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Relational Algebra Optimization

Transformation rules
(preserve equivalence)
What are good transformations?

UB CSE 562 Spring 2009

Outline — Query Optimization

Overview

Relational algebra level
— Algebraic Transformations
Detailed query plan level

— Estimate Costs
— Estimating size of results
— Estimating # of 10s

— Generate and compare plans
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Algebraic Rewritings:
Commutative and Associative Laws

Commutative Associative
. \ !
Cartesian \ | x x
Product X X N\ /N
/N AN <N
R S S R \ /N
s T R S
\ |
Natural qu [>‘q P /N\
Join / \ 7\ / \N Mg
R /N
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?
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Algebraic Rewritings:
Commutative and Associative Laws

Commutative

Union V] V]
/ N\ /\
R S S R

| |

Intersection M M
/\ /\
R S S R
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Associative |
|
/u\ /U\
R U Yoo
/\ /\
S T R S
| \
AN AN\
A noT
/\ /N
s T R S

Question 1: Do the above hold for both sets and bags?
Question 2: Is difference commutative and associative?

Algebraic Rewritings for Selection:
Decomposition of Negation

Question

cond1 AND NOT cond 2

o—Qq —

|
GNOT cond1

|
R

cond1 OR NOT cond 2

O—q —
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Complete

Algebraic Rewritings for Selection:

Decomposition of Logical Connectives

cond1

cond 2
cond2

i
Gcond 1 AND cond 2

|
R

—Q—Q—

condl

T—QAQ—Q—

v .
\ Does it apply
G / \ to bags?
cond1 OR cond 2

\ (@)
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| |
?cond /U\ ]
U Ours O Union
N
R S R
|
| N\ Difference
Gm”d cond cond
| | | |
— /
R S ?cond
R S
Exercise: Do the rules for intersection
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Pushing Selection Through

Cartesian Product and Join

\ |
O cona X
The right direction N
X requires that cond refers to (o
VRN S attributes only
R S R S
. |
The right direction <]
\ requires that cond refers to AN
Oy S attributes only ?cond
> RS
VAN The rj . a
R 5 th right directio, requi |
at all the attrip, quires
Y cond appear ; Dutes yseq /7 N\
n both R and s ?cund ?cond
Exercise: Do the rule for theta join R S
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Pushing Simple Projections Through
Binary Operators: Union

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

|

T, v

! 7I/ >1: Union
A A

RN | |

R S

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|t | B is the list of R
A s X \ attributes that
X T, c appear in A
VRN | | Similar for C
R S R S
| |
T,
T, |
DI<] > Question: What is B
PN i n 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 + o + >qcombined

|

! T

Ty |

! G

?cond I>|<]
Pﬂ\ N\
R S | Xz' /]ltVZ'

R S

Z' = Z U {attributes used in cond}
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Projection Decomposition

XY

T —d-—
x
T—a—ada-—
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Projection Decomposition

Let X = set of attributes
Y = set of attributes
XYy =XUyY

|
7|va
R
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Some Rewriting Rules Related to
Aggregation: SUM

Scond [SUMGroupbyList;GroupedAttributeaResuItAttribute(R)]
(=

SUMGroupbyList;GroupedAttributeaResultAttribute[Gcond(R)]
if cond involves only the GroupbyList

SUMg;cara(R U S)
p=

PLUSRAl,RAZZRA[(SUMGL;GAﬁRAlR) > (SUMGL;GAA)RAZ S)]

SUMGLZ:RAlﬁRAZ [SU MGLl:GAﬁRAl(R)]
=

SUMGLZ:GA»RAZ(R)

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

More Rules can be Derived:
Oprg R<IS) = [0 ®)] <[00 (5]
Opagam (RE<1S) = Om[ Gp (R)><1 G (5) ]

Gpvg R<1S) = [Op ®R<Is] U [rRE<04 (5]

p only at R
gonly at S
m at both R and S
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Which are “good” transformations?

Op1rp2 (R) — Op1 [sz (R)]

Gp R<1S) » [Op ®] < s

RD>Is - sPR

TCx [Gp (R)] — TCx{Gp [TExz (R)] }

Derivation for first one

Opagq (R<1S) =
Gp[Gq (RD<]S)] =
op[r><0q (9] =

[ ®] < [0a ]
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Conventional Wisdom:
Do Projects Earl

|
T

|
GA =3 ANDB = 'cat’

R.B.c,D.E)

mﬁ_

A =3ANDB =cat'

—a —

x—3
>
@
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But... More Transformations in Textbook

What if we have A, B indexes? Eliminate common sub-expressions
Other operations: duplicate elimination

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

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
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