
�
��

��
��

��
	


��

�

�

��

	�

�

�
�

��
��

��
��

	

��


�
�


��
	�


�
�

�
��

��
��

�
�


��
�

��
��

��
��

��
��

�	
��

�
��

��
��

�
�


��
�

��
��

��
��

��
��

�	
��

��
�


��
�


��
��

�
��

�

�
�

��
��

��
��

�	
�

�
�

��
��

��
��

�	
� ��

��
� 

��
� 

!
�	

��
�"

��
�#

�$
��

��
!

�	
��

�"
��

�#
�$

��
��



2CS286, Spring’07 – Minos Garofalakis   #

� � � �� �� � �	 
 � � � � 
 �	 � � 
 � � �� � � �� �� � �	 
 � � � � 
 �	 � � 
 � � �

� � � 
 � �� � � � � � 
 � �� � � � � � � � ��� � 
 � �� � 
 � �� � � � �� � � � �
� � 
 � � � � ��� �� � � ��� � � � �� � � � � �
 � � � �
� � � � � �� � ��� � � �� � �� �� � � � � � � � �� � 
 �� � �� � �� � � ��� � � �
� 	 � � � � 
 �� ��� 
 � � � � 
 �� � �

� � �  ! �
� � � � � �� " �	 # � �$
 � � �� � �� � � �%�� &� ��
� # 
 � � �� � �' � � � � �� � �� � � � � � � � � � 
 ( � 
 � �� �� � � � � 
 �� � � �� � � �

)� 
 �
 �� �� � � � �� � � �* %�� &�� � �� � 
 � �
� +� 
 � � � � 
 �%� �� � � �)� � ��� � * $
 � � �� � �

� � � 
 � �, �� �� � �
� - " � �� � � 
 � � � �� � � � � � �� � � ��� 
 � � � � 
 �� � �
 � � � � � �� � � �

� � � � � ��� � ��.  � � 
 � � � ��� � 
 
 � � /0



3CS286, Spring’07 – Minos Garofalakis   #

, � 
 �%� 
 �� �, � 
 �%� 
 �� �

� - " � � 
 �� � � &� � � ��%& ' � �&� � � �� � $
 �� � �

� � 	 	 �� � � ��� � 
 �� � � �
 � 
 � ��� �� " � �� � � 
 � � � �� � � � �� �� � � � ' � � 1�
 � �� � �� �

�� � � 
 �� � �)�� 
 � � � � 
 �� � * � � � �� � �

�  � � � � � � 
 � �$
 � � �� � ��� � � � �� �� � �
 � �)�� � 
 �� � � �� � �* � � 
 �� � � � � �

� � �� ���)� � � 
 �� � � � � � 
 � � � �� � �
 � � �2 	 �� � �� � �� � � ��� �3 45* .� �� � �� � �� � �' � � �� � � � � 0

� ! � � %�� & � � � &� � � �&� ��� �&� �
 �� � ���6 � �� � $
 � � �� �

� 7� � � �� � 
 � �� � � �' � �� � � � 
 � �� � �
 � � %� ��� ' �� �� � � � � � " �� � 
 � �� � � � � � � �� � �


 � �� � ��� � � ��� (� � � � � � �� � � 
 � �� � � � � � � �� � 
 � �� � � � � � � � �� �
 � � �� � �� �� � 
 �� �

� � � � � � � � �

	 
 � � 
 � � � � � � �

� � � �� �� �� � � �� �� �
	 
 � � � � 
 �	 
 � � � � 
 �
	 � � 
 � � �	 � � 
 � � �
. � 	 	 0�. � 	 	 0�

� � � � � � � � � � � � � � � � � � � �



4CS286, Spring’07 – Minos Garofalakis   #

 � � � � " �� � 
 � �# 
 � � � �! � � � � � � �� � �
 � �� � � � � � � " �� � 
 � �# 
 � � � �! � � � � � � �� � �
 � �� � �
� � 
 � �	 � � � � � � �� � 
 � �	 � � � � � � �

� 8 � &�
 � �� � � � 
 � 
 � 
 �� � � � � 
 �%� �� � 
 � �� � � � � � � � �55

� � � � � � � � �

	 
 � � 
 � � � � � � �

� � � �� �� �� � � �� �� �
	 
 � � � � 
 �	 
 � � � � 
 �
	 � � 
 � � �	 � � 
 � � �
. � 	 	 0�. � 	 	 0�

� � � � � � � � � � � � � � � � � � � �" ( ) ' (

� � � � � � 
 �� � � � � � 
 �
� � 
 � �� � 
 � �
	 � � � � � � �	 � � � � � � �

� � � � � � � � � � � � � � � � � �

* ( ) ! (
� � � � � 
 � � � 
 � � � � � � � �

� � � � � �



5CS286, Spring’07 – Minos Garofalakis   #

9� �� 
 �� � � �� � �: � � $
 � � � � �9� �� 
 �� � � �� � �: � � $
 � � � � �
� �� 
 � �' 
 
