
Implicit Commitments thr ough Protocol-Le vel Semantics
�

�������	��
��������������������� �!#"%$'&�()��!�*# �+%$%�,"%�-��!.���/0���-�-���- �$1&.()��2323� "%23 �!#"%$'&4�����������56��+%23$'&.�#"7�!.8.�+%8.$69:��+����� �!#"%$

Gregg Economou Maksim Tsvetovat Katia Sycara Massimo Paolucci

ABSTRACT;�<�=?>.@,A�B�C�D�E�<�=GF�<4H�E�IE�@BJ<�K:D�@=LEM=NI<�A�F�<�A'C�D�@OD�P�@�=�<�D�E�<�=Q<�KRI<�SUT
SOE-D�SO@=VDWC�BXC�=Y@H�@SO@=VD'C�A[Z]\�^�E�HM_NE�=N`a\�H�<VI'bc<�KOC�`4@=VDXE�=VD�@,A[T
C�I,D�E�<4=NBdfeg<�hi@>4@,A�jkP�E�`4P�TlHM@,>.@HkI<4SOSOE-D�SO@=VDmB[@SnC�=VD�E�IBWA�@H-Z
<�=oP�@�C�>VZ]E�=�K:A'C�B7D[A�^NI,D�^NA�@pC�=�_oC4_�>4C�=�I@_aA�@�C�B[<�=�E�=�`qI�C�F�C�\NE�HME-T
D�E�@BrhRP�E�I1PUD�PN@=O\�@I<�SO@REM=NB[@F�C#A'C�\NHM@	K:A�<�SsC�`�@=VDiE�=VD�@,A'C�I1D�EM<�=�Bj
CJHM<�h�@,A[TlHM@,>.@HtI,<4=�I,@FND�d

u @RB[P�<�haD�P�C�DrE�D�E�B�F�<4B[B[E�\NHM@RD�<k@,v�FNA�@B[B�D�P�@R=N<�D�E�<4=O<�KtI<�SOSOE-D[T
SO@,=?D6C�BiCwF�C�A[D6<�K0FNA�<�D�<VI<4H�B6D�P�@SOB[@H�>.@,Bd u @RF�A�@B[@=VDrCwB[EMSOFNH�@
SO@,I1P�C�=�E�B[SxKy<�A�E�SOFNHME�IE-DJI<4SOSOE-D�SO@=VD�Bw\�C�B[@�_Q<�=Qz�=NE�D�@OB7D'C#D�@
SnC�I1PNE�=�@Bj�C�=�_mA�@C�B[<4=XC�\�<4^�DwC�I,D�E�<4=�BgC�=XC�`4@=VD{EMBRA�@�|V^�E-A�@�_mD�<
K:^�H-z�H�H0D�<�Ky<�HMH�<�h}D�P�@3B7D'C�D�@3SnC�I1PNE�=�@4d

u @LC�H�B[<a_�@SO<4=NB7D[A'C�D�@~D�P�@X^ND�E�H�E-D%Za<�KJEMSOFNH�EMI,E�D�I<�SOSOE�D�SO@,=?D�B
hRE-D�PNEM=]C�=aE�=VD�@,A'C�I,D�E�<4=NTJ<�A�E�@=VD�@�_�FNA�<�`�A'C�SOSOE�=N`L@=?>?E-A�<4=�SO@,=?D
C�=�_OFNA�@,B[@=VD�C3D�<V<4H�b?E�D�D�P�C�D�E�SOF�H�@SO@=VD�B�D�P�E�B�B[I'P�@,SO@4j�C�H�H�<�hREM=N`
K:<�Ag_�A'C�SnC�D�E�IwB�C�>?EM=N`4B	E�=~�W�w��_N@>4@H�<4F�SO@,=?D�D�EMSO@�d

1. INTRODUCTION��=?^�S�\�@1Ag<�KiD�P�@<�A�E�@Bk<�KiI,<4SOSOE-D�SO@=VDgP�C�>.@U\�@@=�_N@,>.@H�<4F�@�_
hRPNE�I1PUA�@H-ZJ<4=�D�PN@�I<4=NI@F�D�<�K0C�`4@,=?D6\�@H�E�@,K:Bj�_N@B[E-A�@B�C�=�_JEM=VD�@=�T
D�E�<�=�B��-���#��d�eg<�h�@>.@,A�j#hi@�\�@H�E�@>.@�D�P�@�I<�=�I@,FND�<�KNI<4SOSOE-D�SO@=VD�E�B
CkSO<�A�@	Ky^N=�_�C�SO@=VD'C�H�<�=�@4j?\�<�^�=�_nE�=NB7D�@�C4_OD�<�C�=mC�`4@=VD�� B�B[<VIEMC�H
E�=VD�@,A'C�I,D�E�<4=�B�C�=�_UI<4SOSJ^�=�E�I�C#D�E�>.@�C�I1D�Bd��%=�D�PNEMB6F�C�F�@,A6hi@RB[P�<�h
D�P�C�DgEMSOFNH�EMI,E�D{I<�SOSOE�D�SO@,=?DRI,<4=�I,@FND�Bg_N@,A�E�>�C�\�H�@kK:A�<�S�I<�SOS�^�T
=NE�I�C�D�E�<4=NB�C�A�@rB[^N�OIE�@=VD)C�=�_k`4^�C�A'C�=?D�@,@�C�\NHM@r@>.@=kE�=JCRPN@,D�@,A�<�`4@,T
=N@<4^NB3@=?>?E�A�<�=�SO@=VD{<�K�B[@H-K:TlE�=?D�@1A�@B7D�@�_QC�`4@=VD�Bj0D�P�^NBg<�\�>?EMC�D�E�=N`
D�PN@3=�@@_�Ky<�A	@,v�F�H�E�IE-D{I,<4SOSOE-D�SO@=VDiSO@I'P�C�=�E�B[SOBd

;�<�SOSOE-D�SO@=VD�B{C#A�@k=�@@�_�@�_mD�<nFNA�<#>?EM_N@3D�<O<�D�PN@,A3C�`4@=VD�BwCUF�A�@,T
_�E�I,D�E�>.@�E�=�_�E�I�C�D�E�<4=LC�BwD�<nD�P�@�Ky^ND�^�A�@UC�I,D�E�>�E-D�E�@B3<�AkB7D'C�D�@�<�K�D�PN@
C�`4@=VDOD�P�C�DO@=VD�@,A�B�B[^�I'P�CpI<4SOSOE-D�SO@=VD�dQ��<�A�SOBU<�KwI<�SOSOE-D[T
SO@,=?D�E�=NIH�^�_N@	C�II@F�D'C�=�I,@	<�K�F�<�D�@=VD�EMC�HNI<4=NB[@�|V^�@=NI@B6<�K�\�A�@�C�bVT

��� P�E�B�SnC#D�@,A�EMC�HWE�B�\�C�B[@�_s<4=sh�<�A�bsB[^NF�F�<�A[D�@_�E�=�F�C�A[D�\VZ
�m�{�{�~I,<4=VD[A'C�I,D��w���4�?���T ��¡�T��#���4�YC�=�_¢;�<4�g£��¥¤3C#A�F�C]I<�=NT
D[A'C�I,DX��¦��4¡4�4�#T �4§#T%�#T ���¦4§oC�=�_o�3�N��`�A'C�=?D�Bm�%�	� T �4¡?�#�?�¦��QC�=�_
� �{�lT �.¨?����¡��.¨

E�=�`wB[^NI1PUCgI<4SOSOE-D�SO@=VD�j#<�ArB[E�SOFNHM@RC�B[B[@,A[D�E�<4=NB�C�B�D�<{D�P�@iKy^�D�^NA�@
A�@`4C�A'_NE�=N`pD�PN@�C�`4@=VD�d � <p<�D�P�@1AUC�`4@=VD�Bj6D�P�@nb?=�<�hRH�@�_N`�@m<�K{C
I<�SOSOE�D�SO@,=?DgFNA�<#>?EM_N@BkC�`4^�EM_NC�=�I,@UD�<WFNA�@�_�E�I,DkI1P�C�A'C�I,D�@,A�E�B7D�E�IB
<�K	Ky^�D�^NA�@nE�=VD�@,A'C�I,D�E�<�=�Bd � PN@�F�A�E�SnC�A[ZLK:<VI^�B�<�KRD�P�E�B�F�C�F�@,A�E�B
D�<~_�@,A�E�>.@UI<�SOSOE�D�SO@,=?D�B	K:A�<�SxI<4SOSJ^�=�E�I�C#D�E�>.@�C�I,D�E�<4=NBJ<�KiD�P�@
C�`�@=VD�BREM=�_N@F�@,=�_N@,=?D�H-Zn<�K�D�P�@E-A	E�=?D�@1A�=�C�H�B7D'C#D�@Bd

u @kC�F�F�A�<.C�I'P�D�PN@3E�B[B[^�@wK:A�<�S�D%hi<�B[E©_�@Bª6D�P�@gzNA�B7D�j�I<�=�I@1A�=�E�=�`
C�=LC�`�@=VD�� Bk`�^�C�A'C�=VD�@@B�C�=�_LC�B[B[^�A'C�=NI@B�<�KRC�>�C�E�HMC�\�H�@OE�=NK:<�A�SnC#T
D�E�<4=�C�\�<�^NDt<�D�P�@1A)C�`4@=VD�Bj�C�=�_kB[@,I<4=�_0j�I<4=NI@,A�=NEM=N`�D�P�@�SO@�C�=NE�=�`
<�K�I,<4SOSOE-D�SO@=VD�d

� P�@	SO<4B7DrI<�SOSO<4=�H-ZJI<4=NB[EM_N@,A�@�_n@=?>?E-A�<4=�SO@,=?D�K:<�A�C�=�C�`4@,=?D�E�B
CUI<V<�F�@,A'C�D�E�>.@k<4=N@4j�E�=mhRPNEMI'PW<�D�P�@,AgC�`�@=VD�B{I�C�=W\�@3A�@�C�B[<�=�C�\�H-Z
@,v�F�@I,D�@_~D�<n\�@kKy<�HMH�<�hRE�=�`WB[<�SO@JI,<4SOSO<4=mEM=VD�@,A�@,B7DkC�=�_X`�@=�@1A[T
C�H�H-ZJ\�@iP�<�=�@B7D�D�<g<�=�@RC�=�<�D�PN@,A�d�«�v�F�H�E�IE-Dr@1vNF�A�@B[B[E�<4=NB6<�K�E�=VD�@=VD�j
I<�SOSOE�D�SO@,=?D�j0_�@B[E-A�@4j�C�=�_�\�@,HME�@,K�D�P�@=�I�C�=�\�@O^�B[@�_�C�B�C�A�@�C#T
B[<4=�C�\NHM@m\�C�B[E�Bn<�KgE�=?D�@1A[T%C�`4@=VDOb?=N<#hRH�@�_�`4@,TlB[P�C�A�E�=�`GC�=�_�C�`�@=VD�B
I�C�=pA�@H-ZX<�=�B[^NI1PXE�=NK:<�A�SnC�D�E�<�=phRE-D�P�C�I<�=�B[EM_N@1A'C�\�H�@O_�@`�A�@,@U<�K
I<�=Nz�_�@=�I,@4d

� P�@�^�B[^�C�H�E�B[B[^�@,BU@=�I,<4^�=VD�@,A�@_QEM=qI<V<�F�@,A'C�D�E�>.@�@=?>?E�A�<�=�SO@=VD�B
C�A�@6D�P�<�B[@�I<�=�I@,A�=NE�=�`	@,v�FNA�@B[B[E�<4=�<�KNB[^�I'PkB[@SnC�=VD�E�IB7T _N@,=�B[@6I<4=�T
I@F�D�Bj�B7ZN=NI1P�A�<4=NEM¬C�D�E�<4=�<�K�\�@H�E�@,K�C�=�_nEM=VD�@=VDi_�C�D'C�\�C�B[@BRC�SO<�=�`
C�`�@=VD�BdQ�lD�E�BUI<�SOSO<4=LD�<XF�A�@B[^�SO@OD�P�C#D�E-K	D�P�@,A�@nh�C�BUCXB[^NK©T
z�I,EM@,=?D{SO@�C�=�BR<�Kr_N@,IHMC�A�E�=�`�<4=N@4� B{I<�SOSOE-D�SO@=VD�Bj�<�D�P�@,AgC�`�@=VD�B
hi<�^�HM_X\�@�C�\�H�@JD�<nD'C�b.@J_N<�hR=~D�P�@,B[@�C�=�=�<�^�=NI@SO@=VD�B{C�=�_WA�@�C#T
B[<4=XC�\�<4^�D{D�PN@SWd � P?^�Bj�SO<4B7DRA�@B[@�C#A�I1PX@,�<�A[DgP�C�BRKy<VI^NB[@�_~<4=
Ky<�A�SnC�H�h�CZ�B�D�<U@,v�FNA�@B[BRI<�SOSOE-D�SO@=VD�d

eg<�h�@>.@,A�j�E-DRE�BRA�@C4_NE�H-Z�C�FNF�C�A�@,=?D�D�P�C�DRSJ^�H-D�EMC�`�@=VD�B7Z�B7D�@SOB�C�A�@
E�=�I,A�@C�B[E�=�`�H�Z�`�<4E�=�`RD�<{E�=?>.<�HM>4@6B[@,H�K©TlEM=VD�@,A�@,B7D�@�_�C�`4@=VD�B�C�=�_whRP�<�HM@
I<�SOS�^�=NE-D�EM@,BO<�KkI<�SOF�@,D�E-D�EM>4@XC�`4@,=?D�Bd¥£rA�@�C�b�E�=N`G<�KkI<�SOSOE�D[T
SO@=VD�B	C�=�_W_NE�B7D[A�E�\�^�D�EM<�=~<�K6SOE�B[H�@�C4_�EM=N`nEM=�Ky<�A�SnC�D�E�<4=~E�BgF�C�A	Ky<�A
D�P�@nI<�^NA�B[@nE�=GB[^�I'PGC�=G@,=�>?E-A�<4=NSO@=VD�dW� =GCW^�=NEM>4@,A�B[@n<�K	I<4SUT
F�@,D�E-D�E�>.@�C�`4@,=?D�Bj�D�PN@�D[A�^NB7DUE�SOF�H�E�IE-D�E�=�C~I<V<4F�@1A'C�D�E�>.@mB7Z�B7D�@S
>�C�=�E�B[PN@BdW�	`4@=VD�Bk@,v�FNA�@,B[B[EM=N`~E�=?D�@,=?D�E�<�=QC�=�_L\�@H�E�@,K{C�A�@UD�<~\�@
B[^�B[F�@,I,D�@�_J<�A�D[A�^�B7D�@�_JC�H�<4=N`kC{`�A'C�_NE�@=VD�K:A�<�S¥D[A�^�B7D�D�<wI<�SOF�H�@,D�@
_NE�B7D[A�^NB7D�d��gH-D�E�SnC�D�@H-ZVj�D�P�@,Z�I�C�=U<4=NH-Z�\�@)®%^�_N`�@�_�<�=U@,v�F�@,A�E�@=�I,@4j
hRE-D�PW=�<�B[^�F�F�<�A[D�K:A�<�S¯C�F�@,A�>�C�B[E�>.@3E�=NK©A'C�B7D[A�^�I1D�^NA�@4d

�%=�C�I,<V<4F�@,A'C#D�EM>4@O@=?>�E-A�<�=�SO@=VD�j�hRP�@,=LC�=QC�`�@=VD3@,v�FNA�@,B[B[@B�C�=
E�=VD�@=VDm<�A~CGI<4SOSOE-D�SO@=VD�jiD�PNE�B�@,v�F�A�@B[B[E�<4=cI�C�=c\�@pC�B[B[^NSO@�_
D�<~I<�=�>4@,Z�D�PN@nSO@�C�=NEM=N`mD�P�C#DJD�PN@nC�`�@=VDUE-D�B[@H-K	\�@H�EM@,>.@BkD�P�<4B[@
C�B[B[@1A[D�EM<�=�Bd6�%=�C3I<�SOF�@,D�E-D�EM>4@{@=?>?E-A�<4=NSO@=VD�j.P�<�h�@>.@,A�jVD�PN@{\�@B7D
<4=N@�I�C�=QC�B[B[^�SO@�E�BwD�P�C�DgD�P�C�DkC�`4@=VD3hRE�B[P�@,B3<�D�P�@1A�BwD�<�\�@H�E�@>.@
D�P�C#D6P�@i\�@H�E�@>.@,B6D�PN<4B[@RC�B[B[@1A[D�EM<�=�B6TtC�=�_�I,A�@�C�D�E�<�=O<�K�B[^�I'P�\�@,HME�@,K
E�BRB[<4SO@PN<#h}B7D[A'C#D�@`4E�I�C�HMH-Z~\�@,=�@,z�IEMC�H�D�<UE-D�d



� =�H�E�`4PVDO<�KgD�PNEMBj6hi@mP�C�>.@nD�<pA�@,D�PNE�=�bLD�PN@mI<�=�I@F�DO<�KwC�=�@,v?T
FNH�EMI,E�DnI,<4SOSOE-D�SO@=VD�E�=�K:A'C�B7D[A�^NI,D�^NA�@�da�	B�hi@mB[P�<�h¯\�@H�<�h3j�@,v?T
FNH�EMI,E�D{I<�SOSOE�D�SO@,=?D�SO@I'P�C�=NE�B[SOB�C�A�@k=�<�DR=�@@_N@�_nD�<U@=�®%<�Z�D�PN@
\�@,=�@,zND�B)<�KNA�@�C�B[<�=�E�=�`3C�\�<4^�D�I<4SOSOE-D�SO@=VD�Bj�C�=�_3D�P�@B[@r\�@=�@,zND�B
IC�=WB7D�E�H�Ht\�@gA�@C�F�@�_mE�=~CJI<4SOF�@,D�E-D�E�>.@w@,=�>?E-A�<4=NSO@=VD�d

�?E�=�I@W=N<GC�B[B[^NSOFND�E�<4=�I�C�=]\�@WSnC4_�@m<�=aD�P�@mC�`4@,=?D�Bn°�SO@=VD'C�H
B7D'C#D�@°Nj�=N<nC�B[B[^NSOFND�E�<4=~I�C�=~\�@kSnC4_N@3<�=WD�P�@E-A	A�@�C�B[<�=�E�=�`nF�A�<�T
I,@B[B{@,E�D�PN@,A�d � P�A�<4^N`4P�<�^NDRD�P�@3F�C�F�@,ARh�@JC�B[B[^�SO@wD�P�C�DRhi@3P�C#>4@
=N<�b?=N<#hRH�@�_�`4@U<�K�D�PN@JF�A�<4\�H�@S�B[<4H�>?E�=�`mSO@,I1P�C�=�E�B[SOB	D�P�C�DwC�=VZ
C�`4@=VDwK:<4H�H�<�hRBdO�{`�@=VD�BghRE�H�H6\�@	®7^NB7D3\�HMC�I'b~\�<�v�@BgD�P�C#D3C#A�@U@,v?T
F�@,I,D�@�_pD�<�Ky<�HMH�<�h�C�FNA�<�D�<VI<4H±d��	=?ZWSO<?_N@H�<�K�hRP�C�D3D�PN@UC�`4@=VD
D�PNE�=�b?B�<�A�b?=�<�hRB�hRE�H�HV\�@6@,v�IH�^�B[E�>.@H-Zw\�C�B[@�_3<�=kD�PN@rSO@,B[B�C�`4@,B)@,v?T
I'P�C�=�`�@�_0d � PNE�BiC�B[B[^NSOFND�E�<4=OP�C�B�D%h�<3EMSOF�<�A[D'C�=VD6I<4=NB[@�|V^�@=NI@Bª
zNA�B7D�j4h�@iI�C�=N=�<�D�C�B[B[^�SO@6D�P�C�D�hRP�C�DrC�=�C�`�@=VD�B�C�Z�B�I<�A[A�@B[F�<4=�_NB
D�<khRP�C#DiD�P�@{C�`�@=VDiD�P�E�=Nb�Bd)�gH-D�E�SnC�D�@H-ZVjVB[E�=�I,@,A�E-D%Z�C�B[B[^NSOFND�E�<4=NB
SnC�_N@k\VZm>?E-A[D�^�C�H�H�ZW@>.@,A[Z�D�P�@<�A[Z~<�KrC�`4@=VDwI,<4SOS�^N=�E�I�C#D�EM<�=Q� �Nj
² j.¦?jN���,�?E�B�=�<�D)`�^�C�A'C�=VD�@@�_3D�<{PN<4HM_0j�|V^�E-D�@�D�P�@6<4F�F�<�B[E-D�@4ª�C�`4@=VD�B
B[PN<4^NH©_p\�@UC�B[B[^�SO@�_~D�<m\�@J^�=NT�D[A�^NB7D%hi<�A[D�PVZVd � P�@�B[@,I<4=�_�I<�=NT
B[@|?^N@=�I,@{E�BrD�P�C�DrD�P�@RA�@B[^�H-D�B�<�K�D�PNE�B�F�C�F�@,A�C�F�FNH�ZJD�<�C�=VZOC�`4@=VD
C#A�I1PNE-D�@I,D�^NA�@kC�=�_mPN<4HM_�K:<�AgC�=VZ�P�@,D�@1A�<4`4@,=�@<�^�B{�W�w��d

;�<�SOSOE-D�SO@=VD�BnC�A�@~`4@,=�@,A'C�HMH-Zo\�A�<4b.@,=aE�=o<4=N@~<�K3D�PNA�@,@pB[E-D�^�C�T
D�E�<�=�Bª

³ C�`�@=VDRE�B	SnC�H-Ky^�=NI,D�E�<4=NEM=N`�<�AR\�^�`�`�ZVj?<�AREMBRE�=�I,<�A[A�@I,D�H-Z�E�SUT
F�H�@SO@,=?D�@_0j

³ C�`�@=VD�P�C�B�E�=�I<�SOF�H�@,D�@	EM=�Ky<�A�SnC�D�E�<4=mC�\�<4^�D�B[EM_N@w@1�@I,D�Bi<�K
I@,A[D'C�E�=~C�I,D�E�<�=�Bd

³ C�`�@=VD	EMB	_�@H�EM\�@1A'C�D�@H-ZWSnC�H�EMI,EM<�^�Bj

� =UD�P�@Rz�A�B7DrI�C�B[@�j�D�PN@	C�`4@,=?D�SnCZU\�@	C�\NHM@	D�<k`�A'C�I,@,Ky^NHMH-ZOA�@I,<�>4@,A
K©A�<4S´D�P�@�SnC�H-Ky^N=�I,D�E�<4=UC�=�_�I<4=VD�E�=?^�@�<�F�@,A'C�D�E�<4=0d�eg<�h�@>.@,A�j4E�D6E�B
B7D�E�H�H0^�FnD�<�D�PN@3C�`�@=VDR_N@>4@H�<4F�@,A�D�<JSnC�b.@	B[^NA�@gD�P�C�DiD�PN@wC�`4@=VD�B
I,<4SOF�H-ZnhRE-D�PmD�P�@gB[F�@IE-z�@�_�FNA�<�D�<VI,<4H�Bd

� =JD�PN@�B[@I<4=�_�I�C�B[@4jV_�@,D�@I,D�E�=�`wCg\NA�<�b.@=�I,<4SOSOE-D�SO@=VD)E�=UH�@�C#A�=NT
E�=N`nhRP�C�D{D�P�@JC�`4@,=?Dw_N<V@B{=�<�Dgb?=�<�h¥C�=�_W=N@@�_�B{D�<nH�@�C�A�=~K:A�<�S
E-D�BR@=?>?E-A�<4=�SO@,=?D�d

� =�D�PN@	D�PNE-A'_nIC�B[@4j�D�P�@,A�@{E�Bi=�<�D�S�^NI1PUD�P�C�DRC�=�C�`4@=VDRI�C�=m_�<�D�<
A�@,SO@�_�ZOD�PN@wB[E-D�^�C�D�E�<�=�d6eg<�hi@,>.@,A�jNE�K)I@,A[D'C�E�=~C�`4@=VD�B	C�A�@3b?=N<#hR=
D�<�\�@UI<�=�B[E�B7D�@=VD�H-Z�SnC�H�EMI,EM<�^�Bj�D�P�@,Z~hRE�H�Hr@,>.@=VD�^�C�HMH-Zp\�@�<�B7D[A'C�T
I,EM¬,@�_mK:A�<�SµD�PN@kC�`4@,=?D{I<�SOS�^�=NE-D%ZX¶±^�B[E�=N`UB[<4SO@�C�`�@=VDRA�@F�^�D'C�T
D�E�<�=WSO@I'P�C�=NE�B[S�T�hRP�E�I1PmEMBR<�^ND�B[EM_N@wD�PN@3B[I<4F�@3<�K�D�P�E�B�F�C�F�@,A1·1d

� PN@JF�C�F�@,AgE�Bw<�A�`4C�=�E�¬@_�C�B{Ky<�H�HM<�hRBªg�%=p��@,I,D�E�<4=��?j�h�@�_�EMB[I,^�B[B
PN<�haD�P�@�I,<4=�I,@FNDr<�K0I<�SOSOE�D�SO@,=?D)EMBrI<4=N=�@I1D�@�_�D�<wD�P�@RI<�=�I@F�D
<�K	I<4=?>.@,A�B�C#D�E�<4=qF�<4H�E�I,ZVd u @nD�PN@=QF�A�<VI@@�_LD�<~B[PN<#hsC�=qC�HM`�<�T
A�E-D�PNS¸Ky<�AnE�=NKy@1A[A�EM=N`LI<�SOSOE-D�SO@=VD�BkK©A�<4S¹CX`4E�>.@,=�¤3�?�RT \�C�B[@�_
I,<4=?>.@,A�B�C#D�EM<�=GF�<4H�E�I,ZVjtD�P�A�<4^N`4P�D�PN@OI<4=NI@F�Dk<�K	_N@,<4=VD�E�IOB7D'C�D�@Bd
� <UC�H�H�<�hYD�PN@g¤3�?�RT \�C�B[@�_�C�FNFNA�<4C�I'P�D�<�\�@{SO<�A�@	z�A�SOH-ZUA�<V<�D�@_
E�=nI<�SOSO<4=�H-Z�^�B[@�_UB[F�@@,I1P�C�I1D�B[@SnC�=VD�E�IBjVh�@	D�PN@=OFNA�<VI@,@�_nD�<
E�H�H�^�B7D[A'C#D�@wI<4SOSOE-D�SO@=VD�B6C�B�EMSOFNH�EMI,E�D�H-Zn_�@,z�=N@�_O\VZUB[F�@@I'P�C�I,D�Bd
u @gz�=NE�B[P�hRE-D�P�CJFNA�@,B[@=VD'C�D�E�<4=�<�K�C�=�E�SOF�H�@SO@,=?D�@_OD�<V<�H�b�E-D�K:<�A
I,<4=?>.@,A�B�C#D�EM<�=�C�HtF�<4H�E�IE�@B	hRE�D�PmEMSOFNH�EMI,E�DRI,<4SOSOE-D�SO@=VD�Bd

2. RELATED WORK�lD�P�C�B�\�@@=Jh�@H�H-T @,B7D'C�\�H�E�B[P�@_m�-��¦�j.¡���D�P�C#D6C�=VZkE�=?D�@1A[T%C�`4@=VD�I<�SUT
SJ^�=NEMIC�D�E�<4=W<�A	I<4=?>.@,A�B�C#D�E�<4=~I�C�=~\�@k_N@B[I,A�E�\�@�_�\?ZmC�F�A�<�D�<VI<�H�j

Ky<�AUhRP�E�I'PQD�P�@,A�@�@,v�E�B7D�BUC�=qC�^ND�<�SnC�D�<�=qD�P�C�D�Ky<�A�SnC�H�H-Zq_N@,z�=�@B
D�P�@gF�<4B[B[E�\�H�@kE�=?D�@1A'C�I,D�E�<4=NB{E�=�D�P�E�BRI<4SOSJ^�=�E�I�C#D�E�<4=�d

�%=�F�C#A[D�E�I^�HMC�A�j{��d º)di��E�=�`�PY�-�4�1�wP�C�BOE�=VD[A�<?_N^�I,@�_�C�F�C�A'C�_NE�`4S
I�C�HMH�@�_�»y¼�½ ¾1¿7À.Á,½±»�Â�¼�Ã%Â�¿'»l¾1¼N½ ¾�Ä�Å�¿[Â�Æ�¿7À�Ç�ÇJ»y¼?Æ�j)C�=�_XD�P�@U=N<�D�E�<4=�<�K
C�`�@=VDwB[b.@,HM@1D�<4=�Bd{�	`4@=VD	B[b.@H�@,D�<�=�BwC#A�@JB7D'C#D�@JSnC�I1PNE�=�@,TlH�E�b.@kC�^�T
D�<4SnC#D'C�D�P�C#Dw_�@,z�=N@�\�@,P�C�>?EM<�A�Bg<�KrE�=�_NE�>?E©_�^�C�H)C�`�@=VD�Bg\VZ�B[F�@IE-T
K:Z�E�=�`nD�P�@�B[@�|V^�@,=�I@B{<�Kr@,v?D�@,A�=�C�H)@>.@,=?D�B{\�^�Dw_�<V@Bw=�<�DwB[F�@I,E�K©Z
D�P�@6FNA�<�\�H�@S}B[<4H�>?E�=�`	FNA�<VI@B[B�D�P�C�D)_�A�E�>.@B0D�P�@rC�`�@=VD�Bd��GB[E�SOEMHMC#A
I<�=�I@F�D�j�I�C�HMH�@�_XCmÇJÈNÉ ½±»yÃMÅ�É�À�¼�¾�Ê�½lÀ�½ ¾�ÇOÀ4Á'Ë?»y¼�¾ih�C�BgE�=VD[A�<?_N^NI@�_
\VZ�Ì6d6£gÍ<�H�Í<4=�E{C�=�_�¤Jd �WC#A�E�=�@B[I^Î����j	�#�{C�BOF�C�A[DU<�KgD�PN@~£�<�=�_
D�<V<4H�b?E-D{K:<�A{_N@,>.@H�<4FNSO@=VD�<�K�SJ^�H-D�E-T C�`4@,=?DRB7Z�B7D�@SOBd

Ï d º�E�D[D~C�=�_o�kd �WC�Sn_�C�=�EU� §#�3P�C�>.@pFNA�<�F�<4B[@�_cC�=cC#A�I1PNE-D�@I,D�^NA�@
hRP�@1A�@gD�P�@3C�`4@=VD�BR_�@,A�E�>.@{D�PN@E-AREM=VD�@=VD�E�<4=�C�H�B[@SnC�=?D�E�IBiD�P�A�<4^N`4P
FNA�<�D�<VI<4H-T _�A�E�>.@,=UE�=?D�@1A'C�I,D�E�<4=NBd � P�@1ZU_�@,z�=N@iC�`�@=VD�A�@�C�B[<�=�E�=�`kC�B
C�HMCZV@,A�@�_�FNA�<VI@B[Bj�I<4=NB[E�B7D�EM=N`O<�K ª

³ �{I,D�E�<4=�TlHM@,>.@H�B[@SnC�=VD�EMI,Bj�hRPNE�I1P�E�BiI<4=NI@,A�=N@�_UhRE�D�PnA�@�C�I,D[T
EM=N`nEM=pC�F�FNA�<�FNA�EMC�D�@kh�CZ�BgD�<OD�P�@3A�@I,@E�>.@�_~SO@B[B�C�`�@B3C�=�_
EMBR@,v?D�@,A�=�C�H�D�<�D�P�@wC�`4@,=?D�d

³ ;�<4=VD�@=VD[TlHM@,>.@H4B[@,SnC�=VD�E�IBj#hRP�E�I1PkE�BtI,<4=�I,@,A�=�@�_whRE-D�PkE�=?D�@1A[T
FNA�@,D'C#D�EM<�=pC�=�_~^N=�_N@1A�B7D'C�=�_�E�=�`O<�KrI<�=?D�@,=?D{<�K�CnSO@B[B�C�`�@4j
C�=�_�E�B	E�=VD�@,A�=�C�H�D�<�D�P�@kC�`4@=VD�d

³ �%=VD�@=VD�E�<4=NTlH�@>.@,H�B[@SnC�=VD�EMI,Bj�hRP�E�I1P3E�B�I<4=NI@,A�=�@_ghRE�D�P3SnC�E�=NT
D'C�E�=�E�=�`XC�=QE�=VD�@,A�=�C�H�\�@H�E�@,K:T _�@B[E-A�@,TlEM=VD�@=VD�E�<4=GB7Z�B7D�@SÐC�=�_
SnC�b?E�=�`XB[^NA�@�D�P�C�DJD�P�@�I<4SOSJ^�=NEMIC�D�E�<4=NBUC�A�@�I<4=NB[E�B7D�@=VD
hRE�D�PmE�D�d

�%=n<�^NA�F�C�F�@,A�jVh�@wC�A�@{SnC�E�=�H-ZOI,<4=�I,@,A�=�@�_OhRE-D�P�D�PN@gC�I,D�E�<4=�T H�@>4@H
B[@SnC�=?D�E�IBRC�=�_�C�`4@,=?D�B��C�\NEMH�E-D�E�@BRD�<U_N@1D�@,A�SOE�=�@gPNE�`4P�@1A{H�@>4@H�B[@1T
SnC�=VD�E�IkSO@�C�=NE�=�`4BRTiB[^NI1PXC�BwI<�SOSOE�D�SO@,=?D�BiT�SO@,A�@H-ZmK©A�<4Sµ<4\�T
B[@,A�>.@_�I<�SOS�^�=NE�I�C�D�E�<4=NBd

��d ;�<4H�<4SJ\�@,D[D�E�� ¦#�gP�C�BOA�@I@=VD�H-Z�FNA�<�F�<4B[@�_�CLSO<?_N@HR<�KkC�`�@=VD
I<�SOS�^�=NE�I�C�D�E�<4=NB�D�P�C#DUA�@H�E�@�_�<�=�D�PN@W_N@,<4=VD�E�IWH�<4`4E�IWD�<L_N@,A�E�>.@
D�P�@�I,<4SOSOE-D�SO@=VD[Tl\�C�B[@_kB[@,SnC�=VD�E�IB�<�K0B[F�@@I'POC�I1D�Bd � P�@RSO<?_N@,H
_N@C�H�BrhRE-D�POI<�=�>4@,A�B�C�D�E�<4=NBiC�BiC3B[@�|V^�@=NI@B6<�K0FNA�@1T I,<4SOSOE-D�SO@=VD�B
C�=�_JI<�=VD[A'C�I,D�Bd6«�>.@,A[Z�B[F�@@I'PUC�I,D6E�Br_�@,z�=N@�_JE�=�D�@,A�SOB�<�K�<�=�@�<�A
SO<�A�@gC�`�@=VD�B�I<4SOSOE-D[D�E�=�`3D�<�F�@1A[Ky<�A�SsC�=�C�I,D�E�<4=m<�AiD�<�C�B[B[@,A[D	C
>�C�H�^�@k<�K6CUF�A�@F�<4B[E-D�E�<4=0dReg<�hi@,>.@,A�j�D�PN@3B[F�@@I'PXC�I,D	D�P�@<�A[ZmB7D�E�H�H
A�@H�E�@B�<�=QSO@=VD'C�H�E�B7D�E�I�C�B[B[^�SOF�D�E�<4=�BkD�P�C#D�SnC�Zp<�A�SnCZp=�<�D�\�@
>�C�H�EM_mE�=WC�=N<4=NTlI<V<�F�@,A'C�D�E�>.@3@,=�>?E-A�<4=NSO@=VD�d

3. CONVERSATION POLICIES IN A COM-
PETITIVE ENVIRONMENT�%=JC	A�@C�H-T�hi<�A�HM_�PN@,D�@,A�<�`4@=N@<4^NB6SJ^�H-D�EMC�`�@=VD�B7Z�B7D�@SWj�C�`4@,=?D�B)hRE�H�H

=�<�DkC�H-hiC�Z�B3\�@JEM=pI<�SOS�^�=NE�I�C�D�E�<4=~hRE-D�PXK:A�E�@=�_�H-ZVj�I,<V<4F�@,A'C#D�EM>4@
C�`�@=VD�Bd�Ñr@1A[ZU<�K©D�@=�C�`�@=VD�BrhRE�H�H�\�@	B[@,H�K©TlEM=VD�@,A�@,B7D�@�_�C�=�_UE�=nI<4SUT
F�@,D�E-D�E�<4=ahRE-D�P]<�D�P�@,A�Bd � PN@WI<4=NI@F�D�<�KkC�=]C�`4@,=?D�� BnI<�SOSOE�D[T
SO@=VD)D�<3B[<�SO@�Ky^�D�^NA�@�I<�=�_NE-D�E�<4=�EMB6B7D�E�H�H�C�=�EMSOF�<�A[D'C�=VD�<4=N@4j.F�@1A[T
P�C�F�Br@>.@=USO<�A�@RB[<JE�=nC3B7Z�B7D�@S¢<�K�B[@H-K:TlE�=?D�@1A�@B7D�@�_nC�`�@=VD�B�B[E�=�I@
C�`�@=VD�BrIC�=OC�B[B[^�SO@�B[<wSJ^�I'PJH�@B[BrC�\�<�^NDr<�D�P�@1A�BrC�=�_JA�@,F�^ND'C#D�E�<4=
\�@I<�SO@B3CnSO<�A�@�E�SOF�<�A[D'C�=VDgEMB[B[^N@4d��{H�B[<�j0D�PN@�=�C�D�^NA�@�<�K�I<4SUT
SOE-D�SO@=VDUE�=NK©A'C�B7D[A�^NI,D�^NA�@BOSJ^�B7DO\�@�A�@,D�P�<�^�`�P?DOhRPN@=�<4=�@mI�C�=
=�<3H�<�=�`4@1A�F�A�@B[^�SO@�I<V<�F�@,A'C�D�E�>.@	E�=VD�@=VD�EM<�=�B�K:A�<�SÒ<�D�P�@,A�C�`�@=VD�Bd
�m<4B7D�I^NA[A�@,=?D�hi<�A�bQ<4=GI,<4SOSOE-D�SO@=VD�Bk_N@F�@,=�_NBJC�DJ<4=N@�F�<�E�=?D
<�AOC�=�<�D�P�@,A�<4=�B[<4SO@�B7D[A�^�I,D�^�A�@�K:<�AO>4@,A�E-z�I�C#D�EM<�=aC�=�_G@=�Ky<�A�I,@,T
SO@=VDU<�K3I<�SOSOE�D�SO@,=?DJF�<4H�E�IE�@Bdo� =aCpB7Z�B7D�@SÓ<�Kg=�<�=�I<V<�F�@,A[T
C�D�E�>.@�C�`�@=VD�Bj�D�P�@,A�@nE�B�=N<~\�@,D[D�@,AJ`4^�C#A'C�=VD�@@nD�P�C#DUC�`4@=VD�BJhRE�H�H



<�\�@,ZLD�PN@OK:A'C�SO@1hi<�A�bpKy<�AUI<�SOSOE�D�SO@,=?D�B{D�P�C�=QD�PN@,ZphREMH�Hi<�\�@,Z
D�PN@E-A	I<4SOSOE-D�SO@=VD�BrD�PN@SOB[@H�>.@Bd

� =LCnI<�SOF�@,D�E-D�EM>4@J@=?>?E-A�<4=NSO@=VD�j0C�=�C�`4@,=?DwI�C�=N=�<�Dw\�@�`4^�C�A'C�=NT
D�@,@�_]<�K�C�=?Z�B[F�@IEMC�Hwb?=�<�hRH�@�_N`�@LC�\�<4^ND�C�=�<�D�PN@,AmC�`4@,=?D�� B�A�@�C�H
E�=VD�@=VD�E�<4=NBj�Ky^ND�^�A�@nC�I,D�E�>?E-D�E�@Bj�<�AJFNA�E�<�AJP�E�B7D�<�A[ZVd~�{H�H�C�=GC�`4@=VD
IC�=qb?=�<�h�C�\�<4^NDUC�=N<�D�P�@1AnC�`�@=VDUE�B�hRP�C#DUE-DUIC�=�_N@,A�E�>.@nK:A�<�S
D�P�C�D�<�D�P�@1AOC�`�@=VD�� B�I<�SOS�^�=NE�I�C�D�E�>.@nC�I,D�Bd � PN@,A�@�E�BJ=�<X<�D�PN@,A
B[<�^NA�I@�<�KiE�=�Ky<�A�SnC#D�E�<4=�D�P�C�DkC�=VZpC�`4@,=?DkIC�=p\�@�`4^�C�A'C�=?D�@,@�_�<�K
B�C�>.@�D�P�C#DwhRP�E�I'PpD�PN@UC�`�@=VDwhRP�<�E�BwD�P�@�<4\?®7@I1Dk<�KiB[F�@,I^�HMC�D�E�<�=
E-D�B[@H-K�B[@=�_J<4^NDrE�=VD�<3IE-A�I^�HMC�D�E�<�=�d6�{`�@=VD�Br=N@@�_JD�<3@,SOF�H�<�Z�B[<�SO@
A�@C�B[<4=NE�=�`qSO@,D�P�<?_�BOD�<q_N@,D�@,A�SOE�=N@~B[<4SO@~P�E�`�P�@,A[TlH�@>.@H{FNA�<�F�<�T
B[E-D�E�<4=NB�A�@`4C�A'_�EM=N`GB[<4SO@X<�D�PN@,A�C�`�@=VD�j{\�C�B[@�_]<�=]E�=NK:<�A�SnC�D�E�<�=
`4C�D�PN@,A�@�_�K©A�<4S¯E-D�B	E�=VD�@,A'C�I,D�E�<4=�Bd

� PN@B[@~E�=VD�@,A'C�I,D�E�<�=�BjRC�BnC�B[<4H�@W<�^ND�FN^NDO<�K3C�=aC�`�@=VD�j�C�A�@WC�H�B[<
D�PN@UB[<4H�@USnC�=�E-Ky@,B7D'C�D�E�<4=Q<�KiE-D�B3I<�SOSOE�D�SO@,=?D�Bª	I<�SOSOE-D�SO@=VDgE�B
CJB[<VIEMC�H)SO@I'P�C�=�E�B[SWd

4. MAN AGING ACTION-LEVEL COMMIT -
MENT SEMANTICS VIA A PROTOCOLÌ0@,Dr^�Br_N@,z�=�@	C�=nC�`4@=VDrEM=VD�@,A'C�I,D�E�<4=nFNA�<�D�<VI<4H�ÔYC�B�C3B[@,Dr<�K0�[Õ�Ö

C�^ND�<�SnC�D'C~×�Ø{B[^�I'PQD�P�C#DU@�C�I1PqC�^ND�<�SnC�D�<4=q×�Ø�ÙoÔµA�@F�A�@B[@=VD�B
COA�<4H�@�D�P�C�DkC�=pC�`4@,=?DwI�C�=pF�HMCZq¶±@4d `Ndk� =�C�=LC�^�I,D�E�<�=�F�A�<�D�<VI<�H�j
B[^NI1P�A�<4H�@B{C�A�@kC�^NI,D�E�<4=N@@,A�j�\NEM_�_N@1A	C�=�_�<4\�B[@1A�>.@,A1·1drÌ�@,D	^NBRC�H�B[<
C�B[B[^�SO@WD�P�C�D�C�^�D�<4SnC�D'C�I<4SOF�A�EMB[E�=N`GÔfC�A�@XI<4SOF�C�D�E�\�H�@4ªXD�PN@
<�^ND�FN^ND�B�<�Kt<4=N@3C�^�D�<4SnC�D�<�=WC#A�@wB[^�E-D'C�\NH�@3EM=NF�^�D�B�Ky<�AR<4=�@3<�KtD�PN@
<�D�P�@,A�Bd

;�<�SOF�H�EMC�=NI@mhRE-D�P�<�AOb.@@,F�E�=�`p<4=N@4� BOI<4SOSOE-D�SO@=VD�BkE�BOSO@,A�@H-Z
C�SnC�D[D�@,Aw<�K�K:<4H�H�<�hREM=N`~H�@`.C�H�D[A'C�=�B[E-D�E�<4=NB�E�=XD�P�@�C�^ND�<�SnC�D�<�=�<�K
D�PN@RI1PN<4B[@=OF�A�<�D�<VI<�H�dr�	=?ZJC�`4@=VDiE�=?>.<�HM>4@�_�E�=UD�P�@�I<�=?>.@,A�B�C�D�E�<�=
IC�=�D�@H�HNE�K0C�=�<�D�P�@,ArC�`�@=VD6E�DrE�B�I<4=?>.@,A�B[E�=N`whRE�D�P�EMB�Ky<�H�HM<�hRE�=�`3D�PN@
F�A�<�D�<VI<�H�\VZXSO@,A�@H-ZX<�\�B[@,A�>?E�=�`�D�P�@UI<�SOS�^N=�E�I�C�D�E�<�=�BdU�lD3I�C�=NT
=N<�Dk=N@I@B[B�C#A�EMH-Z�b?=�<�h¥D�P�@�@,vNC�I,D3B7D'C#D�@O<�KrD�P�@�<�D�P�@,A�C�`4@=VD#¶±B'·1j
\�@,I�C�^NB[@	E-D6I�C�=�=�<�D�b?=�<�hqhRP�C�D6I<�SOS�^N=�E�I�C�D�E�<�=�B�C�=�_JE�=�FN^ND�D�PN@
<�D�P�@,ARP�C�B�A�@I@,EM>4@�_�K©A�<4SsB[<�^NA�I@BR<�D�P�@,A�D�P�C�=mE-D�B[@H-K j�\N^NDRE-DRI�C�=
b?=N<#h3j	Ky<�AXC�=VZaEM=VD�@,A'C�I,D�E�<4=0jwE-KJD�PN@XEM=VD�@,A'C�I,D�E�<4=}E�BmI<�SOF�H�EMC�=VD
hRE-D�PmD�PN@3FNA�<�D�<VI<4H±d

�{<�D�<4=�H-Z�EMBrD�P�E�Brb?=N<#hRH�@�_�`4@{B[^N�OIE�@=VD�jVE-D�EMB6D�P�@	SO<4B7D�C�=nC�`4@=VD
E�B	`4^�C�A'C�=VD�@@_�D�<Ub?=�<�h}E�=WC�=N<4=�T I,<V<4F�@,A'C#D�EM>4@�@,=�>?E-A�<4=NSO@=VD�d

u P�C�D6<�K�B[^�F�@,A[TlFNA�<�D�<VI<4H�B�hRP�E�I'PUI<4=VD'C�EM=�<�A�A�@,Ky@1ArD�<w<�D�P�@,A6F�A�<�T
D�<VI,<4H�BjVC�=�_�C�A�@�B7D[A�^NI,D�^NA�@6Ky<�A�SO<�>?E�=�`	C�\�<4^NDtK:A�<4SY<4=N@�FNA�<�D�<VI<4H
D�<UC�=�<�D�P�@,A1Ú

�lKrC�=XC�`�@=VDghiC�BgD�<O>?E�<4HMC�D�@�D�P�@kFNA�<�D�<VI<4H�C�=�_mD�P?^�B{_N@1K±C�^NH-Dw<4=
E-D�B3I<�SOSOE-D�SO@=VD�BJ¶±<�AkB[<4SO@�B[^N\�B[@,Dw<�K�D�PN@S�·	\VZXI'P�C�=�`4E�=N`�E-D�B
B7D'C#D�@�D�P�A�<4^N`4PWB[<�SO@�E�H�H�@`.C�H)D[A'C�=NB[E�D�E�<�=�j�E-D	hi<4^NHM_W=�<OH�<4=N`4@,Ag\�@
E�=XC�II<�A'_NC�=NI@�hRE-D�PWD�PN@3FNA�<�D�<VI,<4H±j0C�=�_WE�D�B	E�=VD�@,A'C�I,D�E�<�=�BRhi<4^NHM_
=N<�D3SnC#D�I1P~D�PN<4B[@�E�=VD�@,A'C�I,D�E�<4=�BwhRPNE�I1P�C�A�@J@,v�F�@I,D�@�_X\VZW<�D�PN@,A�B
K:<4H�H�<�hREM=N`�D�PN@�F�A�<�D�<VI<�H±d � P�^NBj�<�D�PN@,AUC�`4@=VD�B�hREMH�Hi\�@�C�\�H�@�D�<
_�@,D�@I,DkD�P�C�D3D�P�E�B�C�`�@=VDkP�C�B�\�A�<4b.@,=LE-D�BkI<4SOSOE-D�SO@=VD�j0C�=�_�E-D�B
E�SOFNHME�@�_~<�\�H�E�`.C�D�E�<�=LD�<OKy<4H�H�<�h�HM@,`.C�H�D[A'C�=�B[E-D�E�<4=�BwD�<nF�A�@�_NE�I,D'C�\�H�@
K:^ND�^�A�@3EM=VD�@,A'C�I,D�E�<4=NBd

�?E�=�I@gC�=VZOB[^�F�@1A[T F�A�<�D�<VI<�H�I�C�=�\�@g\�A�<4b.@=3®%^�B7DRC�B�@�C�B[E�H-Z�C�B�D�PN@
F�A�<�D�<VI<�HgE-D�B[@@b?BOD�<L@=�Ky<�A�I@4j�D�P�@1A�@~I�C�=�\�@~=�<LF�A�<�D�<VI<�H{K:<�A
\�A�@�C�b?E�=�`LFNA�<�D�<VI,<4H±d � P�^NBj�D�PN@WSO<4B7Dn<�=�@~I�C�=�D[A�^�H-Z�_N@,F�@=�_
<�=�j{C�=�_aB[E�S�^NH�D'C�=�@<�^�B[H-ZaC�H�Hw<4=N@WA�@�C�H�H-Zo=N@@�_NBOD�<GH�@�C#A�=�j	I�C�=
\�@�H�@�C�A�=N@�_QK:A�<�SÐD�PN@�C�^ND�<�SnC�D�<4=0j�D�P�@OD[A'C�=NB[E-D�EM<�=�PNE�B7D�<�A[ZVj6C�=
C�`4@=VD�� BW<�\�B[@,A�>�C�D�E�<4=c<�KJ<�D�P�@,AmC�`�@=VD�BWC�=�_]E-D�BWC�B[B[@B[B[SO@=VDW<�K

hRP�@1D�P�@,A	<�A	=N<�DRFNA�<�D�<VI<4H�E�BRK:<4H�H�<�hi@�_�d

4.1 Protocol-Level Semantics� P�@JC�I1D�EM<�=NTlH�@>.@HtB[@SnC�=VD�E�IBw_�@B[I,A�E�\�@�_W\VZ Ï d º�E-D[DO� §���P�C�BgCnH�<�D
E�=QI<�SOSO<4=�hRE-D�PLD�PN@OFNA�<�D�<VI<4H-Tl\�C�B[@�_QB[@SnC�=VD�E�IB3D�P�C#Dkhi@nC�A�@
FNA�<�F�<4B[E�=�`�d

º�E�D[DgC�D[D'C�I1PN@BwCn_�@<4=VD�E�Ik<4\�H�E�`.C#D�E�<4=X\�@,D%h�@@=~I<�=?>.@,A�B�C�D�E�<�=�C�H�H-Z
H�E�=�b.@�_pSO@B[B�C�`�@OE�=�F�^�D[Tl<4^ND�FN^NDgF�C�E-A�Bdn�	=QC�`4@=VD3D�P�C#D3A�@I@E�>.@,B
CGSO@B[B�C�`�@phRE-D�PcCGF�@,A[K:<�A�SnC�D�E�>.@X<�K�CGI@1A[D'C�E�=oD%Z�F�@4jRE�B�D�P?^�B
<4\NH�EM`4C�D�@�_nD�<JA�@FNH-ZOhRE�D�P�CJSO@,B[B�C�`4@g<�K�CkFNA�@,B[I,A�E�\�@�_�F�@,A[K:<�A�SnC#T
D�E�>.@�C�BU_�E�I,D'C�D�@�_G\VZQI,<4=?>.@,A�B�C#D�EM<�=�C�H�F�<4H�E�I,ZVdQe{@�`�<V@BUKy^�A[D�P�@,A
D�<XF�<4E�=VD�<�^ND�CWA�@HMC�D�E�<4=NB[P�E�Fq\�@,D%h�@@=o»y¼�½ ¾1¼N½±»�Â�¼�Ã ÉM¾1Û�¾,É)B[@,SnC�=NT
D�E�IB�¶yhRPNE�I1PpC�A�@kA�@H�@>�C�=VD	D�<UD�P�@�EM=VD�@,A�=�C�HtC�I,D�E�>?E-D%Z~<�K�C�=XC�`�@=VD
E�=�A�@,B[F�<4=�_�E�=�`kD�<JC�=�_nP�C�=�_NH�E�=�`k<�K�C�=nE�=�I,<4SOE�=�`�SO@B[B�C�`�@#·�C�=�_
D�P�@UÀ.Á,½±»�Â�¼�Ã ÉM¾1Û�¾,É�B[@SnC�=VD�E�IBR<�KtD�P�@3I<�SOS�^�=NE�I�C�D�E�<4=0d

eg<�h�@>.@,A�j0C�I,D�E�<4=NTlH�@>.@,H)B[@SnC�=VD�E�IBgC�A�@�HME�SOE-D�@�_mD�<nB[F�@IE-z�I�C�D�E�<4=
<�K�EM=NF�^�D[T <�^ND�FN^ND�F�C�E-A�Bj._N@B[I,A�E�\NEM=N`wB7D'C�D�@,HM@,B[B[H�ZJB[@,D�B�<�K�C�FNFNA�<4F�A�E-T
C�D�@JE�=?D�@1A'C�I,D�E�<4=NBdJ��^NI1PXE�=�FN^ND[Tl<4^�D�F�^ND	F�C�E-A�B3C�A�@J=�<�D3B[^N�OI,EM@,=?D
D�<J_N@B[I,A�E�\�@gD�PN@{E�=VD�@,A'C�I,D�E�<4=�B�<�K)SO<�B7Di=�<�=VD[A�EM>?EMC�H�C�`4@=VD�Bd��m<�A�@
B[F�@IE-z�I�C�H�H-ZVj�C�=VZ�E�=?D�@1A'C�I,D�E�<4=WhRPN@,A�@3D�P�@3B�C�SO@3F�@,A[Ky<�A�SnC�D�E�>.@kE�B
^�B[@_QSO<�A�@UD�P�C�=G<4=NI@nEMB�E�=q_�C�=�`4@1A�<�K{\�@,EM=N`~E�SOFNA�<4F�@1A�H�ZL_N@1T
B[I,A�E�\�@�_q\VZQB[^�I'PqCXB[I1PN@SO@4d � P�E�BUE�B�\�@IC�^�B[@�B[E�SOF�H�@�F�C�E-A�E�=�`
E�BOD�<V<QE�=NÜ�@1vNE�\NHM@WC�=�_qK±C�EMH�BnD�<LD'C�b4@WE�=?D�<LC�II,<4^�=VD�I'P�C�=N`4@BnE�=
D�P�@�E�=VD�@,A�=�C�H�B7D'C�D�@�<�KgC�=�C�`4@,=?DU_N^�A�EM=N`~D�P�@�I<4^�A�B[@m<�KgCXI<4=�T
>.@,A�B�C#D�E�<4=�d � PN@,ZnK±C�E�H0D�<�B[^N�UIE�@=VD�H�Z�_�E��@1A�@=VD�E©C#D�@3B[@,A�EMC�H�E�¬�C�D�E�<�=
C�=�_~<�A'_N@1A�EM=N`n<�Kr<4F�@,A'C#D�EM<�=�Bj�\�A'C�=�I'P�E�=N`�<�K�I,<4=?>.@,A�B�C#D�EM<�=~Ü�<�h3j
C�=�_WE-D�@,A'C�D�E�<4=WD�P�A�<4^N`4P~B[<4SO@3F�<�A[D�E�<4=X<�K6CUI<�=?>.@,A�B�C�D�E�<�=XhRE-D�P�T
<4^�DJA�@,>.@,A[D�E�=�`WD�<XCWhi<�A�b4C#A�<4^N=�_LB[^NI1PqC�BUCW`�A�@C�D�H-ZGE�=�I,A�@C�B[@�_
FNA�<�H�E�K:@,A'C�D�E�<�=p<�K�F�@,A[K:<�A�SnC�D�E�>.@,Bd

� <WE�=NI,A�@�C�B[@OD�PN@U@,v�FNA�@B[B[E�>.@OF�<�h�@,A�<�KRI<�=�>4@,A�B�C�D�E�<4=�C�HrF�<4H�E�IE�@B
D�<J_N@B[I,A�E�\�@{SO<�A�@	I<4SOFNHM@1vUE�=VD�@,A'C�I,D�E�<�=�BjN<4=�@	S�^NB7D�@1v�D�@,=�_UD�P�@
C�I1D�EM<�=NTlH�@>.@H�B[@SnC�=?D�E�IB)D�<{@=�I,<4SOF�C�B[B�E�=?D�@1A'C�I,D�E�<4=JFNA�<�D�<VI<4H�B6\?Z
C4_N_NE�=�`kB7D'C#D�@,Ky^NH�I<4=?>.@1A�B�C�D�E�<4=NB�\�@,D hi@@=�C�`4@=VD�BdrÝi¿[Â�½lÂ�Á�Â4É-ÃlÉM¾1Û�¾,É
B[@SnC�=?D�E�IB�@1v�D�@,=�_NBiD�PN@wB[E�SOF�H�@gA�@I,EMF�A�<VI�C�H�I<4SOSOE-D�SO@=VDrD�<�@=�T
I<�SOF�C�B[BWhRPN<4H�@GF�C#D�P�BW<�KnC�A�\NE-D[A'C�A[Z}H�@=�`�D�PÎC�=�_YI,<4SOF�H�@,v�E-D%Z
D�PNA�<�^�`�P~CUB7D'C�D�@3SnC�I1PNEM=N@4jNEM=NIH�^�_�EM=N`UH�<V<4FNBj�C�=�_m=�@B7D�@_mE�=?D�@1A[T
C�I1D�EM<�=�Bd � PN@JF�A�<�D�<VI<�H�TlH�@>.@,H6B[@,SnC�=VD�E�IBgE�=�PN@,A�E-D�B{D�PN@JE�=NK:@,A'C�\NH�@
E�=VD�@=VD�EM<�=NTlH�@>.@HVF�A�<4F�@,A[D�E�@B�<�K�C�I,D�E�<4=NTlH�@>.@,H�B[@,SnC�=VD�E�IB�C�=�_�\NE�=�_NB
D�P�@,SÐD�<XI<�SOF�H�@,vQB7D'C#D�@,Ky^NH�E�=?D�@1A'C�I,D�E�<4=NB�<�KwC�`4@=VD�BUE�=�B7D�@C4_G<�K
F�@,A[K:<�A�SnC�D�E�>.@3F�C�E-A�Bd

5. THE UTILITY OF DETECTING COM-
MITMENTS�%=cCQB7Z�B7D�@SÞ<�KJB[@,H�K©TlEM=VD�@,A�@,B7D�@�_cC�`4@,=?D�Bj{E-DWE�B�EM=oD�PN@~EM=VD�@,A�@,B7D

<�KJC�`4@=VD�B�D�<�C�I1PNEM@,>.@XB[^�II@,B[B7Ky^�H3I,<4SOS�^N=�E�I�C#D�EM<�=�d¢�lK�CqB[@,H�K©T
E�=VD�@,A�@B7D�@�_~C�`4@=VD{F�HMC�=NB	D�<UD'C�b.@�C4_N>�C�=VD'C�`4@k<�K�<�D�P�@,AgC�`�@=VD�Bj�E-D
S�^NB7D�I<�SOS�^�=NE�I�C�D�@RhRE-D�P�D�P�@,SÒD�<UC�I1PNE�@>.@gD�P�C�DR@=�_0d�£�@,I�C�^NB[@
FNA�<�D�<VI<4HtEMB�D�PN@3\�C�B[E�B	<�K�=N<4=VD[A�E�>�EMC�H�I<�SOS�^N=�E�I�C�D�E�<�=�jNE�D	E�B	`4@=�T
@,A'C�HMH-ZLEM=�D�P�@UE�=VD�@,A�@B7D�B�<�K	C�`4@=VD�B3D�<~I<4SOSJ^�=NEMIC�D�@JD[A�^�D�PNK:^�H�H-Z
C�\�<�^NDOF�A�<�D�<VI<�H�Bj�@>.@=�E-KgD�PN@,Zq_N<�=�� DOE�=VD�@=�_QD�<pKy<4H�H�<�h¯D�P�@S
hRE-D�PWB[E�=�I@1A�E�D ZmE�=�SOEM=�_0d

u E-D�P�D�PNE�B�E�=�SOEM=�_0j0hi@n_�<mSnC�b4@�D�P�@OC�B[B[^�SOF�D�EM<�=�D�P�C�DkB[E�=�I@
C�H�H�I<�SOS�^N=�E�I�C�D�E�<�=�B�Ky<4H�H�<�h}FNA�<�D�<VI,<4H�BjNC�=�C�`�@=VD�I�C�=n@,v�F�@I1DrD�<
P�C�>.@wC�II@,B[B	D�<O_�@B[I,A�E�FND�E�<�=�BR<�K�D�PN@wFNA�<�D�<VI<4H�B{C�B	¤3�?�{Bd

� P�@�I<�=�B[@�|V^�@,=�I@Bj�P�<�hi@>4@,A�j�C�A�@kD�P�C#Dg@,E�D�PN@,AwI,<4SOS�^N=�E�I�C#D�EM<�=
I�C�=�=�<�D)D'C�b4@rFNH©C�I@�K:<�A�F�A'C�I,D�E�I�C�H�FN^NA�F�<�B[@Bi¶yD�P�E�=N`4B)B[E�SOF�H-Zk_�<4=0� D
hi<�A�bO\�@I�C�^�B[@gE�=NF�^NDiC�=�_n<�^ND�FN^ND�Bi_�<4=0� DiSnC�D�I'P�·�<�A�\�@IC�^�B[@{ß



SOE�`�P?Dw_N@,D�@,I,DwD�PNA�<�^�`�P�E-D�B3E�=VD�@,A'C�I,D�E�<�=�BwD�P�C#DwàL� BwA�@�C�H�¤3�?��E�B
=N<�D	hRP�C#DgàfB�C�EM_~E-D{hiC�Bd � PN@�I,<4SOF�^�D'C�D�E�<4=m<�K�I<�SOSOE�D�SO@,=?D�B
E�B3SO<�A�@JE�SOF�<�A[D'C�=VDgD�P�@,=XK:<�Akß�D�<�b�=N<�h´C�PN@�C4_p<�K6D�E�SO@�hRP�C�D
E-D�� Bi`�@,D[D�E�=�`�EM=VD�<�C�=�_O_N@,D�@1A�SOEM=N@�hRP�C�DiI<4SOSOE-D�SO@=VD�B�à¯hi<4^NHM_
D'C�b.@3^�F�<�=mE-D�B[@H-K�E�=m@,v�I'P�C�=�`4@�d

5.1 Example

á â ã ä

å
æ ç�è:é ê4ë-ç ì

í�î:ï

æ ð1ñ ì

ò�ëló ç�èyð î ç�è:ñlð

á â ã ä

å
ç�èyé ê.ë-ç

æ í�î:ï ì

ð1ñ

æ ò�ëló ç�èyð î ç�è:ñ ð1ì I have a ticket 
for you

(I have a ticket 
for you)

Customer

Travel Agent

ôRõ:ö�÷tø#ùqú�ûküiø#ý�þ�ù�ÿ���ö�ù�����ý����
	J÷�������ù?ø��mô����
Ì0@,D�^NB�D'C�b.@	^�F�C�=�@,vNC�SOF�H�@{<�K�C�=�E�=VD�@,A'C�I,D�E�<4=mF�A�<�D�<VI<�H�EMSOFNH�@,T
SO@,=?D�@_n\VZnC3hi@,HMH-Tlb?=�<�hR=nD[A'C#>4@H�hi@\�B[E-D�@4d��%=��)E�`4^NA�@��4jN�{`�@=VD
à E�B�HM<V<�b?EM=N`GD�<Q\�^�Z]CQFNH©C�=�@WD�E�I'b.@,D�d´�	`4@=VD�ß E�B�CLD[A'C�>.@H
C�`4@=VD�j)C4_N>4@,A[D�E�B[EM=N`WCmIC�F�C�\�E�H�E-D%ZXD�<mB[@H�H6F�HMC�=N@UD�E�I1b.@1D�BdUà¹C�FNT
F�A�<.C�I1PN@B�ßxC�=�_qC�B[b?BJß � P�<�h�_�<~�3\�^NZ�D�E�I1b.@1D�B�K©A�<4SfZV<4^�Ú.��d
ß�B[@=�_�BgCOFNA�<�D�<VI<4H�_�@B[I,A�E�FND�E�<�=WD�<�à�j�hRP�<OD�P�@,=~C�=�C�H-Z�¬@BgE-D�d
� PN@3FNA�<�D�<VI<4H�\�C�B[E�I�C�H�H�ZmE�=�>4<4H�>.@B�D�P�@{Ky<4H�H�<�hRE�=�`nE�=?D�@1A'C�I,D�E�<4=NBª

