Query Optimization




Challenge: How to find out a FAST query plan for a given query, e.g., a SQL query?
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QR EHA

THEF Cost-Based Optimization (CBO)

/ 53%ELQP, SEELQP
1'5:"5]‘5|_E.PQP 1[5"5i5'_EEJQP 1'%]‘2!-3_PQP ........ >

i | | \/
KN hTT RO dTT K& | e & EPQP

Select Minimum
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FERS

® B9t (Parsing)

n ZiFEifITRI4% R (Logical Query Plan)
m EFiFEE(Query Rewrite)

m FifHRIR M4 (Cost Estimation)

n PHEEFTXREEFE(Physical Query Plan)
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B fIEIRES T (Parsing Tree)
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1. SQLEIRZ o

SELECT title
FROM Starsin
WHERE starName IN (
SELECT name
FROM MovieStar
WHERE birthdate LIKE '%%1960’

);

(Find the movies with stars born in 1960)

Advanced Database Technologies &M (jpg@ustc.edu.cn)



1. SQLEIRZ o

_ <Query>
Parsing Tree |
e
SELECT <SelList> FROM <FromlList> WHERE <Condition>

\ / a

<Attrit‘)ute> <RelName> <Tuple> IN <Query>
title Starsln <Attribute> ( <Query> )

|

Wv‘b

SELECT <SelList> FROM <FromList> WHERE <Condition>

/ /

<Attribute> <RelName> <Attribute> LIKE <Pattern>

| | | |

name MovieStar birthDate ‘%1960’
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B FIEESTRERAR BRI —EBEATR
o Typical: &K
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1. XRKRHEIM
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2. XRARHTL5ESQL

B XARBESQLERETRIA

B XRRBFTEN © SQLE

o RAMEE
o SQL-

9’

® Note:

LT E4(SET)BE

= T4,(BAG)BHE
RA: JGE

5 TR

v @: fCT;F:E

LR LR
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3. Z|EIQIHR

n 5EES R
o AEmR: }XREBEF
o MH&ER: X&H
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B

SELECT title

FROM Starsin

WHERE starName IN (
SELECT name
FROM MovieStar

WHERE birthdate LIKE
‘%1960’

)i

Loglcal Query Plan

-
-
-
———————
—————————

IZE|E AT RIERL

,‘—
-
-

Htitle

O starName=name

X

7

Starsln Hname

—‘—7 ‘

O birthdate LIKE ‘%1960’

MclvieStar

Htitle(G starName=name(StarsIN x I Iname (Obirthdate LIKE ‘%1960’(MovieStar))))
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=\ ZRES

B FEZEEIET IR AL IZEEISITX](Maybe)
o TR EFEEAN
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1. FEQESHF

Htitle

O starName=name

X

7

Starsln Hname

O birthdate LIKE ‘%1960’

MovieStar

Advanced Database Technologies

N

starName name

/N

Starsln

I Ltitle

Hna me

O birthdate LIKE ‘%1960’

MovieStar
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2. ¥HmAN

B Transformation rules

u ERAEHEAN, B TRBRERNERAZ—INFHNARK
RIET\
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2. ¥HmAN

B S REREE. H. 2. BF/ILIRNZMEBNGSE
o RXS=SXR: (RXS) XT=RX (SXT)
o RMS=SDXIR; (RPXIS) DIT=RI (SPXT)

o RUS=SUR; (RUS) UT=RU (SUT)
o RNS=SNR; (RNS) NT=RN (SNT)

—
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R S

A B A C C D

10 20 10 20 20 20

20 30 20 30 10 30

30 40 30 40 10 40
. (RS) T: HEERRSFEIFZICE
m R (ST) : HPEEGRSNTFELFZICE

SN ANE
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2. ¥inmn
m EFE ERYERIRAN
Q0 ¢1,c2(R)= O ¢1(0c,(R))

