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i@3 j@3cCc Cc cjan,jna30 �c 8RIIRsc- BN ,@�Uj3a l. s3 �00a3cc a3I�j30 sRaG a3<�a0CN< UaCq�,w UaRj3,jCRN
CN +2T �N0 Ua30C,jCRN LR03Ic 8Ra c3\n3NjC�I CNUnjY i@3N CN ,@�Uj3a k. s3 3uUI�CN j@3 $�cC,c R8 +2T.
j@3 NRNAcU3,nI�jCq3 a3Ra03aCN< �I<RaCj@L �N0 `3,naa3Nj M3na�I M3jsRaGc A � jwU3 R8 /33U M3na�I
M3jsRaG j@�j s3 nc3 8Ra j@3 Ua30C,jCRNcY i@3 �$Rq3 L3NjCRN30 03c,aCUjCRNc �a3 3cc3NjC�I 8Ra j@3
UaRURc30 cU3,nI�jCq3 a3Ra03aCN< cja�j3<wY �8j3a j@�j CN ,@�Uj3a :. s3 0Cc,ncc j@3 �a,@Cj3,jna3 �N0
j@3 ja�CNCN< �I<RaCj@L R8 j@3 Ua30C,jCRN LR03IY r3 $3<CN ,@�Uj3a 9 $w 03c,aC$CN< j@3 a3\nCa3L3Njc
8Ra j@3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<wY BN j@3 a3L�CN03a R8 j@3 ,@�Uj3a. s3 8R,nc RN j@3 03cC<N R8
Rna CLUI3L3Nj�jCRNY r3 �IcR 0Cc,ncc � LR0C~30 cja�j3<w j@�j a3\nCa3c I3cc ,RLUnj�jCRN jCL3 �j j@3
,Rcj R8 [RbY BN ,@�Uj3a f. s3 3q�In�j3 j@3 CLUI3L3Nj�jCRN �N0 ,RLU�a3 Cj sCj@ j@3 NRNAcU3,nI�jCq3
cja�j3<w ncCN< � a3�IAsRaI0 0�j�c3jY i@3 I�cj ,@�Uj3a ,RNcCcjc R8 j@3 ,RN,IncCRN �N0 8njna3 sRaGY

Sl



l `3I�j30 rRaG

i@Cc ,@�Uj3a Cc 0CqC030 CNjR jsR c3,jCRNcY 7Cacj. s3 03c,aC$3 a3I�j30 sRaG RN U�jj3aNAI3q3I UaCq�,w
UaRj3,jCRN CN +2TY i@3 c3,RN0 c3,jCRN �00a3cc3c 0C{3a3Nj �UUaR�,@3c 8Ra Ua30C,jCRN LR03IcY

lYS T�jj3aNAH3q3I TaCq�,w TaRj3,jCRN CN +2T

TaCq�,w Cc 3cc3NjC�I CN +2T. $nj LRcj UaCq�,wAUa3c3aqCN< L3,@�NCcLc �a3 Ua3c3aqCN< UaCq�,w RNIw
�j j@3 I3q3I R8 �jjaC$nj3cY 7Ra 3u�LUI3. HC 3j �IY )HQrz4* UaRURc30 cn,@ � UaCq�,wAUa3c3aqCN<
L3,@�NCcL 8Ra 0�j� cja3�L 3N<CN3c j@�j UaR,3cc ja�Nc�,jCRNc R8 LnIjCUI3 nc3acY Bj LR0C~3c �jjaC$nj3c
CN ja�Nc�,jCRNc cR j@�j Cj ,�N NR IRN<3a $3 �ccC<N30 jR � cU3,C~, nc3aY �,,3cc L3,@�NCcLc 8Ra cCN<I3
�jjaC$nj3c �a3 CLURaj�Nj. $nj j@Cc Cc NRj CN j@3 c,RU3 R8 j@Cc j@3cCcY

TaCq�j3 CN8RaL�jCRN ,�N �IcR $3 a3q3�I30 qC� U�jj3aNc R8 3q3NjcY i@3 ~acj RN3 s@R �N�Iwy30 j@3
UaR$I3L R8 UaCq�j3 CN8RaL�jCRN a3q3�I30 qC� U�jj3aNc Cc ?3 3j �IY )?#rMSS*Y i@3w Ua3c3Nj30
� j@3Ra3jC,�I �UUaR�,@. j@�j Cc $�c30 RN cnUUa3ccCRN R8 3q3NjcY r�N< 3j �IY )r?`MSk* jRRG �
cCLCI�a �UUaR�,@Y i@3 �nj@Rac CNjaR0n,30 �N �I<RaCj@L j@�j ~N0c j@3 3q3Nj CNcj�N,3c j@�j @�q3 jR
<3j cnUUa3cc30 jR L�uCLCy3 j@3 mjCICjwY i@3w ,I�CL j@�j j@3Ca cwcj3L sRaGc CN N3�a a3�I jCL3Y Bj
s�c c@RsN $w T�I�NCc�Lw 3j �IY )T/i`S4*. j@�j � cnUUa3cc30 3q3Nj. j@�j Cc U�aj R8 $Rj@ � UaCq�j3
�N0 Un$IC, U�jj3aN �IcR CLU�,jc j@3 Un$IC, U�jj3aN �N0 nNN3,3cc�aCIw 0CLCNCc@3c j@3 [RbY i@3w
UaRURc30 � a3Ra03aCN< cja�j3<w j@�j CNcj3�0 R8 cnUUa3ccCRN ,@�N<3c j@3 Ra03a R8 3q3Njc. jR ,RN,3�I
UaCq�j3 U�jj3aNc. $nj �IcR Ua3c3aq3 �c L�Nw Un$IC, U�jj3aNc �c URccC$I3Y ?Rs3q3a. j@Cc �UUaR�,@
03I�wc j@3 8Ras�a0CN< R8 j@3 3q3Nj cja3�LY 7Cacj. Cj @�c jR s�Cj nNjCI �II 3q3Njc R8 j@3 03~N30 sCN0Rs
�a3 �q�CI�$I3. j@3N Cj ,�N cj�aj j@3 a3Ra03aCN<. s@C,@ ,�N j�G3 � IRN< jCL3 sCj@ I�a<3 sCN0RscY BN
j@Cc j@3cCc. s3 3uj3N0 j@3Ca �UUaR�,@. jR � cU3,nI�jCq3 a3Ra03aCN< cja�j3<w sCj@ j@3 UaCL�aw <R�I jR
a30n,3 j@3 I�j3N,w jR 8Ras�a0 j@3 UaCq�,wAUa3c3aq30 sCN0RsY

lYl Ta30C,jCRN KR03I

bCN,3 8Ra � cn,,3cc8nI a3Ra03aCN<. j@3 U�jj3aNc j@�j c@RnI0 $3 ,RN,3�I30 Ra G3Uj Lncj $3 GNRsN. �
Ua30C,jCRN LR03I Cc N33030 j@�j ,RNcnL3c � cja3�L R8 3q3Njc �N0 RnjUnjc j@3 UaR$�$CICjw 8Ra 3�,@
U�jj3aN j@�j Cj sCII L�j,@ s@3N �II 3q3Njc R8 j@3 sCN0Rs sCII $3 �q�CI�$I3Y

/33U H3�aNCN< Cc NRs�0�wc nc30 CN sC03 0RL�CNc. �N0 RN3 UaRLCcCN< cn$,�j3<Raw ,�II30 j@3 `MMc
C8 R8j3N j@3 ,@RC,3 8Ra cnU3aqCc30 I3�aNCN< UaR$I3Lc sCj@ c3\n3NjC�I CNUnjY 7Ra CNcj�N,3. +@RC 3j �IY
)+#bZSf* UaRURc30 /R,jRa �B. � cwcj3L j@�j @3IUc U@wcC,C�Nc jR L�G3 0C�<NRc3c 8Ra j@3Ca U�jC3NjcY
Bj nc3c L30C,�I a3,Ra0c V3Y<Y. L30C,�jCRN Ra Ua3qCRnc 0C�<NRc3c W jR L�G3 Ua30C,jCRNc sCj@ nU jR
eOX a3,�IIY MRj RNIw CN j@3 ~3I0 R8 L30C,�I 0C�<NRcCc $nj �IcR CN 8Ra3,�cjCN< LR03Ic cn,@ �c cjR,G
8Ra3,�cjc )DC�Sf*. I�N<n�<3 LR03ICN< )F�aS9* 3j,Y `MMc �,@C3q30 cj�j3AR8Aj@3A�aj a3cnIjcY

Sk



l `3I�j30 rRaG

BNcUCa30 $w j@3 a3cnIjc CN Rj@3a 0RL�CNc. j@3 C03� Cc jR ,a3�j3 � N3s cCLUI3 �a,@Cj3,jna3 �aRnN0 �N
`MM. j@�j Ua30C,jc j@3 UaR$�$CICjw R8 U�jj3aN L�j,@3cY ia�0CjCRN�I `MMc @�q3 jaRn$I3 sCj@ I3�aNCN<
IRN< c3\n3N,3c. $nj j@3a3 �a3 3N@�N,30 q3acCRNc ICG3 HbiK );b+OO* Ra ;`m )+;+#S:*. j@�j
cj�$CICy3 j@3 I3�aNCN< UaR,3ccY i@3c3 �a3 LRcjIw nc30 CN Ua�,jC,3 CNcj3�0 R8 NRaL�I `MMcY r3 sCII
nc3 HbiK 8Ra j@Cc j@3cCcY

#3cC03c /33U M3na�I M3jsRaG �a,@Cj3,jna3c. �NRj@3a �UUaR�,@ Cc j@3 nc3 R8 UaR$�$CICcjC, LR03Ic
ICG3 ?C003N K�aGRq KR03Ic V?KKWY 7Ra 3u�LUI3. �I3qCyRc 3j �IY )��TSe* UaRURc30 �N 3|,C3Nj
UaR$�$CICcjC, LR03I $�c30 RN ?KK. j@�j ,�N Ua30C,j j@3 ,RLUI3jCRN R8 U�jj3aNc. 03~N30 �c a3<nI�a
3uUa3ccCRNcY ?Rs3q3a. RN3 ICLCj�jCRN R8 ?KKc �N0 cCLCI�a LR03Ic Cc j@�j j@3Ca cj�j3 cU�,3 ,�N
3uUIR03 8Ra cRU@CcjC,�j30 LR03Ic )200O4*Y 7Ra 3u�LUI3. � cja3�L R8 Szz 3q3Njc sCj@ Sz 0C{3a3Nj
3q3Nj jwU3c ,�N j@3Ra3jC,�IIw @�q3 nU jR 10100 0C{3a3Nj cj�j3cY BN a3�ICjw. cCLCI�a cj�j3c �a3 R8j3N
ja3�j30 �c 3\n�I. s@C,@ LC<@j I3�0 jR IRcc R8 CN8RaL�jCRN �N0 CN jnaN I3�0CN< jR � IRcc CN \n�ICjw R8
a3cnIjcY

� j@Ca0 �UUaR�,@ sRnI0 $3 � a3CN8Ra,3L3Nj I3�aNCN< �I<RaCj@L. ICG3 /3j3aLCNCcjC, TRIC,w ;a�0C3Nj
)bH?ZS:*. s@3a3 �8j3a 3q3aw N3s 3q3Nj j@3 cwcj3L 03,C03c C8 Cj Cc nc38nI jR a3Ra03a Ra NRjY i@3
0RsNcC03 R8 j@Cc �UUaR�,@ Cc j@�j Cj sRnI0 NRj a3jnaN j@3 UaR$�$CICjC3c R8 j@3 U�jj3aNc. a�j@3a RNIw j@3
03,CcCRN jR a3Ra03a Ra NRjY i@Cc L�G3c Cj 0C|,nIj jR 03$n< �N0 RUjCLCy3Y 7naj@3aLRa3. j@3 L�j,@CN<
UaR$�$CICjC3c R8 j@3 U�jj3aNc �a3 �IcR N33030 jR �0Encj j@3 U�jj3aNc. �c s3 sCII c@Rs CN +@�Uj3a 9Y

S:



k #�cC,c

BN j@Cc ,@�Uj3a s3 03c,aC$3 j@3 $�cC,c R8 +RLUI3u 2q3Nj TaR,3ccCN< V+2TWY 7naj@3aLRa3. j@3 NRNA
cU3,nI�jCq3 a3Ra03aCN< �I<RaCj@L $w T�I�NCc�Lw 3j �IY )T/i`S4* Cc $aC3�w 3uUI�CN30 �c j@Cc Cc nc30
�c � $�cCc 8Ra Rna cU3,nI�jCq3 a3Ra03aCN< cja�j3<wY i@3 j@Ca0 c3,jCRN R8 j@3 ,@�Uj3a �00a3cc3c j@3
$�cC,c R8 `3,naa3Nj M3na�I M3jsRaGc. j@�j Cc a3\nCa30 8Ra Ua30C,jCN< U�jj3aNcY

7C<na3 kYS- ?C<@AI3q3I qC3s R8 � +2T cwcj3L

kYS +RLUI3u 2q3Nj TaR,3ccCN<

�j � @C<@AI3q3I ja�0CjCRN�I +2T cwcj3Lc ,RNcCcj R8 j@a33 jwU3c R8 ,RLURN3Njc- 2q3Nj R$c3aq3ac
VRa cRna,3cW. j@3 +2T 3N<CN3 �N0 ,RNcnL3ac VRa cCNGcW )+KSl*Y i@3 a3I�jCRNc@CU $3js33N j@3
0C{3a3Nj ,RLURN3Njc Cc CIIncja�j30 $w 7C<na3 kYSY +2T cwcj3Lc ,�N $3 c33N �c �N 3uj3NcCRN jR cCLUI3
Un$ICc@Acn$c,aC$3 cwcj3Lc. CN j@�j ,RNcnL3ac 3uUa3cc j@3Ca CNj3a3cj CN ,RLURcCj3 3q3Njc )+KSl*Y
�N 3u�LUI3 R8 � ,RLURcCj3 3q3Nj Cc j@3 ,RLUI3u 3q3Nj U3acRN 3Nj3ac j@3 aRRL C8 � c3NcRa NRjC,3c
j@�j j@3 0RRa @�c RU3N30 8RIIRs30 $w � LRq3L3Nj CN j@3 aRRL. 03j3,j30 $w � c3,RN0 c3NcRaY bCLUI3
3q3Njc @3a3 �a3 0RRa RU3N30 �N0 LRq3L3Nj 03j3,jCRN CN j@3 aRRLY i@3w �a3 $Rj@ ja�,G30 $w j@3
R$c3aq3acY KRcjIw j@3 nc3a R8 �N BRi �UUIC,�jCRN ,�N RNIw ,RNjaRI j@3 R$c3aq3acY i@3 +2T 3N<CN3
�N0 j@3 ,RNcnL3ac �a3 3uU3,j30 jR $3 RU3a�j30 $w � 0C{3a3Nj cj�G3@RI03aY BL�<CN3 � ,�a CNcna�N,3
,RLU�Nw. j@�j R{3ac 0Cc,RnNjc jR ,ncjRL3ac s@R c@�a3 0aCqCN< CN8RaL�jCRN. ,RII3,j30 $w c3NcRacY
i@3 cRna,3 Cc j@3 ,�a. RsN30 $w j@3 ,�a RsN3a �N0 j@3 +2T 3N<CN3. �N0 j@3 cCNG �a3 $Rj@ RU3a�j30 $w
j@3 CNcna�N,3 ,RLU�Nw. s@C,@ nc3c j@3 CN8RaL�jCRN jR 03,C03 s@3j@3a � nc3a c@RnI0 <3j � 0Cc,RnNjY

S9



k #�cC,c

kYSYS 2q3Nj Q$c3aq3ac

2q3Nj R$c3aq3ac VRa cRna,3cW <3N3a�j3 cCLUI3 3q3Njc j@�j �a3 c3Nj jR j@3 +2T 3N<CN3Y i@3c3 2q3Njc
�a3 R8j3N c3NcRa 0�j�. $nj ,�N �IcR $3 Rj@3a jwU3c. 3Y<Y. nc3a CNUnj )+KSl*Y 2q3aw 3q3Nj Cc �ccR,C�j30
sCj@ � jCL3cj�LUY � +2T cwcj3L ,�N @�q3 LnIjCUI3 R$c3aq3acY

kYSYl +RLUI3u 2q3Nj TaR,3ccCN< 2N<CN3

i@Cc Cc j@3 @3�aj R8 j@3 +2T cwcj3LY i@3 +2T 3N<CN3 ,RNcCcjc R8 RU3a�jRac. j@�j ja�Nc8RaL j@3
CN,RLCN< cja3�L R8 $�cC, 3q3Njc CNjR ,RLUI3u ,RLURcCj3 3q3Njc )+KSl*Y i@3c3 N3s ,RLURcCj3
3q3Njc �a3 j@3N 8Ras�a030 jR j@3 N3uj I3q3I R8 RU3a�jRac Ra j@3 ,RNcnL3acY +2T RU3a�jRac ,�N 03j3,j
c3q3a�I jwU3c R8 U�jj3aNc. 3Y<Y. c3\n3N,3. N3<�jCRN. 3j, )r/`zf*Y 7Ra 3u�LUI3. j@3 ,RLUI3u 3q3Nj
E = SEQ(A, B)�C̄ sRnI0 $3 jaC<<3a30 C8 CNcj�N,3c R8 3q3Njc � �N0 # @�q3 $33N R$c3aq30. $nj
NRj �N 3u�LUI3 R8 3q3Nj +Y 7naj@3aLRa3. �j I3�cj RN3 CNcj�N,3 R8 # Lncj R,,na I�j3a j@�N j@3 ~acj
CNcj�N,3 R8 �Y 7Ra j@Cc sRaG. RNIw j@3 c3\n3N,3 RU3a�jRa Cc ,RNcC03a30 cCN,3 Cj Cc RN3 R8 j@3 LRcj
,RLLRNY

kYSYk +RNcnL3ac

+RNcnL3ac VcCNGcW �a3 ncn�IIw c3aqC,3 UaRqC03ac s@R a3,3Cq3 ,RLUI3u 3q3Njc 8aRL j@3 +2T 3N<CN3
�N0 UaRqC03 c3aqC,3c 03U3N0CN< RN j@3c3 3q3NjcY KRcjIw j@3w �a3 �IcR j@3 RN3c s@R 03~N3 j@3
,RLUI3u anI3c j@�j jaC<<3a j@3 ,RLUI3u 3q3Njc )+KSl*Y i@3 ,RNcnL3a R{3ac j@3 03cCa30 c3aqC,3. $nj
,�N �IcR <�CN �,,3cc jR c3NcCjCq3 CN8RaL�jCRN �$Rnj j@3 nc3a. s@R Cc LRcjIw � 0C{3a3Nj cj�G3@RI03aY

kYSY: T�jj3aNAH3q3I �,,3cc +RNjaRI

BN �00CjCRN jR j@3 03c,aC$30 +2T cwcj3L. T�I�NCc�Lw 3j �IY )T/i`S4* CNjaR0n,30 � T�jj3aNAH3q3I
�,,3cc +RNjaRI VT�+W ,RLURN3NjY i@Cc ,RLURN3Nj Cc a3cURNcC$I3 8Ra j@3 U�jj3aNAI3q3I UaCq�,w
UaRj3,jCRNY Bj ,RN,3�Ic UaCq�j3 U�jj3aNc $w a3Ra03aCN< 3q3Njc. �N0 8Ras�a0c j@3 UaCq�,wAUa3c3aq30
3q3Nj cja3�L sCN0Rs $w sCN0RsY Bj Cc IR,�j30 $3js33N j@3 R$c3aq3ac �N0 j@3 +2T 2N<CN3. �c
CIIncja�j30 $w 7C<na3 kYl. $3,�nc3 Cj Cc �ccnL30. j@�j j@3 +2T 3N<CN3 Cc RU3a�j30 $w � 0C{3a3Nj
cj�G3@RI03a j@�N j@3 CNCjC�jRa R8 j@3 3q3NjcY �c � ,RNc3\n3N,3. j@3 +2T 3N<CN3 RNIw UaR,3cc3c j@3
3q3Nj cja3�Lc. s@3a3 j@3 UaCq�j3 U�jj3aNc @�q3 �Ia3�0w $33N ,RN,3�I30Y Bj Cc �ccnL30. j@�j �II 3q3Njc
R8 0C{3a3Nj cRna,3c �a3 L3a<30 CNjR � cCN<I3 cja3�L R8 3q3Njc $38Ra3 j@3w 3Nj3a j@3 T�+ ,RLURN3NjY
7Ra j@Cc j@3cCc. s3 nc3 j@Cc ,RLURN3Nj jR anN j@3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<wY

kYl MRNAbU3,nI�jCq 2q3Nj `3Ra03aCN<

i@3 UnaURc3 R8 a3Ra03aCN< Cc jR ,RN,3�I j@3 UaCq�j3 U�jj3aNc. s@CI3 j@3 [Rb Cc L�uCLCy30 $w
L�CNj�CNCN< �c L�Nw Un$IC, U�jj3aNc �c URccC$I3Y i@Cc c3,jCRN 3uUI�CNc j@3 NRNAcU3,nI�jCq3 a3Ra03aCN<
UaRURc30 $w T�I�NCc�Lw 3j �IY )T/i`S4*Y MRj3 j@�j a3Ra03aCN< Cc RNIw N3,3cc�aw C8 j@3 sCN0Rs @�c
�j I3�cj RN3 UaCq�j3 U�jj3aNY Qj@3asCc3. j@3 sCN0Rs ,�N $3 8Ras�a030 sCj@Rnj 8naj@3a UaR,3ccCN<Y
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kYl MRNAbU3,nI�jCq 2q3Nj `3Ra03aCN<

7C<na3 kYl- ?C<@AI3q3I qC3s R8 � +2T cwcj3L sCj@ T�+ ,RLURN3Nj

kYlYS bwcj3L KR03I

H3j nc 03c,aC$3 j@3 cwcj3L sCj@ � cCLUI3 3u�LUI3Y �ccnL3 j@�j j@3 URccC$I3 3q3Nj jwU3c R$c3aq30
$w j@3 cRna,3c �c

Õ
= {A, B,C, ...}Y 2q3aw 3q3Nj ei Cc �ccRcC�j3j sCj@ � jCL3cj�LU ts. cR j@�j

ei .ts < ej .ts 8Ra �II i < jY i@3 cja3�L R8 3q3Njc R8 j@3 ,naa3Nj sCN0Rs j@�j @�c jR $3 a3Ra03a30 Cc
S = (e1, e2, ...en) s@3a3 ei Cc �N CNcj�N,3 R8 �Nw 3q3Nj jwU3 8aRL

