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Interaction Cycles

"NIL"
"OVS-N-P-C"

"VSO-N"
"VOS-N"

"VOS-N-GWP-COMP"
"VSO-N-GWP-COMP"
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�x&1@?BALM- ,�².� °K-82=>rSA$M>A-8(M(�*�&E$9;�/12?>A@?BQ2=@?-Y-�Wj-8L9@5-�><4�-

$9;Q2R$�F=TA$M;A-t7<L9-8bD&1F?BQ(©(9-�LM&E-:(\F?T<LMBA><( � WjF?LM-c7<2?LM(M2=HA/1-�/)2=>A@5B<2=@5-8(\*t-8L9-e(P-8/E-:4�$9-:,�TVLMF?W $9;<F5(9-
$9;Q2R$�-�Wj-�LM@?-:,�,.BALM&E><@U$M;A-tLMBA>�Z���FR*e-�b5-�L:d8F?T�$9-8>�$M;A-t&1>A&E$9&)2=/J/1FJ482=/1/E0�F57.$9&1W+2=/.y � �Ub � &E$M(9-�/ET
*�2?(t/EFD(q$�H�-6TVF?LM-Y-�>AF5BA@?;N[���@?$M(e-�b5F?/1b?-:,�4�2?7<2=HA/1-UF?T©/1-82?L9>A&1>A@�$9;A&)(�/12?>A@?BQ2=@?-5Zx{�;<-pWj-82?>
SA$M>A-8(M(w2=><,�46F?WjW	BA>A&)4�2R$M&Eb5-	(9B<4�4�-8(M(UWj-:2?(9BAL9-:(p(9;AFR* b5-�LM0�(9&1W�&1/)2=LY7<2R$9$9-�LM><(p$9Fr$9;Q2R$wF=T
$9;<-�7ALM-�bJ&1F?B<(UL9BA>Q(�ZU�UFR*t-8b?-8L8dQ/E-:2=LM>A&E><@+LM2=$9-8(p2=LM-�*eF?L^(P-5d<LM- �<-:4�$9&1>A@+$M;A-�WjF5L9-�46F?Wj7A/1-6�
/1&E>A@5BA&)(q$M&14w-8>DbJ&1L9F5>AWj-�>D$8Z�{�;<-�LM-�2=LM-w4�/E-:2=L�4^;<2?>A@?-:(e&E>�$M;A-�7Q-8LM4�-�>D$M2?@?-:(�F=T
2=H<(9F?/1B.$9-5dA,.-6`
Ti2=B</]$�F?LeBA><(9-6$e7.`%(9-6$9$9&1>A@5(t&1>�$9;<-p7�F?7AB</12=$9&1F?> � $9;<-pWj-82?>�>JBAW�H�-�LeF=Tx2=H<(9F?/1B.$9-U7AL9&1><4�&E7A/1-8(
,.-:46/1&E>A-:,�HJ0 ¯ Z , @ 2=>Q,�BA>Q(P-�$j7Q2=L^2=Wj-6$M-�L^(	HJ0 ,R² Z u�@ dc(9F_$9;A-�>JBAW�H�-�L+F?TY,.-�Ti2=BA/E$�7<2=`
L^2=Wj-6$M-�L^(�L9FD(P-�HJ0 �=� Z n@ F?>K2�b5-�L^2=@5-pH�-6$q*e-�-8>�$9;A-	HQ-8@?&1>A>A&1>A@'2=>Q,�-�><,�F?T
$9;A- , ³jL9B<><(�Z
{�;A&)(c4�F?>D$9L^2?(P$M(�*�&E$9;j$M;A-U7ALM-�bJ&1F?B<(
(9-�LM&1-8(
F?TmLMBA><(�&E>�*�;<&14^;�$9;<-�LM-�*e25(�2w@?LM-82=$9-8L
&E><4�L9-:2?(9-
&1>�2=H<(9F?/1B.$M-'7ALM&E>Q46&17A/E-:(�$M;<2=>�&E><4�L9-:2?(9-�&1>�,.-6Ti2?BA/E$	7<2?LM2?W�-�$9-8LM(8ZO{�;A&)(�W+2�0g2=/)(PFOL9- �<-846$
$9;<-pWjF?LM-U4�F?Wj7A/1-6�+/E&1>A@5BA&1(P$9&)4p-�>JbJ&ELMF?>AWj-8>5$:d5&1>�*�;A&)4^;�fi&E>Q46F?LMLM-84�$�h
2=HQ(PF5/EB.$M-p(9-6$9$9&1>A@5(e2=LM-
WjF?LM-�/E&1l?-8/E0�$9F�;<2?><,.&)4�2?7�d?L^2R$M;A-�L
$M;<2=>+(9&EWj7A/10�HQ-�&1LML9-8/E-8b�2?>D$x$MF<d5$9;A-U7Q-8LPTVF5L9W+2=>Q46-�F=Tm$9;<-
[��U@=$:Z

