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+0&' QUR=&LSHHST )" 1%, +" $)1)1-=,1'&:- $)1,'1@(,)#>19('&*!$)!C#(0D

0*1 10&))OE" ()* 2(?&0! "#$%&'(&)! (&! *$++%&(,-.($&.122K4! ()*
P=,--(D&0! ()*! P(#D&OES$0-#'1 -1 /12$#3! $4! 5%6.(+$'-6! 7&.2#-,.($&
.1221451

C#(OD!()*!/0&))()E'1 7$0D!,"1*,0&:-&*!-$7(0*!-=&!?0$:&"1$;!"0$+)*,)"8

-=&! 20$:&" ) 7=,:=1 -7$! )-&0(:-))"! ("&)-"! :$@&! -$! '=(0&! @+-+(#
D)$7#&*"&8! @+-+(#! 9&#,&;'l ()*! @+-+(#! ("+@7?-,$)'5! | R=,"1 20$:&"! ;'
:$)',*&08&*1-$!9&! )=&08&)-!1,)! )>! :$@@+),:(-,$)! -('D5! ! P=,--(D&O! ()*
P#D&0!.122141'=$71=$71-=&'&!:$):&7?-'1(0&!"&) &0 (#,H(9#&!-$!-=&! () (#><
VIS =81 $i1%5&0&)-! @&*,(1;$0! %6(0,$+'! (‘D" ,)! -=&! :$@?+-&0
*$@(,)5'R=&!D&>!:$):&?-'1-=&!(+-=$0'1,*&)-,;>!(0&G

B5 S-1@(>!19&!(0"+&*!-=(-!(1:&0-(,)#&%&#!$;!+):&0-(,)->!7 ##!(#7(>'19&!?0&'&)-8!
"(%&12&0=(?":$0!=,"=#>1(0- ;. (#1&)%,0$) @&)-'819&: (+&!-=&! 7$0#*! '1:(01-$$!
S@?HRA!-$19&!: @ ?#HE&-&#>1?0&*,:-&*81=&):&!-=&!,):0&('&*) &&*!-$!&)'+0& 0 &#,<
(9,#,->5

&

"2)3*,4115



JI(012'#3(*#415(6%41(,1 789%:(B($3#4!;3#4(<2%!=>3448

“# "#$%"&&'()*  1+!1,-./10123!451125467./142!8.219:1842;:<:3112!
[-:17:31=7>

$# $"%?@A"AB" +1-4,1C:67.2:2/11D!/-:17:31=7E!34:D!1/!
.FF4,1546'6:;1:,1.2316:;1D142>

%#'AB%"?"A)@G)*  +1,-./11DY/-:IH6.2=F.61/<!45!5::39.80!/-:!
D<D/:7!8.2'H1;:1/4!=D:6!.8/142D>

)-:<16:.8-1/-:18428F=D142!/-./1546!/.D0D!,1/-!D/618/'6:1=16:7:2/D!12!C:6J
7.2:28:KIDC::8-11D!24/1.1H443!7:31=7+15!,:1-.;:1/-:18-418:145!.1D12]
HF:17:31=7'42F<L!!"M.7CF:D!45!/.D0OD!/-./'6:F<!-:.;1F<! 42! C:67.2:2/
7:31.1.6:!,61/12HK! 36.,12H! 46! 842D/6=8/142! 12! H:2:6.FL! I N4,:;:6K! 12
.F74D/! \FF!/.DOD!1D!/-:6:1.1=D:146!C6:5:6:28:!1546!.!D:C.6./:K!F:DDJC:67.J
2:2/18-.22:FL")-:112;:6D:!11D!.FD4!/6=:0!546!/.D0D!D=8-1.D!96.12D/46712HK
CF.2212H!46!8446312./142\/-./'6:F<!-:.;1F<!42!DC::8-K!/-:1=D:145!C:67.J
2:2' 7:31.' P:LHL! .! C:281F! .23! C.C:6Q! :2618-:D! /-:1 12/:65.8:1 /6:7:2]
34=DF<K! ,-1F:!'F:.;12H! 125467./142!/6.2D71DD142! 7.12F<! /4! /-1 DC::8-
8-.22:FL!!

'5!.'D<D/:7!1D!-1H-F<!6:D/618/:3!/4!.\D12HF:!F:;:F!45!H6.2=F.61/<K!.!5.8:3/4J
5.8:17:/.C-46!1D!=2F10:F<!/4!C64;13:!/-:174D/":55181:2/112/:65.8:L1"M.7J
CF:D!45!D=8-!/.D0D!,4=F3!9:17.21C=F./142D! 45! D12HF:K!=21I=:! 49R:8/DK
,;-6:1/-:12::31/416:C:./'/-:'D.7:1.8/142142! 7=F/1CF:!149R:8/D!34:D! 24/
:M1D/K!.23!/-./'6:1=16:D!5:,146!241.9D/6.8/'6:F./142D!'9:/,::2149R:8/D!.23
.8/142D'P:LHLISTARR/-./'.6:! $"%&N¢!")* 1-.;:1.//619=/:IUKH -#.*/
0)1*D!/-./'.6:1.FD4ANDVQL!)-:!D.7:18.219:1D.13!546!/.D0D!,1/-1F171/:3
2::31546!/:7C46.FIDC:81518./142!PSW4!#!.23!*ID17=F/.2:4=DF<K!/-:21UVQ
.23!/.D0D!,1/-1.171217.F16:.FJ/17:1847C42:2/'XY .FO:6!Z[\[]L!

%./-:6!/-.216:D/618/12H!84231/142D!45!/-:!/.DOK!.D!12!1/-:1.94;:I:M.7CF:DK
6:D/618/12H!/-:1/6.2D71DD142! 8-.22:F!-.D! 746:! 49;14=D! :55:8/D! 42! 4=6
8-418:145!12/:6.8/142\7:/-431L.1"Y-:2!/-:6:11D!.1-1H-IF./:28<!12!/-:112546J
7./1142!/6.2D71DD142!8-.22:FK!5.8:3/435.8:112/:6.8/142!1D!H:2:6.FF<!.19.3
8-418:145! 12/:6.8/142K! 9:8.=D:! /4! 9:! :55:8/1;:! 1/! 6:1=16:D! 6.C13K! 5=FF
3=CF:M!5::39.80!42!7=F/1CF:!F:;:FD!12!7=F/1CF:!743:DL!!'5!/-:1/6.2D71DJ
D142!7:31=7!.FF4,D!546!42F<!F171/:319.23,13/-K!5.8:1/4J5.8:!112/:6.8/142
1D!24/'5:.D19F:K!D128:14=/J45JD<28! D4=23!.23!C18/=6:D!/:23!/4131D461:2/
6./-:6!/-.21:2-.28:1X85L!Y-1//.0:6!Z[[*K!Y-1//.0:6!_"aB422.1FF!Z[[bK
"aB422.1FF: /N FLIZ[[b]L!!)-1D!84231/142K!-4,:;:6K!7.<!D/1FF!9:!C:65:8/F<
D=1/.9F:1546!DC::8-J42F<!8477=218./1421."'@D<28-6424=D!3:F.<D!12!7:DJ
D.H:!1/6.2D71DD142! ,1FF!5=6/-:6!317121D-!4=6!6:.D42D!/418-44D:15.8:3/4J
5.8:146!DC::8-J42F<!12/:6.8/142!4;:6!546!:M.7CF:K!:J7.1FK!51FFJ5467DK!46
.2<14/-:6!7:/-43! -:6:1/-:1C:67.2:28:145!/-:1/6.2D71DD142! 7:31=7
.FF4,D!:6646J56::18477=218./142!/4!/.0:!CF.8:L!

@2<!H4431/-:46<14518477=218./142! D-4=F319:1.OF:!/4! .[FF4,1=D!/41842]
D/6.12!./, 1FF!/-:1121/1.F184231/142D!45!/-:1D<D/:7!1546! -18-1,:1,.2/1/4
3:D1H2!.2!12/:65.8:K!.23!/-1D!1D!C6:81D:F<! -.//-:1Y-1//.0:6! _!Y.FO0:6

"HEN&' (& #$Y!)* %o+, #$% -



"HEBY6& () +,1-%$)&H: |

"HSSHOOI&' (N&*+,&-'(1,.1.0N1+1-2, &' /1&)/'&) (+.34/15')54'1, 16.47
4,81 +-(1,+&)/1-219.&1/' )-41 +&.3:+! +'-&18.8:0

l'-'- W -/SO%W kg, ik §7 %08 ()*+*,*)+(-./'-*&0!1%!1*&23)/4-'-*&/5!
4&+"g8 *1 $4%l ”l5 (%%lu: 0 7 179 7

'/ A.'..A' 9+ |'*< |||2)4| |+l)('6|*+(2|+'&+'2&6)*|)&|+|((3(|6

1" SRR SR D, ) 2*—>|)3 .2.9= |)2/|)2 +&.7.9.&7+- @) 20”A(|)2 +8&.7.9.87+- @) 2

V(' -2,'&6)*'1 2*'(()&=B!! C.2(-/'&)54' 63((! +)(! 5"2

t‘: 3% DE |:4 $%%H%®E§&?§ ?7'&*-D'/1?-,6)44(!.6!)2,+&.7.9.&?+-@),-.2E,+')*,1 .6
),,&-53,-2:1+39)274-;'1F3)4-,-'(1,.1-2)2-9),'.6G"*,(1.&!)2-9)4(!.6!4.8
-2,'44-2%01N H-,+1 &)&/N .1 +1)2,+&.?2.9.&7+-@),-.2! .6!*.9?3,'&(>
&'(H&*+'&(!1 ("9!,.1 +)D'I D)&-'/1 .?2-2-.2(1 ")2-'&! #$$J>! K)'(! #$$L>
C+-21#53#>11)3& 41 #$SM>11)3&'4!", NA01#$SN>11)3&'41 #SSN%!) 2/! ,+'1 (=(7
Y9(1,.10),1,4),1/'4-5'&),'4=13(")2,+&.2.9.&?+-@),-.2! ("9")(!D) &-/
)(1?".24'0(1.?-2-.2(!.6!,+'90!!

P(AI+)D'4&")/=1)443/'1,.>1,+';-2/1.6!-2,'&6)*'1*+.('2!(+.34/'5'IG3(7
,-6-"15=1(=(,'9!%)?)5-4-,-'(>)2/'5'1(3-,'/!,.],+",)(;!5'-2:1?'&6.&9"/
8-,+!,4),!(=(,'90!1 A2! +-(ID-'8>!8+',+'&!,+'-2,'&6)*'16.44.8(1)!6)*'7,.7
6)*19')?+.&!.&!-(14'((1)'F3'(,-.2!.6!?'&(.2)4!?&'6'&'2*1)2/19.&")2
-((3".6!'66-*-'2*=0!1Q3,!8+),1)5.3,)2,+&.?.9.&?+-@),-.2E(+.34/!-,!5'
)D.-/'/E*)2!-15')D.-/'/B!'T Al 8.34/1)&:3" ,+),! 6.&! 9)2=!*9?4'R
JGELH&-(14-,, 4%+ -4 21 +1/'(-:2'&0(1?)&,18+',+'&! ,+'1(=(,'9! - (
?&'('2,''-21)2,+&.?2.9.&?+-*1,'&9(1.&!2.,0111+"1)&:39'2,!-(15)(/'.2
+'1(-9?4.5('&D),-.2! ,+),)(1 (=(,'9(!5*.9'1 S(9)&,'&T>!-0'0! 5"*.9'
*)?)54'.61+)2/4-2:15'+)D-.&(1)2/1*.2*'?,(1,+),1)&'12.&9)44=!),,&-53,"/
1 ?2.24'>514-1-2&),-2:1D)&-.3(1/),)! (.3&*'(>! ?'&*'-D-2:! ,+'-&!'2D-7
&.29'2,1)2/19);-2:1-2/'?'2'2,1 ['*-(-.2(>! 32/'&(,)2/' (?"*+>1 2.7
?24'0(18-44-2:2'((1,.1)2,+&.7.9.&?+-@"-2*&")('(0!1 1.1,);'1)2I'R)9?4">
8'18.34/1+)D')1+)&/! ,-91*.2D-2%-2:1)2=.2"l ,+),1)1 &.%;1-(1)3,.2.7
9.3(1.&!+)(1)2=1)9.32,1.6!-2,'44-:"2*'01U.>!-,16.44.8(!,+),!-,!-(1/-66-*34,
6.&!3(!,.1-9):-2")1 &.*; 1 +)(1+)D-2:1)1 *+)&)*,'&! .&! 5'-2:1)2!1):'2,0! I P
&.%1&'2&'('2,(1.2""'R,&'9''2/1.6!)1*.2,-2339!6&.9!S/")/T!,.1S)4-D'TO
K.D-2:1)4.2:!,+-(1*.2,-2339>!.3&!)5-4-,=1,.1)2,+&.2.9.&?+-@"-(19)/"
(.9'8+),I(-'&":-D'21(=(,'9(!,+),1+)2/4'(-9?4'1/'4"),-.2>16.&'R) 97
?24' (=(,'9(! 6.&! 6',*+-2:1'4'* &.2-*1 9)- 4') I*&)-2!,-9'(1.6! ,+'1/)=0
Q™)3('1=.31/'4"%),"1,+')(;1.6!6',*+-2:19)-41 .1 +'I(=(,'9>!,+"1(=(,'9
'95./-'(1(.9'14'D'4!.6")3,.2.9=>1)2/1+2*'1-(1N(-'&!,.12,+&.?.9.&7
?2+-@'0! 1 K.(,! 7.?24'1 8.34/1 ?&.5)54=!1):.&"! +),! [.:(1)&' D'&=!")(-4=
)2,+&.?2.9.&?2+-@'/0! 1+-(1?),+16&.9!/395!,.1(9)&,! (=(,'9(!-2/-%),'(")
&2/ +),1-9?24-"(1)21 -92)((1,.8)&/! +-:+!1 -2,'44-"2*V1 ) (1) (=(,'9
5%.9'(1-2*&")(-2:4=!(9)&,'&>! ,+'1 ['(-:2'&O(!)5-4-,=!.6! ,+),! (=(,'9! ,.
-2643'2*N13('&0O(!,'2/'2*=!,.1)2,+&.2.9.&?+-@'! ,+),! (=(,"91/"*&") ((
,.8)&/12.,+-2:011Al*)44!1 +-(1S1+'1A2,'44-:2 ' U=(,'9' W'(-:2'&O(W")/7
4.*T>1.&!G3Qksigner’s Deadlock!6.&!(+.&,0




N10(123'# 4(*#516(7%5!(,189:$; (9($4#51<4#5(=3%!>?4559

B4=;

5#36+&(34
83+8&%3-(3(
9,./+,%(:$'
32,%(;',%<"
5+8&%:3=3#3%=:.>$&.3
34(2.)2,%("7'&,#

I"H$%68 () (*+8&, ./, +0,!
1,2,-(34(56&3+3#7

@(A B4=;

" YCDEFIG&. HIHSY08H" ()*$" +#, *#-& &-#,/#)08, 1, (24, )" 2" $&(H314*&)"&"5#
B HO&"IT L& H%) H-&"H) 1 64#-& " #4,1$* -#, &*HSUEHO 88" #$& 16& 1424 #
) 1$*%,9,(,*9%3: &#$%)$#"2"$&(;

"H#5061 &' (%! )* 1+ -1 %#$%! /001*1*02'%#)3(1/) 1'14)(,-'15678!140-1$39
*OX0/0'2: 151 &'1* [+ 901 Yo $U01 *0*06' 2,41 ' ' 10<1)39%6'/) '3+ 1031 o# 1 $=++)**$:
&'1(%! $!.$/,'1 031 %t 2$3%)**$! %Sl *#0&*! Yott'| <-">02! Yo#' *0*0'2:*
>%)(3-1#$+1)31+03%-0//)3(1 $! ,*-*1 $3%#-0?020-2#) @$%)03! 0<! %6#$%! *9*6
%'2811A02' &#'-'1%608&$->1%6#'1/0&'-'3>1031%# 1B*2$-%*Cl1*+$/'12'0?/'1$-"
-91(00>1$%!)2$()3)3(! $1+9*06'21 $*1=")3(1$31$('3% D! %6#)*1 )1 %61 /1 0<
0,-120%%!1)3%'//)('3%! *9*%'2*1%60>$98! E#'I F'*)(3'-;* F'$>/0+ 11'<<'+%! )*
'G$+-=$%6'>1$*1 &'1$>>10601%6#'1¥0%06'21 <'$%, - *1%6#$%! =0--0&!.)* $/1#,2$3
0-1$3)2$/6/)1'l <'$%,-"*1 /) L'l <+*:1 H#$3>*:1 '9"*:1 <$+)$/1 'GP-"+%)03*:1 '%6+8
E&0!0<!9%6#'1*%-03("*9%! <$+9%60-*1)3!>-).)3(1#02'1 $3%#-07020-2#) @$%)03! 0<
$31)3%'//)('3%! *9*%'2! $-'1 2-0=$=/91 *?"+#1 H'.'3! $1 *9*06'2! +$2$=/"1 0<
1-011)2)%'> 1 *2" 1 2891 =" *'31 $*1 $1 B*0%,2)>Cl #,2$30)>! $3>1 $! <$+'
H'.'31$196001 &)06#1 $! <$+'1 +$31='17'-+).'>I$H1#.)3(1#,2$36/) 1" +#$-$+6
%'-)*%)+*DI$19%609!&) %1301 <$+ IH$12, +#1/*10<I$I+#$3+'18

E#)*1$5-(,2'3%!)*1*,2?0-%">! =91 -'+'30%0! -"*'$-+#1 03! ,*'-*;1 2'-+'29%0) 03! 0<
%'+#30/0(9! IK$**! '%! $/8! LMMN:! K$**! '%! $/8! LMMOPS! | E#)*! -"*'$-+#! #$*
*#0&3!%#$%! &#'31+027,%'-*1$-'1'Q,) ??">1 &) Yo#t! #,2$36/) L' +$2$=)/)%)*

* HHISH X"+ 3004 %) *10- 142" +#1-'+0(3) %) 03RI<$+%:!".'31&#'31)%!+026
2,3)+$%"*1&)%#! *)22/'1 %olRGFo-*1 ?2'-+").'| Uo#' 2! $* $('3%*! &) %o#! #,2$36
N1'1+$2$=)/)%)"*8!! S$%#'-1%#$31)(30-)3(10-1%-9)3(1%0!'/)2)3$%' %#'| $('3%6
N1'1Q,$/)%)*1%#$%!+02?, %'-*I1$-'12'-+').'>19601#$.":103'1+$31+$?)%$/) @'103

%ot |<$+%0!$3>12$1'1%#'1)3%'-$+%0)03120-'1*%$=/"1$3>I'<<'+%).'8

S %&"()*

T3I06H)*+#$2%'-1&'1-) &' >1¥02'10<1%6H# ' $-/91<$*+)3$%6)031) 31064 1$-%6*1&) Yot
#,2$30)>15-06)<)+)$/1$('3%*8I1" 1> )5+ **>106#1$> $3%$(+1$3>1>)*$> $36
%$(**10<1 %6#'1 <$+'6%06<$+'1)3%'-$+%6)03! 2'%6$2#0-1 $*1$272/)'>1%0!)3%'-$+%)03
&)Y +0272,%'-*:1 $3>! 96#'1 35%,-'1 0<! $3%#-07020-24)@$%)038! | ! +036

"HEN&' (& #$Y!)* %o+, #$% -



"HEBY6& () +,1-%$)&H: |

"HEI&YO!' () 1+, - &L/N($O0)+ 1#+28&1*+&3))"&, 1+ 14&*+51-3.4#801/38 &6 1*,
4&"8&31'.1)"2+. TH&Y5&!"(&01)+%!'38!".1)2&1)%9)+)5&! /I (&OI*+1*+&31
1)"&1%&, *5+61'()+1'. 17, (1(&817.$#%5.1) 7)81) +9615&'1,'$" 217+ (1$+,.#91
)A#8&)-3.448&0,:11;()'&9&310)814&!,)*%!)5)*+ 1/)"&1". 1/)"&I*+ &3)"* +1),
)I0&(.%! ./1".00$+*")"* +6!"(&! &9*V6&+"&! 389*&T &I "&3')*+#8] $--.3,
'(&!1)35$0&+'()' '38*+51 .1 4$*#%! )1 ".0-$'&3! ,8,'€0! 4),8%! .+1"(&,&
*06&),1*,11)31/3.014&*+51)17),'&!./I*0&:

H 01 "2)3*,4156



Y& () SIH+ 8 B( H-!
J0123($(,&2*$1*4)!
54%-67*2-18-0-*623

"H$Y6& (%) $+,1-+1-&..1//ON)$I'T1+1/21$%+1*3(%/.JA&(). J#5! (/1*6$)7

$&IH).) +'+), (%!, +.+8)HS! $/1 $%+1 $)'01 /21 96&.5&H#A 2)(+T$/72)(+ &S+ 2)(+"
Qo +<* &(&$.3 ¥+ 38HAM $%+! 2)(+T$/T2)(+! 1+$)*%%/,1 $/1 (/1*6$+,1'3'7
$H1'=ISI8HS+ S+ S+ +1+#$'S)#51/6$7!!

" @8&).JA6+!'S,6($6, FABI%& (& (B HIH(,-.1+-)$/&*/+-)$101-2+3($11%!
%3 14$01-*(.01&H#SI&('.1&-51.31%66%&S$, 71I"#1%61%66 % &S, 1#-%6!&#$!8*8/
$'&1$%1*+'9(1'1.31'$-2/&1,$!'$%8*.%1:$.$%%!-.01)*.) ("$.&!11.8(&!
-.01*(&8(&7

" AB.S&* /5 IHSIT.8(&%!-.01%(&8(&%!-'S, (2&1,%0-2;11.)2(01.3!
%8$B)H; 135068 ($!-. 01 8HS'1: 1% 1 <2$I<$#-:1% 07

" B19/5&1+#HS:E-)$/&H+-)$11.8$)&1*.I$I(1'$%!8-'&1)18-.&%6!&H-&I-'S!
$,<*01$0;I>#1)#11.1&(.131:$%!,$-.1.31&*1&#$1'1%1&(-&$0!:1%(-2!-.0!
-(01&*'61<$#-:1%7

CYb+'+1-&..19+!6+51$/12/(6'1$%-+15& (6" &/H# &#1 $Y6&' (%)*$+,:11"#)55&$&/H=
YIS+, (Yo&HAISYo+1+1& 1$Yo+HIS&IH2! +(&* /(&$31&#5&).146+:1ID+(&*,/(7
&S$3! &' #HIS! /#.31) 1)E/,1*),$! /2! (JHS+HS! (I, 58H#)S&IH=1 )" (I#88&H(&H4.3
'Uo/-#1 93! #61+ /6" +'+),(%+,'1 FG.),01 H! |, +##)# JKKL=! M//5-&#
JKNO=IM,/'PIHIQ&5#+,! JKNO=IR)%#+1)# JKS>T=196$1%),$1/21). .1+ +1+#$'
12158 (/6,+:1UI1)E/,1)"61*$&/#! &#1$%&'1-/,01&'1$%)$12/,1$%+116.$&1/7
5).1(/#8+,) &M L+$)* 0/ 1$/1,+)(%!&$'126..1*/$+#$&). =1-+1#++51$/1'6**/,$
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Oln the abstract, the phenomenon of turn-taking seems quite easy to define.
The talk of one party bounded by the talk of others constitutes a turn,

with turn-taking being the process through which the party doing the

talk of the moment is-.changed.O

"HS106&! (1)) %$+,)1 +-.(1/8&(0%. 1(1.)1 %11 +-(-2$! %6#$! ) $38$(%.-41 (-%6&'$! 1/

%-456! 1 7%! 1'2-(.8$)! %#S$! .(/1'+-%.1(! $90#-(2$! :$%:;$$(! %;1! <1'l +1'$=
01++&(.0-%.(2! >-%.$)! -(?! $)&'$)! $//.0.$(%! %'-()+.)).1(! :$%;$5(

%ot +611"H$! . (/1'+-%.1(10-(1:$! 01()%'&0%$?! %o#'1&2#1 )>$S0#@! #-(?! 2$)A
%&'$)@! :17*! 4-(2&-2$@! 2-8$@! /-0.-4! $9>'$)).10)@! 1" -(*! 01+:.(-%.1(
%#$'$1/!BC-05)! DEEF:@!GOH$.44! DEEF@!1117;.(\DEJDK6!!"&' (A%-5.(2!-(?
-O5A0#-(($4!/$$2:-051#-L$!: 196#1:$$(1)#1;(1%11:$! . +>1'%-(%!/1'101(A
280%.(2!)&00$))/&4! ?.-412&$! BC-05)! $%! -46! DEMN@! H$)>141&)! O! P$018&.)
DEJQK6!"&'(A%-5.(2!.)@!/1'1$9-+>4$@!0'&0.-41. (1:1%#!($21%.-%. 1(-(?104-" A
1.0-%.1('BR#.%%-5$'1$%! -46! DEED@! R#.%%-5$'10! C%$(%1(!DEJJ@! C-05)!$%! -46
DEMNKB!!

C-05)! $%! -46! BDEMNK! >&9%! /1'%0#! -1 +1?734! 1/ %&'(! %-5.(2! %#-%! +173$4)! %#$
)% '&0%&'$! 1/1#8&+-(101(L$)-%.1(1-)!-(1$+$'2$(%!>'1>$'%*1 1/1410-417$0.A
).101-)$211(1>'$2.0%. 1(1:*19%6#S$! >-'%.0.>-(%) 6! | S$0-8)$! %6#$.")1 )1 -1%#1'A

1&2#! +12$4@! -)! >)*0#1412.0-41 +17$4)! 21@! -(?! '$4-%3)! 2.'$0%4*! %1
>)*0#1)10.-417.-412&$!)5.44) @!71;.441:" $/4*1'$0->1. %) 1+-.(1>1.(%) 6117 (1%#S$.
L.$;@! %&'(! %-5.(2! .)! 410-44*! +-(-2$?! -(?! >-'%.0.>-(%A-?+.(.)%'-%$?6

P10-4! +-(-23+$(%! +$-()! %o#-%! T-441 %#$! 1>$'-%.1()! B;.%#. (1 %#S$! )*)%$+K
“$1U410-4,@!.6$6!2.'$0%$?1%11U($9%!%&'(, - (?1U($9%!%'-().%.1(,! 1(1-1%& (A *A
%&'(1:-).)VIB>6IMFWK6!! 7(1%#.)IL.$; @!-(*1>-%%$'(1%#-%!-'.)$)! 1&%! 1/!.(%$'-0A
%.1(1.)! T$+$'28(%VX.6$6!'$)&4%)! /' 1+1%6#S$! . (%$'-0%. 1(1 1/'&4$)6! I "#E1)-*
1&'%#3$"'B>6!MFWAQK!%#-%!

Othe turn-taking system is a local management system ... in the sense that it
operates in such a way as to allow turn-size and turn-order to vary and

be under local management, across variations in other parameters, while
still achieving both the aim of all turn-taking systemsNthe organization of

On at a timeONand the aim of all turn-taking organizations for speech-
exchange systemsNOone at a time while speaker change recursOO.

Y-%*A-2+.(.)%'-%. 1(1'$/$")! %11 %#S! /-0%! Yo#-%! %oH$! '&4$)! 1/1%8&' (A%-5.(2! -'$
)&:Z$0%! %11 %#3$! 01(L$')-(%),! 01(%'14@! .6$6! %o#t-%! %#S$! '&4A$)!-'$! 2$).2($?! /1"
'$.(21&)$21:H1$-04#1>-'06.0.>-(%61% 1 1+-(-2$196#$.101++&(.0-%. 1(1:. Y1 1%6#A

$)6!1 S*#+>1%#$).8. (2! %#$! $9.)%$(0$! 1/ %&'(A0L()%'&0%. 1(-4! &(.%) @! Yot $*

D6 |117; (IBDEJIDKI%#$(121$)!1(1%11)-*19#-%11(1041)$'!.()>$0%. 1(1%#.(2)!-'$! (1%!
). +>4$1)1%#$141156!1[1; LS @1%6H#$!(1%. 1(- 2&$?1HS'S).) 196#-06106#$1>".(0.>4$!
1/1%8&/(1%-5.(21.)1). +>4$!:#.4$19%6#$!:$#-L. 11$+$'2. (21 1 +1%#$!. (%$-0%. 1(11/!
%#$!>".(0.>4$)!1/1C-05)!$%!-46|BDEMNK @!$)>$0.-44*:#$(11:)$'L$?I T. (196#$!
:1'42@V10-(1:$138.%3$101+>4.0-%$?6
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J((HSHSE: 1 &#1%4/)$>! &#6%,:#>1%8%S$(! 35)*! (1#!6)-(#-(1)3! (1#!:8##61>! (1#:#
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+#:6$/8(/4#! 8)/-(1)3! 4/#"> (,$-76)-:($,6(/)-%" ,-/(:! *%2! &#! 4%'[+>] & (
(1#2!:%2!-)(1/-0'%&), (! (1#!"%2! 8#)8'#! %6(,%"2! $#6)0-/@#! (1#:#! ,-I(;;
FL1%(1/:) -4+ % *#6 1%-/:*1 (1%(19%6™)": ! :#-(#-(/%">! 6'%,:%">! 81$%:%'
%-+1'#9/6%'" 3#%(,$#:! () &#! $#6)0-/ @#+! /-1 $#HY%'T (/*#! %-+!/-(#0S% (#+!"/(1! %
+/:6),%5:#! 8%$(/6/8%-(E:! %6(/)-:! ()! %")"! (1#! 8%((#$-!)3! (,$-! (%./-0! ()
#*#S0#;! | D-1GL%8(H#S!H; ! "#!1" /"1 8S#:#-(1%0! 0#-#35%'1%88%)%6 1! ()! %66 1/#4/-0
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D-1"1%(!:##*:1()1&#1%-/-6)*8% (/& #1%88%$) %6 1>!1,-6%-| JKLHMN!8$)8):#+
(L#1#O1:(#-641)3106,#:P13)$! (,$-1:/0-%"/-0; 1 D(1*%2! &#1%$0,#+1(1%(!,-7
6%-E:16,#:19%$#!:/+8'218%$(:1) 3! (14! 3#%(, $#:! (1%(16)-44$:%-(:) :#1 () [+#-7
(132! (1#1(,$-76)-:($,6(,$%'1,-/(:))31C%6.:1#(1%"; | D-1$#%'/(2>1%! 8#%:)- :#:
1#$! 8#$64#8(/)-1 ()! *%.#! (1#! &#:(1)$! *):(! %88$)8%/%(#! +#6/:1)-:! %(! %-2
(I#1$#0%$+/-01 1#$1 &#1%A4/)$SQIBHSEHS(/)-1+#6/:1)-1/:16)-: ($Y6/-#+&21 (I #>
%66,$%62! %o-+1 (1#! )" #+0#1)3! (141 8%$(/6/8%-(;1 F#1" /"1 6)*#1 &%6.1()
@M -1 %((HS 6 1%8(#S:;

HEH %&()+&, - 1-01&(

?%6#7()73%6#! /-(#3%6(/)-! R,/6.2! &$#%.:! +)"-1 /3! 6)**,-/6%(/)-! 6%-
)-'211%88#-19%(1)$! %&)A#! (1#1 (,$-1'#4#1IS#:8)"),:I TIU#6),$:! KLVWN5
(1H#S#!-#H+:1()1&H#1%! (") 7" %21 /-6 $#*#- (%' #96 1%-0#!) 31/-3)$*%(/)-; 1 ' X % $(
)31(1#1(%:.13)$1%!/: (#-#$! /11 ()1*%.#1:, $#1 (1% (1 (1#1) (1#$18%$(2!.-)":1 (1%(
:1#1/:18%2/-01 Yo((#-(/)->1%o-+1/-+16% (#! (1% (1 : 11 /:1 96 (1 (1#!:%*#1:(Yo(#! /-1 (1#
6)-4#$:9%6(/)-;11<1/:1 1 4)-#1%0%/-21 /-] (1# &%6.161%--#'1 JY-04# KLHZN;;
[%6.161%--#'| 3t#H+&%6.!/:1 /-1 #33#6(1/-3)$*%0(/)-1#961%-0#! (1%(!:,88)$(:
(11 1-(#S%6(/)-1 1(:#'3! %-+! 1#'8:1%)4#! /(1 %")-0! (1#! $/01(1 8% (1! \6SH/"
KLLM>!]))+"/-lKLVKN;! 1D(1/-6',+#:! ,:/-01 8%$%4#$&%":! 1,611 %:1 O*71*>P
O%1%>P!#(6;>!/-+/6%(/-0!6)-3,:/)->1#98%$#::/-01 3##'[-0:1"&2!3%6/%'| O#: (,$#>
'%,01(#$>1#(6;_>! %-+! /[-+/6%(/-0! %((#-(/)-%'! 3)6,:;! | <1#! %&:#-6#!)3!:,61
$#0,'%()$2!0#: (,$#:138)*1%0!'/: (#-#3!*%21+/:$,8(1 (1#!+/:6),$:#!J1%1%->1%:
S#3#$H#-6#+!/-1 S#:8)'),: ! TIU#6),$:! KLVVM‘&I!Fl/'#!/(! *002! &#! %50, #+
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"HB06&' (1 )(SHH+(! &%6! &,%(-.(~(+! /&%0! %0(! .12/1 2.1 %1 $2,'(-+*%&2,! 34*$5+
6778)9:1$2;28$#--&, <I+=(($0!&, 1%60(1=*-*(-)*11$0*, (11"2(+!,2%!3>,<(

67?@9A! ! BO( C*&,! +%-(*C! 2.1 &,.2-C*%&2,! D.-2C! %0(! +=(*5(-E! *,"1 )*$5
$0*,,(11.((")*$5! D.-2C1 9%0(! 1&+96(,(-E! $*,1960(-(.2-(1)(! C2"(1("1*+! %/2
+H(=*40%(1&,.2-C*06&2,1$0%,, (1+1%0%06! $*, ) (1#+("1 +&CH1%*, (2#+1F1/8&%02#%
&,%(-.(-&,<V/&Y%0!(*$012%0(-AllG, (1-#1(;2.;%0#C)!"(.&, &%6&2,12.1)*$5;$0%,;
J(L1.((")*$51%0(,18+19%60*%18%!1&+1%60(12,<2&,<ID$2CCH,&$*%& (E!) (0% &2-12.1*
1&+%(,(-1 %60*%! "2(+! , 296! $0*,<(1 /02! &+! &,1$2,%-211 2.1 9%60(! "&*12<#(! *%! %0(
C2C(,%Al!

BO(! ¥)2'(! "&+$#++&2,1 +%-2,<1F! &C=1&(+! %0*%! * +&C=1(! H%-*+C&%%(-;
~(B(&(-I! C2"(11 /&111 2% )(! +#..&$&(,%! 0(,! %-*,+.(--&, <! CH1%&C2"*1
&,%(-*$%8&2,196219%0(1$2C=#%(-1"2C*& AN (Yol#+!, 2/1%6*5(I11$12+(-11225*%61960(
-21(1%0(IC2"(+1=1*F1&,IC#1%&C2"*11$2,'(-+*%&2,A

"HHOb  &'()*+,*1-).,012.31

B/21+=*06&*11$2, +%-*&, %6+1*-(12.1&C=2-%* $(1%62!$2,'(-+*96&2, AlIBO(!.&-+%610*+
0621"21/89%01 %0(! 12$*%8&2,12.1"&+G#++* 9o+1 %621 (*$0! 2060(-1* "1 960(1 +#--24, "
&, <+11-((~-("1%21 O(-(1*+! =2+8%&2, 11 (1(C(,%+:1*,"1 %0(1 +($2,"1 0*+1 %621 "2
18%01%0(1$2, (-+*,%+K!-(1*%&' (1 2-&(, %*%6&2,:1/0*%! /&1 11)(!-(.(~-("1%210(-(
*41"&-($Y&IIUL(C(, Yo+ Al 11 A#-=-8+&, <1F:! -(+(*$0! 2, %608+ %2=8! &, =+F:
$0212<F1&+!-(1*%& (LF1+$*-$(A

G)'&2#+1F1%0(1=2+&%8&2,! 2.11$2,'(-+*06&2, ¥ 11 =*-%&$&=*,%! 0%+ &C=1&$*%&2, +
2-1 +=406&F L -((-(,$(M! <1* B(+:1 =28&,%8&, <! <(+0o#-(+ * "I "&-($%&2,<&'&,<
O(*"1,2"+1/&111)(1"2, (1" &..(-(, % 1F1"(=(,"&, <12, /O (-(1%60(1+=(*5(-1*,"

18+%(, (-1 *-(1 =2+8%8&2,(" &, +=*$(Al | BO(! "&+=1*F! 2.1 '&+#*11 SH#(+] +#$0! *+
FBEHLI<(+Vott-(1&+) 2, "1%62141+=($8.&$! 1280682, 1 &A(AI%O0(1=*-%&$&=* %o+K! *$(+A
N#1%8&C2"*1! $2,'(—+* %+ 0% (19621 )(! *)1(! %2! .&," %0(&-! $2,'(-+*%&2,*1

=%, (-+1 &, 1 +=*$(029%0(-/&+(! %O(F! /2#1"1 ,2%! 5,2/! /O(-(! %2! .&," %0(
(S(HH-FI&A#*11&,.2-C*%&2,1/0(, &,%(-=-(%&, <! (*$0! 2060(-K+! #9%6%6(-* $(+

-1kt (+4+8&, <1"&* 1 2<H#(1+%*Yot+Al BO&H &+ &C=2-%* %:1+& $(1*! #C)(-12.1%#- ;
%*58&,<! +&<,*1+! -(1F! 2,1 =*-%&$&=*%! 12$*%6&2,! *," *$&*1! $H#(+! 3PH#,$*,
67289:1%,"IC* FI)*$5;$0%,, (11.((")*$5I$#(+1*-(1<&'(,1%60-2#<01%0(1.*$(
3Q22"/&,167TRE9ANN* #+11< (+%oh-(1*-(1#+#+11FI <&'(,1 &, 1%0(1*-(*1-&<0%! &,

-2,9%! 2.1 %0(! <(+%6#-(-K+1 )2"F! 3N$S(&11! 67789:! *,"l %0(+(! 0*(! %21 )(
12$406("1 &1 +=*$(1 *+! [(LLA! I Q*T(1 &+12.9%(, 1 #+("1 %21 -(.(-(,$(! %60&+! +=*$(
3Q22"/&,! 67TRUQ:I*," $* 1 )(1 &,"&$*%& (! 2.1 %0(! 5&,"1 2.1 <(+%o#t-(! )(&,<
C*'(13N$S(&11!6778:1Q22"/&,167TRE9AI!

BA S(+=212#+IVI1J($2#-+136 7TRU:I=*<(1UBIIH+*FMIHAAAIP*0* 13+((-(Al12=AI$&%A91$2,
'€, $& <1F1"(C2,+%-*%("1%60*%!%60(1*)+(,$(12.1-(<#1*%2-FI<(+%ott-(+1&,1%60(1) (0%
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from the same underlying representations in the brain, and others have
suggested that the first hominid language was in fact based on gesticula-
tion [Zimmer 1995]. Many classification systems have been used to
describe the kinds of gestures people make in discourse [Rimé & Schi-
aratura 1991, Poyatos 1980], most of them being modifications of
Effron’s [1941/1972] classification scheme (Figure 3-2). To recap this
classification scheme: Symbolic gestures have a direct interpretation in
a given culture. An example is the “thumbs up” sign. Deictic gestures
are generally referred to as “pointing” gestures. They direct a listener’s
visual attention to a spatial area or location. To date, symbolic and deic-
tic gestures have been the primary gestures of study at the computer
interface (see Table 1). Other kinds of gestures, classified as iconics,
beats, pantomimics, metaphorics, tend to carry equally important (and
often more complex) information [McNeill 1992, Cassell & McNeill
1991]. Iconic gestures are the kinds of gestures where a body part, often
the hands, play the part of another object for the purpose of demonstra-
tion. An example would be moving your hand forward, palm down and
saying “The car drove like this” meaning that the car moved in some
sense the same way your hand does. Pantomimics are gestures where
the hand or body of the gesturer are interpreted as real hands. An exam-
ple is miming the action of hammering or opening a door. Metaphorics
are iconic in that they assign meaning to space, but instead of represent-
ing concrete objects or events, they present abstract ideas. Beats are
rhythmic gestures that accompany speech that have been found to play a
large role in the sequencing of turns in dialogue [Duncan 1972], and
also to be related to shifts in the dialogue narrative, for example from
the main story line to side issues [McNeill 1992]. A last category of
gesture is one that should perhaps be classified under “action” instead of
being called a “gesture.” This is the class of self-adaptors [McNeill
1992, Ekman & Friesen 1969]. Self-adaptors are actions like fixing
one’s hair, scratching, etc. It has been shown that people attend to such
gestures and integrate information conveyed by gesture into their repre-
sentation of a narrative [Cassell, McNeill & McCullough, forthcoming].

"HSUoHE! )+

Facial gesture has been extensively studied by Ekman & Friesen [1978].
Facial gestures have been found to regulate interaction and they are the
primary method, along with intonation, for displaying affect [Ekman
1979]. Pelachaud et al. [1991], following Ekman [1979], classify facial
gesture into emblems, emotional emblems, affect display, conversa-
tional signals, punctuators, regulators and manipulators. Emblems are
movements whose meaning is culturally dependent. An example is
nodding for agreement. These gestures correspond to the type of hand
gesture that has been referred to by the same term.* Emotional emblems
convey signals about emotion. The crucial distinguishing feature here is
that the gesturer does not feel the emotion at the time of the gesture, but
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@5AB8CIDEG4mple of a multimodal interaction. The user can say
“Delete [gesture] these icons” and do a gesture (dotted arrows) near a
group of objects. A simulated perceptual grouping algorithm enables the
computer to infer which objects the gesture refers to—independently of its
precise form [from Thérisson 1994].
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grouped and analyzed for lower-level features, such as finger posture
and hand position. The interpretation would only happen after the user
had finished his utterance. A similar approach was taken by Wexelblatt
[1994], adding the ability to refine gesture-interpretation on the fly, as
more “evidence” about a motion’s trajectory was available. This system
was not integrated into a multimodal system, but showed promise.

Bers [1995b] implemented a gesture segmentation scheme based on an
orignial idea by the author that utilizes the kinetic energy of body part
motion (Figure 3-7). In contrast to Sparrell’s approach, this method
allows for continuous gesture input. The system computes a “salience”
map of body motion (Figure 3-8). Using a cutoff point for the
“strength” of a motion, along with time stamping, motions can be
selected that relate to the intended speech segment. This method could
perhaps be extended to use body motion salience to predict the probabil-
ity that a gesture is communicative, or to group together symmetric
body motions with similar motion strengths.

Recognizing facial gesture has seen some progress in recent years [Essa
1995, Essa et al. 1994, Pentland et al. 1993, Turk & Pentland 1991,
Bledsoe 1966]. Essa [1995], employing a camera to provide input to the
computer, used optical flow methods to provide an analysis method of
facial expression based on Ekman’s FACS [1978] model of facial
action. This system has not been integrated with other modes or used in
an autonomous system.

Automatic intonation analysis has had a very short history and remains
for the most part a topic unsolved [Thorisson 1993, Wang & Hirschberg
1992]. This is a problem that needs to be solved in order to create sys-
tems that can interact with humans using real-time speech. Speech rec-
ognition and natural language understanding have on the other hand
been studied for a long time as part of linguistics and computational lin-
guistics [Allen 1987] and will not be treated further here. It suffices to
say that current natural language processing systems can have a vocabu-
lary of thousands of words, can be speaker-independent and have a
response lag of about 1-3 seconds. The main challenge in these systems
remains dealing with brittleness resulting from lack of sensitivity to
context and integration of multimodal cues to aid the recognition pro-
cess.

Multimodal Integration & Interpretation

Koons [Koons et al. 1993] proposed the use of nested frames to gather
and combine information from the modes. In his approach the speech is
an initiator of gesture analysis: If information is missing from speech
(e.g. “Delete that one”) the system will search for the missing informa-
tion in the gestures and/or gaze. Using time stamps, actions in various
modes are re-united like pieces in a puzzle, to arrive at a coherent mean-
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A Computational Model of Psychosocial Dialogue Skills

FIGURE 3-8. In this demonstration,
salience of the motion of a person’s
body parts is shown as increased
brightness in the corresponding
body part of the marionette. Here,
using kinetic energy, the gesturer’s
right-arm gesture %‘thite arrows) is
automatically separated from other
incidental body motion.

ing. In a functionally similar system, Neal & Shapiro [1991] used a
generalized augmented transition network® (ATN) that can receive input
from a multi-media stream, instead of being limited to linear textual
input. This system bypasses the complexities of free-hand gestures by
allowing only deixis via a mouse. Others have used a similar method
for simplification [Tyler et al. 1991, Wahlster 1991]. However, these
put higher emphasis on the complexity of linguistic input allowing,
among other things, the use of anaphora.

Compared to machine understanding of natural language, automatic
multimodal interpretation is still a relatively undeveloped field. The
missing parts include flexibility in interaction, use of cues from one
mode to help interpret input from another. This will be discussed more
closely in Chapter 5. on the computational characteristics of multimodal
dialogue.

3.2.2 Missing Pieces in the Multimodal Metaphor

It may be argued that the main limitation of the multimodal interfaces to
date stems from an incompleteness of the metaphor employed. Assum-
ing that face-to-face dialogue is the generic model from which multimo-
dal (and dialogue-based unimodal) interfaces draw [cf. Brennan 1990],
one finds that key components are still missing from current implemen-
tations. Making this metaphor more explicit will make several things
clearer for the user of a multimodal system, as well as for its designer.
For example, an invisible, omnipresent agent (as opposed to an embod-
ied one) makes it more difficult for users to pace the interaction and
assess its progress at the turn-level [c.f. Clark & Brennan 1990]. Such
limitations have been dealt with in various ways; the Iconic system
[Sparrell & Koons 1994] employs an e-mail style of interaction (con-
struct and send command ..... wait for response) to minimize failures in
the interaction sequence. If the interpretation fails, a user has to wait an
unknown length of time before re-issuing the command in full. In
Wabhlster’s [1991] system the user selects the desired sub-type of deictic
gesture from a menu of icons; the interpretation of the subsequent deic-
tic gesture (a mouse click in a chosen region of the screen) is based on
the type of icon selected. Although the interaction in systems such as
these can not be called tool-level, it is not fully dialogical either—it
seems to occupy a position somewhere between tool-based and commu-
nication-based metaphors. As will be argued throughout in this thesis,
the critical features of face-to-face communication are not available to a
user giving multimodal commands to a computer unless the computer
has some command of human multimodal faculties and is explicitly
modeled as an interactive agent.

6 See Chapter 6., page 84, for a discussion of the limitation of FSM-style
approaches to multimodal interpretation.
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To reiterate from Chapter 1, the missing pieces for a fully realized mul-
timodal interface are:

Bridging between sensory input and action output,
continuous input over multiple modes,

integration of this multimodal input (in real-time), and
coordination of actions at multiple levels of granularity.

NI SR

These will be the factors we focus on in the following chapters.
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Agents, Robots &
Artificial Intelligence

We now turn to the literature on computer agent and human interfaces
based on the idea of agency. In contrast to the previous two chapters,
which dealt with the idea of agency in a general sense, this chapter pre-
sents it as it instantiates itself in what has been called software agents
(c.f. quote in margin). A natural extension of the idea of sofware agents
is the notion of a social agent, which are software agents, robots, or
autonomous creatures that posses some social-interaction know-how —
the kind of which we reviewed in the last two chapters—and can thus
engage in social interaction with people on some level. First we will
look closely at ways of embodying and presenting agents, and then
review the most relevant work on agent architectures and artificial Intel-
ligence.

4.1 The Agent Metaphor

Although the idea of software agents dates back to the sixties [Kay
19841, it is not until recently that the potential value of the agent meta-
phor for human-computer communication is becoming accepted [Hase-
gawa et al. 1995, Nagao & Takeuchi 1994, Rich et al. 1994, Maes 1994,
Maulsby et al. 1993, Chin 1991, Laurel et al. 1990, Laurel 1990, Oren
1990, Crowston & Malone 1988].

Searching for an unambiguous definition of the term “agent” would be
futile, but a definition is better than none. The Merriam Webster’s Col-
legiate Dictionary has 4 different definitions for the term (side bar),
none of which will suffice on its own. Kozierok and Maes [1993]
define an agent as “a semi-intelligent, semi-autonomous system which
assists a user in dealing with one or more computer applications.” The
definition used here is similar, but leaves out the reference to applica-
tions:
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Communicative Humanoids
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An interface agent is a metaphor for an agenda or a collection of task-level
goals in the computer, imparted to it by the user, and the capability to
carry out those, within reasonable expectations.

In addition to leaving out references to current computer applications,
this definition slightly more specific than the one presented by Kozierok
and Maes [1993]. It still contains direct reference to computers since
computers are the only known synthetic entity to possess the necessary
power to make anything close to what we intuitively might refer to as
agents. The definition does not distinguish between kinds of intelli-
gence or kinds of skills, and these will be addressed as we go on.

Not all agents in the real world are humanoid: dogs for example com-
municate via a subset of the human mutlimodal “command set”. Since
we are interested in the full range of multimodal interaction, the discus-
sion will naturally focus on humanoid agents —those that bear a resem-
blance to humans in appearance and skills—as opposed to agents that
resemble arachnids, insects or dogs. Such a distinction is necessary
because so much of face-to-face communication is based on assump-
tions about skills (i.e. intelligence level, or competence) and appear-
ance, both spatial and visual representation.

Agents represent thus the ability of the computer to accomplish some-
thing on behalf of the user [cf. Minsky & Riecken 1994]. To do this
they posses high-level knowledge about a particular task domain or
domains.! How the user conveys these wishes to the agent is an issue of
human-computer interface design, and of course a central issue of this
thesis. For example, Chin [1991] describes an agent that gives users
advice about UNIX commands during interactive sessions. This system
is a text-based natural language system using a keyboard as the input
device and written English as the means of communication. Maes &
Kozierok [1993] describe an agent that selects information from news
sources depending on their relevance to what the user has found inter-
esting in the past. These kinds of agents could be called terminal-based,
because they rely on the traditional interaction methods of keyboard,
mouse and monitor. For agents that can see and listen to the user, the
issue is somewhat more involved.

1. The main reason for creating agents, and not simply making a suite of
“tools” that one can select between, is that in addition to making the “tools”
very sophisticated—i.e. moving toward their automation —we also want to
automate the selection between these “tools”. What inevitably merges out of
such a creation is somethingone is hard-pressed to call anything but an
“agent”.
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4.1.1 Agent Embodiment

The case for computer embodiment is most obviously seen in robotics,
where the distinction between an agent and its environment is by
default: a robot has a body that separates it from the rest of the world,
and can thus be addressed and treated as an individual entity (see e.g.
Brooks [1990] and Bares et al. [1989]). The issue of embodiment is
important for face-to-face communication since the face/body system
serves several functions, as we saw in the last chapter (page 37). The
body parts that play the largest role in non-verbal communication are
obviously the face, head, hands and, to some extent, the trunk. These
have been treated thoroughly in Chapter 4. Here we will discuss two
orthogonal issues of embodiment: Visual representation and spatial rep-
resentation. Both play an important part in social communication.
Visual representation includes the appearance of the agent—its physical
form. Spatial representation is the kind of embodiment the agent has in
the world and the way it can change its position in space.

"Th‘ere is no p[ace oo for a disembod-

ied system as a source or agency, com~
munication, or coualaoration: in&ee ,
SUCIl cll’sem[)ocliment }’orces its mirror
image on the participant ancl prec[ucles
tl‘le possiki[ity o{ Iw[istic response.”

it Brenc]a Laurz[ (1992, p. 69)
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"\X/ith cartoon Laces... hecoming
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economy o{ presentation, imagina~
tion, a”ncl, et it L)e aclmittecl, eccen”
tricity.

—FEdward R. Tufte @990, p. 142)

4.1.2 Visual Representation

It may be argued that the most obvious and important form of embodi-
ment for social interaction is a face. One of the earliest uses of facial
expression to display machine status were the “Chernoff Faces” [Cher-
noff 1973]. Various features in a graphically generated face, like dis-
tance between the eyes, width of mouth, size of head, etc. were linked to
variables in the status of a nuclear reactor: heat, pressure, etc. Since
physical variables have nothing to do with human communication, this
use of a face as a display method stands in strong contrast to the use of a
face for social interaction, where its purpose is to facilitate dynamic,
continuous exchange between the computer and its user.

While computer graphics work concerned with faces has to date focused
extensively on their visual appearance, interactivity and effectiveness
for information transmission has not been of primary concern. Con-
vincing facial animation has proven to be a difficult task. A common
limitation of physically-modeled faces [Essa 1995, Essa et al. 1994, Pel-
achaud et al. 1991, Waters 1990, Takeuchi & Nagao 1993, Waite 1989]
is that the meaning of their expressions is often vague and a computer-
controlled human face looks abnormal, even repulsive. An ideal solu-
tion to this would be to exaggerate the facial expressions, but within a
physical modeling framework this may look unconvincing or awkward.
An alternative is what might be called a “caricature” approach [Thoris-
son 1993a, 1993b, Librande 1992, Britton 1991, Laurel 1990] where
details in the face are minimized and the important features exaggerated
(see Hamm [1967] for an excellent discussion on cartooning the head
and face). Brennan [1985] created a system that could automatically
generate caricature line-drawings of real people from examples that had
been entered by hand. Librande [1992] describes a system called
Xspace that can generate hundreds of artistically acceptable two-dimen-
sional drawings from a small example base. Simplified faces seem a
very attractive alternative to physical modeling for animating interface
agents, both in terms of computational cost and expressive power.

Another important issue in visual representation are the hands. Hands,
as discussed above, can carry a lot of meaning and are also crucial in
process control—directing the flow of the dialogue [McNeill 1992].
Again, details in the hands’ representation below the gross anatomy
level are not important for this purpose since crucial communicative
information is generally not carried in their photo-realistic aspects.

Of primary concern in the visual representation of interface agents is the
dynamic appearance of the agent: how it moves and reacts over time.
This is even more important than static appearance, as we know from
the qualitatively different experience of looking at people on photo-
graphs and interacting with them in real-time. Most of the work in this
arena has been in animation [Sabiston 1991, Lasseter 1987, Thomas &
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Johnston 1981], and adopted to a limited extent in interactive agent
design [Bates et al. 1992]. This is an area that requires much more
research and is closely linked with research on animal motor capabili-
ties. In this thesis, a choice was made to use a cartoon-style representa-
tion of the agent (see “Character Animation” on page 203).

4.1.3 Spatial Representation

Giving a listening computer a spatial location makes it possible for its
user to rely on conventions about “address” and point of view in his
interactionsl—something that is impossible if the computer listener is
omnipresent.2 And by making a computer agent situated in the real-
world along with the user and the task at hand, a person can move
between the agent and the task by virtue of social convention.

Common space between a user and a computer agent can be accom-
plished in two prototypical ways: The user can be brought into the com-
puter’s space, as is done in immersive virtual environments (Figure 4-3)
where the user wears head-mounted goggles with stereoscopic graphics
[Held & Durlach 1992, Sheridan 1992], or the agent can be brought into
the user’s world, as seen most clearly in robotics. This can be done by

FIGURE 4-2. Although HAL-9000’s omnipresent fish-eye lens (on left)
in 2001: A Space Oddyssey [1968] proved highly effective for dramatic
effect, ergonomists are quick to point out its inanimate embodiment and
lack of visual feedback as troublemakers in a conversational interface.

1. This is true whether the computer’s location is within the user’s interaction
space, such as in face-to-face conversation, or external, such as in a phone
call.

2. From the human’s perspective, of course, in other words, the user can make

no assumptions can be made about the computer’s visual or auditory “point
of view.”
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FIGURE 4-3. To achieve common space, the user can be brought into
the agent’s world

either making a robotic head (and body) or by allowing agent and
objects to be displayed on separate monitors, placed at an angle to each
other (Figure 4-4), or by giving the agent a physical body. These two
methods are really two extremes on a continuum of ways to achieve
integration between virtual and real worlds. Both extremes have their
problems and virtues. Immersion allows both the user and agent to ref-
erence things and each other within the graphical world, eliminating the
complexities involved in sensing and referencing real-world objects. It
probably would be the method of choice for adventure games where the
goal is total immersion and all the objects of interest are within the com-
puter’s world. A disadvantage of this approach is that the user has to
“dress up” to have a common space with the agent. This precludes the
agent from perceiving anything outside its own virtual world. The sec-
ond option places an agent in real-space, which allows it to reference
objects in the computer’s world (although the reference space is now a
2-D projection) and still keeps open the option of referencing real-world
objects, depending on the agent’s perceptual prowess. One problem
with this approach is the need to represent two distinct spaces: one
within the workspace world and one in the real world. Another is sens-
ing the surroundings and the user. However, if this can be done in a
non-intrusive way, bringing the agent into the user’s world offers more
seamless integration of user-agent interaction with the user’s work.
This is the approach taken here.

The terminal-based interface agents to date have been represented visu-
ally by simple icons [Maes 1994, Maes & Kozierok 1993, Seth & Maes
1993], pre-recorded video clips [Laurel et al. 1990, Laurel 1990, Oren
1990, etc.] and presented inside windows on regular desk-top computers
(or they have simply been hidden from the user’s view [Mitchell et al.
1994, Sparrell & Koons 1994, Chin 1991]). Because of this, their spa-
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FIGURE 4-4. The agent can be brought into the user’s world by giving
it a physical embodiment such as a screen.

tial position has generally had no function at all. This is in part because
of a lack on the machine’s side to localize the user (and itself) in real-
space. Another inherent complication is that representing both agent
and work space in the same 2-D plane makes agent actions that rely on
three-directional cues—such as deictic gestures of gaze and hands —dif-
ficult save for the simplest cases.

An exception to a history of a single 2-D plane representation was a sys-
tem by Schmandt et al. [1985] employing speech recognition, called the
Conversational Desktop. Their system employed space sensing tech-
nology to demonstrate how directionality —one of the cues for inferring
“address”—plays a role in communication: If you are turned toward
someone when speaking an utterance, chances are the utterance is meant
for him or her. The system would only listen to the user’s speech if s/he
was turned to the computer screen. By giving computers information
about spatial layout of users and objects—including themselves—the
agents’ glances and deictic gestures, as well as “point of view,” can
begin to have meaning in the context of the interaction.

4.2  Agent Architectures

Agent design in Al has mainly been in the area of robotics, where a
physical entity —often mobile—is used as a testbed for the development
of control strategies. Approaches taken to date can be classified into
two categories, “classical AI” and “behavior-based AI” (c.f. Maes
[1990b]). As Brooks [1990] has pointed out, even though a happy mar-
riage of the two has yet to come about, the approaches are somewhat
complementary and as I will argue later, both have features to offer for
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FIGURE 4-5. A blackboard serves

as the common storage of

intermediate and final results

produced by a collection of

independent processing modules
(small squares) or ‘Knowledge

Sources.”

social agent design. Here we will look briefly at 7 system architectures,
three from the classical Al pool, two from the behavior-based one, and
two hybrid.

4.2.1 Classical A.L.

Blackboard systems were designed to handle unpredictable information
like that encountered in speech recognition or planning [Hayes-Roth et
al. 1988, Nii 1989]. This architecture is relevant here because it pro-
vides potential solutions to some of the problems multi-modal interfaces
present, namely those of multiple levels of detail, multiple data types
and high variability. The blackboard architecture attacks the problem of
unpredictability by the use of a common data storage area, or black-
board, where results of intermediate processes, or knowledge sources
(KS), are posted and can be inspected by other processes working on the
same problem (Figure 4-5). Indeed, the problem of social behavior con-
trol includes some of the same problems as automatic speech recogni-
tion, where information on many levels—phonemic, lexical, syntactic,
semantic, discoursal, pragmatic—can come to bear on the recognition
process [Allen 1987]. HEARSAY [Reddy et al. 1973] was the first sys-
tem to apply this architecture to a real-world problem. It consisted of
multiple knowledge sources, each designed for recognizing and classi-
fying a specific feature of natural speech. The system, and its modified
version, HEARSAY-II, were designed to exhibit the following proper-
ties absent in prior systems [Nii 1989, p. 21]:

1. The contribution of each source of knowledge (syntax, semantics,
context, and so on) to the recognition of speech had to be mea-
surable.

2. The absence of one or more knowledge sources should not
have a crippling effect on the overall performance.
3. The system must permit graceful error recovery.

4. Change in performance requirements such as increased
vocabulary size or modifications to the syntax or semantics
should not require major modifications to the model.

The interesting points to notice here are 2, 3 and 4. These do not only
apply to requirements for speech recognition systems: they apply to any
system that is to function semi-autonomously in a dynamic environ-
ment. Variations on the original version of the blackboard architecture
have been successfully applied to areas such as vision and distributed
computing [Nii 1989]. Jagannathan [1989] discusses approaches to
applying blackboard systems to real-time applications. Modifications to
the original versions for this purpose include mechanisms to allow inter-
leaved execution of subsystems, as well as communication between
them [Fehling et al. 1989], resource management, speed/effectiveness
trade-off and reactive systems behavior [Dodhiawala 1989].
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Another system using traditional AI methods is Chin’s [1991] UCEgo.
This system is an addition to a natural language UNIX consultant sys-
tem (UC) that gives advice to users about commands and command
options. The system’s task can generally be described as that of goal
detection and maintenance, using traditional planning techniques. The
main difference between this system and the others discussed here is
that it is specifically designed to interact with humans. The interaction
is of the step-lock, unimodal kind, via a teletype. An example of inter-
action between a user and the system is shown in Figure 4-6.

A third architecture in the classical Al category is Schema Theory1
[Arbib 1992], which is historically an outgrowth form blackboard sys-
tems. Schema theory is an attempt to deal with the complexity of large
systems that interact with the real world. A schema is both a storage of
knowledge and the description of a process for applying that knowl-
edge, and in this respect bears both resemblance to blackboard architec-
tures’ knowledge sources and Maes’ competence modules (see below).
This system postulates a set of basic perceptual and motor schemas that
provide simple, prototypical perceptual capability and movement pat-
terns. The schemas are combined to form assemblages of coordinated
control programs which interweave their activations in accordance with
the current task and sensory environment. Schema activations are
largely task-driven, reflecting the goals of the organism and the physical
and functional requirements of the task. As Arbib [1994, 1992] has
noted, the generality of schema theory puts most distributed and layered
systems, such as Minsky’s Society of Mind [1989] or Brooks’ Subsump-
tion architecture [1990], under its umbrella.

4.2.2 Behavior-Based A.I.

As an example of the situated action or the behavior-based approach (cf.
[Brooks 1991, 1990, 1986], [Meyer & Wilson 1991] and [Maes 1990a]),
Brooks [1990] proposed what he calls a subsumption architecture where
low-level behaviors of a robotic agent can be subsumed by higher-level,
later-designed behaviors (Figure 4-7). This allows for incremental
development of robot skills and a robustness that is difficult to achieve
with traditional methods. Another example is Maes’ [1989] architecture
that is based on competence modules—software modules that contain
enough information to execute a particular behavior from beginning to
end (Figure 4-8). The modules are connected together by activation
links that control their sequence of execution. The input to the modules
can come both from internal goals and the environment. This architec-

1. Arbib’s Schema Theory should not be confused with Shank’s scripts
[Schank 1990, Schank & Abelson 1977], sometimes also referred to as sche-
mas, which is a construct invented for modelling human memory and pro-
duction mechanisms for stories.

> What does who -b do?
who does not have a -b option

>What does ruptime -t do?

\"'m sorry. | do not know that.

FIGURE 4-6. Example of a user-
agent interaction in the UCEgo
system [from Chin 1991]. The
user’s input starts with a >.

GURE 4-7. In this example, a
bsumption architecture has been
ilt for a tour-guide robot. Level 0
ntains the behavior modules local-
mder (a) and move (b). Modules in
wel 1 include up-counter (c),
1dmark-list (d) and speak (s), which
itputs spoken information. The
admark-list module suppresses the
bot’s wander behavior (valve
arked x) so that it ends up
ccessively at each landmark, and
ggers the speech for each one as
ipropriate, while the up-counter
eps track of which landmarks have
en visited. (Adopted from Lyons &
andriks [1992].)
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FIGURE 4-8. Toy example of the
interaction between goals, states,
inhibition links and spreading
activation links in Maes’ system
[1990c]. The initial situation is
{sprayer-in-hand, sander-on-table} a
top of figure, and the initial goal is
{board-sanded}. (B = backward
spreading activation, F = forward, -
inhibition, G = goals, S = state.
Adopted from Maes [1990c].)

ture, and other reactive approaches [Wilson 1991, Steels 1990, Agre &
Chapman 1987] are very good for effective action selection, and they
allow their robots to learn over time. However, they lack methods to
deal with external and internal time-constraints and are limited in the
planning they can handle.

4.2.3 Hybrid Systems

The traditional approach to the sensory-motor problem is a three-part
system with a pipelined architecture. The sensory input feeds into the
sensory module, which is followed by the cognition module, which is
followed by the motor module. This pipelined approach has recently
been questioned by the behavior-based Al research. However, hybrid
systems trying to combine the best of both approaches have been few.
One approach is worth mentioning, though. It is the NASREM architec-
ture [Albus et al. 1987]. This model tries to incorporate knowledge
gleaned from animal research on sensory-motor capabilities and inte-
grate this into a comprehensive scheme for autonomous and tele-robot
control. The system contains multiple levels of processing, each level
containing the three components of sensory processing, world modeling
and task decomposition. A global data storage is accessible from any
level, but sensory modules also receive information from the level
below, and task modules receive input from the level above. There are
five levels all together: Mission (information relating to a full mission),
service (information related to parts of a mission), task (sub-compo-
nents of a service), elemental move (transition from symbolic com-
mands of movements to spatially-defined commands), primitive move
(generates smooth trajectories) and servo (simple hardware control).
Although the layered approach of this model sounds promising for
achieving the best of both worlds—fast responses to time-constrained
events and slower responses to less time-constrained events—it has
been criticized for trying too hard to encompass all possible systems,
and thus losing its descriptive power [Thorpe 1992].

Of particular interest here is Cassell et al.’s [1994a, 1994b] system for
automatic speech and gesture generation. The system employs two
computer drawn human-looking characters that interact with each other
(in non real-time) using speech, gaze, intonation, head and manual ges-
ture. The system employs what the authors call PaT-Nets (Parallel
Transition Networks; Figure 4-9) in which synchronization between
gestures and speech is accomplished as simultaneously executing finite
state machines (FSMs). (See page 84 for a discussion of the limitations
of an FSM-based approach.) While the system is focused only on the
generation of multimodal acts and is not concerned with the complica-
tions resulting from temporal constraints in perception, action planning
and execution, it provides an insight into the complexities of synchro-
nizing various levels of multimodal action generation, from the pho-
neme level up to the phrase and full utterance.
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FIGURE 4-9. A PaT-Net for generating gaze movements. Nodes
specify actions; transitions between nodes are both conditional and
probabilistic. All leaf nodes branch back to the root node
unconditionally (adopted from Cassell et al. [1994]).

4.3 Summary

We have now covered background material in two areas: multimodal
research, in the previous chapter, and Al and agent-based systems in this
chapter. Embodiment has been dealt with somewhat in the robotics lit-
erature, perhaps because disembodied agents are more common in this
area than in psychology. Whereas the psychological literature tends to
be descriptive, the computational approaches focus on both descriptive
and prescriptive models. As of yet, computer implementations are
mostly concerned with getting something to work, as opposed to model-
ling human face-to-face interaction correctly, and at all levels, but this
may simply be because the field is relatively young. Robotics and cog-
nitive science research has made several contributions relevant to the
task of full-duplex feedback, among them the blackboard architecture
and the behavior-based approach to planning. However, this work
needs to be adapted to the task of generating face-to-face computer sys-
tems. The next step is then to characterize the specifics of multimodal
interaction to make this possible.
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of Psychosocial Dialogue Skills

Why is a multimodal interface not just a relapse to the old idea of the
teletype where a user would ask the system “questions” or tell it “com-
mands” and the system would reply? Is it really so different? Why, yes.
As will be touched on several times throughout this thesis, the differ-
ence lies in the interaction itself. Instead of restricting the interface to a
vending-machine paradigm, with the call-answer sequence only hap-
pening at one level, multimodal interaction calls for a different model
where interpretation and action response are intimately tied together,
forming a multi-layered interaction space between the user and
machine: actions are generated in response to events that happen on var-
ious time-scales; these happen in parallel with perceptual and interpre-
tive actions.

As explained in the previous chapter, this paradigm contrasts sharply
with the computer-as-a-tool metaphor in that the computer is viewed as
a dynamic entity, as opposed to a non-acting, dead tool. As pointed out
by Laurel [1990], a computer behaves. The actions of computers are
sometimes so complex that we cannot not understand them as simply as
the light turning on when we flip the switch—we perceive it as if the
computer had an agenda of its own. This trend is becoming clearer
every year, with ever-increasing complexity at the interface.

Thus, the multimodal metaphor is different both from the old teletype
interface and the currently popular object/tool metaphor. When suc-
cessful, it will feel to the us, computer users, as different as the experi-
ences of hammering in a nail and talking to our children.

We can now begin to take a closer look at the issues behind psychoso-
cial dialogue skills and the unique problems that result from what can be
called a holistic approach to multimodal dialogue. We will look at the
arguments behind four claims about the process of multimodal interac-
tion:

C:\> cd myfiles\newfiles\cool
Invalid directory

C:\> why?

Bad command or filename
C:\>_

FIGURE 5-1. The command line
interface has often been incorrectly
exemplified as a typical dialogue
system.
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1. To produce coherent behavior in real-time dialogue, reactive and
reflective behaviors have to co-exist in the same system,

2. analysis of the contextual function1 of speaker actions and
control of the process of dialogue are intimately linked
through what I refer to as functional analysis,

3. the information necessary for correct and efficient content
analysis is also the necessary information for providing cor-
rect and efficient multimodal feedback behavior, and

4. tracking of dialogue state should be at the top of the sensory-
activities list.

The first relates to the integration of real-time and less-real-time actions,
and is dealt with in section 5.2; the second relates to the nature of multi-
modal processing and is discussed in section 5.3; the third is a derivative
of the third and is supported in section 5.3.1. The fourth deals with the
priorities of a communicative agent’s sensory processes and how this
relates to turn-taking, and is found in section 5.4.

In section 5.5 we will look at the important issues of morphological and
functional substitutability. At the end of the chapter a layered model of
face-to-face dialogue will be presented.

But first we will try to tease out the features of face-to-face dialogue
necessary for a computational model.

5.1 Challenges of Real-Time
Multimodal Dialogue

Features

From a computational perspective, many features set real-time face-to-
face interaction apart from other topics in human-computer interaction
and artificial intelligence [Thorisson 1995b]. For the current purposes,
these may be identified as:

1. Incremental interpretation,
2. multiple data types,
3. seamlessness,

1. My use of the term “function” is roughly equivalent to its use in speech act
theory [Searle 1975, 1969], i.e. as the goal-directed use of communicative
acts in context, and is thus close cousin to Austin’s [1962] “illocutionary
acts”, albeit broader. See also Searle’s [1971] discussion of function-indi-
cating devices and Silverstein’s [1987] treatment of function. The term
“contextual” refers to the effect dialogue context, or “state”, can have in
determining an action’s function.
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4. temporal constraints,
5. multi-layered input analysis and response generation, and
6. functional substitution/morphological substitution.

1. Incremental Interpretation. Multimodal interpretation is not done
“batch-style:” There are no points in an interaction where a full multi-
modal act or a whole sentence is output by one participant before being
received by another and interpreted as a whole. Interpretation of multi-
modal input happens in parallel with multimodal output generation.

2. Multiple Datatypes. Multimodal interaction contains many data
types, as any quick glance at the human communication modes will
show: Gestures [McNeill 1992, Goodwin 1986, Ekman 1979, Ekman &
Friesen 1969] provide metric (spatial and spatio-relational information),
speech [Allen 1987, Goodwin 1981] provides lexical tokens, semantic
and pitch (prosodic) information [Pierrehumbert & Hirschberg 1990],
gaze [Kleinke 1986, Argyle et al. 1974, Kahneman 1973], head and
body provide directional data related to attention and the dialogue pro-
cess. These data are both Boolean and continuous over various ranges.

3. Seamlessness. When interacting with each other, people generally
do not realize that interjecting an iconic gesture into the discourse con-
stitutes a different kind of information than a deictic one, and they don’t
particularly notice the mechanism by which they take turns speaking.
The various data types encountered in face-to-face dialogue have to be
combined into a coherent system to allow for seamless multimodal
interaction.

4. Temporal Constraints. The structure of dialogue requires that par-
ticipants agree on a common speed of exchange [Goodwin 1981]. If the
rhythm of an interaction is violated, it is expected that the violating par-
ticipant make this clear to others, at the right moment, so that they can
adjust to the change. This speed sets an upper limit to the amount of
time participants can allocate to thinking about the dialogue’s form,
content, and to forming responses. (See “Temporal Constraints”
below.)

5.  Multi-layered Input Analysis and Output Generation. In discourse,
responses in one mode may overlap another in time, and constitute dif-
ferent information [McNeill 1992, Cassell & McNeill 1990, Goodwin
1981]. The layers can contain anything from very short responses like
glances and back channels, to tasks with longer time spans, such as
whole utterances and topic continuity generation. In order for purpose-
ful conversation to work, reactive and reflective? responses have to co-
exist to provide for adequate behavior of an agent.

6. Functional substitutability refers to the phenomemon when identi-
cal looking acts can serve different dialogical functions. Morphological
substitutability is the reverse: Different looking acts can serve the same
function. We will look at this closer in Section 5.5.

Computational Characteristics of Psychosocial Dialogue Skills
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Assumptions about the Nature
and Quality of Input

When trying to incorporate the above principles into the design of artifi-
cial agents, it becomes apparent that certain additional characteristics of
the human interpretive processes and quality of “input data” have to be
taken into consideration:

1. Interpretation is fallible.

Because of inaccuracies in the information delivery of humans, among
other things, there will be errors in the interpretation no matter how
powerful our interpreter is, whether human or artificial. This problem is
worsened in artificial agents by the use of faulty sensors, occlusion
when using cameras, background noise masking audio signal, etc.

2. There are both deficiencies and redundancies in input data.

It is an inevitable fact that we have to deal with missing information,
and, in certain cases, redundancy as a possible solution, both in interpre-
tation and output generation.

3. Sensory data is collected to allow an agent to produce action
or inaction.

This reflects purpose-directed sensory and cognitive abilities of any sit-
uated agent, and prescribes an ego-centered design when producing
social behavior in machines.

4. Behavior is based on data from multiple sources, both inter-
nal and external, including dialogue state, body language,
etc.

In multimodal communication action can be taken—and perhaps most
often is—based on more than a single piece of information.

5. behavior is eventually always produced, no matter what data
is available.

Both a listener and a speaker in dialogue are expected to exhibit the nec-
essary behaviors to allow the other to take the necessary steps for clari-
fying, modifying, and, in general, following the pace of the interaction.

2. This is the issue of how much time one has available for planning a response
to a situation. Intuitively, the terms reactive and reflective refer to fast and
slow responses, respectively. There is also a more specific meaning that will
become apparent in later chapters. See “A Notation System for Face-to-Face
Dialogue Events” on page 108.

68

Chapter 5.



A Computational Model of Psychosocial Dialogue Skills

5.2 Temporal Constraints

A useful tool for viewing time-constraints of dialogue is Coordination
Theory [Malone & Crowston 1991, Crowston et al 1988, Malone et al.
1988].  Coordination Theory classifies coordination mechanisms
broadly into two categories: markets and hierarchies (Figure 5-2). Gen-
erally speaking, markets have a relatively high coordination cost and
low production cost, whereas hierarchies are the opposite. According to
the theory, an object is highly asset specific if it is constrained by extra-
neous factors, such as place, knowledge, or time. For example, eggs are
highly time-specific because they will lose their value if not delivered
and consumed before they go bad. Malone et al. [1988] have noted that
any highly specific asset is more likely to be handled through a hierar-
chy. Having seen an example of the time-specificity of dialogue behav-
ior in Figure 1-1 (page 20) it would be natural to choose a hierarchically
organized system for its coordination. (We will come back to this issue
in Chapter 7.)

As Dodhiawala et al. [1989] have pointed out, real-time performance is
not just a matter of speed. They have identified the following four
aspects of real-time performance:

A. Responsiveness: The system’s ability to stay alert to incoming
information.

B. Timeliness: The system’s ability to manage deadlines.

C. Graceful adaptation: The system’s ability to reset task priori-
ties in light of changes in resources or workload. We should
also include under the last part the need to rearrange tasks
when problems arise, e.g. the missing of deadlines.

FIGURE 5-2. Four kinds of coordination methods (after Malone et al.
[1988]). The mechanisms controlling dialogue behavior are most likely
arranged in a product hierarchy.

Functional Hierachy: Product Hierachy:
Managers
Processors

Centralized Market with Brokers: De-centralized Market:

Buyers

Processors
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D. Speed

Simply stated, the issue of speed may be split into three stages of pro-
cessing: speed of analysis (or perception), speed of decision, and speed
of action. Face-to-face conversation is unique because it contains pro-
cesses that span as much as 5 orders of magnitude of execution® time,

from about 100 ms to minutes and hours® (Figure 5-3).

As mentioned in Chapter 1., face-to-face discourse [Goodwin 1981]
contains rapid responses and more reflective ones interwoven in a com-
plex pattern. This kind of interaction is the basis for the dialogue man-
agement system proposed. It calls for an architecture that is responsive
to the environment yet is capable of longer-term planning. This is
referred to here as “combining reactive and reflective behaviors.”

This leads us to claim one:

{1} To produce coherent behavior in real-time dialogue, reactive
and reflective behaviors have to co-exist in the same system.

FIGURE 5-3. Comparison between the timing in face-to-face interaction
and the time scales of human action as classified by Newell [1990] (from

Thorisson [1994]).

TIME SCALE OF HUMAN ACTION

FACE-TO-FACE INTERACTION

Scale Time Units System Levels Range
(sec)

107 months

100 weeks

105 days

104 hours Task

103 10 minutes ~ Task

102 minutes Task

10l 10 sec Unit Task i Conversation  ~ 10 sec - hours
100 1 sec Operations Turn ~1-30sec
101 100 ms Deliberate act @ Back Channel ~ 100 - 300 msec
102 10 ms Neural circuit

102 1ms Neuron

104 100 ps Organelle

3. Notice we are talking about the sense-act cycle, not just motor response.

4. We should say from 0 ms since turn taking is often seen happening with no
pauses between speakers. Such phenomena obviously would require some
sort of prediction mechanism (if we want above-chance performance) since
simple reaction time in humans is typically in the >100ms range and choice
reaction time in the >300 ms range [Coren & Ward 1989]. Although it has
been shown that prediction mechanism are at work in human dialogue [cf.
Sacks et al. 1974], they will not be dealt with here. Suffice it to say that pre-
dictive mechanisms could easily fit into the model proposed (Chapter 7.).

o
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This issue is a large one, and one that {mir, presented in Chapter 7. &
Chapter 8., provides a solution to.

5.3 Functional Analysis: A Precursor to
Content Interpretation and
(sometimes) Feedback Generation

Since any multimodal system works under time-constraints, the natural
way to proceed with analysis of the environment is to extract the most
important information first. But what constitutes the most important
information? How do we look for it? The claim here is that this infor-
mation is the function of discoursal actions, and we look for it using a
system of specialized processes that have a relatively high speed/accu-
racy trade-off.

Initial (basic, elementary) interpretation of a speaker’s behavior® should
not primarily be concerned with what lexical elements can be best
mapped onto the user’s utterance, or whether the utterance at any point
in time is grammatically correct.” It should be concerned with distinc-
tions that determine broad strokes of behavior, i.e. extracting the fea-
tures that make the major distinctions of the dialogue. For example,
computing answers to a questions like “is this person addressing me?”
would be a necessary precursor to start listening. Likewise, answering
the question “is the person pointing?” would have precede looking in
the direction of the pointing arm/hand/finger to find what is being
pointed at. These examples constitute analysis of high-level function.
Computing functions of multimodal actions thus precedes processing
the information that is being conveyed.

On the feedback generation side, a listener’s behavior of looking in the
pointed direction is a sign to the speaker that he knows that her gesture
is a deictic one, and that he has correctly extracted the relevant direction
from the way her arm/hand/finger are spatially arranged. The gaze
behavior resulting from correct functional analysis serves double duty
as direct feedback (in this example at least), and constitutes therefore
efficient process control.®

5. To say that a process ha a high speed/accuracy trade-off simply means that it
is more important for that process to provide output in a timely fashion than
to be absolutely certain of the accuracy of its output.

6. The claim is made for both computer and human interpretive processes.
7. A similar point is made by Winograd [1988].

it participants are to use cach other's
odies as sources of intormation about
tLel’r taH( tLey are facecl Wl’tl‘l tLe tas](
of cIistinguisIlin relevant l)ocly behav-
ior {orm tl’lat w. icIl is not. ‘..such c[as’
simply a iclclen
ut one that

sitication  is  not
cognitive process, as visi~
e consequences tor the actions o{ the

party doing that analysis.

—’Clqar[es Gooc{win (1984, p. 29)
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Functional analysis—determining the function of a multimodal action—
is thus a necessary initial step to both content analysis and correct feed-
back generation. Let’s look at another example, using only the speech
mode.

The following exchange may look perfectly fine:

A. So, aliens ate my Buick.
B. I'm so sorry to hear that!

until we add the accompanying intonation, which goes up at the end of
the word “Buick” as indicated with a question mark:

A. So, aliens ate my Buick?
B. [I'm so sorry to hear that!

We find B’s response inappropriate and would infer that B thought A
was making a remark, not asking a question. If B had “computed” the
correct function for A’s utterance, (i.e. eliciting information—a ques-
tion) her response would probably have been different, along the lines
of “No, silly!” or “I wouldn’t know.”

UTTERANCE* GESTURE** PROCESS
Speaking Gesturing Paying attention
Assertive Deictic Addressing me
Directive Iconic Giving turn
Commissive Pantomimic Taking turn
Declarative Symbolic Wanting turn
Expressive Butterworthw

Interrogative Self-adjustor

Back channel Attention-grabber

Fillera

TABLE 5-1. Some main high-level functions of multimodal actions in dia-
logue. It may be noted that most of a user’s utterances directed to an
interface agent would probably be directive (commands) and interroga-
tives (questions).

*See Searle [1975] for a treatment of speech acts. **This applies to both facial and
manual gestures [Rimé & Schiaratura 1991, Ekman 1979]. #Also referred to as
“filled pause;” utterances like “aaaah” and “uuuuuh.” ¥The gestural equivalent to
filled pauses.

8. It would also be correct and efficient feedback if an agent erroneously con-
cluded that the gesture was iconic and therefore looked at the speakers hand
instead, since this would clearly indicate to the speaker the error made. In
this case generation of the correct feedback coincides with the actions neces-
sary for further interpretation of the input.

o nd=d
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This leads to our second and third claims:

{2} Analysis of the contextual function’ of speaker actions and
control of the process of dialogue are intimately linked through
functional analysis.

{8} The information necessary for correct and efficient content
analysis is also often the necessary information for providing
correct and efficient multimodal feedback behavior.

The strength of these claims lies in the double support they provide for
extracting function before interpreting.

Table 5-1. shows the main functional categories found to date in multi-
modal dialogue. The issue of functional analysis is neither one of com-
putational power, nor of top-down/bottom-up processing; it is an issue
of sequencing. Nothing prevents the use of either top-down or bottom
up analysis to extract functional attributes of a speaker’s behavior, and
adding computational power will certainly speed up the process of anal-
ysis. But neither will eliminate the sequential dependency between the
two steps of determining an action’s function and analyzing its (possi-
ble) meaning(s). The second reason why this dependency is important
is simple: More assumptions can be made with global information than
local —an agent can do a lot more with general information when details
are missing than with detailed information when the global perspective
is lost.!0 By giving the high-level functions, such as those in Table 5-
1., highest priority, the most useful responses can be generated even if
other information is missing, resulting in increased robustness.

The functional aspects of multimodal behavior can, and should, be
extracted by means of multimodal analysis; any feature, body part, into-
national cue or even lexical analysis could assist in the process. A
major part of creating multimodal computer agents is finding how to
pull out the necessary information.

5.3.1 The Link Between Functional Analysis
and Process Control
As we saw in the pointing example, correct and relevant feedback gen-

eration often follows automatically from correct functional analysis, but
only if we fulfill two conditions. The first is that the behaviors pro-

9. See footnote page 66 for a treatment of “function.”

10.This can be seen by a simple example: If Iknow that I have just been asked
a question, but missed some of the words, I can exclude all forms of utter-
ances except questions from consideration and ask the speaker to repeat,
increasing the probability of correct interpretation significantly. This does
not work in the other direction.
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TAKE GIVE
TURN TURN
A

B

FIGURE 5-4. The problem of
efficient turn taking includes
detecting the correct transition
points. In this figure, A and B are
participants in a dialogue. Thin
arrows demonstrate smooth turns;
solid bold arrow constitutes an
interruption (of B by A) with the
possibility of overlapping speech,
%{ay bold arrow shows a failure of
the listener (A) to take the turn
when it is given (by B), possibly
with an unwanted silence.

duced by the system be guaranteed execution within a given time limit,
as determined by the pace of the dialogue. Because dialogue state is
constantly shifting, we need a mechanism that ensures that behaviors be
executed at the time they are relevant—not before and not after.

The second condition we need to fulfill is that we model the agent in our
own image, i.e. with a head, face, gaze, arms, hands, and a body—
organs that have to do with communication. This is because in face-to-
face interaction, sensory organs, bodily constraints, attentional and
other mental limitations are linked together in a way that is intimately
integrated and intertwined with the dialogue process. This provides dia-
logue with an intricate feedback mechanism, the absence of which has
been shown to disrupt discourse [Nespoulous & Lecours 1986].!" In
other words, if any parts of this mechanism are broken or missing, dia-
logue may break down.'? Tt may be added that providing an agent with
misleading actions or visual features may of course lead to the same
results.

54  Turn Taking

As we established in Chapter 3., a key element of dialogue is turn tak-
ing. Sacks et al. [1974] maintain that the purpose of the turn taking sys-
tem is to minimize overlapping speech and pauses in interaction. When
we refer to the seamlessness of dialogue, we are essentially referring to
a collection of mechanism grouped under this hat. Figure 5-4 shows the
possible outcomes of turn taking with two participants. The difficulty
of correct turn taking by machine lies first and foremost at the percep-
tual’knowledge level, because a participant has to infer what constitutes
a valid turn-giving signal for each role. Generating that signal for the
speaker is, on the other hand, simple. So computational turn-taking
modelling is first and foremost a perceptual problem.

As numerous researchers have shown [Walker & Whittaker 1990,
Goodwin 1986, Sacks et al. 1974], turn taking defines the two main
roles of conversants: listener and speaker. Each role calls for its own
repertoire of behaviors and perceptual tasks. My proposal is to define
two very different classes of behaviors, both of which include percep-

11.Nespoulous & Lecours [1986, page 61] say: “... Dahan [see ref., op. cit.]
convincingly demonstrated that the absence of regulatory gestures in the
behavior of the listener could lead the speaker to interrupt his speech or to
produce incoherent discourse.”

12.1t is also possible that some violations can be fixed with clever engineering
of the agent behavior, its visual appearence or its environment. This topic
will be revisited in Chapter 11.
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tual, decision and motor tasks, that participants in a dialogue have to
switch between. Thus, for the period that person A takes the role of lis-
tener, one can expect him to be engaged in a set of mental activities—
mental activities that are different from those he is engaged in when in
the role of speaker. To take an example, Goodwin & Goodwin [1986]
discuss the activity of searching for a word and how this can be a coop-
erative activity. A speaker may indicate to her listener, using gaze and
body language, that she is looking for a word. The listener will offer to
assist in the search by interjecting plausible words. Although the pro-
cess is cooperative, it is the speaker who has the turn, and thereby the
power to accept or reject the listener’s suggestions. In each role it is not
only the behavioral repertoire that is different but also the demands on
the participant’s perceptual and decision-making systems. The roles
can be thought of almost as roles in a play; they are part of the same plot
but the rules for each character are very different. According to this
proposal, a speaker’s perceptual system is preoccupied with monitoring
the progress one is making in the narrative production of output, what
little is left of attentional capacity is spent distinguishing between acts
of the listener that are insignificant to the dialogue (such as the listener
scratching himself) or constitute communicative actions, such as a wish
to interrupt. The listener’s role revolves around interpreting what the
speaker is saying and making sure she knows that he is following her, as
well as interrupting when problems arise.

This emphasis on the listener-speaker distinction has the important
effect of putting the tracking of dialogue state at the top of the sensory-
activities list. It is a process that happens at the decisecond level of
granularity (see Figure 1-1 on page 20) and as such has a relatively high
speed/accuracy trade-off —i.e. it is highly temporally constrained.

This leads us to claim four:

{4} Tracking dialogue state is at the top of the sensory-activities
list.

But what should these sensory activities be?

5.4.1 A Situated Model of Turn Taking

The model of turn taking advanced by Sacks et al. [1974] is very broad
and can be considered to be about as good as a descriptive model of turn
taking can get by just using data from human observation and video tape
analysis. To design a system that can actually generate turn taking
behavior and exhibit the rules described in their model, one needs to
make several decisions about the nature of the underlying perceptual
mechanisms. Here, two hypotheses are put forth for making the cre-
ation of such a system possible.

Computational Characteristics of Psychosocial Dialogue Skills
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Earlier we claimed that functional analysis of multimodal actions is nec-
essary for providing correct multimodal feedback (page 71). The need
for reactive responses puts definite time constraints on this analysis that
have to be met for the system to work. This leads us to hypothesis 1:

1. Reactive behaviors’ are based on opportunistic processes: High-

speed functional analysis in multimodal dialogue draws on cues
from any number of number modes, as long as they are informa-
tive.

We also need to specify how the information from various modes is
combined. The second hypothesis is this:

2. Features extracted from a particular multimodal speaker
action are logically combined (in the mathematical sense of
the word) by the listener to arrive at a plausible dialogue
function for that action [cf. Duncan 1972].

To relate this back to the issue of the speed/accuracy trade-off in percep-
tion and action, according to these hypotheses, an increased number of
features and modes included in a single analysis will strengthen the
accuracy of that analysis, but do not affect its speed. Thus, the reliabil-
ity of the turn-taking process should increase with an increased number
of cues, but the speed of analysis will not change. However, and here is
the rub, increased reliability may affect the speed at which the extracted
functions will be acted on. Thus, upon interpreting the multimodal act
“He went [deictic manual gesture & gaze] that way,” a listener may look
sooner in the relevant direction if the manual pointing gesture is present,
than if she only has gaze as an indication of direction, since a manual
deictic gesture is a more reliable indicator of direction than gaze alone.

No claims are made here whether this model is “true” —that remains to
be answered by experimentation. It enables us, however, to start build-
ing a system that allows such experimentation to take place.

5.5 Morphological and Functional
Substitutability

Morphologicall 4 substitutability] 3 Different looking acts can serve
the same function.

Functional substitutability: Identical looking acts can serve different
functions.

13.The terms reactive and reflective are dealt with in Section 5.2, page 69.
14.The term “morphological” is used here as relating to “form”.
15.My thanks to Steve Whittaker for the term “substitutability”.
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One of the problems of multimodal interaction is the variability in the
way people communicate the same meaning. To take an example, a
pointing gesture can be made with a head nod, a wave, a pointing finger,
etc. Is the list infinite for any given function? No, clearly, if it was,
people couldn’t understand each other. The assumption here is that the
morphology —or certain features of the morphology —of a multimodal
action is mapped to its function by social convention. We can call this
the morphological-functional link. Thus, for any given society, there
are approved ways of communicating certain information. We can
choose any of the above ways for pointing out an object in our sur-
rounding. This phenomenon is referred to here as morphemic substitut-
ability. If we want to be as clear as possible when pointing out an object
in the environment, the best way to this in English speaking countries is
with an extended arm and extended index finger, with the index finger
pointing approximately in the desired direction. Clearly, this is not only
a matter of intelligent use of the human figure to convey information,
but also a matter of establishing a morphological-functional link. The
more sloppy we are in extending the arm and finger, the more noise we
introduce into the communicative act. This, then, suggests a second
property of morphological-functional mapping: A graded index of flexi-
bility, where certain morphologies are more strictly mapped to function
than others. Mapping from morphology to function is strictest for
words and symbolic gestures, and most flexible for sentences, speech
acts and iconic gestures.

The corollary to morphemic substitutability is functional substitutabil-
ity, where identical looking (or sounding) acts can serve different func-
tions. An example is scratching your face while listening versus
scratching your face when talking about an itch you had yesterday. The
functional extraction in these cases has then to proceed by other indica-
tors than morphology, the primary ones being content, dialogue state
and the attentional state of participants [Grosz & Sidner 1986].

5.6  Multimodal Dialogue as Layered
Feedback Loops

The model put forth here of multimodal interaction can be characterized
as a layered feedback—loop16 model, and is intended to be descriptive—

16.“Feedback” in this context refers to the reciprocal nature of any speaker-
hearer relationship, where a participant’s [P1] multimodal action [P1-1] is
met by the other’s [P2] re-action [P2-1]. This loop can be more than one
level deep; a common format is the sequence [P1-1—=P2-1—P1-2]. Seee.g.
Clark [1992].

Computational Characteristics of Psychosocial Dialogue Skills
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FIGURE 5-5. The proposed three-layered model of multimodal dialogue.

it is based on research from the psychological and linguistic literature —
as well as prescriptive—it specifies how a conversant can be con-
structed (Figure 5-5). The three layers in the model are based on the
time-scale of actions found in face-to-face dialogue (Figure 5-3). At
each level various sensory and action processes are running, thus
belonging to the category of functional hierarchy in Coordination The-
ory [Malone & Crowston 1991, Crowston et al 1988, Malone et al.
1988]. The set of sensory and action processes at work in each layer at
any point in time is mostly determined by the role of the participant at
that point in time: speaker or listener.

The lowest level is concerned with behaviors that generally have recog-
nize-act cycles shorter than 1 second. This is the Reactive Layer. The
middle layer concerns behaviors that are usually slower than 1 second.
This is the Process Control Layer. Together these two layers define the
mechanisms of dialogue management, or psychosocial dialogue skills.
Direct references to the process of dialogue—e.g. utterances like “I’'m
trying to remember...” and “Let’s see...” —belong in the Process Control
layer and are generated in response to the status of processes in the other
layers. Highly reactive actions, like looking away when you believe it’s
your turn to speak [Goodwin 1981] or gazing at objects mentioned to
you by the speaker [Kahneman 1973], belong in the lowest layer. The
third part of this model is the Content layer, where the content or “topic”
of the conversation is processed. This layer deserves its own discussion,
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and will be dealt with more in Chapter 7. and Chapter 8. The layers will
all be more closely examined in these sections as well.

5.7  Summary

In this chapter we laid the foundation of a computational framework for
face-to-face interaction. We identified the issues of real-time interac-
tion that have to be solved for a satisfactory computer model as being
[1] incremental interpretation, [2] multiple data types, [3] seamlessness,
[4] temporal constraints, and [5] multi-layered input analysis and
response generation. A proposal was made for a well-defined distinc-
tion between processes responsible for the behaviors of listeners and
speakers. It was maintained that analysis of the function of multimodal
acts has to happen before content can be successfully extracted from any
such act. we presented the concepts of morphemic and functional sub-
stitutability —based on the observation that different looking acts can
serve the same dialogical function, and that identical looking acts can
serve different functions. The morphological-functional link is the pro-
posal that morphology of an act is mapped to function by social conven-
tion.

Lastly, a proposal was also made for multimodal dialogue as semi-inde-
pendent layered feedback loops, with each layer being responsible for
separate parts of sensation and perception of an agent.

We will now see where this groundwork leads to: The next chapter will
look at J. Jr.—a pilot study in face-to-face reactivity, and then, in Chap-
ter 7., present Tmir, a model for the generation of real-time multimodal
dialogue behavior.

Computational Characteristics of Psychosocial Dialogue Skills
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J.Jr.: A Study
in Reactivity

The J.Jr. system [Thorisson 1992] was a pilot system designed to
explore the idea of reactive multimodal behavior in an interface agent.
This system served as a precursor to the development of Ymir and high-
lights important problems in multimodal dialogue, which will be
addressed at the end of the chapter.

6.1  System Description

In the J.Jr. system, dialogue control in is based on an FSM (finite state
machine), augmented with a global clock. It uses data from three input
modes: the user’s hand gestures, gaze and intonation. Data about gaze
and gestures is provided by a human observer in a Wizard-of-Oz man-
ner (a person monitors the user's actions and keys them in according to a
pre-determined scheme); data about intonation in the user's speech is
obtained with automatic frequency analysis (Figure 6-1). This informa-
tion is in turn used to control the gaze of J. Jr.’s on-screen face
(Figure 6-2), its back-channel paraverbals, and turn-taking behavior,
whichlconsists of asking questions at appropriate points in the dia-
logue.

6.1.1

In the J.Jr. system gestures and gaze are quantified into Boolean vari-
ables; if the line of gaze intersects the on-screen agent face, the variable
GAZE-ON? is set to TRUE , else it is FALSE. If the user moves his or her

Input: Gestures, Gaze & Intonation

1. Since asking questions and saying “m-hm, a-ha” are the exact qualifications
for hosting a talk-show, J. Jr. is named after a well known American talk-
show host. Like any respectable host, J. Jr. asks only questions that are very
general and have no relation to what the user says.
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FIGURE 6-2. ].Jr.’s face is capable of
looking around, blinking, rotating the
hat propeller and opening and closing
the mouth inrouc?h synchronization
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FIGURE 6-3. State diagram showing
the control structure of the social
encounter in J. Jr. Each state has a
specific set of actions that the agent is
capable of performing, as well as
conditions (see text) for jumping to the
next possible state.

2. Turn-taking

T, : Turn available
T, : User has turn

T, : Agent has turn

FIGURE 6-4. State diagram showing
the three dialogue states, Tu, Ta, and
Tjr, embedded within “encounter”
state 2. In the original implementation
the agent always asks the user a
question in state Tjr.

FIGURE 6-1. System structure. of J.Jr. The user’s speech is
automatically processed for intonational constituents and pauses (A).
Information about gaze and gestures are monitored and input through a
keypad by a human observer (B). The dialogue system (C) controls the
cartoon character’s speech, gaze and hat propeller

hands in a way that obviously relates to the dialogue (i.e. excluding
“self adjusters” —fixing of the hair, scratching, etc. [Rimé & Schiaratura
1991]), the variable GESTURES-ON? gets a TRUE value, else it is FALSE.
This relatively sophisticated analysis of gesture is possible by using a
human observer to code the user’s behavior in real-time.

Pierrehumbert & Hirschberg’s [1990] work strongly indicates that into-
national features are important indicators about the intentional and
structural features of discourse. Utterances contain intonational phrases
made up of combinations of high and low pitches. Phrases can be
divided up into sub-phrases, or intermediate phrases, which contain rel-
atively small variations in pitch. The intonational phrase as a whole
ends with either an increased high or low. In the J.Jr. system a simple
filter is used to detect whether the speaker’s pitch is rising or falling.
Other speech variables used were SPEECH-ON? which is given a TRUE if
the user is speaking, otherwise FALSE; and Silence, which contains the
time in milliseconds since the user spoke. A third variable, PITCH-
DOWN?, is set to TRUE if the intonation is falling, otherwise, if the into-
nation is rising or stays constant, it takes on a FALSE value.

The variable SILENCE contains the time in milliseconds since the user
spoke. This turns out to be a very important element to time the actions
of the agent.

6.1.2  Qutput: Speech, Turn Taking, Back Channel, Gaze

The agent’s gaze and back-channel behavior is controlled with two vari-
ables: BACK-CHANNEL-ALLOW? and LOOK-AT-USER. The variable
BACK-CHANNEL-ALLOW? is set to TRUE only when the user has turn and
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is used to control when the agent gives back-channel feedback [Yngve
1970]. It is also used to prevent multiple paraverbals in a row, by set-
ting it to FALSE immediately after a paraverbal has been given and wait-
ing for the user to continue before resetting it to TRUE .

As discussed before (“Gaze” on page 44), results of research on gaze
behavior in multi-modal interaction [Goodwin 1981] shows that the
eyes play an important role in turn-taking; a speaker looks away at the
beginning of his or her utterance, but as the utterance approaches termi-
nation gazes back to the recipient. The variable LOOK-AT-USER con-
trols the gaze of the agent and is set to TRUE at appropriate points in the
dialogue. (Looking at the user is accomplished by having the face look
straight out of the screen.) If this variable is FALSE, the agent looks
around at random.

6.1.3 Dialogue States

The dialogue control mechanism is a finite state machine augmented
with a global clock. There are four “general” states for the dialogue
encounter, and three for the turn-taking or dialogue itself (Figure 6-3 &
Figure 6-4; the encounter states are numbered from O to 3).

Encounter state 2 is divided into three sub-states, or turn taking states,
shown in Figure 6-4. These are marked Tu, Ta, and Tjr, for “user has
turn,” “turn available” and “agent has turn,” respectively. Transitions
between the states requires certain conditions to be true, determined by
the values of the input variables.

6.1.4 State Transition Rules

In the following discussion a state change is denoted Change-5tate [a
— b] or simply [a — b], where a is the prior state and b is the new state.
The interesting states to look are the turn-taking states and how the
agent achieves back channel feedback (state 2 in Figure 6-4). The initial
sub-state is Ta. To make the transition [Ta — Tu], the simple condition
R1 (Figure 6-5).

The constant DIALOG-UNITS is set to 100 ms. This is the smallest unit
of time measurement in the system; all other thresholds are multiples of
this value. To go back to Ta we look for the conditions shown in R2,
where (* 5 DIALOG-UNITS) is a multiplication of the constant Dialog-
Units by five. For the agent to take the turn ([Ta — Tjr]) we wait for situ-
ation R3 to arise.

The agent will look away and rotate the hat propeller as a clue to indi-
cate that he is taking the turn. Since the agent cannot use body language
to indicate dialogue states, these turn out to be fairly useful cues for the

R1: User Takes Turn

IF (OR
speech-on?
gestures-on?)
THEN
(Ehange-State [Ta — Tu)))

R2: User Gives Turn

IF (OR
(AND
look-on?
pitch-down?
(not speech-on?)
(not gestures-on?))
(> Silence
(* 5 Dialog-Units)))
THEN
(Change-State [Tu — Ta))
(Look-at-User <— TRUE)

R3: Agent Takes Turn

IF (OR
(AND
(> Silence
(* 2 Dialog-Units))
look-on?))
(> Silence
(* 6 Dialog-Units))
THEN
(Ehange-State [Ta — Tjr])
(Look-at-User <— FALSE)
(Turn-Propeller)
(Ask-Question [Next-Q))
(Ehange-State [Tjr — Ta))

R4: Agent Gives Back Channel

IF (AND
allow-back-channel?
(not gestures-on?)
(> Silence
(* 1.1 Dialog-Units))
THEN
(Give-Bachk-Channel)

(allow-back-channel? < FALSE)

FIGURE 6-5. Pseudo code control

algorithms for J.Jr.’s turn taking and

back channel feedback behaviors.

J.Jr.: A Study in Reactivity
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user. The dialogue goes back to state Ta, [Tjr — Ta), immediately after
the agent has finished the question. The function Ask-Question takes
an argument, NEXT-Q, which contains the question to be vocalized by
the speech synthesizer. This is read from a canned script of questions.

6.1.5 Back Channel Feedback

The back-channel mechanism is the only behavior to make use of the
smallest unit of time measurement in the system, DIALOG-UNITS, which
is set to 100 msec. In state Tu the rule R4 (Figure 6-5) will produce
back-channel feedback from the agent: The variable ALLOW-BACK-
CHANNEL? is set to TRUE when entering state Tu. It is set to FALSE
immediately after the back-channel feedback has been given, and back
to when the user has started speaking again if the state is still Tu. The
multiplier for DIALOG-UNITS in this case will undoubtedly vary depend-
ing on the “pace” of the dialogue, but judging from research on humans
(see “Back-Channel Feedback” on page 40), is unlikely to need to be
less than 1.0.

6.2 Discussion

First-time users often get the impression that the system makes use of
powerful automatic speech recognition and language understanding to
produce the observed behavior. This speaks for the relative quality of
the turn-taking behavior and back channel, giving an informal “context-
independent Turing test” for the dialogue behavior of the agent. A real
interaction scenario with J. Jr. is described in Figure 6-6. While this
system shows that accurate timing, intonation and crude gesture/gaze
analysis can provide a sufficient mixture to take turns correctly, it also
points to the problems of creating extensive systems that integrate reac-
tive abilities with higher-level competence.

6.3  The Problem with J.Jr.

The system (and the illusion of semi-intelligence) breaks down when
users start to speak nonsense to it—usually a somewhat disappointing
moment for users, but not at all unexpected to the designer. I refer to
the problems typified in this system as [1] the sensing problem, [2] the
lack of behaviors problem, [3] the reactive-reflective integration prob-
lem, and [4] the expansion problem.
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6.3.1 The Sensing Problem

Using a human observer to classify the kinds of gestures that the user
does totally bypasses the problem of automatic gesture classification.
Even though morphemic features of body motions are relatively gross,
compared to intonation for example, they still may be difficult to ana-
lyze automatically because of the phenomenon of morphemic substitut-
ability (“Morphological and Functional Substitutability” on page 76).
One of the inherent problems lies in selecting the correct time-scale to
analyze a person’s behavior on. The importance of determining simple
features like whether the user is addressing the computer agent or
another person, whether a vocalization is a filler or an actual utterance
that contains semantic information, cannot be stressed enough. These
are the features that make system behavior robust.

6.3.2 The Lack of Behaviors Problem

A human conversant has a wealth of behaviors to choose from. On any
occasion, these are chosen based on various features of the dialogue,
and they are chosen in real-time. J.Jr. provides only a simple mapping
between a state and its behaviors, but more importantly has no way to
select or compose alternative multimodal acts if it did (this should per-
haps be called the arbitration problem).

6.3.3 The Reactive-Reflective Integration Problem

How would we integrate natural language understanding into the J.Jr.
system? If we want to integrate the content of utterances with intona-
tion analysis and body language, we have to deal with complications
like delayed production of results, backtracking time of occurrence of
events and guaranteeing response (see “Computational Characteristics
of Psychosocial Dialogue Skills” on page 65). How are we to integrate
inofrmation content with real-time process control? When should a user
utterance like “huh?” spin off a process that tries to re-plan a previous
utterance? These are questions of internal and external process control,
and they covary closely with the methods we employ for extracting
information from the multimodal input stream. An outline of a solution
to these problems will be provided in the next chapter.

6.3.4 The Expansion Problem

By using a finite state machine (FSM) as the basic mechanism of dia-
logue tracking, a serious limitation is set to the amount and ease of
expansion. This means that building complex characters, with hundreds
of behaviors (from blinking to planning many kinds of utterances), will
be extremely difficult and time comsuming. FSMs are good for track-
ing states, and clearly we want to keep track of states in any dialogue
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system. But for anything else in a dialogue system, perception, action
control, multimodal integration, FSMs are not the right kind of mecha-
nism, firstly because these processes are hard to describe in terms of
states and their transitions, and secondly because the complexity of
multimodal dialogue requires an incremental approach to behavior
building, and FSMs don’t lend themselves easily to such an approach.
A possible solution to low-level (reactive) behavior would seem to be
something like Brooks’ [1986] subsumption architecture, but no clear
mechanism exists in that approach to deal with higher-level analysis and
output generation.
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Kris: [00:000] Hello J. [00:550]

JJr.: [01:450] Hi, welcome, nice to see you. [04:100]

K:[09:650] Nice to see you too, you know, I've been ahh [09:650] ...

[10:350] working on you for a long time now and it seems like it's about time that you start behaving. [12:150]
J:[12:950] Yes. [13:400]

K:[14:250] And, ahh, [14:650]

J:[15:150] Yeah [15:600]

K:[15:600] and you seem to be doing that you know. [17:050]

K:[17:600] Oh, by the way, I like that propeller on your hat. It's kind of nice [20:450] ...
K:[21:000] it's kind of

K:[22:000] cute [34:060]

J:[22:050] Yeah, aha. [24:800]

J:[25:700] So what's new? Jnything interesting? [28:900]

K:[29:900] Well, you know, just, just the regular stuff [32:850] ...

K:[33:150] playing [33:450]

J:[33:200] Yes? [33:400]

K:[33:550] playing a little racquetball, keeping in shape. [35:800]

J:[36:950] Yeah. [39:150]

K:[39:700] Yepp. [40:000] ...

J:[41:450] Well, that's interesting. What else? [44:300]

K:[45:000] I don't know what to tell you, ahh [46:750] (Butterworth gesture) ...
K:[50:450] Well, you seem to be working properly now, that's, that's one good thing. [54:600]
J:[55:050] Yes. [55:750]

K:[56:750] And, ahh, I, I just hope you [58:800]

K:[59:650] gain a little bit more in your intelligence so that ... [1:02:250]
J:[1:02:250] Really? [1:02:750]

K:[1:03:400] Yeah, well, I'd...I'd, I'd like to see you [1:05:950] ...

J:[1:07:050] Aha. [1:07:650]

K:[1:07:450] have a little bit more brains, really [1:09:950]

J:[1:10:100] Yeah? [1:10:350]

K:[1:11:250] and, ahh, [1:11:700]

K:[1:12:400] but otherwise you're fine, [1:13:500]

K:[1:14:02] you know [1:13:950]

J:[1:14:150] Yes. [1:14:350]

K:[1:14:550] I can assure you. [1:15:150]

J:[1:16:350] Yeah. [1:16:600]

J:[1:18:000] Well, thank you for sharing that. [1:19:650]

J:[1:21:250] It was nice talking to you. [1:23:150]

J:[1:23:800] Good-bye. [1:24:400]

K:[1:25:250] Good-bye. [1:25:500]

FIGURE 6-6. Sample dialogue between the author and the J.Jr. system. Notice that
while the content of all utterances is pre-determined, their timing is not.
Paraverbals are randomly selected every time.

S eaker:[be(ginning, sec:ms] Utterance [ending, sec:ms].

ree dots (...) mark a pause longer than half a second; commas are pauses that are less than that. The
agent's turn taking (and utterance of canned questions) are marked in bold.
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Ymir: A Generative
Model of Psychosocial
Dialogue Skills

In the past chapters we have looked at the complex issues involved in
human face-to-face interaction. Some of those have been addressed
individually in the literature, while some have not. The biggest piece
missing though is a general way to put these items together to create a
full model of face-to-face communication. The argument made here is
the following: We need to look at the full loop of perception-action of
an agent to come up with a correct model, because actions in dialogue
are a mixture of closed-loop (guided with perceptual feedback) and
open-loop (ballistic), and dialogue is interactive, with real-time plan-
ning happening on many levels. To do this we need a foundation where
components that have already been developed can be accommodated,
and new developments in the theory of multimodal dialogue can be
“plugged in”, tested, redesigned and retested.

In this chapter I propose a new generative model of human psychosocial
dialogue skill. Instead of dealing with a single issue, or a few small ele-
ments of face-to-face, multimodal dialogue, this model is intended to be
a bridge, addressing all issues necessary to fill the gaps which in the past
have prevented us from creating artificial characters that can engage in
such dialogue.