Q0 c1.,c2(R) = (O c1(R)) O 2(R))

e
AlY
I
Sioy
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2. im0

= SQL
o Union All a3
o Union £463HF

o ffltn, StudentFFNStaffiz
o “BERFEBEEEMBREITHNER”

Select name from student where gender="M’
Union Al
Select name from staff where gender="M’
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2. ¥HmAN

B EFE+ BRERE
Let p = predicate with only R attribs

g = predicate with only S attribs
m = predicate with only R,S attribs

( THEERE: EFERAIEF M

G, (R=18) = [O, (R)] @m&m%—g%mmu
Gq (R><1S) = RDQ[CTGI (S)] >
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2. ¥HmAN

m EFE+ BAERE
Oprq (REIS) =[0Op (R)] ><[Oq(S)]
Obpra:m (RE<1S) = Om [(Op R) -1(04 8)]

Opvg (R><1S) =

[(GoR):<s] U [R =< (Cq )]
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2. ¥HmAN

n B+ BARER

Let x =subset of R attributes

y = subset of S attributes
Zz = intersection of R,S attributes

Ttxy (RPIS) =
Tny{[Tsz (R) ] > [TCyz (S) ]}
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3. REBEANNNLR/RE

 EBIRLEN

o AL EIFHIFSH(I/ O H)
BRI EEBAR
B EEAITRIRREIXRX D (TTEED
L TR AR

Do select early
Choose join orders

Do project before selections
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Where are we?

m 15E 9 (Parsing)

m ZiEEEHX4E R (Logical Query Plan)
m EFiFEE(Query Rewrite)

= FEHRIRMMET Next

n PHEEETRERFE(Physical Query Plan)
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Pa. i #rhit(Cost Estimation)

IR
fiit eI A

(1) B TR P e S IR T
(2)f F E A MR IR
(3) s M ERAR R PRI

fEYIERIEZ BNSHIEELT N
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Ph. &Fif{#r {41t (Cost Estimation)

m R XRK/NMbTT
m I/OK Mt
n YBREIERIE R
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1. FESRBKMETT

n FEFEH—&S i+ 8 (statistics)
o T(R) : RTTLHE
o S(R) : REFA N TIARK /) (bytes)
o V(R, A) : REMA LRI EEH
o B(R): BHIRFTBTAMTRIIRE
® These statistics should be held in the database!

—
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1. EgRK N

Example R IAIBICID

catl 1 110! a A: 20 byte string
catl 1 120! b B: 4 byte integer
dog| 1 |30 a C: 8 byte date
dog 1|40 c D: 5 byte string
bat| 1 (50| d

T(R) =5 S(R) = 37

V(R,A) = 3 V(R,C)=5

V(R,B) =1 V(R,D) =4

Advanced Database Technologies

&M (jpq@ustc.edu.cn)



1. JELESRBKNMETH

® W= R1 X R2 By K/MEIT
> T(W) = T(R1) * T(R2)
> S(W) = S(R1) + S(R2)
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1. JELESRBKNMETH

W= Oa=a (R)E(Jj('JWEﬂ_
> S(W) = S(R)
o T(W)="7?
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W= crA=a (R)E(Jj('JWEﬂ'

Example

Advanced Database Technologies

1. PEESREOKMET

R

A|B|C|D
cat| 1 |10 | a
cat| 1 |20| b
dog 1 |30 a
dogl 1 |40 c
bat| 1 |50 d

V(R,A)=3
V(R,B)=1
V(R,C)=5
V(R,D)=4
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1. PEESREOKMET

® W =0, (R): RiZzLBEAEV(R, 2N EHE LIS 527

Example

Advanced Database Technologies

T [AlBlCID V(R,A)=3
cat| 1 |10 | a V(R:B)=1
cat| 1 (20| b V(R,C)=5
dog 1 [30| a V(R,D)=4
dogl 1 |40 c
bat| 1 |50 d
I'(R)
) "0V)=
V(R,z)
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1. PEESREOKMET

