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Abstract

5$(-/6 $7 8%*$9:/-+- 8%7$;9'+8$% ;-/0 $% :;$<'<8/86+8* 68&%'/6 +$ *':+";- +=- "%>
*-;+'8% ?'/"-6 $7 ?';8'</-6 '//$@8%& +=- ;-/'+8$%6=8: <-+@--% 68&%'/6 '%( +=- ;-/-?'%+
?';8'</-6 +$ <- *':+";-( <0 ' A$8%+ :;$<'<8/8+0 (86+;8<"+8$% 7"%*+8$%B C% +=86 :':-;3
@- (-D%- '%( *$%+;'6+ +@$ +0:-6 $7 68&%'/6E generated signals '%( interpreted sig-
nalsB F-%-;'+-( 68&%'/6 ';- (86+$;+8$%6 $7 +=- +;"- ?'/"-6 $; $"+:"+6 $7 6$9- :;$*-66B
C%+-;:;-+-( 68&%'/6 ';- :;-(8*+8$%6 <'6-( $% 8%:"+6 $7 ' :;$*-66 $; '++;8<"+-6 $7 '%
$<A-*+B G8%';0 (86*;-+- 8%+-;:;-+-( 68&%'/6 ';- %-&'+8?-/0 *$;;-/'+-( 8% +=-8; *$;;-*+>
%-663 <- 8+ *$%(8+8$%'/ $; "%*$%(8+8$%'/H 9$;-$?-;3 +=- '9$"%+ $7 %-&'+8?- *$;;-/'+8$%
86 "%8I"-/0 (-+-;98%-( 8% 89:$;+'%+ *'6-6B C% *$%+;'6+3 &-%-;'+-( 68&%'/6 *'% <- 8%>
(-:-%(-%+ *$%(8+8$%'/ $% +=- +;"- ?'/"-B C% $+=-; @$;(63 +=-6- +@$ +0:-6 $7 68&%'/6
:;$("*- (86+8%*+ 6+'+86+8*'/ 68&%'+";-6B J="63 $"; D%(8%&6 /898+ +=- *$%+-K+6 8% @=8*=
9'%0 @-// L%$@% 9$(-/6 $7 8%7$;9'+8$% '&&;-&'+8$% '%( 6+;'+-&8* *=$8*-6 8% '"*+8$%63
9';L-+63 '%( ?$+8%& '::/0B

!     
"        
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! "#$%&'()$*&#

N=-% 9'L8%& -*$%$98* $; :$/8+8*'/ (-*868$%63 '&-%+6 ;';-/0 ='?- +=- <-%-D+ $7 7"//
8%7$;9'+8$%B J=-0 ;-/0 $% :';+8'/ $; (86+$;+-( 8%7$;9'+8$% $; $% *;"(- :;-(8*+8?-
9$(-/6B )$*8'/ 6*8-%+86+6 9$(-/ +=86 8%*$9:/-+- 8%7$;9'+8$% 8% +=- 7$;9 $7 68&%'/6B O
A$8%+ :;$<'<8/8+0 (86+;8<"+8$% *=';'*+-;8P-6 +=- 6+'+86+8*'/ ;-/'+8$%6=8:6 <-+@--% +=-6-
68&%'/6 '%( +=- ?';8'</- $7 8%+-;-6+E +=- <-++-; +=- 8%7$;9'+8$%3 +=- +8&=+-; +=- /8%L
<-+@--% +=- 68&%'/6 '%( +=- "%(-;/08%& ?';8'</- $7 8%+-;-6+B O 68&%'/ 86 '% '<6+;'*+8$%B
O 68&%'/ *$"/( ;-:;-6-%+ ' %$860 9-'6";- $7 ' ?';8'</- $; ' :;-(8*+8$% <'6-( $% :';+8'/
8%7$;9'+8$%B C% +=86 :':-;3 @- '%'/0P- @=-+=-; +=-6- (8Q-;-%+ +0:-6 $7 ;-'/ @$;/(
68&%'/6 *$%6+;'8% +=- */'66 $7 7-'68</- A$8%+ :;$<'<8/8+0 (86+;8<"+8$%6B ,"+ (8Q-;-%+/03
($ 6+'%(';( '66"9:+8$%6 $7 8%(-:-%(-%*- $7 68&%'/6 $; 8%(-:-%(-%*- *$%(8+8$%'/ $%
+=- +;"- ?'/"-3 *$%6+;'8% +=- 6-+ $7 -%?8;$%9-%+6 +='+ *$"/( :;$("*- +=$6- 68&%'/6B
J=- 6+'+86+8*'/ :;$:-;+8-6 $7 68&%'/6 8%R"-%*- 6+;'+-&8* *=$8*-6 '%( +=-;-7$;- $"+>

*$9-6B J=-;-7$;-3 '%0 '%'/0686 $7 -*$%$98* '%( :$/8+8*'/ 8%6+8+"+8$%6 8% 8%*$9:/-+-
8%7$;9'+8$% -%?8;$%9-%+6 89:/8*8+/0 =8%&-6 $% 6+'+86+8*'/ '66"9:+8$%6 '<$"+ 68&%'/6B
C% +=86 :':-;3 @- *$%%-*+ +=$6- '66"9:+8$%63 '%( +=-;-7$;- +=$6- D%(8%&63 +$ 6:-*8D*
-%?8;$%9-%+6B C% ($8%& 6$3 @- *$%+;8<"+- +$ +=- /8+-;'+";- $% +=- (-68&% '%( +=- :-;>
7$;9'%*- $7 9';L-+6 '%( :$/8+8*'/ 9-*='%8696B S"; ;-6"/+6 89:/0 +='+ 8% 6$9- *'6-63
'"*+8$% 9';L-+6 '%( (-9$*;'*8-6 9'0 @$;L <-++-; +='% :;-?8$"6/0 +=$"&=+ '%( +='+
8% $+=-; *'6-63 -K86+8%& ;-6"/+6 9'0 ;-/0 $% '66"9:+8$%6 +='+ :;$?- "%;-'/86+8*B
J$ 6=$@ =$@ :;$:-;+8-6 $7 +=- A$8%+ (86+;8<"+8$% 7"%*+8$% (-:-%( $% +=- 98*;$ /-?-/

7$"%('+8$%6 $7 +=- 68&%'/63 @- (-6*;8<- +@$ 7;'9-@$;L6 +='+ *':+";- (86+8%*+ -%?8;$%>
9-%+6 7$; :;$("*8%& 68&%'/6B J=- D;6+ 7;'9-@$;L '66"9-6 +='+ 68&%'/6 ';- &-%-;'+-(
<0 ' :;$*-66B J=- $+=-; '66"9-6 +='+ '&-%+6 *$%6+;"*+ :;-(8*+8?- 9$(-/6 +='+ '*+ '6
68&%'/6B G$+= +0:-6 $7 68&%'/63 $7 *$";6-3 *'% <- 9$(-/-( <0 A$8%+ :;$<'<8/8+0 (86+;8<>
"+8$%6B #$@-?-;3 +=- 6+'+86+8*'/ :;$:-;+8-6 $7 +=$6- (86+;8<"+8$%6 (8Q-; (-:-%(8%& $%
+=- :;$*-66B G8%';0 68&%'/6 &-%-;'+-( <0 ' :;$*-66 ';- +0:8*'//0 8%(-:-%(-%+B S%-
:-;6$%T6 6'9:/- $7 ' %-@ *=$*$/'+- *'%(0 86 8%(-:-%(-%+ $7 '%$+=-;T6B C% *$%+;'6+3
<8%';0 68&%'/6 +='+ ;-6"/+ 7;$9 6+;'+-&8*'//0 *=$6-% :;-(8*+8?- 9$(-/6 *'%%$+ <- 8%>
(-:-%(-%+B J=-0 9"6+ <- %-&'+8?-/0 *$;;-/'+-( 8% +=-8; *$;;-*+%-66B 5$;-$?-;3 +=-
(-&;-- +$ @=8*= +=-0 ';- %-&'+8?-/0 *$;;-/'+-( 86 $7+-% "%8I"-/0 (-+-;98%-( <0 +=-8;
'**";'*0B
C% @='+ 7$//$@63 @- ;-7-; +$ +=- D;6+ +0:- $7 68&%'/63 +=$6- :;$("*-( <0 6$9-

:;$*-663 '6 generated signalsB J@$ '&-%+6T &-%-;'+-( 68&%'/6 (8Q-; <-*'"6- +=- '&-%+6
(;'@ (8Q-;-%+ 6'9:/-6 $; -K:-;8-%*- 8(8$60%*;'+8* 6=$*L6 $; (86+$;+8$%6B N- ;-7-;
+$ +=- 6-*$%( +0:- $7 68&%'/6 8% @=8*= '&-%+6 D/+-; ' =8&= (89-%68$%'/ ;-'/8+0 $%+$
(89-%68$%6 $; 8%+$ *'+-&$;8-6 U$; '++;8<"+-6V '%( 9'L- :;-(8*+8$%6 '6 interpreted sig-
nals UW;0-; '%( .'*L6$% 200X3 Y86<-++ 200X3 ,'&- 2004VB! J@$ '&-%+6T 8%+-;:;-+-(
68&%'/6 (8Q-; 87 +=- '&-%+6 ;-/0 $% (8Q-;-%+ :;-(8*+8?- 9$(-/6H 87 +=-0 (8Q-; 8% =$@
+=-0 *'+-&$;8P- $; */'66870 $<A-*+63 -?-%+63 $; ('+'B"

         
              
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F8?-% $"; *$%6+;"*+8$%3 &-%-;'+-( 68&%'/6 ='?- ' :;$<'<8/86+8* ;-/'+8$%6=8: +$ +=-
;-/-?'%+ $"+*$9- ?';8'</-B J="63 %$ %"9<-; $7 &-%-;'+-( 68&%'/63 8%(-:-%(-%+ $; %$%
8%(-:-%(-%+3 :8%6 ($@% +=- $"+*$9- ?'/"- @8+= *-;+'8%+0B C% '((8+8$%3 '%0 %"9<-; $7
&-%-;'+-( 68&%'/6 *'% <- :;$("*-( 6'+86708%& +=- 6'9- (86+;8<"+8$%'/ '%( *$;;-/'+8$%'/
'66"9:+8$%6 Z 6*8-%+86+6 *'% 6'9:/- '8; I"'/8+0 7$; ('06 $% -%(B Y-8+=-; $7 +=-6-
*=';'*+-;86+8*6 %--( +$ <- +;"- $7 8%+-;:;-+-( 68&%'/6B W8;6+3 87 '// ;-/-?'%+ '++;8<"+-
?'/"-6 *'% <- /-';%-(3 +=-% +=- ?'/"- $7 '% $"+*$9- 86 L%$@% @8+= *-;+'8%+0B C7 '
:$L-; :/'0-; L%$@6 '// $7 +=- *';(6 8% =-; $::$%-%+6T ='%(63 6=- L%$@6 @=-+=-; 6=-
@8%6 $; /$6-6B )-*$%(3 &8?-% +='+ 8%+-;:;-+-( 68&%'/6 (-:-%( $% '++;8<"+-63 +=- %"9<-;
$7 (86+8%*+ 8%+-;:;-+-( 68&%'/6 86 <$"%(-( <0 +=- :$@-; 6-+ $7 +=- 6-+ $7 '++;8<"+-6B
J=86 /'++-; 89:/8*'+8$% 89:/8-6 +='+ '%0 9$(-/ +='+ '66"9-6 ' /';&- %"9<-; $7 68&%'/6
'66"9-6 &-%-;'+-( 68&%'/6 '%( ;"/-6 $"+ 8%+-;:;-+-( 68&%'/63 '% 8%68&=+ @- +'L- ": 8%
9$;- (-:+= 8% +=- (86*"668$% '+ +=- -%( $7 +=86 :':-;B
C% +=86 :':-;3 @- 7$*"6 $% independent interpretations Z 8%+-;:;-+'+8$%6 +='+ *$%>