The model is Ymir. Ymir does essentially what Fehling et al. [1988]
call resource-bounded problem solving. The problem is dialogue; the
resources are time, information and computational power. On the prac-
tical side, the general thought is that Ymir be used for creating softbots
(and robots) whose purpose in life is to receive commands from
humans, ask questions when appropriate, but otherwise do the job as
best their knowledge allows them to. In the following discussion we
can therefore envision building up to a humanoid robot who receives
commands and turns them into executable actions in its domain of
expertise. On the theoretical side, Ymir could be used to test theories
about human discourse, because it provides the possibility to turn cer-

Why “Ymir”?
Nordic religion, as preserved in
Icelandic Sagas [Sturluson
1300~1325], tells about Ymir—a
iant who lived in times before the
eaven and earth. Ymir was
killed by the Nordic gods Ovinn,
Vili and Vé, who turned Ymir’s
“blood into the seas, his bones into
the mountains, his teeth and
broken bones into rocks and
gravel, his head into the heaven
and his flesh into the earth.” The
earth then became a source of
many new imaginative humanoid
life-forms.

Ymir is pronounced e-mir, with the
accent on the first syllable.
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tain dialogue actions on and off at will—something that was impossible
to do before, even with a skilled actor.

The approach taken to dialogue expertise can be likened to that taken to
an expert system: we want a system that is expert at multimodal, face-
to-face communication. The justification comes from the fact that
unlike expert systems that tackle a niche area for limited purposes, mul-
timodal dialogue is a general communication method used by all, and
therefore we need only build this system once.

7.1  Overview of Architectural Characteristics

Following the model of face-to-face dialogue introduced in Chapter 5.
(“Multimodal Dialogue as Layered Feedback Loops” on page 77), Ymir
is a layered system. It employs one or more topic knowledge bases, and
it uses a special action scheduler module for composing and scheduling
motor actions. Motor actions are expected to be carried out by an ani-
mation system that either has addressable absolute positions for each
“muscle” (analogue—e.g. a servo system, or digital—e.g. computer
graphics or stepper motors), that lies below the system itself.

Sensory input is expected to be multimodal, and although the system
works with a single mode input, no advantages would be taken of multi-
modal synergistic effects in that case. Ymir can accommodate any
number of sub-modules, running in parallel or serial, that work in con-
cert to interpret and respond to the dialogue as it unfolds. By being
modular, Ymir offers researchers opportunities to experiment with vari-
ous computational schemes for handling specific sub-tasks of multimo-
dal interaction, such as natural language parsing, natural language
generation and arbitration of multimodal motor responses. At the high-
est level, Ymir makes no specifications about the content of particular
agent behaviors or interpretive processes and is therefore culture-inde-
pendent.1

Ymir addresses all the features of dialogue presented in Chapter 5.
(page 65). A summary of these manifests itself as the following list of
requirements, all of which Ymir fulfills:

1. Co-existence of reactive and reflective behaviors,

2. incremental interpretation co-exists with real-time response
generation, providing seamlessness, and

3. it handles multiple data types (spatial, boolean, symbolic,
analogic).

1. Just like a telephone asks no questions about the language spoken on it,
Ymir is not limited to the conversational rules of any single culture.
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Features of three Al approaches have been adopted in Ymir: Blackboard
systems [Adler 1992, Nii 1989, Engelmore & Morgan 1988, Selfridge
1959], Schema Theory [Arbib 1992] and behavior-based systems [Maes
1990a, 1989]. In the broadest sense, Ymir uses multiple knowledge
sources that cooperate to provide a solution to a problem—in this case
to interpret user actions and generate appropriate responses. Like
Schema Theory, Ymir is highly distributed and contributes therefore to
research in distributed artificial intelligence (DAI) [cf. Bond & Gasser
1988, Huberman 1988, Huhns 1987]. In contrast to the many
approaches proposed various problem domains in the Al literature, the
main novel and distinguishing features of Ymir are:

1. A distributed, modular approach to perception, decision and
action.

2. A layered combination of reactive and reflective behaviors.

3. Dialogue-related interpretation is separated from topic inter-
pretation.

4. Dialogue management is viewed as having complete process
control (when something happens as opposed to what hap-
pens) of overt and covert actions.

5. Motor actions are split into two phases; a decision (or inten-
tional) phase and a composition/execution phase.

6. Intentions to act vary in their specificity: the more specific an
intention is (e.g. blinking) the fewer morphologies (ways to
do it) exist; the less specific it is (e.g. looking confused) the
more options there are in the way it will eventually be real-
ized.

7. The final morphology of an intention is chosen at run-time.

Following Nii [1989] we can describe a computational system at any of
three levels: The model is the least specific, showing the ideology
behind the approach, the framework is more specific, detailing the
pieces of the system and their interconnections, and the specification
being the most detailed one, showing how to implement the particular
system. In this chapter we will focus on the model and framework per-
spectives. We will turn to a more in-depth look at the implementation in
the next chapter (page 111). Now let’s get an overview of Ymir’s main
elements.

7.2 The 6 Main Elements of Ymir

The six main types of elements in Ymir are:

A set of semi-independent processing layers, I'.
A set of blackboards, ®.

A set of perceptual modules, p.

A set of decision modules, IT.

RN J SR
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FIGURE 7-1. The Reactive Layer

contains mainly two types of

processes, {1} perceptual (sphere

and prism), and {2} decision

modules (cube).

L3

5. A set of behaviors, 3, and behavior morphologies, fm (spe-
cific motor programs).

6. A set of knowledge bases, K.

Starting with the layers, we will now take a closer look at these six ele-
ments. Then we will go into the Blackboards, followed by a discussion
on virtual sensors, multimodal descriptors and decision modules (start-
ing on page 97), and the behaviors and behavior morphologies.

7.2.1 Layers
There are four layers in Ymir:

Reactive Layer (RL).

Process Control Layer (PCL).
Content Layer (CL).

Action Scheduler (AS).

P W N oo

Each of these layers contains particular element types:
T gy = {010}
Tpcry = o1}
F(AS) = {B, pm}
Lery = {x}

Each layer contains processes with similar time-specificity and func-
tionality. The PCL is the main control element, with partial control over
the other three layers. Processes in the RL can exert limited process
control. Processes in the he Reactive and Content Layers perform func-
tional” and content analysis of input. The AS produces specific motor
morphologies, while knowledge bases in the CL interpret input about a
specific domain and produces actions that are applicable in response to
the content of that input. Different kinds of delays and delay constants
exist at each of its four levels. Time stamping and the use of synchro-
nized clocks is a general way to deal with temporal constraints: Using
time stamping, delays are logged and treated like any other data in the
system. We will now take a closer look at each of the layers.

2. See “Functional Analysis: A Precursor to Content Interpretation and (some-
times) Feedback Generation” on page 71.
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FIGURE 7-3. The Process Control
Layer contains two kinds of
processing modules (in multiples), {1}
perceptual modules (sphere and

rism) and {2} decision modules
Fcube).

Reactive Layer (RL)

The role of processes in the Reactive Layer is to compute timely infor-
mation on user actions and make these available to decision modules in

the same layer. Sensory data from each mode is processed with mod-
ules called virtual sensors, and mode-specific data is combined in pro- ACTION: smile
cesses called multimodal descriptors. Reactive Decision Modules use EEE%TDOEZEFEL
this data to issue actions with a relatively high speed/accuracy trade-off. STAMP: 35243
Le. as long as the results are quick, and correct more than 50% of the

time—above chance performance3—it doesn’t matter that they are less

than 100% accurate, because a response is more important than it being FIGURE 7-2. Example of a behavior

correct. request message sent from the

Process Control Layer to the Action

Computation at this lowest level is assumed to be “immediate”, i.e. Scheduler.
without delay. This simplification can be made by using computing

mechanisms that are significantly faster than the fastest response needed

in human interaction, ideally a fraction of 100 msec. In spite of actions

being immediate in this layer, every event at the RL level is nonetheless

time stamped for the benefit of computations in other layers.

Process Control Layer (PCL)

The role of processes PCL is to control global aspects of dialogue: to
turn the correct kinds of internal processes on and off, recognize the glo-
bal context of dialogue and manage communicative behavior of the
agent. It deals with issues such as when a question should be answered;
what to do when information is missing, when to greet; etc. It also con-
trols internal actions related to the dialogue such as starting to listen,
making predictions about the knowledge needed in a particular interac-
tion; making predictions about what to expect next; managing multi-
turn information exchange, etc. Modules in the PCL can control (turn
on and off; change thresholds in) the processes in the Reactive Layer, as
well as its own. This feature is essential since many of the lower level
processes don’t have global enough information to decide when they
should be active and when not.

3. This is not to say, of course, that striving for as high a recognition accuracy
as possible should not be tried.

Ymir: A Generative Model of Psychosocial Dialogue Skills
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In addition to the perceptual and decision modules, the PCL also has a
few processes specifically related to “book keeping”. These will be dis-
cussed in Chapter 8.

Action Scheduler (AS)

The AS can be thought of as a kind of “cerebellum”. Its role is to
receive behavior requests (Pr) from the Reactive, Process Control and
Content Layers, prioritize these and choose a specific morphology for
them (see “Morphological and Functional Substitutability” on page 76).
There are many ways to realize behavior requests, which can be thought
of as the “intention” to perform a specific act: one example is given in
Figure 7-2. A behavior request is thus a decision to do a specific action,
independent of its form. Behavior requests can be specified at various
levels of detail. Specific behavior morphologies (fm) are chosen from a
library of alternatives®. Increasing generality in the specification of a
behavior, e.g. “pull left corner of mouth up halfway” vs. “smile”, means
more options in its morphology (see page 101).

To chose between Pm options, the AS uses a trade-off algorithm. To
take an example of how the algorithm works, if the AS receives a
request for the behavior acknowiedge, it can use dialogue state and the
amount of load on the various degrees of freedom of the agent’s motor
system to choose a way to express this. The usual method could be to
say “yes”, but if the user is speaking, perhaps a nod would be more
appropriate; however, if the agent’s head is moving, it might choose to
give verbal back channel feedback anyway. There are many ways to
realize such a scheduling algorithm; we will see one particular method
in the next chapter.

FIGURE 7-4. The Action
Scheduler Layer contains {1} a
lexicon of behaviors and behavior
k morphologies (cylinder), as well

as {2} scheduling mechanisms for
requests to perform these (not
shown).

4. Complex behaviors that span long stretches of time need to be interruptible,
as well as computed incrementally to allow relevant, unexpected events to
be taken into consideration.
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FIGURE 7-5. The Content Layer
contains several knowledge
bases (shown as cloud-like blobs).

Content Layer (CL)

The role of the CL is to host the processes that make sense of the con-
tent of the input and generate acceptable responses based on this. For
example, given the multimodal input “Delete [gesture] those”, the CL
should be able to combine the verbal and gestural actions, and come up
with a correct action in the topic domain (i.e. remove a set of objects).

The Content Layer contains one or more Topic Knowledge Bases
(TKBs), which contain information about how to interpret a person’s
multimodal acts, how to generate responses to those acts, and how to
communicate its status to other parts of the system, particularly the Pro-
cess Control Layer. The CL also contains a Dialogue Knowledge Base
(DKB), which stores meta-knowledge about all other knowledge bases
in the layer. A meta-knowledge DKB allows the system to select the
most relevant TKB at any point in time.> To take an example, if the
agent knows the two topics of music and computer graphics, and hears
the utterance “Turn the blue box sideways” the DKB will recognize that
this utterance probably refers to the computer graphics topic, and will
notify the TKB containing the knowledge necessary to interpret com-
puter graphics-related utterances, which will in turn interpret the input
and generate some actions that will make the user’s wish come true.

Once a Topic Knowledge Base has generated usable output, it will
notify the DKB, which has the necessary knowledge to know when to
execute this action in the dialogue.

5. Alternatively, we can run a DKB in parallel with any one (or more) TKBs
which is considered relevant at any point in time. Output from the KB that
produces the best interpretation will be selected. This has two consequences:
{1} The KBs have to give a measure of their success and{2} equally good
interpretations from different KBs have to arbitrated. This can be done in
many ways, including asking the speaker a question, and because the conflict
happens at the meta-level, that question would be composed in the DKB.

6. If the DKB is uncertain which KB to pipe the input to, it might pipe it to
more than one TKB and choose the outcome that is rated as a “good recogni-
tion” by the TKB.
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(spen + 1929
d(csr N 2199)|

FIGURE 7-6. Blackboards contain
information accessible to a certain
set of modules.

In Ymir, the DKB is considered a central part of the system’s psychoso-
cial skills. In fact, any knowledge that has to do with dialogue, such as
knowledge about participants, their body parts, instruments used in
interaction (mouths, hands, eyes, etc.), greetings, good-byes, etc., right-
fully belongs in the DKB and are considered a topic (albeit a meta-
topic) in and of itself. The argument behind this view is the same as
behind the push to embody the computer: knowledge about interaction
is intrinsic to the interaction and necessary to conduct it correctly.
While history about the task—be it excavation or moon landings—is
stored in the relevant TKB, history about the interaction, and references
to the interaction (“Go back to when I told you ...”), are stored and
treated in the DKB. The big win in this modular approach is that it
allows for the one-time creation of dialogue knowledge (“Look over
here”, “Listen to me”), with domain-dependent knowledge being
“plugged in” by the agent’s designer (and by the system at run-time) in
a modular fashion.”

Summary of Layers

Placing these four parts of Ymir within Coordination Theory (see
Figure 5-2 on page 69) [Malone & Crowston 1991, Crowston et al.
1988, Malone et al. 1988], the Reactive Layer and the Process Control
Layer are product-oriented hierarchies: they contain a complete set of
heterogeneous processes to produce a product—the product being exter-
nal and internal actions. The Content Layer is also a product-oriented
hierarchy: its job is to produce descriptions from the user’s commands
that can be executed in the agent’s world. (For example, upon hearing
the words “Delete the blue box”, the system should be able to locate the
I.D. of the blue box, find the correct command to remove items, and
apply that command to the I.D. of the requested object.) The Action
Scheduler, however, repetitively carries out the same kind of process,
and is thus what Coordination Theory calls a functionally-oriented hier-
archy.

7.2.2 Blackboards

How do all these processes talk to each other? Psychological research
has shown that in perceptual processing, different information becomes
available at different times: for example, low-frequency visual informa-
tion and motion becomes available sooner than higher-frequency infor-
mation [Card et al. 1983]. A person can select how long to wait before
reacting to a particular stimulus, depending on the current trade-off
between cost of delay and cost of errors. This points to a process where
information that has already been computed is made available to the rest

7. 1would like to thank Richard A. Bolt for pointing me to the issue of modu-
larity; see also Walker & Whittaker [1990].
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of the system. In A.L a blackboard is a metaphor for a global informa-
tion exchange [Selfridge 1959]. Any process with access to a black-
board can look for information relevant to its own processing. In Ymir
we use the idea of more than one blackboards, each with limited access.
There are three main blackboards. The first one is for information
exchange primarily between the Reactive Layer and the Process Control
Layer. This blackboard is called the Functional Sketchboard (FS). It
stores intermediate and final results of low-level (high-speed) percep-
tual processes such as motion, whether the agent hears something or not,
and first-pass multimodal descriptions.

The second is the Content Blackboard (CB), servicing communication
between the PCL and the Content Layer. This blackboard is the key to
the separation of process control and content analysis in Ymir. Here
results are posted that are less time-critical than those on the Functional
Sketchboard.

The third blackboard in Ymir is the Motor Feedback Blackboard
(MFB), where the Action Scheduler posts the progress of behaviors cur-
rently morphing and executing. In the MFB the PCL and CL can read
status of formerly initiated behaviors and replace those that are can-
celled or have failed for some reason.

7.2.3 Perceptual Modules

This section explains input processes of an agent, and input data repre-
sentation. There are currently two kinds of perceptual processes in
Ymir, virtual sensors and multimodal descriptors. But before describ-
ing these, let’s look at the philosophy behind the approach.

Background

The organization of low-level perceptual processes in Ymir follows the
so called purposive, qualitative, or animate perception approaches
[Aloimonos 1993] in that it is purpose-directed and ego-centric. It is
based on the general idea that a situation is an important factor in select-
ing the perceptuo-motor skills of an animal, to maximize attentional and
mental faculties for the particular tasks that situation calls for. This is
closely related Agre & Chapman’s [1990, 1987] indexical-functional
representation in their Pengi system, where objects and dependencies
are represented in terms of the effect they have on the agent’s goals, in
ego-centered terms, e.g. instead of representing a flying bee with the
symbol BEE-£3 it uses labels like the-bee-i-am-now-chasing, defin-
ing the bee in direct relationship to the perceiver [Lyons & Hendriks
1992].

Ymir: A Generative Model of Psychosocial Dialogue Skills
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At higher levels the system’s perception becomes more complex, slower
and more general. Here we can expect the agent to be recognizing
objects, faces, body parts, and relating them to its lexical and relational
knowledge bases, to generate verbal output for instance. These kinds of
processes are not specified in Ymir (this is quite a research topic), but
general ideas about how these could be handled in a dialogue system
will become apparent as we continue.

The perceptual abilities of an agent are assumed to be grounded in
knowledge about the interaction, such as knowledge about participants,
body parts, turn taking, etc., by situational indexing. Thus, an agent
created in this architecture is not expected to be trying to avoid obsta-
cles, prevent itself from getting killed, etc., while it engages in interac-
tion with humans, and therefore does not require any non-
communication based perception. For instance, upon hearing a voice in
a given (perceived) location, an orienting response toward that voice
could be triggered. The architecture could of course be expanded to
include perceptions of other things than only those relating to communi-
cation. How broad the ego-centered approach can be made is an open
question. Now, let’s take a look at the two perceptual elements in Ymir,
Virtual Sensors and Multimodal Descriptors.

Virtual Sensors

The simplest processes in Ymir’s perceptual system are the virtual sen-
sors, which process simple features of the dialogue and output Boolean
values. These sensors are considered to lie at least one level above the
energy transducer layer, such as a retina or cochlea, or, in the case of the
Gandalf system (Chapter 9.), the space sensing cubes, eye tracker and
microphone. A virtual sensor is usually associated with a single mode:
an example would be a vocalization sensor that turns on or off depend-
ing on whether the user is making sounds with his or her throat.

The virtual sensors in the Ymir system fall into the following categories:

Prosodic
Speech
Positional

RN J SR

Directional

Prosodic sensors track the intonation of the speech, pauses and volume
of vocalization; speech sensors are a general class of processes that look
at the speech content. They could for example be sensitive to certain
words that play a role in dialogue orchestration such as cue phrases;
they would also track the global functional aspects of speech, such as
determining whether an utterance is syntactically correct, whether it
makes sense pragmatically, what the topic is, etc., as much as these can
be gleaned from just looking at the speech (more extensive analysis of
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these is done at higher levels, albeit at a slower pace). Examples of each
of these classes will be given in the chapter on Gandalf. Positional sen-
sors track the absolute position of objects (position in real-space) or the
relative position of two or more objects, e.g. displacement of the eye-
brows from a resting position, and directional sensors track the direction
of objects (e.g. gaze, trunk or head). Two fundamentally different kinds
of virtual sensors are postulated:

1. Static sensors, which report a current static state to be true or
false, and

2. dynamic sensors, which track the change of a certain feature
of a single mode over time and report on the conditions over a
given duration of time.

For example, a static sensor could report whether a person was looking
at the agent’s face or not. A dynamic sensor could report whether the
person glanced away quickly and then back. The theory behind this is
that short patterns of activity may have significance for the interaction
[cf. Argyle, Lefebvre & Cook 1974].

Multimodal Descriptors

Processing the output provided by the virtual sensors is a net of what I
call Multimodal Descriptors. The descriptors aggregate information
from the Virtual Sensors to compute intermediate, multimodal “func-
tional sketches” of the user’s behavior. An example is a descriptor that
tries to determine whether the user is giving the turn. Another might
combine information from a spatial sensor and a speech sensor to pro-
vide a {SOUND, LOCATION} pair that can be used by the agent for ori-
enting itself toward a person. Two kinds of descriptors are proposed,

1. static descriptors and
2. dynamic descriptors.

As with Virtual Sensors, static descriptors simply respond to a static sit-
uation, whereas dynamic descriptors detect patterns over time inter-
vals—as reported by the virtual sensors—such as a specific combination
of arm and eye movements for a given interval. For example, bringing
up your hand and uttering something (“ahhh”) while the agent is talking
may constitute a wish to interrupt. This could be detected by a static
descriptor sensitive to the conditions of either hand in gesture space and
vocalization present. A head nod and a particular vocalization (“aha”)
combines into a single “back channel feedback™ report, detected with a
single dynamic descriptor.

Ymir: A Generative Model of Psychosocial Dialogue Skills
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Summary of Virtual Sensors and
Multimodal Descriptors

We can now summarize the perceptual system. The virtual sensors
receive data from the sensing equipment and do initial computations to
prepare it. Multimodal descriptors monitor the status of the virtual sen-
sors through a blackboard and change states. In the implementation of
Ymir, this is based on first-order logic combinations of these, as well as
the states of other descriptors. Later versions of Ymir might use Fuzzy
Logic [c.f. Kacprzyk 1992] for this purpose, or other methods, provided
they are fast and flexible enough.

7.2.4 Decision Modules

Decision modules look at the state of the agent’s knowledge, which
includes a representation of the outside world as well as the state of its
own processing, and make decisions about what to do from moment to
moment. These decision can affect both the outward behavior of the
agent or the internal processing inside the agent’s “mind”, and thus fall
broadly into two categories:

1. External Decision Modules—those that initiate overt actions, and

2. Internal Decision Modules—those that only change the inter-
nal state.

Granularity of the modules varies according to their task. Each decision
module contains knowledge about where to look for data (which black-
board), what to do with it and how to communicate its status to other
modules by posting information to the blackboards.

Decision modules in the Reactive Layer search for specific conditions in
the Reactive Layer’s Functional Sketchboard; the Process Control
Layer’s decision modules can look for conditions in both the Functional
Sketchboard and the Content Blackboard (see “Blackboards”, above).

7.2.5 Representation of Behaviors

We are now ready to look in detail at the fourth and last layer in Ymir,
the Action Scheduler.

Background

Research on errors in human and animal locomotion have supported a
model in which distinct levels of representation are at work for any
motor act [Rosenbaum et al. 1992]. For example, levels activated ear-
lier provide information spanning longer stretches of time, e.g. the glo-
bal act of moving your arm/hand/finger to enter the expression “27 + 9
+ 3” into a calculator. Levels actuated later provide smaller and smaller
constituents for that behavior, e.g. individual key presses. This model
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would indicate that information needed to execute an act like that would
also need to be represented at multiple levels: locating the calculator in
real-space is more coarse than locating its individual buttons. Rosen-
baum et al. [1992] have proposed what they call the Knowledge Model:
Motor control is performed by autonomously functioning modules that
compete for execution, and that these modules carry information about
postures. This model, and similar ones [Rosenbaum et al. 1991, Albus
et al. 1987] are aimed at explaining complex motions like those of the
arm moving the hand to press a button in an elevator, all the way down
to the feedback provided from the muscles.

Behaviors & Behavior Morphologies

The approach taken here is in some ways similar to Rosenbaum et al.’s
[1992]. The idea of stored postures is used in the Action Scheduler, as
is the idea of hierarchical storage of increasingly smaller units. How-
ever, choosing between alternative actions is done by a monolithic algo-
rithm, not competing individual modules. In Ymir, action is split into
two phases: an action request (or intentional, decision) phase and a com-
position/execution phase. As discussed in the section on the Reactive
and Process Control layers, the first phase is based on a collection of
decision modules that can request specific actions, specified at varying
levels of detail. The second phase happens here, in the AS. This
method for representing behavior leads to a database where functional
and morphological definitions co-exist in the same space, with no dis-
tinct division lines between the two classes. An example of what such a
database could look like is given in the chapter on Gandalf
(Section 9.7.1 on page 153).

Behaviors are indexed at various levels of detail: smile, pull-corners-
of-mouth-up, move-motor-#-to-position-y.  Obviously, there
must be hundreds of ways a person could smile, fewer ways in which
one could pull the corners of mouth up, and perhaps only one way to
move a muscle to a particular location. We can make a tree, where par-
ticular morphologies are given as the tree’s leafs (Figure 7-7). As we
travel up the tree, the flexibility for various implementations of a partic-
ular act, like smile, or show-taking-turn, increases. Of course, given
more options, it takes longer to choose the best one. Decision modules
in the Reactive Layer related to external behavior generally request
highly specific actions; those in the Process Control Layer usually make
a more general specification.

Action requests issued by the RL are generally specified at a lower level
than those in the PCL, since these are under tighter time constraints
(with the effect that the AS—see below—doesn’t have to spend valu-
able time composing a set of motor commands for the action involved,
but simply looks up the default motor schema and sends it to the anima-

Ymir: A Generative Model of Psychosocial Dialogue Skills
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Show-Taking-Turn

AEV\Iay-From-User

Look-Away-From-User
Open-Mouth

H[Diff(User-Pos, 30), t=350]

P1 [Diff (User-Pos, 20), t=30]
Pr [Diff(User-Pos, 20), t=30]

Mb [60, t=300]

FIGURE 7-7. The hypothetical behavior Show-Taking-Turn has two
possible instantiations, Turn-Away-From-User and the Yarallel pair {Look-
Auway-From-User, Open-Mouth}. Each of these point to low-level motor
commands with degrees and time in milliseconds. The function Diff
returns a setting that is guaranteed to not include the user’s position in the
agent’s line of sight. Parallel actions are marked with a star.

H = agent’s head, P = pupil (left and right), t = time in milliseconds, other numbers
represent degrees (and relative position in the case of motor Mb), Mb = bottom mouth
motor (see Figure 8-11 on page 123).

tion module). Examples of actions issued by the RL are show-taking-
turn and look-at-person. Examples of the more extensive actions
included in the PCL are indicate-response-delay and espress-—
confusion. To determine which layer a potential action should belong
to, one can use time-specificity (i.e. those that typically have expectied
lifetimes under 1 second are likely to belong in the RL than the PCL;
see “Temporal Constraints” on page 69), and/or the time the actions
spans (RL if less than 1 second). Another criteria is the kind of percep-
tual data the behavior needs to be executed reliably; those requiring
complex data are less likely to belong to the RL. Guidelines for deter-
mining which layer a particular behavior belongs to are likely to emerge
out of further research on this topic.

Generating Manual Gesture

The dialogue management system, by itself, can support the generation
of four classes of dialogue-related manual gesture [Rimé & Schiaratura
1991], independent of the topic knowledge base(s) used®. These are {1}
emblem gestures related to the dialogue (e.g. holding up a hand to signal
“Stop speaking!”), {2} deictic gestures (involving objects in the dia-
logue knowledge base), {3} beats and {4} butterworths (see Figure 3-2

8. Since iconic, pantomimic and deictic gestures related to the topic of discus-
sion cannot be generated without reference to knowledge of the topic, and
the knowledge residing in the dialogue system contains no topic knowledge,
these would be generated in the corresponding knowledge base.
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High-level
Action
Initiation

Low-level
Action
Initiation

Look-at-user

Look-in-
direction-
of-sound

Spatial &
Lexical
Knowledge
Base

Action
Scheduler

Sensation/
Perception

FIGURE 7-8. The Action Scheduler has access to a spatial knowledge
base that is kept updated by the sensory and perceptual mechanisms.
Examples of messages sent to the AS from the Reactive and Process
Control layers are shown in italic letters.

on page 44). These are all requested from the RL and PCL by calling
the appropriate type of gesture with the optional parameters (such as a
3-D vector for deictic gestures) and treated in the same way as other
actions in the Action Scheduler.

Any gesture related to the topic should be generated in the correspond-
ing Topic Knowledge Base.

Spatio-Motor Skills

To allow an agent to move in relation to surrounding objects such as a
person or a task area, the AS needs access to a spatial knowledge base.
Examples of such actions would be Look-at-User and Turn-fo-
Area-1X. 1 propose that this should be done with access to a common
spatial knowledge base that is fed with information from the sensors!?
(Figure 7-8).

9. This behavior, unlike the other examples, contains a variable. There is noth-
ing in Ymir that excludes such modules—in fact, for complex behaviors they
will prove essential.

10. A simplified version of this approach has been implemented in Gandalf
(Chapter 9., page 129).
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FIGURE 7-9. Cascading decision
modules with slightly different
triggering timing (abscissa) and
conditions (mantissa) allows us to
cover classes of behaviors.

When do we go Ballistic?

When, in the process from intention to execution, does an action, or part
of an action, become impossible to cancel? This question about where
to go ballistic is an important one. As we established in Chapter 5. the
incrementality and reactive nature of dialogue allows participants to
interrupt each other at a moment’s notice. In Ymir, once the AS has
sent the commands out, the agent’s behavior is ballistic, i.e. there is no
way to cancel their effect after this point. This last part of the path
should therefore be kept very short, typically less than a second. For
actions longer than a second, one would expect them to be composed —
or at least executed [Kosslyn & Koenig 1992]—incrementally so that
they can be cancelled at any time.

Creating Behavior Classes with Cascaded
Decision Modules

The idea behind cascaded decision modules is this: Suppose you’re
walking along a narrow trail in the woods and you’ve decided to put
your food down somewhere, when suddenly you realize it looks like a
puddle and you don’t want to get wet. So you cancel your original
motion goal and replace it with a new one. The new goal results in a
motion that moves your foot to a different location along a different
path. The new goal in this example is one decision module of a group of
cascaded decision modules, all aimed at placing your foot in various
ways on the ground. By cascading a number of decision modules, cor-
responding to a number of behavior morphologies, each triggered in the
case of another’s cancellation, inappropriateness or failure, whole
classes of behaviors can be built up.

For example, if the agent performs the action Show-Taking-Turn but
the user continues to speak, the Show-Taking-Turn behavior must
have failed somehow, either in execution or in indicating to the user
what it was intended to show—or perhaps the user just decided to
ignore it. The outcome in any case is the same: the user simply contin-
ues to speak, as measured by the virtual sensors. But how should the
agent respond? It has already decided to take the turn, and may have
stopped listening, yet has been unsuccessful in showing this to be the
case. And its Show-Taking-Turn module has already fired (and won’t
fire again unless it is reset). The solution to this apparent deadlock lies
in designing a second module, called Show-Take-Turn-g, that acti-
vates if the two states of user-speaking and Agent-Has-Turn occur
simultaneously for a longer-than-normal period, e.g. 500 ms. The out-
ward behavior resulting from this second decision might be more exag-
gerated than that of the first, including perhaps a manual gesture to try
to show the user that the agent really wants the turn.
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Another example of using cascaded behaviors is the situation where you
know have been asked a question, and you have already shown that
you’re taking the turn, but you haven’t come up with the answer yet. To
deal with this delay, people engage in various verbal and non-verbal
activities; they look up, say “ahhh” or fill in with more extensive elabo-
rations like “I know this...hang on a second.” With cascaded behaviors,
delays as these can be taken care of automatically depending on the
duration from the time you took the turn. The decision module/behavior
Produce-Filler could produce an initial “ahh”, Produce-Filler-¢
might be designed to take care of an additional delay. Yet other deci-
sion modules could take care of pauses that hadn’t been filled but
should have been—we can imagine a collection of 10-20 such modules,
each with slightly differing conditions for triggering. This puts the cre-
ation of the behaviors in the hand of the agent designer, but the selection
of each option in the hands of the run-time system.

Using cascaded decision modules (Figure 7-9), whole classes of condi-
tion-action situations can be addressed. How this is done for a particu-
lar agent—and this applies to all modules in the system— is largely an
empirical task that depends on a number of factors including the poten-
tial users, their diversity, and cultural background.

7.2.6 Knowledge Bases: Content Interpretation
& Response Generation

A knowledge base provides a system’s ability to “understand” language,
gesture, facial expressions and gaze. The topic of an interaction could
revolve around car mechanics, architecture, plumbing, or the solar sys-
tem. The knowledge base will provide the ability to key together
actions such as pointing at a wall and the utterance “remove that wall”
so that the multimodal act can be understood and an appropriate reaction
to the command generated.

Ymir contributes to our understanding of interpretation in that it pro-
vides a framework for better specifying the limitations that interpretive
processes have to work under—regardless of how they are exactly
implemented. The major requirements the TKBs used in a real-time
dialogue system have to fulfill:

1. Processes have to be incremental.
2. Processes have to be reportable.

Incrementality means that interpretation happens at a fine enough gran-
ularity to allow meaningful communication between knowledge bases
and the PCL to happen during a user’s utterance. Reportability refers
to the system’s ability to report on its own status and progress. These
principles are the basis for allowing a modular approach to knowledge

Ymir: A Generative Model of Psychosocial Dialogue Skills
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representation. Other benefits are also expected. If these principles are
adhered to, the system’s ongoing topic interpretation of a user’s multi-
modal act can be constrained by the information posted to the functional
sketchboard. For example, if the Sketchboard has an indication that a
communicative gesture was made during the user’s turn, gestural analy-
sis of the segment can be started up in the TKB even before the user has
stopped speaking. If the interpretation process encounters problems, an
ordered list of progressively less likely functional roles for the multimo-
dal act in question can be used to provide a next viable candidate. The
Process Control Layer will take care of any delays that such a disruption
may introduce into the interaction.

For each TKB, and the DKB, non-real time blackboards could be used
for more exact functional analysis“, using a high accuracy/speed trade-
off, but still working along the same lines as the sensor/descriptor sys-
tem. An important requirement of this design is that the sketches pro-
vided by the fast analysis match more than 50% (= chance) of the
analysis performed at the higher levels, because otherwise any real-time
feedback based on these sketches is not correlated with the higher-level
functioning of the system. To be sure, people often make mistakes in
their functional analysis (e.g. mistaking a deictic nod for an acknowl-
edgment) which they effectively mend in the process of the dialogue.
But such mistakes are disruptive and hence should be avoided in a com-
puter agent. We will come back to this issue in Chapter 9.

If achieving good correlation between low-level analysis and high-level
interpretation proves to be a difficult task, there is at least one reason to
be optimistic about this being a problem: If the user is following Grice’s
maxim [Grice 1989] about mutual cooperation in dialogue, over time,
she is likely to modify her own behavior to make the two consistent in
the agent. This modification would probably take only a few hours—
certainly less than days—of interaction. So, if the agent consistently
displays the same inconsistency between the real-time feedback and
higher-level analysis—i.e. as long as there exists a morphology of user
behavior that results in the same analysis on both levels—we may
expect such problems to disappear over time.!?

11.The exact implementation of the KBs is not specified in our architecture;
this is one of the issues that should be left to later research.

12.1n fact, data in the evaluation experiment of the Gandalf system (Chapter
10.) seemed to support this claim.
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FIGURE 7-10. Overview of the Ymir architecture, showing the four
layers, types of processes in each layer (square, sphere, prism, blobs,
cylinder), communication links (hollow arrows) and motor control
(glack arrow), as well as the blackboards used for communication
between the layers (Br = behavior requests, RL = Reactive Layer; PCL =
Process Control Layer; CL = Content Layer; AS = Action Scheduler; FS =
Functional Sketchboard; CB = Content Blackboard; MFB = Motor
Feedback Blackboard). Not shown are the direct control links from the
decision modules in the PCL to the Multimodal Descriptors in the RL.
Multimodal information is assumed to be streaming in to each of the RL,
PCL and CL as needed.

7.3 Ymir: Summary of all Elements

Figure 7-10 summarizes the layers in Ymir and provides an overview of
their interconnections. Hollow arrowheads show the flow of informa-
tion; the black arrowhead indicates absolute commands. Notice that
flow between layers is not deterministic; each layer decides what to do
with the data received from elsewhere according to time-constraints and
the type of data. Layers further down the page are generally slower lay-
ers, with the exception of the Action Scheduler, which uses time as a
variable to determine its processing. Not shown is the ability of State
Decision Modules to turn the activity of perceptual modules in the PCL
and RL on and off.

Ymir: A Generative Model of Psychosocial Dialogue Skills
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7

6
FIGURE 9-3. Gandalf system layout. Grey arrows show display Legend
connections; grey line is Ethernet. Eye tracker is connected to computer 1. DEC 5000/240
4 via a serial port and the data is fed to computer 3 via another serial 2. DEC Alpha 3000/300
connection; output from the jakcet is connected to computer 3 via serial 3. PC (Intel 486)
connections (dark arrowheads). Black cube (connected to computer 3) 4. PC (Intel 386 )
generates the magnetic field for sensing the posture of user’s upper 5. Macintosh Quadra 950

ody. Microphone signal is split to two computers (6 & 7) via an audio 6. SGI Iris

mixer (connections not shown). 7. SGI Indi

ﬁo
8. HP Apollo 9000/750

3. A PCis used to collect data from a body tracking suit.
4. A PCis used to collect data from an eye tracker.

5. A Macintosh Quadra 950, with a Roland CP-40 pitch-to-
MIDI converter is used to track and analyze intonation.

6. A Silicon Graphics Iris is used for speech recognition.
7. A Silicon Graphics Indigo2 is used to animate the character.

8. A Hewlett-Packard Apollo 9000/750 animates a virtual solar
system.

The configuration is presented graphically in Figure 9-3. An Ethernet
connection provides data flow between all computers (a serial line con-
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nects computers 3 & 4). Further detail on the hardware and software
can be found in Appendix A2 on page 203.

