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iR CN,a3�c3 j@3 �$CICjw R8 � @RcUCj�I jR Ua3U�a3 8Ra j@3 CN,RLCN< sRaGIR�0c. j@3 �LRnNj �N0 UaR$I3Lc
R8 8njna3 U�jC3Njc ,RnI0 $3 3cjCL�j30Y i@Cc 3cjCL�jCRN ,a3�j3c CN8RaL�jCRN j@�j ,�N CLUaRq3 c@C8j
UI�NNCN<. s@C,@ Cc � Ua30C,jCq3 j�cG CN Cjc3I8Y i@3 UaRqC030 a3cRna,3c Lncj $3 UI�NN30 $38Ra3 j@3
03L�N0 Cc GNRsN. I3�qCN< � L�a<CN R8 3aaRaY B8 j@3 03L�N0 Cc GNRsN 0naCN< UI�NNCN<. j@Cc L�a<CN
R8 3aaRa ,�N $3 a30n,30 cC<NC~,�NjIwY

i@Cc j@3cCc 3q�In�j3c C8 j@Cc 03L�N0 Cc Ua30C,j�$I3 ncCN< �ajC~,C�I N3na�I N3jsRaGc. � q�aC�Nj R8
L�,@CN3 I3�aNCN<Y

K�,@CN3 I3�aNCN< Cc � ,RII3,jCRN R8 �UUaR�,@3c j@�j nc3 I�a<3 \n�NjCjC3c R8 0�j� jR ,a3�j3 � LR03I
j@�j ,�N cRIq3 j�cGc ncCN< cCLCI�a CN8RaL�jCRNY i@Rc3 j�cGc ,�N a�N<3 8aRL ,I�ccC~,�jCRN. ICG3 R$E3,j
a3,R<NCjCRN R8 UC,jna3c �N0 qC03Rc. jR a3<a3ccCRN. C03NjC8wCN< U�jj3aNc CN 0�j�Y T�jj3aNc j@�j ,�N.
<Cq3N N3s CN8RaL�jCRN. 3cjCL�j3 8njna3 03q3IRUL3NjcY

r3 03q3IRU30 8Rna UaRR8 R8 ,RN,3Uj �ajC~,C�I N3na�I N3jsRaGc jR 3q�In�j3 0C{3a3Nj �cU3,jc R8 j@3
Ua30C,jCRNY i@a33 s3a3 03cC<N30 ncCN< � 8330A8Ras�a0 �a,@Cj3,jna3 jR Ua30C,j j@3 jRj�I �LRnNj R8
U�jC3Njc j@�j sCII $3 ja3�j30 cj�jCRN�aw CN j@3 3L3a<3N,w aRRL ViMQTW. j@3 NnL$3a R8 U�jC3Njc
j@�j Ua30C,jc j@3 NnL$3a R8 U�jC3Njc sCj@ BNEnaC3c. URCcRNCN<c. �N0 ,3aj�CN Rj@3a ,RNc3\n3N,3c R8
3uj3aN�I ,�nc3c V7Q+mbW�N0 j@3 NnL$3a R8 U�jC3Njc 8Ra LnIjCUI3 0C{3a3Nj GCN0c R8 CNEnaC3c �N0
CIIN3cc3c. ,�j3<RaCy30 �8j3a j@3 B+/ASz cwcj3L V77WY i@3 I�cj �ajC~,C�I N3na�I N3jsRaG CLUI3L3Njc �
a3,naa3Nj N3jsRaG �a,@Cj3,jna3 ncCN< IRN<Ac@Raj j3aL L3LRaw VHbiKWY bCLCI�a jR j@3 77 N3jsRaG.
Cj Ua30C,jc j@3 NnL$3a R8 U�jC3Njc 8Ra LnIjCUI3 GCN0c R8 CNEnaC3c �N0 CIIN3cc3cY

�II 8Rna N3jsRaGc �a3 ja�CN30 jR Ua30C,j j@3 3L3a<3N,w aRRL sRaGIR�0 0�CIwY i@3 Ua30C,jCRN ,RnI0
j@3N $3 nc30 jR CLUaRq3 cj�{ UI�NNCN<Y bR L30C,�I 3L3a<3N,C3c j@�j @�q3 � @C<@ UaR$�$CICjw R8
@�UU3NCN< j@�j 0�w ,�N $3 �jj3N030 jR $w � \n�IC~30 U3acRN CLL30C�j3IwY BN ,RNja�cj. j@Rc3 sCj@ �

S



S BNjaR0n,jCRN

IRs UaR$�$CICjw R8 @�UU3NCN< @�q3 jR s�Cj 8Ra j@3 ,Raa3,j U3acRNN3I 8Ra � $CjY �Ij3aN�jCq3Iw. j@3w ,�N
$3 �jj3N030 $w cj�{ s@R �a3 NRj �c s3IIAja�CN30 8Ra Cj �c URccC$I3Y 2{3,jCq3Iw a30n,CN< j@3 NnL$3a
R8 jCL3c. j@3 c3,RN0 ,�c3 c@RnI0 @�UU3N. �c Cj Cc NRj 3NjCa3Iw Ua3q3Nj�$I3Y

i@3 Ua30C,jCRN c@RnI0 NRj $3 qC3s30 �c � L�<C, <�y3 CNjR j@3 8njna3 $nj �c � aRn<@ 3cjCL�jCRN $�c30
RN @CcjRaC,�I 0�j�Y r@CI3 � IRj ,�N @�UU3N sCj@Rnj �Nw$R0w 3uU3,jCN< Ra Ua30C,jCN< Cj. j@3 sRaI0 Cc
~II30 sCj@ 8�,jRac CN�n3N,CN< 3�,@ Rj@3aY bRL3 R8 j@3L c33L R$qCRnc jR nc- 7Ra 3u�LUI3. Cj c33Lc
a3�cRN�$I3 j@�j @3�jcjaRG3c �a3 LRa3 ,RLLRN CN cnLL3a j@�N sCNj3aY

?Rs3q3a. j@3 cwcj3L ,�N N3q3a Ua30C,j �II URccC$I3 CNEnaC3c Ra CIIN3cc3c 3Nj3aCN< j@3 3L3a<3N,w aRRL
�j �Nw <Cq3N jCL38a�L3Y Bj Cc ICLCj30 $w j@3 0�j� j@3 cwcj3L Cc ja�CN30 RN 8Ra RN,3Y i@3a38Ra3. j@3
cwcj3L sCII NRj a3,R<NCy3 � s@RIIw nNGNRsN Ra � cn|,C3NjIw a�a3 UaR$I3LY 7Ra 3u�LUI3. s@3N
�N 3u,3UjCRN�I cCjn�jCRN R,,nac. ICG3 � $aC0<3 ,RII�Uc3 Ra U�N03LC,. j@3 cwcj3L ,�NNRj Ua30C,j j@3
a3cnIjCN< 3L3a<3N,w aRRL qCcCjcY

i@3 �ajC~,C�I N3na�I N3jsRaGc sCII $3 ja�CN30 RN LnIjCUI3 3NqCaRNL3Nj�I CN�n3N,3c. ICG3 s3�j@3a. �Ca
URIInjCRN. Ra q�,�jCRN 0�wcY �II 0�j� Cc ,RII3,j30 CN j@3 <a3�j3a �a3� R8 7a3C$na<. ;3aL�Nw. jR L�j,@
j@3 @RcUCj�I 0�j� 8aRL j@3 mNCq3acCj¡jcGICNCGnL 7a3C$na<. s@C,@ UaRqC03c j@3 @CcjRaC, 3L3a<3N,w
aRRL sRaGIR�0cY

i@Cc j@3cCc sCII NRj jaw jR C03NjC8w j@3 a3�cRN 8Ra CIIN3cc �N0 CNEnaw jR @�UU3NY K�Nw U�U3ac
8aRL L30C,�I UaR83ccCRN�Ic @�q3 LRa3 CNcC<@j CNjR C03NjC8wCN< j@Rc3 U�jj3aNc )HTbZSO* )MH#reS*
)+bb�O9* )?HvZz4*Y Bj sCII RNIw jaw jR ,a3�j3 � cwcj3L j@�j ,�N ~N0 a3I�jCRNc $3js33N 3NqCaRNL3Nj�I
,@�N<3c �N0 j@3 sRaGIR�0 CN j@3 3L3a<3N,w aRRLY

�IcR. j@3 UaRjRjwU3 sCII. �j LRcj. $3 �$I3 jR C03NjC8w U�jj3aNc CN j@3 0�j�. NRj j@3 a3�cRNc $3@CN0
j@3L Ra 3q3N C8 j@Rc3 U�jj3aNc �a3 R8 �Nw cC<NC~,�N,3Y M3q3aj@3I3cc. j@3 a3cnIjc ,RnI0 $3 nc30 8Ra
cj�{ UI�NNCN< Ra �c j@3 $�cCc 8Ra 8naj@3a a3c3�a,@Y

l



i@3cCc bjan,jna3

i@3 8RIIRsCN< ,@�Uj3a UaRqC03c � \nC,G Rq3aqC3s R8 j@3 cjan,jna3 R8 j@Cc j@3cCcY

+@�Uj3a l Ģ 7RnN0�jCRNc- �j ~acj. j@Cc j@3cCc sCII IRRG �j a3c3�a,@ j@�j @�c �Ia3�0w j�G3N UI�,3
CN j@Cc �a3�Y Bj sCII $aC3�w Rq3aqC3s L�,@CN3 I3�aNCN<. N3na�I N3jsRaGc. �N0 3NqCaRNL3Nj�I
CN�n3N,3c RN @nL�N @3�Ij@Y 2cU3,C�IIw CN�n3N,3c RN @RcUCj�I Ra 3L3a<3N,w sRaGIR�0 Ra
,RNN3,jCRNc $3js33N �a$Cja�aw CN�n3N,3c jR CNEnaC3c �N0 CIIN3cc3c �a3 j@3 8R,nc R8 j@Cc ,@�Uj3aY

+@�Uj3a k Ģ `3I�j30 rRaG- i@Cc ,@�Uj3a 03~N3c j@3 j�a<3j R8 j@Cc j@3cCc ncCN< a3\nCa3L3Njc 3NA
<CN33aCN<Y Bj sCII nc3 j@Rc3 a3\nCa3L3Njc jR IRRG �j Rj@3a Un$IC,�jCRNc j@�j jaC30 jR �,@C3q3
cCLCI�a j�a<3jcY Bj sCII �IcR @C<@IC<@j cCLCI�aCjC3c �N0 0C{3a3N,3c $3js33N j@3 �CL R8 j@Cc j@3cCc
�N0 j@3 a3I�j30 sRaGcY

+@�Uj3a : Ģ TI�NNCN<- M3uj Cc j@3 Ua3U3a�jCRN R8 j@3 cwcj3LY BN j@Cc ,@�Uj3a. j@3 j@3cCc 3q�In�j3c
URccC$I3 3NqCaRNL3Nj�I CN�n3N,3c. ICG3 s3�j@3a Ra �Ca URIInjCRNY Bj sCII 0Cc,ncc 0C{3a3Nj U�ajc
R8 j@3 +`BbTA/K UaR,3cc. 3cU3,C�IIw j@3 0�j� nN03acj�N0CN< �N0 Ua3U�a�jCRN cj3UcY i@Cc
CN,In03c 0�j� �,\nCcCjCRN �N0 0�j� ,I3�NCN<Y

�00CjCRN�IIw. Cj sCII j�IG �$Rnj j@3 �a,@Cj3,jna3 R8 j@3 N3na�I N3jsRaGc j@�j j@Cc j@3cCc nc3c �N0
j@3 RnjUnj 8RaL�j 8Ra j@3 Ua30C,jCRNY

+@�Uj3a 9 Ģ BLUI3L3Nj�jCRN i@Cc ,@�Uj3a a3qC3sc j@3 CLUI3L3Nj�jCRN R8 j@3 UaRR8 R8 sRaG UaRjRA
jwU3 Cjc3I8Y Bj sCII 3uUI�CN j@3 UaRjRjwU3ȕc j3,@NRIR<w �N0 @C<@IC<@j j@3 0C{3a3Nj UaR$I3Lc
j@�j �UU3�a 0naCN< j@3 03q3IRUL3Nj �N0 @Rs j@3w �a3 �UUaR�,@30Y

+@�Uj3a f Ģ 2q�In�jCRN i@Cc ,@�Uj3a Ua3c3Njc j@3 UaRjRjwU3 a3cnIjc �N0 c3jc j@3L CN ,RNj3uj sCj@
j@3 j3cj 0�j�Y r3 �a3 3q�In�jCN< j@3 \n�ICjw R8 j@3 UaRjRjwU3 �N0 jawCN< jR C03NjC8w C8 Cj ,RnI0
$3 @3IU8nI CN � a3�IAsRaI0 �UUIC,�jCRNY r3 sCII �N�Iwy3 @Rs �,,na�j3 j@3 Ua30C,jCRNc �a3 s@3N
Ua30C,jCN< $�c30 RN nNGNRsN 0�j� �N0 ,RLU�a3 j@3L jR � $�c3ICN3 3cjCL�jCRNY

+@�Uj3a e Ģ +RN,IncCRN i@3 ,RN,IncCRN R8 j@3 j@3cCc a3qCcCjc j@3 LRcj CLURaj�Nj a3cnIjc �N0
UaRqC03c �N RnjIRRG RN URccC$I3 8naj@3a sRaGcY

k





l 7RnN0�jCRNc

lYS 2NqCaRL3Nj�I BN�n3N,3c

i@3 sRaI0 Cc �N CNj3a�,jCq3 cwcj3L CN s@C,@ N3�aIw 3q3aw U�aj CN�n3N,3c 3�,@ Rj@3aY i@3 @nL�N
$R0w Cc RN3 R8 L�Nw U�ajc R8 j@Cc cwcj3LY r3 CNj3a�,j sCj@ Rna cnaaRnN0CN<c CN L�Nw 0C{3a3Nj s�wc
j@aRn<@ Rna c3Nc3c �N0 �,jCRNcY i@3a3 �a3 LRa3. I3cc NRjC,3�$I3 CNj3a�,jCRNc j@�N j@Rc3 �IRN3- Qna
$R0w ,�N a3�,j cC<NC~,�NjIw s@3N Cj ,RL3c CN ,RNj�,j sCj@ �N �IC3N R$E3,j ICG3 � qCanc Ra URII3NY
i@3 cCy3 R8 j@3 3NqCaRNL3Nj�I CN�n3N,3 0R3c NRj �Is�wc ,Raa3I�j3 jR j@3 cCy3 R8 CLU�,j Cj @�c RN Rna
$R0wY 7Ra 3u�LUI3. � qCanc ,�N 0�L�<3 � $R0w cC<NC~,�NjIw LRa3 j@�N � 83�j@3aY

BN j@Cc j@3cCc. s3 sCII IRRG �j c3q3a�I 3NqCaRNL3Nj�I CN�n3N,3c �N0 jaw jR nc3 j@3L jR Ua30C,j j@3
sRaGIR�0 R8 @RcUCj�I 3L3a<3N,w aRRLcY

i@3 s3�j@3a Cc �LRN< j@3 LRcj 3uj3NcCq3Iw cjn0C30 3NqCaRNL3Nj�I CN�n3N,3c RN Rna @3�Ij@Y Bj @�c
$33N c@RsN j@�j j@3 j3LU3a�jna3 CN�n3N,3c j@3 aCcG R8 ,@CI0a3Nȕc @RcUCj�I �0LCccCRN )HTbZSO*. j@3
aCcG R8 UN3nLRNC� )b+FZSO*. �N0 Rj@3a 0Cc3�c3c )`#?zl*Y i@3 s3�j@3a ,�N �IcR CN�n3N,3 @nL�Ncȕ
Ucw,@RIR<C,�I s3IIA$3CN<. s@C,@ s�c c@RsN CN � cjn0w $w #a�N0I 2Y 3j �IY )#H#ZS4*Y

+IRc3Iw ,RNN3,j30 jR j@3 j3LU3a�jna3. j@3 jCL3 R8 w3�a ,�N @�q3 �N CN�n3N,3 jRRY i@3 �LRnNj �N0
GCN0 R8 ,RLUI�CNjc j@�j �UU3�a CN j@3 2` ,@�N<3c sCj@ j@3 c3�cRN �N0 0�w R8 j@3 s33G )MH#reS*Y

�NRj@3a �a3� j@�j @�c $33N @3�qCIw a3c3�a,@30 CN j@3 I�cj w3�ac @�c $33N �Ca URIInjCRNY Bj ,�N $3
L3�cna30 j@aRn<@ j@3 ,RN,3Nja�jCRN R8 @�aL8nI <�c ICG3 #$2 VNCjaR<3N 0CRuC03W Ra $3 VRyRN3WY
�NRj@3a URIInj�Nj Cc LC,aRc,RUC, U�ajC,I3c. R8j3N ,RII3,jCq3Iw a383aa30 jR �c TKt. s@C,@ 03~N3c
U�ajC,I3c sCj@ � L�uCLnL �3aR0wN�LC, 0C�L3j3a R8 t LC,aRNcY

�Ca URIInjCRN ,�N $3 ,RNN3,j30 jR a3cUCa�jRaw 0Cc3�c3c CN #�a,3IRN� )+bb�O9*. #RcjRN )x�Nzf*.
b�Nj� +I�a� )H?QOe*. �N0 b3�jjI3 )bbHZOk*Y �00CjCRN�IIw. ?�IRN3N DY 3j �IY )?HvZz4* c@Rs30 j@�j
�Ca URIInjCRN �{3,jc �II �<3 <aRnUc sCj@ � 0C{3a3Nj jCL3I�<Y r@CI3 3I03aIw U3RUI3 @�0 CLL30C�j3
3{3,jc. �cj@L�Aa3I�j30 2` qCcCjc 8aRL ,@CI0a3N R,,naa30 ~q3 0�wc I�j3aY

Bj Cc � sC03cUa3�0 $3IC38 j@�j j@3 LRRN. LRa3 cU3,C~,�IIw j@3 InN�a ,w,I3. cC<NC~,�NjIw CN�nA
3N,3c @nL�N Ucw,@RIR<wY b3q3a�I cjn0C3c @�q3 IRRG30 �j j@Cc sCj@ 0C{3a3Nj a3cnIjcY M3q3aj@3A
I3cc. j@3 ,RNc3Ncnc j3N0c jR c33 NR ,RNN3,jCRN $3js33N @nL�N $3@�qCRa �N0 j@3 InN�a ,w,I3
)F�bDSS*)QF4k*)K/?zf*Y
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l 7RnN0�jCRNc

lYl B+/ASz +R03c

K�GCN< L30C,�I 0�j� CNj3aN�jCRN�IIw ,RLU�a�$I3 �N0 3u,@�N<3�$I3 a3\nCa3c � cj�N0�a0 cjan,jna3 jR
,RII3,j CjY i@3 sRaI0 @3�Ij@ Ra<�NCy�jCRN Vr?QW UaRqC03c cn,@ � cjan,jna3 CN j@3 8RaL R8 j@3 B+/
cwcj3LY ȓ+ICNC,�I j3aLc ,R030 sCj@ B+/ �a3 j@3 L�CN $�cCc 8Ra @3�Ij@ a3,Ra0CN< �N0 cj�jCcjC,c RN
0Cc3�c3 CN UaCL�aw. c3,RN0�aw. �N0 j3ajC�aw ,�a3. �c s3II �c RN ,�nc3 R8 03�j@ ,3ajC~,�j3cȓ)Qa<*Y

i@3 N3s3cj Cj3a�jCRN R8 j@3 B+/ cwcj3L Cc q3acCRN SS. a3I3�c30 CN D�Nn�aw lzllY i@3 q3acCRN nc30
0naCN< 0�j� ,RII3,jCRN s�c j@3 Ua3qCRnc RN3. B+/ASzY

i@3 B+/ASz cwcj3L UaRqC03c @C3a�a,@C,�IIw cRaj30 0C�<NRc3cY KnIjCUI3 cCLCI�a 0C�<NRc3c �a3
<aRnU30 CN ll jRUAI3q3I ,�j3<RaC3c ,�II30 ,@�Uj3acY 2�,@ jRUAI3q3I ,�j3<Raw Cc � c3L�NjC, ,RII3,jCRN
R8 0C�<NRc3cY 7Ra 3u�LUI3. ,@�Uj3a tB Cc L�03 R8 j@3 B+/ASz ,R03c Fzz jR FOk �N0 a3Ua3c3Njc
0Cc3�c3c R8 j@3 0C<3cjCq3 cwcj3L )FaR*Y

i@3 ,�j3<RaC3c �a3 �II ICcj30 CN j@3 �UU3N0Cu �Y 7naj@3a CN8RaL�jCRN ,�N $3 a3jaC3q30 8aRL j@3
s3$cCj3 )FaR*

lYk K�,@CN3 H3�aNCN<

K�,@CN3 I3�aNCN< UaRqC03c � $aR�0 a�N<3 R8 jRRIc jR sRaG sCj@ q�cj 0�j�Y �c j@3 N�L3 cn<<3cjc.
j@Rc3 jRRIc ,�N I3�aN 8aRL j@Cc 0�j�Y i@3 �CL Cc jR <3N3a�ICy3 j@3 UaR$I3Lc cR j@�j j@3 cRInjCRN ,�N
$3 cn,,3cc8nIIw �UUIC30 jR 3u�LUI3c j@�j s3a3 NRj U�aj R8 j@3 ja�CNCN< 0�j�Y bn,@ � c3I8AI3�aN30
<3N3a�ICy�jCRN Cc LRa3 cja�C<@j8Ras�a0 jR ,a3�j3 j@�N @�a0A,R0CN< 3q3aw URccC$I3 UaR$I3L q�aC�jCRN
�N0 @Rs jR cRIq3 CjY i@Cc C03� ȓCc �c RI0 �c ,RLUnj3ac j@3Lc3Iq3c. U3a@�Uc RI03a cjCIIȓ )Fn$Se*Y
QNIw SO4k. j@3 ~acj $RRG ,RII3,jCN< a3c3�a,@ U�U3ac CN j@Cc ~3I0 s�c Un$ICc@30- ȓK�,@CN3 H3�aNCN<-
i@3 �B �UUaR�,@ȓ. s@C,@ L�G3c L�,@CN3 I3�aNCN< � a3I�jCq3Iw wRnN< ~3I0 )+KK4k*Y bCN,3 j@3N.
j@3 ~3I0 @�c 03q3IRU30 0Ry3Nc R8 L�,@CN3 I3�aNCN< �I<RaCj@Lc j@�j nc3 0C{3a3Nj C03�c jR 3uja�,j
,RN,3Ujc 8aRL 0�j�Y ;3N3a�IIw. j@3a3 �a3 j@a33 0C{3a3Nj ,�j3<RaC3c R8 L�,@CN3 I3�aNCN< j@�j �II @�q3
�0q�Nj�<3cY

mNcnU3aqCc30 I3�aNCN< 0R3c NRj a3\nCa3 3u�LUI3 cRInjCRNc Ra 3uj3NcCq3 ,RNjaRI R8 j@3 RnjUnjY Bj ȓCc
CNj3a3cj30 CN 0Cc,Rq3aCN< nc38nI UaRU3ajC3c R8 �q�CI�$I3 0�j�ȓ )Fn$Se*Y � jwUC,�I nc3 sRnI0 $3 j@3
+Incj3a �N�IwcCc. CN s@C,@ ȓj@3 CNUnj Cc � c3j R8 3u�LUI3c. 3�,@ 03c,aC$30 $w � q3,jRa R8 �jjaC$nj3
q�In3cġ$nj NR ,I�cc I�$3IcY i@3 RnjUnj Cc � c3j R8 jsR Ra LRa3 ,Incj3ac R8 3u�LUI3cȓ )Fn$Se*Y
i@3c3 ,Incj3ac sCII NRj $3 $�c30 RN �Nw @nL�NA<Cq3N I�$3I $nj RN j@3 0�j� �IRN3. s@C,@ @�c � @C<@3a
UaR$�$CICjw R8 ,RNj�CNCN< nN3uU3,j30 a3cnIjc)M�cSe*Y ȓi@nc. ,Incj3a �N�IwcCc Cc � q3aw UaRLCcCN<
jRRI 8Ra j@3 3uUIRa�jCRN R8 a3I�jCRNc@CUc $3js33N L�Nw U�U3acȓ )M�cSe*Y

�NRj@3a ,�j3<Raw Cc cnU3aqCc30 I3�aNCN<. CN s@C,@ ȓj@3 q�aCRnc �I<RaCj@Lc <3N3a�j3 � 8nN,jCRN j@�j
L�Uc CNUnjc jR 03cCa30 RnjUnjcY QN3 cj�N0�a0 8RaLnI�jCRN R8 j@3 cnU3aqCc30 I3�aNCN< j�cG Cc j@3
,I�ccC~,�jCRN UaR$I3L- j@3 I3�aN3a Cc a3\nCa30 jR I3�aN VjR �UUaRuCL�j3 j@3 $3@�qCRa R8W � 8nN,jCRN
j@�j L�Uc � q3,jRa CNjR RN3 R8 c3q3a�I ,I�cc3c $w IRRGCN< �j c3q3a�I CNUnjARnjUnj 3u�LUI3c R8 j@3
8nN,jCRNȓ )M�cSe*Y i@Cc UaRqC03c � cwcj3L j@�j Cc LRa3 Ua303~N30 $w @nL�N 03cC<N $nj Cc LRa3
ICG3Iw jR LCcc nN3uU3,j30 ,Raa3I�jCRNcY)M�cSe*

f



lY: �ajC~,�I M3na�I M3jsRaGc

b3LCAcnU3aqCc30 I3�aNCN< ,RL$CN3c $Rj@ j@Rc3 C03�c $w UaRqC0CN< I�$3I30 �N0 nNI�$3I30 3u�LUI3c
jR<3j@3aY Bj UaRqC03c j@3 I3�aNCN< UaR,3cc sCj@ @CNjc RN s@C,@ I�$3Ic c@RnI0 L�U j@3 0�j�. s@C,@ Cc
�0q�Nj�<3Rnc C8 j@3 <3N3a�jCRN R8 I�$3I30 3u�LUI3 0�j� Cc 3cU3,C�IIw 3uU3NcCq3Y )x;zO*

�Ij3aN�jCq3Iw. j@3a3 Cc a3CN8Ra,3L3Nj I3�aNCN<. s@C,@ nc3c 3NqCaRNL3Nj�I 8330$�,G jR C03NjC8w j@3
cwcj3Lȕc \n�ICjwY i@Cc 8330$�,G Cc R8j3N ,�II30 j@3 ~jN3cc 8nN,jCRNY ȓQN3 R8 j@3 ,@�II3N<3c j@�j �aCc3
CN a3CN8Ra,3L3Nj I3�aNCN<. �N0 NRj CN Rj@3a GCN0c R8 I3�aNCN<. Cc j@3 ja�03AR{ $3js33N 3uUIRa�jCRN
�N0 3uUIRCj�jCRNȓ )b#O4*Y

�c j@Cc j@3cCc ,I�ccC~3c CNUnj 0�j� CNjR Ua303~N30 ,I�cc3c. cnU3aqCc30 I3�aNCN< Cc j@3 LRcj a3I3q�Nj
,�j3<Raw R8 �I<RaCj@LcY i@Cc ,�j3<Raw Cc c3U�a�j30 CNjR ,I�ccC~,�jCRN. s@C,@ cRajc j@3 CNUnj CNjR
Ua303~N30 ,I�cc3c. �N0 a3<a3ccCRN L�U j@3 CNUnj cU�,3 CN � a3�I q�In3 0RL�CNY

ȓ�IRN< sCj@ a3<a3ccCRN �N0 UaR$�$CICjw 3cjCL�jCRN. ,I�ccC~,�jCRN Cc RN3 R8 j@3 LRcj cjn0C30 LR03Ic.
URccC$Iw RN3 sCj@ j@3 <a3�j3cj Ua�,jC,�I a3I3q�N,3Y i@3 URj3NjC�I $3N3~jc R8 UaR<a3cc CN ,I�ccC~,�jCRN
�a3 CLL3Nc3 cCN,3 j@3 j3,@NC\n3 @�c � <a3�j CLU�,j RN Rj@3a �a3�c. $Rj@ sCj@CN /�j� KCNCN< �N0 CN
Cjc �UUIC,�jCRNcȓ )M�cSe*Y

r@CI3 L�,@CN3 I3�aNCN< nc3c ,RII3,j30 0�j� �N0 3u�LUI3c jR I3�aN j@3 a3I3q�Nj U�jj3aNc CNcj3�0 R8
3uU3aj @3naCcjC,c. Cj Cc CLURaj�Nj NRj jR $3IC3q3 j@�j j@Cc a3LRq3c $C�c 8aRL j@3 cwcj3LY /�j� �N0
3u�LUI3c ,�N $3 �c $C�c30 �c �N 3uU3aj �N0 Lncj $3 ja3�j30 j@�j s�wY

�c 3�aIw �c SOO:. L�,@CN3 I3�aNCN< s�c UaRURc30 �c �N �Ij3aN�jCq3 jR cj�jCcjC,�I �N�IwcCc CN j@3
L30C,�I ~3I0Y BN j@3Ca U�U3a. ?�aaw #Y #naG3 3j �IY UaRURc3 jR a3UI�,3 j@3 ja�0CjCRN�I UiMK cj�<CN<
cwcj3L 8Ra ,�N,3a UaR<NRcCc sCj@ N3na�I N3jsRaGc. �c j@3w ȓ�a3 �$I3 jR cC<NC~,�NjIw CLUaRq3 $a3�cj
,�N,3a Rnj,RL3 Ua30C,jCRN �,,na�,w s@3N ,RLU�a30 jR j@3 iMK cj�<3 cwcj3Lȓ )#`;O:*Y i@3
�,,na�,w R8 Sz 0C{3a3Nj cwcj3Lc s�c ,RLU�a30 sCj@ 0�j� 8aRL 9SfO ja�CNCN< ,�c3c �N0 kSzl j3cj
,�c3cY i@3 LRcj cC<NC~,�Nj CLUaRq3L3Nj j@3w L3NjCRN30 s�c j@3 �$CICjw R8 L�,@CN3 I3�aNCN< jR
CN,In03 LRa3 8�,jRac CN j@3 Ua30C,jCRN jR CN,a3�c3 j@3 �,,na�,w)#`;O:*Y

lY: �ajC~,�I M3na�I M3jsRaGc

�ajC~,C�I N3na�I N3jsRaGc �a3 � ,RLLRN CLUI3L3Nj�jCRN j@�j ,�N $3 nc30 CN 3q3aw GCN0 R8 L�,@CN3
I3�aNCN< UaR$I3L ICcj30 �$Rq3Y Bj Cc CNcUCa30 $w j@3 $CRIR<C,�I $a�CN. s@C,@ nc3c L�Nw ,RNN3,j30
N3naRNc �N0 Cc a3Ua3c3Nj30 $w � 0Ca3,j30 <a�U@Y i@3 NR03c �a3 j@3 �ajC~,C�I N3naRNc. �N0 j@3 30<3c
�a3 j@3 ,RNN3,jCRNc R8 j@3 N3naRNcY

2�,@ N3naRN s3C<@jc 3�,@ 30<3 URCNjCN< CNjR Cj. �N0 �N �,jCq�jCRN 8nN,jCRN q 03,C03c s@3N j@3
N3naRN ~a3cY � ~aCN< N3naRN UaRqC03c � cC<N�I RN 3�,@ Rnj<RCN< 30<3 8Ra j@3 cn$c3\n3Nj NR03c jR
sRaG sCj@Y

Qq3a�II � N3naRN sCj@ N CNUnjc Cc a3Ua3c3Nj30 $w j@3 8nN,jCRN

VlYSW H = q(⌃(�8 · F8)) |8 2 [0, =]

BN j@Cc 3\n�jCRN. �8 a3Ua3c3Njc j@3 CNUnj UaRqC030 $w j@3 NR03 8 8aRL j@3 I�cj I�w3aY F8 Cc j@3
,Raa3cURN0CN< s3C<@j. �N0 H Cc j@3 RnjUnj R8 j@3 ,naa3Nj NR03Y

e



l 7RnN0�jCRNc

7C<na3 lYS- i@3 �$cja�,j cjan,jna3 R8 �N �ajC~,�I N3naRN VUC,jna3 $�c30 RN )DR�lz* W

⌃(�8 · F8) |88F2

F1

F3

�1

�2

�3

q(⌃) H

�00CjCRN�IIw. � I3�aNCN< 8nN,jCRN 3uCcjc j@�j ,�N ,@�N<3 3�,@ N3naRNȕc $C�c jR ~j j@3 CNj3N030 cRInjCRNY
/3U3N0CN< RN j@3 03cC<N �N0 UaR$I3L. j@3 I3�aNCN< �N0 �,jCq�jCRN 8nN,jCRNc ,�N q�aw 8aRL N3na�I
N3jsRaG jR N3na�I N3jsRaGY

