
An Architecture for Searching and Indexing Latex
Equations in Scientific Literature

Ashish Lohia Kirti Sinha Soujanya Vadapalli Kamalakar Karlapalem� ashish lohia,kirtisinha,soujanya � @students.iiit.ac.in, kamal@iiit.ac.in
International Institute of Information Technology

Gachibowli, Hyderabad - INDIA.

ABSTRACT
� � � � 
 � � � � � � � � � � � � � � � � � 
 � � � � � � $ � & � � � � � � ( 
 ) � � � � � � � � $

+ � � � � � � 
 � � ( � � � . � � � � / 1 � � 
 � 5 � � � 
 � � 
 � 6 � $ � 
 � � � � � � 
 � ; � � =
; � 
 ) � � � � 
 � � � � ? � � 
 ) � � 
 ) � � 
 � D 
 $ � 5 � � � � 
 � � � = � � ; � � $ � /
H ) � � � � . � � � � + � � � 5 � � � � � ( � � � ( � � � � . � � � + � � � � 
 � � � � ? + � 5 � � M

� 
 � 
 � � � � + � � � � 5 ) � � � � � � 
 � � � � � � $ � � $ � D � � ( � � � � 
 � � � � � � � � 


 � � & � � � / O � 
 ) � � � � � � � ? ; � $ � & � � � � � + � � � � ; � � = 
 � � � � � ( � ?
� 
 � � � � � $ � � � 5 � � � � � � � 
 � � � � / X � $ � 6 � � & � � � � � � � � � � 
 � � � � � � M
� � � � � 
 � � � � � � � � � ? � � � � � � � & � � � � � � � � � � 5 ) � � $ � � $ � D � � ( 
 � 5 ) M
� � � � � � / ^ 
 � � � = � 
 ) � � . � � � . � � � 
 
 � � � � 5 � � � � � � � 
 � � � � � � $
� � � . � � � � � � � 
 � . � � ; � � � � $ � � � � 5 ) � � � � 
 � � � � ` a b /

d e f g h i j k l � � + � � � � 
 � � � � � 
 � � � & � � ? � � � � 
 � � � � � � � 5 ) ? � � � � M
� � � � 
 � ? � � $ � D � � ( /

1. INTRODUCTION1 � � 
 � + 
 ) � $ � 
 � � � � � � ( ` o b ; � � = ) � � 5 � � 5 � � 
 � � 
 � $ � � � � M
� � � � � � 
 � � ( � � � � � � 5 � � r 5 � 
 � ( � � � 5 � � $ � 
 � 
 ) � � � ( ) 
 � 5 ) � � � � � �
� � 5 ) � � � � � � 5 � � 
 � � � � � � � � ? 5 � � � 
 � � � � ( � � $ 5 � � � � � 6 5 � 
 � � � / v � M
5 � � 
 � � ? 
 ) � � � ) � � . � � � � � � � ; � � = � � � D 
 � � 5 
 � � ( ; � � � M $ � 6 � � $
� 
 � � 5 
 � � � � + � � � + � � � 
 � D 
 � � � � � 
 � � 5 
 � � � $ $ � 5 � � � � 
 � � � � � (
w 1 1 � � $ � � � ` y b / { � 
 
 ) � � � � � � + 
 � D 
 � � � � � ( � � � � 5 ) � � � �
) � ( ) � � 
 ) � � 
 ) � � / | � � � + 
 ) � � � } � � 5 ) � � � � � ( � � � � ^ O � � 5 � � M
� � � ) � � $ � � ( 
 � D 
 � � $ + � ; � � � � � � 5 ) � � 
 � ; � � $ � 
 ) � � $ � � � ; � 
 )

 � D 
 � � � � � � � � � 
 � � � ? 5 � � 
 � � 
 � � � � ( � � � � 
 ? � � $ � � 
 � � � � � � � M
( � � ( � � � � 5 � � � � � ( ` � b / 1 � � � � & � � ? 
 � D 
 $ � 
 � . � � � � � � � � � � � $ � �
( � � ; � � ( $ � � 
 � 
 ) � � � 5 � � � � � � ( � � � � � 
 � + � � + � � � � 
 � � � � & � � � M
� . � � � � � � � 5 
 � � � � 5 + � � � � � � � � � � ? � � M v | 1 � � � $ X X X � ` o b /
{ � 
 ; � 
 ) & � � � � � � ( � � � � . � � � + + � 5 � � � $ � � $ � � . } � 5 
 M � � � � � 
 � $
$ � 5 � � � � 
 � � � 5 ) � � � � � � & $ � 
 � � � 
 ? 
 ) � � ( ) � � � � M � 
 � � 5 
 � � � $ ? � 

� ) � � � $ . � � � � � � . � � 
 � � � � + � � � � $ & � � 5 � $ $ � 
 � � � � � � ( 
 � � = � /
H ) � � D � � 
 � � ( � � � & � 5 � � � � = � � � � � 5 ) � � ( � � � � � � $ � � $ � D � � ( 
 � 5 ) M
� � � � � � � � � 5 � � � 
 � 6 5 � � 
 � � � 
 � � � � � � � � � � � � � � � � 
 � D 
 � � � � � (

5�

� � $ 
 � D 
 5 � 
 � ( � � � � � 
 � � � 
 � 5 ) � � � � � � � � 
 � D 
 $ � 5 � � � � 
 � / { � 

� � 5 � � � � + � 5 � � � 
 � 6 5 $ � 5 � � � � 
 � ? � � � � 
 � � � � + � � � 
 ) � 5 � � � � +
5 � � 
 � � 
 / O 
 � � ; � � � = � � ; � 
 ) � 
 � 1 � 
 ) � � � 
 � 5 � � � 
 ) � � � � ( � � ( �
� + � ) � � � 5 � � / � � � � 
 � � � � � � � $ � 5 � � � � 
 � � � � � � � � 
 
 ) � � � � � M
( � � ( � � + 1 � 
 ) � � � 
 � 5 � � � $ 
 ) � � � ) � & � . � � � � � � 
 
 � � � 
 � 
 �
� D � � � � 
 
 ) � � � � � ( � � ( � / � � � � D � � � � � ? 
 ) � � � � � � . � � � 
 � 
 ) � 
 
 ) �
$ � 5 � � � � 
 � ; ) � 5 ) 5 � � 
 � � � 
 ) � � � � � 
 � � � � � � � � � � � � � � � 
 � $


 � � � 5 ) � 
 ) � � � � � � � 
 � ) � ( ) 5 � � � � � � $ 
 � 
 ) � � � � � � . � � � 
 � � +
$ � 5 � � � � 
 � ) � & � � ( 
 ) � ; � � $ � � � � � � ( � � ? � � � � � � � � $ � & � � � 5 � 
 � �


 � . � � � � � 
 � $ 
 � � � 5 ) � 
 ) � � / H ) � � � � � � ? . � 5 � � � � 
 ) � � � � ( � � ( �
� + � � ( � � � ) � � � � � � � � . � ( � � � � 
 ) � � 
 ) � � � � ( � � ( � � + 1 � 
 ) � M
� � 
 � 5 � / 1 � � � � & � � ? ; � � $ � ) � & � $ � � � � � � 
 � � � � � � ( � � � $ � � � � M
� � 
 5 � � 
 � D 
 � ? ; ) � � � � � � � � � � � 
 � � � ) � � $ � + � � � � � � ( � � 5 � � 5 � � 
 /
H ) � � ( ) � � � � � � 
 � � � 5 � � � $ . � � � � $ � � � 
 ) � � � � � � � ? � 
 � � � � � M
� � ( � + 5 � � 5 � � 
 � � � 
 � � � � � � � � � & � $ / � � � � � � � � � ? � � ( � � � 
 ) � � r $ � 
 �
� 
 � � 5 
 � � � � + � � � 
 ) � 5 � � � � + 5 � � � � 
 � � � 5 � � � 5 � � � � � � � ? 5 ) � � M
� 5 � � + � � � � � � � + � � � 
 ) � 5 � � � � + 5 ) � � � � 
 � � � � 
 � � � 
 � � � � � $ � �
� � /

� � � � � ) � � � 5 � � 
 ? � 
 � � � � � � � � 
 � � � � � � . � � 
 ) � � � � � 
 � � �
� � 
 ) � � 
 ) � � 
 ) � ; � � $ � 
 � $ � � 5 � � . � 
 ) � 
 � � � � 
 � � � / � � � �

 � � � � ? � � � � 
 � � � � � � � � � � � � . � � � $ & � ( � � � � � � $ ; � 
 ) ; ) � 
 M
� & � � 
 ) � � � � � � � � � � . � � � ? ( � 
 
 � � ( � � � 
 ) � � � � � 
 � � � � 
 ) � 
 � � �
� � � � � � � � � � � � � M 
 � � & � � � 
 � � = / H ) � � � � � � & � � � � � � � � � � 5 
 � � +
� � � � � � 
 � � � / ^ � � � � � 
 � � � ) � � � � � 
 � + 
 � = � � � ? � 
 + � � � � ; � �
� � � ( � � ( � � � $ 
 ) � � � � � � � 
 � � 5 
 � � � � � � � � � 
 ; � 
 ) � � � 
 / 1 � � � M
� & � � ? 
 ) � 
 � = � � � � � � � � � 
 � � � � � $ � � � � � � $ � � ) � & � � � � � � 
 � 5
� � � � � � ( � / H ) � � � � = � � 
 ) � 
 � � = � + 6 � $ � � ( � � � � � � � � � � � 
 � � � �
+ � � � 
 ) � 
 � � 5 � � � + � � � � � � � � � � � � . � � � 5 � & � � � 5 ) � � � � � ( � � ( /
O 
 � � � � � 
 � � . & � � � � 
 ) � 
 � � 5 ) � 
 � � � � � � � � 5 � � � � 
 � ; ) � 5 )
; ) � � 5 � � � � � $ ; � 
 ) 
 ) � ( � � $ 
 � D 
 � � � � 5 ) � � ( � � � ? 5 � � ) � � �
� � � � 5 ) � � � � � 
 � 5 � � � � 5 ) � � ( � � � � ( 
 ) � � 5 � � � 
 � 6 5 $ � 5 � � � � 
 � /
H ) � � � � 
 � & � 
 � � � � 
 � $ � & � � � � � + � � � � ; � � = + � � 
 ) � � � � � 
 � � � �

� � � � � � 
 � � � ) � � � 5 � $ � 5 � � � � 
 � / H ) � � � ) � � . � � � � � + � � � � �
; � � = � � � D 
 � � 5 
 � � ( � � $ � � � 5 � � � � � ( � � � � 
 � � � � + � � � 
 ) � � � � � ;
� 5 � � � 
 � 6 5 
 � D 
 $ � 5 � � � � 
 � ? 
 � 
 ) � . � � 
 � + � � � = � � ; � � $ ( � /

H ) � � � � � 5 � � 
 � � . � 
 � � � � � + 
 ) � � � � � � � � � l
� � � & � � � � � � � 
 � + � � � � � � 
 � � � � D 
 � � 5 
 � � � � � $ � 
 � � � ( �

� � � 
 � � /
� � � � � � � � � � 
 � � � � + � � � � 
 � � � � � � � � � � � 
 � � � $ � � � � 
 � � � � � � M


 � � � � � � 
 /
� � � 5 � � � 
 � 
 � � ( � � � � 
 � � � � � � � 5 ) � � $ � � $ � D � � ( /

ADVANCES IN DATA MANAGEMENT 2005
Jayant Haritsa, T.M. Vijayaraman (Editors)
© CSI 2005

122



� � � � � 	 �  � � � � � � � � � � 	  � � � � � � �  � 	 �  " "  $ 	 & ' � " � � �  $  � +
� 	  � 	 - . 	 	 �  � � 	 � - � �  � 3 5 7 � - � �  � 9  � 	 - . 	 	 � 	 � � � � 	 	 . � 	 � �
? . � "  � � � � � � 	 @ 	 � � A 5 7 � - � �  � D  � 	 - � � ? � 	 � � � � G . � � �  � � �  I
- � 	 	 � � � � � - � � � G . � 	 L � G . � � �  � � � �  � � � �  � � �  	  A � � R � � � � I
A � � � � " � � 	 . " � 	 5 7 � - � �  � U  � V � "  � 	 � �  � V � " . � � � 	 � G . � � �  �
	 � A � " � � � � @ L 	 � - � �  � X � " " . 	 � � � � � 	 � � � 	 � � � - � . � � " � � @ �  � � G . � I

� �  � 	 5 7 � - � �  � ]  � 	 - . 	 	 � 	 � � � � �  � R � � �  � � G . � � �  � 	 � �  
7 � - � �  � ^ � � � 	 � � � 	 -  � - " . 	 �  � 	 � �  � . � . � � $  � + 5

2. RELATED WORK
� � � � � � � 	 ? � � � � 	 � A � " � � � � � � A � � A �  � � � � � �  � � � - � �  �

 � A � � � � � � � � G . � � �  � 	 5 � � � $ � ? 	 � � � � G �  ? 5 -  A c D d � �  V �  � 	
� � - � " � � � � 	 �  � 	 � � � - � � � � � G . � � �  � 	 ? � 	 �   � � � � � � A �  � � � �
� G . � � �  � L � � A � 	  � � � � � � � A 	 � � � 	 � � � � � � � � � G . � � �  � j " � + �

�  � - � L A � 	 	 l � �   � 	 � " � @ 	 � � � � G . � � �  � 	 � � � � � �  � A  � � A I
� � � 	 5 � � � � G . � � �  �  � � � ? � 	 � � 	 A � � . � " " @ ? . � " � � �  � � � 	

. �  � � 	 �    � � � � � � - � � G . � � �  � � 	 � � �  � � � �  $ � � � � � 	 � � 	 � � - I
� � V � � � A � � �  �  � � � ? � 	 �  � � " " � � � � � � A 	 � 	 A � � � � � � � �  5

� � � 	 � � G . � � �  � 	 � � � �  �  ? � � � � �  � . �  A � � � - � " " @ � �  A � � �
  - . A � � � 	 5 t � � � � � 	 � �  . � � � � �  � - � L $ � � � A �  � . �  A � � �

� � � � �  - � 	 	  � � G . � � �  � � R � � � - � �  � �  � 	 � A � I 	 � � . - � . � �    - I
. A � � � 	 " � + � " � � � R 5

w �  � � � � � � " � � �  j ? . � �  � 	 � A � " � � l $  � +  � � �  � R � � � � �  
	 � � � - � � � � � G . � � �  � 	 c 9 d � �  �  	 � 	 � �  � R � 	 � �  	 � � � - � � � - � I
� � G . � 	  � x � � � x y   - . A � � � 	 5 � � � 	 � � G . � � � 	 � 	 � �  � $ � � � I
� � � A   . " � 	 � � � � - � � -  � V � � � � G . � � �  � 	 �  . �  � � � � R �   - I
. A � � � 	 � � �  x � � � x y   - . A � � � 	 5 { � V � "  � � � � � $ � � � � � �
A   . " � � 	 � �  � I � � � V � � " � � 	 + 5 � � � � G . � � �  � � � � A A � � � 	 -  A I
� " � - � � �  � �  V � � �  . 	 � . � �  � 	 � � V �  � ~ � � � � � 	 � @ " � 	  � $ � � � � � � 5
�  � � R � A � " � L -  � 	 �  � � � � � �  " "  $ � � � � $  � G . � � �  � 	 &

� � � �
� � � �

� �

� � � �
� � � � � � � � � �

� � � � � � � � �
� � � � ?  V � � G . � � �  � 	 � � � � � 	 � � � � � � � � � V � � � � �  � � " �  � - � � G . � I

� �  � 5 � �  � �  � � � � � G . � � �  � L � � � �  + � � 	 � � � 	 � � � " � - � � � � - � � � 	
$ � � � 	 . ? 	 - � � � � 	 L $ � � " � � � � � �  � � � � � � � �  + � � 	 � � � � 	 � G . � � - �
 � - � � � � - � � � 	 5 �   � � " $ � � � 	 . - �  � 	 - � � � � � - � � 	 L � � � � � � � � � � �
	 �  . "  ? � � . A � � I � 	 	 � 	 � � � - �  � 	  A � A � � � I  � - � �  � � � @ � � � �
	 �  � � 	 � " " � � � �  	 	 � ? " � 	 � � � � � 	 � � � � � 	 � � � � � � � � � � � � - . " � � � � @ 	 I
� - � " G . � � � � � @ L V � � � � ? " � � � - 5 � � � � �  ? " � A  � -  � V � � � � � � � � � 	 �
� � � � �  I � G . � � �  � � � R � � � �  x � � � x y   - . A � � � 	 � 	 � �  . � �
 � � 5

7 � � - � L - . � � � � � " @ A  	 �  � � � � � � 	 � � � - � " � � � � � � . � � � 	 � � � � �
�  � A  � " � � � R � " � 	 j � � � � � � � R � �  � A � � l L $ �  � � � � � � � � �  ? I
" � A  � � R � � � - � � � � � G . � � �  � 	 � �  A � � � 	 � � " � 	 j $ � � - � � � � � � � � I
� . � � � � � � � R � � " � 	 l L A � � � � � � � � � � A L � �  	 . � �  � � � � � 	 � � � - �
� �  � �  � R � � � � � - � " � � � � 	  V � � � � � 	 � �  � � G . � � �  � 	 � R � � � - � �  5

t � � � � �   � � 	 	 � � � � � � � �  ? " � A  � ? . � "  � � � � � . A � � I � 	 	 � 	 � �  
	 � A � I � . �  A � � � - 	 @ 	 � � A � � � � � R � � � - � 	 � �  	 � � � - � � 	 � G . � � �  � 	
� �  A � � � " � � � R � " � 	 L � �  � � � �  � 	 � " � @ 	 � � 	 . " � 	 � � � � � � � �  I
� � � � � � � � 	 � �  � 5

3. EQUATIONEXTRACTIONANDPROCESS-
ING SYSTEM

� � � V � � �  . 	 � 	 	 . � 	 � � � R � � � - � � � � � �  � �  - � 	 	 � � � � G . � � �  � 	
� � � &

� � � � � � � �   ¡ £ ¤ � � � ¥ ¦ § � ¡ � ¡ ¨ © & ª G . � � �  � 	 � � � �  ? � � R I
� � � - � �  � �  A � � � � � �  	 � �  � @  � " � � � R  � R A "   - . A � � � 	 5 ¬ � " @
� � � $ �  � A � � 	 	 . - � � 	 y � � � R  � R A " � � V � � R � " � - � � � G . � � �  � 	 5
¬ � � � � -  � � � � � @ L � � � 	  �  - . " � �  � R � � � - � � G . � � �  � 	 � �  A �  � L

$  �  � " � 	 � � - 5 � � � 	 � 	 � � . � �  � � � - " � � � � � � � � 	 + L $ � � � � � �
� �  ? " � A 	 " � + � A � 	 	 � � � " � ? � " 	 L . � A � � - � �  � � � � � � � � 	 � 	 L � � -  A I
� " � � � � G . � � �  � 	 L � �  ® � @ � �  � � ® -  A A � �  	  � " � � � R A � + � � �
V � � @  �  - . " � �  � R � � � - � � G . � � �  � 	 5 ª R � � � - � �  � � 	 �  	 	 � ? " � � �
$ � � � V � " � � � R  � ¯ x y   - . A � � � 	  � � � � � � 	 � � � - � � � � � � 	 � 5 � 5
� � R � V � � 	 �  � 	  � � � �   - . A � � � 	 5

� ° ± � � �   ¡ ² ± � ¦ � � ³ & x  	 �  � � � � � � A � 	 L $ � � � -  . � � � � � � � V I
� � " � G . � � �  � 	 " � + � � � ¶ L · � 3 � �  � � � 	 � � G . � � �  � 	 � � �
	 � � 	 � � � V � �  � � � -  � � � R � � � $ � � - � � � � @ � � � . 	 �  5 � � � 	 �  �
� G . � � �  � 	   �  � � � V � A . - � � � " � V � � - � L ? . � � � � @  - - . � � �
" � � � � � . A ? � � 	 5 � � � � � � 	 � � � �  �  �  � � � � � @ 	 . - � � G . � � �  � 	
? � 	 �   � � � � G . � " � � @ ¸ � � " � V � � - � 5 � � � � �  ? " � A � 	 �  G . � � I

� � � @ � � � G . � " � � @ ¸ � � " � V � � - � 5 ¬ � � �  	 	 � ? " � � � � �  � - � $  . "  ? �
�  � � � � � � � � � � � R � � . 	 � � V � � � � A A � � �  � � � � 	 � + � �  	  � � G . � I
� �  � 	 5

º ¡ » § � � ¡ ¨ & � � � � � A � 	  � � � � � G . � � �  � 	 � �  � � � � � " � � �  
+ � @ $  �  	  � � � � G . � � �  � � � " � � � � � �  - � 	 	  � � �  � R � � � � � � A
? @ - � � � �  � � � � � � � � � A ? � 	 �   � � � � + � @ $  �  	 5 ª G . � � �  � - " � 	 I
	 � � - � � �  � ¸ - � � � �  � � � � � �  � � 	 @ � � � �  � � � � � �  ? " � A � � � � � � �  	

�  ? � �   � � 	 	 �  � � � � 5 � � � � � 	 � � � � � L $ � � �  �  	 � � � � � " � A � I
� � � @ � �  � R � � � 	 � � . - � . � �  � � � � � G . � � �  � 	 ? � 	 �   � � � � �  + � � 	
� � � 	 � � � 5

� ° ± � � �   ¡ ¼ � ½ � ¦ � � � � ³ & ª G . � � �  � 	 � � V � �  ? � 	 � � - � � �  
� �  � � � � 	 �  � A �  � � �  � 	 � � �  � �  �  � A 5 7 � � � - � � � � A � - � � I
� � 	 A 	 �  � � G . � � �  � 	 � � �  � V � "  � �  ? � 	 �   � � � � 	 � � . - � . � � L
" � ? � " 	 � �  A � � � � A � � � - � " � R � � � 	 	 �  � 	 5 w � � $ 	 � A � " � � � � @ A � � I

� � - 	 � � �  � V � "  � �  � �  . 	 �  �  � � � � � G . � � �  � 	 � � � - � 5
¼ § � � � ¾ � ¡ ¨ & ¿ � V � � � � � �  	 � �  � @  � À - " � � � �  Á � G . � � �  � 	 � �

� 	 � � �  � �  � � �  �  � A L $ � � � � �    	 �  � � � � � �  � � � � � � V � " A � - � I
� � � 	 A L � 	 � � � - � � � � � � � - � � ? �  � V � "  � �  5 � � � 	 � � � - � � � � I

�  � A �  $ � " " � R � � � - � � " " Â 	 � A � " � � ® � G . � � �  � 	 5 ª G . � � �  � 	 � � � �
A � � - � � � � - � � � � � � � � � �  � 	 � " � @ �  � "  � � $ � � � � � � " � � + 	 �  � � �
  - . A � � � 	 � � $ � � - � � � � @  - - . � 5

� � Ã § � � ½ § ¡ � � ¦ � § Ä ± ¦ � Ä & t � �   � � 	 	 �  � � � � �  ? " � A 	 A � � I
� �  � �  � ?  V � � �  � � V � -  �  . - � �  � R � � � � A � � � 	 5 � � � � � 	 . " � 	
 � � � - �  � � � � � �  ? " � A � 	 � � V � � $ � � � � � � � � -  � � � 	 �  �  � � �
	 � - � �  � 5

4. EQUATIONPROCESSINGTECHNIQUES
� � � � � - � � � � - � . � �  � � � � G . � � �  � A � � � � � A � � � 	 @ 	 � � A $ � � - �
� . �  A � � � - � " " @ � R � � � - � 	 � �  	 �  � � 	 � � � � G . � � �  � 	 L � �  � �  I

V �  � 	 � � � � . � � 	 " � + � 	 � � � - � � � � � �  � �  � R � � � � 	 	 �  $ � � � � � . � �
¶ 5

� � � � . � � ¶ L � � �  V � " 	 � � � �  -  A �  � � � � 	 � � � � � � � A � " � A � � � �  
A   . " � 	 5 � � � � � - � � � � . " � � -  A �  � � � � 	  � � " $ � � � 	  A �  � � � ? � 	 �
 � � " � L $ � � � � � � �  . � � . �  �  � � ¸ A  � � A   . " � 	 � 	 	 �  � �  5 � � �
A   . " � 	 � � � -   �  � � Å � � " " � � � . � � � L + �  $ � �  � � � 	 	 . � �  � �

�  � 	 � � � � � ¸ � � R �  � � � � � �  � 	 5 � � � � �  � � � A 	 � � � � R � - . � �  � �

123



M
E
T
A
D
A
T
A

S
U
B
J
E
C
T

D
I

C
T
I
O
N
A
R
Y

Equation List

Duplicate
Removal

Unique

DBMS

Search

Indexing

&

Latex Document Database

User Queries

Elementization

Extraction

Standardization

Equation List

Annotation

� � � � � 
 �  � � � � 
 � � � � � � � � � � � " $ � � & 
 � � � " � � " (
� 
 � � & , � " �

. / 1 2 3 5 1 7 / 8 : 1 < 5 1 ? @ B D 5 F G F H I 5 K I 5 H 8 M O 5 1 P / 1 5 O H I F 5 5 1
/ < S T 5 < 5 1 ? 5 K W 2 I / 1 P X 5 8 T Y : 8 Z \ ^ X 8 : P 8 H < < / 1 P @ ` O 5 : 2 ? G
S 2 ? : Y ? O 5 5 e 2 H ? / : 1 I 5 H 8 M O 5 1 P / 1 5 / I K / I S T H j 5 K / 1 7 H 8 / : 2 I

Y : 8 < H ? I m n ` o . W . H ? 5 3 H 1 K S K Y @ B M : < S T 5 ? 5 D : 8 t / 1 P D 5 F G
/ 1 ? 5 8 Y H M 5 v w x Y : 8 ? O / I I j I ? 5 < O H I F 5 5 1 F 2 / T ? @ ` O 5 ? 5 M O 1 / e 2 5 I
H S S T / 5 K ? : S 8 : M 5 I I 5 e 2 H ? / : 1 I H 8 5 K 5 I M 8 / F 5 K / 1 ? O 5 Y : T T : D / 1 P
I 2 F I 5 M ? / : 1 I @

4.1 Dataset description` O 5 H 8 } / 7 K H ? H I 5 ? : F ? H / 1 5 K Y 8 : < H 8 3 / 7 @ : 8 P ~ t K K M 2 S � � � �
K H ? H I 5 ? � / I H 8 5 S : I / ? : 8 j : Y X O j I / M I S H S 5 8 I / 1 ? O 5 ? : S / M : Y n / P O
� 1 5 8 P j X H 8 ? / M T 5 ` O 5 : 8 j @ ` O 5 8 5 H 8 5 � � W � � � . H ? 5 3 K : M 2 < 5 1 ? I W

D 8 / ? ? 5 1 : 7 5 8 H S 5 8 / : K : Y � � j 5 H 8 I ~ � w w � G � � � � � @ � H M O K : M 2 G
< 5 1 ? / I 2 1 / e 2 5 T j / K 5 1 ? / � 5 K H I � � � � � � � � ~ � � G j 5 H 8 W � � G
< : 1 ? O � @ . H ? 5 3 / I H ? H P G F H I 5 K ? j S 5 G I 5 ? ? / 1 P I j I ? 5 < @ ` H P I H 8 5
S 8 : 7 / K 5 K ? : < H 8 t ? O 5 F 5 P / 1 1 / 1 P H 1 K 5 1 K / 1 P : Y 7 H 8 / : 2 I S H 8 ? I
: Y ? O 5 K : M 2 < 5 1 ? H 1 K ? j S 5 G I 5 ? ? / 1 P I ? j T 5 I @ ` O 5 I 5 ? H P I O 5 T S / 1
5 3 ? 8 H M ? / 1 P K / � 5 8 5 1 ? M : < S : 1 5 1 ? I : Y ? O 5 K : M 2 < 5 1 ? I @ � : 8 5 3 G
H < S T 5 m H 1 5 e 2 H ? / : 1 O H I � F 5 P / 1   5 e 2 H ? / : 1 ¡ W � 5 1 K   5 e 2 H ? / : 1 ¡ W
¢ £ £ £ ¢ ? H P I ? : < H 8 t ? O 5 F 5 P / 1 1 / 1 P H 1 K 5 1 K / 1 P : Y ? O 5 5 e 2 H G

? / : 1 @
. H ? 5 3 � T 5 I H 8 5 O / P O T j I 2 I M 5 S ? / F T 5 ? : 1 : / I j W < / I I / 1 P H 1 K / 1 G

M : 1 I / I ? 5 1 ? 5 e 2 H ? / : 1 I j 1 ? H 3 K 2 5 ? : 7 H 8 / : 2 I I ? j T 5 I : Y D 8 / ? / 1 P @
� e 2 H ? / : 1 I H 8 5 S H 8 ? : Y ? O 5 8 5 I 5 H 8 M O K : M 2 < 5 1 ? I H 1 K H 8 5 D 8 / ? G

? 5 1 H I M : 1 ? / 1 2 : 2 I ? 5 3 ? W F 2 ? ? : 2 I 5 ? O 5 < 5 � 5 M ? / 7 5 T j ? O 5 5 e 2 H G
? / : 1 1 5 5 K I ? : F 5 I ? 8 2 M ? 2 8 5 K @ B I 5 3 S 8 5 I I 5 K / 1 v § x W / ? M H 1
F 5 I 5 5 1 ? O H ? 5 e 2 H ? / : 1 G K H ? H M T 5 H 1 / 1 P / I H < 2 M O < : 8 5 M : < S T / G
M H ? 5 K H 1 K H 1 5 M 5 I I H 8 j ? H I t @
B 1 5 e 2 H ? / : 1 / I H < H ? O 5 < H ? / M H T 5 3 S 8 5 I I / : 1 D O / M O Y : T T : D I 8 2 T 5 I
: Y < H ? O I @ ` O 5 8 5 Y : 8 5 W D 5 M H 1 I ? 8 2 M ? 2 8 5 H 1 5 e 2 H ? / : 1 2 I / 1 P

8 2 T 5 I : Y P 8 H < < H 8 H 1 K I ? H 1 K H 8 K / © 5 ? O 5 < F j 8 5 S 8 5 I 5 1 ? / 1 P 5 e 2 H G
? / : 1 I H I S 8 5 � 3 : 8 S : I ? � 3 5 3 S 8 5 I I / : 1 ? 8 5 5 I D O / M O / 1 M T 2 K 5 I j < G
F : T I T / t 5 S H 8 5 1 ? O 5 I / I @ ` O 5 I 5 ? 8 5 5 I M H S ? 2 8 5 ? O 5 S 8 5 M 5 K 5 1 M 5
: 8 K 5 8 : Y ? O 5 < H ? O 5 < H ? / M H T : S 5 8 H ? : 8 I H 1 K / < S T / M / ? 5 < F 5 K G
K / 1 P : Y : S 5 8 H ? : 8 I F 5 ? D 5 5 1 ? O 5 7 H 8 / H F T 5 I W D O / M O / I 5 I I 5 1 ? / H T

? : / K 5 1 ? / Y j ? O 5 / 8 I ? 8 2 M ? 2 8 5 @ ` O 5 I 5 ? 8 5 5 I ª 5 3 S 8 5 I I / : 1 I M H 1 ? O 5 1
F 5 H S S 8 : S 8 / H ? 5 T j 8 5 S 8 5 I 5 1 ? 5 K H I H 1 } o . K : M 2 < 5 1 ? 2 I / 1 P H 1
} o . « M O 5 < H : 8 ¬ ` ¬ @
` O 5 8 5 O H I F 5 5 1 M : 1 I / K 5 8 H F T 5 D : 8 t ? O H ? O H I P : 1 5 / 1 ? : H 2 ? : G
< H ? / M ? 5 3 ? I 5 P < 5 1 ? H ? / : 1 : Y S : I ? H T H K K 8 5 I I H 1 K F / F T / : P 8 H S O / M

8 5 Y 5 8 5 1 M 5 I v � x @ ` O / I t / 1 K : Y ? 5 3 ? I 5 P < 5 1 ? H ? / : 1 K : 5 I 1 : ? O 5 T S
/ 1 5 e 2 H ? / : 1 ? : t 5 1 / © H ? / : 1 H I D 5 O H 7 5 1 : S 8 5 I 5 ? / K 5 H H F : 2 ? ? O 5
5 e 2 H ? / : 1 5 3 S 8 5 I I / : 1 @

4.2 Issues in Cleaning Equations� � � � � � � " ® ( 
 " � � ¯ & � � � � " m � 3 ? 8 H M ? / 1 P 5 e 2 H ? / : 1 I D O 5 1
? O 5 j H 8 5 I S 5 M / � 5 K 2 I / 1 P I ? H 1 K H 8 K 5 e 2 H ? / : 1 ? H P I / I 5 H I j ? :

H K K 8 5 I I @ ³ 2 ? D O 5 1 2 I 5 8 G K 5 � 1 5 K ? H P I ª < H M 8 : I I 2 8 Y H M 5 / 1 H 1
5 e 2 H ? / : 1 I W ? O 5 S 8 : M 5 I I / 1 P / I 7 5 8 j M : < S T 5 3 H 1 K H T I : H 1 2 < F 5 8
: Y ? 5 K / : 2 I H 1 K ? / < 5 M : 1 I 2 < / 1 P K 5 ? H / T I 1 5 5 K ? : F 5 ? H M t T 5 K @
� 8 : < ? O 5 8 H D T H ? 5 3 � T 5 I W ? H P I T / t 5 ¶ 5 e 2 H ? / : 1 · W ¶ 5 e 1 H 8 8 H j ·
H 1 K ¶ ¢ ¢ · Y : 8 < H ? O H 7 5 ? : F 5 M O 5 M t 5 K / 1 5 7 5 8 j T / 1 5 : Y ? O 5 � T 5 @
³ 2 ? / 1 M 5 8 ? H / 1 M H I 5 I W ¢ ¢ Y : 8 < H ? / I 2 I 5 K ? : / ? H T / M / © 5 ? 5 3 ? : 8 ? :

¸ 2 I ? D 8 / ? 5 ? O 5 7 H 8 / H F T 5 I @ ` O 5 8 5 Y : 8 5 W 5 e 2 H ? / : 1 I H 8 5 M O 5 M t 5 K
Y : 8 ? O 5 S 8 5 I 5 1 M 5 : Y I : < 5 M : < S H 8 / I : 1 : S 5 8 H ? : 8 I ~ ? O H ? / I W º W

»º W � W � W ¼ W ½ W ¾ W ¿ W À W Á � ? : < H 8 t ? O 5 < H I 5 e 2 H ? / : 1 I @
^ K 5 1 ? / Y j / 1 P 5 e 2 H ? / : 1 I D O / M O O H 7 5 2 I 5 8 G K 5 � 1 5 K ? H P I W 8 5 G

e 2 / 8 5 I I ? H 1 K H 8 K / © H ? / : 1 : Y 5 e 2 H ? / : 1 I @ ^ 1 T H ? 5 3 W M : < < H 1 K I
T / t 5 Ä � 1 5 D M : < < H 1 K Ä W Ä � K 5 Y Ä W Ä � T 5 ? Ä 5 ? M @ H 8 5 2 I 5 K ? : K 5 � 1 5
< H M 8 : I ª 2 I 5 8 G K 5 � 1 5 K ? H P I @ B I H < S T 5 I 5 ? : Y 2 I 5 8 K 5 � 1 / ? / : 1 I
/ I P / 7 5 1 F 5 T : D ~ Y 8 : < S H S 5 8 ¶ w � � � � � � · � m

Å Æ Ç È É Ê Ë Ë Ì Æ Í Î Å Ï Ð Ñ Î Å Ç Æ Í Î Ç Ò Ó Ì Ô Õ Ê Æ Ñ Ñ
Å Æ Ç È É Ê Ë Ë Ì Æ Í Î Å Ï Ð Ð Ñ Î Å Ç Æ Í Î Ç Ò Æ Ì Ö Ö Ì � Ñ Ñ
Å Æ Ç È É Ê Ë Ë Ì Æ Í Î Å Ç � Ñ Î Å Ç � � Õ � Ê Æ Ñ
Å Æ Ç È É Ê Ë Ë Ì Æ Í Î Å � 
 Ñ Î Å � Ì Ë � Í Ì Ñ
Å Æ Ç È É Ê Ë Ë Ì Æ Í Î Å Ï  Ñ Î Å � Ç � Õ Æ Î Ç Ò Ó Ì Ô Õ Ê Æ Ñ Ñ
Å Æ Ç È É Ê Ë Ë Ì Æ Í Î Å Ï  Ð Ñ Î Å � Ç � Õ Æ Î Ç Ò Æ Ì Ö Ö Ì � Ñ Ñ
Å Æ Ç È É Ê Ë Ë Ì Æ Í Î Å Ë Ì Ô Ñ � � � Î Å � Ç � Ô � Å � Ç � Õ Æ Î Ì Ö Ö Ì � Ñ Î � � Ñ � �

Å Ç Æ Í Î Ì Ö Ö Ì � Ñ Å Ö Õ � � Ô � Ñ
Z : 1 I / K 5 8 ? O 5 H F : 7 5 ? j S 5 K 5 Y I H 1 K 1 : ? 5 ? O H ? ? O 5 2 I 5 8 G K 5 � 1 5 K

? H P I � � W � � � W 5 S W � ! W � ! � ¸ 2 I ? 1 5 5 K ? : F 5 I 2 F I ? / ? 2 ? 5 K
D / ? O ? O 5 / 8 K 5 � 1 / ? / : 1 D O 5 8 5 7 5 8 ? O 5 j : M M 2 8 @ ³ 2 ? 1 : ? / M 5 ? O 5

× � < H ? Ä ? H P D O 5 8 5 / 1 W ? O 5 8 5 H 8 5 I : < 5 H 8 P 2 < 5 1 ? I ? O H ? H 8 5 S H I I 5 K
? : ? O 5 < H M 8 : @ ^ 1 I 2 M O M H I 5 I W ? O 5 H 8 P 2 < 5 1 ? I S H I I 5 K I O : 2 T K
F 5 / K 5 1 ? / � 5 K H 1 K 8 5 S T H M 5 K H M M : 8 K / 1 P T j @ Ø Y ? 5 1 W ? O 5 8 5 / I 1 :
I ? H 1 K H 8 K Y : 8 < H ? Y : T T : D 5 K F j ? O 5 H 2 ? O : 8 I @ ` O 5 H 8 P 2 < 5 1 ? I
H 8 5 I : < 5 ? / < 5 I 5 1 M T : I 5 K / 1   W ¡ F 8 H M t 5 ? I H 1 K I : < 5 ? / < 5 I ? O 5 j
H 8 5 1 : ? @ ^ K 5 1 ? / Y j / 1 P ? O 5 S H 8 H < 5 ? 5 8 I Y : 8 ? O 5 I 5 < H M 8 : I / I 1 : ?

? 8 / 7 / H T @ ` : H K K 8 5 I I ? O / I / I I 2 5 W H ? O : 8 : 2 P O M O 5 M t / 1 P : Y O : D
? O 5 M : < < H 1 K Ä T H ? 5 3 Ä ~ / 1 . / 1 2 3 � M : < S / T 5 I ? O 5 I 5 t / 1 K : Y T H ? 5 3

124



� � � � � 	 �  �  � � 	 � � � � �  � � � � � � � � � �  	 � " � � 	  � � �  " � � � � � 	
� � �  � + , � � � � " � � / � 1 � 3 � � � � � �  � �  " � � 	 � , �  � � : � �  	 � �

" � < � > � � @ � � � � � 3 � � � � / � 1 �  " � � � � � � � � �  	 � " � � 	 � 3 " � �
� � � � �  D � 	 � � 	 < 	 � , �  � � " � < � � � �  �  � � �  I � � � " I 1  � � 	 :
	 � 	 < " � � , � � � � � � � � � � 	 " � 	 � � � 	 � " � � � � � � � � � 	 � �  � 3 " � �
	 � , �  � � : " � <  � � �  � I  " � " � " � � , � " � " � � � � � � � D � � " � � �  	 � " � � 	 �
> � �  � � 	  " � " � " �  � � � T U V X Y Z \ ] _ Y X ] b X c b Z � X Y Z \ ] � � � � � � �
f � @ � 	 I � � � , �  � 	 � g � � " � � 	 3 � � � " � � � � � � � � 	 " i j k l k l m n o

, � " � �  � � : � �  	 � � " � <  �
p q �
p � � � r 
 s � p t u v r w � w s r p x � � r 
 s � � p p p � � z { x

� � � s �
p } ~ u �
p � � � r � s � p x � p t u v r w � w s r 
 � r � s � � p p p � � z { x

� � r � p � � x � � s 
 � r � s s �
p } ~ u �
p � � � r " s � p t u v r w � w s r � � p $ z p p p � � z { x

p x v u � p x � � r � s s �
p � u ' x � r x } ) � u � u s
p q �
u { � , p x � � r 
 s p z { . � / � 1 , �

� 3 " � �  " � 	 � � � � � � � " � � 	 + " � � � I � @ � � g � � " � � 	 �  " � � 	  3 � � � � �
� 	 " � �
p ' x 2 z { r x } ~ u v z � { s
p � u t ' � u � r 
 s � p � x 3 v / p ' x 2 z { r u � � u 5 s r w � w s p x � . z � � { � r 
 s

� � p p p � � z { x � � � p x { � r u � � u 5 s p � z 2 � v 1 �
p } ~ u �
p � u t ' � u � r � s � p x � . z � � { p � x 3 v / p ' x 2 z { r u � � u 5 s r w � w s


 � r � s � � p p p � � z { x � � r � p � � x � � s 
 � r � s
p x { � r u � � u 5 s p � z 2 � v 1 �

p } ~ u �
p � u t ' � u � r " s � p � x 3 v / p ' x 2 z { r u � � u 5 s r w � w s � � p $ z p p

p � � z { x p x v u � p x � . z � � { � r � s p x { � r u � � u 5 s p � z 2 � v 1 �
p � u ' x � r x } ) � u � u s
p x { � r x } ~ u v z � { s
u { � , p x � . z � � { � r 
 s p z { . � / � 1 , �

T U V X Y Z \ ] T � � � � ] Y Z � X Y Z \ ] � � � � 	 " � 3 1 � 	 < @ � � � � I � �  + � � 	 :
 " � 	 "  + � D � � � " � �  � 	 � � � " � � � � I � �  , � " � � 	 " � � � g � � " � � 	  � 

" � � 	 � � "  " � D " � , � � �   " � � � " � � � 	 < " � � � g � � " � � 	  � � � � � � 3
" � � " � / � 	  � � � � � " � � " � <  � , � � � �  " � � " , � " � � � � � � 	 � � � � �  :
" � @ � � �  " � 3 � � � " � � � � " � � " � <  �  I � � � " � > � � " � / � 	  � � � � � � � / � �
3 � � � " � �  � �  " � � � � 	 " � / � 	 � � � 	 < + , � � @ � 	 � � 	  � � � � � � D � � � � "
� D � � � 	 �  � � / � � � � � � " � D � � � � " � � 	 � D � � � " � � � � � � � � � � � D � � + � =
�  � � " � � � � 1 � � = � � 3 � " � / � 	 �  	 � " D � �  � 	 " � 	 " � � � �  " + " � �
� g � � " � � 	 �  � � � / � � �  � � � � � 	 � � �    � 	 � �  � � � � � 	 � " � � �

¡ ] ¢ \ � £ � � Y � ¤ � � £ c \ ? � � � � �  � � � � D � � � � 	 " � < � � 3 � � :
" � �  � �  , � � � � 	 � � � D � � " � � � � " � � 	 " � �  �  � �  + " � � � � � � @ �
I � � 	  � � � � 	 � � �  � � 	  � 3 � " � � �  � �  �  � 	 < " � � � � " � � � � � � � 	 �

  � 	 D � "   � > � �  � �  � � 	 " � � 	 � � � 	 � � 	 D � " ¥  � � � " � � ¦ , � � � 	 � "
� @ � � � � I � � � > � �  �  � �  �  � � � � 1 � � 	 " � � 	 " � � �  � � : � �  	 � " � � 	 � 3
� � � � �  " � �  � � / � 	 < � " � � ¨ � � � " " �  " � 	 � � � � � � � � g � � " � � 	  �

© 	 � D �   � I � � , � 1 " � � @ � � � � � � " � � D � � I � � � � 3 � �   � 	 < � � � � � :
� �  	 � " � � 	  �  " � D � � � � � " , � � " " � � 	 � , � � I � �  , � � � � � � � 	 + I 1

� � � � 	 � 	 < 3 � � � " � � � �  " � 3 " � � � � � � � � 	 "  � � � � � @ � � � � � � 	 � " � �
� � �  � � �  � �  + , � � � � � � @ � � 	 � � � D � � " � � � � � � � �  	 � " � � 	  �

ª V £ � Z ¢ X Y � T U V X Y Z \ ] A � � \ B X � � � 3 " � � � � � D � � " � � 	 � 3 " � �
D � � @ � � �  " � � � �  " � D  + � � � � D � � " � � �  " � 3 � g � � " � � 	  � �  I � � 	
� I " � � 	 � � � > � �  � �  " � 3 � g � � " � � 	  � � � � � � � @ � � � D � " � " � � 	  � > � �

� � �  � 	 I � � 	 < " � � " � 	 � g � � " � � 	 � � � � � � � @ � � � � � � � � � � 	 � � � �
" � � 	 � 	 � � � � � � � 	 " � � " �  I � " " � � 	 � " " �  " � � � " � �  � � � D � � � � " � �
� g � � " � � 	  � 	 " � � � � " � I �  � � � b V £ � Z ¢ X Y Z \ ] c � � \ B X � � \ b D
V � � � �  I � � 	 I � � � " , � � � � � � � � @ �  � � D � � � � " � � g � � " � � 	  � > � �
� � � � � � " � / �  �  " � 	 � � � � � � � � � g � � " � � 	 � 	 � � � � � @ �  � 	 1 " � <

" � � " �  �  � � 3 � � < � � D � � � � � � � D � �  � 	 " � " � � 	 � � � � � + � � " � �  D � � �  +
@ � � " � � � �  D � � �  � " � � � � � � " � �  " �  / + � i 	 � � � o : � � � D � � " � � �  " � 3
� � � < � � D � � � � � " � <  D � �  � 	 " � 	 « � " � � � �  I � � 	 � � � D � � � � � 	 � �  :
� 	 < " � �  � �  " " � �  � " � <  � � � � � � � @ � � 3 � � � " � � � g � � " � � 	  � � 3 " � �
� � � 	 <  � + " � � � g � � " � � 	 �  � < � � 	 " � / � 	 � � � � � 	 � " � � " � / � 	  � � �
� � " � � � � � 	 " � �  � � � � � � � � �  " � � 1 � � � � � + , � " � " � � " � / � 	  � 3
� 	 � " � � � � g � � " � � 	 �  � 	  � � � � " , � � g � � " � � 	  F ¯ � 	 � F ° , � � � �
	 � � � " � I � � � � � / � � � 3 " � � 1 � � � " � �  � � � � � 	 � " � ± � � � � g � � :
" � � 	 �  � � D � �  � 	 " � � �  � 	 � � � � � � �  � g � � 	 � � � 3 " � / � 	  + � � � � � � �
I �  � � � 	 " � � � � � � � � � 	 � � + F ¯ ² ³ ´ I ¯ ¯ ´ I ¯ ° ´ I ¯ K µ µ µ ´ I ¯ L M ¶ � 	 �
F ° ² ³ ´ I ° ¯ ´ I ° ° ´ I ° K µ µ µ ´ I ° L N ¶ � � � � � 	 " � � ¹ O O P O �  � � � 	 :

" � � 	 � � � � � � � @ � � 1 " � / � 	 ´ I ¯ K � 	 F ¯ + " � � D �  � " � � 	 R � 3  �  "
� � � � � � � 	 � � � 	 F ° � � 	 " � � � 	 � � � � / � �  � g � � 	 � � � �  	 � " � � � > � �
¹ O O P O �   � " " � T º V R T � � � + � 3 " � � " � / � 	  ´ I ¯ K � 	 � ´ I ° X � � �

" � �  � � � 3 � � º ² R � � � � � + " � / � 	  � " " � �  � � � D �  � " � � 	 � 	 I � " �
� g � � " � � 	  � + " � � 	 " � � ¹ O O P O �  	 � " � 	 � � � � � 	 " � � � » � " � 3 " � � � �
�  � � � ¼ � � � 	 � � � 	 D �  � " � � 	 + " � � � � ¼ � � � 	 � � � 3 º � 	 � R �  � � � � �

" � ¹ O O P O � � " " � � � 	 � � 3 � � � � / � 	 < + � 3 ¹ O O P O �  l + " � � 	 " � � " , �
� g � � " � � 	  � � " � � D � � 3 � � " � 1 � > � � � � 3 � � � � 	 � 1 � 	 � � � D 1 � 3 " � �
� g � � " � � 	 �  � � � 	 " � � 	 � � � � � � � � � � � g � � " � � 	 + � � �  " � 3 � � � � :
� � 	 "  � 	 , � � � � " � �  � g � � " � � 	 � � � � �  + �  � � � 	 " � � 	 � � �

_ Y \ c Z ] ½ T U V X Y Z \ ] ¾ � ± � � � � g � � " � � 	 � � � 	 < , � " � " � � �  :
 � � � � " � � � �  " � 3 � � � � � � 	 "  �   " � � � � � 	 � 1  g � � � " � I �  � � 	

" � � 3 � � � � 3 À ¹ Y º Á Z ¹ Y Â Z À \ º Ã ´ P ] Á P Ä Ã Å Å � » 1  " � � :
� 	 < " � � � � � � � � 	 " � �  " + , � � I " � � 	 " � � � � � � 	 � � � < � � � � � � � � � � 	
, � � � � " � � � g � � " � � 	 � �  � D D � � � � � � 	 @ � � � � �  � � � � � � 	 "  + � 
" � � � � � � � � 	 "  � � @ � " � � � " � <  �

4.3 Experimental Results> � � � � " �  � " � 	 , � � � � " � � � � D � � � � � 	 "  , � � � � � 	 � � � " � � � 
" � � � � � � @ � � " �  � " � > � � � �  � � � D " � � 	 � 3 " � � � � " �  � " �  < � @ � 	 � "
" � � I � < � 	 � 	 < � 3 " � �   � � " � � 	 �

T U V X Y Z \ ] T Æ Y c X ¢ Y Z \ ] � © � " � 3 " � � k n + m m � � � � � � � 	 "  + k n + Ç l k
� � " � � � � � � � � 	 "  , � � � � � � D � � " � � , � " � � � " � 	 1 � �   � 	 < � � � � :
� � 	 � � �   1 	 " � � � � 	 � , � � � � � � � � " � � � " � g � � " � � 	  3 � � � " � � � �

È m � � � � � � � 	 "  , � � � � � � � � 	 � " � � � � � " � " � � � 	 � � � D � � " �  � �
D � � I � � � + � � 	 " � � 	 � � � 	 " � �  � � " � � 	 Ç � k � > � � " � " � � 	 � � I � �
� 3 � g � � " � � 	  � � " � � � " � � 3 � � � " � �  �  � �  � � � � + É j Ç + � n j � > �
� � �  � � � " � � � � � � � � � 1 � 3 � � � � g � � " � � 	 � � " � � � " � � 	 + " , � D � � :
 � 	  , � 	 " " � � � � < � " � � D � 3 @ � �  � � 	  � 3 � 3 � , � � " � �  � �  � 	 �
� � � 	 " � � " � � 	 � � I � � � 3 � g � � " � � 	  � > � � 	 � � I � � � 3 � g � � " � � 	 
" � � " " � � 1 � � @ � � I  � � @ � � �  É È j � > � � � g � � " � � 	 � � " � � � " � � 	
� � � � � � � � " � � " � � É k É � g � � " � � 	  � > � � 	 � � I � � � 3 � g � � " � � 	 
� � " � � � " � � �  � � � � " � � 	 " � � � � " � � � 	 � � I � � � 3 � g � � " � � 	  + I � :
� � �  � " � � � � � � � � � � � 	 " �  �  � 3 � , / � 	 �  � 3 @ � � � � I � �  �  � g � � :

" � � 	  � � 	 " � � � � " � �  � � +  � � � @ � � � � I � �  , � � � � � D � �  � 	 " � � � 
Ì � " � � � � Í K Ì � � 	  � � � � g � � " � � 	  + " � � � � , �  � � � � D � � �  � 	

� D � � � " � � D � �  � 	 " � � " � � � � � � 	 � , � � � " � �  � � � 	 " �  � � �  � g � � :
" � � 	 � � 	  � � i j k l j l m È o + " � � 	 � � I � � � 3 � � " � � � " � � � g � � " � � 	 

125



� � � � � � 	 � �  � � � � � � � � � � � �  � � � � � �
 " # % # ' " ) % ) #
 " # ) # + , + , # + , -
 " # , # ) + " + " +
 " # ' # "  % %  % " '
 " # - # #  % % ) % % )
 " #  # , % ' " / %

� 0 � 2 4 6 7 9 : < 0 > ? A C 9 E > F 0 H > ? A C � H H < F 0 H J

K ? M < F 4 
 7 O H F 4 4 C P Q A > A R 4 : < 0 > ? A C 4 E > F 0 H > ? A C
T O � ?  9 O O J P > 4 X Z

� [ � � [ [ � ] � ^ � ] � ^ � 	 ` � � � b �  � � � � � c � � � � � ^ [ � � � � ] � � [ � e � � b
� ^ � ^ g [ � � ^ � � � � � � � � � � � e ` m � ] � � � � ] � � � � � � p ^ � � c � � � � � ^ [ �
r ] � p � � g t � [ � [ � � � � [ � �  [ � � � e � u � ^ � ^ � � ` � � % �
w < y 2 ? H 0 > 4 9 : < 0 > ? A C � 4 X A � 0 2 ~ � � � � � � �  � � b � � 	 � � t �
 � � � � ^ � � � � � b � � 	 � ] � � � � � �  � � � � � 	 � u � � 	 � � � � � � ^ � ] �  � 	 g
� � � � � � c � � � � � ^ � � [ � � + � '  ) � + -  � � � � � � � � � [ � 	 � � � � b � � � � ^ �

% # # � �  � 	 � ^ � [  ] � [ � ^ � � ^ � � 	 � m � � � � � �  � � � � c � � � � � ^ [ � r ] �
^ � 	 ` � � � b � c � � � � � ^ [ � � � � �  � � � � [ % ) ) # " � � b t ] �  ] � ] � ^ � 	 g
` � � � b � ^ � c � � � c � � � � � ^ [ � � � � �  � � � � [ % % � / ' % � r ] � � � �  � ^ � � e �
� b � c � � � � � ^ [ � � � � � � � ^ e � [ % - �  � � � � � � � b � � 	 � � � ] � [ � 	 � � ^
� ^ � � ] � � [ � 	 � � � � b � �  � 	 � ^ � [ � � b t ] �  ] � ] � ^ � 	 ` � � � b � c � � g

� � � ^ [ � � � � �  � � � � [ % % � + / , � � ] � ^ � 	 ` � � � b � ^ � c � � � c � � � � � ^ [
� � � ^ � � p � � � [ ' � " # " � ^ � � ] � � � � �  � � � ^ � � � � � [ + / � / + � �

5. EQUATION SIMILARITY� [ � � �  ] 	 � � � � � [ ] � � � � e � u � � � � � �  � � � � �   � � � � � � � [ � � � [
t � � ] � � � � [ � ^ � ` � � � � [ � � ^ [ � � � 	 � � � � � ] � ] � � c � � � � � ^ [ � ^ �
� ] � � � � � � � � � � � ^ b � � 	 � � � � ^ � ^ � � �  � � t � ^ � t b � � 	 � � � m � � p ^ �
� ] �  � ^  � � � [ � b [ � 	 � � � � � � m � ^ �  � ^ � � � ^ 	 � ^ � � b � c � � � � � ^ [ �

K ? M < F 4 � 7 O H F 4 4 C P Q A > A R P 4 0 F H Q F 4 P < 2 > T O � ?  9 O O J P �
> 4 X Z

r ] � 	 �  ] � ^ � [ 	 b � � � � � ^ � � b m � ^ e � c � � � � � ^ [ � ] � � � � � � u � � m [ � 	 g
� � � � � � � � � � ^ � � � � m  � ^ � � � ^ � � � � ^ � ^ � c � � � � � ^ b � � 	 [ � ] �  � � �
� b � ] � [ � � �  ] 	 � � � � � � r ] � t � � � � [ [ � 	 � � � � � � � ] � � � b � " � �

t ] � � � � � � [ � 	 ` � � ^  � � � ^ � �  � ^ � � � ^ 	 � ^ � � � b t � ` � �  � 	 � ^ � [
� � � ] � ^ � � � � � � ^ � " � � � �  ] � �  � 	 � ^ � � � [ u � � t � � � [ � [ � �

� b � ^ � c � � � � � � � �   � � � � � � [ � ^ � � � � [ ! � � � � r ] � � � [ � 	 ` � � ^  �
# � b � t � � �  � 	 � ^ � [ � � ^ � & � [  � �  � � � � � � � [ � ] � ^ � 	 ` � �
� b  � 	 	 � ^ [ ] � ^ e � � [ ` � � t � � ^ � ] � � t � � �  � 	 � ^ � [ � � u � � � � ` m
� ] � � � � � � ^ � 	 ` � � � b � ^ � c � � [ ] � ^ e � � [ � r ] �  � ^ � � � ^ 	 � ^ � � b �
� ^ & � [ � � p ^ � � � [ � ] � ^ � 	 ` � � � b  � 	 	 � ^ [ ] � ^ e � � [ � � u � � � �
` m � ] � ^ � 	 ` � � � b [ ] � ^ e � � [ � ^ � �  � 	 � ^ � � �
� ^  � [ � � b � c � � � � � ^ [ � � ] � � � � � � � � £ � � � ^ � � m � � [ � b [ � 	 � � � � g
� � m 	 � � [ � � � [ � � c � � � � � ^ [  � � � � ` �  � 	 � � � � � ` � [ � � � ^ � ] � � �
[ � � �  � � � � � � � ^ � ] � u � � � � ` � � [ ¤  � ^ [ � � ^ � [ � ] � � � � �  � ^ � � � ^ � �
� ^ � ] � � c � � � � � ^ � ¥ � b � � � � � [  � [ [ � ^ e � ] � [ � 	 � � � � � � m 	 � � [ � � � [ �

� ] � ^ � � � � � � ^ � [ � � � ^ � � p ^ � ^ e [ � 	 � � � � � � m � [ � [ b � � � � t [ ~
) * � � ] � � g � ] � c � � � � � ^ � ^ � ] � � � � � ` � [ � � � [ � � � � � [ � ^ � � � � [ �
[ � � � b � � � � ^ [ ¦ § , * - ¨ � � � � � � ^ � [ � � p ^ � � � [ � ] � ` � [ �  � ^ � � � b
� ^ � c � � � � � ^ � r ] � ` � [ �  � ^ � � [ � b � ^ � c � � � � � ^ � � � � � � � � � � � [ �
 � ^ [ � � ^ � [ � ^ � u � � � � ` � � [ � r � � � ^ [  � � � � ` � � [ � ^ e � �  ] � � �  � � �

� � � � � . � ª � � � �  ] � � �  � � � [ � � � ^ e � � � � � « � � 	 ` � � � « 	 � � �
¬  4 C > ? R J ? C M ? P A X A F y Q ? H 4 : < 0 > ? A C P ~ ® � ^ [ � � � � � ] � � c � � g

� � � ^ ~ � ¯ / 1 � 3 � ° / ± � � r ] � [ � c � � � � � ^ ] � [ [ � u � ^ 	 � � � u � � � g
� ^ � [ � � � � � �  ] � ^ e � � ^ � � � � � � ` � � � ] � � c � � � � � ^ � [ [ � � � � � ] �
[ � 	 � � [ � 	 � ^ � �  � � � m � r ] � u � � � � ^ � [ � � � ~ � ° / ± � 3 � ¯ / 1 � �

� 1 / ¯ � 3 � ± / ° � � � ± / ° � 3 � 1 / ¯ � � � 1 / ¯ � 3 � ° / ± � � � ¯ / 1 � 3 � ± / ° � �
� ± / ° � 3 � ¯ / 1 � � ^ � � ° / ± � 3 � 1 / ¯ � � r ] � � � � p � � � � � [ b � � � � � � ] �

� ` � u � � c � � � � � ^ [ � � � � � £ � � � ^ � � r t � � � � � [ � � � [ ] � t ^ � ^ p e g
� � � ) � r ] � ^ � ^ g � � � b ^ � � � [ � � � ^ � 	 ` � � � � � ^ � � ] � � � ^ � 	 ` � � [
[ ] � t ^ � � � ] � � � � � e ] � � ^ � ] � p e � � � �

´ � u � ^ � [ � � � b [ �  ] � c � � � � � ^ [ � � ] � � � � ` � � 	 � [ � � p ^ � � [ � 	 g
� � � � � � c � � � � � ^ [ t ] � ^ � ] � � � � � � [ �  ] � ^ � � �  ] � ^ e � [ � ^ [ � ` � � g
� � � [ [ � � ^ [ � b � ] � � c � � � � � ^ � r ] � [  � ^ ` � [ � � u � � ` m � � � � ^ e g
� ^ e � ] � ^ � � � [ ] � u � ^ e  � 	 	 � � � � � u � � � � � � � � � [ � ^ � ] � � � � p �

126



+ +

*

c

*

db

*

a c

*

d b a

1

2 3

4

5 6

� � � � � 
 � � � � � � 
 � � � � � � � 
 
 � � � � � # � 
 & � ' � � � � �

) + - - / 1 - 3 4 5 6 8 + : < > 4 5 : 1 1 @ B D < + - G 3 - 3 < + - / / 4 6 H 6 J : H @ - L M : ) 4 6 H
4 / + - < + - / - H ) - O : / : H P Q : + @ < + - G 3 ) + - - B V : 5 > H 6 O - 6 J P Q : + @
) + - - 4 / 1 : \ - 1 - O ] 4 ) > ) > - / M \ - 3 < + - / / 4 6 H J 6 + _ - O ] 4 ) > 4 ) / - 1 J : H O
4 ) / 5 > 4 1 O + - H H 6 O - / B c > - 1 - : J H 6 O - / ] 4 1 1 \ - 1 : \ - 1 - O ] 4 ) > ) > -
e : + 4 : \ 1 - f 5 6 H / ) : H ) H : _ - / B D / : _ < 1 - < + - G 3 ) + - - 4 / / > 6 ] H 4 H
G 8 M + - k B c ] 6 5 > 4 1 O H 6 O - / : + - 6 + O - + - O : 5 5 6 + O 4 H 8 ) 6 ) > - 1 - 3 4 Q
5 6 8 + : < > 4 5 : 1 6 + O - + 6 J ) > - 4 + 1 : \ - 1 H : _ - / n 4 B - B p / M \ - 3 < + - / / 4 6 H / q B
r 6 + - 3 : _ < 1 - p 1 - ) M / 5 6 H / 4 O - + ) > - / - 5 6 H O ) + - - 4 H ) > - G 8 M + -
k B c > - 6 + O - + 4 H 8 6 J ) > - ] > 6 1 - ) + - - 4 / : \ 6 ) ) 6 _ Q M < : < < + 6 : 5 > B
v 6 H / 4 O - + ) > - 1 - : J H 6 O - / O p 5 p \ p : B D ) H 6 O - y p 1 - 3 4 5 : 1 1 @ z { | p

) > M / ) > - H 6 O - / : + - 4 H ) - + 5 > : H 8 - O B } 4 _ 4 1 : + 1 @ : ) H 6 O - � p \ : H O
: : + - 4 H ) - + 5 > : H 8 - O B � 6 ] : ) H 6 O - / y : H O � ) > - / M \ - 3 < + - / Q

/ 4 6 H / : + - | � z : H O � � � B c > M / p : ) H 6 O - k p ) > - 5 > 4 1 O H 6 O - /
y : H O � : + - 4 H ) - + 5 > : H 8 - O n 1 - 3 4 5 6 8 + : < > 4 5 : 1 1 @ p � � � � | � z q B

c > - G H : 1 ) + - - 4 / H 6 ] ) + : H / J 6 + _ - O ) 6 ) > - G + / ) ) + - - B D 1 ) > 6 M 8 >
) > - ) ] 6 < + - G 3 ) + - - / : + - O 4 � - + - H ) p ] - 6 \ ) : 4 H - O : M H 4 L M - ) + - -
J 6 + \ 6 ) > / M 5 > 4 / 6 _ 6 + < > 4 5 e : + 4 : H ) / B � 6 ) - ) > : ) ) > 4 / > 6 1 O / J 6 +
5 6 _ _ M ) : ) 4 e - 6 < - + : ) 6 + / 6 H 1 @ B � - � - - < ) > - 6 + O - + : / 4 ) 4 / J 6 +
H 6 H Q 5 6 _ _ M ) : ) 4 e - 6 < - + : ) 6 + / B

5.1 Equation Similarity MeasuresV L M : ) 4 6 H / 4 _ 4 1 : + 4 ) @ _ - : / M + - / J 6 + _ ) > - \ : / 4 / 6 J / - : + 5 > 4 H 8 B
c > - M / - + / M \ _ 4 ) / : L M - + @ - L M : ) 4 6 H � ) 6 G H O 6 M ) : 1 1 ) > - / 4 _ Q
4 1 : + - L M : ) 4 6 H / B � - < - H O 4 H 8 6 H ) > - / 4 _ 4 1 : + 4 ) @ _ - : / M + - M / - O p

) > - + - / M 1 ) / ] 4 1 1 e : + @ B c > - L M - + @ � 4 / 5 6 _ < : + - O ] 4 ) > : 1 1 ) > -
- L M : ) 4 6 H / 4 H ) > - O : ) : \ : / - \ : / - O 6 H ) > - _ - ) + 4 5 5 > 6 / - H B

� � � ' � � � � � � � ' � � � � � � 4 e - H : L M - + @ - L M : ) 4 6 H � : H O : H
- L M : ) 4 6 H � J + 6 _ O : ) : \ : / - p ) > - ) : / � 4 / ) 6 G H O 6 M ) 4 J
\ 6 ) > ) > - - L M : ) 4 6 H / : + - - 3 : 5 ) 1 @ / 4 _ 4 1 : + 6 + H 6 ) B r 6 + Q
_ : 1 1 @ p 1 - ) P � : H O P � \ - ) > - H M _ \ - + 6 J ) 6 � - H / 4 H ) > -
- L M : ) 4 6 H / � : H O � + - / < - 5 ) 4 e - 1 @ B � - ) ) > - / - L M - H 5 - 6 J
) > - ) 6 � - H / \ - + - < + - / - H ) - O : / � � � � � � � � p J 6 + � �

¡ ¢ ¢ ¢ P � p / 4 _ 4 1 : + 1 @ J 6 + � B � - ) P � _ : 3 n P � p P � q B c > -
- 3 : 5 ) / 4 _ 4 1 : + 4 ) @ _ - : / M + - \ - ) ] - - H ) > - - L M : ) 4 6 H / � : H O
� p £ ¤ ¥ � | ¦ n � � � q 4 / O - G H - O : / �

£ ¤ ¥ � | ¦ n � � � q � �
� � ! § " � � � $ � � � "

�
� � ! § " ¨ � � � © % ¨ � � � © " n ¡ q

c > - £ ¤ ¥ � | ¦ 4 / : H M _ \ - + \ - ) ] - - H ª : H O ¡ B £ ¤ ¥ � | ¦ n � � � q �
¡ p ] > - H ) > - - L M : ) 4 6 H / _ : ) 5 > B c > - H M _ - + : ) 6 + 4 / ) > -

5 6 _ < : + 4 / 6 H 6 J ) > - ) 6 � - H / : ) ) > - 5 6 + + - / < 6 H O 4 H 8 < 6 / 4 Q
) 4 6 H / 4 H \ 6 ) > ) > - - L M : ) 4 6 H / B D ) - : 5 > < 6 / 4 ) 4 6 H p 6 H 1 @
6 H - ) 6 � - H 4 / < + - / - H ) p ) > M / ¨ � � � © 4 / : / 4 H 8 1 - _ - _ \ - +
/ - ) B c > - 4 H ) - + / - 5 ) 4 6 H \ - ) ] - - H ¨ � � � © : H O ¨ � � � © 8 4 e - /
& 4 J ) > - @ O 6 H 6 ) _ : ) 5 > p - 1 / - 8 4 e - / ) > - / : _ - - 1 - _ - H ) B

� > - H \ 6 ) > ) > - - L M : ) 4 6 H / _ : ) 5 > p ) > - H M _ - + : ) 6 + : H O
) > - O - H 6 _ 4 H : ) 6 + ] 4 1 1 \ - ) > - / : _ - B c > - O - H 6 _ 4 H : ) 6 +
5 > - 5 � / 4 J \ 6 ) > ) > - - L M : ) 4 6 H / > : e - ) > - / : _ - H M _ \ - + 6 J
) 6 � - H / B ¬ J ) > - @ > : e - ) > - / : _ - ) 6 � - H / p ) > - M H 4 6 H 6 J
\ 6 ) > ) > - - L M : ) 4 6 H / ] 4 1 1 \ - ) > - / : _ - : / ) > - - L M : ) 4 6 H / 
) 6 � - H / - ) B

c > - : \ 6 e - _ - ) + 4 5 4 / / 4 _ 4 1 : + ) 6 ) > : ) 6 J ® + O - + - O } 4 _ 4 1 : + Q
4 ) @ n ® } q _ - : / M + - / \ : / - O 6 H ) > - + : H � 6 J < + - / - H ) : ) 4 6 H 4 H
) > - O 6 5 M _ - H ) / < + 6 < 6 / - O 4 H � ° � B c > - ® } _ - : / M + - 5 : < Q
) M + - / ) > - O - 5 + - : / 4 H 8 / 4 _ 4 1 : + 4 ) @ _ - : / M + - ] 4 ) > + - 1 : ) 4 e -
O 4 � - + - H 5 - 4 H ) > - 6 + O - + 6 J ) ] 6 / - L M - H 5 - / B
D ) @ < 4 5 : 1 / ) + 4 H 8 _ : ) 5 > 4 H 8 ) - 5 > H 4 L M - 4 / / M ± 5 4 - H ) p ] > - + -
- : 5 > - L M : ) 4 6 H 4 / H 6 ] ) + - : ) - O : / : / 4 H 8 1 - / ) + 4 H 8 : H O
5 6 _ < : + - O B ³ M ) 4 ) 4 / + : + - ) > : ) ) ] 6 - L M : ) 4 6 H / : + - ] + 4 ) ) - H
- 3 : 5 ) 1 @ ) > - / : _ - ] : @ : ) e : + 4 6 M / 6 5 5 M + + - H 5 - / 6 J ) > -
- L M : ) 4 6 H / B c > - - L M : ) 4 6 H / ] > - H O 4 / < 1 : @ - O 4 H < O J : + -
) > - / : _ - p \ M ) ) > - 4 + 1 : ) - 3 O - G H 4 ) 4 6 H / ) M + H 6 M ) ) 6 \ -

O 4 � - + - H ) \ - 5 : M / - 6 J 8 + : < > 4 5 Q / < - 5 4 G 5 ) : 8 / B D O O 4 ) 4 6 H : 1
) : 8 / : + - M / - O ) 6 4 _ < + 6 e - e 4 / M : 1 O 4 / < 1 : @ 6 J - L M : ) 4 6 H
1 4 � - ´ e / < : 5 - p ´ : O O ) 6 O 4 / < 1 : @ / < : 5 - - ) 5 B µ 6 + - 6 e - + p : < : + )
J + 6 _ ) > - / - 8 + : < > 4 5 : 1 ) : 8 / p ) ] 6 O 4 � - + - H ) ) : 8 / _ - : H ) > -
/ : _ - / @ _ \ 6 1 1 4 � - ´ 1 - L : H O ´ 1 - n · q B c > - - L M : ) 4 6 H / ) > M /
H - - O ) 6 \ - ) + : H / J 6 + _ - O p \ @ + - _ 6 e 4 H 8 : 1 1 8 + : < > 4 5 : 1 ) : 8 /
: H O / @ H 6 H @ _ 6 M / ) : 8 / B

� ¸ ' � � � ' � � � � � � ' � � � � � ( - ) : H 6 ) > - + ) @ < - 6 J / 4 _ 4 1 : + 4 ) @
] > 4 5 > 4 / 6 J 4 H ) - + - / ) 4 / < : + ) 4 : 1 / 4 _ 4 1 : + 4 ) @ B � - ] 6 M 1 O 1 4 � -
) 6 6 \ ) : 4 H - L M : ) 4 6 H / ] > 4 5 > : + - ¹ + 6 M 8 > 1 @ º / 4 _ 4 1 : + ) 6 ) > -

L M - + @ - L M : ) 4 6 H B ¬ H ) > 4 / _ - : / M + - p ) > - 6 + O - + 4 H ] > 4 5 >
) > - ) 6 � - H / 6 5 5 M + 4 / H 6 1 6 H 8 - + 5 6 H / 4 O - + - O p \ M ) 6 H 1 @ ) > -
5 6 _ _ 6 H - 3 4 / ) - H 5 - 6 J ) 6 � - H / 4 / 5 > - 5 � - O B c > - O - G H 4 ) 4 6 H
6 J ) > - _ - : / M + - 4 / �

£ ) � + ¦ n � � � q � " ¨ � � © $ ¨ � � © "
" ¨ � � © % ¨ � � © " n » q

c > - £ ) � + ¦ e : + 4 - / J + 6 _ ª ) 6 ¡ p : H O 4 / ¡ p ] > - H \ 6 ) > ) > -
- L M : ) 4 6 H / > : e - ) > - / : _ - ) 6 � - H / B

� � � � � 
 � � � � � � � � � � ' � � � � � D < : + ) J + 6 _ ) > - ) 6 � - H Q _ : ) 5 > 4 H 8
e : + 4 : ) 4 6 H / O - / 5 + 4 \ - O - : + 1 4 - + p 4 ) ] 6 M 1 O \ - / - _ : H ) 4 5 : 1 1 @
_ - : H 4 H 8 J M 1 4 J ) > - / 4 _ 4 1 : + 4 ) @ 4 / O - G H - O 6 H ) > - / M \ - 3 Q
< + - / / 4 6 H / 6 J ) > - - L M : ) 4 6 H / B D H - L M : ) 4 6 H � > : / : / - Q
L M - H 5 - 6 J ) 6 � - H / + - < + - / - H ) - O : / � � � � � : H O ) > - 1 - H 8 ) >

6 J ) > - / - L M - H 5 - \ - 4 H 8 P B D / M \ - 3 < + - / / 4 6 H 4 / O - G H - O
: / : / M \ / - L M - H 5 - 6 J ) 6 � - H / 6 J 1 - H 8 ) > ) > + - - 4 H ) > - J 6 + _
6 J � ¦ � 0 ¦ � 0 3 § ¦ � 0 3 ¾ � p J 6 + ¿ � ¡ ) 6 P 4 » B r 6 + - 3 : _ < 1 - p
5 6 H / 4 O - + ) > - - L M : ) 4 6 H � � � 7 | � z p ) > - 5 6 _ < 1 - ) - / - ) 6 J
: 1 1 ) > - / M \ - 3 < + - / / 4 6 H / 4 / ¨ � � � � � � 7 � � 7 | � 7 | � � | � z © B
c > - / - ) 6 J / M \ - 3 < + - / / 4 6 H / 6 J : H - L M : ) 4 6 H � 4 / + - < + - Q

/ - H ) - O : / ; � � B V 3 < + - / / 4 6 H / 4 _ 4 1 : + 4 ) @ 6 J - L M : ) 4 6 H / 4 /
O - G H - O : / �

£ ¤ ¥ ) + n � � � q � " ; � � $ ; � � "
" ; � � % ; � � " n À q

127



� � � � � � � 
 �  � � � � � � � � � � � � � � �  � �   � � �  � � � % & � � � * � 

 &  � . � � � � �  � � 1  �  � 4 6 � � � . � � � � � � � � � � & � � � � � �  � �  <
 � � � � � � �  > @ � � & � � � � & � � � � B � � �  � � 6 � �  � � �  � � � . & � .
�   � � � � . � � � � � � � � � � � & 
  � � & � �  * � � & � � � � �  >

I � J K L J � N O � J P O R L P L N J K L T U W X � Z � � &  � � � � � � � & � � � � 
& � . &  � � � � Z & � � & 
 % �  � b c 	 
 d B � � � � &  e �  � � 6 � .

� � �  � � � � & � � � �  � � i � � � � � � �  � Z & � � & 
 % �  & � �  � �  � � � >
j � �   � � � % & � � � * �  . � 6 � � . &  W

l 	 m � 1 � � � 4 b � � � � � � �
� � �

1 n 4

5.2 An exampleo � � �  � � �  � . � � � � � � � % % � i � � q � � � & � � � �  � � � � � � � � & � � � �
. & � & 
 &  � W

r b u m 1 w 4
� b u � 1 y 4
� b u � � 1 z 4

� b |
} u 	 ~ 1 � 4

� b u 	 1 � 4

� b  � "
|

} m � ~ 1 | � 4

# � i i � � �  � � � � & 
 � Z �  � � � % & � � � * � � � � � �  � � � � � � � �  � % �  > � �
� � � � & 
 % � } B � � � � Z � � *  � � � % & � � � * � � � � � � & � . q � Z � � � � � � * B � � �
� � � � �   � � . � � q  � � � % & � � � * Z & % � �  & � � � & % � � % & � � . >

� � � > 1 w 4 1 y 4 1 z 4 1 � 4 1 � 4 1 | � 4 $ � � � *
� � � � � �

l � � m � � � & z � & z n & y | & | w | } & | � � b u 	
l ) m � � | & � | & w } & | | � & | � � & � y & | } 	 b  " m �

l � � ) � | & z | & � | � | & � � � b u � �
l 	 m � | & } | | | & } | & } � c u � � d

. J � N O 1 � � � � J T L � � R L P L N J K L T U 3 O J � � K O �

� � � � � � & 
 % � } B � � � � � & � � � � � &  & Z & % � � � � � � � � l � � m � �
� � &  � � � i � � � � � � � � � � * � b u 	 B 
 � � & �  � � Z � � * � � � & � � � �
� &  � � �  * � 
 � % b � � � � �  � � � � .  �  � � � � � > # � � � � � & � � � � & � � � �
� b u 	 � &  l � � m � � Z & % � � � � } & � 
 � � & �  � ) B b B � & � . u

� & � � � > � � �  � � �  & � � i � � � � � �  & � � � & %  � � � % & � � � * � � � > � �
� � � � �  � �   � � �  � � � % & � � � * B � � � � � &  � � � �  � B  � � � � � � � � � & � �
� � � � � � � � � �  � �   � � �  1  � 
  � � � � � � � � � � 4 > � � � � � Z & � � & 
 % �
 � � � % & � � � * B � � � � � &  � � � � � � � � & � � � � | � �  �  � � � � � � � � � � � u
� � � � & � �  � �  � � � > � % � &  � � � � � � � & � � � � � � � & % � � % & � � � � � � � � �
& 
 � Z � � � &  � � �  B � �  % � � � � �  � � & � � �  % � e � � & � � & %  � � � �  � . � � � .
&  � � e � �  >

R T K �   T � K J N � L P L N J K L T U W j � �  � � � � � � � � � � � � � � � � & � � � � � 
� �  � �  � � � � . &  & � & 
  � � & � �  * � � & � � � � � > 7 � . � � � � �   � � � % & � <
� � * � � &  � � � B � i � � � � & � � � �  & � � � � � � � . ¡  � � � % & � ¢ i � � � � � �

� � � �  � & � � � � � � � � �  � � � � � 
 � � � � � � � % . � � . �  � � � > 
 � � � � �
� & � �  � � � � � Z & � � & 
 % �  � � � � � % & 
 � %  � � � � � % � & � � � . �  & � �
� � � � & e � � � � � � & � � � � � � > j � � �  � � � i � � � � & � � � �  � � � % . � & � � �
 � � � � � � � & % % * � Z � � � � � � � � � e � � % & 
 � %  . � � � � � & � � � > � � � � � 
� � � � � � � � � �  &   % � � . � � � � � & 
 � Z � � � � & � � � �  B q � Z � � r b u m

&  � � � � � � � * � � � & � � � � B � � � � �  � % � i � � % . 
 � � � � & � � � �  w B y
& � . � >

5.3 Issues
I j � e � � � ¥ � � q �  � � & � � �  & � . � � �  � & � �  �  � � �  & � & � � Z � % *

� &  * � � �  & � � . � � Z & � � & 
 % � � & � �  > j � � Z & � � & 
 % � � & � � 
� & � 
 � ¦ �  � & � * � � � � q B � � � � � � &  � � q % � � � & � & � � � � � � &

i � � . > @ � � �  � � & � � �  & � . � � �  � & � �  B o & � � � � &  � & q 
� � � �  � �  � � � � � � � > ¨ � � � � �  � . � � � � � � i � � � � & � � � � 
r b u m B r 9 � � � b u m l l � m � � > ¨ � � � � � � � � � & � � � � 
� � & � � � �  & � � B 
 � � � � � Z & � � & 
 % � � & � �  . � ª � � > j � � � �
�  & � � � . � � � &  � 
 ¦ � � � . � � � � � � & � * � � 
 � 
 � � % � i � � � �
� � � % . � � %  � � � � � � � � � & � � � � � � � � � � Z & � � & 
 % � � & � �  >

I @ � � � � � & � � � �  � � Z � % Z � � q � � �  % � � � � � � � � � �  B � � � � q � & � � � �
& � . . � ª � � � � � � & � � � � B � � i � % % 
 � . � « � � % � � � � �  � �  � � � � � � �

� �  �  � < 6 � � �  � � < 6 � � �  � �   � � �  > @ � �  � � � �  � � & � � � � 
� � � & � * Z & � � & 
 % �  B � � � �  � � & � � �  � � � � . � � � �  � � � . � �

 � � � � � � � � � . > j � � � � . �  � � � � �  � � 6 � < � � � �  � � �  � � �
�  � � & � � �  � � q � � � & Z � Z & � � & 
 % � � � � 
 � � � � � � � % . � � . �  >

6. EQUATION SEARCHj � � � � & � � � i � e � � .  � �  � & � � � � � � � � �  � � & � & �  � � � & � q � Z � W
| > < > ? @ B C E F H I @ F C H C L N @ O P @ Q S W j � � �  � � i � � % . ¦ �  � q � Z �

� � � � � � �  � � & � � � � . � � 
 �  � �  � � � � � � � � � � � & � � � � > @ � �
� � �  � e � � . � � � � � � � �  B � � � � � � & � � � �  & � � � � � � e � . � � � � � *
� � � � & � � � � � � � � �  & � . � � � � �  � % �  & � � � � . � � � . � � . � <
 � � � . � � q � � � 
 � � � � � & � � � �  > � � � � � �  � � i & � �  � � 6 � .
� � � & % % � � � � � � & � � � �  � � & � � � � � & � � � � � � � � � & � � � % � � & <

� � � � . � � � � q � & Z � � * � B & � � q � % & � % � � � � & % � � e � � � & � � � � � q
�   � « � � � � � � � � 
 � & � � � � � & � � � �  i � � � � � & Z �  � � � % & � % & <

 � %  > j � � � �  � % � � � � � � & 
 � Z � � � & �  % � � &  � i � � % . 
 �
� � � & � � � �  y & � . z > j � � � � . � � % * � � q &   � �  � � � � �  � � & �

� � � & %  � & 
 � �    * � 
 � %  &   � � � & � � . i � � � � � � Z � �  & % � � � <
 � & � �  � � � & � � � � �  & � � � � i � � � � � Z � � � � � & � � � � � � � * & � �
�  � . > j � � Z & � � & 
 % � � & � �  � � � % . � � & � q � 
 � � � � � � � �
� � � Z � �  & % � � �  � & � �  > ® � � � � &  � 
 ¦ � � � . � � � � � � & � * � � � . 

� � 
 � 
 � � % � i � � � �  � � � �  � � � � � � & � � � � & 
 � � � � � � � � � Z � � <
 & % � � �  � & � �  B � � � � � % & 
 � %  & % � � q i � � � � � q � % & �  � � � � � �
% & 
 � %  �  � . � � � �  � �  � � � � � q � % & � � � � �  � � � � �  � 
 ¦ � � � >
. � T O � � J � O ¯ � O J K   ° W � � � � �   � & � � � � � � � � � � � � B � � �
 � � � � � � e � �  � � � � � � �  � & � � � � � � & � � � � & % � � q i � � � � � �
� � � 
 � � � � � � � �  � � � � � � �  � � � � & � � � � & � � � � & � � � � <

� � & � � � . & � .  � � � � . � � & � &  � > j � � � � � �  � & � � � � � � & <
� � � � �  � � �  & � � . i � � � & % % � � � � � � & � � � �   � �  � � � � � � � �

. & � & 
 &  � > j � �  � � � % & � � � * � � &  � � � 
 &  � . � � � � � � � � <
� � � � � * � � � & � � � � � q � � e � � �  � � �  � � � . � � � � Z � � * � � � & <

� � � � � � 1 � � �  � & � � � � � � & � � � � 4 �  � � �  & � � . i � � � > j � �
 � � � % & � � � * � � &  � � � �  . � � � � � � � � . 
 * � � �  � � � & � � � � � �
� � � � � � � � � � � * � � � � & � � � & � � � � . � � e � � > o � � � � �  � & � � �

128



� � � � � 
 � � � � � � � � � � � � � � � � 
 � � � � 
 � � � � �  � " � � � � � $
� � � � $

' ( � � * + - � 	 � / 0 
�  � � � � � � � � � 1 3 ( 5 � - ( 	 � 	 � /


 8 � � * ! # * + 5 : - ( 	 � / < � � * ! # * + 5 : - ( 	 � / � � � � $
1 3 ( 5 � - ( 	 � 	 � / 0 � � * ! # * + 5 : - ( 	 � / ) � � * ! # * + 5 : - ( 	 � /

� � � � " D 
 E � $ � � � � � 
 E � � H � � H � � � � � E $
1 3 ( 5 � - ( 	 � 	 � / 0 � � * ! # * + 5 : - ( 	 � / ) � � * ! # * + 5 : - ( 	 � /

J � � � � � � 8 " � � � � � � M � 8 � � � O � � 
 � � � � � � � � 
 � � 
 E � � " �
� � � � � � � 8 " � � � � � � M 
 � � � � E � � " � � � � � � � 
 � � 
 � � 
 � � � � E
E � � � � 
 E E 
 � 
 H � " 
 � M � � � D � � � � � � � � 
 � � E $ � � � E � � � � � � ]
E � " � E � � � H � � � H � E E 
 � E � � � � � E � E ` a � � � � b 
 � � � E 
 � 
 ]
H � " 
 � M e � H � � � 8 � � � � � � e � � � � E � " � 
 E + ( � � * + ' - � / + $ D � � �

� � � � � � � � 
 � � � � � � � � �  � " � � � � E � � � E � � � � � � � � " � 8
� � O � � E D 
 � � � � � E � � � 8 " � � � � � � 
 � E � E 
 � � � � E � � " � � � � � � ]
� 
 � � ` a � � ' ( � � * + E 
 � 
 H � " 
 � M � � � E � " � 
 E E H 
 � � � � � � 
 j ]
� � � 
 � � � 8 � � � � � � E � " � ' - 3 � ( $ D � � " � 
 � ' ( � � * + $ � � � 8 " � ]
� � � � � M � 8 � � � � � � O � � 
 E � � O � � 
 � � � � � � E 
 � � " � � 
 � � ` k 8 � � "

� � � � 
 � 
 � � � � � E 
 � 
 H � " 
 � M � � � E � " � E 8 � " � H H � � � � � � � � 
 � � E $
� � � " � E � H � E � " � � 
 E  H � M � � 
 � � � E � � � � 
 � � � " � � " � 8 E 
 � 
 ]
H � " 
 � M e � H � � E `

n ` 0 2 3 4 5 7 9 : < 3 = > @ 2 < o a � � � E � " � 
 e � E � � � � � � � 
 � � � E � � �
E � �  H � � � � � � 
 � � $ � � � � b  � � � E E 
 � 
 H � " � � � � � 
 � � E � � � �
� 
 E  H � M � � ` a � � E 
 � 
 H � " 
 � M � � � � � 
 � � � � 
 E � � E E � � 
 � � � �
� � � e �  � 
 � � � " � � 8 � � � H � � � � M  � $ 
 ` � ` $ - r / D � � � � � " � �
� � � � � 
 � � � � E � � � E � � � E � " � � � � " � � E � � � � � � � " � � � � "
� � � $ � � � - n / D � � � � � " � � � � � � � � 
 � � � � E � � � E � � � H � � � H E
� � � � � 
 � � � D 
 � � 
 � 
 � ` t � 
 E � � � � � E � � 8 � b � � � � � � � � 
 � � � 8

� � O � � E u E � " � � � � " � `
k � � � � � � � � � � � � � � � � � � � � e � O 
 � � � 8 E � � " � � D � � H � � �

� � � � 
 � 
 � � � � � � E � " � $ D � 
 � � 
 E � " � � H � � � � � " ` a � � " �
� � � H � � � � � � � � 
 � � E D � 
 � � D � � H � � � � E � � ] � b  " � E E 
 � � � 8
� H � " � � " � � � � � 
 � � ` w � � � 8 � � � � � � � � � E � � � � D � 
 �  H � ]

� � � � � � 
 E x E � � � b  " � E E 
 � � � � � � � 
 � � y $ D � � " � 
 � D � � � � � 
 �
� H H � � �  � E E 
 � H � E � � � b  " � E E 
 � � E 
 � � � � E � �  H � � � � � � 
 � � `
k E � � � b  " � E E 
 � � 
 E � � j � � � � E � � � � b  " � E E 
 � � � � � � � � � ]

� � 
 � E � � �  � " � � � $ � � �  � " � � � " � � � � � �  � " � � � $ 
 ` � ` $
| B ~ $ : D F � � � ` a � 
 E � 
 � � " E E H 
 � � � H M 8 " � � � � � � b ]
 " � E E 
 � � E 
 � 
 H � " 
 � M � � � � D � � � j � � � � � " H 
 � " ` � � " � � �
� � � � � 
 � � 3 0 H B 5 D � $ � � � � " � 
 � � � � � � � � � j � 
 � 
 � � � b ]
 " � E E 
 � � 
 � � � � E � � � 
 � � � $ � � � " � � " � � � b  " � E E 
 � � E ` � � �
� � " � � E D � " � E � " 
 � � � � � � � � b  " � E E 
 � � � � � � 
 � E � � � H � � � e �
� � �  � " � � � $ �  � " � � � " � � � �  � " � � � $ � � � E � � � b  " � E E 
 � � E
� � " � � " � � 3 0 H 	 H B 5 	 5 D � � ` a � � � b  " � E E 
 � � E � 0 H B �� � � ` e 
 � H � � � � � � " � E � " 
 � � 
 � � `

� � � E 
 � � " � � � � � � � � 
 � � o

� 
 � N P Q � 0 ~ R S ~ B ' � - r r /

a � � E � � ] � b  " � E E 
 � � E 
 � � � 
 E � � � � � 
 � � � " � o ~ R S ~ $ ~ B ' `V � � � � � � � ~ R B ' D 
 H H � � � � � � � � E 
 � � " � � � E � � � b  " � E E 
 � � $
� � � � � E � � � H M � � � � � � � � � � � �  � " � � � E � � � �  � " � � � " E � " �

� � � E 
 � � " � � ` a � � E � E � � � b  " � E E 
 � � E � " � � � D � � � � � � �
D 
 � � � H H � � � � � � � " � � � � � 
 � � E 
 � � � � � � � � � � E � ` a � � " � ]
E � H � E � " � � E 8 � H H � D E 
 � E � " � � � � " � � " o

� 
 � N P Q � 0 ~ R S ~ B ' ��
 Y [ �
- + Y S r / 0 ~ R S ~ �

] - ^ � � � � ^ � ` P �
a

b d
] a ^ � � �� � � � a ^ � � �� f P g fh

i [ �
a k i � a k i � ` P �

a � � � � b � 
 �  " � e � � � � � 
 E � � 
 � � " � � E � � � � H � � � � � � 8 � � � E � � � b ]
 " � E E 
 � � ` t � � " � � E 
 � � � � � H � � � � � � � O � E � � � E � � " � � � � " � � 
 � � � `
a � 
 E 
 E � � � � � E � � � � � � E 
 � � � 
 � � 8 E � � " � � 
 E � � � E � � � b  " � E E 
 � �
� � � D � � � � � � E � � � b  " � E E 
 � � 
 E H � " � � � � � " � D 
 H H � � e � " M 8 � D

" � E � H � E � � �  � " � � � � � E � � � b  " � E E 
 � � � 8 E � � H H � " H � � � � � `
k � � � � � " E 
 � 
 H � " 
 � M � � � � � 
 � � � � � � � � � � H � � � � �  H � M � � $ 
 E � �
� E � � � � � � � � �  � � 8 y k   " � b 
 � � � � a " � � � � � � � 
 � � y ` a � � D � " O
� � � � 
 � � r � � � � � " � E E � E � � �  " � � H � � � 8 � � � � � 
 � � � " � � E �  ]
 " � b 
 � � � � H M $ � � E � � � � � � � E 
 � 
 H � " 
 � M � 8 � � � � � O � � E � � � � � 
 �
� 
 E � � � � � E ` a � � � 
 E � � � � � � � � D � � � � D � E � � � E � " � � � � " � E D 
 H H � �

� � � � 
 E E 
 � 
 H � " 
 � M � � � D � � � � � � � D � � � � � � 
 � � E `

7. EQUATION INDEXINGa � � E � � " � � � � � � � 
 � � � E � � � � 
 � � � � 
 � � � �  " � e 
 � � E E � � � 
 � � $
E � � � � � � D � � H � � � � � � 
 � � � � � � � � E � � � E � � " � � � � � � � � � � 
 � � E
E 
 � 
 H � " � � � � � E � � " � � � � � � � 
 � � ` a � 
 E � � 
 e � E � � � � 
 � � � 8 � � �
� � � � � 
 � � � � � � � � E � � � O � E 
 � 
 � 8 � � E 
 � H � � � E � � " � � � � � D � � H �
� � � � � � E � � 8 � � � � � 
 � � E ` J �  " �  � E � � E 
 �  H � 
 � � � b 
 � � � � � � ]
� 
 � � � � � E � � � � � � � � � O � � E  " � E � � � 
 � � � � � � � � � 
 � � ` k � � O � �
� E � � j � � � 
 � � � �  " � e 
 � � E E � � � 
 � � E 
 E � 
 � � � " � � �  � " � � � " $ � � � ]
E � � � � � " e � " 
 � � H � - E 
 � � H � � � � " � � � � " E / `

t � � � O � � � � E � � 
 � � � b $ D � j " E � � � � � 
 � � H H � � � � � 
 � � � � � ]
O � � E � � � � " 
 � � 
 � � H H � � � � � � � � 
 � � E ` a � � � � � � � " � � � � E � �
� " � � � � r r r � E 
 � 
 � � H � � � E E � � � � � " � H � � � b � � O � � E � � � E � � H H
� � � � �  
 � � H H � � � � " � H  � � � � � E ` � � " � � � � � � O � � $ D � � � � � 
 � � � �
H 
 E � � 8 � � � � � 
 � � 
 � E 
 � D � 
 � � � � 
 E � � O � � � � � � " E ` k H � � � D 
 � �
� � � � � � � � 
 � � 
 � D � E � � " � � � � 8 " � � � � � � M � 8 � � � � � O � � 
 � � � � �
� � � � � 
 � � ` a � 
 E 
 � � � b 
 E � � � H � � � � E � � � � � 
 � e � " � � � 
 � � � b � E � �

 � � � b � " � � " 
 � e � H ` � � e 
 � � � � 
 H � � � 
 E 
 � � � b $ D � � � D � � � 
 8 M � � �
E � � " � � � � � � � 
 � � � E � � E � � � � � � 
 E 
 � � � b `

� � " � � � � � � � � � 
 � � $ D � � � � � 
 � � � � H 
 E � � 8 � � O � � E � � � � � � � � "

 � � � � � � � � � 
 � � `

t � � � � � � O � � � � E � � E � � " � � � � � � 
 � � � � 
 � E � � � 
 � � � $ � � � � E � "
� 
 � � � " � 
 e � E � � � � � � � 
 � � - � � � � � O � � E �   � � " 
 � � 
 � � � � � � � � ]
� 
 � � � " � � � O � � � E � � � E � � � 8 E � � " � � � � O � � E / � " � 8 � D � � O � � E
� E � � � 
 �  � � � � � " M � � � � � � � � 
 � � E � � � � � " � E 
 � 
 H � " � � E � � � �

� � � � � O � � E � " � � � � � � � � � 
 � � � `
� � " 
 �  " � e 
 � � � � �  � " 8 � " � � � � � � 8 � � � � � O � � � � E � � E � � " � �

- E � � � 
 � � � / $ D � � E � � � � � � O � � ] � � E � � 
 � � � b ` J � � � � � E � " � 
 e � E
� � � � " M $ 
 ` � ` � � � � � � � 
 � � $ D � � b � " � � � � � � � � O � � E 8 " � � 
 �
� H � � � D 
 � � � � � � � � � � " � 8 � 
 � � E � � � M �   � � " ` a � � � 8 � " � � � �

� � O � � $ D � � � � � 
 � � � � H 
 E � � 8 � � � � � 
 � � 
 � E 
 � D � 
 � � � � 
 E � � O � �
� � � � " E � � � � � � � 
 � 
 � � � � � 8 " � � � � � � M � 8 � � � � � O � � 
 � � � � E �
� � � � � 
 � � E 
 E � � � � ] E � �   " � � � � � " � $ � � � � � �  � � � � � � E 
 � 
 H � " ]

129



� � � � � 
 � � � � 
 � � � � � 
 � � � � � � � � � � 
 � " � � % & � � ( 
 � � � � � 
 � * � -
. � � � � / % � � % 1 � � 3 � � ( � � * � � % � 7 1 � � � % 1 � � � � � � � % " � � � � � � � � � �
� � 
 � * � � � � � ( � � � � � 3 � � � � � % & � � B ( 
 � � � � � � � � -

7.1 Experimental results
F � � 
 " � � � � � � � � � � � � � 
 � � * % � � 
 � � � � � � � � � / % � � 
 � * � % /

� 
 � " � � % & � � B ( 
 � � � � � 
 � * � 1 � � � � � � � � � � � B ( 
 � � � � � 
 � * � � � * � B
� � O � � - F � � 
 " � * � % � � � 
 / � 1 � O � 
 � � % � � � 
 � � % � � � 1 � � � " 
 � � B
� � 3 � � � ( � � % / � % & � � � � � � 
 * � � O � 
 � � % � - F � 3 
 " � � � � � � � O � 
 B

� � % � � 
 � � � � � � � % ( % � � � � � � � 
 � * � � � * � � � O � � � - F � / % � � �
� � 
 � � � � � � � � � B ( 
 � � � � � 
 � * � � � W � � � � � � % � � B � � � / % � � � � � � � 
 � " �
� � * � � � O � � - X � � � � � � % ( � * 
 � � � 7 � � � � � � � � � � B ( 
 � � � � � * � � � O � � 7
1 � 
 � � " � � � % & � � � % * * � � � � � � � � O � 
 � � % � � 7 1 � � � � � � � " � % � � �
� � % � � � O � 
 � � % � � � � 
 � � 
 " � 
 � � � 
 � � % � � % / � � � � � � % & � � � - X � � �
� � � � * � � � � � � � 
 � * � � � 
 * � � � � � � � � 
 � * � � 3 � � � � � 
 � * � � � � / % � B
� 
 � * � - X � � � � � � � � � 
 � � 3 � " � � � � � � � W 3 � � � ^ -

. � � � � � � ( � � � � � � � � % � � 
 � * � � � 3 � � * � � � O � � 7 1 � % ( � � � " � �
� � 
 � � � � � � 
 � * � 1 
 � � 
 & � � 3 
 " � � � � % � 3 � � � � - c % � � % / � � �
� � � � 1 
 � � � � � � d � � � � % ( � 
 � � � � 3 � � � � � ( � � � � � � � � % � � - F � � 
 � �


 � � � 3 � � � % � � W * 
 � � % � � % � � � � � 
 � * � � � * � � � O � � ( � � � % � � � 3 
 � �
� � � � � ( � � � � � � � � % � � % / 
 � � O � 
 � � % � - X � � � � 
 � � 
 � � � � � � � 
 � * �
� � * � / 
 � � � � � � 
 � � � � � 
 � " � � � ( � � � � � � � � % � � 
 � * � � � 3 - X � �
3 � 
 � � � � W 3 � � � f � � � � * � � � � � � 
 � �

g h j k m n � o p q r s t m h v q w � n x y n n w x z n w t h � n t w { h w { n |
� t v n { � q 
 n w ~ n t m � z

X � � � � � � � 
 & � � ( � " 
 � � % � � � O � 
 � � % � � � � � � � 3 � � � � " 
 � � � � 3 � 
 �
� � W 3 � � � ^ 
 � � f � ( � * 
 � � � % / " 
 � � % � � / 
 * � % � � - X � � � O � 
 � � % � �
1 � � � � � � % � � � � 
 � � % / � � � � � � � � � � d � � � � � � � � � ( � � % / � % & � � �
� 
 � 3 � � 3 / � % � ^ � % � ^ � - c % � � % " � � 7 � � � " � � � � � � � � � % � � � �
% � � � � � % 
 � % � � � � � � � � � � � � � � % % � � � � � � % * � � � � � -

8. CONCLUSIONS
� O � 
 � � % � � 
 � � * � � � � * 
 � � 
 � � � � 
 � � * 
 � � � � � � � � � % � � � � 
 � � 
 �

/ % � � � 
 � � % � � % � � � � � " � � % � � � � � % / � * � � � * � 
 � � � 
 & � 1 
 �
/ % � � � � � � 
 � � � � � % � � % � � * � � % � % 3 � - � � � � 
 � * � � � � � � � * � � � * � 
 � �
� 
 � � � � 
 � � * � � � � � � % � � � � � � � 
 � � 7 * % � � � � � * 
 � � 
 � � * % � � � 
 � �
� O � 
 � � % � � % � 
 � 
 � � % � 
 � ( 
 � � � -

. � � � � � � 
 � � � 7 1 � � � " � � % � 
 / � 
 � � 1 % � & / % � � � � � 
 * � � � 3 7
* � � 
 � � � 3 7 � � 
 � � 
 � � � d � � 3 7 � % 
 � � � 3 
 � � � � % * � � � � � 3 
 � � � % / � O � 
 B

� � % � � / � % � � 
 � � � � 
 � � � � - X � � � � � 
 � % � B � � � " � 
 � � 
 � & 1 � � * � � � B

g h j k m n � o p q r s t m h v q w � n x y n n w x z n w t h � n t w { h w { n |
� t v n { � s n m t w { � s n m t x q m v n t m � z

O � � � � � * � � * � 
 � � % � � � � % � � � % � 
 * � % / � � � 
 ( % " � � 
 � & � � � � � % * � � � B
� � 3 � O � 
 � � % � � - � � � � � � � / % � � � 
 � * � � � 3 
 � � ( � % 1 � � � 3 � O � 
 B
� � % � � � 
 � ( � � � ( � � � � - � % � � % / � � � � � � � � � � 
 * & � � � 
 � � � � � � � � B
* 
 � � % � � O � 
 � � % � � � � % " 
 � 
 � � � O � 
 � � % � � � � � � 
 � � � � � � 
 � � � � � -
X � � � � � � � % � % / � * % � � / % � / � � � � � 1 % � & � � � � � � � % / � � � � � � � 3

� O � 
 � � % � � 7 
 � � � % � � � 
 � � � / � d d � � � 
 � * � / % � � O � 
 � � % � � 
 � � W � � �

 � � % � 
 � � % � % / � O � 
 � � % � � � � � � 3 � 
 * � � � � � � 
 � � � � 3 � � * � � � O � � � -

9. REFERENCES
� � � � � � % � & 
 � 7 � � � � � � � & � 7 
 � � � � 
 � 
 1 
 3 � 7 � � � � � � � " $

% ' ( � ' * � � � " � * � - � ' 1 � " * � � % � 7 � $ � � 7 ' ; 7 ' $ � 7 ; % 7 � . � c � �
� % � / � � � � * � 7 � � � � -

� � � � � � � � � > � � % � � � 7 � � � " � � � � � 
 � � � 
 � 7 c 
 � & �
c 
 � 
 � � � 7 
 � � � � % � � � � > 1 � � 3 7 @ A * � � $ � " $ $ D � % � ' 7 " * ( � -

� E ' F ' H 7 f � � . � � � � � 
 � � % � 
 � F % � � � F � � � F � (
� % � / � � � � * � % � F F F 7 � � � � -

�   � � � � � � 
 � � � 
 � � 
 � 
 � � c 
 � * � 
 � 
 � % 7 I * ; ' 1 " * (
� � � E ' � � � " $ % F " � E % ' � 7 $ E - � 7 7 c 
 � � c � . � � � � � 
 � � % � 
 �

� % � / � � � � * � 7 � � � � -

� ¡ � � O � � ( 7 � � � � � � � 1 1 1 - � O � � ( - * % � -

� ^ � P � 
 1 � � ¢ 
 � 
 � � c � * � � � � � � � 
 � ( � � 7 Q � � � � " * " * ( T
$ � * $ ' U � % � * ; � ' $ E * " V � ' % 7 c % � 3 
 � ¢ 
 � / � 
 � � 7 � � � � -

� f � � � � � ( 
 � � 7 Q ' � D " * ( F " � E ; " 7 � A ; � � � 7 � � � � � � � ( � � 7 � � � f � -

� � � . c 
 � � 
 � � c X c 
 � ( � � � 7 � ; [ � * $ ' % " * � � � � � � � " $ � ' 1 �
% � � � � 7 " ^ � � " � * 7 c . X ¥ � � � � 7 � � � � -

� ¦ � � � � � � � � � � c � * � � � 7 ` 7 ; ' 7 ' ; % " � " D � 7 " � A � ' � % � 7 ' % � � c " * (
" * � � � $ $ � � * � � E ' 7 � * c � - ; � $ � � ' * � % 7 . � / % � � 
 � � % �

¥ � % * � � � � � 3 
 � � c 
 � 
 3 � � � � � 7 � � � � -

� � � � c . � � � 7 � � � � � � � * � � - � � � � - � � � � � � � � � � � -

� � � � P 
 � % � X � % � 3 � � F 
 � 3 7 � 
 � d � % � 3 > � 
 � 3 7 � 
 � � § % %
P � % � 3 7 
 � � � � � � � � � � 
 � � 
 7 � % A % � ' � - � 7 � U U 7 � 1 " � � � '

� 7 ' ' � � � $ E " * ( 7 . � � � X � 
 � � 
 * � � % � � % � � � % 1 � � � 3 � 
 � �
� 
 � 
 � � 3 � � � � � � � 3 7 � % � f - � % - ¡ 7 � � 3 � � � 7 � � � ¡ -

130


