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Figure 1: Query flow through a DBMS.
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Figure 2: Query optimizer architecture.
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B H 38 ¢ Query Optimization Yannis E. loannidis 1996




SELECT * FROM a,b

WHERE

a.num =

and a.bid

and

b.age

Table: a
CREATE TABLE a {

~id> int(11) NOT NULL DEFAULT '0',
“num” int(11) DEFAULT NULL,

“bid> int(11) DEFAULT NULL,
PRIMARY KEY (~id"),

KEY ~IND NUM~ (“num”))
ENGINE=InnoDB DEFAULT CHARSET=latinl

Table: b

CREATE TABLE b~ (
"id® int(11) NOT NULL DEFAULT '0',
“age® int(11) DEFAULT NULL,

"nick” char(10) DEFAULT NULL,
PRIMARY KEY (~id"),

KEY “IND AGE~ (~age’))
ENGINE=InnoDB DEFAULT CHARSET=latinl

B 75 BGE S TR

Alibaba Database Technology




QEERSEHERI

Alibaba Database Technology

o] BEF AT IT X

> D\ Ve
A B B A B A
ref IND NUM eq ref PK range IND AGE ALL range IND AGE ref IND_NUM
SELECT * FROM A,B NV
WHERE —LEEST SR
0 = 4 -
A num = 6 1. MySQLR % #FNested-Loop Join
and A.bid = B.id 2. BH, ZihFREEIoinFMJouter table, Hil A Einner table

and B.age > 17; (WEWE, ZIHEIKFIFRAriving table, HIAEHEIREIFR)




. . . X NLJ
for each tuple x in A with index IND_NUM / \
for each tuple y in B with index PK (b.id = a.bid) A B
If B.age > 17
ref IND NUM eq ref PK
return <x,\y> — _
endif

SELECT * FROM A,B
WHERE

A.num = 6

and A.bid = B.id
and

B.age > 17;

iHH © tuple. row. recordfE BIEREIERTFAI—FKICK
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FRFEND (—)

=

] ZE 5| IND NUMZAELA.num=6/9rowid
for each tuple x in A with index IND_NUM 2. tR¥Erowid, HEAFRHRYICE

for each tuple y in B with index PK (b.id = a.bid) 1. EEFHEZRS|Fb.id = a.bidf§TT, BUHE IR tuple

If B.age > 17
return <x,y>
endif

1. FIBTEUE AStupledB.age > 17

SELECT * FROM A,B
WHERE
A.num = 6

and A.bid = B.id
and B.age > 17;




BN ()

for each tuple x in A with index IND_NUM

for each tuple y in B with index PK (b.id = a.bid)

If B.age > 17
return <x,y>
endif

SELECT * FROM A,B
WHERE
A.num 6

and A.bid B.id
and B.age > 17;

N =

1.
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read index page (1)
Comparingxkeys/records (131)
read data page (131)

ERFERSI, UHMEER T EIER
(read 1 data/index page)

evaluating query conditions
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COST = COST of (10 + CPU)
/ AN

PAGE FETCHES RSI CALLS

COST = PAGE FETCH + W * (RSI CALLS)

AIRIE ¢ Access Path Selection in a Relational Database Management System P. Griffiths Selinger... IBM 1979
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COST = COST of (10 + CPU)
/ AN

PAGE FETCHES RSI CALLS

COST = PAGE FETCH + W * (RSI CALLS)
VRN 7\

Data Page Index Page compare key row evaluating -

MySQLX A 2015
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Nested Loop JOINENA AT H

Cost(NLJ) = C(A) + P.ROW(A)  C(B)
T T

outer table
B Inner table
C(A) cost of outer table

P_ROW(A)  prefix row

C(B) cost of every time evaluating inner table
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for each tuple x in A with index IND_NUM

for each tuple y in B with index PK (b.id = a.bid)

If B.age > 17
return <x,y>
endif

SELECT * FROM A,B
WHERE
A.num 6

and A.bid B.id
and B.age > 17;

N =

1.
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read index page (1)
Comparingxkeys/records (131)
read data page (131)

