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%</( 7#/6%&/#( -%( 2&( #3#&-( )2$( 8#( +&-#767#-#'( '+00#7#&-*$( '#6#&'+&,( %&( ;.2-( 26672+/2*/( ;#( 2--7+8<-#( -%( -.#( 7#=

/6%&'#79((I#7#5(;#(27,<#(0%7(</+&,(-.#(/2)#(1%)6<-2-+%&2*()%'#*(-%(2//#//(2&(2,#&-4/(%;&(26672+/#'(7#*2-+%&/.+6(

-%(-.#(#&3+7%&)#&-(2/(;#**(2/(-.#(+)2,+&#'(7#*2-+%&/.+6(8#-;##&(%-.#7(2,#&-/(2&'(-.#+7(#&3+7%&)#&-9("$(2//#//+&,(

-.#(+)2,+&#'(8#*+#0/(2&'(67#0#7#&1#/(%0(%-.#7(#&-+-+#/(2&'(26672+/+&,(#3#&-/(07%)(-.#+7(6#7/6#1-+3#5(-.#()%'#*(2*=

*%;/(2&(2,#&-(-%(</#(-.#/#(26672+/2*/(-%(+&0*<#&1#(/%1+2*(21-+%&/(2&'(+&-#767#-2-+%&/9((J.</5(2()%'#*(%0(26672+/2*(+/(

2*/%(%0(6%-#&-+2*(</#(-%(7#/#271.#7/(+&-#7#/-#'(+&()%'#*/(%0(/%1+2*=+&-#**+,#&1#9(

&'('&! )*+,-#%

K%6+&,('#-#7)+&#/(.%;(%&#(7#/6%&'/(-%(-.#(26672+/#'(/+,&+0+12&1#(%0(#3#&-/9(J.#/#(#3#&-/()2$(8#(+&(-.#(62/-5(+&(

-.#(67#/#&-(%7(+&(-.#(0<-<7#9(J.</(6#%6*#(&##'(-%(1%6#(;+-.(1<77#&-(#3#&-/(2/(;#**(2/(1%6#(;+-.(;.2-(-.#$(8#*+#3#(

;+**(.266#&(+&(-.#(0<-<7#(%7(-.#+7()#)%7+#/(%0(62/-(#3#&-/9(L3+'#&1#(/<,,#/-(-.2-(6#%6*#(27#()%-+32-#'(-%(7#/6%&'(

-%(#3#&-/('+00#7#&-*$('#6#&'+&,(%&(.%;(-.#$(27#(26672+/#'(D:#21%1C(M(N%&,5(EFFOH9((J.#/#(/-<'+#/(/<,,#/-5(0%7(

#?2)6*#5( -.2-(#3#&-/(26672+/#'(2/(<&'#/+728*#(8<-(1%&-7%**28*#()%-+32-#(6#%6*#( -%('#3#*%6(2&'(#?#1<-#(6*2&/( -%(

7#3#7/#(-.#/#(1+71<)/-2&1#/9((P&(-.#(%-.#7(.2&'5(#3#&-/(26672+/#'(2/(<&1%&-7%**28*#(*#2'(6#%6*#(-%;27'/(#/126+/)(

%7(7#/+,&2-+%&9(K%)6<-2-+%&2*(2667%21.#/(-.2-()%'#*(-.+/()%-+32-+%&2*(0<&1-+%&(.23#(*27,#*$(0%1</#'(%&(-.#(0%7=

)#75( </+&,( #)%-+%&( %7( 26672+/2*( -%( ,<+'#( #?-#7&2*( 21-+%&5( .%;#3#7( 6/$1.%*%,+12*( -.#%7+#/( 1.2721-#7+Q#( 1%6+&,(

)%7#(87%2'*$9(R&(2''+-+%&(-%(21-+&,(%&(-.#(#&3+7%&)#&-5(;.+1.(.2/(8##&(-#7)#'(+.*/0$123*456$7%4*+,-#5(6#%6*#(

#)6*%$( +&&#7='+7#1-#'( /-72-#,+#/( 0%7( '#2*+&,( ;+-.( /-7%&,( #)%-+%&/5( -#7)#'( $1*8,*-23*456$7% 4*+,-#( DS2Q27</5(

EFFEH9(L)%-+%&=0%1</#'(1%6+&,(;%7C/(8$(2*-#7+&,(%&#4/(+&-#767#-2-+%&(%0(1+71<)/-2&1#/5(0%7(#?2)6*#5(8$('+/1%<&-=

+&,(2(6%-#&-+2*(-.7#2-(%7(282&'%&+&,(2(1.#7+/.#'(,%2*9((R&(2''+-+%&(-%(%7,2&+Q+&,(1%6+&,(/-72-#,+#/(+&-%(-.#/#(-;%(

87%2'(12-#,%7+#/( D/%)#-+)#/( 7#/#271.#7/(2''(65++.$66,*-( 2/(2( -.+7'(/#6272-#(12-#,%7$H5(1%6+&,( 7#/#271.#7/(.23#(

'+/-+&,<+/.#'(&<)#7%</(-#1.&+T<#/(6#%6*#(</#(-%(1%6#9(J28*#(U(+**</-72-#/(-.#(327+#-$(%0('+/-+&1-(;2$/(6#%6*#()2$(

1%6#(;+-.(-.#+7(1+71<)/-2&1#/5(2'26-#'(07%)(DK273#75(@1.#+#75(M(N#+&-72<85(EFGFH9(

!"#$%&'(&)**+",-"$&."+,"#$%-&

V#*#32&1#( W%#/(-.#(#3#&-(7#T<+7#(2--#&-+%&(%7(2'26-+3#(7#21-+%&(

W#/+728+*+-$( W%#/(-.#(#3#&-(021+*+-2-#(%7(-.;27-(;.2-(-.#(6#7/%&(;2&-/(

X,#&1$( N.2-(12</2*(2,#&-(;2/(7#/6%&/+8*#(0%7(2&(#3#&-(K2</2*(

2--7+8<-+%&(
"*2)#(2&'(K7#'+-( W%#/(-.#(12</2*(2,#&-('#/#73#(8*2)#(%7(17#'+-(

S+C#*+.%%'( I%;(*+C#*$(;2/(-.#(#3#&-Y(.%;(*+C#*$(+/(2&(%<-1%)#(

Z&#?6#1-#'&#//( N2/(-.#(#3#&-(67#'+1-#'(07%)(62/-(C&%;*#',#((

Z7,#&1$( N+**('#*2$+&,(2(7#/6%&/#()2C#()2--#7/(;%7/#(

L,%(R&3%*3#)#&-( J%(;.2-(#?-#&-('%#/(-.#(#3#&-(+)621-(2(6#7/%&4/(/#&/#(%0(/#*0(D/%1+2*(#/-##)5(

)%72*(32*<#/5(1.#7+/.#'(8#*+#0/5(#-19H(

K%&-7%**28+*+-$( J.#(#?-#&-(-%(;.+1.(2&(#3#&-(12&(8#(+&0*<#&1#'(

K.2&,#28+*+-$( J.#(#?-#&-(-%(;.+1.(2&(#3#&-(;+**(1.2&,#(%0(+-/(%;&(211%7'(

:%;#7( J.#(6%;#7(%0(2(627-+1<*27(2,#&-(-%('+7#1-*$(%7(+&'+7#1-*$(1%&-7%*(2&(#3#&-(

K%6+&,(

6%-#&-+2*(

X'26-28+*+-$( K2&(-.#(6#7/%&(*+3#(;+-.(-.#(1%&/#T<#&1#/(%0(-.#(#3#&-(

( [from Gratch and Marsella 2004]
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#$%&'()(&*+,+(,-'(%$+*.(/0&'+(,-$,(1$2(3/41(,-'(.453*60/$,*45(43(7$/*$%&'+(*5($5($22/$*+$&(3/$1'(,4($5('14,*45(*58

