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e explain query, AT

postgres=# explain select * from test where id = 10 limit 1;
QUERY PLAN

Limit (cost=0.28..8.29 rows=1 width=4)
-> Index Only Scan using test11 on test (cost=0.28..8.29 rows=1 width=4)
Index Cond: (id = 10)

(3 rows)
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e SQLZA X,

SELECT s. name target list

FROM score sc, student s range table

WHERE s.no IN qualifiter

(SELECT st_no FROM class ¢ IN-clause subquery
WHERE c. name = '1101")

AND sc.st no = s.no Join predicate
ORDER BY sc. score DESC sort order

LIMIT 1; limit expression
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EHES
o ;BFMRview, rule3f

create view v_t 1 2 as SELECT t1.al, t1.b1, t2.a2, t2.b2 FROM t1, t2;

postgres=> explain select * from v_t 1 2, t1 where v.t 1 2.al = 10 and t1.b1 = 20;
QUERY PLAN

Nested Loop (cost=0.55..41.59 rows=1000 width=24)
-> Nested Loop (cost=0.55..16.60 rows=1 width=16)
-> Index Scan using t1_al key on t1 t1_ 1 (cost=0.28..8.29 rows=1 width=8)
Index Cond: (a1l = 10)
-> Index Scan using b1 1 on t1 (cost=0.28..8.29 rows=1 width=8)
Index Cond: (b1 = 20)
-> Seq Scan on t2 (cost=0.00..15.00 rows=1000 width=8)
(7 rows)
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e J%INFlexistsFaiE)IIEFH

select * from t1 where t1.a1l in (select t2.a2 from t2 where t2.b2 = 10); {Ri%t2. a2Junique

A
select t1.a1,t1,a2 from t1 join t2 where t1.al=t2.a2 and t2.b2 = 10;

PATIHXIZAT
postgres=> explain select * from t1 where t1.al in (select t2.a2 from t2 where t2.b2 = 10);
QUERY PLAN

Nested Loop (cost=0.28..25.80 rows=1 width=8)
-> Seq Scan on t2 (cost=0.00..17.50 rows=1 width=4)
Filter: (b2 = 10)
-> Index Scan using t1_al _key on t1 (cost=0.28..8.29 rows=1 width=8)
Index Cond: (al = t2.a2)
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explain select * from t1 where exists (select t2.a2 from t2 where t2.a2 = t1.a1) ; {Ei&%t2. a2 5unique

LA

select t1.al, t1.b1 from t1, t2 where t1.al=t2. al;

PATIHXIZAT
postgres=> explain select * from t1 where exists (select t2.a2 from t2 where t2.a2 = t1.al)
QUERY PLAN

Hash Join (cost=26.42..54. 69 rows=952 width=8)
Hash Cond: (t2.a2 = t1.al)
-> Seq Scan on t2 (cost=0.00..15.00 rows=1000 width=4)
—> Hash (cost=14.52..14.52 rows=952 width=8)
-> Seq Scan on t1 (cost=0.00..14.52 rows=952 width=8)

(5 rows)

-
stgres Conference China 2016 RERPKS



o IEAFHE
o ZR43 INFllexistsFa] S BEIRFHA

postgres=> explain select * from t1 where t1.al in (select t2.a2 from t2 where t1.b1 = 10);
QUERY PLAN

Seq Scan on t1 (cost=0.00. .8349. 28 rows=476 width=8)
Filter: (SubPlan 1)

SubPlan 1
-> Result (cost=0.00..15.00 rows=1000 width=4) giﬁﬂi‘%m u’ﬁﬁ’pﬁﬂl‘]’
One-Time Filter: (t1.b1 = 10) 1. b1 B B,
-> Seq Scan on t2 (cost=0.00..15.00 rows=1000 width=4) {El T\EéPG/&ﬁjZFJ‘:
(6 rows) -

XEINFAPERTEEBNRTFR, MEERBHEXME
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o IRHFEI4)
%ﬁgg%ﬁﬁ Al: FERHEZENERERNFNFA), FHREERIER

select * from t1, (select * from t2) as ¢ where t1.al = c.a2;

