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x��hx � KNGJPH_,K G^RBA � R�SJbdc;G^RW`aw;F;MHO[S �!R \ c Y PHR�M CDCECFCECFCECECFCECFCECDCFCECECFCECFCEC x �
x�� 	 T"GJF;M;P;IaKNO[R�M PHR�S C R \ E Z KNI Z kFHIaS�CFCECECFCDCECFCECFCECECFCECFCECDCFCECECFCECFCEC x�y

x�� 	 �hx 7 `hR � ` Z K \ R�O Y G^`aRUP;R�GXI Y O[`aSJbdc?A \VYHG Y I Y O[`hS^bdc;RWM C R \ E�RICDCFCECECFCECFCEC x�y
x�� 	 � 	 > R Z F;GJS^`hoNR C R \ E�O[IhR�`abdc F;MHO[S^S �=S \ R��	R CECFCECECFCECFCECDCFCECECFCECFCEC 	HJ

x��LK T"G^K G c;`hS^bdc;R < `aM;O[KNw R+o Y M3T"IhR�`abdc F;MHO[S^S �=S \ R��	RWM kF;w R�G C R \ E�oNK G^`LK w;IaRWMMCECFCEC KON
x��LK �hx 9 � M \ K Z \ `aSJbdc;R 9 \ G^F Z \ F;G^RWM CECFCDCECFCECFCECECFCECFCECDCFCECECFCECFCEC K 	
x��LK � 	 < `aMHR 7 K \ RWM;S \ G^F Z]\ FHGmf kF;G�ONGVK G cH`aS^bdcHR C R \ E�O[IhR�`abdc F;MHO[R�M CECECFCECFCEC KOP

x�� z � Y MRQeO[F;GJ`aRWG^weKNGJR 9 bdceKNI \VZ G^RW`aSJw RWS^bdc;GJR�`awHF;M;O[RWM CFCECECFCECFCECDCFCECECFCECFCEC ���
x�� z��hx B P;P?A < oNR�M?A  R�GJO[R�S Y G \ CFCECECFCDCECFCECFCECECFCECFCECDCFCECECFCECFCEC ���
x�� z�� 	 �@KNGVKNIhIaRWIaR ��G kKSQRTUA � RWG^R�bdcHM FHM;OVCDCECFCECFCECECFCECFCECDCFCECECFCECFCEC J K

x�� � W F;SVK � �!R�MHf KNSJS^F;MHO>CECFCECECFCECFCECECFCDCECFCECFCECECFCECFCECDCFCECECFCECFCEC J P
� �YX[Z\�"!?�]$^! 0 �"! +'-/+ 4 0 �3254 0 ! = 4 0�- �%$^_ + !?��25` -/+ 2a$^!?�3��& ��( b<c

	 �hx A FHf weK F6PHR�GXc;`aRWGVKNGJbdc;`aSJbdc;R�M 7 K \ RWM;S \ G^F Z]\ F;GdCECFCECECFCECFCECDCFCECECFCECFCEC e x
	 �hx �hx < G^EWR�F;ONF;M;O!P;R�G � `hR�G^KNG^bdc;`hR�RWw RWM;R�M�CFCECFCECECFCECFCECDCFCECECFCECFCEC e x
	 �hx � 	 � KNc;I/PHR�GmKNM]_*RWM;P;weK G^R�M C R \ EWo KNGJ`LKNw;IhR�CFCECECFCECFCECDCFCECECFCECFCEC eOe
	 �hx �LK A F;SJ_�R�G \ F;M;O	P;R�G G K GVK �!R \ G^`aSJ`aRWG \ RWM A F;SJP;G kFHb Z R�CFCECDCFCECECFCECFCEC e P

	 � 	 � R�GJR�bdc;M F;M;O	P;R�Ggf R�` \ F;MHO[SJo KNGJ`LKNw;IhR�MhCFCDCECFCECFCECECFCECFCECDCFCECECFCECFCEC e y
	 � 	 �hx � R�G^IhR�` \ F;M;O
PHR�GnT"IhR�`hbdc FHM;O[R�M CDCECFCECFCECECFCECFCECDCFCECECFCECFCEC PHx
	 � 	 � 	 f kY SJF;M;O!P;R�SnTDIaR�`hbdc F;M;O[SJS � S \ R��!S9CECFCECFCECECFCECFCECDCFCECECFCECFCEC PNz
	 � 	 �LK � RW`aS G `aRWIICDCECFCECECFCECFCECECFCDCECFCECFCECECFCECFCECDCFCECECFCECFCEC P��
	 � 	 � z ieR�cHIaR�GJw RWceKNM;PHIaF;M;OiCFCECFCECECFCDCECFCECFCECECFCECFCECDCFCECECFCECFCEC P J

	 �LK W F;SVK � �!R�MHf KNSJS^F;MHO>CECFCECECFCECFCECECFCDCECFCECFCECECFCECFCECDCFCECECFCECFCEC P[y
@ =kj 2l$^!?m 8 !?254 0�+ !?� 8 & ��( c �

K��hx 7 `aR+O[G^K G c;`hS^bdc;R B w R�Gon kKNbdc;R CECFCECECFCDCECFCECFCECECFCECFCECDCFCECECFCECFCEC y 	
K��hx �hx ieF;M Z]\ ` Y MeK IaR"TDIa`hR�P;RWG^F;M;O
PHR�G B w RWGon kKNbdcHRVCECFCECFCECDCFCECECFCECFCEC y 	
K��hx � 	 TDGVK G c;`aSJbdc;R�T"GJF;M;PHf F;M Z \ ` Y MHR�M CECFCECFCECECFCECFCECDCFCECECFCECFCEC yNz
K��hx �LK � `aS^F;KNIa`hS^`aRWG^F;MHO P;R�G � `aR�G^KNG^bdcH`aR�S \ GJF Z]\ F;G�CECECFCECFCECDCFCECECFCECFCEC y��
K��hx � z 9 bdcHR��	K!P;RWG 8 M \ R�O[G^K \ ` Y MiCECECFCDCECFCECFCECECFCECFCECDCFCECECFCECFCEC yOP
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K�� 	 A MeKNI � SJRBA � R�G Z EWR�F;ONR CECFCDCECFCECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x5NNz
K�� 	 �px f Y O[` Z SJ` � F;IaK \ ` Y M CDCECFCECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x5N��
K�� 	 � 	 9 `aONMeKNIaIaKNFHf EWR�` \ KNMeKNI � S^RVCECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC xNx^N

K�� K 9 � M \ cHR�S^R A � R�G Z EWR�F;O[R CFCDCECFCECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC xNx^K
K�� K��px 9 bdc;`hbdc \ E�F]_�R�`aSJF;M;O CECFCECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC xNx^K
K�� K�� 	 � R�GJS Y GJO[F;M;O[SJM;R \ E�R CECFCECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC xNx^P
K�� K�� K T"R Y �!R \ GJ`aSJbdc;R�Sgf K � Y F \ CECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x 	 K

K�� z ? R�S \ _*RWG Z E�RWF;O[RdCECECFCECFCDCECFCECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x 	 �K�� �  Y P;` Q Z K \ ` Y M P;R�G � `aR�G^KNG^bdcH`aR CECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x 	 y
K�� � �px < T G KNM;S^` Y M6R�`aMHR�G 8 M;S \ KNM;E CFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x5KHx
K�� � � 	 T"RWR�`hO[M;R \ R"O[GVK G c;`aSJbdc;R 7 KNG^S \ R�IhIaF;MHO CFCECDCFCECFCECECFCECFCECECECECEC x5K 	K�� � � K 7 G^RWc FHM;O!o Y M 8 M;S \ KNM;E�RWM CECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x5K��
K�� � � z A FRn kY S^F;MHO	o Y M � FHS^S^RWM CECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x5K��

K�� J 7 KNS 9 �=S \ R�� ` � G GVK Z]\ `hS^bdc;RWM < `aMHSVK \ E CFCECECFCECDCFCECFCECECFCECFCECECECECEC x5K e
K�� J �px 9 bdc;M;` \^\ S \ RWIaIhR�M E�F ZNY � �!R�G^EW`aRWIaIaRWM 9 � S \ R��!R�M CFCECECFCECFCECECECECEC x5KOP
K�� J � 	 � Y M Z G^R \ R < M \ _ kF;G:f R CFCECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x�zUN
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z��px 7 RWG��<A P;` �	RWM;S^` Y MeKNIhR � kF;G:f R�I CECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x�z �

z��px��px � KNG^K �!R \ GJ`aSJ`aR�G \ R � RWS^bdc;GJR�`hw;F;M;O	P;R�G ? YOG Y I Y O[`hR CECECFCECFCECECECECEC x�z �
z��px�� 	 � KNG^KNIaIhR�IhR�S 9=Y G \ `hR�GJR�M6P;F;G^bdc�� Y IhF��	M\A 9=Y G \ CFCECFCECECFCECFCECECECECEC x �HK

z�� 	 7 KNS�� A P;` �	RWM;S^` Y MeKNIhR"T"` \^\ R�G CFCECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x � e
z�� 	 �px � KNG^K �!R \ GJ`aSJ`aR�G \ R � RWS^bdc;GJR�`hw;F;M;O	P;R�G ? YOG Y I Y O[`hR CECECFCECFCECECECECEC x � e
z�� 	 � 	 < `aM < IaR��!R�M \ KNG Z M YN\ R�M f kF;GXP;`aR  K \ GJ` T � F;I \ ` G Ia` Z K \ ` Y M CECFCECECECECEC x J x

z�� K W F;S^K � �	RWMHf KNS^SJF;M;O>CFCECFCDCECFCECECFCECFCECECFCECDCFCECFCECECFCECFCECECECECEC x J K
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��������������������-w R�EWR�`abdcHM;R \ �	KNM)P;`aR < M \ _X`hb Z IaF;M;ONS^G^`hbdc \ F;M;O�` � � R�GJR�`hbdc�P;R�G < IaR Z��
\ G Y M;` Z�� P;`aR�P;R�M�i Y G \ S^bdcHG^` \J\ P;RWG+IaR \ E \ R�M � K c;G^EWR�c;M \ RFA PH`aR�o `hR�IaEW` \ `aR�G \ R��JEW_�R�` \ R `hM;P;F;S \ GJ`aR�I �
IaR > RWo Y IaF \ ` Y M! A R�M \ SJbdc;R�`hP;R�M;P ONRWf kY GJP;R�G \ ceK \ � A F;SJO[R�I kY S \ _XF;GJP;R	P;KNS  `hM;`LK \ F;GJ`aS^`hR�GJF;M;O[S �
S \ G^R�w R�M)P;F;GJbdc)P;RWM)_*KNbdc;SJR�M;P;RWM � RWPeKNGJf,KNM ZNY � G IhRlT=R�M�R�IhR Z]\ G Y M;`aSJbdc;R�M < `aM;GJ`abdc \ F;MHO[R�M�`aM
f KNS \ KNIaIhR�M \ R�bdc;M;`hS^bdc;RWM 7 `hS^EW` G Ih`aM;RWM � P;`aR+RW`aM;RUP;GVKNS \ `hS^bdc;R � RWG Z IaRW`aM;RWG^F;M;OQP;RWG,R�IhR Z]\ G Y M;`hS^bdc;RWM
� KNF;RWIaR��	RWM \ RnRWG^E�_,KNMHO[R�M � 7 `aRWS^R < M \ _X`hb Z IaF;M;O�w RWO]KNM;M	`aM!P;R�M-S^R�bdcHE�`aONR�G � K c;G^RWM �!` \�9 bdceK I �
\ F;MHO[R�M `aM 9;9=8 A ? RWbdc;M Y I Y O[`aR#"$��%&��'	'(�*)+��'��,�	�

-�����.��
���/0��1 � P;`aR M F;GQRW`aM;R O[RWG^`aMHO[R A M;E�KNc;IXKNM
T1K \^\ RWGJf F;M Z \ ` Y MHR�M�KNFHf+RW`aM;R�� � K Iaw;IhR�` \ R�G G I kK \J\ bdc;RWM E�F;Ih`aR32NR�M � klmw RWG  9=8 A4"5%6�+7��	��%8�*)+��'��
�	�

5�����.��
���/0��1XFHM;P�f 9=8 A 9 bdc;KNI \ F;M;O[RWM9":';�������<�*)+��'��=�	�

5�����.��
���/0��1�f kF;cHG \ R�P;`aR < M \ _X`ab Z IaF;MHO E�F;G
c;R�F \ `aONR�M � f 9=8 A ? RWbdc;M Y I Y O[`aR>":?�����@>';�������A�*)+��'��=�	�

-�����.��
���/0��1 � 7 `aR 9 \ R�`aONR�G^FHM;O0P;RWG 8 M \ R�ONGVK �
\ ` Y M;S^PH`abdc \ Rnw RWG^F;c \ KNF=f P;R�� i Y G \ SJbdc;G^` \^\ `aM0E�_*RW`/F;M \ RWG^SJbdc;`aRWP;Ia`hbdc;R�M � RWG^RW`abdc;RWM �<W F�� R�`hM;R�M
O[R�IaKNM;O	R�S � ` � �	RWGXf RW`aM;RWG^R 9 \ G^F Z \ F;G^RWM&E�F G G Y P;FHE�`aRWG^RWM � EWF�� K M;P;R�GJR�M Z Y M;M \ RWM)w R�` ` � �	RWG
O[G kY 2[R�GJR�M �*c;` G n kKNbdc;RWM3K Z EWR GH\ KNw;IhR A F;SJw RWF \ RWM3KNM0f FHM Z]\ ` Y M;SJf kKNcH`aO[RWM �*c;` G S�RWG^EW`aR�I \ _�R�GJP;R�M �
7 `aRmi Y IaONR,_,KNG � PeK�21S^R�` \ x y e N R \ _*K KNIaIhR�P;G^RW` � KNc;G^RmR�`hM;RmM;R�F;R+T"RWM;R�G^K \ ` Y M
o Y M-`aM \ RWO[G^`hR�G \ R�M
9 bdceKNI \VZ G^RW`aSJR�M KNFHfXP;RWM  3KNG Z]\
Z K � � P;`aRCBJR�_*RW`aIhS o `aR�G �-K I�S Y o `hR�I < IhR��!R�M \ R G G Y �*c;` G R�M \.�
c;`aRWI \ _X`aR!P;`hR	o Y G^c;RWG^O[RWc;R�M;PHR �  ` \ PHR�� z  � ` \ A 9#G RW`abdc;RWG^bdc;` G _XF;GJP;R x�yHP[y RWG^S \ �-K IaS1P;R�G
� 9 F;w��	`hb�G Y M?A � RWG^R�`hbdc! 
R�GJS^bdc;I Y S^SJR�M � _ Y w R�`/PH`aRUf RW`aM;S \ R�M 9 \ G^F Z]\ F;G^RWM M F;G�M Y bdc N C P�D � w;G^RW` \
S^`hM;P � 7 `aRWSmIh`aRWO \ _*RW` \ BJR�M;SJR�` \ SnPHR�G!�!R�MHS^bdc;Ih`abdc;RWM < GJf KNcHG^F;M;ONSJ_�R�I \3� PH`aR1w RW` PHR�G 7 `hb Z R1R�`hM;R�S
� K[K G^R�S�o Y M6o `hR�IaIhR�`hbdc \ zUN�D � R�M;P;R \ �

C RWw RWM�P;R�G > K F�� A F;M;P T"R�_X`abdc \ SJR�G^S G KNGJM;`aS S Y _X`aR-PHR�G w R \ G kKNbdc \ Ia`abdcHR�M � RWG^GJ`aM;O[RWG^F;MHO3o Y M
9 `aONMeKNIaIaKNFHf EWR�` \ R�M � � kK G �!R�R�M \ _X`hb Z IhF;M;O F;M;P < M;RWG^O[`hR�w R�PeK GJf1`aS \ w R�`UPHR�G  `hM;`LK \ F;G^`hS^`hR�G^FHM;O
KNF;bdc
P;`hR 9 \ R�`aONR�G^FHM;O+P;RWG�ieR�G \ `aO[FHM;O[S G G Y P;F Z]\ `po=` \qkK \ F;M;P
PH`aR W F=o[R�GJI kKNSJS^`hO Z RW` \ P;RWG%O[R�f R�G \ `aO \ R�M
�*c;` G S*o Y M ONG Y 2[RWG � RWP;R�F \ F;M;O � 7 `aRWS*I kKE2 \ SJ`abdc w R�` E�F;M;RWc��!R�M;P Z Y � G IaRlT=RWG^R�M 9 bdc;KNI \^Z GJR�`hS^R�M
�	` \  `aIhIa` Y M;R�M�o Y M ? G^KNM;SJ`aS \^Y G^RWM G G Y �*c;` G M;`abdc \ �	RWc;G Y c;M;R0K F;S^GJR�`abdcHR�M;P;R < M \ _XF;G:f S^F;M �
\ RWG^S \ kF \ EWF;M;OQP;F;GJbdc IaR�`hS \ F;M;O[S:f kKNc;`aONR > R�bdc;M;RWG,_X`aG \ S^bdc;K f \ Ih`abdc0GJR�M \ KNw R�I w R�_*RWG Z S \ R�IaIh`aO[RWM � A �
� R�`hS G `hR�I;PHR�G%o[RWG^SJbdc;`aRWP;R�M;RWM TDR�M;RWGVK \ ` Y M;RWM
o Y M 8 M \ RWI A ��G Y E�R�SJS Y GJR�M	I kK�2 \ S^`hbdc	P;`hR�SJR < M \ _X`hb ZF�
IaF;MHO�MeKNbdc]o Y IhIaEW`aR�cHR�M � � kK c;G^RWM;P�w R�` � P A � ` \ A� ` Z G YOG G Y E�RWS^S Y G PONOPON ` � � KNcHG^R x�y e z M Y bdc
BJR�P;RWG P;RWG b�K � � �HNON ? G^KNM;S^`hS \^Y G^RWM�R�`hM;E�RWIaM YHGH\ ` �	`hR�G \ _XFHG^P;R � F�� PeK �!` \ P;`hR ��G Y P;F Z \ ` Y MHS �
ZNY S \ RWM�EWF S^RWM Z RWM � O[R�_,KNMHM;R�M&` � f KNF=f�P;R�G W RW` \ P;`aR < M \ _XFHGJf S Z Y S \ R�M�F;M;P < M \ _XF;GJf SJE�RW` \ RWM
` � �	RWG�ONG kY 2[RWG^RWSmT"R�_X`abdc \ � 7 RWG K 	^A � ` \ A� ` Z G YOG G Y E�R�SJS Y G*` zUP J�KNF;S�P;R�� � KNcHG^R x�yOPNy R�M \ c kK I \
b K �@x � 	  `aIhIa` Y M;R�M ? GVKNM;SJ`aS \VY GJR�M�F;M;P _XFHG^P;R S \ GJF Z]\ F;GJ`aR�G \ �!` \U> RWbdc;M;R�GJF;M \ RWG^S \ kF \ EWF;M;O R�M \.�
_X`ab Z R�I \ ".G T 8 � C P[yIH 1 �
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� kK c;G^RWM;P�w;`hS�EWF�� A MHf KNM;O P;R�G�KNbdc;EW`aO[RWG � KNcHG^R!P;`aR � KNF GH\ KNM]_�R�M;PHF;M;O[SJO[R�w;`hR \ R `aM \ RWO[G^`hR�G �
\ R�G 9 bdceKNI \VZ G^RW`aSJR	` � � R�GJR�`hbdc)o Y M 9#G R�`hbdc;R�GJweKNF;S \ R�`hM;R�M F;M;P  6` Z G YOG G Y EWR�S^S Y G^RWM�ILK O � P;`hR!`hM
ONG Y 2[RWM 9 \ kF;b Z E KNc;IhR�M�c;RWG^O[RWS \ R�IaI \ _XFHG^P;RWM � O[RWc \ P;`hR ? R�M;P;RWM;E SJR�` \ P;R�� ` � �!R�G �	RWc;Gm`aM3PHR�M
� R�G^RW`abdc6P;R�GmKNM]_�R�M;PHF;M;O[SJS G R�E�` QeS^bdcHR�M 9 bdceK I \ FHM;O[R�M " A+9=8 � 1 � 7 `hR�SJR�G < M \ _X`ab Z IaF;MHO	S \ KNM;PHR�M
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\ ` Y M;S^RWw RWM;R �!` \ c;`aRWGVKNGJbdc;`aSJbdc;R�G � RWGJf RW`aM;RWG^F;M;O FHM;P A w;S \ G^K Z]\ ` Y M � P;RWG � RWG^R�` \ S \ R�IhIaF;MHO o Y M
ZNY �Qf Y G \ KNw;IhR�M 9 ` � F;ILK \ ` Y M;SJ_�R�G Z EWR�F;ONR�M f kFHGmPH`aRDo[RWG^S^bdcH`aR�PHR�M;RWM < M \ _XF;G:f S^RWw RWM;R�M � P;R�G � Y M �
S \ G^F Z]\ ` Y M)o Y M�ieRWG \ `hO[F;M;ONS^PeK \ R�M�S Y _X`aR!P;RWG KNF \VY �	K \ `hS^bdc;RWM TDR�M;RWG^`hR�G^FHM;O6o Y M ieR�G \ `hO[F;M;O[S �
\ RWS \ S � W FHS kK \ E�Ia`hbdc � F 2	P;R�� < M \ _�R�G:f R�G+P;`hR  kY O[Ia`hbdc Z RW` \ O[RWO[R�w R�M3_�R�GJP;R�M � P;RWM A w;IaKNFHf P;R�G
� RWG Z E�RWF;O[R"F;M;P P;`hRDw RWG^RWbdc;M;R \ R�M < G^O[RWw;M;`aSJS^R"IaRW`abdc \ EWF6w R Y weKNbdc \ RWM F;MHP w R�` � R�PeK GJf@`aM \ RWG �
K Z]\ `po0`aM P;RWM < M \ _XF;G:f S G G Y E�R 20R�`hM;E�F;ONG^R�`pf R�M �
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TDR�ONR�M;S \ KNM;P-P;R�G�o Y GJIa`hR�O[RWM;P;R�M A GJw RW` \ `aS \ P;`hR < M \ _X`ab Z IhF;M;O RW`aM;RWG Z Y MRQeO[FHG^`aRWG^weK G^R�M	O[GVK G c;` �
SJbdc;R�M < M \ _XF;G:f S^F��!O[R�wHF;M;O-f kF;GmPeKNS � f 9=8 A < M \ _XF;G:f S^S �=S \ R�� � A+7+8 � � _*RWIabdc;RWSU` � > K c��	RWM
PHR�S 9=Y M;P;R�G:f Y G^SJbdc F;M;O[SJw RWG^R�`hbdc;R�S x 	 z � � f 9=8 < M \ _XFHGJf S �!R \ c Y P;R�M
F;MHP � KNG^KNIaIhR�Ih` \ kK \  �` � ? RW`aI �G G Y BJR Z \ �Ux R�M \ _X`hb Z R�I \ _XF;G^PHR�"+G � � �  P z�H � G � � ��� P e H � G � � � � yHNEH 1 ��� R�S Y M;P;R�GJR�G � R�G \ _X`aGJP
K FHf�P;`aR < M \ _X`hb Z IhF;M;O R�`hM;R�GUw RWM F \ E�RWGJf GJR�F;M;PHIa`abdcHR�M&O[GVK G c;`aSJbdc;R�M A G^w R�` \ S^F��!O[RWw;F;M;O0ONR�IaRWO \ �
PH`aR RW`aM;RWM ZNY �Qf Y G \ KNw;IhR�M < M \ _XF;GJf*`aM \ RWO[G^`hR�G \ R�G 9 bdceKNI \VZ G^RW`aSJR
R�G^IaKNF;w \ � < `aM _�R�` \ RWG^R�Gn_X`abdc \ ` �
ONR�G*T"RWS^`abdc \ S G F;M Z \ `aS \ P;`hR � Y M#QeO[F;GJ`aR�GJweKNG Z R�` \ PHR�S�TDR�S^K � \ S � S \ R��!S � `aM;P;R�� R�S�IaR�`hbdc \ P;FHG^bdc
MHR�F RWM \ _X`hb Z RWI \ R � R�G:f KNc;G^RWM f kF;GQR�`hM;E�RWIaM;R < M \ _XF;GJf SJS^bdc;GJ` \^\ R R�G:_*RW` \ R�G \ _*RWG^P;RWM Z KNM;M � � `hG
S Z `aE�EW`aRWG^R�M E�F;M kKNbdc;S \ P;`aR&PeK GVKNF;S GJR�S^FHI \ `hR�GJR�M;P;RWM _X`hbdc \ `aO[S \ RWM f R�`hS \ F;M;O[S �	RWG Z �-K IaR�P;`hR�S^RWG
ONGVK G cH`aS^bdcHR�M < M \ _XF;G:f S^F��!O[R�wHF;M;O �

* +'-/. 0 �3254 0 !6���3��( -R8 !9( +': ; ! +>= 4 0�- �%$^_ + !?��2 !
� R�` Z Y � �	RWG^E�`hR�IhIaR�M < M \ _XFHGJf S^S � S \ R��	RWM " R \ _*K G � AU7 y 	 H � G � C+9 P J H � G 9��19 yONEH 1	R�G:f Y IaO \ P;`hR
9 bdceKNI \ F;M;O[SJR�`hM;O]KNw RQR�M \ _*RWP;R�G O[GVK G c;`aSJbdc kF;w R�G"RW`aM;RWM � )��
��%&��
���) � 7��	
5/0� Y P;RWG \ RlT \ F;R�IhI�KNFHf
� KNS^`hS�RW`aM;RWG��<���.7 �(��� �
��� �*)���� �����3�����0� ��� �.��)��
� � 7 `aR�K M;O[R�w YN\ R�M;RWM	O[G^K G c;`hS^bdc;RWM < P;` \VY GJR�MQS \ R�I �
IhR�M < M \ _ kF;G:f RDPeKNw R�` `aM-PHR�G > R�O[RWI K IaS*S \ K \ `aSJbdc;R � Y � G Y MHR�M \ RWM0PeKNG � S Y PeK�2 PHR�� < M \ _�R�G:f R�G
_�R�MH`aO)ijGJR�`hGVKNF�� f kF;G
RW`aM;RWM
neRBT=`aw;IhR�M < M \ _XFHGJfDO[RWILKNSJS^RWM _X`hG^P � 9 `aR F;M \ RWG^S \ kF \ E�R�M�EW_*KNGQ` �
K IaIaONR��!R�`aMHR�M P;`aR1c;`hR�GVK G^bdc;`hS^bdc;R < `hM;O]KNw R"o Y M 9 bdceKNI \ F;M;O[RWM � w RWS^bdc;G kKNM Z R�M&S^`hbdc�KNw R�GnKNFHf%f R �
S \ R A FHS G G kKNO[F;M;ONR�M!R�`aMHR�S < M \ _XF;GJf S � � KNG^K �	R \ GJ`aS^`hR�GJF;M;O[RWM
S^`aMHP!w R�S \ RWMHf KNIaIhS%w R�`;P;RWG A F;S:_,K c;I
w R�S \ ` � � \ R�G ? RW`aI ZNY � G Y M;R�M \ RWM	_X`hR 9#G R�`hbdc;R�G � Y P;F;IhR�M-KNF;S*RW`aM;RWG�o Y G^ONR�O[RWw RWM;R�M  RWM;O[Rno Y M
> R K Ia`aSJ`aRWG^F;M;ONR�M � kY O[Ih`abdc � kA M;P;RWG^F;MHO[R�MQ`aM1P;RWG ? RWbdc;M Y I Y O[`hR � P;`aR�w R�`aS G `aRWIaS:_*RW`aS^R�R�`hM;R � RWG^P YOG��G R�IhF;M;O	P;R�G � ` \ w;G^RW` \ R1P;RWG B7G RWGVKNMHP;R�M RWG � kY O[Ih`abdc;RWM � R�GJf Y G^P;RWG^M PeK c;R�GnR�`aMHR klmw RWGVKNGJw RW` \ FHM;O
PHR�G ONR�SVK � \ RWM < `aM;O]K w R � 9 �=S \ R��	R � P;`hR	`hc;G^R < `aM;O[KNw R kF;w R�G1R�`hM;R � KNG^PH_*KNGJR�w R�S^bdcHG^R�`hw;F;M;ONS �
S G GVK bdc;R w R�E�`hR�c;RWM � K G^w R�` \ R�M �	RW`aS \ R�M;S��!` \ � Y M;S \ G^F Z]\ R�M � P;`aR1P;R�MHR�M&KNF;Sn` � G RWGVK \ `hoNR�M6F;M;P
f FHM Z]\ ` Y MeKNIaRWM ��G Y O[GVK � �!`aRWG^S G GVKNbdc;RWM"S^R�cHG kKNc;MHIa`abdc"SJ`aM;P � 7 `hR�S^R � RWS^bdc;GJR�`hw;F;M;O[SJS G G^KNbdc;RWM � P;`hR
K IaIaRWG^P;`hM;O[S Y f \ KNFHf/S^R�Ihw;S \ P;RaQ;M;`aRWG \ RWM i Y G �	K \ R�M!weKNS^`hR�GJR�M � E�RW`abdc;M;RWM0S^`hbdc0`aM!P;RWG > R�O[RWI P;FHG^bdc
RW`aM;RXc Y c;Rmi IaRBTH`hw;`aIh` \�kK \ K F;S � 9 `hRXceKNw R�M	KNw RWG�P;R�M	R�M \ SJbdc;R�`hP;R�MHP;R�M C KNbdc \ R�`hI � P;K�2 i Y IhO[R�M � P;`hR
K F;S
R�`hM;R�G kA M;P;R�GJF;M;O�P;R�G < `hM;O]KNw R0G^RWS^F;I \ `hR�G^RWM � RWG^S \ M;KNbdc P;R�G
o Y IaIaS \qkKNMHP;`aO[RWM l �!S^R \ EWF;M;O
PHR�G 9#G R�EW` Q Z K \ ` Y M RWG Z KNM;M \ _�R�G^PHR�M � 7 K P;`hR�S�F;M \ R�GXl �!S \ kKNM;P;RWM R�`aM EWR�` \VZ G^` \ `aSJbdc;R�G ��Y G^O]K M;O
`hS \3� _*RW`aSJR�M3S Y IabdcHR 9 �=S \ R��	R1`aM P;RWG > R�ONR�I Z RW`aM c Y cHR�S! 3K�2!KNM 8 M \ R�G^K Z]\ `ho ` \ kK \ KNF=f �
7 R��	ONR�O[RWM kF;w R�G�w;`aR \ R \ PHR�G�O[GVK G c;`aSJbdc;R < PH` \VY G%o Y M � A+7+8 � o `hR�IaR ��Y G^E kFHO[R � P;`hRXS^`abdc	KNF;S�P;RWG
� Y � w;`aMeK \ ` Y M�PHR�G�i IaRBTH`hw;`aIh` \�kK \ RW`aM;RWG \ RlT \ F;RWIaIhR�M � R�S^bdcHG^R�`hw;F;M;O �	` \ P;R�G klnw R�G^SJ`abdc \ Ih`abdc Z R�` \
RW`aM;RWG�O[GVK G c;`aSJbdc;R�M < `aM;O[KNw R*R�G^ONR�w R�M � < G�ceK \ ` � � RWG^O[IhR�`hbdc �!` \ KNM;P;RWG^RWM � RWS^bdc;GJR�`hw;F;M;O[S �	R �
\ c Y P;R�M�P;R�M�R�M \ S^bdc;RW`aP;RWM;P;R�M ��Y G \ R�`aI � PeKE2 P;`aR
EWF;O[G^FHM;P;R�Ih`aRWO[R�M;PHR 9?G RWE�` Q Z K \ ` Y M;S^RWw RWM;R!KNFHf
RW`aM;R�� _ Y c;IaPHRaQeM;`hR�G \ R�M �	K \ c;R��-K \ `aSJbdc;R�M �"KNI Z kFHI "+G � YN\ J �IH � G � YN\ JOJ H � G  Y I P J H 1Uw;KNS^`hR�G \ � < G
`hS \ PeK P;F;G^bdc w R�S Y M;P;RWG^S!O[F \ O[RWR�`hO[M;R \3� F��(S^R�cHG!ONG Y 2[R 9 bdceKNI \ F;M;ONR�M R�`hMHf KNbdc E�F w R�S^bdcHG^R�` �
w R�M � 9=Y R�GJILKNF;w \ RWG�PH`aR A F;SJM F \ E�FHM;O o Y M > RWO[F;IaKNG^` \ kK \ R�M � P;`hRQP;R�M � R�G^RWbdc;M F;M;O[S:o Y GJS^bdc;GJ`hf �
\ R�M)R�`aMHR�G 9 bdceKNI \ F;MHO EWF;O[G^FHM;P;R�Ih`aRWO[R�M � F�� PeKNGVK F;S�GJR Z F;GJS^`hoNR 9#G R�EW` Q Z K \ ` Y MHR�M�c;R�GJE�F;IhR�` \ R�M �
8 MHS^w R�S Y M;P;R�GJR ILKNSJS^RWM S^`hbdc P;`hR < `hM;O]KNw R�M G KNGVK �	R \ G^`hS^`hR�G^RWM � S Y PeK�26P;F;GJbdc�R�`hM;R!f RWS \ R  RWM �
ONR o Y M O[GVK G c;`aSJbdc;R�M < `aMHO]KNw R�M O]K M;E�R3i K �	`hIa`aRWM o Y M 9 bdc;KNI \^Z GJR�`hS^R�M w RWS^bdc;GJ`aR�w R�M _�R�GJP;R�M
Z kY MHM;R�M � T"GJF;M;P;IhR�O[RWM;P;R � R�`aS G `aRWIaR!f kF;G GJR Z F;G^SJ`ho)P;RaQ;M;`aRWG^weKNGJR 9 bdceK I \VZ GJR�`aSJR0S^`hM;P�F;M \ R�G
KNM �
PHR�G^R�� o[R�GJS^bdc;`hR�P;RWM;R �DILK S^S^RWM	o Y M A P;P;`aRWG^RWG^M �  F;I \ ` G Ia`hE�`aRWG^RWM Y P;RWG 9 Y G \ `aR�GJM;R \ EW_�R�G Z R�M � 7 `aR
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P;R�� ONGVK G cH`aS^bdcHR�M < P;` \VY G�EWF;O[GJF;M;P;RWIa`aRWO[R�MHP;R 9#G RWE�` Q Z K \ ` Y M;S^RWw RWM;Rm`aS \ P;KNw RW`jS Y neRlT=`aw R�I � PeK�2
KNIaO Y G^` \ c��!`aSJbdc;R ? R�`hIaS \ G^F Z \ F;G^RWM	RW`aM;RWS < M \ _XFHGJf S�F;MeKNw;c kKNM;O[`hO+o Y M
f R�S \ RWM > R KNIh`aSJ`aR�GJF;M;O[RWM f kF;G
w RWS \ ` � � \ R � KNS^`hS YOG R�G^K \ ` Y M;R�MQP;RlQeM;`hR�G \ _�R�GJP;R�M Z kY M;M;RWM � 7 `aR�S@_X`aG^PQP;FHG^bdc-PH`aR � RWGJ_�R�M;P;FHM;O
S Y ONR�MeKNMHM \ R�G f R�` \ F;M;ONS \ � G RWM-RWG^G^RW`abdc \ � PHR�G^RWM � R�G \ RXS^`hbdcQR�G^S \ KNF;S�P;R�G � R�IaRWO[F;M;O"P;RWG 9 bdceKNI \.�
Z G^R�`hS G K GVK �!R \ R�GmF;M;P3PHR�G � KNcHI RW`aM;RWGnw R�S \ ` � � \ R�M � KNSJ`aS YHG RWGVK \ ` Y M6R�GJO[R�w R�M � 7 K �!` \ RWG^c kK I \
P;R�G < M \ _�R�G:f R�G
RW`aM;R  kY O[Ih`abdc Z R�` \ E�FHG < `aM;O[KNw R �	RWc;GJf K bdc o[RWGJ_�R�M;P;w;KNG^RWG � R�SJbdc;G^RW`aw;F;MHO[R�M �
P;`aRDM;KNbdc � R�PeKNG:f Z Y MRQeO[FHG^`aRWG \ _�R�G^PHR�M Z kY MHM;R�M �

�YX[Z\�"!?�]$^! 0 �"! +'-/+ 4 0 ��2 4 0 ! = 4 0�- �%$^_ + !?��2 ` -/+ 2a$5!#�3�3&1��(
< `aM G G^`aMHE�` G `aR�IhIaRWS ��G Y w;IaR�� w RW` � < M \ _XF;GJf�O[G Y 2[R�G 9 bdceK I \VZ GJR�`aSJR `aS \ PH`aR�� Y M \ G Y IhIaR kF;w R�GUPH`aR
7 K \ RWM��!R�M;O[RWM � � `aRWG �	KNbdc \ �	KNM�S^`hbdc E�F;M F \ E�R � PeK�2�O[G Y 2[R 9 bdceKNI \ F;M;ONR�M ` � KNIhIaO[R��	RW`aM;RWM
R�`hM;R�M�c Y c;R�M > RWO[F;IaKNG^` \ kK \ S^O[G^KNP KNF=f _*RW`aS^RWM � 7 `hR�S+GJR�S^FHI \ `hR�G \ `aM RW`aM;RWG ZNY � G K Z]\ R�M � R�SJbdc;G^RW` �
w;F;M;O � P;`hRU` � _�R�SJR�M \ Ih`abdc;RWM `hM0R�`hM;R�G 9 bdceKNI \^Z G^R�`hS Z Y M;S \ G^F Z]\ ` Y M � weKNSJ`aR�GJR�M;P6KNF=f R�`aMHR�G 9 FHw;S \ ` �
\ F \ ` Y M)o Y M � Y � G Y M;R�M \ RWM P;F;GJbdc ONG kY 2[RWG^R ? RW`aIaMHR \ EWR � w RWS \ RWc \ � < `aMHR0S Y Ihbdc;R0c;`hR�G^KNG^bdc;`hS^bdc;R
� R�G:f R�`aMHR�G^FHM;O R�`aMHR�S < M \ _XFHGJf R�S"f kF;c;G \ M;R�w R�M�P;RWG � RWG^GJ`aM;O[RWG^F;MHO P;R�S 9#G R�`hbdc;R�GJw RWPeKNGJf S�KNF;bdc
E�F�_�R�S^RWM \ Ia`hbdc Z kF;GJE�RWG^R�M f KNFHf EWR�` \ R�M�_ kKNc;GJR�M;P A M;KNI � S^R
FHM;P 9 � M \ c;R�SJR � � `abdc \ `aO `aS \ PeKNw R�` �
PeK�2)S Y _ Y c;IUP;`hR < `hM;O]KNw R6KNM R�`hM � R�G Z EWR�F;O K IaS!KNF;bdc PHR�S^SJR�M A FHS^O]KNw R3cH`aR�G^KNG^bdcH`aS^bdc `aS \3�
PeK �!` \ P;`aR	_*RW` \ RWGJoNR�GVK G^w R�` \ R�M;PHR�M � R�GJf K c;G^RWM RWw RWMHf KNIhIaS K FHfmR�`aMHR�G c;`hR�G^KNG^bdc;`hS^bdc;RWM < `hM;O]KNw R
KNG^w R�` \ RWM Z kY M;M;RWM � < S	PeKNGJf Z R�`hM;R�l�� _,K M;P;IaFHM;O P;RWG-c;`hR�G^KNG^bdc;`hS^bdc;RWM `aM�R�`aMHR M;`hbdc \ c;`hR�GVK G �
bdc;`aSJbdc;R 7 K G^S \ R�IhIaF;M;O&M Y \ _*RWM;P;`aO)_*RWG^P;RWM � P;K)P;`hR�S^R6RlT G Y M;RWM \ `aRWIaIXO[G kY 2[R�G!KNIhS!PH`aR < `hM;O]KNw R
S^RW`aM Z KNM;M � i kF;G-P;`aR < M \ _X`hb Z IhF;M;O RW`aM;RWG0`aM \ RWO[G^`hR�G \ R�M < M \ _XF;G:f S^F��!O[RWw;F;M;O w;`hR \ R \ R�S-S^`abdc
KNF;S,PH`aR�SJR�M6TDG kF;MHP;R�M KNM � RW`aM;R+EWR�M \ G^KNIaR 7 K \ RWM;S \ G^F Z]\ F;G�E�F;G*R � E�`hR�M \ RWM > R G G kKNSJR�M \ K \ ` Y M P;R�G
9 bdceKNI \ F;MHO[S^c;`hR�G^KNG^bdc;`hR"E�F;G � R�G:f kF;O[F;MHO-E�F6S \ R�IhIaR�M � 8 M P;`hR�SJR 7 K \ R�M;S \ GJF Z]\ F;G � PH`aRD`aM6F;M;SJR�GJR��
ijKNIaI P;F;GJbdc
R�`hM;R�M cH`aR�G^KNG^bdcH`aS^bdc
ONR�O[Ih`aR�PHR�G \ R�MQTDGVK G c;R�M O[R�O[RWw RWM
`aS \ � _*RWG^P;RWM!PH`aR*w R�GJR�bdc;MHR \ RWM
< G^O[RWw;M;`aSJS^R RW`aM;ONR \ G^KNO[RWM � 9 `aR1_X`aG^P � K F;S^O[RWc;R�MHP&o Y M P;RWG G K GVK �!R \ G^`aSJ`aRWG \ RWM < `aMHO]KNw R � P;F;GJbdc
S^bdc;GJ` \J\ _*RW`aS^R�c;`hR�G^KNG^bdc;`hS^bdc;R � RWGJf R�`hM;R�GJF;M;OmF;M \ RWG A F;SJM F \ E�FHM;Ono Y M ijKNI \ F;MHO[R�MDRWG^E�RWF;O \3� `aM;P;R��
�	RWc;GJf K bdc0KNFHf \ G^R \ R�MHP;R ? R�`hIaS \ G^F Z]\ F;G^RWM-P;F;GJbdc0R�`hM B w�BJR Z \ P;R�G 7 K \ R�M;S \ G^F Z \ F;G*GJR G G kKNS^RWM \ `aRWG \
_*RWG^P;RWM �  3K M�RWG^c kK I \ K FHf�P;`aRWS^R � R�`hS^R RW`aM;R c;`aRWGVKNGJbdc;`aSJbdc;R 9 bdceKNI \ F;MHO[S^PeK G^S \ R�IhIaF;M;O-`aM�i Y G �
R�`hM;R�SXO[RWG^`abdc \ R \ RWM3K E�� Z Ia`aSJbdc;R�M T"G^K G c;RWM �
7 `aR 7 K \ R�M;S \ GJF Z]\ F;G!`aS \ c;`aRWG!PHF;G^bdc�R�`aMHR � `aw;Ih` YN\ c;R Z o Y M R�IhR��!R�M \ KNGJR�M ijFHM Z]\ ` Y M;R�M G^R�KNIa` �
S^`hR�G \3� PH`aR RW`aM;R � R K G^w R�` \ F;M;O0PHR�G B w�BJR Z]\ RQKNFHf�RW`aMHf K bdc;R � R�`hS^R F;M \ R�G^S \ kF \ E \ � 7 KNE�F3O[R�c kY G^R�M
w RW`aS G `aRWIaSJ_�R�`hS^R!ieF;M Z]\ ` Y M;RWM � P;`hR
R�`aMHR!S � S \ R��-K \ `aSJbdc;R 7 F;G^bdc�� F;S \ R�G^FHM;O3P;RWG � `aRWGVKNGJbdc;`aR
ONR �
S \ K \^\ R�M � 7 `hR�S^RWM 9 F;bdceKNIhO Y GJ` \ c��	RWM Z kY M;M;R�M)S G R�EW`aR�IhIaR AnZ \ ` Y MHR�M�KNIaS �@KNGVK �	R \ R�G kFHw RWG^O[RWw RWM
_*RWG^P;RWM � P;`aR+f kF;G BJRWP;R�S B w�BJR Z]\ P;R�G � `hR�GVK G^bdc;`hR"KNF;S^ONRWf kF;c;G \ _�R�GJP;R�M � 7 K �	` \ ILKNSJS^RWM SJ`abdc6w RW` �
S G `hR�IhSJ_�R�`aSJR�IaRW`abdc \�ZNY M \ RlT \ f GJR�`aR � RWGJf KNcHG^R�M!` � G IhR��!R�M \ `hR�G^RWM � w RW`;P;RWM;R�M BJR�P;R ? R�`hI ZNY � G Y M;RWM �
\ RmR�`hO[R�M;S \qkKNMHP;`aO1w R \ G^KNbdc \ R \ _X`aGJP �]Y c;M;Rm`acHG^R�M � Y M \ RlT \ `aM;MHR�G^c;KNIaw!P;R�G�O[RWSVK � \ R�M 9 bdceKNI \ F;M;O
E�F6w RWG kF;b Z SJ`abdc \ `hO[R�M �

� : ��� ( & + �"! +'81-/+ _<!?�"$ `�! + ���]$ � & +�� 25&1m ( ! 8 &1��(
l � P;`aR 8 M \ R�ONGVK \ ` Y M M;RWF R�M \ _X`ab Z R�I \ R�G < M \ _XF;GJf S:_*RWG Z E�RWF;O[R E�F R�G � kY O[Ia`hbdc;R�M � `aS \ P;`hR-O[G^K �G c;`hS^bdc;R < M \ _XF;GJf SJF��!O[R�w;FHM;O
o Y M � AU7+8 � MeK bdc P;R�� ��G^`aMHE�` G R�`aMHR�G � R�G Z weKNM Z0Z Y M;EW` G `hR�G \ �
7 KNS �DR�GJM;S \ kF;b Z P;R�S 9 � S \ R��!S�wH`aIaPHR \ R�`hM;R,f kF;G�KNIhIaR < M \ _XF;G:f S^S^bdcHG^` \J\ R+RW`aM;cHR�` \ Ia`hbdc;R,O[G^K G c;`hS^bdc;R
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� R�M F \ EWR�G Y w RWGon kK bdc;R � 9 `aRXS \ R�IaI \ P;`aR � K S^`aS�f kF;G�P;`hRm` \ RWGVK \ `ho[R A M _�R�MHP;F;M;O
P;RWG � R�G Z E�R�FHO[RUEWF;G
� RWGJf kF;ONF;M;O F;M;P3O[RW_ kKNcHG^IaRW`aS \ R \ PeK �!` \ P;RWM Y w RWM�R�G:_ kKNc;M \ RWM � RWbdc;S^RWI�EW_X`aSJbdc;R�M � Y MHS \ GJF Z��
\ ` Y M
FHM;P � K Ia`aPH`aR�GJF;M;Om_ kKNc;G^RWM;P!P;R�G < M \ _XF;GJf SJS^bdc;GJ` \J\ R � � RW`aS G `aR�IhSJ_�R�`hS^R Z KNM;MQP;RWG�O[GVK G c;`aSJbdc;R
< P;` \VY G `hM W F;S^K � �	RWMeKNG^w R�` \ �	` \ R�`hM;R�� f Y O[` Z S^` � F;ILK \^Y G0w R�M F \ E \ _�R�GJP;R�M � F�� RW`aM;EWR�IaMHR
? R�`hI Z Y � G Y M;RWM \ R�M0o Y G,`hc;G^RWG � R�` \ R�G:o[R�G:_*RWM;P;F;MHO	EWF kF;w RWG G G kFHf R�M � 7 `aRWS*`hS \ oNR�GJO[IaRW`abdc weKNG �!` \
RW`aM;RWG 9=Y f \ _*KNG^R A < M \ _X`ab Z IaF;MHO[S^F��!O[RWw;F;M;O � _ Y �-K M P;R�� � R�M F \ E�R�GmP;`hR < `aM;O]K w R � P;`hR klnw R�G �
SJR \ E�F;M;OQ`hM0R�`hM KNF;SJf kFHc;G^weK G^R�S ��G Y O[GVK � � F;M;P P;KNS 7 R�w;FHO[O[R�M K F;S,R�`hM;R�G B w R�G n kKNbdc;RDcHR�GVK F;S
RWG � kY O[Ih`abdc \ �
7 `hR � Y MRQeO[FHG^`aRWG^weK G Z RW` \ P;RWG < M \ _XF;GJf SJF��!O[R�w;FHM;O-_X`aGJP PHF;G^bdc P;`aR � Y P;FHILKNGJR 8 � G IhR��!R�M \ `hR �
GJF;M;O P;RWS TDR�S^K � \ S � S \ R��!S1ONRW_ kKNc;GJIaRW`aS \ R \ � 7 KNE�F&`hS \ BJRWP;R�S � RWG Z E�RWF;O6P;F;G^bdc�R�`hO[R�MHS \qkK M;P;`aONR
� `aw;Ih` YN\ c;R Z R�M GJR KNIh`aS^`hR�G \ � P;`hR*`aM P;`aR*l �!O[R�w;FHM;O+R�`hM;O[RWw;F;M;P;RWM
_*RWG^P;RWM Z kY MHM;R�M � 8 M;S^w R�S Y M;P;RWG^R
Z kY MHM;R�MQPeK �!` \ _X`abdc \ `aO[R 7 K \ RWM;S \ G^F Z]\ FHG^R�MQEWF;G < M \ _X`ab Z IaF;MHO1MHR�F;RWG < M \ _XFHGJf SJ_�R�G Z E�R�FHO[RUEWF;G
� RWGJf kF;ONF;M;O O[RWS \ RWIaI \ _�R�G^PHR�M � 7 `hR A FHSJ_*KNc;I%RW`aM;RWG+w RWS \ ` � � \ RWM � Y MRQeO[FHGVK \ ` Y M RWGJf Y IhO \ kF;w RWG
RW`aM;R!E�F�P;`hR�S^R�� W _*RWb Z P;RaQeMH`aR�G \ R � R�SJbdc;G^RW`aw;FHM;O[S^S G GVK bdc;R � 7 `hR�SJR 9?G GVKNbdcHR-R�GJILKNFHw \ �	` \^\ RWIaS
RW`aMHf K bdc;R�G!� Y M;S \ G^F Z]\ R�P;`aR�� Y MRQeONF;G^`hR�G^FHM;O-P;RWGUO[G^K G c;`hS^bdc;RWM B w RWGon kK bdc;R F;MHP P;R�G 9 bdc;M;` \^\:�
S \ RWIaIaRWMHf F;M Z]\ ` Y M;RWM&P;R�GD`hM \ R�O[GJ`aRWG \ RWM � RWG Z E�RWF;O[R � < `hM�RWM \ S G G^R�bdcHR�M;P;RWG � Y � G `hIaR�G kF;w R�G^SJR \ E \
PH`aR�SJR 9#G R�E�` Q Z K \ ` Y M0`hM0R�`hM ��G Y O[G^K � � Y P;F;I � _�R�Ihbdc;R�SXP;`hR+w R�M kYN\ `aO \ R�M A M]_*RW`aS^FHM;O[R�M3KNFHf � K �
SJ`aSDP;RWSDE�F;ONG^F;M;PHR�Ia`hR�O[RWM;P;RWM TDGVK G c;` Z\G K Z R \ R�SDRWM \ c kKNI \ � A FHf�P;`aRWS^R � R�`hS^R
I kKE2 \ SJ`abdc&P;`aR < M \:�
_XFHGJf S^F��	O[RWw;F;M;O ZNY MRQeO[F;GJ`aRWG^R�M �%Y c;M;R P;K�2�PeKNEWF \ `aR�f O[G^RW`hf R�MHP;R �DR�M;M \ M;`aSJS^R kF;w R�G
S G R�EW`aRWIaIaR
TDGVK G c;` Z f F;M Z \ ` Y MHR�M w RWM kYN\ `aO \ _�R�GJP;R�M �
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7 `hR%o Y M�P;R�M < M \ _XF;GJf S:_*RWG Z E�RWF;O[R�M!w R�G^RWbdc;M;R \ R�M > RWS^F;I \ K \ R%_*RWG^P;RWM `aM kF;w R�GJS^`abdc \ Ia`abdcHR�G i Y G �
ONGVK G cH`aS^bdc-KNM;O[RWE�RW`aO \3� _ Y w R�` R�`hM;RXP;`aGJR Z]\ R W F Y G^PHM FHM;O EWF;G�ONGVK G cH`aS^bdcHR�M < `aMHO]KNw RmPHR�G 9 bdceKNI �
\ F;M;O�c;RWG^O[RWS \ R�IaI \ _X`hG^P � 7 `aRWS O[R�_ kKNc;GJIaR�`hS \ R \ PHR�� < M \ _�R�G:f R�G
R�`hM;R�M ZNY M Z GJR \ RWM � R�EWF;O�EW_X` �
SJbdc;R�MQP;RWG 9#G R�EW` Q Z K \ ` Y M1F;M;P
P;RWM < G^O[RWw;M;`aSJS^RWM � < M;OUoNR�GJw;F;M;P;RWM �!` \ P;RWG � `aS^F;KNIa`hS^`aRWG^F;MHOnP;RWG
> R�SJF;I \ K \ R!`aS \ P;`aR C K o `aO[K \ ` Y M&P;F;G^bdc P;`aR 9 bdceKNI \ F;MHO[S^c;`hR�G^KNG^bdc;`hR � A FHf�P;`hR�S^R � R�`aSJR Z kY M;MHR�M
IhR�`hbdc \ P;`hR 9 \ R�IhIaRWM	RW`aM;RWS < M \ _XF;GJf RWS,I Y[Z KNIh`aSJ`aR�G \ _�R�GJP;R�M � KNM-PHR�M;RWM0R�`hM � R�G Z EWR�F;O�o[R�GJO[IaRW`abdc;S �
_�R�`hS^R	S^bdc;IhR�bdc \ R > R�SJF;I \ K \ R!Ia`hRWf R�G \ � 8 M)P;`aGJR Z]\ RWG 8 M \ RWGVK Z]\ ` Y M �!` \ PHR�� O[GVK G c;`aSJbdc;R�M < PH` \VY G
Z KNMHM�K FHfXP;`aR > RWS^F;I \ K \ R0G^R�KNO[`aRWG \ _*RWG^P;RWM � S Y PeKE2�R�`aMHR0S^F Z EWR�S^SJ`hoNR � Y GJG^R Z]\ F;G
P;R�G 9#G RWE�` �
Q Z K \ ` Y M F;M \ R�GJS \ kF \ E \ _X`hG^P � 8 ��ijKNIhIaR!P;R�S f Y O[` Z S^` � F;ILK \^Y G^S"IaKNS^SJR�M S^`hbdc w R�`hS G `hR�IhSJ_�R�`aSJR0P;`hR
> R�SJF;I \ K \ R3R�`aMHR�S 9 ` � F;IaK \ ` Y M;S^IaKNFHf RWS!PH`aG^R Z]\ KNM P;RWM < `hM?A F;M;P A F;S^O kKNM;O[RWM PHR�G R�`hM;E�RWIaM;RWM
? R�`hI Z Y � G Y M;RWM \ R�M KNw;IhR�SJR�M � ieR�cHIaR�G*`aM P;R�G 9#G R�EW` Q Z K \ ` Y M Z kY MHM;R�M �	` \ � `hIhf R+P;RWG C K o `aO]K \ ` Y M
PHF;G^bdc&P;`hR 9 bdceKNI \ F;MHO O[R�MeK F;R�S \ R�MHS1RW`aM;ONR�O[GJR�M;E \ _*RWG^P;RWM � 8 M�R�`hM;R�GUO[GVK G c;`aSJbdc;R�M � `hw;Ia` YN\ cHR Z
PHR�S 9 �=S \ R��	S�S^`aMHP	PeK E�F TDG^FHM;PHf F;M Z]\ ` Y M;RWM-RWM \ ceKNI \ R�M � PH`aR�o Y M!o `aR�IhR�M � RWG Z E�RWF;O[RWM0o[R�G:_*RWM �
PHR \ _*RWG^P;RWM � 7 KNE�F O[RWc kY G^RWM�FHM \ R�G!KNM;PHR�G^R�� ieF;M Z]\ ` Y M;R�M E�FHG!ONGVK G cH`aS^bdcHR�M A F;S:_,KNcHIXo Y M
B w�BJR Z]\ R�M � EWF;G � `aSJFeKNIh`aS^`hR�GJF;M;O0P;RWG�cH`aR�G^KNG^bdcH`aS^bdcHR�M 9 bdceKNI \ F;M;ONS^S \ G^F Z]\ F;G Y P;R�GDEWF;G A M;EWR�`hO[R
PHR�SnK Z]\ F;RWIaI KNFHS^O[R�_ kKNc;I \ R�M A w;S \ `hR�O[S G f KNP;RWSnP;FHG^bdc3PH`aR � `hR�G^KNG^bdc;`hR �

� �]$^! +'- _k$^� � !�� : ` � � _ - $'� : �i` ! + � �3! +'-/+ 4 0 �"!
7 `hR+c;`hR�GVK G^bdc;`hS^bdc;R A G^w R�` \ SJ_�R�`hS^R"P;R�G�`hM PeKNS 9 � S \ R�� `aM \ RWO[G^`hR�G \ R�M � R�G Z EWR�F;O[R"w RW_X`hG Z]\ � P;K�2
K IaIaR ��Y G Z Y � �!R�M RW`aM;RWG ? RW`aIaSJbdceKNI \ F;M;OQK FHf `hP;R�M \ `aS^bdcHR � R�`hS^R"w R�ceKNMHP;R�I \ _*RWG^P;RWM � 8 MHS^w R�S Y M �
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P;R�GJR	_�R�GJP;R�M P;`hR < GJO[R�w;MH`aS^SJR KNFHf ONG^F;M;P)P;R�G ZNY M \ RlT \ f GJR�`aRWM ��Y GJO[R�c;RWM;SJ_�R�`hS^R0f kF;G BJR�PHR ? R�`aI �
S^bdceK I \ FHM;O M F;G"RW`aM��	KNI w R�GJR�bdc;MHR \ F;M;P)KNM K IaIaRWM ��Y G Z Y � �	RWM�RW`aM;ONR�S^R \ E \ � < S"`aS \ P;KNw RW` Y f �
f R�M;SJ`abdc \ Ih`abdc � PeK�2 P;`aR��+FeK Ia` \ kK \ P;R�G < G^O[RWw;M;`hS^S^R&S \ KNG Z o Y M P;RWG c;`aRWGVKNGJbdc;`aSJbdc;R�M 9 \ GJF Z]\ F;G
P;R�G 9 bdceKNI \ F;M;O�w R�RW`aMRneF 2 \ _X`aGJP �  3K M � F!2 �	` \ ? GVK P;RBA B ) S
EW_X`hS^bdc;RWM P;RWG � Y � G K Z]\ c;RW` \
P;R�G � `aRWGVKNGJbdc;`aR � P;RWG f KNFHf E�RW` \ PHR�G A IhO Y GJ` \ c��	RWM-F;M;P P;RWG��+FeKNIh` \ kK \ P;RWG < G^O[RWw;M;`aSJS^RDGJR�bdc;M;RWM
"+G �  P[yEH 1 � 7 RWG < M \ _�R�GJf RWG � F!2!KNIhS Y P;`aR"RWM \ S^bdc;RW`aP;RWM;P;RWM 9 \ RWIaIaRWM `aM6P;R�G � `hR�G^KNG^bdc;`hR"R�G Z R�M �
M;R�M � F�� S Y IabdcHR�M < ) R Z]\ RWM R�M \ ONR�O[RWM;E�F]_X`aG Z RWM � 7 KNS A F � M;PHR�M S Y Iabdc Z GJ` \ `hS^bdc;RWG 9 \ R�IhIaRWM `hS \
�	` \ � `hIhf R	P;R�G!ieF;M Z]\ ` Y M;RWM EWF;G � `hS^FeKNIh`aSJ`aR�GJF;M;O `hM W F;SVK � �!R�MeKNGJw RW` \ �!` \ P;R�G C K�o `hO]K \ ` Y M
P;F;GJbdc6PH`aR � `aRWGVKNGJbdc;`aRDK FHf ZNY �Qf Y G \ KNw;IhR � R�`hS^R � kY O[Ih`abdc � < `aMHR+`aM \ RWGVK Z]\ `ho[R 9 \ RWF;R�GJF;M;OQP;F;GJbdc
A FRn kY S^F;MHO!o Y M � `aR�G^KNG^bdcH`aR�RWw RWM;R�M6`aS \ PeKNM;M �!` \^\ R�IhS*o[RWG^S^bdcH`aR�PHR�M;RWG B7G RWGVK \ ` Y MHR�M � kY O[Ia`hbdc �

* �3�3!?`�! + & ��([`�! + � +'8 !#�%$
7 `aR 8 M \ R�O[G^K \ ` Y M"P;R�G O[RWMeKNM;M \ RWM f RW`aS \ F;M;O[S �	RWG Z �	KNIaR�`hMDP;`aR�O[G^K G c;`hS^bdc;R < M \ _XF;GJf SJF��!O[R�w;FHM;O
`aS \ `hM A wHw;`aIhP;F;M;O N��px PeKNGJO[R�S \ R�IhI \ � 7 `aRUT"Ih`aR�PHR�G^FHM;O�PHR�G�o Y G^Ih`aRWO[R�M;PHR�M A G^w R�` \�Y GJ`aRWM \ `aRWG \ S^`abdc
` � _*RWS^R�M \ Ia`abdcHR�M K M P;RWM P;KNG^O[RWS \ R�IaI \ RWM � Y � G Y M;R�M \ R�M �

X-Window System, Betriebssystem, Dateisystem

Graphischer Editor
für parametrisierte

Spezifikationen

Scanner, Parser,
Auswertung

Feste Parameter-
werte

Datenstruktur
für hierarchische

Schaltkreise

Navigation

Visualisierung

Graphische Benutzerschnittstelle

Basis-Zellen

Lib3Lib1
Lib2

PPB[n]

param.
Entwürfe

GA[m,e]ad[k]

Modifikation

Schichtzuweisung

Plazierung/Verdrahtung

Laufzeitanalyse

Testmustergenerierung
Fehlersimulation

Logiksimulation

Versorgungsnetze

Netzlistenkonverter

Logiksynthese

A w;w;`hIaP;FHM;O N��hx ��� Y � G Y M;RWM \ R�M6P;RWGmONGVK G cH`aS^bdcHR�M < M \ _XF;G:f S^F��!O[RWw;F;M;O-o Y M�� A+7+8 �
8 M �"K G ` \ RWI x w RWS^bdc;GJR�`aw R�M1_X`aG P;RWM O[G^K G c;`hS^bdc;RWM < P;` \VY G � 8 � R�GJS \ R�M A w;S^bdcHM;` \J\ _X`hG^P1E�F;M kKNbdc;S \
R�`hM Z F;GJE�RWG klmw RWG^w;Ih`ab Z kFHw RWGmPH`aR"O kKNM;ON`aO[RWM  R \ c Y PHR�M3EWF;G � R�SJbdc;G^RW`aw;FHM;O	o Y M 9 bdc;KNI \^Z GJR�`hS^R�M
O[R�ONR�w R�M � A M;SJbdc;Ia`hR32[RWM;P-_X`aGJP0P;`hRUF;M;SJR�GJR�� 9 � S \ R�� EWF;O[G^FHM;P;R�Ih`aRWO[R�M;PHR 9#G R�E�` Q Z K \ ` Y M;SJR�w R�M;R
KNFHf � KNSJ`aS
R�`hM;R�S _ Y c;IhP;RaQ;M;`aRWG \ RWM �	K \ c;R��	K \ `hS^bdc;RWM C R \ E Z KNI Z kF;IaS o Y G^O[RWS \ R�IaI \ � 7 RWM E�R�M \ GVK �
IaRWM A w;SJbdc;M;` \J\ P;`aRWS^RWS��"K G ` \ RWIaSnw;`aIhP;R \ P;`aR � R�S^bdcHG^R�`hw;F;M;O6R�`hM;R�GDONR�R�`hO[M;R \ R�M 7 K \ R�MHS \ GJF Z]\ F;G
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EWF;G G KNGVK �!R \ G^`hS^`aRWG \ R�M3ONGVK G cH`aS^bdcHR�M < `aMHO]KNw R�o Y M 9 bdceKNI \VZ G^RW`aSJR�M O[R�� kKE2-P;RWM > RWO[R�IhM3P;`hR�S^RWS
C R \ E Z KNI Z kF;IhS � A w;S^bdc;Ih`aR 2[R�M;P&_X`aGJP�KNM;ceKNMHP)E�_*RW`aR�G1KNFHSJf kF;c;GJIa`hbdc;R�G � RW`aS G `aRWIaR
P;`hRQi IaRBTH`hw;`aIh` \ kK \
PH`aR�SJR�G � RWS^bdc;GJR�`awHF;M;O[S �	R \ c Y P;R�oNR�GJP;R�F \ Ia`hbdc \ �
8 M �"K G ` \ RWI�	UE�RW`aO[RWM
_X`aG � _X`aR�K F;S�R�`hM;R�G G KNGVK �!R \ G^`hS^`aRWG \ R�M 9 bdc;KNI \ F;M;O[SJw RWS^bdc;GJR�`awHF;M;O1R�`aM
S G R �
EW`aRWIaIaRWG � R�G \ G^R \ R�G P;`aRWS^R�G 9 bdceKNI \VZ G^RW`aS:f K �	`hIa`hR
KNF;SJO[RW_ kKNcHI \ _X`hG^P � i kF;G1P;`hR�S^RWM � R�G \ G^R \ RWG�_X`aGJP
M;KNbdc P;R�G � R�IhR�O[FHM;O KNIhIaRWG"f GJR�`hR�M �@KNGVK �!R \ R�G:_*RWG \ R-P;`aR 7 KNG^S \ RWIaIaFHM;O `hM�i Y G �uR�`aMHR�S cH`aR�G^KNG �
bdcH`aS^bdc O[R�ONIa`aRWP;R�G \ RWM3TDGVK G c;R�M6R�GJE�RWF;O \ �
8 M �"K G ` \ R�I K w RWS^bdc;GJR�`aw R�M�_X`aG P;R�M A FHf weK F P;RWS�TDR�SVK � \ S �=S \ R��	S � C R�w R�M PHR�G�TDG^FHM;P;S \ G^F Z]\ F;G
PHR�G�O[GVK G c;`aSJbdc;R�M B w RWGon kK bdc;R�_X`aG^PQO[RWE�RW`aO \3� _X`aR�P;`hR � Y MRQeO[FHGVK \ ` Y M
P;RWG < M \ _XF;G:f S^F��!O[RWw;F;M;O
FHM;P PeK �!` \ P;`aR 8 M \ R�O[G^K \ ` Y M�o Y M � R�G Z E�R�FHO[R�M�F;M \ R�GJS \ kF \ E \ _X`aG^P � 7 R�G 9 bdc]_*RWG G F;M Z \ Ia`hR�O \
cH`aR�G�KNFHf*P;R�G < G^I kK F \ RWG^F;M;O6P;RWG1oNR�G^SJbdc;`aRWP;R�MHR�M  kY O[Ih`abdc Z R�` \ R�M)E�F;G � `hS^FeK Ia`aSJ`aRWG^F;M;O P;RWG1o Y M
PHR�M `aM \ RWO[G^`hR�G \ R�M � R�G Z EWR�F;O[RWM w R�GJR�bdc;M;R \ RWM < G^O[RWw;M;`aSJS^R&`aM � RWG^w;`hM;P;F;M;O �!` \ PHR�M ijFHM Z��
\ ` Y MHR�M EWF;GUO[G^K G c;`hS^bdc;RWM C K o `aO]K \ ` Y M � A w;SJbdc;Ia`hR32[RWM;P�E�RW`aO[RWM3_X`aGnKNM;c;KNM;P RW`aM;`hO[R�G ZNY M Z GJR \ R�G
< M \ _ kF;G:f R � _X`aRDSJ`abdc6PeKNS 9 � S \ R�� ` � G G^K Z]\ `hS^bdc;RWM < `aMHSVK \ E"oNR�GJc kKNI \ � 7 KNw R�` _*RWG^P;RWM KNF;bdc6P;`hR
` � G IaR��!R�M \ `aR�G \ RWM 9 bdc;MH` \^\ S \ R�IaIhR�M EWF ZNY � �	RWG^EW`aR�IhIaRWM < M \ _XF;GJf SJS � S \ R��!R�M w R�SJbdc;G^`hR�w R�M � �!` \
� `aIpf R+P;R�GJR�GmP;`aR+o Y G^ONR�S \ R�IhI \ RWM < M \ _ kF;G:f R O[R�f R�G \ `aO \ _XF;G^PHR�M �
8 M �1K G ` \ R�I z O[RWw RWM _X`aG R�`hM;R�_*RW` \ RWG^R A M]_*RWM;P;F;MHO1PHR�G ONGVK G cH`aS^bdcHR�M 9#G R�EW` Q Z K \ ` Y MHS^R�w R�MHR,KNM �
`hM;P;R�� _X`hG�EWR�`hO[R�M � _X`hR-S^`hR	EWF;G � R�S^bdcHG^R�`hw;F;M;O G KNGVKNIhIaRWIaR�G 9 �=S \ R��	R0ONR�M F \ E \ _�R�GJP;R�M Z KNM;M �
7 `hR < `aM;O]K w R O[Ih`aRWP;R�G \ S^`hbdc�PeK w RW`,`aM EW_�R�`XF;M;KNw;c kKNMHO[`aO[R 9 \ FHf RWM � 8 � R�GJS \ R�M 9 bdc;G^` \^\ _X`aGJP
EWF;M kKNbdcHS \ R�`hM � Y � � F;M;` Z K \ ` Y MHS^S^bdcHR��	K6E�_X`aS^bdcHR�M  Y P;F;IaRWM P;RaQ;M;`aRWG \ � _ Y w RW`*P;`hR  Y P;F;IhR
SJR�Ihw;S \ E�F;M kK bdc;S \ K IaS � � ILK b Z � Y THRWS+ K FHf O[RWf KE2 \ _�R�GJP;R�M � ieR�S \ O[RWIaR�O \ _X`hG^P M FHG-`acHG^R kKNF!2[R �
GJR 9 bdc;M;` \J\ S \ R�IhIaR � PH`aR"E�F;G 9#G R�EW` Q Z K \ ` Y M6P;R�S!� Y � � F;M;` Z K \ ` Y MHS^S^bdcHR��	KNS �-KE2[O[R�wHIa`abdc `hS \ � 8 �
E�_*RW` \ R�M 9 bdc;GJ` \^\ R�G:f Y IaO \ PeKNMHM P;`aR-KNIaO Y G^` \ c��!`aS^bdcHR > R K Ia`aSJ`aRWG^F;M;O6P;RWG  Y P;F;IaR � S Y PeK�2 P;KNS
ONR�SVK � \ R C R \ EW_�R�G Z E�F;G � RWG^RWbdc;M F;M;O!R�`aMHR�S G K GVKNIhIaR�IhR�M A IhO Y G^` \ c�� F;S Z Y MRQeONF;G^`hR�G \ _X`aG^P � A M �
c;KNM;P6EW_�R�`aRWG � R�`hS G `hR�IaR!�	RWc;G^P;` �	RWM;S^` Y MeKNIhR�G � Y � � FHM;` Z K \ ` Y M;SJS^bdc;R��-K \ K�_X`hG^P P;`hR G G^`hM;E�` G ` �
RWIaIhR ��Y G^O[RWc;R�MHSJ_�R�`aSJR�RWG^I kKNF \ RWG \ �

� - ��_ 2 - (]& ��( !?�
A M P;`hR�SJR�G 9 \ RWIaIaR � kY bdc \ R!`abdc)KNIaI�PHR�M;RWM PeKNM Z R�M � P;`hR �!`abdc�w R�`�P;RWG 8 � G IaR��	RWM \ `aRWG^F;MHO P;RWS
9 �=S \ R��	S	F;M;P P;RWG < GJS \ RWIaIhF;M;O�P;R�GQo Y GJIa`hR�O[RWM;P;R�M A GJw RW` \ F;M \ RWG^S \ kF \ E \ ceKNw R�M �  6R�`aM 7 KNM Z
ON`aI \ o Y G+K IaIaR�� � R�G^GJM ��G Y f � 7 G � T kF;M \ R�G � YN\ E"f kF;GmP;`aR"`hM \ R�GJR�S^S^KNM \ R A FHf O]KNw R�MHS \ RWIaIhF;M;O!F;M;P
PH`aR+E�KNc;IaGJR�`hbdc;R�M A MHG^R�ONF;M;O[RWM _ kK c;G^RWM;P `ac;GJR�G � R�KNG^w R�` \ F;MHO ��� RWS Y MHP;R�GJSmP;KNM Z RWM � kY bdc \ RD`hbdc
� Y Ipf O]KNM;O ��Y O[RWIaO[RWSVKNM;O�f kF;G-PH`aR6R�M \ SJbdc;R�`hP;R�M;PHR  6` \ K G^w R�` \ w R�`mP;R�G � Y M;E�R GH\ ` Y M FHM;P 8 � �G IaR��!R�M \ `aR�GJF;M;O�_X`hbdc \ `aO[RWG ? RW`aI ZNY � G Y M;R�M \ RWM P;R�S 9 � S \ R��!S � 7 RWSJ_�R�` \ R�GJR�M PeKNM Z R&`abdc P;R��
� AU7+8 ��A 7 G^R�K � A ? R�K � � _*RWIabdc;RWS `aM1P;RWG � RWS^R \ E�FHM;O > KN`aM;RWG � KNb Z RWS �  `abdc;KNR�I � `p_*RWG^S^` � ijG^KNM Z
� GVKNF;M � ? c Y �-K S�ieR \^\ `hO �]A MHP;G^R�K TDG kKNw R�G � � R�GJM;P TDGVKNMHP;R �  Y M;` Z K �1K `aS^RWG �  `hbdceKNRWI �DGJR�F \:�
EWR�G � �*c;GJ`aS \ `LKNM  3KNM!2 �  `hbdceKNRWI  RW`aSJR�G � � kY GJO > ` \^\ R�G � � kY GJO 9 bdcHMeKNw R�I � B Ia`po[R�G 9 \ KNM Z R-F;M;P
TDR�GJceKNGJP � KNM;M;R��-K bdc;R�GXc;RWGJo Y G^GVK O[R�M;PHR�M 9#G Y G \ S^ONR�`aS \ w RW` P;R�M 8 � G IaR��!R�M \ `aR�GJF;M;O[S^KNG^w R�` \ RWM
RWM \ _X`ab Z RWI \ R � T"`hS^RWILK ��` \ S^bdc!PeKNM Z RX`abdc
f kF;G�PeKNS�S Y G^ONf kK I \ `hO[R � Y G^G^R Z]\ F;GJIaR�SJR�M!P;R�G�o Y G^Ih`aR�ONR�M;P;RWM
A G^w R�` \ � 9 bdc;Ih`aR32NIa`abdc&O[`hI \ �!R�`hM 7 KNM Z �	RW`aM;RWM � Y IaIhR�O[`hM;M;RWM�F;M;P � Y IhIaR�ONR�M � P;`hR �	`hG1`hM)PHR�M
IhR \ E \ RWM � K c;G^RWM c;`hIhf GJR�`abdc EWF;G 9 R�` \ R"S \ KNM;P;RWM �
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7 R�G < M \ _XF;GJf�ONG Y 2[RWG 9 bdceKNI \ F;M;ONR�M w R�ON`aM;M \ `aM&o `aRWIaR�M�i kK IaIaRWM �	` \ O[GVK G c;`aSJbdc;R�M 9=Z `aEWE�R�M)`aM
i Y G � o Y M � I Y b Z S^bdceK I \ wH`aIaPHR�G^M � PH`aR KNM;S^bdcHIa`aR 2[R�MHP `aM K IaO[RWw;GVKN`hS^bdc;R A FHS^P;G kF;b Z R Y P;R�G ��G YE�
O[GVK � �!RDF��!O[R�SJR \ E \ _�R�GJP;R�M � 7 KQP;`aRWS^R l��!f Y G � F;MHO!c kKNFRQeO-KNF \VY �-K \ `aSJ`aR�GJweKNG,`hS \3� wH`aR \ R \ R�S
S^`hbdc KNM � w RWG^R�` \ SQP;`hR S^bdc;R��-K \ `aSJbdc;R 9=Z `hE�E�R6KNIhS > RWbdc;M;RWG^R�`hM;O]KNw R6E�F o[R�G:_*RWM;P;RWM � 7 `hR < � �
E�`hR�M;E � �	` \ P;R�G!R�`hM RWM \ S G G^R�bdcHR�M;P;RWG O[GVK G c;`aSJbdc;R�G < P;` \^Y G
R�`hM;O[RWS^R \ E \ _*RWG^P;RWM Z KNM;M � c kKNM;O \
R�M \ SJbdc;R�`hP;R�MHP3o Y M f Y IhO[R�M;PHR�M EW_�R�`@ijK Z]\VY GJR�M6KNw��

x�� o Y M P;RWGXE�F;O[GJF;M;P;RWIa`hR�O[RWM;P;R�M 9#G R�EW` Q Z K \ ` Y M;SJR�w R�M;R"F;MHP
	 � o Y � W F;SVK � �!R�M;S G `aRWI/P;RWS < P;` \VY GJS �	` \ P;R�M kF;w;GJ`aO[RWM < M \ _XF;G:f SJ_�R�G Z EWR�F;ONR�M �

7 R�G"R�GJS \ R ��F;M Z]\ `aS \ �	K�2[ONR�w;Ih`abdc f kF;G"P;`hR A G^w R�` \ S^EWR�` \ � P;`hR
E�F;G 9#G R�E�` Q Z K \ ` Y M&R�`hM;R�G 9 bdceK I �
\ F;MHO�KNFHf ONRW_�R�M;P;R \ _�R�GJP;R�M � F 2 � � R � kKNbdc \ `hO[R�GQP;`hR � Y MHS \ GJF Z]\ R P;R�G	E�F;O[GJF;M;P;RWIa`hR�O[RWM;P;R�M
9#G R�E�` Q Z K \ ` Y M;SJR�w R�M;R6S^`hM;P � P;RWS \VY R�`aM=f KNbdc;R�GQF;MHP Z kF;G^EWR�G!_*RWG^P;RWM P;`aR 9 bdc;KNI \ F;M;O[SJw RWS^bdc;GJR�` �
w;F;M;ONR�M � ��Y � EW_�R�` \ R�M ��FHM Z]\ c kKNM;O \ KNw � _X`hRnSJbdc;M;R�IhI < M \ _XF;GJf S:f R�c;IhR�G,I Y[Z KNIa`hS^`hR�G \ F;M;P Z Y G^GJ` �
O[`aRWG \ _�R�GJP;R�M Z kY MHM;R�M � 7 `hR�S,_X`aGJP RWM \ S^bdcHR�`aPHR�M;P RWG^IhR�`abdc \ R�G \3� _*RWM;M3PH`aR < G^O[RWw;M;`aSJS^R � PH`aRDo Y M
P;R�M�R�`hM;O[RWS^R \ E \ R�M < M \ _XF;G:f SJ_�R�G Z EWR�F;O[RWM w RWG^R�bdcHM;R \ _*RWG^P;RWM � `aM�RW`aM;RWM)P;`hG^R Z \ R�M � R�EWF;O6E�F;G
O[GVK G c;`aSJbdc;R�M < `aM;O[KNw RDONR�w;G^KNbdc \ _�R�GJP;R�M �
7 KNS,`hM P;R�G,o Y G^Ih`aR�ONR�M;P;RWM A G^w R�` \ w R�SJbdc;G^`hR�w R�M;R 9 � S \ R�� EWR�`abdcHM;R \ S^`hbdc PeKNP;F;GJbdc6KNF;S � PeK�2
R�S
w RW`aP;RWM�O[RWMeKNM;M \ RWM i K Z \^Y G^RWM�`aM w RWS Y M;PHR�G^RWG � R�`aSJR0O[RWG^R�bdc \ _X`hG^P � 7 `aR 9#G R�E�` Q Z K \ ` Y M;SJR�w R �
M;R"P;R�SmO[G^K G c;`hS^bdc;RWM < P;` \^Y G^S�w;KNS^`hR�G \ KNF=f RW`aM;R�� _ Y c;IaP;RlQeM;`hR�G \ R�M �-K \ c;R��-K \ `aSJbdc;R�M �"KNI Z kF;I �
P;R�SJS^RWM \ c;R Y G^R \ `hS^bdc;R�TDG^F;M;PHILKNO[RWM `aM#G � YN\ J �IH � G � YN\ JOJ H F;M;P G  Y I P J H P;RaQ;M;`aRWG \ _XF;G^PHR�M � TDR �
O[R�M kF;w RWG K M;P;R�GJR�M 9 �=S \ R��	RWM�E�RW`abdc;M;R \ SJ`abdc PH`aR�SJR � R�S^bdcHG^R�`hw;F;M;ONS^R�w R�MHR P;F;G^bdc `ac;GJR!w R�S Y M �
P;R�GJS+c Y cHR i IhRlT=`aw;`hIa` \ kK \ K F;S � 9=Y SJ`aM;P PH`aR < `hM;O]KNw R�M G KNGVK �	R \ G^`hS^`hR�G^w;KNG � _*KNS < M \ _ kF;GJf R
O[KNM �
E�RWG*ijK �!`aIh`aR�M�o Y M 9 bdceKNI \VZ G^RW`aS^RWM-P;FHG^bdc0RW`aM;RXw R�S \ ` � � \ R A M;E K c;I o Y M < `hM;O]KNw R�M!R�G � kY ONIa`abdc \ �
7 KNG kFHw RWG^c;`hMeKNF;S Z kY M;MHR�M � R�GJR�bdc;M F;M;ONSJo[RWGJf KNcHG^R�M � P;`hR ? RW`aI Z Y � G Y MHR�M \ RWM!RW`aM;RWS < M \ _XFHGJf S�E�F �
O[G^FHM;P;R�Ih`aRWO[R�M � FHMeKNw;c kK M;O[`aO o Y M S G RWE�`aRWIaIhR�M > R�KNIa`hS^`aRWG^F;MHO[R�M `acHG^R�G < IhR��!R�M \ KNG YOG R�GVK \ ` Y M;R�M
w RWS^bdc;GJ`aRWw RWM3_*RWG^P;RWM ��� R�`aS G `aRWIaS:_*RW`aS^R1I kKE2 \ S^`hbdc3R�`hM 9 Y G \ `aR�GJM;R \ EW_�R�G Z EWF;M kKNbdc;S \ F;M;KNw;c kKNMHO[`aO
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o Y � ? � G FHM;P o Y M&P;RWG � Y P;`hR�GJF;M;O0P;RWGDE�F�S Y G \ `aR�GJR�M;PHR�M < IaR��!R�M \ R R�`hM;O[R�w R�M � < `aM;R S G RWE�` �
RWIaIhR A G \ o Y M < IaR��	RWM \ R�M _X`aGJP S G kK \ R�GmKNIhIaRW`aM-PHF;G^bdc6P;`aR > R�KNIa`hS^`aRWG^F;MHO R�`hM;R�S�RWM \ S G GJR�bdc;RWM;P;RWM
� KNS^`hSJo[RWG^O[IhR�`hbdc;R�GJSUKNFHS^O[R�_ kKNc;I \ �
l�� R�`hM YOG=\ ` �	KNIhR�S W F;S^K � �	RWM;S G `hR�I,PHR�S < PH` \VY G^S �	` \ P;RWM kF;w;GJ`aO[RWM < M \ _XF;G:f SJ_�R�G Z EWR�F;O[RWM
EWF O[R�_ kKNc;GJIaR�`hS \ R�M � `aS \ R�G � _X`hR PH`aR�SQ`hM A w;w;`aIhP;F;M;O x��px PeKNG^ONR�S \ R�IhI \ `aS \ � `hM�P;`hR O[GVK G c;`aSJbdc;R
B w R�G n kKNbdc;R�P;R�S@TDR�S^K � \ S � S \ R��	S `aM \ R�O[GJ`aR�G \ � < G KNGJw RW` \ R \ PeK w RW` KNFHf=R�`aMHR�G w RWIa`hR�w;`hO*_ kKNc;IhweKNG^RWM
 6R�M;O[R�o Y M	T"GJF;M;P;EWR�IaIhR�M � kF;w R�G�P;RWG � `awHIa` Y \ c;R Z R�M o Y M G KNG^K �	R \ GJ`aS^`hR�G \ R�M < M \ _ kF;G:f R�M	R�G^S \ RWIaI \
_�R�GJP;R�M Z kY M;M;RWM � 7 `aR 7 K G^S \ R�IhIaF;M;ODPHR�G < `aM;O[KNw RWMQR�GJf Y IaO \ `hM
R�`hM;R�G�EWR�M \ G^KNIaRWM 7 K \ R�M;S \ GJF Z]\ F;G �
PH`aR�R�`hM;R�M c;`hR�G^KNG^bdc;`hS^bdc O[RWO[Ia`hR�P;RWG \ RWM T"G^K G c;RWM G^R G G kKNSJR�M \ `hR�G \ � 7 `aRWS^R � K S^`aSJPeK \ R�M;S \ G^F Z \ F;G
wH`aIaPHR \ KNFHbdc�P;`hR6T"GJF;M;P;IaKNO[R0f kF;G
PH`aR `aM \ R�O[GJ`aR�G \ RWM � RWG Z E�RWF;O[R � S Y PeKE2�PH`aR � `hS^FeK Ia`aSJ`aRWG^F;M;O
PHR�GQw RWG^RWbdc;M;R \ R�M < GJO[R�wHM;`aSJS^R E�F;S^K � �	RWM �!` \ R�`hM;R�G Z Y �!f Y G \ K w;IaRWM C K o `aO]K \ ` Y M P;F;G^bdc P;`hR
9 bdceKNI \ F;M;O[SJc;`aRWGVKNGJbdc;`aR"O[R�_ kKNc;GJIaR�`hS \ R \ _X`aGJP �

X-Window System, Betriebssystem, Dateisystem

Graphischer Editor
für parametrisierte

Spezifikationen

Scanner, Parser,
Auswertung

Feste Parameter-
werte

Datenstruktur
für hierarchische

Schaltkreise

Navigation

Visualisierung

Graphische Benutzerschnittstelle

Basis-Zellen

Lib3Lib1
Lib2

PPB[n]

param.
Entwürfe

GA[m,e]ad[k]

Modifikation

Schichtzuweisung

Plazierung/Verdrahtung

Laufzeitanalyse

Testmustergenerierung

Fehlersimulation

Logiksimulation

Versorgungsnetze

Netzlistenkonverter

Logiksynthese

A w;wH`aIaPHF;M;O x��px � 8 M \ RWO[GVK \ ` Y M P;RWSXO[GVK G c;`aSJbdc;R�M < P;` \^Y G^SX`aM PeK SUTDR�S^K � \ S � S \ R��
8 M PH`aR�SJR�� �"K G ` \ R�I�w R�S^bdcHG^R�`hw RWM�_X`aG1M F;M P;`aR 9#G R�E�` Q Z K \ ` Y M;SJR�w R�M;R � P;`hR-P;R��(ONGVK G cH`aS^bdcHR�M
< P;` \VY G1F;M;SJR�GJR�S 9 � S \ R��!S EWF;O[G^FHM;P;R�Ih`aRWO \ �1W F;G A w;ONG^R�MHE�F;M;O3O[R�O[RWM kF;w R�G
K M;P;R�GJR�M � R�S^bdcHG^R�` �
wHF;M;O[S:f Y G �!R�M _�R�GJP;R�M
` � R�GJS \ RWM A wHS^bdc;M;` \^\ Z FHG^E*PH`aR�O kKNM;O[`hO[R�M  R \ c Y P;R�M EWF;G 9?G RWE�` Q Z K \ ` Y M
o Y M � KNG^PH_*KNGJR-PeKNGJO[R�S \ RWIaI \ � A M;SJbdc;Ia`hR32[RWM;P�w R�SJbdc;G^RW`aw R�M�_X`aG"P;`hR!_X`hbdc \ `aONS \ RWM A S G R Z]\ R0P;RWS
FHM;S^RWG^R�� 9 � S \ R�� KNIhS � K S^`aS�P;`aRWM;R�MHP;R�M �	K \ c;R��-K \ `aSJbdc;R�M �1K I Z kF;IaS � 8 � EWR�M \ G^KNIaRWM A w;SJbdc;M;` \J\
PH`aR�SJR�S �"K G ` \ R�IhS�O[R�c;RWM _X`hGXKNFHf%PH`aR < `aO[RWM;S^bdceKgf \ R�M P;R�GmO[R�_ kKNc;I \ R�M � KNSJ`aS^P;K \ RWM;S \ G^F Z]\ FHGnEWF;G
� RWGJ_*KNI \ F;M;O O[G^K G c;`hS^bdc;RWG C R \ E�ONIaR�`hbdc F;M;O[SJS � S \ R��!R!RW`aM � A M;c;KNM;P�EW_�R�`hR�G"KNFHSJf kF;c;GJIa`hbdc;R�G � R�` �
S G `aRWIaR+_X`hG^P KNw;S^bdcHIa`aR 2[R�MHP6PH`aR"O[RW_ kK c;I \ R � R�SJbdc;G^RW`aw;F;MHO[S �!R \ c Y PHR�RWG^I kK F \ RWG \ �
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7 `aR! R \ c Y P;R�M EWF;G 9#G R�EW` Q Z K \ ` Y M	`aM \ RWO[`aRWG \ RWG 9 bdceKNI \^Z G^R�`hS^R+w;KNS^`hR�G^RWM O[G^FHM;P;S kK \ E�Ih`abdc K FHf P;R�M
f Y IaONR�M;P;RWM w RW`aP;RWM A M;S kK \ E�RWM��


 !
	 $'&�!?���"!�� !?254 0�+ !?� 8 & ��(]2 md!U$ 0 : ` !
8 M P;`hR�SJR�� ijKNIaIUR�GJf Y IaO \ P;`hR 9?G RWE�` Q Z K \ ` Y M RW`aM;RWG 9 bdceKNI \ F;M;O�`aM R�`hM;R�G � KNGJPH_*KNG^RWw RWS^bdc;GJR�` �
w;F;M;ONS^S G GVKNbdc;R � 7 `hR3TDG^FHM;P;ILK O[R f kF;G	S Y IabdcHR 9#G G^KNbdc;RWM w;`aIhP;R�M ` � KNIaIhO[R��!R�`hM;R�M ` � G R�GVK \ `hoNR
Y PHR�GXf F;M Z]\ ` Y MeKNIhR ��G Y O[G^K � �!`aRWG^S G GVKNbdcHR�M �  3K M3F;M \ RWG^SJbdc;R�`hP;R \ P;KNw RW` `aM A w;c kK M;O[`aO Z R�` \ P;R�G
PeKNGJO[R�S \ R�IhI \ R�M 9 bdceKNI \ F;MHO[S^bdceK GVK Z]\ RWG^`hS \ ` Z K6P;GJR�`�o[RWG^SJbdc;`aRWP;R�M;R �"IaKNS^SJR�M&o Y M � R�SJbdc;G^RW`aw;FHM;O[S �
S G G^KNbdc;RWM��


 9#G G^KNbdc;RWM � P;`hR�RW`aM;R�G^RW`aM f FHM Z]\ ` Y MeKNIaR 9#G R�EW` Q Z K \ ` Y M F;M \ RWG^S \NkF \ EWR�M Y c;MHR PeKNw R�` S \ G^F Z��
\ FHG^R�IhIaR < `aO[RWM;S^bdceKgf \ R�M RW`aM;RWG 9 bdceK I \ FHM;O�E�F w R�G kF;b Z S^`abdc \ `aO[RWM � � RW`aS G `aR�IhR	cH`aR�G:f kF;G SJ`aM;P
8:9 � 9 "+G � KNG e PEH 1*FHM;P  KNb G ` \^\ SA".G 9H9 � P 	 H 1 �


 9#G G^KNbdc;RWM � P;`hR S Y _ Y c;I f FHM Z]\ ` Y MeKNIaR�KNIhS+KNF;bdc�S \ GJF Z]\ F;GJR�IaIhR 9#G R�EW` Q Z K \ ` Y MHR�M RWG^ILK F;w RWM �
_X`aR�P;`aRWSU`hM W R�FHS�"+G TEf P��*H 1 � � KNP;RWS�"+G � `aG P 	 H 1 �
� � 7 f "+G 9 ceK P 	 � f 9 l P[yEH 1mF;M;P <�7+8 i
"+G � Y � P e H 1 � kY O[Ia`hbdc `aS \ �


 9#G G^KNbdc;RWM � w R�`�P;R�M;RWM M FHG S \ G^F Z]\ FHG^R�IhIaR < `hO[R�MHS^bdceK f \ R�M w R�G kFHb Z SJ`abdc \ `hO \ _�R�GJP;R�M � w RW` �
S G `aR�IhSJ_�R�`hS^R � 8:9H7 f "+G f ` � P 	 H 1 �

A IhIaR�P;`aRWS^R � R�SJbdc;G^RW`aw;F;MHO[S^S G GVKNbdcHR�M!R�G^IaKNF;w R�M�R�`aMHR neRBT=`aw;IhR 9#G R�EW` Q Z K \ ` Y M"o Y M 9 bdceKNI \VZ G^RW`aSJR�M �
9 `aR F;M \ R�GJS \ kF \ EWR�M `hMDP;R�G > R�ONR�I[RW`aM;R G G Y E�RWP;F;G^KNIaR 9 \ G^F Z]\ F;G^`hR�G^FHM;O � `hM;P;R�� f F;M Z]\ ` Y MeKNIhR � I kY b Z R
R�`hM;R�G 9 bdceKNI \ F;M;O P;F;G^bdc RWM \ S G G^R�bdcHR�M;P;R ��G Y E�R�PHF;G^RWM6GJR G G kKNS^RWM \ `aRWG \ _*RWG^P;RWM � 7 `aR A MHS^bdc;I kF;S^SJR
R�`hM;R�S�S Y Ihbdc;R�M � I Y b Z RWS*R�M \ S G GJR�bdc;RWM6RW`aM;R�� ? RW`aIjP;RWG � K GVK �!R \ R�G�P;R�G�E�F;ONR�c kY GJ`aO[RWM ��G Y E�R�PHF;G �
� RW` \ R�G^R �@KNGVK �	R \ R�G Z kY M;MHR�M	oNR�G:_*RWM;P;R \ _*RWG^P;RWM � F�� � KNGJ`LKNM \ R�MQF;M;P	ijKNIaIhF;M \ R�GJS^bdc;RW`aP;FHM;O[R�M
KNF;SJE�F;P;G kF;b Z RWM � 8 M)R�`hM;R�� � I Y b Z o[RWGJ_�R�M;P;R \ R ? R�`hIaw;I kY b Z R
_�R�GJP;R�M�PHF;G^bdc A FHf GJFHf RQP;R�G1P;`aRWS^R
? RW`aIhw;I kY b Z R � Y P;RWIaIa`hR�GJR�M;P;RWM ��G Y EWR�P;F;GJR�M�F��	ONR�S^R \ E \ � _ Y P;FHG^bdc PH`aR�c;`hR�GVK G^bdc;`hS^bdc;R*T"Ih`aRWP;R�GJF;M;O
R�`hM;R�G 9 bdc;KNI \ F;M;O R�G � kY ONIa`abdc \ _X`hG^P � 8 M;S^w R�S Y M;P;RWG^R	S^`aMHP�`hM�R�`hM;`aO[RWM � R�SJbdc;G^RW`aw;F;MHO[S^S G GVKNbdcHR�M
KNF;bdc6G^R Z FHG^S^`po[R 9#G R�E�` Q Z K \ ` Y M;RWM6EWF;O[RWILKNSJS^R�M �
A IhS 9 \ KNM;PeK G^P;S G GVKNbdcHR�M F;M;P�`hM \ R�GJMeK \ ` Y MeK I�K Z EWR GH\ `aRWG \ R A F;S \ KNFHS^bdcHf Y G �-K \ R0ceK w RWM�S^`hbdc�`aM
R�GJS \ RWG7f `aMH`aR � � 7 f F;M;P <�7+8 i P;F;G^bdcHO[R�SJR \ E \ � 7 KNw RW` `aS \�� � 7 f O[RWR�`aONM;R \3� F��vK IaIaONR��!R�`aMHR
P;`aON` \ K IaR 9 � S \ R��!R0E�F w R�S^bdcHG^R�`hw RWM � 7 `hR � K S^`aS P;`aRWS^R�G 9#G GVK bdc;R0`aS \ R�`hM KNw;S \ G^K Z]\ R�S  Y P;RWIaI �
_*RWIabdc;RWS � RWG^ceKNI \ RWM;S A F;M;P 9 \ GJF Z]\ F;GJbdceKNG^K Z]\ R�GJ`aS \ ` Z K"P;`aON` \ K IaR�G 9 � S \ R��!RnF��Qf K�2 \ � 7 `hR 9 � M \ K T
o Y M � � 7 f R�M \ S G G^`hbdc \ P;R�G!R�`hM;R�GQ` � G R�G^K \ `po[R�M ��G Y ONGVK � �	`hR�GJS G G^KNbdc;R � _X`hR f Y IaO[RWM;P;R � RW` �
S G `hR�Ihw RWS^bdc;GJR�`awHF;M;O!P;R�G A M \ `ho KNIaRWM;EBA ijFHM Z]\ ` Y M " M;RWO[`aRWG \ RWS < T Z IaFHS^`hoOA B P;RWG 1�KNM;PHR�F \ R \ �
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7 `hR 7 KNGJS \ RWIaIhF;M;O�RW`aM;RWG 9 bdceKNI \ F;M;O KNF=f � K S^`aS0o Y M � KNGJPH_*KNG^RWw RWS^bdc;GJR�`awHF;M;O[SJS G G^KNbdc;R�M ceK \
K w RWG�RWM \ S^bdc;RW`aP;RWM;P;R C KNbdc \ RW`aIaR � < `aM;RWG^S^RW` \ S�I kK�2 \ S^`hbdc \^YOG Y I Y O[`hS^bdc;R 8 M=f Y G �	K \ ` Y M kF;w R�G1R�`aMHR
9 bdceKNI \ F;M;O M F;G+SJR�c;GUS^bdc]_*RWGDo Y M � K M;P�KNF;SUR�`aMHR�G+GJR�`aM \ RlT \ F;R�IhIaR�M � R�SJbdc;G^RW`aw;F;MHO6RBT \ GVK c;`aR �
GJR�M � W F�� � R�GJS \ kK M;P;M;`hS PHR�G 9 bdceKNI \ F;MHO[SJf F;M Z \ ` Y M1w R�`]O[G Y 2[R�M 9 bdc;KNI \ F;M;O[RWM�`hS \ KNw R�G M;RWw RWM�P;RWG
\ RlT \ FHR�IaIhR�M � R�SJbdc;G^RW`aw;FHM;O P;`hR 7 K G^S \ R�IhIaF;M;O `hM i Y G � RW`aM;RWS 9 bdc;KNI \ w;`aIhP;R�S Y f \ SJR�c;G1c;`aIpf G^RW`abdc �
A M;P;RWG^R�GJS^RW` \ S*`aS \ RWS�f kF;G�P;R�M < M \ _�R�G:f R�G,SJbdc _�R�G � R�`hM;R�M � R�EWF;O E�_X`aS^bdcHR�M0SJR�`aMHR�G < `hM;O]KNw RXF;M;P
PHR�M)o Y M < M \ _XF;G:f SJ_�R�G Z EWR�F;O[RWM�ONR�Ia`hRWf RWG \ RWM > RWS^F;I \ K \ R�M cHR�G^EWF;S \ R�IhIaR�M � 8 � KNIaIhO[R��!R�`hM;R�M�ceK \
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�-K M Z RW`aM;R kFHw RWG^S^`hbdc \ Ia`hbdc;R 7 KNGJS \ R�IaIhF;M;OnP;R�G < GJO[R�wHM;`aSJS^R � _ Y �!` \ P;`aR f Y[Z KNIa`hS^`aRWG^F;MHOnRWM \ _XFHGJf S �
Z G^` \ `aSJbdc;R�G 9 \ RWIaIhR�M S^bdc]_X`aRWG^`aO F;M;P EWR�` \ KNFHf _�R�MHP;`aO)`aS \ � 7 `aR�SQO[`hI \ `hM;S^w R�S Y M;P;RWG^R � _*RWM;M RW`aM;R
c;`aRWGVKNGJbdc;`aSJbdc;R 9 bdceKNI \^Z G^R�`hS^RW`aM;O]K w Rm`aM \ RWG^M	`aM!R�`aMHRgnjK bdc;R 7 KNGJS \ RWIaIhF;M;O \ G^KNM;SJf Y G �!`aR�G \ _*RWG^P;RWM
� F!2 � _X`aR�P;`hR�S�`hM
P;R�G > R�O[RWIew RW` 9 ` � F;ILK \ ` Y M;SJ_�R�G Z EWR�F;ONR�M kF;w;Ih`abdc
`aS \ � 9=Y Ia`aR�f R�G \ w RW`aS G `aRWIaSJ_�R�` �
S^R"P;RWG f Y O[` Z S^` � F;IaK \VY G � 8 f B "+G T"RWM yONEH 1*P;RWGXi `aG �-K
TDR�M > KNP SJR�`hM;R 9 ` � FHILK \ ` Y M;SJR�GJO[R�w;MH`aS^SJR
`aM�i Y G � o Y M W RW` \ P;`LKNONGVK � �	RWM � 7 `aR W F Y GJP;M F;M;O0RW`aM;RWS 7 `LK O[GVK � �!R�SXE�F�RW`aM;R�� 9 `aO[MeK IaM;R \ E
R�G:f Y IaO \ PeKNw R�` kF;w R�G+PH`aR C K �!R�M o Y M � KNFHS \ RW`aMeK M;S^bdc;I kF;S^SJR�M � PH`aR�_ kK c;G^RWM;P�P;R�G ? G^KNM;SJf Y G �	K �
\ ` Y M	PHR�G � `aRWGVKNGJbdc;`aRm`aM!P;`aR njKNbdcHR 7 KNGJS \ RWIaIhF;M;O1R�`aMHP;R�F \ `aO"o[RWG^O[RWw RWM0_*RWG^P;RWM � 7 RWG < M \ _*RWGJf RWG
� F!2)KNM;SJbdc;Ia`hR32[RWM;P P;`hR F��	ONR Z RWc;G \ R W F Y G^P;M F;MHO P;RWG A F;S^O]K w R6P;R�S 9 ` � F;ILK \VY GJS
E�F SJR�`hM;R�G
c;`aRWGVKNGJbdc;`aSJbdc;R�M 9 bdceKNI \ F;M;O[SJR�`hM;O]KNw R+P;F;GJbdcHf kF;c;GJR�M � _,KNS*R�`aMHR�M M;`hbdc \ F;M;R�GJc;R�wHIa`abdcHR�M A GJw RW` \ S �
KNFHf _*KNM;P6w RWP;R�F \ R \ �

*,+'-/.10 �3254 0 ! � !#2 4 0�+ !#� 8 &1��( 25md!U$ 0�: ` !
7 `aR 9#G R�EW` Q Z K \ ` Y M�P;R�S 9 bdceKNI \VZ G^RW`aS^RWS0R�G:f Y IaO \ cH`aR�G!P;F;GJbdc 8 M \ R�G^K Z]\ ` Y M �!` \ R�`hM;R�� O[G^K G c;` �
S^bdc;RWM < P;` \^Y G � 7 F;G^bdc�P;`aRQO[G^K G c;`hS^bdc;R < `aM;O[KNw R _X`hG^P�R�`hM;R�GJS^R�` \ S"P;`hR 9 \ GJF Z]\ F;G1R�`hM;R�G 9 bdceK I �
\ F;MHO w RWS^bdc;GJ`aR�w R�M � _ Y w RW`+S Y _ Y c;I+P;`hR � R�GJw;`aMHP;F;M;O[SJS \ G^F Z]\ FHG P;R�G  Y P;F;IhR3F;M \ R�G^RW`aMeK M;P;R�G
KNIaS�KNF;bdc \VYOG Y I Y O[`aSJbdc;R 8 M=f Y G �	K \ ` Y M&P;F;GJbdc P;`aR � Y SJ` \ ` Y M)P;R�G  Y PHF;IaR!F;M;P f RW` \ FHM;O[R�M�KNM �
O[R�ONR�w R�M&_X`aG^P � C R�w R�M)P;R�G 9#G R�EW` Q Z K \ ` Y M�PHR�G 9 bdceKNI \ F;M;ONS^S \ G^F Z]\ F;G�wH`aR \ R�M�R�`hM;`aO[R < PH` \VY G^R�M
KNF;bdc)P;`aR  kY O[Ih`abdc Z R�` \ � O[G^K G c;`hS^bdc P;KNS � RWG^ceK I \ RWM)PHR�G 9 bdceKNI \ F;M;O E�F)S G R�E�` QeE�`hR�GJR�M � 7 KNS"`aM
G 7 � > � POPEH w R�SJbdc;G^`hR�w R�M;R 9 � S \ R�� T"PHIHR�GJILKNFHw \ w R�`aS G `aRWIaS:_*RW`aS^R*P;`aR < `hM;O]KNw R*o Y M 7 K \ RWM?A�F;M;P
� Y M \ G Y IaI n;F!2
R�`hM;R�G 9 bdc;KNI \ F;M;O kF;w RWG�R�`hM;R"O[GVK G c;`aSJbdc;R 7 KNG^S \ R�IhIaF;MHO
P;F;G^bdc �@R \ G^` A C R \ EWR �
8 M P;RWM �	RW`aS \ R�M i kKNIaIhR�M"_X`aGJP KNIhIaR�GJP;`aMHO[S P;`aR�O[GVK G c;`aSJbdc;R < `hM;O]KNw R*`hM R�`hM 9 \ KNM;PeK G^PeKNFHS \ K F;S^bdc �
f Y G �	K \ " � � 7 f � <�7+8 i Y PHR�G+K M;P;R�GJR*1XF��	ONR�S^R \ E \ � S Y PeK�2-PeKNSU`hM3P;RWG \^YOG Y I Y O[`hS^bdc;RWM 8 MHf Y G �
�-K \ ` Y M R�M \ ceK I \ RWM;R < M \ _�R�G:f R�GJ_X`hS^SJR�M f kF;GXP;`hR+_*RW` \ RWG^RWM < M \ _XF;GJf SJS^bdc;GJ` \^\ R M;`hbdc \ KNFHS^O[RWM F \ E \
_X`aGJP � 9=Y IabdcHR < P;` \^Y G^RWM _�R�G^PHR�M w R�`*RW`aM;`hO[R�M ZNY � �!R�GJE�`aRWIaIhR�M < M \ _XF;G:f S^S �=S \ R��	RWM KNIhS ieG Y M �
\ RWM;P R�`aMHO[R�SJR \ E \ � _X`aR+E � �!� ?@AUC T A�?X< "+G 9��"9 yONEH 1 Y P;R�G �+<�C l 9 ".G � C+9 P J H 1 � B w]_ Y cHI/P;`aRWS^R
< P;` \^Y G^RWM `aM P;RWG > RWO[R�I*P;R�M c;`hR�GVK G^bdc;`hS^bdc;RWM < M \ _XF;G:f+F;M \ RWG^S \[kF \ E�R�M ��Z kY M;M;R�M S^`hR0P;RWM;M Y bdc
Z RW`aM;R Z Y �!f Y G \ K w;IaR < `hM;O]KNw R�� kY O[Ih`abdc Z R�` \ f kF;G S^R�cHG
O[G Y 2NR 9 bdceKNI \VZ G^RW`aSJR0O[RW_ kK c;G^IhR�`aS \ RWM � < `aM
� KNF GH\ O[GJF;M;P PeK f kFHG0`aS \ � P;K�2 S^`hR�R�M \ _*RWP;R�G6O]KNG	M;`abdc \ Y P;R�G M F;G `hM S^RWc;G R�`hM;O[R�SJbdc;G kK M Z]\ R�G
i Y G � P;`hR A FHS^M F \ EWF;M;OQo Y M > R�ONF;ILKNGJ` \ kK \ RWM-`aM-O[G Y 2NR�M 9 bdceK I \ FHM;O[R�M RWG^IaKNF;w R�M � 7 R�G < M \ _�R�G �
f R�G _X`hG^P E�_,KNG
o Y M �-KNMHbdc;R�M < M \ _XF;GJf SJS � S \ R��!R�M P;FHG^bdc�T"RWM;R�G^K \VY G^R�M f kF;G w RWS \ ` � � \ R0GJR �
O[F;I kKNG^R ? RW`aIhS^bdceKNI \ F;MHO[R�M � _X`aR�w RW`aS G `aR�IhSJ_�R�`hS^R 9?G RW`abdc;RWG � Y P;FHIaR � F;M \ RWG^S \ kF \ E \ � < G Z K M;M�P;`aRWS^R
T"RWM;R�G^K \VY G^R�M3KNw R�GmM FHGnf kF;GmR�`hM;R�w R�SJbdc;G kK M Z]\ R A F;SJ_*KNc;I KNF;SXo Y GJO[R�O[RWw RWM;R�M �@KNGVK �	R \ R�G:_*RWG �
\ RWM
KNFHf GJFHf R�M FHM;P
PeK �!` \ M;`hbdc \ BJR�P;R*w RWIa`aRWw;`aONR A F;S G G kKNO[FHM;ODR�`hM;R�S@S Y Ihbdc;R�M  Y P;F;IhS@`hM S^RW`aM;R��
< M \ _XFHGJf%oNR�GJ_�R�MHP;R�M �
7 KNS `aM G �,i P J H w R�S^bdcHG^`aRWw RWM;R f K � Y F \ S � S \ R�� <�9 � � <�> R�G � kY ONIa`abdc \ P;`hR G KNGVK �	R \ G^`hS^`hR�G \ R
O[GVK G c;`aSJbdc;R < `hM;O]KNw R	o Y M 9 bdceKNI \ F;MHO[R�M � P;`hR0KNF;bdc G^R Z F;GJS^`po P;RlQeM;`hR�G \ _*RWG^P;RWM Z kY M;M;R�M � 8 M �
M;R�GJceKNIhw R�`hM;R�G G KNGVK �	R \ G^`hS^`hR�G \ R�M ? RW`aIaSJbdceKNI \ F;M;O)P kF;G:f R�M TDG^F G/G R�M�o Y M W RWIaIaRWM S G RWE�` Q;E�`aRWG \
_*RWG^P;RWM � P;`hRno[RWG^O[IhR�`hbdc w;KNG�S^`hM;P �!` \ RW`aM;PH` �!R�M;SJ` Y MeK IaR�M	ieR�IhP;R�GJM `aM0RW`aM;RWG ��G Y O[G^K � �	`hR�G^S G GVK �
bdc;R � � R�P;R3R�`aMHE�R�IhM;R � Y � G Y M;R�M \ R3R�`hM;R�G	S Y Ihbdc;R�M TDG^F G/G R6_X`aGJP P;F;GJbdc R�`aMHR�M R�`hM;P;RWF \ `hO[R�M
8 M;P;RBT `hP;R�M \ ` QeEW`aR�G \ � P;RWG	`hM;M;RWG^ceKNIhw�PHR�G-T"GJF G/G R6o Y M Ih`aM Z SQMeKNbdc GJR�bdc \ S	w RWE�`hR�c F;M;O[S:_*RW`aSJR
o Y M Y w RWM0MeKNbdc-F;M \ R�M0_ kK bdc;S \ � A M=f KNM;O[S A!F;M;P < M;P=_*RWG \XZ kY M;M;RWM-o Y M R�`aMHR�� 9 bdceKNI \VZ G^RW`aS G K �
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G^K �!R \ RWG
KNw;c kKNM;O[RWM � PeKNS 8 M Z GJR��!R�M \ � F!2&KNw R�G
RW`aM;R	f R�S \ R G Y SJ` \ `ho[R	MeK \ kF;G^Ih`abdc;R W K c;I,S^RW`aM �
< `hM;R TDG^F G/G R � P;R�GJR�M f kKNM;ONR6o Y M RW`aM;R�� f GJR�`hR�M � KNG^K �	R \ RWG � KNw;c kK M;O \ � _X`hG^P P;F;G^bdc P;G^RW`W RWIaIhR�M3ONGVK G cH`aS^bdc3G^R G G kKNSJR�M \ `hR�G \ " o O[I � A w;w;`aIhP;F;M;O x�� 	�1 � < SU_X`aGJP&BJRW_�R�`hIaSURW`aM;R W R�IhIaRDf kF;GUPHR�M
A MHf KNM;ONS A-F;M;P P;RWM < MHPH_*RWG \ R�`hM;O[RWO[R�w R�M � EW_X`aSJbdc;R�M6P;RWM;R�M R�`hM;RU_�R�` \ R�GJR W R�IhIaR!�!` \�8 M;P;RBT��G ILKNEW`aR�G \ `hS \ � 7 `aRWS^R�G^R G G kKNSJR�M \ `hR�G \ K IaIaR W R�IhIaRWM �!` \@8 M;P;`aEWR�S�E�_X`aS^bdcHR�M A MHf K M;O[S A�FHM;P < M;PH_�R�G \3�
oNR�GJO[IaRW`abdc weKNG �!` \ R�`hM;R�G < IhIa` G S^R6����� x�� C C5C � �  � 7 `hR+KNM-P;R�� �	` \ ��O[R Z R�MHM;E�RW`abdc;M;R \ RWM � KNF �
S \ RW`aM KNMHO[R�SJbdc;I Y SJS^RWM;R�M f R�` \ F;M;ONR�M0GJR G G kKNS^RWM \ `aRWG^R�M K IaIaRgf R�` \ F;MHO[R�M0PHR�G*RWG^SJR \ E \ RWM 8 MHS \ K M;E�RWM �

Cell[n]Cell[*]Cell[1]

A w;w;`hIaP;F;MHO x � 	 � 7 KNG^S \ R�IhIaF;MHO
R�`aMHR�GnT"GJF G/G R+o Y M � W R�IhIaR�M `hM <�9 � � <�>
7 `hR C KNbdc \ R�`aIhR�o Y M <�9 � � <�> f Y IaO[RWMQKNF;S�P;R�G ? K \ S^KNbdc;R � P;K�2�PH`aR � RWS^bdc;GJR�`awHF;M;O[SJR�w R�M;R+MH`abdc \
K FHf%RW`aM;R�� _ Y c;IaPHRaQeM;`hR�G \ R�M �	K \ c;R��-K \ `aSJbdc;R�M �"KNI Z kF;I weKNS^`hR�G \ � 7 `hR�S kKNF!2NR�G \ SJ`abdc6PeKNGJ`aM � P;K�2
PH`aR ? YOG Y I Y O[`hRUP;RWG � R�G^PHGVKNc \ FHM;O	E�_X`aSJbdc;R�M �	RWc;G^RWG^R�M3TDG^F G/G R�M o Y M W RWIaIhR�M � _X`aRDS^`hRD`aM A w �
wH`aIaPHF;M;O x�� 	"O[R�ONR�w R�M S^`hM;P � M;`hbdc \ R�`hM;P;R�F \ `aO1`aS \ � 7 KNG kF;w RWG^c;`hMeKNF;S�F;M \ RWG^S \ kF \ E \X<�9 � � <�> M F;G
> R Z F;GJS^` Y M;R�M `aM R�`aMHR�� � K GVK �!R \ R�G � 7 `hR�SQS \ R�IaI \ R�`aMHR F;M;KNM;O[RWM;R�c��!R < `hM;S^bdcHG kKNM Z F;MHO PeKNG �
_�R�`hI@SJ`abdc6o=`hR�IhR"f kFHGnP;`hR ��G^K T=`aSmG^R�IhRWo KNM \ R 9 bdceK I \VZ GJR�`aSJR KNF=f�MeK \ kF;G^Ih`abdc;R � R�`aSJR�PHF;G^bdc > R Z F;G �
SJ` Y M kF;w RWG!�!R�c;GJR�GJR�M �@KNGVK �!R \ R�GJM w RWS^bdc;GJR�`hw RWM�ILKNSJS^R�M � < `aM w R Z K M;M \ R�S � R�`hS G `hR�I c;`aRWGJf kF;Gm`aS \
PH`aR � R�SJbdc;G^RW`aw;FHM;O�R�`hM;R�S � KNIaIaKNb�R A ? GJR�R  FHI \ ` G Ia`hE�`hR�G^RWG^S ".G � KNI J zEH 1 � f kF;GQP;`hR o Y Mif F Z F;M;P
� FH`aIaIhR��!`aM `hM G f � PHKEH R�`hM;R�f kF;G�P;R�M � f 9=8 A < M \ _XF;GJf O[RWR�`hO[M;R \ RXG^R Z F;GJS^`po[R 7 K G^S \ R�IhIaF;M;O"`hM!E�_*RW`
�@KNGVK �	R \ R�GJM3K M;O[R�ONR�w R�M _X`aG^P �

7 `hR�w R�`hP;R�M O[RW_ Y c;M \ RWM A M;S kK \ EWR,E�FHG � RWS^bdc;GJR�`awHF;M;O+o Y M 9 bdceKNI \VZ G^RW`aS^RWM w R�S^` \ EWR�MQKNIhS Y S Y _ Y c;I
��Y G A KNIhS�KNF;bdc C K bdc \ R�`hIaR � � `aG%w R�SJbdc;G^RW`aw R�MQ` � f Y IhO[R�M;PHR�M
R�`hM;R 9#G R�EW` Q Z K \ ` Y MHS^R�w R�MHR � P;`hR,P;`hR
klmw RWG^SJ`abdc \ Ih`abdc Z R�` \ P;R�GmO[G^K G c;`hS^bdc;RWM 7 KNG^S \ RWIaIaFHM;O �!` \ PHR�G+i@IaRlT=`hw;`aIh` \ kK \*\ RBT \ F;RWIaIaRWG � R�S^bdcHG^R�` �
wHF;M;O[SJS G G^KNbdc;R�M ZNY � w;`aMH`aR�G \ � 7 `aR"O[R�_ kKNc;I \ R
TDG^FHM;P;ILK O[R�RW`aM;RWSn_ Y c;IhP;RaQeMH`aR�G \ RWM �-K \ c;R��	K \ ` �
SJbdc;R�M �"KNI Z kF;IaSXR�G:_*RW`aS \ SJ`abdc�KNIhS � kKNbdc \ `aO[RWS � R�G Z E�R�FHO E�F;G G KNG^K �	R \ GJ`aS^`hR�G \ R�M � RWS^bdc;GJR�`hw;F;M;O
kK F!2[R�GJS \ O[G Y 2[R�G 9 bdceKNI \VZ G^RW`aS^R � 9 `hR
O[R�S \ K \J\ R \ `hM;S^w R�S Y M;P;RWG^RQR�`hM;R o Y M � K S^`aS YOG R�GVK \ ` Y M;R�M�F;M �
K w;c kKNM;ON`aO[R 9#G RWE�` Q Z K \ ` Y M � _X`aRUSJ`aR+EWF;G W RW` \ o Y M Z RW`aM;RWG�KNM;PHR�G^RWM � R�SJbdc;G^RW`aw;F;MHO[S^S G GVKNbdcHR�F;M �
\ R�GJS \ kF \ E \ _X`hG^P � 9 `aRDR�GJc kY c \ PeK �!` \ P;`aR � `hR�P;RWGJoNR�GJ_�R�MHP;weKNG Z R�` \ o Y M ? RW`aIaSJbdceKNI \ F;M;ONR�M `aM KNM �
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P;R�GJR�M < M \ _ kF;G:f R�M � 7 R�G < M \ _*RWGJf R�G Z K M;M	w R�`hS G `hR�IhSJ_�R�`aSJRnRW`aM;RWM 9 Y G \ `aR�G^KNIaO Y G^` \ c�� FHS%E�F;M kKNbdc;S \
F;MeKNwHc kKNM;O[`hO�o Y � ? � G F;M;P�P;R�G � Y P;`hR�GJF;M;O&P;R�G!E�F S Y G \ `hR�GJR�M;P;RWM < IaR��	RWM \ R6R�`aMHO[R�O[RWw RWM �
7 R�G ? � G P;R�G < IaR��	RWM \ R
_X`aGJP KNMHS^bdc;Ih`aR32NR�M;P�P;F;GJbdc P;`hR � R�G^ONIaR�`hbdc;SJf FHM Z]\ ` Y M�f RWS \ ONR�IaRWO \ � PH`aR
w RWIa`hR�w;`hO
KNF;S \ KNF;SJbdc weKNGU`hS \ �
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7 `aR � RWS^bdc;GJR�`hw;F;M;O[SJR�w R�M;R�P;R�S O[G^K G c;`hS^bdc;RWM < P;` \^Y G^S w;KNS^`hR�G \ KNF=fHP;RWG 7 KNG^S \ R�IhIaF;MHOXo Y M 9 bdceKNI \.�
Z G^R�`hS^RWM `aM6R�`hM;R�� �"KNI Z kFHI � P;RWGn` � ? R�`aI G G Y BJR Z]\ �nx P;RWS 9 i � x 	 z KNIhSUTDG^FHM;P;ILK O[R"R�`aMHR�G ��G YE�
O[GVK � �!`aRWG^S G GVKNbdc;RnE�F�� < M \ _XFHGJf o Y M `aM \ R�O[GJ`aR�G \ RWM 9 bdceKNI \VZ G^RW`aS^RWM R�M \ _X`ab Z R�I \ _XFHG^P;R � 7 KNw RW`
_X`aIhI��	KNM MHR�w R�M
P;RWG%I Y ON`aS^bdcHR�M 9 \ G^F Z]\ F;G%R�`hM;R�S 9 bdceKNI \VZ G^RW`aS^RWS�KNF;bdc 8 MHf Y G �	K \ ` Y M;R�M kF;w R�G%P;RWS �
S^RWM O[R Y �!R \ G^`hS^bdc;R f RW` \ F;M;O[S:f kF;c;G^FHM;O�R�G:f KNS^SJR�M � 7 `hR < `hO[R�M;SJbdceK f \ R�M P;`hR�S^RWS �"KNI Z kF;IhS � P;RWS^S^RWM
T"GJF;M;P;IaKNO[RWM
`aM G � YN\ J �IH � G � YN\ e z�H o Y G^ONR�S \ R�IhI \ _XF;GJP;R�M � SJ`aM;P
`hM G  Y I P J H � G  Y I POPIH KNF;S:f kF;c;G^Ih`abdc
w RWS^bdc;GJ`aRWw RWM � < S�_�R�G^PHR�M0M F;M!P;`aR�f kF;G�PH`aR�o Y GJIa`hR�O[RWM;P;R A GJw RW` \ _X`abdc \ `aO[S \ R�M A S G R Z]\ RUONR�E�RW`aO \ �
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< S�_�R�GJP;R�M!o[RWG^S^bdcH`aR�PHR�M;R A w;S \ GVK Z \ ` Y MHR�M!E�F;G � RWS^bdc;GJR�`hw;F;M;O1o Y M!`aM \ RWO[G^`hR�G \ R�M 9 bdc;KNI \^Z GJR�`hS^R�M
o Y GJO[R�M Y � �!R�M � 7 RWG 9 bdceK I \VZ GJR�`aS�_X`aG^P	`aM0RW`aM > R�bdc \ R�b Z=< KNFHS^O[RWIaR�O \ � KNFHf P;RWS^S^RWM > KNM;P-S^`abdc
P;`aR kKNF!2[RWG^R�M A M;S^bdc;I kF;S^SJR P;R�G 9 bdc;KNI \ F;M;O�w RaQeM;PHR�M � < G
w R�S \ R�c \ KNF;S f RW` \ FHM;O[R�M F;MHP � KNF �
S \ R�`aMHR�M � PH`aR0P;FHG^bdc P;`aR f RW` \ F;M;O[RWM �!` \ R�`hMeKNM;P;RWG1oNR�GJw;F;M;P;RWM�_�R�GJP;R�M �  KNM G G Y BJ`hE�`hR�G \ PeKNS
f K � Y F \ `hM�P;`aR�R�F Z Ia`hP;`aSJbdc;R < w RWM;RQF;M;P&KNwHS \ G^KNc;`hR�G \ S Y o Y M&P;RWM�o[R�GJS^bdc;`hR�P;RWM;R�M 9 bdc;`hbdc \ R�M �
`aM P;RWM;R�M PH`aR f R�` \ F;M;ONR�M ONRWf kF;c;G \ _*RWG^P;RWM � l�� R�`hM;R G ILKNM;KNG^R � RWS^bdc;GJR�`hw;F;M;O�EWF�RWG^ceK I \ RWM �
f K�2 \ �-KNM A w;E�_*RW`aO[F;MHO[R�M F;MHP klmw RWG Z G^RWF;E�FHM;O[R�M o Y M
f RW` \ F;M;O[RWM�R�w R�MHf K IaIaS KNIaS � KNF;S \ RW`aM;R
KNFHf � � RW` \ R�G^cH`aM�_X`hG^P1o Y M f R�` \ F;MHO[S^w;GJR�` \ R�M KNw;S \ GVKNcH`aR�G \ �HW F;S kK \ E�Ih`abdc�w R \ GVK bdc \ R \ �	KNM f RW` \ F;M �
O[R�M6KNIhS � Y I � O Y M;E kF;O[R � PH`aR kF;w R�G Z RWF;E�F;MHO[S A6FHM;P kFHw RWG^ILK G/G F;M;ONSJf G^RW`/`aM P;RWG < w RWM;R1oNR�GJILKNFHf RWM �
� R�P;RWG � KNFHS \ RW`aM ceK \ � _X`hR+KNFHbdc6P;KNS,F��!S^bdc;Ih`aR 2[R�M;PHR > R�bdc \ RWb Z>< P;R�G 9 bdceKNI \ F;M;O � R�`hM;R+M kY GJP �
Ia`hbdc;R � kY S \ Ih`abdc;R � S kF;P;Ih`abdc;R6F;M;P _*RWS \ Ih`abdc;R 9 RW` \ R � 7 `aR�SQw R�P;RWF \ R \ `hM;S^w R�S Y M;P;RWG^R � PeK�2)KNIaIhR `aM
< R�M \ c;KNI \ R�M;RWM � KNF;S \ R�`hM;R G K GVKNIhIaR�I�EWF�P;R�M 9 R�` \ R�M�o Y M < KNF;SJO[R�GJ`abdc \ R \ S^`hM;P � � RWP;R�G W R�IaIhR
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A w;wH`aIaPHF;M;O x�� z � C RWw RWM;R�`hMeKNM;PHR�G^SJR \ E�R�M o Y M EW_�R�` I Y ON`aS^bdc\A \VYOG Y O[G^K G c;`hS^bdc;RWM C R \ E�RWM
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IaRWO[F;M;O[RWM �!` \ R�`aM;KNM;P;RWG oNR�G Z M kF G f \ F;MHP PeKNS > RWS^F;I \ K \ _X`aRWP;R�GJF�� KNIaS > R G kK S^R�M \ KNM \ R�`hM;R�S
I Y ON`aS^bdc\A \VYOG Y I Y O[`aSJbdc;R�M C R \ EWR�S0w R \ GVKNbdc \ R \ �  3KNM SJ`aRWc \ IaRW`abdc \ � PeKE2�P;`aR6w R�`aPHR�M B7G R�G^K \ ` YE�
M;R�M�O[RWMeKNF&PeKNM;M&P;RlQeM;`hR�G \ SJ`aM;P � _*RWM;M PH`aR A M;E KNcHI�P;R�G A M;S^bdc;I kF;S^SJR-K FHf*PHR�M�w R \ G^R�) RWM;P;RWM
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8 M>G � � ��� P J H _X`hG^P1O[R�EWR�`aO \ � PeK�2��!` \ � `hIhf R�P;RWG � R�S^bdcHG^R�`hw;F;M;ONS �!R \ c Y P;R,KNFHf � KNS^`hS@P;RWS@`hM�PHR�M
A w;S^bdcHM;` \J\ R�M x�� 	 �hx F;M;P x�� 	 � 	+o Y G^ONR�S \ R�IhI \ RWM �"KNI Z kF;IaS�KNFHbdc	SJR�c;G�O[G Y 2[R�G^RWO[F;I kK G^R 9 bdceK I \VZ GJR�`aSJR
PHF;G^bdc < `hM;O]KNw RD_*RWM;`aO[RWG C R \ EWO[IaRW`abdc F;M;ONR�M3w R�SJbdc;G^`hR�w R�M3_�R�GJP;R�M Z kY MHM;R�M � 7 KNw R�`/_X`hG^P K w RWG
K F;bdc�P;R�F \ Ia`hbdc � PeK�20PH`aR \ RlT \ F;R�IhIaR < `hM;O]KNw R1o Y M w;` Z K \ RWO Y G^`hR�IhIaR�M A F;S^P;G kF;b Z RQRWM \ S^bdc;RW`aP;RWM;P;R
C KNbdc \ RW`aIaR"ceK \ �


 P;`aR < GJS \ R�IaIhF;M;O R�`aMHR�S A F;S^PHG^F;b Z R�S!R�GJf Y IaO \ P;F;GJbdc P;R�M < M \ _�R�GJf RWG
`aM)P;R�G > R�ONR�I�MeKNbdc
A FHf EWR�`abdcHM;R�M�P;R�S C R \ EWR�SQF;M;P�KNM;SJbdc;Ia`hR32[RWM;P;R�� W R�G^IhR�O[RWM O[R�� kK�2�P;RWG > RWbdc;R�M;GJR�O[RWIaM
P;R�S�EWF;O[G^FHM;P;R�Ih`aRWO[R�M;PHR�M �1K I Z kF;IaS � 7 RWG klnw R�GJO]KNM;O+o Y MQP;R�G W RW`abdc;M F;MHO1PHR�S C R \ EWR�S�E�F��
A F;SJP;G^F;b Z S \ R�IaI \ P;KNw RW`=RW`aM;RWM A GJw RW` \ SJS^bdc;GJ` \J\ PeKNG � PHR�G SJ`abdc IhR�`hbdc \ KNF \^Y �-K \ `aSJ`aRWG^R�M1I kKE2 \ �


 w RWG^R�` \ S�f kF;G Z IhR�`hM;R C R \ E�R Z kY MHM;R�M0ONG Y 2[RmF;M;P-F;M kF;w R�GJS^`abdc \ Ia`abdcHR A F;S^P;G kF;b Z RDRWM \ S \ R�c;RWM �

 O[R�GJ`aM;ONf kFHO[`aO[R kA M;P;RWG^F;MHO[R�M�P;R�G 9 bdceKNI \ F;MHO[S^S \ G^F Z \ F;G!E�`aRWc;R�M�F;M \ RWG	l��	S \qkKNMHP;R�M�F�� �
f KNM;O[GJR�`abdcHR  Y PH` Q Z K \ ` Y M;RWM P;R�G EWF;O[R�c kY G^`hO[R�M A FHS^P;G kF;b Z R)MeKNbdc S^`abdc � 8 M PHR�G > R�O[RWI
w RWP;R�F \ R \ P;`hR�S � PeK�2�P;RWG < M \ _�R�G:f R�GQP;`hR A F;SJP;G kFHb Z R o kY IaIa`hO MHR�F R�GJS \ RWIaI \ � _ Y �!` \ R�`aMHR
`aM \ RWGVK Z]\ `po[R A GJw RW` \ SJ_�R�`aSJRDo Y M6o Y GJM;R�c;RWG^RW`aM KNF;S^ONR�S^bdcHI Y SJS^R�M3`aS \ �


 P;`aR < `aMHO]KNw R `aS \ kKNF!2[RWG^S \ f RWc;IaRWGVKNM=f kKNIaIh`aO � `hM;S^w R�S Y M;P;RWG^R&_*RWM;M ` � C R \ E&K FHf _*RWM;P;`hO[R
� R�G^PHGVKNc \ FHM;O[S^S \ GJF Z]\ F;GJR�M&KNFHf \ G^R \ R�M �
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 P;`hR f Y[Z KNIh`aS^`hR�GJF;M;O o Y M < `hM;O]KNw RWf RWc;IaRWG^M " w R�E kFHO[Ia`hbdc P;RWG > R�bdc;RWM;G^RWO[R�IhM P;R�S �"KNI Z kF;IhS 1
`aS \ S^bdc]_X`aRWG^`hO � PeKQP;R�G < M \ _�R�GJf RWGURWG^S \ _X`hR�P;RWGmPHR�M � R�EWF;O	E�_X`aSJbdc;R�M S^R�`hM;R�G W RW`abdc;M F;M;O
F;M;P6P;RWGnK FHf PHR�� A FHS^P;GJF;b Z weKNSJ`aR�GJR�M;PHR�M ieRWc;IaRWG �!R�IaPHF;M;O
c;RWG^S \ R�IhIaR�M � F!2 �


 R�`hM;R 8 M \ RWGVK Z]\ ` Y M �!` \ P;R�M _�R�` \ R�G:o[R�G^KNG^w R�` \ RWM;P;R�M � R�G Z EWR�F;O[RWM `hS \ K F;S�EW_�R�`/RWM \ S^bdcHR�` �
P;RWM;P;R�M T"G kF;M;P;RWM MH`abdc \ O[RW_ kKNcHG^IaRW`aS \ R \ � < `aM;RWG^S^RW` \ Sm`hS \ P;`hR W F Y G^PHM FHM;O	PHR�GXw RWG^RWbdc;M;R �
\ RWM > R�SJF;I \ K \ R"EWF;G < `hM;O]KNw R"R�`hM6EWR�` \ KNFHf _�R�MHP;`aO[RWG A G^w R�` \ SJS^bdc;GJ` \^\3� P;R�M P;R�G < M \ _*RWGJf RWG
o Y M � K M;P)EWF RWG^IaRWP;`aONR�M�ceK \ � A M;P;RWG^R�GJS^RW` \ S�S^`hM;P)P;KNGVKNFHS�GJR�S^FHI \ `hR�GJR�M;P;R kA MHP;R�GJF;M;O[RWM
P;RWG < `hM;O]KNw RDM F;GXF;M \ R�GXO[G Y 2[R�� A FHf _*KNM;P6P;F;GJbdcHf kF;c;GJweKNG �

< SUw;`hR \ R \ SJ`abdc P;KNc;R�GnKNM � P;`hR ��Y G \ RW`aIaR � P;`aR"SJ`abdc�KNFHSUP;RWGm_ Y c;IhP;RaQeMH`aR�G \ RWM � R�SJbdc;G^RW`aw;FHM;O `aM
R�`hM;R�� �-K \ c;R��	K \ `aS^bdcHR�M �"KNI Z kF;I@R�GJO[R�w R�M �	` \ PHR�M;RWM � P;`aR
K F;SDR�`hM;R�G+ONGVK G cH`aS^bdcHR�M < `hM;O]KNw R
G^RWS^F;I \ `aRWG^RWM � `aMQO[RWR�`aONM;R \ R�G � RW`aSJRmEWF Z Y � w;`hM;`aRWG^RWM � < `aMQR�GJS \ RWG A M;SVK \ EXc;`aRWG^EWF!_XF;GJP;Rmw RWG^R�` \ S
`aM#G � F;G PHPEH � G � � � � yONEH oNR�GJ_X`hG Z Ia`hbdc \ � 7 R�GXP Y G \ w RWS^bdc;GJ`aR�w R�MHR O[G^K G c;`hS^bdc;R < P;` \^Y G,f kF;G C R \ E�R
R�GJE�R�FHO \ KNIaS A F;S^O[KNw R RW`aM;R 7 KNGJS \ R�IaIhF;M;O `hM i Y G � w;` Z K \ R�O Y GJ`aRWIaIaRWG A F;S^PHG kF;b Z R � klnw R�GQP;`aRWS^R
9 bdc;M;` \^\ S \ RWIaIhR!_XF;GJP;R0P;RWG < P;` \VY G�KNIaS�ieG Y M \ R�M;P�f kF;G1P;`hR	_�R�` \ R�GJR�M � R�G Z EWR�F;ONR0o Y M � AU7+8 �
w RWM F \ E \ � 7 RWG C K bdc \ R�`hI,P;`aRWS^RWG `aS Y Ia`hR�G \ R�Mdf kY S^F;M;O�w R�S \ RWc \ P;KNG^`hM � P;K�2 �	KNM�S^`hbdc �	` \ PHR��
klnw R�GJO]KNM;O o Y M PHR�G�O[G^K G c;`hS^bdc;RWM6EWF;G \ RBT \ F;RWIaIaRWM � R�SJbdc;G^RW`aw;F;MHO[S^RWw RWM;R P;`hR Y w R�M O[RWS^bdc;`hIaP;RWG �
\ RWM ��G Y w;IaR��	RDw R�` P;RWG A F;S:_*RWG \ FHM;O	o Y M w R�GJR�bdc;MHR \ RWM < G^O[RWw;M;`hS^S^RWM3RW`aM;ceK M;P;R�I \ �
7 R�G�`aM�P;`hR�SJR�� A w;SJbdc;M;` \J\ w RWS^bdc;GJ`aRWw RWM;R O[GVK G c;`aSJbdc;R < P;` \VY G�ceK \ PHR�M ��Y G \ R�`hI � PeK�2�RWG
KNFHf
R�`hM;R�G-f kFHG KNIaIhR � R�G Z E�R�FHO[R&E�R�M \ GVKNIhR�M 7 K \ RWM;S \ G^F Z]\ F;G KNG^w R�` \ R \ � 7 KNP;F;GJbdc _X`hG^P RW`aM;R RWM;O[R
� `aMHP;F;M;O1EW_X`hS^bdc;RWM P;R�G�O[GVK G c;`aSJbdc;R�M < `hM;O]KNw RXF;M;P	P;R�M-_�R�` \ RWGJo[RWGVKNGJw RW` \ R�M;P;RWM � R�G Z EWR�F;O[RWM
� kY O[Ia`hbdc � S Y PeK�2 RW`aM-PH`aG^R Z]\ R�G � R�EWF;O E�_X`aS^bdcHR�M w RWG^RWbdc;M;R \ R�M > R�S^FHI \ K \ R�M	F;M;P0PHR�� < M \ _XF;G:f
O[RW_ kK c;G^IhR�`aS \ R \ _X`aG^P � 7 `aR
P;R�� < P;` \^Y GDE�FHO[G^F;MHP;R�Ih`aR�ONR�M;P;R 9#G R�EW` Q Z K \ ` Y MHS^R�w R�MHR!FHM \ R�GJS \NkF \ E \
PeKNw R�`�S kK � \ Ia`hbdc;R-`hM P;R�M A w;S^bdc;MH` \^\ R�M x�� 	 �hx F;M;P x�� 	 � 	 o Y GJO[R�S \ R�IhI \ R�M A S G R Z \ R � 8 cHG^R 9 � M �
\ K T0`aS \ KNFHf O[GJF;M;P P;RWG�� Y P;F;ILK G^R�M 8 � G IhR��!R�M \ `hR�GJF;M;O
IaRW`abdc \ F�� M;R�F;R � Y M;S \ GJF Z]\ R"R�G:_*RW` \ RWG �
weKNG � ��Y G^KNF;SJS^R \ E�F;MHO PeK f kF;Gn`aS \ KNIhIaR�GJP;`aMHO[S � PeKE20P;`aR < `aO[RWM;S^bdc;K f \ P;RWG 9#G G^KNbdc;O[G^K � �-K \ ` Z K IaS
f > " x 1 AHTDGVK � �	K \ ` Z R�GJceKNI \ R�M w;IhR�`aw \ �

� `aG E�RW`aO[RWM M F;M � _X`aR�R�`aM T"IhR�`hbdc FHM;O[S^S � S \ R�� kFHw RWG C R \ E�oNK G^`LK w;IaRWM��!` \ � `hIhf R�P;RWS O[G^K G c;`hS^bdc;RWM
< P;` \^Y G^S�R�`aMHO[R�O[RWw RWM0_*RWG^P;RWM Z K M;M ��� R�P;R1TDIaRW`abdc F;M;O�S Y IhI PeK w RW` P;F;GJbdc R�`hM;RUO[G^K G c;`hS^bdc;R < `hM �
O]KNw R�G^R G G kKNSJR�M \ `hR�G \ _�R�GJP;R�M � � `aG/_�R�GJP;R�M�P;R�SJceKNIhw�S \ R \ S@RW`aMHf K bdc;R�T"IhR�`abdc F;MHO[S^S �=S \ R��	R�O[R�� kK�2
7 RaQeMH` \ ` Y M x��hxNx w R \ G^KNbdc \ RWM � P � c � S Y Ihbdc;R 9 � S \ R��!R � `aM)P;R�MHR�M S \ R \ S R�`hM;R C R \ E�o KNG^`aKNw;IaR	KNFHf
P;R�G-Ia`aM Z R�M 9 R�` \ R P;RWG6T"IhR�`abdc F;MHO�P;F;GJbdc RW`aM;R ONGVK G cH`aS^bdcHR � R�SJbdc;G^RW`aw;FHM;O K FHf1P;R�G0GJR�bdc \ RWM
9 R�` \ R6P;RaQ;M;`aRWG \ _X`aG^P � 7 `hR O[GVK G c;`aSJbdc;R � R�S^bdcHG^R�`hw;F;M;ONS^R�w R�MHR�R�`aMHR�S!S Y Ihbdc;R�M TDIaRW`abdc F;M;ONS^S � �
S \ R��!SnS Y IaI/P;KNw RW` S kK � \ Ia`hbdc;RD`aM P;RWM A wHS^bdc;M;` \^\ R�M x�� 	 �px F;M;P x � 	 � 	
O[R�EWR�`aO \ R�M < `aO[RWM;S^bdc;K f \ RWM
F;M \ RWG^S \ kF \ EWR�M � < S�S Y IhIeKNIaS Y KNF;bdc!P;`aR < `hM;O]KNw R�G^R Z FHG^S^`po[RWG�F;MHP!P;K �	` \�G KNG^K �!R \ GJ`aSJ`aR�G \ RWG�T"IhR�` �
bdc F;M;O[SJS � S \ R��!R R�G � kY ONIa`abdc \ _�R�GJP;R�M � 8 M;S^w R�S Y M;P;RWG^R R�G^c;KNI \ R�M�_X`hGQP;F;G^bdc�P;`aR � RWGJ_�R�M;P;FHM;O
o Y M9f R�` \ F;M;O[S:o KNG^`aKNw;IaRWM R�`hM;R � R�S^bdcHG^R�`hw;F;M;ONS �!R \ c Y P;R � PH`aRDR�`hM;R"_X`aR�PHR�GJoNR�G:_*RWM;P;weKNGJR 9#G R�EW` �
Q Z K \ ` Y M o Y M 9 \ GJF Z]\ F;GJR�M RWG � kY O[Ih`abdc \ � < `hM;R � R�SJbdc;G^RW`aw;F;MHO[S �!R \ c Y PHR P;`hR�S^RWG A G \ QeM;PHR \ S^`abdc
KNF;O[RWM w;Ia`hb Z Ih`abdc�`aM Z R�`aMHR�G%w R Z KNM;M \ R�M � R�SJbdc;G^RW`aw;FHM;O[S^S G GVK bdc;R � _�R�P;RWG�KNFHf \ RBT \ F;RWIaIaRWG M Y bdcQKNFHf
O[GVK G c;`aSJbdc;R�G � K S^`aS �
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W FHG < `aMHO]KNw R G KNGVK �!R \ G^`hS^`aRWG \ R�G C R \ EWO[IaRW`abdc F;M;O[RWM w R�M kYN\ `aO[RWM _X`hG � Y MHS \ GJF Z]\ R � P;`hRDo Y M PHR�M
f Y G �	KNIaRWM C R \ E G KNGVK �	R \ R�GJMQKNw;c kK M;O[R�M � < S%ceKNMHP;R�I \ S^`hbdc
PeKNw R�` F�� A F;SJP;G kF;b Z RXE�F;G � R�S^bdcHG^R�` �
wHF;M;O o Y M 9 FHw;S^bdceK I \ FHM;O[R�M � f R�` \ F;MHO[S^w;GJR�` \ R�M�F;M;P > KNMHP;w RWS^bdc;GJR�`hw;F;M;O[RWM � 7 `aR�SJR	S � M \ K Z]\ ` �
SJbdc;R�M 9 \ G^F Z \ F;G^RWM�S^`hM;P PHF;G^bdc�PH`aRQR�GJILKNF;w \ R�M KNG^` \ c��!R \ `aSJbdc;R�M B�G R�G^K \ ` Y M;RWM)P;RWG � R�S^bdcHG^R�` �
wHF;M;O[SJS G G^KNbdc;R"P;RaQ;M;`aRWG \ � 9 `aRm_*RWG^P;RWM6_ kK c;G^RWM;P P;R�G*O[GVK G c;`aSJbdc;R�M < `aM;O[KNw RnR�`hM;R�S C R \ E�R�S,o Y M
RW`aM;R�� 9 b KNM;MHR�G�� � KNGJS^R�G A� Y P;F;IDK FHf"S � M \ K Z]\ `aS^bdcHR � Y G^G^R Z]\ c;RW` \ kFHw RWG G G kFHf \ � < `hM _X`abdc \ `aO[RWG
A S G R Z]\ cH`aR�GJw RW`�`aS \ � PeK�2�R�S!P;F;GJbdc P;`hR � Y P;F;IaKNG^R 8 � G IhR��!R�M \ `hR�G^FHM;O&P;R�S0T"RWSVK � \ S � S \ R��!S
SJR�c;G
RW`aMHf K bdc � kY O[Ia`hbdc)`hS \ � P;`hR  R�MHO[R0P;RWG R�GJILKNF;w \ R�M � Y M;S \ G^F Z]\ R EWF R�G:_*RW` \ RWG^M � 7 `aRWS O[R �
SJbdc;`aRWc \ P;F;GJbdc < GJ_�R�` \ R�GJF;M;O�PHR�G!E�F;O[GJF;M;P;RWIa`hR�O[RWM;P;R�M T"G^K � �-K \ ` Z�� K F;S	PHR�G 9 b KNMHM;R�G	F;M;P
�@KNG^SJR�G�K F \VY �	K \ `aS^bdc	O[R�MHR�G^`hR�G \ _�R�G^PHR�M �<W F-w RWG kF;b Z S^`hbdc \ `aONR�M S^`hM;P0PeKNw R�` P;`hRnP;FHG^bdc P;R�M T"R �
MHR�GVK \VY GXw R�P;`hM;O \ RWM < `hM;S^bdcHG kKNM Z F;MHO[R�M `hM � R�EWF;O-K FHf PH`aR1TDGVK � �-K \ ` Z ".G f  �,y 	 H 1 �
W FHG � R�SJbdc;G^RW`aw;FHM;O"P;R�G%S � M \ K Z]\ `hS^bdc;RWM 9 \ G^F Z]\ F;G o Y M < `hM;O]KNw RBA�� Y M;S \ G^F Z]\ RWM
o[R�G:_*RWM;P;RWM!_X`hG
9 �=M \ K T=P;`LKNONGVK � �	R � _X`aR S^`aR KNF;S!P;RWG � RWS^bdc;GJR�`awHF;M;O�o Y M ��G Y O[G^K � �	`hR�G^S G GVK bdc;R�M w R Z KNM;M \
SJ`aM;P � < IhR��!R�M \ K G^R � Y M;S \ G^F Z \ Rm_X`hR ��B+�7��

�u|���. F;M;P �u��
;�7D��7. S Y IhIaR�MQPeK w RW`;`ac;GJRXKNIaIhO[R��!R�`hM kF;w;Ih` �
bdcHR � RWP;R�F \ F;M;O	w RWS^` \ E�RWM �

� �3� _<! * �3!?�34 0 & ��(]2 2 !?�"$^!
� R�`�P;R�G"O[G^K G c;`hS^bdc;RWM � RWS^bdc;GJR�`hw;F;M;O3o Y M C R \ E�O[IhR�`abdc F;MHO[R�M)R�M \ S G G^`hbdc \ P;RWG C K �	R
PHR�S RW`aM �
EWF;O[RWw RWM;P;R�M C R \ E�RWS	P;RWGQE�F P;RaQeMH`aR�GJR�M;PHR�M C R \ E�o KNG^`aKNw;IaRWM � G �%A � C5C5C � � F H � A FHfUP;R�GQIa`hM Z RWM
TDIaRW`abdc F;M;ONS^S^RW` \ R PeKNG:fDM F;G0R�`hM;R3RW`aMHf K bdc;R C R \ E�oNK G^`LK w;IaR6S \ R�c;RWM � P � c � PH`aR �@KNGVK �	R \ R�G	S^`hM;P
RWM \ _*RWP;R�G o Y � ? � G �*B+����
��u|C�7. Y P;R�G �u��
G�4D���. � < S0SJ`aM;P cH`aR�G Z RW`aM;R ZNY � G IaRBT=R�M A FHS^P;G kF;b Z R
kFHw RWG1PHR�M 9 bdceKNI \ F;M;ONS G KNG^K �!R \ RWG^M&E�FHO[R�IaKNS^SJR�M � 7 K0S Y _ Y c;I�f R�S \ w RWIaRWO \ RQKNIhS"KNF;bdc&f G^RW`aR � K �
G^K �!R \ RWGXKNFHf \ G^R \ R�M6P kF;G:f R�M �eZ kY M;MHR�M _X`aG�PeK �!` \ KNIaIhO[R��!R�`hM;RDTDIaRW`abdc F;M;ONR�M F;M;P 9 bdc;IhF!2[G^RWO[R�IhM
RW`aM;ONR�w R�M � _X`aR6P;`hR�S!`aM 7 RaQeM;` \ ` Y M x��hx 	�O[R�f Y G^P;RWG \ _XF;GJP;R � 7 KNS 9 � M \ K T=P;`LK O[GVK � ��f kF;G!P;`hR
� R�S^bdcHG^R�`hw;F;M;O	R�`hM;R�G C R \ E�oNK G^`LK w;IaRWM6`hS \ `hM A w;w;`hIaP;FHM;O x�� y PeK G^O[RWS \ RWIaI \ �

netname

integer

identifier

,

]identifier[

A w;w;`hIaP;F;MHO x�� y � 9 � M \ K TUA 7 `LK O[GVK � � f kF;G�Ia`hM Z R1TDIaRW`abdc F;M;O[SJS^RW` \ RWM
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� `aG+w R�EWR�`hbdc;M;R�M � G � A � C5C5C � � F H KNIhS C R \ EWo KNGJ`LKNwHIaR P;RWG 7 ` �!R�M;SJ` Y M � � � � N �!` \ P;R�M � KNG^K �
�	R \ RWG^M � A � C5C5C � � F � 7 K6_X`aG�KNF;bdc�P;RWM ijKNIaI � � N E�F;IaKNS^SJR�M � `aS \ P;`hR � K GVK �!R \ R�G^Ih`aS \ RQR�`hM;R�G
C R \ EWo KNGJ`LKNwHIaR�M YOGH\ ` Y M;KNI � 8 M A wHw;`aIhP;F;M;O x�� y `hS \ P;`aRWSnRWw RWMHf KNIhIaS�w R�G kFHb Z SJ`abdc \ `hO \ � TDR�� kK�2 7 R �
QeM;` \ ` Y M x��px[x f KNSJS^R�M _X`hG*P;`hRUf G^RW`aR�M �@KNGVK �	R \ R�G*R�`aMHR�G C R \ E�o KNG^`aKNw;IaRWM � G � A � C C5C � �
F H � P � c � PH`aR
 R�MHO[RXP;R�G �@KNGVK �!R \ R�G%o Y � ? � G ��B+�7��

�u|���. � `aM
P;RWG  R�M;ONR ��� E�FHSVK � �	RWM � PeK+_X`hG�P;`aRWS^R�w R�`
P;R�G � RWS^bdc;GJR�`hw;F;M;O!o Y M < IaR��!R�M \ R�M KNFHf@P;R�GXG^RWbdc \ R�M�T"IhR�`abdc F;MHO[S^SJR�` \ R+o[RWGJ_�R�M;P;RWM�P kF;G:f R�M �

� !?4 0 $^! * �3!?�34 0 & ��(]2 2 !?�"$^!
7 `aRmG^RWbdc \ R 9 R�` \ RnR�`aMHR�G C R \ E�O[IhR�`abdc F;MHO � G � A � C5C5C � � F H � � " ��� 1�_X`aGJP0P;F;GJbdc R�`hM;R�M A F;S^PHG^F;b Z
kF;w R�G ��� w R�SJbdc;G^`hR�w R�M � i kF;G*PH`aRUONGVK G cH`aS^bdcHR < `aM;O]K w RXo Y M��9G � A � C5C5C � � F H w R�P;RWF \ R \ P;`hR�S � PeK�2
P;`aR�w R�M F \ E \ RWM 9 F;w;SJbdceKNI \ F;M;ONR�M
F;M;P f R�` \ F;M;O[RWM�o Y M P;RWM � KNG^K �!R \ RWG^M�P;R�S C R \ E�RWS�KNw;c kK M;O[R�M
P kF;G:f R�M � 7 `hR�S^R A w;c kKNMHO[`aO Z R�` \ R�M�_�R�GJP;R�M�PHF;G^bdc)KNG^` \ c��!R \ `aSJbdc;R A F;SJP;G kFHb Z R kFHw RWG1PHR�M C R \ E �G KNG^K �	R \ RWG^M w R�SJbdc;G^`hR�w R�M � 7 R�G C K �!R3RW`aM;RWS	o[RWGJ_�R�M;PHR \ RWM � KNF;S \ R�`hM;S Z KNM;M KNIaS Y o Y M P;R�G
i Y G � V,G O A � C5C5C � O�� H SJR�`aM � _ Y w R�`,K IaIaR.O A � C5C CQO�� ��� � N � K G^` \ c��!R \ `hS^bdc;R A FHS^P;G kF;b Z R kF;w R�G
P;R�G  6R�M;O[R ��� P;RWG C R \ E G K GVK �!R \ R�G%SJ`aM;P � � `aG w R \ GVKNbdc \ R�M!E�F;M kK bdc;S \ PeKNS�`hM A w;wH`aIaPHF;M;O x��px^N
PeKNGJO[R�S \ R�IhI \ R 9 � M \ K T=P;`aKNO[G^K � � f kF;G � KNF;S \ R�`hM;MeK �!R�M � A F;bdc6c;`hR�G*`hS \ PH`aR �@KNGVK �!R \ R�GJIa`aS \ R YOG��
\ ` Y MeKNI � P � c � M;R�w R�M�oNK G^`LK w;IaRWM  3K Z G Y EWR�IhIaR�M Z kY M;M;RWM KNF;bdc�S Y Ihbdc;R o[R�G:_*RWM;P;R \ _*RWG^P;RWM � PH`aR
M;`abdc \ o Y M P;R�M C R \ E G KNG^K �!R \ RWG^M KNwHc kKNM;O[RWM � 7 `hR�S `hS \ `aM;SJw RWS Y M;PHR�G^R P;KNM;M P;RWG
ijKNIaI � _�R�MHM
� KNF;S \ RW`aM;R1KNF;SXP;RWGnT"GJF;M;P;EWR�IaIhR�M w;`hw;Ia` YN\ c;R Z oNR�G:_*RWM;P;R \ _*RWG^P;RWM �

makroname

,

]expressionidentifier [

A w;w;`hIaP;F;MHO x �hx^N � 9 � M \ K TUA 7 `aKNO[GVK � � f kF;G � KNFHS \ RW`aM;M;K �	RWM

8 � f Y IhO[R�M;PHR�M�_X`aGJP�M F;M�O[RWE�R�`hO \ � K F;S+_*RWIabdc;RWM � Y M;S \ G^F Z \ R�M�R�`hM)K G^` \ c��!R \ `hS^bdc;RWG � KNG^K �!R �
\ RWGmRW`aM;RWG 9 F;w;SJbdceKNI \ F;M;O	KNFHf O[RWweKNF \ _�R�GJP;R�M Z KNMHM � 7 KNw R�`/`hS \ E�F6w R��	RWG Z R�M � PeK�2!`aM#G � Y I P J H
EW_*KNG O[RWE�R�`hO \ _X`hG^P � PeK�2 P;`hR  kKNbdc \ `aO Z R�` \ G^R Z F;GJS^`po[R�G TDIaRW`abdc F;M;O[SJS � S \ R��!R&M;`abdc \ o Y M P;R�G
� K c;I P;R�G B7G RWGVK \ ` Y MHR�M6`aM6P;R�M A F;SJP;G kF;b Z R�M�P;RWGnGJR�bdc \ RWM�T"IhR�`hbdc FHM;O[S^SJR�` \ R�M6c;RWG^G kFHc;G \3� S Y M �
P;R�GJM PeK�2 �	KNM0S Y O]KNG �	` \ ��Y G^O kK M;O[R�G A!F;M;P C KNbdcHf Y IhO[R�G:f F;M Z]\ ` Y M0K F;S Z Y � � \ � 7 `hR�S�G kF;cHG \ ` �
_*RWS^RWM \ Ia`hbdc;R�M6PeKNc;RWG � P;K�2 �	` \ PH`aR�SJR�G� R \ c Y P;R"KNIhIaR G G^` �	` \ oQG^R Z F;G^SJ`ho[RWM3ieF;M Z \ ` Y MHR�M KNFHf ONR �
weKNF \ _*RWG^P;RWM Z kY M;MHR�M � i kF;G+P;`hR < M \ _X`ab Z IaF;MHO6RW`aM;RWG ZNY �!f Y G \ KNwHIaR�M < `hM;O]KNw R�� kY O[Ih`abdc Z R�` \ `hS \
R�SXKNw R�G*P;R�M;M Y bdc6F;M;RWG^I kKE2[Ia`hbdc �=A F;S^PHG kF;b Z R kF;w R�G � kKNbdc \ `hO[R�GJR�M6TDG^F;MHP YOG R�GVK \ ` Y M;R�M RWG^E�RWF;O[RWM
E�F Z kY M;M;RWM � 7 `aR
O[R�_ kKNc;I \ R  R�M;ONR-KNM)TDG^F;MHP YOG R�GVK \ ` Y M;R�M Z KNM;M)KNFHf O[GJF;M;P�P;R�G � Y P;FHILKNGJR�M
8 � G IaR��!R�M \ `aR�GJF;M;O IhR�`hbdc \ R�GJ_�R�` \ RWG \ _�R�G^PHR�M � S Y ILKNMHO[R0P;`hR ��Y GVK F;S^SJR \ EWF;M;O)KNIaS R�`aMHR,f > " x 1 A
9#G G^KNbdc;R1M;`abdc \ o[RWG^IaR \ E \ _X`hG^P �
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7 `hR � K GVK �!R \ R�G
R�`hM;R�S � KNF;S \ R�`hM;MeK �!R�M;SQSJ`aM;P P;F;GJbdc�P;KNS � Y M;S \ G^F Z]\ ����^`.5� J?J ��\3� O[RWO[R�w R�M �
7 RWG A FHf weK F6RW`aM;RWSmKNG^` \ c��!R \ `aS^bdcHR�M A F;SJP;G^FHb Z SnR�G:f Y IaO \ `aM �	RWc;G^RWG^RWM ? R�`hIaS^bdcHG^` \J\ RWM � o Y M3P;R �
MHR�M<BJRWP;R�G�P;F;GJbdc-RW`aMQR�M \ S G G^RWbdc;R�MHP;R�S 9 � M \ K'THPH`LKNO[G^K � � w RWS^bdc;GJ`aRWw RWM	_X`aGJP � 7 `aRmTDIa`hR�P;RWG^F;MHO
f Y IaO \ PeKNw R�` P;RWGUK IaIaONR��!R�`aM kFHw;Ia`hbdc;R�M c;`aRWGVKNGJbdc;`aSJbdc;R�M ��Y G^O[RWc;R�MHSJ_�R�`aSJR _X`aR1S^`hR K F;SnPHR�G 9 � M �
\ K T=w RWS^bdc;GJR�`hw;F;M;O0` � G R�G^K \ `po[RWG ��G Y O[G^K � �!`aRWG^S G GVKNbdcHR�M " w R�`aS G `aRWIaS:_*RW`aS^R �@KNS^b�KNI Y P;RWG�� 1,c;RWG
w R Z KNMHM \ `hS \ � A FHf P;`aRWS^R � R�`hS^R*_�R�GJP;R�MQP;`hR ��G^` Y G^` \ kK \ R�M E�_X`aSJbdc;R�M!P;R�M
RWG^IaKNF;w \ R�M B7G RWGVK \^Y G^RWM
f RWS \ O[R�IhR�O \ �

term

expression

term

cmp ∋{ =, !=, <=, >=, >, < }

cmp

A w;w;`hIaP;F;MHO x��hxNx � 9 \ G^F Z]\ FHGmo Y M � ��^`.(� J4J �*\:�

8 � R�GJS \ R�M 9 bdc;GJ` \^\ E�R�GJIaRWO[R�M _X`hG ����^`.5� J?J ��\3� ONR�� kK�2-P;R�� `hM A w;wH`aIaPHF;M;O x �hx[x PeKNG^ONR�S \ R�IhI \ RWM
7 `aKNO[G^K � ��F;M \ R�G � R�GJ_�R�MHP;F;M;O!P;R�S � Y M;S \ G^F Z]\ RWS 
G�7.4Y � < `aM A F;SJP;G^F;b Z-Z K M;M0PeK �!` \ KNF;S*R�` �
MHR�� ��G kKNP;` Z K \ w R�S \ RWc;R�M � P � c � K F;S*P;R�� � R�G^ONIaR�`hbdc-E�_*RW`aR�G�R�`hMHf KNbdc;RWG^R�G A F;SJP;G kFHb Z R �HY P;RWG*K F;S
RW`aM;R��(RW`aM;EWR�IhM;R�M 
;��.?Y SJR�Ihw;S \ � � RW`�P;RWG S G kK \ RWG^RWM A F;SJ_�R�G \ F;MHO _X`aG^P R�`aM S Y Ihbdc;R�S ��G kKNP;` Z K \
� A 1�YA^ � C��	` \ 1�YA^ " � � ��� � � ��� � � � � ��� � �1R�M \ _*RWP;R�GnE�F < `hM;S Y P;R�GXE�F C FHIaI KNF;SJO[RW_�R�G �
\ R \3� BJR�MeKNbdc;P;R�� Y w3R�SUR�GJf kFHIaI \ `hS \nY PHR�GUMH`abdc \ � 7 `aR � RWM F \ E�FHM;O0o Y M ��G kKNP;` Z K \ R�M3R�G^IhR�`hbdc \ R�G \
P;KNw RW` P;`aR < `hM;O]KNw R+o Y M3ijKNIaIhF;M \ R�GJS^bdc;RW`aP;FHM;O[R�M `hM;M;R�GJceKNIhw6RW`aM;RWG�G^R Z FHG^S^`po[RWM � RWS^bdc;GJR�`awHF;M;O �

+factor

term

factor

A w;wH`aIaPHF;M;O x��px 	 � 9 \ G^F Z]\ F;G�o Y M 
G�7.4Y

7 `hRnIh`aM Z RUF;MHP0G^RWbdc \ R 9 R�` \ RmR�`hM;R�S ��G kKNP;` Z K \ R�S�w RWS^bdc;GJR�`aw R�M0_X`hG�PHF;G^bdc PeK S � Y M;S \ G^F Z \ 
G��.?Y �
PHR�S^SJR�M 9 � M \ K T=P;`aKNO[GVK � � `aM A w;w;`hIaP;F;MHO x��px 	6_X`aRWP;R�GJO[R�ONR�w R�M _X`aGJP � < `aM 
G��.?Y S \ R�IhI \ KNIaS Y
PH`aR � R�G Z M kF G f F;M;O o Y M0E�_*RW` _��L13
G\:. A � Y M;S \ G^F Z \ R�M0PHF;G^bdc0PH`aRmR�IaR��	RWM \ KNGJR�M B7G R�G^K \ ` Y M;R�M A P �
PH` \ ` Y M�F;MHP 9 F;w \ G^K Z]\ ` Y M PeKNG � 7 `aRWS^R � RWS^bdc;GJR�`awHF;M;O&_X`aG^P kFHw;Ia`hbdc;R�G:_*RW`aS^R O[R�_ kKNc;I \ � F���P;`hR
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c kY c;RWG^R ��GJ` Y GJ` \ kK \ P;R�G	`aM _��E1:
G\3. o Y G ZNY � �!R�M;PHR�M B7G RWGVK \ ` Y MHR�M ONR�O[RWM kF;w R�G A P;P;` \ ` Y M F;M;P
9 F;w \ GVK Z]\ ` Y M E�F6G^R�KNIa`hS^`hR�G^RWM F;M;P PeK �!` \ �DIaK � �!R�GJM `aM P;RWM A F;S^P;G kF;b Z RWM R�`hM;E�FHS G KNGJR�M �

unit

factor

unit

%

/

*

^

A w;wH`aIaPHF;M;O x��px^K � 9 \ G^F Z \ F;GXo Y M _��L1:
;\:.

< `aM _��L1:
;\:. _X`hG^P1PeKNM;M�P;F;GJbdc PeKNS 9 � M \ K T=P;`aKNO[GVK � � `hM A w;w;`hIaP;F;MHO x��px^K P;RaQ;M;`aRWG \ � < `aM _��L1:
;\:.
o[RWG^w;`hM;P;R \ KNIaS Y EW_�R�` B w�BJR Z]\ R�o Y � ? � G /��+�'
 P;FHG^bdc B7G R�GVK \ ` Y M;R�M _X`aR  F;I \ ` G Ia` Z K \ ` Y M �=7 ` �
o `aS^` Y M � � YN\ RWM;E�`hR�GJF;M;O "��I1%F;MHP 7 `ho `hS^` Y M �	` \�> RWS \ " � 1 �	` \ R�`hMeKNM;PHR�G � A F;bdc	c;`aRWG�_X`hG^P!P;F;GJbdc
< `aMHf kF;cHG^F;M;O P;R�S � Y M;S \ GJF Z]\ R�S /)�+�'
 _X`aR�PHR�G,O[R�_ kKNc;GJIaR�`hS \ R \ � PeK�2 PH`aR+PeK P;F;G^bdc w R�SJbdc;G^`hR�w R�M;RWM
� Y M;S \ G^F Z]\ R�c kY c;R�GJR���G Y G^` \ kK \ w R�SJ` \ E�R�M KNIhS�P;`aRDP;FHG^bdc _��E1:
G\3. O[R�O[RWw RWM �

unit

parameter

upper

),(

)expression

expression

log

lower

min

max
expression

integer

(

A w;w;`hIaP;FHM;O x��hx�z � 9 \ G^F Z]\ FHGXo Y M /)�+�'


7 `aRnc kY bdc;S \ R ��G^` Y G^` \ kK \ w RWS^` \ E�RWM B7G RWGVKNM;PHR�M0o Y � ? � G /����'
 � P;RWG^R�M 9 � M \ K'T P;F;GJbdc PeKNS 7 `aK �
O[GVK � � `aM A wHw;`aIhP;F;M;O x��px z P;RaQ;M;`aRWG \ `aS \ � � `aRWGDw RWE�R�`hbdc;M;RWM�P;`aRQieF;M Z \ ` Y MHR�M /0^+^���. "�� 1"PH`aR
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C R�w R�M G KNG^K �	R \ GJ`aS^`hR�GJweKNG^RWM � KNF;S \ RW`aM;RWM w R�M kY \ `aO \ �-K M KNF;bdc oNK G^`LK w;IaRYf RW` \ F;M;O[SJw;G^RW` \ RWM w RW`
PHR�G < `hM;O]KNw R RW`aM;RWG	GJR Z F;GJS^`hoNR�M C R \ EWO[IaRW`abdc F;M;O � 7 `aR � RWS^bdc;GJR�`hw;F;M;O�o Y M G KNG^K �!R \ GJ`aSJ`aR�G \ RWM
� F;S^w;GJR�` \ R�M Z KNM;M PeK w RW`/KNFHf E�_*RW` o[RWG^S^bdcH`aR�PHR�M;R A G \ R�M P;FHG^bdc;O[R�f kF;c;G \ _*RWG^P;RWM � _X`aRDK F;S�P;R��
9 �=M \ K T=P;`LKNONGVK � � `hM A w;w;`hIaP;F;MHO x��hx � cHR�GJo Y G^ONR�c \ � 7 `aRUR�G^S \ R  kY O[Ih`abdc Z R�` \ R�GJO[`aw \ SJ`abdc6KNMeK �
I Y O EWF P;R�M � K GVK �!R \ R�G^M PHR�G � KNFHS \ RW`aM;R � < `aM � kF;M;P;RWI*o Y M
f R�` \ F;MHO[R�M Z KNM;M P;K �	` \ P;FHG^bdc
A M;O]KNw RmR�`aMHR�S,K G^` \ c��!R \ `hS^bdc;RWM A F;S^P;GJF;b Z S kF;w R�G�P;R�M C R \ E G KNG^K �!R \ RWG^M	P;RaQeMH`aR�G \ _�R�GJP;R�M � 8 M
A w;w;`hIaP;F;MHO x �hx � RWM \ S G GJ`abdc \ P;`aRWSmPHR�� �%f KNP � PHR�GXM F;GXPeKNS�� Y M;S \ G^F Z]\ ����^`.5� J?J ��\3� R�M \ c kKNI \ �

buswidth

* variableexpression

+

A w;wH`aIaPHF;M;O x��px � � 9 \ G^F Z]\ F;G�o Y M � F;S^wHG^R�` \ RWM

7 K1P;`aR � RWG^IhR�` \ F;M;O�R�`aMHR�S�O kF;I \ `aO[RWM-K G^` \ c��!R \ `hS^bdc;RWM A F;S^P;GJF;b Z RWSX`aM;M;RWG^ceK Iaw-RW`aM;RWG�GJR Z F;GJS^`hoNR�M
� R�S^bdcHG^R�`hw;F;M;O �!` \ F;M \ RWGmRW`aM;R1KNF=f _*RWM;P;`aONR A F=f O]KNw R1SJR�`hM Z KNM;M � S \ R�IhIaRWM _X`aGXP;R�� < M \ _�R�G:f R�G
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E�F;S kK \ EWIa`hbdc RW`aM;RDRW`aMHf KNbdcHR�G^R 9#G R�EW` Q Z K \ ` Y M0f kF;G � FHS^w;GJR�` \ R�M6E�F;G � RWGJf kF;O[FHM;O � 7 KNEWF IaKNS^SJR�M _X`aG
E�F � P;K�2)PH`aR � G^RW` \ R R�`aMHR�G f R�` \ F;M;O)KNF;bdc�P;F;G^bdc�R�`hM;R f Y G �	KNIaR f RW` \ F;M;O[S:oNK G^`LK w;IaR0w R�SJbdc;G^`hR �
w RWM�_*RWG^P;RWM Z KNM;M � 7 `aRWS^R � KNGJ`LKNwHIaR�M Z kY M;M;R�M � kKNc;M;Ih`abdc3_X`hR � KNF;S \ R�`hM;MeK �!R�M � S^RWIaw;S \ _X`aRWP;R�G
o Y M&P;RWM �@KNGVK �	R \ R�GJM�P;R�G C R \ E�o KNG^`aKNw;IaRWM�KNw;c kKNM;O[RWM � `aM;PHR�� S^`aR �!` \ KNG^` \ c��!R \ `aSJbdc;R�M A F;S �
P;G kFHb Z R�M&`hM;P;`aEW`aRWG \ _*RWG^P;RWM � 7 `hR1S � M \ K Z]\ `hS^bdc;R 9 \ G^F Z]\ F;G+R�`hM;R�GYf R�` \ F;M;O[S:o KNG^`aKNw;IaRWM `hS \ P;F;GJbdc
PeKNS 7 `LKNONGVK � ��`hM A w;w;`aIhP;F;O x��px J1w R�SJbdc;G^`hR�w R�M � 7 `aR 8 M;P;`hE�`hR�G^FHM;O�PHR�G � K G^`LK w;IaRWM!RWG � kY O[Ih`abdc \
R�S+P;KNw RW` � KNFHf BJRWP;R�G 9 \ FHf R�R�`hM;R�GnG^R Z F;GJS^`po[R�M � RWS^bdc;GJR�`hw;F;M;O R�`hM;R�M3R�`aONR�M;RWM 9 K \ E�o Y M � KNG^`aK �
w;IaRWMQP;RaQeMH`aR�GJR�M	E�F Z kY M;M;R�M � < `hM;R � KNG^`aKNw;IaR Y c;M;R 8 M;P;`hE�RWS�GJR G G kKNS^RWM \ `aRWG \ PeKNO[RWO[R�M!R�`hM;R�M kF;w R�G
KNIaIhR > R Z F;G^SJ` Y MHS^S \ FHf R�M ZNY MHS \ K M \ R�M � RWG \ �

variable

,

]expressionidentifier [

A w;wH`aIaPHF;M;O x��px J�� 9 \ G^F Z \ F;GmR�`aMHR�G f R�` \ F;M;ONSJo KNG^`aKNw;IhR�M

7 F;G^bdc�PH`aR � RWGJ_�R�M;PHF;M;O o Y M f R�` \ F;MHO[SJo KNGJ`LKNw;IhR�M I kK�2 \ �	KNM�KNIhS Y PH`aR O[RWMeKNF;R � R�SJbdc;G^RW`aw;F;MHO
R�`hM;R�G � F;S^wHG^R�` \ R+EWF;M kKNbdcHS \XY ) R�M �  3KNM ON`aw \ RWoNR�M \ F;RWIaI/IhR�P;`hO[Ia`hbdc A w;c kKNMHO[`aO Z R�` \ R�M-P;R�G � KNG^`aK �
w;IaRWM o Y M P;RWM C R \ E G KNGVK �!R \ R�GJM P;F;GJbdc 8 M;P;`hE�`aRWG^F;MHO0KNM ��� `hGnRWG^ILK F;w RWM KNFHbdc P;`aR1O[R��	`hS^bdc \ R
i Y G � o Y M � KNGJ`LKNwHIaR�M&F;MHP�KNGJ` \ c��	R \ `aSJbdc;R�M A F;SJP;G kFHb Z R�M K IaS � R�SJbdc;G^RW`aw;FHM;O�R�`hM;R�G � F;SJw;G^RW` �
\ R � 7 KNP;F;GJbdc Z kY M;M;RWM A w;c kKNM;ON`aO Z R�` \ R�M6P;R�G � KNGJ`LKNwHIaR�M F;M \ R�G^RW`aMeK M;P;R�Gmw R�S^bdcHG^`aRWw RWM _�R�GJP;R�M �
_ Y w RW`@K IaS < `aM;SJbdc;G kK M Z F;M;O0EWF w R KNbdc \ R�M `hS \ � P;K�2-K IaIaR � KNG^`aKNw;IaRWM M FHGm`hM Ih`aM;R�KNG^RWG�i Y G � KNFHf �
\ GJR \ RWM P kF;GJf RWM � A FHS A w;w;`hIaP;F;MHO x��px � R�G^ON`aw \ SJ`abdc � PeK�2 � KNG^`aKNw;IhR�M�E�_,KNGQK IaS � Y R � E�`aRWM \ R�M
w RWIa`hR�w;`hO[R � ��^`.(� J4J �*\:� J ceKNw R�M&P kFHGJf R�M � F;M \ RWG^R�`hMeKNM;PHR�G"KNw R�G+M F;GDPHF;G^bdc A P;PH` \ ` Y M3FHM;P 9 F;w �
\ G^K Z]\ ` Y M �!` \ R�`aM;KNM;P;RWG,o[R�G Z M kF G f \ _*RWG^P;RWM Z kY M;M;RWM � 7 `hR�SXceK \ S^RW`aM;R�lnGJSVKNbdcHR PeKNGJ`aM � PeK�2-PH`aR
� R�IhR�O[FHM;O f kF;G P;`aR � K G^`LK w;IaRWM P;F;GJbdc f kY S^FHM;O R�`aMHR�S Ia`hM;R KNGJR�M TDIaRW`abdc F;M;O[SJS � S \ R��!S O[R�SJF;bdc \
_X`aGJP � A FHfXP;`hR ��Y G^O[RWc;R�M;S:_*RW`aSJR w RW`�P;RWG A FHf S \ R�IaIhF;M;O P;R�S T"IhR�`abdc F;MHO[S^S �=S \ R��	S FHM;P�P;RWS^S^RWM
f kY S^F;MHO"_�R�GJP;R�M!_X`aG�`hM �"K G ` \ RWI�	+w R�` � A FHf w;KNFQP;R�G 9 bdceK I \ FHM;O[S^cH`aR�G^KNG^bdcH`aR�O[RWMeKNF!R�`aMHO[R�c;RWM �
7 `aR � R�G:_*RWM;P;F;M;O+o Y M f R�` \ F;M;ONSJo KNG^`aKNw;IhR�M1R�G^IaKNF;w \ `aMHS^w R�S Y M;P;R�GJR,P;`hR�F;M;KNw;c kKNMHO[`aO[R � R�SJbdc;G^RW` �
w;F;M;O�o Y M ? R�`hIaSJbdceKNI \ F;M;O[RWM � P;`aRmw R�S \ ` � � \ R A IaO Y GJ` \ c��	RWMQG^R K Ia`aSJ`aRWG^R�M � � `hG�_*RWG^P;RWM P;`aRWS*w R�`
P;R�G*F;MeKNw;c kKNM;O[`hO[R�M � RWS^bdc;GJR�`hw;F;M;OQR�`hM;R�S 9 Y G \ `aR�G^KNIaO Y G^` \ c�� FHS�S Y _X`aR+RW`aM;RWS C R \ E�RWSXE�F;G G KNGVKNI �
IaRWIaR�M ��G kK QRT=w RWG^R�bdcHM FHM;O
KNM]_�R�M;P;RWM � 7 `hR�SJR� kY O[Ih`abdc Z R�` \ K IaO Y GJ` \ c��	`hS^bdc;R � Y � G Y M;RWM \ R�MQo Y M
9 bdceKNI \ F;MHO[R�M F;MeK w;c kKNM;ON`aO�o Y M O[R�_X`aSJS^R�M � KNSJ`aS YOG RWGVK \ ` Y MHR�M R�`hM;O[R�w R�M EWF Z kY MHM;R�M � RWG^c kY c \
P;`aR"i@IaRlT=`hw;`aIh` \ kK \ o Y M � R�S^bdcHG^R�`hw;F;M;ONR�M3FHM;P P;K �	` \ P;RWG^R�M T"G^KNP6KNM � `aRWP;R�G:o[R�G:_*RWM;P;weK G Z RW` \ �
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8 M P;`hR�SJR�� � R�`aS G `aRWI/ceKNMHP;R�I \ R�S�SJ`abdc w RW` P G � H F�� R�`aMHR+`aM;PH`aE�`hR�G \ R7f RW` \ FHM;O[SJo KNGJ`LKNwHIaR � P;`hRU_*R �
ONR�M
P;RWS f G^RW`aR�M � KNG^K �!R \ RWG^S �	R�`hM;R*O]K M;E�R  6R�M;O[R�o Y M � KNGJ`LKNwHIaR�M P G x H � P G 	 H � C5C5C^GJR G G kKNS^RWM \ `aRWG \ �
7 `hR � KNGJ`LKNwHIaR�3 G � � NEH `hS \ �!` \ R�`hM;R�� ��G kKNP;` Z K \ `hM;P;`aEW`aRWG \ F;M;P�R�GJILKNFHw \ PeK �!` \ P;`hR ijKNIaIhF;M �
\ R�GJS^bdc;RW`aP;F;MHO EW_X`hS^bdc;RWMA3 G x3H F;M;P�3 G NEH `aM A wHc kKNM;O[`hO Z RW` \ PeK o Y M �=Y w-PeKNS ��G kKNPH` Z K \ R�G:f kF;IaI \ `aS \
Y P;RWGmMH`abdc \ �
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7 `hR+` � o Y G^KNM;O[RWO]KNM;ONR�M;RWM A w;S^bdc;MH` \^\ w R�SJbdc;G^`hR�w R�M;RWM3S �=M \ K Z]\ `aSJbdc;R�M � Y M;S \ G^F Z]\ R"GJR G G kKNS^RWM �
\ `aRWG^R�M3PeKNS  6` \^\ R�I E�FHG G KNG^K �!R \ GJ`aSJ`aR�G \ RWM � RWS^bdc;GJR�`awHF;M;O0o Y M 9 bdceKNI \VZ G^RW`aSJR�M � 9 `aR1S^`hM;P3PeK w RW`
FHMeKNw;c kK M;O[`aO�o Y M P;R�G 7 KNG^S \ RWIaIaFHM;O)RW`aM;RWG 9 bdceKNI \ F;M;O)P;F;G^bdc R�`aMHR w R�S \ ` � � \ R 7 K \ R�MHS \ GJF Z��
\ F;G � P;`hR"` � f Y IhO[R�MHP;R�M KNF;bdc3KNIaS 9 `hbdc \nY P;R�G � `hRW_ w R�EWR�`hbdc;M;R \ _X`aGJP ��� R�M;KNbdc oNR�GJ_�R�MHP;R \ R��
� R�G Z E�R�FHO-`aS \ P;`aR"RW`aM;R 9 `hbdc \ o Y G \ R�`hIaceKNIpf \ RWG�KNIaS*P;`aR1KNM;PHR�G^R �

Netzgraph

Netzliste
bikat. Ausdruck

Netzvariable

name

views
instances

parameter

A wHw;`aIhP;F;M;O x��px e � 8 M \ R�G^MHR 7 KNGJS \ R�IaIhF;M;O
RW`aM;RWG C R \ EWo KNGJ`LKNw;IhR�M
A w;w;`hIaP;F;MHO x �hx e*w R�SJbdc;G^RW`aw \ S^bdcHR��	K \ `hS^bdc1P;`aR 9 \ G^F Z]\ F;G P;R�G 8 MHf Y G �	K \ ` Y MDE�F"R�`hM;R�� C R \ E � 7 K �
M;KNbdc w R�S \ RWc \ R�`hM C R \ E1KNF;SXR�`hM;R�� C K �!R�M � RW`aM;RWG � KNG^K �!R \ RWG^Ih`aS \ R � R�`aMHR�G=" R�o[R�M \ F;R�IhI IaR�RWG^RWM�1
f `hS \ R!o Y M 9 F;w;S^bdc;KNI \ F;M;O[RWM S Y _X`aR0RW`aM;RWG � RWS^bdc;GJR�`awHF;M;O&P;R�S 8 M;M;R�GJR�M � 7 `aR�SJR � RWS^bdc;GJR�`hw;F;M;O
Z KNMHM0KNFHf F;M \ RWG^S^bdcH`aR�PHIa`abdcHR�M < w R�M;RWM0R�G:f Y IaONR�M!F;M;PQo[R�GJS^bdc;`hR�P;RWM;R 8 MHf Y G �-K \ ` Y M;R�M
RWM \ ceKNI \ R�M �
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9=Y `hS \ w RW`aS G `aR�IhSJ_�R�`hS^R*`hM RW`aM;`hO[R�M i kKNIaIhR�M1M F;G P;`hR � RWG^w;`hM;P;F;M;ONS^S \ G^F Z]\ F;G o Y M 8 M \ R�GJR�S^SJR � S Y PeK�2
_X`aGXR�`hM;R ? RW`aIhS^bdceKNI \ F;MHO!`hM PH`aR�SJR�� ijKNIhI M F;GmP;F;G^bdc `ac;GJR C R \ E�Ih`aS \ R"w RWS^bdc;GJR�`aw R�M � 8 M KNM;P;RWG^RWM
i kKNIhIaR�M Z KNM;M-KNF;bdc0M Y bdc	O[R Y �!R \ G^`hS^bdc;R 8 MHf Y G �	K \ ` Y M o Y M � `abdc \ `aO Z R�` \ SJR�`aM � _X`hRmPH`aR�S�w RW`jP;R�G
9 `abdc \ KNIhS�O[R Y �!R \ G^`hS^bdc;RWS f K � Y F \ M YN\ _*RWM;P;`hO�`hS \ � 8 M	P;`hR�SJR�� A wHS^bdc;M;` \^\ w R�S^bdcHG^R�`hw RWM	_X`hG�M FHM
P;`aR 9 `abdc \3� P;`hR P;RWGUO[G^K G c;`hS^bdc;RWM < `aM;O]K w R�E�F;O[GJF;M;P;RWIa`hR�O \ F;M;P�` � f Y IaO[RWM;P;RWM�KNIaS C R \ E�ONGVK G c
w RWE�RW`abdc;M;R \ _X`hG^P � 9 `hR	S \ R�IhI \ `hM;S Y f RWG^M)P;`aR!E�RWM \ GVKNIhR � R�S^bdcHG^R�`hw;F;M;O f kFHG1RW`aM;R 9 bdceK I \ FHM;O3PeK G �
KNIaS�P;K�2!KNF;SX`ac;G�PH`aR kF;w;GJ`aO[RWM 9 `abdc \ RWM3O[RWM;R�GJ`aR�G \ _*RWG^P;RWM Z kY M;M;RWM � 7 R�S:_*RW` \ RWG^RWM3P;`hR�M \ S^`hR�K IaS
T"GJF;M;P;IaKNO[R,f kF;G�PH`aR C K o `aO[K \ ` Y M
F;M;P � `hS^FeKNIh`aSJ`aR�GJF;M;ODP;RWG�P;F;G^bdc!P;`hR � RWG Z E�RWF;O[RUw R�GJR�bdc;MHR \ RWM
> RWS^F;I \ K \ R �
< `aM;R kKNc;MHIa`abdcHR 7 K G^S \ R�IhIaF;M;O�o Y M I Y O[`aSJbdc?A \^YOG Y I Y O[`hS^bdc;RWM C R \ E�RWM P;F;GJbdc TDGVK G cHR�M�_X`hG^P `aM
G � Y I P J H w RWS^bdc;GJ`aRWw RWM � lnM \ RWG^SJbdc;`aRWP;Ia`hbdc�`hS \ RW`aM;RWG^S^RW` \ S � PeKE2 _X`aG RW`aM;R W RWIaIaR	M;`abdc \ KNIhS R�`hM;R�M
R�`hM;E�RWIaM;RWM �DM Y \ R�M6P;RWSUTDGVK G c;R�M KNF ) KNSJS^R�M � S Y M;PHR�G^M6f kF;G BJR�PHR�M kKNF!2[RWG^R�M A MHS^bdc;IhF!2	FHM;P PH`aR
< b Z R�M PHR�S � KNF;S \ R�`hM;S*RW`aM;RWM �DM YN\ R�M-RWG^EWR�F;O[RWM � � R�` \ RWG^c;`hM Y GJP;M;RWM-_X`aG�P;RWM �DM YN\ RWM-O[R Y �!R �
\ GJ`aS^bdcHR 8 MHf Y G �	K \ ` Y M E�F � P;`hR1SJ`abdc P;F;G^bdc P;`aR"O[G^K G c;`hS^bdc;R < `aM;O]K w RDRW`aM;RWS C R \ EWR�S+RWG^O[`hw \ � 7 `aR
`aM G � Y I P J H KNM;ONR�O[RWw RWM;R�M�T"RWw;`aR \ R
P;RWS TDGVK G c;R�M�_�R�GJP;R�M)M;`abdc \ RlT G Ih`aE�` \ KNw;ONR�IaRWO \ � S Y MHP;R�GJM
w RW` � R�P;KNGJf KNF;SXP;RWG 8 MHE�`aPHR�M;EWS \ GJF Z]\ F;Gnw RWG^RWbdc;M;R \ �
7 `aR EWF;G � RWS^bdc;GJR�`awHF;M;O PHR�S C R \ E�ONGVK G cHR�M G^R K Ia`aSJ`aRWG \ RWM 7 K \ R�M;S \ G^F Z \ F;G^RWM _�R�GJP;R�M `aM � YE�
P;F;IaKNG^RWM � `awHIa` Y \ c;R Z R�M � P;`hR M;RWw RWM�RWIaR��	RWM \ KNG^RWM W F;O[GJ`*) SJf F;M Z \ ` Y MHR�M�KNFHbdc Z Y � G IaRBTHR A IaO YE�
G^` \ c��!R�M RWM \ ceKNI \ RWM � w R�G^RW` \ O[R�S \ R�IhI \ � 9 `hR S \ R�c;RWM P;K �	` \ PH`aG^R Z]\ E�F;G 8 � G IaR��	RWM \ `aRWG^F;MHO o Y M
� RWG Z E�RWF;O[RWM F;M;P6P;R�GJR�M 8 M \ R�ONGVK \ ` Y M `aM PeK S 9 �=S \ R�� E�F;G � R�G:f kF;O[F;MHO �
� `aR Z KNM;M M F;M RW`aM;R O[RWR�`aONM;R \ R 7 K \ R�MHS \ GJF Z]\ F;GQf kF;GQO[G^K G c;`hS^bdc RW`aM;ONR�O[RWw RWM;R C R \ E�R3KNF;S^SJR �
c;R�M�� � `hR _X`aG!w RWG^R�` \ S!w RW` 7 RaQeM;` \ ` Y M x �LK P;R�G � ` Z K \ R�O Y G^`aR ONR�S^RWc;R�M c;KNw RWM " o=ONI � A T=` Y �
V�
�1 � `hS \ R�`hM;R 7 KNG^S \ RWIaIaFHM;O R�`aMHR�S C R \ E�RWS�P;FHG^bdc�RW`aM;RWM w;` Z K \ R�O Y G^`hR�IaIhR�M A F;S^PHG^F;b Z f kF;G"P;`aRWS^RW _*RWb Z R Z RW`aM;R"w R�S Y M;P;R�GJSnONR�R�`hO[M;R \ R  R \ c Y P;R � < `hM R�M \ SJbdc;R�`hP;R�M;PHR�GDTDG^FHM;P c;`aRWGJf kF;G,`hS \3� PeK�2
w RWMeKNbdc weKNG \ R < IhR��!R�M \ Rm`aM	R�`aMHR�� C R \ E BJRUMeKNbdc W R�G^IhR�O[FHM;O�`hM-P;R�� E�F;O[R Y G^PHM;R \ R�M w;` Z K \ R�O YE�
G^`hR�IaIhR�M A F;S^P;GJF;b Z S^R�cHGm_�R�` \ o Y M;RW`aMeKNMHP;R�GnR�M \ f RWG^M \ SJR�`hM Z kY M;MHR�M � 7 R�SJceKNIaw6S^`hM;P6`aM \ RWGVK Z]\ `po[R
 Y P;` Q Z K \ ` Y MHR�M RW`aM;RWG 9 bdceKNI \ F;M;O � P;`aR
w R�` R�`aMHR�� ONGVK G cH`aS^bdcHR�M < PH` \VY G+P;`aR R�M \ SJbdc;R�`hP;R�M;PHR�M
B7G RWGVK \ ` Y M;RWM PeKNG^S \ RWIaIaRWM � SJR�c;GXS^bdc]_�R�GUKNFHf%PHR�� EWF;O[R�c kY G^`hO[R�M A F;SJP;G^FHb Z P;F;G^bdcHE�FHf kF;cHG^R�M �

� �3! � `�� - ZU!?� Z\2a$ + &�_k$'& + `�!?2 � !\$5ZU( +'-/.10 !#�
< S*w;`hR \ R \ S^`abdc-KNIaS Y K M � �	RWc;G 8 M=f Y G �	K \ ` Y M;RWM kFHw RWG�P;`hR C KNbdc weKNGJS^bdceK f \ R�M P;RWG C R \ E�R�IhR��!R�M \ R
KNw;EWF;S G R�`hbdc;R�GJM � 7 KNEWF Y GJP;M;RWM _X`aG!BJR�P;R�� ONGVK G cH`aS^bdc R�`aMHO[R�O[RWw RWM;R�M C R \ E*RW`aM;RWM R�M \ S G G^RWbdc;R�M �
P;R�M6TDGVK G c;R�M EWF � 7 `aR < `hO[R�M;SJbdceK f \ R�M P;`hR�S^RWSmT"G^K G c;RWM Z kY M;M;RWM _X`aRnf Y IaO \ R�GJI kKNF \ R�G \ _�R�GJP;R�M��
9 R�`�� G � A � C5C C � � F H P;`aR6E�F P;RlQeM;`hR�G^RWM;P;R C R \ E�o KNG^`aKNw;IaR � 7 KNM;M w R�EWR�`abdcHM;R ` � � " 
 � � � � 1
P;R�M!E�FHO[R�c kY G^`aONR�M-T"G^K G c;RWM ��� `aG�SJbdc;G^RW`aw R�M-` � f Y IhO[R�MHP;R�M!S \ R \ S �vS \ K \^\ � G � A � C5C C � �
F H � f KNIaIhS
Z ILKNG�`aS \3� _�R�Ihbdc;R C R \ EWo KNGJ`LKNwHIaRUONR��!R�`aM \ `hS \ � A F!2[R�GJP;R�� S^bdc;GJR�`hw RWM6_X`hG Z F;G^E ` � 
 � � � C5C5C=KNM �
S \ R�IaIhRno Y M ` � � 
 � � � � � C5C5C � TDR�� kK�2 A w;S^bdc;MH` \^\ x � 	 �px w R�S \ R�c \ R�`hM I Y ON`aS^bdc\A \VYOG Y O[G^K G c;`hS^bdc;RWG
� R�G \ G^R \ RWGnRW`aM;RWSnI Y O[`aSJbdc?A \^YOG Y I Y O[`hS^bdc;RWM C R \ E�RWS A0F�� R�`hM;R�M S Y Ihbdc;R�M ceKNM;PHR�I \ RWSnSJ`abdc�B^KQw R�`
R�`hM;R��uO[G^K G c;`hS^bdc)R�`aMHO[R�O[RWw RWM;R�M C R \ E � _ Y w RW`�P;`aRQO[G^K G c;`hS^bdc;R < `aM;O]K w RQM F;G � RWG \ G^R \ R�G �	` \
G^RWbdc \ _X`hM Z Ia`hO[R�GEf R�` \ F;M;ONSJf kF;c;GJF;M;O Ia`aR�f R�G \ A&KNFHS � ��� ��
-���	� ���3F;MHP ���;��� ��'	'����	
���������� � PH`aR
o Y M
R�`hM;R�� � ��� 7DF��!S^bdc;I Y S^SJR�M6S^`hM;P � 8 � EWF;O[RWc kY G^`hO[R�M TDGVK G c;R�M _�R�G^PHR�M K IaIaRnP;`aRWS^R < IaR��	RWM \ RD`aM
P;R�G �DM Y \ R�M\A0FHM;P �1K M \ R�M��!R�MHO[RDw RWG kF;b Z SJ`abdc \ `hO \ � 9 RW` KNIaS Y V P;`aR  6R�M;O[RDPHR�G � KNF;S \ RW`aM;R � �
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A wHw;`aIhP;F;M;O x��px^P �jTDGVK G c;PeKNGJS \ R�IaIhF;M;O
RW`aM;RWS C R \ E�R�S

PH`aR  R�MHO[R	PHR�G 9 `aO[M;KNIaIhR�` \ F;M;O[RWM F;M;P < P;RWG > KNM;P&o Y M � � 7 K �!` \UZ kY M;M;RWM _X`aG 
 F;M;P �
P;KNG^S \ R�IhIaRWM K IaS 
 � 
�� 
"
���
"
�� � � � � � 
 � ��
 � �1C
� `hR"`aM A wHw;`aIhP;F;M;O x��px^P O[R�EWR�`hO \ �;Y G^P;M;RWM6_X`hG BJR�P;R�� �DM YN\ RWM P�" 
 R�`hM;R�M ? � G
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EWF ��� R�PHR �"KNM \ R � " � R�GJc kKNI \ cH`aM;O[RWO[R�M6R�`hM;R�M ? � G KNF;S

 � ^�� "��I1 " � @ �:
 � \:.(B+�7. � 8 � J 
 � \3.(B+�7. �
� �u.5� �\C

A FHf O[GJF;M;P P;RWG�TDR Y �!R \ G^`aRXP;RWG,O[G^K G c;`hS^bdc;RWM < `aM;O]K w R Z kY M;M;R�M0_X`hG BJRWP;R�� �DM YN\ R�M0RW`aM;Rmf R�S \ R
� Y S^` \ ` Y M `aM R�`hM;R�� � Y Y GJP;`aMeK \ R�MHS � S \ R�� E�F Y G^P;MHR�M � 7 `aRWS,_X`aGJP6PHF;G^bdc6P;`aR A w;w;`aIhP;F;M;O

^�\ J � 
 � � G N � x3H�� G N � x3H � � � � � �

GJR KNIh`aSJ`aR�G \ � 7 `aR � Y S^` \ ` Y M�S Y IhI PeKNw R�` F;MeKNw;c kKNM;O[`hO o Y M&P;R�G 7 ` �	RWM;S^` Y M P;RWS1EWF;O[GJF;M;P;RWIa`aRWO[R�M �
PHR�M < `aM;O[KNw R�f R�M;S \ RWG^S,SJR�`aM � 7 RWS^ceK Iaw-_X`hG^P-RW`aM;R A w;wH`aIaPHF;M;O K FHf PeKNS 8 M \ R�G:o KNIaI G N � x3H � G N � x3H
PHF;G^bdc;ONRWf kF;c;G \ � 7 `aRWS R�GJILKNFHw \ F;M;SQRW`aM;R0P �=M;K �	`hS^bdc;R 9=Z KNIh`aRWG^F;M;O3P;R�G < `aMHO]KNw R F;MeKNw;c kKNM;O[`hO
o Y M�KNw;S Y IaF \ R�M � `hIaP;SJbdc;`aG � Z Y=Y GJP;`aM;K \ RWM � 7 `aR��OA � Y Y G^PH`aMeK \ R�M�P;RWG �DM YN\ R�M&S^`hM;P�PeKNw R�` o Y M
CmY G^PHR�M3M;KNbdc 9 kFHP;R�M � P;`hR7T\A�� Y Y GJP;`aMeK \ R�M6R�M \ S G GJR�bdc;RWM;P o Y M � RWS \ R�M MeK bdc B S \ R�M K FHf S \ R�` �
ONR�M;P �
 6` \ P;R�G � Y S^` \ ` Y M PHR�G �"M YN\ RWM Z kY M;MHR�M�_X`hG!KNIaIhR�M �"KNM \ RWM R�`hM;R B G^`aRWM \ `aRWG^F;MHO�ONR�w R�M � 9 RW`
P;KNE�F � � " P A �QP C�1 " � � 7 KNM;M S Y IaI�� o Y � �"M YN\ RWM �!` \ P;R�G Z IaRW`aM;RWG^R�M � Y Y G^P;`hMeK \ R0E�F��
�DM Y \ R�M �!` \ P;RWGUO[G kY 2[RWG^R�M � Y Y GJP;`aMeK \ R1O[R�GJ`abdc \ R \ S^RW`aM � 7 `aRWSU`hS \ S \ R \ SU_ Y c;IhP;RaQ;M;`aRWG \ � PeK	`hM
FHM;S^RWG^R�� TDGVK G cHR�M3M F;Gnc Y GJ`aE Y M \ KNIaR Y P;RWGmoNR�G \ ` Z KNIhR��"KNM \ R�M�KNF=f \ G^R \ RWM � 7 KNw RW` S^`aMHP _*K[KNO[R �
GJR�bdc \ R �1K M \ R�M-o Y M � R�S \ R�M-MeKNbdc B S \ R�M0FHM;P-SJR�M Z G^RWbdc \ R �"KNM \ R�M!o Y M CnY GJP;R�M0M;KNbdc 9 kF;PHR�M
ONR�G^`hbdc \ R \3� _,K SnP;RWG B GJP;M F;M;O!`aM;MHR�G^c;KNIaw P;RWS �"KNI Z kF;IaS�RWM \ S G GJ`abdc \ �
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7 `aR �DM YN\ R�M��!R�M;ONR�
 F;M;P�PH`aR �"KNM \ R�M��	RWM;O[R � o Y M ` _*RWG^P;RWM � _X`hR	`hM A w;w;`hIaP;F;MHO x��px�y
O[R�EWR�`hO \ � `aM)EW_�R�`*ijRWIaP;RWG^M KNw;O[RWS G R�`abdcHR�G \3� S Y PeK�2 R�`hM P;`hG^R Z]\ R�G W FHO[G^` ) KNFHf �DM YN\ R�M � Y P;R�G
�"KNM \ R�� � kY O[Ih`abdc0`hS \ � 7 `aR�SJRDw RW`aP;RWM6ijRWIaP;RWG,_*RWG^P;RWM3P�� MeK �	`hS^bdc o[RWGJ_*KNI \ R \ � P � c � BJRWP;R"P;F;GJbdc
P;R�M&O[G^K G c;`hS^bdc;RWM < PH` \VY G+w RWP;`aMHO \ R ? GVKNMHSJf Y G �-K \ ` Y M3KNFHf�P;R�� T"G^K G c;RWM�f kF;c;G \ E�F&R�`hM;R�GDP;` �
G^R Z \ R�M � RWG kKNM;PHR�G^FHM;ODP;`aRWS^RWG%ieR�IhP;R�G � 7 KNS < M \ f R�GJM;R�MQRW`aM;RWS �DM YN\ R�M;S%`hS \ O[IaRW`abdc w R�P;RWF \ RWM;P �	` \
P;R�� 9 R \ EWR�M P;RWSUEWF;O[R�c kY G^`hO[R�M < `hM \ GVK O[R�SnKNFHf�FHM;O kF;I \ `aO � S Y P;K�2-RW`aM � f Y bdc! 	` � �DM YN\ R�MHf RWIaP
R�M \ S \ RWc \ � � R�` �(M kKNbdc;S \ R�M A M;IhR�O[RWM R�`aMHR�S �DM YN\ R�M;S _X`hG^P P;`hR�S^R0f GJR�`hR 9 \ RWIaIhR	_X`aRWP;R�G oNR�GJO[R �
w RWM � 7 KNS�ieR�IhPQ_X`hG^PQM F;G�PeKNM;MQo[RWG^I kK M;O[R�G \ � _�R�M;M	R�`hM	M;RWF;R�G �DM YN\ R�M!w RW`eo Y IhIaw R�S^R \ E \ R�� ijRWIaP
KNM;O[RWIaRWO \ _*RWG^P;RWM S Y IhI � 7 `aR A P0B^KNE�RWM;E�S \ GJF Z]\ F;G�P;RWS�TDGVK G c;R�M!_X`aG^P-KNw;O[RWS G R�`hbdc;R�G \ � `aM;P;R�� BJR �
P;R�G��DM YN\ R�M6P;`aR 8 M;PH`aE�RWSnSJR�`hM;R�GmKNM;Ih`aRWO[R�M;PHR�M �"KNM \ R�M R�M \ c kKNI \3� `aM P;R�G > R�`hc;R�MHf Y IaO[R CmY G^P;RWM �
B S \ RWM � 9 kFHP;R�M�F;M;P � R�S \ R�M � � K \ R�`hM �DM YN\ RWM&`aM�R�`hM;R�G > `abdc \ F;M;O Z RW`aM;R C KNbdc weKNG Z KNM \ R � S Y
R�GJc kKNI \ PHR�GXR�M \ S G G^RWbdc;R�MHP;R < `aM \ G^KNOQP;R�M � R�G \ /���B+��_ �
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undef

V Eundef

E

undef

A wHw;`aIhP;F;M;O x��px�y � A P0B^KNEWR�M;EWS \ GJF Z]\ F;GmP;RWS C R \ EWO[GVK G c;R�M
� R�P;R �"KNM \ R*R�M \ c kKNI \ EW_�R�`��DM YN\ R�M;`hM;P;`hE�R�S%KNIaS 9 \ KNG \ A1FHM;P < M;P G F;M Z \ " o O[I � A w;wH`aIaPHF;M;O x��px�y 1 �
_ Y P;F;GJbdc-P;RWM �"KNM \ RWM-P;`hR Y w RWM	PHRaQeM;`hR�G \ R > `hbdc \ F;M;O�E�F;ONR Y GJP;M;R \ _X`aGJP � 7 `aRXK M	RW`aM;R�� �DM YE�
\ RWM P�" 
 `aM > `hbdc \ F;M;O�� " � ? � � �K� ��� � KNMHIa`aRWO[R�MHP;R �"KNM \ R"Ia`hRWf R�G \ P;`hR"ijFHM Z]\ ` Y M
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7 R�M 9 \ KNG \ A w R�EW`aR�c F;MHO[SJ_�R�`hS^R < MHP Z M YN\ RWM3RW`aM;RWG �"KNM \ R � � " P � 3 1*R�GJceKNI \ R�M _X`hG kF;w RWG
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 � � � 
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7 R�M C K bdc w;KNG Z M YN\ R�M P �jRW`aM;RWS �DM Y \ R�M P `hM > `hbdc \ F;M;O�� R�GJceKNI \ R�M _X`hG �	` \ P;R�GmieF;M Z]\ ` Y M
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 1 � f K IaIaS � BED�� " P � ��1 �� /��CB+�7_ F;M;P � " � ? ��� �\C
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� R�` \ RWG^c;`hM6PHRaQeM;`hR�GJR�M _X`aG�P;`hR�ieF;M Z \ ` Y M
o$�u.5�%13

��\3� J � 
 � ���," � ? � � ��� ��� �E1

PHF;G^bdc
o$�u.5�%1:
���\:� J " P 1 � � � " � ? � � ��� ��� ��� ��BOD�� " P � ��1��� /��CB���_ �\C

9 `aR,Ih`aRWf RWG \ E�F
R�`hM;R�� �DM YN\ RWM P PH`aR  RWM;O[R�P;RWG > `hbdc \ F;M;ONR�M � `hM P;RWM;R�MQR�`hM;R �"KNM \ R � " � KNM �
ONR�S^bdcHI Y SJS^R�MQ`hS \ �  ` \ � `aIhf R�P;`hR�SJR�G%ieF;M Z \ ` Y M�ILKNSJS^RWM S^`hbdc
w RW`aS G `aR�IhSJ_�R�`hS^R � RWG^P;G^KNc \ F;MHO[S Z M YN\ R�M
Z IaKNS^SJ` QeEW`aR�GJR�M �
7 `hR �DM YN\ RWM?AQFHM;P �"KNM \ RWM��!R�M;O[RWM-P;RWS,TDGVK G c;R�MQ_�R�G^PHR�M-_ kKNcHG^R�MHP0P;R�G < `aMHO]KNw RmRW`aM;RWS C R \:�
EWR�S"P�� MeK �!`aSJbdc�o[R�G kKNM;P;RWG \ � A IaIhR ieF;M Z]\ ` Y M;RWM � P;`hR  3KNMH` G F;IaK \ ` Y M;RWM R�`hM;R�S C R \ EWR�S � _X`aR
w R�` �
S G `aRWIaS:_*RW`aS^R < `hMHf kF;O[RWM � f kY S^bdc;RWM � 7 GJR�c;RWM Y PHR�G � R�G^SJbdc;`aRWw RWM o Y M � KNF;S \ R�`hM;R�M PHF;G^bdcHf kFHc;G^RWM �
w RW_X`hG Z R�M RW`aM;R1P;`aGJR Z]\ R � R�G kKNM;P;RWG^F;MHO-P;RWG!�DM YN\ R�M?A F;M;P �1K M \ R�M��!R�MHO[R�PHR�SDTDGVK G c;R�M � 7 K S
ONIaR�`hbdc;R"O[`aI \ f kF;G B7G RWGVK \ ` Y M;RWM � P;`hR1SJ`abdc3KNFHf%PH`aRFf RW` \ F;M;O[RWM P;RWS C R \ EWR�Snw RWE�`aRWc;R�M � � RWP;R PH`aR �
SJR�G
ieF;M Z \ ` Y MHR�M f kF;cHG \
? GVKNMHSJf Y G �-K \ ` Y MHR�M�K FHf�R�`hM;R�� C R \ EWO[GVK G c;R�M P;FHG^bdc F;M;P kFHw RWGJf kF;c;G \
`hc;M S Y `aM RW`aM;RWM�MHR�F;RWM TDGVK G c;R�M � 7 KNw RW` � F!2�P;K f kF;G
O[RWS Y GJO \ _*RWG^P;RWM � PeK�2&P;RWM�M;RWF�RW`aM �
ONRWf kF;O \ R�M �DM YN\ R�M F;MHP �1K M \ R�M P;RWG G^`hbdc \ `aO[R ? � G E�FHO[R Y GJP;M;R \ _X`aGJP � S Y PeK�2 BJRWP;R�GQTDGVK G c
ONR�� kK�2 A w;w;`aIhP;F;M;O x��px^P K FHf O[R�w;KNF \ `aS \ � � RW` \ RWG^c;`hM PeK GJfDP;FHG^bdc P;`hR�S^R B7G RWGVK \ ` Y M;RWM�MH`abdc \
PH`aR ��IaKNMeKNGJ` \ kK \ S^RW`aO[RWM;S^bdc;K f \ P;RWSXTDGVK G cHR�M-oNR�G^IhR \ E \ _�R�GJP;R�M � < S�P kF;GJf RWM w RW`aS G `aR�IhSJ_�R�`hS^R Z R�`hM;R
f RW` \ FHM;O[R�M kF;w R�G � KNF;S \ R�`hM;R	cH`aM]_*RWO O[RWE Y O[RWM _�R�G^PHR�M � � KNF;S \ R�`hM;R!P kF;GJf RWM�S^`hbdc M;`hbdc \ kF;w R�G �
SJbdc;M;RW`aP;RWM Y PHR�G kF;w R�GXP;RWM C R \ EWGVKNMHP3c;`hMeKNF;SJGVKNO[RWM �

�,! + � !U$^Z +'- �1`
W F � R�O[`hM;M RW`aM;RWG < `aMHO]KNw R!_X`hG^P PHR�G
TDGVK G c�P;F;GJbdc PeKNS �JIaRWR�G^R C R \ E  `aM;` \ `aKNIa`hS^`aRWG \ � 7 `hR�S^RWS
w R�S \ RWc \ M F;G6KNF;S R�`hM;R�� > KNMHP Y c;M;R 8 M;ceKNI \ � P � c � _X`hG ceKNw R�M o `aR�G �DM YN\ R�M 
 � 
�� �
� � 	 � � A � � C � ��- � �	` \ 
 � ^e� "���� 1 � @ �3
 ! \:.?�C��. � 7 `hR � Y=Y G^P;`hMeK \ RWM P;R�G �DM YN\ R�M _�R�G^PHR�M �!` \
^�\ J "�� 	 1 � " N C N � N C N 1 � ^e\ J "�� A.1 � " x C N � N C N 1 � ^�\ J "�� C�1 � " x C N � x C N 1�F;M;P ^�\ J "�� -�1 � " N C N � x C N 1
`hM;` \ `LKNIh`aSJ`aR�G \ �SW _X`aSJbdc;R�M<BJRnE�_*RW` w R�MeKNbdc weK G \ RWM �DM YN\ R�M0`hS \ R�`hM;R!�"KNM \ Rmo Y � ? � Gk@ �:
 � \:.(B+�7.
RW`aM;ONR�c kKNMHO \ � < S6`aS \ KNIaS Y�� � � � � ��� 	 � "�� 	 � � A.1 � � A � "�� A � � C 1 � � C � "���- � � C�1 � �I- �
"�� 	 � � -�1�� � A FHf ONG^F;M;P�P;R�G B G^`hR�M \ `hR�G^FHM;O�o Y M CmY G^PHR�M M;KNbdc 9 kFHP;R�M FHM;P�o Y M � R�S \ R�M MeKNbdc
B S \ R�M6S \ R�IhI \ � 	 P;`aRDIh`aM Z R Y w R�GJR < b Z R�PHR�S C R \ EWR�SXPeKNG � 7 `aR �"KNM \ R � 	����� � � A�R�M \ S G G^`hbdc \ P;RWG
CmY G^PHS^R�` \ R1P;R�S C R \ E�RWS � 8 M KNMeK I Y O[RWG � RW`aS^R"_�R�G^PHR�M�P;`hR�K M;P;R�GJR�M �"KNM \ R�M3PHR�M w R \ G^R ) R�MHP;R�M
9 R�` \ R�M6E�F;ONR Y GJP;M;R \ �
7 RWG > KNM;P	R�`aMHR�S C R \ E�R�S*S \ RWIaI \ SJR�`hM;R 9 bdcHM;` \J\ S \ R�IhIaRmMeKNbdc KNF!2NR�M-P;KNG � 7 `aRmKNFHf PHR�� > K M;P0KNM �
ONR�S^bdcHI Y SJS^R�MHR�M>f RW` \ F;M;O[RWM G^R G G kKNSJR�M \ `hR�G^RWM P;`aR < `hM?A!F;MHP A F;SJO kKNM;O[RUR�`aMHR�S C R \ EWR�S � _ Y w RW`/S^`hR
PHF;G^bdc P;`hR � R�GJw;`aMHP;F;M;O �!` \ P;R�� C R \ EWGVKNMHP R�`aMHP;R�F \ `aO RW`aM;RWG 9 RW` \ R+E�F;ONR Y GJP;M;R \ _*RWG^P;RWM � l �
PH`aR A MHS^bdc;I kF;S^SJR � P;`aR�_X`aG�KNFHbdc-KNIhS � K P;S�R�`aMHR�S C R \ EWR�S�w RWE�RW`abdc;M;RWM � `aP;RWM \ ` Q;E�`aRWG^RWM
E�F Z kY M;M;RWM �
Y G^P;M;RWM!_X`hG�`ac;MHR�M!R�`aMHR�MQR�`hM;P;R�F \ `aONR�M C K �!R�MQEWF � kF;w R�G�P;R�M!R�`hM 9 `aO[M;KNIaM;R \ E,PHF;G^bdc-KNIaIhR � `hR�G �
K G^bdc;`hR�R�w R�MHR�M o[RWGJf Y IhO \ _*RWG^P;RWM Z K M;M � A FHf�P;`hR�S � M \ K Z]\ `hS^bdc;R 9 \ G^F Z]\ F;GUP;RWG �@KNP;MeK �!R�M3F;M;P
PHR�G^RWM � RWG^RWbdc;M F;M;O0O[RWc;R�M6_X`aG�` � A MHS^bdc;IhF!20KNM P;`hR � R�ceK M;P;IaFHM;OQP;R�G � R�GJP;GVKNc \ F;M;O!R�`aM � PeK
SJ`abdc P;`hR C K �	RWM�P;R�G A M;S^bdcHI kF;SJS^R6KNF;S PHR�M � GJR�` \ R�M P;RWG
KNM;ONR�S^bdcHI Y SJS^R�MHR�M�f RW` \ FHM;O[S^w kF;M;P;RWI
RWG^O[RWw RWM � A F!2[RWG^P;R�� RWGJf Y IhO \ R�`hM;RUK MeKNI Y O[R C K �!R�M;SJw RWG^RWbdc;M F;M;O f kF;G�P;`aR A MHS^bdc;I kF;S^SJRDKNFHf PHR�M
` � C R \ E"o[RWGJ_�R�M;PHR \ RWM � KNFHS \ RW`aM;R �
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8 M;M;RWG^ceKNIhw P;R�S C R \ EWGVKNc��!R�MHSX_�R�GJP;R�M � KNF;S \ RW`aM;R G IaKNE�`hR�G \ F;M;P P;F;GJbdc6f R�` \ F;M;ONR�M �	` \ RW`aMeKNM �
P;R�GDoNR�G^wHF;M;P;RWM � � RWP;R�S1P;`hR�S^RWG < IhR��!R�M \ RQI kK�2 \ SJ`abdc�P;F;G^bdc�R�`hM;R�M ? R�`aIhO[GVK G c;R�M&w R�SJbdc;G^RW`aw R�M �
� R�P;R < `hM;O]KNw R RW`aM;RWSUM;RWF;R�M < IaR��	RWM \ R�SUceK \ EWF;GDi Y IhO[R � PeKE20P;R�GUE�F;O[RWc kY GJ`aO[R ? RW`aIaONGVK G c �	` \
P;R�� C R \ E�ONGVK G cHR�M o[RWG^R�`hM;`aO \ _�R�G^PHR�M � F!2 � 8 M KNMeKNI Y O[RWG � R�`aSJR+w RW_X`aG Z RWM6PH`aR kFHw;G^`hO[R�M B7G R �
GVK \ ` Y MHR�M�KNFHf � KNF;S \ R�`hM;R�M " 7 GJR�c;RWM � 7 R�c;M;RWM � � R�GJS^bdc;`hR�w R�M � f kY S^bdc;RWM � C5C5C 1+F;M;P[f RW` \ FHM;O[R�M
" < `aMHO]KNw R � f kY SJbdc;R�M � C5C C 1*RWM \ S G GJR�bdc;RWM;P;R � RWG kKNMHP;R�GJF;M;O[RWM KNFHf P;R�� C R \ E�O[G^K G c;RWM �
7 `aR � KNF;S \ R�`hM;R IaKNS^SJR�M S^`hbdc O[R�� kK�2)`ac;GJR�G ieF;M Z]\ ` Y MeK Ia` \ kK \ `aM P;G^RW`no[RWG^SJbdc;`aRWP;R�M;R TDG^F G/G R�M
R�`hM \ R�`hIaR�M �


 � ����� 7�� ���F��
-���	� ��S^`hM;P0R�IhR��!R�M \ K G^R < `hM;c;R�` \ RWM � P;`aRnw RWS \ ` � � \ RnT"GJF;M;P YHG RWGVK \ ` Y M;RWM0w R �
G^RWbdc;M;RWM � 7 `aR  R�MHO[R
P;`aRWS^RWG B7G RWGVK \ ` Y M;RWM Z KNM;M w R�Ih`aRWw;`aO	O[RW_ kKNcHI \ FHM;P�P;R�� 9 � S \ R��
`aM)R�`hM;R�G T"GJF;M;P;EWR�IaIhR�M w;`hw;Ia` YN\ c;R Z E�F;G � R�G:f kF;O[F;M;O�ONR�S \ R�IhI \ _*RWG^P;RWM � 7 `aRWS^R � `aw;Ih` YN\ c;R Z
Z KNM;M B7G RWGVK \ ` Y MHR�MQKNFHf F;M \ R�G^SJbdc;`aRWP;Ia`hbdc;R�� C `hoNR KNFQR�M \ ceKNI \ R�M � o Y MQP;RWM kF;wHIa`abdcHR�GJ_�R�`hS^R
O[RWw;G kKNFHbdc;Ia`hbdc;R�M O[GJF;M;P;IhR�O[RWM;P;RWM I Y O[`hS^bdc;RWM T"K \^\ R�G^M " KNM;P �=Y G � `hM]o � C5C5C 1 kFHw RWG,R�`hMHf KNbdc;R
B7G RWGVK \ ` Y MHR�M " � KNIaw;KNP;P;`hR�G^RWG ����Y IaIaKNP;P;`hR�G^RWG � C5C5C 1nw;`hSDc;`aM�EWF ZNY � G IaRBT=R�M�ieF;M Z]\ ` Y M;R�M
" A P;P;` \ ` Y M �  F;I \ ` G Ia` Z K \ ` Y M � C5C C 1DG^RW`abdc;RWM � 7 `hR!ONR�R�`hO[M;R \ R � KNc;I�RW`aM;RWG W R�IhIaw;`hw;Ia` YN\ cHR Z
R�GJILKNFHw \ PeKNw R�`HP;`aR 9?G RWE�` Q Z K \ ` Y MQKNFHf F;M \ RWG^S^bdcH`aR�PHIa`abdcHR�M A w;S \ GVK Z \ ` Y MHS^R�w R�MHR�M-FHM;PQPeK �
�!` \ KNFHbdc P;`hRDS^F Z EWR�S^SJ`hoNR � R�G:f R�`aMHR�G^FHM;OQR�`aMHR�S < M \ _XFHGJf S �


 �<�����0� ��
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	0��'	'����)S^`aMHP � KNFHS \ RW`aM;R � PH`aR P;F;GJbdc P;`aR < `aM;O[KNw R RW`aM;RWS C R \ EWR�S-PHRaQ �
M;`hR�G \ S^`hM;P � 7 `aS Z GJR \ w R�PHR�F \ R \ `aM)P;`aRWS^R�� W F;S^K � �	RWM;ceKNM;O � PeKE2 PeKNS C R \ E0R�M \ _�R�P;RWG
Z RW`aM;R Y P;RWGUM F;G Z Y M;S \ KNM \ R �@KNGVK �	R \ R�GUceK \ � 7 `aR � R�G:_*RWM;P;F;MHO RW`aM;RWSUS Y Iabdc;RWM  3K Z G Y S
`aS \ PeK �	` \ ONIaR�`hbdc w RWP;R�F \ R�M;P �!` \ P;RWG < `aMHf kF;cHG^F;M;O R�`aMHR�G*MHR�F;RWM � `aRWGVKNGJbdc;`aRWR�w R�M;R �  3KNM
KNGJw RW` \ R \ `aM
P;`hR�SJR�� ijKNIaIHKNIaS Y w Y \^\VY � A F G � `aMHP;R�� �	KNM o Y � 8 M;M;RWG^R�M	R�`hM;R�S C R \ EWR�S�KNw �
S \ GVKNcH`aR�G \ F;M;P-M F;G�M Y bdc-P;RWS^SJR�M > KNM;P	KNIaS 9 bdcHM;` \J\ S \ R�IhIaRXR�`hM;R�S � KNF;S \ RW`aM;RWS�w R \ GVKNbdc \ R \ �
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	0��'	'����"w RWS^bdc;GJR�`hw RWM ? R�`aIhS^bdceK I \ FHM;O[R�M � P;R�GJR�M A F;S G G kK O[F;M;O"o Y M
o[RWG^SJbdc;`aRWP;R�M;RWM � K GVK �!R \ R�G^M P;RWS K Z \ F;R�IhI+R�`hM;O[RWO[R�w R�M;RWM C R \ E�R�S KNw;c kKNM;O[RWM Z kY M;MHR�M �
8 M;SJw RWS Y M;PHR�G^R Z K M;M�` � W F;O[R R�`hM;R�G�G^R Z FHG^S^`po[RWM 7 RaQeM;` \ ` Y M KNF;bdc PeK S)O[RWGVKNPHR w R �
S^bdcHG^`aRWw RWM;R C R \ EQS^RWIaw;S \ KNIaSDS Y Iabdc;RWS� 3K Z G Y o[RWGJ_�R�M;PHR \ _�R�GJP;R�M � A F;S"P;`aRWS^R��uTDG^F;M;P
S^`hM;P G K GVK �!R \ G^`aSJ`aRWG \ R  3K Z G Y E�RWIaIhR�M ` � K IaIaONR��!R�`aMHR�M o[R�GJO[IaRW`abdc weKNG �	` \ i Y G:_,K G^P?A
7 R Z IaKNGVK \ ` Y MHR�M `aM RW`aM;RWG ��G Y O[G^K � �!`aRWG^S G GVKNbdcHR � P � c � P;`hR A G^w R�` \ S:_*RW`aS^R"`hS \X\VYOG A P Y _XM �
7 KNS ceK \ E�F;G�i Y IhO[R � P;K�2+E�FHM kKNbdc;S \�Z RW`aM;R 8 M=f Y G �	K \ ` Y M kF;w RWG P;`hR f KNO[R�o Y M kKNF!2[RWG^R�M A M �
S^bdcHI kF;SJS^R�M	RlT=`aS \ `hR�G \ � 7 R�S:_*RW` \ R�G^RWM	`hS \ KNFHbdc!PH`aRmTDG kY 2[R*R�`aMHR�S G KNG^K �	R \ GJ`aS^`hR�G \ R�M  3K Z G Y S
w R�` P;RWG < `hM;O]KNw RDM;`abdc \ f R�S \ O[RWIaRWO \ �

� `aG%w R�SJbdc;G^RW`aw R�M BJR�P;RWM	P;`hR�SJR�G � KNF;S \ RW`aM \ � G RWM-P;F;GJbdc	RW`aM;RWM ? RW`aIaONGVK G cHR�M � PHR�G�KNF;S%o `aRWG < b ZF�
Z M YN\ RWM�FHM;P�RW`aM;RWG " E�FHM kKNbdc;S \ R�o[R�M \ F;R�IhI IhR�RWG^R�M
1  6R�M;O[R�o Y M kKNF 2[R�GJR�M A M;SJbdc;IaF!2 Z M YN\ RWM," ��`hM;S 1
w RWS \ R�c \ � 7 `aR < T \ GVK Z \ ` Y M!P;`hR�S^RWS ? R�`hIaO[G^K G c;RWM	RWGJf Y IhO \ PeKNw R�`�BJRXMeKNbdc ? � G P;RWS � K F;S \ R�`aMHS,KNFHf
F;M \ RWG^S^bdcH`aR�PHIa`abdcHR � RW`aS^R ��� R�` PHR�M T"GJF;M;P;EWR�IhIaR�M!_X`aGJP P;R�G ? RW`aIaONGVK G c0KNF;S*PHR�M < `aM \ G kKNO[R�M-P;R�GW R�IhIaw;`hw;Ia` YN\ c;R Z KNFHf O[RWweKNF \3� _X`aRDP;`hR�SX`aM A w;w;`aIhP;F;M;O x � 	 N SJbdc;R��	K \ `hS^bdc3KNM;O[RWP;R�F \ R \ `aS \ �
7 `aR�E�F�� A FHf weK F�PHR�S ? R�`aIhO[GVK G c;R�M�M YN\ _*RWM;P;`hO[R 8 MHf Y G �-K \ ` Y M _X`aG^P�PHF;G^bdc&PeKNSDS Y O[RWMeKNM;M \ R
8 M \ R�G:f KNb�R PHR�G W RWIaIhR	w R�SJbdc;G^`hR�w R�M � 7 K G^F;M \ RWG o[RWG^S \ R�c \ �	KNM P;`hR 8 MHf Y G �	K \ ` Y M;R�M kF;w R�G A F;S �
P;R�cHM FHM;O PHR�G W R�IhIaR�S Y _X`aR C K �	RWM � � Y S^` \ ` Y M;R�M�F;MHP > `abdc \ F;M;O[RWM)P;RWG kKNF!2[RWG^RWM A M;S^bdcHI kF;SJS^R �
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inv

45µm

in1

and exor

Interface-Beschreibung
Breite: Höhe:

Pins:

Norden

in2

input 0.3

input 0.7

Osten vdd vdd 0.5

Süden out output 0.5

Westen vss vss 0.5

30µm

Seite Name Richtung Position

out

in1

and vddvss

in2

A w;w;`hIaP;F;MHO x�� 	 N �el ��_,KNMHP;IaF;MHO	RW`aM;RWS < `hM \ GVKNONR�SmKNF;SXP;RWG W RWIaIhw;`aw;Ih` YN\ c;R Z

7 `hR K M;O[R�ONR�w R�M;RWM � Y SJ` \ ` Y M;RWM `aM A w;w;`hIaP;FHM;O x�� 	 N S^`aMHP G^RWILK \ `ho w R�E kFHO[Ia`hbdc3P;RWG+E�F;ONR�c kY GJ`aO[RWM
9 R�` \ R ��� RW` PHR�M ��`hMeKNG \ R�M F;M \ R�GJS^bdc;RW`aP;RWM _X`aGXEW_X`hS^bdc;RWM 9 `hO[MeKNI A	F;M;P � RWG^S Y G^O[FHM;O[S G `aM;S � 7 RWG
? � G P;R�S ��`aMHS kKNF!2[RWG \ S^`abdc `hM�S^RW`aM;RWG > `abdc \ F;MHO � i kFHG 9 `hO[MeKNI G `aM;S1S^`hM;P �f�E^�/+
 � \2/�
u^�/+
 F;M;P
c���BL�f.(�%13

�*\:���)� EWF;O[RWILKNSJS^R�M � � R�`jP;R�M � R�GJS Y GJO[F;M;O[S G `aMHS�ceK M;P;R�I \ R�S�S^`abdc!o Y M	P;R�G > `abdc \ F;MHO�c;RWG
F�� 8 M G F \ S � P;`hR,_X`aG�EWF;G�lnM \ RWG^SJbdc;R�`hP;F;M;O�P;R�G�w R�`aPHR�M � R�GJS Y GJO[F;M;O[SJM;R \ E�RmP;F;GJbdc ��B+B F;M;P � J4J
Z IaKNS^SJ` QeEW`aR�GJR�M �

and exor

n[0,0]

s[1,1]

n[1,1]

HA

s[0,0]

A w;wH`aIaPHF;M;O x�� 	 x � 7 KNGJS \ R�IaIhF;M;O RW`aM;RWS C R \ E�RWS+KNIhS  3K Z G Y E�R�IhIaR

i kF;G�P;`aS Z G^R \ R  K Z G Y EWR�IaIhR�M Z KNM;M P;RWG ? R�`hIaO[G^K G c KNFHSmPHR�� EWF;O[R�c kY G^`hO[R�M C R \ E�ONGVK G c KNw;ONR�IaRW` �
\ R \ _�R�GJP;R�M � _X`aR0P;`hR�S `hM A wHw;`aIhP;F;M;O x � 	 x K � � R�`aS G `aRWI*RW`aM;RWS � KNIhweKNP;PH`aR�GJR�GJS o[RWG^P;RWF \ Ih`abdc \
_X`hG^P � 7 `hR f K O[RXP;R�G ��`aM;S�R�GJO[`aw \ SJ`abdc-PH`aG^R Z]\ K F;S�PHR�G�G^R�IaK \ `po[RWM f KNO[RXP;RWG*K FHf P;R�� C R \ E�G^KNM;P
K M;O[R�SJbdc;I Y S^S^RWM;R�M f RW` \ F;M;O[RWM � 7 F;GJbdc	P;`hR ��`aM;M;K �	RWMQR�G^ON`aw \ SJ`abdc!R�`hM;R�R�`hM;P;R�F \ `aONR W F Y GJP;M F;M;O
PHR�G A MHS^bdc;I kF;S^SJR!EWF&R�`aMHR�G 9 R�` \ R P;RWS � KNF;S \ R�`hM;S � 7 `aR > R�`hc;R�M=f Y IaO[R�P;R�G ��`hM;S+I kK�2 \ SJ`abdc�PeK w RW`
K M6PHR�� RW`aM;P;RWF \ `hO
E�F;ONR Y GJP;M;R \ R�M 8 M \ R�G:oNK IaI RWG Z R�M;M;RWM � `aM P;R�� S Y _ Y c;I P;`hR � Y SJ` \ ` Y M KNFHf P;RWG
w R \ G^R�) RWM;P;R�M 9 RW` \ R+KNIaS*KNF;bdc P;`aR � G^RW` \ R+P;R�G,KNM;O[RWS^bdc;I Y S^SJR�M;RWM6f R�` \ F;M;O R�M \ ceK I \ RWM `aS \ � 7 `hR�SJR
C K �!R�M;SJO[R�w;FHM;O `hS \ o Y G1KNIaIhR�� w R�` 7 G^RWc F;M;O[RWM�FHM;P 9?G `aRWO[R�IhF;M;O[RWM�PHR�S � KNF;S \ RW`aM;S+_X`hbdc \ `aO �
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7 `aR � RWG^R�bdcHM FHM;O&P;R�G ��`hM;MeK �!R�M)R�G:f Y IaO \ w R�` � A w;S G RW`abdc;RWG^M P;RWS C R \ EWR�S � 7 `aR ��Y G^ONR�c;RWM;S �
_*RW`aSJR c;`aRWG^w R�` O[RWw RWM3_X`aGm` � A M;S^bdc;IhF!2 KNM P;`aR � R�SJbdc;G^RW`aw;F;MHO P;R�G � R�G^PHGVKNc \ FHM;O KNM � PeK-PH`aR
��`aM;MeK �	RWM P;`aGJR Z]\ o Y M�P;RWG � Y S^` \ ` Y M F;M;P�P;RWG � GJR�` \ R�PHR�G+RWM \ S G GJR�bdc;RWM;P;RWM[f R�` \ F;M;ONS^w kF;MHP;R�I
KNw;c kK M;O[R�M �

A M;PHR�G^S w RWceKNM;P;RWI \ _*RWG^P;RWM G KNGVK �!R \ G^`hS^`aRWG \ R  K Z G Y EWR�IaIhR�M � � `hR�G1RlT=`aS \ `hR�G \ ` � KNIhIaO[R��	RW`aM;RWM
E�F;M kKNbdc;S \+Z R�`hM;R � RWS^bdc;GJR�`hw;F;M;O KNIhS C R \ E Y P;R�G < `aM \ G^KNO-`hM3R�`hM;R�� W RWIaI Z K \ KNI Y O � 7 `hR � RWGJ_�R�M �
P;F;M;O o Y M G KNG^K �!R \ GJ`aSJ`aR�G \ RWM  K Z G Y EWR�IaIhR�M�PeKNG:f�KNF;bdc)` � o Y G^KNF;S1R�GJf Y IaO[RWM � P � c � �-KNM Z KNM;M
R�`hM;R ? R�`hIaS^bdc;KNI \ F;M;OUw R�M F \ E�RWM � w R�o Y G@S^`hR,P;F;GJbdc < `hM;O]KNw R*RW`aM;RWS C R \ EWR�S�P;RlQeM;`hR�G \ _XF;G^PHR � 7 `hR�S
ceK \ RWM \ S^bdc;RW`aP;RWM;P;RWM < `aMRneF 2 K FHf*PH`aR 7 KNGJS \ RWIaIhF;M;O-o Y M  K Z G Y EWR�IaIhR�M � PeK PeKNS 8 M \ R�G:f KNb�RQ` �
KNIaIhO[R��!R�`hM;R�M6E�FHM kKNbdc;S \ F;M w RWS \ ` � � \ `aS \ � A w R�GDK F;bdc�`aM PHR��vi K IaI � P;K�20f kF;GUPH`aR�oNR�G:_*RWM;P;R \ RG KNG^K �	R \ GJ`aS^`hR�G \ R W R�IhIaR"S^bdc Y M�R�`aMHR � RWS^bdc;GJR�`awHF;M;O RlT=`hS \ `hR�G \ � S Y IhI P;KNS 8 M \ RWGJf KNbWR F;M w R�S \ ` � � \
w;IaRW`aw R�M � 7 `hR�SXR�GJILKNF;w \ P;R�� < M \ _�R�GJf RWG � R�`aM F;M;P PH`aR�SJR�Ihw R W R�IaIhRD`aM F;M \ R�GJS^bdc;`hR�P;Ih`abdc;RWM � Y M �
\ RBT \ R�M R�`aMHE�F;SJR \ EWR�M �
C RWw RWM P;RWG > KNMHP;w RWS^bdc;GJR�`hw;F;M;O `aS \ KNF;bdc P;`aR�TDG kY 2NR�R�`aMHR�G G KNG^K �!R \ GJ`aSJ`aR�G \ RWM  3K Z G Y EWR�IhIaR
M;`abdc \ f R�S \ O[R�IhR�O \ � 7 `hR�SJR Z KNM;M�RW`aM;RWG^S^RW` \ Sno Y M�P;R�M W RWIaI G KNGVK �!R \ R�GJM3KNwHc kKNM;O[RWM � KNM;P;RWG^R�GJS^RW` \ S
`aS \ S^`aRDPHF;G^bdc P;`aR \^YOG A P Y _XM ��Y G^ONR�c;RWM;SJ_�R�`hS^R M;K \ kF;GJIa`hbdc6PHF;G^bdc Z RW`aM;R < `aM;O]K w R+PHRaQeM;`hR�G \ �

Merge[m]Merge[m]

m m

2m

n[m,2m-1]

s[0,2m-1]

n[0,m-1]