+,$5.'(43($(2$/,*.0&$/(.$,'64/9($5:(*5,'5+*,9;(<4,'(,-$,('$.-($22/$*+$&(7$/*$%&'(*+(.45:*,*45$&(45(+41'(2'/+2'.,*7'=(

&;(>42'($/*+'+(3/41($(%'&*'3(,-$,(+41',-*56(644:(1$9(-$22'5(4/(-$7'(-$22'5':;((?5(@AB=(,-*+(,/$5+&$,'+(*5,4(,-'(

3$.,(,-$,(:'+*/$%&'(30,0/'(+,$,'(1$9(%'($.-*'7':(4/($5(05:'+*/$%&'(30,0/'(+,$,'(1$9(%'($7'/,':;(C0//'5,&9=(@AB($+8

+01'+(,-$,(2$+,('7'5,+($5:(40,.41'+($/'(D54E5(E*,-(.'/,$*5,9(+4(-42'(.$5(45&9($/*+'(3/41(30,0/'('7'5,0$&*,*'+;((

#-*+(/'+,/*.,*45(.40&:(%'(/'&$F':(*3(@AB(E'/'(,4(*5.4/24/$,'(+41'(34/1(43(/',/4+2'.,*7'(*53'/'5.'=(,-'/'%9($&&4E8

*56(-42'(,4($/*+'(3/41(05.'/,$*5(2$+,($,,/*%0,*45+($+(E'&&(G';6;(?(-42'(19(3/*'5:(E$+5H,(*5(,-'(I4/&:(#/$:'(C'5,'/(

,-$,(:$9J;((#-'(*5,'5+*,9(43(-42'(*+(%$+':(45(,-'(+,$,'H+(:'+*/$%*&*,9($5:(*,+(&*D'&*-44:(43($.-*'7'1'5,;(K49($/*+'+(

E-'5(+41',-*56(:'+*/$%&'(-$+(-$22'5':(4/(*+(+''5($+(*5'7*,$%&'(G4..0/+(E*,-(2/4%$%*&*,9(45'J;((#-*+(,/$5+&$,'+(*5,4(

,-'(3$.,(,-$,($(2/'3'//':(+,$,'(-$+(%''5($,,$*5':(E-'/'(*5,'5+*,9(*+(,*':(,4(,-'(+,$,'H+(:'+*/$%*&*,9;(L'$/($/*+'+(3/41($(

%'&*'3(,-$,(+41',-*56(%$:(1$9(-$22'5(4/(-$+(-$22'5':;(?5(@AB=(,-*+(1'$5+(+41'(64$&(*+(05'+,$%&*+-':=(4/(*,+('+8

,$%&*+-'/(*+(,-/'$,'5':;((B+(E*,-(-42'=(3'$/(*+(.0//'5,&9(/'+,/*.,':(,4(30,0/'('7'5,+;(?5,'5+*,9(*+(%$+':(45(,-'(+,$,'H+(

:'+*/$%*&*,9($5:(*,+(&*D'&*-44:(43(3$*&0/';(M*+,/'++($/*+'+(E-'5(+41'(3'$/(-$+(%''5(.453*/1':;((#-*+(,/$5+&$,'+(*5,4(

,-'(3$.,(,-$,($(:'+*/':(+,$,'(-$+(%''5(2/'7'5,':(3/41(4..0//*56(G*,H+('+,$%&*+-*56(2&$5(E$+(,-/'$,'5':($5:(,-'(,-/'$,(

4..0//':J=(4/($5(05:'+*/$%&'(+,$,'(-$+(%''5($.-*'7':(4/(*+(:''1':(*5'7*,$%&';(#-'(*5,'5+*,9(43(:*+,/'++(*+(:*/'.,&9(

2/424/,*45$&( ,4( ,-'(+,$,'+(:'+*/$%*&*,9;(B56'/($/*+'+(E-'5(+41'($6'5,( *+( /'+245+*%&'( 34/( G24++*%&9J(2/4:0.*56($5(

05:'+*/$%&'(+,$,'( G54,'( ,-$,(05:'/(40/(14:'&=($56'/(1$9(%'(+'&38:*/'.,':;(N0*&,($/*+'+(E-'5($5($6'5,( *+(:''1':(

%&$1'E4/,-9(34/(G24++*%&9J(.$0+*56($5(40,.41'(,-$,(+41'(4,-'/($6'5,=('=(*+(%'&*'7':(,4(3*5:(05:'+*/$%&';(

!"!! #$%&'%()*%+,-).(/)011231.&'%()

C&'$/&9=(E'($/'($E$+-(*5(24,'5,*$&($22/$*+$&+=(+,'11*56(3/41(40/(1'14/*'+=(40/(:$*&9('F2'/*'5.'+($5:('7'5,+(*5(

,-'( &$/6'/(E4/&:($5:(40/( 'F2'.,$,*45+($%40,( ,-'( 30,0/';(O0/(.4120,$,*45$&($22/4$.-( ,4($22/$*+$&($.D54E&':6'+(

,-*+(3$.,(%9(1$*5,$*5*56(501'/40+(+*10&,$5'40+($22/$*+$&+( ,-$,($/'(02:$,':(%9(.-$56'+(,4(,-'(.$0+$&( *5,'/2/',$8

,*45P( ,-'( .$0+$&( *5,'/2/',$,*45( '5.4:'+( $.,+( *5( ,-'( 2$+,=( 2/'+'5,( $5:( 30,0/'Q( $( +*56&'( $.,(1$9( '&*.*,(10&,*2&'( $28

2/$*+':(40,.41'+Q($5:('$.-(40,.41'(1$9(%'($22/$*+':(3/41(10&,*2&'(2'/+2'.,*7'+;((R0,(6*7'5(,-$,(40/(7*/,0$&(-08

1$5(.40&:(%'($E$+-(*5(+0.-($22/$*+$&+=(E-$,(34.0+'+(*,(45(2$/,*.0&$/($22/$*+$&+S(

#-'(2+9.-4&46*.$&(&*,'/$,0/'(+066'+,+(,-$,(,-*+(34.0+(*+(*53&0'5.':(*5:*/'.,&9(%9(,-'(4/6$5*+1H+('14,*45+=(144:+(

$5:(.42*56(+,/$,'6*'+;((L4/('F$12&'=($(3'$/30&(*5:*7*:0$&(E*&&(%'(%*$+':(,4E$/:+(2'++*1*+,*.(*5,'/2/',$,*45+(43(+0%8

+'T0'5,('7'5,+(GU'/5'/(V(W'&,5'/=(XYYYJ;(#-'(5'':(34/($(14:'&(43(34.0+(*+($&+4(+066'+,':(%9($(/$56'(43(.42*56(

+,/$,'6*'+( ,-$,( $,,'12,( ,4(:*7'/,( $,,'5,*45( 3/41(+,/'++30&( '7'5,+;(L4/( 'F$12&'=( 2'42&'( .42'(%9( $74*:*56(:*33*.0&,(

:'.*+*45+(4/(%9(05:'/,$D*56(4,-'/($.,*7*,*'+($+($(:*+,/$.,*45(GU$Z$/0+=(![[!J;(#-*+(+066'+,+(,-$,(,-'(.402&*56(%'8

,E''5(+,/'++30&('7'5,+($5:('14,*45+( *+(1':*$,':(%9(+41'(34/1(43($,,'5,*45(,4(,-4+'('7'5,+;( (@AB(14:'&+(+0.-(

*53&0'5.'+(45($22/$*+$&(,-/406-($(6'5'/$,'($5:(%*$+':8,'+,($22/4$.-;((#-'(14:'&(6'5'/$,'+(10&,*2&'(24,'5,*$&($28

2/$*+$&+($5:(,-'5(5$//4E+(,-*+(+',(,-/406-($5(*5,'/$.,*45(43(.465*,*45=('14,*45($5:(144:=($+(:*+.0++':(%'&4E;(

4.563)78)#$%&'%()+.&31%2'9.&'%().(/)'(&3(-'&:)2,63-)

0;;2.'-.6)<%(='1,2.&'%() #$%&'%() >(&3(-'&:)

M'+*/$%*&*,9G2J(\(Y=(U*D'&*-44:G2J(](!;Y( >42'( M'+*/$%*&*,9G2J!U*D'&*-44:G2J(

M'+*/$%*&*,9G2J(\(Y=(U*D'&*-44:G2J(^(!;Y( K49( M'+*/$%*&*,9G2J!U*D'&*-44:G2J(

M'+*/$%*&*,9G2J(](Y=(U*D'&*-44:G2J(](!;Y( L'$/( _M'+*/$%*&*,9G2J!U*D'&*-44:G2J_(

M'+*/$%*&*,9G2J(](Y=(U*D'&*-44:G2J(^(!;Y( M*+,/'++( _M'+*/$%*&*,9G2J!U*D'&*-44:G2J_(

M'+*/$%*&*,9G2J(](Y=(.$0+$&($,,/*%0,*45GTJ^%&$1'E4/,-9( B56'/( _M'+*/$%*&*,9G2J!U*D'&*-44:G2J_(

M'+*/$%*&*,9GT(!(2J(](Y=(.$0+$&($,,/*%0,*45G2J^%&$1'E4/,-9=((

(((((.$0+$&($6'5,(^(2(

N0*&,( _M'+*/$%*&*,9GTJ!U*D'&*-44:G2J_(

( [from Gratch and Marsella 2004]
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"#$%&'(%$()*+",*-*&.%/0%$*00(+(#&%/1&2/3()4%)"&*)0.*#5%&'(%+(61*+(3(#&)%/0%+(")/#*#5%",/1&%-*7(-*'//$%"#$%$()*+",*-8

*&.9%:'(.%$/%#/&4%'/;(<(+4%3/$(-%&'(%#/&*/#%/0%2/33*&3(#&%&/%"%,(-*(0%/+%*#&(#&*/#4%7(.%0/+%0/+3*#5%"&&+*,1&*/#)%

/0%,-"3(%/+%2+($*&%=;'*2'%*#</-<(%+(")/#*#5%*0%&'(%2"1)"-%"5(#&%*#&(#$($%/+%0/+()";%&'(%2/#)(61(#2()%/0%&'(*+%"28

&*/#)>%"#$%0/+%"))())*#5%&'(%)*5#*0*2"#2(%/0%(<(#&)%&/%/&'(+%"5(#&)%=")%;'(#%?%,(-*(<(%"#%/1&2/3(%*)%5//$%,1&%?%,(8

-*(<(% &'"&% ./1% ,(-*(<(% *&% &/% ,(% ,"$>9%@(% $+";% /#%3/$(-)% /0% ,(-*(0)% "#$% *#&(#&*/#)% &/% A+/<*$(% &'*)% $*)&*#2&*/#%

=B+"&3"#4% C!!DE%F+/)G%H%I+"1)4% C!!JE% K/--"274% C!!D>4% &'/15'% &'()(% "AA+/"2'()% ,.% &'(3)(-<()% 0"*-% &/%3"7(% "%

#13,(+%/0%$*)&*#2&*/#)%*3A/+&"#&%0/+%3/$(-*#5%"AA+"*)"-%<"+*",-()%=(9594% -*7(-*'//$4%$()*+",*-*&.4%1#(LA(2&($#())4%

2/#&+/--",*-*&.4% 1+5(#2.4% 01&1+(% (LA(2&"#2.>9% M/+% (L"3A-(4% &'(.% $/#N&% +(A+()(#&% <"+*",-(% A+(0(+(#2()% /<(+% /1&8