=S
select * from t1, t2 where t1.al1l = t2.a2;

postgres=> explain select * from t1, (select * from t2) as ¢ where t1.al = c.a2;
QUERY PLAN

Hash Join (cost=26.42..54.69 rows=952 width=16)
Hash Cond: (t2.a2 = t1.al)
—> Seq Scan on t2 (cost=0.00..15.00 rows=1000 width=8)
-> Hash (cost=14.52..14.52 rows=952 width=8)
—> Seq Scan on t1 (cost=0.00..14.52 rows=952 width=8)
(5 rows)
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« IBHTEIG
. ERFE AR E

postgres=> explain select t1.al from t1, (select a2 from t2 |imit 1) as c where c.a2 = 10;

QUERY PLAN

Nested Loop (cost=0.00..24.07 rows=952 width=4)
-> Subquery Scan on ¢ (cost=0.00..0.03 rows=1 width=0)

Filter: (c.a2 = 10) L /ﬁﬁ%é\ﬁéﬁi
2. B REHAE

3. AR
sort/limit/with/group

-> Limit (cost=0.00..0.01 rows=1 width=4)
-> Seq Scan on t2 (cost=0.00..15.00 rows=1000 width=4)

-> Seq Scan on t1 (cost=0.00..14.52 rows=952 width=4)

(6 rows)
4. 54 5 KRR

5. fromIEZT®
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i

AR al=a2 and a2=100 al=100 and a2=100
TR H al=1+2 al=3

X2 45TES (a and b) and (¢ and d) a and b and ¢ and d
faiftor false or a > 1 a > 1
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o JMEIEEMR (left/right/full join)

Aleft joinAfil, left join(AEER) BEEBEAZRTIABICRMARDTERFREFNCR , WRERRBE
BCRYiER, BABRBLLUNILLENRE, Bian:

AZR B

ID1 D2

1 1

2

select * from A left join B on A.id1 = B. id2;
RN

ID1 ID2

1 1

2 NULL
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o YMEFESEMR (left/right/full join)

postgres=> explain select * from t1 left join t2 on true;
QUERY PLAN

Nested Loop Left Join (cost=0.00..11932.02 rows=952000 width=16)
—> Seq Scan on t1 (cost=0.00..14.52 rows=952 width=8)
-> Materialize (cost=0.00..20.00 rows=1000 width=8)
—> Seq Scan on t2 (cost=0.00..15.00 rows=1000 width=8)
(4 rows)
postgres=> explain select * from t1 left join t2 on true where t1.al = t2. a2;
QUERY PLAN

Hash Join (cost=26.42..54.69 rows=952 width=16)
Hash Cond: (12.a2 = t1.al)
—> Seq Scan on t2 (cost=0.00..15.00 rows=1000 width=8)
—> Hash (cost=14.52..14.52 rows=952 width=8)
—> Seq Scan on t1 (cost=0.00..14.52 rows=952 width=8)

(5 rows)
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o INEFRIHBRFH
e wherefljoinFHFRIEA RN S BNILLIERITFS

postgres=> explain select * from t1 left join t2 on t1.b1 = t2. b2 where t2.b2 is not
NULL ;

QUERY PLAN

Nested Loop (cost=0.28..23.30 rows=1 width=16)
—> Seq Scan on t2 (cost=0.00..15.00 rows=1 width=8)
Filter: (b2 IS NOT NULL)
-> Index Scan using b1 1 on t1 (cost=0.28..8.29 rows=1 width=8)
Index Cond: (b1 = t2.b2)
(5 rows)
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« XTI
- AT EEE, TABARESD

postgres=> explain select * from t1,t2 where t1.a1 < 10 and t2.a2 > 900;
QUERY PLAN