A w;w;`aIhP;F;M;O x�� 	�	 ��� KNG^K �	R \ GJ`aS^`hR�G \ R  3K Z G Y E�RWIaIhR�M

A F;SUKNIaI P;`hR�SJR�M&TDG kF;MHP;R�M S \ RWIaIaRWM3_X`aG G KNG^K �!R \ GJ`aSJ`aR�G \ R� 3K Z G Y E�RWIaIaRWM3w R�` � < `hMHf kF;O[RWM `aM PeKNS
C R \ E!E�F;M kK bdc;S \ KNIaS"G^RWbdc \ R�b Z `hO[R ? R�`hIaO[G^K G c;RWM Y cHM;R ��`hM Z M YN\ RWM)P;KNG � A wHw;`aIhP;F;M;O x�� 	�	 E�R�`hO \
Ia`hM Z SnPeK S A F;SJS^RWc;R�M&R�`hM;R�G  3K Z G Y E�R�IhIaR�F��	` \^\ R�Iaw;KNG�MeKNbdc�`hc;G^RWG < `aM;O[KNw R � 8 � _�R�` \ R�GJR�M � RWG �
ILKNF=f�P;R�G C R \ E�RW`aM;O[KNw R Z kY M;M;RWM�M FHM f RW` \ F;M;O[RWM3w R�Ia`hR�w;`hO-K FHf�P;R�M > kKNMHP;R�GJM P;R�G  3K Z G Y EWR�IhIaR
KNM;O[RWS^bdc;I Y S^SJR�MQ_*RWG^P;RWM ��� R�PHR�G A M;SJbdc;IaF 21RWG^EWR�F;O \ RW`aM;RWM ��`aM Z M YN\ R�M!KNFHf P;R�� > KNM;P
P;RWG W R�IaIhR
KNMeKNI Y ODE�FHG � RWceKNM;PHIaF;M;O1P;RWS C R \ EWGVKNMHP;R�S � � `hG%_*RWG^P;RWM0w R�`eP;RWG � RWceKNM;PHIaF;M;O1P;RWG f RW` \ FHM;O[R�M
KNFHf*P;`aR
w R \ G^R ) R�MHP;R�M � RWG kKNMHP;R�GJF;M;O[RWM ` � C R \ E�ONGVK G cHR�M RW`aM;ONR�c;RWM � 7 `aR�SJR 7 KNG^S \ R�IhIaF;MHO P;R�G
 3K Z G Y E�R�IhIaRWM ceK \ `aMHS^w R�S Y M;P;R�GJR3P;RWM ��Y G \ R�`hI � PeKE2 �!R�c;GJR�G^R ��Y G ZNY � �	RWM P;RWG^SJR�Iaw R�M W R�IaIhR
KNFHf F;M \ RWG^SJbdc;`aRWP;Ia`hbdc;R � R�`hS^R"KNMHO[R�SJbdc;I Y SJS^RWM6_�R�GJP;R�M Z kY M;M;R�M ��� `abdc \ `hO
`aS \ c;`aRWG�M FHG � PeKE2!PH`aR
T"RWSVK � \ KNM;E�KNc;I,PHR�G!KNM;O[RWS^bdc;I Y S^SJR�M;RWM�f R�` \ F;MHO[R�M KNFHfnR�`hM;R�G 9 R�` \ R �	` \ P;RWG W KNc;I*PHR�GQ`aM;MHR �
G^RWM f RW` \ FHM;O[R�M�w R�`@P;R�G 7 RlQeM;` \ ` Y M P;R�S  K Z G Y S kF;w R�GJR�`hM;S \ ` � � \ � 7 `aR�R�`aMHE�R�IhM;R�M f RW` \ FHM;O[R�M
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Z kY MHM;R�M�o Y � < M \ _*RWGJf RWG `aM&w R�Ih`aR�wH`aO[RWG � RW`aSJR!EWF[f R�` \ F;MHO[S^w kFHM;P;R�IhM)EWF;SVK � �!R�M;ONRWf K�2 \ _�R�G �
PHR�M �
7 `hR0TDG kY 2[R	PHR�G W RWIaIhRQ_X`hG^P)E�F;M kK bdc;S \ o Y � 9 � S \ R��(o Y G^O[RWO[R�w R�M � 9 `hR Z KNM;M�KNw RWG��!` \ � `aIhf R
RW`aM;RWG 9=Z KNIh`aRWG^F;M;ONSJf F;M Z]\ ` Y M o Y � < M \ _*RWGJf RWGD`aM3ONR�R�`hO[M;R \ R�G � RW`aSJR�o[RWG kKNMHP;R�G \ _*RWG^P;RWM � 7 `hR�SJR
B7G R�G^K \ ` Y M S Y IaI P;R�� < M \ _�R�G:f R�G�R�`hM;R,KNMHS^bdceKNFHIa`abdcHR�O[GVK G c;`aSJbdc;R 7 KNGJS \ RWIaIhF;M;OURW`aM;RWG 9 bdceK I \ FHM;O
RWG � kY O[Ih`abdc;RWM �
7 `hR � R�ceK M;P;IaFHM;O�o Y M  3K Z G Y E�RWIaIaRWM-RWM \ S G GJ`abdc \ K IaS Y P;R�G � P;`aRX_X`aG�KNF;bdc-w RW` � > KNM;P-PHR�S C R \:�
EWR�SDK M _�R�MHP;R�M � 7 `aRWS^R ��Y G^O[RWc;R�MHSJ_�R�`aSJR R�GJO[`aw \ SJ`abdc�K F;bdc�KNF;SmP;RWG ? K \ S^KNbdc;R � PeK�2	P;R�G > K M;P
RW`aM;RWG  3K Z G Y E�RWIaIaR�P;R�� > KNM;P
P;RWS%S^`hR*w R�S^bdcHG^R�`hw RWM;P;RWM C R \ EWR�S�RWM \ S G GJ`abdc \ � _ Y w R�`HP;`aRWS^R�S C R \ E
o Y G Y PHR�G�MeKNbdc A M]_�R�M;P;FHM;O P;RWG  3K Z G Y EWR�IhIaR�P;RlQeM;`aRWG \ _�R�G^PHR�M Z KNMHM ��� `aR�P;RWG C R \ E�G^KNM;P!w R �
S \ RWc \ P;RWG ? RW`aIaONGVK G c R�`aMHR�S � KNFHS \ RW`aM;S!KNFHS
EW_�R�`,o[RWG^SJbdc;`aRWP;R�M;RWM ? � G R�M o Y M �DM YN\ R�M � F;M;P
E�_,K G+P;R�M o `hR�G < b Z R�M&F;M;P PHR�M ��`aM Z M Y \ R�M � P;`hR�P;FHG^bdc �"KNM \ RWM o Y � ? � Gl8 � J 
 � \3.(B+�7. �	` \.�
RW`aMeK M;P;R�G�oNR�G^wHF;M;P;RWM�S^`aMHP � 7 `aR ��`aM Z M YN\ RWM RW`aM;RWG! K Z G Y EWR�IaIhRDR�M \ S G G^RWbdc;R�M�PHR�M �@KNP Z M YN\ R�M
PHR�G!E�F;O[RWc kY GJ`aO[RWM C R \ EWw RWS^bdc;GJR�`hw;F;M;O � 7 KNw R�` � F!2&R�`aM kKNF!2NR�G^RWG A M;SJbdc;IaF!2)R�`hM;P;R�F \ `aO&RW`aM;RWG
9 R�` \ R	PHR�S � K F;S \ R�`aMHR�S EWF;O[R Y G^P;MHR \ SJR�`hM � P � c � RW`aM < b Z Z M YN\ R�M Z KNM;M MH`aR��	KNIhS1RW`aM ��`aM RW`aM;RWS
� KNF;S \ R�`hM;R�S�SJR�`aM F;MHP F��	ONR Z RWc;G \ � A M;KNI Y O E�F�� C R \ E�G^KNM;P _X`aGJP KNF;bdc f kF;G,P;`hR ��`aM;S*P;R�G� 3K �
Z G Y E�RWIaIaRWM)RW`aM�R�`hM;P;R�F \ `aONR�G C K �!RQw RWG^RWbdc;M;R \3� kFHw RWG�P;RWM P;`hR W F Y G^PHM FHM;O6o Y M 9 `aO[MeK IaM;R \ E�RWM
kFHw RWG � `aRWGVKNGJbdc;`aRWO[G^RWM;E�RWM c;`hM]_*RWO-R�G:f Y IaONR�M Z KNM;M �

� `hG^P RW`aM;R
T"GJF;M;P?A Y P;RWG  3K Z G Y E�RWIaIaR��1`hM P;RWM C R \ E�O[G^K G c;RWM ` RW`aM;O[R�f kF;O \3� S Y _*RWG^P;RWM)K IaIaR
��`hM Z M YN\ RWM0F;M;P-P;`aRXo `aR�G < b Z Z M YN\ RWM `aM-PH`aR! R�M;ONRUP;RWG � K F;S \ R�`aM Z M YN\ RWM 
��3RW`aM;ONRWf kF;O \3� P � c �
 �� � � 
���
 � ���	 � ��� A � ���C � ���- � 
 
���� � _ Y w RW` 
����!PH`aR  R�M;ONR�P;R�G ��`hM Z M YN\ R�M `aS \ " 
���� �	� �
f K IaIaS ��R�`hM;R G KNGVK �	R \ G^`hS^`hR�G \ R  3K Z G Y EWR�IhIaRm`aS \ 1 � 8 M;SJO[R�S^K � \ I kK�2 \ S^`hbdc0P;`hRnP;FHG^bdc0P;`hR � KNF;S \ R�`hM;R
RWG^EWR�F;O \ R �DM Y \ R�M��	RWM;O[R1KNIaS Y S^bdc;GJR�`aw R�M KNIhS�
�� ��
 �
� � " � � �	 � � � A � � �C � � �- ��
"
����:1 �7 `hR � K F;S \ R�`aM��	RWM;O[R V(R�`aMHR�S C R \ EWR�S0_X`hG^P `hM S^RW`aM;RWG 8 M;S \ KNM;EWIa`hS \ R KNw;O[RWS G R�`abdcHR�G \ � 7 KNw R�`
\ G^R \ R�M�KNF;bdc C R \ EWR3KNF=f � f kF;G
P;`hR V ����ON`aI \3� FHM;P�E�_,K G!P;KNM;M � _�R�M;M R�`hM;R ? RW`aIhS^bdceKNI \ F;MHO
M F;G � RWG^P;G^KNc \ F;MHO!RWM \ c kKNI \ ��� R�P;RWS < IhR��!R�M \ P;RWG 8 M;S \ KNM;EWIa`hS \ RUw RW`aM;ceK I \ R \ I Y[Z KNIaR 8 MHf Y G �-K \ ` Y M
kFHw RWG P;RWM w R \ GJR ) R�M;PHR�M � K F;S \ R�`aM �!� RWP;R�� � K F;S \ R�`aM _X`aGJP RW`aM R�`aMHP;R�F \ `aO[RWG 8 P;R�M \ ` Q Z K \VY G
EWF;O[R Y G^P;MHR \ O[R�� kK�2

Z]� � �%V � � � �
	 C
7 K �	` \ `hS \ PH`aR,RW`aM;P;RWF \ `hO[R,lmM \ R�GJS^bdc;RW`aP;FHM;O�E�_X`aSJbdc;R�M  RWc;GJf KNbdc]o Y G Z Y � �!R�M!P;RWS^S^RWIaw R�M � KNF �
S \ RW`aM;RWSn`hM6RW`aM;R�� C R \ E � kY O[Ia`hbdc � � RW` \ RWG,_X`aGJP P;`hR B G^`aRWM \ `aRWG^F;MHO

> .4���7��
'��
���\:� �%V � � �

BJRWP;R�G 8 M;S \ KNM;E3KNM;O[RWO[R�w R�M � PH`aR6KNF;SQP;RWG  RWM;O[R�� � � � @ \:.?Y �)� ��� �fDEa�
��=/�.?� �Rw ���u_ �p/�.4� �
yx�7_G
 �p/�.4� � w \:.��x�u� ^ �zv ��.%

�x�f� ^ � yx��_G
 v ��.%

�x�f� ^ � yx��_G
 w \:.��x�u� ^ �&S \ K � � \ �  3K M S^`hR�c \ IaRW`abdc \ �
P;K�2 M FHG1PH`aR `hM�� R�M \ ceK I \ RWM;R�M�f KNO[RWM�KNFHf \ GJR \ R�M Z kY M;M;R�M � 7 KNw RW`%I kKE2 \ SJ`abdc>BJR�P;R f KNO[RQK F;S
PHR�G A F;SJO]KNM;O[SJILKNONR @ \:.4Y-�)� F;M \ R�G A M]_*RWM;P;F;MHO
P;R�G B7G RWGVK \ ` Y MHR�M > RWbdc \ S^P;GJR�c F;M;O
FHM;P-c Y G^` �
E Y M \ KNIhR�G 9#G `hR�O[RWIaF;MHO	RWG^E�RWF;O[RWM � 8 M A wHw;`aIhP;F;M;O x�� 	 K `aS \ P;RWG W FHSVK � �	RWM;ceKNMHO!E�_X`aSJbdc;R�M PHR�M
RW`aM;EWR�IhM;R�M B G^`aRWM \ `aRWG^F;MHO[R�M F;M \ RWG � R�M F \ EWF;M;O	P;`aRWS^R�GXw R�`hP;R�M B7G RWGVK \ ` Y MHR�M O[R�EWR�`hO \ �
8 M A w;wH`aIaPHF;M;O x�� 	 K RWG^O[`hw \ S^`abdc BJR�P;R W R�`hIaR P;FHG^bdc SJF Z E�R�SJS^`po[R A M _�R�MHP;F;M;O RW`aM;RWG > R�bdc \ S �
PHG^R�c F;MHO " > 1 � A F;S RW`aM;RWG W R�`hIaR Z K M;M�R�M \ _�R�P;RWGQP;F;G^bdc RW`aM;R	c Y G^`hE Y M \ KNIaR " � i 1 Y P;R�G1o[R�G \ ` �
Z KNIhR " � i 1 9#G `aR�ONR�IaFHM;O0`aM3P;`aR
K M;P;R�GJR W R�`hIaR ONRW_�R�bdc;SJR�I \ _�R�GJP;R�M � W F�w R K bdc \ R�M&`aS \ � PeK�2 P;`hR
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A wHw;`aIhP;F;M;O x�� 	 K � B GJ`aR�M \ `aR�GJF;M;O[RWM R�`aMHR�G 8 M;S \ KNM;E

> K M;P;w R�S^bdcHG^`hf \ F;M;O&P;RWS � KNF;S \ R�`hM;S o[RWG kKNMHP;R�G \ _X`aG^P � 7 `aR > KNMHP;w RWS^bdc;GJ`hf \ F;M;O�`aS \ P;F;GJbdc�PH`aR
��`aM Z M YN\ R�M�P;R�S � K F;S \ R�`aMHS1ONR�O[RWw RWM � � R�` P;R�G � RWG^R�bdcHM FHM;O3P;RWG ��`hM;MeK �!R�M�o Y M G KNGVK �!R \ G^` �
S^`hR�G \ R�M  3K Z G Y E�R�IhIaRWM6`hS \ KNIhS Y KNF;bdc6P;`hR B GJ`aRWM \ `aRWG^F;M;OQP;RWS � KNF;S \ R�`hM;SXE�F6w RWG kF;b Z S^`hbdc \ `aONR�M �
� RW` \ R�G^cH`aM RWG^c kKNI \ BJRWP;R 8 M;S \ KNM;E*R�`aMHR�M � R�G:_*RW`aS�KNF=fj`ac;GJR�M � 8 MHceKNI \  � P � c � KNFHfjPH`aR*SJ`aR,w R�SJbdc;G^RW` �
w RWM;P;R C R \ EWo KNGJ`LKNw;IhR � klnw R�G�P;`aRWS^R � R�GJ_�R�`hS^Rm_X`aG^P	P;`aR 9 bdceK I \VZ GJR�`aSJc;`aRWGVKNGJbdc;`aRUKNFHf O[RWweKNF \ ��� `aG
_*RWG^P;RWM PeKNG^KNFHf `hM �"K G ` \ RWI 	"O[R�M;KNF-RW`aM;O[RWc;R�M ��� kKNcHG^R�MHP0P;R�G�O[GVK G c;`aSJbdc;R�M < `hM;O]KNw RX_*RWG^P;RWM
P;`aRWS^R � R�G:_*RW`aS^RnM;`abdc \ w RWM F \ E \3� P;K��	KNM	S \ R \ S*RW`aM;RmR�`hM;E�RWIaM;R C R \ EWO[IaRW`abdc F;M;O��	` \ P;R�� < P;` \^Y G
w R�KNG^w R�` \ R \ � < S�Ih`aRWO \ K IaS Y IaRWP;`aO[Ih`abdc�R�`aMHR � `hR�G^KNG^bdc;`hR,P;RWG ? `aR�f R x o Y G � < `hM _*RW` \ R�G^RWG�T"GJF;M;P
RWG �
O[`aw \ S^`hbdc	K F;S�P;R�M G KNG^K �	R \ GJ`aS^`hR�G \ R�M � KNF;S \ R�`hM;R�M � w RW`eP;R�M;RWM Y c;M;R � R�IhR�O[FHM;O"P;R�G �@KNGVK �!R \ R�G
P;`aRWS^RWG � R�G:_*RW`aS
M;`hbdc \ R�`aMHP;R�F \ `aO w R�S \ ` � � \ `aS \ � 7 `aR � RWG^w;`hM;P;F;MHO�EW_X`aSJbdc;R�M P;RWM R�`aMHE�R�IhM;R�M
� `hR�GVK G^bdc;`hR�S \ FHf R�M�S Y _X`aR6P;RWG^R�M f R�S \ R A F;S G G kKNONF;M;O Z KNM;M R�GJS \ MeKNbdc PHR�G 9#G R�E�` Q Z K \ ` Y M P;R�G
� KNG^K �!R \ RWGJ_�R�G \ R1w RWG^R�bdcHM;R \ " o O[I � �"K G ` \ R�I 	�1 �
A F;S
PHR�G 8 M;S \ KNMHE�Ia`hS \ R0RlT=`aS \ `hR�G^RWM � R�GJ_�R�`hS^R `hM�P;R�M�TDGVK G c;R�M P;RWS C R \ E�RWS � `hM;P;R�� E�F�BJRWP;R�G
8 M;S \ KNM;E P;R�G 8 M;P;RlT P;RWS0Ia`hM Z RWM Y w R�GJR�M F;MHP G^RWbdc \ R�M F;M \ R�G^RWM < b Z Z M Y \ R�MHS KNw;O[RWS G R�`abdcHR�G \
_X`aGJP � 7 R�G W F;ONG^`*) KNFHf@P;`aRWS^R �DM YN\ R�M _X`aG^P �!` \J\ R�IhS,P;RWGnieF;M Z \ ` Y MHR�M

� ^pyx��_G
GKCyx\)d � �fDEa�
 �%V � � 

R�G � kY ONIa`abdc \ � 7 `aR 9 \ GJF Z]\ F;G P;R�G 8 M;S \ KNMHE�Ia`hS \ R�ceK \ S Y �!` \ P;`aR�`hM A w;w;`hIaP;F;MHO x�� 	 z ONR�E�RW`aO \ R�i Y G � �
7 `aRWS^R c;K \ P;RWM ��Y G \ R�`hI � PeK�2-`aM;S \ KNM;E A Y GJ`aR�M \ `aR�G \ R A IhO Y G^` \ c��!R�M � P;`aR�KNFHf�P;R�� C R \ E�O[G^K G c;RWM
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K G^w R�` \ R�M � M;`hbdc \ KNIhIaR��DM YN\ RWM0P;RWSXT"G^K G c;RWM0w R \ G^KNbdc \ RWM � kF;SJS^RWM � S Y M;P;RWG^M kF;w R�G�P;`aR 8 M;S \ KNM;E �
Ih`aS \ RmF;M;P P;`hR A PIB^KNE�RWM;E�S \ G^F Z \ F;G BJR�P;RWM ? RW`aIhweKNF;S \ R�`hM0KNw;KNG^w R�` \ R�M Z kY M;M;R�M � � `aG�_*RWG^P;RWM P;`aRWS
w R�` P;RWG � RWG^RWbdc;M F;M;O P;R�G ��`aM;M;K �	RWM3` � A M;SJbdc;IaF 2 KNM3PH`aR � R�SJbdc;G^RW`aw;F;MHO0P;R�G � R�GJP;GVKNc \ F;M;O
K F;S^M F \ E�R�M �
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Orientation

A w;w;`aIhP;F;M;O x � 	 z � 8 M;S \ KNM;EWIa`aS \ R �!` \ � RWGJ_�R�`aSJR�M `aM P;R�M C R \ EWO[GVK G c;R�M

� �"! � ! + ` +'- 0 $^&1��(
� R \ G^KNbdc \ RWM _X`aGQM F;M P;`hR �"M YN\ RWM F;M;P �"KNM \ R�M � PH`aR P;F;GJbdc P;`hR � RWG^P;G^KNc \ F;MHO�P;R�S C R \ EWR�S
RWM \ S \ R�c;RWM � � `hRQ`aM A w;SJbdc;M;` \J\ x � 	 �px R�G^I kKNF \ R�G \3� KNw;S \ GVK c;`aRWG^R�M�_X`aGDo Y M G c�� S^` Z K Ia`aSJbdc;R�Mdf R�` �
\ F;M;O[SJw;G^RW` \ R�M&F;M;P�f KNSJS^R�M&RW`aM 9 `hO[MeKNIhM;R \ E KNIhS+R�`hM;R  RWM;O[R o Y M�GJR�bdc \ _X`aM Z Ih`aO O[R�f kF;c;G \ R�M�f ` �
MH`aR�MHS^R�O �	RWM \ R�M)KNFHf � f RW` \ FHM;O[R�M Z kY M;MHR�M)KNM�o Y GJO[R�O[RWw RWM;R�M ��`aM;S Y P;R�G"K FHf�P;R�M 9 R�` \ RWM&o Y MG KNGVK �!R \ G^`hS^`aRWG \ R�M  3K Z G Y E�R�IhIaRWM F;MHP3KNF=f%P;R�� C R \ E�G^KNM;P K M;O[R�SJbdc;I Y S^S^RWM3_�R�G^PHR�M � 8 M;M;RWG^ceKNIhw
PHR�S C R \ EWR�S Z kY M;M;RWM f RW` \ FHM;O[R�M E�F;S^K � �!R�MHO[R�SJbdc;I Y SJS^RWM!_�R�GJP;R�M � A M
P;`aRWS^RWM ��FHM Z]\ R�M!R�M \ S \ R �
cHR�M � R�GJP;GVK c \ F;M;O[S Z M YN\ RWM � A IhS�w R�S Y M;P;RWG^R � RWG^P;G^KNc \ F;M;ONS Z M YN\ R�M R�GJILKNF;w R�M)_X`aG K F;bdc � P;K�2
f RW` \ FHM;O[R�M f G^RW`+` � C R \ E&R�MHP;R�M Z kY M;M;R�M " S Y O[RWMeKNM;M \ R ��G Y BJR Z]\ ` Y M;R�M�1 � _ Y P;FHG^bdc Y f \ R�`aMHR
SJR�c;GnG^RWO[F;I kK G^R � R�SJbdc;G^RW`aw;FHM;O-o Y M 9 \ G^F Z]\ FHG^R�M3R�G � kY O[Ih`abdc \ _X`aGJP � < `aM � R�`hS G `hR�I � w RW` PHR�� P;`hR
� RWGJ_�R�M;PHF;M;O S Y Ihbdc;R�G ��G Y BJR Z \ ` Y MHS Z M YN\ R�M E�F RW`aM;RWG Z F;GJE�R�M � R�S^bdcHG^R�`hw;F;M;O�f kFHc;G \3� _X`hG^P `hM
A w;S^bdcHM;` \J\ z��px KNM;O[RWO[R�w R�M �

7 `hR A MHf KNM;O[S A!F;M;P < M;P G F;M Z]\ RDRW`aM;RWS BJR�PHR�M f `aM;`hR�M;SJR�O��!R�M \ R�S,S \ R�IhIaRWM �DM YN\ RWM0` � C R \ EWO[GVK �G c;R�M PeKNG � 7 `hR7f `aM;`hR�M;SJR�O��!R�M \ R+S^`hM;P �1K M \ R�M ` � TDGVK G c;R�M F;MHP _�R�GJP;R�M KNIhS � R�GJP;GVK c \ F;M;O[S �
Z KNM \ R�M " 
 � ^e� " �I1 � � �u.5� 10w RWE�RW`abdc;M;R \ � A F=f O[G^F;MHP P;RWG GJR�bdc \ _X`aM Z Ih`aO[RWM f R�` \ F;MHO[SJf kF;cHG^F;M;O �
\ G^R \ R�M P;`aRQ`aM A wHw;`aIhP;F;M;O x�� 	 � ONR�E�RW`aO \ R�M i kKNIaIhR
KNIhS � RWG^P;G^KNc \ F;MHO[S Z M YN\ R�M KNF=f � � `hGDf KNS^SJR�M
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c;`aRWG^w R�`�KNF;bdc P;`hR klnw R�G Z G^R�FHE�F;M;O�o Y M EW_�R�` f R�` \ F;MHO[R�M K IaS �DM Y \ R�M K FHfXF;M;P RWG^ceKNI \ RWM PeK �
�	` \ � _X`aR	`aM A w;S^bdcHM;` \J\ x�� 	 �hx O[RWf Y GJP;R�G \ � R�`hM;R�M G IaKNMeKNGJR�M TDGVK G c;R�M E�F;G 7 K G^S \ R�IhIaF;M;O R�`hM;R�S
C R \ E�RWS � 7 `aRXR�`hM;P;R�F \ `aONR �DIaKNS^SJ` Q Z K \ ` Y MQR�`hM;R�S � R�GJP;GVKNc \ F;M;O[S Z M YN\ RWM;S�I kK�2 \ S^`abdc �	` \ � `aIpf RXP;R�G
ieF;M Z]\ ` Y M;R�M o$�f.(�%13

�*\:� J F;M;P 
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 >qJ 
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A w;w;`aIhP;F;M;O x�� 	 � ���"IaKNS^SJ` Q Z K \ ` Y M	o Y M � R�G^PHGVKNc \ FHM;O[S Z M Y \ R�M
� R�P;RWG � RWG^P;G^KNc \ F;M;ONS Z KNM \ Rm_X`aG^P!R�`hM;R � G^RW` \ RmE�FHO[R Y GJP;M;R \ � P;`aRmw R�SVK O \ � _X`aR�o `aR�IhR G KNGVK IaIaRWIHo[RWG �
ILKNF=f R�M;P;R7f RW` \ F;M;O[RWM P;F;G^bdc P;`hR�SJR �"KNM \ R+GJR G G kKNS^RWM \ `aRWG \ _�R�G^PHR�M � 7 `hRnS �=M \ K Z]\ `aSJbdc;R 9 \ GJF Z]\ F;G
o Y M �"KNM \ R�M w;G^RW` \ R�M�`aS \ P;FHG^bdc&PeKNS 7 `aKNO[G^K � � `aM A w;w;`hIaP;F;MHO x��px � O[RWO[R�w R�M � A FHf�PH`aR � F;S �
w;G^RW` \ RDR�`aMHR�G��"KNM \ R"O[G^RW`hf RWM _X`hG �	` \^\ R�IaS�P;R�GmieF;M Z]\ ` Y M

c�/ J de��B�
�a � � � � � / J � ��^`.(� J4J �*\:� 

� /��CB+�7_ �

E�F � _ Y w RW` � / J � ��^`.(� J4J �*\:� P;`aR  R�MHO[R0P;RWG G^RWO[F;I kK G^R�M A F;SJP;G kF;b Z R S^RW` � PH`aR!P;F;G^bdc PH`aR ��Y G �
S^bdc;GJ`hf \ o Y M 7 `LK O[GVK � � x��px � ONR�w;`hIaP;R \ _*RWG^P;RWM Z kY M;M;RWM ��� `aG Y G^PHM;R�M6c;`aRWG BJR�P;RWG!�"KNM \ R"RW`aM;R
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� G^R�` \ RWM;`aMHf Y G �	K \ ` Y M"E�F
F;M;P S^R \ E�RWM!PH`aR�SJR�f kF;G �"KNM \ R�M�o Y � ? � GT@ �3
 � \3.(B+�7. F;M;P 8 � J 
 � \:.(B+�7.
K FHf%P;RWM � R�G \ /��CB+�7_ �
< `hM � R�GJP;GVK c \ F;M;O[S Z M YN\ RWM � _X`aR1R�Gm`aM A w;w;`hIaP;FHM;O x�� 	 � PeK G^O[RWS \ RWIaI \ `hS \3� S \ RWc \ PeK �!` \ f kFHGmP;KNS
A FHf R�`hMeKNM;PHR�G \ G^R�) RWM0o Y M,f RW` \ FHM;O[S^w kF;M;P;RWIaM-o KNGJ`LKNw;IhR�G � GJR�` \ R � i kF;G�P;`aRnO[GVK G c;`aSJbdc;R � R�S^bdcHG^R�` �
wHF;M;OURW`aM;RWS C R \ E�R�S@`aS \ RWS kF;w R�GJS^`hbdc \ Ia`hbdc;R�G � _�R�MHM f R�` \ F;M;O[SJw kF;M;PHR�I P;F;G^bdc�R�`hM;R�RW`aM;EWR�IhM;R �1K M \ R
RW`aM;ONR�O[RWw RWM _�R�GJP;R�M �
� R�` P;R�G 9 � M \ cHR�S^R � kF;S^SJR�M P;`aRWS^R � F;S^SJR1FHM;P P;`aR � RWG^P;G^KNc \ F;MHO[S Z M YN\ R�M
K FHf O[R�I kY S \ _�R�GJP;R�M � 8 c;G^R 8 M \ R�G G G^R \ K \ ` Y M�R�GJO[`aw \ SJ`abdc PeK w RW`m`hM�M;K \ kF;GJIa`hbdc;R�G � R�`aSJR KNFHS	P;RWG
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F;M;P!I kKNF=f \ P;`aR CmY G^P;SJR�` \ RX`aM > `abdc \ FHM;O B S \ R�M "�� � � � 1%KNw � i kFHG BJR�P;RWM ��`aM
_X`aGJP ^`�u�+_G/)�C1:
���\:�
KNFHf O[RWG^FHf RWM � 7 KNMeKNbdc!_X`aG^P-P;R�G C KNbdc weK G,P;R�S*K Z]\ F;RWIaIhR�M �DM Y \ R�M P `aM > `abdc \ F;M;O � w R�S \ ` � � \ �
8 S \ �	KNM
K M
P;R�G%GJR�bdc \ RWM Y w RWG^RWM < b Z RXP;R�S � K F;S \ R�`aMHS�KNM;O[RWILKNMHO \ " o$�u.5�%1:
���\:� J " P 1 � � � �K� �E1 �
PeKNM;M!_X`aGJP!PH`aR B S \ SJR�` \ RmMeKNbdc 9 kF;P;R�M0KNw;O[RWILKNFHf RWM � < G^GJR�`abdc \ �-K M!PH`aRXG^RWbdc \ RUF;M \ R�G^R < b Z R � S Y
w RWO[`aMHM \ �	KNM _X`hR�P;RWG+KNM PHR�GUIh`aM Z R�M Y w RWG^RWM < b Z R
F;M;P3I kKNFHf \ P;`hR � R�S \ S^RW` \ R R�w R�MHf K IaIaSmMeKNbdc
9 kF;P;RWM KNw � P � c � P;`hR K Z]\ FHR�IaIhR6f KNFHf GJ`abdc \ FHM;O Z KNM;M KNM P;`aRWS^R�G 9 \ RWIaIaR w RW`aw R�ceK I \ RWM�_�R�GJP;R�M �
A M P;R�G Ih`aM Z R�M F;M \ R�GJR�M < b Z R kKNMHP;R�G \ SJ`abdc P;`aR > `abdc \ FHM;O�EWF � F;MHP P;`hR 9 kF;P;SJR�` \ R�_X`hG^P
`aM B S \ G^`hbdc \ F;M;O�KNw;ONR�ILK FHf R�M � � RWM;M S Y _X`aRWP;R�GQP;`hR0G^RWbdc \ R FHM \ R�GJR < b Z R RWG^G^RW`abdc \ _X`aGJP � `hS \
P;`aR 8 \ RWGVK \ ` Y M	F�� P;R�M � KNF;S \ R�`hM;GVK M;P0w R�R�MHP;R \ � 7 `hR�S^R A w;IaKNFHf GJR�`acHR�MHf Y IhO[R,_X`aGJP0KNMHO[RW_�R�M;PHR \ �
_*RW`aI _X`aG*PH`aR 9 R�` \ R�M O[R�� kKE2 P;RWG B G^`aRWM \ `aRWG^F;MHO P;R�S�EWF;O[GJF;M;P;RWIa`aRWO[R�MHP;R�M �"KNI Z kFHIaS,K weKNG^w R�` \ RWM �
7 KNw R�` PH`aR�M \ F;MHSmPH`aR+Ih`aM Z R Y w RWG^R < b Z R1P;RWG 8 M;S \ KNM;E BJRW_�R�`hIaSXKNIhS 9 \ K G \ G F;M Z]\ F;M;P P;`aRDGJR�bdc \ R
F;M \ RWG^R < b Z R K IaS � R�bdc;SJR�I A w RWE�`hR�c F;M;O[S:_*RW`aSJR < M;P G F;M Z]\ P;RWG 8 \ R�G^K \ ` Y M �
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��� � � � � ��� � � � � ��� � � � ��� � � � �LB �
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� ��� � � �LB �
�`\:.7�)�u� � �f� J "�� � , /�Y > _ � �u� J 1��
�`\:.7�)�u� � �f� J "�� � j	��� � �u� @ �)Yk� 1��!?�1`

� R�`�ONR�R�`hO[M;R \ R�G � KNc;I�P;RWS �@KNGVK �	R \ R�GJS ^`�u�+_G/)�C1:
���\:� Z kY M;M;RWM �!` \ P;R�� 8 \ RWGVK \^Y G �`\:.��)�f� � �u� J
M F;M P;`aR!��`aM;MeK �	RWM0R�`hM;R�S � KNF;S \ R�`hM;S �Xw RWG^R�bdcHM;R \ _�R�GJP;R�M � 7 `aR�S�_X`aGJP0`aM0PHR�G,ieF;M Z \ ` Y M � �f� m
@ �)Yk� J PHF;G^bdc�EW_�R�` A FHf G^FHf R o Y M �p\3.��)�f� � �u� J P;F;GJbdc;O[R�f kF;c;G \ � � R�` �vRWG^S \ R�M A F=f G^FHf�_X`aGJP�PH`aR
ieF;M Z]\ ` Y M , /�Y > _ � �f� J KNIaS � K GVK �!R \ R�G kF;w R�G^ONR�w R�M � � `aGQw R�M kY \ `aONR�M P;`aRWS^RWM ieF;M Z]\ ` Y M;S^KNFHf �
G^FHf � PeK3`hM P;RWG ��G Y EWR�P;FHG j$�7� � �u� @ �)Yk� � P;`aR	w RW`�PHR�G E�_*RW` \ R�M 8 \ RWGVK \ ` Y M kF;w RWG^O[RWw RWM�_X`aGJP �
P;`aR B GJ`aRWM \ `aRWG^F;M;O3P;R�S � K F;S \ R�`aMHS
w RWG kF;b Z S^`hbdc \ `aO \ _*RWG^P;RWM � F 2 � � RW`aS G `aRWIaSJ_�R�`hS^R0_X`hG^P KNF;bdc
` � ijKNIaIhRnPHR�G f `aM Z SJP;G^RWc F;M;OQP;`aR � RWS \ S^R�` \ R+o Y M CnY GJP;R�M MeK bdc 9 kF;P;RWM K w;O[R K G^w R�` \ R \3�=Y w]_ Y c;I
KNw R�G�P;`aR > R�`hc;R�MHf Y IaO[R,PHR�G ��`hM;S�o Y M 9 kF;P;RWM-MeK bdc CnY G^P;RWM-O[RWG^`abdc \ R \ `aS \ " o O[I � P;KNE�F-KNF;bdc A w �
w;`aIhP;F;M;O x�� 	 K 1 � � `aG ZNY GJG^`aON`aR�GJR�M
P;`hR�S%PHF;G^bdcQP;`hR*o Y GJO[R�SJbdceKNI \ R \ RXieF;M Z]\ ` Y M , /�Y > _ � �f� J "�� �!P 1 �
P;`aR E�F;M kK bdc;S \ P;`hRQT"RWSVK � \ S^F�� �!R P;RWG ��`aM;SDRW`aM;RWG 9 R�` \ R � � w R�GJR�bdc;M;R \ F;M;P&`aM PHR�GDO[I Y weKNIhR�M
� KNG^`aKNw;IhR�M ��� ��� 
 K w;S G R�`hbdc;R�G \ �
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C KNbdc;P;R�� P;F;GJbdc , /�Y > _ � �f� J R�`hM A FHS^P;GJF;b Z f kF;G PH`aRXTDR�S^K � \ E�KNc;I=P;R�G ��`aMHS%R�`hM;R�G BJRWP;R�M 9 RW` \ R
w R�GJR�bdc;MHR \ _XF;G^PHR �;Z kY M;MHR�M0_X`aG�P;F;GJbdc6RW`aM;RUEW_�R�` \ R 8 \ RWGVK \ ` Y M �	` \ P;RWG�ieF;M Z]\ ` Y M j	��� � �f� @ ��m
Yk� f kFHG BJR�P;RWM ��`aM SJR�`aMHR�M ZNY G^G^R Z]\ R�M C K �	RWM w R�S \ ` � �	RWM � 7 KNw RW` _X`hG^P
K M;ceKNM;P
PHR�G 9 RW` \ R � KNFHf
PHR�G�P;RWGXK Z]\ F;RWIaIaR!��`aM Ia`hR�O \ E�F;S^K � �	RWM �	` \ P;RWG B G^`aRWM \ `aRWG^F;MHO P;R�S � K F;S \ R�`aMHS,P;`aRUF;G^S G G kF;MHO �
Ih`abdc;R 9 RW` \ R	P;RWS ��`aMHS�RWG �!` \^\ R�I \ � 8 M)P;R�G�ieF;M Z]\ ` Y M � �(�)� , ��B�� `aS \ PeKNw R�`�P;`hR W F Y G^PHM FHM;O3P;RWG
� KNF;S \ R�`hM;S^RW` \ RWM&KNM;ceK M;P�P;R�G B G^`aRWM \ `aRWG^F;MHO0G^R�KNIa`hS^`aRWG \3� _X`aR �	KNM SJ`aR�`aM A w;w;`hIaP;F;MHO x�� 	 K KNw �
IhR�SJR�M Z KNM;M ��� R�`aS G `aRWIaS:_*RW`aS^R+_X`hG^P w R�`/RW`aM;RWG f `hM Z S^P;GJR�c F;M;O!P;`hR CnY GJP;S^RW` \ R"KNFHf P;`aR � R�S \ SJR�` \ R
K w;O[R�wH`aIaPHR \ � P � c � � �5�)� , �*B+� " ? � yx��_G
��=/).4� 1 � � � 7 K S!��G kK P;` Z K \ � �3�:�7. J ��B > .(B+�7. `aS \ R�G:f kF;IaI \ �
f K IaIaS@P;`aR 9 R�` \ R � w R�`;PHR�G B G^`hR�M \ `hR�G^FHM;O+o Y M ��`hM]o[R�G \ `hR�G \ _�R�GJP;R�M � F!2 � � R�`hS G `hR�IhSJ_�R�`aSJRX`aS \ � ��m
�3��. J �%B > .5B+��. " ? � y��7_G
 �p/�.4� 1 � �+.%/2� � ijKNIaIhS,P;`aR > R�`hc;R�MHf Y IaO[RDP;RWG A M;S^bdcHI kF;SJS^R ONR�S G `aR�ONR�I \ `hS \ �
P;KNM;M � kF;SJS^RWM _X`aG�PH`aR+o Y G^w R�G^RWbdc;M;R \ R
TDR�S^K � \ E KNc;I PHR�G���`aM;S�o[RWGJ_�R�M;PHR�M � F�� S^RW`aM;R 8 M;PH`aE�RWS
RWM \ S G G^R�bdcHR�M;P�EWF Z Y G^GJ`aO[`hR�G^RWM �
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A FHf/ONIaR�`hbdc;R � RW`aSJRX_X`hR�P;`aR���`aMHMeK �!R�MQP;R�G G K GVK �!R \ G^`aSJ`aRWG \ RWM  3K Z G Y EWR�IhIaR�MQ_�R�G^PHR�M-PH`aR�� KNP �
M;K �	RWM KNF=fDP;R�� > KNM;P PHR�S C R \ E�R�S-w RWG^R�bdcHM;R \ � � `hR�G!w RWM F \ EWR�M _X`aG!R�`hM;R�M E�F �`\:.7�)�u� � �u� J
K MeKNI Y O[R�M 8 \ R�G^K \VY G �p\3.��)�f� � �EB J � 7 `aR � R�GJR�bdc;M F;M;O P;R�G � KNP;M;K �	RWM&O[R�S \ KNI \ R \ S^`abdc�RW`aMHf K bdc;R�G �
P;K Z RW`aM;R 7 G^RWc F;M;O[RWM3P;RWS C R \ EWR�SmE�F3w R�G kF;b Z S^`hbdc \ `aO[RWM S^`hM;P � < SnRWM \ f kKNIhI \ KNIhS Y KNF;bdc P;`aR ��Y G �
w R�GJR�bdc;M F;MHO0P;R�GnTDR�S^K � \ E�KNc;I/PHR�G A M;SJbdc;I kFHS^S^R�R�`hM;R�G 9 RW` \ R �

��& � _]$'� : ��!?��Z\& + � : `1� � _ - $'� : ��` !?2 � !U$^ZU( +'-/.10 !?�
C R�w R�M P;RWG < `aMHO]KNw R	o Y M � KNF;S \ RW`aM;RWM F;M;P f R�` \ F;MHO[R�M�RWG^IaKNF;w \ P;R�G�O[GVK G c;`aSJbdc;R < P;` \^Y G1R�` �
MHR > RW`ac;R"o Y M `aM \ RWGVK Z]\ `ho[RWM  Y P;` Q Z K \ ` Y M;R�M3KNFHf�P;RWM C R \ E�ONGVK G cHR�M � 7 `aR�SJR  Y P;` Q Z K \ ` Y M;RWM
Z kY MHM;R�M)S^`abdc)KNFHf*R�`hM;E�RWIaM;R < IaR��	RWM \ R
_X`aR � KNFHS \ RW`aM;R Y P;R�GEf R�` \ F;MHO[R�M�w RWE�`hR�c;RWM � R�S1P kF;G:f R�M
K w RWG�K F;bdc	O[KNM;E�R ? R�`hIaM;R \ E�R �	KNM;` G F;Ia`hR�G \ _�R�G^PHR�M � 8 � R�`hM;E�RWIaM;RWM	SJ`aM;P
f Y IhO[R�MHP;R B7G RWGVK \ ` Y M;RWM
� kY O[Ih`abdc��
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-���	� � � � R�G^SJbdc;`aRWw RWM � � YOG `aRWG^RWM �e7 G^RWc;R�M � 7 R�f Y G �!`aRWG^RWM � f kY SJbdc;R�M �jA F;S^GJ`abdc \ RWM

 � ���	
����������Y� f kY SJbdc;R�M � A FHS^G^`hbdc \ R�M

 � ���	' � ��
�	0� � A F;S^SJbdc;M;R�`hP;R�M � � R�_*RWO[R�M � � YOG `hR�G^RWM � 7 G^RWc;R�M � f kY SJbdc;R�M �=8 M;S \ KNMHE � A F;SJG^`abdc �
\ R�M
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A IhIaR+P;`hR�SJR B7G R�G^K \ ` Y M;R�M IaKNS^SJR�M6S^`abdc6IaRW`abdc \ F;M \ RWG � R�GJ_�R�MHP;F;M;O	P;R�GmKNFHf P;R�G 7 K \ R�MHS \ GJF Z]\ F;G
P;R�S C R \ EWO[GVK G c;R�M R�`hM;O[RWf kFHc;G \ R�M6ieF;M Z]\ ` Y M;R�M6G^R�KNIa`hS^`hR�G^RWM � C R�w R�M6P;R�M6O[RWMeKNM;M \ RWM  Y P;` Q Z K �
\ ` Y M;R�M � P;`hR ` � _*RWS^RWM \ Ia`hbdc;R�M�P;R�M�ieF;M Z]\ ` Y M;SJF��Qf KNM;O P;RWSDO[GVK G c;`aSJbdc;R�M < P;` \^Y G^S+P;KNG^S \ R�IhIaRWM �
S^`hM;P-_�R�` \ R�GJR+P;R�M Z w;KNG � P;`aRUKNIaS*T"GJF;M;P;IaKNO[Rm_*RW` \ RWG^RWG*`aM-PeKNS 9 �=S \ R�� `aM \ R�O[GJ`aR�G \ RWG � R�G Z EWR�F;ONR
P;`aRWM;R�M Z kY M;M;RWM � 9=Y�Z KNM;M-w R�`hS G `hR�IhSJ_�R�`aSJR+KNFHbdc0P;R�G ZNY � G IhR \J\ R C R \ E�O[G^K G c K F;S*P;RWG � R�G \ R \ K �
f R�IeRW`aM;RWG ZNY � wH`aMeK \^Y G^`hS^bdc;RWM 9 bdceKNI \ f F;M Z]\ ` Y M!KNF \^Y �-K \ `aSJbdc
R�GJE�R�FHO \ _�R�GJP;R�M � 7 `hR 8 M \ R�ONGVK \ ` Y M
S Y Ihbdc;R�G � RWG Z E�RWF;O[R
EWF;G�f Y O[` Z S � M \ c;R�SJR
`aM PeKNS 9 �=S \ R��v_X`aGJP `aM G � `h_ yNz0H w R�SJbdc;G^`hR�w R�M �  6` \
P;`aRWS^R�� � RWG Z E�RWF;O Z KNM;M3PHR�G < M \ _�R�G:f R�G+w R�`hS G `hR�IaS:_*RW`aSJR 9 \ R�F;RWGJ_�R�G Z RQKNF \^Y �	K \ `hS^bdc6O[R�M;RWG^`hR �
G^RWM F;MHP3KNIhS� 3K Z G Y E�R�IhIaRD`hM6RW`aM;R�� < M \ _XF;GJf%_�R�` \ RWGJo[RWGJ_�R�M;PHR�M �

� RWo Y GD_X`aG"KNF=f,P;`hR
c;`aRWGVKNGJbdc;`aSJbdc;R 7 KNG^S \ R�IhIaF;MHO0o Y M 9 bdceKNI \VZ G^RW`aSJR�M FHM;P)P;K �	` \ KNF=f,P;`hR < T �G KNM;SJ` Y M6R�`hM;R�SUTDIaR�`hbdc F;M;O[SJS � S \ R��!Sno Y M C R \ EWo KNGJ`LKNwHIaR�M6R�`hM;O[RWc;R�M � RWG^I kK F \ RWG^M _X`aGmP;`aR 9#G R�EW` �
Q Z K \ ` Y M;SJR�w R�M;R1KNM;c;KNM;P o Y M6EW_�R�` KNF;S:f kF;c;GJIa`abdcHR�M � R�`hS G `hR�IaRWM �
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7 KNSURWG^S \ R � RW`aS G `aRWI@PeK Sn_X`aGmo Y GJS \ R�IaIhR�M � F�� P;`aR < `aO[RWM;S^bdceKgf \ R�M�PHR�G+O[G^K G c;`hS^bdc;RWM � R�SJbdc;G^RW` �
w;F;M;ONS^R�w R�MHR)EWF `hIaIhF;S \ G^`aRWG^RWM � w R�SJbdc;G^RW`aw \ RW`aM;R �DILK S^S^R o Y M 9=Y G \ `aRWG^M;R \ EWR�M � 7 KNw R�`n_*RWG^P;RWM
> RWO[F;IaKNG^` \qkK \ R�M `aM6P;R�GmE�FHO[G^F;MHP;R�Ih`aR�ONR�M;P;RWM � RWG^R�bdcHM FHM;O[SJo Y G^SJbdc;G^`pf \ KNF;SJO[R�M F \ E \ � F�� PeKNG^KNF;S
R�`hM;R�G^R Z FHG^S^`po[R � R�SJbdc;G^RW`aw;FHM;O�cHR�G^EWF;IaRW` \ R�M � 7 `hR �DILKNSJS^R o Y M 9 Y G \ `aR�GJM;R \ E�RWM � P;`aR _X`aG c;`hR�G
KNM;O[RWw RWM � KNGJw RW` \ R \ MeKNbdc6P;R�� � RWGJf KNcHG^R�M o Y M � K \ bdc;RWG
� S B P;P?A < oNR�M?A  R�GJO[R,".G �DM F<e KEH 1 �

min{a1,...,an}:t

a1:t

Sortn

an:t

max{a1,...,an}:t

A w;w;`hIaP;FHM;O x�� 	 P � 9=Y G \ `hR�G^SJbdceKNI \ F;M;O
f kF;G�� � 	 � < IhR��!R�M \ R
7 `aR A F=f O]KNw R*P;RWG 9 bdceK I \ FHM;OUI kK�2 \ S^`hbdc
KNM;ceK M;P o Y M A w;wH`aIaPHF;M;O x � 	 P R�GJI kKNF \ R�GJM � 7 `aR < `hM;O]KNw R
w RWS \ R�c \ KNF;S+RW`aM;RWGDi Y IaO[R1o Y M � < IaR��	RWM \ R�M$O A � C C5C � O F � P;`hR o Y M�RW`aM;R�� f RWS \ R�M � KNw R�GUw RWIa`aR �
w;`aONR�M ? � G *nS^R�`hM�S Y IhIaRWM � l�� P;`hR G^R Z FHG^S^`po[R � RWS^bdc;GJR�`awHF;M;O6`aM�P;`hR�S^R�� � RW`aS G `aRWI R�`hMHf KNbdc&E�F
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c;KNI \ R�M � S^R \ E�RWM	_X`aG S \ R \ S � � 	 � o Y G^KNF;S � 7 `aR A F;S^O]K w R�P;RWG 9 bdceKNI \ F;MHODS Y IhIHP;`hR,S Y G \ `hR�G \ RXi Y I �
ONR�P;RWG < IaR��	RWM \ R1`aM K FHf S \ R�`aONR�M;P;RWG > R�`hc;R�M=f Y IaO[R"SJR�`aM � 7 `hR � R�S Y M;P;RWG^c;RW` \ PHR�G 9?G RWE�` Q Z K \ ` Y M
Ih`aRWO \ PeKNGJ`aM � PeK�2
_X`aG�PHR�M6R�`aONR�M \ Ih`abdc;RWM 9 Y G \ `aR�G^KNIaO Y G^` \ c�� FHS*F;MeK w;c kKNM;ON`aO o Y � ? � G **P;RWGXE�F
oNR�GJO[IaRW`abdc;RWM;P;R�M < IaR��!R�M \ RDw RWS^bdc;GJR�`aw R�M � 7 `aR 9 bdc;KNI \ F;M;O Z KNM;M6PeKNM;M P;F;GJbdc < `hM;S^R \ E�RWM RW`aM;RWS
ONR�R�`hO[M;R \ R�M � KNS^`hSJo[RWG^O[IhR�`hbdc;S^RWIaR��!R�M \ R�S
E�F�� 9=Y G \ `hR�GJR�M�w R�S \ ` � � \ R�G < IhR��!R�M \ R ZNY MRQ;O[F;G^`hR�G \
_�R�GJP;R�M � 7 KNS � KNS^`hSJo[RWG^O[IhR�`hbdc;S^RWIaR��!R�M \�! � � � F 2!P;KNw RW` P;`aR"ieF;M Z \ ` Y M

! � � � � � � � � � � � �	` \9! � � "ZO � � 1 � " �!`aM "ZO � ��1 � �	K T "�O � ��1+1
w R�GJR�bdc;MHR�M � 7 KNw R�`@S \ RWIaI \ � PHR�M � RWG \ RWw RWG^RW`abdc�P;R�G < IaR��	RWM \ R
R�`hM;R�S+f RWS \ R�M ? � G S"PeKNG � w R�` �
S G `aRWIaS:_*RW`aS^R � � � N ��x � � � `aS \  RWM;O[R*PHR�G x J'A � ` \ 8 M \ RWO[R�GJE KNcHIaR�M Y P;RWG  RWM;O[R�P;R�G " 	 z � P 1 A � ` \
TDIaRW` \^ZNY � �-K E KNc;IhR�M �

< `hM;R�M KNMeKNI Y O[R�M  RWbdceKNM;`hS � FHS QeMHP;R \ �-K M K F;bdc `hM ��G Y O[GVK � �!`aR�GJS G G^KNbdc;RWM � w R�`DP;RWM;R�M
PHR�G � K GVK �!R \ R�G R�`hM;R�G ��G Y E�RWP;F;G S^RWIaw;S \ R�`hM;R�ieF;M Z]\ ` Y M S^RW`aM Z KNM;M � _X`aR _X`hG0P;`aRWS0w R�`+P;RWG
� R�S^bdcHG^R�`hw;F;M;O o Y M 8 \ RWGVK \^Y G^RWM KNFHf"P;RWG T"G^K G c;P;K \ RWM;S \ G^F Z]\ FHG0w RWG^RW` \ S-KNF;SJO[R�M F \ E \ ceKNw R�M �
7 K �	` \ `aS \ R�`hM A FHf G^FHf@P;RWGni Y G �

, \:.0
;�%B2y=� J 
 � ���7.?D�� , \:.%
 " y=� J 
 � ! \:YA^=�).5��� /��C13

�*\:� 1

� kY O[Ih`abdc � _ Y w R�` P;`aR � R�GJO[IaRW`abdc;S:f F;M Z]\ ` Y M K FHf�P;R�M3E�F S Y G \ `aR�GJR�M;PHR�M < IaR��	RWM \ R�M3w RWIa`aRWw;`aO!P;R �
Q;M;`aRWG \ _*RWG^P;RWM Z KNM;M � � R�`XP;RWG^RWM 7 R Z ILK GVK \ ` Y M `hS \ M FHG	P;`hR 9 bdc;M;` \J\ S \ R�IhIaR o Y G^O[RWO[R�w R�M � P;`hR
w R�`hS G `hR�IhSJ_�R�`aSJR"P;`aR"i Y G �

" �	`hM "ZO � � 1 � �	K T "�O � ��1+1 � ! \3Y�^=��.(��� /���1:

�*\:� " < IhR��!R�M \ O � < IhR��!R�M \ ��1���

K FHf _*RW`aSJR�M Z kY MHM \ R �
7 R�� cH`aR�G�o[RWGJ_�R�M;P;R \ RWM 9=Y G \ `hR�G:o[R�G:f KNc;GJR�M Ia`hR�O \ f Y IhO[R�M;PHR�G�G^R Z F;GJS^`po[R�G A IaO Y G^` \ c�� F;S�E�FHO[G^F;M �
PHR �


 i K IaIaS�M F;G�R�`hM � R�G \ E�F-S Y G \ `aRWG^RWM-`aS \ � PeKNMHM0`aS \ PH`aR A F;SJO]KNw RUP;RWG 9 bdceK I \ FHM;O O[IhR�`hbdc	P;RWG
< `hM;O]KNw R � 7 `aRWS R�M \ S G GJ`abdc \ P;R�G A w;S^bdcHIaF!2[ONIaR�`hbdc F;M;O f kF;G P;KNS G^R Z F;G^SJ`ho[R TDIaRW`abdc F;M;O[S � �
S \ R�� kF;w R�G C R \ EWo KNGJ`LKNwHIaR�M � P;`aRDPHF;G^bdc6P;`aR C R \ E�o KNG^`aKNw;IaR ��� ��*�A,w R�SJbdc;G^`hR�w R�M _X`hG^P �


 i K IaIaS �!R�cHG KNIhS@RW`aM � RWG \ E�F S Y G \ `aR�GJR�M�`aS \3� _*RWG^P;RWM
P;`aR�Ia`hM Z R�F;M;P G^R�bdc \ R � kKNIpf \ R G KNG^KNIaIhR�I
S Y G \ `aRWG \ FHM;P&KNM;SJbdc;Ia`hR32[RWM;P&P;`aR�w RW`aP;RWM&o Y G^S Y G \ `aRWG \ RWM � kKNIpf \ RWM O[R��!`aSJbdc \ � 7 `hR�SUIh`aR�f R�G \
F;M;SmR�`aMHRDG^R Z F;GJS^`po[R C R \ E�O[IhR�`hbdc FHM;O ��� �\* F f kF;G � � x��


 7 KNS  `hS^bdc;RWM
EW_�R�`hR�G%RW`aM;RWIaR��!R�M \ `aO[RWG i Y IhO[R�M Z KNM;M �!` \ R�`hM;R�� � KNSJ`aS:o[R�GJO[IaRW`abdc;SJR�IhR��!R�M \
R�GJf Y IaO[RWM ��� `hG*RWG^ceKNI \ RWM c;`aRWG*P;`hR A w;SJbdc;IaF 2[O[IaRW`abdc F;M;O f kFHG*P;`hR+G^R Z FHG^S^`po[R � RWS^bdc;GJR�`hw;F;M;O
P;R�S! `aSJbdc;M;R \ EW_�R�G Z RWS � 9 `hR+_X`aGJP6PHF;G^bdc P;`aR C R \ E�o KNG^`aKNw;IaR � � �  � Cnw RWS^bdc;GJ`aR�w R�M �
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 7 KNS  `aSJbdc;R�M EW_�R�`hR�G i Y IhO[R�M �	` \ BJRW_�R�`aIhS �!R�c;G-KNIaS!R�`hM;R�� < IaR��!R�M \ R�GJf Y IaO \ P;F;GJbdc
� R�GJO[IaRW`abdc�PHR�G < IaR��	RWM \ R KNFHfmO[RWGVKNPHR�M � Y S^` \ ` Y MHR�M P;RWG R�GJS \ RWM i Y IaO[R �	` \ P;RWM;R�M�KNFHf
F;M;ONR�GVK P;R�M � Y SJ` \ ` Y M;RWM P;R�G E�_*RW` \ R�M i Y IaO[R F;M;P P;R�� � R�G^ONIaR�`hbdc P;R�G < IaR��	RWM \ R&KNFHf
F;M;ONR�GVK P;R�M � Y SJ` \ ` Y M;RWM P;RWG RWG^S \ R�M i Y IaO[R �!` \ PHR�M;RWM KNFHf O[R�G^KNP;RWM � Y S^` \ ` Y MHR�M P;R�G
EW_�R�` \ RWM i Y IhO[R � 7 `hR A FHS^O]KNw RDP;`hR�S^RWG,w R�`aPHR�M  `hS^bdc weKNF;S \ RW`aM;RDceK Iaw R�GXTDG kY 2NRUS \ R�IhI \ PH`aR
S Y G \ `hR�G \ R�M ? RW`aIhf Y IaO[RWM!PHR�G < IaR��	RWM \ RUP;KNG � P;`aRmP;F;GJbdc R�`aM 9 c F��!RBA C R \ EW_�R�G Z,G K[KNGJ_�R�`hS^R
E�FHSVK � �	RWM;O[R�f kF;c;G \ _*RWG^P;RWM � 7 KNMeKNbdc Ih`aR�O \ P;`hR3o Y IhIaS \ kKNM;PH`aO�S Y G \ `aR�G \ R�i Y IhO[R3wH`aS KNFHf
RWoNR�M \ FHR�IaIhR � RWG \ KNF;S^bdc F;MHO KNFHf%E�_*RW`@w R�M;KNbdc weKNG \ R�M � Y S^` \ ` Y M;R�M " � � � � x 1 �!` \ x�� � �
� � ��FHM;O[R�G^KNP;R-o Y G � _X`aR0PH`aR�S `aM G �DM F e KEH ONR�E�RW`aO \ _X`aGJP � 7 RWS^ceKNIhw f Y IhO \ K w;S^bdc;Ih`aR 2[R�M;P
R�`hM;R W RW`aIhR o Y M � � 	 � K S^`aS:o[RWG^O[IhR�`abdcHR�G^M � _ Y w RW`UP;RWG �"A \ R � R�GJO[IaRW`abdc;RWG0KNF=f O[G^F;MHP P;R�GG K[K GJ_�R�`aSJR�M W FHSVK � �	RWMHf kF;c;GJF;M;O	P;R�G < IaR��!R�M \ R BJRW_�R�`hIaS��	` \ P;R�� �"A \ R�M A F;SJO]KNM;O-P;R�G
w R�`aPHR�M  `aSJbdc w;KNF;S \ R�`hM;R oNR�G^wHF;M;P;RWM `aS \ � 7 `aR A F;S^O]K w R6P;`aRWS^RWG � K S^`aS:o[RWG^O[IhR�`abdcHR�G^EWR�`hIaR
F;M;P-PeK �!` \ P;`aR A FHS^O]KNw R+P;RWG ? R�`hIaS^bdc;KNI \ F;M;O �l��.?DF� F `aS \ PeKNM;M-P;`aRmS Y G \ `hR�G \ R+i Y IhO[RXP;R�G
� < IaR��	RWM \ R ��� `aG�ceKNw R�M c;`aRWG*RWw RWMHf KNIaIhS*RW`aM;R+GJR Z F;GJS^`hoNR1T"IhR�`hbdc FHM;O ����.bD�� F f kF;G � � x
< IaR��	RWM \ R �

*,+'-/.10 �3254 0 ! = . !\Z\� � _ - $'� : ��` !?2 = :<+ $'�"! + � ! + � - 0�+ !#� 2
7 `aRWS^R i Y G � F;Ia`hR�GJF;M;O P;RWS A IhO Y G^` \ c�� F;S�_X`hG^P M F;M `aM R�`hM 9 � S \ R���o Y M ONGVK G cH`aS^bdcHR�M C R \ E �
O[IaRW`abdc F;M;ONR�M F��	ONR�S^R \ E \ � � `aR �	KNM P;`aGJR Z]\ S^`hR�c \ � I kK�2 \ SJ`abdc PH`aR A wHS^bdc;IhF!2[O[IhR�`abdc F;MHO , \3.0
 A
P;R�S 9=Y G \ `hR�GJM;R \ EW_�R�G Z R�S PHF;G^bdc�R�`hM;RQR�`aM=f KNbdc;R
P;F;GJbdc;O[RWE Y O[RWM;R f RW` \ FHM;O o Y � ? � G *UG^R K Ia`aSJ`aR �
G^RWM � 7 `aR
GJR Z F;G^SJ`hoNR TDIaR�`hbdc F;M;O f kF;G"P;R�M KNIaIhO[R��!R�`hM;R�M 9=Y G \ `aRWG^S^bdcHG^` \J\ f kF;G � < IhR��!R�M \ R!`aS \ `aM
A w;wH`aIaPHF;M;O x�� 	 y PeKNGJO[R�S \ R�IhI \ �

Sort n

Sortn/2

sn

tn

snsn

Sortn/2

Mergen

sn

A w;w;`hIaP;FHM;O x�� 	 y � > R Z F;G^SJ`hoNR 7 RlQeM;` \ ` Y M-P;R�S 9=Y G \ `aRWG^SJbdc;G^` \^\ RWS�f kF;G�� � x < IhR��!R�M \ R

 3KNMQS^`hR�c \ c;`aRWG%P;`hR A FHf \ R�`aIhF;M;ODP;RWS 9=Y G \ `aRWGJo Y G^O]KNMHO[R�S�`hM
EW_�R�` G KNG^KNIaIhR�IaR ��Y GJO kKNM;O[R�PHR�G�ceKNIhw �
R�M TDG kY 2[R � PH`aR+P;FHG^bdc P;`aRUw RW`aP;RWM � KNF;S \ R�`hM;R , \:.%
 � � w RWS^bdc;GJ`aR�w R�M _�R�G^PHR�M � 7 `hRno Y G^S Y G \ `hR�G \ R�M
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i Y IhO[R�M)P;R�G�ceKNIhw RWM f kKNM;O[R!_*RWG^P;RWM KNM;S^bdcHIa`aR 2[R�MHP `aM RW`aM;R��� `aSJbdc w;KNF;S \ R�`hM�f kF;G `hM;S^O[RWSVK � \
� < IhR��!R�M \ R0EWF;SVK � �!R�M;ONRWf kF;c;G \ � _ Y EWF RW`aM;R 8 M;S \ KNM;E o Y M ���7.?D�� F w R�M kYN\ `aO \ _X`aGJP � 8 M A w �
wH`aIaPHF;M;O x � 	 y _*RWG^P;RWM PeKNw R�`�P;`aR � G^RW` \ R�M�P;RWG f R�` \ F;MHO[R�M)P;F;G^bdc � K G^`LK w;IaRWM � P;R�GJR�M 9 � M \ K'T
PHF;G^bdc 7 `LKNO[G^K � � x �hx � w R�SJbdc;G^`hR�w R�M `hS \3� P;RaQ;M;`aRWG \ � 7 K �	` \ `aS \ P;`aR � G^R�` \ R�P;RWG f RW` \ FHM;O[S^w kF;M;P;RWI
EWF;M kKNbdcHS \ f GJR�` � 9 `aRD_X`hG^P6KNM;SJbdc;Ia`hR32[RWM;P KNFHSmPHR�G � R�IhR�O[F;MHO!PHR�S � KNG^K �	R \ RWG^S ��FHM;P PHR�GnijRWS \:�
IhR�O[FHM;O PHR�S � KNS^`hSJoNR�G^ONIaR�`hbdc;R�GJS�w R�S \ ` � � \ � 7 `aR oNR�G:_*RWM;P;R \ R�M
f R�` \ F;M;ONSJo KNG^`aKNw;IhR�M � F F;M;P * F
SJ`aM;P&PeK w RW`%R�w R�MHf K IaIaSno Y � � KNG^K �	R \ RWGDP;R�S C R \ EWR�S1KNw;c kK M;O[`aO � 7 `aRWS+O[R�_ kKNc;G^IhR�`hS \ R \ f kF;G BJRWP;R
� `aRWGVKNGJbdc;`aRWR�w R�M;R o Y M , \:.%
 F&R�`hM;R�M�R�`hO[R�M;RWM 9 K \ E o Y M � KNG^`aKNw;IhR�M � 7 `aR O[R�S^K � \ R � R�S^bdcHG^R�` �
wHF;M;O!P;R�S 9=Y G \ `aRWG^RWG^S�ceK \ S Y �!` \ E�_*RW`@ieGJR�`acHR�` \ S^O[G^KNP;R �;P;`aR A M;E K c;I �&F;M;P6P;R�M ? � G **P;RWGXE�F
oNR�GJO[IaRW`abdc;RWM;P;R�M < IaR��!R�M \ R �

Mergen

Mergen/2

un ununun

tn

tn

snsn

sn

Shufflen

Comparen

Mergen/2

EvenOdd n

sn

A w;wH`aIaPHF;M;O x�� KON � > R Z F;GJS^`hoNR � R�S^bdcHG^R�`hw;F;M;O!f kF;G�P;RWM  `hS^bdc weKNFHS \ RW`aM ����.bD�� F

7 RWG  6`aS^bdc weK F;S \ R�`aM �l��.?DF� F _X`aG^P)R�w R�MHf K IaIaS1KNF=f�G^R Z FHG^S^`po[R � R�`hS^R	P;RaQeMH`aR�G \ � 7 `aR A F=f O]KNw R
PH`aR�SJR�G ? RW`aIaSJbdceKNI \ F;M;Omw R�S \ R�c \ P;KNG^`hM � EW_�R�` S Y G \ `hR�G \ R ? R�`hIhf Y IhO[R�M"P;RWG f kKNMHO[R F C E�F�R�`hM;R�G S Y G \ `hR�G �
\ R�M!i Y IaONR�P;RWG�f kKNM;O[R � E�F;S^K � �!R�MHE�F��!`aSJbdc;R�M � � `aR Y w RWM
R�GJ_ kK c;M \ _X`aG^P
PH`aR�S E�F;G kF;b Z O[RWf kF;cHG \
K FHf PeKNS G K GVKNIhIaR�IhR  6`aS^bdcHR�M BJR,EW_�R�`hR�G�i Y IhO[R�M P;R�G%c;KNIaw R�M f kKNMHO[R � 7 KNw RW`HS Y IaIhR�M `hM P;R���Ia`hM Z RWM
 6`aS^bdc weK F;S \ R�`aM �l��.?DF� � � PH`aR < IhR��!R�M \ R �!` \ O[R�G^KNP;R�� 8 MHP;RlT�KNF;S�P;R�G�R�G^S \ RWM ? RW`aIpf Y IaO[R �!` \
PHR�M;RWM �	` \ F;M;O[RWGVKNPHR�� 8 M;P;RBT K F;SnPHR�GmEW_�R�` \ R�M ? R�`hIhf Y IhO[R+O[R��	`hS^bdc \ _*RWG^P;RWM � < M \ S G G^RWbdc;R�MHP
S Y IaI�PHR�G-GJR�bdc \ R ����.bD�� � � A � KNFHS \ RW`aM�P;`aR < IaR��	RWM \ R �!` \ FHM;O[R�G^KNP;R�� 8 MHP;RlT KNF;S!P;RWG	RWG^S \ R�M
? R�`hIhf Y IhO[R!�!` \ P;R�MHR�M �	` \ O[RWGVKNP;R�� 8 M;P;RBT6KNF;S�PHR�G�EW_�R�` \ RWM ? R�`hIhf Y IhO[R!�!`aSJbdc;R�M � � `aG,w R�M kY \ ` �
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O[R�M0KNIaS Y E�F;M kKNbdc;S \ R�`aMHR ? R�`aIhS^bdceK I \ FHM;O ���:�7� > B+B F � P;`aRUKNF;S�P;R�M w R�`hP;R�M < `hM;O]KNw RWf Y IhO[R�M!o Y M
����.bD�� F PH`aR A F=f S G KNI \ F;MHO6`hM < IhR��!R�M \ R �!` \ O[R�G^KNP;R�M�F;M;P�F;M;ONR�GVK P;R�M 8 M;P;`aEWR�S"P;F;GJbdcHf kF;c;G \ �
7 `aR ? R�`aIhS^bdceK I \ FHM;O ���:�7� > B+B FmI kK�2 \ S^`hbdc RWw RWMHf KNIaIhS@GJR Z F;GJS^`ho1w R�SJbdc;G^RW`aw R�M � 8 c;G^R < `hM;O]KNw R�_X`hG^P
P;F;GJbdc0EW_�R�` ? RW`aIhf Y IaO[RWM�O �,O 	 � C5C5C � O � � J A�FHM;P�� ��� 	 � C C5C � � � � J A�O[R�wH`aIaPHR \ � 8 cHG^R A F;S^O[KNw RnS Y IhIKNF;S�P;RWM
o=`hR�G ? R�`hIhf Y IhO[R�M�O 	 � O C � C5C5C � O � � J C � O A � O%- � C5C5C � O

� � J A � � 	 � � C � C5C5C � �
� � J C � � A � �K- � C5C C � �

� � J Aw RWS \ R�c;RWM � 7 `aRWS*I kKE2 \ SJ`abdc P;F;GJbdc PH`aRU`hM A wHw;`aIhP;F;M;O x�� KHx P;KNG^O[RWS \ R�IaI \ RWM C R \ E�O[IhR�`hbdc FHM;O[R�M RWG �
G^RW`abdc;RWM �

EvenOddn
EvenOddn/2 EvenOdd n/2

snsn

unununun

ttt

EvenOdd4

t

A wHw;`aIhP;F;M;O x�� KHx �jTDR�MHR�G^`hR�GJF;M;OQP;R�G ? R�`hIhf Y IhO[R�M �!` \ O[R�G^KNP;R�M F;M;P6F;M;O[RWGVKNPHR�M 8 M;P;`aEWR�S

7 KNMeKNbdc Z kY M;MHR�M PH`aR�R�M \ S \ K M;P;R�MHR�M ? R�`hIhf Y IhO[R�M K FHf PH`aR�w R�`aPHR�M  `aSJbdc weKNF;S \ R�`hM;R ����.bD�� � �
o[RWG \ RW`aI \ _*RWG^P;RWM � ���:��� > B�B F Ia`aR�f R�G \ E�F;M kKNbdc;S \ P;`hR < IaR��!R�M \ R �!` \ O[R�G^KNP;RWM � PeKNM;M P;`hR �	` \
F;M;O[RWGVKNPHR�M 8 MHP;`aEWR�S � 8 M A w;w;`hIaP;FHM;O x��LKHN S \ R�IhI \ BJRWP;R9f RW` \ FHM;O�o Y � ? � G � F R�`aMHR P;RWG
o=`hR�G
R�GJE�R�FHO \ RWM ? R�`hIhf Y IhO[R�M P;KNG � 7 `hR�SJR _*RWG^P;RWM M F;M kF;w RWG �DG^R�FHE!`hM�P;`aR
w R�`hP;R�M  `hS^bdc weKNFHS \ RW`aM;R
O[RWf kFHc;G \ � 7 `aR A F;SJO]KNw R P;R�G  `hS^bdc weKNFHS \ RW`aM;R _X`hG^P KNw;SJbdc;Ia`hR32[RWM;P `aM�RW`aM;R W RW`aIhR	o Y M � KNS^`hS �
o[RWG^O[IhR�`abdcHR�G^M3O[R�SJbdc;`ab Z]\ � 7 KNw R�` S Y IhIaR�M BJRW_�R�`hIaSnP;`aR �"A \ R�M A F;S^O kKNM;O[R�P;R�Gnw RW`aP;RWM O[R��!`aSJbdc \ R�M
i Y IaO[RWM�` � �"A \ R�M � R�GJO[IaRW`abdc;RWGDE�F;S^K � �	RWM;O[RWf kFHc;G \ _�R�GJP;R�M � 7 `hR c;`aRWG^EWF�w R�M kYN\ `hO \ R � RWG^P;G^KNc �
\ F;MHO _X`hG^P ` � � KNF;S \ R�`hM , a�/�� � F S G RWE�` QeE�`hR�G \ � 7 `aR ? R�`hIaS^bdc;KNI \ F;M;O ! \:YA^=�).(� F R�M \ c kKNI \ F C
M;R�w R�MHR�`aM;KNM;P;RWGmIh`aRWO[R�M;PHR � KNS^`hSJoNR�G^ONIaR�`hbdc;S^RWIaR��	RWM \ R � 7 R�GmTDR�S^K � \ KNFHf weKNF o Y M �l��.?DF� F `aS \ `aM
A w;wH`aIaPHF;M;O x�� KON KNM;O[RWO[R�w R�M �

Shufflen Shufflen/2 Shufflen/2

snsn

unununun

ttt

Shuffle4

t

A w;w;`aIhP;F;M;O x�� K 	 � > R Z FHG^S^`po[R � R�SJbdc;G^RW`aw;FHM;O	o Y M , aC/��k� F

A MeK I Y OXE�F �t�3��� > B+B FXI kK�2 \ S^`hbdc P;RWG � RWG^P;G^KNc \ F;M;ONS^weKNFHS \ RW`aM , aC/��k� FXPHRaQeM;`hR�GJR�M � 7 `aR < `aM;O[K �
w R1P;`hR�S^RWS � KNF;S \ R�`hM;R�SmS^`hM;P3RWw RWMHf KNIaIhS�EW_�R�`@i Y IaO[RWM O � O 	 � C C5C � O � � J A�F;M;P � � � 	 � C5C5C � � � � J A �7 `aR A F;SJO]KNw RUS Y IaI R�`hM;R+i Y IhO[RXP;R�G�i Y G � O 	 � � 	 � O A � � A � C5C C � O � � J A � �

� � J A�S^RW`aM �  3KNM0w R�EWR�`hbdc;M;R \P;`aRXo Y M0P;`aRWS^R�� � KNF;S \ R�`hM-w R�G^RWbdc;M;R \ RDieF;M Z]\ ` Y M-KNF;bdc KNIhS 9 c F��!`aM;O � P � c � P;`aRmKNw]_�R�bdc;SJR�IaMHP;R
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A F;SJ_*KNc;I�P;RWG < IaR��	RWM \ RQEW_�R�`hR�G�i Y IaO[RWM �  3KNM�w R KNbdc \ R	w RW` A w;wH`aIaPHF;M;O x�� K 	 � PeK�26P;`hR �@R�G �
� F \ K \ ` Y M!P;RWG < IaR��	RWM \ RUMeK bdc0P;R�� GJR Z F;G^SJ`hoNR�M A FHf GJFHf/o Y M , a�/�� � � � R�GJf Y IaO \3� _ Y P;F;GJbdc R�`aMHR
K M;P;R�GJRmi Y IaO[R�P;R�G < IaR��	RWM \ R�R�GJE�R�FHO \ _X`aG^PQK IaS%P;FHG^bdc!PeKNS�`aM A w;w;`aIhP;F;M;O x �LKHx ONR�O[RWw RWM;R C R \ E
���3��� > B+B F �

7 RWG*GJR Z F;G^SJ`hoNR A FHf w;KNF0R�`hM;R�G W R�`hIaRXo Y M F C RWIaR��!R�M \ KNG^RWM � R�GJO[IaRW`abdc;RWG^M0I kK�2 \ S^`hbdc KNFHf RW`aMHf K bdc;R
� R�`hS^R �!` \ P;RWGX`aM A w;wH`aIaPHF;M;O x�� KOK w RWS^bdc;GJ`aRWw RWM;R�M � Y MHS \ GJF Z]\ ` Y M R�G^EWR�F;ONR�M �

Comparen Compare
2

vn

vn

Comparen/2

vn

vn

Comparen/2

tt

tt

CMP

A w;w;`hIaP;FHM;O x��LKHK � W R�`hIaRUo Y M F C � KNS^`hSJoNR�G^ONIaR�`hbdc;R�GJM
� `hG o[RWGJo Y IaIhS \ kK M;P;`aONR�M
S^bdcHIa`aR 2[Ia`hbdc P;`hR � R�SJbdc;G^RW`aw;FHM;O�PHR�S 9=Y G \ `aRWGVKNIhO Y GJ` \ c�� F;S P;F;GJbdc	P;`hR A w �
SJbdc;IaF 2[O[IaRW`abdc F;M;ONR�M

, \:.%
 A � � x S � FHM;P ����.bD�� C � � ! � � C
� ! - ���325�"! + & � ( `�!#2�� - 25�32 � ! + (]�"!?��4 0 ! + 2
7 `hR � R�SJbdc;G^RW`aw;FHM;O	PHR�S 9=Y G \ `aRWGVKNIhO Y G^` \ c�� F;S�`hS \ F;M;KNw;c kKNMHO[`aO o Y � ? � G P;R�GXEWF S Y G \ `aR�GJR�M;PHR�M
< IhR��!R�M \ R � 7 `aR	`aM A w;w;`aIhP;F;M;O x � 	 P w;`aS x �LKOK ONR�E�RW`aO \ R�M C R \ EWO[IaRW`abdc F;M;ONR�M F;M;P P;`hR0w RW`aP;RWM
A w;S^bdcHIaF!2[ONIaR�`hbdc F;M;O[RWM!f kF;G , \:.0
 A FHM;P ����.bD�� C w;IaRW`aw R�M
F;M]oNR�G kK M;P;R�G \ � 7 R�G ? � G PHR�G < IaR��	RWM \ R
_X`hG^P6`aM P;R�� � KNSJ`aSJoNR�GJO[IaRW`abdc;RWG ! � � G^RWS G R Z]\ `hR�G \ �

orand
CMP

a b

min(a,b) max(a,b)

A w;w;`hIaP;F;MHO x �LKNz � � KNSJ`aSJoNR�GJO[IaRW`abdc;RWGXf kFHG x A � ` \ A W KNcHIaR�M
� R \ G^KNbdc \ RWM _X`aG E�F;M kK bdc;S \ KNIaS � R�`hS G `hR�I]RW`aM;RWM � R�GJO[IaRW`abdc;RWG f kFHG@RW`aM;EWR�IaMHR � ` \ S � P � c � � � � N � x � �
7 `hR�E�F;ONR�c kY GJ`aO[R � RWG^O[IhR�`hbdc;SJf F;M Z \ ` Y M�� � � � � N ��x � � � N � x � � � � N ��x � � � N � x �&_X`aGJP
Y ) RWM;S^`hbdc \ Ia`hbdc P;FHG^bdc6P;`aR ? R�`aIhS^bdceK I \ FHM;O
`aM A wHw;`aIhP;F;M;O x�� KNz G^R�KNIa`hS^`aRWG \ �
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7 KNS � KNSJ`aS:o[R�GJO[IaRW`abdc;SJR�IhR��!R�M \ I kK�2 \ S^`abdc KNIhIaR�GJP;`aMHO[S0IaRW`abdc \ f kF;G w R�Ih`aR�wH`aO[R 	OA S \ R�IaIh`aO[R3w;`aM kK G^R
� RWG \ R3KNMHO[R�w R�M � 9 RW`aRWM PeKNEWF O � O � J A]C5C5C!O 	 � ��� � � J AkC C5C � 	 " � N ��x �

� EW_�R�` 	UA S \ R�IhIa`hO[R
� `aM kKNG^E�KNc;IaRWM � 7 KNMHM6ON`aI \*Y ) R�M;SJ`abdc \ Ih`abdc��

O � � � � O � J A]C5C5C!O���� ��� ��� � ��� ��� J A]C5C5C �	�
� ���
�
"�O � J A C5C5C!O���� ��� � � � ��� ��� J A]C5C5C �	�
� ��� � O��
� ��� J A C5C CQO 	 � �
� �
� ���
� ��� J A C5C5C � 	 1

7 `aRWS^R GJR Z F;G^SJ`hoNR � R�GJR�bdc;M F;M;ONSJo Y G^S^bdcHG^`hf \ f kF;G � � I kK�2 \ S^`hbdc P;`aGJR Z]\ `aM R�`aM R�M \ S G G^RWbdc;R�M;PHR�S
9 bdceKNI \ w;`hIaP F��	SJR \ E�R�M " o O[I � A w;wH`aIaPHF;M;O x �LK�� 1 � 7 R�GUP;KNw RW`@oNR�GJ_�R�MHP;R \ R�	OA S \ R�IaIh`aO[R � R�GJO[IaRW`abdc
����I kK�2 \ SJ`abdc P;F;GJbdc P;R�M `aM A wHw;`aIhP;F;M;O x�� P O[R�EWR�`aO \ R�M � R�GJO[IaRW`abdc;SJweKNF�� GJR KNIh`aSJ`aR�GJR�M � P;R�G
E�F;M kKNbdc;S \ R�`hM;R�M ? R�S \ KNF=f lnMHO[IaRW`abdc;c;RW` \ w R�GJR�bdc;MHR \ � 7 F;GJbdc	RW`aM;RWM	M;KNbdc;O[RWS^bdceKNI \ R \ R�M 8 M]o[R�G \ RWG
R�GJceKNI \ R�M6_X`aGXP;R�M ? RWS \ KNFHf�TDIaRW`abdc;c;RW` \ �<W F3w R KNbdc \ R�M `hS \ PeKNw R�` � P;K�2	PH`aR1`aM A w;w;`hIaP;FHM;O x �LP
O[R�EWR�`hO \ R > R KNIh`aSJ`aR�GJF;M;O
P;`hR < `aM;O]K w RD`hM6PHR�Gmi Y G � O � J A � ��� J A � C C5C � O 	 � � 	 R�G:_,K G \ R \ �

}

and

>upper(k/2) =upper(k/2)

or

>lower(k/2)

}a b

>k

a > b

A w;w;`hIaP;FHM;O x�� K�� � > R Z F;GJS^`hoNR � R�S^bdcHG^R�`hw;F;M;O!o Y M � � �3 
f kF;G 	OA S \ R�IaIh`aO[R � RWG \ R
 ` \ P;R�� � R�GJO[IaRW`abdc KNFHf � � �� I kK�2 \ SJ`abdc M FHM IaRW`abdc \ P;`aR�ieF;M Z]\ ` Y M ! � � f kF;G�	UA S \ R�IhIa`hO[R
� `aM kKNG^E�KNc;IaRWM
P;RaQ;M;`aRWG^R�M �  KNM	w R�M F \ E \ PeKNw R�`ePH`aR�SJR � R�G^ONIaR�`hbdc;SJf FHM Z]\ ` Y M � F�� RW`aM;RWM 9 bdceKNI \ R�G
KNM;EWF;S \ R�F;RWG^M � PHR�GU`hM A w;c kKNM;ON`aO Z R�` \ P;RWS � R�GJO[IaRW`abdc;SJR�G^ONR�w;M;`hS^SJR�S+P;`hR B7G R�G^KNM;P;RWM$O FHM;P �D`aM
o[RWG \ K F;S^bdc \ RWG > R�`hc;R�MHf Y IaO[RUKNF;S^ON`aw \ � 7 `aRDieF;M Z \ ` Y MHSJ_�R�`aSJR"P;R�S � KNFHS \ RW`aM;S � 3 ��* � / � � _X`aRDRWG�`aM
A w;wH`aIaPHF;M;O x�� K J
E�F;G 7 RlQeM;` \ ` Y M0o Y M 17Y�^ � w RWM F \ E \ _X`hG^P � RWG^O[`hw \ S^`hbdc6f Y IaO[RWM;P;R�G �-KE2[R�M��

J de�'
;1ba ��"ZO � � � � 1 � & "ZO � � 1 f K IaIaS � � x
"�� � O�1 f K IaIaS � � N
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k

>k

switchk

k

a b

max(a,b)min(a,b)

cmpk

A w;wH`aIaPHF;M;O x�� K J�� � K S^`aS:o[RWG^O[IhR�`abdcHS^R�IhR��!R�M \ f kF;G�w R�Ia`hR�w;`hO[R 	UA S \ RWIaIh`aO[R � RWG \ R

7 RWG 9 bdceKNI \ RWG J de�'
;1ba � _X`aGJP P;F;GJbdc RW`aM;R i Y IhO[R)o Y M  6F;I \ ` G IhRlT=R�GJM G^R K Ia`aSJ`aRWG \ � P;RWG^R�M 9 R �
IhR Z]\ RW`aM;O kKNM;O[RDP;FHG^bdc3PHR�M � RWG \ o Y M � �DO[R�S \ RWF;R�G \ _�R�GJP;R�M �

A w;w;`hIaP;F;MHO x��LK e � f K � Y F \ f kF;GXPeK S 9 Y G \ `aR�GJM;R \ EW_�R�G Z<, \:.0
 - C

8 M �"K G ` \ RWI�	"_*RWG^P;RWM _X`hG*w R�SJbdc;G^RW`aw R�M � _X`hRUMeK bdc ijRWS \ IaR�ONF;M;O P;RWS 9 bdceKNI \ F;MHO[S G K GVK �!R \ R�G^S �
FHM;P�P;RWG � KNc;I�R�`hM;R�S � KNS^`hSJoNR�G^ONIaR�`hbdc;S^RWIaR��	RWM \ R�S�P;`aR 9 bdceKNI \ F;MHO[S^c;`hR�G^KNG^bdc;`hR-K FHf O[R�w;KNF \ F;M;P
PH`aR � R�G \ R f kF;GnP;`aR f RW` \ F;M;O[S:oNK G^`LK w;IaRWM3w R�G^RWbdc;M;R \ _*RWG^P;RWM � A w;wH`aIaPHF;M;O x �LK e!E�R�`hO \ K w;S^bdc;Ih`aR �
2NR�M;P P;KNS Z Y � G IaR \J\ R f K � Y F \ PHR�S 9 Y G \ `aR�GJR�S , \:.0
 - C�F;M \ RWG � RWGJ_�R�M;P;FHM;ODP;R�S � KNS^`hSJoNR�G^ONIaR�`hbdc;R�GJS
K F;S A w;w;`hIaP;F;MHO x �LKNz�� 7 `aR
O[RWE�RW`aO \ R 7 KNGJS \ R�IaIhF;M;O P;RWS C R \ E�R�S1_XF;G^PHR!o Y M RW`aM;R�� c;`aRWGVKNGJbdc;` �
SJbdc;R�M ��IaKNE�`hR�GJF;M;O[S A
F;MHP � RWG^P;G^KNc \ F;M;ONSJo[RWGJf KNcHG^R�M RWG^EWR�F;O \3� PeKNS�`aMQPeKNS*TDR�SVK � \ S �=S \ R�� `aM \ R �
ONG^`aRWG \ `hS \ � 7 `aR 8 M \ R�ONGVK \ ` Y M
P;RWG%c;`hR�G^w R�`=o[R�G:_*RWM;P;R \ R�M � RWG Z E�RWF;O[RX_X`aGJP
`aM �"K G ` \ RWI K O[RWE�R�`hO \ �
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���� ��� �@� $.� ) )��()���� $ ������0/ �L�($.�K,.-D5��45� 
8 M�o `aRWIaRWM KNGJ` \ c��	R \ `hS^bdc;RWM 9 bdc;KNI \^Z GJR�`hS^R�M�_X`aG^P R�`hM;R 9 \ GJF Z]\ F;G �	` \ f Y IaO[RWM;P;RWG < `hO[R�M;SJbdceK f \
w RWM F \ E \ � � �����
����� �*��� ���	� � /0� /0��7 " � � � 1���� 7 � A � C C5C � � F " � �:�=���
� ����� � )���� � 7����
� � �37�� ��
)��F� � � � � A � C5C C � � � � � � " � x�� C5C5C � � �\C
7 `aR	R � E�`hR�M \ R � RWG^R�bdcHM FHM;O P;RWG A F;SJP;G kFHb Z R�� �XR�GJf Y IaO \ P;KNw RW` kF;w R�G
wH`aM kKNGJR � kKNF��	R � � � PH`aR
R�M \ _�R�P;RWG o Y IhIaS \ kKNM;P;`hO Y P;RWG�GJR�bdc \ S
K w;O[R�SJbdc;M;` \^\ RWM S^`hM;P `hM A wHc kKNM;O[`hO Z RW` \ o Y M P;R�G A M;E�KNc;I
`ac;GJR�G < `aM;O]K M;O[SJo KNGJ`LKNwHIaR�M � 8 M P;R�M `aM;M;RWG^RWM �DM YN\ RWM BJRWP;R�S � KNF��!R�S@_�R�GJP;R�M BJR�EW_�R�` W _X`aS^bdcHR�M �
R�GJO[R�w;MH`aS^SJR��!` \ R�`hMeKNM;P;RWG*o[RWG Z M kF G f \ �

a:t b:t

(a  b):t

� `aG0w R�SJbdc;G^RW`aw R�M KNF;bdc c;`hR�G-_X`hR�P;RWG0P;`aR 9 \ GJF Z]\ F;G F;M;KNw;c kKNMHO[`aO
o Y � ? � G P;RWG+E�F�w R KNGJw RW` \ R�M;P;RWM < IaR��!R�M \ R � 7 `hR RW`aM;EW`aO[R ��Y GVKNFHS �
S^R \ E�FHM;O0KNM P;`hR � KNS^`hS YOG R�G^K \ ` Y M `aS \ � P;K�2QEW_�R�` < `aM;O]K M;O[SJ_�R�G \ R O � �
o Y � ? � G *�E�F R�`hM;R�� < G^O[RWw;M;`aSGO � �XoNR�G Z M kF G f \ _*RWG^P;RWM � PeKNS,_X`hR �
P;R�GJF�� o Y � ? � G */`hS \ � 7 `aR%w R�M kY \ `aO \ R�M � kK F��	R Z kY MHM;R�M"o Y IhIaS \ kKNM;PH`aO
Y PHR�G \ RW`aIh_�R�`hS^R kF;w R�GJILKNO[RWG \ _�R�G^PHR�M � `aM;PHR�� W R�IhIaRWM � P;`hR�PHR�M O[IhR�`hbdc;R�M
? RW`aIaKNF;S^PHG^F;b Z w R�GJR�bdc;M;RWM � �	` \ R�`hMeKNM;PHR�G `aPHR�M \ ` QeE�`hR�G \ _�R�GJP;R�M � � R
MeKNbdc A G \ P;RWG > R KNIh`aSJ`aR�GJF;M;O"P;RWG � kK F��	R � � FHM;P-P;RWG klmw RWG^IaKNO[R�GJF;M;O
P;`aRWS^RWG � kKNF��	R!R�GJc kKNI \ �	KNM�oNR�GJS^bdc;`hR�P;RWM;R 9 \ GJF Z]\ F;GJR�M�EWF;G G K GVKNIhIaR�IhR�M ��G kKSQ#T\A � R�GJR�bdc;M F;M;O �
� `aG Z Y M;S \ G^FH`aR�GJR�M1PeKNS 9 bdcHR��	KnKNFHS Ia`aM Z S Ia`aMHR KNGJR�M � kKNF��	R � S Y PeK�2,_X`hG/P;`hR�`aM A wHw;`aIhP;F;M;O x�� KOP
O[R�EWR�`hO \ R 9 \ G^F Z]\ FHG�RWG^ceKNI \ RWM � 7 `aRWS^R�S 9 bdcHR��	K1_XF;GJP;Rmo Y M f KNPHM;R�G�F;M;P	i `aSJbdc;R�G "+G f i PONIH 1%R�`hM �
O[RWf kFHc;G \ F;MHP"o Y M � G^RWM \ F;MHP��DF;MHOA".G � � P 	 H 1 EWF;G � Y M;S \ G^F Z \ ` Y M"SJbdc;M;R�IhIaRWG A P;P;`hR�GJR�G w R�M F \ E \ �
_ Y w RW` P;`aR � K S^`aS YOG R�GVK \ ` Y M6RWM \ S G G^R�bdcHR�M;P ONRW_ kKNc;I \ _*RWG^P;RWM � F!2 �

{

{

{

e1en e3

n-2i 2i

mn m3 m2 m1mn-2

i. Stufe

1. Stufe .....

.....

.....

.....

