CS 245: Database System
Principles

Notes 6: Query Processing

Hector Garcia-Molina
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Vyhodnoceni dotazu

e Dotaz

e Strom dotazu
e Logicky plan
e Upravy

e Fyzicky plan
e VVyhodnoceni
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Priklad

Select B,D
From R,S
Where RA="c" O S.E=2 O R.C=S.C

CS 245 Notes 6



CS 245

A | B | C

a 1 10
b 1 20
. 2 10
d | 2 | 35
e 3 45
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e Jak vyhodnotit uvedeny dotaz?

- kartézsky soucin
1. zpt’lsol> - vybér zaznami

- projekce
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Bingo!

Jeden mame...
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RA|RB|R.C|S.C|SD|SE
a | 110 10| x | 2
a | 11020 y | 2
=Ty
“C) 2010 (100 x (2
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Relacni Algebra — pouziti pro popis
P.: Plan I planu

Mg b

OR.A="¢"0S.E=2 OR.C=S.C



Jiny zpUsob:

Plan II

-
5D <]

> . piirozene spojeni
Opa="c" Osg=2

| |
R S
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Plan III

Pouzijeme indexy R.A a S.C

(1) pouzijeme index R.A k nalezeni
zaznamuU R spliujici R.A = “c”

(2) Pro kazdou nalezenou hodnotu R.C
pouzijeme index S.C pro nalezeni
odpovidajicich zaznamU

(3) Vypustime zaznamy S, kde S.E # 2

(4) Spojime odpovidajici zaznamy R,S
provedeme projekci na atributy B,D
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Prehled optimalizace dotazl
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| Dotaz SQL

Strom dotazu

M Tv{/sledek
| logicky plan dotazu
*

statistikgw_,,.ﬁ... T Pi

“vylepSeny” l.p.d.

Odhad VeIIkOStI’ PR VYber neJIepSIhO
.g.p. +velikosti {(P1,C1),(P2,C2)..}
@ fyzickych plan Odhad CGI
]
{P1,P2,...}
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Priklad: dotaz SQL

SELECT title
FROM StarslIn
WHERE starName IN (
SELECT name
FROM MovieStar
WHERE birthdate LIKE ‘%1960’

)

(Find the movies with stars born in 1960)
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Priklad: Strom dotazu

<Query>

|
FW>

//<S\\\

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

\ / )N

<Attribute> <RelName> <Tuple> IN <Query>

| | / N

title StarsIn <Attribute> ( <Query> )

| /

Wﬁb

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

/ /

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

| | \ |

name MovieStar birthDate '%%1960’
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Priklad: Generovani Relacni Algebry

CS 245

[ title

O

T

StarsIn <c</)ndi\tion>
<tuple> IN [lname

<Attribute> Obirthdate LIKE ‘%1960’

starName MovieStar

Fig. 7.15: An expression using a two-argument o, midway between a parse tree
and relational algebra
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Priklad:

CS 245

Logicky plan dotazu

[ title

O-starName=name

X

RN

Starsln FI name

O birthdate LIKE ‘%1960’

MovieStar

Fig. 7.18: Applying the rule for IN conditions
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Priklad: Vylepseni logického planu
[title

‘ Otazka:
starNEnﬂname Posunout projekci
/ \ na StarsIn?

Starsin [ Thame

O birthdate LIKE ‘%1960’

MovieStar

Fig. 7.20: An improvement on fig. 7.18.
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Priklad:

Starsln

CS 245

Odhad velikosti vysledki

MoVieStar
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Priklad: jeden fyzicky plan

Hash join |~ Parametry: poradi spojeni,
\velikost paméti, projekce,...

SEQ scan index scan| — Parametry:
‘ ‘ Vyber podminky,...

Starsln MovieStar

CS 245 Notes 6 20



Priklad: Odhad ceny

L.Q.P
P1 P2 ... Pn
\ \ ‘
C1 c2 .. Cn

!
Vyber nejlepsiho!

CS 245 Notes 6
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Optimalizace dotazu

e Uroven relacni algebry
e Uroven podrobného planu dotazu

— Odhad ceny

e bez index!
e S indexy

— Vytvoreni a porovnani plant

CS 245 Notes 6
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Optimalizace

e Transformacni pravidla
(zajisténi ekvivalence)
e Jaké transformace?
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pravidla: Pfir. spojeni & soucin & sjednoceni

R><S = SR
(R>IS)>AT =REI(SPAT)

RxS=SxR
(RxS)XT=Rx(SxT)

RUS=SUR
RUGSUT)=(RUS)UT

CS 245 Notes 6

24



pravidla: vyber

O-p1Dp2(R) =

O-p 1vp2(R) =

CS 245

O, [0, (R)]
[OL1 RIU [ Op; (R)]

Notes 6
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Bags vs. Sets
R ={a,a,b,b,b,c}
S = {b,b,c,c,d}
RUS =7

e Moznost 1 SUM

RUS = {a,a,b,b,b,b,b,c,c,c,d}
e Moznost 2 MAX

RUS = {a,a,b,b,b,c,c,d}

CS 245 Notes 6
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Moznost 2 (MAX) funguije:

Obp1ivp2 (R) = Op1(R) U Op2(R)
Priklad: R={a,a,b,b,b,c}

P1 satisfied by a,b; P2 satisfied by b,c
O-plvpz (R) = {alalblblblc}

O-pl(R) — {alalblblb}
Op2(R) = {b,b,b,c}
Op1(R) U Op2 (R) = {a,a,b,b,b,c}

CS 245 Notes 6
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Pragmatické rozhodnuti

-> pouziti “SUM” pro sjednoceni
multimnozin

-> nektera pravidla nemizeme pro
multimnoziny pouzit
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pravidla: kombinace 0 + ><

Necht'
p = vyraz obsahujici pouze atributy R
q = vyraz obsahuijici pouze atributy R
m = vyraz obsahujici atributy R a S

O, RexaS)= [0, (R)]><S
Gq (R><1S) = R [Gq (S)]
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pravidla: kombinace g + <

Opmq (R<1S) = [Op (R)]=><1[Oq(S)]
Opogom (RE<IS) =
Om [(O-p R) ><1(Oq S)]

Opvq (R>S) =

[ (O Ry>as] U [rRe< (Og5)]

CS 245 Notes 6
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Priklad odvozeni:
Opyg (R<S) =
Op|[Oq R 95) | =
Op [R=10q(S) | =
[Op (R)] ><1[Oq (S)]
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pravidla: kombinace TT,0

X = podmnozina atributd R

z = atributy ve vyrazu P
(podmnozina atributd R)

Tz
TK[OpR)] = T&{Op[ Tk ®) 1}

CS 245 Notes 6
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pravidla: kombinace TT, <

X = podmnozina atributt R
y = podmnozina atributt S
z = prunik atributt R,S

Ty (R ><1S) =

T&y{[T&z (R) | =<1 [Tz (S) ]}

CS 245 Notes 6
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Thy {Gp (R >< S)} =

Thy { Op [Thz (R)><1 Thz (S)]1}
2’ =2zU {atributy pouzite v P }
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pravidla kombinace O, U:

Op(RU S) = Op(R) U Op(S)
Op(R - S) = Op(R) - S = Op(R) - Op(S)
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Jaké transformace pouzit?

7 Opimp2 (R) » Op1 [Op2 (R)]

- Op(RS) - [Op (R)] > S
0 RS o SR

7 Tk[Op (R)] ~ Tk{Op [Tk (R)]}

CS 245 Notes 6
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Obecné rada: projekci co nejdrive

Priklad: R(A,B,C,D,E) x={E}
P: (A=3) O(B="cat")

T&{Op (R)} vs. TE{Op{Thee(R)}}

CS 245 Notes 6
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Co kdyz mame na A, B indexy?

