probackup B Ka)kaown rpynne penamkawmm
napannensbHo.

4. Co34aéTcAa TOYKA CUHXPOHN3aLMN 1 onpeaenseTcs
3Ha4veHnsa LSN ans Kaxxzaom rpynnbl pennmkaumnm,

5. 3aTtem pg_probackup arhive-push ncnonbayetcsa ans
oTnpasku xxypHanos WAL, cozfaHHbIx nocne
3aBepLUEHNs Pe3epBHOro KonmpoBaHusg, 1 hanna WAL, B
KOTOPOM /19 Ka>XKAOW rpynnbl penvkaumm
npucyTCTBYHOT LSN TOYKM CUHXPOHM3AUMN.

Restore:

1 BoccTaHaBneHMe YacTu MeTagaHHbIX etcd: KOHPUrypaumio
Knactepa 1 4acTu onpeaeneHuin rpynn penankaymm.

2. BocctaHoBneHme Ha LSN TOUKM CUHXPOHU3ALUMK KaXKaom
rpynrbl penamKaumm ¢ nomolybio pg_probackup .

3. Ana Kaxaon rpynnbl penankauum ¢annbl WAL,
cofeprKalime oKoH4YaTenbHoe 3HadyeHune LSN ana
BOCCTaHOBNEHWUA, ByayT aBTOMaTUYECKM 3aNpaLlmnBaTbCA
pg_probackup archive-get.
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JlonosiHuTenbHas uHpopmauus

o OnucaHune
hitps://postgrespro.ru/products/shardman

» JlokymeHTauud
https://postgrespro.ru/docs/shardman/14

o [1lybnunkaumm
https://habr.com/ru/companies/postgrespro/articles/811041/

* [IpeseHTaynm
https://pgcont.ru/talk/1687651
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https://habr.com/ru/companies/postgrespro/articles/811041/
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