2/3()4% "-&(+#"&*<(% 2/3A(&*#5% 2/1+)()%/0% "2&*/#4% &(3A/+"-% 2/#)&+"*#&)4% *3A(+0(2&% *#0/+3"&*/#%/+%A+/,",*-*)&*2% (08

0(2&)9% %B.% 2/3,*#*#5% &'()(% "AA+/"2'()4%;(% '"<(% "++*<($% "&% "% )(&% /0% +(A+()(#&"&*/#"-% $*)&*#2&*/#)% "#$% +(")/#*#5%

&(2'#*61()%&'"&%)A"#%&'(%,1-7%/0%&'(%+(61*+(3(#&)%1#$(+-.*#5%"AA+"*)"-%"#$%2/A*#59%

@(%1)(%&'(%&(+3%&"'(")%*+,$-.-$,",*/+%&/%+(0(+%&/%"%A"+&*21-"+%*#)&"#&*"&*/#%/0%&'*)%"3"-5"3%/0%A-"#)4%,(-*(0)4%$(8

)*+()4% *#&(#&*/#)4% A+/,",*-*&*()% "#$% 1&*-*&*()% 3(#&*/#($% ",/<(9% :'*)% &(+3*#/-/5.% (3A'")*G()% &'(% *3A/+&"#2(% /0%

2"1)"-%+(")/#*#5%")%;(--%")%&'(%*#&(+A+(&"&*<(%=)1,O(2&*<(>%2'"+"2&(+%/0%&'(%"AA+"*)"-%"#$%2/A*#5%A+/2())()9%M+/3%"#%

P?% A(+)A(2&*<(4% &'(% 2"1)"-% *#&(+A+(&"&*/#% +(0(+)% &/% "% 21++(#&% Q3(#&"-% )&"&(N% =B+"&3"#4% C!!DE% K/--"274% C!!D>% "#$%

)(+<()%&/%*#0/+3%"#$%2/#)&+"*#%)1,)(61(#&%*#0(+(#2(9%?#%&'(%&(+3*#/-/5.%/0%R3*&'%"#$%S"G"+1)4%&'(%2"1)"-%*#&(+A+(8

&"&*/#%*)%")%"%$(2-"+"&*<(%+(A+()(#&"&*/#%/0%&'(%21++(#&%2/#)&+1"-%/0%&'(%A(+)/#8(#<*+/#3(#&%+(-"&*/#)'*A9%%%

M*#"--.4%"AA+"*)"-% *)%)"*$% &/%/A(+"&(%/<(+%T(<(#&)U% &'"&% *3A"2&% &'(%A(+)/#8(#<*+/#3(#&%+(-"&*/#)'*A%"#$%;(%31)&%

2/#2+(&*G(%&'(%+(-"&*/#)'*A%,(&;((#%&'(%2"1)"-%*#&(+A+(&"&*/#4%(<(#&)4%"AA+"*)"-%<"+*",-()%"#$%(3/&*/#)9%PAA+"*)"-%

&'(/+*()%"+(%)'/+&%/#%$(&"*-)%"#$%)/3(;'"&%2/#&+"$*2&/+.%/#%&'*)%A/*#&4%/#%&'(%/#(%'"#$%"+51*#5%&'"&%"AA+"*)"-%*)%

)/3(%/<(+"--%"))())3(#&%/0%&'(%A(+)/#8(#<*+/#3(#&%+(-"&*/#)'*A%=;'*2'%*3A/)()%"%5-/,"-%A(+)A(2&*<(%/<(+%"%A(+8

)/#N)%A")&4%A+()(#&4%"#$%01&1+(%2*+213)&"#2()>4%"#$%/#%&'(%/&'(+%'"#$%"+51*#5%&'"&%"AA+"*)"-%*)%&+*55(+($%,.%)A(2*0*2%

A'.)*2"-%(<(#&)9%:'*)%*)%01+&'(+%2/3A-*2"&($%,.%&'(%*#&(+A+(&"&*<(%#"&1+(%/0%"AA+"*)"-9%?)%"#%(<(#&%)/3(&'*#5%&'"&%*)%

T/1&% &'(+(U% *#% &'(%(#<*+/#3(#&V% % ?)% *&% &'(% *#&(+A+(&"&*/#%/0%)/3(%(L&(+#"-%A'(#/3(#"V% % ?)% *&%A1+(-.%3(#&"-V%R((%