0. Stufe

mn-1

log(n)  -1. Stufe

e2

{ {{

A wHw;`aIhP;F;M;O x�� KOP � klnw R�G^IaKNO[RWG^F;M;OQP;RWG � kKNF��!RDE�F;G G K GVKNIhIaR�IhR�M ��G kK QRTUA � R�GJR�bdc;M F;MHO
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7 KnP;`aR,T"RWSVK � \ S \ G^F Z]\ FHG�P;F;G^bdc klmw RWG^IaKNO[R�GJF;M;O+wH`aM kKNGJR�G � kKNF��!R*RWM \ S \ R�c \ � f Y IhO \ PeKNGVK F;S�KNF;bdc �
P;K�2 �-K M w RW` � < `hM;O]KNM;ONSJo KNG^`aKNw;IhR�M��LI Y O ��� B7G R�G^K \ ` Y M;S^S \ FHf RWM � 	 � C5C5C ��� �����	� F � J AUw R�M kYN\ `hO \ �� RWP;R 9 \ FHf R � �%I kK�2 \ S^`abdc � _X`aR�`aM A w;w;`hIaP;F;MHO x�� KOP EWF�S^R�cHR�M&`aS \ � `aM RW`aM;RWM � R�G^PHGVKNc \ FHM;O[S \ R�`hI
FHM;PQR�`aMHR W R�`aIhR�o Y M B�G R�G^K \ ` Y M;S Z M YN\ RWM	K FHf \ RW`aIaRWM � 8 � �SA \ RWM B�G R�G^K \ ` Y M;S Z M YN\ RWM o Y M � �e_X`aGJP
P;KNw RW` P;RWG W _X`aSJbdc;R�M]_�R�G \ � � � �� �	` \ P;R�� W _X`hS^bdc;RWM]_*RWG \ � � � ��

�
C	
 o[RWG Z M kF G f \ f kF;GDKNIhIaR x � � �

� � 	 � � 7 KNG^KNF;S@f Y IaO \3� PeKE2+`aM � �;R�`aMHR W R�`hIaR�o Y M � � 	 � RW`aM;EWR�IaMHR�M B7G RWGVK \ ` Y MHS Z M YN\ R�M
w R�M kYN\ `aO \
_X`hG^P � ieRWG^M;RWG�O[R�I \ R�M6P;`hR > KNMHP;w RWP;`aMHO[F;M;O[RWM �

� 	 �� � � �+FHM;P �

� �����	� F � �� � � � �
��Y G BJRWP;R�G W RW`aIaRno Y M B7G RWGVK \ ` Y M;S Z M YN\ RWM w RaQ;M;P;R \ S^`hbdc RW`aM � R�GJP;GVK c \ F;M;O[S Z KNMeKNI ! a��)���C��� F � � �
PHR�GXP;`aR W _X`aS^bdcHR�M]_*RWG \ R � � � ��

�
C	
 o Y M P;RWG � Y SJ` \ ` Y M � � 	 � KNFHf@P;`aR � Y SJ` \ ` Y M � � x � � � � � 	 �

f kFHc;G \3� S Y PeK�2!P;`hR�S^R��	` \ RW`aMeKNMHP;R�G,oNR�G Z M kF G f \ _�R�G^PHR�M Z kY M;M;RWM � 7 `aR � kY cHR�� � PH`aR�SJR�S!�1K MeKNIaS
`hM 9 \ FHf R � � R�G^ON`aw \ S^`hbdc KNF;S*PHR�G A M;E KNcHI P;RWG,c Y GJ`aE Y M \ KNIhR�M f RW` \ FHM;O[R�M � P;`hRUO[IhR�`hbdc;E�RW` \ `hO kF;w RWG
RW`aM;R 9#G K I \ R!O[R�f kF;c;G \ _�R�G^PHR�M � kF;S^SJR�M � 7 `aRWS^R W KNc;I�w R \ G kKNO \ KNFHf ONG^F;M;P)P;R�G < M \ f R�GJM F;M;O P;RWG
EWF o[R�G Z M kF G f RWM;P;R�M W _X`aSJbdc;R�M]_�R�G \ R � _X`aR!�-KNM0KNF;bdc6KNM;ceK M;P0o Y M A w;w;`aIhP;F;M;O x��LKHP S^`hR�c \ � f kFHG
9 \ FHf R � � O[R�G^KNP;R
� � � �!`aM � � � 	 � � 	 � � �

Stagen,i

un,i

vn,i

sn,i

tn

tn

Stagen,i-1

Opn-2i

Channeln,i
Stagen,0

un,0

vn,0

sn,0

tn

Channeln,0

Opn-1

A w;w;`hIaP;FHM;O x��LKNy � > R Z F;G^SJ`hoNR � RWS^bdc;GJR�`hw;F;M;O!o Y M � � � f kF;G�� < `aM;O]K M;O[SJo KNGJ`LKNwHIaR
A F;S&P;`aRWS^RWG < `hM \ R�`hIaF;M;O `hM�� I Y O ��� 9 \ FHf RWM � o Y M P;RWM;R�M BJR�P;R KNF;S�RW`aM;R�� � R�GJP;GVK c \ F;M;O[S �
\ R�`hI	F;MHP R�`hM;R�G W R�`aIhR o Y M B7G RWGVK \ ` Y MHS Z M YN\ R�M w R�S \ R�c \3� I kKE2 \ SJ`abdc P;`hG^R Z \ P;`aR `aM A w;wH`aI �
PHF;M;O x�� K[y O[RWE�R�`hO \ R
GJR Z F;GJS^`hoNR 9#G R�E�` Q Z K \ ` Y M&KNw;IhR�` \ R�M � 7 `hR
TDR�SVK � \ S \ G^F Z \ F;GDP;RWS � KNG^KNIaIhR�I A
��G kKSQRTUA � RWG^R�bdcHM FHM;O[S^MHR \ EWR�S � � � F	R�G^ON`aw \ SJ`abdc�PeK M;M�P;F;GJbdc�PH`aR C R \ E�O[IhR�`abdc F;MHO � � � F � �, 
'��D�� F � �����	� F � J A � 7 `hR 9#G R�EW` Q Z K \ ` Y M o Y M � � � F0S Y IaI S Y P;F;G^bdcHO[RWf kF;cHG \ _�R�G^PHR�M � PeK�2 SJ`aR o Y M
RW`aM;RWG S G RWE�`aRWIaIhR�M > R K Ia`aSJ`aRWG^F;M;OmP;RWG R�IhR��!R�M \ K G^R�M B�G R�G^K \ ` Y M � F;M;P P;R�� ? � G * P;RWG < `aM;O]K M;O[S �
RWIaR��	RWM \ R � A � C5C5C � � FDFHMeKNw;c kK M;O[`aOU`aS \ � � `hG%R�GJG^R�`hbdc;R�MQP;`hR�S � `aMHP;R�� _X`aG � _X`aR,` � � R�`aS G `aRWIHP;RWS
9 Y G \ `aR�GJM;R \ EW_�R�G Z R�S � P;`hR f R�` \ F;M;O[SJw;G^RW` \ R�M M;`abdc \ P;F;G^bdc KNG^` \ c��!R \ `aSJbdc;R A F;SJP;G kFHb Z R S Y M;P;RWG^M
PHF;G^bdc f R�` \ F;MHO[SJo KNGJ`LKNw;IhR�M�w RWS^bdc;GJR�`hw RWM � 9=Y G^R G G kKNSJR�M \ `hR�G \ P;`aR f R�` \ F;M;ONSJo KNG^`aKNw;IhR * F3`hM A w �
wH`aIaPHF;M;O x �LK[y � < IaR��	RWM \ Rno Y � ? � G * � P;`hRUP;`hR < `hM;O]KNM;ONS A!F;MHP A F;SJO]KNM;ONSJ_�R�G \ R BJR�P;RWG 9 \ FHf R
, 
'��D�� F � � P;RWS C R \ E�_*RWG Z R�S
w;`hIaP;RWM � < `aM;R!KNMHP;R�GJR f R�` \ F;MHO[SJo KNGJ`LKNw;IhR � F � ��w R�S^bdcHG^R�`hw \ P;`aR W KNc;I
PHR�G < IaR��!R�M \ R � P;`hR�P;F;GJbdc	P;`hR � R�GJP;GVKNc \ F;M;O[SJS \ GJF Z]\ F;G ! a��)�+����� F � � KNIaS < `hM;O]KNMHO[SJ_�R�G \ R�f kF;G�P;`hR
M;KNbdcHf Y IhO[R�M;PHR W R�`hIaR�o Y M B�G R�G^K \ ` Y M;S Z M YN\ RWM w RWG^RW` \ ONR�S \ R�IhI \ _*RWG^P;RWM � 7 `hR < IhR��!R�M \ R � P;`hR�MH`abdc \
�!` \ R�`hM;R�� KNM;P;RWG^R��vo[RWG Z M kF G f \ _*RWG^P;RWM � kF;S^SJR�M � _*RWG^P;RWM)EWF P F � ��F;M;P�P;`hR A FHS^O]KNMHO[SJ_�R�G \ R
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P;R�G B7G R�GVK \ ` Y M;S Z M YN\ R�M�E�F � F � ��E�F;S^K � �	RWM;O[RWf KE2 \ � < S1O[`aI \+Y ) R�MHS^`abdc \ Ia`abdc � � F � � � P F � � � * F �
7 `aR � R�IhR�O[F;MHO�PH`aR�SJR�G � K G^`LK w;IaRWM�c kKNM;O \ PeKNM;M�o Y M R�`aMHR�G
S G R�EW`aRWIaIaRWM > R�KNIa`hS^`hR�G^FHM;O3P;RWG
R�IhR �
�	RWM \ KNGJR�M B7G R�G^K \ ` Y M-K w � 7 `aR�SJR � KNS^`hS YOG R�G^K \ ` Y M � w R�SJbdc;G^`hR�w R�M0P;FHG^bdc0P;`hR C R \ EWo KNG^`aKNw;IhR > ^ A
Z KNM;M&KNF;SnR�IhR��!R�M \ KNGJR�M�T"K \^\ R�GJM Y PHR�G+K w RWGDKNF;bdc&KNFHS ZNY � G IhRlT=R�M B7G R�GVK \ ` Y M;R�M3KNFHf O[RWweKNF \
_*RWG^P;RWM � A w;wH`aIaPHF;M;O x�� KOK E�RW`aO \ E�_*RW`;o[RWG^S^bdcH`aR�PHR�M;R > R�KNIa`hS^`aRWG^F;MHO[R�M o Y M > ^ A � �	` \ P;RWM;R�M!PeKNS
� KNG^KNIaIhR�I A ��G kKSQRTUA C R \ E!EWF;G SJbdc;M;RWIaIaRWM � RWG^R�bdcHM FHM;O�o Y M klmw RWG \ G kKNO[RWM _ kKNc;GJR�M;P PHR�G wH`aM kKNGJR�M
A P;PH` \ ` Y M3oNR�GJ_�R�MHP;R \ _*RWG^P;RWM Z KNM;M � 7 `aR ? R�`hIaSJbdceKNI \ F;M;O �!` \ P;R�G � RWE�RW`abdc;M F;M;O � ��� ���.��
5���
� � /�� �*�F��
-��_X`aGJP0w R�`aS G `aRWIaS:_*RW`aS^RU`aM G � � P 	 H E�F�� � KNF-R�`aMHR�S,SJbdc;M;R�IhIaRWM A P;P;`hR�GJR�G^S*R�`aMHO[R�SJR \ E \ �
 ` \ PHR�G > R KNIh`aS^`hR�GJF;M;O+o Y M > ^ A I kK�2 \ S^`hbdc	M F;M!R�`hM;RXO]KNM;EWR W R�`hIaR*o Y M B7G R�G^K \ ` Y M;S Z M Y \ R�M > ^ �
KNMeKNI Y O
E�F6P;RWGm`hM A w;w;`hIaP;FHM;O x�� KOK O[R�EWR�`aO \ R�M > R Z F;G^SJ` Y M6R�GJE�RWF;O[R�M �

and

or

and

Generate / Propagate Carry Select

mux mux

A w;w;`hIaP;F;MHO x � zUN � � KNSJ`aS YHG RWGVK \ ` Y M;RWM f kF;G,o[RWG^S^bdcH`aR�PHR�M;R A P;P;`hR�G^RWG \ � G R�M
A w;SJbdc;Ia`hR32[RWM;PQO[R�w R�M
_X`hG�M Y bdcQP;`hR G KNG^K �!R \ GJ`aSJ`aR�G \ R � R�SJbdc;G^RW`aw;F;MHO�P;RWS � R�G^PHGVKNc \ FHM;O[S Z KNM;KNIaS
! a��)�+����� F � �jKNM � l � R�`aM Z Y � G K Z]\ RWS f K � Y F \ E�FQR�GJceKNI \ R�M � S Y IaIaRWM
M F;G�P;`aR*F;M w RWP;`aM;O \ M YN\ _�R�M �
P;`aONR�M � � � � �!`aM � 	 � � � � 	 � �nc Y GJ`aE Y M \ KNIhR�M 9#G FHG^R�M	w RWM F \ E \ _�R�GJP;R�M � A FHf O[G^FHM;P	PHR�G�w RWIa`hR�w;` �
O[R�M � KNc;I P;R�S � K GVK �!R \ R�G^S � " M;`hbdc \ M YN\ _*RWM;P;`hO[R�G:_*RW`aS^R ��� 	 � 1,S^`hM;P6PeKNw R�` R�`hM;`aO[R"ijKNIhIaF;M �
\ RWG^S^bdcHR�`aPHF;M;O[RWM
E�F
w R KNbdc \ RWM � TDR�MHR�G^RWIaI I kK�2 \ SJ`abdc ! a �)�+�C�7� F � �H`aM�R�`aMHR�M Ih`aM Z R�M � �!` \^\ IaRWG^R�M1F;M;P
G^RWbdc \ R�M A wHS^bdc;M;` \^\ FHM \ R�G \ R�`hIaRWM � 7 `hR�SJR < `aM \ RW`aIhF;M;O-`hS \ `aM A w;w;`hIaP;F;MHO x�� z;x f kF;GnPeKNS � R�`aS G `aRWI
! a��)�+����� AZ- � C PeKNG^ONR�S \ R�IhI \ � 7 RWG �"KNMeK I w R�S \ RWc \ `aM�P;`aRWS^R�� ijKNIhI KNF;S �3C � �!`aM � 	 C � x^K � 	 C � � z
c Y GJ`aE Y M \ KNIaRWM 9#G F;G^RWM � _ Y c;`hM;O[RWO[R�M
RW`aM;R�F;M;O[RWS^bdc;`hb Z]\ R�GJR � KNcHI=P;RWG � RWG^P;G^KNc \ F;M;OURWo[RWM \ F;RWIaI y
9#G F;GJR�M0w R�M kYN\ `hO[R�M Z kY M;M \ R � 7 `aR � KNc;IjP;RWG � R�GJP;GVK c \ F;M;O[SJS \ G^F Z]\ FHG,S G `hR�I \ f kFHG�P;`hRnRW`aO[RWM \ Ia`hbdc;R
ieF;M Z]\ ` Y M P;RWS < M \ _XF;GJf S EW_*KNG Z R�`aMHR >XY IaIhR � _X`aGD_ kKNcHIaR�M�KNw RWG�cH`aR�G1P;`hR Z Y � G K Z]\ R�GJR0i Y G �
P;R�S � R�G^PHGVKNc \ FHM;O[S Z KNM;KNIaS � F�� E�F3E�R�`hO[R�M � PeKE20P;`aR�PeKNw R�`@KNFHf \ G^R \ R�M;PHR�M&ijKNIaIhF;M \ RWG^S^bdcHR�`aPHF;M �
O[R�M6IaRW`abdc \ w R�S^bdcHG^`aRWw RWM _�R�GJP;R�M Z kY M;M;R�M �
7 KNw R�`�w RWS^` \ E \ P;R�G�Ia`aM Z R ? R�`hI y ! a �)�+�C�7� P;`aR < `aO[RWM;S^bdc;K f \ � PeK�2 c;`hR�G1P;`aR f R�` \ F;M;O `aM BJRWP;R�G
9#G KNI \ R �	` \ RW`aM;RWG f RW` \ FHM;O � P;`aRQo Y M RW`aM;RWG 9#G KNI \ R	GJR�bdc \ S o Y M y ! a��)�+�C�7� S \ K � � \ � EWF;SVK � �
�	RWM;O[R�f kF;c;G \ _X`hG^P � A FHf 9 \ FHf R � � F��Qf K�2 \ PH`aR�SJR�G ? R�`aIHO[R�MeK F!PH`aRXR�GJS \ RWM � � � �!`aM � � � 	 � � 	 � �
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LChannel MChannel RChannel

H2} } }}
A w;wH`aIaPHF;M;O x�� z;x �elmM \ R�G \ R�`hIaF;MHOQo Y M ! a��)�+�C�7� AZ- � Cm`aM A wHS^bdc;M;` \^\ R

9?G KNI \ R�M � 8 M&KNMeKNI Y O[R�G � RW`aSJR _X`aG^P�` �vGJR�bdc \ RWM ? R�`hI �z! a����+�C��� `aM BJR�PHR�G 9#G K I \ R P;`aR w R \ G^R�f �
f RWM;P;R f R�` \ F;M;O&K w;O[R�ONG^`*) R�M F;M;P R�`hM;R�G f R�` \ F;MHO�`aM R�`hM;R�G 9#G KNI \ R0Ih`aM Z S o Y M �z! a��)�+����� E�F �
ONRWf kF;c;G \ � 8 MHS^w R�S Y M;P;R�GJR1_�R�GJP;R�M6c;`hR�G Z R�`aMHRDf RW` \ F;M;O[RWM E�F � K[K G^R�M EWF;SVK � �!R�M;O[R�f K�2 \3� S Y P;K�2
M F;G < `hM;E�RWIaIhR�` \ F;M;O[RWM P;`hR A F;S^O]K w R0PH`aR�SJR�S A w;S^bdcHM;` \J\ R�S
wH`aIaPHR�M � 7 `aRWS^R�G A w;SJbdc;M;` \^\ F��Qf K�2 \
K FHfXP;R�G �"A \ R�M 9 \ FHf R-RWw RWMHf KNIaIhS�� � f RW` \ FHM;O[R�M � 7 RWG �!` \^\ IaRWG^R ? RW`aI � ! a��)�+����� w R�S \ R�c \ K F;S
PHR�G klnw R�G^IaKNO[RWG^F;M;O P;RWG � R�G^PHGVKNc \ FHM;O[S^SJbdc;R��	K \ K `aM y ! a��)���C��� F;M;P �z! a��)���C��� � < G"F��Qf K�2 \
PH`aR o[RWG^w;IhR�`hw RWM;P;R�M � � 	 H � � 9#G KNI \ R�M � < `hM;RQw RWS Y M;PHR�G^R � RWceKNM;PHIaF;M;O RWGJf Y GJP;R�G \ P;KNw RW`%P;`hR
� R�S^bdcHG^R�`hw;F;M;O)P;R�G � I Y O ���aA \ R�M 9 \ FHf R � 8 M P;`hR�S^R�� ijKNIaI�_*RWG^P;RWM P;FHG^bdc � ! a��)�+�C�7� R�`aM=f KNbdc
PH`aR f R�` \ F;M;ONR�M o Y � GJR�bdc \ RWM `hM PHR�M Ia`aM Z R�M A wHS^bdc;M;` \^\ P;F;GJbdc;O[R�f kF;c;G \ � � `aG-_�R�GJP;R�M PH`aR �
SJR�M 9=Y M;P;RWGJf KNIhI w RW` P;R�G � RWS^bdc;GJR�`awHF;M;O-PHR�S  6` \^\ R�I \ R�`hIaS�P;F;G^bdc3R�`aM RWM \ S G GJR�bdc;RWM;P;RWS���G kKNP;` Z K \
� � I Y O � � x w RWG kF;b Z S^`hbdc \ `aONR�M �

7 RWGXIa`aM Z R ? R�`aI PHR�S � R�G^PHGVKNc \ FHM;O[S Z KNM;KNIaSXI kKE2 \ S^`hbdc P;FHG^bdc3RW`aM6R�`hMHf KNbdc;RWSmGJR Z F;GJS^`hoNR�S 9 bdc;R��	K
w R�SJbdc;G^RW`aw R�M � _X`aR"RWSn`hM A w;w;`aIhP;F;M;O x�� z 	
O[R�EWR�`hO \ `aS \ � 7 R�G�� K GVK �!R \ R�G / `aM P;`hR�S^RWG C R \ E�O[IhR�` �
bdc F;MHO S \ R�IhI \ P;`hR W K c;I;P;RWG 9#G KNI \ R�MQ`aMQP;`hR�S^R�� A w;SJbdc;M;` \^\ � P;`hRXKNFHf 9 \ FHf R � P;F;GJbdc � � O[R�ONR�w R�M
`hS \ �

LChannelk

lck-1

LChannel k-1

t

t

lck-1

2 lc k-1
.

LChannel1

t

t

A w;w;`hIaP;F;MHO x � z 	�� > R Z F;G^SJ`ho[R � RWS^bdc;GJR�`awHF;M;O	o Y M y ! a �)�+�C�7���

8 �vG^RWbdc \ R�M ? RW`aI PHR�S � R�GJP;GVKNc \ F;M;O[S Z K MeKNIaS+_X`hG^P�`hM BJR�P;RWG 9#G KNI \ R RW`aM;R f RW` \ FHM;O KNw;O[RWO[G^` ) RWM
FHM;P
MeKNbdc
Ih`aM Z S _*RW` \ RWG^O[R�f kF;c;G \ � < G F��!f KE2 \ _X`aR*PHR�G%Ih`aM Z R ? R�`hI � � � �!`aM � � � 	 � � 	 � � 9?G KNI \ R�M �W F
w R K bdc \ R�MQ`aS \ � PeK�2DP;`hR 9#G KNI \ R � P;`aR�K IaS RWG^S \ R�KNwHO[R�O[GJ`*) R�M _X`hG^P � o Y M
PHR�G�f kKNM;ONR,P;R�S �	` \^\ IhR �
GJR�M ? RW`aIaS � � 	 H � � KNwHc kKNM;O \ ��� `aG�w R�SJbdc;G^RW`aw R�M-PHR�M-GJR�bdc \ RWM � R�GJP;GVK c \ F;M;O[S^KNw;SJbdc;M;` \J\ P;FHG^bdc



� ���*)����
�	
�
 ������$ /0� , �����������
� ��� � � )�� ��' 
#�0� �����
��� �*)���� �����3��������� b �

P;`aR C R \ EWo KNGJ`LKNw;IhR �z! a �)�+�C�7��� � � � � � 7 K w RW` GJR G G kKNS^RWM \ `aRWG \ P;RWG � KNG^K �!R \ RWG � PH`aR 9#G KNI \ R�M G Y S^` \ ` �
Y M � `aM	P;R�G,PHR�G*GJR�bdc \ R ? R�`hI w R�ON`aM;M \ � KNIhS Y � � � � � � �
/ S \ R�c \ _X`hR�P;RWG�f kF;G�P;`aR!�"KNMeKNIhc kY c;R � �
`aS \ RW`aM 9 bdc;KNI \ R�G � F�� P;`hR�IhR \ E \ R 9 \ FHf R�`aM�R�`aMHR�� O[R�S Y M;P;RWG \ R�M!ijKNIaI]EWF w RWceKNM;PHR�IaM � 7 `hR�O[G^K G c;` �
S^bdc;R < `aM;O[KNw R,f kFHG �z! a��)�+������� � � � � I kKE2 \ S^`hbdc	` � CmY G �	KNIhf K IaI "�� � x 1 PHF;G^bdc!EW_�R�`eo[RWG^SJbdc;G kKNM Z \ R
� RWS \ KNw;EW_�R�`hO[F;M;ONR�M�o Y M / � � � Y P / S Y _X`aR�� � Y P / G K GVKNIhIaR�IhR�M f R�` \ F;MHO[R�M)P;R�S�R�IaR��	RWM �
\ KNGJR�M ? � G S *1w RWS^bdc;GJR�`aw R�M � i kF;G�P;R�M 9=Y M;P;R�G:f KNIaI�P;RWG IaR \ E \ R�M � RWG^P;G^KNc \ F;M;ONS^S \ FHf R "�� � N 1
`aS \ P;RWG  6` \^\ R�I \ R�`hI�S Y � Y P;` Q;E�`aRWG \3� PeK�2 M FHG P;`hR	` � G^RWbdc \ R�M ? R�`hI�K w;O[R�ONG^`*) R�MHR�M[f RW` \ FHM;O[R�M
`aM P;RWM Ih`aM Z R�M ? RW`aI/PHF;G^bdc;ONR�G^RW`abdc \ _*RWG^P;RWM � 8 M P;`hR�SJR�� ijKNIhI w R�S \ R�c \ P;R�GXG^RWbdc \ R ? RW`aI/RW`aMHf KNbdc
KNF;SXR�`hM;R�G � R�S \ KNwHEW_�R�`aONF;M;O-PHR�G � G^RW` \ R � � �

RChannelk,x,1 RChannelk,x,0
k t.

(x mod k) t.

(k - x mod k) t.

A w;w;`aIhP;F;M;O x�� zUK � > R Z FHG^S^`po[R � R�SJbdc;G^RW`aw;FHM;O	o Y M �$! a��)�+�C�7� � � � � �
<%\ _,KNS ZNY � G Ih`aE�`hR�G \ R�G
ONR�S \ KNI \ R \ S^`hbdc P;`hR � RWS^bdc;GJR�`hw;F;M;O�PHR�S  6` \^\ R�I \ R�`hIaS � PeK)cH`aR�GQP;`hR w RW` �
P;R�M � R�GJP;GVKNc \ F;M;O[S � F;S \ R�G�P;R�S�Ia`aM Z R�M�F;M;P)G^RWbdc \ R�M ? R�`hIaS kF;w R�GJILKNO[RWG \ S^`hM;P �1W F;S kK \ EWIa`abdc�w R �
S^bdc;G kKNM Z R�M _X`aG�KNF;S T"G kF;M;P;RWM�P;R�S f K � Y F \ S P;`aR W KNc;I�P;RWG G KNG^KNIaIhR�IhR�M�c Y G^`hE Y M \ KNIaRWM 9#G F;G^RWM
P;R�G 9 \ F=f R � �,KNFHf �!`aM � � � 	 � � 	 � � � 7 KNEWF)_X`hG^P�`aM BJRWP;R�G 9#G KNI \ R ��P;R�S��	` \^\ IaR�GJR�M ? R�`aIhS�PH`aR
KNw;O[RWO[G^` ) RWM;R f R�` \ F;M;O6`aM�P;`aR!c Y GJ`aE Y M \ KNIhR 9#G F;G1O[R�IhR�O \3� `aM�P;R�G1P;`hRQo Y M�GJR�bdc \ S�`aM 9#G KNI \ R �
O[RWf kFHc;G \ RFf RW` \ FHM;O
o[R�GJIa`hRWf " o O[I � A w;w;`hIaP;FHM;O x�� z;x 1 �

mc k-1

MChannelh,x-1,1
t tMChannelh,x,1

mc (x-1) mod h

mc h - (x-1) mod h - 1

2 mck-1
.

MChannelh,1,1

t
t

mc h
mc h-1

A w;w;`aIhP;F;M;O x�� z[z � > R Z FHG^S^`po[R � R�SJbdc;G^RW`aw;FHM;O	o Y M � ! a��)�+�C�7� � �
�
� A

7 KNw R�`U_X`hG^P P;`aR&K FHf PHR�G Y w R�G^S \ RWM 9#G F;G o[R�GJILKNF=f R�M;P;R�f R�` \ F;MHO�K IaS R�GJS \ R)K w;O[R�ONG^`*) R�M � `aM
P;R�G M kK bdc;S \ R�M 9#G KNI \ R _X`aGJP P;`aR f R�` \ F;MHO�K FHf1P;R�G EW_�R�` \ RWM 9#G F;G6KNw;O[RWO[G^` ) RWM � C5C5C � `hM P;R�G
� � � x A \ R�M�f Y IaONR�M;P;RWM 9#G KNI \ R _X`hG^P _X`aRWP;R�GDPH`aR Y w R�GJS \ R f RW` \ FHM;O6KNw;O[RWO[G^` ) RWM �  3K M�RWG^c kK I \
KNIaS Y R�`hM;R G RWG^` Y P;`hS^bdc;R 9 \ G^F Z \ F;G o Y M � I kY b Z RWM�PHR�G � G^RW` \ R � � ��� `aG w RWS^bdc;GJR�`aw R�M1P;RWM  ` \^\ R�I \ R�`hI
P;F;GJbdc P;`aR C R \ EWo KNGJ`LKNw;IhR � ! a��)�+�C�7��� �

�
� � � 7 R�G � KNG^K �	R \ RWG � S \ R�c \ PeK w RW` f kF;G�P;`aR A M;E�KNc;I P;R�G

9#G KNI \ RWM � P;`hRUP;RWG  ` \^\ RWI \ R�`aI F��Qf K�2 \3� P � c � � � � � 	 H � � �
/ GJR G G kKNS^RWM \ `aRWG \ _X`aRWP;R�G*P;`aR � kY c;R
P;R�S �"KNMeKNIhS�F;M;P	PeK �!` \ P;`hR � G^RW` \ RXP;RWG ? RW`aIawHI kY b Z R � 7 R�G�P;GJ` \J\ R�� KNG^K �!R \ RWG �-`hS \ R�`hM 9 bdceKNI \ R�G
E�F;G%i K IaIaFHM \ R�GJS^bdc;RW`aP;F;MHOUEW_X`hS^bdc;RWMQP;R�� M Y G �-KNIhR�M i K IaI � � I Y O � � x � P;RWG%`aM A w;w;`hIaP;FHM;O x�� z[z



b � $A��� �	
5��'������ �.���!�����*)��
� � �	���F����� ��� /�� ��� � )�� ��' 
����������

P;KNG^O[RWS \ R�IaI \ `aS \ � F;MHP P;R�� 9=Y MHP;R�G:f KNIaI/PHR�GXIaR \ E \ R�M 9 \ F=f R � 8 � ijKNIhI � � N _X`aGJP6PHR�G  ` \J\ RWI \ RW`aI
PHF;G^bdc P;`aR C R \ EWO[IaRW`abdc F;M;O � ! a����+�C����� �

�
� 	 � � )�� /*� � � �

�
w R�SJbdc;G^`hR�w R�M �

W FHG � R�G:o Y IhIaS \ kKNM;PH`aO[F;MHO P;RWG � RWS^bdc;GJR�`awHF;M;O � kFHS^S^RWM M F;M M Y bdc0P;`aR ZNY GJG^R Z \ R�M 8 M;S \ KNM;EWR�M P;RWG
PHG^R�` ? R�`hIaR%EWF�� RW`aO[RWM \ Ia`hbdc;R�M � RWG^P;G^KNc \ F;M;ONS Z KNMeKNI ! a �)�+�C�7� F � � PHR�G 9 \ FHf R � � E�F;S^K � �!R�MHO[R�SJR \ E \
_�R�GJP;R�M � 7 `hR�S,_X`aGJP P;F;G^bdc6f Y IaONR�M;P;RDE�_*RW` C R \ E�O[IhR�`hbdc FHM;O[R�M6w R�S^bdcHG^`aRWw RWM��

! a �)�+�C�7� F � � � � j ! a����+�C��� F � ������� F J C 
 � C 
�� � �
	 � ���	� F J A �
j ! a��)�+����� F � � � � � � y ! a����+�C��� � J � ! a �)�+�C�7� � � F J C
� � � �>J �z! a �)�+�C�7� � � F J � � �W FHG�R�`aM=f KNbdc;R�GJR�M 7 KNG^S \ RWIaIaFHM;O f kF;c;GJR�M _X`aG,PH`aR � `hIhf S:oNK G^`LK w;IaR j ! a �)�+�C�7� F � � � ��R�`hM � P;RWG^R�M � K �

G^K �!R \ RWG�EWF;G 9 F;w;S \ ` \ F \ ` Y M � � �	`hM � � � 	 � � 	 � �+F;M;P�� � � � " I Y O � � x 1�w R�M F \ E \ _*RWG^P;RWM �

� ��� � ������� � ���������������� 

!#"%$'&
(�)
(+*-,/.HG'&10�(�2�3'.546(�"%78&
9;:<(�=+(+&�:50 ��78&�(>*�&�0�?@&�2�AB(C$'(+)�:<9�.SG'3'&
)EDF3'(+"HG�$'&10�I<9E)FG'.59�.5*�(��
0
9
&�)
&
(�9E0
(;JKDF3L.5210�MN9
(�&
)
4O(+)EDF3'9
(�&
4'PQ"':<(+"R$'P'9
DF3R9
(+MNP'9E)
&1S<(�T@(�0
=+:<2�(+&�DF3UPQ"':<)
)WVU)E0�(�*X(�(+&�"':<(+:5(+4O(+"
7Y(+9E$'(+"ZM6[I<"'"'(�"]\8^_&
(�`a2
(cbK&�4'&
2�&�0d[.e0X$Q(+)f*>.e0�3'(�*>.g0
&
)EDF3'(+"h,/.52�Mi[PQ2
)j.52�)k=+PQ:<9
P'"Q$'(+2�&
(+:5(+"'$'(�9
JUl6(�=+&�m'Mg.e0�&
I5"')
(�46(�"'(@(�9
*R[I<:<2�&
DF3�0n$L.54O(+&L(�&
"'(@op(+)EDF3'9
(�&
4'PQ"':�S5I<"k.52�:<I<9E&�0�3Q*X&�)
DF3'(�"�qa(�&
2
)W0�9EP'M��
0
P'9
(�" �N$'&
(rPQ"L.54'3i[.g"':<&
:sS5I<">)El6(�=+&
(�2
2�(+"�tu(+.52
&�)
&�(+9
PQ"':<(+"C$'(�9�ov.5)
&�)
I<lO(+9
.g0�&�I<"'(�"�&�)E0+\NwxP'9�^s.59:�
)W0�(�2
2
PQ"':>$'(�9_:<9
.5l'3'&�)
DF3'(�"yGn&�"':�.54O(/78P'9
$'(z(+&
"Q({^s.g0
(+"')W0�9
PQMN0
P'9_&�"|`LI<9
*}S5I<"�3'&�(+9�.g9
DF3'&�)
DF3
:5(+:<2�&
(+$Q(+9E0
(+"~T@(c0�=+:59�.5l'3Q(+"R(�&
"':5(�A [P'3'9W0�\�^_&�(+)
(/4'&�2
$'(c0u.5P'DF3~$'&
(s=�(+"�0�9
.52
(�^s.g0�(�"')E0
9
P'M�0
P'9uA [PQ9
$Q&
(s&
"f$L.g)��s(+)
.5*z0
)EVU)E0
(+*�&
"�0
(+:<9E&
(+9W0�(�"f��(+9EMN=+(+PQ:<(5\

� [.g3'9
(�"'$�$QP'9
DF3�$'(+"H:<9
.5l'3'&�)
DF3'(�"�G�$'&10�I<9�)W0�(�0
)C(+&
"Q(j(+&
"Q=+(+2�"'(flL.59
.5*X(c0�9E&
)
&�(+9W0�(kTu(�0
=+:<2�(+&;�
DF3NP'"Q:R4O(�.59E46(�&�0�(c0s78&
9E$ �]A [P'3'9E(+"�$'&
(�(�&
"'=�(+2
"Q(+"y�%(�9
MN=+(�P':<(>&�3'9
(CoY(+9
(�DF3'"NP'"':<(�"�.5PQAY(+&�"'(+*
AB(�)E0
(+"y�n(+9E0
9
(c0�(+9/(�&
"'(�9s)
I<2�DF3'(+"�JKDF3L.g2�0�MN9E(+&
)WA�.5*�&
2
&�(z.gP')+\�oY(�S<I59;(�&
"y4O(+)E0
&
*�*z0�(�)���(+9
MN=�(+P':
.g"':<(�7Y(+"Q$'(�0{7Y(+9E$'(+"%Mg.g"'" �i*{P 2 $L.53'(�9�=�P'" [.5DF3Q)E0{$Q&
(C3'&
(�9�.59EDF3'&
)EDF3'(X^s.59
)W0�(+2�2
P'"Q:~.gP')�$Q(+"
� 4U�E(�M�0�(+"R$'(+9u=+(�"N0
9�.52�(+"R^s.g0�(�"')E0
9
P'M�0�PQ9uA [P'98$'(�"R:<(c7 [.53'210�(+"��n(+9W0�9
(c0�(�9�.5PKAB:<(+4L.gPQ087p(�9
$'(�"]\
^_&�(��nI<9E:<(+3Q(+"')W7p(�&
)
(�(+"�0
)
l'9E&
DF3�0/3'&
(�9
4O(+&a$'(+9s&10�(+9E&
(�9E0�(�"|��"�7Y(+"'$QP'"':R$Q(+)s&
"y^_(cmL"'&10�&
I5"%�<\��
4O(+)EDF3'9
&�(+4O(+"'(�"�G�bKlL.5"')E&
I<"Q)EABP'"'M�0
I<9
)�\���PQA�$'&�({(+&�"'=+(�2
"'(�"%JUDF3'9
&10
0�(g�x$'&�({"L.5DF3�op(�2
(�:<P'"':j$'(�9
JUDF3L.52�0
MN9
(+&�)
lL.g9�.5*�(�0
(+9a7 [.g3'9
(�"'${$'&�(+)
(�9�op(�9
(�DF3'"NP'"':;.5P')E:<(�A [P'3Q9E0�7Y(+9E$'(+"�* [P')
)E(+"]�g:<(+3Q(+"z78&�9
&�*�ABI<2�:<(+"Q$'(+"f,/.5l'&10�(�2i�z(+&�"]\L^s.54O(+&x78&�9
$f.5PQDF3~:<(�=+(�&
:50+�Q78&
(s$'&�(sop(�2
(+:5P'"':�A�[P'9r$'&�(_S<(+9W7p(�"K�
$Q(�0�(�"|��(+&10�P'"Q:<)ESg.59E&�.54'2�(+"j4O(+9E(+DF3'"'(c0@78&�9
$]\



� ��� �����
	 �

� 
 � ���
����� � ������������� ������� �

� ��� ��	���� �!�
����" �����#���
	$	$% � &

'~&�0Y?u&
2�AB(r$Q(+)p:59�.5l'3Q&
)
DF3Q(+"kG�$'&10�I<9E)YMe.5"Q">$'(�9pG�"�0#7p(�9EAB(�9{[P'4O(+9�(+&
"Q(+* 4O(+2
&�(+4'&�:<(+"X�s9
P'"Q$'=+(�21�
2
(�"'Me.g0F.52�I<:s:�.5"Q=+(u`�.5*X&�2
&�(+"zS5I<"jJKDF3'.52�0
MU9E(+&�)
(+"X46(�)
DF3'9E(+&�46(�"]\��h&
(r78&
9n&
* S<I<9
.5"':<(�:�.5"':5(+"'(�"
,/.5l'&�0
(+2U:<(+=�(+&�:50�3L.54O(+"x�5&
)W0�$'&�(+)�$'PQ9
DF3C$'&
(Y:<9�.gl'3'&
)EDF3'(8G�&
"':<.546(Y9
(�MUPQ9
)
&1S<(�9YTu(�0
=+:<2�(+&
DF3NP'"Q:<)W�
)EVU)E0
(+*�(Y* [I<:<2�&
DF3]�c$'&�(�S<I<"�(+&
"Q(+9('~(�"':<(nS<I<"zJKDF3L.5210�MN9
(�&
)ElL.59�.g*X(c0�(+9E"z.g4'3 [.5"':5(+";M [I5"'"'(+"x\d^_&
(
&
"�$'(+9�S5I<9
2�&
(�:<(+"'$Q(+"���9E46(�&�0 S<I<9E:<(+)W0�(�2
2�0
(p:<9
.5l'3'&�)
DF3'(p��9
4O(+&10�)EP'*X:5(+4'P'"Q:_)E0
(+2
210�$'(�* G�"�0#7Y(+9W�
AB(+9_"Q(+4O(+"y$'&
(�)
(�* G�$'&�0
I<9�(�&
"'(z:�.5"'=�(*)�.52�(�0
0
(zS<I5"�3'&
(�9�.59EDF3'&
)EDF3�.g9
4O(+&�0
(+"'$Q(+"|��(+9
MN=�(+P':<(�"
=+P'9���"L.521VU)
(zPQ"'$�JUVU"�0�3'(�)
(�S<I<"�JUDF3L.52�0
MN9
(+&�)
(�"�=+P'9u�n(+9EA [PQ:<P'"':'\x^_&
(�)
(��n(�9EA�.53Q9
(+"y.g9
4O(+&�0
(+"
�E(�7Y(+&�2
)i.5PQAK(+&�"'(+*ZAB(+)E0i:5(�7 [.53'210�(�";�n(�9E0�9E(�0
(+9i(+&�"'(+9 JKDF3'.52�0
MU9E(+&�)EA�.5*�&
2�&
(5\c^s.5=�Ps78&
9
$x��4L.5)E&
(+9E(+"'$
.5PQAi$'(�9v&
"X��4'4Q&
2
$QP'"':k�<\1�,+/:<(+=�(+&
:g0�(+"��s9
PQ"'$')E0
9
P'M�0
P'9+�K(+&
"Q(_3'&
(�9�.59EDF3'&
)EDF3'(s^s.59E)E0
(+2
2�P'"':;$'(+)
:<(�7 [.g3'2�0
(+"�JKDF3L.5210�MN9
(�&
)
(�)>.gPQAB:<(+4'.5PQ0�\n^_&�(+)E(j3'&
(�9�.59EDF3'&
)EDF3'(|JN0�9
PQMN0
P'9�4'&
2�$'(�0C(�&
"'(�9
)
(�&�0
)�$Q&
(
ov.5)E&
).-U^s.g0�(�"')E0
9
P'M�0�PQ9+�a.5PQA8$'(�9z$'&�(X&�"N0
(+:<9E&
(�9E0�(�"���(+9EMU=�(+P':5(f.59
4O(+&10�(+"x\ �@"'$'(�9
(+9E)
(�&�0�){78&�9
$
)
&�(�4O(+"NPQ0�=c0��KP'* $'&
(@46(�9
(+DF3Q"'(�0
(+"�G�9
:<(�4'"'&
)E)
(_=�P>SU&
)EPL.52
&�)
&�(+9
(�">P'"Q$k(+&�"'(�)WVK)W0�(�*>.g0
&
)EDF3'(_!#"K�
)
lO(+M�0�&�I<" [P'4O(+9{$Q&
(k?u&
(�9�.59EDF3'&
(�:<9
(�"'=+(�"�3'&
"�7Y(+:y=+P�P'"�0
(+9
)W0 [PQ0
=+(�"]\n^_&
(�)z:<(c7 [.53'9
2�(+&�)E0�(c0{(�&
"'(
[P'4O(+9
)E&
DF3�0�2�&
DF3'(@:<9�.gl'3'&
)EDF3'(swxPQI<9
$'"NP'"Q:�$'(+9Y46(�9
(+DF3Q"'(�0
(+"�G�9
:<(�4'"'&
)E)
(_=�P'9vG�&�"':�.54O(@$Q(+)rG�"�0E�
7p(�9EAB(�9
)rP'"'$>$L.5*�&�0Y(+&
"Q(�M5I5*�ABI<9W0F.54Q2
(u,sI<"�0�9
I52
2
(87�[.53'9E(+"'$j$Q(+)rG�"�0#78P'9EAB)WS<I<9E:�.5"':5(+)+�'78&�(�&�*
ABI<2
:5(+"'$'(�"�,;.gl'&�0
(+2]4O(+&�$'(�9uop(+)EDF3'9
(�&
4'P'"Q:>$'(�9u&�"�0�(+:59
&
(�9E0
(+"j�%(�9
MN=+(�P':<(;$'(+PK0�2
&�DF3�78&�9
$]\

^_&
(�)
(+)u,/.5l'&10�(�2]=+(�&
:50@.5PQA �'78&�(/$'&
(s3'&�(+9
.59
DF3'&�)
DF3'(�op(�)
DF3'9E(+&
4QP'"':k(�&
"'(�)8AB(�)E0
(+"~�n(�9E0
9
(�0
(+9E)@(�&1�
"'(+9pJKDF3L.g2�0�MN9E(+&
)WA�.5*�&
2
&�(r.5PQAB:5(+4L.5PK0Y78&�9
$]\U^_&
(uG�&
"QI<9
$'"NP'"Q:z$'(�)p3'&�(+9EAF[PQ9Y=�P')E0 [.5"'$'&�:<(+"/'~IK$QP'2
)
&
"k$Q&
(�:59�.5l'3Q&
)
DF3Q( � 4O(+910 [.5DF3'(�2#[.3250p)
&�DF3f.5"k��4Q4'&
2�$'P'"':C�U\��s)EDF3'(+*X.g0�&�)
DF3kS5(+9�.g"')
DF3L.gP'2
&�DF3'(+"]\
^_&
(8G�&
"Q:�.54O(+"�$'&
(�)
(+)4'~IU$'P'2
)n4O(+)W0�(+3Q(+"k&�"X$'(�"kop&�4'2
&�I50�3Q(+M5(�"�A [P'9Y$Q&
(@�/9EP'"'$'=�(+2�2
(+"�P'"'$X$'(+"
*X&10
0
(+2
)8$'(�)_:<9
.5l'3'&�)
DF3'(�"yGn$Q&�0�I59
)�(�9
)W0�(+2�2�0
(+"|lL.g9�.5*�(�0
9
&
)E&
(�9E0�(�"|G�"�0#7 [P'9EAB(�"]\�^_&�(�(�&
"'$'(�PQ0�&�:<(
��P')W7v.g3'2x(�&
"'(�)�AB(�)E0�(�">�n(+9W0�9E(�0�(�9
)v(�9EABI<2�:50�P'"�0�(�9rJKlO(+=�&�mLMe.g0
&
I<"�$'(+9YT@(c0�=cS5.g9
&�.g4'2
(�">P'"'$X(+&�"'(+9
AB(+)W0�(+">op(+2�(+:<PQ"':�&�3'9
(�95)�.59
.5*X(c0�(�9+\N^s.5)�t8(+)
PQ2�0F.e0Y$Q(+9Yop(+9E(+DF3'"NP'"':5(+"j$'&�(+)
(�)4'�IK$'PQ2O&�)E0n(�&
"'(
&
"�0�(�9
"'(R^s.g0�(�"')E0
9
P'M�0
P'9+��$'&
(�$'&�(R?u&
(+9
.59
DF3Q&
(�$'(+9>.5P')
:5(�7 [.53'210�(�"hJKDF3L.5210�P'"Q:%9
(�l'9 [.g)
(+"�0
&
(+9W0�\
^s.5)6'~IK$QP'2i(+"�0�3 [.g2�0_JKD�.5"Q"'(+9_PQ"'$7)a.59
)E(+9+�6$'&
(;$'&�(�&�"~�@4')
DF3'"Q&�0
0z�<\98Q\���:<(+=�(+&�:50�(�"R)EVU"�0F.gMN0
&1�
)
DF3'(�"yJU0
9
P'M�0�PQ9
(+"|.5"L.521VK)E&
(�9
(+"~M [I<"'"'(�"]\OGn&�"R�@P')E7Y(+9W0�P'"':5)�.52�:<I<9
&10�3'*zP')@4O(+9E(+DF3'"Q(�0s.g"'3L.5"'$
$'(+9pop(+2�(+:<PQ"':{$'(�94)�.g9�.5*�(�0
(+9Y��(+9W0�(uA [P'9v.52�2
(8��PQ)
$'9 [P'DFM5(g�L$'&
(8S<I<"j$Q(+"fJKDF3'.52�0
MU9E(+&�)
lL.59
.5*�(c�



��� �����	��

���������	����������
���������� �!�#"$���&%'"$���)(�"$���!�*
�+,�#���&%�-.�!�#%�
������*/���0

132�4 576!8�9 [6!5;:<2=5 \
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Datenstruktur
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Schaltkreise

Navigation

Visualisierung

Graphische Benutzerschnittstelle
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Lib2
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Entwürfe
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Modifikation

Schichtzuweisung

Plazierung/Verdrahtung

Laufzeitanalyse

Testmustergenerierung

Fehlersimulation

Logiksimulation

Versorgungsnetze

Netzlistenkonverter

Logiksynthese
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up: 77.41ns ~ (2)
dn: 76.24ns = (2)

up: 0.0ns = (1)
dn: 0.0ns = (1)

up: 48.38ns ~ (2)
dn: 47.20ns = (2)

up: 70.74ns ~ (2)
dn: 69.56ns = (2)

up: 48.38ns ~ (2)
dn: 47.20ns = (2)

up: 48.38ns ~ (2)
dn: 47.20ns = (2)

up: 77.41ns ~ (2)
dn: 76.24ns = (2)

dn: 69.56ns = (2)
up: 70.74ns ~ (2)
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