?Rs 0a�cjC,�IIw j@3 q�In3c ,@�N<3 Cc 03~N30 $w j@3 I3�aNCN< a�j3Y B8 j@3 a�j3 Cc @C<@. j@3 LR03I L�w
EnLU Rq3a j@3 RUjCL�I ,RN~<na�jCRN �N0 RNIw cj�wc CN Cjc UaRuCLCjw sCj@Rnj 3q3a a3�,@CN< CjY B8 Cj Cc
jRR IRs. Cj ,�N j�G3 cC<NC~,�NjIw IRN<3a jR ja�CNY i@3 LRcj ,RLLRN cRInjCRN Cc jR cj�aj sCj@ � @C<@
I3�aNCN< a�j3 �N0 a30n,3 Cj Rq3a jCL3 jR �IIRs LRa3 Ua3,Cc3 ,Raa3,jCRNcY

i@3 Rj@3a L�CN 03cC<N URCNj R8 �N �ajC~,C�I N3na�I N3jsRaG Cc j@3 �a,@Cj3,jna3 R8 j@3 N3naRN <a�U@
Cjc3I8Y i@3a3 �a3 L�Nw C03�c RN @Rs jR cjan,jna3 j@3 N3jsRaGY 2�,@ �UUaR�,@ @�c �0q�Nj�<3c �N0
0Cc�0q�Nj�<3c. ICG3 j@3 0C{3a3Nj L�,@CN3 I3�aNCN< �UUaR�,@3cY

lY:YS 7330 7Ras�a0 N3jsRaGc

7330 7Ras�a0 Cc � cCLUI3 03cC<N UaCN,CUI3 s@3a3CN 3�,@ I�w3a 8330c Cjc RnjUnjc RNIw jR j@3 N3uj I�w3aY
i@3 a3cnIjCN< <a�U@ cjan,jna3 Cc 0Ca3,j30 �N0 �,w,IC,Y 2�,@ UC3,3 R8 CN8RaL�jCRN RNIw U�cc3c RN,3
j@aRn<@ j@3 N3jsRaGY

QN3 CLUI3L3Nj�jCRN R8 j@3 8330A8Ras�a0 03cC<N Cc j@3 cRA,�II30 LnIjCAI�w3a U3a,3UjaRN VKHTW Bj Cc
j@3 LRcj ,RLLRN 03cC<N U�jj3aN 8Ra �ajC~,C�I N3na�I N3jsRaGc �N0 ,�N $3 8RnN0 CN ,I�ccC~,�jCRN.
a3<a3ccCRN. �N0 8Ra3,�cjCN< cwcj3Lc)7CNOO*Y � LnIjCAI�w3a U3a,3UjaRN ,RNj�CNc �j I3�cj j@a33 I�w3ac-

SY BNUnj H�w3a- i@Cc I�w3a Cc j@3 CNj3a�,jCRN URCNj jR CNc3aj 0�j� CNjR j@3 �ajC~,C�I N3na�I N3jsRaGY

lY QnjUnj H�w3a- i@Cc I�w3a ,RNj�CNc �II j@3 cRInjCRNc j@3 cwcj3L ,�N @�q3Y 7Ra 3u�LUI3. j@3
,I�cc3c Cj jaC3c jR 0C{3a3NjC�j3 $3js33NY

kY ?C003N H�w3aVcW- � KHT ,�N ,RNj�CN RN3 Ra LRa3 @C003N I�w3ac. s@C,@ �a3 �II 8nIIw ,RNN3,j30
�N0 0R j@3 L�CN U�aj R8 j@3 ,�I,nI�jCRNY

H�w3ac CN cn,@ N3jsRaGc �a3 R8j3N N�L30 8nIIw ,RNN3,j30. � cCLUI3 j3aL jR 03c,aC$3 jsR I�w3ac CN
s@C,@ 3q3aw NRj3 R8 j@3 ~acj I�w3a @�c �N 30<3 jR 3q3aw NR03 R8 j@3 c3,RN0 I�w3aY Bj s�c �Ia3�0w nc30
CN j@3 LnIjCAI�w3a U3a,3UjaRN CN 7C<na3 lYlY � ,RNN3,j30 CNUnj ,�N cjCII $3 ja�CN30 jR $3 C<NRa30.
s@CI3 � LCccCN< ,RNN3,jCRN UaRqC03c �N Caa3LRq�$I3 $C�cY
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lY: �ajC~,�I M3na�I M3jsRaGc

?C003N H�w3a QnjUnj H�w3aBNUnj H�w3a

7C<na3 lYl- �N 3u�LUI3 8Ra � 8330 8Ras�a0c �ajC~,�I N3na�I N3jsRaG- KnIjC H�w3a T3a,3UjaRN
V03cC<N30 �8j3a )F#FSS*W

lY:Yl `3,naa3Nj N3jsRaGc

r@CI3 � 0Ca3,j30 <a�U@ cjCII a3Ua3c3Njc a3,naa3Nj N3jsRaGc. j@3w ,RNj�CN IRRUc 03cC<N�j30 jR G33U
cj�j3c Rq3a LnIjCUI3 3u3,njCRNc R8 j@3 �ajC~,C�I N3na�I N3jsRaGY i@Rc3 c@RajAj3aL L3LRaw cjan,jna3c
�a3 ,�II30 ,RNj3uj I�w3ac )biz9* �N0 UaRqC03 � cC<N�I $�,G jR � Ua3qCRnc I�w3aY

�N 3u�LUI3 R8 a3,naa3Nj �ajC~,C�I N3jsRaG �a,@Cj3,jna3 Cc j@3 IRN<Ac@Raj j3aL L3LRaw VHbiKW
�a,@Cj3,jna3Y i@3w CNjaR0n,3 � cRA,�II30 HbiK ,3II. s@C,@ UaRqC03c j@3 �ajC~,C�I N3na�I N3jsRaG
sCj@ j@3 �$CICjw jR G33U �N CNj3aN�I cj�j3 Rq3a LnIjCUI3 CNUnjc. L�GCN< HbiK N3jsRaGc 3cU3,C�IIw
<RR0 s@3N j@3 CNUnj Cc � c3\n3N,3. ICG3 j3uj. �n0CR. �N0 qC03R )vb?xSO*Y

O





k `3I�j30 rRaG

kYS `3\nCa3L3Njc

i@Cc ,@�Uj3a 3uUI�CNc CN 03j�CI s@�j j@3 UaRR8 R8 ,RN,3Uj UaRjRjwU3 Cc CNj3N030 jR $3Y `3\nCa3L3Njc
�a3 � ,Ra3 ,RN,3Uj CN cR8js�a3 03q3IRUL3Nj. �c j@3w �IIRs � Ua3,Cc3 03~NCjCRN R8 j@3 CNj3N030 cwcj3LY
i@Cc @�UU3Nc CN � UaR,3cc ,�II30 a3\nCa3L3NjcA3N<CN33aCN<Y Bj CNj3N0c jR C03NjC8w j@3 UaR$I3L j@3
cwcj3L c@RnI0 cRIq3 �N0 j@3 cRA,�II30 cj�G3@RI03ac CNj3a3cj30 CN � cRInjCRN )T�aSz*Y

bj�G3@RI03ac �a3 U3acRNc j@�j 0Ca3,jIw Ra CN0Ca3,jIw CN�n3N,3 j@3 a3\nCa3L3Njc 8Ra j@3 cwcj3L )FI�lS*Y
mcn�IIw. j@3w sRnI0 $3 CNj3aqC3s30 jR 3Ncna3 j@3 ,Raa3,j a3\nCa3L3Njc 03U3N0CN< RN j@3 CLURaj�N,3
R8 j@3Ca CN�n3N,3Y ?Rs3q3a. $3,�nc3 j@Cc j@3cCc RNIw jaC3c jR ,a3�j3 � UaRR8 R8 ,RN,3Uj UaRjRjwU3.
j@Cc Cc NRj N33030 �c 3uj3NcCq3Iw �c 8Ra �N �,jn�I UaR0n,jY

isR 0R,jRac R8 j@3 mNCq3acCj¡jcGICNCGnL 7a3C$na< �a3 CNj3aqC3s30 �c U�aj R8 j@3 a3\nCa3L3Njc
3N<CN33aCN< UaR,3ccY i@3w a3Ua3c3Nj j@3 cj�G3@RI03ac CN j@3 ,RNj3uj R8 j@Cc j@3cCcY

kYSYS bj�G3@RI03ac

T�jC3Njc

T�jC3Njc �a3 CNj3a3cj30 CN j@3 \n�ICjw R8 j@3 a3,3Cq30 ,�a3. 3cU3,C�IIw �c j@Cc ,�a3 Cc qCj�I 8Ra j@3Ca
s3IIA$3CN< �N0 3q3N j@3Ca cnaqCq�IY r@3N U�jC3Njc �aaCq3 �j j@3 3L3a<3N,w aRRL. j@3w s�Nj jR $3
j�G3N ,�a3 R8 �c cRRN �c URccC$I3 $w cj�{ j@�j Cc �c \n�IC~30 �c URccC$I3 8Ra j@3Ca cCjn�jCRNY

� cwcj3L�jC, ICj3a�jna3 a3qC3s �$Rnj U�jC3Nj 3uU3aC3N,3c CN j@3 3L3a<3N,w 03U�ajL3Nj �N�Iwy30 Sze
Un$IC,�jCRNcY Bj C03NjC~30 ȓcj�{AU�jC3Nj ,RLLnNC,�jCRNȓ �c j@3 LRcj 8a3\n3Nj j@3L3. sCj@ ȓs�Cj
jCL3cȓ �c j@3 c3,RN0 LRcj 8a3\n3Nj RN3 )b�HZSe*Y

K30C,�I bj�{

i@3 L30C,�I cj�{ Cc �N 3cc3NjC�I U�aj R8 3q3aw 3L3a<3N,w aRRLY rCj@Rnj 0R,jRac. Nnac3c. �N0 Rj@3a
3LUIRw33c. � @RcUCj�I sRnI0 $3 nN�$I3 jR RU3a�j3Y M3q3aj@3I3cc. j@Cc 3cc3NjC�I a3cRna,3 Cc nN�$I3 jR
sRaG CN03~NCj3IwY T3RUI3 ,�NNRj sRaG �a$Cja�aCIw IRN< sCj@Rnj UaR$I3Lcd CN LRcj ,RnNjaC3c. j@3w �a3
UaRj3,j30 $w I�$Ra I�scY i@Cc <Cq3c 3q3aw c@C8j �N nUU3a ICLCj 8Ra I3N<j@Y �00CjCRN�IIw. U3RUI3 0R NRj
s�Nj jR C0I3 sCj@Rnj sRaG. L�GCN< Rq3acj�|N< � UaR$I3LY

SS



k `3I�j30 rRaG

?RcUCj�I K�N�<3L3Nj

i@3 @RcUCj�I L�N�<3L3Nj Cc j@3 RU3a�jCRN�I @3�0 R8 � @RcUCj�IY Bj 03,C03c @Rs j@3 @RcUCj�I �,jc 3�,@
0�wY 7Ra j@3 @RcUCj�I jR RU3a�j3 �c s3II �c URccC$I3. j@3 L�N�<3L3Nj s�Njc jR CN,a3�c3 3{3,jCq3N3cc.
L�uCLCy3 Ua30C,j�$CICjw �N0 a30n,3 j@3 C0I3 jCL3 R8 3cc3NjC�I a3cRna,3c ICG3 3\nCUL3Nj �N0 cj�{Y

BN03U3N03Nj 2j@C,c +RLLCjj33

i@3 CN03U3N03Nj 3j@C,c ,RLLCjj33 Cc � U�aj R8 nNCq3acCjC3c �N0 cCLCI�a CNcjCjnjCRNc j@�j a3qC3sc �N0
LRNCjRac a3c3�a,@ 3{Rajc jR 3Ncna3 3j@C,�I cj�N0�a0cY Bj ,�N $3 ,an,C�I C8 j@3 a3c3�a,@ sRaGc sCj@
U3RUI3 Ra U3acRN�I CN8RaL�jCRN. ICG3 L30C,�I U�jC3Nj 0�j�Y

i@3w CNj3N0 jR UaRj3,j j@3 aC<@jc �N0 s3I8�a3 R8 U3RUI3 s@R �a3 U�aj R8 j@3 a3c3�a,@ Ra �Nw cjn0wY

i@3 CN03U3N03Nj 3j@C,c ,RLLCjj33 �cc3cc3c a3c3�a,@ �N0 UaR,30na3c sCj@ a3I3q�Nj a3,R<NCy30
c,C3NjC~, UaR,30na3c �N0 ,aCj3aC� �N0 CN �,,Ra0�N,3 sCj@ �nj@RaCj�jCq3 CNj3aN�jCRN�I 3j@C,�I NRaLc �N0
cj�N0�a0cY B8 N33030. �00CjCRN�I UaR83ccCRN�I �ccR,C�jCRNc. ICG3 j@3 UaR83ccCRN�I. 3j@C,�I <nC03ICN3c
R8 j@3 ;3aL�N Tcw,@RIR<Ccjcȕ �ccR,C�jCRN �N0 j@3 ;3aL�N Tcw,@RIR<C,�I bR,C3jw �a3 ,RNcnIj30
)FaClS*Y

;Rq3aNL3Nj

�c � a3Ua3c3Nj�jCq3 R8 j@3 U3RUI3. j@3 <Rq3aNL3Nj CLURc3c a3cjaC,jCRNc RN j@3 �,jCRNc R8 �II Rj@3a
cj�G3@RI03ac. 3cU3,C�IIw j@3 @RcUCj�I L�N�<3L3Nj. CN03U3N03Nj 3j@C,c ,RLLCjj33. �N0 L30C,�I cj�{Y
i@3 CNj3NjCRN @3a3 Cc jR UaRj3,j j@3 U�jC3Njc �N0 3LUIRw33c 8naj@3aY T�jC3Njc �a3 UaRj3,j30 CN LnIjCUI3
s�wcY

7Ra 3u�LUI3. j@3 ȓT�jC3Nj3N0�j3NAb,@njyA;3c3jyȓ VT�jC3Nj /�j� TaRj3,jCRN �,jW UaRj3,jc U�jC3Njcȕ
U3acRN�I 0�j� �N0 3Ncna3c j@3 aC<@j jR � 0C<Cj�I L30C,�I a3,Ra0Y 7Ra j@�j. Cj a3<nI�j3c @Rs j@3 L30C,�I
c3,jRa @�c jR sRaG sCj@ c�C0 0�j� )T/b;*Y

�NRj@3a <aRnU R8 I�sc j@�j Cc CNj3a3cjCN< 8Ra j@Cc j@3cCc Cc I�$Ra I�scY 7Ra 3u�LUI3. j@3 ȓ�a$3Cjcy3CjA
<3c3jyȓ ICLCjc j@3 jCL3 �N 3LUIRw33 ,�N sRaG U3a 0�w Ra @Rs IRN< $a3�Gc @�q3 jR $3 )�a$x;*Y

Sl



kYS `3\nCa3L3Njc

kYSYl `3\nCa3L3Njc

rRaGIR�0 Ta30C,jCRN

8nN,jCRN�I a3\nCa3L3Nj

QN3 s�w jR CLUaRq3 j@3 UaRqC030 c3aqC,3 CN � @RcUCj�I 3L3a<3N,w aRRL Cc jR RUjCLCy3 j@3 �q�CI�$I3
cj�{ jR j@3 U�jC3Nj 03L�N0Y QUjCLCy�jCRN L3�Nc. CN j@Cc ,RNj3uj. j@�j j@3 cj�{ c@RnI0 N3Cj@3a $3 C0I3
NRa c@RnI0 Cj 3u,330 I3<�I Ra c3NcC$I3 c@C8j I3N<j@c. s@CI3 j@3 sRaG8Ra,3 Cc �Is�wc �$I3 jR j�G3 ,�a3
R8 j@3 U�jC3Njc sCj@ �UUaRUaC�j3 s�Cj jCL3cY i@3 @RcUCj�I N330c jR GNRs s@�j GCN0 R8 U3acRNN3I sCII
$3 N33030 CN �0q�N,3 jR �,@C3q3 j@CcY

i@3a38Ra3. j@3 ,Ra3 83�jna3 R8 j@Cc j@3cCc Cc j@3 Ua30C,jCRN R8 @Rs L�Nw U�jC3Njc sCII �aaCq3 �j j@3
@RcUCj�I �N0 s@�j GCN0 R8 ja3�jL3Nj j@3w sCII N330Y

Ta30C,jCRN R8 KnIjCUI3 FCN0c R8 /C�<NRc3c

8nN,jCRN�I a3\nCa3L3Nj

r@3N � U�jC3Nj �aaCq3c �j j@3 3L3a<3N,w aRRL. @Cc UaR$I3L ,�N $3 RN3 R8 L�Nw. �N0 Cj sRnI0 $3
CLURccC$I3 8Ra � cCN<I3 L30C,�I UaR83ccCRN�I jR $3 �$I3 jR ja3�j �II URccC$I3 UaR$I3LcY Qq3a�II. j@3
B+/ASz cwcj3L ICcjc ll ,�j3<RaC3c. 3�,@ ,RNj�CNCN< 0Ry3Nc R8 CN0CqC0n�I <aRnUc. s@C,@ ,�N �IcR $3
c3U�a�j30 CNjR 0C{3a3Nj 0C�<NRc3c )Qa<*)FaR*Y 7Ra 3u�LUI3. � N3naRIR<Ccj Cc NRj �Is�wc \n�IC~30
jR j�G3 ,�a3 R8 U�jC3Njc j@�j @�q3 �N 3cc3NjC�I VUaCL�awW @wU3aj3NcCRN VBSzW. �N0 � ?3L�jRIR<Ccj Cc
NRj �Is�wc �$I3 jR j�G3 ,�a3 R8 j@3 ,RNc3\n3N,3c R8 CN��LL�jRaw 0Cc3�c3c R8 j@3 ,3Nja�I N3aqRnc
cwcj3L V;zOWY Bj L�G3c j@3 �q�CI�$CICjw R8 cU3,C�ICy30 cj�{ CLURaj�NjY

bCLCI�aIw. j@3 Ua30C,jCRN Cjc3I8 c@RnI0 NRj 8R,nc RN RN3 GCN0 R8 CIIN3cc Ra RN3 0C�<NRcCc �IRN3Y
BNcj3�0. Cj c@RnI0 <Cq3 � Ua30C,jCRN 8Ra LnIjCUI3 B+/ASz ,�j3<RaC3c. s@C,@ c@RnI0 $3 @3IU8nI CN cj�{
UI�NNCN<Y

b3NcC$I3 iCL3 7a�L3

NRNA8nN,jCRN�I a3\nCa3L3Nj

i@3 sRaGIR�0 Ua30C,jCRN Lncj Ua30C,j j@3 NnL$3a R8 U�jC3Njc 8Ra � cU3,C~, jCL3 8a�L3 jR cnUURaj
cj�{ UI�NNCN<Y i@Cc jCL3 8a�L3 Lncj $3 L�j,@30 jR sRaG jCL3c CN �N 3L3a<3N,w aRRL �N0 j@3
3NqCaRNL3Nj 0�j� RN s@C,@ j@3 Ua30C,jCRN sCII $3 $�c30Y b3q3a�I RUjCRNc ,RnI0 $3 ,@Rc3N- @RnaIw.
0�CIw. s33GIw. �N0 LRNj@IwY r@CI3 � LRa3 <a�NnI�a jCL38a�L3 ICG3 @RnaIw sRnI0 $3 j@3 LRcj nc38nI.
Cj Cc �IcR LRa3 UaR$�$I3 j@�j j@3 0�j� Cc nN�q�CI�$I3 CN j@Cc <a�NnI�aCjw Ra j@�j j@3 CN8RaL�jCRN Cc jRR
cU�ac3 8Ra j@3 L�,@CN3 I3�aNCN< �I<RaCj@L jR nc3Y

r3 sCII nc3 0�CIw �N0 s33GIw �c jCL38a�L3cY i@�j c@RnI0 UaRqC03 � a3�cRN�$I3 ja�03R{Y

Sk



k `3I�j30 rRaG

b3NcC$I3 ;a�NnI�aCjw

NRNA8nN,jCRN�I a3\nCa3L3Nj

i@3 Ua30C,jCRN ,�j3<RaC3c CN s@C,@ s3 c3U�a�j3 j@3 0C�<NRc3c Lncj $3 ,@Rc3N s3IIY i@3w c@RnI0 NRj
$3 jRR $aR�0. �c j@�j sRnI0 Ua3q3Nj j@3 �0q�Nj�<3c 8Ra cj�{ UI�NNCN< j@�j j@Cc cwcj3L c@RnI0 UaRqC03Y
QN j@3 Rj@3a @�N0. N3Cj@3a c@RnI0 j@3w $3 jRR <a�NnI�aY BN,a3�cCN< j@3 NnL$3a R8 ,�j3<RaC3c @�c �
0CLCNCc@CN< a3jnaN. �c j@3 c�L3 cj�{ sCII $3 a3cURNcC$I3 8Ra LnIjCUI3 ,�j3<RaC3cY K3�Ns@CI3. j@3
\n�ICjw R8 j@3 L�,@CN3 I3�aNCN< LR03I 03j3aCRa�j3c sCj@ j@3 CN,a3�c3 R8 RnjUnj ,�j3<RaC3c. �N0 �N
nNN3,3cc�aw CN,a3�c3 c@RnI0 $3 Ua3q3Nj30Y

i@Cc j@3cCc sCII nc3 I3cc j@�N lz ,�j3<RaC3cY i@Rc3 a3�3,j j@3 L30C,�I ,�j3<RaCy�jCRN R8 j@3 B+/ASz
cwcj3L. sCj@ cRL3 I3cc 8a3\n3Nj ,�c3c U�,G30 jR<3j@3a jR CLUaRq3 j@3 L�,@CN3 I3�aNCN< RnjUnjY

[n�ICjw R8 �N�IwcCc

NRNA8nN,jCRN�I a3\nCa3L3Nj

�c a3�ICjw Cc N�jna�IIw ,@�RjC,. j@3 Ua30C,jCRNc ,�N NRj $3 U3a83,jIw �,,na�j3Y � L�,@CN3 I3�aNCN<
cwcj3L ,�N RNIw ~N0 U�jj3aNc CN j@3 UaRqC030 ja�CNCN< 0�j� �N0 �UUIw j@Rc3 jR N3s 0�j�Y 2cU3,C�IIw
3uja3L3. a�N0RL 3q3Njc ICG3 � $aC0<3 ,RII�Uc3 Ra � L�ERa ,a�c@ ,a3�j3 @C<@ NnL$3ac R8 U�jC3Njc
j@�j j@3 cwcj3L ,�NNRj Ua30C,jY � U3a83,j Ua30C,jCRN Cc �IcR nNN3,3cc�aw. �c � LCNRa q�aC�N,3 CN j@3
NnL$3a R8 U�jC3Njc � cCN<I3 Nnac3 Ra 0R,jRa j�G3c ,�a3 R8 0R3c NRj 0a�cjC,�IIw CLU�,j j@3Ca �$CICjw jR
,�a3 8Ra j@Rc3 U�jC3NjcY

i@3 3uU3,j30 \n�ICjw R8 �N�IwcCc Cc L3�cna30 $w j�GCN< j@3 03qC�jCRN R8 j@3 Ua30C,j30 q�In3 8aRL
j@3 3uU3,j30 q�In3Y i@Cc 03qC�jCRN @�c jR $3 ,RNcCcj3NjIw $3jj3a j@�N j@3 03qC�jCRN 8aRL j@3 �q3a�<3
3uU3,j30 q�In3 8Ra j@�j jCL38a�L3Y

b3,a3j /�j�

cU3,C~,�jCRN

i@3 L�,@CN3 I3�aNCN< cwcj3L @�c jR sRaG sCj@ L30C,�I 0�j� R8 a3�I U�jC3NjcY i@Cc 0�j� @�c jR $3
3cU3,C�IIw UaRj3,j30 nN03a j@3 <3aL�N I�s S l kY i@3 cwcj3L Cc 03q3IRU30 sCj@Rnj 0�j� �,,3cc jR
UaRj3,j j@3 U�jC3Njȕc U3acRN�I 0�j�Y BNcj3�0. j@3 cwcj3L @�c jR $3 03q3IRU30 �c � /R,G3a ,RNj�CN3a
j@�j sCII $3 L�Nn�IIw 3u3,nj30 RN j@3 @RcUCj�I c3aq3aY � 0R,jRa 8aRL j@3 mNCq3acCj¡jcGICNCGnL
7a3C$na< j�G3c ,�a3 R8 j@3 03UIRwL3Nj �N0 3u3,njCRN R8 j@3 ,RNj�CN3aY �00CjCRN�IIw. @3 ,@3,Gc 3�,@
RnjUnj 8Ra UaRj3,j30 0�j� $38Ra3 c3N0CN< Cj $�,G jR j@3 03q3IRU3aY

S/b;pQ V@jjUc-gg3naAI3uY3naRU�Y3ng3ICga3<glzSfgfeOgRE]IR,�I3503W)/b;pQ*
lT/b; V@jjUc-ggsssY$nN03c<3cnN0@3CjcLCNCcj3aCnLY03g~I3�0LCNg/�j3C3Ngko/RsNIR�0cg;3c3jy3onN0op3aRa0NnNA

<3Ng;npgTgT/b;o$<$IYU08W)T/b;*
kp3ac,@sC3<3N@3CjcU�C,@j V@jjUc-ggsssY<3c3jy3ACLACNj3aN3jY03gcj<$goolzkY@jLIW)K#QA *

S:

https://eur-lex.europa.eu/eli/reg/2016/679/oj?locale=de
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/3_Downloads/Gesetze_und_Verordnungen/GuV/P/PDSG_bgbl.pdf
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/3_Downloads/Gesetze_und_Verordnungen/GuV/P/PDSG_bgbl.pdf
https://www.gesetze-im-internet.de/stgb/__203.html


kYS `3\nCa3L3Njc

BN j@3 +Cjw R8 7a3C$na<

cU3,C~,�jCRN

i@3 cwcj3L c@RnI0 nc3 ,Raa3I�jCRNc $3js33N 3NqCaRNL3Nj�I 0�j� �N0 3L3a<3N,w aRRL sRaGIR�0 jR
Ua30C,j 8njna3 sRaGIR�0. s@C,@ Cc CLURccC$I3 C8 j@Rc3 0�j�c3jc �a3 8aRL 3NjCa3Iw 0C{3a3Nj IR,�jCRNcY
i@3 3L3a<3N,w aRRL j@�j UaRqC03c j@3 L30C,�I 0�j� Cc IR,�j30 CN 7a3C$na<. ;3aL�NwY �c � a3cnIj.
j@3 Ua30C,jCRN Cc �IcR ICLCj30 jR 7a3C$na< V#�03NArɫajj3L$3a<W. ;3aL�NwY
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k `3I�j30 rRaG

kYl 2q�In�jCRN R8 2uCcjCN< rRaG

i@3a3 �a3 �Ia3�0w U�U3ac j@�j jaw jR C03NjC8w j@3 CLU�,j R8 j@3 3NqCaRNL3Nj RN j@3 L30C,�I CN0ncjaw
Ra nc3 L�,@CN3 I3�aNCN< jR Ua30C,j sRaGIR�0c �N0 U3a8RaL�N,3 CN Rj@3a �a3�cY BN j@Cc ,@�Uj3a. j@3
j@3cCc sCII <Cq3 � $aC38 Rq3aqC3s �N0 3q�In�j3 j@3L �<�CNcj j@3 a3\nCa3L3Njc 03c,aC$30 �$Rq3Y

kYlYS 73�cC$CICjw R8 L�,@CN3 I3�aNCN< L3j@R0c 8Ra Ua30C,jCN< @RcUCj�I 3L3a<3N,w
aRRL qCcCjc 8Ra a3cUCa�jRaw 0Cc3�c3c )H#tZlS*

Hn 3j �IY �N�Iwy3c 0C{3a3Nj �ajC~,C�I N3na�I N3jsRaGc jR Ua30C,j @RcUCj�I 3L3a<3N,w aRRL qCcCjc R8
U�jC3Njc sCj@ a3cUCa�jRaw 0Cc3�c3cY i@3 CNj3NjCRN Cc jR cRIq3 j@3 UaR$I3L j@�j ja�0CjCRN�I cj�jCcjC,�I
�UUaR�,@3c @�q3 ȓ0C|,nIjC3c CN 03�ICN< sCj@ cCjn�jCRNc sCj@ LnIjCA8�,jRa 3{3,jcY r@3N LnIjCUI3
8�,jRac �n,jn�j3. j@3 Ua30C,jCRN �,,na�,w a30n,3c cC<NC~,�NjIwȓY

i@3w ,RII3,j30 0�j� 8aRL Sz @RcUCj�Ic CN j@3 <a3�j3a �a3� R8 #3ECN< 8aRL D�Nn�aw S jR /3,3L$3a
kS. lzSkY i@3 0�j� s�c nc30 jR<3j@3a sCj@ ȓ0�CIw L3�N ,RN,3Nja�jCRN R8 TKlY9 V` <gLkW. 0�CIw
L3�N j3LU3a�jna3 V�+W. 0�CIw L3�N a3I�jCq3 @nLC0Cjw VXW. �N0 0�CIw L3�N sCN0 cU330 VKbT/W
VLgcWȓ)H#tZlS*Y

i@3 U�U3a ja�CN30 j@a33 0C{3a3Nj N3na�I N3jsRaGc jR 3q�In�j3 j@3L �<�CNcj 3�,@ Rj@3aY

Ë �`BK� Ra �njRa3<a3ccCq3 BNj3<a�j30 KRqCN< �q3a�<3 Cc ȓRN3 R8 j@3 LRcj ,I�ccC, LR03Ic 8Ra
j@3 Ua30C,jCRN R8 jCL3 c3aC3c. s@C,@ @�c $33N sC03Iw �UUIC30 CN L�Nw �a3�c. cn,@ �c 3I3,jaC,Cjw
UaC,3 Ua30C,jCRN. 3N3a<w ,RNcnLUjCRN 8Ra3,�cj. �N0 cR RNY i@3 $�cC, C03� R8 j@3 �`BK�
LR03I Cc jR nc3 � ,3aj�CN L�j@3L�jC,�I LR03I jR 03c,aC$3 j@3 a�N0RL jCL3 c3aC3c R8 j@3 0�j�.
j@3N Ua30C,j j@3 8njna3 q�In3c $�c30 RN j@3 U�cj. �N0 Ua3c3Nj q�In3c. cRA,�II30 �njRa3<a3ccCRNYȓ
)H#tZlS*

Ë KHT Ra KnIjCAH�w3a T3a,3UjaRN Cc RN3 R8 j@3 cj�N0�a0 �a,@Cj3,jna3c 8Ra �ajC~,C�I N3na�I
N3jsRaGcY Bj nc3c �j I3�cj j@a33 8nIIwA,RNN3,j30 N3naRN I�w3acY i@3 CNUnj I�w3a. j@3 RnjUnj
I�w3a. �N0 �j I3�cj RN3 @C003N V,�I,nI�jCRN I�w3aWY ȓKHT LR03I Cc RN3 R8 j@3 LRcj 3{3,jCq3
�ajC~,C�I N3na�I N3jsRaG j3,@NRIR<C3c 8Ra LR03ICN< �N0 8Ra3,�cjCN<. cR Cj @�c $33N nc30 �c �
$3N,@L�aG LR03I $w L�Nw cjn0C3cȓ)cRna,3 Vnc3 j@3 c�L3 cRna,3 �c HnlzlSW*Y

Ë HbiK Cc � LR03I Cc UaRURc30 $w ?R,@a3Cj3a �N0 Dɫa<3N b,@LC0@n$3a CN SOOe jR @�N0I3 IRN<
jCL3 j�cG I�<Y ȓBN �N HibK ,3II. j@3 8Ra<3j <�j3 03,C03c s@�j �N0 @Rs CN8RaL�jCRN jR $3
0Cc,�a030 8aRL j@3 ,�I,nI�jCRN. ncCN< NRNICN3�a 8nN,jCRNc �N0 s3C<@j L�jaCu3cY i@3 CNUnj
<�j3 03j3aLCN3c s@�j CN8RaL�jCRN jR $3 �0030 jR j@3 ,�I,nI�jCRN VcC<LRC0 I�w3aW �N0 <3jc j@3
N3s ,�N0C0�j3 CN8RaL�jCRN Vj�N@ I�w3aWY i@3 ,3II nU0�j3c j@3 CN8RaL�jCRNY 7CN�IIw. j@3 RnjUnj
<�j3 03j3aLCN3c s@�j �N0 @Rs CN8RaL�jCRN jR $3 RnjUnj. �IcR CN,In0CN< � cC<LRC0 I�w3a �N0 �
j�N@ I�w3aȓ )H#tZlS*Y

i@3 U�U3a C03NjC~3c j@3 HbiK LR03I �c j@3 $3cj �N0 j@3 �`BK� LR03I �c j@3 sRacj �j Ua30C,jCN<
U�jC3Nj LR03IcY 2�,@ LR03Iȕc $3cj U3a8RaL�N,3 @�UU3N30 �j �NRj@3a jCL3I�<Y 7Ra 3u�LUI3. j@3
�`BK� LR03I 03,a3�c30 CN \n�ICjw sCj@ 3�,@ 0�w R8 jCL3I�<. L�GCN< j@3 ~acj 0�w j@3 $3cj U3a8RaLCN<.
s@CI3 j@3 HbiK LR03Iȕc L�uCLnL Ua30C,jCRN \n�ICjw s�c sCj@ � jCL3I�< R8 j@a33 0�wcY