Õ
Y � Un$IC, U�jj3aN Cc a3Ua3c3Nj30

�c Qi = SEQ(E0, ...En) s@3a3 Ei 2
Õ

Y �II 3q3Nj jwU3c Ei CN j@3 U�jj3aN @�q3 jR R,,na CN j@3
cU3,C~30 Ra03a sCj@CN � jCL3 8a�L3Y i@3 [Rb CN,a3�c3c sCj@ �N CN,a3�c3 CN j@3 NnL$3a R8 L�j,@30
Un$IC, U�jj3aNcY 7Ra j@Cc sRaG. s3 �ccnL3 j@�j b Cc � sCN0Rs R8 3q3Njc j@�j �a3 U�aj R8 j@3 CNUnj
cja3�L sCj@CN � cU3,C~30 jCL3 sCN0RsY � Un$IC, U�jj3aN Qi Cc c�C0 jR L�j,@ C8 Cj R,,nac CN SY i@3
c�L3 03~NCjCRN �UUIC3c jR UaCq�j3 U�jj3aNc j@�j �a3 a3Ua3c3Nj30 �c Pi 2 P. s@3a3 T Cc j@3 c3j R8 �II
UaCq�j3 U�jj3aNcY i@3 �CL Cc jR ,RN,3�I UaCq�j3 U�jj3aN L�j,@3c CN bY i@3 ,RN,3�ICN< UaR,3cc LC<@j
CLU�,j j@3 Un$IC, U�jj3aNc �c s3II s@C,@ CN jnaN 03<a�03c [RbY i@3 <R�I Cc. j@3a38Ra3. jR L�uCLCy3
[Rb s@CI3 @C0CN< UaCq�j3 U�jj3aNc $w a3Ra03aCN< 3q3NjcY

2�,@ U�jj3aN 2 Q[P @�c � s3C<@j �ccC<N30. j@�j CN0C,�j30 @Rs CLURaj�Nj Cj Cc jR ,RN,3�I Ra Ua3c3aq3
CjY 7Ra j@Cc sRaG. �II Un$IC, U�jj3aNc �a3 <Cq3N � s3C<@j R8 S �N0 �II UaCq�j3 U�jj3aNc �a3 �ccC<N30 �
s3C<@j R8 wp =

Õ
wi + 1Y i@Cc L3�Nc j@�j a3q3�ICN< � UaCq�j3 U�jj3aN �Is�wc a3cnIj CN � N3<�jCq3

njCICjwY i@3 8RIIRsCN< njCICjw 8nN,jCRN )T/i`S4* Cc nc30 jR L3�cna3c j@3 [Rb �8j3a a3Ra03aCN<-

Utility(U) = (
PpublicÕ
i=1

wi) � (2 ·
P f pÕ
j=1

wj) � (
PprivateÕ

k=1
wk)

Bj cn$ja�,jc j@3 cnLL30 s3C<@j R8 �II L�j,@30 UaCq�j3 U�jj3aNc 8aRL j@3 cnLL30 s3C<@j R8 �II
L�j,@30 Un$IC, U�jj3aNcY Bj �IcR ,RNcC03ac 8�Ic3 URcCjCq3c. j@�j Cc � L�j,@ R8 � U�jj3aN �8j3a a3Ra03aCN<.
j@�j s�c NRj � L�j,@ CN j@3 RaC<CN�I 3q3Nj cja3�LY bCN,3 j@3 cnL R8 j@3 L�j,@30 UaCq�j3 U�jj3aNc
,RNj�CNc $Rj@. jan3 �N0 8�Ic3 URcCjCq3. j@3 8�Ic3 URcCjCq3c Vc3,RN0 j3aLW �a3 cn$ja�,j30 jsC,3 jR a30n,3
j@3 Rq3a�II a3cnIjY

Se



k #�cC,c

kYlYl �I<RaCj@L

i@3 a3Ra03aCN< �I<RaCj@L ,RNcCcjc R8 � jsRAU@�c3 3u3,njCRN LR03I )T/i`S4*Y i@3 ~acj U@�c3 Cc
j@3 njCICjw L�uCLCy�jCRN U@�c3 j@�j ~N0c �N RUjCL�I c3j R8 U�Cac R8 3q3Nj CNcj�N,3c. j@�j @�q3 jR $3
a3Ra03a30 8Ra L�uCLnL njCICjwY Bj 0R3c j@�j $w j3cjCN< �II ,RL$CN�jCRNc R8 U�Cac j@�j �a3 U�aj R8
UaCq�j3 U�jj3aNcY i@Cc U@�c3 a3jnaNc jsR c3jc R8 Ra03a30 3q3Nj U�Cac- c3j N ,RNj�CNc U�Cac. RN3 8Ra
3�,@ L�j,@30 UaCq�j3 U�jj3aN. j@Rc3 Ra03a @�c jR $3 ,@�N<30Y b3j R ,RNj�CNc U�Cac R8 Un$IC, U�jj3aNc.
j@�j c@RnI0 $3 Ua3c3aq30Y T@�c3 l Cc ,�II30 j@3 a3Ra03a R$8nc,�jCRN U@�c3Y Bj U3a8RaLc j@3 �,jn�I
a3Ra03aCN< sCj@ j@3 c3jc N �N0 R 8aRL U@�c3 SY i@3a38Ra3 Cj �0Encjc j@3 jCL3cj�LUc R8 j@3 3q3Njc CN
cn,@ � s�w j@�j j@3w IRRG a3�ICcjC,. s@�j L�G3c Cj Cc @�a0 8Ra �N �0q3ac�aw jR 03j3,j �8j3as�a0. j@�j �
UaCq�j3 U�jj3aN @�c $33N ,RN,3�I30Y i@3 �nj@Rac Ua3c3Nj30 jsR �UUaR�,@3c- RN3 $�c30 RN BNj3<3a
HCN3�a TaR<a�LLCN< VBHTW �N0 j@3 Rj@3a � <a�U@A$�c30 RN3Y B8 Cj jnaNc Rnj. j@�j j@3 a3Ra03aCN< sCj@
j@3 c3jc N �N0 R Cc nNsRaG�$I3. j@3 N3uj $3cj cRInjCRN R8 U@�c3 S Cc nc30 8Ra U@�c3 lY

7C<na3 kYk� c@Rs3c �N 3u�LUI3 sCN0Rs sCj@ RN3 UaCq�j3 T�jj3aN P1 = SEQ(B,C,D) nN0 RN3
Un$IC, U�jj3aN Q1 = SEQ(A,C,D, E)Y i@3 njCICjw L�uCLCy�jCRN U@�c3 a3jnaNc j@3 c3jc R =
((A,C), (C,D), (D, E)). j@�j ,RNcCcjc R8 3q3Nj U�Cac R8 j@3 Un$IC, U�jj3aNc �N0 N = ((B,C)) s@C,@
Cc U�aj R8 j@3 UaCq�j3 U�jj3aN Y T@�c3 l j@3N a3Ra03ac j@3 U�Ca CN N s@CI3 Ua3c3aqCN< j@3 U�Cac CN RY
i@3 a3cnIj. c@RsN CN 7C<na3 kYk$ CN0C,�j3c j@�j j@3 UaCq�j3 U�jj3aN 0R3c NRj L�j,@ �NwLRa3. $nj j@3
Un$IC, RN3 Cc a3L�CNCN<Y MRj3 j@�j �IcR j@3 jCL3cj�LUc R8 j@3 3q3Njc @�q3 ,@�N<30Y

V�W #38Ra3 a3Ra03aCN< V$W �8j3a a3Ra03aCN<

7C<na3 kYk- `3Ra03aCN< 3u�LUI3 sCj@ RN3 UaCq�j3 �N0 RN3 Un$IC, U�jj3aN

S4
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kYk `3,naa3Nj M3na�I M3jsRaGc

�ajC~,C�I M3na�I M3jsRaGc �a3 K�,@CN3 H3�aNCN< LR03Ic. CNcUCa30 $w j@3 $CRIR<C,�I CN8RaL�jCRN
UaR,3ccCN< R8 j@3 $a�CN )b,@S9*Y i@3w �a3 L�CNIw nc30 8Ra ,I�ccC~,�jCRN �N0 a3<a3ccCRN UaR$I3LcY
i@3 �3uC$CICjw R8 /33U M3na�I M3jsRaGc @�c L�03 j@3L q3aw URUnI�a CN a3,3Nj w3�ac �N0 �a3
NRs�0�wc nc30 CN L�Nw �a3�c. ICG3 CL�<3 UaR,3ccCN< )Fb?Sl*. cU33,@ a3,R<NCjCRN )���ZSf*.
N�jna�I I�N<n�<3 UaR,3ccCN< )HtHxS9* �N0 L�Nw LRa3Y � `3,naa3Nj M3na�I M3jsRaG V`MMW
Cc � cU3,C�I jwU3. j@�j UaR,3cc3c c3\n3NjC�I CNUnj X = (X1, X2, ..., XT ) cj3U $w cj3UY 7Ra j@�j. Cj
,RN,�j3N�j3c j@3 N3s CNUnj �j 3q3aw jCL3cj3U t sCj@ j@3 RnjUnj R8 j@3 I�cj jCL3cj3U t � 1 �N0 8Ras�a0c
Cj j@aRn<@ j@3 c�L3 8nIIw ,RNN3,j30 I�w3a. �c CIIncja�j30 $w 7C<na3 kY:Y

7C<na3 kY:- ia�0CjCRN�I `3,naa3Nj M3na�I M3jsRaG )QI�S9*

i@3 8Ras�a0 U�cc ,�N $3 03c,aCU30 $w Cj3a�jCN< Rq3a j@3 3\n�jCRN ht = �(W Xt + Uht�1 + B) 8aRL
t = 1 jR T Y Xt Cc j@3 CNUnj �j jCL3 j �N0 ht j@3 RnjUnjY i@3 RnjUnj R8 j@3 I�w3a Cc �IcR U�aj R8 j@3
CNUnj 8Ra j@3 N3uj 8Ras�a0 U�cc j@aRn<@ j@3 c�L3 I�w3aY Q8j3N j@3 M3na�I M3jsRaG 0Cc,�a0c j@3
RnjUnjc h0...ht�1 �N0 RNIw nc3c j@3 I�cj RnjUnj hT �c a3cnIj 8Ra 8naj@3a ,RLUnj�jCRNcY r. m �N0 # �a3
I3�aN�$I3 U�a�L3j3ac �N0 � Cc � UI�,3@RI03a 8Ra j@3 �,jCq�jCRN 8nN,jCRN V3Y<Y j@3 cC<LRC0 8nN,jCRNW
j@�j L�G3c Cj �$I3 jR I3�aN NRNAICN3�a 03U3N03N,C3c $3js33N CNUnj �N0 RnjUnjY

?Rs3q3a. Cj s�c c@RsN. j@�j ja�0CjCRN�I `MMc @�q3 j@3 UaR$I3L. j@�j j@3w �a3 0C|,nIj jR ja�CN 8Ra
IRN< c3\n3N,3c )#b7O:*Y i@nc 8Ra j@Cc j@3cCc. s3 nc3 � HRN< b@RajAi3aL K3LRaw VHbiKW I�w3a
);b+OO*Y Bj ,�N $3 c33N �c �N 3uj3NcCRN R8 ja�0CjCRN�I `MMcY i@3 0C{3a3N,3 Cc j@�j 3�,@ NR03 R8 j@3
I�w3a �IcR @�c �N �00CjCRN�I CNj3aN�I ,3II cj�j3. j@�j Cc nU0�j30 �8j3a 3q3aw 8Ras�a0 U�cc. sCj@ j@3 @3IU
R8 <�j3c. j@�j �a3 ,RNjaRII30 $w I3�aN�$I3 U�a�L3j3acY BN j@�j s�w. j@3 LR03I Cc �$I3 jR I3�aN s@3N jR
a3L3L$3a Ra 8Ra<3j cRL3j@CN<Y i@Cc L�G3c Cj URccC$I3 jR I3�aN sCj@ IRN< c3\n3N,3c 3|,C3NjIwY

i@3a3 �a3 c3q3a�I cIC<@jIw 0C{3a3Nj CLUI3L3Nj�jCRNc 8Ra HbiKcY i@3 CLUI3L3Nj�jCRN sCj@ j@3
8RIIRsCN< 8nN,jCRNc )rCGS4* Cc sC03cUa3�0 �N0 j@3a38Ra3 �ccnL30 8Ra j@Cc j@3cCcY

p�aC�$I3c

Ë d- MnL$3a R8 83�jna3c R8 3�,@ CNUnj q3,jRa 2 X

Ë n- MnL$3a R8 NR03c CN j@3 HbiK H�w3aY

Ë ft, it, ot 2 Rn- T�a�L3j3ac 8Ra 8Ra<3jA. CNUnjA �N0 RnjUnj <�j3c

SO



k #�cC,c

Ë ct 2 Rn- +3II cj�j3 q3,jRa

Ë W 2 Rn⇥d. U 2 Rn⇥n. b 2 Rn- H3�aN�$I3 s3C<@jc �N0 $C�cY

7nN,jCRNc

Ë bC<LRC0- �g(x) = 1
1+e�x

Ë i�N<3Nc @wU3a$RIC,nc- �c(x) = �g(2x) � 1

� 03NRj3c j@3 3I3L3NjAsCc3 UaR0n,j

7Ra<3j ;�j3

ft = �g(W f xt + Uf ht�1 + b f )

i@Cc <�j3 03~N3c @Rs Ln,@ CN8RaL�jCRN R8 3�,@ ,3II c@RnI0 $3 8Ra<Rjj3NY i@3 cC<LRC0 8nN,jCRN
,RLUnj3c q�In3c $3js33N z �N0 SY � S a3Ua3c3Njc ȒG33U 3q3awj@CN<ȓ s@CI3 z a3Ua3c3Njc Ȓ8Ra<3j
3q3awj@CN<ȓ )QI�S9*Y

BNUnj ;�j3

it = �g(Wixt + Uiht�1 + bi)

i@Cc <�j3 03,C03c @Rs Ln,@ R8 j@3 N3s CNUnj c@RnI0 $3 cjRa30 CN j@3 ,3II. $w ,RLUnjCN< NnL$3ac
$3js33N z �N0 SY

+3II bj�j3 mU0�j3

ct = ft � ct�1 + it � �c(Wcxt + Ucht�1 + bc)

i@Cc 3\n�jCRN nU0�j3c j@3 I�cj ,3II cj�j3c Ct�1 CNjR j@3 N3s ,3II cj�j3c Ct $w ncCN< j@3 RnjUnj R8 j@3
8Ra<3j �N0 CNUnj U�a�L3j3ac. Ua3qCRncIw 03~N30Y

QnjUnj

ot = �g(Woxt + Uoht�1 + bo)

ht = ot � �c(ct)

i@3 RnjUnj <�j3 ot ,RLUnj3c s3C<@jc $3js33N z �N0 S. j@�j �a3 LnIjCUIC30 sCj@ j@3 ,3II cj�j3c. s@3a3
�c @�c $33N �UUIC30 $38Ra3Y i@Cc Cc j@3 ~N�I RnjUnj R8 j@3 I�w3a �j j@3 ,naa3Nj Cj3a�jCRNY

lz
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7C<na3 kY9- HbiK NR03 )QI�S9*

7C<na3 kY9 CIIncja�j3c j@3 CNj3aN�Ic R8 � cCN<I3 NR03 CN �N HbiK I�w3aY i@3 a30 ICN3 ,RNj�CNc j@3
CNj3aN�I ,3II q�In3Y Dncj �c sCj@ ja�0CjCRN�I `MMc. j@3 ~N�I RnjUnj Cc ,RLUnj30 $w Cj3a�jCN< Rq3a j@3
3\n�jCRNc 8aRL t = 1 jR T Y K�jaCu LnIjCUIC,�jCRN Cc 03NRj30 sCj@ ⌦ �N0 �00CjCRN �c �Y

bCN,3 �II 3\n�jCRNc ,�N $3 03aCq30. j@3 HbiK I�w3a Cc ja�CN30 $w $�,GUaRU�<�jCRN �c Cc ncn�I sCj@
M3na�I M3jsRaGc )MC3Sf*Y Bj Cc �IcR URccC$I3 jR cj�,G c3q3a�I HbiK I�w3ac. s@C,@ Cc nc38nI 8Ra
3u�LUI3 sCj@ N�jna�I I�N<n�<3 UaR,3ccCN< )F�aS9*Y 7naj@3aLRa3. HbiK I�w3ac �a3 R8j3N nc30 �c �
U�aj sCj@CN � I�a<3a �a,@Cj3,jna3 ,RNcCcjCN< R8 L�Nw 0C{3a3Nj $nCI0CN< $IR,GcY i@Cc Cc �IcR j@3 ,�c3
sCj@ j@3 Ua30C,jCRN LR03I j@�j s3 03c,aC$3 I�j3a CN j@Cc j@3cCcY

lS





: Ta30C,jCRN KR03I

BN j@Cc ,@�Uj3a. s3 03c,aC$3 j@3 Ua30C,jCRN LR03I. s@C,@ Cc �N 3cc3NjC�I U�aj R8 j@3 T�+ ,RLURN3NjY
Bj ,RLURc3c R8 � M3na�I M3jsRaG sCj@ �N HbiK I�w3a );b+OO*. s@Rc3 �a,@Cj3,jna3 Cc c@RsN $w
7C<na3 :YSY i@3 LR03I ,RNcnL3c 3�,@ �aaCqCN< 3q3Nj c3U�a�j3Iw �N0 ,RLUnj3c j@3 UaR$�$CICjw
8Ra 3q3aw UaCq�j3 �N0 Un$IC, U�jj3aN j@�j Cj sCII L�j,@ I�j3a CN j@3 ,naa3Nj sCN0RsY i@3 LR03I
@�c � @C003N CNj3aN�I cj�j3 j@�j Cc nU0�j30 sCj@ 3q3aw N3s �aaCqCN< 3q3NjY KRa3 03j�CIc �$Rnj j@3
�a,@Cj3,jna3 Cc 3uUI�CN30 CN b3,jCRN :YSY i@3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<w nc3c j@3c3 UaR$�$CICjC3c
jR 3cjCL�j3 s@3j@3a Cj Cc nc38nI jR cj�aj � a3Ra03aCN< Ra NRjY i@3 CN8RaL�jCRN Cc �IcR nc30 jR �0Encj
j@3 U�jj3aNc �N0 s3C<@jc. 03j�CIc �a3 3uUI�CN30 CN j@3 N3uj ,@�Uj3aY

i@3 LR03I Cc ja�CN30 qC� $�,GUaRU�<�jCRN �N0 cnU3aqCc3 I3�aNCN< )MC3Sf*Y i@3 ja�CNCN< CNUnj 8Ra j@3
LR03I Cc � jnUI3 T = (x 2 X, y 2 Y)Y x Cc � q3,jRa �N0 a3Ua3c3Njc � sCN0Rs R8 3q3Njc �N0 xt 2 x
a3Ua3c3Njc j@3 3q3Nj �j jCL3cj3U jY 7naj@3aLRa3. y Cc � q3,jRa. j@�j ,RNj�CNc j@3 CN8RaL�jCRN 8Ra 3q3aw
U�jj3aN C8 Cj L�j,@3c CN sCN0Rs x Ra NRjY i@aRn<@ j@3 ja�CNCN<. j@3 CNj3aN�I U�a�L3j3ac R8 j@3 LR03I
�a3 �0Encj30 jR I3�aNCN< � L�UUCN< 8aRL x V�N0 �Nw cn$c3j R8 uW jR yY MRj3 j@�j y Cc � q3,jRa {0, 1}n
j@�j RNIw ,RNcCcjc R8 $CN�aw NnL$3ac. s@3a3 N 03~N3c j@3 NnL$3a R8 U�jj3aNcY BN j@3 Ua30C,jCRN
U@�c3. ŷt s@C,@ Cc @3a3 j@3 RnjUnj R8 j@3 LR03I �j jCL3cj3U t Cc � q3,jRa (ŷi)n. s@3a3 ŷi 2 [0, 1]Y 7Ra
3u�LUI3. cnUURc3 j@3a3 �a3 l U�jj3aNc P1 = SEQ(A,C,D) �N0 P2 = SEQ(C, A, B) �N0 � 3q3Nj
cja3�L s = (A, B,C,D). j@3N x = s �N0 y = (1, 0)Y �j jCL3cj3U k �8j3a A.B �N0 C R8 j@3 sCN0Rs c
Cc U�cc30 �c CNUnj j@aRn<@ j@3 LR03I. j@3 RnjUnj ŷ3 ,RnI0 IRRG ICG3 (0.5, 0)Y �8j3a D Cc �IcR U�cc30
j@aRn<@ j@3 LR03I. j@3 sCN0Rs Cc ,RLUI3j3 �N0 ŷ4 c@RnI0 $3 (1, 0)Y 7Ra j@3 Ua30C,jCRN LR03I.
Cj L�G3c NR 0C{3a3N,3 s@3j@3a � U�jj3aN Cc UaCq�j3 Ra Un$IC, cCN,3 j@Cc CN8RaL�jCRN 0R3cNȕj �{3,j
@Rs Cj ,RLUnj3c j@3 L�j,@CN< UaR$�$CICjC3cY ?Rs3q3a. jR L�G3 j@3 RnjUnj LRa3 nN03acj�N0�$I3.
j@3 U�jj3aNc �a3 �aa�N<30 cR j@�j j@3 ~acj 3I3L3Njc R8 j@3 RnjUnj q3,jRa ŷt �a3 UaCq�j3 U�jj3aNc.
8RIIRs30 $w j@3 Un$IC, RN3cY i@3 LR03I s�c CLUI3L3Nj30 �N0 ja�CN30 sCj@ j@3 Twj@RN IC$a�aw
TwjRa,@ )T;+ZSe*. s@C,@ Cc � �3uC$I3 �N0 8�cj 033U I3�aNCN< a3c3�a,@ UI�j8RaLY

:YS �a,@Cj3,jna3

i@Cc c3,jCRN 03c,aC$3c �II ,RLURN3Njc j@�j j@3 Ua30C,jCRN LR03I ,RNcCcjc R8Y i@3 s@RI3 �a,@Cj3,jna3
Cc c@Rs30 CN 7C<na3 :YSY Bj ,�N $3 c33N �c � UCU3ICN3 j@�j ja�Nc8RaLc j@3 CNUnj CNjR RnjUnj Rq3a
LnIjCUI3. cn,,3ccCq3 cj3UcY i@3 0C{3a3Nj I�w3ac R8 j@3 �a,@Cj3,jna3 �a3 03c,aC$30 CN j@3 8RIIRsCN<Y

lk
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7C<na3 :YS- Ta30C,jCRN LR03I �a,@Cj3,jna3

:YSYS BNUnj �N0 QnjUnj

2q3aw N3s 3q3Nj j@�j �aaCq3c <3jc ja�Nc8RaL30 CNjR �N CNj3<3a a3Ua3c3Nj�jCRNY 7Ra 3u�LUI3. j@3
CNj3<3a a3Ua3c3Nj�jCRN 8Ra C Cc 3 Y 2�,@ 3q3Nj xt 2 N <3jc U�cc30 c3U�a�j3Iw j@aRn<@ j@3 N3jsRaGY
i@3 RnjUnj �8j3a j@3 jAj@ 3q3Nj Cc � q3,jRa ŷt 2 Rn s@3a3 N 03~N3c j@3 jRj�I NnL$3a R8 U�jj3aNcY
/naCN< ja�CNCN< Cj Cc �IcR URccC$I3 jR U�cc j@3 s@RI3 c3\n3N,3 x �j RN,3. j@3N j@3 LR03I a3jnaNc j@3
,RLUI3j3 @CcjRaw R8 RnjUnj 8Ra �II jCL3cj3Uc. j@Cc L�G3c Cj 8�cj3a jR ja�CN. 3cU3,C�IIw RN ;TmcY