{�;A-:(P-�-��.7Q-8L9&1Wj-�>D$M(p,.-�WjF?>Q(q$MLM2=$9-�/1&E>A@5BA&)(q$M&14	(P-8/E-:4�$9&1F?>\dQ4^;A&1- �<0rTVF?LpWjF?LM-�7<2=L^(M2=HA/1- �
/1-82=LM><2?HA/E-�/)2=><@?B<2?@?-8(8d=2=>Q,j><2R$MBALM2?/<(9-�/1-84�$M&EF5>�TVF?Lc[	��@=$^(�*�&E$9;+&1>A&E$9&)2=/<7A`%(9-6$9$9&1>A@5(t(PBA7<7QF5LP$9`
&1>A@�-���-:4�$9&1b?-Y/)2=>A@5B<2=@5-�/E-:2=LM>A&1>A@<Z�{�;A-�0+2?/1(9F	(9BA@?@5-8(P$t46FJ-8b?F?/1B.$M&EF5>�&1(tF.4�4�BAL9LM&1>A@ � $9;A-8L9-p&1(
2j46/1-82?L�7AL9-�TV-�LM-�><4�-YTVF?LU2?H<(PF5/EBA$9-w7ALM&E><4�&E7</E-:(�F?L�,.-�Ti2=BA/E$�7<2=L^2=Wj-�$9-�L^(eFRb?-8L�BA><(9-6$�7<2?LM2?W�-�`
$9-8LM(8Z©ªU><(9-6$
7<2=L^2=Wj-�$9-�L^(�LM-�7<L9-:(P-8>5$©$9;A-e/1-82?(P$�&E>.TVF5L9W+2=$9&1b?-c7A`%(9-6$9$9&1>A@<dR*�;A&1/)(q$�HQF?$9;j,.-6Ti2?BA/E$
7<2?LM2?W�-�$9-8LM(w2=>Q,�2?H<(PF5/EBA$9-j7ALM&E><4�&E7</E-:(w7AL9FRbJ&),.-jWjF?LM-�&1>.TVF5L9W+2R$M&EF5>_2?HQF5B.$w$9;A-+/1&1>A@?BA&)(P$9&)4
-�>JbJ&1L9F5>AWj-�>D$8Z
{�;A-w7ALM-6TV-8L9-8><46-pTVF?L�,.-�Ti2=BA/E$�7<2?LM2?W�-�$9-8LM(tFRb?-8L�2?H<(9F?/1B.$9-Y7ALM&E><4�&E7</E-:(�&E>N$9;<-
-�>JbJ&1L9F5>AWj-�>D$�F=T�F?>A-jF?L�WjF5L9-+46F5Wj7A/E-��3f�TVB</E/�hw/)2=>A@5B<2=@5-8(YW+2�0KL9- �<-846$�$9;A-jTi254�$�$M;<2R$�&1>
$9;<-8(9-r(9&EW	BA/12=$9&1F?><(�2K,.F5Wj&E><2?>D$	/)2=>A@5B<2=@5-�&1(	-�Wj-8L9@5&E>A@�2?(�2?4�CDBA&)(9&]$M&EF5>v7AL9F.4�-8,.BALM-8(	2=LM-
-�b5F?/1bJ&E>A@QdA(PF �Q-6�.&EH<&E/1&]$q0r&1(p(P-8/E-:4�$M-8,NFRb?-8LtTVB<LP$M;A-�LY2R$P$M-�>JB<2=$9&1F?>NF=T�$9;A-�254�CDBA&)(P&E$9&1F?>�7ALMF.46-�`
,.BALM-�&1>v$9;<-r2=HQ(P-8><46-�F?T�2K46F5><(q$^2=>D$	2?><,g;AF?WjF5@?-�><-�F?BQ(�/E&1>A@5BA&1(P$9&)4+-8>DbJ&1L9F5>AWj-�>D$8ZK{�;<-
-6�.7�-�LM&EWj-8>5$^(�LM-�7�F?L9$9-:,�&E>K(9BAH<(9-8CDBA-8>5$Y(P-:4�$9&1F?>Q(�&1>Db5-8(P$9&1@52=$9-�-8254^;!F=T�$9;<-8(9-�L9-:(PB</]$^(�&1><,.-6`
7�-�><,.-8>D$9/10r2=>Q,r&1>NW�F5L9-�,.-87.$9;\Z

�5²



� �3� ��	�!�
��
6� �'�U�����e����	 

yJ-8/E-:4�$9&1F?>OTVF?Lw@?L^2=WjW+2=L^(Y2=><,K$9;JB<(w/)2=>A@5B<2=@5-8(�Wj&1@?;D$�F.4�46B<Lw25(w2r4�F?><(9-8CDBA-8><46-	HQF?$9;_F=T
2?48CDBA&1(9&E$9&1F?>�7<L9F.46-:,.BALM-8(x2=><,�F=TA$M;A-�46F5> �<&)4�$9&1>A@Y7ALM-6TV-�LM-�>Q46-8(\TVF?L�WjF?LM-e7<2=L^(92?HA/1-t2=>Q,�WjF?LM-
-6�.7ALM-8(M(9&Eb5-�/12?>A@?B<2?@?-:(�Z©#�>+$9;A-Y(P&1W�B</12=$9&1F?><(t,.&1(M46BQ(9(9-8,j&1>+$9;<-U7ALM-�bJ&1F?B<(t(P-:4�$9&1F?>\dD(9-�/1-846$9&1F?>
TVF?L�WjF5L9-�7<2=L^(M2=HA/1- � /1-82=LM><2?HA/E-�/)2=>A@5B<2=@5-8(pFJ4846BALMLM-8,�f±2=/E$9;AF5BA@?;_&1>_(9F?Wj-j4�2?(9-8(w2NWjF?LM-
F?7A$9&1Wj2?/5/)2=><@?B<2?@?-�,.&),�>AF?$x(9BALMbD&1b?-
H�-8482=B<(9-c&E$�*e25(\(97QF5l?-�>�HJ0Y$9FJF�TV-8*�(97Q-:2=l?-8LM(^h�Z©|tBA$8dR&E$
&)(©><F=$�7QFD(9(9&EH</E-t$9Fw,.-6SQ>A&]$M-�/10�(M2�0Y*�;<-6$9;<-�L�&]$
&)(x7<2=L^(92?HA&1/E&E$q0?dR7ALMF?7�-�L9$9&1-8(©F=T<$9;A-�2?48CDBA&1(9&E$9&1F?>
7ALMF.46-8,ABAL9-5dRF?L©$9;A-�7ALMF?7�F?L9$9&1F?>�F=T�(97�-82=l5-�L^(�*�;A&)4^;�&1(©$9;<-�482=B<(M2=/5Ti2?46$9F5Lx&1>j2=>J0w@?&1b?-�>�4�25(P-5Z
#%$c&)(�>AF?$c-�b5-�>�4�/E-:2=L�*�;<2=$c7ALM-84�&1(9-�TVF?LMW F?Tm$9;A-Y2?4�CDBA&)(9&]$M&EF5>�7<L9F.46-:,.BALM-�&1(cHQ-8&E><@�,.-�7</EFR05-8,
2R$�2?>D0'7QF5&E>D$�&1>r$M;A-�L^2=><,.F5Wj/E0D`%&E>A&E$9&)2=/1&1��-8,'7QF57ABA/)2R$M&EF5><(�Z

���P� �� 9¨�c¥p P¦5�A P¡ ���\¢ �©¡��. P§c¨�� ����� � �\¨ ���
¨�t¥��  � ���
 q�<¦
#�>zWjF?LM-'4�&EL^46BAW+(M46LM&EH�-8,g-��.7Q-8L9&1Wj-�>D$M(8d
/E&1>A@5BA&1(P$9&)4'(9-�/1-846$9&1F?>gTVF5L�WjF?LM-�7<2?LM(M2=HA/1-'2?><, � F5L
WjF?LM-'/1-82?L9><2?HA/1-'/)2=>A@5B<2=@5-8(8d�2?><,g$M;A-�&E>D$9-8L97</12�0_HQ-�$q*t-8-�>�$9;A-:(P-r$q*tF�7ALM-8(M(PBALM-8(	2?(	*t-8/E/
2?(�$9;<- � L9F5HAB<(P$9>A-:(9(��\F?Tp46LM&E$9&)4�2=/c$9LM&E@5@?-8LM(8d
4�2=>�HQ-�,.-�WjF5><(q$MLM2=$9-:,z,.&1L9-:4�$9/10?Z � (P-8L9&1-8(�F=T
� ³5³K460.4�/E-�(P&1W�B</12=$9&1F?><(�*e25(�LMBA>z&1>�*�;A&)4^;32O7QF57ABA/)2R$M&EF5>�F=T �D� [	��@=$^(�*�2?(	&1>A&]$M&12?/E&1��-:,
*�&E$9;z,.&E��-8L9&1>A@K7<L9F57QF5LP$M&EF5><(wF=T�BA><(9-6$�> o /E-:2=LM>A-�L�25,.BA/E$	[��U@=$^(�(P7�-82?lJ&E>A@�$q*eFK,.&E��-8L9-8>D$
TVBA/1/c/)2=>A@5B<2=@5-8(Y*�;A&)4^;v46F?>D$MLM25(q$M-8,�&E>g/1-82=LM><2?HA&E/1&E$q0O2=><, � F?L�7Q2=L^(92?HA&E/1&E$q0?Z�{�;A-8L9-j*e-�LM-�><F
,.&E��-8L9-8><46-:(
&1>j$9;A-p&E>A&E$9&)2=/Q7.`�(P-�$P$9&1>A@D(
&E>j$M;A-�7�F?7AB</12=$9&1F?>�2=>Q,	W	B.$M2=$9&1F?>+*�2?(�>AF?$c-�>Q2=HA/1-8,�Z
��/1/\4�F?><,.&E$9&1F?>Q(�*t-8L9-wLMBA> , ³	$9&1W�-:(�Z

#�>KF5>A-	(9B<4^;O(9-�LM&E-:(UF?T�-6�.7�-�LM&EWj-�>D$^(�d�$9;<-	7�F?7AB</12=$9&1F?>O*�2?(U&E><&]$M&12?/E&1��-:,K*�&E$9;�(97�-82=l5-�L^(
F=T ,MkY-8L9W+2=>�-Ad?y � �Ub � d52=><, ,MkY-8L9W+2=>�*�&E$9;j7QFD(q$M7QFD(P&E$9&1F?>Q( -<d5y � �Ub ��� �c/E-�T�$8Z\{�;A-:(P-�/)2=>A`
@?BQ2=@?-:(�,.&]�m-�LUF?>A/10�&1>NF5>A-�,.&1L9-:4�$9&1F?>Q2=/�7<2?LM2?W�-�$9-8L�(9-6$9$9&1>A@<Zt{�;A-�LM-w&1(�>AF+&1>A;A-8L9-8>D$�/1-82?L9>A`
2=H<&E/1&]$q0�2?,.bR2=>D$^2=@?-5d�&E>�$9-8L9W+(wF?Tt>JBAW�H�-�L^(YF=Te7<2=L^2=Wj-6$M-�L^(p$9F�HQ-+(9-6$:d�TVF?Lw-8&]$M;A-�L�bR2=LM&)2=>D$
@?&1b?-8>�$M;A-�BA><(9-6$�/1-82?L9><-�L:Z©��FR*e-�b5-�L:d�$9;A-8L9-�&)(�2w(PW+2?/E/<,A&]�m-�LM-�><4�-�&E>�$9;<-�7<2=L^(M2=HA&1/E&E$q0�F=T�$9;<-
$q*eFY/)2=><@?B<2?@?-8(�254�46F5LM,A&E>A@Y$MFp$M;A-�� °K[�Wj-�$9LM&14�f±2?(��p2�*�lD&1><(�f ,8n?n?o hx2=/)(9FY7<L9-:,.&146$M(^hx*�&]$M;
2�7ALM-6TV-8L9-8><46-�TVF?L�$M;A-UWjF5L9-U4�F?><(9&)(q$M-�>D$9/10	LM&1@?;D$P`%HAL^2=><4^;A&1>A@w7A;AL^2?(M2=/Q(P0J>D$M2=��F?T ,MkY-�LMW+2=>�-<Z
ª�$M&E/1&1��&1>A@�$9;A-�TVBA/1/
SA$M>A-8(M(YTVBA><46$9&1F?>gHAB.$�>AF�Wj-�WjF5L90!/1&EWj&E$M2=$9&1F?><(�,.B<L9&1>A@�/E-:2=LM>A&1>A@<d�2?><,
&1>A&]$M&12?/E&1��&1>A@j*�&E$9;N-8CDB<2=/�>JBAW	HQ-8LM(eF?Tx(97Q-:2=l?-8LM(tF=Tx-8254^;'bR2=LM&12?>D$8dD$9;A-w7�F?7AB</12=$9&1F?>�(P-8/E-:4�$9-:,
F?><-�F?LtF=$9;<-�LcbR2?L9&)2=>D$c*�&E$9;A&1>r2�W�-:2=> ,8o5� &1>D$9-�L^2?46$9&1F?>�4�0J4�/E-:(�Z�{�;A-pb�2?L9&)2=>D$c(9-�/1-846$9-8,�*e25(
,.F5W�&1><2=$9-8,�HJ0�$M;A-�LM2?><,.F5W Ti2?4�$MF?L^(�&E>�$M;A-�(P&1W�B</12=$9&1F?> ��7<L9&1><46&17<2?/E/10�;AFR*3Wj2?>J0�/E-:2=LM>A&1>A@
[��U@=$^(c;<2?7A7�-�>A-:,+$9F	HQ-Y-6�.7�F5(9-8,j$MF�2	46LM&]$M&1482=/�7QFD(q$ � 7ALM-6`%7�F5(9&]$M&EF5><2=/.$ML9&1@?@5-�Lt&E>N2�460.4�/E-pF=T
&1>5$M-�L^2?46$9&1F?><(8Zc�x&E@5BALM- ,8u (P;<FR*�(�2�$q0D7<&1482=/�LMBA>�&E>!*�;<&14^;Ky � �Ub � ;<2?7A7Q-8><(�$MF+-�Wj-�LM@?-�25(
$9;<-',.F?Wj&1><2=>D$�/)2=>A@5B<2=@5-j2?L9F5BA><,_460.46/1- �=¯ ³AZ+��;A-8>g$9;A-'7AL9F57QF5LP$M&EF5>�F?Te7�F5(P$97�F5(9&E$9&1F?><2?/
(97Q-:2=l?-8LM(x*�2?(xLM-8,.B<4�-8,�$9FwF?><-t$M;A&1LM,�F=TQ$9;A-�&1>A&E$9&)2=/.7�F?7AB</12=$9&1F?>�d?$9;A-8>�&1>	$q*tF?`±$M;A&EL^,A(xF=T�$9;<-
LMBA><( ,MkY-�LMW+2=>�-�-�Wj-�LM@?-:,�2?(c$9;<-Y,.F5Wj&E><2?>D$e/)2=>A@5B<2=@5-?Z©��;A-�>r$9;A&)(e7ALMF?7�F?L9$9&1F?>+*�2?(cTVBALP`
