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#*aXFSJ*SRbM*NX*M`UVMQQ*[_*FN[XQN*VMQUM\N*GHJ*G\bHXaSMJIM*NX*[_*4OL+L*GJWRQXVK*4VXcL*2M*:FK*cXV*

XccMVRHI*[M*NOM*XUUXVNFHRN_*NX*^XRH*ORQ*IVMGN*VMQMGV\O*IVXFUK*cXV*SMHJRHI*[M*ORQ*aRQJX[*GHJ*WRQRXHK*

GHJ* cXV* UVXWRJRHI* [M* \XFHNSMQQ* QFUUXVN* JFVRHI* [_* aOXSM* MHJMGWXVL* (ORQ* aXVb* \XFSJ* HXN* YM*

G\\X[USRQOMJ*aRNOXFN*ORQ*IFRJGH\MK*UGNRMH\MK*GHJ*NXSMVGH\ML*

#*aXFSJ*GSQX*SRbM*NX*M`UVMQQ*[_*QRH\MVM*IVGNRNFJM*NX*4VXcL*.HNOXH_*3ORXNNX*GHJ*4VXcL*'R[XH*6M[XFVL*

.HNOXH_=Q*RJMGQ*GHJ*OGVJaXVbRHI*GNNRNFJM*OGWM*YMMH*GSaG_Q*RHQURVRHI*[ML*'R[XH*OGJ*IFRJMJ*[M*

QNMU*Y_*QNMU*GN*NOM*YMIRHHRHI*Xc*VMQMGV\O*GHJ*aM*OGJ*[GH_*aXHJMVcFS*NR[MQ*Xc*YVGRHQNXV[RHIL*,GH_*

NOGHbQ*NX*[_*XSJ*cVRMHJK*Q\OXXS[GNMK*\XSSMGIFM*GHJ*UGVNHMV*+VL*7GHI*dOFK*aOX*OGQ*YMMH*GSaG_Q*

NVFQNaXVNO_*aOMHMWMV*#*HMMJ*OMSU*RH*JMQRIH*GHJ*M`UMVR[MHNQL*#*aXFSJ*SRbM*NX*NOGHb*+VL*eRGHcMHI*

3FK*aOXQM*\VXQQfJRQ\RUSRHGV_*M`UMVNRQM*aGQ*RVVMUSG\MGYSM*cXV*G*aXVb*Xc*NOM*Q_QNM[L*

#* NVFS_* GUUVM\RGNM* NOM* M`\MSSMHN* NM\OHR\GS* QFUUXVN* NMG[* Xc* NOM* 4XS_f3VG[MQ* &MQMGV\O* 0MHNMV*

RH\SFJRHI*,VL*eFSMQ*3GFNORMVK*,VL*(VGRGH*.HNXHMQ\FK*,VL*'NMWM*+FYTK*,VL*,G`R[M*(ORYGFSNK*GHJ*

,VL*eMGHf'TYGQNRMH*+T\GVRML*(OM_*HXN*XHS_*UVXWRJMJ*[M*aRNO*NOM*cRHMQN*aXVb*GHJ*QFUUXVN*YFN*GSQX*

OMSUMJ*[M*NX*[GQNMV*FQMcFS*QbRSSQL*#*G[*IVGNMcFS*NX*,GJG[*&G\OMS*/XVNRMK*QM\VMNGV_*Xc*XFV*VMQMGV\O*

\MHNMV* cXV* YMRHI* M`NVM[MS_* UGNRMHNK* OMSUcFS* GHJ* FHJMVQNGHJRHIL* #* aXFSJ* GSQX* NOGHb* +VL* +GWRJ*

+XFQQMNK*aOX*aGQ*GSaG_Q*GVXFHJ*[M*aOMH*#*VGH*RHNX*NVXFYSML**

#*G[*GSQX*RHJMYNMJ*NX*[_*\XSSMGIFMQ*GHJ*cVRMHJQ*+VL*5GHIURHI*dOGXK*4VXcL*(GVMb*+^MVGcRK*+VL*'FSGW*

.JORbGVRK*+VL*eGYMV*,XIOGJJGQRK*+VL*4MHI*0OFK*+VL*/MR*3FXK*4VXcL*6GR_GH*eRH*GHJ*+VL*7MHI\OGX*

&MH*cXV*GJWR\M*GHJ*\XHNVRYFNRXH*NX*[_*aXVb*GHJ*NORQ*NOMQRQL*

,_*QUM\RGS*NOGHbQ*IX*NX*NOM*[M[YMVQ*Xc*NOM*M`G[RHGNRXH*^FV_K*aOX*NXXb*NOMRV*NR[M*NX*VMGJ*NOM*NOMQRQ*

GHJ*UVXWRJMJ*WMV_*WGSFGYSM*\X[[MHNQL**

/GQN*YFN*HXN*SMGQNK*#*aXFSJ*SRbM*NX*M`NMHJ*[_*IVGNRNFJM*NX*[_*UGVMHNQK*aOX*VGRQMJ*GHJ*MJF\GNMJ*[ML*

(OMRV*QFUUXVN*RQ*YM_XHJ*aOGN*#*\GH*R[GIRHML*



W*

. / 01+ / -

+gR\R* ABABK* Sg#HNMVHMN* JMQ* XY^MNQ* ?#X(@* UMV[MNNVG*UVXYGYSM[MHN*JM* \VTMV* Ah* [RSSRGVJQ* JgXY^MNQ*

\XHHM\NTQK* ii* d1* JM* JXHHTMQ* MN* JM* JTYSXjFMV* CC* BBB* [RSSRGVJQ* JM* JXSSGVQ*J=XUUXVNFHRNTQ*

\X[[MV\RGSMQL*4GV*\XHQTjFMHNK*\M*QF^MN*G*QFQ\RNT*J=THXV[MQ*RHNTVkNQ*JM*VM\OMV\OM*JGHQ*SM*[XHJM*

G\GJT[RjFM*MHNRMVL*/gFHM*JMQ*NM\OHXSXIRMQ*\STQ*UXFV*Sg#X(*\XH\MVHM*SM*UXQRNRXHHM[MHN*UO_QRjFM*

RHNTVRMFV* UVT\RQL* /M* UVRH\RUGS* XY^M\NRc* JGHQ* \M* JX[GRHM* MQN*SM* JTWMSXUUM[MHN*JgFH* Q_QNP[M* JM*

UXQRNRXHHM[MHN*RHNTVRMFV*GWM\*FHM* IVGHJM*UVT\RQRXHK*FHM*OGFNM*VTQXSFNRXHK*FH*cXH\NRXHHM[MHN* l*

USFQRMFVQ*\RYSMQK*FH*cGRYSM*\X]NK*FH*cGRYSM*MH\X[YVM[MHN*MN*FHM*cGRYSM*\XHQX[[GNRXH*JgTHMVIRML*/M*

Q_QNP[M* JM* UXQRNRXHHM[MHN* RHNTVRMFV* \XHWMHNRXHHMS* YGQT* QFV* SMQ* NM\OHXSXIRMQ* JM* :Rf7R* XF*

JgRJMHNRcR\GNRXH*UGV*VGJRXcVTjFMH\M*?&7#+@*HM*UMFN*VTUXHJVM*l*\MQ*M`RIMH\MQL*4VRH\RUGSM[MHN*UGV\M*

jFM*SMFV*GUUGVMRS*MN*SMFV*QRIHGS*HM*QXHN*UGQ*\XHmFQ*QUT\RGSM[MHN*UXFV*GNNMRHJVM*SMQ*XY^M\NRcQ*WRQTQL*

/MQ*\OMV\OMFVQ*XHN*JT\XFWMVN*jFgMH*[MNNGHN*MH*nFWVM*JM*JRccTVMHNQ*N_UMQ*JM*[XJFSGNRXH*QFV*SMQ*

TNRjFMNNMQK*SM*VGJGV*l*XHJM*\XHNRHFM*?0:@*MN*QMQ*JTVRWTQ*JMWRMHHMHN*JMQ*QXSFNRXHQ*UVX[MNNMFQMQL*/MQ*

G\NRWRNTQ* JM* VM\OMV\OM* UVTQMHNTMQ* JGHQ* \MNNM* NOPQM* QXHN* [MHTMQ* JGHQ* SM* YFN* JM* JTWMSXUUMV* JMQ*

Q_QNP[MQ*JM*UXQRNRXHHM[MHN*MH*RHNTVRMFV*YRJR[MHQRXHHMS*?Af+@*l*USFQRMFVQ*\RYSMQ*YGQTMQ*QFV*JMQ*

TNRjFMNNMQ*G\NRWMQ*l*VTNVXJRccFQRXH*OGV[XHRjFM*GWM\*FHM*NM\OHRjFM* l*XHJM*\XHNRHFM*[XJFSTM*MH*

cVTjFMH\M*?7,0:@L*/MQ*\XHNVRYFNRXHQ*JM*\MNNM*NOPQM*UMFWMHN*kNVM*VTQF[TMQ*\X[[M*QFRN8*

(XFN* JgGYXVJK* SG* \XH\MUNRXH* JgFH* \RV\FRN* G\NRc* OGV[XHRjFMK* USFQ* QUT\RcRjFM[MHN* FHM* \SGQQM*

JgXQ\RSSGNMFVQ*OGV[XHRjFMQ*RHHXWGHNQ*FNRSRQTM*\X[[M*\X[UXQGHN*\MHNVGS*JMQ*TNRjFMNNMQ*G\NRWMQ*JGHQ*

HXNVM* Q_QNP[MK* R[USRjFM* FHM* [TNOXJXSXIRM* JM* \XH\MUNRXH* JM* QRIHGS* JM* IVGHJM* NGRSSM* MN* JMQ*

RHQNGSSGNRXHQ*JM*\GVG\NTVRQGNRXHL*/ =GHGS_QMFV*JM*VTQMGF*l* IVGHJ*QRIHGS*?/'".@*MQN*FH*RHQNVF[MHN*

T[MVIMHN*YGQT*QFV*SMQ*cXHJM[MHNQ*NOTXVRjFMQ*JF*\GJVM*JM*JRQNXVQRXH*UXS_OGV[XHRjFM*?46+@L*1RMH*

jFgRSQ*QXRMHN*JRQUXHRYSMQ*JGHQ*SM*\X[[MV\M*JMUFRQ*ABBDK*JMQ*XVIGHRQ[MQ*JM*HXV[GSRQGNRXH*MN*JM*

VM\OMV\OM* NMSQ* jFM* S=#HQNRNFN* HGNRXHGS* JMQ* HXV[MQ* MN* JM* SG* NM\OHXSXIRM* ?"#'(@* JMQ* )NGNQf!HRQ*

NVGWGRSSMHN*NXF^XFVQ*l*SG*[RQM*GF*UXRHN*JgFH*QNGHJGVJ*SGVIM[MHN*VM\XHHF*UMV[MNNGHN*JgTWGSFMV*MN*JM*

\X[UGVMV*SMFVQ*UMVcXV[GH\MQL*+GHQ*\M*NVGWGRSK*FH*GVNMcG\N*JM*ITHTVGNRXH*[FSNRfOGV[XHRjFM*UXFV*SG*

WTVRcR\GNRXH* /'".* MQN* JTWMSXUUTL* 0gMQN* FH* JRQUXQRNRc* G\NRc* \GUGYSM* JM* ITHTVMV* SMQ* h* UVM[RPVMQ*

OGV[XHRjFMQ*JgFH*QRIHGS*JgMHNVTM*GWM\*FHM*VTUXHQM*FSNVGfQNGYSMQ*MH*G[USRNFJM*MN*MH*UOGQMK*jFMSSM*

jFM*QXRN*SG*WGVRGNRXH*JM*SgR[UTJGH\M*JM*SG*\OGVIML**

+MF`RP[M[MHNK* FH* XQ\RSSGNMFV* OGV[XHRjFM* l* YXF\SM* JM* VTNVXG\NRXH* RHHXWGHN* GWM\* FH* MccMN* JM*

NVG\NRXH*VTJFRN*MQN*UVXUXQT*MN*\XHmF*GWM\*SM*[XJPSM*HXH*SRHTGRVM*l*UGVG[PNVMf9 *JgFH*G[USRcR\GNMFV*



WR*

M`NVGRN*l*SgGRJM*JgFH*/'".*WTVRcRT*JGHQ*HXNVM*SGYXVGNXRVML*/MQ*T[MNNMFVQ*JM*VGJRXcVTjFMH\M*?&7@*l*

cGRYSM*\X]N*JgG\NRWGNRXHfJTQG\NRWGNRXH*?--2@*FNRSRQMHN*ITHTVGSM[MHN*JMQ*XQ\RSSGNMFVQ*[XJFSTQ*UXFV*

GSR[MHNMV*JRVM\NM[MHN*FHM*GHNMHHM*JgT[RQQRXHL*'GHQ*[T\GHRQ[M*JgRQXSGNRXH*FNRSRQT*JGHQ*SM*Q_QNP[MK*

NMS* jFgFH* G[USRcR\GNMFV* NG[UXHK* SG* WGVRGNRXH* JgR[UTJGH\M* M`NMVHM* XF* SgRH^M\NRXH* JM* QRIHGS* UMFN*

UVXWXjFMV*FH*JT\GSGIM*JM*cVTjFMH\M*UXVNMFQMK*\XHHF*QXFQ*SM*HX[*JgMccMN*JgGNNVG\NRXH*JM*SgXQ\RSSGNMFVL*

"XNVM* XQ\RSSGNMFV* OGV[XHRjFM* UVXUXQT* FNRSRQM*SMQ* MccMNQ* Q_HMVIRjFMQ* JM* SgFHRSGNTVGSRNT* JgFH*

G[USRcR\GNMFV*MN*SG*UVXUVRTNT*JM*QTUGVGNRXH*JMQ*OGV[XHRjFMQ*JgFH*JRUSM`MFV*UXFV*\VTMV*FHM*\XHJRNRXH*

JgGFNXfRQXSGNRXHL*"XFQ*GUUMSXHQ*\M*N_UM*JgXQ\RSSGNMFV*SgXQ\RSSGNMFV*OGV[XHRjFM*GFNXfRQXST*?'#6-@L*

+MQ* M`UTVRMH\MQ* XHN* [XHNVT* jFM* SG* NXUXSXIRM* '#6-* HXH* QMFSM[MHN* cG\RSRNM* SG* \XH\MUNRXH*

JgXQ\RSSGNMFVQ*l*OGFNM*cVTjFMH\MK*[GRQ*GFQQR*XccVM*USFQ*JM*Ch*cXRQ*SG*VTJF\NRXH*JM*SgMccMN*JM*NRVGIML*

(VXRQRP[M[MHNK*l*SG*QFRNM*JM*SG*JT[XHQNVGNRXH*RHRNRGSM*J=FH*'#6-K*QXH*UVRH\RUM*JM*cXH\NRXHHM[MHN*

MQN* TNFJRT* NOTXVRjFM[MHN* MH* UVXcXHJMFV* GF* [X_MH*JM* [XJPSMQ*TjFRWGSMHNQ*JM* \RV\FRN* MN* JM* SG*

NM\OHRjFM*JMQ*UGVG[PNVMf9 L*/MQ*M`UVMQQRXHQ*QXFQ*cXV[M*cMV[TM*JMQ*R[UTJGH\MQ*G\NRWMQ*MN*UGQQRWMQ*

TjFRWGSMHNMQ*QXFQ*SG*WGVRGNRXH*JM*SgR[UTJGH\M*JM*\OGVIM*XF*RH^M\NRXH*JM*QRIHGS*QXHN*JTVRWTMQL*/G*

\XH\MUNRXH*JM*\RV\FRNQ*G\NRcQ*HXH*SRHTGRVMQ*MQN*QXFWMHN*FHM*No\OM*\X[USRjFTM*MN*VMUXQM*cXVNM[MHN*

QFV*JMQ*[XJPSMQ*UVT\RQ*JM*QRIHGF`*JM*IVGHJM*NGRSSM*JM*NVGHQRQNXVK*NMSQ*jFM*SM*[XJPSM*l*UGVG[PNVMf9 L*

0X[[M*QXSFNRXH*GSNMVHGNRWM*l*SG* \XH\MUNRXH*JM* \RV\FRNQ*HXH*SRHTGRVMQK*FH*Q_QNP[M*JM* [MQFVM*MN*

\XH\MUNRXH* OGV[XHRjFMQ* ?6,+@* MQN* UVXUXQT* JGHQ* \M* NVGWGRSK* jFR* RSSFQNVM* SM* \XH\MUN* JgFHM*

GFNX[GNRQGNRXH* JM* SG* \XH\MUNRXH* JM* \RV\FRNQ* HXH* SRHTGRVMQ* QGHQ* [XJPSM* YGQTM* QFV* SgXUNR[RQGNRXH*

M`UTVR[MHNGSML*p*NRNVM*JgM`M[USMK*FH*UVXNXN_UM*'#6-*l*i*36q*GWM\*FHM*MccR\G\RNT*J\f&7*JM*ADr*

MQN*\XHmF*UGV*FHM*NMSSM*USGNMfcXV[M*[GNTVRMSSML**

;FGNVRP[M[MHNK*FH*VGJRGNMFV*OGV[XHRjFM*GFNXfRQXST*cXH\NRXHHGHN*l*FHM*cVTjFMH\M*JM*AD*36q*MQN*

UVXUXQT* MN* JT[XHNVTL* #S* UMFN* kNVM* FNRSRQT* UXFV* S=RJMHNRcR\GNRXH* MN* SM* UXQRNRXHHM[MHN* l* XHJMQ*

[RSSR[TNVRjFMQ*?[[:@L*'MSXH*QXH*cXH\NRXHHM[MHNK*SM*JRQUXQRNRc*TjFRWGFN*l*SG*\X[YRHGRQXH*J=FHM*

'#6-*MN*J=FHM*GHNMHHM*l*IFRJM*J=XHJM*RHNTIVT*GF*QFYQNVGN*?'#:@*\OGVITM*UGV*VTQXHGNMFV*JRTSM\NVRjFM*

?+&@L* 0MUMHJGHNK* SgRHNMV\XHHM`RXH* JM* YSX\Q* JM* \XHQNVF\NRXH* l* [[:* MN* GFfJMSl* MHNVGsHM*

ITHTVGSM[MHN*FHM*UMVNM*JgRHQMVNRXH*?#/@*TSMWTML*/M*VGJRGNMFV*RHNTIVT*UVXUXQT*^MNNM*FH*UXHN*MHNVM*SG*

JRWRQRXH* GVNRcR\RMSSM* JM* SG* cXH\NRXH* XF* JM* SgXUTVGNRXHL* !HM* QNVF\NFVM* OGV[XHRjFM* JRUSM`MFVf

VTQXHGNMFVfGHNMHHM*MQN*\XHmFM*UXFV*UMV[MNNVM*SM*cRSNVGIM*l*SG*cVTjFMH\M*cXHJG[MHNGSMK*VG_XHHGHN*l*

SG*cVTjFMH\M*JF*AM*OGV[XHRjFM*MN*\VTGHN*HGNFVMSSM[MHN*FH*RQXSM[MHN*MHNVM*MSSMQL*1GQT*QFV*\MNNM*

QNVF\NFVMK*SM*VGJRGNMFV*\XHmF*YTHTcR\RM*JMQ*GWGHNGIMQ*JgFHM*MccR\G\RNT*TSMWTM*MN*JgFH*cGRYSM*MccMN*JM*



WRR*

NVG\NRXHL* 4GV* VGUUXVN* l* QG* \XHNVMUGVNRM* cXHJG[MHNGSMK* SG* NVG\NRXH* MN* S=RH^M\NRXH* QXHN* GNNTHFTMQ*

VMQUM\NRWM[MHN*JM*CB*MN*JM*Ct*cXRQL*

0RHjFRP[M[MHNK*FHM*[XJTSRQGNRXH*JF*Q_QNP[M*MN*JMQ*NM\OHRjFMQ*RHHXWGHNMQ*JM*UXQNfNVGRNM[MHN*JM*

QTVRMQ*\OVXHXSXIRjFMQ*QXHN*UVXUXQTMQ*UXFV*SM*UXQRNRXHHM[MHN*G\NRc*A+*[FSNRf\RYSMQ*MH*RHNTVRMFVL*

/gGV\ORNM\NFVM*[GNTVRMSSM*MQN*YGQTM*QFV*SM*UVRH\RUM*JgFH*XQ\RSSGNMFV*\X[[FNT*WMVVXFRSST*UGV*RH^M\NRXH*

?'#/-@*MN*JM*VGJGV*7,0:K*jFR*G*TNT*TNFJRT*UGV*JgGFNVMQ*\OMV\OMFVQL*/G*NM\OHRjFM*\XHWMHNRXHHMSSM*

JM*UXQNfNVGRNM[MHN*JGHQ*SM*JX[GRHM*cVTjFMHNRMS*FNRSRQGHN*FHM*NVGHQcXV[GNRXH*JM*7XFVRMV*VGURJM*?77(@*

VMH\XHNVM*ITHTVGSM[MHN*FH*\X[UVX[RQ*MHNVM*SG*VTQXSFNRXHK*SG*jFGHNRNT*\RYSMK*SM*VGUUXVN*QRIHGSfQFVf

YVFRN*?'"&@*MN*J=GFNVMQ*QUT\RcR\GNRXHQ*\VRNRjFMQK*\M*jFR*VMHJ*JRccR\RSM*QXH*GJGUNGNRXH*l*JM*HX[YVMFQMQ*

GUUSR\GNRXHQL* /G* HXFWMSSM* NM\OHRjFM* JTWMSXUUTM* \X[UXVNM* FH* GSIXVRNO[M* %'4&#(* YGQT* QFV* SG*

JT\X[UXQRNRXH*MH*WGSMFVQ*QRHIFSRPVMQ*?'$+@*MN*SG*NM\OHRjFM*JM*JRGIXHGSRQGNRXH*[GNVR\RMSSM*FNRSRQGHN*

SM*UQMFJXfRHWMVQM* JM* ,XXVMf4MHVXQM* UXFV* SgMQNR[GNRXH* JM* SgXVJVM* JMQ* [XJPSMQK* GRHQR* jFM* SMQ*

M`NVG\NRXHQ*JM*SgOMFVM*JgGVVRWTM*?(-.@*MN*JM*SG*JRVM\NRXH*JgGVVRWTM*?+-.@L*.WM\*JMQ*QR[FSGNRXHQ*MN*

JMQ*JT[XHQNVGNRXHQ* M`UTVR[MHNGSMQK* SG* UVT\RQRXH* MN* SG* VTQXSFNRXH* QXHN*QFUTVRMFVMQ* l* \MSSMQ* JMQ*

[TNOXJMQ*\XHWMHNRXHHMSSMQL*

%HcRHK*FH*Q_QNP[M*JM*UXQRNRXHHM[MHN*UGV*VTNVXJRccFQRXH*OGV[XHRjFM*l *[FSNRf\RYSMQ*GWM\*TNRjFMNNMQ*

G\NRWMQ* ?64'f.(@* FNRSRQGHN* SM* '#6-* MQN* RHWMHNT* MN* UVTQMHNTL* /MQ* TNRjFMNNMQ* FNRSRQTMQ* UXFV* HXNVM*

UVT\TJMHN*Q_QNP[M*JM*UXQRNRXHHM[MHN*l*\RYSMQ*[FSNRUSMQ*QXHN*YGQTMQ*QFV*FH*XQ\RSSGNMFV*l*YXF\SM*JM*

VTG\NRXH*l*QRIHGS*cXHJG[MHNGSL*.RHQRK*S=T[RQQRXH*MN*SG*VT\MUNRXH*JM*SG*QNGNRXH*JM*YGQM*?1'@*MN*JM*

S=TNRjFMNNM*UGVNGIMHN*SG*[k[M*YGHJM*JM*cVTjFMH\ML*!HM*NMSSM*GV\ORNM\NFVM*[GNTVRMSSM*UVTQMHNM*FH*

HX[YVM*JgRH\XHWTHRMHNQK*l*QGWXRV*FHM*GFNXfRHITVMH\M*RHTWRNGYSM*MN*SG*JRQUMVQRXH*JM*IVGUUMQK*FHM*

cXVNM*RHNMVcTVMH\M*[FNFMSSM*MHNVM*USFQRMFVQ*TNRjFMNNMQK*SgMccMN*JM*NVG\NRXH*JgTNRjFMNNMQK*MN\L*/M*64'f

.(*JTWMSXUUT*UMFN*UGVcGRNM[MHN*VTQXFJVM*\MQ*UVXYSP[MQ*MH*M`USXRNGHN*SMQ*OGV[XHRjFMQL*%H*XFNVMK*

SgGV\ORNM\NFVM*UMFN*T\XHX[RQMV*hBr*JM*YGHJM*UGQQGHNM*GYQXSFM*UXFV*SG*[k[M*VTQXSFNRXH*JM*IG[[ML*

/M* [XJPSM* JM* QRIHGS* MQN* TNFJRT* MN*SMQ* QUT\RcR\GNRXHQ* JTNGRSSTMQ* JMQ* TNRjFMNNMQ* MN* JMQ* 1'K* SMFV*

\XH\MUNRXH* MN* SMFV* RHNTIVGNRXH* QXHN* UVTQMHNTMQL* /MQ* VTQFSNGNQ* M`UTVR[MHNGF`* JGHQ* JMQ*

MHWRVXHHM[MHNQ*RHNTVRMFVQ*VR\OMQ*MH*VTcSM`RXH*XHN*JT[XHNVT*SM*\XH\MUN*MN*SG*\XH\MUNRXHL**

/M*64' f.(*MQN*FHM*RHNTIVGNRXH*\X[USPNM*JMQ*NVGWGF`*NOTXVRjFMK*NM\OHXSXIRjFM*MN*NM\OHRjFM*NXFN*

GF*SXHI*JM*\MNNM*NOPQML*'G*WMVQRXH*[[:*GWM\*TNRjFMNNM*RHNTIVTM*UGV*0,-'*MN*FHM*\XH\MUNRXH*USFQ*

[GNFVM*JMQ*1'*MQN*QFV*SM*UXRHN*J=GSSMVL*#S*cRHRVG*UGV*JMWMHRV*FH* \GHJRJGN*NVPQ*\X[UTNRNRc*UXFV*SG*

QXSFNRXH*JM*UVRQM*JM*\XHQ\RMH\M*JM*UXQRNRXH*X[HRUVTQMHNM*UXFV*SG*UVX\OGRHM*ITHTVGNRXH*J=#X(L* *



WRRR*

!20,.!", -

1_*ABABK*NOM*RHNMVHMN*Xc*NORHIQ*?#X(@*aRSS*UVXYGYS_*MHGYSM*Ah*YRSSRXH*\XHHM\NMJ*XY^M\NQK*\VMGNM*ii*

d1*JGNG*GHJ*FHSX\b*CC*NVRSSRXH*!'*JXSSGV*YFQRHMQQ*XUUXVNFHRNRMQL*(OMVMcXVMK*NORQ*NXUR\*OGQ*YMMH*

GNNVG\NRHI*NVM[MHJXFQ*VMQMGV\O*RHNMVMQNQ*RH*NOM*MHNRVM*G\GJM[R\*aXVSJL* -HM*Xc*NOM*bM_*MHGYSRHI*

NM\OHXSXIRMQ*cXV*#X(*RQ*\XH\MVHMJ*aRNO*G\\FVGNM*RHJXXV*UO_QR\GS*UXQRNRXHRHIL*(OM*JMWMSXU[MHN*Xc*

QF\O*GH*RHJXXV*UXQRNRXHRHI*Q_QNM[*aRNO*ORIO*G\\FVG\_K*ORIO*VMQXSFNRXHK*[FSNRNGVIMN*XUMVGNRXHK*SXa*

\XQNK* Q[GSS* cXXNUVRHNK* GHJ* SXa* UXaMV* \XHQF[UNRXH* RQ* NOM* [G^XV* XY^M\NRWM* RH* NORQ* GVMGL* (OM*

\XHWMHNRXHGS*RHJXXV*UXQRNRXHRHI*Q_QNM[*YGQMJ*XH*:R7R*XV*VGJRXcVMjFMH\_*RJMHNRcR\GNRXH*?&7#+@*

NM\OHXSXI_* \GHHXN* cFScRSS* NOMQM* VMjFRVM[MHNQ* [GRHS_* YM\GFQM* NOMRV* JMWR\M* GHJ* QRIHGS* GVM* HXN*

UFVUXQMS_*JMQRIHMJ*cXV*G\ORMWRHI*NOM*NGVIMNMJ*IXGSQL*&MQMGV\OMVQ*OGWM*cXFHJ*NOGN*Y_*R[USM[MHNRHI*

JRccMVMHN*N_UMQ*Xc*[XJFSGNRXH*XH*NOM*NGIQK*\XHNRHFXFQfaGWM*?0:@*VGJGV*GHJ*RNQ*JMVRWGNRWMQ*YM\X[M*

UVX[RQRHI*QXSFNRXHQL*(OM*VMQMGV\O*G\NRWRNRMQ*UVMQMHNMJ*RH*NORQ*4OL+L*NOMQRQ*GVM*\GVVRMJ*XFN*NXaGVJQ*

NOM*IXGS*Xc*JMWMSXURHI* [FSNRNGVIMN*NaXfJR[MHQRXHGS*?Af+@*RHJXXV*UXQRNRXHRHI*Q_QNM[Q*YGQMJ*XH*

OGV[XHR\* YG\bQ\GNNMVRHI* G\NRWM* NGIQ* NXIMNOMV* aRNO* G* cVMjFMH\_f[XJFSGNMJ* \XHNRHFXFQfaGWM*

?7,0:@*NM\OHRjFML*&MQMGV\O*\XHNVRYFNRXHQ*Xc*NORQ*NOMQRQ*\GH*YM*QF[[GVRqMJ*GQ*cXSSXaQ8*

7RVQN*Xc*GSSK*NOM*JMQRIH*Xc*G*OGV[XHR\*G\NRWM*\RV\FRNK*[XVM*QUM\RcR\GSS_K*G*\SGQQ*Xc*RHHXWGNRWM*OGV[XHR\*

XQ\RSSGNXVQ*FQMJ*GQ*NOM*\XVM*\X[UXHMHN*Xc*G\NRWM*NGIQ*RH*XFV*Q_QNM[K*RHWXSWMQ*G*SGVIM*QRIHGS*JMQRIH*

[MNOXJXSXI_* GHJ* \OGVG\NMVRqGNRXH* cG\RSRNRMQL* (OM* SGVIM* QRIHGS* HMNaXVb* GHGS_qMV* ?/'".@*RQ* GH*

M[MVIRHI*RHQNVF[MHN*YGQMJ*XH*NOM*NOMXVMNR\GS*cXFHJGNRXH*cXV*NOM*4XS_f6GV[XHR\*+RQNXVNRXH*?46+@*

cVG[MaXVbL*.SNOXFIO*NOM_*OGWM*YMMH*\X[[MV\RGSS_*GWGRSGYSM*QRH\M*ABBDK*QNGHJGVJ*GHJ*VMQMGV\O*

XVIGHRqGNRXHQ*QF\O*GQ*NOM*"GNRXHGS*#HQNRNFNM*Xc*'NGHJGVJQ*GHJ*(M\OHXSXI_*?"#'(@*Xc*NOM*!'*GVM*QNRSS*

aXVbRHI*NXaGVJQ*G*aRJMS_fVM\XIHRqMJ*QNGHJGVJ*NX*MWGSFGNM*GHJ*\VXQQfVMcMVMH\M*NOMRV*UMVcXV[GH\MQL*

#H*NORQ*aXVbK*G*[FSNRfOGV[XHR\*IMHMVGNRXH*GVNRcG\N*cXV*/'".*WMVRcR\GNRXH*RQ*JMWMSXUMJL**#N*RQ*GH*

G\NRWM*JMWR\M*NOGN*\GH*IMHMVGNM*NOM*cRVQN*h*OGV[XHR\Q*Xc*GH*RHUFN*QRIHGS*aRNO*FSNVGfQNGYSM*G[USRNFJM*

GHJ*UOGQM*VMQUXHQM*VMIGVJSMQQ*Xc*NOM*SXGJ*R[UMJGH\M*WGVRGNRXHL**

'M\XHJS_K* GH* RHHXWGNRWM* OGV[XHR\* cMMJYG\bfSXXU* XQ\RSSGNXV* aRNO* G* VMJF\MJ* UFSSRHI* MccM\N* RQ*

UVXUXQMJ*GHJ*JMQRIHMJ*aRNO*NOM*9 fUGVG[MNMV*HXHSRHMGV*[XJMS*Xc*GH*G[USRcRMV*M`NVG\NMJ*FQRHI*G*

WMVRcRMJ*/'".*RH*XFV*SGYL*/Xaf\XQN*XHfXcc*bM_RHI*?--2@*VGJRXcVMjFMH\_*?&7@*NVGHQ[RNNMVQ*FQFGSS_*

M[USX_* [XJFSGNMJ* XQ\RSSGNXVQ* NX* cMMJ* G* NVGHQ[RNNRHI* GHNMHHG* JRVM\NS_L* #c* NOMVM* RQ* HX* RQXSGNRXH*

[M\ OGHRQ[*FQMJ*RH*NOM*Q_QNM[*QF\O*GQ*YFccMV*G[USRcRMVK*M`NMVHGS*R[UMJGH\M*WGVRGNRXH*XV*QRIHGS*

RH^M\NRXH*[G_*\GFQM*G*\GVVRMV*cVMjFMH\_*QORcNK*aOR\O*RQ*bHXaH*GQ*NOM*UFSSRHI*MccM\N*Xc*XQ\RSSGNXVL*



R*̀

-FV*UVXUXQMJ*OGV[XHR\*XQ\RSSGNXV*FNRSRqMQ*NOM*Q_HMVIMNR\*MccM\NQ*Xc*NOM*FHRSGNMVGSRN_*Xc*GH*G[USRcRMV*

GHJ*NOM*OGV[XHR\QfQMUGVGNRXH*UVXUMVN_*Xc*G*JRUSM`MV*NX*\VMGNM*G*QMScfRQXSGNRXH*\XHJRNRXHL*:M*\GSS*

QF\O*G*\SGQQ*Xc*XQ\RSSGNXVQ*GQ*NOM*QMScfRQXSGNMJ*OGV[XHR\*XQ\RSSGNXV*?'#6-@L*#N*OGQ*YMMH*WMVRcRMJ*Y_*

M`UMVR[MHNQ*NOGNK*NOM*'#6-*NXUXSXI_*HXN*XHS_*[GbMQ*NOM*JMQRIH*Xc*ORIOfcVMjFMH\_*XQ\RSSGNXVQ*MGQRMV*

YFN*GSQX*MH^X_Q*[XVM*NOGH*Ch*NR[MQ*Xc*UFSSRHI*MccM\N*VMJF\NRXHL**

(ORVJK* cXSSXaRHI* NOM* RHRNRGS* JM[XHQNVGNRXH* Xc* GH* '#6-K* RNQ* XUMVGNRXH* UVRH\RUSM* RQ* NOMXVMNR\GSS_*

QNFJRMJ*RHfJMUNO*NOVXFIO*MjFRWGSMHN*\RV\FRN*[XJMSQ*GHJ*9fUGVG[MNMV*NM\OHRjFML*(OM*\SXQMJfcXV[*

M`UVMQQRXHQ*Xc*MjFRWGSMHN*G\NRWM*GHJ*UGQQRWM*R[UMJGH\MQ*FHJMV*G*SXGJ*R[UMJGH\M*WGVRGNRXH*XV*QRIHGS*

RH^M\NRXH*GVM*JMVRWMJL*7VX[*NOM*M`UVMQQRXHQK*G*UO_QR\GS*RHQRION*Xc*NOM*UFSSRHI*MccM\N*RQ*IGRHMJ*GHJ*

\VRNR\GS*UGVG[MNMVQ*GccM\NRHI*NOM*UFSSRHI*cRIFVM*GVM*RJMHNRcRMJL*(OM*JMQRIH*Xc*HXHSRHMGV*G\NRWM*\RV\FRNQ*

RQ*FQFGSS_*G*\X[USR\GNMJ*NGQb*GHJ*ORIOS_*VMSRMQ*XH*G\\FVGNM*SGVIM*QRIHGS*[XJMSQ*Xc*NVGHQRQNXV*QF\O*GQ*

9 fUGVG[MNMV* [XJMSL* .Q* GH* GSNMVHGNRWM* QXSFNRXH* Xc* HXHSRHMGV* \RV\FRN* JMQRIHK* G* OGV[XHR\f

[MGQFVM[MHNfGHJfJMQRIH*?6,+@*Q_QNM[*RQ*UVXUXQMJ*RH*NORQ*aXVbK*aOR\O*JM[XHQNVGNMQ*NOM*\XH\MUN*

Xc*G*[XJMSfcVMM*HXHSRHMGV*\RV\FRN*JMQRIH*GFNX[GNRXH*YGQMJ*XH*NOM*M`UMVR[MHNGS*XUNR[RqGNRXHL*.Q*GH*

M`G[USMK*GH*'#6-*UVXNXN_UM*GN*i*36q*aRNO*ADr*J\fNXf&7*\XHWMVQRXH*MccR\RMH\_*RQ*JMQRIHMJ*Y_*

QF\O*G*OGVJaGVM*USGNcXV[L**

7XFVNOK* G* QMScfRQXSGNMJ* OGV[XHR\* VGJRGNXV* XUMVGNRHI* GN* AD* 36q* cVMjFMH\_* RQ* UVXUXQMJ* GHJ*

JM[XHQNVGNMJL* #N*\GH* YM* GUUSRMJ* cXV*[RSSR[MNMVfaGWM* ?[[:@*RJMHNRcR\GNRXH* GHJ* UXQRNRXHRHIL*

eFJIRHI*cVX[*RNQ*XUMVGNRXHK*NOM*JMWR\M*RQ*MjFRWGSMHN*NX*NOM*\X[YRHGNRXH*Xc*GH*'#6-*GHJ*G*JRMSM\NVR\*

VMQXHGNXV*?+&@*SXGJMJ*QFYQNVGNM*RHNMIVGNMJ*aGWMIFRJM*?'#:@*GHNMHHGL*6XaMWMVK*YFRSJRHI*YSX\b*

RHNMV\XHHM\NQ*GN* [[:* GHJ* YM_XHJ*FQFGSS_* VMQFSN* RH*G*ORIO* RHQMVNRXH* SXQQ* ?#/@L* (OM* UVXUXQMJ*

RHNMIVGNMJ*VGJRGNXV*YVRJIMQ*NOM*GVNRcR\RGS*JRWRQRXH*Xc*cFH\NRXH*XV*XUMVGNRXHL*.*OGV[XHR\*JRUSM`MVf

VMQXHGNXVfGHNMHHG*QNVF\NFVM*RQ*JMQRIHMJ*NX*MHGYSM*cRSNMVRHI*GN*NOM*cFHJG[MHNGS*cVMjFMH\_K*VGJRGNRHI*

GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_*GHJ*HGNFVGSS_* \VMGNRHI*GH*RQXSGNRXH*YMNaMMH*NOM[L*1GQMJ*XH*NORQ*

QNVF\NFVMK*NOM*JMQRIHMJ*VGJRGNXV*MH^X_Q*NOM*GJWGHNGIMQ*Xc*ORIO*MccR\RMH\_*GHJ*SXa*UFSSRHI*MccM\NL*

0X[UGVMJ*aRNO*RNQ*cFHJG[MHNGS*\XFHNMVUGVNK*NOM*SXGJ*UFSSRHI*GHJ*RH^M\NRXH*UFSSRHI*GVM*[RNRIGNMJ*Y_*

CB*GHJ*Ct*NR[MQK*VMQUM\NRWMS_L*

7RcNOK*Q_QNM[* [XJMSRHI*GHJ*RHHXWGNRWM*NR[MfQMVRMQ*UXQNfUVX\MQQRHI*NM\OHRjFMQ*GVM*UVXUXQMJ*cXV*

[FSNRNGVIMN*G\NRWM*Af+*RHJXXV*UXQRNRXHRHIL*(OM*OGVJaGVM*GV\ORNM\NFVM*RQ*YGQMJ*XH*NOM*UVRH\RUSM*Xc*G*

QaRN\OMJ*RH^M\NRXH*SX\bMJ*XQ\RSSGNXV*?'#/-@*GHJ*7,0:*VGJGVK*aOR\O*OGQ*YMMH*RHWMQNRIGNMJ*Y_*XNOMV*

VMQMGV\OMVQL* 0XHWMHNRXHGS* cVMjFMH\_* JX[GRH* UXQNfUVX\MQQRHI* NM\OHRjFM* FQRHI* G* cGQN* 7XFVRMV*

NVGHQcXV[GNRXH* ?77(@* FQFGSS_* MH\XFHNMVQ* G* \X[UVX[RQM*G[XHI* NOM* VMQXSFNRXHK* NGVIMN* jFGHNRN_K*



` *

QRIHGSfNXfHXRQM*VGNRX*?'"&@*GHJ*XNOMV*\VRNR\GS*QUM\RcR\GNRXHQK*[GbRHI*RN*JRccR\FSN*NX*YM*GJGUNMJ*NX*

[GH_*GUUSR\GNRXHQL*(OM*JMWMSXUMJ*HMa*NM\OHRjFM*cMGNFVMQ*G*^XRHN*QRHIFSGV*WGSFM*JM\X[UXQRNRXH*

?'$+@* YGQMJ* %'4&#(* GSIXVRNO[* GHJ* G* [GNVR`* JRGIXHGSRqGNRXH* NM\OHRjFM* FQRHI* ,XXVMf4MHVXQM*

UQMFJXRHWMVQM*cXV*NOM*[XJMS*XVJMV*MQNR[GNRXH*GQ*aMSS*GQ*NOM*NR[MfXcfGVVRWGS*?(-.@*GHJ*JRVM\NRXHf

XcfGVVRWGS*?+-.@*M`NVG\NRXHQL*:RNO*QR[FSGNRXHQ*GHJ*M`UMVR[MHNGS*JM[XHQNVGNRXHQK*NOM*G\\FVG\_*GHJ*

VMQXSFNRXH*GVM*QOXaH*NX*YM*QFUMVRXV*NX*NOXQM*Xc*NOM*\XHWMHNRXHGS*[MNOXJQL*

7RHGSS_K*G*[FSNRNGVIMN*OGV[XHR\*YG\bQ\GNNMVRHI*UXQRNRXHRHI*Q_QNM[*aRNO*G\NRWM*NGIQ*?64'f.(@*FQRHI*

NOM*'#6-*RQ*RHWMHNMJ*GHJ*UVMQMHNMJL*(OM*NGIQ*FQMJ*cXV*XFV*UVMWRXFQ*[FSNRNGVIMN*UXQRNRXHRHI*Q_QNM[*

GVM*YGQMJ*XH*cFHJG[MHNGSfQRIHGS*cMMJYG\bfSXXU*XQ\RSSGNXVL*'XK*NOM*NVGHQ[RNNRHI*GHJ*VM\MRWRHI*Xc*

YXNO*NOM*YGQM*QNGNRXH*?1'@*GHJ*NGI*QOGVM*NOM*QG[M*cVMjFMH\_*YGHJL*'F\O*G*OGVJaGVM*GV\ORNM\NFVM*

OGQ*G*HF[YMV*Xc*JVGaYG\bQK*HG[MS_*FHGWXRJGYSM*QMScfRHNMVcMVMH\M*GHJ*\SFQNMV*Q\GNNMVRHIK*QNVXHI*

[FNFGSfRHNMVcMVMH\M* G[XHI* [FSNRUSM* NGIQK* SXGJ* GHJ* RH^M\NRXH* UFSSRHI* Xc* NGIQK* GHJ* QX* XHL* (OM*

JMWMSXUMJ* 64'f.(* \GH* UMVcM\NS_* XWMV\X[M* NOMQM* UVXYSM[Q* Y_* SMWMVGIRHI* NOM* OGV[XHR\QL* #H*

GJJRNRXHK*NOM*GV\ORNM\NFVM*\GH*QGWM*hBr*GYQXSFNM*YGHJaRJNO*cXV*NOM*QG[M*VMQXSFNRXH*Xc*VGHIML*'RIHGS*

[XJMS* RQ* QNFJRMJK* GHJ* JMNGRSMJ* NGI* GHJ* 1'* QUM\RcR\GNRXHQK* JMQRIH* GHJ* RHNMIVGNRXH*Q\OM[MQ*GVM*

UVMQMHNMJL* %`UMVR[MHNGS* VMQFSNQ* RH* VMcSM\NRXHfVR\O* RHJXXV* MHWRVXH[MHNQ* OGWM* JM[XHQNVGNMJ* NOM*

\XH\MUN*GHJ*JMQRIHL**

(OM*64'f.(*RQ*G* \X[USMNM*RHNMIVGNRXH*Xc*NOM*NOMXVMNR\GSK*NM\OHXSXIR\GS*GHJ*MHIRHMMVRHI*aXVbQ*

NOVXFIOXFN*NORQ*NOMQRQL*#NQ*[[:*WMVQRXH*aRNO*0,-'*RHNMIVGNMJ*NGI*GHJ*[XVM*[GNFVM*1'*JMQRIH*RQ*

XH* NOM* aG_L* #N* aRSS* MWMHNFGSS_* YM\X[M* G* WMV_* \X[UMNRNRWM* \GHJRJGNM* cXV* FYRjFRNXFQ* UXQRNRXH*

GaGVMHMQQ*QXSFNRXH*cXV*cFNFVM*I MHMVGNRXH*#X(L*
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=)Q! 0CG!@MG!CH"MHO",RSAJG!@AF")))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))"T!

=)P! 1KAF!F",?IMH!UMG!CH"))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))"T!

'<(;1%3"L ! (31&'.%" =V" 06.1&(30, +&'" /%+%3(1,3" 8,3" .( 3/% W5&/+(. W

+%1-,3* W(+(.:X%3"2%3 &8&'(1&,+ ")))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))"==!

L)=! $AF!IH"3AY>!?ANAHGF"MHO";?CZCFAO"5JKANA")))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))"=P!

L)L! '!?J>!G"$AF!IH"MHO"&NZEANAHGMG!CH")))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))"=[ !

L)Q! 0AMF>?ANAHG\"%@ME>MG!CH"MHO"$!FJ>FF!CH")))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))"=] !

L)P! 5>NNM?B"))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))"LQ!

L)T! (J^HC_EAOIANAHG"))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))"LQ!

'<(;1%3"Q ! (31&'.%" LV" <(30,+&'" 8%%$7('* W.,,;" ,5'&.. (1,3" 8,3"

;6..&+/"%88%'1"3 %$6'1&,+"(+$"&0;3,2% $";<(5%"+,&5% "))))))))))))))))))))))))))))))))))))"LT!

Q)=! &HG?CO>JG!CH"))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))"LT!



`RR*

uLA! -UMVGNRHI*4VRH\RUSM*GHJ*+MQRIH*0XHQRJMVGNRXHQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Av!

4VRH\RUSM*Xc*NOM*OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXV*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*At!

+RUSM`MV*JMQRIH*GHJ*XQ\RSSGNXV*QR[FSGNRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*At!

uLu! ,MGQFVM[MHNQ*GHJ*+RQ\FQQRXHQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Aw!

uLi! 0XH\SFQRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*uA!

uLh! .\bHXaSMJIM[MHN*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*uu!

06.4(%&*i ! .&(#0/%*u8*/.&3%*'#3"./*,-+%/#"3*."+*%94%&#,%"(./*+%'#3"*

.!(-,.(#-"*-7*'%/7f#'-/.(%+*6.&,-"#0*-'0#//.(-&*7-&*4!//#"3*%77%0(*

&%+!0(#-"* xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxui !

iLC! #HNVXJF\NRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ui!

iLA! -UMVGNRXH*4VRH\RUSM*GHJ*%jFRWGSMHN*0RV\FRN*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ut!

&MWRMa* GHJ* \X[UGVRQXH* Xc* NOM* XUMVGNRXH* UVRH\RUSM* Xc* '#6-* GHJ* cFHJG[MHNGS*

XQ\RSSGNXVQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ut!

%jFRWGSMHN*\RV\FRN*JMWMSXU[MHN*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*uw!

-UMVGNRXH*UVRH\RUSM*aRNO*HMIGNRWM*VMQRQNGH\M*[XJMS*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*iA!

iLu! '#6-*,XJMSRHI*1GQMJ*XH*9f4GVG[MNMVQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ii!

46+*[XJMS*GHJ*9fUGVG[MNMV*cXV[FSGNRXHQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ih!

'#6-*SGVIM*QRIHGS*[XJMSRHI*YGQMJ*XH*9fUGVG[MNMVQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*it!

/GVIM*QRIHGS*GHGS_QRQ*Xc*cFHJG[MHNGS*XQ\RSSGNXV*YGQMJ*XH*9fUGVG[MNMVQ*LLLLLLLLLLLLLLL*hu!

#H^M\NRXH*SX\bRHI*Xc*'#6-*GHJ*cFHJG[MHNGS*XQ\RSSGNXV*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*hi!

iLi ! +MQRIH*(OMXV_K*,MNOXJXSXI_K*#[USM[MHNGNRXH*GHJ*,XJMS*$MVRcR\GNRXH*LLLLLLLLLLLLLLLLLLLLLLL*hh!

,R\VXQNVRU*JRUSM`MV*JMQRIH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*hh!

(VGHQRQNXV*\OGVG\NMVRqGNRXH*GHJ*'#6-*JMQRIH*QMNFU*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*hD!

6,+*Q_QNM[*\GSRYVGNRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*vC!

'_HNOMQRQ*GHJ*Q\VMMHRHI*Xc*NVGHQRQNXV*aGWMcXV[*NXaGVJQ*G*cMGQRYSM*'#6-*JMQRIH*vA!

%`UMVR[MHNGS*XUNR[RqGNRXH*Xc*NVGHQRQNXV*aGWMcXV[*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*vv!



`RRR*

0SXQMJfcXV[*JMQRIH*Xc*'#6-*RHUFN*[GN\ORHI*HMNaXVb*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*vD!

'F[[GV_*Xc*M`UMVR[MHNGS*JMQRIH*UVX\MJFVM*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*tC!

+MQRIH*M`G[USMK*[XJMS*WGSRJGNRXH*GHJ*JRQ\FQQRXHQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*tA!

iLh! 0XH\SFQRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Di!

iLv! .\bHXaSMJIM[MHN*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Dh!

06.4(%&*h ! .&(#0/%* i8* .* ,#//#,% (%&f:.$%* '%/7 f#'-/.(%+* 6.&,-"#0*

.0(#$%* &.+#.(-&* 7-&* #+%"(#7#0.(#-"K* '%"'#"3K* (&.02#"3* ."+*

0-,,!"#0.(#-"*.44/#0.(#-"'*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Dv!

hLC! #HNVXJF\NRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Dv!

hLA! 0XH\MUN*GHJ*-UMVGNRXH*4VRH\RUSM*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Dw!

4GVNRGSS_fGRVfcRSSMJ*'#:*\GWRN_*GQ*VMQXHGNXVK*JRUSM`MVK*GHJ*GHNMHHG*LLLLLLLLLLLLLLLLLLLLLLL*wB!

+MUMHJMH\_*Xc*VMQXHGNRHI*cVMjFMH\_*XH*JR[MHQRXHQ*GHJ*QNVF\NFVMK*GHJ*\GWRN_*JMQRIH*

UVX\MJFVM*xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxwh !

hLu! 7GYVR\GNMJ*4VXNXN_UMK*(FHRHI*(M\OHRjFM*GHJ*NOM*0OGVG\NMVRqGNRXHQ*LLLLLLLLLLLLLLLLLLLLLLLLLLL*CBi!

7VMjFMH\_*GHJ*UXaMV*UXQNfNFHRHI*NM\OHRjFM*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CBi!

%`UMVR[MHNGS*\OGVG\NMVRqGNRXHQ*Xc*QMScfRQXSGNMJ*G\NRWM*OGV[XHR\*VGJRGNXV*UVXNXN_UM

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxLLCBv !

4FSSRHI*MccM\N*[RNRIGNRXH*M`UMVR[MHNGS*\X[UGVRQXH*aRNO*G*cFHJG[MHNGS*cVMjFMH\_*

XFNUFN*G\NRWM*VGJRGNXV*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CCB!

hLi! 0XH\SFQRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CCi!

06.4(%&*v ! .&(#0/%* h8* .* ,!/(#(.&3%(* .0(#$%* 1.02'0.((%&#" 3* Af+*

4-'#(#-"#"3* '5'(%,* :#(6* '!4%&&%'-/!(#-"* (#,%* '%&#%'*4-'(f4&-0%''#"3*

(%06"#;!%* xxxxxxxxxxxxxxxxxxxxxxxxxxxxxLLCCh !

vLC! #HNVXJF\NRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CCh!

vLA! '_QNM[*.V\ORNM\NFVM*GHJ*'RIHGS*,XJMS*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CCD!

(VGHQ[RNNMJ*7,0:*RHNMVVXIGNRXH*aGWMcXV[*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CCw!

1G\bQ\GNNMVMJ*QRIHGS*cVX[*G\NRWM*NGVIMNQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CAB!



`RW*

&M\MRWMJ*aGWMcXV[Q*Y_*YGQM*QNGNRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CAC!

+RQ\FQQRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CAi!

vLu! .SIXVRNO[*+MWMSXU[MHN*Xc*,XJMS*-VJMV*+MNM\NRXH*GHJ*4GVG[MNMV*%QNR[GNRXH*LLLLLLLLLL*CAh!

4VRH\RUSM*Xc*[GNVR`*\XHQNVF\NRXH*GHJ*QXSFNRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CAh!

.SIXVRNO[*cXV*[XJMS*XVJMV*MQNR[GNRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CAt!

,GNVR`*QNG\bRHI*GHJ*^XRHN*'$+*NM\OHRjFM*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CAD!

eXRHN*MQNR[GNRXH*Xc*NOM*(-.*GHJ*+-.*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CAw!

vLi! '_QNM[*4MVcXV[GH\M*.HGS_QRQ*GHJ*'R[FSGNRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CuA!

0XHWMHNRXHGS*77(*MHGYSMJ*7,0:*GHJ*'#/-*UXQRNRXHRHI*Q_QNM[*LLLLLLLLLLLLLLLLLLLLLL*CuA!

%ccM\N*Xc*FHQ_H\OVXHRqMJ*QG[USRHI*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cuh!

$GSRJGNM*NOM* UVXUXQMJ* GSIXVRNO[* GHJ* \X[UGVRQXH* aRNO* NOM* 77(* NM\OHRjFM* Y_*

QR[FSGNRXHQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cuv!

vLh! %`UMVR[MHNGS*+M[XHQNVGNRXH*GHJ*,MGQFVM[MHN*&MQFSNQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CiC!

1GQM*QNGNRXH*GHJ*NGVIMN*JM[XHQNVGNXV*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CiC!

#HJXXV*M`UMVR[MHNQ*GHJ*[MGQFVMJ*VMQFSNQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cih!

-FNJXXV*M`UMVR[MHNQ*GHJ*[MGQFVMJ*VMQFSNQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Ciw!

vLv! 0XH\SFQRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ChA!

vLt! .\bHXaSMJI[MHN*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Chu!

06.4(%&*t ! .* ,!/(#(.&3%(* 6.&,-"#0f1.02'0.((%&#"3* 4-'#(#-"#"3*

'5'(%,* :#(6* .0(#$%* (.3'* 1.'%+* -"* '%/7f#'-/.(%+* 6.&,-"#0*

-'0#//.(-&xLLLL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Chi!

tLC! '_QNM[*.V\ORNM\NFVM*GHJ*'RIHGS*,XJMS*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Chi!

.V\ORNM\NFVM*GHJ*GJWGHNGIMQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Chi!

'RIHGS*[XJMS*GHJ*XUMVGNRXH*UVRH\RUSM*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cht!

tLA! 6GVJaGVM*+MQRIH*Xc*'_QNM[*+M[XHQNVGNXV*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CvB!

7VMjFMH\_*USGHHRHI*GHJ*SRHb*YFJIMN*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CvB!



`W*

! (GI*GHGS_QRQ*GHJ*Q\OM[GNR\*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cvh!

! (GI*\X[UXHMHNQ*GHJ*\X[USMNM*JMQRIH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cvt!

! 1'*cVXHNfMHJ*GHGS_QRQ*GHJ*Q\OM[GNR\*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cti !

! 1'*cVXHNfMHJ*cRSNMVQ*GHJ*\X[USMNM*JMQRIH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cth!

! 1'*GHNMHHGQ*GHJ*VMUSG\MGYSM*NVGHQRNRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CDC!

tLu! ,MGQFVM[MHN*GHJ*'_QNM[*+M[XHQNVGNRXH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CDh!

! 7FH\NRXH*[MGQFVM[MHN*Xc*NGI*GHJ*1'*cVXHNfMHJ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CDh!

! 4XQRNRXHRHI*NMQN*RH*NaX*RHJXXV*Q\MHGVRXQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CwB!

06.4(%&*D ! 3%"%&. /*+#'0!''#-"' *LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cww!

06.4(%&*w ! 0-"0/!'#-"'*."+*7!(! &%*:-&2 *LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ABA!

wLC! 0XH\SFQRXHQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ABA!

wLA! 4VXQUM\NQ*Xc*7FNFVM*:XVb*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ABi!

&%7%&%"0%'*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ABv!

.44%" +#0%'*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*AAB!

*



`WR*

'30,-%4-,!2'(0 -

(GYSM*ALC8*-FNUFN*4OGQXVQ*,MGQFVMJ*Y_*GH*.IRSMHN*4". f9*"$".L *LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*AA!

(GYSM*ALA8*(OM*0GS\FSGNMJ*7-,L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*AA!

(GYSM*iLC8*7VMjFMH\_*4FSSRHI*0X[UGVRQXH*Xc*NOM*(aX*(_UMQ*Xc*-Q\RSSGNXVQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ii !

(GYSM*iLA8*%`M[USGV_*9f4GVG[MNMV*'*GHJ*(*,GNVR\MQ*Xc*NOM*3GRH*1SX\b*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*tw!

(GYSM*hLC8*4MVcXV[GH\M*'F[[GV_*GHJ*0X[UGVRQXH*aRNO*4FYSRQOMJ*.\NRWM*&GJRGNXVQ*GHJ*-Q\RSSGNXVQ

*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CCB!

(GYSM*hLA8*4MVcXV[GH\M*'F[[GV_*Xc*NOM*6GV[XHR\*GHJ*7FHJG[MHNGS*.\NRWM*&GJRGNXVQ*LLLLLLLLLLLL*CCA!

(GYSM*tLC8*'_QNM[*+M[XHQNVGNXV*/RHb*1FJIMN*GHJ*2M_*'UM\Q*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cvi!

(GYSM*tLA8*4GVG[MNMVQ*Xc*NOM*%`UMVR[MHNGS*'MNFU*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CwC!

(GYSM*tLu8*&MQFSN*Xc*NOM*7RVQN*(MQN*'\MHGVRX*aRNO*G*'RHISM*(GVIMN*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cwu!

(GYSM*tLi8*&,'%*Xc*NOM*'M\XHJ*(MQN*'\MHGVRX*aRNO*G*'RHISM*(GVIMN*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cwv!

(GYSM*wLC8*0X[UGVRQXH*Xc*NOM*7FHJG[MHNGS*GHJ*6GV[XHR\*4XQRNRXHRHI*'_QNM[Q*+MWMSXUMJ*RH*NORQ*

(OMQRQ*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ABu!

!

* *



`WRR*

'30,-%4-43*1.(0 -

7RIFVM* CLC8* .\NRWM* YG\bQ\GNNMVRHI* UXQRNRXHRHI* Q_QNM[* JRGIVG[* RSSFQNVGNRHI* NOM* XVIGHRqGNRXH* Xc*

\OGUNMVQ*GHJ*NOM*[GRH*\XHNVRYFNRXH*Xc*NOM*NOMQRQL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CB!

7RIFVM*ALC8!(OM*RH\RJMHN*GHJ*Q\GNNMVMJ*aGWMQ*RH*G*NaXfUXVN*HXHSRHMGV*HMNaXVb*[GUURHI*cFH\NRXH*

\XHNGRH*cFHJG[MHNGS*GHJ*OGV[XHR\*NXHMQ*yhuzL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CA!

7RIFVM*ALA8*(OM*YSX\b*JRGIVG[*Xc*NOM*UVXUXQMJ*VXFHJfVXYRH*JMWR\ML*(OM*GVVXaQ*XH*NXU*Xc*MG\O*

UXaMV*[GVbMV*RHJR\GNM*NOM*QRIHGS*\XHNMHN*GN*NOGN*UXRHNL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Ch!

7RIFVM*ALu8*(OM*.+'*Q\OM[GNR\*GHJ*[X[MHNF[*\X[YRHMJ*QR[FSGNRXH*cXV*GH*.WGIX*6','DCBC*

'\OXNNb_*JRXJM*aRNO*RHUFN{XFNUFN*cRSNMVRHI*GHJ*[GN\ORHIL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Ct!

7RIFVM*ALi8*'R[FSGNMJ*GHJ*[MGQFVMJ*QUM\NVG*Xc*6','DCBC*'\OXNNb_*JRXJM*aRNO*[GN\ORHI*QNFYQL

*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Ct!

7RIFVM*ALh8* (OM*cGYVR\GNMJ*VXFHJfVXYRH*JMWR\ML* .*e;/*A|CB36q*RQXSGNXV*RQ*GJJMJ*YMNaMMH*NOM*

UXaMV*G[USRcRMV*GHJ*XFNUFN*WGVRGYSM*GNNMHFGNXVL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CD!

7RIFVM*ALv8*(OM*[MGQFVMJ*XFNUFN*QUM\NVG*Xc*NOM*VXFHJfVXYRH*JMWR\ML*(OM*RHUFN*UXaMV*RQ*[GVbMJ*XH*

NOM*SMcN*Xc*MG\O*\FVWML*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cw!

7RIFVM*ALt8*/XGJRHI*\XHJRNRXHQ*cXV*aGWM*JGNG*[MGQFVM[MHN*GHJ*7-,*\GS\FSGNRXH*GVM*QMSM\NMJL*}*RQ*

cVMjFMH\_*JMUMHJMHN*GHJ*RNQ*WGSFMQ*cXV*A*36q*GHJ*CB*36q*GVM*QOXaHL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*AB!

7RIFVM*ALD8*/XGJ*JMUMHJMHN*aGWM*JGNG*[MGQFVM[MHN*QMNFU*Xc*NOM*VXFHJfVXYRH*JMWR\ML*(OM*SXGJ*

R[UMJGH\MQ*Xc*7RIL*ALt*GVM*UVMQMHNMJ*NX*NOM*XFNUFN*UXVN*Xc*NOM*VXFHJfVXYRHL*(OM*\XFUSRHI*UXVN*

Xc*NOM*ABfJ1*\XFUSMV*RQ*\XHHM\NMJ*NX*NOM*4".f9L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*AA!

7RIFVM*uLC8*.*\XHWMHNRXHGS*cMMJYG\bfSXXU*XQ\RSSGNXV*JMQRIHL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Av!

7RIFVM*uLA8*(OM*UVXUXQMJ*OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXVL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*At!

7RIFVM*uLu8*(OM*UVXUXQMJ*JRUSM`MV8*?G@*SG_XFN~*?Y@*QR[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ~*?\@*GHJ*

?J@*MSM\NVR\*cRMSJ*JRQNVRYFNRXHQL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*AD!

7RIFVM* uLi8* 'R[FSGNMJ* VMQFSNQ* Xc* NOM* UVXUXQMJ* OGV[XHR\* cMMJYG\bfSXXU* XQ\RSSGNXV8* ?G@* XFNUFN*

QUM\NVF[*aRNO*hB*•*SXGJ~*?Y@*cVMjFMH\_*UFSSRHIL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Aw!

7RIFVM*uLh8*(OM*OGV[XHR\*?G@*GHJ*cFHJG[MHNGS*?Y@*cMMJYG\bfSXXU*XQ\RSSGNXVQL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Aw!



`WRRR*

7RIFVM*uLv8*,MGQFVMJ*VMQFSNQ*Xc*YXNO*XQ\RSSGNXVQ*aRNO*hB*•*SXGJ8*XFNUFN*QUM\NVF[*Xc*?G@*NOM*OGV[XHR\*

GHJ*?Y@*NOM*cFHJG[MHNGS*cMMJYG\bfSXXU*XQ\RSSGNXVQ~*UOGQM*HXRQM*Xc*?\@*NOM*OGV[XHR\*GHJ*?J@*NOM*

cFHJG[MHNGS*cMMJYG\bfSXXU*XQ\RSSGNXVQL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*uB!

7RIFVM*uLt8*/XGJfUFSS*[MGQFVM[MHN*VMQFSNQ8*?G@K*?\@*GHJ*?M@*GVM*NOM*XFNUFN*cVMjFMH\_K*UXaMV*GHJ*

UOGQM*HXRQM*WGVRGNRXH*Xc*NOM*cFHJG[MHNGS*cMMJYG\bfSXXU*XQ\RSSGNXV~*?Y@K*?J@*GHJ*?c@*GVM*NOXQM*Xc*

NOM*OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXVL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*uC!

7RIFVM* uLD8*0X[UGVRQXH* Xc* NOM* cVMjFMH\_* UFSSRHI* MccM\NQ* YMNaMMH* NOM* OGV[XHR\* cMMJYG\bfSXXU*

XQ\RSSGNXV*GHJ*NOM*cFHJG[MHNGS*cMMJYG\bfSXXU*XQ\RSSGNXV*aRNO*GHJ*aRNOXFN*u*J1*GNNMHFGNXVL*L*uA!

7RIFVM*iLC8*?G@*'#6-*aRNO*G*cMMJYG\bfSXXU*QNVF\NFVM*ywCzK*?Y@*NGVIMNMJ*cVMjFMH\_*VMQUXHQM*Xc*NOM*

JRUSM`MVL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*uD!

7RIFVM*iLA8*?G@*7FHJG[MHNGS*XQ\RSSGNXVK*?Y@*cVMjFMH\_*VMQUXHQM*Xc*NOM*VMQXHGNXVL*LLLLLLLLLLLLLLLLLLLLLLLLL*uw!

7RIFVM*iLu8*?G@*%jFRWGSMHN*\RV\FRN*Xc*JRUSM`MV*RH*'#6-K*?Y@*MjFRWGSMHN*\RV\FRN*Xc*VMQXHGNXV*RH*NOM*

cFHJG[MHNGS*XQ\RSSGNXVL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*iB!

7RIFVM*iLi8*(OM*cVMjFMH\_*JX[GRH*HXHSRHMGV*\RV\FRN*[XJMS*Xc*G*IGRH*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*iC!

7RIFVM*iLh8*0X[USMNM*MjFRWGSMHN*\RV\FRN*Xc*NOM*'#6-*GHJ*NOM*cFHJG[MHNGS*XQ\RSSGNXVL*LLLLLLLLLLLLLLLLLL*iA!

7RIFVM*iLv8*'\OM[GNR\*Xc*G\NRWM*QFYHMNaXVb*R[UMJGH\M*JMVRWGNRXHL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*iu !

7RIFVM*iLt8*#H\RJMHN*GHJ*Q\GNNMVMJ*UXaMV*aGWMQ*Xc*NaXfUXVN*HXHSRHMGV*HMNaXVb*[GUURHI*cFH\NRXHQ*

aRNO*NOM*cFHJG[MHNGS*GHJ*OGV[XHR\*NXHMQ*yCBizL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ih !

7RIFVM* iLD8*&MSGNRXH* YMNaMMH* NOM* WXSNGIM{\FVVMHN* aGWMcXV[Q* Xc* G* IGRH* YSX\b* GHJ* NOM* WRVNFGS*

QXFV\M{SXGJL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*iD!

7RIFVM*iLw8*%jFRWGSMHN*\RV\FRN*Xc*'#6-*M[USX_RHI*9fUGVG[MNMVQ*GQ*NOM*HXHSRHMGV*[XJMS*Xc*NOM*IGRH*

YSX\bL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*iw!

7RIFVM*iLCB8*%jFRWGSMHN*\RV\FRN*Xc*cFHJG[MHNGS*XQ\RSSGNXV*M[USX_RHI*9fUGVG[MNMVQ*GQ*NOM*HXHSRHMGV*

[XJMS*Xc*NOM*IGRH*YSX\bL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*hu!

7RIFVM*iLCC8*?G@*-HM*Xc*NOM*cGYVR\GNMJ*[R\VXQNVRU*JRUSM`MVQK*GHJ*?Y@*QR[FSGNMJ*MSM\NVR\*cRMSJ*RHNMHQRN_*

JRQNVRYFNRXH*Xc*NOM*cRVQN*NaX*VMQXHGHN*[XJMQL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*hv!

7RIFVM*iLCA8*,MGQFVMJ*'fUGVG[MNMVQ*Xc*?G@*cGYVR\GNMJ*JRUSM`MVQ*aRNO*WGVRXFQ*WGSFM*Xc*UGVG[MNMV*"K*

GHJ*?Y@*NOM*cGYVR\GNMJ*JRUSM`MV*aRNO*"*€*BLiBv*[[L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ht !



`R *̀

7RIFVM*iLCu8*?G@*'\OM[GNR\*GHJ*?Y@*UOXNX*Xc*NOM*6,+*Q_QNM[L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*hw!

7RIFVM*iLCi8*'\OM[GNR\*Xc*'#6-*cXV*SRHMGV*GHGS_QRQ*GHJ*JMQRIHL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*vu!

7RIFVM*iLCh8*'\OM[GNR\*Xc*RHUFN*[GN\ORHI*HMNaXVb*JMQRIHL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*vw!

7RIFVM*iLCv8*?G@*(OM*cGYVR\GNMJ*'#6-*aRNO*VMUSG\M[MHN*JRUSM`MVQ*Xc*JRccMVMHN*WGSFMQ*Xc*UGVG[MNMV*

"K*GHJ*?Y@*NOM*XUMHfSXXU*'#6-*cXV*MjFRWGSMHN*\RV\FRN*YFRSJRHI*GHJ*9fUGVG[MNMV*M`NVG\NRXHL*tA!

7RIFVM*iLCt8*(MQN*QMNFUQ*cXV*?G@*UXaMV*GHJ*MccR\RMH\_*[MGQFVM[MHNK*?Y@*SXGJ*UFSSRHI*[MGQFVM[MHNK*

GHJ*?\@*RH^M\NRXH*UFSSRHI*[MGQFVM[MHNL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*tu !

7RIFVM*iLCD8*,MGQFVMJ*VMQFSNQ*aRNO*G*hB*•*SXGJ*Xc*?G@*QUM\NVF[*Xc*NOM*cRVQN*NOVMM*OGV[XHR\QK*GHJ*?Y@*

UOGQM*HXRQM*Xc*NOM*AHJ*OGV[XHR\*XFNUFNL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ti !

7RIFVM* iLCw8*(VGHQRQNXV* JVGRH* WXSNGIM* GHJ* \FVVMHN* aGWMcXV[Q* Q_HNOMQRqMJ* Y_*NOM*M`UMVR[MHNGS*

JMQRIH*UVX\MJFVM*GHJ*XYNGRHMJ*Y_*[MGQFVRHI*NOM*'#6-*UVXNXN_UML*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ti !

7RIFVM*iLAB8*J\*NX*AHJ*OGV[XHR\*MccR\RMH\_*cVX[*NOM*M`UMVR[MHNGS*JMQRIH*aRNO*VMQUM\N*NX*?G@*QXFV\M*

VMcSM\NRXH*\XMccR\RMHNQ*GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_K*?Y@*SXGJ*VMcSM\NRXH* \XMccR\RMHN*GN*NOM*

cFHJG[MHNGS*cVMjFMH\_*GHJ*?\@*SXGJ*VMcSM\NRXH*\XMccR\RMHN*GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_L*LLL*th !

7RIFVM*iLAC8*'#6-* SXGJ*UFSSRHI*[MGQFVM[MHN*VMQFSNQ*Xc*NOM*cVMjFMH\_*QORcN*GHJ*UOGQM*HXRQM*aRNO*

JRUSM`MVQ*Xc*JRccMVMHN*"*Xc*?G@*•*?Y@*BLiBv*[[K*?\@*•*?J@*BLiht*[[K*?M@*•*?c@*BLuhv*[[K*?I@*

•*?O@*BLhhw*[[K*?R@*•*?^@*B*[[*GHJ*?b@*•*?S@*‚BLAhi*[[L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*tv !

7RIFVM*iLAA8*'#6-*RH^M\NRXH*UFSSRHI*[MGQFVM[MHN*VMQFSNQ*aRNO*JRccMVMHN*WGSFM*Xc*"L*LLLLLLLLLLLLLLLLLLLL*tt !

7RIFVM*iLAu8*3GRH*YSX\b*9fUGVG[MNMV*[MGQFVM[MHN*?G@*UOXNX*Xc*NOM*QMNFU*GHJ*?Y@*Q\OM[GNR\*Xc*NOM*

\XHcRIFVGNRXHL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*tD!

7RIFVM*iLAi8*'#6-*SXGJ*UFSSRHI*QR[FSGNRXH*VMQFSNQ*Xc*cVMjFMH\_*QORcN*aRNO*JRUSM`MVQ*Xc*JRccMVMHN*

RQXSGNRXHQ*GN*A#B*Xc*?G@*‚iv*J1K*?Y@*‚uD*J1K*?\@*‚uh*J1K*?J@*‚uC*J1K*?M@*‚AD*J1K*GHJ*?c@*‚AA*

J1L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*DB!

7RIFVM* iLAh8* ?G@* %jFRWGSMHN* \RV\FRN* UGVG[MNMVQ* Xc* NOM* JRUSM`MVK* ?Y@* WGVRGNRXH* Xc* HXV[GSRqMJ*

NVGHQcXV[MV* VGNRX*WMVQFQ* NX* AHJ*OGV[XHR\* RQXSGNRXHK* GHJ* ?\@*$CC*WGVRGNRXHQ* Xc* NOM* UGQQRWM*

R[UMJGH\M*RH*NOM*'#6-*MjFRWGSMHN*\RV\FRN*QFY^M\N*NX*SXGJ*VMcSM\NRXH*\XMccR\RMHN*UXRHNQ*Xc*7RIL*

iLACK*GVXFHJ*NOM*cFHJG[MHNGS*VMQXHGHN*cVMjFMH\_L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*DC!



`` *

7RIFVM* iLAv8*,XJMSfUVMJR\NMJ* '#6-* SXGJ* UFSSRHI* VMQFSNQ* Xc* cVMjFMH\_* QORcN* aRNO* JRUSM`MVQ* Xc*

JRccMVMHN*RQXSGNRXHQ*GN*A#B*Xc*?G@*‚iv*J1K*?Y@*‚uD*J1K*?\@*‚uh*J1K*?J@*‚uC*J1K*?M@*‚AD*J1*GHJ*

?c@*‚AA*J1L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*DA!

7RIFVM*iLAt8*,XJMSfUVMJR\NMJ*'#6-*SXGJ*UFSSRHI*VMQFSNQ*Xc*cVMjFMH\_*QORcN*GQ*NOM*SXGJ*R[UMJGH\M*

Xc*NOM*IGRH*YSX\b*GN*NOM*AHJ*OGV[XHR\*QaMMUQ*G\VXQQ*NOM*MHNRVM*'[RNO*\OGVNL*LLLLLLLLLLLLLLLLLLLLLLLLL*Du!

7RIFVM*iLAD8*,XJMSfUVMJR\NMJ*'#6-*SXGJ*UFSSRHI*VMQFSNQ*Xc*NOM*XWMVGSS*cVMjFMH\_*QORcN*GQ*JRccMVMHN*

9 fUGVG[MNMV*MSM[MHNQ*GVM*RHJMUMHJMHNS_*GNNMHFGNMJ*XV*G[USRcRMJL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Du!

7RIFVM*hLC8* (OM*UVXUXQMJ*QMScfRQXSGNMJ*OGV[XHR\*G\NRWM*VGJRGNXV*GHJ*NOM* \XVVMQUXHJMH\MQ*Xc*RNQ*

JRUSM`MV*aRNO*NOM*XHM*YGQMJ*XH*[R\VXQNVRU*SRHM*RH*ywCzL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Dw!

7RIFVM*hLA8*"XV[GSRqMJ*RHNVRHQR\*VMQXHGNRHI*cVMjFMH\RMQ*Xc*NOM*cRVQN*cMa*[XJMQ*Xc*NOM*VM\NGHIFSGV*

GHJ*\RV\FSGV*JRMSM\NVR\fcRSSMJ*'#:*\GWRNRMQL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*wB!

7RIFVM*hLu8*(OM*MSM\NVR\*cRMSJQ*[GIHRNFJM*GHJ*QFVcG\M*\FVVMHN*WM\NXVQ*Xc*?G@*(,BCB*[XJMK*GHJ*?Y@*

(, CCB*[XJM*Xc*NOM*\RV\FSGV*\GWRN_L*(OM*UVXUXQMJ*GRVfcRSSMJ*VMIRXH*GHJ*NOM*VGJRGNRXH*QSXN*GVM*

GSQX*JRQUSG_MJL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*wA!

7RIFVM*hLi8*(OM*MSM\NVR\*cRMSJ*WM\NXV*Xc*?G@*(,BCB*[XJM*GHJ*?Y@*(,CCB*[XJM*Xc*G*VMIFSGV*\RV\FSGV*

\GWRN_~*GHJ*Xc*?\@*(,BCB*[XJM*GHJ*?J@*(,CCB*[XJM*Xc*G*UGVNRGSS_fGRVfcRSSMJ*\RV\FSGV*\GWRN_K*GN*

NOM*..=*\FNNRHI*RH*7RIL*hLuL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*wu!

7RIFVM*hLh8*(OM*GQQM[YS_*JRGIVG[*Xc*NOM*cGYVR\GNMJ*NVRfcFH\NRXH*'#:*\GWRN_*aRNO*[FSNRSG_MV*401*

UVX\MQQL*?G@*NOM*NXU*QRJM*aRNO*[R\VXQNVRU*cMMJRHI*SRHMQ~*?Y@*NOM*YXNNX[*QRJM*aRNO*VGJRGNRXH*QSXNL

*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*wi!

7RIFVM*hLv8*&GNRX*Xc*NOM*cRVQN*NaX*VMQXHGNRHI*[XJM*cVMjFMH\RMQ*GHJ*WGVRGNRXH*Xc*NOM*(,BCB*[XJM*

cVMjFMH\_*?FHRN8*36q@*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*wh!

7RIFVM*hLt8*(OM*QR[FSGNMJ*VMcSM\NRXH*\XMccR\RMHN*GN*4A*Xc*NOM*JMQRIHMJ*NVRfcFH\NRXH*'#:*\GWRN_L*LL*wv!

7RIFVM*hLD8*(OM*MSM\NVR\*cRMSJ*[GIHRNFJM*GHJ*WM\NXV*Xc*NOM*cRVQN*NOVMM*[XJMQK*?G@*(, BCBK*?Y@*(,CCB*

GHJ*?\@*O_YVRJK*Xc*NOM*NVRfcFH\NRXH*'#:*\GWRN_L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*wv!

7RIFVM*hLw8*?G@*(OM*QR[FSGNMJ*VMcSM\NRXH*\XMccR\RMHN*GN*4A*Xc*NOM*JMQRIHMJ*'#:*\GWRN_*aRNOXFN*G*

VGJRGNRXH*QSXN~*?Y@*GHJ*?\@*(OM*MSM\NVR\*cRMSJ*[GIHRNFJM*GHJ*WM\NXV*Xc*(,BCB*GHJ*(, CCB*[XJMQ*

Xc*NOM*JMQRIHMJ*'#:*\GWRN_*aRNOXFN*G*QSXNL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*wD!



``R*

7RIFVM* hLCB8* ?G@* .* JRMSM\NVR\* VMQXHGNXV* RQ* GNNG\OMJ* NX* NOM* QSXN~* ?Y@* (OM* QR[FSGNMJ* VMcSM\NRXH*

\XMccR\RMHNQ*GN*4A*Xc*NOM*JMQRIHMJ*NVRfcFH\NRXH* '#:* \GWRN_*aRNO*JRMSM\NVR\*SXGJRHI~*?\@*(OM*

MSM\NVR\*cRMSJ*WM\NXVQ*Xc*NOM*\GWRN_*aRNO*%&*\OGHIMJ*cVX[*C*NX*vL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ww!

7RIFVM*hLCC8*?G@*(OM*NXU*GHJ*?Y@*NOM*YXNNX[*QRJM*UOXNX*Xc*NOM*cGYVR\GNMJ*NVRfcFH\NRXH*'#:*\GWRN_*

UVXNXN_UM*aRNO*JRMSM\NVR\*VMQXHGNXV*SXGJRHIL*?\@*(OM*UVXNXN_UM*aRNO*NOM*YGQMJ*GHJ*\XHHM\NXVQ*

GQQM[YSMJK*GHJ*\XWMVMJ*aRNO*[R\VXaGWM*GYQXVYMV*[GNMVRGSL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CBC!

7RIFVM*hLCA8*(OM*QR[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*Xc*NOM*cRHGSRqMJ*NVRfcFH\NRXH*'#:*\GWRN_*

JMQRIHL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CBA!

7RIFVM*hLCu8*(OM*QR[FSGNMJ*GHJ*[MGQFVMJ*IGRH*Xc*NOM*cRHGSRqMJ*NVRfcFH\NRXH*'#:*\GWRN_*JMQRIHL*CBA!

7RIFVM*hLCi8*(OM*QR[FSGNMJ*%fUSGHM*IGRH*aRNO*JRccMVMHN*QRqM*Xc*NOM*IVXFHJ*USGHML*LLLLLLLLLLLLLLLLLLLLLL*CBu!

7RIFVM*hLCh8*?G@*(OM*cVXHN*GHJ*?Y@*NOM*YG\b*QRJMQ*Xc*NOM*cGYVR\GNMJ*QMScfRQXSGNMJ*OGV[XHR\*G\NRWM*

VGJRGNXVL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CBi!

7RIFVM*hLCv8*?G@*GHJ*?Y@*GVM*NOM*UOXNX*GHJ*NOM*QR[FSGNRXH*[XJMS*Xc*NOM*\GWRN_*Xc*NOM*G\NRWM*VGJRGNXV*

aRNO*NFHRHI*URHQL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CBh!

7RIFVM*hLCt8*?G@*(OM*QR[FSGNMJ*'AC*GHJ*'AA*\FVWMQ*WMVQFQ*JRccMVMHN*URH*RHQMVNRXH*JMUNO~*?Y@*(OM*

cVMjFMH\_*GHJ*UXaMV*NFHRHI*QMNFUL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CBv!

7RIFVM*hLCD8*(OM*[MGQFVM[MHN*QMNFU*cXV*\OGVG\NMVRqGNRXH*Xc*NOM*G\NRWM*VGJRGNXV*UVXNXN_UML*LLLLLLLL*CBt!

7RIFVM*hLCw8*?G@*(OM*[MGQFVMJ*QUM\NVF[*RH*NOM*YXVMQRION*Xc*NOM*+!(~*?Y@*(OM*[MGQFVMJ*UOGQM*HXRQM*

Xc*NOM*+!(L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CBD!

7RIFVM*hLAB8*?G@*(OM*[MGQFVMJ*%#&4*UGNNMVH*RH*NOM*%fUSGHM*GHJ*6fUSGHM~*?Y@*(OM*(&4*MQNR[GNMJ*Y_*

QFYNVG\NRHI*NOM*IGRH*\FVWM*cVX[*NOM*%#&4*\FVWML*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CBw!

7RIFVM*hLAC8**(OM*cGYVR\GNMJ*G\NRWM*VGJRGNXV*aRNO*cFHJG[MHNGS*cVMjFMH\_*XFNUFN*GN*ADLAi*36qK*YGQMJ*

XH*G*UGVNRGSS_fGRVfcRSSMJ*'#:*\GWRN_L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CCC!

7RIFVM*hLAA8*,MGQFVM[MHN*QMNFUQ*Xc*?G@*SXGJ*UFSSRHI*NMQN*GHJ*?Y@*RH^M\NRXH*UFSSRHI*NMQNL*LLLLLLLLLLLLL*CCC!

7RIFVM*hLAu8**,MGQFVMJ*HXV[GSRqMJ*cVMjFMH\_*GHJ*UOGQM*HXRQM*UFSSRHI*Xc*NOM*OGV[XHR\*VGJRGNXV*GHJ*

NOM*cFHJG[MHNGS*cVMjFMH\_*VGJRGNXV*GQ*NOM*JRMSM\NVR\*XV*NOM*\XUUMV*YGV*RQ*UXQRNRXHMJ*GN*JRccMVMHN*

JRQNGH\M*cVX[*NOM*JRMSM\NVR\*VMQXHGNXVL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CCu!



``RR*

7RIFVM*hLAi8*,MGQFVMJ*HXV[GSRqMJ*cVMjFMH\_*Xc*NOM*QRIHGS*cVX[*NOM*G\NRWM*VGJRGNXVQ*aRNO*VMQUM\N*NX*

NOM*RH^M\NRXH*QRIHGS*cVMjFMH\_L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CCu!

7RIFVM*vLC8*?G@*'_QNM[*GV\ORNM\NFVM*GHJ*?Y@*&`*GHNMHHGM*GVVG_L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CCD!

7RIFVM*vLA8*1G\bQ\GNNMVMJ*aGWMcXV[*cVX[*NOM*' NO*NGVIMNL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CAB!

7RIFVM*vLu8*(R[RHI*JRGIVG[*Xc*NOM*QG[USMJ*YGQMYGHJ*QRIHGSL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CAu!

7RIFVM*vLi8*(OM*VMGS*UGVN*Xc*NOM*YGQMYGHJ*QUM\NVF[*Xc*NOM*'#/-*UXQRNRXHRHI*Q_QNM[*aRNO*XHM*NGVIMNL*

(OM*\GVVRMV*cVMjFMH\_*Xc*NOM*NGVIMN*RQ*GQQF[MJ*NX*YM*NOM*\MHNMV*cVMjFMH\_*Xc*NOM*RHNMVVXIGNRXH*

\ORU*QRIHGSL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CuA!

7RIFVM*vLh8*'R[FSGNMJ*QUM\NVF[*GHJ*NR[MfJX[GRH*aGWMcXV[Q*Xc*NOM*YGQMYGHJ8*?G@K*?\@*GHJ*?J@*GVM*

NOM* QUM\NVF[* Xc* NOM* FHfcRSNMVMJK* AB* ,6q* SXa* UGQQ* cRSNMVMJ* GHJ* h* ,6q* SXa* UGQQ* cRSNMVMJ*

YGQMYGHJ~*?Y@K*?J@*GHJ*?M@*GVM*NOM*NR[MfJX[GRH*aGWMcXV[*Xc*NOM*FHfcRSNMVMJK*AB*,6q*SXa*UGQQ*

cRSNMVMJ*GHJ*h*,6q*SXa*UGQQ*cRSNMVMJ*YGQMYGHJL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cui!

7RIFVM*vLv8*?G@*(R[MfJX[GRH*UFSQM*RH*YGQMYGHJ*GHJ*?Y@*RNQ*\XVVMQUXHJRHI*cVMjFMH\_fJX[GRH*QRIHGS*

XYNGRHMJ*Y_*77(L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cuh!

7RIFVM*vLt8*'R[FSGNMJ*\FVWMQ*Xc*NOM*(-.*MQNR[GNRXH*MVVXV*JFM*NX*FHQ_H\OVXHRqMJ*QG[USRHI*NOVXFIO*

YXNO*NOM*77(*[MNOXJ*GHJ*NOM*UVXUXQMJ*[MNOXJL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cuv!

7RIFVM* vLD8* ?G@*(GVIMNQ* \XHcRIFVGNRXH* cXV*QR[FSGNRXH~* ?Y@* 0GS\FSGNMJ* GHJ* QR[FSGNMJ* 0&/1* GHJ*

&,'%*\FVWMQ*cXV*VGJRGS*JRQNGH\M*MQNR[GNRXHQL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cut!

7RIFVM*vLw8*0GS\FSGNMJ*GHJ*QR[FSGNMJ*0&/1*GHJ*&,'%*\FVWMQ*cXV*NOM*+-.*MQNR[GNRXHQL*LLLLLLLL*CuD!

7RIFVM*vLCB8*0GS\FSGNMJ*GHJ*QR[FSGNMJ*0&/1*GHJ*&,'%*\FVWMQ*cXV*NOM*WM\NXV*MQNR[GNRXHQL*LLLLL*CuD!

7RIFVM*vLCC8*'R[FSGNMJ*Af+*UXQRNRXH*MQNR[GNRXHQ*aRNO*JRccMVMHN*NGVIMN*QUG\RHI*GN*CB*J1*'"&K*FQRHI*

NOM*UVXUXQMJ*GSIXVRNO[QL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cuw!

7RIFVM*vLCA8*&MQXSFNRXH*NMQN*Xc*NOM*77(*[MNOXJ*GN*[XJFSGNRXH*cVMjFMH\_*GN*?G@*C*,6qK*?Y@*h*,6qK*

?\@*CB*,6q*GHJ*?J@*AB*,6qL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CiB!

7RIFVM*vLCu8*+MQ\VRUNRXH*Xc*NOM*YGQM*QNGNRXH*?G@*Q_QNM[*GV\ORNM\NFVM*GHJ*?Y@*cGYVR\GNMJ*JM[XHQNVGNXVL

*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CiC!

7RIFVM*vLCi8*7GYVR\GNMJ*G\NRWM*YG\bQ\GNNMVRHI*NGVIMN*JM[XHQNVGNXVL*?G@*7VXHN*QRJM*GHJ*?Y@*YG\b*QRJML

*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CiA!



``RRR*

7RIFVM*vLCh8*?G@*.HNMHHGM*QNVF\NFVM*cXV*NOM*YGQM*QNGNRXH*GHJ*NOM*NGVIMNQK*?Y@*'fUGVG[MNMVQ*Xc*G*UGRV*

Xc*(`*GHJ*&`*GHNMHHGM*GHJ*?\@*VGJRGNRXH*UGNNMVHQL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cii !

7RIFVM*vLCv8*?G@*(OM*RHJXXV*[MGQFVM[MHN*MHWRVXH[MHNK*?Y@*NOM*SG_XFN*USGH*Xc*NOM*NMQN*UXRHNQ*GHJ*?\@*

NOM*[MGQFVM[MHN*QMNFUL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cih!

7RIFVM* vLCt8* ?G@* .* QHGUQOXN* Xc* NOM* #{;* aGWMcXV[Q* Xc* G* NGVIMN* GN* i* [{CuLAuDƒL* ?Y@* .H* RHJXXV*

RHNMVcMVMH\M*aGWMcXV[*VM\XVJMJ*RH*YGQMYGHJL*?\@*(OM*#„C*QUM\NVF[*Xc*NOM*NGVIMN*GN*i*[{CuLAuDƒL

*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cit !

7RIFVM*vLCD8*,MGQFVMJ*?G@*JRQNGH\M*GHJ*?Y@*GHISM*Xc*NOM*RHJXXV*NMQNL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CiD!

7RIFVM*vLCw8*,MGQFVM[MHN*VMQFSNQ*cXV*NaX*NGVIMNQ*SX\GNMJ*GN*?G@*i*[{‚vLvCwƒ*GHJ*i*[{vLvCwƒ*GQ*aMSS*

GQ*?Y@*i*[{‚CuLAuDƒ*GHJ*i*[{BƒL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Ciw!

7RIFVM*vLAB8*?G@*(OM*XFNJXXV*[MGQFVM[MHN*MHWRVXH[MHN*GHJ*?Y@*NOM*SG_XFN*USGH*Xc*NOM*NMQN*UXRHNQL

*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ChB!

7RIFVM*vLAC8*,MGQFVMJ*?G@*JRQNGH\M*GHJ*?Y@*GHISM*Xc*NOM*XFNJXXV*NMQNL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ChC!

7RIFVM*vLAA8*,MGQFVM[MHN*VMQFSNQ*cXV*NaX*NGVIMNQ*SX\GNMJ*GN*?G@*?‚CLA*[K*iLD*[@*GHJ*?B*[K*tLA*[@*GQ*

aMSS*GQ*?Y@*?‚CLA*[K*iLD*[@*GHJ*?B*[K*iLD*[@L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ChA!

7RIFVM*tLC8*.*QR[USRcRMJ*Q\OM[GNR\*Xc*NOM*UVXUXQMJ*64'f.(L*(OM*1'*OGQ*XHM*(`*GHJ*(*&`QK*GHJ*

NOM*G\NRWM*NGIQ*GVM*YGQMJ*XH*'#6-*aRNO*cFHJG[MHNGS*QRIHGS*RH^M\NRXH*UOGQMfSX\bRHI*GHJ*XH{Xcc*

[XJFSGNRXHL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Chh!

7RIFVM*tLA8 #SSFQNVGNRWM*aGWMcXV[Q*Xc*NOM*' NO*NGI8*?G@*VM\MRWMJ*UMVRXJR\GS*\ORVU*QRIHGS*cVX[*NOM*1'K*

?Y@*cFHJG[MHNGS*XQ\RSSGNRXH*QRIHGS*Xc*'#6-*UOGQMfSX\bMJ*NX*QRIHGS*RH*?G@K*GHJ*?\@*AHJ*OGV[XHR\*

Xc*QRIHGS*RH*?Y@K*aOR\O*RQ*NVGHQ[RNNMJ*NXaGVJQ*NOM*1'L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ChD!

7RIFVM*tLu8 -\\FURMJ*cVMjFMH\RMQ*RH*i*36q*|*Ch*36q*YGHJ*GVXFHJ*NOM*SX\GNRXH*Xc*RHJXXV*64'f.(*

JM[XHQNVGNRXHL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CvC!

7RIFVM*tLi8*(GI*XFNUFN*QUM\NVF[*aRNO*h*,6q*[XJFSGNRXH*cVMjFMH\_*GHJ*D*HQ*VRQM{cGSS*NR[ML*0GVVRMV*

cVMjFMH\_*RQ*HXV[GSRqMJ*NX*C*36qL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CvC!

7RIFVM*tLh8*?G@*4VXUXQMJ*cVMjFMH\_*USGHHRHI*Xc*NOM*1'*cVXHNfMHJ*JM[XHQNVGNXVL*?Y@*-FNUFN*QUM\NVF[*

Xc*NOM*(`*[R`MV*RH*NOM*1'*cVXHNfMHJL*?\@*-FNUFN*QUM\NVF[*Xc*NOM*#7*[R`MV*Xc*NOM*&`*RH*NOM*1'*

cVXHNfMHJL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cvu!



``RW*

7RIFVM*tLv8*?G@*-UMVGNRXH*UVRH\RUSM*Xc*G\NRWM*NGI*aRNO*G*QaRN\OMJ*'#6-K*GHNMHHGQK*GHJ*QaRN\OfQRIHGS*

IMHMVGNXVL*?Y@*(R[RHI*JRGIVG[*Xc*QaRN\O*\XHNVXS*QRIHGSQL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cvh!

7RIFVM*tLt8*/G_XFN*Xc*QaRN\O*\RV\FRNQ*XH*GH*64'f.(*NGIL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cvt!

7RIFVM*tLD8*,MGQFVMJ*' fUGVG[MNMVQ*Xc*SXXU*QaRN\O*GN*?G@*'aRN\O*#*RQ*GN*XHfQNGNM*GHJ*'aRN\O*##*RQ*GN*

XccfQNGNM~*?Y@*'aRN\O*#*RQ*GN*XccfQNGNM*GHJ*'aRN\O*##*RQ*GN*XHfQNGNM~*?\@*1XNO*'aRN\O*#*GHJ*'aRN\O*

##*GVM*GN*XHfQNGNML*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CvD!

7RIFVM*tLw8*/G_XFN*GHJ*JR[MHQRXHQ*Xc*NGI*RHUFN*cRSNMVQ*cXSSXaRHI*NOM*/".L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cvw!

7RIFVM*tLCB8*'R[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*Xc*?G@*147*GK*GHJ*?Y@*147*G*\GQ\GJMJ*aRNO*

HXN\O*cRSNMV*G*GHJ*HXN\O*cRSNMV*YL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CtB!

7RIFVM*tLCC8*4MVQUM\NRWM*WRMa*GHJ*JR[MHQRXHQ*Xc*&`*GHJ*(`*GHNMHHGQ*Xc*GH*64'f.(*NGIL*LLLLLLLL*CtB!

7RIFVM*tLCA8*?G@*,MGQFVMJ*'CC*Xc*&`*GHJ*(`*GHNMHHGQ*Xc*NGIL*?Y@*VGJRGNRXH*UGNNMVHQ*Xc*&`*GHNMHHGL*

?\@*VGJRGNRXH*UGNNMVHQ*Xc*(`*GHNMHHGL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CtC!

7RIFVM*tLCu8*'R[USRcRMJ*Q\OM[GNR\*Xc*QaRN\OfQRIHGS*IMHMVGNXV*Xc*NGIL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CtA!

7RIFVM*tLCi8*4OXNXQ*Xc*NOM*401*GHJ*\X[USMNM*FHRN*Xc*G*NGI*cXV*64'f.(L *LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Ctu!

7RIFVM*tLCh8*+MNGRSMJ*Q\OM[GNR\*GHJ*\OGRH*YFJIMN*Xc*NOM*UVXUXQMJ*1'*7VXHNfMHJ*LLLLLLLLLLLLLLLLLLLLLL*Cti !

7RIFVM*tLCv8*?G@*/G_XFN*Xc*147u*aRNO*JR[MHQRXHQL*?Y@*'R[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*Xc*

147uL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Ctv!

7RIFVM*tLCt8*?G@*/G_XFN*Xc*147i*aRNO*JR[MHQRXHQL*?Y@*'R[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*Xc*

147iL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Ctt !

7RIFVM*tLCD8*?G@*/G_XFN*Xc*147h*aRNO*JR[MHQRXHQL*?Y@*'R[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*Xc*

147hL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CtD!

7RIFVM*tLCw8*?G@*/G_XFN*Xc*/47*RH*147v*aRNO*JR[MHQRXHQL*?Y@*'R[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*

Xc*/47*Xc*?G@*GHJ*147vL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Ctw!

7RIFVM*tLAB8*4OXNX*Xc*NOM*cGYVR\GNMJ*cRSNMVQ*cXV*1'*cVXHNfMHJL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CDB!

7RIFVM*tLAC8*4OXNX*Xc*NOM*1'*cVXHNfMHJ*UVXNXN_UML*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CDB!

7RIFVM*tLAA8*.UMVNFVM*cMMJ*UGN\O*GVVG_*GHNMHHG*cXV*1'*(`K*?G@*QNVF\NFVM*GHJ*JR[MHQRXHQK*?Y@*'CCK*

GHJ*?\@*VGJRGNRXH*UGNNMVHL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CDC!



``W*

7RIFVM*tLAu8*'#:*QSXN*GVVG_*GHNMHHG*cXV*1'*&`K*?G@*QNVF\NFVM*GHJ*JR[MHQRXHQK*?Y@* 'CCK*GHJ*?\@*

VGJRGNRXH*UGNNMVHL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CDA!

7RIFVM* tLAi8*?G@* 7GYVR\GNMJ* GHNMHHGQ* GQQM[YSMJ* XH* G* 1'* cVXHNfMHJ* JM[XHQNVGNXVL* ?Y@* '#:*

VMUSG\MGYSM*NVGHQRNRXH*NX*GH*&`*GHNMHHG*aRNO*wB¡*YMHJ*XV*NX*GH*',.*\XHHM\NXVL*?\@*'NVF\NFVM*

GHJ*JR[MHQRXHQ*Xc*GH*'#:*NVGHQRNRXH*YMNaMMH*NORH*GHJ*NOR\b*'#:*FHRNQ*FQRHI*GH*R[UMJGH\M*

[GN\ORHI* aMJIML* ?J@* ,MGQFVMJ* 'fUGVG[MNMVQ* Xc* NaX* NMQN* RHNMVcG\M* YSX\bQ* RH* YG\bfNXfYG\b*

\XHHM\NRXHK*GHJ*NORH*NX*NOR\b*'#:*NVGHQRNRXH*cXSSXaMJ*Y_*G*wB¡*YMHJL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CDi!

7RIFVM*tLAh8*?G@*-(.*[MGQFVMJ*aGWMcXV[*Xc*G*NGIL*?Y@*0SXQMfRH*WRMa*Xc*G*UFSQM*RH*NOM*[MGQFVMJ*

aGWMcXV[L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CDh!

7RIFVM*tLAv8*-(.*[MGQFVMJ*XFNUFN*QUM\NVF[*Xc*G*(!(*FHJMV*cVMjFMH\_*UFSSRHI*NMQNL*(OM*(!(*RQ*

RH*\XHNRHFXFQfaGWM*[XJMK*QFY^M\N*NX*QRIHGS*RH^M\NRXH*aRNO*JRccMVMHN*cVMjFMH\_L*LLLLLLLLLLLLLLLLL*CDv!

7RIFVM*tLAt8*4OGQM*SX\bRHI*NMQN*VMQFSNQ*Xc*G*(!(L*:GWMcXV[Q*Xc*G*NGI*GVM*-(.*[MGQFVMJ*aRNO*GH*

RH^M\NRXH*QRIHGS*GN*vLh*36q*GHJ*aRNO*UXaMV*Xc*?G@*‚ti*J1[K*?Y@*‚vi*J1[K*?\@*‚hi*J1[K*?J@*

‚ii*J1[K*?M@*‚ui*J1[K*?c@*‚Aw*J1[K*GHJ*?I@*‚Cv*J1[L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CDD!

7RIFVM*tLAD8*-FNUFN*QUM\NVF[*Xc*(`*Xc*NOM*1'*JM[XHQNVGNXVL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CDw!

7RIFVM*tLAw8*1GQMYGHJ*QUM\NVF[*Xc*&`*aOMH*&7*RHUFN*UXaMV*RQ*?G@*‚tALh*J1[K*GHJ*?Y@*‚iiLh*J1[L

*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CwB!

7RIFVM*tLuB8*?G@*4OXNX*Xc*NOM*cRVQN*NMQN*MHWRVXH[MHN*GHJ*QMNFUL*?Y@*/G_XFN*USGH*GHJ*NGVIMN*JRQNVRYFNRXHL*

?\@*%VVXV*YGV*Xc*GHISM*GHJ*VGHIM*[MGQFVM[MHNQL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*CwA!

7RIFVM*tLuC8*?G@*.*QHGUQOXN*Xc*NOM*YGQMYGHJ*#{;*aGWMcXV[Q*VMSGNMJ*NX*G*NGI*GN*UXQRNRXH*"XL*CAL*?Y@*

'UM\NVF[*Xc*NOM*VM\XVJMJ*YGQMYGHJ*#„C*QRIHGS*JFVRHI*G*\ORVU*UMVRXJL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cwi!

7RIFVM* tLuA8*?G@* 4OXNX* Xc* NOM* QM\XHJ* NMQN* MHWRVXH[MHN* GHJ* QMNFUL* ?Y@* /G_XFN* USGH* GHJ* NGVIMN*

JRQNVRYFNRXHL*?\@*%VVXV*YGV*Xc*GHISM*GHJ*VGHIM*[MGQFVM[MHNL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cwh!

7RIFVM* tLuu8*?G@* .* QHGUQOXN* Xc*YGQMYGHJ* #{;* aGWMcXV[Q* VMSGNMJ* NX* G* NGI* GN* UXQRNRXH* A„DL* ?Y@*

'UM\NVF[*Xc*NOM*VM\XVJMJ*YGQMYGHJ*#„C*QRIHGS*JFVRHI*G*\ORVU*UMVRXJL*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*Cwt!

7RIFVM*DLC8*?G@*(OM*UMVQUM\NRWM*WRMa*Xc*GH* '#:*SRjFRJ* \V_QNGS*UOGQM*QORcNMVL*?Y@*(OM*cGYVR\GNMJ*

GQQM[YS_*QOXaRHI*NOM*SRjFRJ*\V_QNGS*\MSS*GHJ*MSM\NVXJML*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ABB!