Sf



kYl 2q�In�jCRN R8 2uCcjCN< rRaG

i@Cc sRaG 0C{3ac 8aRL j@3 a3\nCa3L3Njc �c Cj RNIw IRRGc �j a3cUCa�jRaw 0Cc3�c3c �N0 �CaAa3I�j30 CNUnj
8�,jRac jR C03NjC8w U�jj3aNcY Bj 8nI~IIc j@3 a3\nCa3L3Nj rRaGIR�0 Ta30C,jCRN $nj NRj j@3 a3\nCa3L3Nj
Ta30C,jCRN R8 KnIjCUI3 FCN0c R8 /C�<NRc3cY �IcR cCLCI�aIw jR kYlY9. Hn 3j �IY L33j j@3 NRNA8nN,jCRN�I
a3\nCa3L3Njc b3NcC$I3 iCL3 7a�L3. b3NcC$I3 ;a�NnI�aCjw �N0 [n�ICjw R8 �N�IwcCc. $nj NRj j@3
cU3,C~,�jCRN b3,a3j /�j� �N0 BN j@3 +Cjw R8 7a3C$na<Y

kYlYl �ccR,C�jCRN $3js33N s3�j@3a ,RN0CjCRNc �N0 j@3 NnL$3a R8 U�jC3Njc �j j@3
3L3a<3N,w aRRL CN �N �a<3NjCN3 @RcUCj�I )`#?zl*

`ncjC,n,,C 3j �IY 8RnN0 ,Raa3I�jCRNc $3js33N 3L3a<3N,w aRRL sRaGIR�0 �N0 j@3 s3�j@3aY i@3w IRRG30
�j j@3 cnLL3a R8 SOOfASOOe �N0 j@3 sCNj3a R8 SOOf CN �a<3NjCN� �N0 3q�In�j30 j@3 �UU3�a�N,3
R8 U�jC3Njc CN j@3 3L3a<3N,w aRRL R8 � @RcUCj�I CN #n3NRc �Ca3c ,CjwY i@3 CNj3NjCRN s�c jR ~N0
a3I�jCRNc $3js33N @RcUCj�I 3L3a<3N,C3c �N0 j@3 s3�j@3a ncCN< ICN3�a ,Raa3I�jCRN �N�IwcCcY

i@3 ,�c3c s3a3 c3U3a�j30 CNjR e ,�j3<RaC3c-

VSW a3cUCa�jRaw. ,�a0CRq�c,nI�a �N0 ,@3cjAU�CN ,RLUI�CNjc

VlW 0C<3cjCq3. <3NCjRnaCN�aw �N0 �$0RLCN�I ,RLUI�CNjc

VkW N3naRIR<C,�I �N0 Ucw,@RU�j@RIR<C,�I 0CcRa03ac

V:W CN83,jCRNc

V9W ,RNjncCRN �N0 ,anc@CN<. $RN3 �N0 Lnc,I3 ,RLUI�CNjc

VfW cGCN �N0 �II3a<C3c

VeW LCc,3II�N3Rnc ,RLUI�CNjc

i@3w ,RLU�a30 j@Rc3 sCj@ j3LU3a�jna3. 03sAURCNj j3LU3a�jna3. 03sAURCNj 03Ua3ccCRN. c3�AI3q3I
Ua3ccna3. qCcC$CICjw. sCN0 cU330. 0�CIw ,�IL 8a3\n3N,C3c. �N0 sCN0A0Ca3,jCRN 8a3\n3N,C3cY bC<NC~,�Nj
,Raa3I�jCRNc s3a3 8RnN0 $3js33N <aRnUc l.k �N0 f- bGCN �N0 �II3a<C3c V<aRnU fW �a3 URcCjCq3Iw
,Raa3I�j30 sCj@ j3LU3a�jna3 �N0 03sAURCNj j3LU3a�jna3 s@CI3 N3<�jCq3Iw ,Raa3I�j30 sCj@ c3�AI3q3I
Ua3ccna3Y ;aRnU l �N0 j@3 8a3\n3N,w R8 s3cj3aIC3c c@Rs30 � N3<�jCq3 ,Raa3I�jCRNY �NRj@3a N3<�jCq3
,Raa3I�jCRN s�c 8RnN0 8Ra <aRnU k ,RLU�a30 jR sCN0cU330 �N0 Ua3ccna3Y

i@3 U�U3a 0R3c IRRG �j j@3 ,Raa3I�jCRN $3js33N 3NqCaRNL3Nj�I CN�n3N,3c �N0 j@3 3L3a<3N,w aRRL
sRaGIR�0Y ?Rs3q3a. Cj 0R3c j@Cc sCj@Rnj ncCN< L�,@CN3 I3�aNCN<. s@C,@ a3cjaC,jc j@3 NnL$3a R8
CN�n3N,3c 3q�In�j30 �N0 UaRqC03c a30n,30 UaR<NRcjC, �$CICjw VrRaGIR�0 Ta30C,jCRN NRj L3jWY QN
j@3 Rj@3a @�N0. j@Rc3 ,Raa3I�jCRNc �a3 �N�Iwy30 sCj@ LnIjCUI3 GCN0c R8 CIIN3cc3c CN LCN0 VTa30C,jCRN
R8 KnIjCUI3 FCN0c R8 /C�<NRc3cWY

�<�CN. j@Cc U�U3a L33jc j@3 NRNA8nN,jCRN�I a3\nCa3L3Njc b3NcC$I3 iCL3 7a�L3. b3NcC$I3 ;a�NnI�aCjw
�N0 [n�ICjw R8 �N�IwcCcY i@3 cU3,C~,�jCRN b3,a3j /�j� �N0 BN j@3 +Cjw R8 7a3C$na< �a3 NRj 8nI~II30Y

Se



k `3I�j30 rRaG

kYlYk mNRa<�NCy30 K�,@CN3c jR 2cjCL�j3 j@3 MnL$3a R8 ?RcUCj�I�0LCccCRNc /n3 jR
`3cUCa�jRaw /Cc3�c3c +�nc30 $w TKSz +RN,3Nja�jCRN )i#+ZlS*

BN j@Cc U�U3a. i�0�NR 3j �IY 3uUIRa3 033U N3na�I N3jsRaGc jR 3cjCL�j3 @RcUCj�I �0LCccCRNcȕ ,RLUI3u.
NRNICN3�a $3@�qCRa $�c30 RN TKSz ,RN,3Nja�jCRNcY TKSz Cc j@3 <aRnU R8 U�ajC,I3c sCj@ Sz `L
0C�L3j3a Ra I3ccY i@3 �nj@Rac UaRURc3 j@�j 033U N3na�I N3jsRaGc CLUaRq3 3cjCL�jCRNc ,RLU�a30 jR
;3N3a�ICy30 HCN3�a KR03Ic V;HKW �N0 ;3N3a�ICy30 �00CjCq3 KR03Ic V;�KWY i@3 ,aCjC,�I 0RsNcC03
Cc j@�j a3<a3ccCRN LR03Ic N330 LRa3 0�j� j@�N ;HK �N0 ;�KY

7Ra j@3Ca UaRURc�I. i�0�NR 3j �IY nc3 cU3,C�ICy30 q3acCRNc R8 �ajC~,C�I N3na�I N3jsRaGc- cRA,�II30
nNRa<�NCy30 L�,@CN3c. s@C,@ �a3 j@3Lc3Iq3c c3U�a�j30 CNjR 3,@R cj�j3 N3jsRaGc V2bMcW �N0 3uja3L3
I3�aNCN< L�,@CN3c V2HKcWY

Ë 2HK 2uja3L3 I3�aNCN< L�,@CN3c �a3 8330A8Ras�a0 N3jsRaGc sCj@ � cCN<I3 @C003N I�w3a j@�j
nc3c � HCN3�a +RL$CN3a �c j@3 RnjUnj I�w3aY i@Cc cjan,jna3 Cc \nCj3 cCLCI�a jR � LnIjCAI�w3a
U3a,3UjaRNY BN j@Cc U�U3a. j@3 ICN3�a ,RL$CN3a nc3c � KRRa3AT3NaRc3 <3N3a�ICy30 CNq3ac3
RU3a�jRaY

Ë 2bM 2,@R cj�j3 N3jsRaGc �a3 � q�aC�Nj R8 a3,naa3Nj N3na�I N3jsRaGc sCj@Rnj Cj3a�jCq3 �0EncjA
L3NjY MR03c R8 j@3 @C003N I�w3a ,�N CN�n3N,3 3�,@ Rj@3a CN 3�,@ Cj3a�jCRNY bCLCI�a jR j@3
2HK. j@3 2bM �IcR nc3c � ICN3�a ,RL$CN3aY

iR 3q�In�j3 j@3 N3jsRaGc. j@3 �nj@Rac nc30 j@a33 ,CjC3c sCj@ 0C{3a3Nj ,@�a�,j3aCcjC,c-

Ë bÀR T�nIR
ȓ )YYY* bÀR T�nIR +Cjw. j@3 I�a<3cj ,Cjw CN #a�yCI. @�c �ILRcj Sl LCIICRN U3RUI3 V0�j� R8 lzSzW
CN S9zz GLl. ekO4Ylf CN@�$Cj�Njc U3a GLlY i@3 �q3a�<3 ,ICL�j3 Cc jaRUC,�I. �$Rnj l4ǵ+ CN
cnLL3a �N0 Slǵ+ CN sCNj3aY ȓ)i#+ZlS* i@3 0�j� Cc 8aRL D�Nn�aw lzS: jR /3,3L$3a lzSf
�N0 ,RNj�CNc S9O.f4k ,�c3cY

Ë +�LUCN�c
ȓ +�LUCN�c +Cjw Cc j@3 j@Ca0 LRcj URUnIRnc ,Cjw CN bÀR T�nIR bj�j3. sCj@ �UUaRuCL�j3Iw
S.S LCIICRN U3RUI3 V0�j� R8 lzSzW cUa3�0 Rq3a eO9Ye GLl. � 03LR<a�U@C, 03NcCjw R8 Sk9OYf
CN@gGLl)9l*Y i@3 ,ICL�j3 Cc jaRUC,�I sCj@ 0aw sCNj3a �N0 a�CNw cnLL3a sCj@ �N �q3a�<3 R8
keǵ+ 0naCN< cnLL3ajCL3Y ȓ)i#+ZlS* i@3 0�j� Cc 8aRL D�Nn�aw lzSe jR /3,3L$3a lzSO �N0
,RNj�CNc S9.:f ,�c3cY

Ë +n$�jÀR
ȓ +n$�jÀR @�c �N 3cjCL�j30 SS4.elz CN@�$Cj�Njc sCj@ S:lY4 GLl�N0 4kS CN@gGLlY ȓ)i#+ZlS*
i@3 0�j� Cc 8aRL D�Nn�aw lzSe jR /3,3L$3a lzSO �N0 ,RNj�CNc 4zl ,�c3cY i@3 ,�c3 NnL$3a
Cc cR jCNw $3,�nc3 j@3 ,Cjw Cc ,RLU�a�$Iw cL�IIY Bj Cc cjCII 8�c,CN�jCN<. �c j@3 ,Cjw Cc ȓRN3 R8 j@3
LRcj <IR$�I URIInj30 ,CjC3c ȓ)i#+ZlS*

�U�aj 8aRL j@3 TKSz ,RN,3Nja�jCRN. j@3 �nj@Rac �IcR CN,In030 j@3 L�uCLnL j3LU3a�jna3. 0�w R8 j@3
s33G. a3I�jCq3 @nLC0Cjw. �N0 @RIC0�w CN8RaL�jCRN CN j@3Ca ja�CNCN< 0�j�c3jY �00CjCRN�IIw. j@3 0�j� @�0
� eA0�w jCL3I�< jR cCLnI�j3 j@3 jCL3 j@3 URIInjCRN N330c jR �{3,j j@3 @nL�N $R0wY

S4



kYl 2q�In�jCRN R8 2uCcjCN< rRaG

i@3 U�U3a ~N0c j@�j 2HK U3a8RaLc j@3 $3cj Rnj R8 �II j3cj30 LR03Ic. @�qCN< � L3�N �q3a�<3 3aaRa CN
�II ,CjC3cY r@CI3 j@3 2bM LR03I UaRqC030 sRac3 a3cnIjc CN LRcj ,�c3c. cj�jCcjC,�I �N�Iwc3c c@Rs30
j@�j. CN +�LUCN�c. j@3 Ua30C,jCRN \n�ICjw R8 j@3 2bM LR03I s�c cCLCI�a jR j@3 Ua30C,jCRN \n�ICjw R8
j@3 2HK LR03I. 3cU3,C�IIw a3<�a0CN< j@3 aRRj L3�N c\n�a3 3aaRa L3jaC, L3jaC, V`Kb2WY

i@Cc U�U3a L�j,@3c j@3 a3\nCa3L3Njc R8 j@Cc j@3cCc j@3 LRcjY i@3 CNj3NjCRN R8 i�0�NR 3j �IY Cc �
rRaGIR�0 Ta30C,jCRN sCj@ � Ta30C,jCRN R8 KnIjCUI3 FCN0c R8 /C�<NRc3cY #3cC03c j@3 8nN,jCRN�I
a3\nCa3L3Njc. j@3 U�U3a �IcR L33jc �II NRNA8nN,jCRN�I a3\nCa3L3Njc b3NcC$I3 iCL3 7a�L3. b3NcC$I3
;a�NnI�aCjw �N0 [n�ICjw R8 �N�IwcCcY QNIw j@3 cU3,C~,�jCRNc b3,a3j /�j� �N0 BN j@3 +Cjw R8 7a3C$na<
a3L�CN nN8nI~II30Y

kYlY: K�,@CN3 H3�aNCN< #�c30 rRaGIR�0 Ta30C,jCRN CN +IRn0 +RLUnjCN< );rblz*

ȓBj Cc CLURaj�Nj 8Ra ,IRn0 c3aqC,3 UaRqC03ac V+bTcW jR UaRqC03 ,IRn0 c3aqC,3 a3cRna,3c sCj@ @C<@
3I�cjC,Cjw �N0 ,RcjA3{3,jCq3N3cc �N0 j@3N �,@C3q3 � <RR0 \n�ICjw R8 c3aqC,3 V[RbW 8Ra j@3Ca ,IC3NjcY
?Rs3q3a. L33jCN< [Rb sCj@ � ,RcjA3{3,jCq3 a3cRna,3 Cc � ,@�II3N<CN< UaR$I3L 8Ra +bTc $3,�nc3
j@3 sRaGIR�0c R8 pCajn�I K�,@CN3c VpKcW 3uU3aC3N,3 q�aC�jCRN Rq3a jCL3ȓ );rblz*Y i@Cc UaR$I3L
Cc j@3 L�CN 8�,jRa j@�j 03,C03c j@3 3�aNCN<c R8 � ,IRn0 c3aqC,3 UaRqC03aY B8 j@3 \n�ICjw R8 c3aqC,3
�<a33L3Nj Cc NRj L3j. j@3 ,IRn0 UaRqC03a R8j3N @�c jR U�w � ~N3Y 7naj@3aLRa3. Rq3aAUaRqC0CN<
a3cRna,3c Cc � s�cj3 R8 LRN3w RN Cjc RsNY

;�R 3j �IY c@Rs j@�j Cj Cc URccC$I3 jR Ua30C,j j@3 U3a8RaL�N,3 N330c R8 � qCajn�I L�,@CN3 ncCN< �
,RL$CN30 �UUaR�,@ R8 0C{3a3Nj L�,@CN3 I3�aNCN< �I<RaCj@LcY i@3w nc30 bnUURaj p3,jRa K�,@CN3c
VbpKW. #�w3cC�N `C0<3 `3<a3ccCRN V#``W. �`BK�. �N0 �N HbiK jR Ua30C,j j@3 8njna3 sRaGIR�0
R8 qCajn�I L�,@CN3c �N0. j@3a38Ra3. cnUURaj ,IRn0 UaRqC03acȕ a3cRna,3 �IIR,�jCRNY iR ja�CN j@3 cwcj3L.
j@3w nc30 j@3 ;RR<I3 ,Incj3a ja�,3Y Bj Cc � 0�j� ,RII3,jCRN R8 SlY9 j@Rnc�N0 L�,@CN3c CN j@3 ;RR<I3
,Incj3a. cU�NNCN< Rq3a lO 0�wc �N0 ,RNj�CNCN< a3cRna,3 njCICy�jCRN R8 +Tm �N0 L3LRaw nc�<3 R8
3�,@ j�cG RN j@Rc3 L�,@CN3cY

i@3 L�,@CN3 I3�aNCN< �I<RaCj@Lc s3a3 nc30 jR Ua30C,j j@3 sRaGIR�0 CN j@3 N3uj jCL3cj3U V,�II30
0A<�U Ua30C,jCRNW �N0 j@3 sRaGIR�0 < cj3Uc CN j@3 8njna3 V,�II30 <A<�U Ua30C,jCRNWY i@3 a3cnIjc c@Rs
j@�j j@3 #�w3cC�N `C0<3 `3<a3ccCRN UaRqC03c j@3 $3cj a3cnIjc 8Ra $Rj@ Ua30C,jCRNc. ,IRc3Iw 8RIIRs30
$w j@3 HbiK �N0 �`BK� �UUaR�,@3cY #Rj@ U3a8RaL 3\n�IIw s3IIY i@3 sRacj U3a8RaLCN< �UUaR�,@
CN j@3 0A<�U Ua30C,jCRN s�c j@3 bnUURaj p3,jRa K�,@CN3Y BN j@3 <A<�U Ua30C,jCRN. j@3 bpK s�c NRj
3q�In�j30 �j �IIY

bCLCI�a jR j@3 �CL R8 j@Cc j@3cCc. j@3 U�U3a jaC3c jR C03NjC8w j@3 8njna3 sRaGIR�0 R8 � cwcj3LY i@3
cwcj3L CN j@Cc U�U3a Cc � ,IRn0 ,RLUnjCN< cwcj3L. NRj � L30C,�I 3NqCaRNL3NjY MRN3j@3I3cc. U�a�II3Ic
cjCII 3uCcjY 7Ra 3u�LUI3. $Rj@ �a3�c @�q3 a3cRna,3c j@�j N330 jR $3 �IIR,�j30 jR 0C{3a3Nj cwcj3L U�ajc.
�N0 j@Cc 03L�N0 a3�,jc jR 3uj3aN�I CN�n3N,3cY

�IcR cCLCI�a Cc ncCN< �N HbiK �ajC~,C�I N3na�I N3jsRaG �c � Ua30C,jCRN jRRIY 7Ra ;�R 3j �IY. j@3
HbiK s�c RNIw RN3 R8 j@3 3q�In�j30 �UUaR�,@3cY i@3 U�U3a @�c cCLCI�a CNj3NjCRNc CN Ua30C,jCN< j@3
03L�N0 8Ra a3cRna,3c CN � cwcj3LY

?Rs3q3a. Cj @�c �IcR 0C{3a3N,3c 8aRL j@3 �CL R8 j@Cc j@3cCcY i@3 LRcj �UU�a3Nj RN3 Cc j@�j j@3
jRRI Ua30C,jc ,IRn0 cwcj3Lcȕ sRaGIR�0 �N0 NRj � @RcUCj�I 3L3a<3N,w aRRL rRaGIR�0 Ta30C,jCRNY
�IcR. ;�R 3j �IY RNIw jaw jR Ua30C,j j@3 03L�N0 8Ra � cCN<I3 a3cRna,3. a�j@3a j@�N LnIjCUI3 a3cRna,3c

SO



k `3I�j30 rRaG

�c cU3,C~30 CN j@3 `3\nCa3L3Nj Ta30C,jCRN R8 KnIjCUI3 FCN0c R8 /C�<NRc3cY H3cc CLURaj�Nj. $nj
cjCII a3I3q�Nj. j@3 U�U3a N3Cj@3a sRaGc sCj@ b3,a3j /�j� NRa 0R3c j@3 0�j� RaC<CN�j3c BN j@3 +Cjw R8
7a3C$na<

kYlY9 T3�G QnjU�jC3Nj �N0 2L3a<3N,w /3U�ajL3Nj pCcCj 7Ra3,�cjCN<8Ra T�jC3Njc rCj@
+@aRNC, `3cUCa�jRaw /Cc3�c3c mcCN< K�,@CN3H3�aNCN< K3j@R0c-`3jaRcU3,jCq3
+R@Raj bjn0w )T+xZlz*

BN j@Cc U�U3a. T3N< 3j �IY 3uU3aCL3Nj30 sCj@ 0C{3a3Nj L�,@CN3 I3�aNCN< �I<RaCj@Lc jR Ua30C,j j@3
U3�G �aaCq�I R8 ,@aRNC, a3cUCa�jRaw 0Cc3�c3 U�jC3Njc CN j@3 3L3a<3N,w aRRLY i@3w C03NjC~30 j@3
cn003N CN�Rs R8 RnjU�jC3Nj �N0 3L3a<3N,w U�jC3Njc �c RN3 R8 j@3 8nN0�L3Nj�I Cccn3c CN @RcUCj�I
L�N�<3L3NjY i@3w CNj3N030 jR a30n,3 j@3 �0q3ac3 3{3,jc R8 cn,@ ,aRs0c $w Ua30C,jCN< j@3LY i@Cc
sRnI0 �IIRs @3�Ij@ cj�{ jR Ua3U�a3 8Ra j@3 CN,a3�c30 03L�N0Y

2u�LUI3c R8 cn,@ � sRaGIR�0 U3�G CN �N 3L3a<3N,w aRRL sRnI0 $3 �N CN�n3Ny� c3�cRNY

M�L3Iw. j@3w nc30 $�<<CN<. �0�UjCq3 $RRcjCN<. �N0 a�N0RL 8Ra3cjc 8Ra j@3Ca 3uU3aCL3Njc �N0
,RLU�a30 j@Rc3 a3cnIjc jR � <3N3a�I ICN3�a LR03I V;HKW �N0 URIwNRLC�I Nn,I3�a bnUURaj p3,jRa
K�,@CN3 VbpKWY

Ë ;HK ;3N3a�I HCN3�a KR03Ic �a3 � <3N3a�ICy30 q3acCRN R8 NRNICN3�a LR03Ic CNjaR0n,30 $w
DR@N M3I03a �N0 `R$3aj r3003a$naN CN SOelY Bj s�c CNj3N030 jR nNC8w 0C{3a3Nj cj�jCcjC,�I
a3<a3ccCRNc. ICG3 ICN3�a. TRCccRN. �N0 IR<CcjC, a3<a3ccCRNY )Mrel*

Ë bpK bnUURaj p3,jRa K�,@CN3c �a3 � cnU3aqCc30 I3�aNCN< LR03I 03q3IRU30 $w pI�0CLCa
p�UNCG sCj@ ,RII3�<n3cY Bj Cc CNj3N030 jR ,I�ccC8w 0�j� CNjR jsR ,�j3<RaC3c $�c30 RN � 0�j�c3j
sCj@ I�$3I30 0�j�Y )p�UO4*

Ë #�<<CN< Ra #RRjcja�U �<<a3<�jCN< Cc � UaR,3cc j@�j nc3c LnIjCUI3 a3<a3ccCRN Ra ,I�ccC~,�jCRN
LR03Ic �N0 nc3c j@3 �q3a�<3 R8 j@3 a3cnIjc jR a30n,3 j@3 q�aC�N,3 R8 j@3 jRj�I RnjUnjY BN j@Cc
U�U3a. j@3 �<<a3<�j30 L�,@CN3 I3�aNCN< �UUaR�,@3c �a3 M 0C{3a3Nj anNc R8 j@3 c�L3 ja33
�I<RaCj@Lc )#a3Of*Y

Ë �0�UjCq3 #RRcjCN< i@Cc L3j@R0 �ccC<Nc � s3C<@j 8Ra 3�,@ 3Njaw CN j@3 ja�CNCN< 0�j�c3jY i@3c3
s3C<@jc sCII j@3N $3 ,@�N<30 8Ra 3�,@ Cj3a�jCRN R8 � ,I�ccC~3a �UUIC30 jR j@3 0�j�Y B8 j@3
,I�ccC~3a U�wc LRa3 �jj3NjCRN jR � 0�j� URCNj. Cjc s3C<@j sCII CN,a3�c3. Rj@3asCc3 03,a3�c3Y
vR�q 7a3nN0 �N0 `R$3aj b,@�UCa3 CNCjC�IIw 8RaLnI�j30 j@Cc L3j@R0 jR $RRcj j@3 U3a8RaL�N,3
R8 Rj@3a ,I�ccC~3acY )7bOf*

Ë `�N0RL 7Ra3cjc i@3 �I<RaCj@L ,a3�j3c # a�N0RL 03,CcCRN ja33c CN j@Cc L�,@CN3 I3�aNCN<
�UUaR�,@Y Bj ,RL$CN3c j@3 a3cnIj sCj@ � cU3,C�I ĕNc3L$I3ȓL3j@R0. ,a3�jCN< � @C<@Iw 3|,C3Nj
�I<RaCj@L. �c j@3 0C{3a3Nj ja33c ,�N $3 3u3,nj30 CN U�a�II3I )?RO9*Y

iR ja�CN j@Rc3 LR03Ic. j@3w ,RII3,j30 0�j� $�c30 RN a3I�j30 sRaGY ȓM�L3Iw. sCN0 cU330. �jLRcU@3aC,
Ua3ccna3. Rnj0RRa j3LU3a�jna3. a3I�jCq3 @nLC0Cjw. ,�a$RN LRNRuC03. RyRN3. cnIU@na 0CRuC03. NCjaR<3N
0CRuC03. �N0 TKl9ȓ )T+xZlz*Y i@3w a3LRq30 3NjaC3c sCj@ I3cc j@�N j3N U3RUI3 �N0 CNjaR0n,30 �
kA0�w I�< jR ,I3�N j@3 0�j�. a3cnIjCN< CN � 0�j�c3j sCj@ 99O 3NjaC3cY

lz



kYk Qq3aqC3s R8 `3I�j30 rRaG

i@Cc U�U3a Cc 8nI~IICN< � IRj R8 j@3 a3\nCa3L3Njc R8 j@Cc j@3cCc- i@3 L�,@CN3 I3�aNCN< �UUaR�,@ 0R3c
� rRaGIR�0 Ta30C,jCRN 8Ra L30C,�I sRaGIR�0cY i@Cc Ua30C,jCRN @�c � b3NcC$I3 iCL3 7a�L3. b3NcC$I3
;a�NnI�aCjw �N0 � c3NcC$I3 [n�ICjw R8 �N�IwcCcY ?Rs3q3a. Cj RNIw IRRGc �j � cCN<I3 GCN0 R8 CIIN3cc
CNcj3�0 R8 � a�N<3 R8 LnIjCUI3 0C{3a3Nj RN3cY i@3a38Ra3 Cj 0R3c NRj 8nI~II j@3 a3\nCa3L3Nj Ta30C,jCRN
R8 KnIjCUI3 FCN0c R8 /C�<NRc3cY �IcR. T3N< 3j �IY N3Cj@3a sRaG sCj@ b3,a3j /�j� Ra @�q3 0�j� RaC<CN
BN j@3 +Cjw R8 7a3C$na<Y

kYk Qq3aqC3s R8 `3I�j30 rRaG

Hn 3j �IY 3q�In�j3 KHTc �N0 HbiKc �c URccC$I3 CLUaRq3L3Njc 8Ra sRaGIR�0 Ua30C,jCRNc CN 3L3a<3N,w
aRRLcY mcCN< j@3 ,RII3,j30 0�j� 8aRL j3N @RcUCj�Ic. j@3w Ua30C,j30 j@3 0�CIw NnL$3a R8 U�jC3NjcY T3N<
3j �IY j3cj 0C{3a3Nj L�,@CN3 I3�aNCN< �I<RaCj@Lc jR Ua30C,j I�a<3a ,aRs0c �aaCqCN< CN 3L3a<3N,w aRRLcY
i�0�NR 3j �IY nc3 033U I3�aNCN< �I<RaCj@Lc jR Ua30C,j j@3 NnL$3a R8 a3cUCa�jRaw 0Cc3�c3c CN � @RcUCj�I
$�c30 RN �Ca URIInjCRNY `ncjC,n,,C 3j �IY C03NjC8w ,Raa3I�jCRNc $3js33N 0C{3a3Nj 3NqCaRNL3Nj�I
CN�n3N,3c �N0 c3q3N jwU3c R8 @RcUCj�I 3L3a<3N,C3c ncCN< ICN3�a ,Raa3I�jCRN �N�IwcCcY ;�R 3j �IY nc3
L�,@CN3 I3�aNCN< jR Ua30C,j j@3 sRaGIR�0 R8 ,IRn0 ,RLUnjCN< cwcj3Lc jR CLUaRq3 c,�ICN<Y

KnIjCUI3 U�U3ac c@Rs j@�j Cj Cc URccC$I3 jR nc3 L�,@CN3 I3�aNCN< �N0 3cU3,C�IIw �ajC~,C�I N3na�I
N3jsRaGc jR Ua30C,j j@3 sRaGIR�0 R8 � cwcj3L j@�j Cc @3�qCIw CN�n3N,30 $w j@3 3NqCaRNL3NjY ?Rs3q3a.
RNIw RN3 R8 j@3 U�U3ac jaC3c jR Ua30C,j LnIjCUI3 GCN0c R8 0C�<NRc3c �j RN,3. �N0 Cj Cc NRj ncCN< �
L�,@CN3 I3�aNCN< �UUaR�,@. s@C,@ Cc j@3 nc3 ,�c3 j@Cc j@3cCc CNj3N0c jR ,Rq3aY �00CjCRN�IIw. NRN3 R8
j@3 U�U3ac nc3 0�j� 8aRL 7a3C$na<. ;3aL�Nw. Ra @�q3 jR sRaG sCj@ ,RN~03NjC�I 0�j�Y

�N Rq3aqC3s R8 j@3 U�U3ac �N0 a3\nCa3L3Njc j@3w 8nI~II ,�N $3 c33N CN i�$I3 kYSY i@3 ,@3,Gc CN0C,�j3
8nI~II30 a3\nCa3L3NjcY i@3w �a3 CN $a�,G3jc C8 j@3 a3\nCa3L3Nj Cc RNIw U�ajIw 8nI~II30Y
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: TI�NNCN<

BN Ra03a jR ,a3�j3 �Nw L3�NCN<8nI L�,@CN3 I3�aNCN< LR03I. j@3 nN03aIwCN< 0�j� Lncj $3 �03\n�j3Iw
Ua3U�a30. nN03acjRR0. �N0 nc30Y i@3 s@RI3 UaR,3cc ,�II30 /�j� KCNCN<. ȓCc � ,a3�jCq3 UaR,3cc s@C,@
a3\nCa3c � NnL$3a R8 0C{3a3Nj cGCIIc �N0 GNRsI30<3ȓ )r?zz*Y i@3 \n�ICjw R8 j@3 a3cnIjCN< 0�j�c3j
,�N 03U3N0 @3�qCIw RN j@3 U3acRN Ra j3�L Ua3U�aCN< CjY