W= O, < val (R)E(Jj(’JWE'H_
o —Hf&it

+T(W)=T(R) / 2
e

+T(W)=T(R) /3

OE ‘ “:;I-é-'_:ll | >
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1. PEESREOKMET

B W=0,. ., (RFIK/MMEI: ERSEE

Example R Z
- 20-15 —- 5
20-1+1 20

T(W) =f x T(R)

Advanced Database Technologies

Min=1

|

Max=20

=1

2]

V(R,Z2)=10
W= o, 1z (R)

(fraction of range)
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1. JELESRBKNMETH

= W = 0, va (R)RIKR/MET

TW)=T(R)

T'(R)

V(R,2)
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1. JESRBKDMETH

= l%\gld:l:: izll'fr,;.

X EEIT W = o, (R)

= T(W) = s * T(R)

o STEIEHE

(1/V(Rz) pA “=" ELEAT

s= < (V(R,z)-1)/V(R,z) pHh “#” ELEHET

Advanced Database Technologies
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1. JESRBKDMETH

B W = R1><{R2pK /Mt

Let x = attributes of R1
y = attributes of R2

Case 1 XAnY=0

Same as R1 X R2
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1. EgRK N

Case 2| w =Ry < R2

RT | A

B

C

Assumption:
V(R1,A) <V(R2,A) = R1.A_LK{E#FER2H
V(R2,A) <V(R1,A) = R2.A EH{EHERF
“EHEKIHE S containment of value sets”

Advanced Database Technologies

R2

D

XNY=A
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1. JESRBKDMETH

B W =R1<IR2: V(R1,A) <V(R2,A)

RT [A B |C R2 |A |D
SR
1 tuple e > Match
~ T(R2) . _
R1FE—ATTAERZHFH Y, oy IR
TW)= f(R2) < T(RI)
V(R2,A)

Advanced Database Technologies
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1. JESRBKDMETH

E W =R1></R2 : V(R2,A) <V(R1,A)

In General

Advanced Database Technologies

TW) = I(R) x T(R2)
V(RL, A)
) T(R1)*T(R2)
Ty = max {V (R, A),V(R2, A)}
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1. JESRBKDMETH

E W=R1</R2: S(W) =?
o S(W)=S(R1) + S(R2) — S(A)

Advanced Database Technologies

R1

A B |C R2
A C
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1. JESRBKDMETH

m W=R1<|R2: V(W,*) = ?

“preservation of value sets”

(EEJ:NC3ES

FFW=R1(A,B,C) ><I/R2(A,D)

FATAT AR -

V(W,B)=V(R1,B)

VoW S;;W“ P BRHEEENES
V(W.A)

=ﬁ V(R1,A), V("\m’\f

\

N
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Example

1. EgRK N

Z = R1(A,B) <] R2(B,C)><] R3(C,D)

R1

T(R1) = 1000 V(R1,A)=50 V(R1,B)=100

R2

T(R2) = 2000 V(R2,B)=200 V(R2,C)=300

R3

T(R3) = 3000 V(R3,C)=90 V(R3,D)=500

U=R1></R2 M)

Advanced Database Technologies

T(R1)*T(R2) ~ 10002000
max{V(R1,B),V(R2,B)} 200
V(U,A) = V(R1,A) = 50

V(U,B) = min{V(R1,B),V(R2,B)} = 100
V(U,C) = 300

T(U)=
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1. las

Example(continue)

Z=U(A,B,C) ><] R3(C,D)

RROK AT

Y | T(U) = 10000 V(U,A)=50 V(U,B)=100 V(U,C)=300
R3 | T(R3) = 3000 V(R3,C)=90 V(R3,D)=500
Z= U ]R3
e L@ T@®Y)  _ 10000x3000
) aV (U.OW(RE.C)} 300
V(Z,A) = V(U,A) = 50
V(Z,B) = V(U,B) = 100
V(Z,C) = min{V(U,C),V(R3,C)} = 90
V(Z,D) = V(R3,D) = 500

Advanced Database Technologies
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1. PEESREOKMET

= HEFRAR M
@Ilae(R) : see Sec. 16.4.2

@0Ohr=a~B=b (R): see Sec. 16.4.3

o R IS with multiple common attribs. : see Sec. 16.4.5

o Union, intersection, diff, ....
see Sec. 16.4.7
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ngp

Where are we?