7RIFVM*DLA8*.*aGWMcXV[*Xc*[[:*QaRN\OMJ*'#6-*XH*0,-'*NM\OHXSXI_L*LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL*ABB* -



``WR*

'30,-%4-!".%$5+0-!$) -!22.(63!,3%$0 -

Af+ * (aX fJR[MHQRXHGS**

uf+ * (OVMMfJR[MHQRXHGS*

h3* hNO*IMHMVGNRXH**

.+0 * .HGSXIfNXfJRIRNGS*\XHWMVNMV**

.+' * .JWGH\MJ*+MQRIH*'_QNM[**

., * .[USRNFJM*[XJFSGNMJ*

.& * .FI[MHNMJ*VMGSRN_*

.: 3 * . VYRNVGV_*aGWMcXV[*IMHMVGNXV**

147* 1GHJfUGQQ*cRSNMV**

1' * 1GQM*QNGNRXH**

0+,. * 0XJM*+RWRQRXH*,FSNRUSM*.\\MQQ*

0&/1 * 0VG[MVf&GX*SXaMV*YXFHJ*

0: * 0XHNRHFXFQ*aGWM*

+.& * +RQNVRYFNMJfG\NRWMfVGJRGNXV**

++' * +RVM\N*JRIRNGS*Q_HNOMQRqMV**

+-. * +RVM\NRXHfXcfGVVRWGS**

+&* +RMSM\NVR\*VMQXHGNXV*

+&. * +RMSM\NVR\*VMQXHGNXV*GHNMHHG**

+! ( * +MWR\M*FHJMV*NMQN*

%#&4* %jFRWGSMHN*RQXNVXUR\*VGJRGNMJ*UXaMV**

%(* %`NVG\NRXH*NXHM*

700 * 7MJMVGS*0X[[FHR\GNRXHQ*0X[[RQQRXH*

77( * 7GQN*7XFVRMV*NVGHQcXV[*

7,0: * 7VMjFMH\_f[XJFSGNMJ*\XHNRHFXFQfaGWM**



``WRR*

7- , * 7RIFVM*Xc*[MVRN**

6,+ * 6GV[XHR\f[MGQFVM[MHNfGHJfJMQRIH**

6,70: * 6MFVRQNR\*[FSNRfcVMjFMH\_*\XHNRHFXFQfaGWM*

647 * 6RIOfUGQQ*cRSNMV*

64& * 6GV[XHR\*UOGQM*VMcMVMH\M**

64' f.( * 6GV[XHR\fYG\bQ\GNNMVRHI*UXQRNRXHRHI*Q_QNM[*aRNO*G\NRWM*NGIQ**

#{; * #HfUOGQM*GHJ*jFGJVGNFVM**

#7* #HNMV[MJRGNM*cVMjFMH\_**

#/ * #HQMVNRXH*SXQQ**

#, * #HNMV[XJFSGNRXH*UVXJF\N**

#X'* #HNMVHMN*Xc*' UG\M*

#X( * #HNMVHMN*Xc*(ORHIQ**

/". * /Xa*HXRQM*G[USRcRMV*

/- * /X\GS*XQ\RSSGNRXH**

/47 * /Xa fUGQQ*cRSNMV**

/' * /MGQNfQjFGVMQ*

/'". * /GVIM*QRIHGS*HMNaXVb*GHGS_qMV*

,0! * ,R\VXf\XHNVXSSRHIfFHRN**

,#,- * ,FSNRfRHUFN*GHJ*[FSNRfXFNUFN*

,,#0 * ,RSSR[MNMVfaGWM*RHNMIVGNMJ*\RV\FRN**

[[: * ,RSSR[MNMVfaGWM**

,'/ * ,R\VXQNVRU*SRHM**

"7 * "XRQM*cRIFVM**

"#'( * "GNRXHGS*#HQNRNFNM*Xc*'NGHJGVJQ*GHJ*(M\OHXSXI_**

"/(/ * "XHSRHMGVfNVGHQ[RQQRXHfSRHM*



``WRRR*

"$". * "XHSRHMGV*WM\NXV*HMNaXVb*GHGS_qMV*

--2 * -H fXcc*bM_RHI**

-U f.[ U* -UMVGNRXHGS*G[USRcRMV**

-( . * -WMVfNOMfGRV**

-:7 * -UMH:GWM*7XVF[**

4. * 4XaMV*G[USRcRMV**

401* 4VRHNMJ*\RV\FRN*YXGVJ**

4+* 4RH*JRXJM**

46+ * 4XS_f6GV[XHR\*+RQNXVNRXH**

4// * 4OGQMfSX\bMJfSXXU**

4'- * 4GVNR\SM*QaGV[*XUNR[RqGNRXH**

; *cG\NXV* ;FGSRN_*cG\NXV**

&7* &GJRX*cVMjFMH\_**

&7#+* &GJRX*cVMjFMH\_*RJMHNRcR\GNRXH*

&,'% * &XXNf[MGHfQjFGVMfMVVXV*

&` * &M\MRWRHI*\OGHHMS**

'#6- * 'MScfRQXSGNMJ*OGV[XHR\*XQ\RSSGNXV**

'#/- * 'aRN\OMJ*RH^M\NRXHfSX\bMJ*XQ\RSSGNXV*

'#& * 'NMUUMJfR[UMJGH\M*VMQXHGNXV**

'#: * 'FYQNVGNM*RHNMIVGNMJ*aGWMIFRJM**

'" &* 'RIHGS*NX*HXRQM*VGNRX*

'X 0* '_QNM[fXHf\ORU**

'4+( * ' RHISMfUXSMfJXFYSMfNOVXa*

'$+ * 'RHIFSGV*WGSFM*JM\X[UXQRNRXH**

(-. * (R[MfXcfGVVRWGS**



``R`*

(-7 * (R[MfXcfcSRION*

(&4 * (XNGS*VGJRGNMJ*UXaMV**

(!( * (GI fFHJMVfNMQN**

(` * (VGHQ[RNNRHI*\OGHHMS**

!:1 * !SNVGfaRJMYGHJ*

$0- * $XSNGIM*\XHNVXSSMJ*XQ\RSSGNXV**

$". * $M\NXV*HMNaXVb*GHGS_qMV*

$& * $RVNFGS*VMGSRN_*

:/." * :RVMSMQQ*SX\GS*GVMG*HMNaXVb*

* *



``` *

'30,-%4-!77($)3"(0 -

. UUMHJR`*.* …*4FYSR\GNRXHQ*GHJ*UGNMHNQxxxxxxxxxxxxxxxxxxxxxxL AAB**

L



C*

"8!7,(.-9 ! 3$,.%)1",3%$ -

.YXFN*NaX*JM\GJMQ*GIXK*UMXUSM*VMGSRqMJ*NOGN*cFNFVM*aRVMSMQQ*QOXFSJ*YM*[XVM*NOGH*^FQN*G*QR[USM*

FUIVGJM*Xc*NOM*JGNG*VGNMK*[GH_*GJJRNRXHGS*cMGNFVMQ*SRbM*UXQRNRXHRHI*GVM*VMjFRVMJ*NX*MHGYSM*UMXUSM*NX*

YMHMcRN*cVX[*a RVMSMQQ*QMVWR\MQ*RH*G*[F\O*[XVM*\XHWMHRMHN*GHJ*MccR\RMHN*aG_*yCK*AzL*7VX[*NOMH*XHK*

aRVMSMQQ* NM\OHXSXI_* OGQ*QNMGJRS_*MWXSWMJ* cVX[* NOM* AHJ*NX* iNO* IMHMVGNRXHL* ! HcXVNFHGNMS_K* NOM*

R[UVXWM[MHNQ*Xc*NOM*YGQR\*RHcVGQNVF\NFVM*GVM*QNRSS*SR[RNMJ*NX*G*VMSGNRWMS_*HGVVXa*Q\XUM*Xc*NOM*JGNG*

VGNML*.Q*NOM*hNO*IMHMVGNRXH*?h3@*aRVMSMQQ*RQ*YM\X[RHI*MWMH*\SXQMV*NX*G*VMGSRN_K*XH\M*GIGRH*UMXUSM*

QNGVN* NX* R[GIRHM* G* aXVSJ* aRNO* NVFS_*FYRjFRNXFQ* \XHHM\NRWRN_*yuK* izK*HXN* XHS_* YMNaMMH* UMXUSM* NX*

UMXUSMK* YFN* GSQX*M[YVG\RHI* GSS* N_UMQ* Xc* XY^M\NQK*M[UXaMVMJ*aRNO* Q[GVNHMQQ*yhfDzK* MHGYSMJ* Y_*

QMHQRHIK*SX\GNRXH*GaGVMHMQQK* \X[[FHR\GNRXHK* \X[UFNRHI*GHJ* [G\ORHM*SMGVHRHIL*(OM*RHNMVHMN*Xc*

NORHIQ*?#X(@*GHJ*VMSGNMJ*cFNFVM*aRVMSMQQ*Q_QNM[Q*GVM*JMQRIHMJ*RH*QFUUXVN*Xc*NOM*OGVJaGVMK*QXcNaGVM*

GHJ* cFH\NRXH* cFQRXH* Xc* \X[[FHR\GNRXHK*QMHQRHI*GHJ* UXaMVRHIL* -HM* Xc* NOM* \VRNR\GS* MHGYSRHI*

NM\OHXSXIRMQ* RQ* G\\FVGNM* RHJXXV* GHJ* XFNJXXV* UO_QR\GS* UXQRNRXHRHIK* aOR\O* GSSXaQ*NOM* VMGSfNR[M*

NVG\bRHI*Xc*XYM̂\NQL*/X\GNRXH*GaGVMHMQQ*OMSUQ*NOM*HXJMQ*Xc*GH*GFNXHX[XFQ*HMNaXVb*NX*MccM\NRWMS_*

RHNMVG\N*GHJ*\XXUMVGNM*aRNO*MG\O*XNOMV*GHJ*NX*JRQ\XWMV*NOM*WGSFM*Xc*JGNGL*+RccMVMHN*GUUSR\GNRXHQ*Xc*

aRVMSMQQ* UXQRNRXHRHI* NM\OHXSXI_* \GH* YM* cXFHJ* RH* SXIRQNR\QK* [GHFcG\NFVRHIK* OMGSNO\GVMK* QM\FVRN_K*

WRVNFGS*VMGSRN_*?$&@{GFI[MHNMJ*VMGSRN_*?.&@K*GHJ*QX*XHL*

9:9! !- 0;<=>?-@A-& B<>C>DD-7@DBEB@FBFG-, >HIF@C@G?-

.*SGVIM*HF[YMV*Xc*UFYSR\GNRXHQ*GHJ*JX\F[MHNQ*OGWM*GSVMGJ_*\XHNVRYFNMJ*NX*NOM*FHJMVQNGHJRHI*Xc*

JRccMVMHN* N_UMQ* Xc* aRVMSMQQ* UXQRNRXHRHI* NM\OHXSXI_* cXV* JRccMVMHN* GUUSR\GNRXHQ* ywfCAzL*.*

QNVGRIONcXVaGVJ*aG_*RQ*NX*FQM*NOM*VM\MRWMJ*QRIHGS*QNVMHINO*yCuK*CizK*aOR\O*RQ*VMWMVQMS_*UVXUXVNRXHGS*

NX*NOM*QjFGVM*Xc*JRQNGH\M*RH*NOM*UMVcM\N*GHJ*RJMGS*QRNFGNRXHL*(ORQ*NM\OHXSXI_*RQ*[XQNS_*FQMJ*aRNO*

aRVMSMQQ*SX\GS*GVMG*HMNaXVb*?:/."@*GHJ* \X[[MV\RGSS_*GWGRSGYSM*NMV[RHGSQ*SRbM*[XYRSM*UOXHML*

:RNO*NOM*[XQN*QXUORQNR\GNMJ*GSIXVRNO[QK*QRHISMfJRIRN*[MNMV*Xc*G\\FVG\_*\GH*YM*G\ORMWMJL**

3MHMVGSS_* QUMGbRHIK* Q_QNM[Q* YGQMJ* XH*IMX[MNV_* RHcXV[GNRXH* ?MLIL* [MGQFVRHI* NOM*JRVM\NRXHfXcf

GVVRWGS*?+-.@@*GHJ*Q_QNM[Q*YGQMJ*XH*UVXUGIGNRXH*NR[M*?MLIL*[MGQFVRHI*NOM*NR[MfXcfGVVRWGS*?(-.@@*

GVM*NOM*NaX*YVXGJ*\GNMIXVRMQ*Xc*VM[XNM*XV*aRVMSMQQ*UXQRNRXHRHI*Q_QNM[Q*NOGN*\GH*G\ORMWM*G*JM\R[MNMV*

[GIHRNFJM*Xc*G\\FVG\_L*3MX[MNV_fRHcXV[GNRXHfYGQMJ*Q_QNM[Q*HMMJ*G*HF[YMV*Xc*JRQNVRYFNMJ*YGQM*

QNGNRXH* ?1'@* aRNO* UVRXVfbHXaH* \XXVJRHGNMQ* cXV* GHISM* JMNM\NRXHK*cVX[* aOR\O* NOM* JRQNGH\M* RQ*

\GS\FSGNMJ* NOVXFIO* NVRIXHX[MNV_L* (OM* [XQN* \X[[XHS_* FQMJ* UXQRNRXHRHI* NM\OHRjFMQ*YGQMJ* XH*



A*

UVXUGIGNRXH*NR[M*GVM*VMSGNMJ*NX*34'K*3GSRSMXK*3/-".''K*GHJ*1MRf+XF*Q_QNM[QL*(OM_*GVM*GSS*QMScf

UXQRNRXHRHI*XVRMHNMJK*aOR\O*[MGHQ*NOM*1'Q*?MLIL*QGNMSSRNMQ@*YVXGJ\GQN*VMcMVMH\M*QRIHGSQ*NX*SMN*GH_*

UMVQXH*XV*XY^M\N*MjFRUUMJ*aRNO*JMJR\GNMJ*VM\MRWMVQ*NX*IMN*NOMRV*XaH*\XXVJRHGNMQ*YGQMJ*XH*[MGQFVRHI*

NOM* NR[M* JRccMVMH\MQL* !SNVGfaRJMYGHJ* ?!:1@* UXQRNRXHRHI* NM\OHXSXI_* FNRSRqMQ* WMV_* QOXVN*

MSM\NVX[GIHMNR\*aGWM*UFSQMQ*?†*C*HQ@*NX*[MGQFVM*NOM*NR[MfXcfcSRION*?(-7@*Xc*GH*M\OX*QRIHGS*aRNO*G*

\MHNR[MNMV*SMWMS*ORIO*G\\FVG\_*yChK*CvzL*1FN*NOM_*FQFGSS_*OGWM*G*SR[RNMJ*VGHIM*Xc*\XWMVGIML**

. YQXSFNM*XV*VMSGNRWM*NR[M*Q_H\OVXHRqGNRXH*JMUMHJRHI*XH*QUM\RcR\*GV\ORNM\NFVMQ*RQ*VMjFRVMJ*cXV*G*NR[Mf

YGQMJ* Q_QNM[L* (OM*aMSSfbHXaH* GHJ* aRJMS_* JMUSX_MJ*cVMjFMH\_f[XJFSGNMJ* \XHNRHFXFQfaGWM*

?7,0:@ *VGJGV* RQ* G* N_UR\GS* VXFHJfNVRU*(-7 *UXQRNRXHRHI* \XH\MUN*yCtfCwzL* #N* OGQ* G* VMSGNRWM* NR[M*

Q_H\OVXHRqGNRXH*VMjFRVM[MHN*cFScRSSMJ*Y_*NOM*YGQM*QNGNRXH*IMHMVGNRHI*G*ORIOS_*SRHMGV*GHJ*UVM\RQM*

[XJFSGNMJ*aGWMcXV[K*aOR\O*\GH*MGQRS_*YM*VMGSRqMJ*aRNO*WXSNGIMf\XHNVXSSMJ*XQ\RSSGNXV*?$0- @*XV*

JRVM\N* JRIRNGS* Q_HNOMQRqMV* ?++'@*NM\OHRjFMQ*yABzL* ,GH_* VMQMGV\OMVQ* OGWM* YMMH* cX\FQRHI* XH* NOM*

JMWMSXU[MHN*Xc*JMVRWGNRWMQ*Xc*NOM*7,0:*Q_QNM[K*NOMVMY_*GNNM[UNRHI*NX*[GbM*YVMGbNOVXFIOQ*aRNO*

VMIGVJQ* NX*SGVIMV* VGHIMK* SXaMV* YGHJaRJNOK* ORIOMV* QMHQRNRWRN_K* [FSNRNGVIMN* RJMHNRcR\GNRXH* GHJ*

R[[FHRN_* NX* [FSNRUGNOL* (OM* MQQMHNRGSQ* Xc* QX[M* Xc* NOMQM* aXVbQ* \GH* YM* \XH\SFJMJ* GQ* GJJRHI*

[XJFSGNRXH*\GUGYRSRNRMQ*NX*NOM*NGVIMNQ*yACfAuzL*(ORQ*[XWM*aXFSJ*YM*GYSM*NX*GWXRJ*SXafcVMjFMH\_*

HXRQM*GHJ*UGQQRWM*\SFNNMV*Q\GNNMVRHIL*,XVMXWMVK*JGNG*\GH*YM*[XJFSGNMJ*XH*NOM*YG\bQ\GNNMVMJ*QRIHGS*

Xc*NOM*NGVIMNQL*6XaMWMVK*G*[G^XV*JVGaYG\b*RQ*VMSGNMJ*NX*G*OMGW_*YFVJMH*Xc*J_HG[R\*VGHIM*XH*NOM*

G[USRcR\GNRXH*QNGIMQ*Xc*NOM*NGVIMNQ*GHJ*G*SR[RNMJ*SRHb*IGRH*R[UVXWM[MHNL*(OM*QRIHGS*OGQ*NX*NVGWMS*

NOVXFIO*NOM*VXFHJfNVRU*JRQNGH\MK*GHJ*NOM*SRHb*SXQQ*RQ*NOFQ*UVXUXVNRXHGS*NX*NOM*iNO*UXaMV*Xc*JRQNGH\ML*

&MQMGV\OMVQ* OGWM*GSQX*QF\\MQQcFSS_* R[USM[MHNMJ* NOM* \XH\MUN* Xc*[FSNRfRHUFN* GHJ* [FSNRfXFNUFN*

?,#,- @*NX*VMGSRqM*G*QFUMVfVMQXSFNRXH*7,0:*Q_QNM[*cXV*JMHQM*[FSNRUGNO*MHWRVXH[MHN*yAizL**

&M\MHNS_K*GH*7,0:*\XH\MUN*aRNO*OGV[XHR\*cVMjFMH\_*JRWMVQRN_*RH*JXaHfSRHb*?1'*NX*NGI@*GHJ*FUf

SRHb*?NGI*NX*1'@*OGQ*YMMH*UVXUXQMJ*yAhzL*(OM*GFNOXVQ*Xc*NORQ*aXVb*FQM*G*Ai*36q*aRJM*SX\bRHIfVGHIM*

JRWRJMVfY_fCB*GQ*G*UXQRNRXHRHI*NGIL*(OM*1'*RQ*G*[XJRcRMJ*7,0:*VGJGV*RH*aOR\O*NOM*[R`MV*RH*NOM*

VM\MRWMV*FQMQ*G*NVGHQ[RNNMJ*\ORVU*QRIHGS*JRWRJMJ*Y_*CBL*+FM*NX*NOM*aRJM*SX\bRHI*VGHIM*GHJ*M`\MSSMHN*

QMHQRNRWRN_*Xc*NOM*JRWRJMVK*NOM*NGI*\GH*NRIONS_*NVG\b*NOM*cVMjFMH\_*Xc*NOM*RHNMVVXIGNRXH*QRIHGS*GHJ*

YG\bQ\GNNMV*GH*M\OX*aRNO*G*cR`MJ*G[USRNFJML*#H*NORQ*aG_K*NOM*J_HG[R\*RQQFM*VMSGNMJ*NX*NOM*iNO*UXaMV*

Xc* JRQNGH\M* cVMM* QUG\M* SXQQ* RQ* IVMGNS_*[RNRIGNMJL* 6XaMWMVK* cVX[* NOM* VMQXSFNRXH* UXRHN*Xc* WRMaK*

GQQF[RHI*NOM*Ai*36q*RHNMVVXIGNRXH*QRIHGS*OGQ*G*YGHJaRJNO*Xc*)* K*QF\O*G*Q_QNM[*RQ*MjFRWGSMHN*NX*G*

\XHWMHNRXHGS*7,0:*VGJGV*aRNO*)* {CB*YGHJaRJNO*YM\GFQM*Xc*NOM*XUMVGNRXH*Xc*cVMjFMH\_*JRWRJRHIL*



u*

#HQNMGJ*Xc*JRWRJRHI*NOM*cVMjFMH\_K*QX[M*XNOMV*VMQMGV\OMVQ*OGWM*M`USXRNMJ*NOM*OGV[XHR\*IMHMVGNRXH*

Xc*NGIQ*RH*NOM*JMWMSXU[MHN*Xc*UXQRNRXHRHI*Q_QNM[Q*yAvfuCzL*.[XHI*NOM[K*+L*4Q_\OXFJGbRQ*MN*GSL*

JMWMSXUMJ*GH*FSNVGfQ[GSS*NGI*aRNO*,RHbXaQbR*SXXU*GVXFHJ*G*'\OXNNb_*JRXJMK*aOR\O*aXVbQ*aRNO*GH*

7,0:*VGJGV*Xc*JXFYSMJ*JM[XJFSGNRXH*cVMjFMH\_*GQ*NOM*1'*yAvzL*1_*JXRHI*QXK*NOM*UVXYSM[*Xc*1'f

VMSGNMJ*QMScfRHNMVcMVMH\M*RQQFM*RQ*QXSWMJL*1FN*NOMVM*RQ*G*QMWMVM*UVXYSM[*Xc*QMHQRNRWRN_*\GFQMJ*Y_*NOM*

ORIO*\XHWMVQRXH*SXQQ*Xc*NOM*NGIL*#H*yAtzK*NOM*NGI*QNRSS*FQMQ*G*JRXJM*NX*IMHMVGNM*OGV[XHR\QK*aORSM*NOM*

VGJGV*1'*FQMQ*G*UFSQM*UQMFJXVGHJX[*\ XJM*GQ*NOM*NVGHQ[RNNMJ*RHNMVVXIGNRXH*QRIHGSK*NOMVMY_*IVMGNS_*

R[UVXWRHI*NOM*QMHQRNRWRN_L*5L* ,G*MN*GSL*JMWMSXUMJ*G*OMFVRQNR\*[FSNRfcVMjFMH\_* \XHNRHFXFQfaGWM*

?6,70:@* Q\OM[M* aRNO* OGV[XHR\* NGIQ* YGQMJ* XH*G*HXHSRHMGVfNVGHQ[RQQRXHfSRHM* ?"/(/@*yADzL*

0X[UGVMJ*aRNO*NGIQ*YGQMJ*XH*G*QRHISM*JRXJMK* "/(/*NGIQ*OGWM* \XHWMVQRXH*SXQQ*GHJ*YGHJaRJNO*

GJWGHNGIMQL*(OM*UOGQM*G[YRIFRN_*RQQFM*aRNO*G*0:*VGJGV*RQ*QXSWMJ*Y_*G*OMFVRQNR\*[FSNRfcVMjFMH\_*

[MNOXJL*(ORQ*aXVb*G\ORMWMJ*GH*XFNQNGHJRHI*[RSSR[MNMV*SMWMS*G\\FVG\_*RH*G*QUG\M*SMQQ*NOGH*C*QjFGVM*

[MNMVL* 6XaMWMVK* NX* G\ORMWM* NaXfJR[MHQRXHGS* ?Af+@* XV* NOVMMfJR[MHQRXHGS* ?uf+@* UXQRNRXHRHIK*

[FSNRUSM*1'*VM\MRWMVQ*HMMJ*NX*YM*JMUSX_MJ*GVXFHJ*NOM*VMIRXH*Xc*\XWMVGIML*'RH\M*NOMVM*RQ*GH*GYQMH\M*

Xc*[XJFSGNRXH*\GUGYRSRN_*XH*NOM*NGIK*JGNG*NVGHQ[RQQRXH*XV*XY^M\N*RJMHNRcR\GNRXH*RQ*R[UXQQRYSML*#H*yAwz*

GHJ*yuBzK* NOM* GFNOXVQ* cFVNOMV* M[UXaMVMJ* NOM* "/(/* NGI* aRNO*0XJM* +RWRQRXH* ,FSNRUSM* .\\MQQ*

?0+,.@*\XJRHI*QX*GQ*NX*G\ORMWM*G*[FSNRNGVIMN*UVX\MQQRHI*\GUGYRSRN_*RH*VMGSfNR[ML*

#H*VM\MHN*_MGVQK*G*HMa*UXQRNRXHRHI*Q\OM[M*YGQMJ*XH*QaRN\OMJ*RH^M\NRXH*SX\bMJ*XQ\RSSGNXV*?'#/-@*OGQ*

YMMH*YVXFION*NX*SRIONL*.Q*RN*OGQ*YMMH*JRQ\FQQMJ*RH*NOM*SRNMVGNFVM*yuCfuizK*RN*M`NMHJQ*NOM*\XH\MUN*Xc*

\XHWMHNRXHGS*7,0:*Q_QNM[*GHJ*M`ORYRNQ*NOM*GJWGHNGIMQ*Xc*QR[USM*QNVF\NFVMK*ORIO*UVM\RQRXHK*SXHI*

VGHIMK*GHJ*SMQQ*QMHQRNRWM*NX*\SFNNMV*GQ*aMSS*GQ*NOM*cMGQRYRSRN_*Xc*QR[FSNGHMXFQ*JGNG*NVGHQ[RQQRXHL*#N*

\GH*YM*VMIGVJMJ*GQ*G*JRQ\VMNM*cXV[*Xc*\XHWMHNRXHGS*7,0:*VGJGVL*'RH\M*NOM*QRIHGS*XFN*Xc*NOM*NGVIMN*

RQ*QUXHNGHMXFQ*VGNOMV*NOGH*G*[XJFSGNMJ{JXFYSMJ{G[USRcRMJ*JFUSR\GNM*Xc*NOM*RHNMVVXIGNRXH*QRIHGSK*NOM*

SRHb*SXQQ*RQ*QXSMS_*UVXUXVNRXHGS*NX*NOM*AHJ*UXaMV*Xc*JRQNGH\ML*7XV*QF\O*G*Q_QNM[K*G*cGQN*7XFVRMV*

NVGHQcXV[* ?77(@* RQ* FQFGSS_* M[USX_MJ* NX* \XHWMVN* NOM* YGQMYGHJ* RHNX* NOM* cVMjFMH\_fJX[GRH*GHJ*

\GS\FSGNM*NOM*VGHIML*'F\O*G*cVMjFMH\_fJX[GRH*NM\OHRjFM*[GRHNGRHQ*G*QRIHRcR\GHN*G\\FVG\_*GQ*SXHI*

GQ* XHS_* XHM* QRHISM* NGVIMN* RQ* RH* NOM* VGHIM* Xc* JMNM\NRXHL* .Q* [XVM* NGVIMNQ* \X[M* RHNX* USG_K* NOMRV*

[XJFSGNRXH*cVMjFMH\_*OGQ*NX*YM*GUUVXUVRGNMS_*QNGIIMVMJ*QF\O*NOGN*NOMRV*\XVVMQUXHJRHI*\OGVG\NMVRQNR\*

UMGbQ*RH*NOM*QUM\NVF[*\GH*YM*JRccMVMHNRGNMJ*GHJ*NOM*QUM\NVF[*SMGbGIM*RQQFM*\GH*YM*[RHR[RqMJL*.N*

NOM* QG[M* NR[MK* NOM* UFSQM* aRJNO* Xc* NOM* NGVIMNQ* OGQ* NX* YM*HGVVXa*MHXFIO* cXV* GH* RH\VMGQMJ* UMGb*

QOGVUHMQQ*QX*GQ*NX*IFGVGHNMM*G*SXa*[MGH*MVVXV*yuhz*GQ*aMSS*GQ*NX*GWXRJ*G*[FSNRNGVIMN*XWMVSGUURHIL*



i *

6XaMWMVK*G*VMJF\MJ*UFSQM*aRJNO*aXFSJ*SXaMV*JXaH*NOM*JFN_*\_\SM*GHJ*RH*NFVH*NOM*QRIHGS*NX*HXRQM*

VGNRX*?'"&@L**

9:J! 8K<L@FBH-&B<>C>DD-0?DE>L-KFM-)>=BH>D-

1MQRJMQ* NOM* Q_QNM[Q* FNRSRqRHI* OGV[XHR\Q* cXV* M`NVG* UMVcXV[GH\M*R[UVXWM[MHNQ* RH* aRVMSMQQ*

UXQRNRXHRHI* GQ* [MHNRXHMJ* GYXWMK* NOMVM* GVM* XNOMV* Q\MHGVRXQ* RH* aOR\O* OGV[XHR\* QRIHGSQ*UVXWRJM*

cGWXVGYSM* cMGNFVMQL* 4L*0OMXHI*MN* GSL* RHWMQNRIGNMJ* G* HXHSRHMGV* \X[[FHR\GNRXH* Q_QNM[*NOVXFIO* G*

OGV[XHR\*JRWMVQRN_*yuvzL*#HQNMGJ*Xc*NVGHQ[RNNRHI*GHJ*VM\MRWRHI*G*QRHISM*QRJMYGHJ*Xc*NOM*FU{JXaH*

\XHWMVNMJ* QRIHGSK* NOMRV* UVXUXQMJ* \X[[FHR\GNRXH* Q\OM[M* NGbMQ* GJWGHNGIMQ*Xc* OGV[XHR\* [R`RHI*

UVXJF\NQ* \XH\FVVMHNS_L* (ORQ* [XWM* RQ* MjFRWGSMHN* NX*NOM*FQM*Xc*[FSNRUSM* \OGHHMSQ* aRNO*G* QRHISM*

NVGHQ\MRWMVL*(OMVMcXVMK*NOM*'"&*RQ*[FSNRUSRMJ*aRNO*G*[RHR[F[*UXaMV*\XHQF[UNRXH*XWMVOMGJL*(OM_*

OGWM*VMQXSWMJ*NOM*RQQFM*Xc*G*UOGQM*QORcN*JRccMVMH\M*cXV*JRccMVMHN*\OGHHMSQ*GHJ*QF\\MQQcFSS_*\X[YRHMJ*

NOM* RHcXV[GNRXH* GN* NOM* VM\MRWMV* Y_* \XHNVXSSRHI* NOM*UOGQM* Xc* SX\GS* XQ\RSSGNXV* ?/-@L* #H* QMHQRHI*

GUUSR\GNRXHQK*NOM*[XWM[MHN*XV*WRYVGNRXH*Xc*NOM*QMHQXV*RNQMSc*[G_*JMQNVX_*GH*M`NVM[MS_*aMGb*QRIHGSL*

&MQMGV\OMVQ*OGWM*GNNM[UNMJ*NX*SXXb*cXV*JRccMVMHN*NM\OHRjFMQ*NX*[RNRIGNM*NORQ*RQQFMK*YFN*IMHMVGSS_*

aRNO*GH*RH\VMGQM*Xc*Q_QNM[*\X[USM`RN_K*\XQNK*GHJ*UXaMV*\XHQF[UNRXHL*7L*dOF*MN*GSL*UVXUXQMJ*GHJ*

JM[XHQNVGNMJ* G* WRNGS* QRIH* QMHQXV* FQRHI* NOM* cFHJG[MHNGS* GHJ* AHJ*OGV[XHR\* QRIHGS* Xc* G* $0-*

\XH\FVVMHNS_*NX*\GH\MS*NOM*VGJGV*USGNcXV[*WRYVGNRXH*yutzL*

(OM*OGV[XHR\*UOMHX[MHXHK*HX*[GNNMV*OXa*QNVXHI*XV*HMISRIRYSMK*RQ*NOM*HGNFVM*Xc*GSS*QM[R\XHJF\NXV*

GHJ*XNOMV*HXHSRHMGV{G\NRWM*JMWR\MQL*4MXUSM*OGWM*YMMH*[GbRHI*GSS*NOMRV*MccXVNQ*NX*FHJMVQNGHJK*[XJMS*

GHJ* OGVHMQQ* OGV[XHR\Q* cXV* R[UVXWMJ* \RV\FRN* UMVcXV[GH\M* GHJ* cFH\NRXHGSRN_L* (OM* SGVIM* QRIHGS*

HMNaXVb* GHGS_qMV*?/'".@* GHJ* 9fUGVG[MNMVQ* RH* NORQ* \XHHM\NRXHK*OGWM*YMMH* GNNVG\NRHI*[F\O *

GNNMHNRXH*Xc*VMQMGV\OMVQ*GHJ*MHIRHMMVQ*RH*HXHSRHMGV*JMWR\M*[XJMSRHI*GHJ*\RV\FRN*JMQRIH*yuDfiBzL*(OM*

9 fUGVG[MNMV*RQ*GH*M`NMHQRXH*Xc*NOM*[XQN*aRJMS_*FQMJ*NXXS*…*NOM*'fUGVG[MNMVL*6XaMWMVK*RN*RQ*cGV*SMQQ*

[GNFVMK*GHJ*[GH_*G\NRWRNRMQ*GVM*IXRHI*XH*cXV*RNQ*QNGHJGVJRqGNRXHK*\OGVG\NMVRqGNRXH*GHJ*WMVRcR\GNRXH*

yiCfiuzL*"MWMVNOMSMQQK*[GH_*HXHSRHMGV*\RV\FRN*JMQRIHQ*OGWM*YMMH*JXHM*aRNO*9fUGVG[MNMVQK*QF\O*GQ*

XQ\RSSGNXV*yiiK*ihzK*UXaMV*JMNM\NXV*yivzK*UXaMV*G[USRcRMV*yitz K*GHJ*QX*XHL*,XVMXWMVK*RN*RQ*GH*MccM\NRWM*

NXXS*cXV*JMWR\M*[XJMSRHI*yiDfhCzL*.SNOXFIO*NOM*9fUGVG[MNMVQ*GVM*FQFGSS_*VMIGVJMJ*GQ*G*YSG\b*YX`*

[MNOXJ* JFM* NX*NOM*\X[USM`RN_K* NOM_* \GH* YM* [GUUMJ* NX*JMQ\VRYM*\RV\FRN*YMOGWRXV*GHJ* UO_QR\GS*

RHQRIONQL*6XaMWMVK*cXV*NOM*YMQN*Xc*XFV*bHXaSMJIMK*XHS_*cMa*URM\MQ*Xc*SRNMVGNFVM*FQM*NOM*9 fUGVG[MNMV*

RH*GH*GHGS_NR\GS*aG_*yiDK*iwzL*



h*

9:N! +@EB=KEB@F-KFM-%OP>HEB=>D-

7VX[* XFV*QMGV\O*GHJ*M`G[RHGNRXH*Xc*NOM*YG\bIVXFHJ*GHJ*QNGNMfXcfNOMfGVN*UXQRNRXHRHI*NM\OHXSXI_K*RN*

QMM[Q*NOGN*G*YG\bQ\GNNMVRHI*UXQRNRXHRHI*Q_QNM[*aRNO*[XJFSGNMJ*G\NRWM*NGIQ*GHJ*OGV[XHR\*cVMjFMH\_*

JRWMVQRN_*OGQ*HXN*M`RQNMJ*QX*cGVL*#N*RQ*M`UM\NMJ*NX*\X[YRHM*HF[MVXFQ*GJWGHNGIMQK*HG[MS_*SXHI*VGHIMK*

ORIO*G\\FVG\_*GHJ*VMQXSFNRXHK*R[[FHM*NX*QMScf*GHJ* [FNFGSf*RHNMVcMVMH\MK* \SFQNMV*VMQRQNGHNK*SGVIM*

MjFRWGSMHN*YGHJaRJNO*GHJ*MGQ_*NX*RHNMIVGNML*,XVMXWMVK*aM*HMMJ*NX*\XHQRJMV*GUUSR\GNRXH*Q\MHGVRXQ*

RH*aOR\O*NGIQ*GVM*QFY^M\N*NX*cXVMRIH*XY^M\N*RH*UVX`R[RN_*XV*ORIOfJMHQRN_*QUM\NVF[K*NOFQ*VMQFSNRHI*RH*

SXGJ*UFSSRHI*XV*RH^M\NRXH*UFSSRHIL*(OMVMcXVMK*NOM*XY^M\NRWM*Xc*NORQ*NOMQRQ*VMQMGV\O*cVX[*NOMXV_*NX*

MHIRHMMVRHI*GHJ*cVX[*\X[UXHMHN*NX*Q_QNM[*RH\SFJMQ*NOM*cXSSXaRHI*GQUM\NQ8*

¥! 7RVQNK*aM*UVXUXQMK*QNFJ_*GHJ*JM[XHQNVGNM*G*HMa*\SGQQ*Xc*OGV[XHR\*XQ\RSSGNXV*GJJVMQQRHI*NOM*

RQQFM*Xc*UFSSRHI*MccM\NL*

¥! 'M\XHJK*aM*JMWMSXU*G\\FVGNM*[XJMSRHI*NM\OHRjFM*GHJ*JMQRIH*[ MNOXJXSXI_*cXV*GHGS_QRQ*GHJ*

JMQRIH*Xc*NOM*RHHXWGNRWM*OGV[XHR\*XQ\RSSGNXVL*

¥! (ORVJK*aM*JMWMSXU*QRIHGS*[XJMSRHI*GHJ*YGQMYGHJ*UXQNfUVX\MQQRHI*GSIXVRNO[Q*cXV*GH*G\NRWM*

YG\bQ\GNNMVRHI*UXQRNRXHRHI*Q_QNM[*YGQMJ*XH*'#/-*UVRH\RUSMK*NXaGVJQ*[FSNRNGVIMN*XUMVGNRXH*

GHJ*QFUMVVMQXSFNRXHL*' R[FSGNRXH*GHJ*M`UMVR[MHNQ*HMMJ*NX*YM*FQMJ*NX*WMVRc_*NOM*VMQFSNQL*

¥! 7XFVNOK*aM*JMWMSXU* GHJ* JM[XHQNVGNM*GH* G\NRWM* YG\bQ\GNNMVRHI* UXQRNRXHRHI* Q_QNM[* aRNO*

OGV[XHR\*cVMjFMH\_*JRWMVQRN_K*RH*aOR\O*G*NGI*RQ*YGQMJ*XH*NOM*UVXUXQMJ*OGV[XHR\*XQ\RSSGNXVK*

FQRHI*JMWMSXUMJ*UXQNfUVX\MQQRHI*NM\OHRjFMQL*

9:Q! ,I>DBD-%<GKFBRKEB@F-

(ORQ*NOMQRQ*RQ*XVIGHRqMJ*RH*GH*GVNR\SMQfYGQMJ*cXV[GNL*0OGUNMV*A*NX*0OGUNMV*v*UVMQMHN*NOM*\XHNMHNQ*

Xc*NOVMM*UFYSRQOMJ*GVNR\SMQ*GHJ*NaX*QFY[RNNMJ*GVNR\SMQL*(OM*\XHNMHN*Xc*0OGUNMV*t*RQ*GH*GVNR\SM*NOGN*RQ*

VMGJ_*cXV*QFY[RQQRXHK*RH*aOR\O*NOM*UVXUXQMJ*GHJ*JRQ\SXQMJ*JMWR\M*GHJ*Q_QNM[*GVM*UMHJRHI*cXV*UGNMHN*

cRSRHIL*#H*NOM*GYXWMf[MHNRXHMJ*GVNR\SMQK*NOM*4OL+L*\GHJRJGNM*OGQ*[GJM*UVRH\RUSM*\XHNVRYFNRXHQ*GHJ*

RQ*GSQX*NOM*UVRH\RUGS*GFNOXVL**(OM*IMHMVGS*JRQ\FQQRXHQ*Xc*0OGUNMV*D*VMcSM\N*QX[M*XNOMV*UFYSRQOMJ*

aXVbQ*VMSGNMJ*NX*NOM*NOM[M*Xc*NOM*UVMQMHN*NOMQRQK*RH*aOR\O*NOM*4OL+L*\GHJRJGNM*RQ*NOM*UVRH\RUGS*XV*

QM\XHJGV_*\XHNVRYFNXVL*(OM*\OGUNMVQ*XVIGHRqGNRXH*aOR\O*M`USGRHQ*NOM*UVX\MQQ*Xc*NORQ*VMQMGV\O*aXVb*

GHJ*NOM*\XOMVMH\M*Xc*NOXQM*GVNR\SMQ*RH* \XHHM\NRXH*aRNO*NOM*XY^M\NRWM*Xc*NOM*VMQMGV\O*RQ*JMNGRSMJ*

cXSSXaQ8*



v*

"IKSE><-9T*#HNVXJF\NRXH*

(ORQ*\OGUNMV*RHNVXJF\MQ*aRVMSMQQ*UXQRNRXHRHI*NM\OHXSXIRMQ*GHJ*GUUSR\GNRXHQK*VMWRMaQ*NOM*QNGNMfXcf

NOMfGVN*GHJ*QF[[GVRqM*M`RQNRHI*UVXYSM[Q*GHJ*XFV*[XNRWGNRXH*cXV*NOM*JMWMSXU[MHN*Xc*NORQ*ORIOS_*

XVRIRHGS*VMQMGV\O*UVX^M\N*GHJ*VMSGNMJ*JM[XHQNVGNRXHQ*RH*NORQ*GVMGL*#N*GSQX*RHNVXJF\MQ*NOM*YG\bIVXFHJ*

GHJ*XFV*[XNRWGNRXH*Xc*GHGS_QRQ*GHJ*JMQRIH*Xc*HXHSRHMGV*\RV\FRNQK*M`USGRHRHI*OXa*RN*RQ*VMSMWGHN*GHJ*

R[UXVNGHN*NX*NOM*UVXUXQMJ*Q_QNM[*GV\ORNM\NFVML*(ORQ*\OGUNMV*GSQX*M`USGRHQ*NOM*XVIGHR\GSS_*GVVGHIMJ*

QNVF\NFVM*Xc*NOM*NOMQRQL**

"IKS E><-J*.VNR\SM*C8*,FSNROGV[XHR\*3MHMVGNXV*cXV*/GVIMf'RIHGSf"MNaXVbf.HGS_qMV*$MVRcR\GNRXH*

Y_*2 FGHIJG*:GHIK*' FSGW*.JORbGVRK*.HNOXH_*3ORXNNX*GHJ*2M*:FK*RH*+,,,!-./&01234!-2526.74 K*

ABCiL*

(ORQ*\OGUNMV*QMVWMQ*GQ*NOM*cXFHJGNRXH*aXVb*Xc*OGV[XHR\*[MGQFVM[MHN*GHJ*JMQRIH*NM\OHRjFMQ*FQMJ*

NOVXFIOXFN*NORQ*NOMQRQL*.H*/'".*VXFHJfVXYRH*WMVRcR\GNRXH*GVNRcG\N*RQ*JMQRIHMJ*GHJ*\OGVG\NMVRqMJL*#N*

RQ*G*VXYFQN*OGV[XHR\*IMHMVGNRXH*JMWR\M*NOGN*VM\MRWMQ*G*[XHXNXHM*GQ*NOM*RHUFN*QRIHGS*aRNO*G*cVMjFMH\_*

Xc*A*36q*GHJ*G*UXaMV*cVX[*‚ AB*J1[*NX*CB*J1[L*(OM*JMWR\M*XFNUFN*RQ*VMjFRVMJ*NX*JMSRWMV*NOM*CQN*NX*

hNO*OGV[XHR\Q*Xc*NOM*RHUFN*XHM*MG\O*aRNO*G*UXaMV*IGRH{SXQQ*aRNORH*G*QRHISM*JRIRN*J1L*(OM*JMWMSXUMJ*

JMWR\M*RQ*QFY^M\N*NX*G*SXGJ*UFSS*NMQNK*cVX[*aOR\O*G*cRIFVM*Xc*[MVRN*?7-,@*JMcRHMJ*GQ*NOM*QNGHJGVJ*

JMWRGNRXH*Xc*NOM*XFNUFN*aGWM*WM\NXVQ*FHJMV*JRccMVMHN*SXGJRHI*\XHJRNRXHQ*RQ*\GS\FSGNMJL*(ORQ*aXVb*

aXH*NOM*cRVQN*UVRqM*Xc*#,'ABCu*QNFJMHN*JMQRIH*\X[UMNRNRXH*\XXVJRHGNMJ*Y_*"#'(L*

"IK SE><- N*.VNR\SM* A8*6GV[XHR\*7MMJYG\bf/ XXU*- Q\RSSGNXV* cXV*4FSSRHI*%ccM\N*&MJF\NRXH* GHJ*

#[UVXWMJ*4OGQM*" XRQM*Y_*2 FGHIJG*:GHIK*. HNOXH_*3ORXNNX*GHJ*2M*:F K*RH*89:;!+,,,!-<< =$!

+7>4&72>.072?!-./&01234!$@AB0C.DAK*ABCiL*

#H*NORQ*\OGUNMVK*G*HXWMS*cMMJYG\bfSXXU*XQ\RSSGNXV*GV\ORNM\NFVM*NOGN*cMGNFVMQ*SXa*UFSSRHI*MccM\N*GHJ*

SXa*UOGQM*HXRQM*RQ*UVXUXQMJL*(OM*SXXU*Xc*NOM*UVXUXQMJ*XQ\RSSGNXV*FQMQ*G*JRUSM`MV*NX*VMUSG\M*NOM*

VMQXHGNXV*NX*G\ORMWM*GH*MccM\N*Xc*QMUGVGNRHI*NOM*cFHJG[MHNGS*GHJ*AHJ*OGV[XHR\*QRIHGSL*'RH\M*NOM*

IGRH*YSX\b*RH*NOM*SXXU*XUMVGNMQ*FHJMV*G*JMMUS_*QGNFVGNMJK*QNVXHI*HXHSRHMGV*\XHJRNRXHK*\RV\FRN*JMQRIH*

GHJ*XUNR[RqGNRXH*GVM*YGQMJ*XH*RNQ*9fUGVG[MNMVK*aOR\O*RQ*[MGQFVMJ*aRNO*G*\GSRYVGNMJ*GHJ*WMVRcRMJ*

/'".L*+FM*NX*RNQ*UMVcXV[GH\M*GJWGHNGIMQ*Xc*SXa*UFSSRHI*MccM\N*GHJ*OGV[XHR\*XFNUFNK*NOM*UVXUXQMJ*

XQ\RSSGNXV*RQ*GH*M`\MSSMHN*\OXR\M*cXV*YFRSJRHI*G*NGI*JMQRIHGNMJ*cXV*G*OGV[XHR\*UXQRNRXHRHI*Q_QNM[L*

.H*M`M[USGV_*XQ\RSSGNXV*JMQRIH*aRNO*G*hLD*36q*XFNUFN*RQ*cGYVR\GNMJK*[MGQFVMJ*GHJ*QOXaH*NX*YM*

Ch|AB*NR[MQ*QFUMVRXV*XWMV*G*\XHWMHNRXHGS*cFHJG[MHNGS*XQ\RSSGNXV*VMSGNMJ*NX*NOM*UFSSRHI*MccM\NL*



t *

"IKSE><-Q*.VNR\SM*u8*/GVIM*' RIHGS*, XJMSRHI*GHJ*%̀UMVR[MHNGS*+MQRIH*. FNX[GNRXH*Xc*' MScf#QXSGNMJ*

6 GV[XHR\*- Q\RSSGNXV*cXV*4FSSRHI*%ccM\N*&MJF\NRXH*Y_*2FGHIJG*:GHIK*.HNOXH_*3ORXNNXK*7GHI*dOF*

GHJ*2M*:FK*RH*+,,,!<&27C2/>.07C!07!-./&01234!<E40&@!27F!<4/E7.GD4CK*ABCDL*

#H*NORQ*\OGUNMVK*NOM*XUMVGNRHI*UVRH\RUSM*GHJ*[M\OGHRQ[*Xc*NOM*UFSSRHI*MccM\N*Xc*NOM*UVXUXQMJ*HXWMS*

OGV[XHR\* XQ\RSSGNXV* GVM* RHWMQNRIGNMJK* aRNO* MjFRWGSMHN* \RV\FRN* GHJ* [GNVR`* [GHRUFSGNRXHQ* XH* 9f

UGVG[MNMVQL*7VX[*NOM*GHGS_QRQK*RN*\GH*YM*cXFHJ*NOGN*G*QMScfRQXSGNRXH*UVXUMVN_*RQ*\VMGNMJ*Y_*G*^XRHN*

MccM\N*Xc*NOM*IGRH*YSX\b*GHJ*NOM*JRUSM`MV*Xc*NOM*SXXUL*(OMVMcXVMK*NOM*JMWR\M*RQ*HG[MJ*GQ*G*QMScf

RQXSGNMJ*OGV[XHR\*XQ\RSSGNXV*?'#6-@L*1MQRJMQ*NOM*[XJMSRHIK*G*JMQRIH*GFNX[GNRXH*[ MNOXJXSXI_*GHJ*

OGVJaGVM*Q_QNM[*HXN*XHS_*cXV*NOM*'#6-*YFN*GSQX*YMHMcRNQ*GH_*HXHSRHMGV*\RV\FRN*JMQRIH*RQ*UVXUXQMJ*

GHJ* JM[XHQNVGNMJL* '_QNM[* \GSRYVGNRXHK* aGWMcXV[* [MGQFVM[MHN* •* XUNR[RqGNRXHK* UGVG[MNMV*

Q\VMMHRHIK*GHJ*OGV[XHR\*R[UMJGH\M*[GN\ORHI*GVM*GSS*cXV[FSGNMJ*GHJ*\GH*YM*M`M\FNMJ*GFNX[GNR\GSS_L*

0X[UGVMJ*aRNO* QR[FSGNRXH* aRNO* QXcNaGVM* UG\bGIMQK* Q_HNOMQRqRHI* G* HXHSRHMGV* \RV\FRN* aRNO* NOM*

UVXUXQMJ*Q_QNM[*JXMQ*HXN*VMjFRVM*GH*G\\FVGNM*SGVIM*QRIHGS*NVGHQRQNXV*[XJMS*YFN*\GH*UVXWRJM*G*[XVM*

UVMJR\NGYSM*VMQFSNL*.H*'#6-*JMQRIHMJ*Y_*NORQ*Q_QNM[*OGQ*G*CvLv*J1[*XFNUFN*UXaMVK*i*36q*XFNUFN*

cVMjFMH\_K*ADr*J\*NX*&7*\XHWMVQRXH*MccR\RMH\_*GHJ*‚ CuvLh*J1\{6q*UOGQM*HXRQM*GN*C*,6q*XccQMNL*

'F\O*G*UVXNXN_UM*RQ*FQMJ*NX*WMVRc_*NOM*JMWMSXUMJ*'#6-* [XJMS*Y_*\X[UGVRHI*NOM*[MGQFVMJ*GHJ*

[XJMSfUVMJR\NMJ*cVMjFMH\_*QORcN*QFY^M\N*NX*G*SXGJ*WGVRGNRXHL*#N*OGQ*YMMH*RJMHNRcRMJ*NOGN*NX*[RNRIGNM*

NOM*UFSSRHI*MccM\N*Xc*GH*'#6-K*G*JRUSM`MV*aRNO*ORIO*RQXSGNRXH*GHJ*G*IGRH*YSX\b*aRNO*aMGb*\XHWMVQRXH*

YMNaMMH*NOM*cFHJG[MHNGS*GHJ*AHJ*OGV[XHR\*QRIHGS*GN*RNQ*XFNUFN*NMV[RHGS*OGWM*NX*YM*QMSM\NMJL*

"IKSE><-U*.VNR\SM*i8*.*,RSSR[MNMVf:GWM*'MScf#QXSGNMJ*6GV[XHR\*.\NRWM*&GJRGNXV*cXV*#JMHNRcR\GNRXHK*

'MHQRHIK* (VG\bRHI*GHJ*0X[[FHR\GNRXH* .UUSR\GNRXHQ*Y_*2FGHIJG* :GHIK* .HNOXH_*3ORXNNXK* /MR*

3FXK*7GHI*dOFK*GHJ*2M*:FK*RH*+,,,!<&27C2/>.07C!07!H7>4772C!27F!I&0B252>.07K*ABCDL*

.H*'#6 - fGHNMHHG*RHNMIVGNRXH*RQ*XHM*[XVM*QNMU*NXaGVJQ*G*OGV[XHR\*NGI*cXV*NOM*G\NRWM*YG\bQ\GNNMVRHI*

UXQRNRXHRHI* Q_QNM[*NX* YM* ORIOSRIONMJ* RH* NORQ* NOMQRQ* VMQMGV\OL* (ORQ* \OGUNMV* JM[XHQNVGNMQ* QF\O* G*

\XH\MUN*Xc*G*cFH\NRXH*GHJ*QNVF\NFVM*cFQRXH*XWMV*NOM*[[:*YGHJK*RH*aOR\O*QRIHGS*RHNMV\XHHM\NRXH*

YMNaMMH*YSX\bQ*aRNO*SXHI*NVGHQ[RQQRXH*SRHMQ*RQ*FQFGSS_*RHMccR\RMHNL*#HQNMGJ*Xc*FQRHI*G*[R\VXQNVRU*

SRHM*?,'/@*JRUSM`MV*cXV*cFHJG[MHNGS*GHJ*AHJ*OGV[XHR\*QRIHGS*QMUGVGNRXH*GQ*GH*'#6-K*NOM*UVXUXQMJ*

OGV[XHR\*G\NRWM*VGJRGNXV*NGbMQ*GJWGHNGIM*Xc*G*FHRcRMJ*JRUSM`MVfVMQXHGNXVfGHNMHHG*QNVF\NFVM*YGQMJ*

XH*GH*XVNOXIXHGSS_*cMMJ*JFGS*[XJMK*UGVNRGSS_*GRVfcRSSMJ*'#:*VMQXHGNXV*aRNO*ORIO*jFGSRN_*cG\NXV*?;f

cG\NXV@L*.*SXa*SXGJ*UFSSRHI*MccM\N*RQ*QNRSS*UVMQMVWMJ*GHJ*NOM*IMHMVGNMJ*AHJ*OGV[XHR\*QRIHGS*\GH*YM*

VGJRGNMJ*\XH\FVVMHNS_*NOVXFIO*G*QSXN*XH*NOM*YVXGJQRJM*Xc*NOM*\GWRN_K*aOR\O*XHS_*\XFUSMQ*NX*NOM*AHJ*

XVJMV*[XJML*&MQXHGNXV*[XJM*cVMjFMH\_*NFHRHI*NM\OHRjFMQ*RH\SFJRHI*GH*GJ^FQN[MHN*Xc*NOM*GRVfcRSSMJ*



D*

VMIRXH*GHJ*JRMSM\NVR\*VMQXHGNXV*?+&@*SXGJRHI*XH*NOM*VGJRGNRHI*QSXN*GVM*R[USM[MHNMJL*(OM*cGYVR\GNMJ*

VGJRGNXV*UVXNXN_UM*OGQ*GH*MjFRWGSMHN*RQXNVXUR\*VGJRGNMJ*UXaMV*?%#&4@*Xc*Ch*J1[*GN*ADLCh*36q*aRNO*

G*UOGQM*HXRQM*Xc*‚ CBD*J1\{6q*GN*C*,6q*XccQMNL*.HXNOMV*G\NRWM*VGJRGNXV*RQ*JMQRIHMJ*GHJ*cGYVR\GNMJ*

cXV* \X[UGVRQXHL*1M\GFQM*RN*OGQ*GH*RHSRHM*cMMJRHI*Xc*NOM*JRUSM`MVfVMQXHGNXVfGHNMHHG*GQ*NOM*XHS_*

QNVF\NFVGS*JRccMVMH\M*NX*NOM*UVXUXQMJ*VGJRGNXVK*RN*aRSS*XQ\RSSGNM*GHJ*VGJRGNM*YXNO*GN*AD*36qL*+RMSM\NVR\*

GHJ*[MNGS*QNVRUQ*GUUVXG\ORHI*NOM*VGJRGNRHI*MSM[MHNQ*GVM*FQMJ*NX*M[FSGNM*NOM*SXGJ*UFSSRHI*MccM\N*

aORSM*RH^M\NRXH*UFSSRHI*NMQN*RQ*\GVVRMJ*XFN*Y_*RSSF[RHGNRHI*NOM*G\NRWM*VGJRGNXVQ*aRNO*G*OXVH*GHNMHHG*

GNNG\OMJ*NX*G*QRIHGS*IMHMVGNXVL*.Q*G*VMQFSNK*NOM*UVXUXQMJ*OGV[XHR\*G\NRWM*VGJRGNXV*OGQ*[GJM*CB*GHJ*

Ct*NR[MQ*VMJF\NRXH*Xc*SXGJ*UFSSRHI*GHJ*RH^M\NRXH*UFSSRHIK*VMQUM\NRWMS_L*(ORQ*aXVb*aGQ*cRSSMJ*GQ*G*!'*

UVXWRQRXHGS*UGNMHNL*

"IKSE><- V* .VNR\SM* h8*.* ,FSNRNGVIMN* .\NRWM* 1G\bQ\GNNMVRHI* Af+* 4XQRNRXHRHI* '_QNM[*a RNO*

'FUMVVMQXSFNRXH* (R[M* 'MVRMQ* 4XQNf4VX\MQQRHI* (M\OHRjFM* Y_* 2FGHIJG* :GHIK* eRGHf7MHI* 3FK*

7MHI\OGX*&MH*GHJ*2M*:FK*RH*+,,,!<&27C2/>.07C!07!-./&01234!<E40&@!27F!<4/E7.GD4CK*ABCtL*

(ORQ* \OGUNMV*RQ* GH* RHWRNMJ* UGUMV* RH* #%%%* (f,((L* #N*UVMQMHNQ* NOM* NOMXVMNR\GS* cXFHJGNRXH* GHJ*

M`UMVR[MHNGS* WMVRcR\GNRXH* Xc* NOM* QRIHGS* [XJMS* GHJ* RHHXWGNRWM* UXQNfUVX\MQQRHI* GSIXVRNO[Q* Xc* G*

[FSNRNGVIMN*G\NRWM*YG\bQ\GNNMVRHI*UXQRNRXHRHI*Q_QNM[*YGQMJ*XH*NOM*OGVJaGVM*GV\ORNM\NFVM*Xc*G*'#/-*

GHJ* 7,0:* VGJGVL* 0SGQQR\GS* GSIXVRNO[Q* FQMJ* Y_* XNOMV* VMQMGV\OMVQ* cXV* NORQ* N_UM* Xc* OGVJaGVM*

GV\ORNM\NFVM*GVM*YGQMJ*XH*GH*77(K*aOR\O*OGQ*YMMH*UVXWMH*NX*YM*cGQNK*G\\FVGNM*GHJ*MGQ_*NX*VMGSRqM*Rc*

XHS_*XHM*NGVIMN*RQ*\XHQRJMVMJL*.Q*[XVM*NGVIMNQ*GVM*RHWXSWMJK*G*SXN*Xc*\X[UVX[RQMQ*OGQ*NX*YM*[GJM*

NX*MHQFVM*NOM*cFH\NRXH*Xc*NOM*Q_QNM[L*(ORQ*\OGUNMV*XWMV\X[MQ*\MVNGRH*JVGaYG\bQ*GHJ*R[UVXWMQ*NOM*

Q_QNM[*UMVcXV[GH\M*a RNO*NR[M*JX[GRH*UXQNfUVX\MQQRHI*NM\OHRjFM*cMGNFVMQ*G*^XRHN*QRHIFSGV*WGSFM*

JM\X[UXQRNRXH* ?'$+@* YGQMJ* %'4&#(* GSIXVRNO[* GHJ* G* [GNVR`* JRGIXHGSRqGNRXH* NM\OHRjFM* FQRHI*

,XXVMf4MHVXQM*UQMFJXRHWMVQM*cXV*[XJMS*XVJMV*MQNR[GNRXH*GQ*aMSS*GQ*NOM*(-.{+-.*M`NVG\NRXHL*

4MVcXV[GH\M*GJWGHNGIMQ*GVM*WMVRcRMJ*Y_*QR[FSGNRXHQ*GHJ*M`UMVR[MHNQ*aRNO*NOM*JMWMSXUMJ*1'*GHJ*

NGI*UVXNXN_UML*#H*QURNM*Xc*NOM*G\ORMWM[MHNQK*NOMVM*GVM*QNRSS*QX[M*JVGaYG\bQ*aRNO*NOM*Q_QNM[*NOGN*

ORHJMV*G*VXYFQN*GUUSR\GNRXH*RH*VMGS*MHWRVXH[MHNQK*aOR\O*GVM*RHOMVMHN*NX*NOM*OGVJaGVM*GV\ORNM\NFVML*

:RNO*NORQ*RH*[RHJK*aM*OGWM*[GJM*cFVNOMV*GJWGH\M[MHNQ*RH*NOM*HM`N*\OGUNMVL*

"IKSE><-W-.*,FSNRNGVIMN*6GV[XHR\f1G\bQ\GNNMVRHI*4XQRNRXHRHI*'_QNM[*aRNO*.\NRWM*(GIQ*1GQMJ*

XH*'MScf#QXSGNMJ*6GV[XHR\*-Q\RSSGNXV*

(ORQ*\OGUNMV*RHWMHNQ*GHJ*UVMQMHNQ*G*HMa*OGVJaGVM*Q_QNM[*cXV*NOM*[FSNRNGVIMN*G\NRWM*YG\bQ\GNNMVRHI*

RHJXXV*UXQRNRXHRHI*NOGN*RH\XVUXVGNMQ*OGV[XHR\*NGIQ*YGQMJ*XH*NOM*JMWMSXUMJ*'#6-L*(OM*QG[M*UXQNf



w*

UVX\MQQRHI*GSIXVRNO[Q*GQ*aOGN*OGQ*YMMH*JMQ\VRYMJ*RH*0OGUNMV*v*GVM*R[USM[MHNMJL*(OMVMcXVMK*NOM*

aXVb*RH*NORQ*\OGUNMV*YVRJIMQ*NOM*OGVJaGVM*GHJ*GSIXVRNO[*GQUM\NQ*GHJ*VMQFSNQ*RH*G*Q_QNM[*aRNO*ORIOS_*

UVMcMVVMJ*cMGNFVMQ*GHJ*UMVcXV[GH\ML*(OM*bM_*RHHXWGNRXH*RQ*FQRHI*cFHJG[MHNGS*GHJ*OGV[XHR\*YGHJQ*

GQ*JXaHf*GHJ*FUfSRHb*VMQUM\NRWMS_*YMNaMMH*G*1'*GHJ*NGIQL*(ORQ*RQ*G\ORMWMJ*Y_*FQRHI*G*QaRN\OMJ*

UOGQM*SX\bMJ*'#6-*GQ*NOM*YG\bQ\GNNMVRHI*NGI*GHJ*FQRHI*G*\ORVU*QRIHGS*cVMjFMH\_*JXFYSRHI*RH*NOM*1'L*

1_*JXRHI*QXK*NOM*UVR[GV_*RQQFM*Xc*QMScfRHNMVcMVMH\M*XH*YXNO*NGIQ*GHJ*1'*GHJ*[FNFGSfRHNMVcMVMH\M*

G[XHI*NGIQ*GVM*\X[USMNMS_*QFUUVMQQMJL*0SFQNMV*Q\GNNMVRHIK*aOR\O*[G_*IMN*XWMVSGUUMJ*aRNO*G*FQMcFS*

QRIHGS*RQ*[RNRIGNMJL*.HXNOMV*WGSFGYSM*cMGNFVM*Xc*NOM*Q_QNM[*RQ*G*QGWRHI*Xc*hBr*YGHJaRJNO*cXV*NOM*

QG[M*VMQXSFNRXH*VMjFRVM[MHNL*.HJ*G*VMJF\MJ*UFSSRHI*MccM\N*Xc*NGIQ*RQ*\MVNGRHS_*[GRHNGRHMJL*'RIHGS*

[XJMS*Xc*NOM*MHNRVM*Q_QNM[*RQ*QNFJRMJ*GHJ*UVXWMH*NX*OGWM*MjFRWGSMH\M*NX*G*cFHJG[MHNGS*Q_QNM[*?NOM*

XHM*RH*0OGUNMV*v@*aRNO*G*JXFYSMJ*YGHJaRJNOL*(OM*JMQRIH*Xc*QF\O*G*OGV[XHR\*Q_QNM[*RQ*UVMQMHNMJ*GQ*

G*NFNXVRGSK*aOR\O*\XHQRQNQ*Xc*cVMjFMH\_*USGHHRHIK*SRHb*YFJIMNK*1'* \OGRH*YFJIMNK*\XH\MUNRXH*GHJ*

\X[UXHMHNQ*JMQRIH*Xc*NGI*GHJ*1'K*GQ*aMSS*GQ*Q_QNM[*RHNMIVGNRXHL*(OM*JMWMSXUMJ*NGI*GHJ*1'*GVM*

NMQNMJ*GHJ*QNFJRMJ*RHJMUMHJMHNS_L*(aX*RHJXXV*Q\MHGVRXQ*aRNO*JRccMVMHN*[FSNRUGNO*\OGVG\NMVRQNR\Q*GVM*

QMSM\NMJ*cXV*NOM*cRHGS*UXQRNRXHRHI*NMQN*GHJ*MWGSFGNRXHL*(ORQ*aXVb*RQ*QFY^M\N*NX*G*UGNMHN*UMHJRHIL*

"IKSE><-XT*3MHMVGS*+RQ\FQQRXHQ*

(ORQ*\OGUNMV*[GbMQ*IMHMVGS*JRQ\FQQRXH*XH*QX[M*XNOMV*GQUM\NQ*RH*XFV*UFYSRQOMJ*UGUMVQ*VMSGNMJ*NX*NOM*

NOM[M*Xc*NOM*NOMQRQ*NOGN*RQ*HXN*\XWMVMJ*Y_*NOM*cRVQN*cMa*\OGUNMVQL*#N*RH\SFJMQ*Q_QNM[*VMf\XHcRIFVGYRSRN_K*

XNOMV*GUUSR\GNRXHQ*Xc*NOM*OGV[XHR\*NM\OHRjFMQ*GHJ*GJJRNRXHGS*\X[[MHNQ*GYXFN*UXQRNRXHRHI*Q_QNM[*

QRIHGS*UVX\MQQRHIL*

"IKSE><-YT*0XH\SFQRXHQ*GHJ*7FNFVM*:XVbQ*

(ORQ*\OGUNMV*\XH\SFJMQ*NOM*VMQFSNQ*Xc*VMQMGV\O*GHJ*JM[XHQNVGNRXH*RH*NORQ*NOMQRQK*RHNVXJF\MQ*QX[M*

XHfIXRHI*M`NMHQRXH*aXVbQ*GHJ*JRQ\FQQMQ*NOM*UVXQUM\NQ*Xc*UVX[RQRHI*JRVM\NRXHQ*Xc*VMSGNMJ*cFNFVM*

aXVbL*

(X*QF[[GVRqMK*NOM*\XHNMHNQ*Xc*0OGUNMV*A*NX*0OGUNMV*t*GHJ*NOM*[GRH*\XHNVRYFNRXH*Xc*NORQ*NOMQRQ*\GH*

YM*VMcSM\NMJ*Y_*7RIL*CLCL*

*



CB*

*

7RIFVM*CLC8*.\NRWM*YG\bQ\GNNMVRHI*UXQRNRXHRHI*Q_QNM[*JRGIVG[*RSSFQNVGNRHI*NOM*XVIGHRqGNRXH*Xc*

\OGUNMVQ*GHJ*NOM*[GRH*\XHNVRYFNRXH*Xc*NOM*NOMQRQL
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7RIFVM*ALC8!(OM*RH\RJMHN*GHJ*Q\GNNMVMJ*aGWMQ*RH*G*NaXfUXVN*HXHSRHMGV*HMNaXVb*[GUURHI*cFH\NRXH*

\XHNGRH*cFHJG[MHNGS*GHJ*OGV[XHR\*NXHMQ*yhuzL*

'F\O*G*‡YSG\bfYX`=*[XJMS*QOXFSJ*YM*JRccMVMHN*cVX[*NOM*\XHWMHNRXHGS*HXHSRHMGV*[XJMSQ*RH\SFJRHI*

M[URVR\GS*GHJ*UO_QR\QfYGQMJ*[XJMSQ*GHJ*NOM*[XJMSQ*YGQMJ*XH*SXGJfUFSS*[MGQFVMJ*cRIFVM*Xc*[MVRNQ*

?7-,Q@*yhizL*(OM*cRVQN*N_UM*Xc*[XJMS*[GbMQ*FQM*Xc*NOM*bHXaSMJIM*Xc*NOM*JMWR\M*UO_QR\Q*GHJ*GH*

GVVG_*Xc*[MGQFVMJ*JGNGL*,XJMS*UGVG[MNMVQ*GVM*GJ^FQNMJ*NX*\FVWMfcRN*aRNO*NOM*JGNGL*%̀RQNRHI*[XJMSQ*

\GHHXN*GJGUN*NX*NOM*HMMJQ*Xc*HMa*JMWR\MQK*aOR\O*JM[GHJ*JRccMVMHN*GHJ*[XVM*QXUORQNR\GNMJ*[XJMSQK*

HGNFVGSS_*VMQFSNRHI*RH*ORIOMV*\XQNQ*GHJ*[XVM*MccXVNL*:RNO*NOM*GQQRQNGH\M*Xc*GFNX[GNMJ*G\NRWM*SXGJf

UFSS*Q_QNM[QK*NOM*QM\XHJ*N_UM*Xc*[XJMSQ*GVM*MGQRMV*NX*XYNGRH*YFN*GVM*XHS_*GUUSR\GYSM*NX*QUM\RcR\*

\XHJRNRXHQ*FHJMV*aOR\O*[MGQFVM[MHNQ*GVM*\XHJF\NMJL*3MHMVGSS_K*NOM_*\GH*XHS_*VMWMGS*UGVN*Xc*NOM*

HXHSRHMGV*UVXUMVN_*QF\O*GQ*MccR\RMH\_*Xc*UXaMV*G[USRcRMV*?4. @*WMVQFQ*SXGJ*R[UMJGH\ML*"XHMNOMSMQQK*

NOM*SXGJfUFSS*[XJMS*QMM[Q*NX*IGRH*IVXFHJ*RH*\XHHM\NRXH*aRNO*G*HMa*N_UM*Xc*[XJMSQ*NOGN*aRSS*YM*

RHNVXJF\MJ*YMSXaL*

(OM*RHRNRGS*MccXVN*Xc*G*‡YSG\bfYX`=*N_UM*Xc*HXHSRHMGV*[XJMSRHI*aGQ* [GJM*Y_*6MaSMNNf4G\bGVJ=Q*

,R\VXaGWM*(M\OHXSXI_*0MHNMV*?HXa*.IRSMHN*(M\OHXSXIRMQ*#H\L@*RH*NOM*MGVS_*CwwBQL*#H*NOM*[RJ*

ABBB=QK*NOM*4XS_f6GV[XHR\*+RQNXVNRXH*?46+@*cVG[MaXVb*YGQMJ*XH*G*4OL+L*QNFJMHN=Q*aXVb*aGQ*

UVXUXQMJ*yhhfhtzL* (ORQ* [XJMS*RQ*JMVRWMJ*cVX[*$XSNMVVG*NOMXV_*aOMH*NOM*WGVRXFQ*$XSNMVVG*3GRH*

cFH\NRXHQ*GVM*SRHMGVRqMJ*VMSGNRWM*NX*NOM*cRHRNM*HF[YMV*Xc*aMGb*OGV[XHR\*NXHMQ*yhDzL*#H*XNOMV*aXVJQK*

NOM*JMWR\MQ*FHJMV*NMQN*?+!(Q @*NX*YM*[XJMSMJ*GVM*GQQF[MJ*NX*VMQUXHJQ*NX*NOM*SGVIM*JVRWM*QRIHGS*RH*G*

HXHSRHMGV*aG_K*YFN*NX*NOM*GJJRNRXHGS*Q[GSS*OGV[XHR\*QRIHGSQ*RH*G*SRHMGV*aG_L*'F\O*G*UXaMV*VMQNVR\NRXH*

NX* NOM* OGV[XHR\* NXHMQ* RQ* NOM* SR[RNGNRXH* Xc* NOM* 46+* [XJMS* GHJ* RQ* Xc* IVMGN* R[UXVNGH\M*RH*

FHJMVQNGHJRHI* JMVRWGNRWM* [XJMSQ* GHJ* [MGQFVM[MHN* GUUVXG\OMQL* 1FN* RN* RQ* QOXaH* NOGN* QF\O* GH*

GQQF[UNRXH* RQ* aMSS* GUUVX`R[GNMJ* Y_* JRccMVMHN* \SGQQMQ* Xc* UXaMV* G[USRcRMVQ* GHJ* XNOMV* \X[[XH*

HXHSRHMGV*\RV\FRNQ*yhwzL*.Q*G*VMQFSNK*NOM*+!(Q*GVM*VMUVMQMHNMJ*Y_*G*QMVRMQ*Xc*[GUURHI*cFH\NRXHQ*RH*



Cu*

NOM*cVMjFMH\_*JX[GRH*NX*VMSGNM*NOM*RHUFN*GHJ*XFNUFN*aGWMQ*?\XHNGRHRHI*cFHJG[MHNGS*GHJ*OGV[XHR\*

NXHMQ@K* GQ* QOXaH* RH* 7RIL* ALC*yhuzL*(OM* [GIHRNFJM* GHJ* UOGQM* RHcXV[GNRXH* M`NVG\NMJ* cVX[* NOXQM*

cFH\NRXHQ*MHGYSMQ*NOM*JMQ\VRUNRXH*Xc*\X[USMNM*NR[M*JX[GRH*#{-*aGWMcXV[QL**

!HJMV*NORQ*cVG[MaXVbK*9fUGVG[MNMV*yhuzK*aOR\O*RQ*G*VMIRQNMVMJ*NVGJM[GVb*Xc* .IRSMHNK*OGQ*YMMH*

JMWMSXUMJL*(XIMNOMV*aRNO*9fUGVG[MNMVK*.IRSMHN*4".f9*QMVRMQ*"$".Q*aMVM*UFN*RHNX*NOM*[GVbMN*

GHJ*.JWGH\MJ*+MQRIH*'_QNM[*?.+'@*QXcNaGVM*aGQ*GSQX*FUJGNMJ*RH*QFUUXVN*Xc*9fUGVG[MNMV*[XJMSQ*

RH*NOM*QR[FSGNRXHL*1MQRJMQ* .IRSMHNK*QX[M*XNOMV* \XVUXVGNRXHQ*OGWM*GSQX*FQMJ*NOM*46+* [XJMS*NX*

JMWMSXU*NOMRV*XaH*UVG\NR\GS*HXHSRHMGV*[XJMSRHIK*QR[FSGNRXH*GHJ*[MGQFVM[MHN*NM\OHRjFMQL*&XOJM*

•* '\OaGVqK*cXV*M`G[USMK* \XXUMVGNMJ*aRNO*",+3K*G* \X[UGH_*aOR\O*aGQ* \VMGNMJ*Y_*G*cXV[MV*

M[USX_MM*Xc*64{.IRSMHN*GHJ*RQ*HXa*UGVN*Xc*"GNRXHGS*#HQNVF[MHNL*(OM_*JMWMSXUMJ*d$.*GHJ*d$(*

QMVRMQ*/'".Q L*#H*UGVGSSMSK*NOM*-UMH:GWM*7XVF[*?-:7@*aRNO*cXFHJRHI*[M[YMVQ*Xc*.HVRNQFK*.:&K*

&XOJM*•* '\OaGVqK*(MbNVXHR`K*67%K*",+3*GHJ*,MQFVX*aGQ*cXV[MJ*NX*\XSSGYXVGNMK*\VMGNM*GHJ*

UVX[XNM*G*FHRcRMJ*GHJ*NVGHQUGVMHN*JGNG*M`\OGHIM*cXV[GN*cXV*SGVIM*QRIHGS*QR[FSGNRXHQK*[MGQFVM[MHNQ*

GHJ*[XJMSRHI*yvBzL*

!HSRbM*'fUGVG[MNMVQ*NOGN*XHS_*HMMJ*VMSGNRWM*G[USRNFJM*GHJ*UOGQM*YMNaMMH*RHUFN*GHJ*XFNUFN*NXHMQ*

GN*\MVNGRH*cVMjFMH\RMQK*NOM*HXHSRHMGV*[XJMSQ*YGQMJ*XH*NOM*46+*cVG[MaXVb*XV*NOM*-:7*cVG[MaXVb*

VMjFRVM*HXN*XHS_*NOM*GYQXSFNM*G[USRNFJM*Xc*NOM*RHUFN*GHJ*XFNUFN*NXHMQ*GN*cFHJG[MHNGS*GHJ*OGV[XHR\*

cVMjFMH\RMQ* YFN* GSQX* NOM* \VXQQ* cVMjFMH\_* VMSGNRWM* UOGQM* YMNaMMH* NOM* RHUFN* GHJ* XFNUFN* NXHMQ*GN*

cFHJG[MHNGS* GHJ* OGV[XHR\* cVMjFMH\RMQL*(OM* G\\FVG\_* Xc* [MGQFVRHI* GYQXSFNM* G[USRNFJMQ* GHJ*

VMSGNRWM*UOGQMQ*JMNMV[RHMQ*NOM*HXHSRHMGV*RHQNVF[MHN=Q*UMVcXV[GH\M*GHJ*VMSRGYRSRN_L*

- HM*Xc*NOM*bM_*\X[UXHMHNQ*JMNMV[RHRHI*NOM*"$".Q=*XV*/'".Q =*G\\FVG\_*RQ*NOM*OGV[XHR\*UOGQM*

VMcMVMH\M*IMHMVGNXV*?64&*XV*\X[Y *IMHMVGNXV@L*( OM*G\\FVG\_*Xc*NOM*64&Q*FQMJ*RH*NXJG_=Q*/'".Q*

RQ*NVG\MGYSM*NX*NOM*MSM\NVXfXUNR\*QG[USRHI*XQ\RSSXQ\XUM*GN*NOM*"GNRXHGS*#HQNRNFNM*Xc*'NGHJGVJQ*GHJ*

(M\OHXSXI_*?"#'(@*yuDK*vCK*vAzL*( OMVM*RQ*QNRSS*G*SG\b*Xc*G*FHRWMVQGS*QNGHJGVJ*GN*"#'(*NOGN*\XFSJ*

RJMHNRc_*NOM*[MGQFVM[MHN*MVVXVQ*Xc*/'".Q*GHJ*MWGSFGNM*NOM*RHQNVF[MHNQ=*GYRSRN_*Xc*VMQXSWRHI*NOM*

G[USRNFJM*GHJ*UOGQM*Xc*QRIHGSQL*

(OM*"$".*FQMV=Q*cXVF[*Xc*NOM*.&7(3*\XHcMVMH\M*RH*ABCC*JRQ\FQQMJ*NOM*Q_QNM[*WMVRcR\GNRXH*Xc*

"$".Q*XV*/'".QL*,MQFVX*UVXUXQMJ*QMWMVGS*aG_Q*GHJ*XHM*Xc*NOM[*RQ*NOM*VXFHJfVXYRH*JMWR\M*NOGN*

\GH*YM*QMMH*GQ*G*QNGHJGVJ*HXHSRHMGV*JMWR\M*GHJ*\RV\FSGNMJ*G[XHI*JRccMVMHN*Q_QNM[Q*RH*JRccMVMHN*SGYQ*

yvuzL*7FVNOMV[XVMK*,MQFVX*[MHNRXHMJ*NOGN*QF\O*G*VXFHJfVXYRH*JMWR\M*aGQ*ORIOS_*JMQRVGYSM*YFN*aGQ*

HXN* VMGJRS_* GWGRSGYSM* RH* NOM* [GVbMNL* #H* NOM* JRQ\FQQRXH* Xc* "$".* \GSRYVGNRXHK* WMVRcR\GNRXH*GHJ*



Ci*

NVG\MGYRSRN_*JFVRHI*NOGN*\XHcMVMH\MK*GNNMHJMMQ*NGSbMJ*GYXFN*NOM*HM\MQQRN_*Xc*G*VXFHJfVXYRH*JMWR\ML*

"GNRXHGS*SGYQ*OGWM*GSQX*YMMH*QMGV\ORHI*cXV*aG_Q*NX*R[UVXWM*NOM*"$".=Q*\GSRYVGNRXHK*WMVRcR\GNRXH*

GHJ*NVG\MGYRSRN_L*.SS*RH*GSSK*WMHJXVQ*GHJ*SGYQ*OGWM*QOGVMJ*G*\X[[XH*WRMa*NOGN*G*VXFHJfVXYRH*JMWR\M*

?JRccMVMHN*cVX[*64&@*RQ*HMMJMJ*yvizL*

(OM*OGV[XHR\* \XHNMHNQ*Xc*HXHSRHMGV*JMWR\M*VMQUXHQM*\GH*YM*RHcSFMH\MJ*Y_*RNQ*RHUFN*GHJ*XFNUFN*

NMV[RHGNRXH* R[UMJGH\ML* (OM* VMGQXH* RQ* NOM* GSNMVMJ* RHUFN{XFNUFN* RH\RJMHN* aGWMQ* aOR\O* GVM* NOM*

\XHQMjFMH\MQ*Xc*\OGHIMJ*NMV[RHGNRXH*aRSS*VMQFSN*RH*NOM*WGVRGNRXH*Xc*XFNUFN*QRIHGS*RH*G*HXHSRHMGV*aG_L*

6XaMWMVK*cXV*MVVXV*JRGIHXQNR\*UFVUXQMQK*NOM*VXFHJfVXYRH*JMWR\M*QOXFSJ*GSaG_Q*YM*GYSM*NX*IMHMVGNM*

G*\XHQNGHN*XFNUFN*QRIHGS*FHJMV*JRccMVMHN*cFHJG[MHNGS*GHJ*OGV[XHR\*NMV[RHGNRXH*R[UMJGH\MQ*GHJ*

RHUFN* UXaMVL*( OM* VXFHJfVXYRH* JMWR\M* OGQ* RNQ* XaH* OGV[XHR\* cRHIMVUVRHN*NOGN* \GH*YM* M`NVG\NMJ*

G\\FVGNMS_*Y_*G*HGNRXHGS*SGY*?QF\O*GQ*"#'(@L*( OMHK*"$".Q*GHJ*/'".Q*GVM*QMN*NX*[MGQFVM*NOM*

VXFHJfVXYRH*JMWR\ML*(OM*RHQNVF[MHNQ=*MVVXVQ*QOXFSJ*YM*RJMHNRcRMJ*Y_*\X[UGVRHI*NOM*JGNG*NOM_*OGWM*

[ MGQFVMJ*aRNO*NOM*cRHIMVUVRHNL*#c*XHM*RHQNVF[MHN=Q*[MGQFVMJ*JGNG*RQ*\XRH\RJMHN*aRNO*NOM*cRHIMVUVRHNK*

NOM*RHQNVF[MHN=Q*G\\FVG\_*RQ*NVG\MGYSM*NX*NOM*HGNRXHGS*SGYL*

+FVRHI* NOM* ABCA* #%%%*,R\VXaGWM* (OMXV_* GHJ* (M\OHRjFMQ* 'X\RMN_* ?,((f'@* #HNMVHGNRXHGS*

,R\VXaGWM*'_[UXQRF[*?#,'ABCA@*RH*,XHNVMGSK*G*HMa*NXUR\*Xc*QNFJMHN*JMQRIH*\X[UMNRNRXH*MHNRNSMJ*

‡+MWMSXU[MHN*Xc*G*/GVIMf'RIHGSf"MNaXVbf.HGS_qMV*&XFHJf&XYRH*.VNRcG\N=*aGQ*GJJMJK*SMGJRHI*NX*

QRIHRcR\GHN*RHNMVMQNQ*GHJ*cVFRNcFS*VMQFSNQL*#N*aGQ*UVX[XNMJ*Y_*"#'(*GHJ*QUXHQXVMJ*Y_*NOM*,R\VXaGWM*

,MGQFVM[MHN*0X[[RNNMM*RH*NOM*,(( f' L*.IGRHK*JFVRHI*#,'ABCu *RH*'MGNNSMK*NORQ*JMQRIH*\X[UMNRNRXH*

aGQ*Q\OMJFSMJ*aRNO*M`NVG*NM\OHR\GS*VMjFRVM[MHNQ*RH\SFJRHI*G*SGVIMV*RHUFN*UXaMV*VGHIM*GHJ*GSQX*

XWMVGSS*UXaMV*IGRH*VMQNVR\NRXHQL**(ORQ*GVNR\SM*UVMQMHNQ*NOM*aRHHRHI*UVX^M\N*Xc*NORQ*_MGV=Q*QNFJMHN*

JMQRIH*\X[UMNRNRXHL*

J:9! )>DBGF-.>Z;B<>L>FED-KFM-7<@S@D>M-0HI>L>-

( OM*[GRH*VMjFRVM[MHNQ*Xc*NOM*\X[UMNRNRXH*GVM*SRQNMJ*YMSXa8*

?C@! (OM*RHUFN*NXHM*RQ*GN*A*36qL*

?A@! ( OM*JMWR\M*QOXFSJ*\VMGNM*G*cFHJG[MHNGS*GHJ*cXFV*OGV[XHR\*NXHMQ*GN*NOM*XFNUFN*Xc*NOM*JMWR\ML*

?u@! ( OM*XFNUFN*cFHJG[MHNGS*GHJ*OGV[XHR\*UOGQXVQ*QOXFSJ*YM*RHQMHQRNRWM*NX*NOM*SXGJ*[RQ[GN\O*

cXV*aOR\O*NOM*VMcSM\NRXH*\XMccR\RMHNQ*GVM*SR[RNMJ*NX* *cXV* L*

?i@! ( OM*JMWR\M*\GH*cFH\NRXH*aRNO*RHUFN*QRIHGS*UXaMV*YMNaMMH*‚ AB*J1[*GHJ*CB*J1[L *

! L n! 0( ) < 0.5 1! n ! 5
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?h@! ( OM*XFNUFN*UXaMV*Xc*MG\O*NXHM*[FQN*YM*YMNaMMH*NOM*RHUFN*QRIHGS*SMWMS*GHJ*NOM*RHUFN*QRIHGS*

SMWMSˆCh*J1L*

?v@! %G\O*XFNUFN*NXHM*QOXFSJ*\OGHIM*GN*SMGQN*AB*J1*GQ*NOM*RHUFN*QRIHGS*\OGHIM*YMNaMMH*‚ AB*J1[*

NX*CB*J1[L *

?t@! " X*[XVM*NOGH*NaX*JFGS*UXSGVRN_*UXaMV*QFUUSRMQ*?AB*$K*C*.@L*

1GQMJ*XH*NOM*GcXVM[MHNRXHMJ*\X[UMNRNRXH*VFSMQK*NOM*G[USRNFJMQ*Xc*NOM*XFNUFN*NXHMQ*GVM*\XHQRJMVMJ*

cRVQN*RH*NOM*JMQRIHL*#N*RQ*bHXaH*NOGN*GH_* [R\VXaGWM*HXHSRHMGV*MSM[MHN* \GH*YM*FQMJ*NX* IMHMVGNM*

OGV[XHR\*NXHMQL*!HJMV*G*SGVIM*RHUFN*[XHXNXHM*\XHJRNRXHK*[XQN*Xc*NOM*HXHSRHMGV*\X[UXHMHNQ*QF\O*

GQ*JRXJMQ*GHJ*NVGHQRQNXVQ*IMHMVGNM*G*QUM\NVF[*QF\O*NOGN*NOM*ORIOMV*NOM*OGV[XHR\*XVJMVK*NOM*SXaMV*NOM*

UXaMV*SMWMSL*(OM*JRccMVMH\M*Xc*G[USRNFJM*YMNaMMH*NOM*cFHJG[MHNGS*GHJ*hNO*OGV[XHR\*NXHMQ*\XFSJ*

YM*GQ*ORIO*GQ*iB*J1L*.Q*R[USRMJ*Y_*NOM*JMQRIH*VFSMQK*NOM*JRccMVMH\M*Xc*G[USRNFJM*YMNaMMH*NOM*cRVQN*

cRWM*NXHMQ*[FQN*YM*aRNORH*Ch*J1L*.Q*QF\OK*G*cSGN*XFNUFN*QUM\NVF[*?NOM*cFHJG[MHNGS*GHJ*OGV[XHR\*

NXHMQ*OGWM*NOM*QG[M*G[USRNFJM@*RQ*NGVIMNMJ*RH*NOM*JMQRIHL**

#H*XVJMV*NX*G\ORMWM*G*cSGN*XFNUFN*QUM\NVF[K*GUUVXUVRGNM*RHUFN{XFNUFN*cRSNMVRHI*GHJ*NMV[RHGNRXH*Xc*

HXHSRHMGV*MSM[MHN*GVM*VMjFRVMJL*' RH\M*NOM*HXHSRHMGV*YMOGWRXV*QNVXHIS_*JMUMHJQ*XH*RHUFN*UXaMVK*GH*

GUUVXUVRGNM* UXaMV* \XHNVXS* Q\OM[M* RQ* HMMJMJ*NX* bMMU* NOM* HXHSRHMGV*MSM[MHN=Q* RHUFN* UXaMV*

RHJMUMHJMHN*cVX[*NOM*WGVRGNRXH*Xc*NOM*VXFHJfVXYRH=Q*RHUFN*UXaMV*?cVX[*‚ AB*J1[*NX*CB*J1[*GQ*

VMjFRVMJ*Y_*NOM*VFSMQ@L**

*

7RIFVM*ALA8*(OM*YSX\b*JRGIVG[*Xc*NOM*UVXUXQMJ*VXFHJfVXYRH*JMWR\ML*(OM*GVVXaQ*XH*NXU*Xc*MG\O*

UXaMV*[GVbMV*RHJR\GNM*NOM*QRIHGS*\XHNMHN*GN*NOGN*UXRHNL*

( OM*HXHSRHMGV*MSM[MHN*GHJ*RNQ*RHUFN{XFNUFN*cRSNMVRHI{NMV[RHGNRXH*\RV\FRN*\XHQNRNFNM*NOM*HXHSRHMGV*\XVM*

Xc*NOM*VXFHJfVXYRHL*7FVNOMV[XVMK*NaX*RQQFMQ*OGWM*NX*YM*\XHQRJMVMJL*7RVQNK*RNQ*JMSRWMVMJ*UXaMV*aRSS*

YM*[F\O*SXaMV*NOGH*NOM*RHUFN~*QM\XHJK*RNQ*IMHMVGNMJ*cSGN*QUM\NVF[*RQ*UVXYGYS_*WMV_*QMHQRNRWM*NX*NOM*

SXGJL*( X*XWMV\X[M*NOMQM*NaX*OFVJSMQK*[FSNRUSM*QNGIMQ*Xc*YFccMV*G[USRcRMVQ*GHJ*UXaMV*G[USRcRMVQ*GVM*

HMMJMJL*( OXQM*G[USRcRMVQ*[FQN*aXVb*FHJMV*G*QNVR\NS_*SRHMGV*\XHJRNRXH*QX*GQ*NX*UVXWRJM*RQXSGNRXHL*



Cv*

- NOMVaRQMK*NOM*OGV[XHR\*NXHMQ* NOM_* IMHMVGNM* aRSS* JRQNXVN* NOM* cSGN* QUM\NVF[* GHJ*RH\VMGQM* NOM*

QMHQRNRWRN_*Xc*NOM*XFNUFN*QRIHGS*aRNO*NOM*SXGJL*7RHGSS_K*NOM*Q_QNM[*YSX\b*JRGIVG[*RQ*JMWMSXUMJ*GQ*

QOXaH*RH*7RIL*ALAL*

.Q*NOM*RHUFN*UXaMV*\OGHIMQ*cVX[*‚ AB*J1[*NX*CB*J1[*GQ*QOXaH*XH*NOM*SMcN*QRJM*Xc*7RIL*ALAK*NOM*

RHUFN{XFNUFN*WGVRGYSM*GNNMHFGNRXHQ*\OGHIM*cVX[*h*J1*NX*uh*J1*GHJ*uh*J1*NX*h*J1*VMQUM\NRWMS_*?NOM*

GNNMHFGNXV*FQMJ*OGQ*G*hfJ1*HX[RHGS*RHQMVNRXH*SXQQ@L*#H*NORQ*aG_K*NOM*UXVNRXH*YMNaMMH*NOM*NaX*WGVRGYSM*

GNNMHFGNXVQK*MQUM\RGSS_*NOM*HXHSRHMGV* \XVMK*RQ*JVRWMH*FHJMV*G*\XHQNGHN*UXaMV*SMWMS*GHJ*NOM*cRHGS*

XFNUFN*UXaMV*\SXQMS_*cXSSXaQ*NOM*RHUFN*UXaMVL*( OM*NaX*WGVRGYSM*GNNMHFGNXVQ*GVM*\XHNVXSSMJ*Y_*NOM*

RHUFN*UXaMV*NOVXFIO*G*ABfJ1*\XFUSMVK*SXIGVRNO[R\*UXaMV*JMNM\NXV*GHJ*GHGSXIfNXfJRIRNGS*\XHWMVNMV*

?.+0 @L*

J:J! " B<H;BE-)>DBGF-KFM-3LSC>L>FEKEB@F-

7VX[*NOM*SMcN*NX*NOM*VRION*QRJM*RH*7RIL*ALAK*NOM*JMQRIH*Xc*NOM*MHNRVM*VXFHJfVXYRH*JMWR\M*RQ*M`USGRHMJ*

GQ*cXSSXaQL**

(OM*WGVRGYSM*GNNMHFGNXVQ*GN*NOM*RHUFN*GHJ*XFNUFN*GVM*6RNNRNM*6 ,0wuw/4i% *hfYRN*aRJMYGHJ*JRIRNGS*

GNNMHFGNXVQ*OGWRHI*G*HX[RHGS*CLBfJ1*QNMUL*(OM*RHUFN*WGVRGYSM*GNNMHFGNXV*RQ*\XHNVXSSMJ*Y_*NOM*.+0*

QX*NOGN*RNQ*XFNUFN*QRIHGS*UXaMV*RQ*SX\bMJ*GN*GVXFHJ*‚ Ah*J1[K*RHJMUMHJMHN*Xc*NOM*RHUFN*UXaMV*SMWMSL*

( ORQ*‚ Ah*J1[*QRIHGS*RQ*[F\O*SXaMV*NOGH*NOM*VMjFRVMJ*UXaMV*?GYXFN*CB*J1[@*NX*JVRWM*NOM*HXHSRHMGV*

MSM[MHNL*'X K*NaX*.WGIX*$,,2 fuDBu* /". Q*GVM*\GQ\GJMJ*GHJ*FQMJ*GQ*JVRWMV*G[USRcRMVQL*- HM*

$,,2 fuDBu*/". *OGQ*CtLh*J1*Q[GSS*QRIHGS*IGRH*GN*A*36q*GHJ*CC*J1[*XFNUFN*4CJ1*FHJMV*hf$*

JVGRH*WXSNGIML**



Ct*

*

7RIFVM*ALu8*(OM*.+'*Q\OM[GNR\*GHJ*[X[MHNF[*\X[YRHMJ*QR[FSGNRXH*cXV*GH*.WGIX*6','DCBC*

' \OXNNb_*JRXJM*aRNO*RHUFN{XFNUFN*cRSNMVRHI*GHJ*[GN\ORHIL*

1McXVM*NOM*HXHSRHMGV*MSM[MHNK*G*ALh*36q*\MVG[R\*SXa*UGQQ*cRSNMV*RQ*FQMJ*cXV*NaX*UFVUXQMQL*7RVQNK*RN*

UVMWMHNQ*NOM*OGV[XHR\*NXHMQ*IMHMVGNMJ*Y_*NOM*JVRWMV*QNGIM*cVX[*MHNMVRHI*NOM*HXHSRHMGV*MSM[MHNL*

'M\ XHJK*RN*UVMWMHNQ*NOM*OGV[XHR\*NXHMQ*IMHMVGNMJ*Y_*NOM*HXHSRHMGV*MSM[MHN*cVX[* \OGHIRHI*NOM*

XUMVGNRHI*\OGVG\NMVRQNR\Q*Xc*NOM*JVRWMV*G[USRcRMVL*.cNMV*NOM*HXHSRHMGV*MSM[MHNK*G*CBLh*36q*[R\VXQNVRU*

XUMH*QNFY*SXa*UGQQ*cRSNMV*RQ*FQMJ*NX*VMJF\M*NOM*SMWMS*Xc*OGV[XHR\*NXHMQ*ORIOMV*NOGH*CB*36q* GHJ*

GWXRJ*UFQORHI*NOM*cXSSXaRHI*G[USRcRMVQ*RHNX*\X[UVMQQRXH*QNGNML*( OM*SG_XFN*Xc*NORQ*cRSNMV*\GH*YM*QMMH*

RH*7RIL*ALu*GHJ*7RIL*ALhL*

*
7RIFVM*ALi 8*' R[FSGNMJ*GHJ*[MGQFVMJ*QUM\NVG*Xc*6','DCBC* ' \OXNNb_*JRXJM*aRNO*[GN\ORHI*QNFYQL*



CD*

*

7RIFVM*ALh8*( OM*cGYVR\GNMJ*VXFHJfVXYRH*JMWR\ML*.*e;/ *A|CB36q*RQXSGNXV*RQ*GJJMJ*YMNaMMH*NOM*

UXaMV*G[USRcRMV*GHJ*XFNUFN*WGVRGYSM*GNNMHFGNXVL*

(OM*HXHSRHMGV*MSM[MHN*QMSM\NMJ*RQ*GH*.WGIX*6','DCBC*'\OXNNb_*JRXJM*aOXQM*'4#0%*[XJMS*RQ*

FQMJ*cXV*NOM*QR[FSGNRXHL*(OM*.+'* Q\OM[GNR\*GHJ*[X[MHNF[*\X[YRHMJ*QR[FSGNRXH*RQ*QOXaH*RH*7RIL*

ALuL*( OM*SMHINO*GHJ*UXQRNRXH*Xc*NOM*[GN\ORHI*QNFYQ*GVM*XYNGRHMJ*Y_*XUNR[RqGNRXHL*'R[FSGNMJ*GHJ*

[ MGQFVMJ*XFNUFN*QUM\NVG*GVM*QOXaH*RH*7RIL*ALi L*(OM*cGYVR\GNMJ*JMWR\M*RQ*QOXaH*RH*NOM*\MHNMV*UXVNRXH*

Xc*7RIL*ALhL*

,MGQFVMJ*VMQFSNQ*RH*7RIL*ALi *JX*HXN*RH\SFJM*NOM*NaX*SXa*UGQQ*cRSNMVQL*(ORQ*RQ*UVXYGYS_*NOM*\GFQM*cXV*

NOM*JRccMVMH\M*YMNaMMH*QR[FSGNRXH*GHJ*[MGQFVM[MHNL*7VX[*YXNO*QR[FSGNRXH*GHJ*[MGQFVM[MHNK*RN*RQ*

cXFHJ*NOGN*Y_*NFHRHI*NOM*YRGQ*WXSNGIM*GHJ*GJJRHI*[XVM*JRXJMQ*RH*UGVGSSMSK*NOM*VMSGNRWM*G[USRNFJM*

YMNaMMH*XFNUFN*NXHMQ*\GH*YM*GJ^FQNMJL*

(OMH*NOM*cRVQN*GHJ*QM\XHJ*YFccMV*G[USRcRMVQ*QMSM\NMJ*GVM*6RNNRNM*6,0ivA/4h %*GHJ*6,0vBv/0h L*

(OM_*OGWM*Ch*J1[*XFNUFN*UXaMV*GN*C*J1*\X[UVMQQRXH*UXRHN*GHJ*GYXFN*Cu*J1*Q[GSS*QRIHGS*IGRH*

aRNORH*NOM*aXVbRHI*cVMjFMH\_*VGHIML*(OM*XUNRXHGS*cR`MJ*WGSFM*GNNMHFGNXV*YMNaMMH*NOMQM*NaX*YFccMVQ*

RQ*G*URfGNNMHFGNXV*aOR\O*[G_*YM*FQMJ*NX*GJ^FQN*NOM*UXaMV*SMWMSL*(OM*aRJMYGHJ*UXaMV*G[USRcRMV*RQ*G*

6RNNRNM*6,0wwD/4h%L*#N*OGQ*uC*J1[*XFNUFN*UXaMV*GHJ*CC*J1*SRHMGV*IGRHL*(ORQ*4.*RQ*FQMJ*NX*QGNRQc_*

NOM*XFNUFN*UXaMV*SMWMS*VMjFRVM[MHNL*' RH\M*cRWM*NXHMQ*aRNO*QR[RSGV*UXaMV*SMWMS*GVM*UVX\MQQMJ*Y_*NOM*

NOVMM*G[USRcRMVQK*GN*SMGQN*t*J1*?cRWM*NR[MQ*RH*SRHMGV*Q\GSM@*UXaMV*YG\bfXcc*RQ*HM\MQQGV_*cXV*NOM[*NX*



Cw*

aXVb*RH*NOM*SRHMGV*VMIRXHL*(OM*cRHGS*NaX*\X[UXHMHNQ*GVM*G*aRJMYGHJ*RQXSGNXV*GHJ*NOM*XFNUFN*WGVRGYSM*

GNNMHFGNXV*aOR\O*RQ*GSQX*\XHNVXSSMJ*Y_*NOM*.+0L*

(OM*UXaMV*YFJIMN*RQ*GSQX*QOXaH*RH*7RIL*ALAL*#JMGSS_K*NOM*XWMVGSS*UXaMV*IGRH*RQ*GYXFN*A*J1*VMIGVJSMQQ*

Xc*NOM*RHUFN*UXaMVL*&McMVVRHI*NX*NOM* 'CA*Xc*NOM*YFccMV*G[USRcRMVQK*NOM*UXaMV*G[USRcRMV*GHJ*NOM*

RQXSGNXV*GHJ*NGbRHI*RHNX*G\\XFHN*NOM*GNNMHFGNXVQK*NOM*XWMVGSS*RQXSGNRXH*RQ*[XVM*NOGH*Cuw*J1*GN*CB*36q*

GHJ*[XVM*NOGH*CDB*J1*GN*A*36qL*

(X*RH\VMGQM*QNGYRSRN_*GHJ*GSQX*NX*VMJF\M*HXRQMK*6,0DvB/4u%*VMIFSGNXV*\ORUQ*GHJ*6,0wDB/4i%*

G\NRWM* YRGQ* \ORU* GVM* FQMJ* NX* YRGQ* NOM* UVMG[USRcRMVQK* HXHSRHMGV* JMWR\MK* YFccMV* G[USRcRMVQK* JRIRNGS*

GNNMHFGNXVQ*GHJ*UXaMV*G[USRcRMVL*.SQXK*(4'vutBB*J\ fJ\ *RHWMVNMV*cVX[*(M`GQ*#HQNVF[MHNQ*?(#@*RQ*

FQMJ*NX*QFUUS_*‚ h*$*cXV*NOM*JRIRNGS*GNNMHFGNXVL*

( OM*\XHNVXSSMV*RQ*\X[UXQMJ*Xc*G*SXIGVRNO[R\*UXaMV*JMNM\NXV*?(#*/,$AAC'+@ *GHJ*G*JFGS*\OGHHMS*

CAfYRN* .{+* \XHWMVNMV* ?.HGSXI* +MWR\MQ* .+wAuD@L*. *CBf,6q* \SX\b* RQ* UVXWRJMJ* NX* NOM* .+0L*

&McMVMH\M*WXSNGIMQ*GVM*\GVMcFSS_*NFHMJ*QX*NOGN*NOM*cFSS*QUGH*Xc*NOM*.+0*RQ*FNRSRqMJL*7RHGSS_K*MG\O*

[XJFSM*RQ*cGYVR\GNMJ*GHJ*NMQNMJ*QMUGVGNMS_L*( OM*cRHGS*JMWR\M*RQ*QOXaH*RH*7RIL*ALhL**

J:N! +>KD;<>L>FE[-(=KC;KEB@F-KFM-)BDH;DDB@F-

*

7RIFVM*ALv8*(OM*[MGQFVMJ*XFNUFN*QUM\NVG*Xc*NOM*VXFHJfVXYRH*JMWR\ML*(OM*RHUFN*UXaMV*RQ*[GVbMJ*XH*

NOM*SMcN*Xc*MG\O*\FVWML*

*



AB*

.*QMVRMQ*Xc*[MGQFVM[MHNQ*GVM*UMVcXV[MJ*NX*WMVRc_*NOM*UMVcXV[GH\MQ*Xc*NOM*VXFHJfVXYRH*JMWR\ML*7RVQN*

Xc*GSSK*XFNUFN*QUM\NVF[*[MGQFVM[MHN*RQ*\XHJF\NMJ*FHJMV*JRccMVMHN*RHUFN*UXaMV*SMWMS*NX*\XHcRV[*NOGN*

NOM*JMWR\M*RQ*aXVbRHI*UVXUMVS_L*( OM*[MGQFVMJ*VMQFSNQ*GVM*RSSFQNVGNMJ*RH*7RIL*ALvL*( OM*XFNUFN*QUM\NVF[*

\FVWMQ*aRNO*SXaMV*NOGH*‚ v*J1[*RHUFN*UXaMV*GHJ*ORIOMV*NOGH*‚ i *J1[*RHUFN*UXaMV*OGWM*QSRIONS_*

JRccMVMHN*QOGUMQL*( OM*cRVQN*VMGQXH*RQ*NOGN*NOM*XFNUFN*WXSNGIM*QRIHGS*Xc*NOM*UXaMV*JMNM\NXV*RQ*HXN*QNVR\NS_*

SXIGVRNO[R\L*( OM*QM\XHJ*RQ*NOM*JVRcNRHI*Xc*.+0=Q*VMcMVMH\M*WXSNGIMQL**

#N*RQ*XYWRXFQ*NOGN*NOM*QUM\NVG*RH*7RIL*ALv*GVM*HXN*GQ*cSGN*GQ*NOM*QR[FSGNMJ*GHJ*[MGQFVMJ*XHMQ*RH*7RIL*

ALi *GHJ*NOGN*NOM*aMGbMQN*NXHMQ*GVM*SXaMV*NOGH*NOM*RHUFN*UXaMVL*( OM*cRVQN*VMGQXH*RQ*NOGN*NOM*RHQMVNRXH*

SXQQ*Xc*NOM*WGVRGYSM*GNNMHFGNXVQ*OGQ*JRccMVMHN*WGSFM*GN*JRccMVMHN*cVMjFMH\_L*( OM*QM\XHJ*RQ*NOGN*NOM*

cVMjFMH\_*JMUMHJMHN*RHQMVNRXH*SXQQ*Xc*NOM*NXNGS*NVGHQ[RQQRXH*SRHM*cVX[*NOM*RHUFN*NX*NOM*XFNUFN*RQ*HXN*

NGbMH*RHNX*G\\XFHN*RH*NOM*UXaMV*YFJIMNL*( OM*NORVJ*RQ*NOGN*NOM*YFccMVQ*GHJ*4.*QNRSS*IMHMVGNM*OGV[XHR\*

NXHMQ*GSNOXFIO*UXaMV*YG\bfXcc*RQ*UMVcXV[MJL*7XV*NOM*XHfQRNM*JM[XHQNVGNRXH*JFVRHI*NOM*\X[UMNRNRXHK*

GH*M`NVG*4.*aGQ*GJJMJ*XFNQRJM*NOM*VXFHJfVXYRH*NX*[GbM*QFVM*NOM*XFNUFN*UXaMV*QGNRQcRMQ*NOM*VFSMQL*

.cNMV*NOM*\X[UMNRNRXHK*RN*aGQ*QFIIMQNMJ*NOGN*4.*YM*VM[XWMJ*QRH\M*cXV*G\NFGS*/'".*WMVRcR\GNRXH*