B="cat" —, . A=3

N/

Prinik seznamu ukazateld dava
vysledek primo

CS 245 Notes 6

38



Obecna pravidla:

e bez transformaci neudélame chybu
e Vétsinou vyhodné: brzky vybeér

e eliminace spolecnych podvyrazli

CS 245 Notes 6

39



QOutline - Query Processing

e Uroven relacni algebry
— transformacni pravidla
— volba pravidel

e Uroven podrobného planu dotazu
— odhad ceny
— vytvoreni a porovnani plant
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Odhad velikosti vysledku

e Statistika pro relaci R
—T(R) : # zaznamU R
—S(R) : # bytl v kazdém zaznamu R
—B(R): # blok{ obsazenych R
—V(R, A) : # rliznych hodnot R
na atributech A

CS 245 Notes 6
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Priklad

R |A|/B|C|D A: 20 byte string
cat 1 /10| a B: 4 byte integer
cat| 1 |20 b _
dog 1130 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

CS 245
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Odhad velikosti W = R1 x R2

T(W) = T(R1) x T(R2)

S(W) = S(R1) + S(R2)

CS 245 Notes 6
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Odhad velikosti W = Oa=a (R)

S(W) = S(R)

T(W) = ?

CS 245 Notes 6
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Priklad

W = O-z=vaI(R) T(W) =

CS 245

R

A/ B|C|D
cat| 1 |10 a
cat| 1 (20| b
dog 1 30| a
dog 1 40| c
batf 1 (50| d

Notes 6

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

T(R)

V(R,2)
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Predpoklad:

Hodnoty ve vyrazu vybéru Z = val
jsou rovnomerne rozlozeny

mezi vSechny rtizné hodnoty v R,
kterych je V(R,2).

CS 245 Notes 6
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Alternativni predpoklad:

Hodnoty ve vyrazu vybéru Z = val
jsou rovnomerne rozlozeny
v oboru hodnot atributu Z: DOM(R,Z)

CS 245 Notes 6
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Priklad

R

Al B|C|D
cat| 1 10| a
cat| 1 (20| b
dog 1 |30 a
dog 1 (40| c
batf 1 (50| d

Alternativni predpoklad

V(R,A)=3 DOM(R,A)=10
V(R,B)=1 DOM(R,B)=10
V(R,C)=5 DOM(R,C)=10
V(R,D)=4 DOM(R,D)=10

W = O-z=vaI(R) T(W) =7?

CS 245
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C=val O T(W) = (1/10)1 + (1/10)1 + ...
= (5/10) = 0.5

B=val 0 T(W)= (1/10)5 + 0 + 0 = 0.5

A=val 0 T(W)= (1/10)2 + (1/10)2 + (1/10)1
= 0.5
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Priklad

R AlB|C|D Alternativni predpoklad
catf 1 |10] a V(R,A)=3 DOM(R,A)=10
cat| 1 [20| b V(R,B)=1 DOM(R,B)=10
o 130 2 YLO-2 PO
bat| 1 |50| d

T(R)
W = Oz=val(R T(W) = —
=al(R) - TW) DOM(R,2)

CS 245
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Velikost vybéru

SC(R,A) = primérny pocet zaznamd
splnujicich podminku rovnosti na R.A
‘T(R)
V(R,A)

SC(R,A) =/
T(R)
DOM(R,A)
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Cokdyz W=0
T(W) = ?

e Redeni # 1:
T(W) = T(R)/2

e Redeni # 2:
T(W) = T(R)/3

¥
Z > val

CS 245 Notes 6
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e Redeni # 3: Odhad podle rozsahu

Priklad R Z
Min=1  V(R,2)=10
I W= 0, 15 (R)
Max=20

f=20-15+41 =6  (fraction of range)
20-1+1 20

T(W) = f x T(R)
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Analogic
FxV(
T(W) =

CS 245

KY:
R,Z) = fraction of distinct values

fxV(ZR)] xT(R) = fxT(R)
V(Z,R)

Notes 6
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Odhad velikosti W = R1 ><IR2

X = atributy z R1
y = atributy z R2

Pripad 1

CS 245

XnY=

Stejne jako R1 x R2

Notes 6

55



Pripad 2| W = R1>< R2 XnY=A
Ri1| A| B|] C R2| A | D

Predpoklad:

V(R1,A) <V(R2,A) O ka?da hodnota A z R1 je i v R2
V(R2,A) <V(R1,A) O kazda hodnota A zR2 jeiv Rl
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Vypolet T(W) pro V(R1,A) < V(R2,A)

Rl1| A|B | C R2| A | D
L gdzmam| < | D
1 zaznam R1 se spoji s T(R2) zaznamy

V(R2,A)

. T(W) = T(R2) xT(R1)
V(R2, A)

vyhlede]

CS 245 Notes 6



e V(R1,A) < V(R2,A) T(W) = T(R2) T(R1)
V(RZ2,A)

e V(R2,A) <V(R1,A) T(W) = T(R2) T(R1)
V(RL,A)

[A je spolecCny atribut]
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Obecné

T(W) =

CS 245

W = R1 ><]IR2

T(R2) T(R1)
max{ V(R1,A), V(R2,A) }

Notes 6
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Pfipad 2| Alternativni predpoklad

Hodnoty jsou rovhomerné rozdéleny v doméneé

Rl A | B | C R2 /A | D

tyto zaznamy se spoji s T(R2)/DOM(R2,A)

T(W) = T(R2) T(R1) = T(R2) T(R1)
DOM(R2, A) DOM(R1, A)

v\ /
redpokladame stejné
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Ve vsech pripadech:

S(W) = S(R1) + S(R2) - S(A)._

velikost atributu A

CS 245 Notes 6 61



Poznamka: pro slozitéjsi vyrazy
potrebujeme velikosti mezivysledkd.

W = [Oa=a(R1) ] <] R2
\ J

Y
bereme jako relaci U

T(U) = T(R1)/V(R1,A)  S(U) = S(R1)

potrebujeme V (U, *) !
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Odhad V

PF.: U = Oa=a(R1)
R1 ma atributy A,B,C,D
V(U, A) =
V(U, B) =
V(U, C) =
V(U, D) =

CS 245 Notes 6



Priklad

Rl [alB|c|D
cat| 1 {1010
cat| 1 {2020
dog 1 [30|10
dog 1 {4030
bat| 1 |50|10

V(R1,A)=3
V(R1,B)=1
V(R1,C)=5
V(R1,D)=3

U = Oa=a (Rl)

V(UA) =1 V(UB)=1 V(UC)= T(R1)

V(D,U) ..

CS 245

\ > V(R1,A)

. NECO mezi

Notes 6 64



Mozné odhady U = OA=a (R)

V(UA) =1
V(UB) = V(R,B)

CS 245 Notes 6
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Pro spojeni U = R1(A,B) > R2(A,C)

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

CS 245 Notes 6 66



Priklad:

Z = R1(A,B) ><1R2(B,C) [><1 R3(C,D)

R1

R2

R3

CS 245

T(R1) = 1000 V(R1,A)=50 V(R1,B)=100
T(R2) = 2000 V(R2,B)=200 V(R2,C)=300
T(R3) = 3000 V(R3,C)=90 V(R3,D)=500
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Mezivysledek: U =RD<1S

T(U) = 1000x2000  V(U,A) = 50
200 V(U,B) = 100
V(U,C) = 300
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Z=UP>IR3

T(Z) = 1000x2000x3000 V(Z,A) = 50

CS 245

200x300

Notes 6

V(Z,B) = 100
V(Z,C) = 90
V(Z,D) = 500
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Souhrn

e Odhad velikosti vysledkt je “uméni”

e Nezapomente:

Pro korektni odhad potrebujeme
korektni statistiky — nutnost udrzovat
pri modifikacich tabulky

CS 245 Notes 6
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Prehled

e Odhad ceny planu dotazu
— Odhad velikosti vysledku

«— Mame

— Odhad poctu V/V operaci «

CS 245 Notes 6
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