
���������	��
���
���������
�
����������������	������� �!
��!"#"#�	"
�$� �%���&�!"#"(')�+*���",��-.�&���.��
�"�
0/���-.�!"1�2������"#�%����
����$3

��
�"#�	�$",��4 5768�:9 '0�;���!�$5��

�<>=:?@?A<CBEDF<CG���HIBKJ(LM<CNPO:=:QKN0�&=$?@LMQRLMS$LA<FT8��GAHUJITV�W<CX�'	HFGAYVT8�!���

��Z$?@LMGADFNCL ��=:<[X]\8DFGADF^:Q`_FabQK?�\:GAHI\ HI?@<>^dceHIG�\8DFGMDfB`B`<CBg^$Q`?ANCGA<[LM<[hi<CjF<>=kL!?@Q`alS2h
BEDmLMQ`HF=lHFcgBEDfL@LMQ`NC<[hiZ8DF?A<C^7Z:Q`HIBKHI_IQKNnDFB(aoH2^:<CB`?C6p��O:<W\8DFGADF^:Q`_Fa;TfNnDFBKB`<>^7\ <>G@Q`H�^:Q`N
?@J�=:NPO$GAHI=:QKqnDfLAQ`HI=r?@Q`alS:B`DfLMQKHI=sT�BK<nDF^:?tLAHuO:Q`_IO$BKJv\8DFGADFB`BK<>B�QKaw\$B`<>ao<>=kLMDfLMQKHI=:?
X�QKLAOxB`HUXrN>HFawalS$=:Q`N>DfLMQKHI=2hiLAHfh&NCHIao\:S$LPDmLMQ`HF=yGMDfLAQ`HI?C6+��O:<!\ <>G@Q`H�^:Q`N�?@J�=:NPO:G@Hfh
=:QKqnDfLAQ`HI=�X�QKLAO:HIS$LzG@HIB`BKZ8DFNPY{awDnJ�Q`=kLAGAH�^:S:N><|?@HIaw<|<CGAGAHFGA?zQ`=rLMO:<|GA<C?AS:BRLM?CT
O:HUX}<CjI<CG~ZkJ�\$GAHI\ <>G�?@<>B`<CNCLAQ`HI=�HFc�LAO:<y?@J�=:NPO:G@HI=:QKqnDfLAQ`HI=�LMQKaw<~?@LA<>\�?AS:NPO�<>G�h
GAHFGA?yNnDf=�Z <xYF<C\$LtDmL7DF=vDFN>NC<>\$LMDFZ:BK<zBK<CjF<>B�61��O:<dZgHIS$=:^:?yceHIG7DF=uHI\$LAQ`awDFB
?@J�=:NPO$GAHI=:QKqnDfLAQ`HI=dLMQKaw<�?@LM<C\�DfGA<�^:<>G@QKjF<>^zQ`=xLMO:<�\8Df\g<CG>6

������
�
�����-.����
��

�2\8DmLMQEDfBVDF?A\ <>N[LM?	HFcsZ:QKHIB`HF_IQ`N>DFB$\:G@H2NC<>?@?A<>?�DFGA<�HFc�\:GAQKaw<�QKaw\ HIG@LMDF=:NC<�ceHFG	\ HI\2h
S:B`DfLMQKHI=�Z:QKHIB`HF_FJITg<CjIHFB`S$LAQ`HI=�LAO:<>HFG@JIT,<CN>HIBKHI_FJ�DF=:^�<C\:Q`^:<CawQKHIB`HF_FJI6���\8DfLMQ`DFB`BRJ
<[�2\:BKQ`NCQKL�Z:Q`HIBKHI_IQKNnDFBI?@Q`alS$BEDfLAQ`HI=:?�DFG@<�DF=lQK=:N>G@<nDF?@Q`=:_FBKJ�Q`ao\ HIG@LMDF=kLpNCHIaw\ HI=:<C=kL
HFcyO$Q`_IO2hi\g<CG@ceHIG@a�Df=:N><�NCHIaw\$S$LMQK=:_2��6���Df=(J�Z:QKHIB`HF_IQ`N>DFB!aoH2^:<CB`?dHFcya�S:BKLAQRh
?A\ <>NCQ`<C?�O8DFZ$QKLPDmLM?oDFGA<dZ8Df?A<>^{HI={D�BEDfL@LMQKN><xGA<C\:GA<C?A<C=(LMDfLMQKHI={Hfc!?A\:DFN><f6���O:<
<>=kj�Q`G@HI=:ao<>=kLoQ`?y\8DfG@LMQRLMQKHI=:<>^1Q`=kLMH�D�L&X.Hmh&^:QKaw<C=:?AQKHI=8DFB}_IGAQK^�HFc�?@QKLA<>?>��<>DFNPO
?AQRLM<~?AHx?AawDFBKB#LAO8DfL�QKL�NnDF=�?@S:\:\ HIG@L�DfL!aoHI?@L�HI=:<~HIGA_kDf=:Q`?@a;6W��=�<CN>HIBKHI_IQ`N>DFB
?@LA<>=:NCQ`B8HFcsD0?@QKLA<�N>HI=:?@Q`?�LM?	HFc,DFBKB$LMO$<W=$<>Q`_FO�Z HIG@Q`=:_�?AQRLM<C?�X�O$Q`NPOwDf��<CNCL}Z:Q`HFB`HI_IQ�h
NnDfB$\:G@H2NC<>?A?@<>?	DfL+LAO:Q`?p?AQKLA<>�n6��&=7<nDFNPOy<��$\ <>G@Q`ao<>=kL%LMO$<�?AQKq><�HFcVLAO:<�?@LA<>=:NCQ`B8Df=:^
LMO$<~BKH2N>DfLMQKHI=dHFcpLAO:<�Dm��<CNCLM<C^�?AQRLM<0GA<CBEDfLAQKjI<�LAHwQRL�DfGA<0^:<C�8=$<>^�ZkJzZ:Q`HfLMQ`N�Df=:^
DFZ:QKHFLMQKN�c�DFN[LMHIG@?>6w�2S:NPO1Dz?@\8DFN><oaoH2^:<CB+awDfLMNPO:<C?0X}<>BKB+LMO:<7\:B`DF=kL�^$J�=8DFaoQ`NC?
DF=:^zNnDf=;Z <�DFB`?@H7S:?A<C^;LMH7?@Q`alS:B`DfLM<�LM<>G@GAQRLMHIG@QEDFBgDF=:QKa�DFBK?>6

���s���������P�� �¡��¢�[£[����¤f�[�¥ @¦%§�¨F©[ª	«g©C¡¥¬p��§�¨m¨f©C¡��� @¦%¤n­p�¥�� �®����¥�¢©[ªm�[£>¯U°��± @ªm°� �²�©[§mªm¦��P���±©Cª
§�ªm¦� �¡#³p¡��[ª>����´�¯mµ ¶¸·[¹mº@»�ºA»�¼��[ªm¦W½�¾e¿s¶¸·[¹>À�ÁCÀ[Â�¼�½�¾e¿s¶¸·[¹>À�ÁCÀ[Â�¼fÃ(�s�� p�[§U�¥�m©[¡s�¢��ÄC¡����¥ �Å�§m£
�¥©lÆx�¢£±£¢������Ç��[ª����P���e­7Å�©[¡��±��¨�£¢ ��� @ªC���±ªmÄ7¦U�ÉÈI �¡� �ª>��Ê[ @¡��¥�¢©[ªm�}©�Å��¥�� ��¥¨m�P���¢�[£±£¢­7 �ËU¨�£¢��°��±�
 @°�©[£¢©[ÄC�¢°@��£I��©n¦� �£��s«,���¢°i�! @�.¨m�±¡��¢°@��£¢£±­�°�©[ª�Ìm¡¥�� A¦����� %¨�¡� @�¥ �ª>�¥ A¦�Ìmªf¦U�±ªmÄC�@Ã

Bolek
Text Box
System Analysis, Modelling and Simulation, vol. 18-19, 1995, pp. 717-720



�����������
	���
��������
��DFNPO�?AQKLA<7Q`?�Q`=�HF=:<7HFc�Dxce<CX \gHF?A?AQKZ:B`<y?�LPDfLA<>?CT�?@S:NPO Df?���S:=:H�N>NCS:\:Q`<C^ HFG

H�N>N>S$\:Q`<C^�ZkJ�DF=;HIGA_IDF=:Q`?@a Q`=�Do?A\ <>NCQK�8NlNCHI=:^:QRLMQKHI=��eQ�6É<F6RTgO$<nDFBRLMOkJITgQ`=$ce<CNCLM<C^
X�QKLAO�D�j�QKGAS:?wHIG�QK=$ce<>?�LM<>^{Z(J{D \:DFGMDF?@QKLA<��[6 ��?@S8DFBKBKJIT.QKLwQ`?tDf?A?AS$aw<C^{LMO8DmL
LMGADF=:?@QKLMQKHI=:?	Zg<[L&X.<C<>=tLAO:<�?@QKLM<��±?.?@LPDmLM<>?.DFGA<�_IHUjI<CGA=:<C^xZ(J���HFQ`?A?@HI=t\:G@H2NC<>?@?A<>?C6
�&=kLM<C=:?AQRL&J{HFc�<>DFNPO�\:G@H2NC<>?A?�Q`?o^:<C�8=$<>^rZkJ�LAO:<�?�LPDfLA<>?tHFc�LAO:<�?@QKLA<>?�QK={LMO$<
N>HFGAGA<C?A\ HI=:^:QK=:_7<>NCHIB`HI_FQ`NnDfB�?@LA<>=:NCQ`B¥6

� \:DFGMDFBKB`<CB,^:Q`?@N>GA<[LM<�h&<CjF<>=kL�?AQKalS:B`DfLMQKHI=dHFc%?AS$NPO|D�awH�^:<CB�HF=�^:Q`?�LMG@Q`Z:S$LA<>^2h
ao<>aoHIG@JuawDFNPO:QK=:<>?wGA<>BKQ`<C?wHI=�LMO:<;\8DFG@LAQKLAQ`HI=:QK=:_|HFc�LMO$<�?A\:DFN><�DfawHI=$_ LMO$<
\:G@H2NC<>?A?@HIGA?C6���<C=:N><fT+?@LA<>=:NCQ`B`?0HFc.?AQKLA<>?0=:<nDfG0LAO:<w\:DFG@LAQKLMQKHI=|ZgHFS:=:^8DFG@Q`<C?��eGA<�h
ce<>G@GA<C^1LMH�Df?�Z HIS:=:^8DfG@J�?AQRLM<>?��0?@\8DF=�DFNCGAHI?@?~L&X}H�LMHzceHIS:G�\$GAH�N><>?@?AHIG@?>6;��O:<
N>HFaw\:S2LPDfLAQ`HI=wHFc#LMGMDf=:?AQRLMQ`HF=wLMQKaw<C?}ceHIG}?AS:NPOz?AQRLM<C?�Q`=kjIHFBKjI<C?�N>HFawalS$=:Q`N>DfLMQKHI=s6
�;HIG@<>HUjI<CG>T#?AS$NPO�\:DFG@LAQKLMQKHI=:QK=:_wG@<� (S:QKGA<>?!LAO8DfL�Df=(J�<CjF<>=kL~DF?A?@H2NCQEDfLA<>^�X�QKLAO|D
?AQRLM<}=:<nDFG�LMO:<�Z HIS:=$^8DFG@J~HFc D!\8DfG@LMQRLMQKHI=~a�S:?@L%Z <�<��$<CN>S$LA<>^oHI=yDFBKB2\$GAH�N><>?@?AHIG@?
LMO:DfL#O:HIBK^�D�\:DFG@L,Hfc2LAO:Q`?,?@QKLM<��±?,?�LM<C=:N>QKB�6#��O:Q`?#G@<� (S:Q`G@<>ao<>=kL#B`QKawQRLM?VLMO:<%?@Q`alS$BEDmh
LMQKHI=o\8DFGMDfB`B`<CB`QK?Aa ZkJ7LMQK_IOkLMBRJy?@J�=:NPO:G@HI=:QKq>Q`=$_l\:GAH�N><C?A?@Q`=:_~HFc,<CjF<>=kLM?�HF=�=:<CQ`_IO2h
Z HIGAQK=:_t\:G@H2NC<>?A?@HIGA?�Df=:^�Q`ao\gHF?A<>?�O:Q`_FO�N>HIaoalS:=:QKNnDfLAQ`HI=zHUjI<CGAO:<>DF^!�¸LMQKaw<0HFc
<nDfNPO�<[jI<C=(L0alS$?@L�Z <yN>HIaoalS:=$Q`NnDmLM<>^;LMHxDFBKB�=$<>Q`_FO�Z HIG@Q`=:_t\$GAH�N><>?@?AHIG@?"��6~4 <
X�Q`BKB%GA<[ce<>G~LAH�?@S:NPOvDF=1QKaw\:BK<>ao<>=kLPDmLMQ`HF=|DF?lD�NCHI=kLMQK=�S$HIS:?�?�J�=:NPO:GAHF=:Q`q>DfLMQKHI=
?AQKalS:B`DfLMQKHI=#�¥DfZ:Z:GA<[j�QEDfLA<>^zDF?�-��:����6

��H�HUjI<CGAN>HFaw<0LMO:QK?�BKQ`aoQKLPDmLMQ`HF=sT�X}<�\$GAHI\ HI?A<0LMHwN>HIaoalS:=:QKNnDfLA<�LMO:<~<CjI<C=kLM?
O8DF\$\g<C=:Q`=:_wLMH�LAO:<�Z HIS:=:^:DFG@J;?AQRLM<>?�X�QKLMO;?AHIao<l\:G@<>?@N>GAQKZg<C^�ceGA<$ (S:<>=:N[J ��Q¥6±<f6KT
<CjF<>G�J&%(' LMQ`ao<%S:=:QRLM?C6���?�?@O:HUX�=�Z <>BKH�X�TULAO:<>G@<}QK?#D�X}<>BKBk^:<C�:=:<>^lS$\:\g<CG#ZgHIS$=:^
ceHIG�?AS:NPOlDWLMQKaw<�?�LM<>\~LMO8DfL�B`QKawQRLM?�LAO:<	<>GAG@HIG�HFc:LMO$<}?@Q`alS:B`DfLMQKHI=0DF=:^0JI<CLpa�DfQ`=2h
LPDfQ`=:?WO:Q`_FO;\8DfGMDFBKB`<>BKQ`?@a DF=$^�?AawDFB`B�N>HIaoalS:=:QKNnDfLAQ`HI=�hiLMHmh&N>HFaw\:S2LPDfLAQ`HI=wGMDfLAQ`H:6
4 <0X�QKB`BsG@<Cce<>G�LMHo?AS$NPO�DF=�QKaw\$B`<>ao<>=kLMDfLMQKHI=xDF?�Do\ <>G@Q`H�^:Q`N�?�J�=:NPO:GAHF=:Q`q>DfLMQKHI=
?AQKalS:B`DfLMQKHI=sT2DFZ:Z:G@<Cj�QEDfLA<>^;DF?��	�:�g6

�����;���2�������!�W�!"('��2���

��J2\$Q`NnDfB`BKJFTgLAO:<�LMQKaw<0S:=:QRL!QK=�LMO:<yaoH�^:<>B�^:<>?@N>G@Q`\$LAQ`HI=�QK?�?@<>B`<CNCLA<>^|Q`=�?@S:NPO�D
X.DUJyLAO8DfL	QKL�NCHIGAG@<>?@\gHI=$^:?}LAH0LAO:<�ceGA<� (S:<C=:NCJoX�QKLAOyX�O:Q`NPOw<[�2\g<CGAQKaw<C=(LMDFB8^8DfLMD
DFG@<�N>HFB`B`<CNCLA<>^�QK=t=8DfLAS:GA<f6+��O:<CGA<CceHFGA<FT2LMO:<!=:DfLMS:GADFBVN>G@QKLM<CGAQKHI=wceHIG}DFNCN>S:GADFNCJwHFc
LMO$<�?AQ`a�S:BEDfLAQ`HI=�Q`?.LAHoG@<� (S:QKGA<!LMO:DfLWDfL�<nDfNPOzLAQ`ao<!S:=:QRL�LMO:<0DnjI<CGMDF_F<0=(S:a�Zg<CG
HFc	?AQRLM<C?!X�QKLMO�?�LPDfLA<>?�_I<C=:<>GADfLM<C^|^:QK�g<>G@<>=kLMBRJ�ZkJ��	�:��DF=:^ -��:��QK?!B`<C?A?!LMO:DF=
HI=:<f6���O$Q`?�NCGAQRLM<>G@Q`HI=;Q`ao\gHF?A<>?�LMO$<�S:\:\ <>G�ZgHIS$=:^�HI=zLMO:<�jfDFBKS:<0HFc+LMO$<~LMQKaw<
?@LA<>\s6



� �(��� �������!� ��� 
	� 
	
�
���
 � �(�
��
 
	� ��� ���
",<CL��;�}^:<>=$HFLM<�LMO$<WLAHFLPDFB$=�S$alZg<CG�HFcs?@QKLM<C?�Q`=yLMO:<W<>=kj�Q`G@HI=:ao<>=kL}DFGAGADF=:_I<C^

DF?xL&X}Hfh&^:QKaw<C=:?AQKHI=8DFB�BEDfL@LMQ`NC<�HFc~?AQ`qC<�� 6 -.HF=:?AQK^:<>GzDu?AQKLA<|S:=:^:<CGA_IHIQK=:_vD
LMGADF=:?@QKLMQKHI=�� DFN>NCHIGA^:QK=:_;LAH�D���HIQ`?@?AHI= \:GAH�N><C?A?�X�QRLMO Q`=kLM<C=:?AQRL&J��@6�",<[L�LMO$<
LMQKaw<	HFc8LAO:Q`?�LMGMDf=:?AQRLMQ`HF=~Z < %�6+�8HIG�D�_IQRjI<C=yN>H�<��oN>QK<>=kL��}TmLMO:<.<CjI<C=kL���X�QKB`B(Z <
\:G@H2NC<>?A?@<>^wDfL%?@S:NPOw?@Q`alS$BEDfLAQ`HI=~?@LM<C\�� LAO8DfL ����� �"!#� � %('%$!%%$ �&�'!#� � %('�6
��HfLM<.LAO8DfL%QRc(��)��+*-,�LAO:<>=yLMO$<>GA<}X�Q`B`B�Z <�D�LMGA<C=:^lLMH�HUjF<>GA<C?@LAQ`awDfLM<�LAO:<.LMQKaw<
HFc#<[jI<>=kLA?WQK=�LMO$<!?AQKalS:BEDmLMQ`HF=s6�4 <�X.DF=kL�LMH~�8=:^d?AS:NPOzD~jfDFBKS:<�Hfc���LMO:DfL�LMO$<
<[�2\ <>N[LM<>^�^:QK�g<>G@<>=:NC</. HFc�?@Q`alS$BEDfLA<>^uDF=:^vDFN[LMS8DfB.LMQKaw<C?lHFcWLMO:<x<[jI<>=kLA?wQK?
<� (S8DfBsLMHoq><>G@H:6	�}Jx^:<[�8=:QRLMQ`HF= �

.0)214365879 : �<;>=@?BA+C : ! DEFHG � 1#I
FKJ 3+LM587
I F�= � J 3+L85 7

�"� : �N� %(' �O;>=@?PAQC :
?AH4.0)R�+*S�T� %('VUXWQY[Z 7&\� = U WQY[Z 7 Df=:^zLAO:<>G@<CceHIG@<]��) �_^a` �&� %(' ���N^a` �b�c�N; =@? 587 � �d*��&� %(' �[6�8HIGyBEDfGA_I<tQK=kLM<>=$?AQKLAQ`<C? �eX�O:QKNPO�DFG@<tL&J2\$Q`NnDfB�Q`=uZ:Q`HFB`HI_IQKNnDFB�?�J2?�LM<Caw?wZg<CNnDFS:?@<
LMO$<0?ADFao\:B`QK=:_lQ`?�QK=$ceGA<$ �S$<>=kL ��T"� NnDF=zZg<0DF\$\:GAHn�2Q`awDfLM<C^zDF?V^a` �&� %('��O*��&� %(' ��6
-.HI=:?@Q`^:<CG�=:HUX Df=x<[�2\g<CGAQKaw<C=(L�X�QRLMOx?ADFaw\$B`Q`=$_~LMQKaw<C?Ve �gf e ��h6h6h DF=:^dDy?A<�h

 (S:<>=$N><	HFc(LMGMDf=:?AQRLMQ`HF=:?i� ��f � ��h6hjh f �lk.O8DF\:\ <>=:QK=:_�DfL�DFN[LMS8DfBFLMQKaw<C? % ��f % ��h6h6h f %mk26
��?@?AS:ao<dLMO8DfLyLAO:<>?@<zLAGMDF=$?AQKLAQ`HI=$?7DFGA<x?@Q`alS:B`DfLM<C^vDfL7?@LA<>\:?4� ��f � ��h6h6h f �nk$6
��O:<CGA<CceHFGA<FTsDwLMQKaw<�HFc�H�N>NCS:GAG@<>=:NC<l<>G@GAHIG	.po�Q`?�DF?@?AH�N>QEDmLM<>^;X�QKLMO�<nDFNPO�LAGMDF=2h
?AQRLMQKHI=�q86t��O$<�?AQKalS:B`DfLMQKHI=�Q`?0<[�$DFN[LlQKc}ceHIG�<CjF<>G@J ?MDfaw\:BKQ`=:_xLAQ`ao<re6soDF=:^1D
LMGADF=:?@QKLMQKHI=t�uo0QKc�%&owvxe6s�LAO:<>=���o"%('pvRe6s7DF=:^�NCHI=kjI<CGA?A<CBKJ|QRc %&owyze6s�LMO$<>=
�&� %('wy{e6sF6d�W=:^:<CG~LMO$<�DFZ HUjI<wN>HI=:^$QKLMQKHI=:?�LMO:<o?MDfaw<o?@LMDfLM<C?lDFG@<�GA<C\gHFG@LM<C^
ZkJxLMO:<�?ADFaw\$B`Q`=$_7DF=:^dLMO:<�?AQKalS:B`DfLMQKHI=�ceHIG�DFBKBs?AQRLM<C?>6���HwDF=8DfBKJ�q><�LMO$<0S$\:\g<CG
Z HIS:=:^dceHIGWD7LAQ`ao<�?@LA<>\�%('�T8X.<0N>HF=:?AQK^:<>G�D7X}<nDfYF<>G�N>HI=$^:QKLAQ`HI=sT$=8DFao<>BKJwLMO8DmL
LMO$<l?AQKalS:BEDmLM<>^�DF=:^|DFN[LMS8DFB�LMQKaw<C?!DFG@<lQ`=�DfN>N>HFGA^8DF=$N><7DfL!LAO:<lB`DF?@L�?�LM<C\sTsQ�6É<F6
LMO:DfL|�nk %('@�/�pv %mk�v}�nk %('>!~�ITIHIGCTk<� (S:QRjFDfB`<>=kLABKJ0LMO8DfL����pv�� ko G 9 .]o�v2�I6
",<CLn� '�^:<C=:HFLA<�LMO:<�LAHFLPDFB�?AQKalS:BEDmLMQ`HF=�LMQKaw<�DF=:^��yZ <�LMO:<|DnjF<>GMDf_I<�Q`=2h

LM<C=:?AQRL&J�HFc�LAO:<y��HFQ`?A?@HI=|\:GAH�N><C?A?@<>?�_IHUjI<CGA=:QK=:_zDFB`B�?@LMDfLM<�LAGMDF=$?AQKLAQ`HI=$?>6���O:<>=�T
LMO$<0<��2\g<CNCLM<C^�=(S:alZ <>G�HFc�LMGADF=:?AQRLMQKHI=:?�LMO:DfLWDo?@QKLA<!X�Q`B`BgS:=:^:<CGA_IHo^:S:G@Q`=:_7LMO$<
?AQKalS:B`DfLMQKHI=tQ`?c�&� '�6��iL�Q`?�<>DF?@JxLAH7jF<>G@QKc¸JtLAO8DfL�ceHIGV.]o�LAO:<�ceHIB`BKH�X�QK=:_lO:HFB`^:?$�

�n� .]o��l)��oDf=:^ � � � .po��l) ,� � �
%('� ; =@?M� 5 7 �_,���� %(' �b�V��,�� � �����; =@? 587 h

X�O:<CGA< �n� �!^$<>=:HFLA<>?zDF=�DnjF<>GMDf_I<�jfDFB`S:<�HFc�QKLA?xDFGA_FS:aw<C=kLn6��8HIGr� %('�v]v �
LMO$<;?�LPDF=:^:DFGA^�^$<Cj�QEDfLAQ`HI=�� NnDF=�Zg<;DF\:\:G@Hn�$QKa�DmLM<>^{DF?4�s� ) %('O*>�A6��W?AQK=:_
N><C=kLMGMDfB�B`QKawQRL0LAO:<>HFGA<>a DF=:^v/�DFS:?@?AQEDf= ceS:=:NCLAQ`HI= DF\:\:G@HU�2QKa�DfLAQ`HI=�ceHIGlB`DFGA_I<
DFG@_IS:ao<>=kLM?CTfLMO$<	\$GAHIZ8DfZ:Q`BKQKL&J�LAO8DfL#LMO$<.DFZ$?AHIBKS$LM<%jfDFB`S$<	Hfc$LMO$<}?@S:a]HFcu` )��&� '



�����������
	���
��������
Q`=$^:<>\ <>=:^$<>=kL�jfDFG@QEDFZ:BK<>?p.]oyQ`?~DfL0B`<nDf?@L ��NnDf= Zg<wDF\:\$GAHn�2Q`awDfLM<C^1DF? � F )��� `i*��_,�� �O; = ��� I � k	��
 L 6���<C=:N><fTsceGAHIa LMO$<�GA<$ (S:Q`G@<>ao<>=kL!LMO:DfL�� � � F vz�ITgX}<
_I<[L ��DF\:\:G@Hn�$QKa�DmLM<>BRJ�� �

%('�v �
� � '2BK= �_� � �X���

�  (S8DfLMQKHI= �b� �yQ`ao\gHI?@<>?wD G@<>?@LAGAQKNCLMQKHI=vHI={LMO$<;?�J2=$NPO:GAHI=$Q`qnDmLMQ`HF={ceGA<$ �S$<>=:N[J
HFc�Dw^:Q`?@N>GA<[LM<�hiLMQKaw<�?@Q`alS:B`DfLMQKHI=dHFc���HIQ`?@?AHI=�\:G@H2NC<>?@?A<>?C6��8GAHIa <$ (S8DfLMQKHI= �b� �[T
LMO$<�DUjF<>GADF_I<�ceGMDFN[LMQ`HF=tHFc�?AQKLA<>?�S:=$^:<>G@_IHIQ`=$_7LAGMDF=$?AQKLAQ`HI=$?�Q`=tLAO:<�<>=kj�Q`GAHF=:aw<C=kL
^:S:G@Q`=:_�D�?AQK=:_IBK<oLAQ`ao<o?�LM<C\�%('0QK?�DF\$\:GAHn�2Q`awDfLM<CBKJt� %('4v �m*�� � � '$B`= �_� � �[6;�&=
HFLAO:<>GxX}HIGA^:?CT�LMO:<�ceGMDfNCLMQKHI=rHFcl?@QKLA<>?dS:=:^:<CGA_IHFQ`=:_uLMGADF=:?AQRLMQKHI=:?xQ`=�Du?AQK=:_IB`<
?AQKalS:B`DfLMQKHI=�LMQKaw<%?�LM<C\lQ`?,^:<CN>G@<nDF?@Q`=:_�HI=:BKJ!B`HI_kDfGAQKLAO:aoQ`NnDfB`BKJ.X�QKLMO�LMO$<	QK=:N>G@<nDF?@<
Q`=xLAO:<�<>=kj�Q`GAHF=:aw<C=kL�?@Q`qC<F6

",<CL�
z^:<C=:HFLM<�LMO$<�=�S$alZg<CG�HFc+DnjfDFQKBEDFZ:BK<�\:G@H2NC<>?@?AHIG@?�DF=$^�����Z <�LAO:<�=(S:a7h
Z <>GzHFcl?@QKLM<C?;QK=�Dv?@LA<>=:NCQ`B�6 ��DFNPO \:G@H2NC<>?A?@HIG�QK?zDFB`BKH2N>DfLM<C^�� � *�
 ?AQKLA<>?zHFc
X�O:QKNPO/,�� � ,���*�� 
 ������� � � ��*�� 
zDFGA<�ZgHIS$=:^8DFG�J�?@QKLM<C?>6	
!=dDnjI<CGMDF_I<�<>DFNPO
\:G@H2NC<>?A?@HIGW<[�2<>NCS$LM<C?��;��� %('d*�
;LAGMDF=:?@QKLAQ`HI=:?�DF=:^zN>HIaoalS:=:QKNnDfLA<>?�LAHwQRLM?�=:<CQ`_IO2h
Z HIGA? � � � � %('d* � 
w<CjI<C=kLM?.LAO8DfL	O8DF\:\ <>=$<>^tDmL	LAO:<�ZgHFS:=:^8DFG�J7?AQRLM<>?	Q`=oD�?AQK=:_IB`<
LMQKaw<w?@LA<>\ %('[6���DFNPO�LMGADF=:?@QKLMQKHI=1QK=kjIHIBRjI<>?�� � <[jFDfB`S8DfLAQ`HI=$?~HFcW?�LPDfLA<>?yHFc�LMO$<
?@LA<>=:NCQ`B�?AQKLA<>?C6 �W<>=:NC<FT�LMO:<�N>HIaoalS:=:QKNnDfLAQ`HI=�hiLMHmh&N>HFaw\:S2LPDfLAQ`HI=�GADfLMQKH���Df=:^
?@J�=:NPO$GAHI=:QKqnDfLAQ`HI=�hiLMHmh&N>HFaw\:S2LPDfLAQ`HI=tGADfLMQKH4e�ceHIG�?@S:NPO�D7?AQKalS:B`DfLMQKHI=xDFG@< �

��v � �����/� %('O*�� 

� � � � � %('d*�
 ) � ��� 
� e	) 


� � � � � %(' ) � 
u� '�B`= �&� ���� � � � h � , �
�&={NCHI=kLMGADF?@L>T�Q`={-��:��\8DFGADF^:QK_Ia e�)�
(*�����Z <>N>DFS:?@<�\:G@H2NC<>?A?@HIGA?�?@J�=:NPO:G@Hfh
=:QKq><�Dfc¸LA<>G�<>DFNPOzLAGMDF=$?AQKLAQ`HI=�6p��O(S:?>TVS:=$B`Q`Yf<�-��:�gT:LAO:<�\ <>GAQKH2^$Q`N�?�J�=:NPO:GAHF=:Q`q>Dmh
LMQKHI=z?AQ`a�S:BEDfLAQ`HI=xQK?�?ANnDfBEDFZ:BK<0DF=:^z<��oN>QK<>=kLMBRJd\8DFGMDfB`B`<CB`QKqnDFZ:BK<�HI=;^:Q`?�LMG@Q`Z:S$LA<>^2h
ao<>aoHIG@J�a�DFNPO$Q`=:<C?>6


W�	�p�	
W���!-��	�

�I6�4�6��;DF=:QEDmLAL&JITm��6±5y6U�2q[J�a�DF=$?AY(Q(DF=:^���6�-�DFGADFN>H$TmQK= ��QK_IOz��<>G�ceHIGAawDF=:NC<
-.HIao\:S$LAQ`=:_ T�<C^:QKLA<>^rZkJ��~6���<C=kLM=:<CG �e��O:<��2H�N>QK<CL&J��8HIGx-.HIaw\$S$LM<CG
�2QKalS:B`DfLMQKHI=sT2�$DF=;�!Q`<C_IH:T �	��� � ��T:\:\s6V�-� �! �-�"�$6,26W��6±5y6m�2qCJ�awDF=:?@Y�Q(Df=:^~��6m-�DfGMDFNCH:TF�+jFHIB`S$LAQ`HI=:DFG@Jt��NCHIB`HF_FJ T$# T-,%�%�  '& � �
�b�"��� � ��6