9.2  Gandalf: Technical Description

Gandalf consists of a collection of virtual sensors, decision modules and
a behavior lexicon. Its knowledge base, whose mechanisms were men-
tioned in the last chapter, is also presented here in full detail, along with
each module and communication primitives. Most of Gandalf’s mod-
ules aimed toward generating appropriate turn taking and maintaining
the flow of the interaction: very little has been done in terms of provid-
ing it with sophisticated perceptual mechanisms or extensive topic
knowledge. Needless to say, Ymir provides the necessary hooks to inte-
grate such mechanisms into the control of the agent’s behavior. To give
the reader a complete picture of what it takes to design a (minimal)
agent in Ymir, in this chapter we will look at all the modules needed to
get Gandalf working.

9.2.1 Where do Gandalf’s Control Rules Come From?

Gandalf’s modules are designed with the single purpose of supporting
intelligent dialogue behavior on behalf of the agent: enabling it to look
where you’re pointingl, glance at you when you’re done speaking, turn
its head back to you when it’s finished doing what you asked it to do,
etc. For the most part, this was done by data-mining the psychological
literature (Chapter 3., page 37). Most of its Decision and Behavior
modules, therefore, trace their origin to one or more papers reviewed in
that chapter. Some fine-tuning and modification of modules was also
performed after user testing (“Human Subjects Experiment” on
page 147).

9.2.2 Virtual Sensors

Gandalf has a total of 16 virtual sensors (Table 9-1), of which 3 are
prosody sensors, 9 are body sensors and 3 are speech sensors. One sen-
sor is specialized for monitoring body data input, and is called vision-
sensor (sensor number 10, Table 9-1). It allows Gandalf to know
whether its vision is working properly. It "#$%s FALSE if any of the
data from the body tracking stops updating normally.

The prosody sensors are added for homogeneity; the features they repre-
sent are computed on a separate machine (see above) and sent over a

1. See Table 10-1 on page 172 for perception and action modules designed for
deictic gestures.
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1 HESITATE \ '
2 SHOW-TAKE-TURN
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[<02(0.*#1 +'1")*1 0$&)'1'0+%1$'$(%1@! | K')*0!.((0! 0%1/(%1*11 1)(4T#! 2+77
+7(%&!)17$%*11(?1G;LFL<=G;>1.1*231+22(0#$%&! () ICDE @!M(.,$%$%&
V¥ R)+-$(0!.(01)(7(&B! 1¥7%2'$ (%! +%6#! +2'$(%! 12)*#47$%&316)$2)!$119;
Fi1<I=L;>1 123140641 %*'1'0+0612+03! =;1:91 <1=9;>1 . 1*23 @I %

J-( 1)+, @!1"%()*0! 7$.$'$%&! 2+2'(01$%!")*1.((01 1B1™*.1$11")*! /*0?(08
A+962*1(?1)*1((011B1**.1$'1*72316)$2)I1$ 1127 (1*!'(1)*14//*017$.$'1(?1')*
C(#*7!D4.+%! EO(2*11(ON!H((%A+2*O1! P"//*%6#$Q! "=31/+&*IF;9R11.+778
*1'!4<(>g$'!(?!*Q*24'$(%!$%!')*!2400*%'!$./7*.*%'+'$(%!$1!+!2(%1'+%'!(?!
P+, @

"#$"$. /01123"415+(6'7-
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SHOH(1H%" -2 (#*%BIO)H, + /% I (H*%BI*-1. I/1- 04*%0, 14-*+#54#%&!(), H%"*- 2/ A
(#*%1%-1/Q)#, +#%&)(), /9 (#*%6!

"H$%I&!()*(+,-1.)/0(+1(2$3)!$)!145%66!7(%28 9:9



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

"H$0$" &'()*+,-./1011,234'23,.

"HSHOO&! (1 Y+ #,] +-1 %6*$ #&I [0#S+)-*$ %1-0+! +(#! 2%8&)-0$! 3#%6+0&#$! -3

VoAt +5-&)H*+#,] SES+HTSB+(Yo+! )$! SES+HTS! +(%o+! #7:-6! %*! #71-)#,9
(07%*-),1"(%68%'+#E&SS(%oS! +-1, Yo+#! L] (%7 #&H,! 161 +(#!:%'<! -3! &#%;
7:0+H&ISESHHTSI'V0:% 1 #1-31$0$+06)*)*41%* 1$0::-&-+) *41$:-<H#*],)%;-40#

)+(1%! (07%*10$4#&=11>-1%$$#$S! +-1) SI$0'(196$! 1#;)#2%1);)+69! +80$+91#33#'5
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SH(IGRHELOL( T (1 (5 S L1 -1 -8 (< #<-&" (1 +1&,#20(1 =(929! >2-1 2@$
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ngpe (L& L& (1A H<O%' (1(*. 9> DO. I THAI&IHO . I"HSY6& [+ 21) &*+&, -1 #1&
B(B3HE& "B+ #4511 (1248, 1/ 11 #| #HSERY&H'| ()18 +EHD".

1%)"*01 1%'$21 3/ & 11 /*.(‘&" JHBI#*(1 "&**#.1 [* ' #+0"(1 &! B(63H&'+! #'

$HOL(1/* #1.7(1161.($IA/. T#0.1"#$% #$/1/+21/.11*&.0'&, *(1191F7/11/11&
+--((* | GO(L./AH#*(1. 7& 1 T&LIB((*1/*;(1./2&.(+1361#.7(1'(1(&"7('L
1(92913(0!(.1&, 9IKLLKMH&*+1A/, 14#.13(1&++ (11 (+17('(9

"HE%$%  &'()*

(1" &IS.T&N LI (T (&'+/1.7&.1.7 (LI ((+1-#1$0, /%, (1$#+(1
1417 1%(("7 "7&*(, & (L &1 T(1*("(11&'6! +&.&! :"71$&*I N
O78%&*/1IKLPQMO!N?-1.7/11/11'0(BL.7( (V1! /.., (" (&1#*! #19%0.1/%. 7(1(--#'.).#
($3#+6!.7(1161.($B!&,, . 7&.I/LI*((+(+1/11 1%(("7116*. 7(1/11 &*+1'("#2%/<
JHONET(1S&IHHIR("/(1#-1. 7/11(SY(IS(* L1 +(.($/+/+21. 7(1IS%H'<

& (HIATEIA (LA T( (&L 4% 3)* 1-((+3&"81.#.7(1(--("./:(*(11

#-1 +1&,#20(9! | T*(#%(! -((+3&"8! /*",0+(1! 3&"8! "7&**(,! -((+3&"8
IU*2;(1 KLPVMB! &..(*./#+&,! -((+3&"8 &*+! #.7('1 %'#"(11<'(,&.(+! -((+<
3&"89NP*" O+(+1/*1(*:(,#%(I-((+3&"81& (" (&"./;(13(7&;# 1H3(7&;/#'1
T&1&(1;('6! GO/'8! &*+! Y6(#%, (1 *#'3&,,6! +#*@.) .7/*8! &3#0.1 AT(*1 %('<
HSF2140' 421" 1% (L& N TS&S%, (11/+",0+(13,/48/*2BI+(.(‘$/*/*2
-IS&.JHYt* 11 HSISHS(* | HISHS(* BI1&6/*21>&T&51&.1.7(1127.1./$(1B
("NIW(1&, 141 2'#0%! $&*0&,! 3(&.1 2(1.0'(L1/*1.7/11"&.(2#'69!  F7(1", &/$
7C(/1L7&1LT(L(18/+114-13(7&; /4 11&' (1. 7(11. #+2(1.18'20$(*.1-#'101/+2

& ($3HH(+! &2(*.1 1 1%(("T<3&1(+ TOS&*<"#$%0. (! /*.(&" [#*BI &*+B
0%, (LLIL7THAX HI1HS(THAIS(SYoH'.&* | #1+/& #20(BIAHO, +13(1+/1$/11 (+
&116(1&*#.7(101(, (111 7#21-1%#" (11#1"6",(1./$(9!!

XH4.7 (1811 ((+3&" 8. 7 &L - (KIS (* S (+1/1'( &) ) ($3H+/<
$(*1&'(1 *13$23"#1*151( O TSH#./#*&,! ($3,($1! &'(1-&"1&,! (S%'(1<

LA 781 (-( (" (1 &1 %& /"0, & ($#./#BI AL T#0.1'(GO/'*21 .7 (1 %" 1#*
LTHAR2LT((SY' (LLAL#-((,1. 7&M(SH. /4181 T (1SHS(*. 1-1(S%' (L1/#*
IT8$&*! KLPLMO! %1 .7(1 /.(&.0'(! #* &*.7'HUHSH UT/1$B! ($#./#+&,
($3,(S1I7&;(13((117(,+828/*1&*+1 828/ #13(1&!-(&.0'(1. 7&.1&*! ($3#+<
[(+1&2(*.<3&L(+!/*.(-&"(1"#O,+HE&*+1 1 7H#O,+H&++! #1 70$&*<"#$%0. ("

[* (& J#11"-91 Y &1(2&A&! (1 &, 9'KLLZ B! [&2&#!N!F&8(0"7/!KLLQB!F&8(0<
"7/INV[&2&H#IKLL\BID'/. #*IKLLKM9

F#1/%,(1./2&.(1. 7(L(1GO(L1. /4 1BIA("#$%&' (1.7 ((""#+ [#*19NF 7 (13&1/"
Mg [ &L (% (& (F1-((+3&" 81,6911 O#*. (*.1-((+3&"8! /1
&*B10%/<IH1S0,./$H+&,1&" JH#1). 7& 1%(". &/ #1.7(1 #%/"1#-1. 7(1+/& #20(B
10"71&1I&FTA( L # GO(L A1 (1%#* 1 (1L #' (GO(1. 19 F7(11("#*+1"#*<
L &A1Y (55(#%(1 -((+38"8! 1. T(1"#(*.) (1%#*1(1B! &1! +(-/*(+
B(HANFT(L7/+1" S+ [ " H$ 3/ (L1 ($H./4&,1 ($3, (SLIALTI"#* (*.

"HEY6I&I ()*(+,-1.)O(+1(2$3)!$)!145%6617 (%28 o



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

"H#$968.%'%6(&) ! ($I*#+,-%(.)
"HSI068"&()* 1 +$*-L. $#,)&O011($0$121$31)*1-#$1$45$0)6$*-7

891 $158*1$1-&);&*-$*-7
g <4$;2-)*+1:866,*311= *1($0)*+1>2$1-)&*19

889!1<6&-)&*,'1$6.'$617

$# 28*0621$31$450$11)&*(#$])-138$1*@-12*3$01-,*31,*12--$0,*:$9
ot AB)'$1I(#$*1,330$11$3!. BI-#$121$0!,*3! (#$*10$158*3)*+1-&1,!
62"-)6&3,",;-9

8889!<*/$'&5%!%%$%$3.,,C7

DIE--$*-)&*,'7

&# E550850),-$1#$,31-20%)+1 *313$):-); 1+, FSI (H$*) 1-$*)*+1-&!
21$0!,*31$4%;2-)*+1:&66,*311)*1-#$/3&6,)*9

DIG,;CL:#,**$'7

% E/$0-)*+1+ FS$!,*31')%-)*+1$B$.0& (1! (#$*1-,C)*+1-20*9
@ H,F)*+1.,:Cl,-15$01&* (#$*1+)/)*+1-20%9

DIA-,-217
y <BS$L)*CL*31- 55106 *+$011-&I 1#&(1-#,-1)-1)111,)/$I9!!

D!?&*-$*-K0$',-$37

# L,*2,"1+$1-208!(#$*150&/)3)*+1/$0.,'; &*-$*-9
+# M$0.,'l,;C*&('$3+6$*-1(#$*1#,/)*+12*3$01-&4&3!,162"-)6 &K
3,'1,;-9

N$!;,*1-,C$!.$#,/)&010!, 11+)/$*1)*! *BI5205&1$%2'P!;&662*);,-)/$!11B1K
-$671()-#8&2-1,550850),-$!0$15&*+1$!-&!;&*-$*-P1-#$0$!)11')--'$!5&)*-1-&!3), K
'&+2$9NG2-1(#,-1,.82-1-#S!' --$0!-(&Q!I8*] *| *-#0&5&6&05#);1)*-$0%,;$P
(#):#1)11680$!)65&0-,*-71508/)3)*+!-#$! 1B1-$6! ()-#! -#$!,.)')-BI-&1 508K
N)3$IR,SI$6&-)&*,1$6.'$61PI&OIR.SI%$$3.,:Cl(#):#!) 1108 -$3!-&!-#$150&K
$111 &%! -#$!;&662%);,-)&*Q! INS$! 08! ;',)6)*+! -#,-1 -#$!)65&0-,*;$! &%
*-#0&586805#)16!$11%)01-1 *319%6&0$6&1-1)*!)-115&($0!, 11,12%)%B)*+1;:&*K

;$5-1%&0! 1)65%)9%B)*+! 3)1;&201$9! | 8%! -#)1!)1! -02$P! %$$3.,;C! -#,-! 0%',-$1

3)0$:-'BI-&!-#$150&:$1118%!-#$!3),'&+2$114#8&2'3!. $18%!2-6&1-1)6580-,*:$!-&
&-#13),'&+2$15,0-);)5,*-1P1(#)'$!, *BI&-#$01/,0),. $1P112;#!, 11$6&-)&*"
3)15', B1P!1#&2'3!.$!1$:8*3,0B9

]

012 "3)4*,51067




1<3#=12(2$3)(+1>3*6+13,178?@5383@$(+!A$(+3B16!CD$++8

"#$%$& '()*+,-*./01!12*3,4.

I"HEB&()*+*(,%o-$HS%0+$,+$).%6%61"$%/"(+$(+260$%$) 128.3%4/561 7%&'()*+*(
*(&89)$,%1$"2:4#%;%' (8<=%6+"9,% $>&89)*(?% $@"+*(28%2()% $(:$8'A$%B$S$)C
12&3D%%!"$% E(:$8'A$%0$$) 12& 3% 4E6F 7%& ' ()*+* (%*(&89)$)%288% 1$"2:*#,
$>8$A+% GG=% $>&89)*(?% $@'+*(28% B$$)12&3D% % !"$% E@'+*(28% $@18$@,
AEH57% &'()*+* (% *(&89)$,% 1$"2:*#,% G% 1% GG=% +"9,% $>&89)*(?% $(:$8'A$
B$$)12&3D% % E>2@A8$,% 'B% ($9+#28=% ,@*8*(?% 2()% A9JI8$)% $>A#S, (% B'#
$2&" %08 2428+ $HY62H$Y 7+ $(Y6*(%0*29#$%; K C; D% %

IH$%8 ('(
E*2"+06"<A+'$ 3 %-$4$%+5 +5).

ras HS%&S () H+%, H-H&")SH&" (# (', /0%1H#*")0(%-.0%") 2# &("3
2'(2#-'0+")#*")$%60%") 244516407/ #% )" $%0%")#895:

EF'GH/IOIIOKI I"#$%6" &HHS (JH-S+*H, 5. $Y6"#SH/O#&- 1#.%62$345*6$' &41$%640$%64%
74%%418$9(.,('6$34:(., 68,1 742$$<4:+1 *6$:# % $%A$&-="%68$. #+%&(:$
#I0&H*-4.6$0+>>#1#.966$(.,$*1-#2

r AN ~— ( A\ - " AN —
PSSV RSBV AN
. . . - . L

- -

"HEYI&L()*(+,-1.)0(+1(2$3)1$)!145%66!7 (%28 o



IHHSYR () 8+ - SH(%" &

"#$  Relatively fewer subject contributions will be found in
condition ENV than conditions CONT and EMO.

1"%$  No difference in hesitations will be found between conditions
CONT and EMO.

1"&$  Relatively fewer hesitations will be found in condition ENV
than in conditions CONT and EMO.

"$  No difference in overlaps in speech will be found between
conditions CONT and EMO.

I"$  Relatively fewer overlaps in speech will be found in
condition ENV than in conditions CONT and EMO.

M$  No difference will be found in subjects’ rating of the agent
between conditions CONT and EMO.

"$  Subjects in condition ENV will rate the agent higher than
those in condition CONT and EMO.
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o
w
o ]
X [
o
8 0. .-
w
[5 ——
[=2)
21
c
(0]
L5}
= 2.
<
<]
2 3
3
s}
4(, kel ‘0

"#$%&%"#

DE'FG/%IHIIKIER08 () &" 1+ & (&, +"&, +)""&*($-.,.($%&' () &, +"&Y%/01"* %2&
Y, $38&(&, +"&AIH5. BE(&.S,"H*,.(S&TAI"%, ($&BI&: H#5/H, ($&</"%,.($$#.)"&
7=#3"€>8?@A

04.

24.

34.

Mean Agent Hepfulness Score (+ 1 SD)

H(, *t 0

"#$%&%"#

DE'FG/%9HIL K%%& %*()"&'()&BC3"$,&D"5="/5$"%WE&74/"%, ($&FI&
HEIH, . ($&<I"%, . ($B#.)"98&=#3"8&>8? @A

I"H$%& () (& +,$-.,-(& .$/() %!, $/"$-& 01(,$%& #$& ,& %2,+(& 3)#1& 4& 1#8& 54*
6789:;<=>& ?69@;@:A>& +,$-.,-(& .%(& 06789::B5>& 769@;CDA>& % 1##IEF
$(%%& #38& "$1(),2!"#$8 06789@;<=>& ?69=;G5A>E Y 1HHES(%%E& #3& "$!(),2!"#$
2H#1H,)(/& H& "$1(),21"$-& "IE& & /#-8& 01(,$%& #$& ,& %2,+(& 3)#1& 5& & =*
6789G;4C>&269D;:=A>&+"3(F+"I($(%%6& 2#1H,)(/& #& ,$I& 2#1H.1)&2E,),2F
10&06789D;CD>& 269D;5@A;& & 2#1H,) " %#$&#3& |E(& 2E,), 21() %K & +"3(+"1($(%%
I#& & 3"UE& "$& & 3"WELH+& WEH (/& & 2("+"$-& (33(2!& 06789G:B5>& ?69G;CDA

I"#$%& %' ()*(+,-96.) %/0(+1(2#3) %#) %45$66%7 ($28 9:9



IHHSYR () 8+ - SH(%" &

Count

HES%SE"()H(+9)&, )

EFGHI<,06=J73"#2&' ("#20=""(G&>""4& " 4#&"42##8&=4020="#2%-&"4#&SOV+2" T&+3&
%*WVH="%&2#Q+2"#7&"40"&"AHT &>#2#&&$+2#8&>'11'(G&"+&'("#20="&>"4&0&
=+$Q* #2&=+("2+11#7&=4020="#2&"40(&W#3+2#&XB&Y &Z5+&Q2'+2&+Q'(+([-&,&
Y[<*=4&1#%%&>'11'(G[-&N&Y&Z \*011T&>'11'(G[-&E&Y&Z<*=4&$+2#&>'11'(G[-&
8+*("&Y &(*SWH2&+3&%*WVH="%]?&&

I"HS %18$ ™ ($ &)*")+),1"($-.(%.."$ (1. ,"#) ()" &0$ 185 %.1.$"".$ '+ (/.
'(1.1382-342.8()"&5$$6/.8.$11.$&27711)8.#$)"$6!-9.$:,3<5

IS8 (&) +(, (EH(&SH

=2->.,(82$1.@'1(&$"'$ (/1..$ ##)()"19$ Al1)1-9.8$11.$%'1(/$ 7."()") B
6/.)1$!"&%.185('$(/.$42.&()"$!-'2($)", 1.1&.#$'1$#.,1.1& #$%)99)"*". &&
($)"(.11,($%)(/$, 7@2(.1$,"(1'99.4#5,/111,(.1&$-1&.#$"$(/)&$.C@.1).",.
DE1)'1$F.9).+&$ G2.&()""!)1.0$ $42.&()"$ :3-H$ &/'%.#$ (/1($"".$ '+ (/.
&2->.,(83%.1.$9.8&&$96)99) " +0$!"#$!-'2($/19+$+$(/'&.$%) (/$@1) 1$)#.1&$!-'2(
(1.$)&82.$%.1:%$ $%)99)"*$ (I"$-.+1.$DI)*21.$:;3IH5$ $6/.$&2->., (&2

S HS@.1,. @0 +$%.(1.1$7!,/)".&$%)99% .A.1$-.,'7.$)"(.99)*."(

89::<,06=>7,, I"H$Y6& (&)*H#%" +(&, -&./01*0"+(&)*H#%" +((0'2#&3+2&" 4#8.56&
0(7&895:;.<9&=+(7""+(%&"40"&>H2H#E& "#$"%& $(&", - -$(?&&@A=01#&32+$&
B&"+&,BB&O1#832+$8,&"+&E?

<?@ IA?8B<CAD2
FO(G*OGH&H(7#2%"0(7(G@ I?7JE K?KI
FO(G*OGH#H&HYH#@ 7L, K?MN
A$++"4(#%%&+3&!("#2050 K?JE E?P,
|||+( D
AS++"4(#%%E&+3&!("#20=""1+(& P?BM N?,K
8+$Q02#7&"+&!("#20=""(G&
>"4&0&R+&
F'3#01'S#(#%%&8+$Q02#71&"+& N?MN N?,K
0(T&8+$Q*"#2&84020="#2
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%<3"=12(2#3)(+%>3*6+%3,%78? @5383@#(+%AH(+3B16%CD#++8

12.

423]

5234

Count

623

723

323

7,6 6;1 1,73 73;61 61;13 (733

<=PHH@"%HA

EF'GH/%9IILKM%%&'21$'0(10#1)(.,%&. 1#0&1$-%!C1%.$'0(1;J0,!5)(D!
D%)&.1601D011$- (KI'$!,'4413)K%I$01*&%6)$%!) *05=1$%&!0($&044%6!*-)&)*$%&!
$-)$!,0&K.1=%&#%*$4DL>

I"HS6HE () B(*+& -(+. 3%/ 0B#(1& 2-(+.$%/8 34568 +7%8(5& +$9$) 0#& #(/51& 8%.7
0:%-.8 %/(4.7$#5& ;)OS IS8 & 08(; %6/ *$5(/; (& $/& $/.() $<(/.& 90; 7$/(+
1=$<-#(&3>476 @&S.

AT ($H&(+.$90.$%/& %/& 7%8&)%/<&$.8&8%-)5& .0B (& 0&#(+(0#:;7&.(09&.%& ;#(0.(&0
:70#0;.(#&.70.& C8%#B+& D(#*(;.)EF& I"#$%#8 ' ) (*+& ,-(+.$%//0$#(1& 2-(+.$%/
G6& +7%8(5& HHE& D%+$.$H(& /-9:(#+1& .7(& 9%5(& :($/<& 3>41J& E(O#+
I=$<-#(&3>4K61& 9(0/$/<& .70.& 9%+.& +-:L(;.+1& :0+(5& %/& .7$+& (MD(#$9(/.1
(MD(;.&.%&+((&;70#0;.(#+8.70.&C8%#B&D (#*(;.)EF&8())&8$.7$/&.7($#8&%8/&) $*(4
$9(+@

Count

[ B}

1"#$%&'()*(+%,-&"(.'$"//&0™ "

EF'GH/%91J: KIMUHS%&!'($%6&)*$'(+1,'$-1$-061$-896%6!%-)&)*$%&../1(0!1.123%*$.!
*4)'59661$-%6!'($%6&)*$'0(1$0!-) 79%!*-) (+966!$-%'&!15'(6.1)201$!,-%$-%&!
5)%-'(%.!,'4419%7%&12%*05%!"($%44"+%($189!:1:<01=& 0&!0="('0(>/1?!
>@1*-14%. 1%06&$) (>/|AL:1;BC1)44D*%&$) (>/|EL:; @ 1*-1508961*%&$) (>/!
FOL($!:1(152%&10#!.123%*$.GH

IHSY6&Y6'()*(+,-%.)%/0(+ 1 (243)%6#) %A5$66%7($28 o



IHHSYR () 8+ - SH(%" &

I"HSY&H () *+%0" Yot (.)"H#

I"HB96& () %%+, -*%* (', (.%(,+%6-(/"%*0,-*(,-(.%(/"%*'0,--10)%*(2%)%(033"4
50-1'0-67(1-8(1)%(*"551)09%8(0-(:06")%(;<4=>((

"#$#%  &'(O*((+,

233(#"('2,(.@+,".%*%*( 2.%)%( &,-A0)5%8>( ( B.O*(*"++,)*('.%( 6%-%)13
+)%50%%(*%'(A,)'.(0-(".0%(%C+%)05%-'D". 1'(%-E%3,+%(A%%8#1&F(0*(05+,)4
'1-(A,)(31-6"16%(#1*%687( &,4'%5+,)137(&,4*+1'013( 0-'%)1&0,->(( B.%( ‘2,

@+, %*%*(".1'(2%)%(-,'(&,-A0)5%8(*.,2%8( L()%E%)*%6(+1"%)-(,A(2.1'
21%(%C+%&' W8T (¥ #$%&™*('%-8(",(#%( 5,)%( .%*0'1-( 1-8( A)"*)1'%8( 0-(".%
GHI(&,-80'0,-(".1-(".%(,"%)('2,>((?(A0)*(1"%5+'(",(1-*29%)(2.@(".0*
&,"38(#%(506.'(*,"-8( 30F%(".0*J( K%&1"*%(".%( GHI(&,-80'0,-(+),E08%*

5,)% (A% %SH1&F (1#," (. %(* 1'%, A(.96(16%-'L*(+), &%**0-67 (*"#$%6&*(%-8(,

96*0' 1'% ( #%A,)%( *+%1F0-67( *05+3@ (#%6&1"*%(".%( 16%-'( 80*+31@*(#%.1EO,
' 1'(133,2%(".%5(",(.%*0'1'%( 0-(,)8%)(",( 50-0509%( ,E%)31++0-6(*+%6%&.>
M-A,)"-1'%3@7(0A(.0%(2%)%(") %7 (".%(, E%)31+*(0-(*+%%&. (*.,"38(. LEY6(#%6%-

' 96 ()%EY%)*%(,A(2.1'(. %@ (2%)%7(0>%>(".%)%(*.,"38(#%(A%2%)(,E%)31+*(0-(".%
GHI(&,-80'0,-(".1-(".%(,".%)('2,>( (B.0*(21*(~,'(".%( &1*%>(( 2(5,)%

#9630%E 1#3%(9%6C+31-1'0,-(",(#,".(".%*%( ) %EY)*13%(0*(".1'(*0-&%(".%( 16%-'L*
#9.1E0,)(0-(".%( GHI(&,-80'0,-(0*(5,)%(*05031)(",(."51-(A1&%4',4A1&%
0-'96)1&'0,-7(*"#$%&*(A%33(5,)%(%1*03@ (#1&F(,-(1(-1")13(0-'%)1&0,-(* @3%7
1(5,)%( &,5+3%C(,-%(".1-(".%@ ( %C.0#0'%8( 0-(".%(,".%)('2,( &-80'0,-*>
2-8(*0-8&96(". %(&. 1) L&'%)*L(+%6)&%+0,-(,A(. %("*%)*L (1&0,-*(1)%(3050'%87(0"
&,"38-L'()%*+,-8(",(*"#3%( A%1")%*(0-(".%("*%6)*L(#%.1E0,)7()%*"3'0-6(0-
5,)%(,E%)31+*(1-8(.%*0'1'0,-*(. 1-(0-(.%(,".%)('2,(&,-80'0,-*>((NA(".0*(0*

89::<=,06>27,, 123456%7(/8(9%75/*7%7 (1(/5%*(:"%7")*7()*(;%(<9)/9(
=066)%87(>"%7")/**3)9%(?@55%*0)2(@ABCD(53E%(FGHIB

" 0, * * _ - 0 ! |
083 758) 50 QT AR S Bdog) ¢
!<=(+$#,+31 )+<+)>0)/,+-1(.$+%./)3:;
I<+4 3+-# &$'§§rdﬁ$+3§(:;$’)|'/’&#$+4#15*+6)+%'3’)'7+%)4)'

&$?1&'9+.%*+
l<=(+$#,+31")+<+)>0)/, +-1( $+%./)3:;

éﬁ % 33& )*+ 7)+)§*Li ) $*+ } g S+ % +%1 1))+4&

!<+,-#12-,+&,+4#15*+6)+(1/-+/#5*) 5
|@#5.$*+3))()*+,#,.56948#$) kv B
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96<3"=12(2#3)(+%>3*6+%3,%78?@5383@#(+I6At(+3B16%CD#++8

"HE%&'#($)!1$*+),I'S I1+$ &S ##-$ . +/S O+/#HS '+*) % & H#-$ *#/%#*1 1 &2F5 0#%"&3
)'0'$ 1+$ '1x*+/1$ &11/&2($ 1,"),-#/#-$ 11/,$ 1&4),5% &,-$ ),.+/0&!)+,

#690"&, 5875 $ 8##-2#"S 1+$'&9($:0)/$)'S-#)5,#-$ 1+$ ' 1**+/1$'1%"$ #6!#,3
N+,'7

S HLIVHS + S+ <H=&)+ &2SH=)H, Yot S 1+ /I I HS &< +=HS O +1"#3

N 7$$;21"+15"$I"HS<)55#1$. &% +/$<9$.&/$),$-#1#/0),),5$"+>$01%"$,+,3
=HI<&2$ <H'&=)+I$ I"HS ' 1<VHY!'S #6")<)H-$ >&'S '+ &2 -). #I1#,Yott ($'1<3
WY'S), I HS@BASYo+ ) )+ S, H-SI+$2++AS0+HHS<QIASE, - +/"S<HI >,
I"H$<)5$ Yo/t $&,-$I"HE %" &I &Y (1, -H#-$ 1+ S5H# 1 L/HSO+/HS &, -$ HHOH-S1+
<HBO+HHS-1&>,3),1+$1"#3), 1#/&%!) +,$), $5#,#/827$$ B, $ 5#,#/182($*&/1) %) *&, !
#,-#-$ 1+$ 0)0)%S$ I"#$ &5#,'C$ <#'&=)+/'D$ B.$ I"#$ &5#,!$ >&'$ /)5)-($ I"#9
#,-#-$1+4$'1&,-$'1)22E$) $I"HS&EH, 1$>8' SO+HS &, ) 0&H-($!"HOS 14, -#-$ 1+ $<#
&,)08H#-T$SF")24$1'#.128), +/08&!)+,$.+/$. 11 1/#$)0*/+=HO0#,1($),$!"#$%1/3
J#1$ */HHOHS 1)'S %o+12-$ <HS HE*HIIH-$ 1+$ 2#&-$ 1+5 &S 2H"$ */#-)%618<2#
[+ HS* &I S +OSI"HS&EH, ' ($/#'121),58), SO+HS#/+]'S), $71-5#0#,!
+.BI"HS) 8245 1HS &I (S<H"S+ . BI"HS 1< 2HWI$&, -+ BI"HS&EH,1 7SS

I"HS %68 ()%6*+%*%%,-.J0*1(-/%2-)%3.*/-(0%
456/1%)6+6%)789%:-'6%;<+6)=*1(-/+

G #$+.$I"H#$0&), $5+82'S), $-H=#2+) 5SI"#$:0)/$&/%") Y| L/H$>&'$I+$0&4#
)I$'1)I&<2HBE SRS+ 2&).+/0$.+/$%+1), 1#-SI# #E/%"S), $" 108, +)-$&5#, I'TSSH"#
11#1)+,$ 1", $&I)# ($"+>$#&'9T"&I-$)'$) 1 1+$-#=#2+*$ #>$0+-12# ($&--
1,%!1)+,82)19$ &,-$ 0+-).9$ #6)'1),5$ /19! LHKS $ F#$ >)22$ 2++4$ &I$ "#'#
11#1)+,'$),$11/,7

I'HSH %8 ' &()*+,-./&0.1)23(84.0+56.
56&.13(5+7)28(.9&:);2&;

H+$-#82$>)I"$I"#$=#6),5$%+0*24#6)19$+.$-#=#2+*), 58 #>$0+-12# ($&$0123
N0+-&2$ H%+-#1$ .&%)2)19$ >&'S -#)5 #-$ LM)51/#$NO3NO($ M)5L/#SNO3NPQ7
H'#$ R121)0+-82$ SHY+-#$ 822+>'$ &, &5#,1$ -#)5 #/$ 1+$ 5/&*")%&229

A% $+1IS&, O+ $I"HS), 1/, &2$0+-12#C 'S &IH'S+=H/$!) O#($.+/$&, 95*&/1) %13
2&/B ) +-($ &,-$ 1+$ Yo+ O*&IHS H=#, 'S &Y/ +"$ 289H['S &,-$ <2&YA<+&/-'T$S;,
HORO*2HS+ SI"HSH ) HSHH+)HS+.SML, %! )+ &2S T AHSUHLEBES)’

"> $),$M)5LHSNOINP7S $ :$ /#8231)04$ -)*28.9% +.$ 0+- 1245 1&IH#'S %8, $ <#
=)#>-$), $I"HSR +- 1 2#SAWSH$>),~+>SLM)5LHSNOINV($*&5#SNUOQ7SSH")'S)’
=HIOSL'H.12$.+/5),)1) &2$I#'1), 55+ $0+- 124 ($1-+$HH#S) . $I"HOS/H*+ -$%6+//#%129

I+ $H=H#,1'7

U7 H'#SM1,%!)+,&2$TA#I%"<+8&/-$) $&$<28964<+&/-$1'#-$), $I"#$:0)/$8/%") H% 1/#T$IBI$
)'$-)'%61"#-$), STHI6!)+ SWTXTX($*&5HSY Z7

IHSY6&Y6'()*(+,-%.)%/0(+ 1 (243)%6#) %A5$66%7($28 9:



IHHSY68 () &*+,-$H(%"&.]

17 WHNTING=TURN -
12 TAKE-TURN Feb—t— e — et [ —
) 19 GIVE-TURN e T ET T e e e e

no Are Lern

< 12 TAKE-TURN T | -
12 GIVE-TURN -1

T s il B ' s

89:;<=,06>007,, =50'8$("#%$:05/,*0>,(0&'$&+(0&'$&-$("#$1/*(01&2,*$
JHY%&)2#) 2$,'$&5%0%*,(0&'$+)&6*#1$0'$("#$,8# (@5$2#%050& $+,((#)'$-&)$
80:0'88,'2$(,A0'8$("#$(/)'$B;C$7,5$-0D#2$0'$,$1, (#)$&-$"&/)5$B<C4

I"H$96&()*+) ('

I"HSY0& (H)*&YbH+ -+, +O#1#2, [31-4#5+.36, TH&'H)* #)$+H#) 148 (#+$6,%#81%
0$&-46"H#+,9%.6:,[;## <* #)$+#)14& (H#/,-8%6&.'# 7./$6,%# .2# =1'/162#8,+,

%o* 8&'(#1#2,,/31-4#5+.36, TH#-13%8& (# .%-&661)&. H &'#)* #>)1) #72,-&%&.
@./$6,%#3,)8,, #)* #1(, W) L4&' (#)$+H# 1 1# (&:& (#)$+# ABO# C&($+ #DEF

DDG ##<* #%17 #/1) 1#2+ THLI#*ST1'#U$3H, - \HB1%6#2, #31-4HS% & (#)* #I%&TF
$61)&.'J#.5)&.'# 2#)* #K -+, +# Al>L@I# 3$)). #&'# C&($+ #DEFDEG ## <*&%
B)&H2, |YoHIL-AHI 1) L#t+ -+ [H2+ . TH)* #%, Yo +#1'[#],Y%-+&5). +#7 ./$6,%

) H)* #,-8O6&. HT IS6,YoH& H+ 16F) &7 H&H)* #U6 1T HT1" +#)* "H#8,+ #.+&(F
&'166"H#(,',+1),/#3"H)* H*STLHSY, +MYoH 1-)&. Yo #H <* ) +&((, +#+$6,Y6H#2.+#)*,
)$+H#) 148 (HT./$6 Y648, + #7 1&28&, [#$) &6#1ABTLY), + #81%6H#1-*&.,:,/

AlOHC&($+ #DEFDDG  ##<*&Yo#7.1828-1)&. H). A#6, %Yot ) *1'H)8.#* $+%6#S%& (#)*,
K,-.+/,+O# )* # 5+.36, 7# *1/# 3,,'# -1$%& (# & 155+.5+&1) # 3,*1:&.+%# 2.+
I1"%#3,2 .+,

89:;<=,06>067,, I"#$%&'()&*$+, H*$&-$("#$./(0182,*$3H%&) 2#)4$$ #'/5%
2$6/((&'5$,7&7$,'S,8# ($2#508'#)$(8$5205+*, 9 ("H#$#:# (5$&-$.'S
0'(#),%(0&'$0'$,$8),+"'0%,*$-&)1,(4

—| Multimodal Recorder

[om| —

[ e ] e e e B

N; P& H)FLIH)* + HEYH H1- ++,-)IHEL)) +H) #3 H1-+&, . [#* + OHU&T56" #1#51)), +#
Y*L)#166.8%#)* #1(, ) H#+,%5. [#155+.5+&1),6";
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96;3"<12(2#3)(+96=3*6+%3,%78>753832#(+% @#(+3A16%BCH++8

DIAL-ON

DIAL-O0FF $
REFERENCING-DOMAIN
L-DEICTIC-MORPH T T
R-DEICTIC-MORPH

TURN-TO i

\

LOOK-AT i

DELIVER-SPEECH \ v

BLINK Y\ o ' ' '
\

FACE-NEUTRAL

HESITATE | A
SHOW-TAKE-TURN % \ \
SHOW-GIVE-TURN h l
GAZE-AT-ZERO-ZERD h §

RESTLESS \ \ BRI AR AT

DE'FG/%9HIQIKWE6&' ()*(+,'($)-%,)&)./(01%#+2#&83(1'41)-1(*)-(5'26+26(
SHT-1(+7-424.0048((9, ($78&+2$)5#&(5'16-2%+)- (1 1:1<=><?@

ABCD><( #1($)-'(+#A(ETL+(+, (+F)($)-%,)&)./(1'41)- 1(#1(24%7+G(1)(2+(

1+#10ACHA(+)7.,(+,'(1'41)-(+7-41()**8((PHABH&* (*2-1+(+7-41(+)(+,'(71'(

IIKG(L7+(7%)4(+,'(5'26+26(5'+'6+2)4(2+(*2-1+(&))ML(24(+,'(52-'6+2)4()*(+,'(

ST (INK(#45(+, A(+7-41 (24(+, (1#%'(52-'6+2)4(IOK G (#45(2$%$'52#+'&/(

SHEET1+1(+, (#P'(+)(#&&()4A(+,' )LE'6+(1QK8

I"HEY6& VH"*$)+,-, .10 %' 1)(&$)(112)"-)'++,34))567)+$.,1,"3)#"+/0$
(&'()8*"+/.$1)') 98*":0$#) *$8"*(;) %&$3) 18$$.8) 1) 3"() *$."43,<$+=) ) >&$
#'+/0$)?>":0$) @AB)"3)8'4$) CDEF)#"+/0$)BG)&+)("):$)&,480H)."31(*', 36+
3),(1)(*,445%) 3+)*SA(*,44$%)."3+,(,"31) (") %"*2)8*'8$*0H=)) () (""2)":"/()J
+H1) (") 450 (83)*,4&() "#:,31(,"3)"-)."3+,(,"31=) ) K, (&"/() (&$) *$."*+$*F

") 1"H$)1,#,0%)L,1/0,<'(,"3)(""OF)(&S$)."31(*/.(,"3)"-)(& L)#"+0$)#,4&(
&'L$):$$3)'00):/(),#8"11,:0$=

"#$#% &"()*+,-)./(0)12(/34+56(./(.+768/-96+1/+/:6+;)<-/++

K$)%,00)3"%) ('2$) '3) $M'#80%)"-) (&$) ('12)"-)'++,34) (&$) 8%*.$8(,"3) "-F
'3+)",0,(H)(")*$18"3+)("F)+$,.(,.)#'3/'0)4$1(/*$1=))

K$):$4,3):H)"++,34) L, *(/0) 1$31"*1)-"*) (&$) 1,#80$) #"*8&"0"4H)"-)"/(A
1(*$(.8&$+)"*#)'3+)&'3+)"L$) %", 1(0,3$=))K$)."#$)/8) %, (&) (%") 1$31"*1
2>":0$) CNABF) C) O) PGF) "3$) -"*) $'.&) "*#) ?(&,1) +/80,./(,"3) "-) *#1) ,1)"
*$1/0() ") (&$) 1$31,34) &*+%*$) /1$+Q"(&$*) 4'+4$(1) 1/.&) '1) . #$*1
#,48()3$$+))+,-$*$3():*$'2/8)'() (&, 1) 0$LS0G=))R$.71$) ") (&$) 1, #/0'($+
8'+00$0),#80$#$3('(,"3)"-)S#,*F)0,((0$)."31,+$*(,"3)3$$+1)("):$)8',+)("
18$.,'0) 1.8$+/0,34)"-) (&$) L'*,"/1)#"+/0$1)'3+) 8*" $11$1) %6&$3)+$1,43A
34)") &/#3" +F) %&,.&) 0$'L$1) (&$) #B0SHS3($Y) -*$$) (*)-"./1) "3) "(&$*
11/$1=))>%")8*" $+/+$1)"*$).'00$+)("). "#8/($)(&$)3$.$11*H)L'0/$1F)"3$
*$0'(,34)&'3+)8"1,(,"3)(")(&3) (*/32F)(&3)"(&$*)."#8™*,34) (&$)$0:"%)'340%
(")) (&*$1&"0+=))1-)%$) %'3($+) (") 4$() +$(,05+) %$)."/0+) '++)'3) SM($3+$+

IHSY6&Y6'()*(+,-%.)%/0(+ 1 (243)%6#) %A5$66%7($28 9:



IHHSYR () 8+ - SH(%" &

I"HEY6& 1" ($)& *+& ,$-&* -I$)&/N"-& | & & #$10-108 1.)2/.3.(,4& & 5/1+& #*-*& 1+
6+$H& T, &*&+!"(35&863-11.#+3& 9$+0)12-.)& 5+73$&;<=>?8 @A&-.&#$-$)11"$&.!
-[$&6+$)&I+& ) S ++1"(8-/$8&B.)C&+2*0$4&S&

D##1"(&-B.&"$B&I$01+!."& 8. #63$+& :5*73$&  <=>?& >& E&FA?&-/$& 1. #63$+G
HY62$0-$#& 11'$-11$8 0*"&. " B& 7$8 6+ $#8& - &HSOHSE B/$S-/$)& . &) $+2."H#E& - &*
#$10-108($+-6)$7&."0$8HS-$0-$#78.)&-.&!(".)$&!-& T$0*6+$& |- & B*+&HS-$0-$H& .
3*-$4

JI(6)$&;<=;K&+/.B+&2%)-&.'&-/$&2*--$)"&0)$*-$#&#6)!" (&*&3." (&#$!0-10&($+=
-6)$&*"#&*&+/.)-$)&."P4&&S/S&+2$$#E&.'&-/$&B/.3$&3..278&").1&23$)0$2-!."&-.
*0-1."2&!+&-/$&#S-$)11"*"-&.'&B/$-/$)&-/$&0/*)*0-$) &) $+2."#+&*-&*33&-.&-/$
($+-6)%4

HSHS %&"()*

OB+ ("1"(&-/$& ) +-&0/*)*0-$)&!"&L1N)&-..C&+.1$B/$)$& 7$-BS$"&."$&*"#
-B.&1."-[+4&&5/1+&"617$)&1* &T7$&$%2$0-$H&- & (&t B &' )&+$0. " H&*"#
)H&O/*)*0-8)28+1"0$&160/8&.'&-I$&1 H#635+&.' &-I$&'1)+-&." $&+-*,&-1$&+*1$4
5/$82).-.-, 21" (&B*+& 1 #$&2.++73$87,&6+!"(8*&163-11 #+3&)$0.)#$)&*"#
MI+6*3IN*-1."&#$MI0S&B/10/&*33. BSH#&-/SEHS+!("$) &-.&()*2/&!"-$) *3&SMS"-+
M$)&-11$7&*-&163-12358)$+.36-1."+48&5.&*0/N$MS&EO0."+1+-$"0,&!"&-/$&!"-$)=
"*3&B.)CI"(+&.'&*&0/*)*0-$) 2& *&HE+1("$) & "$BH#+&- & 7$&0*)$'63&*7 .6-&+-10C=

=i e 89:;<=,06>0?7,,!
"#$%&'(N*!1+,(!
-.'+/%)0%$'11(2)30(3!

FACING-DOMAIN —
_AT- | [ S . | 0/4&'$56!17+!4,)84!
o e ATTE D LT LT 4+4$+(41)419)0. (409!
TURNED-TO-ME b= 1 +,(11($2+/:(};$5(3!
GESTURING ):(31$!1&(3/)0!)*!<!
SPERKING - ==t | 4(2)9046!1:/9(41%(3$9!
ADDRESS ING-ME - +$+196)0.'(41$3(1+3.(=!

RHAND-IN-GEST-SPACE

LHAND-IN-GEST-SPACE — 8,(3(19)+,/9>1/41

HAND- IN-GEST-SPACE F 03$89!+,(5!$3(1*$'4(6!!
LODKING-AT-R-HAND = -(9.14('(2+/)94!$" 8!
LOOKING-AT-L-HAND — +,(1.4(31+)148/+2,!
LOOKING-AT-HANDS T ?2(+8((9":$3/).414(+4!
I1S-ACTIVE Eloye .

T | | )*¥19%)0.'(46!1791+ /4!
TAKING-TURN = - = 5| (HEN&(@!+,(13.(41%)3!
WANT ING-TURN A$90$*18(3(1?(/9>!
TAKE-TURN —_ —r %)0/*/(0'+)!&3)0.2(!
GIVE-TURN - 1 +,(12)33(2+!4+%$+(46!BC((!
SEE-USER F D$?'(4[EFG@!EFHIIEFHY!
SAYING-GOODEYE J,$&+(3IE6K

SAYING-MY-NAME

4 COMPLETE-UTTER
COMPLETE-SYNT
COMPLETE-GRAM
COMPLETE-PRAGHM
WANT-BACK-CH-FEEDE
CONCLUDING
DIAL-ON  —
DIAL-OFF —

N 012 13(4)+5,067




%<3"=12(2#3)(+%>3*6+%3,%78? @5383@#(+%AH(+3B16%CD#++8

I"#$%&'()*+,-+,(./012 9
345$%&6/)7(8*98/0(:;0(0*<

="3"(>%&9+'

="3"(?2%&9+'

@'=3$A(>%EB3%E& ($)*+# &C*<-("0.(@9)*DE
@'=$A(?%&BS,+-./$301+ E

FGIH%Q"12#12$3/"#24

I"#$%&0()*+,-+,(./012 E
345$%&6/)7(8*98/0(:;0(0*<

="3"(>%&9+'

="3"(?2%&9+'

@'=$A(>%EBS%& ($)*+# &I+J2-("0.(@9)*DE
@'=$A(?%&&$,+-./$01+ E

FGIH%Q"12#12$3/"#24

I"#$%6&0*<*0%9 +9J()/.;+9 F
SKL(HK!=L%&B'()*+,-+,(./012&MNOEBO()*+,-+,(./012&MNPEB<;,F9J(
). +9&MNQEB81*R+9J&MNQEB<;,+9J(.*&MNSE
IST(HKI=L%&9+

3UISLU%&>NM

I"#$96&'//R(V2*0*(1/+9-+9] G
3458%&IC($D-(=*,(#/)

$C%&?MM

#LTL%&B'//R(;-&W6+J(8,0"*9E
5KL(HK!=L%&B0*<*0*9,+9J()/.;+9E

IST(HKI=L%&9+

SKL(I$L3I(HKI=L%&9+'
I$T(ISL3I(HKI=L%&B0*<*0*9,+9J()/.;+9E

1"#$9%&-X09(-/(V2*0*(1/+9-+9J H
345$%&IC($D-(=*,(#/)

$C%&?MM

#LTL%&B-X09(-/&W6+J(8,0**9E
5KL(HK!=L%&B0*<*0*9,+9J()/.;+OEEb3$#16"$71.2'&
Y0*<*0*9,+9J()/.;+9&>MME

I$T(HK!=L%&9+'

S5KL(I$L3I(HK!=L%&9+'
IST(ISL3I(HK!=L%&B0*<*0*9,+9J()/.;+9E

4.13/%9KLGMIBE<X9,-+/98.' 1 2#1 2$3/"#24:X8*8&./012/'1I7&-18&<+9)&
)*+,-+,&J*8-X0*8N&& @-&,2*, R8&-2*&;9]*&/<&-2*&*'6/V &;9)&-2*&2*+J2-&/<&-2*&
2;9)&;6/:*&-2*&V;+8-"+9*&-/&)*-*0.+9*&+<&-2*&1/8-X0*&/<&;9&;0.&.+J2-&6*&
)/+93&;&)*+,-+,&J*8-X0*N&&")) +-+/9;'&+9</0.;-+/9&8X,2&;8&1/8-X0*&/<&-2*&
2;9)&,/X")&+9,0*;8*&-2*&;,,X0;,7&/<&-2+8&:+0-X;'&8*98/0N

I"H$ %&S %'($ )*+'1%(+%, *($ &-$ /108 $ 1'("$ %'12$ 125 38" (4% '&5(6(*4% ./I*
7*&6!3(2$)$785(*-,85-&,"3)%!&"$-&*$3(214"1"#$)"3$(97)"3!"#$%' ($3(214"4
&-$+&J1,"1+)%16($+)*)+%(*20$$

IHSY6&Y6'()*(+,-%.)%/0(+ 1 (243)%6#) %A5$66%7($28 9:



IHHSYR () 8+ - SH(%" &

T

Bttt

[BLUE=true/ready]. [RED=falsesdone] ~ [SOLID=active]. [HOLLOW=nonactive]
CIRCLE=sensors / TRIANGLE=descriptors - STAR=states ~ SQUARE=ext-beh
DOULBE-SQUARE=cont-ext-beh ~» DOUBLE-DIAMOND=cognh-beh

Vv
v

. FACING-DOMAIN

' LOOKING-AT-ME

. FACING-ME

. TURNED-TO-ME

. LOOKING-AT-R-HAND

. LOOKING-AT-L-HAND

4 < 4 4 <

. RHAND-IN-GEST-SPACE

<]

@ LHAnD- 1n-GEST-SPRCE
[ Eets
@ creeTinG

@ shv inc-ty-nAnE

4 4 4 4«

@ see-user
@ corPLeTe-PRACH
@ corrLeTE-GRAN

@ corrLeTe-svnT

GIVING-TURN

TAKING-TURN

WANT-BARCK-CH-FEEDE

LOOKING-AT-HANDS

HAND-IN-GEST-SPACE

IS-ACTIVE

GESTURING

COMPLETE-UTTER

ADDRESSING-ME

WANTING-TURN

CONCLUDING

SAYING-GOODBYE

' TAKE-TURN
' TAKE-TURN
Q GIVE-TURN
' DIAL-ON

{:} DIAL-OFF
Q DIAL-OFF

D (SHOM-TAKE-TURNY

D (SMILE)

[ EveBROM-GREET)

FE HESITATE
[ BROMS-IN-PENSIVE-SHA

[ crurn-To
[ FAcE-NEUTRAL

[ wook-AT
[:] (LOOK-PUZZLED)

[ crurn-To
[ wook-ALoOF>

J (LOOK-AT
[ crurn-To BIG-SCREEM)

](TURN-TO

[ (sHOM-GIVE-TURN)

[ wook-AT
[ @nze-AT-2ERD-2ERD)

[IResTLESS
@ (BLINK-SLOWLY>

[ <TurN-TO

EI BLINK

[T FRCE-NEUTRAL

[ crurn-To

] wook-AT

& (POST-TKB-RCT>

8 ¢POST-DKE-ACT

USER>

USER>

BIG-SCREEN)

USER>

USER>

(QUOTE USER)

BIG-SCREEN>

USER>

USER>

789::<,02=0>6,, I"#$%& (H$*+# #-$.))&,/$.30" - O1#-$#/+23#-$18$4+#,$
1"#$/1.1#1$&5$1 " #$6& (IS #/+23# 730&)&-808&#'$.3'$(9". 1# $+33-#.)81+6:

012 13(4)+5,026



"H%6&'%' &I ()*+ %! Il
&HISOI1 *#1(%&23
AH5HEITSS)IHS

"HS068.1()*0b'&) (1 (Yott+, ). HHOHL+H) 1) &231H& (1) SH+-#2) (1245))1$)5*%, &*
B124%14-7#8., % (31%21%*1&,812067)12,124#0) #1%2) 0V L QW& (1+, Q121 24) 10/6**-
61 4-T#8&,%(1 #)82! ()*%'&! %6&! #! +#5')5! 0)5*0)/2%$):! | ;&! 24)! 5)#+18,5+(3
04<*0/*=#8(124)18,59%&*1 61 8#2-5#+! ()*%'&IH&(1*)+)/2%,8=(%/2#2)124)
BH<IT-+2067, (#+/5)#2-5)*1+, 0:11:&124) (%' %2#+18,5+(124)5)19%*17-/417 5)
6+)>%1%+%62<1?,5!*,18) @ (1+%9)!2,124%&9A:IBA%*16+)>%1%+%2<1 24+ &'18%24124) 16#/2
24#21/,70-2)5! /A#5#12)5* 1 #5)! &)%24)5 #E&Yo TH+*1 &, 51 A-THEI HE&Yo TH* AL+ )#(*
1 &H2-5Ht++<1 2, | #48%& % 7<!#)&2CD3! 5! 7,5)!1 *0)/%6 % #$%68!

OM +,1-1%&0. (1! &$(L! 2-+33/-&(+)! +,4! 1+ &F%BET E-)*2%,&! %*
%70,524#8&2! 6,51 #&<,&)! 84,1 8%*4)*1 2,1/,&$)5%)! 8%24! #&! #)&2! 6#/).2,.

6#1):

&1 24%1 [4402)5! 8)1 8%-++1 +, 91 #21 24)1 E-)*2%, &1 6! *<*2) 7! $#+9%(%2<F! G4#2
6+)>%1%+%2<! (,)* 24)! ()*%'&)5! ,6! #! |, &$)5*#2%,&#+! /,70-2)5! /,&25 ++)(
#)821 4#$)! %8&1 4% ()*%'&*C11" 81 7-/41 61 24421 6+)>%1%+%2<! %1 +9%67%2)(! 1<
A-THE&) |, TT-&Y%1H#2%,&! [HOH1%+%2%)*! &1 24)! &) AH&(1#&(1 2)/ A&+, 'VolH+
+067%2#2%,8*1,&124)1,24)5CHEEIN) %) 1HE&(19/$%: (+],6124) 1#)&21#
1%63(*5)05)*)&2#2%, & ,6!%2*! [H#0#1%+%2%)*Cl | B4)! (%6*/-**0b, &1 8%++1 4#$)1 7,5)
E-)*2%,&*| 24#&! #8&*8)5*31 1-21 24) & #'#%&3! 24%*1 %6*1 -&/4#52) (1 2)55%2,5<! #&(
#+9%8&'124)15%'421E-)*2%,&*1%*17,5)1%70,52#821#2124%*10, %821 24#8105,$%(%&'
84#218,-+(1%&)$%2#1+<11)!85 &'1#&*8)5*:11H,7)!,6124)12,0%/*1 2,-/4)(

&I4)5)I T#<11)1#105)/-5* 512,124)*<*2) TH2%/ )$H+-#2%, &1 61 7-+2%7 , (#+
1,77-&Y%/#2%$)*<*2) 7*:

"< 9%3(*(&>17>8/1

B4)!$#+%(%2<!,61#17,()+1%*1()2)57%&)(11<!5)6)5)&/)12,124)I5)#+.8,5+(*<*.
2)71,50,11)/219%21%*19%&82)&()(12,11) #17,()+,6:11;&124)/#*)1 61/, 77-8%/4.
206$)! 4-TH& %(*! 24%* [ 11)/2! 8,-+(! 1)! #! 4-T#&! 1)%&'3! 5! 7,5)




"HEBY6& () +,1-%$)&H: |

"HBU6&'&Y())*+ (1#$,"-1$./(/$01 &.!'(%$12-1'(%$! &.2%,(%62&-.3114%$1 %(.10&"1
2&./58"617$28$$.1(2!)$("2126,$$19&.0"1-1"+"2$:10$"&/.1; () &0&2*<!!!

"# "HEW,()&0&2*+!
$# "&'S()*#+ 1;()&0&2*1=-1%-.2,-)!"2,5%25,$">!(.0!
% ,(-&B(&-#%()&0&2*3!!

26$1'€,"2128-1;()&0&2*12*4#$"1(,$1$"#$%&())*1, $)$;(.212-126$10$"&/.1-1%-11
#52$,196(,(%2%,"3

T SY& (Y0,

@Y6E$;&./""2$:1'(%$!;()&0&2*!"-, 1(10$"8/.1&.;-);$"):(9&./126$!"+"2%: +
- 12681"5, (%$+1)--91(.01 7$6(;$!)&9%$! 26$!,$()! 26&./31 I A.1 26$1%("$!-'10&(1
)-/5$+1(1(/$.218-5)016(;$! 2-1"$$:12-1(.1-7"$,;$,1)&9$1 26$! $() 1 #$,"-.

$./(/8.1 &1 (1'(%$12-1'(%$! &.2$,(%28&-.311 B-| C5$"2&-."1 (,$! ("9$0! -'1 26$
5.08,)*&./1 %-.2,-)1"2,5%25,$"1 2-! (%6&$;$! 26$! -7"$,:$0! 7$6(;&-,! -'1 26$
(/$.23!!

g $/0&,*10%)!(Y0)*+*,-

26$!'5.%628&-.()1;()&0&2*1-"1(1"+"2$:D"1%-.2,-)1"2,5%25,$"1&"126$!; () &08&2*!-'
86(2126(2!"*"2$:D"1%-.2,-)!"2,5%25/8l%-:#(,$012-126-"$!- 126 $1- TE$%2
-0$))$03!1F-,126$!(/$.2D"1%-.2,-)1"2,5%25,$" 1 DEB()* #++1() &0+126$
$%66(.&""1%-.2,-))&./1&2"1 7$6(;&-,18-5)0! 6(;$! 2-1 6 (;$! %-,-))(,&$"1 &.
26$165:(.1:8.0+1(21)$("2:$2(#6-,&%())*3! F-,I$G (:#)$+18.126$!'5.%628&-.1
&.1-126$! (/$.2D"1"*"2$:1 26$,$! 8-5)0! 7$! #,-%6$"'$"! (.01 "2(2$"1 26(2! 8%
%-5)0! :$2(#6-,&%()*! ,$'$,! 2-1 ("l H26&.9&./I1+! H)&"2$.&./1+! H(22$.28&:$+
HY%-.'5"$01+1$2%631126$"$!#,-%6$"$"1(.01"2(2$"1 ()"-16(;$! (!, $)(2&-."6&#12-
26$!"'2$:D"1-26$, 106-1#-.$.2"126(21&"1'5.%28&-.()) I$C5&;()$.212-126$18(*
Vo-i#-.$.2"1 &.2%,(%2! &.126$! ,$()! "*'2$:31 | @!'5.%628&-.())* ;()&0! "*"2$:
8&))+!'-,1 ())! #,(%28%()! #5,#-"$"+! 7$6(;$! )& 9! 26$! "+"2%:1 &21 &1 2,*&./1 2-
-0$)<! (1, $"#-."$! " 11 &21 8&))! 7$! :$2! 8&26! 26$! (##,-#,&(2$! %-5.2$,1
$"H#-"$+186&%06!&.125, .18&))17$1:$218826!(.|(##,-#,&(2$1%-5.2$,1%-5.2%,1
$(%28&-.+1$2%3!1 @!:-:$.2D"1,$)$%2&-.| C5&%9)*!)$(0"15"1 2-1"$$! 26(2! &21 &"
#,-7(7)*;$,%16(,01 2-1 (%68%5;$!'(%$! ;()&0&2*1 88&26-521 "*"2%$:1'5.%28&- ()
:0&0&2*+1()26-5/6126%- $2&%6())*I&21:(*1.-21 7$!&:#-187)$3

J3 @.1$G(#)$!-1(%$!;()80&2*17$8../1(%68%$;$0!8826-52!'5.9628&-.()!; ()&08&2*1&"126$!
5 $1-1',(%2()/$-:$2,*12-1,$.08,1:$,*1, $()&"28%1)--9&../1-TE$S%2"1"5%6! ("]
-5.2(&."+1%)-50"+1$2%63!126$!'5.962&-.()!:-0$) |- 126$"$1#6$.-:$. (18-5)0! 7$!
(%6&$;$0171(%25())*1:-0%))&./126$1&.0&;&05()!(2-:"1(.01)&/62, (""%6(22$,&./!
-"126$"$3

C 012

"3)4* 51006



5 3<)+%,'+61=,-#61,>1?78@A2,$,A%+6!"%+6,&)#! 1B%66$

TS U6 ()& (HH *- &

"#5%&E&' (1)) + HS%EHYS (1) (*HHF-+1%,./$*1.011#2+3*1)*2/3*/2%&.!3.24
2+)5.81+$3+!16+*7++$!*-+!, 1+&!%F$1!1*-+1.68+3*!,. 1+&&+19!1".21%!,.1+&

* 16+1)*¥2/3%/2968&': Yo&#1 (1#*1-%6) 1* 1#$38/1+1%&&!*-+1$+3+))%2'13.,5.$+$*)1.0
#)12+%&AT . 2&113./$*+25%2*(14$3&/1#$;1)')*+,19%623-#*+3*/2+1%$1 1#*)15-)#3%&
52.5+2%#+)911" 21+<%,5&+(1#0! 7+17%$*1* 1, 1+&1%! #$1(1#*!,%'16+!$+3+)4
)%2'1*.1 1+&I*-+1)*2/3%/2+1.01*-+16 2%6#S(1%&*-./;-1,%$' 6+ &#+:+1*-#) THE&
$.*16+12+=/#2+19

>+$I%&E T+ #-41 T%S] 121 %;+$*)1*.1)-062+1 %+1)%, +1 +$+%6&1)*2/34
*/2+)196) 15+ 58+(16/41%-%6*1, %6'1$.*16+2%$11- 5+0/&&1#)$@*?$+3+))%2'10.2
*+15/25.)+1.016/#8&1#$;1%!/)+0/&1%; +$*91 Al/)+0/&1%; +$*(1#9+91 $+1*-%*13%$
5Ob2*H3HEY*+1 TH*-1). +1)BHE&IHS! 1#Y6&. ;/+(1$++1)!-#;-10%3+1: %&H1#* (16/*1%)
T+ 0682+1' +$*#.S+1(1 *-#)! #)! %6211 * | Yo3-#+1+] TH*- [*] Uo*] &+9%)*1). +
0/$3*#.$%8&):%&H1H*1* 16%63B1#*1/59

-l 0%1&#*21'(13'(*+*#,1*1149%65'1 2*+!
6257%#8%$!69'$'&#8%"

"IS3H SY08&! Vo&HLHFT %' 6+ YSE&H+11* 1 ¥+ 1+)H:S! .01 -/, %$.#1! %o;+$*)
%08&.$;1*-+10.8.&. 7THE; | &HS+)CIAl-/, %$ #11%;+$*@)!./*T%2116+-%:#.21-%)!*,
96%3-1%-+1 [)+2 @) 52+43 S1#4.$+11 DE&+962$+1E! +<5+3*06*#.$! %66 /4 *-+1 2+8%4
*H $)-HE16+*T++SIHS+2$%&152.3+))#$:1%$11,.25-.&.;'1.0196! 1#%&..;/+15%24
HIH5%$* @)16+-%0:#. 21D"#;/2+IFFAFEQN" 214<% 58+(1*-+1/)+2@)!, +$*%&!, . 1+&
.01%10%3#%&!+<52+))#.$@)!, +%oBHS;1-%6) 1*.1 96*3-1*-+1063%/%&! +%$#$;!.01*-%*
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$,./%.1)*%00)/%*&%!"-1;K=13%*501&5>5#)0)') %(6!!
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@)'+)*.)&5"-(1":103%*'50P! A&"3>,'5)"*50B1 0)3)'5")"*(1)* +%! @52!'+%
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10! /.%**(-5&! #*'&96&+&! -0! C)&5/0,8! +&*%&5%$! )*00&)%&,! %*! %6&! %9*
#6-08!)/'&+/#11*-0%-07!/%!$*.12*+'1%6 &!*%6 & +#-,&!*2!1%6 &%/ (5&I!16-#! (*,$

6/#! 2% +! [+'#8! (%! *05$! *0&! *2! %6&'! -#! 3-#-(5&! %*! $*.8! %6&! +&#%! [+&
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,*-071/0$%6-07!/0$96&+&!/0,!0*%! (&&0! 1+&#8&0%! /%! /55! M/ 1/-+1*21)/ &+/#
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HOOL"-1<H1/()=1$21=8>.1 )'0-4l! B-?#ll#f')!ﬁll%ﬁ"!/f.'!2)%"')1:!§.!19#'%0‘§)/70$(}$$é%1’;%3(;};2%?%’%1&?;& é),g(g(ﬁ
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"HEBY6& () +,1-%$)&H: |

6789:;100<=5!1 I"#$#%&'&()*) Yot +,-&(./+) (0#+0+% &1 2#+8. &(3'#-$%3+#4&5/" &t
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6-)'(/)3&($-14'72#* 15789111 +1;)58/$!;)5&/BI<<=>1(#/$SI1**4'1 2#.1.2($/=
)?2$1)+@*/A.()*+ @1* BIC<DI"#S! @1*,| @*/AI 2%+(/*1' (<1/+3*(1 +-13.2E! (*
-)'41.7'FICGD! (#$! @1*,! @/*Al 2%+ (/*1'1-)/$2(17! (*-)'41.7'F! .+-I CHD! (#$
@1*, | @FAFZH(1'S+*1(*1*3*(1A.+)A&L. (N "HS/$. -+ (S S 1++4"
SSDASH(A()IHSI@.2( . (1B INSNSI) 1)+ (HSI (. +A) "y +12#.++$1

3$(, B+ (H$!'&AS/0) /1 +-1 (#$! /53*(911"#)'1 4/0)-$'l (H$!/$."+ @*/! .
1#2.111%%4J1.11%2.111%%41-)'41.71)AAS-).($IK)ASI'4$2) @) 2L1-. (.. 3*&(1(#$
AA+)AEL.(FH* @1 2%+(/*1' ) (#+&(15%)+5! (H/*&5#!.I'&3=*4()A. 11 2# . ++$1F
(#81)+2/$.)+51 (HS!/.(BI.(1 #) 28 (HSI*4$/.(*/12.+1 &4-.(31#) | A*-$11*@

H)'1% 41 205491 )5&IBI<<=MI'#*'| (#$! ) (&.()*+! )+ @.2$=(*=@.29! -).=
1*5&$BINS/S! (HSI1*2. 111415+ (#/*&5#1/$.2()0$14. (#1)+ (#$!/*3*() ($1@
OIPOII"#)1 1%+41)'1 /$'4*+)31$! @*/1/$'4*+'$'| &+-$/1 <I'$2*+-91 QI#)5H$/=
1$0SLF!'1* $/1 1++41 ((ES1 2./$1*@! .-A)+)'(L.O*+1*@! I$'4*+'$1 /$1.($-! (*
(HSI4/%2$"1*@1-). 1*5 &SN HSI (H)/-1 141 $A/$'$+(1-. (| @ 1* | (#/*&5#! (#$
1$'(1*@! (#$).5$+(RTE+*, 1$-5$! +-1/$.+)+51 7' (SA'QN"H)'1) | (#$1'1* =

$'(1 14911 "HS!/$.-$/ A 71 /$2*5+) 2SI #$/$] (#$! 5/*"1 +.(*ATI*@! SA)/9
"HE'SITHA' 11 0SLI@)IS-YSL. ()*+H) A 1+ +*(HS/K'$SI T#.4($/MOF

S 011 "2)3*,41005



5 3<)+%,'+61=,-#61,>1?78@A2,$,A%+6!"%+6,&)#! 1B%66$

C7DEFG!883HITHSY6&" ()" +%, /% 01/29%1#%(1",-34'%/$/2'5/69%%7%8-439%
%5 "8 1/-H96)'2:"#962"'8-)-2141%" #(Y6&"*' 2~ & * Yo*H<'8["21-#%8'<" /%

[-5'%/284*248" %/151,"8121'/6%%="8'0629'%945"#962"+%29'%8-, %-8&%29'%2", -.;
'8"2-8>06:91,'%629'%62 1 #*" #06945"#-1(%6*-88'/.-#(/%2-%29'%8-, %-&%"%2','8-)-26%6%
2%21-#%T>%@%" (%A% 1#%291/%81348'%*-88'.-#(%8-439,$%2-%6/* 2 1-#/%T>%@%
"#(%AY%1#%B1348'%CC;DE%YE--.%7%1/%9139,$%8"*21<'%"#(%29'%8-)-2%9"/%<'8$%
122,'%*-#28- %-<'8%12>%3$'2%12%1/%2-%38"2%) # &1 2%2-%29'%F-.'8"2-8G%HI45"#16%%
HJI&I6*-48/'%]/4*9%21392%*-#28-,%,-./%%" |-%) # &12%%29'%8-)-2>%'6369629'%, --.%
&8-5%29'%'$'%1#.42%2-%29'%'$ K/%54/*, 16% % E - %6A%1/%629'%, -+ %, - %-8&%29'%
8-)-2L12/%F 1##'8%" 3 #("G6%Y%E--.% @%1/%29'%6)"881'8%29"2%5"$%'01/2%:129%29'%
1#.42%8&8-5%29'%945 " #%2-%29'%8-)-2K/%+#-:, (3'L291/%, --.%5"$%)'%*9"8;
"*2'81M'(%1#%29'%/"5'%:"$%"1%,--. %@ %1#%B1348'%6CC; D>%12%*-#/21242'/%215">%
(L/2"#%%" #(N-8% L#*-#<"#1'#"6%

"HB%!&'(1)*+,*1-%%./10112%! 3#+-0#+-%.!+-114.9%4151410*%! . +#61$7%!01!"418
,%%.1#0!-143#6!/"%%.9!1:10*10*%!61)%/0!#-.13+..6%!6 11" 1#4%!*+$*6;!0+3%8
"%,+5+,<10%%!01"1611"1+/1/%3+8+-.%"%-.%-0!15!0+3%9!!

=/1)%! 3%-0+1-%.! +-! >:#,28@*#--%6! A%%.2#,7B! 1-! "#$%!CDE! #-.! #/

[¥1)-1 +-1 0*%! *73#-1 [72F%,0/! %G"%4+3%-0! H>173#-! J72F%,0/! KG"%4+8
3%-0B!1-1"#$%!LML(E!24%#7?+-$!0*%!61)%/0!611"13#;!4%/760!+-!.+/,1-0+-7+8
0+9%/!+-10*%! . +#61$7%! #-.! IN%A4#66! 61)%4! /#0+/5#,0+1-1)+0*1 0*%! +-0%4#,0+1-9
Al41#-1#$%-01/+07#0%.!+-1#)#0,*E!)+0*16+3+0%.!,13"70#0+1-#6! #"#,+0;! +-
0*%!.9%N+,%!+0/%65E!+0!3#:;!12%!0%3"0+-$!0116%#N%!1-6;10*%!/%-/+-$!.%N+,%/!+-
0*9%!)#0,*El#-.I131N%!#66!,13"70#0+1-#66;!+-0%-/+N%!"41,%//%/!01!#!4%310%
61,#0+1-9!111)%N%A4E!#/'0%6%1"%4#0+1-1*#/1/*1)-E! 0*+/!3#;!16%#.! 01! #6+#/8
+-$19%55%),0/1)*%4%)!0*%! 1"%4#014! 31N%/!5#/0%4!0*#-10*%!#,07#6! .#0#! . +/"6#;
4#0%! #661)/! 5149!! O*+/! +-N#4+#26;! 6%#./! 01! %4414! +-1 1"%4#0+1-E! 0*%! 31/0
12N+17/1+-1 +#6157%!2%+-$! INY%A6#"/1+-1/"%%,*911=66!.%6#;!, 1-/0#-0/1+-10*%
1,/0%31H)*+,*1#4%!+-15#,0!7-6+7%6;!0112%!,1-/0#-0/(1*#N%!01!2%!3%#/74%.
01!$7#4#-0%%!0+3%6;!%G%,70+1-!115!%N%-0/!+-19%#,*1611"911011%-/74%!0*%!,148
4%,0!7".#0%!0+3%!5141$#PY%E!+0/!31N%3%-0/1-%%.101!2%!.4+N%-!2;!+-5143#8

"HE06& V' &I )+ Yo-1 &HSO!L, 1 (%&234H5HBI TSP)HS 89:



"HEBY6& () +,1-%$)&H: |

"H$0%6! &'S(HI6)! HY%! *1 "H)+"1 '$$,! &-$.1 /01! #9%6,1" "$! "+/1 )*2/! 3$%"-$"#%)
S3HYHA 5116+ 1,711 "H./1 &$-1 8*39! 3+%%69%/'| &//78*39! #4! | *#%'0;
*3+#/</71 801 %1 34/ '$$, | &-$.1 "+/1%)/%" =41 +/*-#%)! [3+*Votd >1"$1"+/
<$3*'1.$"$-13$%"-$'1*%71+/*71.$"#$%5

6-+/1*8$</1 %> 04#41 35051 8/ 14/ 71"$1 7/"[- #%l! (+/-11 (/' 3*%! 23+$,!1,@
"H/I(-#4"13$.,1"/-1%)/%"=4) 403+/1"$I THA"-HB1" /" 41&1%3 " H#SYo#%6) *9% 71 .*O/
8/"[-1 1411 $&! 3$.,1"*"#$%*'| -/A$1-3/45! | 6+/1 -/*7/-! 4+$1'7%="1 8/! 41-A
HAITI (5 ) AHAY+18*44314"-13"1-/\$&!B #-51CS$-1"+/'$$, 41H%
C#)1-/'DDAE! (/! +*</!F!G! DHH!IH! JI KLHM! .4/3>! IN! G! KLH! IDLH! J! DHHHM
413>1%%71 O P! DHHH! .4/35! 1 Q/-/! (1 +*</1 %, -$R#.*"[1 *</-¥)[1 "$"

"Rl HAMHSY .41 &S-1[¥3+! *-IS&IHAN'SS, 4511 SSHIN "+ "+ HAHA %$"
TL4"1 71 " %004 HAAHSYo! "H.I>1 #' BASYR' (| &HHY%! JBIT*"+13$"/3A

"HSY6>! -$3/44H96)>1TI3HAHSY0! *O46)>! $"$-135. SAH HS% 071 $"$-I/R/31A
"HEY65! | 6+14>] [</%! (H'+) *1 </-01 +H)+] 8T(HT"+! 8/"(/%! "+! (-#4"
33$.,1"/-1 %0671 "+/1 -1 $"/1'$3*"#$%>! )$#%)! "+-$1)+! *1 )/$40%3+-$%$14

395.. 106H3 " #S%A14*"["#" [0S LI(#" ¥ (04 H%"-$713/1*1"-*% 4 #A4H$Y%! 7/*0
$&I%S"1'/441"+* %I KHH! 411, H%IATS(%'#%69;5!1 6+ 1#41 3'/*-'01"$$I +#)+1 &$-
'$$,1FI1¥0671 *08/18$-1'$$, |O1*41 (/"5 F13/"1'%-13$%9%/3"#$%! (#"14/-</
1418/™/->181"1I'$$, IFI($1'7!,-$8*8'014"#"1%//71"$18/'$3*'1"$1"+/1¥)/%"=4

THA, 05 IV/<I-F1 A" L THI A +*</\HY THI*" [TV +¥" 1 "+ HAIHA -[3#A['0V"+/1-[*4$%
(+O! <HTI$, +$%/4! *%T! <HTI$! 35%&/-/%3H%)! +*4%="1 3*1)+"l $%! *41 (*4
IR BT (HY 1 TI<I'S, /%" &) "+#41"3+%$'$)0! 4"*-"/71 #%! "+/' WLH4
IX+#"%9/-1 DY YZ> X+#"+0/-1 [\=N$%%*#"| DY Y]MA 8/3* 14/ "+/1"/3+%$'A
$)013%06%6$"141,,$-"1"+/1+#)+18*% 7 (H7"+1%6/3/44%-018&$-13$--/3"140%3+-$%oHA
25" S0 8/" (/1% #.%)1 0671 4S1% 7> 41 (/"1 *41 1%/</%6) -/&-14+! +"[4>1 "+
&IIT8*31H" +/1-*3"H</'$$,)/" AV $4 %! +/1 -$3/A45N6+HAV <741 [$,']

"SI 3+SSA/ [ +$Y/ Al $</-| HTIS, +$Yo/A>! (+/-/1 "+]-1V #A1 %) +#)+][-| T+

"R0A HAAHSY!-X" 1T AL A0%3+-$YH 2% H$E %! ,-$8'/.4511!

**y #."&IOYH.

_%7$18"/7'0!.*%0!,-$8'/.41(#"13$./'1,1*41(/'T/4#) %! .$-/'4$,+#4"#A

3 TI¥)/%"41%%71"+/1404".41)/"18#))/-1*%7!.$-/13%., /R5!N\%/!,-$8A

1.1 (#"+! 38,0#%)! *%! *3"#<#"0! 413+! *4] &*3/A"SA&*3/! #%"[-*3"#$%! #%! *
F3HHY/>] M+ #96")-* AL -3, H#SY%>! | *%%#H%)! *%0T! *3"#$%>! #4! 43*'#%)5
6+#413%%%0$"18/1*,,-$*3+/7I'HIN* "', +$%/ %/ ($-9>! (+/-/1"+/1 *"+/A

FHASEI T THY) ! *13/-"*#9019%01.8/-1$&! %/ (1 14/-41#A1 (/"1 1%7/-4"$$71*% 7
"+/1,-$8'1.143* 141 (/"5 1 6+/1 #.,$-"*%3/I $&! 14#%)! ) 1#7/'#%/4! 413+!*4

"+$4/ ,-141%" TV H#%!"+H#41 3+* "[-1#%! #%,$#%"#%0)! (+/-/' $44#8'/! ,-$8'/.4

3L T7I*-HASIX%RTI(+*"1"+$4/1,-$8').4] #)+"1'$$I!'#I/>13*%%$"18/! 1%7/-A
14"#.*"[751 1 Q$(/</->! "+#4] #41 T14"! "+/! 8/)#%%# %) X/ %/[7! "$! )$! &*-
8/0$%7!"+/131--/%"11%7/-4"*%7#%)!$&!3$.. 1%#3*" #$%!*%7!"/'[-$8%"#34!"$

C 012

"3)4* 51006



L)%, +6!<,-#61,=1>$2@2,%, @%+6!"%+6,&)# 1A%66$

1S YoH &' (()*SEHYo+#, &- BEH &IHIHO0-(-H1(+213*" %ot 1$14] $&- 0$(&-'1
5-&/1,)(),+,&#.,6117)&I"HOHIS5#181'51/'5I& 14#,-O1I&/#! + &#.,213#*:
1$3,1-&)-1&"1, " 118 1&*+I& 1 4# -0 1 1#:$%) $&-'1! #&/'4,6

"HE06& V' &I )+ Yo-1 &HSO!L, 1 (%&234H5HBI TSP)HS 898



"HEBY6& () +,1-%$)&H: |

S 012 "3)4* 51006



HY6& (1 11
+ -0

"HI$%& ()'$1*0%)+$,-1.,1.&((1/&0,1)!'122)-31451$%, 1 *4#$-86 1 $&4H'1 45! $%&!
A-TV)H8+- ! HS1+-4+4")('154-1 O$ HB&H/! :2&-:11<+ *&5&*)((3=".,!.&((
(8471)$1$%, | 54((4.8#/1&"1,'> 2 @A *4#$-&61$&4A#'1 451 $%&1$%,'&'1)#8! .%)$
-, 2)&#1$416,184# 17BA=I+4$ #$&) (1(&2&$)$&4#'1451$%, )-*0%&$, *$1-,=!)#81?CA
%4.1:2&-1¥41(8!'L++4-$!, 9% # &4#1'1*961)'18&)(4/1,1%&'$4-3=!'821()$,8
24$&AH'=(,)-#&HN)HBI21 ($&+(,1*4#0,- ) HSI'&$1)$&AH';

HE %& )+, +-1./I0+

D.41%&/%E(,0,(1&"1,".,-,1$416,1)88-," 8!631$%&1.4-7;11D%, 5&-'$!.)’
$%,1,#,-)(1&"1, 1% 12)#E*42+1$,-18#S, - *$&AH#;ID%, 1+()#1.) 1$412) 7, )#
&#$,-5)*,1$%)$!$)7,1)80)#$)/, 145!+ 4+(,F'17#4.(,8/,)641$!5)* ESAES)*,
&HS,-)*$RAH=IS1-HES) T&H/)#BI+,-* +$1)(1)6&(&$&,' 1 45! &#$, ) *$&H/1+)-$&,'1$4
+-408&8,1)*4# &'S #$!2,$)+%4-154-1$%, 1 -, () $&A# % &+16,$.,,#1 %1 2)# #8
*42+41$,-;1 1 D%,! +-4$4$3+,! 8,'&/#,8! '%A4."1 $%6)$! $%,',1 5,)$1-,'1 )#=! &#
5)*$=16, &#*4-+4-)$,81 &H#$A! )| *42+1$ -| &#$,-5)*, =1 )#8! $%)$! $%, | 41$*42,
18&0,18$'11',-1)1 %&/%E6)#B.&8$%6! *4221#&*)$&AH V) (1.&$%! $%, | *42E
+1$,-;1| GO+)# &AH#1 451$%, 1 +-4$4$3+,1+-,' #$,81%, -, &((1-,'L($! &#!-461'$

) HSE6)',8!'3'$,2' $%6)$! +-408&8,1 ) +4.,-51(1}#8! &#$1&$&O0, #,.12,)#
54-1+,4+(,1$41&#S,-)*$1. &$%!*42+1S, ;1 1HAS #$&) (1) ++(&*)$&4#'1)-,I'&2+(3
$441 #12,-41'1 $41 (&'$=! *40,-&#/! '1*%! 6-4)8!)-,)'1 )'! ,81%)$&4#=! 4558,
A-T\)HB).A-TI&H #,-)(I=! #$,-$)&H2 HE!)HBI+'3*064(4/&)()#8!'4*&)(
_,")_*%;

D%, 1" *4#81/ #,-)(1&"1,1)88-," 81 &#1 $%&'1$%, '&1.)'1 8&)(4/1,1248,(E
&HI;11D%,1:28&-1)-+%&S$,*$1-,1&'1)! 248, (145! 5)* ESAES)*, 1 ¥422 1 #8*)$&A#=
(&HT &1 $4/,$%,-1)1#126,-145! (,2,#$'1 451 21 ($8248)(18&)(4/1,154-1$%,
+1-+4" 1451+-40888&#/!)1+()$54-2154-1%- )$&H#/1*4221#8*)$&0, 1% 12)#4&8";
K)#8)(5=1$%, 5&-'$!+-4$4$3+,161&($! &#1:2&-=1%)'16, #+-40&8,8!.&$%!)!",$
451'7&((1$%)$! #)6(,8!%&2! $41*)--314#121($&248)(18&)(4/1,1)#8! ,9%&68S$




"HEBY6& () +,1-%$)&H: |

"HSY68 () *(+,%) %" .(1.$%.! (/1 %! $O+% 11 #129%62#31 11 3'%-(204#4115$%.1".
3(#6! #T$"™.! "HS%&()! 6'+-%)! (! %! $0+%1! *(18#)6%.'(1%-! ,%).1#)! $%6
"1 6$(81!"(.$! "1 06#)! #6."121 %131 "9! %! *(+,%)'6 (1! .(1 . $#! :(3#-

1049611 <)(*#66()! =>%)3!#.1%-41 2@ABCA! 1 5$06D! E+)! $%6! ) (&#1!.((I"# %
B0//*#1.-916(,$'6."*%.#31%)*$" #*.0)#1.(1,) (& 3H#!.$#1"%6'61/()13#6'21'12
"1H#)%*. &#1%2#1.618".$1-%120%2#1%131+0-.+(3%- %%, %"-'.94

F(8!-#.6!-((G! %.! $#! 6 #*/*1 '660#6! %33)#66#3!'1! $'6! $#6'6! %131 $(8
$HOIBH)HI%168#)#34

"HSH %&'1()*+,)-1/012032!.'45"316'3,)/7!
839:41¥311:<40)3!('3'/*40)3

HI+06'1196)20+#1.1'11.$'61 . $#6'6! $%6! "##11.$%. /1% #1.(1/%*#13'%-(20#1$%, |
H16! (L1 =+409+'T +'>'+ 1)-1 2/%3:4+%/0BT"(.$! 1! #)*#,.'(1! %131 %*.'(1
JK>$%--#1 2461 (/IL#%-15'+#1:0-."+(3%-1M'%-(20#N! (1!, %2# OOP411Q.1'611(
60),)'64#D! .$H)#()H#D! .$%.! $#! +(3#-1,)(,(6#3! $#)#! %6! %! )%+#8()G! /()
+0-.'+(3%-1%2#1.6D!E+")D!'6!+0-.-%9#)#31IR'20)#!S1?2T! (1!, %2#12TSP4IIQ.
064#61.$#1*(1*#,.1(/1-%69#)61I6#HHKU%I#)BN!(1!, %24 @VP.(1*-06 #)!,) (*#66#6
$%.16$%)#16'+'-%)1."+#1*(16.)%'1.64115806D1$'2$-91)#0%6* ' &#! #)*#,.0%-1%13
%o*.'(11,)(*H664#61 %)#1*(1.9%6'1#3! 1! (1#1-%9#)| IKL#%*.'&# U%9#)! JLUPN! (1
024 @BPD!+()# )#-#*.'&H! ) (*H66H#6! 6$%)#! % 1(.$#)!-%9#)! IK<) (#66!>(1I
)1 U%9#)! JI<>UPN! (1! ,%2# @BP! %13! .$#! -#966.! . +#I3#,#13#1.! %*.'(16
B8 $#)1(811-%9#)1IK>(1.#1.1U%9#)1I>UPNI(1!, %24 @ WP 4!IH!/(0).$!-%9#)
$(6.6!.$#19%2#1.X61%"-'.91.(12)%*#/0--91'1 #2)% #1+0-." #1%*.'(112(%-6!"1.(
*($H)#L.! (0.8%)3! "#$%&'()! | IKH*.'(1! Y*$#30-#)! JHYPN! (1! ,%2#@ZP4
5$06D! %6!/9%)! %6! %168#) 12! $(8!.(1")'32#! /)(+! 6#16()9!'1,0.!.(1%*.'(1
2#1#)%. (LDIE+)!$%6!,)(&#1160**#66/0-4!!

HSHS" Y6&'()*&*+!,H(1NOH(X(!
012314*5()-5214&/2+

5$#1'660#! (/1 *(1."10".91 11 +0-.'+(3%-! '1.#)%*.'(11 '6! %! *(+,-#7! (1#4
<H(,-#1+91%2#1 (1 #) 4 &#1+0-.'+(3%-196*.61.(1%611#7.)%()3'1%) 9! 3#2)##
=[((38'11?@A?CD!"0.1#1.%12-'12! $#1)0-#6!$(8! $#9!3(1".1$%6! 1(.I"##1
H96694!15S#! ) ("-#+1*(1.%'161%.1-#966.1.8(!,%).6\ Y#2+#1.'121(0.1.$#16'2I
1'/%%1.1,%).6! (/1%!01'+(3%-196*.D1%131)#*(21712! $#/01*.'(1! (/1 +0-.'
+(3%-! %*.6! 11 )#%-! +#4! | Q1! >$%,.#)! W4! JKRO1*.'(1%-! H1%-96'6\! H
Q#0)6()!.(1>(1.#1.1QL.#),)#.%. (11 %131 I6 (+#. +#6 P R##3"%*G! [#1#) %I
(INI(11,%2#1S?P18#1%) 20#31.$%.1. $#1-%. #)18%6! 1##3#31'11()3#)1.(13(1. $#
JO+HE)!,)(H)-94NNS -1 $#1/()+#)1$%6! 2(. #116(+#H%. #1. /(111 $#!-"|
#)%.0)#D!.$# -%. .#)1 $%6! 1(.1"##11%33)#664#3D! %131 8%6! . $#)#/(# +%63H .$#
/(*06!"1! .$'618()GA! 1 5$#1 6(-0.'(1!.(1.$#! ,)("-#+! (/1 *(1."10(06! '1,0.

%6306 H#3ISH)HI-HE!' 11 )#0b. 121H&H1.61%6.1+0-." -#I-#&H-61(/13#.%'-1%13!'L . #I
2)%.'121 $#+1'11%!8%9! $%.160,,().6!3)#*.-01 $#1%6* (161 1##3#31/()! . $#

012

"3)4*,51067



AHEE' T JHST&IBHO. &I (<Yo=H(HY) T&I>) T&H?' | @0)&&(

"B ()1 HH+), $-+HE&* 11 /0&) 1#+"218314,&-)22)210),)1") 24 HEH6E. ()

$*196")*$9%& (51+6)13&,7),14, &BH"#-'1"$+$1%))") "1#+1+6)1%6$++), 1+&1")+),9
THY)146)13(*-+H& 1 &317 (Yo-+HT& " $Y0I$-+21:2)) < H, +($%!=)*2&,2>18*14$)12@
LA YHHT & $%IB) 2- #A+8&,2>18*14$)122C IS1H-IS1 247 (%$+)"14$,$%%) %
$44,&$-651+6#217&")%!#21%#1)%DI+&!")$%!2(--) 223(%%D!0#+6! ) E4A$* 24 & F $+"
+6(21+6)1HT 48, +$+1#22()1 &31 ) $%9+#7)1-&* 2+ $H+2F 26&(%"1 3(+(,) #74%)9
7)*+$+#8*1)%DI&* 7$22#8)%D!4$,$%9%)%!6$,"0$,).

16)1T#,,8,14,8G%) 71 +8&1-&*+H+(&(21H#*A(+#21-&*+#*(8(2) 7 (Yo +&T&"$%!

1 IHA)AS, #1421+ 638 $H(*SEIBIIT (Yo +H#T7 8" $%61&(+4(+51+6) 1406}, 142!
0.(*$&H#&3! 7(%o+#T7&"$%! $-+2.1 1 /6)! 3&,7),5! 38%%ett*'| "#,)-+%D! ("), +6)
$(24#-)21&31"#$%& () 7$*$) 7)*+510$21+6) 7$#*13&-(216),).11=) 4%, $+#+

-8 & SH(*SEHB, & TYOHO. (*SEME1+64#21 7$),1$%6968021 (21+&!-,)$+)1"#,)-+
%tt*12! G)+0))*! +6)! 4),-)4+($%! $-+2! &3! $! 7(Y%+H7&"$%! -6$,$-+),! $*"1 #+2
$-+H&* 251 4) " F+1&31+6)I$-+#8&*1 2138, 7.11B)-#2#8&*21+&1$-+1$,)17$")IGD
$12)+1 831 7&" (%) 2! +6$+! T&*H+&, 1 +6)1 -&*"H+H&* 21 #41+6)1 $)*+121 4) -)4+($%
S -& A HB)>1 24$4)21 =+$+)! B)-#2H&H A& (%)2>1 &*14$)1JI@C.1 1/6)
$-+#8&*21831+6)2)! 7&"(%)2!$, )EHBPH*S&H()!, 1 (RBBI$! 7(%o+#78&"$%! $-+K
+6)DIHH +(,*1')+1)8$%6($+)"1 #51 +6)! L-+#&*1 =-6)" (%), | :;L-+#8&*1=-6)" (%),
'L=C>18*14$")12MC5!06#-65!")4) " #+1&*1+6)1-(,,)*+12+$+)1&31+6)1$')*+12
7)78&,DIS*"178+8,12+$+)51+(,*21+6) 71 +&ISA4 &4 H#$+) I T&+&, I$-+#8&*2. 1!

"HEHSH  %&&'()*+,)&*1&-1./,)&*01&*1123,)435!657530

N$8#*14,8482)"1$I6#6%D!"#2+ #G(+)"12D2+)75!0)!1*))"1$| 0$D! 3&,1 7&"9
(%)21+&124)$11+&1&*)1$*&+6),.1| O&, ! +6#214(,482)5 PT#,1(2)2!+6,))! G%$-19
G&S$,"2.110&,1)ES74%)5! +&!)*$G%)! 2)4$, $+#&*! G)+0))* &(+A(+1')¥), $+H#&*

& (+A(HEE. SH(*SEEE, 14,8-)221-&*+ &%F+6)IQRSI$*"IRSI-&77(9

*H-$+)| 0#+61)$-61 &+6),1+6,&('6! ") #-$+)"1 G%S$-1G&S$," :; T%$-1G&S,"2>

&*1 A$)12UC! (241 24)-#$%! -&77 (*H#-$+#&*! 4 #T#+#8)21 :0#()@9I@! &*
4$)1332C N=(-6L%6H# T #+)"1$--)22>1G%$-1G&S$, "21$% % &0 (21+&1$--8 T 7&"$+)
7(Y%o+#4%)! 7&"(%)2) $+! 7(%6+#4%)! %)8)%2! &3!",$*(%$,#+D! O#+6&(+! 2$- #3#-#*
2D2+)71-&74,)6)*2#GHYs#+D.

S&EIH*ISHPTH,1$+S17&,)1")+$#%)"196)8)%51+6)1=+$+)1B)-#2H&*17&" (%) 21
+6)1Q,&-)22IR&*+,&%! S$D),1:2))!;=+$+)! B)-#2H&} A" (%) 2>1&*14$')1JJ@C
-$HIG)I7$") +&I+(11&*1&, 18331 7&" (%) 21#41+6$+12$7)1%$D), 5! $210) %0%6! $21 #+
+6)1%$D),!G)%&05!+6)1V)$-+#8)1SSD), .| /6#21#21$*&+6),14, & TH2H*'1 T) +6&"
38,1)E), +#51 (*O+#7)1-&%+ &9%! &8),1 T(Yo+#4%)! 78" (%) 2! $+! 7(Yo+#4%)! %)8)%2.
N&0)8),5! +6#2! 2-6)7)! T#6+1 %)) +&! G)1 ) E4A$*")"1 +&! ")$%! 0#+6! 78&,)
-&TA%)E'4),-)4+($%!7&"(%)2.!

"H$H#$8  6+/91&-1:5;+7)&'0

H*)14,8&G%) 71 0)1 )*-&(*+),)" 1 #1 &(,1 "#2-(22#8&* &3 $(+&*&T&(2! $')*+2
0$21+6)I$7&(*+W*(7G),|831G)6$8#8&, 21&*)-$*14(+1#*+&1+6)12D2+)7!::/6)
S$-11&31T)6$8#8&,21Q,&G%) 7>18*14$) | @XC.IPT#,128%8)21+6#214,&G%) 7!GD

"HE%68 JHS(1H1+, - 40

123



"HEBY6& () +,1-%$)&H: |

"HHSY&! (1) &+ + )&, "HI -* &' &I&S'0! $.1 1%)"2&$+01 "1+ 1#&' (1 $/)*+13"+/0
$.1/)¥1040/*51/$1", *00! /)*0*1"/1 41 #*2*#1 678*3+*0/"/&$' $.19%)"2:
&$+0;1$13" (H<==>211@)*I5"& IH#&5&/"1&$$.1/)&0!0,)*5*Al"OI*51$-&*-1&
N¥I&53H#*5*"I&S AI&O) 1" BIS.| $53$08/&$ 1+ CH+01$+138* &' (I/$(*/)*+
2"+&$CO!3"+/0!$.12"+&$CO! 1%)"2&$+OAI /! "#H$%o! S+ [)*1¥55+(*' *1$.1' 0%
1%)"2&$+0160**7D')*+* | E&5&/"/&$'0;1 1*#$%>7?

"#EH$%  &'(N)*+,-*.1/*01,*1(12-34.(5

FOI-*5$0/+"/*-18'1))*IG?1G+?13+$/$/43*167 @)*18*" |&2*:8* #* [&2*1D'[*:
(+"1&S T H+$1#+5;1 $1 3" (HII>AL "--&'(1 "/CH+"# #"(C"(*1,"3"18#8&/&*0! /$
"(I011"0*-1SI5S0/1$.1/)H CH++/14%" &2 $'#A1"+ )&/* [C+*01&0!3+$1:
#45"/8, 21 D'l K5&+! /)1 #"4*+1 $'/"&'&'(1 [)*! "(*/LO! B'$%6#*-(*! 1"0*60>A
@$3&,!M'$Y%ott*-(*19"0% 6@MO>!""-IN&"#$(C* M'$Y6#*-(*19"0* 6NMOI>A
&010%3"+"[*-1 +$BI/) " 4*+01O*+/&'(1, B +$HI$2%+1%)*1" /&$'01)"33*'?
@)&O!"##$%01.$+10*"5#+001&/*(+"/&$1$.1)&():#*2*#11%)"2&$+010C, )"0 14"
(C"(*19%&/) HSYo*+:#*2+1$%0?

P)&HHI)*10*3"+"/&$1$.| @MO!I"-INMOL. +$51/)*1+*0/1$.1/)*I040/*51-*"#0
0C,,*00.CHHA1%&/) )1 &O0CHS.1& [*(+"1& (" CH+ #I#" (C" (11 &' I$!")41+&-
&%k 4% &2 040/*5AI b O &HH -1 [$1-* &™*I [)*I5* )" &0501/)"/
&IP3V (KR Y148 (C&OI&, | SCI3CI?! @) SCHI&ES-"H#1 &' [*+3+4/*+

"R AL C/I &I 25010%2%+"#1 &O0C0! C™"0%*+*- 211 F/1/)*1/$31$.1/) &0 #&0/1 &0
)$%6l/SI-+" 106 &/IHSY 8D (FBESHH"/&S S (C" (*2UR'HA! $0&-*+"1#*
"--&/&S'01 /B! %)"/1 )"0 1¥¥'| &EIHEX[%-1 &'1 )| 3+$/$/43%1 "1 #"+&.4
)$%!*O/*0&1#*1/)&010,)*5*1&07!!

"#$#H$6 &'(1789*0:;30!2-34.(5

DI/MIG?IG+?1,)"3/*+163"(*1I<>196*10"%!)$%!*03""-&' (I/)*1"(*/LOI1*)"2:
&$+01"-13%+ *¥3/C"#1 "3"1&H&I&*OI1*,"5*1"1 3+$1#*5!$.1040/*5! $53#*O:
&I471 1 @)&0! &O! "I (**+"#1 3+$1#*5! $+! 040/*50! 1"0*-! $'1 &' &/ Of'/*
5" )& *0AI"-1$/)*+1040/*501%)&,) CO*I5*,) " &O50!"/I/)*10" 5142 *#1$.
(+""CH#'+8&/472119* "COIK5&+10*3"+"/*01+*" &2+ 3+$,*00*0) +$5!1+* #* /&2
$HOAIFO3"-&'(I*&/)*+1$*I&0I3S008& L#-1%&N)SC/I&. [+ *+&' (1%&/) ) *I$/)*+2
S0&'(1,$55C'&, "I&$ 1 1961 ) H+$, *00I TS /+$H E"4*+1"-I N1 TS

[¥ 11 B4+ 60%*) US(CHHI:1! $11 3"(xl<<V>! "#4#$%0! CO! /$! ,$/&' C$SCOHA
*03"-1/)*1040/*5L01/$3&, B'$Y%t*- (*196&/)$C/1)"2& (1/$1,)" (1" 0& (#*

D& (1+*("+-&' () 1+ #:/&5*1*O* CI&$1$.1" 1&$'0? 11!

R*IWCH0/&$'))"/1+*5" & 01C ™" 0%*+*-1801)$Y6106 41 F18-+"1.1) &*+"+,)&::
' 3%+ %3185 06$+BO?! | XS+ 03%,&.8&, "HHAA! "1 Uo*] "--| GG+ "2 .
3%+ *¥3/C"#1 5$-CH*0! &'/$! /)1 H+$ 00! TS/+$#! E"4*+1 -1 [y TS/*/
E"4*+Y-$*01/)&0!5"BHO¥0*Z1ID'I/)*1, C-++*/1 &B3HEH/" &S [J*0*1 "+

5 & H#AL $[" &I [MIBF [E2HE" 4%+ X SHH+*0% "+ )I&OI**-*-2

012 “3)4* 51067



AHEE' T JHST&IBHO. &I (<Yo=H(HY) T&I>) T&H?' | @0)&&(

"USHSY  &'()*+1,- )0

"HISYHSE () YoH1+,)-1.-%/)01(1213% ' H#024)%#1452413'€:3) &&(14511%-)6)#2816%62&(
)AIT2(1,124#414%13'83)&&8!"419-)06 1 (19147 11#1,'&4), %02&1)#. 412#28:() (1240
'&4),%0281%'4. 416 1#1-24)%#*1 28.8% T #6145 11$%H#(4-'$4) Yok %312'4%H#%, % '(
5',2#96)01 26 1#4(1$2.29& 11 %31 $%#4)#'%' (1 )#41-2$4)/110)2&%6'11 7)45! . 1%;
&1¥1$%, 2-29&114%!5' 2#132$1;4%; 3211 $%#/1-(24)%6H*1 .-%. Y6 ()#6! 21#
91-19631,1$52#)(,(12#0!)012(14%!3)&&)#14511,) ()#6!<#%781061145241$%'&0
,2<1145)(1.%(()9&1=

% & ()F)+,-.++-01

>5)&11+,)-1.-%/)01(17")41121# 91-19%631 (%8 '4) %6 (14%!6 1#1-24)#6!$%, .

#)$24)/115', 2496)0(*1)412&(%!) (1%9/) %' (1452412(12#12-$5)41$4'- 113%-12$$%,
%6024)#6)2)*3+(-'4! #11010! )# ,'&4),%02&! 0)28&%6'1* +,)-1 52(1 )4(
&),)424)%#(=11>52411@2$4&:145%(112-11)(1#%41$8&12-12414511 -1 (1#4A145115%. 1
)(145241)41 7)&&) .-%/)011 241 &12(41 2! (%&)0! (41..)#6! (4%#11 4%! 4511 #1 @4 &1/1&=
BY%71/1-*1)4!,2:1911'(13'&! 3%-! %451-! -1(12-$51-(1 4%! .-%/)01! 2#! )#()654
Y#A%!751-114511712<1&)#<(!,2:1&)1=

"#$1$" 23(.40536237)3.4053!80*40-.40'-

CH#11$2#16'1((1452414511(4-)$410)(4)#$4)%#1914711#1-12$4)/1124#01-13&1$4)/1
9152/)%-(1.-%.%(10!,2:1#110!4%!91!-1&2@10*.1-52.(14%!451!.%)#41751-1
45110)/)()%+#! )#4%! D12$4)/1! 2#0! E-%$1((! FY%H#4-%8&! &2:1-(1#%! &%#61-!,2<1
(1#(1=1G'$5121$%'- (119631 1/1#4(*15%7 1/1-*1) (1&)<1&:14%!,2<114511$%#(4-'$;
4)%#1%31$%,.&1@!$52-2$41-(1?')41102'#A)H#E*1 240!, 2:1$28.&!13%-1#17).-}#$):
&1(1 3%-! $%6#$1.4'28&:! (16,1#4)#6! 4511 (:(41,(! -1(.%#()9&1! 3%-! 45%(1
3H#$4)%#(=11G$51, 1(/('$5!2(145%(1!'(1019:IH&',91-6!11J2:&12#KLMMNO*
75)$51288&%7!,%0'&1(14%!9116-%'.10*1$%'&0191121.%4 1#4) 28! (%8 4)%ott!)#145)(
$2(1=11G4)&&*14511&1/1&! 24175)$5!4511,%0'&1(12-1101()6#10!)(! &)<1&:14%! 91
2017'24113%-1$%#(4-'$4)#611/1#1-1824)/18&:1$%, &1 @126 1#4(=

"#$1$# '99/-0.(40'-1:34;33-1<(=3>*

"41,2:12&(%! 52..1#) 45241 $%,,'#)$24)%H#! 914711#! 4511 E-%S$1((! F%H#4-%&
P2:1-12#01 4511 F%#41#41P2:1-11/1#4'288:191$%, 1(1 (%!$%, .&1@!45241451:
(5% '&01911$%#()01-10121)#68&11(:(41,*1%-121&2-61-1(141%3!(,2&&1-!(:(41,(=
Q62)#*1,1$52#)(,(1,' (41911 )#4-%0'$10! 4%! (411-1272:13-%, 1 #$-12()#6
#,91-(1%31)01#4)$2&!,%0'&1(*1, 1((261(1%-!-'&1(* ()#$1101()6#)#6!451(1
91$%,1(10)33)$'&4=

"HE%68 JHS(1H1+, - 40

123



"HEBY6& () +,1-%$)&H: |

"HE0$%  &'()%+,-1)/01123+ /14'/-)3+

"THS%BE'ES()! (*I &+,!-./1,) &I $Y60#, %) &' &S()! (1 1%$/! | #'&, 2! &(1 &+,13'4
5,+'6$(/211,17,),/'&,891:$)- I##15, +'6$(/2!'/,1)'%,81;:3$&+1&+,!,<-,0=
&$()|(*120'&$H#16'#.,215,$)71$)2,/&,813+,1,1),,8,8>21'0/(7/'%%,/1),,82
&(18,2$7)!+.)8/,821 (*15,+'6$(/2! &(I-/, &, "1 * #H#A1O'5H#,1-+'/'-&, /"
5,&8&,/12(#.8$()!3(#8!5,1&(1-/,'&,1"1%(&(/'/,0/,2,)&'&$()1 2-+,%,13+ 1,

%(/, *#,<$5$#$84! <$282! $)! &+,17,),/&S$()! (1 5,+'6$(/2?1 2.-+! &+'&!),3
- &$()2!-(#815,1-(%0(2,8! (*1(#8!(), 20! @+$2!3(#8!'#2(15,!') -, 22'/4

)7 1&("--(%%(8'&, 1% (&(/'#,')$) 79

A'BS)7I#((B,8!-#(2,#41'&1&+,1%'$)1$22.,211%$/13'21%,) &! &(10/(6$8, "
2(#.&$()1&(?!13,1',1)(3!/,'8418(18#6,1$) & (1$&21#$% S8 &$() 2!() 1% (/, I 7#(=
5'#12-# C+(313$##1%(/,17,),/#15,+'6$(/2!5,1$)&, 7/'&,8!$)&(11%$/D

"#$% &'()*+,*-1./,0123*+345

@+,11%$/!'/-+$&,-&.1,13'218,2$7),81(6,/'10,/$(8! (*I'5(.&IE!4, /291 F)
&+,10/(-,227! %')4! (0&$()2! 3,/,! -()2$8,/,8! )8! %')4! 3,/,1/,G,-&,89
@+,1%(.)8'&$()*(/1$&218,2$7)1)818,2$7)1&/'8,=(**213'21#'$8I3$&+1&+, *(#=
#(3$)717(#2H

"4 FYO0#,%,)& 5#,1541'128) 7#,10,/2()?

$# $)-(0(/'&S)TC(IMH##(321*(/'1&+,1,<&.,)2$()'&(1$)-(/0(/'&,C'2!
%) A1% & [ 21(*1%'- =&(=*-,I1$)&,-&$()"210(22$5#, ?

o6t *#,<$5#,?106(8$*$'5#,21)8

& |,'H#=8%$%,10,/*(/%)-,9

'€+ /1 &+')1 &/4S) 71 &(1 7,&! ,6,/48+$) 7! JIST+&K! &+, *$/28&! &$%,!'/(.)8?! &+,
2428,%!8,2$7)!3'21 2#)&,8! &(3/B4)',6,4,(B)! &+,'/-+$&,-&./,911 @+,

U & K(1,1 2,6,/ #,6,#21 (1) &/AK) &+&I' -+'['-&,/1 8,2$7) /! -(#8

' 2218+,196(8,#10/,2,)&,821%/(%! &+ ,1#(3,2&!#,6,#! (*IL(7$-1M,&!8,2$7)?
28'8,19%(8.#,21)816$/&.#12,)2(/22!.01 &(1 &+, +45/$81*/'%, 3(/B! &+ &! &+,
3+(#,12428, %!/ #$,21 )9V N/ ## #1&(1&+$21$21/,.2,1 (*1&+,ILF:NI-(8,13/$&=
&,)?1$9,91&+,1$%0#,%,)& &$()! $&2,#*H!0'/&2! (*1&+$2!-(8,!-(.#8!5,1.2,821*(/
<'%0#,1&+,1B)(3#,87,15'2,2219%6(&(/1 2-+,8.#,/! (/! $)&()'&$()! ) #42$27
('$&)-(#815,1.2,813+(#,=2'#,213$&+!(&+,/12(*&3'/,1%(8.#,21,)&,/$) 71&+,

2428, %!'&10'/&$- #/10($)&29

"QI&+ (3,6, #7218+ ,1%(28!(56$(.210#-, 1&(12&'/&!3(#8!5,1&(1,<0,/$%, )&
3$8+16'/$(.21),319%(8.#,2911"&I&+$21#,6,#1(),|-(#8V'88IE, )$) 7! (/12,#*=

1,7 #8&$()?1%(/!, <'%0#,1541.2$) 71J5=5/'$)KI%(8.#,210P$)2B4IQRSTUI&+'&
%(8$*41 &+,1-()8$&S()2! $)! (&+,/1%(8.#,29!! @+$2!-(.#8!%'B,1&+,!$)&, /=
&$()!%(/,1/(5.2&1")8! &+,12428&,%! %(/,!'5#,! &(! 8, # 358+16'/$,8!-()8%$=
&$()2911V),1-(H#8VH#2(1,) & /\&+,12428, %! &) 1 24#$T+&HAI+$T+ /1,6 #21'88$) 7
),31&40,21 (*19%(8.#,2?1B,,08) 71 0/&! (/"4 (*1 &+,1-./1,)&! (),29!1"&! &+,
ST+, 281 #,6,#1(),1 (#8121 &+17,), /) |-+$&,-&.1,| (1 &+, #4,/21)8

012

"3)4*,51067



3I"HAS' 6, )HS6&ITHE. &IHON: (;Yo<H(#9%)681=)68#>"120)&&(

"HYO&S()*+,-,.1 /0,1 1') 28,1 0,1% #-*+"2/1 1$&.,! ,./3(#4! .,5
1)2#,11,%0$.3*1%6! 1 70,* 1 $(,1 $## 5$4*1 /"1 318("-,1 50$/1 913(! %2(:
(,JHAI0$HI/1';; (611<2/15, 1$#*15$./1/1$))!. 51 $/2(,1*2%01$*1 1"
[3'.=11"3#3/4=112#/384#,185(/3%38%./*=1 /%6!1>'(1/03*15,10$-,1/'1*/(,/%01/0,
8#$/;'(11/13.%'(8'($/,!.,511,%0$.3*1*6

#3068 &'()(1%)(1&(1+,-.1/0))(121324205

2,-($#1$)-$.%,)!;,$/2(,*10$-,1",,.1*0'5.13.1/0,! @$.)$#;! 8(/'/48,=
$1'.A1/0,11),3%/3%! A */2(,! (,%'A.3/3".B(,$%/3 1A,.,($/3".1$.) *3.A%,
8$3(1/2(*1*29%0! $*1 C2,*/3'.:D$.*5,(1$.)! (,C2,*/:D$%/3".6!  E™*/1":1 /0,
%2((,./'8(/'148,F*1#313/$/3'*1%'1,1:('11/0,1*318#3%3/41";1/0,1 &.'5#:
DAI'S* *BIGHSS.*3'.11/0,*,15'2#) 1$#4#'51 1,15, $/2(, 411" 1$)),)6
1.,1%29601;, $/2(,13*1 12#/38#,1C2, (4:(,*8" * 1/2(*JIKE-,1/0,I" HIBIL'
4'211,$.1/0,1"#2,1". MIBIN'=I*((4=!1'- 1/0,1*80,(,!B!703*!".,MIB!9,*IB
003%0! 5$4MP=1 /%61 1 Q./0,(! ;,$/2(,! /0$/1 1'(,! H/,.*3-1 &.'5#,)A,
"* *106'24) | SHHBIB(,1)3(,%/3-, ¥ *2%60! $*1 KR"&I$/11,PI' (| KR"&I$/! 1,
50,.I SF11*8,$&3.AP6!1 70,* 1 $(,1 3./,(,*/3. Al #$.A2$A, "$* )! /"#*1 10$/
0,#813.1/0,18('%, *1:1)3$# A2,1$.)1 1$418(-, 1%(2%3$#!;'(1/0,1*2%6%, *I';
212(,1%'112.3%$/3-,I1$A, /%611

1/0,(1;,$/2(,*1/0$/1%'2#)1" 1$)),)13.%#2) 1, 1'/3 $#1*3124$/3" =1$;; %/
3.A1",08-3'(1$/1 1$.41#,- #=1#3 .83 AIAST,1)3(,%/#41 281 53/01-3*2$#13.82/
$.)1/0,1*8$/38#! &.'5#,)A,1"$* =1 )3$#'A2,1 03%/'(4=1$.$80'($! $.)! /0, (
(%, 1) 3SHA2,! -, [*=1$*15 ##1$¥1 (%'A.3/3".111'(,1 /48,41,

A0 $) 1! H, >3-, 12#/31)$#! -,/ (,8(,*,./$/3'.6!1 O,

5'24)I $#15$./1 1 HI, ) @$.)$#;1 1" | $"#,1 1 %' -, (*,1 53/01 1'(,

J0$.1'. ISA, /I (18, (*".1$/1$1/31,6110, I53##1#"&I$/1/0,*,13.1/2(.6

"#$9%$# 6072897(1:0)15!;,)1381<7(1=22()41>(5

719))112#/38#,18$3(1/2(*=1".,15'2#)1., )% (,$/,1$1/'83%!&.'5#,)A,
"$*,1U7V<WI53/0! $I 85 (*,(1/0$/! %$.! 15(&!/0,! $#(,$)4:85(*,)! 2//,($.%,*
53/01/0,1%/$/,1";1/0,1)3$# A2,611 229601 *4*/,1%1 0$-,| $#(,$)4! ",,.1 "23#/
XQ##, IYZ[\]'$.)!5, 153441 IA13./1/0™,10,(,13.1$.41),/$3#61170,13./,(:
1$9%,1/'1/03*17V<15'24#)10$-,1/1$))I$!; 5!8(313/3-,*1/'1/0,1%'112.3%$:
/3'.153/01/0,1 A(%,**! _"I(# R$4,(1UN_RW6!!>3(*/=1/0,1" RI. )/
(,%'A.3T,I508/1%#$**1":12//,($.%, 131" 3.AI8(')2%,)!$/!$.4!*/$A,13.1/0,
)3$# A2,611703%1341.. ) )/ 1$##'513/1/1$2/ 1$/3%SHHAS)) %' (,%/18('%6, **
%' J(#1",08-3'(*1 20601 $*1 0,*3/$/3" *=1 8$($-, ("$#*=! -,.1 *0'(/! - ("$#
2/1,($.%,* *2%0! $*1 KS! &.'5! /03*6660%$.A! '.! $! * %' )P! 503#,! AST3.A
285$()6!12,%')=1/0,1"_RL., )¥I/'1* )11, **$A *1/1/0,IV<I/0$/1)".F/
JH3%/13.1/0,19%2((,./' @$.)$#;18(/'148,6!170,* 13.9%6#2), 1/ ##3.A13/150,/0,(
$1%,(/$3.12//,($.%,10$)!",,.1),#3-,(,)=10'5! 3/ 13A0/1 0$-,!",,.1 1)3:
3,)=1$.)150$/1 &3.)*1";: 3¢, (=1, HI($.,'2*1 2/1,($.%,41$.)1 $%/3' . *15
1$&,.611703*1&3.)1";1 H/, *3'.13%1 (#$/3- #4!*/($3A0/;' (5$()="$.)! 3*1%2(:
(,./#41" 3.A11$),6
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"HEBY6& () +,1-%$)&H: |

"#$%$& '()*+,-.1/0+1.221'(0.13(4.2

"H SY68 (B! &1 S+ #! &--+$**1 &%) &.$%,! [+$&,$-10%! 120+! 30,4! -0+$/,05%*
) 418G THHBIHES+! 4$+$9:16")+06!:#) +14$8&-1&3&;9:16< #=I*,&+0%.>0:1#06$
%SS-*1*=$/0&(/#% %S/, 0#%6*17+#2! 431 @ 0&(#.)$!IA%H#3($-.$'B&*$IC@ABD! #
A$! E/,0#%! </4$-)($+! CE<D! #+! 4$! -$/0*04#%! 24#-)($*F! | EI =4+&*$! (08$
B7##81&,1 2591 3#) (-| =+#-)/$! 8%! 0%, $+%6& (! +$/#+-:1-0+$/ $-1&,1 &! /(&**1#?
-$/0* 0461 2#-)($*10%!, 4| G+HHSIH#Y, +#(17&:$+:1/&)*0%.!, 452! #120+$FIE
=4+&*$! (083! 6<,#=! * &+0%.>0! 3#)(-] =+#-)/$! &! 6/#%* +&0%,* +$/#+-9
-0+$/,$-1 &, &1 /#(($/,04%! #21'$SA&504+! 2#-)($*! 0%! 48! E<F! 1 "4$*$! /4%

* +809%,*13#)(-1%$$-1 #1'$12) (20(($-134$%! , 4$!'$4&504+*1.$,1$I$/),$-:10%
A$1*&2$12896%$+ A&, ! ASI 24 HH [H2=t$+] +&-$1#271'$, 356! 'SA&504+
24-)($*1'&*$-149%! 41,0281 ,45;1, &8$! #1$I$/), SF!"4$! &/, CHUBY6& %

0%+ KCH+!, 43124#+$18-5&%/$-15S+4RHDME& %, “+)#- L [DI3#)(-14&5%

H12)(20((1, 4! #%-0, QU 5% %o () *+ IF1 | MASY6$5$+! &/,05&,$-:! 4%
=S [#2=),0%.1 =&, 08 (! (#/&,0H%! 24+1 A$! )*$+1 3#)(-1 4&5$! #1 24#-07;
ASI5&()S! #1%6#,1/#0%/0-$130,4!, A$1)*$+N*1 (#/&,04%F! O#31$J $%*0'($! ,40*
*/4$2$10%1+$2&0%*1 #1'$I*$$%:1"),10,1*$$2*1/$+ &0%! #13#+81 2#+1&, 1 ($&*,1&
)% &9%,08(196)2'$+#21*02=($1/&*$*F!

"#$06$% 56+3(+7)*18(6-*)3(+7

P2#,0#%*! &??%/,! '$4850#+! &,1 2&%:;! ($55(*:! &(,4#).4! +$&/,05$! '$4&50#+*
2&;! *4#3! ($**1 $22%/,! ,4&%! 2$-0)21! #! (#%.1,$+2! =(8&%%0%.! #%$*F! | Q%
8$$=0%.130,4! 451 2#-) (&+ &==+#&/A! #!/4&+&/ $+1")0(-0%.:1 &%! $2#,0#%&(
2#-)($V/#) (-1+$&/410%! #1'#,4!,4$!-$/0*0#%! 2#-)($*:1&??$/,0%.!58+0& ' ($*
*)/41&*1$?7?$/,05$! (0?7$,025*1&%- ! +$*=#%*050,;!  #!/#%-0,04%*F!1Q, ! /#) (- &(*#
1489%0.$! ,4%! '$A&50#+! 2#-)($*! 0%! /$+,8&0%:! 2#+$! =#3$+?)(:! 3&;*:! 2#+
$J&2=($!";1(020,0%.!,4%$!%0)2'$+1#21#=,04#%*1 2#+!$$/),0%.!/$+,&0%!'$4&5I
Oft+*:1 #+1 /48&%.0%.1 ,4$! ,02$! */&($*1 #7271 $IB/), 0#%F! 1 "40* 3#)(-| +$R)0+$! &
*)'* &0%6,0&((;! 2#+$! =#3$+?) (| E/,04%! </4$-)($+:1 &%-! &--0,0#%& (! 7$&,)+$*
2+ A$!'$A850#+] 2#-)($*:1"),! 3#) (-1 %#! +$R)0+$! &! /4&%.$! 0%! ,4$! 120+
&+/40,%/,)+$F

"#$06$9  8:)3()*18.72+02!;13<.(0!=(7>!
3+18:)3()*127+@*.A,.

Q?!35!38%,!,4%! &.$%,N*! .&S$! # +$=+$*$%, | 0%2#+2&,04%! /#(($/,04%! #%! 0,*
=&+, 43! $;$%1 4&5S$! #1 'Sl [H#%%$/,$-1-0+$/,(;! 30,41 ,4$! 2(#3! #2! 50%)&(

0%=), FI"40*1/#)(-'$1&/40$5$-02=(;1;1)*0%. /&2$+&*12#+1$:$*F11<)/41&

*% $2134#)(-1485$), #18$$=181*=8, 0&(18%#3($-.$!'&*$1)=-&,$-1$5%+:,02$

4318 $%, | (##8$-10%1&1/$+ &0%!-0+$/,04%FIMO,4#),1. #0%.10% #!, 4$!-$, &O(*I#?
HTS/,! +$/#.960,04%! &%-! 280%,8&0%0%.! 43! =$+2&%$%/$! #2! # TS/ * P+#2
2H2$%, 1 #12#2$%,:1%)/41 8% $3,$%*0#%! 3#) (-1 20,1%0/$(;1 0% #! 45! 2#-$(

KF <$$!6<=&,0#IU# #+!<80((*9!#%!=&.$!KVWF
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AHEE' T JHST&IBHO. &I (<Yo=H(HY) T&I>) T&H?' | @0)&&(

"HE"SYOE | ($HI06"Y+), 1 +-($H.)*+8-106*$H#)/&1)00&%%+1, &1*$! 1$+21*28&! 3HS0&Y6%
4$-*#3,15)68#718-$9,&'/&15)68H!)-'1¥281:0*+$-1:02&/<, &H#I"HEY&-*&1+-
*D&I&O*$-1=;"Y+$>2$*$#1: @+, %AI$-1")/&IBCDE!!

"HE%$8 '()*+,-1/(01+23

F-1%2&1 O<H##&-*1+." & &-*)*+$-1$(1G)-"),(1*2&) 2+%6*$#6] $(1 &H&-*%! %o+." 6

"1 &OHI<"1+-1%2811 ) 0@ 1$)# %l *28H&))H&I-$!"#S0&Y6% &Y ) H)+,) 1,8 ($#1"+0@+-/
$<HIH&-*%I*S! ) @&I*28&.1)H)+,) 1, &1*$1*2&] @-$9,&/&! 1) %&WE!I2+%!.) @ &Y%
4000+ 1, &SI H&(&HI*S ($H1 &K)." &1 ")%6*!'+), $/<& &HE-*06! 9++21 &K"H#E&Yo>
%+$-%!%<02!)%! =EEE92&-16$<! $$@&'!)*! .&!)-'1%)+'1L2&, SMAE! N1H+$<%,6
98! -8&&'1 %<02! .&02)-+%.%! *$! "#$H+&! ! (<,,! %6%*&.E! | J2&! J*&#! +%
)+-,61 $-&1 $(1)"+-/) #&*#+&H),! .&02)-+%6.%! *$! *2&) @-$9,&'/&! 1)%&%I
$-8%!*2)*19$<,1 $$@! +-1*28&! H)#+$<%! 1,)0@1$)#%!)-1 =#&>")0@)/&A! *2&
)00<.<,)*&' &HE&-*%! O%<02MFE& Yo()* ¥ ()*+%6"#HS, - Y& Yo/ 7
&FOEP!+-1)I($#.)*1%2)*1+06!'+#&0* 6!)00&%%+1, &I*$1*2&!1")#%+-/1.&02)-+%. %! +-
*2&1@-$9,&'1&11)%&YE!NI2+%10$<,'1),%$!), $O! ($H#I#&(&HE-08%6!*$!")%*1*$"+0
&H&-*%!1%<021)%!=G$! 1)0@!*$! 92&-1*2&1)+#",)-&19)%! $-1*28&I $*28:H1%6+'&1 $(
*2&I#<-9)BAE!:, 1&+*1-$¥106+." &71*2+061 )" +*+$-10)-1 1<+ ,'1$-| @-$9,&'/&
1)%&I9$H@!),#&)'6!'S-&1+-1$*28#1%66%*8&.%!QO(E!J)-+.$*$!BRSTUE

"#$%$4 567)89.6!:.01-2.1;.9+,8(1(+8!<!
=*1(>+6)*127.811;.@2.0.81)1(+8

V$OI'$19&!'&*&#.+-&192)*1@+-"1$ (/& Yo*<#&!+ %01 1 &+-/1"&#($#. &' WX &0S$/>

Y +-1"$+-*+-/1/&Yo*<#& Y01 92&-1*2)* 1+ %1 *2&!$-,6! @+-'1"$%%+1,&! +%! *#+H+), 1 +-
0$-4) %1 *$1* 281 Uo+*<)*+$-192&#&!)-61 /&Yo*<H&! +%! "$%%+1,&Z' &+0*+071")-*$>
44071 +0$-+07! &.1,&.9%7! %&, (>) [<%*$#%62Z)-1*2&6!),,1 2)H&! *$! 1&! '+06>
Off+.+-)*&'1 +-1 #&),>*+.&E! 1 J2&! %$,<*+$-1 "#$"$%&'| 2&#! +%0! $-&! 92&#&!)-6
@+-"1$(1(&)*<H&I(#$.1)-61.$'&10)-106<"" $#*1+-1' &0+ +-/1928*2&H1) I 08H*)+-
182)H+$HI0$-06%+*<*&0!$-&1*6"&IS(1/&I*<H&ISH!)-$*2&HEINSHIEK)." &T128&)#>
+/1%2&IOBH 1 =*2)*Al), $-/19+%21)-1 &K*&-'&'1 ). +/2%1 1&1 &-$</21 (1)

*#+//&#1*$! 0,)%%+(6! *2&! & H&-*1)%! ='&+0*+0AE! | 5+@&9+%&7! ) H&#1! 0$.1+-&'
9+%21)1 0$." &K1 2)-'1 . $*+$-1)-1 )Y&! *2)*! +-*&#%&0*%%! 2)-'1 "$%6+*+$-
0$<,11&!&-$</21$(1)10<&!*$1%+/-),1)-1+0$-+01/&%*<H&EN]2)*&H&H#! )6!1&
)IO+-—+-/19%*#)*&/61($#18) 02! @+-"1$(1'+), $/<QI&HE-*71) o Y/ <&'1+-142) " *&#
NET1%2&1 (<-0*+$-1$(1)-| &H&-*1-&&'%! *$! 1&! ($<-"1 1&($#&!)-1)0*+$-10)-1 1&
N@&-T!)-'1)-1)0%+$-1 %$.8*+.8&%! ), %S$! -&& %! *$! 1&! %) @&-! 1&($H#&! (<H*2&H#
"#$08%6%+-/10)-1*) @&!",)0&71)%! +-1*2&1 &K)." &I $(1)!'&+0*+0!/&%6*<H#&I 028 H#&
6S<I'#SW B! SP@! +-1*2&! ' +#&O*+$-1"$+-*&'1*$1 1&!1)1,&! *$! ($,,$9!*2&!'+)>

$/<&E

| $-/19+%21%2&1-8& TF$10,) %%+ (61)1-<. 1&H#I$(1.)-<), &I+ <HEYHIO+*21 +((&H>
&-*1 (<-0*+$-%!0$.8%!)1-&&I*$I"0@)/&! .<,*+.$),'+), $/<&! &H&*%! %S
*2)*1*28&610)-11&18)%+ 61#&, ) *&'1*$1&)021$*28HE 1 A<HH#&-* 671%"&&02!+061%*$H&
+-1(#). 8% O")H%&*&." * &P 92&H& +-($#.)+$-1) L<*1*2&19$#%6 716" &I $(

<& H)-0871 6" &1 $(1'+), /<! &HE&*1)-'1 +-*$-)*+$-1 JH&) Yo*$SH&'E! 1 1&! -&&'
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"HEBY6& () +,1-%$)&H: |

"HS0&' (%" H) $* S )$+(#! +"-.1%S$.+)1 +'1"01%$."+2% 11 #3#/$) 41 5#(*%5)! %$
" (L SH0/ + 1 LHSHLI 1 24$%. 1611 7%.)1 8+01 21 #/%-1# %! O/+81#2:#1 -%6)#1 $+
%, #))12.%1+ 0 IH#3HIS) /19! +*H#(HISI"Yol[H(41).". 1%(1$+! 8*%$I5#+51#12+
XA/ (H3 8.1 | S HIHIS) ;! SH()+/1 2-+#)1[+$1)$+(#1 96/ #3#/$1)0,*1%)

()11 0L IS+ %S+ Y HEY(Y%SHL<! '(+"1 $*#! 8+(2)! )5+O#/4! -0S! (%$H(
- JH)I$HHS8+1./$+15%,9%6:#)1, %61 1#21=>04)$.+/)? @6!!

"#$%P$& '()*+,-./*+0+1.2*134256/7 .*+42

7+1%11+8! A%/2%1'l $+15%($.,.5%$H#! /1 +/3#()%$.+1)! 8.5%1"+(#! $*%6/! +/#
O)H(A1+(1%/+$*H(1 Yo: #ISA BH [#H21 $+1". (B! "+2.'<I$*#I SH( #5$0%1! "+201#)
59%($.,01%(1<! 2#).:/#2! $+! 2#$#,$! #3#/$)! )0,*! %)! =1++9./:8%$&"#?! %/2
=0622(#))./:&"#?1$+0)#13%(. %6~ 1#) AIB*H(#I$#13%(.Yo- 1#)!, %/1-#1%)). . /#21$+
$*#12.%1+:0#15%($.,.5%/$)6!1 7*.) L) /+$1%! (%2.,%11%22.$.+/1$+ $*#1%(,* $#,&
SO(#A! -O$! +/#! $*%6$! (#>0.(#)! )+"#1 %22.$.+/)1 /1 $*#1 2.%1+:0# 9/+81#2:#

Q) HBNT*H)H 10241 +2./:1+12. % 1+:0415(.+(.$<B, 0((#/SL<I$*#10)#(1*%)
5(+(.$<!;%/212(.3#) I $*#1I$H(%,$.+/@611C'1 8H#1 8%/SI S %o #/$I $+! -#1%-1#1$+
$%0#!./.$.%S$. 3441 $I/##2)1$+10/+818*#/1%/21+81.$1.)19611+8#21$+!./$#((05$
S O)#(1 +(1 +SH4(1 %(S.".,.%1! %6:#/$)6! | DHI".*$1 %6 1)+ *%63#! $+1 1++01 %$! $*#
$O(/&S$%9./:1"#,%%).)" 1 $+1%611+8!"01%$.85%($.,.5%/B! /+("%$.+/1$+! /'10&

#] #1SO(/1-#%3.+(B11E:%./AISHH) 1% (I +$I"VF+(1(#8+(9./) 1+ 1$#1%(, * &
$#,SOHBSH<! /! #1 -0.1$! 2.(#,$1<! +/! $#1 '0/,$.+/%1.$<! $*0%6$! G".(
5(+3.2#)6!

D*0b$H#3#(1$ 1 0$0(#1" %< *+121'+(1G".(1%/2!G".(&1.9#1%(,* $#,$0(#)4!.$)
"+2019%(12#).:/1"%0H#)! $1 3H#(<1 1.9#1<I S+ -#10)#01!+(1%!/0"-#(1+'1 <H#%()
S+ +"#6
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"2)3*,41506



HSYBE (Yol + $+-H "#i#'$oo&'(

"HS061&" ()*$+1*(%,-$.(%!"//)0&, (112#(1%3%2(415%(*16/-18)$482$) 7!88&)9
*8:6;96168&, (1&) 1 #&)*<1=21(4":/3%!&1%$4": (1%, #(4(16/-17()(-&2$) 7!(66(,9
2$>(168&,$&:! &)$4&2%/)! 20$75-(! @AIAB<! 1 =21 *$66(-%! 6-/41'-$/-1 (66/-2%! 6/-
H8-8,2(-18)$482%/)!-$4&-$:31$)1$296!%6$4":$,$2318)*1$29%! C&3!/6!-(-(%()29
$)716&,$&:16(825-(%<!I"#(1)(+21%(, 2$/)! *$%, 5%% (%! 2#(! .& D7-/5)*16/-1 2#$%
C/-D11&%! C(::! &%! $2%! 4/2$>82%$/)! &)* 7/8&:%<! 1 E(,2$/)! @ A<F!*(%,-$.(%6! 2#(
'8-2$,5:8-%!/612#(1*-&CS$) 71&)*18)$48&2$/)1-/528) (%<!E(,2$/) @A<G! 7$>(%!&
J4&-$%0)1.(2C(()! "11)0& (1 &)*! 2#(1 0&,$&:1 @, 2$/)! HI*$) 7! E, #(4(
20@HE1!1D4&)1J10-$(%()!AKLMB<!IN&%2:31!,5--()21&":$,&2%$/)%!&)*16525-(
O#&),(4()2%! &-(1*(%,-$.(*1$)!1%(,2$/)! @A<O<! @! P5$, D!5% (-1 75$*(12/124(
1*$2/-18)11@)$48&2/-1&-(16/5)*1$)!"#Q-$%%/) RAKKST<

898 ()*)+ IHSY6&! ()*+)+HE, (#-.) "%/ ((0*-()1'-'1#2".)0-)

/i
&

@
5 @




"HEBY6& () +,1-%$)&H: |

89::<=136>07!1 "#$U0%"&'()*#+),)"#
Vo-.)(/+#(%0123+ ) A)#"30')5#1'2/+#

HSH %&'()*+,-./10+123&12+-/14+&56

"HE&L )+, &-1-I#$'011(-21 (3'&-38&411$,#I5/'&0#/01, (14/,&I5(+0&4

&6,830$78%8! (3! 7$0+/%! /**&/-13'&9! $3,&-',$7$,8! /34! &55&',$7&38&00! 5(-
$35(-)/,$(3!,-/30)$00$(3! 7$/1 #8&15/'&1#/013(,1:&&3! (51*-$)/-81'(3'&-3;

<01, #&!1)(480! (5!0*8&H#9!.&0, +-&1/341 /=818 ()& /! -(+ $3&!*/-,1 (5! #&
'()*+,&-1$3,&-5/'&>?#@-$00(3! ABBCI!D((30!&,1/%; | ABBEQ!F (%, | GIH&--/3=
ABBIO!F(%,! ABJKO! 2#@-$00(3! &,!/%;! ABBI9! F-$, (3! ABBAO! L&/%! G! M#/*$-(
ABBAQ! 78%8&:-1&,!/%;! ABBAN! #&! 48)/341$3'-&/0&0! 5(-! &55&',$7&! 5/'$/%! 4300
*06/801 (3!, #&1'()*+,&-P0OI0SA&! #1,1'/315/'$%$,/, &10+'#1)+%,$0)(4/%!$3,&-O

I$(3;

QI2$3.15/'$/%!'()*+,&-1/3$)/,$(3! %((2!'(37$3'$3.1#/01 *-(7&3! ,(1:&!/
4$55%'+%,!,/02;11<!'())(3!%$)$./,$(3! (5! *#80$'/%%80)(48%&4!5/'&0!>R00/
ABBCO!R00/!&,!/%;|ABBS9!"/,&-0!ABBKO!"/$,&!ABIBN!/341'()*+,&-0)/3$*0
+06/,841 $)/.&0! (5! -&/%! 5/'8&0! >L<M<! 2&'#! F-$&50! ABBCO! ?/28&+#$! G
L/./(ABBENISO! #/,! #8&$-18&6*-8&00$(30!$0!(5,&310,-/3.&!%((2$3.!(-17/.+&;
<31$4&/%!0(%+,$(3!, (1, #$0! L(+%641:&! (1&6/..8-1,&! 5/'$/%! &6*-&00$(39! :+,
1$,#$31/1#80$'/%! ) (4896$3.15-/)&1(-2! #$0!)/81 %((2!+3'(37$3'$3.! (-

[121/-4;1 1 <31 [%,8-3/,$7&! $O! 1#/,1 )$.4#, :&! '1%%&A4! /! T'/-$/,+-&U

[=-(I'#) >?#@-$00(39! ABBS9! ABBS/9! ABBE/9! F-$, (3! ABBAY! V/+-&%! ABBKN
1#8&-&14&,/3%0!$3! #&!I5/'81/-&!)$3$)$=84!/341 #&1$)*(-,/3,15&/,+-80! #&-&O
5(-&1&6/..&-1,&4IWO&&IH/))>ABXYNI5(-1/3186'€%%&3,14$0'+00$(3!(3!'/-O
[((3$3.1 #8& #8&/41/3415/'&Z;11[3! #$0! 5/04#$(39! F-&33/3! >ABICN!'-&/,&41/
080,&)! #/,!1'(+%4! [+,()/,$'/%%8! .&3&1,&! 'I-$/,+-&! %$3804-/1$3.0! (5
-&J%! *&(*6&! 5-()! &6/)*%&0! H#/,! #/41:883) &3,&-&4! 8! #/34:1 1 V$:-/34&
>ABBIN!4&0'-$:&0!/1080,8)! /966884 #/,'/3!.&3&/,&1#+34-840! (5
I-,$0,$'1%%8!/"&* /:%&!,1(04$)&30$(3/%!4-/1$3.0!5-()!/10)/%%! &6/)*%&
:10&;1IM$)*%6$5$8415/'&0108.8)1%$2&1/17&-81/, -I' $7&!/%,&-3/,$7&), (1*#80$'/%
)(48%$3.15(-1/3$)/,$3.1$3,8-5/'&!/.&3,001:(,#1$3!,&-)01(5!'()*+,/,$(3/%
'(0,1/34186*-&00$78&!*(1&-;!!

Q(0,!"+--&3,1080,8)0! 5(-! 5/'$/%! 13$)/,$(3! /-&! 7&-8! '()*%&69! $3'%+4&
:&,1&&31YK!/341IK!'(3,-(%!*/-/)&,&-0!>R00//ABBCI!R00/!&,!/%;|ABBS9!?&-0O
=(*(+%(0! G!"/,&-0! ABBEQ! "/,&-0! G! 2&-=(*(+%(0! ABBAO! "/,&-0! ABJYN
-8\+$-&! *(18&-5+06! '()*+,&-0! /34! 08%4()! -+3! $3! -&/%0,$)&;! ! 2#&-&! $0! /
'%&J-138&4!5(-1/10$)*%&9!8&.,17&-0/,$%&1) & #(41(5/33)/,$(3!,#1,1/%%(10!5(-
$3,&-/' $7&!1'(3,-(%;112((3)'&IS0!/31/,, &), (I-&/,&I0+#1/31/3$)/,$(3

*1'2/.&; 1 2#&1*-$)/-81.(/%! (51 2((3)/'&I$0! ,(I'-&/,&!5/'$/%! &6*-&00$(30
$31-8/%!,$)&!$31-80%(30&!, (1/1#+)/31$3,&-', $3.11$,#1$,:112((3]/'&!)&&,0

H$0! -&\+$-&)&3,! 18! :&$3.! 0$)*%& )(0,%8! ,1(04$)&30$(3/%! .-/*#$'0
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H&IS/'&I (1/1)/3.1:9%8&13+):&-IWIAIA5Z91$, 1$01&/0$&!, (1'(3,- (%! (5! #&!5/'&
H131$31)(0,1(,#&-1/**-(I'#&0;11<10&'(34/-81.(/%!(5!,#&1080,8)1$0! #/,1$,
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#2430 (.87 #,. (1S, LTH#I $/#%*1 B&I*$Y%T$%)!'9% (YoS%ott 7! $,1 ) 'Sl S/
(,, H$/SIS/H21 431+ XIS /HYM T 2T SH 5!

"#$% &"()*+,!"-+./0,+01-, W ¢
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ASH# %&! @7)%&$,7/1B,",&! C%7.! D@BCE! F@')%&$,7/! B,"",&! C%
GH#+#*#&)#IHIN I K$#H(#HIHIIILSN 6/#!=&%"'$,*1%7!'IBMBNN! . *,-*"1*1 4 @* Q @l
&%&-!,&!'&IKOP!17%&-1Q . #&OCIFR#%3#*1#$!'(BIHIISL*, 1$%&# 7!+, s
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>?@ABC!)DEFGHS$%& %$H#&(") &*+$&

"HE%SH &'()*!+,-)./10(1232 - *$H&0"-¥)"1&2" -*%&3%$$,1%"&
%-1#W>HH!, &!.'-#IHS

=I+)#19%713%7%3#31 %&S, TH?H&! "% &! +#'$1*#T7U! 68,1 #2#!9%,87;!$

$8,1.1.9%(7I'&3!"", 1$/5!16/#1#2#19% 87!/ 2#1$/*##!),&$*, (1., %&$T'#')/;

$IH2#7&3!", 1$/1+,1*'&31.1.%(7!,&##')/\D:%-1*#VES5!!

B,&3$*,(!.,%&$7! $/'$! )'&! 9! '&%"S#3! ! -06?#&! $/H#!),3H#7! 7/,8&! Y& 4
%-1#IWSHH! &! ' -#IHVSS! 6/#7#!.,%&$7! 8#*#! T#(#)$#3! S, " X% "YolY #! $/# J'd-\j ]’.j\t
HXFHETT%?HM)," . (#X%S$2! $*'3#,++5 P& S/#!) 7#! ,+!.,%&$ 7! $/'$!)'&!" |74~
$8,!13%"#&7%,&7;\#)/'3%" " #&7%,&!% 7! 3#&, $#3!' 71 #%S/H*1 Z/[! +,*1/ *9
FIZ2[1+ K1 2H$%) (511 6/#1+,((,8%&-1%7!"),". (HS#! (7!, +1'((!, &#>3%H
7%,&' (1", $,*71$/'$!)'&IOH!" 8%. 1('$#31%&) 1+)#IF),&$* (1., %&$! & 1"9#* 10
9r)AHSTLU! >?@ABC!)DEH6T$&8)"9%&+,:$&
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\GB!J\GQTMGPOA6MB<R6G=CIFVL_! HE<)IP&(&(I#'/&.-&+$&:3)".0,15
\G@!|'\GQTMGPO"6M@< P=C!FHL
\CCIIN\GQTMC<:6MC=6<G=C!FaL_!
\CB!JN\GQTMC<:6MB<R6G=C!FbL_\C@!N\GQTMC<:6M@< P=C!FcL
<Gd!]l<e<MGPO"6Mdff<G!FgL_!<GC!]l<e<MGPO"6MCQT<G!FIL <1
<Cd!]'<e<MC<:6Mdff<GIFWL_!<CC!]'<e<MC<:6MCQT<G!FHJL

>?@ABC!)DEOGHS$E/ " *+8&+,%8&(")&0"-*)"182" -*0b;&*+)$$&" (&9+.0+& <
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>?@ABC!)DEI@®B!0+&$7$8&+,%&(")&

/":$588@22$)&36'4&.,-#81"9$)&3614&
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$2/"+&1"#*%"*%3

E——
@
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"HBI061" & H() S +(S,) -, +/#101234!
"#510!"&"#(#67+(56)+!0123
")$19%!"&" H#() *$+($,)'-10189$34!
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)$1%!:,&+$() *$+($,)-,. +H#!101=9$34!
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>1%!:,&+$(>,++,:101?3
$$1%1$6/@($,)'-,.+/#101A9$34!$5!%!$6/@ (56)+'</#101A953

$BCDEBFGHI!JBGDBF!DK!LBMNM!HK!IOP!QNCGDLHI'HKI1R!!6HLS!BTIGSN!J
JBON!HILBFGCBI'UBDFGIVNGWNNFIHIDFDIXJIHFMIHIJHYDJXJ!UBKDGDBF
H! [DQNF! MDINFKDBFR\R!' ! +SXKP! JHY! HFM! JDF! QHIXNK! JHC]! GSN! IDJDG}
JBONJINFG!TBC!NHLS!IIBGBCR!! 7BC! GSN!N*NKIHFM! SNHMP! GSNKN!IHCN!
MN[CNNKP!ZOPO\IVNDF[!KGCHD[SGIBXGIBT!GSNIKLCNNF4!XUUNCI!INTG!_X
Z#$PI#S\PHIBWNC!INTG! _XHMCHFSRUSENR! 77 D[XCN!/191!KSBWK
GSNKN!IDIDGK!HKIGSNMHUUNHCI[CHUSDLHIIMNDFIGSN!I6MDGBCRI!/IIDEN!N
TXINCHF[N!BT!H!LBFGCBIIUBDFG KIUHGSR!!+SN!HDJDGKI!LHFIVNILSHF[NM!V
DF[!BFIHFMIMCH[[DF[!GSN!NFMK!BTIGSNKN!IDFNKR!

"#$%$% &'()*+,!-./0102!3456,4+7

/KIINFGDBFNM!VNTBCNP!MCHWDF[!DK!MBFN!VAI TDIINMP! GWBIMDJINFKDE
[BFKR!!+SNCN!HCN!GSCNN!DFMK!BTIXKNCOJHFDUXIHVIN!UBIA[BFK!IWSDLS
SHQN! HF! HCVDGCHCA FXJVNC! BT! QNCGDLNKR! !/l FNW! UBIA[BF! DK! LCNI
KNINLGDF[! GSN! MNKDCNM! GAUN! TCBJ! H! INFXP! GSNF! KNINLGDF[! GSN! T
LBFGCBI!UBDFG!GB!HGGHLS!DG!GB!ZXFINKK!DG! DK!H! TCNN!UBIA[BF\R! !/!
JBQNM!VAIMCHI[DF[!DG4!DGK!QNCGDLNK!HCN!LSHF[NM!VAIMCH[[DF[! GSNJ
MNKDCNM!IBLHGDBFKR!!/IFNW!UBIA[BFIHIWHAK!SHKIND[SG!QNCGDLNKP!V
VNIMNINGNM!BC!HMMNM!GB!HK!IMNKDCNMR

"HSBI06& ()& +!

+SDK!DK!GSN!KDJUINKG!|DFMIBT!UBINBF!DFIGSNIKM"KGNJR!! 7CNN!UBI/[BI
KDJUMNMCHWEFIDFIUIHLN!HFMILHFFBG!VN!HFDIJHGNMR!+SNAMHCNIXKNMIT
KGCXLGDF[! TNHGXCNK!GSHG! MB!I FBG! FNNM! GB! JBQN! CNIHGDQN! GB! B(
DFLIXMDF[! SHDCP! NHCKP! MNLBCHGDBFKP! KLHCKP! NGLR! ! /FINYHJUIN! I
7D[XCN!/19aR

"$, - #$/,--,01$21%8& () &*+!

+SNKN!UBINBFKIHCN!HKKBLDHGNM!WDGS!H!WSBINITNHGXCNR!!/FINYHJ
UBINBF!CNUCNKNFGDF[!HF!NAN!VCBW!Z7D[XCN!/19b\R!! +SNKN! UBI*[BFK!

790/1&(+ &'89/)$%&$208& 1 ™ $&20 /&S &HED JHGNM! DF! CNIHGDBF! GB! GSN! WSBIN! TNHGXCNc! DT! BFN! UBDFG! DF

#'.1&+/,0$"./1&%$'&'$2/+%;&,"</&20$%;&
20"+;&*'%/&0*1&/0+%3

JBONKP!HIIIGSN!UBDFGKIBF!IGSHGIUBINBFIHCN!CNLHILXIHGNM!HFM!CNM(
CNKXIGP!GSN!UBINBFILSHF[NKIKSHUNR
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"HSO&, (1) H-+HE

"HS1%&SYott (1#)14+,-./1) (+08S('1#1($2+%! 3#$$(30245! 06$((! -.7'1#)!'%(8
3-+283+'(19%6H#24/#.1+$(1 &' (TSB! &HS'(#)5BA+&, B .7106(L./%! &HS$'0

(#) 911:#2(1%#24/#.1+$(106(1-."-7(1#)106 (1 (4('1+.71*#8069! 1;6(.106(
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&S$(IEPI6Z1+.716E!+$(106(164#$-[#.0+2196#-0-#.'1#)1U2*1+.71U23\106(11($0-8
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BE! 1+2#./1 2-.(|KEO! +.71 711 06(! 7-'0+.3(1 #)! %#-.0! 11)$#* KEO! | B6-'1-'
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012

344,&.'51367



)", 12'$'+-*$314-5(31-61789&#-8-&+$3!:+$3-,2(1<=+338

"HB1%S& (VB +,$-18)$!,. 1 (-$/1%.)10.+,'1&"&2#$/10.%34. -5! I "#$-$1-+61
0*3! #&7%! '8.! -'&'$-9! ., B! %.)! '#$! 2.,).*1 0.+,":-1 6&;! 0.-+'+,,9! &,/
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4T+ +,"1%..01'+6$! -*+2$-51 1 V+, 281 &1 6.".)-1 &)$! +,/$0%,/$,' %).6
$&2#!.'#$)9!-$08)&'S!-*+2$-18)$168/$1%6.)1$&2#16.".)511V.106.)1 &1 2*.-$1*$%' 1
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