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Plan for the Query Optimization topic
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What is Query Optimization and Why
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Typical Steps in Query Processing

Scanning (identifying tokens)

Parsing (syntax checking of SQL keywords)

Tokens are 
SQL keywords,
attribute  and

relation names

Generating query tree of logical operators

Validation

Attribute and
relation names
are checked

against Catalog
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Typical Steps in Query Processing

Optimization (looking for an execution plan)

Generating query tree of physical operators

Query code generating

Query execution
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Query Optimization Techniques
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Query Optimization Techniques
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Translating SQL into Relational Algebra
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Heuristic Optimization - an Example
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Initial Query Tree

r(N1) r(N3)

r(N3)××××
Tree 
node

Base
relation

Legend: ××××

πC

σF = ‘f ’ ∧ N1. A = N2. A ∧ N2. E = N3. E ∧ D > ‘d ’
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Structure of the Initial Query Tree
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A Question for You
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Analysis of the Initial Query Tree
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Query Tree After Moving Down Selects 

r(N1)

r(N2)

r(N3)××××

××××

πCσ N2. E = N3. E

σF = ‘f ’

σD > ‘d  ‘

σ N1. A = N2. A Further improvement 
can be achieved by 
replacing each  
Cartesian product
followed by a select 
according to a join 
condition with a join 
operator
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Query Tree After Introducing Joins

r(N1)

r(N2) r(N3)

πC

�� N2. E = N3. E

σF = ‘f ’

σD > ‘d  ‘

�� N1. A = N2. A

Next improvement
can be achieved by 
switching the 
positions of N1 and
N3, so that the very 
restrictive select 
operation

σF = ‘f ’

could be applied as 
early as possible
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Question for You
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Query Tree After Switching Positions

r(N3)

r(N2) r(N1)

πC

�� N2.A = N1.A

σF = ‘f ’

σD > ‘d  ‘�� N3.E = N2.E

Final improvement
can be achieved by 
keeping in intermediate 
relations only the 
attributes needed by 
subsequent operations
This can be 
accomplished by 
applying defined, or 
even introducing new -
undefined (but logically 
implied) project

(π)

operations  as early as 
possible
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Query Tree After Introducing Project Ops

r(N3)

r(N2) r(N1)

πN1.C

�� N2.E = N3.E

σF = ‘f ’

σD > ‘d  ‘

�� N2.A = N1.A

πN3.E πN2.(A, E )

πN1.(A, C )

πN2.A
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Effect of Project Operations
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Cost Based Optimization
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Cost Components of a Query Execution
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Cost Related Catalog Content
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Some Assumptions
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Cost Function of a Project Operation
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Cost Function of a Select Operation

≤ ≤

≤ ≤
� �
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Cost Functions of Join Operation

��
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Join Selectivity

�� ×
��

≤ ≤
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⊆
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Question for You

⊆
��
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Nested - Loop Join

� �
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Nested Loop Join – Three Buffers

Block 1

Block m

Relation
N

Block 1

Block p

Relation
M

Block 1

Block q

Relation
N��������M

Main Memory

Block 1Buffer 1

Blocks 1- pBuffer 2

Block 1Buffer 3

For each of m relation N block, all 
relation M blocks are transferred 

into main memory, so mp
accesses
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Cost of Nested - Loop Join

� � � �

� � ≈ � �
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Single - Loop Join

� �
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Single Loop Join
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Sort - Merge Join

� � � �

� �
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Hash Join

��
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Partition Hash Join (partitioning phase)
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M1

Partitioning Phase - Diagram

Input buffer

N M

N1 MmNmM2N2

buffer1 buffermbuffer2

First N then M

h
h h

block

record

Main Memory

First all Ni then all Mi
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Probing (joining) Phase

�

�

�

�
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M1

Probing Phase - Diagram

Join Result

N1 MmNmM2N2

buffer1 bufferbi

Main Memory

Output buffer

probing

buffer2

joined tuples

Input buffer

Iteration i = 2 
out of m
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Question for You
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Combining the Optimization Techniques
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Left Deep Trees
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Left Deep Tree - An Example

N3

N2 N1

πC

�� N2.A = N1.A

σF = ‘f ’

