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Relational Algebra Optimization

Outline - Query Optimization

e Overview

e Relational algebra level
- Algebraic Transformations

o Detailed query plan level

- Estimate Costs
- Estimating size of results
- Estimating # of IOs

- Generate and compare plans
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Algebraic Rewritings:

e Transformation rules
(preserve equivalence)
¢ What are good transformations?
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Commutative and Associative Laws

Commutative Associative
) \ \
Cartesian \ \ x x
Product /x\ X /\ / \
AN Oy
R S S R /\ /\
s T R S
Natural >‘<] >‘<] D‘q /M\
Join /\ /\ /\><1 Xoor
R /\
R S s R /\
s T R S
* Question 1: Do the above hold for both sets and bags?
* Question 2: Do commutative and associative laws hold
for arbitrary Theta Joins?



Algebraic Rewritings:

Algebraic Rewritings for Selection:

Commutative and Associative Laws

Commutative Associative
\ \
. \ | U U
Union U U '\
a AN ¢ %
R S S R /\ /\
S T R S
oA A 3\
Intersection e
/\ /N < h /\ "
R S S R 7\
s T RS
¢ Question 1: Do the above hold for both sets and bags?
* Question 2: Is difference commutative and associative?
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Algebraic Rewritings for Selection:

Decomposition of Logical Connectives

Ccnndl AND cond2

Gcondl OR cond?2

\
R
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cond1

cond2
cond2

po)

cond1

el

Y Does it apply
/ \ to bags?
G GcandZ

condl

Pushing Selection Through

Decomposition of Negation
Question Complete

cond1 AND NOT cond?2

©—Q -

NOT cond1

A—Q —

Gcondl OR NOT cond2

\
R

UB CSE 562 7

Binary Operators: Union and Difference
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VAN .
G o ‘Gm,,d Union
s
\
RN Difference
O
s

» Exercise: Do the rules for intersection

\
/
‘Gmd
R S




Pushing Selection Through

Cartesian Product and Join

\ \
o X
\ The right direction N
X requires that cond refers to (o
N S attributes only |
R S R S
The right direction <]
\ requires that cond refers to AN
[ S attributes only ‘Gd
\
R S
> " ‘
RS € right dj A
R S that g thg'reCt.'O” requires >
by cond appe at?r/butES used 7/ N\
arin both R apq 5 ‘Gu ?d
» Exercise: Do the rule for theta join R S

Pushing Simple Projections Through

Binary Operators: Union

« A projection is simple if it only consists of an attribute list

\n Union
\

¢ Question 1: Does the above hold for both bags and sets?

¢ Question 2: Can projection be pushed below intersection
and difference?

* Answer for both bags and sets
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Rules: n + c combined

Let X = subset of R attributes
Z = attributes in predicate P (subset of R attributes)
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Pushing Simple Projections Through

Binary Operators: Join and Product

7‘1: ! e B is the list of R
‘ A /X \ attributes that
X T, T, appearin A
R/ \S \ \ e Similar for C
R S
| \
Ty
T, \
D‘Q > * Question: What is B
N TE/ \7[ and C?
R S ‘ B ‘C
R S
» Exercise: Write the rewriting rule that pushes projection
below theta join
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Rules: n + 0 + ><lcombined

\
7tXY ‘
| G...
G, \
D\Q <]
/ N\
7% Ty Ty
R S | |
R S

o 7' =27 U {attributes used in cond}

UB CSE 562

XY

2
x
©— 88—
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Projection Decomposition

o Let X = set of attributes
° Y = set of attributes
D XY=XUy |
\
fxv
R
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Some Rewriting Rules Related to

Aqggregation: SUM

Ocond [ SUM GroupbylList; GroupedAttribute eResuItAttribute( R) ]
=

SUM, GroupbylList; GroupedAttribute eResultAttribute[Ocond(R)]
if cond involves only the GroupbylList

° SUMg;6a—ra(R U S)
=

PLUSRAJ,RAZ:RA[(SUMGL;GA—>RA1R) > (SUMGL;GA—>RA2 S)]

® SUMg2:ra1-ra2lSUMg,1;64-ra1(R)]

=4

sUIWGLZ.‘GA —»RAZ(R)

* Question: does the above hold for both bags and sets?
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Derived Rules: ¢ + < combined

More Rules can be Derived:
Oprg (RE<1S) = [Op (R)] B<1[ 06 (5) ]
Opagam (R><IS) = Om[ Op (R)><1 O (S) ]

Opva (R><IS) = [ Op (R)><Is ] U [RE<104 (5) ]

e ponly atR
e qonly at S
e matbothRand$S

Which are “good” transformations?

Opiap2 (R) — Opl[GpZ (R)]

Op (R<1S) — [Op (R)] ><' s

RIS - sPIR

J'Ex[()'p (R)] - J'CX{OP[JTXZ (R)] }

Derivation for first one

Opaq (RB<1S) =
Op[Oq (RMS)] =
Op[rR<10q (5)] =

[op R)] =<1 [0a (5)]
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Conventional Wisdom:

Do Projects Earl

\
Tl \

‘ GA:3ANDB:‘CE('
0A=3ANDB='cat' ‘

Ra,B,c,0,E)

| FABE
R
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What if we have A, B indexes?

B = “cat” — ~ A=3

WA

Intersect pointers to get
pointers to matching tuples
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Bottom line

¢ No transformation is always good at the logical
query plan level

e Usually good:
- early selections
- elimination of Cartesian products
- elimination of redundant sub-expressions
¢ Many transformations lead to “promising” plans
- Commuting/rearranging joins

- In practice too “combinatorially explosive” to be
handled as rewriting of logical query plan

UB CSE 562

More Transformations in Textbook

¢ Eliminate common sub-expressions
e Other operations: duplicate elimination
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