:YSYl QN3 ?Rj 2N,R03a

bCN,3 j@3 CNj3<3a q�In3c R8 j@3 CNUnj �a3 CN � NRLCN�I c,�I3. s@3a3 j@3 Ra03a @�c NR L3�NCN<. �
N�jna�I �UUaR�,@ Cc jR ja�Nc8RaL j@3L CNjR RN3 @Rj 3N,R0CN<. j@�j L3�Nc j@�j 3q3aw CNj3<3a $3,RL3c
� q3,jRa R8 y3aRc sCj@ � L�uCLnL R8 RN3 SY 7Ra j@�j � c⇥ c C03NjCjw L�jaCu. s@3a3 , Cc j@3 NnL$3a R8
0C{3a3Nj 3q3Nj jwU3c. Cc nc30 jR ,RNq3aj 3�,@ q�In3 v 2 {1, 2, ..., c} CNjR c[v]. s@C,@ Cc j@3 qAj@ aRs R8
j@3 C03NjCjw L�jaCuY 7Ra 3u�LUI3 j@3 RN3 @Rj 3N,R0CN< R8 j@3 NnL$3a 3 sCj@ c = 4 Cc (0, 0, 1, 0)Y

:YSYk HbiK H�w3a

i@Cc Cc j@3 LRcj ,an,C�I U�aj R8 j@3 LR03IY Bj 8Ras�a0c 3�,@ �aaCqCN< 3N,R030 3q3Nj j@aRn<@ j@3
HbiK I�w3a. j@�j nc3c j@3 3q3Nj jR ,RLUnj3 j@3 L�j,@CN< UaR$�$CICjC3c �N0 nU0�j3 Cjc CNj3aN�I cj�j3Y
i@Cc I�w3a ,�N I3�aN ,RLUI3u �N0 NRNICN3�a 03U3N03N,C3c $3js33N CNUnj 3q3Njc �N0 03cCa30 RnjUnjY
7Ra 3u�LUI3. Cj Cc j@3Ra3jC,�IIw �$I3 jR I3�aN @Rs jR ,RnNj. @Rs L�Nw 3q3Njc R8 � U�ajC,nI�a U�jj3aN
@�q3 �Ia3�0w $33N U�cc30 j@aRn<@ j@3 N3jsRaGY 7Ra 3q3aw N3s 3q3Nj. j@Cc I�w3a 3u3,nj3c LnIjCUI3
8nN,jCRNc. �c 03c,aC$30 CN b3,jCRN kYkY i@3w j�G3 �c �a<nL3Njc j@3 RN3 @Rj 3N,R030 N3s 3q3Nj �N0
j@3 CNj3aN�I cj�j3 j@�j @�c $33N ,�I,nI�j30 sCj@ �II j@3 Ua3qCRnc 3q3NjcY

l:



:Yl ia�CNCN< R8 j@3 KR03I

:YSY: 7nIIw +RNN3,j30 H�w3a

i@Cc I�w3a 8Ras�a0c j@3 RnjUnj R8 j@3 Ua3qCRnc HbiK I�w3a j@aRn<@ � cj�N0�a0 8nIIw ,RNN3,j30 I�w3a
�N0 �UUIC3c � cC<LRC0 8nN,jCRN j@�j c\n33y3c j@3 q�In3 R8 3�,@ RnjUnj NnL$3a jR � q�In3 $3js33N z
�N0 SY 2q3aw RnjUnj NnL$3a a3Ua3c3Njc � UaR$�$CICjw 8Ra � U�jj3aN j@�j Cj sCII L�j,@ CN j@3 ,naa3Nj
sCN0RsY B8 j@3 U�jj3aN @�c �Ia3�0w L�j,@3c. Cj Cc 3uU3,j30 jR $3 SY

Sigmoid(xt) = 1
1+e�xt

ŷt = Sigmoid(xt · W + B)

xt Cc j@3 CNUnj 8Ra j@3 I�w3a �j jCL3cj3U t �N0 Cc �IcR j@3 RnjUnj R8 j@3 Ua3qCRnc HbiK I�w3aY W �N0 B
�a3 I3�aN�$I3 U�a�L3j3acY ŷt Cc j@3 RnjUnj R8 j@3 I�w3a �N0 j@3 s@RI3 LR03I �j jCL3cj3U tY

:Yl ia�CNCN< R8 j@3 KR03I

BN j@Cc c3,jCRN s3 3uUI�CN @Rs j@3 LR03I �$Rq3 L3NjCRN30 Cc ja�CN30Y �c Cj Cc ncn�IIw j@3 ,�c3 sCj@
M3na�I M3jsRaGc. ja�CNCN< Cc U3a8RaL30 Cj3a�jCq3Iw sCj@ � 8Ras�a0 U�cc 8RIIRs30 $w � $�,Gs�a0 U�ccY
BN j@3 8Ras�a0 U�cc. �II j@3 3q3Njc R8 j@3 sCN0Rs �a3 U�cc30 j@aRn<@ j@3 N3jsRaG �j RN,3Y i@3 RnjUnj
ŷ Cc � T xn K�jaCu. s@3a3 ŷt,i Cc j@3 L�j,@CN< UaR$�$CICjw R8 U�jj3aN i �8j3a cj3U tY � IRcc 8nN,jCRN
,�I,nI�j3c j@3 0C{3a3N,3 $3js33N j@3 03cCa30 �N0 j@3 �,jn�I RnjUnjY i@3 UnaURc3 Cc jR �0Encj j@3
U�a�L3j3ac R8 j@3 LR03I cR j@�j j@3 IRcc Cc LCNCLCy30Y 7Ra j@Cc LR03I � $CN�aw +aRccA3NjaRUw IRcc Cc
nc30. j@�j 8Ra,3c j@3 LR03I jR I3�aN jR �UUaRuCL�j3 j@3 a3�I ICG3IC@RR0c j@�j � U�jj3aN L�j,@3cY i@3
,RLUI3j3 IRcc Cc j@3 �q3a�<3 $CN�aw +aRccA3NjaRUw IRcc �,aRcc �II U�jj3aNc �N0 jCL3cj�LUcY

loss(y, ŷ) = 1
T ·n (

TÕ
t=1

nÕ
i=1
� (yi · log(ŷti)) + (1 � yi) · log(1 � ŷti))

7naj@3aLRa3. j@3 CLUI3L3Nj�jCRN Cc RUjCLCy30 sCj@ $�j,@ UaR,3ccCN<. j@�j L3�Nc. j@�j LnIjCUI3
sCN0Rsc �a3 aRnj30 j@aRn<@ j@3 N3jsRaG �j RN,3. j@Cc L�G3c Cj LRa3 cj�$I3 �N0 8�cj3a jR ja�CN RN
;TmcY 7Ra cCLUIC~,�jCRN. j@Cc Cc NRj a3Ua3c3Nj30 CN j@3 IRcc 8nN,jCRN �$Rq3Y

BN j@3 $�,Gs�a0 U�cc. j@3 03aCq�jCq3 R8 3q3aw U�a�L3j3a CN j@3 LR03I ,Raa3cURN0CN< jR j@3 IRcc Cc
,�I,nI�j30Y iR nU0�j3 j@3 U�a�L3j3ac. s3 nc30 j@3 �0�L RUjCLCy3a )F#S:* sCj@ �N CNCjC�I I3�aNCN<
a�j3 R8 zYzS j@�j Cc LnIjCUIC30 $w zYO4 �8j3a 3q3aw 3UR,@Y QN3 3UR,@ Cc s@3N 3q3aw sCN0Rs CN j@3
0�j�c3j @�c $33N U�cc30 j@aRn<@ j@3 N3jsRaGY i@3 ja�CNCN< cjRUc s@3N j@3 �,,na�,w IRcc cjRUc
03,ICNCN< 8Ra � 83s 3UR,@cY iR 3q�In�j3 j@3 UaR<a3cc R8 j@3 ja�CNCN<. �8j3a 3�,@ 3UR,@ j@3 IRcc R8 �
q�IC0�jCRN 0�j�c3j Cc ,RLUnj30Y Bj Cc CLURaj�Nj j@�j j@Cc 0�j�c3j @�c NR 0nUIC,�j3c sCj@ j@3 ja�CNCN<
0�j�c3j $3,�nc3 j@Cc sRnI0 L�G3 Cj 0C|,nIj jR 03j3,j Rq3a~jjCN<Y Bj Cc �0q�Nj�<3Rnc jR nc3 � ;Tm.
�c Cj L�G3c j@3 ja�CNCN< Ln,@ 8�cj3aY B8 Rq3a~jjCN< �{3,jc j@3 �,,na�,w R8 j@3 q�IC0�jCRN 0�j�. j@3N
�N �00CjCRN�I /aRURnj I�w3a )b?FZS:* $3js33N j@3 HbiK I�w3a �N0 j@3 8nIIw ,RNN3,j30 I�w3a ,�N
CLUaRq3 j@3 �,,na�,wY � $3jj3a cRInjCRN jR �qRC0 Rq3a~jjCN< Cc jR @�q3 � I�a<3 �LRnNj R8 ja�CNCN<
0�j�Y i@3a38Ra3 s3 0C0 NRj nc3 0aRURnj CN j@3 UaRURc30 LR03IY

l9



: Ta30C,jCRN KR03I

7C<na3 :Yl- ia�CN �N0 q�IC0�jCRN IRcc

�I<RaCj@L :YS ia�CNCN< �I<RaCj@L 8Ra j@3 M3na�I M3jsRaG
UaR,30na3 ia�CNKR03I

8Ra 3UR,@ CN SYY9z 0R
b@n}3/�j�c3jVW
8Ra 3�,@ $�j,@ CN /�j�c3j 0R

x, y  batch
KR03IYBNCjHbiKVW
KR03IY`3c3j;a�0C3NjcVW
predictions KR03IYTa30C,jVxW
HRcc ;3jHRccV predictions.y W
#�,GUaRU�<�j3V loss W
�0�LQUjCLCy3aYbj3UV W

3N0 8Ra
�0EncjH3�aNCN<`�j3V W
2q�In�j32UR,@V W
C8 q�IC0�jCRN �,,na�,w cjRUc CLUaRqCN< j@3N

$a3�G
3N0 C8

3N0 8Ra
3N0 UaR,30na3

7C<na3 :Yl c@Rsc @Rs j@3 ja�CNCN< �N0 q�IC0�jCRN IRcc 03,a3�c3c sCj@ jCL3Y MRj3 j@�j 8Ra j@Cc M3na�I
M3jsRaG Cj Cc �ILRcj �Is�wc CLURccC$I3 jR a3�,@ � IRcc R8 z $3,�nc3 R8 j@3 a�N0RLN3cc CN j@3 0�j�Y
� IRcc R8 z sRnI0 L3�N. j@�j 8Ra 3q3aw U�jj3aN �N0 jCL3cj3U j@3 LR03I GNRsc sCj@ ,RN~03N,3 R8
SzzX s@3j@3a Cj sCII L�j,@ Ra NRj �j j@3 3N0 R8 j@3 sCN0RsY

lf



:Yk 7�,jRac j@�j BN�n3N,3 j@3 Ta30C,jCRN

�I<RaCj@L :YS c@Rsc j@3 ja�CNCN< �I<RaCj@LY Bj anNc 8Ra � L�uCLnL R8 9z 3UR,@c. $nj @�c j@3 RUjCRN
jR \nCj. s@3N j@3 IRcc cjRUc CLUaRqCN<Y BN 3q3aw 3UR,@. j@3 ja�CNCN< 0�j�c3j. cUICj CNjR $�j,@3c R8 cCy3
Sl4 Cc U�cc30 j@aRn<@ j@3 LR03IY 2q3aw 8Ras�a0 U�cc Cc 8RIIRs30 $w � $�,Gs�a0 U�cc jR ,�I,nI�j3
j@3 IRcc �N0 nU0�j3 j@3 U�a�L3j3ac sCj@ j@3 �0�L RUjCLCy3aY i@3 I3�aNCN< a�j3 cj�ajc @C<@ �j � q�In3
R8 zYzS �N0 Cc a30n,30 �8j3a 3q3aw 3UR,@Y B8 j@3 I3�aNCN< a�j3 Cc jRR cL�II. j@3 ja�CNCN< N330c LRa3
jCL3 �N0 j@3 ICG3IC@RR0 jR cjn,G CN � IR,�I LCNCL� CN,a3�c3cY �NRj@3a CLURaj�Nj �cU3,j Cc j@�j j@3
<a�0C3Njc �N0 j@3 HbiK cj�j3 N330 jR $3 a3c3j �8j3a 3q3aw N3s $�j,@Y

:Yk 7�,jRac j@�j BN�n3N,3 j@3 Ta30C,jCRN

i@3a3 �a3 cRL3 8�,jRac j@�j CN�n3N,3 @Rs a3IC�$I3 j@3 Ua30C,jCRNc �a3Y r3 $aC3�w 03c,aC$3 j@3L CN
j@Cc c3,jCRNY

`�N0RLN3cc CN j@3 /�j�c3j

� cC<NC~,�Nj 8�,jRa j@�j @�c � N3<�jCq3 CLU�,j RN Ua30C,jCRNc Cc j@3 �LRnNj R8 a�N0RLN3cc Ra NRCc3
j@3 3q3Nj cja3�L ,RNj�CNcY i@Cc L�G3c Cj CLURccC$I3 8Ra �Nw Ua30C,jCRN LR03I jR L�G3 SzzX ,Raa3,j
cj�j3L3NjcY i@3a38Ra3. j@3 RnjUnj Cc NRj Encj � $CN�aw q�In3 j@�j CN0C,�j3c s@3j@3a � U�jj3aN L�j,@3c.
$nj � UaR$�$CICjwY

�LRnNj R8 ia�CNCN< /�j�

�Nw Ua30C,jCN< �I<RaCj@L 3cU3,C�IIw Ua30C,jCRN sCj@ M3na�I M3jsRaGc �a3 GNRsN jR N330 Ln,@
ja�CNCN< 0�j�Y Qj@3asCc3. j@3w j3N0 jR Rq3a~jY i@3a38Ra3. 8Ra j@3 3uU3aCL3Njc. Cj s�c 3Ncna30 j@�j j@3
c3I3,j30 0�j�c3j ,RNj�CNc � I�a<3 NnL$3a R8 3q3NjcY i@3 NnL$3a R8 ja�CNCN< 0�j� ,�N $3 �ajC~,C�IIw
CN,a3�c30 $w <3N3a�jCN< Rq3aI�UUCN< sCN0Rsc 8aRL j@3 <3N3a�j30 sCN0Rsc. 3Y<Y. $w ,RNN3,jCN< j@3
c3,RN0 @�I8 R8 � sCN0Rs jR j@3 ~acj @�I8 R8 j@3 8RIIRsCN< sCN0RsY

bjan,jna3 �N0 /CcjaC$njCRN R8 T�jj3aNc

i@3 �q3a�<3 L�j,@CN< a�j3 R8 � U�jj3aN CN�n3N,3c j@3 Ua30C,jCRNY i@Cc L3�Nc j@�j C8 � U�jj3aN Cc
Ua3c3Nj CN �ILRcj 3q3aw sCN0Rs. j@3 Ua30C,jCRN LR03I �IcR j�G3c j@Cc $w 038�nIj �j j@3 $3<CNNCN< �N0
�0Encjc j@Cc Ua30C,jCRN sCj@ 3q3aw 8naj@3a 3q3NjY

i@3 NnL$3a R8 0C{3a3Nj 3q3Nj jwU3c 0R3c NRj @�q3 � cC<NC~,�Nj CN�n3N,3. $nj LRa3 3q3Nj jwU3c I3�0
jR j@3 8�,j j@�j j@3 Ua30C,jCRN LR03I N330c LRa3 ja�CNCN< U�a�L3j3ac. s@C,@ cIRsc 0RsN Ua30C,jCRN
�N0 ja�CNCN<Y �NRj@3a 8�,jRa Cc j@3 I3N<j@ R8 j@3 U�jj3aNcY HRN<3a U�jj3aNc L�G3 Cj R$qCRncIw LRa3
0C|,nIj jR ja�CNY

le





9 bU3,nI�jCq3 `3Ra03aCN< bja�j3<w

BN j@Cc ,@�Uj3a. s3 3uUI�CN j@3 ,RLUI3j3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<w CNcC03 j@3 T�+ ,RLURN3NjY
Bj Cc $nCIj �aRnN0 j@3 NRNAcU3,nI�jCq3 <a�U@A$�c30 a3Ra03aCN< �I<RaCj@L �N0 j@3 Ua30C,jCRN LR03I.
03c,aC$30 CN j@3 Ua3qCRnc ,@�Uj3acY i@3 cja�j3<w ,RNcCcjc R8 jsR ,�II$�,GcY i@3 ~acj ,�II$�,G
M3s2q3Nj. c@RsN CN �I<RaCj@L 9YS Cc 3uj3aN�IIw jaC<<3a30 �8j3a 3q3aw 3q3Nj j@�j �aaCq3c 8aRL �
cRna,3Y i@3 N3s 3q3Nj Cc U�cc30 �c � U�a�L3j3aY �8j3a j@3 I�cj 3q3Nj R8 � sCN0Rs �aaCq3c. Cj 8Ras�a0c
j@3 UaCq�,wAUa3c3aq30 sCN0Rs jR j@3 +2T 3N<CN3Y i@Cc aRnjCN3 �IcR U3a8RaLc j@3 Ua30C,jCRNc
�N0 03,C03c s@3N jR cj�aj j@3 a3Ra03aCN<Y i@3 c3,RN0 ,�II$�,G `3Ra03aCN<`3cURNc3. c@RsN CN
�I<RaCj@L 9Yl Cc 3u3,nj30 s@3N j@3 a3Ra03aCN< R8 � cn$c3j R8 j@3 sCN0Rs @�c ~NCc@30Y #Rj@
�I<RaCj@Lc �a3 03c,aC$30 CN 03j�CI I�j3a j@Cc ,@�Uj3aY i@3w $Rj@ @�q3 �,,3cc jR c@�a30 <IR$�I q�aC�$I3c
j@�j �a3 nc30 jR 3u,@�N<3 CN8RaL�jCRNY

9YS `3\nCa3L3Njc

#38Ra3 03c,aC$CN< j@3 jsR �I<RaCj@Lc. Cj Cc CLURaj�Nj jR 0Cc,ncc j@3 a3\nCa3L3Njc j@�j �a3 jR $3
L3j $w Rna cU3,nI�jCq3 a3Ra03aCN< cja�j3<wY i@3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<w c@RnI0 R$j�CN j@3
URcCjCq3 �cU3,jc R8 j@3 NRNAcU3,nI�jCq3 RN3. s@CI3 �IcR CLUaRq3 cRL3 R8 Cjc 0RsNcC03cY

9YSYS mjCICjw

i@3 LRcj cC<NC~,�Nj �0q�Nj�<3 R8 j@3 NRNAcU3,nI�jCq3 �UUaR�,@ Cc j@�j Cj LRcjIw a3cnIjc CN � @C<@3a
[Rb s@3N ,RLU�a30 jR cnUUa3ccCRN R8 3q3Njc )T/i`S4*Y i@Cc �0q�Nj�<3 c@RnI0. R8 ,Rnac3. $3
L�CNj�CN30 sCj@ j@3 cU3,nI�jCq3 �UUaR�,@Y

9YSYl H�j3N,w

� 0Cc�0q�Nj�<3 R8 j@3 NRNAcU3,nI�jCq3 a3Ra03aCN< jR ,RNcC03a Cc j@3 I�j3N,w. j@3 �00CjCRN�I jCL3
j@3 T�+ ,RLURN3Nj N330c �8j3a � sCN0Rs Cc ,RLUI3j3 nNjCI Cj ,�N 8Ras�a0 j@3 UaCq�,wAUa3c3aq30
sCN0RsY i@3 L�CN <R�I R8 j@Cc j@3cCc Cc jR 3ICLCN�j3 Ra LCNCLCy3 j@Cc jCL3 j�G3N 8Ra a3Ra03aCN< �8j3a
j@3 sCN0Rs Cc ,RLUI3j3Y i@Cc Cc L�03 URccC$I3 CN j@3 cU3,nI�jCq3 ,�c3 cCN,3 j@3 3q3Nj cja3�L Cc
�Ia3�0w a3Ra03a30 $38Ra3 3q3N j@3 I�cj 3q3Nj R8 j@3 sCN0Rs Cc �aaCq30Y

lO



9 bU3,nI�jCq3 `3Ra03aCN< bja�j3<w

9YSYk +RLUnj�jCRN iCL3

7Ra j@3 NRNAcU3,nI�jCq3 a3Ra03aCN<. Cj Cc Encj j@3 jCL3 8Ra j@3 a3Ra03aCN<. s@CI3 8Ra j@3 cU3,nI�jCq3
�UUaR�,@ Cj �IcR CN,In03c j@3 jCL3 8Ra �II j@3 Ua30C,jCRNc �N0 j@3 Ua3U�a�jCRN 8Ra j@3 a3Ra03aCN<Y
BN j@3Raw. �N 3|,C3Nj cU3,nI�jCq3 a3Ra03aCN< �I<RaCj@L sRnI0 ,RNcnL3 I3cc ,RLUnj�jCRN jCL3.
cCN,3 Cj RNIw a3Ra03ac � cn$c3j R8 j@3 sCN0Rs. j@�j ,RNcCcjc R8 j@3 �Ia3�0w GNRsN 3q3NjcY i@3 jCL3
j�G3N 8Ra cU3,nI�jCRN c@RnI0 $3 �c cL�II �c URccC$I3Y �NRj@3a 8�,jRa j@�j Cc jR $3 ,RNcC03a30 Cc j@3
,RN~03N,3 sCj@ s@C,@ j@3 U�ajC�I 3q3Nj cja3�L Cc a3Ra03a30 cCN,3 � saRN< a3Ra03aCN< $3,�nc3 R8 �
8�Ic3 Ua30C,jCRN sRnI0 a3cnIj CN 03Ua3,C�jCRN R8 j@3 njCICjwY MRj RNIw njCICjw $nj �IcR ,RLUnj�jCRN jCL3
�N0 I�j3N,w cCN,3 j@3a3 LC<@j $3 � N330 8Ra �NRj@3a a3Ra03aCN<Y 2q3N j@Rn<@ Cj Cc NRj URccC$I3 jR
@�q3 SzzX ,Raa3,j Ua30C,jCRNc 0n3 jR a�N0RLN3cc CN j@3 3q3Nj cja3�L. s3 jaw jR a30n,3 j@3 NnL$3a
R8 8�Ic3 Ua30C,jCRNcY

