
���������
	���
�������������
���	���� 	���� ��
�!#"$��%'&)(+*��-,����/.��$.�"$�
������������
0�21 .3��
0�54

6�798;:=<3>�?;@BADC;8;:=<FEHGHEJIKAL:=<JINMO7QPSR�TUPV:XWZY�?J[F\�]_^':Q<;Ta`FA

bdcfe_g�hjilkmcfnoi�p�qsr)p�kme9t9ilcuh/v=wfxycfn_wfc
z/cfn9{j{jcf|}g�cuh/~�p�|y�=ilcfwa�_n9xyw���n_{�ilx�iltQilc
�Jhlp��o�Q�/���9�dv9�����=�f�������������

�����f�u���_ ���¡ ���_cm¢st_|y£o��vo�Qn_wa�9hlp�n9p�t9{d~�g�hag�|y|}cu|O¤¥¢ vQ~)¦Okmp=§Qcf|¨x}{©g�t_n_xyªXcUhl{lg�|
g�«_{�ijhag�wuilxyp�n�p�q¨eFg�hag�|y|ycf|�wfp�kme_t9iag�ilxyp�n�il�_g�i�w�g�n�«Kc�t_{jc�§�ilpm§9cf{jxy¬�n�eKp�hjiag�«_|yc
eFg�hag�|y|}cu|�{jp�qSi®­ g�hlc�¯J�O§9ª�g�n9wfcf{�xyn'e9hlpowfcf{j{jp�hBg�hlwa�_x�ilcfwuiltQhlc�g�nF§�n9cui�­)p�hl£�wfp�k0�
k�t_n9xyw�g�ilxyp�n©cfn_g�«9|}c)wf|yt_{�ilcuhl{�p�q_­�p�hl£={�iag�ilxyp�n9{¨ilp/«Kc)t9{jc�§�g�{¨eFg�hag�|y|}cu|9wfp�kme_tQij�
cuhl{f¯����_xy{�eFg�eKcuh�qVpowft9{jcf{¨p�nBt_{jxyn_¬�il�_c�x}§Q|}c)wfp�kme9t9ilxyn_¬
eKp�­�cuh¨p�qHg/n9cui�­)p�hl£�p�q
­�p�hl£={�iag�ilx}p�n_{�ilp0hlt_n�e_g�hag�|y|ycf|�eQhlp�¬�hag�km{f¯K���9c©ijhag�n_{jxycfnoi/nFg�iltQhlc©p�q¨il�_c�eQhlp��
wfcf{j{jp�hl{�wfg�t_{jcu{B{�ijhag�xy¬��oijqVp�hj­ g�ha§Ncu°Qcfwft9ilxyp�nNp�q�{��Qn_wa�9hlp�n_p�t9{�¢ vQ~±eQhlp�¬�hag�km{
ilp�eKcUhjqVp�hlk²eKpop�hl|��+xynN{jt9wU�³g�n³cunQª=x�hlp�n9kmcfnoi�¯F�®n�il�_xy{deFg�eKcuh��K­�cBe9hlp�eKp�{jcmg
{jwU�9cfkmc��o«_g�{jc�§mp�n´il�_c�c�g�¬�cuh hlcfe9|yx}wfg�ilxyp�n�p�qJ{�iag�ilc�§9g�iag©g�n_§�|}g�µU�mhlcfe_|yxyw�g�ilxyp�n
p�q/e9hlpowfcf{j{jcu{f�Lil�_g�i0g�|y|yp�­
{´¢�v9~¶e9hlp�¬�hag�km{Bilp³hlt9n�cu·mwfxycfnoil|��$p�n�ijhag�n_{jxycfnoi
e9hlpowfcf{j{jp�hl{f¯K���9c�{jwU�9cfkmcdxy{
x}noilcf¬�hag�ilc�§�x}noilp�il�9c©¸/°=qVp�ha§�¢ v9~-|yx}«Qhag�hj�o¯

¹�º�»o¼�½=¾U¿XÀ�Á ¢ v9~ÃÂ�p=§9cu|¥�_�Ocui®­�p�hl£Q{
p�q�Ä�p�hl£={�iag�ilx}p�n_{f�_�O§9g�e9ilxyªXcd~�g�hag�|y|ycf|�r)p�kme_tQilxyn_¬

