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EFGHIJKGLMNGOJHPQMPRRIGHJSMLPTSMFPMUGIVLJROPWMROJOXRGFHGWLXYRJQFMZGLP[PR\XO]GNXYLMJRLJSGPLOGIIGQO]MIV8

LJ^JMLMIP_M\]IVRJSJ[SJILX`P_NGFGLLJ[NGOJHJNLGQJLOMQOLJ[aJOJ\IGOP_NJ^FMaPP�EFGHROMSIGLXIJ^PWGRQPRST_MLLXG

bOM\XaJFNPFJSMLPTQJFFGITcPJLLJ8R\GQOFMIVLXYYMFMQOGFPROPQ`]WPOXSMdZPYLGROMcPJLMFLX[YMFMQOGFHPLMNPQPUPJNG8

HPcPLRQPYRP^LMIJS�eFMNQMY RJSFGNGLLXYNGOJHJScPaFJSJ^JROMOPROPWGRQJ^JMLMIP_MLGROMcPJLMFLXYSFGNGLLXYFTHJS

\JI]WGLXFGMIP_McPPMHM\OPSLXYJcGLJQN^LJSGLLJ[WMROJOXJRLJSLJ^JOJLMRGFHGWLXYRJQFMZGLP[�

��������

eJILJSXG\FJcGRRX`aJFNPF]GNXG RPROGNMNPKP_LGHGT8
OGIVLJROPWGIJSGQM` RJYFMLTdO SMKL]dPLaJFNMcPdJ G^J
aP_PJIJ^PWGRQJNRJROJTLPP�fPFJQP[R\GQOFQJLOMQOLXYP
LGQJLOMQOLXYNGOJHJSHPM^LJROPQP _MUJIGSMLP[\McPGLOJS
JRLJSMLLMFM_IPWLXYaP_PWGRQPY\FPLcP\MYP_NGFGLPT\]IV8
RJSXY`HXYMOGIVLXY`NPJ^GLLXY`LG[FJ^GLLXYPbLHJOGIPMIV8
LXYSJIL��I^JFPONPWGRQJGJULMF]KGLPG _MQJLJNGFLJROG[`
RQFXOXYSHPLMNPQGSJILJSXY\FJcGRRJS`LMJRLJSGNGOJHJS`
NJHGIG[PMI^JFPONJSPLOGIIGQO]MIVLJ^JMLMIP_MHMLLXYTS8
ITGORT baaGQOPSLJ[NGOJHPWGRQJ[JRLJSJ[\FJGQOPFJSMLPT
RPROGN\JHHGFKQP\FPLTOPTSFMWGULXYFGgGLP[h7i8h�i�

eLMROJTZGGSFGNTFM_IPWLXNPLM]WLXNPQJIIGQOPSMNP
\FJSJHTORT PRRIGHJSMLPT \J FM_FMUJOQG M\\MFMOLJ8\FJ8
^FMNNLXYQJN\IGQRJSP_NGFGLPTPPLOGIIGQO]MIVLJ^JMLMIP8
_MUPJFPONJSWGIJSGQM�eMKLMTFJIVSbOPYPRRIGHJSMLPTYJO8
SJHPORTNGOJHMNQJLOMQOLJ[h�i8h�iPLGQJLOMQOLJ[h9i8hAiaJ8
OJ\IGOP_NJ^FMaPP�jJOJ\IGOP_NJ^FMaPTTSITGORTLMHGKLXN
P\FJROXNNGOJHJNRQFPLPL^M RGFHGWLJ8RJR]HPROJ[RPROGNX
WGIJSGQM`LM\FPNGF`SQMFHPJIJ^PP\FPPRRIGHJSMLPPSMFPM8