� cj�N0�a0Cy30 UaR,3cc ,�N $3 8RIIRs30 jR CN,a3�c3 j@3 \n�ICjw R8 j@3 a3cnIjCN< LR03IY bn,@ � LR03I
@3IUc CN j@3 0�j� LCNCN< sRaG �N0 Ua3q3Njc CLURaj�Nj U�ajc 8aRL $3CN< Rq3aIRRG30 Ra IRcjY

i@Cc j@3cCc nc3c +`BbTA/K 03c,aC$30 $w rCaj@ 3j �IY )r?zz*Y

:YS +`BbTA/K

#ncCN3cc
mN03acj�N0CN<

/�j�
mN03acj�N0CN<

/�j�
Ta3U�a�jCRN

KR03ICN<

2q�In�jCRN

/3UIRwL3Nj

7C<na3 :YS- i@3 U@�c3c R8 +`BbTA/K )r?zz*

+`BbTA/K V+aRcc BN0ncjaw bj�N0�a0 TaR,3cc 8Ra /�j� KCNCN<W Cc �N CN0ncjawAcj�N0�a0 8Ra 0�j�
LCNCN<Y `ɫ0C<3a rCaj@ �N0 DR,@3N ?CUU RaC<CN�IIw UaRURc30 Cj CN lzzz jR UaRqC03 � cjan,jna30
�UUaR�,@ jR 0�j� LCNCN<Y i@3w CNj3N030 jR a30n,3 q�aC�N,3 CN j@3 0�j� LCNCN< UaR,3ccY i@3 +`BbTA
/K UaR,3cc CN,In03c s�wc jR 03,C03 s@C,@ 0�j� Cc a3I3q�Nj �N0 @Rs jR a3jaC3q3 �N0 Ua3U�a3 0�j�
$38Ra3 ncCN< Cj CN � 0�j� LR03IY

lk



: TI�NNCN<

i@3 L3j@R0RIR<w R8 +`BbTA/K c3U�a�j3c j@3 0�j� LCNCN< UaR,3cc CNjR c3q3a�I cj3UcY i@Rc3
�a3 Ra03a30 CN 8Rna I3q3Ic R8 �$cja�,jCRN- U@�c3c. <3N3aC, j�cGc. cU3,C�ICy30 j�cGc. �N0 UaR,3cc
CNcj�N,3cY

?3a3 Cc � c@Raj Rq3aqC3s R8 j@3 @C<@3cj I3q3I R8 �$cja�,jCRN. j@3 U@�c3cY �N CLURaj�Nj �cU3,j Cc j@�j
j@3 �N�Iwcj Cc 3N,Rna�<30 jR EnLU $�,G jR �N 3�aIC3a U@�c3 C8 N33030Y

Ë #ncCN3cc mN03acj�N0CN<
i@3 ~acj cj3U Cc nN03acj�N0CN< j@3 UaRE3,j R$E3,jCq3c �N0 a3\nCa3L3Njc 8aRL j@3 $ncCN3cc U3aA
cU3,jCq3Y BN j@3 ,�c3 R8 j@Cc U�U3a. j@Cc Cc 0RN3 CN +@�Uj3a k j@aRn<@ a3\nCa3L3Njc 3N<CN33aCN<Y

Ë /�j� mN03acj�N0CN<
/�j� nN03acj�N0CN< L3�Nc 0�j� ,RII3,jCRN �N0 CNCjC�I sRaG sCj@ j@3 0�j�Y Bj L3�Nc nN03acj�N0A
CN< j@3 c3L�NjC,c $3@CN0 j@3 0�j�Y i@Cc cj3U Cc ,IRc3Iw ,RNN3,j30 jR j@3 $ncCN3cc nN03acj�N0CN<
cj3U. �c j@3 0�j� Lncj $3 c3j CN ,RNj3uj sCj@ j@3 nc3 ,�c3Y +@�Uj3a b3,jCRN :Yl sCII ,Rq3a j@Cc
cj3UY

Ë /�j� Ta3U�a�jCRN
BN j@Cc U@�c3. j@3 ,RII3,j30 0�j� Cc ,RNq3aj30 CNjR j@3 0�j�c3j j@�j j@3 LR03I ,�N nc3Y i@Cc
,RNj�CNc ȓj�$I3. a3,Ra0. �N0 �jjaC$nj3 c3I3,jCRN. 0�j� ,I3�NCN<. ,RNcjan,jCRN R8 N3s �jjaC$nj3c.
�N0 ja�Nc8RaL�jCRN R8 0�j� 8Ra LR03ICN< jRRIcYȓ )r?zz*

i@Cc cj3U Cc 03c,aC$30 CN j@3 TI�NNCN< �N0 j@3 BLUI3L3Nj�jCRN ,@�Uj3aY

Ë KR03ICN<
M3uj. j@3 0�j�c3j Cc nc30 CN j@3 CNj3N030 �I<RaCj@LY i@Cc j@3cCc nc3c �ajC~,C�I N3na�I N3jsRaGc
�c � L�,@CN3 I3�aNCN< �I<RaCj@L. cR j@3 0�j�c3j Cc nc30 jR ja�CN j@3 �ajC~,C�I N3na�I N3jsRaGcY
Bj Cc U�ajIw a3�3,j30 CN j@3 BLUI3L3Nj�jCRN ,@�Uj3aY

Ë 2q�In�jCRN
#38Ra3 03UIRwL3Nj. j@3 \n�ICjw R8 j@3 LR03I N330c jR $3 3q�In�j30Y 7Ra j@Cc j@3cCc. j@3
N3jsRaGc �a3 ,RLU�a30 �<�CNcj 3�,@ Rj@3a CN j@3 2q�In�jCRN ,@�Uj3aY

Ë /3UIRwL3Nj
�c j@3 I�cj cj3U. j@3 a3cnIjCN< LR03I N330c jR $3 03UIRw30 jR $3 nc30Y i@Cc 0R3c NRj N3,3cc�aCIw
L3�N j@�j Cj sCII $3 3L$30030 CN �N �UUIC,�jCRN Ra �,,3ccC$I3 jR nc3acY Bj ,�N �IcR L3�N
saCjCN< � a3URaj. U�U3a. Ra. ICG3 CN j@Cc ,�c3. � j@3cCc �$Rnj CjY

:Yl /�j�

BN Ra03a jR ,a3�j3 � L�,@CN3 I3�aNCN< LR03I. j@3 ~acj UI�NNCN< cj3U Cc jR nN03acj�N0 �N0 Ua3U�a3 j@3
0�j� j@3 cwcj3L Cc ja�CN30 RNY �N CLURaj�Nj anI3 @3a3 Cc $�0 CN 3\n�Ic $�0 Rnj. L3�NCN< j@�j j@3
\n�ICjw R8 j@3 ja�CNCN< 0�j� Cc cjaRN<Iw CN�n3N,30 $w j@3 \n�ICjw R8 j@3 a3cnIjCN< L�,@CN3 I3�aNCN<
LR03I- ȓK�,@CN3 H3�aNCN< Cc. �8j3a �II. /�j�A/aCq3N �B. �N0 wRna LR03I sCII $3 RNIw �c <RR0 Ra �c
$�0 �c j@3 0�j� wRn @�q3ȓ)+@�Se*Y i@3a38Ra3. Cj c@RnI0 $3 �N�Iwy30 s@C,@ 0�j� ~jc j@3 CNj3N030 nc3
R8 j@3 cwcj3L j@3 $3cj. @Rs j@3 0�j� Cc Ua3AUaR,3cc30. �N0 s@3a3 Cj ,RnI0 $3 ,RLUaRLCc30Y

l:



:Yl /�j�

r3�j@3a

r3�j@3a Cc RN3 R8 j@3 LRcj a3c3�a,@30 3NqCaRNL3Nj�I CN�n3N,3c RN @nL�N @3�Ij@ �N0 <a3�jIw CLU�,jc
@nL�N @3�Ij@ $3,�nc3 Cj Cc � s@RI3 <aRnU R8 CN�n3N,3c ,RII3,j30 nN03a � cCN<I3 j3aLY M3q3aj@3I3cc.
�IcR $3,�nc3. �j � wRnN< �<3. s3 I3�aN jR 3uU3,j jR <3j CII CN IRncw s3�j@3aY i@Cc Cc qCcC$I3 CN
CIIN3cc3c s@Rc3 N�L3 Cc $�c30 RN j@3 s3�j@3a ,RN0CjCRN j@3w c33L jR $3 ,RNN3,j30 jR- � ,RI0 �N0
@3�jcjaRG3Y

iR a3Ua3c3Nj j@3 s3�j@3a. j@3 L�,@CN3 I3�aNCN< �I<RaCj@L �N�Iwy3c NCN3 0C{3a3Nj 83�jna3c 8Ra 3�,@
0�w-

Ë L�uCLnL j3LU3a�jna3

Ë �q3a�<3 j3LU3a�jna3

Ë jRj�I Ua3,CUCj�jCRN

Ë cNRs @3C<@j

Ë sCN0 0Ca3,jCRN

Ë �q3a�<3 sCN0 cU330

Ë L�uCLnL sCN0 cU330

Ë �Ca Ua3ccna3

Ë @nLC0Cjw

Ë @Rnac R8 cnNIC<@j

i@3 0�j� Cc 8aRL L3j3Rcj�jS. � s3$cCj3 j@�j ,RII3,jc L3j3RaRIR<C,�I 0�j� 8aRL LnIjCUI3 N�jCRN�I
s3�j@3a c3aqC,3cY Bj Cc UaRqC030 $w s3�j@3a cj�jCRN Sz4zk. IR,�j30 CN 7a3C$na<. ;3aL�NwY �II 0�j� Cc
UaRqC030 �c � �R�jCN<AURCNj NnL$3a sCj@ � cCN<I3 03,CL�I UI�,3Y i@3 nNCj Cc j@3 RN3 UaRqC030 $w
L3j3Rcj�j. s@C,@ Cc c@RsN CN Qq3aqC3s

�c j@Rc3 q�aC�$I3c �a3 ,IRc3Iw ,RNN3,j30. j@3w CN�n3N,3 3�,@ Rj@3a �c s3IIY 7Ra 3u�LUI3. j@3
LCNCLnL. �q3a�<3. �N0 L�uCLnL j3LU3a�jna3c 03U3N0 RN 3�,@ Rj@3a. �c c33N CN 7C<na3 :YlY bjCII.
j@3w �II CNjaR0n,3 j@3Ca RsN CN8RaL�jCRN j@�j NRN3 R8 j@3 Rj@3ac ,�N ,RNcCcj3NjIw UaRqC03Y i@3 �q3a�<3
,�NNRj c@Rs 3uja3L3c. s@CI3 LCNCLnL �N0 L�uCLnL RNIw UaRqC03 � cCN<I3 RnjIC3aY i@3a38Ra3. �II
R8 j@3L �a3 nc30Y

�NRj@3a UaR$I3L ,RnI0 $3 ncCN< RNIw � cCN<I3 s3�j@3a cj�jCRN. �c j3LURa�aw 3aaRac CN j@3Ca L3�A
cna3L3Njc sRnI0 a30n,3 j@3 0�j� \n�ICjwY ?Rs3q3a. j@3 NnL$3a R8 s3�j@3a cj�jCRNc CN 7a3C$na< Cc
ICLCj30Y 7naj@3aLRa3. j@3 I3�aNCN< �I<RaCj@L nc3c RNIw 0�CIw �q3a�<3c. s@C,@ ,RnNj3a�,jc c@RajAICq30
3aaRacY

S@jjUc-ggL3j3Rcj�jYN3jg03gcj�jCRNgSz4zk �,,3cc30 RN SzYzSYlzll

l9
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7C<na3 :Yl- i@3 LCNCL�I. �q3a�<3 �N0 L�uCLnL j3LU3a�jna3 CN 7a3C$na<. ;3aL�Nw 8aRL lzSf jR
lzSO

iCL3

i@3 0�j3 sCII $3 �N 3cc3NjC�I 0�j� URCNj 8Ra j@3 cwcj3L. �c Cj Cc j@3 G3w jR ERCNCN< j@3 0�j� 8aRL j@3
@RcUCj�I. s3�j@3a. �Ca URIInjCRN. InN�a ,w,I3. �N0 @RIC0�wY

Qj@3a CLURaj�Nj 0�j� URCNjc �a3 ,IRc3Iw a3I�j30 jR j@3 0�j3- i@3 c3�cRN. j@3 0�w R8 j@3 s33G. �N0
j@3 0�w R8 j@3 LRNj@Y i@Cc 0�j� N330c NR CN0CqC0n�I 0�j� cRna,3. �c Cj ,�N $3 ,�I,nI�j30 8aRL j@3
0�j3 Cjc3I8Y i@3 0�w R8 j@3 w3�a ,�N $3 a3Ua3c3Nj30 $w � NnL$3a 8aRL S jR kf9Y Bj �IcR CN,In03c
CN8RaL�jCRN �$Rnj j@3 c3�cRN. �c j@Rc3 �a3 LRa3 Ra I3cc �a$Cja�aw cUICjc R8 j@3 w3�aY i@3 3u�,j 0�j3c
RN s@C,@ j@3 c3�cRN csCj,@3c 0R NRj �{3,j 0�wAjRA0�w IC83 $nj �a3 w3�aIw a3U3�jCN< jCL3c 8Ra cCLCI�a
0Cc3�c3c. ICG3. j@3 ,RI0 c3�cRNY

i@3 0�w R8 j@3 LRNj@ Cc UaR$�$Iw I3cc CLU�,j8nI. $nj CN 0�wAjRA0�w IC83. L�Nw ,@�N<3c @�UU3N RN �
U�ajC,nI�a 0�w CN j@3 LRNj@Y 7Ra 3u�LUI3. LRcj U3RUI3 a3,3Cq3 j@3Ca U�w,@3,G Ra U�w j@3Ca a3Nj RN
j@3 c�L3 0�w R8 j@3 LRNj@. s@C,@ L�w CLU�,j j@3Ca $3@�qCRaY

i@3 0�w R8 j@3 s33G Cc 3cc3NjC�IY KRcj ICq3c �a3 c,@30nI30 �aRnN0 j@3 c3q3NA0�w a@wj@L R8 j@3 s33GY
rRaG �N0 a3<nI�a a3,a3�jCRN�I �,jCqCjC3c @�UU3N RN ~u30 0�wcY TaCL�aCIw j@3 s33G3N0 UaRqC03c �
cn$cj�NjC�I c@C8j CN U3acRN�I �,jCqCjw. s@C,@ ,�N CLU�,j j@3 aCcG R8 CNEnaw �N0 j@3 �$CICjw jR a3,R<NCy3
CIIN3cc3cY

�II j@a33 UC3,3c R8 CN8RaL�jCRN. 0�w R8 j@3 s33G. 0�w R8 j@3 LRNj@. �N0 0�w R8 j@3 w3�a ,�N 3�cCIw
$3 a3jaC3q30 8aRL j@3 Uwj@RN jCL3 IC$a�awlY Bj UaRqC03c j@3 CN8RaL�jCRN cR j@�j NR cU3,C�I 3{Raj Cc
N33030 jR c3U�a�j3 j@3 I3N<j@ R8 0C{3a3Nj LRNj@c Ra I3�U w3�acY

l@jjUc-gg0R,cYUwj@RNYRa<gkgIC$a�awgjCL3Y@jLI I�cj �,,3cc30 RN SlYzSYlzll

lf

https://docs.python.org/3/library/time.html


:Yl /�j�

Bj Cc URccC$I3 jR qC3s j@3 c3�cRN �c a30nN0�Nj jR j@3 s3�j@3a 0�j�. �c j@3 ,RI0 R8 j@3 sCNj3a Cc
�Ia3�0w a3�3,j30 CN j@3 j3LU3a�jna3 �N0 cNRs8�IIY M3q3aj@3I3cc. Cj Cc �IcR q�IC0 jR 3uU3,j j@�j U3RUI3
$3@�q3 0C{3a3NjIw 03U3N0CN< RN j@3 j3LU3a�jna3 j@3w 3uU3,j CN j@3 ,naa3Nj jCL3. C<NRaCN< j@3 �,jn�I
j3LU3a�jna3Y i@3 0�w R8 j@3 s33G �N0 LRNj@. RN j@3 Rj@3a @�N0. ,�N @�q3 cn$cj�NjC�I CLU�,jcY
T3RUI3 sCII 3N,RnNj3a 0C{3a3Nj 0�N<3ac �N0. j@3a38Ra3. 0C{3a3Nj a3�cRNc jR <R jR �N 3L3a<3N,w aRRL
CN j@3Ca sRaG �N0 8a33 jCL3Y i@3a38Ra3. �II j@a33 UC3,3c R8 CN8RaL�jCRN �a3 nc30 jR ja�CN j@3 �ajC~,C�I
N3na�I N3jsRaGcY

?RIC0�wc

i@3a3 ,�N $3 \nCj3 � 0C{3a3N,3 $3js33N CNEnaC3c 0naCN< sRaG �N0 8a33 jCL3Y i@3 @RIC0�wc �N0 c,@RRI
@RIC0�wc ,�N CN0C,�j3 sRaG qcY 8a33 jCL3 8Ra �j I3�cj � $C< U�aj R8 j@3 ,CjCy3NcY �c cRL3 @RIC0�wc �a3
$�c30 RN a3IC<CRnc Ra @CcjRaC,�I ,RNj3uj. cn,@ �c 3�cj3a. j@3w �a3 NRj 0Ca3,jIw ICNG30 jR � ~u30 0�j3 R8
j@3 w3�aY i@3a38Ra3 s3 nc3 �N CN0CqC0n�I #RRI3�N 8Ra 3�,@ 0�w. CN0C,�jCN< C8 Cj Cc � @RIC0�wY

i@Cc 0�j� Cc L�CNIw UaRqC030 $w j@3 s3$cCj3 73C3aj�<3 �TBk �N0 ~Ij3a30 jR RNIw ,RNj�CN j@3 @RIC0�wc
R8 #�03NArɫajj3L$3a<Y �00CjCRN�IIw. +@aCcjL�c 2q3 Vl:YSlYW �N0 M3s v3�aȕc 2q3 VkSYSlYW �a3
L�aG30 �c @RIC0�wc jRRY 73C3aj�<3 �TB 0R3c NRj L�aG j@3L �c @RIC0�wc j@3Lc3Iq3cY TaR$�$Iw
$3,�nc3. CN ;3aL�Nw. j@3w �a3 3�,@ RNIw � @�I8A@RIC0�wY bjCII. CN j@3 ,RNj3uj R8 j@Cc j@3cCc. j@3w
c@RnI0 $3 3q�In�j30 ICG3 �Nw Rj@3a @RIC0�wY

i@Cc cjCII 0R3c NRj ,RNj�CN �II @RIC0�wc 8Ra j@�j jCL3. �c j@3 LRq3�$I3 @RIC0�wc ,�N $3 c3j 0C{3a3NjIw
$w 0C{3a3Nj c,@RRIc �N0 Ua3Ac,@RRIcY 7Ra j@3 c�L3 a3�cRN. j@Rc3 @RIC0�wc c@RnI0 NRj cC<NC~,�NjIw
CLU�,j j@3 0�j�. �N0 �c s3 ,�NNRj GNRs �$Rnj j@Rc3 @RIC0�wc. j@3w �a3 NRj CN j@3 c,RU3 R8 j@Cc
j@3cCcY

�Ca TRIInjCRN

�Ca URIInjCRN @�c a3,3Cq30 CN,a3�cCN< CNj3a3cj Rq3a j@3 I�cj 83s w3�acY 2cU3,C�IIw CN $C< ,CjC3c. j@3 �Ca
,�N $3 � @3�Ij@ @�y�a0Y );F;ZO4*. )x�Nzf* �N0 )+bb�O9*. ICG3 L�Nw Rj@3ac. c@Rs30 j@3 cC<NC~,�Nj
CLU�,j j@�j �Ca URIInjCRN ,�N @�q3Y

i@3 0�j� Cc UaRqC030 $w j@3 H�N03c�Ncj�Ij 8ɫa mLs3Ij #�03NArɫajj3L$3a< : �N0 0RsNIR�030 8aRL
j@3 rRaI0 �Ca [n�ICjw ?CcjRaC,�I /�j�$�c39Y Bj ,RNcCcjc R8 j@3 �LRnNj R8 RyRN3 VQkW �N0 NCjaR<3N
VMQkW. �c s3II �c j@3 ,RN,3ja�jCRN R8 ~N3 VTKlY9W �N0 CN@�I�$I3 VTKSzW U�ajC,I3cY

2�,@ R8 j@3L Cc CN a3I�jCRN jR � ,n$C, L3j3a R8 �CaY i@3 �Ca URIInjCRN 0�j� Cc qCcn�ICy30 CN 7C<na3 :YkY

MRN3 R8 j@3 3NqCaRL3Nj�I CN�n3N,3c L3NjCRN30 $38Ra3 @�q3 � 0Ca3,j ,RNN3,jCRN jR j@3 �Ca \n�ICjw
�N0 LnIjCUI3 cjn0C3c ,RNN3,j30 �Ca \n�ICjw jR 03,a3�cCN< @3�Ij@ �N0 �,,nj3 L30C,�I ,RN0CjCRNc 8Ra
L�Nw w3�ac )x�Nzf*. )bbHZOk*. )+bb�O9*. )?HvZz4*. )H?QOe*. )bb#Z4S*. );F;ZO4*Y i@3a38Ra3.
�Ca \n�ICjw Cc �N 3cc3NjC�I 8�,jRa jR ,RNcC03aY i@3 0C{3a3Nj GCN0c R8 �Ca \n�ICjw c33L jR @�q3 cCLCI�a
U�jj3aNc. 3cU3,C�IIw TKlY9. TKSz. �N0 $

2Y M3q3aj@3I3cc. 3uja3L3 q�In3c R8 CN0CqC0n�I �Ca URIInj�Njc
,�N $3 CLU�,j8nI. �N0 �II j@Rc3 URIInj�Njc s3a3 nc30 CN LRcj a383a3N,30 U�U3acY

k@jjUc-gg83C3aj�<3A�UCY03 I�cj �,,3cc30 RN SlYzSYlzll
:@jjUc-ggsssYIn$sY$�03NAsn3ajj3L$3a<Y03gIn8j I�cj �,,3cc30 RN SSYzSYlzll
9@jjUc-gg�\C,NYRa<g@CcjRaC,�I I�cj �,,3cc30 RN SSYzSYlzll

le

https://feiertage-api.de
https://www.lubw.baden-wuerttemberg.de/luft
https://aqicn.org/historical


: TI�NNCN<

7C<na3 :Yk- i@3 �Ca URIInjCRN CN 7a3C$na<. ;3aL�Nw 8aRL lzSf jR lzSO

HnN�a ,w,I3

r@CI3 j@3a3 Cc ICjjI3 jR NR c,C3NjC~, 3qC03N,3 j@�j cnUURajc InN�a 3{3,jc RN @nL�N @3�Ij@. j@3 jRUC,
�UU3�a30 CN 3NRn<@ 0C{3a3Nj 0Cc,nccCRNc j@�j Cj Cc CNj3a3cjCN< C8 j@3 3uU3,j�jCRN �IRN3 ,�N CLU�,j
j@3 3L3a<3N,w aRRLY i@3a3 Cc � sC03Iw 3cj�$ICc@30 $3IC38 j@�j j@3 LRRN ,�N CN�n3N,3 0�CIw IC83
)b,nSS*Y B8 j@Cc $3IC38 CN�n3N,3c j@3 03,CcCRN R8 U3RUI3 jR 0R cRL3j@CN< j@�j ,RnI0 @�aL j@3L Ra <R
jR j@3 3L3a<3N,w aRRL. Cj ,RnI0 CN�n3N,3 j@3 sRaGIR�0Y

iR CN,In03 j@3 InN�a ,w,I3 CN j@3 0�j�c3j. Cj ,�N $3 3N,R030 �c NnL$3ac $3js33N RN3 �N0 8Rna-

SY M3s LRRN

lY 7Cacj [n�aj3a

kY 7nII LRRN

:Y H�cj [n�aj3a

i@3 jCL38a�L3 8Ra j@3 0�j�c3j cj�ajc RN D�Nn�aw S. lzSfY i@3 ~acj jsR 0�wc R8 lzSf s3a3 U�aj R8 �
,RLUI3j3 LRRN U@�c3. L�GCN< j@3 j@Ca0 R8 D�Nn�aw j@3 cj�aj R8 j@3 I�cj \n�aj3a U@�c3Y 2�,@ U@�c3
@�c �N �UUaRuCL�j3 I3N<j@ R8 e 0�wcY i@3a38Ra3. NnL$3ac RN3 jR 8Rna �a3 �0030 CN <aRnUc R8 c3q3N
jR j@3 0�j�c3j 8RIIRsCN< D�Nn�aw j@3 j@Ca0Y

isCjj3a � ;RR<I3 ia3N0c

i@3 IR,�I isCjj3a �N0 ;RR<I3 ja3N0c UaRqC03 �N Rq3aqC3s R8 s@�j @�UU3Nc CN j@3 IR,�I �a3�Y K�CNIw
jsCjj3a ,�N cUa3�0 N3sc 8�cj3a j@�N �Nw ja�0CjCRN�I CN8RaL�jCRN ,@�NN3IY ?Rs3q3a. j@Rc3 8�cj �N0
0Cq3ac3 UC3,3c R8 CN8RaL�jCRN �a3 0C|,nIj jR LRNCjRa �N0 �N�Iwy3 �njRL�jC,�IIwY

l4
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i@3 R$qCRnc s�w sRnI0 $3 jR <3N3a�j3 ,�j3<RaC3c. ICG3 ~a3. 3�aj@\n�G3. Ra cURajc 3q3Nj. �N0 L�U j@3
ja3N0c CNjR j@3LY M3q3aj@3I3cc. j@�j sRnI0 ,Rcj 0Cq3acCjw. �c Cj ,�NNRj ,Rq3a �II CN8RaL�jCRN UaRqC030
$w isCjj3aY Bj sRnI0 $3 LRa3 $3N3~,C�I jR LRNCjRa cn,@ 8�,jRac Rq3a ja�0CjCRN�I s�wc. �c j@Cc cwcj3L
Cc CNj3N030 jR anN 0�CIwY i@3 ja�0CjCRN�I ,@�NN3Ic. ICG3 ip. U�U3a. Ra a�0CR. UaRqC03 LRa3 �,,na�j3
CN8RaL�jCRNY

�00CjCRN�IIw. 3u,3UjCRN�I 3q3Njc R8j3N a3,3Cq3 j@3Ca N�L3c RN j@3 CNj3aN3j. s@C,@ <3N3a�j3c � N330
8Ra �,jCq3 LR03a�jCRN R8 j@3 LRNCjRaCN< jRRIY

i@3a3 �a3 s�wc jR �N�Iwy3 cn,@ ja3N0c �njRL�jC,�IIw. $nj j@Rc3 �a3 RnjcC03 j@3 c,RU3 R8 j@Cc j@3cCcY
i@3a38Ra3. isCjj3a �N0 <RR<I3 ja3N0c �a3 NRj U�aj R8 j@3 83�jna3 c3jY

Qq3aqC3s

i�$I3 :YS UaRqC03c �N Rq3aqC3s Rq3a �II lz 2NqCaRL3Nj�I CN�n3N,3c j@�j s3 sCII nc3 �c CNUnj 83�jna3c
8Ra j@3 �ajC~,C�I N3na�I N3jsRaGcY Bj ,RNj�CNc j@3 C03NjC~3a CN j@3 0�j�c3j. j@3 N�L3. �N0 j@3 nNCj CN
s@C,@ j@3 0�j� Cc UaRqC030Y

b@Raj M�L3 M�L3 /�j�jwU3 mNCj
LCNi LCNCLnL j3LU3a�jna3 7IR�j +3I,Cnc
L�ui L�uCLnL j3LU3a�jna3 7IR�j +3I,Cnc
�q<i �q3a�<3 j3LU3a�jna3 7IR�j +3I,Cnc
U3aj jRj�I Ua3,CUCj�jCRN 7IR�j LL U3a Ll

cNRs cNRs @3C<@j 7IR�j LL
sCN/ sCN0 0Ca3,jCRN 7IR�j /3<a33
�q<r �q3a�<3 sCN0 cU330 7IR�j GLg@
L�ur L�uCLnL sCN0 cU330 7IR�j GLg@
Ua3c �Ca Ua3ccna3 7IR�j @T�
@nLC @nLC0Cjw 7IR�j T3a,3Nj�<3
@cnN @Rnac R8 cnNIC<@j 7IR�j KCNnj3c
w3�a 0�w R8 w3�a BNj3<3a A
LRNj 0�w R8 LRNj@ BNj3<3a A
s33G 0�w R8 s33G BNj3<3a A
@0�w @RIC0�w #RRI3�N A
TKlY9 ~N3 U�ajC,I3c BNj3<3a �LRnNj
TKSz CN@�I3�$I3 U�ajC,I3c BNj3<3a �LRnNj
Qk RyRN3 BNj3<3a �LRnNj

MQk NCjaR<3N BNj3<3a �LRnNj
,w,I InN�a ,w,I3 'S.l.k.:( A

i�$I3 :YS- 2NqCaRNL3Nj�I CN�n3N,3c nc30 8Ra ja�CNCN<

lO
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i@3 cnU3aqCc30 L�,@CN3 I3�aNCN< �I<RaCj@L �IcR N330c c�LUI3 0�j� R8 s@�j Cj c@RnI0 Ua30C,j
8Ra cnU3aqCc30 I3�aNCN<Y i@Rc3 c�LUI3c �a3 UaRqC030 $w j@3 mNCq3acCj¡jcGICNCGnL 7a3C$na<f CN
;3aL�NwY i@3 UaRqC030 0�j� ,RNj�CNc 3q3awRN3 s@R 3Nj3a30 j@3 3L3a<3N,w aRRL 8aRL zSYzSYlzSf
jR kSYSlYlzSOY i@�j Cc SeO9S9 ,�c3c Rq3a � cU�N R8 : w3�ac Ra S:fS 0�wcY

?Rs3q3a. j@3 L�CN 0C�<NRcCc Cc RNIw UaRqC030 s@3N j@3 U�jC3Nj Cc j�G3N ,�a3 R8 cj�jCRN�awY bj�jCRN�aw
,�c3c �a3 RNIw fkzez R8 j@3 jRj�I NnL$3a R8 ,�c3cY i@Cc a3N03ac SeO9S9 ,�c3c. Ra ⇡ 64.87%.
nNnc�$I3Y

i@3a3 s�c NR ,RNc3Nj 8Ra cjn0w U�ajC,CU�jCRN. �c RNIw �NRNwLCy30 0�j� s�c a3\nCa30 jR �Ncs3a
j@3 a3c3�a,@ \n3cjCRNY QN j@3 RN3 @�N0. CN8RaL30 ,RNc3Nj CN �N 3L3a<3N,w a3,Ra0CN< cCjn�jCRN Cc
,RLUIC,�j30Y BN j@3 ,�c3 R8 a3jaR�,jCq3 ,RNc3Nj. j@3a3 ,RnI0 $3 �N nN�,,3Uj�$I3 $C�c 0n3 jR 03,3�c30
U�jC3Njc �N0 U�jC3Njc sCj@Rnj ,RNj�,j 0�j�Y

QN j@3 Rj@3a @�N0. Cj Cc N33030 jR UaRj3,j j@3 U�jC3Njcȕ U3acRN�I 0�j� V/b;pQ �aj 4O �N0 #/b; Ƚll
VSWW �N0 @RNRa L30C,�I ,RN~03NjC�ICjw VȽlzk bj;#WY ?Rs3q3a. cCN,3 RNIw cjan,jna30 �N0 �NRNwLCy30
0�j� Cc �N�Iwy30. Cj Cc NRj jR $3 �ccnL30 j@�j � 0Cc,IRcna3 R8 c3,a3jc ,RNja�aw jR Ƚlzk VSW bj;# j�G3c
UI�,3Y

/b;pQ �aj 4O �N0 #/b; Ƚll VSW UaRqC03. CN 03qC�jCRN 8aRL /b;pQ �aj O VSW. � EncjC~,�jCRN
8Ra j@3 UaR,3ccCN< R8 0�j� 8Ra c,C3NjC~, UnaURc3c. CNcR8�a �c j@Cc Cc N3,3cc�aw 8Ra j@3 a3c3�a,@ Ra jR
�Ncs3a j@3 a3c3�a,@ \n3cjCRN )/b;pQ*Y

i@3 �N�IwcCc U3aCR0 Cc 3uUIC,CjIw CN j@3 U3aCR0 $38Ra3 j@3 +RaRN� U�N03LC, jR �cc3cc j@3 0CcjaC$njCRN
R8 0C�<NRc3c sCj@Rnj U�N03LC, 3{3,jcY

i@3 0�j� Cc UaRqC030 CN 8RaL R8 j@3 8RIIRsCN< 83�jna3c

Ë 2N,RnNj3aoNnL

Ë �0LCccCRNo0�j3jCL3

Ë 3cCoc,Ra3

Ë CNRnjo,0

Ë L�CNo0C�<NRcCc

Ë �<3o�jo�0LCccCRN

Ë c3uo,0

Ë xBTo,0

i@3 �<3. c3u. �N0 xBT ,R03 �a3 L3j�0�j� �$Rnj j@3 U�jC3Nj j@�j 0R3c NRj N330 8naj@3a 3uUI�N�jCRNY
i@3 2N,RnNj3aoNnL Cc � cCLUI3 CN03uY i@3 �0LCccCRN 0�j3jCL3 �N0 j@3 3N,RnNj3a NnL$3a �a3 RNIw
N33030 jR L�j,@ j@3 L30C,�I 0�j� jR j@3 3NqCaRNL3Nj�I CN�n3N,3c 8aRL j@3 c�L3 0�wY i@3 2bB c,Ra3.
�IcR ,�II30 j@3 ȓ2L3a<3N,w b3q3aCjw BN03u V2bBW b,Ra3ȓ. a3Ua3c3Njc @Rs na<3Nj Cj s�c jR �jj3N0 jR
j@Cc U�jC3NjY CNRnjo,0 a3Ua3c3Njc C8 � U�jC3Nj s�c ja3�j30 cj�jCRN�aw Ra C8 j@3w s3a3 �$I3 jR I3�q3 �8j3a
� c@Raj CNcU3,jCRN CN j@3 3L3a<3N,w aRRL. s@C,@ Cc ,�II30 RnjU�jC3Nj ,�a3Y

f@jjUc-ggsssYnNCGICNCGA8a3C$na<Y03g03Y@jLI I�cj �,,3cc30 RN SeYzSYll

kz

https://www.uniklinik-freiburg.de/de.html
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KRcj CLURaj�Nj 8Ra j@3 L�,@CN3 I3�aNCN< cwcj3L Cc j@3 L�CN 0C�<NRcCcY Bj a3Ua3c3Njc j@3 CNEnawgCIIN3cc
j@3 U�jC3Njc s3a3 0C�<NRc30 sCj@Y Bj Cc ,I�ccC~30 $w j@3 B+2ASz cwcj3Le. s@C,@ L�Uc � sC03 �a3� R8
0C�<NRcCc jR N3cj30 C03NjC~,�jCRN ,R03cY

i@3 B+/ASz cwcj3L ,RNj�CNc Rq3a Szzz CN0CqC0n�I ,R03c )FaR*Y KRcj R8 j@3L 0R NRj �UU3�a CN
j@Cc 0�j�c3jY i@3a38Ra3. � LR03I ja�CN30 RN j@Cc 0�j� sRnI0 $3 nN�$I3 jR Ua30C,j j@Rc3 0C�<NRc3cY
Bj cCLUIw 0R3c NRj GNRs j@�j j@3w 3uCcjY �00CjCRN�IIw. cn,@ � Ua3,Cc3 0C�<NRcCc Cc nNa3�ICcjC, �N0
nNN3,3cc�awY MRj 3q3aw B+/ ,R03 N330c Cjc RsN UaR83ccCRN�IY bRL3 R8 j@3L 3q3N 03c,aC$3 j@3 c�L3
CNEnaw. Encj sCj@ 0C{3a3Nj CNj3NcCjC3cY

i@3 B+/ASz ,R03c �a3 @C3a�a,@C,�IIw ,�j3<RaCy30. $3<CNNCN< sCj@ ll jRUAI3q3I ,�j3<RaC3cY

MRj �II R8 j@3L �UU3�a RN j@3 0�j�c3jY i@3 0CcjaC$njCRN R8 ,�c3c CNjR j@3c3 ,�j3<RaC3c ,�N $3 c33N CN
7C<na3 :Y:Y

B+/AtBt

lzY:4X

B+/AtpBBB

SlYllX
B+/ABt

SSYOeX

B+/AtB OYf:X

B+/ApB

4Y:fX

B+/At

fYkfX

B+/AB

9YfeX

B+/ABB

9Yk:X

B+/AtBp

:YelX

B+/AtBBB

:Y:4X
B+/Ap

:YlSX
`3cj

fY:9X

7C<na3 :Y:- i@3 0CcjaC$njCRN R8 ,�c3c CN j@3 0�j�c3j $3js33N j@3 0C{3a3Nj B+/ASz jRU I3q3I ,�j3<RaC3c
$w U3a,3Nj

i@3 Qj@3a I�$3I ,RNj�CNc j@3 jRUAI3q3I ,�j3<RaC3c BBB. Bp. pBB. pBBB. tBB. tp. tpBB. �N0 ttBY +�j3<Raw
ttBB s�c NRj ICcj30 �c j@3 L�CN 0C�<NRcCc 8Ra � cCN<I3 ,�c3 CN j@3 0�j�. CN,In0CN< RnjU�jC3Nj ,�a3Y

�N RUjCLCy30 ,�j3<RaCy�jCRN s�c ,a3�j30 sCj@ j@3 0R,jRac 8aRL j@3 mNCq3acCj¡jcGICNCGnL 7a3C$na<Y
Bj 8R,nc3c RN jsR 8�,jRac- 7CacjIw. ,�j3<RaC3c c@RnI0 $3 �c 3\n�I �c URccC$I3 a3<�a0CN< j@3 NnL$3a R8
,�c3c j@3w a3Ua3c3NjY +�j3<RaC3c j@�j �a3 jRR $C< ,�N a30n,3 j@3 \n�ICjw R8 j@3 LR03IY b3,RN0Iw. j@3
,�j3<RaC3c c@RnI0 cUICj j@3 ,�c3c jR $3 nc38nI 8Ra cj�{ UI�NNCN<. L3�NCN< j@�j 3�,@ ,�j3<Raw c@RnI0
,RNj�CN �c 83s 0C{3a3Nj 3uU3aj ~3I0c �c URccC$I3Y

e@jjUc-ggsssYC,0A,R03Y03gC,0g,R03gB+/ASzA;KY@jLI I�cj �,,3cc30 RN SeYzlYll

kS

https://www.icd-code.de/icd/code/ICD-10-GM.html


: TI�NNCN<

i@3 R|,C�I jRUAI3q3I ,�j3<RaC3c �a3 �Ia3�0w � <RR0 c3U�a�jCRN R8 j@3 ,�c3c. s@C,@ 8nI~IIc j@3 c3,RN0
a3\nCa3L3NjY iR L�G3 j@3 Ua30C,j30 ,I�cc3c LRa3 3\n�I CN cCy3. s3 3uja�,j 0C�<NRc3c sCj@ LRa3
j@�N S9zz CN0CqC0n�I ,�c3c �N0 ,a3�j3 � a3cj ,I�cc. s@C,@ ,RNj�CNc �II ,�j3<RaC3c sCj@ I3cc j@�N Szzz
,�c3c RN Cjc RsNY i@Cc UaR,3cc ,a3�j3c j@3 0CcjaC$njCRN c33N CN 7C<na3 :Y9Y

B+/AtBt

S9Y99X

B+/AtpBBB

SlYllX

B+/AtB

OYf:XB+/ABt

4YzlX
B+/At

fYkfX

B+/ApB
fYzOX

B+/AB

9YfeX

B+/ABB

9Yk:X

bzf

:YO:X

B+/AtBp

:YelX

B+/AtBBB

:Y:4X

B+/Ap

:YlSX

Bfk

kYO9X

B+/ABp

SY4kX `3cj

fYOOX

7C<na3 :Y9- i@3 ,ncjRL 0CcjaC$njCRN. CN,In0CN< �II ,�c3c j@�j �UU3�a LRa3 j@�N S9zz jCL3c

i@Cc CNjaR0n,30 j@a33 0C�<NRc3c �c j@3Ca ,�j3<RaC3c-

bzf BNja�,a�NC�I CNEnaw. $3jj3a GNRsN �c ,RN,nccCRN Ra $a�CN CNEnaw. Cc j@3 LRcj ,RLLRN CNEnaw CN
j@3 0�j� j@�j @�0 jR $3 j�G3N ,�a3 R8 8Ra cj�jCRN�awY Bj Cc U�aj R8 j@3 R|,C�I ,�j3<Raw tBt �N0
UaRqC030 � cC<NC~,�Nj U�aj R8 Cjc ,�c3c )FaR*Y

Bfk +3a3$a�I CN8�a,jCRN Ra $a�CN CN8�a,jCRN RaC<CN�j3c CN j@3 RaC<CN�I ,�j3<Raw O )FaR*Y

;:9 +3a3$a�I ja�NcC3Nj Cc,@3LC� �N0 a3I�j30 cwN0aRL3c R,,na s@3N j@3 $IRR0 cnUUIw jR U�aj R8
j@3 $a�CN Cc $aC3�w CNj3aanUj30Y QaC<CN�IIw Cj s�c U�aj R8 ,�j3<Raw pB )FaR*Y

kl



:Yk MRaL�ICy�jCRN

:Yk MRaL�ICy�jCRN

�c j@3 CNUnj 0�j� V3NqCaRNL3Nj�I CN�n3N,3cW �N0 RnjUnj 0�j� V@RcUCj�I 3L3a<3N,w aRRL 0�j�W @�q3
\nCj3 � a�N<3. � NRaL�ICy�jCRN ,�N CLUaRq3 j@3 LR03I \n�ICjwY i@3 3NqCaRNL3Nj�I CN�n3N,3c 0R NRj
CN�n3N,3 3�,@ Rj@3aY i@3a38Ra3 j@3w �a3 CN0CqC0n�IIw NRaL�ICy30Y 2�,@ CN�n3N,3 <3jc 0CqC030 $w Cjc
�$cRInj3 L�uCLnL. a3cnIjCN< CN q�In3c $3js33N AS �N0 S-

Æ8==>A< = Æ8= · 1
<0G( |{G8= Æ8=}|)

i@3 @RcUCj�I 3L3a<3N,w 0�j� Cc NRaL�ICy30 $w � cCN<I3 q�In3. �c j@3 q�In3c �a3 ,IRc3a jR<3j@3a �N0
,IRc3Iw ,RNN3,j30Y i@3a38Ra3. 3�,@ ,�j3<Raw Cc 0CqC030 $w j@3 L�uCLnL R8 �II ,�j3<RaC3c. a3cnIjCN<
CN q�In3c $3js33N z �N0 S. �c j@3a3 �a3 NR N3<�jCq3 sRaGIR�0cY

:Y: iCL38a�L3

iR Ua30C,j j@3 sRaGIR�0 R8 �N 3L3a<3N,w aRRLȕc CNU�jC3Nj NnL$3ac. s3 ~acj @�q3 jR 03,C03 s@C,@
jCL3cj3Uc s3 s�Nj jR Ua30C,jY

r@3N j@3 jCL38a�L3 Cc jRR cL�II. cRL3 0Cc�0q�Nj�<3c R,,naY r@CI3 � Ua30C,jCRN 3q3aw c3,RN0 ,RnI0
$3 @3IU8nI. LRcj 3NqCaRNL3Nj�I CN�n3N,3c �a3 NRj L3�cna30 j@�j 8a3\n3Nj. L�GCN< Cj CLURccC$I3 jR
<3N3a�j3 cn,@ � Ua3,Cc3 0�j�c3jY �00CjCRN�IIw. NR B+/A,�j3<Raw @�c � U�jC3Nj 3q3aw c3,RN0Y i@Cc
sRnI0 I3�q3 j@3 @RcUCj�I 0�j�c3j sCj@ �N Rq3as@3ILCN< �LRnNj R8 y3aRc. s@C,@ sRnI0 L�G3 j@3
I3�aNCN< UaR,3cc 3uja3L3Iw 0C|,nIj 8Ra j@3 �ajC~,C�I N3na�I N3jsRaGY Bj sRnI0 $3 3�cw 8Ra j@3 LR03I
jR a3�,@ � <RR0 c,Ra3 $w RNIw Ua30C,jCN< y3aRc �II j@3 jCL3. �c Cj sRnI0 RNIw $3 saRN< CN � 8a�,jCRN
R8 ,�c3cY

QN j@3 Rj@3a @�N0. L�GCN< j@3 jCL38a�L3 jRR $C<. 8Ra 3u�LUI3. w3�aIw Ua30C,jCRNc sRnI0 L�G3 j@3
CN8RaL�jCRN nc3I3cc 8Ra j@3 nc3A,�c3 R8 j@Cc j@3cCcY i@3 ja�CNCN< sRnI0 �IcR $3 URCNjI3cc. �c s3 RNIw
@�q3 8Rna w3�ac R8 0�j�Y rCj@ RNIw 8Rna 0�j� URCNjc. j@3 N3jsRaG ,RnI0 NRj ~N0 cC<NC~,�Nj U�jj3aNcY

i@3a38Ra3 s3 N330 � LC00I3 <aRnN0 $3js33N j@Rc3 jsR 3uja3L3cY BN ,RRU3a�jCRN sCj@ j@3 mNCq3acCj¡jcA
FICNCGnL 7a3C$na<. s3 C03NjC~30 0�CIw Ua30C,jCRNc �c Rna $3cj RUjCRNcY �II 3NqCaRNL3Nj�I CN�n3N,3c
�a3 UaRqC030 RN �j I3�cj � 0�CIw $�cCc. �N0 j@3 CN8RaL�jCRN sRnI0 $3 nc38nI CN cj�{ UI�NNCN<Y 7Ra
cRL3 ,�j3<RaC3c. j@3 0�CIw NnL$3a R8 ,�c3c Cc a3I�jCq3Iw IRsY i@3a38Ra3. s3 �IcR ja�CN �II LR03Ic
RN s33GIw Ua30C,jCRNc jR c33 C8 LRa3 0�j� sRnI0 cC<NC~,�NjIw CN,a3�c3 Ua30C,jCRN \n�ICjwY BN j@3
s33GIw 0�j�c3j. s3 nc3 j@3 �q3a�<3 R8 0�CIw q�In3c. 3u,3Uj 8Ra LCNi. L�ui. �N0 L�ur. 8Ra s@C,@ s3
,�I,nI�j3 j@3 L�uCLnL Ra LCNCLnL q�In3 R8 j@�j s33GY

kk



: TI�NNCN<

:Y9 �ajC~,C�I M3na�I M3jsRaG �a,@Cj3,jna3

:Y9YS 7330 7Ras�a0 M3jsRaG V77W

i@3 ~acj LR03I Cc � cCLUI3 8330A8Ras�a0 03cC<N. � LnIjCAI�w3a U3a,3UjaRN VKHTWY Bj @�c �N CNUnj
I�w3a sCj@ lz NR03c. RN3 8Ra 3�,@ 3NqCaRNL3Nj�I CN�n3N,3. �N0 �N RnjUnj I�w3a sCj@ S9 NR03c 8Ra
3�,@ Ua30C,j30 ,�j3<RawY #3js33N �a3 j@a33 @C003N I�w3acY i@3 NnL$3a R8 NR03c CN j@Rc3 I�w3ac Cc
,@Rc3N j@aRn<@ jnNCN< I�j3a Vc33 b3,jCRN 9Y9WY 2�,@ I�w3a Cc 8nIIwA,RNN3,j30 sCj@ Cjc Ua303,3ccRa
�N0 8RIIRs3aY � cCLUIC~30 q3acCRN R8 j@3 a3cnIjCN< �a,@Cj3,jna3 ,�N $3 c33N CN 7C<na3 :YfY

r3 ,@RRc3 j@Cc �a,@Cj3,jna3 8Ra Cjc cCLUI3 03cC<NY Bj L�G3c 03q3IRUL3Nj 3�cw �N0 �IIRsc UaR$I3LA
cRIqCN< sCj@ 83s3a q�aC�$I3c j@�N CN � LRa3 ,RLUI3u �a,@Cj3,jna3. L3�NCN< I3cc 0�j� Cc N33030
8Ra cn,,3cc8nI ja�CNCN<Y /3cUCj3 Cjc cCLUI3 03cC<N. j@3a3 Cc NR a3�cRN jR $3IC3q3 j@�j � LnIjCAI�w3a
U3a,3UjaRN ,�NNRj Ua30C,j j@3 3L3a<3N,w aRRL sRaGIR�0. �c Cj s�c nc30 $w Hn 3j �IY CN )H#tZlS*
cn,,3cc8nIIwY

i@Cc j@3cCc C03NjC~3c j@Cc LR03I �c 77 Ra 8330A8Ras�a0 LR03IY

BN
Un

jH
�w

3a
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03
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aVc
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nj

Un
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�w
3a

Æ8= Æ>DC

7C<na3 :Yf- bCLUIC~30 �a,@Cj3,jna3 R8 j@3 8330 8Ras�a0 N3jsRaG. �c CLUI3L3Nj30 8Ra j@Cc j@3cCc

i@Cc N3jsRaG Cc NRj 3uU3,j30 jR U3a8RaL cU3,j�,nI�aIw sCj@Rnj � jCL3I�<. �c LnIjCUI3 U�U3ac 8RnN0
j@3 cjaRN<3cj ,Raa3I�jCRNc $3js33N 3NqCaRNL3Nj�I CN�n3N,3c �N0 @nL�N @3�Ij@ sCj@ � cL�II jCL3
I�< R8 j@a33 jR 8Rna 0�wc )T+xZlz* )?HvZz4*Y bjCII. j@Cc N3jsRaG UaRqC03c �N CNj3a3cjCN< $�c3 jR
,RLU�a3 j@3 Rj@3a N3jsRaGcY

:Y9Yl iRj�I NnL$3a R8 T�jC3Nj Ta30C,jCRN M3jsRaG ViMQTW

�00CjCRN�IIw. jR j@3 sRaGIR�0 Ua30C,jCRN R8 j@3 0C{3a3Nj 0C�<NRcCc ,�j3<RaC3c. Cj Cc R8 CNj3a3cj jR
Ua30C,j j@3 jRj�I sRaGIR�0 R8 j@3 3L3a<3N,w aRRL U3a 0�wY r3 03cC<N30 � LnIjCAI�w3a U3a,3UjaRN
$�c30 RN j@3 77 LR03I. sCj@ j@3 0C{3a3N,3 j@�j Cj @�c RNIw � cCN<I3 RnjUnj N3naRNY Bj a3,3Cq3c �
LR0C~30 0�j�c3j CN s@C,@ j@3 cnL R8 �II ,�c3c a3UI�,3c j@3 Ua30C,jCRN ,�j3<RaC3cY Bj Cc � I3cc @3IU8nI
Ua30C,jCRN 8Ra j@3 @RcUCj�I. $nj Cj �IIRsc nc jR ,RLU�a3 Rna a3cnIjc jR Hn 3j �IY CN )H#tZlS*Y r3 ,�II
j@Cc LR03I j@3 iMQT LR03IY

k:



:Y9 �ajC~,C�I M3na�I M3jsRaG �a,@Cj3,jna3

:Y9Yk 7R,nc Ta30C,jCRN M3jsRaG V7Q+mbW

�NRj@3a cCLUIC~30 q3acCRN R8 j@3 8330A8Ras�a0 LR03I Cc j@3 7Q+mb LR03IY HCG3 j@3 iMQT LR03I.
Cj Cc � LnIjCAI�w3a U3a,3UjaRN sCj@ RNIw � cCN<I3 RnjUnj N3naRNY i@Cc jCL3. j@3 0�j�c3j Cc LR0C~30
jR RNIw ,RNj�CN j@3 B+/ASz ,�j3<Raw B+/AtBt �c RnjUnjY i@3a38Ra3 Cj RNIw Ua30C,jc j@3 NnL$3a
R8 U�jC3Njc sCj@ ȓBNEnaC3c. URCcRNCN<c. �N0 ,3aj�CN Rj@3a ,RNc3\n3N,3c R8 3uj3aN�I ,�nc3 ȓ)FaR.
ja�NcI�j30*4

i@Cc N3jsRaG c@RnI0 c@Rs C8 j@3 Ua30C,jCRN \n�ICjw CN,a3�c3c C8 RNIw � cCN<I3 B+/ASz ,�j3<Raw Cc
Ua30C,j30 $w �N CN0CqC0n�I LR03I CNcj3�0 R8 RN3 j@�j Ua30C,jc �II R8 j@3LY r3 ,@RRc3 B+/AtBt.
�c Cj Cc j@3 $C<<3cj ,�j3<Raw �N0 @�c N3Cj@3a �Nw 3Njaw sCj@ y3aR ,�c3c CN j@3 0�CIw NRa j@3 s33GIw
jCL38a�L3. L�GCN< j@3 I3�aNCN< UaR,3cc 3�cC3a �c y3aRc ,�N @�q3 UaR$I3L�jC, CNj3a�,jCRNc sCj@ cRL3
L3jaC,cY

r3 ,�II Cj j@3 7Q+mb LR03IY

:Y9Y: `3,naa3Nj M3jsRaG VHbiKW

iR CLUaRq3 j@3 Ua30C,jCRN \n�ICjw. �NRj@3a �ajC~,C�I N3na�I N3jsRaG Cc 03q3IRU30Y i@3 77. iMQT. �N0
7Q+mb LR03I nc30 � 8330A8Ras�a0 �a,@Cj3,jna3 sCj@ RNIw 0�j� 8aRL j@3 c�L3 0�w �c j@3 Ua30C,jCRNY
#nj ICG3 )T+xZlz* �N0 )?HvZz4* UaRURc30. � k jR 9A0�w jCL3I�< ,RnI0 CLUaRq3 j@3 Ua30C,jCRN
\n�ICjwY r3 ,RnI0 LR0C8w j@3 0�j�c3j cR j@�j � LnIjCAI�w3a U3a,3UjaRN Cc ja�CN30 sCj@ LnIjCUI3 0�j�
8aRL LnIjCUI3 0�wc. $nj cRL3 �a,@Cj3,jna3c �a3 3cU3,C�IIw <RR0 sCj@ c3\n3N,30 0�j�- i@3 cRA,�II30
`3,naa3Nj M3na�I M3jsRaGc V`MMcW �N�Iwy3 j@3Ca 0�j� CN LnIjCUI3 cj3Uc s@CI3 ȓa3L3L$3aCN<ȓ U�ajc
R8 Cj $w ncCN<. 8Ra 3u�LUI3. � ȓHRN< b@Raj i3aL K3LRawȓVHbiKW I�w3aY i@Cc <Cq3c Cj � 0CcjCN,j
�0q�Nj�<3 Rq3a 8330A8Ras�a0 N3jsRaGc CN c3\n3N,3Aa3I�j30 j�cGcY Bjc �a,@Cj3,jna3 ,�N $3 c33N CN
7C<na3 :Ye

r3 ,@RRc3 � j@a33A0�w jCL3I�< �c 3�,@ 0�w R8 j@3 jCL3I�< a30n,3c j@3 0�j�c3j $w RN3Y i@Cc @�UU3Nc
$3,�nc3. 8Ra 3�,@ �00CjCRN�I 0�w CN j@3 jCL3I�<. s3 N330 �N �00CjCRN�I 0�w R8 0�j� $38Ra3 j@3 ~acj
0�w j@�j �UU3�ac CN j@3 a3cnIjCN< 0�j�c3jY

i@3 0�j� N330c jR $3 a38RaL�jj30 jR CN,In03 j@3 j@a33A0�w jCL3I�< CN 3�,@ 0�j� URCNjY i@3 N3s
8RaL�j @�c �N �00CjCRN�I 0CL3NcCRNY r@CI3 j@3 0�j�c3j 8Ra j@3 LnIjCAI�w3a U3a,3UjaRNc RNIw @�0 jsR
0CL3NcCRNc V83�jna3c u jCL3cj3UcW. j@Cc 0�j�c3j @�c �N �00CjCRN�I 0CL3NcCRN 8Ra j@3 jCL3I�< 3NjaC3cY
i@Cc Cc 8naj@3a 3uUI�CN30 CN /�j� bjan,jna3

4QaC<CN�I- ȓp3aI3jynN<3N. p3a<C8jnN<3N nN0 $3cjCLLj3 �N03a3 7RI<3N ¡nŇ3a3a mac�,@3Nȓ

k9
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7C<na3 :Ye- bCLUIC~30 �a,@Cj3,jna3 R8 j@3 a3,naa3Nj N3jsRaG. �c CLUI3L3Nj30 8Ra j@Cc j@3cCc

kf



9 BLUI3L3Nj�jCRN

i@Cc ,@�Uj3a ,Rq3ac NRj�$I3 U�ajc R8 j@3 CLUI3L3Nj�jCRNY Bj Ua3c3Njc j@3 nc30 j3,@NRIR<w �N0 j@3
LRcj CLURaj�Nj UaR$I3LcY

9YS i3,@NRIR<w

iR CLUI3L3Nj j@3 N3na�I N3jsRaGc Ua3c3Nj30 CN +@�Uj3a :. s3 nc3 F3a�cSY

F3a�c Cc � @C<@AI3q3I IC$a�aw 8Ra i3NcRa7IRs ll CN Uwj@RN j@�j cnUURajc j@3 a�UC0 03q3IRUL3Nj R8
033U I3�aNCN< N3na�I N3jsRaGcY Bj L�G3c j@3 03q3IRUL3Nj R8 N3na�I N3jsRaGc 3�cC3a sCj@Rnj IRcCN<
8nN,jCRN�ICjwY i3NcRa7IRs l Cc RN3 R8 j@3 LRcj s3IIAGNRsN L�,@CN3 I3�aNCN< IC$a�aC3cY Bj ,RNj�CNc �
IRj R8 0C{3a3Nj jRRIc jR 03q3IRU cj�j3AR8Aj@3A�aj L�,@CN3 I3�aNCN< LR03IcY

iR C03NjC8w j@3 $3cj @wU3a U�a�L3j3ac. s3 sCII nc3 F3a�c jnN3ackY inN3ac �a3 � F3a�c LR0nI3 j@�j
�IIRsc ja�CNCN< LR03Ic LnIjCUI3 jCL3c CN \nC,G cn,,3ccCRN jR C03NjC8w j@3 $3cj URccC$I3 @wU3aU�a�LA
3j3acY

9Yl +R03 2u�LUI3

i@3 �I<RaCj@L 9YS c@Rsc j@3 F3a�c CLUI3L3Nj�jCRN R8 j@3 8330A8Ras�a0 N3jsRaGY Bj Cc ,RNj�CN30 CN
� 8nN,jCRN j@�j a3,3Cq3c � @wU3aU�a�L3j3a R$E3,j @U jR ,a3�j3 � LR03I sCj@ @wU3aU�a�L3j3ac 0C,j�j30
$w j@3 jnN3aY BN j@Cc ,�c3. j@3 @C003N I�w3aȕc cCy3 �N0 j@3 I3�aNCN< a�j3 �a3 jnN30Y

i@3 q�aC�$I3 LR03I ,RNj�CNc j@3 j@a33 I�w3ac j@�j L�G3 nU j@3 N3na�I N3jsRaGY 2�,@ 3Njaw R8 j@3
ICcj ,RNj�CNc � I�w3a R$E3,jY i@Rc3 j@3Lc3Iq3c �a3 CNCjC�ICy30 sCj@ j@3Ca �LRnNj R8 NR03c. �,jCq�jCRN
8nN,jCRN. �N0 N�L3Y i@3 ~acj I�w3a a3,3Cq3c �N �00CjCRN�I U�a�L3j3a cU3,C8wCN< j@3 CNUnj c@�U3 R8
j@3 0�j�Y

#38Ra3 a3jnaNCN< j@3 LR03I. Cj <3jc ,RLUCI30. c3jc �N RUjCLCy3a 8Ra nc3 0naCN< ja�CNCN<. �N0 c3jc j@3
L3jaC,c Cj sCII $3 L3�cna30Y

7Ra 8naj@3a CN8RaL�jCRN RN @Rs jR nc3 F3a�c. s3 a3,RLL3N0 j@3 F3a�c 0R,nL3Nj�jCRNSY

S@jjUc-ggG3a�cYCRg
l@jjUc-ggsssYj3NcRa�RsYRa<g
k@jjUc-ggG3a�cYCRgG3a�cojnN3ag

ke

https://keras.io/
https://www.tensorflow.org/
https://keras.io/keras_tuner/


9 BLUI3L3Nj�jCRN

�I<RaCj@L 9YS i@3 CLUI3L3Nj�jCRN R8 j@3 8330 8Ras�a0 N3jsRaG
EFG DWKĶFAOQFGĶ
JR��
COQWPV � JR�+PV
	JKFFGP ĶC[GT	� OKPAXCĶWG��� OCZAXCĶWG���� UVGR���
ĶT � JR�(ĶQCV
	ĶGCTPKPI TCVG	� OKPAXCĶWG������ OCZAXCĶWG������ UVGR�������
QRV � JR�%JQKEG
	QRVKOK\GT	� =Ĵ#FCĴ� Ĵ5)&Ĵ?�
ĶC[GTUAHWPE � =JR�%JQKEG
	ĶC[GTA�	� =ĴVCPJĴ� ĴTGĶWĴ?��

JR�%JQKEG
	ĶC[GTA�	� =ĴVCPJĴ� ĴTGĶWĴ?��
JR�%JQKEG
	ĶC[GTA�	� =ĴVCPJĴ� ĴTGĶWĴ?�?

SFUVSO DWKĶFAOQFGĶAKPUVCPEG
COQWPV� QRV� ĶT� ĶC[GTUAHWPE�

EFG DWKĶFAOQFGĶAKPUVCPEG
COQWPV� QRV� ĶT� ĶC[GTAHWPEU��
CEVAHWPEU � =?
GPS K JO ĶC[GTAHWPEU�

CEVAHWPEU�CRRGPF
CEVKXCVKQPU�TGĶW JG K �� 	TGĶW	 FĶTF 0QPG�
CEVAHWPEU�CRRGPF
CEVKXCVKQPU�VCPJ JG K �� 	VCPJ	 FĶTF 0QPG�

JG QRV �� 	#FC	� QRV � VH�MGTCU�QRVKOK\GTU�#FCFGĶVC
ĶGCTPKPIATCVG�ĶT�
JG QRV �� 	5)&	� QRV � VH�MGTCU�QRVKOK\GTU�5)&
ĶGCTPKPIATCVG�ĶT�
OQFGĶ � MGTCU�5GSWGPVKCĶ


=
ĶC[GTU�EQTG�&GPUG
��� CEVKXCVKQP�CEVAHWPEU=�?� KPRWVAUJCRG�
����� PCOG�ĴKPRWVĴ��
ĶC[GTU�EQTG�&GPUG
COQWPV� CEVKXCVKQP�CEVAHWPEU=�?� PCOG�ĴJKFFGP��Ĵ��
ĶC[GTU�EQTG�&GPUG
COQWPV� CEVKXCVKQP�CEVAHWPEU=�?� PCOG�ĴJKFFGP��Ĵ��
ĶC[GTU�EQTG�&GPUG
COQWPV� CEVKXCVKQP�CEVAHWPEU=�?� PCOG�ĴJKFFGP��Ĵ��
ĶC[GTU�EQTG�&GPUG
QWVRWVAUK\G� CEVKXCVKQP�CEVAHWPEU=�?� PCOG�ĴQWVRWVĴ�

?
�
OQFGĶ�DPNQJĶF
QRVKOK\GT�QRV�

ĶQUU�VH�MGTCU�ĶQUUGU�/GCP#DUQĶWVG'TTQT
��
OGVTKEU�=	OGCPACDUQĶWVGARGTEGPVCIGAGTTQT	� 	OGCPACDUQĶWVGAGTTQT	?
�

9Yk /�j� bjan,jna3

i@3 0�j� s�c 8RaL�jj30 CN jsR s�wcY 7Cacj �c � jsRA0CL3NcCRN�I 0�j� cjan,jna3 8Ra j@3 LnIjCAI�w3a
U3a,3UjaRNc V77. iMQT. 7Q+mbW �N0 j@3N �c j@a33A0CL3NcCRN�I 8Ra j@3 HbiK LR03IY

i@3 jsR 0CL3NcCRN�I 0�j�c3j. �c c33N CN i�$I3 9YS. ,RNj�CNc 1461 ⇥ 20 3NjaC3c 8Ra 0�CIw Ua30C,jCRNc
�N0 209 ⇥ 20 8Ra s33GIw Ua30C,jCRNc

i@3 j@a33A0CL3NcCRN�I 0�j�c3j ,�N $3 CL�<CN30 cCLCI�aIw. 3u,3Uj j@�j 3�,@ ICN3 Cc Cjc cL�II j�$I3
,RNj�CNCN< j@3 3NjaC3c R8 j@a33 cn,,3ccCq3 0�wcgs33GcY i@3a38Ra3 Cj ,RNj�CNc 1459 ⇥ 20 ⇥ 3 3NjaC3c
Vlze ⇥lz ⇥k 8Ra s33GIw Ua30C,jCRNcW jR a3Ua3c3Nj j@3 jCL3I�<Y i@3 cCy3 s�c a30n,30 $w jsR. �c jsR
0�wc 0R NRj @�q3 j@3Ca Ua303,3ccRac CN j@3 0�j�Y

k4



9Y: BLUI3L3Nj�jCRN TaR$I3Lc

CN03u LCNi L�ui YYY #$3 ,w,I
z :Yf fYO YYY zYl k
S 9YO 4Y: YYY eYl k
l eYl 4Yf YYY 4Yf :
YYY YYY YYY YYY YYY YYY

S:fz ASYS lY4 YYY z :
S:fS AzY: 9Y: YYY 9Y: :

i�$I3 9YS- i@3 l/ 0�j�cjan,jna3 8Ra j@3 3NqCaRL3Nj�I CN�n3N,3c

#38Ra3 ja�CNCN<. j@3 0�j�c3j Cc 8naj@3a cUICj CNjR � ja�CNCN< c3j VOzXW �N0 � q�IC0�jCRN c3j VSzXWY i@3
q�IC0�jCRN c3j Cc nc30 jR j3cj j@3 a3cnIjc CN0CqC0n�IIwY Bj Cc a3LRq30 L�Nn�IIw 8aRL j@3 0�j�c3j $38Ra3
F3a�c a3,3Cq3c Cj cR j@�j j@3 N3jsRaG N3q3a ja�CNc sCj@ CjY KRcj R8 j@3 3q�In�jCRN sCII j�G3 UI�,3 sCj@
j3cjc RN j@Cc q�IC0�jCRN c3jY

i@3 ja�CNCN< c3j Cc nc30 jR ja�CN j@3 �ajC~,C�I N3na�I N3jsRaGY Bj ,RNj�CNc j@3 0�j� j@�j j@3 LR03I
c33c CN 3�,@ 3UR,@Y F3a�c cUICjc Cj CN �NRj@3a ja�CNgq�IC0�jCRN cUICj R8 OzX g SzX cR j@�j 3�,@ 3UR,@
,�N $3 q�IC0�j30 CN0CqC0n�IIwY i@3a38Ra3. j@3 �,jn�I ja�CNCN< @�UU3Nc RN 4SX R8 j@3 3NjCa3 0�j�c3j.
Sfe 3NjaC3c RN s33GIw Ua30C,jCRNc. �N0 SS4k 3NjaC3c RN 0�CIw Ua30C,jCRNc VSff �N0 SS4S CN j@3 k/
0�j�c3jWY

9Y: BLUI3L3Nj�jCRN TaR$I3Lc

9Y:YS b3,a3j /�j�

rRaGCN< sCj@ U�jC3Njcȕ U3acRN�I 0�j� Cc CN@3a3NjIw 0C|,nIjY mN03a ;3aL�N I�s. j@3w N330 cU3,C�I
UaRj3,jCRNY �c a3\nCa30 CN b3,jCRN kYSYl. jR UaRj3,j j@3 U3acRN�I 0�j�. j@3 �nj@Rac R8 j@Cc j@3cCc
N3q3a <�CNc �,,3cc jR j@3 0�j� Cjc3I8Y i@3 0�j� Cc G3Uj RN j@3 ,RLUnj3ac R8 j@3 mNCq3acCj¡jcGICNCGnL
7a3C$na<. �N0 RNIw j@3 0R,jRac ,�N �,,3cc CjY i@Cc ,a3�j3c � cRL3s@�j ,RLUIC,�j30 UCU3ICN3 jR 03UIRw
j@3 L�,@CN3 I3�aNCN< LR03IY

7Cacj. j@3 ,R03 Cc U�,G�<30 CN � 0R,G3a CL�<3Y i@Cc CL�<3 ,RNj�CNc �II j@3 L�,@CN3 I3�aNCN< cwcj3L
U�ajc. CN,In0CN< j@3 CNUnj 0�j�c3j �N0 ,R03 jR a38RaL�j j@3 U�jC3Nj 0�j�Y i@3 0R,G3a CL�<3 Cc j@3N
UaRqC030 �N0 c3Nj jR j@3 @RcUCj�I. s@3a3 � 0R,jRa cj�ajc Cj RN � ,RLUnj3a sCj@ j@3 U�jC3Nj 0�j�Y i@3
0�j� Cc a38RaL�jj30 �N0 L�j,@30 sCj@ j@3 CNUnj 0�j� �njRL�jC,�IIwY i@3N j@3 L�,@CN3 I3�aNCN<
LR03Ic �a3 ja�CN30 sCj@ j@3 <3N3a�j30 0�j�c3j LnIjCUI3 jCL3c jR C03NjC8w j@3 RUjCL�I @wU3aU�a�L3j3acY
i@3 a3cnIjc �a3 c3Nj $�,G jR j@3 03q3IRU3aY i@3 0�j� nN03acj�N0CN< nc30 � cCLCI�a UaR,3ccY

�c j@Cc UaR,3cc ,RNj�CNc LnIjCUI3 L�Nn�I cj3Uc. Cj ,�N $3 a3I�jCq3Iw cIRsY �j L�uCLnL. j@3 ,R03
,RnI0 RNIw $3 anN lAk jCL3c � 0�wY �00CjCRN�IIw. 03$n<<CN< s�c 8naj@3a ,RLUIC,�j30 �c Cj s�c
CLURccC$I3 jR c33 0�j� ICN3c j@�j ,a3�j30 UaR$I3Lc Ra anN � 03$n<<3a Rq3a j@3 ,R03 s@CI3 sRaGCN<
sCj@ a3�I 0�j�Y

kO



9 BLUI3L3Nj�jCRN

T�N0�c:. j@3 jRRI s3 nc3 jR @�N0I3 j@3 0�j�. 0R3c NRj UaRqC03 j@a33A0CL3NcCRN�I 0�j� cjan,jna3cY Bj
Cc jsRA0CL3NcCRN�I �j L�uCLnLY i@3a38Ra3. j@3 0�j� N330c jR $3 ,RNq3aj30 CNjR �NRj@3a cjan,jna3Y
MnLUw N0�aa�wc9 jR $3 Ua3,Cc3Y M0�aa�wc UaRqC03 � ȓLnIjC0CL3NcCRN�I. @RLR<3N3Rnc �aa�w R8
~u30AcCy3 Cj3Lcȓ )/3qll*

9Y:Yl 2uja3L Qq3a<3N3a�ICc�jCRN g mN03a~jjCN<

BN 3�aIw 3uU3aCL3Njc. j@3 LR03Ic ,RNcCcj3NjIw Ua30C,j30 �N �q3a�<3 CNcj3�0 R8 CN0CqC0n�I Ua30C,jCRNcY
i@Cc @�UU3Nc $3,�nc3 j@3 UaR$I3L j@�j j@3 N3jsRaG jaC3c jR I3�aN Cc \nCj3 ,RLUI3u. �N0 j@3 �q3a�<3
UaRqC03c 03,3Nj a3cnIjcY i@Cc s�c cRIq30 $w CN,a3�cCN< j@3 03<a33c R8 8a330RL j@3 LR03I @�cY r3
CN,a3�c30 j@3 NnL$3a R8 @C003N I�w3ac 8aRL RN3 jR j@a33 �N0 3uUIRa30 LRa3 NR03c �N0 3UR,@cY
BNCjC�IIw. s3 j3cj30 RNIw nU jR kl @C003N NR03c �N0 f: 3UR,@cY rCj@ $Rj@ cC<NC~,�NjIw CN,a3�c30. j@3
LR03Ic cj�aj30 jR CLUaRq3Y

9Y9 inNCN<

�N �ajC~,C�I N3na�I N3jsRaG ,RNj�CNc c3q3a�I @wU3aAU�a�L3j3acY � @wU3aU�a�L3j3a Cc � q�In3 j@�j
03,C03c @Rs j@3 N3jsRaG $3@�q3c CN j@3 I3�aNCN< UaR,3cc )i#bilS*Y i@3 N3jsRaGc CN j@Cc j@3cCc
@�q3 j@3 8RIIRsCN< @wU3aAU�a�L3j3ac-

Ë H3�aNCN< a�j3 i@3 I3�aNCN< a�j3 03~N3c j@3 cCy3 CN s@C,@ � cCN<I3 I3�aNCN< cj3U ,�N ,@�N<3 j@3
s3C<@jc R8 j@3 NR03cY Bj Cc j@3 LRcj CLURaj�Nj @wU3aAU�a�L3j3a CN j@3 ,RNj3uj R8 3uUIRa�jCRN
q3acnc RUjCLCy�jCRNY � I3�aNCN< a�j3 j@�j Cc jRR @C<@ ,RnI0 LCcc j@3 RUjCL�I ,RN~<na�jCRN.
s@CI3 � I3�aNCN< a�j3 jRR IRs Cc nN�$I3 jR a3�,@ �N RUjCLnL �j �II )Fn$Se*Y

i@3 jnN3a 3q�In�j3c ja�CNCN< a�j3c $3js33N zYzzS �N0 zY9Y

Ë QUjCLCy3a i@3 RUjCLCy3a Cc j@3 �I<RaCj@L j@�j �UUIC3c ,@�N<3c 0naCN< ja�CNCN<Y Bj nc3c j@3
IRcc �j j@3 3N0 R8 � $�j,@ jR ,@�N<3 j@3 s3C<@jc CN 3�,@ I�w3ac )b3$lS*Y

7Ra j@Cc j@3cCc. j@3 RUjCLCy3ac �0�/3Ij� �N0 b;/ �a3 URccC$I3 ,�N0C0�j3cY b;/. Ra cjR,@�cjC,�I
<a�0C3Nj 03c,3Nj. Cc � q�aC�Nj R8 <a�0C3Nj 03c,3Nj j@�j Cc LRa3 qC�$I3 sCj@ cL�II 0�j�c3jc)`n0Sf*Y
�0�/3Ij� Cc �N 3uj3NcCRN R8 �0�;a�0. s@C,@ �IIRsc j@3 RUjCLCy3a jR ,@RRc3 j@3 I3�aNCN< a�j3
Cjc3I8. $nj Cc ,RLUnj�jCRN�IIw 3uU3NcCq3 $�c30 RN j@3 ,naa3Nj IRcc )`n0Sf*Y

Ë �,jCq�jCRN 7nN,jCRN i@3 �,jCq�jCRN 8nN,jCRN 03,C03c C8 j@3 CNUnjc �a3 3NRn<@ 8Ra j@3 N3naRN
jR ~a3Y )?/`SO* a3,RLL3N0c � a3,jC~30 ICN3�a nNCj VRa a3InW 8nN,jCRN 8Ra @C003N NR03cY
�00CjCRN�IIw. s3 nc3 @wU3a$RIC, j�N<3Nj VRa j�N@W 8Ra CNUnj �N0 RnjUnj I�w3ac. �c Cj s�c nc30
$w )?/`SO* jR<3j@3a sCj@ j@3 a3In 8nN,jCRNY

Ë bCy3 R8 j@3 @C003N N3jsRaG i@3 �LRnNj R8 NR03c CN j@3 CNUnj �N0 RnjUnj I�w3a R8 j@3 N3jsRaG
Cc 03~N30 $w j@3 cCy3 R8 j@3 CNUnj �N0 RnjUnj R8 j@3 N3jsRaGY i@3 @C003N I�w3a Cc nN03a NR
cn,@ ,RNcja�CNjY i@3a38Ra3. j@3 @C003N I�w3aȕc cCy3 ,�N $3 ,@�N<30 jR CN,a3�c3 j@3 \n�ICjw R8
j@3 LR03I )b3$lS*Y

:@jjUc-ggU�N0�cYUw0�j�YRa<g
9@jjUc-ggNnLUwYRa<g0R,gcj�$I3ga383a3N,3g<3N3a�j30gNnLUwYN0�aa�wY@jLI

:z

https://pandas.pydata.org/
https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html


9Y9 inNCN<

7Ra j@Cc j@3cCc. � cCy3 $3js33N S �N0 S9z NR03c Cc j3cj30Y

Ë 2UR,@c �N 3UR,@ Cc � ja�CNCN< anN sCj@ j@3 s@RI3 0�j�c3jY /RCN< LnIjCUI3 3UR,@c ,�N CN,a3�c3
j@3 \n�ICjw R8 j@3 LR03I �c Cj Cc ja�CN30 LRa3Y ?Rs3q3a. Cj �IcR CN,a3�c3c j@3 aCcG R8 Rq3a~jjCN<.
�c j@3 c�L3 0�j� Cc nc30 LnIjCUI3 jCL3c 8Ra ja�CNCN< )Fn$Se*Y

Ë #�j,@ cCy3 iR CN,a3�c3 j@3 cU330 R8 j@3 ja�CNCN< UaR,3cc. j@3 0�j� ,�N $3 �UUIC30 CN $�j,@3cY
r@CI3 j@Cc CN,a3�c3c j@3 cU330 R8 j@3 ja�CNCN<. Cj ,�N a30n,3 j@3 \n�ICjw R8 j@3 LR03I )b3$lS*Y
i@3 0�j�c3j j@Cc j@3cCc nc3c 8Ra ja�CNCN< Cc jCNw. cR j@3 $�j,@ cCy3 ,�N a3L�CN �j RN3. �qRC0CN<
j@Cc ja�03AR{ �IjR<3j@3aY

7Ra @wU3aAU�a�L3j3a j@�j ,�NNRj $3 c3j IR<C,�IIw. ICG3. CN j@Cc j@3cCc. j@3 $�j,@ cCy3. Cj Cc ,RLLRN
Ua�,jC,3 jR j3cj j@aRn<@ j@3 0C{3a3Nj ,RL$CN�jCRNcY iR 0R j@Cc. F3a�c UaRqC03c � IC$a�aw ,�II30
F3a�c jnN3a )Q#HZSO*Y rCj@ F3a�c jnN3a. � LR03I ,�N $3 ja�CN30 �N0 3q�In�j30 �njRL�jC,�IIwY i@3
03q3IRU3a RNIw @�c jR UaRqC03 � L3j@R0 j@�j ,a3�j3c � LR03I. s@3a3 j@3 @wU3aU�a�L3j3ac ,�N $3
03~N30 0naCN< anNjCL3. �c c33N CN �I<RaCj@L 9YSY

iR C03NjC8w j@3 RUjCL�I @wU3aU�a�L3j3ac. j@3 N3jsRaG j3cjc kzz ,RL$CN�jCRNc R8 j@3 I3�aNCN< a�j3.
@C003N I�w3a cCy3. �N0 RUjCLCy3aY 2�,@ ,RL$CN�jCRN Cc j3cj30 ~q3 jCL3c jR �q3a�<3 j@3 Rnj,RL3cY

2UR,@c

i@3 nc30 F3a�c jnaN3a ,�NNRj jnN3 j@3 NnL$3a R8 3UR,@c CN s@C,@ j@3 LR03I Cc ja�CN30Y i@3a38Ra3.
j@3 3UR,@c �a3 jnN30 L�Nn�IIw �8j3a �II Rj@3a @wU3aAU�a�L3j3ac �a3 ~u30Y iR C03NjC8w j@3 RUjCL�I
NnL$3a R8 3UR,@c 8Ra 3�,@ LR03I. 3�,@ �ajC~,C�I N3na�I N3jsRaG Cc ja�CN30 jR f:z 3UR,@cY F3a�c
nc3c � cL�II j3cj cUICj jR j3cj j@3 UaR<a3cc R8 3�,@ 3UR,@Y i@3 a3cnIjc R8 j@3c3 j3cjc ,�N $3 �N�Iwy30
jR C03NjC8w j@3 RUjCL�I NnL$3a R8 3UR,@c 8Ra j@3 LR03IY 7C<na3 9YS c@Rsc cn,@ � anN 8Ra j@3 HbiK
LR03IY i@3 uA�uCc a3Ua3c3Njc j@3 NnL$3a R8 3UR,@c Cj @�c ja�CN30. s@CI3 j@3 wA�uCc c@Rsc j@3 �q3a�<3
3aaRa CN j@3 cL�II q�IC0�jCRN c3jY i@3 �CL @3a3 Cc jR a30n,3 j@�j 3aaRa �c 8�a �c URccC$I3Y

0 100 200 300 400 500 600 700

8 · 10�2

0.1

0.12

0.14

2UR,@c

K
�

2

7C<na3 9YS- i@3 q�IC0�jCRN K�2 R8 j@3 HbiK N3jsRaG ncCN< 0�CIw 0�j� Rq3a f:z 3UR,@c

Bj Cc qCcC$I3 j@�j j@3 3aaRa <3jc ,IRc3 jR j@3 LCNCLnL $3js33N 9z �N0 fz 3UR,@cY Bj cj�wc j@3a3 nNjCI Cj
aCc3c �<�CN $3js33N kzz �N0 :zz 3UR,@c. CN0C,�jCN< j@3 cj�aj R8 Rq3a~jjCN<Y

:S



9 BLUI3L3Nj�jCRN

r3 NRs nc3 j@Cc �a3� $3js33N 9z �N0 k9z 3UR,@c jR 8naj@3a j3cj j@3 RUjCL�I 3UR,@ NnL$3a $w cURj
j3cjCN< 0C{3a3Nj cCy3cY i@Cc s�w s�c ,@Rc3N $3,�nc3 Cj UaRqC03c � sC03 a�N<3 R8 j3cj30 3UR,@cY
i@3 �0030 �0q�Nj�<3 Cc j@�j j@3 j3cj ,�N $3 a3U3�j30 jR 3Ncna3 ,RNcCcj3N,w sCj@Rnj j3cjCN< 3q3aw
URccC$CICjw CN0CqC0n�IIwY

QUjCL�I @wU3a U�a�L3j3a

i�$I3 9Yl UaRqC03c �N Rq3aqC3s R8 �II @wU3aU�a�Lj3ac 8Ra �II LR03Ic �8j3a jnNCN<Y

LR03I I3�aNCN< a�j3 RUjCLCy3a �,jCq�jCRN 8nN,jCRN @C003N N3jsRaG 3UR,@c
77V0�CIwW zY: b;/ )j�N@. a3In. j�N@* fz kzz

77Vs33GIwW VzYlWf �0� )j�N@. a3In. j�N@* fz kzz
7Q+mbV0�CIwW zY: b;/ )j�N@. a3In. j�N@* fz kzz

7Q+mbVs33GIwW VzYlWf �0� )j�N@. a3In. j�N@* fz kzz
iMQTV0�CIwW zYS b;/ )j�N@. a3In. j�N@* Slz f:

iMQTVs33GIwW zY:9 b;/ )j�N@. a3In. j�N@* S:z f:
IcjLV0�CIwW VzYSWf �0� )j�N@. a3In. j�N@* S:z f:

IcjLVs33GIwW VzY:9Wf �0� )j�N@. a3In. j�N@* Slz f:

i�$I3 9Yl- Qq3aqC3s R8 j@3 RUjCL�I @wU3a U�a�L3j3ac 8Ra �II �ajC~,C�I N3na�I N3jsRaGc

fb3I3,j30 $w j@3 jnN3a $nj C<NRa30 $w �0�/3Ij�

:l



f 2q�In�jCRN

BN j@Cc ,@�Uj3a. s3 3q�In�j3 j@3 a3cnIjc R8 Rna 3uU3aCL3Njc sCj@ j@3 8Rna �ajC~,C�I N3na�I N3jsRaGcY

fYS K3jaC,

i@3 Ua3,CcCRN R8 j@3 LR03Ic Cc L3�cna30 sCj@ jsR 0C{3a3Nj L3jaC,c j@�j ,RLUI3L3Nj 3�,@ Rj@3aY
i@3 F3a�c �TB 0Ca3,jIw UaRqC03c j@3L jR 3q�In�j3 �ajC~,C�I N3na�I N3jsRaGcY i@3 ~acj L3jaC, Cc
L3�No�$cRInj3oU3a,3Nj�<3o3aaRaSY Bj UaRqC03c j@3 0C{3a3N,3 $3js33N j@3 3uU3,j30 q�In3 �N0 j@3
Ua30C,j30 q�In3 CN ,RLU�aCcRN jR j@3 3uU3,j30 q�In3)bs�zz*-

"�%⇢ (H4G?42C43 , H?A4382C43) =
1
=

·
=’
8=1

���� H4G?42C43,8 � H?A4382C43,8

H4G?42C43,8

����
i@Cc ,�N c@Rs @Rs Ua3,Cc3 j@3 LR03I Cc. $nj sCj@Rnj GNRsCN< j@3 3uU3,j30 q�In3. Cj Cc NRj q3aw
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fYk `3cnIjc

BN j@Cc c3,jCRN. s3 sCII j�IG �$Rnj j@3 a3cnIjc R8 Rna 3uU3aCL3NjcY iR a3jaC3q3 LRcj R8 j@3 0�j�. s3
ja�CN30 3�,@ N3jsRaG ~q3 jCL3c �N0 ,�I,nI�j30 j@3 �q3a�<3 R8 j@3 a3cnIjcY �00CjCRN�IIw. s3 Ua3c3Nj
j@3 a3cnIjc R8 � cCN<I3 anN CN 03j�CIY

fYkYS 2q�In�jCRN R8 j@3 iMQT LR03I

i@3 iMQT LR03I Cc CNj3N030 jR Ua30C,j j@3 jRj�I NnL$3a R8 U�jC3Njc j@�j �UU3�a Rq3a � 0�w Ra
s33GY i@3 LR03I 03qC�j3c 8aRL j@3 3uU3,j30 q�In3 RN �q3a�<3 $w "�⇢ ⇡ 5.8 U�jC3Njc RN 0�CIw
Ua30C,jCRNcY i@3 a3I�jCq3 03qC�jCRN Cc "�%⇢ ⇡ 14.5%Y bnaUaCcCN<Iw. j@aRn<@Rnj �II 3uU3aCL3Njc.
j@3 q�IC0�jCRN c3j UaRqC03c cIC<@jIw $3jj3a �$cRInj3 a3cnIjc- ?�qCN< �N "�⇢ ⇡ 5.33 U�jC3Njc �N0
"�%⇢ ⇡ 14.79%Y
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7C<na3 fYS- `3cnIjc R8 RN3 0�CIw iMQT 3uU3aC3L3Nj

BN j@3 w3�ac lzSf jR lzSO. j@3 mNCq3acCj¡jcGICNCGnL 7a3C$na< @�0 ll jR ff U�jC3Njc 0�CIw. sCj@
� 0�CIw �q3a�<3 R8 :S U�jC3NjcY `3cnIjCN< CN �N 3uU3,j30 $�c3ICN3 R8 K�2�q<⇡ 7.8 U�jC3Njc �N0
K�T2�q<⇡ 19.14%Y i@Cc c@Rsc j@�j. RN �q3a�<3. j@3 iMQT LR03I Cc ⇡ 2.47 U�jC3Njc ,IRc3a jR j@3
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3uU3,j30 q�In3 j@�N j@3 $�c3ICN3Y i@Cc a3cnIj Cc ,RLU�a�$I3 sCj@ )H#tZlS*. s@C,@ �IcR Ua30C,j30 �
sRaGIR�0 R8 �N 3L3a<3N,w aRRL �N0 @�0 � K�T2 R8 14.14% s@3N ncCN< � LnIjCAI�w3a U3a,3UjaRN
�N0 � jCL3AI�< R8 S 0�wY

7C<na3 fYS� UaRqC03c � qCcn�I a3Ua3c3Nj�jCRN R8 j@3 q�IC0�jCRN c3j R8 � cCN<I3 3uU3aCL3NjY i@3 uA�uCc
a3Ua3c3Njc j@3 Sle 3NjaC3c CN j@3 q�IC0�jCRN 0�j�c3j. cRaj30 8aRL j@3 @C<@3cj jR j@3 IRs3cj 3uU3,j30
q�In3Y i@3 wA�uCc a3Ua3c3Njc j@3 NnL$3a R8 U�jC3NjcY 7Ra 3�,@ 3Njaw. j@3 ,RIRa30 URCNj a3Ua3c3Njc
j@3 Ua30C,jCRN L�03 $w j@3 �ajC~,C�I N3na�I N3jsRaGY TnaUI3 CN0C,�j3c � 0�CIw Ua30C,jCRN. s@CI3 $In3
CN0C,�j3c � s33GIw Ua30C,jCRNY �00CjCRN�IIw. 3�,@ Ua30C,jCRN @�c � ICN3 URCNjCN< �j j@3 3uU3,j30
q�In3 Cj jaC30 jR Ua30C,j. L�GCN< j@3 I3N<j@ R8 j@3 ICN3 � qCcn�I a3Ua3c3Nj�jCRN R8 j@3 �$cRInj3 3aaRa
K�2Y i@3 0�j� Cc cRaj30 8aRL @C<@3cj jR IRs3cj 8Ra j@3 3uU3,j30 q�In3cY 7C<na3 fYS$ c@Rsc j@3
a3I�jCq3 0C{3a3N,3 VK�T2W 8Ra 3�,@ 3Njaw CN j@3 q�IC0�jCRN c3jY i@3 0�j� Cc cRaj30 C03NjC,�IIw jR
7C<na3 fYS�Y

i@3 LR03I Ua30C,jc �II q�In3c $3js33N k9 �N0 :9. s@CI3 j@3 0�j� UaRqC03c 3u�LUI3c $3js33N ll
�N0 ffY M3q3aj@3I3cc. j@3 LR03I �0�Uj30 jR j@3 0�j�. 3q3N C8 RNIw cIC<@jIwY Bj Cc c@RsN $w � ICN3�a
ja3N0ICN3 RN j@3 0�j�Y BN �II 3uU3aCL3Njc. j@Cc ja3N0ICN3 @�c � N3<�jCq3 <a�0C3Nj J Az.zSY i@Cc c@Rsc
j@�j j@3 Ua30C,jCRN Cc @C<@3a s@3N j@3 3uU3,j30 q�In3 Cc @C<@3a �N0 IRs3a s@3N j@3 3uU3,j30 q�In3 Cc
IRs3a. $nj Cj Cc � L�a<CN�I 0C{3a3N,3 8aRL j@3 L3�NY

i@3 UaR$I3L Cc j@�j j@3 �0�UjCRN q�aC�N,3 Cc a3I�jCq3Iw @C<@Y i@3 LR03I Cc q3aw �,,na�j3 8Ra U�jC3Nj
NnL$3ac R8j3N 3N,RnNj3a30 �N0 sCI0Iw CN�,,na�j3 8Ra q�In3c Cj 3N,RnNj3a30 a�a3IwY

7C<na3 fYS$ c@Rsc �<�CN j@�j j@3 0C{3a3N,3 Cc @C<@3a RN j@3 3N0c R8 j@3 UIRj. s@3a3 j@3 3uja3L3
U�jC3Nj NnL$3ac V@C<@ �N0 IRsW �a3Y 7C<na3 fYl c@Rsc j@3 0CcjaC$njCRN R8 0�CIw sRaGIR�0c CN j@3
0�j�c3jY 2uja3L3Iw @C<@ �N0 3uja3L3Iw IRs sRaGIR�0c a�a3Iw �UU3�a CN j@3 0�j�c3jY /�j� j@�j
�UU3�ac a�a3a j@�N Rj@3ac Cc LRa3 0C|,nIj 8Ra �N �ajC~,C�I N3na�I N3jsRaG jR I3�aN. L�GCN< j@3 a3cnIjc
a3<�a0CN< j@�j 0�j� LRa3 CN�,,na�j3Y
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�00CjCRN�IIw. �c c@RsN CN b3,jCRN 9Y9. j@3 N3jsRaG N330c L�Nw 3UR,@c jR Ua30C,j cRL3j@CN< 3Ic3
j@�N j@3 �q3a�<3 8Ra 3�,@ CNUnjY i@3 �ajC~,C�I N3na�I N3jsRaG CNCjC�IIw RNIw Ua30C,j30 j@3 L3�N �c
03c,aC$30 CN b3,jCRN 9Y:YlY rCj@ LRa3 3UR,@c. j@3 cCy3 R8 j@3 Ua30C,jCRN �a3� <aRsc 8aRL � cCN<I3
q�In3 jR � a�N<3 �aRnN0 j@3 L3�NY ?Rs3q3a. C8 j@3 N3jsRaG Cc 8naj@3a ja�CN30 sCj@ j@3 �LRnNj R8
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0�j� s3 @�q3. CN,a3�cCN< j@Cc a�N<3 8naj@3a sRnI0 RNIw a3cnIj CN Rq3a~jjCN<Y i@3a38Ra3 j@3 RNIw s�w
jR CN,a3�c3 j@3 \n�ICjw R8 j@3 LR03I 8aRL j@Cc URCNj Cc jR CN,a3�c3 j@3 0�j�c3j. 3cU3,C�IIw sCj@ LRa3
0�j� a3<�a0CN< j@3 3uja3L3 sRaGIR�0cY

�NRj@3a cnUURaj 8Ra j@Cc @wURj@3cCc Cc j@3 0C{3a3N,3 $3js33N j@3 ja�CNCN< c3jȕc Ua30C,jCRN \n�ICjw
�N0 j@3 q3aC~,�jCRN c3jY �c j@3 q3aC~,�jCRN c3j RNIw ,RNj�CNc SzX R8 j@3 jRj�I 0�j�. Cj Cc I3cc ICG3Iw jR
,RNj�CN 3uja3L3c j@�j CN,a3�c3 j@3 �q3a�<3 03qC�jCRNY
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V$W i@3 0C{3a3N,3 $3js33N j@3 3uU3,j30 �N0 j@3 Ua30C,j30 q�In3 8Ra 3�,@ 3Njaw CN j@3 s33GIw q�IC0�jCRN c3j

7C<na3 fYk- `3cnIjc R8 RN3 s33GIw iMQT 3uU3aCL3Nj

i@3 Ua30C,jCRN �,,na�,w CN,a3�c3c s@3N j@3 LR03I Cc ja�CN30 sCj@ s33GIw 0�j� CNcj3�0 R8 0�CIwY
7C<na3 fYk UaRqC03c j@3 03j�CIc R8 3u3LUI�aw q�IC0�jCRN c3jc. cCLCI�a jR 7C<na3 fYSY �j ~acj. j@3
03qC�jCRN c33Lc jR $3 @C<@3a j@�N j@3 RN3 R8 j@3 0�CIw LR03IcY M3q3aj@3I3cc. j@�j Cc � LCc,RN,3UjCRNY
�c j@3 s33GIw Ua30C,jCRN sRaGc sCj@ j@3 cnL R8 e 0�wc R8 U�jC3Njc CN 3�,@ 3Njaw. 3�,@ 3Njaw @�c
cC<NC~,�NjIw LRa3 U�jC3Njc j@�N �Nw 0�CIw 3NjawY i@Cc a3cnIjc CN � LRa3 cC<NC~,�Nj �$cRInj3 3aaRa.
3q3N s@3N j@3 Ua30C,jCRN \n�ICjw Cc cCLCI�a Ra $3jj3aY

i@3 s33GIw Ua30C,jCRN @�c �N �q3a�<3 03qC�jCRN R8 "�⇢ ⇡ 27 U�jC3Njc VRa "�⇢ ⇡ 21 U�jC3Njc CN
j@3 q�IC0�jCRN c3jWY `3I�jCq3Iw. j@Cc Cc � 03qC�jCRN R8 "�%⇢ ⇡ 8.29% 8aRL j@3 3uU3,j30 q�In3 VRa
"�%⇢ ⇡ 7.45% CN j@3 q�IC0�jCRN c3jWY

7aRL lzSf jR lzSO. j@3 mNCq3acCj¡jcGICNCGnL 7a3C$na< @�0 S:9 jR kO9 U�jC3Njc U3a s33G. sCj@
�N �q3a�<3 R8 l4e U�jC3Njc U3a s33GY i@Cc �q3a�<3 Cc LRa3 j@�N kY9 jCL3c $C<<3a j@�N j@3 0�CIw
�q3a�<3. s@CI3 j@3 s33GIw K�2 Cc NRj 3q3N 0Rn$ICN<Y �00CjCRN�IIw. j@3 a3I�jCq3 3aaRa Cc N3�aIw
@�I8 RN s33GIw Ua30C,jCRNc j@�N RN 0�CIw Ua30C,jCRNcY i@3 s33GIw $�c3ICN3 K�2�q< 3q3N CN,a3�c3c
jR ⇡ 40.61 U�jC3Njc s33GIwY i@3 s33GIw $�c3ICN3 �IcR @�c � cIC<@jIw cL�II3a a3I�jCq3 3aaRa sCj@
K�T2�q<⇡ 17.96%
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7C<na3 fY: c@Rsc j@�j j@3 s33GIw 0�j�c3j @�c � cC<NC~,�NjIw $3jj3a 0CcjaC$njCRN R8 j@3 sRaGIR�0cY Bj
@�c RNIw jsR 3uja3L3 RnjIC3ac. �N0 3�,@ NnL$3a R8 U�jC3Njc �UU3�ac $3js33N RN3 �N0 c3q3N jCL3cY
i@Cc Cc � $3jj3a $�c3 8Ra j@3 �ajC~,C�I N3na�I N3jsRaG jR ja�CN RN. �c qCcC$I3 CN j@3 a3cnIjcY i@3 �0�UjCRN
jR j@3 0�j� Cc NRj U3a83,j. $nj Cj Cc cC<NC~,�NjIw $3jj3a j@�N j@3 0�CIw RN3Y
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7C<na3 fY9 UaRqC03c � LRa3 nN03acj�N0�$I3 ,RLU�aCcRN R8 j@3 jsR N3jsRaGcY 7C<na3 fY9� �N0
7C<na3 fY9$ �a3 ,RUC3c R8 j@3 UIRjc c@RsN �$Rq3. sCj@ j@3Ca wA�uCc a3Ua3c3NjCN< j@3 a�N<3 R8 j@3
a3cU3,jCq3 0�j�c3jcY i@Cc ,a3�j3c � $3jj3a ,RLU�aCcRN R8 j@3 3aaRa �N0 URccC$I3 b3�a,@ bU�,3 8Ra j@3
LR03IY Bj c@Rsc j@�j j@3 s33GIw Ua30C,jCRN UaRqC03c $3jj3a a3cnIjc a3I�jCq3 jR Cjc b3�a,@ bU�,3Y Bj
Cc �IcR qCcC$I3 CN 7C<na3 fY9,. s@C,@ ,RLU�a3c j@3 L3�N �$cRInj3 U3a,3Nj�<3 3aaRa $3js33N $Rj@
LR03Ic sCj@ 3�,@ Rj@3aY
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fYkYl 2q�In�jCRN R8 j@3 7Q+mb M3jsRaG

i@3 7Q+mb N3jsRaG RNIw jaC3c jR Ua30C,j j@3 NnL$3a R8 U�jC3Njc j@�j ,�N $3 cRaj30 CNjR j@3 ,�j3<Raw
B+/AtBtY r@3N j@3 jCL38a�L3 Cc c3j jR 0�CIw. j@3 ja�CNCN< Ua30C,jCRN 03qC�j3c 8aRL j@3 3uU3,j30
q�In3 $w "�⇢ ⇡ 2.23 U�jC3NjcY i@3 q�IC0�jCRN 0�j�c3j @�c cIC<@jIw @C<@3a Ua3,CcCRNY Bj 03qC�j3c RN
�q3a�<3 RNIw $w "�⇢ ⇡ 2.21 U�jC3Njc 8aRL j@3 3uU3,j30 q�In3Y
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V$W i@3 ,RLU�aCcRN $3js33N j@3 3uU3,j30 q�In3 �N0 j@3 Ua30C,j30 q�In3 R8 3�,@ 3Njaw CN j@3 7Q+mb q�IC0�jCRN
c3j

7C<na3 fYf- 2u3LUI�aw q3aC~,�jCRN �,,na�,w R8 0�CIw Ua30C,jCRNc R8 j@3 7Q+mb LR03I

+RLU�a30 jR j@3 $�c3ICN3. j@Cc LR03I Cc cC<NC~,�NjIw $3jj3a j@�N j@3 $�c3ICN3 R8 K�2�q<⇡ 6.71
U�jC3NjcY M3Cj@3a j@3 K�T2 R8 j@3 j3cj c3j NRa j@3 K�T2�q< ,�N $3 ,�I,nI�j30. �c j@Cc sRnI0 N330 �
0CqCcCRN $w y3aRY i@3 F3a�c IC$a�aw ,RLU3Nc�j3c 8Ra j@Cc 3aaRa CN �N nN0R,nL3Nj30 s�w. a3cnIjCN< CN
3uja3L3Iw @C<@ K�T2c V>SzzzzXW. s@C,@ c33L nNa3�cRN�$I3Y i@3 q�IC0�jCRN c3j 0R3c NRj �Is�wc
,RNj�CN 0�j� URCNjc sCj@ y3aR U�jC3NjcY BN j@Rc3 ,�c3c. j@3 K�T2 ,�N $3 ,�I,nI�j30Y Bj a3cnIjc CN �
"�%⇢ ⇡ 39.03%. j@3 @C<@3cj K�T2 R8 �II 3uU3aCL3NjcY

i@3 q�IC0�jCRN a3cnIjc R8 �N 3u3LUI�aw �ajC~,C�I N3na�I N3jsRaG ja�CNCN< ,�N $3 c33N CN 7C<na3 fYfY
7C<na3 fYf� c@Rsc j@�j @C<@ U�jC3Nj NnL$3ac @3�qCIw CN�n3N,3 j@3 q�IC0�jCRN c3jY Bj Cc j@3 c�L3
U�jj3aN �c CN j@3 iMQT LR03IY #Rj@ LR03Ic @�q3 UaR$I3Lc sCj@ 3uja3L3 0�j� 3NjaC3cY 7C<na3 fYf$
c@Rsc j@�j j@3 LR03I L�CNIw �0�Uj30 jR j@3 U�jC3Nj NnL$3ac ,IRc3 jR j@3 �q3a�<3. s@CI3 j@3 RnjIC3ac
�a3 Ua30C,j30 sCj@ @C<@ 3aaRacY
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V$W i@3 /C{3a3N,3 $3js33N j@3 3uU3,j30 q�In3 �N0 j@3 Ua30C,j30 q�In3

7C<na3 fYe- 2u3LUI�aw q3aC~,�jCRN �,,na�,w R8 s33GIw Ua30C,jCRNc R8 j@3 7Q+mb LR03I

QN s33GIw Ua30C,jCRNc. j@3 L3�N �$cRInj3 3aaRa Cc �UUaRuCL�j3 "�⇢ ⇡ 4.51 U�jC3Njc 0naCN< ja�CNCN<
�N0 "�⇢ ⇡ 6.55 U�jC3Njc 0naCN< j@3 q�IC0�jCRNY i@Cc a3cnIjc CN � 03qC�jCRN R8 "�%⇢ ⇡ 9.67% CN
j@3 ja�CNCN< c3j �N0 "�%⇢ ⇡ 14.45% CN j@3 q�IC0�jCRN c3jY rCj@ le jR ez B+/ASO U�jC3Njc CN j@3
0�j�c3j �N0 � L3�N R8 :f U�jC3NjcY

7C<na3 fYe� c@Rsc j@3 Ua30C,jCRN �$CICjw R8 j@3 �ajC~,C�I N3na�I N3jsRaG sCj@Rnj j@3 N330 8Ra � ja3N0
ICN3Y 7naj@3aLRa3. j@3 U�jj3aN j@�j j@3 3uja3L3 q�In3c @�q3 � cC<NC~,�NjIw sRac3 Ua30C,jCRN \n�ICjw
�IcR cj�wc jan3 CN j@Cc LR03IY 7C<na3 fYe$ Cc �<�CN � UIRj R8 j@3 a3I�jCq3 03qC�jCRN VK�T2WY bCLCI�a
jR j@3 iMQT LR03IY

iR ,RLU�a3 j@3 0�CIw �N0 s33GIw LR03Ic. s3 c3j j@3L �<�CN a3I�jCq3 jR j@3Ca 0�j� a�N<3c CN 7C<na3 fY4�
�N0 7C<na3 fY4$Y bCLCI�a jR j@3 iMQT LR03I. j@3 s33GIw 7Q+mb LR03I Ua30C,jc j@3 sRaGIR�0
LRa3 �,,na�j3Iw j@�N j@3 0�CIw 7Q+mb LR03IY i@Cc ,�N $3 c33N 3cU3,C�IIw CN 7C<na3 fY4,. s@C,@
�<�CN c@Rsc j@3 0C{3a3N,3 CN j@3 jsR K�T2 q�In3cY
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f 2q�In�jCRN

fYkYk 2q�In�jCRN R8 j@3 77 M3jsRaG

�8j3a jnNCN< j@3 77 N3jsRaG. j@3 Ua30C,jCRN �,,na�,w a3�,@3c Cjc jRU �j "�⇢ ⇡ 1.49 U�jC3Njc
03qC�jCRN Rq3a �II ,�j3<RaC3c RN 0�CIw Ua30C,jCRNcY i@3 q�IC0�jCRN c3j Cc � ICjjI3 $Cj $3jj3a- Bj Ua30C,jc
sCj@ RNIw �N �q3a�<3 3aaRa R8 "�⇢ ⇡ 1.42 T�jC3Njc Rq3a�II ,�j3<RaC3cY i@Cc ,�N $3 ,RLU�a30 jR �
$�c3ICN3 R8 K�2�q<⇡ 3.98 U�jC3NjcY i@3 �$cRInj3 CN0CqC0n�I U3a8RaL�N,3 R8 3�,@ ,�j3<Raw ,�N $3
c33N CN 7C<na3 fYO�Y

i@3 a�0�a <a�U@c CN j@Cc ,@�Uj3a c@Rs j@3 Ua30C,jCRN \n�ICjw R8 3�,@ Ua30C,jCRN ,�j3<Raw 8Ra 3u3LUI�aw
LR03IcY 2�,@ ICN3 Rnjs�a0c a3Ua3c3Njc RN3 ,�j3<Raw CN0C,�j30 $w j@3 I�$3I RnjcC03 j@3 ,Ca,I3. s@CI3
3�,@ ,Ca,nL83a3N,3 L�aGc �NRj@3a jC,G VRN3 U�jC3Nj Ra RN3 U3a,3NjWY i@3 ,3Nj3a CN0C,�j3c y3aR. �N0
3�,@ ,RIRa a3Ua3c3Njc � cCN<I3 3uU3aCL3NjY
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`3cj

V$W L3�N �N0 L�uCLnL �LRnNj R8 U�jC3Njc 8Ra 3�,@
,�j3<Raw CN j@3 0�j�c3j

7C<na3 fYO- Ta30C,jCRN 3aaRa CN j@3 q�IC0�jCRN c3j R8 j@3 77 LR03I $w ,�j3<Raw V0�CIw Ua30C,jCRNW

7C<na3 fYO� c@Rsc j@3 0�CIw L3�N �q3a�<3 3aaRa VK�2W. sCj@ j@3 L�uCLnL �N0 �q3a�<3 q�In3 8Ra
3�,@ ,�j3<Raw CN 7C<na3 fYO$ �c � ,RLU�aCcRNY i@3 LCNCLnL Cc NRj qCcC$I3 �c Cj Cc y3aR 8Ra �II
,�j3<RaC3cY i@Cc 8a3\n3Nj �UU3�a�N,3 R8 y3aRc CN j@3 3uU3,j30 c3j Cc s@w j@3 0�CIw Ua30C,jCRN @�c NR
a3I�jCq3 3aaRa. cCLCI�a jR j@3 0�CIw 7Q+mb LR03IY

�II S9 ,�j3<RaC3c ,�N $3 Ua30C,j30 sCj@ �N �q3a�<3 3aaRa R8 83s3a j@�N l T�jC3Njc U3a 0�wY i@3 LRcj
cC<NC~,�Nj 3aaRa Cc CN j@3 ,�j3<RaC3c B+/AtpBBB VnU jR lYS U�jC3NjcW �N0 B+/AtBt VnU jR lYl U�jC3NjcWY
i@Rc3 �a3 �IcR j@3 ,�j3<RaC3c sCj@ j@3 $C<<3cj b3�a,@ bU�,3Y

BNj3a3cjCN<Iw. s3 ,�N ,RLU�a3 j@3 7Q+mb LR03I jR j@3 Ua30C,jCRN R8 ,�j3<Raw B+/AtBt CN j@3 77
LR03IY #Rj@ Ua30C,jCRNc @�q3 �N �q3a�<3 0�CIw 3aaRa R8 ⇡ 2.2 U�jC3Njc CN ja�CNCN< �N0 q�IC0�jCRNY
KRa3 LCNRa 0C{3a3N,3c ,RnI0 $3 ,�nc30 $w j@3 CNCjC�jCRN R8 j@3 LR03I Ra j@3 ,@Rc3N c�LUI3 8Ra
q�IC0�jCRNY i@Cc c@Rsc j@�j j@3 Ua30C,jCRN \n�ICjw cj�wc cCLCI�a s@3N ja�CN30 8Ra � cCN<I3 ,�j3<Raw Ra
�II R8 j@3L cCLnIj�N3RncIwY
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fYk `3cnIjc

QN s33GIw Ua30C,jCRNc. j@3 �q3a�<3 �$cRInj3 3aaRa Cc @C<@3aY BN ja�CNCN<. j@3 3uU3,j30 3aaRa Cc ⇡ 4.28
U�jC3NjcY i@3 3aaRa CN j@3 q�IC0�jCRN anN Cc ⇡ 5.20Y i@3 $�c3ICN3 @3a3 Cc � 03qC�jCRN R8 K�2�q<⇡ 7.19
U�jC3Njc �N0 K�T2�q<⇡ 46.19%Y

i@3 L3�N �$cRInj3 3aaRa R8 3�,@ ,�j3<Raw IRRGc cCLCI�a jR j@3 0�CIw Ua30C,jCRN. Encj c,�I30 nUY Bj ,�N
$3 c33N CN 7C<na3 fYSz�Y M3uj jR Cj Cc j@3 L3�N �$cRInj3 a3I�jCq3 3aaRa V7C<na3 fYSz$W 8Ra j@3 s33GIw
Ua30C,jCRNcY 2u,3Uj 8Ra j@3 ,�j3<Raw B+/ABp. �II Ua30C,jCRNc cj�w nN03a kz XY B+/ABp Cc 3uja3L3.
sCj@ � L3�N �q3a�<3 3aaRa R8 nU jR Rq3a 9zX. L�GCN< Cj j@3 RNIw Ua30C,jCRN sRac3 j@�N j@3 $�c3ICN3Y
i@Cc @�UU3Nc $3,�nc3 B+/ABp Cc j@3 cL�II3cj ,�j3<Raw. @�qCN< RNIw z jR S: U�jC3Njc � s33G. sCj@
�N �q3a�<3 R8 9 U�jC3NjcY i@Cc Cc URccC$I3 �NRj@3a ,�I,nI�jCRN 3aaRa R8 F3a�c. �c B+/ABp Cc j@3 RNIw
s33GIw ,�j3<Raw j@�j cjCII ,RNj�CNc y3aRcY
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fYkY: 2q�In�jCRN R8 j@3 HbiK M3jsRaG
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V$W K�2 nU jR �N 3aaRa R8 k U�jC3Njc

7C<na3 fYSS- Ta30C,jCRN 3aaRa CN j@3 q�IC0�jCRN c3j R8 j@3 HbiK LR03I $w ,�j3<Raw V0�CIw Ua30C,jCRNW

7C<na3 fYSS c@Rsc j@3 L3�N �$cRInj3 3aaRa 8Ra j@3 HbiK N3jsRaG 8Ra 0�CIw Ua30C,jCRNcY 7C<na3 fYSS�
UaRqC03c � qC3s ,RLU�a�$I3 jR j@3 qCcn�ICy�jCRN R8 j@3 0�CIw L3�N �q3a�<3 3aaRa R8 j@3 77 LR03IY BN
,RNja�cj. 7C<na3 fYSS$ Cc � yRRL30ACN q3acCRN 8Ra $3jj3a a3�0�$CICjwY #Rj@ ,RNj�CN j@3 a3cnIjc R8 ~q3
CN0CqC0n�IIw ja�CN30 <a�U@c j3cj30 sCj@ �N nNGNRsN j3N X q�IC0�jCRN cUICjY
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fYk `3cnIjc

i@3 HbiK N3jsRaG ,�N Ua30C,j j@3 3L3a<3N,w aRRL sRaGIR�0 sCj@ � L�uCLnL 3aaRa R8 ⇡ 2.2 Rq3a
�II 3uU3aCL3NjcY HCG3 j@3 0�CIw 77 LR03I. j@3 @C<@ �LRnNj R8 y3aRc CN j@3 0�j� $a3�Gc j@3 K�T2
L3jaC,. a3cnIjCN< CN � q3,jRa ~II30 sCj@ CN~NCjC3cY �c Cj nc3c j@3 c�L3 0�j� �c j@3 77 LR03I. Cj @�c
j@3 c�L3 $�c3ICN3 R8 K�2�q<⇡ 3.98 U�jC3NjcY

i@3 s33GIw Ua30C,jCRN @�c �N �q3a�<3 L3�N �$cRInj3 3aaRa R8 ⇡ 4.01 U�jC3Njc 8Ra j@3 ja�CNCN<
c3j �N0 ⇡ 4.05 U�jC3Njc 8Ra j@3 q�IC0�jCRN c3jY #3CN< ⇡ 26.58X �N0 ⇡ 26.01X j@3 a3cU3,jCq3
L3�N �$cRInj3 U3a,3Nj�<3 3aaRacY i@3 $�c3ICN3 @3a3 Cc � 03qC�jCRN R8 K�2�q<⇡ 7.19 U�jC3Njc �N0
K�T2�q<⇡ 46.19%Y
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f 2q�In�jCRN

fYkY9 Qq3aqC3s

i�$I3 fYS c@Rsc �N Rq3aqC3s R8 �II a3cnIjc. j@3Ca b3�a,@ bU�,3. �N0 $�c3ICN3Y CN8 L�aGc ~3I0c j@�j
s3 ,�NNRj ,�I,nI�j3 $3,�nc3 R8 y3aRc. s@CI3 A L�aGc ~3I0c j@�j � cCN<I3 NnL$3a ,�NNRj a3Ua3c3NjY
i@3 LCNCLnL. �q3a�<3. �N0 L�uCLnL 8Ra j@3 77 �N0 HbiK LR03I �a3 S9 0C{3a3Nj q�In3c 3�,@.
s@C,@ ,�NNRj $3 a3Ua3c3Nj30 @3a3Y

Qq3a�II. j@3 iMQT LR03I U3a8RaLc $3jj3a j@�N j@3 Rj@3acY Bjc qK�T2 Cc 8�a $3jj3a j@�N j@3 RN3 R8
j@3 77 �N0 HbiK LR03I �N0 j@3 7Q+mb LR03I L�w $3 Rq3a~jjCN<Y

KR03I K�2 K�T2 qK�2k qK�T2k LCN L�u �q< K�2o�q< K�T2o�q<
iMQT V0�CIwW 9Y4 S:Y9zX 9Ykk S:YeOX ll ff :S eY4z SOYS:X

iMQT Vs33GIwW leYz 4YlOX lS eY:9X S:9 kO9 l4e :zYfz SeYO9X
7Q+mb V0�CIwW lYlk CN8 lYlS kOYzkX z lS f fYeS CN8

7Q+mb Vs33GIwW :Y9S OYfeX fY99 S:Y:9X le ez :f eYz S9YklX
77 V0�CIwW SY:O CN8 SY:l CN8 A A A kYO4 CN8

77 Vs33GIwW kY44 CN8 :YSf l4YzzX A A A eYSO :f.SOX
HbiK V0�CIwW lYlz CN8 lYS :S.:4X A A A kYO4 CN8

HbiK Vs33GIwW :YzS lfY94X :Yz9 lfYzSX A A A eYSO :fYSOX

i�$I3 fYS- Qq3aqC3s Rq3a �II KR03I a3cnIjc

k qK�2 �N0 qK�T2 �a3 j@3 K�2 �N0 K�T2 R8 j@3 q�IC0�jCRN c3j
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fY: /Cc,nccCRN

fY: /Cc,nccCRN

fY:YS iMQT �N0 7Q+mb

i@3 ~acj jsR N3jsRaGc s3 ,a3�j30 8Ra j@Cc j@3cCc 0R NRj Ua30C,j j@3 c3U�a�j3 B+/ ,�j3<RaC3c $nj �
cCN<I3 �LRnNj R8 U�jC3NjcY iR $3 �$I3 jR ,RLU�a3 j@3L. j@3 K�T2 Cc j@3 LRcj CNj3a3cjCN< L3jaC,-
i@3 s33GIw 03qC�jCRN CN j@3 ja�CNCN< c3j Cc \nCj3 cCLCI�a sCj@ "�%⇢ ⇡ 8.29% �N0 "�%⇢ ⇡ 9.67%Y
i@3 q3aC~,�jCRN c3j U�CNjc �NRj@3a CL�<3. �c j@3 7Q+mb N3jsRaG @�c "�%⇢ ⇡ 14.45% jsC,3 j@3
03qC�jCRN j@�N j@3 iMQT LR03IY +RNcC03aCN< j@Cc 0C{3a3N,3. j@3 7Q+mb N3jsRaG L�w $3 U�ajIw
Rq3a~jj30Y

i@3 0�CIw N3jsRaGc �a3 LRa3 0C|,nIj jR ,RLU�a3. �c j@3 y3aRc CN j@3 0�j�c3j L�G3 j@3 K�T2 L3jaC,
nNa3IC�$I3Y

i@3 iMQT LR03I Cc j@3 $aR�03cj LR03I s3 ja�CN30Y i@3 Ua30C,jCRN UaRqC03c j@3 I3�cj �LRnNj R8
CN8RaL�jCRN. $nj Cj Ua30C,jc sCj@ j@3 @C<@3cj Ua3,CcCRNY r@CI3 j@3 7Q+mb LR03I Rq3a�II @�c sRac3
U3a8RaL�N,3 j@�N j@3 iMQT LR03I. j@3 U3a8RaL�N,3 c,�I3c sCj@ j@3 0�j� 8a3\n3N,w cCLCI�a jR j@3
iMQT LR03IY i@Cc c@Rsc j@�j �II LR03Ic ,RnI0 $3 CLUaRq30 $w 3uU�N0CN< j@3 0�j�c3j. 3cU3,C�IIw CN
3uja3L3 ,�c3c j@�j �a3 �Ia3�0w a�a3Y

fY:Yl 77 �M/ HbiK

i@3 L�CN j�a<3j R8 j@Cc j@3cCc Cc jR Ua30C,j j@3 sRaGIR�0 R8 �N 3L3a<3N,w aRRL c3U�a�j30 $w j@3
0C{3a3Nj ,�j3<RaC3cY i@3 77 LR03I �N0 j@3 HbiK LR03I �a3 j@3 LR03Ic j@�j 8nI~II j@Cc �CLY

i@3 77 LR03I nc3c � a3I�jCq3Iw 0Ca3,j �UUaR�,@. ,a3�jCN< � L�UUCN< 8aRL SO CNUnj q�aC�$I3c jR S9
RnjUnj ,�j3<RaC3cY i@Cc RNIw IRRGc �j 3NqCaRNL3Nj�I CN�n3N,3c R8 j@3 c�L3 0�w j@3 N3jsRaG Ua30C,jc
j@3 sRaGIR�0Y i@3 HbiK LR03I nc3c j@Rc3 SO 3NqCaRNL3Nj�I CN�n3N,3c Rq3a j@a33 0�wc I3�0CN< nU
jR j@3 Ua30C,j30 0�wY

/3cUCj3 j@Cc 0C{3a3N,3 CN j@3 0�j�c3j �N0 j@3 0C{3a3Nj �a,@Cj3,jna3 R8 $Rj@ �ajC~,C�I N3na�I N3jsRaGc.
j@3 a3cnIjc �a3 N3�aIw C03NjC,�IY 7C<na3 fYSk c@Rsc $Rj@ LR03Ic CN ,RLU�aCcRNY i@3 <a33N ICN3
a3Ua3c3Njc j@3 �q3a�<3 R8 j@3 ~q3 77 3uU3aCL3Njc. �N0 j@3 $In3 ICN3 j@3 �q3a�<3 R8 j@3 ~q3 HbiK
3uU3aCL3NjcY

i@3 ICN3c �a3 N3�aIw �IC<N30. �N0 j@3 0C{3a3N,3c �a3 NRj 0RLCN�j30 $w RN3 R8 j@3 N3jsRaGcY i@3
0C{3a3N,3c �a3 cR LCNRa j@�j j@3w �a3 UaR$�$Iw � a3cnIj R8 j@3 a�N0RL N�jna3 R8 L�,@CN3 I3�aNCN<Y
i@Cc cCLCI�aCjw Cc � cL�II q�IC0�jCRN. �c jsR 0C{3a3Nj LR03Ic ,RNq3a<3 jR j@3 c�L3 a3cnIjc ncCN< j@3
c�L3 0�j�Y i@3 RNIw 0C{3a3N,3 Cc j@3 NnL$3a R8 3UR,@c j@3 N3jsRaGc N330 jR a3�,@ j@Cc Ua30C,jCRN
\n�ICjwY r@CI3 j@3 77 N3jsRaG N330c �aRnN0 kzz 3UR,@c. j@3 HbiK N3jsRaG ,�N a3�,@ j@Cc \n�ICjw
CN �aRnN0 f: 2UR,@cY

i@3 N3jsRaGc ,�N cjCII $3 ,RLU�a30 jR j@3 $�c3ICN3. s@C,@ Cc �IcR U�aj R8 j@3 UIRjY Bj Cc a3Ua3c3Nj30
$w j@3 $I�,G ICN3Y
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`3cj

V$W r33GIw +RLU�aCcRN

7C<na3 fYSk- +RLU�aCcRN R8 j@3 K�2 R8 j@3 HbiK LR03I V$In3W. j@3 77 LR03I V<a33NW �N0 j@3
$�c3ICN3 V$I�,GW

i@3 LR03Ic a�a3Iw @�q3 � L3�N �$cRInj3 3aaRa <a3�j3a j@�N jsR U�jC3Njc RN 0�CIw Ua30C,jCRNc. s@C,@
sRnI0 $3 LRa3 j@�N cn|,C3Nj 8Ra cj�{ UI�NNCN<Y ?Rs3q3a. j@Cc �q3a�<3 Cc NRj j@3 s@RI3 UC,jna3Y
i@3 iMQT �N0 7Q+mb LR03Ic c@Rs j@�j j@3 Ua30C,jCRNc cj�w CN �N �a3� �aRnN0 j@3 �q3a�<3 R8 j@3
Ua30C,j30 q�In3cY r@CI3 j@3w Ua30C,j @C<@Iw Ua3,Cc3 sRaGIR�0c CN j@Cc �a3�. � q3aw �,,na�j3 Ua30C,jCRN
R8 �N �q3a�<3 sRaGIR�0 Cc CN0CcjCN<nCc@�$I3 8aRL � $�0 Ua30C,jCRN R8 �N 3uja3L3 sRaGIR�0Y

�II j@Cc ,RN,In03c j@�j j@3 LR03Ic sRnI0 UaR~j 8aRL 3uU�N0CN< j@3 0�j�Y � LRa3 ,RNcC03a�$I3
�LRnNj R8 jRj�I 0�j�. L3�NCN< 0�j� 8aRL LRa3 j@�N 8Rna w3�ac. sRnI0 �IIRs ja�CNCN< j@3 LR03I LRa3
sCj@Rnj Rq3a~jjCN< jR a30n,3 j@3 3aaRa 8Ra 3uja3L3cY

fY:Yk KRa3 /�j� �N0 Rj@3a �UaR�,@3c

i@3 �ajC~,C�I N3na�I N3jsRaGc 0R NRj Ua30C,j �c �,,na�j3Iw �c @RU30 8RaY �c c�C0 c3q3a�I jCL3c. j@3
Ua30C,jCRN \n�ICjw ,RnI0 CN,a3�c3 s@3N j@3 0�j�c3j Cc 3uj3N030 sCj@ LRa3 0�j�Y 2cU3,C�IIw sCj@ LRa3
0�j� a3<�a0CN< j@3. ,naa3NjIw. a�a3 sRaGIR�0cY i@3 s33GIw Ua30C,jCRNc c@Rs30 j@�j cn,@ ,@�N<3c
,RnI0 CN,a3�c3 Ua30C,jCRN \n�ICjwY

�NRj@3a cRInjCRN ,RnI0 $3 jR ,@�N<3 j@3 L�,@CN3 I3�aNCN< �UUaR�,@Y Qj@3a �I<RaCj@LcY �ajC~,C�I
N3na�I N3jsRaGc �a3 j@3 j3,@NRIR<w j3cj30 CN j@Cc j@3cCcY ?Rs3q3a. j@3w N330 ,RLU�a�$Iw $C< 0�j�c3jc
jR �UUaR�,@ � <IR$�I RUjCLnLY QcCc�NsR 3j �IY c@Rs30 j@�j �ajC~,C�I N3na�I N3jsRaGc. jR<3j@3a sCj@
/3,CcCRN ia33c �N0 D`CU �I<RaCj@Lc. @�q3 j@3 LRcj cC<NC~,�Nj U3a8RaL�N,3 IRcc RN cL�II 0�j�c3jc
,RLU�a30 jR <3a 0�j�c3jc )Q��ZSe*Y

QN j@3 Rj@3a @�N0. QcCc�NsR 3j �IY 8RnN0 j@�j bnUURaj p3,jRa L�,@CN3c �N0 a�N0RL 8Ra3cjc @�0
j@3 LRcj N3<IC<C$I3 \n�ICjw IRcc s@3N �UUIC30 jR � cL�II3a 0�j�c3jY i@3a38Ra3 j@Rc3 jsR L�,@CN3
I3�aNCN< �I<RaCj@Lc L�w $3 $3jj3a cnCj30 8Ra � @RcUCj�I 3L3a<3N,w aRRL Ua30C,jCRN )Q��ZSe*Y
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fY9 `3\nCa3L3Njc

�NRj@3a C03� ,RnI0 $3 jR ja�CN � $�c3 LR03I sCj@ 0�j� 8aRL LnIjCUI3 @RcUCj�Ic CN LnIjCUI3 IR,�jCRNcY
i@3 a3cnIjCN< LR03I ,�N $3 nc30 �c � $�c3 jR ja�CN � cU3,C�ICy30 LR03I 8Ra � cCN<I3 @RcUCj�IY i@Cc
UaR,3cc Cc ,�II30 ja�Nc83a I3�aNCN< �N0 ȓ�jj3LUjc jR CLUaRq3 RN ja�0CjCRN�I L�,@CN3 I3�aNCN< $w
ja�Nc83aaCN< GNRsI30<3 I3�aN30 CN RN3 Ra LRa3 cRna,3 j�cGc �N0 ncCN< Cj jR CLUaRq3 I3�aNCN< CN �
a3I�j30 j�a<3j j�cGȓ )ibSz*Y

fY9 `3\nCa3L3Njc

BN +@�Uj3a k s3 Ua3c3Nj30 j@3 a3\nCa3L3Njc R8 j@Cc j@3cCcY i@Cc ,@�Uj3a �CLc jR a3Cj3a�j3 j@3L jR
c@Rs C8 Rna LR03Ic cn|,C3NjIw 8nI~II j@Rc3 a3\nCa3L3NjcY

KRcj �ajC~,C�I N3na�I N3jsRaGc Ua30C,j j@3 sRaGIR�0 R8 j@3 @RcUCj�I 3L3a<3N,w aRRL CN j@3 mNCq3aA
cCj¡jcGICNCGnL 7a3C$na<Y i@3 7Q+mb LR03I RNIw Ua30C,jc U�ajc R8 j@3 sRaGIR�0Y i@Cc 8nI~IIc j@3
~acj a3\nCa3L3Nj rRaGIR�0 Ta30C,jCRNY

i@3 c3,RN0 a3\nCa3L3Nj. Ta30C,jCRN R8 KnIjCUI3 FCN0c R8 /C�<NRc3c. Cc RNIw 8nI~II30 $w j@3 0�CIw
�N0 s33GIw HbiK �N0 77 LR03IY bjCII. j@3 j@3cCc Rq3a�II 8nI~IIc j@3 a3\nCa3L3NjY

