
                          Lawry, J. (2000). An Alternative Interpretation of Linguistic Variables and
Computing with Words. In IPMU 2000.

Link to publication record in Explore Bristol Research
PDF-document

University of Bristol - Explore Bristol Research
General rights

This document is made available in accordance with publisher policies. Please cite only the published
version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/pure/about/ebr-terms.html

Take down policy

Explore Bristol Research is a digital archive and the intention is that deposited content should not be
removed. However, if you believe that this version of the work breaches copyright law please contact
open-access@bristol.ac.uk and include the following information in your message:

• Your contact details
• Bibliographic details for the item, including a URL
• An outline of the nature of the complaint

On receipt of your message the Open Access Team will immediately investigate your claim, make an
initial judgement of the validity of the claim and, where appropriate, withdraw the item in question
from public view.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Explore Bristol Research

https://core.ac.uk/display/29026898?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://research-information.bristol.ac.uk/en/publications/an-alternative-interpretation-of-linguistic-variables-and-computing-with-words(9980f0ab-f683-4182-afbb-ff035fa4fd4d).html
http://research-information.bristol.ac.uk/en/publications/an-alternative-interpretation-of-linguistic-variables-and-computing-with-words(9980f0ab-f683-4182-afbb-ff035fa4fd4d).html


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

$ % & % ' " � ( ) *+ , ) � " � - , � � � . / � 0 1 � , , " 1 � 0 2 � � � , - � � 1 3 4 *5 � 1 6 , " 4 1 � # � . 7 " 1 4 � � 8 * 7 " 1 4 � � 8 7 9 : ; < = *5 � 1 � , > ? 1 � 0 > � -@ % 8 � ! " # A B " 1 4 � � 8 % � 3 % ( C
D E F G H I J G K L M N O P Q R M N P S T Q P U Q V R W V X O S M Y Z S [ P S \T N R S N ] O Q [ S [ S M P R V ^ Z \ Q ^ ] N [ Q ^ V M T V P S M Y _ V ^ Q O[ Q _ N M P S \ [ ` a U S [ P U Q V R W S [ P U Q M N b b O S Q ^ P V\ V _ b Z P S M Y c S P U c V R ^ [ c U Q R Q ] W N \ N O \ Z O Z [ S [S M P R V ^ Z \ Q ^ X V R S M X Q R Q M \ Q X R V _ O S M Y Z S [ P S \ X N \ P [ N M ^R Z O Q [ `
d e f g h H i F K j V _ b Z P S M Y c S P U c V R ^ [ k O S M Y Z S [ P S \T N R S N ] O Q k O S M Y Z S [ P S \ [ W O O V Y S [ _ k O S M Y Z S [ P S \ X N \ P kO S M Y Z S [ P S \ R Z O Q

l m n o p q r s t u p v r o< � , ( 4 , � . . ( w w # 4 , � 4 1 4 3 8 , � " 8 # 3 , � � " � 8 � � 3 � - ) ( � 1 � 0! 1 � � ! � " > 4 � 4 � � , # ) " � 6 1 > , � - , � � 4 � . - � > , 8 8 1 � 0 � � ,6 � 0 ( , � , 4 4 ( � > , " 8 # 1 � 0 - � 4 � � � � ( " � 8 8 � � 0 ( � 0 , � , " - 4 %< � , 1 " 1 � � " � > ( 3 � 1 � � 4 � � ( 8 > � � � * � � ! , 6 , " * " , 4 ( 8 � 1 �8 � " 0 , x 4 3 � 8 , 1 � 3 " , � 4 , 4 1 � 3 � - ) ( � � � 1 � � � 8 3 � - ) 8 , y 1 � # %5 � . � " � ( � � � , 8 # 4 ( 3 � 1 � 3 " , � 4 , 4 > � 4 , , - � � " , 4 ( 8 � . " � -� � , ( 4 , � . � � , , y � , � 4 1 � � ) " 1 � 3 1 ) 8 , 1 � 3 � - ) ( � 1 � 0 ! 1 � �! � " > 4 z ; { | % & � � � , 4 , } ( , 8 ! , 4 � � 8 8 1 � � " � > ( 3 , � �� 8 � , " � � � 1 6 , � ) ) " � � 3 � � � 3 � - ) ( � 1 � 0 ! 1 � � ! � " > 4 B � 4 , >� � - � 4 4 � 4 4 1 0 � - , � � � � , � " # z ~ | � � � � � 6 � 1 > 43 � - ) 8 , y 1 � # ) " � B 8 , - 4 � . � � , � B � 6 , � # ) , % < � , � � , � " #1 4 B � 4 , > � � � � , ( 4 , � . � " , 4 � " 1 3 � , > � � � 1 � � � . 8 1 � 0 ( 1 4 � 1 36 � " 1 � B 8 , � � 0 , � � , " ! 1 � � 1 > , � 4 � � C , � . " � - � � , - � 4 4� 4 4 1 0 � - , � � � � , � " # � . � � , ) " � B � B 1 8 1 � # � . . ( w w # , 6 , � � 4z � | % < � ) " � 3 , , > * � � ! , 6 , " * 1 � 1 4 . 1 " 4 � � , 3 , 4 4 � " # � � 0 1 6 ,� B " 1 , . 1 � � " � > ( 3 � 1 � � � � - � 4 4 � 4 4 1 0 � - , � � � � , � " # %
� � � � v u � � � � � � � v � o � � o p � � � r q �$ - � 4 4 � 4 4 1 0 � - , � � . � " � . ( w w # 3 � � 3 , ) � * 1 � � " � > ( 3 , >B # 7 � 8 > ! 1 � z ~ | * 3 � � B , 1 � � , " ) " , � , > � 4 � � , ) " � B � B 1 8 1 � #> 1 4 � " 1 B ( � 1 � � � 6 , " ) � 4 4 1 B 8 , > , . 1 � 1 � 1 � � 4 � . � � , 3 � � 3 , ) � %< � , 4 , 6 � " # 1 � 0 > , . 1 � 1 � 1 � � 4 - 1 0 � � B , ) " � 6 1 > , > B # �) � ) ( 8 � � 1 � � � . 6 � � , " 4 ! � , " , , � 3 � 1 4 � 4 C , > � � 0 1 6 , � 1 4� " � , " 3 " 1 4 ) > , . 1 � 1 � 1 � � � . � � , 3 � � 3 , ) � %
� � � v o v p v r o � m l � � � � � � � � v � o � � o p � , �

f
� B , � . ( w w # 4 ( B 4 , � � . � . 1 � 1 � , ( � 1 6 , " 4 ,

Ω
4 ( 3 �� � � � � � , " � � 0 , � . � � , - , - B , " 4 � 1 ) . ( � 3 � 1 � � � .

f
� *

χ f
*1 4

y yn1 , ,�{� } ! � , " ,
y yi i> >+1 0

% < � , � � � , - � 4 4� 4 4 1 0 � - , � � � .
f

� * > , � � � , >
m f

* 1 4 � ) " � B � B 1 8 1 � #
> 1 4 � " 1 B ( � 1 � � � �

2Ω 4 � � 1 4 . # 1 � 0
m f F y yi i i( ) = − +1

! � , " ,

F x x yi i= ∈ ( ) ≥{ }Ω χ f
. � "

i n= 1, ,� %
Fi i

n{ } =1

� " ,
" , . , " " , > � � � 4 � � , . � 3 � 8 , 8 , - , � � 4 � 4 , � 4 � � .

m f
%

< � , � � � 1 � � � . - � 4 4 � 4 4 1 0 � - , � � 4 ( 0 0 , 4 � 4 � - , � � 4 � .3 � � > 1 � 1 � � 1 � 0 � 6 � " 1 � B 8 , " , 8 � � 1 6 , � � � . ( w w # 3 � � 4 � " � 1 � � %< � � � 1 4 0 1 6 , � � 6 � " 1 � B 8 , � � � > � � , 3 � � 4 � " � 1 � � � 1 4 �! , 3 � � > , � , " - 1 � , � 3 � � > 1 � 1 � � � 8 ) " � B � B 1 8 1 � #> 1 4 � " 1 B ( � 1 � � � � � " , . , " " , > � � � 4 � � , � � � � � �   � ¡ ¢ £ ¤ ¥ � ££ ¤ � �   ¤ ¦ ¢ � ¤ § ¨ § � � � > , � � � , >
lp f

� z ~ | * z � | % < � , 8 , � 4 �) " , @ ( > 1 3 , > > 1 4 � " 1 B ( � 1 � � 1 4 � 4 ) , 3 1 � 8 3 � 4 , � . � � ,) 1 0 � 1 4 � 1 3 ) " � B � B 1 8 1 � # > 1 4 � " 1 B ( � 1 � � 1 � 9 - , � 4< " � � 4 . , " � B 8 , 7 , 8 1 , . 2 � > , 8 z ; ; | %
� � � v o v p v r o � m � � © � � � p ª q � « t s v u � s � v � p q v ¬ t p v r o �­ � "

f
� . ( w w # 4 ( B 4 , � � . � . 1 � 1 � , ( � 1 6 , " 4 ,

Ω
4 ( 3 � � � � �

f
1 4 � � " - � 8 1 4 , > � � , � � � , 8 , � 4 � ) " , @ ( > 1 3 , >> 1 4 � " 1 B ( � 1 � � � . � 1 4 � ) " � B � B 1 8 1 � # > 1 4 � " 1 B ( � 1 � � � �

Ω
0 1 6 , � B #

∀ ∈ ( ) =
( )

∈
∑x lp x

F

Ff
f i

iF x Fi i

Ω 
:

m

! � , " ,
m f

1 4 � � , - � 4 4 � 4 4 1 0 � - , � � � .
f

® � � >
Fi i{̄ } 1 4

� � , 3 � " " , 4 ) � � > 1 � 0 4 , � � . . � 3 � 8 , 8 , - , � � 4 %
< � , � � � 1 � � � . 8 , � 4 � ) " , @ ( > 1 3 , > > 1 4 � " 1 B ( � 1 � � ) " � 6 1 > , 4 �- , 3 � � � 1 4 - B # ! � 1 3 � ! , 3 � � * 1 � � 4 , � 4 , * 3 � � 6 , " � �. ( w w # 4 , � 1 � � � � ) " � B � B 1 8 1 � # > 1 4 � " 1 B ( � 1 � � % < � � � 1 4 * 1 �� � , � B 4 , � 3 , � . � � # ) " 1 � " C � � ! 8 , > 0 , * ! , - 1 0 � � * � �B , 1 � 0 � � 8 >

f
® * � � � ( " � 8 8 # 1 � . , " � � , > 1 4 � " 1 B ( � 1 � �

lp f

% & . *� � ! , 6 , " * . ( w w # 4 , � 4 � " , � � 4 , " 6 , � 4 > , 4 3 " 1 ) � 1 � � 4 � .) " � B � B 1 8 1 � # > 1 4 � " 1 B ( � 1 � � 4 � � , 3 � � 6 , " 4 , - ( 4 � � 8 4 � � � 8 > %& � � � � , " ! � " > 4 * 0 1 6 , � � ) " � B � B 1 8 1 � # > 1 4 � " 1 B ( � 1 � � ! ," , } ( 1 " , 1 � � � � � 8 > � � � � � � , " , 1 4 � ( � 1 } ( , . ( w w # 4 , �3 � � > 1 � 1 � � 1 � 0 � � ! � 1 3 � # 1 , 8 > 4 � � 1 4 > 1 4 � " 1 B ( � 1 � � %
� � � r q � � � m ° , �

Pr
B , � ) " � B � B 1 8 1 � # > 1 4 � " 1 B ( � 1 � � � � � . 1 � 1 � ,( � 1 6 , " 4 ,
Ω

� � C 1 � 0 � 4 � " � � 0 , � . 6 � 8 ( , 4
p pn1 , ,±{ }! � , " ,

0 11≤ < ≤+p pi i

� � >
pi

i

n

=
∑ =

1

1
% < � , �

Pr
1 4 � � ,



8 , � 4 � ) " , @ ( > 1 3 , > > 1 4 � " 1 B ( � 1 � � � . � . ( w w # 4 , �
f

² 1 . � � >� � 8 # 1 .
f

� � 4 - � 4 4 � 4 4 1 0 � - , � � 0 1 6 , � B #
m f i i iF y y( ) = − +1

. � "
i n= 1, ,³ ! � , " ,

F x x pi i= ∈ ( ) ≥{ }Ω Pr
� � >

y F p F F pi i i j j
j i

n

j= + −( )+
= +
∑ 1

1ª q r r � � 4 , , z ´ | �µ ( " 1 � ( 4 8 # � � 1 4 � " � � 4 . � " - � � 1 � � 1 4 1 > , � � 1 3 � 8 � � � � ,B 1 @ , 3 � 1 6 , � " � � 4 . � " - � � 1 � � - , � � � > ) " � ) � 4 , > B # + ( B � 1 4� � > ¶ " � > , z · | � 8 � � � ( 0 � � � , - � � 1 6 � � 1 � � � , " , 1 44 � - , ! � � � > 1 . . , " , � � %
° � � � � � � � � v � o � � o p � � � r q � r � © v o � t v � p v u¸ � q v � ¬ ¹ � �< � , 3 � � 3 , ) � � . � 8 1 � 0 ( 1 4 � 1 3 6 � " 1 � B 8 , ! � 4 . 1 " 4 �1 � � " � > ( 3 , > B # º � > , � � 4 , , z ; ~ | � � 4 � - � > , 8 � . � � !! � " > 4 � " 8 � B , 8 4 3 � � " , ) " , 4 , � � 6 � 0 ( , 3 � � 3 , ) � 4 1 �� � � ( " � 8 8 � � 0 ( � 0 , % 2 � " , . � " - � 8 8 # »
� � � v o v p v r o ° m l � © v o � t v � p v u ¸ � q v � ¬ ¹ � �$ 8 1 � 0 ( 1 4 � 1 3 6 � " 1 � B 8 , 1 4 � } ( � > " ( ) 8 ,

L T L M, , ,( ) Ω 11 � ! � 1 3 �
L

1 4 � � , � � - , � . � � , 6 � " 1 � B 8 , *
T L( ) 1 4 �. 1 � 1 � , � , " - 4 , � � . 8 � B , 8 4 � " ! � " > 4 � 1 % , % � � , 8 1 � 0 ( 1 4 � 1 36 � 8 ( , 4 � *

Ω
1 4 � ( � 1 6 , " 4 , � . > 1 4 3 � ( " 4 , � � > ¼ 1 4 �4 , - � � � 1 3 " ( 8 , %

< � , 4 , - � � � 1 3 " ( 8 , ¼ � � , � 1 4 > , . 1 � , > � 4 � . ( � 3 � 1 � �� � � � � 4 4 � 3 1 � � , 4 � � � " - � 8 1 4 , > . ( w w # 4 ( B 4 , � � .
Ω

! 1 � �, � 3 � ! � " > 1 �
T L( ) % & � � � � , " ! � " > 4 � � , . ( w w # 4 , �¼ ½ ¾ ¿ 3 � � B , 6 1 , ! , > � 4 , � 3 � > 1 � 0 � � , - , � � 1 � 0 � . ¾4 � � � � � . � "

x ∈ Ω
� � , - , - B , " 4 � 1 ) 6 � 8 ( ,

χM w x( )( )} ( � � � 1 . 1 , 4 � � , 4 ( 1 � � B 1 8 1 � # � " � ) ) 8 1 3 � B 1 8 1 � # � . � � , ! � " >¾ � 4 � 8 � B , 8 . � " � � , 6 � 8 ( , À % Á , 3 � � " , 0 � " > � � ,4 , - � � � 1 3 . ( � 3 � 1 � � ¼ � 4 B , 1 � 0 > , � , " - 1 � , > B # � 0 " � ( )6 � � 1 � 0 - � > , 8 � 4 , , z ~ | * z : | � � > z Â | � � 3 " � 4 4 �) � ) ( 8 � � 1 � � � . 6 � � , " 4 � 4 . � 8 8 � ! 4 % / � 3 � 6 � � , " 1 4 � 4 C , >� � ) " � 6 1 > , � � , 4 ( B 4 , � � . ! � " > 4 . " � - � � , . 1 � 1 � , 4 , �
T L( ) ! � 1 3 � � " , � ) ) " � ) " 1 � � , � 4 8 � B , 8 4 . � " � � , 6 � 8 ( , À %< � , - , - B , " 4 � 1 ) 6 � 8 ( ,

χM w x( )( ) 1 4 � � , � � � C , � � � B ,
� � , ) " � ) � " � 1 � � � . 6 � � , " 4 ! � � 1 � 3 8 ( > , ¾ 1 � � � , 1 " 4 , � � .8 � B , 8 4 %

Ã Ä � � Å ¹ � ° m �µ � � 4 1 > , " � � , 4 , � � . ! � " > 4 Æ � Ç � � � ½ � ¿ * Ç � £ ¤ ¢ Ç ½ Ç ¿ *� �   È � ½ � ¿ É � 4 8 � B , 8 4 � . � 8 1 � 0 ( 1 4 � 1 3 6 � " 1 � B 8 , Ê Ë Ì Í
                                                  
1 Î Ï Ð Ñ Ò Ó Ô Õ Ö × Ø Ù Ú Û Ü Û Ï Õ Ý Ý Þ Ö × ß Û Ï × Ö Õ Ý Û Ï Ü à Û á â Û ã ä Õ Ú Û Õ å Ý × Õ á Õ æ à Û Ï â à ç Ý × å ÞÛ Ï ã Ý à Ö Û Ï Ü Õ á Þ Ï â Õ ã â Û ã Ú à Ý × Õ ã ã Ù Ú Ö Û Ï Ü â Ù è Ø Û ã Ø Ï × è â × Ú é á ê Û ë × ë Ý Û Ï Ü à Û á â Û ãä Õ Ý à × á ì ã Ù à Ý Ö å × ß Ù Ú é × Ö å Þ Õ ç ç Ý Þ Û Ï Ü Ø × Ö Ü × á â Ù × í Û á â Û Ï Ü è Ù Ú Ö á ë î Ø Û á ïØ Ù è × ä × Ú ï Õ Ý Ý Ù è á ß Ù Ú â Ø × â × Ú é á × â â Ù å × Û Ï ß Û Ï Û â × ë

> , 4 3 " 1 B 1 � 0 6 � 8 ( , 4 1 � ð ñ z ò * ; ò ò | % ' 1 6 , � � 4 , � � . ; ò6 � � , " 4 � ) � 4 4 1 B 8 , 6 � � 1 � 0 ) � � � , " � . � " � � , 6 � 8 ( , ~ ´ 1 4
Ñ ó Ò ô õ ö ÷ ø ù Ñ úû ü û ü û ü û ü û ü û û û û á

< � 1 4 0 1 6 , 4
χM small( )( ) =25 1

� � >
χM medium( )( ) =25 0 5.

%
ý � ! � � 1 4 6 � � 1 � 0 ) � � � , " � 3 � � B , " , ) " , 4 , � � , > B # �- � 4 4 � 4 4 1 0 � - , � � Æ � Ç � � � * Ç � £ ¤ ¢ Ç É » ò % ´ * Æ � Ç � � � É » ò % ´� � � � , ) � ! , " 4 , � � . Æ � Ç � � � * Ç � £ ¤ ¢ Ç * � �   È � É % < � 1 4 1 �� ( " � " , ) " , 4 , � � 4 � . ( w w # 4 , � � � � � , 4 , � � . ! � " > 4 *� � - , 8 # � Ç � � � þ ; ÿ Ç � £ ¤ ¢ Ç þ ò % ´ % < � 1 4 . ( w w # 4 , � 3 � � B ,6 1 , ! , > � 4 � 8 1 � 0 ( 1 4 � 1 3 > , 4 3 " 1 ) � 1 � � � . � � , 6 � 8 ( , ~ ´ 1 �� , " - 4 � . � � , ! � " > 4 � Ç � � � * Ç � £ ¤ ¢ Ç � � > � �   È � � � > 1 4> , � � � , > B #

desSIZE 25( ) % ý � � 1 3 , � � � � � � , 8 1 � 0 ( 1 4 � 1 3> , 4 3 " 1 ) � 1 � � � . ~ ´ 3 � � B , , y ) " , 4 4 , > 1 � � , " - 4 � . � � ,4 , - � � � 1 3 . ( � 3 � 1 � � ¼ 1 � � � , . � 8 8 � ! 1 � 0 - � � � , " »
small mediumM small M medium/ /χ χ( ) ( )( ) + ( )25 25� , � 3 , * 1 � ) " � 3 � 1 3 , ! , � , , > � � 8 # � � > , . 1 � , � � , . ( w w #4 , � 4 ¼ � � Ç � � � � * ¼ � Ç � £ ¤ ¢ Ç � � � > ¼ � � �   È � � . " � - ! � 1 3 �! , 3 � � > , � , " - 1 � , � � # 8 1 � 0 ( 1 4 � 1 3 > , 4 3 " 1 ) � 1 � � % < � ,1 > , � � . ( 4 1 � 0 . ( w w # 4 , � 4 � � ! � " > 4 � � > , 4 3 " 1 B , 6 � 8 ( , 4! � 4 . 1 " 4 � ) " � ) � 4 , > B # 7 � 8 > ! 1 � 1 � z ~ | % 2 � " ,. � " - � 8 8 # * � 8 1 � 0 ( 1 4 � 1 3 > , 4 3 " 1 ) � 1 � � � . � 6 � 8 ( , 1 4> , . 1 � , > B # »

� � � v o v p v r o ° m ° � © v o � t v � p v u � � � u q v Å p v r o r � � ¸ � ¹ t � � , �
x ∈ Ω

� � , � � � , 8 1 � 0 ( 1 4 � 1 3 > , 4 3 " 1 ) � 1 � � � .
x" , 8 � � 1 6 , � � � � , 8 1 � 0 ( 1 4 � 1 3 6 � " 1 � B 8 , � 1 4 � � , . ( w w #4 ( B 4 , � � .

T L( )
des x w xL w

w T L

( ) = ( )( )
∈ ( )
∑ / Mχ

& � 3 � 4 , 4 ! � , " , � � , 8 1 � 0 ( 1 4 � 1 3 6 � " 1 � B 8 , 1 4 . 1 y , > ! ,> " � ) � � , 4 ( B 4 3 " 1 ) �
L

� � > ! " 1 � ,
des x( ) % < � 1 4 � � � 1 � �3 � � B , , y � , � > , > � � � � , 3 � 4 , ! � , " , � � , 6 � 8 ( , 0 1 6 , � 1 4� . ( w w # 4 ( B 4 , � � .

Ω
1 � ! � 1 3 � 3 � 4 , � � , � ) ) " � ) " 1 � � ,8 1 � 0 ( 1 4 � 1 3 > , 4 3 " 1 ) � 1 � � 1 4 > , . 1 � , > � 4 . � 8 8 � ! 4 %

� � � v o v p v r o ° m � � © v o � t v � p v u � � � u q v Å p v r o r � � � t � � �� � p � , �
f f⊆ Ω

� � , � � � , 8 1 � 0 ( 1 4 � 1 3 > , 4 3 " 1 ) � 1 � � � .
f

®" , 8 � � 1 6 , � � � � , 8 1 � 0 ( 1 4 � 1 3 6 � " 1 � B 8 , � 1 4 � . ( w w # 4 ( B 4 , �� .
T L( ) *

des fL ( ) 4 � � 1 4 . # 1 � 0
∀ ∈ ( ) ( ) =

( ) ( )( ) ( )
∈

∑ ∑w T L lp w
F

F
lp wdes f

f i

iF
des x

x F
L

i

L

i

 
m

if Ω  is finite and 
lp w

f
dx dy

des x

y
f

L

y

( )( )
( )∫∫ λ

 
0

1

in the

continuous case.



' 1 6 , � � � , 4 , 3 � � 4 � " � 1 � � 4
des fL ( ) 3 � � B , > , � , " - 1 � , >� 3 3 � " > 1 � 0 � � � � , � " � � 4 . � " - � � 1 � � > , 4 3 " 1 B , > 1 � � � , � " , -~ % � % < � , 1 � � ( 1 � 1 � � ( � > , " 8 # 1 � 0 � � 1 4 > , . 1 � 1 � 1 � � 1 4 � 4. � 8 8 � ! 4 % ­ � " , � 3 � . � 3 � 8 4 , �

Fi

� � "
α

x 3 ( �
fy

1 � � � ,3 � � � 1 � ( � ( 4 3 � 4 , � ! , � 6 , " � 0 , � � , ) " � B � B 1 8 1 � # � . ¾B , 1 � 0 4 , 8 , 3 � , > � � 8 � B , 8 6 � 8 ( , 4 1 �
Fi

% < � 1 4 1 4 � � , �� 6 , " � 0 , > � 3 " � 4 4 � � , . � 3 � 8 4 , � 4 � � 0 1 6 , � � , � 6 , " � 8 8) " � B � B 1 8 1 � # � . ¾ � & � 0 , � , " � 8 ! , � � C , � � , , y ) " , 4 4 1 � �8 1 � 0 ( 1 4 � 1 3 > , 4 3 " 1 ) � 1 � � � � - , � � � . ( w w # 4 ( B 4 , � � . � � ,� , " - 4 , � � . � 8 1 � 0 ( 1 4 � 1 3 6 � " 1 � B 8 , %
� � � � � r o v o � � v p � © v o � t v � p v u � � ¹ ¹ r � v � � �9 # 8 8 � 0 1 4 - 4 � " , � ! , 8 8 C � � ! � 3 8 � 4 4 1 3 � 8 1 � . , " , � 3 ,4 3 � , - � � . � � , . � " -

All  are 

All  are 

All  are 

X Y

Y Z

X Z! � , " , � * 	 � � > Ì � " , ) " � ) , " � 1 , 4 % < � 1 4 4 3 � , - � ! � 4, y � , � > , > 1 � z ; � | � � > z 
 | � � � 8 8 � ! � � , ( 4 , � .8 1 � 0 ( 1 4 � 1 3 } ( � � � 1 . 1 , " 4 4 ( 3 � � 4 Ç § � � � � � ¾ � � > � � � �   � � %
� , " , ! , � > � ) � � > 1 . . , " , � � � ) ) " � � 3 � � � º � > , � � � >1 � � , " ) " , � 8 1 � 0 ( 1 4 � 1 3 } ( � � � 1 . 1 , " 4 � 4 ! � " > 4 > , 4 3 " 1 B 1 � 0) " � B � B 1 8 1 � # 6 � 8 ( , 4 > , � , " - 1 � , > � 3 3 � " > 1 � 0 � � - � 4 4� 4 4 1 0 � - , � � � � , � " # z � | % 2 � " , 4 ) , 3 1 . 1 3 � 8 8 # * 8 , � � � , 4 , �� . ! � " > 4 > , 4 3 " 1 B 1 � 0 ) " � B � B 1 8 1 � # 6 � 8 ( , 4 B ,
T Q QnPr , ,= { }1 
 ! 1 � � 3 � " " , 4 ) � � > 1 � 0 4 , - � � � 1 3. ( � 3 � 1 � �

MPr

% < � , � . � " � � # 6 � " 1 � B 8 ,
α

" , ) " , 4 , � � 1 � 0� � , 6 � 8 ( , � . � � , ) " � B � B 1 8 1 � # � . 4 � - , 4 ) , 3 1 . 1 3 , 6 , � � � "3 � � > 1 � 1 � � � 8 , 6 , � � > , . 1 � , � � , 8 1 � 0 ( 1 4 � 1 3 6 � " 1 � B 8 ,> , 4 3 " 1 B 1 � 0
α

� 4
L T Mα , , , ,Pr Pr0 1[ ] % $ 4 1 4 � � � , > 1 �z � | � � > z { | � � , . � 3 � � � � � ) " � B � B 1 8 1 � 1 , 4 � " , � � � � " ( � �. ( � 3 � 1 � � � 8 - , � � 4 � � � � � 4 3 � , - � . � " 4 # 8 8 � 0 1 4 - 4 ! 1 � �8 1 � 0 ( 1 4 � 1 3 } ( � � � 1 . 1 , " 4 3 � � � � � B , � " � � 4 8 � � , > > 1 " , 3 � 8 #. " � - � � , 3 8 � 4 4 1 3 � 8 4 3 � , - � % ­ � " 1 � 4 � � � 3 , * ) " � B � B 1 8 1 � #� � , � " # > � , 4 � � � � 8 8 � ! ( 4 � � - � C , � � # 1 � . , " , � 3 ," , 0 � " > 1 � 0 � � , 4 � � , 4 1 w , � . 9 ! , > , 4 . " � - � � , . � 3 � 4� Ç § � � 9 ! , > , 4 � " , � � � � � � � > � Ç § � � � � � � ) , � ) 8 , � � 6 ,� �   È � 4 � � , 4 1 w , 4 � % & � 6 1 , ! � . � � 1 4 ! , > , . 1 � , �8 1 � 0 ( 1 4 � 1 3 4 # 8 8 � 0 1 4 - 4 3 � , - � � 8 � � 0 4 1 - 1 8 � " 8 1 � , 4 � � z � |� 4 . � 8 8 � ! 4 »

Q X Y

Q X Y Z Q X Y Z

des X Z

k

i

j

  are 

  and  are   and  are 

  are 

( )
( ) ( ) ( ) ¬( )

( )

,

,

! � , " ,
Q Q Q Ti j k, , Pr∈

� � >
des
�

Tf⊆ Pr
% < � 1 4 3 � � B ,� " � � 4 8 � � , > 1 � � � 8 1 � 0 ( 1 4 � 1 3 6 � " 1 � B 8 , . � " - 1 � � � ,. � 8 8 � ! 1 � 0 - � � � , " %  , �

α = ( )Pr Y X
*

β = ( )Pr ,Z X Y
*

γ = ¬( )Pr ,Z X Y
� � >

θ = ( )Pr Z X
� � , � � � , 8 1 � 0 ( 1 4 � 1 34 # 8 8 � 0 1 4 - 4 3 � , - � 1 4 , } ( 1 6 � 8 , � � � �

L Q L Q L Q

L des
i j kα β γ

θ

= = =, ,  

 is ý � ! � 3 3 � " > 1 � 0 � � � � , � � , � " , - � . � � � � 8 ) " � B � B 1 8 1 � #
Pr Pr , Pr Pr , PrZ X Z X Y Y X Z X Y Y X( ) = ( ) ( ) + ¬( ) ¬( )9 � ! , � � 6 , � � � �

θ βα γ α= + −( )1
% ý � � 1 3 , � � � � 1 .

Pr , PrZ X Y Z Y( ) = ( ) � � >
Pr ,Z X Y¬( ) 1 4 ( � C � � ! �� � , � � � , 3 8 � 4 4 1 3 � 8 . � " - � . � � , 4 3 � , - � 1 4 " , � � 1 � , > %/ 4 4 , � � 1 � 8 8 # * 1 � � � 1 4 3 � 4 , * ! , � " , � 4 4 ( - 1 � 0 � � � � Ì 1 4¥ § ¨ £ ¤ � ¤ § ¨ � � � � ¤ ¨ £ � � � ¨ £ � ¨ � z ; ò | � . � 0 1 6 , � � % < � 1 4� 4 4 ( - ) � 1 � � 1 4 8 1 C , 8 # � � B , - � 4 � @ ( 4 � 1 . 1 � B 8 , ! � , � � � ,) � ) ( 8 � � 1 � � 4 4 1 w , 4 � . � B @ , 3 � 4 4 � � 1 4 . # 1 � 0 � � � > � � " ,4 1 - 1 8 � " %

ý � ! 0 1 6 , � � � , � B � 6 , 3 � � 4 � " � 1 � � 4 ) � 4 � , " 1 � "> 1 4 � " 1 B ( � 1 � � 4 � .
α β,

� � >
γ

3 � � B , > , � , " - 1 � , > % ­ � "
Q T∈ Pr

� � , ) � 4 � , " 1 � " > , � 4 1 � # 0 1 6 , � � 1 4 * . " � - 7 � # , 4� � , � " , -
p Q Q p Qα α α( ) = ( ) ( )[ ] ( )Pr Pr� � � � � � � � � � � � � � �  ! " � � � � � # � � ! $ % ! # � � � � � %

Pr Qα( ) � % � � � ! � & � ! � ! � � % ' ! � � � �  ! & � � ' � ' � $ � � ( �  � � �
� � � � � # $ ( % ! $ ! � � ! � " � � ! � � � $ $ & � � ) �  ! $ � ' ! $ � �  ! �
& � ! % ! � � ! � � � �  " � $ * !

α. + � � # % ! � � � � � , � ! � ! � � $ $
�  � � �  � % � % � � " ! � ' (

lp QdesLα α( )( ) - . ! � � ! / � % % * # � � �
�  � � / 0 1 2 3 4 2 3 5 � $ $ & � � ' � ' � $ � � ( " � $ * ! % � � ! ! 6 * � $ $ ( $ � ) ! $ (7 � - ! - p α( ) � % �  ! * � � 8 � � # � � % � � � ' * � � � � 9 �  ! � � !  � " !

p Q lp Q lp Q ddes desL L
α α

α αα α( ) = ( ) ( )( ) ( )∫  
0

1

+ * � �  ! � # � � ! / % � � � ! � ! # � ( � % % * # ! �  � � �  ! " � � � � ' $ ! %
α β,

� � �
γ

� � ! � � � ! & ! � � ! � � � � 8 � $ $ � � % �  � � �  !
! : & ! � � ! � " � $ * ! � 8

θ
; � % � � " ! � ' (

E E E E Eθ β α γ α( ) = ( ) ( ) + ( ) − ( )( )1�  ! � !
E p Q diα α α α( ) = ( )∫   

0

1 /
E p Qjβ β β( ) = ( )∫  

0

1

� � �
E p Q dkγ γ γ γ( ) = ( )∫   

0

1 - . ! � � ! / � ! � � ) ! � % � * �
! % � � # � � ! 8 � �

θ
/ <

θ β α γ α= ( ) ( ) + ( ) − ( )( )E E E E1 - + � � #
�  � % � ! � � � � ! � ! � # � � ! � $ � � � * � % � � � � ! % � � � & � � � � % � �  � �
des desL= ( )( )θ

θ=  -
> ? @ A B C D E F GH � � % � � ! � �  ! 8 � $ $ � � � � � $ � � � * � % � � � % ( $ $ � � � % # -

most X Y

most X Y Z several X Y Z

des X Z

  are 

  and  are    and  are 

  are 
( ) ¬( ),

�  ! � !
T few several mostPr , ,= { }  

� � �
MPr

� % % * �  �  � �
M fewPr ( ) = [ ]0 :1 0.25 :1 0.5 : 0

/
M severalPr ( )

= [ ]0 : 0 0.25 :1 0.75 :1 1 : 0
� � �

M mostPr ( ) =
0.5 : 0 0.75 :1 1 :1[I ] -



+ � � �  ! % � ) ! � 8 % � # & $ � � � � ( � ! %  � $ $ � � ) !
TPr

� � ' !
� ! 8 � � ! � � � �  � % � � ( 8 � � � $ $ % * ' % ! 6 * ! � � ! : � # & $ ! % -� � �
lp mostdes α α α( )( ) = − ≤ ≤

=

2 1 0 5 1

0

 for 

                     otherwise

.

� � �  ! � � !
p most lp most lp most ddes desL L

α α
α αα α( ) = ( ) ( )( ) ( )∫

0

1

 

= − ≤ ≤
=

8 4

0

α α for 0.5 1

 otherwise

+ � � # �  � % � ! � ' � � � � �  � �
E E x x dxα β( ) = ( ) = −( ) =∫ 8 4 0 833333

0 5

1

.
. 

J � # � $ � � $ ( / � ! 8 � � � �  � �
E γ( ) = 0 5. - K  ! � ! 8 � � ! /

L
θ = 0 77777.

� � �
des desL= ( )

ˆ
.

θ
0 77777 M N O P O Q R S T U V W W W XY Z [ N \ T ] - ^ � � �  ! � � � � � % / 8 � � # � " � � � � � # � � ! $& ! � % & ! � � � " ! / � � � * � � _ ` a � 8 " � � ! � % ' ! $ � ! " ! �  � � ! � �  ! �

b c d c 2 0 e � � f 4 b g � � ! % * � � � ' $ ! � % $ � ' ! $ % 8 � � �  !& � � ' � ' � $ � � ( � 8 h � � " ! � i � � � � � � * � � j j a �  � � ) �  � �� � $ ( f 4 b g � % � & & � � & � � � � ! -
^ � � % � $ % � & � % % � ' $ ! �  � � �  ! � ! � % * � � ! � � � � � � ( � ! � � � � � � ��  ! $ � ' ! $ % 8 � �

Pr Y X( ) /
Pr ,Z X Y( ) � � �

Pr ,Z X Y¬( ) -
+ � � � � % � � � � ! / � � � % � � ! � �  ! � � � * � � $ $ � � � * � � !� � � % � � � � � � % � ! � � � � � � � � � * # ' ! � � 8 ' � � �  ! % � 8 �� ! � � � � � � ( & ! � 8 � � # & � � ! � � & � � � * � ! � ' ( � � � �  ! � & � � �8 � � � � � ( -

k c d c 2 0 e � � 6 * � � ! & � % % � ' $ ( f 4 b g � 8 �  ! � � # & � � ! � � %�  ! � ) ! � � ! � ! 8 � * $ � (
l c m � $ �  � * �  � � % � # ! � � % ! % b c d c 2 0 e � 8 �  !� � # & � � ! � � % � ! � ! �  ! � ) ! �

n * ! � ( o p  � � � % �  ! � " ! � � $ $ & � � & � � � � � � � 8 � � # & � � ! � � %�  � � � � ! 8 � * $ � ( q

^ � � � � ! � � � # � � ! $ % * �  % � � * � � � � � % � ! � � � � � � * � ! �  !� � � � � � � 8 � � ! � ! � � $ $ � � � * � % � � � % ( $ $ � � � % # �  � � � � � ! � � % ! �' ( �  ! 8 � $ $ � � � � � % �  ! # � -
des X Y

des X Y Z des X Y Z

des X Z

1

2 3

( )
( )( ) ( ) ¬( )

( )

 are 

 and  are   and  are 

 are 

,

�  ! � !
des
r

des des1 2 3, ,  
� � �

des
s � � ! $ � � � * � % � � �

� ! % � � � & � � � � % � " ! �
TPr -

K  ! � � � � ! % & � � � � � � $ � � � * � % � � � " � � � � ' $ ! � � � ! � & � ! � � � � � �� % �  ! � � � " ! � ' (
L des L des L des

L des
α β γ

θ

 is   is   is 

 is 
1 2 3, ,

� � � � % 8 � � % � � � � � � � $ � � � * � % � � � % ( $ $ � � � % # % �  ! % !
� � � % � � � � � � % � ! � ! � # � � ! & � % � ! � � � � � � % � � � ' * � � � � % � �

α β,� � �
γ - ^ � �  � % � � % ! /  � � ! " ! � / � ! � � ! � � � � � � � � � � � � � �

$ � � � * � % � � � � ! % � � � & � � � � % � � �  ! � �  � � � � � � % - p ! � ! 8 � � !
p des p D Dj des

D
j

j

α α( ) = ( ) ( )∑ m

�  ! � !
Dj j{ } � � ! �  ! 8 � � � $ % ! � % � 8

mdes

� � � �  ! � !
8 � � # t � ( ! % �  ! � � ! #

p D lp Q lp Q dj des
Q D

des
Q D

L

j

L

j

α α
α αα α( ) = ( ) ( )( )

∈
( )

∈
∑ ∑∫  

0

1

u : & ! � � ! � " � $ * ! % 8 � �
α β,

� � �
γ

� � � ' ! � ! � ! � # � � ! �
8 � � # �  ! & � % � ! � � � � � � % � � � ' * � � � � % � � � � � ! % � � # � � ! 8 � �
θ

� ! � ! � # � � ! � � % ' ! 8 � � ! -
> ? @ A B C D E F vH � � % � � ! � �  ! 8 � $ $ � � � � � � ! � ! � � $ $ � � � * � % � � � % ( $ $ � � � % #

most several X Y

few several X Y Z

few several X Y Z

des X Z

/ / .

/ . /

/ / .

1 0 8

0 2 1

1 0 5

+( )
+( ) ( )

+( ) ¬( )
( )

  are 

  and  are 

  and  are 

  are 

� � �
m ,/ / .most several most several1 0 8+ = { } : 0.8

,  : 0.2most{ } % � �  � �

p most several p most several

p most

α α

α

/ / . , .

.

1 0 8 0 8

0 2

+( ) = { }( )
+ ( )

�  ! � !
p most severalα ,{ }( ) =

lp most lp several

lp most lp several d

des des

des des

L L

L L

α α

α α
α

( ) + ( )

( ) + ( )
=

∫  
0

1

1 1
0

0 5

− ( ) − ( )( ) ( )∫lp few lp fewdes desL Lα αα α

.

�  ! � !
lp fewdesLα α α α( )( ) = − ≤ ≤

=

1 2 0 0 5

0

 for 

                       otherwise

.

� � �
p mostα( ) = lp most lp most ddes desL Laα

α( ) ( )∫  
0

1

�  ! � !



lp mostdesLα α α α( )( ) = − ≤ ≤

=

2 1 0 5 1

0

 for 

                        otherwise

.

. ! � � ! /
p most severalα /1 +( ) =

0 8
8

3
2 13333 0 0 5

0 8
4

3
0 3 8 4 1 6 0 266667

. . .

. . . .

α α α

α α





 = ≤ ≤





 + −( ) = +

 for 

 otherwise

w � # � $ � � $ ( � ! 8 � � � �  � �
p few severalβ

β β
β

| / . /

. .

. .

0 2 1

3 2 0 266667

3 73333 3 73333

+( )
= + ≤ ≤
= − +

 for 0 0.5

 otherwise� � �
p few severalγ

γ γ
γ

/ / .

. .

. .

1 0 5

2 66667 4 0 0 5

1 33333 1 33333

+( )
= − ≤ ≤
= − +

 for 

 otherwise

+ � � # �  ! % ! � � % � � � ' * � � � � % � ! � ' � � � � �  � �
E α( ) = 0 655556.

/
E β( ) = 0 477778.

� � �
E γ( ) =

0 277778.
% � �  � � x

θ α β α γ= ( ) ( ) + − ( )( ) ( )E E E E1
= ( ) + −( )0 655556 0 477778 1 0 655556 0 277778. . . .
= 0 40889.

� � �
des desL= ( ) =

θ
0 40889.

few several/ . /0 364 1+

y  ! $ � � � * � % � � � % ( $ $ � � � % # % �  ! # � � � $ ( & � � " � � ! % �# � � ! $ 8 � � � � � �  ! � � ! % � � � � � ! � 8 � � # � 8 � � # & * � � � � � � �  � � � � % - z � �  ! 8 � $ $ � � � � � % ! � � � � � % � ! %  � $ $ � � � ! # & � � �& � � " � � ! # � � ! � ! � ! � � $ # � � ! $ % � 8 � ! � % � � � � � � � �  $ � � � * � % � � � " � � � � ' $ ! % - y  ! 8 � � # ! � � � ) � � $ $ ' ! ' � % ! � � �� � ! � % � � ) ! � 8 � � # �  ! + � � $ & � � � � � # # � � � $ � � � * � � !{ | } -
~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� $ � � � * � % � � � 8 � � � � � $ $ ' ! � � � � % � � � � � � � � � � � 8 �$ � � � * � % � � � " � � � � ' $ ! 6 * � $ � 8 � ! � ' ( � $ � � � * � % � � �� ! % � � � & � � � � � � � � � � � % � 6 * � � � � 8 � ! � - � � � ! % & ! � � 8 � � � $ $ ( /
$ ! �

X
' ! � " � � � � ' $ ! � � �  * � � " ! � % !

Ω
� � �

LX

� % �
$ � � � * � % � � � " � � � � ' $ ! � ! % � � � ' � � �

X
% * �  �  � �

T LX( ) =
w wm1 , ,�{ } �  ! � � $ � � � * � % � � � 8 � � � � ! % � � � ' � � � �  � %

�  ! 8 � � #
L w desX i i=( )(

�
) ( ):�  ! � !

des Ti f⊆ Pr - � � � � � " ! � � ) � � � $ ! � � ! ' � % ! � 8
% * �  � � � % � � � � � � %

L w des i mX i i=( )(
�

) ( ) =:  for 1, ,�� � � $ ! � � � � �
α i X iL w= =( )Pr

� ! � � � ! : & � ! % % �  � % � �
� ! � # % � 8 � � � % � � � � � � % � � $ � � � * � % � � � " � � � � ' $ ! % � %8 � $ $ � � % �

L des i m
i iα  is  for = 1, ,� � � �

α i
i

m

=
∑ =

1

1

� ! � �  � % % ! � � 8 � � � % � � � � � � % ' ! � ! � � � ! � ' ( � - � � �
� � � � � � � � � � $ � � % � � � ' * � � � � %

p desi iα( ) � � � ' !
� ! � ! � # � � ! � � % ' ! 8 � � ! � � � � % % * # � � � � � � ! & ! � � ! � � ! * &
� � �  ! � � � % � � � � � �

α i
i

n

=
∑ =

1

1
� � � � � � & � % � ! � � � �

� � % � � � ' * � � � � � �
α α1 , ,�

m

� % � � " ! � ' (
∀ ∈ ( )�

α V m

  p K p des p des dV mi i
i

m

i i
i

m

V m

�
α α α( ) = ( ) ( ) ( )

= =( )
∏ ∏∫

1 1

�  ! � !
V m m

i
i

m

( ) = ∈ [ ] =




î





=
∑�

α α0 1 1
1

,  -
+ � � # �  � % � � � � � � � % � � � ' * � � � � & � % � ! � � � � # � � � � � � $� � % � � � ' * � � � � % � � � ' ! � ! � ! � # � � ! � 8 � �

α α1 , , 
m

% * �  
�  � �

p K p K dV mi

V m i

α α
α α α

( ) = ( ) ( )
∈ ( ) ={ }

∫ ¡¢
 

 

. ! � � ! / � ! � � � � ' � � � � �  ! ! % � � # � � !
£
α α α αi ip K d= ( )∫   

0

1

¤ � � " ! � � � � � �  ! & � � ' � ' � $ � � ( � � % � � � ' * � � � �
wi i: ¥α 8 � �

i m= 1, ,¦ � � � � � 8 * § § ( % ! � � � � � � � � � � � � �  ! � � ! # ¨ - ,
� ! � � � � � 8 ! � � $ � � � * � % � � � � ! % � � � & � � � � � 8 � ©� $ � ! � � � � � " ! $ ( / � � * # ! � � � � $ ! % � � # � � ! � 8 �  ! " � $ * ! � 8 �
� � � ' ! � ! � ! � # � � ! � ' ( ª ª

X E X wi
i

m

i= ( )
=
∑

1

 α
�  ! � !

E X w X p X w dXi i( ) = ( )∫   
Ω

� � � �  ! � !

p X w lp w lp w dXi des X i des X iLX LX
( ) = ( ) ( )( ) ( )∫

Ω

 

« ¬ � � ­ ® � ~ � ¯° ± ² ³ ´ µ ¶ · ¸ ¹ ¶ º ± » » ± ¼ ´ ² ½ ³ ¸ ¾ ¸ ¶ ¿ ¶ ² ¸ ¼ ´ ¸ ¹ ¾ ³ ³ ± À ´ ¾ ¸ ¶ µ
Á Â ¶ · Ã ¾ µ ¾ Ä ¸ ¶ µ º · ± ¿ ¾ ² ¶ Å ¾ ¿ Ä » ¶ ½ ´ Æ ¶ ² Ç Ã È ¾ » µ ¼ ´ ²{ É } Ê
Ë ¹ ¶ ¶ Å ¾ ¿ ´ ² ¾ ¸ ´ ± ² ¿ ¾ · Ì ³ ± º ¾ ½ ± ± µ Ä · ± Í ¶ À ¸ ³ ¸ Â µ ¶ ² ¸¼ ´ » » Ç ¶ Î Ï Ð Î Ñ Ñ Î Ò Ó ´ ² Ô Õ Ö Ó ³ Â Ç Í ¶ À ¸ ³ × Õ Õ Ø ´ ² Ö Î Ù Î Ú Û Ñ³ Â Ç Í ¶ À ¸ ³ ¾ ² µ Ü Õ Õ Ú ´ ² ± ² » Ã ¾ Ý Î Þ ³ Â Ç Í ¶ À ¸ ³ ß
à ¹ ¾ ¸ ´ ³ ¸ ¹ ¶ ¾ Æ ¶ · ¾ ½ ¶ ¶ Å ¾ ¿ ¿ ¾ · Ì ± º ¾ ½ ± ± µ Ä · ± Í ¶ À ¸³ ¸ Â µ ¶ ² ¸ á
â ¶ ¸ ã ä å æ Ç ¶ ¸ ¹ ¶ Ä ¶ · À ¶ ² ¸ ¾ ½ ¶ ¿ ¾ · Ì ± º ¾ ½ ± ± µ Ä · ± Í ¶ À ¸³ ¸ Â µ ¶ ² ¸ ³ ± ¸ ¹ ¾ ¸

