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i@3 H3q3a�<3 b3I8A/3IncCRN-
T3a,3Cq30 r3�Ij@ �N0 +R<NCjCq3 bRU@CcjC,�jCRN

iCyC�N� �cc3Ny�. �I$3ajR +�a0�,C �N0 /RL3NC,R /3IIC ;�jjC¾

�$cja�,j

2uCcjCN< 3qC03N,3 cn<<3cjc j@�j CN0CqC0n�Ic 8a3\n3NjIw LCcU3a,3Cq3 j@3 q�In3 R8 j@3Ca
s3�Ij@Y r3 j3cj j@3 3uCcj3N,3. �N0 3cjCL�j3 cC<N �N0 L�<NCjn03. R8 �N CN�,,na�j3 U3a,3UjCRN
R8 CN0CqC0n�I N3j sRaj@Y #w ,RN0n,jCN< � I�$Ra�jRaw 3uU3aCL3Nj. s3 ~N0 j@�j LRcj cn$E3,jc
U3a,3Cq3 � <Cq3N N3j sRaj@ �c <a3�j3a j@�N Cjc jan3 q�In3 �N0 j@Cc LCcU3a,3UjCRN CN,a3�c3c
8Ra IRs3a q�In3c R8 j@3 I3q3a�<3 a�jCR CY3Y. IC�$CICjC3cA�cc3jc a�jCRY r3 C03NjC8w �N 3uUI�N�jCRN
a3I�jCN< j@Cc LCcU3a,3UjCRN jR IRs ,R<NCjCq3 cRU@CcjC,�jCRN �N0 CN�jj3NjCq3 j@CNGCN<Y 7CN�IIw.
cn,@ s3�Ij@ LCcU3a,3UjCRN Ua30C,jc <a3�j3a CLU�jC3N,3. IRs3a 03$j �q3acCRN �N0 <a3�j3a
L�a<CN�I UaRU3NcCjC3c jR ,RNcnL3 Rnj R8 URcCjCq3 Vja�NcCjRawW CN,RL3 c@R,GcY

¾�cc3Ny�- iRnIRnc3 b,@RRI R8 2,RNRLC,c. mNCq3acCjw R8 iRnIRnc3 +�UCjRI3 VjCyC�N�Y�cc3Ny�"jc3A
8aY3nWd +�a0�,C- ;R3j@3 mNCq3acCjw 7a�NG8naj V�I$3ajRY,�a0�,C"@R8YnNCA8a�NG8najY03Wd /3IIC ;�jjC- +RLA
UI3uCjw H�$ CN 2,RNRLC,c. mNCq3acCj© +�jjRIC,� 03I b�,aR +nRa3 �N0 +2bC8R ;aRnU KnNC,@. ;3aL�Nw
V0RL3NC,RY03IIC<�jjC"nNC,�jjYCjWY r3 �a3 <a�j38nI jR K�aCRc �N<3I3jRc. rCIIC�L #aR,G. 7�$aC,3 +RII�a0. DR@N
/n{w. T�jaC,G 7ěq3. t�qC3a ;�$�Cu. KC,@�3I ?�IC�ccRc. T3a Fanc3II. +@3N HC�N. ;nCI@3aL3 HC,@�N0. pŝ,jRa `ŝRcA
`nII. 2I0�a b@�~a. K�jj@3s b@�UCaR. �I3cc�N0aR bRNjnRcR. D3�N iCaRI3 �N0 NnL3aRnc c3LCN�a �N0 ,RN83a3N,3
U�ajC,CU�Njc 8Ra @3IU8nI ,RLL3Njc �N0 cn<<3cjCRNcY iCyC�N� �cc3Ny� �,GNRsI30<3c 8nN0CN< 8aRL �M` nN03a <a�Nj
�M`ASeA2m`2AzzSz VBNq3cjCcc3L3Njc 0ȕ�q3NCa UaR<a�LWY �I$3ajR +�a0�,C �,GNRsI30<3c 8nN0CN< 8aRL j@3 �t�
`3c3�a,@ 7nN0Y

S



SY BMi`Q/m+iBQM

Ȓ�II R8 Rna UI�Nc 8Ra j@3 8njna3. �c CN0CqC0n�Ic �N0 �c � cR,C3jw. @CN<3 RN Rna U3a,3Cq30 s3�Ij@.
�N0 UI�Nc ,�N $3 j@aRsN CNjR 0Cc�aa�w C8 Ln,@ R8 j@�j s3�Ij@ 3q�URa�j3c jRLRaaRsYȓ

b@CII3a VlzS9W. UY lle

BN0CqC0n�Ic j3N0 jR 8RaL saRN< 3cjCL�j3c R8 j@3Ca @RncCN< s3�Ij@ V�<�as�I. lzzed +Raa�0CN
3j �IY. lzSeW. U�w ICLCj30 �jj3NjCRN jR j@3Ca ,a30Cj ,�a0 $�I�N,3c Vbj�N<R �N0 xCNL�N. lzS:W �N0
C<NRa3 ,@3,GCN< �,,RnNjc �N0 j@3 IC\nC0 a3cRna,3c �q�CI�$I3 8Ra ,RNcnLUjCRN VKRa3s30<3 3j �IY.
lzzeWY �II CN �II. j@Cc cn<<3cjc j@�j j@3w 8�CI jR @�q3 �N �,,na�j3 GNRsI30<3 R8 j@3Ca $�I�N,3 c@33j
�N0 j@�j j@3w L�w CN,Raa3,jIw U3a,3Cq3 j@3 q�In3 R8 j@3Ca jRj�I N3j sRaj@ jR $3 <a3�j3a Ra IRs3a
j@�N Cjc jan3 q�In3Y

i@3 ,RNjaC$njCRN R8 j@Cc U�U3a Cc j@a338RI0Y 7CacjIw. s3 CNq3cjC<�j3 j@3 3uCcj3N,3 R8 s3�Ij@
LCcU3a,3UjCRN �N0 s3 3cjCL�j3 Cjc cC<N �N0 L�<NCjn03YS b3,RN0Iw. s3 3uUIRa3 s@3j@3a j@Cc
LCcU3a,3UjCRN a3I�j3c jR aCcG Ua383a3N,3c. ~N�N,C�I 30n,�jCRN �N0 3uU3aC3N,3 �N0 ,R<NCjCq3 cRA
U@CcjC,�jCRNY 7CN�IIw. s3 �N�Iwy3 @Rs j@Cc LCcU3a,3UjCRN �{3,jc CN0CqC0n�I ,RNcnLUjCRN �N0
$RaaRsCN< 03,CcCRNcY iR j@Cc 3N0. s3 ,RN0n,j � ,RNjaRII30 I�$Ra�jRaw 3uU3aCL3Nj sCj@ @nL�N
cn$E3,jcY

r3 ~N0 j@�j CN0CqC0n�Ic L�w 8RaL CN�,,na�j3 U3a,3UjCRNc R8 j@3 q�In3 R8 j@3 N3j sRaj@. 3q3N
C8 j@3w R$c3aq3 Cjc jan3 q�In3 �N0 j@3 q�In3 R8 Cjc �cc3jc �N0 IC�$CICjC3cY KRa3Rq3a. j@3 U3a,3Cq30
q�In3 R8 j@3 N3j sRaj@ Cc. RN �q3a�<3. I�a<3a j@�N Cjc jan3 q�In3 �N0. 8Ra � <Cq3N N3j sRaj@. j@3
L�<NCjn03 R8 j@3 LCcU3a,3UjCRN 03U3N0c N3<�jCq3Iw RN j@3 cCy3 R8 j@3 I3q3a�<3 a�jCR. CY3Y j@3
a�jCR $3js33N IC�$CICjC3c �N0 �cc3jcY BN 3uUIRaCN< j@3 aRI3 R8 CN0CqC0n�I ,@�a�,j3aCcjC,c. s3 ~N0
3qC03N,3 a3I�jCN< j@3 Ua3c3N,3 �N0 L�<NCjn03 R8 s3�Ij@ LCcU3a,3UjCRN jR IRs I3q3Ic R8 CN0CqC0n�I
,R<NCjCq3 cRU@CcjC,�jCRN �N0 CN�jj3NjCq3 j@CNGCN<Y 7CN�IIw. s3 �IcR ~N0 j@�j <a3�j3a LCcU3a,3UjCRN
Ua30C,jc IRs3a 03$j �q3acCRN. <a3�j3a CLU�jC3N,3 �N0 � I�a<3a K�a<CN�I TaRU3NcCjw jR +RNcnL3
VKT+W Rnj R8 j3LURa�aw �N0 nN3uU3,j30 URcCjCq3 CN,RL3 c@R,GcYl

2uCcjCN< 3qC03N,3 cn<<3cjc j@�j j@3 ,RLURcCjCRN R8 � <Cq3N N3j sRaj@ L�w �{3,j @Rs j@Cc
Cc U3a,3Cq30 V03 H�N<@3 �N0 TnNjRNC. lzS9d bnccL�N �N0 b@�~a. lzSlWY ?3N,3. s3 cj�aj Rna
3uU3aCL3Nj $w j3cjCN< s@3j@3a U3RUI3 L�w CN�,,na�j3Iw U3a,3Cq3 j@3 q�In3 R8 � <Cq3N N3j sRaj@
�c $3CN< <a3�j3a Ra IRs3a j@�N Cjc jan3 q�In3. �N0 jR s@�j 3uj3Nj j@Cc LCcU3a,3UjCRN L�w a3I�j3 jR
j@3 I3q3I R8 �cc3jc �N0 IC�$CICjC3c j@�j ,RLURc3 CjY iR j@Cc 3N0. s3 03cC<N jsR cU3,C~, j�cGcY BN j@3

S�Ij@Rn<@ Rna 8R,nc Cc RN j@3 LCcU3a,3UjCRN R8 j@3 N3j sRaj@. 8Ra cCLUIC,Cjw. CN j@3 j3uj s3 I�$3I j@Cc U@3NRL3NRN
�c s3�Ij@ LCcU3a,3UjCRNY

lBN BNj3aN3j �UU3N0Cu +SY. s3 CNjaR0n,3 � cj�N0�a0 RUjCL�I ,RNcnLUjCRN ,@RC,3 LR03I. 3NaC,@30 sCj@ � a�jCRN�I
$nj CN�jj3NjCq3 �<3Nj © I� ;�$�Cu VlzS:W. jR a�jCRN�ICy3 Rna 3uU3aCL3Nj�I ~N0CN<cY

k



~acj j�cG. cn$E3,jc R$c3aq3 � c3aC3c R8 U�Cac R8 $�I�N,3 c@33j UaR~I3c R8 @wURj@3jC,�I CN0CqC0n�IcY
i@3 jsR UaR~I3c CN 3�,@ U�Ca @�q3 j@3 c�L3 N3j sRaj@ $nj 0C{3a3Nj ,RNcRIC0�j30 q�In3c R8 �cc3jc
�N0 03$jYk 7Ra 3�,@ U�Ca. s3 �cG cn$E3,jc jR ,@RRc3 j@3 UaR~I3 j@�j j@3w U3a,3Cq3 �c ~N�N,C�IIw
cnU3aCRa Ra jR cj�j3 j@�j j@3 jsR UaR~I3c �a3 ~N�N,C�IIw 3\nCq�I3NjY BN j@3 c3,RN0 j�cG. cn$E3,jc
R$c3aq3 � c3j R8 j3N $�I�N,3 c@33j UaR~I3c cCLnIj�N3RncIw ġ �II sCj@ j@3 c�L3 N3j sRaj@ $nj
0C{3a3Nj ,RNcRIC0�j30 q�In3c R8 �cc3jc �N0 03$j ġ �N0 j@3w �a3 �cG30 jR <a�03 3�,@ UaR~I3 8aRL
S jR Sz $�c30 RN ~N�N,C�I cnU3aCRaCjw Ra jR �ccC<N j@3 c�L3 <a�03 jR �II UaR~I3c j@�j j@3w ,RNcC03a
3\nCq�I3NjY

BN j@3 Ua3c3N,3 R8 8aC,jCRNc. cn$E3,jcȕ U3a,3Cq30 N3j sRaj@ ġ UaRuC30 $w j@3Ca \n�ICj�jCq3 �N0
\n�NjCj�jCq3 3q�In�jCRNc R8 ~N�N,C�I cnU3aCRaCjw R8 j@3 $�I�N,3 c@33j UaR~I3c CN j@3 jsR j�cGc ġ
LC<@j 03U3N0 NRj RNIw RN j@3 ,RNcRIC0�j30 q�In3c R8 �cc3jc �N0 03$j. $nj �IcR RN j@3Ca I3q3I
R8 aCcG. L�jnaCjw LCcL�j,@CN< �N0 UaC,3 aC<C0CjC3c �LRN< Rj@3acY ?3N,3. jR CcRI�j3 j@3 aRI3 R8
j@3 $�I�N,3 c@33j ,RLURcCjCRN �N0 3uUIRa3 s@3j@3a j@3 U3a,3Cq30 q�In3 R8 � N3j sRaj@ L�w $3
�{3,j30 3u,IncCq3Iw $w j@3 I3q3I R8 �cc3jc �N0 03$j. s3 a3LRq3 cn,@ 8aC,jCRNc CN Rna ,RNjaRII30
3NqCaRNL3NjY iR j@Cc 3N0. s3 CN8RaL cn$E3,jc j@�j �cc3jc �N0 03$j CN �II $�I�N,3 c@33jc �a3
aCcG 8a33. NRNACNj3a3cj $3�aCN< �N0 nN�{3,j30 $w UaC,3 q�aC�jCRNcY KRa3Rq3a. s3 ,I�aC8w j@�j
�II $�I�N,3 c@33jc ,Raa3cURN0 jR CN0CqC0n�Ic 3�aNCN< j@3 c�L3 ,RNcj�Nj LRNj@Iw CN,RL3 �N0
@�qCN< j@3 URccC$CICjw jR $RaaRs VC8 N33030W j@3 c�L3 �LRnNj R8 ,a30Cj �N0 U�w j@3 c�L3 CNj3a3cj
a�j3Y 7CN�IIw. �II ~N�N,C�I q�In3c �a3 U3a83,jIw R$c3aq�$I3 $w j@3 cn$E3,jc. cR j@3a3 Cc NR aRI3 8Ra
nN,3aj�CNjw CN L�GCN< 3q�In�jCRNcY i@3a38Ra3. j@3 I3q3I R8 ,RNcRIC0�j30 �cc3jc �N0 03$j Cc j@3
RNIw 3I3L3Nj R8 q�aC�jCRN �LRN< j@3 $�I�N,3 c@33j UaR~I3c CN $Rj@ j�cGcY

�II CN �II. �$c3Nj �Nw 8aC,jCRNc. j@3 ,RLURcCjCRN R8 � <Cq3N N3j s3�Ij@ c@RnI0 NRj �{3,j U3aA
,3UjCRNc. Ua383a3N,3c �N0 ,@RC,3c V�$3I3a �N0 K�aGI3CN. lzSed KR0C<IC�NC �N0 KCII3a. SO94d
i@�I3a. SOOzWY i@3a38Ra3. � a�jCRN�I cn$E3,j c@RnI0 U3a,3Cq3 j@3 jsR UaR~I3c CN 3�,@ U�Ca R8 j@3
~acj j�cG �c ~N�N,C�IIw 3\nCq�I3Nj �N0 �ccC<N j@3 c�L3 <a�03 jR �II UaR~I3c CN j@3 c3,RN0 j�cGY
?Rs3q3a. CN j@3 ~acj j�cG. �UUaRuCL�j3Iw 4kX R8 cn$E3,jc cwcj3L�jC,�IIw U3a,3Cq3 �c cnU3aCRa
j@3 $�I�N,3 c@33jc sCj@ IRs3a q�In3c R8 �cc3jc �N0 03$j. <Cq3N N3j sRaj@Y BN �N RU3N \n3cjCRN
�$Rnj j@3 ,aCj3aCRN �0RUj30 8Ra L�GCN< 3q�In�jCRNc. j@3c3 cn$E3,jc a3URaj j@�j j@3w IRRG �j j@3
a�jCR $3js33N 03$j �N0 �cc3jc. CY3Y j@3 I3q3a�<3 a�jCR. s@CI3 cn$E3,jc s@R U3a,3Cq3 j@3 UaR~I3c �c
3\nCq�I3Nj VS:X R8 j@3 c�LUI3W a3URaj j@�j j@3w 8R,nc RN j@3 q�In3 R8 j@3 N3j sRaj@Y r3 I�$3I
j@3c3 jsR <aRnUc �c $C�c30 �N0 nN$C�c30. a3cU3,jCq3IwY r3 �IcR ~N0 j@�j $C�c30 cn$E3,jc �ccC<N
0C{3a3Nj <a�03c jR j@3 j3N UaR~I3c CN j@3 c3,RN0 j�cGY #w ncCN< j@3c3 <a�03c jR UaRuw CN0CqC0A
n�Icȕ U3a,3Cq30 N3j sRaj@ 8Ra �II UaR~I3c. s3 ~N0 j@�j. <Cq3N j@3 jan3 N3j sRaj@. Cjc U3a,3Cq30

kBN Rna 3uU3aCL3Nj�I CNcjan,jCRNc. IC�$CICjC3c �a3 03~N30 �c 03$jY ?3N,3 8aRL NRs RN s3 sCII nc3 j@3 j3aL
IC�$CICjC3c Ra 03$j jR a383a jR j@3 c�L3 Cj3LY

:



q�In3 CN,a3�c3c 8Ra IRs3a q�In3c R8 j@3 I3q3a�<3 a�jCRY KRa3Rq3a. s3 ~N0 j@�j. RN �q3a�<3. $C�c30
cn$E3,jc U3a,3Cq3 j@3 q�In3 R8 j@3 N3j sRaj@ 8aRL ::X jR SfSX I�a<3a j@�N Cjc jan3 q�In3 8Ra �II
j3N $�I�N,3 c@33j UaR~I3c j@�j j@3w R$c3aq3Y

BN 3uUI�CNCN< j@3c3 cjaCGCN< a3cnIjc. s3 ,�N 0Cc,�a0 CNj3aUa3j�jCRNc a3I�j30 jR cn$E3,jcȕ I�,G R8
nN03acj�N0CN< R8 j@3 3uU3aCL3Nj CNcjan,jCRNcY BN0330. s3 ~N0 NR 0C{3a3N,3 CN j@3 c3I8Aa3URaj30
,I�aCjw R8 CNcjan,jCRNc �N0 j�cG 0C|,nIjw $3js33N $C�c30 cn$E3,jc �N0 j@3 a3cjY ;Cq3N j@3 �$c3N,3
R8 8aC,jCRNc. cn$E3,jcȕ �Ncs3ac c33L c,�a,3Iw �jjaC$nj�$I3 jR aCcGw CNq3cjL3Njc. CNj3a3cj U�wL3Njc
Ra <�CNc. Ra ~N�N,C�I nN,3aj�CNjwY �Ij@Rn<@. �j � ~acj cC<@j. 03$j �q3acCRN LC<@j c33L � cnCj�$I3
3uUI�N�jCRN 8Ra j@3 ,@RC,3 L�03 $w $C�c30 cn$E3,jc. $w �N�IwyCN< j@3 �Ncs3ac jR j@3 ~N�I cnaq3w
s3 ~N0 j@�j $C�c30 �<3Njc �a3 I3cc 03$j �q3ac3 j@�N nN$C�c30 cn$E3,jcY ?3N,3. CN j@3 c3,RN0 U�aj
R8 j@3 3uU3aCL3Nj. s3 j3cj 3uUI�N�jCRNc a3I�j30 jR CN0CqC0n�I ,@�a�,j3aCcjC,cY

7CacjIw. s3 3IC,Cj CN0CqC0n�I aCcGA�q3acCRN qC� j@3 LnIjCUI3 UaC,3 ICcj L3j@R0 CNjaR0n,30 $w
?RIj �N0 H�naw VlzzlWY r3 j@3N 3q�In�j3 cn$E3,jcȕ ~N�N,C�I 3uU3aC3N,3 $w L3�Nc R8 � cCLUI3
\n3cjCRN RN ,a30Cjg03$Cj ,�a0 RsN3ac@CU 8aRL j@3 lzSf bnaq3w R8 +RNcnL3a 7CN�N,3cY: KRa3A
Rq3a. s3 3uUIRCj j@3 0C{3a3Nj nNCq3acCjw $�,G<aRnN0 R8 j@3 U�ajC,CU�Njc jR j3cj j@3 aRI3 R8 ~N�N,C�I
30n,�jCRNY 7CN�IIw. s3 �cc3cc CN0CqC0n�I ,R<NCjCq3 cRU@CcjC,�jCRN Ģ 03~N30 �c j@3 j3N03N,w jR
a3Iw RN �jj3NjCq3 �N0 ,RNc,CRncIw 03IC$3a�j30 j@CNGCN< Ģ $w L3�Nc R8 �N CN,3NjCqCy30 q3acCRN R8
j@3 +R<NCjCq3 `3�3,jCRN i3cj 03q3IRU30 $w 7a303aC,G Vlzz9WY

Qna �N�IwcCc 0R3c NRj cnUURaj 3uUI�N�jCRNc a3I�jCN< s3�Ij@ LCcU3a,3UjCRN jR aCcG Ua383aA
3N,3c. ~N�N,C�I 30n,�jCRN Ra 3uU3aC3N,3Y BN 8�,j. s3�Ij@ LCcU3a,3UjCRN Cc $3cj 3uUI�CN30 $w j@3
I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRN R8 j@3 cn$E3,jcY � IRs3a 03<a33 R8 ,R<NCjCq3 cRU@CcjC,�jCRN CNA
,a3�c3c j@3 UaR$�$CICjw j@�j � cn$E3,j Cc $C�c30 �N0. ,RN0CjCRN�IIw RN $3CN< $C�c30. Cj �LUIC~3c
j@3 CNj3NcCjw R8 s3�Ij@ LCcU3a,3UjCRNY i@Cc ~N0CN< UaRqC03c cja�C<@j8Ras�a0 3qC03N,3 CN 8�qRa
R8 � ,R<NCjCq3 a�jCRN�I3 8Ra j@3 LCcU3a,3UjCRN R8 s3�Ij@ CN Rna 3uU3aCL3NjY #C�c30 cn$E3,jc 8RaL
<a3�j3a U3a,3Cq30 q�In3c R8 j@3 N3j sRaj@ $w ,@�NN3ICN< �jj3NjCRN jRs�a0c j@3 I3q3a�<3 a�jCR ġ
� UaRURajCRN�I L3�cna3 R8 $�I�N,3 c@33j ,RLURcCjCRN ġ a�j@3a j@�N j@3 jan3 q�In3 R8 j@3 N3j
sRaj@Y i@Cc I3q3a�<3 c3I8A03IncCRN Cc 3uUI�CN30 $w j@3Ca IRs3a I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRN.
s@C,@ CN0n,3c cn$E3,jc jR j@CNG CN UaRURajCRNcY9 bU3,C~,�IIw. Rna a3cnIj �IC<Nc 3uCcjCN< 3qCA
03N,3 a3I�jCN< CLUaRU3a UaRURajCRN�IA$�c30 @3naCcjC, j@CNGCN< jR IRs3a ,R<NCjCq3 cRU@CcjC,�jCRN
�N0 �jj3NjCRN ,�U�,Cjw Vc33 ;CII�a0 3j �IY. lzzO 8Ra � 03j�CI30 0Cc,nccCRNWY

i@3 a3,3Nj ICj3a�jna3 CN @Rnc3@RI0 ~N�N,3 @C<@IC<@jc j@3 CLURaj�N,3 R8 � ,Raa3,j �cc3ccL3Nj
R8 RN3ȕc RsN ,RNcRIC0�j30 ~N�N,C�I URcCjCRN 8Ra j@3 \n�ICjw R8 ~N�N,C�I 03,CcCRNcY 7Ra 3u�LUI3.

:+a30Cj Ra 03$Cj ,�a0 RsN3ac@CU Cc 8a3\n3NjIw nc30 �c � UaRuw 8Ra ~N�N,C�I 3uU3aC3N,3 Vc33. 3Y<Y. �jj�N�cCR 3j �IY.
lzzld bj�N<R �N0 xCNL�N. lzzOWY

9i@3 8�,j j@�j U3RUI3 8RaL U3a,3Ujn�I L�<NCjn03c $w UaRURajCRNc Cc � s3IIA0R,nL3Nj30 ~N0CN< $Rj@ CN 3,RA
NRLC,c �N0 Ucw,@RU@wcC,c Vc33. 3Y<Y. 03 H�N<@3 �N0 TnNjRNC. lzS9d r3$3a. lzz:WY

9



+�aICN 3j �IY VlzSOW c@Rs j@�j UaRqC0CN< U3RUI3 sCj@ ,RNcRIC0�j30 CN8RaL�jCRN �$Rnj j@3Ca �,A
,RnNj $�I�N,3c @3IUc jR a30n,3 j@3Ca 03$j. CNj3a3cj U�wL3Nj �N0 $�NG 833cY bCLCI�aIw. H3qC VlzS9W
c@Rsc j@�j UaRqC0CN< CN0CqC0n�Ic sCj@ CN8RaL�jCRN RN j@3Ca N3j sRaj@ �{3,jc j@3Ca ,RNcnLUjCRN
�N0 c�qCN< $3@�qCRaY iR CNq3cjC<�j3 s@3j@3a j@3 CN�,,na�j3 U3a,3UjCRN R8 j@3 N3j sRaj@ 0R,A
nL3Nj30 CN Rna 3uU3aCL3Nj Ua30C,jc CN0CqC0n�Icȕ �jjCjn03c jRs�a0c ,RNcnLUjCRN �N0 03$j. s3
CN,In03 � c@Raj cnaq3w �j j@3 3N0 R8 j@3 3uU3aCL3NjY r3 ~N0 j@�j $C�c30 cn$E3,jc �a3 LRa3 CLU�A
jC3Nj �N0 a3Iw RN 03$j jR ~N�N,3 ,RNcnLUjCRN �N0 03�I sCj@ � ~N�N,C�I 3L3a<3N,wY +RN0CjCRN�I
RN $3CN< $C�c30. � <a3�j3a s3�Ij@ LCcU3a,3UjCRN �LUIC~3c j@3c3 ,Raa3I�jCRNcY KRa3Rq3a. CN �
c3aC3c R8 @wURj@3jC,�I c,3N�aCRc. $C�c30 cn$E3,jc 3u@C$Cj � <a3�j3a ICG3IC@RR0 jR $RaaRs 8Ra ,RNA
cnLUjCRN �N0 CN,a3�c3 cU3N0CN< Rnj R8 j3LURa�aw sCN08�IIc nN03a $�I�N,3 c@33j UaR~I3c j@�j.
8Ra � <Cq3N N3j sRaj@. @�q3 IRs3a I3q3a�<3 a�jCRY BN 8�,j. ,RN0CjCRN�I RN CN,a3�cCN< ,RNcnLUjCRN.
$C�c30 cn$E3,jc 3u@C$Cj �N KT+ j@�j Cc $3js33N S9X �N0 �N0 llX I�a<3a j@�N nN$C�c30 cn$E3,jcY

i@3 a3cj R8 j@3 U�U3a UaR,330c �c 8RIIRscY b3,jCRN lY UaRqC03c �N Rq3aqC3s R8 j@3 I�$Ra�jRaw
3uU3aCL3NjcY b3,jCRN kY 03c,aC$3c Rna 3uU3aCL3Nj�I ~N0CN<c. s@CI3 b3,jCRN :Y Ua3c3Njc j@3 c@Raj
cnaq3w �N0 0Cc,ncc3c j@3 a3cnIjc RN j@3 a3I�jCRN $3js33N s3�Ij@ LCcU3a,3UjCRN �N0 ,RNcnLUjCRN
�N0 $RaaRsCN< �jjCjn03cY b3,jCRN 9Y ,RN,In03cY

lY 2tT2`BK2Mi Qp2`pB2r

BN j@Cc c3,jCRN s3 03c,aC$3 Rna I�$Ra�jRaw 3uU3aCL3Nj. s@C,@ j3cjc s@3j@3a CN0CqC0n�Ic L�w 8RaL
�N CN�,,na�j3 U3a,3UjCRN R8 � <Cq3N CN0CqC0n�I N3j sRaj@ �N0 U3a,3Cq3 Cj �c <a3�j3a Ra IRs3a j@�N
Cjc jan3 q�In3Y BN U�ajC,nI�a. s3 cjn0w s@3j@3a j@3 0Ca3,jCRN �N0 CNj3NcCjw R8 j@Cc LCcU3a,3UjCRN
L�w a3I�j3 jR j@3 ,RLURcCjCRN R8 j@3 N3j sRaj@Y iR <Cq3 j@3 CNjnCjCRN. s3 3uUIRa3 j@3 URccC$CICjw
j@�j �N CN0CqC0n�I N3j sRaj@ R8. c�w. SzzzzĴ. ,�N $3 U3a,3Cq30 �c $3CN< sRaj@ SlzzzĴ Ra OzzzĴ
03U3N0CN< RN j@3 I3q3I R8 �cc3jc �N0 03$j j@�j ,RLURc3 CjY iR 0R cR. s3 03cC<N j@3 TaR~I3
2q�In�jCRN i�cG �N0 j@3 TaR~I3 ;a�0CN< i�cGY iR <�CN CNcC<@jc RN j@3 03j3aLCN�Njc R8 j@Cc
LCcU3a,3UjCRN. s3 ,RII3,j 0�j� RN CN0CqC0n�I ,@�a�,j3aCcjC,c j@�j @�q3 $33N c@RsN jR $3 a3I3q�Nj
8Ra �,jn�I s3�Ij@ �,,nLnI�jCRN $nj @�q3 N3q3a $33N a3I�j30 jR j@3 U3a,3UjCRN R8 s3�Ij@. CY3Y aCcG
Ua383a3N,3c. ~N�N,C�I 30n,�jCRN. ~N�N,C�I 3uU3aC3N,3 �N0 ,R<NCjCq3 �$CICjC3cY

i@3 3uU3aCL3Nj s�c 03cC<N30 ncCN< Qja33 V+@3N 3j �IY. lzSfW �N0 anN CN b3Uj3L$3a lzS4
�j mNCq3acCj© +�jjRIC,� 03I b�,aR +nRa3 CN KCI�N VBj�IwWY i@3 c�LUI3 ,RNcCcjc R8 Ok cjn03Njc
8aRL j@3 0C{3a3Nj �,�03LC, UaR<a�LcYf bn$E3,jc s3a3 U�C0 � A+ 9 c@RsAnU 833. UInc �N �LRnNj
a3I�j30 jR j@3Ca U3a8RaL�N,3 CN j@3 CN,3NjCqCy30 j�cGc VCY3Y j@3 +R<NCjCq3 `3�3,jCRN i3cj �N0 j@3
aCcGA�q3acCRN 3IC,Cj�jCRN j�cGWY i@3 �q3a�<3 <�CN s�c A+ OYk4 Vcj0Y lYeSWY

f� UCIRj q3acCRN R8 j@3 3uU3aCL3Nj s�c anN CN �UaCI lzS4 sCj@ fl cn$E3,jcY

f



lYSY TaR,30na3

BN j@3 TaR~I3 2q�In�jCRN i�cG VT2iW. U�ajC,CU�Njc �a3 c@RsN. CN c3\n3N,3. ~q3 U�Cac R8 @wURA
j@3jC,�I $�I�N,3 c@33j UaR~I3c sCj@ C03NjC,�I N3j sRaj@ $nj 0C{3a3Nj I3q3Ic R8 ,RNcRIC0�j30 �cc3jc
�N0 03$jYe 7Ra 3�,@ U�Ca. j@3 U�ajC,CU�Nj @�c jR ,@RRc3 j@3 UaR~I3 j@�j c@3 ,RNcC03ac ~N�N,C�IIw
cnU3aCRa Ra c@3 ,�N cj�j3 j@�j j@3 jsR UaR~I3c �a3 ~N�N,C�IIw 3\nCq�I3NjY 7C<na3 S c@Rsc j@3
CNj3a8�,3 R8 j@3 j�cG 8Ra RN3 R8 j@3 U�CacY4

7ϔόЛЁζ SY BϩАζЁυΞΫζ ϱυ Аϑζ TЁϱυϔϣζ 2ЦΞϣЛΞАϔϱϩ iΞЅϡ
i@Cc ~<na3 c@Rsc j@3 CNj3a8�,3 R8 j@3 TaR~I3 2q�In�jCRN i�cG. 8Ra RN3 R8 j@3 ~q3 U�Cac R8 $�I�N,3 c@33j UaR~I3c
c@RsN jR j@3 cn$E3,jcY 7Ra 3�,@ U�Ca. cn$E3,jc ,�N ,@RRc3 RN3 R8 j@3 j@a33 �Ncs3ac- KaY �. KaY #. Ra i@3w �a3
3\nCq�I3NjY

iR 3Ncna3 j@�j cn$E3,jcȕ 3q�In�jCRN R8 ~N�N,C�I cnU3aCRaCjw 8Ra j@3 R$c3aq30 N3j sRaj@ CN 3�,@
U�Ca a3I�j3 3u,IncCq3Iw jR j@3 I3q3I R8 �cc3jc �N0 03$j. CN Rna ,RNjaRII30 3uU3aCL3Nj s3 a3LRq3 �Nw
8aC,jCRN j@�j L�w CLU�,j cn$E3,jcȕ �cc3ccL3Nj R8 j@3 UaR~I3cY BN U�ajC,nI�a. CN j@3 CNcjan,jCRNc
s3 cj�j3 3uUIC,CjIw j@�j �II R$c3aq30 q�In3c �a3 aCcG 8a33. NRNACNj3a3cj $3�aCN< �N0 nN�{3,j30 $w
UaC,3 q�aC�jCRNcY i@Cc �IIRsc nc jR N3nja�ICy3 j@3 aRI3 R8 L�jnaCjw LCcL�j,@CN<. aCcG �jjCjn03c
�N0 UaC,3 aC<C0CjC3c. a3cU3,jCq3IwY KRa3Rq3a. s3 �qRC0 3q�In�jCRNc $�c30 RN URccC$I3 CN83a3N,3
RN I�$Ra L�aG3j URcCjCRNc $w ,I�aC8wCN< j@�j �II UaR~I3c CN 3�,@ U�Ca ,Raa3cURN0 jR CN0CqC0n�Ic

ei@3 Ra03a R8 j@3 U�Cac Ua3c3Nj30 Cc a�N0RLCy30 �j j@3 CN0CqC0n�I I3q3IY i@3 I3q3I R8 j@3 N3j sRaj@ c@RsN jR
cn$E3,jc CN �II U�Cac a�N<3c $3js33N A+ Szzz �N0 A+ Sl4zzzY

4i@3 3uU3aCL3Nj s�c anN CN Bj�IC�NY i@3 CNj3a8�,3 s�c ja�NcI�j30 CNjR 2N<ICc@ CN 7C<na3 SY b33 j@3 �UU3N0Cu
8Ra � ,RLUI3j3 ,RUw R8 j@3 CNcjan,jCRNc ja�NcI�j30 CNjR 2N<ICc@Y

e



3�aNCN< j@3 c�L3 ,RNcj�Nj LRNj@Iw CN,RL3Y r3 �IcR CN8RaL cn$E3,jc j@�j �II UaR~I3c ,Raa3cURN0
jR CN0CqC0n�Ic s@R ,�N $RaaRs VC8 N33030W �j j@3 c�L3 ,RN0CjCRNc. $Rj@ CN j3aLc R8 CNj3a3cj a�j3
�N0 \n�NjCjw R8 ,a30CjY 7CN�IIw. <Cq3N j@�j �II ~N�N,C�I q�In3c �a3 U3a83,jIw R$c3aq�$I3. cn$E3,jcȕ
3q�In�jCRN R8 j@3 UaR~I3c �a3 NRj �Ij3a30 $w nN,3aj�CNjwY

�II CN �II. j@3 I3q3I R8 ,RNcRIC0�j30 �cc3jc �N0 03$j Cc j@3 RNIw 3I3L3Nj R8 q�aC�jCRN $3js33N
j@3 jsR UaR~I3c CN 3�,@ U�CaY ?Rs3q3a. �c Cj @�c $33N 3uj3NcCq3Iw c@RsN V�$3I3a �N0 K�aGI3CN.
lzSed KR0C<IC�NC �N0 KCII3a. SO94d i@�I3a. SOOzW. CN j@3 �$c3N,3 R8 8aC,jCRNc. j@3 ,RLURcCjCRN
R8 j@3 N3j sRaj@ c@RnI0 NRj �{3,j U3a,3UjCRNc. Ua383a3N,3c �N0 ,@RC,3cY BN 8�,j. �,,Ra0CN< jR j@3
Ua30C,jCRNc R8 ,RNcnL3a j@3Raw. � a�jCRN�I CN0CqC0n�I c@RnI0 U3a,3Cq3 j@3 jsR UaR~I3c CN 3�,@
U�Ca �c 8nN<C$I3 �N0 cj�j3 j@�j j@3w �a3 3\nCq�I3NjY ?3N,3. 8RaL�IIw. j@3 TaR~I3 2q�In�jCRN i�cG
j3cjc j@3 8RIIRsCN< @wURj@3cCc-

?wURj@3cCc S- 7Ra � <Cq3N U�Ca R8 ~N�N,C�IIw 3\nCq�I3Nj $�I�N,3Ac@33j UaR~I3c. sCj@ C03NA
jC,�I N3j sRaj@ $nj 0C{3a3Nj I3q3Ic R8 ,RNcRIC0�j30 �cc3jc �N0 03$j. CN j@3 �$c3N,3 R8 8aC,jCRNc
�N0 nN,3aj�CNjw. cn$E3,jc sCII cj�j3 j@�j j@3 jsR UaR~I3c CN 3�,@ U�Ca �a3 ~N�N,C�IIw 3\nCq�I3NjY

i@3a38Ra3. CN Rna 3uU3aCL3Nj � cn$E3,j s@R CN0C,�j3c RN3 R8 j@3 jsR UaR~I3c �c ~N�N,C�IIw
cnU3aCRa 03U�ajc 8aRL j@3 j@3Ra3jC,�I Ua30C,jCRN �N0 8RaLc �N CN�,,na�j3 U3a,3UjCRN R8 j@3 q�In3
R8 j@3 N3j sRaj@Y BN j@Cc ,�c3. j@3 R$c3aq30 N3j sRaj@ sCII ,Raa3cURN0 jR 0C{3a3Nj U3a,3Cq30
q�In3c �N0 j@3c3 CN�,,na�j3 U3a,3UjCRNc sCII 03U3N0 RN j@3 $�I�N,3 c@33j ,RLURcCjCRNY

i@3 c3,RN0 j�cG Cc j@3 TaR~I3 ;a�0CN< i�cG VT;iWY i@Cc �CLc �j UaRqC0CN< 8naj@3a 3uU3aA
CL3Nj�I 3qC03N,3 j@�j VSW ,�N ,RN~aL Ra a3E3,j j@3 3uCcj3N,3 R8 s3�Ij@ LCcU3a,3UjCRN �N0 VlW
�IIRs nc jR 3cjCL�j3 Cjc 0Ca3,jCRN �N0 CNj3NcCjwY BN j@Cc j�cG. cn$E3,jc �a3 cCLnIj�N3RncIw c@RsN
j3N ~N�N,C�I UaR~I3c sCj@ 3\n�I N3j sRaj@ $nj 0C{3a3Nj ,RNcRIC0�j30 q�In3c R8 �cc3jc �N0 03$jY
i@3 j�cG ,RNcCcjc CN <a�0CN< j@3 ~N�N,C�I cnU3aCRaCjw R8 3�,@ UaR~I3 a3I�jCq3 jR j@3 Rj@3ac. RN
� c,�I3 8aRL S VsRacj R{W jR Sz V$3cj R{WYO T�ajC,CU�Njc �a3 �IcR jRI0 j@�j j@3w c@RnI0 �ccC<N
j@3 c�L3 <a�03 jR �II j@3 UaR~I3c j@�j j@3w ,RNcC03a ~N�N,C�IIw 3\nCq�I3NjY 7C<na3 l c@Rsc j@3
CNj3a8�,3 R8 j@Cc j�cG sCj@ cRL3 R8 j@3 UaR~I3c c@RsN jR cn$E3,jcY

BN ICN3 sCj@ j@3 Ua30C,jCRNc R8 ,RNcnL3a j@3Raw. � a�jCRN�I cn$E3,j c@RnI0 U3a,3Cq3 j@3 UaR~I3c
�c 8nN<C$I3 �N0 �ccC<N j@3 c�L3 <a�03 jR �II R8 j@3LY i@3a38Ra3. 8RaL�IIw. j@3 TaR~I3 ;a�0CN<
i�cG j3cjc j@3 8RIIRsCN< �ccnLUjCRN-

?wURj@3cCc l- 7Ra � <Cq3N c3j R8 ~N�N,C�IIw 3\nCq�I3Nj $�I�N,3Ac@33j UaR~I3c. sCj@ C03NjC,�I
N3j sRaj@ $nj 0C{3a3Nj I3q3Ic R8 ,RNcRIC0�j30 �cc3jc �N0 03$j. CN j@3 �$c3N,3 R8 8aC,jCRNc �N0
nN,3aj�CNjw. cn$E3,jc sCII �ccC<N j@3 c�L3 <a�03 jR �II UaR~I3cY

Oi@3 3q�In�jCRN R,,nac $w LRqCN< � URCNj3a RN � $�a j@�j ,Raa3cURN0c jR j@3 SASz CNj3aq�IY i@3 nc3 R8 j@3 $�a
�IIRsc jR �,,RnNj 8Ra j@3 cRA,�II30 0C<Cj Ua383a3N,3. s@C,@ Cc j@3 j3N03N,w jR aRnN0 NnL$3ac jR �<a33�$I3 0C<Cjc
V+�L�a0� 3j �IY. lzSeWY

4



7ϔόЛЁζ lY BϩАζЁυΞΫζ ϱυ Аϑζ TЁϱυϔϣζ ;ЁΞβϔϩό iΞЅϡ
i@Cc ~<na3 c@Rsc j@3 CNj3a8�,3 R8 j@3 TaR~I3 ;a�0CN< i�cGY �Ij@Rn<@ cn$E3,jc R$c3aq3 j3N $�I�N,3 c@33j UaR~I3c
cCLnIj�N3RncIw. j@Cc ~<na3 c@Rsc RNIw j@a33 R8 j@3 UaR~I3c 8Ra j@3 c�G3 R8 cCLUIC,CjwY bn$E3,jc �ccC<N � <a�03 8aRL
S jR Sz jR 3�,@ UaR~I3 $w LRqCN< j@3 URCNj3a RN j@3 $�a jR j@3 aC<@j R8 j@3 ,Raa3cURN0CN< UaR~I3Y

?3N,3. � cn$E3,j s@R �ccC<Nc 0C{3a3Nj <a�03c jR j@3 UaR~I3c 8RaLc �N CN�,,na�j3 U3a,3UjCRN
R8 j@3 q�In3 R8 j@3 N3j sRaj@. s@Rc3 U3a,3Cq30 q�In3c 03U3N0 RN j@3 I3q3I R8 �cc3jc �N0 03$jY

r3 j@3N UaR,330 jR ,RII3,j CN8RaL�jCRN RN CN0CqC0n�I aCcG Ua383a3N,3c. ~N�N,C�I 30n,�jCRN.
~N�N,C�I 3uU3aC3N,3 �N0 ,R<NCjCq3 cRU@CcjC,�jCRN jR 3uUIRa3 s@3j@3a j@3c3 CN0CqC0n�I ,@�a�,j3aA
CcjC,c 3uUI�CN j@3 03,CcCRN R8 j@3 cn$E3,jc CN j@3 Ua3qCRnc j�cGcY

r3 3IC,Cj CN0CqC0n�I aCcG Ua383a3N,3c $w L3�Nc R8 j@3 LnIjCUI3 UaC,3 ICcj L3j@R0 CNjaR0n,30 $w
?RIj �N0 H�naw VlzzlWY i@Cc j�cG Cc cjan,jna30 �c � <�L3 ,RLURc30 R8 j3N aRnN0cY BN 3�,@ aRnN0.
U�ajC,CU�Njc @�q3 jR ,@RRc3 $3js33N jsR aCcGw RUjCRNc. � �N0 #. 3�,@ <CqCN< j@3 URccC$CICjw jR
U�ajC,CU�j3 CN � IRjj3awY i@3 j�cG Cc CN,3NjCqCy30- j@3 Rnj,RL3 R8 RN3 R8 j@3 j3N ,@Rc3N IRjj3aC3c
Cc a�N0RLIw c3I3,j30 �c j@3 CN0CqC0n�I U�wAR{ �j j@3 3N0 R8 j@3 <�L3YSz

iR L3�cna3 �<3Njcȕ ~N�N,C�I 3uU3aC3N,3 s3 �cG j@3 8RIIRsCN< \n3cjCRN. j�G3N 8aRL j@3 lzSf
bnaq3w R8 +RNcnL3a 7CN�N,3c Vb+7W- Ȓ/R wRn @�q3 �j I3�cj RN3 ,a30Cj Ra 03$Cj ,�a0]ȓY +a30Cj
Ra 03$Cj ,�a0 RsN3ac@CU �N0 nc�<3 @�c $33N nc30 �c � UaRuw 8Ra ~N�N,C�I 3uU3aC3N,3 CN c3q3a�I
3LUCaC,�I �N�Iwc3c Vc33. 3Y<Y. �jj�N�cCR 3j �IY. lzzld bj�N<R �N0 xCNL�N. lzzOWY BN 8�,j. ,a30Cj
,�a0 RsN3ac@CU R8j3N ,Raa3I�j3c sCj@ I3�aNCN< L3,@�NCcLc j@�j CN,a3�c3 nc3a 3uU3aC3N,3 �N0

Sz/R@L3N 3j �IY VlzSSW ~N0c j@�j ,@RC,3c L�03 CN IRjj3aC3c sCj@ a3�I LRN3j�aw CN,3NjCq3c L�U CNjR j@3 <3N3a�I
sCIICN<N3cc jR j�G3 aCcGc c3I8Aa3URaj30 CN \n�ICj�jCq3 cnaq3wcY

O



a30n,3 j@3 ,Rcj R8 833c V�<�as�I �N0 K�ynL03a. lzSkWY
�IcR ~N�N,C�I 30n,�jCRN Cc sC03Iw a3,R<NCy30 �c � 8�,jRa j@�j �{3,jc j@3 \n�ICjw R8 CN0CqC0n�I

~N�N,C�I 03,CcCRNAL�GCN< VHnc�a0C �N0 in8�NR. lzS9d q�N `RRCE 3j �IY. lzSSWY ?3N,3. jR cjn0w
s@3j@3a Cj Ua30C,jc cn$E3,jcȕ j3N03N,w jR 8RaL CN�,,na�j3 U3a,3UjCRNc R8 j@3 N3j sRaj@. s3 3uUIRCj
j@3 0C{3a3Nj nNCq3acCjw 30n,�jCRN $�,G<aRnN0 R8 j@3 cjn03Njc CN Rna 3uU3aCL3NjY BN U�ajC,nI�a.
jsR <aRnUc R8 cjn03Njc U�ajC,CU�j30 CN Rna 3uU3aCL3Nj- RN3 s�c ,RLURc30 R8 cjn03Njc a�N0RLIw
c3I3,j30 8aRL j@Rc3 3NaRII30 CN �Nw �,�03LC, UaR<a�L R8 j@3 7�,nIjw R8 2,RNRLC,c. ,RN0CjCRN�I
RN @�qCN< U�cc30 8Rna ,Rnac3c CN �,,RnNjCN<. ~N�N,3 �N0 $ncCN3cc sCj@ � <a�03 R8 �j I3�cj legkz
V$3CN< kzgkz ,nL I�n03 j@3 L�u <a�03Wd j@3 Rj@3a <aRnU s�c ,RLURc30 R8 cjn03Njc a�N0RLIw
c3I3,j30 8aRL Rj@3a �,�03LC, UaR<a�Lc. sCj@ NR 3,RNRLC,c Ra ~N�N,3 $�,G<aRnN0Y �II j@3
cjn03Njc s@R s3a3 a�N0RLIw c3I3,j30 8aRL NRNA3,RNRLC,c ,Rnac3c �a3 I�$3I30 �c ~N�N,C�IIw
nN30n,�j30Y

7CN�IIw. jR L3�cna3 �<3Njcȕ ,R<NCjCq3 cRU@CcjC,�jCRN �N0 CN�jj3NjCRN. s3 3LUIRw �N CN,3NA
jCqCy30 q3acCRN R8 j@3 +R<NCjCq3 `3�3,jCRN i3cj V+`iW ~acj UaRURc30 $w 7a303aC,G Vlzz9WY +`i
Cc $�c30 RN j@a33 \n3cjCRNc j@�j j3cj j@3 �$CICjw R8 j@3 cn$E3,j jR Rq3aaC03 j@3 CNcjCN,jCq3 �N0 CN�jA
j3NjCq3 a3cURNc3c j@�j �a3 saRN<. CN 8�qRa R8 j@3 LRa3 �jj3NjCq3 �N0 ,Raa3,j �Ncs3ac V#Rc,@A`Rc�
3j �IY. lzS4WY +`i Cc � URs3a8nI j3cj �N0 � cC<NC~,�Nj Ua30C,jRa R8 ,R<NCjCq3 �$CICjC3c. a�jCRN�I
j@CNGCN< �N0 sRaGCN< L3LRaw ViRUI�G 3j �IY. lzSSWY i@3 j3cj Cc ,RLURc30 R8 j@3 8RIIRsCN< j@a33
\n3cjCRNc-SS

Ë � $�j �N0 � $�II ,Rcj A+ SYSzY i@3 $�j ,Rcjc A+ S LRa3 j@�N j@3 $�IIY ?Rs Ln,@ 0R3c j@3
$�II ,Rcj]

Ë Bj j�G3c 9 L�,@CN3c 9 LCNnj3c jR L�G3 9 sC0<3jcY ?Rs IRN< sRnI0 Cj j�G3 Szz L�,@CN3c
jR L�G3 Szz sC0<3jc]

Ë BN � I�G3. j@3a3 Cc � U�j,@ R8 ICIw U�0cY 2q3aw 0�w. j@3 U�j,@ 0Rn$I3c CN cCy3Y B8 Cj j�G3c :4
0�wc 8Ra j@3 U�j,@ jR ,Rq3a j@3 3NjCa3 I�G3.@Rs IRN< sRnI0 Cj j�G3 8Ra j@3 U�j,@ jR ,Rq3a
@�I8 R8 j@3 I�G3]

bn$E3,jc @�q3 l LCNnj3c �N0 kz c3,RN0c jR �Ncs3a 3�,@ \n3cjCRNY i@3 �<3Nj <3jc RN3 URCNj
8Ra 3�,@ ,Raa3,j �Ncs3aY ?3N,3. j@3 LCNCLnL c,Ra3 Cc 0 �N0 j@3 L�uCLnL Cc 3Y r3 CN,3NjCqCy3
3{Raj �N0 �jj3NjCRN $w a3LnN3a�jCN< j@3 cn$E3,j sCj@A+ l 8Ra 3�,@ URCNjY i@3a38Ra3. j@3 LCNCLnL
U�wR{ Cc A+ z �N0 j@3 L�uCLnL Cc A+ fY

SSQN3 LC<@j sRN03a s@3j@3a j@3 URUnI�aCjw R8 j@3 \n3cjCRNc CN,In030 CN j@3 +`i a30n,3c Cjc Ua30C,jCq3 q�IC0CjwY
?Rs3q3a. #C�I3G �N0 T3NNw,RRG VlzS4W c@Rs j@�j j@Cc a3L�CNc aR$ncj 3q3N �8j3a LnIjCUI3 3uURcna3cY

Sz



iR $nCI0 j@3 c�LUI3 nc30 8Ra Rna �N�IwcCc. s3 CNjaR0n,3 jsR ,aCj3aC�Y 7Cacj. s3 03~N3 �
,RNcCcj3N,w j@a3c@RI0 8Ra j@3 �Ncs3ac a3URaj30 CN j@3 TaR~I3 2q�In�jCRN i�cGY #�c30 RN Rna
c3jAnU. 8Ra 3�,@ U�Ca. cn$E3,jc ,�N cj�j3 j@�j RN3 R8 j@3 jsR UaR~I3c Cc ~N�N,C�IIw cnU3aCRa. Ra
j@�j j@3w �a3 3\nCq�I3NjY B8 ,RNcCcj3Nj. � cn$E3,j sRnI0 L�G3 j@3 c�L3 ,@RC,3 �,aRcc �II U�Cacd
C8 CN,RNcCcj3Nj � cn$E3,j sRnI0 csCj,@ LnIjCUI3 jCL3c 8aRL �N �Ncs3a jR j@3 Rj@3aYSl BN Ra03a jR
a3LRq3 �Nw 3{3,jc R8 cn,@ CN,RNcCcj3Nj cn$E3,jc 8aRL Rna �N�IwcCc. s3 sCII ,RNcC03a RNIw j@3
cn$Ac�LUI3 R8 U�ajC,CU�Njc s@R L�G3 j@3 c�L3 ,@RC,3 CN �j I3�cj 80% R8 j@3 U�Cac CN j@3 TaR~I3
2q�In�jCRN i�cGY Qna c3,RN0 ,aCj3aCRN CNjaR0n,3c ,RNcCcj3N,w $3js33N j@3 �Ncs3ac a3URaj30
CN j@3 TaR~I3 2q�In�jCRN i�cG �N0 j@Rc3 CN j@3 TaR~I3 ;a�0CN< i�cGY BN U�ajC,nI�a. cn$E3,jc
s@R cj�j3 j@�j j@3 UaR~I3c �a3 3\nCq�I3Nj CN �j I3�cj 4zX R8 j@3 U�Cac CN j@3 TaR~I3 2q�In�jCRN
i�cG. c@RnI0 �IcR �ccC<N j@3 c�L3 <a�03 jR �II UaR~I3c CN j@3 TaR~I3 ;a�0CN< i�cGY �N�IR<RncIw.
cn$E3,jc ,@RRcCN< RN3 UaR~I3 Rq3a j@3 Rj@3a CN �j I3�cj 4zX R8 j@3 U�Cac R8 j@3 TaR~I3 2q�In�jCRN
i�cG. c@RnI0 �IcR �ccC<N 0C{3a3Nj <a�03c jR j@3 $�I�N,3 c@33j UaR~I3c CN j@3 TaR~I3 ;a�0CN<
i�cGY

�Nw CN0CqC0n�I s@R 0R3c NRj L33j $Rj@ j@3 jsR ,RNcCcj3N,w ,aCj3aC� 03c,aC$30 �$Rq3 Cc NRj
CN,In030 CN Rna c�LUI3YSk ?3N,3. Rna c�LUI3 CN,In03c 4S cn$E3,jc. ,Raa3cURN0CN< jR 4eYSX R8
j@3 U�ajC,CU�Njc CN j@3 3uU3aCL3NjY

kY r2�Hi? KBbT2`+2TiBQM �M/ BM/BpB/m�H +?�`�+i2`BbiB+b

BN j@Cc c3,jCRN s3 ~acj Ua3c3Nj j@3 3uU3aCL3Nj�I a3cnIjc RN s3�Ij@ LCcU3a,3UjCRN. Cjc 0Ca3,jCRN
�N0 L�<NCjn03Y 2q3Njn�IIw. s3 �cc3cc j@3 a3I�jCRN $3js33N s3�Ij@ LCcU3a,3UjCRN �N0 cn$E3,jcȕ
CN0CqC0n�I ,@�a�,j3aCcjC,cY

kYSY r3�Ij@ LCcU3a,3UjCRN

r3 nc3 j@3 3uU3aCL3Nj�I 0�j� 8aRL j@3 TaR~I3 2q�In�jCRN i�cG jR anN �N CNj3a,3UjARNIw IR<CcjC,
a3<a3ccCRN CN Ra03a jR 3cjCL�j3 j@3 Ua30C,j30 UaR$�$CICjw ,Raa3cURN0CN< jR j@3 j@a33 URccC$I3
Rnj,RL3c- VSW cj�jCN< j@�j j@3 jsR UaR~I3c CN 3�,@ U�Ca �a3 3\nCq�I3Nj. VlW ,@RRcCN< j@3 UaR~I3
sCj@ @C<@3a �cc3jc �N0 03$j. VkW ,@RRcCN< j@3 UaR~I3 sCj@ IRs3a �cc3jc �N0 03$jY ;Cq3N j@3
a3I�jCq3Iw cL�II c�LUI3 0CL3NcCRN. s3 UaR,330 $w L3�Nc R8 #�w3cC�N j3,@NC\n3cY BN U�ajC,nI�a.
j@aRn<@Rnj j@3 U�U3a. s3 CLURc3 � N(0, 1) N3nja�I UaCRa RN j@3 ,R3|,C3Njc R8 �II j@3 a3<a3ccCRNc

Sl2Y<Y 8aRL ,@RRcCN< j@3 UaR~I3 sCj@ @C<@3a �cc3jc �N0 03$j CN RN3 U�Ca. jR ,@RRcCN< j@3 UaR~I3 sCj@ IRs3a �cc3jc
�N0 03$j Ģ Ra cj�jCN< j@�j jsR UaR~I3c �a3 3\nCq�I3Nj Ģ CN �NRj@3a U�CaY

SkQNIw 8Rna cn$E3,jc L�G3 CN,RNcCcj3Nj ,@RC,3c �,aRcc j@3 jsR j�cGcY b33 $3IRs CN j@Cc b3,jCRNY

SS



CN Rna �N�IwcCcY r3 nc3 K�aGRq +@�CN KRNj3 +�aIR VK+K+W c�LUICN< sCj@ j@3 K3jaRURICcĢ
?�cjCN<c �I<RaCj@L V?�cjCN<c. SOezd K3jaRURICc 3j �IY. SO9kW �N0 � c�LUI3 cCy3 3\n�I jR SzzzzzY