 �� � �� �� 
 � �' 
 
 �� � �

8     10    10

30    20    50

25     8     15

salary

ag
e

MG 34 100K 25K 

JG 33 90K 30K 

RR 40 190K 55K 

JH 36 110K 45K 

MF 39 150K 50K 

DD 45 150K 50K 

JN 43 140K 45K 

AP 32 70K 20K 

EM 24 50K 18K 

DW 24 50K 28K 
 

 

n
am

e

ag
e

sa
la

ry

sa
le

s

sales

� � � � � � � � � � � � � �  � � � � 
 � � ! � 
 � � �

� � � � � " � 
 
 � � ! � 
 � � � � � � � � �#�  � � � $

tu
p

le
co

u
n

ts

� %� � � � � � � � � � � � � �  � � � � 
 � � ! � 
 � � �


 � �  � � � � � 
 �



6CS286, Spring’07 – Minos Garofalakis   #

� 
 
 ��� �� 
 
 ��� �
� +� 
 � � �; � � � � � " �� � 
 � �# 
 � � � � � � &� � �� � �� %� � %�� &

� 	 � � � � � � � ��	 � � 
 � � �� � � � �
 � � 
 
 � � � ��� � � � � � � �� ��� � � � � �� � �

� � � � ( � �� � � � �� � � ��	 � � � � � � �
� + �� 
 � � � � � � , - $
 �( � � � 
 � ��� � � � � � � � � � ��<(� � 
 �� � ���+� � � � � � � 
 � ��

� � �� 
 � � � � � � ��	 � �� (
 
 � �� �

� � � � � $� � , 7� � �� � ��	 � � � ��� � �� � � � �� 7� ��9� � � � %� �� �	 � � � ��� �

� - � . � $� 
 � , =(� �8 � � � (&� %� �� 
 �� �� 
 � � � � � �� � � � 
 � 
 � 
 �� � �; �� � �� 
 � � � � � �

� , 
 �
 �( � �� � � � �� � � ��	 � � � � � � � �� � � �4 � �� �

� 	 � 
 (<� �
 � � �# 
 � � �� �

� � �� � 
 � � �� � �; �� � � � � � �� � � �

�  � %� � � � � �6 � � � � �$
 � � �; �: 
 
 
 � � �� �� � � 
 �� � �



7CS286, Spring’07 – Minos Garofalakis   #

� 
 
 ��� �� 
 
 ��� �
� +� 
 � � �; � � � � � " �� � 
 � �# 
 � � � � � � &� � �� � �� %� � %�� &

� 	 � � � � � � � ��	 � � 
 � � �� � � � �
 � � 
 
 � � ��� � � � � � � �� ��� � � � � �� � �

� � � � ( � �� � � � �� � � ��	 � � � � � � �

� 8 �� 
 � � � � � � ��	 � � � �� � ��� � %� �� 
 �

� , 
 �
 �( � �� � � � �� � � ��	 � � � � � � � �� � � �4 � �� �

� , 
 �
 �(� �8 �� 
 � � � � � � ��4 � �� �� � � � � � � � ��� � %� �� 
 �

� 	 � 
 (<� �
 � � �# 
 � � �� �

� 2 � �� � �8 �� 
 � � � � � � ��	 � � � �� � ��� � %� �� 
 �

� � �� � 
 � � �� � �; �� � � � � � �� � � �

�  � %� � � � � �6 � � � � �$
 � � �; �: 
 
 
 � � �� �� � � 
 �� � �

� � � � � � � � � � � ( ' � � � � ��� � � 1�� � � ( 
 
 � � � ��	 
 � � � � �� � �� � 
 �



8CS286, Spring’07 – Minos Garofalakis   #

0  1
2  3
4 5
6 7 
8  9

3 1 0 3
7 3 7 1 4 2 4

0 1  2 1 2 7 0 8
5 1 9 1 0 7 1

3 8 2 0

	 � � � ��� � �� � � �, 
 �
 �	 � � � ��� � �� � � �, 
 �
 �(( � �	 � � � � � � �� �	 � � � � � � �

� 6 � 1�� � �� �� � � � �� �� � �
 � � �� � &� �� � �� �
 � ' �� �� � � 
 
 � � � �
 � � �

� 
 
 � �' 
 
 � �� � � � � �� 
 �� � � ��� �
 � � � � �� � &�

�  � � &� � � �� � � �
 � ' �� � � � �; �� � � � �� � � � � ��� 
 � � %� �� �� � � ��

� 6 � 
 � �� 
 � � � � 
 � � � �� � � 
 � � � � � � � �� � 
 � 
 ��� 
 � ��� � � �� %� � � � � �$
 � � �� � �� � �

� �� � �� �
 � ' �� � ��� � ��� � � �� � �
 � � �$
 � � � ��� �� � 
 �
 � � �� � �� � 
 �%�

� ! � � ' �� � �&�
 � �>� �� � �? @! AA�� , 3 AAB�

� 4 � �� �� � �
 &� �
 � �� � � � �� � � � �� � ��� �� � 
 �� �
 � �� � � � �� � � � �� �� � �
 � � �>� ��

� 4 � �� �� � �
 &� �� � � � �� � �
 � � �� � ��� �� � � �%� � � �� � &�
 
 � �� �

: � � � �� � �C� � �4 � ��
DEF �	 � � � �� � ��� �9� �

	 �� � �� � � � 
 
 � ��4 � �� �G�HE
	 �� � �� � �4 � �� �� � �� � � � �� � �G�H



9CS286, Spring’07 – Minos Garofalakis   #

4 � �� . 	 � � � �� �4 � �� . 	 � � � �� � 0��GG��0��GG��	 � � � �� .4 � ��	 � � � �� .4 � �� 00
R.X

a

a

b
b

a

b

a1

a2

b1

S.X

b2

� 4� �� �� � � 
 �
 �G�I� =��� J ��' =��' JK

� ! � � ' � ' ���
 � �� � � �� �' � � � �
 
 � �� 
 � �' � �� � �� � 
 � � �G�=L�

� ! � � ' ?� � �� � 
 � =�� � � �� JB�G�=L� MH

� ! � � ' ?� � �� � 
 � =�� � � �' =B�G�=L� MD�



10CS286, Spring’07 – Minos Garofalakis   #

	 � � ���9� � 
 �
 � �� � � �	 � � ���9� � 
 �
 � �� � � �4 � �� . � � � � �� �4 � �� . � � � � �� � 00

� : � � � �� � �1� � �>� �� �� � �9�� � � �	 ��.9� 	 0

� 4 � �� �� � � 
 �
 �� �� � �G�N9N��

� =F �� � � � �� �� � � � �' � 
 � �9�� � � �	 �� E�E=F �� � � � �� �� � � � �


 � � �>� �� �� � � 
 �
 //

� - � � � �
 
 � �� � � � � �� � � � �� .90�>� �� � �&�
 � �� �� �� � �� �������������


 
 � �� � � � � �	

� ! � � ' � ' ���
 � �
 � � 
 �
 
 � �� �� �1� � 
 ��� �� � �� �=F �/�



11CS286, Spring’07 – Minos Garofalakis   #

4 � �� �	 � � � � � � � �� � � �: � � � �� �4 � �� �	 � � � � � � � �� � � �: � � � �� � ((C� � �C� � �
4 � �� � �4 � �� � �? @! AAB? @! AAB

� 7� � � � �� � �� � � � ��� � �� � � � �� � 
 � � �� ��� � � �� � � � �� � �1� � �>� �� �

� 6 � � �� � ��� �O�=EF �� � � � � �� � � � � �� � $
 �� � �

� P� 
 ��� � � �' � �
 � � � �
 � �� � 
 �� �
 � �� � � � �� � � � �� �� � � 3 P�� � � � �� � �1� � �>� ��

� ! �
 � ��� � � 
 �
 � ��� � � � � � � 
 � ��� �� � �� 
 � ��

� 	 �� � �� �� � � 
 ��� � � � %� � � � 
 �� %� � �
 � �� � �>
 � 
 �
 � ' �� �� � � � �� �

� - �� ���� � � �6 ! � (8 �$
 � � � �# Q�.D�&� � �>� �� 0

� =F (RF � � �� 
 �%� �� � � � � �%� ��JQF (SQF � � �� 
 �%� �� � � � � �����������������������������

� � � �� � � � � � �� �� �� � �G�=�QF ��� � �� � 
 �%�
 � �� � � � �� � �� � � � �JF �
 � �=EF

� =EF %� ��=EEF .� � �� � � &� � /0�� � � � � ���� � � �� �� � �G�E�QF ��� � �� � 
 ��G�HF



12CS286, Spring’07 – Minos Garofalakis   #

4 � �� �	 � � � � � � �4 � �� �	 � � � � � � �
� 	 � � � � � ( ' � � � � �� � � � �� �� 
 � � � � �� � � � � � �: C�>� �� �� � � 
 �
 �

L

PS

S

N

R

C

O

P

TPC-D schema



13CS286, Spring’07 – Minos Garofalakis   #

4 � �� �	 � � � � � � � ��C� � �� ' � � � %� 
 �� � �4 � �� �	 � � � � � � � ��C� � �� ' � � � %� 
 �� � �

� � � � ( 
 � (� � � �� � � � � � � � � � � � � � ' � 
 &� � � �
 
 � �� � �� �� � 
 � � � �

� � �� 
 �� � �� � � �
 � � � � ��� �� � � 
 �
 �� � �� � � �� �� � �: C(>� �� �

� 	 � � � �� .9=0�>� �� � � �&�
 � �9J ��T��91 G�� � � � �� . : C(>� �� �� � � �� 0

� 6 � �� � 
 �� �� � � � �� �� � �� �� 
 ' � � � �� � � �: C(>� �� � �)� � � 
 � � * � 
 �

� � 
 � � � ���>
 � 
 �� � � >� � 
 �� &� � ��� � � �� %� � 
 �� 
 
 � �' 
 
 � � /

� 4 � �� �� � � � � � � � G��� � 
 �� � �� 
 � � �� � � � �� �>� �� � �� � � �� %� � � �� � 
 � � �

� � � �� � " �� � ��: C(>� �� ( � � � �� �� �
 � � �� � � � � � /

� � � � �' � �
 � � � �
 � �� � � &� � �� %/ � 0* � 1� �	 � 2� � � � � %� � �
 � � �� �%� � �� � � � � � /

R1 R2 Rk…
� � � � � � � � � �  � 
 � � � �



14CS286, Spring’07 – Minos Garofalakis   #

4 � �� �	 � � � � � � � ��� � 
 �� �� � 
 �� � � �4 � �� �	 � � � � � � � ��� � 
 �� �� � 
 �� � � �
� � � �, � �� 
 � � � � � �� � � �, � �� 
 � � � � � �

� ! � � � � � � �
 � � � � �$
 � � �� � � �� ��� � � 
 �� � �� � � � � �� � � � � � �>� �� (

� � � � � � � � ��� �� � � � � �
 � �� �� �� �� � �� %� � � ���� � � � � �� � 
 � �� �

� +� � � � � � � 
 � ��� � �� 
 � � � � � � ��� �� � � � ��
 � �� � �)� � � � � %� �� (

� � � � ��� � *( � 
 � �� �
 � � � � �$
 � �

R1 R2 Rk…
� � � � � � � � � �  � 
 � � � �



15CS286, Spring’07 – Minos Garofalakis   #

, 
 �
 �, 
 �
 �(( � �� � � � �� � � ��� �� � � � �� � � ��8 � � �8 � � � � � %� �� 
 �� � %� �� 
 �

� 7� � �� �)� � �� &�� � � %� � � � �� � �� � � �� �� � � � � � � �� � * �� � � � �� � � � � �� %� � �

 � �� 
 �
 �� �� �� � 
 � �� �� � � � �� � �

� 6&� �' � � �� �� � 
 � � � � �� � �� � �(( � � �� �� � � �&�� � � � ��?	 � 	 ARB
� 	 
 � � � � � � 8 � � � � � � � � � � � �
 �� �

� 3 � � (� 
 � � � � � � 8 � � � � � � � � � � � �
 �� �

� � �� � 
 � � �� � �� � � � ��� � � 
 � �� � ��� � � ( � 
 � � � � � � ��� � � � � � � � �
 �� �
� 	 � � ��?	 � 	 AR��<� AAB�� � � �� � � � �� � 
 � ��� �� � ��� 
 � � � � � � �8 � � �

� � � � � � � � �
 �� �

� ?, <� EEB�� �� � �� �� � 
 � � � � ��� � � � � �� �� � �� 
 � � � � � � � � ��� 
 � � � � � � �������
� 
 �
 �( � �� � � � �� � � ��8 � � � &� %� �� 
 �� � � � � � � �



16CS286, Spring’07 – Minos Garofalakis   #

6&�6&� (( � �� � � � �� � � ���� �� � � � �� � � ���8 � � �8 � � � � � %� �� 
 � �� � %� �� 
 � � ((((
3 � �3 � � (( � 
 � � � � � � �� � � � � � � � �
 �� � �� 
 � � � � � � �� � � � � � � � �
 �� � �

c3 d3 c4 d4

a3 b3 a4 b4

c1 d1 c2 d2

a1 b1 a2 b2

 =�G�.� =U' =U� =U� =0LD

� � 
 � ���� � � � � G�. � =U' =(� =(� =0LD

� � 
 � ���� � � � � G�. � =(' =U� =(� =0LD

� � 
 � ���� � � � � G�. � =(' =(� =U� =0LD

 �G�. =U JU HU D0LD

� � 
 � ���� � � � � G�. =U J( H( D0LD

� � 
 � ���� � � � � G�. =( JU H( D0LD

� � 
 � ���� � � � � G�. =( J( HU D0LD

A1 A2

A3 A4

+
-
+

+ -
-

-+
+

-+
+ -

- -+
+



17CS286, Spring’07 – Minos Garofalakis   #

6&�6&� (( � �� � � � �� � � ��� �� � � � �� � � ��8 � � �8 � � � � � %� �� 
 � �� � %� �� 
 � � ((((
3 � �3 � � (( � 
 � � � � � � �� � � � � � � � �
 �� �� 
 � � � � � � �� � � � � � � � �
 �� �

c d

a b

� � %� �� 
 �6 � � � � � � � � � � � � � �

Averaging &

Differencing

(a+b-c-d)/4

(a+b+c+d)/4

(a-b-c+d)/4

(a-b+c-d)/4

RECURSE

+ -

- -+
+

� � � � � � � 
 � �



18CS286, Spring’07 – Minos Garofalakis   #

6&�6&� (( � �� � � � �� � � ��� �� � � � �� � � ��8 � � �8 � � � � � %� �� 
 � �� � %� �� 
 � � ((((
3 � �3 � � (( � 
 � � � � � � �� � � � � � � � �
 �� �� 
 � � � � � � �� � � � � � � � �
 �� �

� � 
 � � � � � �

3 4 3 4

1 2 1 2

3 4 3 4

1 2 1 2

After averaging and differencing

-1 0 -1 0

2.5 -.5 2.5 -.5

2.5 -.5 2.5 -.5

-1 0 -1 0

RECURSE

Final wavelet transform array

0 0

0 0

0 0

2.5 0

-1 -1

-1 -1

-.5 -.5

-.5 -.5

After distributing results 

0 0

0 0

-.5 -.5

-.5 -.52.5

2.52.5

-1 -1

-1 -1

2.5



19CS286, Spring’07 – Minos Garofalakis   #

3 � �3 � � (( � 
 � � � � � � �6&�� 
 � � � � � � �6&� (( � �� � � � �� � � ��� �� � � � �� � � ��8 � � �8 � � �
7� � �� �7� � �� � (((( � � � � � �� �� � 
 �	 
 � � � � 
 �� � � � � �� �� � 
 �	 
 � � � � 
 �

+ + - + - +-

-
+

-
-+
+ + - + -

-+ +

+ +

-

- -

- -+
+ - -+

+

- -+
+ - -+

+



20CS286, Spring’07 – Minos Garofalakis   #

, 
 �
 �, 
 �
 �(( � �� � � � �� � � ��� �� � � � �� � � ��8 � � �8 � � � � � %� �� 
 � �� � %� �� 
 � �
� 8 � � � � � � � � � � � �
 �� � ��� �� �� �� � � � �� � � �G��� ( � �� � � � �� � � ��� � � � � �� � �&� %� �� 
 �

� � � � � �� �� � 
 �
� � � � � � �� �� � 
 �� 
 � � � � 
 �� � � �� � G���� (� �� � � � �� � � ��� � � 
 � � � �� �� � �� � ��� ��� �
 � � ��

� � �� �� � ��� � 
 � �� � � � �
� 	 �� � ��� � �� � � � � �� �� � 
 V� �� � � 
 � �' 
 
 �� � �� � � �%� � � �� �� � � �
 � � �$
 � � � � � 
 � �� � ��
 � �

� 
 � � � � 


_

+

+
_

+
_

+ _+ _
+ _

+
_

+ _
_+

+ _
_+

+
_

+ _
_+

+ _
_+

+_

+ _
+ _ + _

W =A

+0

1

2

3

0 1 2 3
l = 0 l = 1

� � � � � � 
 � � � � �� 	 � � 3� � �� 	 � �
#� � � 
 4� � 5� � 	 � 	 � 
 � 	 
 � � 
 �
� � 
 �� � 	 � �� 	 � $� � + � � �
� � � ##�� �� 	 
 � � � #� � � 67 6�

 � 
 � � � � � � � � �



21CS286, Spring’07 – Minos Garofalakis   #

, 
 �
 �, 
 �
 �(( � �� � � � �� � � ��� �� � � � �� � � ��8 � � �8 � � � - � � � � �6 � � � � �- � � � � �6 � � � � �

+
_

+ _
_+ + _

+
_

+ _
_+ + _

+
_

+ _
_+ +

+
_

+

+

l = 0

_
+ _
_

+ _l = 1

_
_

+
+

+

_
+ _

8� � � � � 
 � � � � � 
 � � � 
 � � � �
#� � � � � 
 �� � 	 � �� 	 � $

67 6� � � � � � $� � 9
 � 
 � �
. � $� � � � � � �
 
 � 
 :

=J� -

�J

� � � � � � � 
 
 � ��
 � � ��� � � �� � 
 � �� � � � � � 
 � 
 � 
 �� � �� � � � � �� � � � �� " �� 
 � 
 � 
 
 � � �
 � � � �
�� �
 � � �=(� �� � � � �� � � ��� � � �
� +� 
 � � � � ��� � � � ��G��	 � 
 ��� � �. 
 � �
 � 0������������� � � � � �� �� � 
 � ��. �� � � 
 �� � ��� 
 � � � � 
 �

� � � �� � � ��� �� � � � � � 
 �$
 � � � � � 
 �� �� � � 0

� - � � � ��� 
 � � � � ��� � � � �� � � �� � %� �. 
 � �
 � 0���������� � ��� � � � ���. � � � � � � � � � � �� � �
 � �
 � � �
$
 � � � � � 
 � �� � �
 � � �� � � � V� �� 
 � � � � 
 0

� , � �� 
 � �� � ���� � � � �
 � �� � �� � � � � � 
 � 
 � 
 �� � �� � � �� � 
 � �%� �
 � � L� � � � � �� 
 � �



22CS286, Spring’07 – Minos Garofalakis   #

� � � � 
 � 
 � 
 �� � �
 � � �� � %� �� 
 �� � � � 
 � 
 � 
 �� � �
 � � �� � %� �� 
 �
� � � � � � � � �
 �� � �� � � � � � � � �
 �� � �

&� � � 
 � � ' � 
 � � ' � � 
 � � ! � 
 � � � � � � � � � � � �&� � � 
 � � ' � 
 � � ' � � 
 � � ! � 
 � � � � � � � � � � � �
� � � � �� � � � �

0        1        2         3
Attr1

3

2

1

0

Attr2

36
4

Attr1 Attr2 Count

2 0 4

1 1 6

3 1 3

� �  � 
 � � � �" � � � � ( $�� �  � 
 � � � �" � � � � ( $�
� � � � � � � � 
 � 
 � � � �� � � � � � � � 
 � 
 � � � �

� 4 � �� 
 �� � 
 � �� �� 
 � �' 
 
 �� � �� � � �' � �%� � � �� � � � � � /

� C� � �
 � �+L� (� � � �� �� � 
 �� � � � � � � � �
 �� � �� �� � � �
 � � � ����� � � 1��� � � �
 � � ��
9� �  ! �� � � � � � � � 
 � 
 �� �
� 	 
 � � � � � � �� � � � � � � � �
 �� � �?<� AAB

� 3 � � (� 
 � � � � � � �� � � � � � � � �
 �� � �?� @9EEB

� 6 � � �� � ��� �� � $
 �� � �� �� � � ���. �� � � � �
 � � �� 0�� 
 � ' � � �� � �� � � � � � �� %� � �
 � � �� � 
 � �



23CS286, Spring’07 – Minos Garofalakis   #

9� � � �9� � � � (( � 
 � ��- � 
 �� � 
 �� � ��2 � �� � �� 
 � ��- � 
 �� � 
 �� � ��2 � �� � �
� � %� �� 
 ��	 � � � � � � � �� � %� �� 
 ��	 � � � � � � � �
� � � � � � �� �� � 
 �
 � � � � � � �� �� �

�  � ��� �=(� �� � � � ��� � � � � ��� �� � �' � �� � � � � � � �� 
 � �� � � � 
 � � 
 � �� � � �� � 
 � �� �� � �

 � � ��� � � � � 
 �� � � � � �� �� � 
 � �� �� �� �� � � �
 � � �� %� � � ����� J ��� � � � �

� 9� � � � ( � 
 � � � � � �� � 
 �%�
 � �� � 
 �� � 
 �� � �� � �� �  ! (� 
 ' � �� � � � � � � 
 � � �?<� AAB�
.)� � � � 
 � � �� 
 
 � �' 
 
 � * � � �� � 
 � 
 0

� � � �� �� � � � � �� �� � 
 � �&�
 � �� 
 � � � � 
 �� � � �� � � ��� 
 � � � � � 
 �� � �
 � � �$
 � � � �� � � � � (
� � � 
 � � � �� �� � � �� � � 
 � �' 
 
 �

� , � � � �� � � 
 � �' 
 
 �� � � �� � � �� � � � � ���� � � � �� 
 � � � ��?� @9EE��<� AAB

) �

� � � � � � � � � � �

* � � 
 � � ! � 
 � � � � 
 � � � � � � � � � � � �+ �,

� �  � � � � � � � � � � � 
 %� � � � 
 %�
 � � � � � � � � � � � � � � � 
 � �
� � � �%� #� � � � � - � � � � � � � 
 � � ! � 
 � � � �
" 	 
 
 � � � � � � � 
 � � �   � � 
 � � � �  
 � � � � � � � � � � � �  
� � � � � � � � � � $

' � � � � � � � � 
 � � �
� � � � � � " . � � $



24CS286, Spring’07 – Minos Garofalakis   #

� 
 
 ��� �� 
 
 ��� �
� +� 
 � � �; � � � � � " �� � 
 � �# 
 � � � � � � &� � �� � �� %� � %�� &

� � � � (� �� � � � �� � � ��	 � � � � � � �

� , 
 �
 �( � �� � � � �� � � ��	 � � � � � � � �� � � �4 � �� �

� 	 � 
 (<� �
 � � �# 
 � � �� �

� - � � � � �, � 
 � �� �

� 2 � �� � �8 �� 
 � � � � � �

� 2 � �� � �	 � � � �� �

� 2 � �� � �� � %� �� 
 �

� � �� � 
 � � �� � �; �� � � � � � �� � � �

�  � %� � � � � �6 � � � � �$
 � � �; �: 
 
 
 � � �� �� � � 
 �� � �

� � � � � �
 � �� � �



25CS286, Spring’07 – Minos Garofalakis   #

 � � � � " �� � 
 �� � �	 � 
 � � � � " �� � 
 �� � �	 � 
 ((<� �
 � � �# 
 � � �� �<� �
 � � �# 
 � � �� �
� ! � � ' �� � � 2 � � �� � � � � � � � �
 � �� � � � 
 � � �)� � � � * � � � � � " �� � 
 � �� � � &� � � �
 � �

� � � � � �� �	 # � �$
 � � �� � �(( � � �� � 
 �� � � ��� � � >� � 
 �� � � ��>� �� � ��� 
 � �
� 9� � � � ' � � ���� � � � � � � � �
 � � �
 � �� � � 
 
 � � �
 � � �>� �� 
 �� � 
 � �� �� 
 � �' 
 
 �� �

�  � � &� � �. �� �� � � � � � �0��G�� 
 �
 �� � 
 � � �
 
 � �� �

� 2 � ��1� �� � � � � � � 
 � �%� �
 � � ����3 � ��
 � �%� � � � ��� ( � � � � � 
 � � �� � � � 
 � � � �� � �
)� � � � � � � � * .$
 � ��
 � �� � �� � � � � " �� � 
 �� � 0�� " �� 


� � �

�
�
 
�
�
�

� � � � � � � � � � � � � � ! � � 
 � � � � � � 
 � � � 
 � � �
" � / � /0� � � � � � �1 , 2 � � � � �  � $

� 3 � 
 
 � � � � � � � � 
 � � � 
 � � �



26CS286, Spring’07 – Minos Garofalakis   #

- � � � � �, � 
 � �� � ��� � � ��	 � 
- � � � � �, � 
 � �� � ��� � � ��	 � 
 ((<� �
 � � �<� �
 � � �
# 
 � � � � � � &� � �# 
 � � � � � � &� � �

� 3 � � � �� � �� � � � � �� � 
 � �� �� � � �. � 
 �
 �0� � 
 � �
 � � 
 �� � � � 
 � 
 � �� � � �' � 
 �
� � �� � � � � � � � � ��� �� �� � � � 
 �� � � $
 � � � �� �

� � �� � � � � � � � � ��� �� �� � � � 
 �%� �
 � �

� 6 � � � �
 �� � � ��� � 
 ( � � � � � � �� � � �� � 
 � �� � ���. � �� ����� � � � � 
 � �� �� � 
 �
� �� � � � � � � � ���8 � 
 � � � � � � � �� 
 � � � � 0��� � ��

� ! � � � � � � � �	 � �
 
 �� � �
� ,  � �. , � 
 � � (  � � ( � � � � � � � 0�- � � � � �?+! AAB� ' � � � � �� � �� � � � � � 
 �

' �� � � 
 �
 � �� � � � � �� � 
 � � �� �

� - , � �.- � � 
 � �, � %� � V� �� �� 
 � � � � 0�- � � � � �?� @9EE��96@AWB� ' � � � � �� � �
' �� � � 
 �
 � �� � 
 &� � 1�� �� &�



27CS286, Spring’07 – Minos Garofalakis   #

2 � �� � �8 �� 
 � � � � � � �� � � � � � � � " �� � 
 � �2 � �� � �8 �� 
 � � � � � � �� � � � � � � � " �� � 
 � �
	 � 
	 � 
 ((<� �
 � � �# 
 � � �� � ��<� �
 � � �# 
 � � �� � ��?+! AAB?+! AAB
� 	 
 � � � �� �� 
 � � � � � � �� � �� � �� 
 �� � � ��� �� �	 # � �� � 
 � ' � � � �� � � �� � � �� � �� �

� �� 
 � � � � � �� �� � ' � � ��
 � �� � �� �� � �� �	 # � �$
 � � �� �

� +� � �� � � � 
 � 
 �� � �� � �
 � � �� �� � ' � � �� � � � � 
 � � � �. � � �� � 
 ��>� �� ��� 
 � �0��� �� � �� �� �
� 
 � � �� � 
 � � � &� � �

� - � � � �� 
 �
 �� �� � � � �� � � ��� �� 
 � � � � � �' 
 � 1� 
 �� �� � � 
 �� �� � � � � � � � � � � �
 � �� � � 
 �� � �

� � � � � " �� � 
 � �� � 
 � �
 
 � �� �

� - " � � � �� � � 
 � ��� � � 
 �
 � �� � � � � � 
 � � 
 � �� �� 
 � � � � � � �
 � �� �%� �� 
 � � ��� &� � �,  � �
� � � � � � �
 � � � �� � � � � � �� � � � ��� �

� ! � 
 � � 
 �� ��� � � ' �� � �

� : � � �� �� � (� �� � � � �� � � ��� � 
 � ��� �� 
 � � � � � �� � � � � 
 �%� � � � � ��� �
 � � �� � � �� � � �

� � � � 
 � 
 � 
 �� � �� � � 
 � �� � � �� �� � �?@C6EEB

� 4� �� �� �� � � �
 � � �� � $
 �� � � ��� " � � � � �� � �� 
 � ��� � � � � " �� � 
 � �� � �� 
 �� � �

� � � � �' � �� � ��� � � � ��. � � ��� � � � � /0��
 � � � �
 � � �� � �� �� � ��� � 
 � �� � 
 ��



28CS286, Spring’07 – Minos Garofalakis   #

	 � 
	 � 
 ((<� �
 � � �# 
 � � �� � �%�� �	 � � � �� �<� �
 � � �# 
 � � �� � �%�� �	 � � � �� �
�  � � �� �� � �
 � � �� � 
 (%� �
 � � �$
 � � � �
 � �
 � � �� � � � �� � �� � &� ��&� �%� � � �

� � 
 � � �� ' 
 � �� �� �� � ; � � 
 � � #� 
 4� � � � < � � �	 � 
 4� � #� $$� � 	 � <� �
� - �� ���	 � �� � 
 �� ���� � � �� � � � � �&�
 � �JQU�� � � � � �� � �� � � %�� �

� - " � � � 
 �� � � ��� � �
 � � �� � � 
 � �� �$
 � � �� � �&�
 � �� � � 
 � � �� 
 ' $
 � � �� �
. � �� ���� � �� � 
 �� ���� � � �� � � � � �&�
 � �� ' � %� �� %� � � � � �� � �� � �� � ��' 
 
 �
 � �
� %� � � � � �� � �� � � ��� �1� � &� �� � �� �� � � � � " �� � 
 � �� 0

� - " 
 � � � � �� 
 �� � �� � � � �
 � � �� � � � �� �

� � � � �
 � � � 
 �� � � � �� � � � �� �� � �� 
 �� � �
 � � �� � � 
 � � �� � �� �� �
 � 
 � � �� � �� � �� 
 � �
. � � � � � � 
 � �� � � � � " �� � 
 � �� � �� 
 � ��� �� ���
 � �� � �1� � � � �� ��?7C	 AA��@C6EEB0

�  �
 � � � � 
 �%� �� �� $
 � �?@, ! AS� �� @! AAB�� � 
 
 � � � �� � �� � � � � " �� � 
 � �� � 
 � 

� � �
 � � �� 
 � ' � � �� � �� � &� ��� �
 � � �� � � &� � �� � � �� �� � � � � � � � 
 � 
 �%� �� 
 ' � � 
 � � �

 � � �� � &� �. ��� ���
 � � �� � � � �� � �� � �� 
 � 0

� C� � � � �� � � 
 �
 �� �� � �� � � � � � � ' �� �� � � �� � � 
 �
 � �� �� � �� �


