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Query Processing

Q — Query Plan

Focus: Relational System

Others?
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Example

Select B,D
From R,S
Where RA=“c" A SE=2 A R.C=S.C
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Relational Algebra - can be used to
x: Plan | describe plans...

1_[B,D

OR.A="c’A SE=2 ARC=S.C
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% l_[B,D [GR.A:“C"A S.E=2ARC=S.C (RXS)]
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other idea:

Plan 11 Mo
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Example: Estimate costs

LQ.P
P

P‘l P‘Z P‘n

C1 Cc2 .... Cn

Pick pest!
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Relational algebra optimization

Transformation rules
(preserve equivalence)
What are good transformations?

11412005 Yan Huang - CSCIS330 Database
Implementation — Query Optimization

Rules: Natural joins & cross products & union

R4S = SB<R
(RE<IS)BAT = RB<(S < T)
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ote:
Carry attribute names in results, so order is not
important
Can also write as trees, e.g.:

/M\ E/M\
<] T R >
N [\
R S S T
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Rules: Natural joins & cross products & union ! é

R4S = SB<IR
(RE<IS)><IT = RB<I(S><IT)

RxS=SxR
(RxS)XxT=Rx(SxT)

RUS=SUR
RU(SUT)=(RUS)UT

11412005 Yan Huang - CSCIS330 Database
Implementation — Query Optimization

Rules: Selects ﬂ

cFpl/\pZ(R) = Gpl [ sz (R)]

Gpvpe®= (O RIU (O, R
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Rules: Project 1@

Let: X = set of attributes
Y = set of attributes
XY=XUY

Tly (R) =
T [ )]
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ules: G + <1 combined
Let p = predicate with only R attribs
g = predicate with only S attribs
m = predicate with only R,S attribs

G, (R>IS)= [C, RIS

G, (Rx<1S)=  R><IC, (9]
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Rules: ¢ H><combined (continued)

Some Rules can be Derived:

Obpag (RP<B) =
Opagam (RE<IS) =

Gpva (R><IS) =
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Ghpag (R>IS) =[Op (R)]><IO0q(S)]
Opagam (RP<S) =

On [(Op RE<1(04 9)]
Opvg (R><B) =

[(©s RI=5] U [r<1 (04 )]
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ules: T,G combined

Let x = subset of R attributes
z = attributes in predicate P
(subset of R attributes)

Tlxz

TEx[Gp (R)] = Tx {Gp [ foﬁy]}
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les: - 7t, [><| combined

Let x =subset of R attributes
y = subset of S attributes
z = intersection of R,S attributes

Thy (RB><IS) = T[xy{[Tsz (R)] > [T[:yz S ]}
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xy{Gp (RMS)} =

Ty {Op [T (R)><ITyz (S)]}

z=zU {attributes used in P }
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[ Rules for G, 7T combined with X

similar...

eg, Op(RXS)="?
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[ Rules ©,U combined:

Op(R U S) = Op(R) U Gp(S)

Op(R - S) =Op(R) - S = Gp(R) - Op(S)

11412005

[hich are “good” transformations?
0 Opiap2 (R) - Op1 [Op2 (R)]

Y Op (R<S) - [Op (R)] ><IS
0 RIS 5 S IR

0 T [Gp (R)] - T {Op [Tz (R}
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Conventional wisdom:
do projects early

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

T {Op (R)} vs. Te{Op{Tlree(R)}}
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[ What if we have A, B indexes?
B

="“cat” A=3

N

Intersect pointers to get
pointers to matching tuples
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Bottom line:

No transformation is always good
Usually good: early selections
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« Estimating cost of query plan

(1) Estimating size of results
(2) Estimating # of 10s
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Estimating result size

Keep statistics for relation R
o T(R): #tuplesinR
S(R) : # of bytes in each R tuple
B(R): # of blocks to hold all R tuples
V(R, A) : # distinct values in R
for attribute A
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Example
L R A: 20 byte string
AlB|CID B: 4 byte integer

cat| 1 10| a C: 8 byte date
cat 1 /20| b D: 5 byte string
dogl 1 (30| a
dogl 1 (40| c
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
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Size estimates for W = R1 x R2