$9;<-�L
LM-8,.B<4�-8,�$9FYF?>A-eSAT�$M;jF=T<$M;A-�&E><&]$M&12?/A7QF57ABA/)2R$M&EF5>�dR$9;<-�> ,MkY-�LMW+2=>�-UHQ-:4�2?W�-�,.F5Wj&E><2?>D$
fV*�&E$9;<&E>j2=H�F?B.$ � ³p460.46/1-8(^h�&1>�2?/E/D$9;<-tLMBA><(8Z©�x&1@?BALM- ,:n (9;AFR*�(©2�$q0J7A&1482=/DL9B<>�&1>�*�;A&)4^;�$9;<-�LM-
&)(e4�/E-:2=L�(P-8/E-:4�$M&EF5>+TVF?L�y � �Ub � 25(�$M;A-w&E><&]$M&12?/QTVLM-8CDBA-8><460jF?T�$9;A-w7�F5(P$97�F5(9&]$M&EF5><2=/Q$9LM&1@?@?-8LM(c&1(
$9FJF�/1FR*zTVF5L�$9;A&)(
bR2=LM&12?>D$x$MF�@52?&E>�-�>AF5BA@?;�F=T�2YTVFJF=$M;AF?/),�Zx#�>Db5-�L9$9&1>A@p$9;A-:(P-�-��J7�-�LM&1W�-8>D$M(�(9F
$9;Q2R$�$9;A-wTVLM-8CDBA-8><460+F?T©7ALM-�7�F5(9&E$9&1F?><2?/Q$ML9&1@?@5-�L^(c&)(�7ALMF?@5L9-:(9(9&Eb5-�/10	/1FR*e-�L�,.FJ-8(�>AF?$�7<L9F.,.B<4�-
2O(90JWjW�-�$9LM&14'-6�m-846$8Zg#%$�&)(	F?>A/10g*�;A-�>3/E-:(9(�$9;<2?>zF?><-6`a$9-�>D$M;zF=T�$M;A-N&E>A&E$9&)2=/e7�F?7ABA/)2R$M&EF5>
2=LM-�7ALMF.,.B<4�&E>A@�(PBQ4^;j$9LM&E@5@?-�L^(
$M;<2R$�(P-8/E-:4�$M&EF5>�F=T�$M;A-U7�F5(P$97�F5(9&]$M&EF5><2=/�bR2=LM&12?>D$cF.4�46B<LM(c&E>'2?/E/
LMBA><(8Z � �
µ % Üúè±ç�è4ä°î�Þ�à¸ßIåKâ¸Þ�èÌç�ë �2ê�Þ©ágä«àÇó´ëÑç�ègágÞ�ê ágëKâ ï¼å�ç�à¸Þ�ègä:Ý;â åKæ4èIÞ�éKä§à¸ä«ì°åKâ¸Þ�è4Ý;â¸à¸àm¶¼ä«î�ä«è�å�ßgç�à¸à �R¸�à¸ä§ç�á4åKÞ
å�ægää«ëÑç�ágâ¸ì§ç�åKâ¸Þ�ètÞ�ï�î�ç�ë�â¬ç�åKâ¸Þ�èDÿ )Qægâ¸éjä �Nä«ì°å
â¸é)ÝWä«à¸à;ã©ègÞ§Ý�è'â¸è�ü´Þ�üIßgà¬ç�å�â¸Þ�ètò�ä«ègä°åKâ¸ì§é
ç�èIá'ì^ç�è'ñ£ä�ç�èÌç�à �eû§ä«áügëKÞ�ñÌç�ñgâ¸à¸â¸éKåKâ¸ì§ç�à¸à �:ßIègágä«ëZì«ä«ëKå�ç�â¸è�ç�éKé�ßgê�üeå�â¸Þ�ègéhç�ñ£Þ�ßIåWü£Þ�ügßgà¬ç�åKâ¸Þ�è
é�â¸û«ä�ç�èIá�å�ægä�ágâ¸éKåKë�â¸ñIßIå�â¸Þ�è:Þ�ï�Þ��´é�ügëKâ¸ègòÝ;â å�æIâ¸è:å�æIä�ü£Þ�ügßgà¬ç�åKâ¸Þ�èw¶¼ä�ÿ ògÿ  ç��Iègç�ë�áBôeê�â åKæDógý�����	 & þ #�ï&���QÞ�ßgò�ægò�ç�ëKágä«èDó£ý��$#��6¸°ÿ )QægäQßgügéKægÞ�åZâ¸éÉå�ægç�åZïËÞ�ëé�ê
ç�à¸à �Ìègâ åKä)ü£Þ�ügßgà¬ç�åKâ¸Þ�ègé��gõIç�åKâ¸Þ�è Þ�è ç:à¸â¸ègò�ßgâ¸éÁå�â¸ì�î�ç�ë�â¬ç�è�å�ñ!�BëÑç�ègáIÞ�ê{ágë�â ï»åQì§ç�è-ñ£ä)ä«õeü£ä«ì«åKä«á-å�Þ�Þ©ì«ì«ßgëÝ;â å�æIâ¸è þ	� â¸è�åKä§ë�ç�ì°å�â¸Þ�è ì �eì§à¸ä«é;Ý�â åKæ ç�éÁåÑç�ègágç�ë�á-ä«ë�ëKÞ�ë�çjà¸â åKåKà¸ä)ò�ë�ä§ç�å�ä«ë;å�æÌç�è � ógÝ;ægä«ë�ä � â¸é�ü£Þ�ügßgà¬ç�åKâ¸Þ�èé�â¸û«ä�ÿ ��é)å�ægä�ü£Þ�ügßIà¬ç�å�â¸Þ�è'â¸è2å�æIä§éKä
é�â¸ê:ßIà¬ç�å�â¸Þ�ègé)â¸ègâ åKâ¬ç�à¸â¸û«ä«á±Ý;â å�æ $ þ ����ò�å�é)å��IüIâ¸ì^ç�à¸à �±ë�â¸éKä«é)åKÞ ç�ëKÞ�ßgègá

