
ˇ �� ˇ

� ? �N0 @$F˚ ����x ��~ �60h oYu4v;6� Wuw �N _I� S

�ˇ˘�(w �o� �˛ ��z0 ����x���,) )f,42!C&]˙ �.	
�� )�@$˛ ���,) �˘AoY,I )&˛ 8<� 	�
�˚ ���c����˛ $cL@HK� IIG@M�HMG@�
@B�JQ

��� \9@$˛ �6oY2!] 6)
/oYT [o2!2]˛ 8<� 	��˚ 
���c�
��˛ $cL@HK�
GRO@QJ�JHE�QD�JQ
�N� _� ����� ��� �� &4_� ����� ��� �� e�t4_� ����� ��� �

* � :�� �� .4K9( �˛ ��

˚L. v;�

��z��˘j;r���

? 2!�˝ C9r* � :&� 2� (8K9( �b� ˚L.ˇ˘ v;

��<� ����]���!x L khw �˘A GHUY0 o˛BP3 1�˛ $OF

˙ J_ Wˇ˘ C9r*  �� ]F�˙ IG�� ˛ ˚ �" �$$H #

QFD(˚  =z˛<� ~Y #QF /�w<� ˚˝ $OF˙ �_˛ �˛ 9

F.� #Q&`� KW�˝ 32 &i.� �	QTM˚˙ KW{ & P<� �"� ˚

|� Ul#	UHBHNTR BHQBKD˚˙ (=� oY/BV u4˙ t>�8 2;�˝ ]

1/ $O5HH u8(˙ >_ y`F P<� 6fH U# �$$OH IT :

&� 2� $O5H1 �)F �˙�˘< ˚� �˘A oY28/ 2;F ''

��<� �|V (8K9( t>WH �)˝ <3 '\� �ˇ˘ >�<� ? H

b8X /�3˚` �q� C9r* H .4 (8K9( �b˝ ]F�H p

Fe&˘ V#V P<� �"� XE $O5H �)˝ (8K9(X @8$O

cH .4 f3˚` W˛ >< KM{ y`F P<�

vlY��� C9r* �˛ ]F�T˛ (8K9(˛ :%�

U�,N%X� Y�vN� #��˛ &��˛ &



(� � L

8 g7.ˇ˘ cg�$/@˛ JO Yr8 * /@0 �qe (@��<�

����x� Fb 6f oY/@�* .xr * 4�X YrF˙ 1�ˇ˘ *

 �b˝ �qe pF�d �<� ���!x ��~ ' $� 6f * O^H �b˝

����x ' �C �' ��'n 4* pF��ˇ)˛ JO Yr8 * ˝ ��n ˚1



�� * � :&� 2� .4K9( W˛ �� ˚L. v;

(@��<�

��˘ ˚|� p(@H ˚�˝ �$$FH (8�$hA˛ ?I \˙ �

s p˙� * $oH Knc˚"˝ (/* P<� x!V $?/@ Q:ˇ˘

� 6FU)� WE� \˙˚ 6U˙ I~�˝ $o Kncˇ˘ ˚b7 �

" �˘A oY/@H T9(˚ t�z oY/BV 8) �� \˙* WE

� P<� ����x �)8 $� 8 g7 oY/@0 ����x �)8 '6H �

TP"o b8&	RTAOQHLD LNQSF@FD˛ C#g Y�J>�n˚ jA� yWw 4

tT(ˇ˘Ih l* *8O ZCz& �� P˝ 1A˚<�

˚� '6W oY28 WE]�ˇ˘˝ �TP"o b8&� 8I$Oˇ˘ �

"#.Wh˛ GH]FjH *^. ;˚n x4b �`$0h	RG@CNV A@MJHMF˚H

tO* &Xz P<� �`$0h˚5 C0hoY8W˚ $?/@˙ +; $

o˙ &`˘\p��� K9()\$F z˝ �˙ '�<� ˚: C0hoY8W

˝ C9r* ˛ �$0h˛ {&* ˛ jb* o !=< �$Zj	2(5˚ W˚

,ew<� ˚F 8W0 oYBPH j=&�� &vWh˛ 0h c wc˛ "/

	8^b	˚ Wh Wˇ˘ $o˙ =P�d K9<p�˛ @EoY1k W �$

�d �<�

�`$0hX �˚z˝ +1H 0h˛ + 1^0hH  K8D0 mo&Fn

�n^A˘ `Yw<� ˚� 0h ^A˝ � i(1 (8I˘� moˇ˘ =P

w $o˙ &F�d ~8F / $O� �n˘�ˇ˘ 5H�˝ LQ8D˚<�

B� �nX WHw GH]F˛ byhˇ ^A* &h� P<� �{˛ 0hH

$oLQ8D˝ ~8T#	L@STQHSX SQ@MRENQL@SHNM˚X ˚ �s ~84_s N

)F y2.ˇ˘ &)w<� !QX@MS	�!��˚n #H@LNMC @MC #XAUHF	�!�
˚˝ ˚|�

~84_s˝ oY/BV @8.� N)� IG�&˝ D&~ (8.ˇ˘˝

:%�X E0 0h/BVH f�.� Y/H ]�˚  & P< &.�<�

Kj� ˚K˘ C9r* n �`$oY* &Fw m�oˇ˘ @8˘� �$

�˝ 8A� F� P8 ~84_sH N)F f�zb P<� +˛ 0hH :

%�˚ mtw<� * �* m1 & P<�

C9r* �˚5 * F IT;F U# m�o &F� 2; �$$F˚ #

Q� `U�˝ $1ˇ˘ 4H{ & P<� ˚˝ ts 0h˚ IT;&� mo$

F˚ m&o &F� 2; 0h P˝F˝ :%�	A@MJ QTM˚X Kj� $1˚

<� )� :%� �s 0h@O0 oY/BV $' R�� IG�8 :N

 � @p=XF H )� * �0 &p?)/BVH R�˘}& ˚b&&



��z ˘j;r ��

�˚ �C˝ @E1k/@H WPX e$ oYO^ c ^AR& @�˛ C>oY��<	EHM@M;
BH@K BNMFKNLDQ@SHNM˚ W oY�& c 27(˚ b$ :><* .<` �" * �0 #

oY�&ˇ˘ 8˚zb oY/@H 8).� 28˘ tO & P˝ 1M˚<� R�d '
%1! H@˚ ?�TP"o IT˚ U) 's˝ RX0 )�.˙˚"˝ 3G˙ g ����
x I $o&] V[ �0 :%� #˝ :N˚&~˛ � (I˝ PiB W !-/ @˛S
jAF )\��<˝ �˚ _).� Ht˚<�
���!x 
~ ' �AIF Wu� oYQd:u �Q u˝ &p?)/BV u4˙ 2�
+˘5 +>/BV ˛B% W˛8! 0x˛ $?o �) .<˛ oY3C$>S˛ @?@E1
k/@ L�UO3	BKD@QHMF GNTRD˚ 0sn x4b * � jA WE 28 UB˙ 2;

,,% �� G� BP&˘ &x˚ ,ez8* ��<� �"� ˚)˝ C9r* �0

F1H �˚ l~ XE ')( WEFD{ K~ ly" � 28˚ oY/BVˇ˘ 8˚

 FD(* >l N@� j8�CF y`� //˚ z˛<�

D˝<˝ /� � #˝*F 1�.ˇ˘ 1.<�

�|V o� �˘A oY28 tOX4� * �* oY/BV R�� y

W{ & P<˝ #˝F )8z8 /���<� ����x �~ PiB ��0h�

!-/ @˛SF 
Q *  �� #QL(˙ ['�� ˚ d@˘ #Qn YF

J_˚ KWw S P<� ˚˝ �C oY
GH AeLl˚ X
 0h� p�

1kˇ˘ ˚9� ˘ �" +˘˚ �rw oY28H FD(˙ >dz jH˚

<� o� 28˘ '6H �� �$0h� \bBaB˝ 5HL˚, * H @O

ˇ˘ �� 8' K9(˚  ˝z˝ 28� @ˇ) )/ ,NQF@M "G@RD �&z

˛<��˚

#˛V"* ���
x 2*�˘A Z7 I4X +&T I*28˘ * #Q j

A� U8� S P<� �˛ ˚|� _HH jA� U8��� oYBPU6

0 �g #Q:&;X * $O5H �� d| F& �)� *c��<� !

'.ˇ˘˝ �g #Q=7 WE/ _4 8c #Q28)*˛ F˙J_ :& w

]� #Q/ $o�G Ta$O &p �4˛ #Q&` ML/ _/.� $o

wc)* W˚ ��˚<� �˛ �$$>S w]� d| F& $O5H �

)F *cz˛<� 9_WX KFp��$F * $O&lH ��?� IX{ &

˚ˇ)˛ 9_Zj WEYr&lH ��?� IX�˝ &v* >K{ & ˚*�

zb P<� �˛ 3R˛& �$˝ ]A.ˇ˘ )�zb P<�

�|V 2H #Q:&;F0 �g #Q&`� _/.ˇ˘ )��
V˛ 5H

$OH �Q/8� &2/d˝ ˘ 4X�<� T) �$$F˚ #Q V0 U

# WE{ $OF˙ �_˙ :&�8˝ &I�˚<� * H _/.� $ow

c =H* o� 28}( GHUY˚ *l� 1M�˝ T=(˙ &y8 bb

<� * H $O5H WH�)* 5H$OH ITFD(˙ 19˝ ˘˝ =X.



�� * � :&� 2� .4K9( W˛ �� ˚L. v;

�˚ lG �0 R50h #DOTSX &NUDQMNQF ����x �~ �2G@CNV A@MJHMF˛ EHM@MBH@K L@QJDSR
@MC EHM@MBH@K RS@AHKHSX�5 Y)H 8=N L _I� �H� �˚<� �,NMDX ETMCR G@UD
ADBNLD @ FHF@MSHB O@QS NE SGD 42 EHM@MBH@K RXRSDLA @S @ANTS B
SQM˛ ADHMF QNTFGKX SGD R@LD
RHYD @R SGD SQ@MR@BSHNMR CDONRHSR NE BNLLDQBH@K A@MJR� 3GDX @QD OQDSSX AHF HM $TQNOD
SNNa@QNTMC B� SQM� 3GDX NEEDQ @ A@MJcKHJD RDQUHBD� @KLNRS HMRS@MS KHPTHCHSX ee�  MC
SGDX KDMC HS NTS˛ OTQBG@RHMF BNLLDQBH@K O@ODQ NE U@QHNTR SXODR @R VDKK @R 3QD@RTQX AHKKR
@MC OQNUHCHMF QDON EHM@MBHMFee� .M ANSG RHCDR NE SGD  SK@MSHB˛ L@MX @QD RNcB@KKDC
"NMRS@MS -DS  RRDS 5@KTD 	"- 5˚ ETMCR� 2SQHOOHMF SGQNTFG SGD CDS@HK˛ SGHR LD@MR SG@S SGDX
OQNLHRD SN QDSTQM SN R@UDQR˛ NM CDL@MC˛ @S KD@RS @R LTBG @R SGDX HMUDRS� )TRS KHJD @ A@MJ�
 MC ITRS KHJD @ A@MJ˛ SGDX @QD RTAIDBS SN QTMR��

˚<� �|V �˘A GHUY �s 28P˛'� pW˛ �˛ ˚˘ �� 8

).� $OF˙ �_˛ JO Z8� $OF˙* 9).ˇ˘ �_{ U# T=

.� �;˚ z8˝ bb<� o� �˘A oY28� U8��,˚ f3˚`

˚ H $O	f& ˘�˚_&�˛ Z8( dI� 4N� F˙H �_J˚ t�w

<� �"� ˚)˝ * $O 5H�* 28/� �C�d f3˚` W˛˛ +

(8K9$O >KH L`(˚ �Lz˛<�

o� oY28H *˙w˙ @0 R6 o '6�˝ C9r* H CL˚ t

�z "NMRS@MS -DS  RRDS 5@KTD * }( mo Cg� &zH ]o>@ 1

k˚ W@e �" ,,%8˙ Llˇ˘ K9( W˛ y`( �� Y@˚ .

�e �Lz P<��˚ ˚ ); 6f� ˚|� �H˝ 'Y� T4˚<� ˚

˝ #˛V" ˘�8 * ˝ o� 28 L �TP"o �T˛ �˛ #Q #˝

F lm )8=w z& D.8 :N˚<� 6f* H U# ' �TP"o ˘�

�$�bF �l �T˚ .˛ ˛ 28WE *E =�s TaU8 �_ d@˘

o˛t@ �_�d >K˘�H /FF 1���8 :N˚<� �|V #˛V"

*  ^<˛ �˛ 8N�$F /� Wˇ˘ C9r* �bF t�_˘˚ 

0hX * c U6˚ Fi< U# moX Kj� &zH &p˙ >@�˝

* * n${ & Pb� j8.� �<˚ y`�<� ˚|� o_� ? ˝

* 5H$O ]F�˚ yW{ #Q`UH Ul#  ˛� (=� oY/B

VH u4(˙ t>�8 2� _#ˇ˘ y`� .4 (8K9( �b� On

�<�

? 2!H !(0 <	X E<� )a=�˝ oY/@ 4u4(X WHw 8

(N˙ Q��<� )b=�˝ C9r* >K$O 1=�T˚ WE{

U# �g #Q :&� 2; y`� (8K9$O �b� On�<� Oˇ˘ )

c=0 ? 2!H ?X� `Y� C9r* /@H u4<� 2� 4;/j

/˙ )/�<�



��z ˘j;r ��

A� �(2!

 KKDM @MC &@KD	���'˚˝ 3�bH K9( \˙* $OF˙ H RX˙ '�

& P	˙ c(� b8˙ +; >�<� �˛ ˚|� 4u4(0 � /@�

~ WE�˝ �˚ ly" /@md$FH 1S�H˙ +; <s /@ˇ˘ t�

8˚ & P< �<� ˚|� f�. T9(˚ t�z˝ X4 �� K�y

c �� 2!˘˝ #@MHDKRRNM @MC 2GHM	����˚˛ 5@X@MNR	���'˚˛ *XKD @MC 7HNMF

	����˚ W˚ P<�

�@ #@MHDKRRNM @MC 2GHM	����˚0 oY8WFH 5@KTDc@Sc1HRJV !(2 $?C

s WH 28 �� &uW˛F BO˝ $?/@H T9(˙ pJ/T 28

�; U ��<� +˛ oY8WF˚ >K$OH FsF _4 &z ˚�˘ �_

�
V �� FD(˚ >l&�˛ 2 &u� z&�8 2;� ˚F $O˙ Q=

�˝ :rˇ˘ 28&z˙ W˛�e w<� ��˘ ˚|� hA˝ /@H F˙

�_ j˚1˙ t� �EO{ #˝F P<� ˚|� Ul#X4˚ /@md$F

c t� �EOw jH˘ �!��xH '6 YFJ_˛ �!!�xH +3",	+NMF

3DQL "@OHS@K ,@M@FDLDMS˚H @O˙ &.� P<�

<	ˇ˘ 5@X@MNR	���'˚˝ * Qy@FH $O5H hAF $OF˙X 28˛

F˙T9(H 1WW7 's˝ RX˙ v;��<� 5H$OH F˙˚ _4

F˙ ˚�˘ �_{ U# * Qy@˝ Q��$$FH #Q`!� m1� 

˚ �<� $ K9(˚ 10 $O˙ Q=� K9(˚ >0 $OCL˙ ^

˛e w<� ˚�˚ S˘ u8$O[S	EKHFGS SN PT@KHSX˚ $1�˘˛ ˚ B� /@

H 4u4(˙ pJ/�< �<�

�˛ *XKD @MC 7HNMF	����˚0 /@md$� @8�$$˛ K9( �$$

	MNHRD SQ@CDQ˚ �˛ �8. 
G$ W 
WN˘ !v� ˚F cH 2 _X

4� F˙T9(˚ pJz˝ K�yc˙ 2!��<� ˚: @8�$$5 $

OH f�. Fs� > �$� ?4�˝ �$$�˛ K9( �$$5 f�F

sn AW�e �$� ?4�˝ �$$�˛ �˛ �8. 
G$5 $OH F

˙˚ f�Fs� ˚k{ U# �4
G� +�d (8�$&j˙ 9!�˝

�$$� H'�<� ˚F 2!H `'˝ � $OH F˙�_J˚ l< U#

�8. 
G$	BNMUDQFDMBD SQ@CDQ˚H 8'. 
Gh2F 1WW7F ˚˝ <s

$OH F˙�_˙ yW/T & P	˙ >� �˚<��˚



�� * � :&� 2� .4K9( W˛ �� ˚L. v;

�˚ *XKD @MC 7HNMF	����˚� /@H F˙T9˚ %& D0 U# �8. �$$˝ �4
G

� +�d /@u4< 8d�<� )� /@H F˙T9(˚ t� U#˝ ˚F �
8. �$$F0 � 2882 &z˚ pF�d >K	28˚$O 8) �� Q*g� T

$�e w<� ˚ ?X ]1/˝ 1WW7F ˚˛, <s $OH F˙�_* yW &

P< �<�
�˚ '2zH !NQ@C NE &NUDQMNQRH ,B"@AD	����˚H > �H _I� lGn E˚ �H�<�

�ee SVN BQHRDR HM SGD ,,% HMCTRSQX CTQHMF SGD EHM@MBH@K STQLNHK SG@S ADF@M HM ���� TM;
CDQKHMDC SGD HLONQS@MBD NE LNMDX ETMC QHRJR ENQ ,,% HMUDRSNQR @MC RONMRNQR˛ @R VDKK @R
ENQ SGD AQN@CDQ EHM@MBH@K RXRSDL� 3GD LDKSCNVM NE SGD L@QJDS ENQ @RRDScA@BJDC BNLLDQBH@K
O@ODQ 	 !"/˚ SG@S ADF@M HM  TFTRS ���� B@TRDC B@OHS@K KNRRDR ENQ L@MX LNMDX ETMCR ee
KNRRDR NM +DGL@M !QNSGDQR CDAS ENKKNVHMF SG@S EHQL˙ A@MJQTOSBX HM 2DOSDLADQ ���� B@TRDC
SGD 1DRDQUD /QHL@QX %TMC SN ?AQD@J SGD ATBJ˙ @MC BNRS HSR RG@QDGNKCDQR KHPTHCHSX @R VDKK @R
OQHMBHO@K� ,NQDNUDQ˛ SGD C@L@FD PTHBJKX ROQD@C ADXNMC 1DRDQUD @MC HSR HMUDRSNQR @LHC @
AQN@CDQ QTM NM ,,%R��

�˚ m ˘ "NNODQ @MC 1NRR˝ 0hH @8�n˚ p�B� K9( 281M Z&F 4FD
�<� 0hH $O5H� �n ˚?* ˚*H &pzCo >KF 4F2e˙ >�

b8˚<�

B� "HETDMSDR˛ %DQQTBBH˛ @MC 2GHM	����˚0 #@MHDKRRNM @MC 2GHM	����˚H 2@

[1� oY8W c $OX I˘F 1S 2Ww 1A�˝ /@F ]F

	,@QJcSNc,@QJDS˚˛ !(2 $8$?Cs K&n E0 28W˛&(˚ 8˚=X�

yW� pJ/T & P	˙ ˚Lb8˙ +; v;��<� �˛ !QTMMDQLDHDQ

@MC /DCDQRNM	���!˚0 /@K9(X Q˚ * cH K9(0 28 "EF WE

{ U# $?Cs �) o p
o)* Wˇ˘ �; /@K9(H '�B�  

˝˛ p� cH F˙ #*oH 9=<	BNcLNUDLDMS˚˛ u8$Oˇ˘H *2F _

bq & P	˙ >�<� ˚˝ 5@X@MNR	���'˚H �H� >< 4s<� �˚<�

˚1H NF˚ '�˝ S� 4˛�� $?/@˝ f�. 4u4(˚ (

��) $�H 28W˛&(F* /@1M˚ U< U# BO˝ Ul#˙ p

J/T & P<˝ �˚<� ˚|� #˝ :N ˚' ' 2zX R50h�˝

,,% WH * � :& �� �HF 1UO khz P<��˚

)� C9r* � :&� 2� (8K9( W˛ �� 6f2!˝ 'k

� T4˚<� ˚ ? ˝ 28"E I8˛ + >K˘�H 1=�T˚ B&z˛

˙ : * � :&� 2�d (8K9(H >KF y`�&˛ �:<� .4 �

b˝ rt�&� �O $ �<� ˚� 2�d "NNODQ @MC 1NRR	�!!�˚H b8˙

C
˘ �d >K˘� 1=�T WE/ C9r* � :&� 2�d y`� (

8K9( �b� ˚L.ˇ˘ On; ?<��˚



��z ˘j;r �	

�˚ ? � C9r* F m�o˙ �$�d <	 8 &j˙ T$�˝ �˙ 8( :%�

N� 0h˚ moˇ˘ �n$O˙ 8(�d <	 8 &j˙ T$�˝ 1M˙ v;

� b8˙ wH�<� !'.ˇ˘˝ "NNODQn 1NRR	�!!�˚H b8˙ wH�z � ;;0 C

9r* F m�o˙ jH�d KFp� �$�˝ �ˇ˘ $˚�<�
	˚ $o˚V $oWF( $O0 <U (8K9( ;Uw<� VlF Yr˚"� Yr/@
� _];
Gg˚ �12 i� ˛ X
 YFT9 �� vO˚ F@ �ˇ�� AHCc@RJ
ROQD@CF F@ �0 Yrˇ˙ (8K9$Oˇ˘ vN{ & P˙ �˚<� ˘�* tpF&

�˘ "#V +u˘H U#* � �d~8˝ �x ˚f 8c 1˚�e v, & Pˇ

) ˚ L �d~8F �Q~ '~� �F0 (8K9$Oˇ˘ h & P˙ �˚<�

B� �. K9( >Kg On

?=�˝ C9r* F �$&j˙ *�<�˝ F5˘ * � :& y`

� K9( >K�b� On�<��˚ m ˘ ? b8� C~r* ˝ Yr8˛

˘�8˛ 7>8˙ ˚*˘ !v�& D˝<� �˛ ? � (8K9	(˚$O

˚5 @8$O �� 1� QMˇ˘ f3˚`X WH�d� * Qy@F $

GH �g,2 f� �38c Fs�T˙ �3<��� $o<F FD�

$O˙ H'�<� d8˝ $oWF ˚?H $O* ,e & P<��˚

b8H 8? 040 <	X E<� U)"90 
8 8< ˚bbk<� !'.

ˇ˘ �8˛ �8 �˛ �8F (��<� U)"9Y'˝ A&O ˛0 Q��$$

FX ˚FH �$"9˙ �h�˝ C9r* ˚<� Q��$$F0 �8 _Z

.ˇ˘ Ybk I(�]	,˚˙ C9r*  m��˝˘ ˚ F5˘ rt� @

8$Oˇ˘˛ B˝ (8K9$Oˇ˘ >K{& �; ?4˙ fM<� ? �

(8K9$O˚5 &j˚ WE�&˝ D&~ b$ :(	�8 B˝ �8 '˚ UO

�d uI �$l~A 3C{ & P˝ K9$O	KHPTHC @RRDS˚˙ '�<� )�˘

@8$O H� �${ U# =�$&j*0 1˚b� �8 '˝ H1� Z&{

& P<� )� �8 ' K9(˚ pj�d =8 UO{ U# Z&FDol

0 �$]o� H 's& ��<� +˛ (8$OX P˛ CK9$O	HKKHPTHC

@RRDS˚˚<� TA� * 5H$OH f3˚` B�t(0 <j�/&~ �H

H c3<� 2;� f3˚`˚ �3� (8K9$O �Vn f3˚`˚ F@

/ @8$O == �V3~ �$�u� �ˇ˘ F4�<�

8' U) f Q��$$H Fg	L@RR˛ B˝ v.v,˚0 �˘ F4�<� ˚F

H 3C(X	�8 ' 3CK8˛ �8 ' 3CK8˚0 ?E.� t*˘ 1˚�e

Ybk<� J4 Q��$$F �8 3CK8_ t*0 l	�JlJ�˚˘˛ �8 3C



�
 * � :&� 2� .4K9( W˛ �� ˚L. v;


˚ C9r* F Q��$$H m�o˙ @8˘�ˇ˘ 5H�˝ �0 ts 0h˚ Q�FH

mo˙ @8�n˘ 5H�˝ � CK & P<� 0h^0 (8c mo�n&`F M
L U# 5H$O� @8�n˘�X ~84_s 3&F P<� ˚ :N =6 4I˝

~84_s˘ �� :%� WE˙ :&�8 2; moH &p˙ >p�˝ L�0h)*V

mo>8)*� *c� P<� )� C9r* ˝ 5H$O˚ 0hX P˛ �n˚ l

~ ˘�	f& Yr˚˚b� �n&` ML/ >K$O� ˘�	B˝ Yr˚˙ z/l $o<

�˝ �˚ FD�<˝ /� 0h C; ~84_s N)F ��<˝ w˚˝ P<�

K8_ t*0 �ˇl˘ 14�<� ��˘ Q��$$F0 $G˚ b@ WNH

3C$�& �� 4>� �8 'V < & Pb� �8˝ $GH K8˙ �

&�& �� 1A� �$� ?4�<� Q��$$FH =H0 3C� +;

WE�˝˘˛ =H0 3Cl �" pF�&~ � pFs0 'B�< F4

�<�

�HH c3<� 2�d Q��$$H �$� �h; Y˝ C9r*  �

;�˝ *8U6˙ *c�d � tk0 �ˇ˘ F4�<� �˛ C9r* ˝

Q��$$F˘Ih &F� m�o˙ ˇ (8�n&`n �$$OH ~8˚

&j*˙  ˝� = �$l˙ ?4�<� �@ �f�˝ oY/@˚ 41.˚

b� =8UO #˝F ˚˝ U# C9r* H �$?4˙ v;� ˚� T

st%˘ 04�<� �˛ �f�˝ ����x GHUY}( oY/@˚ C41

.� U#� v;�<� GHUY8˝ BP3 1�ˇ˘ >K$OH ]F�

˚ WE�
V 28l˛F  =z #Q˛ (8�n&`F ML & P<�	˚

˚ U# ]F�0 (8K9$O><˝ f3˚`˚ / @8$O MLz8 A

1˚<� �"� ˚|� C41.� 1M˙ �C{ U# @8$O �� �$

˝ � &j*K~ ly" 28/ ~8˚˘ 1˚�e WE�˝ ]F�	f& 1

=˚˛ �˛ ˚ �s =8�n&`� bL  ˝�˝ F5˘ ?4zbd �<�

˚ �� v;0 �f� <D<�

�� 41.� oY/@�=�UO #˝ı ˚˝ U#˚

tk˚ �� C9r* H X.e&˝ ts [HH jZ7i$	RNBH@K OK@MMDQ˚

n E0˘˛ !'.ˇ˘˝ Q��$$FH K8˚ 3Ce&� ==H K8˚ T

$ t*˘ FL�d *nz˝ 8�=H˚ z ˚�0 lGn E˚ u$w<�

lT��B�˚˝	�ˇl˚T��B�˚� 	�˚

�8 3C$� K8 �˛ �8 3C$� K8 �" { : B�n B�˝ K8˚ 3C



��z ˘j;r ��

g˚ w<� �˛ K8 �� 3C$H v,F l˛ K8 �F �ˇl� �˙  ˝�

� C9r* H c@� Q8 8�3Cg0 == lB�˛ 	�ˇl˚B�˚<� �"�

C9r* ˝ 8�3Cg˙ \�/d*� Q8 �]˙ nv�˝ F5˘ @8$

O �� �$�b� ?4�<� �HH {H� 2; 8c c /c{�$˝ �˛

+ // c 3CH $�Fs˝ 9_�< F4�<� <	0 C9r* F  

˝;d  Q8	�8n �8˚ mO)Yr�˘ ˚�0 r 	�˚ o r 	
˚X E<�

lB�d,ˇH˛ 	�˚

	�ˇl˚B�d1H� 	
˚

r 	�˚˝ &m�o L @8$O	H˚ �� �$� � &FH�]˚ �8 8�

3Cg˙ \U�<˝ H'˚<� r 	
˚0 �8H 8�&3Cg0 �8 Z&z˝

&&j	1H =&j*��$l˚ ,2 f Pbd �<˝ H'˚<� C9r* 

˝ ˚|� L 8cH mO)Yr	B˝ FH�]˚� 	�˚n 	
˚˙  ˝��� 8'

3C$H 8�=H� r 	�˚H ˚˙ *�<�˝ @8$O �$g H� ?4�<�

�˛ H �$g˚ ?4z� Q8 3Cg B�X B�˝ ˚ 29zb *nw<�

r 	�˚n r 	
˚H IWr˙ AHMCHMFˇ˘ F4� H� 3
�� <	X E0 r

˚ *nw<�

lB�˝	�ˇl˚C
c2

R
=M � 	'˚

˚) r 	'˚� 4˛�d B�� B�H e&˘ V#u B��B�˚˙˛ X.e&� r 	�˚

 �c� V� C9r* H X.e&˝ r 	�˚n E˚ </ �(w<�

maxc1fu1(c1)+(1-f)u2m nRi jC
M -fc1

1-f
� 	�˚

{H1 =He&˝ KMBH˙ F4� r 	�˚� B� ��d �.<� = ˚ X

4�*nw B��˚˙ r 	'˚n r 	�˚ wH˘ �c�� lGH ˚˚ *nw<�

B��M,˛ B��M1,˛ H�M	�ˇl˚,�

2 rF0 K8 �0 I(�] , 8I� 3C� ˛ K8 �˝ I(�] �

� &&j� 1, �� 3CF FD�<˝ �˙ >˚ P<� _t K8 �˚

�8 I(�] ,˙ bL 3C{ U# K8 �F �8 3C{ �]˚ ˚˝ �



��� * � :&� 2� .4K9( W˛ �� ˚L. v;

�˚ 9_� ]˛˘ U) 8' f @8$O�$ �b� V#f˝ �˚ H�f�˘ C9r* F
K8 �� 2; �$�˝ ol0 8' I(�] L �8 3Cz& D˝ ol˚ w<� ˚
�˚ S˘ 	�ˇl˚,˚) 9 �$ �� �8 ' =&j0 	�ˇl˚,�1\˚<� �{˛ K8

�H +*˝ 	�ˇl˚˚b� K8 �U 3Col0 c*2=i jC
(1-f)M :R

1-f
˚<�

��˚ >K$O˚ ˘�� U# � F˙�_0 ˘�˚ IT� U#* P&~˛ ˘�˚ Z8{ U
#* o˛BP3 F 1��� /F]F:r �" >K˘�H F˙0 �_�<� a
L >K˘�˙ ~8	b8�˝ �8˚}& >K�<� ˚|� /g�_˚ ~8 's˝

RX0 �˚<�
��˚ WH�d $h /F]F) �� ZH* )8z P<� '6H U# ����x ?'L Z7
I4 jA˙ ˚E Z7�j(˙ >˚8 2; *c��<� �|V o� oY28˘ oY$
OF˙˚ C41.ˇ˘ J_�$ X2 /@F˙˚ \4Fs�F �� HN˚ )8z˛

<� l* /&* D. _4 8c >K{ H*˘ Qc� Yr˚V ˘�˚ o˛BP3 
1�˛ @E1k /@F˙ T9 W˙ ˚K˘ H �T˙ ? �ˇ˘ Z7@I 8�z8

:N˚<� �˛ ˚|� �T˚ @I �r U# ?6˝ �$$FH #Q˘ ˚b

F 3&F P8 :N˚<�

}( >_ & PˇV K8 �H v,F l	J�˚˚8 :N U) 8'H , F5

˘ �8 3Cz˝ ol0 l, 4X�<� +˛ 	�ˇl˚,~A0 3Cz& D˝

<˝ / KH{ y`F P<�
˚ 41.� oY/@�˝ � 4H1 @8$O

 �� �$ UO/ 1=�0 �˚ w<� �:<� �$� �<� =&j*˚

�� (8K9$O	H�˚><˝ =&j*	1M1H˚˚ �>< H @8$O 8A˘ ˚b

b&˝ �˚ S:*�<� ˚ �" Tst%�˝ (8K9( $O ��

�$˝ �˚ w<�

�� GHUY� oY/@�=�UO CH (�˚

����]����xX E0 �˘A GHUY8˝ o˛BP3 F 1��<� �˛

 o˛BP3 1�0 �$p�H /@Fs� �_/�<� ˚ ?X 8( @

8�$$F˚ ]o1T #˝˘ =8�n˙ (h{ U# WE�˝ �$p�H

Q=0 �1p�F˙H 9F.� �_˙ KW�<���˚ #QF +=.ˇ˘ WE

�& D˝ * H U#* 	$h˚ /F]F)*˘ �; ?6 @I1 ]F�˚

�rw<� ˚ U# �w�=uF U<` �" /w˝ P&~ ?6 �$$F

H #QjA˘ ˚bF FD(˚ ><���˚

@8$OU ]o1T	Q=�T f& 1=˚Cs˙ o˘ u/{ U# oF �˚

ly"�	+˛ �JoJ�� U#˚ �$$FH =8�n &`WE0 y2.˚<� �

˛ � � WE� #Q˝ B <s #Q˛ F˙�_H j˚1˘ ˚bF FD(

˚ %<� �"� ˚� Ul#H 2? ˛� (={ & P˝ _WH Re˘ (



��z ˘j;r ���

��˚ * �ˇ˘ �n&`F MLz˝ 1M˙ &rˇ˘ u$�� K8 �˚bd { 3C$F*
K8 �}( �8 3C� (h�˝ 1M˚8 :N �8H &3C&`F ˚)˝ lB�F

ly"˛ :l˝	�ˇl˚<B�˚ z˝ �˚<� ˚�˚ S˘ r 	�˚H #TfH H'F w<�
��˚ #˛V"� Cq�d 1U& 6F�˝ C9r* ]F/ � ]F:V˚ �Iv Ts

t% �C 1�.� &j*˙ O4�˝ :r˚<� 0hmoH U# mo$F t4ol
�� �˛� 3K�˝ )�˛ * �$$˝ moX P˛ * $O �� &v�˙ >K

�8 :N˚<� m ˘ mo �� ]F:r0 =�&j* ]F˚<� �"� moX 1
˚� * $O &j]F =�&j*˙ jH� �0 $T .H �7F WE{ 3&F

P<�
��˚ ˚ Iv �]˙ YG jjH lj$$ Bj M<�

8K9( >KF y`�<� +˛ oF j˚"� �. @8$O �$�b˝ F 1

=�TX @8$OH &j c �3 C)˛ �˛ G =8�n&` �� &

pD7H >@˛ ˚ L F&� @L�˝ F5˘ (8K9( �bn C)���

?4zbd �<� &pD7 >@˙ 2;�˝ l&j˚ �˚x"*˛ =8UO/

�T˚ ˚˝ (8K9$O	H�˚ >KF y`;k<� &pD7 >@˙ &rˇ˘

V#f� r 	�˚X E<�

B�d,ˇHo� 	�˚

r 	�˚0 GHUYˇ˘ @8$O�$� ]F�T˚ WE� ˛ �$g H F

5˘ #Q&` �<�˝ X4� WE�˝ �=Q�  ˝�d t> & P

˝ (8K9(˚ #QWE �" �8 ML &�n&`	K8 �}& ,e˚

� �R{ & P<˝ H'˚<���˚ +˛ r 	�˚˚ (x{ U# �$$FH =p�

#Ql˛˝ -�.F & P<� m ˘ r 	�˚0 lGH g F&� >}.ˇ˘

F4� ?X˚<� x~˛ * $O5HX WH�d =�. ]F� F4��<���˚

˚˝ �C R'6F� "- 5	"NMRS@MS -DS  RRDS 5@KTD˚ * n E˚ =�]

F * F t� 9g� �X b8 8Q1 c3<� 2;�˚<� s~˛ $OF˙

�_ f& #Q �s �1$OH F˙�T0 o )Rzb P<���˚ u~˛ =

8#Q/ &&6˛ FO ngdn E0 )Y0 ˚< F4�<� m ˘ #˛V

" oYU60 #Q)�˙ 2�d =8 ngd� IX� PˇV b8�˝

˚|� &&6˝ �˚" F4��<�

)�˘ @8$O �� 1=�˚ 80 ˚<�˛ + oM�� U# �$$F˚

=8Z& V0 ˚K* ˚ ˛ (8K9$O >K y`* ˚bk<� S˘ aH

Tst% U#˚<� )�˘ $O5H˚ 0h}( �n˘� 8A"� =8Z&

F ]A.ˇ˘ 4FD�˘˛ oM�� U#F w<� ˚ U# =8Z&/ FH&�

]0 r 	�˚ �q� ,ˇH 4X�<� ˚�0 "NNODQ @MC 1NRR	�!!�˚� v



��� * � :&� 2� .4K9( W˛ �� ˚L. v;

;z˛<�

? F v;�˝˝ 1M0 @8$O �� ]F� oF 2H L U#	�* �

* l~˚F l~ � Lc� U#˛ + 	�˛ �˚˚<� S˘ ˚:F �$lH =8Z

&F FD�&~ =8Z& ]F�˚ &)z˝ U#˚<� =8Z&/ @8$

OU ]F�˚ o~A3 WE�<� (8K9$O	H�˚ �b˝ x ˚1 �˚ l3

& P<� �˛ � ˚K˝ @8$O =8Z& �s 1=CH˙ I3�8 2

� �˚<�

�.H (8K9$O >K�b˝ =8UO/ WE{ ]F�X =8UO˚ ˚

˛x"� WE{ @8$O �$H &j˙ C)�˝ X4� ?4w<� ˚)

@8$O �� �$�b	H˚˝ ,� K8 �H 8�3C�b˛ �˛ (8K

9( >K	H�˚�b� wB�˝ :rˇ˘ *nz˝˘ lGn E<� ? � (

8K9$O �� l�$&j0 �ˇ˘ F4�<	Ri1M�˚�

Hd,ˇH�ˇlB��

K8 �H mO)Yr0 2n E0˘ ˚�0 Tst%n˝ <s bj˙ L˝

<� �˛ K8 �e FH� &�]0 @8$O˚ T${ &&j< �8 (

8K9$O˙ >� ˚ˇ˘ TUw<� ˚) �8 mO)Yr0 <	X E˚ u8

 & P<�

	�ˇl˚B�d1H˝H��

TUw �8n �8H mO)Yr˛ �˛ @8$O �$ �� 1=� WE

/ &pD7˙ >@�BNLLHSLDMS˚�˝ r 	�˚˙  ˝{ U# C9r* H �.

< N)˝ lGn E<�

maxi, i1lT��B�˚˝	�ˇl˚T��B�˚˝h:,ˇHoˇB�<˛

R�S� lB�˝H�d,ˇH˛

	�ˇl˚B�d1H˝H�� 	�˚

$˚X4˙ (lO �8 2; 'v a� �(H L mO)Yr˚ AHMCHMF�

< F4� r˙ �4˛�� Q8H 3C˝ lGn E˚ @8$O �$l	H˚

X (8K9$O �b	H�˚H e&˘ V#u<�

B�M	,ˇHˇH�˚ıl˛



��z ˘j;r ���

��˚ ~Y =&j*˚ ���?� �$˘�˚ GHUY˚ WE�d =8 Q={ U# {�s˚
��?" �<� {˚0 �Z	���ˇ�˚ı���˚\˚ w<�

��˚ o˚˚ j˚b� =8UOCH˚ WE�x"* l&j*˚ >l {F %<� @8�$o

B�M	H1˝H�˚ı	�ˇl˚� 	�˚

˚) r 	�˚˙ r 	�˚H x~ J P˝ X.e& �c�<�

maxi, i1fu1(c1)+(1-f)u2i jC
iR+i1

1-f
+b*}f }

f,M -ii-C
M -i-i1

f
� 	!˚

r 	!˚˝ r 	�˚X 9s�˘ r 	!˚ �q� �.<˝ @8$O	H˚˛ (8K9

$O	H�˚ �˛ "�i&u	h˚ �� �7 =Z˙ !�˝ �˚ w<� m ˘ =

He&˝ Tst%�n 9_�e KMBH˛ H˚Z�˛ �\˘ F4��<� ˚) r 	!˚�

�$g˛ K9(˛ "�i&u �; wH�˘ 'v� ˚0 lGn E˚ 4˛ 

& P<�

-C
1
c1

+RC
1
c2

+bi jC
1
f

-i =0˛ 	��˚

-C
1
c1

+C
1
c2

+C
b
f

=0˛ 	��˚

M -ir-c1=0� 	��˚

r 	��˚]r 	��˚V#D 3Cg B�˛ B�˝ u8Hc3<� 2; r 	�˚H B�M

	,ˇHˇH�˚ıl˛ B�M	H1˝H�˚ı	�ˇl˚� jH��<� ?=� *n;d { '&&

˝ ZB�˛ B�˛ H˛ H�˛ h\˘ bL <� Q<� r 	��˚]r 	��˚n �8n �8 3Cn �

$g cH W7� V#f˝ r 	�˚˙ e$ $� <	H ˚F˙ !{ & P<�

c*1*=MC
f(u+1)

f+u
, c*2*=M (u+1), b=C

1
M
C

u
u+1

˛ ˚: u=C
R-1

i
"0

i**=C
M (R-1)(1-f)

i(if+R-1)
=MC

u(1-f)
i(f+u)

, i*1*=MC
1-f
f+u

(u(1+f)+f-C
u
i

)� 	�
˚

r 	�
˚� = ˚FH u8 c3<� 2; l&j*X 1=*H W7� V

#f˝ {MZ1ˇ�\ıo5 u$˙ *c��<���˚ +˛ {˝ �$H l&j*X 1=

* cH C� V#u<� ~Y {F �>< %<� ˚�0 �$H l&j*˚ /

@�H 1=*>< ><˝ H'˚ ˛ � )� U#˝ 1=*˚ 1�.ˇ˘

x ><˝ �˙ '�<���˚ �˛ r 	�
˚H ˚F˚ H'� &y8 2;�˝ l



��� * � :&� 2� .4K9( W˛ �� ˚L. v;

l	H˚˙ ^˛˝ �˚ *W.ˇ˘˝ S:*{ �˚<� )�˘ o˚˚ 1�.ˇ˘ �� {F

�0 U#˝ @8�$ol	H˚˙ J˚˝ �˚ S:*{ �˚<� (8K9(	H�˚ >K�b
n WH;�˝ o˚˚ %<� 1=CH˚ �&8 :N ˚ U#˝ j8 H�� ^F

y`(˚ %e w<�
�	˚ r 	��˚H ��[˙ A/� 1=* o �˙ �c{ U# &,.ˇ˘˝ {˚0 A��F

z ˛ ˚ U# r 	�
˚� �8H ;83Cg	B���˚˚˚ A��F z˝ N)F WE�<�

GH =Z˙ ~��dd �<�

u(1+f)+f&C
u
i
� 	�'˚

r 	�'˚H IWr =Z0 r 	�
˚� H���˚˚ 	˚  & ˚<˝ $T.�

)Y� Cqz˛<� r 	�'˚F (x�& D˝ U#˛ + {	�˝l˚˝lJ	{ıo˚"

� r 	�
˚� *nw H���	(8K9( >K˚0 		ˇ˚˚ w<� ˚˝ FH�]

	,˚ ˚1H $o=P˛ + wc˙ +�d �$� (h�˝ �ˇ˘ tk	L@QFHM˚


G ;Uw<� �|V ? � ˚|� tk
G˝ �?˘ �<� ˚ U# r

	�
˚H <s T&F˛ + H���˛ B���˛ H��F* r 	�'˚H )Y,2 f�~ H'�

L˝ �ˇ˘ �lFdd �<�

˚) ln 1H ˚˚ Ybk �ˇ˘ F4� r 	�'˚H IWr˙  ˝���

=HFD� 1=*	o˚˙ *n; >� lGn E˚ oH ��[˚ *nw<�

i&C
-(R-1)(f+1)B\(R-1)2(f+1)2+4f(R-1)

2f
� 	��˚

+˛ r 	��˚˝ r 	�'˚ �" KH'� oH ,2� O4� �˚<� r 	��˚H

QNNS u˙ S$>� vbH x �~ f ˚� ˇ�1ˇ�˚	l˝�˚H )ZfX B <

s jH ˚ˇ˘ ˚bb" P<� ˚ ?X r 	��˚H #T˛ + 1=*H ��˚ �

>< H ˚o˙ < & P<���˚ �˛ oM�˚b� =81= lA� t5˚

˚˝ U#˝ aH Tst%� 0jzb P<�

˚) @8$O �� l&j*X 1=* cH W7� V#f˝ {˚ f&

1=*H %8 �" �$olX (8K9( �b cH ?4˛ K8˚ 3Cg

H ?4˛ 8' 3C$ EE&z˙ wH˘ S$?<� ˚ U# �$olX (8K

9( �bH W7˝ lGH 4˛˘ `Yw<�

:4˛ �< {	@8$O �� l&j*	1ˇ�˚X 1=* cH Cs˚˚ 1�	�

_˚{ U# @8$O�b˝ pF	B3˚�<� )� (8K9$O



��z ˘j;r ���

H @BQNRR SN S@T

S@T

�

���

���

��'

���

�
��
 ��' ��� ��� ��� ��� ��! �

HM
U

's˝ RX0 bS�<� �{˛ l&j*˚ 9_� 1A� 1=

*	o˚~ 1�{ U# y`� (8K9( �b˝ pF�<�

:p�< r 	�
˚� C
di
du
0 MC

1-f
di
C

u
(u+f)2"0˚<�

�˛ C
di1

du
�

M (1-f)C
(1+f-C

1
i

)(1-u)-f

(f+u)2
0 {˛ o˛ lH @"'h

˚ �" � ISF Sm 3&F P<� )� C
di1

di
˝ i*1*=MC

1-f
f+u

i ju(1+f)+f-C
u
i
 u=C

R-1
i
� �c�d {� 3
�d 4˛� =

r 8'� o ��d 'v��˛ i*1*=MC
(1-f)(R-1)(1+3f)

(if+R-1)2 "0ˇ

˘ pFe˙ < & P<� 0�$�#�

q�` �r0 1=*	o˚H T< �s @8$O �$l˛ (8K9$OH [.

˙ /�3˚`� �˚<� /�3˚`� l&j*0 ��?	1M���˚˛ K8 �H

v,˝ lM��
˛ �˛ I(�]	,˚0 �˘ F4��<� /�3˚` ?X� >�

1=*˚ '�?	od��'˚ ˚�� !c� K9(	H�˚˚ 		ˇ˚H ˚˙ L˝ �ˇ

˘ Vn ˚ Iv0 n)��<�

q�` �r�˝ 1=* oF �F U# 1=CH˙ J˚8 2; @8$O �

$l0 B3�˝ )� (8K9$O0 �& P	˙ < & P<�

:4˛ �< {F 1�	B3˚{ U# K8 �H 3Cg0 pF	B3˚� K8 �

H 3Cg0 B3	pF˚�<�



��� * � :&� 2� .4K9( W˛ �� ˚L. v;

�
˚ VlF r 	�
˚ �q� �8 ;83Cg	B���˚0 �8 ;83Cg	B���˚>< f1 %<˝

�˙ < & P<� ˚˝ j 8c	B˝ L K8˚ 3Cl c˝ BB���Z	lıl˝{˚\MB���H W
7F (x� Zlı	l˝{˚\J�˚8 :N˚<� ? � �8 3Cg˚ �8>< x H �0
b8H 04� 1V�� �X �8 3C �� /c{�s˙ ˚� ˘ 8��<� �"�
/c{�s˚ *cw<� ˚ W7˝ Sm &* P<� �"� ˚><˝ �8H ;83Cg

q�` �r �8 @�$Ol�H˚� (�K9$O�H�˚ [.

H� @BQNRR S@T

S@T

���

ˇ���
��
 ��' ��� ��� ��� ��� ��! �

HM
U

��'

���

�

:pj< r 	�
˚� C
dc2

du
"0o0 $j�<� �˛ C

dc1

du
H 'v˚0 C

dc1

du
M

C
f-1

(u+f)2#0X E˚ 	ˇ˘ *n`˙ < & P<� 0�$�#�

:4˛ �<� 1=CH pF/ @8$O �$l	H˚0 B3� (8K9$O

	H�˚0 pF�˝˘ ˚|� W7� r 	�˚� K8 �H 3Cg˙ B�M	,ˇHˇH�˚

ıl �c; >� K8 �˛ + �8 3C �� =XF bS; >˚˝ �˚ P

<� �|V :4˛ �< �q� B�0 {H B3e&˚ ˛ o 	1=*˚F { 	�$H

l&j*X 1=* cH C˚ vb˘ FbF Pb o 	1=*˚H 1�0 {H

�_˛ �˛ ˚�0 ?6 �8 3Cg˙ ^˛˝ �ˇ˘ V#D<�

*W.ˇ˘˝ 1=*˚ >lF : C9r* F @8$O �� �$l˙

^M<� '�B� #Q`! �<�8 b˝.F & P<� �"� ˚� :&

�˝� @8$O><˝ (8K9$O˙ t��˝ �˚ S:*�<� �˛ ˚

U# @8$O �� �$F B3�8 :N �8 3Cg˙ t��8 b˝.

k<˝ N)F P<� ?6 ˚ �� )j=X˘˝ K8 �˛ + �8 3Cg˚ ^

bF˝ �ˇ˘ ;;w<��	˚



��z ˘j;r ��	

0 { B3e&˚ ˛ )� �8 ;83Cg0 pFe&� �0 KH'� t�˚<�

q�` �r �� �83Cg [.

B� @BQNRR S@T

S@T

����

����
��
 ��' ��� ��� ��� ��� ��! �

B�

����

����

����

����

q�` 
r �� �83Cg [.

B� @BQNRR S@T

S@T

��
�

����
��
 ��' ��� ��� ��� ��� ��! �

B�

����

����

���'

����

����

����

����

���'

����

q�` �rn q�` 
r0 1=*	o˚H T< �s =8 	B˝ K8˚˚ ;83

Cl [.˙ /�3˚`� �˚<� a�n tpF&˘ /�3˚`� l&

j*0 ��?	1M���˚˛ K8 �H v,˝ lM��
˛ �˛ I(�]	,˚0 �˘ F4

��<�

t&Eˇ˘ l�$&j*X 1=*H T<F jZEE 's˝ T<˚<�

:4˛ 
< {F 1�	�_˚{ U# jZEE0 pF	B3˚�<�



��
 * � :&� 2� .4K9( W˛ �� ˚L. v;

q�` �r "Z EE&z [.

����

�����

����

�����

����

�����

��� ��' ��� ��� ���

	�ˇl˚KNFB�˝lKNFB�

:p�< r 	�˚H 8' 3C$H 8�=H r 	�
˚� H���X B���� �c�

� lGn E˚ w<�

flogC
f(u+1)

f+u
+(1-f)log(u+1)�

˚)2r˙ {��d'v��C
(1-f)u

(f+u)(u+1)
"0˚w<� 0�$�#�

q�` 'r�˝ a�n 9_� =Z�� 1=*	o˚H T< EE&z˙

/�3˚`� �˚<� 1=*˚ �F&� @8�$l˚ B3�d @8�$

�s 1H =&j* F˚ 8ZF j"7 �" EE&z0 (=.ˇ˘ B3�

 P<�

C� ?L � 4;/�/

? 2!�˝ C9r* � :&� 2� (8K9( �b� ˚L.ˇ˘ v

;��<� �$]o �T˙ #˝�˝ �$$H #Q˝ �1$O �� 9F.

� Q*&`� KW�d </o � $OH F˙˙ �_/d ˛ 9F.� �

	QTM˚˙ KW{ #˝F P<� �"� ˚|� Ul#˙ (=� oY/BV u

4˙ 2;�˝ $O5HH Z8( t>F y`�<� * H $O5HX WH�



��z ˘j;r ���

d� #˛V"�˝ vO�$ �)F �˙�e *czb PˇV˛ f3˚`X

WHw (8K9$O �)˝ 1�.ˇ˘ '\� {˚<�

? H b8X /�3˚` ?X �q� C9r* H (8K9( >K�b

˝ ]F�H pFe&˘ V#V P<� �"� XE C9r* H $O5H

�)˝ GHUY8 �C�d (8K9$OX @8$O cH .4 f3˚`˙

!I�˝ :Xˇ˘ .< y`F P<�

�C * F >{<z ˛ _I ,,%* H U# &p?)8D}& Id`

�" * * 0h}( 4IF &p˙ >@;d �<˝ Y@* P<� �|V m

o˚ l~ oY�$1k}& &p>@˙ =H{ U# *^. ;˚N)F l

=;F & Pb 18 Y@0 �lF˚8 bb<� moX P˛ �$5 ˛B%

�� $8;o˙ S�ˇ˘ ˚bb&˝ h2˚<� �"� ˚|� �$1k� C

9r*  �; 4IF &p˙ >@{ U# 28� �$h2 4IF >8˙

)\�˝ ˙˚ zb BO˝ oY/@H ˛B%� t�/T 3&F P8 :N˚

<�

� �G #˛V" BPU60 �$$>S w]� ����x ˚E �g #Q

:&;X * $O 5HX WHw <j� �)� *c�d �<� #Q28)*˛

#Q/ $o�G Ta$O &p �4˛ * H _/.� $owc)*˛ #Q/

9F&&6 IF:u W˚ ��˚<� 5H$OH IT :&� 2;�˝ 9_W

X �� �$�* )� W˚ *cz˛<� �˛ o� oY28� 78˘

����x Fb�˝ * H GH˙ ]F� = ˚� )
$e <˛˝ &u*c˚

�Hz P<� !'.ˇ˘ \/ &u Fb˝ 4>˘˝ * H GHWpX

* l$OFs˛ +˛ 8zF˙H !B*� ]F�˝ * T9( ]F W˚ '

pz P<�

�|V ˚1H �;F0 #Qkh i*� w9
V˛ IT$O WE :&˝

=XF P&~ GHUY˚ WE{ U# 5H$OH Z8( t>˝ �7F P

<� o� �˘A oY28F ˙/ )K F5˘ �V˝ oY/@ GHUY˚

WE{ U# oY�$$O0 � Z8( dI� (V F˙˚ J_{ 3&F P

 ˛ ˚˘ �� 6M˛ #Q&`˝ oY/BVH R�˘ tO 3&F P<˝ /

˙ Y&/� �˚<� �"� ˚|� 6M1M� * � :&� 2;�˝ f

3˚` W˛F b$ :>< L`;F<�

�"� BPU60 * 5H$OH Z8( t>� 2�d�˝ 5H$O IT

:&n x4b .4K9( W˛� 2� �I!= 4C� &i{ y`F P<�



��� * � :&� 2� .4K9( W˛ �� ˚L. v;

!'.ˇ˘ 5H$O �� .4K9( &u W!˛ byhˇ˛ WH 4>\/H

T=( t>� J>;d { �˚<� t&Eˇ˘ ? H ˚Lb80 �H 8Q

1 * $OH 5H&j �� ]F� =�. :rˇ˘ F4��˝˘˛ ˚ /

0 �6H $T�˝ �7� FF & P	˙ &.�<�

m  N %

˛9�˘˛/]˛ �%TMC QTMX /BV28 WEFD( �� Tpv;˛� w?I

2!&] \b�NMx˛ mo>8\j˛ �����

:�X˘jR;˘GkR˛ �$?/@H /BV ˛B%n �$$>S˛� woYu4

2!x˛ 5NK� ��˛ -N� �˛ ���!˛ ��]��
�

j;r˘��z˛ �$OK9<H -�28X u4< :u˛� oYu4WH 2!H

& �N˛ �60h oYu4v;6˛ �����

k j˛ �B#_�$� "H� @;8 $OW˛˛� w=j> �x˛ �6p�2!

]˛ �����

 KKDM˛ %Q@MJKHM @MC #NTFK@R &@KD˛ �"@RGcHMcSGDc,@QJDS /QHBHMF SN %HM@MBH@K

%Q@FHKHSX˛� )NTQM@K NE SGD $TQNOD@M $BNMNLHB  RRNBH@SHNM 
	�c
˚˛ ����˛ �
�]

�'��

!QTMMDQLDHDQ˛ ,@QJTR *� @MC +@RRD '� /DCDQRDM˛ �,@QJDS +HPTHCHSX @MC %TMCHMF

+HPTHCHSX˛� 1DUHDV NE %HM@MBH@K 2STCHDR ��	�˚˛ ���!˛ ����]��
��

"HETDMSDR˛ 1NCQHFN˛ &H@MKTHFH %DQQTBBH˛ @MC 'XTM 2NMF 2GHM˛ �+HPTHCHSX 1HRJ @MC

"NMS@FHNM˛� !@MJ NE $MFK@MC 6NQJHMF /@ODQ -N� ��'˛ �����

"NNODQ 1� @MC 3� 6� 1NRR˛ �!@MJ 1TMR� +HPTHCHSX "NRSR @MC (MUDRSLDMS #HRSNQ;

SHNMR˛� )NTQM@K NE ,NMDS@QX $BNMNLHBR˛ 5NK� '�˛ �!!�˛ ��]
��

#@MHDKRRNM˛ )NM @MC 'XTM 2NMF 2GHM˛ �$MCNFDMNTR 1HRJ˛� 6NQJHMF /@ODQ˛ �����

#H@LNMC˛ #� 6�˛ �%HM@MBH@K (MSDQLDCH@SHNM @MC #DKDF@SDC ,NMHSNQHMF˛� 1DUHDV NE

$BNMNLHB 2STCHDR˛ 5NK� ��˛ �!�'˛ 
!
]'�'�

#H@LNMC˛ #� 6� @MC /� '� #XAUHF˛ �!@MJ 1TMR˛ #DONRHS (MRTQ@MBD˛ @MC +HPTHCHSX˛�

)NTQM@K NE /NKHSHB@K $BNMNLX˛ 5NK� !�˛ �!�
˛ '��]'�!�

#H@LNMC˛ #� 6� @MC 1� 1@I@M˛ �+HPTHCHSX 1HRJ˛ +HPTHCHSX "QD@SHNM @MC %HM@MBH@K

%Q@FHKHSX�  3GDNQX .E !@MJHMF˛� )NTQM@K NE /NKHSHB@K $BNMNLX˛ 5NK� ��!˛



��z ˘j;r ���

���
˛ ���]
���

*XKD˛  KADQS 2� @MC 6DH 7HNMF˛ �"NMS@FHNM @R @ 6D@KSG $EEDBS˛� )NTQM@K NE %HM@MBD

��˛ ����˛ �'��]�''��

,B"@AD˛ /@SQHBJ $�˛ �3GD "QNRR 2DBSHNM NE ,NMDX ,@QJDS %TMC 1HRJR @MC %HM@MBH@K

"QHRDR˛� %HM@MBD @MC $BNMNLHBR #HRBTRRHNM 2DQHDR˛ 42 %DCDQ@K 1DRDQUD

2XRSDL˛ ����� !

2@K@MHD˛ !�˛ 3GD $BNMNLHBR NE "NMSQ@BSR˛ �MC DC�˛ ,(3 /QDRR˛ �����

3TJBDQ˛ /�˛ �2G@CNV !@MJHMF˛ %HM@MBH@K ,@QJDSR @MC %HM@MBH@K 2S@AHKHSX˛� 2ODDBG

@S SGD !&" /@QSMDQR 2DLHM@Q˛ +NMCNM� !@MJ NE $MFK@MC #DOTSX &NUDQMNQ˛

����� ��

3HQNKD˛ )�˛ 3GD 3GDNQX NE "NQONQ@SD %HM@MBD˛ /QHMBDSNM 4MHUDQRHSX /QDRR˛ �����



��� * � :&� 2� .4K9( W˛ �� ˚L. v;

� %HQRS  TSGNQ˛  RRHRS@MS /QNEDRRNQ˛ &KNA@K %HM@MBD @MC !@MJHMF #HUHRHNM @S (MG@ 4MHU� 3DK� ˝
��c
�c���c����˛ $cL@HK� IIG@M�HMG@�@B�JQ

�� "Nc TSGNQ˛ 2DMHNQ 1DRD@QBG %DKKNV˛ *NQD@ (MRSHSTSD NE %HM@MBD˛ 3DK� ˝��c�c
���c�
��˛
$cL@HK� GRO@QJ�JHE�QD�JQ

: ARSQ@BS<

 M@KXRHR NM SGD +HPTHCHSX ,@M@FDLDMS

ENQ /QDUDMSHMF ,TST@K %TMC 1TM

)@DINNM '@M�˘'@DRHJ /@QJ��

6D DW@LHMD @ CDBHRHNM NM SGD NOSHL@K @LNTMS NE RGNQScSDQL KHPTHCHSX GNKCHMF HM

NQCDQ SN OQDUDMS LTST@K ETMC QTM� #TQHMF ����]���! BQDCHS BQTMBG ODQHNCR˛ RG@QO

QHRD HM QHRJ OQDLHTL @MC RTARDPTDMS DU@KT@SHNM KNRR NM RDBTQHSHDR HMUDRSLDMS AQHMF

FQD@S BNMBDQMR @ANTS SGD ONRRHAKD L@RR QDCDLOSHNM AX ETMC HMUDRSNQR˛ RNcB@KKDC ETMC

QTM� %TQSGDQLNQD HE ETMC QTM NBBTQR @MC RTARDPTDMS TMVHMCHMF NE DWHRSHMF RDBTQHSX

ONRHSHNM ENKKNVR˛ HS VHKK RO@QJKD @MNSGDQ UHBHNTR BHQBKD NE RDBTQHSX OQHBD OKTMFD @MC RTBG

OQNBDCTQD SDMCR SN AD HMSDMRHEHDC� 3GTR DMRTQHMF NOSHL@K RGNQScSDQL KHPTHCHSX GNKCHMF

HM OQDcBQHRHR ODQHNC HR BQTBH@K SN OQDUDMS RTBG L@RR QDCDLOSHNM�  BBNQCHMF SN NTQ

SGDNQX @MC RHLTK@SHNM QDRTKS˛ SGD NOSHL@K @LNTMS NE RGNQScSDQL KHPTHCHSX GNKCHMF

ADBNLDR @M HMBQD@RHMF ETMBSHNM NE SGD DU@KT@SHNM KNRR NE KNMFcSDQL RDBTQHSHDR� .TQ

EHMCHMF HLOKHDR SG@S RTODQUHRHNM NM @CDPT@SD KHPTHCHSX GNKCHMF ENQ CTQ@SHNM ODQRODBSHUD

HR UDQX HLONQS@MS ANSG SN OQDO@QD ENQ ONSDMSH@K EHM@MBH@K STQLNHK @MC SN DMRTQD EHM@MBH@K

RNTMCMDRR�

*DXVNQCR� LTST@K ETMC QTM˛ DU@KT@SHNM KNRR˛ CTQ@SHNM˛ KHPTHCHSX GNKCHMF˛ A@MJ QTM

)$+ "K@RRHEHB@SHNM� #��˛ &��˛ &