QF\O*GH*XFNUFN*QUM\NVF[*RQ*cFSS_*G\\MUNGYSML*

(OM*HM`N*QNMU*RQ*NX*\GS\FSGNM*NOM*VXFHJfVXYRH=Q*7-,* GHJ*MWGSFGNM*RNQ*UMVcXV[GH\ML*7RVQNK*NOM*UOGQXVQ*

Xc*MG\O*XFNUFN*NXHM*cXV*JRccMVMHN*SXGJQ*OGWM*NX*YM*M`NVG\NMJ*cVX[*NOM*1A*aGWM*?VMcMV*NX*7RIL*ALC@K*

aOR\O*\GH*YM*XYNGRHMJ*cVX[*NOM*aGWM*JGNG*Xc*NOM*VXFHJfVXYRHL*' XK*NOM*SXGJ*JMUMHJMHN*aGWM*JGNG*

[MGQFVM[MHNQ*OGWM*NX*YM*\XHJF\NMJ*aRNO*/'".L*

*

7RIFVM*ALt 8*/XGJRHI*\XHJRNRXHQ*cXV*aGWM*JGNG*[MGQFVM[MHN*GHJ*7-,*\GS\FSGNRXH*GVM*QMSM\NMJL*} *

RQ*cVMjFMH\_*JMUMHJMHN*GHJ*RNQ*WGSFMQ*cXV*A*36q*GHJ*CB*36q*GVM*QOXaHL*



AC*

*

+RccMVMHN*SXGJ*R[UMJGH\MQ*GVM*MQNGYSRQOMJ*FQRHI*G*SXGJ*NFHMVK*cR`MJ*WGSFM*GNNMHFGNXVQK*QOXVN{[GN\O*

NMV[RHGNRXHQ*GHJ*G*ABfJ1*aRJMYGHJ*JRVM\NRXHGS*\XFUSMVL*( OM*QMSM\NMJ*SXGJQ*GVM*QOXaH*RH*7RIL*ALt L*

} C|*} u*GVM*MQNGYSRQOMJ*Y_*QOXVN*NMV[RHGNMJ*CB*J1K*v*J1*GHJ*u*J1*GNNMHFGNXVQ*aOR\O*UVXWRJM*GS[XQN*

G*\XHQNGHN*VMcSM\NRXH*G[USRNFJM*cXV*MG\O*NXHML*} i| *} t*GVM*MQNGYSRQOMJ*aRNO*7X\FQ*00,(fiBABf(0 f

e'*SXGJfUFSS*NFHMV*NMV[RHGNMJ*aRNO*hB*• L*(OM*UOGQMQ*Xc*} h| *} t*GN*A*36q*GVM*JRQNVRYFNMJ*MjFGSS_*XH*

NOM* '[RNO*\OGVNL*7XV*GH_*cVMjFMH\_*YMNaMMH*A*36q|CB*36qK*‰Š‰*†*BLh*RQ* IFGVGHNMMJL*( OM*SXGJ*

JMUMHJMHN*aGWM*JGNG*[MGQFVM[MHN*QMNFU*RQ*QOXaH*RH*7RIL*ALDL*.IRSMHN*"hAit.*4".f9*"$".*RQ*

FQMJL*

( OM*7-,*JMcRHMJ*Y_*NOM*VFSMQ*RQ*G*QNGHJGVJ*JMWRGNRXH*NOGN*JMQ\VRYMQ*NOM*WGVRGNRXH*Xc*NOM*UOGQXVQ*Xc*

NOM*cRVQN*"*NXHMQ*?"€h@*Xc*NOM*NVGHQ[RNNMJ*aGWMQ*?1A@*cXV*NOM*,*SXGJRHI*\XHJRNRXHQ*?,€t @L*( OM*1A*

aGWMQ*GVM*cRVQN*UVX\MQQMJ*Y_*UOGQM*GSRIH[MHN*cXV*GSS*NOM*NXHMQ*GHJ*GSS*NOM*SXGJRHI*\XHJRNRXHQ8*

L*******?CLC@*

7XSSXaRHI*NORQK*7-,*RQ*JMcRHMJ*RH*NOM*cXV[*Xc*G*QNGHJGVJ*JMWRGNRXH8*

L*****?CLA@*

7XV*MG\O*RHUFN*UXaMVK*NOM*7-,*RQ*\GS\FSGNMJL*(OM*Q[GSSMV*NOM*VMQFSNRHI*7-, *RH*NOMQM*[MGQFVM[MHNQ*

a RNO*JRccMVMHN*XFNUFN*SXGJQK*NOM*ORIOMV*NOM*VGNRHI*cXV*NOM*VXFHJfVXYRH*JMWR\ML*#H*NOM*[MGQFVM[MHNK*

NOVMM*RHUFN*UXaMVQ*‚ AB*J1[K*B*J1[*GHJ*CB*J1[*GVM*FQMJL*

#H*(GYSM*ALCK*NOM*[MGQFVMJ*UOGQXVQ*cXV*MG\O*SXGJRHI*\XHJRNRXHK*OGV[XHR\*RHJM`*GHJ*RHUFN*UXaMV*

GVM*SRQNMJL*(GbRHI*G*SXXb*GN*NOM*\XSF[H*\XVVMQUXHJRHI*NX*7€CK*NOM*UOGQXVQ*cXV*‚ AB*J1[*RHUFN*UXaMV*

GVM*\SXQM*NX*MG\O*XNOMV*NOVXFIOXFN*GSS*NOM*WGSFMQ*Xc*AL*'XK*RN*\GH*YM*QMMH*NOGN*NOM*XFNUFN*QRIHGS*RQ*

RHQMHQRNRWM*NX*NOM*WGVRGNRXH*Xc*SXGJ*R[UMJGH\ML*#H*(GYSM*ALA*NOM*7-,Q*cXV*} C|*} uK*} i| *} t*GHJ*} C|*

} t* GVM* \GS\FSGNMJL*#H* XVJMV* NX* \X[UGVM* aRNO* NOM* UMVcXV[GH\M* Xc* XFV* ^XRHN* aRHHRHI* UVX^M\N* RH*

#,'ABCA*yvhzK*a M*VM[MGQFVMJ*NOM*VXFHJfVXYRH*JMWR\M*Xc*#,'ABCA*aRNO*NOM*QG[M*QMNFU*GHJ*SXGJRHI*

\XHJRNRXHQ*}C|*}uL*(OM*\GS\FSGNMJ*7-,*RQ*BLBhhtK*ORIOMV*NOGH*NOM*WGSFMQ*RH*(GYSM*ALA*cXV*}C|*}uL*

(ORQ*JM[XHQNVGNMQ*NOM*UVXIVMQQ*G\ORMWMJ*NORQ*_MGVL*

*

! B2! (n! ," m) = ! B2(n! ," m) # n! A1(! ," m) and B2! (n! ," m) = B2(n! ," m)

FOM =
1

N ! M

B2! (n! ," m) # B2(n! )
2

B2(n! )
2

m=1

M

$
n=1

N

$  with B2(n! ) =
1
M

B2! (n! ," m)
m=1

M

$



AA*

(GYSM*ALC8*-FNUFN*4OGQXVQ*,MGQFVMJ*Y_*GH*.IRSMHN*4".f9*"$". L*

*
#HUFN*
4XaMV!

7€C* 7€A* 7€u* 7€i * 7€h*

A€C*

‚ ABJ1
[ *

ALiCM‚ iˆRALtAM‚ i * ‚ tLBwM‚ i ‚ RhLDiM‚ h* ‚ ALBDM‚ i ‚ RCLvCM‚ i * vLBtM‚ v‚ RuLiCM‚ i * ‚ ALuhM‚ i ‚ RCLBtM‚ i *

BJ1[ * CLuBM‚ uˆRCLhuM‚ u* ‚ uLwBM‚ u‚ RvLvAM‚ i * ‚ CLCBM‚ u‚ RwLCtM‚ i * iLAuM‚ i ‚ RALBBM‚ u* ‚ CLCBM‚ u‚ RDLttM‚ i *

CBJ1[ * hLhBM‚ uˆRvLCBM‚ u* ‚ CLiDM‚ A‚ RALDBM‚ u* ‚ iLvBM‚ u‚ RALhBM‚ u* ALuBM‚ u‚ RDLBBM‚ u* ‚ uLCBM‚ u‚ RuLiBM‚ u*

A€A*

‚ ABJ1
[ *
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7RIL*uLA*RSSFQNVGNMQ*NOM*UVXUXQMJ*Q\OM[M*Xc*NOM*OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXVL*(OM*JRUSM`MV*RH*

NOM*\RV\FRN*M`ORYRNQ*RNQ*cRVQN*UGQQfYGHJ*YMNaMMH*UXVN*A*GHJ*UXVN*u*GN*cVMjFMH\_*#9*cXV*aOR\O*NOM*SXXU*

UOGQM*JMSG_*RQ*JMQRIHMJ*GQ*! "#$%&L*#NQ*QM\XHJ*UGQQfYGHJ*RQ*JMQRIHMJ*GN*M`G\NS_*A#9*YMNaMMH*UXVN*C*

GHJ*UXVN*AL*4XVN*C*GHJ*UXVN*u*OGWM*ORIO*VM^M\NRXH*GN*cVMjFMH\_*#9*GHJ*A#9K*VMQUM\NRWMS_L*,XVMXWMVK*

NOM*RQXSGNRXH*YMNaMMH*UXVN*C*GHJ*UXVN*u*QOXFSJ*YM*GQ*ORIO*GQ*UXQQRYSM*NX*UVMWMHN*QRIHGSQ*GN*#9*XV*A#9*

NVGHQ[RNNRHI*YMNaMMH*NOM[L*:RNO*QF\O*G*JRUSM`MVK*NOM*VMSGNRWM*RHJMUMHJMH\M*Xc*NOM*cMMJYG\bfSXXU*

RQ*MQNGYSRQOMJL*(OM*QM\XHJ*OGV[XHR\*QRIHGS*GN*A#9*IMHMVGNMJ*Y_*NOM*HXHSRHMGV*&7*G[USRcRMV*RQ*JRVM\NMJ*

NX*NOM*XFNUFN*NOVXFIO*NOM*QM\XHJ*UGQQfYGHJ*Xc*NOM*JRUSM`MVL*#H*XVJMV*NX*YVRMcS_*M`USGRH*NOM*UFSSRHI*

MccM\N*VMJF\NRXHK*GH*RJMGS*FHRSGNMVGS*&7*G[USRcRMV*GHJ*GH*RHcRHRNM*RQXSGNRXH*YMNaMMH*UXVN*C*GHJ*UXVN*

u*GVM*GQQF[MJ*cXV*QR[USR\RN_*Xc*JRQ\FQQRXHL*-H\M*NOM*XFNUFN*SXGJ*R[UMJGH\M*RQ*\OGHIMJ*RH*NORQ*\GQMK*

NOM*VMcSM\NMJ*QRIHGS*GN*A#9*\GH*XHS_*VMG\O*NOM*XFNUFN*NMV[RHGS*Xc*NOM*&7*G[USRcRMV*NOVXFIO*NOM*QM\XHJ*

UGQQfYGHJ*YMNaMMH*UXVN*C*GHJ*UXVN*AL*( OM*JRUSM`MV*NXIMNOMV*aRNO*NOM*&7*G[USRcRMV*UVMWMHNQ*NOM*

VMcSM\NMJ*QRIHGS*cVX[*IMNNRHI*RHWXSWMJ*RH*NOM*HXHSRHMGV*cMMJYG\bfSXXU*J_HG[R\QK*aOR\O*UVR[GVRS_*

JMNMV[RHMQ*NOM*XQ\RSSGNRHI*cVMjFMH\_L*

*

7RIFVM*uLA8*(OM*UVXUXQMJ*OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXVL*

! ) BSC>_><-M>DBGF-KFM-@DHBCCKE@<-DBL;CKEB@F-

7RIL* uLu* QOXaQ* NOM*JRUSM`MV* JMQRIHL*( OM* QMSM\NMJ* QFYQNVGNM* RQ* &XIMVQ* &({JFVXRJ"! vBBA* aRNO*

BLhBD[[ *NOR\bHMQQL*(OM*JRUSM`MV*\XHQRQNQ*Xc*G*cXSJMJ*‹ {i*[R\VXQNVRU*VMQXHGNXV*GN*#9!€ALw*36q*GHJ*

NOVMM* \XFUSMJ*UXVNQL* (OM* cRVQN*GHJ* QM\XHJ*VMQXHGHN* [XJMQ*?GN* GYXFN* ALw*36q* GHJ* hLD*36q*

VMQUM\NRWMS_@*GVM*FQMJL*( OM*UXQRNRXH*GHJ*QNVMHINO*Xc*NOM*\XFUSRHIQ*GVM*\GS\FSGNMJ*GHJ*XUNR[RqMJL*. N*

UXVN*AK*QNVXHI*\XFUSRHIQ*NX*YXNO*[XJMQ*GVM*VMGSRqMJL*.N*UXVN*CK*NOM*\XFUSRHI*aRNO*VMQUM\N*NX*NOM*cRVQN*

[XJM* RQ* QFUUVMQQMJ* GHJ* NX* NOM* QM\XHJ* [XJM* RQ*MHOGH\MJ*GHJ*WR\M* WMVQG*GN* UXVN* uL* +FM* NX* NOM*

QOXVNMHRHI*MccM\NK*NOM*VMQXHGHN*cVMjFMH\_*Xc*NOM*QM\XHJ*[XJM*RQ*HXN*M`G\NS_*NaR\M*NOGN*Xc*NOM*cRVQN*

XHML*.Q*M`USGRHMJ*RH*ytAzK*NORQ*\GH*YM*XWMV\X[M*Y_*NFHRHI*NOM*VGNRX*YMNaMMH*aRJNOQ*1: *GHJ*18K*

aOR\O*GVM*QOXaH*RH*7RIL*uLu*?G@L*( OM*UXVN*R[UMJGH\M*RQ*JMQRIHMJ*NX*YM*hB*• L*
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7RIFVM*uLu8*(OM*UVXUXQMJ*JRUSM`MV8*?G@*SG_XFN~*?Y@*QR[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ~*?\@*GHJ*

?J@*MSM\NVR\*cRMSJ*JRQNVRYFNRXHQL*

7RHGSS_K* NOM*QNVF\NFVGS*JR[MHQRXHQ*?RH* [[@*GVM8*?: J CuLuhK! ?8J vLhK! ?LJ tLBwK! 1: J BLuAuK! 18J BLuAK!

1LJ CLAtK!1; J BLuAuK!1MJ BLCh*?1LK!1 ; !GHJ*1M!GSQX!GUUS_*NX*NOM*\XVVMQUXHJRHI*JR[MHQRXHQ*cXV*UXVN*C*

GHJ*UXVN*u@L*. Q*QOXaH*RH*7RIL*uLu*?Y@K*[MGQFVMJ* 'fUGVG[MNMVQ*GVM*RH*GIVMM[MHN*aRNO*QR[FSGNMJ*

\XFHNMVUGVNQK*QOXaRHI*UGQQfYGHJQ*GN*ALwi*36q*GHJ*hLDD*36q *aRNO*RHQMVNRXH*SXQQ*Xc*GYXFN*CLh*J1L*

(OM*SXGJMJ*N*cG\NXV*GN*ALwi*36q*RQ*GYXFN*ADL*-WMV*uB*J1*RQXSGNRXH*YMNaMMH*UXVN*C*GHJ*UXVN*u*RQ*

XYQMVWMJ*GN*#9*GHJ*A#9L*%SM\NVR\*cRMSJ*JRQNVRYFNRXHQ*Xc*NOM*NaX*[XJMQ*GVM*QOXaH*RH*7RIL*uLu*?\@*GHJ*

?J@L*

: RNO*NOM*[MGQFVM[MHN*VMQFSNQ*Xc*NOM*JRUSM`MV*GHJ*NOM*HXHSRHMGV*[XJMS*?9fUGVG[MNMVQ@*Xc*NOM*&7*

G[USRcRMVK*NOM*XQ\RSSGNXV*RQ*QR[FSGNMJ*aRNO*.JWGH\MJ*+MQRIH*'_QNM[*?.+'@L*4FSSRHI*MccM\N*RQ*GSQX*

QR[FSGNMJ*aRNO*SXGJ*VMcSM\NRXH*\XMccR\RMHN*?O?@*FHRcXV[S_*JRQNVRYFNMJ*RH*NOM*$':&Œw*\RV\SM*Xc*NOM*

'[RNO*\OGVNL*.Q*QOXaH*RH*7RIL*uLiK*NOM*XQ\RSSGNXV*OGQ*GH*XFNUFN*QRIHGS*VFHHRHI*GN*hLtD*36q*aRNO*

tLBh*J1[*UXaMVL*(OM*cVMjFMH\_*WGVRGNRXH*RQ*GYXFN*CLi•*aRNO*NOM*SXGJ*R[UMJGH\M*WGVRGNRXHL*
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7RIFVM*uLi 8*'R[FSGNMJ*VMQFSNQ*Xc*NOM*UVXUXQMJ*OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXV8*?G@*XFNUFN*

QUM\NVF[*aRNO*hB*• *SXGJ~*?Y@*cVMjFMH\_*UFSSRHIL*

N:N! +>KD;<>L>FED-KFM-)BDH;DDB@FD-

( OM*UVXUXQMJ*OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXV*RQ*cGYVR\GNMJ*XH*NOM*QG[M*QFYQNVGNM*cXV*NOM*JRUSM`MVL*

#H*XVJMV*NX*JM[XHQNVGNM*NOM*R[UVXWM[MHNK*G*\XHWMHNRXHGS*cFHJG[MHNGS*cMMJYG\bfSXXU*XQ\RSSGNXV*GN*

NOM*QG[M*cVMjFMH\_*RQ*GSQX*JMQRIHMJ*GHJ*QMVWMQ*GQ*G*VMcMVMH\ML*( OM_*GVM*YXNO*QOXaH*RH*7RIL*uLhL*

*

7RIFVM*uLh8*(OM*OGV[XHR\*?G@*GHJ*cFHJG[MHNGS*?Y@*cMMJYG\bfSXXU*XQ\RSSGNXVQL*

(OM*cFHJG[MHNGS*cMMJYG\bfSXXU*XQ\RSSGNXV*RQ*JMQRIHMJ*Y_*Q_[[MNVR\GSS_*GVVGHIRHI*NOM*\XFUSRHI*

UXVNQ*NX*VMGSRqM*UGQQfYGHJQ*YMNaMMH*MG\O*UGRV*Xc*NOM*NOVMM*UXVNQ*cXV*YXNO*NOM*cRVQN*GHJ*QM\XHJ*VMQXHGHN*

[XJMQL*( OM*SXXU*UOGQM*JMSG_*RQ*\GVMcFSS_*NFHMJ*QX*GQ*NX*QGNRQc_*NOM*XQ\RSSGNRXH*QNGVNfFU*\XHJRNRXH*

XHS_*GN*NOM*QM\XHJ*[XJM*cVMjFMH\_*?hLD*36q@L*( OM*QMSM\NMJ*&7*G[USRcRMV*[XJMS*RQ*.WGIX*$,,2 f

AuBuL*7VX[*C*36q *NX*v*36qK*RN*OGQ*G*SRHMGV*IGRH*Xc*GYXFN*Ci*J1K*GH*XFNUFN*4CJ1*Xc*w*J1[*GHJ*

RQXSGNRXH*Xc*GYXFN*AB*J1L*
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7RIFVM*uLv8*, MGQFVMJ*VMQFSNQ*Xc*YXNO*XQ\RSSGNXVQ*aRNO*hB*• *SXGJ8*XFNUFN*QUM\NVF[*Xc*?G@*NOM*

OGV[XHR\*GHJ*?Y@*NOM*cFHJG[MHNGS*cMMJYG\bfSXXU*XQ\RSSGNXVQ~*UOGQM*HXRQM*Xc*?\@*NOM*OGV[XHR\*GHJ*

?J@*NOM*cFHJG[MHNGS*cMMJYG\bfSXXU*XQ\RSSGNXVQL*



uC*

, MGQFVMJ*VMQFSNQ*aRNO*[GN\OMJ*XFNUFN*SXGJ*?hB*• @*GVM*QOXaH*RH*7RIL*uLvL*(OM*OGV[XHR\*cMMJYG\bf

SXXU*XQ\RSSGNXV*OGQ*CLi*J1*SXaMV*XFNUFN*UXaMV*NOGH*RNQ*cFHJG[MHNGS*\XFHNMVUGVNL*#NQ*cFHJG[MHNGS*

NXHM*RQ*GYXFN*uB*J1*SXaMV*NOGH*NOM*QM\XHJ*OGV[XHR\*\X[UXHMHNL*( OM*cFHJG[MHNGS*Q\OM[M*JXMQ*HXN*

OGWM*GH_*QRIHGS*\X[UXHMHN*GVXFHJ*ALw*36qL*,XVMXWMVK*NOM*UOGQM*HXRQM*GN*C*,6q*XccQMN*Xc*NOM*

OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXV*RQ*‚ CuuLh*J1\{6q*GHJ*NOGN*Xc*NOM*cFHJG[MHNGS*Q\OM[M*RQ*‚ CCtLD*

J1\{6qL*

*
7RIFVM*uLt 8*/ XGJfUFSS*[MGQFVM[MHN*VMQFSNQ8*?G@K*?\@*GHJ*?M@*GVM*NOM*XFNUFN*cVMjFMH\_K*UXaMV*GHJ*

UOGQM*HXRQM*WGVRGNRXH*Xc*NOM*cFHJG[MHNGS*cMMJYG\bfSXXU*XQ\RSSGNXV~*?Y@K*?J@*GHJ*?c@*GVM*NOXQM*Xc*NOM*

OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXVL*

7RIL*uLt*JRQUSG_Q*NOM*SXGJfUFSS*[MGQFVM[MHN*VMQFSNQ*\GVVRMJ*XFN*aRNO*NOM*R[UMJGH\M*JRQNVRYFNRXH*

FQMJ*RH*NOM*QR[FSGNRXHL*(OM*VMSGNRWM*XFNUFN*cVMjFMH\_*WGVRGNRXHQ*QOXaH*RH*7RIL*uLt*?G@*GHJ*?Y@*GVM*

HXV[GSRqMJ* NX* NOMRV* hB*• fSXGJMJ* cVMjFMH\_L* -YWRXFQS_K* NOM* cVMjFMH\_* QNGYRSRN_* RQ* QRIHRcR\GHNS_*

R[UVXWMJ*aRNO*NOM*HMa*NM\OHRjFML*(OM*[MGQFVMJ*cVMjFMH\_*WGVRGNRXH*Xc*NOM*OGV[XHR\*cMMJYG\bf
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SXXU*XQ\RSSGNXV*RQ*GYXFN*CLD•K*\XRH\RJMHN*aRNO*NOM*QR[FSGNRXH*VMQFSNL*.Q*QOXaH*RH*7RIL*uLt*?\@*GHJ*

?J@K* NOM* UXaMV* WGVRGNRXH* Xc* NOM* OGV[XHR\* cMMJYG\bfSXXU* XQ\RSSGNXV* RQ* GYXFN* OGSc* NOGN* Xc* NOM*

cFHJG[MHNGS*XHML*(OM*JRccMVMH\M*YMNaMMH*NOM*[G`R[F[*XFNUFN*UXaMVQ*Xc*NOM*NaX*XQ\RSSGNXVQ*RQ*

GYXFN*A*J1L*(OM*R[UVXWM[MHN*Xc*NOM*UOGQM*HXRQM*WGSFM*GHJ*RNQ*QNGYRSRN_*QFY^M\N*NX*SXGJ*WGVRGNRXH*RQ*

XYQMVWMJ*RH*7RIL*uLt*?M@*GHJ*?c@L*

*
7RIFVM*uLD8*0X[UGVRQXH*Xc*NOM*cVMjFMH\_*UFSSRHI*MccM\NQ*YMNaMMH*NOM*OGV[XHR\*cMMJYG\bfSXXU*

XQ\RSSGNXV*GHJ*NOM*cFHJG[MHNGS*cMMJYG\bfSXXU*XQ\RSSGNXV*aRNO*GHJ*aRNOXFN*u*J1*GNNMHFGNXVL*

-H*NXU*Xc*NOMQM*GJWGHNGIMQ*Xc*NOM*UVXUXQMJ*OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXVK*RNQ*JVGaYG\b*Xc*

UXaMV*JM\VMGQM*RQ*aXVNO*JRQ\FQQRHIL*(OMVMcXVMK*G*NVRWRGS*NMQNRHI*RQ*\GVVRMJ*XFN*Y_*\XHHM\NRHI*G*ufJ1*

GNNMHFGNXV*YMNaMMH*NOM*cFHJG[MHNGS*cMMJYG\bfSXXU*XQ\RSSGNXV*GHJ*NOM*WGVRGYSM*SXGJL*(ORQ*[MNOXJ*

VMJF\MQ*NOM*SXGJRHI*MccM\N*Y_*v*J1*GHJ*NOM*XFNUFN*UXaMV*Y_*u*J1L*7RIL*uLD*QOXaQ*NOM*XWMVGSS*

\X[UGVRQXH*Xc*NOM*cVMjFMH\_*UFSSRHIL*( OM*OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXV*QNRSS*UVMQMVWMQ*NOM*

QFUMVRXVRN_L*#H*GJJRNRXHK*FQRHI*NOM*GNNMHFGNXV*JXMQ*HXN*OGWM*GH_*UXQRNRWM*R[UG\N*XH*NOM*UOGQM*HXRQM*

R[UVXWM[MHNL*

N:Q! " @FHC;DB@F-

-H*NOM*YGQRQ*Xc*NOM*XUMVGNRHI*UVRH\RUSM*Xc*cMMJYG\bfSXXU*XQ\RSSGNXVK*NOMXVMNR\GS*GHJ*M`UMVR[MHNGS*

QNFJRMQ*Xc*NOM*UVXUXQMJ*OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXV*GVM*UVMQMHNMJ*RH*NORQ*UGUMVL*#N*RQ*QOXaH*

NOGN*G*QRIHRcR\GHN*R[UVXWM[MHN*RH*NMV[Q*Xc*UFSSRHI*MccM\N*GHJ*UOGQM*HXRQM*OGQ*YMMH*G\ORMWMJ*Y_*

FQRHI*NOM*UVXUXQMJ*OGV[XHR\*NM\OHRjFM*GQ*XUUXQMJ*NX*NOM*\XHWMHNRXHGS*cFHJG[MHNGS*Q\OM[ML*#H*

\RV\F[QNGH\MQ*aOMVM*\X[USM`*[XJFSGNRXH*Q\OM[MQ*XV*ORIO*MccR\RMH\_*\XJRHI*GVM*HXN*FQMJ*QF\O*GQ*

&7#+*NGIQK*NORQ*JMQRIH*\XFSJ*YM*FQMJ*aRNOXFN*XNOMV*cVMjFMH\_*QNGYRSRqGNRXH*JMWR\MQ*?QF\O*GQ*4//Q@L*
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#H*GJJRNRXHK*RN*RQ*UXQQRYSM*NX*R[UVXWM*NOM*UMVcXV[GH\M*Xc*XNOMV*XQ\RSSGNXV*GV\ORNM\NFVMQ*aRNO*NOM*

OGV[XHR\*NM\OHRjFML*

N:U! !H\F@]C>MG>L>FE-

The authors would like to G\bHXaSMJIM*NOM*GQQRQNGH\M*GHJ*QFUUXVN*cVX[*(VGRGH*.HNXHMQ\F*GHJ*

,G`R[M* (ORYGFSNK* NOM* NM\OHR\RGHQ* Xc* XFV* 4XS_f3VG[MQ* &MQMGV\O* 0MHNMVK* cXV* NOMRV* XFNQNGHJRHI*

cGYVR\GNRXH*GHJ*GQQM[YSRHI*aXVbL* .SQXK*NOM*GFNOXVQ*GVM*IVGNMcFS*NX*&XIMVQ*0XVUXVGNRXH*cXV*cVMM*

QG[USM*QFUUXVNL**
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UVXUMVN_L*(OMH*RN*aRSS*YM*MRNOMV*GYQXVYMJ*Y_*NOM*IGRH*YSX\b=Q*XFNUFN*UXVN*XV*VMcSM\NMJ*YG\b*NX*UXVN*CK*

RHQNMGJ*Xc*^XRHRHI*HXHSRHMGV*XQ\RSSGNRHI*J_HG[R\QL*.SNOXFIO*NOM*IGRH*YSX\b*RQ*FHJMV*G*SGVIM*QRIHGS*

JVRWM*GN*#BK*RN*\GH*QNRSS*YM*\SXQMS_*[XJMSMJ*FQRHI*G*SRHMGV*QFUMVUXQRNRXH*UVRH\RUSM*GN*A#B*ywwzL*#N*[MGHQ*

NOGN*NOM*IGRH*YSX\b*RQ*[F\O*SMQQ*QMHQRNRWM*NX*NOM*OGV[XHR\ *SXGJ*UFSSRHI*\X[UGVMJ*NX*NOM*cFHJG[MHNGS*

XHML**

*

?G@*

*

?Y@*

7RIFVM*i LC8*?G@*'#6-*aRNO*G*cMMJYG\bfSXXU*QNVF\NFVM*ywCzK*?Y@*NGVIMNMJ*cVMjFMH\_*VMQUXHQM*Xc*NOM*

JRUSM`MVL*



uw*

7XV*\X[UGVRQXH*UFVUXQMK*NOM*Q\OM[GNR\*Xc*G*cFHJG[MHNGS*XQ\RSSGNXV*NOGN*IMHMVGNMQ*G*QRIHGS*GN*A#B*RQ*

QOXaH*RH*7RIL*iLA*?G@L*#NQ*cGYVR\GNMJ*UVXNXN_UM*\GH*GSQX*YM*cXFHJ*RH**ywCzL*(OM*XQ\RSSGNRXH*cVMjFMH\_*

RQ*VMcMVVMJ*NX*GQ*A#B*cXV*NOM*\XHQRQNMH\_*aRNO*7RIL*iLCK*GSNOXFIO*NOMVM*RQ*HX*QRIHGS*GN*#B*RHWXSWMJL*(OM*

Q_[[MNVR\GS* GVVGHIM[MHN* Xc* UXVN* A* GHJ* UXVN* u*Xc* NOM* VMQXHGNXV*IFGVGHNMMQ* GH* RHNMV\XHHM\NRXH*

YMNaMMH*MG\O*NaX*Xc*NOM*NOVMM*UXVNQ*GN*A#BL*'XK*NOM*VMQXHGNXV*G\NQ*GQ*YXNO*G*cRSNMV*GHJ*G*\XFUSMVK*GQ*

QFIIMQNMJ*Y_*7RIL*iLA*?Y@L*(OM*\SXQMJ*SXXU*RQ*JMQRIHMJ*NX*QGNRQc_*NOM*7!uvB¡*UOGQM*\XHJRNRXH*GN*A#BL*

#H*\GQM*Xc*G*SXGJ*UFSSRHIK*UGVN*Xc*NOM*VMcSM\NMJ*QRIHGS*cVX[*NOM*SXGJ*aRSS*GVVRWM*GN*NOM*RHUFN*Xc*NOM*

IGRH*YSX\b*NOVXFIO*NOM*UGQQfYGHJ*YMNaMMH*UXVN*C*GHJ*UXVN*uL*.\\XVJRHI*NX*NOM*RH^M\NRXH*UFSSRHI*

NOMXV_*ytBzK*G*WM\NXV*QFUMVUXQRNRXH*Xc*NOM*XVRIRHGS*GHJ*NOM*VMcSM\NMJ*QRIHGS*aRSS*VMQMN*NOM*Q_QNM[*NX*

G*HMa*QNMGJ_fQNGNM*aRNO*G*JRccMVMHN*XUMVGNRHI*cVMjFMH\_L*

*

?G@*

*
?Y@*

7RIFVM*i LA8*?G@*7FHJG[MHNGS*XQ\RSSGNXVK*?Y@*cVMjFMH\_*VMQUXHQM*Xc*NOM*VMQXHGNXVL*

! (Z;B=KC>FE-HB<H;BE-M>=>C@SL>FE-

(OM*[R\VXQNVRU*JRUSM`MV*GHJ*VMQXHGNXV*RH*7RIL*iLC*?G@*GHJ*7RIL*iLA*?G@*\GH*YM*[XJMSMJ*GQ*UGVGSSMS*

&/0* NGHbQ* \XFUSMJ* NX* NOM* UXVNQ* NOVXFIO* NVGHQcXV[MVQ*yCBBzK* GQ*QOXaH* RH*7RIL* iLu* ?G@* GHJ* ?Y@K*

VMQUM\NRWMS_L* 7XV* XNOMV* N_UMQ* Xc* NVGHQ[RQQRXH* SRHM* NM\OHXSXIRMQ* GHJ* VMQXHGNXV* QNVF\NFVMQK* NOM*

MjFRWGSMHN*\RV\FRNQ*[G_*NGbM*NOM*cXV[*Xc*QMVRMQ*&/0*NGHb*GHJ{XV*\GUG\RNRWM*\XFUSRHIQL*"MWMVNOMSMQQK*

QF\O*JRccMVMH\MQ*\GH*YM*MGQRS_*GJGUNMJ*NX*NOM*QG[M*UVRH\RUSM*Xc*GHGS_QRQ*GQ*cXSSXaQL*



iB*

*
?G@*

*
?Y@*

7RIFVM*i Lu8*?G@*%jFRWGSMHN*\RV\FRN*Xc*JRUSM`MV*RH*'#6-K*?Y@*MjFRWGSMHN*\RV\FRN*Xc*VMQXHGNXV*RH*NOM*

cFHJG[MHNGS*XQ\RSSGNXVL*

(OM* JRUSM`MV* RQ* \X[UXQMJ* Xc* NaX* UGVGSSMS* &/0* NGHbQ* VMUVMQMHNRHI* NOM* NaX* VMQXHGHN* [XJMQK*

\XVVMQUXHJRHI*NX*NOM*NaX*UGQQfYGHJQ*GN*#B*GHJ*A#B*VMQUM\NRWMS_*GQ*QOXaH*RH*7RIL*iLu*?G@L*'RH\M*NOM*

NaX*RHNVRHQR\*VMQXHGHN*[XJMQ*GVM*XVNOXIXHGS*aRNO*MG\O*XNOMVK*RN*\GH*YM*GQQF[MJ*NOGN*NOM_*JX*HXN*

OGWM* JRVM\N* \XFUSRHIQ* RH* NOM* \RV\FRNL* #c* NOM* cFHJG[MHNGS* VMQXHGHN* [XJM* RQ* QFUUXVNMJ* Y_* G* OGSc*

aGWMSMHINO*NVGHQ[RQQRXH*SRHMK*NOM*SF[UMJ*MSM[MHNQ*\GH*YM*M`UVMQQMJ*GQ*yCBCK*CBAz8*

****************************************?iLC@*

#H*NOMQM*M`UVMQQRXHQK*PB*RQ*NOM*\OGVG\NMVRQNR\*R[UMJGH\M*Xc*NOM*NVGHQ[RQQRXH*SRHMK*aOR\O*RQ*GQQF[MJ*

NX*YM*HXHJRQUMVQRWMK*Q5*RQ*NOM* IFRJMJ*aGWMSMHINO*Xc*NOM*cFHJG[MHNGS* [XJMK**GHJ* *GVM*NOM*

GNNMHFGNRXH*cG\NXVQ*GN*NOM*NaX*cVMjFMH\RMQ*GHJ*RB€AS#BL*(OMQM*M`UVMQQRXHQ*GVM*JMVRWMJ*cVX[*NOM*

RHNVRHQR\*VMQXHGHN*[XJMQL*(OMVMcXVMK*GUUVX`R[GNM*Q_[YXSQ*GVM*FQMJ*NX*G\\XFHN*cXV*NOM*SXGJRHI*GHJ*

QOXVNMHRHI*MccM\NQ*RH*NOM*SXGJMJ*VMQXHGNXVQL*

R1 !
2Z0

! 1" g

, C1 !
#

2Z0$ 0

, L1 !
1

$ 0
2C1

,

R2 !
2Z0

! 2" g

, C2 !
#

2Z0$ 0

, L2 !
1

4$ 0
2C2

.

! 1 ! 2



iC*

( OM*cRMSJ*JRQNVRYFNRXHQ*Xc*G*[R\VXQNVRU*JRUSM`MV*RH*ywCz*GN*NOM*NaX*VMQXHGHN*cVMjFMH\RMQ*QFIIMQN*NOGN*

NOM* \XFUSRHIQ* YMNaMMH* NOM* UXVN* NMV[RHGSQ* GHJ* MG\O* Xc* NOM* NaX* [XJMQ* GVM* JRccMVMHNL* (OMVMcXVMK*

NVGHQcXV[MV*VGNRXQ*7CK*7AC*7AAK*GHJ*7u*RH*7RIL*iLu*?G@*GVM*cVMjFMH\_fJMUMHJMHNL*.N!#BK*7AA*NGbMQ*G*[F\O*

Q[GSSMV*WGSFM*NOGH*XNOMVQ*QX*NOGN*UXVN*A*aRSS*QMM*G*ORIO*R[UMJGH\M*NXaGVJQ*NOM*NXU*YVGH\O*GHJ*

MQNGYSRQOMQ*G*UGQQfYGHJ*XHS_*NX*UXVN*u*NOVXFIO*NOM*YXNNX[*YVGH\OL*'R[RSGVS_K*GN!A#BK*7AC*NGbMQ*G*[F\O*

Q[GSSMV*WGSFM*NOGH*XNOMVQ*GHJ*UXVN*A*MQNGYSRQOMQ*G*UGQQfYGHJ*XHS_*NX*UXVN*C*NOVXFIO*NOM*NXU*YVGH\OL*

(OM*VMQXHGNXV*Xc*7RIL*iLu*?Y@*RQ*QR[US_*\X[UXQMJ*Xc*XHM*&/0*NGHb*VMQXHGNRHI*GN!A#B*GHJ*NVGHQcXV[MVQL*

&GNRXQ*' CK*' A*GHJ*' u*OGWM*NOM*QG[M*[GIHRNFJM*GVXFHJ*A#BL*

(OM* IGRH* YSX\bK* VMGSRqMJ*GQ*G* [GN\OMJ* NVGHQRQNXVK* RQ* VMUVMQMHNMJ* Y_* WXSNGIM* \XHNVXSSMJ* \FVVMHN*

QXFV\MQ* RH* UGVGSSMS* GN* NOM* cFHJG[MHNGS* GHJ* MG\O* Xc* NOM* OGV[XHR\QK* GQ* QOXaH* RH*7RIL* iLiL* .Q* G*

cVMjFMH\_* JX[GRH* [XJMSK* NOM* UGVGQRNR\*MccM\NQ*GVM* M[YXJRMJ* RH* NOM* \FVVMHN{WXSNGIM* ?#{$@*

JMUMHJMH\_L*(OM*G[USRNFJM*GHJ*UOGQM*Xc*MG\O*\FVVMHN*QXFV\M*GVM*JMNMV[RHMJ*Y_*NOM*JVRWRHI*WXSNGIM*

UOGQXVQ*GQ*aMSS*GQ*NOM*SXGJRHI*\XHJRNRXHQL*

*

7RIFVM*i Li 8*(OM*cVMjFMH\_*JX[GRH*HXHSRHMGV*\RV\FRN*[XJMS*Xc*G*IGRH*

*

*

*



iA*

*
?G@*

*
?Y@*

7RIFVM*i Lh8*0X[USMNM*MjFRWGSMHN*\RV\FRN*Xc*NOM*'#6-*GHJ*NOM*cFHJG[MHNGS*XQ\RSSGNXVL*

0X[YRHRHI* NOM* MjFRWGSMHN* \RV\FRN* Xc* NOM* IGRH* YSX\b* aRNO* NOGN* Xc* NOM* JRUSM`MV* XV* NOM* VMQXHGNXVK*

\X[USMNM*MjFRWGSMHN*\RV\FRNQ*Xc*NOM*'#6-*GHJ*NOM*cFHJG[MHNGS*XQ\RSSGNXV*GVM*RSSFQNVGNMJ*RH*7RIL*iLhL*

#N*QOXFSJ*YM*HXNMJ*NOGN*NOM*cFHJG[MHNGS*cVMjFMH\_*Xc*NOM*'#6-*GHJ*NOM*cFHJG[MHNGS*XQ\RSSGNXV*GVM*

#B*GHJ*A#BK*VMQUM\NRWMS_L*

! %S><KEB@F-S<BFHBSC>-]BEI-F>GKEB=>-<>DBDEKFH>-L @M>C-

!QRHI*NOM*MjFRWGSMHN*\RV\FRNQ*Xc*7RIL*iLhK*NOM*XUMVGNRXH*UVRH\RUSM*\GH*YM*UVMQMHNMJ*RH*NOM*[GHHMV*Xc*

G*HMIGNRWM*VMQRQNGH\M*XQ\RSSGNXV*[XJMSL*

7RVQN*Xc*GSSK*NOM*\RV\FRN*[XJMS*QOXaH*RH*7RIL*iLh*?G@*RQ*M`G[RHMJL*1_*JRWRJRHI*NOM*\RV\FRN*RHNX*G\NRWM*

GHJ*UGQQRWM*QFYHMNaXVbQ*aRNO*NOMRV*VMQUM\N*R[UMJGH\M*Xc* *GHJ* K*NOM*XQ\RSSGNRXH*\XHJRNRXH*GN*

#B*RQ*cFScRSSMJ*Rc* *GN*#BL*7FVNOMV[XVMK*NOM*SXGJ*YVGH\O*aRNO*GH*R[UMJGH\M*Xc**\GH*YM*

\XHQRJMVMJ*GQ*NaX*R[UMJGH\MQ**GHJ* *RH*UGVGSSMS*aOXQM*WGSFMQ*GVM*JMcRHMJ*GQ8*

Za Zp

Za + Zp = 0 Zl

Zl1 Zl 2



iu *

***L*******************************************?iLA@*

*********************************************?iLu@*

-H*NOM*XNOMV*OGHJK*VMcMVVRHI*NX*7RIL*iLvK*NOM*R[UMJGH\M*Xc*NOM*G\NRWM*QFYHMNaXVb*Xc*NOM*'#6-*GVXFHJ*

#B*\GH*YM*\GS\FSGNMJ*FQRHI*G*NMQN*WXSNGIM*TB4!UR>!8*

****************************?iLi@*

RH* aOR\O *GHJ* *GVM* NOM* SGVIM* QRIHGS* MjFRWGSMHN*

\XHJF\NGH\M*GN*NOM*RHUFN*GHJ*XFNUFN*IMHMVGNXV*Xc*NOM*IGRH*YSX\bL**

'M\XHJS_K*NOVXFIO* NOM* M`G[RHGNRXH* Xc*7RIL* iLh* ?Y@K*NOM* G\NRWM*QFYHMNaXVb* R[UMJGH\M* Xc* NOM*

cFHJG[MHNGS*XQ\RSSGNXV*\GH*YM*GSQX*M`UVMQQMJ*RH*NOM*cXV[*Xc*MjFGNRXH*?iLi@*UVXWRJMJ*NOGN*#*RQ*GVXFHJ*

A#BL*(OM*UGQQRWM*QFYHMNaXVb*RQ*QR[US_*NOM*NGHb*GHJ*NOM*SXGJ*R[UMJGH\MQ*RH*UGVGSSMSL*

*

7RIFVM*i Lv8*'\OM[GNR\*Xc*G\NRWM*QFYHMNaXVb*R[UMJGH\M*JMVRWGNRXHL*

(OM* SXGJ* UMVNFVYGNRXH* \GH* YM* [XJMSMJ*GQ*GH* R[UMJGH\M* *RH* UGVGSSMS*aRNO* L* (OM*

VMQFSNRHI*UMVNFVYGNRXH*NX*NOM*IGRH*YSX\b*\GH*YM*RHQUM\NMJ*GN*V0F4!<*Xc*YXNO*\RV\FRNQL*7XV*NOM*'#6-K*

GH* M`NVG* QOFHN* R[UMJGH\M* *GN*V0F4! <* \GH* YM* cXFHJK* aOMVMGQ* cXV* NOM*

cFHJG[MHNGS*XQ\RSSGNXVK*NOM*M`NVG*QOFHN*R[UMJGH\M*RQ*L*'RH\M* *GHJ*

*GVXFHJ*NOMRV*VMQUM\NRWM*XQ\RSSGNRHI*cVMjFMH\RMQ*Xc*NOM*NaX*XQ\RSSGNXVQK**GHJ* *Xc*

NOM*cFHJG[MHNGS*XQ\RSSGNXV*RQ*QFY^M\N*NX*G*[F\O*QNVXHIMV*SXGJ*WGVRGNRXH*\X[UGVMJ*NX*NOXQM*Xc*NOM*

'#6-L* .N*NOMRV*VMQUM\NRWM*XQ\RSSGNRHI*cVMjFMH\RMQK*NOM*UO_QR\GS*[MGHRHI*Xc**GHJ* *RQ*

NOM*QNVMHINO*Xc*RQXSGNRXHL*7XV*NOM*'#6-K*GSNOXFIO*NOM*\OGHIM*Xc*NOM*SXGJ*R[UMJGH\M*GN*A#B*QMMH*Y_*

Zl1 f( ) = Zl f( ), f ! 1.5 f0,

Zl1 f( ) = +! , f >1.5 f0.    

"
#
$

%$

Zl 2 f( ) = +! , f ! 1.5 f0,     

Zl 2 f( ) = Zl f( ), f >1.5 f0.

"
#
$

%$

Za f( ) =
V0e

j! t

I1e
j! t + !I1e

j! t
= 1

Gin " GG1

n3
2 f( ) +

Gout " GD1

n21
2 f( )

#

$
%
%

&

'
(
(  ,

GG1 = n3 f( ) ! IG1ej! 1 V0 GD1 = n21 f( ) ! I D1ej! 1 V0

! ZLoad ZLoad

! ZLoad "n1
2 f( ) n22

2 f( )
! ZLoad "k1

2 k2
2 n1

2 f( ) n22
2 f( ) ! 1

k1
2 k2

2 ! 1 GG1 GD1

n1
2 n22

2 k1
2 k2

2



ii *

NOM*IGRH*YSX\b*RQ* K*NOM*OGV[XHR\*UFSSRHI*MccM\N*RQ*[F\O*aMGbMV*NOGH*

NOM*cFHJG[MHNGS*\XFHNMVUGVN*GQ*QNGNMJ*RH*QM\NRXH*iLALCL*

(OMHK*NOM*UGQQRWM*QFYHMNaXVbQ*QFY^M\N*NX*G*SXGJ*UMVNFVYGNRXH*RQ*\XHQRJMVMJL*.H_*SXGJ*R[UMJGH\M*RH*

NOM*FUUMV*OGSc*USGHM*Xc*NOM*'[RNO*\OGVN*\GH*YM*VMUVMQMHNMJ*GQ*G*UGVGSSMS*VMQRQNXV*GHJ*RHJF\NXV*?WK!X@*

GHJ*RH*NOM*SXaMV*OGSc*GQ*G*UGVGSSMS*VMQRQNXV*GHJ*\GUG\RNXV*?WK!Y@L*(GbRHI*NOM*cRVQN*\GQM*?WK!X@*GQ*GH*

M`G[USMK*NOM*HXV[GSRqMJ*VMQXHGHN*cVMjFMH\_*Xc*<27'!Z !#B*Xc*NOM*'#6-*RQ*GQ*cXSSXaQK*Rc*NOMVM*RQ*GH*

M`NVG*QOFHN*RHJF\NGH\M*" X8*

** **********************************?iLh@*

.HJ*NOM*HXV[GSRqMJ*VMQXHGHN*cVMjFMH\_*Xc*<27'!Z !A#B*Xc*NOM*cFHJG[MHNGS*XQ\RSSGNXV*RQ8*

***********************************************?iLv@*

'RH\M *GHJ K* NOM* cVMjFMH\_* UFSSRHI* GNNVRYFNMJ* NX* NOM* UGQQRWM*

QFYHMNaXVb*Xc*NOM*'#6-*RQ*Q[GSSMV*NOGH*NOGN*Xc*NOM*cFHJG[MHNGS*XQ\RSSGNXVL*

.Q*G*QF[[GV_K*NOM*cVMjFMH\_*UFSSRHI*\GFQMJ*Y_*NOM*G\NRWM*GHJ*UGQQRWM*QFYHMNaXVb*UMVNFVYGNRXHQ*RQ*

SRQNMJ*GHJ*\X[UGVMJ*RH*(GYSM*iLCL*

(GYSM*i LC8*7VMjFMH\_*4FSSRHI*0X[UGVRQXH*Xc*NOM*(aX*(_UMQ*Xc*-Q\RSSGNXVQ*

7G\NXV*

(_UM******************

.\NRWM*GN*
cFHJG[MHNGS*

.\NRWM*GN*AHJ*
OGV[XHR\*

4GQQRWM* (XNGS*

'#6- * �� �� �� �� �� �� �� ��

7FHJG[MHNGS* �� �� �� �� �� �� �� ��

*

Q:N! 038%-+@M>CBFG-2KD>M-@F-` 7̂K<KL>E><D-

7VX[*NOM*GHGS_QRQ*\XHJF\NMJ*RH*NOM*UVMWRXFQ*QM\NRXHK*RN*\GH*YM*cXFHJ*NOGN*G*VRIXVXFQ*[GNOM[GNR\GS*

M`UVMQQRXH*\GH*OGVJS_*YM*JMWMSXUMJ*[GRHS_*YM\GFQM*Xc*NOM*SR[RNGNRXH*Xc*NOM*SGVIM*QRIHGS*[XJMSRHI*

! ZLoad "n1
2 f( ) n22

2 f( ) ! ! ZLoad

!f0 f0 !
L1 + " L#n1

2 f0( )#n21
2 f0( ) n22

2 f0( )
" L#n1

2 f0( )#n21
2 f0( ) n22

2 f0( )
i

2 !!f0 2 f0 !
L1 4+ " L#k1

2

" L#k1
2

i

n21
2 f0( ) n22

2 f0( ) ! 4 k1 ! n1 f0( )



ih *

NM\OHRjFMK*aOR\O*RQ*HXN*GYSM*NX*UVXWRJM*M`USR\RN*JMUMHJMH\RMQ*Xc*\XHJF\NGH\M**GHJ* *XH*NOM*

JVRWRHI*GHJ*SXGJRHI*\XHJRNRXHQ*Xc*G*IGRH*YSX\bL*

(VGJRNRXHGSS_K*YMOGWRXV*[XJMSQ*Xc*HXHSRHMGV*&7*JMWR\MQ*GVM*aRJMS_*FQMJ*RH*NOM*NR[M*JX[GRH*GHJ*

cVMjFMH\_*JX[GRH*\RV\FRN*QR[FSGNXVQL*6XaMWMVK*GNNM[UNRHI*NX*[GHRUFSGNM*NOM*YMOGWRXV*[XJMSQ*RH*

GH*GHGS_NR\GS*cXV[*RQ*RHcMGQRYSM*GHJ*aRSS*JMcRHRNMS_*VMQFSN*RH*M`NVM[MS_*\X[USR\GNMJ*NVGHQ\MHJMHNGS*

MjFGNRXHQL*

#H*NOM*cVMjFMH\_*JX[GRHK*NOM*4XS_f6GV[XHR\*+RQNXVNRXH*?46+@*[XJMS*RQ*G*WMV_*UXaMVcFS*NXXS*RH*

G\\XFHNRHI*cXV*NOM*OGV[XHR\*JMUMHJMH\RMQ*RH*G*[GNVR`*cXV[*?9fUGVG[MNMVQ@*yiBK*hhK*hvzL*#N*OGQ*YMMH*

QF\\MQQcFSS_*R[USM[MHNMJ*cXV*HXHSRHMGV*\RV\FRN*[XJMSRHI*GHJ*JMQRIHRHI*aXVbcSXaQK*QFUUXVNMJ*Y_*

NOM*2M_QRION*HXHSRHMGV*WM\NXV*HMNaXVb*GHGS_qMV*?HXHSRHMGV*$".*XV*"$".@*GHJ*GJWGH\MJ*JMQRIH*

Q_QNM[*?.+'@*yiiK*ihK*CBuzL*.Q*UVMQMHNMJ*RH*NOMQM*NOVMM*UGUMVQK*XHM*Xc*NOM*YMHMcRNQ*Xc*NOM*46+*

[XJMS*RQ*NOM*QFUUXVN*Xc*GHGS_NR\GS*JMVRWGNRXHQ*SRbM*NOM*Q\GNNMVRHI*UGVG[MNMV*?'fUGVG[MNMV@L*#H*NORQ*

QM\NRXHK*NOM*'#6-fVMSGNMJ*SGVIM*QRIHGS*[XJMSRHI*RQ*R[UVXWMJ*FQRHI*NOM*9fUGVG[MNMV*[XJMSL*

! 78)- L @M>C-KFM-`ŜK<KL>E><-A@<L;CKEB@FD-

*

7RIFVM*i Lt 8*#H\RJMHN*GHJ*Q\GNNMVMJ*UXaMV*aGWMQ*Xc*NaXfUXVN*HXHSRHMGV*HMNaXVb*[GUURHI*cFH\NRXHQ*

aRNO*NOM*cFHJG[MHNGS*GHJ*OGV[XHR\*NXHMQ*yCBizL*

3MHMVGSS_K*G*NaXfUXVN*HXHSRHMGV*JMWR\M*?MLIL*G*NVGHQRQNXV*XV*GH*G[USRcRMV@*RH*XUMVGNRXH*OGQ*RNQ*RH\RJMHN*

GHJ*Q\GNNMVMJ*UXaMV*aGWMQ*GN*MG\O*UXVN*GHJ*MG\O*OGV[XHR\*aRNO*cFHJG[MHNGS*cVMjFMH\_*#K*GQ*QOXaH*

RH*7RIL*iLtL*(OMQM*aGWMQ*\GH*YM*VMSGNMJ*NX*MG\O*XNOMV*Y_*G*QMN*Xc*HXHSRHMGV*[GUURHI*cFH\NRXHQ*GQ*

cXSSXaQ8*

*******************?iLt@*

GG1 GD1

b1m = F1m VCC, a11,.a12,....,.a1n,....,.a1N ,.a21,.a22,....,.a2n,....,.a2N( ).,
b2m = F2m VCC, a11,.a12,....,.a1n,....,.a1N ,.a21,.a22,....,.a2n,....,.a2N( ).,



iv *

GHJ*

*****************************?iLD@*

#H*NOMQM*JMcRHRNRXHQK*7*GHJ*A*GVM*NOM*OGV[XHR\*RHJR\MQ*cXV*NOM*! *GHJ*2*aGWMQK*VMQUM\NRWMS_L*.[XHI*

GSS*NOM*aGWMQK*2CC*RQ*NOM*SGVIM*JVRWRHI*QRIHGS*GN*NOM*cFHJG[MHNGS*cVMjFMH\_*NOGN*QMNQ*NOM*XUMVGNRHI*

\XHJRNRXH* Xc* NOM* JMWR\ML* /RHMGVRqGNRXH* Xc* NOM* [GUURHI* cFH\NRXHQ* QFY^M\N* NX* MG\O* Xc* NOM* aGWM*

\X[UXHMHNQ*GN*NOM*WR\RHRN_*Xc*2CC*IRWMQ*VRQM*NX*NOM*cXSSXaRHI*SRHMGV*cFH\NRXHQK*RH*aOR\O*' *GHJ*.*GVM*

NOM*UXVN*RHJR\MQ*cXV*NOM*! *GHJ*2*aGWMQK*VMQUM\NRWMS_8*

************************************?iLw@*

#H*NORQ*MjFGNRXHK*I *RQ*NOM*GYQXSFNM*UOGQM*Xc*NOM*2CC*aGWMK*aOR\O*RQ*FQFGSS_*QMSM\NMJ*GQ*NOM*UOGQM*

VMcMVMH\M*QX*NOGN*I *\GH*YM*QMN*GQ*qMVX*?QX*2CC*YM\X[MQ*G*VMGS*UXQRNRWM*HF[YMV@*aRNOXFN*SXQRHI*

IMHMVGSRN_L*(OM*M`RQNMH\M*Xc*\X[USM`*\XH^FIGNM*NMV[**RQ*YM\GFQM*[ .A*RQ*G*HXHGHGS_NR\*HXHSRHMGV*

cFH\NRXH* cXV*yhvzL* (OM* '* NMV[Q* *GHJ* (* NMV[Q* *GVM* \XSSM\NRWMS_* VMcMVVMJ* NX* GQ* NOM*

IMHMVGSRqMJ* 9fUGVG[MNMVQK* Y_* GHGSXI_* aRNO* NOM* IMHMVGSRqMJ* 'fUGVG[MNMVQ*yvDzL* #c* NOM* JMWR\M*

GUUVXG\OMQ*SRHMGV*XUMVGNRXHK*NOM*'*NMV[Q*cXV*NOM*QM\XHJ*GHJ*ORIOMV*OGV[XHR\Q*GHJ*GSS*NOM*(*NMV[Q*

YM\X[M*qMVX*QX*NOGN*NOM*9fUGVG[MNMVQ*GVM*VMJF\MJ*NX*'fUGVG[MNMVQL*%jFGNRXH*?iLw@*\GH*YM*VMaVRNNMH*

RH*G*[GNVR`*cXV[8*

* ***********************************************?iLCB@*

RH*aOR\O*

*

*

A1= [a11, a12, ..., a1N ]T , A2 = [a21, a22, ..., a2N ]T ,

B1= [b11, b12, ..., b1M ]T ,  B2 = [b21, b22, ..., b2M ]T.

bim = Xim,kn
(S) Pm! nakn + Xim,kn

(T) Pm+nakn
"#$ %&'  .

akn
!

Xi m,kn
(S) Xi m,kn

(T)

B = X(S) !A + X(T) !A" ,

A =
A2

A1

!

"
#
#

$

%
&
&
,    B =

B2

B1

!

"
#
#

$

%
&
&
,

X(S) =

X21,21
(S) X21,22

(S) ! X21,2N
(S) X21,11

(S) X21,12
(S) ! X21,1N

(S)

X22,21
(S) X22,22

(S) ! X22,2N
(S) X22,11

(S) X22,12
(S) ! X22,1N

(S)

! ! " ! ! ! " !
X2M ,21

(S) X2M ,22
(S) ! X2M ,2N

(S) X2M ,11
(S) X2M ,12

(S) ! X2M ,1N
(S)

X11,21
(S) X11,22

(S) ! X11,2N
(S) X11,11

(S) X11,12
(S) ! X11,1N

(S)

X12,21
(S) X12,22

(S) ! X12,2N
(S) X12,11

(S) X12,12
(S) ! X12,1N

(S)

! ! " ! ! ! " !
X1M ,21

(S) X1M ,22
(S) ! X1M ,2N

(S) X1M ,11
(S) X1M ,12

(S) ! X1M ,1N
(S)

!

"

#
#
#
#
#
#
#
#
#
#

$

%

&
&
&
&
&
&
&
&
&
&

,



it *

*

! Ž*RQ*NOM*\X[USM`*\XH^FIGNM*Xc*! L*%jFGNRXH*?iLCB@*\GH*YM*cFVNOMV*aVRNNMH*RH*G*QjFGVM*[GNVR`*cXV[8*

*******************************************************?iLCC@*

RH*aOR\O*

*

! 038%-CK<G>-DBGFKC-L @M>CBFG-OKD>M-@F-`ŜK<KL>E><D-

.QQF[RHI*NOM*NGVIMN*'#6-*JMQRIH*OGQ*G*cFHJG[MHNGS*cVMjFMH\_*#BK*GVXFHJ*aOR\O*NOM*9fUGVG[MNMVQ*

Xc*NOM*IGRH*YSX\b*GVM*M`NVG\NMJL*(OM*'#6-*VMGS*cFHJG[MHNGS*XQ\RSSGNRHI*cVMjFMH\_*RQ**GHJ* *

aOMH*G*UFSSRHI*JXMQ*HXN*M`RQNL*(OM*9fUGVG[MNMV* [MGQFVM[MHN*UVX\MJFVM*Xc*G*HXHSRHMGV*JMWR\M*

[GbMQ*FQM*Xc*M`NVG\NRXH*NXHMQ*?%(Q@*aRNO*SXaMV*UXaMV*?MLIL*Cv*J1*SXaMV*NOGH*NOM*2CC*aGWM*UXaMV@*

NX*UMVcXV[*UOGQM*QaMMU*[MGQFVM[MHNQ*GN*NOM*cFHJG[MHNGS*GHJ*MG\O*Xc*NOM*OGV[XHR\*cVMjFMH\RMQK*

FHJMV*G*SGVIM*QRIHGS*?2CC*aGWM@*JVRWRHIL*'XK*NOM*9fUGVG[MNMVQ*GVM*WGSRJ*aRNORH*G*\MVNGRH*QXFV\M*GHJ*

SXGJ*R[UMJGH\M*VMIRXH*GVXFHJ*NOM*UXRHN*aOMVM*NOM*JMWR\M*[MGQFVM[MHN*RQ*UMVcXV[MJL*(OM*QRqM*Xc*

NOM*VMIRXH*JMUMHJQ*XH*NOM*SMWMS*Xc*NOM*%(QK*aOR\O*RQ*\XHQNVGRHMJ*Y_*NOM*SRHMGVRqGNRXH*G\\FVG\_*

VMjFRVM[MHN* Xc* MjFGNRXH* ?iLw@L* 'F\O* GH* R[UMJGH\MfRHJMUMHJMHN* ?VMIRXHfSR[RNMJ@* 9fUGVG[MNMV*

[XJMS*OGQ*YMMH*FQMJ*NX*VXYFQNS_*UVMJR\N*SGVIM*QRIHGS*VMQUXHQMQ*yiiK*ihK*hhz*GHJ*NX*JMQRIH*HXHSRHMGV*

\RV\FRNQ* GSNOXFIO* NOM* QRqM* Xc* NOM* WGSRJ* VMIRXH* WGVRMQ* cXV* JRccMVMHN* JMWR\MQ* GHJ* RQ* HXN* WMV_* aMSS*

\OGVG\NMVRqMJ*RH*NOM*SRNMVGNFVML*(OMVMcXVMK*RH*XVJMV*NX*FNRSRqM*GH*9fUGVG[MNMV*[XJMSK*NOM*R[UMJGH\M*

NMV[RHGNRXH* GHJ* JVRWRHI* SMWMS* RH* NOM* VMGS* XUMVGNRHI* \XHJRNRXH* HMMJ* NX* YM* RJMHNRcRMJ* GQ* \SXQM* GQ*

UXQQRYSML*.HJ*GSQXK*G*UVMf[GN\O*RQ*HM\MQQGV_*YMcXVM*M`UMVR[MHNGSS_*M`NVG\NRHI*WGSRJ*9fUGVG[MNMVQ*

Xc*G*NVGHQRQNXVL*

X(T) =

X21,21
(T) X21,22

(T) ! X21,2N
(T) X21,11

(T) X21,12
(T) ! X21,1N

(T)

X22,21
(T) X22,22

(T) ! X22,2N
(T) X22,11

(T) X22,12
(T) ! X22,1N

(T)

! ! " ! ! ! " !
X2M ,21

(T) X2M ,22
(T) ! X2M ,2N

(T) X2M ,11
(T) X2M ,12

(T) ! X2M ,1N
(T)

X11,21
(T) X11,22

(T) ! X11,2N
(T) X11,11

(T) X11,12
(T) ! X11,1N

(T)

X12,21
(T) X12,22

(T) ! X12,2N
(T) X12,11

(T) X12,12
(T) ! X12,1N

(T)

! ! " ! ! ! " !
X1M ,21

(T) X1M ,22
(T) ! X1M ,2N

(T) X1M ,11
(T) X1M ,12

(T) ! X1M ,1N
(T)

!

"

#
#
#
#
#
#
#
#
#
#

$

%

&
&
&
&
&
&
&
&
&
&

.

!B = X(ST) ! !A  ,

!A = A
A.!

"
#$

%
&'
,   !B = B

B.!
"
#$

%
&'
,   X(ST) = X(S) X(T)

X(T).! X (S).!
"
#$

%
&'
.

fr fr = f0



iD*

7VX[*GSNMVHGNRWM*UXRHN*Xc*WRMaK*NOM*VMGS*XUMVGNRHI*\XHJRNRXHQ*Xc*G*HXHSRHMGV*JMWR\M*M[YMJJMJ*RH*G*

\RV\FRN*RQ*JMQ\VRYMJ*Y_*NOM*WXSNGIM*GHJ*\FVVMHN*aGWMcXV[Q*GN*MG\O*UXVN*GHJ*MG\O*OGV[XHR\K*cVX[*

aOR\O*NOM*WRVNFGS*QXFV\M*GHJ*SXGJ*\GH*YM*JMNMV[RHMJK*GQ*QOXaH*RH*7RIL*iLDL*

*

7RIFVM*i LD8*&MSGNRXH*YMNaMMH*NOM*WXSNGIM{\FVVMHN*aGWMcXV[Q*Xc*G*IGRH*YSX\b*GHJ*NOM*WRVNFGS*

QXFV\M{SXGJL*

.*HXHSRHMGV*IGRH*YSX\b*XUMVGNRHI*RH*GH*XQ\RSSGNXV*aRNO*\MVNGRH*RHUFN*GHJ*XFNUFN*aGWMcXV[Q*\GH*YM*

VMUSG\MJ* RHNX* G* WRVNFGS* QXFV\M* GHJ* SXGJ* MHWRVXH[MHN* aOXQM* UGVG[MNMVQ* GVM* JMcRHMJ* aRNO* NOM*

cXSSXaRHI*MjFGNRXHQ8*

* ***************************************?iLCA@*

#N*\GH*YM*cXFHJ*NOGN*NOM*WRVNFGS*SXGJ*R[UMJGH\M*RQ*\X[USMNMS_*JMNMV[RHMJ*Y_*NOM*XFNUFN*WXSNGIM*GHJ*

\FVVMHNK* YFN* NOM* WRVNFGS* QXFV\M* \GHHXN* YM* JMNMV[RHMJ* QRH\M*NaX* FHbHXaHQ* ?*GHJ* @* GVM*

RHWXSWMJL*:RNOXFN*SXQRHI*IMHMVGSRN_K*GSS*NOM*MSM[MHNQ*Xc**GQ*QMSM\NMJ*NX*YM*hB*•*QX* *\GH*YM*

JMNMV[RHMJL*#H*NORQ*aG_K*NOM*RHUFN{XFNUFN*VMcMVMH\M*R[UMJGH\MQ*Xc*NOM*9fUGVG[MNMVQ*Xc*NOM*IGRH*

YSX\b*\GH*YM*QMSM\NMJ*GQ*hB*•*GHJ- L*,XVMXWMVK*QRH\M*NOM*OGV[XHR\*QRIHGSQ*GVM*MRNOMV*aMGbS_*

IMHMVGNMJ*XV*QRIHRcR\GHNS_*GNNMHFGNMJ*Y_*NOM*cRSNMV*Xc*NOM*cMMJYG\bfSXXU*Xc*GH*XQ\RSSGNXVK*NOM*OGV[XHR\*

SMWMS*RH**GHJ* *GVM*[F\O*SXaMV*NOGH*NOM*cFHJG[MHNGS*XHMQL*(OMVMcXVMK*RN*RQ*WGSRJ*NX*RIHXVM*NOM*

OGV[XHR\* \X[UXHMHNQ* RH* NOM* SGVIM* JVRWRHI* QRIHGS**GHJ* QMN* NOM* UOGQM* Xc**NX* qMVXK* aOMH*

M`NVG\NRHI*NOM*9fUGVG[MNMVQ*Xc*NOM*IGRH*YSX\bL*

(OM*RH\RJMHN*GHJ*Q\GNNMVMJ*UXaMV*aGWMQ*cXV*GSS*NOM*UXVNQ*GHJ*OGV[XHR\Q*GVM*VMSGNMJ*NX*NOM*NMV[RHGS*

WXSNGIM*GHJ*\FVVMHN*RH*G*[GNVR`*cXV[*GQ*cXSSXaQ8*

*************************************?iLCu@*

RH*aOR\O*

*

Zld = ! Vout I out ,   I src = I in + Vin Zsrc .

I src Zsrc

Zsrc I src

Zl d

I i n Vi n

I src I src

!A = !G! !V + !Z ! !I( ), !B = !G! !V " !Z# ! !I( ) ,

!G = 8Re( !Z)( )! 1

,



iw*

********************** *

******************** *

********************* *

K* *GVM* NOM* UXVN* \FVVMHN* G[USRNFJMK* WXSNGIM* G[USRNFJMK* GHJ**RQ* NOM* SXGJ* ?VMcMVMH\M@*

R[UMJGH\M*aOR\O*RQ*GH*MSM[MHN*Xc- L*#N*QOXFSJ*YM*HXNMJ*NOGN*- €V*RH*NOMQM*MjFGNRXHQL*

(OM*cXSSXaRHI*VMSGNRXHQORU*\GH*YM*XYNGRHMJ*Y_*QFYQNRNFNRHI*MjFGNRXH*?iLCu@*RHNX*?iLCC@K*

*****************************************?iLCi@*

aOMVM**RQ* GH* RJMHNRN_* [GNVR`* GHJ* *RQ* GH* MjFRWGSMHN* 9fUGVG[MNMV* [GNVR`*

JMcRHMJ*Y_*NOM*RH\RJMHN*GHJ*Q\GNNMVMJ*WXSNGIM*aGWMQL*%jFGNRXH*?iLCi@*UVXWRJMQ*NOM*SGVIM*QRIHGS*

OGV[XHR\*#{$*\OGVG\NMVRQNR\Q*Xc*NOM*IGRH*YSX\b*FHJMV*VMGS*XUMVGNRHI*\XHJRNRXH*RH*GH*'#6-L*

.JJRHI*NOM*WRVNFGS*QXFV\M*GHJ*SXGJ*R[UMJGH\MQ*NX*7RIL* iLh*?G@*GHJ*FQRHI*NOM*cFHJG[MHNGS*VMGSf

WGSFMJ*NMQN*\FVVMHN*QXFV\MQ* *GHJ* K*NOM*MjFRWGSMHN*\RV\FRN*cXV*NOM*'#6-*GHGS_QRQ*RQ*RSSFQNVGNMJ*

RH*7RIL*iLwK*aOMVM*NOM*MSM[MHNQ*Xc**RQ*JMcRHMJ*Y_8*

*********************************

*

7RIFVM*i Lw8*%jFRWGSMHN*\RV\FRN*Xc*'#6-*M[USX_RHI*9fUGVG[MNMVQ*GQ*NOM*HXHSRHMGV*[XJMS*Xc*NOM*

IGRH*YSX\bL*

!I = diag I21,.I 22,." ,.I 2N ,.I11,.I12,." ,.I1N ,!" .I 21
# ,.I 22

# ,." ,.I 2N
# ,.I11

# ,.I12
# ,." ,.I1N

# $% ,

!V = diag V21,.V22,." ,.V2N ,.V11,.V12,." ,.V1N ,!" .V21
# ,.V22

# ,." ,.V2N
# ,.V11

#,.V12
# ,." ,.V1N

# $% ,

!Z = diag Zld1,.Zld2,." ,.ZldN ,.50,.50,." ,.50

N# $%% &%%
,

!

"
# .Zld1

$ ,.Zld2
$ ,." ,.ZldN

$ ,.50,.50,." ,.50

N# $%% &%% %

&
'  .

Ikn Vkn Zl dn

Zl d

1- !X(ST)( ) ! !V = !Z" + !X(ST) ! !Z( )! !I  ,

1 !X(ST) = !G! 1 "X(ST) " !G

IS1 IS2

ZM



hB*

#c* *?QX*NOGN*YXNO**GHJ* @*RQ*QFY^M\N*NX*G*SXGJ*UFSSRHIK*YFN*HXN*QNVXHIS_*MHXFIO*NX*cXV\M*NOM*

IGRH*YSX\b*SMGWRHI*NOM*WGSRJ*VMIRXH*Xc*NOM*9fUGVG[MNMVQK*NOM*SXGJ*R[UMJGH\M*GHJ*R[UMJGH\M*[GNVR`*

\OGHIM*cVX[* *GHJ* *NX* *GHJ* K*VMQUM\NRWMS_L* (OMH*NOM* IGRH*YSX\b*NMV[RHGS*WXSNGIM*GHJ*

\FVVMHN*GVM*VMSGNMJ*NX*NOM*NMQN*\FVVMHN*QXFV\MQ*Y_8*

*****************************************************?iLCv@*

RH*aOR\O*

*

*

'FYQNRNFNRHI*?iLCv@*RHNX*?iLCi@*GHJ*JMcRHRHI* K*aOR\O*RQ*NOM*WXSNGIM*GN*NOM*NMQN*\FVVMHN*

QXFV\M*XFNUFN8*

**********?iLCt@*

K*?iLCD@*

K***********************************************?iLCDLC@*

K****?iLCw@*

* L******************************************************?iLCwLC@*

%jFGNRXHQ*?iLCD@*GHJ*?iLCw@*\GH*YM*M`NVG\NMJ*cVX[*?iLCt@L*(OMRV*Q_[YXSR\*cXV[Q*GVM*aVRNNMH*GQ*

MjFGNRXHQ*?iLCDLC@*GHJ*?iLCwLC@L* K* *GHJ*NOMRV*\XH^FIGNMQ*GVM*cVX[*NOM*[GNVR`L*TC*RQ*

Zl Zl1 Zl 2

Zl d
!Z !Zl d

! !Z

!I = N !I S - ! "Z( )-1
! !V,

N = diag n21 fr( ),.n21 2 fr( ),.! ,.n21 Nfr( ),.n3 fr( ),.n3 2 fr( ),.! ,.n3 Nfr( ),!"

               n21 fr( ),.n21 2 fr( ),.! ,.n21 Nfr( ),.n3 fr( ),.n3 2 fr( ),.! ,.n3 Nfr( )#$ ,

!VS = N ! !V

  1- !X(ST) + !Z! " ! #Z( )-1
+ !X(ST) " !Z " ! #Z( )-1$

%
&
' "N( 1 " !VS = !Z! + !X(ST) " !Z( )"N "I S .

Zld1
! +Zld1

Zld1"n21 fr( )
2

n3 fr( )

#

$

%
%
%
%
%

&

'

(
(
(
(
(

+
!X21,22

(S) !X21,22
(T)

!X11,22
(S) !X11,22

(T)

#

$
%
%

&

'
(
(

! ld2 0

0 ! ld2
!

#

$
%%

&

'
((

V22

V1"n21 2 fr( )
V22

!

V1"n21 2 fr( )

#

$

%
%
%
%
%

&

'

(
(
(
(
(

=
Zld1

! +Zld1
!X21,21

(S) +Zld1
! !X21,21

(T)( )"n21 fr( )   50" !X21,11
(S) + !X21,11

(T)( )"n3 fr( )   .
         Zld1

!X11,21
(S) +Zld1

! !X11,21
(T)( )"n21 fr( )   50" !X11,11

(S) + !X11,11
(T) +1( )"n3 fr( )

#

$
%
%

&

'
(
(

I S2

V1

I S1

V1

#

$

%
%
%
%%

&

'

(
(
(
((

K + X !" !P = Q!E

Zld2
!

"Zld2

+1+ !X22,22
(S) ! ld2

!X22,22
(T) ! ld2

!

!X22,22
(T)! ! ld2

Zld2

"Zld2
!

+1+ !X22,22
(S)! ! ld2

!

#

$

%
%
%
%
%

&

'

(
(
(
(
(

V22

V1)n21 2 fr( )
V22

!

V1)n21 2 fr( )

#

$

%
%
%
%
%

&

'

(
(
(
(
(

=
Zld1

!X22,21
(S) +Zld1

* !X22,21
(T)( ))n21 fr( )   50) !X22,11

(S) + !X22,11
(T)( ))n3 fr( )

Zld1
!X22,21

(T)! +Zld1
* !X22,21

(S)!( ))n21 fr( )   50) !X22,11
(S)! + !X22,11

(T)!( ))n3 fr( )

#

$
%
%

&

'
(
(

I S2

V1

I S1

V1

#

$

%
%
%
%%

&

'

(
(
(
((

S!P = R !E

!Xi m,kn
(S) !Xi m,kn

(T) !X(ST)



hC*

NOM*cFHJG[MHNGS*cVMjFMH\_*WXSNGIM*GN*NOM*NMQN*\FVVMHN*QXFV\M*GQ*QOXaH*RH*7RIL*iLwL**RQ*NOM*AHJ*

OGV[XHR\*SXGJ*R[UMJGH\M*UFSSRHI*VGNRX8*

***************************************************?iLAB@*

(OM*MjFRWGSMHN*GJ[RNNGH\M*Xc*NOM*FUUMV*UXVNRXH*aRNO*NOM*IGRH*YSX\b*RH*NOM*'#6-*GN*NOM*cFHJG[MHNGS*

cVMjFMH\_*\GH*YM*XYNGRHMJ*Y_*QXSWRHI*MjFGNRXHQ*?iLCD@*GHJ*?iLCw@*NXIMNOMV8*

* ********************************?iLAC@*

(OM*MjFRWGSMHN*GJ[RNNGH\M*Xc*NOM*SXaMV*UXVNRXH*GN*NOM*cFHJG[MHNGS*cVMjFMH\_*\GH*YM*M`UVMQQMJ*GQ8*

****?iLAA@*

%jFGNRXHQ*?iLAC@*GHJ*?iLAA@*\GH*YM*QXSWMJ*QR[FSNGHMXFQS_*NX*IMN*NOM*UFSSMJ*XQ\RSSGNRHI*cVMjFMH\_

K*XFNUFN*UXaMV*GN*K*GHJ*XNOMV*WGVRGYSMQ*NOGN*GVM*QaMUN*RH*NOM*9fUGVG[MNMV*[MGQFVM[MHNL*(OM*

UOGQM*HXRQM*WGVRGNRXH*\GH*YM*GSQX*UVMJR\NMJ*YGQMJ*XH*NOM*;fcG\NXV*JMUMHJMH\ML*:OMH**RQ*qMVXK*

aOR\O*[MGHQ*HX*UFSSRHI*M`RQNQK*MjFGNRXHQ*?iLAC@*GHJ*?iLAA@*GVM*VMJF\MJ*NX8*

**********************************************?iLAu@*

**********************?iLAi@*

(OM*UO_QR\GS*RHQRION*Xc*NOM*UFSSRHI*MccM\N*\GH*YM*IGRHMJ*cVX[*NOM*cXSSXaRHI*GQUM\NQ8**

?C@! (OM*R[UMJGH\M**Xc*NOM*SRHMGV*QFYHMNaXVb*JMWRGNMQ*cVX[*NOM*JMQRIHMJ*WGSFM*JFM*NX*NOM*

UFSSRHI*MccM\N*GVXFHJ*#BK*aOR\O*\OGHIMQ*NOM*QOFHN*R[UMJGH\M*L*(X*VMJF\M*NOM*MccM\NK*

NOM* XHS_* \OXR\M* RQ* NX* MHOGH\M* NOM* RQXSGNRXH* Xc* NOM* JRUSM`MV* GN* NOM* NGVIMN* cFHJG[MHNGS*

cVMjFMH\_*#BK*QX*NOGN**IMNQ*[XVM*G[USRcR\GNRXH*GHJ*OGQ*SMQQ*MccM\N*XH*L*

?A@! :OMH*NOM*HXV[*Xc*[GNVR`* *RQ*VMJF\MJK*NOM*QORcN*Xc*NOM*R[UMJGH\M**IMNQ*aMGbMVK*GHJ*

MjFGNRXH*?iLAC@*RQ*VMJF\MJ*NX*MjFGNRXH*?iLAu@L*

?u@! ,GNVR`*0*VMSGNMQ*NX*NOM*AHJ*OGV[XHR\*VMcSM\NRXH*\XMccR\RMHNQ*GN*NOM*XFNUFN*Xc*NOM*IGRH*YSX\bL*

#c*NOM*VMcSM\NRXH*IMNQ*QNVXHI*MHXFIO*QF\O*NOGN*NOM*HXV[*Xc*0‚ C*RQ*VMJF\MJK*NOM*AHJ*OGV[XHR\*
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hA*

QRIHGS*RH^M\NRXH*RHNX*NOM*XFNUFN*Xc*NOM*IGRH*YSX\b*GQ*G*VMQFSN*Xc*NOM*SXGJ*R[UMJGH\M*WGVRGNRXH*

RQ*aMGbMVK*QX*NOGN*NOM*UMVNFVYGNRXH*XH*NOM*XQ\RSSGNRHI*J_HG[R\Q*RQ*Q[GSSMVL*

?i@! ,GNVR`*` *VMSGNMQ*NX*NOM*\XHWMVQRXH*VGNM*Xc*NOM*RH\RJMHN*AHJ*OGV[XHR\*QRIHGS*GN*UXVN*A*Xc*NOM*

IGRH*YSX\b*NX*NOM*cFHJG[MHNGS*QRIHGS*XFNUFN*GN*YXNO*UXVNQL*.UGVN*cVX[*NOM*VMcSM\NMJ*UXVNRXH*

Xc*NOM*AHJ*OGV[XHR\*RH^M\NRXH*GN*UXVN*AK*NOM*VM[GRHRHI*UXVNRXH*\GHHXN*UMVNFVY*NOM*XQ\RSSGNRHI*

J_HG[R\Q* FHSMQQ* RN* RQ* \XHWMVNMJ* RHNX* NOM* cFHJG[MHNGS* QRIHGS* cXV* aOR\O* NOM* XQ\RSSGNRXH*

\XHJRNRXH*RQ*MQNGYSRQOMJL*.Q*QF\OK*NOM*Q[GSSMV*NOM*HXV[*Xc*` *RQK*NOM*aMGbMV*NOM*QORcN*Xc*

R[UMJGH\M**aRSS*YML*

?h@! (OM* MSM[MHNQ* RH*. *[GNVR`* GVM* UVXUXVNRXHGS* NX* NOM* \XHWMVQRXH* VGNM*Xc* NOM* cFHJG[MHNGS*

cVMjFMH\_*QRIHGS*NX*NOM*AHJ*OGV[XHR\L*.*Q[GSSMV*HXV[*Xc*. *[MGHQ*G*aMGbMV*HXHSRHMGVRN_*Xc*

NOM*IGRH*YSX\b*GHJ*\MVNGRHS_*G*aMGbMV*UFSSRHI*MccM\N*GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_L*(OM*cRVQN*

GHJ* QM\XHJ* \XSF[HQ* GVM* VMQUM\NRWMS_* UVXUXVNRXHGS* NX* NOM* VGNM* Xc* \XHWMVQRXH* cVX[* NOM*

RH\RJMHN*cFHJG[MHNGS*NXHM*GN*UXVN*A*GHJ*UXVN*C*NX*NOM*AHJ*OGV[XHR\*XFNUFN*GN*UXVN*AL*(OMVMcXVMK*

Q[GSSMV* *GHJ* *UGVG[MNMVQ* GHJ* SGVIMV**GHJ* *UGVG[MNMVQ* aRSS*

UXNMHNRGSS_*VMQFSN*RH*G*ORIO*OGV[XHR\*XFNUFN*MccR\RMH\_*GHJ*SXa*UFSSRHI*MccM\NL**

?v@! (OM*RQXSGNRXH*Xc* NOM* JRUSM`MV* GVXFHJ*A#B*GccM\NQ* NOM* UMVcXV[GH\M* Xc* NOM* FUUMV* UXVNRXH*

QFYHMNaXVbL* (ORQ* MccM\N* \GH* YM* [XJMSMJ* Y_* QFYQNRNFNRHI* NOM* MSM[MHN* *aRNO*

*RH* K* RH* aOR\O**RQ* NOM* VGNRX* Xc* NOM* \XVVMQUXHJRHI*

NVGHQcXV[MV* Xc* G* JRUSM`MV* aOR\O* OGQ* G* JRccMVMHN* RQXSGNRXH* GVXFHJ*A#BL* .Q* NOM* RQXSGNRXH*

YM\X[MQ* aMGbMV* GN* NORQ* cVMjFMH\_K**IMNQ* SGVIMV* GHJ* *GVXFHJ* XNOMV*

OGV[XHR\QL*(ORQ*R[USRMQ*NOM*SXGJ*Xc*NOM*IGRH*YSX\b*GVXFHJ*A#B*RH*GH*'#6-*RQ*UFSSMJ*NXaGVJQ*

NOM*?‚ CK*B@*UXRHN*Xc*NOM*'[RNO*\OGN*aOMVM*NOM*IVGJRMHN*Xc*NOM*cVMjFMH\_*WGVRGNRXH*RQ*SGVIMVL*

(ORQ*UOMHX[MHXH*RQ*RSSFQNVGNMJ*RH*'M\NRXH*iLiLDL***
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hu*

! 'K<G>-DBGFKC-KFKC?DBD-@A-A;FMKL>FEKC-@DHBCCKE@<-OKD>M-@F-`ŜK<KL>E><D-

*

7RIFVM*i LCB8*%jFRWGSMHN*\RV\FRN*Xc*cFHJG[MHNGS*XQ\RSSGNXV*M[USX_RHI*9fUGVG[MNMVQ*GQ*NOM*

HXHSRHMGV*[XJMS*Xc*NOM*IGRH*YSX\bL*

.*QR[RSGV*\RV\FRN*GHGS_QRQ*NM\OHRjFM*\GH*YM*GUUSRMJ*NX*NOM*cFHJG[MHNGS*XQ\RSSGNXVK*aOXQM*MjFRWGSMHN*

\RV\FRN*RQ*QOXaH*RH*7RIL*iLCBL*(OM*MSM[MHNQ*Xc**RQ*JMcRHMJ*Y_8***************************************

**************************************** ********************************************************

K********?iLAv@*

L************************************************?iLAvLC@*

%jFGNRXH*?iLCt@*RQ*QNRSS*WGSRJK*cVX[*aOR\O*MjFGNRXH*?iLAv@*\GH*YM*JMVRWMJL*%jFGNRXH*?iLAvLC@*RQ*NOM*

Q_[YXSR\*cXV[L**RQ*NOM*cFHJG[MHNGS*SXGJ*R[UMJGH\M*UFSSRHI*VGNRX8*

*****************************************************?iLAt@*

(OM*MjFRWGSMHN*GJ[RNNGH\M*Xc*NOM*FUUMV*UXVNRXH*aRNO*NOM*IGRH*YSX\b*RH*NOM*cFHJG[MHNGS*XQ\RSSGNXV*GN*

NOM*cFHJG[MHNGS*cVMjFMH\_*\GH*YM*M`UVMQQMJ*GQ8*

************************************?iLAD@*
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hi *

(OM*MjFRWGSMHN*GJ[RNNGH\M*Xc*NOM*SXaMV*UXVNRXH*GN*NOM*cFHJG[MHNGS*cVMjFMH\_*\GH*YM*M`UVMQQMJ*GQ8*****************

****************?iLAw@*

(OM*XUMVGNRXH*cVMjFMH\_*Xc*NOM*XQ\RSSGNXV*\GH*YM*XYNGRHMJ*cVX[*MjFGNRXHQ*?iLAD@*GHJ*?iLAw@L*(OM*

UO_QR\GS* [MGHRHI* Xc* NOM* UFSSRHI* MccM\N* XH* NOM* cFHJG[MHNGS* XQ\RSSGNXV* \GH* YM* FHJMVQNXXJ* Y_*

XYQMVWRHI* MjFGNRXH* ?iLAv@L* .* SXGJ* WGVRGNRXH* aRSS* UVXJF\M* GH* M`NVG* VMcSM\NMJ* QRIHGS* UOGQXV*

QFUMVUXQMJ*aRNO*NOM*XVRIRHGS*XHML*(OM*UOGQXV*aRSS*YM*JRQNVRYFNMJ*NX*YXNO*NOM*RHUFN*GHJ*XFNUFN*Xc*NOM*

IGRH*YSX\bL*(OM*UXVNRXH*NX*NOM*XFNUFN*aRSS*HXN*NGbM*MccM\N*RH*UFSSRHI*XHS_*aRNO*NOM*\XHJRNRXH*NOGN*

RQ*G*qMVX*[GNVR`K*aOR\O*[MGHQ*NOM*IGRH*YSX\b*RQ*FHRJRVM\NRXHGS*GHJ*UMVcM\NS_*[GN\OMJ*GN*NOM*XFNUFNL*

(ORQ*\XHJRNRXH*\GH*YM*OGVJS_*QGNRQcRMJ*Y_*G*\X[UVMQQMJ*IGRH*YSX\bL*(OM*UXVNRXH*NX*NOM*RHUFN*aRSS*

GSaG_Q*NGbM*MccM\N*YM\GFQM**\XHNGRHQ*NOM*UMVNFVYMJ*R[UMJGH\M*L*

(OM*VRIONfOGHJfQRJMQ*Xc*MjFGNRXHQ*?iLCD@*GHJ*?iLAv@*QOGVM*NOM*QG[M*M`UVMQQRXHL*0X[UGVRHI*NOM*SMcNf

OGHJfQRJM*NMV[**aRNO**R[USRMQ*NOGN*NOM*cFHJG[MHNGS*XQ\RSSGNXV*UFSSRHI*\GHHXN*YM*QFccR\RMHNS_*

VMJF\MJ*HX*[GNNMV*OXa*QXUORQNR\GNMJ*NOM*JMQRIH*RQK*YM\GFQM*NOM*RHNMVcMVMH\M*RHMWRNGYS_*^XRHQ*NOM*

SXXU*NOVXFIO*NOM*[GRHQNVMG[L*(OM*NMV[**Xc*?iLAv@*VMSGNMQ*NX*NOM*VMQXHGNXV*JMQRIH*GHJ*\GHHXN*YM*

GJ^FQNMJ*RHJMUMHJMHNS_L*(OM*NMV[**Xc*?iLCD@*VMSGNMQ*NX*NOM*OGV[XHR\*\XHWMVQRXH*UMVcXV[GH\MK*

aOR\O* RQ* G* QM\XHJGV_* MccM\N* \X[UGVMJ* NX* NOM* \XfcVMjFMH\_* VMcSM\NRXH* GHJ* \XHWMVQRXH* MccM\NQ*

VMUVMQMHNMJ*Y_* L*

! 3FP>HEB@F-C@H\BFG-@A-038%-KFM-A;FMKL>FEKC-@DHBCCKE@<-

#H*\GQM*NOGN*NOM*'#6-*RQ*SX\bMJ*NX*GH*M`NMVHGS*RH^M\NRXH*QRIHGS*GVXFHJ*NOM*cVMjFMH\_*A#BK*RNQ*QNMGJ_f

QNGNM*\GH*QNRSS*YM*RHNMVUVMNMJ*aRNO*NOM*MjFRWGSMHN*\RV\FRN*RH*7RIL*iLw*M`\MUN*NOGN*NOM*R[UMJGH\M**

aRSS*HXN*YM*GccM\NMJL*(OM*M`NMVHGS*QRIHGS*RH^M\NRXH*\GH*YM*[XJMSMJ*Y_*G*UMVNFVYGNRXH*XH**

GVXFHJ*A#BL*(OM*QNMGJ_fQNGNM*cVMjFMH\_*\GH*YM*QXSWMJ*cVX[*MjFGNRXHQ*?iLAC@*GHJ*?iLAA@L*(OM*QNMGJ_f

QNGNM*Xc*NOM*RH^M\NRXH*UFSSRHI*cXV*NOM*cFHJG[MHNGS*XQ\RSSGNXV*\GH*YM*JMQ\VRYMJ*Y_*NOM*\RV\FRN*Xc*7RIL*

iLCBK*aRNO*NOM**UMVNFVYMJ*GVXFHJ*A#BL*

;FGHNRNGNRWMS_*\X[UGVRHI*NOM*SX\b*VGHIMQ*Xc*NOM*XQ\RSSGNXVQ*\GH*YM*\GVVRMJ*XFN*Y_*MQNR[GNRHI*NOM*

[G`R[F[*UOGQM*QORcN*RHJF\MJ*Y_*NOM*RH^M\NRXH*QRIHGS*ytBzL*7XV*NOM* '#6-*GHJ*NOM*cFHJG[MHNGS*

XQ\RSSGNXVK*NOMRV*VMQUM\NRWM*[G`R[F[*UOGQM*QORcNQ*GVM8*
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hh*

*********************************************?iLuB@*

GHJ*

************************************?iLuC@*

#N*\GH*YM*QMMH*NOGN*aRNO*NOM*QG[M*VMSGNRWM*RH^M\NRXH*G[USRNFJM*GHJ*G*SXaMV*MHMVI_*\XHWMVQRXH*cVX[*

NOM*AHJ*NX*NOM*cFHJG[MHNGS*NXHM*GN*NOM*XFNUFN*Xc*NOM*IGRH*YSX\bK*NOM*'#6-*aRSS*OGWM*SMQQ*UOGQM*QORcN*

NX*YM*\X[UMHQGNMJ*Y_*NOM*NGHbL*(OMVMcXVMK*G*Q[GSSMV*SX\b*VGHIM*\GH*YM*M`UM\NMJ*cVX[*NOM*'#6-K*

\X[UGVMJ*NX*NOM*cFHJG[MHNGS*XQ\RSSGNXVL***

Q:Q! )>DBGF-,I>@<?[-+>EI@M@C@G?[-3LSC>L>FEKEB@F-KFM-+@M>C-6><BABHKEB@F-

#H* NORQ* QM\NRXHK* NOM* JMQRIH* NOMXV_* GHJ* [MNOXJXSXI_* Xc* '#6-* GVM* UVMQMHNMJ* aRNO* GH* M`M[USGV_*

UVXNXN_UM*XQ\RSSGNRHI*GN*A*36q*GHJ*MccR\RMHNS_*JMSRWMVRHI*G*i*36q*QRIHGSL*#H*QM\NRXH*iLiLCK*G*JRUSM`MV*

RQ*JMQRIHMJ*GHJ*NMQNMJL*7VX[*QM\NRXH*iLiLA*NX*iLiLtK*GH*GFNX[GNMJ*M`UMVR[MHNGS*JMQRIH*QMNFUK*HG[MJ*

GQ*NOM*OGV[XHR\f[MGQFVM[MHNfGHJfJMQRIH*?6,+@*Q_QNM[*RQ*UVXUXQMJ*GHJ*QNFJRMJ*\X[UVMOMHQRWMS_*

RH* NMV[Q* Xc* OGVJaGVM* \XHcRIFVGNRXHK* aGWMcXV[* [MGQFVM[MHN* UVRH\RUSMK* \GSRYVGNRXH* UVX\MJFVMK*

JMQRIH*Q\VMMHRHI*GHJ*XUNR[RqGNRXH*[MNOXJQK*GHJ* [GN\ORHI*HMNaXVb*JMQRIH*cXV[FSGQL*#H*QM\NRXH*

iLiLDK* NOM* JMQRIHMJ* '#6-* RQ* cGYVR\GNMJ* GHJ* NMQNMJL* (OM* 9fUGVG[MNMVQ* Xc*NOM* IGRH* YSX\b* GVM*

M`UMVR[MHNGSS_*M`NVG\NMJ*GHJ*NOM*UVXUXQMJ*'#6-*\RV\FRN*[XJMS*RQ*WMVRcRMJ*Y_*YXNO*QR[FSGNRXH*GHJ*

[MGQFVM[MHNL*#H*NOM*\XHNM`NK*[G`R[F[*u*OGV[XHR\Q*RH\SFJRHI*NOM*cFHJG[MHNGS*NXHM*GVM*\XHQRJMVMJL*

.SS*NOM*aGWMQK*VMcSM\NRXH*\XMccR\RMHNQK*GHJ*' fUGVG[MNMVQ*RH*NORQ*QM\NRXH*GVM*HXV[GSRqMJ*NX*hB*•*

M`\MUN*XNOMVaRQM*QNGNMJL*

! +BH<@DE<BS-MBSC>_><-M>DBGF-

'R[RSGV*JRUSM`MVQ*GQ*aOGN*RQ*QOXaH*RH*ywCz*GVM*JMQRIHMJ*GN*#B*€*A*36q*GHJ*cGYVR\GNMJ*XH*&XIMVQ*

&({JFVXRJ# *vBBA*QFYQNVGNMQ*aRNO*BLhBD*[[*NOR\bHMQQL*-HM*Xc*NOM*JMWR\MQ*RQ*QOXaH*RH*7RIL*iLCC*

?G@K*RH*aOR\O*JR[MHQRXHQ*GVM*[GVbMJL*:RNO*G*cRHMfNFHRHI*GHJ*XUNR[RqGNRXHK*NOM*JMQRIHMJ*JRUSM`MVQ*

\GH* G\ORMWM* YXNO* ORIO* ;fcG\NXV* GHJ* IXXJ* R[UMJGH\M* [GN\ORHIL* 7RIL* iLCC* ?Y@* RSSFQNVGNMQ* NOM*

QR[FSGNMJ*MSM\NVR\*cRMSJ*RHNMHQRN_*Xc*NOM*cRVQN*NaX*VMQXHGHN*[XJMQK*aOR\O*QFUUXVN*NOM*UGQQfYGHJQ*Xc*

NOM*cFHJG[MHNGS*cVMjFMH\_*GN*A*36q*GHJ*NOM*AHJ*OGV[XHR\*cVMjFMH\_*GN*i*36qK*VMQUM\NRWMS_L*

E ! E0 E0 = . X "# "P K 0 ,

öE ! öE0
öE0 = . öK ! öK 0 + öX " ö# " öP( ) öK 0 .



hv*

*
?G@*

*
?Y@*

7RIFVM*i LCC8*?G@*-HM*Xc*NOM*cGYVR\GNMJ*[R\VXQNVRU*JRUSM`MVQK*GHJ*?Y@*QR[FSGNMJ*MSM\NVR\*cRMSJ*

RHNMHQRN_*JRQNVRYFNRXH*Xc*NOM*cRVQN*NaX*VMQXHGHN*[XJMQL*

(OM* JRUSM`MV* QNVF\NFVM* RQ* YGQMJ* XH* G* cXSJMJ* JFGSf[XJM* [R\VXQNVRU* VMQXHGNXVL* (OM* UGQQfYGHJ*

cVMjFMH\_*G\\FVG\_*GHJ*RQXSGNRXH*GVM*NOM*\VRNR\GS*QUM\RcR\GNRXHQK*aOR\O*GVM*R[UG\NMJ*Y_*UO_QR\GS*

UGVG[MNMVQ* *GHJ*SMHINO*"K*VMQUM\NRWMS_L*#N*RQ*R[UXVNGHN*NX*NFHM**QF\O*NOGN*NOM*VGNRX*

YMNaMMH*NOM*AHJ*GHJ*NOM*CQN*VMQXHGHN*cVMjFMH\RMQ*RQ*AK*FQRHI*G*QNMU*R[UMJGH\M*NM\OHRjFM*VMUXVNMJ*RH*

ytAzL*1_*\OGHIRHI*"K*NOM*UXQRNRXH*Xc*4u*RQ*\OGHIMJ*aRNO*VMQUM\N*NX*NOM*MSM\NVR\*cRMSJ*HXN\O*Xc*NOM*AHJ*

VMQXHGHN*[XJMK*QF\O*NOGN*NOM*cVMjFMH\_*Xc*NOM*NVGHQ[RQQRXH*qMVX*RQ*\OGHIMJK*aOR\O*\GH*YM*M`USGRHMJ*

Y_*7RIL*iLCC*?Y@L**7RIL*iLCA*?G@*QOXaQ*NOM*[MGQFVMJ*' fUGVG[MNMVQ*Xc*NOM*JRUSM`MVQ*aRNO*JRccMVMHN*

SMHINO*"L*.Q*"*RQ*RH\VMGQMJK*NOM*cVMjFMH\_*Xc*NOM*[G`R[F[*RQXSGNRXH*YMNaMMH*4C*GHJ*4u*RQ*VMJF\MJL*

(ORQ* RQ* YM\GFQM* GQ* 4u* RQ* QORcNMJ* cGVNOMV* cVX[* NOM* MHJ* Xc* NOM* VMQXHGNXVK* NOM* [RHR[F[* \XFUSRHI*

OGUUMHQ*GN*G*SXaMV*cVMjFMH\_L*(OM*JRUSM`MV*aRNO*"*€*BLiBv*[[*RQ*QMSM\NMJ*cXV*NOM*'#6-*JMQRIHK*

