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Linking feature structure

Verbs

Labelling

Feature
Extraction

Execution
Guidance

3 senses

Motor Actions (X−Schemas)

Obeying
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(dir, force)
MOVE done
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schema

slide, depress palm, grasp,
index up, down

low, med, high

forcedirectionposture

away, toward,
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schema posture direction

slide     100%

PULL:  1 sense

grasp      80%
palm       20%

index        0%
down       10%
up           10%
toward    70%

PUSH:  2 senses
sense 1

schema direction

sense 2

schema posture

slide      100%
touch     100%
slide          0%

touch        0% grasp     10%
palm      60%

index     30%

away       50%

down       30%

toward      5%
up           15% index     10%

grasp       5%
palm      85% low         10%

high         60%
med         30%

forceposture

away       10%

touch        0%
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away         0%
toward      0%
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index     30%
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palm      35%
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touch      10%
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(b)  A Petri net which executes A, B and C in sequence.

(a)  A before-and-after depiction of a transition firing.

B

A

B

A

      (or a random choice if both c1 and c2 are already true).
(c)  A Petri net which executes A when c1 becomes true, or B when c2 becomes true

(d) A Petri net which executes A and B concurrently (or, at least, asynchronously).

| |
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world state features

linking
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relevant
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dur)

(horiz-dir,

MOVE
ARM

at goal

at goal
not

GRIP
TIGHTENslipping

schema posture aspect

grasp|palm|indx flex | extend up | dn | lf | rt low | med | hi

at goal

motor parameter features

elbow jnt

slide | depress

weight

2.3 lbs

accel

world state features

false

direction depressable

true | false

| |start

Slide
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large done
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APPLY
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2 2
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PUSH:  2 sensesPUSH:  2 senses
sense 1

schema direction

sense 2

schema posture

slide      100%
touch     100%
slide          0%

touch        0% grasp     10%
palm      60%

index     30%

away       50%

down       30%

toward      5%
up           15% index     10%

grasp       5%
palm      85% low         10%

high         60%
med         30%

forceposture

commonness  0.2 commonness  0.1

a *=F&6".�! � A:g���� O0� ,+! % ,+!',0� 5 0"6�,+�rO *=(�� 5 698V8�,+0�!'#�* (�#12;(+* � % � 5 (��"!)*K.n0". �&D�24D9*J8J*=(b<G>@*-,+(�.+*=D"6"(+* � % ,1A

�������!� � � � ����� �$
 � �"
� �4� ��� 
�� � ���"� � � � ���������
	

� �9*-,
,+!'#)(+* � % O �@. � ,P(��". �&6"F&� 2r,M*=c$098=!H*J8V8=6�,+(�.324(+* � % � 5 O0�&.3> ,+! % ,R! 5 �C,+(�.�6�#)(),1m�( �r�"!)8=0
! % ,+6".�!H(���24(	.�!'2&>9!1.3,	6 % >9!1.),+(32 % >L(��"!$.�!10".�!',+! % ()24(+* � % D�! 5 �&.�! O !$c �4s&!/� % ( �h�#�4O *=($,+6"0"0��&.�(3,
8-24D�!)8J8J* % F 2 % > �&D�!1<&* % Fh2 % >r�#�4O *=(P*-,P8=!'24. % !'>�A a *=F&6".�! � A=g
,+�#�4O7,n(bO0� ,R! % ,+!',�� 5 S '1) + 2&,PO0�&.3>
,+! % ,+! 5 �C,R(�.�6�#)(3, ` (��"!',R!�24.�!�#-�&09*=!'> 5 . �&c (��"! ��s&!1.�s@*=!1O #���240"(�!1.1l)A��

a *=.3,+(�8=!1( � ,�8.� � � 24( ,+! % ,+!�g&A � !P,+!1!�(���24(�(��".�!1! 8J* %�� * % F 5 !'24(�6".�!',�2;.�! * % s+�48=s&!'> � >_}��~ � D{m
<�z�>H@#B"|�~ 2 % > �(�I|�~9}A@��4z���A � �	F&!1(Q2 5 !1!)8 5 �&.�(��9*-, O �@.3>$,+! % ,+! 5 �C,+(�.�6�#)('mI*=(�*-,o�"!)8=0 5 698�( ��>9!1(�!1.�c
* % !
*=(3,
0". �@( �&(+<_09*-#12I8 ! x 2;c$098=!&A d < #��#� �_,M* % F (��"!H�9*=F&�"!',+(���0". �@D�24D9*J8V*=(+< s42I8=6"! 5 �@.E!'2@#�� 5 !'2;(�6".�!&m�O !
,+!1!/(���24(�(��"!/0". �&( �@(b<909*-#12I8 ! x 24c$098=!/*-,72 % ! x !'#)6"(R*.� % � 5 (��"! �������� x �C,�#��"!1c 2 6�,M* % Fp2 ��24(�<�D ���
<�z�>H@#B"|�~�( ��c �fs@! 2 % �@D �b!'#)(�D��ID�� 5 . �&c (��"!PD��">9<&A�B 5 (��"!7c �">9!)8 O !1.�!	#-�&c$c 2 % >9!'>H( �
0"6�,+�h2 %
�&D �+!'#)(	2 % >p(��9*-,	,+! % ,R!EO !1.�!
#��#�9,+! % m�(��9*:,n*-,P(��"!
2&#)(+* � % (���24(PO �@698:>r.�!',R698K(IA7� �"!
0". �&D�2;D9*V8J*=(+< � 5
(��9*-,n0". �&( �&(+<909*-#12I8�! x 24c 098K!
#12 % D�!
#-�&c$0"6"(�!'> 5 . �&c (��"!�>@*-,+(�.+*=D"6"(+* � % , �	g "#" ��� !#" ��� � " ���

u " � A /���2 % F;* % FG2 % < � 5 (��"! 5 !'24(�6".�!$sf2I8=6"!',/O *J8J8�0". �{>96�#)! 8=!',�,+��0". �@D�24D98=!p! x 24c 098K!', A /o��2 % F4* % F
(��"!0>9}��~ � D�( �����������$O �@698:>N<&*=!)8-> �1!1. ��0". �&D�2;D9*V8J*=(+<&A /���2 % F;* % F�<�z�>H@CB{|�~ �&. �(�'|�~_}H@��fz��EO0�&698->
8 �4OQ!1.P(��"!
0". �&D�2;D9*V8J*=(+<r* % 2$c �@.�!
F&.32&>96�2I8�c 2 %"% !1.IA���D�,R!1.�s&!
(���24(	O��9*J8=! ,+! % ,R! g�S(;+X N1XE; )=<�D ���
<�z�>H@#B"|�~ �fs@!1.7(��"! �&(��"!1.P0��_,�,b*KD98=! <wz?>H@#B"|�~&,1m�*=(�> �9!', %�� (P* % ,M*-,+('A��'� �w~! ( % F&!1.	0��_,R(�6".�!
*-,0&@69*K(�!
2&#1#)!10"(32;D98K!&A B 5 O !QO !1.�!P>9!',M*=F % * % FEO0�&.)>E,R! % ,+! 5 �C,+(�.�6�#)(3, 5 �&. �&0�2 % *-,+��m9O ! O0�&698-> % �&(���2Is&!�2	O0�&.3>
,+! % ,+!n8J* � !�,+! % ,+!
g&m&D�!'#1246�,+!P* % �&0�2 % *-,+��m",+!10�24.)24(�!�s&!1.�D�,Q2;.�!�6�,+!'> 5 �&.Q,b8V*->@* % F$6�,M* % F$(��"!�< D ��� #B)EG
(��"! � � �w~! K( % F&!1. ` S(;+XB)1[-Y@\�U1; #&)&G{S('9T )1U1;@l3A

3 �4O 8=!1( � ,o(�6". % ( �N,R! % ,+!�k"A d < ! x 24c
* % * % F (��"! 5 !'24(�6".�! >@*-,+(�.+*=D"6"(+* � % ,1m�OQ!	#12 % �&D�,R!1.�s&!
(���24( *K(n.�!10".�!',+! % (3,n(��"! J 240"098=<p0".�!',�,R6".�!'L ,R! % ,+! � 5 0"6�,+��m�.)24(��"!1.�(���2 % (��"! J c �fs@! �&D �b!'#)( L
,+! % ,R!
�+6�,+( >9!',�#).+*=D�!'>�AK+ �_,+( *=c$0(�&.�(32 % (+8=<&m�,+! % ,R!Nkp#-�">9!', 5 �&. 2H>@*):�!1.�! % ( x �C,�#��"!1c 2��"��������� A 
 % >r*=(
# , K/<=8%<=6H@B<W<=6+8JF=8`@BL=8`:9K�<%$DT_C-<=8`<=698%FO@A>?8%F=8J:+F=8JFG^HK/L=<=LO@Ju/8J\�C-:'& C-E�T9L=8)(_w *_w



���������
	�� �F�� ����� �F	����F	�� �������
��	 �������F	 ! j

linking
features

relevant

used by schema
world state features

force,
dur)

(horiz-dir,

MOVE
ARM

at goal

at goal
not

GRIP
TIGHTENslipping at goal

2.3 lbs

weight

false

| |start

Slide
Schema

small

large done

2

PALM
PRESHAPE

MOVE
ARM TO
(objloc)

GRASP
PRESHAPE

APPLY
HAND

2 2

e

push

postureschema

extend  0.9palm  0.9 high  0.9

shove

slide  1.0

schema posture aspect

grasp|palm|indx flex | extend up | dn | lf | rt once | iteratedlow | med | hi

motor parameter features world state features

elbow jnt

slide | depress

elbow jnt

accel

accel

depressable

true | false

direction

aspectschema posture

low  0.7 once  0.6indx  0.9

aspect

palm  0.7

schema

once  0.8

posture

extend  0.9

depress  1.0

elbow jnt

slide  1.0

accel

false  0.9

depressable

depressable

true    1.0
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P(v | l, m)

P(s | l, m)

freq of this look at sense’s distributions

max

sense of v

Finding the Best Label

P(s | m)  P(l | s, m)

Key: v = verb l = linking f-struct
s = sense of verb

m = model of lexicon

s   v

for each linking feature

argmax
v
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Finding the Best Way to Obey a Command

Key: v = verb
s = sense of verb

m = model of lexicon

P(p | s, v, w, m)  P(s | v, w, m)

P(s | v, m)  P(w | s, v, m)look at sense’s distributions
for each motor-param feature

freq of this
sense of v for each world-state feature

look at sense’s distributions

argmax
p

P(p | v, w, m)

max
s   v

l = linking f-struct:
p = motor param. component
w = world state component
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u�j,l�u �����!u�j!kV|!oGnpu�} ��o � � =38 ���E}�n��Gk�} ��s�u�j!kVu�x�n�l�o!w�qpk�l�x�k�l)y�uXn ��k ��k)�hw��>DG��7E����7 <�l�o,�G7��
=+�)x DG�*/ �
l�o,� / <�����i�jGn�}§s�|!o,y�u�n �)o,l;q�npu�~dycl�o=�,kn �{rGqpk
�{kcoGu�k��=�G~�}�kcuBu�npo!w�u�j!k3n�o,y-��npo!w��Vk�npw)j/u�} �)o=k�l)yBj



���������
	�� �F�� ����� �F	����F	�� �������
��	 �������F	 - ;

A B B B CC

a+b+c>=2

(external sources of activation)

a cb

wwwww

ww
w

ww

links to
weighted

all units

(a) (b)

A
B2

B3

C2C1

B1

w

ww

w

w

w

w

w

.¤npw)|!x�k��N� - � ��l�� D y-���SrGq�k���u�x�n�l�o!w�qpk{|!oGnpu���n�uBj �|Gq�uXn�rGqpke�Vk�n�w�j/u�k���y-�)o!o!k�y�u�n �)o,}3r,kcx}�n��Gk)� �����
��o!k�r(�/}�}�np�Gqpko!kc|!x�l;qvxBk�l;q�n ��ltu�n �)o��

}�n��Gk�u � � ��^ �!��j!kcx�k ^ n�}�uBj!k1o/| ��,kcx���s y-��o!o!k�y�u�n �)o,} ��o�u�j!k�}�n��Gk��Llto,��l)�!��npo!w�luBj!x�k�}�j#��q�� �ts �
q �Hycl�q�qp~=u �ek�l)yBj�}Fn��Gk/��s@uBj!kEuBx�n�l�o!w�qpk)�1iVj!kEy�kcoGu�x�l;q@l)y�u�n���l�u�n �)o$sª|!o,y�uXn.��o�uBj!kco�xBk
�ml;npo,}§n��Gkco/u�n�ycl;q
u �eu�j,l�u �ts@u�j!kE}�n �{rGqpk{uBx�n�l�o!w�qpk|!oGn�u;� D J }���s�u�kcx L��)kcx�}�n �)o ��s@uBj!kEy-�)o ��|!o,y�u�n��)ku�x�n�l�o!w�qpk|!oGnpu�ycl�o
l;q�}�����k�n �{rGqpk
�{kcoGu�k���� n�o���jGn�y�j �)o!k/�)xRu�� � �n�}�}�npo!w�y-�)o,y�kcr!u3|!oGnpu�} �npw)jGu�qpk�l)�=u �m�Vk�l	C6[�!|!u
o#�)o
� �ckcx � 6�l)y�u�n���l�uXn.��o�� ��x>�tn�s uBj!k�l)y�u�n���ltu�n �)o �ts y-�)o,y�kcr!uV|!oGnpu�} n�})��ltx�n�l��Gqpk��!u�j!kco{u�j!kRy-�)o �F|!o,y�uXn ��k
u�x�n�l�o!wtq�k3|!oGnpu�ycl�o�n �{rGqpk
�{kcoGu1lu�x�l)�Gk���� :��,kcu��Vkckco�u�j!k1oG| ��,kcx ��s@l)y�u�n��)kRnpo!r!|!u�}§u �{l{}�n��Gk���l�o,�
u�j!k�npx�}�u�x�kco!w�u�j ��s l�y�u�n���l�u�n �)o���iVjGn�}�	�npo,� ��s�|!oGnpu��Vn�q�q ��k�|,}Xk��Sn�o �)|!x�y-�)o!o!k�y�u�n �)oGn�}�uRl�x�yBjGn�uBk�y�u�|!x�k
u �n �{rGqpk
�{kcoGuRu�j!k�y-��q�qpk�y�u�n �)o ��svs�k�l�u�|!xBk�}�npo��0�)x��e}�kco,}�k�s ��}�uBx�|,y�u�}c�

D�o#��u�j!kcx1|,}�l�w)k3n�} � �)x�k � � )  ' � 	E8�� # � n�o�o,l�u�|!x�k � l�u�l�oG~ � ���{kcoGu�npodu�n �{k��¤�VkEk��!r,k�y�u
�)oGqp~ ��o!k y-��o,y�kcr!u�|!oGnpu�r�kcx�}�n��Gk{u �e�,kml)y�uXn ��k����!|!u1u�j!k{l)y�u�n���l�uXn.��o �ts&u�j!ku�x�n�l�o!wtq�k|!oGnpuE}Xj#�)|Gq��
�,k�npo�r!x �)r���x�u�n �)o�u �EuBj!k1�&k�npw)jGu�}0��o�u�j!kRq�n�o
	!}§u �u�j!k�l)y�u�n��)k1|!oGnpu�}c� ��3Rl�u�|!x�l�q�qp~��Gnpo$u�jGn�}�ycl)}�k1�Vk
k��!r,k�y�u�u�j!k1�Vk�npw)jGu�}�u �{��n): kcx�s�x ��� �)o!k�l�o#��u�j!kcx�� �I.#��x@k��,l$�{rGqpk��,}�|!r!r(�/}�k�uBj,l�u 7E��l�o,� / �Rj,l:�)k
}�u�x �)o!w{�Vk�npw)j/u�}�l�o,� 7 <
��7��mlto,� / <j,l:�)k3�Vk�l	)kcx��Vk�npw)jGu�}c�ViVj!kco �L}Xj#�)|Gq���7E�l�o,� /E�1�,k�y-���Sk
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push2

force dir sizeforce=med dir=away dir=down size=small size=largeforce=highforce=low

perceptual systemmotor control (x-schemas)

"push" "shove" "pull"

push1

phonology, morphology, etc.

word
senses
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� � � �1; =�u�xXn�lto!w�qpkE|!oGnpu�} ���)o!k3s �)xRk�l)yBj=� ��x�q�����}�u�l�u�k�sªk�ltu�|!x�k
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|!oGnpu�}c�@i�j!k�}�k��Gnpo�u�|!x�o �G�Vn�q�qvl)y�u�n���l�uBk1u�j!k � �)u �)x���r,ltx�l$�{kcu�kcx ��l;qp|!k1|!oGnpu�}�npo�l)ycy-��x��!l�o,y�kR�Vnpu�j�u�j!k
qpk�l�x�o!k��dy-��o!o!k�y�u�n �)o�}Xu�x�kco!w)u�j,}+�$/ ���� �)oGqp~�uBjGn�}��Vn�q�q�xBk�}�|GqpuRn�o�r,l�x�uXn�l�q&l)y�u�n���l�uXn.��o �)o �|Gq�uXn�rGqpk
��l�q�|!k�}�s��)x�}����Sksªk�ltu�|!x�k�}c�{iVj!kS�Vnpo!o!kcx���u�l	)k���l�q�q �{k�yBj,l�oGn�}�� �Vnpu�jGnpo�k�l)yBj=s�k�l�u�|!x�ke}�|!�!o!kcu�� ��x�	
yBj#�&�/}Xk�}{l=�Vnpo!o!kcx�� � D�qpu�kcx�o,ltu�n��)k�qp~��V�&k � n�w�j/u{r!xBk�sªkcx{u ��r!xBk�}�kcx��)k$u�j!k���n�}�u�x�np�!|!u�k���l)y�u�n���l�uXn.��o
r,l�u�uBkcx�o=s��)x1|,}�ke�/~d}��mltx�u�kcxE�
��}�y�j!k
�el)}1��jGn�yBj�yclto�x�k�l�}��)o ��)kcx�r!x ���,l��Gn�q�n�}�uXn�y�}Xr,k�yBn)(Lycl�u�n �)o���s
r,l�x�l��{kcu�kcx�}c� -§�hw,���Nn�s&l;q�q@u�j!k1s��)x�y�k���l;qp|!k{|!oGnpu�}1ltx�k��Vk�l	�qp~�l)y�u�n��)k���u�j!k+�C��}�yBj!k
�ml 	/o#����}�npu�ycl�o
yBj#�&�/}Xk�l�o/~�}�|Gnpu�l��Gqpkl$� �)|!oGu ��s¢s ��x�y�k)� �
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3 ����u�j,l�u@�Vk�j,l:�)k�sª|Gq�qp~�}Xr,k�yBn)(,k���l � �H�Gk�q���s �)kcx��ex�kcr!x�k�}�kcoGu�l�uXn.��oml�o,�S|,}�k���n�u�n�}�u�n �{k
u �u�l	�k�}�u �!y�	 ��s�j#����u�j!k � �!�Gk�qvx�k�q�l�u�k�}�u �}����{k§n �{r���x�u�l�oGu�n��Gk�l�}�npoeq�npo!w)|Gn�}�uXn�yc}+� .#�)x�k��Nl$�SrGq�k��
k���n��Gkco,y�k$s�x ��� y-�)w)oGnpu�n��)k�q�n�o!w�|Gn�}Xu�n�yc} � # l	,� : �>9�; - ��l�o,��l�q�} �=sªx ��� r,}�~!y�j#�tq.��w)~ � /0�/}�yBj �:9 -1- =
/0�/}By�j � 8 ��� G �>9 -A! ��}�|!w�w)k�}�u�}3u�j,l�uSj/| �mlto[ycl�u�kcw,�)xXn�k�} k��HjGnp�Gnpu{npoGu�kcx�o,l;q1}�u�x�|,y�u�|!xBk�u�j,l�u{�0�)|Gq��
o#�)u3�,k�ycl�r!u�|!xBk��d�G~du�j!k�yBq�l)}�}�n�ycl;q�x�kcr!x�k�}Xkco/u�ltu�n �)o�|,}Fn�o!w�o!k�y�k�}�}�l�x�~�l�o,��}X|2.�yBnpkco/u{y-�)o,��npu�n �)o,}c�
*§| �ml�o�ycl�u�kcw,�)xXn�k�} k��HjGnp�Gnpu�r!x ��u �)u�~/r�k�k;:�k�y�u�}���x�l)��n�l;qv}�u�x�|,y�uB|!x�k�l�o,�S�,l)}�n�y��Uqpk��)k�qvk;:�k�y�u�}c� �dk§�Vn�q�q
}�kck�u�j,ltu ��|!x � �H�Gk�q�ycl�r!u�|!xBk�}{}����{k ��s�uBj!k�}�k�r!j!kco#���{kco,l
���!|!u3s l�q�q�}e}�j#�)x�u ��s�l�s�|Gq�q�l)ycy-�)|!oGu>�
}�|!w)w�k�}�u�npo!w�}���{kdl>��kco/|!k�}Ss��)xes�|!u�|!x�kd�0�)x�	�� ��o]l�o#�)u�j!kcxes�x �)oGu>�Ru�j!k=u�x�l���n�uXn.��o,l;q�q�npo!w)|Gn�}�u�n�yc}
q�npu�kcx�l�u�|!xBk��Gk�y-��{r��/}Xk�} �{k�l�oGnpo!wRnpoGu �1r!x�l�w��el�u�n�yc}Tl�o,�}�k
�ml�oGu�n�yc}���k�l)yBj�Vnpu�j3npu�} ����or!x �)r,kcxBu�npk�}c�
�dk1�Vn�q�q@}�kck�u�j,ltu&uBjGn�}R��n�}�u�npo,y�u�n �)o=j,l)}�l oGn�y�k�npo/u�kcxBr!x�kcu�l�u�n �)o�npo�u�kcx �e} �ts �)|!x�� �H�Gk�q��
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��o!k�yBj,l�x�l)y�uBkcx�n�}�u�n�y ��s�jG| �ml�o�ycl�u�kcw,��x�n���l�u�n �)o�n�}Su�j,l�unpuek��HjGnp�Gnpu�} �(; �18��*8 = � � ���E� 	 87)��
��npu�j)��o!k 	)npo,� ��s{r!x ��u �)u�~/r�k;6[w)x�l)�Gk�� r!x �)u �)u�~Gr,k�} 6�y�kcxBu�l;npo �Sk
�E��kcx�} �ts uBj!k�ycl�uBkcw,�)x�~�l�x�k
�ml�x 	)k���l)}¤k�}�r�k�yBn�l�q�qp~ J w,�&�!��L§k��Nl$�SrGq�k�} �ts,u�j!k&ycl�uBkcw,�)x�~1l�o,� �)u�j!kcx �{k
��,kcx�}¢l�x�k �F|,�Gw�k����G~1j#���
�|,y�j�u�j!kc~���n):�kcx1s�x ��� u�j!kSr!x �)u �)u�~GrGn�ycl;q �Sk
�E��kcx�}c� � ��odu�j!k{r,}X~HyBj#��q �)w)~�q�npu�kcx�l�u�|!x�k��¢�Gkcw)x�kck ��s
r!x �)u �)u�~/rGn�ycl;q�npu�~1n�} �{k�l�}�|!x�k��3�/~k��!rGq�n�yBnpuVx�l�uXn�o!wG}����/~�sªxBk'&)|!kco,yBnpk�}��Vnpu�j{��jGn�yBjml �{k
��,kcx¢n�} q�n�}�uBk��
l)}V��k�q �)o!w�npo!w�u �el{ycl�u�kcw,��x�~��#�)x��G~ex�k�l)y�u�n �)o$u�n �{k�}Vs��)x���|,�Gw�npo!w �{k
��,kcx�}�jGnpr�� � ��|!x��0�)x��m}�kco,}Xk
x�kcr!x�k�}Xkco/u�ltu�n �)o�k��HjGnp�Gnpu�}e}�k��)kcx�l�q �ts�u�j!k �ml;npo�w)x�l)�Gk���r!x �)u ��uF~Gr,kek;:�k�y�u�}c��-@l�y�j�}�kco,}�k�n �SrGq�n�y��
npu�qp~�npo,yBqp|,�Gk�}l{r!x ��u �)u�~/r�k��,o,l��{k�qp~�u�j!k3s���}�u�x�|,y�uR�Vnpu�j �ml:�Gn �E| � r!x �)�,lt�Gn�q�npu�~dl)ycy-�)x���npo!w�u �eu�j!k
��n�}�u�x�np�!|!u�n �)o,}§npo=u�j!k1�0�)x���}Xkco,}�k)��iVj!k1r���u�kco/uXn�l�qvs��)x �|Gqpu�nprGqpk }Xkco,}�k�}�y-��x�x�k�}�r(�)o,�!}�u ���|Gq�uXn�rGqpk��
r!x �)u �)u�~/r�kmycl�u�kcw,��x�npk�}c�83�k��!u>�¢u�j!ker!x �)�,l��Gn�q�npuF~���n�}Xu�x�np�!|!u�n �)o,}Sw�n��)kml �Sk�l)}�|!x�k ��s�u�j!k��Gkcw)x�kck ��s
w,� �H�Go!k�}B}���s&l{o#��o
��r!x �)u �)u�~GrGn�ycl;qvs���}�u�xB|,y�u�� # l�}�u�qp~���u�j!k{y-�)o!o!k�y�u�n �)oGn�}�u�n �SrGq�k
�Skco/u�ltu�n �)o$n�o��,��q��)k�}
lS�Vnpo!o!kcx���u�l	)k���l�q�q&}Xu�kcr���jGn�yBjd�Vn�q�q&y-�)o��)kcx�w)k � ��x�kE}�q ���Vqp~�s��)x§q ���Vkcx���r!x �)�,l��Gn�q�n�u�~�s ��}�uBx�|,y�u�}§u�j,l�o
s��)xVjGn�w�j!kcx���r!x �)�,l��Gn�q�npu�~���n��hk)�!r!x �)u �)u�~/rGn�ycl;q��¢s ��}Xu�x�|,y�u�}��G|!x�npo!w�ycl�uBkcw,�)x�n���l�u�n �)o ��npo�l)ycy-�)x��!l�o,y�k1�Vnpu�j
u�j!k�}�q ���Vkcx�x�k�l)y�uXn.��o�u�n �{k�} ���,}�kcx��)k��Ss��)x�yBq�l)}�}Fn�s�~�n�o!weo#�)o
��r!x ��u �)u�~/rGn�ycl;q¢k��Nl$�SrGq�k�}+�
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D�ycy-��x���npo!w�u �1x�l���n�l�qLycl�u�kcw,�)xB~�u�j!k �)xB~��)y-�)o,y�kcr!u�|,l;q�x�kcr!x�k�}�kcoGu�l�u�n �)o,}Ty-��o,}�n�}�u ��s�o#�)u �)oGqp~
l=}�kcu/��s�w)x�l)�Gk���r!x �)u �)u�~Gr,k�}��¢�!|!u{l;q�}��dl=}�u�x�|,y�u�|!xBk�y-�)o!o!k�y�uXn�o!w�u�j!k���l�x�n �)|,}r!x �)u �)u�~Gr,k�}c�=iVj!k
y�kcoGu�x�l;q�u�kco!kcu �ts�x�l���n�l�q§ycltu�kcw,�)x�~�u�j!k �)x�~�n�}u�j,l�uu�j!k �|Gqpu�nprGqpk�r!x �)u �)u�~Gr,k�} ��s�l�ycltu�kcw,�)x�~�l�x�k
o#�)umltx��Gnpu�x�l�x�~����!|!u�l�x�k�x�k�q�l�u�k��©u �dk�l)yBj��)u�j!kcx n�o�r,l�xBu�n�y�|Gq�ltxm��l;~H}+�[iVj!k�}�k$x�k�q�l�u�n �)o,} n�o,yBqp|,�Gk
n �ml�w)k���}By�j!k
�mltu�n�y�uBx�l�o,}�s��)x �mltu�n �)o,}����{kcu�l�r!j#�)xXn�ycl�qvq�npo
	H}3l�o,� �{kcu �)oG~"�n�yRq�npo
	H}c� ��sVu�j!kcx�k3n�}��)o!k
y�kcoGu�x�l;q�}�kco,}�kdrGqp|,}$}�k��)kcx�l;q���u�j!kcx�}S��jGn�y�j�k�l�y�j]�GkcxXn ��k=sªx ��� uBj!k�y�kcoGu�x�l�qE}�kco,}�k=�/~ �)o!k�}�|,yBj
u�x�lto,}�s ��x �ml�u�n �)o ��u�j!k1ycl�u�kcw,�)xB~ }Xu�x�|,y�u�|!x�k§n�}Vx�l)��n�l;q#�Gj!kco,y�k1u�j!k1u�kcx ����* ���Vk��)kcx>�+�)u�j!kcxVu �)r(��q �)w�npk�}
l�x�k1r(�/}�}�np�Gqpk)�

7�kc~,�)o,�eu�x�lto,}�s ��x �ml�u�n �)o,} x�k�q�l�u�npo!w8�)kcxB�,l;q }�kco,}Xk�}0��s l3�0�)x����Gu�j!kcx�k§n�}�l3�Vn��Gkcx�x�l�o!w�k ��s
k��!u�kco,}�n �)o,}¤��jGn�y�j3npo,yBqp|,�Gk�y�j,lto!w)k�}�npor,l�x�u���s,}�r�kck�y�j �)l�o,��u�j!k�}�kVl;q�}���k��!jGn��Gnpu ��l�x�n �)|,}¤x�kcw)|Gq�l�xXn�uXn�k�}
� ��n�qpkco,}-	/~A�>9�9
� ��� . �)xRk��Nl$�SrGq�k���r,l�x�u���sTu�j!k �{k�l�oGnpo!w ��s � � 	 � � 8�l)}Rlo#�)|!odycl�x�x�npk�} ��)kcx�u �Snpu�}
npo/uBkcx�r!x�kcu�l�uXn.��o�l�}1l8�)kcxB��� 5Tx�k�}X| �ml��Gqp~�u�j!kcxBk�n�}3l{x�|Gqpk{u �mu�j!kk;:�k�y�u1u�j,l�u1lSo#�)|!o=x�k�sªkcxBx�npo!w�u �
J�� L �ml;~=l;q�}�����km|,}�k���l)}�l �)kcx��du ���Gkco#��u�km}����Sk8	)npo,� ��s�l)y�u�n �)o=npo��,��q���n�o!w J�� � L$}�|!� ��k�y�u�u �
}����SkExBk�}�u�x�n�y�u�n �)o,}c� ��o=u�jGn�}1k��,l$�{rGqpk���y-����Gnpo!k��=�Vnpu�j�ltr!r!x �)r!x�n�l�u�k�0�)x�q�� 	/o#���Vqpk��Gw)k��¤u�jGn�}Rx�|Gqpk
qpk�l)�!}Tu ��u�j!k �)kcxB� �Sk�l�oGnpo!w J � 3��F- /vi ��� 3�i �F��5 �3/��0-�iE��L!�GiVjGn�}¤n�}@l�ok��,l$�{rGqpk ��sLl �{kcu �)o/~"�n�y
u�x�lto,}�s ��x �ml�u�n �)o��

iVj!k@y�|!x�x�kcoGu � �H�Gk�q � � � ) � A 8�� �!�Gk�qH}�|,yBjEycl�u�kcw+�)x�~�}�uBx�|,y�u�|!x�k�}��+npo�u�j,ltuL�VkTj,l:�)k¢npo,yBqp|,�Gk��
o#�dl)ycy-�)|!oGu/��s�u�j!k�}�k�y-�)o!o!k�y�u�n �)o,}+� .#��x��)|!xx�k�q�l�u�n��)k�qp~�q�n �npu�k��!� �H�Gk�q�q�npo!w�u�l�}-	H�¢�Vk �E|,}XuEl)}-	
��j,l�uV��kco!k;(,uVn�}Vu ��,k1w/l�n�o!k��Ss�x ��� x�kcr!xBk�}�kco/uXn�o!wSu�j!k�ycltu�kcw,�)x�~e}�u�x�|,y�u�|!xBk�l)} �)r!r(�/}�k��eu � �{kcx�k�qp~
leycl�u�l;q �)w ��s@r��G}�}�np�Gqpk{|,}�k�}c����iVj!kr!x�n �ml�xB~��,kco!k;(,u �el�~���kw)x�k�l�u�kcxRy-���{r,l)y�u�o!k�}B}c� ��o!k y-��|Gq����
s��)xVk��Nl$�SrGq�k��Nx�kcr!x�k�}�kcoGuVu�j!k�y�kcoGu�x�l�q¤}Xkco,}�k ��|,}�uVu�j!k1��l;~�&kRj,l:�)kR�,kckco�� ��npo!wnpo �)|!x � �!�Gk�q#�!�!|!u
��� � 8�� 	 � ��� u�j!k ��u�j!kcxE}�kco,}Xk�}��¤n � k)�vxBkcr!x�k�}�kcoGu�u�j!k
� �G~�uBj!k ��r!xBk�}�| �ml��Gqp~�y-���Sr,l�x�l�u�n��)k�qp~�}Xj#�)x�u��
q�n�}�u ��s�s�k�l�u�|!xBk�}���o���jGn�y�j�u�j!kc~���n :�kcxs�x ��� u�j!k�y�kcoGu�x�l;q�}�kco,}�k)��iVjGn�}{}�u�x�l�u�kcw)~=�0�)|Gq���x�k'&�|Gn�xBk
}�npw)oGn)(Lycl�oGu�y�j,lto!w)k�}u �!�)|!xqpk�l�x�oGnpo!w[l;qpw,��x�npu�j � � /@j,l�r!u�kcx ! ����jGn�y�j��0�)|Gq��[uBj!kco[�,k=y�j,ltx�w)k��
�Vnpu�j$u�j!k1u�l)}-	 ��svn��GkcoGu�n�sª~�npo!w���jGn�y�j=}�kco,}�k�n�}§y�kco/u�x�l;q��

D r��)uBkco/u�n�l;q�qp~ � �)x�k1npoGu�kcx�k�}�uXn�o!w �)kcx�}Fn.��o �ts x�l���n�l�q ycl�uBkcw,�)x�~ex�kcr!x�k�}�kcoGu�l�uXn.��o��0�)|Gq�����k
u �dk��!rGq�n�yBn�uXq�~�x�kcr!xBk�}�kco/uelE(
�Hk���}�kcu ��s1u�x�lto,}�s ��x �ml�u�n �)o,} �FltuEuBj!kesªk�l�uB|!x�keqpk��)k�q���� �)u�n���ltu�k����/~
q�npo!w)|Gn�}�u�n�y�l�o,l�q�~!}�n�}c����o�}�|,yBj�l � �!�Gk�q#�!k�l)yBjmo#�)o
��y�kcoGu�x�l�q }�kco,}�k1�0�)|Gq��S�,kRx�kcr!x�k�}�kcoGu�k���}�n �{rGqp~e�/~
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u�j!k�npx����§o�l)y�uXn ��npu�npk�}Rx�l�u�j!kcx§u�j,l�o�}����Sk �)o!k1k�q�}�k ��}E�Fi ���ml�}�k�q�q.���>9�9?<
=��§|!u�u�kcoGq �!y�j!kcx � 8 ��� G4�>9�; �����
3�� T9<)F=8J8 3 K�>�@BF=8ONtN-K :!;-<2< (-/ @ XYK/LnXYT+L=<=698;LG^+LO@BE/>�@B<QC-U�@A:9\jF=KDU5CP@JN X @BUJ<=K�L=FbC-:
\+8J<=8JL=>MC-:DC-:9Ej^+L=K/^H8JLGL=85X 8JL=8J:+UJ8 X K/L

@BU;<QC-K/:+FJw
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iVjG|,}Vu�j!k���nq.�y�|Gqpu�y-�)x�xBk�}�r��)o,�Gkco,y�kr!x ���Gq�k
� ycl�o���kE�Gk�q�l;~)k���|!oGu�n�q�q�l�u�kcx�� )
7�|!uvu�j!kcxBk�ltx�k �)uBj!kcx }�npw)oGn��Lycl�oGu �)�,}�u�l)yBqpk�}¢u�j,l�uvycl�o!o#��uv��k�} ��k�l)}Fn�qp~k��!rGq�l�n�o!k��En�oSu�kcx �m}

��s@x�k�}Xu�x�n�y�u�n �)o,}��)o$u�j!ku�l)}-	Snpu�}�k�q�sX�3iVj!k�}�k �|,}�uR�,k{l)�!�GxBk�}�}�k��$�/~=l�oG~�r!x �)r��G}�k��eqpk�l�x�oGnpo!w=l;qpw,���
x�npu�j � n�s¢npuVn�}Vu ��,k3r,}�~HyBj#��q �)w�n�ycl;q�qp~�rGq�l�|,}�np�Gqpk)� ��o!k�}�|,yBj �)�,}�u�l)yBqpkRn�}�u�j!k�l)ycy�kcr!u�k�� �)�,}�kcx���l�u�n �)o
u�j,l�uVy�jGn�q��Gx�kco�w)kco!kcx�l;q�q�~Sx�k�y�k�n��)k�o!kcwtq�npw�np�Gqpk�o!kcwGl�u�n��)kRk��)n��Gkco,y�k��G|!x�npo!w3qpk�l�x�oGnpo!w ��s��)x@l1xBk��)npkc��}�kck
k)�hw,� �=l�x�y�|,}��@�>9�9 �C�����iVj,l�uRn�}��¢u�j!kc~=j!k�l�x1k��,l$�{rGqpk�} ��s&�0�)x��!}R|,}Xk��dr!x ��r,kcx�qp~��¢�!|!uE� �)o � u1j!k�l�x
n �{r!x �)r�kcx�qp~�|,}�k��$�0�)x��!}§l�o,��l�xBkco �hu�y-�)x�xBk�y�u�k�����j!kco$u�j!kc~en �{r!x �)r�kcx�qp~=|,}�kElS�0�)x��eu�j!k
�m}Xk�q ��k�}c�
7Vl)}�n�yVx�k�}X|Gq�u�}¢npo�y-��{r!|!u�l�u�n �)o,l�q!q�k�ltx�oGnpo!w�u�j!k �)xB~�� � ��q�� �>9 � - = ��npu�yBj!k�q�q��>9?;������Gk
� �)o,}�u�x�l�u�kVu�j,l�u
qpk�l�x�oGnpo!w$npo�u�jGn�}3yBn�x�y�| �m}�u�l�o,y�kSn�}�n �Sr��/}�}Fn��Gqpk��Vnpu�j#��|!uEl��Gn�l)}3}�r,k�yBn�s�~)npo!wdr!xBk�sªkcx�kco,y�k�}l$� �)o!w/}�u
u�j#�/}Xk�y-�)o,y�kcr!u�}Ry-�)o,}�n�}�u�kcoGu��Vnpu�j�u�j!k�!l�u�l!�

D�o#��u�j!kcx �)�,}�u�l)yBqpk � �)x�yBj,l;q�qpkco!w)kx�l�u�j!kcx � n�} N
�:) 8?* � ����� ��3 �!u�j!kl��Gn�q�n�u�~ ��s yBjGn�q��Gx�kcodu �
|!o,�Gkcx�}�u�l�o,��l�o,�e|,}�kl��0�)x��npo�l3x�k�l�}��)o,l��Gqpk���l;~{l;s�u�kcx�l)} s�kc�]l)} �)o!k1k��!r��/}�|!xBk�u �3npuVs�x ��� u�j!k
r,l�x�kcoGu)� /Vl�x�kc~G�>9 - ;���� ���)kck �§k�np�,k�y 	 5 �=l�x�	"�ml�o��@�>9�; - �/s��)xTl � �)xBkTx�k�y�kco/u¢u�x�k�ltu �{kcoGu��)x .¤q�l:�)k�q�q
� 8���� G �@�>9?9 � � r,l�w)k�} ���
� � ����<��Ts��)x�leu�j#��|!w)j/uXsª|Gq ��)kcx���npkc��� ��i�j!k8	)kc~�r(��npo/u ��s@s�l)}�u �ml�r!rGnpo!w�n�}
u�j,l�uVu�j!k�yBjGn�q���j,l ��l�x��!}Vlw)|!k�}�}§l)}�u �{u�j!kRx�k�qpk���l�oGu§sªk�l�uB|!x�k�} ��s uBj!k�}�npo!w�qpk�k��,l$�{rGqpk�x�ltu�j!kcxVu�j,l�o
��l;npu�npo!wu �Ey-��q�qpk�y�u�}�u�l�u�n�}�u�n�yc}Vl)y�x �/}B} �|Gqpu�nprGqpk1k��Nl��{rGqpk�}c�&i�j!k�w)|!k�}B} �el�~��k��,l)}Xk�� �)oq�npo!w)|Gn�}�u�n�y
y-�)oGu�k��!u8����o#��npu ��}1o#��u�r!|!x�rGqpk��¢npu ��} * �1' # ��� �@�Tr,l�x�kcoGu�l;q&y�|!k�} ��r(��npo/uXn�o!w � ��x>�vl)} � �!�Gk�q�qpk��©j!kcx�k��
npo!o,l�u�k3�Gn�l�}�k�}�xBkcw/l�x���npo!w{��j,ltuVn�}�q�n�o!w�|Gn�}Xu�n�ycl;q�q�~=x�k�qpk���l�oGu����

iVj!k�}�k=y-�)o,}�u�x�l�n�oGu�}Su �)w)kcuBj!kcx�� �)u�n���l�u�k�uBj!k�r!x �)�,lt�Gn�q�n�}�u�n�y � �!�Gk�q �{kcxBw�npo!w�l;qpw,��x�npu�j �
r!x�k�}�kcoGu�k���o!k��HuVs��)x�uBj!kRq�k�ltx�oGnpo!w ��s@l)y�u�n �)o ��kcx��,}c�

�
	�� � �M� � 	 ��	 � � � ��� ��� 	�� � � $��A� � � � �M� � � �n� �
	
�

�Vk�ycl;q�q&uBj,l�u�uBj!kqpk�l�x�oGnpo!w�u�l�}-	en�}1u ��y-�)o,}Xu�x�|,y�u�l � �H�Gk�q�qpk��/n�y-�)o � u�j,ltu1n�}��vlto�ltr!r!x ���
r!x�n�l�u�k{}�kcu �ts&�0�)x��$}�kco,}�k�}§s��)x1k�l)yBj���kcx�� � sªx ��� l{uBx�l;npoGnpo!w�}�kcu�y-�)o,}Fn�}Xu�npo!w ��sTq�l���k�q�qpk���l)y�uXn.��o,}c�
�@l�y�j{uBx�l;npoGnpo!w{k��Nl��{rGqpk�y-�)o,}Fn�}Xu�} ��svlF�)kcx���l�o,�{l�q�npo
	)npo!ws���}�u�xB|,y�u&}�| ���el�x�n���npo!wml�oml)y�uXn.��o��@iVj!k
�)kcx���xBkcr!x�k�}�kcoGu�l�u�n �)o�y-�)o,}Fn�}Xu�}0��svr!x �)�,l��Gn�q�n�u�~=��n�}Xu�x�np�!|!u�n �)o,}���l�o,�eu�jG|,}V�Vk�s�x�l$�Sk1u�j!k1r!x �)�Gqpk
� ��s
�)kcx���l�y
	)|Gn�}�npu�n �)o�n�o$u�kcx �m} ��sTr!x �)�,lt�Gn�q�n�}�u�n�y � �!�Gk�q�n�oGs�kcx�kco,y�k)��iVj!k1�,l�}�n�y§n��Gk�l n�}Vu �{}�u�ltx�uV�Vnpu�j�l
q �)u ��s �)kcx�~�}�r,k�yBn��Ly�}Xkco,}�k�}Vs��)xVk�l)yBj �)kcx�� �!l�o,�eu�j!kco�w�x�l)�G|,l;q�qp~ �{kcx�w)kRu�j!k
�zu �)w)kcu�j!kcxVu �3s��)x �zl

+13W6+8 U;K/L=L=8JF=^oK�:9\+8J:+UJ8 C-F
@�N-F=K NtC 5/8ON-u <=K&/o8 ^H@BL=<QCP@JNtN-u C-:+:H@B<=8/w , 8JK/:H@B<=8;F
@BL=8
UA@B^H@?/DN-8 KBXs>MC->MC-U�5/C-:+E X[@BU5CP@JN
8J]D^+L=8JF=FQC-K/:+F :�� 85N-<��JK
	&6 � KDK�L=8 ; <0=0=2@ w
# # < F=69K�T_N-\7/o8 :9K�<=8J\?<=6H@B< .W6_CtN-8WX[@BF=< >�@B^+^_C-:+E C-F . 85NtNtZ[8JF=<O@?/DNtC-F=6o8J\�XYK/L @nXY81. \9K�>�@�C-:+FJRDC-< 6o@AF :+K/< /H8J8J:?UA@AL=85XYTDNtN-u

F=<=T+\_C-8J\jXYK�Ln<=698`UA@AF=8%KBX I/8;L!/9FJw
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palm

palm

(linking f-struct)
TRAINING EXAMPLES

merge

initial
sense

schema

schema

schema

WORD SENSES FOR "PUSH"

schema

merge
schema

schema

ex1

ex2

ex3

ex4

schema

new sense

schema

extend

extend

extend

fixed

posture

posture

posture

posture

posture

fixed  0.9

posture

palm  0.9extend  0.9

palm  0.9

posture

palm   0.7

posture

slide

slide

slide

slide  0.9

slide  0.9

slide  1.0

elbow

elbow

elbow

elbow

elbow

elbow

elbow

elbow

med  0.9med

extend  1.0

extend  0.9

touch touch  0.9palm palm  0.9

index
index  0.3

duration

duration

duration

duration

duration

duration

long

short

long  0.9

short  0.5
med   0.5

duration

long

.¤npw)|!xBk � ��� � # k�l�xBoGn�o!weu��0� }Xkco,}�k�} �ts �('*),+/�

}��ml�q�qpkcx1}�kcu ��s � �)xBk�w)kco!kcx�l;q }�kco,}�k�}+�

� � ����� � � � ����� �$
 � �"
� �4� ��� � �"� �������

�dk���n�q�qTnpoGu�x �!�G|,y�kEuBj!kEr!x �Hy�k��G|!x�k�G~en�q�qp|,}�uBx�l�u�npo!w�lSjG~/r(�)u�j!kcu�n�ycl;qTu�x�l;npoGnpo!w�x�|!o��F.¤npw��
|!x�k � ���3�GkcrGn�y�u�}1j#���]uBj!k1qpk�l�x�oGnpo!w �ts@uF�0�{�0�)x���}�kco,}�k�}§s��)x � '1) + �npw)jGu1r!x �!y�kck���� � �{r���x�u�l�oGu�qp~��
u�j!k �,w)|!xBkRn�q�qp|,}�u�x�l�u�k�} � � � � ��� q�k�ltx�oGnpo!w � k�l�y�j�u�x�l;npoGn�o!wek��,l$�{rGqpk1n�}�npo,y-�)x�r(�)x�l�uBk��enpo/u �{u�j!k � �!�Gk�q
l)}�} �&�)o=l)}�npu��Hycy�|!x�}+� ��o�y-��o/u�x�l)}�u>�!uBj!k�l;qpw,�)x�npu�j � �Gk�}�y�x�npr!u�n �)o$npo=u�j!k1s���q�q ����n�o!w�}�k�y�u�n �)o,}�n�}��)x�n��
kcoGu�k��eu ����l�x��Su�j!k ���{npo!kEycl�}�k��G��j!kcx�kEl�q�q¢u�x�l;npoGnpo!w{k��,l$�{rGqpk�}�ltx�k�y-��q�qpk�y�u�k��$�,k�s��)x�k�l�oG~ �Skcx�w�npo!w
�!ycy�|!x�} ��u�j!k��Gk�}By�x�npr!u�n �)o�n�}SyBq�k�lto!kcx�u�jGn�}��l�~��@�T�!|!uSu�j!k�l;qpw,�)x�npu�j � ycl�o��)r,kcx�l�u�kenpo�l�o���oGq�npo!k
s�l)}�jGn �)o�� �

iVj!keqpk�sªu ��j,l�o,��}�n��Gk ��s1k�l)y�j�x ��� npo .¤n�w�|!x�k � ���e}�j#����}l�q�npo
	�n�o!w�s���}�u�xB|,y�u�s��)x{l$o!kc�
k��,l$�{rGqpkRq�l��,k�q�qpk�� �('1) +/�@i�j!k�x�npw)jGu���j,l�o,��}Fn��Gk�}Xj#���R}Tu�j!k � �!��n��,k���}�k
�ml�oGu�n�y§x�kcr!x�k�}�kcoGu�l�u�n �)oes��)x
�('*),+�l;s�u�kcxVnpo,y-�)xBr��)x�ltu�n �)o ��sTu�j!k1k��Nl��{rGqpk)�

iVj!k �,x�}�u�uBx�l;npoGnpo!wdk��Nl��{rGqpk�����jGn�y�j �npw)jGu{y-�)x�x�k�}�r(�)o,��u ��r!|,}�jGnpo!w�l�y�|!��k�l)y�x �/}�}3l
u�l��Gqpk�@o!k�y�k�}B}�l�x�n�qp~�kco/u�l;n�q�}Ry�x�k�l�uXn.��o ��s l�oenpoGnpu�n�l;qT� ��x��m}Xkco,}�k)�@iVjGn�}�npoGnpu�n�l;q@}�kco,}�kEyBq �/}Xk�q�~�xBk �,k�y�u�}
u�j!k=k��,l$�{rGqpk$n�u�}�k�q�s �Rk��,y�kcr!u�u�j,l�ueu�j!k�s�k�l�u�|!x�k���l;qp|!k�}�l�x�k=r!x �)�,l��Gn�q�n�}�u�n�y�� �@l)yBj�s�k�l�u�|!x�k���l;qp|!k
�)�,}�kcx �)k��©n�o�u�j!k=k��,l$�{rGqpk$s ��}Xu�x�|,y�uSn�}�l�}�}�npw)o!k���r!x ���,l��Gn�q�npu�~0) � � 3 + 8��>= � � ),)�uBj,l�o �)� ����uBj!kc~[l�x�k

� # :�^H@BL=<QC-UJTDNP@BLJRv<=6+8GXYT_NtN-u/Z[K�:_NtC-:o8�UA@AF=8%UJK/L=L=8;F=^oK/:+\9F%<=KsF=8J<=<QC-:9E�<=6+8`@�N-E�K/LQC-<=6+> � F��@´����
	��!±�c¶G^o@ALO@B>?8J<=8;LG<=K ; w
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}�j#����o=l)} �!�B9En�o=u�j!k �,w)|!xBk����iVj!k�xBk
�ml;npoGnpo!w�r!x �)�,l��Gn�q�npuF~$n�}R��n ��n��Gk��dl$� ��o!w/}�u�u�j!k3|!o#�)�,}�kcx���k��
r��G}�}�np�Gqpk6��l;qp|!k�} �ts u�j!kRs�k�l�u�|!xBk)�)D ��kcx�~ � �H�Gk�}�uRl$� �)|!oGu ��svw�kco!kcx�l;q�n���l�u�n �)o=j,l)}Vu�jG|,}0�!ycy�|!x�x�k����

iVj!k�}Xk�y-�)o,��k��,l$�{rGqpk ��s �('1) +�n�} 	�|Gn�uBk�}�n �n�q�l�x�u �duBj!k �,x�}�u:����n ��kcx�npo!w��)o���oGq�~ �)o!k
s�k�l�u�|!x�k � � � ������� ����� �,����npu@n�} �Skcx�w)k�� n�oGu �u�j!kRk��/n�}�uXn�o!wS� ��x��m}Xkco,}�k��Gu�j!kcx�kc�G~mw)kco!kcx�l;q�n ��npo!weu�j,l�u
}�kco,}�k �	} � � ������� ���mr!x ���,l��Gn�q�npu�~���n�}�uBx�np�!|!u�n �)o��

iVj!k�u�jGnpx���k��,l$�{rGqpk�y-�)x�xBk�}�r��)o,�!} u �dld��n�� kcxBkco/u8	�npo,�!��s �('1) +)npo!w���r,kcxBj,l�r,}{r!|,}XjGn�o!w
l�w/l�n�o,}Xu�lS��l;q�q �3iVjGn�}Rk��Nl$�SrGq�ke��n ��kcx�}§s�x ��� u�j!k{y�|!x�x�kcoGu1� ��x���}�kco,}�k ��o�l;q � �/}Xu�k��)kcxB~�s�k�l�u�|!x�k��
l�o,�uBj/|,} n�}��Gkck
�{k��Su �&����n���kcx�kcoGuTs��)x �Skcx�w�npo!w,� ��o,}�uBk�l)�{l1o!kc���0�)x��}�kco,}�kVn�}�w)kco!kcx�ltu�k�� �F}�j#����o
npo�u�j!k1xXn�w�j/u���� �/}�u�y-��qp| �{o����

.¤npo,l;q�q�~���uBj!kRs �)|!xBu�j�k��Nl��{rGqpkEl�x�xXn ��k�}c� ��uVn�}�lS}�q�n���npo!w � �)u�n �)oeq�n�	)k�uBj!k �,x�}�u§uF�0�k��,l$�8�
rGqpk�}����!|!u¢npo!�+��q��)k�}�uBj!k � � ��	  �,o!w�kcx����	��� � �
	H����u�n�}Ty-���Sr,l�x�k���ltw/l;npo,}�u4C �187+1k��Gn�}�u�npo!w1�0�)x���}Xkco,}�k�}
l�o,�Sn�} �F|,�Gw)k�� � �/}�u�}�n �n�q�l�xRu �u�j!k1qpk�s�u���j,l�o,�$}�kco,}�k)� ��uVn�}�u�j!kco �Skcx�w)k��e�Vnpu�j$u�j,l�u�}�kco,}�k)� ��npo,y�k
u�j!k
� �  	 � ��l�o,� 	 � ���,�=s�k�l�u�|!xBk�}�j,l:�)ke�,kckco[y-��o,}�n�}�u�kcoGus ��x l�q�q�u�j!xBkckmk��,l$�{rGqpk�}3npo,y-�)x�r(�)x�l�uBk��
npo/u ��u�jGn�}�qpk�sªu���j,lto,�d�0�)x��=}�kco,}Xk��vuBj!k{r!x �)�,l��Gn�q�npu�npk�}/�)oduBj!k�}�ks�k�l�u�|!x�k8��l;qp|!k�}l�x�k{o#���(��npx�u�|,l;q�qp~
�)� �N�&iVj!k�������� � ��	3s�k�l�u�|!x�k���j#���&k���kcx>�!j,l)}V��kckco=w)kco!kcx�l;q�n��ck��d}��eu�j,l�uVnpu§s l:�,��x�}��� ��� �!|!u1l;q�q ����}
� � ��	  ���� � ������� ��� �)j,l)}Vr!x � ��k��{o#�)uVu ���kEy�x�npu�kcx�n�l;q¤s �)xVu�jGn�}V�0�)x��m}�kco,}Xk�l�o,�ej,l)}V��kckco��Gx �)r!r,k����

� � ����� � � �G¦��"��� � � � � �!
�"�� �4�

�dk1o#����u�|!x�o�u �ml � �)xBkRs �)x �ml;qLuBx�k�l�u �{kcoGu ��s¢u�j!k1qpk�l�x�oGnpo!w�l;qpw,�)x�npu�j �$�@iVj!k1qpk�l�xBoGn�o!w
u�l)} 	{n�}Rl�o �)r!u�n �n���l�u�n �)o=r!x ���Gq�k
� �!npo�uBj,l�u��Vk�}�kck�	��Ll$� �)o!w/}�u�l;q�qTr��/}�}Fn��Gqpk3qpk��/n�y-�)o,} ��u�j!k ���,k�}Xu �
�)o!k1w�n��)kco�uBj!k1u�x�l;npoGnpo!w�}Xkcu��).¤n�x�}�u ����Gu�j!kco �!�Vk �E|,}Xu�r!x�k�yBn�}�k�qp~��Gk��,o!k ����k�}�u ��� �&kR�Vn�}�j$u � �,o,�
u�j!kRqpk��Gn�y-��o � �H�Gk�q  �§jGn�yBj�n�}�� �/}�uVr!x ���,l��Gqpk�w�n��)kco$u�j!k1u�x�l;npoGnpo!w��!l�u�l 	 �@iVj,l�uVn�}��N�&k�}Xkck�	

l�x�w�ml:�
�

���  � 	 � � � ��� �
iVj!k=r!x �)�,lt�Gn�q�npu�~��,k�npo!w �ml �/n �n��ck���n�}�uBj!k � ���:)B8 � ; � �1; �{r!x �)�,l��Gn�q�n�u�~���s�u�j!k � �!�Gk�q#�1l�o,� �)|!x
l;qpw,�)xXn�uBj �®n�}�l � �ml:�Gn �| � l3r(�/}�u�kcx�n �)xXn ��� D�� �vk�}Xu�n �ml�u �)x � npo�}�u�l�uXn�}Xu�n�yc}@r,ltx�q�l�o,y�k)�@iVj!k§sª|!o,�!l �
�{kcoGu�l;q¢npo,}�npw)j/u ��s 7Vl;~)k�}�n�l�o$qpk�l�x�oGnpo!w�n�}�u�j,l�u1u�jGn�} 	�|,l�oGu�npuF~=ycl�o=�,km�Gk�y-��{r��/}Xk��=|,}�npo!w�7Vl;~)k�} �
x�|GqpkRnpo/u � y-��{r��)o!kcoGu�}V�§jGn�yBj�}�kcr,l�x�l�u�kRu�j!k��,uVu �u�j!kRu�x�l�n�oGnpo!wm�!ltu�ll�o,�mlto � �(; � �1; ��r!x�k�sªkcxBkco,y�k
s��)x&y�kcx�u�l;npo�� �!�Gk�q�} ��)kcx �)u�j!kcx�}c�¢iVj!k1ycl;q�y�|Gq�ltu�n �)o,}V��jGn�yBj{s���q�q ����l�x�k�}X| ���ml�x�n��ck�� npo .¤npw)|!x�k � �B<!�
iVj!k �,x�}Xu�u�x�l�o,}Fs �)x �ml�u�n �)oSn�} �
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sense of v
freq of this

for each linking feature
look at sense’s distributions

prefer
fewer
senses

m = model of lexicon
m   = model’s structure
m   = model’s parameters

s
Key:

P(l | v, m)

P(m)  P(t | m)

(l,v)   t

max
s   v

 P(s | v, m) P(l | s, v, m)virtual

s sP(m  )   P(m  | m  )

samples

P(m | t)

Measuring the Lexicon Model’s Posterior Probability

v = verb
s = sense of verb

t = training set

l = linking f-struct

.¤npw)|!x�k � �B< � .#�)x �E|Gq�l)}�|,}�k���u �{�Gkcu�kcx �npo!k�u�j!k3r��/}�uBkcx�n �)x�r!x �)�,lt�Gn�q�npu�~ ��s@l3qpk��/n�y-�)o � �!�Gk�q  =�
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���  � 	 � � ���  � ��� 	 �  � � � �B<C�
# kcu �	}1�,kcwtn�o���n�uBj�u�j!k�}�k�y-�)o,��u�kcx � � ��� 	 �  ����iVjGn�}u�kcx � �¤u�j!k � ��� � � � + � � � � n�}�uBj!kmr!x ���,l��Gn�q�npu�~
��sVu�j!k � �H�Gk�q@w�kco!kcx�l�u�npo!w�u�j!k{�!l�u�lN� ��uRn�}�l �{k�l)}X|!x�k/��s@u�j!k{�Gkcw)x�kck �ts �,u ��s&u�j!k � �!�Gk�q@u �eu�j!k
u�x�l�n�oGnpo!w��!l�u�l!�Vi �mw/l�n�o�npo/u�|Gnpu�n �)o$s��)x�u�jGn�}��(�)o!k�}�j#��|Gq���n �ml�wtn�o!k{l�0�)x���}�kco,}�k1s���}�u�xB|,y�u��Vnpu�j�npu�}
r!x �)�,lt�Gn�q�npu�~E��n�}�u�xXn��!|!uXn.��o,}Tl)}�l§x�l�o,� ����w�kco!kcx�l�u �)x ��s/q�npo
	�n�o!w�s ��}Xu�x�|,y�u�}c��i�j!kTq�n�	)k�q�n�j#� �!�my-���Sr!|!u�k�}
u�j!kRr!x �)�,l��Gn�q�npu�~ ��s¢u�j!k��0�)x��m}�kco,}Xk�}Tnpo� w)kco!kcx�l�uXn�o!wk��,l)y�u�qp~{u�j!k�}Xkcu ��s�q�npo
	�n�o!wSs���}�u�x�|,y�u�} s��)|!o,�
npo�u�j!k1uBx�l;npoGnpo!w�}�kcu 	 �@iVjG|,}��!�Vk�ycl�o�xBkc��x�npu�k�uBj!kRq�n�	)k�q�npj#� �H�dl�}�s �tq�q ����} �

��� 	 �  � � �
����� ��� ���

��� ! � ���  � � � � �C�

iVj!k�n�o,��n���n��G|,l;qEr!x ���,l��Gn�q�npu�npk�}�l�xBk�y-���{r!|!uBk���|,}�npo!w�u�j!k�}�l$�{k ��npu�kcxB�Gn �Uq�n�	)k�ltr!r!x �:�/n �ml�uXn.��o[l)}
|,}�k���s �)x�q�l���k�q�q�npo,w�lto,� �)��kc~)npo!w�=�u�j,l�u�n�}��

����! � � �
 � � �ml:�
����

����� � � �
 � ��� ! � � � ���  � � � � � �
l�o,�el)}��,k�s��)x�k��Gu�j!k �,x�}�uVu�kcx � n�}�y-���{r!|!u�k��Ss�x ��� u�j!k1}�kco,}�k�� ��}V}�u ��x�k��s�x�k�	�|!kco,y�~�y-��|!o/u�l�o,�Su�j!k
}�k�y-�)o,�euBkcx � n�}�y-���{r!|!uBk����G~�y-�)o,}X|Gq�uXn�o!weu�j!k1r!x ���,l��Gn�q�npu�~�u�l��Gqpk�}�npo �1s��)xVk�l)yBjesªk�ltu�|!x�kRnpo�!Tl�o,�
�|Gqpu�nprGq�~�npo!w,�

� ��� �,l)y 	�u �mu�j!k �,x�}�u1u�kcx � npo � 	)|,ltu�n �)o � �B<
�����  ���EiVjGn�}�u�kcx � ��u�j!k �(; � �1;@�¤n�}Rj#���
}�|!� ��k�y�u�n��)kVr!x�k�s�kcx�kco,y�k�}Tl�x�k�j#�&�?	)k���n�oGu �Ru�j!k�qpk�l�x�oGnpo!w�r!x �!y�k��G|!x�k)� ��jGn�q�kRl�o/~F	�npo,�/��s,r!x ���,l��Gn�q�npu�~
��n�}�u�x�np�!|!u�n �)o ��)kcx � �!�Gk�q�}�ycl�o���k�|,}�k��Snpo$u�j!kI7Vl�~�k�}�n�l�oesªx�l$�{kc�0�)x�	��Gu�j!k�y�|!x�x�kcoGu��0�)x�	{��n�q�qT|,}�k
�)oGqp~/�)o!k 	)npo,�/�ts,r!x�n �)x�� ��|!x@r!x�n �)xTj,l�}¢uF�0��r,ltx�u�}����)o!k��Gk�l;q�npo!w�Vnpu�ju�j!k�}�u�x�|,y�uB|!x�k0��s,u�j!k�qpk��/n�y-�)o
� �!�Gk�q �   ��l�o,�/�)o!k��Gk�l;q�npo!w���n�uBjEuBj!k&r!x �)�,l��Gn�q�n�u�~m��n�}�uBx�np�!|!u�n �)o,}T�Vnpu�jGnpo{k�l�y�j�0�)x��}�kco,}�k���wtn ��kco
lr,l�xBu�n�y�|Gq�ltx�}�uBx�|,y�u�|!x�kG�  
	 � �

���  � � ���   � ���  
	��   � � � �B�C�
iVj!k�}�u�x�|,y�uB|!x�l;qLy-���{r(�)o!kcoGu¢n�} |,}�k��u �Rk��!r!x�k�}�}TuBj!k�}X|!� �Fk�y�uXn ��k�r!x�k�s�kcx�kco,y�k�u�j,l�u:�)l;q�q,k�q�}Xk

�,k�npo!wek�	)|,l�q ���Vk�}�j#�)|Gq���r!xBk�sªkcx�l � �H�Gk�q¢�Vnpu�j�s�kc�Vkcx�}�kco,}�k�}Vr�kcx ��kcx������dk1|,}�k �

���   � � b��������� ������� � ��� � ����� ���! �" � � � � �
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��j!kcx�k��  �N�Gkco#�)u�k�}§u�j!k�oG| ��,kcx���s }Xkco,}�k�}Vnpo$u�j!k1qpk��Gn�y-��o � �H�Gk�q� l�o,� Z ��� b ! � ��\ � ���]b;\���� 	
n�}{l�uB|!o,l��Gqpk�r,l�x�l$�{kcuBkcxE�§jGn�yBj[l)� ��|,}�u�}3u�j!k�}�u�x�kco!w�u�j ��s�uBjGn�} �Gn�l�}�u ����l�x��$sªkc�Vkcx}�kco,}�k�}c� ¥ i �
u�|!x�o$u�j!k1r!x �)r(�)x�u�n �)o,l�q�npu�~enpo/u ��l�o$k�	)|,l�q�npu�~���lo#�)x �ml�q�n���l�uXn.��o �|,}�u§�,k1npo,yBqp|,�Gk��=u �Skco,}�|!x�ku�j,l�u
u�j!k�}�| � � ��kcx�l;q�qvr��G}�}�np�Gqpk � �H�Gk�q }Xu�x�|,y�u�|!x�k�}�k�	)|,l;q�}��)�TiVjGn�}�o#��x �ml;q�n���l�u�n �)o�s l)y�u �)x�n�}

b ������� � ����� � ��� � � � � � �@� � b��������� � ����� � ��� � ����� � �

7�k�ycl�|,}�k ��s@npu�}3k��!r��)o!kcoGu�n�l;q@s��)x � ��u�jGn�}}�u�x�|,y�uB|!x�l;q@r!x�n �)x3j,l)}1u�j!key�j,l�x�l)y�u�kcx�n�}�u�n�ySu�j,l�u
u�j!k�x�l�u�n � ��sLuBj!k�r!x�n �)x ��oml�o � \ � � �#��}�kco,}�k � �H�Gk�qLy-���Sr,l�x�k��u ��lto \ ��}�kco,}Xk � �!�Gk�q!n�} npo,�Gkcr,kco,�GkcoGu
��s \ l�o,��n�}Rl;qp��l;~H}§k�	)|,l�q u � b ������� � ����� � ��� � � � � � ��i�jGn�} ��l�q�|!kSk�� k�y�uXn ��k�q�~=}�r,k�yBn��,k�}�u�j!k �ml �/n �| �
l$� ��|!o/uV�G~���jGn�y�j$u�j!kRq�n 	�k�q�npj#� �H��n�}Rl;q�q ���&k��eu �m�Gx �)r��G|!x�npo!wek�l)yBj �{kcx�w)k)�

iVj!k� 
	Ry-���{r���o!kco/uVu�l	�k�}@uBj!kRs �)x � �ts l2!§n�xXn�yBjGqpkcu�r!xXn.��x # �,ly-����� ��o�yBj#��n�y�k���s¢r!x�n �)x
s��)x �|Gqpu�npo#���n�l;q&��n�}�u�x�np�!|!u�n �)o,}R��k�ycl�|,}�k3npu�n�}��ml�u�j!k
�el�u�n�ycl;q�qp~�y-�)o��)kcoGnpkco/u1l�o,��j,l)}�lto�npo/uB|Gn�uXn ��k
npo/uBkcx�r!x�kcu�l�uXn.��o��diVj!k{npoGu�|Gnpu�n �)o��,kcjGnpo,�©u�j!k !§npx�n�y�jGqpkcu{r!x�n �)x3n�}u�j,ltu1npuml)y�u�}3l)}�n�s�l$o/| ��,kcx/��s
#��7; 8 ' ��� )
�S*�� � � )�j,l)�©�,kckco��)�,}�kcx �)k���r!x�n �)xeu ��u�j!k�l�y�u�|,l;q �)�,}Xkcx��)k��[}Bl$�{rGqpk�}c��i�~/rGn�ycl;q�qp~�u�j!k
��n�xBu�|,l;q }�l��{rGqpk�}�l�xBk���n�}Xu�x�np�!|!u�k�� ��)kcxVu�j!k3r��/}�}Fn��GqpkG��l�q�|!k�}��ts u�j!k �|Gq�uXn�o#��n�l;qvs��)x�uBj!k1r!|!x�r��/}Xk
��s&l:�,��n���npo!w �+�Gx�l)}�u�n�y � y-�)o,yBqp|,}�n �)o,}Rs�x ��� q�n �npu�k��d�!ltu�l!�1iVj!k$!§npx�n�y�jGqpkcur!x�n �)x§n�}�r,l�x�l$�Skcu�kcx�n��ck����
l�o,�uBj!k&r,ltx�l$�{kcu�kcx�}¢k�� k�y�uXn ��k�q�~{}�r�k�yBn�sª~{uBj!k�o/| ���kcx ��sH��npx�u�|,l;q�}�l$�{rGqpk�}¤s��)xTk�l)yBj{r��/}B}�np�Gq�kE��l�q�|!k)�
iVj!kRw)x�k�l�uBkcxTu�j!k�oG| ��,kcx0��s ��n�xBu�|,l;q }Bl$�{rGqpk�}��Gu�j!k � ��x�k �)�,}�kcx ��l�u�n �)o,}��Vn�q�q��,kRo!kck��Gk��e�,k�s��)x�kRu�j!k
� D ��k�}Xu�n �ml�u�kR�Vn�q�q y-�)o��)kcx�w)kRu �u�j!k§sªx�k�	�|!kco,yBnpk�} ���,}�kcx��)k��Snpo�u�j!k1�!l�u�l!��/ ��o,}�n��Gkcx�l�oek��Nl$�SrGq�k �
�Vk��0�)|Gq��eo#�)uV��l�oGu@u �y-�)o,yBqp|,�Gk�u�j,ltu�ly-��npoen�}V|!oGs�l;npxF��r!x ���,l��Gn�q�npu�~ ��svj!k�l)�!}�k�	�|,l;q�u � ��T�,l)}�k��
�)o[ld}Fn�o!wtq�k �!npr[~�n�k�q���npo!w[j!k�l��!}��!��o,}Xu�k�l)���V}�|!r!r��/}Xk��Vk�l�}�}�npw)o � ��npx�u�|,l;q�}Bl$�{rGqpk�}{u ��k�l�y�j���s
j!k�l)�!}Rl�o,�eu�l;n�q�}c��iVjGn�}Ry-�)o,}�u�npu�|!uBk�}�l�o�npoGnpu�n�l;q@��k�q�npk�sVu�j,l�u�u�j!k�y-�tn�o$n�}�s l;npxF��r!x �)�,l��Gn�q�npuF~ ��sTj!k�l)�!}
k�	�|,l;q&u � � � ������� Dz}�npo!w�qpk �!npr�~)npk�q���npo!w�j!k�l)�!}3�0�)|Gq���u�j!kco�qpk�l)�du ��l�o�k�}�u�n �ml�uBk��dr!x ���,l��Gn�q�npu�~
��sVj!k�l)�!}Rk�	)|,l�q@u � � � �����Nn��hk)���Vk ltx�k{}�u�n�q�q'� �)xBk��)xRqpk�}�}3y-�)o!��npo,y�k��=u�j!k{y-��npo=n�}Rs�l;npx��I7�|!uRn�sI�����
y-�)o,}�k�y�|!uXn ��k �!npr,}R~)npk�q��$j!k�l)�!}Vu�j!kco$u�jGn�}�r!x �)�,l��Gn�q�n�u�~enpo,y�x�k�l)}Xk�}�u � ����� � �?����l�o,���Vk1j,l>��k1r!x�kcu�u�~
�|,y�j�y-��o,yBq�|,�Gk��$u�j!ky-��npo�n�}V|!oGs�l;npx��

iVj!k{l�����)kycl;q�y�|Gq�l�u�n �)o,}�ltx�kE}�| � �{k��$|!r�npo=u�j!k3s���q�q.���Vnpo!w�r,}�kc|,� �?��y-�H�Gks��)xRu�j!kE}X|!�
�
x �)|!uXn�o!k	� ��
����� 	 
 ��� 	�� � ����� 	���� � � �
¯ 3W6DC-F%^9LQC-K�LMU�@B:
@�N-F=K /H8?<=69K�T9E�6D<%KBXb@BF`@?\+8JF=UJLQC-^+<QC-K/: N-8J:+E/<=6 ^+LQC-K/L :�� C-F=FO@B:+8J: ;-<��?>A@ @B:+\ <=6+8 X T_NtNb@�N-E�K/LQC-<=6+>

UA@A: /o8%<=6+K/T+E/6D<)KBX @AFW>MC-:_C->`C �5C-:oE�<=6+8%UJK�> /DC-:98;\ \+8JF=UJLQC-^+<QC-K/:jN-8J:+E/<=6jKBX <=698GN-8;]/C-UJK/:
>?KD\+85N @A:9\�<=698%<=LO@JC-:_C-:+E�F=8J<Jw
%��D8J8��_<=KAN-U 5�8 :!;-<2<?>! ^Sw
*�" @ XYK/L)@ .n85NtNtZ .WLQC-<=<=8J: XYTDNtN \+8�¸o:DC-<QC-K/: KBX <=698�#bC-LQC-UO6_N-8;<M\DC-F=<=LQC /9T+<QC-KD:7@B:+\j\_C-F=U;T9F=FQC-K�: KAX

C-<=FG^+L=K/^H8JL=<QC-8JFJw
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����iVj!k1qpk�l�x�oGnpo!w �{k�yBj,l�oGn�}�� ��r,kcx�l�uBk�}V�Vnpu�jGnpo=u�j!kEl�x�y�jGnpu�k�y�u�|!xBk��Gk�}�y�x�np�,k��$npo � �!� � �G��jGn�yBj
}�j#�)|Gq��$�,k|!o,�Gkcx�}Xu �&�!�$�,k�s��)x�kr!x �!y�kck���npo!w,�ED�o,��� ��|,}�u1l)}���l)}�u�j!kEycl)}Xk�npo � �!� � �!u�j!k3n��Gk�l)}Rj!kcx�k
l�x�kRnpoGu�kco,�Gk���l�}�lrGq�l�|,}�np�Gn�q�n�u�~�l�x�w�| �{kco/uRl�o,�ej,l:�)k1o#�)u���kckco��0�)x�	)k�� �)|!uVnpo�sª|Gq�q@�Gkcu�l;n�q��

�Vk�ycl;q�qLuBj!k�o!kc|!x�l;q,rGq�l�|,}�np�Gn�q�n�u�~my�x�npu�kcx�n�l�sªx �� � <!� � �4D�u �,x�}�uTw�q�l�o,y�k��Gu�j!k � �!�Gk�q �Skcx�w�npo!w
l;qpw,�)xXn�uBj � ��s � � �B<1� �/k�}�o#�)uVl�r!r,k�ltx&r,ltx�u�n�y�|Gq�l�x�qp~�y-��o!o!k�y�u�n �)oGn�}�u��@iV�0�3r!x �)r,kcxBu�npk�}&yclt|,}�k�uBx �)|!�Gqpk)�
.¤npx�}�u>��uBj!k l�q�w+�)x�npu�j � n�}1y-�)o,}Xu�x�|,y�u�n���n�}Xu��{iVj,l�uRn�}���o!kc� rGn�k�y�k�} ��s@xBkcr!x�k�}�kcoGu�l�u�n �)o���� ��x���}�kco,}Xk�}��
o!kck���u �d��k��!|Gn�qpu>��l)} �)r!r��/}Xk��[u � �{kcx�k�qp~�w)x�l��G|,l;q�q�~�y�j,lto!w�npo!w�k��Gn�}�u�npo!w�}Xu�x�|,y�u�|!x�k�}+� �)k�y-�)o,���
u�j!kdy�x�npu�kcx�n �)o s �)x �Skcx�w�npo!w�n�}�l�w�q �)�,l;q���o!k���x�l�u�j!kcxeu�j,l�o��Gkcr,kco,��npo!w �)o�q �!ycl;q�r!x �)r�kcx�u�npk�} ��s
�0�)x��e}�kco,}�k�}c� ��k��)kcxBu�j!k�qpk�}�}��!�Vk1j,l:�)k1lr!x �)r(�/}�k���y-�)o!o!k�y�u�n �)oGn�}�u1}���qp|!u�n �)o$k
�{rGq ��~)npo!wml3qpk�l�xBoGn�o!w
u�k�yBj!oGn 	)|!kG	Go#���§o�l)}�x�k�y�x�|Gnpu �{kcoGu�qpk�l�xBoGn�o!w��
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�Vk�y�x�|Gnpu �{kcoGuVqpk�l�x�oGnpo!w ��.!k�q��"�mlto �>9�;�<
= �)j,l)}�u�xXn,�:9�;�;��Tl)}�}�| �{k�}§l1q �!ycl;q�n�}�u�xBkcr!x�k�}�kcoGu�l�
u�n �)o!��s&�Gnpo,��npo!w/}e}�|,yBj�l)}1uBj!kmu�xXn�lto!w�qpkm|!oGnpu{�Gk�}�y�x�np�,k���npo � �!� � �¢l�o,�=r!x ���n��Gk�}El�x�l�rGn������Vk�npw)j/u �
yBj,l�o!w)k1l;qpw,�)x�npu�j � s �)x s ��x �npo!w{}�|,y�j ��k���k�y�u�n��)k�yBnpx�y�|Gnpu�} � sªx ��� r!x�k���n.��|,}�qp~m|!oG|,}�k���y-�)o!o!k�y�u�n �)oGn�}�u
|!oGnpu�}c�

.¤npw)|!x�k � � � n�q�qp|,}�u�x�l�uBk�}�xBk�y�x�|Gnpu �{kcoGu��Vnpu�j�ltodk��Nl��{rGqpk)���Vk�ycl;q�qVu�j,l�u�l�}Xkcu ��s&u�xXn�lto!w�qpk
|!oGnpu�} n�}@|,}X|,l;q�q�~ey-�)o!o!k�y�u�k�� n�o�lR��n�o!o!kcx ��u�l	)k���l;q�q)� ��i4DI�¤s l)}XjGn.��o{u ��kco,}X|!x�k�uBj,l�u �)oGqp~ �)o!k��Gnpo,���
npo!w{x�k�l)yBj!k�}�l�o�l)y�u�n���l�u�n �)oeqpk��)k�q }�|2.�yBn�kcoGu�qp~�jGnpw)j�u �Ek��,yBnpu�kRnpu�}Vu�jGnpx�� �Sk
�E��kcx���. �)xVx�k�y�x�|Gnpu �{kcoGu
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qpk�l�x�oGnpo!w����Vk1s�|!x�u�j!kcx§r��/}�npu1u�j,ltu�u�j!kcx�k�n�}1l r�� ��q �ts �BsªxBkck � u�x�n�l�o!w�qpk|!oGnpu�}§��jGn�y�jdl;q�}��eu�l	)k3r,l�x�u
npo[u�j!k ��i4D y-��{r,kcu�npu�n �)o���iVj!k�|!oGnpu�}mltx�k{s�x�kckenpo[uBj,l�uu�j!kc~�j,l:�)keq ���I�Tx�l�o,� ��� �Vk�npw)jGu�}u �
u�j!kF��l�x�n �)|,} �cy-�)o,y�kcr!uR|!oGn�u�} � l�� �)o!w/}�uV��jGn�yBj��Gnpo,��npo!w/}1ycl�o �Hycy�|!x�� /@x�|,yBn�l;q�qp~���u�j#�)|!w)j �!uBj!kc~ � �
j,l:�)k1y-�)o!o!k�y�u�n �)o,}§u �u�j!k�}�k�y-�)o,y�kcr!uR|!oGnpu�}c��7�|!u�u�j!kRq �����Vk�n�w�j/u�}�r!x�k��)kcoGu&uBj!k�}�kRsªxBkck1|!oGn�u�}Vs�x ���
rGq�l;~)npo!w�l�o�l)y�u�n��)k3x ��qpkRnpo�x�kcr!x�k�}Xkco/u�npo!wek��/n�}�uXn�o!we�Gnpo,��npo!w/}c�

iVjGn�}1l�x�yBjGnpu�k�y�u�|!x�ks�l)yBn�q�npu�l�u�k�}Ru�j!k3qpk�l�x�oGnpo!w ��s&o!kc� �Gnpo,��npo!w/}l)}�s ��q�q ����}c� �)|!r!r(�/}�k��¢l)}
npo .¤npw)|!x�k � � � ��}�k��)kcx�l;q@uBx�n�l�o!w�qpk{|!oGnpu�}�l�q�xBk�l)�G~=x�kcr!x�k�}�kcoGu�}�k��)kcx�l�q@�Gn�o,��npo!w/} � }X|,y�j�l�}1iF������jGn�yBj
x�kcr!x�k�}Xkco/u�}¢uBj!k��Gnpo,��n�o!w/��s�D6�./�lto,�8.V����iVj!k��Gnpo,��npo!w/} s �)x@i <�l�xBk&o#��u@}�j#����o�� � �)|!r!r��/}XkVsª|!xBu�j!kcx
u�j,l�uVy-�)o,y�kcr!u�|!oGnpu�}�� �!.�l�o,� �]l�x�k�y�|!x�xBkco/u�qp~�l)y�u�n��)k��!l�o,�Su�j!k�� i4D�o!kcu��0�)x�	/��svuBx�n�l�o!w�qpk�|!oGnpu�}
n�}npo,}�uBx�|,y�u�k�� ��k)�hw,� �/~�l�yBj!k
�n�ycl;q �{k�yBj,l�oGn�}�� �u�j,l�ueu�jGn�}{�Gnpo,��npo!w �|,}�u{��k�x�kcr!xBk�}�kco/uBk���� ��s
u�j!kcx�k�l�q�xBk�l)�G~�k��/n�}�u�}{l=u�x�n�l�o!wtq�k$|!oGnpu{x�kcr!x�k�}�kcoGu�npo!w�u�j!k��Gnpo,��n�o!w��Vnpum��n�q�q���k�l)y�uXn ��l�u�k��©�/~�u�j!k
�,x�npo!w �ts � � .�l�o,� �6��lto,�=u�j,l�u1�Vn�q�q��,k{uBj,l�u��87�|!u1n�s�o#�)o!k ��sVu�j!kml;qpx�k�l��G~!��x�k�y�xB|Gn�uBk��du�xXn�lto!w�qpk
|!oGnpu�}�x�kcr!x�k�}�kcoGu�}�u�j!kR�Gnpo,��n�o!w��,u�j!kcoSnpuV�,k�y-���{k�}�r(�/}�}�np�Gqpk1s��)x ��o!k ��s�u�j!k§s�x�kck�uBx�n�l�o!w�qpk1|!oGnpu�} ��k)�hw,�
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i ��� � ��j#�/}�kq ���I�¢x�l�o,� �� �Vk�npw)j/u�}1j,l�r!r�kco�u ��}�q�npw)jGu�qp~��Gn�l)}�npu�u ����l�x���uBjGn�}3o!kc� �Gnpo,��npo!w � u �
�,k�y-��{k�&k�l 	)qp~�l)y�u�n��)k)��iVj!k � i4D �{k�yBj,l�oGn�}�� }�k�qpk�y�u�}§u�jGn�}�|!oGnpu�l�o,��npo,y�x�k�l)}�k�}§npu�}Rl)y�u�n���ltu�n �)o �
��jGn�yBj�u�j!kco�}�kcx��)k�}Vl)}Vl}�npw)o,l;q�u �u�j!k1|!oGnpu�u �Ex�l�rGn���q�~�}�u�xBkco!w)u�j!kcoenpu�}Vy-�)o!o!k�y�u�n �)o,}§u ��uBj!k�l)y�u�n��)k
y-�)o,y�kcr!uR|!oGnpu�}c��� ��u�u�j!kcx�kc�G~ ����npo,}§u�j!k1r�� ��q ��s4; � 	 ;,'"�78 �@� uBx�n�l�o!w�qpk1|!oGnpu�}c�

D�}3�Gk�}�y�x�np�,k���� u�j!k{u�k�yBj!oGn 	)|!k�}�kck
�e}1u ��x�k�	�|Gnpx�kSsª|Gq�q�y-�)o!o!k�y�u�n���n�u�~�lto,�=kco#�)|!w)jd|!o!xBk��
y�x�|Gnpu�k��uBx�n�l�o!w�qpkV|!oGn�u�}¤s �)xTl;q�q,r��G}�}�np�Gqpk�y-�)o ��|!o,y�u�n �)o,}c� �Vs�u�kco ��u�j#�)|!w�j ��u�j!k0� ��kcx�l;q�qHl�x�yBjGnpu�k�y�u�|!x�k0��s
l3o!kc|!x�l;qv}�~!}�u�k
� r!x ���n��Gk�}Vy-�)o,}Xu�x�l;npoGu�}���jGn�y�j�w)xBk�l�u�qp~{x�k��G|,y�k1u�j!kRoG| �E��kcx ��svr(�/}�}�np�Gqpk1�Gnpo,��npo!w/}��
y-���{r,ltx�k��u �3u�j!k�oG| �E��kcx@r(�/}�}�np�GqpkRn�svu�j!k�r(�&��q���s y-��o,y�kcr!u&|!oGnpu�} n�}@y-��o,}�n��Gkcx�k���l)}Tl�o{|!o,��n���kcx�kco
�
u�n�l�u�k��e�§j#��qpk)��.#�)xVk��,l$�{rGqpk��Gnpo ��|!x�y-��o!o!k�y�u�n �)oGn�}�u��0�)x��m}�kco,}Xk�l�x�yBjGn�uBk�y�u�|!x�k��Gnpu�n�}�x�k�l�}��)o,l��Gqpk1u �
l)}�}X| �{k1u�j,l�uVu�j!kRnpoGnpu�n�l;qTo!kc|!x�l;q��Vnpx�npo!w{n�}Vr!xBk���n�}Xr��/}�k��$u ����l�x�� �Gn�o,��npo!w��0�)x��!}�u �3s�k�l�u�|!x�k�} � o#�)u
�0�)x��!}�u ���0�)x��!} ���)x�sªk�l�uB|!x�k{|!oGnpu�}u � ��l;qp|!k�|!oGnpu�} ��s�l���n���kcx�kcoGu3sªk�l�uB|!x�k)��iVj!k �)npkc� u�j,l�u3u�j!k
�!x�l;npo�}�u�l�xBu�}���|!u@�Vnpu�jmltr!r!x �)r!x�n�l�u�kRy-�)o!o!k�y�u�n��)npu�~{��kcuF�Vkckco{xBkcw�n �)o,} �)oel�y-�/l�x�}�k�q�k���k�qLn�} ����q�}�u�kcxBk��
�G~�u�j!k$n �el�w�npo!w�}Xu�|,��npk�} ��sD!1l$�ml)}Fn.��5 i¤x�l�o!k�qG�@�>9?9 ������jGn�yBj�}�j#���I��s ��x{k��Nl��{rGqpk�����n���kcx�kcoGu
q �Hycl�q�n���l�uXn.��o�r,ltu�u�kcx�o,}�s��)x � �)u �)x �)kcx��,}E��o!k�ltx�kcx�u�j!k � �)u �)x�l�xBk�l)}��7#B)EG �)u�j!kcx 	)npo,�!} ��s ��kcx��,}c�

�)u�n�q�q �Nu�j!k�oG| ��,kcx0��svr(�)u�kcoGu�n�l;qL�Gnpo,��npo!w/}Rl�o,�ey-�)o!o!k�y�u�n �)o,} �ml;~�,k1�!l�|!oGu�npo!w,� ��u&uB|!x�o,}
�)|!u>��uBj#�)|!w)j ��uBj,l�u�}Xr,l�x�}�k{x�l�o,� ��� y-�)o!o!k�y�u�n �)o�r,l�u�u�kcx�o,}1yclto�l;q�qpk��)n�l�u�kSu�jGn�}�l�r!r,l�xBkco/u1r!x ���Gq�k
�
��.Nk�q��"�el�o �>9�;?<����1iVj!kG	)kc~$n��Gk�lSn�}�u ��|,}�k{l �|Gqpu�n��Uq�l;~)kcxBk���}�yBj!k
�{k3s��)x1x�kcr!x�k�}�kcoGu�npo!w��Gnpo,��npo!w/}��
npod��jGn�yBj�k�l�y�j=�Gnpo,��npo!w�n�}Rx�kcr!xBk�}�kco/uBk����G~ � �187+1)ml$� �)o!w/}�u�uBj!kEu �����,k����(�)|!o,�=|!oGnpu�}1x�l�u�j!kcxRu�j,l�o
��npx�k�y�u�y-�)o!o!k�y�u�n �)o,}c�ViVj!k�k��Gn�}�u�kco,y�k ��sv}�|,yBjer,l�u�j,}@ycltom��k�}�j#����oSu ��j,l:�)k�jGnpw)j�r!x �)�,l��Gn�q�n�u�~ek��)kco
npo�}�r,l�x�}Xk�o!kcu��0�)x�	!}���s��)x�x�k�l)}��)o,lt�Gq�k1r!x �)�Gqpk
� }Fn �ck�}+�&iVj!k�}Xk�n�}�}�|!k�}§l�x�kRo#�)u�y-�)o,}�n��Gkcx�k��Ss�|!x�u�j!kcx�npo
u�jGn�}R��n�}By�|,}�}�n �)o��

/ ���{rGqpk��u�x�n�l�o!w�qpk�|!oGnpu�}�����n�uBj��|Gq�uXn�rGqpk�y-��o!o!k�y�u�n �)o,}Tr�kcx&}�n��GkE�F}�kck � �!� � �@��r!xBk�}�kco/u@} ���{k
}�r�k�yBn�l�q ��nq.�y�|Gqpu�npk�}Rs��)x�xBk�y�x�|Gnpu �{kcoGu�qpk�l�x�oGnpo!w,� / �)o,}�n��Gkcx �,x�}�u�uBj!kEycl)}�k �ts@u�j!k�y-�)o ��|!o,y�u�n��)k{}�u�~)qpk
��s�y-���{rGqpk��{u�x�n�l�o!w�qpk�|!oGnpu>����jGn�y�j��|,}�uTo#��u �)oGqp~��Gnpo,�{u �)w)kcu�j!kcxTl1}�kcu ��s�y-�)o,y�kcr!u@|!oGnpu�}����!|!u �|,}�u
l;q�}��$r,l�x�u�npu�n �)o�u�j!k
� npoGu �=u�j!x�kck{w�x �)|!r,}Rnpo�u�j!ke�Gk�}�npx�k�����l�~)� ��npo,y�k�l;q�q�uBj!kmy-�)o,y�kcr!u|!oGnpu�}l�x�k
k�	�|,l;q�q�~el)y�u�n��)k�l�uTu�j!k�uXn �Sk ��sLxBk�y�x�|Gnpu �{kcoGu>�)u�j!kcxBk@n�} o#����l;~Rs �)x@lRr(�)u�kcoGu�n�l;q,x�k�y�x�|Gnpu�u � ��	Go#��� � n�s
npu�n�}��Vnpx�k�� s��)x@u�j!k1�Gk�}�npx�k��Sr,l�x�u�npu�n �)oGnpo!w,� ��o�u�jGn�}Vycl)}�k����&k��E|,}Xu@x�k�qp~ �)oeu�j!k ��)kcx�l;q�q }�u�xB|,y�u�|!x�k ��s
u�j!k3o!kcu1u �{x�k�}�uBx�n�y�u�u�j!k3r��)uBkco/u�n�l;qTr,l�x�uXn�uXn.��oGn�o!wG}Ru �muBj#�/}�k��§jGn�yBjdl�x�k3x�k�l)}��)o,lt�Gq�k)�E.#�)x§k��Nl$�SrGq�k��
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