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>@?BADC%EBFHGI ?BJKJLCNMKO IQP ?�RSFUTWVX?BTUT IZY�[ ? [ F Y�\ VNF]M!V Y F P ? [ F]EBF PKI T]C^VX? \ J!FUJ P C \ C_T#OZCNM.F]`aV I MKCDV!b�CFUTcJ Y ?dVX?BADe7?ZM PKI ADC \fP ?gVX?ZMKM.FUJLe7? \�[�I�IdhfY C_TiT]?jVX?ZM!MKC PLP ?lk [ CN` \ F P ? [�I TUT]CmJLe7C_VNF]`aV.b�ConADC [ F IZ\fP C	Tqp I e�erTUFUV IQs F]? \ C [ FW?Ze�e7?ZM PKY�\ C%JLC htY C \�s C [ FWO I T]?ZM!F [ FuT]?ZEBFUVNF�kwvyx{z_v}|]~#��vLvyx.�!��z.nI EBTUFSF \ EZMKC_JKJKF7C;Tqp�?BJ!JLCNMKO IQs F]? \ C [ C_TiT]C�J Y C�M!FUJKe�?BJ P CZ�� CNM htY�IZ\�P ?�M.F]E Y�I M [�I FUT�VX?BADe7?ZM PKI A	C \�P ?�� Y�\�s F]? \aI T]CZRBT]C�JLe7C_VNF]`aV.b�C@JK? \ ?;VX?BJ P F PKY F P C[�I TUT]C^MKC_T IQs F]? \ F#T]?ZEBFUV.b�C%V!b�C%T]CNE IZ\ ?�Tqp IZ\�[�I A	C \�P ? [ C_TUT]C Y JKVNF P C I�htY C_TUTU? [ CNEBTUF�F \ EZMKC_J!JKFk I JKJLCNE \�IQP C�VX?BA	C PKIQ� C_TUT I�[ C_TiT I OZCNM!F P GI�\ C_TiT]C�MKC P F5VX?BA � F \�IQP ?ZM!FUC�CmVX?BADC PKIQ� C_TUT Ij[ FP M IZ\ JKF s F]? \ C [ C_TUTU?	J PKIQP ?�F \�htY C_TUTUC;JLC hfY C \�s F I TUF�n.����T P MKC I	htY C_J P C�JKe�C_VNFU`aV!b�C�� Y�\�s FU? \�I TUFOZC \ EZ? \ ?�F \ EZC \ CNM I T]C1��?ZM \ F P F IZ\ V!b�C-OtF \ VX?BTUF�J Y T�VX?BA	e�?ZM PKI ADC \�P ?^C_T]C PLP M!FUVX?�C1J Y TUTUC P C_A%�e7?ZM!F sNs_IQs F]? \ F [ C_F�JLCNE \�I TUFqR IZ\ V!b9p�C_J!JKF [�I OZCNM!FU`aV I MKC�e7CNM!V!b9GC�FUT�VX?BTUT IZY�[ ?cM!FiJ Y T P FtVX?BADeaT]C P ?��� \�htY C_J P ?%V I eaF P ?BT]?�R PKY�PLPKI OtF I R�VNFr?�VNV Y e7CNMKC_AD?�e�M!F \ VNF]e I TUA	C \�P C [ C_F�e�M!? � T]C_A	F�F \ CNMKC \fP FqRT]C;JLe7C_VNF]`aV.b�C [ F P F]e7?%� Y�\�s F]? \�I TUCZ�� I�hfY C_J P ?�e Ya\�P ? [ F1O�FUJ PKI R-FiT-eaFQ�Y FUA	ADC [ F IQP ? I e�eaMK?tVNVNFU? I T5VX?BTUT IZY�[ ?jVX? \ JKFUJ P C\ C_TUT I OZCNM.F]`aV I VX?BADerT]C PKI-[ C_TUTUC�JLe7C_VNF]`aV!b�C,� Y�\�s F]? \�I TUF�k�VX?BTUT IZYa[ ?-C_J IZY J P F]OZ?fn.RQ?�OtOZCNMK? \ C_TiT IOZCNM!F]`aV Ic[ C_TiT I VX?ZM!MKC PLP C sNs_I�[ Ft?ZE \ F�J PKIQP ? [ C_T�VNF]M!V Y F P ?��u �C_T�V I JL?