aOXQM*[G`R[F[*RQXSGNRXH*GS[XQN*OGUUMHQ*GN*NOM*AHJ*UGQQfYGHJ*cVMjFMH\_*Xc*uLwwv*36qK*aOR\O*RQ*

W2 W1 W2 W1



ht *

M`G\NS_*G*JXFYSM*Xc*NOGN*Xc*NOM*CQN*XHML*(OM*cFSS*'fUGVG[MNMVQ*GVM*QOXaH*RH*7RIL*iLCA*?Y@L*(OM*SXGJMJ*

; fcG\NXV*aOR\O*OGQ*G*[G^XV*MccM\N*XH*NOM*UOGQM*HXRQM*RQ*GYXFN*vhL*

*

?G@*

*
?Y@*

7RIFVM*i LCA8*,MGQFVMJ*'fUGVG[MNMVQ*Xc*?G@*cGYVR\GNMJ*JRUSM`MVQ*aRNO*WGVRXFQ*WGSFM*Xc*UGVG[MNMV*"K*

GHJ*?Y@*NOM*cGYVR\GNMJ*JRUSM`MV*aRNO*"*€*BLiBv*[[L*



hD*

! ,<KFDBDE@<-HIK<KHE><BRKEB@F-KFM-038%-M>DBGF-D>E;S-

.H*.(7 fhiC,i*SXa fHXRQM*MHOGH\MJ*%fU6%,(*cVX[*1VXGJ\X[*#H\L*RQ*QMSM\NMJ*RH*YFRSJRHI*NOM*

'#6-L*#N*OGQ*CtLh*J1*GQQX\RGNMJ*IGRH*GHJ*ACLi*J1[*-4CJ1*GN*A*36qK*GHJ*RN*RQ*FQFGSS_*GUUSRMJ*cXV*

SXa*HXRQM*XV*JVRWMV*G[USRcRMV*JMQRIH*RH*NOM*cVMjFMH\_*VGHIM*Xc*ihB*,6q*NX*v*36qL*(ORQ*NVGHQRQNXV*

RQ*RHNMHJMJ*cXV*Q[GSS*QRIHGS*GHJ*SRHMGV*XUMVGNRXHQ*GHJ*HX*VMSRGYSM*SGVIM*QRIHGS*[XJMS*RQ*GWGRSGYSM*

cVX[*NOM*WMHJXVL*(OM*NVGHQRQNXV*RQ*UXQRNRXHMJ*RH*NOM*JMQRIH*aRNO*G*\X[[XH*QXFV\M*\XHcRIFVGNRXHL*

!QFGSS_K*NORQ*bRHJ*Xc*QNVXHI*HXHSRHMGV* \RV\FRN*JMQRIH*OMGWRS_*VMSRMQ*XH*GH*G\\FVGNM*GHJ*WMVRcRMJ*

HXHSRHMGV*[XJMS*GHJ*M`OGFQNRWM*QXFV\Mf*GHJ*SXGJfUFSS*QR[FSGNRXHQ*yCBhzL*1FN*QF\O*G*[XJMS*RQ*HXN*

GSaG_Q*GWGRSGYSMK*MQUM\RGSS_*cXV*SXa*UXaMV*NVGHQRQNXVQ*GHJ*\MVNGRH*NM\OHXSXI_*HXJMQL*.Q*QNGNMJ*RH*

QM\NRXH*iLuLAK*NX*GJXUN*NOM*9fUGVG[MNMV*[XJMS*RH*\RV\FRN*Q_HNOMQRqRHIK*NOM*R[UMJGH\M*NMV[RHGNRXHQ*

?QX[MNR[MQ*cGV*cVX[*NOM*"$".*UXVN*R[UMJGH\M@*GHJ*RHUFN*UXaMV*SMWMS*GN*MG\O*OGV[XHR\*\SXQM*NX*

NOM*VMGS*XUMVGNRHI*\XHJRNRXHQ*HMMJ*NX*YM*RJMHNRcRMJ*G*UVRXVRK*aOR\O*GSQX*RHWXSWMQ*G*YSRHJ*QMGV\ORHI*

NOVXFIO*QXFV\Mf*GHJ*SXGJfUFSS*[MGQFVM[MHNQL*.Q*OGV[XHR\Q*GVM*RHWXSWMJK*NOM*R[UMJGH\M*QMGV\ORHI*

UVX\MJFVM*[G_*YM\X[M*M`NVM[MS_*NR[Mf\XHQF[RHIL**

(X*XWMV\X[M*NOMQM*UVXYSM[QK*GH*6,+*Q_QNM[*GQ*QOXaH*RH*7RIL*iLCu*?G@*GHJ*?Y@*RQ*UVXUXQMJ*GHJ*

R[USM[MHNMJ* GQ* G* FHRcRMJ* QXSFNRXH* cXV* NOM* GFNX[GNMJ* M`UMVR[MHNGS* JMQRIH* Xc* GH* '#6-L*#N* RQ*

\X[UXQMJ* Xc* GH* XQ\RSSXQ\XUMK* GH* GVYRNVGV_* aGWMcXV[* IMHMVGNXV* ?.:3@K* aRJMYGHJ* JRVM\NRXHGS*

\XFUSMVQK*JVRWMV*G[USRcRMVQK*RQXSGNXVQK*YRGQf(MMQK*cR`NFVMQK*GHJ*G*UVXIVG[*cXV*\GSRYVGNRXHK*\XHNVXSK*

GHJ*XUNR[RqGNRXHL*%WMH*aRNOXFN*GH_*QXUORQNR\GNMJ*HXHSRHMGV*NVGHQRQNXV*[XJMSK*NOM*Q_QNM[*RQ*GYSM*NX*

JRVM\NS_*Q_HNOMQRqM*GHJ*XUNR[RqM*NOM*aGWMcXV[Q*Xc*G*NVGHQRQNXV*RH*G*OGVJaGVM*QMNFUK*aOR\O*RQ*GQQRQNMJ*

aRNO* \GSRYVGNRXH* GHJ* \XHNVXS* QXcNaGVM* NOGN* QMSM\NQ* NOM* cMGQRYSM* JMQRIHK* [GN\OMQ* NOM* JMWR\M* •*

\X[UXHMHNQ*GHJ*MWGSFGNMQ*NOM*cRHGS*UMVcXV[GH\M*GQ*Rc*NOM*NVGHQRQNXV*RQ*GFNXHX[XFQS_*XUMVGNRHI*RH*G*

VMGS*'#6-L*

(OM* 6,+* Q_QNM[* RQ* aGWMcXV[fJMQRIHfXVRMHNMJK* \XHNVGV_* NX* NOM* R[UMJGH\MfQMGV\ORHIfXVRMHNMJ*

OGV[XHR\*G\NRWM*QXFV\Mf*GHJ*SXGJfUFSS*Q_QNM[*FQMJ*NX*Q_HNOMQRqM*WGVRXFQ*SXGJ*R[UMJGH\MQ*FHJMV*

aOR\O*NOM*XUNR[GS*VMQUXHQM*Xc*G*HXHSRHMGV*JMWR\M*RQ*\GUNFVMJ*yCBvfCCCzL*'R[RSGV*OGVJaGVM*QMNFUQ*

cXV*G\NRWM*OGV[XHR\*QXFV\Mf*GHJ*SXGJfUFSS*[MGQFVM[MHNQ*OGWM*YMMH*VMUXVNMJL*.[XHI*NOMQM*UGUMVQK*

yCBDfCCCz*VMUXVN*QR[RSGV*OGVJaGVM*QMNFUQL*#N*\GH*YM*QMMH*NOGN*GQ*\X[[MV\RGSS_*GWGRSGYSM*.:3*GHJ*

XQ\RSSXQ\XUM*HXa*GUUVXG\O*CBB*3'G{Q*QG[USRHI*VGNM*GHJ*YM_XHJK*G*SXN*Xc*NGQbQ*\GH*YM*G\\X[USRQOMJ*

aRNOXFN*RHWMQNRHI*XH*G*JMJR\GNMJ*G\NRWM*SXGJfUFSS*Q_QNM[L*



hw*

*

?G@*

*
?Y@*

7RIFVM*i LCu8*?G@*'\OM[GNR\*GHJ*?Y@*UOXNX*Xc*NOM*6,+*Q_QNM[L*

(aX*NGQbQ*GVM*UMVcXV[MJ*RNMVGNRWMS_*Y_*NOM*6,+*Q_QNM[K*HG[MS_*NX*[MGQFVM*NOM*NVGHQRQNXV*VMQUXHQM*

FHJMV*JRccMVMHN*QXFV\M*•*SXGJ*\XHJRNRXHQK*GHJ*NX*MWXSWM*G*\RV\FRN*JMQRIH*GFNX[GNR\GSS_L*7XV*MG\O*



vB*

NMQNK*NOM*NaX*XFNUFN*\OGHHMSQ*Xc*NOM*.:3*IMHMVGNM*aGWMcXV[Q*aRNO*cFSS_*\XHNVXSSMJ*G[USRNFJM*GHJ*

UOGQM*GN*NOM*cFHJG[MHNGS*GHJ*OGV[XHR\*cVMjFMH\RMQL*:RNO*G*QMVRMQ*Xc*NMQNQ*GHJ*QMGV\ORHI*\XHNVXSSMJ*

Y_*NOM*UVXIVG[K*NOM*VMGS*XUNR[GS*aGWMcXV[Q*UVMQMHNMJ*GN*NOM*RHUFN*GHJ*XFNUFN*URHQ*Xc*NOM*NVGHQRQNXV*

GQ*Rc*RN*RQ*XUMVGNRHI*RH*GH*G\NFGS*'#6-*\GH*YM*JRVM\NS_*Q_HNOMQRqMJ*GHJ*[MGQFVMJL**

,MGQFVM[MHN* Xc* NOM* aGWMcXV[Q* RQ* \GVVRMJ* XFN* aRNO* NOM* XQ\RSSXQ\XUMK* \XFUSMVQK* GHJ* \XHHM\NMJ*

G\\MQQXVRMQL*(OM*VMSGNRXHQ*YMNaMMH*NOM**GHJ* *?.€C*NX*u*RQ*NOM*UXVN*RHJM`K*GHJ*A*RQ*NOM*OGV[XHR\*

RHJM`@*aGWMQ*GN*NOM*VMcMVMH\M*USGHMQ*GQ*QOXaH*RH*7RIL*iLCu*?G@*\GH*YM*M`UVMQQMJ*GQ8*

********************************?iLuALC@*

*** *******************************?iLuALA@*

*******************************?iLuALu@*

RH*aOR\O* *RQ*NOM*'fUGVG[MNMV*GN*NOM*ANO*OGV[XHR\*cXV*\XFUSMV*C*M`NMHJMJ*aRNO*\GYSMQK*YRGQf(MMQ*

GHJ*NMQN*cR`NFVM*NX*NOM*[GVbMJ*VMcMVMH\M*USGHMQ*?VMcMV*NX*NOM*QOGJMJ*GVMG@L*.*(&/*\GSRYVGNRXH*aRNO*

\FQNX[RqMJ*QNGHJGVJQ*RQ*FQMJ*NX*[MGQFVM*L*'RH\M* K*GHJ* K*RH*

aOR\O* *GHJ* *?.€C*NX*A@*GVM*NOM*RHUFN*VMcSM\NRXH*\XMccR\RMHN*GHJ*NOM*[MGQFVMJ*WXSNGIM*aGWM*Xc*

NOM*UXVN*Xc*NOM*.NO*XQ\RSSXQ\XUM*\OGHHMSQK**GHJ* *\GH*YM*QXSWMJ*cVX[*MjFGNRXHQ*?iLuALC@*GHJ*

?iLuALA@L* (OMHK* cVX[*MjFGNRXH* ?iLuALu@K**\GH* YM* \GS\FSGNMJL* .cNMV* GUUS_RHI* NOM* QG[M*

[GNOM[GNR\GS* [GHRUFSGNRXHQ* NX* NOM* 'fUGVG[MNMVQ* cXV* \XFUSMV* A* ?cXV* aOR\O* NOM* \XVVMQUXHJMH\M*

Q_[YXSQ*GVM*GJJMJ*aRNO*YGVQ@*M`NMHJMJ*aRNO*\GYSMQK*YRGQf(MMQ*GHJ*NMQN*cR`NFVMK*NOM*RH\RJMHN*GHJ*

VMcSM\NMJ*aGWMQ*cXV*YXNO*NOM*RHUFN*GHJ*XFNUFN*Xc*NOM*NVGHQRQNXV*GN*NOM*cFHJG[MHNGS*GHJ*OGV[XHR\*

cVMjFMH\RMQ*GVM*M`UVMQQMJ*GQ*MjFGNRXH*?iLuu@L*

*********************?iLuuLC@*

******?iLuuLA@*

ai m bi m

b1m = S11ma1m + S12ma2m + S13ma3m + S14ma4m,

b2m = S21ma1m + S22ma2m + S23ma3m + S24ma4m,

b3m = S31ma1m + S32ma2m + S33ma3m + S34ma4m,

Si j m

Si j m ai m = bi m! i m bi m =Vi m 10! i m +10( )
! i m Vi m

a3m a4m

b3m

a3m =
V1m ! 1mS14mS21m + S24m " ! 1mS11mS24m( ) ! 1m +1( )

10 " S14mS23m + S13mS24m( )

+
V2mS14m " 1+ ! 2mS22m( ) ! 2m +1( ) " V2m! 2mS12mS24m ! 2m +1( )

10 " S14mS23m + S13mS24m( ) ,

b3m =
S31mV1m! 1m

10! 1m +10
+
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10! 2m +10
+ S33m S34m( ) S13m S14m

S23m S24m
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'
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V1m ( V1mS11m! 1m

10! 1m +10
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V2mS12m! 2m

10! 2m +10

V2m ( V2mS22m! 2m

10! 2m +10
(

V1mS21m! 1m

10! 1m +10
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#
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$
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vC*

*********************?iLuuLu@*

******?iLuuLi@*

! 8+)- D?DE>L-HKCBO<KEB@F-

(OM* VMQFSNQ* GYXWM* VMS_* XH* NOM* G\\FVG\_* Xc* NOM* 'fUGVG[MNMVQ* GHJ* VMcSM\NRXH*\XMccR\RMHNQ* Xc* NOM*

\XFUSMVQK*G\\MQQXVRMQ*GHJ*XQ\RSSXQ\XUM*UXVNQK*GQ*aMSS*GQ*NOM*G[USRNFJM*GHJ*NR[RHI*G\\FVG\_*Xc*NOM*

WXSNGIM*aGWM*[MGQFVM[MHNL*(OMVMcXVMK*NOM*6,+*Q_QNM[*OGQ*NX*YM*\GSRYVGNMJ*GN*GSS*NOM*cVMjFMH\RMQ*

Xc*RHNMVMQN*YMcXVM*Q_HNOMQRqRHI*GHJ*[MGQFVRHI*NOM*NVGHQRQNXV*aGWMcXV[L*+FVRHI*NOM*\GSRYVGNRXHK*GSS*

NOM*RHQNVF[MHNQ*GVM*Q_H\OVXHRqMJ*aRNO*CB*,6q*QRIHGSL*(OM*\X[USMNM*\GSRYVGNRXH*UVX\MJFVM*RH\SFJMQ8*

?C@!0GSRYVGNM*G*$".*aRNO*NaXfUXVN*WM\NXV*\GSRYVGNRXH*GHJ*QXFV\M*UXaMV*\GSRYVGNRXHL*

?A@!,MGQFVM*NOM*UXVN*RHUFN*VMcSM\NRXH*\XMccR\RMHN**Xc*MG\O*\OGHHMS*Xc*NOM*XQ\RSSXQ\XUM*aRNO*

NOM*\GSRYVGNMJ*$".K*GN*MG\O*Q\GSM*QMNNRHI*Xc*NOM*\OGHHMSQ*GHJ*MG\O*OGV[XHR\L*,MGQFVM*NOM*

' fUGVG[MNMVQ*Xc*NOM*\XFUSMVQK*\GYSMQK*YRGQf(MMQ*GHJ*NMQN*cR`NFVM*aRNO*NOM*$".K*GHJ*\GS\FSGNM*

NOM* *UGVG[MNMVQL*

?u@!0GS\FSGNM*NOM*VGNRX*YMNaMMH*NOM*VMGS*QRIHGS*G[USRNFJM*GHJ*NOM*HX[RHGS*QRIHGS*G[USRNFJM*

[MGQFVMJ*Y_*NOM*XQ\RSSXQ\XUML*(X*NORQ*MHJK*cRVQNS_*FQM*NOM*XQ\RSSXQ\XUM*NX*IMN*NOM*HX[RHGS*

G[USRNFJM*Xc*NOM*UXaMVf\GSRYVGNMJ*$".*XFNUFN*QRIHGSL*(OMH**RQ*FQMJ*NX*\XVVM\N*NOM*$".*

XFNUFN*UXaMV*NX*IMN*NOM*VMGS*G[USRNFJM*XH*NOM*XQ\RSSXQ\XUM*UXVNQL*(OM*VGNRX*GN*MG\O*Q\GSM*

QMNNRHI*Xc*G*\OGHHMS*GHJ*GN*MG\O*OGV[XHR\*RQ*NGYFSGVRqMJ*cXV*\XVVM\NRHI*NOM*[MGQFVMJ*QRIHGSL*

?i@!(OM*UOGQM*Xc*NOM*QRIHGS*[MGQFVMJ*Y_*NOM*XQ\RSSXQ\XUM*\OGHIMQ*aOMH*JRccMVMHN*Q\GSMQ*Xc*NOM*

XQ\RSSXQ\XUM*\OGHHMSQ*GVM*QMNL*(OM*UOGQM*WQL*Q\GSM*NGYSM*OGQ*NX*YM*YFRSN*cXV*MG\O*OGV[XHR\*NX*

\XVVM\N*NOM*[MGQFVMJ*QRIHGSL*

?h@!,MGQFVM* NOM* UOGQM* QORcN* YMNaMMH* MG\O* NaX* Xc* NOM* XQ\RSSXQ\XUM* \OGHHMSQ* GN* JRccMVMHN*

OGV[XHR\Q*GHJ*JRccMVMHN*Q\GSMQL*(ORQ*RQ*G\ORMWMJ*Y_*VMUSG\RHI*NOM*NVGHQRQNXV*FHJMV*NMQN*aRNO*

a1m =
V3m ! 3mS32mS43m + S42m " ! 3mS33mS42m( ) ! 3m +1( )

10 " S32mS41m + S31mS42m( )

+
V4mS32m " 1+ ! 4mS44m( ) ! 4m +1( ) " V4m! 4mS34mS42m ! 4m +1( )

10 " S32mS41m + S31mS42m( ) ,

b1m =
S13mV3m! 3m

10! 3m +10
+

S14mV4m! 4m

10! 4m +10
+ S11m S12m( ) S31m S32m

S41m S42m
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V3m ( V3mS33m! 3m

10! 3m +10
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10! 4m +10

V4m ( V4mS44m! 4m
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(
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vA*

\OGVG\NMVRqMJ*XUMH*XV*QOXVN*QNGHJGVJQL*:RNO*MjFGNRXH*?iLuA@K*NOM*cXSSXaRHI*cFH\NRXH*\GH*YM*

JMVRWMJ8*

******************?iLui@*

#H* NORQ* cFH\NRXHK**GHJ* *GVM* HX[RHGS* aGWMQ* [MGQFVMJ* Y_* NOM* XQ\RSSXQ\XUMK* GHJ**RQ* NOM*

VMcSM\NRXH*\XMccR\RMHN*Xc*NOM*XUMH*XV*QOXVN*QNGHJGVJK*GSS*GN*NOM*ANO*OGV[XHR\L* GHJ* *GVM*

NOM*VMGS*aGWMQ*XH*NOM*XQ\RSSXQ\XUM*UXVNQK*GHJ* L* *\GH*YM*QXSWMJ*cVX[*NORQ*cFH\NRXHK*

GHJ*NOM*UOGQM*QORcN*YMNaMMH*\OGHHMSQ*C*GHJ*A*\GH*YM*XYNGRHMJ*Y_*NGbRHI*RNQ*GHISML*'R[RSGVS_K**

\GH*YM*XYNGRHMJ*aRNO*NOM*QG[M*QMNFUK*aOMVMGQ**GHJ* *\GH*YM*XYNGRHMJ*Y_*QaRN\ORHI*NOM*\GYSM*

\XHHM\NRXHQ*XH*\OGHHMSQ*A*GHJ*u*Xc*NOM*XQ\RSSXQ\XUML*

! 0?FEI>DBD-KFM-DH<>>FBFG-@A-E<KFDBDE@<-] K=>A@<L-E@]K<MD-K-A>KDBOC>-038%-M>DBGF-

7XV*MG\O*NMQNK*NOM*QNR[FSGNRXHQ*cVX[*NOM*.:3K*NOM*aGWMQ*GN*NOM*RHUFN*GHJ*XFNUFN*Xc*NOM*NVGHQRQNXVK*

NOM*WXSNGIM*GHJ*\FVVMHN*Xc*NOM*IGNM*GHJ*JVGRH*GVM*VM\XVJMJK*GHGS_qMJ*GHJ*Q\VMMHMJK*QX*NOGN*NOM*.:3*

\GH*GJ^FQN*RNQ*XFNUFN*NX*XUNR[RqM*NOM*Q_HNOMQRqMJ*aGWMQ*Xc*NOM*NVGHQRQNXV*NX*IFGVGHNMM*NOM*QNGVNfFU*Xc*

NOM* '#6-K* GHJ* cXV* YMNNMV* XFNUFN* UXaMVK* MccR\RMH\_K* HXRQM* GHJ* XNOMV* QUM\RcR\GNRXHQL* 'F\O* GH*

XUNR[RqGNRXH*UVX\MJFVM*aRSS*GSQX*IMHMVGNM*NOM*JMQRIH*IFRJMSRHMQ*GHJ*bM_*UGVG[MNMVQ*Xc*NOM*[GN\ORHI*

\RV\FRNL*

(OM*\VRNMVRG*cXV*Q\VMMHRHI*NOM*Q_HNOMQRqMJ*aGWMQ*GHJ*NOM*[MNOXJXSXI_*Xc*JMQRIHRHI*GH*'#6-*\GH*

YM*JMVRWMJ*FQRHI*G*SRHMGV*GHGS_QRQ*aRNO*NOM*Q\OM[GNR\*QOXaH*RH*7RIL*iLCiL*(OM*SXXU*Xc*NOM*'#6-*

RH\SFJMQ*GH*XFNUFN*[GN\OMJ*JRUSM`MVK*G*NVGHQRQNXVK*GHJ*RNQ*RHUFN*[GN\ORHI*YSX\bK*GHJ*NOM*Q_[YXSQ*Xc*

NOMRV*Q\GNNMVRHI*[GNVR\MQ*GVM*[GVbMJ*YMQRJM*NOM[*VMQUM\NRWMS_L*.*N_UR\GS*IGRH*YSX\b*GQ*QOXaH*RH*7RIL*

iLC*?G@*\GHHXN*YM*M`USR\RNS_*cXFHJ*RH*7RIL*iLCi*YM\GFQM*NOM*[GN\ORHI*\RV\FRNQ*Xc*NOM*NVGHQRQNXV*GVM*

VMUXQRNRXHMJ* cXV* QR[USRcR\GNRXHL* 'RH\M* NOM* JRUSM`MV* UVMQMHNQ* G* UGQQfYGHJ* GN* NOM* cFHJG[MHNGS*

cVMjFMH\_*YMNaMMH*RNQ*UXVN*4A*GHJ*4uK*GH_*[GN\ORHI*\RV\FRN*GN*NOM*XFNUFN*Xc*NOM*NVGHQRQNXV*NGbRHI*

MccM\N*GN*NOGN*cVMjFMH\_* \GH*YM* [XWMJ*NX*NOM*RHUFN*QRJML* (OM*QG[M* \GH*YM*GQQF[MJ*cXV*NOM*uVJ*

OGV[XHR\* cVMjFMH\_* YM\GFQM* NOM* JRUSM`MV* RQ* YGQMJ* XH* GH* XUMH*VMQXHGNXVK* aOR\O* OGQ* UGVGQRNR\*

VMQXHGH\MQ*GVXFHJ*XJJ*OGV[XHR\QL*(OM*NVGHQRQNXV*XFNUFN*[GN\ORHI*GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_*RQ*

! " 1mS11mb1m+b1m

! " 1mS21mb1m

! " 1mS31mb1m

#

$

%
%
%

&

'

(
(
(
=

" 2mS12mb2m " LmS13m S14m

" 2mS22mb2m! b2m " LmS23m S24m

" 2mS32mb2m " LmS33m! 1 S34m

#

$

%
%
%

&

'

(
(
(

! 21m

b3m! 31m

a4m! 41m

#

$

%
%
%

&

'

(
(
(

i

ai m bi m ! Lm

ai m! i m bi m! i m

! i j m = ! i m ! j m ! 21m

! 43m

! 31m ! 42m
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USG\MJ*GN*NOM*XFNUFN*Xc*NOM*'#6-*aRNOXFN*SXQQ*Xc*IMHMVGSRN_*YM\GFQM*Xc*NOM*UGQQfYGHJ*YMNaMMH*UXVN*

4C*GHJ*4AL*+FM*NX*NOM*RQXSGNRHI*\OGVG\NMVRQNR\*Xc*NOM*JRUSM`MVK*NOM*[GN\ORHIQ*GN*NOM*cFHJG[MHNGS*GHJ*

NOM* AHJ*OGV[XHR\* cVMjFMH\RMQK* aOR\O* GVM* NOM* [XQN* \VRNR\GS* XHMQ* cXV* NOM* '#6-K* \GH* YM* JMQRIHMJ*

RHJRWRJFGSS_L* (ORQ*cMGNFVM*UVXWRJMQ*QRIHRcR\GHN* \XHWMHRMH\M*cXV*JMQRIH*GHJ*NFHRHIL*#N*QOXFSJ*YM*

HXNMJ*NOGN*QF\O*G*JMQRIH*QNVGNMI_*GQQF[MQ*NOGN*NOM*JRUSM`MV*OGQ*SXafSXQQ*GHJ*RQ*QFccR\RMHNS_*[GN\OMJ*

NX*hB*•*GN*MG\O*Xc*NOM*UXVNQ*GHJ*VMQUM\NRWM*UGQQfYGHJQL*#c*NOM*[GN\ORHI*RQ*UXXVK*G*JMSG_*SRHM*YMNaMMH*

NOM*XFNUFN*Xc*NOM*NVGHQRQNXV*GHJ*4A*Xc*NOM*JRUSM`MV*[G_*YM*FQMJ*NX*M`NMHJ*NOM*cMGQRYSM*JX[GRH*Xc*

JMQRIHL* .* WRVNFGS* \XFUSMV* RQ* RHQMVNMJ* YMNaMMH* NOM* RHUFN* [GN\ORHI* GHJ* NOM* NVGHQRQNXV* XHS_* cXV*

MWGSFGNRHI* NOM* \SXQMJfSXXU* IGRH* GN* NOM* QNGVNfFU* Xc* NOM* '#6-L* #NQ* i$i* Q\GNNMVRHI* [GNVR`**OGQ*

*?cXV*A€C*NX*u@*GHJ* *?cXV*A€A*NX*u@K*aOMVMGQ*NOM*VMQN*Xc*RNQ*

MSM[MHNQ*GVM*qMVXQ*yCCAzL**

*

7RIFVM*i LCi8*'\OM[GNR\*Xc*'#6-*cXV*SRHMGV*GHGS_QRQ*GHJ*JMQRIHL*

:RNO* G* QUM\RcR\* QMN* Xc* aGWMQ**GHJ* *Xc* G* NMQN* GN* NOM* RHUFN* GHJ* XFNUFN* Xc* NOM*

NVGHQRQNXV*IRWMH*Y_*MjFGNRXH*?iLuu@K*GHJ*NOM*J\ *UXaMV*\XHQF[MJ*Y_*NOM*NVGHQRQNXVK*QX[M*UVMSR[RHGV_*

^FJIM[MHN*\GH*YM*UVXHXFH\MJ8*C@*NOM*IGNM*GHJ*NOM*JVGRH*[FQN*OGWM*G*HMN*RHUFN*UXaMV*GHJ*G*HMN*

XFNUFN*UXaMV*VMQUM\NRWMS_*GN*NOM*cFHJG[MHNGS*cVMjFMH\_K*aOR\O*RQ*M`UVMQQMJ*GQ**GHJ*

~*A@*NOMVM*QOXFSJ*YM*G*HMN*XFNUFN*UXaMV*cVX[*NOM*JVGRH*GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_K*

Svc

Svc,12m = Svc,23m = Svc,41m =1 Svc,21m =1

a3m, b3m( ) a1m, b1m( )

b31
2
! a31

2
> 0

a11
2
! b11

2
> 0
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QX* ~*u@*GQ*NOM*XHS_*IMHMVGNXV*RH*GH*GFNXHX[XFQ*\RV\FRNK*NOM*NVGHQRQNXV*QOXFSJ*OGWM*G*

HMN*UXaMV*XFNUFN*GN*MG\O*OGV[XHR\K*NOGN*RQ* *cXV*GH_*A€C*NX*u~*i@*NOM*

NXNGS* .0* XFNUFN* UXaMV* QOXFSJ* YM* SMQQ* NOGH* NOM* NXNGS*J\ * RHUFN* UXaMV8*

L**

#c*GSS*NOMQM*\XHJRNRXHQ*GVM*QGNRQcRMJK*NOM*XFNUFN*[GN\ORHI*RQ*JMQRIHMJ*cRVQNS_K*GSNOXFIO*NOM*cMGQRYRSRN_*

Xc*NOM*aGWMQ*cXV*G*QNGHJGSXHM*'#6-*HMMJQ*G*cFVNOMV*MWGSFGNRXHL*.N*NOM*AHJ*OGV[XHR\*cVMjFMH\_K*4u*

Xc*NOM*JRUSM`MV*RQ*QRIHRcR\GHNS_*RQXSGNMJ*cVX[*NOM*XNOMV*NaX*UXVNQK*YMNaMMH*aOR\O*GH*RHJMUMHJMHN*

QFYHMNaXVb*Xc**\GH*YM*JMcRHMJ*Y_*NMV[RHGNRHI*4u*aRNO*G*hB*•*SXGJ*GHJ*HXNMJ*GQ*K*

?.K!U€C*NX*A*GHJ*A€A@L*(OMVMcXVMK*NOM*XFNUFN*[GN\ORHI*YSX\b*\GH*YM*JMQRIHMJ*aRNOXFN*GH_*bHXaSMJIM*

Xc*NOM*RHUFN*[GN\ORHI*YSX\b*GN*NORQ*cVMjFMH\_L*(X*[GN\O*NOM*[MGQFVMJ*aGWMQK*NOM*XFNUFN*VMcSM\NRXH*

\XMccR\RMHN*GN*4C*GHJ*NOM*AHJ*OGV[XHR\*cVMjFMH\_*OGQ*NX*YM8**

K*********************************?iLuh@*

aOXQM*[XJFSFQ*[FQN*YM*SMQQ*C*cXV*UGQQRWRN_L*'RH\M*NOM*XFNUFN*[GN\ORHI*XHS_*[GNNMVQ*cXV*NOM*AHJ*

OGV[XHR\*cVMjFMH\_K*G*QRHISM*XUMH*QNFY*[GN\ORHI*\RV\FRN*aRNO*hB*•*SRHMQ*RQ*QMSM\NMJ*cXV*QR[USR\RN_K*

GQ*QOXaH*RH*7RIL*iLCiL*:RNO* K*NOM*RHRNRGS*IFMQQ*Xc*NOM*MSM\NVR\*SMHINO*Xc*NOM*QOFHN*QM\NRXH*GHJ*

NOM*QMVRMQ*QM\NRXH*GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_*\GH*YM*XYNGRHMJK*Y_*GQQF[RHI*NOM_*GVM*SXQQSMQQ8*

** K***************************************?iLuvLC@*

**** K********************?iLuvLA@*

RH*aOR\O* L*(X*IMN*NOM*G\\FVGNM*UO_QR\GS*SMHINO*XCED7>*GHJ*XC4&.4C*Xc*NOM*

QOFHN*GHJ*QMVRMQ*QM\NRXHQK*NOM*cVMjFMH\_fJMUMHJMHN*UVXUGIGNRXH*\XHQNGHN**Xc*G*hB*•*SRHM*OGQ*NX*

YM*M`NVG\NMJ*aRNO*[FSNRSRHM*[MNOXJ*yCBhK*CCuzL*(OMH*XCED7>*GHJ*XC4&.4C*\GH*YM*XYNGRHMJ*Y_*NOM*jFGQRf

HMaNXH* XUNR[RqGNRXH* [MNOXJK* aRNO* NOM* RHRNRGS* WGSFMQ* Xc**GHJ* K*

VMQUM\NRWMS_L*

'M\XHJS_K*aRNO*NOM*JMQRIHMJ*XFNUFN*[GN\ORHI*HMNaXVbK*NOM*Q\GNNMVRHI*[GNVR`*Xc*NOM*XFNUFN*[GN\OMJ*

JRUSM`MV*YMNaMMH*4u*GHJ*4A*\GH*YM*\GS\FSGNMJK*aOR\O*RQ*HXNMJ*GQ*K*?.K!U€C*NX*A*GHJ*

a12
2
! b12

2
> 0

a1m
2
+ a3m

2
! b1m

2
! b3m

2
> 0

a1m
2
+ a3m

2
! b1m

2
! b3m

2"
#

$
%m=1

3

& < Pdc

Sdi p Sdi p12 = Sdi p,i j m[ ]

! out ,2 =
b12 " a12Sdip,222

Sdip,112 b12 " a12Sdip,222( )+ a12Sdip,122Sdip,212

! out ,2

! shunt ,2 = atan 2 ! out,2 1! " out,2

2!
"#

$
%&

! series,2 = atan Re
Zout,2 ! 50+ jZout,2 tan! shunt ,2

50 j ! jZout,2 ! 50tan! shunt ,2

!

"
#

$

%
&

'

(
)
)

*

+
,
,

Zout,2 =50 1+! out,2( ) 1! " out,2( )
! m

! shunt ,2 Im " 2( ) ! series,2 Im " 2( )

Sdi p32 = Sdi p32,i j m[ ]
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A€C*NX*u@L*-H*NOM*XNOMV*OGHJK*NOM*UGQQRWM*QM\NRXH*Xc*NOM*SXXUK*RLML*NOM*\GQ\GJM*Xc*NOM*RHUFN*[GN\ORHI*

GHJ*NOM*JRUSM`MVK*aOXQM*Q\GNNMVRHI*[GNVR`*RQ*HXNMJ*GQ* K*?.K!U€C*NX*A*GHJ*A€C*NX*u@K*RQ*VMSGNMJ*

NX*NOM*aGWMQ*Xc*NOM*NVGHQRQNXV*Y_8*

****** ***********************************?iLut@*

'RH\M* K* *\GH*YM*VMUVMQMHNMJ*GQ8*

****************************?iLuD@*

.HJ* aRNO* G* bHXaH* K* *\GH* YM* JMVRWMJ* FQRHI* G* NVGHQ[RQQRXH* [GNVR`* NOMXV_L* .N* MG\O*

OGV[XHR\K*NOMVM*[FQN*YM*GN*SMGQN*XHM*WGSFM*Xc**RH*NOM*'[RNO*\OGVN*NX*MHQFVM*YXNO**GHJ**

GVM*UGQQRWM*GHJ*VM\RUVX\GSL*

(ORVJS_K*NOM*SXXUfIGRH*GN*NOM*cFHJG[MHNGS*cVMjFMH\_*3C*HMMJQ*NX*YM*M`G[RHMJL*:RNO*VMcMVMH\M*NX*

NOM*WRVNFGS*\XFUSMV*UXVNQK*3 C*RQ*VMUVMQMHNMJ*GQ*NOM*VGNRX*YMNaMMH*NOM*XFNUFN*aGWM*cVX[*(i*GHJ*NOM*

RHUFN*aGWM*IMHMVGNMJ*Y_*G*NMQN*QXFV\M*RHNX*(u8*

K***************************************************?iLuw@*

RH*aOR\O*T.CK*+.C*?.€C*NX*A@*GVM*NOM*NMV[RHGS*WXSNGIM*GHJ*\FVVMHN*GN*(C*GHJ*(A*Xc*NOM*\XFUSMVK*GHJ*\ *

RQ*NOM*VMcMVMH\M*R[UMJGH\M*Xc*K*GQ*aMSS*GQ*NOM*aGWMQ**GHJ* *?.€C*NX*i*GHJ*A€C*NX*u@*Xc*

NOM*\XFUSMVL*-H*NOM*XNOMV*OGHJK*NOM*JMcRHRNRXH*Xc* K*aOR\O*RQ**\GQ\GJMJ*aRNO*NOM*Q\GNNMVRHI*

[GNVR`*Xc*NOM*VMWMVQMJ*NVGHQRQNXVK*QFIIMQNQ*NOGN8*

K*************************?iLiBLC@****

L*************************?iLiBLA@*

.HJ*QRH\M* K*

L********************************************?iLiBLu@*

!
S=

!
Si j m[ ]

b3m

b1m

!

"
#
#

$

%
&
&

=

!
S11m

!
S12m

!
S21m

!
S22m

!

"
#
#

$

%
&
&

a3m

a1m

!

"
#
#

$

%
&
& .

!
S12m =

!
S21m

!
S

!
S=

1
a1m

a1m

!
S11m b3m !

!
S11ma3m

b3m !
!
S11ma3m b1m ! b3m !

!
S11ma3m( )a3m a1m

!

"

#
#

$

%

&
&

i

Sdi p32 Smch
!
S11m Smch

!
S

G1 =
bvc,41

avc,31

=
V11 + X ! I11

V21 " X ! I 21

Svc avc,i m bvc,i m

S= Si j m[ ]
!
S

V11 +50! I11 = S111 V11 " 50! I11( )+ S121 V21 ! 50"I 21( )

V21 +50! I 21 = S211 V11 " 50! I11( )+ S221 V21 ! 50"I 21( )
bvc,11 = avc,21

V11 ! X "I11 =V21 + X "I21
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****?iLiC@*

:RNO*MjFGNRXHQ*?iLuw@*GHJ*?iLiB@K*NOM*SXXUfIGRH*\GH*YM*JMVRWMJ*GHJ*M`UVMQQMJ*Y_*MjFGNRXH*?iLiC@L*

(OM*HM\MQQGV_*\XHJRNRXH*XH*aOR\O*XQ\RSSGNRXH*\GH*QNGVN*RQ*NOGN*3C*OGQ*NX*YM*G*VMGS*WGSFM*GHJ*SGVIMV*

NOGH* CK* cXV* G* \MVNGRH* VMGS* R[UMJGH\M*\ L* ,XVMXWMVK* NOM*SXXUfIGRH* GN* NOM* AHJ*GHJ* uVJ*OGV[XHR\*

cVMjFMH\RMQ* QOXFSJ* GSQX* YM* \OM\bMJ* aRNO* G* QR[RSGV*MjFGNRXH* NX* MHQFVM* HX* UGVGQRNR\* OGV[XHR\*

XQ\RSSGNRXH*M`RQNQL*

7XFVNOS_K*MWMV_*NMQN*Xc*NOM*NVGHQRQNXV*NOGN*\GH*UGQQ*NOMQM*YGVQ*RQ*VMSGNMJ*NX*NOVMM*'[RNO*\OGVN*VMIRXHQK*

MG\O*Xc*aOR\O*cRSSMJ*aRNO*Q\VMMHMJ**?A€CK*A*XV*u@L*7VX[*NOM*VMIRXH*Xc* K*NOM*[G`R[F[*

GWGRSGYSM*XFNUFN*UXaMV*GHJ*MccR\RMH\_*cXV*NOM*NMQN*\GH*YM*cXFHJL*7RVQNK*cXV*MG\O**RH*NOGN*VMIRXHK*

NOM*Q\GNNMVRHI*[GNVR`*Xc*NOM*RHUFN*[GN\ORHI*YSX\b*\GH*YM*JMNMV[RHMJL*'M\XHJ*RQ*NX*JMQRIH*NOM*XFNUFN*

QRHISM*XUMH*QNFY*[GN\ORHI*\RV\FRNK*aOXQM*Q\GNNMVRHI*[GNVR`*\GH*YM*JMVRWMJ*cVX[*RNQ*NVGHQ[RQQRXH*

[GNVR`*OGWRHI*NOM*cXV[*Xc8*

*

(OMHK*NOM*Q\GNNMVRHI*[GNVR`**?.K*U€C*NX*u@*Xc*NOM*NOVMMfUXVN*HMNaXVb*cXV[MJ*Y_*\GQ\GJRHI*

NOM*RHUFN*GHJ*XFNUFN*[GN\ORHI*YSX\bQ*GHJ*NOM*JRUSM`MV*\GH*YM*\GS\FSGNMJL*(OMVMcXVMK*NOM*NXNGS*UXaMV*

JMSRWMVMJ*NX*NOM*XFNUFN*SXGJ*RQ*L*:RNO*NOM*J\ *WXSNGIM*GHJ*\FVVMHN*Xc*NOM*NMQNK*NOM*

NXNGS*MccR\RMH\_**\GH*YM*XYNGRHMJL**

! (_S><BL>FEKC-@SEBLBRKEB@F-@A-E<KFDBDE@<-] K=>A@<L-

(X*UMVcXV[*NOM*QM\XHJ*cFH\NRXH*Xc*GH*6,+*Q_QNM[K*HG[MS_*NOM*M`UMVR[MHNGS*XUNR[RqGNRXHQ*Xc*G*

JMQRIH*NXaGVJQ*[G`R[F[*XFNUFN*UXaMV*XV*MccR\RMH\_K*NOM*cXSSXaRHI*cFH\NRXH*RQ*JMcRHMJ*cRVQN8*

K**************************?iLiA@*

RH*NOM*RHRNRGS*QNMUQK*GHJ*NOM*uVJ*OGV[XHR\*\GH*YM*RH\SFJMJ*GcNMV*SX\GS*XUNR[F[*RQ*cXFHJL*(OM*cRVQNf

XVJMV*UGVNRGS*JMVRWGNRWM*Xc*cFH\NRXH*#*RQ*GUUVX`R[GNMJ*Y_*RNQ*UGVNRGS*JRccMVMH\M*jFXNRMHNL*#c*NFHRHI*RQ*

UMVcXV[MJ*RH*GJWGH\M*NX*IMN*G*QMNNRHI*Xc*J\ *YRGQ*GHJ*.:3*aGWMcXV[Q*QF\O*NOGN*GH*G\\MUNGYSM*

UMVcXV[GH\M* RQ* VMG\OMJK* NOM* JMQRIH* \GH* YM* MWXSWMJ* NX* G* SX\GS* XUNR[GS* XHM* aRNO* NOM* \XH^FIGNM*

G1 =
2500 1+S111 ! S121S211 +S221 +S111S221( )! 100 1+S121 S211 ! 2( )! S111S221

"# $%X ! ! 1+S111 +S121S211 +S221 ! S111S221( ) X2

2500 1+S111 ! S121S211 +S221 +S111S221( )+100 1+S211 S121 ! 2( )! S111S221
"# $%X ! ! 1+S111 +S121S211 +S221 ! S111S221( ) X2

!
S11m

!
S112

!
S112

cosh ! 2Lseries( )+sinh ! 2Lseries( )tanh ! 2Lshunt( ) 50sinh ! 2Lseries( )
sinh ! 2Lseries( )+cosh ! 2Lseries( )tanh ! 2Lshunt( )

50
cosh ! 2Lseries( )

!

"

#
#
#

$

%

&
&
&

i

öS= öSi j!" #$

PL = a12
öS12 + a32

öS13

2

Etot

J = f Vg,Vd , A1,1,! 1,1, A1,2,! 1,2,..., A2,1,! 2,1, A2,2,! 2,2,...( )
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IVGJRMHN*[MNOXJK*aOR\O*RQ*FQMJ*RH*NORQ*aXVbL*-NOMVaRQMK*Rc*NOMVM*RQ*HX*aXVbGYSM*RHRNRGS*JMQRIH*XV*

ISXYGS*XUNR[F[*RH*G*SGVIM*cMGQRYSM*VMIRXH*RQ*JMQRVMJK*G* [XVM*QXUORQNR\GNMJ* [MNOXJ*QF\O*GQ*NOM*

UGVNR\SM*QaGV[*XUNR[RqGNRXH*?4'-@*[MNOXJ*yCCiz*QOXFSJ*YM*\XHQRJMVMJL*(OM*[GRH*XUNR[RqGNRXH*

UVX\MJFVM*RH*NORQ*aXVb*RQ*GQ*cXSSXaQ8*

?C@! .QQF[RHI* NOM* WGVRGYSMQ* Xc* cFH\NRXH* ?iLiA@* GN* NOM*' NO* QNMU* RQ

K*GHJ* *RQ*NOM*RHRNRGS*WGSFML*

?A@! (OM*JRVM\NRXHfXcfQMGV\O*Xc*NOM*cRVQN*QNMU*RQ*JMcRHMJ*Y_*NOM*IVGJRMHN*Xc*cFH\NRXH*#*GN* 8*

L* 'X* K* RH* aOR\O**RQ* JMNMV[RHMJ* Y_* G* XHMf

JR[MHQRXHGS*QMGV\O*NOGN*[G`R[RqM*L*

?u@! (OM* JRVM\NRXHQfXcfQMGV\O* cXV* NOM* cXSSXaRHI* QNMUQ* GVM* NOM* \XH^FIGNM* JRVM\NRXHQ8*

K* RH* aOR\O* L* 'X*

K* NOM* QNMU**RQ* XYNGRHMJ* Y_* XHMfJR[MHQRXHGS* QMGV\OL* (OM* \VRNMVRG*

JRQ\FQQMJ*RH*QM\NRXH*iLiLi*HMMJ*NX*YM*\XHQRJMVMJ*cXV*MG\O*QNMUL*.Q**RQ*Q[GSSMV*

NOGH*G*UVMfJMcRHMJ*NOVMQOXSJK*XV*NOM*\VRNMVRG*\GHHXN*YM*QGNRQcRMJ*aRNO*G*HXHqMVX*K*

NOM*XUNR[RqGNRXH*\GH*YM*NMV[RHGNMJL*

(OM*RHRNRGS*WGSFM**aOXQM*SGVIMQN*OGV[XHR\*RHJM`*RQ*SR[RNMJ*NX*A*\GH*YM*cXFHJ*aRNO*NOM*cXSSXaRHI*

UVRH\RUSMQL* +RccMVMHN* cVX[* \XHWMHNRXHGS* UXaMV* XQ\RSSGNXVQ* NOGN* GVM* JMQRIHMJ* YGQMJ* XH* NOM* 4.*

\XHcRIFVGNRXHQ*yCBhK*CChK*CCvzK*NOM*IGRH*YSX\b*RH*GH*'#6-*RQ*FQFGSS_*QFY^M\N*NX*G*JMMUMV*QGNFVGNRXH*

GHJ*M`ORYRNQ*\SXQM*NX*B*J1*Xc*IGRH*GN*NOM*cFHJG[MHNGS*cVMjFMH\_L**#N*RQ*YM\GFQM*GN*NORQ*cVMjFMH\_K*NOM*

UGQQRWM*UGVN*Xc*NOM*'#6-*\XHQMVWMQ*NOM*MHMVI_K*aRNO*XHS_*G*[RHXV*UXVNRXH*\XHQF[MJ*Y_*C*NX*A*J1*

[MNGSK* JRMSM\NVR\* GHJ* VGJRGNRXH* SXQQMQL* (OMVMcXVMK* NOM* .:3* \OGHHMS* C* XFNUFN* UXaMV* GN* NOM*

cFHJG[MHNGS*cVMjFMH\_*QOXFSJ*YM*NFHMJ*QF\O*NOGN**RQ*GUUVX`R[GNMS_*MjFGS*

NX*NOM*UGQQRWM*SXQQL*

.H* '#6-* \GH* YM* VMIGVJMJ* GQ* G* cVMjFMH\_* JXFYSMV* aOXQM* cFHJG[MHNGS* JVRWRHI* QRIHGS* RQ*QMScf

QFccR\RMHNL*(OMVMcXVMK*NX*MHOGH\M*NOM*XFNUFN*UXaMV*GHJ*MccR\RMH\_K*G*AHJ*OGV[XHR\*QRIHGS*VMcSM\NXV*

QOXFSJ*YM*MQNGYSRQOMJ*GN*NOM*RHUFN*Xc*NOM*NVGHQRQNXV*yCCtfCACzL*.Q*QF\OK*NOM*.:3*\OGHHMS*C*XFNUFN*

UXaMV*GHJ*UOGQM*GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_*QOXFSJ*YM*GJ^FQNMJ*NX*XYNGRH*G*NXNGS*VMcSM\NRXH*

SXXbRHI*XFNaGVJQ*NOM*IGNM*GHJ*G*\XHQNVF\NRWM*RHNMVcMVMH\M*GN*NOM*JVGRH*Xc*NOM*NVGHQRQNXVL**

x(k) = Vg
(k) ,Vd

(k) ,A1,1
(k) ,! 1,1

(k) ,A1,2
(k) ,! 1,2

(k) ,...,A2,1
(k) ,! 2,1

(k) ,A2,2
(k) ,! 2,2

(k) ,...[ ] x(0)

x(0)

d(0) = ! f x(0)( ) x(1) = x(0) + ! (0)d(0) ! (0)

f x(1)( )

d(k+1) = ! f x(k+1)( ) + ! (k)d(k) ! (k) = ! f x(k+1)( )2
! f x(k)( )2

x(k+2) = x(k+1)

+! (k+1)d(k+1) ! (k+1)

! f x(k+1)( )
! (k+1)

x(0)

a11
2
+ a31

2
! b11

2
! b31

2



vD*

,X VMXWMVK*NOM*NVGHQRQNXV*RQ*JMQRIHMJ*NX*XUMVGNM*RH*NOM*\SGQQ*%*[XJM*cVX[*aOR\O*NOM*YMQN*cFHJG[MHNGS*

NXHM*NX*AHJ*OGV[XHR\*\XHWMVQRXH*MccR\RMH\_*\GH*YM*M`UM\NMJ*yCAAfCAizL*(X*NORQ*MHJK*NOM*RHRNRGS*IGNM*

YRGQ*RQ*QMN*HMGV*NOM*URH\OfXcc*WXSNGIML*(OM*JVGRH*Xc*NOM*NVGHQRQNXV*RQ*YRGQMJ*GN*GYXFN*C{u*Xc*RNQ*UMGb*

WXSNGIM*yCAhzK*aOR\O*RQ*SR[RNMJ*Y_*NOM*QGNFVGNMJ*XFNUFN*UXaMV*GHJ*NOM*[G`R[F[*GSSXaMJ*RHUFN*

UXaMVL**

! "C@D>MÂ@<L-M>DBGF-@A-038%-BFS;E-L KEHIBFG-F>E]@<\-

(OM*RHUFN*[GN\ORHI*GQ*QOXaH*RH*7RIL*iLCi*cXV*GH*XUNR[RqMJ*'#6-*JMQRIH*RQ*G*OGV[XHR\*[GN\ORHI*

HMNaXVbL*#H*UVRH\RUSMK*RN*OGQ*NX*YM*JMQRIHMJ*NX*G\ORMWM*G*JMQRIHGNMJ*cFSS*NaXfUXVN*UMVcXV[GH\M*

\OGVG\NMVRqMJ*Y_**cXV*MG\O*OGV[XHR\L*!QFGSS_*RH*XNOMV*N_UMQ*Xc*[R\VXaGWM*\RV\FRN*?QF\O*GQ*4.@*

JMQRIHK* XHS_* \MVNGRH* VMcSM\NRXH* \XMccR\RMHN* GN* MG\O* OGV[XHR\* HMMJQ* NX* YM* Q_HNOMQRqMJ*yCAhzL* (X*

JMWMSXU*G*[MNOXJXSXI_*aRNO*\SXQMJfcXV[*M`UVMQQRXHQ*QF\O*NOGN*NOM*JMQRIH*\GH*YM*GFNX[GNMJK*NaX*

GQQF[UNRXHQ*OGWM*NX*YM*[GJML*7RVQNK*NOM*HMNaXVb*GN*MG\O*OGV[XHR\*RQ*SXQQSMQQL*#c*NOM*\GS\FSGNMJ**

RH*\MVNGRH*YRGQ*GHJ*aGWMcXV[*QMNFU*NFVHQ*XFN*NX*YM*WMV_*SXQQ_K*RN*R[USRMQ*NOGN*NOM*QMSM\NMJ*'#6-*\GH*

YM*QRIHRcR\GHNS_*R[UVXWMJ*Y_*VMfVFHHRHI*NOM*XUNR[RqGNRXH*UVX\MJFVM*aRNO*G*JRccMVMHN*RHRNRGS*WGSFML*

'M\XHJK* NOM* G[USRNFJM* Xc* NOM* VMcSM\NRXH* \XMccR\RMHN* SXXbRHI* RHNX* 4u* Xc* NOM* JRUSM`MV* GN* NOM* AHJ*

OGV[XHR\*cVMjFMH\_*RQ*\SXQM*NX*CL*(ORQ*\GH*YM*cFScRSSMJ*GQ*SXHI*GQ*NOM*JRUSM`MV*YGQMJ*XH*NOM*UVXUXQMJ*

NXUXSXI_* RQ* UVXUMVS_* JMQRIHMJL* 0XHQRJMVRHI* YXNO* GQQF[UNRXHQK* NOM* G[USRNFJM* Xc* NOM* VMcSM\NRXH*

\XMccR\RMHN*QMMH*Y_*NOM*NVGHQRQNXV=Q*IGNM*GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_*QOXFSJ*YM*\SXQM*NX*CK*aOR\O*

cFScRSSQ*NOM*VMjFRVMJ*QRIHGS*VMcSM\NXVL**

(OM*QMSM\NMJ*[GN\ORHI*HMNaXVb*NXUXSXI_*RQ*QOXaH*RH*7RIL*iLChL*#N*\X[UVRQMQ*[R\VXQNVRU*XUMH*QNFYQ*

GHJ*JMSG_*SRHMQK*IVXFUMJ*RH*G*(fHMNaXVb*,CK*G*4#fHMNaXVb*,u*GHJ*G*JMSG_*QM\NRXH*,AL*(OM*SRHM*

JRQUMVQRXH*RQ*RIHXVMJ*QX*NOM*\OGVG\NMVRQNR\*R[UMJGH\M* ?.€C*NX*t@*RQ*\XHQNGHN*cXV*GSS*cVMjFMH\RMQL*

*RQ*NOM*MSM\NVR\GS*SMHINO*GN*NOM*uVJ*OGV[XHR\*cVMjFMH\_L*,AK*,u*GHJ*,C*NXIMNOMV*UVMQMHN**cXV*

NOM*cFHJG[MHNGS*GHJ*uVJ*OGV[XHR\*cVMjFMH\RMQK*GHJ**Xc* *GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_*RQ*

UVMQMHNMJ* GN* NOM* RHJR\GNMJ* UXQRNRXH* RH* NOM* cRIFVM* GHJ* JMHXNMJ* GQ*%AL* #N* RQ* FHHM\MQQGV_* NX* cFSS_*

Q_HNOMQRqM**GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_*YM\GFQM*NOM*SXXU*RQ*XUMHMJ*Y_*NOM*RQXSGNRXH*UVXUMVN_*

Xc*NOM*JRUSM`MV*GN*NORQ*cVMjFMH\_K*aOMVM*NOM*NVGHQ[RQQRXH*Xc*NOM*[GN\ORHI*HMNaXVb*RQ*HXN*\VRNR\GS*cXV*

NOM*XUMVGNRXHL*.H_*NaXfUXVN*SXQQSMQQ*VM\RUVX\GS*HMNaXVb*GN*XHM*cVMjFMH\_*OGQ*u*JMIVMMQ*Xc*cVMMJX[*

yvDzK*GHJ*G*VMcSM\NRXH*\XMccR\RMHN*aRNO*FHRN*G[USRNFJM*OGQ*CK*NOMVMcXVM*NOM*NXNGSS_*Ci*JMIVMMQ*Xc*

Smch

Smch

Zi

! i Smch

S11 Smch

Smch



vw*

cVMMJX[*Xc*NOM*[GN\ORHI*HMNaXVb*NXUXSXI_*RQ*[XVM*NOGH*MHXFIOK*GHJ*NOM*VMJFHJGHN*XHMQ*UVXWRJM*

\XHWMHRMH\M*GHJ*cSM`RYRSRN_*NX*NOM*JMQRIHL*

*

7RIFVM*i LCh8*'\OM[GNR\*Xc*RHUFN*[GN\ORHI*HMNaXVb*JMQRIHL*

#H*,CK* ?.€C*NX*u@*NGbMQ**XV* *QF\O*NOGN*NORQ*HMNaXVb*RQ*NVGHQUGVMHN*cXV*NOM*uVJ*OGV[XHR\L*#H*

,uK* *NGbMQ* *XV* K*QF\O*NOGN*%A*RQ*XHS_*JMNMV[RHMJ*Y_*,AK*RH*aOR\O**RQ*GVYRNVGVRS_*

QMSM\NMJ*GQ*hB*&L*(OMVMcXVMK**\GH*YM*JMNMV[RHMJ*GQ8* L*

(OM*NVGHQ[RQQRXH*[GNVR`*Xc*GH_*NaXfUXVN*SXQQSMQQ*VM\RUVX\GS*HMNaXVb*OGQ*VMGSfWGSFMJ*MSM[MHNQ*H*

GHJ*] *GHJ*R[GIRHGV_fWGSFMJ*MSM[MHNQ*) *GHJ*YK*QX*NOM*cXSSXaRHI*NaX*NVGHQ[RQQRXH*[GNVR\MQ*cXV*

SXQQSMQQ*HMNaXVbQ*GVM*UVMUGVMJ*cRVQN8*

* ************?iLiuLC@*

****************?iLiuLA@*

(OMVMcXVMK* *GUUVX`R[GNMQ*K*NOM*NVGHQ[RQQRXH*[GNVR`*Xc**cXV*NOM*cFHJG[MHNGS*NXHM*?.€C@*

XV*NOM*uVJ*OGV[XHR\*?.€u@L*

+McRHRHI*NOM*NVGHQ[RQQRXH*[GNVR`*Xc*,u*GN*NOM*uVJ*OGV[XHR\*cVMjFMH\_*GQ*K*RN*\GH*YM*cXFHJ*NOGN8*

! i 2! 4!

! 6 3! 4 9! 4 Z7

! 7 ! 7 =1.5arctan 1+! 2( ) j 1+! 2( )[ ]

T1=
A1 jB1

jC1 D1

!

"
#
#
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%
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&
!

1
Re A1( )Re D1( )+Im B1( )Im C1( )

Re A1( ) j Im B1( )
j Im C1( ) Re D1( )

!

"

#
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$
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T3=
A3 jB3
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!
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tB*

*******?iLii@*

(OM*SXaMV*SMcN*MSM[MHN*Xc**RQ*RIHXVMJ*YM\GFQM*cXV*GH_*VM\RUVX\GS*HMNaXVbK*NOM*MSM[MHN*Y*RH*RNQ*

NVGHQ[RQQRXH*[GNVR`*\GH*YM*M`UVMQQMJ*GQ*L*(OMVMcXVMK*

K************************************************?iLihLC@*

K*********************?iLihLA@*

L***********************?iLihLu@*

#H* MjFGNRXH* ?iLihLC@K* Rc* K* QR[US_* M`NMHJ**Y_* L* 'X* NOGN*

L* *\GH* YM* GVYRNVGVRS_* QMSM\NMJ* XHS_* NX* MHQFVM**RQ* UXQRNRWML*

(OMHK*Rc**GHJ* *GVM*GSQX*QMSM\NMJ*aRNO*\GVMK**GHJ* *\GH*YM*QXSWMJ*cVX[*MjFGNRXHQ*?iLihLA@*

GHJ*?iLihLu@K*VMQUM\NRWMS_L**

'R[RSGVS_K*JMcRHRHI*NOM*NVGHQ[RQQRXH*[GNVR`*Xc*,C*GN*NOM*cFHJG[MHNGS*cVMjFMH\_*GQ*K*RN*\GH*YM*

cXFHJ*NOGN8*

*?iLiv@*

%`UGHJRHI*K*NOM*cXSSXaRHI*cFH\NRXHQ*\GH*YM*XYNGRHMJ8*

K**************************************************************?iLitLC@*

* K***************************************************?iLitLA@*

K*************************************************************?iLitLu@*

TM 3=

cos! 5!
Z5sin! 5tan! 4

Z4

jZ5sin! 5

cos! 5!
Z5sin! 5tan! 6

Z6

!

"

#
#
#
#
#

$

%

&
&
&
&
&

=
cos! 7 50 jsin! 7

0.02 jsin! 7 cos! 7

!

"
#
#
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' 1

T3
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TM3

AD ! 1( ) B

Z5 sin! 5 = B3cos! 7 ! 50D3sin! 7

cos! 5 ! sin! 5 tan! 4Z5 Z4 = A3cos! 7 +50C3sin! 7

cos! 5! sin! 5tan! 6Z5 Z6=0.02B3sin! 7+D3cos! 7

B3cos! 7 ! 50D3si n! 7 = 0 ! 7 1.5!

Z5 = B3cos! 7 ! 50D3si n! 7( ) si n! 5 ! 5 Z5

! 4 ! 6 Z4 Z6

TM1

TM1=

cos
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!
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! 5

3 tan! 6
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!
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"
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tC*

RH*aOR\O* K* *GHJ* L*.Q*NOM*VMQFSNQ8*

K***************************************************************?iLiDLC@*

* K***********************************************?iLiDLA@*

L***************************************************************?iLiDLu@*

(OMH*QMSM\N*?.€C*NX*u@*GQ*XV* *NX*MHQFVM*UXQRNRWM*?.€C*NX*u@*\GH*YM*XYNGRHMJL*

7VX[* NOM* \OGVG\NMVRQNR\* R[UMJGH\M* GHJ* MSM\NVR\GS* SMHINO* Xc* NOM* RJMGS* [R\VXQNVRU* SRHMQK* NOM* VMGS*

JR[MHQRXHQ*\GH*YM*XYNGRHMJ*GHJ*cFVNOMV*XUNR[RqMJL*

! 0;LLK<?-@A->_S><BL>FEKC-M>DBGF-S<@H>M;<>-

?C@! +MQRIH*GHJ*\OGVG\NMVRqM*G*JRUSM`MV*GN*NOM*NGVIMNMJ*cVMjFMH\_*#B*GHJ*YGQMJ*XH*G*QMSM\NMJ*

NXUXSXI_L*

?A@! 'MSM\N*G*NVGHQRQNXV*GQ*NOM*G\NRWM*JMWR\M*G\\XVJRHI*NX*NOM*NGVIMNMJ*cVMjFMH\_*GHJ*NOM*XFNUFN*

UXaMVL*(OM*RHRNRGS*YRGQK*RHUFN{XFNUFN*UXaMVK*GHJ*.:3*QMNFU*GVM*MQNR[GNMJ*YGQMJ*XH*NOM*

NVGHQRQNXV*QUM\RcR\GNRXH*GHJ*XUMVGNRHI*\SGQQL*

?u@! (OM*6,+*Q_QNM[*QMN*FU*GHJ*\GSRYVGNRXH*GVM*\GVVRMJ*XFN*cXSSXaRHI*NOM*QNMUQ*RH*QM\NRXH*iLiLA*

GHJ*iLiLuL*

?i@! (OM*M`UMVR[MHNGS*XUNR[RqGNRXH*Xc*NOM*NVGHQRQNXV*aGWMcXV[*RQ*\GVVRMJ*XFN*aRNO*NOM*\XH^FIGNM*

IVGJRMHN*[MNOXJ*Xc*QM\NRXH*iLiLh*XV*XNOMV*[MNOXJQL*+FVRHI*NOM*RNMVGNRXH*QNMUQK*NOM*aGWMcXV[*

RQ*[MGQFVMJ*aRNO*MjFGNRXH*?iLuu@*GHJ*NOM*Q\VMMHRHI*RQ*UMVcXV[MJ*cXSSXaRHI*NOM*QNMUQ*RH*

QM\NRXH*iLiLiL**

?h@! (OM*[GN\ORHI*HMNaXVb*RQ*JMQRIHMJ*NX*G\ORMWM*NOM*XUNR[RqMJ*aGWMcXV[*aRNO*MjFGNRXH*?iLuv@*

GHJ*NOM*MjFGNRXHQ*JMWMSXUMJ*RH*QM\NRXH*iLiLvL*

! 1 = Z1 si n! 1

3 ! 2 = Z2 tan! 2

3 ! 3 = Z3 si n! 3

3

! 1 = 2 öD1 " 1( ) 3 öC1

! 2 =
öA1 " 1( ) öD1 " 1( )

öC1 4 öA1
öD1 " öA1 " öD1 " 2( )

! 3 = 2 öA1 " 1( ) 3 öC1

! i 2! 4! Zi



tA*

! )>DBGF->_KLSC>[-L @M>C-=KCBMKEB@F-KFM-MBDH;DDB@FD-

*

?G@*

*

?Y@*

7RIFVM*i LCv8*?G@*(OM*cGYVR\GNMJ*'#6-*aRNO*VMUSG\M[MHN*JRUSM`MVQ*Xc*JRccMVMHN*WGSFMQ*Xc*UGVG[MNMV*

"K*GHJ*?Y@*NOM*XUMHfSXXU*'#6-*cXV*MjFRWGSMHN*\RV\FRN*YFRSJRHI*GHJ*9fUGVG[MNMV*M`NVG\NRXHL*

(OM*JMQRIHMJ*GHJ*cGYVR\GNMJ*'#6-*UVXNXN_UM*RQ*QOXaH*RH*7RIL*iLCv*?G@L*#NQ*XUMHfSXXU*WMVQRXH*cXV*

\RV\FRN*[XJMS*YFRSJRHI*GHJ*9fUGVG[MNMV*M`NVG\NRXH*RQ*QOXaH*RH*7RIL*iLCv*?Y@L*(OM*VMcMVMH\M*USGHMQ*

GVM*JMcRHMJ*Y_*(&/*\GSRYVGNRXHL*(OM*\RV\FRNQ*GVM*XH*NOM*QG[M*QFYQNVGNM*GQ*aOGN*RQ*FQMJ*RH*QM\NRXH*

iLiLCL* &MUSG\M[MHN* JRUSM`MVQ* aRNO* JRccMVMHN* WGSFMQ* Xc* UGVG[MNMV*"*QX* GQ* NX* G\ORMWM* JRccMVMHN*

RQXSGNRXHQ*GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_*?WGSFMQ*GVM*[GVbMJ*GQRJM@*G\\XVJRHI*NX*7RIL*iLCA*GVM*GSQX*

cGYVR\GNMJL*(OM*NMQN*QMNFU*QOXaH*RH*7RIL*iLCt*?G@*RQ*FQMJ*NX*\OGVG\NMVRqM*NOM*'#6-*XFNUFN*UXaMV*GHJ*

MccR\RMH\_L* (OM* FQMJ* UXaMV* [MNMV* GHJ* UXaMV* QMHQXV* GVM* ,/AiuD.* GHJ* ,.Aiti.* YXNO* cVX[*

.HVRNQFL*#N*\GH*YM*QMMH*NOGN*GH*XFNUFN*UXaMV*Xc*CvLvA*J1[*GHJ*G*J\ *JVGRH*\FVVMHN*Xc*it*[.*aRNO*

uLiD*$*WXSNGIM*GVM*[MGQFVMJK*VMQFSNRHI*RH*GH*MccR\RMH\_*Xc*AtLwrL*7RIL*iLCt*?Y@*GHJ*?\@*GVM*NOM*QMNFUQ*



tu *

Xc*SXGJ*UFSSRHI*GHJ*RH^M\NRXH*UFSSRHI*[MGQFVM[MHNL*(OM*SXGJ*R[UMJGH\M*Q_HNOMQRqMJ*Y_*NOM*NFHMV*RQ*

\GSRYVGNMJ*NX*NOM*VMcMVMH\M*USGHM*GQ*RHJR\GNMJ*RH*7RIL*iLCv*?G@L*.YXFN*‚ h*J1[*RH^M\NRXH*[XHXNXHM*RQ*

VM\MRWMJ*Y_*NOM*'#6-*NOVXFIO*NOM*\XFUSMVL*7RIL*iLCD*?G@*GHJ*?Y@*GVM*NOM*QUM\NVF[*GHJ*UOGQM*HXRQM*

YXNO*[MGQFVMJ*Y_*NOM*QMNFU*RH*7RIL*iLCt*?Y@K*aOMH*hB*•*SXGJ*RQ*QMNL*(OM*cFHJG[MHNGS*NXHM*GHJ*NOM*

uVJ*OGV[XHR\*GVM*GYXFN*AD*J1*GHJ*hh*J1*SXaMV*NOGH*NOM*AHJ*OGV[XHR\K*aOR\O*RQ*GN*uLwwv*36qL*(OM*

UOGQM*HXRQM*Xc*NOM*AHJ*OGV[XHR\*GN*C* ,6q*XccQMN*RQ*‚ CuvLh*J1\{6qL* (OM*[MGQFVMJ*GHJ*6,+f

Q_HNOMQRqMJ* aGWMcXV[Q* \XVVMQUXHJRHI* NX* NOM* '#6-* UVXNXN_UM*GN* NOM* JVGRH* Xc* NOM* NVGHQRQNXV* GVM*

QOXaH*RH*7RIL*iLCwL* (OM*WXSNGIM*aGWMcXV[*RQ* [MGQFVMJ*Y_*G* \GSRYVGNMJ*ORIO*R[UMJGH\M*UVXYM*

\XHHM\NMJ* NX* GH* XQ\RSSXQ\XUML* (OM* JXNNMJfSRHM* \FVVMHN* aGWMcXV[* RQ* XYNGRHMJ* cVX[* WXSNGIM*

aGWMcXV[Q*[MGQFVMJ*GN*QMWMVGS*JRccMVMHN*UXRHNQ*XH*NOM*NVGHQ[RQQRXH*SRHM*YMNaMMH*NOM*JVGRH*GHJ*NOM*

JRUSM`MVK*UVXWRJMJ*NOGN*NOM*UVXUGIGNRXH*\XHQNGHN*GHJ*NOM*\OGVG\NMVRQNR\*R[UMJGH\M*Xc*NOM*SRHM*\GH*

YM*JMNMV[RHMJ*G*UVRXVRL*(OM*Q_HNOMQRqMJ*aGWMcXV[*UVMQMHNQ*NOM*cMGNFVMQ*Xc*G*\SGQQ*%*XUMVGNRXH*YFN*

\XHNGRHQ*G*ORIOMV*UVXUXVNRXH*Xc*NOM*AHJ*OGV[XHR\L*7RIL*iLAB*RSSFQNVGNMQ*NOM*\XHNXFV*Xc*NOM*J\ f&7*

MccR\RMH\_* aRNO* VMQUM\N* NX* NOM* QXFV\M* GHJ* SXGJ* VMcSM\NRXH* \XMccR\RMHNQL*7RIL* iLAB* ?G@* UVXWMQ* NOM*

MccR\RMH\_*IGRH*cVX[*NOM*AHJ*OGV[XHR\*VMcSM\NXV*GN*GYXFN*uh¡L*7RIL*iLAB*?Y@*R[USRMQ*NOGN*[FSNRUSM*

SX\GS*XUNR[GS*QXSFNRXHQ*M`RQN*JFM*NX*NOM*RHWXSWMJ*[FSNRUSM*OGV[XHR\QL*

*?G@****** *?Y@*

?\@*

7RIFVM*i LCt8*(MQN*QMNFUQ*cXV*?G@*UXaMV*GHJ*MccR\RMH\_*[MGQFVM[MHNK*?Y@*SXGJ*UFSSRHI*

[MGQFVM[MHNK*GHJ*?\@*RH^M\NRXH*UFSSRHI*[MGQFVM[MHNL*



ti *

**** *
?G@*************************************************************?Y@*

7RIFVM*i LCD8*,MGQFVMJ*VMQFSNQ*aRNO*G*hB*•*SXGJ*Xc*?G@*QUM\NVF[*Xc*NOM*cRVQN*NOVMM*OGV[XHR\QK*GHJ*
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NOM*VMQN*GVM*GS[XQN*\XHQNGHNL*.Q*NOM*SXGJ*R[UMJGH\M*\OGHIMQ*RH*NOM*QG[M*VGHIM*GQ*RH*NOM*SXGJ*UFSSRHI*
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cMMJYG\bfSXXU*XQ\RSSGNXV*JMSRWMVRHI*G*cFHJG[MHNGS*cVMjFMH\_*QRIHGS*RQ*[XJMSMJ*GHJ*QNFJRMJ*RH*NOM*
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GHJ*NOM*JRUSM`MVK*aOR\O*\GFQM*NOM*UFSSRHI*MccM\NL**
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NM\OHXSXI_* RQ* GVIFGYS_* NOM* XHS_* \OXR\M* cXV* G\ORMWRHI* GSS* NOMQM* [MVRNQ* YM\GFQM* Xc* RNQ* GYFHJGHN*

QUM\NVF[* VMQXFV\MQ* GHJ* QOXVN* aGWMSMHINOL* #H* ABCvK* NOM* 7MJMVGS* 0X[[FHR\GNRXHQ* 0X[[RQQRXH*

?700@*Xc*NOM*!HRNMJ*'NGNMQ*XUMHMJ*FU*CC*36q*Xc*ORIO*cVMjFMH\_*QUM\NVF[*cXV*NOM*hNO*IMHMVGNRXH*

?h3@* aRVMSMQQ* GUUSR\GNRXHQK* RH\SFJRHI* GH* DhB*,6q* YGHJ* GN* AD*36q *yCAtzL* 'R[RSGV* QUM\NVF[*

VMIFSGNRXH*UXSR\RMQ*OGWM*GSQX*YMMH*QNGNMJ*RH*XNOMV*\XFHNVRMQ*GHJ*VMIRXHQL*

#H*QURNM*Xc*NOM*GJWGHNGIMQ*Xc*[[:K*[GH_*\OGSSMHIMQ*VM[GRH*NX*YM*GJJVMQQMJ*GHJ*RH*aOGN*GVMG*

cFVNOMV*VMQMGV\O*RQ*HMMJMJL*7RVQN*Xc*GSSK*[[:*QRIHGS*RQ*JRccR\FSN*NX*IMHMVGNM*JRVM\NS_*JFM*NX*NOM*#A2"*

SR[RNGNRXH*Xc*QM[R\XHJF\NXV*NM\OHXSXIRMQK*QX*NOGN*cVMjFMH\_*[FSNRUS_RHI*NM\OHRjFMQ*yCADfCuCz*GHJ*

OGV[XHR\*M`NVG\NRXH*NM\OHRjFMQ*yCuAfCuvz*OGWM*aRJMS_*YMMH*GJXUNMJL*(OM*cXV[MV*Q\OM[M*QOXaQ*G*

YMNNMV*cSM`RYRSRN_*GHJ*NOM*QRIHGS* jFGSRN_*JMUMHJQ*XH*NOM*SXa*cVMjFMH\_*QXFV\MQ*aOR\O*JVRWM*NOM*

cVMjFMH\_* [FSNRUSRMVQL*6XaMWMVK*NOM*SGNNMV*QXSFNRXHK*M`M[UNMJ*cVX[*M`USR\RN* [FSNRUSRMVK*RQ* [XVM*

cGWXVGYSM*RH*NMV[Q*Xc*UMVcXV[GH\M*GHJ*UXaMV*\XHQF[UNRXHL*'M\XHJS_K*VMJF\RHI*NOM*NVGHQRQNXV*\XFHNK*

UXaMV*\XHQF[UNRXH*GHJ*Q_QNM[*\XQN*RQ*UGVNR\FSGVS_*JMQRVMJ*Y_*[[:*#0*JMQRIHMVQL*#H*GJJRNRXHK*NOM*

RHNMV\XHHM\NQ*G[XHI*[[:*\X[UXHMHNQ*GVM*FQFGSS_*SXQQ_*GHJ*YGHJaRJNOfSR[RNMJL*(OMVMcXVMK*NOM*

\XH\MUN*Xc*YFRSJRHI*YSX\b* \XfJMQRIHK*QF\O*GQ*G\NRWM*GHNMHHG*yCutfCiBzK*cRSNMV*GHNMHHG*?cRSNMHHG@*

yCiCfCiiz K*GHJ*QMScfXQ\RSSGNRHI*[R`MV*yCihK*CivzK*GVM*RHNVXJF\MJ*NX*YVRJIM*NOM*GVNRcR\RGS*cFH\NRXH*

JRWRQRXHQ*GHJ*GSQX*NX* [RNRIGNM*UMVcXV[GH\M*YXNNSMHM\bQL* .\NRWM*VGJRGNXV*XV*XQ\RSSGNXV*GHNMHHG*RQ*

GHXNOMV*\XfJMQRIH*M`G[USM*NOGN*OGQ*VM\MRWMJ*[F\O*GNNMHNRXH*RH*VM\MHN*_MGVQ*yCit fChAzL*(OM*VMQXHGNM*

N_UM*Xc*GHNMHHG*RQ*VMFQMJ*GQ*G*NGHb*Xc*NOM*XQ\RSSGNXV*NX*IGRH*NOM*MccR\RMH\_*GHJ*VMJF\M*NOM*\RV\FRN*QRqML*

7L* 3RFUUR*4>! 2?L* JM[XHQNVGNMJ* G* QFYQNVGNM* RHNMIVGNMJ* aGWMIFRJM* ?'#:@* \GWRN_*YG\bMJ* WXSNGIM*

\XHNVXSSMJ* XQ\RSSGNXV* ?$0-@* GHNMHHG* RH* 9* YGHJ*yCiDzL* #NQ* G\NRWM* \RV\FRN* GHJ* VMSGNMJ* VGJRGNRXH*

QNVF\NFVM*GVM*USG\MJ*YG\bfNXfYG\b*XH*NOM*NaX*YVXGJQRJMQ*Xc*GH*'#:*\GWRN_L*'F\O*G*NXUXSXI_*MHGYSMQ*

G*[XVM*\X[UG\N*GHJ*MccR\RMHN*R[USM[MHNGNRXH*NOGH*NOXQM*aRNO*NOM*G\NRWM*GHJ*UGQQRWM*UGVNQ*SX\GNMJ*

QMUGVGNMS_L*#H*yCiwfChCzK*(L*3L*,G*4>!2?L*UVXUXQMJ*VRHIK*QM[RfVRHI*GHJ*[XHXUXSM*SXGJMJ*QM[RfVRHIK*

YGQMJ*QMScfXQ\RSSGNRHI*G\NRWM*GHNMHHGQ*aRNO*cVMjFMH\_*GHJ{XV*UGNNMVH*GIRSRNRMQL*#H*NOMQM*aXVbQK*NOM*

[R\VXQNVRU*VRHI*QNVF\NFVMQ*G\N*GQ*YXNO*NOM*cMMJYG\bfSXXU*GHJ*NOM*VGJRGNRXH*MSM[MHNQL*4#"*JRXJMQ*GN*

JRccMVMHN*SX\GNRXHQ*XH*NOM*VRHIQ*GVM*FQMJ*NX*VM\XHcRIFVM*aXVbRHI*[XJMQ*Xc*NOM*QNVF\NFVMQK*aOR\O*

QOXaQ*JRccMVMHN*VGJRGNRXH*UVXUMVNRMQL*1M\GFQM*Xc*SR[RNMJ*jFGSRN_*cG\NXV*?N*cG\NXV@*Xc*NOM*UGQQRWM*

QNVF\NFVMQK* NOM*UOGQM* HXRQM* RQ* VMSGNRWMS_* UXXVL* (OM* XQ\RSSGNXV* UOGQM* HXRQM* \GH* YM* R[UVXWMJ* Y_*

R[USM[MHNRHI*G*ORIO*N*cG\NXV*JRMSM\NVR\*VMQXHGNXV*GHNMHHG*?+&.@*GQ*NOM*NGHbK*GQ*VMUXVNMJ*RH*yChAzL*

(OGN*UGUMV*HXN*XHS_*JM[XHQNVGNMJ*G*VMIFSGV*+&.*SXGJMJ*G\NRWM*VGJRGNXVK*YFN*GSQX*UVXUXQMJ*G*OXSSXa*

+&.*RHQRJM*aOR\O*NOM*G\NRWM*\RV\FRN*RQ*USG\MJ*cXV*QORMSJRHI*GHJ*NX*G\ORMWM*G*VMJF\MJ*cXXNUVRHNL*



DD*

.HXNOMV* UGVNR\FSGV* GJWGHNGIM* Xc* NOM* G\NRWM* VGJRGNXVQ* RQ* UVXHXFH\MJ* RH* \XHHM\NRXH* aRNO* GVVG_QL*

!QFGSS_K* NOM* cMMJRHI* QNVF\NFVMQ* Xc* GHNMHHG* GVVG_Q* GVM* \X[USM`* cXV* JMQRIH* GHJ* XcNMH* RHNVXJF\M*

FHaGHNMJ* \XFUSRHIQ* aRNO* VGJRGNRXH* MSM[MHNQL* %QUM\RGSS_* GQ* cVMjFMH\_* IXMQ* ORIOMVK* NOM* QUG\RHI*

YMNaMMH*MSM[MHNQ*RQ*VMJF\MJ*UVXUXVNRXHGSS_K*NOMVM*RQ*OGVJS_*GH_*QUG\M*cXV*NOM*RHNMIVGNRXH*Xc*NOM*

cMMJRHI*HMNaXVbL*#H*NORQ*\GQMK*NOM*\X[UG\N*G\NRWM*VGJRGNXVQ*\GH*YM*FQMJ*GQ*GH*GSNMVHGNRWM*NM\OHRjFM*

NX*\XHQNRNFNM*GVVG_Q*aRNOXFN*cMMJRHI*QNVF\NFVMQL*,XVMXWMVK*YMG[*QNMMVRHI*\GH*YM*G\ORMWMJ*Y_*FQRHI*

NOM* RHNMVfMSM[MHN* \XFUSRHI* [M\OGHRQ[*yChuzL* #H* VM\MHN* _MGVQK* VMQMGV\OMVQ* QNFJRMJ* NOM* XUNR[GS*

QFVcG\M*\FVVMHN*JRQNVRYFNRXH*cXV*MccR\RMHN*XHf\ORU*[[ f{(6q faGWM*IMHMVGNRXH*GHJ*VGJRGNRXH*FQRHI*G*

IVXFU* Xc* JRQNVRYFNMJfG\NRWMfVGJRGNXVQ* ?+.&Q@K* aOR\O* VMGSRqMQ* QRIHGS* IMHMVGNRXHK* [FSNRUSR\GNRXHK*

cRSNMVRHI*GHJ*VGJRGNRXH*RH*G*QRHISM*QNVF\NFVM*yChifChvzL*1_*cXV[RHI*G*\SXQMJ*SXXU*aRNO*JFGSfVRHIQ*GHJ*

RHNVXJF\RHI*\VXQQf\XFUSMJ*NVGHQRQNXV*UGRVQ*RH*G*JRQNVRYFNRWM*aG_K*NOM*QNVF\NFVM*\GH*QFQNGRH*XQ\RSSGNRXH*

GN*G*\MVNGRH*cVMjFMH\_*GHJ*VGJRGNM*GN*XHS_*NOM*AHJ*OGV[XHR\*cVMjFMH\_*RH*NOM*cGV*cRMSJL*.*\XFUSMJ*

GVVG_*Xc*+.&Q*GSQX*QOXaQ*G*YMG[cXV[RHI* \GUGYRSRN_L* (ORQ* \XH\MUN*GSSXaQ*NOM*XHf\ORU*QFVcG\M*

\FVVMHN*cSXa*NX*YM*VM\XHcRIFVMJ*GN*G*Q\GSM*[F\O*SMQQ*NOGH*NOM*aGWMSMHINOK*NOGHbQ*NX*G*NRH_*cXXNUVRHN*

Xc*NOM*G\NRWM*GHJ*UGQQRWM*UGVNQ*XH*QRSR\XHK*GHJ*G*cRHM*[GHRUFSGNRXH*Xc*NOM*cRMSJ*RQ*G\ORMWMJ*NXaGVJQ*

G*[G`R[RqMJ*VGJRGNRXH*MccR\RMH\_L*4L*"GqGVR!4>!2?L*UVXUXQMJ*G*QR[RSGV*G\NRWM*VGJRGNXV*XH*\ORUK*aOR\O*

RQ*YGQMJ*XH*GH*X\NGIXHGSf\GWRN_*YG\bMJ*GHNMHHG*aRNO*MRION*cMMJRHI*UXRHNQL*7XV*MG\O*GJ^G\MHN*UGRV*

Xc*cMMJRHI*UXRHNQK*G*QM\NRXH*Xc*G[USRcRMV*aRNO*G*UVXIVMQQRWM*UOGQM*RQ*RHQMVNMJ*YMNaMMH*NOM[*NX*cXV[*

G*\SXQMJ*SXXU*yChtzL*(OM*\GWRN_*M`ORYRNQ*ORIO*N*cG\NXV*Y_*UVMWMHNRHI*NOM*QFYQNVGNM*SMGbGIML*(OFQK*G*

SXa*UOGQM*HXRQM*QRIHGS*IMHMVGNRXH*GHJ*VGJRGNRXH*GVM*G\ORMWMJ*GN*CCi*36qL*

7VMM*VFHHRHI*G\NRWM*VGJRGNXVQ*QFccMV*cVX[*XYWRXFQ*UFSSRHI*MccM\N*GQ*RNQ*SXGJ*R[UMJGH\M*WGVRMQ*yvwz*

XV*GQ*GH*M`NMVHGS*QRIHGS*RQ*RH^M\NMJ*ytBzL*(ORQ*UOMHX[MHXH*aXFSJ*VMQFSN*RH*G*QORcNMJ*cVMjFMH\_*GHJ*

G*JMNMVRXVGNMJ*UOGQM*HXRQMK*aOR\O*[G_*RHNMVVFUN*\X[[FHR\GNRXHQL*(ORQ*IMNQ*MWMH*[XVM*QMWMVM*GQ*

NOMQM* \RV\FRNQ* XUMVGNM* RH* \VXaJMJ* cVMjFMH\_* YGHJQK* GHJ{XV* aOMH* NOM_* GVM* R[USM[MHNMJ* aRNO*

aMGVGYSM*GHJ*R[USGHNGYSM*JMWR\MQ*YM\GFQM*Xc*YXJ_*NXF\OL*-FV*UVMWRXFQ*aXVb*ywCz*QNFJRMJ*G*HMa*

cMMJYG\bfSXXU*QNVF\NFVM* NOGN* QMScfRQXSGNMQ* NOM* SXGJ* R[UMJGH\M* WGVRGNRXH* GHJ* NOM* M`NMVHGS* QRIHGS*

RH^M\NRXH* cVX[* NOM* XQ\RSSGNRHI* J_HG[R\QL* 1GQMJ* XH* NOGNK* G* OGV[XHR\* XQ\RSSGNXV* RQ* JMQRIHMJL* (OM*

cVMjFMH\_* UFSSRHI* RQ*VMJF\MJ* Y_* AB* NR[MQ* GHJ* NOM* UOGQM* HXRQM* RQ* R[UVXWMJK* \X[UGVMJ* aRNO* G*

\XHWMHNRXHGS*cMMJYG\bfSXXU*XQ\RSSGNXVL*

#H*NORQ*aXVbK*G*OGV[XHR\*G\NRWM*VGJRGNXV*M`USXRNRHI*NOM*QG[M*QMScfRQXSGNRXH*UVRH\RUSM*RQ*UVXUXQMJ*GHJ*

QNFJRMJL*.H*'#:*\GWRN_*aRNO*NaX*UMVUMHJR\FSGV*[R\VXQNVRU*SRHM*cMMJRHIQ*GHJ*G*QSXN*MN\OMJ*XH*NOM*

YVXGJQRJM*Xc*NOM*\GWRN_*\XHQNRNFNMQ*G*VMQXHGNXVK*JRUSM`MVK*GHJ*GHNMHHG*RH*XHML*(OM*cMMJYG\bfSXXU*RQ*
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\X[UXQMJ*Xc*G*SXa*HXRQM*G[USRcRMV*?/".@*GQ*aMSS*GQ*NOM*\GWRN_*NOVXFIO*RNQ*SXa*cVMjFMH\_*UXVN*GHJ*

NOM*\X[[XH*UXVNL*(OM*SXXU*XQ\RSSGNMQ*GN*cFHJG[MHNGS*cVMjFMH\_*#9*GHJ*XHS_*NOM*AHJ*OGV[XHR\*QRIHGS*

GN*A#9*RQ*VGJRGNMJ*NOVXFIO*NOM*QSXNL*(OM*GRVfcRSSMJ*'#:*yChDfCvBz*GHJ*NOM*JRMSM\NVR\*SXGJRHI*NM\OHRjFMQ*

GVM*YXNO*FQMJ*NX*GJ^FQN*NOM*cRVQN*NaX*VMQXHGNRHI*cVMjFMH\RMQ*Xc*NOM*\GWRN_L*(OM*UVXNXN_UM*OGQ*GH*#9*GN*

GYXFN*Ci*36q*QX*NOGN*RN*\GH*YM*GUUSRMJ*NX*AD*36q*YGHJ*[XYRSM*h3*JMWR\MQK*UGVNR\FSGVS_*SXaf\XQN*

#HNMVHMN*Xc*(ORHIQ*?#X(@*\ORUQL*

(ORQ*UGUMV*RQ*XVIGHRqMJ*GQ*cXSSXaQL*'M\NRXH*hLA*MSF\RJGNMQ*NOM*QNVF\NFVM*Xc*NOM*QMScfRQXSGNMJ*OGV[XHR\*

G\NRWM*VGJRGNXVK*M`USGRHQ*RNQ*XUMVGNRHI*UVRH\RUSMK*GHGS_qMQ*NOM*NVRfcFH\NRXH*'#:*\GWRN_*GHJ*NOM*MccM\NQ*

Xc*NOM*GRVfcRSSMJ*VMIRXH*GQ*aMSS*GQ*NOM*JRMSM\NVR\*SXGJRHI*XH*NOM*cRSNMVRHI*GHJ*VGJRGNRXH*UMVcXV[GH\ML*

.*\X[USMNM*UVX\MJFVM*Xc*JMQRIHRHI*NOM*'#:*\GWRN_*RQ*QF[[GVRqMJK*cXSSXaMJ*Y_*GH*M`UMVR[MHNGS*

WMVRcR\GNRXHL*(OM*cGYVR\GNMJ*UVXNXN_UM*RQ*QOXaH*RH*'M\NRXH*hLu*NXIMNOMV*aRNO*G*UXQNfNFHRHI*NM\OHRjFML*

(OM* [MGQFVM[MHN* VMQFSNQ* Xc* NOM* VGJRGNRXH* UXaMVK* UGNNMVH* GHJ* NOM* UOGQM* HXRQM* GVM* UVMQMHNMJL*

4MVcXV[GH\M*RQ*QF[[GVRqMJ*GHJ*\X[UGVMJ*aRNO*UFYSRQOMJ*aXVbQL*.HXNOMV*G\NRWM*VGJRGNXV*OGWRHI*

cFHJG[MHNGS* cVMjFMH\_* XFNUFN* YGQMJ* XH* G* QR[RSGV* GRVfcRSSMJf'#:* \GWRN_* QNVF\NFVM* RQ* JMWMSXUMJL*

0X[UGVGNRWM*SXGJ*GHJ*RH^M\NRXH*UFSSRHI*[MGQFVM[MHNQ*aRNO*NOM*NaX*G\NRWM*VGJRGNXVQ*GVM*UMVcXV[MJ*

NX*JM[XHQNVGNM*NOM*UFSSRHI*MccM\N*[RNRIGNRXH*UMVcXV[GH\M*Xc*NOM*UVXUXQMJ*QMScfRQXSGNMJ*OGV[XHR\*

G\NRWM*VGJRGNXVL*7RHGSS_K*\XH\SFQRXHQ*GVM*JVGaH*RH*'M\NRXH*hLiL*

U:J! "@FH>SE-KFM-%S><KEB@F-7<BFHBSC>-

*

7RIFVM*hLC8*(OM*UVXUXQMJ*QMScfRQXSGNMJ*OGV[XHR\*G\NRWM*VGJRGNXV*GHJ*NOM*\XVVMQUXHJMH\MQ*Xc*RNQ*

JRUSM`MV*aRNO*NOM*XHM*YGQMJ*XH*[R\VXQNVRU*SRHM*RH*ywCzL*

(OM*OGV[XHR\*cMMJYG\bfSXXU*XQ\RSSGNXV*RH*NOM*UVMWRXFQ*aXVb*ywCz*OGQ*G*JRUSM`MV*aOXQM*\X[[XH*

UXVN*4A*UVMQMHNQ*NaX*HGVVXa*UGQQYGHJQ*GN*#9*GHJ*A#9K*VMQUM\NRWMS_L*(OM*SXXU*XQ\RSSGNMQ*GN*#9*GHJ*NOM*

AHJ*OGV[XHR\* QRIHGS* IMHMVGNMJ* Y_* NOM* /".* HXHSRHMGVRN_* RQ* JRVM\NMJ* NX* NOM* SXGJ* NOVXFIO* ORIO*



wB*

cVMjFMH\_*UXVN*4CK*aORSM*NOM*cFHJG[MHNGS*cVMjFMH\_*QRIHGS*RQ*cMJ*NX*NOM*RHUFN*Xc*NOM*/".*WRG*SXa*

cVMjFMH\_*UXVN*4uL*.Q*RSSFQNVGNMJ*RH*7RIL*hLCK*NOM*OGV[XHR\*G\NRWM*VGJRGNXV*UVXUXQMJ*RH*NORQ*aXVb*

FQMQ*G*JRUSM`MV*NOGN*OGQ*UXVN*\XVVMQUXHJMH\MQ*aRNO*NOGN*RH*ywCzL*#HQNMGJ*Xc*JRVM\NRHI*NOM*AHJ*OGV[XHR\*

QRIHGS*NX*NOM*cXSSXaRHI*\RV\FRN*YSX\b*NOVXFIO*NOM*hB*•*ORIO*cVMjFMH\_*UXVNK*RN*NVGHQ[RNQ*NOM*OGV[XHR\*

QRIHGS*NX*NOM*cVMM*QUG\M*MccR\RMHNS_*GQ*GH*GHNMHHGL*.N*NOM*QG[M*NR[MK*NOM*RQXSGNRXH*UVXUMVN_*Xc*NOM*

XVRIRHGS*USGHGV*JRUSM`MV*[FQN*YM*UVMQMVWMJ*NX*UVMWMHN*NOM*XQ\RSSGNRXH*J_HG[R\Q*GN*#9*cVX[*YMRHI*

UFSSMJ*Y_*M`NMVHGS*RH^M\NRXH*QRIHGSQ*XV*Y_*\MVNGRH*\SXQMfRH*cXVMRIH*XY^M\NQL*

! 7K<EBKCC?K̂B<̂ABCC>M-03&-HK=BE?-KD-<>D@FKE@<[-MBSC>_><[-KFM-KFE>FFK-

'#:*OGQ*YMMH*MH^X_RHI*RNQ*OFIM*UXUFSGVRN_*XWMV*NOM*UGQN*JM\GJMQ*NOGHbQ*NX*RNQ*\X[YRHMJ*GJWGHNGIMQ*

Xc*YXNO*HXHfUSGHGV*[MNGSSR\*aGWMIFRJM*GHJ*USGHGV*NVGHQ[RQQRXH*SRHMQL*'#:=Q*\OGVG\NMVRQNR\Q*Xc*SXa*

SXQQK*QMScfQORMSJRHIK*SXaf\XQN*GHJ*SXa*UVXcRSM*[GbM*RN*GH*RVVMUSG\MGYSM*\OXR\M*cXV*\RV\FRN*JMQRIH*GHJ*

Q_QNM[*RHNMIVGNRXH*XH*UVRHNMJ*\RV\FRN*YXGVJ*?401@*GHJ*XNOMV*UVX\MQQRHI*NM\OHRjFMQ*GN*NOM*[[: *

cVMjFMH\_* GHJ* YM_XHJ*yCuDK* CvCzL* (OMVMcXVMK* '#:* \GWRN_* RQ* QMSM\NMJ* NX* JMQRIH* NOM* NVRfcFH\NRXH*

QNVF\NFVM*Xc*NOM*UVXUXQMJ*G\NRWM*VGJRGNXVL*7RIL*hLA*RSSFQNVGNMQ*NOM*RHNVRHQR\*VMQXHGNRHI*cVMjFMH\RMQ*Xc*

NOM* cRVQN* cMa* VMQXHGNRHI* [XJMQ* Xc* NOM* VM\NGHIFSGV* GHJ* \RV\FSGV* JRMSM\NVR\fcRSSMJ* '#:* \GWRNRMQK*

HXV[GSRqMJ*Y_*NOMRV*VMQUM\NRWM*SXaMQN*VMQXHGNRHI*cVMjFMH\RMQL*(OM*GHGS_NR\GS*M`UVMQQRXHQ*GVM*IRWMH*

Y_*MjFGNRXH*?hLC@*GHJ*?hLA@L*

*

7RIFVM*hLA8*"XV[GSRqMJ*RHNVRHQR\*VMQXHGNRHI*cVMjFMH\RMQ*Xc*NOM*cRVQN*cMa*[XJMQ*Xc*NOM*VM\NGHIFSGV*

GHJ*\RV\FSGV*JRMSM\NVR\fcRSSMJ*'#:*\GWRNRMQL*



wC*

7XV*NOM*(%A9?*[XJM*Xc*NOM*VM\NGHIFSGV*'#:*\GWRN_8*

* K********************************************?hLC@*

RH*aOR\O*A*GHJ*?*GVM*NOM*HF[YMV*Xc*WGVRGNRXHQ*Xc*[XJM*RH*NOM*SMHINO*?Xc*2@*GHJ*NOM*aRJNO*?Xc*F@*

JRVM\NRXHQ*Xc*NOM*\GWRN_L*.HJ*cXV*NOM*(,A79*[XJM*Xc*NOM*\RV\FSGV*'#:*\GWRN_*?2!€!F@8*

K***********************************************************?hLA@*

RH*aOR\O*A*GHJ*7*GVM*NOM*HF[YMV*Xc*WGVRGNRXHQ*Xc*[XJM*GVXFHJ*NOM*\RV\F[cMVMH\M*GHJ*RH*NOM*VGJRGS*

JRVM\NRXHK*VMQUM\NRWMS_L*(OM*UGVG[MNMV*BA7*RQ*NOM*7NO*VXXN*Xc*NOM*cRVQN*bRHJ*1MQQMS*cFH\NRXH*(A?"@K*

aOXQM*WGSFMQ*GVM*IRWMH*RH*[GNOM[GNR\GS*NGYSMQ*yvDzL*'RH\M*NOM*\GWRNRMQ*GVM*YGQMJ*XH*'#:*XH*NORH*

401K*NOM*[XJMQ*aRNO*WGVRGNRXHQ*RH*NOM*NOR\bHMQQ*JRVM\NRXH*GVM*RIHXVMJL*

(OM*XY^M\NRWM*RQ*NX*cRHJ*NaX*[XJMQ*Xc*GH*'#:*\GWRN_*NOGN*UVMQMHN*RHNVRHQR\*cVMjFMH\RMQ*aRNO*G*VGNRX*

\SXQM*NX*A*YMNaMMH*NOM[L*7XV*NOM*VM\NGHIFSGV*'#:*\GWRN_K*cRVQNK*NOM*(%CBA*GHJ*(%CBu*[XJMQ*GVM*HXN*

QMSM\NMJ*GQ*XUMVGNRXHGS*[XJMQ*YM\GFQM*Xc*G*SGVIM*GQUM\N*VGNRX*Xc*NOMRV*[XJM*UVXcRSML*#H*VMGS*QNVF\NFVMQK*

G*QSRION*cRMSJ*JMWRGNRXH*Xc*QF\O*NaX*[XJMQ*cVX[*NOMRV*NOMXVMNR\GS*JRQNVRYFNRXHQ*[G_*VMQFSN*RH*NOM*

M`\RNGNRXH*Xc*QUFVRXFQ*[XJMQL*(OM*(%ABA*[XJM*RQ*GSQX*GWXRJMJ*QRH\M*RN*\GH*YM*MGQRS_*\XHNG[RHGNMJ*

Y_*NOM*(%CBA*[XJMK*aOR\O*HXN*XHS_*OGQ*G*\SXQM*cVMjFMH\_*YFN*RQ*GSQX*JRccR\FSN*NX*QFUUVMQQ*QMUGVGNMS_*

MWMH*aRNO*\GVMcFSS_*JMQRIHMJ*cMMJRHI*QNVF\NFVMQL*7XV*NOM*(%uBC*[XJMK*G*Q[GSS*2^F*[GbMQ*RN*MGQRS_*

\XHNG[RHGNMJ*Y_*NOM*(%ABA*[XJMK*aORSM*G*SGVIM*2^F*[GbMQ*RNQ*cVMjFMH\_*\SXQM*NX*NOGN*Xc*NOM*(%CBC*

GHJ*(%ABC*[XJMQ*GHJ*GaG_*cVX[*NOM*cVMjFMH\_fJXFYSRHIfVMSGNRXH*aRNO*NOM[L*(OMVMcXVMK*NOM*(%CBC*

GHJ*(%ABC*[XJMQ*GN*2^F!€*C*GVM*QMSM\NMJ*cXV*NOM*VM\NGHIFSGV*'#:*\GWRN_L*'R[RSGVS_K*cXV*NOM*\RV\FSGV*

'#:*\GWRN_*?2^F!€*C@K*NOM*(,BCB*[XJM*GHJ*(,CCB*[XJM*GVM*QMSM\NMJL*#H*NMV[Q*Xc*NOM*cVMjFMH\_*VGNRXK*

#(%ABC{#(%CBC*€*CLhD*cXV*NOM*QjFGVM*\GWRN_*GHJ*#(, CCB{#(, BCB*€*CLhw*cXV*NOM*\RV\FSGV*\GWRN_L*

(OM*N*cG\NXV*Xc*NOM*(%A9?*[XJM*Xc*NOM*QjFGVM*\GWRN_*GHJ*NOM*(,A79*[XJM*Xc*NOM*\RV\FSGV*\GWRN_*RQ*

M`UVMQQMJ*GQ8*

K*************************************************?hLu@*

RH*aOR\O*NGH_*RQ*NOM*JRMSM\NVR\*SXQQ*NGHIMHN~*WC*GHJ*WCC*GVM*NOM*QFVcG\M*VMQRQNGH\M*Xc*NOM*\XUUMV*cXRS*

Xc*NOM*401*GHJ*NOM*\XUUMV*USGNRHI*Xc*NOM*[MNGSRqMJ*QSXNQK*VMQUM\NRWMS_~*' *GHJ*` *GVM*NOM*aGWM*HF[YMV*

GHJ*NOM*aGWM*R[UMJGH\M*Xc*NOM*JRMSM\NVR\*[MJRG*GN*NOM*VMQXHGNRHI*cVMjFMH\_L*#N*\GH*MGQRS_*YM*cXFHJ*
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wA*

NOGN*Rc*NOM*(%CBC*GHJ*(, BCB*[XJMQ*Xc*NOM*NaX*VMQUM\NRWM*\GWRNRMQ*XH*NOM*QG[M*401*OGWM*NOM*QG[M*

VMQXHGNRHI*cVMjFMH\_K*NOM*SMHINO*2*Xc*NOM*QjFGVM*XHM*RQ*Q[GSSMV*NOGH*NOM*JRG[MNMV*2*Xc*NOM*\RV\FSGV*

\XFHNMVUGVNL*1_*VMcMVVRHI*NX*MjFGNRXH*?hLu@K*XHM*\GH*JMNMV[RHM*NOGN*NOM*\RV\FSGV*\GWRN_*OGQ*G*ORIOMV*

N*cG\NXVL*(ORQ*\XH\SFQRXH*GSQX*GUUSRMQ*NX*NOM*(%ABC*GHJ*(, CCB*[XJM*Xc*NOM*NaX*\GWRNRMQL*

(OMVMcXVMK*NOM*\RV\FSGV*\GWRN_*OGQ*QFUMVRXVRNRMQ*RH*YXNO*N*cG\NXV*GHJ*cVMjFMH\_*VGNRXL*#NQ*Q_[[MNV_*

GSQX*UVXWRJMQ*[XVM*cSM`RYRSRNRMQ*RH*cMMJRHI*QNVF\NFVM*JMQRIH*GHJ*\RV\FRN*SG_XFNL*-NOMV*\GWRN_*QOGUMQ*

GVM*HXN*\XHQRJMVMJ*cXV*NOM*QR[USR\RN_*Xc*JMQRIH*GHJ*cGYVR\GNRXHL*

***** *

***** *
7RIFVM*hLu8*(OM*MSM\NVR\*cRMSJQ*[GIHRNFJM*GHJ*QFVcG\M*\FVVMHN*WM\NXVQ*Xc*?G@*(,BCB*[XJMK*GHJ*?Y@*

(, CCB*[XJM*Xc*NOM*\RV\FSGV*\GWRN_L*(OM*UVXUXQMJ*GRVfcRSSMJ*VMIRXH*GHJ*NOM*VGJRGNRXH*QSXN*GVM*GSQX*

JRQUSG_MJL*



wu*

7RIL*hLu*UVMQMHNQ*NOM*MSM\NVR\*cRMSJ*[GIHRNFJM*GHJ*QFVcG\M*\FVVMHN*WM\NXVQ*Xc*NOM*(,BCB*GHJ*(, CCB*

[XJMQ*Xc*G* \RV\FSGV* \GWRN_L* (OM*XFNSRHMQ*Xc*NOM*VMIRXHQK*aOMVM*NOM*MHMVI_*Xc*NOM*NaX* [XJMQ*RQ*

\XH\MHNVGNMJK*GVM*RHJR\GNMJ*aRNO*JGQOMJ*SRHM*GHJ*JGQOMJ*SRHM*aRNO*JXNQL*(X*GJ^FQN*#(, CCB{#(, BCB*NX*AK*RN*

RQ*HM\MQQGV_*NX*VMJF\M*NOM*MccM\NRWM*UMV[RNNRWRN_*Xc*NOM*(,CCB*[XJM*\XH\MHNVGNMJ*VMIRXHK*YFN*aRNO*

[RHR[RqMJ*RHcSFMH\MQ*XH*NOM*(,BCB*[XJML*.Q*QF\OK*G*UGRV*Xc*GRVfcRSSMJ*VMIRXHQ*GQ*QOXaH*RH*7RIL*hLu*

RQ*R[USM[MHNMJL*1_*VM[XWRHI*NOM*QFYQNVGNM*RH*NOXQM*VMIRXHQK*NOM*VMQXHGNRHI*cVMjFMH\RMQ*Xc*YXNO*Xc*

NOM*[XJMQ*GVM*RH\VMGQMJK*YFN*NOMRV*VGNRX*\OGHIMQ*VMIGVJRHI*NOM*QOGUMQK*QRqMQK*GHJ*SX\GNRXHQ*Xc*NOM*

VMIRXHQL*.*JMNGRSMJ*M`USGHGNRXH*Xc*NOM*cGYVR\GNRXH*UVX\MQQ*Xc*QF\O*GH*GRVfcRSSMJ*'#:*QNVF\NFVM*aRNO*

[FSNRSG_MV*401*aGQ*M`USGRHMJ*RH*yChwzL*7RIL*hLi*QOXaQ*NOM*MSM\NVR\*cRMSJ*WM\NXV*Xc*NOM*NaX*[XJMQ*

RH*G*VMIFSGV*\RV\FSGV*\GWRN_*GHJ*NOM*UGVNRGSS_fGRVfcRSSMJ*\RV\FSGV*\GWRN_*GN*NOM*..=*\FNNRHI*Xc*7RIL*hLuK*

IMHMVGNMJ*Y_*NOM*MRIMH[XJM*QR[FSGNXV*Xc*."'5'*67''L*#N*\GH*YM*QMMH*NOGN*NOM*(,CCB*[XJM*RQ*

[XVM*QRIHRcR\GHNS_*GccM\NMJ*Y_*NOM*GRVfcRSSMJ*VMIRXHL*

*

7RIFVM*hLi 8*(OM*MSM\NVR\*cRMSJ*WM\NXV*Xc*?G@*(,BCB*[XJM*GHJ*?Y@*(,CCB*[XJM*Xc*G*VMIFSGV*\RV\FSGV*

\GWRN_~*GHJ*Xc*?\@*(,BCB*[XJM*GHJ*?J@*(,CCB*[XJM*Xc*G*UGVNRGSS_fGRVfcRSSMJ*\RV\FSGV*\GWRN_K*GN*NOM*

..=*\FNNRHI*RH*7RIL*hLuL*



wi*

*

7RIFVM*hLh8*(OM*GQQM[YS_*JRGIVG[*Xc*NOM*cGYVR\GNMJ*NVRfcFH\NRXH*'#:*\GWRN_*aRNO*[FSNRSG_MV*401*

UVX\MQQL*?G@*NOM*NXU*QRJM*aRNO*[R\VXQNVRU*cMMJRHI*SRHMQ~*?Y@*NOM*YXNNX[*QRJM*aRNO*VGJRGNRXH*QSXNL*

.*QSXN*XH*NOM*YVXGJQRJM*Xc*NOM*\GWRN_*GHJ*YMNaMMH*NOM*GRVfcRSSMJ*VMIRXHQ*aRSS*\FN*NOM*QFVcG\M*\FVVMHN*

Xc*NOM*(,CCB*[XJMK*aRNO*[RHR[F[*MccM\N*XH*NOGN*Xc*NOM*(,BCB*[XJML*(OMVMcXVMK*RN*XHS_*\XFUSMQ*NX*

NOM*(,CCB*[XJM*GHJ*\GH*YM*VMIGVJMJ*GQ*GH*MccR\RMHN*QSXN*GHNMHHG*aOMH*GH*GUUVXUVRGNM*SMHINO*GHJ*

aRJNO* GVM* QMSM\NMJL* 7XFV* Q_[[MNVR\GSS_* SX\GNMJ* cMMJRHI* UXRHNQ* aOMVM* [R\VXQNVRU* SRHMQ* \GH* YM*

\XHHM\NMJ*GVM*QOXaH*RH*7RIL*hLuL*.[XHI*NOM[K*4C*GHJ*4u*OGWM*MSM\NVR\GS*\XFUSRHI*XHS_*NX*NOM*(,BCB*

[XJMK*aORSM*4A*GHJ*4i*\XFUSM*NX*YXNO*[XJMQL*(OFQK*Y_*QMSM\NRHI*GH_*NaX*GJ^G\MHN*cMMJRHI*UXRHNQ*

?MLIL*4A*GHJ*4u@K*G*NVRfcFH\NRXH*\GWRN_*RQ*cXV[MJL*4A*RQ*NOM*\X[[XH*UXVN*GHJ*4u*RQ*NOM*SXa*cVMjFMH\_*

UXVN*RH*NORQ*\GQML*,XVMXWMVK*RQXSGNRXH*RQ*\VMGNMJ*YMNaMMH*4u*GHJ*NOM*cVMM*QUG\M*GN*YXNO*Xc*NOM*NaX*

VMQXHGNRHI*[XJMQL*

(OM*NXU*GHJ*YXNNX[*QRJMQ*Xc*NOM*JMQRIHMJ*GHJ*cGYVR\GNMJ*UVXNXN_UM*Xc*NOM*\GWRN_*GQ*G*VMQXHGNXVK*

JRUSM`MVK*GHJ*GHNMHHG*\XH\FVVMHNS_*GVM*QOXaH*RH*7RIL*hLh*?G@*GHJ*7RIL*hLh*?Y@K*VMQUM\NRWMS_L*(OM*

QNVF\NFVM*RQ*JMQRIHMJ*NX*OGWM*G*UGQQYGHJ*cVX[*4A*NX*4u*GN*GYXFN*Ci*36q*FQRHI*NOM*(,BCB*[XJML*

(OM* bM_* JR[MHQRXHQ* GVM* JRQUSG_MJ* RH* NOM* SXaMV* \MHNMVL* (OM* UVX\MJFVM* Xc* JMNMV[RHRHI* NOXQM*

JR[MHQRXHQ*GVM*JRQ\FQQMJ*RH*'M\NRXH*hLALAL*(OM*[R\VXQNVRU*cMMJRHI*SRHMQ*GHJ*NOM*VGJRGNRXH*QSXNQ*GVM*

USG\MJ*XH*NOM*XUUXQRNM*QRJMQ*Xc*/G_MV*AK*aOR\O*RQ*YGQMJ*XH*G*&XIMVQ*&({JFVRXJ*vBBA*ORIO*cVMjFMH\_*

QFYQNVGNM* aRNO* G* NOR\bHMQQ* Xc* BLhBD*[[L* #HQNMGJ* Xc* UFNNRHI* NOM[* XH* NOM* QG[M* QRJMK* QF\O* GH*

GVVGHIM[MHN*VMJF\MQ*NOM*\XFUSRHI*Xc*NOM*VGJRGNMJ*QRIHGS*NX*NOM*SXa*cVMjFMH\_*UXVN*4uK*GHJ*GSQX*

MHQFVMQ*G*VMJF\MJ*UGVGQRNR\*VGJRGNRXH*cVX[*NOM*[R\VXQNVRU*SRHM*GHJ*NOM*cMMJRHI*QNVF\NFVML*/G_MV*C*GHJ*



wh*

/G_MV* u* GVM* NaX* XNOMV* 401Q* YGQMJ* XH* SXaf\XQN* QFYQNVGNM* aRNO* BLAhi*[[* NOR\bHMQQL* (OM_* GVM*

GNNG\OMJ*NX*NOM*\MHNMV*SG_MV*Y_*MRNOMV*\XHJF\NRWM*YXHJRHI*[GNMVRGS*QF\O*GQ*&XIMVQ*0--/'4."*

GJOMQRWM*XV*Y_*[MSNMJ*QXSJMVRHI*UGQNML*,MNGSRqMJ*GV\*QSXNQ*XNOMV*NOGH*\X[[XH*[MNGSRqMJ*WRG*GVM*

FQMJ*GQ*NOM*\GWRN_*QRJM*aGSSQL*.HXNOMV*[MNGSRqMJ*QSXN*RH*NOM*\MHNMV*Xc*/G_MV*u*GSRIHQ*UMVcM\NS_*aRNO*

NOM*VGJRGNRXH*QSXN*XH*NOM*\GWRN_L*

! )>S>FM>FH?-@A-<>D@FKEBFG-A<>Z;>FH?-@F-MBL>FDB@FD-KFM-DE<;HE;<>[-KFM-HK=BE?-M>DBGF-

S<@H>M;<>-

(OM*R[UG\N*Xc*NOM*QRqM*Xc*NOM*GRVfcRSSMJ*VMIRXH*RQ*cFVNOMV*RHWMQNRIGNMJL*(X*NORQ*MHJK*G*UGVG[MNVR\*QNFJ_*

aRNO*MRIMH[XJM*QR[FSGNXV*RQ*UMVcXV[MJ*Y_*RHJMUMHJMHNS_*\OGHIRHI*NOM*XFNMV*GHJ*RHHMV*VGJRFQ*WC*

GHJ*WA*Xc*G*\SXQMJ*\GWRN_L*(OM*VMQFSNGHN*\FVWMQ*RH*7RIL*hLv*QOXa*NOM*WGVRGNRXHQ*Xc*NOM*VMQXHGNRHI*

cVMjFMH\_*?[GVbMJ*XH*NOM*\FVWMQ@*Xc*NOM*(,BCB*[XJM*GHJ*NOM*cVMjFMH\_*VGNRX*Xc*NOM*cRVQN*NaX*[XJMQL*

.Q*WC*RH\VMGQMQK*NOM*cVMjFMH\_*VGNRX*#(, CCB{#(, BCB*RH\VMGQMQK*GHJ*XH*MG\O*\FVWMK*NOMVM*RQ*G*\MVNGRH*WGSFM*

Xc*WA*NOGN*\XVVMQUXHJQ*NX*G*[G`R[F[*Xc*#(, CCB{#(, BCBL*

*
7RIFVM*hLv8*&GNRX*Xc*NOM*cRVQN*NaX*VMQXHGNRHI*[XJM*cVMjFMH\RMQ*GHJ*WGVRGNRXH*Xc*NOM*(,BCB*[XJM*

cVMjFMH\_*?FHRN8*36q@*

(OM*VGJRGNRXH*QSXN*RQ*MjFRWGSMHN*NX*G*\GUG\RNRWM*SXGJRHI*XH*NOM*(,CCB*[XJM*Xc*NOM*\GWRN_L*'XK*aRNO*

NOM*QSXNK*NOM*VMQXHGNRHI*cVMjFMH\_*Xc*NOGN*[XJM*YM\X[MQ*SXaMV*NOGH*aRNOXFN*NOM*QSXNL*#H*XNOMV*aXVJQK*

NOM*MccM\N*Xc*NOM*QSXN*RQ*NX*NVGHQSGNM*NOM*QFVcG\M*\FVVMHN*RH*NOM*\MHNMV*VMIRXH*Xc*NOGN*[XJM*RHNX*G*

JRQUSG\M[MHN* \FVVMHN*aOR\O*OGQ*G*SXHIMV*UGNOK*GHJ*NOM*VMQXHGNRHI*cVMjFMH\_*RQ*RH*NFVH*VMJF\MJ*

YM\GFQM*RN*RQ*RHWMVQMS_*UVXUXVNRXHGS*NX*NOM*MccM\NRWM*SMHINO*Xc*NOM*\FVVMHN*Xc*NOM*[XJML*



wv*

*

7RIFVM*hLt 8*(OM*QR[FSGNMJ*VMcSM\NRXH*\XMccR\RMHN*GN*4A*Xc*NOM*JMQRIHMJ*NVRfcFH\NRXH*'#:*\GWRN_L*

*
7RIFVM*hLD8*(OM*MSM\NVR\*cRMSJ*[GIHRNFJM*GHJ*WM\NXV*Xc*NOM*cRVQN*NOVMM*[XJMQK*?G@*(, BCBK*?Y@*(,CCB*

GHJ*?\@*O_YVRJK*Xc*NOM*NVRfcFH\NRXH*'#:*\GWRN_L*



wt*

7RIL*hLt*QOXaQ*NOM*QR[FSGNMJ*VMcSM\NRXH*\XMccR\RMHN*SXXbRHI*RHNX*4A*Xc*NOM*\GWRN_*aRNO*cMMJRHIQ*GHJ*

VGJRGNRXH*QSXNL*(OM*[GVbMVQ*Xc*‡,C„C=K*‡,C„A=*GHJ*‡,C„u=*GN*NOM*HXN\OMQ*Xc*NOM*\FVWMQ*VMUVMQMHN*

NOM*cRVQN*NOVMM*[XJMQ*Xc*NOM*\GWRN_K*GN*CiLBv*36qK*ACLtv*36qK*GHJ*uiLBh*36qK*VMQUM\NRWMS_L*7RIL*hLD*

RSSFQNVGNMQ*NOMRV*MSM\NVR\*cRMSJ*JMHQRN_*RH*NOM*\GWRN_*GQ*aMSS*GQ*NOM*MSM\NVR\*cRMSJ*WM\NXV*XH*NOM*USGHM*

aOR\O*RQ*UMVUMHJR\FSGV*NX*NOM*SXHIRNFJRHGS*JRVM\NRXH*Xc*NOM*VGJRGNRXH*QSXNL*#N*\GH*YM*QMMH*NOGN*NOM*cRVQN*

NaX*GVM*(,BCB*GHJ*(, CCB*[XJMQK*GHJ*NOM*NORVJ*XHM*RQ*G*O_YVRJ*Xc*(,CCBK*'( ) * +
, %K*GHJ*(,CAB*[XJMQL*

+FM* NX* NOM* VMSGNRWMS_* ORIOMV*MccM\NRWM* UMV[RNNRWRN_* GN* NOM* \MHNMV* UXVNRXH* Xc* NOM* \GWRN_* GHJ* NOM*

\GUG\RNRWM*QSXNK*NOM*NORVJ*[XJM*UVXcRSM*RH*NOGN*VMIRXH*QOVRHbQL*7RIL*hLw*QOXaQ*NOM*QR[FSGNMJ*VMcSM\NRXH*

\ XMccR\RMHN*GHJ*NOM*MSM\NVR\*cRMSJ*Xc*NOM*QG[M*\GWRN_*aRNOXFN*G*VGJRGNRXH*QSXNL*(OM*cRVQN*NaX*[XJMQK*

(, BCB*GHJ*(, CCBK*VMQXHGNM*GN*CiLBi*36q*GHJ*AhLvi*36qK*VMQUM\NRWMS_L*(OM*NORVJ*XHM*GN*uBLtt*36q*

RQ*NOM*'( ) * +
, %*[XJMK*aOXQM*cRMSJ*JRQNVRYFNRXH*RQ*HXN*QOXaH*cXV*RNQ*RVVMSMWGH\M*NX*NOM*JRQ\FQQRXHL*

.SNOXFIO*NOM*(,BCB*[XJM*cVMjFMH\_*RQ*Q\GV\MS_*GccM\NMJK*NOM*VGNRX*#(, CCB{#(, BCB*RQ*QORcNMJ*cVX[*CLDu*

NX*CLhh*Y_*NOM*QSXNL*.Q*[MHNRXHMJ*RH*'M\NRXH*hLALCK*G*\RV\FSGV*'#:*\GWRN_*YGQMJ*XH*G*OX[XIMHMXFQ*

JRMSM\NVR\*QFYQNVGNM*OGQ*#(, CCB{#(, BCB*€*CLhwL*(OMVMcXVMK*XHS_*FQRHI*NOM*GRVfcRSSRHI*NM\OHRjFM*\GHHXN*

MWMH*\X[UMHQGNM*cXV*NOM*cVMjFMH\_*VGNRX*JM\VMGQRHI*\GFQMJ*Y_*NOM*\GUG\RNRWM*MccM\N*Xc*NOM*VGJRGNRXH*

QSXNK*HXN*NX*[MHNRXH*GYXFN*RH\VMGQRHI*RN*NX*AL*'XK*RN*RQ*HM\MQQGV_*NX*RHNVXJF\M*XNOMV*NM\OHRjFMQ*cXV*

[XJM*GHJ*cVMjFMH\_*NFHRHIL*

*

*

*

*

*

*



wD*

*
?G@*

********* *
?Y@**********************************************************************?\@*

7RIFVM*hLw8*?G@*(OM*QR[FSGNMJ*VMcSM\NRXH*\XMccR\RMHN*GN*4A*Xc*NOM*JMQRIHMJ*'#:*\GWRN_*aRNOXFN*G*

VGJRGNRXH*QSXN~*?Y@*GHJ*?\@*(OM*MSM\NVR\*cRMSJ*[GIHRNFJM*GHJ*WM\NXV*Xc*(, BCB*GHJ*(, CCB*[XJMQ*Xc*

NOM*JMQRIHMJ*'#:*\GWRN_*aRNOXFN*G*QSXNL*

.H*XYQMVWGNRXH*Xc*NOM*cRMSJ*JRQNVRYFNRXH*Xc*NOM*O_YVRJ*[XJM*RH*7RIL*hLD*?\@*QFIIMQNQ*NOGN*NOM*cRMSJ*

RHNMHQRNRMQ*GN*NOM*QFYQNVGNM*QRJM*GHJ*NOM*GRV*QRJM*Xc*NOM*VGJRGNRXH*QSXN*GVM*GS[XQN*NOM*QG[ML*#c*G*URM\M*

Xc*JRMSM\NVR\*[GNMVRGS*RQ*GNNG\OMJ*NX*NOM*QSXN*XH*NOM*GRV*QRJMK*NOM*XFNMV*cRMSJ*RHNMHQRN_*aRSS*RH\VMGQM*GHJ*

NOM* RHHMV* \XFHNMVUGVN* aRSS* JM\VMGQML* ,XVMXWMVK* NOM* cRMSJ* UVXcRSM* RH* NOM* GRVfcRSSMJ* VMIRXH* aRSS* YM*

M`NMHJMJ*GHJ*QNVMN\OMJ*NXaGVJQ*NOM*\MHNMV*Xc*NOM*\GWRN_L*(OFQK*NOM*O_YVRJ*[XJM*YM\X[MQ*GS[XQN*

UFVM*(,CCB*[XJM*GHJ*RNQ*cVMjFMH\_*RQ*VMJF\MJ*G\\XVJRHIS_L*(X*WGSRJGNM*NOM*\XH\MUNK*G*\_SRHJMV*

JRMSM\NVR\*aRNO*NOM*NOR\bHMQQ*a &4C!€*ALhi*[[*GHJ*NOM*JRG[MNMV*] &4C!€*vLDhD*[[*RQ*GNNG\OMJ*XH*NOM*

QSXNK*GQ*QOXaH*RH*7RIL*hLCB*?G@L*#H*NOM*cFSSfaGWM*QR[FSGNRXHQK*RNQ*VMSGNRWM*UMV[RNNRWRN_*WGVRMQ*cVX[*

%&*€*C*NX*vK*GHJ*NOM*VMQFSNGHN*VMcSM\NRXH*\XMccR\RMHNQK*GQ*aMSS*GQ*NOM*MSM\NVR\*cRMSJ*WM\NXVQ*GVM*QOXaH*

RH*7RIL*hLCB*?Y@*GHJ*7RIL*hLCB*?\@K*VMQUM\NRWMS_L* .Q*NOM*UMV[RNNRWRN_*RH\VMGQMQK*NOM*MSM\NVR\*cRMSJ*

JMHQRN_*RH*NOM*\MHNMV*UXVNRXH*Xc*NOM*\GWRN_*RQ*VMJF\MJ*GHJ*NOGN*RH*NOM*JRMSM\NVR\*YFSb*RQ*RH\VMGQMJL*(OM*

cRMSJ*JRQNVRYFNRXH*YM\X[MQ*[XVM*QR[RSGV*NX*NOGN*Xc*NOM*(,CCB*[XJMK*\X[UGVMJ*aRNO*NOM*O_YVRJ*[XJM*



ww*

QOXaH*RH*7RIL*hLD*?\@L*.Q*NOM*UMV[RNNRWRN_*IXMQ*ORIOK*NOM*RHNMHQRWM*cRMSJ*RH*NOM*\MHNMV*RQ*YGQR\GSS_*

G\VXQQ*NOM*QSXN*RHQNMGJ*Xc*aRNORH*NOM*\GWRN_L*7RHGSS_K*NOM*&XIMVQ*&({JFVRXJ*vBBv*QFYQNVGNM*aRNO*G*

VMSGNRWM* UMV[RNNRWRN_* Xc* vLCh* GHJ* G* NOR\bHMQQ* Xc* ALhi*[[* RQ* QMSM\NMJ* NX* cGYVR\GNM* NOM* JRMSM\NVR\*

VMQXHGNXVK* GHJ* QF\O* G* JMQRIH* UVMQMHNQ*NOM* NGVIMNMJ* VGJRGNRXH* cVMjFMH\_* GN* GYXFN* AD*36qL* 1_*

\X[UGVRHI*NOM*\FVWM*\XVVMQUXHJRHI*NX*%&*€*C*aRNO*XNOMVQ*RH*7RIL*hLCB*?Y@K*GHXNOMV*YMHMcRN*Xc*NOM*

JRMSM\NVR\*SXGJRHI*NM\OHRjFM*RQ*NOGN*NOM*R[UMJGH\M*YGHJaRJNO*Xc*NOM*GHNMHHG*RQ*YVXGJMHMJL*

*

*

7RIFVM*hLCB8*?G@*.*JRMSM\NVR\*VMQXHGNXV*RQ*GNNG\OMJ*NX*NOM*QSXN~*?Y@*(OM*QR[FSGNMJ*VMcSM\NRXH*

\XMccR\RMHNQ*GN*4A*Xc*NOM*JMQRIHMJ*NVRfcFH\NRXH*'#:*\GWRN_*aRNO*JRMSM\NVR\*SXGJRHI~*?\@*(OM*MSM\NVR\*

cRMSJ*WM\NXVQ*Xc*NOM*\GWRN_*aRNO*%&*\OGHIMJ*cVX[*C*NX*vL*

1GQMJ* XH* NOM* JRQ\FQQRXH* GYXWMK* G* UVX\MJFVM* Xc* JMQRIH* cXV* NOM* NVRfcFH\NRXH* '#:* \GWRN_* GHJ* NOM*

[MNOXJQ*Xc*QMSM\NRHI*RNQ*RHRNRGS*UGVG[MNMVQ*GVM*QF[[GVRqMJ*GQ*cXSSXaQ8*



CBB*

?C@! (OM*JMQRIH*QNGVNQ*aRNO*\OXXQRHI*NOM*QFYQNVGNM*[GNMVRGS*cXV*NOM*'#:*\GWRN_L*6RIO*cVMjFMH\_*

SG[RHGNMQ*QF\O*GQ*&({JFVRXJ*hDDBK*vBBA*GHJ*&-uBBu*cVX[*&XIMVQ*GVM*cMa*M`M[USGV_*

\OXR\MQ*JFM*NX*NOMRV*SXa*JRMSM\NVR\*SXQQMQL*.*NOR\bMV*QFYQNVGNM*RQ*UVMcMVVMJ*cXV*VMJF\RHI*NOM*

\XHJF\NXV*SXQQ*Xc*'#:*QNVF\NFVMQK*YFN*NORQ*aXFSJ*SMGJ*NX*G*aRJMV*[R\VXQNVRU*SRHM*aOR\O*[G_*

IMHMVGNM*ORIO*XVJMV*[XJMQ*GN*ORIO*cVMjFMH\_*GHJ*\GFQM*JRccR\FSN_*Xc*JMQRIHRHI*NVGHQRNRXH*

QNVF\NFVMQL*-H\M*NOM*QFYQNVGNM*RQ*QMSM\NMJK*NOM*'#:*\GWRN_*VGJRFQ*\GH*YM*MQNR[GNMJ*FQRHI*NOM*

\SXQMJfcXV[*MjFGNRXH*cXV*NOM*(,BCB*[XJM*IRWMH*RH*yvDzK*GQQF[RHI*G*\X[USMNMfJRMSM\NVR\f

cRSSMJ*\RV\FSGV*\GWRN_*GHJ*G*VMQXHGNRHI*cVMjFMH\_*GN*G*OGSc*Xc*NOM*NGVIMNMJ*VGJRGNRXH*cVMjFMH\_L*

?A@! (OM*XFNMV*VGJRFQ*WC*Xc*NOM*GRVfcRSSMJ*VMIRXH*RQ*QMSM\NMJ*GQ*\SXQM*NX*NOM*'#:*\GWRN_*VGJRFQ*GQ*

UXQQRYSMK*aRNO*NOM*cGYVR\GNRXH*SR[RNGNRXHQ*RH*[RHJL*.\\XVJRHI*NX*NOM*QR[FSGNMJ*\FVWMQ*RH*7RIL*

hLvK*G*cVMjFMH\_*VGNRX*\SXQMV*NX*A*RQ*NOMH*G\ORMWMJL*

?u@! (OM*[GNMVRGS*cXV*NOM*JRMSM\NVR\*VMQXHGNXV*RQ*QMSM\NMJL*.*\VRNR\GS*UGVG[MNMV*NX*\XHQRJMV*RQ*NOM*

JRMSM\NVR\*SXQQK*aOR\O*QOXFSJ*YM*GQ*SXa*GQ*UXQQRYSM*GN*NOM*cVMjFMH\_*Xc*VGJRGNRXHL*(OM*VMSGNRWM*

UMV[RNNRWRN_*QOXFSJ*YM*[XVM*NOGH*h*GQ*G*VFSM*Xc*NOF[YK*QX*NOGN*NOM*JRMSM\NVR\*[GNMVRGS*USG_Q*

G*QRIHRcR\GHN*VXSM*RH*NOM*[XJM*GHJ*cVMjFMH\_*NFHRHIL*1FN*G*ORIO*UMV[RNNRWRN_*aRSS*YVRHI*G*

YFVJMH*XH*NOM*cGYVR\GNRXH*NXSMVGH\M*JFM*NX*NOM*QRqM*Q\GSRHI*JXaHL*(OMH*NOM*RHRNRGS*JR[MHQRXH*

Xc*NOM*\_SRHJMV*JRMSM\NVR\*VMQXHGNXV*\GH*YM*\GS\FSGNMJ*YGQMJ*XH*NOM*MjFGNRXH*IRWMH*RH*yCvAzL*

(OM*cFHJG[MHNGS*[XJM*6%,CC•*RQ*QMSM\NMJL*6XaMWMVK*aRNO*G*SXaMV*VMSGNRWM*UMV[RNNRWRN_K*

NOM*G\\FVG\_*Xc*NOM*MjFGNRXH*YM\X[MQ*aXVQM*GHJ*NOM*VMGS*VMQXHGNXV*[G_*HXN*XUMVGNM*aRNO*G*

UMVcM\N*6%,CC•*[XJML*

?i@! (OM*RHRNRGS*SMHINO*Xc*NOM*VGJRGNRXH*QSXN*RQ*QMSM\NMJ*NX*YM*G*OGSc*Xc*NOM*aGWMSMHINO*RH*NOM*

JRMSM\NVR\* [GNMVRGS* FQMJ* cXV* NOM* JRMSM\NVR\* VMQXHGNXV* GN* NOM* cVMjFMH\_* Xc* VGJRGNRXHK* NX*

IFGVGHNMM*GH*MccR\RMHN*MHMVI_*\XFUSRHIL*

?h@! (OM*RHHMV*VGJRFQ*WA*Xc*NOM*GRVfcRSSMJ*VMIRXH*?VMcMV*NX*7RIL*hLh@*RQ*\OXQMH*NX*YM*QSRIONS_*SGVIMV*

NOGH*G*OGSc*Xc*NOM*SMHINO*Xc*NOM*VGJRGNRXH*QSXNK*QX*GQ*NX*G\\X[[XJGNM*NOM*QSXNL*,XVMXWMVK*NOM*

\FVWMQ*RH*7RIL*hLv*QOXFSJ*YM*NGbMH*RHNX*\XHQRJMVGNRXHK*aOR\O*QFIIMQNQ*NOGN*FHJMV*\MVNGRH*WCK*

NOMVM*RQ*GH*XUNR[RqMJ*WA*NOGN*UVXWRJMQ*NOM*ORIOMQN*cVMjFMH\_*VGNRXL*

?v@! 7RHGSS_K*G*cFSSfaGWM*QR[FSGNRXH*RQ*UMVcXV[MJL*1_*GJ^FQNRHI*WAK*G*cVMjFMH\_*VGNRX*Xc*A*\GH*YM*

G\ORMWMJL*"XV[GSS_K*QF\O*G*JMQRIH*aRSS*JMWRGNM*cVX[*NOM*NGVIMNMJ*cVMjFMH\_K*GHJ*NORQ*aRSS*

YM*\X[UMHQGNMJ*Y_*UVXUXVNRXHGSS_*Q\GSRHI*NOM*JR[MHQRXH*Xc*NOM*aOXSM*QNVF\NFVML*(OM*QRqM*



CBC*

Xc*NOM*JRMSM\NVR\*VMQXHGNXV*HMMJQ*G*cFVNOMV*XUNR[RqGNRXH*cXV*G*[G`R[RqMJ*VGJRGNRXH*MccR\RMH\_*

GHJ*YGHJaRJNOL*

*

7RIFVM*hLCC8*?G@*(OM*NXU*GHJ*?Y@*NOM*YXNNX[*QRJM*UOXNX*Xc*NOM*cGYVR\GNMJ*NVRfcFH\NRXH*'#:*\GWRN_*

UVXNXN_UM*aRNO*JRMSM\NVR\*VMQXHGNXV*SXGJRHIL*?\@*(OM*UVXNXN_UM*aRNO*NOM*YGQMJ*GHJ*\XHHM\NXVQ*

GQQM[YSMJK*GHJ*\XWMVMJ*aRNO*[R\VXaGWM*GYQXVYMV*[GNMVRGSL*

7RIL*hLCC*RSSFQNVGNMQ*NOM*cGYVR\GNMJ*GHJ*GQQM[YSMJ*NVRfcFH\NRXH*'#:*\GWRN_L*(X*UMVcXV[*NaX*UXVN*'f

UGVG[MNMV*[MGQFVM[MHN*GHJ*IGRH*[MGQFVM[MHNK*G*YGQM*cGYVR\GNMJ*aRNO*YVGQQ*RQ*GNNG\OMJ*NX*NOM*401*

GHJ*'XFNOaMQN*MHJ*SGFH\O*\XHHM\NXVQ*GVM*FQMJ*cXV*\XG`RGS*\GYSM*\XHHM\NRXHL*,R\VXaGWM*GYQXVYMV*

%00-'-&1*3+'{''v,*cVX[*/GRVJ*(M\OHXSXIRMQ*RQ*FQMJ*NX*\XWMV*NOM*\XHHM\NXV*GHJ*NOM*YGQM*NX*

GWXRJ*NOM*MccM\N*Xc*M`NVG*IVXFHJ*USGHM*GHJ*NOM*\XHHM\NXV*QFVcG\M*VMcSM\NRXHL*(OM*' fUGVG[MNMVQ*GVM*

QOXaH*RH*7RIL*hLCAL*#H*NOM*[MGQFVM[MHNK*NOM*MccM\N*Xc*NOM*\XHHM\NXVQ*RQ*VM[XWMJ*Y_*(&/*\GSRYVGNRXHL*

(OM*QR[FSGNMJ*GHJ*[MGQFVMJ*\FVWMQ*\XRH\RJM*aRNO*MG\O*XNOMVL*(OM*'AC*\FVWMQ*GVXFHJ*CiLBv*36q*

R[US_*NOGN*NOM*VMGS*QNVF\NFVM*OGQ*SXaMV*N*cG\NXV*NOGH*NOM*QR[FSGNMJ*\XFHNMVUGVNL*(ORQ*RQ*[GRHS_*JFM*

NX*NOM*M`NVG*SXQQ*Xc*NOM*MUX`_*FQMJ*NX*ISFM*NOM*JRMSM\NVR\*VMQXHGNXVL*(OM*[MGQFVMJ*VGJRGNRXH*\MHNMV*

cVMjFMH\_*RQ*ADLuw*36qK*QSRIONS_*ORIOMV*NOGH*NOM*QR[FSGNMJ*XHM*GN*ADLAh*36qL*(ORQ*JRccMVMH\M*RQ*

JFM*NX*NOM*QR[FSGNRXH* [XJMS*FQRHI*NOM*HX[RHGS*UMV[RNNRWRN_*WGSFM*Xc*NOM*JRMSM\NVR\*QFYQNVGNM*GN*

CB*36qL*1FN*NOM*VMGS*UMV[RNNRWRN_*YM\X[MQ*ORIOMV*aRNO*NOM*RH\VMGQM*Xc*cVMjFMH\_*yCvuzL*.H*RQXSGNRXH*

YMNNMV*NOGH*Ah*J1*GN*NOM*cVMjFMH\_*Xc*VGJRGNRXH*RQ*G\ORMWMJL*(ORQ*RQ*NOM*YGQR\*IFGVGHNMM*cXV*NOM*QMScf

RQXSGNRXH*\OGVG\NMVRQNR\*Xc*NOM*UVXUXQMJ*OGV[XHR\*G\NRWM*VGJRGNXVL*:OMH*G*QRIHGS*RH*NOM*cVMM*QUG\M*GN*

GYXFN*AD*36q*RQ*VM\MRWMJK*RN*aRSS*YM*XHS_*JRVM\NMJ*NX*NOM*\X[[XH*UXVNL*



CBA*

*

7RIFVM*hLCA8*(OM*QR[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*Xc*NOM*cRHGSRqMJ*NVRfcFH\NRXH*'#:*\GWRN_*

JMQRIHL*

*
7RIFVM*hLCu8*(OM*QR[FSGNMJ*GHJ*[MGQFVMJ*IGRH*Xc*NOM*cRHGSRqMJ*NVRfcFH\NRXH*'#:*\GWRN_*JMQRIHL*



CBu*

*

7RIFVM*hLCi8*(OM*QR[FSGNMJ*%fUSGHM*IGRH*aRNO*JRccMVMHN*QRqM*Xc*NOM*IVXFHJ*USGHML*

(OM*VGJRGNRXH*UMVcXV[GH\M*RQ* [MGQFVMJ*RH*NOM*GHM\OXR\* \OG[YMV*Xc*NOM*4XS_f3VG[MQ*&MQMGV\O*

0MHNMVL*(OM*SXa*cVMjFMH\_*UXVN*aOR\O*\XVVMQUXHJQ*NX*NOM*4u*cMMJRHI*UXRHN*RH*7RIL*hLh*RQ*SXGJMJ*

aRNO*G*hB*• *NMV[RHGSL*(OM*QR[FSGNMJ*GHJ*[MGQFVMJ*IGRH*\FVWMQ*GN*NOM*\MHNMV*VGJRGNRXH*cVMjFMH\_*

GVM*USXNNMJ*RH*7RIL*hLCuL*#H*NOM*QR[FSGNRXH*[XJMSK*NOM*QRqM*Xc*NOM*IVXFHJ*USGHM*RQ*QMN*NX*YM*uB*[[* •*

uB*[[L*7X V*NOM*[MGQFVMJ*IGRHK*CLh*J1*\GYSM*GHJ*\XHHM\NXV*SXQQ*RQ*\X[UMHQGNMJL*#N*\GH*YM*QMMH*NOGN*

NOM*[G`R[F[* IGRH*RQ*HXN*RH*NOM*YXVMQRION*JRVM\NRXH*GHJ*NOM*UGNNMVHQ*GVM*FHQ_[[MNVR\GSK*aOR\O*

YM\X[M*[XVM*XYWRXFQ*RH*NOM*[MGQFVMJ*VMQFSNQL*(ORQ*RQ*\GFQMJ*Y_*NOM*IVXFHJ*USGHM*MccM\N*GHJ*NOM*

VMcSM\NRXH*Xc*NOM*\XHHM\NXVQK*GHJ*NOM*GYQXVYMV*RQ*HXN*UMVcM\N*RH*MSR[RHGNRHI*NOM*VMcSM\NRXHQL*'F\O*GH*

M`USGHGNRXH*RQ*WGSRJGNMJ*Y_*NOM*QR[FSGNMJ*IGRH*\FVWMQ*RH*7RIL*hLCiK*aOMVM*NOM*QRqM*Xc*NOM*IVXFHJ*

USGHM*\OGHIMQ*cVX[*Ai*[[* •*Ai*[[*NX* iD*[[* •*iD*[[L *



CBi*

U:N! 4KO<BHKE>M-7<@E@E?S>[-,;FBFG-,>HIFBZ;>-KFM-EI>-"IK<KHE><BRKEB@FD-

*
7RIFVM*hLCh8*?G@*(OM*cVXHN*GHJ*?Y@*NOM*YG\b*QRJMQ*Xc*NOM*cGYVR\GNMJ*QMScfRQXSGNMJ*OGV[XHR\*G\NRWM*

VGJRGNXVL*

(OM*JMQRIHMJ*GHJ*cGYVR\GNMJ*QMScfRQXSGNMJ*OGV[XHR\*G\NRWM*VGJRGNXV*RQ*UVMQMHNMJ*RH*7RIL*hLChL*(OM*

/".*FQMJ*RH*NOM*SXXU*RQ*GH*6,0thC/0i*\ORU*cVX[*6RNNRNM*,R\VXaGWML*#N*OGQ*G*IGRH*Xc*HX*SMQQ*NOGH*

Ai*J1K*G*HXRQM*cRIFVM*SXaMV*NOGH*ALh*J1*GHJ*GH*XFNUFN*4CJ1*Xc*Cu*J1[*RH*NOM*Ct|At *36q*cVMjFMH\_*

VGHIML* (OM* JMQRIH* Xc* NOM* XQ\RSSGNRXH* \RV\FRN*RQ* YGQMJ* XH* NOM*1GVbOGFQMH* \VRNMVRXH*ywCz*GN* NOM*

cFHJG[MHNGS*cVMjFMH\_L*(OM*\GSRYVGNMJ*'fUGVG[MNMVQ*Xc*NOM*/".*GHJ*NOM*NVRfcFH\NRXH*'#:*\GWRN_*

GVM*[MGQFVMJ*QMUGVGNMS_L*(OMVMcXVMK*NOM*SMHINO*Xc*NOM*SXXU*\GH*YM*GJ^FQNMJ*NX*XYNGRH*G*UOGQM*Xc*

7‘uvB*JMIVMMQ*GN*NOM*(,BCB*[XJM*VMQXHGNRHI*cVMjFMH\_*?GYXFN*Ci*36q@L*(OFQK*NOM*cMMJYG\b*SXXU*

XQ\RSSGNMQ*GN*NOGN*cVMjFMH\_*GHJ*NOM*AHJ*OGV[XHR\*QRIHGS*GN*GYXFN*AD*36q*RQ*IMHMVGNMJ*cVX[*NOM*/".*

HXHSRHMGVRN_*GHJ*NVGHQ[RNNMJ*Y_*NOM*GHNMHHG*UGVNL*.*YGQM*cGYVR\GNMJ*aRNO*YVGQQ*RQ*FQMJ*NX*QFUUXVN*

NOM*MHNRVM*G\NRWM*VGJRGNXV*401K*GHJ*GSQX*FQMJ*NX*[MGQFVM*NOM*RHJMUMHJMHN*'fUGVG[MNMVQ*Xc*NOM*/".*

GHJ*NOM*'#:*\GWRN_*aRNO*'XFNOaMQN*MHJ*SGFH\O*\XHHM\NXVQL*

! 4<>Z;>FH?-KFM-S@]><-S@DEÊ;FBFG-E>HIFBZ;>-

0GFQMJ*Y_*NOM*cGYVR\GNRXH*NXSMVGH\M*GHJ*NOM*RHG\\FVGNM*401*\OGVG\NMVRQNR\QK*JXFYSRHI*NOM*'AC*cRVQN*

UMGb*cVMjFMH\_* [G_*HXN*YM*M`G\NS_*NOM*cVMjFMH\_*NOGN*NOM*NVRfcFH\NRXH*\GWRN_*OGQ*RNQ*[G`R[F[*

VGJRGNRXH*MccR\RMH\_*XV*NOM*VGJRGNXV*OGQ*NOM*[G`R[F[*XFNUFN*UXaMVL*(GbRHI*NOM*cGYVR\GNMJ*UVXNXN_UM*

GQ*GH*M`G[USMK*RNQ*HGVVXa*UGQQYGHJ*RQ*GN*CiLBv*36 q*GQ*QOXaH*RH*7RIL*hLCAK*aORSM*RNQ*VGJRGNRXH*\MHNMV*

cVMjFMH\_*RQ*ADLuw*36qL*(OFQK*RN*RQ*HM\MQQGV_*NX*NFHM*NOM*VMQXHGNXVL*!HSRbM*NOM*XUMH*QNVF\NFVMQ*QF\O*

GQ*[R\VXQNVRU*\RV\FRNQ*cXV*aOR\O*NOM*R[UMJGH\M*GHJ*NOM*MSM\NVR\GS*SMHINO*\GH*YM*NFHMJ*Y_*\FNNRHI*NOM*



CBh*

SRHMQK*\SXQMJ*QNVF\NFVMQ*RH\SFJRHI*'#:*\RV\FRNQ*\GHHXN*YM*NFHMJ*RH*GH*RHNFRNRWM*[GHHMVL*(OMVMcXVMK*G*

UXQNfNFHRHI*NM\OHRjFM*QFRNGYSM*cXV*NOM*'#:*USGNcXV[*RQ*VMjFRVMJL**

(L*,GVNRH*4>!2?L*R[USM[MHNMJ*[XWGYSM*[MNGS*URHQ*RH*NFHRHI*NOM*VMQUXHQMQ*Xc*GRVfcRSSMJ*'#:*\GWRN_*

cRSNMVQ*yCvizL*.*\XHJF\NRWM*URH*aRNO*RNQ*G`RQ*UGVGSSMS*NX*NOM*MSM\NVR\*cRMSJ*Xc*G*[XJM*RQ*MjFRWGSMHN*NX*

GH* MHOGH\M[MHN* Xc* NOM*\GUG\RNGH\ML* 'RH\M* G* \GWRN_*VMQXHGNMQ* GN* G* \MVNGRH* cVMjFMH\_* aOMVM* RNQ*

\GUG\RNRWM* GHJ* RHJF\NRWM* VMG\NGH\M* Xc* NOM* [XJM* MjFGS* NX* MG\O* XNOMVK* Rc* GH* M`NVG* \GUG\RNGH\M* RQ*

RHNVXJF\MJK*NOM*VMQXHGNRHI*cVMjFMH\_*aRSS*YM*SXaMVMJ*NX*VMfYGSGH\M*NOM*NaX*bRHJQ*Xc*VMG\NGH\ML*7RIL*

hLCv*?G@*GHJ*7RIL*hLCv*?Y@*GVM*NOM*UOXNX*GHJ*NOM*QR[FSGNRXH*[XJMS*Xc*NOM*NFHRHI*URHQ*RH*NOM*\RV\FRNL*

(OM_*GVM*Q_[[MNVR\GS*GYXFN*NOM*QSXNK*GHJ*GN*NOM*USG\M*aOMVM*NOM*MSM\NVR\*cRMSJ*Xc*NOM*(,CCB*[XJM*

OGQ*RNQ*[G`R[F[*G[USRNFJML*(OM*URHQ*OGWM*G*JRG[MNMV*Xc*BLhBD*[[*GHJ*NOMRV*QNVXbM*RQ*NOM*QG[M*GQ*

NOM*NOR\bHMQQ*Xc*NOM*401L*,MNGSRqMJ*OXSMQ*GN*NOM*UXQRNRXHQ*Xc*NOM*URHQ*GVM*[GJM*XH*/G_MV*CL*%SM\NVR\*

\XHNG\N*YMNaMMH*NOM*URHQ*GHJ*/G_MV*C*RQ*IFGVGHNMMJ*Y_*QXSJMVRHIL*!QRHI*NaX*URHQ*RHQNMGJ*Xc*XHS_*

XHM*aRSS*R[UVXWM*NOM*NFHRHI*VGHIM*GHJ*cRMSJ*JRQNVRYFNRXH*Q_[[MNV_*cXV*ORIOMV*RQXSGNRXH*YMNaMMH*NOM*

SXa*cVMjFMH\_*UXVN*GHJ*NOM*VGJRGNRXH*[M\OGHRQ[L*.Q*NOM*RHQMVNRXH*JMUNO*Xc*NOM*URHQ*RQ*RH\VMGQMJK*

NOM*VMQXHGNRHI*cVMjFMH\_*Xc*YXNO*NOM*NaX*[XJMQ*GVM*VMJF\MJL*1FN*QRH\M*NOM*URHQ*GccM\N*NOM*(,CCB*

[X JM* GN* RNQ* UMGb* MSM\NVR\* cRMSJ* SX\GNRXHQK* aORSM* GccM\N* NOM* (,BCB*[XJM* GN* RNQ* cVRHIM* cRMSJK* NOM*

cVMjFMH\_*VGNRX*Xc*NOM*NaX*[XJMQ*RQ*VMJF\MJL*

*

7RIFVM*hLCv8*?G@*GHJ*?Y@*GVM*NOM*UOXNX*GHJ*NOM*QR[FSGNRXH*[XJMS*Xc*NOM*\GWRN_*Xc*NOM*G\NRWM*VGJRGNXV*

aRNO*NFHRHI*URHQL*

7RIL*hLCt*?G@*QOXaQ*NOM*QR[FSGNMJ*'AC*GHJ*'AA*\FVWMQ*GQ*NOM*RHQMVNRXH*JMUNO*Xc*NOM*NaX*NFHRHI*URHQ*

WGVRMQ*cVX[*AhLi*’[*NX*iDu*’[*QR[FSNGHMXFQS_L*.*cVMjFMH\_*VGNRX*NFHRHI*VGHIM*Xc*GYXFN*iLtr*RQ*

G\ORMWMJ*RH*NOM*QR[FSGNRXHL*-HM*JVGaYG\b*aRNO*QF\O*G*NFHRHI*NM\OHRjFM*RQ*RN*\GH*XHS_*VMJF\M*NOM*

VMQXHGNRHI*cVMjFMH\_*GHJ*NOM*VGNRXK*YFN*HXN*RH\VMGQM*NOM[L* (X*XWMV\X[M*NORQK*NOM*URHQ*aRNO*GH*

RHQMVNRXH*JMUNO*Xc*G*OGSc*Xc*NOM*QFYQNVGNM*NOR\bHMQQ*RQ*GJJMJ*NX*NOM*QR[FSGNRXH*[XJMSQ*RH*NOM*JMQRIH*



CBv*

UOGQML*#H*NOM*G\NFGS*\RV\FRN*NFHRHIK*NOM*G\NRWM*VGJRGNXV*RQ*cR`MJ*XH*G*USGNcXV[*GHJ*NOM*URHQ*GVM*GNNG\OMJ*

NX*NOM*OMGJ*Xc*G*UVM\RQM*UXQRNRXHMVK*GQ*QOXaH*RH*7RIL*hLCt*?Y@L*.cNMV*NOM*G\NRWM*VGJRGNXV*RQ*UXaMVMJ*

XHK*G*UXaMV* [MNMV*XV*G*QUM\NVF[*GHGS_qMV* \XHHM\NMJ*NX*G*OXVH*GHNMHHG*RH*NOM*YXVMQRION*Xc*NOM*

VGJRGNXV*RQ*FQMJ*NX*NVG\b*NOM*VGJRGNRXH*UXaMV*WGVRGNRXH*JFVRHI*NOM*NFHRHIK*FHNRS*[G`R[F[*VM\MRWRHI*

UXaMV*RQ*XYNGRHMJL*

*
7RIFVM*hLCt8*?G@*(OM*QR[FSGNMJ*'AC*GHJ*'AA*\FVWMQ*WMVQFQ*JRccMVMHN*URH*RHQMVNRXH*JMUNO~*?Y@*(OM*

cVMjFMH\_*GHJ*UXaMV*NFHRHI*QMNFUL*

! (_S><BL>FEKC-HIK<KHE><BRKEB@FD-@A-D>CÂBD@CKE>M-KHEB=>-I K<L@FBH-<KMBKE@<-S<@E@E?S>-

(OM*cGYVR\GNMJ*UVXNXN_UM*?+!(@*RQ*\OGVG\NMVRqMJ*FQRHI*NOM*QMNFU*RSSFQNVGNMJ*RH*7RIL*hLCDL*.YQXVYMVQ*

GVM*\XWMVMJ*XH*NOM*VGJRGNXV*cXV*G*VMJF\MJ*IVXFHJ*USGHM*MccM\NL*(OM*JRQNGH\M*YMNaMMH*NOM*+!(*GHJ*

NOM*UOGQM*\MHNMV*Xc*NOM*OXVH*GHNMHHG*?,#fCA.fAv*cVX[*,#*(M\OHXSXIRMQK*AvLi|iB*36q*YGHJ@*RQ*

DB*\ [K*aOR\O*RQ*GYXFN*th*aGWMSMHINOQL*(OM*OXVH*OGQ*G*IGRH*Xc*AuLv*J1R*GN*AD*36qL*(OM*+!(*RQ*

cR`MJ*XH*NXU*Xc*G*aXXJ*UXSM*GHJ*RQ*GJ^FQNMJ*NX*NOM*QG[M*SMWMS*GQ*NOM*\MHNMV*Xc*NOM*OXVH*GHNMHHG*

GUMVNFVML*(OM*VXNGNRXH*NGYSM*RQ*FQMJ*NX*\OGHIM*NOM*GHISM*Xc*VGJRGNRXH*QX*NOGN*NOM*\X[USMNM*%*XV*6*\FN*



CBt*

Xc*NOM*cGV*cRMSJ*RHNMHQRN_*\GH*YM*\GUNFVMJL*.*QRIHGS*GHGS_qMV*"wBuB.*cVX[*.IRSMHN*GHJ*G*UXaMV*

[MNMV*,/AiuD.*aRNO*G*UXaMV*QMHQXV*,.Aiti.*YXNO*cVX[*.HVRNQF*GVM*FQMJ*NX*[MGQFVM*NOM*UXaMV*

VM\MRWMJ*Y_*NOM*OXVH*GHNMHHGL*

7RIL*hLCw*?G@*QOXaQ*NOM*QUM\NVF[*GQ*NOM*+!(*YXVMQRION*RQ*UXRHNRHI*NXaGVJQ*NOM*OXVH*GHNMHHGL*'RH\M*

NOM*,# fCA.fAv*OXVH*GHNMHHG*\GHHXN*\XWMV*NOM*cVMjFMH\_*Xc*NOM*cRVQN*NOVMM*OGV[XHR\QK*GHXNOMV*NaX*

OXVH*GHNMHHGQ*aRNO*G*IGRH*Xc*CvLB*J1R*GN*Ci*36q*GHJ*AALt*J1R*GN*iA*36q*GVM*FQMJ*RH*NFVH*NX*[MGQFVM*

NOM*QUM\NVF[K*GHJ*NOM*QRIHGS*GHGS_qMV*RQ*QaRN\OMJ*NX*NOM*[G`R[F[*OXSJ*[XJML*:RNO*NOM*GQQRQNGH\M*

Xc*NOM*7VRRQ*MjFGNRXHK*RN*\GH*YM*\GS\FSGNMJ*NOGN*NOM*MjFRWGSMHN*RQXNVXUR\*VGJRGNMJ*UXaMV*?%#&4@*Xc*NOM*

cFHJG[MHNGS*cVMjFMH\_*QRIHGS*GHJ*NOM*uVJ*OGV[XHR\*RQ*AALi*J1*GHJ*AiLt*J1*SXaMV*NOGH*NOGN*Xc*NOM*

AHJ*OGV[XHR\K*VMQUM\NRWMS_L*(OM*UOGQM*HXRQM*RQ*[MGQFVMJ*aRNO*NOM*QG[M*\XHcRIFVGNRXH*aRNO*G*OGSc*Xc*

NOM*JRQNGH\M*GHJ*RQ*QOXaH*RH*7RIL*hLCw*?Y@K*‚ CBDLiv*J1\{6q*GN*C*,6q*XccQMN*RQ*G\ORMWMJL*'RH\M*NOM*

UXaMV*VM\MRWMJ*Y_*NOM*QRIHGS*GHGS_qMV*RQ*GYXFN*‚ Ai*J1[K*NOM*SR[RN*NX*aOR\O*NOM*UOGQM*HXRQM*\GH*YM*

[MGQFVMJ*RQ*‚ Ctt *J1[{6q ‚ *?‚ Ai*J1[@*€*‚ Chu*J1\{6qK*aOR\O*RQ*[F\O*SXaMV*NOGH*NOM*[MGQFVMJ*

UOGQM*HXRQM*Xc*NOM*+!(*yCvhzL*(OMVMcXVMK*NOM*VMQFSN*RQ*NVFQNaXVNO_L*

*
7RIFVM*hLCD8*(OM*[MGQFVM[MHN*QMNFU*cXV*\OGVG\NMVRqGNRXH*Xc*NOM*G\NRWM*VGJRGNXV*UVXNXN_UML*



CBD*

*
?G@*

*
?Y@*

7RIFVM*hLCw8*?G@*(OM*[MGQFVMJ*QUM\NVF[*RH*NOM*YXVMQRION*Xc*NOM*+!(~*?Y@*(OM*[MGQFVMJ*UOGQM*

HXRQM*Xc*NOM*+!(L*

(X*G\ORMWM*G*[XVM*G\\FVGNM*UXaMV*SMWMS*[MGQFVM[MHNK*NOM*\GSRYVGNMJ*UXaMV*QMHQXV*RQ*FQMJL*'RH\M*

NOM* aGWMIFRJM* NX* \XG`RGS* NVGHQRNRXH* OGQ* G* \FNXcc* cVMjFMH\_* Xc* AC*36qK* NOM* cFHJG[MHNGS* QRIHGS*

\X[UXHMHN*GN*CiLBD*36q*\GHHXN*VMG\O*NOM*UXaMV*QMHQXVL*,XVMXWMVK*NOM*uVJ*GHJ*ORIOMV*OGV[XHR\Q*

GVM*Ah*J1*aMGbMV*NOGH*NOM*[GRH*QRIHGSL*'XK*NOM*UXaMV*VMGJRHI*Xc*NOM*AHJ*OGV[XHR\*QRIHGS*RQ*G\\FVGNM*

GHJ*FH\XHNG[RHGNMJL*!QRHI*NOM*7VRRQ*MjFGNRXHK*NOM*%#&4*RQ*[MGQFVMJ*GHJ*USXNNMJ*RH*7RIL*hLAB*?G@L*

0X[UGVRHI*NOM*[MGQFVMJ*\FVWMQ*RH*7RIL*hLCu*aRNO*NOXQM*RH*7RIL*hLAB*?G@K*NOM*6fUSGHM*\FVWMQ*OGWM*

QR[RSGV*QOGUMQ*RH*NOM*‚ wB*NX*wB*JMIVMM*VGHIMK*YFN*JFM*NX*NOM*IVXFHJ*USGHM*MccM\NK*NOM*%fUSGHM*\FVWM*

Xc*NOM*%#&4*OGQ*JMMUMV*HXN\OMQ*NOGH*NOM*IGRH*\FVWM*GN*�� iB*JMIVMM*JRVM\NRXHQL*7RIL*hLAB*?Y@*QOXaQ*

NOGN*NOM*JRccMVMH\M*YMNaMMH*NOM*%#&4*\FVWM*GHJ*NOM*IGRH*\FVWM*RH*6fUSGHM*OGQ*GH*GWMVGIM*WGSFM*Xc*

D*J1[K*aOR\O*RQ*NOM*YMQN*MQNR[GNRXH*Xc*NOM*NXNGS*VGJRGNMJ*UXaMV*?(&4@*cVX[*NOM*+!(L*(OM*J\*UXaMV*



CBw*

QFUUS_*UVXWRJMQ*G*WXSNGIM*Xc*iLt*$*GHJ*\FVVMHN*Xc*DB*[.K*GHJ*NOFQK*utv*[:*UXaMV*\XHQF[UNRXH*

RQ*G\ORMWMJL*

(GYSM*hLC*\X[UGVMQ*NOM*UMVcXV[GH\M*Xc*NOM*JMWMSXUMJ*OGV[XHR\*G\NRWM*VGJRGNXV*aRNO*NOM*UFYSRQOMJ*

G\NRWM*VGJRGNXVQ*GQ*aMSS*GQ*XQ\RSSGNXVQL*1XNO*NOM*UOGQM*HXRQM*GHJ*NOM*%#&4*Xc*NOM*UVXUXQMJ*QNVF\NFVM*

MH^X_*QFUMVRXV*GJWGHNGIMQL*(OM*XHS_*XYWRXFQ*JVGaYG\b*RQ*NOM*UXaMV*\XHQF[UNRXHL*(ORQ*RQ*[GRHS_*

YM\GFQM*G*UVMf[GN\OMJ*GHJ*UG\bGIMJ* /".*RQ*FQMJ*RH*NOM*cMMJYG\b*SXXUK*QX*NOGN*NOM*MccR\RMH\_*

XUNR[RqGNRXH*RQ*HXN*NGbMH*RHNX*\XHQRJMVGNRXH*JFVRHI*NOM*JMQRIHL*#c*NVGHQRQNXVQ*GVM*FQMJK*NOM*UXaMV*

\XHQF[UNRXH* GHJ* MccR\RMH\_* \GH* YM* R[UVXWMJL* .HXNOMV* QOXVN\X[RHI* aRNO* NOM* UVXNXN_UM* RQ* NOM*

JMNMVRXVGNMJ*VGJRGNRXH*UGNNMVH*GHJ*%#&4*UGNNMVHK*MQUM\RGSS_*RH*NOM*%fUSGHML*(ORQ*\XFSJ*YM*QXSWMJ*Y_*

\GVMcFSS_* GJ^FQNRHI* NOM* IVXFHJ* USGHML* (X* NORQ* MHJK* NOM* MHNRVM* QNVF\NFVM* \GH* YM* RHNMIVGNMJ* FQRHI*

[RSSR[MNMVfaGWM*RHNMIVGNMJ*\RV\FRN*?,,#0@*NM\OHXSXIRMQK*NOMHK*NOM*QRIHRcR\GHNS_*VMJF\MJ*UVXcRSM*

GSSXaQ*NOM*IVXFHJ*USGHM*NX*YM*VMJF\MJL*

*

*

7RIFVM*hLAB8*?G@*(OM*[MGQFVMJ*%#&4*UGNNMVH*RH*NOM*%fUSGHM*GHJ*6fUSGHM~*?Y@*(OM*(&4*MQNR[GNMJ*

Y_*QFYNVG\NRHI*NOM*IGRH*\FVWM*cVX[*NOM*%#&4*\FVWML*



CCB*

(GYSM*hLC8*4MVcXV[GH\M*'F[[GV_*GHJ*0X[UGVRQXH*aRNO*4FYSRQOMJ*.\NRWM*&GJRGNXVQ*GHJ*-Q\RSSGNXVQ*

&McL* 7VMjFMH\_* (_UM* (M\OHXSXI_* 4OGQM*"XRQM* %#&4{-FNUFN*
4XaMV*

4XaMV*
0XHQF[UNRXH*

yCvvz* vCLh*36q* .\NRWM*VGJRGNXV* wB*H[*0,-' * ‚ CBtLA*J1\{6q*“C*,6q * ‚ uLv*J1[* wwLB*[:*

yCvtz* DLh*36q* .\NRWM*VGJRGNXV* 401K*,' CK*6ef7%(* ‚ DtLh*J1\{6q*“CBB*26q* CCLA*J1[* AtLB*[: *

yChtz* CCi*36q * .\NRWM*VGJRGNXV* CuB*H[*'R3M*1R0,-' * ‚ wwLu*J1\{6q*“C*,6q* CiLB*J1[* hBh*[: *

yCiwz* hLAh*36q* .\NRWM*VGJRGNXV* 401K*,'K*6ef7%(* ‚ DiLv*J1\{6q*“CBB*26q* iLu*J1[ * vALh*[: *

yCiDz* CALu*36q* .\NRWM*VGJRGNXV* 401K*'#:K*6ef7%(* ‚ CBtLB*J1\{6q*“C*,6q * vLh*J1[ * CDLB*[:*

yCvDz* AhLCD*36q* 4FQOfUFQO*XQ\RSSGNXV* 401K*'#:K*3G.Q*6%,( * ‚ CABLu*J1\{6q*“C*,6q* ‚ vLv*J1[ * iiLC*[: *

yCvwz* AwLh*36q* 4FQOfUFQO*XQ\RSSGNXV* 401K*'#:K*6ef7%(* ‚ CBhLt*J1\{6q*“C*,6q * ‚ CiLt*J1[ * CDLB*[:*

yCtBz* AhLv*36q* -Q\RSSGNXV* 401K*,'K*3G.Q*6%,( * ‚ CBDLB*J1\{6q*“*C*,6q* ‚ vLB*J1[* CvB*[: *

yCtCz* CDLC*36q* 4FQOfUFQO*XQ\RSSGNXV* 401K*,'K*3G.Q*7%( * ‚ wuLA*J1\{6q*“CBB*26q* CLw*J1[* CAB*[: *

yCtAz* AB*36q* -Q\RSSGNXV* /(00K*'#:K*3G.Q*61( * ‚ CCDLB*J1\{6q*“C*,6q* vLB*J1[* DALh*[: *
,IBD-

&@<\- JX:9U-*8R- 0>CÂBD@CKE>M-IK<L@FBH-
KHEB=>-<KMBKE@<-

7"2[-). J[-!B<̂4BCC>M-
03&[-*K!D-'$! - a9bX:U-M2Hc8R-d9-+8R- 9U:b-M2L- NWV-L&-

C*,'8*,R\VXQNVRU*/RHM*******A*+&8*+RMSM\NVR\*&MQXHGNXV*

! 7;CCBFG->AA>HE-L BEBGKEB@F->_S><BL>FEKC-H@LSK<BD@F- ]BEI- K-A;FMKL>FEKC-A<>Z;>FH?-

@;ES;E-KHEB=>-<KMBKE@<-

(X*WGSRJGNM*NOM*UFSSRHI*MccM\N*[RNRIGNRXH*UMVcXV[GH\M*Xc*NOM*UVXUXQMJ*QMScfRQXSGNMJ*OGV[XHR\*G\NRWM*

VGJRGNXVK*GHXNOMV*G\NRWM*VGJRGNXV*aRNO*cFHJG[MHNGS*cVMjFMH\_*XFNUFN*RQ*JMQRIHMJ*GHJ*cGYVR\GNMJL*#N*

RQ*QOXaH*RH*7RIL*hLACL*#N*R[USM[MHNQ*NOM*QG[M*UGVNRGSS_fGRVfcRSSMJ*'#:*\GWRN_K*JRMSM\NVR\*VMQXHGNXV*

GHJ*/".*GQ*NOM*OGV[XHR\*G\NRWM*VGJRGNXVL*1FN*NOM*cMMJRHI*GN*4u*RQ*[XWMJ*NX*4iK*VMcMVVRHI*NX*7RIL*

hLuL*#H*NORQ*aG_K*NOM*\GWRN_*QMVWMQ*GQ*G*VMQXHGNXV*GHJ*GH*GHNMHHG*YXNO*FQRHI*NOM*(,CCB*[XJML*#H*

[MGQFVM[MHNK*NORQ*G\NRWM*VGJRGNXV*NVGHQ[RNQ*G*cFHJG[MHNGS*cVMjFMH\_*QRIHGS*GN*ADLAi*36q*aRNO*GH*

%#&4*Xc*DLA*J1[*RH*NOM*YXVMQRION*JRVM\NRXHL*

*



CCC*

*

7RIFVM*hLAC8**(OM*cGYVR\GNMJ*G\NRWM*VGJRGNXV*aRNO*cFHJG[MHNGS*cVMjFMH\_*XFNUFN*GN*ADLAi*36qK*

YGQMJ*XH*G*UGVNRGSS_fGRVfcRSSMJ*'#:*\GWRN_L*

*

7RIFVM*hLAA8*,MGQFVM[MHN*QMNFUQ*Xc*?G@*SXGJ*UFSSRHI*NMQN*GHJ*?Y@*RH^M\NRXH*UFSSRHI*NMQNL*

/XGJ*UFSSRHI*GHJ*RH^M\NRXH*UFSSRHI*MccM\NQ*GVM*NMQNMJ*FQRHI*NOM*QMNFUQ*QOXaH*RH*7RIL*hLAA*?G@*GHJ*7RIL*

hLAA*?Y@K*VMQUM\NRWMS_L*(OM*SXGJ*UFSSRHI*NMQN*FQMQ*G*JRMSM\NVR\*YGV*Xc*&XIMVQ*&({JFVRXJ*vBCB*QFYQNVGNM*

aRNO*G*UMV[RNNRWRN_*Xc*CBLA*GHJ*G*\VXQQ*QM\NRXH*JR[MHQRXH*Xc*tLv*[[*Y_*Ci *[[K*GQ*aMSS*GQ*G*\XUUMV*

YGV*aRNO*NOM*QG[M*\VXQQ*QM\NRXH*JR[MHQRXHL*(OM_*GVM*[XFHNMJ*XH*G*UVM\RQM*UXQRNRXHMV*GHJ*[XWMJ*

RH* G*VGHIM* Xc* B* NX* CB*[[* GaG_* cVX[* NOM* JRMSM\NVR\* VMQXHGNXVL* .H*,# fCA.fAv* OXVH* GHNMHHG* RQ*

\XHHM\NMJ*NX*NOM*QUM\NVF[*GHGS_qMV*NX*VM\MRWM*NOM*VGJRGNMJ*QRIHGSL*7RIL*hLAu*QOXaQ*NOM*WGVRGNRXH*Xc*

NOM* VGJRGNMJ* cVMjFMH\_* Xc* YXNO* VGJRGNXVQ* HXV[GSRqMJ* Y_* NOMRV* VMQUM\NRWM* XUMH* QUG\M* VGJRGNRXH*

cVMjFMH\RMQK*GHJ*NOMRV*UOGQM*HXRQM*GN*C*,6q*XccQMNL*#N*\GH*YM*QMMH*NOGN*NOM*cVMjFMH\_*UFSSRHI*Xc*NOM*

OGV[XHR\*G\NRWM*VGJRGNXV*RQ*GYXFN*CB*NR[MQ*aMGbMV*NOGH*RNQ*cFHJG[MHNGS*\XFHNMVUGVNL*.Q*NOM*\XUUMV*



CCA*

YGV*RQ*WMV_* \SXQM*XV*NXF\O*NOM*G\NRWM*VGJRGNXVQK*NOM*cFHJG[MHNGS*XHM*QNXUQ*XUMVGNRHIK*aORSM*NOM*

OGV[XHR\*XHM*RQ*OGVJS_*GccM\NMJL*(OM*UOGQM*HXRQM*VMSGNRWM*WGVRGNRXHQ*GVM*QR[RSGV*cXV*YXNO*VGJRGNXVQL*

1FN*NOM*OGV[XHR\*VGJRGNXV*OGQ*G*SXaMV*GYQXSFNM*WGSFML*

(OM*RH^M\NRXH*UFSSRHI*NMQN*RQ*\GVVRMJ*XFN*aRNO*NOM*cXSSXaRHI*\XHJRNRXHQ8*NOM*RH^M\NRXH*QRIHGS*cVMjFMH\_*

RQ*QaMUN*G\VXQQ*GH*DB*,6q*YGHJaRJNO*GYXFN*NOM*VMQUM\NRWM*cVMM*VFHHRHI*cVMjFMH\RMQ*Xc*NOM*NaX*

G\NRWM* VGJRGNXVQ~* NOM* RH^M\NRXH* QRIHGS* UXaMV* RQ* Ch*J1[~* G* JRGIXHGS* OXVH* GHNMHHG* 7&viCu* cVX[*

-&1#({ 7&*aRNO*Ct*J1R*IGRH*GN*AD*36q*RQ*USG\MJ*GN*CB*\[*RH*cVXHN*Xc*NOM*+!(QL*(OM*[MGQFVMJ*

VMQFSNQ* GVM* QOXaH* RH* 7RIL* hLAiL* (OM* OGV[XHR\* VGJRGNXV* OGQ* GYXFN* Ct* NR[MQ* aMGbMV* cVMjFMH\_*

WGVRGNRXH*NOGH*RNQ*cFHJG[MHNGS*\XFHNMVUGVNL*(OMVMcXVMK*G*QRIHRcR\GHN*cVMjFMH\_*QNGYRSRN_*GHJ*UOGQM*

HXRQM*R[UVXWM[MHN*RQ*G\ORMWMJ*aRNO*NOM*QMScfRQXSGNRXH*\XH\MUN*GHJ*NOM*NVRfcFH\NRXH*\GWRN_*QNVF\NFVML*

(GYSM*hLA*cFVNOMV*QF[[GVRqMJ*NOM*\OGVG\NMVRQNR\Q*Xc*NOM*NaX*G\NRWM*VGJRGNXVQL*

(GYSM*hLA8*4MVcXV[GH\M*'F[[GV_*Xc*NOM*6GV[XHR\*GHJ*7FHJG[MHNGS*.\NRWM*&GJRGNXVQ*

* 6GV[XHR\* 7FHJG[MHNGS*

7VMjFMH\_*-FNUFN* ADLCh*36q* ADLAi*36q*

4OGQM*"XRQM*GN*C,6q*XccQMN* ‚ CBDLh*J1\{6q* ‚ CBi*J1\{6q*

1XVMQRION*%#&4* Cu*J1[ * DLA*J1[*

/XGJ*4FSSRHI*&GHIM*
?"XV[GSRqMJ@* - ./ 0 )%1 2* - .3 0 )%1 4*

#H^M\NRXH*4FSSRHI*&GHIM*
?"XV[GSRqMJ@* ) .%0 )%1 2* ) .5 0 )%1 4*

*
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*

7RIFVM*hLAu8**,MGQFVMJ*HXV[GSRqMJ*cVMjFMH\_*GHJ*UOGQM*HXRQM*UFSSRHI*Xc*NOM*OGV[XHR\*VGJRGNXV*

GHJ*NOM*cFHJG[MHNGS*cVMjFMH\_*VGJRGNXV*GQ*NOM*JRMSM\NVR\*XV*NOM*\XUUMV*YGV*RQ*UXQRNRXHMJ*GN*

JRccMVMHN*JRQNGH\M*cVX[*NOM*JRMSM\NVR\*VMQXHGNXVL*

*

7RIFVM*hLAi8*,MGQFVMJ*HXV[GSRqMJ*cVMjFMH\_*Xc*NOM*QRIHGS*cVX[*NOM*G\NRWM*VGJRGNXVQ*aRNO*VMQUM\N*

NX*NOM*RH^M\NRXH*QRIHGS*cVMjFMH\_L*
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U:Q! "@FHC;DB@F-

(ORQ* aXVb* UVXUXQMJ* G* QMScfRQXSGNMJ* OGV[XHR\* G\NRWM* VGJRGNXV* NOGN* XQ\RSSGNMQ* GN* NOM* cFHJG[MHNGS*

cVMjFMH\_*GHJ*VGJRGNMQ*GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_*Xc*GYXFN*AD*36q*QR[FSNGHMXFQS_*RH*NOM*QG[M*

QNVF\NFVML*(OM*G\ORMWMJ*UMVcXV[GH\M*RH\SFJMQ*Ch*J1[* [G`R[F[*%#&4K*GYXFN*D*J1[* (&4*GHJ*

‚ CBDLh*J1\{6q* UOGQM* HXRQM* GN* C*,6q* XccQMNL* 0X[UGVMJ* aRNO* GH* G\NRWM* VGJRGNXV* NVGHQ[RNNRHI*G*

cFHJG[MHNGS*cVMjFMH\_*QRIHGSK*NOM*UFSSRHI*MccM\N* \GFQMJ*Y_*SXGJ*WGVRGNRXH*XV*QRIHGS*RH^M\NRXH*RQ*

QRIHRcR\GHNS_*VMJF\MJL*(OM*VGJRGNXV*FQMQ*G*UGVNRGSS_fGRVfcRSSMJ*'#:*\GWRN_*GQ*G*VMQXHGNXVK*JRUSM`MVK*

GHJ*GHNMHHG*\XH\FVVMHNS_K*aOR\O*UVXWRJMQ*\OGVG\NMVRQNR\Q*Xc*\X[UG\N*QRqMK*SXa*UFSSRHI*MccM\NQK*GHJ*

ORIO*UXaMV*[[: *QRIHGS*IMHMVGNRXHL*'F\O*GH*G\NRWM*VGJRGNXV*NXUXSXI_*RQ*G*UVX[RQRHI*\GHJRJGNM*Xc*

SXaf\XQN* QRIHGS* QXFV\M* cXV*[[: *NGI* GUUSR\GNRXHQL*#HNMIVGNRXH* Xc* QF\O* G* QNVF\NFVM* XH* ,,#0*

NM\OHXSXIRMQ*RQ*Xc*[F\O*M`UM\NGNRXH*cXV*SXaf\XQN*[GQQRWM*GUUSR\GNRXHQL*(OM*UVXUXQMJ*NVRfcFH\NRXH*

\GWRN_* \GH* YM* MRNOMV* VMGSRqMJ* XFN* Xc* NOM* \ORU* aRNO* UVRHNMJ* NM\OHXSXIRMQ* XV* XH* NOM* \ORU* aRNO*

Q_HNOMQRqMJ*\GWRN_*QNVF\NFVMQ*VMUXVNMJ*Y_*XNOMV*VMQMGV\OMVQL* *
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GUUSR\GNRXH*YG\bIVXFHJ*RH*[RHJK*VMQMGV\OMVQ*aXVbRHI*XH*NOM*aRVMSMQQ*UXQRNRXHRHI*NM\OHXSXI_*GVM*

NGVIMNRHI*GN*NOM*M`USXVGNRXH*Xc*NM\OHR\GS*cMGNFVMQ*QF\O*GQ*SXa*\XQNK*Q[GSS*cXXNUVRHNK*VMGS*NR[MK*HX{SXa*

UXaMV*\XHQF[UNRXHK*VMJF\MJ*JM[GHJ*cXV*QUM\NVF[*VMQXFV\MQK*ORIOfJMHQRN_*NGVIMN*JMUSX_[MHNK*GHJ*

Q[GVN*XUNRXH*cXV*[FSNRfcFH\NRXHL*

.*SGVIM*HF[YMV*Xc*UFYSR\GNRXHQ*GHJ*JX\F[MHNQ*OGWM*GSVMGJ_*\XHNVRYFNMJ*NX*NORQ*MHJ*GHJ*WGVRXFQ*

NOMXVRMQ*GHJ*NM\OHRjFMQ*Xc*aRVMSMQQ*UXQRNRXHRHI*OGWM*YMMH*JMWMSXUMJ*cXV*JRccMVMHN*GUUSR\GNRXHQ*yAK*

wzL*(OM*[XQN*\X[[XHS_*FQMJ*UXQRNRXHRHI*NM\OHRjFMQ*GVM*VMSGNMJ*NX*34'K*3GSRSMXK*3/-".''*GHJ*

1MR+XF*Q_QNM[QL*(OM_*GVM*GSS*QMScfUXQRNRXHRHI*XVRMHNMJL*3MHMVGSS_*QUMGbRHIK*IMX[MNV_*RHcXV[GNRXH*

YGQMJ*Q_QNM[*?MLIL*[MGQFVRHI*NOM*GHISMfXcfGVVRWGS@*GHJ*UVXUGIGNRXH*NR[M*YGQMJ*Q_QNM[*GVM*NOM*NaX*

YVXGJ*\GNMIXVRMQ*Xc*VM[XNM*XV*aRVMSMQQ*UXQRNRXHRHI*Q_QNM[Q*NOGN*MHGYSM*G\ORMWRHI*G*QFYfJM\R[MNVM*

G\\FVG\_L*(OM*cXV[MV*HMMJQ*G*HF[YMV*Xc*JRQNVRYFNMJ*YGQM*QNGNRXHQ*aRNO*UVRXVfbHXaH*\XXVJRHGNMQ*cXV*

GHISM*JMNM\NRXHK*YGQMJ*XH*aOR\O*NOM*JRQNGH\M*RQ*\GS\FSGNMJ*NOVXFIO*NVRIXHX[MNV_L*(OM*SGNNMV*VMjFRVMQ*

GYQXSFNM*XV*VMSGNRWM*NR[M*Q_H\OVXHRqGNRXH*JMUMHJRHI*XH*QUM\RcR\*GV\ORNM\NFVMQL*(OM*aMSSfbHXaH*GHJ*

aRJMS_* JMUSX_MJ*cVMjFMH\_f[XJ FSGNMJ* \XHNRHFXFQfaGWM* ?7,0:@* VGJGV* RQ* G* N_UR\GS* VXFHJfNVRU*

NR[MfXcfcSRION* ?(-7@* UXQRNRXHRHI* \XH\MUN*yCtfCwzL* #N* OGQ* G* VMSGNRWM* NR[M* Q_H\OVXHRqGNRXH*

VMjFRVM[MHN* cFScRSSMJ* Y_* NOM* YGQM* QNGNRXH* IMHMVGNRHI* G* ORIOS_* SRHMGV* GHJ* UVM\RQM* [XJFSGNMJ*

aGWMcXV[K*aOR\O*\GH*MGQRS_*YM*VMGSRqMJ*aRNO*$0-{4//*XV*++'*NM\OHRjFMQ*yABzL*,GH_*VMQMGV\OMVQ*

OGWM*YMMH*cX\FQRHI*XH*NOM*JMWMSXU[MHN*Xc*NOM*JMVRWGNRWMQ*Xc*7,0:*Q_QNM[K*NOMVMY_*GNNM[UNRHI*NX*

[GbM*YVMGbNOVXFIOQ*aRNO*VMIGVJQ*NX*SXHIMV*VGHIMK*SXaMV*YGHJaRJNOK*ORIOMV*QMHQRNRWRN_K*[FSNRNGVIMN*

RJMHNRcR\GNRXH*GHJ*R[[FHRN_*NX*[FSNRUGNOL*(OM*MQQMHNRGSQ*Xc*QX[M*Xc*NOMQM*aXVbQ*\GH*YM*\XH\SFJMJ*

GQ*GJJRHI*[XJFSGNRXH*\GUGYRSRNRMQ*NX*NOM*NGVIMNQ*yACfAuzL*(ORQ*[XWM*aXFSJ*YM*GYSM*NX*GWXRJ*SXaf

cVMjFMH\_* HXRQM* GHJ* UGQQRWM* \SFNNMV* Q\GNNMVRHIL* ,XVMXWMVK* JGNG* \GH* YM* [XJFSGNMJ* XH* NOM*

YG\bQ\GNNMVMJ*QRIHGS*Xc*NOM*NGVIMNQL*6XaMWMVK*G*[G^XV*JVGaYG\b*RQ*VMSGNMJ*NX*G*OMGW_*YFVJMH*Xc*

J_HG[R\*VGHIM*XH*NOM*G[USRcR\GNRXH*QNGIMQ*Xc*NOM*NGVIMNQ*GHJ*G*SR[RNMJ*SRHb*IGRH*R[UVXWM[MHNL*(OM*

QRIHGS*OGQ*NX*NVGWMS*NOVXFIO*NOM*VXFHJfNVRU*JRQNGH\MK*GHJ*NOM*SRHb*SXQQ*RQ*NOFQ*UVXUXVNRXHGS*NX*NOM*iNO*

UXaMV*Xc*JRQNGH\ML*-H*NOM*XNOMV*cVXHNK*VMQMGV\OMVQ*OGWM*QF\\MQQcFSS_*R[USM[MHNMJ*NOM*\XH\MUN*Xc*

,#,-*NX*VMGSRqM*G*QFUMVfVMQXSFNRXH*7,0:*Q_QNM[*cXV*JMHQM*[FSNRUGNO*MHWRVXH[MHN*yAizL**

#H*VM\MHN*_MGVQK*G*HMa*UXQRNRXHRHI*Q\OM[M*YGQMJ*XH*QaRN\OMJ*RH^M\NRXHfSX\bMJ*XQ\RSSGNXV*?'#/-@*

OGQ*YMMH*YVXFION*NX*SRIONL*.Q*RN*OGQ*YMMH*JRQ\FQQMJ*RH*NOM*SRNMVGNFVM*yuCfuizK*RN*M`NMHJQ*NOM*\XH\MUN*

Xc*\XHWMHNRXHGS*7,0:*Q_QNM[*GHJ*M`ORYRNQ*NOM*GJWGHNGIMQ*Xc*QR[USM*QNVF\NFVMK*ORIO*UVM\RQRXHK*

SXHI*VGHIMK*GHJ*RHQMHQRNRWM*NX*\SFNNMV*GQ*aMSS*GQ*NOM*cMGQRYRSRN_*Xc*QR[FSNGHMXFQ*JGNG*NVGHQ[RQQRXHL*#N*

\GH*YM*VMIGVJMJ*GQ*G*JRQ\VMNM*cXV[*Xc*\XHWMHNRXHGS*7,0:*VGJGVL*'RH\M*NOM*QRIHGS*XFN*Xc*NOM*NGVIMN*



CCt*

RQ*QUXHNGHMXFQ*VGNOMV*NOGH*G*[XJFSGNMJ{G[USRcRMJ*JFUSR\GNM*Xc*NOM*RHNMVVXIGNRXH*QRIHGSK*NOM*SRHb*SXQQ*

RQ*QXSMS_*UVXUXVNRXHGS*NX*NOM*AHJ*UXaMV*Xc*JRQNGH\ML*7XV*QF\O*G*Q_QNM[K*G*cGQN*7XFVRMV*NVGHQcXV[*?77(@*

RQ* FQFGSS_* M[USX_MJ* NX* \XHWMVN* NOM* YGQMYGHJ* RHNX* NOM* cVMjFMH\_fJX[GRH* GHJ* NOM* VGHIM* RQ* NOMH*

\GS\FSGNMJ*Y_* K*RH*aOR\O*/ *RQ*NOM*QUMMJ*Xc*SRIONK*•*RQ*NOM*\ORVU*VGNM*?6q{Q@K*GHJ**RQ*

NOM*cVMjFMH\_*JRccMVMH\M*YMNaMMH*NOM*NaX*UMGbQ*\MHNMVMJ*GVXFHJ*NOM*[XJFSGNRXH*cVMjFMH\_*Xc*NOM*

NGVIMNL*'F\O*G*cVMjFMH\_fJX[GRH*NM\OHRjFM*[GRHNGRHQ*G*QRIHRcR\GHN*G\\FVG\_*GQ*SXHI*GQ*XHS_*XHM*

QRHISM* NGVIMN* RQ* RH* NOM* VGHIM* Xc* JMNM\NRXHL* .Q* [XVM* NGVIMNQ*\X[M* RHNX* USG_K* NOMRV* [XJFSGNRXH*

cVMjFMH\_*OGQ*NX*YM*GUUVXUVRGNMS_*QNGIIMVMJ*QF\O*NOGN*NOM*\XVVMQUXHJRHI*\OGVG\NMVRQNR\*UMGbQ*RH*NOM*

QUM\NVF[*\GH*YM*JRccMVMHNRGNMJ*GHJ*NOM*QUM\NVF[*SMGbGIM*RQQFM*\GH*YM*[RHR[RqMJL*.N*NOM*QG[M*NR[MK*

NOM*UFSQM*aRJNO*Xc*NOM*NGVIMNQ*OGQ*NX*YM*QOXVN*MHXFIO*cXV*GH*RH\VMGQMJ*UMGb*QOGVUHMQQ*QX*GQ*NX*

IFGVGHNMM*G*SXa*[MGH*MVVXV*yuiz*GQ*aMSS*GQ*NX*GWXRJ*G*[FSNRNGVIMN*XWMVSGUURHIL*6XaMWMVK*NOM*VMJF\MJ*

UFSQM*aRJNO*aXFSJ*SXaMV*JXaH*NOM*JFN_*\_\SM*GHJ*RH*NFVH*NOM*QRIHGS*NX*HXRQM*VGNRX*?'"&@L*#H*NORQ*

aXVbK*G*NR[MfJX[GRH*UXQNfUVX\MQQRHI*NM\OHRjFM*RQ*UVXUXQMJK*JMWMSXUMJ*GHJ*R[USM[MHNMJ*aRNO*QF\O*

G* OGVJaGVM* GV\ORNM\NFVM* NX* XWMV\X[M* \MVNGRH* JVGaYG\bQ* GHJ* R[UVXWM* NOM* Q_QNM[* UMVcXV[GH\ML*

#HQNMGJ*Xc*FQRHI*NOM*XVNOXIXHGS*JM\X[UXQRNRXH*UVRH\RUSM*Xc*NOM*7XFVRMV*NVGHQcXV[K*NOM*UVXUXQMJ*

[MNOXJ*RQ*YGQMJ*XH*G*QFYQUG\M*JM\X[UXQRNRXHK*aOR\O*OGQ*ORIOMV*JMIVMMQ*Xc*cVMMJX[*GHJ*RHOMVMHNS_*

MH^X_Q*NOM*YMHMcRN*Xc*HXRQM*VMJF\NRXHL*:RNOXFN*R[UXQRHI*GH_*VMjFRVM[MHN*XH*NOM*UFSQM*aRJNO*GHJ*

JFN_*\_\SMK*NOM*UVXUXQMJ*[MNOXJ*RQ*GSaG_Q*WGSRJ*aOMNOMV*NOM*\OGVG\NMVRQNR\*UMGbQ*Xc*[FSNRNGVIMNQ*

GVM*GSRGQMJ*RH*NOM*QUM\NVF[*XV*HXNL*

(ORQ*UGUMV*RQ*XVIGHRqMJ*GQ*cXSSXaQL*'M\NRXH*vLA*RHNVXJF\MQ*NOM*Q_QNM[*UVRH\RUSM*GHJ*GV\ORNM\NFVMK*

YGQMJ*XH*aOR\O*NOM*IMHMVGSRqMJ*QRIHGS*[XJMS*NGbRHI*RHNX*G\\XFHN*[FSNRUSM*NGVIMNQ*GHJ*GHNMHHGM*RQ*

JMWMSXUMJL*(OM*+XUUSMV*MccM\N*RQ*GSQX*RH\SFJMJ*RH*NOM*[XJMSL*#H*'M\NRXH*vLuK*NOM*[MNOXJXSXI_*Xc*

UGVG[MNMV*MQNR[GNRXHQ*RH\SFJRHI*NOM*HF[YMV*Xc*NGVIMNQK*NR[MfXcfGVVRWGS*?(-.@*GHJ*JRVM\NRXHfXcf

GVVRWGS* ?+-.@*RQ* UVMQMHNMJ*RH* JMNGRSL* (OM* YGQMYGHJ* QRIHGS* RH* NOM* YGQM* QNGNRXH*RQ* QG[USMJ*GHJ*

\XHWMVNMJ*RHNX*G*NR[M*QMVRMQK*GHJ*QFYQMjFMHNS_K*[GNVR`*YFRSJRHI*GHJ*QNG\bRHI*NM\OHRjFMQK*GQ*aMSS*GQ*

JRccMVMHN*QXSWRHI* [MNOXJQ*GVM*^XRHNS_*FQMJ*cXV* NOM* UXQNfUVX\MQQRHIL* #H* 'M\NRXH* vLiK* NOM* Q_QNM[*

UMVcXV[GH\M*RQ*GHGS_qMJ*aRNO*G*\X[UGVRQXH*YMNaMMH*NOM*UVXUXQMJ*GSIXVRNO[*GHJ*NOM*77(*NM\OHRjFM*

cXV*NM\OHR\GS*QUM\RcR\GNRXHQK*RH\SFJRHI*NOM* '"&K*G\\FVG\_K*VMQXSFNRXH*GHJ*XNOMVQL*(OM*R[UG\N*Xc*

QG[USRHI*FHfQ_H\OVXHRqGNRXH*NX*NOM*NFVHfXH*RHQNGHN*Xc*NOM*NGVIMN*RQ*GSQX*QNFJRMJL*'R[FSGNRXHQ*GVM*

UMVcXV[MJ*NX*WMVRc_*NOM*GHGS_QMQL*0VG[MVf&GX*SXaMV*YXFHJ*?0&/1@*GHJ*VXXN*[MGH*QjFGVM*MVVXV*

?&,'%@* GVM* FQMJ* NX* \OGVG\NMVRqM* NOM* G\\FVG\_* GHJ* VMQXSFNRXH* UMVcXV[GH\MQL* %`UMVR[MHNGS*

JM[XHQNVGNRXHQ* GVM* \GVVRMJ* XFN* YGQMJ* XH* NOM* JMQRIHMJ* GHJ* cGYVR\GNMJ* OGVJaGVM* aOR\O* aRSS* YM*

d = c! " f 4! ! f



CCD*

UVMQMHNMJ*RH*'M\NRXH*vLhL*(OM*\RV\FRN*JMQRIH*cXV*YXNO*NOM*YGQM*QNGNRXH*GHJ*NOM*NGVIMNQ*GVM*QOXaHL*

+GNG* G\jFRVMJ* cVX[* RHJXXV* GHJ* XFNJXXV* [MGQFVM[MHNQ* GVM* UVX\MQQMJ* Y_* YXNO* NOM* UVXUXQMJ*

[MNOXJXSXI_*GHJ*NOM*77(*[MNOXJL*(OM*VMQFSNQ*GVM*JRQ\FQQMJ*GHJ*\X[UGVMJL*'M\NRXH*vLv*\XH\SFJMQ*

NOM*aXVb*aRNO*\X[[MHNQ*GHJ*UVXQUM\NQL*

V:J! 0?DE>L-!<HIBE>HE;<>-KFM-0BGFKC-+@M>C-

.Q*RHNVXJF\MJ*RH*yuCzK*GH*G\NRWM*YG\bQ\GNNMVRHI*UXQRNRXHRHI*Q_QNM[*\XHQRQNQ*Xc*G*'#/-*YGQMJ*NGVIMN*

GHJ*GH*7,0: *VGJGV*YGQM*QNGNRXHL*(OM*YGQM*QNGNRXH*NVGHQ[RNQ*G*\ORVU*RHNMVVXIGNRXH*QRIHGSL*(OM*'#/-*

RQ*NFVHMJ*XH{Xcc*Y_*\SXQRHI{XUMHRHI*NOM*cMMJYG\b*SXXU*GN*G*cR`MJ*VGNM*GHJ*JFN_*\_\SM*QF\O*NOGN*NOM*

NGVIMN*NVGHQ[RNQ*G*QMVRMQ*Xc*G[USRNFJM*[XJFSGNMJ*?.,@*UFSQMQL*:RNORH*NOM*UFSQM*JFVGNRXHQK*GSNOXFIO*

NOM*cVMMfVFHHRHI*XQ\RSSGNXV*XUMVGNMQ*GN*RNQ*MRIMHcVMjFMH\_K*GN*NOM*NFVHfXH*RHQNGHN*SMGJRHI*MG\O*UFSQMK*

NOM*UOGQM*Xc*NOM*XQ\RSSGNRXH*QRIHGS*RQ*SX\bMJ*NX*NOGN*Xc*NOM*RHNMVVXIGNRXH*QRIHGS*JMSG_MJ*Y_*NOM*(-7*

YMNaMMH* NOM* YGQM* QNGNRXH* GHJ* NOM* NGVIMNL* #H* NOM* UVXUXQMJ* Q_QNM[K* NOM* YGQM* QNGNRXH* OGQ* XHM*

NVGHQ[RNNRHI*?(`@*GHJ*(*VM\MRWRHI*?&`@*\OGHHMSQ*aRNO*XHM*GHNMHHG*GQQX\RGNMJ*aRNO*MG\O*Xc*NOM[L*b*

NGVIMNQ*GVM*RH*NOM*VGHIM*Xc*JMNM\NRXHL*(OM*Q_QNM[*GV\ORNM\NFVM*GHJ*NOM*&`*GHNMHHGM*\XHcRIFVGNRXH*GVM*

RSSFQNVGNMJ*RH*7RIL*vLCL*

*
7RIFVM*vLC8*?G@*'_QNM[*GV\ORNM\NFVM*GHJ*?Y@*&`*GHNMHHGM*GVVG_L*

1_*FQRHI*GH*GHNMHHG*GVVG_*aRNO*GN*SMGQN*NaX*FH\XVVMSGNMJ*MSM[MHNQ*?(! ”*A@K*NOM*YGQM*QNGNRXH*\GH*

JMNM\N*HXN*XHS_*NOM*VGHIM*YFN*GSQX*NOM*GHISML*+RQNGH\MQ**GVM*HXV[GSRqMJ*aRNO*OGSc*Xc*NOM*cVMM*QUG\M*dj



CCw*

aGWMSMHINOL**RQ*VMjFRVMJ*NX*GWXRJ*G[YRIFRN_*cXV*NOM*GHIFSGV*JMNM\NRXH*RH*G*VGHIM*Xc*‚ wB•|wB•*

yCtDzL*#H*NOM*cXSSXaRHI*QM\NRXHQK*G*[GNOM[GNR\GS*[XJMS*Xc*NOM*XWMVfNOMfGRV*GHJ*NOM*UVX\MQQMJ*QRIHGSQ*

RQ*MQNGYSRQOMJL*(OM*QRIHGSQ*GVM*RH*\X[USM`*cXV[*FHSMQQ*[MHNRXHMJ*XNOMVaRQML***

! ,<KFDLBEE>M-4+"&-BFE><<@GKEB@F-] K=>A@<L-

.*UMVRXJR\GS*SRHMGV*\ORVU*QRIHGS*RH*NOM*YGQMYGHJ*Xc*NOM*YGQM*QNGNRXH=Q*NVGHQ[RNNMV*OGQ*NOM*cXSSXaRHI*

M`UVMQQRXH*

K*********************************************?vLC@*

RH*aOR\O* ~*GHJ JMHXNMQ*NOM*FU{JXaH* \ORVU*VGNM*aOMVM**RQ*NOM*\ORVU*

UMVRXJK*GHJ*)* *RQ*NOM*YGHJaRJNOL*(OM*G[USRNFJM*RQ*HXV[GSRqMJ*cXV*QR[USR\RN_L*(OM*\ORVU*JFVGNRXH*

aRHJXa*cFH\NRXH**OGQ*NOM*cXSSXaRHI*M`UVMQQRXH8*

L***********************************************?vLA@*

(OM*YGQMYGHJ*QRIHGS*RQ*NOMH*FUf\XHWMVNMJ*aRNO*\GVVRMV*cVMjFMH\_**GHJ*RQ*M`UVMQQMJ*Y_8*

L*******************************************************?vLu@*

'F\O*GH*RHNMVVXIGNRXH*QRIHGS*RQ*VM\MRWMJ*Y_*NOM*' NO*NGVIMN*aRNO*JMSG_*GHJ*+XUUSMV*QORcN8*

K***********************************?vLi@*

RH*aOR\O**GHJ* *GVM*NOM*NVGHQ[RQQRXH*GNNMHFGNRXH*GHJ*NOM*(-7*YMNaMMH*NOM*YGQM*QNGNRXH*GHJ*NOM*

' NO*NGVIMNK*VMQUM\NRWMS_L*(OM*+XUUSMV*QORcN*QMMH*Y_*NOM*' NO*NGVIMN*VMcMVVMJ*NX*NOM*YGQM*QNGNRXH*RQ*L*

:RNO*G*HGVVXa*YGHJ*GUUVX`R[GNRXHK*RN*RQ*M`UVMQQMJ*Y_8*

K********************************************************?vLh@*

RH*aOR\O* *GHJ* *GVM*NOM*QUMMJ*GHJ*NOM*JRVM\NRXH*Xc*NOM*' NO*NGVIMNK*VMQUM\NRWMS_L*(OM*QUMMJ*Xc*
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! 2KH\DHKEE><>M-DBGFKC-A<@L-KHEB=>-EK<G>ED-

*
7RIFVM*vLA8*1G\bQ\GNNMVMJ*aGWMcXV[*cVX[*NOM*' NO*NGVIMNL*

7RIL*vLA*RSSFQNVGNMQ*NOM*aGWMcXV[**NVGHQ[RNNMJ*Y_*NOM*' NO*NGVIMN*RH*G*QRHISM*\ORVU*UMVRXJ*aRNO*

NOM*M`RQNMH\M*Xc*NOM*RHNMVVXIGNRXH*QRIHGS*L*(OM*NFVHfXH*RHQNGHN*RQ*GN8*

K*******************************************************?vLv@*

RH*aOR\O ~*GHJ* *RQ*NOM*UFSQM*UMVRXJ*Xc*NOM*' NO*NGVIMNL**RQ*NOM*XHfJFVGNRXH*Xc*NOM*

' NO*NGVIMNK*GHJ**RQ*NOM*cRVQN*UOGQM*Q_H\OVXHRqMJ*NFVHfXH*RHQNGHN*RH*NOM*cRVQN*\ORVU*UMVRXJ*?A€B@*Xc*

NOM*' NO* NGVIMNK* L* .N* *NOM* UOGQM* Xc* NOM* YG\bQ\GNNMVMJ*QRIHGS* RQ* GQQF[MJ* NX* YM*

UMVcM\NS_*SX\bMJ*NX*NOGN*Xc*NOM*RHNMVVXIGNRXH*QRIHGSK*aOR\O*RQ*M`UVMQQMJ*Y_8*

L******************************?vLt@*

.Q*QF\OK*NOM*YG\bQ\GNNMVMJ*QRIHGS*cVX[*NOM*' NO*NGVIMN*RQ8*

*K*******************?vLD@*

aOMVM**RQ*NOM*NVGHQ[RNNMJ*G[USRNFJMK**RQ*NOM*\GVVRMV*cVMjFMH\_*Xc*NOM*XQ\RSSGNXV*XH*NOM*' NO*

NGVIMNK*GHJ**RQ*NOM*UFSQM*aRHJXa*cFH\NRXHK*M`UVMQQMJ*Y_8*

L********************************************?vLw@*
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%jFGNRXH*?vLD@*\GH*YM*VMIGVJMJ*GQ*G*QG[USMJ*RHNMVVXIGNRXH*QRIHGS*[XJFSGNMJ*XH*\GVVRMV*cVMjFMH\_*

L*

! .>H>B=>M-]K=>A@<LD-O?-OKD>-DEKEB@F-

(OM*YG\bQ\GNNMVMJ*QRIHGS*cVX[*NOM*' NO*NGVIMN*RQ*VM\MRWMJ*Y_*XHM*Xc*NOM*&`* \OGHHMSQ*Xc*NOM*YGQM*

QNGNRXHK*aRNO*JMSG_*GHJ*+XUUSMV*QORcN8*

K***?vLCB@*

RH*aOR\O**RQ*NOM*NVGHQ[RQQRXH*GNNMHFGNRXH*YMNaMMH*NOM*' NO*NGVIMN*GHJ*NOM*YGQM*QNGNRXHL*.Q*QF\OK*

NOM*NXNGS*QRIHGS*VM\MRWMJ*Y_*NOM*YGQM*QNGNRXH*RQ*QR[US_*NOM*QF[*Xc*?vLCB@*cVX[*'J C*NX*'Jb L*.cNMV*NOM*

JXaHf\XHWMVQRXH*Y_*NOM*\GVVRMV*cVMjFMH\_**RH*NOM*YGQM*QNGNRXHK*NOM*NXNGS*VM\MRWMJ*QRIHGS*RQ8*

K********?vLCC@*
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K*********************************?vLCA@*

RH*aOR\O**RQ*NOM*UOGQM*Xc*NOM*/-*QRIHGSK*GHJ*

K*******************************************************?vLCu@*

RH*aOR\O* RQ*NOM*\GVVRMV*cVMjFMH\_*XccQMN*Xc*NOM*' NO*NGVIMN*JMcRHMJ*Y_* L*:ORSM*

L*************************************?vLCi@*

(OM* UVMWRXFQS_* UVXUXQMJ* cVMjFMH\_fJX[GRH* GUUVXG\O* RH* yuCz* MQNR[GNMQ* NOM* (-7* aRNO* NaX*

GQQF[UNRXHQK*NOM*cRVQN*VMjFRVRHI*NOGN*NOM*+XUUSMV*QORcN*YMRHI*HMISRIRYSMK*GHJ*

K******************************?vLCh@*
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(OM*QM\XHJ*GQQF[UNRXH*VMjFRVMQ*G*HGVVXa*UFSQM*aRJNO*XV*G*SXa*JFN_*\_\SML*.Q*M`USGRHMJ*RH*QM\NRXH*

vLiLC* aRNO* [XVM* JMNGRSQK* NORQ* VMjFRVM[MHN* VMJF\MQ* NOM* '"&L* .\NFGSS_K* XFV* UVXUXQMJ* NM\OHRjFM*

JXMQH=N*VMS_*XH*QF\O*GQQF[UNRXHQL*

*****(OM*JXaHf\XHWMVNMJ*QRIHGS**RQ*NOMH*[R`MJ*aRNO*NOM*YGQMYGHJ*\ORVU*QRIHGS*RH*G*QRHISM*\ORVU*

UMVRXJK*UVXJF\RHI8*

*****?vLCv@*

RH*aOR\O**

K********************************************?vLCt@*

GHJ*Ž*RQ*NOM*\X[USM`*\XH^FIGNM*XUMVGNRXHL*'F\O*G*YGQMYGHJ*QRIHGS*cVX[*XHM*Xc*NOM*&`*\OGHHMSQ*RQ*

NOMH* JRIRNRqMJ* aRNO* G* QG[USRHI* UMVRXJ* Xc*<*Y_* QFYQNRNFNRHI*>*aRNO* K* RH* aOR\O*RQ* GH*

FHbHXaH*UGVG[MNMV*VMUVMQMHNRHI*NOM*RHRNRGS*QG[USRHI*RHQNGHNK*GHJ*7JBK*CK*AK*xL*#c* *cXV*' €CK*

AK*xK*bK*GHJ* RQ*GH*RHNMIMVK*NOMH*NOM*cXSSXaRHI*NR[M*QMVRMQ*\GH*YM*JMcRHMJ8*

**?vLCD@*
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*
7RIFVM*vLu8*(R[RHI*JRGIVG[*Xc*NOM*QG[USMJ*YGQMYGHJ*QRIHGSL*

7RIL*vLu*RSSFQNVGNMQ*NOM*YGQMYGHJ*QRIHGS*QG[USRHI*RH*\GQM*Xc*NaX*NGVIMNQL*(X*YM*\SMGVK*ORIO{SXa*SMWMSQ*

GVM*FQMJ*RH*NOM*JRGIVG[*NX*VMUVMQMHN*NOM*XH{Xcc*QNGNMQ*GSNOXFIO*NOM*VMGS*YGQMYGHJ*QRIHGSQ*JFVRHI*NOM*

XH*QNGNMQ*GVM*QOXVN*\ORVUQK*aOR\O*\GH*YM*QMMH*cVX[*?vLCv@L*.Q*QOXaH*RH*7RIL*vLu*GHJ*?vLCD@K*NOM*

ISXYGS*QG[USRHI*UXRHNQ*\XFHNMJ*Y_*7*GVM*JRWRJMJ*RHNX*SX\GS*QG[USRHI*UXRHNQ*\XFHNMJ*Y_**aOR\O*

RQ*VMUMGNMJ*aRNO*NOM*UMVRXJ*Xc*L*(OM*NR[M*QORcN*YMNaMMH*NOM*SX\GS*QG[USRHI*RHQNGHN**GHJ*NOM*

G\NFGS*QG[USRHI*RHQNGHN*RQ*VMUVMQMHNMJ*Y_*L*

'F\O*G*QORcN*RQ*RIHXVMJ*cXV*NOM*NR[M*YMRHI*GHJ*RNQ*MccM\N*XH*NOM*UGVG[MNMV*MQNR[GNRXH*G\\FVG\_*RQ*

JRQ\FQQMJ*RH*QM\NRXH*vLiLA*(OMH*NOM*NR[M*QMVRMQ*RQ*VMfaVRNNMH*GQ8*

K*****?vLCw@*

aOMVM* *GHJ* aOXQM*

\GVJRHGSRN_*RQ*GQQF[MJ*NX*YM*L*7XV*NOM*BNO*UMVRXJ*Xc*[XJFSGNRXHK*?vLCw@*\GH*YM*QR[USRcRMJ*NX8**

K*****************************************?vLAB@*
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! )BDH;DDB@F-

.*cMa*\X[[MHNQ*\GH*YM*[GJM*Y_*XYQMVWRHI*NOM*\XHQNVF\NMJ*QRIHGS*[XJMSL*7RVQN*Xc*GSSK*RN*\GH*YM*QMMH*

NOGN*YXNO**GHJ* *GVM*\XHQNGHN*cXV*JRccMVMHN*B*aOMH* *RQ*cR`MJL*'F\O*G*QORcN*RHWGVRGHN*UVXUMVN_*

\GH*YM*M`USXRNMJ*cXV*[GNVR`*\XHQNVF\NRXH*GHJ*QFYQUG\MfYGQMJ*UGVG[MNMV*MQNR[GNRXHQL*(OM*M`UVMQQRXH*

Xc* *QFIIMQNQ*NOGN*NX*MQNR[GNM*NOM*JMSG_*GHJ*NOM*+XUUSMV*QORcN*QR[FSNGHMXFQS_K*YXNO*FU*GHJ*JXaH*

\ORVUQ*OGWM*NX*YM*FQMJK*aOR\O*RQ*FHHM\MQQGV_*FHJMV*NOM*Q\MHGVRX*Xc*QNGNR\*XV*SXa*QUMMJL*

'M\XHJS_K*NOM*GQQF[UNRXH*Xc*\XOMVMHN*UFSQM*VGNM*?*cXV*' €CK*AK*xK*b@*VMSRMQ*XH*RHNMVfNGVIMN*

Q_H\OVXHRqGNRXH*NM\OHRjFMQ*XV*M`NVM[MS_*G\\FVGNM*NR[M*VMcMVMH\MQ*?MLIL*VFYRJRF[*\SX\bQ@*cXV*VMGS*

R[USM[MHNGNRXHL*6XaMWMVK*HXHM*Xc*NOM*NaX*NM\OHRjFMQ*QOXFSJ*YM*\XHQRJMVMJ*RH*NOM*UVXUXQMJ*Q_QNM[*

QRH\M*NOM_*QRIHRcR\GHNS_*RH\VMGQM*NOM*Q_QNM[*\X[USM`RN_*GHJ*\XQNL*.\NFGSS_K*NOM*UFSQM*VGNM*\XOMVMH\_*

\GH*YM*VMSG`MJ*QX*NOGN*NOM*QORcN*RHWGVRGHN*UVXUMVN_*Xc**GHJ* *RQ*QGNRQcRMJ*aRNO*\MVNGRH*NXSMVGH\M*

JFVRHI* MWMV_* cMa* UFSQM* UMVRXJQ* RHQNMGJ* Xc* NOM* MHNRVM* \ORVU* UMVRXJL* #H* NORQ* aG_K* NOM* UGVG[MNMV*

MQNR[GNRXHQ*GVM*\GVVRMJ*XFN*RH*MG\O*Xc*NOM*\XOMVMH\M*JFVGNRXHK*GHJ*NOM*XWMVGSS*VMQFSN*RQ*XYNGRHMJ*Y_*

UXQNfGWMVGIRHIL*.Q*QF\OK*XccfNOMfQOMSc*\X[[MV\RGS*XQ\RSSGNXVQ*?MLIL*$09-*GHJ*(09-@*\GH*YM*FQMJL*

(ORVJS_K*G*\XHWMHNRXHGS*QFYQUG\M*YGQMJ*UGVG[MNMV*MQNR[GNRXH*[MNOXJ*VMjFRVMQ*NOGN*NOM*[XJMS*XVJMV*

?HF[YMV* Xc* NGVIMNQ@**OGQ* NX* YM* bHXaH* RH* GJWGH\ML*6XaMWMVK* NORQ* RQ* HXN* UVG\NR\GS* RH* VMGS*
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QUM\NVF[K*GHJ*NOM*[G^XVRN_*Xc*NOM*QUM\NVF[*RQ*JRQ\GVJMJ*Y_*cRSNMVRHIL*(ORQ*RQ*MjFRWGSMHN*NX*FQRHI*G*

\ORVU* YGHJaRJNO* Xc*aOR\O* RQ* FQFGSS_* [F\O* Q[GSSMV* NOGH*)* L* #H* XNOMV* aXVJQK* NOM* \ORVU*

YGHJaRJNO*\GHHXN*YM*cFSS_*M`USXRNMJ*NX*XYNGRH*NOM*M`UM\NMJ*VMQXSFNRXHL*

V:N! !CG@<BEIL- )>=>C@SL>FE- @A- +@M>C- %<M><- )>E>HEB@F- KFM- 7K<KL>E><-

(DEBLKEB@F-

#H*NORQ*QM\NRXHK*NOM*QORcN*RHWGVRGHN*UVXUMVN_*Xc*NOM*\XHQNVF\NMJ*QRIHGS*[XJMS*RQ*FQMJ*NX*JMWMSXU*NOM*

GSIXVRNO[* cXV* JMNM\NRHI* NOM* [XJMS* XVJMV* ?HF[YMV* Xc* NGVIMNQ@* GHJ* MQNR[GNRHI* NOM* UGVG[MNMVQ*

RH\SFJRHI**GHJ* L* 7RVQNS_K* GQQF[RHI* NOM* [XJMS* XVJMV* *RQ* G* bHXaH* WGSFMK* NOM* [MNOXJ* NX*

MQNR[GNM* *GN*G*cR`MJ* *RQ*JMWMSXUMJ*RH*vLuLC*YGQMJ*XH*G*[GNVR`*\XHQNVF\NRXH*NM\OHRjFML*

(OMHK*RH*vLuLAK*NOM*GSIXVRNO[*cXV*MQNR[GNRHI**RQ*RHNVXJF\MJ*YGQMJ*XH*NOM*QRIHGS*UVXUMVN_*GHJ*NOM*

\XHQNVF\NMJ*[GNVR\MQL*(OMQM*NaX*QM\NRXHQ*YVRHI*cXVaGVJ*NOM*[GNOM[GNR\GS*cXFHJGNRXHQ*Xc*UGVG[MNMV*

MQNR[GNRXH*FQRHI*XHM*QRHISM*QG[USM*Xc*NOM*YGQMYGHJ*QRIHGS*cVX[*XHM*&`*\OGHHMSL*(X*GIIVMIGNM*NOM*

RHcXV[GNRXH*cVX[*[FSNRUSM*QG[USMQ*GHJ*[FSNRUSM*\OGHHMSQ*cXV*GH*R[UVXWMJ*UMVcXV[GH\M*GQ*aMSS*GQ*

G*^XRHN*MQNR[GNRXH*Xc*NOM*(-.*GHJ*NOM*+-.K*[GNVR`*QNG\bRHI*NM\OHRjFMQ*GVM*JMWMSXUMJ*RH*vLuLu*GHJ*

vLuLiL*(OM*NM\OHRjFM*Xc*QNGbRHI*[GNVR\MQ*GQQX\RGNMJ*aRNO*GJ^G\MHN*QG[USMQ*RQ*RHNVXJF\MJ*RH*vLuLu*

aORSM*NOGN*Xc*QNGbRHI*[GNVR\MQ*\XHQNVF\NMJ*cVX[*JRccMVMHN*\OGHHMSQ*RQ*RHNVXJF\MJ*RH*vLuLiL*

! 7<BFHBSC>-@A-L KE<B_-H@FDE<;HEB@F-KFM-D@C;EB@F-

#c* NOM* \XOMVMH\M* JFVGNRXH* RH\SFJMQ*I * UFSQM* UMVRXJQK* G**Y_* *6GHbMS* [GNVR`* RQ*

\XHQNVF\NMJ*GQ*cXSSXaQ8*

L***********************************?vLAC@*

(OM*JGNG*RQ*GQQF[MJ*NX*YM*cVMM*Xc*GJJRNRWM*aORNM*HXRQML*#H*UVG\NR\GS*GUUSR\GNRXHQK*NORQ*GQQF[UNRXH*

\GH*YM*QFUUXVNMJ*aRNO*cXVaGVJ*GHJ*YG\baGVJ*GWMVGIRHI*XUMVGNRXHQ*Y_*M`NMHJRHI*NOM*[GNVR`*GQ8*

K**************************************************?vLAA@*
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CAv*

RH*aOR\O**RQ*2*JR[MHQRXH*FHRN*GHNRfJRGIXHGS*QjFGVM* [GNVR`*?M`\OGHIM* [GNVR`@K*GHJ*Q_[YXS*Ž*

[MGHQ*NOM*\X[USM`*\XH^FIGNM*XUMVGNRXHL**

#c* *RQ*bHXaHK*[GNVR`**OGQ*G*$GHJMV[XHJM*JM\X[UXQRNRXH8*

K******************************************?vLAu@*

RH*aOR\O*

K**************************************************?vLAi@*

RQ*G**Y_* *JRGIXHGS*[GNVR`*aOMVM*

* K****************************?vLAh@*

GHJ* L* ,GNVR`* *RQ* G* $GHJMV[XHJM* [GNVR`* aRNO* NOM* VXNGNRXHfRHWGVRGHN*

UVXUMVN_8*

K*****************************?vLAv@*

RH* aOR\O* L* #H* ?vLAv@K* NOM* GVIF[MHN**Xc* *RQ*

X[RNNMJL*#N*\GH*YM*WMVRcRMJ*NOGN*Rc**cXV*GSS* *GHJ* K*NOM*VGHb*Xc**RQ*

L*X*VMQFSNQ*cVX[*G*NVGJMXcc*G[XHI*NOM*GVVG_*GUMVNFVM*Xc*NOM*[GNVR`K*NOM*HF[YMV*

Xc*QG[USRHI*UXRHNQ*Xc*MG\O*QFYGVVG_*GHJ*NOM*\X[UFNGNRXHGS*YFVJMH*yCDhzL*(OM*XUNR[GS*UMVcXV[GH\M*

RQ*FQFGSS_*VMG\OMJ*aOMH*NOM*[GNVR`* *RQ*GQ*QjFGVM*GQ*UXQQRYSM*yCDvzL**

#c* K*NOM*QRHIFSGV*WGSFM*JM\X[UXQRNRXH*?'$+@*Xc**\GH*YM*M`UVMQQMJ*Y_8*

L*****************************************?vLAt@*

(OM* *Y_* *[GNVR`* *GHJ* NOM* *Y_* *[GNVR`* *\XVVMQUXHJ* NX* HXHqMVX*

GHJ*qMVX*QRHIFSGV*WGSFMQK*GHJ*GVM*\GSSMJ*NOM*QRIHGS*QFYQUG\M*GHJ*NOM*HXRQM*QFYQUG\M*VMQUM\NRWMS_L*e*

RQ*G**Y_* *JRGIXHGS*[GNVR`*aRNO*HXHqMVX*QRHIFSGV*WGSFMQK*GHJ*1 *RQ*G* *Y_* *[GNVR`*

Xc*QRHIFSGV*WM\NXVQL*-UMVGNRXH*a*RQ*NOM*\XH^FIGNM*NVGHQUXQML*(OM*QRIHGS*GHJ*HXRQM*QFYQUG\MQ*GVM*

XVNOXIXHGS*NX*MG\O*XNOMVK*QX*NOM*cXSSXaRHI*MjFGNRXH*\GH*YM*XYNGRHMJ8*
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* L*********************************?vLAD@*

#N*\GH*YM*WMVRcRMJ*NOGN**RQ*G*cFSS*VXa*VGHb*[GNVR`K*QX*?vLAD@*R[USRMQ* L*'RH\M*

YXNO**GHJ* *GVM*cFSS*\XSF[H*VGHbK*GHJ*NOM_*GVM*YXNO*XVNOXIXHGS*NX*K*NOM_*GVM*RQX[XVUOR\L*

'XK*NOMVM*RQ*G**Y_* *RHWMVNRYSM*[GNVR`** *QF\O*NOGN8*

L**********************************************************?vLAw@**

-H*NOM*XNOMV*OGHJK*RN*RQ*MGQ_*NX*cRHJ*NOM*cXSSXaRHI*VMSGNRXHQORU8*

K*******************************************?vLuB@*

RH*aOR\O*

L**********************?vLuC@*

#c* *GHJ* K*GHJ*\XHQRJMVRHI*?vLAw@*GHJ*?vLuB@K*RN*\GH*YM*WMVRcRMJ*NOGN*

L*1_*\GS\FSGNRHI*NOM*,XXVMf4MHVXQM*SMcN*UQMFJXRHWMVQM*Xc*K*" *\GH*YM*

XYNGRHMJ8*

* K**********************************************?vLuA@*

aOR\O*RQ*MQQMHNRGSS_*NOM*SMGQNfQjFGVMQ*?/'@*QXSFNRXH*Xc*[GNVR`*" L*'RH\M*[GNVR`*"- GHJ*[GNVR`*f *GVM*

QR[RSGV*NX*MG\O*XNOMVK*NOM_*OGWM*NOM*QG[M*MRIMHWGSFMQ*K*QX**\GH*YM*XYNGRHMJL*

! !CG@<BEIL-A@<-L @M>C-@<M><->DEBLKEB@F-

.Q*aGQ*QFIIMQNMJ*Y_*yCDizK*aRNOXFN*GJJRNRWM*HXRQM8*

K**********************************************?vLuu@*

RH*aOR\O*T*RQ*NOM*GQQF[MJ*[XJMS*XVJMV*?HF[YMV*Xc*NGVIMNQ@L*!HJMV*NORQ*GQQF[UNRXHK*

RQ* \XHQNVF\NMJK* GHJ*RQ* NOM* SMcN* [GNVR`* RH* NOM* $GHJMV[XHJM* JM\X[UXQRNRXH* Xc*gL* RQ* NOM*

XVNOXIXHGS*\X[USM[MHN*Xc*NOM*UVX^M\NRXH*Xc*[GNVR`*K*aOR\O*RQ*\GS\FSGNMJ*GQ* L*

(ORQ*\VRNMVRXH*\GH*YM*FQMJ*cXV*NOM*[XJMS*XVJMV*MQNR[GNRXHL*6XaMWMVK*RN*FQFGSS_*VMQFSNQ*RH*GH*FHJMVf

MQNR[GNRXH*GQ*NOM*'"&*RQ*SXa*RH*VMGS*GUUSR\GNRXHQL*1M\GFQM*Xc*NORQ*JVGaYG\bK*GHXNOMV*\VRNMVRXH*RQ*

RHNVXJF\MJ*YGQMJ*XH*NOM*cG\N*NOGN8*
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L**********************************************?vLui@*

!QRHI*NOMQM*NaX*\VRNMVRGK*G*IMHMVGSRqMJ*SRbMSROXXJ*VGNRX*NMQN*\GH*YM*JMcRHMJ*cXV*NOM*[XJMS*XVJMV*

MQNR[GNRXH8*

K*************************************?vLuh@*

RH*aOR\O**[MGHQ*NOM*SGVIMQN*QRHIFSGV*WGSFML*

! +KE<B_-DEKH\BFG-KFM-P@BFE-06)-E>HIFBZ;>-

(OM*GYXWMfJRQ\FQQMJ*QRIHGS* [XJMS*GHJ*GSIXVRNO[*GVM*JMWMSXUMJ*GHJ*UVMQMHNMJ*RH*G*QG[USMfY_f

QG[USM* [GHHMVL*#H* UVG\NR\GS* GUUSR\GNRXHQK* \MVNGRH*GJ^G\MHN* QG[USRHI* UXRHNQ* \X[UVRQM* NOM*

YG\bQ\GNNMVMJ*QRIHGSQ*cVX[*NOM*QG[M*IVXFU*Xc*NGVIMNQK*QF\O*GQ*NOM*QG[USMQ*GN*7€A|u*?cVX[*NOM*AHJ*

NGVIMN*XHS_@*GHJ*NOM*QG[USMQ*GN*7€i|h*?cVX[*NOM*CQN*GHJ*NOM*AHJ*NGVIMNQ@*RH*7RIL*vLuL*(OMQM*GJ^G\MHN*

QG[USRHI*UXRHNQ*OGWM*QR[RSGV*UVXUMVNRMQ*GHJ*\GH*YM*FQMJ*cXV*^XRHN*'$+*cXV*UGVG[MNMV*MQNR[GNRXHQ*

?UVMfGWMVGIM@L* -H* NOM* \XHNVGV_K* NOM* QG[USMfY_fQG[USM* [GHHMV* ?UXQNfGWMVGIM@* aRSS* SXQM* NOM*

\XVVMSGNRXHQ*YMNaMMH*NOXQM*GJ^G\MHN*QG[USMQ*GHJ*aRSS*VMJF\M*NOM*UGVG[MNMV*MQNR[GNRXH*VMQXSFNRXH*

GQ*aMSS*GQ*NOM*MccR\RMH\_L*

#N*\GH*YM*cXFHJ*NOGN**RQ*JRWRJMJ*RHNX*NaX*UGVNQ8*

K****************************************************?vLuv@*

aOMVM* *RQ* \XHQNGHN* GHJ* *JMUMHJQ* XH* NOM* QG[USM* HF[YMV*

L*. *HMa*NR[M*QMVRMQ*RQ*JMcRHMJ*GQ*cXSSXaQ8*

L*******?vLut@*

'R[RSGV*NX*?vLAC@*GHJ*?vLAu@*Xc*[GNVR`*\XHQNVF\NRXH*GHJ*$GHJMV[XHJM*JM\X[UXQRNRXHK*G*HMa*[GNVR`*

aRNO* *GQ*NOM*MSM[MHNQ*\GH*YM*YFRSN*GHJ*JMf\X[UXQRNMJ*GQ8*

L***********************************?vLuD@*

.QQF[RHI* *RQ*NOM*HF[YMV*Xc*NOM*GJ^G\MHN*QG[USRHI*UXRHNQ*cXSSXaRHI*NOM*7NO*QG[USRHI*UXRHN*RH*

NOM*BNO*UMVRXJK*G*QNG\bMJ*[GNVR`*RQ*JMcRHMJ*GHJ*JMf\X[UXQRNMJ*GQ8*
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L*****?vLuw@*

#H*NOM*AHJ*SRHM*Xc*NORQ*MjFGNRXHK*NOM*XUMVGNXV*‡h=*RQ*NOM*2OGNVRf&GX*UVXJF\N*JMcRHMJ*GQ*NOM*QNG\b*Xc*NOM*

2VXHM\bMV*UVXJF\NQ*?@*Xc*NOM*\XSF[H*WM\NXVQ*Xc*[GNVR\MQ*! *GHJ*2K*aOR\O*OGWM*NOM*QG[M*HF[YMV*

Xc*\XSF[HQ8*

K*

GHJ*

L*****************************?vLiB@*

(OM*'$+*Xc*NOM*QNG\bMJ*[GNVR`*RQ*M`UVMQQMJ*Y_8*

K*****************************************?vLiC@*

RH* aOR\O**GHJ* *GVM* *Y_* *GHJ* *Y_* *[GNVR\MQ* VMQUM\NRWMS_L*

'R[RSGV* NX* ?vLAD@K* GHJ* JFM* NX* NOM* cG\N* NOGN**RQ* G* cFSS* VXa* [GNVR`K* NOMVM* RQ* G**Y_* *

RHWMVNRYSM*[GNVR`**QF\O*NOGN8*

L*********************************************?vLiA@*

1M\GFQM*Xc*NOM*cXSSXaRHI*VMSGNRXHQORU8*

K***************************?vLiu@*

G* QR[RSGV* \XH\SFQRXH* GQ* IRWMH* Y_* ?vLuA@* aRSS* YM* JVGaHK* Y_* JMcRHRHI* GHJ

8* \GH*YM*XYNGRHMJ*Y_*\GS\FSGNRHI*NOM*MRIMHWGSFMQ*Xc*L*

! i@BFE->DEBLKEB@F-@A-EI>-,%!-KFM-)%!-

#H*NOM*UVXUXQMJ*Q_QNM[K*GQ*QOXaH*RH*7RIL*vLCK*NOM*[MGQFVM[MHN*Xc*YXNO*NOM*(-.*GHJ*+-.*RQ*

G\ORMWMJ*Y_*GH*GHNMHHG*GVVG_*aOR\O*\X[UVRQMQ*(*RHJMUMHJMHN*GHNMHHGM*GQQX\RGNMJ*aRNO*MG\O*Xc*NOM*

&`*\OGHHMSQL*(*[GNVR\MQ*aRNO*NOM*QG[M*cXV[*Xc**RH*?vLuw@*\GH*YM*M`UVMQQMJ*Y_8*

K**U€CKAK*xK*(K**************************?vLii@*
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CuB*

aOMVM* GHJ* K*

aOR\O*[MGHQ*NOM*cRVQN*GHNMHHG*MSM[MHN*RQ*NOM*VMcMVMH\ML*(OM*XHS_*JRccMVMH\M*YMNaMMH***RH*

?vLuw@*GHJ *RQ*NOGN*RH*NOM*SGNNMV*XHMQK* RQ*[FSNRUSRMJ*Y_*G*cG\NXV* L*#c*

NOM*,XXVMf4MHVXQM*SMcN{VRION*UQMFJXRHWMVQM*GVM*JMHXNMJ*GQ*–*GHJ*—*K*VMQUM\NRWMS_K*NOMH8*

L***********************************?vLih@*

.HJ*NOM*\XVVMSGNRXH*[GNVR\MQ*aRNO*VMQUM\N*NX*NOM*cRVQN*GHNMHHG*MSM[MHN*\GH*YM*JMcRHMJ*GQ8*

L**************?vLiv@*

#N*\GH*YM*QMMH*cVX[*?vLiv@*NOGN*NOM*MSM[MHNQ*Xc**GVM*NOM*MRIMHWGSFMQ*Xc*K*cVX[*aOR\O*NOM*

+-.*\GH*YM*\GS\FSGNMJL*,XVMXWMVK*NOM*' NO*\XSF[H*WM\NXV*Xc* *RQ*NOM*' NO*MRIMHWM\NXV*Xc*

K*aOR\O*\GH*YM*FQMJ*NX*XYNGRH*NOM*(-.*Y_*QXSWRHI*NOM*' NO*\XSF[HQ*Xc*NOM*NaX*QRJMQ*Xc*?vLiu@L*

#H*NORQ*aG_K**RHJMUMHJMHN*MQNR[GNRXHQ*Xc*NOM*+-.*GHJ*(-.*\GH*YM*XYNGRHMJK*GHJ*NOMH*G*UXQNf

GWMVGIRHI*aRNO*NOM*/'*[MNOXJ*\GH*YM*UMVcXV[MJL*

#H*XVJMV*NX*NGbM*GJWGHNGIM*Xc*NOM*JGNG*\XVVMSGNRXHQ*YMNaMMH*GHNMHHGM*GHJ*OGWM*G*ORIOMV*UMVcXV[GH\M*

RH* NOM* (-.* MQNR[GNRXHK* G* QR[RSGV* [GNVR`* \XHQNVF\NRXH* NM\OHRjFM* GQ* ?vLuw@* RQ* FQMJ* NX* cXV[*G*

*Y_* *[GNVR`*Y_*QNG\bRHI* K*U€CKA*KxK*(K*QF\O*NOGN8*

K***?vLit@*

RH* aOR\O* *GHJ* L

\GH*YM*XYNGRHMJ*aRNO*NOM*QG[M*UVX\MJFVMQ*QFIIMQNMJ*Y_*?vLuw@*|*?vLiu@L*

.Q*G*VMQFSNK*NOM*XWMVGSS*UVX\MJFVM*cXV*MQNR[GNRHI*NOM*HF[YMV*Xc*NGVIMNQK*(-.*GHJ*+-.* \GH*YM*

QF[[GVRqMJ*GQ8*

?C@! !QM*NOM*SRbMSROXXJ*VGNRX*NMQN*JMcRHMJ*Y_*?vLuh@*RH*vLuLA*NX*XYNGRH*NOM*[XJMS*XVJMV**RH*G*

QG[USMfY_fQG[USM* [GHHMV*NOVXFIOXFN* G* HF[YMV* Xc* UFSQM* UMVRXJQK* aRNO* NOM* QG[USMJ*

YGQMYGHJ*QRIHGS*cVX[*GH_*&`*\OGHHMSL*(X*NORQ*MHJK*\GS\FSGNM*NOM*MRIMHWGSFMQ*Xc*NOM*[GNVR`*

" *JMcRHMJ*Y_*?vLuA@*GHJ*\XHQNVF\N*NOM*[GNVR`**FQRHI*?vLAv@~*NOMHK*\GS\FSGNM*NOM*SGVIMQN*

QRHIFSGV*WGSFMQ*Xc*NOM*[GNVR\MQ**GHJ* K*aOR\O*GVM*JMcRHMJ*Y_*?vLuu@*GHJ*?vLui@L*
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CuC*

?A@! :RNO*NOM*bHXaSMJIM*Xc*NOM*NR[M*QMVRMQ*K* *JMcRHMJ*RH*vLuLu*\GH*YM*XYNGRHMJ*Y_*\XFHNRHI*

NOM*HF[YMV*Xc*GJ^G\MHN*QG[USMQ*QOGVRHI*NOM*QG[M* *WGSFML*(OMH*\XHQNVF\N*NOM*QNG\bMJ*

[GNVR`* *JMcRHMJ*Y_*?vLii@*RH*vLuLi*cXV*MG\O*Xc*NOM*(*GHNMHHGM*FQRHI*?vLuw@*RH*vLuLu*

7RHGSS_* \GS\FSGNM* NOM*\XVVMSGNRXH* [GNVR`**GHJ* RNQ* MRIMHWGSFMQ* NX* XYNGRH* NOM* NGVIMNQ=*

+-.QL* *

?u@! (OMVM*GVM*NOVMM*aG_Q*NX*MQNR[GNM*NOM*(-.Q*Xc*NOM*NGVIMNQK*SRQNMJ*GQ*cXSSXaQ*aRNO*GH*XVJMV*Xc*

SXa*G\\FVG\_{\X[UFNGNRXHGS*YFVJMH*NX*ORIO*G\\FVG\_{\X[UFNGNRXHGS*YFVJMHL**

C@! !QRHI* NOM* MRIMHWGSFMQ* Xc* [GNVR`*" * XYNGRHMJ* RH* QNMU* ?C@K**\GH* YM* IXN*

R[[MJRGNMS_L**

A@! (GbM*GJWGHNGIM*Xc*NOM*[GNVR`*QNG\bRHI*NM\OHRjFM*JMQ\VRYMJ*RH*vLuLu*GHJ*\GS\FSGNM*

NOM*[GNVR`**GQ*aMSS*GQ*RNQ*MRIMHWGSFMQL*-V*FQM*NOM*MRIMHWM\NXVQ*Xc**?VMcMV*NX*

vLuLi@*NX*QXSWM*?vLiu@*cXV*L*

u@! !QM*NOM*[GNVR`*?vLit@*QNG\bMJ*aRNO*NOM*GJ^G\MHN*QG[USMQ*cVX[*GSS*NOM*&`*\OGHHMSQ*NX*

IMN* aRNO*NOM*UVX\MJFVMQ*QFIIMQNMJ*Y_*?vLuw@*|*?vLiu@L*(ORQ*VMQFSNQ*RH*G*UVMf

GWMVGIM* NOVXFIOXFN* NOM* aOXSM* G\jFRVMJ* JGNG* YFN* OGQ* NOM* ORIOMQN* UVX\MQQRHI*

\X[USM`RN_L**

,XVMXWMVK*RN*QOXFSJ*YM*HXNMJ*NOGN*aRNO*NOM*NOMXV_*GHJ*MjFGNRXHQ*JMWMSXUMJ*RH*QM\NRXH*vLuK*NOM*

HF[YMV*Xc*NOM*NGVIMNQ*?GQ*SXHI*GQ*NOMVM*GVM*[XVM*NOGH*NaX@*JXMQH=N*GccM\N*NOM*M`M\FNRXH*UVX\MJFVM*

Xc* NOM* UXQNfUVX\MQQRHI* GSIXVRNO[QL*(OMVMcXVMK* NaX* NGVIMNQ* GVM* FQMJ* cXV* WMVRcR\GNRXHQ* RH* YXNO*

QR[FSGNRXHQ*GHJ*[MGQFVM[MHNQ*cXV*\XH\RQMHMQQL*6XaMWMVK*NOM*\X[UFNGNRXHGS*YFVJMH*[G_*WGV_*RH*

NOM*cXSSXaRHI*NaX*\GQMQ8**

C@! (OM*QMGV\ORHI*VGHIM*Xc*NOM*[XJMS*XVJMV*\OGHIMQL*#H*VMGS*GUUSR\GNRXHQK*RN*RQ*WMV_*VGVM*

NOGN*NOMVM*RQ*HX*G*UVRXVR*RHcXV[GNRXH*GYXFN*NOM*VGHIM*Xc*NOM*HF[YMV*Xc*NGVIMNQL**

A@! (OM*HF[YMV*Xc*NGVIMNQ*RQ*QX*SGVIM*NOGN*NOM*QRqM*Xc*NOM*[GNVR`* *OGQ*NX*YM*RH\VMGQMJ*

NX*QGNRQc_ L*
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CuA*

V:Q! 0?DE>L-7><A@<LKFH>-!FKC?DBD-KFM-0BL;CKEB@F-

! "@F=>FEB@FKC-44,->FKOC>M-4+"&-KFM-03'%-S@DBEB@FBFG-D?DE>L-

.Q*QF[[GVRqMJ*Y_*yCDtzK*NOM*NOMXVMNR\GS*JRQNGH\M*VMQXSFNRXH*Xc*G*\XHWMHNRXHGS*7,0:*VGJGV*aOMH*

JMNM\NRHI*G*UGQQRWM*VMcSM\NRWM*NGVIMN*OGQ*NOM*GHGS_NR\GS*M`UVMQQRXH* L*(ORQ*RQ*JFM*NX*NOM*

cG\N*NOGN*NOM*cVMjFMH\_*VMQXSFNRXH*Xc*GH*77(*RQ*RHWMVQMS_*UVXUXVNRXHGS*NX*NOM*JFVGNRXH*Xc*XYQMVWGNRXHK*

aOR\O*RQ*NOM*QG[M*GQ*NOM*\ORVU*UMVRXJL**

7XV*NOM*'#/-*UXQRNRXHRHI*Q_QNM[*R[USM[MHNMJ*aRNO*77(K*NOM*(-7*YMNaMMH*NOM*YGQM*QNGNRXH*GHJ*NOM*

NGVIMN* RQ* \GS\FSGNMJ* Y_* *?yuCK* uiz@K* RH* aOR\ORQ* MjFRWGSMHN* NX* NOM* YMGN*

cVMjFMH\_*Xc*NOM*\XHWMHNRXHGS*UGQQRWM*7,0:*VGJGVK*GQ*QOXaH*RH*7RIL*vLiL*

*
7RIFVM*vLi 8*(OM*VMGS*UGVN*Xc*NOM*YGQMYGHJ*QUM\NVF[*Xc*NOM*'#/-*UXQRNRXHRHI*Q_QNM[*aRNO*XHM*

NGVIMNL*(OM*\GVVRMV*cVMjFMH\_*Xc*NOM*NGVIMN*RQ*GQQF[MJ*NX*YM*NOM*\MHNMV*cVMjFMH\_*Xc*NOM*

RHNMVVXIGNRXH*\ORU*QRIHGSL*

(OM*[XJFSGNRXH*Xc*NOM*'#/-*\GH*YM*VMIGVJMJ*GQ*GHXNOMV*JMIVMM*Xc*QG[USRHI*UVX\MQQ*YMQRJMQ*NOM*

XHM*UMVcXV[MJ*GN*NOM*VGNM*Xc*XH*NOM*YGQMYGHJ*QRIHGS*RH*NOM*YGQM*QNGNRXHL*(OM*MccM\NRWM*HF[YMV*

Xc*UXRHNQ*cXV*NOM*77(*RQ*MjFGS*NX*NOM*HF[YMV*Xc*[XJFSGNRXH*UFSQMQ*aRNORH*XHM*\ORVU*UMVRXJL*'XK*NOM*

cVMjFMH\_*VMQXSFNRXH*Xc*NOM*VMQFSNRHI*QUM\NVF[*RQ*L*'RH\M*NOMVM*GVM*QG[USRHI*

UXRHNQ*RH*G*QRHISM*UFSQMK*NOM*cRHGS*YGQMYGHJ*QUM\NVF[*Xc*NOM*' NO*NGVIMN*RQ*G*QNRN\O*Xc*RHJRWRJFGS*

QUM\NVF[Q*aRNO*G*cVMjFMH\_*QORcN*Xc**RH*YMNaMMH*NaX*GJ^G\MHN*XHMQL*'F\O*G*‡QNRN\O=*UVX\MQQ*RQ*

MjFRWGSMHN*NX*G*UXQNfGWMVGIM*XUMVGNRXHK*aOR\O* \GH*RH\VMGQM*NOM*MQNR[GNRXH*G\\FVG\_*YFN*HXN*NOM*

VMQXSFNRXHL*#N*[MGHQ*NOGN*NOM*HF[YMV*Xc*MQNR[GNMJ*UXQRNRXHQ*RH*G*\RV\SM*GVXFHJ*NOM*VMGS*UXQRNRXH*\GH*

YM*RH\VMGQMJK*QX*NOGN*NOM*GWMVGIMJ*UXQRNRXH*IMNQ*\SXQMV*NX*NOM*VMGS*XHML*1FN*NOM*VGJRFQ*Xc*QF\O*G*\RV\SM*

\GHHXN*YM*VMJF\MJL*
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Cuu*

(OM*GYXWM*GHGS_QRQ*RQ*YGQMJ*XH*NOM*HXRQMfcVMM*GQQF[UNRXHL*#H*\GQM*Xc*GJJRNRWM*aORNM*HXRQMK*NOM*

QNGHJGVJ*JMWRGNRXH*RQ*FQMJ*GQ*GH*RHJM`*Xc*VMQXSFNRXH*Xc*UGVG[MNMV*MQNR[GNRXHQK*aOR\O*RQ*\GS\FSGNMJ*

cVX[*NOM*HX[RHGS*JRQNGH\M*VMQXSFNRXH*˜W*yCDDz8*

L****************************************************?vLiD@*

:RNO*NORQ*MjFGNRXHK*NOM*MccM\N*Xc*NOM*JFN_*\_\SM**Xc*NOM*' NO*NGVIMN*\GH*YM*M`USGRHMJ*GQ*cXSSXaQ8*

aRNO*G*cR`MJ*\ORVU*YGHJaRJNO*GHJ*[XJFSGNRXH*cVMjFMH\_K*NOM*HX[RHGS*VMQXSFNRXH*[GRHNGRHQ*NOM*QG[MK*

YFN* NOM* '"&* RQ* VMJF\MJ* Y_* G* cG\NXV*Xc* L* 'XK*NOM* QNGHJGVJ* JMWRGNRXH**RQ* MHSGVIMJ* Y_*

L*

:OMH*NOM*77(*NM\OHRjFM*RQ*R[USM[MHNMJK*G*SXa*UGQQ*cRSNMV*?/47@*XV*MjFRWGSMHNS_*G*YGHJ*UGQQ*cRSNMV*

?147@*cXSSXaMJ*Y_*JXaHfQG[USRHI*RQ*FQMJ*RH*NOM*YGQMYGHJL*(OM*SGNNMV*\GQM*OGQ*NOM*GJWGHNGIM*Xc*

YMRHI*M`M[UN*cVX[*QRIHRcR\GHN*SXa*cVMjFMH\_*HXRQML*1XNO*Xc*NOM*NaX*cRSNMVRHI*NM\OHRjFMQ*aRSS*VMQFSN*

RH*NOM*SXQQ*Xc*MccM\NRWM*YGHJaRJNOL*.Q*QOXaH*RH*7RIL*vLiK*GH*/47*RQ*FQMJ*NX*QMSM\N*NOM*YGHJ*GVXFHJ*

qMVX*cVMjFMH\_L*#N*R[USRMQ*NOGN*XHS_*G*\ORVU*YGHJaRJNO*Xc* *RQ*RH*MccM\NL*/XXbRHI*GN*NOM*

NR[MfJX[GRH*QRIHGSK*NOM*[G^XVRN_*Xc*NOM*\ORVU*UMVRXJ*RQ*QMVRXFQS_*GNNMHFGNMJ*Y_*NOM*cRSNMVK*aOR\O*RQ*

MjFRWGSMHN*NX* \GUNFVRHI*G*QM\NRXH*Xc*NOM*YGQMYGHJ*aGWMcXV[*GHJ*cRSS*NOM*VMQN*aRNO*qMVXQ*?qMVXf

UGJJRHI@L*.Q*RN*OGQ*YMMH*aRJMS_*bHXaHK*qMVXfUGJJRHI* \GHHXN*R[UVXWM*NOM*cVMjFMH\_*VMQXSFNRXH*

GSNOXFIO*NOM*HF[YMV*Xc*UXRHNQ*RH*NOM*QUM\NVF[*RQ*RH\VMGQMJL**

*

*
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Cui*

*

*
7RIFVM*vLh8*'R[FSGNMJ*QUM\NVF[*GHJ*NR[MfJX[GRH*aGWMcXV[Q*Xc*NOM*YGQMYGHJ8*?G@K*?\@*GHJ*?J@*GVM*

NOM*QUM\NVF[*Xc*NOM*FHfcRSNMVMJK*AB*,6q*SXa*UGQQ*cRSNMVMJ*GHJ*h*,6q*SXa*UGQQ*cRSNMVMJ*YGQMYGHJ~*

?Y@K*?J@*GHJ*?M@*GVM*NOM*NR[MfJX[GRH*aGWMcXV[*Xc*NOM*FHfcRSNMVMJK*AB*,6q*SXa*UGQQ*cRSNMVMJ*GHJ*h*

,6q*SXa*UGQQ*cRSNMVMJ*YGQMYGHJL*

7RIL*vLh*RSSFQNVGNMQ*NOM*QR[FSGNMJ*QUM\NVF[*GHJ*NR[MfJX[GRH*aGWMcXV[Q*Xc*NOM*YGQMYGHJ*QRIHGS*

FQRHI*,GNSGYK*aRNO*NOM*cXSSXaRHI*UGVG[MNVR\*\XHJRNRXHQ8*)* €iBB*,6qK* €CB*[QK*€iB*HQK*

€CB* ,6qK*JFN_* \_\SM*€thr*GHJ*€hBB* ,6qL*7RIL*vLh*?G@*GHJ*?Y@* \XVVMQUXHJ*NX*NOM*QRIHGS*

aRNOXFN*cRSNMVRHIK*?\@*GHJ*?J@*GVM*aRNO*G*AB*,6q*1FNNMVaXVNO*/47*aORSM*?M@*GHJ*?c@*GVM*aRNO*G*A*

,6q*1FNNMVaXVNO*/47L*#N*\GH*YM*QMMH*cVX[*?J@*GHJ*?M@*NOGN*NOM*MccM\NRWM*YGHJaRJNO*RQ*VMJF\MJ*

UVXUXVNRXHGSS_*aRNO*G*HGVVXaMV*/47L*#H*XVJMV*NX*\X[UMHQGNM*cXV*NOM*YGHJaRJNO*SXQQK*N*OGQ*NX*YM*

qMVXK*aOR\O*[MGHQ*NOGN*NOM*[XJFSGNRXH*cVMjFMH\_*Xc*NOM*NGVIMN*OGQ*NX*YM*GN*SMGQN*L*(ORQ*RQ*G*

\OGSSMHIM* cXV* \RV\FRN* VMGSRqGNRXH* aOMH*)* *RQ* [XVM* NOGH* C* 36q* JFM* NX* G* SR[RNMJ* QUMMJ* Xc* NOM*

[XJFSGNXV*GHJ*VMSGNRWMS_*SGVIM*NR[M*\XHQNGHN*Xc*NOM*VMQXHGNXV*RH*NOM*'#/-L*.\NFGSS_K*GQ*NOM*NGVIMN*

[XJFSGNRXH*cVMjFMH\_*NMHJQ*NX*YM*RHcRHRN_K*cVX[*?vLt@*GHJ*?vLD@K*RN*\GH*YM*QMMH*NOGN**RQ*VMUSG\MJ*

aRNO*>K*GHJ*NOM*NVGHQ[RNNMJ*QRIHGS*cVX[*NOM*NGVIMN*YM\X[MQ*G*JMSG_MJ*JFUSR\GNM*Xc*NOM*RHNMVVXIGNRXH*

QRIHGSL*'XK*NOM*Q_QNM[*NMHJQ*NX*G\N*RH*NOM*QG[M*[GHHMV*GQ*NOM*UGQQRWM*7,0:*VGJGVL*
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Cuh*

.Q*G*\XH\SFQRXHK*NX*GJXUN*NOM*77(*NM\OHRjFM*cXV*NOM*'#/-*YGQMJ*UXQRNRXHRHI*Q_QNM[*aRNO*G*ORIOMV*

VMQXSFNRXHK*NOM*[XJFSGNRXH*cVMjFMH\_*OGQ*NX*YM*RH\VMGQMJL*7XV*G*ORIOMV*G\\FVG\_K*RN*RQ*NOM*JFN_*\_\SM*

NOGN*[FQN*YM*RH\VMGQMJK*YFN*NORQ*OGQ*NX*YM*JXHM*\GVMcFSS_*NX*GWXRJ*NOM*QUM\NVF[*Xc*NaX*NGVIMNQ*IMNNRHI*

XWMVSGUUMJ*aRNO*MG\O*XNOMVL*

! (AA>HE-@A-; FD?FHI<@FBR>M-DKLSCBFG-

7VX[* ?vLCD@* GHJ* ?vLCw@K* RN* \GH* YM* QMMH* NOGN* Y_* RIHXVRHI* NOM* NR[M* JRccMVMH\M* YMNaMMH* NOM* SX\GS*

QG[USRHI*RHQNGHN*GHJ*NOM*G\NFGS*QG[USRHI*RHQNGHNK*G*VGHJX[*Q_QNM[GNR\*MVVXV*Xc**YMNaMMH*NOM*

VMGS**GHJ* RNQ* MQNR[GNMJ* WGSFM**GUUMGVQL* 'RH\M* K* RN* [MGHQ* NOGN* NOM* Q_QNM[* OGQ* GH*

RHOMVMHN*FH\MVNGRHN_*Xc*SMQQ*NOGH*G*jFGVNMV*QG[USRHI*\_\SML*.\NFGSS_K*NORQ*FH\MVNGRHN_*RQ*HXN*M`\SFQRWM*

cXV*XFV*UVXUXQMJ*GSIXVRNO[*YFN*GSQX*M`RQNQ*RH*NOM*cVMjFMH\_fJX[GRH*GUUVXG\OMQ*RH*yuCK*uizK*aOR\O*

\GH*YM*M`USGRHMJ*Y_*7RIL*vLvL**

*
7RIFVM*vLv8*?G@*(R[MfJX[GRH*UFSQM*RH*YGQMYGHJ*GHJ*?Y@*RNQ*\XVVMQUXHJRHI*cVMjFMH\_fJX[GRH*

QRIHGS*XYNGRHMJ*Y_*77(L*
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k( ) 2

! k ! k Trd
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Cuv*

*

7RIFVM*vLt 8*'R[FSGNMJ*\FVWMQ*Xc*NOM*(-.*MQNR[GNRXH*MVVXV*JFM*NX*FHQ_H\OVXHRqMJ*QG[USRHI*

NOVXFIO*YXNO*NOM*77(*[MNOXJ*GHJ*NOM*UVXUXQMJ*[MNOXJL*

.Q*NOM*G\NFGS*QG[USRHI*UXRHNQ*?JGQOMJ*SRHMQ*RH*7RIL*vLv*?G@@*GVM*QORcNMJ*Y_**cVX[*NOM*RJMGS*XHMQ*

?QXSRJ*SRHMQ*RH*7RIL*vLv*?G@@K*GHJ*aOMH*K*NOM*\XVVMQUXHJRHI*#*QUM\NVF[*XYNGRHMJ*Y_*

77(*RQ*QORcNMJ*NXaGVJQ*ORIOMV*cVMjFMH\_*Y_**aRNO*RNQ*FUUMV*QOXFSJMV*cR`MJL*'RH\M*K*

NOM*MQNR[GNRXH*Xc*RQ*QORcNMJ*Y_* L*'R[RSGVS_K*aOMH* K* RQ*QORcNMJ*Y_*

L*'X*NOM*FH\MVNGRHN_*RQ*aRNORH*G*jFGVNMV*QG[USRHI*UMVRXJL*(X*WMVRc_*NOM*GHGS_QMQK*NOM*

QR[FSGNMJ*MVVXV* \FVWMQ*Xc*NOM*(-.*MQNR[GNRXH*NOVXFIO*YXNO*NOM*77(* [MNOXJ*GHJ*NOM*UVXUXQMJ*

[MNOXJ*GVM*QOXaH*RH*7RIL*vLtK*aOR\O*GVM*USXNNMJ*GQ*NOM*QG[USRHI*NR[M*QORcN*RQ*YMNaMMH*‚ <*GHJ*<K*

GHJ*NOM*QG[USRHI*cVMjFMH\_*RQ*CBB*,6qL*#H*XVJMV*NX*[RNRIGNM*NORQ*UVXYSM[K*NOM*cXSSXaRHI*\XHJRNRXH*

OGQ*NX*YM*QGNRQcRMJ8* L*7XV*NOM*77(*NM\OHRjFMK*RN*[MGHQ*NOM*cVMjFMH\_*WGVRGNRXH*aRNORH*

XHM*YGQMYGHJ*UFSQM*RQ*SMQQ*NOGH*NOM*cVMjFMH\_*VMQXSFNRXHL*7XV*NOM*UVXUXQMJ*NM\OHRjFMK*RN*R[USRMQ*

NOGN*NOMVM*RQ*XHS_*XHM*QG[USM*RH*G*YGQMYGHJ*UFSQML*

! 6KCBMKE>- EI>-S<@S@D>M-KCG@<BEIL- KFM-H@LSK<BD@F- ]BEI- EI>- 44,-E>HIFBZ;>- O?-

DBL;CKEB@FD-

.*QMVRMQ*Xc*QR[FSGNRXHQ*GVM*UMVcXV[MJ*NX*UVXWM*NOM*UVXUXQMJ*UXQNfUVX\MQQRHI*NM\OHRjFM*GHJ*NX*WMVRc_*

RNQ*VMQXSFNRXH*\GUGYRSRN_L*7RVQN*Xc*GSSK*NOM*NGVIMNQ*\XHcRIFVGNRXH*GQ*QOXaH*RH*7RIL*vLD*?G@*RQ*FQMJ*cXV*

QR[FSGNRXHL*(OMVM*GVM*NaX*NGVIMNQ*cXV*RJMHNRcR\GNRXH~*XHM*RQ*cR`MJ*GN*G*VGJRGS*JRQNGH\M*Xc*CD*[*GHJ*GH*

GHISM*Xc*‚ BLhƒK*GHJ*NOM*QM\XHJ*RQ*SX\GNMJ*GN*CDLu*[{BLhƒL*(OM*QM\XHJ*XHM*[XWMQ*GSXHI*NOM*VGJRGS*
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Cut*

JRVM\NRXH*FHNRS*AALh*[{BLhƒ*GHJ*QNXUQ*GN*NOM*UXQRNRXH*Xc*CDLw*[*GHJ*AC*[L*7RIL*vLD*?Y@*RSSFQNVGNMQ*NOM*

NOMXVMNR\GS*0&/1* GHJ* &,'%* QR[FSGNMJ* aRNO* NOM* ,XHNM* 0GVSX* [MNOXJ* cXV* NOM* VGJRGS* JRQNGH\M*

MQNR[GNRXHL*

*
7RIFVM*vLD8*?G@*(GVIMNQ*\XHcRIFVGNRXH*cXV*QR[FSGNRXH~*?Y@*0GS\FSGNMJ*GHJ*QR[FSGNMJ*0&/1*GHJ*

&,'%*\FVWMQ*cXV*VGJRGS*JRQNGH\M*MQNR[GNRXHQL*

1XNO*NOM*UVXUXQMJ*GSIXVRNO[*GHJ*NOM*77(*NM\OHRjFM*GVM*FQMJ*GHJ*\X[UGVMJL*2M_QRION*'_QNM[$FM*

RQ*FNRSRqMJ*cXV*NOM*Q_QNM[*QR[FSGNRXHK*GHJ*NOM*JGNG*UVX\MQQRHI*RQ*JXHM*aRNO*,GNSGYL*(OM*Q_QNM[*

UGVG[MNMVQ*GVM*GQ*cXSSXaQ8* K*)* €vB*,6qK* €C*[QK* €C*™QK*<€C*HQK*

(€A*GHJ* €CL*(OMVM*RQ*HX*SXa*UGQQ*cRSNMV*GUUSRMJ*NX*MRNOMV*NOM*UVXUXQMJ*XV*NOM*77(*NM\OHRjFMQL*

7VX[*7RIL*vLD*?Y@K*RN*\GH*YM*QMMH*NOGN*GQ*NOM*VGJRGS*JRQNGH\M*JRccMVMH\M*YMNaMMH*NOM*NaX*NGVIMNQ*IMNQ*

SGVIMVK* YXNO* NOM* 0&/1* GHJ* NOM* &,'%* IMNQ* SXaMVL* (ORQ* VMQFSN* RQ* JFM* NX* NOM* MccM\N* Xc* [FNFGS*

JRQNFVYGH\M*GHJ*GUUSRMQ*NX*GH_*UGVG[MNVR\*XV*HXHfUGVG[MNVR\*[MNOXJL*(OM*cRIFVM*GSQX*QOXaQ*NOM*

QFUMVRXVRN_*Xc*NOM*UVXUXQMJ*[MNOXJ*XWMV*NOM*77(*[MNOXJ*VMIGVJRHI*MVVXVQL*(OM*NGVIMNQ*XUMVGNM*GN*

thr*JFN_*\_\SMK*YFN*XHS_*Ar*Xc*NXNGS*QG[USRHI*UXRHNQ*GVM*FQMJ*NX*GWXRJ*NOM*GSRGQRHI*UVXYSM[*aOMH*

R[USM[MHNRHI*NOM*77(*[MNOXJL**

fc
1( )  and fc

2( ) = 5.6 GHz Ts Tm

d1



CuD*

*
7RIFVM*vLw8*0GS\FSGNMJ*GHJ*QR[FSGNMJ*0&/1*GHJ*&,'%*\FVWMQ*cXV*NOM*+-.*MQNR[GNRXHQL*

*
7RIFVM*vLCB8*0GS\FSGNMJ*GHJ*QR[FSGNMJ*0&/1*GHJ*&,'%*\FVWMQ*cXV*NOM*WM\NXV*MQNR[GNRXHQL*

7RIL*vLw*QOXaQ*NOM*0&/1*GHJ*&,'%*\FVWMQ*cXV*NOM*GHISM*MQNR[GNRXHQ*aRNO*NOM*QG[M*NGVIMN*GHJ*

Q_QNM[*\XHcRIFVGNRXHQL*7RIL*vLCB*QOXaQ*0&/1*GHJ*&,'%*\FVWMQ*cXV*NOM*[XJFSM*Xc*NOM*MVVXV*WM\NXVQ*

Xc*MQNR[GNMJ*WGSFMQK*aOR\O*UVMQMHN*aOXSM*UR\NFVMQ*Xc*NOM*Af+*VMQXSFNRXHL*

#H*XVJMV*NX*OGWM*GH*RHNFRNRWM*WRMa*Xc*NOM*VMQXSFNRXH*\GUGYRSRN_*Xc*NOM*UVXUXQMJ*GSIXVRNO[QK*7RIL*vLCC*

USXNQ*GSS*NOM*RHJRWRJFGSS_*MQNR[GNMJ*WGSFMQ*Y_*ABBB*NR[MQ*,XHNM*0GVSX*M`UMVR[MHNQ*GN*CB*J1*'"&K*

GQ*NOM*QUG\M*YMNaMMH*NOM*NaX*NGVIMNQ*\OGHIMQL*(OM*QG[M*Q_QNM[*\XHcRIFVGNRXH*RQ*FQMJL*#N*\GH*YM*

QMMH*NOGN*GQ*NOM*NGVIMNQ*IMN*\SXQM*NX*MG\O*XNOMVK*NOM*MQNR[GNRXH*YM\X[MQ*YRGQMJ*GHJ*SMQQ*\XH\MHNVGNMJL*

(ORQ*\XVVMQUXHJQ*NX*NOM*UOMHX[MHXH*XYQMVWMJ*RH*7RIL*vLD*NX*7RIL*vLCBL*#N*\GH*GSQX*YM*cXFHJ*NOGN*NOM*

GHIFSGV*VMQXSFNRXH*RQ*aXVQM*NOGH*NOM*JRQNGH\M*VMQXSFNRXHL*(ORQ*RQ*YM\GFQM*XHS_*NaX*GHNMHHGM*GVM*FQMJ*



Cuw*

cXV*NOM*+-.*MQNR[GNRXHK*aOR\O*[MGHQ*NaX*QUGNRGS*QG[USMQL*:ORSM*NMHQ*NX*OFHJVMJQ*Xc*NR[MfJX[GRH*

QG[USMQ*GVM*FQMJ*cXV*NOM*(-.*MQNR[GNRXHL*

#H*XVJMV*NX*WGSRJGNM*NOM*GHGS_QRQ*Xc*NOM*VMSGNRXH*YMNaMMH*NOM*[XJFSGNRXH*cVMjFMH\_*GHJ*NOM*VMQXSFNRXH*

VMIGVJRHI*NOM*77(*NM\OHRjFMK*QR[FSGNRXHQ*GVM*UMVcXV[MJK*GHJ*VMQFSNQ*GVM*QOXaH*RH*7RIL*vLCAL*(OM_*

GVM*FHJMV*NOM*\XHJRNRXH*Xc*hr*JFN_*\_\SMK*h*J1*'"&*GHJ*ABBB*NR[MQ*QR[FSGNRXHQL*#N*\GH*YM*QMMH*

NOGN*NOM*VMQXSFNRXH*RQ*R[UVXWMJ*GQ*NOM*[XJFSGNRXH*cVMjFMH\_*RH\VMGQMQL*

*

7RIFVM*vLCC8*'R[FSGNMJ*Af+*UXQRNRXH*MQNR[GNRXHQ*aRNO*JRccMVMHN*NGVIMN*QUG\RHI*GN*CB*J1*'"&K*

FQRHI*NOM*UVXUXQMJ*GSIXVRNO[QL*



CiB*

*
7RIFVM*vLCA8*&MQXSFNRXH*NMQN*Xc*NOM*77(*[MNOXJ*GN*[XJFSGNRXH*cVMjFMH\_*GN*?G@*C*,6qK*?Y@*h*

,6qK*?\@*CB*,6q*GHJ*?J@*AB*,6qL*

*



CiC*

V:U! (_S><BL>FEKC-)>L@FDE<KEB@F-KFM-+>KD;<>L>FE-.>D;CED-

! 2KD>-DEKEB@F-KFM-EK<G>E-M>L@FDE<KE@<-

*
?G@*

*

?Y@*

7RIFVM*vLCu8*+MQ\VRUNRXH*Xc*NOM*YGQM*QNGNRXH*?G@*Q_QNM[*GV\ORNM\NFVM*GHJ*?Y@*cGYVR\GNMJ*

JM[XHQNVGNXVL*

(OM*YGQM*QNGNRXH*Q_QNM[*GV\ORNM\NFVM*RQ*RSSFQNVGNMJ*RH*7RIL*vLCu*?G@L*#N*OGQ*XHM*(`*\OGHHMS*aRNO*NOM*

JRVM\N*FUf\XHWMVQRXH*QNVF\NFVM*GHJ*NaX*RJMHNR\GS*&`*\OGHHMSQ*aRNO*QFUMVfOMNMVXJ_HM*QNVF\NFVML*(OM*

YGQM*QNGNRXH*OGQ*NaX*RHUFN*UXVNQ*RH\SFJRHI*XHM*/-*UXVN*GN*NOM*cVMjFMH\_*Xc*uLD*36q*GHJ*XHM*\ORVU*

RHUFN*UXVN*aOR\O*\GH*G\\MUN*G*[G`R[F[*cVMjFMH\_*VGHIM*cVX[*CLh*36q*NX*ALC*36qL*(OM*QXFV\M*Xc*

NOM*\ORVU*QRIHGS*\GH*YM*G*$0-{4//K*G*++'*XV*GH*GVYRNVGV_*aGWMcXV[*IMHMVGNXV*?.:3@L*(OM*SGVIMQN*



CiA*

NVGHQ[RNNRHI*cVMjFMH\_*VGHIM*RQ*hLu*36q*NX*hLw*36qL*(OM*VM\MRWMJ*QRIHGS*RQ*\MHNMVMJ*GN*hLv*36qL*

(OM*YGQMYGHJ*#*GHJ*;*QRIHGSQ*GVM*NGbMH*JRccMVMHNRGSS_L*(OM*cGYVR\GNMJ*JM[XHQNVGNXV*M[YMJJMJ*RH*

QORMSJRHI* \GWRN_* RQ* QOXaH* RH* 7RIL* vLCu* ?Y@L* #N* RQ* UVXNXN_UMJ* aRNO* NOM* \X[[MV\RGS* XccfNOMfQOMSc*

\X[UXHMHNQ* GHJ* QNGHJGVJ* 401* UVX\MQQ* aRNO*&XIMVQ* &-uBBu* QFYQNVGNM*?š€uK* NGH•€BLBBCC* GHJ*

NOR\bHMQQ€CB*[RS@L*(OM*/-*GHJ*\ORVU*QRIHGS*JRQNVRYFNRXH*HMNaXVbQ*GVM*cGYVR\GNMJ*XH*G*QM\XHJ*401L*

(OM* NaX* URM\MQ* Xc* \RV\FRNQ* GVM* QNG\bMJ* GHJ* \XHHM\NMJ* NXIMNOMV* aRNO* GH* XUNR[RqMJ* RHNMVSG_MV*

NVGHQRNRXH*QNVF\NFVML*(OM* [MGQFVMJ*HXRQM*cRIFVM*Xc*MG\O*Xc*NOM*NaX*&`* \OGHHMSQ*RQ*hLv*J1L* (OM*

[G`R[F[*XFNUFN*UXaMV*Xc*NOM*(`*RQ*Ah*J1[K*GN*v*J1*YG\b*Xcc*cVX[*NOM*XFNUFN*C*J1*\X[UVMQQRXH*

UXRHN*Xc*NOM*4.L*

*
7RIFVM*vLCi8*7GYVR\GNMJ*G\NRWM*YG\bQ\GNNMVRHI*NGVIMN*JM[XHQNVGNXVL*?G@*7VXHN*QRJM*GHJ*?Y@*YG\b*

QRJML*

(OM*cVXHN*GHJ*YG\b*QRJMQ*Xc*NOM*cGYVR\GNMJ*NGVIMN*JM[XHQNVGNXV*GVM*RSSFQNVGNMJ*RH*7RIL*vLCi*?G@*GHJ*

?Y@K*VMQUM\NRWMS_L*(OM*cVXHN*QRJM*RQ*cGYVR\GNMJ*XH*&XIMVQ*&-uBBu*QFYQNVGNM*aRNO*CB*[RS*NOR\bHMQQL*

#N*\XHQRQNQ*Xc*GH*XQ\RSSGNXV*aRNO*GH*RH^M\NRXH*QRIHGS*UGNO*GQ*aMSS*GQ*G*UFSQM*IMHMVGNXV*aRNO*NFHGYSM*

cVMjFMH\_*GHJ*JFN_*\_\SML*.Q*RSSFQNVGNMJ*RH*7RIL*vLCi*?G@K*NOM*XQ\RSSGNXV*cMMJYG\b*SXXU*\XHQRQNQ*Xc*G*

YRfJRVM\NRXHGS* \XFUSMV* QF\O* NOGN* NOM*RH^M\NRXH* ?RHNMVVXIGNRXH@* QRIHGS* aRSS* ^XRH* NOM* SXXU* aRNO* NOM*

[G`R[F[*MccR\RMH\_L*.*SXa*HXRQM*G[USRcRMV*RQ*FQMJ*GcNMV*NOM*&`*GHNMHHG*NX*YXXQN*NOM*RHNMVVXIGNRXH*



Ciu*

QRIHGS* G[USRNFJML* .* jFGJ* ,-'7%(* GVVG_* [R`MV* RQ* FQMJ* GQ* NOM* [XJFSGNXV* aOXQM* /-* UXVN* RQ*

\XHHM\NMJ*NX*NOM*UFSQM*IMHMVGNXVL*(OM*XQ\RSSGNXV*OGQ*G*cVMMfVFHHRHI*cVMjFMH\_*Xc*hLv*36q*GHJ*G*

\XHNRHFXFQ*aGWM*UXaMV*XFNUFN*Xc*h*J1[L**

(OM*YG\b*QRJM*Xc*NOM*NGVIMN*RQ*cGYVR\GNMJ*XH*&XIMVQ*&-iuhB1*QFYQNVGNM*aRNO*G*NOR\bHMQQ*Xc*vB*[RSL*

(ORQ*YXGVJ*G\NQ*GQ*NOM*cVG[M*Xc*NOM*GHNMHHGM*GQ*aMSS*GQ*NOM*J\ *JRQNVRYFNRXH*\RV\FRN*aRNO*VMIFSGNXVQ*

GHJ* RHWMVNMVQL* (X* R[UVXWM* NOM* (`* GHJ* &`* RQXSGNRXH* GHJ* NX* UVMWMHN* FHQNGYSM* XUMVGNRXHQK* NOM* (`*

GHNMHHG*RQ*JMQRIHMJ*NX*OGWM*G*WMVNR\GS*UXSGVRqGNRXH*aORSM*NOM*&`*GHNMHHG*RQ*JMQRIHMJ*NX*OGWM*G*

OXVRqXHNGS*UXSGVRqGNRXHL*(OM*[R\VXQNVRU*cMMJ*SRHMQ*GVM*RHNMIVGNMJ*XH*NOM*cVXHN*QRJM*SG_MVK*\XHHM\NRHI*

NX*NOM*RHUFN*GHJ*XFNUFN*Xc*NOM*XQ\RSSGNXVL*(OM*VGJRGNRXH*UGN\OMQ*GVM*UVRHNMJ*XH*XHM*QRJM*Xc*CAB*[RS*

NOR\b*&XIMVQ*&({JFVXRJ› *hDDB*QFYQNVGNMQK*GHJ*NOM*XNOMV*QRJM*Xc*\XUUMV*\SGJJRHI*RQ*VM[XWMJL*'F\O*

G* NOR\bHMQQ* RQ* QMSM\NMJ* cXV* YGHJaRJNO* MHOGH\M[MHNL* (OM* UGN\OMQ* GVM* GUMVNFVMf\XFUSMJ* NX* NOM*

[R\VXQNVRU*XUMHfMHJQ*aRNO*6fQOGUM*QSXNQ*XH*NOM*IVXFHJ*USGHM*Xc*NOM*CB*[RS*QFYQNVGNML*(OM*UGRV*Xc*

UGN\O*MSM[MHNQ*GVM*XVNOXIXHGSS_*GVVGHIMJ*GHJ*M[YMJJMJ*RHNX*NOM*VM\NGHISM*OXSMQ*RH*NOM*cVG[MQK*GHJ*

NOM*RHHMV*aGSSQ*Xc*NOM*OXSMQ*GVM*[MNGSRqMJ*NX*R[UVXWM*NOM*RQXSGNRXHL*(OM*GHNMHHGM*QNVF\NFVM*RQ*QOXaH*

RH*7RIL*vLCh*?G@L*(OM*'CC*GHJ*'AA*UGVG[MNMVQ*QOXaH*RH*7RIL*vLCh*?Y@*RHJR\GNM*XUMVGNRXH*cVMjFMH\_*

GHJ*YGHJaRJNOL*(OM*'AC*UGVG[MNMV*QOXaQ*NOM*GHNMHHGM*RQXSGNRXHL*(OM*VGJRGNRXH*UGNNMVHQ*cXV*NOM*NaX*

GHNMHHGM*GN*JRccMVMHN*USGHMQ*GVM*QOXaH*RH*7RIL*vLCh*?\@L*(OM*YGQM*QNGNRXH*FQMQ*NOM*QG[M*GHNMHHGM*

QNVF\NFVM*aRNO*XVNOXIXHGS*UXSGVRqGNRXHQ*GQ*NOM*XHMQ*XH*NOM*NGVIMNQL*6XaMWMVK*RNQ*&`*GHNMHHGM*GVM*

WMVNR\GSS_*UXSGVRqMJK*GHJ*NOM*(`*GHNMHHG*RQ*OXVRqXHNGSS_*UXSGVRqMJ*RH*XVJMV*NX*[GN\O*NOM*NGVIMNQL*#H*

QX[M*\GQMQK*NOM*(`*GHNMHHG*Xc*NOM*YGQM*QNGNRXH*\GH*GJXUN*OXVH*GHNMHHG*NX*R[UVXWM*NOM*RQXSGNRXH*

cFVNOMVL*

*

*

*

*



Cii *

******** *
?G@*****************************************************************************************?Y@*

*
?\ @*

7RIFVM*vLCh8*?G@*.HNMHHGM*QNVF\NFVM*cXV*NOM*YGQM*QNGNRXH*GHJ*NOM*NGVIMNQK*?Y@*'fUGVG[MNMVQ*Xc*G*UGRV*

Xc*(`*GHJ*&`*GHNMHHGM*GHJ*?\@*VGJRGNRXH*UGNNMVHQL*

#c*G*NGVIMN*XUMVGNMQ*GN*G*JFN_*\_\SM*Xc*thrK*NOM*GWMVGIM*NVGHQ[RNNMJ*UXaMV*RQ*GYXFN*uLth*J1[L*#c*NOM*

YGQMYGHJ*QG[USRHI*VGNM*RQ*GN*C*3'G{QK*NOM*VM\MRWMJ*'"&*RQ*GYXFN*Ch*J1*aOMH*NGVIMN*RQ*USG\MJ*CBB*

[ *GaG_*cVX[*NOM*YGQM*QNGNRXHL*



Cih*

! 3FM@@<->_S><BL>FED-KFM-L >KD;<>M-<>D;CED-

*
?G@*

*
?Y@*

*
?\ @*

7RIFVM*vLCv8*?G@*(OM*RHJXXV*[MGQFVM[MHN*MHWRVXH[MHNK*?Y@*NOM*SG_XFN*USGH*Xc*NOM*NMQN*UXRHNQ*GHJ*

?\@*NOM*[MGQFVM[MHN*QMNFUL*



Civ*

7RVQN*Xc*GSSK*G*VMGS*MHWRVXH[MHN*[MGQFVM[MHN*RQ*\GVVRMJ*XFN*RH*NOM*SXYY_*Xc*NOM*/GQQXHJM*1FRSJRHI*

Xc*4XS_NM\OHRjFM*,XHNVTGSL*/R[RNMJ*Y_*NOM*QUG\MK*NOM*GVMG*Xc*NMQN*RQ*aRNORH*G*Ch*[*Y_*Av*[*VMIRXHK*

aOR\O*RQ*QOXaH*RH*7RIL*vLCv*?G@*GHJ*?Y@L*(OM*[MGQFVM[MHN*QMNFU*RQ*QOXaH*RH*7RIL*vLCv*?\@L*(OM*

2M_QRION*,DCwB.* .:3*RQ*FQMJ*NX*IMHMVGNM*GH*FUf\ORVU*QRIHGS*aRNO*G*YGHJaRJNO*Xc*vBB*,6q*

?CLh|ALC*36q@*GHJ*<C€CB*[QL*(OM*/-*QRIHGS*GN*NOM*cVMjFMH\_*Xc*uLD*36q*RQ*IMHMVGNMJ*Y_*.IRSMHN*

%DAht+*QRIHGS*QXFV\ML* (OM*JM[XJFSGNMJ*YGQMYGHJ*QRIHGS*RQ*JRIRNRqMJ*GHJ*VM\XVJMJ*Y_* .IRSMHN*

,'- f'*DBi.*XQ\RSSXQ\XUM*aOR\O*OGQ*CBYRN*WMVNR\GS*VMQXSFNRXHK*GN*G*VGNM*Xc*C*3'G{QL*.*VM\NGHIFSGV*

OXVH*GHNMHHG*RQ*FQMJ*cXV*NVGHQ[RNNRHIK*GHJ*G*UGRV*Xc*JMQRIHMJ*UGN\O*GHNMHHGM*RQ*FQMJ*cXV*VM\MRWRHIL*

(OM* JRQNGH\M* YMNaMMH* NOM* &`* GVVG_* MSM[MHNQ* RQ* tB* [[K* aOR\O* RQ* CLu* NR[MQ* Xc* NOM* cVMM* QUG\M*

aGWMSMHINO*GN*hLv*36qL*(OMXVMNR\GSS_K*NORQ*&`*GHNMHHGM*\XHcRIFVGNRXH*aRSS*VMQFSN*RH*GH*G[YRIFRN_f

cVMM*GHIFSGV*JMNM\NRHI*VGHIM*Xc*‚ AALvƒ|AALvƒL*(OM*[XJFSGNRXH*cVMjFMH\_*GHJ*NOM*JFN_*\_\SM*Xc*NOM*

NGVIMNQ*GVM*QMSM\NMJ*NX*YM*C*,6q*GHJ*thrL*ABr*Xc*NOM*VM\XVJMJ*QMjFMH\M*RQ*FQMJ*cXV*UXQNfUVX\MQQRHIL*

*

*

*

*

*

*



Cit *

*
?G@*

*
?Y@*

*
?\@*

7RIFVM*vLCt8*?G@*.*QHGUQOXN*Xc*NOM*#{;*aGWMcXV[Q*Xc*G*NGVIMN*GN*i*[{CuLAuDƒL*?Y@*.H*RHJXXV*

RHNMVcMVMH\M*aGWMcXV[*VM\XVJMJ*RH*YGQMYGHJL*?\@*(OM*#„C*QUM\NVF[*Xc*NOM*NGVIMN*GN*i*[{CuLAuDƒL*



CiD*

*
?G@*

*
?Y@*

7RIFVM*vLCD8*,MGQFVMJ*?G@*JRQNGH\M*GHJ*?Y@*GHISM*Xc*NOM*RHJXXV*NMQNL*

7RIL*vLCt*?G@*RQ*G*QHGUQOXN*Xc*NOM*VM\XVJMJ*YGQMYGHJ*#{;*aGWMcXV[*cXV*YXNO*Xc*NOM*NaX*&`*\OGHHMSQ*

aOMH*NOM*NGVIMN*RQ*USG\MJ*GN*i*[{CuLAuDƒL*7RIL*vLCt*?Y@*QOXaQ*G*VM\XVJRHI*Xc*NOM*:R7R*GHJ*XNOMV*

RHNMVcMVMH\M*QRIHGSQ*RH*NOM*RHJXXV*MHWRVXH[MHN*aRNO*NOM*QG[M*YGQM*QNGNRXHL*#N*\GH*YM*QMMH*NOGN*NOM*

UMGbQ*Xc*NOM*RHNMVcMVMH\M*OGWM*GS[XQN*NOM*QG[M*G[USRNFJM*GQ*NOM*QRIHGS*cVX[*NOM*NGVIMNL*7RIL*vLCt*

?\@*QOXaQ*NOM*YGQMYGHJ*QUM\NVF[*Xc*NOM*#*QRIHGS*Xc*\OGHHMS*CL*(OM*:R7R*RHNMVcMVMH\M*\GH*YM*cXFHJL*

(OM*QUM\NVF[*\XHQRQNQ*Xc*uBB*UGRVQ*Xc*YGHJQK*XHM*Xc*aOR\O*RQ*qXX[MJ*RH*aRNO*JMNGRSQL*"XN*XHS_*NOM*

JRVM\N*QRIHGS*cVX[*NOM*NGVIMN*YFN*GSQX*NOM*[FSNRUGNO*UVXJF\NQ*GVM*QOXaHL*7RIL*vLCD*RSSFQNVGNMQ*NOM*

[MGQFVMJ*JRQNGH\M*GHJ*NOM*GHISM*cXV*NOM*RHJXXV*QMNFUL*(OM*JRQNGH\M*[MGQFVM[MHN*FQRHI*NOM*UVXUXQMJ*

MQNR[GNRXH*GSIXVRNO[*OGQ*XYWRXFQ*GJWGHNGIMQ*XWMV*NOGN*FQRHI*NOM*77(*NM\OHRjFML*7VX[*NOM*SG_XFN*

USGHMK* RN* \GH* YM* QMMH* NOGN* QX[M* Xc* NOM* UXRHNQ* GVM* XFN* Xc* NOM*G[YRIFRN_fcVMM*JMNM\NRHI* VGHIM* Xc*



Ciw*

‚ AALvƒ|AALvƒL*(OMRV*.-.*VMQFSNQ*GVM*M`\SFJMJ*cVX[*7RIL*vLCD*?Y@L*'R[RSGV*NX*NOM*VMQFSNQ*QOXaH*RH*

7RIL*vLCCK*NOM*GHIFSGV*VMQXSFNRXH*RQ*aXVQM*NOGH*NOM*JRQNGH\M*VMQXSFNRXH*JFM*NX*NOM*SR[RNMJ*HF[YMV*Xc*

QUGNRGS*QG[USMQL*( OM*[MGQFVMJ*JRQNGH\M*aRNO*NOM*77(*[MNOXJ*RQ*GSQX*RSSFQNVGNMJ*cXV*\X[UGVRQXHL*7RIL*

vLCw*QOXaQ*NOM*[MGQFVM[MHN*VMQFSNQ*Xc*NaX*UGRVQ*Xc*NGVIMNQK*aOR\O*GVM*QMSM\NMJ*cVX[*NOM*SG_XFN*USGHL*

(OM_*GSQX*M`ORYRN*NOM*JRccMVMH\MQ*YMNaMMH*NOM*GHIFSGV*VMQXSFNRXH*GHJ*NOM*JRQNGH\M*VMQXSFNRXHL*

*
7RIFVM*vLCw8*,MGQFVM[MHN*VMQFSNQ*cXV*NaX*NGVIMNQ*SX\GNMJ*GN*?G@*i*[{‚ vLvCwƒ*GHJ*i*[{vLvCwƒ*GQ*

aMSS*GQ*?Y@*i*[{‚ CuLAuDƒ*GHJ*i*[{BƒL*

! %;EM@@<->_S><BL>FED-KFM-L >KD;<>M-<>D;CED-

(OM*XFNJXXV*[MGQFVM[MHN*QMNFU*RQ*QOXaH*RH*7RIL*vLAB*?G@K*GHJ*NOM*SG_XFN*USGH*Xc*NOM*NMQN*UXRHNQ*RQ*

QOXaH* RH* 7RIL*vLAB* ?Y@L* (OM* OGVJaGVM* \XHcRIFVGNRXH* Xc* NOM* YGQM* QNGNRXHK* NOM* NGVIMNQK* GHJ* NOM*

RHQNVF[MHNQ* VM[GRH* NOM* QG[ML* +RccMVMHN* cVX[* NOM* RHJXXV* [MGQFVM[MHNK*iBr* Xc* NOM* VM\XVJMJ*

QMjFMH\M* RQ* FQMJ* cXV* UXQNfUVX\MQQRHI* RHQNMGJL*7RIL* vLAC* RSSFQNVGNMQ* NOM* [MGQFVMJ* VMQFSNQ* Xc* NOM*

JRQNGH\M*GHJ*NOM*GHISM*cXV*NOM*XFNJXXV*QMNFUL*#N*\GH*YM*QMMH*NOGN*NOM*JRQNGH\M*[MGQFVM[MHN*OGQ*GH*

XFNQNGHJRHI*G\\FVG\_L*6XaMWMVK*NOM*GHISM*[MGQFVM[MHN*VMQFSNQ*GVM*UXXV*XH*[XQN*Xc*NOM*UXRHNQL*(ORQ*

RQ*[GRHS_*JFM*NX*NOM*ORIOS_*VMcSM\NRWM*[MNGS*cMH\M*GHJ*NOM*UVXNVFJRHI* IVGQQSGHJK*aOR\O*\VMGNM*G*

[FSNRUGNO*MccM\N*GHJ*YSX\b*NOM*QRIHGS*QRH\M*NOM*NGVIMNQ*GVM*USG\MJ*GN*G*SXa*OMRIONL*(OM*[MGQFVMJ*

JRQNGH\M*aRNO*NOM*77(*[MNOXJ*RQ*GSQX*RSSFQNVGNMJ*cXV*\X[UGVRQXHL*#H*7RIL*vLAAK*NOM*VMQFSNQ*cXV*QMSM\NMJ*



ChB*

NaX*UGRVQ*Xc*NGVIMNQ*GVM*RSSFQNVGNMJL*(OM_*QOXa*NOGN*GQ*NOM*NGVIMNQ*IMN*\SXQMV*NX*NOM*YGQM*QNGNRXHK*NOM*

VMQFSNQ*Xc*NOM*GHISM*MQNR[GNRXHQ*GVM*[XVM*VMSRGYSML*

*

?G@*

*

?Y@*

7RIFVM*vLAB8*?G@*(OM*XFNJXXV*[MGQFVM[MHN*MHWRVXH[MHN*GHJ*?Y@*NOM*SG_XFN*USGH*Xc*NOM*NMQN*UXRHNQL*



ChC*

*

?G@*

*

?Y@*

7RIFVM*vLAC8*,MGQFVMJ*?G@*JRQNGH\M*GHJ*?Y@*GHISM*Xc*NOM*XFNJXXV*NMQNL*



ChA*

*

7RIFVM*vLAA8*,MGQFVM[MHN*VMQFSNQ*cXV*NaX*NGVIMNQ*SX\GNMJ*GN*?G@*?‚ CLA*[K*iLD*[@*GHJ*?B*[K*tLA*[@*

GQ*aMSS*GQ*?Y@*?‚ CLA*[K*iLD*[@*GHJ*?B*[K*iLD*[@L*

V:V! "@FHC;DB@F-

(ORQ* aXVb* RHNVXJF\MQK* RHWMQNRIGNMQ* GHJ* JM[XHQNVGNMQ* GH* G\NRWM* YG\bQ\GNNMVRHI* Af+* UXQRNRXHRHI*

Q_QNM[* aRNO* RHHXWGNRWM* QFUMVfVMQXSFNRXH* NR[MfJX[GRH* UXQNfUVX\MQQRHI* NM\OHRjFMQL* (OM* Q_QNM[*

OGVJaGVM*GV\ORNM\NFVM*RQ*YGQMJ*XH*NOM*'#/-*\XH\MUN*aOR\O*aGQ*UVXUXQMJ*RH*VM\MHN*_MGVQ*GHJ*aGQ*

JM[XHQNVGNMJ* NX* MH^X_* NOM* GJWGHNGIMQ* Xc* SXHI* VGHIMK* SXa* \XQN* GHJ* ORIO* G\\FVG\_* aOMH* NOM*

cVMjFMH\_fJX[GRH*UXQNfUVX\MQQRHI*NM\OHRjFM*aGQ*R[USM[MHNMJL*(OM*GSIXVRNO[Q*UVXUXQMJ*RH*NORQ*

UGUMV*XWMV\X[M*QX[M*JVGaYG\bQ*Xc*NOM*M`RQNRHI*[MNOXJQ*GHJ*NOM*RHOMVMHN*\X[UVX[RQM*G[XHI*NOM*

VMQXSFNRXHK*NGVIMN*jFGHNRN_K*'"&*GHJ*XNOMV*NM\OHR\GS*QUM\RcR\GNRXHQL*(OM*NOMXVMNR\GS*SR[RNQ*Xc*NOM*

VMQXSFNRXH* GHJ* G\\FVG\_* cXV*QF\O* GH* GV\ORNM\NFVM* aRNO* YXNO* NOM* \XHWMHNRXHGS* GHJ* NOM* UVXUXQMJ*

UGVG[MNMV* MQNR[GNRXH* [MNOXJQ* GVM* UVMQMHNMJL* 'R[FSGNRXHQ* GHJ* GYFHJGHN* RHJXXV* GHJ* XFNJXXV*

[MGQFVM[MHNQ* OGWM* WGSRJGNMJ* NOM* UVXUXQMJ* Q\OM[MQ* GHJ* WMVRcRMJ* NOM* OGVJaGVM* GHJ* GSIXVRNO[*

UMVcXV[GH\MQL*6XaMWMVK*NOM*UVXUXQMJ*NM\OHRjFMQ*QNRSS*HMMJ*R[UVXWM[MHN*RH*NMV[Q*Xc*M`M\FNRXH*

MccR\RMH\_K*GHIFSGV*VMQXSFNRXH*GHJ*QMScfRHNMVcMVMH\M*\GH\MSSGNRXHQL*,XVMXWMVK*[FSNRUSM*NGVIMNQ*[G_*

OGWM* [FNFGS* RHNMVcMVMH\MQ* aOMH* NOM_* GVM* \SXQM* NX* MG\O* XNOMVL* (OM* UVXUXQMJ* [MNOXJQ* \GH* YM*

R[[MJRGNMS_* M`NMHJMJ* NX* NOM* uf+* UXQRNRXHRHI* Q\MHGVRXQ* GHJ* [G_* YM* MHOGH\MJ* Y_* M`NVG* JGNG*

NVGHQ[RQQRXH*\GUGYRSRN_L*



Chu*

V:W! !H\F@]C>MGL>FE-

(OM*GFNOXVQ*GVM*IVGNMcFS*NX*2M_QRION*(M\OHXSXI_*cXV*UVXWRJRHI*NOM*bM_*RHQNVF[MHNQ*GHJ*NM\OHR\GS*

GQQRQNGH\M*cXV*NOM*[MGQFVM[MHNL*(OM*GFNOXVQ*aXFSJ*SRbM*NX*NOGHb*,RHRf0RV\FRNQK*.HGSXI*+MWR\MQK*

/RHMGV*(M\OHXSXI_K*0XRS\VGcNK*&XIMVQ*0XVUXVGNRXH*GHJ*/GVRJ*cXV*UVXWRJRHI*cVMM*QG[USMQL*.SQXK*NOM*

GFNOXVQ*aXFSJ*SRbM*NX*G\bHXaSMJIM*NOM*NM\OHR\GS*QFUUXVN*NMG[*Xc*NOM*4XS_f3VG[MQ*&MQMGV\O*0MHNMV*

cXV*NOMRV*XFNQNGHJRHI*cGYVR\GNRXH*aXVbQ*GHJ*NM\OHR\GS*GQQRQNGH\ML*

* *



Chi*

"8!7,( .- W! !- + 1 ' , 3, !.*(, -8!.+%$3" ^2!"#0" ! ,,(.3$*-

7%03,3%$3$*-050,(+-& 3,8-!",36(-,!*0-2!0( )-%$-0('4 ^

30%'!,()-8!.+%$3"-%0 "3''!,%. -

HcC>&2/>œ.* OGV[XHR\fYG\bQ\GNNMVRHI* NaXfJR[MHQRXHGS* ?Af+@* aRVMSMQQ* UXQRNRXHRHI* Q_QNM[* aRNO*

G\NRWM*NGIQ*YGQMJ*XH*G*\SGQQ*Xc*QMScfRQXSGNMJ*OGV[XHR\*XQ\RSSGNXV*?'#6-@*RQ*UVXUXQMJK*QNFJRMJ*GHJ*

JM[XHQNVGNMJ* RH* NORQ* aXVbL* #HQNMGJ* Xc* FQRHI* NOM* QG[M* cVMjFMH\_* YGHJ* cXV* NVGHQ[RNNRHI* GHJ*

YG\bQ\GNNMVRHI*SRbM*G*\XHWMHNRXHGS*cVMjFMH\_f[XJFSGNMJ*\XHNRHFXFQfaGWM*?7,0:@*VGJGV*Q_QNM[*

XV*G*QaRN\OMJ*RH^M\NRXH*UOGQMfSX\bRHI*UXQRNRXHRHI*Q_QNM[K*XFV*UVXUXQMJ*Q_QNM[*NGbMQ*GJWGHNGIM*Xc*

G*AHJ*OGV[XHR\*M[RQQRXH*cVX[*G*NGI*aOR\O*RQ*YGQMJ*XH*G*QaRN\OMJ*'#6-L*.\\XVJRHIS_K*NOM*VM\MRWRHI*

YGHJ*RH*NOM*YGQM*QNGNRXH*RQ*\MHNMVMJ*GN*NOM*AHJ*OGV[XHR\*cVMjFMH\_*Xc*NOM*\GVVRMV*Xc*NOM*NVGHQ[RNNMVL*

(R[M*JX[GRH*UXQNfUVX\MQQRHI*NM\OHRjFMQK*aOR\O*GVM*UVXWMJ*NX*YM*QFUMVRXV*XWMV*NOM*\XHWMHNRXHGS*

cVMjFMH\_*JX[GRH*\XFHNMVUGVNQ*RH*[FSNRNGVIMN*NR[MfXcfGVVRWGS*?(-.@*GHJ*JRVM\NRXHfXcfGVVRWGS*?+-.@*

MQNR[GNRXHQK*GVM*R[USM[MHNMJL*1_*SMWMVGIRHI*NOM*OGV[XHR\QK*NOM*UVXUXQMJ*Q_QNM[*MH^X_Q*HF[MVXFQ*

GJWGHNGIMQ*RH*NMV[Q*Xc*YGHJaRJNOK*RHNMVcMVMH\MQK*\SFQNMV*Q\GNNMVRHIK*SXGJ*UFSSRHI*Xc*NGIQK*GHJ*QX*XHK*

\X[UGVMJ* NX* GH* GV\ORNM\NFVM* aRNOXFN* VMQXVNRHI* NX* OGV[XHR\* QRIHGS* \X[UXHMHNQL* (OM* NOMXV_* RQ*

RHNVXJF\MJK*GHJ*NOM*JMQRIH*Xc*G*Q_QNM[*UVXNXN_UM*RQ*UVMQMHNMJL*%`UMVR[MHNGS*WMVRcR\GNRXH*RQ*NOMH*

\GVVRMJ*XFN*RH*VMcSM\NRXHfVR\O*MHWRVXH[MHNQL*

+7F4"!<4&ACœ.\NRWM*YG\bQ\GNNMVRHIK*JRVM\NRXHfXcfGVVRWGS*?+-.@K*OGV[XHR\*XQ\RSSGNXVK*[FSNRNGVIMNK*

NR[MfXcfGVVRWGS*?(-.@K*aRVMSMQQ*UXQRNRXHRHIL*

W:9! 0?DE>L-!<HIBE>HE;<>-KFM-0BGFKC-+@M>C-

!<HIBE>HE;<>-KFM-KM=KFEKG>D-

7RIL*tLC*JMQ\VRYMQ*G*QR[USRcRMJ*Q\OM[GNR\*NOGN*RSSFQNVGNMQ*NOM*XUMVGNRHI*UVRH\RUSM*Xc*NOM*UVXUXQMJ*

OGV[XHR\fYG\bQ\GNNMVRHI*UXQRNRXHRHI*Q_QNM[*aRNO*G\NRWM*NGIQ*?64'f.(@L*(OM*YGQM*QNGNRXH*?1'@*RQ*

\X[UVRQMJ* Xc* G* cVXHNfMHJ* QFYfQ_QNM[* RH\SFJRHI* XHM* NVGHQ[RNNRHI* \OGHHMS* ?(`@* GHJ*(* VM\MRWRHI*

\OGHHMSQ*?&`Q@K*GQ*aMSS*GQ*G*YG\bfMHJ*QFYfQ_QNM[*NOGN*JRIRNRqMQ*GHJ*UVX\MQQMQ*QRIHGSQL*(OM*(`*QMHJQ*

G*cVMjFMH\_f[XJFSGNMJ*\XHNRHFXFQfaGWM*?7,0:@*UMVRXJR\GS*\ORVU*RHNMVVXIGNRXH*QRIHGS*IMHMVGNMJ*

Y_*NOM*WXSNGIMf\XHNVXSSMJ*XQ\RSSGNXV*?$0-@*NOVXFIO*GH*GHNMHHGL*(OM*\ORVU*QRIHGS*OGQ*G*YGHJaRJNO*

Xc*)* *GHJ*G*cVMjFMH\_*Xc*NOM*\GVVRMV*?\MHNMV*cVMjFMH\_@*Xc* L*.SQXK*NOM*\ORVU*QRIHGS*RQ*cVMjFMH\_f

JXFYSMJ*GHJ*cMJ*NX*NOM*jFGJVGNFVM*JM[XJFSGNXV*Xc*MG\O*&`L*(OM*cVMjFMH\_f[R`RHI*XUMVGNRXH*RH*NOM*

JM[XJFSGNXVQ*RQ*MjFRWGSMHN*NX*G*JMf\ORVU*UVX\MQQ*Xc*\XHWMHNRXHGS*7,0:*VGJGV*Q_QNM[L*(OM*RHf

fc



Chh*

UOGQM*GHJ*jFGJVGNFVM*?#{;@*YGQMYGHJ*QRIHGSQ*GVM*QG[USMJ*Y_*GHGSXIfNXfJRIRNGS*\XHWMVNMV*?.+0@*GHJ*

NOMH*UVX\MQQMJ*Y_*G*[R\VXf\XHNVXSSRHIfFHRN*?,0!@K*aOR\O*GSQX*\XHNVXSQ*NOM*$0-L**

.*QMScfRQXSGNMJ*OGV[XHR\*XQ\RSSGNXV*?'#6-@*yCDwz*RQ*FQMJ*XH*NOM*NGIL*(OM*'#6-*RQ*QaRN\OMJ*XH{Xcc*

Y_*\SXQRHI{XUMHRHI*NOM*cMMJYG\b*SXXU*GN*G*\MVNGRH*VGNM*GHJ*JFN_*\_\SM*QX*NOGN*NOM*NGI*NVGHQ[RNQ*G*

QMVRMQ*Xc*G[USRNFJM*[XJFSGNMJ*?.,@*UFSQMQ*aRNO*\GVVRMV*cVMjFMH\_*JMQRIHMJ*GN*GYXFN*L*1MNaMMH*

NOM*JRUSM`MV*GHJ*NOM*QaRN\O*RH*NOM*'#6-K*G*UXaMV*\X[YRHMV*aOR\O*\XWMVQ*YXNO*cVMjFMH\RMQ**GHJ*

*RQ*FQMJ*NX*RHNVXJF\M*NOM*RHNMVVXIGNRXH*QRIHGS*VM\MRWMJ*Y_*NOM*&`*GHNMHHG*Xc*NOM*NGI*NX*NOM*SXXU*

Xc*NOM*'#6-L*#H*NORQ*aG_K*GN*NOM*NFVHfXH*RHQNGHN*Xc*MG\O*UFSQMK*NOM*cFHJG[MHNGS*XQ\RSSGNRXH*QRIHGS*RQ*

NVRIIMVMJ*aRNO*NOM*UOGQM*Xc*NOM*VM\MRWMJ*RHNMVVXIGNRXH*QRIHGS*aRNO*G*JMSG_*Xc*NOM*NR[MfXcfcSRION*?(-7@*

YMNaMMH*NOM*1'*GHJ*NOM*NGIL*1M\GFQM*Xc*G*HXHSRHMGVRN_*Xc*NOM*QGNFVGNMJ*G[USRcRMV*RH*NOM*'#6-K*NOM*

UOGQM*SX\bMJ*cFHJG[MHNGS*XQ\RSSGNRXH*QRIHGS*RQ*\XHWMVNMJ*NX*RNQ*AHJ*OGV[XHR\K*aOR\O*RQ*NOMH*QMHN*

YG\b*NX*NOM*1'*Y_*NOM*(`*GHNMHHG*Xc*NOM*NGIL*

*

7RIFVM*t LC8*.*QR[USRcRMJ*Q\OM[GNR\*Xc*NOM*UVXUXQMJ*64'f.(L*(OM*1'*OGQ*XHM*(`*GHJ*(*&`QK*GHJ*

NOM*G\NRWM*NGIQ*GVM*YGQMJ*XH*'#6-*aRNO*cFHJG[MHNGS*QRIHGS*RH^M\NRXH*UOGQMfSX\bRHI*GHJ*XH{Xcc*

[XJFSGNRXHL*

2 fc

fc

2 fc



Chv*

0X[UGVMJ*NX*G*Q_QNM[*aRNOXFN*VMQXVNRHI*NX*G*OGV[XHR\*cVX[*NOM*NGI*GQ*NOM*YG\bQ\GNNMVRHI*QRIHGS*

yACK*uCK* uuK* tvz*?OMVMRHGcNMV* VMcMVVMJ* NX* GQ* G* cFHJG[MHNGS* Q_QNM[@K* XFV* UVXUXQMJ* Q_QNM[* OGQ*G*

HF[YMV*Xc*GJWGHNGIMQ*GQ*cXSSXaQ8*

C@! hBr* GYQXSFNM*YGHJaRJNO* Xc* RHNMVVXIGNRXH* QRIHGS*RQ* QGWMJ* NX* G\ORMWM* NOM* QG[M* VGHIM*

VMQXSFNRXHL*(ORQ*RQ*YM\GFQM*NOM*MccM\NRWM*YGHJaRJNO*Xc*GH*64'f.(*RQ*MjFRWGSMHN*NX*NOGN*Xc*G*

cFHJG[MHNGS*Q_QNM[*aRNO*NOM*cXSSXaRHI*\XHcRIFVGNRXHQ8*NOM*QG[M*&`fC*NX*&`f(*Xc*NOM*64'f

.(K* G* (`* NVGHQ[RNNRHI* G*\ORVU*RHNMVVXIGNRXH* QRIHGS* aRNO* A)* *YGHJaRJNO* GN**\MHNMV*

cVMjFMH\_K*GHJ*G\NRWM*NGIQ*NVGHQ[RNNRHI*GHJ*VM\MRWRHI*RH*NOM*QG[M*YGHJ*\MHNMVMJ*GN*GYXFN*

L*3MHMVGSS_K* Rc* NOM*7NO* OGV[XHR\* RQ* FQMJ* GQ* G* NGI=Q* YG\bQ\GNNMVRHI* QRIHGSK**

GYQXSFNM*YGHJaRJNO*RQ*QGWMJL**

A@! ' MScfRHNMVcMVMH\M*GHJ*\SFQNMV*Q\GNNMVRHI*GVM*\X[USMNMS_*MSR[RHGNMJ*XH*YXNO*NGI*GHJ*1' L*#H*

YXNO*cFHJG[MHNGS*Q_QNM[*GHJ*\XHWMHNRXHGS*7,0:*VGJGVK*G*QRIHGS*\XFUSRHI*YMNaMMH*NOM*(`*

GHJ*&`*GHNMHHGQ*XH*G*1' *[G_*QMWMVMS_*\X[UVX[RQM*NOM*Q_QNM[*UMVcXV[GH\ML*.*QRIHGS*cVX[*

G*cGVGaG_*NGI*[G_*YM*^G[[MJ*Rc*RN*RQ*aMGbMV*NOGH*G*QRIHGS*cVX[*G*QNGNR\*VMcSM\NXV*XV*JRVM\NS_*

\XFUSMJ*cVX[*NOM*(`*NX*&`L*( OMVMcXVMK*NOM*1' *QMHQRNRWRN_*RQ*JMIVGJMJL*0SFQNMV*Q\GNNMVRHIQ*

[G_*YM*VM\XIHRqMJ*GQ*cGbM*NGVIMNQK*HXN*XHS_*IRWRHI*G*aVXHI*RHcXV[GNRXH*Xc*SX\GNRXH*YFN*GSQX*

RH\VMGQRHI*NOM*YFVJMH*Xc*\X[UFNGNRXH*MQUM\RGSS_*aOMH*G*QMGV\O*GSIXVRNO[*RQ*FQMJL*(`*GHJ*

&`*GHNMHHG*\XFUSRHI*XH*NOM*NGI*aRSS*QRIHRcR\GHNS_*VMJF\M*NOM*UOGQM*SX\bRHI*G\\FVG\_*YM\GFQM*

NOM*RHRNRGS*UOGQM*Xc*QX[M*Xc*NOM*UFSQMQ*[G_*YM*FHM`UM\NMJS_*SX\bMJ*NX*G*NVGHQ[RNNMJ*QRIHGS*

cVX[*NOM*NGI*RNQMScL*1M\GFQM*Xc*NORQK*\RV\FRN*RHQNGYRSRN_*[G_*GSQX*OGUUMHL*(`*GHJ*&`*GHNMHHGQ*

aRNO*\VXQQ*UXSGVRqGNRXHQ*\GH*YM*FQMJ*NX*MHOGH\M*NOM*RQXSGNRXH*YMNaMMH*NOM[*ytvzK*YFN*FQFGSS_K*

NORQ*NM\OHRjFM*\GH*XHS_*[RNRIGNM*NOM*MccM\N*Y_*HX*[XVM*NOGH*AB*J1L*:RNO*NOM*JM\VMGQRHI*Xc*

NOM*QRqM*Xc*NGIQ*cXV*FYRjFRNXFQ*QMHQRHIK*VMJF\RHI*GHNMHHG*\XFUSRHI*RH*G*Q[GSS*cXV[*cG\NXV*

YM\X[MQ*MWMH*[XVM*JRccR\FSN*NX*G\ORMWML*.JGUNRWM*\GH\MSSGNRXH*\RV\FRNQ*RH*cVXHNfMHJ*Q_QNM[Q*

GVM* GSQX* aRJMS_* FQMJ*yCwBz*cXV* \XFUSRHI* VMJF\NRXHK* YFN* NOM_* [G_* RH\VMGQM* NOM* HXRQMK*

\X[USM`RN_K*GHJ*\XQNL*

u@! #HNMVcMVMH\M*G[XHI*NOM*NGIQ*RH*G*[FSNRNGVIMN*\XHcRIFVGNRXH*RQ*G*OFVJSM*Xc*NOM*cFHJG[MHNGS*

Q_QNM[QL*(ORQ*RQ*YM\GFQMK*aRNO*VMQUM\N*NX*XHM*NGIK*G*NVGHQ[RNNMJ*QRIHGS*cVX[*GHXNOMV*NGI*[G_*

YM*[F\O*QNVXHIMV*NOGH*GH*RHNMVVXIGNRXH*QRIHGS*cVX[*NOM*1' L*1M\GFQM*YXNO*QRIHGSQ*QOGVM*NOM*

QG[M*YGHJK*NORQ*[G_*\GFQM*NOM*UOGQM*Xc*NOM*cRVQN*NGI*YMRHI*\X[USMNMS_*VFRHMJL*:OMH*NGIQ*