ERFERSI, UHMEER T EIER
(read 1 data/index page)

evaluating query conditions

Cost Cost value
Reading a random page 1.0
Evaluating query condition 0.2
Comparing key/record 0.1

(MySQL 5.7)
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read index page (1)

PRATTH
Comparingxkeys/records (131)

for each tuple x in A with index IND_NUM 3. read data page (131)

N

for each tuple y in B with index PK (b.id = a.bid) 1. EERFHEESIT1, WHEIFERTEIER
(read 1 data/index page)

If B.age > 17
return <x,y>
endif

1. evaluating query conditions

SELECT * FROM A, B Cost(NLJ) = C(A) + P.ROW(A) * C(B)

WHERE
A.num = 6 Cost(NLJ) = 1+ 131 + 131+0.1 + 131+ (1+1+0.2)

and A.bid = B.id
and B.age > 17;
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X W
A B
ref IND NUM eq_ref PK

SELECT * FROM A,B
WHERE
A.num =

and A.bid
and B.age

|5 HYB 5

NLJ]

range IND AGE

I
o] f2
o] /A3

NLJ

ALL range IND AGE

57 S g h A G 0] = N E AR p O = L)1 N
—HBZDMHIITIR ?
REEFEHPN— 7
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ref IND NUM
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MySQL=FE EHJaccess method

* table scan where TRUE
* Index scan order by Ind_a
* range scan INnd_a =5and ind b > 10

* ref where ind a =97 / A.nd a = B.col
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table scanfy i AT &

SELECT * FROM a Table: a N
CREATE TABLE a (

WHERE “id> int(11) NOT NULL DEFAULT '0',
a.bid < 6 “num” int(11) DEFAULT NULL,

“bid> int(11) DEFAULT NULL,

PRIMARY KEY (~id"),

KEY ~IND NUM~ (“num’))
ENGINE=InnoDB DEFAULT CHARSET=latinl

o EREM, l_myuﬂlﬁﬁﬁ L%
. '[;'TEWHERE/T\H:E a3 Cost = Page(Table A) + 0.2 * ROW(Table A)

/ N\

s->table->file->scan_time() s->table->file->stats.records;
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index scan/y ol AT 5

SELECT * FROM a Table: a
CREATE TABLE a (

ORDER BY ~id® int(11) NOT NULL DEFAULT '0',
num “num” int(11) DEFAULT NULL,

“bid> int(11) DEFAULT NULL,

PRIMARY KEY (~id"),

KEY ~IND NUM~ (“num’))
ENGINE=InnoDB DEFAULT CHARSET=latinl

* £R5HE, FREXKAIrowid

« RIErowidIENE—MLEX Cost = Page(INDEX IND_ NUM) + ROW(Table A)
/ N\
handler:index_only read_time s->table->file->stats.records;

/ | N

stats.block size key_length/ref length records B8 Wt E =S| T
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Cost = Page(INDEX IND_NUM) + ROW(Table A)

/ N\

handler:index_only read_time s->table->file->stats.records;

/ | N

stats.block size key length/ref length records G el E R S| 1N

5528 @return
5529 Estimated cost of 'index only' scan
5530 */

5532 double handler::index_only_read_time(uint keynr, double records)
5533 {
5534 double read_time;

5535 uint keys_per_block= (stats.block_size/2/

5536 (table_share—>key_info[keynr].key_length + ref_length) +
5537 1);

5538 read_time=((double) (records + keys_per_block-1) /

5539 (double) keys_per_block);

5540 return read_time;

5541 }
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index scanPI AT TR (B &= F3H)

SELECT num FROM a Table: a .
CREATE TABLE a (

ORDER BY ~id® int(11) NOT NULL DEFAULT '0',
num “num” int(11) DEFAULT NULL,

“bid> int(11) DEFAULT NULL,

PRIMARY KEY (~id"),

KEY ~IND NUM~ (“num’))
ENGINE=InnoDB DEFAULT CHARSET=latinl

- &S|
Cost = Page(INDEX IND_NUM)