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

S(W) = S(R1) + S(R2)
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Size estimate for W = Oa=a (R)

S(W) = S(R)
TW) =7
aeoes I = Goen manon
Example
R 2 T8lclo V(R,A)=3
V(R,B)=1
cat| 1 10| a V(R,C)=5
cat| 1 (20 b V(R'D):4
dog| 1 (30| a ’
dogl 1 (40| c
bat| 1 |50| d
chz:val(R) T(W):ﬂ
V(R,2)
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[ Assumption: ﬂ

Values in select expression Z = val

are uniformly distributed
over possible V(R,Z) values.
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Alternate Assumption:

Values in select expression Z = val

are uniformly distributed
over domain with DOM(R,Z) values.

samoos npremeniagon iy Opmisason
xample ﬂ
R A|BICID Alternate assumption

cat| 1 |10| a V(R,A)=3 DOM(R,A)=10
cat| 1 |20| b V(R,B)=1 DOM(R,B)=10
g 130 e V02 BoMnO0
dog 1 |40] ¢ RD)= R®D)=
bat| 1 |50| d

W = G=va(R) T(W) =7
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val = T(W) = (1/10)1 + (1/10)1 + ...
=(5/10)= 0.5

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

A=val = T(W)= (1/10)2 + (1/10)2 + (1/10)1
=05
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xample @

R A|B|C|D Alternate assumption
cat| 1[10] a V(R,A)=3 DOM(R,A)=10
cat| 1 |20| b V(R,B)=1 DOM(R,B)=10
o lnla| YRS SOMROTD
dog 1 40| ¢ RD)= R®D)=
bat| 1 |50| d

T(R)
W =0Cz=va(R) TW)=—0—~——
=a(R) TW) = 5enrD
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lection cardinality

SC(R,A) = average # records that satisfy
equality condition on R.A

IR
V(R,A)
SC(R,A) =
T(R)
DOM(R,A)
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What about W = 0147

TW) =7
Solution # 1:
T(W) = T(R)/2

Solution # 2:
T(W) = T(R)/3
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Solution # 3:  Estimate values in range

Example R

Min=1

I

Max=20

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

T(W) =fx T(R)
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%

V(R,2)=10

W=0,.15 (R)

quivalently:
fxV(R,Z) = fraction of distinct values
TW) =[fx V(Z,R)] xT(R) = fxT(R)
V(Z,R)
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ze estimate for W = R1P><IR2
Let x = attributes of R1
y = attributes of R2

Case 1 XAY=Q

Same as R1 x R2
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Case 2
W =R1<IR2 XNnY=A

R1 |A B C R2 | A D

Assumption:

V(R1,A) <V(R2,A) = Every Avalue in R1isin R2
V(R2,A) <V(R1,A) = Every Avalue in R2isin R1

“containment of value sets”
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CIL;mputinq T(W) when V(RL,A) < V(RZH
R1

A B C R2 A D
1t ’%“
1 tuple Match

1 tuple matches with T(R2) tuples...

V(R2,A)
so TW) = T(R2)  xT(R1)
V(R2, A)

Implementation — Query Optimization
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VRTA)"<V(R2,A) T(W) = T(R2) T(R1)
V(R2,A)

V(R2,A) SV(RLA) T(W) = T(R2) T(R1)
V(R1,A)

[A is common attribute]
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1

In general W =R1<] R2

TW) = T(R2) T(R1)
max{ V(R1,A), V(R2,A) }
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Case 2
with alternate assumption

Values uniformly distributed over domain

J===Ean

This tuple matches T(R2)/DOM(R2,A) so
TW)=T(R2) T(R1l) =_T(R2)T(R1)
DOM(R2, A) DOM(R1, A)
~

Assume the same
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In all cases:

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

size of attribute A
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