GVM*JMUSX_MJ*RH*G*ORIO*JMHQRN_*XV*RH*\MVNGRH*VMSGNRWM*UXQRNRXH*?SRbM*cG\MfNXfcG\M@K*NORQ*UVXYSM[*

2 fc

2 fc n! 1( ) n



Cht*

[G_*MWMH*ORHJMV*NOM*XUMVGNRXHL*'_H\OVXHRqGNRXH*NM\OHRjFMQ*G[XHI*NOM*NGIQ*[G_*YM*FQMJ*NX*

GWXRJ*NOM*XWMVSGUURHI*Xc*NOMRV*UFSQMQL*1FN*NORQ*aRSS*RHMWRNGYS_*RH\VMGQM*NOM*\XQN*GHJ*JM\VMGQM*

NOM*QRIHGS*NX*HXRQM*VGNRX*?'"&@*Xc*MG\O*NGIL*.H*64'f.(*\GH*UMVcM\NS_*GWXRJ*QF\O*GH*RQQFM*

JFM*NX*NOM*cVMjFMH\_*RQXSGNRXH*YMNaMMH*NOM*(`*GHJ*&`*Xc*NGIQL*

i@! ( OM*64'f.(*\XHcRIFVGNRXH*RQ*G*cGWXVGYSM*\OXR\M*cXV*aMGVGYSM*JMWR\MQ*GHJ*GUUSR\GNRXHQ*RH*

\VXaJMJ*QUM\NVF[Q*NOGHbQ*NX*NOM*SXa*UFSSRHI*MccM\N*Xc*NOM* '#6-Q*XH*NGIQL* (ORQ*cMGNFVM*

MHQFVMQ*NOGN*NGIQ*\GH*aXVb*aRNOXFN*YMRHI*RHNMVVFUNMJ*MWMH*aRNO*cXVMRIH*XY^M\NQ*RH*UVX`R[RN_*

XV*G[YRMHN*QRIHGSQ*GN*GYXFN**RQ*VM\MRWMJ*Y_*NOM*GHNMHHGQ*Xc*NGIQL*

h@! /Xa f\XQN*RHNMIVGNMJ*\RV\FRN*UVX\MQQ*\GH*YM*QMSM\NMJ*NX*JMQRIH*NGIQ*XUMVGNRHI*GN*[RSSR[MNMVf

aGWM*?[[:@ *cVMjFMH\_*GHJ*GYXWML*(ORQ*RQ*YM\GFQM*OGV[XHR\*XQ\RSSGNXVQ*?RH\SFJRHI*'#6-@*

\GH*YM*JMQRIHMJ*NX*aXVb*GN*G*cVMjFMH\_*[F\O*ORIOMV*NOGH*#[G` *Xc*NVGHQRQNXVQ*yCuvK*CwCzK*

aORSM*cFHJG[MHNGS*XQ\RSSGNXVQ*aRNO*NOM*QG[M*cVMjFMH\_*XFNUFN*VMjFRVM*G*[XVM*M`UMHQRWM*

UVX\MQQL*

! 0BGFKC-L@M>C-KFM-@S><KEB@F-S<BFHBSC>-

&McMVVRHI*NX*7RIL*tLC*GHJ*7RIL*tLA*?G@K*NOM*' NO*NGI*VM\MRWMQ*G*QRIHGS*aRNO*NOM*cXSSXaRHI*M`UVMQQRXH8*

******************************?tLC@**

"XNGNRXHQ*cXV*NORQ*MjFGNRXH8*

¥! GHJ* 8*UGNO*SXQQ*GHJ*(-7*Xc*VGJRX*cVMjFMH\_*?&7@*QRIHGS*YMNaMMH*NOM*1'*GHJ*NOM*' NO*

NGI~*

¥! 8*+XUUSMV*QORcN*QMMH*Y_*NOM*' NO*NGI*OGWRHI*G*WMSX\RN_*Xc**VMcMVVMJ*NX*NOM*1'~*

¥! 8* YGQMYGHJ* \ORVU*QRIHGS*Xc* NOM* 1'* aRNO* G* HXV[RGSRqMJ*

G[USRNFJM~*

¥! 8*FU{JXaH*\ORVU*VGNM~*

¥! 8*\ORVU*UMVRXJ~*

¥! K*Rc* *XV*XNOMVQ8*\ORVU*JFVGNRXH*aRHJXaQ*cFH\NRXH*RH*aOR\O*A*

€*BK*CK*AK*x*L*
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ChD*

*

7RIFVM*t LA8 #SSFQNVGNRWM*aGWMcXV[Q*Xc*NOM*' NO*NGI8*?G@*VM\MRWMJ*UMVRXJR\GS*\ORVU*QRIHGS*cVX[*NOM*1'K*

?Y@*cFHJG[MHNGS*XQ\RSSGNRXH*QRIHGS*Xc*'#6-*UOGQMfSX\bMJ*NX*QRIHGS*RH*?G@K*GHJ*?\@*AHJ*OGV[XHR\*Xc*

QRIHGS*RH*?Y@K*aOR\O*RQ*NVGHQ[RNNMJ*NXaGVJQ*NOM*1'L*

.Q*QOXaH*RH*7RIL*tLA*?Y@K*NOM*cFHJG[MHNGS*XQ\RSSGNRXH*QRIHGS*Xc*NOM*UFSQMJ*'#6-*XH*NOM*' NO*NGI*RQ*

UOGQMfSX\bMJ* NX* L* #N*OGQ* G* UMVRXJ* Xc*GHJ* G* JFN_* \_\SM* Xc* K* GHJ* \GH* YM*

M`UVMQQMJ*GQ8*

****************************?tLA@*

"XNGNRXHQ*RH*NORQ*MjFGNRXH8*

¥! 8*cVMjFMH\_*Xc*G*cFHJG[MHNGS*XQ\RSSGNRXH*QRIHGS~**

¥! K*Rc* *XV*XNOMVQ8*UFSQM*aRHJXa*cFH\NRXH~*

¥! 8*RHRNRGS*UOGQM*Xc*NOM**UFSQM*GN*MG\O*NFVHf

XH*RHQNGHN*~*

¥! 8*HF[YMV*Xc*UFSQMQ*Xc*NOM*' NO*NGI*RH*G*\ORVU*UMVRXJL*
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Chw*

(OMVMcXVMK*G*QMVRMQ*Xc*NVGHQ[RNNMJ*UFSQMQ*cVX[*NOM*' NO*NGI*?7RIL*tLA*?\@@K*aOR\O*RQ*\X[UVRQMJ*Xc*NOM*

AHJ*OGV[XHR\*Xc*NOM*cFHJG[MHNGS*UFSQMQ*Xc*?tLA@K*\GH*YM*M`UVMQQMJ*GQ8*

**********************?tLu@*

RH*aOR\O*NOM*J\*\X[UXHMHN*RQ*RIHXVMJ*GHJ**RQ*NOM*NVGHQ[RNNMJ*G[USRNFJML*#N*QOXFSJ*YM*HXNMJ*NOGN*

NOM*cFHJG[MHNGS*QRIHGS*GHJ*�� uVJ*XVJMV*OGV[XHR\Q*[G_*GSQX*M`RQN*RH**YFN*OGWM*uB*J1*SXaMV*

G[USRNFJM*NOGH*NOM*AHJ*OGV[XHR\*XHMK*Rc*NOM*'#6-*XH*NOM*NGI*RQ*UVXUMVS_*JMQRIHMJL*

K*aOR\O*RQ*NOM*YG\bQ\GNNMVMJ*QRIHGS*cVX[*NOM*' NO*NGI*VM\MRWMJ*Y_*GH*&`*Xc*NOM*1'K*RQ*QR[US_*

*RH*aOR\O* *RQ*VMUSG\MJ*Y_* *NX*G\\XFHN*cXV*NOM*+XUUSMV*MccM\NL*(OMVMcXVMK*

NOM*NXNGS*QRIHGS*cVX[*GSS*NOM*NGIQ*VM\MRWMJ*Y_*NOM*&`*RQ8*

?tLi@******************************

"XNGNRXHQ*RH*NORQ*MjFGNRXH8*

¥! b8*NOM*HF[YMV*Xc*NGIQ*RH*NOM*VGHIM*Xc*JMNM\NRXH~*

¥! K*Rc* *XV*XNOMVQ8*QORcNMJ*UFSQM*aRHJXa*cFH\NRXH~*

¥! ~*

¥! L*

*RQ*NOMH*JM[XJFSGNMJ*Y_*NOM*cVMjFMH\_fJXFYSMJ*\ORVU*QRIHGS*GHJ*NOM*cXSSXaRHI*YGQMYGHJ*QRIHGS*

RQ*IMHMVGNMJK*aOXQM*VMGS*GHJ*R[GIRHGV_*UGVNQ*GVM*NOM*#*GHJ*;*QRIHGSQ*RH*7RIL*tLCK*VMQUM\NRWMS_8*

***************?tLh@*

1_*JXFYSRHI*NOM*UGVG[MNMVQ*5K* K* *GHJ* *RH*MjFGNRXH*?Cv@*Xc*ytvzK*aM* \GH*IMN*NOM*QG[M*

MjFGNRXH*GQ*?tLh@L*(OMVMcXVMK*GH*64' f.( *OGQ*NOM*QG[M*YGQMYGHJ*aGWMcXV[*GHJ*\GH*YM*R[USM[MHNMJ*

aRNO*NOM*QG[M*QRIHGS*UXQNfUVX\MQQRHI*NM\OHRjFMQ*cXV*NR[MfXcfGVVRWGS*?(-.@*GHJ*JRVM\NRXHfXcfGVVRWGS*

?+-.@*MQNR[GNRXH*GQ*NOM*cFHJG[MHNGS*Q_QNM[*aRNO*G*JXFYSMJ*YGHJaRJNOL*
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CvB*

1XNO*cVMjFMH\_*JX[GRH*GHJ*NR[M*JX[GRH*[MNOXJQ*\GH*YM*FQMJ*NX*QXSWM*K* GHJ*NOM*UOGQM*

JRccMVMH\M*YMNaMMH*NOM*JM[XJFSGNMJ*QRIHGSQ*cVX[*JRccMVMHN*\OGHHMSQ*QX*NOGN*NOM*QUGNRGS*UXQRNRXH*GHJ*

WMSX\RN_*\GH*YM*XYNGRHMJ*ytvzL*(X*FHJMVQNGHJ*NOM*UO_QR\GS*[MGHRHI*Xc*NOM*QRIHGS*[XJMSK*aM*GQQF[M*

NOM* [XJFSGNRXH* cVMjFMH\_* Xc* G* NGI* RQ* RHcRHRN_L* #H* NORQ* aG_K**YM\X[MQ* G* \XHNRHFXFQ* WGVRGYSM*

*GHJ*MjFGNRXHQ*?tLi@*GHJ*?tLh@*YM\X[M8*

***********?tLv@*

GHJ*

**********************?tLt@*

VMQUM\NRWMS_K*RH*aOR\O*NOM*UOGQM*\XHQNGHN**RQ*HMISRGYSML*.Q*QF\OK*NOM*Q_QNM[*RQ*QR[US_*GH*7,0:*

VGJGV*aRNO*\GVVRMV*cVMjFMH\_*K*YGHJaRJNO*A)* K*GHJ*YMGN*cVMjFMH\_* L*'XK*GH*64'f

.(*\GH*YM*VMIGVJMJ*GQ*G*JRQ\VMNRqMJ*7,0:*VGJGV*M[YMJJMJ*aRNO*cVMjFMH\_*JXFYSRHI*NM\OHRjFMQL*

W:J! 8K<M]K<>-)>DBGF-@A-0?DE>L-)>L@FDE<KE@<-

.*aRJMYGHJ*QFUMVfOMNMVXJ_HM*QNVF\NFVM*RQ*QMSM\NMJ*cXV*NOM*&`*JMQRIH*Xc*G*1'*cVXHNfMHJ*NX*G\ORMWM*

G*ORIO*SRHMGVRN_K*J_HG[R\*VGHIMK*GHJ*QUFVRXFQ*VM^M\NRXH*GQ*aMSS*GQ*G*SXa*HXRQM*cRIFVM*?"7@L*(OM*(`*

JMQRIH*Xc*G*1'*cVXHNfMHJ*FQMQ*G*QR[USM*JRVM\N*FUf\XHWMVQRXH*QNVF\NFVML*.*'#6-*aRNO*G*SXXU*QaRN\O*

GHJ*GH*RH^M\NRXH*QRIHGS*UGNO*RQ*JMQRIHMJ*cXV*NOM*NGIL* (OM*SXXU*QaRN\O*RQ*\X[UVRQMJ*Xc*G*UGRV*Xc*

\X[USM[MHNGV_*QaRN\OMQ*YGQMJ*XH*URH*JRXJM*?4+@*cMGNFVRHI*SXa*RHQMVNRXH*SXQQ*?#/@*GN*XHfQNGNMK*ORIO*

RQXSGNRXH*GN*XccfQNGNM*GHJ*cGQN*QaRN\ORHI*QUMMJL*1XNO*NGI*GHJ*1'*cVXHNfMHJ*UVXNXN_UMQ*GVM*RHNMIVGNMJ*

aRNO*G*UVRHNMJ*\RV\FRN*YXGVJ*?401@*NM\OHXSXI_*GHJ*XccfNOMfQOMSc*\X[UXHMHNQL*(OM*YG\bfMHJ*QFYf

Q_QNM[*Xc*G*1'*FQMQ*\X[[MV\RGSS_*GWGRSGYSM*RHQNVF[MHNQ*GHJ*JMWMSXU[MHN*YXGVJQL*#H*NORQ*QM\NRXHK*

NOM*cVMjFMH\_*USGHHRHI*GHJ*SRHb*YFJIMN*GVM*GHGS_qMJ*cRVQNL*'FYQMjFMHNS_K*JMNGRSMJ*NGI*GHJ*1'*cVXHNf

MHJ*JMQRIHQ*GVM*M`USGRHMJL*

! 4<>Z;>FH?-SCKFFBFG-KFM-CBF\-O;MG>E-

:M*UVXUXQM*G*OGVJaGVM*Q_QNM[*NOGN*GR[Q*GN*JM[XHQNVGNRHI*NOM*\XH\MUN*GHJ*NOMXV_*RH*G*\XHNVXSSGYSM*

RHJXXV*MHWRVXH[MHNL*4VRXVRNRqRHI*NOM*Q_QNM[*UMVcXV[GH\M*GHJ*\XHQRJMVRHI*NOM*\XQN*GHJ*GWGRSGYRSRN_*

Xc*\X[UXHMHNQK*NOM*QMSM\NMJ*XUMVGNRHI*cVMjFMH\_*[G_*HXN*[MMN*QUM\NVF[*GSSX\GNRXH*VMIFSGNRXHQ*Y_*

IXWMVH[MHN*JMUGVN[MHNQ*QF\O*GQ*700L*"MWMVNOMSMQQK*aM*OGWM*NX*GWXRJ*VGJRGNRHI*GN*cVMjFMH\RMQ*
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CvC*

X\\FURMJ*Y_*HXV[GS*JMWR\MQ*GVXFHJ*NOM*SX\GNRXHfXcfNMQNL*(X*NORQ*MHJK*G*QUM\NVF[*QFVWM_*RQ*\GVVRMJ*

XFN*FQRHI*G*:&Cut*aGWMIFRJM*GHNMHHG*\XHHM\NMJ*NX*GH*.IRSMHN*"wBuB.*QRIHGS*GHGS_qMVL*7XFV*wB¡*

QM\NXVQ*RH*NOM*GqR[FNO*USGHM*GVM*JMNM\NMJ*RH*YXNO*WMVNR\GS*GHJ*OXVRqXHNGS*UXSGVRqGNRXHL*7XV*MG\O*Xc*

NOM*D*[MGQFVM[MHNQK*[G`R[F[fOXSJ*RQ*FQMJ*cXV*XHM*OXFVL*,MGQFVMJ*QUM\NVF[Q*GVM*QFUMVUXQMJ*GHJ*

USXNNMJ*RH*7RIL*tLuL*(OM*cRVQN*NaX*UMGbQ*GVM*:R7R*QRIHGSQK*GHJ*NOM*XHM*GN*wLui*36q*[G_*YM*cVX[*

QGNMSSRNM*YVXGJ\GQNRHIL*

*
7RIFVM*t Lu8 -\\FURMJ*cVMjFMH\RMQ*RH*i*36q*|*Ch*36q*YGHJ*GVXFHJ*NOM*SX\GNRXH*Xc*RHJXXV*64'f

.(*JM[XHQNVGNRXHL*

*
7RIFVM*t Li 8*(GI*XFNUFN*QUM\NVF[*aRNO*h*,6q*[XJFSGNRXH*cVMjFMH\_*GHJ*D*HQ*VRQM{cGSS*NR[ML*

0GVVRMV*cVMjFMH\_*RQ*HXV[GSRqMJ*NX*C*36qL*

7VX[*7RIL*tLiK*RN*\GH*YM*QMMH*NOGN*NOM*XFNUFN*QUM\NVF[*Xc*G*NGI*aRNO*h*,6q*[XJFSGNRXH*cVMjFMH\_*

GHJ*D*HQ*VRQM{cGSS*NR[M*Xc*UFSQMQ*OGQ*GYXFN*ChB*,6q*uBfJ1*YGHJaRJNOL*0XHQRJMVRHI*NOM*cG\N*NOGN*



CvA*

\GVVRMV*cVMjFMH\RMQ*Xc*[FSNRUSM*NGIQ*[G_*OGWM*QSRION*JRccMVMH\MQ*YM\GFQM*Xc*cGYVR\GNRXH*NXSMVGH\MK*

GHJ*NX*[GbM*QFVM*NOGN*YG\bQ\GNNMVMJ*QRIHGSQ*cVX[*GSS*NOM*NGIQ*GVM*aMSS*\XSSM\NMJK*aM*JMcRHM*NOM*&`*

YGHJaRJNO*Xc*NOM*1'*cVXHNfMHJ*NX*YM*AhB*,6qL*(X*IFGVGHNMM*G*BLC*[*QNGHJGVJ*JMWRGNRXH*Xc*JRQNGH\M*

MQNR[GNRXH*GN*h*J1*'"&K*DBB*,6q*MjFRWGSMHN*YGHJaRJNO*RQ*VMjFRVMJ*yCDDzK*QX*NOM*RHNMVVXIGNRXH*

\ORVU*YGHJaRJNO*RQ*iBB*,6qL**

.\\XVJRHI*NX*NOM*GYXWM*RHcXV[GNRXH*GHJ*FQRHI*N_UR\GS*XccfNOMfQOMSc*[R`MV*QUM\RcR\GNRXHQK*QUFVRXFQ*

GHJ*RHNMV[XJFSGNRXH*UVXJF\NQ*?#, Q@*Xc*1'*(`*GHJ*&`*GVM*QR[FSGNMJ*GHJ*QOXaH*RH*7RIL*tLhK*NXIMNOMV*

aRNO*G*cVMjFMH\_*USGHHRHI*RH*NORQ*\XHHM\NRXHL*(OM*&7*QRIHGSQ*cXV*(`*GHJ*&`*GVM*\MHNMV*GN*vLu*36q*

GHJ*RN*AHJ*OGV[XHR\*cVMjFMH\_*CALv*36qK*VMQUM\NRWMS_L*(OM*RHNMV[MJRGNM*cVMjFMH\_*?#7@*QRIHGS*Xc*

NOM*(`*RQ*G*iBB*,6q*\ORVU*aOXQM*\GVVRMV*cVMjFMH\_*RQ*VMQNVR\NMJ*YMSXa*CLA*36q*YM\GFQM*Xc*NOM*

SR[RNMJ*\GUGYRSRN_*Xc*NOM*JRVM\N*JRIRNGS*Q_HNOMQRqMV*?++'@*XV*GVYRNVGV_*aGWMcXV[*IMHMVGNXV*?.:3@*

aM*FQMJ*RH*NORQ*aXVbL*&McMVVRHI*NX*7RIL*tLh*?Y@K*NOM*cVMjFMH\RMQ*Xc*NOM*(`*SX\GS*XQ\RSSGNXV*?/-@*GHJ*

#7N*GVM*GJ^FQNMJ*QFY^M\N*NX*NOM*VMjFRVM[MHNQ*NOGN*QUFVRXFQ*GHJ*#,*aOR\O*cGSS*RHNX*NOM*(`*YGHJ*QOXFSJ*

YM*hB*J1*SXaMV*NOGH*NOM*JMQRVMJ*QRIHGSK*GHJ*NOXQM*XFN*Xc*(`*YGHJ*QOXFSJ*YM*bMUN*cGV*MHXFIO*RH*NOM*

QUM\NVF[*QX*GQ*NX*YM*MccM\NRWMS_*GNNMHFGNMJ*Y_*G*(`*YGHJfUGQQ*cRSNMV*?147@*aRNO*G\ORMWGYSM*QRJMf

YGHJ*VMQUXHQML*(OM*SXa*QRJM*YGHJ*QRIHGS*‚#7Nˆ/-CN*OGQ*G*QR[RSGV*G[USRNFJM*GQ*NOM*JMQRVMJ*XHM*GN*

NOM*[R`MV*XFNUFN*GHJ*[G_*RHNMVcMVM*NOM*NGIQ*GHJ*XNOMV*JMWR\MQ*Rc*RN*RQ*HXN*cRSNMVMJ*XFNL*.*ORIOMV*#7N*

cVMjFMH\_*[GbMQ*NOM*A$#7Nˆ/- CN*YGHJ*GHJ*/-CN*cGVNOMV*cVX[*NOM*(`*YGHJ*GHJ*MGQRMV*NX*IMN*cRSNMVMJ*

XFNL*'UFVRXFQ*GHJ*#,*\X[UXHMHNQ*GVXFHJ*CALv*36q*\GH*YSX\b*1'*&`*NOVXFIO*GHNMHHG*\XFUSRHI*Rc*

NOM_*GVM*HXN*cRSNMVMJ*XFNK*YM\GFQM*NOM*YG\bQ\GNNMVRHI*QRIHGS*VM\MRWMJ*Y_*G*1'*&`*\GH*YM*GQ*SXa*GQ*

‚tB*J1[*XV*SMQQL*:OMH*aM*\GVV_*XFN*G*cVMjFMH\_*USGHHRHIK*QNVXHI*QUFVRXFQ*GHJ*#,*\X[UXHMHNQ*

GVXFHJ*NOM*cVMjFMH\RMQ*QOXaH*RH*7RIL*tLu*QOXFSJ*YM*GWXRJMJK*NXXL*.HJ*(`*147*VM^M\NRXHQ*GN*NOXQM*

YGHJQ*OGWM*NX*YM*IFGVGHNMMJL*

*

*



Cvu*

*
?G@*

*
?Y@*

*
?\@*

7RIFVM*t Lh8*?G@*4VXUXQMJ*cVMjFMH\_*USGHHRHI*Xc*NOM*1'*cVXHNfMHJ*JM[XHQNVGNXVL*?Y@*-FNUFN*

QUM\NVF[*Xc*NOM*(`*[R`MV*RH*NOM*1'*cVXHNfMHJL*?\@*-FNUFN*QUM\NVF[*Xc*NOM*#7*[R`MV*Xc*NOM*&`*RH*

NOM*1'*cVXHNfMHJL*



Cvi*

#H*7RIL*tLh*?\@K*NOM*#7V*QUM\NVF[*Xc*GH*&`*RQ*USXNNMJL*(OM*JMQRVMJ*#7V*YGHJ*\GH*YM*QMSM\NMJ*Y_*G*SXaf

UGQQ*cRSNMV*?/47@*XV*147L*'UFVRXFQK*#,*GHJ*NOMRV*OGV[XHR\Q*[G_*[R`*aRNO*NOM*SMGbMJ*/-AV*GHJ*RNQ*

OGV[XHR\Q*RH*NOM*YGQMYGHJ*JM[XJFSGNXV*GHJ*\XHNG[RHGNM*NOM*YGQMYGHJ*QRIHGSL*(OMVMcXVMK*aM*OGWM*

NX*[GbM*QFVM*NOGN*NOM*QUFVRXFQ*GHJ*#,*GVM*UVXUMVS_*SX\GNMJ*Y_*G*\GVMcFS*cVMjFMH\_*USGHHRHI*GHJ*

NOM_*\GH*YM*MccM\NRWMS_*cRSNMVMJ*XFNL*(OM*G[USRNFJM*Xc*/-CV*RH*NOM*#7V*QUM\NVF[*RQ*XHS_*JMNMV[RHMJ*

Y_*NOM*/-*UXaMV*Xc*G*[R`MVK*NOMVMcXVM*RN*[G_*YM*QNVXHIMV*NOGH*NOM*JMQRVMJ*#7V*QRIHGSL*.HJ*/-CV*

[G_*[R`*aRNO*NOM*hNO*OGV[XHR\*Xc*/-AV*GN*NOM*YGQMYGHJ*JM[XJFSGNXV*NX*UVXJF\M*G*HXHfHMISRIRYSM*

QUFVRXFQ*aRNORH*B*NX*BLhAh*36q*YGHJL*.Q*QF\OK*NOM*#7V*cRSNMV*QOXFSJ*OGWM*vB*J1*XV*ORIOMV*VM^M\NRXH*

GN*CBLhA*36qL*,XVMXWMVK*\X[UXHMHNQ*‚A$&7Vˆu$/-CVK*‚&7VˆA$/-CV*GHJ*&7V*\GH*YM*\XHWMVNMJ*

NX*YGQMYGHJ*aOMH*[R`MJ*aRNO*NOM*uVJ*XV*hNO*OGV[XHR\Q*Xc*/-AVL*0XHQRJMVRHI*NOMRV*G[USRNFJM*GHJ*

JRQNGH\M*NX*NOM*&7V‚/-CV*YGHJK*NOM_*GSS* \GH*YM*OGHJSMJ*Y_*NOM*#7*cRSNMV*NX*G\ORMWM*G* ‚hB*J1\*

QUFVRXFQ*SMWMS*RH*NOM*YGQMYGHJL*#H*GJJRNRXHK*&`*147*OGQ*NX*YM*JMQRIHMJ*aRNO*NaX*cG\NXVQ*RH*[RHJK*

HG[MS_*NOM*QUFVRXFQ*GHJ*#,*cVX[*1'*(`K*GHJ*NOM*X\\FURMJ*YGHJQ*QOXaH*RH*7RIL*tLuL*

(GYSM*t LC8*'_QNM[*+M[XHQNVGNXV*/RHb*1FJIMN*GHJ*2M_*'UM\Q*

* 7KEI-C@DD- !FE>FFK-GKBF- 7@]><-

* (`*?CBB*[@* (`*?i*[@* (` * &` * (` * &` *

20- ‚ DDLi*J1* ‚ vBLh*J1* CA*J1R* CB*J1R* Ah*J1[ * ‚ tALh|‚ iiLh*J1[ *

,KG- ‚ wiLh*J1* ‚ vvLh*J1* t*J1R* t*J1R* h*J1[ * ‚ iiLi| ‚ CvLh*J1[*

*

* 2KFM]BMEI-
jBFS;Ek-

$@BD>-AC@@<-
jBFS;Ek-

+BF-0$. -
jBFS;Ek-

+BF-0$.->Z;B=:-
j@;ES;Ek-

!CC@]>M-
$4-LK_ -

20*&` * ChB*,6q* ‚ wALC*J1[* CwLv*J1* CB*J1* wLA*J1*

/RHb*YFJIMN*GHJ*bM_*QUM\RcR\GNRXHQ*Xc*NOM*UVXUXQMJ*JM[XHQNVGNXV*GVM*IRWMH*RH*(GYSM*tLCL*,XJMVGNM*

GHNMHHG* IGRH* GHJ* NVGHQ[RNNMJ* UXaMV* cXV* YXNO* 1'* GHJ* NGI* GVM* FQMJL*.* QRHISM* NGI* aRNO*

RQ* GQQF[MJ* aOMH* \GS\FSGNRHI* NOM* "7L*(OMVMcXVMK* NOM* RHUFN* QRIHGS* OGQ* G*

YGHJaRJNO*Xc*ChB*,6qL*#c*/-AV*RQ*G*[XHXNXHMK*NOM*YGQMYGHJ*QRIHGS*GSQX*OGQ*G*YGHJaRJNO*Xc*ChB*

,6qL*'RH\M*/-AV*RQ*G*\ORVUK*NOM*UXaMV*Xc*NOM*YGQMYGHJ*QRIHGS*RQ*JRQNVRYFNMJ*RHNX*G*YGHJaRJNO*Xc*

ith* ,6qL* .Q*QF\OK*NOM*MjFRWGSMHN*[RHR[F[* '"&*cXV*NOM*JMQRVMJ*BLC* [*QNGHJGVJ*JMWRGNRXH*Xc*

JRQNGH\M*MQNR[GNRXH*RQ* K*aOR\O* \GH*YM*FQMJ*NX* \XVVMSGNM*NOM*HXV[GS* "7*

JMcRHRNRXH*FQRHI*NOM*QG[M*RHUFN*GHJ*XFNUFN*YGHJaRJNOL*#N*\X[MQ*XFN*NOGN*1'*&`*HMMJQ*NX*G\ORMWM*GH*

2 fc
k( ) =12.6 GHz

5+10!l og10
475
150 =10 dB



Cvh*

"7*YMNNMV*NOGH*wLA*J1*NX*VMGSRqM*G*[G`R[F[*VGHIM*\XWMVGIM*Xc*CBB*[L*#N*QOXFSJ*YM*HXNMJ*NOGN*GH*

"7*[GVIRH*Xc*[XVM*NOGH*i*J1*RQ*VMQMVWMJ*ytvK*CwAzL*(OMVMcXVMK*G*VGHIM*Xc*GN*SMGQN*AvB*[*QOXFSJ*YM*

cMGQRYSM*RH*NOM*YMQN*\GQML*(OM*VMjFRVM[MHN*Xc*[RHR[F[*VGHIM*Xc*i*[*JM\RJMQ*NOM*1'*&`*\X[UVMQQRXH*

UMVcXV[GH\M* GHJ* QUFVRXFQ* SMWMSL* (OM* 1'* cVXHNfMHJ* QOXFSJ* OGWM* G* ORIO* MHXFIO* QUFVRXFQfcVMM*

J_HG[R\*VGHIM*QF\O*NOGN*NOM*cGVNOMQN*GHJ*\SXQMN*NGIQ*\GH*YM*OGHJSMJ*QR[FSNGHMXFQS_L*.*NGI*aRNO*GH*

GJGUNRWM*NVGHQ[RNNMJ*UXaMV*\XHNVXS*YGQMJ*XH*G*VM\MRWMJ*QRIHGS*QNVMHINO*RQ*cGWXVGYSM*YM\GFQM*RN*[G_*

R[UVXWM*NOM*1'fVM\MRWMJ*'"&*Xc*G*JRQNGHN*NGI*GHJ*RH\VMGQM*NOM*VGNRX*Xc*[G`R[F[*GHJ*[RHR[F[*

VGHIMK*GSNOXFIO*NORQ*cFH\NRXH*RQ*HXN*R[USM[MHNMJ*RH*NORQ*JM[XHQNVGNRXH*Q_QNM[L*

! ,KG-KFKC?DBD-KFM-DHI>LKEBH-

*
?G@*

*
?Y@*

7RIFVM*t Lv8*?G@*-UMVGNRXH*UVRH\RUSM*Xc*G\NRWM*NGI*aRNO*G*QaRN\OMJ*'#6-K*GHNMHHGQK*GHJ*QaRN\Of

QRIHGS*IMHMVGNXVL*?Y@*(R[RHI*JRGIVG[*Xc*QaRN\O*\XHNVXS*QRIHGSQL*



Cvv*

7RIL*tLv*?G@*RSSFQNVGNMQ*NOM*XUMVGNRXH*UVRH\RUSM*GHJ*bM_*\X[UXHMHNQ*Xc*G*NGI*Xc*64'f.(L*.HNMHHG*&*

cXV*VM\MRWRHI*XUMVGNMQ*GN**aRNO*G*YGHJaRJNO*Xc*)* *GHJ*.HNMHHG*(*cXV*NVGHQ[RNNRHI*XUMVGNMQ*GN*

*aRNO* G* YGHJaRJNO* Xc* ChB* ,6qL* .* UXaMV* \X[YRHMV* RQ* GJJMJ* YMNaMMH* NOM* JRUSM`MV* GHJ*

G[USRcRMV*Xc*G*QNGHJGVJ*'#6-*NX*RHNVXJF\M*GH*RH^M\NRXH*QRIHGS**cVX[*.HNMHHG*&L*.*SXa*HXRQM*

G[USRcRMV* ?/".@* RQ* FQMJ* R[[MJRGNMS_* GcNMV* .HNMHHG* &K* cXSSXaMJ* Y_* G* 147L*.* SXXU* QaRN\O* RQ*

\X[UVRQMJ*Xc* 'aRN\O*#*GHJ* 'aRN\O*##K*GN*UXVN*C*GHJ*UXVN*A*Xc*NOM* \X[YRHMVK*VMQUM\NRWMS_L*1XNO*

QaRN\OMQ*GVM*QRHISMfUXSMfJXFYSMfNOVXa*?'4+(@*N_UML*:OMH*G*QRIHGS*UGNO*RQ*\XHHM\NMJ*Y_*G*QaRN\OK*

aM*QG_*NOGN*NOM*QaRN\O*RQ*GN*XHfQNGNMK*XNOMVaRQMK*aM*QG_*NOGN*RN*RQ*GN*XccfQNGNML*(OM*SXaMV*NOVXaQ*Xc*

YXNO*QaRN\OMQ*GVM*\XHHM\NMJ*NX*[GN\OMJ*SXGJQL*#H*NORQ*aG_K*G*QRIHGS*VMcSM\NRXH*RQ*[RHR[RqMJ*HX*

[GNNMV*G*QaRN\O*RQ*GN*XHfQNGNM*XV*XccfQNGNMK*GQ*7RIL*tLv*?G@*QFIIMQNQL**

(OM*NaX*QaRN\OMQ*GVM*\XHNVXSSMJ*Y_*G*UGRV*Xc*jFGQRf\X[USM[MHNGV_*QRIHGSQK*aOXQM*NR[RHI*JRGIVG[*

RQ*QOXaH*RH*7RIL*tLv*?Y@L*.N*NOM*ORIOfSMWMS*Xc*G*\XHNVXS*QRIHGSK*NOM*\XVVMQUXHJRHI*QaRN\O*RQ*GN*XHf

QNGNML**+FVRHI*.1*QMI[MHNK*YXNO*QaRN\OMQ*GVM*GN*XHfQNGNMK*'#6-*SXXU*NGbMQ*NOM*RH^M\NMJ*QRIHGSK*aRNO*

aOXQM*UOGQM*XQ\RSSGNRXH*QNGVNQ*NX*YFRSJ*FUL*+FVRHI*10*QMI[MHNK*'aRN\O*##*RQ*GN*XccfQNGNM*QX*NOGN*NOM*

RH^M\NRXH*QRIHGS*RQ*UVXORYRNMJK*GHJ*NOM*SXXU*bMMUQ*XQ\RSSGNRHI*GHJ*XFNUFNNRHI*G*UFSQM*GN*cVMjFMH\_*

L*.1*QMI[MHN*RQ*QX*QOXVN*NOGN*GcNMV*XQ\RSSGNRXH*RQ*YFRSNK*NOM*RH^M\NRXH*QRIHGS*QNXUQ*UFSSRHI*NOM*

'#6-*cVMjFMH\_L*(ORQ*cMGNFVM*RQ*\VRNR\GS*MQUM\RGSS_*aOMH*GQ*QNVXHI*GQ*G*QRHISMfJRIRNfJ1[*Xc*RH^M\NRXH*

QRIHGS*?GcNMV*YMRHI*G[USRcRMJ*Y_*NOM*/".*Xc*G*NGI*GN*G*JRQNGH\M*Xc*i*[@*[G_*YM*RHNVXJF\MJ*NX*NOM*

SXXUK*aOR\O*RQ*GN*G*QR[RSGV*[GIHRNFJM*GQ*NOM*XFNUFN*UXaMV*Xc*G*NGIK*GQ*QFIIMQNMJ*Y_*XFV*SRHb*YFJIMNL*

.\\XVJRHIS_K*GN*XccfQNGNMK* 'aRN\O*##*QOXFSJ*OGWM*GH*MHOGH\MJ*RQXSGNRXH*aOR\O* \GH*QFUUVMQQ*NOM*

RH^M\NMJ*QRIHGS*NX*G*SMWMS*HMISRIRYSM*cXV*NOM*'#6-*XQ\RSSGNRHI*J_HG[R\QL*,XVMXWMVK*'aRN\O*##*OGQ*NX*

MHQFVM*UXVN*A*Xc*NOM*UXaMV*\X[YRHMV*GSaG_Q*QMMQ*G*[GN\OMJ*\XHJRNRXHK*QF\O*NOGN*cXV*NOM*MHNRVM*.0*

QMI[MHNK*NOM*SXXU*OGQ*G*QNGYSM*\OGVG\NMVRQNR\L*1XNO*QaRN\OMQ*GVM*GN*XccfQNGNM*JFVRHI*0+*QMI[MHNK*

aOR\O* \GH*YM*JMQRIHMJ*GQ*QOXVN*GQ*UXQQRYSML*#H*NORQ*QMI[MHNK* 'aRN\O*#*XHS_*HMMJQ*NX* \VMGNM*GH*

RQXSGNRXH*ORIO*MHXFIO*NX*XccQMN*NOM*SXXU*IGRH*Xc*NOM*'#6-L*+FVRHI*NOM*MHNRVM*1+*QMI[MHNK*GH*XUMH*

\RV\FRN*\GH*YM*QMMH*Y_*NOM*XFNUFN*Xc*NOM*/".K*QX*NOM*RH^M\NRXH*QRIHGS*VMcSM\NRXH*OGUUMHQ*G[XHI*

GHNMHHGK*/".K*GHJ*cRSNMVQK*VMQFSNRHI*RH*GH*FHaGHNMJ*QNGHJRHI*aGWM*aRNO*UOGQM*G[YRIFRN_L*#H*+%*

QMI[MHNK*'aRN\O*#*GHJ*##*GVM*GN*Xccf*GHJ*XHfQNGNMK*VMQUM\NRWMS_L*#H*NORQ*aG_K*NOM*QNGHJRHI*aGWM*RQ*

cSFQOMJ*XFN*NX* NOM* [GN\OMJ* SXGJ* Xc* 'aRN\O* #* GHJ* GH* RH^M\NRXH* QRIHGS* aRNO* NOM* JMQRVMJ* UOGQM* RQ*

UVMUGVMJ*cXV*HM`N*\_\SML*

fc

2 fc
k( )

xr
k( ) t( )

2 fc
k( )



Cvt*

#H* NOM* cXSSXaRHI* UGVGIVGUOQK*NOM*bM_* \X[UXHMHNQ* Xc* G* NGI* GVM* JMQRIHMJ* NX* cFScRSS* NOM* VMjFRVMJ*

cFH\NRXHQ*GHJ*QUM\RcR\GNRXHQL*!HSMQQ*XNOMVaRQM*QNGNMJK*GSS*NOM*\X[UXHMHNQ*GVM*JMQRIHMJ*GHJ*VMGSRqMJ*

aRNO*G*(G\XHR\*(',f+'u*QFYQNVGNM*aRNO*BLhBD*[[*NOR\bHMQQL*

! ,KG-H@LS@F>FED-KFM-H@LSC>E>-M>DBGF-

*
7RIFVM*t Lt 8*/G_XFN*Xc*QaRN\O*\RV\FRNQ*XH*GH*64'f.(*NGIL*

7RIL*tLt*RSSFQNVGNMQ*NOM*JMQRIHMJ*SG_XFN*Xc*'aRN\O*#*GHJ*'aRN\O*##L*.*YVXGJ*YGHJ*UXaMV*\X[YRHMV*

%4A0ˆ* cVX[* ,RHRf0RV\FRNQ* RQ* FQMJL* #N* \GH* \XWMV* CLD* 36q* NX* Cu* 36q* YGHJL* .SS* NOM* h* 4+Q* GVM*

,.i.34wBt*cVX[*,.0-,K*NOM_ *OGWM*GH*&0*UVXJF\N*Xc*BLC*UQ*GHJ*G*QaRN\ORHI*QUMMJ*Xc*A*HQL*

(OM*/47Q*GVM*/70"fuDBBK*aOR\O*OGQ*G*ufJ1*\XVHMV*cVMjFMH\_*Xc*iLD*36q*aRNO*GYXFN*Ah*J1*GHJ*

AB*J1*#/*GN*vLu*36q*GHJ*CALv*36qK*VMQUM\NRWMS_L*(OM*ORIOfUGQQ*cRSNMVQ*?647Q@*GVM*670"fhhBB*

aOR\O*OGQ*G*ufJ1*\XVHMV*cVMjFMH\_*Xc*hLh*36q*GHJ*[XVM*NOGH*uu*J1*#/*YMSXa*i*36qL*1XNO*N_UMQ*

Xc*cRSNMV*GVM*cVX[*,RHRf0RV\FRNQK*GHJ*NOM_*GVM*FQMJ*NX*RQXSGNM*NOM*\XHNVXS*QRIHGS*UGNO*GHJ*NOM*RQXSGNRXH*

SXXUL*(OM*/47*\GH*QFUUXVN*G*VRQRHI*MJIM*Xc*SMQQ*NOGH*BLu*HQ*aOR\O*RQ*[F\O*QOXVNMV*NOGH*NOM*4+*

QaRN\ORHI*NR[ML*

:OMH*QaRN\O*QRIHGS*#*RQ*GN*ORIOfSMWMS*?CLi*$@K*4+*G*RQ*cXVaGVJfYRGQMJ*?NFVHMJ*XH@*GHJ*4+*Y*RQ*

VMWMVQMfYRGQMJ*?NFVHMJ*Xcc@L*:OMH*QaRN\O*QRIHGS*#*RQ*GN*SXafSMWMS*?‚CLi*$@K*4+*G*RQ*NFVHMJ*Xcc*GHJ*

4+*Y*RQ*NFVHMJ*XH*QX*NOGN*UXVN*C*Xc*NOM*\X[YRHMV*RQ*NMV[RHGNMJ*aRNO*hB*&L*:OMH*QaRN\O*QRIHGS*##*RQ*

GN*ORIOfSMWMS*?CLi*$@K*4+*M*RQ*NFVHMJ*XH*GHJ*4+*\*•*J*GVM*NFVHMJ*Xcc*QX*'aRN\O*##*RQ*G*NOVXFIOL*:OMH*

QaRN\O*QRIHGS*##*RQ*GN*SXafSMWMS*?CLi*$@K*4+*\*•*J*GVM*NFVHMJ*XH*GHJ*4+*M*RQ*NFVHMJ*XccL*(OMVMcXVMK*



CvD*

NOM*[R\VXQNVRU*SRHM*?,'/@*RQ*QOXVNMJ*NX*NOM*IVXFHJ*GN*4+*JL*'RH\M*NOM*,'/*YMNaMMH*4+*\*GHJ*4+*

J*RQ*GYXFN*wB¡*GN* K**4+*\*\GH*QMM*GH*XUMH*\XHJRNRXH*GN*RNQ*\GNOXJM*NXaGVJQ*4+*JK*aOR\O*MHOGH\MQ*

NOM*RQXSGNRXH*GHJ*MHQFVMQ*UXVN*A*Xc*NOM*\X[YRHMV*RQ*GSaG_Q*NMV[RHGNMJ*aRNO*hB*&*GN*NOM*cFHJG[MHNGS*

XQ\RSSGNRHI*cVMjFMH\_L*

(OM*SG_XFN*RQ*JMQRIHMJK*XUNR[RqMJ*GHJ*cGYVR\GNMJL*(OM*[MGQFVMJ* 'fUGVG[MNMVQ*Xc*G*SXXU*QaRN\O*

\XVVMQUXHJRHI*NX*NOM*SG_XFN*RH*7RIL*tLt*GVM*QOXaH*RH*7RIL*tLDL*#N*\GH*YM*QMMH*NOGN*GQ*'aRN\O*#*RQ*GN*

XHfQNGNMK*NOM*#/*GHJ*UOGQM*YMNaMMH*UXVNQ*i*GHJ*h*GN*vLu*36q*GVM*GYXFN*h*J1*GHJ*uB¡K*VMQUM\NRWMS_K*

VMIGVJSMQQ*Xc*NOM*QNGNM*Xc*'aRN\O*##L*:OMH*'aRN\O*##*RQ*GN*XHfQNGNMK*'vv*RQ*GSaG_Q*YMSXa*‚AB*J1*

VMIGVJSMQQ*Xc*NOM*QNGNM*Xc* 'aRN\O*#L*#QXSGNRXHQ*?#/*JRccMVMH\M*YMNaMMH*XHfQNGNM*GHJ*XccfQNGNM@*Xc*

'aRN\O*#*GHJ*##*GN*vLu*36q*GVM*GYXFN*Ct*J1*GHJ*uA*J1K*VMQUM\NRWMS_L*0XHQRJMVRHI*NOM*uLt*J1*#/*Xc*

NOM*UXaMV*\X[YRHMV*GHJ*C|A*J1*#/*Xc*G*JRUSM`MVK*NOM*SXXU*IGRH*aRSS*cGSS*YMSXa*B*J1*Rc*GH*G[USRcRMV*

Xc*AB*J1*IGRH*RQ*FQMJL*-H*NOM*XNOMV*OGHJK*GQQF[RHI*G*NGI*VM\MRWMQ*‚CvLh*J1[*RH^M\NRXH*UXaMV*GHJ*

NOM*/".*OGQ*G*IGRH*Xc*AB*J1K*NOM*RH^M\NRXH*UXaMV*NOGN*^XRHQ*NOM*XQ\RSSGNRHI*SXXU*JFVRHI*1+*QMI[MHN*

aRSS*YM*SMQQ*NOGH*‚uB*J1[L*'RH\M*NOM*'#6-*RQ*M`UM\NMJ*NX*XFNUFN*h*J1[*Xc*RNQ*AHJ*OGV[XHR\K*NOM*

RH^M\NMJ*QRIHGS*RQ*NXX*aMGb*NX*OGWM*G*cVMjFMH\_*UFSSRHIL*(OMVMcXVMK*NOM*SXXU*QaRN\O*JMQRIH*cFScRSSQ*

XFV*VMjFRVM[MHNQL*

*
7RIFVM*t LD8*,MGQFVMJ*'fUGVG[MNMVQ*Xc*SXXU*QaRN\O*GN*?G@*'aRN\O*#*RQ*GN*XHfQNGNM*GHJ*'aRN\O*##*RQ*GN*

XccfQNGNM~*?Y@*'aRN\O*#*RQ*GN*XccfQNGNM*GHJ*'aRN\O*##*RQ*GN*XHfQNGNM~*?\@*1XNO*'aRN\O*#*GHJ*'aRN\O*##*

GVM*GN*XHfQNGNML*

fc



Cvw*

*

7RIFVM*t Lw8*/G_XFN*GHJ*JR[MHQRXHQ*Xc*NGI*RHUFN*cRSNMVQ*cXSSXaRHI*NOM*/".L*

7RIL*tLw*QOXaQ*NOM*SG_XFN*Xc*NOM*cRSNMVQ*cXSSXaRHI*NOM*/".*NOGN*G[USRcRMVQ*NOM*VM\MRWMJ*RHNMVVXIGNRXH*

QRIHGSL*(OM*QMSM\NMJ*/".*RQ*G*4,.ufDu/"ˆ*cVX[*,RHRf0RV\FRNQ*aOR\O*OGQ*G*IGRH*Xc*ACLu*J1K*"7*

Xc*CLhv*J1*GHJ*RHUFN*4CJ1*Xc*B*J1[K*GSS*GN*vLu*36qL*(OM*QG[M*\X[UXHMHN*RQ*GSQX*FQMJ*GQ*NOM*

G[USRcRMV*RH*NOM*'#6-*SXXU*?7RIL*tLv*?G@@L*147*G*RQ*G*QNMUUMJfR[UMJGH\M*VMQXHGNXV*?'#&@*cRSNMV*aRNO*

Q_[[MNVR\GS*RHUFN*GHJ*XFNUFN*GVVGHIM[MHN*yCwuzK*\XWMVRHI*NOM*vLC*36q*NX*vLh*36q*YGHJL*#N*OGQ*G*

IXXJ*OGV[XHR\*YGHJ*VM^M\NRXH*YFN*SG\bQ*G*QNMMU*QRJMfYGHJ*VMQUXHQML*( X*MHOGH\M*G*VM^M\NRXH*Xc*NOM*

hLD*36q*:Rf7R*YGHJK*147*G*RQ*\GQ\GJMJ*aRNO*HXN\O*cRSNMVQ*G*GHJ*Y*aRNO*jFGVNMV*aGWMSMHINO*XUMH*

QNFYQ*M[YMJJMJ*RH*,'/*yCwizK*aOR\O*aXVb*GN*hLti*36q*GHJ*hLDh*36qK*VMQUM\NRWMS_L*(OM*QR[FSGNMJ*

GHJ*[MGQFVMJ*VMQUXHQMQ*Xc*147*G*GHJ*NOM*\X[USMNM*RHUFN*cRSNMV*\OGRH*GVM*QOXaH*RH*7RIL*tLCBL*:M*

\GH*QMM*NOM*:Rf7R*YGHJQ*GVM*GNNMHFGNMJ*Y_*[XVM*Ah*J1*GHJ*NOM*CALv*36q*YGHJ*RQ*VM^M\NMJ*Y_*[XVM*

NOGH*hh*J1L*#/*RH*NOM*UGQQfYGHJ*RQ*GYXFN*CLD*J1L*

*

*



CtB*

*
?G@*

*
?Y@*

7RIFVM*t LCB8*'R[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*Xc*?G@*147*GK*GHJ*?Y@*147*G*\GQ\GJMJ*aRNO*

HXN\O*cRSNMV*G*GHJ*HXN\O*cRSNMV*YL*

*

*

7RIFVM*t LCC8*4MVQUM\NRWM*WRMa*GHJ*JR[MHQRXHQ*Xc*&`*GHJ*(`*GHNMHHGQ*Xc*GH*64'f.(*NGIL*



CtC*

*
?G@*

*
?Y@*

*
?\@*

7RIFVM*t LCA8*?G@*,MGQFVMJ*'CC*Xc*&`*GHJ*(`*GHNMHHGQ*Xc*NGIL*?Y@*VGJRGNRXH*UGNNMVHQ*Xc*&`*GHNMHHGL*

?\@*VGJRGNRXH*UGNNMVHQ*Xc*(`*GHNMHHGL*

7RIL*tLCC*RQ*NOM*UMVQUM\NRWM*WRMa*Xc*GHNMHHGQ*Xc*G*NGI*JMQRIHL*1XNO*(`*GHJ*&`*GHNMHHGQ*[GbM*FQM*

Xc*QFYQNVGNM*RHNMIVGNMJ*aGWMIFRJM*?'#:@*NM\OHXSXI_*aOR\O*OGQ*NOM*QFUMVRXVRN_*Xc*\X[UG\N*QRqMK*SXa*

[FNFGSf\ XFUSRHI*GHJ*QMScfQORMSJRHI*yCuDK*CwhzL*.SQXK*NOM*(`* '#:*GHNMHHG*RQ*JMQRIHMJ*NX*OGWM*G*

\FNXcc* cVMjFMH\_* ORIOMV* NOGH**QF\O* NOGN* NOM* RHNMVVXIGNRXH* QRIHGS* OGQ* [RHR[F[*fc + BW 2



CtA*

FHRHNMHNRXHGS*RHNMVcMVMH\M*NX*NOM*'#6-*NOVXFIO*NOM*XFNUFNL*(X*QGNRQc_*G*YGHJaRJNO*VMjFRVM[MHNK*

&XIMVQ*&({JFVXRJ# *vBBA*QFYQNVGNMQ*aRNO*NOR\bHMQQMQ*Xc*ALhi*[[*GHJ*CLhA*[[*GVM*FQMJ*cXV*NOM*

NaX*GHNMHHGQK*VMQUM\NRWMS_L*'NMU*NVGHQRNRXHQ*NX*,'/*XH*NOM*QG[M*BLhBD*[[*(G\XHR\*QFYQNVGNM*Xc*

XNOMV*\X[UXHMHNQ*GVM*XUNR[RqMJ*NX*MHQFVM*G*SXa*#/L*(OM*[MGQFVMJ*RHUFN*VMcSM\NRXH*\XMccR\RMHNQ*GHJ*

VGJRGNRXH*UGNNMVHQ*GVM*QOXaH*RH*7RIL*tLCAL*.HNMHHG*(*GHJ*&*OGWM*G*YXVMQRION*IGRH*Xc*vLA*J1R*GHJ*

tLi*J1RK*VMQUM\NRWMS_L*.HNMHHGQ*GVM*JMQRIHMJ*NX*OGWM*HGVVXaMV*6fUSGHM*ufJ1*YMG[aRJNO*?tB¡*cXV*

(* GHJ* hw¡*cXV* &@* GHJ* aRJMV* %fUSGHM* ufJ1* YMG[aRJNO* ?Cuh¡*cXV* (* GHJ* CBu¡*cXV* &@* NX* VMJF\M*

Q\GNNMVRHI*RH*MSMWGNRXH*GHJ*NX*OGWM*QFccR\RMHN*\XWMVGIM*RH*GqR[FNOL*

*
7RIFVM*t LCu8*'R[USRcRMJ*Q\OM[GNR\*Xc*QaRN\OfQRIHGS*IMHMVGNXV*Xc*NGIL*

.*QR[USRcRMJ*Q\OM[GNR\*Xc*QaRN\OfQRIHGS*IMHMVGNXV*JMQRIHMJ*cXV*NOM*NGI*RQ*QOXaH*RH*7RIL*tLCuL*.*

SXaf\XQN*UVXIVG[[GYSM*\SX\b*IMHMVGNXV*'RhuhC.*cVX[*'RSR\XH*/GYQ*RQ*FQMJ*NX*IMHMVGNM*G*QjFGVM*

aGWML*#N*OGQ*G*WMV_*SXa*^RNNMV*?tB*UQK*UMGbfUMGb@*QF\O*NOGN*G*\XOMVMH\M*JFVGNRXH*\GH*\XWMV*G*\X[USMNM*

\ORVU*UMVRXJ*ytvzL*6RIOfQUMMJ*XUMVGNRXHGS*G[USRcRMV*?-Uf.[U@*GHJ*\X[UGVGNXVQ*GSS*cVX[*(M`GQ*

#HQNVF[MHNQ*GVM*FQMJ*NX*QOGUM*NOM*\SX\b*QRIHGSL*.[XHI*NOM[K*G*\X[UGVGNXV*(/$uhBC*QOXVNMHQ*VRQM*

GHJ*cGSS*NR[M*Xc*NOM*QjFGVM*aGWMK*GH*-Uf.[U*-4.uhh*RQ*FQMJ*NX*NFVH*NOM*QjFGVM*aGWM*RHNX*G*NVRGHISM*

aGWMK* YGQMJ* XH*NOGNK*G* \X[UGVGNXV* UGRV* (/$uhBA* aRNO* NFHGYSM* VMcMVMH\M* WXSNGIM* IMHMVGNXVQ*

GHNRUXJGS*QjFGVM*aGWMQ*aRNO*NFHGYSM*JFN_*\_\SML*. *NRH_*QORcN*YMNaMMH*NOM*NaX*QaRN\O*QRIHGSQ*RQ*

VMGSRqMJ*Y_*GJJRHI*G*O_QNMVMQRQ*aRNO*GUUVXUVRGNM*VMQRQNXVQ*&C*GHJ*&AL*



Ctu*

*
7RIFVM*t LCi8*4OXNXQ*Xc*NOM*401*GHJ*\X[USMNM*FHRN*Xc*G*NGI*cXV*64'f.(L *

(OM*\X[USMNM*401*GHJ*GQQM[YSMJ*64'f.(*NGI*FHRN*GVM*QOXaH*RH*7RIL*tLCiL*(OM*JRUSM`MV*GHJ*'#6-*

GVM*JMQRIHMJ*aRNO*VMcMVMH\M*NX*NOM*NOMXV_*GHJ*[MNOXJ*UVMQMHNMJ*RH*yCDwzL*. SF[RHF[*QORMSJRHI*aGSSQ*

GHJ*YG\bUSGNM*QGHJaR\O*NOM*GHNMHHGQ*GHJ*401L*3VXXWMQ*GVM*\FN*XH*NOM*aGSSQ*NX*cRN*NOM*UXQRNRXH*GHJ*

NOR\bHMQQ* Xc* NOM* GHNMHHGQK* \VMGNRHI* G* UMVcM\N* \XHNG\N* aRNO* NOM* YVXGJQRJM* Xc* '#:QL* .H* .VJFRHX*

[R\VX\XHNVXSSMV*YXGVJ*RQ*FQMJ*NX*GFNX[GNR\GSS_*UVXIVG[*NOM*'RhuhC.*\ORU*NX*G*UVMJMcRHMJ*QaRN\ORHI*

cVMjFMH\_*MG\O*NR[M*G*NGI*RQ*UXaMVMJ*FU*Y_*G*v*$*YGNNMV_*UG\bL*



Cti *

! 20-A<@FE>̂FM-KFKC?DBD-KFM-DHI>LKEBH-

*
7RIFVM*t LCh8*+MNGRSMJ*Q\OM[GNR\*GHJ*\OGRH*YFJIMN*Xc*NOM*UVXUXQMJ*1'*7VXHNfMHJ*

.* JMNGRSMJ* Q\OM[GNR\* Xc*NOM*1'* cVXHNfMHJ* JMQRIH* RH* \X[USRGH\M* aRNO* NOM* cFH\NRXHK* cVMjFMH\_K*

QUFVRXFQ*GHJ*UXaMV*VMjFRVM[MHN*JRQ\FQQMJ*RH*NOM*UVMWRXFQ*QM\NRXHQ*RQ*RSSFQNVGNMJ*RH*7RIL*tLChL*+GNG*

Xc*\OGRH*YFJIMN*RQ*GSQX*QOXaHL*(OMVM*GVM*XHM*(`*GHJ*NaX*&`QL*.JGUNRWM*IGRH*\XHNVXS*\RV\FRNQ*GVM*

FQMJ*RH*&`Q*cXV*G*cR`MJ*YGQMYGHJ*XFNUFN*SMWMSK*aOR\O*[GbMQ*RN*\XHWMHRMHN*NX*JRIRNRqM*aRNO*.+0*XV*

XQ\RSSXQ\XUML*1GQMYGHJ*JM[XJFSGNXVQ*XFNUFN*YGSGH\MJ*#{;*QRIHGSQ*aOR\O*GVM*NOMH*\XHJRNRXHMJ*Y_*

-U f.[UQ* GHJ*/47QL**

#7N*QRIHGSK*aOR\O*RQ*G*\ORVU*cVX[*BLDi*36q*NX*CLAi*36qK*OGQ*GYXFN*iBr*Xc*cVG\NRXHGS*YGHJaRJNOL*

(OMVMcXVMK*GcNMV*RN*RQ*UVX\MQQMJ*Y_*G*cVMjFMH\_*JXFYSMVK*FHaGHNMJ*OGV[XHR\Q*[G_*OGWM*WMV_*\SXQM*

cVMjFMH\RMQ*NX*NOM*JMQRVMJ*XHMQ*?/-AV@*GHJ*[GbMQ*GH*MccM\NRWM*cRSNMVRHI*R[UXQQRYSML*7XV*M`G[USMK*

NOM*NVRUSM*Xc*BLDi*36q*RQ*WMV_*\SXQM*NX*NOM*JXFYSM*Xc*CLAi*36qL*(X*UVMWMHN*NOM*YGQMYGHJ*QUFVRXFQ*

GHJ* #,*\X[UXHMHNQ*\GFQMJ* Y_* NORQ* MccM\NK* aM* R[USM[MHN* G* YGSGH\MJ* cVMjFMH\_* JXFYSMV* aOR\O*

\X[UVRQMQ*G*UGRV*Xc*RJMHNR\GS*JXFYSMV*FHRNQK*G*CDB¡*UXaMV*JRWRJMV*GHJ*G*B¡*UXaMV*\X[YRHMV*YXNO*

OGWRHI*M`\MSSMHN*YGSGH\M*UMVcXV[GH\ML*#H*NORQ*aG_K*XJJ*OGV[XHR\Q*XFNUFNQ*GVM*\GH\MSMJ*XFNK*GHJ*

NOM*\SXQMQN*FHaGHNMJ*MWMH*OGV[XHR\*XFNUFNQ*\GH*YM*MGQRS_*QFUUVMQQMJ*Y_*cRSNMVQL*

'RH\M*NOM*/-*QRIHGSQ*cXV*NOM*#7*[R`MVQ*Xc*(`*GHJ*&`Q*GVM*IMHMVGNMJ*cVX[*NOM*QG[M*QXFV\MK*GHJ*NOM*

/-*cXV*NOM*YGQMYGHJ*JM[XJFSGNXV*Xc*&`Q*RQ*G*JXFYSMJ*#7NK*QRIHGS*RQXSGNRXH*UMVcXV[GH\M*Xc* /-*



Cth*

JRQNVRYFNRXH*HMNaXVbQ*YM\X[MQ*\VRNR\GSL*(OM*G[USRNFJM*Xc*QRIHGSQ*RH*(`*[G_*YM*[F\O*QNVXHIMV*NOGH*

NOGN*Xc*&`QK*G*aMGb*\XFUSRHI*XV*cMMJ*NOVXFIO*Xc*QF\O*G*QRIHGS*[G_*VMQFSN*RH*G*QRIHRcR\GHN*RHNMVcMVMH\M*

RH*&`QL*#H*NOM*#7N*JRQNVRYFNRXH*\RV\FRNK*G[USRcRMVQ*cXSSXaRHI*NOM*UXaMV*JRWRJMV*GJXUN*XHMQ*aRNO*G*ORIO*

VMWMVQM*RQXSGNRXH*?SXa*'CA@L**#H*NOM*/- CN*cMMJ*UGNOK*G*ORIO*RQXSGNRXH*UXaMV*G[USRcRMV*RQ*FQMJL*147u*

cXV*/-CN*RQ*G*HGVVXa*YGHJ*cRSNMV*XHS_*GSSXaRHI*G*hLAh*36q*QRIHGS*NX*UGQQK*YSX\bRHI*#7NK*&7N*GHJ*

OGV[XHR\Q*Xc*/-CNL*#H*NOM*/-CV*cMMJ*UGNOK*147i*RQ*GSQX*G*HGVVXa*YGHJ*XHMK*GSSXaRHI*G*CBLhA*36q*

QRIHGS*NX*UGQQ*GHJ*YSX\bRHI*XNOMV*OGV[XHR\Q*Xc*hLAv*36q*GQ*aMSS*GQ*#7N*GHJ*&7NL*(X*GWXRJ*\XFUSRHI*

RQQFMQK*aM*GSQX*FQM*RHJMUMHJMHN*J\*UXaMV*QFUUS_*FHRNQ*cXV*JRccMVMHN*\OGHHMSQL*

.Q*QNGNMJ*RH*QM\NRXH*tLuLCK*NOM*#7*cRSNMV*147v*Xc*GH*&`*RQ*\VRNR\GS*cXV*GH*M`\MSSMHN*Q_QNM[*UMVcXV[GH\ML*

#N*RQ*JMQRIHMJ*GQ*G*\GQ\GJM*Xc*NOVMM*cRSNMVQL*(OM*cRVQN*XHM*cVX[*NOM*VRION*RQ*G*VMcSM\NSMQQ*/47L*.SNOXFIO*

NOM*QNXUfYGHJ*GNNMHFGNRXH*Xc*NORQ*N_UM*Xc*cRSNMV*FQFGSS_*RQ*HXN*GQ*ORIO*GQ*RNQ*VMcSM\N*N_UM*\XFHNMVUGVNK*

RN*\GH*GYQXVY*FHJMQRVMJ*ORIOfcVMjFMH\_*\X[UXHMHNQ*IMHMVGNMJ*Y_*NOM*[R`MV*RHQNMGJ*Xc*VMcSM\NRHI*

GHJ*VMfcMMJRHI*NOM[*YG\b*NX*NOM*[R`MVK*\VMGNRHI*[XVM*RHNMVcMVMH\MQ*FHRHNMHNRXHGSS_L*#H*NORQ*aG_K*

XFNUFN*QRIHGS*jFGSRN_*\GH*YM*R[UVXWMJL*,XVMXWMVK*aOMH*\GQ\GJRHI*VMcSM\NSMQQ*/47*aRNO*XNOMV*cRSNMVQK*

aM*\GH*GWXRJ*QNGHJRHI*aGWMQK*aOR\O*[G_*JMNMVRXVGNM*UGQQfYGHJ*UMVcXV[GH\ML*(OM*VMQN*NaX*cRSNMVQ*

RH*147v*OMSUQ*NX*cFVNOMV*MHOGH\M*QNXUfYGHJ*GNNMHFGNRXHL*

(OM*#7* [R`MVQ* cXV* (`* GHJ* &`* FQM* QRHISM* QRJM* YGHJ* QNVF\NFVM* GHJ* R[GIM* VM^M\NRXH* QNVF\NFVMK*

VMQUM\NRWMS_K*cXV*G*SXaMV*QUFVRXFQ*GHJ*G*SMQQ*QXUORQNR\GNMJ*cRSNMV*JMQRIHL* 'X[M*Xc*NOM*cRSNMVQ*GHJ*

UGQQRWM*\X[UXHMHNQ*RH*NOM*Q_QNM[*GVM*RHfOXFQM*JMQRIHMJ*aRNO*QRHISMf*XV*NaXfSG_MV*USGHGV*NXUXSXIRMQ*

GHJ* cGYVR\GNMJ* NXIMNOMV* aRNO* NOM* 1'* cVXHNfMHJ* 401K*NOMVMcXVM*MHQFVRHI* G* SXa* \XQN* GHJ* ORIO*

VMSRGYRSRN_L*(OM*(`*GHJ*&`*GHNMHHGQ*GVM*JMQRIHMJ*GHJ*cGYVR\GNMJ*QMUGVGNMS_*GHJ*GQQM[YSMJ*aRNO*NOM*

Q_QNM[L*

! 20-A<@FE>̂FM-ABCE><D-KFM-H@LSC>E>-M>DBGF-

+MQRIH*GHJ*WMVRcR\GNRXH*Xc*NOM*cRSNMVQ*Xc*NOM*1'*cVXHNfMHJ*GVM*UVMQMHNMJ*RH*NORQ*QM\NRXHL*(OM*\X[USMNM*

1'*cVXHNfMHJ*UVXNXN_UM*RQ*RSSFQNVGNMJ*GHJ*M`USGRHMJ*RH*NOM*SGQNL*

147C*GHJ*147A*FQM*NOM*QG[M*JMQRIH*GQ*147*G*Xc*NOM*NGI*JMQRIHL*&McMVVRHI*NX*7RIL*tLCB*?G@*GHJ*7RIL*

tLh*?Y@K*aM*\GH*cRHJ*NOGN*147C*QGNRQcRMQ*NOM*JRQ\FQQMJ*VMjFRVM[MHN*Xc*QFUUVMQQRXHL*.N*hLAv*36q*

?/-CN*cVMjFMH\_@*GHJ*iLiA*36q*?SXaMV*QRJM*YGHJ@K*'AC*Xc*147C*RQ*‚uh*J1*GHJ*‚ih*J1K*VMQUM\NRWMS_L*

#H*GJJRNRXHK*NOM*[R`MV*UVXWRJMQ*M`NVG*SXaMV*QRJM*YGHJ*VM^M\NRXHL*'AC*Xc*147C*GN*NOM*SXa*MHJ*Xc*

A$#7Nˆ/-CN*YGHJ*RQ*‚Ch*J1L*147C*GHJ*147A*NXIMNOMV*UVXWRJMQ*GYXFN*CBB*J1*Xc*QFUUVMQQRXH*Xc*

GH_*QRIHGS*RH*NOM*&`*YGHJ*\MHNMVMJ*GN*CALv*36qL*



Ctv*

*

?G@*

*

?Y@*

7RIFVM*t LCv8*?G@*/G_XFN*Xc*147u*aRNO*JR[MHQRXHQL*?Y@*'R[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*Xc*

147uL*

7RIL* tLCv* QOXaQ* NOM* SG_XFN* GHJ* 'fUGVG[MNMVQ* Xc* 147uK* aOR\O* RQ* G* HGVVXa* YGHJ* cRSNMV* aRNO*GH*

M`NMHJMJ*QNXUfYGHJ*M[USX_RHI*ORIO*jFGSRN_*cG\NXV*OGScfaGWMSMHINO*'#&Q*yCwvK*CwtzL*#N*OGQ*RJMHNR\GS*

VMQXHGNXVQ*GHJ*RQ*G̀ RQ_[[MNVR\L*7RIL*tLCt*QOXaQ*NOM*SG_XFN*GHJ*'fUGVG[MNMVQ*Xc*147iK*NOM*cRSNMV*Xc*

/-CVL*#N*RQ*G*\GQ\GJM*Xc*GH*,'/*/47*GHJ*GH*'#:*\GWRN_*cRSNMV*yCwDz*aRNO*aRJM*QNXUfYGHJ*FQRHI*

\XVHMV*\GWRNRMQL*(OM*,'/*/47*RQ*M[USX_MJ*NX*QFUUVMQQ*NOM*UGVGQRNR\*UGQQfYGHJ*Xc*NOM*'#:*cRSNMV*GN*

GYXFN*A$/-C V*cVMjFMH\_L*



Ctt *

*
?G@*

*

?Y@*

7RIFVM*t LCt8*?G@*/G_XFN*Xc*147i*aRNO*JR[MHQRXHQL*?Y@*'R[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*Xc*

147iL*

*

*



CtD*

 
?G@*

*

?Y@*

7RIFVM*t LCD8*?G@*/G_XFN*Xc*147h*aRNO*JR[MHQRXHQL*?Y@*'R[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*Xc*

147hL*

7RIL*tLCD*RQ*NOM*SG_XFN*GHJ*'fUGVG[MNMVQ*Xc*147h*GN*NOM*RHUFN*Xc*GH*&`L**#N*FNRSRqMQ*\XVHMV*\GWRNRMQ*

GN*NOM*RHUFN*GHJ*XFNUFN*GQ*aMSS*GQ*SGVIMfGQUM\NfVGNRX*\MHNVGS*\GWRNRMQ*NX*VMGSRqM*G*QNMMU*FUUMV*QRJMf

YGHJ*VMQUXHQM*GHJ*G*ORIO*GNNMHFGNRXH*GN*CtLh*36qK*aOR\O*RQ*NOM*AHJ*XVJMV*\GWRN_*[XJM*cVMjFMH\_L*

(OMVMcXVMK*147h*\GH*cFVNOMV*QFUUVMQQ*NOM*NVGHQ[RNNMJ*QUFVRXFQ*\X[UXHMHNQL*#H*GJJRNRXHK*147h*OGQ*

[XVM*NOGH*tB*J1*VM^M\NRXH*YMSXa*CB*36qK*aOMVM*X\\FURMJ*YGHJQ*?7RIL*tLu@*GHJ*NOM*R[GIM*YGHJ*GN*

GYXFN*DLii*36q*Xc*&`*M`RQNL*7RIL*tLCw*?G@*QOXaQ*GH*/47*JMQRIH*aRNO*MSSRUNR\GS*VMQUXHQM*yCBBz*cXV*

147vL*(OM*VMcSM\NSMQQ*/47*GHJ*NOM*147*cXV*147*v*GVM*9/7fAhAˆ*GHJ*'914fAChBK̂*VMQUM\NRWMS_K*

YXNO*cVX[*,RHRf0RV\FRNQL*7RIL*tLCw*?Y@*QOXaQ*NOM*QR[FSGNMJ*GHJ*[MGQFVMJ*'fUGVG[MNMVQ*Xc*147vL*



Ctw*

#N*\GH*YM*QMMH*NOGN*GS[XQN*GSS*NOM*QUFVRXFQ*GHJ*#,*\X[UXHMHNQ*cVX[*NOM*&`*#7*[R`MV*cGSS*RH*NOM*

GYQXVUNRXH*YGHJ*Xc*NOM*VMcSM\NSMQQ*/47L*(OM*UOXNX*Xc*GSS*NOM*cGYVR\GNMJ*cRSNMV*RQ*QOXaH*RH*7RIL*tLABL*

 
?G@*

*

?Y@*

7RIFVM*t LCw8*?G@*/G_XFN*Xc*/47*RH*147v*aRNO*JR[MHQRXHQL*?Y@*'R[FSGNMJ*GHJ*[MGQFVMJ*'f

UGVG[MNMVQ*Xc*/47*Xc*?G@*GHJ*147vL*

7RIL*tLAC*RQ*NOM*UOXNX*Xc*NOM*GQQM[YSMJ*1'*cVXHNfMHJ*UVXNXN_UML*(OM*MHNRVM*QFYfQ_QNM[*RQ*cGYVR\GNMJ*

XH*XHM*URM\M*Xc*vfSG_MV*401L*, MNGS*SG_MVQ*GN*NOM*NXU*GHJ*YXNNX[*QRJMQ*GVM*cXV*&7*QRIHGSL*(OM*NaX*

[MNGS*SG_MVQ*RH*NOM*[RJJSM*GVM*cXV*J\*QRIHGSL*3VXFHJRHI*GHJ*QRIHGS*RHNMV\XHHM\NRXHQ*YMNaMMH*SG_MVQ*

GVM*VMGSRqMJ*aRNO* [MNGSRqMJ*NOVXFIO*OXSMQL* (OM*401*RQ*QGHJaR\OMJ*Y_*NaX*URM\MQ*Xc*QORMSJRHI*

cVG[MQL*0MSSQ*Xc*NOM*cVG[MQ*GVM*JMQRIHMJ*NX*UVMWMHN*\XFUSRHIL*#H*NOM*GVMGQ*Xc*NOM*401*\XVVMQUXHJRHI*

NX*NOM*aGSSQ*Xc*NOM*cVG[MQK*QXSJMV*[GQb*RQ*GWXRJMJ*GHJ*QFccR\RMHN*IVXFHJRHI*WRGQ*GVM*USG\MJ*NX*[GbM*

QFVM*G*UMVcM\N*IVXFHJRHI*YMNaMMH*NOM*401*GHJ*cVG[MQL*7XV*MG\O*Xc*NOM*cVG[MK*aM*GSQX*[GJM*G*[MNGS*



CDB*

SRJ* aRNO* RHHMV* QRJM* \XWMVMJ* Y_* [R\VXaGWM* GYQXVYMV* [GNMVRGS* ;&fCu.7{''u* cVX[* /GRVJ*

(M\OHXSXIRMQL**

*
7RIFVM*t LAB8*4OXNX*Xc*NOM*cGYVR\GNMJ*cRSNMVQ*cXV*1'*cVXHNfMHJL*

*

7RIFVM*t LAC8*4OXNX*Xc*NOM*1'*cVXHNfMHJ*UVXNXN_UML*



CDC*

! 20-KFE>FFKD-KFM-<>SCKH>KOC>-E<KFDBEB@F--

.*SRHMGV*VM\NGHIFSGV*UGN\O*GVVG_*GHNMHHG*aRNO*NGUMVRHI*RQ*JMQRIHMJ*cXV*(`*Xc*NOM*1'K*GQ*QOXaH*RH*

7RIL* tLAA* ?G@L*&GJRGNRXH* MSM[MHNQ* GVM* MN\OMJ* XH* G* &XIMVQ* &({JFVXRJ# *hDDB* QFYQNVGNM* aRNO* G*

NOR\bHMQQ*Xc*uLCD*[[L*(OM*,'/ *cMMJRHI*HMNaXVb*RQ*JMQRIHMJ*XH*G*(G\XHR\*(',f+'u*QFYQNVGNM*

aRNO*BLhBD*[[*NOR\bHMQQL*4GN\OMQ*GVM*cMJ*Y_*NOM*,'/*XUMHfMHJQ*NOVXFIO*6fQOGUM*QSXNQ*XH*NOM*

I VXFHJ*USGHML*.UMVNFVM*cMMJRHI*GN*NOM*YG\bQRJM*[RHR[RqMQ*NOM*VGJRGNRXH*UGNNMVH*NRSNRHI*JFM*NX*G*

UGVGQRNR\*MccM\N*Xc*NOM*cMMJRHI*HMNaXVbL* (OM*GHNMHHG*OGQ*GH* ',.*UXVN*NX* \XHHM\N*aRNO*NOM*(`L*

0XFUSMJ*UXaMV*NX*C|i*UGN\O*MSM[MHNQ*VMSGNRWM*NX*NOM*GHNMHHG*RHUFN*RQ*‚ CALAA*J1K*‚uLwA*J1K*‚uLwA*

J1K* GHJ* ‚CALAA* J1K* VMQUM\NRWMS_K* cXV* G* SXa* QRJMSXYML*.Q* QOXaH* RH* 7RIL* tLAA* ?Y@* GHJ* ?\@K* YXNO*

R[UMJGH\M*YGHJaRJNO*GHJ*UGNNMVH*YGHJaRJNO*\GH*\XWMV*NOM*RHNMVVXIGNRXH*QRIHGS*YGHJL*7RIL*tLAA*?\@*

GSQX*QOXaQ*NOGN*G*IGRH*Xc*CALh*J1R*RH*NOM*YXVMQRION*\GH*YM*XYNGRHMJL*ufJ1*YMG[aRJNO*Xc*%fUSGHM*

?GqR[FNO@*GHJ*6fUSGHM*?MSMWGNRXH@*GVM*vv¡*GHJ*Ai ¡K*VMQUM\NRWMS_L*

*
?G@*

*
?Y@*********************************************************************?\@*

7RIFVM*t LAA8*.UMVNFVM*cMMJ*UGN\O*GVVG_*GHNMHHG*cXV*1'*(`K*?G@*QNVF\NFVM*GHJ*JR[MHQRXHQK*?Y@*'CCK*

GHJ*?\@*VGJRGNRXH*UGNNMVHL*



CDA*

*

?G@*

*

?Y@*

*
?\@*

7RIFVM*t LAu8*'#:*QSXN*GVVG_*GHNMHHG*cXV*1'*&`K*?G@*QNVF\NFVM*GHJ*JR[MHQRXHQK*?Y@*'CCK*GHJ*?\@*

VGJRGNRXH*UGNNMVHL*

7RIL*tLAu*?G@*RQ*NOM*QNVF\NFVM*GHJ*JR[MHQRXHQ*Xc*GH*'#:*GHNMHHG*aRNO*MWMHS_*JRQNVRYFNMJ*QSXNQ*RH*NOM*

SXHIRNFJRHGS* JRVM\NRXH* cXV* 1'* &`L* /C|/i* GVM* NOM* SMHINOQ* Xc* QSXNQ* GHJ* 'C|'i* GVM* NOM* JRQNGH\MQ*

YMNaMMH* NOM* \MHNMVQ* Xc* QSXNQ* GHJ* '#:L* (OM* GHNMHHG* RQ* JMQRIHMJ* GHJ* cGYVR\GNMJ* aRNO* G* &XIMVQ*

&({JFVXRJ# *vBBA*QFYQNVGNM*aRNO*G*CLhA*[[*NOR\bHMQQL*#HUFN*VMcSM\NRXH*\XMccR\RMHN*GHJ*VGJRGNRXH*



CDu*

UGNNMVHQ*Xc*NOM*GHNMHHG*GVM*USXNNMJ*RH*7RIL*tLAu*?Y@*GHJ*?\@L*#N*\GH*G\ORMWM*G*IGRH*Xc*wLD*J1R*RH*NOM*

YXVMQRION*Xc*VGJRGNRXHK*GHJ*RNQ*ufJ1*YMG[aRJNO*Xc*%fUSGHM*?GqR[FNO@*GHJ*6fUSGHM*?MSMWGNRXH@*GVM*

Cui¡*GHJ*AC¡K*VMQUM\NRWMS_L**

(OM*(`*GHJ*&`*GHNMHHGQ*GVM*cGYVR\GNMJ*GHJ*GQQM[YSMJ*XH*NOM*1'*cVXHNfMHJ*JM[XHQNVGNXVK*GQ*QOXaH*

RH*7RIL*tLAi*?G@L*(OM*(`*GHNMHHG*RQ*\XHHM\NMJ*aRNO*',.*GJGUNXVQL*(OM*&`*GHNMHHGQ*GVM*\XHHM\NMJ*

NOVXFIO*G*wB¡*YMHJ*GHJ*GH*'#:*RHNMVSG_MV*NVGHQRNRXHK*GQ*QOXaH*RH*7RIL*tLAi*?Y@L*(OM*YMHJ*RQ*cXV[MJ*

Y_*GH*&`*GHNMHHG*GHJ*GHXNOMV*'#:*SRHM*aRNO*NOM*QG[M*aRJNOK*NOR\bHMQQ*GHJ*QFYQNVGNM*[GNMVRGS*cXV*

G*IXXJ*R[UMJGH\M*[GN\ORHIL*(OM*RHNMVSG_MV*'#:*NVGHQRNRXH*RQ*cXV[MJ*YMNaMMH*NOM*NOR\b*?CLhA*[[@*

'#:*SRHM*GHJ*G*NORH*?BLhBD*[[@*'#:*SRHM*XH*NOM*Q_QNM[*401*M`NMHJMJ*cVX[*G*IGU*XH*NOM*NXU*

QORMSJRHI* cVG[ML* !QFGSS_K* GH* RHNMVSG_MV* NVGHQRNRXH* Xc* NaX* '#:* SRHMQ* aRNO* NOM* QG[M* aRJNO* GHJ*

NOR\bHMQQ* \GH*YM*QR[US_*JMQRIHMJ*FQRHI*G*NVGHQWMVQGS*QSXN*GN*GYXFN*G*OGSc*aGWMSMHINO*cVX[*NOM*

QOXVNMHRHI*MHJ* Xc* MG\O* SRHML* (OM* SGVIMV* NOM* NOR\bHMQQ* JRccMVMH\M* RQK* NOM* [XVM* QFYQNGHNRGS* NOM*

R[UMJGH\M*[RQ[GN\O*GHJ*NOM*HGVVXaMV*NOM*YGHJaRJNO*aRSS*YML*#H*NOM*NOR\b*'#:*\SXQM*NX*NOM*UGRVMJ*

NVGHQRNRXH* QSXNQK* aM* RHNVXJF\M*G* HXN\O* NGUMVK* aOR\O* VMJF\MQ* NOM* SX\GS* NOR\bHMQQK* RH\VMGQMQ* NOM*

\GUG\RNGH\M*GHJ*MHGYSMQ*G*Q[XXNO*cRMSJ*\XHWMVQRXHL*(OM*HXN\O*NGUMV*Xc*BLtv*[[*JMMU*XH*NOM*NOR\b*

'#:*RQ*VMGSRqMJ*Y_*[RSSRHI*NOM*NGUMV*QOGUM*GHJ*[XFHN*G*aMJIM*[GJM*XH*G*YVGQQ*YSX\bK*GQ*QOXaH*RH*

7RIL*tLAi*?\@L*!HRN„C*RQ*NOM*NORH*'#:*M`NMHJMJ*cVX[*NOM*Q_QNM[*401*GHJ*!HRN„A*RQ*NOR\b*'#:*aRNO*

NOM*HXN\O*NGUMVL*%SM\NVR\*cRMSJ*RQ*USXNNMJ*GN*NOM*NVGHQRNRXH*UXVNRXH*GHJ*NOM*YMHJL*(OM*HXN\O*NGUMV*\GH*

GSQX*YM*VMGSRqMJ*Y_*\FNNRHIfNOVXFIO*NOM*NGUMV*QOGUM*XH*NOM*NOR\b* '#:*GHJ*cRSS*RN*aRNO*G*URM\M*Xc*

JRMSM\NVR\*aRNO*NOM*QG[M*QOGUM*GHJ*BLtv*[[*NOR\bHMQQL*!QRHI*QF\O*G*NVGHQRNRXH*RHQNMGJ*Xc*\XHHM\NRHI*

YXNO* NOM* 1'* &`* GHJ* GHNMHHG* NX* ',.* \XHHM\NXVQ* GHJ* NOMH* [GNRHI* NOM[* \GH* VMJF\M* NOM*

RHNMV\XHHM\NRXH*SXQQ*GN*ORIO*cVMjFMH\_K*NOMVMcXVM*VMJF\RHI*NOM*"7L*(OM*QNVF\NFVM*Xc*!HRN„C*\GH*GSQX*

YM*YFRSN*RHJMUMHJMHNS_*GQ*G*1'*NMQN*RHNMVcG\M*NX*\GYSMQK*GQ*QOXaH*RH*7RIL*tLAi*?Y@L*(aX*RJMHNR\GS*NMQN*

RHNMVcG\M* YSX\bQ* GVM* \XHHM\NMJ* YG\bfNXfYG\b* GHJ* [MGQFVMJL*(OM*!HRN„C* NX* !HRN„A* NVGHQRNRXH*

cXSSXaMJ*Y_*G*wB¡*YMHJ*RQ*GSQX*[MGQFVMJL*'fUGVG[MNMVQ*cXV*YXNO*[MGQFVM[MHNQ*GVM*QOXaH*RH*7RIL*

tLAi*?J@L*(OM*[RHR[F[*#/*Xc*NOM*cRVQN*\GQM*RQ*BLw*J1K*cXV*aOR\O*G*\GSRYVGNRXH*RQ*UMVcXV[MJ*GN*NOM*

',.*UXVNQ~*RH*NOM*QM\XHJ*\GQMK*G*(&/*\GSRYVGNRXH*NX*'#:*\VXQQfQM\NRXHQ*RQ*FQMJ*GHJ*NOM*[RHR[F[*

#/*RQ*BLvh*J1L*



CDi*

-
?G@*************************************************************?Y@*

-
?\@*

*
?J@*

7RIFVM*t LAi8*?G@*7GYVR\GNMJ*GHNMHHGQ*GQQM[YSMJ*XH*G*1'*cVXHNfMHJ*JM[XHQNVGNXVL*?Y@*'#:*

VMUSG\MGYSM*NVGHQRNRXH*NX*GH*&`*GHNMHHG*aRNO*wB¡*YMHJ*XV*NX*GH*',.*\XHHM\NXVL*?\@*'NVF\NFVM*GHJ*

JR[MHQRXHQ*Xc*GH*'#:*NVGHQRNRXH*YMNaMMH*NORH*GHJ*NOR\b*'#:*FHRNQ*FQRHI*GH*R[UMJGH\M*[GN\ORHI*

aMJIML*?J@*,MGQFVMJ*'fUGVG[MNMVQ*Xc*NaX*NMQN*RHNMVcG\M*YSX\bQ*RH*YG\bfNXfYG\b*\XHHM\NRXHK*GHJ*

NORH*NX*NOR\b*'#:*NVGHQRNRXH*cXSSXaMJ*Y_*G*wB¡*YMHJL*



CDh*

W:N! +>KD;<>L>FE-KFM-0?DE>L-)>L@FDE<KEB@F-

! 4;FHEB@F-L>KD;<>L>FE-@A-EKG-KFM-20-A<@FE>̂FM-

(OVMM*NGIQ*GVM*cGYVR\GNMJ*cXV*NOM*64'f.(*JM[XHQNVGNRXHL*.H*XFNUFN*aGWMcXV[*cVX[*G*NGIfFHJMVf

NMQN*?(!(@*GN*h*,6q*[XJFSGNRXH*cVMjFMH\_*aRNOXFN*GH*RHNMVVXIGNRXH*QRIHGS*RQ*QOXaH*RH*7RIL*tLAh*

?G@K*G*\SXQMfRH*SXXb*Xc*NOM*aGWMcXV[*RQ*QOXaH*RH*7RIL*tLAh*?Y@L*(OM*VRQM*?CBr*NX*wBr*[G`R[F[*

G[USRNFJM@*GHJ*cGSS*?wBr*NX*CBr*[G`R[F[*G[USRNFJM@*NR[M*Xc*G*UFSQM*RQ*CCLvt*HQ*GHJ*ALiA*HQK*

VMQUM\NRWMS_L* (OM* aGWMcXV[* RQ* XWMVfNOMfGRV* ?-(.@* [MGQFVMJ* Y_* GH* .IRSMHN* +'-DCABi1*

XQ\RSSXQ\XUM*\XHHM\NMJ*aRNO*GH*%('f/RHJIVMH*uCvBfD*OXVH*GHNMHHG*GN*C*[*cVX[*NOM*(!(L*!QRHI*

NOM*7VRRQ*NVGHQ[RQQRXH*MjFGNRXHK*aM*\GH*cRHJ*NOM*XFNUFN*UXaMV*Xc*'#6-*XH*NOM*(!(*RQ*GYXFN*vLh*

J1[*Rc*VFHHRHI*GN*G*CBBr*JFN_*\_\SML*

7RIL*tLAv*RSSFQNVGNMQ*NOM*[MGQFVMJ*QUM\NVF[Q*aOMH*NOM*(!(*RQ*QMN*RH*G*\XHNRHFXFQfaGWM*[XJM*cXV*

aOR\O*'aRN\O*#*RQ*GN*XHfQNGNM*GHJ*'aRN\O*##*RQ*GN*XccfQNGNML*(OM*(!(*VM\MRWMQ*GH*RH^M\NRXH*QRIHGS*GN*

cVMjFMH\_* *cVX[*vLAi*36q*NX*vLuu*36qK*GHJ*GN*UXaMV*Xc*‚Cv*J1[K*aOR\O*RQ*GYXFN*NOM*QG[M*

SMWMS*GQ*aOGN*NOM*\SXQMQN*NGI*?GN*i*[@*VM\MRWMQ*cVX[*NOM*1'L*+FM*NX*NOM*QNVXHI*RH^M\NRXH*QRIHGSK*#,Q*

GN*cVMjFMH\RMQ* *GHJ*GYXFN*ih*J1*SXaMV*NOGH*NOM*[GRH*QRIHGS*GVM*UVXJF\MJ*cVX[*

NOM*(!(L*.N*NOM*QG[M*NR[MK*NOM*[GRH*XFNUFN*QRIHGS*[GRHNGRHQ*G*QNGYSM*cVMjFMH\_*Xc*CALhvvi*36qK*

NOGHbQ*NX*NOM*M`\MSSMHN*RQXSGNRXH*Xc*'aRN\O*##L*(OMVMGcNMVK*aM*\GH*cRHJ*NOGN*Rc*'aRN\O*##*RQ*GN*XHfQNGNMK*

NOM*RH^M\NMJ*QRIHGS*[G_*\XHNVRYFNM*[XVM*NOGH*G*OGSc*UGVN*Xc*NOM*(!(*XFNUFNK*OMH\M*RHMWRNGYS_*UFSSRHI*

NOM*cVMjFMH\_*Xc*NOM*(!(L*

*
?G@**********************************************?Y@*

7RIFVM*t LAh8*?G@*-(.*[MGQFVMJ*aGWMcXV[*Xc*G*NGIL*?Y@*0SXQMfRH*WRMa*Xc*G*UFSQM*RH*NOM*[MGQFVMJ*

aGWMcXV[L*

fi nj

2 fc
k( ) ± fc

k( ) ! fi nj( )



CDv*

*

7RIFVM*t LAv8*-(.*[MGQFVMJ*XFNUFN*QUM\NVF[*Xc*G*(!(*FHJMV*cVMjFMH\_*UFSSRHI*NMQNL*(OM*(!(*RQ*

RH*\XHNRHFXFQfaGWM*[XJMK*QFY^M\N*NX*QRIHGS*RH^M\NRXH*aRNO*JRccMVMHN*cVMjFMH\_L*

(OM*UOGQM*SX\bRHI*UOMHX[MHXH*Xc*G*NGI*RQ*GSQX*MWGSFGNMJL*(OM*QG[M*(!(*RQ*QMN*NX*XUMVGNM*aRNO*G*

QaRN\ORHI*QRIHGS*Xc*h*,6q*GHJ*hBr*JFN_*\_\SML*(OM*XQ\RSSXQ\XUM*RQ*QMN*NX*FQM*Ahv*NR[MQ*GWMVGIM*

XH*NOM*\GUNFVMJ*QRIHGS*GHJ*NVRIIMV*GN*CLv*[$L*(OMVMcXVMK*NOM*\MHNVGS*UFSQM*NOGN*NOM*NVRIIMV*G\NQ*XH*

bMMUQ*NOM*QG[M*G[USRNFJM*GQ*aOMH*GWMVGIRHI*RQ*XccK*YFN*YM\GFQM*NOM*VMQN*Xc*UFSQMQ*OGWM*VGHJX[*

RHRNRGS*UOGQMQK*NOM_*M`ORYRN*G*VMJF\MJ*G[USRNFJM*GQ*G*VMQFSN*Xc* \GH\MSRHIL* :RNO*RHcRHRNM*NR[MQ*Xc*

GWMVGIMK*aM*GVM*QFUUXQMJ*NX*QMM*XHS_*XHM*UFSQML*6XaMWMVK*Rc*NOM*RHRNRGS*UOGQM*Xc*MG\O*UFSQM*RQ*SX\bMJ*

NX*GH*RH^M\NRXH*QRIHGSK*NOM*MHNRVM*NVGRH*Xc*UFSQMQ*YM\X[M*VMUMGNGYSM*GHJ*GSS*NOM*UFSQMQ*aRSS*OGWM*NOM*

QG[M*G[USRNFJM*HX*[GNNMV*NOM_*GVM*NVRIIMVMJ*XV*HXNL*(OM*QNVXHIMV*NOM*RH^M\NRXH*QRIHGS*RQK*NOM*ORIOMV*

NOM*UVXYGYRSRN_*Xc*UOGQM*SX\bRHI*aRSS*YM*GHJ*NOM*cSGNNMV*NOM*UFSQM*NVGRH*aRSS*YML*(OM*M`UMVR[MHNGS*

VMQFSNQ*GVM*QOXaH*RH*7RIL*tLAtL*.H*RH^M\NRXH*QRIHGS*OGQ*G*cVMjFMH\_*Xc*vLh*36qK*aOXQM*AHJ*OGV[XHR\*

OGQ*NOM*[G`R[F[*cVMjFMH\_*JRccMVMH\M*aRNO*VMcMVMH\M*NX*NOM*XFNUFN*cVMjFMH\_*Xc*NOM*(!(*RH*NOM*

RHNMVVXIGNRXH*\ORU*YGHJaRJNOL*(OM*RH^M\NRXH*UXaMV*RQ*IVGJFGSS_*RH\VMGQMJ*cVX[*7RIL*tLAt*?G@*NX*?I@L*

.Q* NOM* NGIfVM\MRWMJ* RH^M\NRXH* QRIHGS* UXaMV* RQ* SXaMV*NOGH* ‚hi* J1[K*NOM*UOGQM* SX\bRHI* RQ*

\X[UVX[RQMJL*7VX[*‚ii*J1[*NX*‚Cv*J1[K*aM*\GH*QMM*NOGN*NOM*RHRNRGS*UOGQMQ*GVM*cFSS_*SX\bMJL*:RNO*

G* ORIOMV* RH^M\NRXH* UXaMV* SMWMSK* NOM* RHRNRGS* QRIHGS* G[USRNFJM* NX* RHJF\M* NOM* '#6-* QNGVN* RQ* ORIOMVK*



CDt*

NOMVMcXVM*NOM*QMNNSRHI*NR[M*RQ*QOXVNMVL*(ORQ*UOMHX[MHXH*\GH*YM*WMVRcRMJ*Y_*NOM*\SXQMfRH*WRMaQ*XH*NOM*

VRIONL*%QUM\RGSS_*cXV*7RIL*tLAt*?M@*NX*?I@K*NOM*AHJ*OGV[XHR\*Xc*NOM*RH^M\NMJ*QRIHGS*QNGVNQ*NX*M[MVIM*RH*

NOM*.1*QMI[MHN*NOGN*SMGJQ*MG\O*UFSQMK*GHJ*\XHNRHFXFQS_*RH\VMGQMQ*FU*NX*G*OGSc*Xc*NOM*[GRH*QRIHGSL*

:RNO*G*VMcMVMH\M*NX*7RIL*tLvK*NORQ*QMI[MHN*RQ*aOMVM*YXNO*QaRN\OMQ*GVM*GN*XHfQNGNML*.N*NOM*RHQNGHN*1K*

'aRN\O*##*RQ*NXIISMJ*Xcc*GHJ*NOM*RH^M\NRXH*QRIHGS*RH*NOM*SXXU*RQ*JG[UMJL*'MI[MHN*.0*RQ*CBB*HQK*aOR\O*

RQ*M`G\NS_*NOM*XHfNR[M*Xc*G*hBr*JFN_*\_\SM*h*,6q*QjFGVM*aGWMQL*1_*\X[UGVRHI*7RIL*tLAt*?G@*aRNO*

?I@K*aM*\GH*QMM*NOM*QMNNSRHI*NR[M*RQ*GYXFN*iB*HQL*

(OM*1'*cVXHNfMHJ*UMVcXV[GH\M*RQ*GSQX*\OGVG\NMVRqMJL*7RIL*tLAD*RQ*NOM*QUM\NVF[*Xc*NOM*(`*aOMH*#7N*

RQ*G*[XHXNXHM*GN*CLBA*36q*XV*G*QNMUUMJ*cVMjFMH\_*aGWM*cVX[*BLDi*36q*NX*CLAi*36qK*[MGQFVMJ*Y_*

GH*.IRSMHN*"wBuB.*QRIHGS*GHGS_qMV*\XHHM\NMJ*NX*NOM*(`*aRNO*GH*',.*\GYSML*:M*\GH*cRHJ*NOM*XFNUFN*

UXaMV*RQ*GYXFN*Ai*J1[*GHJ*NOM*XHS_*JMNM\NGYSM*QUFVRXFQ*RQ*NOM*‚i$#7NˆA$/-CN*\X[UXHMHN*aOR\O*

RQ*vA*J1*SXaMV*NOGH*NOM*JMQRVMJ*QRIHGSL*(OM*RHfYGHJ*QUM\NVF[*cSGNHMQQ*RQ*GYXFN*A*J1L*7RIL*tLAw*?G@*

GHJ*?Y@*GVM*NOM*YGQMYGHJ*QUM\NVF[Q*Xc*GH*&`*XFNUFN*aOMH*/-AV*RQ*GN*ALAD*36q*XV*cVX[*CLvD*36q*

NX*ALiD*36qK*GHJ*NOM*RHUFN*&7*QRIHGS*RQ*G*[XHXNXHM*GN*CALv*36q*aRNO*G*UXaMV*Xc*‚tALh*J1[*GHJ*

‚iiLh*J1[K*VMQUM\NRWMS_L*(OM*ORIOMQN*QUFVRXFQ*RQ*SMQQ*NOGH*‚hB*J1\*cXV*NOM*\GQM*Xc*G*ORIOMV*RHUFN*

UXaMVL* (OM* XFNUFN* UXaMV* JRccMVMH\M* YMNaMMH* 7RIL* tLAD* ?G@* GHJ* ?Y@* RQ* JFM* NX* NOM* HXHfRJMGS*

SXIGVRNO[R\*VMQUXHQM*Xc*NOM*UXaMV*JMNM\NXV*RH*NOM*IGRH*\XHNVXS*\RV\FRNL*7RIL*tLAw*?G@*GSQX*QOXaQ*NOGN*

YMNNMV*NOGH*C*J1*Xc*YGQMYGHJ*cSGNHMQQ*RQ*G\ORMWMJ*GQ*/-AV*RQ*QaMUN*cVX[*CLvD*36q*NX*ALiD*36qL*

:RNO*‚tALh*J1[*RHUFN*UXaMVK*NOM*RHUFN*'"&*cXV*G*ChB*,6q*YGHJaRJNO*RQ*CwLv*J1L*(OM*YGQMYGHJ*

HXRQM*UXaMV*cXV*NOM*QG[M*YGHJaRJNO*RQ*‚CALv*J1[K*[MGQFVMJ*Y_*NOM*YGHJ*UXaMV*cFH\NRXH*Xc*NOM*

QRIHGS*GHGS_qMVL*.Q*G*VMQFSNK*NOM*YGQMYGHJ*'"&*RQ*ChLw*J1L*(OMVMcXVMK*NOM*"7*Xc*&`*RQ*GYXFN*uLt*J1L*



CDD*

*
7RIFVM*t LAt8*4OGQM*SX\bRHI*NMQN*VMQFSNQ*Xc*G*(!(L*:GWMcXV[Q*Xc*G*NGI*GVM*-(.*[MGQFVMJ*aRNO*GH*

RH^M\NRXH*QRIHGS*GN*vLh*36q*GHJ*aRNO*UXaMV*Xc*?G@*‚ti*J1[K*?Y@*‚vi*J1[K*?\@*‚hi*J1[K*?J@*‚ii*

J1[K*?M@*‚ui*J1[K*?c@*‚Aw*J1[K*GHJ*?I@*‚Cv*J1[L*



CDw*

*

7RIFVM*tLAt*?\XHNL@*

*

7RIFVM*t LAD8*-FNUFN*QUM\NVF[*Xc*(`*Xc*NOM*1'*JM[XHQNVGNXVL*



CwB*

*
?G@*

*
?Y@*

7RIFVM*t LAw8*1GQMYGHJ*QUM\NVF[*Xc*&`*aOMH*&7*RHUFN*UXaMV*RQ*?G@*‚tALh*J1[K*GHJ*?Y@*‚iiLh*

J1[L *

! 7@DBEB@FBFG-E>DE-BF-E]@-BFM@@<-DH>FK<B@D-

#HJXXV*UXQRNRXHRHI*NMQNQ*GHJ*MWGSFGNRXHQ*Xc*NOM*64'f.(*JM[XHQNVGNXV*GVM*UMVcXV[MJL*4GVG[MNMVQ*

Xc*NOM*M`UMVR[MHNGS*QMNFU*GVM*SRQNMJ*RH*(GYSM*tLAL*(OMVM*GVM*NaX*NMQNRHI*Q\MHGVRXQL*(OM*cRVQN*RQ*G*

SGYXVGNXV_*Xc*NOM*4XS_f3VG[MQ*&MQMGV\O*0MHNMVK*GQ*QOXaH*RH*7RIL*tLuBL*(OMVM*GVM*HF[MVXFQ*[MNGS*

XY^M\NQ*QF\O*GQ*NOM*NGYSM*YGQMQK*QNMMS*\GVNK*QNMMS*\GYRHMNQ*XH*NOM*aGSSK*RHQNVF[MHNQ*GHJ*QX*XHK*\VMGNRHI*

GH*MHWRVXH[MHN*aRNO*VR\O*QRIHGS*VMcSM\NRXHL*7RIL*tLuB*?G@*QOXaQ*NOM*UOXNX*Xc*NOM*NMQN*MHWRVXH[MHN*

GHJ*NOM*QMNFUL*7RIL*tLuB*?Y@*QOXaQ*NOM*[MGQFVMJ*UXQRNRXHQ*Xc*NOM*NGVIMNQ*GHJ*NOM*VMGS*XHMQ*XYNGRHMJ*

aRNO*[MGQFVRHI*NGUML*7XV*MG\O*UXQRNRXHK*CBB*[MGQFVM[MHNQ*GVM*\GVVRMJ*XFNK*GHJ*MG\O*[MGQFVM[MHN*



CwC*

FQMQ*NOM*YGQMYGHJ*QG[USMQ*M`NVG\NMJ*cVX[*NOM*QG[M*SX\GNRXH*Xc*JRccMVMHN*UFSQMQL*1_*JXRHI*QXK*NOM*

MccM\N*Xc*[FSNRUGNO*\GH*YM*XYQMVWMJ*cVX[*NOM*WGVRGNRXH*Xc*NOM*[MGQFVMJ*UXQRNRXHQL*7RIL* tLuB*?\@*

QOXaQ*NOM*[MGQFVMJ*GHISM*GHJ*VGHIM*WMVQFQ*NOMRV*VMQUM\NRWM*VMGS*WGSFMQK*NGbRHI*RHNX*G\\XFHN*GSS*NOM*

[MGQFVM[MHNQ*Xc*GSS*NOM*UXQRNRXHQL*'NVMQQ*NMQNQ*GVM*\GVVRMJ*XFN*aRNO*\SXQM*NGIQ*aRNORH*i*[*NX*NOM*1'K*

cXV* aOR\O*G*QNVXHI* RH^M\NRXH* NX* NGIQ* GHJ*G*QRIHGS* \X[UVMQQRXH* Xc* &`* GVM* M`UM\NMJL* * '_QNM[*

\GSRYVGNRXH*\GH*YM*UMVcXV[MJ*MRNOMV*aRNO*G*NGI*GN*bHXaH*UXQRNRXHQ*RHQRJM*GH*GHM\OXR\*\OG[YMV*XV*

aRNO*G*\XHHM\NXVRqMJ*NGI*\XFUSMJ*NX*NOM*1'*NOVXFIO*\GYSMQ*GHJ*GNNMHFGNXVQ*aRNO*bHXaH*JMSG_QL*

.SIXVRNO[Q*GHJ*UVX\MJFVM*QF[[GVRqMJ*RH*ytvz*GVM*FQMJ*NX*UVX\MQQ*NOM*VM\XVJMJ*YGQMYGHJ*QRIHGSQL*

,GNVR`* QNG\bRHI* NM\OHRjFMQ* FQRHI* JGNG* cVX[* YXNO* &`Q* GVM* R[USM[MHNMJ* cXV* +-.* GHJ* (-.*

M`NVG\NRXHL*&MQFSNQ*cXV*NOM*cRVQN*Q\MHGVRX*GVM*QF[[GVRqMJ*RH*(GYSM*tLuL**#N*\GH*YM*QMMH*NOGN*NOM*\SXQM*

NGIQ*GVM*[MGQFVMJ*G\\FVGNMS_L*(OM*cRVQN*VMGQXH*RQ*GH*&`*\X[UVMQQRXH*OGUUMHQ*RH*NOM*QNGIMQ*YMcXVM*

NOM* YGQMYGHJ* JM[XJFSGNXV* GHJ* NOM* IMHMVGNMJ* OGV[XHR\Q* GVM* XFNQRJM* NOM* JM[XJFSGNXV* RHUFN*

YGHJaRJNOL*'M\XHJS_K*NOM*\X[UVMQQRXH*UXRHN*Xc*NOM*RHUFN*/".*Xc*G*NGI*RQ*HXN*VMG\OMJ*GHJ*'aRN\O*

##*UVXWRJMQ*G*ORIO*MHXFIO*RQXSGNRXH*NX*UVMWMHN*G*UFSSRHI*Xc*NOM*'#6-*cVMjFMH\_L*&XXNf[MGHfQjFGVMf

MVVXV*?&,'%@*RQ*\GS\FSGNMJ*aRNO*NOM*\XXVJRHGNMQ*Xc*G*VMGS*UXQRNRXH*GHJ*NOM*CBB*[MGQFVMJ*XHMQL*

&MSGNRWMS_*SGVIM*&,'%*cXV*QX[M*UXQRNRXHQ*GVM*[GRHS_*JFM*NX*[FSNRUGNO*MccM\NQ*GHJ*G\\F[FSGNMJ*

MVVXVQ*aOMH*FQRHI*[MGQFVRHI*NGUMQL*

(GYSM*t LA8*4GVG[MNMVQ*Xc*NOM*%`UMVR[MHNGS*'MNFU*

)* ! iBB*,6q *

<C! BLh*[Q*

0ORVU* !U*GHJ*JXaH*RHNMVSMGWMJ*

0ORVU*IMHMVGNXV* 2M_QRION*,DCwB.*.:3*

1GQMYGHJ*
JRIRNRqMV* .IRSMHN*+'-DCABi1 *

'G[USRHI*cVMjL* A*3'G{Q*

&M\XVJMJ*SMHINO* CLh*[Q*

(GI*[XJFSGNRXH* h*,6q K*hBr*JFN_*\_\SM*

(GVIMN*jFGHNRN_* ' *h*

*

*



CwA*

*
?G@*

*
?Y@*

*
?\@*

7RIFVM*t LuB8*?G@*4OXNX*Xc*NOM*cRVQN*NMQN*MHWRVXH[MHN*GHJ*QMNFUL*?Y@*/G_XFN*USGH*GHJ*NGVIMN*

JRQNVRYFNRXHL*?\@*%VVXV*YGV*Xc*GHISM*GHJ*VGHIM*[MGQFVM[MHNQL*



Cwu*

(GYSM*t Lu8*&MQFSN*Xc*NOM*7RVQN*(MQN*'\MHGVRX*aRNO*G*'RHISM*(GVIMN*

4XQL*
RHJM*̀

&MGS*
VGHIM*
?\[@*

&MGS*
GHISM*
?¡@*

,MGQL*
VGHIM*
GWIL*
?\[@*

,MGQL*
GHISM*

GWIL*?¡@*

&,'%*
VGHIM*
?\[@*

&,'%*
GHISM*
?¡@*

C* AwvLD* ‚ iBLv* AwALD* ‚ iALv* iLB* ALB*

A* ABiLv* CwLA* CwvLi* CtLt* DLu* CLh*

u* uvvLC* ‚ CALD* uhwLh* ‚ CuLD* vLv* CLC*

i * iDtLA* ‚ AALD* iwCLD* ‚ ACLt* iLv* CLA*

h* thiLA* ‚ wLi* tCtLv* ‚ CALi* uvLv* ALw*

v* wBvLi* ‚ DLi* wAvLi* ‚ CCLu* ABLB* uLB*

t * tvhLi * hLA* tDtLv* tLA* AALA* ALB*

D* thCLw* CiLB* tChLC* ChLA* uvLD* CLu*

w* vvALC* CCLi* vuwLu* ChLC* AALt* uLt*

CB* hiALi* ‚ CCLB* hhCLi* ‚ CALh* wLB* CLv*

CC* iAuLh* BLD* iuiLv * uLD* CCLB* uLB*

CA* iBhLt* AuLB* iBDLh* ABLD* ALD* ALA*

Cu* iAALw* CCLh* iChLv* CBLD* tLu* BLD*

Ci* vAtLi* ‚ AhLB* viiLv * ‚ AiLw* CtLA* BLv*

Ch* uiBLt* ‚ hiLi * uhCLv* ‚ hALA* CCLB* ALu*

Cv* huuLi* ‚ itLv * hiBLD* ‚ hBLi* tLh* ALD*

Ct* tCvLt* ‚ uCLt* tuuLh* ‚ AtLi* CvLw* iLh*

*

7RIL*tLuC*?G@*QOXaQ*G*QHGUQOXN*Xc*NOM*YGQMYGHJ*#{;*aGWMcXV[Q*cVX[*G*NGI*GN*UXQRNRXH*"XL*CAL*#H*

QF\O*G*QRHISM*NGVIMN*\GQMK*[FSNRUGNO*\X[UXHMHNQ*\GH*YM*MGQRS_*RJMHNRcRMJ*JFVRHI*NOM*XccfNR[ML*:M*

GSQX* cRHJ* NOGN* NOM* XHfNR[M* RQ* SMQQ* NOGH* hBr* Xc* G* UMVRXJK* JFM* NX*NOM* cG\N* Xc*NOM*RH^M\NRXH* QRIHGS*

G[USRNFJM*XYQMVWMJ*RH*7RIL*tLAtL*7RIL*tLuC*?Y@*RQ*NOM*YGQMYGHJ*QUM\NVF[*VMSGNMJ*NX*NOM*QG[M*NGVIMN*

JFVRHI*G*\ORVU*UMVRXJL*(OM*QUM\NVF[*QNGVNQ*NX*VXSS*Xcc*GN*GYXFN*utB*,6q*YM\GFQM*RNQ*\GVVRMV*cVMjFMH\_*

JMWRGNMQ*cVX[*CALv*36q*Y_*GYXFN*uB*,6qL*.*qXX[fRH*Xc*XHM*Xc*NOM*UMGbQ*RH*NOM*QUM\NVF[*RQ*

GSQX*QOXaHK*RH*aOR\O*[FSNRUGNO*\X[UXHMHNQ*GVM*VMcSM\NMJ*GQ*QRJMSXYMQ*aRNO*G*SXaMV*G[USRNFJML*

2 fc
k( )



Cwi*

*
?G@*

*
?Y@*

7RIFVM*t LuC8*?G@*.*QHGUQOXN*Xc*NOM*YGQMYGHJ*#{;*aGWMcXV[Q*VMSGNMJ*NX*G*NGI*GN*UXQRNRXH*"XL*CAL*?Y@*

'UM\NVF[*Xc*NOM*VM\XVJMJ*YGQMYGHJ*#„C*QRIHGS*JFVRHI*G*\ORVU*UMVRXJL*



Cwh*

*
?G@*

*
?Y@*

*
?\@*

7RIFVM*t LuA8*?G@*4OXNX*Xc*NOM*QM\XHJ*NMQN*MHWRVXH[MHN*GHJ*QMNFUL*?Y@*/G_XFN*USGH*GHJ*NGVIMN*

JRQNVRYFNRXHL*?\@*%VVXV*YGV*Xc*GHISM*GHJ*VGHIM*[MGQFVM[MHNL*



Cwv*

*

(GYSM*t Li 8*&,'%* Xc*NOM*'M\XHJ*(MQN*'\MHGVRX*aRNO*G*'RHISM*(GVIMN 

4XQL*
RHJM*̀

&,'%*
VGHIM*
?[@*

&,'%*
GHISM*
?¡@*

4XQL*
RHJM`*

&,'%*
VGHIM*
?[@*

&,'%*
GHISM*
?¡@*

4XQL*
RHJM`*

&,'%*
VGHIM*
?[@*

&,'%*
GHISM*
?¡@*

C„C* BLBih* BLt* u„A* BLAtt* BLv* h„h* BLCwB* BLh*

C„A* BLChi* BLD* u„u* BLvBA* CLi* h„v* BLBBw* uLC*

C„u* BLAAC* BLi* u„i * BLAtt* CLB* h„t * BLuhC* BLh*

C„i * BLCvA* BLA* u„h* BLuwA* ALi* h„D* BLBiC* CLw*

C„h* BLuiw* ALt* u„v* BLBvC* ALA* h„w* BLCui* uLB*

C„v* BLCBi* BLi* u„t * BLBii* iLC* h„CB* BLBCC* CLi*

C„t * BLBvA* ALv* u„D* BLuhC* ALD* h„CC* BLAhw* ALv*

C„D* BLiuh* iLC* u„w* BLCDC* ALA* h„CA* BLuCC* ALu*

C„w* BLCvh* ALw* u„CB* BLAhC* BLA* h„Cu* BLAhB* CLC*

C„CB* BLAiD* BLi* u„CC* BLiBi* ALC* h„Ci * BLCAA* CLB*

C„CC* BLhit* CLt* u„CA* BLBCu* ALD* v„C* BLtCC* CLA*

C„CA* BLiBw* CLi* u„Cu* BLBht* CLw* v„A* BLhuu* CLi*

C„Cu* BLBuh* BLu* u„Ci * BLBwB* BLw* v„u* BLvCw* ALC*

C„Ci* BLCwu* ALv* u„Ch* BLADu* uLB* t„C * BLAtC* ALB*

C„Ch* BLAww* CLD* u„Cv* BLAAD* BLv* t„A * BLAiu* BLD*

C„Cv* BLCDA* BLu* i„C * BLivv* uLC* t„u * BLBCv* ALv*

A„C* BLhth* CLh* i„A * BLCvv* iLi * D„C* BLhCt* ALA*

A„A* BLuvt* BLh* i„u * BLAwD* CLB* D„A* BLBAC* BLi*

A„u* BLCBC* BLu* i„i * BLCwB* ALA* D„u* BLhBB* BLt*

A„i * BLuBB* CLC* i „h* BLBtv* uLC* w„C* BLDCC* uLB*

A„h* BLBhu* ALB* i„v * BLAAB* CLu* w„A* BLBvC* CLD*

A„v* BLCCv* ALC* i„t * BLCvC* BLw* w„u* BLihB* ALD*

A„t * BLCCB* iLA* i„D * BLhiD* CLA* CB„C* BLAtA* CLv*

A„D* BLBAC* CLu* i„w * BLiuA* uLi* CB„A* BLuiD* BLD*

A„w* BLBBt* uLA* i„CB* BLAti* BLi* CB„u* BLtvA* BLv*

A„CB* BLAhh* BLh* i„CC* BLCtD* uLC* CC„C* BLCBu* CLv*

A„CC* BLCDi* ALh* i„CA* BLBiB* CLi* CC„A* BLuvD* CLi*

A„CA* BLCCu* ALh* i„Cu * BLuwv* CLA* CC„u* BLvBw* uLC*

A„Cu* BLCit* BLw* i„Ci * BLhiA* uLw* CA„C* BLuCA* ALC*

A„Ci* BLBiD* CLD* h„C* BLDAB* CLC* CA„A* BLBDi* BLi*

A„Ch* BLBDh* ALB* h„A* BLuuv* BLi* CA„u* BLhuB* uLC*

A„Cv* BLvwD* BLt* h„u* BLtvh* ALC* * * *

u„C* BLhDw* CLC* h„i * BLtti * uLi* * * *

-

-



Cwt*

-

?G@*

-

?Y@*

7RIFVM*t Luu8*?G@*.*QHGUQOXN*Xc*YGQMYGHJ*#{;*aGWMcXV[Q*VMSGNMJ*NX*G*NGI*GN*UXQRNRXH*A„DL*?Y@*

'UM\NVF[*Xc*NOM*VM\XVJMJ*YGQMYGHJ*#„C*QRIHGS*JFVRHI*G*\ORVU*UMVRXJL*

7RIL* tLuA* ?G@* RSSFQNVGNMQ* NOM* QM\XHJ* NMQN* MHWRVXH[MHNK* aOR\O* RQ*NOM*QR`fQNXV_fOMRION* SXYY_* Xc*

/GQQXHJM*YFRSJRHI*Xc*4XS_NM\OHRjFM*,XHNVMGSL*#N*OGQ*G*[XVM*UVXHXFH\MJ*[G`R[F[*[FSNRUGNO*JMSG_*



CwD*

\X[UGVMJ*aRNO*NOM*QUG\M*Xc*NOM*cRVQN*NMQNL*(OM*QG[M*QMNFU*UGVG[MNMVQ*GQ*QOXaH*RH*(GYSM*tLA*GVM*

FQMJL*7RIL*tLuA*?Y@*UVMQMHNQ*NOM*VMGS*UXQRNRXHQ*GQ*aMSS*GQ*NOM*M`NVG\NMJ*XHMQL*4XQRNRXH**RQ*NOM*UNO*

XHM*cVX[*NOM*SMcN*RH*NOM*.NO*VXa*cVX[*NOM*1'L*(OM*JRQNGH\M*YMNaMMH*GJ^G\MHN*VXaQ*RQ*A*[*GHJ*NOM*

GHISM* YMNaMMH* GJ^G\MHN* UXQRNRXHQ* RH* G* VXa* RQ* iLiBD¡L*(OMVM* GVM* CBB* [MGQFVMJ* VMQFSNQ* cXV* MG\O*

UXQRNRXHL*7RIL*tLuA*?\@*QOXaQ*NOM*[MGQFVMJ*GHISM*GHJ*VGHIM*WMVQFQ*NOMRV*VMQUM\NRWM*VMGS*WGSFMQL*#N*

\GH*YM*QMMH*NOGN*YXNO*UGVG[MNMVQ*M`NVG\NMJ*cVX[*NOM*QM\XHJ*NMQN*OGWM*G*SGVIMV*WGVRGNRXH*\X[UGVMJ*

NX*NOM*cRVQN*NMQN*JFM*NX*NOM*[FSNRUGNO*JMSG_*RH*NOM*[GIHRNFJM*Xc*G*cMa*OFHJVMJ*HQL*0GS\FSGNMJ*&,'%*

WGSFMQ*GVM*QOXaH*RH*(GYSM*tLiL*7RIL*tLuu*?G@*GHJ*?Y@*GVM*NOM*YGQMYGHJ*#{;*aGWMcXV[*QHGUQOXNQ*GHJ*

QUM\NVF[*VMSGNMJ*NX*G*QRHISM*NGI*GN*UXQRNRXH*A„D*Xc*NOM*QM\XHJ*NMQNL*7XV*NORQ*QUM\RcR\*\GQMK*G*[FSNRUGNO*

MccM\N*\GH*YM*OGVJS_*XYQMVWMJ*RH*YXNO*NR[M*GHJ*cVMjFMH\_*JX[GRHL* *

i_ j
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7VX[* NOM* VMQFSNQ*Xc* NOM*UVMQMHNMJ*RHJXXV* GHJ* XFNJXXV* NMQNQ*Xc* NOM* JMWMSXUMJ* cFHJG[MHNGS* GHJ*

OGV[XHR\*UXQRNRXHRHI*Q_QNM[Q*RH*NORQ*NOMQRQ*VMQMGV\OK*RN*\GH*YM*QMMH*NOGN*NOM*[FSNRUGNO*MccM\NQ*OGWM*

NX*YM*cFVNOMV*RHWMQNRIGNMJ*GHJ*JMGSN*aRNO*cXV*G*VXYFQN*XUMVGNRXH*FHJMV*GSS*MHWRVXH[MHNQL*(X*NORQ*MHJK*

NOVMM*GQUM\NQ*GVM*\XHQRJMVMJ8*

7RVQNK*NOM*\XJRHI*Xc*G\NRWM*YG\bQ\GNNMVRHI*NGIQL*.Q*QFIIMQNMJ*Y_*yAwK*uBzK*G*0+,.*\XJRHI*MHGYSMQ*

G*VMGSfNR[M*UVX\MQQRHI*GHJ*RJMHNRc_RHI*[FSNRUSM*NGVIMNQ*QR[US_*Y_*[XJFSGNRHI*NOM*NVGHQUXHJMV*aRNO*

G*0+,.*Q\ OM[ML*(ORQ*NM\OHRjFM*RQ*WMV_*GNNVG\NRWM*cXV*XFV*UVXUXQMJ*Q_QNM[*JFM*NX*NOM*cXSSXaRHI*

VMGQXHQL*G@*1GQMYGHJ*\X[UFNGNRXH*YFVJMH*\GH*YM*IVMGNS_*VMJF\MJL*'UM\RcR\GSS_K*NOM*[XJMS*XVJMV*

MQNR[GNRXH*\GH*YM*QbRUUMJK*XV*NOM*QMGV\ORHI*QUG\M*\GH*YM*QOVFHbK*QX*NOGN*NOM*[FSNRNGVIMN*QRIHGS*RQ*

VMJF\MJ*NX*G*QRHISM*XV*G*[F\O*Q[GSSMV*HF[YMV*Xc*NGVIMNQ*YMcXVM*UVX\MQQRHIL*Y@*0XJRHI*NOM*NGIQ*\GH*

QXSWM*NOM*UVXYSM[*Xc*[GN\ORHI*NOM*MQNR[GNMJ*(-.*GHJ*+-.L*\@*(OM*[FSNRUGNO*RQQFM*aRSS*YM\X[M*

MGQRMV*NX*VMQXSWMK*aOR\O*\GH*YM*QMMH*cVX[*NOM*GHGS_QRQ*Xc*NOM*HM`N*UGVGIVGUOL*J@*#N*\GH*YM*VMGSRqMJ*

aRNO*NOM*\FVVMHN*NGI*OGVJaGVM*QR[US_*Y_*\XHNVXSSRHI*NOM*QaRN\O*QRIHGS*IMHMVGNXV*cXV*G*UFSQM*aRJNO*

[XJFSGNRXHL*

'M\XHJK*NOM*GJGUNRWM*VMf\XHcRIFVGYRSRN_*GHJ*O_YVRJ*JRIRNGS{GHGSXI*YMG[cXV[RHI*Q\OM[ML*0FVVMHNS_K*

aM*GNNM[UN*NX*MHOGH\M*NOM*GHNMHHG*\XWMVGIM*RH*NOM*GqR[FNO*USGHM*XH*YXNO*NGI*GHJ*1'*NX*UVMWMHN*

SXQQ*Xc*GH_*NGVIMNL*1_*JXRHI*QXK*RHNMVVXIGNRXH*[FSNRUGNO*\X[UXHMHNQ*[G_*YM*VM\MRWMJ*Y_*NGIQL*(ORQ*

\ GH*YM*[XVM*cGNGS*NOGH*RH*NOM*\GQM*Xc*UGQQRWM*cVMjFMH\_*JXFYSRHI*NGIQL*(ORQ*RQ*YM\GFQM*NOM*G\NRWM*

NGIQ*XHS_*VMQUXHJ*NX*NOM*UOGQM*cVXHN*RN*QMHQMJK*MRNOMV*cVX[*NOM*SRHMfXcfQRION*[GRH*\X[UXHMHN*XV*cVX[*

G*QFUMVUXQMJ*SRHMfXcfQRION*GHJ*HXHfSRHMfXcfQRION*\X[UXHMHNL*#c*RN*RQ*NOM*QM\XHJ*\GQMK*1'* \GHHXN*

[GbM*\XVVM\NRXH*XV*\X[UMHQGNRXH*HX*[GNNMV*OXa*QXUORQNR\GNMJ*NOM*OGVJaGVM*XV*GSIXVRNO[*RQL*:M*

\GH*FQM*G*Q\GHHRHI*NM\OHRjFM*RH*NOM*GqR[FNO*USGHM*aRNO*G*HGVVXaMV*RHNMVVXIGNRXH*YMG[*NX*QXSWM*NORQ*

RQQFML*1FN*NORQ*[G_*XHS_*YM*MccM\NRWM*aRNO*NOM*OMSU*Xc*\XJRHI*?MLIL*0+,.@K*YM\GFQM*XNOMVaRQMK*GH*

XWMVfMQNR[GNRXH*XV*G[YRIFRN_*RQQFM*[G_*M[MVIML**-H*NOM*1'*&`*QRJMK*G*SGVIMV*GVVG_*RQ*M`UM\NMJ*NX*

MHOGH\M*NOM*GHIFSGV*VMQXSFNRXHL*7XV*NOM*RHNMVVXIGNRXH*QRIHGSK*GH*GHGSXI*YMG[cXV[RHI*RQ*UVMcMVVMJ*

YM\GFQM*GJJRHI*M`NVG*(`*aRSS*QRIHRcR\GHNS_*RH\VMGQM*4.*UXaMV*\XHQF[UNRXHK*aORSM*cXV*NOM*VM\MRWRHI*

QRJMK*G*O_YVRJ*YMG[cXV[RHI*Y_*GJJRHI*GH*GHGSXI*UOGQMJ*GVVG_*cXV*MG\O*Xc*NOM*NaX*&`Q*[RION*YM*G*

YGSGH\MJ*\OXR\ML*

:M*OGWM*UVXUXQMJ*G*UOGQM*QORcNMV*QXSFNRXH*YGQMJ*XH*'#:*GHJ*SRjFRJ*\V_QNGSL*#N*OGQ*WMV_*UVX[RQRHI*

cMGNFVMQ*Xc*M`NVM[MS_*SXa*SXQQ*GN*ORIO*cVMjFMH\_*?MLIL* [[:@K*QMG[SMQQ*RHNMIVGNRXH*aRNO*XNOMV*



ABB*

\X[UXHMHNQ*XH*'#:*?MLIL*GHNMHHGQ*aRNO*cMMJRHI*HMNaXVb@K*GHJ*qMVX*UXaMV*\XHQF[UNRXHL*(OM*UOGQM*

QORcNMV*UVXNXN_UM*RQ*QOXaH*RH*7RIL*DLCL*:M*OGWM*QOXaH*NOGNK*aRNO*NOM*YMQN*HM[GNR\*SRjFRJ*\V_QNGS*

[GNMVRGS*cXV*&7*GUUSR\GNRXHQK*G*QRHISM*J1*Xc*#/*\GH*QFUUXVN*[XVM*NOGH*CBB¡*Xc*UOGQM*QORcNL**

*
7RIFVM*DLC8*?G@*(OM*UMVQUM\NRWM*WRMa*Xc*GH*'#:*SRjFRJ*\V_QNGS*UOGQM*QORcNMVL*?Y@*(OM*cGYVR\GNMJ*

GQQM[YS_*QOXaRHI*NOM*SRjFRJ*\V_QNGS*\MSS*GHJ*MSM\NVXJML*

*
7RIFVM*DLA8*.*aGWMcXV[*Xc*[[:*QaRN\OMJ*'#6-*XH*0,-'*NM\OHXSXI_L*

(ORVJK*VMJF\NRXH* Xc* NOM* UXQNfUVX\MQQRHI* \X[UFNGNRXHGS* YFVJMH* aRNO* OGV[XHR\* VM\MRWMVQL* 1_*

XYQMVWRHI*NOM*YGQMYGHJ*QUM\NVF[*Xc*MRNOMV*NOM*cFHJG[MHNGS*Q_QNM[*XV*NOM*OGV[XHR\*Q_QNM[K*aM*\GH*



ABC*

cRHJ*NOGN*FQMcFS*RHcXV[GNRXH*RQ*\XHQNVGRHMJ*aRNORH*HGVVXa*YGHJQ*\MHNMVMJ*GN*OGV[XHR\Q*Xc*NOM*NGI*

[XJFSGNRXH*cVMjFMH\_L*.Q*NOM*[XJFSGNRXH*cVMjFMH\_*RH\VMGQMQK*NOM*HF[YMV*Xc*QF\O*YGHJQ*RQ*VMJF\MJL*

:RNO*0,-'*NM\OHXSXI_K*'#6-*XH*G*OGV[XHR\*NGI*\GH*YM*JMQRIHMJ*aRNO*G*VRQM*GHJ*cGSS*NR[M*GQ*QOXVN*

GQ*CBB|ABB*UQK*GQ*QOXaH*RH*7RIL*DLAL*(OMVMcXVMK*NOM*[XJFSGNRXH*cVMjFMH\_*\GH*YM*GQ*ORIO*GQ*hBB*

,6qL* #H*NORQ*aG_K*cXV*G*1'*RHNMVVXIGNRXH*YGHJaRJNO*Xc*hBB*,6qK*XHS_*NaX*QFYfYGHJQ*\GH*YM*QMMH*

RH*NOM*YGQMYGHJ*QRIHGSL* :M* \GH*R[USM[MHN*OGV[XHR\*VM\MRWMVQ*QF\O*GQ*NOM*XHMQ*RH*yuvK*utz*NX*

\XH\FVVMHNS_*VM\MRWM*NOM*NaX*HGVVXa*QFYfYGHJQK*RHQNMGJ*Xc*JRIRNRqRHI*NOM*MHNRVM*cMa*OFHJVMJ*,6q*

aRJM*YGQMYGHJ*GHJ*XWMVSXGJ*NOM*UVX\MQQXV*aRNO*FQMSMQQ*QG[USMQL* *
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#H* NORQ* NOMQRQK* NOM* NOMXV_K* NM\OHXSXI_* GHJ* M`UMVR[MHNQ* Xc* GH* G\NRWM* YG\bQ\GNNMVRHI* UXQRNRXHRHI*

Q_QNM[*aRNO*RHHXWGNRWM*OGV[XHR\*XQ\RSSGNXV*NGIQ*GVM*UVMQMHNMJL*(OM*[GRH*cMGNFVMQ*Xc*QF\O*G*Q_QNM[*

\GH*YM*QF[[GVRqMJ*GQ*OGV[XHR\*cVMjFMH\_*JRWMVQRN_K*NR[MfQMVRMQ*[FSNRNGVIMN*UXQNfUVX\MQQRHI*GHJ*

R[[FHRN_*NX*\X[[XHS_*M`MV\RQMJ*cVMjFMH\_*UFSSRHIL*.N*NOM*QG[M*NR[MK*NOM*cGWXVGYSM*\OGVG\NMVRQNR\Q*

Xc*Q_QNM[Q*RH*NOM*SRNMVGNFVM*GVM*[GRHNGRHMJL*

(X* NORQ* MHJK* aM* OGWM* JRQ\XWMVMJ* G* HMa* \SGQQ* Xc* OGV[XHR\* XQ\RSSGNXVK* HG[MS_* NOM* QMScfRQXSGNMJ*

OGV[XHR\*XQ\RSSGNXV*?'#6-@*aOR\O*MH^X_Q*NOM*GJWGHNGIM*Xc*OGV[XHR\*XFNUFN*GHJ*SXa*UFSSRHI*MccM\NL*

.Q*NOM*M`UMVR[MHNQ*QFIIMQNMJK*SXGJ*UFSSRHI*GHJ*cVMjFMH\_*UFSSRHI*GVM*VMJF\MJ*Y_*Ch*NX*AB*NR[MQL*

'F\O*GH*XQ\RSSGNXV*\GH*YM*JMQRIHMJ*aRNO*NOM*9fUGVG[MNMV*HXHSRHMGV*[XJMS*Xc*GH*G[USRcRMV*M`NVG\NMJ*

aRNO*G*SGVIM*QRIHGS*HMNaXVb*GHGS_qMV*?/'".@*GHJ*\GH*YM*GSQX*JMQRIHMJ*RH*G*[XVM*\XHWMHRMHN*aG_*

aRNO* XFV* JMWMSXUMJ*OGV[XHR\f[MGQFVM[MHNfGHJfJMQRIH* ?6,+@* Q_QNM[K* aOR\O* RQ* YGQMJ* XH* NOM*

\XH\MUN*Xc*M`UMVR[MHNGS*aGWMcXV[*XUNR[RqGNRXH*GHJ*JMQRIH*GFNX[GNRXHL*.Q*NOM*IMHMVGS*NOMXVMNR\GS*

GHJ*M`UMVR[MHNGS*cXFHJGNRXHQ*cXV*HXHSRHMGV*\RV\FRN*?RH\SFJRHI*NOM*'#6-@*GHGS_QRQ*GHJ*JMQRIHK*GH*

9 fUGVG[MNMV* YGQMJ* [XJMSRHI* NM\OHRjFM* GHJ* GH* /'".* WMVRcR\GNRXH* JMWR\M* GVM* JMWMSXUMJ* GHJ*

UVMQMHNMJ*RH*NORQ*NOMQRQL*

.H*'#6- fGHNMHHG*cFQRXH*OGV[XHR\*G\NRWM*VGJRGNXV*QNVF\NFVM*OGQ*YMMH*UVXUXQMJ*GHJ*JM[XHQNVGNMJ*

GN* [RSSR[MNMV* aGWM* ?[[:@* cVMjFMH\_L* (OM* VGJRGNXV* M[USX_Q* G* \RV\FSGV* QFYQNVGNM* RHNMIVGNMJ*

aGWMIFRJM*?'#:@*\GWRN_*NX*G\ORMWM*NOM*cFH\NRXHQ*Xc*JRUSM`MVK*VMQXHGNXVK*GHJ*GHNMHHG*\XH\FVVMHNS_L*

(OMVMcXVMK*RN*NVGHQ[RNQ*NOM*QM\XHJ*OGV[XHR\*Xc*NOM*XQ\RSSGNRHI*QRIHGS*NX*cVMM*QUG\M*GHJ*GN*NOM*QG[M*

NR[M*GHJ*[GRHNGRHQ*NOM*GJWGHNGIMQ*Xc*SXa*UFSSRHI*MccM\N*GHJ*QR[USM*JMQRIH*Xc*NOM*'#6-*NXUXSXI_L*

.SNOXFIO*NOM*QNVF\NFVM*RQ*HXN*R[USM[MHNMJ*cXV*NOM*UXQRNRXHRHI*Q_QNM[*Xc*NORQ*NOMQRQK*RN*[G_*YM\X[M*

MQQMHNRGS*GHJ*RHJRQUMHQGYSM*cXV*SXaf\XQN*#HNMVHMN*Xc*(ORHIQ*?#X(@*JMWR\MQ*RH\SFJRHI*NOM*UXQRNRXHRHI*

Q_QNM[*RH*NOM*[[:*YGHJ*NOGN*VMUVMQMHNQ*GH*XWMVaOMS[RHI*GJWGH\M[MHN*cXV*GH*RHNMIVGNRXH*aRNO*

NOM*[[:*h NO*IMHMVGNRXH*?h3@*aRVMSMQQ*NM\OHXSXI_*RH*NOM*cFNFVML*

#H*NMV[Q*Xc*NOM*UXQNfUVX\MQQRHI*GSIXVRNO[Q*Xc*NOM*UVXUXQMJ*UXQRNRXHRHI*Q_QNM[K*aM*IRWM*FU*NOM*

\XHWMHNRXHGS*cVMjFMH\_*JX[GRH*[MNOXJQ*QF\O*GQ*G*cGQN*7XFVRMV*NVGHQcXV[GNRXH*?77(@*aOR\O*OGQ*

XYWRXFQ*JVGaYG\bQ*aOMH*R[USM[MHNMJ*aRNO*NOM*QaRN\OMJ*RH^M\NRXH*UOGQM*SX\bRHI*UVRH\RUSML*-FV*

JMWMSXUMJ*NR[MfJX[GRH*UXQNfUVX\MQQRHI*NM\OHRjFMQ*cMGNFVM*G*^XRHN*QRHIFSGV*WGSFM*JM\X[UXQRNRXH*



ABu*

?'$+@* YGQMJ* %'4&#(* GSIXVRNO[* GHJ* G* [GNVR`* JRGIXHGSRqGNRXH* NM\OHRjFM* FQRHI* ,XXVMf4MHVXQM*

UQMFJXRHWMVQM*cXV*[XJMS*XVJMV*MQNR[GNRXH*GQ*aMSS*GQ*NOM*NR[MfXcfGVVRWGS*?(-.@*GHJ*JRVM\NRXHfXcf

GVVRWGS*?+-.@*M`NVG\NRXHQL*(OMQM*NM\OHRjFMQ*GSSXa*FQ*NX*JRccMVMHNRGNM*[FSNRUSM*NGIQ*MWMH*NOXFIO*

NOMRV*QUM\NVF[Q*GVM*XWMVSGUUMJ*RH*NOM*JM[XJFSGNMJ*YGQMYGHJ*QRIHGSL*-FV*JMWMSXUMJ*GSIXVRNO[Q*GSQX*

VMJF\M*NOM*\X[[XHS_*M`MV\RQMJ*VMQNVR\NRXHQ*Xc*NGI*JMQRIH*aOMH*G*SXa*[MGH*MVVXV*RQ*JMQRVMJL*:M*

OGWM* WMVRcRMJ* NOM* cFH\NRXH* GHJ* UMVcXV[GH\M* Xc* NOM* NM\OHRjFMQ* XH* G* JMWMSXUMJ* Af+* UXQRNRXHRHI*

Q_QNM[*RH*aOR\O*YXNO*FUf*GHJ*JXaHfSRHb*GVM*RH*NOM*QG[M*cFHJG[MHNGS*cVMjFMH\_*YGHJK*aOR\O*RQ*

VMIGVJMJ*GQ*NOM*cFHJG[MHNGS*Q_QNM[*NX*IMN*JRQNRHIFRQOMJ*cVX[*NOM*XNOMV*JMWMSXUMJ*Q_QNM[*aRNO*

OGV[XHR\*cVMjFMH\_*JRWMVQRN_L*"MWMVNOMSMQQK*aM*OGWM*NX*G\bHXaSMJIM*NOGNK*NORQ*RQ*XHS_*GH*RHRNRGS*

QNMU*NXaGVJQ*G*VXYFQN*GSIXVRNO[*GHJ*G*[GNFVM*\XXUMVGNRXH*aRNO*NOM*OGVJaGVM*USGNcXV[L*

1GQMJ*XH*NOM*GYXWMf[MHNRXHMJ*aXVbQK*NOM*FSNR[GNM*XY^M\NRWM*Xc*NORQ*NOMQRQK*HG[MS_*G*[FSNRNGVIMN*

OGV[XHR\*YG\bQ\GNNMVRHI*UXQRNRXHRHI*Q_QNM[*aRNO*G\NRWM*NGIQ*?64'f.(@*OGQ*YMMH*JMWMSXUMJ*GHJ*

UVMQMHNMJL*(OM*\XH\MUN*Xc*\XSSGYXVGNMJ*GJWGHNGIMQ*Xc*NOM*QaRN\OMJ*RH^M\NRXH*UOGQM*SX\bRHI*UVRH\RUSMK*

XFV*UVXUXQMJ*NR[MfJX[GRH*UXQNfUVX\MQQRHI*NM\OHRjFM*GHJ*NOM*OGV[XHR\*JRWMVQRN_*OGQ*YMMH*WMVRcRMJL*

(GYSM*wLC*QF[[GVRqMQ*NOM*[GRH*cMGNFVMQ*Xc*XFV*JMWMSXUMJ*cFHJG[MHNGS*GHJ*OGV[XHR\*Q_QNM[QL**

(GYSM*wLC8*0X[UGVRQXH*Xc*NOM*7FHJG[MHNGS*GHJ*6GV[XHR\*4XQRNRXHRHI*'_QNM[Q*+MWMSXUMJ*RH*NORQ*

(OMQRQ*

*
7FHJG[MHNGS*Af+*G\NRWM*

YG\bQ\GNNMVRHI*[FSNRNGVIMN*
UXQRNRXHRHI*Q_QNM[*

AHJ*OGV[XHR\*Af+*G\NRWM*
YG\bQ\GNNMVRHI*[FSNRNGVIMN*

UXQRNRXHRHI*Q_QNM[*

#HNMVVXIGNRXH*QRIHGS*cVX[*NOM*
YGQM*QNGNRXH*

/RHMGV*7,0:*aRNO*
YGHJaRJNO*!" *GN*#b*

/RHMGV*7,0:*aRNO*
YGHJaRJNO*!" *GN*#b*

1G\bQ\GNNMVRHI*QRIHGS*cVX[*
NOM*NGIQ*

4OGQMfSX\bMJ*.,*UFSQMQ*
aRNO*\GVVRMV*cVMjFMH\_*#b*

4OGQMfSX\bMJ*.,*UFSQMQ*
aRNO*\GVVRMV*cVMjFMH\_*J#b*

#JMGS*VMQXSFNRXH*SR[RN* * *

*(GI*XUMVGNRXH*UVRH\RUSM* 'aRN\OMJ*RH^M\NRXH*SX\bMJ*
XQ\RSSGNXV**

'aRN\OMJ*RH^M\NRXH*SX\bMJ*
XQ\RSSGNXV**

-Q\RSSGNXV*XH*NOM*NGI* 7FHJG[MHNGS*cVMjFMH\_*
cMMJYG\bfSXXU*XQ\RSSGNXV*

'MScfRQXSGNMJ*OGV[XHR\*
XQ\RSSGNXV*

1GQM*QNGNRXH*QMScfRHNMVcMVMH\M* 5MQ* "X *

#HNMVcMVMH\M*cVX[*\SFQNMV*
VMcSM\NRXH* 5MQ* "X *

(GI*QMScfRHNMVcMVMH\M* 5MQ* "X *

(GI*cVMjFMH\_*SX\bRHI* 'NVXHI* :MGb*

(GI*VXYFQNHMQQ*FHJMV*UFSSRHI* /Xa * 6RIO*

0XQN*Xc*[[:*NGI*'X0* 6RIO* /Xa *

c 2BW c 4BW



ABi*

*

#H*NOM*aRVMSMQQ*\X[[FHRN_K*[GH_*OGV[XHR\*Q_QNM[Q*cXV*JRccMVMHN*GUUSR\GNRXHQ*OGWM*\X[M*RHNX*WRMa*

RH*VM\MHN*_MGVQL*6XaMWMVK*G*cVMjFMH\_*USGHHRHI*RH*\X[USRGH\M*aRNO*VMIFSGNRXHQ*RQ*QNRSS*G*YXNNSMHM\bL*

:RNO*QF\O*G*SR[RNGNRXHK*NOM*Q_QNM[Q*[G_*XHS_*XUMVGNM*aRNO*FSNVGfSXa*UXaMV*XV*RH*G*QNVR\NS_*\XHcRHMJ*

MHWRVXH[MHNL*.Q*VMIFSGNRXH*GFNOXVRNRMQ*GVM*RH*NOM*UVX\MQQ*Xc*MQNGYSRQORHI*HMa*h3*QNGHJGVJQK*[XVM*

[[:*YGHJQ*YM\X[M*GWGRSGYSML*(OXQM*OGV[XHR\*Q_QNM[*\XH\MUNQ*aRSS*IMN*G*YMNNMV*\OGH\M*NX*YM*

R[USM[MHNMJ*GHJ*GUUSRMJ*RH*VMGS*SRcM*NXIMNOMV*aRNO*NOM*cFNFVM*aRVMSMQQ*USGNcXV[QL*

Y:J! 7<@DS>HED-@A-4;E;<>-& @<\-

CL! 0,-'*NM\OHXSXI_*RQ*NOM*YMQN*QXSFNRXH*cXV*GH*RHNMIVGNRXH*Xc*NOM*OGV[XHR\*G\NRWM*NGIQ*cXV*

SXaf\XQN* FYRjFRNXFQ* SX\GNRXH* GaGVMHMQQL* .* 0,-'* QMScfRQXSGNMJ* OGV[XHR\* VGJRGNXV* aRNO*

QaRN\ORHI*\GUGYRSRN_*GN*[[:*cVMjFMH\_*OGQ*YMMH*JM[XHQNVGNMJ*RH*XFV*SGYK*aRNO*GH*M`NMVHGS*

JRUSM`MVfVMQXHGNXVfGHNMHHG*QNVF\NFVM*cGYVR\GNMJ*aRNO*G*\MVG[R\*QFYQNVGNML*(ORQ*RQ*QNRSS*\XQNS_*

GHJ*YFSb_*cXV*[GQQ*GUUSR\GNRXHQL*0,-'*RHNMIVGNMJ*\GWRN_K*aOR\O*OGQ*YMMH*VMUXVNMJ*RH*NOM*

SRNMVGNFVMK* \GH* YM* QMMH* GQ* G* WMV_* UVX[RQRHI* NM\OHXSXI_* NX* G\ORMWM* G* cFSS_* RHNMIVGNMJ*

UXQRNRXHRHI*NGI*Q_QNM[fXHf\ORU*?'X0@L*

AL! /GVIMV* Q\GSM* YMG[cXV[RHI* RQ*RHJRQUMHQGYSM*cXV* GH* R[UVXWMJ* G\\FVG\_K* VMQXSFNRXHK* GHJ*

VXYFQNHMQQK*MQUM\RGSS_*RH*\X[USM`*GUUSR\GNRXH*Q\MHGVRXQ*aRNO*QRIHRcR\GHN*[FSNRUGNO*MccM\NL*.*

O_YVRJ* JRIRNGS* GHJ* GHGSXI* YMG[cXV[RHI* QOXFSJ* YM* \XHQRJMVMJ* cXV* YXNO* NVGHQ[RNNMV* GHJ*

VM\MRWMV* Xc*NOM*YGQM* QNGNRXH* ?1'@L* ,XVMXWMVK*G*YMG[cXV[RHI* XH* NOM* NGI* RQ* GSQX* aXVNO*

\XHQRJMVRHIL*1FN*NORQ*OGQ*NX*YM*G\ORMWMJ*aRNO*FH\XHWMHNRXHGS*NM\OHRjFMQ*cXV*G*VMGQXHGYSM*

\X[USM`RN_K*\XQN*GHJ*UXaMV*\XHQF[UNRXHL*

uL! .*aRVMSMQQ*UXaMVMJ*YGNNMV_fcVMM*NGI*RQ*ORIOS_*JMQRVMJ*GQ*NOM*HF[YMV*Xc*\XHHM\NMJ*XY^M\NQ*

IVXaQ* M`USXQRWMS_L* 'F\O* G* \XH\MUN* OGQ* YMMH* JM[XHQNVGNMJ* XH* [[:* 0,-'* Y_* XNOMV*

VMQMGV\OMVQL*

iL! 4XQRNRXHRHI*NGI*aRNO*XNOMV*cFH\NRXHQ*RQ*GSQX*G*UVX[RQRHI*JRVM\NRXH*Xc*VMQMGV\OL*#c*QMHQXVQ*GHJ*

JGNG*NVGHQ[RNNRHI*cFH\NRXH*GVM*RHNMIVGNMJK*UMXUSM*\GH*\XHQNVF\N*NVFS_*Q[GVN*HMNaXVbQ*Xc*JGNG*

G\jFRVRHI*GHJ*QRNFGNMJ*\X[[FHR\GNRXHL*0XHQRJMVRHI*G*SR[RNMJ*UXaMV*GWGRSGYRSRN_K*QF\O*GH*

RHNMIVGNRXH*GSQX*QOXFSJ*HXN*YM*JXHM*RH*G*\XHWMHNRXHGS*aG_L*

.SS*RH*GSSK*XFV*UVXUXQMJ*64'f.(* GN*[[:*cVMjFMH\_*FQRHI*G*QRHISM*1'*NXIMNOMV*aRNO*GYXWM*

[MHNRXHMJ*cFNFVM*G\\X[USRQO[MHNQ*RQ*M`UM\NMJ*NX*G\ORMWM*G*\XWMVGIM*Xc*CBB*[*GHJ*CABƒK*G*



ABh*

VGHIM*VMQXSFNRXH{G\\FVG\_*Xc*C* \[K*GH*GHIFSGV*VMQXSFNRXH{G\\FVG\_*Xc*CƒK*NGI*XWMVGSS*UXaMV*

MccR\RMH\_*Xc*ABr*?aRNO*aRVMSMQQ*\OGVIRHI@K*QRHISM*NGI*\XQN*Xc*SMQQ*NOGH*C*!'*JXSSGV*?aRNO*G*

jFGHNRN_* Xc* CBKBBB@L* .Q* QF\OK* NOM* Q_QNM[* [G_* YM\X[M* G* M`NVM[MS_* \X[UMNRNRWM* \OXR\M* cXV*

RHJFQNVRGSK*VXYXNR\*GHJ*SXIRQNR\*GUUSR\GNRXHQL*

* *



ABv*

.(4(.($"(0 --

yCz* eL*6RIONXaMV*GHJ*3L*1XVVRMSSXK*•/X\GNRXH*'_QNM[Q*cXV*!YRjFRNXFQ*0X[UFNRHIK•*Y0ABD>4&K!
WXSL*uiK*HXL*DK*UUL*htfvvK*ABBCL*

yAz* ,L*$XQQRMbK*/L*:RMYbRHIK*4L*3FSJMHK*eL*:RMIOGVJNK*0L*6Xcc[GHHK*GHJ*4L*6MRJMK*•:RVMSMQQ*
/X\GS*4XQRNRXHRHIK•*+,,,!-./&01d!-25dK! WXSL*iK*HXL*iK*UUL*ttfDvK*+M\L*ABBuL*

yuz* 7L*1X\\GVJRK*&L*:L*6MGNOK*.L*/XqGHXK*(L*/L*,GVqMNNGK*GHJ*4L*4XUXWQbRK*•7RWM*+RQVFUNRWM*
(M\OHXSXI_*+RVM\NRXHQ*cXV*h3K•*+,,,!Y0AAD7d!-25dK!WXSL*hAK*HXL*AK*UUL*tifDBK*7MYL*ABCiL*

yiz* ,L*'OGcRK*.L*7L*,XSRQ\OK*4L*eL*'[RNOK*(L*6GFQNMRHK*4L*dOFK*4L*+L*'RSWGK*7L*(FcWMQQXHK*.L*
1MH^MYYXFVK*GHJ*3L*:FHJMVK*•h38*.*(FNXVRGS*-WMVWRMa*Xc*'NGHJGVJQK*(VRGSQK*0OGSSMHIMQK*
+MUSX_[MHNK*GHJ*4VG\NR\MK•*+,,,!(d!$4?d!H&42C!Y0AAD7dK!WXSL*uhK*HXL*vK*UUL*CABCfCAACK*
ABCtL*

yhz* 'L* 1L* 1GbMVK* :L* 9RGHIK* GHJ* #L* .NbRHQXHK* •#HNMVHMN* Xc* (ORHIQ* cXV* '[GVN* 6MGSNO\GVM8*
(M\OHXSXIRMQK* 0OGSSMHIMQK* GHJ* -UUXVNFHRNRMQK•*+,,,! H//4CCK!WXSL* hK* UUL* AvhACfAvhiiK*
ABCtL*

yvz* .L*dGHMSSGK*"L*1FRK*.L*0GQNMSSGHRK*/L*$GHIMSRQNGK*GHJ*,L*dXVqRK*•#HNMVHMN*Xc*(ORHIQ*cXV*'[GVN*
0RNRMQK•*+,,,!+0< =(K!WXSL*CK*HXL*CK*UUL*AAfuAK*ABCiL*

ytz* ,L*:XSSQ\OSGMIMVK*(L*'GFNMVK*GHJ*eL*eGQUMVHMRNMK*•(OM*7FNFVM*Xc*#HJFQNVRGS*0X[[FHR\GNRXH8*
.F NX[GNRXH*"MNaXVbQ*RH*NOM*%VG*Xc*NOM*#HNMVHMN*Xc*(ORHIQ*GHJ*#HJFQNV_*iLBK•*+,,,!+7Fd!
,?4/>&07d!-25d!K!WXSL*CCK*HXL*CK*UUL*CtfAtK*ABCtL*

yDz* eL*/RHK*:L*5FK*"L*dOGHIK*9L*5GHIK*6L*dOGHIK*GHJ*:L*dOGXK*•.*'FVWM_*XH*#HNMVHMN*Xc*(ORHIQ8*
.V\ORNM\NFVMK*%HGYSRHI*(M\OHXSXIRMQK*'M\FVRN_*GHJ*4VRWG\_K*GHJ*.UUSR\GNRXHQK•*+,,,!+0< =
(K!WXSL*iK*HXL*hK*UUL*CCAhfCCiAK*ABCtL*

ywz* "L*#SRMW*GHJ*#L*4GUVXNH_K*•&MWRMa*GHJ*0X[UGVRQXH*Xc* 'UGNRGS*/X\GSRqGNRXH*,MNOXJQ*cXV*
/Xa f4XaMV*:RVMSMQQ*'MHQXV*"MNaXVbQK•*+,,,!$47C0&C!(dK!WXSL*ChK*HXL*CBK*UUL*hwtCfhwDtK*
-\NL*ABChL*

yCBz* &L*,RMQMHK*&L*%YMSNK*7L*2RVQ\OK*(L*'\OžcMVK*3L*/RK*6L*:GHIK*GHJ*,L*$XQQRMbK*•:OMVM*RQ*NOM*
(GIŸK•*+,,,!-./&01d!-25dK! WXSL*CAK*HXL*tK*UUL*'iwf'vuK*ABCCL*

yCCz* 5L* +XYVMWK* ,L* $XQQRMbK* ,L* 0OVRQN[GHHK* #L* 1RSXFQK* GHJ* 4L* 3FSJMHK* •'NMGJ_* +MSRWMV_8*
:RVMSMQQ*/X\GS*4XQRNRXHRHI*'_QNM[Q*cXV*(VG\bRHI*GHJ*.FNXHX[XFQ*"GWRIGNRXH*Xc*(VGHQUXVN*
$MOR\SMQ*GHJ*,XYRSM*&XYXNQK•*+,,,!-./&01d!-25dK! WXSL*CDK*HXL*vK*UUL*AvfutK*ABCtL*

yCAz* 0L*7MHIK* :L* 'L* .L* .FK* 'L*$GSGMMK*GHJ*dL* (GHK*•&M\MRWMJf'RIHGSf'NVMHINOf1GQMJ*#HJXXV*
4XQRNRXHRHI*!QRHI*0X[UVMQQRWM*'MHQRHIK•*+,,,!<&27Cd!-0c.?4!Y0ABD>dK!WXSL*CCK*HXL*CAK*
UUL*CwDufCwwuK*ABCAL*

yCuz* .L* 5GQQRHK* 5L* "GQQMVK* ,L* .aGJK* .L* .Sf+FYGRK* &L* /RFK* 0L* 5FMHK* &L* &GFSMcQK* GHJ* %L*
.YXFNGHRXQK* •&M\MHN* .JWGH\MQ* RH* #HJXXV* /X\GSRqGNRXH8* .* 'FVWM_* XH* (OMXVMNR\GS*
.UUVXG\OMQ*GHJ* .UUSR\GNRXHQK•*+,,,!Y0AAD7d!$D&34@C!<D>CdK!WXSL*CwK*HXL*AK*UUL*CuAtf
CuivK*ABCtL*

yCiz* 'L*6M*GHJ*'L*3L*0OGHK*•:Rf7R*7RHIMVUVRHNf1GQMJ*#HJXXV*4XQRNRXHRHI8*&M\MHN*.JWGH\MQ*GHJ*
0X[UGVRQXHQK•*+,,,!Y0AAD7d!$D&34@C!<D>CdK!WXSL*CDK*HXL*CK*UUL*ivvfiwBK*ABCvL*



ABt*

yChz* ,L*2XbK*eL*+L*6XSK*GHJ*(L*1L*'\O HK*•#HJXXV*4XQRNRXHRHI*!QRHI*!SNVGaRJMYGHJ*GHJ*#HMVNRGS*
,MGQFVM[MHNQK•*+,,,!<&27Cd!T4Ed!<4/EdK!WXSL*viK*HXL*iK*UUL*CAwufCuBuK*ABChL*

yCvz* .L*0GqqXVSGK*3L*+L*.HIMSRQK*.L*,XQ\ORNNGK*,L*+RXHRIRK*7L*.SR[MHNRK*GHJ*4L*0GVYXHMK*•.*hLvf
36q*!:1*4XQRNRXH*,MGQFVM[MHN*'_QNM[K•*+,,,!<&27Cd!+7C>&DAd!-42CdK!WXSL*vAK*HXL*uK*UUL*
vth fvDuK*ABCuL*

yCtz* .L*3L*'NXWMK*•/RHMGV*7,0:*&GJGV*(M\OHRjFMQK•*+,,!I&0/d![! =!W2F2&!$.572?!I&0/4CCdK!WXSL*
CuwK*HXL*hK*UUL*uiufuhBK*-\NL*CwwAL*

yCDz* .L*'NMSqMVK*2L*4XFVWX_MFVK*GHJ*.L*7RQ\OMVK*•0XH\MUN*GHJ*.UUSR\GNRXH*Xc*/4,*f*.*"XWMS*uf
+*/X\GS*4XQRNRXH*,MGQFVM[MHN*'_QNM[K•*+,, ,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*hAK*HXL*
CAK*UUL*AvvifAvvwK*+M\L*ABBiL*

yCwz* 'L* ._OGHK* 'L* '\OMVVK* .L* 1OFNGHRK* 1L* 7RQ\OYG\OK* ,L* 4GFSRK* GHJ*(L* daR\bK* •#[UG\N* Xc*
7VMjFMH\_*&G[U*"XHSRHMGVRN_K*4OGQM*"XRQMK*GHJ*'"&*XH*7,0:*&GJGV*.\\FVG\_K•*+,,,!
<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*viK*HXL*CBK*UUL*uAwBfuuBCK*-\NL*ABCvL*

yABz* /L*6GH*GHJ*2L*:FK*•Aif36q*#HNMIVGNMJ*&GJRX*GHJ*&GJGV*'_QNM[*0GUGYSM*Xc*(R[Mf.I RSM*
:RVMSMQQ*0X[[FHR\GNRXH*GHJ*'MHQRHIK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*vBK*HXL*uK*
UUL*vCwfvuCK*,GV\O*ABCAL*

yACz* ,L* $XQQRMbK* &L* &XQbXQ\OK* GHJ* 4L* 6MRJMK* •4VM\RQM* uf+* -Y^M\N* 4XQRNRXH* (VG\bRHI* FQRHI*
7,0:*&GJGVK•*RH*:eee!8e>E!,D&d!-./&01d!Y07#dK*,FHR\OK*3MV[GH_K*CwwwK*WXSL*CK*UUL*Auif
AutL*

yAAz* 7L* :GHIK*0L*7GHIK* (L*6XVHIK*2L*4MHIK*eL* /RK*GHJ*0L*0OMHK*•0XH\FVVMHN*$RNGS* 'RIH*GHJ*
4XQRNRXH*'MHQRHI*Xc*,FSNRUSM*#HJRWRJFGSQ*!QRHI*'MScf#H^M\NRXHf/X\bMJ*(GIQ*GHJ*#H^M\NRXHf
/X\bMJ*#{;*&M\MRWMVQ*aRNO*.V\NGHIMHN*+M[XJFSGNRXHK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!
WXSL*vCK*HXL*CAK*UUL*ivDwfivwwK*+M\L*ABCuL*

yAuz* eL*/XVMHqXK*.L*/GqGVXK*&L*$RSSGVRHXK*GHJ*+L*3RVYGFK*•.\NRWM*1G\bQ\GNNMV*(VGHQUXHJMV*cXV*
7,0:*&GJGV*.UUSR\GNRXHQK•*+,,,!H7>4772C!*.&4?4CC!I&0B25d!X4>>dK!WXSL*CiK*UUL*CvCBf
CvCuK*ABChL*

yAiz* &L*3RMVSR\OK*eL*6FMNNHMVK*.L*dRVXccK*&L*:MRIMSK*GHJ*,L*6FM[MVK*•.*&M\XHcRIFVGYSM*,#,-*
'_QNM[*cXV*6RIOf4VM\RQRXH*7,0:*/X\GS*4XQRNRXHRHIK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!
WXSL*hwK*HXL*CAK*UUL*uAADfuAuDK*+M\L*ABCCL*

yAhz* "L* %L*.IVXFJ_K* ,L* %Sf'OMHHGa_K* "L* eXVG[K* GHJ* 7L* %SSRHIMVK* •+MQRIH* Xc* G* Ai* 36q*
7VMjFMH\_* +RWRJMVfY_fCB* RH* ih* H[f'RSR\XHfXHf#HQFSGNXV* GQ* GH* .\NRWM* &McSM\NXV* (GIK•*
,?4/>&07d!X4>>K!WXSL*huK*HXL*AuK*UUL*ChivfChiDK*ABCtL*

yAvz* +L*4Q_\OXFJGbRQK*:L*,XFSJMVK*0L*0OMHK*6L*dOFK*GHJ*eL*/L*$XSGbRQK*•.*4XVNGYSM*/Xaf4XaMV*
6GV[XHR\*&GJGV*'_QNM[*GHJ*0XHcXV[GS*(GI*cXV*#HQM\N*(VG\bRHIK•*+,,,!H7>4772C!*.&4?4CC!
I&0B25d!X4>>dK!WXSL*tK*UUL*iiifiitK*ABBDL*

yAtz* dL*(QGRK*4L*eGFK*"L*2FXK*eL*2GXK*2L*/RHK*7L*0OGHIK*%L*5GHIK*GHJ*6L*:GHIK*•.*6RIOf&GHIMf
.\\FVG\_*GHJ*6RIOf'MHQRNRWRN_*6GV[XHR\*&GJGV*!QRHI*4FSQM*4QMFJXVGHJX[*0XJM*cXV*1MM*
'MGV\ORHIK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*vCK*HXL*CK*UUL*vvvfvthK*ABCuL*

yADz* 5L*,G*GHJ*%L*0L*2GHK*•.\\FVGNM*#HJXXV*&GHIRHI*Y_*1VXGJYGHJ*6GV[XHR\*3MHMVGNRXH*RH*
4GQQRWM*"/(/*1G\bQ\GNNMV*(GIQK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*vAK*HXL*hK*UUL*
CAiwfCAvCK*ABCiL*



ABD*

yAwz* 9L*6FRK*5L*,GK*GHJ*%L*0L*2GHK*•0XJM*+RWRQRXH*,FSNRUSM*.\\MQQ*RH*0MHNR[MNMV*.\\FVG\_*
6GV[XHR\*&7#+*/X\GNRHI*'_QNM[K•*+,,,!(d!W2F.0![&4Gd!+F47>.#./2>.07K!WXSL*CK*HXL*CK*UUL*
hCfhDK*ABCtL*

yuBz* 9L* 6FR* GHJ* %L* 0L* 2GHK* •0XSSGYXVGNRWM* &MGJMV* 0XJM* +RWRQRXH* ,FSNRUSM* .\\MQQ* RH* NOM*
6GV[XHR\*&7#+*'_QNM[K•*+,,,!(d!W2F.0![&4Gd!+F47>.#./2>.07K!WXSL*AK*HXL*AK*UUL*DvfwAK*ABCDL*

yuCz* ,L*$XQQRMb*GHJ*4L*3FSJMHK*•(OM*'aRN\OMJ*#H^M\NRXHf/X\bMJ*-Q\RSSGNXV8*.*"XWMS*$MVQGNRSM*
0XH\MUN* cXV* :RVMSMQQ* (VGHQUXHJMV* GHJ* /X\GSRqGNRXH* '_QNM[QK•*+,,,! <&27Cd! -./&01d!
<E40&@!<4/EdK!WXSL*hvK*HXL*iK*UUL*DhwfDvvK*.UVRS*ABBDL*

yuAz* 'L*:MOVSRK*&L*3RMVSR\OK*eL*6FNNHMVK*+L*1GVVGQK*7L*%SSRHIMVK*GHJ*6L*eG\bMSK*•#HNMIVGNMJ*.\NRWM*
4FSQMJ*&McSM\NXV*cXV*GH*#HJXXV*/X\GS*4XQRNRXHRHI*'_QNM[K•*+,,,!<&27Cd!-./&01d!<E40&@!
<4/EdK!WXSL*hDK*HXL*AK*UUL*AvtfAtvK*7MYL*ABCBL*

yuuz* 0L*0GVSXaRNqK*,L*$XQQRMbK*.L*'NVXYMSK*GHJ*7L*%SSRHIMVK*•4VM\RQM*&GHIRHI*GHJ*'R[FSNGHMXFQ*
6RIO* 'UMMJ*+GNG* (VGHQcMV* !QRHI* [[f:GWM*&MIMHMVGNRWM* .\NRWM*1G\bQ\GNNMV* (GIQK•*RH*
89:L!+,,,!+7>d!Y07#d!W[+]!4MHGHIK*ABCuK*UUL*AhufAvBL*

yuiz* .L*'NVXYMSK*0L*0GVSXaRNqK*&L*:XScK*7L*%SSRHIMVK*GHJ*,L*$XQQRMbK*•.*,RSSR[MNMVf:GWM*/Xaf
4XaMV*.\NRWM*1G\bQ\GNNMV*(GI*cXV*7,0:*&GJGV*'_QNM[QK•*+,,,!<&27Cd!-./&01d!<E40&@!
<4/EdK!WXSL*vCK*HXL*hK*UUL*CwvifCwtAK*,G_*ABCuL*

yuhz* 'L* .UUMSK* +L* 1MVIMQK* +L* ,FMSSMVK* .L* dRVXccK* GHJ* ,L* $XQQRMbK* •,#,-* 7,0:* &MGJMV*
0XH\MUN*cXV*/X\GNRHI*1G\bQ\GNNMV*(VGHQUXHJMVQK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*
viK*HXL*wK*UUL*AwhhfAwvtK*ABCvL*

yuvz* 4L* 0OMXHIK* 2L* :FK* GHJ* 2L* (G[K* •"XHSRHMGV* 0X[[FHR\GNRXH* '_QNM[* aRNO* 6GV[XHR\*
+RWMVQRN_K•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*vuK*HXL*CAK*UUL*iCuBfiCiwK*ABChL*

yutz* 7L*dOFK*2L*:GHIK*GHJ*2L*:FK*•.*7FHJG[MHNGSfGHJf6GV[XHR\*+FGSf7VMjFMH\_*+XUUSMV*
&GJGV* '_QNM[* cXV* $RNGS* 'RIHQ* +MNM\NRXH* %HGYSRHI* &GJGV* ,XWM[MHN* 'MScf0GH\MSSGNRXHK•*
+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!UUL*CfCuK*ABCDL*

yuDz* eL*$MVQUM\ONK*•/GVIMf'RIHGS*"MNaXVb*.HGS_QRQK•*+,,,!-./&01d!-25dK! WXSL*vK*HXL*iK*UUL*DAf
wAK*ABBhL*

yuwz* 3L* 'R[UQXHK*eL*6XVHK*+L*3FH_GHK*GHJ*+L*%L*&XXNK*•/XGJf4FSS*ˆ*"$".*€*%HOGH\MJ*9f
4GVG[MNMVQ* cXV* 4.* +MQRIHQ* aRNO* 6RIO* ,RQ[GN\O* GHJ* (M\OHXSXI_f#HJMUMHJMHN* /GVIMf
'RIHGS*+MWR\M*,XJMSQK•*RH*899f!g87F!-./&01d!-42Cd!$@ABdK*ABBDK*UUL*DDfwCL*

yiBz* 0L*1G_SRQK*&L*eL*,GVbQK*eL*,GVNRHK*6L*,RSSMVK*GHJ*,L*,XSJXWGHK*•3XRHI*"XHSRHMGVK•*+,,,!
-./&01d!-25dK!WXSL*CAK*HXL*AK*UUL*hhfviK*.UVL*ABCCL*

yiCz* ,L*&G^GYRK*+L*.L*6F[UOVM_QK*3L*.WXSRXK*4L*1GV[FNGK*2L*&L*¡FbGQRbK*(L*'L*"RMSQMHK*GHJ*+L*
,L*,L*'\OVMFVQK*•+MQRIH*GHJ*%WGSFGNRXH*Xc*"XHSRHMGV*$MVRcR\GNRXH*+MWR\M*cXV*"XHSRHMGV*
$M\NXV*"MNaXVb*.HGS_qMVQK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*vvK*HXL*AK*UUL*CCACf
CCuBK*ABCDL*

yiAz* $L* 3RSSMNK* eL* (M_QQRMVK* (L* &MWM_VGHJK* 'L* /GFVMHNK* ,L* 4VRIMHNK* GHJ* &L* ;FTVTK* •.* 7FSS_*
0GSRYVGNMJ* "$".* 'MNf!U* cXV* /RHMGVRN_* 0OGVG\NMVRqGNRXH* Xc* &7* 4XaMV* +MWR\MQ* !QRHI*
!HMjFGSS_*'UG\MJ*,FSNRf(XHM*'RIHGS*(OVXFIO*#,u*•*#,h*,MGQFVM[MHNQK•*RH*89:f!e:C>!
-./&01d!- 42Cd!Y07#d!K*ABCDK*UUL*CfiL*



ABw*

yiuz* ,L* 'GSNMVK* /L* 'NGHNK* 2L* 1FRQ[GHK* GHJ* (L* "RMSQMHK* •.H* #HNMVf/GYXVGNXV_* 0X[UGVRQXH* Xc*
"$".* ,MGQFVM[MHNQK•*RH*89:f!+7>d!*0&'CE0B!+7>45&d!V07?.742&!-./&01d!-.??.Ad!1234!
Y.&/D.>C!h+V--+YiK*ABCDK*UUL*CfuL*

yiiz * .L*4MSGMqf4MVMqK* 'L*:XXJRHINXHK*eL* .SXHQXK*,L*7MVHGHJMqf1GV\RMSGK*GHJ*4L*(GQbMVK*•9f
UGVG[MNMVQf1GQMJ* 0SXQMJf7XV[* %`UVMQQRXHQ* cXV* %WGSFGNRHI* 4XaMVf+MUMHJMHN*
7FHJG[MHNGS*"MIGNRWM*GHJ*4XQRNRWM*&MGS*#[UMJGH\M*1XFHJGVRMQ*RH*-Q\RSSGNXV*+MQRIHK•*+,<!
-./&01dK!H7>4772C!j!I&0B25dK!WXSL*vK*HXL*DK*UUL*DuhfDiBK*eFHM*ABCAL*

yihz* .L* 4MSGMqf4MVMqK* 'L* :XXJRHINXHK* ,L* 7MVHGHJMqf1GV\RMSGK* 4L* eL* (GQbMVK* GHJ* eL* .SXHQXK*
•/GVIMf'RIHGS* -Q\RSSGNXV* +MQRIH* 4VX\MJFVM* !NRSRqRHI* .HGS_NR\GS* 9f4GVG[MNMVQ* 0SXQMJf
7XV[*%`UVMQQRXHQK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*vBK*HXL*CBK*UUL*uCAvfuCuvK*
-\NL*ABCAL*

yivz* .L* &XJVRIFMqf(MQNMVGK* -L* ,X^XHK* .L* 'L* 1XGWMHNFVGK* ,L* 7MVHGHJMqf1GV\RMSGK* "L* 1L*
0GVWGSOXK*,L*$L*1XQQ\OMK*GHJ*3L*4GRSSXH\_K*•+RXJM*4XaMV*+MNM\NXV*9f4GVG[MNMVQ*,XJMS*
%`NVG\NRXH*!QRHI*/'".f1GQMJ*,MGQFVM[MHN*'_QNM[K•*,?4/>&07d!X4>>dK!WXSL*iwK*HXL*uK*UUL*
CwvfCwDK*ABCuL*

yitz * :L* +M[MHRNVXF`K* 0L* ,GqRMVMK* %L* 3GNGVJK* 'L* +MSSRMVK* ,L* 0G[UXWM\\ORXK* GHJ* &L* ;FMVMK*
•,FSNROGV[XHR\*$XSNMVVG*,XJMS*+MJR\GNMJ*NX*NOM*+MQRIH*Xc*:RJMYGHJ*GHJ*6RIOS_*%ccR\RMHN*
3G"*4XaMV*.[USRcRMVQK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*vBK*HXL*vK*UUL*CDCtfCDADK*
ABCAL*

yiDz* &L* %QQGGJGSRK* .L* eGVHJGSK* .L* 1L* 2XFbRK* GHJ* 7L* ,L* 3OGHHXF\ORK* •.* "Ma* 3G"* 6%,(*
%jFRWGSMHN*0RV\FRN*,XJMSRHI*(M\OHRjFM*1GQMJ*XH*9f4GVG[MNMVQK•*+,,,!<&27Cd!-./&01d!
<E40&@!<4/EdK!WXSL*viK*HXL*wK*UUL*AthDfAtttK*ABCvL*

yiwz* 6L*3L*eXF^RSRK*,L* ,RWMO\O_K*GHJ* ,L*6GYRYRK*•.* "XWMS*.HGS_NR\GS*+MQRIH* .UUVXG\O*cXV*
+MNMV[RHRHI* NOM* -UNR[F[* /XGJ* NX* ,RHR[RqM* 6GV[XHR\* -FNUFN* 4XaMV* 1GQMJ* XH* 9f
4GVG[MNMVQK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*viK*HXL*CCK*UUL*uiwAfuhBBK*ABCvL*

yhBz* 0L*/MMK*5L*/RHK*GHJ*:L*/RHK*•#HWMQNRIGNRXH*Xc*(R[Mf+X[GRH*/X\FQ*Xc*'R3M*61(Q*RH*NOM*
.WGSGH\OM*&MIRXH*Y_* !QRHI*NOM*9f4GVG[MNMV* ,MGQFVM[MHN*FHJMV* /GVIMf'RIHGS*+VRWMK•*
+,,,!-./&01d!*.&4?4CC!Y0AB07d!X4>>dK!WXSL*AtK*HXL*hK*UUL*ivifiv vK*ABCtL*

yhCz* :L*.bQNGSSMVK*0L*,FQXSccK*&L*:MRIMSK*GHJ*.L*6GIMSGFMVK*•9f4GVG[MNMV*0OGVG\NMVRqGNRXH*Xc*
(0*'.:*7RSNMVQ*aRNO*%HOGH\MJ*+_HG[R\*&GHIMK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*
vhK*HXL*CCK*UUL*ihiCfihiwK*ABCtL*

yhAz* 2L*2FVXbGaGK*•4XaMV*:GWMQ*GHJ*NOM* '\GNNMVRHI* ,GNVR`K•*+,,,!<&27Cd! -./&01d!<E40&@!
<4/EdK!WXSL*CuK*HXL*AK*UUL*CwifABAK*,GVL*CwvhL*

yhuz* 2M_QRION* (M\OHXSXI_K* •.H* %WGSFGNRXH* Xc* 9f4GVG[MNMVK* 4A+* GHJ* 'A+* ,XJMSQ* cXV*
0OGVG\NMVRqRHI*"XHSRHMGV*1MOGWRXV*RH*.\NRWM*+MWR\MQK•*HBB?./2>.07!V0>4!Mee9=fgL8,VK!
.FIL*ABCiL*

yhiz* +L*$_MK*•7FHJG[MHNGSS_*0OGHIRHI*"XHSRHMGV*,R\VXaGWM*+MQRIHK•*-./&01d!(dK!WXSL*huK*HXL*
uK*UUL*AAfAiK*,GVL*ABCBL*

yhhz* +L*%L*&XXNK*eL*$MVQUM\ONK*+L*'OGVVRNK*eL*:XXJK*GHJ*.L*0XIHGNGK*•1VXGJf1GHJ*4XS_f6GV[XHR\*
+RQNXVNRXH*?46+@*1MOGWRXVGS*,XJMSQ*cVX[*7GQN*.FNX[GNMJ*'R[FSGNRXHQ*GHJ*/GVIMf'RIHGS*
$M\NXVRGS*"MNaXVb*,MGQFVM[MHNQK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*huK*HXL*CCK*UUL*
uvhvfuvviK*"XWL*ABBhL*
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yhvz* +L*&XXNK*•4XS_OGV[XHR\*+RQNXVNRXH*,XJMSRHIK•*+,,,!-./&01d!-25dK! WXSL*tK*HXL*uK*UUL*iif
ht K*eFHM*ABBvL*

yhtz* eL*$MVQUM\ONK*+L*3FH_GHK*eL*6XVHK*eL*9FK*.L*0XIHGNGK*GHJ*+L*%L*&XXNK*•,FSNRf(XHMK*,FSNRf
4XVNK*GHJ*+_HG[R\* ,M[XV_*%HOGH\M[MHNQ*NX*46+* "XHSRHMGV*1MOGWRXVGS* ,XJMSQ*cVX[*
/GVIMf'RIHGS*,MGQFVM[MHNQ*GHJ*'R[FSGNRXHQK•*RH*899g!+,,,!-<< =$!+7>d!-./&01d!$@ABd!
].5dK*6XHXSFSFK*6#K*ABBtK*UUL*wvwfwtAL*

yhDz* 4L*&XYSRHK*V07?.742&!W[!Y.&/D.>C!27F!V07?.742&!T4/>0&!V4>10&'!H72?@64&Ck!+7>4&2/>.34!
-42CD&4A47>!27F!]4C.57!<4/E7.GD4CL*0G[YVRJIM*!HRWMVQRN_*4VMQQK*ABCCK*UUL*CvB*fCtwL*

yhwz* eL*:XXJ*GHJ*+L*%L*&XXNK*%JQL*[D7F2A47>2?C!0#!V07?.742&!)4E23.0&2?!-0F4?.75!#0&!W[!27F!
-./&01234!]4C.57L*.VNM\O*6XFQM*4FYSRQOMVQK*ABBhL*

yvBz* #HNVXJF\NRXH*y-HSRHMzL*.WGRSGYSM8*ONNU8{{aaaLXUMHaGWMcXVF[LXVI*

yvCz* +L* :RSSRG[QK*4L*6GSMK*GHJ*2L* .L*&M[SM_K*•(OM* 'G[USRHI* -Q\RSSXQ\XUM*GQ*G*,R\VXaGWM*
#HQNVF[MHNK•*+,,,!-./&01d!-25dK! WXSL*DK*HXL*iK*UUL*hwfvDK*.FIL*ABBtL*

yvAz* 2L*.L*&M[SM_K*•(OM*#[UG\N*Xc*#HNMVHGS*'G[USRHI*0RV\FRNV_*XH*NOM*4OGQM*%VVXV*Xc*NOM*"XQMf
NXf"XQM*-Q\RSSXQ\XUM*0GSRYVGNRXHK•*(M\OHR\GS*"XNM*?"#'(*("@fChADK*.FIL*ABBuL*

yvuz* "$".* 0GSRYVGNRXH* GHJ* $MVRcR\GNRXH* GN* ,MQFVX* y-HSRHMzL* .WGRSGYSM8*
ONNU8{{aaaLGVcNILXVI{SQHG{ABCC„QUVRHI„1GSNR[XVM„HWHG„FQMVQLON[S*

yviz* -WMVWRMa* GHJ* "XNMQ* y-HSRHMzL* .WGRSGYSM8*
ONNU8{{aaaLGVcNILXVI{SQHG{ABCC„QUVRHI„1GSNR[XVM„HWHG„FQMVQLON[S*

yvhz* 'L*.JORbGVRK*.L*3ORXNNXK*2L*:GHIK*GHJ*2L*:FK*•+MWMSXU[MHN*Xc*G*/GVIMf'RIHGSf"MNaXVbf
.HGS_qMV*&XFHJf&XYRH*.VNRcG\NK•*+,,,!-./&01d!-25dK! WXSL*CiK*HXL*CK*UUL*CiBfCihK*eGHLf
7MYL*ABCuL*

yvvz* .L* (X\\GcXHJRK* +L* dG[URSSRK* 0L* +L* 3RXWG[UGXSGK* GHJ* $L* (MQRK* •/Xaf4XaMV* !:1*
(VGHQ[RNNMV* cXV* &7#+* (VGHQUXHJMV* .UUSR\GNRXHQK•* RH*89:8! +,,,! +7>d! Y07#d! W[+]=<4/Ed!
HBB?d!hW[+]=<HiK*ABCAK*UUL*AuifAuDL*

yvtz* 5L* 0GQQRWR* GHJ* 2L* :FK* •/Xa* 0XQN* ,R\VXaGWM* -Q\RSSGNXV* !QRHI* 'FYQNVGNM* #HNMIVGNMJ*
:GWMIFRJM*0GWRN_K•*+,,,!-./&01d!*.&4?4CC!Y0AB07d!X4>>dK!WXSL*CuK*HXL*AK*UUL*iDfhBK*7MYL*
ABBuL*

yvDz* +L*,L*4XqGVK*-./&012 34!,75.744&.75K*uVJ*MJL*"Ma*eMVQM_K*!'.8*eXOH*:RSM_*•*'XHQK*ABBiL*

yvwz* eL* -YVMIXH* GHJ* .L* 2OGHHGK* •%`G\N* +MVRWGNRXH* Xc* NOM* "XHSRHMGV* "MIGNRWMf&MQRQNGH\M*
-Q\RSSGNXV*4FSSRHI*7RIFVMK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*uBK*HXL*tK*UUL*CCBwf
CCCCK*eFS_*CwDAL*

ytBz* 1L*&GqGWRK*•.*'NFJ_*Xc*#H^M\NRXH*/X\bRHI*GHJ*4FSSRHI*RH*-Q\RSSGNXVQK•*+,,,!(d!$0?.F=$>2>4!
Y.&/D.>CK!WXSL*uwK*HXL*wK*UUL*CiChfCiAiK*'MUNL*ABBiL*

ytCz* 7L*-bGJGK*2L*-OaRK*GHJ*5L*5XbX\ORK*•5#3*&MQXHGNXV*0RV\FRN*aRNO*#QXSGNXV*4VXUMVN_*GHJ*RNQ*
.UUSR\GNRXH*NX*G*3FHH*+RXJM*-Q\RSSGNXVK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*AvK*HXL*
CAK*UUL*CBuhfCBuwK*+M\L*CwtDL*

ytAz* 0Lf7L*0OMHK*(Lf5L*6FGHIK*0Lf4L*0OXFK*GHJ*&Lf1L*:FK*•,R\VXQNVRU*+RUSM`MVQ*+MQRIH*aRNO*
0X[[XH*&MQXHGNXV*'M\NRXHQ*cXV*0X[UG\N*'RqMK*YFN*6RIO*#QXSGNRXHK•*+,,,!<&27Cd!-./&01d!
<E40&@!<4/EdK!WXSL*hiK*HXL*hK*UUL*CwihfCwhAK*,G_*ABBvL*
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ytuz* &L* 1OGNNG\OGV__GK* 0L* 7SXMVbM[MRMVK* GHJ* 'L* 'GV[GK* •/Xaf0XQNK* !YRjFRNXFQ*&7#+f(GI f
.HNMHHGf1GQMJ*'MHQRHIK•*I&0/d!+,,,K!WXSL*wDK*HXL*wK*UUL*ChwufCvBBK*'MUNL*ABCBL*

ytiz * eL*/FK*6L*-bGJGK*(L*#NXOK*(L*6GVGJGK*GHJ*&L*,GMJGK*•(XaGVJ*NOM*:XVSJ*'[GSSMQN*:RVMSMQQ*
'MHQXV*"XJMQ*aRNO*!SNVGSXa*4XaMV*0XHQF[UNRXHK•*+,,,!$47C0&C!(dK!WXSL*CiK*HXL*vK*UUL*
ABuhfABiCK*eFHM*ABCiL*

ythz* 4L*1FVGQGK*(L*+^MVGcRK*"L*3L*0XHQNGHNRHK*GHJ*2L*:FK*•6RIOf+GNGf&GNM*'RHISMf0ORU*1GNNMV_f
7VMM* .\NRWM* ,RSSR[MNMVf:GWM* #JMHNRcR\GNRXH* (GI* RH* vhfH[* 0,-'* (M\OHXSXI_K•* +,,,!
<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*viK*HXL*tK*UUL*AAwifAuBuK*eFS_*ABCvL*

ytvz* 2L* :GHIK* eLf7L* 3FK* 7L* &MHK* GHJ* 2L* :FK* •.* ,FSNRNGVIMN* .\NRWM* 1G\bQ\GNNMVRHI* Af+*
4XQRNRXHRHI*'_QNM[*aRNO*'FUMVVMQXSFNRXH*(R[M*'MVRMQ*4XQNf4VX\MQQRHI*(M\OHRjFMK•*+,,,!
<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*vhK*HXL*hK*UUL*CthCfCtvvK*,G_*ABCtL*

yttz* 0Lf6L*6QRGXK*0Lf(L*0OMHK*(Lf'L*6XVHIK*GHJ*2Lf0L*4MHIK*•+MQRIH*Xc*G*+RVM\N*0XHWMVQRXH*
(VGHQ[RNNMV*NX*&MQRQN*0X[YRHMJ*%ccM\NQ*Xc*4XaMV*.[USRcRMV*+RQNXVNRXH*GHJ*/X\GS*-Q\RSSGNXV*
4FSSRHIK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*vBK*HXL*vK*UUL*ABBBfABBwK*eFHM*ABCAL*

ytDz* #L*1GQORVK*&L*1L*'NGQqMaQbRK*-L*%SRMqMVK*1L*1GHMV^MMK*GHJ*4L*(L*1GSQGVGK*•.*"XWMS*.UUVXG\O*
cXV*,RNRIGNRXH*Xc*&7*-Q\RSSGNXV*4FSSRHI*RH*G*4XSGV*(VGHQ[RNNMVK•*+,,,!(d!$0?.F=$>2>4!Y.&/D.>CK!
WXSL*ivK*HXL*AK*UUL*iBufiChK*7MYL*ABCCL*

ytwz* eL*+X[RHIFMqK*.L*'FGVMqK*GHJ*'L*'GH\OXK*•'M[Rf.HGS_NR\GS*7XV[FSGNRXH*cXV*NOM*.HGS_QRQ*
GHJ*&MJF\NRXH*Xc*#H^M\NRXHf4FSSRHI*RH*7VXHNf%HJ*-Q\RSSGNXVQK•*RH*899e!+,,,! -<< =$!+7>d!
-./&01d!$@ABd!].5dK*1XQNXHK*,.K*!'.K*ABBwK*UUL*ChDwfChwAL*

yDBz* 5L*0OMH*GHJ*dL*0OMHK*•.*+FGSf3GNM*7%(*'FYOGV[XHR\*#H^M\NRXHf/X\bMJ*'MScf-Q\RSSGNRHI*
.\NRWM*#HNMIVGNMJ*.HNMHHG*cXV*&7*(VGHQ[RQQRXHK•*+,,,!-./&01d!*.&4?4CC!Y0AB07d!X4>>dK!
WXSL*CuK*HXL*vK*UUL*CwwfABCK*eFHM*ABBuL*

yDCz* ,L*4MSRQQRMVK*eL*eGHNFHMHK*1L*3X[MqK*eL*.VUXHMHK*3L*,GQQXHK*'L*+RGK*eL*$GVNMWGK*GHJ*,L*
3GV_K*•.*CCA*,Y{Q*7FSS*+FUSM`*&M[XNMS_f4XaMVMJ*#[UFSQMf!:1*&7#+*(VGHQ\MRWMV*cXV*
:RVMSMQQ*"$ f,M[XV_*.UUSR\GNRXHQK•*+,,,!(d!$0?.F=$>2>4!Y.&/D.>CK!WXSL*ivK*HXL*iK*UUL*wCvf
wAtK*.UVL*ABCCL*

yDAz* 2L*'MHIFUNG*GHJ*.L*6G^R[RVRK*•,FNFGS*'_H\OVXHRqGNRXH*cXV*4XaMV*3MHMVGNRXH*GHJ*1MG[f
'NMMVRHI*RH*0,-'*aRNO*-Hf0ORU*'MHQM*.HNMHHGQ*"MGV*ABB*36qK•*+,,,!<&27Cd!-./&01d!
<E40&@!<4/EdK!WXSL*vuK*HXL*wK*UUL*ADvtfADtvK*'MUNL*ABChL*

yDuz* 5L* (XFQR*GHJ*%L* .cQOGVRK*•.*6RIOf4XaMV*GHJ* '\GSGYSM*Af+*4OGQMJ* .VVG_*cXV*(MVGOMVNq*
0,-'*#HNMIVGNMJ*'_QNM[QK•*+,,,!(d!$0 ?.F=$>2>4!Y.&/D.>CK!WXSL*hBK*HXL*AK*UUL*hwtfvBwK*7MYL*
ABChL*

yDiz* dL*6FK*,L*2G_HGbK*GHJ*&L*6GHK*•6RIOf4XaMV*&GJRGNRXH*GN*C*(6q*RH*'RSR\XH8*G*7FSS_*'\GSGYSM*
.VVG_*!QRHI*G*,FSNRf7FH\NRXHGS*&GJRGNRHI*,MQO*'NVF\NFVMK•*+,,,!(d!$0?.F=$>2>4!Y.&/D.>CK!
WXSL*huK*HXL*hK*UUL*CuCufCuAtK*,G_*ABCDL*

yDhz* 'L*4MSSMVGHXK*eL*.SWGVGJXK*GHJ*5L*4GSGQbGQK*•.*[[f:GWM*4XaMVf6GVWMQNRHI*&7#+*(GI*RH*
wB*H[*0,-'K•* +,,,!(d!$0?.F=$>2>4!Y.&/D.>CK!WXSL*ihK*HXL*DK*UUL*CvAtfCvutK*.FIL*ABCBL*

yDvz* 'L*eMXHK*'L*eFHIK*+L*/MMK*GHJ*6L*/MMK*•.*7FSS_*#HNMIVGNMJ*0,-'*/0*$0-*GHJ*7VMjFMH\_*
+RWRJMV* cXV* !67* &7#+* &MGJMVK•* RH*899l! +,,,! V0&>E=,2C>! *0&'CE0B! Y.&/D.>C! $@C>dK*
3GNRHMGFK*;0K*0.K*ABBvK*UUL*CCtfCABL*
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yDtz* 1Lf%L*'MXaK*'Lf(L*/RHK*(Lf6L*6FGHIK*GHJ*6Lf&L*0OFGHIK*•#H^M\NRXH*4FSSRHI*,RNRIGNRXH*RH*
0,-'*$XSNGIM*0XHNVXSSMJ*-Q\RSSGNXV*!QRHI*G*"XWMS*6XHM_\X[Yf'OGUMJ*4SGHGV*#HJF\NXVK•*
+,,,!<&27Cd!Y.&/D.>C!$@C>d!++k!,"Bd!)&.4#CdK!+-#8*CBLCCBw{(0'##LABCDLADAvCuDL*

yDDz* 2L*:L*2XYG_GQORK*.L*2L*-bRK*/L*(L*(VGHK*eL*0L*0XaSMQK*.L*3FNRMVVMqf.RNbMHK*7L*5G[GJGK*(L*
&L*1SX\bK*GHJ*+L*0L*'NVMRNK*•.*CBDf36q*#H4f61(*,XHXSRNOR\*4FQOf4FQO*$0-*aRNO*/Xa*
4OGQM*"XRQM*GHJ*:RJM*(FHRHI*1GHJaRJNOK•*+,,,!(d!$0?.F=$>2>4!Y.&/D.>CK!WXSL*uiK*HXL*wK*UUL*
CAAhfCAuAK*'MUNL*CwwwL*

yDwz* &L*:GHHMVK*6L*'\OGcMVK*&L*/G\OHMVK*3L*&L*-SYVR\OK*GHJ*4L*&FQQMVK*•.*7FSS_*#HNMIVGNMJ*tB*
36q* 'R3M* /Xa*4OGQM*"XRQM*4FQOf4FQO*-Q\RSSGNXVK•*RH*899M!+,,,! -<< =$!+7>d! -./&01d!
$@ABd!].5dK*/XHI*1MG\OK*0.K*!'.K*ABBhK*UUL*ChAufChAvL*

ywBz* 3L*3XHqGSMqK*-./&01234!<&27C.C>0&!HAB?.#.4&Ck!H72?@C.C!27F!]4C.57L*"Ma*eMVQM_K*!'.8*
4VMHNR\M*6GSSK*CwwtL*

ywCz* 2L*:GHIK*.L*3ORXNNXK*GHJ*2L*:FK*•6GV[XHR\*7MMJYG\bf/XXU*-Q\RSSGNXV*cXV*4FSSRHI*%ccM\N*
&MJF\NRXH*GHJ*#[UVXWMJ*4OGQM*"XRQMK•*RH*89:;!+,,,! -<< =$!+7>d! -./&01d!$@ABd! ].5dK*
(G[UGK*7/K*!'.K*ABCiK*UUL*CfiL*

ywAz* dL*/RK*&L*dMHIK*dL*/RK*GHJ*eL*1GXK*•+MQRIH*Xc*/Xa*4OGQM*"XRQM*7MMJYG\bf(_UM*6GV[XHR\*
-Q\RSSGNXV*!QRHI*'#:f0,' &&*+RUSM`MVK•*RH*89:g!;g>E!,D&d!-./&01d!Y07#dK*"FVM[YMVIK*
15K*+%K*ABCtK*UUL*thwftvAL*

ywuz* 2L* :GHIK* .L* 3ORXNNXK* GHJ* 2L* :FK* •.* ,RSSR[MNMVf:GWM* 'MScf#QXSGNMJ* 6GV[XHR\* .\NRWM*
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-Q\RSSGNRHI*,R`MV*cXV*6RIO*3YRN{Q*+GNGf&GNM*1GNNMV_f7VMM*.\NRWM*™&7#+*(GI*GN*,RSSR[MNMVf
:GWM*7VMjFMH\RMQ*RH*vhfH[*0,-'K•* +,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*viK*HXL*iK*
UUL*CBhhfCBvhK*.UVL*ABCvL*

yCitz* 2L*0OGHIK*&L*.L*5XVbK*4L*'L*6GSSK*GHJ*(L*#NXOK*•.\NRWM*#HNMIVGNMJ*.HNMHHGQK•*+,,,!<&27Cd!
-./&01d!<E40&@!<4/EdK!WXSL*hBK*HXL*uK*UUL*wutfwiiK*,GVL*ABBAL*

yCiDz* 7L*3RFUURK*.L*3MXVIRGJRQK*.L*0XSSGJXK*GHJ*,L*1XqqRK*•.*0X[UG\NK*'RHISMf/G_MV*'FYQNVGNM*
#HNMIVGNMJ*:GWMIFRJM*?'#:@*0GWRN_f1G\bMJ*.\NRWM*.HNMHHG*-Q\RSSGNXVK•*+,,,!H7>4772C!
*.&4?4CC!I&0B25d!X4>>dK!WXSL*CCK*UUL*iuCfiuuK*.UVL*ABCAL*

yCiwz* 5L*/RH*GHJ*(L*,GK*•7VMjFMH\_f&M\XHcRIFVGYSM*'MScf-Q\RSSGNRHI*.\NRWM*.HNMHHG*aRNO*3GUf
/XGJMJ*&RHI*&GJRGNXVK•*+,,,!H7>4772C!*.&4?4CC!I&0B25d!X4>>dK!WXSL*CAK*UUL*uutfuiBK*,GVL*
ABCuL*

yChBz* 0L*:F*GHJ*(L*,GK*•'MScf-Q\RSSGNRHI*'M[Rf&RHI*.\NRWM*#HNMIVGNMJ*.HNMHHG*aRNO*7VMjFMH\_*
&M\XHcRIFVGYRSRN_*GHJ*$XSNGIMf0XHNVXSSGYRSRN_K•*+,,,!<&27Cd!H7>4772C! I&0B25dK!WXSL*vCK*
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+MQRIH8*.*'_QNM[GNR\*.UUVXG\OK•*+,,,!(d!$0?.F=$>2>4!Y.&/D.>CK!WXSL*ivK*HXL*uK*UUL*hDufhwtK*
ABCCL*

yCwAz* .L*6L*.S^FOGHRK*(L*2GHGVK*'L*dRORVK*GHJ*3L*,L*&MYMRqK*•.* '\GSGYSM*+FGSf4XSGVRqMJ*Ahvf
%SM[MHN*2Ff1GHJ*4OGQMJf.VVG_*'.(0-,*&M\MRWMV*aRNO*¤tBƒ*1MG[*'\GHHRHIK•*RH*89:f!
+,,,!-<< =$!+7>d!-./&01d!$@ABd!].5dK*4ORSGJMSUORGK*4.K*!'.K*ABCDK*UUL*CABufCABvL*

yCwuz* 4L*0OFK*:L*6XHIK*/L*+GRK*6L*(GHIK*dL*6GXK*eL*0OMHK*GHJ*2L*:FK*•:RJM*'NXUYGHJ*1GHJUGQQ*
7RSNMV* #[USM[MHNMJ*aRNO* 'UFV* 'NMUUMJ* #[UMJGH\M* &MQXHGNXV* GHJ* 'FYQNVGNM* #HNMIVGNMJ*
0XG`RGS*/RHM*(M\OHXSXI_K•*+,,,!-./&01d!*.&4?4CC!Y0AB07d!X4>>dK!WXSL*AiK*HXL*iK*UUL*ACDf
AABK*ABCiL*

yCwiz* :L*;RHK*6L*:MRK*6L*eL*(GHIK*GHJ*eL*:GHIK*•+MQRIH*GHJ*#[USM[MHNGNRXH*Xc*!:1*1GHJUGQQ*
7RSNMV* aRNO* G* 7VMjFMH\_* "XN\O* cXV* 0OXbRHI* 1G\b* NOM* #HNMVcMVMH\M* cVX[* "GVVXa* 1GHJ*
:RVMSMQQ*0X[[FHR\GNRXH*'_QNM[QK•*RH*899e!+,,,!+7>d!Y07#d!n?>&2=*.F4c27FK*ABBwK*UUL*
hACfhAiL*

yCwhz* 5L*/RK*6L*:MRK*6L*3FGHIK*0L*eR`RHK*:L*2MK*GHJ*0L*(RM*eFHK*•'R[FSGNRXH*GHJ*%`UMVR[MHN*XH*
'#:*'SXN*.VVG_*.HNMHHGQK•*+,,,!-./&01d!*.&4?4CC!Y0AB07d!X4>>dK!WXSL*CiK*HXL*wK*UUL*iivf
iiDK*ABBiL*

yCwvz* 5L*dOGHI*GHJ*dL*'XHIK*•.*0X[UG\N*'FYQNVGNM*#HNMIVGNMJ*0XG`RGS*/RHM*1GHJUGQQ*7RSNMV*aRNO*
%`NMHJMJ*&M^M\NRXH*1GHJaRJNOK•*-./&01 d!oB>d!<4/Ed!X4>>dK!WXSL*hvK*HXL*AK*UUL*iChfiCDK*7MYL*
ABCiL*

yCwtz* eL*2FX*GHJ*%L* 'OROK*•,R\VXQNVRU* 'NMUUMJ*#[UMJGH\M*&MQXHGNXV*1GHJUGQQ*7RSNMV*aRNO*GH*
%`NMHJMJ*-UNR[GS*&M^M\NRXH*1GHJaRJNOK•*+,,,!<&27Cd!-./&01d!<E40&@!<4/EdK!WXSL*hCK*HXL*
hK*UUL*ChhifChhwK*ABBuL*

yCwDz* 7L*dOFK*:L*6XHIK*eL*9L*0OMHK*GHJ*2L*:FK*•:RJM*'NXUYGHJ*'FYQNVGNM*#HNMIVGNMJ*:GWMIFRJM*
************7RSNMV*!QRHI*0XVHMV*0GWRNRMQK•*,?4/>&07d!X4>>dK!WXSL*iwK*HXL*CK*UUL*hBfhAK*ABCuL*



* * AAB*

!77($)3`- ! -l -712'3"!,3%$0- !$)-7!,($,0 -

7;OCBDI>M-7KS><DT-

yCz! #:- &KFGK*.L*3ORXNNX*GHJ*2L* :FK*•6GV[XHR\*7MMJYG\bf/ XXU*- Q\RSSGNXV*cXV*4FSSRHI*%ccM\N*

&MJF\NRXH*GHJ*#[UVXWMJ*4OGQM*" XRQMK•*RH*89:;!+,,,!-<< =$!+7>d!-./&01 d!$@ABd!].5dK*(G[UGK*

7/K*!'.K* ABCiK*UUL*CfiL*

yAz! #:-&KFGK*'L*.JORbGVRK*.L*3ORXNNX*GHJ*2L*:FK*•,FSNROGV[XHR\*3MHMVGNXV*cXV*/GVIMf'RIHGSf

"MNaXVbf.HGS_qMV*$MVRcR\GNRXHK•*+,,,!-./&0 1d!-25 dK*WXSL*ChK*HXL*CK*UUL*CABfCADK*eGHLf7MYL*

ABCiL*

yuz! #:-&KFG*GHJ*2L*:FK*•/RjFRJ*0V_QNGS*%HGYSMJ*' FYQNVGNM*#HNMIVGNMJ*: GWMIFRJM*$ GVRGYSM*4OGQM*

' ORcNMV*cXV*, RSSR[MNMVfa GWM*. UUSR\GNRXH*GN*vB36q *GHJ*YM_XHJK•*RH*89:M!+,,,! -<< =$!+7>d!

-./&0 1d!$@ABd!].5dK*4OXMHR`K*.dK*!'.K *ABChK*UUL*CfiL*

yiz! #:-&KFGK*eL*3FK*7L*&MH*GHJ*2L*:FK*•.*,FSNRNGVIMN*.\NRWM*1G\bQ\GNNMVRHI*Af+*4XQRNRXHRHI*

'_QNM[*a RNO*'FUMVVMQXSFNRXH*(R[M*'MVRMQ*4XQNf4VX\MQQRHI*(M\OHRjFMK•*+,,,!<&27Cd!-./& 01d!

<E40&@!<4/EdK*WXSL*vhK*HXL*hK*UUL*CthCfCtvvK*,G_*ABCtL*

yhz! 'L* .JORbGVRK*.L*3ORXNNXK*#:-&KFG*GHJ*2L* :FK*•+MWMSXU[MHN*Xc*G*/GVIMf'RIHGSf"MNaXVbf

.HGS_qMV*&XFHJf&XYRH*.VNRcG\NK•*+,,,!-./&01 d!-25 dK*WXSL*CiK*HXL*CK*UUL*CiBfCihK*eGHLf7MYL*

ABCuL*

yvz! 4L* 0OFK* :L* 6XHIK*# :- &KFGK* 6L* (GHIK* dL* 6GXK* eL* 0OMH* GHJ* 2L* :FK* •1GSGH\MJ* 'FYQNVGNM*

#HNMIVGNMJ*:GWMIFRJM*7RSNMVK•*+,,,!<&27Cd!-./&01 d!<E40&@!<4/EdK*WXSL*vAK*HXL*iK*UUL*DAifDuCK*

.UVRS*ABCiL*

ytz! eL*,XIOGJJGQRK*#:-&KFG*GHJ*2L*:FK*•4GVG[MNVR\*0OGVG\NMVRqGNRXH*Xc*' Rf̀4XVN*#HNMVcMVX[MNMV*

+M[XJFSGNXV*NOVXFIO*, R`MV*, XJMSRHIK•*RH*89:M!,D&d!-./&01 d!Y07#dK*4GVRQK*7VGH\MK*ABChK*UUL*

hAvfhAwL*

yDz! 4L*1GV[FNGK*+L*&RYMRVXK*#:-&KFGK*3L* .WXSRXK*,L*&G^GYRK*.L* /MaGHJXaQbRK*3L*3RYRRHXK*eL*

'qGNbXaQbRK* +L* '\OVMFVQK* 4L* 6GSMK* 2L* &M[SM_K* GHJ* +L* :RSSRG[QK* •0X[UGVRHI* /'".*

0GSRYVGNRXHQ8*/GVIMf'RIHGS*"MNaXVb*.HGS_qMV*&XFHJ*&XYRHK•!+,,,!-./&0 1d!-25 dK*WXSL*CtK*HXL*

AK*UUL*hwfviK*7MYL*ABCvL*



* * AAC*

ywz! 6L*eRHK*#:-&KFGK*eL*3FXK* 'L*+RHI*GHJ*2L* :FK*•'SXaf:GWM*%ccM\N*Xc* 'FYQNVGNM*#HNMIVGNMJ*

:GWMIFRJM*4GNNMVHMJ*a RNO*,R\VXQNVRU*4XS_SRHMK•*+,,,!<&27Cd!-./&01 d!<E40&@!<4/EdK*WXSL*viK*

HXL*vK*UUL*CtCtfCtAvK*eFHM*ABCvL*

yCBz!*eL*3FK*#:-&KFG*GHJ*2L* :FK* •'_QNM[* .V\ORNM\NFVM*GHJ* 'RIHGS*4VX\MQQRHI*cXV*7VMjFMH\_f

,XJFSGNMJ* 0XHNRHFXFQf:GWM* &GJGV*FQRHI* .\NRWM* 1G\bQ\GNNMV* (GIQK•! +,,,! <&27Cd! $.572?!

I&0/ 4CCdK*WXSL*vvK*HXL*wK*UUL*AAhDfAAtAK*"XWL*ABCt L*

yCCz!7L*dOFK*#:-&KFG*GHJ*2L*:FK*•.*7FHJG[MHNGSfGHJf6GV[XHR\*+FGSf7VMjFMH\_*+XUUSMV*&GJGV*

'_QNM[*cXV*$RNGS*'RIHQ*+MNM\NRXH*%HGYSRHI*&GJGV*,XWM[MHN*'MScf0GH\MSSGNRXHK•*+,,,!<&27Cd!

-./&01 d!<E40&@!<4/ELK*WXSL*vvK*HXL*CCK*UUL*hCBvfhCCDK*"XWL*ABCDL*

0;OLBEE>M-7KS><DT-

yCz! #:-&KFGK*.L*3ORXNNXK*/L*3FXK*7L*dOF*GHJ*2L*:FK*•.*,RSSR[MNMVf:GWM*'MScf#QXSGNMJ*6GV[XHR\*

.\NRWM* &GJRGNXV* cXV* #JMHNRcR\GNRXHK* 'MHQRHIK* (VG\bRHI* GHJ* 0X[[FHR\GNRXH* .UUSR\GNRXHQK•*

QFY[RNNMJ*NX*+,,,!<&2 7Cd!H7>4772C!I&0B25dK*ABCDL*

yAz! #:-&KFGK*.L*3ORXNNXK*7L*dOF*GHJ*2L*:FK*•/GVIM*'RIHGS*,XJMSRHI*GHJ*%`UMVR[MHNGS*+MQRIH*

.FNX[GNRXH*Xc*'MScf#QXSGNMJ*6GV[XHR\*-Q\RSSGNXV*cXV*4FSSRHI*%ccM\N*&MJF\NRXHK•*QFY[RNNMJ*NX!

+,,,!<&27Cd!-./&01 d!<E40&@!<4/EdK*ABCDL*

yuz! 7L*dOFK*#:-&K FGK*GHJ*2L*:FK*•.*&M\XHcRIFVGYSM*/Xaf$XSNGIM*GHJ*/Xaf4XaMV*,RSSR[MNMVf

:GWM*+FGSf1GHJ*,R`MV*RH*vhfH[*0,-' K•*QFY[RNNMJ*NX!+,,,!<&27Cd!-./& 01d!<E40&@!<4/EdK*

ABCDL*

yiz! 7L*dOFK*#:-&KFGK*GHJ*2L*:FK*•!+MQRIH*0XHQRJMVGNRXHQ*cXV*#[GIM*&M^M\NRXH*%HOGH\M[MHN*Xc*

;FGJVGNFVM*,R`MVK•*QFY[RNNMJ*NX!+,,,! -./&01 d!*.&4?4CC!Y0AB07d!X4>>dK*ABCDL*

*<KFE>M-7KE>FEDT-

yCz! # :-& KFGK*6 L*eRHK*2 L*:F *GHJ*( L*+^MVGcRK*•'_QNM[*GHJ*, MNOXJ*cXV*$ GVRGYSM*, R\VXaGWM*4OGQM*

' ORcNMVK•*!'wthhADv1A K*ABCiK*3VGHNMJL*

yAz! / L*/RK*eL*,XIOGJJGQRK*# :-& KFG*GHJ*2 L*:F K*•&M\XHcRIFVGYSM*, FSNRf, XJM*GHJ*, FSNRf1GHJQ*

&GJRX*. V\ORNM\NFVM*GHJ*( VGHQ\MRWMVK•*!'wwwAtAA1AK*ABChK*3VGHNMJL*

yuz! ( L*+^MVGcRK*2 L*:F K*. L*3FHNFUGSSR*GHJ*# :-& KFGK*•.UUGVGNFQ*GHJ*,MNOXJ*cXV*G*6RIO*.UMVNFVM*

%ccR\RMH\_*1VXGJYGHJ*.HNMHHG*%SM[MHN*aRNO*'NGYSM*3GRHK•*!'whiDhiC1A K*ABChK*3VGHNMJL*