� ���eßIâ å�ä �eßIâ¸ìÑãeà ��ç�ègá�åKægä«è*éÁåÑç�ñIâ¸à¸â¸û§ä«é§óhì«Þ�ègéKâ¸éKåKä§è�å �gõIç�åKâ¸Þ�ètÝ;â åKægâ¸è # � â¸è�å�ä«ëÑç�ì°åKâ¸Þ�ètì��eì«à¸ä«é�â¸è1ý�� ë�ßgèIéì«Þ�ègéKåKâ åKßIå�ä«é�ëKä«à¸â¬ç�ñgà¸ä�ä°îIâ¸áIä§èIì§ä)Þ�ïÉà¸â¸ègò�ßIâ¸éKåKâ¸ì�é�ä«à¸ä«ì°å�â¸Þ�èDÿ

�=u



0

10

20

30

40

50

60

70

0 50 100 150 200 250 300

N
o.

 o
f S

pe
ak

er
s

Interaction Cycles

"SOV-V2"
"SOV-V2+PLEFT"

"SOV-V2-N"

�x&1@?BALM- ,8uA� ��2?><,.F5W�(P-8/E-:4�$M&EF5>

0

10

20

30

40

50

60

70

0 50 100 150 200 250 300

N
o.

 o
f S

pe
ak

er
s

Interaction Cycles

"SOV-V2"
"SOV-V2+PLEFT"

"SOV-V2-N"