Å Æ9Ç/ÈKÉHÊ�ËBÌBÍÎÈHÏaÊ�Ç

Ðd8HR3M/E;PD`_Ñl[F]F<;Òf8HÓu7Q<H79E;T´Ô :=Óf:=PSPSR�P©ÕÖM�[KÔO×m^�7KIKR�P�ØDÙ�Ú�ÛdAST�:$EH<;ADÜ9R�ÓfTU:QP�:=C;TaÝUÓf:QÒ�ÝUAS7Q<Þ7=ß
G;:QÓu:QPDPSR�PHÒ�7Q^�GHEKÝf:oÝUAS7Q<�W�8HAVÒf8�Ò�:=<�CJR�EJTaR�I�Ýu7mIKR�TUADà9<�GÎ7QÓUÝu:QCHPSROGJ:=Óf:=PSPDR�PFTU7=ßáÝlWd:=ÓuRQ?oâ�IFÑ
Üo:=<;Ò�R�TLAD<´^�AVÒ�Óu7©GHÓu7KÒ�R�TuTU7QÓL:QÓuÒf8HADÝUR�Ò�ÝuEHÓUR
:Q<;I´IH:=Ýu:©Ò�7Q^�^�E;<HASÒ�:oÝuAD79<´:=PSPD7oW5IKAVTlÝuÓUASCHEKÝuR�I
^�R�^�7QÓu]�^':QÒf8HAS<HR�T�:Q<;I$<HR�ÝlW/79ÓU`9R�I�WO7QÓu`KTlÝf:oÝUAS7Q<JT�ÝU7�IKR�PDASÜQR�Ó�8HASàQ8ÃGJR�Óaß¥79ÓU^':Q<;Ò�R�ß¥7QÓ
G;:QÓu:QPDPSR�PO:=GHGHPSAVÒ�:oÝuAD79<;T�?)Ðd8HR³ß¥7KÒ�E;T�7=ß�Ýu8HAVT�G;:QGJR�Ó�AVT�7Q<±:-<HR�ÝlWO7QÓu`Ã7Qß©W/79ÓU`KTaÝu:=ÝUAS7Q<;T
ÜFADR�W/R�I�:QT :mM�[KÔ5Ò�79^�GHEKÝUR�Ó�?9ã©7oWOR�ÜQR�Ó�äXEH<;PDAS`QRdÝu8HR�^':oål7QÓuADÝl]´7=ßÎÝU8HRBÓUR�TaR�:=ÓfÒf8�7Q<�8HASàQ8
GÎR�ÓUß¥7QÓu^�:Q<;Ò�RdIKAVTlÝuÓUASCHEKÝuR�I�Ò�79^�G;EKÝUAS<Hà;äoWORd:=ÓuR�AS<9ÝuR�ÓuR�TaÝUR�I�AS<�EHÝUASPDAS\�AS<Hà0ASIHPDRdÒ�79^�G;EKÝUAS<Hà
GÎ7oW/R�Ó�7=ßLÝU8HR�W/79ÓU`KTaÝu:oÝuAD79<;T
W�ADÝU8;7QEKÝdIKASTUÓuEHGKÝUAS<Hà�TaR�ÓUÜFAVÒ�R�T
ß¥7QÓOÓUR�àQEHPV:=Ó/E;TUR�ÓfTBÕ¥7oW�<;R�ÓfTu×
7=ß�Ýu8HRB^':9Òf8HAD<;R�T�?9Ðd8HR�GHÓU79CHPSR�^æASTOÒf8;:=PSPSR�<Hà9AD<Hà0ß¥79Ó�8HASàQ8;PD]�Ta]F<;Òf8;ÓU79<H7QE;T�:=GHGHPSAVÒ�:oÝuAD79<;T
CÎR�Ò�:QE;TUR�Ýu8HRmGÎR�ÓUß¥7QÓu^�:Q<;Ò�R0AVTdPDAS^�A}ÝuR�I�CF]'Ýu8HRmGHÓu7QàQÓuR�TuT/7=ß)ÝU8HRmTUPD7oWOR�TaÝ�7QÓdPDR�:QTaÝ©:XÜX:QADPDÑ
:=C;PDR�^':QÒf8HAS<HRQ?KâB<H7=Ýu8HR�Ó�Ò�79^�GHPDAVÒ�:=ÝUAS7Q<+AVT/ÝU8HR�EH<HG;ÓUR�IKASÒ�Ýu:QCHADPSADÝl]'7=ßL^':QÒf8;AD<HR�PS79:QI¨ä9A�? R9?
R�:9Òf8�Ò�EHÓUÓuR�<_ÝuPD]0ß¥ÓuR�ROW/79ÓU`KTaÝu:=ÝUAS7Q<�Ò�:=<�TUE;IHIHR�<HPS]´CÎR�Ò�79^�ROE;<;:XÜo:=ASPS:QCHPDR�ß¥7QÓ :�PD79<Hà�ÝUAS^�R9?

Ðd8HR�ÓUR�8;:XÜ9R�CÎR�R�<çTUR�Ü9R�Óf:=P Ta]KTaÝUR�^�T�Ýu8;:oÝ´:=ÝaÝUR�^�GKÝmÝU7�^':=`9R�EJTaR�7=ßOASIHPDR�ÝuAD^�R'7Q<
WO7QÓu`FTaÝu:=ÝUAS7Q<;T�?9Ð/]FGHAVÒ�:=PSPS]3Õ®TaR�R�Ø ÚXÛ¥×�äKTaEJÒf8³Ta]KTaÝUR�^�TO:XÜQ79ASI'IHR�àQÓf:QIHAD<Hà´ÝU8HR�GJR�Óaß¥79ÓU^':Q<;Ò�R
ß¥7QÓdÝu8HRm7oW�<HR�ÓO7QßsÝu8HR0^':QÒf8HAS<HR0CF]³ÓuR�è_EHASÓUAS<Hà�ÝU8;:=ÝOÝu8HRmC;:9Òf`_à9ÓU79EH<;INÒ�7Q^�GHEHÝu:oÝuAD79<NCÎR
é ���_xy{±­)p�hl£ê­ g�{±eFg�hjilx}g�|y|��ë{jt_e9eKp�hjilc�§²«=�ê�dv9ìîí/hag�noil{2r r)z��®���=��ï��X���²g�nF§ðr r)z
�
�X����ñ=���=��¯Î���_cBwfp�n=ilcun=iO§9pocu{On_p�idn9cfwfcf{j{lg�hlx}|��'hlcuò_cfwui/il�_c©eKp�{jx�ilxyp�n³p�hOeKp�|yxywu�'p�qLil�_c©�B¯ vK¯
íOp�ª�cuhln_kmcfnoi�¯

Bolek
Text Box
Proc. EurPar96 Parallel Processing, Lyon, France, August 1996, vol. II, LNCS 1124, 
                                        Springer Verlag, Berlin, 1996, pp. 311-318



TUE;TUGJR�<;IKR�I W�8HR�<27oW�<HR�Ó � T�:QÒ�ÝuADÜFADÝl]ÞAST�IKR�ÝuR�Ò�ÝUR�I¨?�Ðd8;R³C;:9Òf`_à9ÓU79EH<;IÞÒ�79^�GHEKÝu:=ÝUAS7Q< AVT
ÓuR�TUEH^�R�IçW�8HR�<ÞÝU8HR'7oW�<HR�Ó � T´:9Ò�ÝUASÜFA}Ýl]ÃR�<;I;T´:=<;IÃÝu8HR+GHÓu7KÒ�R�TuTU7QÓmAVTmASIHPDR9?)[FAS<;Ò�R+ÝU8HR�TaR
GHÓu7KÒ�R�TUTU7QÓfTL:QÓURO:XÜX:QADPV:=C;PDR�ß¥7QÓ�E;TUR/79<HPD]mW�8;R�<�ÝU8HR�]´:=ÓuR/AVIKPSRO:Q<;I�<;7=Ý :XÜX:QADPV:=C;PDRO:oÝ�7=ÝU8;R�Ó
ÝuAD^�R�T�äHÝu8HR�]3:=ÓuRmÓUR�ß¥R�ÓuÓUR�I+Ýu7+:QT��aÝUÓf:=<;TUASR�<_Ý���GHÓu7KÒ�R�TuTU7QÓfT�Ø �QÛ�?��/79<;TUR�è_EHR�<_ÝuPD]9äHW/R0ÝuÓUR�:oÝ
:0Òf8;:Q<HàQRd7=ßÎÝU8;R©W/79ÓU`KTaÝu:=ÝUAS7Q<�TaÝu:=ÝUE;T)ß¥Óu7Q^êß¥ÓUR�RdÝU7mEH<J:XÜX:QADPV:=C;PDR�:QT :�ÝuÓu:Q<;TUADR�<9Ý�ßÖ:QADPSEHÓuRQ?
âB<H7=Ýu8HR�Ód:QTuTaE;^�GHÝUAS7Q<+7QßL7QEHÓd:=G;GHÓU7_:QÒf8�AVT�Ýu8;:oÝOÝU8;R©ß¥ÓuR�è_EHR�<JÒ�]'7=ßLTU]F<;Òf8HÓu7Q<HAS\�:=ÝUAS7Q<'7Qß
G;:QÓu:QPDPSR�P)Ò�79^�G;EKÝu:=ÝUAS7Q<$AVT�8HADà98-Ò�79^�G;:=ÓuR�I�W�ADÝU8-ÝU8HR�:XÜQR�Óu:QàQR´:XÜo:=ASPS:QCHPSR
	X<;7Q<;:XÜo:=ASPV:=CHPSR
ÝuAD^�R�T©7=ß):�WO7QÓu`KTlÝf:oÝUAS7Q<L?

�j<$Ýu8HAVT�GJ:=GÎR�Ó�äJWOR�GHÓu7QGÎ79TUR´R
�_ÝuR�<;TUAS7Q<;TBÝU7³ÝU8HR����Fß¥7QÓfI$M�[KÔ��LADCHÓf:=Óu]NØ �Hä���Û)ÝU8J:oÝ
:QPDPS7oW ß¥79Ó'ÝUÓf:=<JTaG;:QÓUR�<_Ý+ÓUR�Ò�7oÜQR�ÓU]Þß¥Óu7Q^ ÝUÓf:=<JTaASR�<_Ý+GHÓu7KÒ�R�TuTU7QÓ�ßÖ:=ASPSEHÓUR�T'AS<Z:Þ<HR�ÝlWO7QÓu`
7Qß�WO7QÓu`KTlÝf:oÝUAS7Q<JT�E;TaAS<Hà IK]F<;:Q^�ASÒ�ÓuR�G;PDAVÒ�:=ÝUAS7Q< 7=ß´Ò�79^�G;EKÝu:=ÝUAS7Q<¶TlÝf:oÝuRQä�PV:=\�]±GHÓu7KÒ�R�TUT
ÓuR�GHPSAVÒ�:oÝuAD79<$:=<;I�G;ÓU7KÒ�R�TUTB^�ADà9Óu:=ÝUAS7Q<¨?ÎÐd8HR�ÓuR�TUEHPDÝUAS<Hà³TU]FTaÝUR�^ TUEHGHGÎ7QÓUÝuT�G;:QÓu:QPDPSR�PLÒ�7Q^�Ñ
GHEHÝu:oÝuAD79<±W�ADÝU8 ÝU8;RNPSR�Ü9R�P�7=ß�G;:=Óf:=PSPDR�PDAVTU^�Òf8J:=<Hà9AD<HàçAS<±ÓuR�TUGJ79<;TaRNÝU7ÃÝU8;R�Òf8J:=<Hà9R�T�AD<
Ýu8HR�<_E;^�CÎR�Óm7=ßd:XÜo:=ASPS:QCHPDR�WO7QÓu`FTaÝu:=ÝUAS7Q<;T�?��ÃR�ÓuR�ß¥R�Ó0Ýu73ÝU8HAVT0`FAD<;Iç7QßOÒ�79^�GHEKÝu:=ÝUAS7Q<ç:QT
� ¿ ��������� º
�y» � � ¾ � ���Dº
�y?

! "$#)É #&%'%)(*%,+ÃÊ.-0/�Ì�È1#)ÈKÏaÊ�Ç�Ê�Ç2#43�(¨È65çÊ�É87îÊ:9<;�É8# Ç�=FÏ)(sÇ�È
"ÃÉHÊ�Í�(*=>=9Ê�É = Ì�=FÏUÇ@?²È1A�(CBEDF"HG Ê�Ë@(*%

�j<'Ýu8HR0Md[HÔ ^�7KIKR�PÎÝU8;R�Ò�7Q^�GHEKÝf:oÝUAS7Q<NÒ�7Q<JTaAVTlÝfT�7QßL:�TUR�è_EHR�<;Ò�R�7=ßsTUEHGÎR�ÓfTlÝuR�G;T�?I�j<NR�:9Òf8
TUEHGÎR�ÓfTlÝuR�G¨äKÝu8HR´GHÓu7KÒ�R�TUTU7QÓfTdGJR�Óaß¥79ÓU^ Ta79^�RmPD7KÒ�:QPLÒ�79^�GHEKÝu:=ÝUAS7Q<�:=<JINAS<HADÝUAV:oÝuR�Ò�79^�^�EKÑ
<HAVÒ�:=ÝUAS7Q<-ÝU737=ÝU8;R�Ó0GHÓu7FÒ�R�TuTa79ÓuT�?�â©PSP�ÝU8HR�GHÓu7KÒ�R�TuTU7QÓfTBTU]_<JÒf8HÓU79<HAS\�R�:=Ý�Ýu8HR�R�<;IÃ7=ßOR�:9Òf8
TUEHGÎR�ÓfTlÝuR�G¨?J�/79<;TaR�è_EHR�<_ÝUPS]QäKADß :�G;:=ÓUÝUAVÒ�ASG;:oÝuAD<;à�GHÓu7KÒ�R�TUTU7QÓdCÎR�Ò�79^�R�TdEH<;:XÜo:QADPV:=CHPSR0W�8HASPDR
R
�FR�Ò�EKÝuAD<;à�:�TUEHGÎR�ÓfTlÝuR�G¨äKÝu8HRmGHÓu7Qà9ÓUR�TUT/7=ß)ÝU8HRmR�<_ÝUASÓUR0GHÓu7Qà9Óu:Q^æW�ASPSP¨CJR´TaÝu:QPDPSR�I¨?

�j<-Ø �=Û�ä9Y0PSR�AS<HÓu7FÒf`�R�Ý�?_:QP®?Qß¥7QEH<;I�Ýu8HRBG;ÓU79C;:=CHASPSA}Ýl]�IKR�<;TUADÝl]�7Qß�:´GHÓU79àQÓf:=^ � TLK;<HAVTa8HAS<Hà
ÝuAD^�R�7Q<�^�E;P}ÝuADGHPSR�GHÓu7KÒ�R�TuTU7QÓfTLAS<�W�8HASÒf8�IKEHÓf:oÝuAD79<�7Qß�:XÜo:QADPV:=CHPSRd:=<;I�<H7Q<J:XÜX:QADPV:=C;PDROGJR�ÓUADÑ
7KIHT
:QÓUR�AS<;IKR�GJR�<;IKR�<9Ýd:=<;I�AVIKR�<_ÝuASÒ�:=PSPD]�IKAVTlÝuÓUASCHEKÝuR�I�Óf:=<;IK79^êÜo:=ÓuAV:=CHPSR�T)ß¥Óu7Q^ë:0àQR�<HR�Óf:=P
IKAVTaÝUÓuADCHEHÝUAS7Q< :QTuTaEH^�AS<HàçPD79<HàçIHEHÓu:=ÝUAS7Q<2GHÓU79àQÓf:=^'T³Õ¥ÝU8;:=Ý+RM�KR�Ò�EKÝUR3ß¥79Ó�TUR�Ü9R�Óf:=Pd:XÜo:=ASP}Ñ
:QCHPDR�GJR�ÓUAS7KIHTf×BÒ�7Q^�GJ7_TaR�I�7=ß/^�:Q<F]3AS<;IKR�GJR�<;IKR�<9Ý0Ýf:QTU`FT�?�ã©R�<JÒ�RQä�R�:QÒf8$GHÓu7KÒ�R�TUTU7QÓ�Ò�:=<
GHÓu7KÒ�R�R�IÞAS<;IKR�GÎR�<JIKR�<_ÝUPS]Þ7=ß�Ýu8HR³7QÝU8HR�ÓuT�?sâ�T�:�ÓuR�TUEHPDÝ�äsÝU8HR3:XÜQR�Óu:QàQR�GHÓu7FÒ�R�TuTaAS<Hà�ÝuAD^�R
7QßOÝu8HR³G;ÓU79àQÓf:=^ W�ADÝU8 R
�KR�Ò�EHÝUAS7Q<ÞÝUAS^�RONë7Q< :-IKR�IKAVÒ�:=ÝUR�IÞW/79ÓU`KTaÝu:oÝuAD79<ÞAST�R�è_E;:=P�ÝU7
P QSRUTWV
XYT[ZT V 7Q<]\+<;7Q<;IKR�IKAVÒ�:oÝuR�I�WO7QÓu`FTaÝu:=ÝUAS7Q<;T�äoW�8HR�ÓUR_^a`cb'^)d�:QÓUR©:XÜ9R�Óf:=à9RO:XÜo:=ASPV:=CHPSR©:=<;I
<H79<;:XÜo:=ASPS:QCHPSRBÝuAD^�R�T�?

Ðd8HRNAD^�G;:9Ò�Ý�7=ß�ÝUÓf:=<JTaASR�<_Ý´ßÖ:QADPSEHÓuR�T�7Q<ÞÝUASàQ8_ÝuPD]5TU]_<JÒf8HÓU79<HAS\�R�IÞGJ:=Óf:=PSPDR�P�GHÓu7Qà9Óu:Q^�T
W�ADÝU8�ÓuR�PV:oÝuADÜ9R�PS]³Ta^':QPDP¨:Q^�79EH<_Ý©7=ß Ò�79^�G;EKÝu:=ÝUAS7Q<�CJR�ÝlW/R�R�<$TU]F<;Òf8HÓu7Q<HAS\�:=ÝUAS7Q<;TOAVT�^�E;Òf8
^�7QÓuR�TUR�Ü9R�ÓuRQ?c�j<-ØDÙfeXÛ�äH@©ASCH8;:Q<_E;GHE;IKA�:=<JI3[F\�]F^�:Q<;TU`_A�:=<J:=PS]_\�R©Ýu8HR0RM�KR�Ò�EKÝUAS7Q<³ÝUAS^�R07Qß
:�Md[HÔ-GHÓu7Qà9Óu:Q^ W�ADÝU8�ÓUR�PS:=ÝUASÜQR�PD]mTU8H7QÓUÝ)TUEHGÎR�ÓfTlÝuR�G;T)7Q<�:©<HR�ÝlW/79ÓU`07QßHÝUÓf:=<;TUASR�<_ÝsGHÓu7KÒ�R�TlÑ
TU7QÓfTdß¥7QÓ©ÝU8HR�TaGÎR�Ò�AS:QPsÒ�:9TaR�7=ß RM�KGÎ7Q<HR�<9ÝuAS:QPDPS]NIHASTaÝUÓuADC;EKÝUR�I$:XÜo:=ASPS:QCHPDR´:Q<;I�<H79<;:XÜo:=ASPS:QCHPDR
ÝuAD^�R�T�?=6$:Q<_]´TuÒ�ASR�<_ÝuAgKJÒO:=G;GHPDAVÒ�:=ÝUAS7Q<;T�TUE;Òf8�:9TsÝU8HRdGHPV:QTU^':�TUAD^�EHPV:oÝUAS7Q<ÃØ hXÛKÝu8;:oÝ ÓuR�è_EHASÓUR
ß¥ÓuR�è_EHR�<9Ý�Ò�79^�^�EH<HAVÒ�:=ÝUAS7Q<±:Q<;I TU]_<JÒf8HÓU79<HAS\�:oÝuAD79<5:=^�7Q<Hà$ÝU8HR�Ò�79^�GÎ7Q<;R�<_Ý�GHÓu7KÒ�R�TUTUR�T
CÎR�PS7Q<Hà+ÝU7'Ýu8HAST�Ò�:=ÝUR�àQ7QÓu]Q?JÐd8HR�ÓuR�TUEHPDÝuT©7Qß�ÝU8HR�:=<;:QPD]KTUASTBAD< ØDÙfeXÛ :=ÓuR�TUEH^�^':=ÓuAD\�R�I�CÎR�Ñ
PS7oWm?J�/7Q<;TUAVIKR�Ó©:'M�[KÔ Ò�79^�GHEKÝu:=ÝUAS7Q<�W�ADÝU8�ÝU8;R´:XÜQR�Óf:=à9RBAS<_ÝUR�ÓUÑjTa]F<;Òf8HÓu7Q<;AD\�:oÝUAS7Q<+ÝUAS^�R�T
^�R�:9TaE;ÓUR�I'7Q<3:�TUAD<Hà9PDR0IKR�IKASÒ�:oÝuR�I+WO7QÓu`KTlÝf:oÝuAD79<'R�è_E;:=PJÝU7iN�jk^ ` Õ®:=<;IN:=PVTa7lNmjk^ d ×�?
[FAS<;Ò�R�:=PSPJÝU8HR�GHÓU7KÒ�R�TuTa79ÓuT
TU]F<;Òf8HÓu7Q<HAS\�R©:=Ý�Ýu8HRBR�<;I'7=ß�Ýu8HR0Ò�7Q^�GHEHÝu:oÝuAD79<¨ä=Ýu8HRnK;<HAVTa8HAS<Hà
ÝuAD^�R�7=ßOÝU8HR'TaÝUR�GÃAVT0ÝU8;R�^':6�FAS^�E;^ 7=ß/ÝU8HRoK;<;ASTU8HAS<Hà3ÝUAS^�R�T07=ßOÝU8HR'Ò�7Q^�GHEKÝf:oÝUAS7Q<ç7Q<



AS<;IKASÜ_AVIKE;:QP©GHÓu7KÒ�R�TuTU7QÓfT�?)Ðd8HR�^�R�:=<EK;<HAVTa8;AD<HàçÝuAD^�R�7=ß�ÝU8HR$Ò�7Q^�GHEKÝf:oÝuAD79<2TaÝUR�G 79< \
ÝUÓf:=<JTaASR�<_Ý�G;ÓU7KÒ�R�TUTU7QÓfTdAVT�:QGHGHÓu7
�FAS^':oÝuR�PS] P Q � N T ZTWV ?J�çR�Ò�:=<-TUR�Rmß¥Óu7Q^ Ýu8HR�:QCJ7oÜ9R´RM�FÑ
GHÓuR�TuTaAS7Q<�ÝU8;:=ÝsÝu8HRd^�R�:=< K;<HAVTa8;AD<Hà�ÝuAD^�Rd7=ßHÝu8HRdG;:=Óf:=PSPSR�PFÒ�7Q^�GHEHÝu:oÝuAD79<�79<�\�GHÓu7FÒ�R�TuTa79ÓuT
AVT�W/79ÓuTUR�ÝU8;:Q<379<3:�TUAD<;àQPSR�G;ÓU7KÒ�R�TUTU7QÓdW�8HR�<HR�Ü9R�ÓU^ d�� ^ ` ?

Ðd8HR�IKR�PV:X]5Ò�:QE;TaR�I5CF]Þ<H7Q<;:XÜo:QADPV:=CHPSR³WO7QÓu`KTlÝf:oÝuAD79<;T´Ò�:Q<±CÎR3IHR�Ò�ÓuR�:9TaR�IÞCF]5ÓUR�GHPDADÑ
Ò�:=ÝUAS<Hà�ÝU8HRmÒ�79^�GJ79<HR�<_Ý�GHÓu7FÒ�R�TuTaR�T�79<³^�7QÓuR�ÝU8;:Q<N79<HR�G;ÓU7KÒ�R�TUTU7QÓ�ä9ÝU8HR�ÓUR�C_]'AS<;Ò�ÓUR�:QTUAD<Hà
ÝU8;R�Òf8;:Q<;Ò�R�T�7=ß ÝuAD^�R�PD]�IKR�PDASÜQR�ÓU]37=ß Ýu8HR�ÓuR�TUEHPDÝuT�7=ß
R�:9Òf8�GHÓu7FÒ�R�TuT�?���R�GHPSAVÒ�:oÝuAD79<$7=ß Ýu8HR
Ò�79^�GJ79<HR�<_Ý/G;ÓU7KÒ�R�TUTUR�T
AST�RM�KGJR�<;TUADÜ9RBCÎR�Ò�:QE;TUR�ÝU8HR�Ò�79^�G;EKÝu:=ÝUAS7Q<;T/IK7Q<HR�CF]�:QPDPJCHEKÝd7Q<HR
7=ß)ÝU8;RmÓUR�GHPDAVÒ�:=ÝUR�I³GHÓu7KÒ�R�TUTUR�T�:QÓUR0IKAVTUÒ�:=ÓfIKR�I�?1�j<JTlÝuR�:QI¨äHAD<3Ýu8HAST©G;:=GÎR�Ó�WOR0Ýu:Q`QR�ÝU8HR´:QGKÑ
GHÓu79:9Òf8+7=ßLPV:=\�]�Õ¥A�? R9?_AS<FÜQ79`QR�I+W�8HR�<N<HR�R�IKR�I;×�ÓuR�GHPSASÒ�:oÝuAD79<³7=ß�Ýu8HRmÒ�79^�G;EKÝu:=ÝUAS7Q<;T�?_Ðd8J:oÝ
AVT�äKW�8HR�<3:�ÝUÓf:=<JTaASR�<_ÝdGHÓU7KÒ�R�TuTa79Ó�ßÖ:QADPVT0Õ¥CÎR�Ò�79^�R�TdEH<;:XÜo:QADPV:=CHPSR�×�ä_ÝU8HR�<NADÝuT�Ò�7Q^�GHEKÝf:oÝUAS7Q<
AVT+GÎR�ÓUß¥7QÓu^�R�I C_] :=<¶:XÜo:=ASPV:=CHPSR�GHÓU7KÒ�R�TuTa79Ó+:=<;I¶Ò�7Q^�GHEKÝf:oÝUAS7Q<JT+:=ÓuR�ÓUR�GHPDAVÒ�:=ÝUR�I 7Q<HPS]
W�8HR�<5ÓUR�è9E;ADÓuR�IÃCF]�ÝU8HR+ßÖ:=ASPDEHÓuR'7=ß�:3GHÓu7FÒ�R�TuTa79Ó�?�Ðd8HAVT´:QGHGHÓu79:QÒf8çTU:XÜ9R�TmÒ�7Q^�GHEKÝf:oÝUAS7Q<
CHEKÝBTUR�è_EHR�<_ÝUAV:=PSAD\�R�T�ßÖ:=ASPDEHÓuR�ÓUR�Ò�7oÜQR�ÓU]�CÎR�Ò�:QE;TURBÝu8HR0GHÓU7KÒ�R�TuTa79Ó/ÓuEH<H<HAS<Hà�:�ÓuR�G;PDAVÒ�:�^�E;TaÝ
K;<HAVTU83ADÝuT©ÓUR�àQEHPV:=Ó�Ò�79^�GHEKÝu:=ÝUAS7Q< K;ÓfTlÝ�?

��EHÓ�:=GHGHÓu79:9Òf8ÞÝU7ç:QIH:QGKÝUASÜQR+GJ:=Óf:=PSPDR�PDAVTa^ AVT�C;:9TaR�IÞ7Q< ÜFASR�W�AS<Hà$Ýu8HR³E;<;:XÜo:=ASPS:QCHADPDÑ
ADÝl]57=ßB:Ã8H79TaÝ�^':QÒf8;AD<HR3:QT�:�ÝuÓu:Q<;TaASR�<_Ý�ßÖ:=ASPDEHÓuR��sÝU8;RNR	�ÎR�Ò�Ý�7=ß©Ýu8HR³ÝuÓu:Q<;TUADR�<9Ý�ßÖ:=ASPDE;ÓUR
AVTdÝU7'IKR�PS:X]'Ýu8HR0G;:=Óf:=PSPSR�P¨Ò�79^�GHEKÝu:=ÝUAS7Q<¨?J��E;Ó©:=GHGHÓu79:9Òf8³IKR�:=PVTdW�A}Ýu8NÝuÓu:Q<;TUADR�<9ÝdßÖ:QADPSEHÓuR�T
ÝU8;ÓU79EHàQ8N¿ � � � ¾Uº � � ��
 �6��� ½
�JØ �=ÛF7=ßJÒ�7Q^�GHEKÝf:oÝuAD79<�TlÝf:oÝuR/:=<JI ����� ºd¾Uºf¿
���Î¿ � � 
 »��9Ø �XÛK7=ß;Ò�7Q^�Ñ
GHEKÝf:oÝuAD79<;T�?1�j<3IKAVTlÝuÓUASCHEKÝuR�I3Ta]KTaÝUR�^'T�äKIH:oÝf:�79CKålR�Ò�ÝuTd:=ÓuRBÓuR�GHPSAVÒ�:oÝuR�I³7Q<³^�EHPDÝUASGHPDR0<H7KIKR�T
ÝU75AS<;Ò�ÓUR�:QTUR³Ýu8HR�:XÜX:QADPV:=C;ADPSA}Ýl]57Qß�Ýu8HR�IH:oÝf:Þ:=<;I±ÝU8HR�ÓUR�CF] AD<JÒ�ÓuR�:QTURNÝU8HR�ÓuR�TUADPSASR�<;Ò�]ÞÝU7
ßÖ:=ASPSEHÓUR�T�?KÐdAS^�R�ÓuR�IKE;<;IH:=<JÒ�]'AVT/EJTaR�I'ÝU7'IKR�:=P�W�ADÝU8+Ýu8HR0R���R�Ò�ÝuTd7=ßLÝUR�^�GÎ7QÓf:=Óu]�ßÖ:=ASPDEHÓuR�T�?
�j<ç7QEHÓ0:=GHG;ÓU7_:QÒf8¨äJÓUR�GHPDAVÒ�:=ÝUAS7Q<$7Qß/Ò�79^�GHEKÝu:=ÝUAS7Q<çTlÝf:oÝUR�AVT�IH7Q<HR�AD<Ã7QÓfIKR�Ó�ÝU7�:=PSPS7oW ß¥7QÓ
ÓuR�GÎR�ÝUADÝUAS7Q<ç7=ßOÒ�7Q^�GHEHÝu:oÝuAD79<;T�7=ßd:+ßÖ:QADPSR�IÃGHÓu7FÒ�R�TuT�ä�TU8H7QEHPVIç:³8H7_TlÝ0GHÓu7KÒ�R�TuTU7QÓBCÎR�Ò�7Q^�R
EH<;:XÜo:QADPV:=CHPSRQ?FÐd8HAVT�ÜFASR�W�7QßL:mÝuÓu:Q<;TaASR�<_Ý/ßÖ:=ASPDEHÓuRBAS<;Ò�PDE;IHR�TOAD<NA}ÝfT/TuÒ�79GJR�:=<F]�ÓUR�:=PJßÖ:=ASPDE;ÓUR
7=ßLÝU8HR08H7_TlÝO^�:9Òf8HAS<HRQ?KÐd8FE;TO7QEHÓdTuÒf8HR�^�R�Ò�:=<NÓUR�Ò�7oÜQR�Ó ß¥Óu7Q^ðÓuR�:=PJßÖ:=ASPSEHÓUR�T�7QßL8H7_TlÝd^':oÑ
Òf8HAS<HR�T ÝU8;:=Ý�7KÒ�Ò�E;Ó
:oßáÝUR�Ó ÝU8;RBIH:oÝf:0ÓUR�GHPSASÒ�:oÝUAS7Q<�8;:9T
Ò�79^�G;PDR�ÝUR�I�TUE;Ò�Ò�R�TuTlß¥E;PDPS]Q?QãB7oW/R�ÜQR�Ó�ä
WORN:=ÓuR'^':=AS<HPS]ÞÒ�7Q<;Ò�R�Óu<HR�IÞ:QCJ79EKÝ�Ýu8HRN:9IH:=GKÝf:=CHASPSA}Ýl]ç7=ßdÝU8;R³G;:QÓu:QPDPSR�P�:QGHGHPSASÒ�:oÝuAD79<ÞÝU7
ÝU8;R�Òf8;:Q<HàQAS<Hà+Ò�79^�GHEKÝUAS<Hà+R�<FÜ_ASÓu7Q<H^�R�<_Ý�Ýu7+^':=AS<9Ýf:=AS<$:QÒ�Ò�R�GHÝu:=C;PDR´GÎR�ÓUß¥7QÓu^':=<;Ò�Rm7Q<$:
<H79<;IKR�IHASÒ�:oÝUR�IÞ<HR�ÝlWO7QÓu`$7QßdWO7QÓu`KTlÝf:oÝuAD79<;T�?¨Ðs7�GHÓu7oÜFASIKR�ßÖ:QEHPDÝaÑ�ÝU7QPSR�Óf:=<JÒ�R�ÝU7�8J:=ÓfIKWO:QÓUR
:=<JINTU7=ßáÝlWd:=ÓuRBßÖ:QADPSEHÓuR�T�ä_ÝU8HRmGHÓuR�TUR�<_ÝuR�IN^�R�Òf8;:=<;ASTU^ðW/79EHPVI³8;:XÜ9RBÝu7�CJR´TUEHGHGHPSR�^�R�<9ÝuR�I
W�ADÝU8-:³ÓUR�Ò�7oÜQR�ÓU]NTa]KTaÝUR�^ C;:9TaR�I�7Q<�GÎR�ÓuAD7KIKAVÒ�Òf8HR�Òf`FGJ79AD<_ÝUAS<Hà'7Qß ÝU8HR�Ò�7Q^�GÎ7Q<HR�<_ÝBGHÓu7=Ñ
Ò�R�TUTUR�T�?
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�j<�79EHÓ³TuÒf8HR�^�R�ß¥79Ó+PS:Q\�] ÓUR�GHPSASÒ�:oÝUAS7Q< 7QßmÒ�7Q^�GHEKÝf:oÝuAD79<;T�ä/R�:9Òf8 G;ÓU7KÒ�R�TUT+AST³ÓUR�:QIK]±ÝU7
:QÒ�Ý�:9T�:�CJ:QÒf`FEHG5ß¥79Ó�7Q<;R³7QÓ�^�7QÓuR³7=ß©ADÝuT�GÎR�R�ÓfT�?)Ðd8HAVT�AST�:QÒf8HASR�Ü9R�IÞCF]çR�:=à9R�Ó�ÓUR�GHPDADÑ
Ò�:=ÝUAS7Q<ç7=ßOÝU8HR+Ò�7Q^�GHEKÝf:oÝuAD79<çTaÝu:=ÝUR'7=ßd:�Ò�79^�GÎ7Q<;R�<_ÝmGHÓU7KÒ�R�TuT�79<Þ7Q<HR�7QÓm^�79ÓUR�7=ßOA}ÝfT
GÎR�R�ÓfT�? �j<2Ýu8HR�R�Ü9R�<_Ý'7=ßBÝu8HR�ßÖ:=ASPSEHÓUR�7Qß�:ÞÒ�79^�GÎ7Q<;R�<_Ý'GHÓU7KÒ�R�TuT�ä�7Q<;R37QßBÝu8HR�C;:QÒf`FEHG
GHÓu7KÒ�R�TuTUR�T�Ò�:=<±Ýu:Q`QR³7oÜ9R�Ó�:=<;I2Ò�79^�G;PDR�ÝURNÝU8HR�Ò�79^�GHEKÝu:=ÝUAS7Q<;T�7=ßBÝU8HR3ßÖ:=ASPSR�I G;ÓU7KÒ�R�TUT�?
Ðd8HAVT�AVTmß¥E;ÓaÝu8HR�Ó�IKASTuÒ�EJTUTUR�IÞAS< TaR�Ò�ÝuAD79<��H?)Ðd8HR³TUEHGJR�ÓuTaÝUR�G5AST�Ò�79^�G;PDR�ÝUR+W�8HR�<±:=PSP
Ýu8HR
EGFIHKJMLONPLRQ	S�T0Q7U3T0VXW hlcuqScuhl{�ilpBil�9c�hlcueKcuilx�ilx}p�n�p�q�g©wfp�kme9t9iag�ilx}p�n´p�h wfp�kmk�t9n_xyw�g�ilxyp�n´g�wuilxyp�n
x}n�il�_c�§Qp�k´g�xyn�p�q�ilxykmc�¯



Ò�7Q^�GHEKÝf:oÝUAS7Q<JTL:=ÓuR/TUE;Ò�Ò�R�TuTaß¥EHPDPS]0Ò�7Q^�GHPSR�ÝuR�I�C_]0R�A}Ýu8HR�ÓsÝU8HR/ÓUR�TaGÎR�Ò�ÝUASÜQROÒ�7Q^�GÎ7Q<HR�<_ÝsGHÓu7=Ñ
Ò�R�TuTaR�T�79Ó�ÝU8HR�ADÓmC;:9Òf`_Ñ�EHGJT�?�ã©7oWOR�Ü9R�Ó�äÎß¥7QÓmTaE;C;TaR�è_EHR�<_Ý´TaE;GJR�ÓuTaÝUR�G;T�ä�ADÝ´AVTmIKR�TUADÓf:=C;PDR�ÝU7
ÓuR�^�7oÜQR�Ýu8HR'ßÖ:=ASPSR�IçGHÓu7FÒ�R�TuT0ß¥Óu7Q^ Ýu8HR+G;:QÓu:QPDPSR�P
Ò�7Q^�GHEKÝf:oÝuAD79<Þ:Q<;I5:XÜQ79ASIÃÓuR�GHPSASÒ�:oÝuAD79<
W�8HAVÒf8�Ò�ÓuR�:oÝuR�TOPS79:QINAS^�C;:QPS:Q<;Ò�R0CÎR�ÝlWOR�R�<3GHÓu7KÒ�R�TuTU7QÓfT�?Fâ�TUÒf8;R�^�R�ÝU7�RM�KGHPS7QADÝB:QIH:QGKÝUASÜQR
G;:QÓu:QPDPSR�PSAVTa^�ä�ÝU8;R�ÓuR�ß¥7QÓuRQä¨TU8H79EHPSIçGHÓu7oÜFASIHR�ß¥79Ó´^�ADà9Óu:=ÝUAS<Hà�GHÓu7FÒ�R�TuTaR�T0:QÒ�Óu79TuT�^':QÒf8HAS<HR�T�?
Ðd8HAVT�:QGHGHÓu79:9Òf8�ÓuR�è_EHASÓUR�T�<H7�:9IHIKADÝUAS7Q<;:QPHÓUR�Ta79EHÓfÒ�R�T�ä=TUAD<;Ò�R©<H7´G;ÓU7KÒ�R�TUTUR�T :QÓUR�ÓuR�G;PDAVÒ�:=ÝUR�I
:Q<;I'ÓuR�GHPSASÒ�:oÝuAD79<+ASTOPV:=\�]�AS<+Ýu8;:oÝ�Ò�79^�GHEKÝu:=ÝUAS7Q<;TO:=ÓuRBÓuR�GÎR�:=ÝUR�I'7Q<HPS]'W�8HR�<N:´G;ÓU7KÒ�R�TUTU7QÓ
8;:9T0ßÖ:=ASPSR�IÞ7QÓ�AST´IHR�PV:X]QR�I¨?LÐd8HR+79<HPD]ÃAD<FÜ9R�TaÝU^�R�<_Ý´AVT�IH:=Ýu:�ÓuR�GHPSASÒ�:oÝuAD79<¨ä¨^':=AS< Ò�7_TlÝ´7Qß
W�8HAVÒf8'AVT ÝU8;RBÒ�79^�^�EH<HAVÒ�:=ÝUAS7Q<'<HR�R�IKR�I�ÝU7�TUR�<;I�Ýu8HRBTaÝu:=ÝUR©7Qß�R�:QÒf8+TUEHC�Ò�7Q^�GHEHÝu:oÝuAD79<�ÝU7
GÎR�R�Ó�GHÓU7KÒ�R�TuTaR�T�?
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Ðd8HR´:QCJ7oÜ9RmIKR�TuÒ�ÓuADCÎR�I�TuÒf8HR�^�Rm7Qß)E;TUAS<Hà'PS:Q\�]NÓUR�GHPDAVÒ�:=ÝUAS7Q<�:=<;I�^�ASàQÓf:oÝuAD79<³Ýu7+TaEHG;GJ79ÓaÝ
:9IH:=GKÝuADÜ9R-G;:QÓu:QPDPSR�PSAVTa^ 8;:9T³CÎR�R�<ZAS<9ÝuR�à9Óu:=ÝUR�I�AD<_ÝU72ÝU8;R ���Fß¥7QÓfI�M�[KÔ PDASCHÓf:=Óu]NØ �Hä���Û�?
��Ý0AD^�GHPSR�^�R�<9ÝfT0:³TUAD^�GHPSAgKJR�I$Ü9R�ÓfTaAS7Q<�7Qß
ÝU8;R�MOEHPS`_Ñj[F]F<;Òf8;ÓU79<H7QE;TBÔ :=Óf:=PSPDR�PL^�7KIKR�P�Ø}ÙXÚ�Û
AS<_ÝUÓu7FIHE;Ò�R�I�C_] �LR�TUPDASR�>
:QPDAV:=<_Ý�?J��Ý�AVTBTUAS^�G;PDR9äÎ]9R�ÝBÓu7QC;E;TlÝ0:=<;I�Wd:QT�TaEJÒ�Ò�R�TUTaß¥EHPSPD]�E;TUR�I
CF]+E;T�ß¥7QÓ�AS^�G;PDR�^�R�<_ÝUAS<Hà'GHPV:QTU^�:�TUAD^�EHPS:=ÝUAS7Q<37Q<�:�<HR�ÝlWO7QÓu`'7=ß�WO7QÓu`FTaÝu:=ÝUAS7Q<;T�?

Ðd8HR0RM�FÝuR�<;TUAD79<;TOÝU7�Ýu8HR ���_ß¥79ÓuINM�[KÔ PDASCHÓf:=Óu]+:=ÓuR�AS<_ÝUÓu7FIHE;Ò�R�I³AS<³ÝlWO7�PS:X]9R�ÓfT�?FÐd8HR
K;ÓfTaÝ�PV:X]QR�Ó�AS^�GHPDR�^�R�<_ÝuT079EHÓ0PS:Q\�]�ÓuR�GHPSASÒ�:oÝuAD79<-:=<;IÃ^�ADà9Óu:=ÝUAS7Q<-TuÒf8HR�^�R9?�Ðd8HAST0PV:X]QR�Ó�AVT
AS<_ÝUR�à9Óu:=ÝUR�I2AS<_ÝU75Ýu8HR-M�[KÔëPSADC;Óu:QÓU]9?�Ðd8HR-TUR�Ò�7Q<;I PV:X]QR�Ó'AD^�GHPSR�^�R�<_ÝfT³: TU^':=PSP�TUR�Ý³7Qß
GHÓuAS^�ADÝUASÜQR�T�ÝU8;:=Ý�Ò�:Q<ÃCÎR'E;TUR�IçCF]�ÝU8HR'G;ÓU79àQÓf:=^�^�R�Ó�ÝU7$TUGJR�Ò�ADß¥]�ÝU8HR+I;:oÝu:�TaÝUÓuE;Ò�ÝUEHÓuR�T
Ýu8;:oÝBÒ�7Q<;TaÝUADÝUEKÝuR0ÝU8HR´Ò�7Q^�GHEKÝf:oÝuAD79<3TaÝu:=ÝURQ?

Ðd8HRmR
�_ÝuR�<;TUAS7Q<;TdAS<3ÝU8HR K;ÓfTaÝdPV:X]QR�Ó�TaEHG;GJ79ÓaÝdÝU8;R0ß¥7QPSPD7oW�AS<Hà�<HR�W ß¥R�:=ÝUEHÓuR�T�?
Ù9?dÐd8;R�GHÓu7KÒ�R�TUTUR�TO:=ÓuR�IH]_<J:=^�ASÒ��FGHÓU7KÒ�R�TuTaR�T/Ò�:=<³CÎR�ÝUR�ÓU^�AS<;:oÝuR�I �K<HR�W�GHÓu7KÒ�R�TuTUR�TOÒ�:=<
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