BE T (Parsing)

25131 %114 5% (Logical Query Plan)

EifEE(Query Rewrite)
283 R4 4 {431 (Cost Estimation)

o PIFERK/MEH <" we are here!
o I/l <~ Next

n PHEEETRIEREFE(Physical Query Plan)

Advance

d Database

Technologies
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2. I/OR st

 fhitfAa?

o PUTEMEITRIFTLAMIE (5) HHMERY

" BES—LBY
o B(R): REFTFERIRH
o f(R): B AIRANRNEATEHE

o M:

AJ H

AR

o HT(i): &ESIINEH
o LB(1): FESliMHESrERNRE

Advance

d Database Technologies
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2. I/ORHirfkit

m NEEITRII/ORMEVE R
o SLIEMITHRIAIZHBIRIEFF
¢ FEFZEENTRINEHE
o FELERMA/]N already discussed!
o SLIMZHBIRIEFFRIIEBIRIERF Next
o flan, EERMERARSIEZETEHTERE?
o BIMRIERINF see Sec.16.6
o flan, %X RAOFEREIRF

o ¥

RER

FZ BRI EBRIEF I see Sec.16.7

¢ Pipeline (ifi7k£k) i==Materization ($4L) ?

Advanced Database Technologies
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2. I/ORfirfdst

 n VERRERS RSN
o ¥t /N

o BAEROXIT, HESMRIENGER (REXR) SE5R#E EHEEH
{EEEL

& B IR I T IES
+ FEEHFH

o FIKLk
¢ {%/H?:éﬁf ST, — MM EFFENTHEREBRTEZEAFEIBEHTE
» PRI/O

BHAZERE, FEMXHI “WfE" WI/O0m
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I, PEEIRTHRERE
" ERE R

o IZEE AT
o fhiitHRIE] X FR K/

Q Eﬁi:% b%

T

BIR{EFFIE R

b

BT

B EFT VI FF

)
g
§

Advance

d Database Technologies
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v PEEIRTHRIERE

Example L
[ﬁﬁﬁ;ﬁﬁﬂzﬁlli%%]
101N E H[X)

/ N L) AN
U(y,z) T g v TableScan(U)
1=
/ \ . [101/3%/415)]
Rw,x)  S(xy) /
50003k 100003k TableScan(R) TableScan(S)
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75, MS SQL ServerfZifth it

= MS SQL ServerZifjfit{titiE
o TBIETI
o T RR
o IZHEMM: ZEEMATHRIFMELHR
o T RMEV4IEMIL

Advanced Database Technologies &SI (jpg@ustc.edu.cn)



1. it

= MS SQL Server #i1TitXI8 & TEHARNEEZHH:

oﬁﬁ#ﬂ RigHELSH, TRHEEREMNRAFER. XRAES
1%

o FUTHE: BNEESTERNRHPHEE—IEaHEITERERE

(NSHHE) WRIEEN. ZREERRRITRE. RITHRES
RBEMA LLERER -
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1. LTt

WITHIA HATHIA HATHIA
1 2 EHE 3

ZHE 24 FmHENE 1 43 EmHE: 7

e

=nicl i ]

SELECT *
FROM My Table
WHERE Prikey = 7




2. THRNEFNER

m 7 MS SQL Server FHITIE(T SQL iFaIRf, XASIEHF
BAEEEGPREEEHTE— SQL iZaMBMITITR
- MS SQL Server EF AR BINEMMEHTRILLTE
BHYRIE SQL iIERIRYFFEH

