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|UQQ@ q=m CWoR=@ `@=D w |Q=PoCt}k Q@ |R=Ht C}ak=w uDiQo Q_v QO Q}F-=D w
'u}qv; p=v=m QO |�RH O=OQDU= CU=}U x�=Q= =@ 'Q[=L VywSB QO 'u}vJty "OwW|t
C}ak=w Q@ |Q=Pox}=tQU u=R}t w CN=OQB R=@ dr@t R= |a@=D CQwYx@ q=m CWoR=@ `@=D

"OwW|t xDiQo Q_v QO |R=Ht

xr�Ut h} QaD "3
VwQixOQN l} w |DvU VwQixOQN l} pt=W u}t-=D xQ}HvR l} 'VywSB u}= QO
R= u=Um} |WwQixOta Ct}k =@ =Q x@=Wt |rwYLt xm CU= xOW xDiQo Q_v QO u}qv;
|=yCt}k =@?}DQD x@ u}qi; w u}qv; |=yp=v=m j} Q] R= w xOwtv |Q=O} QN xOvvmO}rwD
Q_v OQwt pwYLt Ovv=wD|t u=} QDWt "Ovv=UQ|t VwQi x@ pd w pr |WwQixOQN
p=v=m j} Q] R= w |DvU CQwYx@ =} u}qv; VwQixOQN |DvQDv}= C}=U j} Q] R= =Q
O} QN s=ovy QO |QDWt xm |}=Hv; R= "Ovvm |Q=O} QN u}qi; VwQixOQN |m} R}i
'OQ=Ov O} QN R= p@k =Q pwYLt |UQQ@ w CUD w xOy=Wt u=mt= |DvQDv}= C}=U R=
|�RH O=OQDU= CU=}U x�=Q= x@ s=Ok= '|QDWt ?PH Qw_vt x@ u}qv; VwQixOQN
u=} QDWt |=Q@ =Q u=mt= u}= xmv}= |=Q@ u}qv; VwQixOQN 'Qo}O |iQ] R= "Ovm|t
Ovv=wD@ u=} QDWt |m} R}i p=v=m j} Q] R= w |DvU CQwYx@ O} QN Ovv=ty =D OQw; sy=Qi
O} QN x@ s=Ok= TBU w Ov}=tv CUD w |UQQ@ =Q Q_v OQwt pwYLt 'O} QN R= p@k
C}ak=w x�=Q= "OQ}o|t OwN |DvQDv}= C}=U QO |R=Ht C}ak=w x�=Q= x@ s}tYD 'Ov}=tv
pwYLt R= 'O} QN R= p@k u=} QDWt =D OwW|tEa=@ u}qv; VwQixOQN\UwD |R=Ht
=@ j@=]D sOa p}rO x@ |DWoR=@ pwYLt O=OaD xH}Dv QO w Ovvm =O}B pt=m `q]=
Q@ u}qv; p=v=m QO |R=Ht C}ak=w x�=Q= 'Qo}O |iQ] R= =t= "O@=} Vy=m |QDWt R=}v
OQ=Po@ C@Ft Q}F-=D CU= umtt R}v |DvU VwQixOQN |va} '?}kQ p=v=m |=[=kD
OQwt xr�Ut |rm |=tv 1 pmW "ODi}@ j=iD= nv}twQ?w Q=DiQ u=} QDWt |wU R= w
Qy OwU w |Q=PoCt}k Q@ nv}twQ?w Q}F-=D uDiQo Q_v QO =@ "OyO|t u=Wv =Q |UQQ@
%CU= xOW xDN=OQB Q} R w} Q=vU wO |UQQ@ x@ Q[=L VywSB QO 'u=WwQixOQN R= l}
|R=Ht C}ak=w OwN |DvQDv}= C}=U QO u}qv; VwQixOQN w} Q=vU u}= QO %1 w} Q=vU

&OQ}o|t Q_v QO |�RH O=OQDU= CU=}U u=vJty =t= 'OyO|tv x�=Q=
|�RH O=OQDU= CU=}U u=tRty Qw]x@ u}qv; VwQixOQN 'w} Q=vU u}= QO %2 w} Q=vU

"OyO|t x�=Q= OwN |DvQDv}= C}=U QO =Q |R=Ht C}ak=w w

xr�Ut C=[wQit "1"3
&CU= xOW xDiQo Q_v QO |v=tR xR=@ l} xr�Ut u}= QO "1

R= =Q Q_v OQwt pwYLt |v=Um} |WwQixOta Ct}k =@ VwQixOQN wO Qy "2
&Ovvm|t |Q=O} QN xOvvmO}rwD

Ct}k x@ C@Uv C}U=UL R= QDW}@ p=v=m OwN Ct}k x@ u=} QDWt C}U=UL "3
[18]&CU= ?}kQ p=v=m

CN=OQB R=@ dr@t x@ =yv;C}U=UL R= QDW}@ pwYLtCt}k x@ u=} QDWtC}U=UL "4
[18]"CU= |�RH
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%=@ CU= Q@=Q@ |DvU p=v=m QO |WwQixOQN

p1
d =

(1� �r)(4�2�2)+(�w � �rf�)(2��)�2�fw(�2�2)
+4�2w(� + !f 2)�4�f((�r�1) + �(1 + �w � �r))� 3w
�2��f(w��f(1+w))�2�(�f��r)��f((�f��)w�1)

4�(2�(� + !f 2 � �f)� ( � �f))
(11)

=@ CU= Q@=Q@ pd x@ C@Uv |DvU VwQixOQN OwU `@=D swO jDWt "C=@F= �
w pd x@ C@Uv |Q}ojDWt =@ 'u}=Q@=v@ "CU= Qakt w |ivt |Q=Okt xm �2�
CUO x@ |DvU p=v=m QO |WwQixOQN Ct}k xv}y@ Q=Okt 'u; uO=O Q=Qk QiY |w=Ut

"O};|t
CU= Q@=Q@ u}qv; p=v=m QO |WwQixOQN Ct}k xv}y@ Q=Okt '1 w} Q=vU QO "2 x}[k

%=@

p1
r =

2�(�r � f�) + w(2�(� � �)� ( � �))

+(1� �r + �w)
2�(2�2 � 2�f� + 2�!f 2 � 2 + �f)

(12)

=@ CU= Q@=Q@ pr x@ C@Uv u}qv; VwQixOQN OwU `@=D swO jDWt "C=@F= �
|=Q=O '� >  > � x@ xHwD =@ xm �2�(� � f(� � !f)) + ( � �f)

"CU= Qakt u}qv; VwQi xOQN OwU `@=D w CU= |ivt |Q=Okt

2 w} Q=vU "2"5
Ct}k xv}y@ Q=Okt 'v w pr Q=Okt uOw@ XNWt ZQi =@ '2 w} Q=vU QO "3 x}[k

%=@ CU= Q@=Q@ |DvU p=v=m QO |WwQixOQN

p2
d = ��r + v(1� "r) + p2

r( � �f) + �w + 1
2� (13)

=@ CU= Q@=Q@ pd x@ C@Uv |DvU VwQixOQN OwU `@=D swO jDWt "C=@F= �
|w=Ut w pd x@ C@Uv |Q}ojDWt =@ 'u}=Q@=v@ "CU= |ivt |Q=Okt xm �2�
CUO x@ |DvU p=v=m QO |WwQixOQN Ct}k xv}y@ Q=Okt 'u; uO=O Q=Qk QiY

"O};|t
%=@ CU= Q@=Q@ 'v w pr xv}y@ Q=Okt '2 w} Q=vU QO "4 x}[k

p2
r =

4�2(w("2
r � � + �f + "r�f)� �r + �f)

+2w�(2"r(1� "r)� � � �f + �f(1� "r))
+2w(1 + 2� + "r("r � 2)) + 2�(�r � 1)

4�2(�2� + �f(2"r + �f)� 2!f 2 + 2�f + "2
r)

�2"r2 � 4�(("r + �f)("r � 1)�  + �f)

(14)

"CU= q=m CWoR=@ R= |W=v
�1
r = (pr � w)D1

r � rR1 (4)

�1
d = (pd � w)D1

d (5)

2 w} Q=vU "2"4
|UQQ@ w CUD |=Q@ |QDU@ O=H}= Qw_vt x@ u}qv; VwQixOQN 'w} Q=vU u}= QO
sOa R= |W=v |DWoR=@ pwYLt u=R}t Vy=m u}vJty w O} QN R= p@k pwYLt
x�=Q= |R=Ht C}ak=w OwN |DvQDv}= C}=U QO '|QDWt R=}v w C=Q=_Dv= =@ j@=]D
w 6 \@=wQ CQwYx@ w} Q=vU u}= QO u=WwQixOQN R= l} Qy |=[=kD `@=wD "OyO|t

"CU= 7
D2
r = �r � �pr + pd + "rv + �r (6)

D2
d = (1� �r)� �pd + pr + (1� "r)v � �r (7)

QF= QO u}qv; VwQixOQN |=[=kD V}=Ri= u=R}t Qov=}@ 6 x]@=Q QO sQ=yJ CtUk
|=[=kD QO Q}}eD u=R}t Qov=}@ 7 x]@=Q QO sQ=yJ CtUk w CU= |R=Ht C}ak=w x�=Q=
Q}F-=D u=ty xm CU= u}qv; VwQixOQN \UwD |R=Ht C}ak=w x�=Q= QF= QO |DvU p=v=m

"CU= u}qi; p=v=m Q@ nv}twQ?w
u=R}t R= |a@=D '|�RH CN=OQB R=@ dr@t Q@ xwqa q=m CWoR=@ `@=D 'w} Q=vU u}= QO
u}= QO "O};|t CUO x@ 8 x]@=Q j@] w CU= R}v |R=Ht C}ak=w Q@ |Q=Pox}=tQU
QDW}@ OwN |DvQDv}= C}=U QO |R=Ht C}ak=w x�=Q= Q@ u}qv; VwQixOQN xJQy 'x]@=Q
pwYLt uOw@ Q=_Dv= =@ j@=]t R= pwYLt O} QN R= p@k u=} QDWt 'Ovm |Q=Pox}=tQU
sOa R= |W=v xm q=m CWoR=@ u=R}t xH}DvQO w Ovvm|t ?Um |rt=m `q]= Q_v OQwt

"O@=}|t Vy=m 'CU= |QDWt R=}v =@ q=m j@=]D
R2 = � + !r � �v (8)

x@U=Lt 10 w 9 \@=wQ j@] R}v 2 w} Q=vU QO u=WwQixOQN R= l} Qy OwU `@=wD
"OwW|t

�2
r = (pr � w)D2

r � rR2 � 1
2v

2 (9)

�2
d = (pd � w)D2

d (10)

pOt pL "5
w Q@yQ u=wvax@ Q=R=@ QO u}qv; VwQixOQN xm CU= u; Q@ ZQi 'xr�Ut u}= QO
u=wvax@ "OW Oy=wN pL nQ@rmDU= VwQ R= xr�Ut w CU= wQ}B |DvU VwQixOQN
Q=R=@ QO xm CU= u=yH QO u}qv; u=WwQi xOQN u} QDnQR@ R= |m} uwR=t; 'p=Ft
OwN Ct}k =@ x]@=Q QO 'wQ}B u=wvax@ u=WwQi xOQN Q}=U w CU= |Q@yQ Vkv |=Q=O

"Ovvm|t |Q}os}tYD

1 w} Q=vU "1"5
|DvU VwQixOQN =OD@= "OwW|t xO=iDU= Twmat G=DvDU= VwQ R= xr�Ut pL |=Q@
'TBU "Ovm|t u}}aD =Q |DvU p=v=m QO |WwQixOQNCt}k xv}y@ Q=Okt 'Q@yQ u=wvax@
=Q u}qv; p=v=m QO |WwQixOQN Ct}k xv}y@ Q=Okt 'wQ}B u=wvax@ u}qv; VwQixOQN
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0/5 "r 0/3 �

0/01 � 0/1 

0/09 ! 0/08 �

0/1 � 0/4 f

0/5 w

"|OOa p=Ft xv}y@ Q}O=kt "2 pwOH
2 w} Q=vU 1 w} Q=vU Q}eDt
2=92 1=32 pr
1=70 0=69 pd
1=52 � v

0=75 0=31 Dr
0=36 0=06 Dd
0=05 0=15 R

0=59 0=18 �r
0=43 0=01 �d

|R=Ht C}ak=w Q@ |Q=Pox}=tQU u=R}t w q=m CWoR=@ `@=D C=Q}}eD Q=Owtv "2 pmW
"� QDt=Q=B x@ C@Uv

"� QDt=Q=B x@ C@Uv |WwQixOQN Ct}k C=Q}}eD Q=Owtv "3 pmW

v =

2(1� "r)((1� �r) + w( + � � �f))

+4�2"r(�r � w(� �  � �f + 2!f 2) + f(�� �))
+2�"rf(� � w(� + � � 2f!))

+4�2�f(�w � �f(1 + w))� 2f 2!w + �f(f�w � �r))
+2�(�r+"r��w��f+�f�2"r�r+�fw+�fw(��)
�8�2(� � �f + !f 2 � "r�f) + 4�2("2

r + (�f)2)
+4�(1� "r)("r + �f) + 4�( � �f) + 2(1� "r)2

(15)

Q@=Q@ ?}DQD x@ v w pr x@ C@Uv u}qv; VwQixOQN OwU `@=D swO jDWt "C=@F= �
"OvDUy |ivt |Q}O=kt xm �1 w�2�(��f(��!f)) +(��f) =@ CU=

H = =@ CU= Q@=Q@ u}Uy T} QD=t '|iQ] R=
xm
 �2�(� � f(� � !f)) + ( � �f) "r + �f � ("r�1)

2�
"r + �f � ("r�1)

2� �1
!

"CU= jjH2jj > 0 w jjH1jj < 0

|OOa p=Ft "6
'syt |=yQDt=Q=Bp}rLD w xr�UtlQO Qw_vt x@ w\@=wQ|oO}J}Bp}rO x@ 'VN@u}= QO
'u}W}B |=yVywSB QO xOW xDiQo Q_v QO Q}O=ktT=U=Q@ "OwW|t u=}@ |OOap=Ftl}
[21w20]"Ov=xOW xDiQo Q_v QO |OOa p=Ft u}= |=Q@ 1 pwOH QO xOW xOQw; |=yQDt=Q=B
R= l} Qy |rO=aD |=yCt}k '1 pwOH |=yQDt=Q=B T=U= Q@ pOt pL =@
QO |R=Ht C}ak=w Q@ |Q=Pox}=tQU u=R}t |rO=aD Q=Okt 'w} Q=vU Qy QO u=WwQixOQN
xOQw; 2 pwOH QO w xOW x@U=Lt w} Q=vU Qy QO s=Om Qy OwU Q=Okt w swO w} Q=vU
2 w} Q=vU QO |R=Ht C}ak=w |x�=Q= xm OyO|t u=Wv 2 pwOH G}=Dv "CU= xOW
w CU= xOW |DWoR=@ CqwYLt O=OaD Vy=m ?Hwt u}qv; VwQixOQN \UwD
Q@ nv}twQ?w Q}F-=D 'p@=kt QO "CU= xDW=O V}=Ri= R}v VwQixOQN u}= OwU w =[=kD
xOW wQx@ wQ =[=kD V}=Ri= =@ R}v |DvU VwQixOQN w CU= OwyWt ,qt=m u}qi; p=v=m
"OQw;|t CUO@ pw= w} Q=vU x@ C@Uv |QDW}@ OwU 'OwN Ct}k V}=Ri= =@ w CU=

C}U=UL p}rLD "7
u=R}t x@ q=m CWoR=@ `@=D C}U=UL u=R}t V}=Ri= xm OyO|t u=Wv 2 pmW
VwQixOQN =D OwW|t ?Hwt '|R=Ht C}ak=w Q@ u}qv; VwQixOQN |Q=Pox}=tQU
xHwD |R=Ht C}ak=w x@ w OyO V}=Ri= =Q u}qv; p=v=m QO OwN |yOT} wQU u}qv;
'Qo}O hQ] R= "Ovm ?PH |QDW}@ xwkr=@ u=} QDWt Ov=wD@ =D OW=@ xDW=O |QDW}@
u=} QDWt |=Q@ |QDW}@ C=v=mt= '|R=Ht C}ak=w Q@ |Q=Pox}=tQU u=R}t V}=Ri= =@
CUD w |UQQ@ |@ wN x@ =Q pwYLt 'O} QN R= p@k 'u}qv; p=v=m QO =D OwW|t sy=Qi
R= TB q=m uOw@ ?U=vt sOa R= |W=v |DWoR=@ CqwYLt O=OaD xH}Dv QO w Ov}=tv
O=OaD Vy=m Q@ |D@Ft Q}F-=D |R=Ht C}ak=w 'u}=Q@=v@ "OW=@ xDW=O |Wy=m OvwQ 'O} QN
CqwYLt O=OaD 'u}qv; p=v=m QO =D OwW|t ?Hwt w OQ=O |DWoR=@ CqwYLt
|Wy=m x@ wQ OvwQ |tm ?}W =@ 'q=m uOw@ ?U=vt R= |y=o ; sOa R= |W=v |DWoR=@

"OW=@ xDW=O
VwQixOQN '|R=HtC}ak=w Q@ |Q=Pox}=tQU u=R}tV}=Ri= =@ '3 pmW x@ xHwD =@
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|=yQDt=Q=B x@C@Uv |R=HtC}ak=w Q@ |Q=Pox}=tQU u=R}t C=Q}}eD Q=Owtv "7 pmW
"� w "r

Ct}k V}=Ri= ?}W 'nv}twQ?w QF= ?} Q[ V}=Ri= =@ "OvyO|t V}=Ri= =Q OwN
Qt= u}= "CU= u}qv; VwQixOQN Ct}k V}=Ri= ?}W R= QDW}@ |DvU |WwQixOQN
u}qv; p=v=m QO xOW x�=Q= |R=Ht C}ak=w R= |DvU VwQixOQN xm OyO|t u=Wv
w =[=kD V}=Ri= =@ 'C=tON x�=Q= |=Q@ |=xv} Ry CN=OQB uwO@ w OQ@|t xO=iDU=

"OwW|t wQ@ wQ Ct}k V}=Ri= xH}DvQO
Q}F-=D ?} Q[ V}=Ri= QF= QO VwQixOQN wO Qy |Qw;OwU V}=Ri= R}v 6 pmW QO
p=v=m wO Qy |=[=kD 'nv}twQ?w QF= V}=Ri= "CU= xOW xO=O u=Wv nv}twQ?w
V}=Ri= |WwQixOQN |=yCt}k '=[=kD V}=Ri= =@ xm OyO|t V}=Ri= =Q |WwQixOQN
OwN x@ |OwaY OvwQ R}v u=WwQixOQN R= l} Qy |Qw;OwU xH}Dv QO w Ov@=}|t

"OQ}o|t
C}ak=w Q@ u}qv; VwQixOQN |Q=Pox}=tQU u=R}t Q}}eD |xOvyOu=Wv 7 pmW
x@ C@Uv C}U=UL w nv}twQ?w Q}F-=D ?} Q[ u=tRsy C=Q}}eD T=U=Q@ |R=Ht
C}U=UL xJQy xm CU= u}= pmW u}= QO xHwDp@=k xDmv "CU= |R=Ht C}ak=w
u=R}t 'OW=@ O=} R R}v nv}twQ?w Q}F-=D ?} Q[ w QDW}@ |R=Ht C}ak=w x@ C@Uv
QwYD u}= hqNQ@ "CU= QDW}@ |R=Ht C}ak=w Q@ u}qv; VwQixOQN |Q=Pox}=tQU
OwN C=tON u}qv; VwQixOQN CU= umtt nv}twQ?w Q}F-=D ?} Q[ V}=Ri= =@ xm
xOy=Wt pmW u}= QO 'Ovm |Q=Pox}=tQU |R=Ht C}ak=w Q@ QDtm w OyO Vy=m =Q
QDW}@ =Q |R=Ht C}ak=w Q@ OwN |Q=Pox}=tQU u=R}t u}qv; VwQixOQN xm OwW|t

"Ovm|t

"� QDt=Q=B x@ C@Uv OwU C=Q}}eD Q=Owtv "4 pmW

""r QDt=Q=B x@ C@Uv |WwQixOQN Ct}k C=Q}}eD Q=Owtv "5 pmW

u=R}t V}=Ri= R= |W=v |=yxv} Ry u=Q@H w |Qw;OwU V}=Ri= Qw_vt x@ u}qv;
V}=Ri= u}qv; p=v=m QO =Q OwN |WwQixOQN Ct}k '|R=Ht C}ak=w Q@ |Q=Pox}=tQU
u=R}t V}=Ri= =@ xm CU= u}= 'OQ=O OwHw 3 pmW QO xm |yHwD p@=k xDmv "OyO|t
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w u}qv; p=v=m QO |WwQixOQN |=yCt}k V}=Ri= ?Hwt |R=Ht C}ak=w x@ C@Uv
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