68(-; (86+8%*+ '++;8<"+-6 $7 ' *$99$% ;-:;-6-%+'+8$%3 $; :-;6:-*+8?- U#$%& '%( ,'&-
20013 ,'&- 2004VB J=86 *':+";-6 68+"'+8$%6 8% @=8*= '&-%+6 /$$L '+ (86+8%*+ <"+ ;-/->
?'%+ :8-*-6 $7 8%7$;9'+8$% @=-% 9'L8%& :;-(8*+8$%6B !'+-;3 @- (86*"66 @=03 87 :-$:/-
@-;- +$ 9'L- 6+;'+-&8* *=$8*-6 $7 8%+-;:;-+'+8$%63 @- 98&=+ -K:-*+ +=$6- 8%+-;:;-+'>
+8$%6 +$ <- 8%(-:-%(-%+B N- '/6$ *$%68(-; +=- 6:-*8'/ *'6- @=-;- +=- $"+*$9- $7
8%+-;-6+ +'L-6 $% $%/0 <8%';0 ?'/"-6B [$"<+/-663 +=- 9$(-/ &-%-;'/8P-63 <"+ +=- <8%';0
*'6- :;$?8(-6 +=- */-'%-6+ -%+;0 8%+$ +=- 866"-6 $7 *$%*-;%B
)-?-;'/ *$99$% (86+;8<"+8$%'/ '66"9:+8$%6 ';- 8%*$%686+-%+ @8+= 8%(-:-%(-%+ 8%>

+-;:;-+-( 68&%'/6B W$; -K'9:/-3 9'%0 9$(-/6 $7 8%7$;9'+8$% '&&;-&'+8$% 8% *$99$%
?'/"- '"*+8$%63 ?$+8%&3 '%( 8% 8%7$;9'+8$% *'6*'(-6 '66"9- +=- 7$//$@8%& 68&%'/8%&
6+;"*+";- +='+ 8%?$/?-6 +@$ $"+*$9-6 ! U&$$(V '%( " U<'(V '%( +@$ 68&%'/6 # '%(
$E J=- +@$ $"+*$9-6 ';- -I"'//0 /8L-/03 +=- +@$ 68&%'/6 :;-(8*+ +=- +@$ $"+*$9-6
@8+= -I"'/ :;$<'<8/8+03 +=- 68&%'/6 ';- 8%(-:-%(-%+/0 *$;;-*+ U8B-B L%$@8%& +='+ $%-
68&%'/ 86 *$;;-*+ +-//6 %$+=8%& '<$"+ +=- :;$<'<8/8+0 +='+ +=- $+=-; 86 *$;;-*+V '%( +=-
68&%'/6 ';- 8%7$;9'+8?-3 8B-B +=-0 ';- *$;;-*+ 9$;- +='% ='/7 $7 +=- +89-B N- 6=$@ +='+
+=-6- '66"9:+8$%6 ';- 8%*$%686+-%+ @8+= 8%(-:-%(-%+ 8%+-;:;-+-( 68&%'/63 @=8*=3 '6 @-
6=$@3 9"6+ <- %-&'+8?-/0 *$;;-/'+-( *$%(8+8$%'/ $% '+ /-'6+ $%- $"+*$9-B 5$;-$?-;3
+=-6- 8%+-;:;-+-( 68&%'/6 *'%%$+ <- 8%(-:-%(-%+/0 *$;;-*+B J=-0 9"6+ <- %-&'+8?-/0
*$;;-/'+-( 8% +=-8; *$;;-*+%-66 <$+= "%*$%(8+8$%'//0 '%( *$%(8+8$%'//0 $% '+ /-'6+ $%-
$"+*$9-B J=-;-7$;-3 +=-6- '66"9:+8$%6 @$"/( %$+ <- *$%686+-%+ @8+= ' @$;/( 8% @=8*=
+=-6-6 68&%'/6 ';-3 7$; -K'9:/-3 :;-(8*+8$%6 $7 +=- ?'/"-6 $7 8%?-6+9-%+6B
J=- %-&'+8?- *$;;-/'+8$% ;-6"/+ <$(-6 @-// 7$; 8%7$;9'+8$% '&&;-&'+8$% <"+ ='6 '

*$%+8%&-%+ %$;9'+8?- 89:/8*'+8$% 7$; '"*+8$%6 (-:-%(8%& $% @=-+=-; @-T;- '/8&%-(

              
          
           
             
             
       
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@8+= +=- <"0-;6 $; +=- 6-//-;B N-;- $"; ;-6"/+ $%/0 +='+ +=- *$;;-/'+8$% 86 %-&'+8?-3
8+ *$"/( <- 6--% '6 9$?8%& +=- /8+-;'+";- <'*L@';(B #$@-?-;3 87 '6 $7+-% '66"9-(3
&$$( '%( <'( :;-(8*+8$%6 ';- -I"'//0 /8L-/03 +=- :;$<'<8/8+0 $7 ' *$;;-*+ 8%+-;:;-+-(
68&%'/ "%8I"-/0 (-+-;98%-6 +=- -K+-%+ $7 +=86 %-&'+8?- *$;;-/'+8$%B J="63 @- ='?- '
<-%*=9';L *$;;-/'+8$% '66"9:+8$% 7$; 8%+-;:;-+-( 68&%'/6 +='+ (8Q-;6 7;$9 P-;$B J=-
"%8I"-%-66 $7 +=86 *$;;-/'+8$% ='6 '% "%-K:-*+-( *$;$//';03 %'9-/0 +='+ +=- complexity
$7 +=- $"+*$9- 7"%*+8$% U+=- -K+-%+ $7 %$%/8%-';8+0 '%( 8%+-;'*+8$% +-;96V ='6 %$ -Q-*+
$% :'8;@86- *$;;-/'+8$% <-0$%( +='+ *':+";-( <0 68&%'/ '**";'*0B
N- '/6$ ;-/'K +=- 8%(-:-%(-%+ 8%+-;:;-+-( 68&%'/6 '%( '6L @=-+=-; 8%+-;:;-+-(

68&%'/6 *'% 6'+8670 +=- 6+'%(';( '66"9:+8$% 8% +=- 68&%'/8%& /8+-;'+";- $7 8%(-:-%>
(-%*- *$%(8+8$%'/ $% +=- $"+*$9-B N- 6=$@ +='+ 8%+-;:;-+-( 68&%'/6 *'% 6'+8670 +=-
*$%(8+8$%'/ 8%(-:-%(-%*- '66"9:+8$%3 +=- $"+*$9- 7"%*+8$% '%( +=- '66$*8'+-( 8%+-;>
:;-+-( 68&%'/6 ='?- ' "%8I"- U": +$ 86$9$;:=869V 6+;"*+";- +='+ ;-I"8;-6 $?-;/'::8%&
8%+-;:;-+'+8$%6 8% ' :';+8*"/'; @'0E -'*= '&-%+ 9"6+ 8&%$;- ' (8Q-;-%+ :8-*- $7 8%7$;>
9'+8$%B C%+"8+8?-/03 +=86 ;"%6 *$"%+-; +$ 8%*-%+8?- -Q-*+63 68%*- <0 L%$@8%& +='+ :8-*-
$7 8%7$;9'+8$%3 +=- '&-%+ @$"/( ='?- *$9:/-+- 8%7$;9'+8$%B J=86 ;-6"/+ :;$?8(-6 '
:$@-;7"/ ';&"9-%+ +='+ -?-% +=$"&= *$%(8+8$%'/ 8%(-:-%(-%*- 86 ' ;-'6$%'</- <-%*=>
9';L '66"9:+8$% 7$; &-%-;'+-( 68&%'/63 8+ 89:$6-6 ' 6:-*8D*3 '%( "%/8L-/0 6+;"*+";-
$% 8%+-;:;-+-( 68&%'/6 9'L8%& 8+ '% 89:;$:-; <-%*=9';L '66"9:+8$% 7$; 8%+-;:;-+-(
68&%'/6B
J$ 6"99';8P-3 8% +=86 :':-; @- -6+'</86= +='+ +=- 6+'+86+8*'/ :;$:-;+8-6 $7 &-%-;>

'+-( '%( 8%+-;:;-+-( 68&%'/6 (8Q-;B J=-6- (8Q-;-%*-6 *'// 8%+$ I"-6+8$% +=- &-%-;'/8+0
$7 -K86+8%& ;-6"/+6 +='+ ;-/0 $% '% '<6+;'*+ 9$(-/ $7 68&%'/6 Z +=- '"*+8$%3 ?$+8%&3
$; 68&%'/8%& /8+-;'+";-6 ';- ;-:/-+- @8+= 9$(-/6 +='+ 8%*/"(- '66"9:+8$%6 <'6-( $%
+;'*+'<8/8+0 '%( %$+ $% (-6*;8:+8?- ;-'/869B W$; -K'9:/-3 8% +='+ :';+ $7 +=- '"*+8$%
/8+-;'+";- +='+ ;-/'+-6 +$ +=- (-;8?'+8$% $7 $:+89'/ <8((8%& 6+;'+-&8-63 +=- '66"9:+8$%6
'/8&% @8+= $"; 8%+-;:;-+-( 68&%'/ 7;'9-@$;L U\/-9:-;-; 2004VB #$@-?-;3 8% +='+ :';+
*$%*-;%-( @8+= 8%7$;9'+8$% '&&;-&'+8$% 8% *$99$% ?'/"- '"*+8$%63 :';+8*"/';/0 +=$6-
:':-;6 @8+= /';&- %"9<-;6 $7 <8((-;63 +=- '66"9:+8$%6 ';- 8%*$%686+-%+ @8+= 8%+-;>
:;-+-( 68&%'/6B )898/';/03 +=- <"/L $7 +=- :$/8+8*'/ 6*8-%*- /8+-;'+";-3 8%*/"(8%& '/9$6+
'// A";0 9$(-/6 '%( -/-*+8$% 9$(-/6 U!'(=' 1^^23 W-((-;6-% '%( ,-6-%($;7-; 1^^4V3
9'L-6 '66"9:+8$%6 *$%686+-%+ @8+= &-%-;'+-( 68&%'/63 %$+ 8%+-;:;-+-( 68&%'/63 -?-%
+=$"&= <0 (-D%8+8$%3 A";$;6 9'L- :;-(8*+8$%6 <'6-( $% 8%7$;9'+8$%3 8B-B "6- 8%+-;>
:;-+-( 68&%'/6B
J=- ;-9'8%(-; $7 +=- :':-; 86 $;&'%8P-( '6 7$//$@6B C% )-*+8$% 23 @- :;$?8(-

-K'9:/-6 $7 &-%-;'+-( '%( 8%+-;:;-+-( 68&%'/6 '%( *$9:';- +=-9B C% )-*+8$% X3 @-
8%+;$("*- ' 7;'9-@$;L 7$; 8%+-;:;-+'+8$%6 '%( :;-(8*+8$%6 '%( (86*"66 +=;-- %$+8$%6
$7 8%(-:-%(-%*-E independent interpretations3 independent signals3 '%( independently
correct signalsB C% )-*+8$% 43 @- :;$?- +=- ;-6"/+ +='+ 8%(-:-%(-%+ :;-(8*+8$%6 ';-
%-&'+8?-/0 *$;;-/'+-( 8% +=-8; *$;;-*+%-66B C% )-*+8$% _3 @- *'6+ $"; 8%+-;:;-+'+8$%6
'%( :;-(8*+8$%6 7;'9-@$;L '6 68&%'/63 8%+-;:;-+-( 68&%'/63 '%( *$9:';- 8%+-;:;-+-(
68&%'/6 +$ &-%-;'+-( 68&%'/6B N- (-9$%6+;'+- =$@ +$ *$%6+;"*+ %$% 8%(-:-%(-%+ 8%>
+-;:;-+-( 68&%'/6 +='+ 6'+8670 *$%(8+8$%'/ 8%(-:-%(-%*-B N- 6=$@ +='+ '% '66"9:+8$%
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$7 *$%(8+8$%'//0 8%(-:-%(-%+ 68&%'/6 89:$6-6 ' "%8I"- U": +$ 86$9$;:=869V 9'::8%&
7;$9 '++;8<"+-6 +$ $"+*$9-6B C% )-*+8$% `3 @- :;-6-%+ '% -K'9:/- 8% +=- *$%+-K+
$7 ?$+8%& +$ 8//"6+;'+- =$@ $"; 8%+-;:;-+-( 68&%'/6 7;'9-@$;L *'% <- "6-( +$ 8%?-6+8>
&'+- 8%7$;9'+8$% '&&;-&'+8$% :;$:-;+8-6 $7 +=- 9'A$;8+0 ;"/- ?$+8%& 9-*='%869B N-
(-9$%6+;'+- @=0 "68%& 8%+-;:;-+-( 68&%'/6 7;'9-@$;L ;-I"8;-6 ' 7"%('9-%+'//0 (87>
7-;-%+ +-*=%8I"- '%( /-'( +$ 7"%('9-%+'//0 (8Q-;-%+ +0:-6 $7 ;-6"/+6 *$9:';-( +$
+=- 6+'%(';( 8%7$;9'+8$% '&&;-&'+8$% ;-6"/+6B N- *$%*/"(- @8+= ' (86*"668$% $7 +=-
89:/8*'+8$%6 $7 $"; ;-6"/+6 '%( 7"+";- ;-6-';*= I"-6+8$%6B