Nested Loop (cost=0.55..31.20 rows=1000 width=16)
—> Index Scan using t2 a2 key on t2 (cost=0.28..10.03 rows=100 width=8)
Index Cond: (a2 > 900)
—> Materialize (cost=0.28..8.70 rows=10 width=8)
-> Index Scan using t1_al key on t1 (cost=0.28..8.65 rows=10 width=8)
Index Cond: (a1l < 10)
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o ZIRINIK
create table tt1(id int not null);

postgres=> explain select * from tt1 where id is null;
QUERY PLAN

Seq Scan on tt1 (cost=0.00..15407.02 rows=1 width=15)
Filter: (id IS NULL)

set constraint _exclusion = on; gjﬁ)\ﬂiﬁﬁﬂﬁ

postgres=> explain select * from tt1 where id is null;
QUERY PLAN

Result (cost=0.00..0.01 rows=1 width=0)
One-Time Filter: false
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» MIN/MAX

select min(al) from t1;:

B

select al from t1 order by al limit 1;
mRa1 % BESl, BrBREFRAM

postgres=> explain select min(al) from t1;
QUERY PLAN

Result (cost=0.32..0.33 rows=1 width=0)
InitPlan 1 (returns $0)
-> Limit (cost=0.28..0.32 rows=1 width=4)
—> Index Only Scan using t1 _al key on t1 (cost=0.28..45.09 rows=952 width=4)
Index Gond: (a1l IS NOT NULL)
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» group byfit1t

create index tt1 _id _key on tt1 using btree ( id);
postgres=> explain select id from tt1 group by id;
QUERY PLAN

Group (cost=0.42..33891.21 rows=1000102 width=4)

Group Key: id

-> Index Only Scan using tt1_id _key on tt1 (cost=0.42..31390.96 rows=1000102 width=4)
(3 rows)

postgres=> explain select name from tt1 group by name;
QUERY PLAN

Group (cost=132169.76..137170.27 rows=1000102 width=11)
Group Key: name
-> Sort (cost=132169.76..134670.02 rows=1000102 width=11)

Sort Key: name
-> Seq Scan on tt1 (cost=0.00..15407.02 rows=1000102 width=11)

o Grows)
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» order by{it{t

1. FIAZES|iEkkRorder by

postgres=> explain select * from t1 order by af;
QUERY PLAN

Index Scan using t1_al key on t1 (cost=0.28..42.71 rows=952 width=8)
(1 row)

2. order by ¥
postgres=> explain select * from t1,t2 where t1.b1=t2. b2 order by b1;
QUERY PLAN

Merge Join (cost=126.45..136.22 rows=1 width=16)
Merge Cond: (t1.b1 = t2.b2)
-> Sort (cost=61.62..64.00 rows=952 width=8)
Sort Key: t1.b1

-> Seq Scan on t1 (cost=0.00..14.52 rows=952 width=8)
-> Sort (cost=64.83..67.33 rows=1000 width=8)
Sort Key: t2.b2

-> Seq Scan on t2 (cost=0.00..15.00 rows=1000 width=8)
(8 rows)
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» distinct{fLit

postgres=> explain select distinct(al) from t1;
QUERY PLAN

HashAggregate (cost=16.90..26.42 rows=952 width=4) hash cost: cheapest path + hashagg [+ ]
f;ougeKegc::a?on t1  (cost=0.00..14.52 rows=952 width=4) sort]
(3 rows) a A " " sort cost: sorted path [+ sort] + grour
postgres=> explain select distinct(id) from tt1; final sort]
QUERY PLAN

Hash VS Sort

Unique (cost=0.42..33891.21 rows=1000102 width=4)
-> Index Only Scan using tt1_id _key on tt1 (cost=0.42..31390.96 rows=1000102 width=4)
(2 rows)

postgres=> explain select distinct(name) from tt1;
QUERY PLAN

Unique (cost=132169.76..137170.27 rows=1000102 width=11)
-> Sort (cost=132169.76..134670.02 rows=1000102 width=11)
Sort Key: name

> Seq Scan on tt1 (cost=0.00..15407.02 rows=1000102 width=11)
stgrdd rOW8ference China 2016 HERAAXS
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postgres=> explain select al from t1 where al < 10 union select a2 from t2;
QUERY PLAN

HashAggregate (cost=36.28..46.38 rows=1010 width=4)
Group Key: t1. af
-> Append (cost=0.28..33.75 rows=1010 width=4)
-> Index Only Scan using t1 _al key on t1 (cost=0.28..8.65 rows=10 width=4)
Index Cond: (a1l < 10)
-> Seq Scan on t2 (cost=0.00..15.00 rows=1000 width=4)

postgres=> explain select al from t1 where al < 10 union all select a2 from t2;
QUERY PLAN