� PN@RI^�B7D�<�SO@,A�B[^�FNF�H�E�@B6D�PN@iD[A'C�>.@HNC�`4@,=?D6hRE-D�POCwIE-D%Z�C�=�_�_NC�D�@4j
C�=�_3D�P�@�D[A'C�>.@HVC�`4@=VD)D�PN@=3hREMH�H?B�CZkE-K�PN@rP�C�B�C�D�E�I1b.@1DtD�<RD�P�@6IE-D%Z
<�A	=�<�D�d��lK)D�P�@wC�`4@,=?D	_�<V@B[=�� D	P�C�>.@wCJD�E�I1b.@1D�j�D�PN@=mPN@wSO@=VD�E�<4=NB
B[<gC�=�_�@=�_NBtD�PN@rI,<4=?>.@,A�B�C#D�EM<�=�d��lKND�PN@iC�`4@=VD�_�<V@B�P�C�>.@rC	D�E�I'b.@,D�j
PN@RB�C�Z�B�D�P�C#D�PN@	P�C�BrCgD�E�I1b.@1D�j.D�P�@�I^NB7D�<4SO@,ArF�CZ�B6P�E�SWjVC�=�_JD�PN@
C�`4@=VD	`4E�>.@,BRD�PN@3I^�B7D�<�SO@,A�D�P�@{D�EMI'b.@,D�d

� PNE�B3B[@@SOE�=�`�H�ZpE�=�=N<VI@=VD3F�A�<�D�<VI<�HrP�C�BkC�=p<4\?>?E�<4^NBwÜ�Ch3ªgD�PN@
I,^�B7D�<4SO@1AJIC�=�=N<�D�I'P�<V<4B[@OD�<W=N<�D�\�^�ZXD�P�@UD�E�I1b4@,Dk<4=NI@nP�@UP�C�B
A�@|?^N@B7D�@�_QCX_�@B7D�E�=�C�D�E�<�=�d~�lK�D�P�@OFNA�<�D�<VI<4H�P�C4_�®7^�B7D�C�=G@1v�D[A'C
D[A'C�=�B[E-D�E�<4=pD�<mC�HMH�<�h´D�P�@�I^NB7D�<4SO@,A{D�<�@>�C�H�^�C�D�@JD�PN@�D�E�I'b.@,DwC�=�_
_�@IH�E�=�@JE�Dg\�@,Ky<�A�@�F�C�Z�E�=�`�j�D�P�@=Xàfhi<�^�HM_pP�C�>.@�CUhiC�ZW<4^ND�dwà
IC�=G^�B[@nB[<�SO@nC�H�`4<�A�E�D�PNSWjR¶yKy<�A�@,vNC�SOF�H�@nC�H�`4<�A�E-D�P�S¸_N@B[I,A�E�\�@�_
\�@,HM<�h	¡?d ��·1j�D�<�z�=�_�F�<�B[B[E�\�H�@kI<4SOSOE-D�SO@=VD�B�E�=�D�P�E�BR=�@,h}¤3�?��d

Ög=NI@~à P�C�B�@,vNC�SOEM=N@�_�D�PNE�BjRP�@~hi<�^�HM_aB[@@~D�P�C#DnD�P�@,A�@~E�B�C
A'C#D�P�@,A�B[@,A�E�<4^NBiI<4SOSOE-D�SO@=VD)D�<k\N^NZ�E�=�`kCwD�E�I1b.@1D�®%^�B7D�K©A�<4SÒC�B[bVT
E�=N`JKy<�A	CJ_�@B7D�E�=�C#D�EM<�=�j?hRE-D�Pm=N<�hiC�Zn<�^ND�d�� =�C�I�C�B[@gHME�b.@	D�P�E�Bj�E-K
D�PN@gD�E�I1b4@,D�ß¢D�@H�HMBRàxC�\�<4^�DREMB�=N<�DRB�C#D�EMB7KyC�I,D�<�A[ZVj�à E�BRB7D�^�I'bO@E-T
D�PN@,A)\N^NZ�E�=�`RC�=�^N=�_�@B[E-A'C�\�H�@6D�EMI'b.@,D�<�At\�@E�=�`RKy<�A�I@�_3D�<	\�A�@�C�bgP�E�B
I,<4SOSOE-D�SO@=VD�j�F�@,A�P�C�F�Bg\?ZX\�A�@�C�b?E�=�`�<�QI<4SOSJ^�=�E�I�C#D�E�<4=XhRE�D�P
ßnj�<�A	\?Z�B[@=�_NE�=�`UßÒI<4SOSJ^�=NEMIC�D�E�<4=NBiD�P�C�D{C#A�@�E�=�C�F�F�A�<4F�A�E©C#D�@
K:<�AkD�P�@J¤3�?�{BwD�P�C�D�C�A�@JA�^�=�=NE�=�`�C�D3D�P�@JD�EMSO@�d��lK�D�P�@1A�@�h�C�BkC
A�@C�B[<4=N@,AJEM=�àLj)E-DkSOE�`4PVDk_�@IEM_N@UD�P�C�DkßµE�BwD'C�b?E�=�`~C�_N>�C�=VD'C�`�@
<�K�D�P�@gz�=�@wF�A�E�=?D�d

à C�H�B[<�SOE�`4PVD�_�@IEM_N@	D�P�C#DiD�P�E�BiF�A�<�D�<VI<�H0E�Bi^N=NKyC�E-A�jNC�=�_nI'P�<V<4B[@
=�<�D�D�<�E�=?>.<4H�>.@{P�E�SOB[@H-K�C#D	C�H�H�hRE�D�P�ß�jNC�=�_mC�>.<�EM_�\�A�<4b.@=�I<4SUT
SOE-D�SO@=VD�Bi\VZOz�=�_NE�=�`JB[<4SO@<�=�@3SO<�A�@wC�`�A�@,@�C�\NHM@kD�<JD'C�H�b�D�<�d

� P�<�^�`�P�=N<�D�PNEM=N`Whi<�^�HM_GB7D�<4FGàÞK:A�<4SÐ@=VD�@,A�E�=�`WD�PN@nFNA�<�D�<VI,<4H
C�=�_�D�PN@=�\�A�@�C�b?E�=�`wE-D�j�D�P�^NB�\NA�@�C�b?EM=N`wP�E�B�E�SOF�H�E�@�_�I<4SOSOE-D�SO@=VD
D�<�F�CZWKy<�A�CnD�E�I'b.@,D�j�à¸I�C�=�C�>.<4EM_~D�P�@�SnC�D[D�@,Ag@=VD�E�A�@,H�ZX\�@1Ky<�A�@
`4@1D[D�EM=N`UE�=?>.<4H�>.@�_�d

6. INFERRING COMMITMENT FROM CON-
VERSATION AL POLICY�%=�SO<4B7DkE�=VD�@,A[T C�`�@=VDJI,<4SOS�^N=�E�I�C#D�EM<�=�BjtE�K�CmFNA�<�D�<VI<4HrEMBkD�<W\�@

Ky<�H�HM<�h�@�_0jND�P�@=�C�=VZnE�=VD�@,A�H�<VI^ND�<�A�B�E�=�>4<4H�>.@�_O=�@,@�_nD�<�P�C�>.@{B[<4SO@
I<�SOSO<4=Gb?=�<�hRH�@�_N`�@m<�K{D�PNEMBJFNA�<�D�<VI<4H±d�«��@I,D�E�>.@H-ZVj6@�C�I'PqP�C�B
C�I,I@B[B�D�<kC�=nC�^ND�<�SnC�D�<�=UD�P�C�DrE�SOF�H�@SO@=VD�B)D�PN@	F�A�<�D�<VI<�H�<�ArD�P�@
F�<�A[D�E�<�=W<�K�D�P�@wF�A�<�D�<VI<�H�D�P�C#DiD�P�C#D	C�`�@=VD{=N@@�_�BiD�<�F�C#A[D�E�IE�F�C�D�@
E�=�d

��E�=NI@�D�PN@J<�=�H-Z~D�P�E�=N`�C�=pC�`4@,=?DwI�C�=~D[A�^�H-ZX_�E�B[I<#>.@,AkC�\�<4^NDwC�=�T
<�D�PN@,AJC�`�@=VD�E�B3hRP�C#D�E-D�I�C�=L`.C�D�PN@,A�D�PNA�<4^N`4PQE-D�BkE�=VD�@,A'C�I,D�E�<�=�Bj
I<�SOSOE�D�SO@,=?D�B�A�@�C�HMH-ZnB[@,A�>4@{D�<�F�A�@�_NE�I,D�Ky^ND�^�A�@{E�=VD�@,A'C�I,D�E�<4=�B�<�K�C
`4E�>.@,=�C�`4@=VD�dg��E�=NI@JB[^NI1P~E�=VD�@,A'C�I,D�E�<4=�B{Ky<4H�H�<�h´FNA�<�D�<VI<4H�BwhRPNEMI'P
C�A�@�_N@B[I1A�EM\�@_p\VZ~B[<�SO@�C�^ND�<4SnC#D�<4=0j�hRP�C�D3C�I<�SOSOE-D�SO@=VD	A�@1T
C�H�H-Z�I�C�=�\�@UB�C�EM_pD�<�@=�IC�F�B[^NHMC�D�@OE�BkCmFNA�@_NE�I,D�E�<4=LC�\�<4^�DkB[<4SO@
F�<�A[D�E�<�=L<�K�C�=QC�^ND�<�SnC�D�<4=XD�P�C#D�C�=LC�`4@,=?DkE�B3\�<�^�=�_q¶±I<�SOSOE�D[T
D�@�_�·rD�<�D[A'C�>.@,A�B[E�=�`OC�=�_�I�C�=W=N<UH�<4=N`4@,A{@B[I�C�F�@4d

��<�A{@1v�C�SOF�H�@4jN<4=NI@kC�\�EM_N_N@,A	B[^�\NSOE-D�BRC�\�EM_mE�=~C�=~C�^NI,D�E�<4=�j�P�@
S�^NB7DnC�B[B[^NSO@WP�@mEMBnH�EMC�\NHM@~D�<phREM=�D�P�@~C�^�I,D�E�<4=]C�=�_�F�CZqD�P�@
C�SO<�^�=VD{<�KrP�E�Bw\�EM_�d � P�@1A�@�@,v�E�B7DgD[A'C�=�B[E-D�E�<4=�Bg<4^NDw<�K6D�P�E�BgF�C�D�P
¶±@4d `Nd�D�P�@OA�@%®%@I,D�E�<4=�<�K	D�P�@�\�EM_Q\VZLD�PN@mC�^�I,D�E�<4=N@@,A1·k\�^NDJB[^�I'P
D[A'C�=NB[E-D�EM<�=�B�_�@F�@=�_�<4=nB[<4SO@R@=VD�E-D%Z�@,v?D�@,A�=�C�H�D�<3D�P�@	C�`�@=VD�C�=�_
I�C�=�=�<�D�\�@�E�=�I,HM^�_N@�_�E�=�D�PN@�I�C�HMI,^�HMC�D�E�<4=O<�K�hRP�C�D�E�B�C{I<�SOSOE-D[D�@�_
B[@I,D�E�<�=~<�K)D�PN@3C�^�D�<4SnC�D�<�=�d

6.1 Deontic States�?D'C#D�@BghRPN@,A�@�B[^NI1P~I<�SOSOE-D�SO@=VD�B{C#A�@�@=VD�@,A�@_pC#A�@�I<�SOSO<4=NH�Z
I�C�HMH�@�_LÄV¾[Â�¼�½±»�Á3Ê�½lÀ�½ ¾1Ê�d u PN@=�C�=mC�`4@,=?DR=N@@�_�B�D�<�I'P�<V<�B[@kC�I<�A[T
A�@I,D�F�C#D�PnD�P�A�<4^N`4POD�P�@	B7D'C�D�@B�<�K0D�P�@	I<4=?>.@,A�B�C#D�E�<4=�C�H�F�<4H�E�I,ZVj?P�@
=�@,@�_NBgD�<n\�@�C�\�H�@�D�<m_�@,D�@I,Dw_N@<�=?D�E�IJB7D'C�D�@BkC�=�_WA�@�C�B[<�=QC�\�<4^ND
<4\NH�EM`4C�D�E�<4=NB{D�P�C�DRE-DRhREMH�H�P�C�>.@w<�=�I@3E-D	@=VD�@,A�B�B[^�I'PWB7D'C#D�@4d

u @	P�C�>.@	_�@>.@H�<4F�@_�C3K±C�E-A�H�ZnB[E�SOFNHM@RA�^�H�@RKy<�AR_N@,D�@,I,D�E�=�`J_N@<�=?D�E�I
B7D'C�D�@,B�E�=nC3`4E�>.@=O¤3�?�kª��YÊ�½lÀ�½ ¾g»yÊ	À�ÄV¾[Â�¼N½±»�ÁwÊ�½lÀ�½ ¾��6»:½:ËO¿�¾1Ê�ÅN¾[Á,½
½lÂ�Ê1Â�ÇO¾WÀ.Á,½±»�Â�¼����)Ë�¾1¼]À�½kÉM¾[À�Ê�½�Â�¼�¾WÂ���½:Ë�¾�½±¿7À�¼�Ê�»y½±»�Â�¼�ÊmÂ�È?½
Â��J»:½{ÉM¾[À.Ä�ÊJ½lÂW»y¼�¾1Û�»y½lÀ��ÉM¾n¾��V¾[Á,È�½±»±Â�¼�Â���½:ËNÀ�½gÀ.Á,½±»�Â�¼� "!i¼�Á'¾U½:ËV»yÊ
½±¿[À�¼�Ê�»y½±»�Â�¼X»yÊ{½lÀ$#.¾1¼�%6»y½6»yÊ	¼�ÂOÉ�Â�¼?ÆV¾1¿3»:¼W½:Ë�¾RÅ�Â&�i¾1¿�Â��g½:Ë�¾JÀ�ÆV¾1¼N½
½lÂwÊ�½lÂ1Å�½:ËN¾{À.Á,½±»�Â�¼'�1¿[Â�ÇÎË�À1Å.ÅN¾1¼�»:¼?Æ)( À4É ½:Ë�Â�È4Æ#ËnÂ�½:ËN¾1¿gÀÆV¾1¼�½±ÊRÁ�À�¼
Ê�½±»±ÉyÉ�Á�À�¼�Á'¾,Ét½:Ë�¾k½±¿[À�¼NÊ,À4Á,½±»�Â�¼�*+ ,!i¼�Á'¾k½:ËN¾�À�ÆV¾1¼�½6ËNÀ�Êw½lÀ$#.¾1¼�Ê�È�Á'Ë
À�½±¿7À�¼�Ê�»y½±»±Â�¼�%i»:½i»yÊ3Ê1À�»�Än½lÂOËNÀ�Û�¾UÁ�Â�ÇJÇ�»y½±½ ¾[Ä�½lÂkÅN¾1¿-�,Â�¿1ÇJ»y¼?Æ�½:ËN¾
À.Á,½±»�Â�¼.�/ 
��<�Ak@,vNC�SOF�H�@4j�H�@,D�C�`4@=VD��¢\�@UC#DJ�?D'C�D�@��W¶±B[@@U�)EM`�^NA�@n��·1dU£6Z
D'C�b?E�=�`qD�P�@�À.Á�Á'¾ Å�½3D[A'C�=NB[E-D�EM<�=}D�<��VD'C�D�@G�Vj3�xI�C�=}=N<�H�<�=�`4@1A
I�C�=�I@H6D�P�@UD[A'C�=�B�C�I1D�EM<�=�d~�lKR£{j�D�P�@OB[@I<�=�_QF�C�A[D%ZXD�<WD�PN@OI<4=�T
D[A'C�I1D�jRC�H�B[<GC�II@F�D�BjRE�DnE�BO^N=�C�>.<4EM_NC�\�H�@mD�P�C�D�C�`4@=VD���P�C�BUD�<
F�CZVd � PN@,A�@,K:<�A�@4j�E-D�E�B3=�<WH�<�=�`4@1AJE�=�F�<#h�@,A�<�KR�¢D�<W\NA�@C�b~D�P�@
C�`�A�@@SO@=VD�C�=�_X<4=�@�I�C�=�I<4=NIH�^�_N@JD�P�C�D��¢P�C�B3I<4SOSOE-D[D�@�_WD�<
@,v�@I^�D�E�=�`�D�PN@3C�I,D�E�<�=~C�Dg�?D'C#D�@k¦�d

� D{E�B{E�SOF�<�A[D'C�=VDRD�<�SnC�b.@gD�PN@J_�E�B7D�EM=NI,D�E�<4=X\�@,D hi@@=�D[A'C�=�B[E-D�E�<4=NB
hRP�E�I'P~_N@,F�@=�_�<4=mB[<�SO@3@,v?D�@,A�=�C�HtC�I,D�E�>?E�D Zp¶±B[^�I'PWC�BRD�P�@{A�@I@F�T



FINISH

43

ABORT

5

A->B:accept

A->B:cancel

B->A:cancel

21 B->A:accept A->B:pay

ôRõ:ö�÷tø#ù100û2�3��ý��ù4�)õ©ý�ö�ø#ý5� õyÿyÿ:÷���ø#ý���õ6�töfý1�tù7�5�8�õ-9��,ý��ù5:
D�E�<�=W<�K6C�SO@,B[B�C�`4@3K©A�<4SµC�=N<�D�P�@1AgC�`4@=VD1·�C�=�_�D�PN<4B[@3hRP�E�I'PWI�C�=
\�@gEM=�Ü�^N@=�I@_�B[<�HM@,H�ZnK©A�<4SshRE-D�P�E�=�D�PN@wC�`4@=VD�jNB[^�I'PmC�BRC�D�@B7DR<�K
B[<�SO@3\�<4^N=�_�C#A[Z�I<4=�_NE-D�E�<4=G¶±@4d `Nd�_N@1D�@,A�SOE�=�@3E-K)D�P�@3\NEM_mFNA�E�I@3E�B
D�<V<gP�E�`4P�C�=�_�|V^�E-D)D�PN@iC�^NI,D�E�<4=�·t<�A�B[<4SO@rA�@�C�B[<�=�E�=�`w@,=?D�E-D Z0� B�_�@,T
I,EMB[E�<�=~SnC�b?E�=�`�<�A	F�HMC�=N=�E�=�`�A�@B[^�H-D�Bd � P�E�B	EMBR\�@IC�^�B[@kC�=WC�`4@=VD
IC�=�=N<�D�FNA�@_NE�I,DnhRE-D�PoC�=VZ�B[^NA�@,D ZaC#D�C�H�H{D�P�C�D�C�=VZqD[A'C�=NB[E�D�E�<�=
D�P�C�D�E-D	_�<V@B�=�<�DiKy^NHMH-Z�E�=NÜ�^�@=NI@{IC�=m\�@	D'C�b.@,=�jNC�=�_nD�P?^�BrS�^NB7D
^NB[@UD�P�E�BJ_NE�B7D�E�=�I,D�E�<4=LEM=QC�=�C�H-ZN¬,EM=N`WD�P�@nC�^ND�<4SnC#D�<4=pKy<�AJF�<�D�@,=NT
D�EMC�HMH-ZQ� ^N=�C�>.<4EM_NC�\�H�@4��F�C�D�PNBg<�A{A�@`�E�<4=�Bg<�K�D�P�@�C�^�D�<4SnC#D�<4=WD�P�C#D
D�PN@~C�`�@=VD�EM=NI^NA�BOD�PN@mA�E�B[b�<�K3@=VD�@,A�E�=�`Q\VZGD'C�b�E�=N`GC�=VZ�`4E�>.@=
D[A'C�=�B[E-D�E�<4=0d

�lD�EMBkD�P?^�B3F�<�B[B[EM\NH�@4j6`4E�>.@=GC�=GC�^�D�<4SnC#D�<4=�j�D�P�@OI^�A[A�@=VD�B7D'C�D�@4j
C�=�_�D�PN@3P�E�B7D�<�A[Zm<�K�D[A'C�=�B[E-D�E�<4=�B	hRE-D�P�E�=mD�P�@kC�^ND�<�SnC�D�<4=0j�D�<O_�@,T
D�@1A�SOEM=N@OE-KgC�=VZLF�<�A[D�EM<�=q<�K�D�P�@OA�@�C�I1P�C�\NHM@nB7D'C#D�@B�E�=QD�P�@OB7D'C#D�@
SnC�I1PNE�=�@3E�SOF�H-Z�I<4SOSOE-D�SO@=VD�Bi<�Ag^N=�C�>.<4EM_NC�\�H�@�C�I1D�EM<�=�B	<4=WD�PN@
F�C�A[D�<�K�D�PN@gC�`4@=VD�jNC�Brhi@{hRE�H�H�B[P�<�hoE�=�B[@I,D�E�<4=�¡�d �ndr�m<�A�@<#>.@,A�j
E-D�EMBrF�<4B[B[E�\�H�@	D�<J_�@,D�@I,D�C�=�_USnC�A�b�C�H�H�_N@,<4=VD�E�I{B7D'C#D�@BrhRE-D�P�E�=�C�=
C�^ND�<�SnC�D�<4=mFNA�E�<�ARD�<JD�PN@3@,v�@I^�D�EM<�=m<�K�D�P�@3C�^ND�<4SnC#D�<4=0d

� P?^NBj?E�K�C�=�C�`4@=VD�P�C�B�C�II,@B[B�D�<kB7D'C�D�@{SnC�I'P�E�=�@B6<4=n\�<�D�POB[E©_�@B
<�KRD�P�@nFNA�<�D�<VI<4Hw¶�C�BJE�=QD�PN@OI�C�B[@�<�K	F�^N\�H�E�IH-ZLF�<�B7D�@�_QFNA�<�D�<VI<4H
B[F�@,IE-z�I�C#D�EM<�=�B'·1j�E-DRhi<�^�HM_m\�@kC�\�H�@wD�<UE�=NK:@,A{KyC�E-A�=�@,B[B{<�K�D�P�@wF�A�<�T
D�<VI,<4HghRE-D�PaA�@`4C�A'_aD�<LD�PN@~<4\NHME�`4C�D�E�<4=NBm<�KkF�C�A[D�E�@Bd�¶±@4d `GEMB�E-D
F�<�B[B[E�\�H�@OD�P�C�DJC�`4@=VDJ��hRE�H�H�P�C#>4@UD�<WI<4SOSOE-DwD�<mF�CZ�EM=N`mKy<�AJC
B[@1A�>�E�I@JhRP�E�H�@nC�`4@,=?D3£ÎE�B3=�<�DwI<4SOSOE-D[D�@�_WD�<mF�A�<#>�EM_�@JD�P�@JB[@,A[T
>?E�I@#Ú#·1dO�lDkE�B�<�K:D�@=�<4=NH�Zp=N@I@B[B�C#A[Z�D�<�B[@�C�A�I'PLD�P�@JF�C#A[Dk<�KiD�PN@
F�A�<�D�<VI<�H�D�P�C�Di_N@�C�H�B�hRE-D�P�@,v�@I,^ND�E�<4=n<�K0D�P�@RD[A'C�=NB�C�I,D�E�<�=�T�B[E�=NI@
\�<�D�PWF�C#A[D�E�@BRP�C�>.@ghiC�Z�B�D�<U\�C�E�H�<�^ND{_N^�A�E�=�`�=N@`4<�D�EMC�D�E�<4=0d

6.2 An algorithm for finding deontic states� =~D�P�E�BwB[@I,D�E�<�=ph�@�FNA�@,B[@=VDkC�=pC�H�`�<�A�E-D�P�S D�P�C�D�j0`4E�>.@,=�COz�=NE-D�@
B7D'C#D�@	C�^ND�<�SnC�D�<�=UA�@FNA�@B[@,=?D�E�=N`gD�P�@RFNA�<�D�<VI<4H±j?I�C�=�z�=�_UC�=�_�E�B[<�T
HMC#D�@UI<4SOSOE-D�SO@=VD�B�D�P�C#DgD�PN@UC�`�@=VDghRE�H�HrP�C�>.@�D�<�SnC�b4@J_�^NA�E�=�`
@1vN@,I^ND�E�<4=m<�K)D�PN@3FNA�<�D�<VI,<4H±d

�oI<�SOSOE-D�SO@=VD6hRE-D�PNEM=�CkFNA�<�D�<VI,<4H�E�B�C�F�C�D�PnD�PNA�<�^�`4POD�PN@{F�A�<�T
D�<VI,<4H±� BwC�^�D�<4SnC#D�<4=W_�@,z�=N@�_�\VZOD�PN@wKy<4H�H�<�hRE�=�`nF�C#A'C�SO@,D�@,A�Bª

³ I<�SOSOE�D�SO@,=?D�<�A�E�`�EM=JB7D'C�D�@w¶±E±d @4d�D�PN@�B7D'C�D�@rhRP�@,A�@�D�PN@�I<�SUT
SOE-D�SO@=VDi\�@`�E�=�B'·

³ D�@,A�SOE�=�C#D�E�=�`qB7D'C�D�@�¶yD�P�@pB7D'C�D�@XhRP�@,A�@pD�P�@pI<4SOSOE-D�SO@=VD
@=�_NB'·

³ C�I1D�EM<�=�hRE-D�PJA�@B[F�@,I,D�D�<ghRP�E�I'PJD�PNEMB�I,<4SOSOE-D�SO@=VDtE�B6C�I1D�EM>4@

£6ZO_N@1K±C�^NH-D�j?C�H�H�C�I,D�E�<4=�B6D�P�C#D6A�@,B[^�H-D�E�=OB[@=�_NE�=�`3<�K0SO@B[B�C�`�@B�C#A�@
I,<4=�B[EM_�@,A�@�_XF�<�D�@=VD�EMC�H�H-Z~H�@�C4_�E�=�`nD�<�COI<�SOSOE-D�SO@=VD�dR� D{EMB	D�P�@=

^�FXD�<�D�PN@OC�`�@=VD�� B3F�HMC�=N=�@,AkI<�SOF�<4=N@=VDO¶±E-KiE-DkP�C�B3<4=�@�·{D�<W_N@1T
D�@,A�SOE�=�@{E-K�CJF�C�A[D�E�I^NH©C#ARI<4SOSOE-D�SO@=VDrE�B�EMSOF�<�A[D'C�=VD�hRE-D�PNEM=�D�P�@
C�`�@=VD�� B3@=?>�E-A�<�=�SO@=VD�d{eg<�hi@>4@,A�j�D�<�A�@_N^�I,@�D�PN@�A�^N=�=�E�=N`nD�E�SO@
<�KtD�P�@kC�H�`�<�A�E-D�P�SWjNE-D{E�BRF�<4B[B[E�\NHM@wD�<�EMSOF�<�B[@3B7D[A�E�I,D�@,A	I<4=�_NE-D�E�<4=NB
<4=�D�P�@3C�I,D�E�<4=NB�¶±@�d `�drC�I,D�E�<4=NB{H�@�C�_NE�=�`JD�<�B[@=�_NE�=�`J<�K�C�SO@,B[B�C�`4@
D�<OC�=N<4=�TlD[A�^NB7D�@�_nF�C�A[D Z�·1d

�%=X�	H�`4<�A�E-D�PNS ¡?dM��hi@�B[P�<�h¥COA�@,I^NA�B[E�>.@JC�H�`4<�A�E-D�P�S�K:<�A{z�=�_�E�=�`
E�SOF�H�E�IE-D�I<4SOSOE-D�SO@=VD�Bg`�E�>.@=GC�z�=�E-D�@OB7D'C�D�@nC�^ND�<�SnC�D�<4=�Ky<�AJC
F�C#A[D�E�I^�HMC�AgC�`�@=VD�d

� P�@�C�H�`4<�A�E-D�P�S B[I�C�=�Bw\�C�I'bVh�C�A'_�BgD�PNA�<�^�`�P�Cn¤3�?�¥K:A�<�S B[<4SO@
B7D'C�D�@';?j?C�=�_�z�=�_�B6C�H�H�B[@�|V^�@,=�I@Br<�K0B7D'C�D�@,BrD�P�C#D�A�@FNA�@B[@,=?D�I<4SUT
SOE-D�SO@=VD�BtE�=kD�P�@�B[^N\�B[@,D)<�K�D�PN@�¤3�?�GD�P�C�D)I�C�=JF�<4B[B[E�\�H-Z�FNA�@I,@�_N@;?d
� P�@	;i�)E�=�_�C�H�`�<�A�E-D�P�S�¡�d��RE�B�F�C�B[B[@�_JD�PNA�@,@�C�A�`�^�SO@=VD�Bªt��B7D'C�D�@;RD�<g\�@`�EM=�E-D�B�B[@�C�A�I'PJK©A�<4SWj4C{=?^�SJ\�@,A�<7=�>�?�@�hRPNEMI'P�b4@@F�B�D[A'C�I'b
<�KrD�P�@�A�@,I^NA�B[E�<4=L_N@F�D�PpC�F�C#A[D�E�I^�HMC�A�I�C�H�H�D�<�D�P�@�C�H�`4<�A�E�D�PNSxE�B
SnC4_�@OC�D�j)C�=�_LCmF�@=�_NE�=�`�I<4SOSOE-D�SO@=VDA>5=CB8<EDFB5G~hRP�E�I'PLE�BJC�=
<�A'_�@,A�@�_oF�C�E-AWE�=�_�EMIC�D�E�=�`GD�P�@XD[A'C�=NB[E-D�EM<�=�BmhRPNE�I1P]A�@B[F�@,I,D�E�>.@H-Z
<�A�E�`�EM=�C�D�@qC�=�_}D�@1A�SOEM=�C�D�@LC�I<�SOSOE�D�SO@,=?D�d � PN@Q<�A�E�`�EM=�C�D�E�=�`
D[A'C�=NB[E-D�EM<�=�@,=?D�@1A�B{D�P�@J_N@,<4=VD�E�I�B7D'C�D�@kKy<�AwD�P�@J_N@,B7D�EM=�C�D�E�<4=pB7D'C�D�@
<�K6D�P�@3D�@,A�SOE�=�C�D�E�=�`OD[A'C�=NB[E-D�EM<�=�dg� D�BgB[<�H�@�E�=�FN^NDgC�B[EM_N@�K:A�<4SµD�P�@
C�A�`�^�SO@=VD�B	E�B3CUA�@FNA�@B[@,=?D'C#D�E�<4=p<�K�Cn¤w���´<�KrhRPNEMI'PH;OE�BwB[<4SO@
B7D'C�D�@�dU� DgA�@,D�^NA�=NB3@E-D�P�@,A3¬,@,A�<W<�Ak<�=�@4jt_N@,F�@=�_�EM=N`�<�=�hRPN@,D�P�@,A
I'P�C�=N`4@B�hi@,A�@�SnC4_�@nD�<,>I=$B�<EDFB5G�j6C�=�_qF�<�B[B[E�\�H-ZqC�H�B[<p<4^�D�F�^ND�B
F�C�E-A�BU_N@,B[I,A�E�\�E�=�`~I<�SOSOE-D�SO@=VD�Bd � PN@B[@�P�C�>.@UD�P�@OB�C�SO@OKy<�A�S
C�BJ>5=CB�<EDFB5G�dn�%=L<�^NA�@,vNC�SOFNH�@4j�h�@�C4_�_XD�P�@S�D�<WB[<4SO@OE�SnC�`�E-T
=�C#A[ZWH�E�B7Dg<�K�D[A�^�@kI<4SOSOE-D�SO@=VD�Bd u P�@,=mD�P�@�C�H�`�<�A�E-D�P�SµE�B{z�A�B7D
A�^�=0jNC�=W@SOF�D%ZnF�C�E-A	EMBRF�C�B[B[@�_�D�<�>5=CB8<EDFB5G�d
u E-D�P�E�=�CWK:A'C�SO@�<�K	A�@,I^NA�B[E�<4=0jrD�PN@�C�H�`4<�A�E�D�PNSÓb.@@,F�BkD[A'C�I'bQ<�K
>�C�A�E�<4^NBrD[A'C�=NB[E-D�EM<�=�BrE�Dr=�@,@�_NB�D�<3A�@I^NA�B[@�D�P�A�<4^�`�P~¶±F�<�D�@=VD�EMC�H�H-Z�·1j
^�B[E�=N`XCW>4C#A�E©C�\�H�@,?3D�<WA�@,Ky@1AJD�<XCW`�EM>4@=QD[A'C�=NB[E�D�E�<�=�dp��B[E�SOF�H�@
\�<V<4H�@�C�=OÜ�C�`�j7KIL:×EG�E�Br^NB[@�_JD�<wB�C�>.@	C{A�@1D�^NA�=U>�C�H�^�@�j4hRP�E�I'PUE�BrE�=�T
Ü�^N@=�I,@�_nC�DR>�C�A�E�<4^NBiF�HMC�I,@B�E�=�D�PN@gI<�^NA�B[@w<�K)@,v�@I^�D�E�<4=�d��?D'C�D�@,B
P�C�>.@�C~SnC�A�bLD�<XE�=�_�E�I�C�D�@�D�P�C�DJD�P�@,ZLP�C�>.@�C�H-A�@�C�_�Zq\�@@=GD[A'C#T
>.@,A�B[@_8M.D�PN@�SnC�A�b�EMB�h�A�E-D[D�@=UhRE-D�PUD�P�@	_N@,FND�P�<�K�D�P�@iK:A'C�SO@�D�P�C�D
D[A'C�>.@,A�B[@B�E-D�j�B[<RD�P�C#Dth�@rI�C�=�C�H�H�<#h�_�@@F�@,A0K:A'C�SO@BtD�<�A�@,T�D[A'C�>.@,A�B[@
\�^�D3K:A'C�SO@B�C�\�<#>.@UD�<W=N<�D�F�C�BkD�P�A�<4^N`4PQC�=VZ�B7D'C#D�@nSO<�A�@�D�P�C�=
<4=NI@4d

� P�@�C�H�`4<�A�E-D�P�S B7D'C#A[D�Bw<4^�D3\VZWE�=�I,A�@,SO@=VD�EM=N`OD�P�@�I�C�H�H6_N@F�D�P~E-D
h�C�BiF�C�B[B[@�_0j?B[<3D�P�C�DrE�D�=�<�haA�@1Ü�@I,D�BrE-D�B�FNA�<�F�@,A�_N@F�D�P�d � PN@=OE-D
@,vNC�SOE�=N@B�D�P�@kB7D'C�D�@N;?� B{SnC�A�b�j�C�=�_WE-K�E-D�Bw_�@FND�P�E�Bg=�<�Dg`�A�@�C�D�@1A
D�P�C�=�D�PN@wSnC�A�b�j?D�P�@wIC�H�H�A�@,D�^�A�=�BihRE-D�P~C�¬,@,A�<U>�C�H�^�@4d��lK�E-D	I<4=�T
D�E�=?^�@Bj.D�PN@=�E-DrH�<V<4F�Br<4=OC�=VZJD[A'C�=�B[E-D�E�<4=�B�?�E-D�z�=�_�B�HM@C4_NE�=N`�E�=VD�<;?d�� D6B[I�C�=�Br_N@F�D�PNT�z�A�B7D�K:<�A6D�P�@�F�<�D�@,=?D�EMC�H�E�=�E-D�EMC�H�<�Arz�=�C�H�D[A'C�=�B[E-T
D�E�<4=O<�KtC3I<�SOSOE-D�SO@=VD�j�hRPNE�I1POSO@�C�=�B6B[I�C�=N=�E�=�`3K:<�A6D[A'C�=�B[E-D�E�<4=NB
hRP�E�I'PqB[@=�_GSO@B[B�C�`4@Bd u P�@,=�E-DJz�=�_�BJ<�=�@4j6E-DU@1v�C�SOE�=�@BkD�P�@
>�C�H�^�@BgEM=�>5=CB�<EDFB�G�D�<�B[@,@JhRP�@1D�P�@,A3E-D3B[PN<4^NH©_~^NF�_�C�D�@�C�F�@,=�_�T
E�=�`QI,<4SOSOE-D�SO@=VDU<�A�E-KO>I=$B�<EDFB5GqE�B�@,SOFND%ZVj6D�<QB[@,DP>5=CB�<EDFB5G�� B
D�@,A�SOE�=�C#D�E�=�`JD[A'C�=�B[E-D�E�<4=mD�<P?,d��lKI>5=CB�<EDFB�GOC�H-A�@�C4_?ZmP�C�BRCJD�@1A�SOE�T
=�C#D�<�A�B[@,D�j)D�PN@=Q?gEMB�F�<4B[B[E�\NH�ZQCmFNA�@,>�E�<�^�BkB7D'C�D�@OD�P�C#D�HM@C4_NB3D�<
D�P�@6D�@,A�SOE�=�C#D�<�A�^N=�C�>.<4EM_NC�\�H-ZVj�D�P�C�D�E�Bj&?tF�<�D�@=VD�E©C�H�H�ZkI,<4SOSOE-D�B�D�<
D�P�@�D[A'C�=NB[E�D�E�<�=QE�=R>5=CB�<EDFB5G�� BwD�@1A�SOEM=�C�D�<�A�d�� =�@E-D�PN@,A3I�C�B[@UD�P�C�D>5=CB�<EDFB�G�h�C�BiSO<?_NE-z�@�_0j.h�@{B[@1D�D�P�@�A�@,D�^�A�=O>4C�H�^�@RD�<�<�=�@4d � PN@=
D�P�@UC�H�`4<�A�E�D�PNSxA�@I^NA�B[@,Bj�I�C�H�H�E�=�`WD�PN@nC�H�`4<�A�E�D�PNSf<4=�D�PN@U<�A�E�`�EM=
B7D'C�D�@k<�K�?1j�hRE-D�PWD�P�@3=N@,hS>5=CB8<EDFB5G�F�C�B[B[@�_mD�<UD�P�@kI'P�E�HM_�K:A'C�SO@4j
C�=�_�hiC�E-Dg<�=WE-D�B�A�@,D�^NA�=0d

��E�=NI@JD�PN@�C�HM`�<�A�E-D�P�S A�@1D�^NA�=�B	hRE-D�PQCn<4=�@JE-KiE-D3I�C�^�B[@�_XSO<?_NE-z�T



��ÿ:öI��ø�õT�CUV�XW8:±ú�ûOY[ZA\T]�^ ¶r�VD'C�D�@_;7`�E�=?D'<7=�>�?�@a`R;�<�SOSOE�D�SO@,=?D�>5=CB8<EDFB5GN·
ÿ6�894ý�ÿ D[A'C�=NB[E�D�E�<�=b?
ÿ6�894ý�ÿ E�=?D�KIL:×EG/c¸�<7=�>�?�@)cd<7=�>�?�@Ne]�
õ6f ;�g hm×7i+j)kS<7=�>�?�@�Utù��aø#ù��÷tø&� ¶��.·;7g h�×7ilj/cm<7=�>�?�@aMfn��ø�ù?ý�9+U D[A'C�=�B[E-D�E�<4=�D	D�P�C�DR@=VD�@,A�BRB7D'C#D�@k|

�a�

oppppppppppppppppppppppppppppppppppppppq ppppppppppppppppppppppppppppppppppppppr

õ6f >I=$B�<EDFB5G/sd?�=Ci&h.DFB�×E?�t&ivuw?�i&x5=�CUtù�� oq r >5=CB�<EDFB5G5g t&i&DFG7DFB.c2B�x5L-LnM>5=CB�<EDFB5G5g ?�=Ci+hRDnB�×E?�t&i[cmB�x5L-LyMKIL:×EGzc �+M
õ6f ?iEMB	C�B[@,=�_NSO@,B[B�C�`4@wD[A'C�=�B[E-D�E�<4=
�CUtù�� oppq ppr

õ6f ¶{>5=CB�<EDFB�G5g ?�=$i&h.DFB�×E?�t&i,|u}B�x5L6L±·�CUtù�� >5=CB�<EDFB5G5g t&i&DFG7DFB.cd?
ù�ÿ-�ù >5=CB�<EDnB5G5g ?�=Ci&h.DFB�×E?�t&ivc�?KIL:×EGzc �+M9l������ù����4û �	@I^NA�B[E�>.@3@1vN@,I^ND�E�<4=

õ6fv~v� DFB�<�¶±<�A�E�`�EM=~<�K)DC`�<7=�>�?�@a`�>5=CB�<EDFB�GN·
�CUtù�� opppq pppr KIL:×EGzu¥�lMõ6f ¶{>5=CB�<EDFB�G5g t&i+D�G7DFB�|u}B�x5L6L ýI��� >I=$B�<EDFB5G5g ?�=Ci+hRDFB0×E?�t+i)|u�B8xIL-L±·�CUtù��m� >5=CB�<EDFB5G5g ?�=Ci+hRDnB�×E?�t&i�c�>5=CB�<EDFB�G5g t&i+D�G7DFB>5=CB�<EDFB5G5g t&i&DFG7DFBbc2B�x5L-L
ù�ÿ-�ù

oppppq ppppr
õ6f >5=CB8<EDFB5G5g t+i&D�G7DFB�|u�B�x5L-L ýI��� >5=CB�<EDFB�G5g ?�=$i&h.DFB�×E?�t&i�|u�B�x5L-Ly·
�CU�ù�� oppq ppr

×7<E<_�"?�t��H?�i&x5=J��L6Dy��?¶{>I=$B�<EDFB5GN·9+������ù����4û�u @wP�C�>.@gKy<�^�=�_mC�>�C�H�EM_mI<�SOSOE�D�SO@,=?D�P�@,A�@>I=$B�<EDFB5G5g t+i&D�G7DnB.c2B�x5L6LKIL©×7GzcÞ�<7=�>�?�@)cd<7=�>�?�@/���
ø#ù7��÷tø&� ¶nKIL:×EGN·

IC�D�E�<4=GD�<~D�P�@n>�C�H�^�@n<�K�>5=CB�<EDFB�GpF�C�B[B[@�_QD�<XE-D�j6C�=�_Q¬,@,A�<XE�K{E-D
_�<V@B�=N<�D�d��lK�Cw¬@,A�<kE�B�A�@,D�^NA�=N@�_JD�<3E-D�j.E-Drb�=N<�hRB6D�P�C�Dr_N<�hR=UD�P�C#D
F�C�D�PWD�PN@,A�@whi@,A�@�=�<UK:^NA[D�PN@,A	SO<?_NE-z�I�C#D�E�<4=�BRD�<_>5=CB�<EDFB�G�C�=�_WE-D
SJ^�B7DJ\�@mC�B�I<�SOF�H�@,D�@�C�BJE�D�I�C�=q\�@nK:A�<�S¸D�P�E�BJB7D'C�D�@4d�� K	E-DUE�B
C~I<�SOF�H�@,D�@OI<�SOSOE-D�SO@=VD�j�D�P�C�DJEMBj�E-KRE-DJP�C�BJ\�<�D�PQ<�A�E�`4E�=�C�=�_
D�@1A�SOEM=�C�D�<�Ak>4C�HM^N@Bj0E-DkEMB3I,<4=�B[EM_�@,A�@�_LCnD[A�^�@JI<4SOSOE-D�SO@=VDgC�=�_
C�_�_�@�_mD�<nB[<4SO@kH�EMB7Dw<�K�Ky<�^�=�_WI,<4SOSOE-D�SO@=VD�Bd � P�@,=,>5=CB8<EDFB5G�� B
<�A�E�`4E�=~>4C�H�^�@wE�BR¬@,A�<V@�_�D�<�A�@=�_�@,ARE-D	EM=NI<4SOFNH�@,D�@3C�`4C�E�=�j�B[<�D�P�C#D
<�D�P�@,A�F�C�B[B[@B�D�P�A�<4^�`�PJD�PN@�H�<V<4FU<�=z?�I<4^NHM_�z�=�_JC�H-D�@,A�=�C#D�@�F�C�D�PNB
D�P�C�D	B[P�C#A�@kC�I<�SOSO<4=nD�@,A�SOE�=�C�D�E�=N`JD[A'C�=NB[E-D�EM<�=WhRE-D�P�>5=CB�<EDnB5G�d
u P�@=cD�P�@LC�H�`4<�A�E�D�PNS P�C�BWz�=�E�B[PN@�_cA�@,I^NA�B[E�=�`aC�=�_}D�P�@pz�=�C�H
K©A'C�SO@kA�@,D�^NA�=NBj�D�P�@�I<4=VD�@=VD�B{<�K6D�P�@kD[A�^�@,TlH�E�B7DghRE�H�H�\�@UC�H�H�I<�SUT
SOE-D[D�@�_pF�C�E�A�Bk<�K�D[A'C�=�B[E-D�E�<4=NBJE�=LD�PN@UF�<�A[D�E�<�=Q<�K�D�PN@U¤3�?�ÒD�P�C#D
F�A�@I@�_�@BkD�P�@OE�=�E-D�EMC�H�;�F�C�B[B[@�_LD�<WD�P�@UD�<�FQK:A'C�SO@�d~£�@IC�^�B[@�E-D
<�=�H-ZWz�=�_NBRB[@�|V^N@=�I@,BgE�=WD�P�@kF�<�A[D�E�<�=p<�KrCn¤w���ÎD�P�C�DgI�C�=~H�@�C�_
D�<z;�j?D�PN@wC�H�`�<�A�E-D�P�S�SnCZOF�<�D�@=VD�E©C�H�H�Z�=�@,@�_nD�<�\�@gA�^N=�<�=�SO<�A�@
D�P�C�=W<�=�@wB7D'C#D�@k<�K�C�`�E�>.@=W¤3�?�kd

�lK{C�H�HiB7D'C�D�@,B�I�C�=�@,>.@=VD�^�C�HMH-Z�H�@�C4_QD�<WD�P�@n@,v�E-DJB7D'C�D�@p¶±E�d @4dXD�PN@
¤w����P�C�B6=�<gEM=�z�=NE�D�@�H�<V<�F�B'·1j7;g<�=�H-ZJ=�@@�_�B�D�<3\�@iD�P�@�@,v�E-D6B7D'C�D�@4d
e{<�hi@>.@1A�jiE-KgD�PN@,A�@WC#A�@WE�B[<4HMC�D�@�_�H�<V<4F�BnE�=qD�P�@mB7D'C#D�@mSnC�I1PNEM=N@4j
@,=?D�@1A�@�_Q\�^�DJ=N@>.@,A�@,v�E-D�@�_�j�D�P�@=LD�PN@�C�H�`4<�A�E�D�PNS¸SJ^�B7D�\�@UA�^�=

Ky<�AwC#DRH�@�C�B7D{<4=N@3B7D'C�D�@3E�=W@�C�I1PWB[^NI1P�H�<V<4F�d

� A�E�>?EMC�H�H-ZVj?<4=�@RI<�^�HM_OB[E�SOF�H-ZJA�^N=UD�P�@	C�H�`�<�A�E-D�P�S¢Ky<�A�@>.@,A[ZJB7D'C�D�@
E�=mD�P�@gB7D'C�D�@3SnC�I'P�E�=N@g@,v�I@F�D�D�P�@wB7D'C#A[D	B7D'C�D�@3\�^�D�D�P�@3C�F�FNHME�I�C#T
D�E�<4=U<�K�E-D�D�<gD�P�@�SOE�=�E�SnC�HVB[@,D6<�K�B7D'C�D�@,B6h�<4^�HM_�\�@�SO<�A�@i@,�UIE�@=VD
Ky<�A6SO<4B7D�B7D'C�D�@�SnC�I'P�E�=�@Bd � P�@�B7D'C#A[D�B7D'C�D�@�E�B�@,v�IH�^�_N@_�\�@IC�^�B[@
E-DRE�B�<4\?>?EM<�^�B[H-Zn=�<�D�F�C#A[D%ZOD�<JC�=VZnI<�SOSOE�D�SO@,=?DrSO@�C�=�E�=�`�Ky^�H�E�=�T
B[EM_N@6D�P�@�`�E�>.@=kB7D'C�D�@iSnC�I1PNE�=�@4d � P�@rI<4SOFN^ND'C�D�E�<�=�C�HVI,<4SOF�H�@,v�E-D%Z
<�K�D�P�@{C�H�`4<�A�E-D�P�SsF�@,A�B7D'C�D�@v;3E�BO�U¶�Ba�#·�hRPN@,A�@�B~E�B�D�PN@g=?^�SJ\�@,A
<�K)B7D'C�D�@BRE�=�D�PN@w¤3�?��jNC�=�_�D�PN@{hi<�A�B7D	I�C�B[@3I<�SOF�H�@,v�E-D%ZOK:<�ARD�P�@
I<�SOF�H�@,D�@w¤3�?�ÎE�B'�U¶�B8�J��B�·1d
� P�@WC�H�`4<�A�E�D�PNS¹\�^NEMHM_�BOC�H�E�B7Dn<�KgI<4SOSOE-D�SO@=VD�B�E�DOz�=�_�BUI<4SUT
F�H�@,D�@_ÎC�BG� D[A�^�@��{I,<4SOSOE-D�SO@=VD�Bd � P�@Lz�=�C�HkH�E�B7DpI�C�=YF�<�D�@=�T
D�EMC�H�H-ZXI<4=VD'C�EM=XI<�SOSOE-D�SO@=VD�BRhRPNE�I1PpC�A�@kD�<�D'C�H�H�ZXI,<4=VD'C�E�=�@_XE�=�T
B[EM_N@6<�D�PN@,AtI,<4SOSOE-D�SO@=VD�BMD�P�E�B0E�B�z�=N@4d � P�@B[@�B[^�\�TlI<4SOSOE-D�SO@=VD�B
I<�^�HM_Q\�@OI<4=NB[EM_N@,A�@�_Q@,E�D�PN@,A�A�@�_N^N=�_�C�=VD�C�=�_LD�P�A�<�hR=GCh�CZQ<�A
D�P�@1ZOI<4^NHM_�\�@{I<4=NB[E©_�@,A�@�_nE�SOF�<�A[D'C�=VDrKy<�A�D�PN@	A�@C�B[<4=NE�=�`�@,=?D�E-D Z
D�<�D�PNEM=Nb�C�\�<4^�D	C�BRhi@H�H�M�E-DRE�B	^�F�D�<JD�P�@wE�SOF�H�@SO@,=?D�<�A�d
� P�@XC�H�`4<�A�E-D�PNS P�C�Bn\�@@=�D�@B7D�@�_a<�=oCL>�C�A�E�@,D Z�<�K3¤3�?�{BjRE�=�T
IH�^�_�E�=�`�@,vNC�SOF�H�@B�I<4=VD'C�E�=NEM=N`JD�PN@	D�P�A�@@g`�@=�@,A'C�H�IC�B[@B�<�K)¤3�?�
D�<4F�<�H�<4`�Z�M6C�B[EMSOFNH�@4jt<�=�@,TlI<�SOSOE-D�SO@=VDg¤3�?�¢hRE�D�P�=�<�HM<V<�F�E�=�`



� ���n�T���n� �C�-�{�����6���-�
���T � ���{¡T�n¢ �$���6���

� ���n¢6�{� £$�7¤��n�F�����

� ¥ � ¢-¢6� � �y����F¦§�����-�

¨ ©§ª�¨ « ¬l¨ n7®a¯§°-©
¨ ± ²�ª6³$ª�´ µ

ª
¶ · ¸

³
¹

°

ô	õ©ö�÷tø#ù�º0ûN�2��õ���»�ÿ:ùH¼�õ6���tù?ø��mô��H:

Give money
back

(close
account) ½ ¾ ¿6ÀnÁ-Â7Ã�¾6¾6À Ä�Å�ÆyÇ

ÈÊÉ Ë Â7Ì8ÀnÅÍÂ{Î�Ï$Ã�¾ Ð
Ñ ÃTÎÉ ÅFÆnÂ{Ò�ÂFÁ Æ

ÆÊÓlÃ�ÅFÐ�ÎCÀ Ä½ À Ñ ÂnÅÃ�¾6¾6À{ÄlÅFÆnÇ Á-À Ò6Ò6ÎCÔÕ ÂFÖ Ò�Â7¾ ¿6ÀFÁ�ÂF×Ø�Ù�ÚÍÛ�Ü6ÝFÞ&ß
Ù Ø à

á

â

ãäå
ôRõ:ö�÷tø#ùHætûN�dç�ýI��è��mô��êé�ëOõT�CUoÿ6���I»V�&ì$:

I,<4SOSOE-D�SO@=VD�BO¶±B[@@��)E�`4^NA�@�¦4·1j6CW¤3�?��hRE�D�PGI,<4=�=N@I,D�@�_QH�<V<�F�B
¶±B[@,@��)E�`�^NA�@n�V·1j�\�<�D�PQ<4F�@,=GC�=�_LIH�<4B[@�_�j6C�=�_QCm¤3�?�ÒhRE-D�PqC�=
E�B[<�H©C#D�@�_WH�<V<4FG¶±B[@@k�)E�`�^NA�@ ² ·1d

� =Q�)E�`4^�A�@O¦�j�D�P�@,A�@�EMBkC�I<4SOSOE-D�SO@=VD{^�F�<4=�B[@=�_�E�=�`WC�\�EM_pD�<
F�CZVd)� DtE�B�F�<�D�@=VD�EMC�H�H-Z�^�=�C�>.<�EM_�C�\NH�@rD�P�C#D)D�P�@6B7D'C�D�@�SnC�I'P�E�=�@�hRE�HMH
I,<4=VD�E�=�^N@iC�HM<�=�`gD�<RD�P�@rF�<4B7D[TlF�CZ�SO@=VD�B7D'C�D�@iE-K�<�=�@�D'C�b.@BtD�PN@�\NE©_
D[A'C�=�B[E-D�E�<4=0d � P�<�^�`�PWE-DgE�B�®7^�B7D{C�B{H�E�b.@H-Z�D�P�C�DRD�PN@3¤3�?�}hRE�H�HtA�@,T
I,@E�>.@~CpA�@ ®7@I,D�E�<�=�D�<LE-D�BO\NE©_�jrD�PN@WF�CZ�SO@=VDJEMBUD�PN@m<�=�H-Zq@�_N`�@
D�P�C�D	P�C�B{B[<�SO@3F�<�D�@=VD�EMC�H�H-ZW^N=�C�>.<�E©_NC�\NHM@kF�A�@I^NA�B[<�A[TlI1P�C�E�=mD�P�C#D
\�@,`4E�=�BihRE-D�PnD�P�@	B[@=�_�EM=N`J<�K�CkSO@B[B�C�`�@4j�E±d @gE�DiEMBrD�P�@g<�=�H-ZUD[A'C�=NT
B[E-D�E�<4=XD�P�C#D3E�=?>.<4H�>.@BgC�=X<4^�D%hiC�A'_q¶±B[<VIEMC�H©·wC�I,D�E�<�=�\VZmD�PN@J¤w���
C�=�_GE�BUF�<�D�@,=?D�EMC�HMH-Zq^N=�C�>.<4EM_NC�\�H-ZQD'C�b.@=qC�BOCXA�@,B[^�H-DO<�K	D'C�b?E�=�`
B[<�SO@3<�D�PN@,A�D[A'C�=NB[E�D�E�<�=WhRP�E�I1PW_NEM_mC�=W<4^�D%h�C#A'_�B[<VIEMC�H�C�I,D�E�<�=�d

� =��)E�`�^NA�@���j�h�@iP�C�>.@rC{B[H�E�`4PVD�H-ZkSO<�A�@rI<4SOFNH�@,v3I�C�B[@4ª)<�=�@�<�K�D�PN@
I,<4SOSOE-D�SO@=VD�BgPN@,A�@OE�BkC�A�@I^�A[A�EM=N`WI<�SOSOE�D�SO@,=?D�j0C�HM<V<�FLD�P�C#D
E�=�D�P�E�BiI�C�B[@3_N<V@B�=N<�D�=N@I@B[B�C#A�E�H�Z�@,v�E-D�d6�{H�B[<�jND�PNEMB�EMBRC�=�@1v�C�SUT
FNH�@J<�KiCO¤3�?�ÎhRE-D�PXS�^�H-D�E�F�H�@kI<�SOSOE�D�SO@,=?D�Bdi� D{EMSOFNH�@SO@=VD�B	C
B[E�SOFNHME�B7D�E�I�\�C�=Nb�j�hRP�E�I'PWD'C�b.@B{Cn_N@F�<�B[E-DgK:A�<�S�B[<�SO@kI^�B7D�<�SO@,A
D�<O<�F�@=~C�=~C�II,<4^�=VD�j�C�=�_�F�CZ�BREM=VD�@,A�@,B7Dg<�=mD�P�C#Dg_�@F�<4B[E-D	^�=VD�E�H
D�PN@RI^�B7D�<�SO@,A6IH�<4B[@BiPNE�B�C�II<4^N=VD�j?C�D6hRP�E�I'PUD�EMSO@�D�PN@�I^�B7D�<�SO@,A
`�@,D�BwPNEMBw_N@F�<�B[E�Dw\�C�I'b�d � PN@J\�C�=�bWC�H�B[<�hRE�H�H�P�C�=�_XCOI^�B7D�<�SO@,A
\�C�I'bQP�E�BO_�@F�<4B[E-DOE-KgP�@�I1P�C�=�`�@BUPNEMB�SOEM=�_0j6C�=�_�C�H�B[<L`�EM>4@BUE-D
\�C�I'b~E-KrD�PN@�\�C�=�b~_�<V@B[=�� DwhiC�=VDwD�<�_N<�\�^NB[EM=N@B[B3C#DwD�P�C#DgD�E�SO@4d
Ö{D�PN@,A[hRE�B[@4jRD�P�@W\�C�=Nb�I,<4SOF�^�D�@BOE�=VD�@,A�@B7D�E�=}KoC�=�_�D�P�@WI,^�B7T
D�<�SO@,A6`4@,D�B�A�@`�^�HMC�A�EM=VD�@,A�@,B7D�F�C�Z�SO@=VD�Bdt�{H�`4<�A�E-D�P�S¢�Nd��{_N@,D�@,I,D�B
D�PN@B[@OI<�SOSOE�D�SO@,=?D�B{hRE�D�PN<4^�D�CWF�A�<4\NHM@,SWd � PN@O\�C�=�bXE�BJI<�SUT

í îFïñð
ò ïñïÊó&ô6õTô-ö î÷ ø

ù
ú

û
ü

í ýTþÊÿ{ðò ïÊïñó
þÊî�� þ���ô-î+ö î�� ö îFö � þ§ò ïñïÊó��
í ò þ�� � ÿ
	+ô���þ§ô�-þÊô-ò ð

ôRõ:ö�÷�ø�ù���ûP�R��õ-�tù��C94ý�»tý�¼�ÿ:ù"9l�5���Lõ6�$�pù����
SOE-D[D�@�_pD�<�`4E�>?E�=�`WD�P�@�I^�B7D�<�SO@,AkP�E�BkSO<4=N@,ZX\�C�I1bpE-KiD�P�@U\�C�=Nb
B�CZ�B�D�P�C#D�D�P�@1Z0� A�@�=�<�D�D'C�b?E�=�`pC�=?ZQ\�^�B[E�=N@B[BUC#DUD�P�@nSO<4SO@,=?D�j
C�=�_�D�P�@R\�C�=�bJEMBrC�H�B[<�I<4SOSOE-D[D�@�_�D�<3F�CZ�EM=N`3E�=?D�@1A�@B7Di<�=�I@�D�P�@1Z
_N<QC�II@,FND�D�P�@~I^NB7D�<4SO@,A�� B�_N@F�<�B[E-DL¶±B[PN<#hR=]hRPN@,A�@WD�P�@~\�C�=Nb
D�P�C�=�b?BwD�P�@OI,^�B7D�<4SO@1A3Ky<�A�D�P�@n_�@F�<4B[E-D1·1d��g<�D�@UD�P�C#D�D�PN@OI<4SUT
SOE-D�SO@=VDwD�<~F�CZpE�=VD�@,A�@B7DJ<4=�H-Z�I<4=VD�E�=?^�@Bk^N=?D�E�H�D�P�@OI^NB7D�<4SO@,A
hRE�B[P�@B	D�<UIH�<4B[@�P�E�B{C�II,<4^�=VD�j�C�=�_�E�D	E�B	<4=�H-Z�D�P�@3E�=�E-D�EMC�H6� D�P�C�=Nb
ZV<�^��?D�P�C#D{I,<4SOSOE-D�Bd

�%=J�)E�`4^�A�@ ² j�hi@iE�H�H�^�B7D[A'C�D�@iD�PN@�z�=�C�H.D�<�F�<4H�<4`�EMIC�H�K:<�A�S¥D�P�C#D�B[^�I'P
C�¤w����I�C�=�D'C�b.@4ªmC�=�EM=�z�=NE�D�@�H�<V<4F�d � PNEMBOF�A�<�D�<VI<�H{E�BU=N@>.@,A
A�@�C�HMH-ZXz�=NE�B[P�@�_�d � P�E�B3C�`4@=VD3SnC�b.@BwC�=�<��@,AwD�<�B[<4SO@<�=�@�@H�B[@4j
hRP�<�_�@IEM_N@BrD�P�@R<4^�D�I<4SO@4d)eg@	I�C�=N=�<�D�I<4=VD[A�<�H�E-K�D�PN@	<��@,A�hRE�H�H
\�@JC�II@,FND�@�_X<�A{A�@%®7@I1D�@�_0j0\�^�DgPN@JE�BwE�=p_�C�=�`�@,A3<�Kr`4@1D[D�EM=N`�E�=VD�<
C�=mEM=N@B[I�C�F�C�\NH�@�I,<4SOSOE-D�SO@=VD�<�=�I@3PN@3SnC�b.@,BiD�P�@w<��@,A�d

7. IMPLICIT COMMITMENTS WITHIN AN
AGENT-FACTORY TOOLKITu @�P�C�>.@�E�SOF�H�@SO@=VD�@�_�C{D�<V<4H�b?E-DrD�<kC�B[B[E�B7D�E�=OC�^ND�<4SnC#D�E�I	`�@=�@1A[T

C�D�E�<�=m<�KtFNA�<�D�<VI<4H-TlI<4SOFNH�E©C�=VD	C�`4@,=?DiI<4SOSJ^�=�E�I�C#D�E�<4=nI<?_N@�jN^�D�E-T
H�E�¬E�=�`�D�PN@wFNA�<�D�<VI<4H-TlH�@>.@H0B[@SnC�=VD�E�IB�<�K�I<4=?>.@1A�B�C�D�E�<4=�C�H0F�<4H�E�IE�@B
C�=�_WI<4SOSOE-D�SO@=VD�@,>4C�HM^�C�D�E�<4=XC�H�`4<�A�E-D�PNSOBd � P�@3D�<V<4H�b?E-D3C�H�H�<�hRB
C�F�A�<�D�<VI<�Ht_�@B[E�`4=�@1A	D�<JKy<�A�SJ^�HMC�D�@{D�P�@3C�`4@=VDRE�=VD�@,A'C�I,D�E�<�=WE�=�_N@1T
F�@=�_N@=VD�H-Z�<�K�D�P�@RC�`4@=VDrE�SOF�H�@SO@=VD'C�D�E�<�=�FNA�<VI,@B[Bj?E�=OCwSnC�=N=�@,A
B[E�SOE�H©C#ARD�<U�%=VD�@,A'C�I,D�E�<4=NT%Ö{A�E�@=VD�@�_�º�A�<�`�A'C�SOSOE�=N`W�-������d

� P�@G� =VD�@,A'C�I,D�E�<�=NT%Ö{A�E�@=VD�@�_Îº�A�<4`�A'C�SOSOE�=�`�F�C�A'C�_NE�`4S _�@,z�=N@�_
\VZ���d ��E�=�`�PaE�BnC�HMCZV@,A�@_�I<�=�B7D[A�^NI,DOD�P�C#DOB[@F�C#A'C�D�@BUD�PN@�A�@�C#T
B[<4=NE�=�`~I<�SOF�<4=�@,=?D�Bk<�K�D�P�@nC�`�@=VDJK©A�<4SxD�P�@O^N=�_�@,A�H-ZNE�=N`WI<4SUT
S�^N=�E�I�C#D�EM<�=�BRE�=NK©A'C�B7D[A�^�I1D�^NA�@k\VZmSO@�C�=�BR<�K6CUSOEM_N_NH�@wHMCZV@,A	D�P�C�D
E�=�I<�A�F�<�A'C#D�@B{@1vNFNH�EMI,E�D	I<�=?>.@,A�B�C�D�E�<�=WF�<4H�E�IE�@Bd

� P�@��	`4@=VD'��C�I,D�<�A[Z}D�<V<4H�b?E-DLF�A�<�>?EM_N@,BpD�PN@GEM=�K:A'C�B7D[A�^�I,D�^�A�@qA�@1T
|V^�E-A�@�_wKy<�A�\�^NE�H©_�E�=�`	C�=k@,v�F�H�E�IE-D�I<�=?>.@,A�B�C�D�E�<�=�F�<�H�EMI1ZkH©CZV@1A�d � P�@
D�<V<4H�b?E-DgI,<4=�B[E�B7D�BR<�K�B[@,>.@,A'C�H0SO<?_N^NH�@Bª

³ �{=��3�WÌXH©C�=�`�^�C�`�@wKy<�AR@,v�FNA�@B[B[E�=�`�B7D'C�D�@wSnC�I1PNEM=N@,Tl\�C�B[@�_
I<4=?>.@,A�B�C#D�E�<4=�C�HtF�<�HME�IE�@B

³ ;�<4=?>.@,A�B�C#D�EM<�=�C�HtF�<4H�E�I,Z�>.@,A�E-z�IC�D�E�<4=mD�<V<�H�Bj�I<4=NB[E�B7D�EM=N`O<�K

� ;�<4SOFNEMH�@,T � E�SO@6>.@,A�E-z�@,A0hRP�E�I'P�C�B[B[@,A[D�BtD�P�C�D0D�P�@�B7D'C�D�@SnC�I'P�E�=�@,B�I<�SOFNA�E�B[E�=�`�D�P�@�I<�=?>.@,A�B�C�D�E�<�=�C�H4F�<4H�E�I,ZkC�A�@
hi@H�H-T�Ky<�A�SO@�_mC�=�_�I,<4=VD'C�E�=m=N<J^N=NA�@�C�I1P�C�\NHM@g<�AR^�=�_N@,T
z�=N@�_wB7D'C�D�@Br¶±FNA�<�\�H�@SOB�D�P�C�DtC�A�@6<�K©D�@=�_N^N@�D�<RB[E�SOF�H�@
FNA�<�`�A'C�SOSO@1AR@,A[A�<�A�B'·

� �?D'C#D�@��WC�I'P�E�=�@3>.@1A�E�z�@,A�hRP�E�I'P~_N@1D�@,A�SOE�=�@BihRPN@,D�P�@,ACm`4E�>.@,=QB7D'C�D�@nE�=QCmB7D'C#D�@nSnC�I'P�E�=�@UIC�=Q\�@UA�@�C�I1PN@�_



all your base are belong to us

Content
Verifier

Policy
Conversational

Conversational
Policy

CommitmentsJIT Compiler

Actions

Planner

Definitions

State Machine
Engine

RETSINA
Agent Foundation Classes

Message

ôRõ:ö�÷tø#ùQW�ûküzU�ù�������ü�����ÿ-è0õ6�OýI��ý��{ýNø&�/�If����{ü����! b� :
D�PNA�<�^�`�PWC�B[@�|V^N@=�I@3<�K�I<�SOS�^�=NE�I�C�D�E�>.@3C�I,D�B�T�D�P�^NB
_N@1D�@,A�SOE�=�E�=�`WhRPN@,D�P�@,AJ<�A�=�<�DOC~FNA�<�D�<VI<4H�E�B�zNDJK:<�A
^�B[@gEM=WC�F�C#A[D�EMI,^�HMC�A	I<�=?D�@1v�D

� ;�<4SOSOE-D�SO@=VD�>.@,A�E-z�@,ARhRPNEMI'PW^NB[@B	D�PN@k;i�)E�=�_~C�HM`�<�TA�E-D�P�S¸_N@B[I1A�EM\�@_�C�\�<�>4@�D�<�_N@,D�@,A�SOE�=N@nzND�=�@B[B�<�KgC
F�C#A[D�E�I^�HMC�AgFNA�<�D�<VI<4H�`�EM>4@=~I<4=NB7D[A'C�E�=VD�Bw<4=XI<�SOSOE-D[T
SO@=VDiKyC�E-A�=�@B[B

³ �oA�@,T�D'C�A�`4@1D'C�\�H�@3I<�=?>.@,A�B�C�D�E�<�=mF�<4H�E�I,Z�I<�SOF�E�H�@,A�j�`�@=�@1A'C�D[T
E�=�` Ï C�>�C3C�=�_n;qB[<�^NA�I@RI<?_�@RK:<�AiC�`4@,=?DrE�=VD�@,A'C�I,D�E�<�=OB[b.@H�@,T
D�<4=NBd

³ �{^�D�<4SnC#D�EMI�`�@=�@1A'C�D�<�AtKy<�A)�	;iÌ0TlE�=�_N@,F�@=�_�@=VD�SO@B[B�C�`�@rB7Z�=NT
D'C�v�>.@,A�E-z�I�C�D�E�<4=�I<?_N@�d

³ �{`�@=VDkÌ�E�=Nb.@,AwhRPNEMI'PpHME�=Nb�BgEM=VD�@,A'C�I,D�E�<4=�B[b.@H�@,D�<4=NB3`4@=N@,A[T
C�D�@_n\VZJI<4SOFNE�HM@1A�BrhRE-D�PnFNA�@�_�@,z�=N@�_UC�I1D�EM<�=�B�C�=�_UFNH©C�=�=N@,A
<4\?®7@,I,D�E�>.@Bd

� PN@wD�<V<4H�b?E-DwC�HMB[<OF�A�<#>�EM_�@BiD�P�@gK:<4H�H�<�hREM=N`�K:^�=NI,D�E�<4=�Bª

³ ��I<�=?>.@=VD�E�<4=QKy<�AUC�I,D�E�<4=q\�E�=�_NE�=�`�BJC�H�HM<�hRE�=�`�CWFNA�<�D�<VI<4H
_N@,B[EM`�=�@,A�D�<L_�@SnC�=�_qF�C�A[D�E�I^NH©C#AOB[^�FNF�<�A[DUC�I,D�E�>?E-D%ZGK:A�<�S
D�P�@�C�`�@=VD�E�SOF�H�@SO@=VD'C�D�E�<�=kC�B�=�@,I@B[B�C�A[Z3D�<	SO@�C�=�E�=�`�Ky^�H�H-Z
E�SOF�H�@SO@=VDiD�PN@wFNA�<�D�<VI<4H

³ �qI<4=?>.@=VD�E�<4=3K:<�A�A�@I^�A�B[E�>.@H-ZkE�=�IH�^�_�E�=�`gF�A�<�D�<VI<�H�B�hRE-D�PNEM=
<�D�PN@,AUF�A�<�D�<VI<�H�B�D�<X@=�P�C�=�I,@nA�@,^�B�C�\NE�HME-D ZVjrF�C�B[B[E�=�`XE�=NK:<�A[T
SnC�D�E�<�=�K:A�<�S�FNA�<�D�<VI<4H�@,v�E�DRB7D'C#D�@B�D�<�<�D�P�@,A�j0� <4^ND�@1A���F�A�<�T
D�<VI<�HMB

³ �m@,D�PN<?_NB�Ky<�Aw_�@,z�=NEM=N`�F�A�<�D�<VI<�H�T�hREM_N@3D[A'C�=�B[E-D�E�<4=~F�<4H�E�IE�@B

³ �{^�D�<4SnC#D�EMIC�H�H-Zm`�@=�@,A'C#D�@�_mSO@B[B�C�`4@3>.@1A�E�z�I�C�D�E�<�=WI<?_N@�d

e{<�hi@>.@1A�j)E-DkB[P�<�^�HM_L\�@U=N<�D�@�_XD�P�C�D3hRPNE�HM@n�	`4@=VD'��C�I,D�<�A[ZpF�A�<�T
>?EM_N@,B�C�B[@1Di<�KtI<4=?>.@,=�E�@=VDrD�<V<�H�BRC�=�_OE�=NK©A'C�B7D[A�^NI,D�^NA�@	D�<�_�@>.@H�<4F
C�`4@=VD�B	D�P�C�DRKyC�E-D�PNK:^�H�H-ZWKy<�HMH�<�h´F�A�@,T _N@,z�=�@�_�FNA�<�D�<VI,<4H�Bj�E-D{E�B{B7D�EMH�H
^NF�D�<mD�PN@nC�`�@=VD�_�@>.@H�<�F�@,AkD�<W_N@,B[EM`�=GP�E�B�C�`�@=VDJE�=�B[^�I'PLh�CZ
D�P�C�D�E-Dih�<4^NH©_n\�@	I<4SOFNHMEMC�=?DrhRE-D�P�=N<�D�<�=�H-ZUD�P�@{H�@,D[D�@,A�\N^ND�C�H�B[<
D�PN@3B[F�E-A�E-D	<�K)D�PN@wFNA�<�D�<VI<4H±d

� PN@	�{`4@,=?D'��C�I,D�<�A[ZJD�<V<�HMb?E-DrP�C�B6\�@@=U_N@B[E�`4=N@�_UC�B�CwF�C�A[D6<�K�D�PN@
�{« � ���%�g���	`4@=VDJ��<4^N=�_NC�D�E�<4=q;�HMC�B[B[@BjrhRPNE�I1PQF�A�<#>�EM_�@UKy^�=NI,T
D�E�<�=�C�H�E-D%Zw=�@I@,B[B�C�A[ZwK:<�A�C�`4@=VD)_N@>.@,HM<�F�SO@=VD�T�B[^NI1PwC�B)C�I<�SOS�^�T
=NE�I�C�D�E�<4=�E�=NK©A'C�B7D[A�^�I1D�^NA�@4jrI�C�F�C�\NEMH�E-D%Z�C�_N>.@1A[D�EMB[E�=N`�B[@,A�>?E�I@BUC�=�_

SnC�D�I'P�SnC�b?EM=N`QB[@,A�>?E�I@Bd � P�@�C�`4@,=?DmE�=NK:A'C�B7D[A�^�I,D�^�A�@�E�=NIH�^�_N@,B
CL`�@=�@,A'C�HgFN^NA�F�<4B[@�A�@^�B�C�\�H�@XF�HMC�=N=�@,AX� ¨#�{hRP�E�I'P]I�C�=�\�@~FNA�<�T
`�A'C�SOSO@�_�D�<QA�@C�B[<4=cC�\�<4^�D�I,<4SOSOE-D�SO@=VD�BOC�=�_aE�=NÜ�^�@=NI@~E-D�B
F�HMC�=�=�E�=N`O_N@I,EMB[E�<�=�B	\�C�B[@_�<4=mE�D�BRI<�=�IH�^NB[EM<�=�Bd

� P�@�I<�=�>4@,A�B�C�D�E�<4=�C�HRF�<4H�E�IE�@BnC#A�@�@,v�F�A�@B[B[@�_GE�="�w�WÌ]Ky<�A�SnC#D�j
C�=�_W`4E�>.@=�D�<�C Ï ^�B7D[Tl�%=�T � E�SO@wI,<4SOF�E�H�@,A�d � PN@�I,<4SOF�E�H�@,A	D[A'C�=NB7T
Ky<�A�SOB�D�P�@�I<�=�>4@,A�B�C�D�E�<4=�C�H�F�<�H�EMI1Z�E�=VD�<kC�=U@1vN@,I^ND'C�\�H�@�B7D'C�D�@RSnC�T
I'P�E�=�@4j�C�=�_cA�^�=�BWD�PN@q;i�)E�=�_¥C�H�`4<�A�E-D�PNS D�<�E�B[<4HMC�D�@qI<�SOSOE�D[T
SO@=VD�Bj�C�I1D�EM<�=�B�C�=�_3SO@B[B�C�`4@rK:<�A�SnC#D�_N@,z�=�E-D�E�<4=NBd � P�@6I<�SOSOE�D[T
SO@=VD�C�=�_�C�I,D�E�<�=W_N@1z�=�E-D�E�<4=NB�C�A�@{D�P�@=�C4_N_N@�_OD�<�D�PN@gFNH©C�=�=N@,A�� B
@=?>?E-A�<4=�SO@,=?D�C�=�_aKy^�A[D�P�@,AmFNA�<VI@,B[B[@�_]D�PNA�<4^N`4PoD�P�@XFNH©C�=�=N@,A�� B
P�E�`�PNTlH�@>.@H�A�@�C�B[<�=�E�=�`OIC�F�C�\�E�H�E-D�EM@,Bd

eg<�h�@>.@,A�j�E-DJE�BJb.@1ZpD�P�C�DkD�P�@UA�@C�B[<4=NE�=�`XHMC�Z.@,A�<�K�D�P�@nC�`4@=VDJE�B
=�<�D6I<4SOFNHM@1D�@H-ZJB[@,F�C�A'C#D�@�_�K:A�<�S´D�P�@iI<�=?>.@,A�B�C�D�E�<�=�C�H�F�<4H�E�I,ZVd��{B
SO@=VD�E�<4=N@�_WC�\�<#>.@�j�E�D{E�Bg=N@I@B[B�C#A[ZWD�<OA�@�C�B[<�=�C�\�<4^�DgD�P�@�_�@<4=�T
D�E�IkB7D'C�D�@B	<�K�D�P�@3F�A�<�D�<VI<�H)E�=W<�A'_�@,A	D�<n_N@,D�@,A�SOE�=N@wI^NA[A�@,=?D{C�=�_
Ky^�D�^NA�@3I<�SOSOE-D�SO@=VD�Bd

�%=�D�P�@~EM_N@�C�HgB[E-D�^�C#D�E�<4=]T�hRP�@=]D�PN@~F�HMC�=N=�@,A�P�C�BmC�H�Hw_N<�SnC�E�=
b?=�<�hRH�@�_N`�@WE-DO=�@,@�_NB�D�<pA�@�C�B[<�=]C�\�<4^ND�D�P�@WC�I,D�E�<4=NB�C�=�_qI<4SUT
SOE-D�SO@=VD�BiTrD�PN@kC�`�@=VDgI�C�=XC4|V^�E-A�@�CU=�@1hÎI<�=?>.@,A�B�C�D�E�<�=~F�<4H�E�I,ZVj
FNA�<VI,@B[BOE-DnC�=�_�B7D'C#A[DOI<4SOSJ^�=NEMIC�D�E�=�`~D�PNA�<�^�`�P�E-DO<�=�D�PN@�Ü�ZVd
�%=�D�P�@kI�C�B[@khRP�@1A�@kD�PN@k_N<�SnC�E�=~b?=�<�hRH�@�_N`�@�E�B{EM=NB[^N�OI,EM@,=?D�jND�P�@
F�HMC�=�=�@1AiA'C�E�B[@BRC�=�@1A[A�<�A	C�=�_OFNA�<4SOF�D�BrK:<�AiD�PN@wC�`�@=VDR_N@,>.@H�<4F�@,A
D�<OC�^�`4SO@,=?DRE-D�BRb?=�<�hRH�@�_N`�@3\�C�B[@4d

� P�@�IHMC�B[B[E�I�C�H�<4=�@1T B[EM_�@�_WA�@HMC�D�E�<4=NB[P�E�F�\�@1D%hi@,@=XP�E�`4P�T H�@>4@H�A�@�C#T
B[<4=NE�=�`�@=VD�E�D�E�@BmC�=�_]HM<�h�TlH�@>.@HkC�^ND�<�SnC�D�<4=�Tl\�C�B[@_]EM=VD�@,A'C�I,D�E�<4=
SO<?_N@,HMBtEMBt@�C�B[@�_�E�=�D�PNEMBtB7ZNB7D�@,SÎ\VZkC�H�H�<�hRE�=�`w\NE�T _�E�A�@,I,D�E�<4=�C�H?I<4=�T
D[A�<4H�Ü�<�h�\�@,D%h�@@=UFNH©C�=�=NEM=N`kC�=�_�FNA�<�D�<VI<4H�I,<4SOF�<4=N@=VD�Bd u PN@=
C�FNFNA�<�FNA�EMC�D�@4jgA�@�C�B[<�=�E�=�`a_�A�E�>.@B�D�P�@�C�`4@,=?D�� BmD[A'C�>.@1A�B�C�Hk<�K�D�P�@
FNA�<�D�<VI<4HgC�^�D�<4SnC�D�<�=�j	C�=�_�hRPN@=oC�FNFNA�<�FNA�EMC�D�@4j�D�PN@~FNA�<�D�<VI<4H±j
Ky<�H�HM<�hRE�=�`nE-D�B�B7D'C�D�@gSnC�I'P�E�=�@4j�SO<?_�E�z�@B�D�PN@gA�@�C�B[<�=�E�=�`�B7ZNB7D�@,SW� B
`4<4C�H�BwC�=�_�@=?>�E-A�<�=�SO@=VD�d

�	@SnC�E�=�E�=N`�D[A�^�@gD�<UD�PN@3B[@SnC�=VD�E�IBR<�K6CJF�C�A[D�E�I^NHMC�A{EM=VD�@,A'C�I,D�E�<4=
A�@SnC�EM=NBiD�P�@{\�^NA'_�@=�<�K)D�PN@gFNA�<�D�<VI<4Ht_N@B[E�`�=�@,A�jN\�^�DiD�P�<�B[@wFNA�<�T
D�<VI<�HMB	C#A�@wD�P�@=�C�DiD�PN@3_NE�B[F�<�B�C�H0<�K�C�`4@=VD	_�@B[E�`4=�@1A�Bd u E-D�PnD�P�@
P�E�`�P�@,A[TlH�@>.@H�I<�=�I@,FND	<�KtI<4SOSOE-D�SO@=VDi@1vNF�A�@B[B[@�_�EM=�D�P�@wF�A�<�D�<�T
I<�H�E�SOF�H�@SO@=VD'C#D�EM<�=�BgD�PN@SOB[@H�>.@Bj0D�P�@nC�`4@=VDJ_N@,B[EM`�=�@,A�E�B�C�\NHM@
D�<3SO<�A�@�I,<4=?>.@=NEM@,=?D�H-Z�A�@�C�B[<�=�C�\�<4^�DrD�PN<4B[@RE�B[B[^�@BrE�=nCwI<4SOF�@,D[T
E-D�E�>.@4j�B[@H-K©T E�=VD�@,A�@B7D�@_Q@=?>�E-A�<�=�SO@=VDwhRPNEMI'PQSJ^�I'PLSO<�A�@�IH�<4B[@H-Z
A�@B[@SJ\�H�@B�D�P�@{Ky^ND�^�A�@w<�K�SJ^�H-D�EMC�`�@=VDRB7ZNB7D�@,SOBd

7.1 Agent Developmentwith AgentFactory� P�@3F�A�<VI@B[BR<�K6C�`4@=VD	_�@>.@H�<4FNSO@=VD�^�B[E�=N`O�{`�@=VD'��C�I,D�<�A[Z�EMB	C�B
Ky<�H�HM<�hRBª

�4d$#�¿'»y½ ¾&%6Â�¼NÛ�¾1¿1Ê1À�½±»�Â�¼�À4É�ÝRÂ4É »�Á('�\VZ	h�A�E�D�E�=N`{C�B7D'C#D�@,T�D[A'C�=�B[E-D�E�<4=
_NEMC�`�A'C�SÐ<�KRD�P�@nE�=VD�@,A'C�I,D�E�<�=�BJD�<~\�@nE�SOF�H�@SO@,=?D�@_0jtD�PN@=
I<4=?>.@,A[D�E�=N`gE-D)D�<{D�PN@)�3�WÌnKy<�A�SnC�D�d)� =�D�PN@�Ky^�D�^NA�@4j�`�A'C�F�P�T
EMIC�H�FNA�<�`�A'C�SOSOEM=N`3D�<V<4H�B�hRE�H�H0\�@{_N@,>.@H�<4F�@�_UD�<kSnC�b4@RD�PNE�B
B7D�@FmSO<�A�@3EM=VD�^NE�D�E�>.@�d

�?d+*RÈ?¼-,�¾1¿'» .i¾1¿'ÊtD�<k_�@,D�@,A�SOE�=�@�hRPN@,D�P�@1A6D�PN@�I<4=?>.@1A�B�C�D�E�<4=�C�H
F�<4H�E�I,ZmI,<4=VD'C�E�=�BR@,A[A�<�A�B{<�A	EMBR^N=Nz�D�Ky<�A{^�B[@�d
� P�@�FNA�<VI@B[BgSnC�Z�P�C�>.@3D�<n\�@kA�@F�@�C�D�@_X^N=VD�EMHtCOB[^�E-D'C�\NHM@
I<4=?>.@,A�B�C#D�E�<4=�C�HtF�<�HME�I,Z�E�B	_N@>.@,HM<�F�@�_0d
Ög=�I@kD�P�@�F�<4H�E�I,ZXF�C�B[B[@B3>.@,A�E-z�I�C�D�E�<4=�C�=�_~EMBw_N@,D�@,A�SOE�=N@�_
D�<~\�@OB[^�E-D'C�\NHM@OK:<�AJ^�B[@4j�E-DJI�C�=L\�@�_�E�B7D[A�EM\N^ND�@�_pD�<~C�`�@=VD



Protocol
Repository

Action
Repository

Obtain
Procol 

Specification

Protocol

Verify
Reachability

Examine
Commitments 

Protocol 
w/Verifier
Markup

Generate FSM
Code

C or Java 
Source Code

Action
Interface

Link Compile

Agent

ôRõ:ö�÷tø#ù�/�ûN�nö�ù�������ù?þ�ù�ÿ6�I»V��ù��8�PëOõ6�CUw��ö�ù�����ôtý�9l���ø0I:
_N@,>.@H�<4F�@,A�Bd�e{<�hi@>.@1A�jN\VZO@,=�B[^NA�E�=N`JD�P�C#DRC�H�H�E�=VD�@,A'C�I,D�E�<�=�B
C�A�@�B[F�@,IE-z�@�_�E�=OC�_N>�C�=NI@4j4D�PN@��{`�@=VD'��C�I1D�<�A[Z�D�<V<4H�b?E�Dr_?A'C�T
SnC�D�E�I�C�H�H�Z�_�@I,A�@�C�B[@B)D�E�SO@rB[F�@,=?D)<4=J_N@>.@,HM<�F�SO@=VDtC�=�_�_�@,T
\�^N`4`�EM=N`U<�K�E�=VD�@,A'C�I,D�E�<4=�Bd

¦?d�%6Â�Ç{Å�»±ÉM¾21'¼�½ ¾1¿7À.Á,½±»�Â�¼437#.¾,ÉM¾1½lÂ�¼�Êr\VZ�A�^N=�=�E�=N`kD�PN@w;�<�=?>.@,A[T
B�C�D�E�<�=�C�H6º)<�HME�I,ZL;�<�SOF�E�H�@,A�d��{SO<�=�`OD�P�@�`4@=N@,A'C�D�@_pI<?_�@
hRE�H�Hi\�@nC�=GC�I,D�E�<4=GE�=VD�@,A[K±C�I@OTRhRP�E�I1PLB[F�@IE-z�@BkhRP�C#DUC�I,T
D�E�<4=NBRC�A�@gA�@�|V^NE�A�@_OD�<J\�@gE�SOF�H�@SO@,=?D�@_U\?Z�D�P�@wC�`4@=VDR_�@,T
>.@H�<�F�@,A

��d+5r»±ÉyÉ.½:ËN¾	À.Á,½±»±Â�¼O»y¼�½ ¾1¿6�À.Á'¾�hRE-D�PkA�@,Ky@,A�@,=�I@B�D�<{H�E�\NA'C#A[Z3Ky^�=NI,T
D�E�<4=NB	<�A	F�HMC�=N=�@,A	<4\?®7@,I,D�E�>.@B

² d&*R¾,Ãl¿'È?¼m½:Ë�¾6%6Â�¼NÛ�¾1¿1Ê1À�½±»±Â�¼�À4É�ÝRÂ4É »�Á('�%6Â�Ç{Å�»±ÉM¾1¿�D�<3HME�=Nb�D�PN@
E�=VD�@,A'C�I,D�E�<�=WB[b.@H�@,D�<�=mhRE-D�PmD�P�@kC�I,D�E�<4=WH�E�\NA'C#A�EM@,B