+ ,-#-%.$-' .#' "#$-%/%-$-' 0*1#.234 56.7/2-3

N- <-&8% @8+= '% -K'9:/- +='+ =8&=/8&=+6 +=- 6+'+86+8*'/ (8Q-;-%*-6 <-+@--% &-%-;>
'+-( '%( 8%+-;:;-+-( 68&%'/6B a$%68(-; +@$ ?-%+";- *':8+'/86+6 @=$ ;-*-8?- 68&%'/6
'<$"+ +=- I"'/8+0 $7 '% 8%?-6+9-%+3 6'0 ' ;-6+'";'%+B J=86 ;-6+'";'%+ *'% -8+=-; <-
' &$$( 8%?-6+9-%+ U% b !V $; ' <'( $%- U% b "VB c'*= $"+*$9- $**";6 @8+= -I"'/
:;$<'<8/8+0B N- D;6+ (-6*;8<- +=- 6+'%(';( generated signal 9$(-/B

+8! ,-#-%.$-' 0*1#.23

F-%-;'+-( 68&%'/6 *'% <- +=$"&=+ $7 '6 %$860 &/89:6-6 $; (86+$;+8$%6 $7 '% $"+*$9-
?'/"- % B C9'&8%-3 7$; -K'9:/-3 +='+ +@$ :$+-%+8'/ 8%?-6+$;6 -'+ 9-'/6 :;-:';-( '+ +=-
;-6+'";'%+B N- *'% +=8%L $7 +=$6- 9-'/6 '6 &-%-;'+-( 68&%'/6 (-%$+-( <0 &! '%( &"
+='+ -8+=-; +'L- ?'/"- # U7$; &$$(V $; $ U7$; <'(VB a$%(8+8$%'/ $% +=- ;-6+'";'%+ <-8%&
' &$$( 8%?-6+9-%+3 8B-B *$%(8+8$%'/ $% $"+*$9- !3 @- '66"9- +='+ +=- :;$<'<8/8+0 $7
&-++8%& ' &$$( 9-'/3 8B-B $7 ;-*-8?8%& +=- 68&%'/ #3 -I"'/6 2'XB )898/';/03 *$%(8+8$%'/
$% "3 +=- :;$<'<8/8+0 $7 &-++8%& +=- 68&%'/ $ -I"'/6 2'XB c'*= $7 +=-6- 68&%'/6 86
7";+=-; '66"9-( +$ <- '% 8%(-:-%(-%+ (;'@ 7;$9 +=86 (86+;8<"+8$%B J="63 @- *'%
@;8+- +=- A$8%+ :;$<'<8/8+0 (86+;8<"+8$%6 $7 68&%'/6 *$%(8+8$%'/ $% +=- ;-6+'";'%+T6
?'/"- '6 7$//$@6E

F-%-;'+-( )8&%'/6 a$%(8+8$%'/ $% !

&!d&" $ #
$ 1d^ 2d^
# 2d^ 4d^

F-%-;'+-( )8&%'/6 a$%(8+8$%'/ $% "

&!d&" $ #
$ 4d^ 2d^
# 2d^ 1d^

_



e68%& +=86 8%7$;9'+8$%3 @- *'% *$9:"+- +=- :;$<'<8/8+0 +='+ +=- ;-6+'";'%+ 86 '
&$$( 8%?-6+9-%+ *$%(8+8$%'/ $% +=- 68&%'/6 $7 +=- +@$ 8%?-6+$;6B

,;$<'<8/8+0 $7 ' F$$( C%?-6+9-%+
a$%(8+8$%'/ $% F-%-;'+-( )8&%'/6

&!d&" $ #
$ 1d_ 1d2
# 1d2 4d_

J=- '<$?- +'</- *'% <- ;-'( '6 7$//$@6B C7 <$+= 8%?-6+$;6 &-+ +=- 68&%'/ $ +=-% +=-
:;$<'<8/8+0 +='+ +=- ;-6+'";'%+ 86 ' &$$( 8%?-6+9-%+ -I"'/6 !

#
B

+8+ "#$-%/%-$-' 0*1#.23

N- %$@ +";% +$ 8%+-;:;-+-( 68&%'/6B C%+-;:;-+-( 68&%'/6 ';- :;-(8*+8$%6 <'6-( $% inter-
pretationsB C%+-;:;-+'+8$%6 *;-'+- :';+8+8$%6 U$; *'+-&$;8P'+8$%6V $7 +=- 6-+ $7 :$668</-
;-6+'";'%+6B C%+-;:;-+'+8$%6 :';+8+8$% +=- 6-+ $7 '++;8<"+-6 +='+ (-D%- ' ;-6+'";'%+B
C% +=86 -K'9:/-3 @- *$%68(-; +=$6- '++;8<"+-6 +$ <- +=- ;-6+'";'%+T6 location '%( 8+6
pricesB N- '66"9- +='+ -'*= 8%?-6+$; 6--6 $%/0 $%- $7 +=-6- '++;8<"+-6 '%( <'6-6 =-;
:;-(8*+8$% $% +='+ '++;8<"+-T6 ?'/"-B
C%+-;:;-+-( 68&%'/6 ;-I"8;- '% outcome function3 % 3 +='+ 9':6 +=- ;-6+'";'%+T6

attributes3 8%+$ ' :;$<'<8/8+0 +='+ +=- ;-6+'";'%+ 86 ' &$$( 8%?-6+9-%+B #-;-3 @-
'66"9- +='+ +=- /$*'+8$% ( '%( +=- :;8*-6 f *'% <- -8+=-; &$$( 1 $; <'( 0) '%(
+='+ -'*= *$9<8%'+8$% $7 '++;8<"+- :'8;6 86 -I"'//0 /8L-/0B N- '66"9- +=- 7$//$@8%&
7"%*+8$%'/ 7$;9 7$; +=- $"+*$9- 7"%*+8$%B$

% U() fV b


!
$
87 U(g fV  1

1 $+=-;@86-

C% +=86 -K'9:/-3 @- '66"9- +='+ +=- D;6+ 8%?-6+$; /$$L6 $%/0 '+ +=- /$*'+8$% '%(
+=- 6-*$%( /$$L6 $%/0 '+ :;8*-6B J=- 8%?-6+$;6 +=-% *$%6+;"*+ predictive models <'6-(
$% +=-8; '++;8<"+-6T ?'/"-6B C% <;8-73 87 +=- '++;8<"+-T6 ?'/"- -I"'/6 1 U;-6:B 0V3 +=-
8%?-6+$; :;-(8*+6 +=- ;-6+'";'%+ @8// <- &$$( U<'(VB J=- 8%?-6+$;6T interpreted signals
-I"'/ +=- ?'/"- $7 +=- 8%?-6+$;6T '++;8<"+-6B C% +=- &-%-;'/ 7;'9-@$;L3 :;-(8*+8$%6

           
              
       !            
             

" #$ $ ! 


  !    #  % 
 

`



*'% <- <'6-( $% 9"/+8:/- '++;8<"+-6 '%( +=-;-7$;- ';- %$+ 8(-%+8*'/ +$ +=- '++;8<"+-6
+=-96-/?-6B F8?-% +=-6- 8%+-;:;-+-( 68&%'/63 @- *'% %$@ @;8+- ' A$8%+ :;$<'<8/8+0
(86+;8<"+8$% 7$; +=- 68&%'/6 '%( +=- ?'/"- $7 +=- $"+*$9- 7"%*+8$%B

,;$<'<8/8+0 $7 ' F$$( C%?-6+9-%+
a$%(8+8$%'/ $% C%+-;:;-+-( )8&%'/6

(df 0 1
0 1dX 1dX
1 1dX 1

N- *'% +=-% *'/*"/'+- +=- A$8%+ :;$<'<8/8+0 (86+;8<"+8$% $7 +=- 8%+-;:;-+-( 68&%'/6
*$%(8+8$%'/ $% +=- ;-6+'";'%+T6 I"'/8+0B O6 @8+= +=- &-%-;'+-( 68&%'/63 +=- :;$<'<8/8+0
$7 '% '&-%+ &-++8%& +=- &$$( U<'(V 68&%'/ *$%(8+8$%'/ $% +=- ;-6+'";'%+ <-8%& $7 &$$(
U<'(V I"'/8+0 -I"'/6 "

$
B

C%+-;:;-+-( )8&%'/6 a$%(8+8$%'/ $% !

(df 0 1
0 1d` 1d`
1 1d` 1d2

C%+-;:;-+-( )8&%'/6 a$%(8+8$%'/ $% "

(df 0 1
0 1dX 1dX
1 1dX 0

a$9:';8%& +=- &-%-;'+-( '%( 8%+-;:;-+-( 68&%'/6 ;-?-'/6 6-?-;'/ (8Q-;-%*-6B W8;6+3
+=- 8%+-;:;-+-( 68&%'/6 ';- %$+ *$%(8+8$%'//0 8%(-:-%(-%+B a$%(8+8$%'/ $% +=- ;-6+'">
;'%+ <-8%& ' <'( 8%?-6+9-%+3 ='?8%& ' &$$( /$*'+8$% reduces +=- /8L-/8=$$( +='+ +=-
:;8*-6 ';- '/6$ &$$(B C% 7'*+3 +=- :;$<'<8/8+0 $7 ='?8%& &$$( :;8*-6 -I"'/6 P-;$B )-*>
$%(3 +=- &-%-;'+-( 68&%'/6 ';- 8%(-:-%(-%+/0 *$;;-*+3 <"+ +=- 8%+-;:;-+-( 68&%'/6 ';-
%$+B O&'8%3 *$%(8+8$%'/ $% +=- ;-6+'";'%+ <-8%& ' <'( 8%?-6+9-%+3 87 $%- 8%+-;:;-+-(
68&%'/ 86 8%*$;;-*+3 +=- $+=-; must <- *$;;-*+B J=8;(3 @8+= 8%+-;:;-+-( 68&%'/63 +=-
*$;;-/'+8$% <-+@--% +=- 68&%'/6 '%( ?'/"-6 (-:-%(6 $% +=- $"+*$9- 7"%*+8$%B N8+=
&-%-;'+-( 68&%'/63 @='+-?-; *$;;-/'+8$% -K86+6 86 A"6+ '66"9-(B W8%'//03 8% +=- *'6- $7
8%+-;:;-+-( 68&%'/63 @- ';- /898+-( +$ +@$ '++;8<"+-6E /$*'+8$% '%( :;8*-6B J=- $%/0
*$%6+;'8%+ $% +=- %"9<-; $7 &-%-;'+-( 68&%'/6 86 +=- *=-7T6 +89-B%

           
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9 :;- "#$-%/%-$.$*&# .#' <%-'*)$*&# =%.7->&%?