/

handler:index_only read_time
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range scanE N AT TR

SELECT * FROM a Table: a R
CREATE TABLE “a  (

WHERE ~id> int(11) NOT NULL DEFAULT '0',
num > 6 and num <10 “num” int(11) DEFAULT NULL,

“bid> int(11) DEFAULT NULL,

PRIMARY KEY (~id"),

KEY ~IND NUM~ (“num’))
ENGINE=InnoDB DEFAULT CHARSET=latinl

o FEEEKSISERE, FIREIX N Arowid
« RBrowidiEEE—MLE Cost = E ROW(A) + E ROW(A) * 0.1

records_in_range(keynr,* min_key, * max_key)
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ref gy pl AT TH (1)

SELECT * FROM a Table: a R
CREATE TABLE “a  (

WHERE ~id> int(11) NOT NULL DEFAULT '0',
num “num” int(11) DEFAULT NULL,

“bid> int(11) DEFAULT NULL,
PRIMARY KEY (~id"),

(VE : AK5l. AHBUE) KEY “IND NUM~ (“num))

ENGINE=InnoDB DEFAULT CHARSET=latinl

o FEEEKSISERE, FIREIX N Arowid
« RBrowidiEEE—MLE Cost = E ROW(A) + E ROW(A) * 0.1

records_in_range(keynr,* min_key, * max_key)
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ref g pl AT TR (2)

SELECT =* Table: a o
CREATE TABLE a (

FROM ~id> int(11) NOT NULL DEFAULT '0',
b STRAIGHT JOIN a “num> int(11) DEFAULT NULL,

“bid> int(11l) DEFAULT NULL,
WHERE PRIMARY KEY (~id>),

a.num = b . age and KEY "IND NUM ( num ))
ENGINE=InnoDB DEFAULT CHARSET=latinl
b.age > 10

(7 - AR5 EhUE)

« FEEEKSISERE, FIREIX N AYrowid
« RIErowidIENE—MLEX Cost(A) = E ROW(A) + E ROW(A) * 0.1

(records= keyinfo->rec_per_key[actual_key parts(keyinfo)-1])
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V4

I T =

s->table->file->scan_time()
s->table->file->stats.records
stats.block_size
key_length/ref_length
records_in_range

keyinfo->rec_per_key

ERFAMAR * ANALYZE TABLE
REIDEH
BRI * SHOW TABLE STATUS
RE|EE s

o FIRIFEIER
Se Bl AYiE Z &

ThlE)ER
* INFORMATION_SCHEMA.TABLES
* INFORMATION_SCHEMA.STATISTICS

BARSHES| FHArowid& &

A B ICKEGEIL /169 BT fE
EHTRBIE AV

* innodb stats on_metadata
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2F BHHE;

X
NLJ B4

/ \ NLJ
N ! B S5 / \

A B
U

ref IND NUM eq_ref PK
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SELECT * FROM
WHERE

A.num
and B.1id

and C.age
and A.cid

and B.aid
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o SE I TIT X
7\ YN
M w C ™MW A
/ \ élflgig:’ﬂ) / \ (table scan)

(ref IND NUM) (eq_ref PK) (eq ref PK) (range IND AGE)

—#BF/ Z DI XFERNNITITR] ?
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A1) #R B IX A [a) R A B LR

1. 5% ZE#&E : O(N!)

et
Mg

2. RERE B
3. B& R (heuristics) 4 2
o EATOTER

REENL), ARZEEsort-mergeflhashjoin
EAH A Finteresting orderfy15°5%

Ve
//// \\\\ (range)

(ref)

IDELSE S oy |

Alibaba Database Technology

/N

(eq_ref)

(all)



NIRRT L - AR R

AT % 213X X7 Iﬂﬁﬁﬁﬁﬂ—'ﬁﬂﬁfl: ™MW

/

NLJ
2. BBHE HRE / \
3. B& I\ (heuristics)By [T X W C
//// \\\\ (range)
T BT TSRS (ref) (eq_ref)

REENL), ARZEEsort-mergeflhashjoin
EAB AN X Finteresting orderfy &R
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/N

(all)



o B2 2938 e dsa T

NIRRT L - AR R 4

MR ERBRLRL ML BRI, e )
(all)
XBRE [BHELE] BITERERdepth, -
%K/Z\Eﬁrrﬁ ) <
0 N s N depth / \
( depth ) /MNU\ (racu:nge)

£ f
B MEdepth=1, BHLEMEREERN? ) (eq_ref)



NIRRT X - R 2R S

N
AT F B XA B R A R LR 7 > 13
1.55% BE#&E  ON)
X NLJ
2 RHRE BRE / \
3. B& 3 (heuristics)iy [+t ] M ¢
(range)
skip certain plans based on estimates of the / \
number of rows accessed for each table
% TSR (ref) (eq_ref)

HREENL), A~Z*&Esort-mergeFhash join
EAB AN X Finteresting orderfy &R
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/N

(all)
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« —f#%89, N < depth = 64, Hprune_ level =1 5 / \

(all)

- BREHRESE

- RV RERES, FkEF \—/\%)S’ZJOINE’]
RIOEHE, REXNREEHGT // \\

//// \\\\ (range)

(ref) (eq ref)
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EXRYE, BRETIEES

« X B REZEAINL, ZHgsort-mergeFihash join
« SXHZEENUN—E

* Block Nested Loops Join (MySQL)
« J T Tk, ZEET [interesting order] (order by/group by=k)
R BITTIE AT A S Zleft-deep tree
« & Z#[Enested query(subquery) B s AN TTE 5 & semi-joink i
* AT R, EBEEZIIBIE, Xprefix rowhys20m(filter)
« & F ZEcondition_fanout_filter (MySQL5.7)
« X8 I-1EGROUP BY/ORDER BY/DISTINCTELAY,
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* Paper
* Query Optimization Yannis E. loannidis X Z 5%
* Access Path Selection in a Relational Database Management System P. Griffiths Selinger... IBM

« —ULEgfide :
* MySOL queryoptimizer internalsand upcomingfeatures in v. 5.2

* |mplementing Joins Implementation of Database Systems
* MySOL Cost Model

- Hftn
* MySOL Internals Manual

* MySQL source code
* MySOLE IR ZIT A& AL




SELECT * FROM a,b

WHERE

a.num =

and a.bid

and

b.age

Table: a
CREATE TABLE a {

~id> int(11) NOT NULL DEFAULT '0',
“num” int(11) DEFAULT NULL,

“bid> int(11) DEFAULT NULL,
PRIMARY KEY (~id"),

KEY ~IND NUM~ (“num”))
ENGINE=InnoDB DEFAULT CHARSET=latinl

Table: b

CREATE TABLE b~ (
"id® int(11) NOT NULL DEFAULT '0',
“age® int(11) DEFAULT NULL,

"nick” char(10) DEFAULT NULL,
PRIMARY KEY (~id"),

KEY “IND AGE~ (~age’))
ENGINE=InnoDB DEFAULT CHARSET=latinl
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for i in "seq 0 5000 ;do mysgl -v -uroot test -e “insert into a values
(rand()*10000,rand()*10000,rand()*10000)"”; done

select substring(md5 (concat ("adfasdfasfasdf",rand()*1000000)),1,rand()*10);

for i in "seq 0 500" ;do mysgl -v -uroot test -e "insert into b values

(rand()*100000,rand()*100000,substring(md5(concat('adfasdfasfasdf’',rand()*100
0000)),1,rand()*10))"; done
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732 . Blocked Nested-Loop Join

for each tuple x in A with index IND_NUM
store used columns from A in join buffer
for each tuple y in B with index PK (b.id = a.bid)
for each items z in join buffer

If B.age > 17
return <z,y>
endif

inner table#{ 333 AKX 2T
(S * C)/join_buffer_size + 1

S Size of (x interesting column)
C Row return from A W AR : tuple. row. recordEEIBEEIERTHN—KICEK

DqNLJ
A B

ref IND NUM eq ref PK

SELECT * FROM A,B
WHERE