Append (cost=0.28..23.75 rows=1010 width=4)
-> Index Only Scan using t1 _al key on t1 (cost=0.28..8.65 rows=10 width=4)
Index Cond: (a1 < 10)
-> Seq Scan on t2 (cost=0.00..15.00 rows=1000 width=4)
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 RIEFH I

e Seq scan, Index scan, Tid scan

postgres=> explain select * from t1
QUERY PLAN

Seq Scan on t1 (cost=0.00..14.52 rows=952 width=8)

postgres=> explain select * from t1 where al = 10;
QUERY PLAN

Index Scan using t1_al key on t1 (cost=0.28..8.29 rows=1 width=8)
Index Cond: (a1l = 10)

postgres=> explain select * from t1 where ctid='(1,10)":
QUERY PLAN

Tid Scan on t1 (cost=0.00..4.01 rows=1 width=8)
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« T&H

EXPLAIN SELECT * FROM tenk1;

QUERY PLAN

Seq Scan on tenk1 (cost=0.00..458.00 rows=10000 width=244)

SELECT relpages, reltuples FROM pg class WHERE relname = 'tenk1';

relpages | reltuples

358 | 10000
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e AFHENT

EXPLAIN SELECT * FROM tenk1 WHERE uniquel < 1000;

QUERY PLAN

Bitmap Heap Scan on tenk1 (cost=24.06..394.64 rows=1007 width=244)
Recheck Cond: (uniquel < 1000)
-> Bitmap Index Scan on tenkl uniquel (cost=0.00..23.80 rows=1007 width=0)
Index Cond: (uniquel < 1000)
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\ A-Ir/\_t
« THEART
SELECT histogram bounds FROM pg stats
WHERE tablename='tenk1' AND attname='uniquel';

histogram _bounds

{0, 993, 1997, 3050, 4040, 5036, 5957, 7057, 8029, 9016, 9995}

(1 + (1000 — bucket[2].min)/ (bucket[2]. max — bucket[2].min))/num buckets
(1 + (1000 - 993) /(1997 - 993))/10
0. 100697

selectivity

rel cardinality * selectivity
10000 * 0. 100697
1007 (rounding off)

rows
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- ZFIHE

EXPLAIN SELECT * FROM tenk1 WHERE stringul = "CRAAAA';

QUERY PLAN

Seq Scan on tenk1 (cost=0.00..483.00 rows=30 width=244)
Filter: (stringul = 'CRAAAA'::name)
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 HEAR

SELECT null_frac, n_distinct, most common vals, most common_freqs FROM pg stats
WHERE tablename='tenk1' AND attname='stringul';

null frac | 0

n_distinct | 676

most_common_vals| {EJAAAA, BBAAAA, CRAAAA, FCAAAA, FEAAAA, GSAAAA, JOAAAA, MCAAAA, NAAAAA, WGAAAA}
most_common_freqs | {0.00333333, 0. 003, 0. 003, 0. 003, 0. 003, 0. 003, 0. 003, 0. 003, 0. 003, 0. 003}

mcf [3]
0. 003

selectivity

10000 * 0. 003
30

rows

Z3F: MREAREmost_common_valsEH, HEARNNA:

selectivity = (1 = sum(mvf))/(num_distinct — num_mcv)
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» costi‘l';%:
o RNMRE: BRM=CPUR N+ 10K MN+B BN

postgres=> explain select * from t1 where al > 10;
QUERY PLAN

Seq Scan on t1 (cost=0.00..16.90 rows=942 width=8)
Filter: (a1 > 10)

(2 rows) COSt:16.90ﬂ§

ATHE R ?