N- %$@ (-?-/$: $"; 7;'9-@$;L 7$; 8%+-;:;-+'+8$%6 '%( :;-(8*+8$%6B S%/0 @=-% @-
;-*'6+ +=-9 '6 68&%'/6 /'+-; 8% +=- :':-; @8// @- *'// +=-9 *#$-%/%-$-' 3*1#.23B J$
'?$8( *$%7"68$%3 @- '/6$ (86+8%&"86= '9$%& 6-?-;'/ +0:-6 $7 8%(-:-%(-%*-B

98! "#$-%/%-$.$*&#3 .#' <%-'*)$*&#3

C% *$%6+;"*+8%& 8%+-;:;-+'+8$%6 '%( :;-(8*+8$%63 @- (8Q-;-%+8'+- <-+@--% +=- 6-+ $7
$<A-*+6 $; -?-%+6 '%( +=-8; $"+*$9- ?'/"-6B N- (-D%- the environment3 h3 +$ <- '
D%8+- *$//-*+8$% $7 $<A-*+6 $; -?-%+6 @8+= ' *';(8%'/8+0 -I"'/ +$ * B c'*= $7 +=-6-
-?-%+6 $; $<A-*+6 ='6 '66$*8'+-( @8+= 8+ '% $"+*$9-B N- (-%$+- +=- 6-+ $7 $"+*$9-6
<0 + '%( +=- (-+-;98%86+8* 9'::8%& 7;$9 -?-%+6 +$ $"+*$9-6 '6 '% $"+*$9- 7"%*+8$%
, E h +B # O&-%+6 ';- +$ :;-(8*+ $"+*$9-6B
J=- :;$</-96 @- *$%68(-; ';- -I"8?'/-%+ +$ */'668D*'+8$% :;$</-96 8% @=8*= '%

'&-%+ ='6 +$ :/'*- +=- * $<A-*+6 8%+$ + <8%6 ;-:;-6-%+8%& :$668</- $"+*$9- ?'/"-6
'%( ';- ;-/'+-( +$ +=- :;$</-9 $7 6-/-*+8%& ;-&;-66$;6 UO;'&$%-63 -+ '/ 200_VB C% +=86
:':-;3 @- ;-6+;8*+ '++-%+8$% +$ *'6-6 8% @=8*= +=- *';(8%'/8+0 $7 + -I"'/6 +@$B J$
9'L- ' :;-(8*+8$%3 '% '&-%+ D;6+ :';+8+8$%6 +=- -%?8;$%9-%+ 8%+$ %$%>$?-;/'::8%&
6-+6B N- (-%$+- +=- :';+8+8$% $7 '&-%+ -) i) +$ <- +=- 6-+6 .!) .") / / / ) .!3 @=-;-
0 86 +=- %"9<-; $7 6-+6 8% '&-%+ -T6 :';+8+8$%B i

 86 '&-%+ -T6 "%(-;6+'%(8%& $7 +=-
-%?8;$%9-%+ '%( 8+ 86 8%*$9:/-+- '6 /$%& '6 %$+ '// 6-+6 8% +=- :';+8+8$% ';- 68%&/-+$%6B
N=-% '% '&-%+ 6--6 '% $<A-*+ $; -?-%+3 6=- '66$*8'+-6 8+ @8+= +=- 6-+ 8% =-; :';+8+8$%
+='+ *$%+'8%6 +=86 $<A-*+B N- *'// +=-6- :';+8+8$%6 *#$-%/%-$.$*&#3B
!-+ 1 E h j0) 1k <- +=- :;$<'<8/8+0 (86+;8<"+8$% $?-; h @=-;- 1 U2V (-%$+-6 +=-

:;$<'<8/8+0 +='+ -?-%+ 2 ';86-6B F8?-% +=86 (86+;8<"+8$% $?-; -?-%+6 '%( '% 8%+-;:;-+'>
+8$% $7 +=- -%?8;$%9-%+3 '% '&-%+ 9'L-6 :;-(8*+8$%6 '<$"+ +=- $"+*$9-B W$; -K'9:/-3
'% '&-%+ 98&=+ "6- ' G'0-68'% '::;$'*= +$ 9'L8%& +=-6- :;-(8*+8$%6 '%( '66"9- +='+
+=- 9$6+ :;$<'</- $"+*$9- ';86-6 *$%(8+8$%'/ $% +=- 6-+ 8% =-; 8%+-;:;-+'+8$%B N-
;-7-; +$ +=-6- '6 -6/-%*-#)- 1-#-%.$-' /%-'*)$*&#3B O+ +=86 :$8%+3 +=$"&=3 @- ($
%$+ 6:-*870 =$@ :;-(8*+8$%6 ';- &-%-;'+-(B O&-%+ -T6 /%-'*)$*&# 3 86 689:/0 (-D%-(
'6 ' 7"%*+8$% 7;$9 h +$ + @8+= +=- ;-6+;8*+8$% +='+ 3 86 9-'6";'</- @8+= ;-6:-*+ +$
'&-%+ -T6 8%+-;:;-+'+8$% i/& J=- 7$//$@8%& -K'9:/- 8//"6+;'+-6 +=- 9'8% *$9:$%-%+6
$7 +=- 8%+-;:;-+'+8$% '%( :;-(8*+8$% 7;'9-@$;LE

           &  $   
      '    (    $    
 )             
 *     +  $        
            
        

         
             

               

l



56.7/2- ! The environment, h b 2!) 2") 2$) 2%) 2#) 2&. All events are equally
likely, 1 U2V b

!
&
/ The set of outcomes, + b !)" / The outcome function maps the

=rst three events to ! and the rest to "/ Let i b .!) ." be an agent?s interpretation
of the environment where .! b 2!) 2") 2% and ." b 2$) 2#) 2& / If this agent makes
experience generated predictions, then her predictions can be described by the following
function

3 U2V b


! for 2  .!
" for 2  ."

C% +=- -K'9:/- '%( &-%-;'//03 +=- $"+*$9- 7"%*+8$% , E h  + +$&-+=-; @8+= '
:;-(8*+8$% 3 E h  + 8%("*- '%$+=-; ;'%($9 ?';8'</-3 4) *'//-( +=- )&%%-)$#-33 &@
/%-'*)$*&#33 @=8*= 86 (-D%-( '6 7$//$@6E 4 E h 5) - 6"*= +='+

4 U2V b





5 7$; 2 


20  h E 3 U20V b , U20V



- 7$; 2 

20  h E 3 U20V b , U20V



@=-;- 5 9-'%6 m*$;;-*+m '%( - 9-'%6 m8%*$;;-*+mB J=- .))(%.)A $7 ' :;-(8*+8$% 3
86 (-D%-( '6 +=- :;$<'<8/8+0 $7 8+6 '66$*8'+-( 4 +'L8%& ?'/"- 5B C% +=- '<$?- -K'9>
:/-3 4 U2V b 5 7$; 2  2!) 2") 2#) 2& '%( 4 U2V b - 7$; 2  2$) 2% / J="63 @8+=
:;$<'<8/8+0 "

$
3 3 9'L-6 *$;;-*+ :;-(8*+8$%6B

98+ B-C#*$*&#3 .#' R-2.$*&#3;*/3 &@ :A/-3 &@ "#'-/-#'-#)-

N- %$@ +";% +$ $"; (86*"668$% $7 ?';8$"6 +0:-6 $7 8%(-:-%(-%*- +='+ ;-/'+- +$ 8%+-;>
:;-+'+8$%6 '%( :;-(8*+8$%6B )-?-;'/ $7 +=-6- (-D%8+8$%6 '%( ;-6"/+6 @- (-6*;8<- ';-
6+'%(';(B N- 8%*/"(- +=-9 +$ :/'*- +=- %-@ (-D%8+8$%6 '%( ;-6"/+6 8% +=-8; :;$:-;
*$%+-K+B N- *$%68(-; $%/0 :'8;@86- 8%(-:-%(-%*-B cK+-%68$%6 +$ 8%*/"(- '%0 D%8+-
%"9<-; $7 8%+-;:;-+'+8$%6 *'% <- *$%6+;"*+-(B

'-C#*$*&# ! Interpretations, i! and i", are *#'-/-#'-#$ *#$-%/%-$.$*&#3 if

167$

.!  .

"



b 167$


.!

 167$


."


for all -  1) ///) 0! and 8  1) ///) 0"

J@$ 8%+-;:;-+'+8$%6 ';- 8%(-:-%(-%+ 89:/8-6 +='+ L%$@8%& =$@ $%- '&-%+ 8%+-;>
:;-+6 '% -?-%+ :;$?8(-6 %$ 8%7$;9'+8$% '<$"+ =$@ +=- $+=-; '&-%+ 8%+-;:;-+6 +='+
6'9- -?-%+B Y$+- +='+ 8%+-;:;-+'+8$%6 ';- %$+ :;-(8*+8$%63 +=-0 ';- +=- 6-+6 @8+=8%
@=8*= '&-%+6 :/'*- 68%&"/'; -?-%+6B N- 7$*"6 =-;- $% 8%(-:-%(-%+ 8%+-;:;-+'+8$%6 7$;
+=;-- ;-'6$%6B W8;6+3 +=-0 :;$?8(- ' %'+";'/ <-%*=9';L3 '%( +='+ <-%*=9';L /'*L6
' 7$;9'/ (-D%8+8$% 8% +=- /8+-;'+";-B J=-0 7$;9'//0 (-D%- @='+ 98&=+ <- /$$6-/0
(-6*;8<-( '6 +@$ :-$:/- 6--8%& +=- @$;/( (8Q-;-%+/0B )-*$%(3 8% ' <8%';0 */'668D*'>
+8$% :;$</-93 +=-0 :;$?8(- +=- 9$6+ diverse :;-(8*+8?- 9$(-/6 :$668</-B J=86 7$//$@6

^



<-*'"6- 8%+-;:;-+'+8$%6 *'%%$+ <- %-&'+8?-/0 *$;;-/'+-( $%*- @- +'*L $% :;-(8*+8$%6B
W8%'//03 8% +=- *'6- @=-;- 8%+-;:;-+'+8$%6 ';- *=$6-% 6+;'+-&8*'//03 9'K898P8%& +=-
?'/"- $7 8%7$;9'+8$% @$"/( -%+'8/ *=$$68%& '% 8%+-;:;-+'+8$% '6 (8Q-;-%+ 7;$9 +=$6-
$7 $+=-;6B J='+ @$"/( 9-'% '% 8%(-:-%(-%+ 8%+-;:;-+'+8$%B'

N- %$@ 6+'+- ' 6";:;868%& ;-6"/+E independent interpretations imply that the en-
vironment can be written as a product space and the interpretations can be written as
projections onto variables. J$ 9'L- +=- /$&8* +='+ (;8?-6 +=86 ;-6"/+ '6 +;'%6:';-%+ '6
:$668</-3 @- D;6+ '66"9- +='+ -'*= -?-%+ 8% h 86 -I"'//0 /8L-/0B a$%68(-; +=- 7$//$@8%&
+;8?8'/ $<6-;?'+8$%E 87 h *'% <- ;-:;-6-%+-( '6 ' :;$("*+ $7 '++;8<"+- 6:'*-6 '%( 87
'&-%+6 9'L- :';+8+8$%6 <0 /$$L8%& '+ (86A$8%+ 6"<6-+6 $7 '++;8<"+-63 +=-% +=- '&-%+6
='?- 8%(-:-%(-%+ 8%+-;:;-+'+8$%6B W$; -K'9:/-3 87 +=- -%?8;$%9-%+ 86 @;8++-% '6 ' +@$
<0 +@$ /'++8*- '%( $%- '&-%+ *$%68(-;6 +=- ;$@ '%( +=- $+=-; *$%68(-;6 +=- *$/"9%3
+=-% +=-6- 8%+-;:;-+'+8$%6 ';- 8%(-:-%(-%+B J=86 86 %$+ 6";:;868%&B \%$@/-(&- $7 '%
-?-%+T6 ;$@3 +-//6 "6 %$+=8%& '<$"+ 8+6 *$/"9%B
)";:;868%&/03 +=- *$%?-;6- '/6$ =$/(6B C7 +@$ 8%+-;:;-+'+8$%6 ';- 8%(-:-%(-%+3 +=-%