σD > ‘d  ‘�� N3.E = N2.E
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Nested Query Optimization
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Query Tree of Physical Operators
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Query Tree of Physical Operators (Example)

N3

N2 N1

πC

�� N2.A = N1.A

σF = ‘f ’

σD > ‘d  ‘�� N3.E = N2.E

Use B-tree 
on F

Use Multi-List 
with B-tree on 

D

Use Nested-
Loop Join

Use Sort-
Merge Join

Since DISTINCT, 
Use Sort and Drop 

Duplicates
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Summary
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Summary (heuristic optimization)
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Summary (cost based optimization)
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Plan for Transaction Processing topic
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Relationship Between b, r, f

� �

�
=

=
n

1i
ilL
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The Effect of Projection
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Evaluation of DISTINCT Project

�
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Cost of DISTINCT Project Operation

� �

� �
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Attribute Selection Cardinality

∈π
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Selection Cardinality

∈
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Cost Functions of Select Operation
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Cost Functions of Select Operation

� � � �

� �
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Select Operation Methods
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Avoiding Sorting with DISTINCT

� �
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The Order of Select and Project Ops

� �

σ π � � � � � � � �

π σ � � � � � � � �

σ π π σ ⇔ � � � �
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The Order of Select and Project Ops

� �

σ π � � � � � �
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Join Selectivity (an Example)

��������

N M N �������� M

=

rN = 3, rM = 6, 

Since relation N key is B, and referential integrity M [B ] ⊆ N [B ] is 
satisfied, | N �� M | = rM = 6

js = | N �������� M | / (rN * rM ) = rM / (rN * rM ),

hence js = 1 / rN = 0.33
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Join Selectivity (an Example)
N

σA = 0 (N ) = 

��������

N1

M

N1 �������� M

=

N1

B is still the key of N1, but 
referential integrity M [B ] ⊆⊆⊆⊆
N1 [B ] is not satisfied, so
join selectivity is 

js = 1 / dM(B )
where dM(B ) is the number
of (distinct) B values in M,
and an even distribution
of B values in M is
supposed
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The Size of the Join Result Block

� �
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Nested Loop Join – Four Buffers

Block 1

Block m

Relation
N

Block 1

Block p

Relation
M

Block 1

Block q

Relation
N��������M

Main Memory

Block 1Buffer 1

Blocks 1- pBuffer 3

Block 1Buffer 4

Each two successive blocks of 
the relation N are transferred in 
the main memory, so all relation 
M blocks are transferred into the 
main memory  only m / 2 times 

(mp / 2 accesses )

Block 2Buffer 2
Block 2
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Cost of Nested Loop Join (an Example)

� �

� �

⊆

��

� �

��
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Single Loop Join

bufferN bufferMbufferi

value of the join attribute

bufferres

Join
Result

blockNn

blockN1

blockMm

blockM1

Index
address
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Index Function f (index)
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Nested Loop Versus Sort/Merge
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� � � �

� �� �

⇔ � �

⇔ � �
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Comparing Nested and Single Loop

� � � �� �
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� �
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� �
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Sort/Merge Versus Single Loop

� � � �

� �� �
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� �
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� �

COMP302 Database Systems Query Optimisation_04 73

In Memory Partition Hash
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Hybrid Hash Join 
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Hash-Join Versus Other Algorithms

⇔ � �

⇔⊥
⇔
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Hash-Join Buffer Requirement

� �
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Comparing Costs of pjp and jp
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Cost of the Set Theoretic Operations
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Cost of the set theoretic operations

∪

∩ ≤
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Cost of aggregate functions

� �
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Left Deep Tree

� �� � �� � � �� � �� �
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σ
σ σ
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Query Optimization Example
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Heuristic Optimization Tree

N2

N1

πC,G

σE < ‘e ’

�� N2.A = N1.A

πA, CπA, G

SORT
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Cost Optimization

σ ��������� 	

π
���
 	

π
���� �

�� ��	�� 
�������� 


π ����
 � �� 	
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Cost of a SELECT

σ

⇔
⇔ � �
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Cost of a Project

π

σ
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Cost of a Join
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Cost of a Sort

π ��


