
���������	�
����������������������������������������
�������� �!�"����#%$����&��$'�&�

(*),+.-0/2143517608:9 ;�),+.9�<>=,?A@
B�C4DFE:GAH4IJG�K�G,LML>NOE*PQE�IJR0GADFSTIJUTVXWYP[Z�\
PQE�I>ROGADFSTIJUTV�N4]_^`C7DTL>SFDFa:b�G[Wdc[GADFe�C4E�V

f.g%hji�kXf�lXi
m�G*n:GAeXNOE�SFUFD5C7UFG*UFb�GoC4p:pqLMI>rsC4UTIJN0E:StN7]�K*C7DFu0N7R�BvbwCsIJE�S�C7E�n
xyK*K�S`UFN�eXN�n�G5LzIJE�H.N4]�UFb:GXa:E�n:GADTLJV0I>E:H�SFUFDFa:rAUFa:DFGXI>E*SFp{NOE�U5Cs|
E:GANOa�S}SFp{N0uOGAE%L~C4E:H0awC4HOG0�_����p{G�DTI>eXG�E�UFS��vIJUFb%SFa:p{GADFR0IJSFGAnXUFD5CAI>E�|
IJE:H`rAN7R0GADvUFb:G�n�G�UFGArAUTIJN0E�N4]�UFb:GQr�a�DFDFGAE�U_nqI~CsLJN0H`SFU5C7UFG`C4E:nXI>n:GAE�|
UTIM�wr7C4UTIJN0E�N7]�UFb:GXSFp{GAGAr5b	C4rAU�C7S%a:SFGAn���V�UFb:GXSFp{GAGAr5b�UFD5C4E:STL�CA|
UTIJN0E�rAN0eXpwN0E:GAE�U%IJE�N0a:Dt�7\��[PyZ�Z�p{GAGAr5b�|TUFN7|2Zqp{G�G4r5b��jD5C4E:STL�CA|
UTIJN0E�Z�V�SFUFGAe���x[K*K�UFD5CAI>E�I>E:H��vIJUFb*bqIJn:n�GAE�SFU5C4UFGAS[IJS[a:SFGAn�UFN
a:E:rAN7R0GAD.N0UFb:GADXL>GAROG,LJSXN4]�SFUFDFa�rAUFa:DFG*I>E�UFb:G*U5C4SFu{����b:G*p{N0SFSTIM|
��LJGta:SFG�N4]yUFb:Gte�N�n�G,L�]�NOD`p{GADFp�L>G��0I>U�V�DFGAn:a�rAUTIJN0E�IJE�C�rANOE�UTI>E�|
a:N0a:S�SFp{GAGAr5b�DFGArANOH0E�I>UTIJN0E�SFV�SFUFGAe�IJS�CsLJSFN�n:GAeXNOE�SFUFD5C7UFGAn����jN
C4r5bqIJGAR0G`IJeXp�DFN7ROGAeXGAE�UyN4ROGADyCXSFU5C4UFG[IJE�n:GAp{GAE:n:GAE�Uy�qIJH0D5C7e�L~C4E�|
H0awC4H0G`e�N�n�G,L��{HODFG7C4U_r7C4DFG`e�a�SFU_�{G`U5C4uOGAE�UFN�u0GAG�p�UFb:G`E�a�e��{GAD
N4]�eXN�n:G,L�pwC4D5C4e�GAUFGADFSvSFe�CALzLwI>EXUFb:Gv]�C4r�GQN7]�LzIJe%IJUFGAnXC7eXN0a:E�UFSvN7]
UFD5CsIJEqIJE�H�n{C7U5C�]~DFN0e�UFD5C7E�SFr�DTI>�{G�n*SFp{N0E�U5C7E�GAN�a:S[SFpwGAGAr5b��

�w���A� i�kX������l�i � � �
�TE�SFp{NOu0GAE�L�C7E�HOa{C7H0G�a:E:n�GADFSFU5C7E{n�I>E:H�p�DFN�n:a:rAUTI>ROG�IJE�UFGADFp�DFG�U5Cs|
UTI>NOE*N4]�C4E*a:UFUFGAD5C4E:rAG�b{C7S`UFN�IJE:rAN0DFp{NOD5C4UFGXUFb:G�a�E:n�G�DTL>V0IJE�H�LzIJE�|
H0a�I>SFUTIJr%SFUFDFa:rAUFa:DFG%IJE�CXn�I�CAL>NOH��`��b�I>S`SFUFDFa:rAUFa:DFGXrAN0e�p�DTIJSFGAS`UFb:G
rAa�DFDFG�E�U�UFN0p�I>rO�Xn�I>SFrANOa�DFSFG	SFU5C4UFG0��SFpwGAGAr5b�C7rAUA��C7E�n rANOeXeXNOE
p�b:D5C4SFGASA�.�TU`bwC4S��{GAG�E�SFb�N7��E�¡ ¢7£vUFbwC4U`Iz]_UFN0p�IJrXN0D�SFp{GAGAr5b�C7rAU
I>S�u�E:N4��E���UFb�G�p{GADFp�LJGA�0I>U�V�N4]�UFb:G�U5C7SFu¤rsC4E��{G*DFGAn:a:rAGAn�STIJH4|
EqIM�{rsC4E�UTLJV0��¥�a:DFUFb�G�DFeXN0DFG�CXHON�N�n�GASFUTIJe�C7UFG%N7]vUFb:G%e�N0SFUQLMIJu0G,LJV
SFp{GAGAr5b.C4rAUFSj]�N0D_C`H4IJR0GAEXSFG�E�UFGAE�r�G[b:G,L>p:SvUFN`DFGAn:a:rAG`C7e%��I>HOaqIJUTIJGAS
I>E�L�C7E�HOa{C7H0G�a�E:n�G�DFSFU5C4E:nqIJE�HoC4E:n�SFp{G�GAr,b*UFD5C7E�STL~C4UTIJN0E��
\¦ROC7DTI>GAU�V
N7]�C7p�p:DFN�C7r,b:GAS�a�SFG�u�E�N7�vLJGAn�HOG��wC4SFGAn�UFGAr5b�E�I>§�a:GAS
LzIJu0GynqIJSFrAN0a:DFSFG`UFDFGAGASA�:p�L�C7Eq|�DFGAr�N0H0E�IJUTI>NOE��:�{E�I>UFGySFU5C4UFGyH0D5C4e�e�C4DFS
C4E:n¤NOUFb�G�D%LzIJE:H0a�I>SFUTIJr�SFUFDFa�rAUFa:DFGASA�_��V�rANOE�n�IJUTI>NOEqIJE�H�SFU5C4UTIJSFUTIJr7CsL
L�C7E�HOa{C7H0G�eXN�n:G,LJS�NOE�UFb�G�n�G�UFGArAUFGAn
LMI>E:H0a�IJSFUTI>r*SFU5C7UFG0��m	bqIMLJG
SFa�r5b
eXG�UFb�N�n:S�n�N�LJG7C7n
UFN�STI>HOEqIM�{rsC4E�U�p{GADFp�L>G��0I>U�V¤DFG�n�a:rAUTIJN0E��
UFb�GAV�IJE�R0N7L>ROG%UFb:G�n�G,�wE�I>UTIJN0E�C4E:n�C7E{CAL>V�STIJS`N4]_a:SFG,]�a�LjLzIJE�HOaqIJSFUTIJr
SFUFDFa�rAUFa:DFG�C7E�n�UFb�G�n�GAROG,LJN0p:eXGAE�U`N4]_H0D5C7eXe�C7DFS`UFNtn:GAUFGAr�U�C4E:n
p{C7DFSFGXDFG,LJGAROC4E�U[r�N0E:SFUTI>UFa:GAE�UFSA��¨�N0UFb�U5C4SFu�S�C4DFG`L�C7�{N0D[IJE�UFGAE:STI>ROG
C4E:n*UFb�GADFG[IJS�E�N�H0awC4D5C4E�UFG�G%N7]}N0p:UTI>e�CALzIJUTVO�
\[S�C7E*CsLJUFGADFEwC4UTIJR0GO�{�vGyp�DFNOp{N0SFG`I>E.UFbqIJSvpwC4p{G�D`C4EoC4p:p�DFN©C4r5b�I>E
��bqIJr,b��vG.UFDFG7C4U�LzIJE�HOaqIJSFUTIJrtSFUFDFa:rAUFa:DFG�C4S�SFU5C4UFG�S%I>E	C�K*C4DFuON4R
Bvb{CAI>E��_ZqGAr�UTI>NOE*ª`H4IJR0GASyC4E.N7R0GADFR0IJGA��N4]}UFb:G[U5C7SFu�a�SFGAn�]�N0D�UFb:G
GA��p{GADTIJeXGAE�UFSA�«ZqGAr�UTI>NOE�¬�SFb:N7��S`b�N7��SFa:p{GADFR0IJSFGAn�UFD5CsIJEqIJE�H�r7C7E
�{G�a:SFGAn�UFN*eXN�n:G,LyUFD5C4E:STI>UTIJN0E:S��{GAUT�_GAGAE�u�E�N7��E�rAN0E:SFUTIJUFa�GAE�UFS
LzIJu0G`n�I~CsLJN0H�SFU5C4UFGASyN0DySFp{GAGAr5b�C4rAUFSA�yZ�GArAUTIJN0E*¢�SFb:N7�QSyb�N7��b�IJnq|
n�G�E�LzIJE�HOaqIJSFUTIJr[SFU5C4UFG�S`C4E:n*UFb:G,I>D�eXGsC4E�I>E:HXr7C7E*�{G[L>GsC4DFE:GAn�C4E:n
N0p:UTI>e�I>AG�nX��VXUFb:G�]®C4e%IMLzI~C4D}xyK*K�]�NODF��C4DFn�|��{C7r,u���C7DFn%LJG7C4DFE�I>E:H
p�DFN�r�GAn�a:DFG0�_�Qb:GASFG�b�I>n:n�G�EXSFU5C4UFGAS_C4DFG�UFb:GAEXa:SFGAn�UFN`��a�IML>nXSFU5C7UFG
n�G�p{GAE:n�GAE�U[L~C4E:H0awC4HOG%e�N�n�G,LJSv]�N0D�p{G�DFpqLJGA�0IJUTV�DFGAn:a�rAUTIJN0E��

¯�� i�°*±²hj³`� � i�f � ±y�t�.h
hjlX°*±y���.´ �A�*µ i�f.hj¶
\QLMLvGA��pwGADTI>e�GAE�UFSXbwCsROG��{G�GAE
p{G�DT]�N0DFeXG�n¤NOE�UFD5C4E:SFrADTIJ�{GAn	UFGA��U
U5C4u0G�E�]~DFN0e�UFb:Gy��E:H4LMI>SFb�SFGAr�UTI>NOEXN4]�UFb:G[Z�p{NOE�U5C4E:GAN0a{S�Zqr5b�G�n�a�Lz|
I>E:H��}C7SFu
·��}Z�Z��y¸,����b�I>S�U5C4SFu�rAN0E:STIJSFUFStN7]`b�a:e�C4E	UFN�b�a:e�C7E
nqI~CsLJN0HOS%DFGAr�N0DFn:GAn�I>E�C4E�N7¹�rAG�GAE�R0IJDFN0E:eXGAE�UA��\�p:a:SFbq|�UFN4|�U5CAL>u
��a:UFUFN0E���C7S%a:SFGAn�UFN�CAR0N4IJn�rADFNOSFSFU5CsLJu{���}C4r5b¤n�I~CsLJN0H*rANOE�U5CsIJE�S
º7» | ºs¼ a�UFUFGAD5C7E�r�GASXN4]�UT�vN.SFp{G7C4uOGADFSXUFDFV0IJE�H*UFN.SFr,b:GAn:aqLJG*C�UT�vN
b�NOa�DyeXGAGAUTIJE�H���IJUFb�I>E.C%H7I>ROGAE�U��vNX�vGAG�utSFr�GAE{C7DTI>N:�
º7½0» UFD5C7E�SFrADTIJ�{GAn¾�}Z�Z��¿n�I�CAL>NOH0S��vGADFG�CAR0CAIzL~C4��LJG�]�N0D.UFD5CsIJEqIJE�H
C4E:n�UFGASFUTIJE:H��À�Qb:G�UFD5CsIJEqIJE�H	ÁyC4U5C
· º7¼O¼ Á�I~CsLJN0HOS5¸trANOE�U5CsIJE�G�n
¼0» � »0»O» UFN0uOGAE:S[�vI>UFboC%R0N�rsC4�:aqL~C4DFV.STI>AG`N7] º ª »0» �vNODFn�SA�

Â�� hj��³`±yk�Ã � hj±y�Äi%kXf �A�*�A�*µ
Â��>�{��Å�Æ�ÇjÈ�ÉJÊ>ËjÌ � ÊJÍ�É>ÆwÌ hÏÎ Í Î È�Ð�ÑXÊ ÎAÒ Å�Í:Ó7Ô{Æ:Õ l%Ò Í:Ê>ËjÐ
�jNXC7a�UFNOe�C4UTIJr7CsLMLJVt�:a�IzLJn*C%n�I~CsLJN0H�SFUFDFa�rAUFa:DFG�H0D5C4p:b��{�vGya�SFGAn�C
K*C4DFu0N7R�K�N�n:G,L�UFN`L>G7C7DFEXUFb:G[UFD5C4E:STIJUTI>NOEtp:DFN0�wC4��IMLzIJUTI>G�S��{G�UT�vGAG�E
nqI~CsLJN0HXSFU5C7UFGASA�
�Qb:G`STIJ�tn�I~CsLJN0HXSFU5C7UFGAS�r,b:N�N0SFG�E�]�N0D�UFb�I>S�U5C4SFu��vG�DFG0Ö

SFU5C4UFG GA�:C7eXpqLJG
-,×w?48w<>80Ø�Ù �vG,LML_�`UFbqIJE�u��vG�E�GAG�n
UFN*eXGAG�U%]�N0D�C4E:N0UFb:GAD

UT�_N%b:N0a:DFS[UFNXn�IJSFrAa�SFSyUFbqIJSve�C7UFUFGAD
/AÚOØ7Ø�?s/5Û�Ù �vG,LMLw�,Ü eÝ]~DFGAG[NOE�K�NOE�nwCAV{Þ{b:N7��n�N�GAS_UFb�Gy�{G,|

H4IJE:EqIJE�H�N4]��7a:E�G[LJN�N0uX]�NODQVON0a
3,-�8:/AÛ�ßT9O<>8{Û�Ù�m�GAn�E:GASFnwCAV�UFb:DFN0a:H0b*¥:DTI>nwCAVX�,Ü e²LMI>uOGvI>E.C[I>E

SFGAe%IJEwC4DFSyCsLML�n{CAV
9�3,35?T×�Û>Ù �vNOE�n:GADT]�a�LÏLJN�N0u�SvLMI>uOG[�vG`bwCAR0G�C%n{C7UFG
ßT?�àA?537Û®Ù E:N%�5Ü e SFN0DFDFV���a:UvUFbwC4U�IJS�C[�wC4n��_GAGAu%]�NOD�e�G
3A@M-0/A<>8OØ�Ù SFGAG`VON0atL~C4UFG�DQUFb:GAE

��b�G�UFD5C4E:STIJUTI>NOE�p�DFNO�{C7�qIMLMI>UTIJGAS�á�â ã��wGAUT�vG�GAE�UFb�GASFG�SFU5C7UFGAS%�_GADFG
rAN0e�p�a:UFGAn*N0E º7¼ e�C7E�a{CALzLJVXL�C7�{G,LJGAn�n�I�CAL>NOH0SA�

á â ã äå æ ·�çAè å�é â,ê çAè®ë�ì å�é ã ¸

å
E�a�e��{GADyN4]}UFD5C4E:STIJUTI>NOE�Sv]�DFNOe é âjUFN é ã
E�a�e��{GADyN4]}UFD5C4E:STIJUTI>NOE�Sv]�DFNOe é â

��b�GynqIJSFrAN0a:DFSFG�eXN�n�G5LÏIJE��wH0a:DFG º ��C7SvUFb:GAE�n:GADTIJR0GAnoC4a:UFN0e�C7UT|
I>rsCsLML>V.��V�SFU5C4DFUTIJE:H��vI>UFb�C%]�a�LML>V�I>E�UFGADFr�N0E:GArAUFGAn�eXN�n:G,L�C7E�n�DFG,|
eXN7R0I>E:H�CALzLíUFD5C4E:STI>UTIJN0E:S�UFb{C7U�]®CsLMLÏ�wG,L>N7�¾C%UFb:DFGASFb�N7L>n��
��bqIJS�p:DFN�rAGAn:a:DFG%E:N0UvNOEqLJVXG,LMIJe%I>EwC4UFG�S�UFb:G[E:GAGAn�UFN�n�D5CA��n�I�CAL>NOH
r,bwC4DFUFSA�{IJU`CAL>SFN.C7SFSTI>HOE�S�CXp:DFN0�wC4��IzLMI>U�V*UFN�G7C4r5b*UFD5C4E:STI>UTIJN0E�UFbwC4U
r7C4E.�{G�a�SFGAn.UFNXp:DFa�E:GXCAL>UFG�DFE{C7UTI>ROGASA�



closing

accept reject

constraintsuggest

 opening

99%
19%

46%

22%

76% 23%

36%

18%

18%

77%

63%

��� �����	��
� �jD5C4E:STI>UTIJN0E���DFNO�{C7�qIMLMI>UTIJGAS
��b:G[p:DFN0�wC4��IzLMIJUTVXN7]ÏNO��SFG�DFR0I>E:H�C[�vNODFn�IJE.C[H4IJR0GAE�n�I�CAL>NOH%SFU5C7UFG0�
�5â ·��:¸[I>S�H4IJR0GAE���V�UFb:GX]�DFGA§�a:GAE:rAV�N4]yN0�:SFGADFR0IJE�H�UFbwC4U��vNODFn IJE
UFbwC4U*SFU5C7UFG0�Ä�TUAÜ S*UFb:G¤G�e%I>SFSTIJN0E�p:DFN0�wC4��IzLMI>U�V
I>E¾UFb�G�K*C7DFu0N7R
BvbwCsIJE��

� â ·��:¸ äå æ ·����%C7U�� ê çAè å�é�� ¸

å
E�a:e��{GAD[N7]}UTI>e�GASvN0�:SFGADFR0IJE�H�� � I>E é â

E�a:e%�{G�D[N4]}UTIJeXGASvIJE é â

m�I>UFb��{NOUFb�UFD5C7E�STIJUTI>NOE�C7E�n�GAe%IJSFSTIJN0E�p�DFNO�{C7�qIMLzIJUTIJGASA�`�vG�r7C4E
r�N0eXp:a�UFG�UFb:G�p�DFNO�{C7�qIMLzIJUTV`N7]��{G,IJE:H[I>E�C�H4IJR0GAE�nqI~CsLJN0HySFU5C4UFG�C7UvC
H7I>ROGAE�p{N4IJE�UvN7]}C`E�GA�	nqI~CsLJN0H:�}�Qb�IJS�I>E�]�NODFe�C4UTIJN0EXrsC4E��wG[G,IJUFb�G�D
r�N0e��qIJE�G�n��vIJUFb*N0UFb:GAD`u�E�N7�vLJGAn�HOGXSFN0a:DFrAGASX·�G�H��`UFb:G%p:DFN0�wC4��IMLz|
IJUTV�N4]íC`p{C7DFSFG[H7I>ROGAE.C«rAG�DFU5CsIJEXnqI~CsLJN0H�SFU5C4UFGs¸,��N0DvUFb:G[�wGASFUvSFU5C4UFG
SFG�§�a�GAE:rAG�r7C4E.�{G[a:SFGAn*UFN�C4SFSTIJH0E.G7C4r5b��vNODFn�UFb:G[�{G�SFUQpwN0SFSTIJ�qLJG
n�I~CsLJN0HXSFU5C7UFG0�
�jN�uOGAGAp�C7eXN0a:E�U}N4]wDFGA§�aqIJDFGAn%L~C4�wG,L>G�n%nwC4U5C�SFe�CsLMLT�O�vG}r,LJa�SFUFGADFG�n
UFb�GjI>E:p:a�U�R0N�r7C7��a�L�C7DFV[I>E�UFN�r,L~C4SFSFG�SjC4E:n`bwC4n�UFb�G_K*C4DFuON4R�K�N�n�G5L
N0p{GAD5C7UFGvN0E�UFb:G�r,LJa:SFUFGADFSA�0��b�I>r5b`V0IJG,L>n:Sj�{GAUFUFG�DÏH0G�E�GAD5CALzIJ7C7UTI>NOE�Þ:C
r,L>a:SFUFGADTIJE�H�CsLJH0N0DTIJUFb:e r,L>a:SFUFGADTIJE�H��vN0DFn:S���IJUFb�STI>e�IzL~C4Dvr�N0E�UFGA��UFS
¡������A£{��C7SjrAN0e�p{C7DFGAn�UFN[r,L~C4SFSFGAS}e�C7E�a{CALzLJV%n:GASTIJH0E:GAn�UFN[SFa�I>U}UFb:G
U5C4SFu{�j��b:N0a:H0b�UFb�G}r,L~C4SFSFGAS�]�N0a:E�n`��V`UFb:G_CsLJH0N0DTIJUFb:e�SFGAG�eXGAn[LJGASFS
I>E�UFa�I>UTIJR0G�C4U}UTI>eXG�SA��UFb�G_DFGASFaqLJUFS}SFb�N7�vGAn�UFbwC4UjI>UAÜ SjE:N0U}E�GAr�GASFS5C4DFV
UFNXe�C4E�awCsLMLJVt�:a�IzLJn�r,L~C4SFSFG�SA�
�}C4��L>G º SFb�N7��SXUFb:G�p{GADFr�GAE�U5C4HOG*N4]`�_N0DFn:S�C4SFSTIJH0E:GAn��vI>UFb�UFb:G
rAN0DFDFGAr�UQn�I~CsLJN0HXSFU5C7UFG0�

rAN0DFDFGAr�U[r,L~C4SFSTIM�{rsC4UTIJN0E
�vI>UFb:N0a:U�r,L>a:SFUFGADTIJE�H � ½ � ¢��
º7»O» r,L~C4SFSFGAS �0¬q� ��
ª »O» r,L~C4SFSFGAS � » � » �
¢ »O» r,L~C4SFSFGAS �0¬q� ½ �
¢ »O» b{C7E�n*�:a�IzLJn�r,L~C4SFSFG�S �4¢�� º �

�! #"�$ ��
�&%'$� )(*(*� +-,) ).�� /0�/21�.43��5,6���7�	�)0�.8(*.* ).4�

Â��M¯���Å�Æ�ÇjÈ�É>ÊJËjÌ h'9 È�È�: Ò
f : Î ÐXÑ�Ê ÎAÒ Å�Í:Ó7Ô{Æ�Õ l%Ò Í:Ê>ËjÐ
��b:G%G���p{GADTIJeXGAE�U`N4]_SFGArAUTIJN0E�¬�� º ��C7S[DFGApwG7C4UFGAn*]�NOD[UFb:G%SFp{G�GAr,b
C7rAUFS�a:SFGAn�I>E¾UFb�G	UFD5C4E:STL�C7UTI>NOE²r�N0eXp{NOE�G�E�U¤N7]��7\`�[PyZ �yN0a:D
SFpwGAGAr5bq|�UFN4|�SFp{G�GAr,b�UFD5C4E:STL~C4UTIJN0E�SFV�SFUFG�e¿¡ º ��ªs£��
��b:G�UFD5CsIJEqIJE�H�C7E�n�UFGASFU�nwC4U5Ct]�NOD%UFb�I>S�GA��p{G�DTI>eXG�E�U%��C7S%U5C7u0GAE
]~N0DFe b{C7E�n:��DTI>UFUFGAE¾�TE�UFGADTLMI>E:H0awC¤SFUFDFa:rAUFa:DFGAS*a:SFGAn�]�NOD�pwC4DFSFGADT|
G�R0CAL>awC4UTIJN0E�����b�G���E�UFGADTLzIJE:H0awCtSFUFDFa:rAUFa�DFG�rANOE�U5CsIJE�S�C�SFGAe�C7E�UTI>r
DFG�p�DFGASFG�E�U5C4UTIJN0E�]�NOD[C�SFGAE�UFGAE:rAG0�{IJE�r,LJa:nqIJE�H�SFp{GAGAr5b�C4rAUFSyUFNXDFGAp�|
DFG�SFGAE�UXUFb:G�H4LJN0�wCsL«<>8{Û�?78{Û�<>-08�� ¥�N0D�UFbqIJSXU5C7SFu{� ºs¼ SFpwGAGAr5b�C4r�UFS
�_GADFG*a�SFG�n��À��b�G*pwC4DFSFGAD�I>UFSFG5Lz]�SFNOeXGAUTIJeXGAS�n:N�GASoC�p{N�N0D<;2N0�
IJn:GAE�UTIz]~V0I>E:HXUFb:G`SFp{GAGAr5b�C4rAUA�:�wGAr7C4a:SFGXUFb:GAV�b�GsCsR0IMLJVtn:GAp{G�E�n*NOE
rAN0E�UFGA��U_C4E:n�UFb�G�pwC4DFSFGAD_N0E�L>V`L>N�NOu�SvC7U�NOE�G�SFGAE�UFG�E�rAG�C4U_C[UTI>e�G0�

rAN0DFDFGAr�U[r,L~C4SFSTIM�{rsC4UTIJN0E
�vI>UFb:N0a:U�r,L>a:SFUFGADTIJE�H � º � ª�
¢ »O» b{C7E�n*�:a�IzLJn�r,L~C4SFSFG�S �0ªq� ¬�

�! )"�$ �5=>�&%'$� )(*(*� +?,) ).4� /0�/@1A.43��5,B���	�	�)0�.C(*D>�)�2,B3EF 2,B.

�Qb:G}SFp{GAGAr5b�C4r�UFS�/�Ú0Ø7Ø�?A/5ÛHG2Û�<JI�?ÏC7E�n�/�Û®9�Û�?)GF3F-�8:/5Û®ß�9�<>8:Û4�vG�DFG�eXNOSFU
rAN0E�]�a:STI>��L>GO�j�{GAr7C7a�SFG.UFb�G�V�SFNOeXGAUTIJeXGAS`N0E�LJV�n�IJK GAD%��V�C�STIJE:H4LJG
�vN0DFn�I>E.UFb�G`p:DFGAR0IJN0a:S[SFU5C4UFGOÖ

\�ÖvITÜ e²]~DFGAG`N0EoK�N0E:n{CAV�?6L�35?2×�Û�M�-�ß[Û�?78*Û®-�Û	Nj?A@PO7?
¨QÖvITÜ e��:a:SFV�N0EoK�N0E:n{CAV�?BL�35?T×�Û�MA-�ß[Û�?78*Û�-tÛ	Nj?A@PO7?

�Qb:G[�_N0DFn:S`?6Lq35?T×�ÛMA-�ß�Û�?78�Û�-XÛ	Nj?A@PO7?vC4DFGyrAN0E:SFUFD5CsIJE�UFSvI>E�GA�:C7e%|
pqLJG`\��:a:U[SFa:H0H0G�SFU`C%UTIJeXGQ]~N0DyC%eXGAG�UTI>E:H%IJE�GA�:C7eXpqLJG�¨Q�
xQGADFG�C�b�IJH0b:GADXL>GAROG,L`SFUFDFa:rAUFa:DFG�UFbwC4U�H7I>ROGAS�UFb�G�LMI>uOG,LMI>b:N�N�n
N7]
UFb�G��vN0DFn ?6L�35?2×�ÛjI>E�UFb:G�SFU5C4UFG�/AÚOØ7Øq?A/5ÛQGFÛ�<PI%?XH7I>ROGAE�UFb{C7U�UFb:G
p�DFGAR0IJN0a:S�SFU5C4UFG*��C7S�/�Ú0Ø7Ø�?A/5ÛHG2Û�<JI�?%�vIMLzL��wG*E�GAG�n�GAn	UFN�DFGASFN7L>ROG
UFb�G�C7e%��I>HOaqIJUTVO�

RÏ� � � hj��³`±ykvÃ � hj±[�Äi%kXf �A�*�A�*µTS ° Å¾Å h
RÏ�>�{� hÏÎ Í Î È � È 9 È�ËjÇjÈ�Ë Î Å�Æ{ËjÆ{Ì{Ó7Í>U�Ð
�Qb:G[e�N�n�G,LJSvn:GADTIJR0GAn.��VXUFD5CsIJEqIJE:H%NOEtL~C4�{G,LJGAn�nwC4U5C`��IMLML�CsLJ��CAV�S
�{G`SFa��wN0p:UTI>e�CAL_C4S�UFb:GAV�n:GAp{GAE:n*N0E*UFb:G`SFU5C4UFG�S[r5b�NOSFGAE�C4E:n�NOE
UFb�G`rANOE�STIJSFUFGAE:rAV�N7]}UFb�G[L~C4�wG,LzIJE:H��
\Ý]~N0DF��C7DFn*�{C7r,u���C7DFn�UFD5CsIJE�I>E:H.CsLJH0N0DTIJUFb:e¿UFb{C7U`rAN0E�ROGADFH0G�S`UFN4|
��C4DFn:S%SFU5C7UFGAS�UFb{C7UXN0p:UTI>e�I>AG�UFb�G�p:DFN0�wC4��IzLMI>U�V�N4]�UFb�G.UFD5CsIJEqIJE�H
a�UFUFGAD5C7E�r�GAS`V0I>G5L>n:S�CXeXN�n�G5Lv�vIJUFb*N0p:UTI>e�a�e p{GADFp�LJGA�0I>U�V*DFGAn:a�r,|
UTI>NOE��j\yS�E:N[L~C4��L>GAS_C4DFG�DFGA§�a�IJDFGAn��:UFb:GyC4eXNOa�E�U}N4]�UFD5CsIJE�I>E:H`n{C7U5C
CsROCAIzL~C4��L>G[IJSva:SFa{CALzLJV�SFa:�:SFU5C4E�UTI~CsLML>VXL~C4DFH0G�DA�

VÏC4E:H0awC4HOG%e�N�n�G,L �ÏGADFp�LJGA�0I>U�V
K�N0E:N0H0D5C7eWV�C4E:H0awC4HOGXK�N�n:G,L º ¢0¢
�s|�SFU5C4UFG�K*K¿�:aqIML>n.N0E º7¼ L�C7�{G,LJGAn*ÁvI�CAL>NOH0S º ¬�
�s|�SFU5C4UFG�xyK*K UFD5CAI>E:GAn.N0E ºs¼ Á�I~CsLJN0H0S º ª4¢
�s|�SFU5C4UFG�xyK*K¿UFD5CsIJE�GAn.N0E º7¼0¼ ÁvI�CAL>NOH0S ½ ¢

�! #"�$ �YX��'Z\[6]4^�]4[6^-_`[*a4b�cP[6d)eP^	fhg)i>jCk<kl^	a*j)e�m>[*n�g#mpo2qAcPj)r�cP[6nsnePj)cPg2t2]
u ]6v-whk<kx^	a*j)e�m>[6nyo2qsnePj)cPg2t2]'j)m>nzg)m{o2q@q�nePj)cPg@t|]

\[S�SFb:N4��E�I>E��{HOa�DFG�ª�C7E�n�U5C7�qLJG*¬���UFb�G*pwGADFpqLJGA��UTIJUTV�DFGAn:a�r5|
UTI>NOE�]�NOD`SFU5C4UFG,|�n:GAp{GAE:n�G�E�U�eXN0E:N0HOD5C4eXS�I>E�C��s|�SFU5C4UFG�eXN�n:G,LvIJS
e%a:r5b�L�C7DFH0GAD[]~N0D`a:E�SFa:p{GAD5R0I>SFG�n¤UFD5CAI>E�IJE�H.UFb{C7E�]�N0D`SFa:p{GADFR0IJSFGAn
UFD5CsIJEqIJE:H��{G�SFp{GAr,I~CsLML>V.C7SQe�N0DFG`UFD5CsIJE�I>E:HXnwC4U5CXr7C4E.�{G`a:SFGAn��



90

100

110

120

130

140

150

160

0 10 20 30 40 50 60

T
es

ts
et

 P
er

pl
ex

ity

HMM-Iterations

Using State-Dependent Monograms as Language Model (1)

6-state MM on lables
6-state HMM 15 dialogs

6-state HMM 155 dialogs
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HMM-Iterations

Using State-Dependent Monograms as Language Model (2)

6-state HMM
40-state HMM
80-state HMM
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HMM-Iterations

Using State-Dependent Bigrams as Language Model

Bigrams
Bigrams on 6-state HMM
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