UGIVLJROPRGFHGWLJ^JFPONM`SJKJ^JSJ[YPF]F^PP\FP\GFG8
RMHQGQJKLXY\JQFJSJS` SFGMUPIPOMcPJLLJ[NGHPcPLG\FP
JcGLQGSJ_NJKLJROPJUFM_JSMLPTOFJNUJS` S R\JFOGPSJGL8
LJNHGIG\FPFM_FMUJOQG\FJ^FMNNOFGLPFJSJQRPLOGLRPSLJ[
aP_PWGRQJ[ LM^F]_QJ[�	P^LMIX` P_NGFTGNXG R \JNJZVd
HPROMLcPJLLJ[aJOJ\IGOP_NJ^FMaPP��jEk�`RJHGFKMOSMK8
L]dPLaJFNMcPdJ\MFMNGOFMY\]IVRJSJ[SJILX`YMFMQOGFP8
_]dZPYSMFPMUGIVLJROVRGFHGWLJ^JFPONMPR\XO]GNJ^J�

	
��������� TSITGORTPRRIGHJSMLPGHPLMNPQPN^LJSGL8
LJ[WMROJOXRGFHGWLXYRJQFMZGLP[LMJRLJSGPLOGIIGQO]MIV8
LJ^J MLMIP_M QJFFGITcPJLLJ8R\GQOFMIVLXY YMFMQOGFPROPQ
\]IVRJSJ[SJILXlQMQ_Mg]NIGLLJ[`OMQPJWPZGLLJ[JOJUGF8
OJLJS�
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	OMLHMFOLMTNGOJHPQM�jEk\FGH]RNMOFPSMGO]RFGHLGLPG
OGQ]ZPY-��8SPHGJP_JUFMKGLP[\JNLJKGROS]\PQRGIG[J\8
FGHGIGLLJ^J]WMROQMQJKLJ^J\JQFJSMPR\XO]GNJ^J�eFG_]IV8
OMOGOMQJ^JFJHMP_NGFGLP[P\FGHJUFMUJOQPaJFNPF]dOSFG8
NGLLXGFTHX �e6�` RJJOSGOROS]dZPGR\GQOFMIVLXNHPM\M_J8
LMNSPHGJQMNGFX?mQFMRLJN]n-`m_GIGLJN]n�PmRPLGN]n��
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�FOGaMQOXSHPLMNPQGe6cSGOJSXYQMLMIJSJU]RIJSIGLX]R8
IJSPTNPJRSGZGLPTPaJOJNGOFPWGRQPNPYMFMQOGFPROPQMNP
JOFMKGLPT8\J^IJZGLPTRSGOMQJKLXN\JQFJSJN`MOMQKGLM8
IPWPGNaP_PWGRQPYLM^F]_JQ]PR\XO]GNJ^Jh9i�

eLMgPYPRRIGHJSMLPTY\JROJUFMUJOQMLGROMcPJLMFLXY
-��8SFGNGLLXYFTHJS FGMIP_JSMLMNGOJHMNP ROF]QO]FLJ[
HGQJN\J_PcPP h5i` hAi�eWMROLJROP`MHGQSMOLX[WMROJOLJ8SFG8
NGLLJ[ MLMIP_ IJQMIVLXYJRJUGLLJROG[ QSM_PcPQIPWGRQPY
QJN\JLGLOHITbOPYe6JUGR\GWGL\FPNGLGLPGNQFMOLJNMRg8
OMULJ^JMLMIP_M�
���SUM_PRGHPRQFGOLJ^JSG[SIGO8\FGJU8
FM_JSMLPT h7�i`\FGJUFM_JSMLPTkPIVUGFOMPNGOJHJScPaFJ8
SJ^J R\GQOFMIVLJ^JJcGLPSMLPT h77i8h7�i��JHGIP _Mg]NIGL8
LXY\]IVRJSXYSJILf-�����opfB���`f:���`fq���r

(cSGOJSXY
QMLMIJSRM\FPJFLJP_SGROLJ[\JIJRJ[R\GQOFMJO�`��9HJ
�kc���s���(%"�\FGHROMSIGLXRJSJQ]\LJROVdHGOMIP_PF]8
dZPYPM\\FJQRPNPF]dZG[QJN\JLGLO
��hAiR\JRIGH]d8
ZG[\FJcGH]FJ[PYNMRgOMUPFJSMLPT h9i�eHMIVLG[gGNPR8
RIGH]GORTNJHGIV\]IVRJSJ[SJILX

f���o�77�`�tlA�`95�tl75`�7��f
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JRLJSMLLMTLMQFMRLJ[cSGOJFM_LJROLJ[QJN\JLGLOG�� cSG8
OJSJ^J\FJROFMLROSM��g��SPHGJP_JUFMKGLP[�
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�RRIGHJSMIPRV R\GQOFMIVLXG YMFMQOGFPROPQP\FGHSMFP8
OGIVLJ[JcGLQP\]IVRJSJ[SJILXf���of��∆��`\JI]WGLLXGS
hAiHIT\FPNGFM67�7P_UM_XHMLLXYh7�iRP^LMIJS�jEkPR8
\XO]GNJ^J\JRIGaP_PWGRQPY]\FMKLGLP[LMSGIJbF^JNGOFG�
�ITMLMIP_MP_NGLGLPTSJSFGNGLPR\GQOFMIVLXYYMFMQOGFP8
ROPQFGMIP_McPdf ���` RJHGFKMZ]dA���JORWGOJS RgM^JN
HPRQFGOP_McPP\JSFGNGLP∆�o7/��R`HGITOLM���RG^NGLOJS
\J7���JORWGOMSQMKHJN�EGFGQFXOPGRJRGHLPYRG^NGLOJSRJ8
ROMSITGO A5u�	\GQOFMIVLXG\IJOLJROPNJZLJROP �	E��
!���$�o!���$∆h�`S\FGHGIMYQMKHJ^JRG^NGLOM`�v$v�7�JcG8
LPSMdORgM^JNHPRQFGOP_McPP\JWMROJOG∆ho7/�7���∆��kc
R\JNJZVd\GFPJHJ^FMNNXRWGOXFGYWIGLLXNJQLJNHMLLXY
wIbQNMLM8�bFFPRM h7�iP\GFPJHJ^FMNNX�JNRJLM h7�i R\M8
FMNGOFJNR^IMKPSMLPT��xMQJLJNGFLJROPP_NGLGLPT\GFPJ8
HJ^FMNN�JNRJLM\JNGFG]SGIPWGLPTLJNGFMRG^NGLOM��\FGH8
ROMSIGLXLM4:9�� i2�T:9�� i? PIIdROFPF]GOHPLMNPQ]JcGLJQ
WMROJOXJRLJSLJ^JOJLMRGFHGWLXYRJQFMZGLP[����SSPHGNMQ8
RPN]NJS\GFPJHJ^FMNN ( ) ( ){ }maxhr ns

k
f ns P k=  �QFPSMT7�PFG8

_]IVOMOXPYR^IMKPSMLPT�QFPSMT��FJUMROLJ[THGFLJ[IJQMIV8
LJS_SGgGLLJ[QSMHFMOPWLJ[FG^FGRRPG[
IGSGIMLHM R\MFM8
NGOFJN�`��

EJI]WGLLXG\GFPJHJ^FMNNX\J_SJITdOPRRIGHJSMOV _M8
SPRPNJROVSJSFGNGLPQJFFGIJ^FMNNLXYJcGLJQMSOJQJFFG8
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ITcPJLLXYa]LQcP[ ��
j�RG^NGLOJS\]IVRJSJ[SJILX` _M8
g]NIGLLJ[JUGFOJLMNP�EJIJKPOGIVLJJ\FGHGIGLL]d�
j
-���_�o-���_∆��`�≤_≤���`HITQMKHJ^JRG^NGLOMJcGLPSM8
dOR\JNJZVdQJRPL]RLJ^JJUFMOLJ^JHPRQFGOLJ^J\FGJUFM8
_JSMLPTj]FVG�y�Ej�JOJcGLQP	E�!���$�`\FGHSMFPOGIV8
LJR^IMKGLLJ[HS]NGFLXNNGHPMLLXNaPIVOFJNRM\GFO]FM8
NP�P�7\JWMROJOGPLJNGF]RG^NGLOMRJJOSGOROSGLLJ�

eMKLJJONGOPOV` WOJNMQRPNMIVLJ SJ_NJKLJG _LMWGLPG
QJFFGITcPJLLJ^JIM^M`\FPQJOJFJNHPR\GFRPTJgPUQPHIT
JcGLQP�
j\FPGNIGNJNMIM`RJROMSITGOSGIPWPL]�≤_≤7��
JORWGOM\J\FMSPI]JHLJ[HGRTOJ[WMROPJOJUzGNMSXUJFQP
RG^NGLOM\]IVRJSJ[SJILX�

�GLL]dPLaJFNMcPdJHPLMNPQGMIVOGFLMOPSLJ[JcGLQP
WMROJOXh#�����JRLJSLJ^JOJLMRGFHGWLXYRJQFMZGLP[HITRG^8
NGLOJS\]IVRJSJ[SJLXRJHGFKMOMSOJQJFFGITcPJLLXGa]LQ8
cPP

ρ
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LJFNPFJSMLLXGJ^PUMdZPNP�eQMWGROSGFMcPJLMIVLJ[NJ8
HGIP�����_�SXUFMLMRJYFMLTdZMTaJFN]Q]RJWLJ8Q]UPWGRQMT
PLOGF\JITcPT\JIPLJNMNP{FNPOM�|_IMNPPLOGF\JITLOMTS8
ITdORT _LMWPNXGIJQMIVLXGNMQRPN]NXMURJIdOLXY _LMWG8
LP[�
j}-���_�}�

�HGQSMOLXGJcGLQPN^LJSGLLXYWMROJOHITQMKHJ^J RG^8
NGLOM��\]IVRJSJ[SJILXaJFNPF]dOSOFPbOM\M��M������
bOM\G\JI]WMdON^LJSGLLXGaM_X

��
��
�_�o�!.hρ

��
�_�~j�pρ

��
�_�ri/�

R \JNJZVdSXWPRIGLPT MLMIPOPWGRQJ^J RP^LMIMLM JRLJSG
HPRQFGOLJ^J\FGJUFM_JSMLPTkPIVUGFOM�
j`LJFNPFJSMLLXY
J^PUMdZPNP�

�M������bOM\GSFG_]IVOMOGFM_SGFOQPSJSFGNGLPN^LJ8
SGLLXYaM_�����_�aJFNPF]dOe6LG\FGFXSLXYLG]UXSMdZPY
ROF]QO]FLXYQJN\JLGLO����

�������_�`RJHGFKMZPYPLaJFNMcPd
JN^LJSGLLXYWMROJOMY`PRQMKGLLXYJUGFOJLMNP�EJI]WGLLXG
ROF]QO]FLXGQJN\JLGLOX\J_SJITdOM\\FJQRPNPFJSMOVQJF8
FGIJ^FMNNLXGJcGLQPLJFNPFJSMLLXY�
jNJHGIVd

( ) ( ) ( ){ }cos cont
ns nsm ip mρ =�  ���

PPRRIGHJSMOVPY_MSPRPNJROPJOLJNGFMRG^NGLOM���4:9��b2��
�M�������bOM\GSQMWGROSGaP_PWGRQPPLOGF\FGOPF]GNXY

LGJOFPcMOGIVLXYJcGLJQN^LJSGLLXYWMROJOSXUPFMdO\FJ8
P_SJHL]dPLOGF\JITLOM{FNPOM

( ) ( ) ( )( ) ( )( )3 2cont
ns ns nsip t a m t m t b m t m t= − ∆ + − ∆ +

( )( ) ( ).ns nsc m t m t d m+ − ∆ +  ���
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EGFSMT\FJP_SJHLMTHITQJFFGITcPJLLJ^JIM^M�o_∆�FMS8
LMQJbaaPcPGLO]����_���LXNPRIJSMNP`HITQMKHJ^JRG^NGL8
OM��JcGLQMWMROJOXJRLJSLJ^JOJLMRGFHGWLXYRJQFMZGLP[`
]RFGHLGLLMTNGHPMLLXNaPIVOFJN\JIM^MN�≤_≤7��`PNGGO
SPHh#�����o"#����p}����_�}r/��π∆���
FPSMT7LM4:9��b?PIId8
ROFPF]GOHPLMNPQ]QJFFGIJ^FMNNLJ[JcGLQPWMROJOXJRLJS8
LJ^JOJLMRGFHGWLXYRJQFMZGLP[h#������6G_]IVOMOGGR^IMKP8
SMLPT R\JNJZVdFJUMROLJ[THGFLJ[IJQMIVLJS_SGgGLLJ[
QSMHFMOPWLJ[FG^FGRRPP
IGSGIMLHMR\MFMNGOFJN�`��\FGH8
ROMSIGLQFPSJ[��

����	�����������������	���
	����

{aaGQOPSLJG ]HMIGLPGaMLOJNLXYJUGFOJLJSFGMIP_]GO
RQJIV_TZP[RPL^]ITFLX[MLMIP_ �NGOJHmk]RGLPcMn� h7�i\G8
FGQFXSMdZPYRT RG^NGLOJS\]IVRJSJ[SJILX�6McPJLMIVLX[
SXUJF\MFMNGOFM\J^F]KGLPT� RG^NGLOJS _Mg]NIGLLJ^Je6
f���SOFMGQOJFLJG\FJROFMLROSJJUGR\GWPSMdOJcGLQP h+!����

PIPh#�����WMROJOJRLJSLJ^JOJLMRGFHGWLXYRJQFMZGLP[`\FGH8
SMFPOGIVLJ\JI]WGLLXGLMbOM\GR\GQOFMIVLJ^JPIPQJFFGIT8
cPJLLJ^JMLMIP_MRJJOSGOROSGLLJ�eWMROLJROP`ShAi\JHOSGF8
KHGLMMHGQSMOLJROVNJHGIP ( ){ }max 5 ,hr

ns
L f ns= � ^HG ( )hrf ns� l

WMROJOM`R^IMKGLLMTFJUMROLJ[THGFLJ[IJQMIVLJS_SGgGLLJ[
QSMHFMOPWLJ[FG^FGRRPG[
IGSGIMLHM�QFPSMT�LM4:9��i?��

	]NNX\GFSJ[PSOJFJ[ RPL^]ITFLXYOFJGQ ��7����1��8
FM_IJKGLPTOFMGQOJFLXYNMOFPc���` RJHGFKMZPY� ROFJQP
�7���l�� ROJIUcJS` S\JILJ[NGFG RJYFMLTdOQJN\JLGLOX
JRLJSLJ^JOJLM RGFHGWLXYRJQFMZGLP[RG^NGLOJS\]IVRJSJ[
SJILXP]HMITdO\JNGYJSXGJUGFOJLXLMWMROJOMY�`7P�`�kc
�4:9��k2��

yONGOPN` WOJ R\GQOFMIVLMTNJHGIV ( ) ( ){ }maxhr ns
k

f ns P k=
WMROJOXJRLJSLJ^JOJLMRGFHGWLXYRJQFMZGLP[HGNJLROFPF]8
GOFJUMROLJROVQLMIPWPdJUGFOJLJS\]IVRJSJ[SJILX`WOJ
\JHOSGFKHMGORTRFMSLGLPGN4:9��i?Pk?�eNGROGROGNPNGGORT
RIMUMTFM_HGIPNJROV\JQFPOGFPdLMPUJIVgG^JMURJIdOLJ^J
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labnet
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gPY_MOFMOSFGNGLPQJN\VdOGFLJ^JRWGOM�
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