�x&1@?BALM- ,8nA� [\&E>A@5BA&)(q$M&14w(9-�/1-84�$M&EF5>

�=n



{�;A-:(P-eL9B<><(�(P;AFR*z$9;<2=$�@5-�>A-8LM2?/57Q2=L^(92?HA&E/1&E$q0pTi254�$MF?L^(�TVF5L
HQF?$9;j2?,.BA/E$M(�2?><,�/1-82?L9><-�L^(\4�2?>
Wj&E/1&E$M2R$M-�fV*e-82?lJ/E0Ah
2?@52=&1><(P$c2wbR2=LM&12?>5$
TVF5L9W�HJ0	LM-8,AB<46&1>A@w$9;<-�SA$9><-8(M(�F=T�[	��@=$^(�-8W�7</EFR0J&1>A@
$9;Q2R$+TVF?LMW�ZG{�;<&1(+@5-�>A-8LM2?/t-��.7A/12?><2R$M&EF5>�TVF5L+/E&1>A@5BA&1(P$9&)4�(P-8/E-:4�$M&EF5>3;<25(jHQ-8-�>ICDBA-8(P$9&1F?>A-:,
$9;<F?BA@5;�d©(9&E>Q46-+&E$�L9-8/12=$9-:(w7<2=L^(92?HA&1/E&E$q0K,.&1L9-:4�$9/10K$MFK[��U@=$�SA$M>A-8(M(�ZN[�&1@?;D$PTVFJF?$+f ,8n5n , hY2?><,
F=$M;A-�L^(�;<2�b?-N2=LM@?BA-:,g$9;Q2R$+&]$+&)(�BA>A/1&El5-�/10v$9;<2=$ � � � �$� � �j7ALMF?7�-�L9$9&1-8(	F=TY2�/)2=>A@5B<2=@5-r(97QF?`
l?-8>�HJ0v(P7�-82?l?-8LM(	*tF5BA/),v/E-:2?,3,.&ELM-846$9/10g$9F_&E>Q46LM-82?(9-8,z>DB<W�H�-�L^(�F?TUF=��(P7<L9&1>A@<Zv#%$jWj&E@5;D$
H�-�WjF?LM-�7A/)2=BQ(P&1HA/1-�$9FN2=LM@?BA-�$M;<2R$w(PBQ4^;K7ALMF?7�-�L9$9&1-8(�Wj&1@?;D$p/1-825,�&E>Q,.&ELM-846$9/10N$9F'&1><4�L9-:2?(9-8,
F=��(97AL9&1>A@!HJ0O&1><4�L9-:2?(9&E>A@!4�F?WjW�BA><&1482R$9&1b?-�(9B<4846-8(M(8ZNyJB<4^;z2?>g&E><,A&ELM-846$�-6�m-846$	46F5BA/1,_-:2?(P`
&1/E0_HQ-'&E><4�F?LM7QF5LM2=$9-:,O&1>D$9F!$M;A-'(9&EW	BA/12=$9&1F?>gWjF.,.-�/tHD0_7�F5(9&]$M&E>A@�$M;<2R$�$9;A-�7<L9F5H<2=HA&1/1&]$q0�F=T
(9B<4�4�-8(M(qTVBA/�&1>D$9-�L^2?46$9&1F?>�&1(w7<2?LP$M/E0K2'TVBA><46$9&1F?>gF=Tc$9;A-j*eF?LMlD&1>A@rW�-8WjF?LM0!/EFD2?,O4�L9-:2R$M-8,KHJ0
$9;<-�(P-8>5$M-�><4�-w$q0J7Q-�4^;AFD(P-8>�Z ��>!2?/]$M-�LM><2R$M&Eb5-w25(9(9BAWj7.$M&EF5>r&)(�$9;Q2R$�W+2R$MBALM2=$9&1F?><2?/�*tF5L9lJ&1>A@
Wj-�WjF?LM0N/E&1Wj&]$^2R$9&1F?>Q(U*�&1/E/�,.-:46LM-82?(9-�$M;A-	4^;<2?><46-:(�F?T�/E-:(9(U7<2=L^(92?HA/1-�(P-8>5$M-�><4�-�$q0J7�-8(UTVBA><4�`
$9&1F?><&E>A@�2?(t-6�m-846$9&1b?-p$9LM&E@5@?-�L^(�f±(P-8-p-5Z @QZ ~ &1L9HJ05d ,:n?n?¯ d ,:n?nD² d ,:n?n?u TVF?L�2�(9&EWj&1/12?Lt7�F5(9&]$M&EF5>Qh�Z
{©F_(9&EW	BA/)2R$9-N$M;A&1(+(M46-8><2=LM&1F<d
$M;A-!(92?W�-�(9-6$+F=TYL9BA>Q(	*�2?(j,.F5>A-N*�&]$M;GL^2=>Q,.F?WX(9-�/1-846$9&1F?>
TVF?L�[	��@?$M(wHAB.$�*�&E$9;gWj-�WjF5L90K/1&1W�&E$M2=$9&1F?><(�,.BALM&E>A@�/1-82?L9>A&1>A@QZ�{�;A-+LM-8(9BA/E$M(�(9;AFR*�2Nb?-8L90
(9&EWj&1/12?Lc7<2=$P$9-8L9>�$9F�$M;AF5(9-ULM-�7�F?L9$9-:,+2=H�FRb?-?d?$9;AF5BA@?;�$9;A-Y(P-8/E-:4�$9&1F?>+-���-:4�$e&1(t*t-:2=l5-�Lc2?><,+&E$
&)(�F?>A/10'*�;A-8>'$M;A-�7ALMF?7�F?L9$9&1F?>rF=T�&E>A&E$9&)2=/\7QFD(q$M7QFD(P&E$9&1F?><2?/�(P7�-82?l?-8LM(e&)(�/E-:(9(e$M;<2=>�F?><-w(9&E�D$M;
$9;Q2R$�$M;A-�7ALM-�7�F5(9&]$M&EF5><2=/
/)2=><@?B<2?@?-+,.F?Wj&1><2R$M-8(�LM-�/1&)2=HA/10?Z �S<><2=/cb�2?L9&)2=>D$�F?Tt$M;A&1(�-6�.7�-�L9`
&1W�-8>D$w&)(Y$9F!25(9(9BAWj-j&E>A&E$9&)2=/1/10K-8CDB<2?/
>DB<W�H�-�L^(pF?Te(97Q-:2=l5-�L^(pF?Tt-:2?4^;ObR2?L9&)2=>D$wHAB.$�*e-�&1@?;D$
$9;<-'7ALMF.,.B<4�$M&EF5>vF=TU(9-�>D$9-8><46-�$q0D7�-8(	HJ0O$M;A-�&1L�7<2=L^(92?HA&1/E&E$q0?dxBA><,.-8L�$M;A-r25(9(9BAWj7.$M&EF5>g$9;<2=$
(97Q-:2=l?-8LM(�2�b?F5&1,g/1-8(M(�7<2=L^(M2=HA/1-r(9-�>D$9-8><46-r$q0J7Q-:(�dt7Q-8L9;Q2=7<(�$9Fg&1W�7<L9FRb5-�$9;<-�&1Lj4^;Q2=><4�-8(	F=T
46F5WjW�BA>A&)4�2=$9&1b?-�(PB<4846-:(9(�fV-5Z @QZw�p2�*�lJ&E><(8d ,8n5n=o<� ,8u ³RTMh6Z �U/]$M-�LM&E><@'$M;A-�[	��@?$M(���@5-�>A-8LM2=$9&1F?>
2=/1@?F5L9&E$9;<W (PFr$9;<2=$�(P-8>5$M-�><4�-8(�(9-�/1-846$9-8,�*�&E$9;_� °K[\(�2?HQFRb5- o ³';<2�b5-�2N/1-8(M(p$9;<2?> , ³?³ @
4^;<2?><46-+F?TeH�-�&1>A@KB.$9$9-8L9-:,�d\Ti2?/E/1&1>A@�TVL9F5W u ³ @ TVF5L�2�� °K[�FRb5-�L o ³N$9F � ³ @ TVF5L�� °K[\(
FRb?-8L � ³5³AdA-8><(PB<L9-:,'$M;<2R$p&E>K2?/E/�LMBA><(�$9;A-	7QF57ABA/)2R$9&1F?>!4�F?>Jb?-8L9@5-8,rF?>Ky � �Ub � Ze{�;A-�LM-6TVF5L9-5d
$9;<-K(P&1W�BA/)2R$M&EF5>IW�F.,.-8/�7ALM-8,.&)4�$^(j$9;Q2R$8d�@5&Eb5-�>I2=>J0�2?(M(9BAWj7.$9&1F?><(+2?/E/1FR*�&1>A@v2=>I-6�m-846$�F=T
7<2?LM(M2=HA&1/1&]$q0+F5>'/)2=>A@5B<2=@5-U/1-82=LM>A&1>A@<dJ7ALMF.,.B<46$9&1F?>�2=><, � F?Le&E>D$M-�LM7AL9-�$M2=$9&1F?>�dJ7<2?LM(M2=HA&1/1&]$q0+*�&1/E/
4�2?B<(9-Y/1&1>A@?BA&)(P$9&)4Y(9-�/1-846$9&1F?>�Z � �

{�;A-!&1>D$9-�LM7A/)2�0zH�-6$q*e-�-�>I7<2?LM(M2=H<&E/1&]$q032=><,G/1-82=LM><2?HA&E/1&E$q0�4�2?>GH�-K(9-�-�>I&1> (P&1W�B</12=$9&1F?>
LMBA><(w&1>A&]$M&12?/E&1��-:,O*�&E$9;g-:C5BQ2=/�>JBAW�H�-�L^(wF=T ,MkY-�LMW+2=>�-<d\y � �Ub � d�2?><, , �52?7<2=><-8(9- -Ad�y � ��d
(97Q-:2=l?-8LM(8Zcy � �Ub � ;<2?(�2+(9/1&E@5;5$M/E0'/EFR*e-�L�Wj-82?>�� °K[�d<2?><,r$9;JB<(�7Q2=L^(92?HA&E/1&E$q0?dJ$9;Q2=>Ky � �
fV/)2=LM@?-8/E0+H�-8482=B<(9-Y$9;A-wTVLM-�-8L�46F5><(q$M&]$MBA-�>D$�F5LM,.-8L9&1>A@�F?7.$M&EF5><(eF=T �52?7<2=><-8(9-pLM-�/)2R$M&Eb5-U$MF'kY-�L9`
W+2=>�2=LM-t>AF?$xWjF.,.-8/E/1-8,	-6�m-846$9&1b?-�/10�&1> , �52?7<2=>A-:(P- -�fi(9-�-e-?Z @<Z��U2�*�lJ&1><(8d ,8n?n?o h9h�Z\�x&1@?BALM- � ³
(9;AFR*�(�$M;A-N/12?>A@?B<2?@?-:(�*�;A&)4^;�-8W�-8L9@5-r,.B<L9&1>A@_F?>A-rL9BA>3*�&]$M;z$M;A-NTVBA/E/eSA$M>A-8(M(	TVBA><46$9&1F?>�Z
y � �Ub � 4�F?Wj-8(�$9F�,.F5Wj&E><2=$9-�$M;A-U7�F?7<BA/12=$9&1F?>'2=T�$9-8L � &1>D$9-�L^2?46$9&1F?>�4�0J4�/E-:(�Z�{�;A-pF=$9;<-�Lc/)2=>A`
@?BQ2=@?-p*�;A&)4^;'7�-�L^(P&)(q$^(�dAy � �Ub � ` ® d5&)(�2�(9BAH<(9-6$�/12?>A@?B<2?@?-Y(P7�F?l5-�>�HJ0+/1-82=LM>A-8LM(cF=Txy � �Ub � Z
y � �Ub � `qkY� �
`Ps � ° �g&)(�2=/)(PF�2�(9BAH<(9-6$t/)2=><@?B<2?@?-�F?Txy � �Ub � (9F�$M;A- � LM-846B<L9LM-�><4�- �5F=T�$M;A&1(
/)2=>A@5B<2=@5-�2R$w460.46/1- oJ��� B<(P$YLM- �<-:4�$^(U7ALM-8(9-�>Q46-�F?TcF?>A-	F?LU$q*tFr/E-:(9(Y(PBQ4�46-:(9(PTVBA/x/E-:2=LM>A-�L^(�2=$
$9;<-�-�><,KF=T
2=>!&1>5$M-�L^2?46$9&1F?>!460.46/1-?Z�{�;A-�F=$9;<-�L�>AF5>.`%b � /)2=><@?B<2?@?-8(�2?L9-�-8/E&1Wj&E>Q2R$9-:,�*�&]$M;A&1>
$9;<-cS<L^(P$ � &E>D$M-�L^2?4�$M&EF5>�460.4�/E-:(�Z���/1/.L9BA>Q(\-��J;<&EHA&E$9-:,�$M;A-�(92?W�-�46/1-82?L©-���-:4�$:Zx�UFR*t-8b?-�L:d�*�&]$M;
7<2?LM(M2=HA&1/1&]$q0K><F=$	2NTi254�$9F5L�&1>g[	��@?$�SA$9><-8(M(�d©$9;A-'F?7A7�F5(9&]$M-+L9-:(PB</]$�*�2?(wF5H.$M2?&E><-8, ��&1>g2?/E/
LMBA><(wy � ��4�2?W�-�$9F�,.F?Wj&1><2R$M-�*�&E$9;gy � �U` ® f�`qkY� �
`Ps � ° �th�(PBAHQ(P-�$Y/)2=>A@5B<2=@5-8(8dQ2?@52=&1>
(97QF5l?-�>3-6�A46/1B<(9&Eb5-�/10vHJ0v/E-:2=LM>A-�L^(�Z �U(�y � � &)(+46F5><(9&1(P$9-8>5$M/E0z(9-�/1-846$9-:,�&1>G2?/E/�(9B<4^;�LMBA><(
*�;A-8>�7<2?LM(M2=H<&E/1&]$q0N&)(w>AF=$�2�Ti254�$MF?L:dQ$M;A&)(w&1(YWjF5(P$Y/1&1l?-�/10�$9FNH�-�H�-8482=B<(9-+y � �pb � LM-8CDBA&1L9-:(
$9;<-�(9-6$9$9&1>A@YF=TA$M;A-tb � 7<2=L^2=Wj-�$9-�L�2=>Q,�Wj&]�.-:,�46/)2=BQ(92?/ � 7A;AL^2?(M2=/DF?L^,.-�LM&1>A@�7<2?LM2?W�-�$9-8LM(8d�L9-�`
�<-:4�$9-:,�&1>+$9;<-p@5L9-:2R$9-8Lc>JBAW	HQ-8LtF?T�$9LM&E@5@?-8LM(
LM-8CDBA&1LM-8,jTVF5Le4�F?>Jb?-8L9@5-�><4�-�&E>'{x2=H</E- , Z�{�;JB<(�d
&1>O$M;A-�4�25(P-�F=T�$M;A-8(9-�$q*tF�/)2=>A@5B<2=@5-8(8dm-82?(9-�F=Tt7Q2=L^(92?HA&E/1&E$q0rTVF5L�HQF?$9;_/E-:2=LM>A-�L^(Y2=><,�B<(9-�L^(
46LM-82=$9-:(p@5L9-:2R$M-�LYFRb?-�L^2=/1/\/1&1>A@?BA&)(P$9&)4�(9-�/1-846$9&1F?>�7AL9-:(9(9BALM-�$M;<2=>�$9;Q2R$�46LM-82=$9-8,OHJ0�$9;A-+F?$9;A-8L
µ � öQç�ßeå�â¸Þ�è éKægÞ�ßgà¸á ñ£äjßIé�ä«á-Ý;ægä«è ê
ç�ãeâ¸ègò�â¸èeïËä«ë�ä«ègì«ä«é�ï¼ë�Þ�êpå�ægä«éKä:ë�ä«éKßgà å�é�ì«Þ�ègì«ä§ëKègâ¸ègò
å�æIälï¼ë�ä��©ßgä«ègì �åKægë�ä«é�æIÞ�à¸ágé�Þ�ïgåKægähü£Þ�éKåKü£Þ�é�â åKâ¸Þ�èÌç�àeåKë�â¸ò�ò�ä«ë§ÿ ��ágâ �´ä«ë�ä«è�å\ç�ègá)ügë�Þ�ñÌç�ñIà �?ê�Þ�ë�ä\ügà¬ç�ßgéKâ¸ñgà¸äSà¸ä§ç�ëKègâ¸ègò�ç�à¸ò�Þ�ë�â åKægêÝ;ægâ¸ìÑæ ( áÌç�ê�ü£ä§á +�ë�ä«é�ü£Þ�ègéKä�å�Þ2ç�è�â¸ègâ å�â¬ç�à\å�ëKâ¸ò�ò�ä«ë:ç�ègá±å�ë�ç�ìÑã�ä«á�å�æIäBëKä«à¬ç�å�â î�ä�ï¼ë�ä��eßIä§èIì§â¸ä«éjÞ�ïQì§Þ�è � â¸ì°å�â¸ègòåKë�â¸ò�ò�ä«ë�élâ¸è±åKægä
â¸ègügßIåjñ£ä°ïËÞ�ëKä �ÌèÌç�à¸à �±é�ä°åKåKâ¸ègò2ç-üÌç�ë�ç�ê�ä°å�ä«ë�¶Ëä�ÿ ògÿ���ëKÞeì�æDóQý����Iý�� (;â ��Þ�ò�âWç�ègá 
Zä«ëKÝ;â¸ìÑã£óý����$#�ñ=¸NÝWÞ�ßIà¸álê
ç�ã�ä\ágâ �´ä«ë�ä«è�å�ügë�ä«ágâ¸ì°åKâ¸Þ�ègé^ó^å�æIÞ�ßgò�ælåKægäSñÌç�é�â¸ìSì§Þ�èIì§à¸ßIé�â¸Þ�è)ì«Þ�ègì«ä§ëKègâ¸ègò�à¸â¸ègò�ßgâ¸éKåKâ¸ì\é�ä«à¸ä«ì«åKâ¸Þ�èÝWÞ�ßgà¸á�éKåKâ¸à¸àNæIÞ�à¸áDÿ

� ³



0

5

10

15

20

25

30

35

40

45

0 5 10 15 20 25 30 35 40 45 50

N
o.

 o
f S

pe
ak

er
s

Interaction Cycles

"NIL"
"SOV"

"SOVv2"
"SOVv2-N"

"SOVv2-GWP-COMP"
"SOV-N-GWP-COMP"
"SVO-N-GWP-COMP"
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Interaction Cycles
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$9;<-�LM-�&1(	/1&]$9$9/1-�$9F�HQ-r@52?&E>A-:,gHJ0OTVBAL9$9;<-�L�fi(P$M2R$M&1(P$9&)4�2?/)h�2=><2?/E0.(9&1(�F=T�$9;<-'LM-8(9BA/]$^(�Z ® -�b5-�L9`
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