
6U_DQ�.RVWL`��'HMDQ�1H^NRYL`(NRWXULVWLaNL�SRWHQFLMDOJHROR^NLK��KLGUROR^NLK�LHWQRJUDIVNLK�NDUDNWHULVWLNDRNROLQH�YH^WDaNHDNXPXODFLMH�%DUMH
,VWUDCLYDQMH�SRGUXaMD�DNXPXODFLMH�%DUMH�L]YHGHQR�MHVD� ]DGDWNRP� XWYU_LYDQMD� JHROR^NLK� L� KLGUROR^NLKNDUDNWHULVWLND�WHUHQD��D�X�FLOMX�RGUH_LYDQMD�HNRWXU�LVWLaNH� YUHGQRVWL� RYRJ� SRGUXaMD�� *HROR^ND� JUD_DXWYU_HQD�MH�RVQRYQRP�JHROR^NRP�PHWRGRP�¬�PHWR�GRP� JHROR^NRJ� NDUWLUDQMD�� .YDOLWHW� YRGH� DNXPX�ODFLMH��QMHQLK�SULWRND� L� L]YRUD�RGUH_LYDQ� MH�VWDQG�DUGQLP� PHWRGDPD� KLGUROR^NRJ� L� KLGURKHPLMVNRJLVWUDCLYDQMD��8�SRJOHGX�JHROR^NH�JUD_H��QD�RYRPWHUHQX�HYLGHQWLUDQR�MH�^HVW�L]GDQDND��VSHFLILaQLK�VDVWDQRYL^WD�HNRWXUL]PD �NRG�FUNYH�X�9LQL��3DOHR]RMVNLJQDMVHYL��QD�XOLYX��5DYQL�NDPHQ��'HYRMNLQ�NDPHQ�=HODMLQ� NDPHQ���1D�RVQRYX�KHPLMVNH�DQDOL]H�YRGHDNXPXODFLMH��XWYU_HQR� MH�GD�YRGD�SULSDGD�,�NODVLYRGRWRND��GRN�VH�YRGD�VD���L]YRUD�X�QHSRVUHGQRMEOL]LQL� MH]HUD�PRCH� NRULVWLWL� ]D� SL`H��8]LPDMX`L� XRE]LU� LVWUDCHQH� SRWHQFLMDOH�� PRCH� VH� ]DNOMXaLWL� GDMH]HUR�SRVHGXMH�DPELMHQWDOQH��PDQLIHVWDFLRQH�L�SH�M]DCQH�PRWLYH�]D�UD]YRM�HNRWXUL]PD��L�WR��SUH�VYHJD�L]OHWQLaNRJ�WLSD��
8YRG

3RGUXaMH�DNXPXODFLMH�%DUMH�QDOD]L�VH�X�MXCQRPGHOX�6UELMH��QD�UHFL�9HWHUQLFL�����NP�MXJR�]DSDGQRRG�/HVNRYFD��-H]HUR�MH�VPH^WHQR�QD�QDGPRUVNRM�YLV�LQL�RG�����P��D�GXCLQD�X�SURVHNX�L]QRVL����NP��VOLND���)L]LaNR�JHRJUDIVNL�SRORCDM�LVWUDCQRJ�SRGUXaMD���8NXSQD�]DSUHPLQD�MH]HUD�L]QRVL������ × ���P� LSURVWLUH�VH�GROLQRP�9HWHUQLFH�X�GHOX�NRML�VH�QD]LYD.OLVXUD� 3UHPD� UH]XOWDWLPD� RVPDWUDQMD� QD� PH�WHRUROR^NLP�VWDQLFDPD�/HVNRYDF�L�.XNDYLFD�X�SHULRGX����¬������JRGLQH��VUHGQMD�JRGL^QMD�WHPSHUDWXUD�X/HVNRYFX�L]QRVL�����R&��D�QD�.XNDYLFL����R&��1DMKODG�

QLML� PHVHF� MH� MDQXDU� �¬����R&���D�QDMWRSOLML�MXOL������R&���1DMPDQMD�NROLaLQD�SDGDYLQD�]DVWXSOMHQD�MHX�/HVNRYDaNRM�NRWOLQL������PP���GRN�QDMYH`XNROLaLQX�SDGDYLQD�SULPDMX�NUDMQML�MXJR�]DSDGQL�LMXCQL�SODQLQVNL�SUHGHOL�QD�NRMLPD�VH�L]OXaXMH�SUHNR����PP��?RU_HYL`�������8�JHROR^NRM�JUD_L�RYRJ�SRGUXaMD�XaHVWYXMX�NULV�WDODVWL�^NULOMFL�SDOHR]RMVNH�VWDURVWL��NRML�VX�SUHG�VWDYOMHQL�JQDMVHYLPD��OHSWLQROLWLPD��PLND^LVWLPD�DPILEROVNLP�L�DNWLQROLWVNLP�^NULOMFLPD��7YRUHYLQHJRUQMH�NUHGH�MDYOMDMX�VX�QD�PDQMLP�PHVLWPD�NRG%DUMD�9H`L�GHR�NRPSOHNVD�NULVWDODVWLK�^NULOMDFD��NRMHL]JUD_XMX�RYR�SRGUXaMH�MH�PLJPDWLVDQ��3RG�XWLFDMHPEXMDQRYDaNRJ�SOXWRQLWD�VWYRUHQL�VX�PQRJREURMQL�KHW�HURJHQL�PLJPDWLWL��NRML�VH�MDYOMDMX�X�MXJR]DSDGQRPGHOX�LVWUDCQRJ�SRGUXaMD��3HJPDWLWL�VH�X�9HWHUQLaNRPSRMDVX�VNRUR�XYHN�MDYOMDMX�X�YLGX�NRQNRUGDQWQLKVRaLYD�UD]OLaLWH�GHEOMLQH��3ULVXVWYR�SHJPDWLWD�L�PLJ�PDWLWD�XND]XMH�QD�SDOH]RMVNX�WHNWRQVNX�DNWLYQRVW�QDRYRP�SRGUXaMX��1DML]UDCHQLMH�WHNWRQVNH�REOLNH�QDRYRP�SRGUXaMX�aLQH�WUL�SUHWSRVWDYOMHQD�UDVHGD��aLML�MHJHQHUDOQL�SUDYDF�SUXCDQMD�VHYHU��VHYHUR]DSDG�MXJ��MX�JRLVWRN��72*.�������5DQLMD�LVWUDCLYDQMD3RGUXaMH�VUHGQMHJ�WRND�UHNH�9HWHUQLFH�ELOR�MH�GX�JL�QL]�JRGLQH�SUHGPHW�VSHFLMDOLVWLaNLK�LVWUDCLYDQMD�]DSRWUHEH�SURMHNWRYDQMD�L�L]JUDGQMH�YH^WDaNH�DNXPX�ODFLMH�%DUMH��1DYHGHQLP�LVWUDCLYDQMLPD�UHJLVWURYDQHVX�SRMDYH�QHVWDELOQRVWL�SDGLQD��NRMH�XJODYQRP�GDWLUDMX�SUH�IRUPLUDQMD�DNXPXODFLMH��1D�RYRP�SURVWRUXL]GYRMHQR�MH����NOL]L^WD��RG�NRMLK����QHDNWLYQD�¬VPLUHQD��3UYD�KLGURKHPLMVND�L�EDNWHULROR^ND�LVWUDCLYDQMDYRGH�UHNH�9HWHUQLFH�QD�SRGUXaMX�GDQD^QMH�DNXPX�ODFLMH�YU^HQD�VX�������L�������RG�VWUDQH�=DYRGD�]D]D^WLWX�]GUDYOMD�0HGLFLQVNRJ�IDNXOWHWD�X�1L^X��1D�RV�

6U_DQ�.RVWL`����������/HVNRYDF��3UYRPDMVND�������XaHQLN����UD]UHGD�*LPQD]LMH�X�/HVNRYFX'HMDQ�1H^NRYL`����������/HVNRYDF��9ODMNRYD����XaHQLN����UD]UHGD�*LPQD]LMH�X�/HVNRYFX
=%251,.�5$'29$����� *(2/2*,-$��• ���



QRYX�UH]XOWDWD�WLK�DQDOL]D�]DNOMXaHQR�MH�GD�MH�YRGDUHNH�9HWHUQLFH�,�NODVH��GRN�VX�PLNURELROR^NH�DQDOL]HSRND]DOH�GD�MH�YRGD�EDNWHULROR^NL�QHLVSUDYQD��1DNRQL]JUDGQMH�MH]HUD�YU^HQD�VX�NRQVWDQWQD�KLGURKHPLMVNDL�EDNWHULROR^ND�LVWUDCLYDQMD�YRGH�DNXPXODFLMH�X�SHUL�RGX������������5H]XOWDWL�GRVDGD^QMLK�DQDOL]D�XND]X�MX�QD�WR�GD�MH�YRGD�YH^WDaNH�DNXPXODFLMH�%DUMH�,�RGQRVQR�,,�NODVH��6LPL`�������7RNRP�������JRGLQH��HNLSD�1DURGQRJ�PX]HMD�X/HVNRYFX�SURXaDYDOD�MH�HWQRJUDIVNH�NDUDNWHULVLWNH^LUH�]RQH�DNXPXODFLMH�%DUMH��=DNOMXaHQR�MH�GD�MH�QDSURVWRUX�GDQD^QMH�DNXPXODFLMH�SRVWRMDOR����NX`D�NRMH�VX�SRWLFDOH�V�NUDMD�;,;�L�SRaHWND�;;�YHND�3UHGORJ�LVWUDCLYDQMD�ELR�MH�GD�VH�NX`H�GLVORFLUDMX�XYLGX�HWQRSDUND��^WR�MH�L�XaLQMHQR��8�LVWR�YUHPHL]YU^HQR�MH�L�DUKHROR^NR�UHNRJQRVFLUDQMH�WHUHQD��SULaHPX�QLMH�SURQD_HQ�QLMHGDQ�DUKHROR^NL�ORNDOLWHW�RGSRVHEQRJ�]QDaDMD�0DWHULMDO�L�PHWRGH7HUHQVNR�LVWUDCLYDQMH�JHROR^NH�JUD_H�L]YHGHQR�MHPHWRGRP�JHROR^NRJ�NDUWLUDQMD��.YDOLWHW�YRGH�DNXPXODFLMH�MH�RGUH_LYDQ�VWDQG�DUGQLP�PHWRGDPD�KLGUROR^NLK�L�KLGURKHPLMVNLK�LV�WUDCLYDQMD��1D�WHUHQX�MH�YU^HQR�X]RUNRYDQMH�QD���VWDMQLK�WDaDND��X�MXQX�L�DYJXVWX�������JRGLQH�8�ODERUDWRULML�MH�L]YU^HQD�PDOD�KHPLMVND�DQDOL]DYRGH�NRMD�MH�REXKYDWLOD�RGUH_LYDQMH�MRQD�&D���0J���� &O¬�� +&2�¬ YROXPHWULMVNL��62��¬�� 1+���12�¬��12�¬��32��¬ NRORULPHWULMVNL��)H����0Q����NDRL�IHQROH��PDVWL��XOMD�L�GHWHUGCHQWH�PHWRGRP�DWRPVNHDGVRUSFLRQH�VSHNWURIRWRPHWULMH��,]YU^HQD�MH�L�PLNUR�ELROR^ND�DQDOL]D�YRGH�X]RUND�QD�VUHGLQL�MH]HUD��5H]XOWDWL�L�GLVNXVLMD*HRORJLMD�WHUHQD>LUH�SRGUXaMH�DNXPXODFLMH�%DUMH�L]JUD_HQR�MH�RGNULVWDODVWLK�^NULOMDFD�SDOHR]RMVNH�VWDURVWL��@LUL`�������6WHQH�VX�SUHWHCQR�DOWHULVDQH�XVOHG�GHORYDQMDHJ]RJHQLK�VLOD��6WDOQD�L]ORCHQRVW�XWLFDMX�VSROMD^QMLKVLOD�XVORYLOD�MH�GD�VX�RYH�VWHQH�SRUR]QLMH�L�GD�ODN^HSURSX^WDMX�YRGX��SR�SUVOLQDPD�L�SXNRWLQDPD���7YRUH�YLQH�JRUQMH�NUHGH�MDYOMDMX�VH�QD�PDQMLP�PHVWLPD�NRG%DUMD��7R�VX�FUYHQL�ED]DOQL�NODVWLWL�L]QDG�NRMLK�OHCHSHVNRYLWL�JOLQFL�L�ODSRUFL��>HVW�VWDMQLK�WDaDND�PRCHELWL�SULYODaQR�WXULVWLPD�

6WDMQD�WDaND�*��¬�6WHQD�.UDOMHYL`D�0DUND6D�MXCQH�VWUDQH�FUNYH�VYHWL�.R]PD�L�'DPMDQ�¬9UDaHYL�X�9LQL�MDYOMD�VH�L]GDQDN�OHSWLQROLWD��NRML�MHLVSUHVHFDQ�EURMQLP�SUVOLQDPD�L�SXNRWLQDPD��2YHSXNRWLQH�X�VWHQVNRM�PDVL�SUHGVWDYOMDMX�SXWHYH�NUH�WDQMD�DWPRVIHUVNH�YRGH�6WDMQD�WDaND�*��¬�5DYQL�NDPHQ,]GDQDN�RYH�VWHQH�QDOD]L�VH���NP�VHYHURLVWRaQRRG�&UFDYFD��/HSWLQROLWL��X]�VLWQR]UQH�JQDMVHYH��VD�NR�MLPD�VX�YH]DQL�VYLP�SUHOD]LPD��SUHGVWDYOMDMX�RV�QRYQH�VWHQH�NULVWDODVWRJ�NRPSOHNVD��>NULOMDVWH�VXWHNVWXUH��L]JUD_HQH�VD�PDOLP�VDGUCDMHP�OLVNXQD��LV�SUHVHFDQH� EURMQLP� SUVOLQDPD� UD]QLK� SUDYDFDSUXCDQMD��NRMH�VX�aHVWR�LVSXQMHQH�NYDUFRP��1D�RYRPL]GDQNX�VXOILGL�VH�MDYOMDMX�X�CLFDPD��NRMH�VX�MDVQRL]UDCHQH��SR^WR�MH�YRGD�ODN^H�HURGRYDOD�^NULOMDYXPDVX�NRMD�VH�UD]QRVL��/HSWLQROLWL�YHRPD�ODNR�SRGOHCXKHPLMVNRP� UDVSDGDQMX�� SR^WR� OLVNXQL�� NRML� LKL]JUD_XMX��SUL�GRGLUX�VD�YRGRP�JXEH�JYRC_H�L�DOND�OLMH�L�SUHOD]H�X�PLQHUDOH�JOLQD��3RYU^LQVNL�UDVSDG�LSRMDaDQD�HUR]LMD�XWLFDOL�VX�QD�SURPHQH�KHPL]PD�LRERMH�PLQHUDOD�X�VWHQVNRM�PDVL��SD�MH�RVQRYQD�]HOHQDGR�VLYR�]HOHQD�SRYU^LQVNL�]DPHQMHQD�CXWRP�LOLVLYRP��6WDMQD�WDaND�*��¬�3DOHR]RMVNL�*QDMVHYL1D�RYRM�VWDMQRM�WDaNL��XRaHQL�VX�JQDMVHYL��SDOHR�]RMVNH�VWDURVWL��GRVWD�WHNWRQL]LUDQL��=DMHGQR�VD�OHSWL�QROLWLPD�aLQH�QDMUDVSURVWUDQMHQLMH�VWHQH�REODVWL�L�RGQMLK�VH�UD]OLNXMX�VDPR�PLQHUDOQLP�VDVWDYRP��LPDMXYH`L�VDGUCDM�IHOGVSDWD���>NULOMDYH�VX�WHNVWXUH�L�LPDMXGREUR�L]UDCHQ�VNORS��SUHWHCQR�SODQDUQL��6DVWRMH�VH�RGNYDUFD��IHOGVSDWD�L�OLVNXQD��.ROLaLQVNL�RGQRVL�OLVNXQDVX�UD]OLaLWL��WDNR�GD�QHJGH�SUHRYOD_XMH�ELRWLW��D�QHJGHPXVNRYLW��3RWHQFLMDOQL�WXULVWL�QD�RYRP�L]GDQNX�PRJXMDVQR�XRaLWL�SRVWRMDQMH� MHGQH� UDVHGQH�]RQH�VDVLVWHPLPD�WHNWRQVNLK�VWUXNWXUD��1DLPH��QD�RYRM�VWD�MQRM�WDaNL�NDUWLUDQD�VX�GYD�PDQMD�L]GDQND��UD]OLaLWLKSUDYDFD�SUXCDQMD��2QD�VX�RGYRMHQD�UDVHGRP��GXC�NR�MHJ�VH�MDYOMD�L]YRU�VODEH�L]GD^QRVWL��6WDMQD�WDaND�*��¬�8OLY�9HWHUQLFH1D�XOLYX�9HWHUQLFH�X�MH]HUR�XRaDYD�VH�L]GDQDNJQDMVHYD��NRML�MH�NDUDNWHULVWLaDQ�SR�VYRP�SRORCDMX�L]GLCH�VH����P�YLVRNR�L]QDG�YRGH�L�QDURaLWR�VH�GREURXRaDYD�X�SHULRGX�EH]�YHJHWDFLMH��7DNR_H��QD�XOLYX�MHUHJLVWURYDQ�MR^�MHGDQ�VSHFLILaDQ�L]GDQDN�NRML�VHQDOD]L�VD�VXSURWQH�VWUDQH�MH]HUD��1DLPH��RYGH�VH
���� • 3(71,A.(�69(6.(��� '(2��,,



MDYOMD�VRaLYR�DPILEROLWD��NRMH�MH�MDVQR�L]UDCHQR�L�NRMHMH�GLVNRUGDQWQR�X�RGQRVX�QD�RNROQH�JQDMVHYH�6WDMQD�WDaND�*��¬�=HODMLQ�NDPHQ,]GDQDN�DPILEROD�QDOD]L�VH���NP�MXJRLVWRaQR�RG&UFDYFD��$PILEROVNH�VWHQH�VX�GLIX]QR�UDVHMDQH�XOLVNXQVNLP�^NULOMFLPD��X�REOLNX�PDQMLK�LOL�YH`LK�XJODYQRP�MDNR�L]GXCHQLK�VRaLYD�L�WUDND��2YH�VWHQH�VXXSDGOMLYH�]HOHQH�GR�FUQR]HOHQH�ERMH��VD�UHODWLYQRVODER�L]UDCHQRP�̂ NULOMDYR^`X��.YDUF�VH�MDYOMD�X�NUXS�QLP�QHSUDYLOQLP�]UQLPD��8VDPOMHQD�]UQD�NYDUFD�SR�MDYOMXMX�VH�YHRPD�UHWNR��L�GRELMD�VH�XWLVDN�GD�MH�NYDUFQDNQDGQR�XYHGHQ�X�VWHQX�6WDMQD�WDaND�*��¬�'HYRMNLQ�NDPHQ,]GDQDN�JQDMVD�VPH^WHQ� MH���NP�MXCQR�RG&UFDYFD��QD�JUDQLFL�VD�RS^WLQRP�9UDQMH��1D�RYRPSURILOX�VH�MDVQR�PRCH�SUDWLWL�PHKDQLaNR�UDVSDGDQMHVWHQVNH�PDVH�SRG�XWLFDMHP�HJ]RJHQLK�DJHQDVD�=D�RYH�L]GDQNH�VX�YH]DQH�OHJHQGH�NRMH�YRGHSRUHNOR�L]�WXUVNRJ�SHULRGD��6WHQD�.UDOMHYL`D�0DUNDMH�WDM�QD]LY�GRELOD�]DWR�̂ WR�ORNDOQR�VWDQRYQL^WYR�SXN�RWLQH�X�VWHQL�SRYH]XMH�VD�NRSLWDPD�>DUFD��NRQMD.UDOMHYL`D�0DUND��NRML�MH��SR�SUHGDQMX��VD�RYRJPHVWD�VNRaLR�QD�EUGR�8PDF�NRG�VHOD�0LUR^HYFD��XERM�SURWLY�7XUDND�'HYRMNLQ�NDPHQ�MH�SUHPD�SUHGDQMX��GRELR�QD]LYSR�GHYRMFL�NRMD�MH�XVSHOD�GD�SREHJQH�L]�KDUHPD�]OR�JODVQRJ�,VDW�EHJD��SRUHNORP�$UEDQDVD��1DLPH��,VDW�EHJ�MH�X�RYLP�NUDMHYLP�ELR�PR`QL�YHOHSRVHGQLN��LSRUHG�%DUMD�GUCDR�MH�L�VHOD�%XQX^D�L�%XQX^NL�ALIOXN�+LGURORJLMD�WHUHQD�8]RUNRYDQMH�MH�YU^HQR�QD����ORNDOLWHWD�X�RNROLQLDNXPXODFLMH��+��¬�DNXPXODFLMD�NRG�EUDQH��+��¬�L]�YRU�7DLURY�NODGHQDF��+��¬�.DOX_HUVND�UHND�¬�9XaMLSRWRN��+��¬�L]YRU�%DED�5DGD��+��¬�DNXPXODFLMD�QDGRNX��+��¬�L]YRU�6YHWL�1LNROD��+��¬�GUXJD�SUHG�EUDQD��+��¬�?RNLQH�OLYDGH��+��¬�VUHGLQD�DNXPX�ODFLMH��+���¬�L]YRU�0UWYLFD��+���¬�DNXPXODFLMD�QDXOLYX��+���¬�9HWHUQLFD�SUH�XOLYD��+���¬�%H^WLaNDGROLQD��+���¬�L]YRU�$MGDURY�NODGHQDF��+���¬�YR�GR]DKYDWQD�NXOD��5H]XOWDWL�L]YU^HQLK�PHUHQMD�GDWL�VX�X�WDEHOL���3URVHaQD�WHPSHUDWXUD�YRGH��SULOLNRP�X]RUN�RYDQMD�L]QRVLOD�MH�����R&��9RGD�MH�PDOH�PLQHUDOL�]DFLMH��NODVLILNDFLMD�SR�$�0��2YaLQLNRYX���VD�S+YUHGQR^`X�EOL]X�QHXWUDOQH��aLPH�VH�REMD^QMDYD�L�VODEDHOHNWURSURYRGOMLYRVW������µ6��

3UHPD�WYUGR`L�VYH�YRGH�VSDGDMX�X�PHNH�YRGH��SR.OXW�X���VHP�MHGQRJ�L]YRUD��7DLURY�NODGHQDF��+���RG+����L�YRGH�L]�GRPD`LQVWYD��VWDMQD�WDaND�+���RG+���NRMH�SULSDGDMX�YUOR�PHNLP�YRGDPD��WDEHOD���.RQFHQWUDFLMH�RGUH_LYDQLK�MRQD�QD�DNXPXODFLML�L�QDYRGRWRNRYLPD��6YH�YRGH�VX�KLGURNDUERQDWQR�NDOFLMXPVNH�,�WLSD�NODVLILNDFLMD�SR�2��$��$OHNLQX���.RQFHQWUDFLMD�VOR�ERGQRJ�NLVHRQLND�MH�RG�����PJ�GP� �VWDMQD�WDaND�+�¬�MH]HUR�QD�GRNX��GR�����PJ�GP� �VWDMQD�WDaND�+���YRGR]DKYDWQD�NXOD���S+�YUHGQRVW�MH�X�UDVSRQX�RG�����+���GR������+�����8WUR^DN�.0Q2� QD�L]YRULPD�MHLVSRG���PJ�GP���D�QD�DNXPXODFLML�L]QRVL����PJ�GP�XVOHG�YHOLNRJ�EURMD�RUJDQL]DPD�X�DNXPXODFLML��6DPRQD�MHGQRM�VWDMQRM�WDaNL�XWUR^DN�.0Q2��L]QRVL�����PJ�GP� �VWDMQD�WDaND�+���®?RNLQH�OLYDGH¯���1DRYDNR�YLVRNX�YUHGQRVW�.0Q2� XWLaH�GHEHOL�VORM�KX�PXVD�L�OL^`D��NUR]�NRML�RYDM�YRGRWRN�SUROD]L��%3.�LPD�QLVNH�YUHGQRVWL��RG�����PJ�GP� GR�����PJ�GP���VHP�QD�VWDMQLP�WDaNDPD�+��L�+������PJ�GP� L��PJ�GP���9RGD� DNXPXODFLMH� L� QMHQLK� SULWRND� QHPD]DJD_HQMD�RUJDQRJHQRJ�SRUHNOD��,]X]HY�VWDMQLKWDaDND�+��L�+���QD�NRMLPD�VX�SRYH`DQH�NRQFHQWUDFLMHQLWUDWD�������PJ�GP� L�����PJ�GP���]ERJ�SULVXVWYDYHOLNH�NROLaLQH�KXPXVD���NRQFHQWUDFLMD�QLWL�MHGQRJMRQD�QH�SUHPD^XMH�PDNVLPDOQH�GR]YROMHQH�NRQFHQ�WUDFLMH�]D�YRGRWRN�,�NODVH�2VLP�NYDOLWHWD�YRGH�DNXPXODFLMH�L�QMHQLK�SUL�WRND��]D�HNRWXUL]DP�]QDaDMQH�VX�L�EURMQH�OHJHQGHYH]DQH�]D�L]YRUH�L�QMLKRYD�LPHQD��8�QDURGX��aDN�SRVWRML�YHURYDQMH�GD�VH�L]YRUL�MDYOMDMX�MHGLQR�X�EXN�RYRM�^XPL�,]YRU�7DLURY�NODGHQDF�GRELR�MH�QD]LY�SUHPD7XUaLQX�7D�K�LUX��NRML�MH�ELR�VLQ�SR]QDWRJ�WXUVNRJDJH�'HPLUD��1DLPH��SRVOH�RGODVND�7XUDND�VD�RYRJSRGUXaMD��7DLU�MH�VD�VYRMRP�SRURGLFRP�RVWDR�X�*RU�LQL��VHOX�X�QHSRVUHGQRM�EOL]LQL�%DUMD��2GEDFLR�MH�LV�ODP��SULPLR�KUL^`DQVNX�YHUX��L�WRP�SULOLNRP�MHSURPHQLR�LPH�L�X]HR�VUSVNR�0LODQ��SR�NUDOMX�0L�ODQX���3RURGLFD�'HPLURYL`�L�GDQDV�CLYL�X�*RULQL�-RYDQRYL`�������,]YRU�$MGDURY�NODGHQDF�GRELR�MH�LPH�SUHPD$MGDUX��$UQDXWX�NRML�MH�RCHQLR�`HUNX�]ORJODVQRJJRVSRGDUD�,EUD�K�LPD��X�aLMHP�SRVHGX�MH�ELOD�YH`LQDVHOD�X�3RUHaMX�,]YRU�0UWYLFD�GRELR�MH�LPH�SR�WRPH�̂ WR�VH�QDOD]LX�GXERNRM�^XPL��QD�RVRMQRM�VWUDQL��WDNR�GD�VYHWORVWXRS^WH�QH�GRSLUH�GR�QMHJD�
=%251,.�5$'29$����� *(2/2*,-$��• ���



7DEHOD
����)L]

LaNH�L�
KHPLMV

NH�NDU
DNWHULV

WLNH�YR
GH�QD�

LVSLWLY
DQLP�O

RNDOLWH
WLPD

,VSLWLY
DQL�SD

UDPHWU
L

/RNDOL
WHW

*UH^ND SURFHQ
H

SDUDP
HWUD

+�
+�

+�
+�

+�
+�

+�
+�

+�
+��

+��
+��

+��
+��

+��
7HPSH

UDWXUD�
YRGH� [

~& ]
����

����
����

����
����

����
����

����
����

����
����

����
����

����
����

���
7HPSH

UDWXUD�
YD]GXK

D� [~& ]
����

����
����

����
����

����
�����

�����
�����

�����
�����

�����
�����

�����
�����

���
%RMD

��
��

�
�

��
!��

��
��

�
�

��
��

�
��

����
�

0XWQR
`D

���
���

���
���

���
����

���
���

���
���

���
���

���
���

���
���

S+�YUH
GQRVW

����
����

����
����

����
����

����
����

����
����

����
����

����
����

�����
����

(OHNWUR
SURYRG

OMLYRVW
� [µ6 ]