HRs ,RLUnj�jCRN jCL3 Cc U�ajC,nI�aIw CLURaj�Nj. $3,�nc3 L�Nw BRi 03qC,3c. s@3a3 j@3 cU3,nI�jCq3
a3Ra03aCN< cja�j3<w ,RnI0 I�j3a $3 CLUI3L3Nj30 @�q3 ICLCj30 ,RLUnj�jCRN URs3a. j@�j j@3w �IcR @�q3
jR c@�a3 8Ra Rj@3a j�cGcY 7naj@3aLRa3. L�Nw 03qC,3c RsN � $�jj3aw. j@�j 0a�CNc 8�cj3a C8 j@3 UaR,3ccRa
Cc �,jCq3Y

9YSY: 7�CIna3 `�j3

BN j@3 sRacj ,�c3. j@3 T�+ ,RLURN3Nj Cc nN�$I3 jR a3Ra03a j@3 3q3Nj cja3�L. �N0 UaCq�j3 U�jj3aNc
<3j a3q3�I30Y i@Cc ,RnI0 @�UU3N CN ,�c3 R8 � jCL3Rnj. s@�j R8j3N R,,nac sCj@ j@3 NRNAcU3,nI�jCq3
a3Ra03aCN< s@3N j@3 sCN0Rs Cc I�a<3 Ra L�Nw 3q3Nj CNcj�N,3c �a3 U�aj R8 U�jj3aNcY �NRj@3a 3aaRa
j@�j ,�N @�UU3N Cc �N RnjAR8AL3LRawA3u,3UjCRNY

9YSY9 ;3N3aC,

Bj Cc CLURaj�Nj 8Ra j@3 a3Ra03aCN< cja�j3<w jR $3 <3N3aC, cR j@�j Cj ,�N $3 nc30 8Ra �Nw +2T �UUIC,�jCRNY
7Ra 3u�LUI3. Cj c@RnI0 $3 �$I3 jR ,RN,3�I UaCq�j3 U�jj3aNc CN03U3N03Nj R8 j@3 sCN0RsAcCy3 Ra �LRnNj
R8 U�jj3aNcY BN U�ajC,nI�a. Cj c@RnI0 �IcR @�N0I3 cRL3 NRCc3 Ra a�N0RLN3cc CN j@3 3q3Nj cja3�LY i@Cc
�IcR CN,In03c. j@�j j@3 Ua30C,jCRN LR03I Cc �$I3 jR I3�aN j@3 a3�I L�j,@CN< UaR$�$CICjC3c CN03U3N03Nj
R8 j@3 0�j�c3jY

kz
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9Yl BLUI3L3Nj�jCRN

BN j@Cc c3,jCRN. s3 03c,aC$3 @Rs j@3 jsR ,�II$�,G �I<RaCj@Lc R8 j@3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<w
�a3 CLUI3L3Nj30 ,RNcC03aCN< �II j@3 a3\nCa3L3Njc L3NjCRN30 �$Rq3Y

9YlYS ;IR$�I p�aC�$I3c

#38Ra3 <RCN< CNjR @Rs j@3 �I<RaCj@Lc �a3 CLUI3L3Nj30 s3 Ua3c3Nj � ICcj R8 <IR$�I q�aC�$I3c j@�j ,�N
$3 �,,3cc30 $w �II aRnjCN3cY

2q3Njbja3�L- i@Cc Cc � ICcj j@�j ,RNj�CNc �II �aaCq30 3q3Njc CN j@3 RaC<CN�I Ra03aY 2�,@ 3q3Nj Cc
�ccR,C�j30 sCj@ � jCL3cj�LUY 2q3aw N3s 3q3Nj j@�j �aaCq3c 8aRL � cRna,3 Cc �UU3N030 jR j@Cc ICcjY

`3Ra03a30bja3�L- i@Cc ICcj cjRa3c j@3 a3Ra03a30 3q3Nj cja3�L �8j3a a3Ra03aCN< R8 � U�ajC�I sCN0RsY
2�,@ N3s �aaCqCN< 3q3Nj Cc �IcR �UU3N030 jR j@Cc ICcjY r@3N j@3 sCN0Rs Cc ,RLUI3j30. j@Cc ICcj Cc
8Ras�a030 jR j@3 T�+ ,RLURN3NjY

mjCICjw-- i@Cc q�aC�$I3 a3Ua3c3Njc j@3 ,naa3Nj njCICjw. j@�j j@3 cU3,nI�jCq3 a3Ra03aCN< �,@C3q30 sCj@
j@3 �q�CI�$I3 3q3NjcY Bj Cc nU0�j30 �8j3a � a3Ra03aCN< @�c $33N cn,,3cc8nIIw U3a8RaL30 Ra �8j3a � N3s
3q3Nj �aaCq3cY r@3N �II 3q3Njc R8 j@3 sCN0Rs �a3 �q�CI�$I3. j@Cc q�aC�$I3 c@Rsc j@3 ~N�I njCICjwY

9YlYl +�II$�,G �I<RaCj@Lc

i@3 �I<RaCj@L 8Ra j@3 M3s2q3Nj ,�II$�,G Cc 03c,aC$30 $w �I<RaCj@L 9YSY BNUnj 3q3Njc �a3 U�cc30 CNjR
j@Cc aRnjCN3 RN3 $w RN3Y B8 j@3 3q3Nj j@�j Cc U�cc30 �c �N �a<nL3Nj jR j@Cc aRnjCN3 Cc j@3 I�cj 3q3Nj R8
j@3 ,naa3Nj sCN0Rs �N0 � a3Ra03aCN< sCj@ j@3 Ua3qCRnc 3q3Njc Cc cjCII anNNCN< CN j@3 $�,G<aRnN0. j@3
�I<RaCj@L @�c jR s�Cj nNjCI j@�j a3Ra03aCN< Cc ~NCc@30Y i@3 a3�cRN Cc j@�j j@3 a3Ra03aCN< LC<@j a3cnIj
CN � N3<�jCq3 njCICjwY BN j@Cc cCjn�jCRN. � N3s a3Ra03aCN< �jj3LUj sCj@ j@3 ,RLUI3j3 sCN0Rs sRnI0 $3
N3,3cc�awY �8j3a j@�j. j@3 N3s 3q3Nj Cc �UU3N030 jR j@3 ICcj 3q3Njbja3�LY B8 � a3Ra03aCN< @�c �Ia3�0w
$33N ,RLUI3j30. s@C,@ ,�N $3 a3,R<NCy30 $w j@3 8�,j j@�j `3Ra03a30bja3�L Cc NRj 3LUjw. j@3 N3s
3q3Nj Cc �IcR �UU3N030 jR j@Cc ICcj. �N0 j@3 njCICjw c,Ra3 Cc nU0�j30 $3,�nc3 j@3 N3s 3q3Nj LC<@j @�q3
,@�N<30 CjY �8j3a j@�j. j@3 Ua30C,jCRN LR03I Cc 3u3,nj30. j@�j a3jnaNc j@3 L�j,@CN< UaR$�$CICjC3c 8Ra
�II UaCq�j3 �N0 Un$IC, U�jj3aNcY MRj3. j@�j 3q3N C8 Cj Cc 8Ra3c33�$I3 j@�j � a3Ra03aCN< ,�NNRj $3 cj�aj30
�j j@3 ,naa3Nj jCL3. cCN,3 8Ra 3u�LUI3. � a3Ra03aCN< Cc �Ia3�0w anNNCN< CN j@3 $�,G<aRnN0. Cj Cc cjCII
CLURaj�Nj jR ,�II j@3 Ua30C,jCRN cn$aRnjCN3. �c j@Cc sCII nU0�j3 j@3 CNj3aN�I cj�j3 R8 j@3 Ua30C,jCRN
LR03IY

kS



9 bU3,nI�jCq3 `3Ra03aCN< bja�j3<w

�I<RaCj@L 9YS M3s 2q3Nj +�II$�,G
UaR,30na3 M3s2q3NjVeventW

C8 EventStream.length == WindowSize � 1 j@3N
DRCN`3Ra03aCN<i@a3�0V W gg s�Cj nNjCI a3Ra03aCN< j@a3�0 j3aLCN�j3c C8 Cj Cc anNNCN<

3N0 C8
2q3Njbja3�LYUnc@VEventW
C8 ReorderedStream 65 null j@3N

`3Ra03a30bja3�LYUnc@VeventW
mjCICjw UpdateUtility(3q3Nj)

3N0 C8
Ua30C,jCRNc PredictMatches(3q3Nj)
C8 reordering thread not running �N0 utility < 0 j@3N

C8 (ŒkprivatePatterns k
i=0 max(predictions[i], 1 � predictions[i])) � T hreshold j@3N

`30n,30TaCqT�jj3aNc,`30n,30Tn$T�jj3aNc GetReducedPatterns(Ua30C,jCRNc)
s3C<@jc AdjustWeights( `30n,30TaCqT�jj3aNc, `30n,30Tn$T�jj3aNc, Ua30C,jCRNc)
C8 8p 2 ReducedPrivPatterns : len(p) � 2 j@3N

`3Ra03aVEventStream. ReducedPrivPatterns. ReducedPubPatterns.weightsW
3N0 C8

3N0 C8
3N0 C8
C8 EventStream.length == WindowSize j@3N

DRCN`3Ra03aCN<i@a3�0V W gg s�Cj nNjCI a3Ra03aCN< j@a3�0 j3aLCN�j3c C8 Cj Cc anNNCN<
C8 Utility > 0 j@3N

C8 ReorderedStream 65 null j@3N
7Ras�a0VReorderedStreamW gg 8Ras�a0 jR +2T 3N<CN3

3Ic3
7Ras�a0VEventStreamW gg 8Ras�a0 jR +2T 3N<CN3

3N0 C8
3N0 C8
`3c3jVW

3N0 C8
3N0 UaR,30na3

B8 NR cn,,3cc8nI a3Ra03aCN< @�c $33N U3a8RaL30 CN j@3 U�cj �N0 NR a3Ra03aCN< Cc ,naa3NjIw anNNCN< CN
j@3 $�,G<aRnN0. j@3 �I<RaCj@L ,RNjCNn3c �N0 ,RLUnj3c � ,RN~03N,3 c,Ra3. j@Cc Cc j@3 UaR$�$CICjw.
j@�j j@3 $CN�aw Ua30C,jCRN R8 �II UaCq�j3 U�jj3aNc Cc aC<@jY B8 j@3 L�j,@CN< UaR$�$CICjw R8 � UaCq�j3
U�jj3aN Cc cL�II3a j@�N zY9. Cj Cc �ccnL30. j@�j j@3 U�jj3aN sRNȕj ,RLUI3j3Y Qj@3asCc3. Cj Cc �ccnL30.
j@�j Cj sCII Ra Cc �Ia3�0w ,RLUI3j30Y Tn$IC, U�jj3aNc �a3 NRj ,RNcC03a30 8Ra j@Cc. $3,�nc3 j@3w sRnI0
0a�L�jC,�IIw 03,a3�c3 j@3 ,RN~03N,3 c,Ra3 �N0 @�q3 NR cC<NC~,�Nj CLU�,j RN j@3 njCICjw �8j3a j@3
a3Ra03aCN<Y i@3 a3�cRNc �a3 j@�j � Un$IC, U�jj3aN. j@�j @�c $33N Ua30C,j30 jR NRj ,RLUI3j3 NRj
N3,3cc�aw <3j 03cjaRw30 �8j3a a3Ra03aCN< �N0 j@3 s3C<@j R8 � Un$IC, U�jj3aN Cc Ln,@ cL�II3a j@�N j@3
s3C<@j R8 UaCq�j3 RN3Y QN j@3 ,RNja�aw. � Un$IC, U�jj3aN. j@�j s�c Ua30C,j30 jR L�j,@. $nj sRNȕj.
CN,a3�c3c cIC<@jIw j@3 UaR$�$CICjw R8 8�Ic3 URcCjCq3c. s@C,@ I3�0c jR � sRac3 njCICjwY B8 j@3 ,RN~03N,3
c,Ra3 Cc <a3�j3a j@�N � ,ncjRL j@a3c@RI0. j@3 �I<RaCj@L ,RNjCNn3c $w �0EncjCN< j@3 U�jj3aNc �N0
s3C<@jc $w ,�IICN< j@3 cn$aRnjCN3c `30n,30T�jj3aNc �N0 �0Encjr3C<@jcY

kl
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bn$aRnjCN3 ;3j`30n,30T�jj3aNc

i@Cc cn$aRnjCN3 a3jnaNc a30n,30 q3acCRNc R8 j@3 U�jj3aNcY bCN,3 j@3 a3Ra03aCN< Cc U3a8RaL30 RNIw RN
� cn$c3j R8 j@3 sCN0Rs. �II UaCq�j3 �N0 Un$IC, U�jj3aNc. j@�j �a3 3uU3,j30 jR ,RLUI3j3. @�q3 jR $3
�0Encj30. jR j@�j cn$c3jY 7Ra 3u�LUI3 C8 �N CN0CqC0n�I U�jj3aNc P1 = SEQ(A, B,C) Cc Ua30C,j30 jR
,RLUI3j3 �N0 j@3 Ua3qCRnc 3q3Nj cja3�L S0 = (A, A, B,D). j@3 U�jj3aN Lncj $3 a30n,30 jR b2[V�.#W.
$3,�nc3 Rj@3asCc3. j@3 a3Ra03aCN< cn$aRnjCN3 sRnI0 NRj ,RNcC03a Cj �c � L�j,@Y B8 � UaCq�j3 U�jj3aN @�c
� I3N<j@ R8 z Ra S �8j3a Cj Cc cCLUIC~30. Cj 0R3c NRj L�G3 c3Nc3 jR a3Ra03a. $3,�nc3 Cj Cc CLURccC$I3 j@3
,RN,3�I j@Cc U�jj3aNY �II U�jj3aNc j@�j �a3 3uU3,j30 jR NRj ,RLUI3j3 �a3 NRj U�cc30 jR j@3 a3Ra03aCN<
cn$aRnjCN3Y

bn$aRnjCN3 �0Encjr3C<@jc

i@3 s3C<@j CN0C,�j3c @Rs CLURaj�Nj � U�jj3aN CcY i@Cc cn$aRnjCN3 LnIjCUIC3c j@3 RaC<CN�I s3C<@jc R8
j@3 a3L�CNCN< U�jj3aNc sCj@ j@3 L�j,@CN< UaR$�$CICjC3cY i@Cc @�c L�CNIw �N 3{3,j R8 U�jj3aNc j@�j
@�q3 Ua3qCRncIw j@3 c�L3 s3C<@jY i@3N j@3 U�jj3aN sCj@ j@3 @C<@3a L�j,@CN< UaR$�$CICjw Cc ja3�j30
�c LRa3 CLURaj�NjY

`3Ra03aCN<

�8j3a j@3 U�jj3aNc �N0 s3C<@jc @�q3 $33N �0Encj30. j@3 I�cj cj3U Cc jR ,@3,G C8 j@3 UaCq�j3 U�jj3aNc
�a3 IRN< 3NRn<@ jR �IIRs � cn,,3cc8nI a3Ra03aCN<. CY3Y. C8 �j I3�cj j@3 ~acj jsR 3q3Njc R8 3�,@ U�jj3aN
�a3 GNRsNY �8j3a j@�j. C8 �II a3\nCa3L3Njc �a3 L3j. j@3 `3Ra03a cn$aRnjCN3 Cc ,�II30Y Bj cj�ajc �
N3s j@a3�0. s@C,@ a3\n3cjc j@3 a3Ra03a30 cja3�L 8aRL � c3aq3a �UUIC,�jCRN. s@C,@ ,RNj�CNc j@3
<a�U@A$�c30 q3acCRN R8 j@3 a3Ra03aCN< �I<RaCj@L $w T�I�NCc�Lw 3j �IY )T/i`S4*Y /3j�CIc �$Rnj j@Cc
�a3 3uUI�CN30 CN b3,jCRN 9YlYkY

r@3N j@3 a3cnIj Cc a3jnaN30. j@3 `3Ra03aCN<`3cURNc3 ,�II$�,G. c@RsN CN �I<RaCj@L 9Yl Cc 3u3,nj30Y
i@3 a3cnIj Cc U�cc30 �c � U�a�L3j3aY 7Cacj. j@Cc �I<RaCj@L 3uj3N0c j@3 N3s a3Ra03a30 cja3�L sCj@
j@3 3q3Njc. j@�j �aaCq30 8aRL j@3 cRna,3c CN j@3 jCL3 j@�j j@3 a3Ra03aCN< s�c anNNCN<Y i@3 ICcjc
`3Ra03a30bja3�L �N0 2q3Njbja3�L NRs @�q3 j@3 c�L3 I3N<j@Y i@3a3�8j3a Cj ,�I,nI�j3c j@3 njCICjw R8
j@3 a3Ra03a30 cja3�L. s@C,@ Cc 0RN3 $w j@3 +RLUnj3mjCICjw cn$aRnjCN3Y

�I<RaCj@L 9Yl `3Ra03aCN< `3cURNc3 +�II$�,G
UaR,30na3 `3Ra03aCN<`3cURNc3VNewReorderedStreamW

`3Ra03a30bja3�L Merge(M3s`3Ra03a30bja3�L, 2q3Njbja3�L)
mjCICjw ComputeUtility(`3Ra03a30bja3�L)

3N0 UaR,30na3

kk



9 bU3,nI�jCq3 `3Ra03aCN< bja�j3<w

�I<RaCj@L 9Yk `3c3j p�aC�$I3c
UaR,30na3 `3c3jVW

mjCICjw �1
`3Ra03a30bja3�L.a3LRq3�II()
2q3Njbja3�L.a3LRq3�II()
ResetPredictionModel( )

3N0 UaR,30na3

�8j3a j@3 ,RLUI3j3 3q3Nj cja3�L @�c $33N UaR,3cc30. j@3 M3s2q3Nj ,�II$�,G c3N0c j@3 UaCq�,wA
Ua3c3aq30 3q3Nj cja3�L jR j@3 +2T 3N<CN3Y 7CN�IIw. j@3 cn$aRnjCN3 `3c3j. 03c,aC$30 $w �I<RaCj@L 9Yk
Cc ,�II30. j@�j c3jc �II q�aC�$I3c $�,G jR j@3Ca 038�nIj q�In3cY i@Cc �IcR CN,In03c a3c3jjCN< j@3 cj�j3 R8
j@3 Ua30C,jCRN LR03IY

mjCICjw

i@3 ,�I,nI�jCRN R8 j@3 njCICjw CNqRIq3c j@3 jsR 8nN,jCRNc ComputeUtility j@�j �a3 3u3,nj30 $w j@3
`3Ra03aCN<`3cURNc3 ,�II$�,G �N0 UpdateUtility j@�j Cc 3u3,nj30 $w M3s2q3NjY i@3 8nN,jCRN
ComputeUtility ,�I,nI�j3c j@3 njCICjw 8Ra � cja3�L sCj@ j@3 3\n�jCRN 03c,aC$30 CN b3,jCRN kYlY Bj
,RNcC03ac j@3 RaC<CN�I UaCq�j3 �N0 Un$IC, U�jj3aNc VNRj j@3 a30n,30 q3acCRNc R8 CjWY 7Ra 3�,@ URccC$I3
U�jj3aN. Cj Cc ,RnNj30 nU jR s@C,@ 3q3Nj Cj L�j,@3c CN j@3 3q3Nj cja3�LY i@3c3 q�In3c �a3 cjRa30 CN �N
�aa�wY B8 � NnL$3a CN j@�j �aa�w Cc j@3 c�L3 �c j@3 U�jj3aN I3N<j@. Cj Cc � L�j,@Y i@3 UpdateUtility
8nN,jCRN nU0�j3c j@3 �aa�w sCj@ 3q3aw N3s 3q3Nj �N0 �IcR nU0�j3c j@3 njCICjw �c N3,3cc�awY B8 j@3
N3s 3q3Nj ,RLUI3j3c � UaCq�j3 U�jj3aN. j@3 njCICjw $3,RL3c N3<�jCq3. �N0 j@3 3q3Nj cja3�L Lncj $3
a3Ra03a30 �<�CNY

B8 j@3 njCICjw �j j@3 3N0 R8 j@3 sCN0Rs Cc cjCII N3<�jCq3. Cj Cc �ccnL30 j@�j NRj@CN< Cc U�cc30 RN jR
j@3 +2T 3N<CN3. j@Cc s�w RN3 @�c �j I3�cj � njCICjw R8 zY i@Cc ,RnI0 $3 RUjCLCy30 $w jawCN< � LRa3
U3a8RaL�Nj cnUUa3ccCRN cja�j3<w s@3N j@3 a3Ra03aCN< cja�j3<w 8�CIcY

9YlYk `3Ra03aCN< b3aq3a

BN j@Cc c3,jCRN s3 03c,aC$3 j@3 j3,@NC,�I CLUI3L3Nj�jCRN R8 j@3 <a�U@A$�c30 a3Ra03aCN<. j@�j Cc
CLUI3L3Nj30 �c � cCLUI3 `2bi c3aq3a �c U�aj R8 j@3 T�+ ,RLURN3NjY i@3 a3�cRN Cc j@�j Cj @�c jR $3
3u3,nj30 CN � Twj@RN l 3NqCaRNL3Nj. s@CI3 j@3 Ua30C,jCRN LR03I �N0 j@3 a3cj R8 j@3 �I<RaCj@L Cc
CLUI3L3Nj30 sCj@ Twj@RN kY bCN,3 �II j@3 ,R03 Cc 3u3,nj30 RN j@3 c�L3 03qC,3. j@3 I�j3N,w. j@�j
,RL3c sCj@ j@3 `2biA,�II @�c N3�aIw NR CLU�,j RN j@3 a3cnIjc VJzYzSc U3a a3Ra03aWY

i@3 a3Ra03aCN< �I<RaCj@L Cc j@3 c�L3 �c UaRURc30 $w T�I�NCc�Lw 3j �IY )T/i`S4*Y ?Rs3q3a. j@3
U�jj3aNc j@�j �a3 U�cc30 jR j@3 c3aq3a �a3 a30n,30. ,RLU�a30 jR j@Rc3 j@�j sRnI0 $3 nc30 CN j@3
NRNAcU3,nI�jCq3 �UUaR�,@Y 7naj@3aLRa3. j@3 a3Ra03aCN< Cc RNIw U3a8RaL30 RN � cn$c3j R8 j@3 3q3Nj
cja3�L. s@C,@ L�G3c Cj 8�cj3aY

k:



9Yk `3�cRNc 8Ra KnIjCUI3 `3Ra03aCN<c

`3\n3cj

i@3 a3Ra03a30 3q3Nj cja3�L sCj@ j@3 ,Raa3cURN0CN< jCL3cj�LUc Cc a3\n3cj30 $w c3N0CN< �N ?iiT
a3\n3cj sCj@ � DbQM. j@�j ,RNj�CNc j@3 RaC<CN�I 3q3Nj cja3�L. j@3 jCL3cj�LUc. �N0 U�jj3aNc sCj@
s3C<@jcY i@3 a3Ra03a cn$aRnjCN3 j@�j Cc ,�II30 8aRL �I<RaCj@L 9YS cj�ajc � N3s j@a3�0 j@�j 3u3,nj3c
j@Cc a3\n3cjY

i@3 8RIIRsCN< ICcjCN< c@Rsc � cCLUI3 3u�LUI3 sCj@ Sf 3q3Njc �N0 cCu U�jj3aNc. R8 s@C,@ jsR �a3
UaCq�j3Y
]
ĲGXGPV5VTGCOĲ � =�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �?�
ĲVKOGUVCORU�Ĳ � =�� �� �� �� �� �� �� �� �� �� ��� ��� ��� ��� ��� ��? �
ĲRCVVGTPU2TKXCVGĲ� ==�����?�=�����??�
ĲRCVVGTPU2WDĴKEĲ� ==�������?�=���?�=�������?�=�����??�
ĲRCVVGTPU2TKXCVG9GKIJVUĲ� =���?�
ĲRCVVGTPU2WDĴKE9GKIJVUĲ� =�������?�
_

`3cURNc3

i@3 c3aq3a a3cURNc3c sCj@ � DbQM j@�j ,RNj�CNc j@3 a3Ra03a30 3q3Nj cja3�L. j@3 N3s jCL3cj�LUc. �N0
j@3 CN8RaL�jCRN s@3j@3a j@3 a3Ra03aCN< 8�CI30Y r@3N j@3 j@a3�0 j@�j ,�II30 j@3 `2bi b3aq3a a3,3Cq3c
j@3 DbQM a3cURNc3. j@3 a3Ra03aCN<`3cURNc3 ,�II$�,G. 03c,aC$30 CN �I<RaCj@L 9Yl Cc 3u3,nj30 sCj@
j@3 a3Ra03a30 cja3�L �c U�a�L3j3aY

i@3 ICcjCN< c@Rsc j@3 a3cURNc3 8Ra j@3 3u3LUI�aw a3\n3cjY
]
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BN j@Cc 3u�LUI3. $Rj@ UaCq�j3 U�jj3aNc 0RNȕj L�j,@ �NwLRa3 CN j@3 a3Ra03a30 cja3�LY ?Rs3q3a. �IcR
RN3 Un$IC, U�jj3aN @�c $33N 03cjaRw30Y i@Cc ,RnI0 NRj $3 Ua3q3Nj30 $3,�nc3 j@3 UaCq�j3 U�jj3aN
b2[VS.k.9W Cc � cn$c3j R8 j@3 Un$IC, U�jj3aN b2[VS.k.9.:WY i@3 njCICjw R8 j@Cc 3u�LUI3 sRnI0 $3 k.
,RLU�a30 jR ASl sCj@Rnj a3Ra03aCN<Y

9Yk `3�cRNc 8Ra KnIjCUI3 `3Ra03aCN<c

BN j@Cc c3,jCRN. s3 $aC3�w 0Cc,ncc j@3 a3�cRNc s@w cRL3jCL3c c3q3a�I a3Ra03aCN<c �a3 N3,3cc�awY i@3
cU3,nI�jCq3 a3Ra03aCN< cja�j3<w jaC3c jR LCNCLCy3 j@3 NnL$3a R8 a3Ra03aCN<c 8Ra � sCN0Rs. �c c3q3a�I
a3Ra03aCN<c 0a�L�jC,�IIw CN,a3�c3 j@3 ,RLUnj�jCRN jCL3Y B03�IIw. � cn$c3j R8 j@3 sCN0Rs Cc a3Ra03a30
RNIw RN,3. �N0 j@Cc �c 3�aIw �c URccC$I3. j@�j s@3N j@3 sCN0Rs Cc ,RLUI3j3. NR 8naj@3a ,�I,nI�jCRNc
�a3 N3,3cc�aw �N0 j@3 UaR,3cc30 UaCq�,wAUa3c3aq30 sCN0Rs ,�N $3 CLL30C�j3Iw 8Ras�a030 �c �
s@RI3 jR j@3 T�+ ,RLURN3NjY ?Rs3q3a. j@3a3 �a3 j@a33 ,�c3c. j@�j 8Ra,3 � 8naj@3a a3Ra03aCN<Y
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9 bU3,nI�jCq3 `3Ra03aCN< bja�j3<w

9YkYS 2aaRac

B8 j@3 a3Ra03aCN< c3aq3a ,a�c@3c Ra 0R3cNȕj a3cURN0. Cj Cc R$qCRncIw N3,3cc�aw jR cj�aj j@3 a3Ra03aCN<
�<�CNY i@Cc ncn�IIw @�UU3Nc s@3N j@3 j�cG Cc jRR ,RLUI3uY BLURaj�Nj 8�,jRac 8Ra j@Cc �a3 j@3 sCN0Rs
cCy3 �N0 j@3 NnL$3a R8 3q3Nj CNcj�N,3c j@�j �a3 U�aj R8 UaCq�j3 U�jj3aNcY bCN,3 CN LRcj ,�c3c �II Rj@3a
a3Ra03aCN<c �IcR 8�CI. RN3 ,RnI0 �IcR ,�N,3I j@3 UaR,3ccCN< R8 j@3 ,naa3Nj sCN0Rs �j j@Cc URCNjY i@3N
,RLUnj�jCRN jCL3 Cc c�q30. $nj �j j@3 3uU3Nc3 R8 j@3 njCICjw. cCN,3 CN cRL3 ,�c3c. � 8naj@3a a3Ra03aCN<
sRaGcY MRj3. j@�j C8 j@3 cU3,nI�jCq3 cja�j3<w 8�CIc. Cj Cc �IcR 3uU3,j30 j@�j j@3 NRNAcU3,nI�jCq3 cja�j3<w
�IcR 8�CIcY QN j@3 ,RNja�aw. C8 j@3 NRNAcU3,nI�jCq3 cja�j3<w 0R3c NRj j@aRs �N 3aaRa. j@3 cU3,nI�jCq3
cja�j3<w ,RnI0 cjCII sRaG. cCN,3 Cj RNIw a3Ra03ac � cn$cja3�L sCj@ a30n,30 U�jj3aNcY

9YkYl raRN< Ta30C,jCRNc

� UaCq�j3 U�jj3aN L�w $3 a3q3�I30 0n3 jR � Ua30C,jCRN j@�j jnaNc Rnj jR $3 saRN< Ra CN�,,na�j3
�8j3as�a0Y i@3N �NRj@3a a3Ra03aCN< Cc N3,3cc�awY Bj ,RnI0 @�UU3N cCLCI�aIw 8Ra Un$IC, U�jj3aNc.
$nj j@Cc sRnI0 L�ccCq3Iw CN,a3�c3 j@3 NnL$3a R8 a3Ra03aCN<c �N0 @�c ICjjI3 CN�n3N,3 RN j@3 njCICjw
cCN,3 UaCq�j3 U�jj3aNc @�q3 cC<NC~,�NjIw IRs3a s3C<@jc �N0 �a3 R8j3N NRj 03cjaRw30. 3q3N C8 j@3w �a3
8�Ic3Iw 3uU3,j30 NRj jR L�j,@Y i@3a38Ra3 � N3s a3Ra03aCN< sCII NRj $3 cj�aj30 C8 � Un$IC, U�jj3aN s�c
CN,Raa3,jIw Ua30C,j30Y

9YkYk KnIjCUI3 BNcj�N,3c R8 2q3Njc

BL�<CN3 j@3 cja3�L S = (A, B,D, A, B,C) sCj@ j@3 UaCq�j3 U�jj3aN P1 = (A, B,C)Y i@3 cU3,nI�jCq3
a3Ra03aCN< cja�j3<w LC<@j a3Ra03a j@3 bn$cja3�L S

0
= (A, B,D) �8j3a j@3c3c k 3q3Njc �a3 �q�CI�$I3.

$nj j@3 8RIIRsCN< 3q3Njc �.#.+ cjCII a3q3�I j@3 U�jj3aNY BN j@Cc ,�c3. j@3 3q3Nj cja3�L @�c jR $3
a3Ra03a30 �<�CN. CLL30C�j3Iw �8j3a j@3 UaR$I3L $3,RL3c qCcC$I3Y

9Y: QNIw QN3 `3Ra03aCN<

bCN,3 ,RLUnj�jCRN jCL3 Cc �N CLURaj�Nj 8�,jRa s3 UaRURc3 �00CjCRN�IIw � LR0C~30 q3acCRN R8 j@3
M3s2q3Nj ,�II$�,G. 03c,aC$30 $w �I<RaCj@L 9Y:Y Bj Cc LRa3 ,RLUnj�jCRN 3|,C3Nj $nj �,@C3q3c �
IRs3a njCICjwY BNq3ac3Iw. C8 j@3a3 Cc NR 8R,nc RN ,RNc3aqCN< j@3 UaR,3ccRaȕc a3cRna,3c. j@Cc �UUaR�,@ Cc
I3cc cnCj�$I3Y i@3 L�CN 0C{3a3N,3 Cc j@�j j@3 �I<RaCj@L RNIw U3a8RaLc � L�uCLnL R8 RN3 a3Ra03aCN<Y
�NRj@3a 8�,jRa s@w j@Cc �I<RaCj@L Cc LRa3 a3cRna,3 3|,C3Nj Cc j@�j �8j3a j@3 ~acj a3Ra03aCN< Cc
cj�aj30. Cj ,�N $3 cjRUU30 sCj@ Ua30C,jCN< j@3 L�j,@CN< UaR$�$CICjC3c 8Ra �II 8naj@3a 3q3NjcY 2q3N C8
j@3 ,naa3Nj sCN0Rs Cc ,RLUI3j3. Cj Cc N3,3cc�aw jR s�Cj C8 � a3Ra03aCN< Cc 3u3,nj30 CN U�a�II3IY i@3
RNIw a3�cRN Cc j@�j j@3 ~N�I sCN0Rs Cc 8Ras�a030 8aRL j@Cc ,�II$�,G jR j@3 +2T 3N<CN3Y B8 j@3 njCICjw
�j j@3 3N0 R8 j@3 sCN0Rs Cc cjCII N3<�jCq3. � njCICjw R8 z Cc �ccnL30 �c 3uUI�CN30 CN b3,jCRN 9YlYlY i@Cc
�UUaR�,@ Cc RNIw �N �Ij3aN�jCq3 jR j@3 cj�N0�a0 �I<RaCj@L C8 Cj �,@C3q3c � URcCjCq3 a3cnIj CN LRcj ,�c3cY
i@Cc ,�N $3 CNq3cjC<�j30 $w 3q�In�jCN< j@3 cj�N0�a0 �I<RaCj@L j@�j �IIRsc LnIjCUI3 a3Ra03aCN<c jR
GNRs @Rs R8j3N LnIjCUI3 a3Ra03aCN<c �a3 N3,3cc�aw �N0 ,@RRc3 3Cj@3a RN3 R8 j@3 ,�II$�,G �I<RaCj@Lc
�,,Ra0CN<IwY
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9Y: QNIw QN3 `3Ra03aCN<

�I<RaCj@L 9Y: M3s 2q3Nj +�II$�,G �Ij3aN�jCq3
UaR,30na3 M3s2q3NjVeventW

2q3Njbja3�LYUnc@VeventW
C8 ReorderedStream 65 null j@3N

`3Ra03a30bja3�LYUnc@VeventW
mjCICjw UpdateUtility(3q3Nj)

3Ic3 C8 Reordering thread not running j@3N
Ua30C,jCRNc PredictMatches(3q3Nj)
C8 (ŒkprivatePatterns k

i=0 max(predictions[i], 1 � predictions[i])) � T hreshold j@3N
`30n,30TaCqT�jj3aNc,`30n,30Tn$T�jj3aNc GetReducedPatterns(Ua30C,jCRNc)
s3C<@jc AdjustWeights(`30n,30TaCqT�jj3aNc, `30n,30Tn$T�jj3aNc, Ua30C,jCRNc)
C8 8p 2 ReducedPrivPatterns : len(p) � 2 j@3N

`3Ra03aVEventStream. ReducedPrivPatterns. ReducedPubPatterns.weightsW
3N0 C8

3N0 C8
3N0 C8
C8 EventStream.length == WindowSize j@3N

DRCN`3Ra03aCN<i@a3�0V W gg s�Cj nNjCI a3Ra03aCN< j@a3�0 j3aLCN�j3c C8 Cj Cc anNNCN<
C8 Utility > 0 j@3N

C8 ReorderedStream 65 null j@3N
7Ras�a0VReorderedStreamW gg 8Ras�a0 jR +2T 3N<CN3

3Ic3
7Ras�a0VEventStreamW gg 8Ras�a0 jR +2T 3N<CN3

3N0 C8
3N0 C8
`3c3jVW

3N0 C8
3N0 UaR,30na3

ke





f 2q�In�jCRN

BN j@Cc ,@�Uj3a. s3 3q�In�j3 j@3 �,,na�,w R8 j@3 Ua30C,jCRNc R8 j@3 M3na�I M3jsRaG. 8RIIRs30 $w �
,RLU�aCcRN $3js33N j@3 cU3,nI�jCq3 �N0 j@3 NRNAcU3,nI�jCq3 a3Ra03aCN< cja�j3<C3cY

i�$I3 fYS- /�j�c3j
B/ iwU3 iCL3cj�LU p�In3

S cj3Uo03j3,jRa lzSeAzfAlO ze-:9-SfY9zf )SYz*
l $�jj3aw lzSeAzfAlO ze-:9-SfY9S: )ȕSzzȕ*
k BMop2?B+H2 lzSeAzfAlO ze-:9-SeY:ze )ȕbiBHH- O4ȕ*
: �,,3I3aRL3j3a lzSeAzfAlO ze-:9-lSY9kz )ȕAzY49lfleȕ. ȕ:Ye4ef:::ȕ. ȕOYzlOll:ȕ*
9 sC~ lzSeAzfAlO ze-:9-llYzze )elze. k9::. 99zz*

fYS /�j�c3j �N0 b3jnU

r3 a�N �II 3uU3aCL3Njc RN � K�,#RRG TaR sCj@ Sf ;# R8 `�K �N0 � lYl ;?y BNj3I +Ra3 Ce
UaR,3ccRa. j@�j @�c : ,Ra3cY 7Ra j@3 ja�CNCN< R8 j@3 M3na�I M3jsRaG. s3 nc30 � c3aq3a sCj@ � MqC0C�
;it Sz4z iC ;TmY

BN Ra03a jR 3q�In�j3 j@3 cnCj�$CICjw nN03a ,@�II3N<CN< ,RN0CjCRNc. �II 3uU3aCL3Njc s3a3 U3a8RaL30
sCj@ � a3�IAsRaI0 0�j�c3j )7HDZSe* j@�j ,RNj�CNc � IRj R8 a�N0RLN3cc3cY i@3 0�j�c3j ,RNcCcjc R8 SY9
LCIICRN 3q3Njc ,�Ujna30 RN � cL�ajU@RN3. j@�j � U3acRN s�c ncCN< 8Ra LnIjCUI3 0�wc CN @Cc 3q3aw0�w
IC83Y i@3 ~acj 9 aRsc R8 j@3 0�j�c3j �a3 c@RsN CN i�$I3 fYSY r3 a3LRq30 j@3 ,RInLN p�In3 �N0
LR0C~30 j@3 ,RInLN iCL3cj�LU cR j@�j j@3 jCL3 $3js33N l cn,,3ccCq3 3q3Njc V�aaCq�I a�j3W Cc S
c3,RN0Y i@3 U�jj3aNc s3a3 a�N0RLIw <3N3a�j30 sCj@ j@3 �q�CI�$I3 3q3Nj jwU3c. $nj j@3 L�ERaCjw s�c
~Ij3a30 Rnj $w @�N0 $3,�nc3 j@3w s3a3 NRj cnCj�$I3Y Bj s�c 3Ncna30. j@�j �II U�jj3aNc R,,na CN Rq3a
SX R8 j@3 sCN0Rsc �N0 j@3 UaCq�j3 U�jj3aNc 0R NRj ,RNja�0C,j j@3Lc3Iq3c. s@�j sRnI0 @�q3 L�03 Cj
CLURccC$I3 jR a3Ra03aY i@3w �II @�q3 � I3N<j@ $3js33N l �N0 : 3q3NjcY �00CjCRN�IIw. s3 a3LRq30
cRL3 3q3Nj 0nUIC,�j3cY i@3 3q3Nj cja3�L s�c 0CqC030 CNjR S9zzz sCN0Rsc R8 cCy3 Szz sCj@ OzX
nc30 jR ja�CN j@3 LR03I �N0 SzX 8Ra 3q�In�jCRNY MRj3 j@�j 8Ra ja�CNCN< Rq3aI�UU30 sCN0Rsc s3a3
�IcR CN,In030 jR CN,a3�c3 j@3 ja�CNCN< 0�j�Y i@3 0�j�c3j ,RNcCcjc R8 lz 0C{3a3Nj 3q3Nj jwU3c j@�j
R,,na sCj@ UaR$�$CICjC3c 8aRL zYz4X jR klYeeXY 7C<na3 fYS� c@Rsc j@3 �,jn�I 0CcjaC$njCRNY i@3
UaR$�$CICjC3c R8 j@3 CN0CqC0n�I U�jj3aNc jR R,,na CN � sCN0Rs �a3 c@RsN CN 7C<na3 fYS$Y i@3w �a3
CN j@3 a�N<3 R8 lX jR kOX sCj@ � L3�N R8 l:XY #Rj@. j@3 cU3,nI�jCq3 �N0 j@3 NRNAcU3,nI�jCq3
a3Ra03aCN< cja�j3<C3c s3a3 j3cj30 CN � a3�IAjCL3 cCLnI�jCRN $w c3N0CN< j@3 3q3Njc R8 j@3 03c,aC$30
0�j�c3j �j cU3,C~30 CNj3aq�IcY i@3 a3Ra03a30 sCN0Rsc s3a3 I�j3a 8Ras�a030 �N0 ,@3,G30 8Ra j@3
njCICjwY 7Ra 3�,@ sCN0Rs. k UaCq�j3 �N0 lz Un$IC, U�jj3aNc s3a3 c3I3,j30Y MRj3 j@�j NRj �II c3I3,j30
U�jj3aNc @�q3 jR L�j,@ CN � <Cq3N sCN0Rs. Cj s�c RNIw 3Ncna30. j@�j �j I3�cj RN3 UaCq�j3 U�jj3aN
R,,nac CN 3�,@ sCN0RsY
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f 2q�In�jCRN

i@3 j@a33 UaCq�j3 U�jj3aNc s3a3 ,@Rc3N a�N0RLIw R8 � URRI R8 Sz 8Ra 3q3aw sCN0Rs. s@CI3 j@3 lz
Un$IC, U�jj3aNc s3a3 �Is�wc j@3 c�L3Y Bj sRnI0 @�q3 $33N ,RLUIC,�j30 jR j3cj j@3 3uU3aCL3Nj sCj@ �
I�a<3a q�aC3jw R8 U�jj3aNc $3,�nc3 j@3 Ua30C,jCRN LR03I @�c ~acj jR I3�aN j@3 c3I3,j30 U�jj3aNcY iR
3q�In�j3 j@3 CLU�,j R8 j@3 0C{3a3Nj U�a�L3j3ac. �Is�wc j@3 U�a�L3j3a jR $3 L3�cna30 s�c ,@�N<30.
s@CI3 j@3 Rj@3ac a3L�CN30 �j j@3 038�nIj q�In3cY i�$I3 fYl c@Rsc j@3 U�a�L3j3ac j@�j ,�N $3 q�aC30
�N0 �IcR j@3Ca 038�nIj q�In3cY

i�$I3 fYl- /38�nIj U�a�L3j3ac
T�a�L3j3a p�In3

rCN0RsAcCy3 Szz 3q3Njc
�aaCq�I a�j3 S c3,RN0
MnL$3a UaCq�j3 U�jj3aNc k
MnL$3a Un$IC, U�jj3aNc lz
MnL$3a 3q3Nj jwU3c lz
i@a3c@RI0 zY49

V�W 2q3Nj 0CcjaC$njCRN V$W T�jj3aN 0CcjaC$njCRN

7C<na3 fYS- /CcjaC$njCRN R8 U�jj3aNc �N0 3q3Njc

fYl Ta30C,jCRN KR03I 2q�In�jCRN

7Cacj. s3 3q�In�j3 j@3 �,,na�,w R8 j@3 Rnj,RL3 R8 j@3 Ua30C,jCRN LR03IY 7C<na3 fYl c@Rsc j@3
�q3a�<3 Ua3,CcCRN. a3,�II �N0 �,,na�,w q�In3c 8Ra RN3 U�jj3aN �8j3a 3�,@ jCL3cj3U 8Ra j@3 3u3LUI�aw
sCN0RsAcCy3c Szz �N0 lzzY /C{3a3Nj U�jj3aNc s3a3 nc30 8Ra 0C{3a3Nj sCN0RsAcCy3c jR L33j j@3
,RN0CjCRNc 03c,aC$30 CN b3,jCRN fYSY i@3 8RIIRsCN< 8RaLnI�c s3a3 nc30 jR ,�I,nI�j3 j@3 q�In3cY

Precision = TP
TP+FP

Recall = TP
TP+FN

Accuracy = TP+TN
TP+FN+FP+TN
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fYl Ta30C,jCRN KR03I 2q�In�jCRN

iT- i@3 U�jj3aN s�c ,Raa3,jIw Ua30C,j30 jR L�j,@Y

iM- i@3 U�jj3aN s�c ,Raa3,jIw Ua30C,j30 NRj jR L�j,@Y

7T- i@3 U�jj3aN s�c 8�Ic3Iw Ua30C,j30 jR L�j,@Y

7M- i@3 U�jj3aN s�c 8�Ic3Iw Ua30C,j30 NRj jR L�j,@Y

i@3 a3,�II Cc q3aw IRs s@3N RNIw � 83s 3q3Njc �a3 GNRsN. j@3 a3�cRN $3CN< j@�j � U�jj3aN Cc L�j,@30
RNIw CN �N �q3a�<3 R8 l:X R8 sCN0Rsc 8Ra $Rj@ sCN0RsAcCy3cY rCj@ j@3 CN,a3�cCN< NnL$3a R8
3q3Njc. j@3 a3,�II �IcR CN,a3�c3cY B8 LRcj 3q3Njc �a3 GNRsN. j@3 a3,�II Cc a3IC�$I3Y rCj@ �,,na�,w �N0
Ua3,CcCRN. j@3 a3cnIjc �a3 $3jj3aY B8 j@3 LR03I @�c Ua30C,j30 j@�j � U�jj3aN L�j,@3c. j@3 Ua30C,jCRN Cc
LRcjIw ,Raa3,jY rCj@ q3aw 83s 3q3Njc �q�CI�$I3 j@3 LR03I Cc NRj �$I3 jR Ua30C,j �II U�jj3aNcY �c �
,RNc3\n3N,3. j@3a3 �a3 L�Nw 8�Ic3 N3<�jCq3c s@C,@ CN jnaN �{3,jc j@3 a3,�II q�In3Y #nj j@3 LR03I Cc
�Is�wc $3jj3a CN j3aLc R8 8�Ic3 URcCjCq3c �c ,�N $3 c33N $w j@3 Ua3,CcCRN q�In3c CN j@3 ~<na3Y