Ω = [ ]0 100,
¾ ² µ » ¶ ¸

LMARK

Ç ¶ ¸ ¹ ¶
» ´ ² ½ Â ´ ³ ¸ ´ À Æ ¾ · ´ ¾ Ç » ¶ µ ¶ ³ À · ´ Ç ´ ² ½ ã ä å æ ¼ ´ ¸ ¹
T LMARK( ) = ç Ü Õ Õ Ú è Ô Î Ø é Õ Ð Ú Î ê × Õ Õ Ø ê Î Ï Ð Î Ñ Ñ Î Ò Ó ë ß Ë ¹ ¶

¾ ³ ³ ± À ´ ¾ ¸ ¶ µ ³ ¶ ¿ ¾ ² ¸ ´ À º Â ² À ¸ ´ ± ² ´ ³ µ ¶ º ´ ² ¶ µ Ç Ã
M poorMARK ( ) = 0 :1 45 :1 50 : 0[ì ] è

M mediocreMARK ( )
= [ ]40 : 0 45 :1 55 :1 60 : 0

è
M goodMARK ( ) =



50 : 0 55 :1 65 :1 70 : 0[í ] ¾ ² µ
M excellentMARK ( ) =

60 : 0 65 :1 100 :1[ ] ß Ë ¹ ¶ Ä · ± Ç » ¶ ¿ À ¾ ² Ç ¶ ¶ Å Ä · ¶ ³ ³ ¶ µ
Ç Ã ¸ ¹ ¶ º ± » » ± ¼ ´ ² ½ » ´ ² ½ Â ´ ³ ¸ ´ À º ¾ À ¸ ³ Ê

î î ï ð ñ ò ó ô õ ö ö ÷ ø ø ù î ú û ü øî î ï ð ñ ò ó ô ý û þ ÿ ö � ÷ û ø ø ù î ú û ü � � � � û � û ÷ � � � � � ý ö � 	 � � øî î ï ð ñ ò ó ô 
 ö ö þ ø ø ù î � û � û ÷ � � øî î ï ð ñ ò ó ô û � � û � � û � 	 ø ø ù î ý ö � 	 ø
â ¶ ¸

α1 = ( )Pr poor
è

α 2 = ( )Pr mediocre
è

α 3 = ( )Pr good
¾ ² µ

α 4 = ( )Pr excellent
¸ ¹ ¶ ² ¼ ¶ ¹ ¾ Æ ¶

¸ ¹ ¶ º ± » » ± ¼ ´ ² ½ À ± ² ³ ¸ · ¾ ´ ² ¸ ³ µ ¶ ² ± ¸ ¶ µ Ç Ã æ Ê
L few L is few several most

L several L most

α α

α α

1 2

3 4

1 1 1= + +

= =

, / / /

,

  

 ¾ ² µ
α α α α1 2 3 4 1+ + + =


 ´ Æ ¶ ² ¸ ¹ ´ ³ Ì ² ± ¼ » ¶ µ ½ ¶ ¼ ¶ ± Ç ¸ ¾ ´ ² ¾ Í ± ´ ² ¸ Ä ± ³ ¸ ¶ · ´ ± ·µ ´ ³ ¸ · ´ Ç Â ¸ ´ ± ² ß
∀ ∈ ( )α α1 4 4, ,� V p Kα α α α1 2 3 4, , ,( ) =

p few p several p most

p few p several p most dV
V

α α α

α α α
1 3 4

1 3 4

4

4

( ) ( ) ( )
( ) ( ) ( ) ( )

( )
∫� ± ¼
p few p several p most dV

V

α α α1 3 4

4

4( ) ( ) ( ) ( )
( )
∫ �

p few p several p most d d dα α α α α α
α α α

1 3 4 4 3 1
0

0 5 1

0 5

1 1 3

0

0 5

( ) ( ) ( )
− − −

∫ ∫∫
.

.

.

 

= −( ) −( ) =∫ ∫ ∫
− − −

4 8 4 8 4 1 361 3 4

1

4 3 1
0

0 5

0

0 5 1

0 5

1 3

α α α α α α
α α α. .

.

 d d d

� ¶ ² À ¶ è
∀ ∈ ( )α α1 4 4, ,� V p Kα α α α1 2 3 4, , ,( ) =

36 4 8 4 8 4 0 0 5

0 5 1

0

1 3 4 1−( )( ) −( ) ≤ ≤

≤ ≤ ≤ ≤
=

α α α α

α α

 for 

0  and 0.5

 otherwise
3 4

.

.

� · ± ¿ ¸ ¹ ´ ³ ¼ ¶ ± Ç ¸ ¾ ´ ² ¸ ¹ ¶ º ± » » ± ¼ ´ ² ½ ¿ ¾ · ½ ´ ² ¾ »µ ´ ³ ¸ · ´ Ç Â ¸ ´ ± ² ³
p K1

5 2 4 3384 480 120 960 960 12

0 0 5

0

α

α
α

α α α α

( ) =

− + − + − +
≤ ≤

=
 for 

             otherwise

.

p K2
5 2 376 865 192 192 72 9 6

0 0 5

0

α α α α α

α
( ) = − + − + +

≤ ≤
=

. .

.for 

             otherwise

p K3
5 2 3384 384 576 72

0 0 5

0

α α α α α

α
( ) = − − + +

≤ ≤
=

for 

             otherwise

.

p K4

5 2 4 3384 768 960 384 768 192

0 5 1

0

α

α α α α α
α

( ) =

− − + − + −
≤ ≤
=

for 

             otherwise

.

Ë ¾ Ì ´ ² ½ ¸ ¹ ¶ ¶ Å Ä ¶ À ¸ ¶ µ Æ ¾ » Â ¶ ³ ± º ¸ ¹ ¶ ³ ¶ µ ´ ³ ¸ · ´ Ç Â ¸ ´ ± ²½ ´ Æ ¶ ³ Â ³ � �
α1 0 0714286= .

è �
α 2 0 0857143= .

è�
α 3 0 171429= .

¾ ² µ �
α 4 0 671429= .

ß ° ± ² Æ ¶ · ¸ ´ ² ½ ¸ ¹ ¶
· ¶ ³ Â » ¸ ´ ² ½ µ ´ ³ ¸ · ´ Ç Â ¸ ´ ± ² ´ ² ¸ ± ¾ º Â � � Ã ³ ¶ ¸ Ã ´ ¶ » µ ³ ¸ ¹ ¶º ± » » ± ¼ ´ ² ½ » ´ ² ½ Â ´ ³ ¸ ´ À µ ¶ ³ À · ´ Ä ¸ ´ ± ² ± º ¸ ¹ ¶ ¾ Æ ¶ · ¾ ½ ¶ ¿ ¾ · Ì± º ¾ ½ ± ± µ Ä · ± Í ¶ À ¸ ³ ¸ Â µ ¶ ² ¸ ß
excellent good mediocre poor/ / . / . / .1 0 5 0 329 0 286+ + +

� � � � � �  ! " # � $ % � $ �  " & !  ' � " !  ( )  # � � � &  * � +  &, -  . !  � , . (  ,  ! � " �  # . � ( " , " . � � $ ( " & , ! " / � , " . � & . �0 1 2 3 4 , � 5   6 7  # ,  ( % � $ �  & � � ( � " � � $ $ +  % � $ � � ,  �$ " �  � ! # . � / " � � , " . � . � , -  &   6 7  # ,  ( % � $ �  & !  $ � , " %  , . , -  � / . %  ( " & , ! " / � , " . � 8 � � , - " & # � &  )  . / , � " � , - � ,
E MARK poor( ) = 22 5926.

4
E MARK mediocre( ) = 50

4
E MARK good( ) = 60 9 � (

E MARK excellent( ) = 82 38.
8�  � #  4 , -   & , " � 9 ,  ( % 9 $ �  � . ! 0 1 2 3 " & : " %  � / +

0 0714286 22 5926 0 0857143 50 0 171429 60

0 671429 82 38 71 498

. . . .

. . .

( ) + ( ) + ( )
+ ( ) = %

; < = > ? @ = A B = C D E > E F G H I @ H E A� � 9 ( ( " , " . � , . , -  9 / " $ " , + , . !  9 & . � � ! . � $ " � : � " & , " #� 9 # , & " , " & 9 $ & . (  & " ! 9 / $  , . /  9 / $  , . � 9 5  " � �  !  � #  & � ! . � 5 � . ) $  ( :  / 9 &  & # . � & " & , " � : . �$ " � : � " & , " # ! � $  & 9 � ( � 9 # , & 8 �  !  )  " � , ! . ( � #  9 , + 7  . � $ " � : � " & , " # ! � $  / 9 &  ( . � , -  � ! " $ :  �  ! 9 $ ! � $  J K L
9 � ( J M L ) " , - , -  � . $ $ . ) " � : � . ! � N

L wX i=( )(O
C C des desr i i r1 :( ) ( )( ) ( ) ( )( )P P

, ,1) -  !  
C j j

r{ } =1
9 !  9 &  , . � � � , � 9 $ $ +  6 # $ � & " %  9 � (

 6 - 9 � & , " %  # . � & , ! 9 " � , & 4
w T Li X∈ ( ) 9 � (

des
Q

Ti j f, Pr⊆
8

� �
α i j X i jL w C, Pr= =( ) � . !

j r= 1, ,R , -  � 95 � . ) $  ( :  / 9 &  . � & � # - ! � $  & ) -  !  
i m= 1, ,S # 9 �/  " � ,  ! 7 !  ,  ( 9 & :  �  ! 9 , " � : , -  � . $ $ . ) " � :# . � & , ! 9 " � , & N

L des i m j r

j r

i j i j

i j
i

m

α

α

, ,

,

, , , ,

, ,

is  for  and 

 for 

= =

= =
=
∑

1 1

1 1
1

T T
T



U . ) � . ! 9 � " 6  (
j

, -  # . � & , ! 9 " � , & 4 (  � . ,  (
K j

4 - 9 %  
, -  & 9 �  � . ! � 9 & , - . &  :  �  ! 9 ,  ( / + 9 5 � . ) $  ( :  / 9 &  . � $ " � : � " & , " # � 9 # , & 9 � ( -  � #  )  # 9 � (  ,  ! � " �  97 . & ,  ! " . ! ( " & , ! " / � , " . � . �

V m( ) . � , -  � . ! � �
p Kj m j jα α1, ,, ,V( ) =

p des p des dV mi j i j
i

m

i j i j
i

m

V m

α α, , , ,( ) ( ) ( )
= =( )

∏ ∏∫
1 1

 

W 9 ! : " � 9 $ ( " & , ! " / � , " . � &
p Ki i j jα ,( ) # 9 � , -  � /  

(  ,  ! � " �  ( 9 & /  � . !  9 � (  6 7  # ,  ( % 9 $ �  & . / , 9 " �  (" � . ! (  ! , . . / , 9 " �  & , " � 9 ,  & X
α αi j i j jE K, ,= ( ) 8

Y � ! , -  ! � . !  4 9 # # . ! ( " � : , . Z  � � !  + [ & ! � $  )  - 9 %  , - 9 ,
Pr Pr PrL w L w C CX i X i j j

j

r

=( ) = =( ) ( )
=
∑

1\  , α i X iL w= =( )Pr
� . !

i m= 1, ,] 9 � (
β j jC= ( )Pr� . !

j r= 1, ,^ 8 U . ) , -  % 9 $ �  & . �
β_ j

� " : - , /  & 7  # " � "  ( ( " !  # , $ + / + �  9 � & . � & , 9 � ( 9 ! ( Y ! " $ ! � $  &
C j j( )(

`
) : β

� . !
j r= 1, ,a " � ) - " # - # 9 &  b b

α α βi i j
j

r

j=
=
∑ ,

1

8
c $ ,  ! � 9 , " %  $ + 4 )  � 9 + - 9 %  9 &  , . � $ " � : � " & , " # � 9 # , &

C desj j( )( ) ′( ):
) -  !  

des Tj f⊆ Pr
� . !

j r= 1, ,d 8 � �
, - " & # 9 &  )  , 9 5  e

β j
, . /  , -   6 7  # ,  ( % 9 $ �  . � , -  

( " & , ! " / � , " . �
p desj jβ ′( ) & . , - 9 , f f f

α α βi i j
j

r

j=
=
∑ ,

1

8 c &
/  � . !  , -  ( " & , ! " / � , " . � :  �  ! 9 ,  ( . �

T LX( ) g h i j kl m h i n o p m q k r s i l p h o t u u v n k l l p p j l h s i h w s i : t s n l s gr k n g m s x l s p i p o X p m h i t q k m s g h w k n l s q h l k g h i j k
p j l h s i k r h g g p m r s i : l p y yX E x wi

i

m

i= ( )
=
∑α

1 z
U p l s g k l { h l

l { k w s i : t s n l s g o h g l n m k : h m r s i : | q h v j k s i o k m m k r o p m q
h r s m k g l o t u u v g p i n l m h s i l p i | } Y p m s i n l h i g k ~ l { ko t u u v g p i n l m h s i l

X f is � k i k m h l k n l { k w s i � t s n l s g o h g l n �
L w lp w i mX i des f iLX

=( )(
�

) ( ) =( ):  for 1, ,�
� { k m k des fLX

( ) s n l { k w s i � t s n l s g r k n g m s x l s p i p o �
r k l k m q s i k r h g g p m r s i � l p r k o s i s l s p i � z �� � � � � � � � � �� p i n s r k m l { k o p w w p � s i � m t w k j h n k h i r h n n p g s h l k r� t k m v m k w h l s i � l p l { k s i g p q k p o x m p � k g l q h i h � k m n z� � � � � � � � � � x m p � k g l q h i h � k m n { h � k � � � � n h w h m s k n h i rh l w k h n l � � � � �   ¡ { h � k � � � ¢ � � � � n h w h m s k n z� � � � � £ ¤ � � � � � ¥ � � x m p � k g l q h i h � k m n { h � k ¦ � � � �   � �
n h w h m s k n h i r � � � � �   ¡ { h � k � � � � n h w h m s k n z § p � k � k m ~� � ¨ { h � k � � � ¢ � � � � n h w h m s k n z

© � ¨ ª « � � � � x m p � k g l q h i h � k m n { h � k ¡ � ¨ n h w h m s k n z¬ t k m v ­ c g k m l h s i x m p � k g l q h i h � k m { h n j k k ik q x w p v k r o p m   ® � « � � � � � � � � v k h m n z ¯
{ h l � s w w j k { s nk ° x k g l k r n h w h m v ±

\ k l ² ³ ´ j k l { k x m p � k g l q h i h � k m [ n n h w h m v � s l {
T LSAL( ) = µ ¡ � ¨ ¶ ¦ � � � �   � � ¶ � � � � ¶ � � � ¢ � � � � ·

z
c w n p ~w k l ¸ ¹ ² j k l { k x m p � k g l q h i h � k m [ n i t q j k m p o v k h m n p ok ° x k m s k i g k r k o s i k r p i l { k t i s � k m n k º » ~ � » ¼ zT LYRS( ) = µ ª « � � � � ¶ � £ ¤ � � � � � ¥ � � ¶ � � � � � � · � { k m k

M junior( ) = º » ­ ½ ¾ ­ ½ ½ » ­ » ¼ ~ � ¿ � £ ¤ � � � � � ¥ � � À Á º » ­ »¾ ­ ½ ½ ¾ ­ ½ Â » ­ » ¼ h i r � ¿ � � � � � � À Á º ½ » ­ » ½ ¾ ­ ½ � » ­ ½ ¼ z Ã
{ kÄ i p � w k r � k j h n k g h i j k k ° x m k n n k r s i l k m q n p ow s i � t s n l s g � k i k m h w m t w k n j v ­Å Å Æ Ç È É Ê Ë Ì Í ÎÅ Æ Ï Ð Ç Ê Ñ Ò Ó Ô Ì Õ ÎÅ Æ Ï Ð Ç Ê Ö × Ø Ö Õ Ô Ö Ó Ù Ö Ú ÎÅ Æ Ï Ð Ç Ê Û Ö Ó Ô Ì Õ ÎÜ Å Å Ý Ö Í Î Å Þ Ý Ö Í ß Û Ö à Ö Õ á Ë ß â Ì Û ã ä Î Å Þ Ý Ö Í ß Û Ö à Ö Õ á Ë ß â Ì Û ã ä Î Î

Å Å Æ Ç È É Ê â Ì Ú Ö Õ á ã Ö ÎÅ Æ Ï Ð Ç Ê Ñ Ò Ó Ô Ì Õ ÎÅ Æ Ï Ð Ç Ê Ö × Ø Ö Õ Ô Ö Ó Ù Ö Ú ÎÅ Æ Ï Ð Ç Ê Û Ö Ó Ô Ì Õ ÎÜ Å Å Þ Ý Ö Í ß Û Ö à Ö Õ á Ë ß â Ì Û ã ä Î Å â Ì Û ã Î Å Þ Ý Ö Í ß Û Ö à Ö Õ á Ë ß â Ì Û ã ä Î Î
Å Å Æ Ç È É Ê å Ì Ì Ú ÎÅ Æ Ï Ð Ç Ê Ñ Ò Ó Ô Ì Õ ÎÅ Æ Ï Ð Ç Ê Ö × Ø Ö Õ Ô Ö Ó Ù Ö Ú ÎÅ Æ Ï Ð Ç Ê Û Ö Ó Ô Ì Õ ÎÜ Å Å Þ Ý Ö Í ß Û Ö à Ö Õ á Ë ß â Ì Û ã ä Î Å Û Ö à Ö Õ á Ë æ Å â Ì Û ã Î Î
Å Å Æ Ç È É Ê å Ì Ì Ú ÎÅ Æ Ï Ð Ç Ê Ñ Ò Ó Ô Ì Õ ÎÅ Æ Ï Ð Ç Ê Ö × Ø Ö Õ Ô Ö Ó Ù Ö Ú ÎÅ Æ Ï Ð Ç Ê Û Ö Ó Ô Ì Õ ÎÜ Å Å Þ Ý Ö Í ß Û Ö à Ö Õ á Ë ß â Ì Û ã ä Î Å Ý Ö Í æ Å Þ Û Ö à Ö Õ á Ë ß â Ì Û ã ä Î Î

Y m p q l { k n k m t w k n � k � k i k m h l k l { k o p w w p � s i � l { m k kn k l n p o w s i � t s n l s g g p i n l m h s i l n o m p q � { s g { � k t n k l { kq k l { p r n r k n g m s j k r h j p � k l p k n l s q h l k l { k m k w k � h i l
x m p j h j s w s l v � h w t k n z

Y p m k ° h q x w k ~
ç è Y p m α1 1, Pr= ( )low junior ~
α 2 1, Pr= ( )moderate junior ~ α 3 1, Pr= ( )good junior

h i r α 4 1, Pr= ( )very good junior 

L few L few several most

L few several most L few several most

α α

α α

α α α α

1 1 2 1

3 1 4 1

1 1 2 1 3 1 4 1 1

, ,

, ,

, , ,

, , , , ,

, , , ,

= ∈ { }
∈ { } ∈ { }

+ + + =

 

 



Y m p q � { s g { � k p j l h s i éα1 1 0 135294, .= h i rê
α 2 1, = ëα 3 1, = ìα 4 1 0 288235, .=

í s q s w h m w v � k o s i r o m p q
K2

l { h l î
α1 2 0 0857134, .= ~ï

α 2 2 0 671429, .= ~ ðα 3 2 0 171429, .= ~ ñα 4 2 0 0714286, .=
h i r o m p q

K3
l { h l ò ò

α α1 3 2 3, ,= = 0 0837997. ~ó
α 3 3 0 665734, .= ~ ôα 4 3 0 1666667, .=

õ p � w k l   ® � « � � � � � � � � ö   ® � � ÷ j k h o t u u v n t j n k l p iº » ~ � » ¼ n t g { l { h l   ® � « � � � � � � � � Á º ½ Â ­ » ½ ¾ ­ ½ ½ ø ­ » ¼ l { k ih g g p m r s i � l p r k o s i s l s p i � z �
� k { h � k l { h l ­

lp
lp

abft
dxdydes abft

des x

yabft
LYRS

LYRS

y

( )
( )( ) =

( )
( )∫∫exp.

exp.