#�c30 RN j@3 a3cnIjc c@RsN CN i�$I3 S. j@3a3 Cc RNIw S9YleX UaR$�$CICjw j@�j cn$E3,jc �IC<N
Rna ?wURj@3cCc S �N0 U3a,3Cq3 j@3 UaR~I3c �c 8nN<C$I3Y BNcj3�0. j@3a3 Cc � e4YkkX 3cjCL�j30
UaR$�$CICjw j@�j cn$E3,jc CN0C,�j3 j@3 UaR~I3c sCj@ IRs3a q�In3c R8 �cc3jc �N0 03$j �c ~N�N,C�I
cnU3aCRaYS:

iΞΪϣζ SY TЁζβϔΫАζβ ϿЁϱΪΞΪϔϣϔАϔζЅ ϱυ Аϑζ ΫϑϱϔΫζЅ ϔϩ Аϑζ TЁϱυϔϣζ 2ЦΞϣЛΞАϔϱϩ iΞЅϡ
X

TaR~I3c �a3 3\nCq�I3Nj S9Yle
)SkY94*

?C<@ I3q3a�<3Aa�jCR UaR~I3 fY:z
)kYez*

HRs I3q3a�<3Aa�jCR UaR~I3 e4Ykk
)4lYel*

MRj3cY �,,3Uj�N,3 a�j3- 0.4333d �q3a�<3 3|,C3N,w a�j3- 0.225Y p�In3c CN $a�,G3jc a3Ua3c3Nj j@3 �,jn�I c�LUI3
0CcjaC$njCRN �,aRcc ,@RC,3cY

iR c@30 cRL3 IC<@j RN j@3 U3aq�cCq3N3cc R8 j@Cc $3@�qCRa. s3 �N�Iwy3 cn$E3,jcȕ �Ncs3ac jR �N
RU3N \n3cjCRN Ua3c3Nj30 �j j@3 3N0 R8 j@3 j�cGY i@Cc �cGc cn$E3,jc jR ,I�aC8w j@3 ,aCj3aCRN �0RUj30
CN L�GCN< UaR~I3 3q�In�jCRNcY � cCLUI3 j3uj �N�IwcCc a3q3�Ic j@�j �$Rnj elX R8 cn$E3,jc s@R
,@RRc3 UaR~I3c sCj@ IRs3a �cc3jc �N0 03$j $�c3 j@3Ca 3q�In�jCRNc RN j@3 I3q3a�<3 a�jCR VCY3Y j@3
a�jCR $3js33N 03$j �N0 �cc3jcW R8 3�,@ UaR~I3Y BN 8�,j. j@3 IR<CcjC, a3<a3ccCRN CN ,RInLN S R8 i�$I3
l c@Rsc j@�j L�GCN< 3q�In�jCRNc $�c30 RN j@3 I3q3a�<3 a�jCR CN,a3�c3c j@3 UaR$�$CICjw R8 ,@RRcCN<
j@3 UaR~I3c sCj@ IRs3a �cc3jc �N0 03$j $w SfYO: U3a,3Nj�<3 URCNjcY K�GCN< 3q�In�jCRNc $�c30
RN j@3 N3j sRaj@. CNcj3�0. 03,a3�c3c j@3 c�L3 UaR$�$CICjw $w lkY9z U3a,3Nj�<3 URCNjc V,RInLN
lWY i@3c3 a3cnIjc �a3 aR$ncj jR j@3 CN,IncCRN R8 Rna L3�cna3c R8 ~N�N,C�I 30n,�jCRN �N0 ~N�N,C�I
3uU3aC3N,3Y BN 8�,j. i�$I3 l c@Rsc j@�j L�a<CN�I 3{3,jc �a3 cjaRN<Iw cj�$I3 �,aRcc �II c3j R8
a3<a3ccCRNcY

i@3 a3cnIjc �$Rq3 nNq3CI j@3 Ua3c3N,3 R8 � U3aq�cCq3 s3�Ij@ U3a,3UjCRN $C�c ,@�a�,j3aCy30 $w
� j3N03N,w jR 8RaL CN�,,na�j3 U3a,3UjCRNc R8 � <Cq3N N3j sRaj@ q�In3 $�c30 RN Cjc ,RLURcCjCRNY
bU3,C~,�IIw. j@3 q�cj L�ERaCjw R8 cn$E3,jc CN Rna c�LUI3 U3a,3Cq3 � <Cq3N N3j sRaj@ �c ~N�N,C�IIw
cnU3aCRa 8Ra IRs3a q�In3c R8 j@3 I3q3a�<3 a�jCRY ?3N,3. s3 �a3 �$I3 jR C03NjC8w jsR <aRnUc R8
cn$E3,jc-

S:iR q3aC8w s@3j@3a cn$E3,jc �Ncs3ac �a3 �{3,j30 $w j@3 8a�LCN< R8 j@3 j�cG Ra ,RLUnj�jCRN�I 0C|,nIjC3c. s3
CN,In03 jsR U�Cac CN s@C,@ j@3 q�In3 R8 RN3. $3js33N �cc3jc �N0 03$j. Cc @C003N CN $Rj@ UaR~I3cY rCj@ j@3 3u,3UjCRN
R8 jsR cn$E3,jc. �II cn$E3,jc CN j@3 c�LUI3 L�G3 ,@RC,3c j@�j �a3 ,RNcCcj3Nj sCj@ j@3 a3cj R8 j@3 j�cGY i@Cc cn<<3cjc
j@�j j@3 U�jj3aN R8 ,@RC,3c Cc aR$ncj jR j@3 8a�LCN< R8 j@3 UaR$I3L �N0 ,RLUnj�jCRN�I 0C|,nIjC3cY

Sl



iΞΪϣζ lY TЁϱυϔϣζ ΫϑϱϔΫζ Ξϩβ ЁζϿϱЁАζβ ΫЁϔАζЁϔϱϩ
VSW VlW VkW V:W V9W VfW

H3q3a�<3 a�jCR zYSfO: zYz4SO zYz49l zYz49: zYz4z4
)zYSk99d zYSOe:* )zYz9eed zYSzke* )zYzfz9d zYSze9* )zYzfz9d zYSze4* )zYz9:ed zYSzke*

M3j sRaj@ AzYlk9z AzYSOfk AzYSOf: AzYSOke AzYSO4S
)AzYl9ekd AzYlz94* )AzYlS:ed AzYSfO4* )AzYlS:4d AzYSezk* )AzYlSlzd AzYSf4l* )AzYlSeed AzYSeSS*

7CN�N,C�I 30n,�jCRN zYzSl: zYzzf9
)AzYzSzkd zYzk:9* )AzYzlekd zYzSkf*

7CN�N,C�I 3uU3aC3N,3 zYzzkk zYzle4
)AzYzlkfd zYzkkf* )AzYz9lOd zYzzS9*

+RNjaRIc v3c v3c v3c v3c v3c v3c
b�LUI3 cCy3 e4 e4 e4 e4 e4 e4

MRj3cY #�w3cC�N IR<CcjC, a3<a3ccCRN R8 � 0nLLw 3\n�I jR S C8 j@3 cn$E3,j ,@RRc3c j@3 UaR~I3c sCj@ IRs3a �cc3jc �N0
03$j. Rq3a � 0nLLw 3\n�I jR S C8 j@3 cn$E3,j a3URajc IRRGCN< �j j@3 I3q3a�<3 a�jCR V,RInLNc S �N0 k jR fW. � 0nLLw
3\n�I jR S C8 j@3 cn$E3,j a3URajc IRRGCN< �j j@3 N3j sRaj@ V,RInLNc l jR fW. � 0nLLw 3\n�I jR S C8 j@3 cn$E3,j Cc
~N�N,C�IIw 30n,�j30 V,RInLNc : �N0 fW �N0 � 0nLLw 3\n�I jR S C8 j@3 cn$E3,j @�c � ,a30Cj ,�a0 V,RInLNc 9 �N0 fWY
+RNjaRIc CN,In03 �<3. <3N03a 0nLLw. 8�LCIw cCy3 �N0 8�LCIw 30n,�jCRN I3q3I �c ,Rq�aC�j3cY p�In3c CN $a�,G3jc �a3
f4X ?C<@3cj TRcj3aCRa /3NcCjw BNj3aq�IcY

Ë mN$C�c30 cn$E3,jc- j@3w ,Raa3,jIw U3a,3Cq3 ~N�N,C�IIw 3\nCq�I3Nj $�I�N,3 c@33j UaR~I3c
�c 8nN<C$I3 a3<�a0I3cc R8 j@3Ca ,RLURcCjCRN V,RInLN S CN i�$I3 SWY i@3c3 cn$E3,jc �IC<N
j@3 j@3Ra3jC,�I Ua30C,jCRNc �N0 @�q3 � ,Raa3,j U3a,3UjCRN R8 j@3 q�In3 R8 � N3j sRaj@Y

Ë #C�c30 cn$E3,jc- j@3w 0R NRj U3a,3Cq3 ~N�N,C�IIw 3\nCq�I3Nj $�I�N,3 c@33j UaR~I3c �c 8nNA
<C$I3Y i@3c3 cn$E3,jc 03U�aj 8aRL j@3 j@3Ra3jC,�I Ua3c,aCUjCRNc �N0 U3a,3Cq3 j@3 q�In3 R8
� <Cq3N N3j sRaj@ �c <a3�j3a s@3N j@3 I3q3a�<3 a�jCR Cc IRs3a V,RInLN k CN i�$I3 SWY

BN j@3 a3cj R8 j@3 U�U3a. s3 sCII 8R,nc Rna �N�IwcCc RN j@3c3 jsR <aRnUc. j@nc 3u,In0CN< 8aRL
j@3 c�LUI3 j@Rc3 cn$E3,jc s@R ,@RRc3 j@3 UaR~I3c sCj@ @C<@3a I3q3a�<3 a�jCR. �c j@3w a3Ua3c3Nj
RNIw kYeX R8 Rna c�LUI3 V,RInLN l CN i�$I3 SWY

+RNja�aw jR j@3 Ua30C,jCRN R8 ?wURj@3cCc l. $w �N�IwyCN< cn$E3,jcȕ �Ncs3ac CN j@3 TaR~I3
;a�0CN< i�cG s3 ~N0 j@�j. RN �q3a�<3. $C�c30 cn$E3,jc �ccC<N 0C{3a3Nj <a�03c jR NCN3 R8 j@3
j3N UaR~I3c. s@CI3 �II nN$C�c30 cn$E3,jc �ccC<N j@3 c�L3 <a�03 jR �II UaR~I3cYS9 bU3,C~,�IIw. �c
c@RsN CN i�$I3 k. �N CN,a3�c3 CN j@3 I3q3a�<3 a�jCR $w RN3 U3a,3Nj�<3 URCNj a3cnIjc CN � a30n,jCRN
CN j@3 �q3a�<3 <a�03 �ccC<N30 $w $C�c30 cn$E3,jc R8 aRn<@Iw 0.75YSf

i@3 a3cnIj 8aRL j@3 TaR~I3 ;a�0CN< i�cG ,RN~aLc �N0 cja3N<j@3Nc j@3 ~N0CN< 8aRL j@3
Ua3qCRnc j�cG- 8Ra � <Cq3N N3j sRaj@. j@3 cCy3 R8 j@3 I3q3a�<3 a�jCR �N0 j@3 U3a,3Cq30 q�In3 R8 j@3
N3j sRaj@ �a3 N3<�jCq3Iw ,Raa3I�j30Y ?Rs3q3a. s3 0R NRj GNRs s@3j@3a cn,@ U3a,3Cq30 q�In3 Cc
<a3�j3a Ra IRs3a j@�N j@3 jan3 N3j sRaj@ q�In3 R$c3aq30 $w j@3 cn$E3,jc. �N0 $w @Rs Ln,@Y Qna

S9i@Cc Cc NRj cnaUaCcCN<- <Cq3N j@3 jsR ,RNcCcj3N,w ,aCj3aC� 03c,aC$30 CN j@3 Ua3qCRnc c3,jCRN. �II cn$E3,jc s@R
0R NRj U3a,3Cq3 j@3 UaR~I3c CN j@3 TaR~I3 2q�In�jCRN i�cG �c 8nN<C$I3. c@RnI0 �ccC<N 0C{3a3Nj <a�03c jR �j I3�cj jsR
UaR~I3c CN j@3 TaR~I3 ;a�0CN< i�cGY

Sf7Ra j@3 UnaURc3 R8 j@Cc a3<a3ccCRN s3 ,3Nja�ICy3 �N0 NRaL�ICy3 j@3 0�j�Y

Sk



iΞΪϣζ kY �ЦζЁΞόζ όЁΞβζЅ Ξϩβ ϣζЦζЁΞόζ ЁΞАϔϱ

K3�N AzYe9eS
)AzYO4SSd AzY9:eO*

MRj3cY #�w3cC�N QHb a3<a3ccCRN R8 �q3a�<3 <a�03c Rq3a j@3 I3q3a�<3 a�jCRY �,,3Uj�N,3 a�j3- 0.4069d �q3a�<3
3|,C3N,w a�j3- 0.5375Y p�In3c CN $a�,G3jc �a3 f4X ?C<@3cj TRcj3aCRa /3NcCjw BNj3aq�IcY

<R�I CN j@3 N3uj c3,jCRN Cc jR 3cjCL�j3 j@3 0Ca3,jCRN �N0 L�<NCjn03 R8 cn,@ U3a,3Cq30 q�In3Y BN
8�,j. �c cn$E3,jc R$c3aq3 j3N UaR~I3c sCj@ j@3 c�L3 N3j sRaj@ $nj 0C{3a3Nj I3q3Ic R8 �cc3jc �N0
03$j. j@3a3 3uCcj j3N 0C{3a3Nj q�In3c R8 j@3 I3q3a�<3 a�jCR �N0. URccC$Iw. j3N 0C{3a3Nj U3a,3Cq30
q�In3c R8 j@3 c�L3 N3j sRaj@Y

kYlY r3�Ij@ U3a,3UjCRN $C�c- BNj3NcCjw �N0 0Ca3,jCRN

iR �cc3cc j@3 0Ca3,jCRN �N0 CNj3NcCjw R8 j@3 cn$E3,jcȕ LCcU3a,3UjCRN R8 j@3 N3j sRaj@. s3 3uUIRCj
j@3 0�j� 8aRL j@3 TaR~I3 ;a�0CN< i�cG �N0 s3 CNjaR0n,3 � L3�cna3 j@�j s3 ,�II $C�c 03<a33. bji Y
i@Cc Cc 03~N30 �c 8RIIRsc-

bji =
PW j

i

NW
VSW

s@3a3 NW Cc j@3 jan3 N3j sRaj@ V@RLR<3N3Rnc �,aRcc �II $�I�N,3 c@33j UaR~I3cW �N0 PW j
i

Cc cn$E3,j iȕc U3a,3Cq30 s3�Ij@ 8Ra UaR~I3 j. sCj@ j = [1, 10]Y �Nw q�In3 R8 bji @C<@3a VIRs3aW
j@�N S CN0C,�j3c j@�j. 8Ra cn$E3,j i. UaR~I3 j ,Raa3cURN0c jR � I3q3I R8 U3a,3Cq30 s3�Ij@ j@�j Cc
@C<@3a VIRs3aW j@�N j@3 jan3 N3j sRaj@Y KRa3Rq3a. � <a3�j3a 0Ccj�N,3 8aRL RN3 CLUIC3c � I�a<3a
03qC�jCRN R8 U3a,3Cq30 s3�Ij@ 8aRL j@3 jan3 q�In3 R8 j@3 N3j sRaj@Y i@3a38Ra3. j@3 $C�c 03<a33
L3�cna3c $Rj@ j@3 0Ca3,jCRN �N0 j@3 CNj3NcCjw R8 j@3 s3�Ij@ LCcU3a,3UjCRNY 7CN�IIw. NRjC,3 j@�j.
cCN,3 nN$C�c30 cn$E3,jc @�q3 � I3q3I R8 U3a,3Cq30 s3�Ij@ j@�j ,Raa3cURN0c jR j@3 jan3 q�In3 R8
j@3 N3j sRaj@. j@3Ca bji 3\n�Ic S 8Ra �Nw UaR~I3 jY

�Ij@Rn<@ PW j
i Cc NRj 0Ca3,jIw R$c3aq30 CN Rna 3uU3aCL3Nj. s3 ,�N 3cjCL�j3 j@3 $C�c 03<a33

CN 2\n�jCRN S $w ncCN< CN0CqC0n�I <a�03c CN j@3 TaR~I3 ;a�0CN< i�cG. s@C,@ a3Ua3c3Nj � UaRuw
8Ra j@3 I3q3I R8 s3�Ij@ �jj�,@30 jR 3�,@ $�I�N,3 c@33j UaR~I3Y BN U�ajC,nI�a-

bji =
PW j

i

NW
= gji g VlW

s@3a3 gji Cc j@3 <a�03 �ccC<N30 $w $C�c30 cn$E3,j i jR j@3 $�I�N,3 c@33j UaR~I3 j �N0 g Cc j@3
3uU3,j30 q�In3 R8 1/gu. sCj@ gu $3CN< j@3 <a�03 �ccC<N30 $w nN$C�c30 cn$E3,jc Vu = 1, ..., U W
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jR �II $�I�N,3 c@33j UaR~I3cY i@3a38Ra3. 8Ra 3�,@ UaR~I3 j. j@3 3cjCL�j30 $C�c 03<a33 Cc 3\n�I jR
j@3 L3�N R8 j@3 a�jCRc $3js33N j@3 <a�03 �ccC<N30 $w $C�c30 �<3Nj i �N0 j@3 <a�03c �ccC<N30 $w
3�,@ nN$C�c30 cn$E3,j uYSe

0.22 0.27 0.34 0.39 0.42 0.45 0.50 0.55 0.59 0.68

Leverage ratio

0.5

1

1.5

2

2.5

B
ia

s 
d

e
g

re
e

Unbiased

Biased (cross-subject average)

7ϔόЛЁζ kY #ϔΞЅ βζόЁζζ Ξϩβ ϣζЦζЁΞόζ ЁΞАϔϱ
i@Cc ~<na3 c@Rsc j@3 0CcjaC$njCRN V$Ru UIRjW R8 j@3 $C�c 03<a33 CN 2\n�jCRN l �,aRcc $C�c30 cn$E3,jc. 8Ra 3�,@ R8 j@3
j3N $�I�N,3 c@33j UaR~I3c c@RsN CN j@3 TaR~I3 ;a�0CN< i�cGY i@3 $I�,G ICN3 Cc j@3 L3�N R8 j@3 0CcjaC$njCRN. CY3Y j@3
,aRccAcn$E3,j �q3a�<3 $C�c 03<a33Y i@3 <a�w ICN3 a3Ua3c3Njc j@3 $C�c 03<a33 8Ra nN$C�c30 cn$E3,jc. s@C,@ Cc 3\n�I jR
S. �c j@3Ca U3a,3Cq30 s3�Ij@ 3\n�Ic j@3 jan3 q�In3 R8 j@3 N3j sRaj@ 8Ra �Nw $�I�N,3 c@33j UaR~I3Y i@3 tA�uCc a3URajc
j@3 I3q3a�<3 a�jCR Ģ 03~N30 �c 03$j Rq3a �cc3jc Ģ R8 3�,@ $�I�N,3 c@33j UaR~I3Y

BN 7C<na3 k s3 c@Rs j@3 0CcjaC$njCRN R8 j@3 $C�c 03<a33 �,aRcc $C�c30 cn$E3,jc 8Ra 3�,@ R8
j@3 j3N $�I�N,3 c@33j UaR~I3c CN j@3 TaR~I3 ;a�0CN< i�cGY i@3 $I�,G ICN3 a3Ua3c3Njc j@3 L3�N R8
j@3 0CcjaC$njCRN. j@�j Cc j@3 ,aRccAcn$E3,j �q3a�<3 03<a33Y i@Cc a�N<3c 8aRL SY::. 8Ra j@3 @C<@3cj
I3q3a�<3 a�jCR. jR lYfS. 8Ra j@3 IRs3cj I3q3a�<3 a�jCR. j@nc CLUIwCN< j@�j j@3 U3a,3Cq30 q�In3 R8
j@3 N3j sRaj@ Cc. RN �q3a�<3. $3js33N ::X �N0 SfSX I�a<3a j@�N j@3 jan3 q�In3 R8 j@3 N3j sRaj@Y
?3N,3. RN �q3a�<3. $C�c30 cn$E3,jc U3a,3Cq3 j@3 N3j sRaj@ �c I�a<3a j@�N Cjc jan3 q�In3 8Ra �II j@3
UaR~I3c j@�j j@3w R$c3aq3 $nj j@3 CNj3NcCjw R8 cn,@ LCcU3a,3UjCRN 03,a3�c3c 8Ra @C<@3a q�In3c R8

SeBN 8�,j. $w 03~NCjCRN. g = 1
U

∑U
u=1

1

gu
Y i@Cc L3�cna3 a30n,3c j@3 3{3,j R8 j@3 @3j3aR<3N3Cjw R8 j@3 <a�03c

�ccC<N30 $w nN$C�c30 cn$E3,jcY
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j@3 I3q3a�<3 a�jCRY BN 8�,j. i�$I3 : c@Rsc j@�j �N CN,a3�c3 CN j@3 I3q3a�<3 a�jCR $w RN3 U3a,3Nj�<3
URCNj a3cnIjc CN � a30n,jCRN CN j@3 ,aRccAcn$E3,j �q3a�<3 03<a33 R8 aRn<@Iw 0.31Y

iΞΪϣζ :Y #ϔΞЅ βζόЁζζ Ξϩβ ϣζЦζЁΞόζ ЁΞАϔϱ

K3�N zYkSzS
)zYzS9ld zYflkl*

MRj3cY #�w3cC�N QHb a3<a3ccCRN R8 j@3 $C�c 03<a33 Rq3a j@3 I3q3a�<3 a�jCRY �,,3Uj�N,3 a�j3- 0.389d �q3a�<3 3|A
,C3N,w a�j3- 0.255Y p�In3c CN $a�,G3jc �a3 f4X ?C<@3cj TRcj3aCRa /3NcCjw BNj3aq�IcY

bnLLCN< nU. Rna a3cnIjc RN j@3 U3a,3UjCRN R8 s3�Ij@ c@Rs j@�j $C�c30 cn$E3,jc Ģ j@3 q�cj
L�ERaCjw R8 Rna c�LUI3 Ģ 3u@C$Cj � cwcj3L�jC, j3N03N,w jR 8RaL CN�,,na�j3 U3a,3UjCRNc R8 � <Cq3N
N3j sRaj@. 03cUCj3 j@3 �$c3N,3 R8 8aC,jCRNc �N0 nN,3aj�CNjwY i@Cc LCcU3a,3UjCRN a3I�j3c jR j@3 cCy3
R8 j@3 I3q3a�<3 a�jCRY BN U�ajC,nI�a. �Ij@Rn<@ $C�c30 cn$E3,jc j3N0 jR U3a,3Cq3 j@3 q�In3 R8 j@3 N3j
sRaj@ �c <a3�j3a j@�N Cjc jan3 q�In3 8Ra �Nw $�I�N,3 c@33j UaR~I3 j@�j j@3w R$c3aq3. j@3 L�<NCjn03
R8 j@3 LCcU3a,3UjCRN CN,a3�c3c L�aG30Iw 8Ra IRs3a q�In3c R8 j@3 I3q3a�<3 a�jCRY BN 8�,j. j@Cc a3cnIj
c@Rsc j@�j $C�c30 cn$E3,jc �a3 q3aw c3NcCjCq3 jR j@3 I3q3a�<3 a�jCR Ģ � UaRURajCRN�I L3�cna3 R8
j@3 $�I�N,3 c@33j ,RLURcCjCRN Ģ a�j@3a j@�N j@3 N3j sRaj@ Ģ �N �$cRInj3 L3�cna3Y ?Rs3q3a. j@Cc
UaRU3NcCjw jR 8R,nc RN j@3 I3q3a�<3 a�jCR Cc ��s30. cCN,3 j@3 ,@�a�,j3aCcjC,c R8 Rna c3jAnU L�G3
j@3 $�I�N,3 c@33j UaR~I3c 8nN<C$I3Y bR. @Rs jR 3uUI�CN j@3 ,@RC,3c L�03 $w j@3c3 cn$E3,jc]

r3 0Cc,�a0 3uUI�N�jCRNc a3I�j30 jR I�,G R8 nN03acj�N0CN< R8 j@3 3uU3aCL3Nj�I CNcjan,jCRNc
�N0 UaR,30na3cY BN0330. �II cn$E3,jc Lncj cn,,3cc8nIIw ,RLUI3j3 � c3\n3N,3 R8 ,RNjaRI \n3cA
jCRNc $38Ra3 U3a8RaLCN< j@3 TaR~I3 2q�In�jCRN i�cG �N0 j@3 TaR~I3 ;a�0CN< i�cGY KRa3Rq3a.
s3 �cG �II cn$E3,jc jR <a�03 j@3 ,I�aCjw R8 j@3 CNcjan,jCRNc. �c s3II �c j@3 0C|,nIjw R8 j@3 jsR
j�cGc. $nj ~N0 NR L3�NCN<8nI 0C{3a3N,3 CN 3Cj@3a L3�cna3 $3js33N j@3 <aRnUc R8 $C�c30 �N0
nN$C�c30 cn$E3,jcY BN �00CjCRN. j@3 �$c3N,3 R8 8aC,jCRNc CN Rna 3uU3aCL3Nj �IIRsc jR anI3 Rnj
3uUI�N�jCRNc a3I�jCN< j@3 s3�Ij@ LCcU3a,3UjCRN 8RnN0 CN j@3 3uU3aCL3Nj jR aCcGw CNq3cjL3Njc.
CNj3a3cj U�wL3Njc Ra <�CNc. Ra ~N�N,C�I nN,3aj�CNjwY 7CN�IIw. s3 ,�N �IcR 0CcLCcc CNj3aUa3j�jCRNc
a3I�jCN< $C�c30 cn$E3,jcȕ ,@RC,3c jR <a3�j3a 03$j �q3acCRN- j@3 a3cnIjc 8aRL j@3 cnaq3w RN �jjCA
jn03c jRs�a0c 03$j CN b3,jCRN :Y c@Rs j@�j $C�c30 cn$E3,jc �a3 cn$cj�NjC�IIw I3cc 03$j �q3ac3 j@�N
nN$C�c30 cn$E3,jcY

Qna a3cnIjc UaRqC03 cn<<3cjCq3 3qC03N,3 CN 8�qRa R8 � Ucw,@RIR<C,�I CNj3aUa3j�jCRN R8 j@3
,@RC,3c L�03 $w $C�c30 cn$E3,jc CN j@3 ~acj jsR j�cGcY BN U�ajC,nI�a. j@3 U3aq�cCq3 s3�Ij@ LCcA
U3a,3UjCRN CN Rna c�LUI3 c33Lc a3I�j30 jR � sC03cUa3�0 j3N03N,w jR a3Iw RN UaRURajCRN�I j@CNGCN<
3q3N CN � ,RNj3uj CN s@C,@ j@Cc Cc CN�UUaRUaC�j3Y i@Cc I3�0c $C�c30 cn$E3,jc jR 8RaL �N CLU3a83,j
U3a,3UjCRN R8 s3�Ij@ $w ,@�NN3ICN< �jj3NjCRN jRs�a0c �N ȒCLUaRU3aȓ L3�cna3 R8 j@3 $�I�N,3

Sf



c@33j ,RLURcCjCRN. CY3Y j@3 I3q3a�<3 a�jCRY i@Cc CNj3aUa3j�jCRN �IC<Nc 3uCcjCN< 3qC03N,3 CN UcwA
,@RIR<w �N0 3,RNRLC,c c@RsCN< j@�j CN0CqC0n�Ic R8j3N j3N0 jR a3Iw RN UaRURajCRN�I a3�cRNCN<
V03 H�N<@3 �N0 TnNjRNC. lzS9d 7aC30aC,@ 3j �IY. lzz9W. 3q3N CN cCjn�jCRNc s@3N j@Cc Cc CN�03\n�j3
Vc33. 3Y<Y. ;CII�a0 3j �IY. lzzOWY BN j@3 N3uj c3,jCRN s3 j3cj � ,R<NCjCq3 nN03aUCNNCN< j@�j L�w
,RaaR$Ra�j3 Rna CNj3aUa3j�jCRN. �c s3II �c �Ij3aN�jCq3 3uUI�N�jCRNc 8Ra j@3 Ua3c3N,3 R8 j@3 s3�Ij@
U3a,3UjCRN $C�c. Cjc 0Ca3,jCRN �N0 CNj3NcCjwY

kYkY i@3 aRI3 R8 CN0CqC0n�I ,@�a�,j3aCcjC,c

iΞΪϣζ 9Y #ζϑΞЦϔϱЁΞϣ TЁζβϔΫАϱЁЅ
VSW VlW VkW V:W

#C�c P (M |Y ) /3<a33 P (M |Y )

KR03I VSW Ģ `CcG �q3acCRN zYzzfk zYzlSl AzYzl9O zYzzzz
)AzYzz9:d zYzzOk* )AzYzkOkd AzYzSz:*

KR03I VlW Ģ 7CN�N,C�I 3uU3aC3N,3 zYzSf9 zYSzek AzYz:ez zYzzzz
)AzYzlSld zYz9:z* )AzYS9f9d zYzf9f*

KR03I VkW Ģ 7CN�N,C�I 30n,�jCRN zYzS:k zYz449 zYzl9k zYzzzz
)AzYzz4kd zYz::S* )AzYzkfld zYz4:f*

KR03I V:W Ģ +`i c,Ra3 AzYzf4l zYe4kz AzYS:z: SYzzzz
)AzYz4z9d AzYz99S* )AzYSf:9d AzYSSff*

+RNjaRIc v3c v3c
b�LUI3 cCy3 e4 fe
MRj3cY +RInLN VSW- L�a<CN�I 3{3,jc 8aRL � #�w3cC�N IR<CcjC, a3<a3ccCRN R8 � 0nLLw V#C�cW 3\n�I jR S C8 j@3 cn$E3,j
Cc $C�c30 RN j@3 NnL$3a R8 c�83 ,@RC,3c CN j@3 aCcG �q3acCRN 3IC,Cj�jCRN j�cG VKR03I SW. � 0nLLw 3\n�I jR S C8 j@3
cn$E3,j @�c ,a30Cjg03$Cj ,�a0 VKR03I lW. � 0nLLw 3\n�I jR S C8 j@3 cn$E3,j Cc ~N�N,C�IIw 30n,�j30 VKR03I kW �N0
+`i c,Ra3 VKR03I :WY +RInLN VkW- ,R3|,C3Njc 8aRL � #�w3cC�N QHb a3<a3ccCRN R8 j@3 CN0CqC0n�I �q3a�<3 $C�c
03<a33 V/3<a33W RN j@3 c�L3 8Rna q�aC�$I3cY +RNjaRIc CN,In03 �<3. <3N03a 0nLLw. 8�LCIw cCy3 �N0 8�LCIw 30n,�jCRN
I3q3I �c ,Rq�aC�j3cY p�In3c CN $a�,G3jc �a3 f4X ?C<@3cj TRcj3aCRa /3NcCjw BNj3aq�IcY +RInLN VlW �N0 V:W- URcj3aCRa
UaR$�$CICjw VP (M |Y )W R8 j@3 8Ra LR03Ic 8Ra $Rj@ #C�c �N0 /3<a33d UaCRa UaR$�$CICjw 8Ra 3�,@ LR03I- zYl9Y

BN ,RInLN S R8 i�$I3 9 s3 a3URaj j@3 L�a<CN�I 3{3,jc 8aRL 8Rna a3<a3ccCRN LR03Ic R8 #C�c
Ģ � 0nLLw 3\n�I jR S C8 j@3 cn$E3,j Cc $C�c30 Ģ RN aCcG �q3acCRN. ~N�N,C�I 3uU3aC3N,3. ~N�N,C�I
30n,�jCRN �N0 +`i c,Ra3Y +RInLN k a3URajc j@3 ,R3|,C3Njc 8aRL 8Rna a3<a3ccCRNc R8 j@3 CN0CA
qC0n�I �q3a�<3 $C�c 03<a33 RN j@3 c�L3 q�aC�$I3cY 7Ra 3�,@ R8 j@3c3 LR03Ic. s3 �IcR ,RLUnj3
j@3Ca URcj3aCRa UaR$�$CICjw V,RInLNc l �N0 :W. <Cq3N j@3 R$c3aq30 3uU3aCL3Nj�I 0�j�. nN03a j@3
�ccnLUjCRN j@�j �II R8 j@3L �a3 3\n�IIw ICG3Iw � UaCRaCY 7Ra $Rj@ #C�c �N0 /3<a33. s3 ~N0 j@�j
j@3 a3<a3ccCRN LR03I sCj@ +`i c,Ra3 Cc cn$cj�NjC�IIw LRa3 ICG3Iw. �c Cj @�c � q3aw I�a<3 URcj3aCRa
UaR$�$CICjw R8 78.30% �N0 100%. a3cU3,jCq3IwY i@3 ,a30C$I3 CNj3aq�Ic 8Ra j@3 L�a<CN�I 3{3,jc R8
$Rj@ q�aC�$I3c ,RaaR$Ra�j3 j@3c3 a3cnIjcY BN �00CjCRN. j@3 L�a<CN�I 3{3,jc c@Rs j@�j j@3 I3q3I R8

Se



,R<NCjCq3 cRU@CcjC,�jCRN. L3�cna30 $w j@3 c,Ra3 CN j@3 +R<NCjCq3 `3�3,jCRN i3cj. @�c j@3 I�a<3cj
3{3,j Rq3a j@3 UaR$�$CICjw R8 $3CN< $C�c30 �N0. ,RN0CjCRN�IIw RN $3CN< $C�c30. RN j@3 CNj3NcCjw
R8 j@3 s3�Ij@ LCcU3a,3UjCRNY BN 8�,j. j@3 a3cnIjc a3URaj30 CN i�$I3 f c@Rs j@�j nN$C�c30 cn$E3,jc
@�q3 �N �q3a�<3 +`i c,Ra3 3\n�I jR SY4S. ,RLU�a30 jR zYOS R8 j@3 $C�c30 <aRnUY r3 �IcR a3URaj
j@3 sCj@CNA<aRnU 0CcjaC$njCRN R8 cn$E3,jc- j@3 U3a,3Nj�<3 R8 cn$E3,jc �Ncs3aCN< z ,Raa3,j \n3cA
jCRNc Cc Ln,@ I�a<3a CN j@3 $C�c30 <aRnU V47.76%W. s@CI3 j@3 U3a,3Nj�<3 R8 cn$E3,jc R$j�CNCN<
j@3 @C<@3cj c,Ra3. j@nc UaRqC0CN< �II ,Raa3,j �Ncs3ac. Cc cn$cj�NjC�IIw <a3�j3a sCj@CN j@3 nN$C�c30
<aRnU V45.45%WY

iΞΪϣζ fY b,Ra3c CN +`i

�q3a�<3 c,Ra3 +Raa3,j �Ncs3ac VXW
z S l k

#C�c30 zYOS :eYef llYkO lzYOz 4YOf
)SYzl*

mN$C�c30 SY4S S4YS4 leYle OYzO :9Y:9
)SYl9*

MRj3cY �q3a�<3 c,Ra3 Vcj�N0�a0 03qC�jCRN CN $a�,G3jcW �N0 0CcjaC$njCRN R8 cn$E3,jc U3a ,Raa3,j �Ncs3ac CN j@3 +R<A
NCjCq3 `3�3,jCRN i3cj V+`iWY

7CN�IIw. CN 7C<na3 : s3 UaRqC03 � qCcn�ICy�jCRN R8 j@3c3 a3cnIjcY r3 c@Rs j@�j. s@CI3 j@3
,aRccAcn$E3,j �q3a�<3 $C�c 03<a33 03,a3�c3c CN j@3 I3q3a�<3 a�jCR CN03U3N03NjIw R8 j@3 cCy3 R8 j@3
+`i c,Ra3. j@3 $C�c 03<a33 Cc cwcj3L�jC,�IIw <a3�j3a 8Ra �<3Njc sCj@ IRs3a +`i c,Ra3Y BN Rj@3a
sRa0c. j@3 CNj3NcCjw R8 j@3 s3�Ij@ LCcU3a,3UjCRN Cc cn$cj�NjC�IIw I�a<3a �LRN< $C�c30 cn$E3,jc
sCj@ IRs3a ,R<NCjCq3 cRU@CcjC,�jCRNY

i@3 CNjnCjCRN 8Ra Rna a3cnIjc Cc cja�C<@j8Ras�a0 �N0 cnUURajc � ,R<NCjCq3 a�jCRN�I3 8Ra j@3
LCcU3a,3UjCRN R8 s3�Ij@. a�j@3a j@�N CNj3aUa3j�jCRNc a3I�j30 jR aCcG Ua383a3N,3c. ~N�N,C�I 3uU3A
aC3N,3 Ra 30n,�jCRNY iR �0RUj j@3 ,�j3<RaCy�jCRN R8 /n�I TaR,3cc i@3Raw VF�@N3L�N. lzzk�.$d
bj�NRqC,@ �N0 r3cj. lzzkW. Rna a3cnIjc cn<<3cj j@�j j@3 $3@�qCRa R8 $C�c30 cn$E3,jc Cc ,Raa3I�j30
sCj@ � j3N03N,w jR a3Iw RN bwcj3L S. CY3Y � LRa3 �njRL�jC, �N0 @3naCcjC,A$�c30 jwU3 R8 j@CNGA
CN<. s@C,@ ,RNcnL3c � IRs3a �LRnNj R8 �jj3NjCRN�I a3cRna,3c VFC@IcjaRL. SO4ed KRaCjy 3j �IY.
lzS:WYS4 2uCcjCN< 3qC03N,3 CN Ucw,@RIR<w c@Rsc j@�j bwcj3L S j@CNG3ac �a3 <3N3a�IIw LRa3 ICG3Iw
jR a3Iw RN UaRURajCRN�I a3�cRNCN< �IcR CN ,RNj3ujc s@3a3 j@Cc Cc CLUaRU3a Vc33 ;CII�a0 3j �IY. lzzO

S4BN <3N3a�I. j@3 ICj3a�jna3 CN Ucw,@RIR<w @C<@IC<@jc j@3 3uCcj3N,3 R8 � cC<NC~,�NjIw URcCjCq3 ,Raa3I�jCRN $3js33N
� q�aC3jw R8 L3�cna3c R8 CN0CqC0n�I ,R<NCjCq3 �$CICjC3c �N0 �jj3NjCRN R8 0C{3a3Nj jwU3c Vc33. �LRN< Rj@3ac. �IIa30
3j �IY. lzSfd #�aa3jj 3j �IY. lzz:d #3NAb@�G@�a �N0 b@3{3a. lzzSd /nG�c. lzz:WY BN 8�,j. �jj3NjCRN�I N3<I3,jc ,�N
R8j3N 3uUI�CN j@3 URRa U3a8RaL�N,3 CN ,R<NCjCq3 cRU@CcjC,�jCRN j�cGc V�IIa30 3j �IY. lzSfd /nG�c. lzz:WY

S4
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7ϔόЛЁζ :Y #ϔΞЅ βζόЁζζ Ξϩβ +`i ЅΫϱЁζЅ
i@Cc ~<na3 c@Rsc j@3 0CcjaC$njCRN V$Ru UIRjW R8 j@3 $C�c 03<a33 CN 2\n�jCRN l �,aRcc $C�c30 cn$E3,jc. 8Ra 3�,@ R8
j@3 j3N $�I�N,3 c@33j UaR~I3c c@RsN CN j@3 TaR~I3 ;a�0CN< i�cGY i@3 <a�w ICN3 Cc j@3 L3�N R8 j@3 0CcjaC$njCRN. Ra
j@3 ,aRccAcn$E3,j �q3a�<3 $C�c 03<a33Y i@3 jsR $I�,G ICN3c a3Ua3c3Nj j@3 ,aRccAcn$E3,j �q3a�<3 $C�c 03<a33 8Ra jsR
cn$A<aRnUc R8 $C�c30 cn$E3,jc- $C�c30 cn$E3,jc sCj@ IRs +`i c,Ra3 Ģ CY3Y +`i c,Ra3 3\n�I jR z �N0 S Ģ �N0 $C�c30
cn$E3,jc sCj@ @C<@ +`i c,Ra3 Ģ CY3Y +`i c,Ra3 3\n�I jR l �N0 kY i@3 @RaCyRNj�I <a�w ICN3 a3Ua3c3Njc j@3 $C�c 03<a33
8Ra nN$C�c30 cn$E3,jc. s@C,@ Cc 3\n�I jR S. �c j@3Ca U3a,3Cq30 s3�Ij@ 3\n�Ic j@3 jan3 q�In3 R8 j@3 N3j sRaj@ 8Ra �Nw
$�I�N,3 c@33j UaR~I3Y i@3 tA�uCc a3URajc j@3 I3q3a�<3 a�jCR Ģ 03~N30 �c 03$j Rq3a �cc3jc Ģ R8 3�,@ $�I�N,3 c@33j
UaR~I3Y

8Ra � 03j�CI30 0Cc,nccCRNWY BN j@3 ,RNj3uj R8 Rna 3uU3aCL3Nj. $C�c30 cn$E3,jc �a3 bwcj3L S j@CNG3ac
s@R. CN0330. 3u@C$Cj � j3N03N,w jR a3Iw RN UaRURajCRN�I j@CNGCN< �N0 8RaL U3a,3Cq30 q�In3c R8
j@3 N3j sRaj@ $w ,@�NN3ICN< �jj3NjCRN jRs�a0c j@3 I3q3a�<3 a�jCR. a�j@3a j@�N j@3 N3j sRaj@Y

:Y r2�Hi? KBbT2`+2TiBQM- +QMbmKTiBQM �M/ /2#i /2+BbBQMb

BN j@3 ~N�I U�aj R8 j@3 3uU3aCL3Nj s3 CN,In03 � c@Raj cnaq3w jR �cc3cc j@3 a3I�jCRN $3js33N j@3
Ua3c3N,3 R8 s3�Ij@ U3a,3UjCRN. Cjc CNj3NcCjw �N0 cn$E3,jcȕ ,RNcnLUjCRN �N0 03$j 03,CcCRNcY BN
j@3 8RIIRsCN<. 8Ra j@3 c�G3 R8 0Cc,nccCRN s3 0CqC03 j@3 c3j R8 \n3cjCRNc CNjR jsR <aRnUc- j@Rc3
a3I�j30 jR ,RNcnLUjCRN $3@�qCRa �N0 j@Rc3 a3I�j30 jR �jjCjn03c jRs�a0 03$jYSO

SOi@3 �UU3N0Cu ,RNj�CNc j@3 ,RLUI3j3 ICcj R8 \n3cjCRNc Ua3c3Nj30 CN j@3 cnaq3wY

SO



:YSY +RNcnLUjCRN

i@3 ~acj \n3cjCRN CNq3cjC<�j3c CN0CqC0n�Icȕ �jjCjn03c jRs�a0c c�qCN<c �N0 jCL3 Ua383a3N,3cY BN
U�ajC,nI�a. 8RIIRsCN< T�aG3a VlzSeW. s3 �cG cn$E3,jc s@3j@3a j@3w c3I8 C03NjC8w �c Ȓj@3 jwU3 R8
U3acRN j@�j Ua383ac jR cU3N0 LRN3w �N0 3NERw Cj jR0�w Ra c�q3 LRa3 8Ra j@3 8njna3ȓ. sCj@ � $CN�aw
,@RC,3- ȒcU3N0 NRsȓ �N0 Ȓc�q3 8Ra j@3 8njna3ȓYlz

r3 j@3N cjn0w ,RNcnLUjCRN 03,CcCRNc Rnj R8 nN3uU3,j30 �N0 ja�NcCjRaw URcCjCq3 CN,RL3
c@R,Gc. $Rj@ CN <3N3a�I �N0 nN03a <Cq3N $�I�N,3Ac@33j UaR~I3cY BN U�ajC,nI�a. s3 LR0C8w j@3
\n3cjCRN CNjaR0n,30 $w 7ncj3a 3j �IY VlzlzW jR 03c,aC$3 � @wURj@3jC,�I c,3N�aCR CN s@C,@ cn$E3,jc
nN3uU3,j30Iw a3,3Cq3 � RN3AjCL3 U�wL3Nj �N0 j@3w �a3 �cG30 jR CN0C,�j3 s@�j j@3w sRnI0 0R CN
j@3 8RIIRsCN< LRNj@Y �<3Njc ,�N ,@RRc3 �LRN< j@a33 RUjCRNc- CW j@3w ,�N CN,a3�c3 cU3N0CN<
LRa3 j@�N C8 j@3w @�0 NRj a3,3Cq30 j@3 U�wL3Njd CCW j@3w ,�N 03,a3�c3 cU3N0CN<d Ra CCCW j@3w ,�N
G33U Cj nN,@�N<30Y +RLU�a30 jR 7ncj3a 3j �IY VlzlzW. s3 a3U3�j j@3 \n3cjCRN RNIw jsC,3- ~acj.
sCj@ � 9zzA+ U�wL3Njd j@3N. sCj@ 9zzzA+ Y KRa3Rq3a. CN Ra03a jR j3cj s@3j@3a �N0 @Rs j@3 CN�,A
,na�j3 U3a,3UjCRN R8 � N3j sRaj@ �{3,jc j@3 ICG3IC@RR0 jR CN,a3�c3 cU3N0CN<. s3 CNjaR0n,3 � j@Ca0
\n3cjCRN sCj@ � 9zzA+ U�wL3Nj. CN s@C,@ 3�,@ cn$E3,j Cc c@RsN jsR ~N�N,C�I UaR~I3c sCj@ C03NA
jC,�I N3j sRaj@ $nj 0C{3a3Nj ,RLURcCjCRN CN j3aLc R8 j@3 ,RNcRIC0�j30 I3q3I R8 �cc3jc �N0 03$jY
bn$E3,jc �a3 �cG30 jR cj�j3 nN03a s@C,@ R8 j@3 jsR UaR~I3c j@3w sRnI0 $3 LRa3 ICG3Iw jR CN,a3�c3
j@3Ca 3uU3Nc3c CN j@3 8RIIRsCN< LRNj@Y i@3w �IcR @�q3 j@3 URccC$CICjw jR cj�j3 j@�j j@3w sRnI0
CN,a3�c3 j@3Ca 3uU3Nc3c CN 3Cj@3a. Ra N3Cj@3a. ,�c3Y B8 <a3�j3a U3a,3Cq30 s3�Ij@ s3a3 ICNG30 jR �
@C<@3a ICG3IC@RR0 jR CN,a3�c3 cU3N0CN< Rnj R8 nN3uU3,j30 URcCjCq3 <�CNc. $C�c30 cn$E3,jc c@RnI0
,@RRc3 j@3 UaR~I3 ,Raa3cURN0CN< jR � IRs3a I3q3a�<3 a�jCR. s@CI3 nN$C�c30 cn$E3,jc c@RnI0 L�G3
� 03,CcCRN j@�j. <Cq3N j@3 q�In3 R8 N3j sRaj@. 0R3c NRj 03U3N0 RN j@3 ,RLURcCjCRN R8 j@3 $�I�N,3
c@33jY BN �II j@a33 \n3cjCRNc. cn$E3,jc s@R sRnI0 CN,a3�c3 j@3Ca 3uU3Nc3c �a3 �cG30 j@3 3u�,j
�LRnNjY bCLCI�aIw jR 7ncj3a 3j �IY VlzlzW. j@Cc �IIRsc nc jR 3cjCL�j3 L�a<CN�I UaRU3NcCjC3c jR
,RNcnL3Y

i�$I3 e a3URajc j@3 a3cnIjc R8 � c3aC3c R8 a3<a3ccCRNc R8 j@3 a3cURNc3c jR j@3 ,RNcnLUjCRN
\n3cjCRNc RN #C�c �N0 /3<a33YlS r3 ~N0 j@3 8RIIRsCN< a3cnIjcY

�Y � I�a<3 L�ERaCjw R8 $C�c30 cn$E3,jc a3URaj $3CN< j@3 jwU3 R8 U3acRN j@�j Cc LRa3 UaRN3
jR cU3N0 �N0 3NERw j@3 Ua3c3Nj. s@CI3 j@3 L�ERaCjw R8 nN$C�c30 cn$E3,jc c3I8AC03NjC8w �c

lzT�aG3a VlzSeW nc3c j@Cc \n3cjCRN CN � cnaq3w �c � UaRuw R8 j@3 U�jC3N,3gCLU�jC3N,3 R8 j@3 cn$E3,jcY ?3 c@Rsc
j@�j �Ncs3ac jR j@Cc \n3cjCRN cjaRN<Iw Ua30C,j ,RNcnLUjCRN $3@�qCRa. CN j@�j U3RUI3 s@R a3URaj $3CN< ȒcU3N03acȓ
0R NRj cLRRj@ ,RNcnLUjCRN �N0 @�q3 � cC<NC~,�NjIw I�a<3a cU3N0CN< a3cURNc3 jR Ua30C,j�$I3 InLUAcnL U�wL3Njc.
,RLU�a30 jR U3RUI3 s@R c3I8AC03NjC8w �c Ȓc�q3acȓY

lS#C�c �N0 /3<a33 j�G3 j@3 c�L3 03~NCjCRN �c CN j@3 Ua3qCRnc c3,jCRNY i@3 0CcjaC$njCRN R8 cn$E3,jc 8Ra 3�,@
\n3cjCRN Cc a3URaj30 CN �UU3N0Cu #Y

lz



iΞΪϣζ eY 2υυζΫА ϱυ rζΞϣАϑ TζЁΫζϿАϔϱϩ #ϔΞЅ Ξϩβ #ϔΞЅ /ζόЁζζ ϱϩ +ϱϩЅЛϨϿАϔϱϩ ΞААϔАЛβζЅ
VSW VlW

#C�c /3<a33
T�N3I � Ģ BLU�jC3N,3

zYlOl: zYSlk:
)zYl:zOd zYk9:e* )zYz4:ed zYSOl:*

T�N3I # Ģ bU3N0CN< a3cURNc3 V9zzA+ W

H3cc zYzS:: zYzz:O
)AzYzz9kd zYz:S9* )zYzz::d zYzll4*

b�L3 AzYlzkf AzYSz9e
)AzYl9fSd AzYS94S* )AzYS:e:d AzYSzzz*

KRa3 zYlSl: zYSk9e
)zYSfO:d zYlfkO* )zYSl9kd zYSeze*

T�N3I + Ģ bU3N0CN< a3cURNc3 V9zzzA+ W

H3cc AzYzlz9 AzYzl4f
)AzYzk9kd zYzSSS* )AzYzlkOd zYzSee*

b�L3 AzYz9zk zYzS:k
)AzYSSS9d zYzS99* )AzYzl4ed zYz4fl*

KRa3 zYzfe: zYzS:O
)zYzz4fd zYSlf9* )AzYz9lOd zYzfSz*

T�N3I / Ģ TaR~I3 jwU3

HRsA`�jCR TaR~I3 zYk4Sz zYSf99
)zYklOld zY:::k* )zYzOS4d zYl9l:*

?C<@A`�jCR TaR~I3 AzYz949 AzYSlSS
)AzYzeOfd AzYzSfe* )AzYSf:Sd AzYzS:f*

M3nja�I AzYkkSS AzYz:ff
)AzYk4kzd AzYl4S4* )AzYzOlzd zYzl:9*

+RNjaRIc v3c v3c
b�LUI3 cCy3 e4 fe
MRj3cY VSW- K�a<CN�I 3{3,jc 8aRL #�w3cC�N IR<CcjC, �N0 LnIjCNRLC�I IR<CcjC, a3<a3ccCRNc R8 j@3 �Ncs3ac jR j@3
,RNcnLUjCRN \n3cjCRNc RN � 0nLLw 3\n�I jR S C8 j@3 cn$E3,j Cc $C�c30Y VlW- +R3|,C3Njc 8aRL #�w3cC�N QHb
a3<a3ccCRNc R8 j@3 �Ncs3ac jR j@3 ,RNcnLUjCRN \n3cjCRNc RN j@3 �q3a�<3 $C�c 03<a33Y +RNjaRIc- �<3. <3N03a 0nLLw.
8�LCIw cCy3 �N0 8�LCIw 30n,�jCRN I3q3IY p�In3c CN $a�,G3jc �a3 f4X ?C<@3cj TRcj3aCRa /3NcCjw BNj3aq�IcY

c�q3acY BN 8�,j. j@3 Ua3c3N,3 R8 j@3 s3�Ij@ U3a,3UjCRN $C�c ,Raa3cURN0c jR � lO U3a,3Nj�<3
URCNjc CN,a3�c3 CN j@3 UaR$�$CICjw R8 $3CN< �N CLU�jC3Nj jwU3 R8 U3acRNY KRa3Rq3a. ,RNA
0CjCRN�I RN $3CN< $C�c30. �N CN,a3�c3 CN j@3 �q3a�<3 $C�c 03<a33 $w S ,Raa3cURN0c jR � Sl
U3a,3Nj�<3 URCNjc CN,a3�c3 CN j@3 UaR$�$CICjw R8 $3CN< CLU�jC3NjY

$Y #C�c30 cn$E3,jc �a3 <3N3a�IIw LRa3 UaRN3 jR CN,a3�c3 cU3N0CN< Rnj R8 �N nN3uU3,j30 �N0
ja�NcCjRaw URcCjCq3 CN,RL3 c@R,G ,RLU�a30 jR nN$C�c30 RN3c. $Rj@ CN j@3 9zz A+ c,3N�aCR

lS



�N0 CN j@3 9zzz A+ Yll BN �00CjCRN. ,RN0CjCRN�I RN $3CN< $C�c30. �N CN,a3�c3 CN j@3 �q3aA
�<3 $C�c 03<a33 $w S ,Raa3cURN0c jR � S: U3a,3Nj�<3 URCNjc CN,a3�c3 CN j@3 UaR$�$CICjw
R8 cU3N0CN< LRa3 CN j@3 9zz A+ c,3N�aCRY 7CN�IIw. s3 �IcR ~N0 j@�j j@3 URCNj 3cjCL�j3c R8
j@3 �q3a�<3 K�a<CN�I TaRU3NcCjw jR +RNcnL3 VKT+W. ,RN0CjCRN�I RN cU3N0CN< LRa3. �a3
3\n�I jR zYkO �N0 zYkl 8Ra $C�c30 �N0 nN$C�c30 cn$E3,jc a3cU3,jCq3Iw. CN j@3 9zzA+ c,3N�aCR.
�N0 zYlk �N0 zYlz. CN j@3 9zzzA+ c,3N�aCRY i@3a38Ra3. $C�c30 cn$E3,jc 3u@C$Cj � LRa3 UaRA
NRnN,30 a3�,jCRN jR nN3uU3,j30 �N0 ja�NcCjRaw URcCjCq3 CN,RL3 c@R,Gc. sCj@ � KT+ j@�j
Cc $3js33N S9X VCN j@3 9zzzA+ c,3N�aCRW �N0 lSY44X @C<@3a VCN j@3 9zzA+ c,3N�aCRW j@�N
nN$C�c30 cn$E3,jc. j@nc cn<<3cjCN< IRs3a ,RNcnLUjCRN cLRRj@CN< ,RLU�a30 jR nN$C�c30
cn$E3,jcY

,Y #C�c30 cn$E3,jc �a3 Ln,@ LRa3 ICG3Iw jR CN,a3�c3 j@3Ca 3uU3Nc3c nN03a j@3 IRs3a I3q3a�<3A
a�jCR UaR~I3. s@CI3 � I�a<3 L�ERaCjw R8 nN$C�c30 cn$E3,jc Cc N3nja�I jR j@3 I3q3a�<3 a�jCRY
i@3 Ua3c3N,3 R8 j@3 s3�Ij@ U3a,3UjCRN $C�c. CN0330. CN,a3�c3c j@3 UaR$�$CICjw j@�j � $C�c30
cn$E3,j CN,a3�c3c ,RNcnLUjCRN nN03a j@3 IRs3a I3q3a�<3Aa�jCR UaR~I3 $w k4 U3a,3Nj�<3
URCNjcY i@3 CNjnCjCRN Cc cja�C<@j8Ras�a0- � IRs3a I3q3a�<3 a�jCR CLUIC3c � <a3�j3a q�In3 R8
U3a,3Cq30 s3�Ij@. s@C,@ I3�0c jR � @C<@3a ICG3IC@RR0 jR CN,a3�c3 cU3N0CN<Y KRa3Rq3a. �N
CN,a3�c3 CN j@3 $C�c 03<a33 $w S ,Raa3cURN0c jR � Sf U3a,3Nj�<3 URCNj CN,a3�c3 CN j@3 UaR$A
�$CICjw j@�j $C�c30 cn$E3,jc CN,a3�c3 ,RNcnLUjCRN nN03a j@3 IRs3a I3q3a�<3Aa�jCR UaR~I3Y