�II CLUI3L3Nj�jCRNc �a3 ja�CN30 jR Ua30C,j � 0�CIw sRaGIR�0 �N0 � s33GIw sRaGIR�0Y r@CI3 j@3 0�CIw
jCL38a�L3 Cc $3jj3a cnCj30 8Ra cj�{ UI�NNCN<. j@3 s33GIw jCL38a�L3 @3IU30 C03NjC8w j@3 c@Raj,RLCN<c
R8 j@3 0�CIw RN3Y i@3a38Ra3. j@3 a3\nCa3L3Nj b3NcC$I3 iCL3 7a�L3 Cc 8nI~II30Y

i@3 HbiK �N0 77 Ua30C,jCRNc UaRqC03 � q3,jRa ,RNj�CNCN< S9 0C{3a3Nj ,�j3<RaC3c �N0 � sRaGA
IR�0 Ua30C,jCRN 8Ra 3�,@ ,�j3<RawY i@Rc3 ,�j3<RaC3c �a3 ,a3�j30 CN ,RRU3a�jCRN sCj@ � L30C,�I
UaR83ccCRN�I R8 j@3 mNCq3acCj¡jcGICNCGnL 7a3C$na< jR 3Ncna3 j@3Ca �UUIC,�$CICjwY i@Cc 8nI~IIc j@3
a3\nCa3L3Njb3NcC$I3 ;a�NnI�aCjwY

r@CI3 j@3 Rq3a�II Ua30C,jCRN \n�ICjw Cc $3jj3a j@�N j@3 $�c3ICN3c. j@3 q�cj 0C{3a3N,3 CN Ua30C,jCN< q�In3c
,IRc3 jR j@3 �q3a�<3 �N0 3uja3L3 q�In3c L�G3c j@3 cwcj3L nNa3IC�$I3 8Ra a3�IAsRaI0 �UUIC,�jCRNcY
i@3a38Ra3. [n�ICjw R8 �N�IwcCc Cc �j LRcj U�ajIw 8nII~II30Y

i@3 a3\nCa3L3Njc b3,a3j /�j� �N0 BN j@3 +Cjw R8 7a3C$na< �a3 bU3,C~,�jCRNc. s@C,@ �a3 8nI~II $w
03cC<NY i@3 N3jsRaG s�c 03q3IRU30 ncCN< 0�j� 8aRL j@3 mNCq3acCj¡jcGICNCGnL 7a3C$na< sCj@Rnj
0Ca3,j �,,3cc jR j@3 0�j�Y
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i@Cc j@3cCc 3q�In�j3c �ajC~,C�I N3na�I N3jsRaGc �c Ua30C,jCRN jRRIc 8Ra @RcUCj�I 3L3a<3N,w aRRL
sRaGIR�0c $�c30 RN 3NqCaRNL3Nj�I CN�n3N,3cY 2u�LUI3c R8 3NqCaRNL3Nj�I CN�n3N,3c �a3 s3�j@3a.
�Ca URIInjCRN. �N0 @RIC0�wcY

i@Rc3 3NqCaRNL3Nj�I CN�n3N,3c �a3 ,RL$CN30 sCj@ j@3 0�j�c3j 8aRL j@3 mNCq3acCj¡jcGICNCGnL
7a3C$na<Y Bj UaRqC03c j@3 0�w �N0 0C�<NRcCc R8 �II cj�jCRN�aw 3L3a<3N,w aRRL U�jC3Njc 8aRL lzSf jR
lzSOY Bj Cc a38RaL�j30 jR a3Ua3c3Nj j@3 NnL$3a R8 U�jC3Njc 8Ra 3�,@ ,�j3<Raw j@�j j@Cc j@3cCc CNj3N0c
jR Ua30C,j. j@3N NRaL�ICy30 �N0 ,I3�N30 jR $3 nc30 �c � ja�CNCN< 0�j�c3j 8Ra j@3 �ajC~,C�I N3na�I
N3jsRaGcY i@Cc UaR,3cc ,a3�j30 RNIw � cL�II 0�j�c3j sCj@ S:fS 3NjaC3c 8Ra 0�CIw Ua30C,jCRNc �N0 lzO
3NjaC3c 8Ra s33GIw Ua30C,jCRNcY

r3 ,RNcjan,j 8Rna N3jsRaGc. �II ja�CN30 sCj@ 0�CIw �N0 s33GIw 0�j�Y i@3 iMQT N3jsRaG Cc � cCLUI3
LnIjCAI�w3a Ua30C,jRa j@�j Ua30C,jc j@3 cnL R8 �II ,�j3<RaC3c �N0 j@3 jRj�I NnL$3a R8 U�jC3Njc CN j@3
3L3a<3N,w aRRL 8Ra j@�j jCL38a�L3Y HCG3sCc3. j@3 7Q+mb N3jsRaG Cc �IcR � LnIjCAI�w3a U3a,3UjaRNY
`�j@3a j@�N �II U�jC3Njc. Cj Ua30C,jc j@3 sRaGIR�0 R8 � cCN<I3 U3a,3UjaRN ,�j3<RawY i@3 j@Ca0 LnIjCA
I�w3a U3a,3UjaRN Cc j@3 77 N3jsRaGY r@CI3 cCLCI�a CN �a,@Cj3,jna3 jR j@3 Rj@3ac. Cj @�c � LRa3 ,RLUI3u
RnjUnjY Bj UaRqC03c � q3,jRa sCj@ j@3 Ua30C,j30 sRaGIR�0 R8 �II Ua30C,jCRN ,�j3<RaC3c CNcj3�0 R8 �
cCN<I3 q�In3Y Bj Cc j@3 c�L3 RnjUnj �c j@3 HbiK LR03I. s@C,@ @�c Cjc RsN �a,@Cj3,jna3 �N0 nc3c
LnIjCUI3 0�wc R8 0�j� 8Ra j@3 Ua30C,jCRNY

�II LR03Ic Ua30C,j cC<NC~,�NjIw $3jj3a j@�N j@3Ca $�c3ICN3. sCj@ j@3 iMQT N3jsRaG @�qCN< j@3 LRcj
�,,na�j3 Ua30C,jCRNcY ?Rs3q3a. j@3 Ua30C,jCRNc $�c30 RN j@3 s33GIw 0�j�c3jc �a3 $3jj3a j@�N j@Rc3
8RnN0 0�CIwY Qq3a�II. j@3 ja3N0 Cc j@�j C8 3�,@ 0�j�c3j 3Njaw ,RNj�CNc LRa3 ,�c3c. j@3 Ua30C,jCRN \n�ICjw
CN,a3�c3cY i@3 7Q+mb N3jsRaG U3a8RaLc cCLCI�aIw jR j@3 c�L3 Ua30C,jCRN ,�j3<Raw CN j@3 77 �N0
HbiK N3jsRaGY 77 �N0 HbiK �a3 N3�a C03NjC,�I CN Ua30C,jCRN \n�ICjwY

?Rs3q3a. s@CI3 j@3 �q3a�<3 Ua30C,jCRNc �a3 3u,3II3Nj. j@3 LR03Ic @�q3 0C|,nIjC3c Ua30C,jCN< 3uja3L3
$C< Ra cL�II sRaGIR�0cY i@3 Ua30C,jCRNc �a3 G3Uj ,IRc3 jR j@3 �q3a�<3. L�GCN< Cj nNa3IC�$I3 �c �
a3�IAIC83 �UUIC,�jCRNY

bjCII. Cj c@Rsc j@�j �ajC~,C�I N3na�I N3jsRaGc �N0 Rj@3a L�,@CN3 I3�aNCN< �UUaR�,@3c <3N3a�IIw ,�N
Ua30C,j cn,@ � ,@�RjC, �N0 ,RLUIC,�j30 cwcj3L �c j@3 03L�N0 8Ra 3L3a<3N,w c3aqC,3c. 3q3N C8 j@3
0�j� nc30 8Ra ja�CNCN< N330c jR $3 3uU�N030 cC<NC~,�NjIw $38Ra3 � a3�IAIC83 �UUIC,�jCRN Cc 83�cC$I3Y
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eYS HCLCj�jCRNc

eYSYS Ta3 +QpB/ASO /�j�

iR L�G3 j@3 LR03I ja�CNCN< 3�cC3a. 0�j�. �8j3a ,RaRN� cj�aj30 s�c 3uUIC,CjIw C<NRa30Y i@Cc 0�j3 ,RnI0
@�q3 03,a3�c30 j@3 \n�ICjw R8 j@3 LR03I. �c j@3 U�N03LC, s�c � cC<NC~,�Nj jCL3 j@�j UaR$�$Iw @�c
,@�N<30 U3RUI3ȕc $3@�qCRa jRs�a0c j@3 3L3a<3N,w aRRL �N0 Rj@3a �a3�c R8 j@3Ca IC83Y bn,@ � ,@�N<3
,RnI0 a3cnIj CN N3s U�jj3aNcY /C{3a3Nj U�jj3aNc 8Ra j@3 c�L3 0�j� CN RN3 0�j�c3j L�w a30n,3 j@3
\n�ICjw R8 j@3 ja�CN30 LR03IY

i@Cc 0R3c NRj j@a3�0 j@3 q�IC0Cjw R8 j@Cc j@3cCc Cjc3I8 $nj L�G3c j@3 a3cnIjCN< LR03I CN�UUIC,�$I3 8Ra
Ua30C,jCRNc jR0�wY Bj ,�N @�UU3N jR �Nw cR,C�I ,Raa3I�jCRN Rq3a jCL3. $nj +QpB/ASO s�c � ,�j�Iwcj
8Ra �N 3uja3L3 ,@�N<3 CN j@Cc a3<�a0Y

iR cRIq3 cn,@ UaR$I3Lc. � LR03I j@�j Cc �,jCq3Iw nc30 CN @RcUCj�Ic c@RnI0 $3 nU0�j30 a3<nI�aIwY

eYSYl bj�jCRN�aw RNIw

i@3 UaRqC030 @RcUCj�I 0�j� @�c 0C�<NRcCc 0�j� RNIw 8Ra U�jC3Njc j@a3�030 �j j@3 @RcUCj�I cj�jCRN�awY
7Cacj. j@�j CNjaR0n,3c � $C�c. s@C,@ a3LRq3c �II CIIN3cc3c �N0 CNEnaC3c j@�j U3RUI3 <R jR j@3 @RcUCj�I
8Ra $nj �a3 ja3�j30 RN j@3 cURjY 2u�LUI3c @3a3 �a3 $aRG3N $RN3c. IC<@j $naNc. Ra LCNRa sRnN0cY

�L$nI�Nj ,�c3c �a3 LRa3 ,aCjC,�I 8Ra cj�{ UI�NNCN<. �c j@3w ,Rq3a LRa3 j@�N fzX R8 j@3 ,�c3c
CN 7a3C$na< 8aRL lzSf jR lzSOY M3q3aj@3I3cc. j@3w ,RnI0 NRj $3 nc30 8Ra j@3 ja�CNCN< UaR,3cc �c
0C�<NRcCc 0�j� s�c NRj UaRqC030 8Ra j@Rc3 ,�c3cY i@Cc 8naj@3a 03,a3�c3c j@3 cCy3 R8 j@3 0�j�c3j �N0
a30n,3c j@3 q�In3 R8 j@3 ~N�I LR03IY

iR ~u j@Cc UaR$I3L. j@3 0�j� 8Ra ja�CNCN< j@3 N3jsRaGc c@RnI0 $3 8aRL � @RcUCj�I j@�j ja�,Gc 0C�<NRcCc
0�j� 8aRL �L$nI�Nj �N0 cj�jCRN�aw U�jC3Njc �ICG3Y

eYSYk bL�II /�j� c3j

�c �Ia3�0w cj�j30. j@3 0�j� RaC<CN�j3c 8aRL � cCN<I3 @RcUCj�IY �00CjCRN�IIw. Cj Cc RNIw 0�j� 8aRL �
U3aCR0 R8 : w3�acY i@Cc ,a3�j3c � a3I�jCq3Iw cL�II 0�j�c3j sCj@ RNIw S:fS 3NjaC3cY i@3 LR03I L�w
~N0 � U�jj3aN j@�j 0R3c NRj 3uCcj Ra Cc Rq3aA~jj30 jR j@Cc cL�II �LRnNj R8 0�j�Y i@3 a3I�jCq3Iw @C<@
�LRnNj R8 83�jna3c RNIw sRac3Nc j@CcY is3Njw 83�jna3c Cc NRj � IRj ,RLU�a30 jR Rj@3a 033U N3na�I
N3jsRaGc. $nj j@Rc3 @�q3 LCIICRNc R8 0�j� URCNjc. s@CI3 s3 nc3 I3cc j@�N lzzzY

i@Cc ,RnI0 $3 cRIq30 cCLCI�aIw jR ]]Y KRa3 0�j� 8aRL LnIjCUI3 @RcUCj�Ic sRnI0 $3 � cRInjCRNY Bj
sRnI0 CN,a3�c3 j@3 �LRnNjc R8 0�j� URCNjc cC<NC~,�NjIw �N0. j@3a38Ra3. j@3 \n�ICjw R8 j@3 LR03IY
M3q3aj@3I3cc. j@3 c�L3 a3cjaC,jCRNc j@�j ]] L3NjCRN30 �UUIw @3a3Y
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eYl 7njna3 rRaG

eYl 7njna3 rRaG

i@Cc j@3cCc c@Rs30 j@�j �ajC~,C�I N3na�I N3jsRaGc ,RnI0 Ua30C,j @RcUCj�I 3L3a<3N,w aRRL sRaGIR�0Y
7naj@3aLRa3. s@CI3 j@3 Ua30C,jCRN Cc ICLCj30. Cj ,RnI0 $3 CLUaRq30 ncCN< � 83s 0C{3a3Nj �UUaR�,@3cY

7Cacj. j@3 L�,@CN3 I3�aNCN< �I<RaCj@L ,RnI0 $3 ,@�N<30 jR $3 LRa3 cnCj�$I3 8Ra cL�II 0�j�c3jcY bRL3
C03�c @3a3 �a3 `�N0RL 7Ra3cjc Ra bnUURaj p3,jRa K�,@CN3cY i@Rc3 L�w @�q3 83s3a UaR$I3Lc sCj@
3uja3L3 q�In3cY

i@Cc j@3cCcȕc 0�j� jR ja�CN j@3 N3na�I N3jsRaGc RaC<CN�j3c 8aRL � cCN<I3 ,CjwY HCG3 j@3 s3�j@3a �N0
@RcUCj�I 0�j�. LRcj R8 Cj Cc 8aRL � cCN<I3 cRna,3Y i@Cc ,a3�j3c � cU3,C~, 0�j�c3j j@�j Cc RNIw �UUIC,�$I3
jR j@3 c�L3 ,CjwY i@3 a3cnIjc ,�N NRj c�83Iw $3 <3N3a�ICy30 �N0 �UUIC30 jR Rj@3a ,CjC3c. 3cU3,C�IIw
j@Rc3 sCj@ 0C{3a3Nj URICjC,c. ,nIjna3c. �N0 ,ICL�j3cY �II j@Rc3 8�,jRac ,�N CN�n3N,3 j@3 03,CcCRN jR
<R jR j@3 3L3a<3N,w aRRL. s@CI3 j@3 0�j� j@3 N3jsRaGc �a3 ja�CN30 RN cj�wc j@3 c�L3Y ?Rs3q3a. j@3
N3jsRaG ,RnI0 $3 <3N3a�IIw ja�CN30 sCj@ 0�j� 8aRL LnIjCUI3 ,CjC3c �N0 @RcUCj�Ic �N0 j@3N cU3,C�ICy30
jR � cCN<I3 �a3�Y i@Cc UaR,3cc Cc ,�II30 ja�Nc83a I3�aNCN<Y

�IcR. Cj sRnI0 $3 CNj3a3cjCN< jR 3q�In�j3 @Rs 3{3,jCq3 j@3 Ua30C,jCRNc ,�N CN�n3N,3 j@3 cj�{ UI�NNCN<Y
QN3 ,RnI0 ,RN0n,j � cjn0w CN s@C,@ j@3 cj�{ UI�NNCN< UaR,3cc R8 LnIjCUI3 @RcUCj�Ic Cc 3q�In�j30 �N0
CLUaRq30 ncCN< � Ua30C,jCRN LR03I sCj@ � <Cq3N Ua3,CcCRNY Bj sRnI0 $3 CNj3a3cjCN< jR GNRs C8 j@3a3
Cc � cC<NC~,�Nj CLU�,jY

i@3 ,naa3Nj CLUI3L3Nj�jCRN ,RnI0 $3 3uU�N030 jR wC3I0 CLUaRq30 a3cnIjcY QN3 ,RnI0 3uU3aCL3Nj
sCj@ LRa3 �ajC~,C�I N3na�I N3jsRaG �a,@Cj3,jna3c Ra C03NjC8w LRa3 3{3,jCq3 CNUnj q�aC�$I3cY � 83�jna3
�N�IwcCc R8 j@3 CNUnj q�aC�$I3c ,naa3NjIw nc30 ,RnI0 �IcR UaRqC03 CNj3a3cjCN< CNcC<@jcY Bj sRnI0 �IcR
$3 CNj3a3cjCN< jR CN,a3�c3 j@3 CLU�,j R8 j@3 jCL3I�<. j3cjCN< 0C{3a3Nj jCL3I�< I3N<j@c Ra 0C{3a3Nj
CNUnjc 8Ra 3�,@ 0�w CN j@3 jCL3I�<. ICG3 ncCN< sRaGIR�0c 0naCN< j@3 jCL3I�< U3aCR0 �c �00CjCRN�I
CNUnjY
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bRna,3c

)#H#ZS4* 2Y DY #a�N0I. iY �Y H3jj. ;Y #�G�NC0y3. �Y ?3CNy. 7Y #3aLUR@I. KY b,@RnI3aAQ,�GY
Ȓr3�j@3a ,RN0CjCRNc CN�n3N,3 j@3 NnL$3a R8 Ucw,@C�jaC, 3L3a<3N,w aRRL U�jC3NjcȓY
BN- BNj3aN�jCRN�I DRnaN�I R8 #CRL3j3RaRIR<w fl V9 K�w lzS4W. UUY 4:kĢ49zY βϱϔ-
��������U���������������\ V,CjY RN UY 9WY

)#a3Of* HY #a3CL�NY Ȓ#�<<CN< Ua30C,jRacȓY BN- K�,@CN3 H3�aNCN< l:Yl V�n<Y SOOfW. UUY SlkĢ
S:zY βϱϔ- ��������DH�������� V,CjY RN UY lzWY

)#`;O:* ?Y #Y #naG3. /Y #Y `Rc3N. TY ?Y ;RR0L�NY Ȓ+RLU�aCN< �ajC~,C�I N3na�I N3jsRaGc
jR Rj@3a cj�jCcjC,�I L3j@R0c 8Ra L30C,�I Rnj,RL3 Ua30C,jCRNȓY BN- TaR,330CN<c R8
SOO: B222 BNj3aN�jCRN�I +RN83a3N,3 RN M3na�I M3jsRaGc VB+MMȕO:WY pRIY :Y B222.
SOO:. UUY llSkĢllSfY ϔЅΪϩ- zAe4zkASOzSAtY βϱϔ- ��������+%00������������Y ЛЁϣ-
JVVR���KGGGZRNQTG�KGGG�QTI�FQEWOGPV�������� V,CjY RN UY eWY

)+@�Se* bY +@�jj3aE33Y ;RR0 /�j� �N0 K�,@CN3 H3�aNCN<Y �n<Y l:. lzSeY ЛЁϣ- JVVRU���
VQYCTFUFCVCUEKGPEG�EQO�FCVC�EQTTGNCVKQP�ECP�OCMG�QT�DTGCM�[QWT�OCEJKPG�

NGCTPKPI�RTQLGEV���GG�����EE� V,CjY RN UY l:WY
)+KK4k* DY ;Y +�a$RN3II. `Y bY KC,@�IcGC. iY KY KCj,@3IIY �M Qp2`pB2r Q7 K�+?BM2

H2�`MBM;Y 2Ic3qC3a. D�NY SO4k. UUY kĢlkY βϱϔ- ��������$������������������������
�Y ЛЁϣ- JVVRU���NKPMKPIJWD�GNUGXKGT�EQO�TGVTKGXG�RKK�$�������������������
V,CjY RN UY fWY

)+bb�O9* DY +�cj3IIc�<n3. DY bnNw3a. KY b�3y. DY KY �NjRY Ȓb@RajAj3aL �ccR,C�jCRN $3js33N �Ca
URIInjCRN �N0 3L3a<3N,w aRRL qCcCjc 8Ra �cj@L� CN #�a,3IRN�Yȓ BN- i@Ra�u 9z VSz
Q,jY SOO9W. UUY Sz9SĢSz9fY ϔЅЅϩ- zz:zAfkefY βϱϔ- ��������VJZ�����������Y ЛЁϣ-
JVVRU���VJQTCZ�DOL�EQO�NQQMWR�FQK���������VJZ����������� V,CjY RN UUY l. 9. leWY

)/3qll* MY /3q3IRU3acY NnLUwYN0�aa�w ġ MnLTw qSYll K�Nn�IY lzllY ЛЁϣ- JVVRU���PWOR[�
QTI�FQE�UVCDNG�TGHGTGPEG�IGPGTCVGF�PWOR[�PFCTTC[�JVON V,CjY RN UY :zWY

)7CNOO* iY HY 7CN3Y 73308Ras�a0 M3na�I M3jsRaG K3j@R0RIR<wY SOOOY ϔЅΪϩ- zAk4eAO4e:9Al
V,CjY RN UY 4WY

)7bOf* vY 7a3nN0. `Y 2Y b,@�UCa3Y Ȓ2uU3aCL3Njc sCj@ � N3s $RRcjCN< �I<RaCj@LȓY BN- TaR,330A
CN<c R8 j@3 i@Caj33Nj@ BNj3aN�jCRN�I +RN83a3N,3 RN K�,@CN3 H3�aNCN<Y #�aC. DnIw k.
SOOf V,CjY RN UY lzWY

);F;ZO4* #Y xY ;�ajw. 2Y FRcL�N. 2Y ;�NRa. pY #3a<3a. HY ;�ajw. iY rC3jy3N. vY r�CcL�N.
KY KCLRnNC. vY r�Cc3IY Ȓ2L3a<3N,w `RRL pCcCjc R8 �cj@L�jC, +@CI0a3N. `3I�jCRN jR
�Ca TRIInjCRN. r3�j@3a. �N0 �Ca$RaN3 �II3a<3NcȓY BN- �NN�Ic R8 �II3a<w. �cj@L� �
BLLnNRIR<w 4S Vf /3,Y SOO4W. UUY 9fkĢ9ezY ϔЅЅϩ- Sz4SASlzfY βϱϔ- ��������5�����
����
���������: V,CjY RN UY leWY
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);rblz* DY ;�R. ?Y r�N<. ?Y b@3NY ȒK�,@CN3 H3�aNCN< #�c30 rRaGIR�0 Ta30C,jCRN CN +IRn0
+RLUnjCN<ȓY BN- lzlz lOj@ BNj3aN�jCRN�I +RN83a3N,3 RN +RLUnj3a +RLLnNC,�jCRNc
�N0 M3jsRaGc VB+++MWY B222. �n<Y lzlzY βϱϔ- ��������KEEEP������������������
V,CjY RN UUY SO. lS. llWY

)?/`SO* bY ?�wRn. �Y /Rn,3j. DY `Rncc3�nY ȒQN j@3 CLU�,j R8 j@3 �,jCq�jCRN 8nN,jCRN RN 033U
N3na�I N3jsRaGc ja�CNCN<ȓY BN- BNj3aN�jCRN�I ,RN83a3N,3 RN L�,@CN3 I3�aNCN<Y TKH`Y
lzSO. UUY lfelĢlf4z V,CjY RN UY :zWY

)?HvZz4* DY BY ?�IRN3N. iY H�NGC. iY vICAinRLC. KY FnIL�I�. TY iCCjj�N3N. DY T3GG�N3NY Ȓma$�N
�Ca URIInjCRN. �N0 �cj@L� �N0 +QT/ @RcUCj�I 3L3a<3N,w aRRL qCcCjcȓY BN- i@Ra�u fk
Ve DnIw lzz4W. UUY fk9Ģf:SY ϔЅЅϩ- zz:zAfkefY βϱϔ- ��������VJZ������������Y ЛЁϣ-
JVVRU���VJQTCZ�DOL�EQO�NQQMWR�FQK���������VJZ������������ V,CjY RN UUY l. 9. le.
k:. k9WY

)?RO9* iY FY ?RY Ȓ`�N0RL 03,CcCRN 8Ra3cjcȓY BN- TaR,330CN<c R8 ka0 BNj3aN�jCRN�I +RN83a3N,3
RN /R,nL3Nj �N�IwcCc �N0 `3,R<NCjCRNY B222 +RLUnjY bR,Y Ta3cc. SOO9Y βϱϔ- ���
�����KEFCT������������ V,CjY RN UY lzWY

)DR�lz* `Y bY DR�,@CL bj3CNs3N0N3aY M3naRN�I3 M3jy3 UaR<a�LLC3a3N LCj Twj@RNY `@3CNs3aG
p3aI�< ;L$?. K�w l4. lzlzY :eO UUY ϔЅΪϩ- k4kfle:9zeY ЛЁϣ- JVVRU���YYY�GDQQM�
FG�FG�RTQFWEV����������LQCEJKOAUVGKPYGPFPGTATQNCPFAUEJYCKIGTAPGWTQPCNGA

PGV\GARTQITCOOKGTGPAOKVAR[VJQP�JVON V,CjY RN UY 4WY
)F�bDSS* bY KY `Y F�y3LCA#�E3cj�NC. �Y �LCac�0aC. bY �Y �Y b�L�aC. �Y D�q�N$�G@jY ȒHnN�a

U@�c3 ,w,I3 �N0 Ucw,@C�jaC, @RcUCj�I 3L3a<3N,w qCcCjc. CNU�jC3Nj �0LCccCRNc �N0 �<A
<a3ccCq3 $3@�qCRaȓY BN- �cC�N DRnaN�I R8 Tcw,@C�jaw : VS K�aY lzSSW. UUY :9Ģ9zY βϱϔ-
��������L�CLR������������Y ЛЁϣ- JVVRU���NKPMKPIJWD�GNUGXKGT�EQO�TGVTKGXG�RKK�
5���������������� V,CjY RN UY 9WY

)F#FSS* �Y Fa3NG3a. DY #3cj3a. �Y FRcY ȒBNjaR0n,jCRN jR j@3 �ajC~,C�I M3na�I M3jsRaGcȓY BN-
�ajC~,C�I M3na�I M3jsRaGc A K3j@R0RIR<C,�I �0q�N,3c �N0 #CRL30C,�I �UUIC,�jCRNcY
BNi3,@. �UaY lzSSY βϱϔ- ������������� V,CjY RN UY OWY

)FI�lS* +Y `Y FI�nc TR@IY #�cCcsCcc3N `3\nCa3L3Njc 2N<CN33aCN<Y /UnNGjYp3aI�< ;L$?.
�UaY S. lzlSY ϔЅΪϩ- k4f:Oz4S:zY ЛЁϣ- JVVRU���YYY�GDQQM�FG�FG�RTQFWEV����������
MNCWUARQJNAEJTKUATWRRADCUKUYKUUGPATGSWKTGOGPVUAGPIKPGGTKPI�JVON V,CjY RN UY SSWY

)FaClS* FY FaC3<Icj3CNY b�jynN< 03a 2j@CGGRLLCccCRN 03c mNCq3acCj¡jcGICNCGnL 7a3C$na<cY Q,jY
lzlSY ЛЁϣ- JVVRU���YYY�WPKMNKPKM�HTGKDWTI�FG�HKNGCFOKP�OGFKCRQQN���ACPFGTG�
GVJKMMQOOKUUKQP�RFH����������UCV\WPI�RFH V,CjY RN UY SlWY

)FaR* #Y FaRIIN3aY SzA;KAlzll B+/ASzA;KAlzll A B+/SzY ЛЁϣ- JVVRU � � � YYY � KEF �
EQFG�FG�KEF�EQFG�+%&����)/�JVON V,CjY RN UUY f. Sk. kS. kl. k9WY

)Fn$Se* KY Fn$�jY �N BNjaR0n,jCRN jR K�,@CN3 H3�aNCN<Y bUaCN<3a BNj3aN�jCRN�I Tn$ICc@CN<.
b3UjY lzSe. UUY SĢk:4Y ϔЅΪϩ- Oe4AkAkSOAfkOSlAkY βϱϔ- �������������������������Y
ЛЁϣ- JVVR���NKPM�URTKPIGT�EQO�������������������������� V,CjY RN UUY f. :z. :SWY

)H#tZlS* DY Hn. TY #n. tY tC�. MY Hn. HY v�R. ?Y DC�N<Y Ȓ73�cC$CICjw R8 L�,@CN3 I3�aNCN<
L3j@R0c 8Ra Ua30C,jCN< @RcUCj�I 3L3a<3N,w aRRL qCcCjc 8Ra a3cUCa�jRaw 0Cc3�c3cȓY BN-
2NqCaRNL3Nj�I b,C3N,3 �N0 TRIInjCRN `3c3�a,@ l4 Vlk DnN3 lzlSW. UUY lOezSĢlOezOY
ϔЅЅϩ- zO::ASk::Y βϱϔ- ��������U�����������������Y ЛЁϣ- JVVRU���NKPM�URTKPIGT�
EQO���������U����������������� V,CjY RN UUY Sf. Se. lS. ll. k:. :k. :9WY
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bRna,3c

)H?QOe* KY HCUc3jj. bY ?naI3w. #Y QcjaRY Ȓ�Ca URIInjCRN �N0 3L3a<3N,w aRRL qCcCjc 8Ra �cj@L�
CN b�Nj� +I�a� +RnNjw. +�IC8RaNC�Yȓ BN- 2NqCaRNL3Nj�I ?3�Ij@ T3acU3,jCq3c Sz9 Vl
73$Y SOOeW. UUY lSfĢlllY ϔЅЅϩ- zzOSAfef9Y βϱϔ- ��������GJR���������Y ЛЁϣ- JVVRU�
��GJR�PKGJU�PKJ�IQX�FQK���������GJR��������� V,CjY RN UUY 9. leWY

)HTbZSO* HY KY iY HnRN<. /Y T@nN<. TY /Y bIw. iY MY /�N<. HY KRa�scG�. TY FY i@�CY Ȓ2{3,jc
R8 j3LU3a�jna3 RN @RcUCj�ICc�jCRN �LRN< Ua3Ac,@RRI ,@CI0a3N CN ?�NRC. pC3jN�LȓY BN-
2NqCaRNL3Nj�I b,C3N,3 �N0 TRIInjCRN `3c3�a,@ lf Vk D�NY lzSOW. UUY lfzkĢlfSlY βϱϔ-
��������U���������������� V,CjY RN UUY l. 9WY

)K/?zf* `Y MY K,H�w. �Y �Y /�wIR. TY bY ?�LL3aY ȒMR 2{3,j R8 HnN�a +w,I3 RN Tcw,@C�jaC,
�0LCccCRNc Ra 2L3a<3N,w 2q�In�jCRNcȓY BN- KCICj�aw K30C,CN3 SeS VSl /3,Y lzzfW.
UUY SlkOĢSl:lY ϔЅЅϩ- zzlfA:ze9Y βϱϔ- ��������/+./'&������������Y ЛЁϣ- JVVRU�
��CECFGOKE�QWR�EQO�OKNOGF�CTVKENG������������������������� V,CjY RN UY 9WY

)M�cSe* pY M�cj3cGCY Ȓ�N Rq3aqC3s R8 j@3 cnU3aqCc30 L�,@CN3 I3�aNCN< L3j@R0cȓY BN- ?Q`BA
xQMb : V/3,Y lzSeW. UUY 9SĢflY βϱϔ- ���������*14+<105�$���������2��Y ЛЁϣ-
JVVR���WMNQ�GFW�OM�HKNGOCPCIGT�*14+<106+��������5GTKLC���$���DT��������#P�

��QXGTXKGY���QH���VJG���UWRGTXKUGF�RFH V,CjY RN UUY f. eWY
)MH#reS* DY ?Y MR$I3. KY 2Y H�LRNj�<N3. +Y #3IIRjjC. ?Y r3,@cI3aY Ȓp�aC�jCRNc CN pCcCjc jR

?RcUCj�I 2L3a<3N,w +�a3 7�,CICjC3c- `Cjn�ICcjC, �N0 K3j3RaRIR<C,�IȓY BN- +�a3Y pRIY OY
SOeS. UUY :S9Ģ:leY ЛЁϣ- JVVRU���YYY�LUVQT�QTI�UVCDNG�������� V,CjY RN UUY l. 9WY

)Mrel* DY �Y M3I03a. `Y rY KY r3003a$naNY Ȓ;3N3a�ICy30 HCN3�a KR03IcȓY BN- DRnaN�I R8 j@3
`Rw�I bj�jCcjC,�I bR,C3jwY b3aC3c � V;3N3a�IW Sk9Yk VSOelW. UY kezY βϱϔ- ��������
������� V,CjY RN UY lzWY

)Q��ZSe* 7Y vY QcCc�NsR. DY 2Y iY �GCNcRI�. QY �sR03I3. DY QY ?CNLCG�Cw3. QY QI�G�NLC. DY �GA
CNER$CY ȒbnU3aqCc30 L�,@CN3 I3�aNCN< �I<RaCj@Lc- ,I�ccC~,�jCRN �N0 ,RLU�aCcRNȓY
BN- BNj3aN�jCRN�I DRnaN�I R8 +RLUnj3a ia3N0c �N0 i3,@NRIR<w VBD+iiW :4Yk VlzSeW.
UUY Sl4ĢSk4 V,CjY RN UY 94WY

)Q#HZSO* iY QȕK�II3w. 2Y #nacyj3CN. DY HRN<. 7Y +@RII3j. ?Y DCN. HY BNq3aNCyyC. 3j �IY F3a�cinN3aY
lzSOY ЛЁϣ- JVVRU���IKVJWD�EQO�MGTCU�VGCO�MGTCU�VWPGT V,CjY RN UY :SWY

)QF4k* ;Y KY Q03a0�. rY FI3CNAb,@s�ajyY ȒHnN�a +w,I3 �N0 TRCcRN +3Nj3a +�IIcȓY BN- DRnaN�I
R8 iRuC,RIR<w- +ICNC,�I iRuC,RIR<w lz V9 D�NY SO4kW. UUY :4eĢ:O9Y ϔЅЅϩ- zekSAk4SzY
βϱϔ- �������������������������Y ЛЁϣ- JVVR���YYY�VCPFHQPNKPG�EQO�FQK�HWNN����
���������������������� V,CjY RN UY 9WY

)Qa<* rY ?Y Qa<�NCc�jCRNY BNj3aN�jCRN�I +I�ccC~,�jCRN R8 /Cc3�c3c VB+/WY ЛЁϣ- JVVRU�
��YYY�YJQ�KPV�ENCUUKHKECVKQPU�ENCUUKHKECVKQP�QH�FKUGCUGU V,CjY RN UUY f. SkWY
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