λ
 

0

1

=
( )

−( )
( )

+

−

∫∫
lp

y
dxdy

des x

y

y
LYRS

exp.

6 1
3 12

18 3

0

1

 

=
−

− =∫ ∫
+

−
1

6

1

1

20

10
0 5

0

1

3 12

18 3

y

x
dxdy

y

y

 .

ù s q s w h m w v � k o s i r l { h l
lp juniordes abftLYRS ( )( ) = 0 h i r

lp seniordes abftLYRS ( )( ) = 0 5. � s � s i � t n l { k w s i � t s n l s g o h g l n
Å Å Æ Ï Ð Ç Ê Ñ Ò Ó Ô Ì Õ Î Î Ü úÅ Å Æ Ï Ð Ç Ê Ö × Ø Ö Õ Ô Ö Ó Ù Ö Ú Î Î Ü ú û üÅ Å Æ Ï Ð Ç Ê Û Ö Ó Ô Ì Õ Î Î Ü ú û ü

§ k i g k ~ � k s i o k m l { h l
Pr . ., ,low( ) = +0 5 0 51 2 1 3

ý ý
α α

= +( ) =0 5 0 0857143 0 0837997 0 0847565. . . .

þ ÿ � � � � � � � � � � � � � � � � 	 ÿ � � � �
Pr .moderate( ) = 0 3776 ~ Pr .good( ) = 0 4186

� ÿ 

Pr .very good ( ) = 0 11905 � � 
 � ÿ � � � 
 � 	 ÿ � � � 	 �


 	 � � 
 	 � � � 	 � ÿ 	 ÿ � � � � � � � � � � � � 	 � � � � � � � � � � � � 	 ÿ �
� 	 ÿ � � 	 � � 	 � 
 � � � 
 	 � � 	 � ÿ � � � � � � � � � � � � 
 � � � � 
 � � � � � �
� 
 � � � � � � � ÿ � � � 
 �
low good very good/ . / .0 339 0 959 1 0 442+ +moderate/ . + /  

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

$ � % � � & � ' ( ) ' * ' � + !
� � � ÿ , � � � - 
 � � � ù � ÿ � ÿ . � 
 
 � � ÿ 
 / 
 � c � � � 
 � �
. � � � 
 	 ÿ � � 
 � � � 	 
 � � ÿ � 	 ÿ � 	 � � � � � � � � � � � ÿ � � �

0 ' 1 ' 2 ' � � ' !
3 4 5 Z � Y � . � � 
 � 	 ÿ ~ � � - � 6 � 
 � 	 ÿ ~ . � # � - 	 � � � � 
 � �

7 4 8 ø ø 9 ~ : ; < = > ? @ A ? B C D E F G H I @ J K L M ~ Y N O \ ù � � � � � �\ � 
 ~ . 
 	 � � � � . � � 	 ÿ � � � P � ÿ � 
 � ~ 6 � � � � Q � � � � ~ R � � � ÿ �
N � � 
 ~ . 
 	 � � � � . ù ø 4 R S ~ T U �3 V 5 Z � Y � . � � 
 � 	 ÿ ~ � � - � 6 � 
 � 	 ÿ ~ . � # � - 	 � � � � 
 � �7 4 8 8 W 9 ~ : ; < = X : A Y Y Z ? @ [ \ ] H [ E @ ^ H ? B ; E ? G I @ H @ _ H @` K < ~ N � � � � 
 � � ù � � 
 	 � � - 
 � � � ~ Z � � ÿ # 	 � � � �3 a 5 Z � Y � . � � 
 � 	 ÿ ~ Z � \ � � 
 � ~ � � - � 6 � 
 � 	 ÿ 7 4 8 8 b 9 ~ c c
6 � � � c � � 	 � ÿ � � ÿ � � � � � 
 � � � � � � - 
 � � � � 	 � 	 � � � �Y � � � � d � � ÿ � � e ~ : A Y Y Z f E ^ G ? @ [ f Z G ^ E g G h a ~ � � a W a i
a b j

3 k 5 Z � Y � . � � 
 � 	 ÿ 7 4 8 8 j 9 ~ l m � � � � � 	 ÿ � � 	 � � # � 
 
 �
� ÿ 
 Y � � � � / � � � . 
 � � � � 
 [ ~ n F I o E E [ H @ _ G I p q @ H o I gr I @ p E F E @ o E I @ : A Y Y Z = I _ H o s ` t t u H o ? ^ H I @ G ? @ [

: A ^ A F E v H F E o ^ H I @ G K3 W 5 Z � Y � . � � 
 � 	 ÿ ~ Z � \ � � 
 � ~ � � - � 6 � 
 � 	 ÿ 7 4 8 8 h 9 ~ l � � �c � � � 	 � � � 	 � ÿ � � w � ÿ � 
 � � 	 � � 
 Y � � � � N � � � � � � 6 � � � 	 ÿ �\ � � 
 ÿ 	 ÿ � � ÿ 
 c � � � � � � � 
 U ÿ � � � � 
 � � / 	 � � � � � 
 � [ x
< @ ^ E F @ ? ^ H I @ ? u y I A F @ ? u I p q @ o E F ^ ? H @ ^ Z x : A Y Y H @ E G G ? @ [z @ I { u E [ _ E X | ? G E [ f Z G ^ E g G } � � � b ~ ~ � � W ~ � � k W 8 i k h j

3 b 5 / � / � � � 	 � ~ Q � - 
 � 
 � 7 4 8 h a 9 ~ l T ÿ � � 	 
 m � 	 ÿ � � ÿ 

~ � � � � � 	 � � 6 � � � � 
 � � � � � � � 
 
 � � - � � � 	 � 	 � 	 � � 	 �
O ÿ � � 
 � 
 � � � � 	 � ÿ � � Q 	 � � � � 
 � � � [ x : A Y Y Z f E ^ G ? @ [

f Z G ^ E g G 4 � ~ � � 4 W i V � �3 j 5 / � / � � � 	 � ~ Q � - 
 � 
 � 7 4 8 h h 9 ~ l � ÿ Y � � � �ù � � � � � 	 � � � [ ~ r I g t A ^ ? ^ H I @ ? u < @ ^ E u u H _ E @ o E ~ } � � � k ~� � 4 j 4 i 4 j 8
3 h 5 . � N � w � 	 ÿ � � 7 4 8 j h 9 ~ l Y � � � � � ÿ 
 - 
 � � � � 	 � 	 � �

T ÿ � � 
 � � 	 ÿ � � \ � � 	 � � [ x y I A F @ ? u I p < @ p I F g ? ^ H I @ ? @ [r I @ ^ F I u a h ~ � � 4 W k i 4 b 8
3 8 5 Z � \ � � 
 � 7 4 8 8 h 9 ~ l c } � � 	 ÿ � 6 � � � � ÿ 	 � � � � 
Y � � � � \ � � 	 � [ � � E < @ ^ E F @ ? ^ H I @ ? u y I A F @ ? u I p` t t F I � H g ? ^ E ; E ? G I @ H @ _ 4 8 ~ � � a 4 W i a a a �3 4 � 5 Z � - � � 
 � 7 4 8 h h 9 ~ n F I � ? � H u H G ^ H o ; E ? G I @ H @ _ H @

< @ ^ E u u H _ E @ ^ f Z G ^ E g G s � E ^ { I F � G I p n u ? A G H � u E < @ p E F E @ o E ~6 � 
 � � ÿ U � � � � � ÿ ÿ �3 4 4 5 - � ù � � � � 7 4 8 8 k 9 ~ � � � � � 
 � ÿ � � � 
 � � � � � � � 	 � � � � 
 � � � ~` F ^ H p H o H ? u < @ ^ E u u H _ E @ o E x b b ~ � � 4 8 4 i V a k
3 4 V 5 \ � c � � � 
 � � ~ l � � � � � ÿ � � � � � � � � 	 ÿ � � 	 � � 	 �

� � 
 	 � � � � � ÿ 
 	 � � � � � � 	 � � � 	 � ÿ � � � � � � 
 � � 	 � � � �

 � � � � ÿ 	 ÿ � [ ~ n ? F ^ < s < @ p I F g ? ^ H I @ f o H E @ o E G � 7 4 8 j W 9� � 4 8 8 i V k 8 � n ? F ^ < < s < @ p I F g ? ^ H I @ f o H E @ o E G � 7 4 8 j W 9� � a � 4 i a W j � n ? F ^ < < < s < @ p I F g ? ^ H I @ f o H E @ o E G 8 7 4 8 j b 9� � k a i h �

3 4 a 5 \ � c � � � 
 � � 7 4 8 h a 9 ~ l c m � � � � � � � 	 � ÿ � �c � � 
 � � � � � � Y � � � � R � � ÿ � 	 � 	 � 
 � 	 ÿ ~ � � � 
 � �\ � ÿ � � � � � [ ~ r I g t K � > E o � G K { H ^ � ` t t u H o ? ^ H I @ G } � � �
� 8 ~ ~ � � 4 ~ � � 4 k 8 i 4 h k
3 4 k 5 \ � c � � � 
 � � 7 4 8 8 b 9 ~ : A Y Y Z = I _ H o � r I g t A ^ H @ _

{ H ^ � � I F [ G ~ O d d d � 
 � ÿ � � � � 	 � ÿ � � ÿ Y � � � � ù � � � � � � ~
} � � � k ~ ~ � � V ~ � � 4 � a i 4 4 4