:YlY /3$j

r3 cj�aj $w 3q�In�jCN< �jjCjn03c jRs�a0c 03$j. sCj@ � 8R,nc RN ,RNcnL3a ,a30CjY BN U�ajC,nI�a.
s3 a3Iw RN � \n3cjCRN 8aRL j@3 lzSf bnaq3w R8 +RNcnL3a 7CN�N,3c $w �cGCN< cn$E3,jc s@3j@3a
j@3w j@CNG Cj Cc � <RR0 C03� jR ~N�N,3 3uU3Nc3c $w $RaaRsCN<Y i@3a3 �a3 j@a33 URccC$I3 �Ncs3ac-
Ȓ;RR0 C03�ȓ. Ȓ;RR0 CN cRL3 s�wc. $�0 CN Rj@3acȓ �N0 Ȓ#�0 C03�ȓYlk

r3. j@3N. CNq3cjC<�j3 cn$E3,jcȕ ,@RC,3c s@3N j@3w 8�,3 ~N�N,C�I 0C|,nIjC3cY BN U�ajC,nI�a.
s3 CNjaR0n,3 j@3 8RIIRsCN< \n3cjCRN- ȒB8 jRLRaaRs wRn 3uU3aC3N,30 � ~N�N,C�I 3L3a<3N,w j@�j
I38j wRn nN�$I3 jR U�w �II R8 wRna $CIIc. @Rs sRnI0 wRn 03�I sCj@ Cj]ȓ i@3 c3j R8 URccC$I3 �Ncs3ac
CN,In03c Ȓ$RaaRs LRN3wȓ. ȒcU3N0 Rnj R8 c�qCN<cȓ. ȒURcjURN3 U�wL3Njcȓ �N0 Ȓ,nj $�,GȓYl:

ll?Rs3q3a. s@3N s3 CN,a3�c3 j@3 �LRnNj R8 j@3 sCN08�II 8aRL 9zzA+ jR 9zzzA+ . j@3 c@�a3 R8 cn$E3,jc s@R sRnI0
CN,a3�c3 j@3Ca ,RNcnLUjCRN aCc3c CN $Rj@ <aRnUc. sCj@ � I�a<3a CN,a3�c3 8Ra nN$C�c30 cn$E3,jc. j@nc N�aaRsCN< j@3
<�U $3js33N j@3 jsR <aRnUcY i@Cc a3cnIj Cc CN ICN3 sCj@ j@3 ~N0CN<c $w 7ncj3a 3j �IY VlzlzW. s@R ~N0c � cCy3 3{3,j
s@C,@ I3�0c a3cURN03Njc jR $3 LRa3 sCIICN< jR CN,a3�c3 cU3N0CN< s@3N j@3 cCy3 R8 j@3 sCN08�II CN,a3�c3cY

lk2q3N j@Rn<@ j@Cc \n3cjCRN 0R3c NRj �IIRs jR 0Cc,aCLCN�j3 �LRN< 0C{3a3Nj jwU3c R8 03$j. Cj Cc <3N3a�IIw ,RNcC0A
3a30 � <RR0 UaRuw R8 U3acRN�I �jjCjn03c jRs�a0c j@3 nc3 R8 $RaaRsCN< 8Ra ,RNcnLUjCRN �N0 Cj @�c $33N nc30 �c �
L3�cna3 R8 03$j �q3acCRN CN Rj@3a sRaGc Vc33. 3Y<Y +@C3N �N0 /3q�N3w. lzzSd bj�N<R �N0 xCNL�N. lzzOWY

l:�Ij@Rn<@ j@3 �Ncs3a Ȓ$RaaRs LRN3wȓ 0R3c NRj L3NjCRN � cU3,C~, jwU3 R8 IR�N. Cj @�c $33N c@RsN j@�j U3RUI3

ll



7CN�IIw. s3 �cc3cc sCIICN<N3cc jR j�G3 RN 03$j 8Ra ,RNcnLUjCRN. $w CN,In0CN< � \n3cjCRN j@�j
0a�sc RN j@3 cRA,�II30 Ȓa3URaj30 Ua383a3N,3ȓ �UUaR�,@ V7ncj3a 3j �IY. lzlzd T�aG3a �N0 bRnI3I3c.
lzSeWY i@Cc a3IC3c RN a3URaj30 ,@�N<3c CN $RaaRsCN< VRa cU3N0CN<W CN @wURj@3jC,�I c,3N�aCRc.
3IC,Cj30 $w L3�Nc R8 cnaq3w \n3cjCRNc. j@nc �IIRsCN< � <a3�j �LRnNj R8 �3uC$CICjw CN ja3�jL3Nj
03cC<N V7ncj3a 3j �IY. lzlzWYl9 BN U�ajC,nI�a. s3 Ua3c3Nj � @wURj@3jC,�I cCjn�jCRN CN s@C,@ cn$E3,jc
@�q3 jR $nw � UaR0n,j $nj. 0n3 jR j@3 I�,G R8 IC\nC0 �cc3jc. j@3w @�q3 jR $RaaRsY KRa3Rq3a.
s3 c@Rs cn$E3,jc jsR ~N�N,C�I UaR~I3c sCj@ C03NjC,�I N3j sRaj@ $nj 0C{3a3Nj ,RLURcCjCRN CN
j3aLc R8 j@3 ,RNcRIC0�j30 I3q3I R8 �cc3jc �N0 03$jY r3 �cG j@3L jR cj�j3 nN03a s@C,@ R8 j@3
jsR UaR~I3c j@3w sRnI0 $3 LRa3 ICG3Iw jR $RaaRs :9zA+ jR $nw � ,RNcnLUjCRN <RR0 V� N3s
j3I3qCcCRNWY i@3w ,�N �IcR cj�j3 j@�j j@3w sRnI0 $RaaRs nN03a 3Cj@3a Ra N3Cj@3a UaR~I3Y i@Cc
�IIRsc nc jR C03NjC8w 3Cj@3a �q3acCRN jR 03$j VNRj $RaaRsCN< nN03a �Nw UaR~I3W Ra N3nja�ICjw jR
j@3 $�I�N,3 c@33j ,RLURcCjCRN V$RaaRsCN< nN03a �Nw UaR~I3WY

i�$I3 4 a3URajc j@3 a3cnIjc R8 � c3aC3c R8 a3<a3ccCRNc R8 j@3 a3cURNc3c jR j@3 \n3cjCRNc RN 03$j
�jjCjn03c RN #C�c �N0 /3<a33Ylf r3 ~N0 j@3 8RIIRsCN< a3cnIjcY

�Y #C�c30 cn$E3,jc �a3 LRa3 ,RL8Raj�$I3 sCj@ j@3 C03� R8 03$jA~N�N,30 ,RNcnLUjCRNY BN
8�,j. $3CN< $C�c30 a30n,3c j@3 UaR$�$CICjw R8 $3CN< 03$j �q3ac3 $w aRn<@Iw lz U3a,3Nj�<3
URCNjc. s@CI3 CN,a3�cCN< j@3 UaR$�$CICjw R8 $3CN< 03$j c33G3a $w lS U3a,3Nj�<3 URCNjcY BN
�00CjCRN. �N CN,a3�c3 $w S CN j@3 $C�c 03<a33 03,a3�c3c j@3 UaR$�$CICjw R8 $3CN< 03$j �q3ac3
$w aRn<@Iw S: U3a,3Nj�<3 URCNjc. s@CI3 CN,a3�cCN< j@3 UaR$�$CICjw R8 $3CN< 03$j c33G3a $w
SS U3a,3Nj�<3 URCNjcY

$Y bn,@ ,RL8Raj sCj@ j@3 nc3 R8 03$j 3uj3N0c �IcR jR j@3 ,RNj3uj R8 � ~N�N,C�I 3L3a<3N,wY
� I�a<3 L�ERaCjw R8 $C�c30 cn$E3,jc 833I �j 3�c3 sCj@ j@3 C03� R8 ncCN< 03$j jR ,RU3 sCj@
j@3 N3,3ccCjw R8 U�wCN< Rq3a0n3 $CIIc. s@CI3 LRcj R8 nN$C�c30 cn$E3,jc ,@RRc3 jR nc3 j@3Ca
c�qCN<c Ra jR ,nj Rj@3a 3uU3Nc3cY BN0330. j@3 Ua3c3N,3 R8 j@3 s3�Ij@ U3a,3UjCRN $C�c CNA
,a3�c3c j@3 ICG3IC@RR0 jR a3Iw RN 03$j �c � L3�Nc jR ,RU3 sCj@ � ~N�N,C�I 3L3a<3N,w $w

s@R ~N0 j@3Lc3Iq3c CN � ,�c@ ,anN,@ R8j3N j3N0 jR L�G3 nNcRnN0 ~N�N,C�I 03,CcCRNc $w a3IwCN< RN U�w0�w IR�Nc
�N0 Rj@3a 3uU3NcCq3 8RaLc R8 nNc3,na30 ,a30Cj Vc33 3Y<Y #3aja�N0 �N0 KRac3. lzSSd KnII�CN�j@�N �N0 b@�~a. lzS:WY

l9�N CLURaj�Nj a3L�aG @�c jR 0R sCj@ j@3 8RIIRsCN< ,RN,3aN- /R a3URaj30 Ua383a3N,3c @�q3 ICjjI3 CN8RaL�jCq3
,RNj3Nj �c jR s@�j CN0CqC0n�Ic sRnI0 0R C8 8�,30 sCj@ �,jn�I 03,CcCRNc jR $RaaRs VRa cU3N0W] 7ncj3a 3j �IY VlzlzW
URCNj jR j@3 ,RLUa3@3NcCq3 �N�IwcCc ,�aaC30 Rnj $w T�aG3a �N0 bRnI3I3c VlzSeW �N0 T�aG3a 3j �IY VlzSkW- j@3 8RaL3a
c@Rs j@�j ,RLU�aCN< a3URaj30 ,RNcnLUjCRN a3cURNc3c jR @wURj@3jC,�I j�u a3$�j3c sCj@ �,jn�I cU3N0CN< a3cURNc3c
8aRL U�cj j�u a3$�j3c. UaR0n,3c q3aw ICjjI3 0C{3a3N,3cd j@3 I�jj3a. 8RnN0 j@�j a3URaj30 Ua383a3N,3c L�j,@ �,jn�I
$3@�qCRa. CN j@�j cn$E3,jc s@R a3URaj30 cU3N0CN< j@3Ca lzz4 ~c,�I cjCLnInc U�wL3Nj 0C0 CN 8�,j 0R cRY i@3c3 ,RNA
cC03a�jCRNc cnUURaj j@3 C03� j@�j a3URaj30 Ua383a3N,3c CN @wURj@3jC,�I c,3N�aCRc L�w UaRqC03 cC<NC~,�Nj CN0C,�jCRNc
R8 CN0CqC0n�I $3@�qCRa CN �,jn�I 03,CcCRNAL�GCN< ,RNj3ujcY

lfi@3 0CcjaC$njCRN R8 cn$E3,jc 8Ra 3�,@ \n3cjCRN Cc a3URaj30 CN �UU3N0Cu #

lk



iΞΪϣζ 4Y 2υυζΫА ϱυ rζΞϣАϑ TζЁΫζϿАϔϱϩ #ϔΞЅ Ξϩβ #ϔΞЅ /ζόЁζζ ϱϩ ΪϱЁЁϱЧϔϩό ΞААϔАЛβζЅ
VSW VlW

#C�c /3<a33
T�N3I � Ģ /3$j �jjCjn03

�q3ac3 AzYlz:f AzYSkOS
)AzYlflfd AzYSkfe* )AzYlSlkd AzYz9lS*

b33G3a zYlS:9 zYSz4:
)zYSekzd zYlfe9* )zYSzzzd zYSk9l*

M3nja�I AzYzkz4 zYzklS
)AzYz49:d zYzSOl* )AzYzk9Od zYzOlf*

T�N3I # Ģ 7CN�N,C�I 3L3a<3N,w a3cURNc3

#RaaRs zYl9f4 zYS:Ok
)zYlSfld zYkSl4* )zYSk:Sd zYSeSe*

mc3 c�qCN<c AzYS:lk AzYzSSz
)AzYS444d AzYz4Sk* )AzYzSS:d zYz::z*

TRcjURN3 AzYzklk AzYzlS:
)AzYz99Od zYzSzz* )AzYzS9ed zYzl:S*

+nj AzYz9ek AzYzOk:
)AzYSS9ed zYzz:k* )AzYSez9d AzYz:4z*

Qj@3a AzYzlfS AzYzzk4
)AzYzk:ld AzYzz:z* )AzYzzS4d zYzzOe*

T�N3I + Ģ #RaaRsCN< 8Ra ,RNcnLUjCRN

HRsAa�jCR UaR~I3 zY:OzS zYlOf:
)zY::ked zY9:4k* )zYleeOd zYk:z:*

?C<@Aa�jCR UaR~I3 AzY::S9 AzYSz9S
)AzY:O:ld AzYkO94* )AzYSklzd AzYzSOO*

M3nja�I AzYzkke AzYSkOS
)AzYz:lOd AzYzzf4* )AzYlSO:d AzYzeS9*

+RNjaRIc v3c v3c
b�LUI3 cCy3 e4 fe
MRj3cY VSW- K�a<CN�I 3{3,jc 8aRL #�w3cC�N IR<CcjC, a3<a3ccCRNc R8 j@3 L3�cna3c R8 03$j �jjCjn03c RN � 0nLLw 3\n�I
jR S C8 j@3 cn$E3,j Cc $C�c30Y VlW- +R3|,C3Njc 8aRL #�w3cC�N QHb a3<a3ccCRNc R8 03$j q�aC�$I3c RN j@3 �q3a�<3 $C�c
03<a33Y +RNjaRIc- �<3. <3N03a 0nLLw. 8�LCIw cCy3 �N0 8�LCIw 30n,�jCRN I3q3IY p�In3c CN $a�,G3jc �a3 f4X ?C<@3cj
TRcj3aCRa /3NcCjw BNj3aq�IcY

aRn<@Iw lf U3a,3Nj�<3 URCNjcY 7CN�IIw. ,RN0CjCRN�I RN $3CN< $C�c30. � <a3�j3a $C�c 03<a33
�LUIC~3c j@3 j3N03N,w jR $RaaRs �c � L3�Nc jR ,RU3 sCj@ � ~N�N,C�I 3L3a<3N,wY

,Y 7Ra � <Cq3N N3j sRaj@. � I�a<3 L�ERaCjw R8 $C�c30 cn$E3,jc 8�qRa $RaaRsCN< nN03a j@3 IRs3a
I3q3a�<3Aa�jCR UaR~I3. s@CI3 � I�a<3 L�ERaCjw R8 nN$C�c30 cn$E3,jc @�q3 � N3nja�I �jjCjn03

l:



sCj@ a3cU3,j jR j@3 ,RLURcCjCRN R8 j@3 $�I�N,3 c@33jYle BN 8�,j. j@3 s3�Ij@ U3a,3UjCRN
$C�c ,Raa3cURN0c jR � L�aG30Iw I�a<3a UaR$�$CICjw jR $RaaRs nN03a j@3 IRs3a I3q3a�<3A
a�jCR UaR~I3Y i@Cc ,RN~aLc j@�j $C�c30 cn$E3,jc 833I s3�Ij@C3a 8Ra IRs3a q�In3c R8 j@3
I3q3a�<3 a�jCR �N0 j@Cc 3Nj�CIc � <a3�j3a ICG3IC@RR0 jR j�G3 RN 03$j 8Ra ,RNcnLUjCRNY 7CN�IIw.
,RN0CjCRN�IIw RN $3CN< $C�c30. j@3 @C<@3a j@3 $C�c 03<a33. j@3 @C<@3a j@3 UaR$�$CICjw R8
,@RRcCN< jR $RaaRs nN03a j@3 IRs3a I3q3a�<3Aa�jCR UaR~I3Y

9Y +QM+HmbBQM

Qna I�$Ra�jRaw 3uU3aCL3Nj @C<@IC<@jc j@3 Ua3c3N,3 R8 � s3�Ij@ U3a,3UjCRN $C�c. ,@�a�,j3aCy30 $w
� j3N03N,w jR U3a,3Cq3 � <Cq3N N3j sRaj@ �c <a3�j3a j@�N Cjc �,jn�I q�In3. 3q3N C8 8aC,jCRNc �N0 nNA
,3aj�CNjw �a3 �$c3NjY bU3,C~,�IIw. � IRs3a I3q3a�<3 a�jCR �LUIC~3c j@3 L�<NCjn03 R8 j@Cc s3�Ij@
LCcU3a,3UjCRNY i@3a3 Cc � ,R<NCjCq3 nN03aUCNNCN< jR j@Cc a3cnIj- cn$E3,jc sCj@ s3�Ij@ LCcU3aA
,3UjCRN j@CNG CN UaRURajCRNc �N0 0Ca3,j j@3Ca �jj3NjCRN jRs�a0c j@3 I3q3a�<3 a�jCR. �N CLUaRU3a
L3�cna3 R8 j@3 $�I�N,3 c@33j ,RLURcCjCRN CN j@3 ,RNj3uj R8 Rna 3uU3aCL3NjY

r3 ,RN,In03 j@�j j@3 $3@�qCRa R8 $C�c30 cn$E3,jc Cc 3uUI�CN30 $w j@3Ca IRs3a I3q3I R8 ,R<NCjCq3
cRU@CcjC,�jCRN. a3I�jCq3 jR nN$C�c30 cn$E3,jcY BN0330. j@3w �a3 bwcj3L S j@CNG3ac. sCj@ � j3N03N,w
jR 8RaL U3a,3Ujn�I q�In3c $w L3�Nc R8 UaRURajCRNcY KRa3Rq3a. j@3 Ua3c3N,3 �N0 j@3 L�<NCjn03
R8 s3�Ij@ LCcU3a,3UjCRN @�c � NRNAN3<IC<C$I3 CLU�,j RN cn$E3,jcȕ ,RNcnLUjCRN �N0 $RaaRsCN<
03,CcCRNcY `3I�jCq3 jR nN$C�c30 cn$E3,jc. j@Rc3 sCj@ j@3 s3�Ij@ U3a,3UjCRN $C�c �a3 I3cc 03$j
�q3ac3 �N0 @�q3 � <a3�j3a j3N03N,w jR a3Iw RN $RaaRsCN< �c � L3�Nc jR ~N�N,3 ,RNcnLUjCRN �N0
a3�,j jR � ~N�N,C�I 3L3a<3N,wY BN �00CjCRN. <a3�j3a LCcU3a,3UjCRN ,Raa3I�j3c sCj@ �N CN,a3�c3 CN
,RNcnLUjCRN cU3N0CN< CN a3cURNc3 jR nN3uU3,j30 �N0 ja�NcCjRaw URcCjCq3 CN,RL3 c@R,Gc. j@nc
Ua30C,jCN< IRs3a ,RNcnLUjCRN cLRRj@CN< 8Ra $C�c30 cn$E3,jc ,RLU�a30 jR nN$C�c30 CN0CqC0n�IcY

Qna sRaG @�c 0C{3a3Nj CLUIC,�jCRNc 8Ra URIC,wY i@3 3uU3aCL3Nj�I a3cnIjc cn<<3cj j@�j a3A
LRqCN< URj3NjC�I cRna,3c R8 8aC,jCRNc L�w NRj $3 cn|,C3Nj jR Ua3q3Nj j@3 8RaL�jCRN R8 $C�c3c
j@�j. j@aRn<@ j@3 3aaRN3Rnc U3a,3UjCRN R8 s3�Ij@. CLU�,j �<3Njcȕ cU3N0CN< �N0 $RaaRsCN< $3A
@�qCRaY bCLCI�aIw. s3 ~N0 j@�j <a3�j3a ~N�N,C�I 30n,�jCRN Ra 3uU3aC3N,3 sCj@ $�cC, ~N�N,C�I
CNcjanL3Njc 0R NRj @�q3 �Nw CLU�,j RN s3�Ij@ LCcU3a,3UjCRN �N0 j@3 ,Raa3cURN0CN< ,RNcnLUA
jCRN �N0 03$j 03,CcCRNcY 7naj@3a a3c3�a,@ c@RnI0 CNq3cjC<�j3 s@3j@3a j@3 ,Raa3I�jCRN $3js33N
IRs ,R<NCjCq3 cRU@CcjC,�jCRN �N0 j@3 <a3�j3a UaR$�$CICjw R8 $3CN< $C�c30 L�w $3 a3I�j30 jR j@3
Ua3c3N,3 R8 ,R<NCjCq3 IR�0 j@�j j3LURa�aCIw ICLCjc j@3 �jj3NjCRN�I a3cRna,3c �q�CI�$I3 �j j@3 jCL3
R8 03,CcCRNAL�GCN<Y

leKRa3Rq3a. ,RNcCcj3Nj sCj@ j@3 a3cnIjc 8aRL j@3 ~acj \n3cjCRN. nN$C�c30 cn$E3,jc <3N3a�IIw RUURc3 j@3 C03� R8
03$jA~N�N,30 cU3N0CN<Y

l9



`383a3N,3c

�$3I3a. DY �N0 K�aGI3CN. 7Y VlzSeWY 7nN<C$CICjw. H�$3Ic. �N0 +RNcnLUjCRNY DRnaN�I R8 j@3
2naRU3�N 2,RNRLC, �ccR,C�jCRN. S9VSW-OOĢSleY

�<�as�I. bY VlzzeWY i@3 CLU�,j R8 ?RL3RsN3acȕ @RncCN< s3�Ij@ LCc3cjCL�jCRN RN ,RNcnLUjCRN
�N0 c�qCN< 03,CcCRNcY `3�I 2cj�j3 2,RNRLC,c. k9VlW-Sk9ĢS9:Y

�<�as�I. bY �N0 K�ynL03a. #Y VlzSkWY +R<NCjCq3 �$CICjC3c �N0 @Rnc3@RI0 ~N�N,C�I 03,CcCRN
L�GCN<Y �L3aC,�N 2,RNRLC, DRnaN�I- �UUIC30 2,RNRLC,c. 9VSW-SOkĢlzeY

�IIa30. bY. /n{w. bY. �N0 bLCj@. DY VlzSfWY +R<NCjCq3 IR�0 �N0 cja�j3<C, cRU@CcjC,�jCRNY DRnaN�I
R8 2,RNRLC, #3@�qCRa �N0 Qa<�NCy�jCRN. Sl9-SflĢSe4Y

�jj�N�cCR. QY TY. ;nCcR. HY. �N0 D�UU3IIC. iY VlzzlWY i@3 03L�N0 8Ra LRN3w. ~N�N,C�I CNNRq�A
jCRN. �N0 j@3 s3I8�a3 ,Rcj R8 CN��jCRN- �N �N�IwcCc sCj@ @Rnc3@RI0 0�j�Y DRnaN�I R8 TRICjC,�I
2,RNRLw. SSzVlW-kSeĢk9SY

#�aa3jj. HY 7Y. in<�03. KY KY. �N0 2N<I3. `Y rY Vlzz:WY BN0CqC0n�I 0C{3a3N,3c CN sRaGCN<
L3LRaw ,�U�,Cjw �N0 0n�IAUaR,3cc j@3RaC3c R8 j@3 LCN0Y Tcw,@RIR<C,�I #nII3jCN. SkzV:W-99kĢ
9ekY

#3NAb@�G@�a. ;Y �N0 b@3{3a. HY VlzzSWY i@3 a3I�jCRNc@CU $3js33N j@3 �$CICjw jR 0CqC03 �jj3NjCRN
�N0 cj�N0�a0 L3�cna3c R8 <3N3a�I ,R<NCjCq3 �$CICjC3cY BNj3IIC<3N,3. lOV:W-lOkĢkzfY

#3aja�N0. KY �N0 KRac3. �Y VlzSSWY BN8RaL�jCRN /Cc,IRcna3. +R<NCjCq3 #C�c3c. �N0 T�w0�w
#RaaRsCN<Y DRnaN�I R8 7CN�N,3. ffVfW-S4f9ĢS4OkY

#C�I3G. KY �N0 T3NNw,RRG. ;Y VlzS4WY i@3 ,R<NCjCq3 a3�3,jCRN j3cj Cc aR$ncj jR LnIjCUI3 3uURA
cna3cY #3@�qCRa `3c3�a,@ K3j@R0c. 9zV9W-SO9kĢSO9OY

#Rc,@A`Rc�. +Y. K3CccN3a. iY. �N0 #Rc,@A/RLěN3,@. �Y VlzS4WY +R<NCjCq3 $n$$I3cY 2uU3aCA
L3Nj�I 2,RNRLC,c. U�<3c SklĢS9kY

+�L�a0�. +Y ;Y. 2CI3ac. TY ?Y +Y. �N0 ;�LU3. DY VlzSeWY KR03IICN< <3N3a�I U�jj3aNc R8 0C<Cj
Ua383a3N,3Y DRnaN�I R8 j@3 `Rw�I bj�jCcjC,�I bR,C3jw- b3aC3c + V�UUIC30 bj�jCcjC,cW. ffV9W-4OkĢ
OS4Y

+�aICN. #Y. QI�8ccRN. �Y. �N0 T�<3I. KY VlzSOWY 7CNi3,@ �N0 +RNcnL3a r3IIA#3CN< CN j@3 BN8RaA
L�jCRN �<3Y KCL3RY

lf



+@3N. /Y HY. b,@RN<3a. KY. �N0 rC,G3Nc. +Y VlzSfWY Ria33A�N RU3NAcRna,3 UI�j8RaL 8Ra I�$A
Ra�jRaw. RNICN3. �N0 ~3I0 3uU3aCL3NjcY DRnaN�I R8 #3@�qCRa�I �N0 2uU3aCL3Nj�I 7CN�N,3.
O-44ĢOeY

+@C3N. vY BY �N0 /3q�N3w. bY �Y VlzzSWY i@3 3{3,jc R8 ,a30Cj �jjCjn03 �N0 cR,CR3,RNRLC, 8�,jRac
RN ,a30Cj ,�a0 �N0 CNcj�IIL3Nj 03$jY DRnaN�I R8 +RNcnL3a �{�Cac. k9VSW-SflĢSeOY

+Raa�0CN. bY. 7CII�j. DY. �N0 p3a<�a�A�I3aj. +Y VlzSeWY TRaj8RICR ,@RC,3 sCj@ @Rnc3 q�In3 LCcU3aA
,3UjCRNY 7303a�I `3c3aq3 R8 #RcjRN rRaGCN< T�U3ac. SeASfY

03 H�N<@3. #Y �N0 TnNjRNC. bY VlzS9WY #�N< 8Ra j@3 #n,G- ;�CNAHRcc `�jCR �c � /aCq3a R8
Dn0<L3Nj �N0 +@RC,3Y K�N�<3L3Nj b,C3N,3. fSV9W-SSkeĢSSfkY

/R@L3N. iY. 7�IG. �Y. ?n{L�N. /Y. bnN03. mY. b,@nUU. DY. �N0 r�<N3a. ;Y ;Y VlzSSWY BN0CqC0n�I
aCcG �jjCjn03c- K3�cna3L3Nj. 03j3aLCN�Njc. �N0 $3@�qCRa�I ,RNc3\n3N,3cY DRnaN�I R8 j@3
2naRU3�N 2,RNRLC, �ccR,C�jCRN. OVkW-9llĢ99zY

/nG�c. `Y Vlzz:WY +�nc3c �N0 ,RNc3\n3N,3c R8 ICLCj30 �jj3NjCRNY BN #a�CN. #3@�qCRa �N0
2qRInjCRN. qRInL3 fk. U�<3c SOeĢlSzY

7a303aC,G. bY Vlzz9WY +R<NCjCq3 `3�3,jCRN �N0 /3,CcCRN K�GCN<Y DRnaN�I R8 2,RNRLC, T3aA
cU3,jCq3c. SOV:W-l9Ģ:lY

7aC30aC,@. DY. Hn,�c. ;Y. �N0 ?R03II. 2Y Vlzz9WY TaRURajCRN�I a3�cRNCN<. 8a�LCN< 3{3,jc. �N0
�|aL�jCq3 �,jCRN- Bc cCu R8 RN3 a3�IIw @�I8 � 0Ry3N R8 �NRj@3a CN nNCq3acCjw �0LCccCRNc]
Qa<�NCy�jCRN�I #3@�qCRa �N0 ?nL�N /3,CcCRN TaR,3cc3c. O4VlW-SO9ĢlS9Y

7ncj3a. �Y. F�UI�N. ;Y. �N0 x�8�a. #Y VlzlzWY r@�j rRnI0 vRn /R sCj@ 19zz] bU3N0CN< `3A
cURNc3c jR ;�CNc. HRcc3c. M3sc �N0 HR�NcY i@3 `3qC3s R8 2,RNRLC, bjn0C3cY

;�$�Cu. tY VlzS:WY � cU�acCjwA$�c30 LR03I R8 $RnN030 a�jCRN�ICjwY [n�aj3aIw DRnaN�I R8 2,RA
NRLC,c. SlOV:W-SffSĢSeSzY

;CII�a0. 2Y. p�N /RRa3N. rY. b,@�3G3N. rY. �N0 p3ac,@�{3I. HY VlzzOWY TaRURajCRN�I `3�cRNCN<
�c � ?3naCcjC,A#�c30 TaR,3cc- iCL3 +RNcja�CNj �N0 /n�I i�cG +RNcC03a�jCRNcY 2uU3aCL3Nj�I
Tcw,@RIR<w. 9fVlW-OlĢOOY

?�cjCN<c. rY FY VSOezWY KRNj3 ,�aIR c�LUICN< L3j@R0c ncCN< K�aGRq ,@�CNc �N0 j@3Ca �UUICA
,�jCRNcY #CRL3jaCG�. 9eVSW-OeĢSzOY

le



?RIj. +Y �Y �N0 H�naw. bY FY VlzzlWY `CcG �q3acCRN �N0 CN,3NjCq3 3{3,jcY �L3aC,�N 2,RNRLC,
`3qC3s. OlV9W-Sf::ĢSf99Y

F�@N3L�N. /Y VSOekWY �jj3NjCRN �N0 3{RajY Ta3NjC,3A?�II. 2N<I3sRR0 +IC{c. MDY

F�@N3L�N. /Y Vlzzk�WY � U3acU3,jCq3 RN En0<L3Nj �N0 ,@RC,3- L�UUCN< $RnN030 a�jCRN�ICjwY
�L3aC,�N Tcw,@RIR<Ccj. 94VOW. fOeAelzY �L3aC,�N Tcw,@RIR<Ccj. 94VOW-f4eĢelzY

F�@N3L�N. /Y Vlzzk$WY K�Uc R8 $RnN030 a�jCRN�ICjw- Tcw,@RIR<w 8Ra $3@�qCRa�I 3,RNRLC,cY
�L3aC,�N 2,RNRLC, `3qC3s. OkV9W-S::OĢS:e9Y

F@�s. KY rY. HC. xY. �N0 rRR08Ra0. KY VlzSOWY +R<NCjCq3 BLUa3,CcCRN �N0 bL�IIAbj�G3c `CcG
�q3acCRNY M#2` rRaGCN< T�U3a. l:Oe4Y

FC@IcjaRL. DY 7Y VSO4eWY i@3 ,R<NCjCq3 nN,RNc,CRncY b,C3N,3. lkeV:4lSW-S::9ĢS:9lY

H3qC. vY VlzS9WY BN8RaL�jCRN �a,@Cj3,jna3 �N0 BNj3aj3LURa�I +@RC,3- � `�N0RLCy30 7C3I0
2uU3aCL3Nj CN j@3 mNCj30 bj�j3cY KCL3RY

Hnc�a0C. �Y �N0 in8�NR. TY VlzS9WY /3$j ICj3a�,w. ~N�N,C�I 3uU3aC3N,3c. �N0 Rq3aCN03$j30N3ccY
DRnaN�I R8 T3NcCRN 2,RNRLC,c �N0 7CN�N,3. S:V:W-kklĢkf4Y

K3jaRURICc. MY. `Rc3N$Inj@. �Y rY. `Rc3N$Inj@. KY MY. i3II3a. �Y ?Y. �N0 i3II3a. 2Y VSO9kWY
2\n�jCRN R8 cj�j3 ,�I,nI�jCRNc $w 8�cj ,RLUnjCN< L�,@CN3cY i@3 DRnaN�I R8 +@3LC,�I T@wcC,c.
lSVfW-Sz4eĢSzOlY

KR0C<IC�NC. 7Y �N0 KCII3a. KY ?Y VSO94WY i@3 +Rcj R8 +�UCj�I. +RaURa�jCRN 7CN�N,3 �N0 j@3
i@3Raw R8 BNq3cjL3NjY �L3aC,�N 2,RNRLC, `3qC3s. f4VkW-lfS Ģ lOeY

KRa3s30<3. +Y FY. ?RIjyL�N. HY. �N0 2UI3w. MY VlzzeWY mN~u30 `3cRna,3c- T3a,3Cq30 +Rcjc.
+RNcnLUjCRN. �N0 j@3 �,,3ccC$I3 �,,RnNj 2{3,jY DRnaN�I R8 +RNcnL3a `3c3�a,@. k:V:W-:9OĢ
:feY

KRaCjy. #Y. bC3Lc3N. 2Y. �N0 Fa3L3a. KY VlzS:WY Dn0<L3Nj�I 8Ra3,�cjCN<- +R<NCjCq3 a3�3,jCRN
�N0 03,CcCRN cU330Y TaR0n,jCRN �N0 QU3a�jCRNc K�N�<3L3Nj. lkVeW-SS:fĢSSfzY

KnII�CN�j@�N. bY �N0 b@�~a. 2Y VlzS:WY b,�a,Cjw- i@3 ian3 +Rcj R8 MRj ?�qCN< 2NRn<@Y T3N<nCN
#RRGcY

T�aG3a. DY �Y VlzSeWY r@w 0RNȕj @Rnc3@RI0c cLRRj@ ,RNcnLUjCRN] 2qC03N,3 8aRL � 1l9 LCIICRN
3uU3aCL3NjY �L3aC,�N 2,RNRLC, DRnaN�I- K�,aR3,RNRLC,c. OV:W-S9kĢS4kY

l4



T�aG3a. DY �Y �N0 bRnI3I3c. MY bY VlzSeWY `3URaj30 Ta383a3N,3 qcY `3q3�I30 Ta383a3N,3- 2qC03N,3
8aRL j@3 TaRU3NcCjw jR bU3N0 i�u `3$�j3cY M#2` rRaGCN< T�U3a. lklOzY

T�aG3a. DY �Y. bRnI3I3c. MY bY. DR@NcRN. /Y bY. �N0 K,+I3II�N0. `Y VlzSkWY +RNcnL3a cU3N0CN<
�N0 j@3 3,RNRLC, cjCLnInc U�wL3Njc R8 lzz4Y �L3aC,�N 2,RNRLC, `3qC3s. SzkVfW-l9kzĢ
l99kY

b@CII3a VlzS9WY Baa�jCRN�I 2un$3a�N,3- a3qCc30 �N0 3uU�N030Y TaCN,3jRN mNCq3acCjw Ta3ccY

bCLRN. ?Y �Y VSOe4WY `�jCRN�ICjw �c TaR,3cc �N0 �c TaR0n,j R8 i@Rn<@jY �L3aC,�N 2,RNRLC,
`3qC3s. f4VlW-SĢSfY

bCLc. +Y �Y VlzzkWY BLUIC,�jCRNc R8 a�jCRN�I CN�jj3NjCRNY DRnaN�I R8 KRN3j�aw 2,RNRLC,c.
9zVkW-ff9ĢfOzY

bj�N<R. pY �N0 xCNL�N. DY VlzzOWY 2uURN3NjC�I ;aRsj@ #C�c �N0 ?Rnc3@RI0 7CN�N,3Y i@3
DRnaN�I R8 7CN�N,3. f:VfW-l4zeĢl4:OY

bj�N<R. pY �N0 xCNL�N. DY VlzS:WY HCLCj30 �N0 q�awCN< ,RNcnL3a �jj3NjCRN- 2qC03N,3 8aRL
c@R,Gc jR j@3 c�IC3N,3 R8 $�NG Rq3a0a�8j 833cY `3qC3s R8 7CN�N,C�I bjn0C3c. leV:W-OOzĢSzkzY

bj�NRqC,@. FY 2Y �N0 r3cj. `Y 7Y VlzzkWY BN0CqC0n�I 0C{3a3N,3c CN a3�cRNCN<- BLUIC,�jCRNc 8Ra
j@3 a�jCRN�ICjw 03$�j3] #3@�qCRa�I �N0 #a�CN b,C3N,3c. lk-f:9ĢelfY

bnccL�N. �Y #Y �N0 b@�~a. 2Y VlzSlWY QN �cc3jc �N0 03$j CN j@3 Ucw,@RIR<w R8 U3a,3Cq30 s3�Ij@Y
Tcw,@RIR<C,�I c,C3N,3. lkVSW-SzSĢ4Y

i@�I3a. `Y ?Y VSOOzWY �NRL�IC3c- b�qCN<. 7nN<C$CICjw. �N0 K3Nj�I �,,RnNjcY DRnaN�I R8 2,RA
NRLC, T3acU3,jCq3c. :VSW-SOkĢlz9Y

iRUI�G. KY 2Y. r3cj. `Y 7Y. �N0 bj�NRqC,@. FY 2Y VlzSSWY i@3 +R<NCjCq3 `3�3,jCRN i3cj �c � Ua3A
0C,jRa R8 U3a8RaL�N,3 RN @3naCcjC,cA�N0A$C�c3c j�cGcY K3LRaw �N0 +R<NCjCRN. kOVeW-Sle9Ģ
Sl4OY

q�N `RRCE. KY. Hnc�a0C. �Y. �N0 �I3ccC3. `Y VlzSSWY 7CN�N,C�I ICj3a�,w �N0 cjR,G L�aG3j U�ajC,CA
U�jCRNY DRnaN�I R8 7CN�N,C�I 2,RNRLC,c. SzSVlW-::OĢ:elY

r3$3a. 2Y mY Vlzz:WY T3a,3UjCRN K�jj3ac- Tcw,@RU@wcC,c 8Ra 2,RNRLCcjcY BN +�aaCIIR. DY �N0
#aR,�c. BY. 30CjRac. Tcw,@RIR<w �N0 2,RNRLC,c. U�<3c Sf9ĢSefY
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� 2tT2`BK2Mi BMbi`m+iBQMb

i@3 3uU3aCL3Nj s�c ,�aaC30 Rnj CN Bj�IC�NY BNcjan,jCRNc s3a3 0CcUI�w30 RN j@3 ,RLUnj3a c,a33N
$38Ra3 j@3 $3<CNNCN< R8 3�,@ j�cGY i@3 8RIIRsCN< U�<3c a3URaj �N 2N<ICc@ ja�NcI�jCRNY

r2H+QK2
TI3�c3 j�G3 wRna jCL3 jR a3�0 j@3 CNcjan,jCRNc q3aw ,�a38nIIw- j@3a3 Cc NR $3N3~j jR LRqCN<

8�cj j@aRn<@ j@3 3uU3aCL3NjY iR0�wȕc 3uU3aCL3Nj Cc L�03 R8 ~q3 0C{3a3Nj U�ajc- i�cG S. i�cG
l. i�cG k. i�cG : �N0 i�cG 9Y BN 3�,@ U�aj. wRn sCII @�q3 jR �Ncs3a cRL3 \n3cjCRNcY B8 wRn U�w
�jj3NjCRN �N0 ,RLUI3j3 wRna j�cGc. wRn L�w 3�aN � ,RNcC03a�$I3 �LRnNj R8 LRN3w CN 3�,@ U�ajY
�j j@3 3N0 R8 j@3 3uU3aCL3Nj wRn sCII $3 U�C0 � U�ajC,CU�jCRN 833 R89Ĵ UInc j@3 �LRnNj sRN CN
3�,@ R8 j@3 j@a33 U�ajcY BN j@3 N3uj U�<3 wRn sCII $3 Ua3c3Nj30 sCj@ j@3 CNcjan,jCRNc R8 i�cG SY

�8j3a ,RLUI3jCN< i�cG S. wRn sCII �,,3cc j@3 Rj@3a j�cGc �N0 j@3 ,Raa3cURN0CN< CNcjan,jCRNcY
/naCN< j@3 3uU3aCL3Nj wRn �a3 NRj �IIRs30 jR j�IG jR j@3 Rj@3a U�ajC,CU�Njc.nc3 ,3II U@RN3c Ra
cj�aj �Nw Rj@3a UaR<a�Lc RN j@3 ,RLUnj3aY i@3 N3<I3,j R8 j@3c3 anI3c sCII I3�0 jR j@3 CLL30C�j3
3u,IncCRN 8aRL j@3 3uU3aCL3Nj �N0 �II U�wL3NjcY B8 wRn @�q3 �Nw \n3cjCRNc. UI3�c3 a�Cc3 wRna
@�N0Y

TI3�c3 UaR,330 jR j@3 N3uj U�<3 s@3N wRn �a3 a3�0w jR cj�ajY

i�bF S Ģ BNjaR0n,jCRN
i@3 ~N�N,C�I UaR~I3 R8 �N CN0CqC0n�I Cc <3N3a�IIw a3Ua3c3Nj30 $w @Cc �cc3jc. IC�$CICjC3c �N0 N3j

sRaj@Y �cc3jc a383ac jR j@3 LRN3w j@�j a3Ua3c3Njc � U3acRNȕc s3�Ij@Y HC�$CICjC3c a383ac jR 03$j.
j@�j Cc j@3 LRN3w � U3acRN @�c jR <Cq3 $�,GY M3j sRaj@ a383ac jR j@3 0C{3a3N,3 $3js33N �cc3jc �N0
IC�$CICjC3c �N0 Cj L�w $3 3Cj@3a URcCjCq3 VC8 �cc3jc �a3 <a3�j3a j@�N IC�$CICjC3cW Ra N3<�jCq3 VCN j@3
RUURcCj3 ,�c3WY 7Ra 3u�LUI3. j@3 8RIIRsCN< j�$I3 a3Ua3c3Njc j@3 ~N�N,C�I UaR~I3 R8 KaY `RccC-

7ϔόЛЁζ 9Y 2ЬΞϨϿϣζ ϱυ Ξ υϔϩΞϩΫϔΞϣ ϿЁϱυϔϣζ

BN j@3 3u�LUI3 VCN 7C<Y 9W. KaY `RccC @�c 4zzzA+ sRaj@ R8 �cc3jc �N0 lzzzA+ sRaj@ R8 IC�A
$CICjC3cY ?Cc N3j sRaj@ Cc j@3a38Ra3 3\n�I jR fzzzA+ Y

i�bF S Ģ vRna j�cG

kz



BN j@3 N3uj U�<3c wRn sCII $3 c@RsN e U�Cac R8 ~N�N,C�I UaR~I3c. 03c,aC$30 $w �cc3jc. IC�$CIA
CjC3c �N0 N3j sRaj@. CN ICN3 sCj@ s@�j L3NjCRN30 �$Rq3Y

7Ra 3�,@ U�Ca. wRn sCII @�q3 jR ,@RRc3 j@3 UaR~I3 j@�j wRn ,RNcC03a ~N�N,C�IIw cnU3aCRaY
#3 ,�a38nI- RN,3 wRn ,RN~aL wRna ,@RC,3. wRn sCII NRj $3 �$I3 jR LR0C8w CjY BN L�GCN< wRna
03,CcCRNc. G33U CN LCN0 j@3 8RIIRsCN< CN8RaL�jCRN-

SY �II q�In3c R8 �cc3jc �N0 IC�$CICjC3c c@RsN �a3 ,3aj�CN. j@�j Cc j@3w 0R NRj ,@�N<3 Rq3a jCL3d

lY i@3 jsR UaR~I3c CN 3�,@ U�Ca ,Raa3cURN0 jR U3RUI3 s@R 3�aN j@3 c�L3 LRNj@Iw CN,RL3d

kY #Rj@ CN0CqC0n�Ic CN 3�,@ U�Ca ,�N R$j�CN N3s IR�Nc nN03a j@3 c�L3 ,RN0CjCRNcVCY3Y �j j@3
c�L3 CNj3a3cj a�j3W. C8 N3,3cc�awd

:Y �II �cc3jc �N0 IC�$CICjC3c �a3 NRNACNj3a3cj $3�aCN<- $Rj@ CN0CqC0n�Ic CN 3�,@ U�Ca 0R NRj U�w
�Nw CNj3a3cj RN j@3Ca 03$j �N0 0R NRj a3,3Cq3 �Nw CNj3a3cj RN j@3Ca �cc3jcY

TI3�c3 UaR,330 jR j@3 N3uj U�<3 s@3N wRn �a3 a3�0w jR cj�ajY
7C<Y f a3URajc U�Cac c@RsN jR U�ajC,CU�Njc VcRaj30 a�N0RLIw 8Ra 3�,@ U�ajC,CU�NjW CN j�cG S-

i�bF l Ģ BNjaR0n,jCRN
i@Cc j�cG L�CNj�CNc j@3 CN8RaL�jCRN UaRqC030 CN j@3 Ua3qCRnc j�cGY bR. j@3 L3�NCN< R8 �cA

c3jc. IC�$CICjC3c �N0 N3j sRaj@ a3L�CNc j@3 c�L3 �c $38Ra3Y 7Ra j@3 c�G3 R8 ,I�aCjw. s3 cnLL�aCy3
j@3L �<�CN @3a3- �cc3jc a383ac jR j@3 LRN3w j@�j a3Ua3c3Njc � U3acRNȕc s3�Ij@Y HC�$CICjC3c a383ac
jR 03$j. j@�j Cc j@3 LRN3w � U3acRN @�c jR <Cq3 $�,GY M3j sRaj@ a383ac jR j@3 0C{3a3N,3 $3js33N
�cc3jc �N0 IC�$CICjC3c �N0 Cj L�w $3 3Cj@3a URcCjCq3 VC8 �cc3jc �a3 <a3�j3a j@�N IC�$CICjC3cW Ra N3<�A
jCq3 VCN j@3 RUURcCj3 ,�c3WY

i�bF l Ģ vRna j�cG
BN j@Cc j�cG wRn sCII $3 c@RsN Sz ~N�N,C�I UaR~I3c <Cq3N $w �cc3jc. IC�$CICjC3c �N0 N3j sRaj@Y

M3uj jR 3�,@ UaR~I3. wRn sCII ~N0 � URCNj3a RN � $�a. ICG3 j@Cc RN3 V7C<Y eW-
vRna j�cG ,RNcCcjc CN 3q�In�jCN< j@3 ~N�N,C�I cnU3aCRaCjw R8 3�,@ UaR~I3 $w �ccC<NCN< � <a�03

$3js33N S �N0 SzY iR 0R cR. LRq3 j@3 URCNj3a �IRN< j@3 $�a ,Raa3cURN0CN< jR 3�,@ UaR~I3Y
BN j@3 a�N<3 R8 <a�03c. S CN0C,�j3c j@�j wRna 3q�In�jCRN Cc 3uja3L3Iw N3<�jCq3 VwRn j@CNG j@3

UaR~I3 Cc NRj �j �II ~N�N,C�IIw cRIC0Wd Sz CN0C,�j3c j@�j wRna 3q�In�jCRN Cc 3uja3L3Iw URcCjCq3 VwRn
j@CNG j@3 UaR~I3 Cc q3aw cRIC0 8aRL � ~N�N,C�I U3acU3,jCq3WY

B8 wRn ,RNcC03a �Nw UaR~I3c �c ~N�N,C�IIw 3\nCq�I3Nj. UI3�c3 �ccC<N j@3L �Nw c�L3 <a�03Y BN
L�GCN< wRna 03,CcCRNc. G33U CN LCN0 j@3 8RIIRsCN< CN8RaL�jCRN-

kS



7ϔόЛЁζ fY TΞϔЁЅ ЅϑϱЧϩ Аϱ ϿΞЁАϔΫϔϿΞϩАЅ ϔϩ АΞЅϡ S

SY �II q�In3c R8 �cc3jc �N0 IC�$CICjC3c c@RsN �a3 ,3aj�CN. j@�j Cc j@3w 0R NRj ,@�N<3 Rq3a jCL3d

lY �II UaR~I3c ,Raa3cURN0 jR U3RUI3 s@R 3�aN j@3 c�L3 LRNj@Iw CN,RL3d

kY �II j@3c3 U3RUI3 ,�N R$j�CN N3s IR�Nc nN03a j@3 c�L3 ,RN0CjCRNc VCY3Y �Nw c�L3 �LRnNjd
j@3 c�L3 CNj3a3cj a�j3W. C8 N3,3cc�awd

:Y �II �cc3jc �N0 IC�$CICjC3c �a3 NRNACNj3a3cj $3�aCN<- �II CN0CqC0n�Ic 0R NRj U�w �Nw CNj3a3cj
RN j@3Ca 03$j �N0 0R NRj a3,3Cq3 �Nw CNj3a3cj RN j@3Ca �cc3jcY

TI3�c3 UaR,330 jR j@3 N3uj U�<3 s@3N wRn �a3 a3�0w jR cj�ajY

i�bF k
i�cG k ,RNcCcjc R8 cRL3 \n3cjCRNc R8 0C{3a3Nj 0C|,nIjwY iaw jR �Ncs3a �c L�Nw R8 j@3L �c

URccC$I3Y vRn @�q3 l LCNnj3c �N0 kz c3,RN0c R8 jCL3 8Ra 3�,@ \n3cjCRNY

kl



7ϔόЛЁζ eY ;ЁΞβϔϩό ΪΞЁ

i@CNG ,�a38nIIw �$Rnj j@3 �Ncs3a wRn ,@RRc3- 7Ra 3�,@ ,Raa3,j �Ncs3a CN j@Cc j�cG s3 sCII
U�w wRn lA+ Y

TI3�c3 UaR,330 jR j@3 N3uj U�<3 s@3N wRn �a3 a3�0w jR cj�ajY

[m2biBQMb c@RsN jR U�ajC,CU�Njc VRN3 U3a U�<3. c3\n3NjC�IIwW-

Ë � $�j �N0 � $�II ,Rcj SYSzA+ Y i@3 $�j ,Rcjc SA+ LRa3 j@�N j@3 $�IIY ?Rs Ln,@ 0R3c j@3
$�II ,Rcj]

Ë Bj j�G3c 9 L�,@CN3c 9 LCNnj3c jR L�G3 9 sC0<3jcY ?Rs IRN< sRnI0 Cj j�G3 Szz L�,@CN3c
jR L�G3 Szz sC0<3jc]

Ë BN � I�G3. j@3a3 Cc � U�j,@ R8 ICIw U�0cY 2q3aw 0�w. j@3 U�j,@ 0Rn$I3c CN cCy3Y B8 Cj j�G3c :4
0�wc 8Ra j@3 U�j,@ jR ,Rq3a j@3 3NjCa3 I�G3. @Rs IRN< sRnI0 Cj j�G3 8Ra j@3 U�j,@ jR ,Rq3a
@�I8 R8 j@3 I�G3]

i�bF :
i@Cc j�cG Cc ,RLURc30 R8 � c3\n3N,3 R8 Sz 03,CcCRNcY 7Ra 3�,@ 03,CcCRN. wRn @�q3 jR ,@RRc3

$3js33N QUjCRN � �N0 QUjCRN #. s@C,@ �a3 c@RsN CN j@3 j�$I3 V7C<Y 4W $3IRs Vj@3 j�$I3 sCII $3
c@RsN �IcR CN j@3 N3uj U�<3c. cR wRn 0RNȕj @�q3 jR I3�aN Cj $w @3�ajWY

�8j3a L�GCN< �II j@3 Sz 03,CcCRNc. wRna ,RLUnj3a sCII ,@RRc3 RN3 R8 j@3L a�N0RLIwY 2�,@
R8 j@3 Sz 03,CcCRNc @�c �N 3\n�I UaR$�$CICjw R8 $3CN< ,@Rc3NY #�c30 RN j@3 c3I3,j30 03,CcCRN.
wRna ,RLUnj3a sCII j@3N 03j3aLCN3 j@3 �LRnNj R8 wRna U�wY iR j@Cc UnaURc3. wRna ,RLUnj3a sCII
j@aRs � SzAcC030 0C,3 �N0 UI�w j@3 �ccR,C�j30 IRjj3awY

7Ra 3u�LUI3. CL�<CN3 wRna ,RLUnj3a c3I3,jc 03,CcCRN NnL$3a SY vRna ,RLUnj3a sCII j@3N
j@aRs j@3 SzAcC030 0C,3- C8 wRn @�q3 ,@Rc3N RUjCRN �. wRn sCII sCN lA+ C8 j@3 0C,3 c@Rsc j@3
cC03 ȒSȓ. Ra SYfA+ C8 j@3 0C,3 c@Rsc RN3 R8 j@3 Rj@3a O cC03cd C8 CNcj3�0 wRn @�q3 ,@Rc3N RUjCRN #.
wRn sCII sCN kY49A+ C8 j@3 0C,3 c@Rsc j@3 cC03 ȒSȓ. Ra zYSzA+ C8 j@3 0C,3 c@Rsc RN3 R8 j@3 Rj@3a
O cC03cY

?3N,3. 3q3N C8 wRn L�G3 Sz 03,CcCRNc. RNIw RN3 R8 j@3L sCII 03j3aLCN3 wRna U�wL3Nj CN j@Cc
j�cGY +I3�aIw. �c �Ia3�0w URCNj30 Rnj. 3�,@ 03,CcCRN @�c �N 3\n�I UaR$�$CICjw R8 $3CN< ,@Rc3N 8Ra
wRna U�wL3Nj $nj wRn @�q3 NR URccC$CICjw jR GNRs CN �0q�N,3 s@C,@ R8 j@3 03,CcCRNc Cc <RCN< jR
$3 c3I3,j30Y

kk
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TI3�c3 UaR,330 jR j@3 N3uj U�<3 s@3N wRn �a3 a3�0wY

i�bF 9
i@3 I�cj j�cG ,RNcCcjc R8 � c@Raj cnaq3wY TI3�c3 j�G3 j@3 N3,3cc�aw �LRnNj R8 jCL3 jR �Ncs3a

�,,na�j3IwY

?Rs RI0 �a3 wRn]

r@�j Cc wRna <3N03a]

k:



�- 83L�I3. L�I3

?Rs L�Nw U3RUI3 ICq3 CN wRna 8�LCIw]
�- S. l. k. :. 9Z

r@�j Cc wRna U�a3Njcȕ 30n,�jCRN I3q3I]
�-MRN3 R8 Lw U�a3Njc @RI0c � 03<a33d QNIw RN3 R8 Lw U�a3Njc @RI0c � 03<a33d #Rj@ R8 Lw

U�a3Njc @RI0 � 03<a33

/R wRn @�q3 �Nw ~N�N,C�I 30n,�jCRN]
�- v3c. MR

?�q3 wRn 3q3a U�ajC,CU�j30 CN 3uU3aCL3Njc ICG3 j@Cc RN3 $38Ra3]
�- v3c. MR

/R wRn @�q3 �j I3�cj RN3 ,a30Cj Ra 03$Cj ,�a0]
�- v3cd MR

BN <3N3a�I. 0R wRn Ua383a jR cU3N0 LRN3w �N0 3NERw Cj jR0�w Ra c�q3 8Ra j@3 8njna3]
�- bU3N0 �N0 3NERw Cj jR0�wd b�q3 8Ra j@3 8njna3

BN <3N3a�I. 0R wRn j@CNG Cj Cc � <RR0 C03� Ra � $�0 C03� 8Ra U3RUI3 jR $nw j@CN<c $w $RaaRsCN<]
�- ;RR0 C03�d ;RR0 CN cRL3 s�wc. $�0 CN Rj@3acd #�0 C03�

B8 jRLRaaRs wRn 3uU3aC3N,30 � ~N�N,C�I 3L3a<3N,w j@�j I38j wRn nN�$I3 jR U�w �II R8 wRna
$CIIc. @Rs sRnI0 wRn 03�I sCj@ Cj]

�- #RaaRs LRN3wd bU3N0 Rnj R8 c�qCN<cd TRcjURN3 U�wL3Njcd +nj $�,Gd Qj@3a

BL�<CN3 j@�j wRna ip Cc <3jjCN< RI0 �N0 wRn s�Nj jR ,@�N<3 Cj sCj@ � N3s ��j c,a33N ?/
cL�aj ipY ?Rs3q3a. cCN,3 wRn 0RNȕj @�q3 j@3 LRN3w jR Una,@�c3 Cj RnjaC<@j. wRn sRnI0 N330 jR
$RaaRs :9zA+ CN Ra03a jR $nw CjY BN s@C,@ ,�c3 sRnI0 wRn $3 LRa3 ICG3Iw jR $RaaRs jR $nw j@3
N3s ip]

�- KaY �d KaY #d B sRnI0 $RaaRs CN 3Cj@3a ,�c3d B sRnI0 NRj $RaaRs CN 3Cj@3a ,�c3Y

k9
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+RNcC03a � @wURj@3jC,�I cCjn�jCRN CN s@C,@ wRn nN3uU3,j30Iw a3,3Cq3 � RN3AjCL3 U�wL3Nj R8
9zzA+ Y r@�j sRnI0 wRn 0R Rq3a j@3 N3uj LRNj@]

�- B sRnI0 cU3N0 LRa3 j@�N C8 B @�0Nȕj a3,3Cq30 j@3 9zzA+ d B sRnI0 cU3N0 j@3 c�L3 �c C8 B
@�0 NRj a3,3Cq30 j@3 9zzA+ d B sRnI0 cU3N0 I3cc j@�N C8 B @� NRj a3,3Cq30 j@3 9zzA+ Y

+QM/BiBQM�H- vRn CN0C,�j30 j@�j wRn sRnI0 CN,a3�c3 wRna cU3N0CN< Rq3a j@3 N3uj LRNj@
8RIIRsCN< j@3 a3,3CUj R8 j@3 9zzA+ U�wL3NjY ?Rs Ln,@ LRa3 sRnI0 wRn cU3N0 j@�N C8 wRn @�0Nȕj
a3,3Cq30 j@3 9zzA+ ]
+RNcC03a � @wURj@3jC,�I cCjn�jCRN CN s@C,@ wRn nN3uU3,j30Iw a3,3Cq3 � RN3AjCL3 U�wL3Nj R8
9zzzA+ 2naRcY r@�j sRnI0 wRn 0R Rq3a j@3 N3uj LRNj@]

�- B sRnI0 cU3N0 LRa3 j@�N C8 B @�0Nȕj a3,3Cq30 j@3 9zzzĴd B sRnI0 cU3N0 j@3 c�L3 �c C8 B
@�0 NRj a3,3Cq30 j@3 9zzzA+ d B sRnI0 cU3N0 I3cc j@�N C8 B @�0 NRj a3,3Cq30 j@3 9zzzA+ Y

+QM/BiBQM�H- vRn CN0C,�j30 j@�j wRn sRnI0 CN,a3�c3 wRna cU3N0CN< Rq3a j@3 N3uj LRNj@
8RIIRsCN< j@3 a3,3CUj R8 j@3 9zzzA+ U�wL3NjY ?Rs Ln,@ LRa3 sRnI0 wRn cU3N0 j@�N C8 wRn
@�0Nȕj a3,3Cq30 j@3 9zzzA+ ]

+RNcC03a �<�CN � @wURj@3jC,�I cCjn�jCRN CN s@C,@ wRn nN3uU3,j30Iw a3,3Cq3 � RN3AjCL3 U�wA
L3Nj R8 9zzA+ jR0�wY BN s@C,@ ,�c3 sRnI0 wRn $3 LRa3 ICG3Iw jR CN,a3�c3 wRna 3uU3Nc3c]

7ϔόЛЁζ SzY ?ЭϿϱАϑζАϔΫΞϣ ϿЁϱυϔϣζЅ

�- KaY �d KaY #d B sRnI0 CN,a3�c3 Lw 3uU3Nc3c CN 3Cj@3a ,�c3d B sRnI0 NRj CN,a3�c3 Lw
3uU3Nc3c CN 3Cj@3a ,�c3

kf



# �iiBim/2b iQr�`/b +QMbmKTiBQM �M/ /2#i

i�$I3 O c@Rs j@3 0CcjaC$njCRN R8 $C�c30 �N0 nN$C�c30 cn$E3,jc 8Ra j@3 ,RNcnLUjCRN \n3cjCRNc CN
j@3 ~N�I cnaq3wY �N�IR<RncIw. i�$I3 Sz c@Rsc j@3 0CcjaC$njCRN R8 cn$E3,jc 8Ra j@3 03$j \n3cjCRNc
CN j@3 cnaq3wY

iΞΪϣζ OY �ААϔАЛβζЅ АϱЧΞЁβ ΫϱϩЅЛϨϿАϔϱϩ
#C�c30 V%W mN$C�c30 V%W

T�N3I � Ģ b�qCN< jwU3

T�jC3Nj keYkS 4SY4l
BLU�jC3Nj flYfO S4YS4
T�N3I # Ģ bU3N0CN< a3cURNc3 A 9zzA+

H3cc :Y:4 OYzO
b�L3 :eYef elYek
KRa3 :eYef S4YS4
T�N3I + Ģ bU3N0CN< a3cURNc3 A 9zzzA+

H3cc :Y:4 OYzO
b�L3 keYkS :9Y:9
KRa3 94YlS :9Y:9
T�N3I / Ģ TaR~I3 jwU3

HRsA`�jCR TaR~I3 e:Yfk OYzO
?C<@A`�jCR TaR~I3 eY:f OYzO
M3nja�I SeYOS 4SY4l
MRj3cY T�N3I � Ģ T�jC3Nj- Ȓb�q3 8Ra j@3 8njna3ȓd BLU�jC3Nj- ȒbU3N0 NRsȓY T�N3I # �N0 + Ģ H3cc- ȒB sRnI0 cU3N0
I3cc j@�N C8 B @�0 NRj a3,3Cq30 j@3 9zzA+ V9zzzA+ Wȓd b�L3- ȒB sRnI0 cU3N0 j@3 c�L3 �c C8 B @�0 NRj a3,3Cq30 j@3
9zzA+ V9zzzA+ Wȓd KRa3- ȒB sRnI0 cU3N0 LRa3 j@�N C8 B @�0 NRj a3,3Cq30 j@3 9zzA+ V9zzzA+ WȓY T�N3I / Ģ HRsAa�jCR
UaR~I3- U3a,3Nj�<3 R8 cn$E3,jc j@�j sRnI0 CN,a3�c3 cU3N0CN< Rnj R8 �N nN3uU3,j30 <�CN nN03a j@3 IRs3a I3q3a�<3
a�jCR UaR~I3d ?C<@Aa�jCR UaR~I3- U3a,3Nj�<3 R8 cn$E3,jc j@�j sRnI0 CN,a3�c3 cU3N0CN< Rnj R8 �N nN3uU3,j30 <�CN
nN03a j@3 @C<@3a I3q3a�<3 a�jCR UaR~I3d M3nja�I- U3a,3Nj�<3 R8 cn$E3,jc j@�j sRnI0 CN,a3�c3 cU3N0CN< Rnj R8 �N
nN3uU3,j30 <�CN nN03a �Nw UaR~I3 VRa sRnI0 NRj CN,a3�c3 cU3N0CN< �j �IIWY

ke



iΞΪϣζ SzY �ААϔАЛβζЅ АϱЧΞЁβ βζΪА
#C�c30 V%W mN$C�c30 V%W

T�N3I � Ģ /3$j �jjCjn03

�q3ac3 SSYO: kfYkf
b33G3a keYkS OYzO
M3nja�I 9zYe9 9:Y99
T�N3I # Ģ 7CN�N,C�I 3L3a<3N,w a3cURNc3

#RaaRs ::Ye4 OYzO
mc3 c�qCN<c SkY:k kfYkf
TRcjURN3 9YOe OYzO
+nj klY4: kfYkf
Qj@3a lYOO OYzO
T�N3I + Ģ #RaaRsCN< 8Ra ,RNcnLUjCRN

HRsA`�jCR TaR~I3 eeYfS OYzO
?C<@A`�jCR TaR~I3 :Y:4 z
M3nja�I SeYOS OzYOS
MRj3cY T�N3I � Ģ �q3ac3- ȒcU3N0CN< $w $RaaRsCN< Cc � $�0 C03�ȓd b33G3a- ȒcU3N0CN< $w $RaaRsCN< Cc � <RR0 C03�ȓd
M3nja�I- ȒcU3N0CN< $w $RaaRsCN< Cc <RR0 CN cRL3 s�wc. $�0 CN Rj@3acȓY T�N3I # Ģ #RaaRs- Ȓ#RaaRs LRN3wȓd mc3
c�qCN<c- ȒbU3N0 Rnj R8 c�qCN<cȓd TRcjURN3- ȒTRcjURN3 U�wL3Njcȓd +nj- Ȓ+nj $�,Gȓd Qj@3a- ȒQj@3aȓY T�N3I + Ģ
HRsAa�jCR UaR~I3- U3a,3Nj�<3 R8 cn$E3,jc j@�j sRnI0 j�G3 j@3 IR�N nN03a j@3 IRs3a I3q3a�<3 a�jCR UaR~I3d ?C<@Aa�jCR
UaR~I3- U3a,3Nj�<3 R8 cn$E3,jc j@�j sRnI0 j�G3 j@3 IR�N nN03a j@3 @C<@3a I3q3a�<3 a�jCR UaR~I3d M3nja�I- U3a,3Nj�<3
R8 cn$E3,jc j@�j sRnI0 j�G3 j@3 IR�N nN03a �Nw UaR~I3 VRa sRnI0 NRj j�G3 j@3 IR�N �j �IIWY

k4



+ BMi2`M2i �TT2M/Bt

+SY � LR03I R8 $3@�qCRa�I CN�jj3NjCRN

BN j@Cc �UU3NC0u s3 CNjaR0n,3 � cCLUI3 jsRAU3aCR0 RUjCL�I ,RNcnLUjCRN LR03I jR a�jCRN�ICy3
Rna 3uU3aCL3Nj�I a3cnIjcY i@3 LR03I 83�jna3c jsR jwU3c R8 �<3Njc- � cj�N0�a0 a�jCRN�I �<3Nj. a3UA
a3c3NjCN< nN$C�c30 cn$E3,jc CN Rna 3uU3aCL3Nj. s@R sCII $3 Rna $3N,@L�aGd � $3@�qCRa�I �<3Nj
© I� ;�$�Cu VlzS:W. s@R @�c � saRN< U3a,3UjCRN R8 @3a s3�Ij@ 0n3 jR IRs ,R<NCjCq3 cRU@CcA
jC,�jCRN �N0 CN�jj3NjCRNY BN U�ajC,nI�a. Rna $3@�qCRa�IIw CN�jj3NjCq3 �<3Nj @�c j@a33 0CcjCN,jCq3
,@�a�,j3aCcjC,cY

7Cacj. CN ICN3 sCj@ j@3 cU�ac3AL�u RU3a�jRa 03c,aC$30 CN ;�$�Cu VlzS:W. j@3 RUjCLCy�jCRN
UaR$I3L 8Ra j@Cc �<3Nj ,RNcCcjc R8 jsR cj3UcY BN j@3 ~acj cj3U. j@3 �<3Nj $nCI0c � U3a,3Cq30 q�In3
R8 @3a jRj�I N3j s3�Ij@ $w ,@RRcCN< j@3 RUjCL�I �LRnNj R8 �jj3NjCRN jR �IIR,�j3 jR j@3 UaR$I3Ld
j@3N. c@3 ,@RRc3c j@3 RUjCL�I ,RNcnLUjCRN I3q3I. ,RN0CjCRN�I RN @3a U3a,3UjCRN R8 s3�Ij@Y +RNA
cnLUjCRN �IIR,�jCRN Cc j@3a38Ra3 j@3 Rnj,RL3 R8 � UaR,3cc 3N0Rs30 sCj@ UaR,30na�I a�jCRN�ICjw
$nj NR cn$cj�NjCq3 a�jCRN�ICjw VbCLRN. SOe4W. �c j@3 �<3Njȕc ,RNcnLUjCRN 03,CcCRN Cc NRj 03j3aA
LCN30 3u,IncCq3Iw $w j@3 ,@�a�,j3aCcjC,c R8 j@3 3NqCaRNL3Nj $nj. a�j@3a. $w @3a U3a,3UjCRN R8
CjY

b3,RN0Iw. j@3 U3a,3Cq30 q�In3 R8 N3j s3�Ij@ 03U3N0c RN jsR ,RLURN3Njc- j@3 jan3 q�In3 R8
N3j s3�Ij@ �N0 � NRCcw a3Ua3c3Nj�jCRN R8 Cj. s@Rc3 I3q3I Cc URcCjCq3Iw ,Raa3I�j30 sCj@ j@3 L�<A
NCjn03 R8 j@3 I3q3a�<3 a�jCR Ģ CN ICN3 sCj@ j@3 s3�Ij@ U3a,3UjCRN $C�c 8RnN0 CN j@3 3uU3aCL3NjY
2q3Njn�IIw. j@3 I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRN R8 j@3 �<3Nj VCY3Y j@3 3uj3Nj jR s@C,@ @3a bwcj3L
l Ua3q�CIc Rq3a @3a bwcj3L SW 03j3aLCN3c j@3 �LRnNj R8 RUjCL�I �jj3NjCRNY BN jnaN. j@Cc 3cj�$A
ICc@3c s@3j@3a U3a,3Cq30 s3�Ij@ Cc nIjCL�j3Iw ,IRc3a jR j@3 jan3 I3q3I Ra jR j@3 NRCcw a3Ua3c3Nj�jCRN
R8 CjY

7CN�IIw. CN ICN3 sCj@ Rna 3uU3aCL3Nj�I a3cnIjc. j@3 $C�c30 �<3Nj Cc ,@�a�,j3aCy30 $w � Ua30RLA
CN�N,3 R8 bwcj3L S Rq3a bwcj3L l. 0n3 jR � IRs I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRNY ?3N,3. c@3
0R3c NRj �IIR,�j3 8nII �jj3NjCRN jR j@3 jan3 q�In3 R8 @3a s3�Ij@Y i@Cc a3cnIjc CN � U3a,3Cq30 I3q3I
R8 s3�Ij@ j@�j Cc 0C{3a3Nj 8aRL j@3 �,jn�I q�In3Y

`�jCRN�I VnN$C�c30W �<3NjY H3j nc cj�aj $w 03c,aC$CN< j@3 $3@�qCRa R8 j@3 a�jCRN�I �<3NjY r3
�ccnL3 � s3IIA$3@�q30 njCICjw 8nN,jCRN. cn,@ j@�j j@3 a�jCRN�I �<3Nj ,@RRc3c j@3 CNj3aj3LURa�I
,RNcnLUjCRN �IIR,�jCRN RUjCL�IIw $w L�uCLCyCN< @3a njCICjw cn$E3,j jR j@3 $n0<3j ,RNcja�CNj CN

S



U3aCR0 RN3 �N0 CN U3aCR0 jsRY ?3N,3. c@3 cRIq3c j@3 8RIIRsCN< UaR$I3L-

maxU (c1, c2) = U(c1) + βU(c2)

cYjY c1 = y1 + b �N0 c2 + (1 + r)b = y2

s@3a3 ct Vt = 1, 2W C03NjC~3c ,RNcnLUjCRN CN 3�,@ U3aCR0. s@CI3 yt (t = 1, 2) a3Ua3c3Njc j@3
3N0RsL3Nj CN 3�,@ U3aCR0Y BN U�ajC,nI�a. y1 Cc �ccnL30 jR $3 03j3aLCN30 $w jsR ,RLURN3Njc-
j@3 �,jn�I CN,RL3 a3,3Cq30 CN U3aCR0 S Vŷ1W �N0 � cjR,G R8 N3j s3�Ij@ VNW W ,RLURc30 R8 �cc3jc
VAW �N0 03$j VDW. cR j@�j y1 = ŷ1 + NW . s@3a3 NW = A −DY 7CN�IIw. r Cc j@3 a3�I CNj3a3cj
a�j3 �N0 b Cc 3Cj@3a c�qCN<c. C8 URcCjCq3. Ra 03$j. C8 N3<�jCq3Y ?3N,3. j@3 �<3Nj jRj�I VN3jW s3�Ij@
Cc w = y1 +

y2
1+r . s@CI3 j@3 CNj3aAj3LURa�I $n0<3j ,RNcja�CNj Cc-

c2 = (1 + r)(y1 − c1) + y2 VkW

i@3 RUjCLCy�jCRN UaR$I3L wC3I0c j@3 cj�N0�a0 2nI3a 2\n�jCRN-

U ′
c1

U ′
c2

= β(1 + r) V:W

#w ,RL$CNCN< 2\n�jCRNc k �N0 :. s3 ~N0 j@3 RUjCL�I ,RNcnLUjCRN I3q3Ic 8Ra j@3 a�jCRN�I �<3Nj.
s@C,@ �a3 � 8nN,jCRN R8 j@3 CNj3a3cj a�j3 �N0 jRj�I N3j s3�Ij@ R8 j@3 �<3NjY BN j@3 8RIIRsCN< s3
sCII a383a jR RUjCL�I ,RNcnLUjCRN �IIR,�jCRN 8Ra j@3 a�jCRN�I �<3Nj CN U3aCR0 RN3 �N0 U3aCR0 jsR
sCj@ c∗1(r, y1, y2) �N0 c∗2(r, y1, y2) a3cU3,jCq3IwY

#C�c30 �<3NjY r3 LR03I j@3 $3@�qCRa R8 j@3 $C�c30 �<3Nj �8j3a j@3 $3@�qCRa�I CN�jj3NjCRN
c3jnU CNjaR0n,30 $w ;�$�Cu VlzS:W sCj@ cRL3 cIC<@j 03U�ajna3cY �c CN ;�$�Cu. j@3 �<3Nj 8�,3c
j@3 cj�N0�a0 RUjCLCy�jCRN UaR$I3L. $nj c@3 cRIq3c Cj CN jsR cj3Uc �,,Ra0CN< jR j@3 cU�ac3AL�u
RU3a�jRa V;�$�Cu. lzS:W- ~acj. c@3 03,C03c j@3 RUjCL�I �LRnNj R8 �jj3NjCRN jR �IIR,�j3 jR j@3
UaR$I3L. cR �c jR 8RaL � U3a,3Cq30 q�In3 R8 s3�Ij@d c3,RN0. j@3 �<3Nj ,@RRc3c j@3 RUjCL�I
,RNcnLUjCRN �IIR,�jCRN R8 j@3 jsR U3aCR0c. ,RN0CjCRN�I RN @3a U3a,3UjCRNYl4

i@3 $C�c30 �<3Nj CN Rna LR03I Cc ,@�a�,j3aCy30 $w ICLCj30 ,R<NCjCq3 cRU@CcjC,�jCRN �N0 j@3
s3�Ij@ U3a,3UjCRN $C�c 8RnN0 CN j@3 3uU3aCL3NjY ?3N,3. j@3 �<3Nj 0R3c NRj U�w 8nII �jj3NjCRN
jR j@3 UaR$I3L. cR j@�j @3a U3a,3Cq30 s3�Ij@ 0R3c NRj ,Raa3cURN0 jR j@3 �,jn�I s3�Ij@Y i@3

l4r3 LR03I $3@�qCRa�I CN�jj3NjCRN qC� cU�ac3AL�uCjw. a�j@3a j@�N 8RIIRsCN< j@3 �UUaR�,@ sCj@ �N 3NjaRUw U3N�Ijw
$w bCLc VlzzkW. $3,�nc3 Ȓj@3 cU�ac3 L�u �IIRsc 8Ra cRna,3A03U3N03Nj CN�jj3NjCRN. �N0 Cc LRa3 ja�,j�$I3ȓ V;�$�Cu.
lzS:. UY SfOfWY BN 8�,j. bCLc VlzzkW 8RaLnI�jCRN 0�LU3Nc 3\n�IIw �II 0CL3NcCRNc. s@CI3 CN j@3 cU�ac3AL�u �UUaR�,@
03q3IRU30 $w ;�$�Cu VlzS:W. j@3 I3q3I R8 �jj3NjCRN Cc 0CL3NcCRN cU3,C~,. cR j@�j I3cc CLURaj�Nj 0CL3NcCRNc �a3
0�LU3N30 LRa3Y

l



,RNcnLUjCRN �IIR,�jCRN R8 j@3 $C�c30 �<3Nj sCII 0C{3a 8aRL j@�j R8 j@3 a�jCRN�I RN3Y BN j@3
8RIIRsCN< s3 UaRqC03 j@3 03j�CIcY

#3@�qCRa�I CN�jj3NjCRNY i@3 $C�c30 �<3Njȕc �,jn�I N3j s3�Ij@ Cc j@3 c�L3 �c j@3 a�jCRN�I �<3Nj.
j@�j Cc w = y1 +

y2
1+r Y r3 �ccnL3 j@�j @3a U3a,3Cq30 s3�Ij@ Cc ws = ys1 +

y2
1+rs . s@3a3 j@3 s

cnU3ac,aCUj a3Ua3c3Njc U3a,3Cq30 VRa cU�ac3W q�In3cY ?3N,3. j@3 �<3Njȕc U3a,3Cq30 s3�Ij@ 03qC�j3c
8aRL @3a �,jn�I s3�Ij@ 0n3 jR � cU�ac3 a3Ua3c3Nj�jCRN R8 j@3 3N0RsL3Nj R8 U3aCR0 S �N0 j@3
CNj3a3cj a�j3YlO

�ЅЅЛϨϿАϔϱϩ SY ys1 �N0 rs �a3 03~N30 �c j@3 8RIIRsCN< ,RNq3u ,RL$CN�jCRNc-

ys1 = m1y1 + (1−m1)y
d
1 V9W

rs = m2r + (1−m2)r
d VfW

p�aC�$I3c sCj@ j@3 d cnU3ac,aCUj �a3 CN0CqC0n�I 038�nIj q�In3c. s@C,@ C03NjC8w j@3 <n3cc j@�j
cURNj�N3RncIw ,RL3c jR LCN0 sCj@ NR jCL3 jR j@CNG V;�$�Cu. lzS:W. Ra nN03a ICLCj30 ,R<NCjCq3
a3cRna,3cY BN #�w3cC�N j3aLc. j@3 038�nIj ,RnI0 �IcR $3 CNj3aUa3j30 �c j@3 UaCRa <3N3a�j30 $w
bwcj3L S. s@C,@. $3CN< 8�cj �N0 CN�jj3NjCq3. UaR0n,3c �N CN�,,na�j3 <n3ccY i@3 q�aC�$I3 mi ∈
[0, 1], ∀i = 1, 2. Cc � L3�cna3 R8 �jj3NjCRN. cn,@ j@�j mi = 1 CLUIC3c 8nII �jj3NjCRN. s@CI3 mi = 0

CLUIC3c NR �jj3NjCRNY �Nw q�In3 0 < mi < 1 CLUIC3c �N CN�,,na�j3 U3a,3UjCRN R8 j@3 jan3 q�In3
R8 j@3 ,Raa3cURN0CN< q�aC�$I3Y r@3N mi CN,a3�c3c. j@3 �<3Nj a3IC3c I3cc RN j@3 038�nIj �N0 LRa3
RN j@3 jan3 q�In3. CY3Y bwcj3L l j�G3c Rq3a bwcj3L SY

�ЅЅЛϨϿАϔϱϩ lY �c � LC,aR8RnN0�jCRN. s3 LR03I j@3 038�nIj q�In3c �c j@3 jan3 q�In3c �Ij3a30
$w � 0CcjRajCRN 8�,jRa-

yd1 = y1 − gy1 VeW

rd = r + gr V4W

gy1 �N0 gr a3Ua3c3Nj j@3 0CcjRajCRN CN j@3 UaCRac <3N3a�j30 $w bwcj3L SY bU3,C~,�IIw. s3
03c,aC$3 gy1 = ψD

A . sCj@ logψ ∼ N(0, η). s@3a3 η Cc � ~NCj3 q�aC�N,3. �N0 gr = γD
A . sCj@

γ ∼ U(0, 1)Ykz 2\n�jCRNc e �N0 4 CLUIw yd1 > y1 �N0 rd < r. s@C,@ 3Nj�CI ws > w. 8Ra �Nw
lOMRjC,3 j@�j RN3 ,RnI0 R$j�CN cCLCI�a \n�ICj�jCq3 a3cnIjc $w �UUIwCN< cU�acCjw RN y2 Ra Rj@3a ,RL$CN�jCRNc R8

j@3 ,RLURN3Njc R8 s3�Ij@Y ?Rs3q3a. j@Cc ,@RC,3 I3�0c jR �N �N�IwjC,�IIw cCLUI3a cRInjCRN sCj@Rnj �Ij3aCN< j@3
,RN,IncCRNcY

kzF@�s 3j �IY VlzSOW UaRURc3 j@�j En0<L3Njc �N0 ,@RC,3c $3 $�c30 RN NRCcw L3Nj�I a3Ua3c3Nj�jCRN R8 j@3 cCjn�jCRN
�N0 j@Cc CNqRIq3c �N �q3a�<3 $C�c CN j@3 RUjCL�I anI3 8Ra 8RaLCN< cn,@ En0<L3Njc �N0 L�GCN< j@3c3 ,@RC,3cY BN 8�,j.

k



mi < 1, ∀i = 1, 2Y BN Rj@3a sRa0c. s3 �ccnL3 j@�j VCW j@3 CN�,,na�j3 <n3cc RN j@3 q�In3 R8 j@3
3N0RsL3Nj <3N3a�j30 $w bwcj3L S 3u,330c Cjc jan3 q�In3 �N0 VCCW j@3 L�<NCjn03 R8 j@3 03qC�jCRN
R8 yd1 VrdW 8aRL y1 VrW 03U3N0c RN � 0CcjRajCRN �{3,j30 $w j@3 I3q3a�<3 a�jCR VD/AWYkS i@Cc �IC<Nc
j@3 C03� j@�j j@3 CNj3NcCjw R8 j@3 0CcjRajCRN c@RnI0 $3 0Ca3,jIw ,RNN3,j30 jR j@3 cCy3 �N0 N�jna3 R8
j@3 NRCc3 CN U3a,3Ujn�I En0<L3Njc VF@�s 3j �IY. lzSOW. s@CI3 �IcR ,�UjnaCN< j@3 G3w L3,@�NCcL
$3@CN0 j@3 s3�Ij@ U3a,3UjCRN $C�c. N�L3Iw j@3 j3N03N,w jR a3Iw RN UaRURajCRN�I j@CNGCN<Y BNA
0330. � IRs3a I3q3a�<3 a�jCR CLU�,jc URcCjCq3Iw RN j@3 L3Nj�I a3Ua3c3Nj�jCRN R8 s3�Ij@. j@3a3$w
CN,a3�cCN< Cjc 03qC�jCRN 8aRL j@3 jan3 I3q3I R8 �,jn�I s3�Ij@Y

HζϨϨΞ SY mN03a �ccnLUjCRN S �N0 �ccnLUjCRN l s3 @�q3-

ys1 = y1 − (1−m1)gy1 > y1 VOW

rs = r + (1−m2)gr < r VSzW

?3N,3. <Cq3N j@3 jan3 q�In3. j@3 Rq3a�II $C�c30 U3a,3UjCRN R8 s3�Ij@ Cc 03j3aLCN30 $w jsR 8�,jRac-

Ë i@3 NRCcw a3Ua3c3Nj�jCRN R8 j@3 jan3 q�In3c <3N3a�j30 $w bwcj3L S. s@C,@. CN jnaN. 03U3N0c
RN j@3 L�<NCjn03 R8 j@3 I3q3a�<3 a�jCRY BN ICN3 sCj@ j@3 s3�Ij@ U3a,3UjCRN $C�c 8RnN0 CN
j@3 3uU3aCL3Nj. j@3 �<3Nj L�G3c nc3 R8 UaRURajCRN�I j@CNGCN< �N0 � IRs3a I3q3a�<3 a�jCR
CN,a3�c3c j@3 q�In3 R8 j@3 8�cj �N0 CN�,,na�j3 <n3cc3c UaR0n,30 $w j@3 I3cc cRU@CcjC,�j30
L3Nj�I UaR,3cc R8 bwcj3L SY

Ë i@3 RUjCL�I I3q3I R8 �jj3NjCRN m∗
i . s@C,@ L�w $3 CNj3aUa3j30 �c j@3 Rnj,RL3 R8 j@3 CNj3aA

�,jCRN $3js33N bwcj3L S �N0 bwcj3L l. �c CN 0n�I UaR,3cc j@3Raw VF�@N3L�N. lzzk�.$WY
7Ra � cRU@CcjC,�j30 �<3Nj. bwcj3L l 8nIIw Rq3aj�G3c bwcj3L S cR j@�j mi = 1, ∀i = 1, 2Y
i@3 �<3Nj Cc j@3a38Ra3 a�jCRN�I �N0 8nIIw �jj3NjCq3. j@3a3$w @�qCN< �N nN$C�c30 U3a,3UjCRN
j@�j ,Raa3cURN0c jR j@3 jan3 q�In3 R8 s3�Ij@Y QN j@3 ,RNja�aw. 8Ra �N �<3Nj sCj@ URRa ,R<A
NCjCq3 cRU@CcjC,�jCRN. bwcj3L S Ua3q�CIc �N0 mi j3N0c jR y3aRY i@Cc �<3Nj Cc a�jCRN�I $nj
CN�jj3NjCq3. j@nc @�qCN< � U3a,3Cq30 q�In3 R8 s3�Ij@ j@�j a3IC3c RN @3a 038�nIj �N0 0Cq3a<3c
8aRL j@3 jan3 I3q3IY i@3 Rq3a�II �LRnNj R8 j@3 03qC�jCRN j@3a38Ra3 a�N<3c $3js33N [0, gy1 ]

8Ra y1 �N0 [0, gr] 8Ra rY

ȒC8 j@3a3 s3a3 NR a�N0RL NRCc3 CN j@3 CNj3aN�I a3Ua3c3Nj�jCRNc RN s@C,@ j@3 En0<L3Njc �a3 $�c30. j@3a3 c@RnI0 VC8
j@3 cn$E3,j 8RaLc RUjCL�I #�w3cC�N En0<L3NjcW $3 NR NRCc3 CN U3a,3Ujn�I En0<L3Njc. �N0 NR $C�c 3Cj@3aȓ VF@�s
3j �IY. lzSO. UY:WY i@Cc Cc U@CIRcRU@C,�IIw �N�IR<Rnc jR Rna c3j nU. CN s@C,@ j@3a3 3uCcjc � cjaRN< ICNG $3js33N j@3
038�nIj q�In3c Ģ CY3Y j@3 NRCcw c3NcRaw 0�j� <3N3a�j30 $w bwcj3L S Ģ �N0 j@3 U3a,3Ujn�I a3Ua3c3Nj�jCRN R8 s3�Ij@Y

kSBN j@3 U�U3a s3 8R,nc RN j@3 ,�c3 CN s@C,@ ws > w $3,�nc3 Rna 3uU3aCL3Nj�I ~N0CN<c ,RN~aL j@�j �II $C�c30
cn$E3,jc CN Rna 3uU3aCL3Nj @�q3 �N �q3a�<3 $C�c 03<a33 <a3�j3a j@�N SY BN Rj@3a sRa0c. j@3w �II c@Rs � I3q3I R8
U3a,3Cq30 s3�Ij@ VRN �q3a�<3W j@�j Cc @C<@3a j@�N �,jn�I s3�Ij@Y

:



7RIIRsCN< ;�$�Cu VlzS:W. s3 03~N3 j@3 RUjCL�I I3q3I R8 �jj3NjCRN Vm∗W �c <Cq3N $w � 8nN,jCRN
sCj@ jsR �00CjCq3 ,RLURN3Njc- j@3 njCICjw IRcc 8aRL CLU3a83,j �jj3NjCRN �N0 j@3 Ucw,@RIR<C,�I
,Rcj 8Ra j@3 I�,G R8 cU�acCjwYkl bU3,C~,�IIw-

m∗ = �a< LCN
m∈[0,1]

1

2

2∑

i=1

(1−mi)
2∆ii + k (θ)

2∑

i=1

mα
i VSSW

s@3a3. CN Rna c3jjCN<. ∆ii := −σ2
i axiUaaaxi Cc j@3 $3N3~j j@�j j@3 ,RNcnL3a 3NERwc s@3N @3a

�jj3NjCRN RN 0CL3NcCRN i <R3c 8aRL y3aR jR RN3Y Uaa Cc j@3 c3,RN0 03aCq�jCq3 R8 j@3 njCICjw
8nN,jCRN sCj@ a3cU3,j jR �,jCRN a. s@CI3 axi :=

∂a
∂xi

C03NjC~3c j@3 L�a<CN�I 3{3,j R8 � ,@�N<3 CN
q�aC�$I3 xi RN j@3 �,jCRN Vj@�j Cc −U−1

aa UaxiW. 3q�In�j30 �j j@3 038�nIj q�In3c R8 j@3 �,jCRN �N0
j@3 q�aC�$I3 xiYkk BN Rna c3jAnU xi = [y1, r] �N0 a = c1Y r@3N nN�$I3 jR R$c3aq3 j@3 q�aC�$I3
xi. j@3 �<3Nj nc3c j@3 3uU3,j30 L�<NCjn03 �c � UaRuw. j@nc c3jjCN< σi = E[x2

i ]
1
2 �N0. jaCqC�IIw.

∆ii := −E[x2
i ]axiUaaaxi Y 7CN�IIw. j@3 8nN,jCRN k(θ) Cc j@3 U3N�Ijw 8Ra j@3 I�,G R8 cU�acCjw. cn,@

j@�j j@3 j3aL k(θ)mα
i a3Ua3c3Njc j@3 Ucw,@RIR<C,�I ,Rcj R8 �jj3NjCRNY r3 8RIIRs ;�$�Cu VlzS:W

�N0 �ccnL3 j@�j α = 1. cR �c jR @�q3 $Rj@ cU�acCjw �N0 ,RNjCNnCjw CN j@3 �jj3NjCRN 8nN,jCRNY
?Rs3q3a. cCN,3 �jj3NjCRN Cc ,R<NCjCq3Iw ,RcjIw VF�@N3L�N. SOekW �N0 3Nj�CIc j@3 �IIR,�jCRN R8
c,�a,3 ,R<NCjCq3 a3cRna,3c. s3 03U�aj 8aRL j@3 c3jnU CNjaR0n,30 CN ;�$�Cu VlzS:W $w �ccnLCN<
j@�j k 03U3N0c RN j@3 I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRN R8 j@3 �<3Nj VθWY BN U�ajC,nI�a-

k(θ) =





0, ∀θ ≥ θ

∈ (0, kmax], k(θ)′ < 0 ∀θ < θ
VSlW

s@3a3 θ a3Ua3c3Njc � j@a3c@RI0 CN j@3 I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRNY ?3N,3. j@3 ,�c3 θ ≥ θ

,Raa3cURN0c jR j@3 a�jCRN�I �<3Nj. s@R Cc 3N0Rs30 sCj@ � @C<@ I3q3I R8 ,R<NCjCq3 ,�U�,Cjw. cR j@�j
j@3 ,Rcj Cc y3aR. �jj3NjCRN Cc 8nII �N0 U3a,3Cq30 s3�Ij@ 3\n�Ic Cjc jan3 q�In3Y MRN3j@3I3cc. $C�c30
cn$E3,jc CN Rna 3uU3aCL3Nj @�q3 � <a3�j3a j3N03N,w jR a3Iw RN bwcj3L S. j@nc 3LUIRwCN< ICLCj30
,R<NCjCq3 a3cRna,3c �N0 �jj3NjCRNY ?3N,3. j@3 ,�c3 θ < θ ,Raa3cURN0c jR j@3 $C�c30 �<3Nj. s@R
Cc ,@�a�,j3aCy30 $w � IRs I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRN j@�j. CN jnaN. 3Nj�CIc � @C<@ ,Rcj R8
�jj3NjCRN. IRs m∗ �N0 � I3q3I R8 U3a,3Cq30 s3�Ij@ j@�j 3u,330c j@3 �,jn�I q�In3Yk: r3 �ccnL3
j@�j 8Ra y3aR ,R<NCjCq3 cRU@CcjC,�jCRN. k(0) = kmax CN Ra03a jR �qRC0 �N CN~NCj3Iw URcCjCq3 ,Rcj
R8 �jj3NjCRN 8Ra �N 3uja3L3Iw ,R<NCjCq3Iw nNcRU@CcjC,�j30 �<3NjY

kli@3 CNj3a3cj30 a3�03a Cc I38j jR a383a jR ;�$�Cu VlzS:W 8Ra � 03j�CI30 3uUI�N�jCRN 8Ra j@Cc U�ajC,nI�a 8nN,jCRN�I
8RaLY

kki@3 038�nIj �,jCRN ,Raa3cURN0c jR j@3 RUjCL�I �,jCRN nN03a 038�nIj q�In3c R8 xY
k:i@3 cU3,C~, 8nN,jCRN�I 8RaL R8 k(θ) CN j@3 CNj3aq�I (0, kmax] 8Ra θ < θ Cc NRj a3I3q�Nj 8Ra j@3 UnaURc3 R8 Rna

�N�IwcCcY 7Ra j@3 c�G3 R8 cCLUIC,Cjw s3 �ccnL3 Cj Cc � ICN3�a 8nN,jCRNY

9



7aRL 2\n�jCRN SS s3 R$j�CN j@3 RUjCL�I I3q3I R8 �jj3NjCRN RN 0CL3NcCRN i �c � 8nN,jCRN R8
j@3 ,R<NCjCq3 ,Rcj k(θ) �N0 j@3 $3N3~j ∆ii-

m∗
i = L�u

(
1− k(θ)

∆ii
, 0

)
VSkW

s@3a3. CN Rna c3jjCN<. ∆11 := −E[y21]ay1Uc1c1ay1 �N0 ∆22 := −E[r2]arUc1c1arY
i@3a38Ra3. 8Ra � <Cq3N I3q3I R8 θ < θ. C8 j@3 ,Raa3cURN0CN< ,Rcj Cc <a3�j3a Ra 3\n�I jR j@3

$3N3~j Ģ CY3Y k(θ) ≥ ∆ii Ģ �jj3NjCRN RN 0CL3NcCRN i sCII $3 y3aRY BN �II ,�c3c CN s@C,@ k(θ) <

∆ii. j@3 �<3Nj sCII �Is�wc U�w �j I3�cj cRL3 �jj3NjCRN jR j@3 q�aC�$I3 iY r@3N k(θ) = 0 VCY3Y s@3N
θ ≥ θW. �jj3NjCRN Cc L�uCLnL �N0 3\n�I jR S. a3<�a0I3cc R8 ∆ii. �N0 j@3 �<3Nj Cc nN$C�c30Yk9

7C<na3 SSY� UIRjc j@3 ,R<NCjCq3 ,Rcj �N0 RUjCL�I �jj3NjCRN RN i �c � 8nN,jCRN R8 j@3 I3q3I R8
,R<NCjCq3 cRU@CcjC,�jCRN. 8Ra � <Cq3N q�In3 R8 ∆iiY 7Ra θ ≥ θ. j@3 ,Rcj k(θ) Cc y3aR. RUjCL�I
�jj3NjCRN Cc m∗

i = 1 �N0 j@3 �<3Nj Cc nN$C�c30Y r@3N θ < θ. j@3 IRs3a j@3 I3q3I R8 ,R<NCjCq3
cRU@CcjC,�jCRN. j@3 @C<@3a j@3 ,Raa3cURN0CN< ,Rcj �N0 j@3 IRs3a j@3 RUjCL�I I3q3I R8 �jj3NjCRNY
r@3N θ Cc cn,@ j@�j k(θ) 3u,330c ∆ii. RUjCL�I �jj3NjCRN Cc y3aRY 7C<na3 SSY$ c@Rsc RUjCL�I
�jj3NjCRN RN i �c � 8nN,jCRN R8∆ii. 8Ra � <Cq3N I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRNY r@3N∆ii ≤ k(θ)

RUjCL�I �jj3NjCRN Cc y3aR. Rj@3asCc3 m∗
i CN,a3�c3c. �c j@3 $3N3~j 3u,330c j@3 ,Rcj R8 �jj3NjCRNY

7ϔόЛЁζ SSY +ϱόϩϔАϔЦζ bϱϿϑϔЅАϔΫΞАϔϱϩ. �ААζϩАϔϱϩ +ϱЅА Ξϩβ QϿАϔϨΞϣ �ААζϩАϔϱϩ
7C<na3 SSYV�W UIRjc �jj3NjCRN ,Rcj Vk(θ). CN $I�,GW �N0 RUjCL�I �jj3NjCRN Vm∗

i . CN a30W �c � 8nN,jCRN R8 j@3 I3q3I R8
,R<NCjCq3 cRU@CcjC,�jCRN VθW. 8Ra � <Cq3N q�In3 R8 ∆iiY 7C<na3 SSYV$W c@Rsc RUjCL�I �jj3NjCRN �c � 8nN,jCRN R8 ∆ii.
8Ra � <Cq3N q�In3 R8 θY

bnLLCN< nU. Rna c3jnU CN,RaURa�j3c j@3 L�CN 83�jna3c R8 j@3 cj�N0�a0 cU�ac3AL�u RU3a�jRa
CNjaR0n,30 CN j@3 $3@�qCRa�I CN�jj3NjCRN LR03I $w ;�$�Cu VlzS:WY BN 8�,j. �jj3NjCRN RN 3�,@ q�aCA

k9r3 �ccnL3 j@�j max(∆ii) ≤ kmax. cR j@�j j@3 $3N3~j R8 �jj3NjCRN ,�NNRj 3u,330 j@3 L�uCLnL ,RcjY i@Cc
anI3c Rnj j@3 URccC$CICjw j@�j �N �<3Nj sCj@ y3aR ,R<NCjCq3 cRU@CcjC,�jCRN V�N0. j@3a38Ra3. L�uCLnL ,RcjW @�c URcCjCq3
�jj3NjCRN jR j@3 q�aC�$I3 iY

f



�$I3 CN,a3�c3c VSW s@3N j@3 L�<NCjn03 R8 j@3 q�aC�$I3 Cc @C<@3ad VlW s@3N j@3 q�aC�$I3 CLU�,jc
LRa3 RN j@3 �,jCRN ad VkW C8 �N CLU3a83,j �,jCRN I3�0c jR � <a3�j3a ,RcjY ?Rs3q3a. 0C{3a3NjIw 8aRL
j@3 RaC<CN�I c3jAnU. j@3 ,R<NCjCq3 ,Rcj k Cc � 8nN,jCRN R8 j@3 I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRN R8
j@3 �<3Nj �N0 038�nIj q�In3c 03U3N0 RN j@3 I3q3I R8 j@3 I3q3a�<3 a�jCRY i@Cc �IIRsc nc jR ,�Ujna3
jsR G3w 83�jna3cY 7Cacj. j@3 I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRN ,Raa3I�j3c sCj@ s3�Ij@ LCcU3a,3UA
jCRNY BN j@3 3uU3aCL3Nj. cn$E3,jc sCj@ IRs c,Ra3c CN j@3 +R<NCjCq3 `3�3,jCRN i3cj �a3 LRa3 ICG3Iw
jR $3 $C�c30d CN j@3 LR03I. s@3N bwcj3L S Ua3q�CIc Rq3a bwcj3L l. j@3 �<3Nj Cc cU�ac3 �N0 @3a
I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRN Cc θ < θY i@3a38Ra3. @3a �jj3NjCRN Cc I3cc j@�N 8nII �N0 c@3 a3IC3c
LRa3 RN j@3 CN�,,na�j3 UaCRa <3N3a�j30 $w bwcj3L SY

b3,RN0Iw. U3a,3Cq30 s3�Ij@ CN,a3�c3c 8Ra IRs3a q�In3c R8 j@3 I3q3a�<3 a�jCRY i@3 q�In3 R8
j@3 8�cj �N0 CN�,,na�j3 UaCRa R8 bwcj3L S 03U3N0c N3<�jCq3Iw RN j@3 I3q3I R8 j@3 I3q3a�<3 a�jCRY
i@3a38Ra3. 8Ra � <Cq3N I3q3I R8 ,R<NCjCq3 cRU@CcjC,�jCRN �N0 �jj3NjCRN. � IRs3a I3q3a�<3 a�jCR
CLU�,jc URcCjCq3Iw RN j@3 U3a,3Cq30 s3�Ij@ R8 j@3 $C�c30 �<3NjY

QUjCL�I �,jCRNY �8j3a ,@RRcCN< �jj3NjCRN RUjCL�IIw. j@3 �<3Nj ,@RRc3c j@3 �IIR,�jCRN R8 ,RNA
cnLUjCRN ,RN0CjCRN�I RN @3a cU�ac3 a3Ua3c3Nj�jCRN R8 s3�Ij@Y ?3N,3. c@3 cRIq3c j@3 8RIIRsCN<
UaR$I3L-

maxU (c1, c2) = U(c1) + βU(c2)

cYjY c2 = (1 + rs)(ys1 − c1) + y2. VS:W

i@3 2nI3a 3\n�jCRN 8Ra j@3 cU�ac3 �<3Nj j@3a38Ra3 Cc-

U ′
c1

U ′
c2

= β(1 + rs). VS9W

7aRL j@3 UaR$I3L �$Rq3 s3 ~N0 j@3 RUjCL�I �IIR,�jCRN R8 ,RNcnLUjCRN ,RN0CjCRN�I RN j@3 $CA
�c30 U3a,3UjCRN R8 s3�Ij@. cs1(rs, ys1, y2) �N0 cs2(r

s, ys1, y2)Y ?Rs3q3a. j@Cc �IIR,�jCRN IC3c RN j@3
U3a,3Cq30 $n0<3j ,RNcja�CNj. s@C,@ Cc 0C{3a3Nj 8aRL j@3 �,jn�I RN3Y i@3a38Ra3. j@3 RUjCL�I �IA
IR,�jCRN Cc NRj 83�cC$I3Y

�c URCNj30 Rnj $w ;�$�Cu VlzS:W. j@3 cU�ac3 �<3Nj Cc $3@�qCRa�I $nj cL�aj 3NRn<@ jR 3u@�ncj
j@3 jan3 $n0<3j ,RNcja�CNj. j@3a3$w �0EncjCN< j@3 �IIR,�jCRN R8 ,RNcnLUjCRN �,,Ra0CN<IwY bCN,3
j@3 �<3Nj Cc $C�c30. j@3 �0Encj30 �IIR,�jCRN (ca1, ca2) @�c jR 03U3N0 RN j@3 U3a,3Cq30 q�In3 R8 s3�Ij@
VCY3Y rs �N0 ys1W s@CI3 �IcR $3CN< 83�cC$I3. cR j@�j ca1 +

ca2
1+r = y1 +

y2
1+r Y i@3a38Ra3. s3 03~N3 �N

e



�cAC8 CNj3aj3LURa�I $n0<3j ,RNcja�CNj �c 8RIIRsc-

ca2 = (1 + rs)(ys1 − ca1) + y′2 VSfW

7RIIRsCN< ;�$�Cu. j@3 �0EncjL3Nj R,,nac $w ~N0CN< j@3 q�In3 R8 y′2 j@�j <n�a�Nj33c j@�j j@3
�0Encj30 �IIR,�jCRN Cc 83�cC$I3. CY3Y Cj Cc �IRN< j@3 jan3 $n0<3j ,RNcja�CNjY ?3N,3. j@3 8RIIRsCN<
,RN0CjCRN @�c jR $3 c�jCc~30-

ca1(r
s, ys1, y

′
2) +

ca2(r
s, ys1, y

′
2)

1 + r
= y1 +

y2
1 + r

. VSeW

i@3a38Ra3. j@3 $C�c30 �<3Nj cRIq3c j@3 8RIIRsCN< UaR$I3L-

~N0 y′2 cYjY Ca(rs, ys1, y
′
2) = w VS4W

s@3a3 Ca(rs, ys1, y
′
2) a3Ua3c3Njc jRj�I �0Encj30 ,RNcnLUjCRN. j@�j Cc j@3 RUjCL�I �IIR,�jCRN j@�j Cc

�IcR 83�cC$I3Y

`�jCRN�I qcY �0Encj30 VcU�ac3W �IIR,�jCRNY r3 NRs C03NjC8w j@3 ,RN0CjCRNc nN03a s@C,@ j@3
LR03I a3UIC,�j3c Rna 3uU3aCL3Nj�I a3cnIjcY r3 GNRs j@�j $C�c30 cn$E3,jc �a3 LRa3 ICG3Iw jR
$RaaRs 8Ra ,RNcnLUjCRN. a3I�jCq3 jR nN$C�c30 cn$E3,jcY r3 �IcR GNRs j@�j j@3 Ua3c3N,3 R8 j@3
s3�Ij@ U3a,3UjCRN $C�c ,Raa3cURN0c jR � I�a<3a UaR$�$CICjw R8 $3CN< � cU3N03a. a�j@3a j@�N � c�q3a.
�N0 � <a3�j3a j3N03N,w jR CN,a3�c3 cU3N0CN< Rnj R8 nN3uU3,j30 <�CNcY

TЁϱϿϱЅϔАϔϱϩ S � N3,3cc�aw ,RN0CjCRN 8Ra j@3 $C�c30 �<3Nj jR $3 � $RaaRs3a CN U3aCR0 S. CY3Y
ca1 > y1. �N0 @�q3 URcCjCq3 ,RNcnLUjCRN CN U3aCR0 l. CY3Y ca2 > 0. Cc-

y2
1 + rs

1 + r
− (ys1 − y1)(1 + rs) < y′2 < y2 − (ys1 − y1)(1 + rs). VSOW

?3N,3. 8Ra �Nw q�In3 R8 y′2 j@�j L33jc ,RN0CjCRN SO. CN j@3 ~acj U3aCR0 j@3 $C�c30 �<3Nj ,RNA
cnL3c LRa3 j@�N j@3 U3aCR0 S 3N0RsL3Nj. j@3a3$w $3CN< � $RaaRs3aY +RN0CjCRN SO �IcR �IIRsc
8Ra NRNAN3<�jCq3 ,RNcnLUjCRN CN j@3 c3,RN0 U3aCR0 Vc33 j@3 �UU3N0Cu 8Ra j@3 UaRR8WY

r3 NRs C03NjC8w j@3 ,RN0CjCRN nN03a s@C,@ j@3 �0Encj30 ,RNcnLUjCRN R8 j@3 $C�c30 �<3Nj CN
U3aCR0 S Cc I�a<3a j@�N j@3 ,RNcnLUjCRN R8 j@3 a�jCRN�I �<3Nj CN j@3 c�L3 U3aCR0Y iR j@Cc UnaURc3.
s3 �ccnL3 � +RNcj�Nj `3I�jCq3 `CcG �q3acCRN V+``�W njCICjw 8nN,jCRNYkf

TЁϱϿϱЅϔАϔϱϩ l mN03a j@3 �ccnLUjCRN R8 ,RNcj�Nj a3I�jCq3 aCcG �q3acCRN. �N0 H3LL� S. ∀ y′2
kfBj Cc CN0330 N3,3cc�aw jR �ccnL3 � 8nN,jCRN�I 8RaL 8Ra j@3 njCICjw 8nN,jCRN CN Ra03a jR ,RLU�a3 j@3 $3@�qCRa R8

j@3 jsR �<3NjcY b33 j@3 �UU3N0Cu 8Ra � 03j�CI30 0Cc,nccCRN RN j@CcY
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c�jCc8wCN< Se. ca1 > c∗1Y

?3N,3. �c IRN< �c j@3 $C�c30 �<3Nj U3a,3Cq3c @3a s3�Ij@ �c I�a<3a j@�N Cjc jan3 q�In3. �8j3a
�0EncjCN< j@3 �IIR,�jCRN R8 ,RNcnLUjCRN �,,Ra0CN< jR j@3 �cAC8 $n0<3j ,RNcja�CNj. j@3 $C�c30 �<3Nj
�Is�wc s�Njc jR ,RNcnL3 LRa3 j@�N j@3 a�jCRN�I �<3Nj CN j@3 ~acj U3aCR0 Vj@3 �UU3N0Cu ,RNj�CNc
� 03j�CI30 UaRR8WY TaRURcCjCRN l �IcR CLUIC3c j@�j. C8 $Rj@ �<3Njc �a3 $RaaRs3ac CN t = 1. j@3
$C�c30 �<3Nj $RaaRsc LRa3 j@�N j@3 a�jCRN�I �<3NjY i@Cc Cc CN ICN3 sCj@ j@3 3uU3aCL3Nj�I ~N0CN<c
cn<<3cjCN< j@�j $C�c30 cn$E3,jc �a3 LRa3 ICG3Iw jR C03NjC8w j@3Lc3Iq3c �c cU3N03ac a�j@3a j@�N
c�q3ac �N0 @�q3 � IRs3a �q3acCRN jR 03$j. ,RLU�a30 jR nN$C�c30 cn$E3,jcY

TЁϱϿϱЅϔАϔϱϩ k mN03a j@3 �ccnLUjCRN R8 ,RNcj�Nj a3I�jCq3 aCcG �q3acCRN. �N0 H3LL� S s3
@�q3-

∂ca1
∂y1

>
∂c∗1
∂y1

. VlzW

i@�j Cc. U3aCR0AS ,RNcnLUjCRN R8 j@3 $C�c30 �<3Nj @�c � URcCjCq3 �N0 LRa3 UaRNRnN,30 a3A
cURNc3 jR nN3uU3,j30 ,@�N<3c CN y1 ,RLU�a30 jR j@3 ,RNcnLUjCRN R8 j@3 a�jCRN�I �<3Nj CN j@3
c�L3 U3aCR0 Vc33 j@3 UaRR8 CN j@3 �UU3N0CuWY i@Cc a3cnIj a3UIC,�j3c Rna 3uU3aCL3Nj�I ~N0CN<. �c
$C�c30 cn$E3,jc a3URaj � <a3�j3a �q3a�<3 UaRU3NcCjw jR ,RNcnL3 Rnj R8 nN3uU3,j30 URcCjCq3 <�CNc
,RLU�a30 jR nN$C�c30 cn$E3,jcY

+lY TaRR8cY

TaRR8 R8 TaRURcCjCRN SY #w ,RL$CNCN< j@3 �cAC8 CNj3aj3LURa�I $n0<3j ,RNcja�CNj VSfW sCj@ ,RNA
0CjCRN S4. s3 ,�N 03j3aLCN3 �0Encj30 ,RNcnLUjCRN CN U3aCR0 RN3-

ca1 =
y1(1 + r)− ys1(1 + rs)− (y′2 − y2)

r − rs
VlSW

#w cn$cjCjnjCN< �0Encj30 ,RNcnLUjCRN CN U3aCR0 S CNjR j@3 �cAC8 CNj3aj3LURa�I $n0<3j ,RNA
cja�CNj. s3 ,�N ~N0 j@3 �IIR,�jCRN R8 ,RNcnLUjCRN CN U3aCR0 jsR Vca2W. j@�j Cc-

ca2 =
(ys1 − y1)(1 + rs)(1 + r)− y2(1 + rs) + y′2(1 + r)

r − rs
VllW

bCN,3 r − rs > 0. j@3N ca1 > 0 s@3N-

O



y′2 < y2 + y1(1 + r)− ys1(1 + rs) VlkW

KRa3Rq3a. j@3 cU�ac3 �<3Nj Cc � $RaaRs3a C8 @3a �0Encj30 �IIR,�jCRN Cc cn,@ j@�j CN U3aCR0 RN3
c@3 s�Njc jR ,RNcnL3 LRa3 j@�N @3a s3�Ij@. CY3Y ca1 > y1Y i@Cc Cc jan3 C8-

y′2 < y2 − (ys1 − y1)(1 + rs) Vl:W

bCN,3 r > rs. j@3N Cj 8RIIRsc j@�j ,RN0CjCRN l: CLUIC3c ,RN0CjCRN lk- jaCqC�IIw. s@3N j@3
cU�ac3 �<3Nj $RaaRsc. @3a �0Encj30 ,RNcnLUjCRN CN U3aCR0 S Cc �IcR URcCjCq3Y bR. nIjCL�j3Iw.
,RN0CjCRN l: <n�a�Nj33c $Rj@ ca1 > 0 �N0 j@�j j@3 �<3Nj Cc � $RaaRs3aY

�0Encj30 ,RNcnLUjCRN CN U3aCR0 l Cc URcCjCq3 VCY3Y ca2 > 0W C8-

y′2 > y2
1 + rs

1 + r
− (ys1 − y1)(1 + rs) Vl9W

+RL$CNCN< ,RN0CjCRNc l: �N0 l9. s3 R$j�CN

y2
1 + rs

1 + r
− (ys1 − y1)(1 + rs) < y′2 < y2 − (ys1 − y1)(1 + rs) VlfW

i@Cc ,RN0CjCRN C03NjC~3c j@3 q�In3c R8 y′2 j@�j <n�a�Nj33 j@�j j@3 $C�c30 �<3Nj Cc � $RaaRs3a.
s@CI3 �IIRsCN< 8Ra URcCjCq3 ,RNcnLUjCRN CN j@3 c3,RN0 U3aCR0Y

TaRR8 R8 TaRURcCjCRN lY H3j nc ,RNcC03a j@3 jan3 CNj3aj3LURa�I $n0<3j ,RNcja�CNj V2\n�jCRN
kW �N0 j@3 �cAC8 CNj3aj3LURa�I $n0<3j ,RNcja�CNj V2\n�jCRN S:WY r3 a3URaj j@3L $3IRs 8Ra j@3
a3�03a ,RNq3NC3N,3-

c1 +
c2

1 + r
= y1 +

y2
1 + r

ca1 +
ca2

1 + rs
= ys1 +

y′2
1 + rs

#w cn$cjCjnjCN< 8Ra c2 �N0 ca2 8aRL j@3 2nI3a 3\n�jCRNc R8 j@3 a�jCRN�I �<3Nj �N0 j@3 cU�ac3
�<3Nj V�8j3a �0EncjCN< ,RNcnLUjCRNW �N0 j�GCN< j@3 0C{3a3N,3 �j $Rj@ cC03c �j j@3 RUjCLnL. s3

Sz



<3j-

ca1 − c∗1 = ys1 − y1 +
y′2

1 + rs
− y2

1 + r
−

U
′−1

[
U ′
ca1

β(1+rs)

]

1 + rs
+

U
′−1

[
U ′
c∗1

β(1+r)

]

1 + r
VleW

i@3a38Ra3. CN Ra03a jR ,RLU�a3 ca1 �N0 c∗1. s3 �ccnL3 � +RNcj�Nj `3I�jCq3 `CcG �q3acCRN
V+``�W njCICjw 8nN,jCRNYke H3j nc a3saCj3 j@3 RUjCLCy�jCRN UaR$I3L 8Ra j@3 jsR �<3NjcY

maxU(c1, c2) =
c1−ε
1

1− ε
+ β

c1−ε
2

1− ε

cYjY

c2 = (1 + rs)(ys1 − c1) + y2

r@3a3 y1 = ŷ1 +N . N = A−DY
i@3 RUjCLCy�jCRN UaR$I3L wC3I0c j@3 8RIIRsCN< 2nI3a 2\n�jCRN-

c∗1 =

[
1

β(1 + r)

] 1
ε

c∗2 Vl4W

#w L�GCN< nc3 R8 j@3 2nI3a 3\n�jCRN �N0 j@3 CNj3aj3LURa�I $n0<3j ,RNcja�CNj. s3 03j3aLCN3
j@3 a�jCRN�I �<3Njȕc RUjCL�I �IIR,�jCRN R8 ,RNcnLUjCRN CN $Rj@ U3aCR0c-

c∗1 =
1

1 + β
1
ε (1 + r)

1−ε
ε

(
y1 +

y2
1 + r

)
VlOW

c∗2 =
[β(1 + r)]

1
ε

1 + β
1
ε (1 + r)

1−ε
ε

(
y1 +

y2
1 + r

)
VkzW
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maxU(c1, c2) =
c1−ε
1

1− ε
+ β

c1−ε
2

1− ε

cYjY

c2 = (1 + rs)(ys1 − c1) + y′2

i@3 cRInjCRN jR j@3 RUjCL�I ,RNcnLUjCRN ,@RC,3 UaR$I3L �$Rq3 <Cq3c j@3 8RIIRsCN< 2nI3a
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[
1

β(1 + rs)

] 1
ε

cs2 VkSW
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1
ε (1 + rs)

1−ε
ε

(
ys1 +
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)
VklW
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1
ε

1 + β
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ε (1 + rs)

1−ε
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ys1 +
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1 + rs

)
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,RNcnLUjCRN-
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y′2
1 + rs
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s
1, r
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1 + r
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1
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ε
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;Cq3N j@3 q�In3 R8 y′2 CN 2\n�jCRN k4. Cj Cc jaCqC�I jR c@Rs j@�j. cCN,3 r > rs. j@3 ,RN0CjCRN CN
2\n�jCRN ke Cc �Is�wc c�jCc~30 8Ra �Nw ε > 0Y ?3N,3. ca1 > c∗1 �Is�wcY
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CN U3aCR0 S. ,RLU�a30 jR j@3 a�jCRN�I �<3Nj. nN03a j@3 ,RN0CjCRN CN 2\n�jCRN keY

TaRR8 R8 TaRURcCjCRN kY r3 ,RLUnj3 j@3 L�a<CN�I UaRU3NcCjC3c jR ,RNcnL3 VRnj R8 y1W CN
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