Hr.
postgres=> select relpages, reltuples from pg class where relname = "t1';

relpages | reltuples

5 | 952
(1 row)
cpu_operator_cost=0. 0025
cpu_tuple cost=0. 01
seq_page_cost=1
random_page cost=4
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> costi‘l';%:

Hcost = cpu_tuple cost * 952 + seq _page cost * 5 + cpu_operator cost * 952
= 16.90

HAiFE T Ncost it E A LIS E U T R -
postgres=> select amcostestimate, amname from pg_am ;

amcostestimate | amname

btcostestimate | btree
hashcostestimate | hash
gistcostestimate | gist
gincostestimate | gin
spgcostestimate | spgist

(5 rows)
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RBEFHIN

» Nest Loop

» Hash Join

» Merge Join
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(Index) Nest Loop
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B RERERNER

SELECT *FROM t1L,t2 RWHERE L.id=R.id
TB s

M = 20000 pages in L, p, = 40 rows per page,
N = 400 pages in R, py = 20 rows per page.

select relpages, reltuples from pg class where relname= ‘tl’
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Nest Loop 10X itE
]

LFIRFHITjoin
for 1 Iin L do
for r In R do
IT riag == lig then ret += (r, S)

SFINRLE— 1 TAFAERARRITER LA
210484y: M+ (pL * M) * N = 20000 + (40%20000) *400
= 320020000
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Nest Loop Join

E—
LR ARG T REAEMIA
Memory Buffers:
2 . 2
12 .. 13
6
12
1 .. 27
5 ..
27 .. L1
.. 9
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Nest Loop Join

LR AEW A REAEHIE I
Memory Buffers:

2 .. q L2
L — 2] 4
6 .. - 13
.12
1 27
5
27 L1
.5
iR
2 .. 2
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Nest Loop Join

E—
LR ARG T REAERLA
Memory Buffers:
2 . Q 2
12 . .13
6
.. 12
1 . .27
5 ..
27 .. L1
.. 5
45 R
2 2
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Nest Loop Join

E—
LR AEW A REAEHIE I
Memory Buffers:
2 .. . 2
12 . ... 13
6
12
1 27
5 ..
27 .. L1
.. 9
45 R
2 2
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Nest Loop Join

E—
LR AEW A REAEHIE I
Memory Buffers:
2 . . 2
12 . .13
6
12
1 .27
5 ..
27 .. -1
.. 9
45 R
2 2
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Nest Loop Join

E—
LR AEW A REAEHIE I
Memory Buffers:
2 . . 2
12 . .13
6
12
1 . .27
5 .
27 . -1
.. 9
45 R
2 2
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Nest Loop Join

E—
LR ARG | REAEMIE I
Memory Buffers:
2 . Q .2
12 . .13
6
.. 12
1 .27
5 ..
27 .. -1
.. 5
45 R
2 2
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Nest Loop Join

LR AERLAE | REAEMIE I
Memory Buffers:

2 2 ... . 2
12 12 ... > < 1% .. 13

(

6 .. o—
Lo 12

1 ... 27

5 ... N GERLNE

27 ... L1
.. 5

gE R
2 2
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Nest Loop Join

LR A b

stgres Conference China 2016 RERPKS

Memory Buffers:

2 ...
(2 - [> E..B
LR I !
45 R
2 .. .2

RFEHIHL L

.12
.27

=




Nest Loop Join

LR AEW A - REAEMIE I
Memory Buffers:

2 .. 2. 2
12 ... (12 ... ::) .12 .. 13
6 .. o - 21
.. 12
1. .27
5 .. VEHC A !
27 ... L1
.5
R
2 ... ...2
12 ... ... 12
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Index Nest Loop |04}

SELECT *FROM t1L,t2 RWHERE L.id=R.id

BRIk fERR.IdEGIE T 5|
for 1 in L do

Index Scan rin R where l;g = rig
ret += (1, r)

S10: M+ ( (M¥p) * cost of finding matching R rows)

= 20000 + ((20000%*40)*3) =2420000
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Merge Join
|

-
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Merge Join

]
FEHFIT:
1. Sort L on I, KA/ MlogM
2. Sort R on rg XN logN

3. Merge the sorted L and R on |., and r,,  {XA/IM+N
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Hash Join
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% RIEFRE A

o FTSK!

 BEFE: ERTjointFalZIE!
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NS HK K AR A2
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« B HE)EREMREBE =NIEEF
e 1. /MBI MN
¢ 2. KIN=mNEE
e 3. KINm/DHIFRE
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