Bj 0R3cNȕj L�G3 Ln,@ c3Nc3 jR a3Ra03a q3aw 3�aIw. $3,�nc3 j@3 Ua30C,jCRNc V3cU3,C�IIw a3,�IIW �a3
CN�,,na�j3. �N0 j@3a3 �a3 R8j3N NRj 3NRn<@ 3q3Njc R8 j@3 UaCq�j3 U�jj3aNc. cCN,3 �j I3�cj jsR �a3
N3,3cc�aw 8Ra 3�,@ RN3 jR $3 �$I3 jR ,RN,3�I j@3LY BN �00CjCRN. I�j3a 3q3Njc j@�j nNCNj3NjCRN�IIw
,RLUI3j3 � U�jj3aN ,�N I3�0 jR 8naj@3a 8�CIna3c R8 j@3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<wY ?Rs3q3a. sCj@
L30CnL �N0 I�a<3 sCN0Rsc Cj c@RnI0 $3 cn|,C3Nj jR cj�aj j@3 a3Ra03aCN< I�j3 s@3N j@3 Ua30C,jCRNc
�a3 cj�$I3Y rCj@ cL�II sCN0RsAcCy3c. j@3 a3Ra03aCN< Cc q3aw 8�cj. cR j@�j NR @C<@ I�j3N,w c@RnI0
R,,naY r@3N �II 3q3Njc �a3 GNRsN. `3,�II. Ta3,CcCRN. �N0 �,,na�,w j3N0 jRs�a0c SY

V�W sCN0RscCy3 Szz V$W sCN0RscCy3 lzz

7C<na3 fYl- Ta3,CcCRN. `3,�II. �N0 �,,na�,w 8Ra RN3 U�jj3aNY

7C<na3 fYk ,RN~aLc j@�j j@3 Ua30C,jCRNc �a3 a3IC�$I3Y i@3 0Rjj30 Ra�N<3 ICN3 c@Rsc j@3 �,,na�,w R8
j@3 $CN�aw Ua30C,jCRN 8Ra � cCN<I3 U�jj3aN. s@CI3 j@3 $In3 ICN3 c@Rsc j@3 �q3a�<3 ,RN~03N,3 �8j3a 3�,@
cj3UY i@3 ,RN~03N,3 Cc j@3 L�j,@CN< UaR$�$CICjw C8 j@3 RnjUnj R8 j@3 Ua30C,jCRN LR03I Cc <a3�j3a j@�N
zY9 �N0 1 � matching probability C8 Cj Cc cL�II3aY Bj Cc j@3 UaR$�$CICjw j@�j j@3 $CN�aw Ua30C,jCRN
Cc aC<@jY �ccnLCN< j@3 ,RN~03N,3 c,Ra3c a3�3,j j@3 ,Raa3,j UaR$�$CICjC3c. j@3c3 URCNjc Lncj $3
,RNcCcj3Nj sCj@ j@3 �,jn�I �,,na�,w. s@C,@ Cc j@3 ,�c3 @3a3Y i@3 ~II30 �a3� a3Ua3c3Njc j@3 �a3� j@�j
Cc �j LRcj RN3 cj�N0�a0 03qC�jCRN �s�w 8aRL j@3 ,RN~03N,3 ICN3Y i@Cc L3�Nc j@�j 8Ra f4X R8 j@3
Ua30C,jCRNc j@3 ,RN~03N,3 Cc sCj@CN j@Cc a�N<3Y

r@�j ,�NNRj $3 a3�0 8aRL j@3 0C�<a�L. $nj s�c cn,,3cc8nIIw q3aC~30 Cc j@�j j@3 ,RN~03N,3 Cc �Is�wc
S C8 � U�jj3aN @�c �Ia3�0w ,RLUI3j30 CN j@3 Ua3qCRnc 3q3NjcY

:S



f 2q�In�jCRN

7C<na3 fYk- �,,na�,w �N0 ,RN~03N,3 8Ra RN3 U�jj3aN

fYk 2q�In�jCRN R8 j@3 bU3,nI�jCq3 `3Ra03aCN< bja�j3<w

i@Cc c3,jCRN Cc �$Rnj j@3 a3cnIjc R8 j@3 cCLnI�jCRNcY i@3 8R,nc I�wc RN j@3 ,RLU�aCcRN $3js33N
j@3 cU3,nI�jCq3 �N0 j@3 NRNAcU3,nI�jCq3 �UUaR�,@3cY 7Ra j@3 LRcj j3cjc. s3 nc30 j@3 q3acCRN R8
j@3 cU3,nI�jCq3 cja�j3<w j@�j �IIRsc LnIjCUI3 a3Ra03aCN<cY QNIw 8Ra j@3 3q�In�jCRN R8 j@3 j@a3c@RI0.
�00CjCRN�IIw j@3 CLU�,j R8 j@3 LR0C~30 q3acCRN. j@�j RNIw �IIRsc RN3 a3Ra03aCN< Cc c@RsNY 7Ra j@3
3q�In�jCRNc. s3 �ccnL3 j@�j sCN0Rsc CN s@C,@ j@3 a3Ra03aCN< cn$aRnjCN3 8�CIc �a3 NRj ,RNcC03a30Y
7Ra j@Cc UnaURc3. Cj Cc �Is�wc cU3,C~30 c3U�a�j3Iw @Rs @C<@ j@3 8�CIna3 a�j3 CcY 7Ra $Rj@ �UUaR�,@3c.
� N3<�jCq3 njCICjw Cc c3j jR z. s@C,@ Cc a3�ICy30 $w NRj 8Ras�a0CN< j@3 sCN0RsY

i�$I3 fYk- bnLL�aw R8 j@3 a3cnIjc
cU3,nI�jCq3 NRNAcU3,nI�jCq3

2aaRa UaR$�$CICjw 9YfX fY:X
mjCICjw 4fYSX 49YSX
7T UaR$�$CICjw R8 RN3 U�jj3aN kYfX kYO9X
+RLUnj�jCRN jCL3 :Y:zc kYlSc
+RLUI3j3 3ICLCN�jCRN R8 I�j3N,w 4kYlX zX
�q3a�<3 I�j3N,w U3a sCN0Rs SYzSc kYSec
#3<CNNCN< R8 I�cj a3Ra03aCN< e4Y:X SzzX
MnL$3a R8 a3Ra03aCN<c SY4S S

i�$I3 fYk c@Rsc j@3 a3cnIjc R8 j@3 3uU3aCL3Nj. s@3a3 �II U�a�L3j3ac s3a3 c3j jR j@3Ca 038�nIj q�In3c.
03c,aC$30 CN b3,jCRN fYSY i@3 njCICjw Cc L3�cna30 a3I�jCq3 jR j@3 L�uCLnL URccC$I3 njCICjw. s@C,@ Cc
j@3 cnL R8 �II Un$IC, U�jj3aNc j@�j L�j,@Y i@3 cU3,nI�jCq3 q3acCRN cj�ajc j@3 ~N�I a3Ra03aCN<. s@C,@
a3cnIjc CN � URcCjCq3 njCICjw RN �q3a�<3 �8j3a e4Y:X R8 j@3 sCN0Rs Cc GNRsNY

:l



fYk 2q�In�jCRN R8 j@3 bU3,nI�jCq3 `3Ra03aCN< bja�j3<w

QN �q3a�<3 SY4S a3Ra03aCN<c U3a sCN0Rs �a3 N3,3cc�aw nNjCI Cj Cc UaCq�,wAUa3c3aq30Y BN �aRnN0
eSYlX R8 j@3 sCN0Rsc. RNIw S a3Ra03aCN< Cc N33030. $nj j@3a3 �a3 cRL3 RnjIC3ac s@3a3 9 Ra LRa3
a3Ra03aCN<c �a3 a3\nCa30. s@C,@ @�c � cC<NC~,�Nj CLU�,j RN j@3 �q3a�<3Y rCj@ j@3 NRNAcU3,nI�jCq3
q�aC�Nj. j@3 a3Ra03aCN< Cc �Is�wc 3u3,nj30 RN3 jCL3 �8j3a j@3 sCN0Rs Cc ,RLUI3j3Y

2aaRa `�j3

i@3 cU3,nI�jCq3 cja�j3<w 8�CIc CN 9YfX R8 j@3 sCN0Rsc. s@C,@ @�c j@3 ,RNc3\n3N,3 j@�j UaCq�j3
U�jj3aNc �a3 NRj ,RN,3�I30Y rCj@ j@3 NRNAcU3,nI�jCq3 cja�j3<w. j@Cc @�UU3Nc sCj@ fY:X cIC<@jIw LRa3
8a3\n3NjIwY QN3 a3�cRN. s@w j@3 NRNAcU3,nI�jCq3 cja�j3<w 8�CIc LRa3 R8j3N Cc j@�j Cj �Is�wc @�c jR
a3Ra03a j@3 8nII sCN0Rs. s@CI3 j@3 cU3,nI�jCq3 q3acCRN LRcjIw RNIw � cn$c3j R8 CjY KRa3Rq3a. j@3
U�jj3aNc �a3 ncn�IIw IRN<3a CN j@3 NRNAcU3,nI�jCq3 �UUaR�,@. cCN,3 j@3w ,�N NRj $3 a30n,30Y �c �
,RNc3\n3N,3. � cCN<I3 a3Ra03aCN< sCj@ j@3 cU3,nI�jCq3 cja�j3<w Cc 8�cj3a a3cnIjCN< CN 83s3a jCL3Rnjc
�N0 RnjAR8AL3LRawA3u,3UjCRNcY

mjCICjw

i@3 cU3,nI�jCq3 cja�j3<w �,@C3q3c sCj@ �N �q3a�<3 R8 4fYSX � cIC<@jIw @C<@3a mjCICjwY QN j@3 RN3
@�N0. j@Cc q�aC�Nj @�c j@3 �0q�Nj�<3. j@�j j@3 <a�U@A$�c30 a3Ra03aCN< cn$aRnjCN3 Cc 3u3,nj30 sCj@ �
a30n,30 3q3Nj cja3�L �N0 a30n,30 U�jj3aNcY KRa3Rq3a. j@Cc �UUaR�,@ @�c I3cc 8�Ic3 URcCjCq3c. s@C,@ Cc
�IcR � ,RNc3\n3N,3 R8 j@3 a30n,30 3q3Nj cja3�L �N0 U�jj3aNcY QN j@3 Rj@3a @�N0. j@3 ~N�I a3Ra03aCN<
a3IC3c RN cU3,nI�jCq3 0�j�. s@C,@ LC<@j $3 U�ajIw CN,Raa3,j �N0 j@3a3 �a3 83s3a URccC$CICjC3c 8Ra j@3
3q3Nj U�Cac j@�j ,�N $3 a3Ra03a30 cCN,3 j@3 8njna3 3q3Njc �a3 �II nNjRn,@30Y ?Rs3q3a. j@3 0RsNcC03c
@�q3 NRjC,3�$Iw � cL�II3a CLU�,j j@�N j@3 �0q�Nj�<3c CN j3aLc R8 njCICjwY

H�j3N,w

H�j3N,w Cc j@3 �00CjCRN�I s�CjCN< jCL3 a3\nCa30 �8j3a j@3 I�cj 3q3Nj R8 j@3 sCN0Rs jR 8Ras�a0 j@3
UaCq�,w Ua3c3aq30 3q3Nj cja3�L jR j@3 +2T 3N<CN3Y i@3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<w ,RLUI3j3Iw
3ICLCN�j3c j@3 I�j3N,w CN 4kYlX R8 j@3 sCN0RscY 7Ra j@3 NRNAcU3,nI�jCq3 q3acCRN. Cj Cc R$qCRncIw zX.
$3,�nc3 Cj �Is�wc @�c jR s�Cj sCj@ j@3 3u3,njCRN R8 j@3 �I<RaCj@L nNjCI j@3 sCN0Rs Cc ,RLUI3j3Y

7C<na3 fY:� c@Rsc j@3 0CcjaC$njCRN R8 j@3 I�j3N,wY i@3 cU3,nI�jCq3 cja�j3<w @�c NR I�j3N,w �j �II CN
LRcj ,�c3c. s@CI3 j@3 NRNAcU3,nI�jCq3 RN3 @�c jR s�Cj kYSe c3,RN0c RN �q3a�<3Y �NRj@3a 0C{3a3N,3
Cc j@�j j@3a3 �a3 ,�c3c s@3a3 j@3 a3Ra03aCN< cj�aj30 $38Ra3 j@3 I�cj 3q3Nj $nj Cc NRj w3j ~NCc@30 s@3N
j@3 I�cj 3q3Nj �aaCq3cY i@Cc �IcR @�c � URcCjCq3 3{3,j ,RLU�a30 jR j@3 NRNAcU3,nI�jCq3 q3acCRNY

r@�j Cc 0C|,nIj jR c33 CN j@3 ~<na3 Cc j@�j j@3a3 �a3 83s RnjIC3ac CN $Rj@ cU3,nI�jCq3 �N0 NRNA
cU3,nI�jCq3 cja�j3<w s@3a3 j@3 I�j3N,w Cc I�a<3. cCN,3 j@3 a3Ra03aCN< cn$aRnjCN3 j�G3c � q3aw IRN<
jCL3Y �c � ,RNc3\n3N,3. j@3 �q3a�<3 I�j3N,w R8 j@3 cU3,nI�jCq3 �UUaR�,@ R8 SYzS c3,RN0c Cc RNIw
j@a33 jCL3c 8�cj3aY B8 �II sCN0Rsc s@3a3 j@3 I�j3N,w Cc LRa3 j@�N Sz c3,RN0c �a3 C<NRa30. OeX R8 j@3
sCN0Rsc �a3 a3L�CNCN< j@�j @�q3 �N �q3a�<3 I�j3N,w R8 RNIw zYl4 c3,RN0cY
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f 2q�In�jCRN

+RLUnj�jCRN iCL3

i@3 0CcjaC$njCRN R8 j@3 ,RLUnj�jCRN jCL3 Cc c@RsN $w 7C<na3 fY:$Y /3cUCj3 j@3 Rq3a@3�0 0n3 jR
Ua30C,jCRNc. j@3 ,RLUnj�jCRN jCL3 Cc CN LRcj ,�c3c cjCII IRs3a sCj@ j@3 cU3,nI�jCq3 cja�j3<wY ?Rs3q3a.
j@3 �q3a�<3 ,RLUnj�jCRN jCL3 Cc cC<NC~,�NjIw IRs3a sCj@ j@3 NRNAcU3,nI�jCq3 �UUaR�,@Y `3cURNcC$I3
8Ra j@Cc ,RNja�0C,jCRN �a3 j@3 ,�c3c s@3a3 LnIjCUI3 a3Ra03aCN<c �a3 N3,3cc�awY i@3 ,RLUnj�jCRN jCL3
8Ra j@3 NRNAcU3,nI�jCq3 �UUaR�,@ Cc RNIw j@3 jCL3 N33030 8Ra j@3 a3Ra03aCN<Y 7Ra j@3 cU3,nI�jCq3
a3Ra03aCN< cja�j3<w. Cj ,RNcCcjc �ILRcj 3NjCa3Iw R8 j@3 jCL3 jR 3u3,nj3 j@3 Ua30C,jCRNc. ,�I,nI�j3 j@3
njCICjw. �N0 U3a8RaLCN< j@3 a3Ra03aCN<cY i@3 jCL3 8Ra njCICjw �N0 Ua30C,jCRNc Cc cR IRs j@�j Cj ,�N $3
�ILRcj N3<I3,j30Y ?Rs3q3a. j@3 URccC$CICjw j@�j LnIjCUI3 a3Ra03aCN<c �a3 N3,3cc�aw Cc � 0Cc�0q�Nj�<3
CN j3aLc R8 ,RLUnjCN< jCL3Y

V�W H�j3N,w V$W +RLUnj�jCRN jCL3

7C<na3 fY:- H�j3N,w �N0 ,RLUnj�jCRN jCL3

fYkYS MRY R8 UaCq�j3 �N0 Un$IC, T�jj3aNc

i@3 NnL$3a R8 UaCq�j3 U�jj3aNc cC<NC~,�NjIw CN�n3N,3c j@3 a3cnIjc. s@CI3 j@3 NnL$3a R8 Un$IC,
U�jj3aNc 0R3c NRj @�q3 Ln,@ CLU�,jY QNIw j@3 U�jj3aNc j@�j L�j,@ CN j@3 sCN0Rs �a3 ,RNcC03a30 8Ra
,RnNjCN< j@3 NnL$3a R8 UaCq�j3 �N0 Un$IC, U�jj3aNcY

MRY R8 UaCq�j3 T�jj3aNc

7C<na3 fY9� a3Ua3c3Njc j@3 �q3a�<3 njCICjw. $�c30 RN CN,a3�c3 CN j@3 NnL$3a R8 UaCq�j3 U�jj3aNcY �IcR
sCj@ j@Cc 3q�In�jCRN. j@3 njCICjw Cc � ICjjI3 $Cj @C<@3a sCj@ j@3 cU3,nI�jCq3 �UUaR�,@. a3<�a0I3cc R8 j@3
NnL$3a R8 UaCq�j3 U�jj3aNcY rCj@ j@3 CN,a3�c3 CN UaCq�j3 U�jj3aNc. j@3 njCICjw 03,a3�c3c cIC<@jIwY i@Cc
,�N $3 3uUI�CN30 $w j@3 8�,j j@�j CN Ra03a jR ,RN,3�I c3q3a�I UaCq�j3 U�jj3aNc. LRa3 3q3Nj U�Cac @�q3
jR $3 3u,@�N<30. s@C,@ 03cjaRwc Un$IC, U�jj3aNc �N0 I3�0c jR LRa3 8�Ic3 URcCjCq3c �N0 N3<�jCq3cY

::



fYk 2q�In�jCRN R8 j@3 bU3,nI�jCq3 `3Ra03aCN< bja�j3<w

V�W mjCICjw V$W 2aaRa UaR$�ICICjw

7C<na3 fY9- BLU�,j R8 NnL$3a R8 UaCq�j3 U�jj3aNc RN njCICjw �N0 3aaRa UaR$�$CICjw

BN 7C<na3 fY9$ Cj ,�N $3 c33N @Rs j@3 3aaRa a�j3 CN,a3�c3c 0a�L�jC,�IIw sCj@ j@3 CN,a3�c3 R8 UaCq�j3
L�j,@3cY r@CI3 sCj@ RN3 UaCq�j3 U�jj3aN j@3 cU3,nI�jCq3 a3Ra03aCN< 8�CIc CN I3cc j@�N :X. sCj@ k
U�jj3aNc j@3 8�CIna3 a�j3 Cc N3�aIw S9XY rCj@ j@3 NRNAcU3,nI�jCq3 cja�j3<w. Cj Cc 3q3N LRa3 3qC03Nj A
j@3 3aaRa a�j3 <aRsc 8aRL :Y4X sCj@ RN3 UaCq�j3 U�jj3aN jR �ILRcj lzX sCj@ kY BNj3a3cjCN<Iw. j@3
L�ERaCjw R8 3aaRac sCj@ k UaCq�j3 U�jj3aNc �a3 ,�nc30 $w �N RnjAR8AL3LRawA3u,3UjCRN. s@CI3 sCj@
RN3 UaCq�j3 U�jj3aN Cj Cc LRcjIw $3,�nc3 R8 � jCL3Rnj 0naCN< j@3 c@C8jCN< R8 j@3 jCL3cj�LUc CN j@3
a3Ra03a R$8nc,�jCRN U@�c3Y

7C<na3 fYf- TaR$�$CICjw 8Ra ,RLUI3j3 3ICLCN�jCRN R8 I�j3N,w 0n3 jR UaCq�j3 U�jj3aNc

i@3 ICG3IC@RR0 R8 ,RLUI3j3 3ICLCN�jCRN R8 I�j3N,w 03,a3�c3c sCj@ �N CN,a3�c3 CN UaCq�j3 U�jj3aNc. �c
qCcn�ICy30 $w 7C<na3 fYfY i@3 a3�cRN Cc j@�j j@3 �q3a�<3 jCL3 8Ra � cCN<I3 a3Ra03aCN< Cc IRN<3a sCj@
LRa3 UaCq�j3 U�jj3aNcY i@Cc @�c � N3<�jCq3 3{3,j RN I�j3N,w �N0 ,RLUnj�jCRN jCL3Y
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f 2q�In�jCRN

MRY R8 Un$IC, T�jj3aNc

2q3N sCj@ � @C<@3a NnL$3a R8 Un$IC, U�jj3aNc. I�j3N,w Cc 3ICLCN�j30 CN LRcj ,�c3c. �c ,�N $3 c33N CN
7C<na3 fY9$Y /3cUCj3 j@3 �n,jn�jCRNc. NR ,I3�a ja3N0 ,�N $3 C03NjC~30 sCj@ CN,a3�c3 CN NnL$3a R8
Un$IC, U�jj3aNcY i@3 �n,jn�jCRNc CN j@3 @3C<@j R8 j@3 $�ac �a3 0n3 jR j@3 ,@�a�,j3aCcjC, R8 j@3 0�j�c3j
�N0 U�jj3aNcY

V�W H�j3N,w V$W mjCICjw

7C<na3 fYe- BLU�,j RN I�j3N,w �N0 njCICjw 0n3 jR NnL$3a R8 Un$IC, U�jj3aNcY

i@3 njCICjw. CIIncja�j30 CN 7C<na3 fYe$ CN,a3�c3c cIC<@jIw sCj@ j@3 CN,a3�c3 CN j@3 NnL$3a R8 Un$IC,
U�jj3aNcY Bj Cc NRj3sRaj@w j@�j j@3 njCICjw Cc L3�cna30 CN j3aLc R8 L�uCLnL URccC$I3 njCICjwY i@3
L�CN a3�cRN Cc j@�j j@3 NnL$3a R8 U�jj3aNc j@�j 0R NRj L�j,@ 03,a3�c3c sCj@ �N CN,a3�c3 CN L�j,@3cY
i@3a38Ra3. L�Nw L�j,@3c R8 UaCq�j3 U�jj3aNc sCII a3cnIj CN I3cc 8�Ic3 URcCjCq3cY �NRj@3a a3�cRN Cc
j@�j j@3a3 �a3 jsR Un$IC, U�jj3aNc j@�j L�j,@ CN IRjc R8 sCN0Rsc $nj R8j3N ,�NNRj $3 Ua3c3aq30Y i@Cc
CN�n3N,3 Cc a30n,30 sCj@ CN,a3�c3 CN j@3 NnL$3a R8 L�j,@30 Un$IC, U�jj3aNcY

fYkYl �aaCq�I `�j3

�aaCq�I a�j3 03~N3c j@3 a�j3 �j s@C,@ jsR ,RNc3,njCq3 3q3Njc �aaCq3Y HRs �aaCq�I a�j3 @�c � N3<�jCq3
3{3,j RN j@3 I�j3N,w. �c 7C<na3 fY4� CN0C,�j3cY B8 j@3 �aaCq�I a�j3 Cc RN3 c3,RN0 Ra @C<@3a. j@3 I�j3N,w
<3jc 3ICLCN�j30 8Ra N3�aIw �II sCN0RscY rCj@ �N �aaCq�I a�j3 R8 zY9 c3,RN0c. j@Cc Cc j@3 ,�c3 sCj@
�UUaRuCL�j3Iw ezX R8 j@3 sCN0RscY

i@3 3uUI�N�jCRN Cc j@�j j@3 jCL3. j@�j j@3 a3Ra03aCN< cn$aRnjCN3 N330c �N0 j@3 jCL3 s@3N j@3 j@a3c@RI0.
j@�j 03~N3c s@3N Cj Cc nc38nI jR cj�aj j@3 a3Ra03aCN< Cc $C< 3NRn<@ �a3 CN03U3N03Nj R8 j@3 �aaCq�I
a�j3. $nj j@3 sCN0Rs ,RLUI3j3c 8�cj3a sCj@ 8�cj �aaCqCN< 3q3NjcY � IRs �aaCq�I a�j3 �IcR 03,a3�c3c
j@3 NnL$3a R8 a3Ra03aCN<c. cCN,3 a3Ra03aCN<c ,�NNRj $3 U3a8RaL30 CN U�a�II3I �N0 Cj Lncj �Is�wc
$3 �s�Cj30 nNjCI j@3 Ua3qCRnc a3Ra03aCN< @�c $33N ,RLUI3j30 jR cj�aj � N3s RN3 CN ,�c3 R8 LnIjCUI3
a3Ra03aCN<cY
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fYk 2q�In�jCRN R8 j@3 bU3,nI�jCq3 `3Ra03aCN< bja�j3<w