+=- -?-%+ 6:'*- *'% <- 9'::-( 8%+$ ' *$$;(8%'+- 606+-9 U' +@$ '++;8<"+-3 9 '%( :3
9$(-/V @=-;- -'*= -?-%+ 86 ;-:;-6-%+-( <0 U9) :V) '%( $%- 8%+-;:;-+'+8$% *$%68(-;6
$%/0 +=- 9 '++;8<"+- '%( +=- $+=-; 86 '/$%& +=- : '++;8<"+-B J=86 ;-6"/+ 89:/8-6 +='+
'%0 +@$ 8%(-:-%(-%+ 8%+-;:;-+'+8$%6 *'% <- ;-@;8++-% '6 :;$A-*+8$%6 $%+$ (8Q-;-%+
'++;8<"+-6 $7 the same perspective U#$%& '%( ,'&- 20013 ,'&- 2004VB( N- :;$?8(-
+=- 7$;9'/ 6+'+-9-%+ $7 +=86 ;-6"/+ <-/$@B C+6 :;$$7 '/$%& @8+= '// :;$$76 $7 9'%0
6"<6-I"-%+ */'896 86 *$%+'8%-( 8% +=- '::-%(8KB

E2.*7 ! Assume that each event in h is equally likely. Let i!)   )i (0  2) be
non-trivial interpretations of h/ If they are independent, then h can be represented
by an 0-attribute rectangle such that i is along the -th attribute. Thus * b


)! ;

for some larger-than-E integers ;) < b 1) ///) 0
*

                
              
      

               
             
                 
  +$ ,-       .$ /-   
               
 +       + %            
  .       . % 

              
                  
        #      
            #  
   0         
          #    
         #-       
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C%+"8+8?-/03 a/'89 1 89:/8-6 ' <$"%( $% +=- %"9<-; $7 8%(-:-%(-%+ 8%+-;:;-+'+8$%6B
C+ *'%%$+ -K*--( +=- %"9<-; $7 :;89-6 8% +=- 7'*+$;8P'+8$% $7 * B O6 6+'+-( 8% +=-
a$;$//';0 <-/$@3 ' D%8+- 6-+ $7 -?-%+6 '(98+6 7-@ 8%(-:-%(-%+ 8%+-;:;-+'+8$%6B

E&%&22.%A ! Assume events are equally likely. Let

)! = be the unique prime fac-

toriFation of *) that is,

* b


)!

=

where each = is a prime. Then, the maximum number of independent non-trivial
interpretations is >.

J=- 89:/8*'+8$%6 $7 +=86 *$;$//';0 68%L 8% @=-% '::/8-( +$ ' 6:-*8D* -K'9:/- 6"*=
'6 +=- 6-+ $7 :$668</- 8%(-:-%(-%+ 8%+-;:;-+'+8$%6 $7 '// $7 +=- X00 98//8$% :-$:/-
8% +=- e%8+-( )+'+-6B )"*= 8%+-;:;-+'+8$%63 +=- :';68%& $7 :-$:/- 8%+$ *'+-&$;8-6 /8L-
6$**-; 9$96 $; YO)aOn ('(63 ';- "6-( +$ *$%6+;"*+ :;-(8*+8?- 9$(-/6 7$; -*$%$98*3
:$/8+8*'/3 '%( 6$*8'/ $"+*$9-6B J=- *$;$//';0 89:/8-6 +='+ +=-;- -K86+ 7-@-; +='% thirty
8%(-:-%(-%+ 8%+-;:;-+'+8$%6 7$; +=- -%+8;- e) :$:"/'+8$%B!+

C%(-:-%(-%+ 8%+-;:;-+'+8$%6 ';- (86+8%*+ 7;$9 8%(-:-%(-%+ :;-(8*+8$%6B )'08%& +@$
'&-%+6T6 :;-(8*+8$%6 ';- 8%(-:-%(-%+ 9-'%6 +='+ L%$@8%& $%- '&-%+T6 :;-(8*+8$% '<$"+
+=- $"+*$9- $7 '% -?-%+ :;$?8(-6 %$ 8%7$;9'+8$% '<$"+ +=- $+=-; '&-%+T6 :;-(8*+8$%B

'-C#*$*&# + Predictions, 3! and 3") are *#'-/-#'-#$ /%-'*)$*&#3 if they are in-
dependent random variables.

Y$+- +='+ 87 +@$ '&-%+6 ='?- 8%(-:-%(-%+ 8%+-;:;-+'+8$%63 +=-% +=-8; :;-(8*+8$%6
';- 8%(-:-%(-%+ '6 @-//B

FG3-%H.$*&# ! Independent interpretations imply independent predictions.

,;$$7E )8%*- -'*= '&-%+T6 :;-(8*+8$% 86 9-'6";'</- @B;B+B =-; 8%+-;:;-+'+8$%3 +=- */'89
7$//$@6B

C% *$%+;'6+3 :;-(8*+8$%6 *'% <- 8%(-:-%(-%+ @8+=$"+ '&-%+6 ='?8%& 8%(-:-%(-%+
8%+-;:;-+'+8$%6B J=86 ;-6"/+ 6=$"/( *$9- '6 %$ <8& 6";:;86-3 <"+ 8+ (;8?-6 ' *$%*-:+"'/
@-(&- <-+@--% +=- +@$ +0:-6 $7 8%(-:-%(-%*-B

FG3-%H.$*&# + Independent predictions may not imply independent interpretations.

     

1.234  4

   1.234


  1.234


 

                  
            
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,;$$7E ["- +$ +=- 9-'6";'<8/8+0 ;-I"8;-9-%+3 '% '&-%+T6 :;-(8*+8$% (-D%-6 ' :';+8+8$%
$% +=- -%?8;$%9-%+ +='+ 86 8% &-%-;'/ *$';6-; +='% =-; 8%+-;:;-+'+8$%B n-*'// cK'9:/-
1B N- *'% '(( ' 6-*$%( '&-%+ @=$6- 8%+-;:;-+'+8$% 86

i" b 2!) 2" ) 2%) 2# ) 2$) 2&

'%( @=$6- :;-(8*+8$% 86

3"U2V b


! 7$; 2  2!) 2") 2$) 2&
" $+=-;@86-

C+ *'% <- 6=$@% +='+ +=86 '&-%+T6 :;-(8*+8$% 86 8%(-:-%(-%+ $7 +=- :;-(8*+8$% 9'(-
<0 +=- '&-%+ 8% cK'9:/- 13 -?-% +=$"&= +=- +@$ 8%+-;:;-+'+8$%6 ';- %$+ 8%(-:-%(-%+B
n-/'+-(/03 @- 6'0 +='+ +@$ :;-(8*+8$%6 ';- 8%(-:-%(-%+/0 *$;;-*+3 87 L%$@8%& +='+

$%- '&-%+T6 :;-(8*+8$% $7 '% -?-%+ 86 *$;;-*+ &8?-6 %$ 8%7$;9'+8$% '<$"+ @=-+=-; +=-
$+=-;T6 :;-(8*+8$% $7 +=- 6'9- -?-%+ 86 *$;;-*+B

'-C#*$*&# 9 Predictions, 3! and 3") are *#'-/-#'-#$2A )&%%-)$ /%-'*)$*&#3 if 4!
and 4" are independent random variables.

S"; %-K+ $<6-;?'+8$% ;-?-'/6 +=- '<6-%*- $7 ' *'"6'/ /8%L'&- <-+@--% 8%(-:-%(-%+
:;-(8*+8$%6 '%( 8%(-:-%(-%+/0 *$;;-*+ :;-(8*+8$%6B c?-% +=$"&= 6--8%& +=- @$;/( 8%>
(-:-%(-%+/0 89:/8-6 :;-(8*+8%& 8%(-:-%(-%+/03 8+ %--( %$+ 89:/0 <-8%& 8%(-:-%(-%+/0
*$;;-*+B

FG3-%H.$*&# 9 Independent predictions need not be independently correct.

,;$$7E a$%68(-; +=- 7$//$@8%& -K'9:/-E

Predictions # # $ $
# F F F G
# F F G F
$ F G G G
$ G F G G

C% +=86 -K'9:/-3 '66"9- +='+ -'*= $7 +=- 68K+--% -?-%+6 86 -I"'//0 /8L-/0B J=- "::-;
*'6- /-++-;6 ;-:;-6-%+ $"+*$9-6 $7 -?-%+6B J=- /$@-; *'6- /-++-;6 8% +=- D;6+ *$/"9%
'%( 8% +=- D;6+ ;$@ ';- :;-(8*+8$%6 $7 +=- ;$@ '&-%+ '%( +=- *$/"9% '&-%+ ;-6:-*>
+8?-/0B G0 *$%6+;"*+8$%3 +=- +@$ :;-(8*+8$%6 ';- 8%(-:-%(-%+B #$@-?-;3 +=-0 ';- %$+
8%(-:-%(-%+/0 *$;;-*+B J=- A$8%+ :;$<'<8/8+0 $7 <$+= '&-%+6 9'L8%& *$;;-*+ :;-(8*>
+8$%6 86 !

"
@=8/- +=- 9"/+8:/8*'+8$% $7 +=- :;$<'<8/8+8-6 $7 -'*= '&-%+ 9'L8%& *$;;-*+

:;-(8*+8$%6 -I"'/6 $
%
 $

%
b *

!&
/ J=-0 ';- %$+ -I"'/B
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Y$+ $%/0 +=- :;-(8*+8$%6 $7 +=- +@$ '&-%+6 <"+ '/6$ +=-8; 8%+-;:;-+'+8$%6 ';- 8%>
(-:-%(-%+ 8% +=86 -K'9:/-B J=-;-7$;-3 +=- *$;;-*+%-66 $7 :;-(8*+8$%6 %--( %$+ <-
8%(-:-%(-%+ -?-% 87 +=- 8%+-;:;-+'+8$%6 ';-B

FG3-%H.$*&# I Independent interpretations may not lead to independently correct
predictions.

I <%-'*)$*&#3 .#' E&%%-)$#-33 &@ <%-'*)$*&#3

N- %$@ :;-6-%+ ;-6"/+6 @8+=8% +=- 8%+-;:;-+'+8$% '%( :;-(8*+8$% 7;'9-@$;LB N- D;6+
6=$@ 8%(-:-%(-%+ :;-(8*+8$%6 +$ <- 8%*$%686+-%+ @8+= :;-(8*+8$%6 <-8%& 8%(-:-%(-%+/0
*$;;-*+B )8%*- 8%(-:-%(-%+ 8%+-;:;-+'+8$%6 89:/0 8%(-:-%(-%+ :;-(8*+8$%63 +=-6- 8%>
*$%686+-%*0 ;-6"/+6 '/6$ '::/0 +$ 8%(-:-%(-%+ 8%+-;:;-+'+8$%6B N- -6+'</86= +=-6-
;-6"/+6 7$; +=- *'6- $7 <8%';0 $"+*$9-6 8% @=8*= '&-%+6T :;-(8*+8$%6 ='?- 8(-%+8*'/
:;$<'<8/8+0 (86+;8<"+8$%6 '%( -I"'/ '**";'*0B!!

O6 <-7$;-3 @- /-+ "::-; *'6- /-++-;63 ! '%( "3 ;-7-; +$ $"+*$9-6 '%( /$@-; *'6-
/-++-;63 # '%( $ ;-7-; +$ :;-(8*+8$%6B !-+ 1 U!V '%( 1 U"V (-%$+- :;8$;63 '66"9-( +$ <-
*$99$% '9$%& '// '&-%+6B 1 U#V '%( 1 U$V (-%$+- +=- :;$<'<8/8+8-6 $7 :;-(8*+8%& # '%(
$ ;-6:-*+8?-/0B 1 U#) #V (-%$+-6 +=- :;$<'<8/8+0 $7 <$+= :;-(8*+8%& #B 1 U$) $V) 1 U#) $V
'%( 1 U$) #V ';- 6898/';/0 (-D%-(B 1 U5V '%( 1 U-V (-%$+- +=- :;$<'<8/8+8-6 $7 9'L8%&
*$;;-*+ '%( 8%*$;;-*+ :;-(8*+8$%63 @=8*= ';- '/6$ '66"9-( +$ <- +=- 6'9- 7$; <$+=
'&-%+6B W8%'//0 1 U5) 5V3 1 U-) -V3 1 U5) -V '%( 1 U-) 5V (-%$+- A$8%+ :;$<'<8/8+8-6 $7 <$+=
*$;;-*+3 <$+= 8%*$;;-*+3 '&-%+ 1 *$;;-*+ <"+ '&-%+ 2 8%*$;;-*+ '%( '&-%+ 1 8%*$;;-*+
<"+ '&-%+ 2 *$;;-*+ ;-6:-*+8?-/0B N- 89:$6- +=- 7$//$@8%& 6099-+;0 '66"9:+8$%6E
1 U#) $V b 1 U$) #V '%( 1 U5) -V b 1 U-) 5V/

I8! R-.3&#.G2- .#' "#@&%7.$*H- <%-'*)$*&#3

F8?-% '% 8%+-;:;-+'+8$%3 '% '&-%+ %--( %$+ 9'L- +=- <-6+ :$668</- :;-(8*+8$%6B W$;
-K'9:/-3 '% '&-%+ @=$ *'+-&$;8P-( '&-%+6 <0 &-%(-; *$"/( :;-(8*+ +='+ @$9-% ';-
+'//-; +='% 9-%B J$ 89:$6- 6$9- (-&;-- $7 *$9:-+-%*- @- '66"9- +='+ :;-(8*+8$%6
';- -8+=-; reasonable $; informativeB

'-C#*$*&# I A prediction is %-.3&#.G2- if it is correct at least half of the time, i.e.,
1 U5V  !

"
.

'-C#*$*&# J A prediction is *#@&%7.$*H- if it is correct more than half of the time,
i.e., 1 U5V ? !

"
/

               

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C% +=- <8%';0 $"+*$9- *'6-3 '% -K:-;8-%*- &-%-;'+-( :;-(8*+8$% 9"6+ <- ;-'6$%>
'</-B W";+=-; 87 '+ /-'6+ $%- :;-(8*+8$% 86 *$;;-*+ 9$;- +='% ='/7 $7 +=- +89-3 +=-%
'% -K:-;8-%*- &-%-;'+-( :;-(8*+8$% 86 '/6$ 8%7$;9'+8?-B #$@-?-;3 '6 @- $<6-;?- %-K+3
'% 8%7$;9'+8?- :;-(8*+8$% %--( %$+ :;-(8*+ *$;;-*+/0 ='/7 $7 +=- +89- *$%(8+8$%'/ $%
-?-;0 $"+*$9-B

FG3-%H.$*&# J An informative prediction need not be reasonable conditional on every
outcome.

J=86 $<6-;?'+8$% 9'0 <- $<?8$"6 +$ 6$9-B Y-?-;+=-/-663 @- :;$?8(- '% -K'9:/-
<-*'"6- +=- "%(-;/08%& /$&8* 86 *-%+;'/ +$ $"; '%'/0686B

O% C%7$;9'+8?- ,;-(8*+8$%

Prediction Hutcomes
# F F G
# F F G
# F F G
# F F G
$ G G F

O66"98%& -'*= $"+*$9- +$ <- -I"'//0 /8L-/03 1 U5V b "
$
3 89:/08%& +='+ +=- :;-(8*>

+8$% 86 8%7$;9'+8?-B #$@-?-;3 *$%(8+8$%'/ $% $"+*$9- "3 +=- :;$<'<8/8+0 $7 9'L8%&
*$;;-*+ :;-(8*+8$% -I"'/6 1 U5  "V b 1 U$  "V b !

$
3 89:/08%& +='+ +=- :;-(8*+8$% 86

%$+ ;-'6$%'</- *$%(8+8$%'/ $% +=- <'( $"+*$9-B J=86 -K'9:/- :;$?8(-6 8%68&=+ 8%+$
@=0 @=-% :;-(8*+8%& ;';- -?-%+63 '&-%+6 9'0 %$+ 9'L- ;-'6$%'</- :;-(8*+8$%6B

I8+ K-1.$*H- E&%%-2.$*&# *# E&%%-)$#-33

N- %$@ 6+'+- +@$ /-99'6 +='+ /-'( +$ $"; ;-6"/+ '<$"+ %-&'+8?- *$;;-/'+8$% 8% +=-
*$;;-*+%-66 $7 :;-(8*+8$%6 :;-6-%+-( 8% a/'89 2 <-/$@B c?-% +=$"&= a/'89 2 *'%
<- -6+'</86=-( (8;-*+/03 +=- /-99'6 +='+ 7$//$@ ';- 8%+-;-6+8%& 8% +=-8; $@% ;8&=+B
J=-0 ;-?-'/ ' +-%68$% <-+@--% +=- '**";'*0 $7 :;-(8*+8$%6 '%( +=- *$;;-/'+8$% $7
+=-8; *$;;-*+%-66 8% ' 9$;- &-%-;'/ -%?8;$%9-%+ @=-;- +=- :;$<'<8/8+8-6 $7 ' &$$(
:;-(8*+8$% '%( ' <'( :;-(8*+8$% ';- %$+ ;-I"8;-( +$ <- -I"'/B N=-% :;-(8*+8$%6
';- 8%(-:-%(-%+3 +=- =8&=-; +=- '**";'*03 +=- /-66 *$;;-/'+-( +=-8; *$;;-*+%-66B C%
7'*+3 =8&=/0 '**";'+- :;-(8*+8$%6 9"6+ <- %-&'+8?-/0 *$;;-/'+-( 8% +=-8; *$;;-*+%-66B
N8+=$"+ /$66 $7 &-%-;'/8+03 @- '66"9- 1 U#V  !

"
B O/6$ %$+- +='+ "%/-66 $+=-;@86-

6:-*8D-(3 @- ($ %$+ ;-I"8;- +='+ +=- :;8$; :;$<'<8/8+8-6 $?-; ! '%( " +$ <- -I"'/B
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L-77. ! The correctness of independent and reasonable predictions exhibit positive
(Fero, negative) correlation if and only if 1 U#V ? jb) @k 1 U5V/

J=- 8%+"8+8$% +='+ (;8?-6 +=86 ;-6"/+ 86 6+;'8&=+7$;@';(B C7 +=- :;$<'<8/8+0 $7 :;->
(8*+8%& +=- &$$( $"+*$9- 86 /';&- ;-/'+8?- +$ +=- :;$<'<8/8+0 $7 <-8%& *$;;-*+3 +=-%
<$+= '&-%+6 $7+-% :;-(8*+ &$$( $"+*$9-6 '+ +=- 6'9- +89- @=-+=-; $; %$+ +=- :;->
(8*+8$% 86 *$;;-*+B J="63 +=- *$;;-*+%-66 $7 +=-8; :;-(8*+8$%6 9"6+ '/6$ <- :$68+8?-/0
*$;;-/'+-(B
Y-K+3 @- ;-?-;6- +=- '66"9:+8$%B N- ;-I"8;- +='+ +=- :;-(8*+8$%6 <- 8%(-:-%>

(-%+/0 *$;;-*+B N- *'% +=-% 6=$@ +='+ +=- :;-(8*+8$%6 +=-96-/?-6 ';- 8%(-:-%(-%+
$; %-&'+8?-/0 $; :$68+8?-/0 *$;;-/'+-( (-:-%(8%& '&'8% $% +=- ;-/'+8$%6=8: <-+@--%
+=- :;$<'<8/8+0 $7 +=- 9$;- 7;-I"-%+/0 :8*L-( :;-(8*+8$% '%( +=- :;$<'<8/8+0 $7 <-8%&
*$;;-*+B

L-77. + Independently correct and reasonable predictions exhibit positive (Fero,
negative) correlation if and only if 1 U5V ? jb) @k 1 U#V/

S"; */'89 7$//$@6 7;$9 !-99' 1B

E2.*7 + Independent informative predictions that predict good and bad outcomes
with equal probability must be negatively correlated in their correctness. Furthermore,
the negative correlation of their correctness is de=ned by the following expression

A b 1
1

4U= ="V

where p is the accuracy of the individual predictions.!"

J=- D;6+ :';+ $7 +=86 */'89 7$//$@6 (8;-*+/0 7;$9 !-99' 1B J=- 6-*$%( :';+ $7 +=86
*/'89 9-'%6 +='+ +=- '**";'*0 $7 +=- 8%(8?8("'/ :;-(8*+8$%6 86 ' 6"o*8-%+ 6+'+86+8* 7$;
+=- *$;;-*+%-66 *$;;-/'+8$% <-+@--% '&-%+6B J="63 *='%&-6 8% +=- $"+*$9- 7"%*+8$%
($ %$+ /-'( +$ '%0 *='%&- 8% +=- *$;;-*+%-66 *$;;-/'+8$% <-0$%( +=- *='%&- 8% +=-
'**";'*0B J=- 7$//$@8%& *$;$//';8-6 ';- 899-(8'+-B

E&%&22.%A + Any independent and independently correct predictions that predict good
and bad outcomes with equal probability cannot be informative.

C% $+=-; @$;(63 +=-0 ';- '6 &$$( '6 R8::8%& ' *$8%B )8%*- 8%(-:-%(-%+ 8%+-;:;-+'>
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 
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              

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E&%&22.%A 9 If interpretations are independent and if their associated predictions
are informative and predict good and bad outcomes with equal probability, then the
correctness of their predictions must be negatively correlated.

J=- */'89 +$&-+=-; @8+= +=- *$;$//';8-6 ;-?-'/ ' 7"%('9-%+'/ *$%R8*+ <-+@--% '%
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E2.*7 9 Jxperience generated and informative predictions that are independent con-
ditional on outcomes must be positively correlated unconditionally.
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W$; +=- :;-(8*+8$%6 +$ <- 8%(-:-%(-%+ *$%(8+8$%'/ $% $"+*$9-63 +@$ '&-%+6 @$"/(
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E2.*7 I Assume that predictions are experience generated and are informative. If
predictions are independent, then for at least one outcome, predictions conditional on
that outcome are negatively correlated.

c8+=-; $7 +=- '<$?- +@$ */'896 89:/8-6 '% 8%*$%686+-%*0 <-+@--% *$%(8+8$%'/ 8%(->
:-%(-%*- '%( 8%(-:-%(-%+ 8%+-;:;-+'+8$%6B

E2.*7 J Conditional independence of predictions is inconsistent with informative
and experience generated independent predictions and therefore with independent in-
terpretations.

J=86 D%'/ */'89 :';'//-/6 $"; :;-?8$"6 ;-6"/+ 6=$@8%& ' *$%R8*+ <-+@--% ;-'6$%'</-3
8%7$;9'+8?-3 8%(-:-%(-%+ :;-(8*+8$%6 '%( 8%(-:-%(-%+/0 *$;;-*+ :;-(8*+8$%6B J=-6-
+@$ */'896 +$&-+=-; ;-?-'/ ' 7"%('9-%+'/ 8%*$9:'+8<8/8+0 <-+@--% 6+'%(';( 68&%'/8%&
'66"9:+8$%6 '%( 8%(-:-%(-%+ 8%+-;:;-+'+8$%6E Seeing the world independently, looking
at diOerent attributes, not only does not imply, it is inconsistent with, both conditional
independence of signals and independently correct signals.
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e%/8L- &-%-;'+-( 68&%'/63 8% @=8*= '% '&-%+ &-+6 ' 68&%'/ +='+ 86 *$;;-*+ @8+= 6$9-

:;$<'<8/8+03 +=-6- 8%+-;:;-+-( 68&%'/6 *$;;-6:$%( +$ 9$(-/6 +='+ /-'?- $"+ $%- :8-*- $7
8%7$;9'+8$% Z +=- ?'/"- $7 '% '++;8<"+-B 5$6+ $7 +=- +89-3 +=- ;-'/8P'+8$% $7 +='+ ?'/"-
@8// %$+ *='%&- +=- ?'/"- $7 +=- $"+*$9-3 <"+ 6$9-+89-6 8+ @8//B J="63 8+ 86 :$668</-
7$; *$%(8+8$%'//0 8%(-:-%(-%+ 68&%'/6 '6 $**";;8%& :;$?8(-( -'*= '&-%+ *$%6+;"*+6 '
:;-(8*+8?- 9$(-/ +='+ 8&%$;-6 ' (8Q-;-%+ '++;8<"+- '%( 87 +=- 7"%*+8$%'/ 7$;9 ='6
+=- :;$:-;+0 +='+ -'*= '++;8<"+- ='6 ' :;$:$;+8$%'//0 6898/'; -Q-*+ $% +=- $"+*$9-
;-&';(/-66 $7 +=- $"+*$9- ?'/"-B

1^



O6 @- %$@ 6=$@3 +=86 /'6+ ;-6+;8*+8$% ;"/-6 $"+ '// 7"%*+8$%6 $?-; '++;8<"+-6 -K*-:+
+=$6- 86$9$;:=8* +$ +=- */'66 $7 -K'9:/-6 @- A"6+ (-6*;8<-(B

E2.*7 N Let , E h 0) 1 be an outcome function. For any -  1) ///H) let 3 be
agent -?s interpreted signal associated with the outcome function ,/ Assume that each
signal 3 is correct with probability = b

!
!
given either outcome. If the interpreted

signals 3!///) 3 are independent conditional on each outcome, then the original event
space h can be represented by the space of attributes in the above example such that the
outcome function , and the signals 3!///) 3 are represented by the outcome function
J and the interpreted signals &!) ///) & in the above example.

J=86 */'89 89:/8-6 +='+ @=8/- 8+ 86 :$668</- +$ *;-'+- *$%(8+8$%'//0 8%(-:-%(-%+
8%+-;:;-+-( 68&%'/63 ($8%& 6$ 89:/8-6 ' "%8I"- $"+*$9- 7"%*+8$% '%( ;-I"8;-6 +='+
-'*= '&-%+ %-&/-*+6 $%- :8-*- $7 8%7$;9'+8$%B J="6 &8?-% ' 6:-*8D* 7"%*+8$% 9'::8%&
'++;8<"+-6 +$ $"+*$9-63 :';'($K8*'//03 *$%(8+8$%'//0 8%(-:-%(-%+ 68&%'/6 ';- %$+ *$%>
686+-%+ @8+= '&-%+6 /$$L8%& '+ (8Q-;-%+ '++;8<"+-6 <"+ +=-0 ';- $%/0 *$%686+-%+ @8+=
'&-%+6 %-&/-*+8%& (8Q-;-%+ :8-*-6 $7 8%7$;9'+8$%B J=-;-7$;-3 *$%(8+8$%'/ 8%(-:-%(-%*-
86 ' (8o*"/+ *$%(8+8$% +$ (-7-%( '6 ' <-%*=9';L '66"9:+8$% 7$; 8%+-;:;-+-( 68&%'/6B

N F($)&7- =(#)$*&# E&7/2-6*$A .#' O11%-1.$*&#

&@ "#$-%/%-$-' 0*1#.23

J=- 8%+-;:;-+-( 68&%'/ 7;'9-@$;L ;-/8-6 $% '% $"+*$9- 7"%*+8$%B N- 98&=+ -K:-*+
+='+ +=- *$9:/-K8+0 $7 +='+ $"+*$9- 7"%*+8$% ='6 89:/8*'+8$%6 7$; <$+= 68&%'/ '**">
;'*0 '%( *$;;-/'+8$%B W$; -K'9:/-3 @- @$"/( -K:-*+ +='+ ' /8%-'; $"+*$9- 7"%*+8$%
'//$@6 9$;- '**";'+- 8%+-;:;-+-( 68&%'/6 +='% ($-6 '% $"+*$9- 7"%*+8$% @8+= /$+6
$7 8%+-;'*+8$% +-;96B J=- ;-/'+8$%6=8: <-+@--% *$9:/-K8+0 '%( *$;;-/'+8$% '::-';6
/-66 $<?8$"6B C% 7'*+3 $"; -';/8-; ;-6"/+ +='+ &8?-6 *$;;-/'+8$% '6 ' 7"%*+8$% $7 68&%'/
'**";'*0 6"&&-6+6 +='+ *$9:/-K8+0 $%/0 9'++-;6 7$; *$;;-/'+8$% 8% 6$ 7'; '6 8+ 'Q-*+6
'**";'*0B C% +=86 6-*+8$%3 @- (86*"66 +='+ ;-/'+8$%6=8: 8% &;-'+-; (-+'8/ <0 8%+;$("*>
8%& ' *;"(- *$9:/-K8+0 9-'6";-B N- +=-% 6=$@ =$@ $"+*$9- 7"%*+8$% *$9:/-K8+03
+=;$"&= 8+6 -Q-*+ $% 68&%'/ '**";'*03 8%R"-%*-6 +=- '**";'*0 $7 '&&;-&'+-( 8%+-;:;-+-(
68&%'/6B

N8! =(#)$*&# E&7/2-6*$AP 0*1#.2 O))(%.)AP .#' 0*1#.2 E&%M

%-2.$*&#

C% +=86 6-*+8$%3 @- ;-6+;8*+ '++-%+8$% +$ +=- 6:-*8'/ *'6- $7 ' +@$ (89-%68$%'/ '++;8<"+-
6:'*- 8% @=8*= -'*= '++;8<"+- +'L-6 $% $%- $7 2H ?'/"-6B N- 7";+=-; '66"9- +='+
&$$( '%( <'( $"+*$9-6 '6 @-// '6 &$$( '%( <'( 8%+-;:;-+-( 68&%'/6 ';- -I"'//0 /8L-/0B
N- *'% @;8+- -'*= -?-%+ '6 ' ?-*+$; U9) :V3 @=-;- 9 '%( : +'L- ?'/"-6 8% 1) //2HB
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5$;-$?-;3 @8+=$"+ /$66 $7 &-%-;'/8+03 @- *'% '66"9- +='+ 87 9  H U;-6: ? HV3 +=-%
+=- 8%+-;:;-+-( 68&%'/ <'6-( $% +=- D;6+ '++;8<"+- -I"'/6 # U;-6: $V '%( +='+ +=- 6'9-
*$%(8+8$%6 =$/( 7$; +=- 8%+-;:;-+-( 68&%'/ <'6-( $% +=- 6-*$%( '++;8<"+-B
O% '<"%('%*- $7 *$9:/-K8+0 9-'6";-6 -K86+ 8% +=- /8+-;'+";- U58//-; '%( ,'&-

2004VB #-;-3 <0 *$9:/-K8+0 @- 9-'% %$%/8%-';8+0 '%( 8%+-;'*+8$% +-;96 8% +=- $"+>
*$9- 7"%*+8$%B F8?-% +='+ $"; 7"%*+8$% $%/0 +'L-6 +@$ ?'/"-63 @- *'% '::-'/ +$ '
*;"(- <"+ 689:/- 9-'6";- +='+ @- *'// attribute based value changes3 @=8*= @- (->
%$+- <0 qU% VB W$; -'*= '++;8<"+- ?'/"-3 @- *'% *$"%+ +=- %"9<-; $7 +89-6 +=- ?'/"-
*='%&-6 '6 +='+ '++;8<"+- ;'%&-6 7;$9 1 +$ HB W$; -'*= '++;8<"+-3 @- (-%$+- +=86
?'/"- '6 4ULV/ J$ *$9:"+- qU% V3 @- *$9:"+- +=- 6"9 $7 +=- 4ULVT6B N- 6=$@ +@$
-K'9:/-6 <-/$@ 7$; +=- *'6- H b XB

:! :" :$ :% :# :& 4UV
9! 1 1 1 1 1 1 Q
9" 1 1 1 1 1 1 Q
9$ 1 1 1 1 0 0 !
9% 1 1 0 0 0 0 !
9# 1 0 0 0 0 0 !
9& 1 0 0 0 0 0 !
4UV Q ! ! ! ! ! qU% V b ^

:! :" :$ :% :# :& 4UV
9! 0 1 1 0 1 1 9
9" 1 0 1 1 0 0 9
9$ 1 1 1 0 1 1 +
9% 0 1 1 0 0 0 +
9# 1 0 0 0 1 0 9
9& 0 1 1 0 0 0 +
4UV I I + + J 9 qU% V b X_

Y$+- 8% +=86 6-*$%( -K'9:/- +='+ @- *'% ;-("*- qU% V <0 6@8+*=8%& '++;8<"+-6 2
'%( XB

:! :" :$ :% :# :& 4UV
9! 0 1 1 0 1 1 9
9$ 1 1 1 0 1 1 +
9" 1 0 1 1 0 0 9
9% 0 1 1 0 0 0 +
9# 1 0 0 0 1 0 9
9& 0 1 1 0 0 0 +
4UV I I + + 9 ! qU% V b X1

21



F8?-% '% $"+*$9- 7"%*+8$% % 3 @- *'% (-D%- q#U% V +$ <- +=- 98%89"9 ?'/"- $7
qU% V &8?-% '%0 :-;9"+'+8$% $7 +=- '++;8<"+-6 6"*= +='+ 8%+-;:;-+-( 68&%'/6 7$; +=-
D;6+ H '++;8<"+- ?'/"-6 -I"'/ # 7$; <$+= '++;8<"+-6B
J$ 6=$@ =$@ +=86 9-'6";- $7 *$9:/-K8+0 *$;;-/'+-6 @8+= 8%+-;:;-+-( 68&%'/ '**">

;'*0 '%( *$;;-/'+8$%3 @- %--( $%/0 :';+8+8$% +=- 6-+ $7 $"+*$9-6 8%+$ +@$ 6-+6E +=-
agreement set '%( +=- disagreement setB

'-C#*$*&# N The .1%--7-#$ 3-$ M P U9) :V E &!U9) :V b &"U9) :V.

'-C#*$*&# R The '*3.1%--7-#$ 3-$ N P U9) :V E &!U9) :V b &"U9) :V.

N- D;6+ ';&"- +='+ '%0 *='%&- 8% +=- $"+*$9- 7"%*+8$% 8% +=- '&;--9-%+ 6-+ M +='+
/$@-;6 '**";'*0 7$; <$+= 8%+-;:;-+-( 68&%'/6 86 9$;- /8L-/0 +$ 8%*;-'6- *$9:/-K8+0 +='%
+$ (-*;-'6- 8+B a$%68(-; '% $"+*$9- +='+ <$+= 8%+-;:;-+-( 68&%'/6 :;-(8*+ *$;;-*+/0B
N8+=$"+ /$66 $7 &-%-;'/8+03 '66"9- +='+ +=86 $"+*$9- ='6 ?'/"- $%-B C7 @- 6@8+*= +=-
?'/"- $7 +=86 $"+*$9-3 @- (-*;-'6- 68&%'/ '**";'*0B N=-+=-; @- 8%*;-'6- $; (-*;-'6-
*$9:/-K8+0 (-:-%(6 ":$% +=- ?'/"-6 $7 +=- $"+*$9- 7"%*+8$% 8% %-8&=<$;8%& *$/"9%6
'%( ;$@6B J=- *$9:/-K8+0 *'% $%/0 *='%&- 87 -8+=-; <$+= %-8&=<$;8%& *$/"9%6 $;
<$+= %-8&=<$;8%& ;$@6 +'L- +=- ?'/"- $%-B C7 +=- 8%+-;:;-+-( 68&%'/6 ';- 8%7$;9'+8?-3
8B-B *$;;-*+ 9$;- +='% ='/7 $7 +=- +89-3 +=-% +=- %-8&=<$;8%& ;$@6 $; *$/"9%6 ';-
9$;- /8L-/0 +$ <- $7 ?'/"- $%- +='% +$ <- $7 ?'/"- P-;$B J=-;-7$;-3 *$9:/-K8+0 86
/8L-/0 +$ 8%*;-'6-B J="63 $% '?-;'&-3 *$9:/-K8+0 @$"/( <- 9$;- /8L-/0 +$ 8%*;-'6-
+='% +$ (-*;-'6-B a$"%+-;-K'9:/-6 @=-;- *$9:/-K8+0 (-*;-'6-6 ';-3 $7 *$";6-3 -'60
+$ *$%6+;"*+B
Y-K+3 /-+T6 *$%68(-; *='%&-6 +$ +=- $"+*$9- 7"%*+8$% 8% NB )$ +='+ <$+= 8%+-;>