= NRBBHMAEMITIHXI, N MS SQL Server &R &Eif%E K
FBII TR
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= %ﬁﬂlﬂﬂﬁﬁ’*ﬂﬁﬁﬁ]ﬁﬂﬁ*ﬁ%ﬂ%ﬁhﬁﬂi

3. iTHRIREH

T RIERERES|F

/}k y

HF IR F R ERmFERAP

o flan, MR—AEiEHXIBRARETE 8 H#H5IHTHXR,

16.

m BB ARHIZEEE

313

A 1. RFEFE

IS [H

HEFARNXNRIIER. FHA
=&, BEBAREI

Q I*JT.’F j%%m%ﬂﬁﬂﬁﬁ’ﬁ?ﬁﬁ Wﬁﬂl-&1§ﬁﬁ
o MRRIFUFERZ O,

o MRASRIKBHE

Advanced Database Technologies

EFES

Vi P

FH—PFiTFE. #

N

T

RIS X

it — XA R F B
AR R R -
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4. PITHRIBESE

B EEERIFNENR
o XMEFRS|AIRHFITIEMEELL.
o 1Ei1iESR] (4N UPDATE STATISTICS) ERX4 s Bz RENSGitEa

o MFRHITITXRIFTERARIESI.
o B EH sp_recompile.

o MEPWAEEXN (HttHPXHERSI ARFRER INSERT ¢ DELETE iEq]
FRF=4E 280 .
o MTHMAIZRIFR, inserted T deleted FTXRARITH EZEIEIK.
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5. ITHRHTF

SELECT authors.au_fname, titles.title

FROM authors, titles, titleauthor

WHERE authors.au_id = titleauthor.au _id AND
titleauthor.title_id = titles.title id
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5. ITHRIBF

SELECT Nested Loops/In... MNested Lnnpstn tltles titleind

i 0% A 0% F: 0% ‘ R TO%

tltleauthnr tit...

A 14%

—— o5

authors. UPECL_a. ..
e 16%



5. ITHRIBF

SELECT Hested Loops/In... MNested Loops/In... titles. titleind
R 0% A 0% | A 0% | R A TO%

Nested Loops/Inner Join
STTTRER (H185) HimBIE 1T, 1THRREES ( i
AEE) HiA, BEHELENT.

Ltit. .
I MNested Loops |4%
FiaiE: Immer Join
LRI E 25
b 190
i I/0 Ak 0. 000000
it CPU k- 0. 000105
LIRS 1.0
i o o 0. 000104 (0%
T8k - 0. 0541

M
DT]_T:TI'ER EEFEEENCES: ([titleauthor]. [au 1
d




5. ITHRHTF

Hau_fname, title(TitIeS) Select
|
>< \
N/ N NestedlLoopJoin
Authors
VRN / \
Titles Titleauthor NestedLoopdJoin  ClusteredindexScan

/ \ (Auhtors)

IndexScan IndexSeek
(Titles) (Titleauthor)
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6. MS SQL ServerZifiti 2%

n ZHERNLER

o Trivial PlanffiEy: KE&EEFGRF—PMITIHR] (AInsert) , i
es REFE—1NTRI

o SimplificationffrE%: 1B;E¥E#H
o Statistics LoadingBfiE:: RHAMEHEARNSEIHER

o Cost-Based OptimizationftEs: 4MrEx = BN A s iT
R, FHETHKH
> HELIBEHMEL : £ & aiiain
» EREHME: FREEER. SAFNFEEAN

anced Database Technologies &M (jpg@ustc.edu.cn)



6. MS SQL ServerZifith {25

Trivial Plan Optimizer

J No FOUND

Simplification

|

Statistics Loading

|

Cost-Based Optimizer

Advanced Database Technologies
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NG

® B9t (Parsing)

n ZiFEifITRI4% R (Logical Query Plan)
m EFiFEE(Query Rewrite)

m FifHRIR M4 (Cost Estimation)

n PHEEFTXREEFE(Physical Query Plan)
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