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
�

2 �[P
J�GP� ]

����
����

����
����

����
����

����
����

����
����

����
����

����
����

����
����

%3. �
[PJ�GP

� ]
����

����
����

����
����

����
����

����
����

����
����

����
����

����
����

����
8WURDN

�.0Q
2 �[P

J�GP� ]
��

��
��

�
��

��
�

��
��

��
��

��
��

��
��

�
=DVL`H

QRVW�N
LVHRQLN

RP
����

����
����

����
����

����
����

����
����

����
����

¬
¬

¬
����

���
$PRQ

LMDN� [P
J�GP� ]

����
����

����
����

����
����

����
����

����
����

����
����

����
����

����
����

1LWULWL�
[PJ�GP

� ]
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

������
�����

�����
�����

�����
1LWUDWL

� [PJ�G
P� ]

����
�����

����
����

����
����

����
����

����
����

����
����

����
����

����
����

+ORULG
L� [PJ�

GP� ]
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
6XOIDWL

� [PJ�G
P� ]

��
��

��
��

��
��

��
��

��
��

��
��

��
�

��
�

)RVIDW
L� [PJ�

GP� ]
����

����
����

����
����

����
����

����
����

����
����

����
����

����
����

����
8OMD�L�

PDVWL�
[PJ�GP

� ]
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
'HWHUG

CHQWL� [
PJ�GP

� ]
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
)HQROL

� [PJ�G
P� ]

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

0DQJD
Q� [PJ

�GP� ]
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
�����

�����
*YRC_

H� [PJ
�GP� ]

����
����

����
����

����
����

����
����

����
����

����
����

����
����

����
����

8NXSQ
D�WYUGR

`D� [~G
+ ]

����
����

����
����

����
���

����
����

����
���

���
����

����
����

����
����

+LGURN
DUERQD

WL� [PJ
�GP� ]

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
��

.DOFLMX
P� [PJ

�GP� ]
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

�
0DJQH

]LMXP�
[PJ�GP

� ]
�

�
�

�
�

�
�

�
�

�
�

��
�

��
�

�



6OLND����(NRWXULVWLaND�NDUWDSULURGQLK�SRWHQFLMDODDNXPXODFLMH���%DUMH¯�SUHPD�WRSRJUDIVNRMNDUWL��OLVW�/HVNRYDF�������������������/HJHQGD�*��¬�VWHQD�.UDOMHYL`D0DUND(��¬�FUNYD�6YHWL.R]PD�L�'DPMDQ�9UDaHYL+��¬�L]YRU�7DLURYNODGHQDF+��¬�.DOX_HUVND�UHND�9XaML�SRWRN�*��¬�5DYQL�NDPHQ*��¬�L]GDQDN�VWHQVNHPDVH�3DOHR]RMVNLKJQDMVHYD(��¬�FUNYD�SRVYH`HQDVDERUX�6YHWRJDUKDQJHOD�*DYULOD+��¬�L]YRU�6YHWL�1LNROD+���¬�L]YRU�$MGDURYNODGHQDF(��¬�NX`D�6WRMDQD#LYNRYL`D�+���¬�L]YRU�0UWYLFD*��¬�L]GDQDN�VWHQVNHPDVH�QD�XOLYX9HWHUQLFH*��¬�L]GDQDN�VWHQVNHPDVH�QD�X]YL^HQMX�QD�XOLYX�9HWHUQLFH*�¬�=HODMLQ�NDPHQ¯*��¬�'HYRMNLQ�NDPHQ¯
)LJXUH�����(FRWRXULVWLF�PDS�RI�WKHQDWXUDO�UHVRXUFHV�RI�WKH%DUMH�/DNH��

=%251,.�5$'29$����� *(2/2*,-$��• ���



8NOMXaXMX`L�VYH�LVWUDCHQH�SRWHQFLMDOH��L]UD_HQD�MHWXULVWLaND�NDUWD�VD�PRJX`LP�HNRWXULVWLaNLP�REMHNWLPDL�PDU^UXWRP�NUHWDQMD��VOLND����=DNOMXaDN
9RGD�DNXPXODFLMH�%DUMH�L�QMHQLK�SULWRND�MHKLGURNDUERQDWQR�NDOFLMXPVND��,�WLSD��PHND��VD�PDORPPLQHUDOL]DFLMRP��3UHPD�XUHGEL�R�NODVLILNDFLML�YRGR�WRND��VOXCEHQL�JODVQLN�6UELMH��������RQD�SULSDGD�,�RG�QRVQR�,,�NODVL��9RGD�VH�PRCH�SLWL��L�NRULVWL�VH�]D�SL`HVD�QHNROLNR�L]YRUD��5D]YRM�HNRWXUL]PD�QD�RYRP�SR�GUXaMX�QH�EL�WUHEDOR�GD�LPD�XWLFDM�QD�SURPHQXNYDOLWHWD�YRGH��WDNR�GD�QH�PRCH�L]PHQLWL�RVQRYQXQDPHQX�DNXPXODFLMH��NDR�VLVWHPD�]D�YRGRVQDE�GHYDQMH�2VQRYQH�YUHGQRVWL�NRMH�VH�RYGH�PRJX�LVWD`LMHVX�¬ HNROR^NR�RNUXCHQMH�¬ ERJDWVWYR�L]YRUD�VD�SLMD`RP�YRGRP��$MGDURYNODGHQDF��7DLURY�NODGHQDF��0UWYLFD��L]YRU�6Y�1LNROD��¬ SRVWRMDQMH�MH]HUD��aLMD�VH�YRGD�WDNR_H�PRCHNRULVWLWL�]D�SL`H�¬ JHROR^NL�ORNDOLWHWL��QD�NRMLPD�VH�PRJX�VWH`LHOHPHQWDUQD�VD]QDQMD�R�JHRORJLML�WHUHQD��NDRL�PQRJH�OHJHQGH�YH]DQH�]D�NDUDNWHULVWLaQHL]GDQNH� �VWHQD�.UDOMHYL`D�0DUND��5DYQLNDPHQ��'HYRMNLQ�NDPHQ��=HODMLQ�NDPHQ�L�QDXOLYX�9HWHUQLFH��¬ YHOLNL�EURM�NXOWXUQR�LVWRULMVNLK�VSRPHQLND�2YLP�UDGRP��^LUL�SURVWRU�YH^WDaNH�DNXPXODFLMH%DUMH�LVWLaH�VH�NDR�]DQLPOMLYD��DPELMHQWDOQD��HN�ROR^ND� L�NXOWXUQR�LVWRULMVND�FHOLQD�]QDaDMQD�]DORNDOQR�VWDQRYL^WYR�L�LQWHUHVDQWQD�]D�SRWHQFLMDOQH�WXU�LVWH��3UXCD�VH�PRJX`QRVW�]D�VWYDUDQMH�HNR�NDPSD�QDSRGUXaMX�RG����NP���VD�SRWHQFLMDOQLP�PDU^XWDPD�XGXCLQL�RG�������NP��NDR�L�]D�RUJDQL]RYDQMH�WHUHQVNLKQDXaQLK�NDPSRYD�L]�JHRORJLMH��D�L�GUXJLK�REODVWL�8�FLOMX�̂ WR�SUHFL]QLMH�HNRWXULVWLaNH�VOLNH�RYRJ�SR�GUXaMD�QHRSKRGQR�MH�L]YHVWL�GHWDOMQD�ELROR^ND�LV�WUDCLYDQMD��NRMD�̀ H�XND]DWL�QD�ERJDW�L�UD]QRYUVWDQ�CLYLVYHW�X�MH]HUX�L�RNR�QMHJD��1HRSKRGQR�MH�L]YU^LWLJHROR^ND�L�KLGUROR^ND�LVWUDCLYDQMD�QD�]DSDGQRM�VWUDQLDNXPXODFLMH��PDGD�MH�WD�VWUDQD�GRVWD�QHSULVWXSDaQLMD�7DNR_H�EL�LVWUDCLYDQMH�WUHEDOR�SUR^LULWL�L�QD�REODVW3RUHaMD��NUR]�NRMH�YRGL�SXW�GR�MH]HUD��D�NRMH�WDNR_HRELOXMH�L]YDQUHGQLP�HNRWXULVWLaNLP�YUHGQRVWLPD

�?DYROMH�NRULWR��NDQMRQ�UHNH�9XaMDQNH��6NREDOML`�JUDG��1RYR�EUGR��NX`D�7HRNDUHYL`D��=DKYDOQRVW��3RVHEQX�]DKYDOQRVW�]D�SUXCHQXSRPR`�X�WRNX�LVWUDCLYDQMD�GXJXMHPR�2S^WLQL�/HVN�RYDF��#LYRUDGX�?HOL`X��GLUHNWRUX�GLUHNFLMH�]D�L]JUDG�QMX�YRGRVLVWHPD�%DUMH��=DYRGX�]D�]D^WLWX�]GUDYOMD�X/HVNRYFX��7DQML�9HOLaNRYL`��0LORVDYX�?RU_HYL`X�0LODQX�=ODWDQRYL`X��L�9ODGLPLUX�0LOHQNRYL`X��683�X�X�/HVNRYFX��6OD_DQL�5DMNRYL`��HWQRORJX�1DURGQRJ0X]HMD�X�/HVNRYFX��6ODYNX�&YHWNRYL`X��XaLWHOMX�L]&UFDYFD��SURWRMHUHMX�6ODYNX�0LORYDQRYL`X��OHVNR�YDaNRP�QDPHVQLNX��0LODQX�1H^NRYL`X�L�'UDJDQX.RVWL`X��7XULVWLaNRP�VDYH]X�RS^WLQH�/HVNRYDF�7HOHYL]LML�/HVNRYDF�L�5DGLR�/HVNRYFX�
/LWHUDWXUD
@LUL`�%��������*HRORJLMD�6UELMH��%HRJUDG�*HRNDUWD�?RU_HYL`�-��������(YDOXDFLMD�SULURGQLK�SRWHQFLMDODQD�SULPHUX�VOLYRYD�-DEODQLFH�L�9HWHUQLFH�%HRJUDG��6$18��3RVHEQD�L]GDQMD��NQMLJD����-RYDQRYL`�-��������/HVNRYDaNR�SRUHaMH��/HVNRYDF�/HVNRYDaNL�]ERUQLN�;,,,�6LPL`�6��������2FHQD�NYDOLWHWD�YRGH�DNXPXODFLMH%DUMH�QD�RVQRYX�ELROR^NLK�SDUDPHWDUD��0DWDUX^NDEDQMD��;;,;�NRQIHUHQFLMD�R�DNWXHOQLPSUREOHPLPD�]D^WLWH�YRGD��VWU����������72*.�������7XPDa�]D�RVQRYQX�JHROR^NX�NDUWX�OLVW�/HVNRYDF��%HRJUDG��9RMQRJHRJUDIVNL�]DYRG�
6U_DQ�.RVWL`��'HMDQ�1H^NRYL`(FRWRXULVWLF�9DOXH�RI�WKH�*HRORJLFDO�+\GURORJLFDO�DQG�(WKQRJUDSKLFDO&KDUDFWHULVWLFV�RI�WKH�$UWLILFLDO�/DNH%DUMH7KH�DUWLILFLDO�ODNH�%DUMH�LV�ORFDWHG�LQ�WKH�VRXWK�HUQ�6HUELD�����NP�6:�IURP�/HVNRYDF��,Q�DYHUDJH�WKH�ODNH�LV�����NP�ORQJ�DQG����P�KLJK��7KH�SXUSRVHRI�WKH�H[SORUDWLRQ�ZDV�WR�GHWHUPLQH�WKH�HFRWRXULVWLFYDOXH�RI�WKH�JHRORJLFDO��K\GURORJLFDO�DQG�HWKQRJ�UDSKLFDO�FKDUDFWHULVWLFV�RI�WKH�DUWLILFLDO�ODNH�®%DUMH¯�'XULQJ�WKH�H[SORUDWLRQ�LW�ZDV�XVHG�JHRORJLFDO�PDS�

���� • 3(71,A.(�69(6.(��� '(2��,,



SLQJ�PHWKRG�FRPELQHG�ZLWK�VWDQGDUG�K\GURORJLFDODQG�K\GUR�FKHPLFDO�PHWKRGV��ZKHUH�WKH�IROORZLQJSDUWLFOHV�ZHUH�GHWHUPLQHG��&D����0J����&O¬��+&2�¬��62��¬��1+����12�¬��12�¬��32��¬��0Q����)H���$OVR��WKH�HWKQRJUDSKLFDO�FKDUDFWHULVWLFV�ZHUH�GHWHU�PLQHG�DFFRUGLQJ�WR�WKH�LQWHUYLHZ�ZLWK�ORFDO�SHRSOHDQG�UHFRUGLQJV��5HJDUGLQJ�JHRORJLFDO�VWUXFWXUH��WKHH[SORUHG�DUHD�LV�PRVWO\�FRPSRVHG�RI�FU\VWDO�VKDOH�JQHLVV��DQG�DPSKLEROHV��7KHUH�DUH�DOVR�VDQG�DQG�FOD\LQ�WKH�ILHOG�QHDU�WKH�YLOODJH�RI�%DUMH��%DVHG�RQ�WKHSUHYLRXV�UHVHDUFK��WKH�ZDWHU�RI�WKH�ODNH�LV�,�DQG�,,FODVV��ZKLFK�PHDQV�WKDW�LW�FDQ�EH�XVHG�IRU�GULQNLQJ�7KH�UHVXOWV�VKRZ�WKDW�WKHUH�DUH�VL[�URFNV��ZKLFKFRXOG�EH�LQWHUHVWLQJ�IRU�SRVVLEOH�WRXULVWV��7KH�URFN�RI.UDOMHYLF�0DUNR��7KH�6PRRWK�URFN��7KH�*LUO±V�URFN�=HODM±V�URFN��D�URFN�QHDU�D�KRXVHKROG�DQG�D�URFN�DWWKH�EHJLQQLQJ�RI�WKH�ODNH���7KH�PRVW�LQWHUHVWLQJWKLQJV�DERXW�WKHVH�URFNV�DUH�WKHLU�SRVLWLRQ��VL]H�DQGPDQ\�OHJHQGV�DERXW�WKHLU�QDPHV�DQG�VKDSH��)XUWKHU�

PRUH��WKH�UHVXOWV�VKRZ�WKDW�WKH�ZDWHU�RI�WKH�ODNH�DQGILYH�VSULQJV�DURXQG�LW�EHORQJV�WR�,�DQG�,,�FODVV��ZKLFKPHDQV�WKDW�LW�FDQ�EH�XVHG�IRU�GULQNLQJ��7KHUH�DOVRPDQ\�OHJHQGV��ZKLFK�DUH�FRQQHFWHG�ZLWK�WKH�QDPHVRI�WKH�VSULQJV��7DLU±V�VSULQJ��$MGDU±V�VSULQJ��6DLQW1LNROD±V�VSULQJ���$V�IRU�WKH�HWKQRJUDSKLFDO�FKDUDF�WHULVWLFV��VHYHUDO�REMHFWV�ZKHUH�GHWHUPLQHG��DV�WKHPRVW�VXLWDEOH�IRU�GHYHORSLQJ�WKH�HFRWRXULVP�&RQFHUQLQJ�DOO�WKH�UHVHDUFKHG�QDWXUDO�UHVRXUFHV�LW�FDQ�EH�FRQFOXGHG�WKDW�WKLV�ILHOG�JLYHV�D�JUHDW�RS�SRUWXQLW\�IRU�GHYHORSLQJ�DGYHQWXURXV�DQG�SLFQLF�HFR�WRXULVP�� ,Q� RUGHU� WR� DFKLHYH� PRUH� FRPSOH[LQIRUPDWLRQ�DERXW�WKH�QDWXUDO�UHVRXUFHV��VRPH�ELR�ORJLFDO�UHVHDUFK�KDV�WR�EH�GRQH��ZKLFK�ZLOO�DOVR�VKRZWKH�TXDOLWLHV�RI�WKLV�ODNH��0RUHRYHU��WKH�H[SORUHGILHOG�FRXOG�DOVR�EH�ZLGHQ��EHFDXVH�WKH�DUHD�FDOOHG3RUHaMH�DOVR�KDV�JUHDW�UHVRXUFHV�IRU�GHYHORSLQJ�WRXU�LVP��HVSHFLDOO\�HFRWRXULVP�

=%251,.�5$'29$����� *(2/2*,-$��• ���




