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DEFGHDIG
JK LMNO PQPRS T UR PSRORKL KVWRX LRYMKNZ[RO \VS ]XNK^X_ ORPQ`
SQLNKa b NcL[SRO V\ NKOLQKLQKRV[OX_`b NcR^ OV[SYRO d eMR QX`
aVSNLMb O QSR Q]XR LV ORPQSQLR b NcL[SRO V\ QS]NLSQS_ KVK`
fRSV`g[SLVONO OV[SYRO U NLMV[L OP RYNhY gKVU XR^aR V\ QK^ U NLM`
V[L ROLNb QLNKa LMR OLQLNOLNYO V\ LMR NK^NWN^[QXX_`RcLSQYLR^
OV[SYRO d iVLM VSLMVaVKQX YVKLSQOL QK^ RZ[NWQSNQKL PSRUMNL`
RKNKajOV[SYR ORPQSQLNVK NbPXRb RKLQLNVKO QSR PSVWN^R^ d kV`
YQX OLQ] NXNL_ QKQX_ORO QK^ ONb[XQLNVKO V\ LMR PSVPVOR^ b RLM`
V^O WRSN\_ LMRNS Q]NXNLNRO LV ORPQSQLR QS] NLSQS_ OV[SYR b Nc`
L[SRO d

lm noGHpqrIGnpo
iXNK^ ONaKQX ORPQSQLNVK sittu SR\RSO LV Q aRKRSQX YXQOO V\ QP`
PSVQYMRO \VS RcLSQYLNKa NK^NWN^[QX OV[SYR ONaKQXO \SVb Q ORL
V\ XNKRQS b NcL[SRO U NLM XNLLXR LV KV gKVU XR^aR V\ LMR [K^RS`
X_ NKa ONaKQXO v YMQSQYLRSNOLNYO d e_PNYQXX_T LMR b Nc NKa PSVYROO
NO XNKRQS T O[YM LMQL Q XNKRQS ^Rb Nc NKa LSQKO\VSb QLNVK V\ LMR
b NcL[SR YVbPVKRKLO PSV^[YRO LMR ^RONSR^ ORPQSQLR^ ONaKQXO d
eMR aVQX V\ itt NO LV ^RLRSb NKR Q PSVYR^[SR ]_ UMNYM LV Q^`
w [OL LMR PQSQb RLRSO V\ LMR ^Rb Nc NKa O_OLRb U NLMV[L OP RYNhY
gKVU XR^aR V\ LMR b Nc NKa PSVYROO KVS V\ LMR OV[SYR ONaKQXO v
YMQSQYLRSNOLNYO d

xRKRSQXX_T itt QPPSVQYMRO \QXX NKLV VKR V\ LUV YXQOORO y
z {|}~������~|{ QPPSVQYMRO LMQL QLLRbPL LV b QLYM QO

YXVORX_ QO PVOON] XR LMR w VNKL ^RKONL_ V\ LMR LSQKO\VSb R^
V[LP[LO LV Q YQK^N^QLR ^RKONL_ UMVOR YVbPVKRKLO QSR
NK^RPRK^RKL T QK^

z ��}���~����~|{ QPPSVQYMRO LMQL RbPXV_ Q YVOL \[KYLNVK
VS YVKLSQOL UMVOR RcLSRb Q VWRS LMR ORL V\ YQK^N^QLR
^Rb Nc NKa LSQKO\VSb QLNVKO YVSSROPVK^ LV LS[R ^Rb Nc`
NKa LSQKO\VSb QLNVKO d

� XaVSNLMb O \VS ^RKONL_`]QOR^ ONaKQX ORPQSQLNVK MQWR ]RRK
^RWRXVP R^ [ONKa LMR YXQOONY YVKYRPLO V\ b NK Nb[b RKLSVP_T
b Qc Nb[b XNgRXNMVV^ T b NK Nb[b b[L[QX NK\VSb QLNVK T QK^
LMR XNgR ���� ��� d t[YM QXaVSNLMb O QSR bVOL`[OR\[X UMRK LMR
OV[SYR ONaKQXO MQWR ONb NXQS ^RKONLNRO � VLMRSU NOR T Q YVbP[LQ`
LNVKQXX_`RcPRKONWR PSVYR^[SR \VS ROLNb QLNKa LMR b QSaNKQX
^RKONLNRO V\ LMR YQK^N^QLR V[LP[L ONaKQXO NO SRZ[NSR^ ��� d
�LMRS �{ � �� PSVYR^[SRO \VS Q^w [OLNKa LMR b QSaNKQX ^RK`
ONL_ bV^RXO MQWR QXOV ] RRK PSVPVOR^ ��� ][L QSR aRKRSQXX_

���� � ������� �� ����� �� ����  � ¡� ¢¡�£ � ��¡���� �¤ ���
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[KOQLNO\QYLVS_ UMRK KV gKVU XR^aR V\ LMR OV[SYR ONaKQXO NO
QWQNXQ] XR d JK O[YM YQORO T YVKLSQOL`]QOR^ QPPSVQYMRO QSR LV
] R PSR\RSSR^ T QO LMR_ V´RS b[YM bVSR SV][OL ROLNb QLNKa
Z[QXNLNRO U NLM Q b NKNb[b V\ YVbP[LQLNVKQX R´VSL d

JK LM NO PQPRS T UR ^RWRXVP KRU Q^QPLNWR VK`XNKR PSVYR`
^[SRO \VS YVKLSQOL`]QOR^ ]XNK^ ONaKQX ORPQSQLNVK V\ QS] NLSQS_
OV[SYR b NcL[SRO d eMR PSVPVOR^ QXaVSNLMb O QSR KVK`LSNW NQX
RcLRKONVKO V\ LMR LMR NLRSQLNWR g[SLVONO`]QOR^ RcLSQYLNVK PSV`
YR^[SRO ^ROYSN] R^ NK �µ T ¶� QO URXX QO LMR ·�tJ QXaVSNLMb
^ROYSN] R^ NK �¸� d eMR [KNZ[R QK^ OQXNRKL \RQL[SRO V\ LMR
PSVPVOR^ b RLMV^O QSR QO \VXXVU O y
�d � XX V\ LMR b RLMV^O QSR Q]XR LV ORPQSQLR b NcL[SRO V\ QS`
] NLSQS_ KVK`fRSV`g[SLVONO OV[SYRO d
¹ d eMR VKX_ gKVU XR^aR SRZ[NSR^ Q]V[L LMR OV[SYR ONaKQX
^NOLSN][LNVKO QSR LMR K[b]RSO V\ PVONLNWR` QK^ KRaQLNWR`
g[SLVONO OV[SYRO YVKLQNKR^ NK LMR b NcL[SRO d
� d eMR b RLMV^O ^V KVL QLLRbPL LV ROLNb QLR LMR OLQLNOLNYO
V\ LMR RcLSQYLR^ OV[SYRO � LM[O T LMRNS ORPQSQLNVK Q]NXNLNRO ^V
KVL ^RPRK^ VK O[YM ROLNb QLNVK PSVYR^[SRO d
� d eMR b RLMV^O v YVbPXRc NLNRO OYQXR XNKRQSX_ U NLM LMR ONfR V\
LMR ^Rb Nc NKa b QLSNc d
ºR PSVWN^R ^RLQNXR^ XVYQX OLQ]NXNL_ QKQX_ORO V\ QXX V\ LMR
PSVPVOR^ VSLMVaVKQX YVKLSQOL`]QOR^ itt bRLMV^O T LMSV[aM
UMNYM LMRNS Q]NXNLNRO LV ORPQSQLR QS] NLSQS_ ONaKQX b NcL[SRO NO
NK^NYQLR^ d tNb[XQLNVKO OMVU LMQL LMR PSVPVOR^ b RLMV^O YQK
ORPQSQLR b NcL[SRO V\ PVONLNWR` QK^ KRaQLNWR`g[SLVONO OV[SYRO
U NLMV[L OP RYNhY gKVU XR^aR V\ RQYM OV[SYR vO ^NOLSN][LNVK d

» m H¼½ n¼¾ p¿ IpoGHDFGÀEDF¼q EFF
ÁNa d � V[LXNKRO LMR OLS[YL[SR V\ YVKLSQOL`]QOR^ itt d eMR
OV[SYR WRYLVS ORZ[RKYR Â sÃ u Ä �Å Æ sÃ u Ç Ç Ç ÅÈ sÃ u�É PQOORO
LMSV[aM QK [KgKVUK sÊ Ë Êu b Nc NKa b QLSNc D ]R\VSR ] RNKa
b RQO[SR^ QO LMR WRYLVS ORZ[RKYR Ì sÃ u Ä �Í Æ sÃ u Ç Ç Ç ÍÈ sÃ u�É d
ºR MQWR QOO[b R^ LMQL LMR K[b]RS V\ OV[SYRO RZ[QXO LMR
K[b]RS V\ ORKOVSO T QXLMV[aM LMR QXaVSNLMb O NK LM NO PQPRS
YQK ]R [OR^ NK LMR bVSR`ORKOVSO`LMQK`OV[SYRO YQOR QO URXX d

eUV b QLSNYRO QSR RbPXV_R^ NK LMR ORPQSQLNVK PSVYROO d
eMR hSOL b QLSNc Î sÃ u P RS\VSb O ONaKQX PSRUMNLRKNKa T O[YM
LMQL LMR PSRUMNLRKR^ ORZ[RKYR Ï sÃ u ^RhKR^ QO

Ï sÃ u Ä Î sÃ uÌ sÃ u Ä Î sÃ uD Â sÃ u s�u
YVKLQNKO [KYVSSRXQLR^ RXRb RKLO U NLM [KNL WQSNQKYR T VS

Ð ÑÏ sÃ uÏÉ sÃ uÒ Ä n Ó s¹u
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ÁNa d �y i XVYg ^NQaSQb V\ YVKLSQOL`]QOR^ itt d
UMRSR Ð Ñ ÇÒ ^RKVLRO OLQLNOLNYQX RcPRYLQLNVK d J\ Î sÃ u NO N^R`
QXX_ ROLNb QLR^ T LMR PSRUMNLRKR^ b Nc NKa b QLSNc ^RhKR^ QO� Ä ÎD s�u
NO � RSb NLNQK T O[YM LMQL ��É Ä �É � Ä n d xRKRSQXX_T Î YQK
]R ROLNb QLR^ [ONKa K[bRSNYQXX_`SV][OL PSVYR^[SRO O[YM QO
LMR ONKa[XQS`WQX[R`^RYVbPVONLNVK st�� u T QK^ Q^QPLNWR PSV`
YR^[SRO \VS PSNKYNPQX YVbPVKRKL QKQX_ONO YQK ]R bV^NhR^
LV PRS\VSb LMR PSRUMNLRKNKa LQOg d tRR �� � \VS b VSR ^RLQNXO
NK ��� bRLMV^O d

eMR ORYVK^ b QLSNc U NLMNK LMNO O_OLRb T ^RKVLR^ QO ¾ sÃ u T
NO Q^QPLR^ [ONKa Q YVKLSQOL`]QOR^ itt QXaVSNLMb LV OVXWR
LMR \VXXVU NKa YVKOLSQNKR^ VPLNb NfQLNVK PSV]XRb y

b QcNb NfR � s¾ sÃ uu Ä
È�	
 Æ Ð Ñ�	 s�	 sÃ uuÒ s�u

O[YM LMQL ¾ sÃ u¾ É sÃ u Ä n Ó sµu
UMRSR 

sÃ u Ä ¾ sÃuÏ sÃ u s¶u
QK^ �	 s� u NO LMR �LM YVKLSQOL \[KYLNVK d eMNO PSVYR^[SR NO
O[YYROO\[ X N\ ¾ sÃ u YVKWRSaRO LV LMR YVb]NKR^ O_OLRb bQLSNc
OVX[LNVK

I sÃ u Ä ¾ sÃ u� �� �� Ó s¸u
UMRSR � NO QK sÊ ËÊ u PRSb[LQLNVK b QLSNc QK^ � NO Q ^NQaVKQX
b QLSNc V\ � �vO d

º MNXR K[b RSV[O QXaVSNLMb O YV[X^ ]R YVKON^RSR^ T UR
OMQXX \V Y[O VK aSQ^NRKL QPPSVQYMRO LV YVKLSQOL`]QOR^ itt NK
LMNO PQPRS d xSQ^NRKL b RLMV^O QSR YVbP[LQLNVKQXX_`ONbPXR
QK^ [O[QXX_ SRZ[NSR XROO NK\VSb QLNVK Q]V[L LMR YVKLSQOL \[KY`
LNVK O[S\QYR QO YVbPQSR^ LV VLMRS b RLMV^O d JK Q^^NLNVK T
aSQ^NRKL itt LRYMKNZ[RO YQK RQONX_ RcLRK^R^ LV LMR ONKaXR`
QK^ b[XLNYMQKKRX ] XNK^ ^RYVKWVX[LNVK LQOgO ��� d

eMR YMVNYRO V\ LMR YVKLSQOL \[KYLNVKO �	 s� u NK s�u P XQ_
Q YSNLNYQX SVXR NK LMR O[YYROO V\ YVKLSQOL`]QOR^ itt d �VK`
WRSaRKYR V\ ¾ sÃ u LV s� u ^RPRK^O VK LMR NKLRSQYLNVK V\ LMR
OV[SYR PSV]Q]NXNL_ ^RKONL_ \[KYLNVKO sP d^ d\ dvOu QK^ LMR YMV`
ORK �	 s� u d ÁVS RcQbPXR T YMVVONKa�	 s� u Ä �	 s� u Ä OaK ��	 � �� �� s�u
\VS QXX � � � � Ê T UMRSR �	 Ä Ð Ñ �� 	 sÃ u �� Ò � � NO LMR
g[SLVONO V\ LMR �LM RcLSQYLR^ [KNL`WQSNQKYR ONaKQX a[QSQK`
LRRO LMR RcLSQYLNVK V\ QXX KVK`fRSV`g[SLVONO OV[SYRO NK Â sÃ u
�µ T �� T �� T �¹� d �VLR LMQL LMNO PSVP RSL_ NO KVL aRKRSQXX_
OMQSR^ ]_ VLMRS RWRK`O_bbRLSNY \[KYLNVKO �	 s� u � ORR ���� \VS
Q bVSR`^RLQNXR^ ^NOY[OONVK V\ LMROR NOO[RO d ÁVS LM NO SRQOVK T
UR OMQXX \V Y[O VK b RLMV^O LMQL [OR g[SLVONO`]QOR^ YSNLRSNQ
NK UMQL \VXXVU O d

JL NO P VOON]XR LV YVb]NKR LMR PSRUMNLRK NKa QK^ VSLMVa`
VKQX ORPQSQLNVK b QLSNYRO NKLV VKR b QLSNc E sÃ u QO

E sÃ u Ä ¾ sÃuÎ sÃ u � s�u�VKLSQOL`]QOR^ itt NO LMRK \VSb[XQLR^ QO

b Qc Nb NfR � sE sÃ uu Ä
È�	
 Æ Ð Ñ�	 s� 	 sÃ uuÒ s��u

O[YM LMQL Ð Ñ

sÃ u


É sÃ uÒ Ä n � s��u

� XaVSNLMb O \VS P RS\VSb NKa LM NO w VNKL VPLNb NfQLNVK NK QK NL`
RSQLNWR \QOMNVK URSR PNVKRRSR^ NK �¸� d JK LM NO PQPRS T UR OMQXX
\V Y[O VK LMR VSLMVaVKQXNfR^ YVKLSQOL \VSb[XQLNVK NK s�u� sµu
\VS P[SPVORO V\ ^RSNWQLNVK d eMRK T UR OMVU MVU LMR SRO[XL`
NKa QXaVSNLMb O YQK ]R YVb]NKR^ U NLM ONbPXR PSRUMNLRK NKa
PSVYR^[SRO LV NLRSQLNWRX_ OVXWR s�� u� s��u d

� m DoD�� FnF� ml m D� !Â"Â #$  � p %&'%'& H#( ("#� r)& ('
eMR KVWRX YVKLSQOL`]QOR^ b RLMV^O ^ROYSN] R^ NK LMNO PQPRS
QSR ]QOR^ VK LMR UVSg NK �¶� T NK UMNYM LMR \VXXVU NKa VS^RSR^`
SVLQLNVK [P^QLR UQO hSOL PSVPVOR^ y
¾ sÃ * �u Ä ¾ sÃu * q + ,LSN �¾ sÃ u¾ É sÃ u�$ s sÃ uuÏÉ sÃ u� LSN �


sÃ u$ É s


sÃ uu�¾ sÃ u- Ó s�¹u

UMRSR
¾ sÃ u Ä �. Æ sÃ u Ç Ç Ç . È sÃ u�É s��u$ s u Ä �/ Æ s� Æu Ç Ç Ç /È s�È u�É s��u/	 s� u Ä 0 �	 s� u0 � s�µu

1LSN �¾ sÃ u¾ É sÃ u�2 Ä 3 . É	 sÃ u.4 sÃ u N\ � � 5� N\ � 6 5 s�¶u

QK^ q + NO Q ^NQaVKQX b QLSNc U NLM OLRP ONfR RKLSNRO 74 d º MNXR
QK QKQX_ ONO V\ s�¹u UQO PSVWN^R^ NK �¶� T LMR SRO[ XLO ^V KVL
YXRQSX_ ^RXNKRQLR LMR ORPQSQLNVK YQPQ]NXNLNRO V\ LMNO PSVYR`
^[SR d8 RYRKLX_T LMR ] RMQWNVSO V\ Q ^N´RSRKL ORL V\ PSRUMNLRKR^
itt bRLMV^O MQO ] RRK QKQX_fR^ [ONKa QK VS^NKQS_ ^N´RS`
RKLNQX RZ[QLNVK s��·u QPPSVQYM ��� T �µ� d � RSR T UR PRS\VSb
Q ONb NXQS QKQX_ONO V\ s�¹u ]_ YVKON^RSNKa NLO YVSSROPVK^NKa
QWRSQaR^ ��·9¾9: Ä q + ,LSN �¾¾ É �Ð Ñ$ s uÏ É Ò� LSN �Ð Ñ

$ É s

uÒ� -¾ s�¸u

LV ^RLRSb NKR LMR RcQYL YVK^NLNVKO VK 7 	 T /	 s� u T QK^ LMR ^NO`
LSN][LNVK V\ LMR RcLSQYLR^ V[LP[LO LMQL a[QSQKLRR Q OLQ]XR
ORPQSQLNKa OVX[LNVK d eMR XVYQX OLQ]NXNL_ PSVPRSLNRO V\ s�¸u
QSR ^ROYSN] R^ ]_ LMR \VXXVU NKa LMRVSRb QK^ PSVV\ d
G;'#%'< l = > ����?��� �@ ABCD E ��F � � > |G�����}H >�?F ���} I

�d� ÁVS Ob QXX P RSL[S]QLNVKO Q]V[L ¾ Ä ���É LMQL b QNK`
LQNK ^RYVSSRXQLNVK QK^ ORPQSQLNVK V\ LMR O_OLRb V[L`
P[LO O[YM LMQL


Ä �� Â T s�¸u NO XV YQXX_`OLQ]XR NK LMR

PSRUMNLRKR^ itt LQOg \VS WQX[RO V\ 7 	 OQLNO\_ NKa7 	 1Ð Ñ� 	/	 s� 	 uÒ � Ð Ñ/ J	 s�	 uÒ2 6 � � s��u
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�d¹ ÁVS Ob QXX P RSL[S]QLNVKO Q]V[L ¾ Ä ���É LMQL VKX_
QXLRS LMR b QaKNL[^RO V\ LMR ^RYVSSRXQLR^ QK^ ORPQ`
SQLR^ O_OLRb V[LP[LO T s�¸u NO b QSaNKQXX_ OLQ] XR NK LMR
PSRUMNLRKR^ itt LQOg \VS QXX 7 �Ä � d� ���@ � ºR bQ_ YVKON^RS LMR ^N´RSRKLNQX [P^QLR NK LMR YVb `

]NKR^ O_OLRb bQLSNc
I Ä ¾ � s��u

]_ PVOL`b[XLNP X_ NKa s�¸u VK ]VLM ON^RO ]_ � QK^ NKORSLNKa��É ]RLURRK ¾ QK^ ¾ É VK LMR 8� t V\ LM NO [P^QLR d eMNO
VP RSQLNVK PSV^[YRO9I9: Ä q + ,LSN �IIÉ �Ð Ñ$ sIÂuÂÉ Ò� LSN �IÐ ÑÂ$ É sIÂuÒ� -I s¹� u
�OO[b NKa RWRK`O_bbRLSNY OV[SYR ^NOLSN][LNVKO QK^ YVKLSQOL
\[KYLNVKO T UR VKX_ KRR^ LV YVKON^RS XV YQX OLQ] NXNL_ Q]V[L

I Ä sn * � u� Ó s¹ �u
UMRSR LMR b QaKNL[^RO V\ LMR RXRb RKLO V\ LMR P RSL[S]QLNVK
b QLSNc � OQLNO\_ �� 	4 s:u � � Ê� Æ QL LNb R : Ä � d ·bPXV_ NKa
Q eQ_XVS ORSNRO RcPQKONVK \VS $ sIÂu T UR V]LQNK$ sIÂu Ä $ s u * ¿ J s u� * � sÑ� 	4 ��� Òu Ó s¹¹u
UMRSR


Ä �� Â T ¿ J s u NO Q ^NQaVKQX b QLSNc UMVOR �LM ^N`

QaVKQX RKLS_ NO / J	 s� 	 u QK^ � sÑ� 	4 ��� Òu ^RKVLRO LRSb O V\
ORYVK^` QK^ MNaMRS`VS^RS NK LMR RXRb RKLO V\ � d t[]OLNL[`
LNVK V\ s¹�u QK^ s¹¹u NKLV s¹�u aNWRO9�9: Ä q 	 1sLSN �� * � É �
 s


u * Ð Ñ¿ J s u�

É Ò� LSN ��
 s

u * Ð Ñ


É � É ¿ J s uÒ� � 
 s


u�2* � sÑ� 	4 ���Òu Ó s¹�u

UMRSR 
 s

u QO Q ^NQaVKQX b QLSNc UMVOR s� Ó �uLM RKLS_ NO

Ð Ñ�	/	 s�	 uÒ d ºR KVU RWQX[QLR LMR RcPRYLQLNVKO NK s¹�u T
KVLNKa LMQL RQYM /	 s� u NO QK V^^ \[KYLNVK QK^ LMR b QSaNKQX
^RKONL_ V\ RQYM Å	 NO O_bbRLSNY d eMNO VP RSQLNVK _NRX^O Q ORL
V\ Ê � YV[PXR^ RZ[QLNVKO d ÁVS � 6 5 T UR MQWR9� 	49: Ä �7	 1Ð Ñ�	/	 s�	 uÒ � Ð Ñ� �4 / J	 s�	 uÒ2 � 	4 s¹�u9�4 	9: Ä �74 1Ð Ñ�4 /4 s�4 uÒ � Ð Ñ� �	 / J4 s�4 uÒ2 �4 	* 74 1Ð Ñ�	 /	 s�	 uÒ � Ð Ñ� �4 / J	 s�	 uÒ2 � 	4 Ó s¹µu
QK^ \VS � � � � Ê T UR MQWR9� 		9: Ä � Ó s¹¶u
UMRSR LRSb O V\ ORYVK^` QK^ MNaMRS`VS^RS MQWR ]RRK KRaXRYLR^ d

ÁSVb s¹�u� s¹µu T LMR ] RMQWNVS V\ � 	4 QK^ �4 	 QSR PQNS`
U NOR YV[PXR^ \VS QXX � � � � 5 � Ê d ºR YQK YVb]NKR s¹�u
QK^ s¹µu NKLV VKR b QLSNc ^N´RSRKLNQX RZ[QLNVK99:  � 	4�4 	 � Ä �  7 	�	 ��74 �	 74 �4 �  � 	4�4 	 � Ó s¹¸u

UMRSR UR MQWR ^RhKR^ LMR Z[QKLNL_�	 Ä Ð Ñ�	/	 s�	 uÒ � Ð Ñ/ J	 s�	 uÒ � s¹�u

� XRQSX_T LMR LSQKONLNVK b QLSNc VK LMR 8� t V\ s¹¸u MQO KRa`
QLNWR RNaRKWQX[RO UMRK s��u NO OQLNOhR^ d JK O[YM YQORO T LMR
V´`^NQaVKQX RXRb RKLO V\ � QSR QXX XV YQXX_ OLQ]XR Q]V[L fRSV TQK^ LMNO YVK^NLNVK YVSSROPVK^O LV ORPQSQLR^ QK^ ^RYVSSR`
XQLR^ V[LP[L ONaKQXO T WRSN\_ NKa eMRVSRb �d�d � VSRVWRS T UR
ORR \SVb s¹¶u LMQL LMR ^NQaVKQX RKLSNRO V\ � QSR b QSaNKQXX_`
OLQ]XR \VS OYQXR`VK X_ P RSL[S]QLNVKO V\ LMR O_OLRb V[LP[LO d
eM[O T eMRVSRb �d¹ NO PSVWRK � d� |� ��� � eMR OLQ]NXNL_ YVK^NLNVK NK s�� u NO ^N´RSRKL \SVb
LMQL \VS LMR ORPQSQLNVK OYMRb RO ^ROYSN] R^ NK �¸ T �� T �µ� d JK
PQSLNY[ XQS T LMR b RLMV^O ^ROYSN] R^ NK ��� T �µ� a[QSQKLRR XVYQX
OLQ]NXNL_ \VS ORPQSQLNVK N\ QK^ VKX_ N\7 ��	 * �4 � 6 � s¹�u
\VS N^RKLNYQX XRQSK NKa PQSQb RLRSO 7 Ä 7 	 d º MNXR s¹�u NO XROO
OLSNKaRKL LMQK s�� u \VS N^RKLNYQX 7 	 NK LMR \VSb RS YQOR T UR
OMQXX OMVU LMQL itt bRLMV^O ]QOR^ VK LMR OYMRb R NK s�¹u
YQK ]R ^RONaKR^ LV PSVWN^R ORPQSQLNVK V\ QS] NLSQS_ b NcL[SRO T
NK UMNYM s¹�u ^VRO KVL MVX^ \VS Q ONKaXR hcR^ 7 Ä 7 	 d
� m» m F'!$ÀF( � "!"�'& p%&'%'&ÀH#( ("#� � '(;#&Â
� XLMV[aM eMRVSRb �d� NK^NYQLRO LMQL LMR [P^QLR NK s�¹u NO Q
PVLRKLNQXX_`[OR\[ X itt PSVYR^[SR T LMR NKQ]NXNL_ V\ LMNO QXaV`
SNLMb LV PSRORSWR LMR [KNL WQSNQKYRO V\ LMR V[LP[L ONaKQXO QO
NK^NYQLR^ ]_ eMRVSRb �d¹ PVORO K[b RSNYQX ^N� Y[ XLNRO d tNb `
[XQLNVKO OMVU LMQL LMR XRKaLMO V\ LMR SVU O V\ ¾ sÃ u LRK^
LV aSVU U NLMV[L ]V[K^ UMRK s�¹u NO [OR^ T YQ[ONKa RWRKL[QX
\QNX[SR V\ LMR PSVYR^[SR d ÁVSL[KQLRX_T OXNaML bV^NhYQLNVKO V\
LMR [P^QLRO YQK _ NRX^ ~|?@ �~����?�� �}H QXaVSNLMb O LMQL NbPXNY`
NLX_ b QNKLQNK LMR VSLMVKVSb QXNL_ V\ ¾ sÃ u VWRS LNb R d tNb `
NXQS PSVYR^[SRO MQWR ]RRK [OR^ \VS VLMRS b QSaNKQXX_`OLQ]XR
PSRUMNLRKR^ itt PSVYR^[SRO ��� T �µ� QO URXX QO \VS PSNKYNPQX
QK^ b NKVS O[]OPQYR QKQX_ONO b RLMV^O ��¶� d

eMR hSOL ORX\`OLQ]NXNfR^ b RLMV^ NO Q b NKVS aRKRSQXNfQLNVKV\ LMR VS^RSR^`SVLQLNVK �[NY� RL PSVYR^[SR \VS RcLSQYLNKa
PVONLNWR`g[SLVONO OV[SYRO NK �¶� QK^ NO

¾ sÃ * �u Ä ¾ sÃ u * q + ,$ s sÃ uuÏÉ sÃ u� LSN �

sÃ u$ É s


sÃ uu�¾ sÃ u- � s��u

eMR \VXXVU NKa LMRVSRb ^ROYSN] RO LMR L_PRO V\ b NcL[SRO \VS
UMNYM LMNO QXaVSNLMb NO Q WQXN^ itt PSVYR^[SR T NK UMNYM NLO
YVSSROPVK^NKa ��· NO9¾9: Ä q + ,Ð Ñ$ s uÏ É Ò� LSN �Ð Ñ

$ É s

uÒ�¾ - � s� �u

G;'#%'< » = > ����?��� �@ A�BD E ��F � � > |G�����}H >�?F ���} IÁVS QK_ Ob QXX P RSL[S]QLNVKO Q]V[L ¾ Ä ���É T s� �u NO
XV YQXX_`OLQ] XR NK LMR PSRUMNLRKR^ itt LQOg \VS WQX[RO V\ 7 	OQLNO\_ NKa \VS QXX � � � � Ê QK^ � � 5 LMR YVK^NLNVKO7 	�	 6 � s�¹u74 ��4 * �	 * Ð Ñ/ J	 s�	 uÒ�� 6 � s��u7 	Ð Ñ�	 /	 s� 	 uÒ 6 � s��u� ���@ � eMR OLS[YL[SR V\ LMR PSVV\ XQSaRX_ PQSQXXRXO LMQL \VS
eMRVSRb �d i_ \VXXVU NKa Q ONb NXQS PSVYR^[SR T UR ^RLRSb NKR
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QK RWVX[LNVKQS_ RZ[QLNVK \VS LMR P RSL[S]QLNVK b QLSNc � NK
s¹�u \SVb s��u QO9�9: Ä q + 1Ð Ñ¿ J s u�

É Ò� LSN ��
 s

u * Ð Ñ


É � É ¿ J s uÒ� � 
 s


u�2s�µu

eMR RWVX[LNVKO V\ LMR YVbPVKRKLO � 	4 QK^ �4 	 \VS � � 5
QSR QaQNK PQNSU NOR YV[PXR^ d eMR QPPSVc Nb QLR RWVX[LNVKQS_
]RMQWNVS V\ � 	4 NO ^ROYSN] R^ ]_ s¹�u T UMRSRQO9�4 	9: Ä �74 1Ð Ñ�4 / ��4 uÒ�Ð Ñ� �	 / J	 s�4 uÒ*Ð Ñ�	 /	 s�	 uÒ2�4 	� 74 Ð Ñ� �4 / J	 s�	 uÒ� 	4 s�¶u9� 		9: Ä �¹7 	Ð Ñ�	/	 s�	 uÒ� 		 s�¸u

^ROYSN] R LMR QPPSVc Nb QLR RWVX[LNVKO V\ �4 	 QK^ � 		 d�Vb]NKNKa s¹�u QK^ s�¶u T VKR V]LQNKO LMR RWVX[LNVKQS_
RZ[QLNVK \VS LMR PQNS Ñ� 	4 Ó�4 	Ò QO99:  � 	4�4 	 � Ä �� �� �	4  � 	4�4 	 � s��u
� �� �	4 Ä  7 	�	 �74 Ð Ñ/ J	 s� 	 uÒ 74 s�4 * �	 * Ð Ñ/ J	 s�	 uÒu � Ó s��u
UMRSR �	 NO QO ^RhKR^ NK s¹�u d iRYQ[OR � �� �	4 NO XVURS`
LSNQKa[XQS T LMR RNaRKWQX[RO V\ � �� �	4 QSR ONbPX_ NLO ^NQaVKQX
RXRb RKLO T QK^ SRZ[NSNKa LMROR RXRb RKLO LV ] R PVONLNWR PSV`
^[YRO LMR YVK^NLNVKO NK s�¹u QK^ s��u d Á NKQXX_T UR ORR LMQL
s�¸u NO XV YQXX_`YVKWRSaRKL N\ LMR LRSb PSRb[XLNP X_ NKa � 		 VKLMR 8� t V\ LMNO RZ[QLNVK NO KRaQLNWR T UMNYM PSV^[YRO LMR
YVK^NLNVK NK s��u d eMROR SRO[XLO PSVWR eMRVSRb ¹ � d

eMR ORYVK^ ORX\`OLQ]NXNfR^ b RLMV^ NO Q ONaK NhYQKL bV^`
NhYQLNVK V\ LMR VS^RSR^`SVLQLNVK �[NY� RL PSVYR^[SR \VS Rc`
LSQYLNKa KRaQLNWR`g[SLVONO OV[SYRO NK �¶� QK^ NO aNWRK ]_

¾ sÃ * �u Ä ¾ sÃ u * q + ,LSN �¾ sÃ u¾ É sÃ u� Ë
LSN �¾ sÃ u¾ É sÃ u�$ s sÃ uuÏ É sÃ u� LSN �


sÃ u$ É s


sÃ uu�¾ sÃ u- s��u

eMR \VXXVU NKa LMRVSRb ^ROYSN] RO LMR L_PRO V\ b NcL[SRO \VS
UMNYM LMNO QXaVSNLMb NO Q WQXN^ itt PSVYR^[SR T NK UMNYM NLO
YVSSROPVK^NKa ��· NO9¾9: Ä q + ,LSN �¾¾ É �LSN �¾¾ É �Ð Ñ$ s uÏ É Ò� LSN �Ð Ñ

$ É s

uÒ�¾- s� �u

G;'#%'< � = > ����?��� �@ A� BD E ��F � � > |G�����}H >� ?F ���} IÁVS QK_ Ob QXX P RSL[S]QLNVK Q]V[L ¾ Ä ���É T s� �u NO
XV YQXX_`OLQ]XR NK LMR PSRUMNLRKR^ itt LQOg \VS WQX[RO V\ 7 	OQLNO\_ NKa \VS QXX � � � � Ê QK^ � � 5 LMR YVK^NLNVKO7 	�	 6 � s�¹u74 ��4 � �	 � Ð Ñ/ J	 s�	 uÒ�� 6 � s��u7 	Ð Ñ�	/	 s�	 uÒ � � s��u

� ���@ � eMR PSVV\ V\ LM NO LMRVSRb NO ONb NXQS LV LMQL V\ eMR`
VSRb ¹ d eMR RWVX[LNVKQS_ RZ[QLNVK \VS � ^RSNWR^ \SVb s� �u
_ NRX^O Q PQNSU NOR w VNKL [P^QLR \VS Ñ� 	4 Ó�4 	Ò T � � 5 QO99:  � 	4�4 	 � Ä �� �� �	4  � 	4�4 	 � s�µu

� ���	4 Ä
�� 7 	�	 �3�74 s�¹�	� Ð Ñ/ J	 s� 	 uÒu� 74 s�4 � �	 � Ð Ñ/ J	 s� 	 uÒu 	
 s�¶u

8 RZ[NSNKa ]VLM ^NQaVKQX RXRb RKLO V\ � �� �	4 LV ] R PVONLNWR
PSV^[YRO LMR YVK^NLNVKO NK s�¹u QK^ s��u d Á NKQXX_T LMR RWV`
X[LNVKQS_ ]RMQWNVS V\ � 		 V]R_O9� 		9: Ä ¹7 	Ð Ñ�	 /	 s� 	 uÒ� 		 � s�¸u

ºR SRZ[NSR s��u \VS LM NO RZ[QLNVK LV YVKWRSaR d eQgRK LV`
aRLMRS T LMROR SRO[ XLO PSVWR LMR LMRVSRb � d

� m Ip�Eno¼q EFF ¿pH DHEnGHDH�� n�GrH¼F
eMR QKQX_LNYQX SRO[XLO V\ LMR PSRWNV[O ORYLNVK OMQXX KVU ]R
[OR^ LV ^RWRXVP QXaVSNLMb O LMQL ] XNK^X_ RcLSQYL ONaKQXO \SVb
QS]NLSQS_ b NcL[SRO d eMROR QXaVSNLMb O QSR NLRSQLNWR PSVYR`
^[SRO LMQL SRZ[NSR LMR \VXXVU NKa gKVU XR^aR Q]V[L LMR OV[SYR
ONaKQXO U NLM NK LMR b NcL[SRO y
z LMR OV[SYR WRYLVS Â sÃ u YVKLQNKO  KRaQLNWR`g[SLVONO QK^ �
PVONLNWR`g[SLVONO OV[SYRO T UMRSR  * � Ä Ê T QK^
z LMR WQX[RO V\  QK^ � QSR gKVUK d
·cLRKONVKO V\ LMROR b RLMV^O LV LMR YQOR V\ [KgKVUK K[b`
]RSO V\ PVONLNWR` QK^ KRaQLNWR`g[SLVONO OV[SYR b NcL[SRO QSR
LMR O[]w RYL V\ Y[SSRKL UVSg d

� ml m F'!$ÀF( � "!"�'& D !�#%"(;< $#% Î %'.;"('�'& EFF�VKON^RS LMR VS^RSR^`SVLQLNVK itt PSVYR^[SR NK s�¹u \VS LMR
YVbbVK KVKXNKRQSNL_ YMVNYR /	 s� u Ä � � \VS QXX � � � � Ê d
eMR SRO[ XLO V\ eMRVSRb �d� O[aaROL LMQL VKR OMV[X^ YMVVOR

OaK �7 	 � Ä OaK ��	 � s��u
\VS LM NO QXaVSNLMb T UMRSR �	 Ä Ð Ñ �� 	 sÃ u �� Ò � � NO LMR g[S`
LVONO V\ � 	 sÃ u d JK PSQYLNYR T VKR ^VRO KVL gKVU LMR ONaK V\
LMR g[SLVONO V\ LMR V[LP[L ONaKQX �	 sÃ u ] R\VSR LMR O_OLRb
MQO YVKWRSaR^ d eQgNKa LMR W NRUPVNKL ROPV[OR^ NK �µ� T MVU `
RWRS T UR KRR^ KVL ] R XNb NLR^ NK LM NO UQ_d J\ LMR K[b]RS V\
KRaQLNWR` QK^ PVONLNWR`g[SLVONO OV[SYRO NO gKVUK � G ������LMRK UR YQK

YMVVOR 7 	 � � N\ � �  s��u
YMVVOR 7 	 6 � N\ � 6  sµ�u

NK s�¹u T QK^ LMR QXaVSNLMb U NXX RcLSQYL LMR KRaQLNWR`g[SLVONO
OV[SYRO NK LMR hSOL  O_OLRb V[LP[LO QK^ LMR � PVONLNWR`
g[SLVONO OV[SYRO NK LMR SRb QNKNKa O_OLRb V[LP[LO d eMR OLQ`
] NXNL_ YVK^NLNVKO V\ eMRVSRb �d� U NXX ] R OQLNOhR^ QL Q ORPQ`
SQLNKa OVX[LNVK U NLM LMROR YMVNYRO ^[R LV LMR [KNZ[R RcLSRb Q
V\ LMR g[SLVONO YVKLSQOL \VS PSRUMNLRKR^ itt �µ� d
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eQ]XR �y �VKLSQOL`iQOR^ itt �XaVSNLMb \VS � SRUMNLRKR^� NcL[SRO
� �F����} �E �~
NKNLNQXNfR y ¾ s�u [KNLQS_
\VS Ã � � ^V�� sÃ u Ä � T �� sÃ u Ä �
\VS � Ä � LV  ^V�	 sÃ u Ä . É	 sÃ uÏ sÃ u Ê �
�	 sÃ u Ä 7 	� �	 sÃ u �Ê� 	 sÃ u Ä � 	� Æ sÃ u * �	 sÃ u. 	 sÃ u Ê �
N\ � � 
	 	 sÃ u Ä . É	 sÃ u� 	 sÃ u  Ê
� 	 sÃ u Ä � 	�Æ sÃ u * 	 	 sÃ u. 	 sÃ u  Ê

 	 sÃ u Ä . É	 sÃ u� 	 sÃ u  Ê. 	 sÃ * �u Ä . 	 sÃ u * 
 	 sÃ uÏ sÃ u � �	 sÃ u� 	 sÃ u ¹ Ê

RXOR. 	 sÃ * �u Ä . 	 sÃ u * �	 sÃ uÏ sÃ u � �	 sÃ u� 	 sÃ u ¹� Ê
RK^

RK^
���� ?� s�Ê * � * �uÊ

JK PSQYLNYR T LMR [P^QLR NK s�¹u ^VRO KVL b QNKLQNK LMR
OYQXRO V\ LMR RcLSQYLR^ V[LP[LO T QK^ \VS LM NO SRQOVK T UR YVK`
ON^RS QK QXLRSKQLNWR ORX\`OLQ] NXNfR^ b RLMV^ LMQL YVb]NKRO
LMR [P^QLRO NK s��u QK^ s��u NK Q YXRWRS UQ_d eMNO YVb `
]NKR^ [P^QLR NO

¾ sÃ * �u Ä ¾ sÃu * q + ,� sÃ u$ s sÃ uuÏÉ sÃ u� LSN �

sÃ u$ É s


sÃ uu�¾ sÃ u- sµ �u

� sÃ u Ä LSN� �¾ sÃ u¾ É sÃ u�LSN� �¾ sÃ u¾ É sÃ u� �
�É n � Ó sµ¹u

UMRSR LSN� �¾ sÃ u¾ É sÃ u� NO QK s Ë  u b QLSNc YVKLQNK`
NKa LMR hSOL  SVU O QK^ YVX[bKO V\ LSN �¾ sÃ u¾ É sÃ u� QK^/	 s� u Ä � � \VS QXX � d tRXRYLNVK V\ RQYM 7 	 \VS LM NO YVb]NKR^
[P^QLR \VXXVU O s��u� sµ�u d eMR KRcL LMRVSRb RcLRK^O LMR
XVYQX OLQ] NXNL_ SRO[ XLO V\ eMRVSRb O ¹ QK^ � LV sµ�u \VS UMNYM
LMR QOOVYNQLR^ ��· NO Vb NLLR^ \VS ]SRWNL_d
G;'#%'< � = > ����?��� �@ �� | E |��H |{ ��� �@ A�BD E ��F �
� > |G�����}H >� ?F ���} IÁVS QK_ Ob QXX P RSL[S]QLNVK Q]V[L ¾ Ä ���É T LMR QWRSQaR^
��· V\ sµ�u NO XV YQXX_ `OLQ] XR NK LMR PSRUMNLRKR^ itt LQOg
UMRK RcLSQYLNKa b NcL[SRO V\  KRaQLNWR` QK^ � PVONLNWR`
g[SLVONO OV[SYRO \VS LMR OLRP ONfR ORXRYLNVK NK s��u� sµ� u d� ���@ � �Vb]NK NKa LMR XVYQX OLQ] NXNL_ YVK^NLNVKO V\ eMRVSRb O
¹ QK^ � QK^ KVLNKa LMQL Ð Ñ/ J s�	 uÒ Ä �Ð Ñ� �	 Ò Ä � SRO[XLO NK
LMR YVbbVK ORL V\ YVK^NLNVKO 7 	�	 6 � sµ�u74 s�4 * OaK s�4 u ��	 * ��u 6 � � sµ�u
tNKYR �	 6 �� NO QXUQ_O LS[R T ]VLM sµ�u QK^ sµ�u QSR OQL`
NOhR^ N\ RQYM 7 	 OQLNOhRO s��u d eMR YVSSROPVK^RKYR ] RLURRK
s��u QK^ s��u� sµ�u LMRK \VXXVU O \SVb LMR RcLSRb Q PSVPRSLNRO
V\ LMR g[SLVONO YVKLSQOL NK �µ� � d� |� ��� � �XLMV[aM NL b NaML QPPRQS LMQL sµ �u SRZ[NSRO � sÊ � u
VP RSQLNVKO LV NbPXRb RKL T UR YQK [OR VS^RS`SRY[SONWR YQX`
Y[XQLNVKO LV NbPXRb RKL LMR XVURS`LSNQKa[XQS`b QLSNc`WRYLVS

eQ]XR ¹ y ·Z[NWQSNQKL itt � XaVSNLMb \VS �S]NLSQS_� NcL[SRO
� �F����} �E �~
NK NLNQXNfR y E s�u KVKONKa[XQS
\VS Ã � � ^V�� sÃ u Ä �

sÃ u Ä E sÃ uÌ sÃ u Ê �
� sÃ u Ä EÉ sÃ u


sÃ u Ê �

\VS � Ä � LV Ê ^V
�	 sÃ u Ä 7 	� �	 sÃ u �Ê
� 	 sÃ u Ä �	 sÃ u � �� 	 sÃ u Ê� 	 sÃ u Ä � 	� Æ sÃ u * �	 sÃ u. 	 sÃ u Ê �� 	 sÃ * �u Ä s� * � u� 	 sÃ u* � 	 sÃ u� sÃ u � �	 sÃ u� 	 sÃ u �Ê �

RK^
���� ?� ¶Ê � * �Ê

b[XLNPXNRO d eQ]XR � XNOLO Q SVU `]_`SVU NbPXRb RKLQLNVK V\ LMR
QXaVSNLMb T NK UMNYM LMR K[b]RS V\ b[XLNPX_ jQYY[b[XQLRO
s���Ou NO \V[K^ LV ]R V\ � sÊ � u d
� m» m D� ¼�� "Ï %" �( D !�#%"(;< $#% I#<� "�'& Î %'À.;"('�"��  �& EFF
eMR QXaVSNLMb NK sµ�u YQK ]R RQONX_ YVb]NKR^ U NLM Q URXX`
gKVUK KQL[SQX aSQ^NRKL PSRUMNLRK NKa PSVYR^[SR �¸ T �¸� d JK
LM NO QXaVSNLMb T


sÃ u NO YVbP[LR^ QO

sÃ u Ä E sÃ uÌ sÃ u Ó sµµu
UMRSR LMR sÊ Ë Ê u ORPQSQLNVK b QLSNc E sÃ u Ä �� Æ sÃ u Ç Ç Ç�È sÃ u�É NO Q^QPLR^ LV OQLNO\_ s� u� sµu QL YVKWRSaRKYR d �[R
LV OPQYR XNb NLQLNVKO T UR Vb NL LMR \[ XX ^RSNWQLNVK V\ LM NO QP`
PSVQYM QK^ aNWR VKX_ LMR hKQX \VSb V\ LMR QXaVSNLMb y
E sÃ * �u Ä s� * � uE sÃ u * �q + $ s sÃ uu � �


sÃ u� �É sÃ u� q + LSN � sÃ u$ É s


sÃ uu�E sÃ u sµ¶u

� sÃ u Ä EÉ sÃ u

sÃ u Ó sµ¸u

UMRSR /	 s� u Ä � � QK^ LMR ^NQaVKQX RKLSNRO V\ q + OQLNO\_
s��u� sµ� u d � O NO LMR YQOR \VS sµ �u T LMR [P^QLR NK sµ¶u YQK ]R
NbPXRb RKLR^ [ONKa � sÊ � u ���O � eQ]XR ¹ XNOLO LM NO VS^RS`
SRY[SONWR NbPXRb RKLQLNVK d� |� ��� � eMR [P^QLR NK sµ¶u SRORb]XRO LMR ·�tJ QXaVSNLMb
V\ �QS^VOV QK^ kQMRX^ �¸� T RcYRPL LMQL LMR V[LRS PSV^[YL
sÃ u$ É s


sÃ uu NK LMR ·�tJ [P^QLR MQO ] RRK SRPXQYR^ U NLM

VKX_ NLO XVURS`LSNQKa[XQS PVSLNVK d eMR OLQ]NXNL_ PSVPRSLNRO
V\ V[S PSVPVOR^ QXaVSNLMb T MVURWRS T QSR \[K^Qb RKLQXX_ ^N\`
\RSRKL \SVb LMVOR V\ ·�tJ d �KXNgR LMR QPPSVQYM OP RYNhR^
NK �¸� UMRSR OYQXNKa V\ LMR NK^NWN^[QX KVKXNKRQSNLNRO /	 s� uNK $ s sÃ uu NO O[aaROLR^ \VS OLQ]NXNL_T UR NKOLRQ^ ORXRYL YVb `
bVK OLRP ONfRO 7 	 ����~~ �� | ��� ~ V\ LMR b QLSNc E sÃ u NK LMR
YVKLSQOL PVSLNVK V\ LMR [P^QLR d t[YM Q YMVNYR NO ^NSRYLX_
bVLNWQLR^ \SVb LMR PSRWNV[O QKQX_ORO V\ LMR VSLMVaVKQXNfR^YVKLSQOL QPPSVQYMRO T QK^ ONb[XQLNVKO WRSN\_ LMR SV][OLKROO
V\ LMR PSVPVOR^ b RLMV^ d

� m Fn�r�DGnpoF
ºR KVU RcPXVSR LMR PSVPVOR^ itt bRLMV^O WNQ ONb[XQLNVKO d
JK QXX YQORO T UR MQWR b NcR^ \V[S [KNL`WQSNQKYR OV[SYRO�LUV
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(k), Eqn. (51)   

ÁNa d ¹ y ·WVX[LNVKO V\ � 	4 sÃ u \VS LMR VSLMVaVKQX YVKLSQOL itt
bRLMV^O NK LMR hSOL ONb[XQLNVK RcQbPXR d
[KN\VSb QK^ LUV kQPXQYNQK�U NLM LMR b Nc NKa b QLSNc

D Ä
�
��

� �¸ � �¹ � �� � �¶� �¹ � �� � �µ � ��� �µ � �� � �� � ��� �¶ � �� � �¸ � �� 	�
 � sµ�u
ÁVS LMR PSRUMNLRKR^ b RLMV^O T UR MQWR ORL Î Ä H �Æ T UMRSR
�H Ä D NO LMR �8 ^RYVbPVONLNVK T O[YM LMQL � Ä � d 8 QK`
^Vb NKNLNQX b QLSNYRO ¾ s�u OQLNO\_ NKa ¾ s�u¾ É s�u Ä n URSR
RbPXV_R^ NK RQYM YQOR T QK^ LMR PRS\VSb QKYR \QYLVSO

� 	4 sÃ u Ä
4��
	  � È

�
 Æ ���� sÃ ub Qc Æ���È ���� sÃ u � �� sµ�u
\VS Ñ� Ä �Ó 5 Ä ¹Ò QK^ Ñ� Ä � Ó 5 Ä �Ò URSR YVbP[LR^ \VS
RQYM QXaVSNLMb [ONKa QWRSQaRO V\ µ� ONb[XQLNVK S[KO d

ÁNa d ¹ OMVU O LMR RWVX[LNVKO V\ LMR P RS\VSb QKYR \QYLVSO
\VS sµ �u QO URXX QO LMR PVONLNWR` QK^ KRaQLNWR`g[SLVONO OV[SYR
RcLSQYLNVK b RLMV^O NK ��� T �µ� d � RSR T LMR WQX[RO V\ 7 Ä�� ��� � QK^ 7 Ä � ������ \VS LMR PVONLNWR` QK^ KRaQLNWR`
g[SLVONO QXaVSNLMb O NK ��� T �µ� PSV^[YR^ LMR OQb R OLRQ^_`
OLQLR P RS\VSb QKYR QO sµ�u U NLM 7 	 Ä �� ����� \VS � �  QK^7 	 Ä � ����� \VS � 6  d � O YQK ]R ORRK T LMR PSVPVOR^ QXaV`
SNLMb vO P RS\VSb QKYR NK RcLSQYLNKa KRaQLNWR`g[SLVONO OV[SYRO
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\VSb QKYR NbPSVWRb RKL V\ sµ �u VWRS LMR Rc NOLNKa b RLMV^ NK
RcLSQYLNKa PVONLNWR`g[SLVONO OV[SYRO NO ONaK NhYQKL T MVURWRS T
^[R LV LMR \VSb RS vO [OR V\ Q YVb]NKR^ [P^QLR d

Á Na d � OMVU O LMR RWVX[LNVKO V\ LMR P RS\VSb QKYR \QYLVSO
\VS LMR RZ[NWQSNQKL PSRUMNLRK NKajitt QXaVSNLMb NK sµ¶u T
UMRSR � Ä � ���¹ T 7 	 Ä �� ���¹ \VS � �  T QK^ 7 	 Ä� ����� \VS � 6  d � XRQSX_T LMR itt QXaVSNLMb RcLSQYLO ]VLM
PVONLNWR` QK^ KRaQLNWR`g[SLVONO OV[SYRO U NLMV[L gKVU NKa VS
ROLNb QLNKa QK_ V\ LMRNS OLQLNOLNYQX YMQSQYLRSNOLNYO d
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JK LMNO PQPRS T UR MQWR PSRORKLR^ QK^ QKQX_fR^ KVWRX QXaV`
SNLMb O \VS ORPQSQLNKa b NcL[SRO V\ QS] NLSQS_ OV[SYRO d eMR
QXaVSNLMb O QSR ONbPXR QK^ VKX_ SRZ[NSR gKVU XR^aR V\ LMR
K[b]RS V\ PVONLNWR` QK^ KRaQLNWR`g[SLVONO OV[SYRO U NLMNK
LMR b NcL[SRO LV \[KYLNVK d tNb[XQLNVKO WRSN\_ LMRNS SV][OL
RcLSQYLNVK Q]NXNLNRO d ·cLRKONVKO LV b[XLNYMQKKRX ] XNK^ ^R`
YVKWVX[LNVK QSR Y[SSRKLX_ ] RNKa ^RWRXVP R^ d
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