R'"<(+%=C!WX>%"#$%S"G"+1)%=C!!C>%0/+%"%$*)21))*/#9%%M/--/;*#5%/1+%+(A+()(#&"&*/#"-%2/33*&3(#&)4%;(%'"<(%0/1#$%

*&%3/)&%#"&1+"-% &/%3/$(-%"#%"5(#&N)%/<(+"--%"))())3(#&%")%"#%"55+(5"&*/#%/0%'/;% &'(%"5(#&%"AA+"*)()% *#$*<*$1"-%

%

M*51+(%YZ%[1+%2/3A1&"&*/#"-%*#)&"#&*"&*/#%/0%&'(%2/5#*&*<(83/&*<"&*/#"-8(3/&*<(%).)&(39%
[from Gratch and Marsella 2004]
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“Macro-EMA”

In the following, we are not covering

mood

some emotions

causal attributions

coping
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EMA in Virtual Humans

Agent is selecting among alternative 
courses of action (i.e., plans)

The plan with the highest utility wins

Utility of a plan is cumulative weighted 
utility of emotions elicited by appraisals of 
the plan

22
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EMA: Example
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Outline
Bilateral negotiations (BiLAT)

Culturally Affected Behavior (CAB)

EMotion and Adaptation (EMA)

CEMA = CAB + EMA

Future work
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Matrix CEMA
It turns out that CEMA can be encoded in matrix algebra
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Matrix CEMA

Intention probability

Agent’s actions conditional on state degrees

Appraisals

Emotion elicitation

...

Can all be encoded in the matrix form
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Appraisal + Elicitation: Hope

hopeMask = (degrees < 1.0) .* (utilities > 0);

intensity = abs(degrees .* utilities);

hopeInstances = hopeMask .* intensity;

hope = sum(hopeInstances);

Actual 4 lines of code in MATLAB
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Matrix Advantages

code becomes a series of one-liners

transparent and easy to follow

complete separation of data and code

cultures and personalities are just matrices

machine learning of culture and personality 
parameters
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Outline
Bilateral negotiations (BiLAT)

Culturally Affected Behavior (CAB)

EMotion and Adaptation (EMA)

CEMA = CAB + EMA

Future work
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Future Work: Machine Learning
Both CAB and EMA have a large number of 
parameters:

action add/delete effects

concern values

intention probability function

Where do they come from?

Machine learning using historic data?
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Future Work: Learning 
Heuristic Search

Lots of (recent) work in learning in heuristic 
search:

Korf, Ishida, Russell, Wefald, Shue, Zamani, Barto, Shimbo, Koenig, 
Furcy, Shang, Bulitko, Hernandez, Meseguer, Sigmundarson, 
Bjornsson, Likhachev, Rayner, Lu, Anderson, Lustrek, et al.

Powerful methods

Search does not have to happen in gridworlds 
or 15-puzzles

Can be in negotiation space in BiLAT

Links to both culture and emotions 
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Future Work: 
Emotions from Culture

Can there be situations where culture or emotions 
by themselves do not model the right behavior?

Example:

agent’s cultural norms are threatened or 
jeopardized → causes fear or distress

agent is fearful of being viewed as unobservant 
of Islam

i.e., appraising and eliciting emotions over a 
socio-cultural network
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Contributions
Simultaneous modeling of emotions and culture

provisions for modeling emotions from cultural 
states

Formal re-write of CAB and EMA in matrix form

computationally effective

transparent/simple representation/implementation

easy ways to add personality and religion

provisions for easier machine learning

provisions for learning real-time heuristic search
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