¡?d�%6Â�Ç{Å�»±ÉM¾X½:ËN¾p¿�¾1Ê�È�É ½±»y¼?ÆqÊ,Â�È�¿7Á'¾QÁ'Â�Ä.¾nhRE-D�P}C Ï C�>4CG<�AW;
I<�SOF�E�H�@,A�d

� PN@3A�@B[^�H-D�E�=�`nC�`4@=VD�B{C�H�H�<#hYD�P�@3C�`4@=VD{FNA�<�`�A'C�SOSO@1A�D�<OEMSOFNH�@,T
SO@,=?DgC�=�_X_N@\N^�`�C�`�@=VD3E�=?D�@1A'C�I,D�E�<4=pB[@F�C�A'C�D�@,H�Z~K©A�<4S D�PN@�A�@C�T
B[<�=�E�=�`�FNA�<VI,@B[Bd � P�@,Z�I�C�=n\�@	^�B[@�_OB7D'C�=�_�C�HM<�=�@	<�AiC�B�C3F�C#A[Di<�K
CJH©C#A�`4@,AgC�`�@=VD�d

� PN@UI<�=�>4@,A�B�C�D�E�<4=�C�H6F�<4H�E�I,Z�I<4SOFNEMH�@,AwEMB�C�I<4SOSnC�=�_�TlH�E�=�@kD�<V<4H
D�P�C�D�I�C�=U\�@i@�C�B[E�H�ZJE�=VD�@`�A'C#D�@�_�hRE-D�PUF�A�<�®%@I,D6SnC�=�C�`4@,SO@=VDtD�<V<4H�B
B[^NI1PLC�BnÇOÀ$#.¾w<�AJ`�A'C�FNP�E�I�C�Hr_N@,>.@H�<4FNSO@=VD3@=?>?E�A�<�=�SO@=VD�BwB[^NI1P
C�B6798�È�»yÉ�ÄV¾1¿i<�A�,0»yÊ�ÈNÀ4É:%<;=;id

7.2 AgentFactory in Action� PN@pD�<V<�H�b�E-D~P�C�B�\�@@=c^�B[@_]<4=cB[@>.@,A'C�HwS�^NH-D�E�T C�`4@=VD�B7ZNB7D�@,S
F�A�<�®%@I,D�BJC�=�_�P�C�B3\�@@=�FNA�<#>.@=XD�<~_�A'C�SnC�D�E�I�C�HMH-Z�_N@,I,A�@�C�B[@n_�@,T
>4@H�<4F�SO@,=?D�D�EMSO@�d

ôRõ:ö�÷�ø�ù?>0û_��ö�ù����C�Uõ-��ý�÷�9l�õ6�5�A@ �$� :
�{B�CWz�A�B7DU@1v�C�SOF�H�@n<�K{Cp_N@FNHM<�ZV@_QB7ZNB7D�@,S¸^NB[EM=N`~D�P�@��{`�@=VD[T
��C�I,D�<�A[ZkD�<V<4H�b?E-D�j4h�@i\�^NEMH-D�C	FNA�<�D�<VI<4H-T C�`�=�<4B7D�E�I	C�^NI,D�E�<4=JB7ZNB7D�@,SWd
�{H�H�C�`4@=VD3E�=VD�@,A'C�I1D�EM<�=�B3E�=XD�P�@�B7Z�B7D�@S�P�C�>.@�\�@@=pB[F�@IE-z�@_�C�B
I<�=�>4@,A�B�C�D�E�<4=�C�H�F�<4H�E�IE�@BwC�=�_mC�`4@=VD�BRhi@,A�@3\N^�E�H-D	EM=~;cC�=�_ Ï C�>4C
^�B[E�=N`{D�P�@rE�=?D�@1A'C�I,D�E�<4=�B[b.@H�@,D�<�=�B�\N^�E�H-D�\VZkI<4=?>.@,A�B�C#D�E�<4=�C�H?F�<4H�E�I,Z
I<�SOF�E�H�@,A�Bd

«6C�I'PW<�K)D�PN@wE�=VD�@,A'C�I,D�E�<�=WB[b.@H�@,D�<�=�B�h�C�B	\N^�E�H-D	C�=�_�D�@B7D�@�_�E�=�_N@1T
F�@=�_N@=VD�H-Z~<�K6D�P�@�<�D�PN@,A�Bj0hRP�E�I1PpC�HMH�<�hi@_�Ky<�A3I<4SOF�C�A[D�SO@=VD'C�H�T
E�¬�C�D�E�<�=UC�=�_�@C�B[@�_kD�P�@r_N@\N^�`4`�E�=�`gF�A�<VI@B[Bd�Ì�C�D�@,AtD�P�@�B[b4@H�@,D�<4=NB
hi@1A�@3EM=VD�@`�A'C�D�@�_�hRE�D�P�D�P�@w�{« � ���%�g�}FNHMC�=�=N@,A	C�=�_�^NB[@,ARE�=?D�@1A[T
K±C�I@�I,<4SOF�<4=N@=VD�B�D�<RI<�SOF�H�@,D�@�D�P�@6C�`�@=VD�_N@>4@H�<4F�SO@,=?D0F�A�<VI@B[Bd

� P�@��W�g�p¶±B[@@wz�`4^�A�@k§.·iI<4=NB[E�B7D�B{<�K)D�P�@gK:<4H�H�<�hREM=N`mC�`4@=VD�B3ª

³ �	È�Á,½±»±Â�¼�¾�¾1¿'ÊiI<�=�_N^NI,DRC�^�I,D�E�<4=NB�Ky<�A	E-D�@SOBiE�=�D�P�@E-ARE�=?>.@=NT
D�<�A[ZVj)\�C�B[@�_�<4=G«�=�`�HME�B[P0j�¤w^ND�I'P�j)��F�C�=NEMB[Pa¶yz�B[PNTlSnC#A�b.@,D1·
<�ArÑgE�I1bVA�@,Z�C�^NI,D�E�<4=OF�A�<�D�<VI<�HMBd � PN@RD�P�A�@@	C�^NI,D�E�<4=�@,@,A�B�E�=
D�P�@gz�`4^NA�@kC#A�@3=�C�SO@�_$B�C�FNP�<?_�j � A�E�H�H�EMC�=XC�=�_W��<�A'_

³DC »yÇn¾1¿'ÊtF�A�<#>�EM_�@�I,A[Z�FND�<4`�A'C�FNP�E�IiD�E�SO@B7D'C�SOFNB)Ky<�A�C�^NI,D�E�<4=�T
@@,A{C�`�@=VD�Bd

³ 8R»�Ä.ÄV¾1¿'ÊRF�C#A[D�E�IE�F�C�D�@JE�=�C�^�I,D�E�<�=�BgA�^N=p\VZ�D�P�@JC�^�I1D�EM<�=�@@1A
C�`4@,=?D�Bj)C�=�_�_?ZN=�C�SOE�I�C�HMH-ZpB7hRE-D�I1PpD�P�@E-AkF�A�<�D�<VI<�HMBk\�C�B[@�_
<4=~_�@IE�B[E�<4=�BRSnC�_N@w\VZnD�P�@E-A	E�=VD�@,A�=�C�H0FNHMC�=�=N@,A�Bd

³ 8	É�À.ÁÍ#l��Â�À�¿[ÄiE�B6C{SOEM_N_NH�@�C�`4@=VD�D�P�C�D�FNA�<#>?EM_N@B)C�^�I1D�EM<�=�H�E�B7D[T
EM=N`mB[@,A�>?E�I@�K:<�AJC�^NI,D�E�<4=N@@,A�C�=�_LC�^�I,D�E�<4=�=�@,hRB3B[^N\�B[I,A�E�F�T
D�EM<�=WB[@,A�>?E�I@wKy<�A	\�EM_�_�@,A�Bd

� P�@3F�A�<�D�<VI<�H�B{E�=?>.<4H�>.@_�E�=mD�P�@gB7ZNB7D�@,S¯C�A�@kC�B�K:<4H�H�<#hRBª

³ �	È�Á,½±»±Â�¼�Ê(E�«�=�`�HME�B[P0j�¤w^�D�I1P0jN��F�C�=�E�B[P~C�=�_�Ñ{E�I1bVA�@,Z
³ %�¿!''Å�½lÂ�Æ�¿[À'ÅNË?»�Á C »yÇO¾1Ê�½lÀ�ÇgÅ�»:¼?Æ

³GF Û�¾1¼N½)3�È#Å.Å�É »�¾1¿kÀ�¼�Ä F Û�¾1¼�½IH�»yÊ�½ ¾1¼�¾1¿�F�A�<�D�<VI<�HMBd



Ög=NI@nD�P�@�I<4=?>.@,A�B�C#D�E�<4=�C�H�F�<4H�E�IE�@BOP�C�>.@�\�@@=q_�@>.@H�<�F�@�_qC�=�_
>4@,A�E-z�@�_�jVB[@>.@,A'C�H�C�`4@=VD�_N@>.@,HM<�F�@,A�B�I,<V<4F�@,A'C#D�@�_�D�<3h�A�E�D�@	C�`4@=VD�B
D�P�C�Dg@,v�@I^ND�@_�D�P�@B[@�F�<4H�E�IE�@Bdg�{BgCOA�@,B[^�H-D�j�D�P�@k@=VD�E-A�@�B7ZNB7D�@,S
hiC�B{_N@>4@H�<4F�@�_�EM=�^�=�_N@,A	�khi@@b?B	C�=�_mC�_�_NE-D�E�<4=m<�K�C�=�@,hYC�^NI,T
D�E�<�=oFNA�<�D�<VI,<4HwI�C�=]\�@p_N<�=�@~E�=aD�P�@~SnC#D[D�@,A�<�KkPN<4^NA�Bd � E�SO@
B[F�@,=?D�_�@\�^N`4`4E�=N`GC�`�@=VD�E�=VD�@,A'C�I,D�E�<4=´¶yhRP�E�I'PaE�B�=�<�A�SnC�H�H�ZqD�PN@
SO<�B7DJ_NE-�OI^NH�DJFNA�<VI,@B[BJE�=��W�g�L_N@>4@H�<4F�SO@,=?D1·wC�II<�^�=VD�@�_�K:<�A
H�@B[BRD�P�@,=����KJ�<�K�D�<�D'C�H�_N@\N^�`4`�E�=�`�D�E�SO@4d

8. CONCLUSIONS� =QD�P�E�B�F�C�F�@,A�j�h�@�P�C#>4@�F�A�@B[@=VD�@�_GC~B[I'P�@SO@UD�P�A�<4^�`�PGhRP�E�I1P
C�`4@=VD�BWIC�=cE�=NKy@1AWI<�SOSOE�D�SO@,=?D�BOSO@1A�@H-ZaD�PNA�<�^�`�Po<4\�B[@1A�>4C�\�H�@
I,<4SOS�^N=�E�I�C#D�EM<�=�Bj�D�P?^�B�<�\�>?EMC�D�E�=N`iD�P�@�=�@@_gKy<�A)C�=3@,v�FNHME�IE-D�I<4SUT
SOE-D�SO@=VD�E�=NK©A'C�B7D[A�^�I1D�^NA�@p<�AWPNE�`4PNTlH�@>.@,HwB[@SnC�=VD�E�IBd u @XP�C#>4@
C�H�B[<mFNA�@,B[@=VD�@�_XC�I<�SOF�^�D'C�D�E�<4=�C�H�H-ZWKy@�C�B[E�\�H�@OC�H�`�<�A�E-D�P�S K:<�Ak_�@,T
D�@,I,D�E�=�`oB[^�I'PÎI,<4SOSOE-D�SO@=VD�BW^�B[E�=N`aD�P�@Qz�=�E-D�@,TlB7D'C�D�@qC�^ND�<4SnC#T
D�<�=GA�@FNA�@B[@,=?D'C#D�E�<4=q<�K	I<�SOS�^�=NE�I�C�D�E�<4=GF�A�<�D�<VI<�H�Bj�F�A�@>?EM<�^�B[H-Z
D�PN<4^N`4PVDrD�<k\�@�D�<V<�EMSOF�<#>.@1A�EMB[PN@�_JD�<kI<�=�>4@,ZUB[^NI1POE�=NK:<�A�SnC#D�EM<�=�d

u @JP�C�>.@J^�D�E�HME�¬@_XD�PN@JF�A�<�D�<VI<�H�TlH�@>.@,H6B[@,SnC�=VD�E�IBgE�=~D�P�@J_N@B[E�`�=
<�Kk�{`�@=VD'��C�I1D�<�A[ZGD�<V<4H�b?E-D�jihRP�E�I'PaP�C�BO\�@@=�^�B[@_�E�=a_�@>.@H�<�FNT
SO@,=?Dw<�KRB[@>.@1A'C�H6S�^�H-D�E-T C�`�@=VDkB7ZNB7D�@,SOBkC�=�_Xh�C�B�F�A�<#>.@=�D�<m\�@
C�=W@,�OI,EM@,=?DRhiC�ZnD�<O_�@>.@H�<�FWB[^�I'PmB7Z�B7D�@SOBd

9. REFERENCES���1�kÌ6d�£gÍ<�HlÍ<�=�EtC�=�_�¤�d�;{d �WC#A�E�=�@B[I^0d��YSJ^�H-D�E-TlF�HMC�=N@wB7D'C�D�@
SnC�I'P�E�=N@3C�`�@=VD{SO<?_�@H±d � @I1PN=�E�I�C�H��	@F�<�A[D{;��?¤gT � �
�4�#T �.�4¨Vj�º�^NA'_N^N@w�g=NE�>.@,A�B[E-D%ZVjN�?@FND�@SJ\�@,Aw��4�4�?d

� ���kÌ6d�£gÍ<�HlÍ<�=�E±jMLUd�eg<��SnC�=N=�j�¤�d��mH-ZN=N@b�C�=�_�jNC�=�_
¤�d�;{d �WC�A�E�=�@B[I,^�d��	=�<�\�®%@I,D[Tl<�A�E�@=VD�@�_mK©A'C�SO@,h�<�A�bnKy<�A
\�^NE�H©_�E�=�`UI<�H�H©C�\�<�A'C#D�EM>4@�=N@,D%h�<�A�b�C�`�@=VD�BdN1'¼N½ ¾,ÉyÉ »MÆV¾1¼�½
3O'�Ê�½ ¾1Ç�Ê�À�¼�Ä�1'¼N½ ¾1¿-�,À.Á'¾1Ê'jt���4����d

� ¦#����d�;�<4H�<4SJ\�@,D[D�E±d��YI,<4SOSOE-D�SO@=VD[Tl\�C�B[@_�C�F�F�A�<.C�I'P�D�<
C�`�@=VD	B[F�@@I'P~C�I,D�B	C�=�_�I,<4=?>.@,A�B�C#D�EM<�=�Bd��%=~Ýi¿[Â�Á'¾�¾[Ä�»y¼VÆ�Ê�Â��
#mÂ�¿�#�Ê7ËNÂ'ÅGÂ�¼G%6Â�¼NÛ�¾1¿1Ê1À�½±»�Â�¼�À4É�ÝRÂ4É »�Á,»�¾1Ê3À�½ �	È�½lÂ�¼�Â�ÇUÂ�È?Ê�rÆV¾1¼N½±ÊQPSRTRTR#j��{^N`O���4�4�?d

� ��� � d���d�;�<4=NB[<�A[D�E�^�SWd��)E�F�CO���4���UB[F�@IE-z�I�C#D�E�<4=�Bd
h�h�h3d z�F�C�d <�A�`�j����4����d

� ² � � d��)E�=NEM=0jVUJdNÌtC�\�A�<4^0j�C�=�_ Ï d��WCZ?z�@HM_0dVLk|VSOH�C�B	C�=
C�`�@=VD	I<4SOSJ^�=�E�I�C#D�E�<4=mHMC�=�`4^�C�`�@4d�� = Ï d�£rA'C4_�B[P�Ch3j
@�_�E�D�<�A�jW3�Â��1½��rÀ�¿�¾��rÆV¾1¼N½±Ê'd��m� � º�A�@,B[Bjt�����.¨Vd

� ¡#�3�Jd���dNÌ�ZN=NI1P0dYX3»yÊ�½±¿'»F�,È?½ ¾�Ä��{É Æ.Â�¿'»y½:Ë?Ç�Ê�j�I1P�C�FND�@1ARF�C�`�@B
������T%��¦?�4d0�m<�A�`.C�=4LkC�^NK:SnC�=0j0��4��¡�d

� ¨�����d�º�C�<4H�^NIIE±j�¤�dSLkC�H�F0j���dNº�C�=�=?^�j�ÖJd���P�@,P�<�A[ZVjNC�=�_
LUd��?Z�I�C�A'C?d��}F�HMC�=N=�E�=�`�I<4SOF�<�=�@=VDiK:<�A{�g« � ��� �w�
C�`�@=VD�Bd�� =~Ýi¿[Â�Á'¾�¾�Ä�»y¼?Æ�Ê�Â��4#mÂ�¿�#�Ê7ËNÂ'ÅGÂ�¼.�6ÆV¾1¼�½ C Ë�¾[Â�¿'»l¾1Ê�	¼�Ä6HtÀ�¼NÈ4Æ.À�ÆV¾1ÊJÀ�½I1Z%W[b��3M\K\�d����4����d

� §#� Ï d�º6E-D[D	C�=�_W��d��WC�Sn_�C�=NE±d��}FNA�<�D�<VI,<4H-Tl\�C�B[@_WB[@SnC�=VD�E�IB
Ky<�AwC�`4@=VD	I<�SOS�^�=NE�I�C�D�E�<4=�HMC�=N`4^�C�`4@4d��%=WÝ�¿7Â�Á1¾�¾[Ä�»y¼VÆ�ÊJÂ��
1'¼�½ ¾1¿'¼�À�½±»�Â�¼�À�É]7?Â�»y¼N½�%6Â�¼��¾1¿�¾1¼�Á1¾JÂ�¼b�	¿1½±» .rÁ,»�À4É
1'¼�½ ¾,É:É »MÆV¾1¼�Á'¾1jt��4����d

� �#� � d���C�=�_NP�<�H�SWjN��d���E�b?b4C?j�C�=�_m��dN�g<�A'_�@=�dN�	HM`�<�A�E-D�P�SOB�K:<�A
<4F�D�E�SOEM¬,EM=N`UH�@>.@H�@�_�I<4SOSOE-D�SO@=VDiI,<4=VD[A'C�I,D�BdN�%=
1'¼�½ ¾1¿'¼�À�½±»�Â�¼�À�É]7?Â�»y¼N½�%6Â�¼��¾1¿�¾1¼�Á1¾JÂ�¼b�	¿1½±» .rÁ,»�À4É
1'¼�½ ¾,É:É »MÆV¾1¼�Á'¾1j�F�C�`�@B ² ¦ ²_^�² �.��j���4����d

�-���#�J��d�º)d���E�=�`�P�d � <�h�C�A'_�EM=VD�@,A'C�I,D�E�<4=�T <�A�E�@=VD�@�_
FNA�<4`�A'C�SOSOE�=�`�d��%=�1'¼N½ ¾1¿1¼�À�½±»�Â�¼�À4É`%6Â�¼��¾1¿�¾1¼�Á'¾�Â�¼
[XÈ�É ½±»�À�ÆV¾1¼�½a3O'�Ê�½ ¾1Ç�Ê,(�1Z%W[b��3�*�#mÂ�¿�#�Ê[Ë�Â1ÅGÂ�¼cb3Â�¿'Ç�Ê�%!J�É »MÆ.À�½±»�Â�¼�Ê�%rÀ�¼�Ä4%6Â�¼�Û�¾1¼N½±»�Â�¼NÊ'j�¤w@I@SJ\�@,Aw��4�4¡?d

�-�4�1�J��d�º)d���E�=�`�P�dN¤w@>.@H�<�F�E�=�`�Ky<�A�SnC�HtB[F�@I,E�z�I�C�D�E�<�=�BRD�<
I<V<�A'_�EM=�C�D�@kP�@1D�@,A�<4`�@=�@<�^�B	C�^�D�<4=N<4SO<4^NB	C�`4@,=?D�BdN�%=
1!7Y%��&1(\Kd�j�F�C�`4@,Bg��¡�� ^ ��¡�§�j���4�4§?d

�-�#���k�1d���SOE-D�P�j�º)d�;�<4P�@,=�j Ï d�£6A'C4_NB[P�Ch3j0��dMe{A�@C#>4@Bj�C�=�_
eJd eg<�HMSJ\�C�I1b�d�¤w@B[E�`4=NE�=�`UI<�=?>.@,A�B�C�D�E�<�=WF�<4H�E�IE�@Bg^NB[E�=�`
®7<4E�=VD	E�=?D�@,=?D�E�<�=�D�P�@,<�A[ZVdN�%=~Ýi¿[Â�Á'¾�¾[Ä�»y¼VÆ�Ê�Â��&1'¼�½ ¾1¿'¼�À�½±»�Â�¼�À4É
7?Â�»y¼�½&%6Â�¼C�¾1¿�¾1¼�Á'¾�Â�¼ �	¿'½±» .rÁ,»�À4ÉY1'¼�½ ¾,ÉyÉ »MÆV¾1¼�Á'¾1jt�����4§?d

�-��¦#� � d u E�=N<4`�A'C�_~C�=�_m��d��)HM<�A�@Bd�f0¼�Ä.¾1¿1Ê�½lÀ�¼�Ä�»y¼?ÆWÁ�Â�Ç{Å�È?½ ¾1¿1Ê
À�¼�Ä�Á�Â�Æ�¼�»y½±»�Â�¼NEJ�¢¼�¾§�H�Â�È?¼�Ä4À�½±»�Â�¼z�Â�¿�Ä.¾1Ê'»�Æ�¼�d��{\�H�@,v�j
�g<�A[h�<V<?_0j�� Ï j0����§4¡�d