:;-+-( 68&%'/6 ='?- +=- 6'9- '**";'*03 @- *=$$6- +@$ *='%&-6 +$ +=- $"+*$9- 7"%*+8$%
8% N 6$ +='+ $%- *='%&- 89:;$?-6 +=- '**";'*0 $7 $%- 68&%'/ '%( $%- *='%&- 89:;$?-6
+=- '**";'*0 $7 +=- $+=-;B UY$+-E &8?-% +=- *='%&-6 ';- 8% N <$+= 68&%'/6 ='?- +=-
6'9- '**";'*0 +=-0 ='( :;8$; +$ +=- *='%&-6BV J=$6- *='%&-6 *$"/( 8%*;-'6- *$9:/-K>
8+0 $; +=-0 *$"/( (-*;-'6- *$9:/-K8+0 <"+ 7;$9 $"; :;-?8$"6 ;-6"/+ +='+ *$;;-/'+8$%
(-:-%(6 $%/0 $% =3 +=-0 *'% ='?- %$ -Q-*+ $% +=- *$;;-/'+8$% <-+@--% +=- 68&%'/6B

E2.*7 R a='%&-6 8% q @8+=8% N +='+ ='?- %$ -Q-*+ $% +=- '**";'*0 $7 +=- 68&%'/6
*'% ='?- %$ -Q-*+ $% 68&%'/ *$;;-/'+8$%

J=86 */'89 89:/8-6 +='+ 87 @- 9'L- ' 7"%*+8$% 9$;- U;-6:B /-66V m*$9:/-Km $; 9$;-
U/-66V m%$%/8%-';m @8+=8% +=- (86'&;--9-%+ 6-+ N3 @=8/- L--:8%& '**";'*0 "%*='%&-(3
@- ='?- %$ -Q-*+ $% +=- *$;;-/'+8$% $7 +=- :;-(8*+8?- 68&%'/6B C% $+=-; @$;(63 (-+'8/6 $7
+=- *$9:/-K8+0 $7 +=- 7"%*+8$% ='?- %$ -Q-*+ $% 8%+-;:;-+8?- 68&%'/ *$;;-/'+8$% $+=-;
+='% @='+ 86 *':+";-( <0 68&%'/ '**";'*0B J=86 */'89 '//$@6 "6 +$ +=8%L $7 '**";'*0
'6 ' 6"o*8-%+ 6+'+86+8* 7$; *$9:/-K8+0 @=-% *$9:"+8%& :'8;@86- *$;;-/'+8$%B #$@-?-;3
@- 6=$"/( -9:='68P- +='+ +=-6- ;-6"/+6 =8%&- $% 8%(-:-%(-%+ 8%+-;:;-+-( 68&%'/6B !#

                
 
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N8+ O# 56.7/2-4 "#$-%/%-$-' 0*1#.23 .#' "#@&%7.$*&# O1M
1%-1.$*&#

N- %-K+ (-6*;8<- ' +$0 9$(-/ +$ 6=$@ =$@ +$ '::/0 +=- 8%+-;:;-+-( 68&%'/ 7;'9->
@$;L 8% +=- *$%+-K+ $7 ' 9-*='%869B N- /-'?- ' 9$;- &-%-;'/ '%'/0686 7$; 7"+";-
@$;LB J=;$"&= +=86 -K'9:/-3 @- 6=$@ +='+ +=- L-0 +$ @=-+=-; :;8?'+- 8%7$;9'+8$%
;-:;-6-%+-( <0 8%+-;:;-+-( 68&%'/6 '&&;-&'+- +=;$"&= ' 9-*='%8693 6:-*8D*'//0 +=-
9'A$;8+0 ;"/- ?$+8%& 9-*='%8693 /8-6 8% +=- 6+;"*+";- $7 +=- $"+*$9- 7"%*+8$% ;-/'+8?-
+$ '&-%+6T 8%+-;:;-+'+8$%6B C% $+=-; @$;(63 8% +=- 8%+-;:;-+-( 68&%'/ 7;'9-@$;L3 +=-
8%7$;9'+8$% <-8%& '&&;-&'+-( 86 +=- 7"%*+8$%'/ ;-/'+8$% <-+@--% +=- $"+*$9- '%( +=-
8%+-;:;-+-( 68&%'/6B J="6 87 +=86 7"%*+8$%'/ ;-/'+8$%6=8: 86 m*$9:/-Km3 +=-% ' m689:/-m
9-*='%869 9'0 %$+ <- '</- +$ '&&;-&'+- 8%7$;9'+8$% :-;7-*+/0B
C% $"; +$0 9$(-/3 '&-%+6 ?$+- $% *'%(8('+-6 7$; ' :$/8+8*'/ $o*-B N=-+=-; '

*'%(8('+- 86 ' &$$( $; ' <'( *=$8*- (-:-%(6 $% D?- '++;8<"+-6B ):-*8D*'//03 '66"9-
+='+ 8+ 86 ;-:;-6-%+-( <0 +=- 7$//$@8%& $"+*$9- 7"%*+8$%E O E 0) 1#  0) 1 6"*=
+='+ O U;!) ///) ;#V b 1 8Q

#
)! ;  X/ )8%*- @- @'%+ +$ 7$*"6 :";-/0 $% 8%7$;9'+8$%

'&&;-&'+8$% '6 $::$6-( +$ :;-7-;-%*- '&&;-&'+8$%3 @- '66"9- +='+ '&-%+6 '&;-- $%
@='+ 9'L-6 ' &$$( $; ' <'( *=$8*-B O66"9- '/6$ +='+ ' :;8$;83 -'*= '++;8<"+- ?-*+$;
86 -I"'//0 /8L-/0B !-+T6 *$%68(-; D?- '&-%+63 -'*= $<6-;?8%& +=- ?'/"- $7 $%- '%( '
(8Q-;-%+ '++;8<"+- :;8$; +$ *'6+8%& +=-8; ?$+-6B
N- *'% +=8%L $7 +=-6- '++;8<"+-6 '6 8%+-;:;-+-( 68&%'/6B N- %$@ *$%68(-; "68%&

+=- 9'A$;8+0 ;"/- ?$+8%& 9-*='%869 +$ '&&;-&'+- 8%7$;9'+8$%B )+;'8&=+7$;@';( *'/*">
/'+8$%6 6=$@ +='+ *$%(8+8$%'/ $% +=- +;"- $"+*$9-3 U8V -'*= '++;8<"+- 86 *$;;-*+ @8+=
:;$<'<8/8+0 !!

!&
U88V +=- :;$<'<8/8+0 $7 ' :'8; $7 '++;8<"+-6 <-8%& *$;;-*+ '+ +=- 6'9- +89-

86 '
!&
'%( U888V 68%*- '

!&
@ !!

!&
 !!

!&
)3 +=- '++;8<"+-6 ';- :'8;@86- %-&'+8?-/0 *$;;-/'+-(3

@=8*= <0 $"; :;-?8$"6 ;-6"/+6 9"6+ <- +;"-B
O// '&-%+6 ?$+8%& +=-8; 8%7$;9'+8$% *$%6+8+"+-6 ' Y'6= -I"8/8<;8"9 UYcV $7 +=86

9$(-/B J$ 6-- +=863 %$+- +='+ &8?-% '// $+=-; '&-%+6 ?$+- +=-8; 8%7$;9'+8$%3 '&-%+ -
86 :8?$+'/ 87 '%( $%/0 87 $+=-; '&-%+6T '++;8<"+-6 6:/8+3 +@$ 1T6 '%( +@$ 0T6B C% +=$6-
68+"'+8$%63 '&-%+ -T6 ?$+- '/$%- (-+-;98%-6 +=- $"+*$9- $7 +=- &'9-B )8%*- +=- +;"-
$"+*$9- 8% +=-6- 68+"'+8$%6 '/@'06 9'+*=-6 @8+= '&-%+ -T6 '++;8<"+- ?'/"-3 8+ 86 8%
+=- 8%+-;-6+ $7 '&-%+ - +$ ?$+- =-; '++;8<"+- ?'/"-B J=-;-7$;- '// '&-%+6 ?$+8%& +=-8;
8%7$;9'+8$% 86 ' YcB C+ 86 $<?8$"6 +='+ +=- $"+*$9- $7 +=86 9'A$;8+0 ;"/- ?$+8%& &'9-
@=-% '&-%+6 ?$+- +=-8; 8%7$;9'+8$% '/@'06 9'+*=-6 @8+= +=- +;"- $"+*$9-B J=-;-7$;-3
-K '%+-3 +=- 9'A$;8+0 ;"/- ?$+8%& 9-*='%869 :-;7-*+/0 '&&;-&'+-6 8%7$;9'+8$% 8% +=86
-K'9:/-B

N- %$@ *$%68(-; ' 6/8&=+/0 (8Q-;-%+ $"+*$9- 7"%*+8$% '%( $"; *$%*/"68$% '<$"+
+=- :-;7$;9'%*- $7 +=- 9'A$;8+0 ;"/- ?$+8%& 9-*='%869 *='%&-6B !-+

O 0 U;!) ///) ;#V b O U;!) ///) ;#V

7$; '// U;!) ///) ;#V 6"*= +='+
#
)! ; b 0 $; _H $+=-;@86-3

O 0 U;!) ///) ;#V b 1 O U;!) ///) ;#V /
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C% $+=-; @$;(63 +=- $"+*$9- 7"%*+8$% =-;- 86 +=- 6'9- '6 <-7$;- -K*-:+ +='+ @=-% '//
'++;8<"+-6 '&;--3 +=- $"+*$9- 6@8+*= 7;$9 -8+=-; 0 +$ 1 $; 1 +$ 0B O&'8%3 8+ 86 -'60
+$ *$9:"+- +='+ *$%(8+8$%'/ $% +=- +;"- $"+*$9-3 U8V -'*= '++;8<"+- 86 *$;;-*+ @8+=
:;$<'<8/8+0 !+

!&
U88V +=- :;$<'<8/8+0 $7 ' :'8; $7 '++;8<"+-6 <-8%& *$;;-*+ '+ +=- 6'9-

+89- 86 &
!&
'%( U888V 68%*- &

!&
@ !+

!&
 !+
!&
) +=- '++;8<"+-6 ';- :'8;@86- %-&'+8?-/0 *$;;-/'+-(B

J=- '%'/0686 +$ -6+'</86= +='+ 8%7$;9'+8?- ?$+8%& <0 '// '&-%+6 6+8// *$%6+8+"+-6 ' Yc
86 +=- 6'9- '6 +='+ 8% +=- :;-?8$"6 -K'9:/- <-*'"6- +=- +;"- $"+*$9- 6@8+*= ='::-%6
@=-% %$ '&-%+ 86 :8?$+'/B )8%*- 8%7$;9'+8?- ?$+8%& *$9<8%-( @8+= +=- 9'A$;8+0 ;"/-
?$+8%& 9-*='%869 /-'(6 +$ $"+*$9-6 +='+ 9'+*= @8+= +=- :;-?8$"6 $"+*$9- 7"%*+8$%
:-;7-*+/03 +=-0 ($ %$+ 9'+*= @8+= +=- $"+*$9- 7"%*+8$% 8% +=86 -K'9:/-B N=-%
#
)! ; b 0 $; _3 8%7$;9'+8$% ($-6 %$+ '&&;-&'+-B

J=-6- -K'9:/-6 (-9$%6+;'+- +='+ @=-+=-; ' :';+8*"/'; 9-*='%869 '&&;-&'+-6
8%7$;9'+8$% :-;7-*+/0 (-:-%(6 $% +=- 6+;"*+";- $7 +=- $"+*$9- 7"%*+8$%B C% <$+=
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