
.>45ABC1>49>7� -F9CC5A�-5<5851<C8� $?==D>931C9?>�
4DA9>7� C85� $*/)% "#� +1>45=93� DB9>7�

(5C5A? &D>3C9?>1<� 'A1@8� -85?AH
8Wd]� Ad]� AXc� >]Pb� G&� @WPhP[

9T_Pac\T]c�^U�8^\_dcTa� GRXT]RT� <TXbT[� GRW^^[� ^U�BTSXRX]T� 5� 9Pac\^dcW� P]S

9Pac\^dcW� 8^[[TVT$� =P]^eTa$� C=� (+/-.� 9T_Pac\T]c�^U�8^\_dcTa� GRXT]RT

:\PX[2� [dRP&[Xc&*)5SPac\^dcW&TSd� 9Pac\^dcW� 8^[[TVT$� =P]^eTa$�C=� (+/-.

:\PX[2� X]Pb&ZWPhP[5SPac\^dcW&TSd

�!$%# "%J-85�13C9E5�$*/)% "#�@1>45=93�3?>C9>D5B�C?�9=@?B5�
1� B97>96931>C� 2DA45>� ?>� 851<C831A5� 45<9E5AH� BHBC5=B� 1A?D>4� C85�
F?A<4!� )>� C85� .>9C54� ,C1C5B�� C5=@?A1AH� A59=2DAB5=5>C� @?<93H�
1=5>4=5>CB� 6?A754� B97>96931>C� 381>75B� C?� C5<5851<C8� 14?@C9?>��
B55=9>7<H�?E5A>978C!�+?<93H�381>75B�>?F�1<<?F�25>569391A95B�9>�1<<�
1A51B� ?6� C85� 3?D>CAH� C?� A5359E5� C5<5851<C8� B5AE935B�� 9>3<D49>7� 9>�
C859A�8?=5!�(51<C831A5�45<9E5AH�BHBC5=B�1>4�@A?E945AB�81E5�814�
C?� 14:DBC� C?� =55C� C85� >554� 6?A� C5<5851<C8� 5G@1>B9?>!� ,97>96931>C�
6D>49>7� @?DA54� 9>C?� C5<5851<C8� A5B51A38�� C538>?<?7H�� 1>4� C85�
851<C831A5� 45<9E5AH� <1>4B31@5�� H5C� 9C� 9B� D>3<51A� 8?F� C5=@?A1AH�
C85B5�@?<9395B�F9<<�25!� ,97>96931>C�C5<5851<C8�14?@C9?>�31BCB�BCA?>7�
9=@<931C9?>B� 6?A� 851<C831A5� 45<9E5AH� 9>� B=1AC� 39C95B�� F8938� 1A5�
9>� 1� @?B9C9?>� C?� <5E5A175� ?C85A� C538>?<?795B� ?>� C?@� ?6� C85�
C5<5851<C8� 45<9E5AH� =?45<!� 09C8� BD38� 1� B97>96931>C� 381>75� C?�
C85� 851<C831A5� 45<9E5AH� <1>4B31@5�� F5� B?D78C� C?� D>45ABC1>4� C85�
@D2<93�49B3?DAB5�1A?D>4� C85�C5<5851<C8� C?@93�C8A?D78�C85�-F9CC5A�
B?391<� =5491� @<1C6?A=!� )>� C89B� @1@5A�� F5� B55;� C?� 381A13C5A9I5�
C5<5851<C8�A5<1C54�-F9CC5A�3?==D>931C9?>�@1CC5A>B!�05�B8?F�C81C�
F89<5�3<1BB93�-F9CC5A�B?391<�>5CF?A;�1>1<HB9B�4?5B�>?C�3?>35@CD1<<H�
381A13C5A9I5� C85�3?==D>931C9?>��85C5A? 6D>3C9?>1<�7A1@8� C85?AH�
1>1<HB9B� 9>BC514� @A?E945B� 455@5A� 9>B978CB� 12?DC� C85� 4H>1=93�
3?==D>931C9?>� 2581E9?A�?6� C5<5851<C8� 9>� B?391<�=5491!

>&� >CHFD9I8H>DC

HWT� R^a^]PeXadb� SXbTPbT� ^U� *()1� "8DJ>9%)1#� _P]ST\XR�

X\_^bTS� P� bXV]XUXRP]c� QdaST]� ^]� WTP[cWRPaT� ST[XeTah� bhbcT\b�

Pa^d]S�cWT�f^a[S&�D]�?P]dPah�+)$�*(*(�cWT�GTRaTcPah�^U�=TP[cW�

P]S�=d\P]� GTaeXRTb� STR[PaTS�P�_dQ[XR� WTP[cW� T\TaVT]Rh&� D]�

BPaRW� .$� *(*($� cWT� 8^a^]PeXadb� EaT_PaTS]Tbb� P]S� FTb_^]bT�

Gd__[T\T]cP[� 6__a^_aXPcX^]b� "8EFG6#� 6Rc� fPb� bXV]TS� X]c^�

[Pf� Qh� cWT� I&G&� EaTbXST]c&� HWT� 8EFG6� 6Rc� P[[^fTS� cWT�

GTRaTcPah� ^U� cWT� 9T_Pac\T]c� ^U�=TP[cW� P]S� =d\P]� GTaeXRTb�

c^� cT\_^aPaX[h� fPXeT� RTacPX]� BTSXRPaT� cT[TWTP[cW� _Ph\T]c�

aT`dXaT\T]cb� c^� P[[^f�QT]TUXRXPaXTb� X]� P[[�PaTPb� ^U�cWT�R^d]cah�

c^� aTRTXeT� cT[TWTP[cW� bTaeXRTb$� X]R[dSX]V� Pc� cWTXa� W^\Tm� N)O&

=TP[cWRPaT� ST[XeTah� bhbcT\b� P]S� _a^eXSTab� WPeT� WPS� c^�

PSYdbc� c^� \TTc� cWT� ]TTS� U^a� cT[TWTP[cW� Tg_P]bX^]&� GXV]XUXRP]c�

Ud]SX]V� _^daTS� X]c^� cT[TWTP[cW� aTbTPaRW$� cTRW]^[^Vh$� P]S� cWT�

WTP[cWRPaT�ST[XeTah� [P]SbRP_T$� hTc�Xc� Xb� d]R[TPa�W^f�cT\_^aPah�

cWTbT� _^[XRXTb� fX[[� QT&� GXV]XUXRP]c� cT[TWTP[cW� PS^_cX^]� RPbcb�

bca^]V� X\_[XRPcX^]b� U^a� WTP[cWRPaT� ST[XeTah� X]� b\Pac� RXcXTb$�

fWXRW� PaT� X]� P�_^bXcX^]� c^� [TeTaPVT� ^cWTa� cTRW]^[^VXTb� ^]� c^_�

^U�cWT� cT[TWTP[cW� ST[XeTah�\^ST[&

KXcW� cWT� aP_XS� RWP]VT� c^� cWT� cT[TWTP[cW� [P]SbRP_T$� fT� cda]�

c^� b^RXP[�\TSXP�c^�TgP\X]T�P]S�RWPaPRcTaXiT�HfXccTa�cT[TWTP[cW�

R^\\d]XRPcX^]� SdaX]V� cWT� 8DJ>9%)1� _P]ST\XR&� HfXccTa� Xb� P�

\XRa^Q[^VVX]V� bhbcT\� fWTaT� dbTab� RP]� bT]S� P]S� aTPS� bW^ac�

\TbbPVTb� RP[[TS� QTDDQP$

,$� :@NDO� .MLQOHARQHML

>]� cWXb� _P_Ta$� fT� bTTZ� c^� RWPaPRcTaXiT� cWT� R^\\d]XRPcX^]�

_PccTa]b� aT[PcTS� c^� cT[TWTP[cW� SdaX]V� cWT� 8DJ>9%)1� _P]ST\XR�

dbX]V� cWT�HfXccTa�b^RXP[�\TSXP�_[PcU^a\&�KWX[T�R[PbbXR�HfXccTa�

P]P[hcXRP[�\TcW^Sb� X]ST_T]ST]c[h� STbRaXQT� cWT� bcadRcdaP[� P]S�

Ud]RcX^]P[�PaRWXcTRcdaTb� ^U�P�HfXccTa�SPcP�bTc$�fT�X]bcTPS�P__[h�

WTcTa^%Ud]RcX^]P[� VaP_W� cWT^ah� c^� RWPaPRcTaXiT� Q^cW� PaRWXcTR%

cdaTb� c^VTcWTa&� >]�S^X]V� b^$�fT�\PZT�STT_Ta�X]bXVWcb� PQ^dc�cWT�

Sh]P\XR� R^\\d]XRPcX^]�QTWPeX^a�^U�cT[TWTP[cW&

HWT� _P_Ta� QTVX]b� fXcW� P� QaXTU�STbRaX_cX^]� ^U�GhbcT\�8^]%

RT_cb�P]S�cWT�]TTS�U^a�=TcTa^%;d]RcX^]P[�<aP_W�HWT^ah�X]�GTR%

cX^]�>>&�CTgc$�fT�STbRaXQT�8^\\^]�HfXccTa�6]P[hbXb�BTcW^Sb�

X]� GTRcX^]� >>>&� GTRcX^]� >J� STbRaXQTb� ^da�\TcW^Sb� c^� STeT[^_�

Q^cW� P� HaPSXcX^]P[� P]S� WTcTa^%Ud]RcX^]P[� VaP_W� ^U� cT[TWTP[cW%�

aT[PcTS�cfTTcb&�GTRcX^]�J�STbRaXQTb�cWT�aTbd[cb�^U�cWT�caPSXcX^]P[�

P]S� WTcTa^%Ud]RcX^]P[� VaP_Wb&� ;X]P[[h$� fT� SXbRdbb� ^da� aTbd[cb�

P]S�R^]R[dST� X]� GTRcX^]�J>&

>>&� GL G H : B � 8D C 8 : E H G � 6 C 9 � H = : � C : : 9 � ; D F �

=: H : F D %;I C 8 H >D C 6 A � <F 6 E= G

KT� PaT� bdaa^d]STS� Qh� P]S� T\QTSSTS� fXcWX]� bhbcT\b� ^U�

bhbcT\b&� HWTbT� bhbcT\b� X]R[dST� b^Uc� P]S� WPaS� X]UaPbcadRcdaTb�

bdRW� Pb� WTP[cWRPaT$� caP]b_^acPcX^]$� fPcTa$� P]S� T]TaVh$� cWPc�PaT�

R[PbbXUXTS� Pb� G^RXP[$� HTRW]XRP[$� EWhbXRP[$� 8hQTa$� ^a� R^\QX]P%

cX^]b� ^U� cWTbT� ch_Tb� ^U� bhbcT\b&� G^RXP[� BTSXP� E[PcU^a\b� PaT�

R^\\d]XRPcX^]�bhbcT\b� cWPc�RP]�QT�STbRaXQTS�Pb�8hQTa%G^RXP[�

GhbcT\b� N*O&

:eTah�bhbcT\�Xb�RWPaPRcTaXiTS�Qh�fWPc�Xc�S^Tb� "Ud]RcX^]#$� Xcb�

R^\_^]T]c�T[T\T]cb� "U^a\#$� P]S� cWT� P[[^RPcX^]� ^U�Ud]RcX^]� c^�

T[T\T]cb� ^U�U^a\&� ;a^\�P]�:]VX]TTaX]V� GhbcT\b� _Tab_TRcXeT$�

bhbcT\b� RP]� QT� STbRaXQTS� Qh� cWTXa� bcadRcdaT$� Ud]RcX^]$� P]S�

\P__X]V� ^U� cWT� U^a\Ta� c^� cWT� [PccTa� N+O&� H^� d]STabcP]S� cWT�

QTWPeX^a� ^U� P� bhbcT\� aT`dXaTb� Q^cW� bcadRcdaP[� P]S� Ud]RcX^]P[�

X]U^a\PcX^]&� HWT� UXT[S� ^U� \^ST[%QPbTS� bhbcT\b� T]VX]TTaX]V

1/0%)%/*0)%0*1,%('*('G+)&((�k*(*(�>:::

© IEEE 2020. This article is free to access and download, along with rights for full text and data mining, re-use and analysis



aT_aTbT]cb� bhbcT\� dbX]V� VaP_WXRP[� \^ST[b� N,O� fXcW� \X]X\P[�

`dP]cXUXRPcX^]�RP_PQX[XcXTb&�D]�cWT�^cWTa�WP]S$�]Tcf^aZ�bRXT]RT�

_a^eXSTb� P� `dP]cXcPcXeT� P]P[hcXR�\TcW^S^[^Vh� c^� P]P[hiT� bhb%

cT\b&� =^fTeTa$� VaP_W� cWT^ah� X]caX]bXRP[[h� aT_aTbT]cb� bhbcT\�

bcadRcdaT� P]S�]^c� Ud]RcX^]&

=TcTa^%Ud]RcX^]P[� VaP_W� cWT^ah� Xb� P]� X]cT[[TRcdP[� UdbX^]� ^U�

\^ST[%QPbTS� bhbcT\b� T]VX]TTaX]V� P]S�]Tcf^aZ�bRXT]RT� N-O&� >]�

WTcTa^%Ud]RcX^]P[� VaP_W� cWT^ah$� cWT� P[[^RPcX^]� ^U�bhbcT\�Ud]R%

cX^]� c^� bhbcT\�U^a\� Xb� RP[[TS� bhbcT\�R^]RT_c&� HWXb� P[[^RPcX^]�

Xb� \PcWT\PcXRP[[h� U^a\P[XiTS� X]c^� P� QX]Pah� \PcaXg� RP[[TS� cWT�

bhbcT\�Z]^f[TSVT�QPbT� N.O$� N/O$� N0O$� N1O$� N)(O$� N))O$� N)*O&� HWT�

Z]^f[TSVT� QPbT� STUX]Tb� cWT� T[T\T]cP[� RP_PQX[XcXTb� cWPc� TgXbc�

fXcWX]� P� bhbcT\$� aTUTaaTS� c^� Pb� cWT� 9TVaTTb� ^U�;aTTS^\� N.O$�

N/O$� N0O$� N1O$� N)(O$� N))O$� N)*O&� HWT�STVaTTb� ^U�UaTTS^\�bTaeT� c^�

R^]bcadRc� P� WTcTa^%Ud]RcX^]P[� ]Tcf^aZ� N)+O$� N1O� cWPc� STbRaXQT�

cWT� UTPbXQ[T� bT`dT]RTb� ^U�_PXab� ^U�STVaTTb� ^U�UaTTS^\&

>>>&� 8D B B D C �HK >H H : F �6C 6 A L G >G � B : H = D 9 G � >C 8 A I 9 >C < �

HF 6 9 >H >D C 6 A � <F 6 E = G

8[PbbXR�HfXccTa�6]P[hcXRb�dcX[XiT�G^RXP[�CTcf^aZ�6]P[hbXb�c^�

STeT[^_� P�\^ST[� c^� STbRaXQT� cWT� bcadRcdaT� ^U� cfXccTa� R^\\d%

]XRPcX^]&� HWT�]^STb� X]� cWT�]Tcf^aZ�aT_aTbT]c� cfXccTa� PRR^d]cb�

RP_cdaTS�Pb�dbTa]P\Tb�P]S�Pbb^RXPcTS�dbTa�>9b&�HWT�TSVTb�^U�P�

]Tcf^aZ�RP]�QT�STeT[^_TS�Ua^\�bTeTaP[�X]cTaR^]]TRcX^]b�fXcWX]�

cWT� HfXccTa� E[PcU^a\&� 6� R^]]TRcX^]� QTcfTT]� cfXccTa� PRR^d]cb�

Xb�\PST�Qh� U^[[^fb$� aTcfTTcb$� ^a�\T]cX^]b&� GTeTaP[�WTP[cWRPaT%�

aT[PcTS�HfXccTa�P]P[hbTb� WPeT�QTT]�_aTeX^db[h�_TaU^a\TS� N),O$�

N)-O&

HWT� STeT[^_\T]c� ^U� cWXb� bcadRcdaP[� b^RXP[� ]Tcf^aZ� P[[^fb�

U^a�]Tcf^aZ�\TPbdaTb� P]S�P[V^aXcW\b� c^� XST]cXUh� R^\\d]XcXTb�

P]S�ZTh�R^]]TRcTS�X]SXeXSdP[b&�=^fTeTa$� cWT�R^]]TRcTS]Tbb�^U�

HfXccTa�dbTab�S^Tb�]^c�R^]RT_cdP[[h�X]R^a_^aPcT�P]h�m\TP]X]Vm�

c^�STbRaXQT�fWPc�cWT� R^\\d]XRPcX^]� Xb� PQ^dc3� X]�^cWTa�f^aSb$�

cWT� aTPb^]� U^a� ^a� Ud]RcX^]� ^U� cWT� R^\\d]XRPcX^]&� >]bcTPS$� P�

bT_PaPcT� P]P[hbXb� Xb� _TaU^a\TS� c^� V[TP]� m\TP]X]Vm� ^a� X]U^a%

\PcX^]� PQ^dc� cWT� cfTTcb� cWT\bT[eTb&� ;^a� TgP\_[T$� bT]cX\T]c�

P]P[hbXb� N).O� Xb� P�_^_d[Pa�HfXccTa�P]P[hbXb�\TcW^S&

>J&� B:H=D9G

,$� /@Q@� .MJJDBQHML

HWT�HfXccTa�9TeT[^_Ta�E[PcU^a\�T]PQ[Tb�dbTab�c^�PRRTbb�cWTXa�

SPcP� cWa^dVW� cWT� HfXccTa� 6E>&� >]� cWXb� bcdSh$� fT� \PST� dbT�

^U�HfXccTa!b� GTPaRW� 6E>� cWa^dVW� cWT� HfTT_h� _hcW^]�_PRZPVT�

c^� bRaP_T� cfTTcb� aT[PcTS� c^� HT[TWTP[cW� Qh� `dTahX]V� U^a� P[[�

ZThf^aSb� X]�HPQ[T� >&
HPQ[T� >

HK>HH:F�H:A:=:6AH=%F:A6H:9�@:LKDF9G�G:6F8=

cT[T%WTP[cW$� cT[TWTP[cW$� cT[T�WTP[cW�

cT[TeXbXc$� cT[T%eXbXc$� cT[T� eXbXc

eXacdP[�WTP[cWRPaT$� eXacdP[� RPaT$� eXacdP[RPaT$� eXacdP[WTP[cWRPaT�

cT[T\TSXRX]T$� cT[T�\TSXRX]T$� cT[T\TS$� HT[T\TSC^f�

SXVXcP[� WTP[cW$� SXVXcP[WTP[cW$� SXVXWTP[cW�

aT\^cT�\^]Xc^aX]V$� aT\^cT\^]Xc^aX]V�

R^]]TRcTS�WTP[cW$� R^]]TRcTSWTP[cW

HfTTcb�fTaT�R^[[TRcTS�^]�P�SPX[h�QPbXb� ^eTa�cWT�R^dabT�^U�*�

fTTZb$� Ua^\�?d]T�**]S�"(.'**'*(*(#�c^�?d[h�.cW� "(/'(.'*(*(#&�

6R`dXbXcX^]�fPb� Pdc^\PcTS�U^a�]XVWc[h� RP_cdaT&

H^� TgcaPRc� P� [PaVT� P\^d]c� ^U� cfTTcb� Pc� ^]RT$� fT� \PST�

dbT� ^U� HfTT_h!b� Rdab^a� \TcW^S� ^U� bTPaRWX]V&� HWXb� Rdab^a�

aTcda]b� P]� XcTaPQ[T� ^QYTRc$� fWTaT� TPRW� XcT\� X]� cWT� ^QYTRc�

bc^aTb�X]U^a\PcX^]�PQ^dc�P�cfTTc&�HWTbT�XcT\b�PaT�RP[[TS�HfTTc�

DQYTRcb$�P]S�cWTh�R^]cPX]�Ud]SP\T]cP[�P]S�a^^c%[TeT[�PccaXQdcTb�

bdRW� Pb2� mXSm$� mRaTPcTSPcm$� mcTgcm$� P[[� aT_aTbT]cTS� X]� P� ?GDC�

U^a\Pc&� ;^a� ^da� _da_^bTb$� cWT� PccaXQdcTb� X]� HPQ[T� >>� fTaT�

X]R^a_^aPcTS� X]c^� ^da�SPcP� UaP\T&
HPQ[T� >>

F:A:J6CH�6HHF>7IH:G�8DAA:8H:9�;FDB�HK>HH:F�6E>

6ccaXQdcT Hh_T 9TbRaX_cX^]

QTDDQ?HC X]c cfTTc�d]X`dT� >9

RPDOSDOHEHDC Q^^[TP] dbTa� eTaXUXTS� ^a�]^c

RPDO$CDPBOHNQHML bca dbTa� PRR^d]c�QX^� '�STbRaX_cX^]

RPDO$�FDM?DL@AJDC Q^^[TP] XU�VT^%caPRZX]V� T]PQ[TS�Qh� dbTa

RPDO$�PBODDL� L@KD bca dbTa]P\T� ^U�cWT� cfTTcTa

RPDO$JMB@QHML bca VT^[^RPcX^]�fWTaT� cfTTc�_^bcTS

RPDO$EOHDLCP?BMRLQ X]c �� ^U�_T^_[T�dbTa�U^[[^fb

RPDO$EMJJMTDOP?BMRLQ X]c �� ^U�_T^_[T�U^[[^fX]V� dbTa

RPDO$PQ@QRPDP?BMRLQ X]c c^cP[� cfTTcb� RaTPcTS�Qh�dbTa

RPDO$BOD@QDC� @Q IH8� cX\T fWT]�dbTa� PRR^d]c�fPb� RaTPcTS

QTDDQ� ROJ bca cfTTc�IFA

BOD@QDC?@Q IH8� cX\T fWT]� cfTTc�fPb� RaTPcTS

ODQTDDQ� BMRLQ X]c �� ^U�cX\Tb� cfTTc�fPb� aTcfTTcTS

ODQTDDQDC?PQ@QRP$ERJJ?QDUQ bca Ud[[� cTgc� ^U�^aXVX]P[� cfTTc

-$� .MLPQORBQHLF� <VPQDK�1MOK� @LC�<VPQDK�1RLBQHML

>]� cWXb� bTRcX^]$� fT� STbRaXQT� cWT� STeT[^_\T]c� ^U� P� WTcTa^%

Ud]RcX^]P[� VaP_W�^U�cT[TWTP[cW%aT[PcTS�HfXccTa�R^\\d]XRPcX^]&�

HWT� U^a\� T[T\T]cb� ^U� cWT� R^\\d]XRPcX^]� ]Tcf^aZ� RP]� QT�

STbRaXQTS� Qh� HfXccTa� dbTab� Pc� cWT�\^bc� QPbXR� d]Xc&� HWT� dbTab�

RP]� cWT]�QT�PVVaTVPcTS�X]c^�Va^d_b$� fWXRW�fT�\^ST[TS�QPbTS�

^]�P�WXVW%[TeT[�R[PbbXUXRPcX^]�^U�ZTh�cT[TWTP[cW�bcPZTW^[STab&�H^�

STbRaXQT� Ud]RcX^]�^a� X]UTa�\TP]X]V� ^U�cfTTcb$� fT�P[b^� P__[XTS�

P� WXVW%[TeT[� STbRaX_cX^]� c^� cfTTcb&� KT� R[PbbXUXTS� dbTa� ch_Tb�

P]S� cfTTc� X]cT]c� Pb� U^a\� P]S� Ud]RcX^]$� U^a� TPRW� a^f� ^U� SPcP�

cWPc� aT_aTbT]cb� P� cfTTc&� HWT� R[PbbXUXRPcX^]� ^U�TPRW� cfTTc�fPb�

_TaU^a\TS� Qh� [TeTaPVX]V� bd__^ac� eTRc^a� \PRWX]Tb� "GJB#� c^�

QdX[S�P�bd_TaeXbTS�\PRWX]T�[TPa]X]V�R[PbbXUXRPcX^]�\^ST[$�ad[T%�

QPbTS� R[PbbXUXRPcX^]� Qh� ZThf^aSb$� Pb� fT[[� Pb� cTgc� bdQYTRcXeXch�

R[PbbXUXRPcX^]&� HWT� \TcW^Sb� c^� R[PbbXUh� HfXccTa� Ud]RcX^]� P]S�

U^a\�PaT� STcPX[TS� X]� cWT� U^[[^fX]V�_PaPVaP_Wb&

H^� RPcTV^aXiT� bhbcT\� U^a\$� fT� dbTS� P� bhbcT\b� QPbTb� R[Pb%

bXUXRPcX^]� c^� c^�STUX]T� )+� SXbcX]Rc�RPcTV^aXTb� ^U�X]SXeXSdP[b� P]S�

^aVP]XiPcX^]b� \^bc� aT[TeP]c� c^� cT[TWTP[cW&� HWTh� X]R[dST� cWT�

U^[[^fX]V2

j� RXcXiT]� "8M#

j� bd__^ac�Va^d_� "G<#

j� cTRW]^[^Vh� '�QdbX]Tbb� X]]^ePc^a� "H>#

j� cTRW]^[^Vh�^aVP]XiPcX^]� "HD#

j� ]Tfb� PVT]c� bd__^ac�Va^d_� "C6#

j� ]Tfb� ^aVP]XiPcX^]� "CD#

j� WTP[cWRPaT�_a^eXSTa� "=E#

j� WTP[cWRPaT� ^aVP]XiPcX^]� "=D#

j� aTbTPaRWTa�'�TSdRPc^a� "FG#

j� aTbTPaRW� '�TSdRPcX^]� ^aVP]XiPcX^]� "FD#

j� _^[XcXRXP]� "EA#

j� V^eTa]\T]c� ^aVP]XiPcX^]� "<D#

j� ^cWTa� ^aVP]XiPcX^]� "DD#



H^� R[PbbXUh� bhbcT\� U^a\� U^a� TeTah� a^f� ^U� cfTTc� SPcP$� fT�

dbTS� EhcW^]nb� _P]SPb� c^� [^RPcT� cWT� DB5A� 45B3A9@C9?>� C5GC$�
P]S� _aT%_a^RTbbTS� cWT� cTgc� dbX]V� cWT� cTa\� UaT`dT]Rh%X]eTabT�

S^Rd\T]c�UaT`dT]Rh�"H;%>9;#� caP]bU^a\Ta� N)/O&�Ka�cWT]�dbTS�

AX]TPa� Gd__^ac�JTRc^a� 8[PbbXUXRPcX^]� c^� R[PbbXUh� bhbcT\�U^a\&�

;^a� aTUTaT]RT$� fT� RW^bT� P� [X]TPa� ZTa]T[� Pb� Xc� cT]STS� c^�

_TaU^a\�cWT�QTbc�X]� cWT� R[PbbXUXRPcX^]�^U�cTgcb� X]c^� cWT� [X]TPa[h�

bT_PaPQ[T� RPcTV^aXTb&�KXcW� GRXZXc%ATPa]nb� AX]TPaGJ8�\^ST[%�

P� UPbcTa� X\_[T\T]cPcX^]� ^U� Gd__^ac� JTRc^a� 8[PbbXUXRPcX^]� U^a�

cWT� RPbT� ^U� [X]TPa� ZTa]T[b%fT� caPX]TS� ^da� bd_TaeXbTS� bhbcT\�

U^a\�R[PbbXUXTa&� H^�STeT[^_� cWT� caPX]X]V� SPcP� bTc$� fT�\P]dP[[h�

[PQT[TS� ,((� a^fb� U^a� TPRW� bhbcT\� U^a\� RPcTV^ah� dbX]V� @%�

BTP]b� 8[dbcTaX]V&

H^� R[PbbXUh� bhbcT\� Ud]RcX^]$� fT� XST]cXUXTS� cfTTc� R^]cT]c�

QPbTS� ^]� P� R^\QX]PcX^]� ^U� X]cT]c� P]S� bT]cX\T]c&� ;Xabc$� c^�

STbRaXQT� cfTTcb� Qh� X]ST]c�fT� X\_[T\T]cTS� P�ad[T%QPbTS� R[Pb%

bXUXRPcX^]� c^� RPcTV^aXiT� CF55C� C5GC� 3?>C5>C� X]c^� cWT� U^[[^fX]V�
RPcTV^aXTb2

j� TSdRPcX^]� ":9#

j� _a^\^cX^]� "EF#

j� bcPcT\T]c� "GH#

j� ^_X]X^]� "DE#

j� _^[XcXRP[� "EF#

H^� R[PbbXUh� cfTTc� X]cT]c$� fT� dbTS� cWT� C5GC� fXcWX]� cWT� cfTTc�
SPcP$� P]S� STeXbTS� P� R^\QX]PcX^]� ^U�ad[Tb� c^� \^bc� TUUTRcXeT[h�

SXbcX]VdXbW� cfTTcb� X]c^� cWTXa�TgR[dbXeT�X]cT]c�RPcTV^aXTb&�HWTbT�

ad[T� X]R[dST2

1HOPQ$� P[[� cfTTcb� fXcW� P]� X]cT]c� c^� TSdRPcT� ^a� _a^\^cT�

_aTS^\X]PcT[h� R^]cPX]� [X]Zb� c^� TgcTa]P[� fTQbXcTb&� <XeT]� cWT�

*0(%RWPaPRcTa�X\_^bTS�RWPaPRcTa�R^d]c�[X\Xc$� cWTbT�cfTTcb� cT]S�

c^� X]R[dST� [X]Zb� c^� aTSXaTRc� dbTab� c^� TgcTa]P[� _[PcU^a\b� U^a�

PSSXcX^]P[� X]U^a\PcX^]$� bdRW� Pb� cWa^dVW�^aVP]XiPcX^]�fTQbXcTb�

^a� ^][X]T� ]Tfb_P_Tab&� IbX]V� aTVTg� bTPaRW$� a^fb� ^U� cfTTc�

SPcP�fW^bT� cfTTc�R^]cT]c�R^]cPX]b� GQQNP� TgcT]bX^]b� fTaT� UXabc�

RP_cdaTS&

<DBMLC$� c^�SXbcX]VdXbW�TSdRPcX^]P[�Ua^\�_a^\^cX^]P[�cfTTcb$�

P� [Xbc� ^U� PSeTacXbX]V� '� \PaZTcX]V� _WaPbTb� fPb� R^]bcadRcTS�

c^� bTPaRW� cWa^dVW� cWT� PU^aT\T]cX^]TS� RP_cdaTS� a^fb&� ;^a�

X]bcP]RT$� cTgcb� cWPc� R^]cPX]� _WaPbTb� bdRW� Pb� lY^X]� dbm$� lbXV]�

d_m�^a�laTVXbcTa�]^fm�fTaT�[PQT[TS�Pb�_a^\^cX^]P[�cfTTcb&� D]�

cWT� ^cWTa� WP]S$� cfTTcb� cWPc� R^]cPX]� [X]Zb� Qdc� S^� ]^c� R^]cPX]�

_a^\^cX^]P[� f^aSb� X&T&� ]Tfb� X]U^a\PcX^]� _XTRTb$� PaT� [PQT[TS�

Pb� TSdRPcX^]P[� cfTTcb&

=GHOC$� c^� SXUUTaT]cXPcT� cWT� aT\PX]X]V� cWaTT� RPcTV^aXTb� "_^%

[XcXRP[$� bcPcT\T]c� P]S� ^_X]X^]#$� P]^cWTa� [Xbc� ^U�_^[XcXRP[� f^aSb�

fTaT�QdX[c�P]S�bTPaRWTS�PVPX]bc&�HfTTcb�cWPc�R^]cPX]�f^aSb�cWPc�

_TacPX]�c^�_^[XcXRb$� bdRW�Pb� l8^]VaTbbm$� l7X[[m�^a�l9T\^RaPcXRm�

fTaT� [PQT[TS� Pb� _^[XcXRP[� cfTTcb&

1MROQG� @LC� EHL@JJV"� c^� SXbRTa]� cfTTcb� Tg_aTbbX]V� _Ta%

b^]P[� ^_X]X^]b� Ua^\� cW^bT� PacXRd[PcX]V� UPRcdP[� bcPcT\T]cb$� cWT�

=DUQ-JMA� EhcW^]� _PRZPVT� N)0O� fPb� dbTS� c^� RP[Rd[PcT� bdQYTR%

cXeXch� bR^aTb� U^a� TeTah� cfTTc� cTgc&� HWXb� Xb� P� fXST[h� Z]^f]�

UaP\Tf^aZ� c^� _a^RTbb� cTgcdP[� SPcP&� HWXb� aTcda]b� P� bR^aT� Ua^\�

P� bRP[T� ^U� (� c^� )$� fWTaT� (� aT_aTbT]cb� P]� ^QYTRcXeT$� UPRcdP[�

cTgc$� P]S� )� aT_aTbT]cb� P� WXVW[h� bdQYTRcXeT� cTgc� cWPc� R^]cPX]b�

Tg_aTbbX^]b� ^U� _Tab^]P[� QT[XTUb&� 6� (&)-� bR^aT� cWaTbW^[S� fPb

PbbXV]TS$� bdRW� cWPc� P]h� cTgc� fXcW� P� bR^aT� QT[^f� (&)-� fPb�

[PQT[TS� Pb� P� bcPcT\T]c$� fWX[T� P]h� bR^aT� VaTPcTa� cWP]� ^a� T`dP[�

c^�(&)-�fPb� STT\TS�P]�^_X]X^]&�HWXb� cWaTbW^[S�fPb�RW^bT]�Qh�

eTaXUhX]V� cWT� Rdc^UU�fXcW� cfTTcb� STcTa\X]TS�Pb� P� bcPcT\T]c�^a�

^_X]X^]�Qh� X]b_TRcX^]&

6UcTa�caPX]X]V�Q^cW�R[PbbXUXTab$� cWTh�fTaT�ad]�^]� cWT�*%fTTZ�

b_P]� &8GJ�SPcP� bTc� c^�_aTSXRc� cWT� [PQT[b� U^a� bhbcT\�U^a\�"X&T&�

dbTa�ch_T#� P]S�bhbcT\�Ud]RcX^]� "X&T&� cfTTc�_da_^bT#&�6� c^cP[�^U�

-)$1(,� a^fb� ^U�cfTTc� SPcP� "TPRW� a^f� aT_aTbT]cX]V� ^]T� cfTTc#�

fTaT� R[PbbXUXTS&

.$� =O@CHQHML@J�2O@NG� EMO� =THQQDO�,L@JVPHP

>]�^aSTa�c^�P]P[hiT�cWT�X]cTaPRcX^]b� ^U�dbTab$�fT�R^]bcadRcTS�

P� aTcfTTc� ]Tcf^aZ� c^� XST]cXUh� cWT� VaTPcTbc� X]U[dT]RTab� X]� cWT�

HfXccTa� R^\\d]Xch$� P]S� c^� VPX]� P�QTccTa� d]STabcP]SX]V� ^U�cWT�

_PccTa]b� X]� dbTa� ch_Tb� cWPc� [TPS� c^� VaTPcTa� cfTTc�SXbcaXQdcX^]&

;^a� cWT� R^]bcadRcX^]� ^U� cWXb� VaP_W$� fT� aT_aTbT]cTS� TPRW�

d]X`dT� X]SXeXSdP[�dbTa�fXcW�P�]^ST$� P]S�U^a\TS�P]�d]SXaTRcTS�

TSVT�QTcfTT]� cf^�]^STb�fWT]TeTa�^]T�dbTa�aTcfTTcTS�P�cfTTc�

cWPc� cWT� ^cWTa� dbTa� _^bcTS&� IbX]V� cWT� <T_WX� eXbdP[XiPcX^]�

b^UcfPaT� _PRZPVT$� P� c^cP[� ^U� +//00� ]^STb� fTaT� _[^ccTS� fXcW�

,(*+,� TSVTb� QTcfTT]� cWT\&� H^� QTccTa� SXbcX]VdXbW� R[dbcTab� X]�

cWT�]Tcf^aZ$�cWT�;^aRT�6c[Pb�*�P[V^aXcW\�fPb�dbTS�c^�b_PRXP[XiT�

]^STb� X]� P� U^aRT%SXaTRcX^]P[�\P]]Ta&

/$� 3DQDOM#ERLBQHML@J�FO@NGP

>]� PSSXcX^]� c^� R^]bcadRcX]V� P� caPSXcX^]P[� VaP_W� ^U� dbTa�

aTcfTTcb� Pb� P� b^RXP[� ]Tcf^aZ$� fT� P[b^� R^]bcadRcTS� P� WTcTa^%

Ud]RcX^]P[�]Tcf^aZ�cWPc�eXbdP[XiTb�cWT�Sh]P\XRb�^U�fWXRW�ch_Tb�

^U�dbTab� cfTTcTS�fWPc� ch_Tb� ^U�Ud]RcX^]b&� ;Xabc$� P�Z]^f[TSVT�

QPbT� ^U�STVaTTb� ^U� UaTTS^\� Xb� R^]bcadRcTS� Qh� d]X`dT[h� R^\%

QX]X]V� TPRW� U^a\�P]S�Ud]RcX^]&� ;^a�TgP\_[T$� P�39C9I5>� cfTTcb�
PQ^dc� 54D31C9?>� Xb� PbbXV]TS� 9TVaTT� ^U� ;aTTS^\� �)&� GX]RT�
cWTaT� PaT� -� SXUUTaT]c� bhbcT\� Ud]RcX^]b� P]S� )+� bhbcT\� U^a\$�

fT�^QcPX]�.-� _^bbXQ[T�STVaTTb� ^U�UaTTS^\&� HWT�STbRaX_cX^]�^U�

TPRW�STVaTT�^U�UaTTS^\�RP]�QT�U^d]S�X]�HPQ[T�>>>&�;dacWTa\^aT$�

TPRW�^U�cWTbT�.-�STVaTTb�^U�UaTTS^\�PaT�aT_aTbT]cTS�Pb� P�]^ST�

X]� cWT� ]Tcf^aZ&� HWT� TSVTb� P[^]V� cWXb� VaP_W� PaT� STbXV]PcTS�Pb�

U^[[^fb2� VXeT]�P]h�^aXVX]P[�a^f�^U�cfTTc�SPcP$�fT�RP]�R^\_dcT�

Xcb� STVaTT�^U�UaTTS^\�QPbTS�^]� cWT�R[PbbXUXTS�[PQT[b� ^U�bhbcT\�

U^a\�P]S� bhbcT\�Ud]RcX^]&� >U�cWT� cfTTc� WPb� QTT]�aTcfTTcTS� Pc�

[TPbc�^]RT$� cWT]�fT�RP]�[TPa]�PQ^dc�cWT�RWa^]^[^VXRP[�caPYTRc^ah�

^U�cWT�cfTTc&�;^a�X]bcP]RT$�P�RXcXiT]�cfTTcX]V�PQ^dc�]Tfb�R^d[S�

QT� aTcfTTcTS� Qh� P� ]Tfb� ^aVP]XiPcX^]&� 6]� TSVT� f^d[S� cWdb�

QT� U^a\TS� QTcfTT]� cWT� cf^�9D;� ]^STb&� ;X]P[[h$� bX]RT� cWTaT�

\Ph�QT�\d[cX_[T�^RRdaaT]RTb� ^U�cWT�bP\T�TSVT$�fT�X\_[T\T]c�

fTXVWcb� P[^]V� TSVTb� cWPc� X]RaT\T]c� fXcW� TeTah� bdQbT`dT]c�

^RRdaaT]RT&

J&� F: G I A H G

,$� =O@CHQHML@J�2O@NG

6� c^cP[� ^U�+/$/00� dbTab� fTaT� XST]cXUXTS� X]� ^da� SPcP&� ;XVdaT�

)� bW^fb� P� caPSXcX^]P[� VaP_W�^U�cWT�aTcfTTc�]Tcf^aZ&� HWT�]^ST�

R^aaTb_^]SX]V� c^�cWT�[PaVTbc�aTcfTTcb� R^aaTb_^]Sb� c^�dbTa]P\T�

:@LHBIDC1MMCHD� "aTbTPaRWTa#$�U^[[^fTS�Qh�OPNO@P@C�"_^[XcXRXP]#�

P]S�.8ME6@OL@Q@I@� "V^eTa]\T]c�^aVP]XiPcX^]#&



HPQ[T� >>>

9:G8F>EH>DC�D;�6AA�.-�9:<F::G�D;�;F::9DB

9TVaTT� ^U�;aTTS^\ GhbcT\�;^a\ GhbcT\�;d]RcX^]

) RXcXiT] TSdRPcX^]

* bd__^ac� Va^d_ TSdRPcX^]

+ cTRW� '�QdbX]Tbb� X]]^ePc^a TSdRPcX^]

, cTRW]^[^Vh� ^aVP]XiPcX^] TSdRPcX^]

- ]Tfb� PVT]c TSdRPcX^]

. ]Tfb� ^aVP]XiPcX^] TSdRPcX^]

/ WTP[cWRPaT�_a^eXSTa TSdRPcX^]

0 WTP[cWRPaT� ^aVP]XiPcX^] TSdRPcX^]

1 aTbTPaRWTa TSdRPcX^]

)( aTbTPaRW� ^aVP]XiPcX^] TSdRPcX^]

)) _^[XcXRXP] TSdRPcX^]

)* V^eTa]\T]c� ^aVP]XiPcX^] TSdRPcX^]

)+ ^cWTa� ^aVP]XiPcX^] TSdRPcX^]

), RXcXiT] _a^\^cX^]

)- bd__^ac� Va^d_ _a^\^cX^]

). cTRW� '�QdbX]Tbb� X]]^ePc^a _a^\^cX^]

)/ cTRW]^[^Vh� ^aVP]XiPcX^] _a^\^cX^]

)0 ]Tfb� PVT]c _a^\^cX^]

)1 ]Tfb� ^aVP]XiPcX^] _a^\^cX^]

*( WTP[cWRPaT�_a^eXSTa _a^\^cX^]

*) WTP[cWRPaT� ^aVP]XiPcX^] _a^\^cX^]

** aTbTPaRWTa _a^\^cX^]

*+ aTbTPaRW� ^aVP]XiPcX^] _a^\^cX^]

*, _^[XcXRXP] _a^\^cX^]

*- V^eTa]\T]c� ^aVP]XiPcX^] _a^\^cX^]

*. ^cWTa� ^aVP]XiPcX^] bcPcT\T]c

*/ RXcXiT] bcPcT\T]c

*0 bd__^ac� Va^d_ bcPcT\T]c

*1 cTRW� '�QdbX]Tbb� X]]^ePc^a bcPcT\T]c

+( cTRW]^[^Vh� ^aVP]XiPcX^] bcPcT\T]c

+) ]Tfb� PVT]c bcPcT\T]c

+* ]Tfb� ^aVP]XiPcX^] bcPcT\T]c

++ WTP[cWRPaT�_a^eXSTa bcPcT\T]c

+, WTP[cWRPaT� ^aVP]XiPcX^] bcPcT\T]c

+- aTbTPaRWTa bcPcT\T]c

+. aTbTPaRW� ^aVP]XiPcX^] bcPcT\T]c

+/ _^[XcXRXP] bcPcT\T]c

+0 V^eTa]\T]c� ^aVP]XiPcX^] bcPcT\T]c

+1 ^cWTa� ^aVP]XiPcX^] bcPcT\T]c

,( RXcXiT] ^_X]X^]

,) bd__^ac� Va^d_ ^_X]X^]

,* cTRW� '�QdbX]Tbb� X]]^ePc^a ^_X]X^]

,+ cTRW]^[^Vh� ^aVP]XiPcX^] ^_X]X^]

,, ]Tfb� PVT]c ^_X]X^]

,- ]Tfb� ^aVP]XiPcX^] ^_X]X^]

,. WTP[cWRPaT�_a^eXSTa ^_X]X^]

,/ WTP[cWRPaT� ^aVP]XiPcX^] ^_X]X^]

,0 aTbTPaRWTa ^_X]X^]

,1 aTbTPaRW� ^aVP]XiPcX^] ^_X]X^]

-( _^[XcXRXP] ^_X]X^]

-) V^eTa]\T]c� ^aVP]XiPcX^] ^_X]X^]

-* ^cWTa� ^aVP]XiPcX^] ^_X]X^]

-+ RXcXiT] _^[XcXRb

-, bd__^ac� Va^d_ _^[XcXRb

-- cTRW� '�QdbX]Tbb� X]]^ePc^a _^[XcXRb

-. cTRW]^[^Vh� ^aVP]XiPcX^] _^[XcXRb

-/ ]Tfb� PVT]c _^[XcXRb

-0 ]Tfb� ^aVP]XiPcX^] _^[XcXRb

-1 WTP[cWRPaT�_a^eXSTa _^[XcXRb

.( WTP[cWRPaT� ^aVP]XiPcX^] _^[XcXRb

.) aTbTPaRWTa _^[XcXRb

.* aTbTPaRW� ^aVP]XiPcX^] _^[XcXRb

.+ _^[XcXRXP] _^[XcXRb

., V^eTa]\T]c� ^aVP]XiPcX^] _^[XcXRb

.- ^cWTa� ^aVP]XiPcX^] _^[XcXRb

-$� 3DQDOM#ERLBQHML@J� 2O@NG

;XVdaTb�*%.� bW^fb�cWT�WTcTa^%Ud]RcX^]P[�]Tcf^aZ�fXcW�]^STb�

R^aaTb_^]SX]V� c^� cWT� STVaTTb� ^U� UaTTS^\$� P]S� TSVTb� c^� cWT

 �

;XVdaT� )&� HaPSXcX^]P[� G^RXP[� CTcf^aZ� fXcW� +/$/00� ]^STb� XST]cXUhX]V� cWT�

c^_� +� dbTa]P\Tb� Pb� EP]XRZTS;^^SXT� "aTbTPaRWTa#$� ab_aPbPS� "_^[XcXRXP]#$� P]S�

8B^U@Pa]PcPZP� "V^eTa]\T]c� ^aVP]XiPcX^]#&

;XVdaT�*&� =TcTa^%Ud]RcX^]P[�<aP_W�fXcW�9TVaTTb�^U�;aTTS^\�)%)+�R^aaTb_^]S%

X]V� c^�54D31C9?>�Qh� )+� ch_Tb�^U�X]SXeXSdP[b� "RXcXiT]b$� cTRW'QdbX]Tbb� X]]^ePc^a$�
]Tf� PVT]c$� WTP[cWRPaT�_a^eXSTa$� aTbTPaRWTa$� _^[XcXRXP]#� P]S�^aVP]XiPcX^]b� "bd_%

_^ac� Va^d_b$� cTRW]^[^Vh$� ]Tfb$� WTP[cWRPaT$� aTbTPaRW$� V^eTa]\T]c$� P]S� ^cWTa#&

TgXbcT]RT� ^U� P� aTcfTTc� QTcfTT]� cWT� STVaTT� ^U� UaTTS^\� ]^STb&�

HWT� TSVT� cWXRZ]Tbb� _a^_^acX^]P[[h� R^aaTb_^]Sb� c^� Xcb� fTXVWc&�

7TRPdbT� cWT� ]Tcf^aZ� Xb� R^]bcadRcTS� Ua^\� aTcfTTcb$� Xc� Xb� cWT�

bP\T� cfTTc� Ud]RcX^]� cWPc� Xb� aTcfTTcTS� Qh� _^bbXQ[h� ^cWTa� X]SX%

eXSdP[b� P]S� cWdb� U^a\� RPcTV^aXTb&� ;^a� cWXb� aTPb^]$� -� SXbcX]Rc�

]Tcf^aZb� P__TPa� R^aaTb_^]SX]V� c^� cWT� -� RPcTV^aXTb� ^U� bhbcT\�

Ud]RcX^]&�6�\^aT�R^]]TRcTS�VaP_W�f^d[S�WPeT�[XZT[h� P__TPaTS�

U^a�^cWTa�ch_Tb�^U�R^]]TRcX^]b$� bdRW�Pb�\T]cX^]b&� >]�cWT�UXVdaTb�

*%.$� cWT� cWXRZ]Tbb� ^U� cWT� TSVT� _a^_^acX^]P[[h� R^aaTb_^]Sb� c^�

Xcb� fTXVWc&



;XVdaT� +&� =TcTa^%Ud]RcX^]P[� <aP_W� fXcW� 9TVaTTb� ^U� ;aTTS^\� ),%*.� R^aaT%

b_^]SX]V� c^� @A?=?C9?>� Qh� )+� ch_Tb� ^U� X]SXeXSdP[b� "RXcXiT]b$� cTRW'QdbX]Tbb�
X]]^ePc^a$� ]Tf� PVT]c$� WTP[cWRPaT� _a^eXSTa$� aTbTPaRWTa$� _^[XcXRXP]#� P]S� ^aVP]X%

iPcX^]b� "bd__^ac� Va^d_b$� cTRW]^[^Vh$� ]Tfb$� WTP[cWRPaT$� aTbTPaRW$� V^eTa]\T]c$�

P]S� ^cWTa#&

;XVdaT� -&� =TcTa^%Ud]RcX^]P[� <aP_W� fXcW� 9TVaTTb� ^U� ;aTTS^\� ,(%-*� R^a%

aTb_^]SX]V� c^� ?@9>9?>� Qh� )+� ch_Tb� ^U� X]SXeXSdP[b� "RXcXiT]b$� cTRW'QdbX]Tbb�
X]]^ePc^a$� ]Tf� PVT]c$� WTP[cWRPaT� _a^eXSTa$� aTbTPaRWTa$� _^[XcXRXP]#� P]S� ^aVP]X%

iPcX^]b� "bd__^ac� Va^d_b$� cTRW]^[^Vh$� ]Tfb$� WTP[cWRPaT$� aTbTPaRW$� V^eTa]\T]c$�

P]S� ^cWTa#&

;XVdaT� ,&� =TcTa^%Ud]RcX^]P[� <aP_W� fXcW� 9TVaTTb� ^U� ;aTTS^\� */%+1� R^aaT%

b_^]SX]V� c^� BC1C5=5>C� Qh� )+� ch_Tb� ^U� X]SXeXSdP[b� "RXcXiT]b$� cTRW'QdbX]Tbb�
X]]^ePc^a$� ]Tf� PVT]c$� WTP[cWRPaT� _a^eXSTa$� aTbTPaRWTa$� _^[XcXRXP]#� P]S� ^aVP]X%

iPcX^]b� "bd__^ac� Va^d_b$� cTRW]^[^Vh$� ]Tfb$� WTP[cWRPaT$� aTbTPaRW$� V^eTa]\T]c$�

P]S� ^cWTa#&

;XVdaT� .&� =TcTa^%Ud]RcX^]P[� <aP_W� fXcW� 9TVaTTb� ^U� ;aTTS^\� -+%.-� R^a%

aTb_^]SX]V� c^� @?<9C93B� Qh� )+� ch_Tb� ^U� X]SXeXSdP[b� "RXcXiT]b$� cTRW'QdbX]Tbb�
X]]^ePc^a$� ]Tf� PVT]c$� WTP[cWRPaT� _a^eXSTa$� aTbTPaRWTa$� _^[XcXRXP]#� P]S� ^aVP]X%

iPcX^]b� "bd__^ac� Va^d_b$� cTRW]^[^Vh$� ]Tfb$� WTP[cWRPaT$� aTbTPaRW$� V^eTa]\T]c$�

P]S� ^cWTa#&

J>&� 9 >G 8 I G G >D C � 6 C 9 � 8 D C 8 A I G >D C

DeTaP[[� cWT� WTcTa^%Ud]RcX^]P[� VaP_W� bW^fb� cWPc� cWT� \P%

Y^aXch� ^U� aTcfTTcb� R^aaTb_^]STS� c^� TSdRPcX^]P[� cfTTcb&� HWT�

TSdRPcX^]P[� cfTTcb� P__TPa� c^� QT� aTcfTTcTS� Qh� P[[� ch_Tb� ^U�

U^a\� Pb� X]SXRPcTS� Qh� cWT� ST]bT[h� R^]]TRcTS� ;XVdaT� *&� DU� P[[�

cWT� aTcfTTcb� U^a� TSdRPcX^]$� cWT� \PY^aXch� ^U� aTcfTTcb� ^RRdaaTS�

QTcfTT]�RXcXiT]b�P]S�P[[�^cWTa�bhbcT\�U^a\b&�B^aT�b_TRXUXRP[[h$�

]Tfb� PVT]cb$� ]Tfb� ^aVP]XiPcX^]b� T]VPVTS� X]� UaT`dT]c� TSdRP%

cX^]P[� _^bcb$� fWXRW� Xb� R^WTaT]c� fXcW� cWTXa� a^[T� c^� SXbbT\X]PcT�

TSdRPcX^]P[� X]U^a\PcX^]� c^� cWT� _dQ[XR&� 8XcXiT]b� P[b^� aTcfTTcTS�

X]U^a\PcX^]� P\^]V� cWT\bT[eTb� UaT`dT]c[h&� >c� Xb� P[b^� f^acW�

]^cX]V$� cWPc� cWT� [PaVTbc� bhbcT\� U^a\�RPcTV^ah�fPb� U^a� RXcXiT]b&

;^a� cWT�WTcTa^%Ud]RcX^]P[�VaP_W�R^aaTb_^]SX]V� c^�_a^\^cX^]

STVaTTb� ^U� UaTTS^\$� cWT� \PY^aXch� ^U� aTcfTTcb� fTaT� QXSXaTR%

cX^]P[� QTcfTT]� P[[� bhbcT\� U^a\b&� >]� _PacXRd[Pa$� cWT� bca^]VTa�

R^]]TRcX^]b�P__TPaTS�QTcfTT]�RXcXiT]b�P]S�^cWTa�bhbcT\�U^a\b�

"X[[dbcaPcTS�Qh� cWT� cWXRZTa�TSVTb#$� fXcW�WXVW�UaT`dT]Rh�^U�R^\%

\d]XRPcX^]� fXcW� cTRW]^[^Vh� X]]^ePc^ab$� WTP[cWRPaT� _a^eXSTab�

P]S� aTbTPaRWTab&� >c� RP]� QT� X]UTaaTS� cWPc� cWTbT� cWaTT� dbTa� ch_Tb�

PaT� cWT� \^bc� [XZT[h� c^� _^bc� _a^\^cX^]P[� cfTTcb$� PUcTa� fWXRW�

RXcXiT]b� "cWT� [PaVTbc�U^a\�Va^d_#� aTcfTTc�cWTbT�_^bcb�_a^UdbT[h&

>]� cWT� RPbT� ^U�cWT� WTcTa^%Ud]RcX^]P[� VaP_W� R^aaTb_^]SX]V� c^�

bcPcT\T]c� STVaTTb� ^U� UaTTS^\$� fT� ^QbTaeT� P� [Tbb� R^]]TRcTS�

]Tcf^aZ$� fXcW� UTfTa� TSVTb� bW^fX]V� bca^]V� R^]]TRcX^]b&� HWT�

\^bc� bXV]XUXRP]c� ^RRdaaT]RTb� ^U�aTcfTTcX]V� WP__T]TS� QTcfTT]�

RXcXiT]b�  � ]Tfb� PVT]cb$� RXcXiT]b�  � WTP[cWRPaT� ^aVP]XiPcX^]b$�

P]S� RXcXiT]b�  � aTbTPaRWTab&� HWT� bca^]VTa� TSVTb� fTaT� \^bc[h



SXaTRcTS� c^fPaSb� RXcXiT]b$� \TP]X]V� RXcXiT]b� fTaT� aTcfTTcX]V�

cWT� bcPcT\T]cb� cWPc� ]Tfb� PVT]cb� P]S� WTP[cWRPaT� _a^eXSTab�

fTaT� _^bcX]V&� ;dacWTa\^aT$� Xc� Xb� X]cTaTbcX]V� cWPc� RXcXiT]b� WPS�

QXSXaTRcX^]P[�R^]]TRcX^]b�fXcW�TeTah�^cWTa�bhbcT\�U^a\�TgRT_c�

bd__^ac�Va^d_&

;^a�cWT�^_X]X^]�STVaTTb� ^U�UaTTS^\�X]� cWT�WTcTa^%Ud]RcX^]P[�

VaP_W$� bca^]V� QXSXaTRcX^]P[� ^_X]X^]� aTcfTTcX]V� ^RRdaaTS� QT%

cfTT]� RXcXiT]b�  � ]Tfb� PVT]cb$� WTP[cWRPaT� _a^eXSTab$� aT%

bTPaRWTab�P]S�_^[XcXRXP]b&�>c�Xb�]^c�bda_aXbX]V�c^�bTT�cWPc�VaTPcTbc�

UaT`dT]Rh�^U�̂ _X]X^]�cfTTcX]V�fTaT�\PST�Qh�X]SXeXSdP[b�aPcWTa�

cWP]� ^aVP]XiPcX^]b$� P]S� Xc� RP]� QT� Tg_TRcTS� cWPc� _a^eXSTab� ^U�

WTP[cWRPaT� bTaeXRTb� TgRWP]VTS�P�WTPeh�PQd]SP]RT�^U�^_X]X^]b�

fXcW� RXcXiT]b&

HWT� WTcTa^%Ud]RcX^]P[� VaP_W� R^aaTb_^]SX]V� c^� cWT� _^[XcXRP[�

STVaTTb�^U�UaTTS^\�XST]cXUXTb�P�\^STaPcT[h�R^]]TRcTS�]Tcf^aZ�

fXcW�fTPZ�TSVTb� QTcfTT]� bhbcT\�RP_PQX[XcXTb&� FTcfTTcb� fTaT�

\^bc[h� QXSXaTRcX^]P[$� P[cW^dVW� d]XSXaTRcX^]P[� TSVTb� QTcfTT]�

]^STb� P[b^�TgXbcTS$� U^a� X]bcP]RT$� QTcfTT]�RXcXiT]b� P]S� bd__^ac�

Va^d_b&� HWT� bca^]VTbc� X]cTa%U^a\� R^]]TRcX^]� ^RRdaaTS� Ua^\�

_^[XcXRXP]b� c^�RXcXiT]b$� X]SXRPcX]V� cWPc�RXcXiT]b�fTaT�aTcfTTcX]V�

cWT� _^bcb� ^U�_^[XcXRXP]b� fW^� fTaT� SXbRdbbX]V� _^[XcXRb&� >c� Xb� c^�

QT�Tg_TRcTS�cWPc�cWT�[PaVTbc�U^a\�Va^d_�cfTTcX]V�PQ^dc�_^[XcXRb�

f^d[S�QT�_^[XcXRXP]b&�HWXb� UX]SX]V� X]�P� b\P[[�]d\QTa�^U�cfTTcb�

R^]UXa\b� cWT� PRRdaPRh� ^U�^da�P]P[hcXRb&

HWT�caPSXcX^]P[�VaP_W�Xb� P� b_TRcPRd[Pa[h�[PaVT�]Tcf^aZ�WXVW%

[XVWcX]V� cWT� [PaVTbc� ]^STb� Pb� dbTab� fW^� PaT� \^bc� aTcfTTcTS&�

KT� WXVW[XVWc� cWPc� P[cW^dVW�\^bc� dbTab� PaT� RXcXiT]b$� cWT�\^bc�

aTcfTTcTS�dbTab� fTaT�P�aTbTPaRWTa$� _^[XcXRXP]$� P]S�V^eTa]\T]c�

^aVP]XiPcX^]&� DdcbXST� ^U� XST]cXUhX]V� cWTbT� bd_Ta� aTcfTTcTS�

dbTab$� cWTaT� Xb� ]^� X]U^a\PcX^]� PQ^dc�fWPc� Xb� aTcfTTcTS�fXcWX]�

cWT� b^RXP[�]Tcf^aZ�P]P[hbXb&

>]� R^]R[dbX^]$� cWXb� _P_Ta�RWPaPRcTaXiTS�cWT�R^\\d]XRPcX^]b�

_PccTa]b� Qh� Q^cW� cWT� ch_Tb� ^U� dbTab� P]S� cWT� ch_T� ^U� cfTTcb�

aTcfTTcTS� c^� WXVW[XVWc� b_TRXUXR�aTcfTTc�_PccTa]b� Qh� Va^d_b� U^a�

SXUUTaT]c�ch_Tb�^U�cfTTcb&�6SSXcX^]P[[h$�KT�bW^fTS�cWPc�R[PbbXR�

HfXccTa� b^RXP[� ]Tcf^aZ� P]P[hbXb� S^Tb� ]^c� R^]RT_cdP[[h� RWPa%

PRcTaXiT� cWT� R^\\d]XRPcX^]$� Qdc� ^][h� STbRaXQTb� cWT� bcadRcdaP[�

R^\_^]T]cb� ^U� cWT� X]SXeXSdP[� dbTa� aTcfTTc� R^]]TRcX^]b&� >]�

R^]caPbc$�WTcTa^%Ud]RcX^]P[�VaP_W�cWT^ah�P]P[hbXb�_a^eXSTb�STT_�

X]bXVWcb� PQ^dc� cWT� Sh]P\XR� cT[TWTP[cW� aTcfTTc� R^\\d]XRPcX^]�

QTWPeX^a� X]� b^RXP[�\TSXP&

F: ; : F : C 8 : G

N)O� 8&� U^a� BTSXRPXS� P]S� BTSXRPaT&� "*(*($� ?d[h#&� ND][X]TO&� 6ePX[%

PQ[T2� Wcc_b2''TSXc&R\b&V^e'UX[Tb'S^Rd\T]c'\TSXRPaT%cT[TWTP[cW%UaT`dT]c[h%�

PbZTS%`dTbcX^]b%UP`b%+)/*(&_SU

N*O� B&� ;aT]RW� P]S� ?&� =P]R^RZ$� lKWPcnb� cWT� U^[Z� cWT^ah4� aTPb^]X]V� PQ^dc�

RhQTa%b^RXP[� bhbcT\b$m�;D@PMLHLF�,AMRQ�.VADO#<MBH@J�<VPQDKP� 1DAOR@OV�

("� (&'*!"� *()/&

N+O� 9&�B&� 7dTST$� =GD�DLFHLDDOHLF�CDPHFL� M E�PVPQDKP+� KMCDJP�@LC�KDQGMCP"�

*]S� TS&� =^Q^ZT]$� C&?&2� ?^W]�KX[Th� � G^]b$� *((1&

N,O� H&�KTX[ZXT]b$� <VPQDKP� DLFHLDDOHLF� THQG�<VP87%>87+� KMCDJHLF"� @L@JV#

PHP"� CDPHFL$� B^aVP]�@PdU\P]]$� *())&

N-O� K&�8&� GRW^^]T]QTaV$� >&�G&�@WPhP[$� P]S�6&�B&�;PaXS$�,�3DQDOM#ERLBQHML@J�

2O@NG�=GDMOV�EM O �8MCDJHLF�<K@OQ�.HQV�4LEO@PQORBQROD$� 7Ta[X]$� =TXST[%

QTaV2� G_aX]VTa$� *()1&

N.O� 6&�B&�;PaXS$� lFTR^]UXVdaPQX[Xch�\TPbdaT\T]c�X]�Pdc^\PcTS�\P]dUPRcda%

X]V� bhbcT\b$m� EW&9&� SXbbTacPcX^]$� I]XeTabXch� ^U�8P\QaXSVT$� *((/&

N/O� 6&� B&� ;PaXS� P]S� 9&� 8&� BR;Pa[P]T$� lEa^SdRcX^]� STVaTTb� ^U� UaTTS^\�Pb�

\P]dUPRcdaX]V� bhbcT\�aTR^]UXVdaPcX^]�_^cT]cXP[� \TPbdaTb$m�:OMBDDCHLFP�

M E�QGD�4LPQHQRQHML�M E�8DBG@LHB@J�0LFHLDDOP"� :@OQ�-+�5MROL@J�M E�0LFHLDDO#

HLF�8@LRE@BQROD"� e^[&� ***$� ]^&� )($� __&� )+()%)+),$� *((0&

N0O� 6&� B&� ;PaXS$� lEa^SdRc� 9TVaTTb� ^U�;aTTS^\� Pb� BP]dUPRcdaX]V� GhbcT\�

FTR^]UXVdaPcX^]�E^cT]cXP[�BTPbdaTb$m�4LQDOL@QHML@J�=O@LP@BQHMLP�ML�<VP#

QDKP� <BHDLBD� @LC�,NNJHB@QHMLP� W� HLSHQDC�N@NDO"� e^[&� ,$� ]^&� +$� __&� **/%

*,*$� *((0&

N1O� 6&� B&� ;PaXS$� lGcPcXR� FTbX[XT]RT� ^U�APaVT� ;[TgXQ[T�:]VX]TTaX]V� GhbcT\b�

2� 6gX^\PcXR� 9TbXV]� B^ST[� P]S� BTPbdaTb$m� 4000� <VPQDKP� 5MROL@J�

 HL� NODPP!"� e^[&� EE$� ]^&� 11$� __&� )%)*$� *()-&� ND][X]TO&� 6ePX[PQ[T2�

Wcc_2''P\UPaXS&bRaX_cb&\Xc&TSd'aTb^daRTb'?^da]P[b'>:G%?)1&_SU

N)(O� 6&� B&� ;PaXS$� l6]� 6gX^\PcXR� 9TbXV]� 6__a^PRW� c^� C^]%6bbT\Q[TS�

Ea^SdRcX^]� EPcW� :]d\TaPcX^]� X]� FTR^]UXVdaPQ[T� BP]dUPRcdaX]V�

GhbcT\b$m� X]� (&')� 4000� 4LQDOL@QHML@J� .MLEDODLBD� ML� <VPQDKP�

8@L� @LC� .VADOLDQHBP"� BP]RWTbcTa$� I@$� *()+$� __&� )%0&� ND][X]TO&�

6ePX[PQ[T2� Wcc_2''Sg&S^X&^aV')(&))(1'GB8&*()+&.-1

N))O� 6&� B&� ;PaXS� P]S� A&� FXQTXa^$� l6]� 6gX^\PcXR� 9TbXV]� ^U� P�Bd[cX%6VT]c�

FTR^]UXVdaPQ[T� BTRWPca^]XR� GhbcT\� 6aRWXcTRcdaT$m� 4000� =O@LP@BQHMLP�

ML� 4LCRPQOH@J� 4LEMOK@QHBP"� e^[&� ))$� ]^&� -$� __&� )),*%))--$� *()-&�

ND][X]TO&� 6ePX[PQ[T2� Wcc_2''Sg&S^X&^aV')(&))(1'H>>&*()-&*,/(-*0

N)*O� K&�8&�GRW^^]T]QTaV�P]S�6&�B&�;PaXS$� l6�9h]P\XR�:]TaVh�BP]PVT\T]c�

B^ST[� U^a�BXRa^VaXS%:]PQ[TS� Ea^SdRcX^]�GhbcT\b$m� 4000�=O@LP@BQHMLP�

ML�4LCRPQOH@J� 4LEMOK@QHBP�  RLCDO�ODSHPHML!"� e^[&� )$� ]^&� )$� __&� )%/$� *().&

N)+O� 6&� B&� ;PaXS$� l6]� T]VX]TTaX]V� bhbcT\b� X]ca^SdRcX^]� c^� PgX^\PcXR�

STbXV]$m� X]� ,UHMK@QHB� /DPHFL� HL� 7@OFD� <VPQDKP+� .MKNJDU� :OMCRBQP"�

-RHJCHLFP� ��8@LRE@BQROHLF� <VPQDKP"� 6&� B&� ;PaXS� P]S� C&� E&� GdW$� :Sb&�

7Ta[X]$�=TXST[QTaV2� G_aX]VTa$� *().$� RW&� )$�__&� )%,/&� ND][X]TO&�6ePX[PQ[T2�

Wcc_2''Sg&S^X&^aV')(&)((/'1/0%+%+)1%+*+00%.

N),O� G&�6Uh^d]X$�6&�:&�;TcXc$�P]S�H&�C&�6aeP]XcXb$� lETab_TRcXeTb�cWa^dVW�b^RXP[�

\TSXP�P]P[hbXb$m�0L@AJHLF�3D@JQG�4LEMOK@QHBP�,NNJHB@QHMLP"� e^[&� *)+$� _&�

*,+$� *()-&

N)-O� E&� <a^eTa$� 6&� @&� @Pa$� P]S� <&� 9PeXTb$� llcTRW]^[^Vh� T]PQ[TS� WTP[cWm% �

X]bXVWcb� Ua^\� cfXccTa� P]P[hcXRb� fXcW� P� b^RX^%cTRW]XRP[� _Tab_TRcXeT$m� 4L#

QDOL@QHML@J� 5MROL@J� M E� 4LEMOK@QHML� 8@L@FDKDLQ$� e^[&� ,+$� __&� 0-%1/$�

*()0&

N).O� G&� <^WX[$� G&� JdXZ$� P]S� 6&� 9PaiX$� lGT]cX\T]c� P]P[hbXb� ^U� WTP[cW� RPaT�

cfTTcb2� aTeXTf� ^U� cWT� \TcW^Sb� dbTS$m� 584;�NRAJHB� GD@JQG� @LC� PROSDHJ#

J@LBD$� e^[&� ,$� ]^&� *$� _&� T,+$� *()0&

N)/O� ;&� ETSaTV^bP$� <&� JPa^`dPdg$� 6&� <aP\U^ac$� J&� BXRWT[$� 7&� HWXaX^]$�

D&� <aXbT[$� B&� 7[^]ST[$� E&� EaTccT]W^UTa$� F&� KTXbb$� J&� 9dQ^daV$� DQ� @J$"�

lGRXZXc%[TPa]2� BPRWX]T� [TPa]X]V� X]� _hcW^]$m� QGD� 5MROL@J� M E� K@BGHLD�

7D@OLHLF� ODPD@OBG"� e^[&� )*$� __&� *0*-%*0+($� *())&

N)0O� G&� 6WdYP� P]S� <&� 9dQTh$� l8[dbcTaX]V� P]S� bT]cX\T]c� P]P[hbXb� ^]� cfXccTa�

SPcP$m� X]�(&'*�(LC�4LQDOL@QHML@J�.MLEDODLBD�ML� =DJDBMKKRLHB@QHML�@LC�

9DQTMOIP�  =07#90=!$� >:::$� *()/$� __&� )%-&