V�W H�j3N,w V$W mjCICjw

7C<na3 fY4- BLU�,j R8 �aaCq�I a�j3 RN I�j3N,w �N0 njCICjw

i@3 �aaCq�I a�j3 @�c NR NRj3sRaj@w CN�n3N,3 RN j@3 njCICjw j@�j Cc c@RsN CN 7C<na3 fY4$Y Q$qCcRnIw
j@3 �aaCq�I a�j3 @�c NR CLU�,j RN j@3 NRNAcU3,nI�jCq3 a3Ra03aCN< cja�j3<wY

fYkYk i@a3c@RI0

i@3 j@a3c@RI0 j@�j Cc nc30 CN �I<RaCj@L 9YS 03~N3c s@3N jR cj�aj a3Ra03aCN< �j j@3 3�aIC3cjY �
@C<@ j@a3c@RI0 a3Ua3c3Njc j@�j j@3 a3Ra03aCN<c �a3 U3a8RaL30 I�j3a. �N0 j@Cc ,�nc3c j@3 jCL3 j�G3N
8Ra a3Ra03aCN< jR 3u,330 �8j3a j@3 3N0 R8 j@3 sCN0Rs �N0 @3N,3 CN,a3�c3 j@3 I�j3N,wY i@Cc Cc �IcR
CIIncja�j30 $w 7C<na3 fYO�Y ?Rs3q3a. nN03a j@3 j3cj30 ,RN0CjCRNc. j@3 a3cnIjc c@Rs j@�j nU jR zY49
j@3 j@a3c@RI0 @�c NR qCcC$I3 CN�n3N,3 RN j@3 I�j3N,wY i@Cc CLUIC3c j@�j j@3 a3L�CNCN< jCL3 CN j@3
sCN0Rs Cc cn|,C3Nj jR ,RLUI3j3 j@3 a3Ra03aCN<Y

V�W H�j3N,w V$W mjCICjw

7C<na3 fYO- BLU�,j R8 j@a3c@RI0 RN I�j3N,w �N0 njCICjw

7C<na3 fYO$ c@Rsc j@3 njCICjw 8Ra 0C{3a3Nj j@a3c@RI0c CN j3aLc R8 L�uCLnL URccC$I3 njCICjwY i@3
j@a3c@RI0 @�c NR cC<NC~,�Nj CN�n3N,3 RN j@Cc a3cnIjY Bj Cc RNIw jR 0Cc,Rq3a j@�j j@3 $C<<3cj j@a3c@RI0
R8 zYO9 IRs3ac j@3 njCICjw � $CjY

:e



f 2q�In�jCRN

7C<na3 fYSz- BLU�,j R8 j@a3c@RI0 RN ,RLUnj�jCRN jCL3

i@3 CLU�,j R8 j@3 j@a3c@RI0 ,�N $3 c33N LRcj cjaRN<Iw CN j@3 ,RLUnj�jCRN jCL3. �c CIIncja�j30 $w
7C<na3 fYSzY i@3 @C<@3a j@3 j@a3c@RI0. j@3 IRs3a j@3 ,RLUnj�jCRN jCL3Y 2q3N sCj@ � q3aw @C<@
j@a3c@RI0. j@3 ,RLUnj�jCRN jCL3 Cc cjCII @C<@3a j@�N sCj@ j@3 NRNAcU3,nI�jCq3 �UUaR�,@Y +RNcC03aCN<
j@�j � IRs j@a3c@RI0 @�c NR cC<NC~,�Nj �0q�Nj�<3c. $nj L�ccCq3Iw CN,a3�c3c j@3 NnL$3a R8 a3Ra03aCN<c
�N0 j@nc j@3 ,RLUnj�jCRN jCL3. Cj Cc CLURaj�Nj jR �0Encj j@Cc q�In3 �,,Ra0CN<Iw jR j@3 nc3 ,�c3 jR
3|,C3NjIw a30n,3 I�j3N,wY i@3 j@a3c@RI0 8Ra j@3 NRNAcU3,nI�jCq3 a3Ra03aCN< ,�NNRj $3 3q�In�j30. �c
j@3a3 Cc NR j@a3c@RI0 U�a�L3j3aY

fYkY: QNIw QN3 `3Ra03aCN<

i@3 �0q�Nj�<3 sCj@ j@3 LR0C~30 cU3,nI�jCq3 a3Ra03aCN< �I<RaCj@L j@�j a3Ra03ac RNIw RN3 jCL3 Cc.
j@�j Cj ,RNcnL3c Ln,@ I3cc ,RLUnj�jCRN jCL3. $nj @�c j@3 0RsNcC03 j@�j Cj Cc NRj �$I3 jR Ua3c3aq3
[Rb CN �II sCN0RscY i@3 IRs ,RLUnj�jCRN jCL3 Cc ,RN~aL30 $w 7C<na3 fYSSY 7Ra j@Cc ~<na3. RNIw
sCN0Rsc s3a3 ,RNcC03a30 s@C,@ 0C0 NRj I3�0 jR � jCL3Rnj Ra Rj@3a 3aaRa CN �II j@a33 j3cj30 L3j@R0cY
i@3 3uUI�N�jCRN 8Ra j@3 ,RLUnj�jCRNA8aC3N0ICN3cc R8 j@3 LR0C~30 cU3,nI�jCq3 cja�j3<w Cc �<�CN j@�j
Ln,@ jCL3 Cc c�q30 $w RNIw a3Ra03aCN< � cn$c3j R8 j@3 sCN0RsY KRa3Rq3a. ,RLUnj�jCRN jCL3 Cc c�q30
$w RNIw a3Ra03aCN< RN,3Y

QN �q3a�<3 j@3 I�cj a3Ra03aCN< sCj@ � j@a3c@RI0 R8 zY49 j�G3c UI�,3c �8j3a ekY4X R8 j@3 sCN0Rs
Cc �q�CI�$I3. j@�j Cc 3�aIC3a j@�N sCj@ j@3 NRaL�I cU3,nI�jCq3 a3Ra03aCN< cja�j3<wY i@3a3 Cc �IcR �N
CLUaRq3L3Nj CN I�j3N,w. s@C,@ sCj@ zY9lc Cc �UUaRuCL�j3Iw jsR jCL3c I3ccY 7naj@3aLRa3. 4OY:X R8
j@3 sCN0Rsc @�q3 NR I�j3N,w �j �II. ,RLU�a30 jR 4kYlX sCj@ j@3 cj�N0�a0 cU3,nI�jCq3 �I<RaCj@LY
i@3 $3jj3a I�j3N,w. @Rs3q3a. Cc 3uUI�CN30 $w j@3 8�,j j@�j �8j3a j@3 ~acj a3Ra03aCN< j@3a3 Cc NR IRN<3a
�Nw �jj3LUj jR R$j�CN j@3 [RbY rCj@ � I�a<3a j@a3c@RI0. j@3 ,RLUnj�jCRN jCL3 CN,a3�c3c sCj@ j@Cc
cja�j3<wY B8 LnIjCUI3 a3Ra03aCN<c �a3 �IIRs30. Cj Cc a3q3ac30. cR j@�j � I�a<3a j@a3c@RI0 I3�0c jR IRs3a
,RLUnj�jCRN jCL3Y
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fYk 2q�In�jCRN R8 j@3 bU3,nI�jCq3 `3Ra03aCN< bja�j3<w

7C<na3 fYSS- +RLU�aCcRN R8 ,RLUnj�jCRN jCL3

7C<na3 fYSl� c@Rsc j@3 njCICjw 8Ra 0C{3a3Nj j@a3c@RI0cY �c 3uU3,j30. sCj@ j@3 CN,a3�cCN< R8 j@a3c@RI0.
j@3 njCICjw CN,a3�c3c �c s3IIY 2q3N sCj@ j@3 @C<@3cj j@a3c@RI0 R8 zYO9. s@C,@ a3Ua3c3Njc j@�j CN I3cc
j@�N 9X R8 j@3 Ua30C,jCRN �j I3�cj RN3 UaCq�j3 U�jj3aN s�c Ua30C,j30 CN,Raa3,jIw. j@3 njCICjw sCj@
ezX Cc c33LCN<Iw nN03a j@3 njCICjw R8 j@3 NRNAcU3,nI�jCq3 �I<RaCj@LY �NRj@3a a3�cRN 8Ra j@�j CN
�00CjCRN jR j@3 URccC$CICjw R8 CN�,,na�j3 Ua30C,jCRNc Cc j@�j 3q3Njc. j@�j s3a3 nNGNRsN �j j@3 jCL3
R8 j@3 a3Ra03aCN< cRL3jCL3c nNCNj3NjCRN�IIw ,RLUI3j3 � UaCq�j3 U�jj3aNY i@3 IRs3a j@3 j@a3c@RI0.
j@3 LRa3 8a3\n3NjIw j@3c3 jsR UaR$I3Lc R,,naY i@3 UaR$�$CICjw 8Ra N3<�jCq3 njCICjw Cc cC<NC~,�NjIw
@C<@3a 8Ra j@3 LR0C~30 cU3,nI�jCq3 cja�j3<w j@�N 8Ra j@3 NRNAcU3,nI�jCq3 cja�j3<w. �c 7C<na3 fYSl$
CN0C,�j3cY MRj3 j@�j j@Cc ~<na3 �IcR ,RNcC03ac ,�c3c. s@3a3 j@3 a3Ra03aCN< aRnjCN3 8�CI30 $3,�nc3 R8
�N 3aaRa CN j@3 a3Ra03a cn$aRnjCN3Y

V�W mjCICjw V$W M3<�jCq3 njCICjw

7C<na3 fYSl- +RLU�aCcRN R8 njCICjw

:O



f 2q�In�jCRN

fYkY9 rCN0RsAbCy3

i@3 I�cj U�a�L3j3a jR $3 3q�In�j30 Cc j@3 sCN0RsAcCy3Y 7Ra sCN0RsAcCy3c R8 9z.Szz �N0 lzz. c3U�a�j3
U�jj3aNc s3a3 ,a3�j30. s@C,@ RN �q3a�<3 �a3 R8 j@3 c�L3 I3N<j@ �N0 L�j,@ CN j@3 c�L3 NnL$3a
R8 sCN0RscY Bj Cc CLURaj�Nj j@�j j@3 cU3,nI�jCq3 cja�j3<w �IcR sRaGc sCj@ L30CnL �N0 I�a<3 cCy3
sCN0Rsc cCN,3 j@3 NRNAcU3,nI�jCq3 a3Ra03aCN< cja�j3<w Cc �Ia3�0w 8�cj sCj@ cL�II RN3cY Bj Cc NRjC,3�$I3
j@�j sCj@ � sCN0RsAcCy3 R8 lzz. j@3 a3Ra03aCN< cn$aRnjCN3 R8j3N 8�CIc sCj@ $Rj@ cja�j3<C3cY rCj@ �
sCN0RsAcCy3 R8 Szz. j@Cc RNIw @�UU3Nc CN 9Y:X R8 j@3 ,�c3c �N0 sCj@ 9z CN �ILRcj NRN3Y rCj@ �II
j@a33 cCy3c. Cj Cc � $Cj LRa3 ,RLLRN 8Ra j@3 NRNAcU3,nI�jCq3 q�aC�NjY i@3c3 a3cnIjc �a3 CIIncja�j30 $w
7C<na3 fYSkY

7C<na3 fYSk- BLU�,j R8 sCN0RsAcCy3 RN 3aaRa UaR$�$CICjw

i@3 �q3a�<3 ,RLUnj�jCRN jCL3 8Ra j@3 sCN0RsAcCy3 Cc c@RsN $w 7C<na3 fYS:�Y `3L3L$3a j@�j 8Ra
j@Cc ,@�aj. �II ,�c3c sCj@ 3aaRac @�q3 $33N ~Ij3a30 RnjY i@3 ,RLUnj�jCRN jCL3 8Ra j@3 cCy3 lzz Cc
j@3 $C<<3cj $w 8�aY r@CI3 j@3 NRNAcU3,nI�jCq3 cja�j3<w a3\nCa3c I3cc ,RLUnjCN< j@�N j@3 Rj@3a jsR
cCy3c. j@3 RUURcCj3 Cc jan3 8Ra j@3 I�a<3cj j3cj30 sCN0RsAcCy3. s@3a3 j@3 cU3,nI�jCq3 �UUaR�,@ Cc LRa3
3|,C3NjY � ,IRc3a IRRG �j j@3 3uU3aCL3Nj a3q3�Ic j@�j j@3 a3Ra03aCN< UaR,30na3 N330c �N nNncn�IIw
IRN< jCL3 sCj@ j@3 I�a<3cj sCN0RsAcCy3Y i@Cc 3{3,j Cc � $Cj I3cc sCj@ j@3 cU3,nI�jCq3 q3acCRN $3,�nc3
Cj a3Ra03ac RN �q3a�<3 sCj@ elX R8 j@3 3q3NjcY

7C<na3 fYS:$ c@Rsc j@�j sCj@ �II j@a33 sCN0RsAcCy3c j@3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<w Cc �$I3
jR ,RLUI3j3Iw 3ICLCN�j3 j@3 I�j3N,w 8Ra Rq3a 4zX R8 j@3 sCN0RscY i@Cc Cc LRcj 3{3,jCq3 sCj@ j@3
cL�II3cj sCN0RsAcCy3 R8 9z 3q3Njc. s@3a3$w RN j@3 RN3 @�N0 I3cc jCL3 8Ra a3Ra03aCN< Cc �q�CI�$I3.
$nj RN j@3 Rj@3a @�N0. � cCN<I3 a3Ra03aCN< Cc U3a8RaL30 q3aw 8�cj. s@C,@ Cc �N 3cc3NjC�I $3N3~jY
i@3 Rj@3a jsR sCN0RsAcCy3c �a3 �$Rnj j@3 c�L3. �Ij@Rn<@ j@3w 0C{3a CN j@�j sCj@ Szz 3q3Njc U3a
sCN0Rs I3cc ,RLUnj�jCRN jCL3 Cc N33030. s@CI3 sCj@ lzz 3q3Njc j@3a3 Cc LRa3 jCL3 jR ,RLUI3j3 j@3
a3Ra03aCN< $38Ra3 j@3 I�cj 3q3Nj R8 j@3 sCN0Rs �aaCq3cY

/3cUCj3 j@3 8�,j j@�j �II j@a33 sCN0RsAcCy3c �a3 j3cj30 RN cIC<@jIw 0C{3a3Nj ,RN0CjCRNc. NR NRjC,3�$I3
0C{3a3N,3 ,�N $3 c33N CN j@3 njCICjw. j@�j Cc cIC<@jIw Rq3a 4zX sCj@ �II sCN0RsAcCy3cY
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fYk 2q�In�jCRN R8 j@3 bU3,nI�jCq3 `3Ra03aCN< bja�j3<w

V�W +RLUnj�jCRN jCL3 V$W H�j3N,w

7C<na3 fYS:- BLU�,j R8 sCN0RsAcCy3 RN ,RLUnj�jCRN jCL3 �N0 I�j3N,w

fYkYf HCLCj�jCRNc

�Ij@Rn<@ j@3 3q�In�jCRN c@Rsc j@�j j@3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<w Cc 3{3,jCq3 jR Ua3c3aq3
UaCq�,w. Cj �IcR @�c cRL3 ICLCj�jCRNc. j@�j s3 0Cc,ncc $aC3�w CN j@Cc c3,jCRNY

7�CICN< R8 j@3 `3Ra03aCN< bn$aRnjCN3

rCj@ j@3 sCN0RsAcCy3 �N0 j@3 ,RLUI3uCjw R8 j@3 U�jj3aNc. j@3 UaR$�$CICjw R8 j@Cc UaR$I3L CN,a3�c3c
0a�L�jC,�IIwY 2cU3,C�IIw 0naCN< j@3 j3cj sCj@ � sCN0RsAcCy3 R8 lzz 3q3Njc. j@Cc $3,�L3 qCcC$I3Y
rCj@ j@3 cU3,nI�jCq3 �I<RaCj@L. j@Cc UaR$I3L R,,nac I3cc 8a3\n3NjIw j@�N sCj@ j@3 NRNAcU3,nI�jCq3
RN3. $nj Cj cjCII @�c �N 3NRaLRnc CLU�,j RN j@3 Rq3a�II a3cnIjY � jCL3Rnj 3u,3UjCRN �IcR sRac3Nc j@3
I�j3N,w �N0 ,RLUnjCN< jCL3. s@C,@ Cc CN,a3�c30 $w j@3 8�,j j@�j � N3s a3Ra03aCN< �jj3LUj Cc cj�aj30
�8j3as�a0Y

BN Ra03a jR L�G3 j@3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<w sRaG CN Ua�,jC,3 8Ra LRa3 ,RLUI3u j�cGc. j@Cc
UaR$I3L Lncj $3 cRIq30Y � cCLUI3 cRInjCRN sRnI0 $3 jR ,@3,G CN �0q�N,3 s@3j@3a � a3Ra03aCN< Cc
URccC$I3 Ra NRjY bCN,3 j@3 8�CIna3 Cc R8j3N a3I�j30 jR j@3 NnL$3a R8 3q3Nj U�Cac j@�j ,�N $3 3u,@�N<30.
j@Cc c@RnI0 $3 3�cw jR CLUI3L3Nj $nj 0R3c NRj cRIq3 j@3 UaR$I3L j@�j Cj cC<NC~,�NjIw a30n,3c j@3
3uU3,j30 njCICjwY i@3 $3jj3a �N0 LRa3 3I�$Ra�j3 cRInjCRN sRnI0 $3 jR L�G3 j@3 a3Ra03aCN< cn$aRnjCN3
LRa3 3|,C3Nj cR j@�j Cj ,�N @�N0I3 LRa3 ,RLUI3u 3q3Nj cja3�LcY i@3 ,naa3Nj CLUI3L3Nj�jCRN
�Is�wc 03ICq3ac j@3 $3cj URccC$I3 cRInjCRNY i@Cc ,RnI0 $3 cR8j3N30 cR j@�j j@3 �I<RaCj@L R{3ac nN03a
,@�II3N<CN< ,�c3c �Nw cRInjCRN CNcj3�0 R8 NRN3 �j �IIY

/�j�c3j

r@�j L�G3c ncCN< j@3 cU3,nI�jCq3 q�aC�Nj LRa3 ,RLUIC,�j30 jR nc3 CN Ua�,jC,3 j@�N j@3 NRNA
cU3,nI�jCq3 RN3 Cc j@�j 8Ra 3�,@ nc3 ,�c3 � a3�I 0�j�c3j ,RNcCcjCN< R8 � IRN< 3q3Nj cja3�L Cc N33030Y
i@3 Ua30C,jCRN LR03I Lncj ~acj $3 ja�CN30 sCj@ j@Cc 0�j�c3j $38Ra3 Cj ,�N $3 nc30Y i@3 ja�CNCN< ,�N
j�G3 c3q3a�I @Rnac C8 � IRj R8 j3cj 0�j� Cc �q�CI�$I3Y B8 RN j@3 ,RNja�aw. Cj Cc ja�CN30 sCj@ � cL�II 3q3Nj
cja3�L. Cj Cc UaRURajCRN�IIw 8�cj3a $nj @�c � N3<�jCq3 3{3,j RN j@3 �,,na�,wY
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f 2q�In�jCRN

�c � ,RNc3\n3N,3. j@3 3{Raj CNqRIq30 CN ja�CNCN< j@3 LR03I L�03 Cj ,RLUIC,�j30 jR U3a8RaL j@3
CN0CqC0n�I 3q�In�jCRNc. j@�j Cc s@w RNIw j@a33 sCN0RsAcCy3c �N0 nU j@a33 UaCq�j3 U�jj3aNc s3a3 j3cj30Y
i@Cc ,�N $3 3ICLCN�j30 sCj@ �N RNICN3 ja�CNCN< cwcj3L �c � 8njna3 sRaG CNcj3�0 R8 �N R{ICN3 cwcj3L
LR03IY

TaR<a�LLCN< H�N<n�<3c

H�a<3 U�ajc R8 j@3 ,R03 �a3 UaR<a�LL30 sCj@ Twj@RN. s@C,@ Cc cIRs ,RLU�a30 jR L�Nw Rj@3a
UaR<a�LLCN< I�N<n�<3cY �IcR. j@3 8�,j j@�j j@3 a3Ra03aCN< cn$aRnjCN3 s�c CLUI3L3Nj30 �c � c3aq3a
�UUIC,�jCRN. 8nI~IIc j@3 UnaURc3 �c � UaRjRjwU3. $nj j@3 s@RI3 cU3,nI�jCq3 a3Ra03aCN< cja�j3<w ,RnI0
@�q3 $33N 3q3N 8�cj3aY MRj3 j@�j j@3 Ua30C,jCRN LR03I s�c �IcR UaR<a�LL30 sCj@ Uwj@RN. $nj j@3
nc30 IC$a�aC3c ,RNcCcj LRcjIw R8 + �N0 +ZZ ,R03. s@C,@ L�G3c Cj 3|,C3NjY
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i@3 NnL$3a R8 BRi 03qC,3c �N0 j@3Ca ,Raa3cURN0CN< �UUIC,�jCRNc @�q3 CN,a3�c30 3NRaLRncIw CN
a3,3Nj w3�acY i@3c3 03qC,3c ,RII3,j 0�j�. s@C,@ Cc j@3N UaR,3cc30 $w +2T �UUIC,�jCRNc. ,�ncCN< j@3
UaR$I3L j@�j UaCq�j3 CN8RaL�jCRN Cc a3q3�I30 CN j@3 8RaL R8 U�jj3aNcY

BN j@Cc j@3cCc. s3 UaRURc30 � I�j3N,wARUjCLCy30 cU3,nI�jCq3 a3Ra03aCN< cja�j3<w. j@�j ,RN,3�Ic j@3c3
UaCq�j3 U�jj3aNc CN sCN0Rsc R8 3q3Njc. $38Ra3 j@3 0�j� I3�q3c j@3 jancj30 3NqCaRNL3NjY iR 0R cR.
s3 3uj3N030 j@3 a3Ra03aCN< �UUaR�,@ $w T�I�NCc�Lw 3j �IY )T/i`S4*. s@C,@ @�c jR s�Cj nNjCI �II
3q3Njc R8 j@3 ,naa3Nj sCN0Rs �a3 GNRsNY Qna �UUaR�,@ ,�N UaR,3cc �N CN,RLUI3j3 sCN0Rs cR
j@�j �II cn$c3\n3Nj 3q3Njc ,�N cCLUIw $3 �UU3N030 jR j@�j CNj3aL30C�j3 a3cnIjY i@3 C03� Cc j@�j j@Cc
3ICLCN�j3c Ra a30n,3c I�j3N,wY iR 3{3,jCq3Iw ,RN,3�I j@3 UaCq�j3 U�jj3aNc R8 � U�ajC�I sCN0Rs. j@3
CN8RaL�jCRN Cc N33030 8Ra 3�,@ U�jj3aN s@3j@3a Cj sCII L�j,@ CN j@3 ,RLUI3j3 sCN0Rs Ra NRjY 7Ra
j@Cc UnaURc3. s3 03q3IRU30 � /33U M3na�I M3jsRaG. s@C,@ ,RNcnL3c 3q3Njc R8 �N 3q3Nj cja3�L
�N0 RnjUnjc j@3 L�j,@CN< UaR$�$CICjC3c 8Ra �II U�jj3aNcY r3 c@Rs30 j@�j sCj@ � cn|,C3Nj NnL$3a R8
�q�CI�$I3 3q3Njc. j@Cc Ua30C,jCRN LR03I ,�N L�G3 �,,na�j3 Ua30C,jCRNc. 3q3N 8Ra I�a<3 sCN0RsAcCy3cY
i@3c3 q�In3c �a3 nc30 jR ,�I,nI�j3 � ,RN~03N,3 c,Ra3 j@�j 03,C03c s@3N Cj Cc �N RUjCL�I jCL3 jR cj�aj
j@3 a3Ra03aCN<Y B8 j@3 8Ra3,�cjc 0R NRj ,RL3 jan3 I�j3a. Ra 8Ra �Nw Rj@3a a3�cRN j@3 UaCq�,w ,�NNRj $3
Ua3c3aq30. � 8naj@3a a3Ra03aCN< Cc N3,3cc�awY

rCj@ j@3 3q3Nj cja3�L R8 � a3�IAsRaI0 0�j�c3j. s3 ,RLU�a30 j@Cc �UUaR�,@ sCj@ j@3 NRNAcU3,nI�jCq3
cja�j3<wY BN 8�,j. s3 @�q3 c@RsN j@�j j@3 I�j3N,w. s@C,@ Cc jCL3 �8j3a ,RLUI3jCRN R8 j@3 sCN0Rs
j@�j Cc �00CjCRN�IIw a3\nCa30 8Ra UaR,3ccCN< Cc ,RLUI3j3Iw 3ICLCN�j30 CN 4kYlX R8 j@3 sCN0RscY BN
j@3 a3L�CNCN< ,�c3c. I�j3N,w Cc R8j3N a30n,30 ,RLU�a30 jR j@3 NRNAcU3,nI�jCq3 �UUaR�,@Y 7naj@3a
�0q�Nj�<3c �a3 j@�j j@3 [Rb Cc cIC<@jIw @C<@3a �N0 j@3 NnL$3a R8 8�Ic3 URcCjCq3c Cc � ICjjI3 IRs3a. s@C,@
@�c jR 0R sCj@ j@3 8�,j j@�j RNIw � cn$c3j R8 j@3 sCN0Rs Cc nc30 8Ra a3Ra03aCN< �N0 j@3 a3L�CNCN<
3q3Njc a3L�CN nNjRn,@30Y i@Cc �IcR L�G3c � cCN<I3 a3Ra03aCN< 8�cj3a. $nj j@Cc Cc NRj j@3 ,�c3 8Ra j@3
3NjCa3 �I<RaCj@L cCN,3 cRL3jCL3c c3q3a�I a3Ra03aCN<c �a3 N3,3cc�aw 8Ra j@3 cU3,nI�jCq3 q�aC�NjY i@3
Rq3a@3�0 ,�nc30 $w j@3 Ua30C,jCRNc �N0 j@3 Ua3AUaR,3ccCN< Cc cR IRs j@�j Cj ,�N $3 �ILRcj N3<I3,j30Y
� cC<NC~,�Nj CLU�,j @�c j@3 ,RN~03N,3 j@a3c@RI0. s@C,@ 03,C03c s@3N jR cj�aj j@3 a3Ra03aCN<Y B8 j@Cc
Cc jRR IRs. Ln,@ UaR,3ccRa jCL3 sCII $3 nc30 nNN3,3cc�aCIw. �N0 C8 Cj Cc jRR @C<@. Cj @�c N3<�jCq3 3{3,jc
RN j@3 I�j3N,wY i@nc �N RUjCL�I q�In3 c@RnI0 $3 ,@Rc3N 8Ra j@3 a3cU3,jCq3 �UUIC,�jCRNY 7naj@3aLRa3.
Rna �UUaR�,@ cIC<@jIw a30n,3c j@3 aCcG R8 I�a<3 sCN0Rsc I3�0CN< jR � jCL3Rnj s@3a3 UaCq�j3 U�jj3aNc
,RnI0 $3 a3q3�I30. ,RLU�a30 jR j@3 NRNAcU3,nI�jCq3 cja�j3<wY

r3 �IcR Ua3c3Nj30 � LR0C~30 q3acCRN R8 j@3 cja�j3<w j@�j RNIw a3Ra03a30 RN,3. a3cnIjCN< CN qCcC$Iw
I3cc ,RLUnj�jCRN jCL3 $3CN< a3\nCa30 j@�N sCj@ j@3 NRNAcU3,nI�jCq3 q�aC�Nj. $nj a30n,3c [RbY i@Cc
Cc 3cU3,C�IIw cnCj�$I3 8Ra BRi 03qC,3c j@�j @�q3 � cL�II UaR,3ccRa Ra $�jj3awY
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e +RN,IncCRN

eYS 7njna3 rRaG

i@3 3q�In�jCRNc CN0C,�j30 j@�j Rna cU3,nI�jCq3 a3Ra03aCN< cja�j3<w @�c <a3�j URj3NjC�I jR 3Ncna3
UaCq�,w CN BRi �UUIC,�jCRNc sCj@ ICjjI3 I�j3N,wY � IR<C,�I 8naj@3a cj3U jR 03LRNcja�j3 j@3 Ua�,jC,�I
cnCj�$CICjw Cc jR j3cj Cj CN � a3�I nc3A,�c3. CY3Y. �c U�aj R8 � ,RLUI3j3 +2T cwcj3L j@�j a3,3Cq3c 0�j� CN a3�I
jCL3 �N0 RU3a�j3c � a3�I c3aqC,3Y #w a3CLUI3L3NjCN< j@3 3NjCa3 �I<RaCj@L. CN,In0CN< j@3 a3Ra03aCN<
cn$aRnjCN3 sCj@ � 8�cj3a UaR<a�LLCN< I�N<n�<3 cn,@ �c +ZZ. U3a8RaL�N,3 ,RnI0 $3 cC<NC~,�NjIw
CLUaRq30. s@C,@ sRnI0. CN U�ajC,nI�a. 3N@�N,3 nc3 CN ,RLLRN BRi 03qC,3cY i@3a38Ra3. Cj sRnI0 $3
3cc3NjC�I jR a3�ICy3 RN3 R8 j@3 Ua3c3Nj30 cRInjCRNc �<�CNcj jCL3Rnjc �N0 RnjAR8AL3LRawA3u,3UjCRNcY

Bj sRnI0 L�G3 c3Nc3 jR 3uj3N0 j@3 T�+ ,RLURN3Nj j@�j CN,In03c j@3 a3Ra03aCN< �I<RaCj@L jR �
nNCq3ac�I UaCq�,w UaRj3,jCRN ,RLURN3Nj j@�j ,�N @�N0I3 8naj@3a +2T RU3a�jRac j@�N c3\n3N,3. 3Y<Y.
,RNEnN,jCRNY �,,3cc ,RNjaRI c@RnI0 $3 NRj RNIw �q�CI�$I3 �j U�jj3aNAI3q3I. $nj �IcR 8Ra cCN<I3 3q3Njc
�N0 �jjaC$nj3cY bCN,3 � cCN<I3 3q3Nj ,�NNRj $3 ,RN,3�I30 $w a3Ra03aCN<. � cnUUa3ccCRN �UUaR�,@
,RnI0 $3 nc30 8Ra j@�jY KRa3Rq3a. Cj Lncj $3 ,RNcC03a30. j@�j 3q3Njc �a3 R8j3N �ccR,C�j30 sCj@ �
q�In3. 3Y<Y. �N 3q3Nj <3N3a�j30 8aRL � j3LU3a�jna3 c3NcRa ,RNj�CNc � j3LU3a�jna3 q�In3. j@�j ,RnI0
�IcR a3q3�I UaCq�j3 CN8RaL�jCRNY

i@3 nc30 a3Ra03aCN< �I<RaCj@L L�G3c j@3 jCL3 cj�LUc R8 j@3 LR0C~30 3q3Nj cja3�L IRRG a3�ICcjC,.
$nj CN ,RNja�cj jR j@3 U�U3a R8 j@3 NRNAcU3,nI�jCq3 a3Ra03aCN<. s3 0C0 NRj ,RNcC03a �N �0q3ac�aw j@�j
jaC3c jR a3,R<NCy3 j@�j � UaCq�j3 U�jj3aN s�c a3LRq30Y 2cU3,C�IIw � L3,@�NCcL �<�CNcj +�nc�I Ra03a
,RNcja�CNj �jj�,Gc )T/i`S4* sRnI0 $3 nc38nIY
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#C$ICR<a�U@w

)���ZSf* /Y �LR03C. bY �N�Nj@�N�a�w�N�N. `Y �Nn$@�C. DY #�C. 2Y #�jj3N$3a<. +Y +�c3.
DY +�cU3a. #Y +�j�Ny�aR. [Y +@3N<. ;Y +@3N. 3j �IY Ȓ/33U cU33,@ l- 2N0AjRA3N0
cU33,@ a3,R<NCjCRN CN 3N<ICc@ �N0 L�N0�aCNȓY BN- BNj3aN�jCRN�I +RN83a3N,3 RN K�A
,@CN3 H3�aNCN<Y lzSf. UUY SekĢS4l V,CjY RN UY SOWY

)��TSe* 2Y �I3qCyRc. �Y �ajCGCc. ;Y T�ICRna�cY Ȓ2q3Nj 8Ra3,�cjCN< sCj@ U�jj3aN L�aGRq ,@�CNcȓY
BN- TaR,330CN<c R8 j@3 SSj@ �+K BNj3aN�jCRN�I +RN83a3N,3 RN /CcjaC$nj30 �N0 2q3NjA
$�c30 bwcj3LcY �+KY lzSe. UUY S:fĢS9e V,CjY RN UY S:WY

)#b7O:* vY #3N<CR. TY bCL�a0. TY 7a�c,RNCY ȒH3�aNCN< IRN<Aj3aL 03U3N03N,C3c sCj@ <a�0C3Nj
03c,3Nj Cc 0C|,nIjȓY BN- B222 ja�Nc�,jCRNc RN N3na�I N3jsRaGc 9Yl VSOO:W. UUY S9eĢ
Sff V,CjY RN UY SOWY

)+#bZSf* 2Y +@RC. KY iY #�@�0RaC. �Y b,@n3jy. rY 7Y bj3s�aj. DY bnNY Ȓ/R,jRa �C- Ta30C,jCN<
,ICNC,�I 3q3Njc qC� a3,naa3Nj N3na�I N3jsRaGcȓY BN- K�,@CN3 H3�aNCN< 8Ra ?3�Ij@,�a3
+RN83a3N,3Y lzSf. UUY kzSĢkS4 V,CjY RN UY SkWY

)+;+#S:* DY +@nN<. +Y ;nI,3@a3. FY +@R. vY #3N<CRY Ȓ2LUCaC,�I 3q�In�jCRN R8 <�j30 a3,naa3Nj
N3na�I N3jsRaGc RN c3\n3N,3 LR03ICN<ȓY BN- �atCq Ua3UaCNj �atCq-S:SlYk999 VlzS:W
V,CjY RN UY S:WY

)+KSl* ;Y +n<RI�. �Y K�a<�a�Y ȒTaR,3ccCN< �Rsc R8 CN8RaL�jCRN- 7aRL 0�j� cja3�L jR
,RLUI3u 3q3Nj UaR,3ccCN<ȓY BN- �+K +RLUnjCN< bnaq3wc V+bm`W ::Yk VlzSlW. UY S9
V,CjY RN UUY S9. SfWY

)200O4* bY `Y 200wY ȒTaR~I3 @C003N K�aGRq LR03IcYȓ BN- #CRCN8RaL�jC,c VQu8Ra0. 2N<I�N0W
S:YO VSOO4W. UUY e99Ģefk V,CjY RN UY S:WY

)7HDZSe* bY 7�w3. MY HRnq3jRN. bY D�8�aN3E�0. `Y Fawq,@3NGR. iY 2N<3IY Ȓ�N QU3N /�j�c3j 8Ra
?nL�N �,jCqCjw �N�IwcCc ncCN< bL�aj /3qC,3cȓY BN- VlzSeW V,CjY RN UY kOWY

);b+OO* 7Y �Y ;3ac. DY b,@LC0@n$3a. 7Y +nLLCNcY ȒH3�aNCN< jR 8Ra<3j- +RNjCNn�I Ua30C,jCRN
sCj@ HbiKȓY BN- VSOOOW V,CjY RN UUY S:. SO. lkWY

)?#rMSS* vY ?3. bY #�aL�N. /Y r�N<. DY 7Y M�n<@jRNY ȒQN j@3 ,RLUI3uCjw R8 UaCq�,wAUa3c3aqCN<
,RLUI3u 3q3Nj UaR,3ccCN<ȓY BN- TaR,330CN<c R8 j@3 j@CajC3j@ �+K bB;KQ/AbB;�+iA
bB;�`i cwLURcCnL RN TaCN,CUI3c R8 0�j�$�c3 cwcj3LcY �+KY lzSS. UUY Sf9ĢSe:
V,CjY RN UY SkWY

)DC�Sf* ?Y DC�Y ȒBNq3cjC<�jCRN CNjR j@3 3{3,jCq3N3cc R8 IRN< c@Raj j3aL L3LRaw N3jsRaGc 8Ra
cjR,G UaC,3 Ua30C,jCRNȓY BN- �atCq Ua3UaCNj �atCq-SfzkYze4Ok VlzSfW V,CjY RN UY SkWY

)F�aS9* �Y F�aU�j@wY Ȓi@3 nNa3�cRN�$I3 3{3,jCq3N3cc R8 a3,naa3Nj N3na�I N3jsRaGcȓY BN-
�N0a3E F�aU�j@w $IR< VlzS9W V,CjY RN UUY Sk. lSWY

)F#S:* /Y TY FCN<L�. DY #�Y Ȓ�0�L- � L3j@R0 8Ra cjR,@�cjC, RUjCLCy�jCRNȓY BN- �atCq Ua3UaCNj
�atCq-S:SlYfO4z VlzS:W V,CjY RN UY l9WY
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)Fb?Sl* �Y FaCy@3qcGw. BY bnjcG3q3a. ;Y 2Y ?CNjRNY ȒBL�<3N3j ,I�ccC~,�jCRN sCj@ 033U ,RNqRA
InjCRN�I N3na�I N3jsRaGcȓY BN- �0q�N,3c CN N3na�I CN8RaL�jCRN UaR,3ccCN< cwcj3LcY
lzSl. UUY SzOeĢSSz9 V,CjY RN UY SOWY

)H33S4* KY /Y H33 `�CNC3Y 9Y b,3N�aCR- �njR CNcna�N,3 0Cc,RnNjc �N0 LRNCjRaCN<Y lzSf
V�,,3cc30 �n<ncj Sf. lzS4WY ЛЁϣ- JVVR���YYY�RGYKPVGTPGV�QTI������������
UEGPCTKQ�CWVQ�KPUWTCPEG�FKUEQWPVU�CPF�OQPKVQTKPI� V,CjY RN UY SSWY

)HQrz4* DY HC. #Y +Y QRC. rY r�N<Y Ȓ�NRNwLCyCN< cja3�LCN< 0�j� 8Ra UaCq�,w UaRj3,jCRNȓY BN-
Vlzz4W V,CjY RN UY SkWY

)HtHxS9* bY H�C. HY tn. FY HCn. DY x@�RY Ȓ`3,naa3Nj +RNqRInjCRN�I M3na�I M3jsRaGc 8Ra i3uj
+I�ccC~,�jCRNYȓ BN- ���BY pRIY kkkY lzS9. UUY llfeĢllek V,CjY RN UY SOWY

)K3nSe* `Y q�N 03a K3nI3NY ;�ajN3a b�wc 4Y: #CIICRN +RNN3,j30 Ȓi@CN<cȓ rCII #3 CN mc3 CN
lzSe. mU kS T3a,3Nj 7aRL lzSf. ;�ajN3aY lzSe V,CjY RN UY SSWY

)MC3Sf* KY �Y MC3Ic3NY ȒM3na�I N3jsRaGc �N0 033U I3�aNCN< VlzS9WȓY BN- �IcR �q�CI�$I3 �j-
@jjU-ggN3na�IN3jsRaGc�N0033UI3�aNCN<Y ,RL VlzSfW V,CjY RN UUY lS. lkWY

)QI�S9* +Y QI�@Y mN03acj�N0CN<AHbiKcY lzS9 V,CjY RN UUY SOĢlSWY
)T/i`S4* bY KY T�I�NCc�Lw. 7Y /ɫaa. KY �Y i�aC\. FY `Rj@3aL3IY ȒTa3c3aqCN< TaCq�,w �N0 [n�ICjw

R8 b3aqC,3 CN +RLUI3u 2q3Nj TaR,3ccCN< j@aRn<@ 2q3Nj `3Ra03aCN<ȓY BN- TaR,330CN<c
R8 j@3 Slj@ �+K BNj3aN�jCRN�I +RN83a3N,3 RN /CcjaC$nj30 �N0 2q3NjA$�c30 bwcj3LcY
�+KY lzS4. UUY :zĢ9S V,CjY RN UUY SS. Sk. S9ĢS4. lO. kk. k:. 9k. 9:WY

)T;+ZSe* �Y T�cyG3. bY ;aRcc. bY +@CNj�I�. ;Y +@�N�N. 2Y v�N<. xY /3pCjR. xY HCN. �Y /3cL�CcRN.
HY �NjC<�. �Y H3a3aY Ȓ�njRL�jC, 0C{3a3NjC�jCRN CN UwjRa,@ȓY BN- VlzSeW V,CjY RN UY lkWY

)b,@S9* DY b,@LC0@n$3aY Ȓ/33U I3�aNCN< CN N3na�I N3jsRaGc- �N Rq3aqC3sȓY BN- M3na�I N3jA
sRaGc fS VlzS9W. UUY 49ĢSSe V,CjY RN UY SOWY

)b?FZS:* MY baCq�cj�q�. ;Y ?CNjRN. �Y FaCy@3qcGw. BY bnjcG3q3a. `Y b�I�G@nj0CNRqY Ȓ/aRURnj- �
cCLUI3 s�w jR Ua3q3Nj N3na�I N3jsRaGc 8aRL Rq3a~jjCN<ȓY BN- i@3 DRnaN�I R8 K�,@CN3
H3�aNCN< `3c3�a,@ S9YS VlzS:W. UUY SOlOĢSO94 V,CjY RN UY l9WY

)bH?ZS:* /Y bCIq3a. ;Y H3q3a. MY ?33cc. iY /3<aCc. /Y rC3acja�. KY `C30LCII3aY Ȓ/3j3aLCNCcjC,
URIC,w <a�0C3Nj �I<RaCj@LcȓY BN- B+KHY lzS: V,CjY RN UY S:WY

)r/`zf* 2Y rn. vY /C�R. bY `CyqCY Ȓ?C<@AU3a8RaL�N,3 ,RLUI3u 3q3Nj UaR,3ccCN< Rq3a cja3�LcȓY
BN- TaR,330CN<c R8 j@3 lzzf �+K bB;KQ/ CNj3aN�jCRN�I ,RN83a3N,3 RN K�N�<3L3Nj
R8 0�j�Y �+KY lzzf. UUY :zeĢ:S4 V,CjY RN UY SfWY

)r?`MSk* /Y r�N<. vY ?3. 2Y `nN03Ncj3CN3a. DY 7Y M�n<@jRNY ȒmjCICjwAL�uCLCyCN< 3q3Nj cja3�L
cnUUa3ccCRNȓY BN- TaR,330CN<c R8 j@3 lzSk �+K bB;KQ/ BNj3aN�jCRN�I +RN83a3N,3
RN K�N�<3L3Nj R8 /�j�Y �+KY lzSk. UUY 94OĢfzz V,CjY RN UY SkWY

)rCGS4* rCGCU30C�Y HRN< c@RajAj3aL L3LRaw ġ rCGCU30C�. i@3 7a33 2N,w,IRU30C�Y JVVR�
��GP�YKMKRGFKC�QTI�Y�KPFGZ�RJR!VKVNG�.QPI���UJQTV�VGTO���OGOQT[�QNFKF�

���������Y )QNICN3d �,,3cc30 lfA�n<ncjAlzS4*Y lzS4 V,CjY RN UY SOWY



/3,I�a�jCRN

B @3a3$w 03,I�a3 j@�j j@3 sRaG Ua3c3Nj30 CN j@Cc j@3cCc Cc 3NjCa3Iw
Lw RsN �N0 j@�j B 0C0 NRj nc3 �Nw Rj@3a cRna,3c �N0 a383a3N,3c
j@�N j@3 ICcj30 RN3cY B @�q3 L�aG30 �II 0Ca3,j Ra CN0Ca3,j cj�j3L3Njc
8aRL Rj@3a cRna,3c ,RNj�CN30 j@3a3CN �c \nRj�jCRNcY M3Cj@3a j@Cc
sRaG NRa cC<NC~,�Nj U�ajc R8 Cj s3a3 U�aj R8 �NRj@3a 3u�LCN�jCRN
UaR,30na3Y B @�q3 NRj Un$ICc@30 j@Cc sRaG CN s@RI3 Ra CN U�aj
$38Ra3Y i@3 3I3,jaRNC, ,RUw Cc ,RNcCcj3Nj sCj@ �II cn$LCjj30 ,RUC3cY

UI�,3. 0�j3. cC<N�jna3