�OZC \ E I M!FUJ!VX? \�P M IQP ? Ya\ ?JKVX?BJ PKI ADC \fP ?��¡M I FUTfO I TU?ZMKC [ F Y�\�I ?�eaFKGY�Y JKVNF P C [�IchtY C_TUT]?cVX?ZMKMKC PLP ?¢k}x.�K�X£o�{x@J Y TUTUC Y JKVNF P ConFUT9VNF]M!V Y F P ?DOtFUC \ C;VX? \ JKF [ CNM IQP ?	VX?BADC�A I TU� Y�\�s F]? \�IZ\fP CZ�� T \fY A	CNMK? [ FWOZC PLP ?ZM!F�VX? \ V Y F¤GC \ C_VXC_JKJ I M!FU?¥J P FUAD?BT I M!C%FiTWVNFUM!V Y F P ?�e7CNM�OZCNM!F]`aV I M \ C?ZE \ FuJ PKIQP ?¦M!FUJ Y T PKI	Y E Y�I T]C I¦§©¨¥\ C_T�V I JL? [ F�VNF]M!V Y F P FSVX?BA � F \�IQP ?ZM!F�C I�§©¨Zª�«�\ C_T�V I JL?[ F9VNF]M!V Y F P F9JLC htY C \�s F I TUF,k¡?oOZC^¬­M I eae�MKC_JLC \fPKI FUT \tY ADCNMK? [ F9F \ EZMKC_JKJKF [ C_T9VNF]M!V Y F P ?DC�®¯FUT
\fY ADCNMK? [ F � F P-[ F9ADC_AD?ZM!F I n.�G° � I VNFiT]C1OZCNM!FU`aV I MKC�V.b�CcVX? \ T}p±F \ VXMKC_ADC \fP ? \ C_TUT I VX?BADerT]C_JKJKF P GI�[ C_FrVNFUM!V Y F P F�F \�P CNEZM IQP F}RFUT \tY ADCNM!? [ FaOZC PLP ?ZM!F \ C_VXC_JKJ I M.Fre7CNM@FUTaVX?BTUT IZY�[ ?�C_J IZY J P F]OZ?%VXMKC_JKVXCcM I eaF [�I ADC \fP CZRtFUA	eaTUF²�
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V IZ\�[ ? P C_ADerF@k¡C htY F \�[ F#VX?BJ P F�n [ F�VX?BTiT IZY�[ ?�C_VNVXC_JKJKF]O�Fq�c¼ [ C_JLC_ADerF]?�R�J!F�VX? \ J!F [ CNM!F Y�\�IMKC P C�VX?BA � F \�IQP ?ZM!F I VX? \¦½©¾ F \ EZM!C_JKJKFqRBF \¢hfY C_J P ?�V I JL?^FiT \fY A	CNMK? [ F�OZC PLP ?ZM!F [�I;I e�erTUFUV I MKCe7CNM�VX?BTiT IZY�[�I M!T I C_J IZY J P F]O I A	C \�P C�M!FUJ Y T PKI e I M!F I¦§Q¿wÀ C%J Y e�e7? \ C \�[ ? [ F I eaeaTUFUV I M!TiF9VX? \Y�\aI �¡MKC htY C \�s_I�[ ³¦³NÁBÂ�Ã s FUT P C_ADe7? \ C_VXC_JKJ I M!FU?¦e7CNM�FUTWVX?BTUT IZY�[ ?�M!FiJ Y T PKI VNF]M!V I e I M!F I§5Ä ³NÁBÅ EBFU?ZM \ Fq�� CNM1J Y e7CNM I MKC hfY C_J P F7e�MK? � T]C_A¢FqRtVX? \ O�F]C \ C;JLe7?BJ PKI MKC;T}p IQPLP C \�s F]? \ C [�I T9J!F \�P ?BA	?�k}x.�.|�{£o�XxNn I TiT]CÆV IZY JLC�V!b�Cme7?BJKJL? \ ?je7?ZM PKI M!C I�Y�\ A I TU� Y�\�s F]? \�I ADC \fP ? [ C_T5VNFUM!V Y F P ?�� � \e I M P FUVX?BT I MKCZRWJKF I JKJ Y ADC¢V!b�C Y�\ x.�!�{£o�{x%J Y TUT]C Y JKVNF P C�JKF I JLC_A	e�MKC Y�\�I VX? \ JLCNE Y C \�s_I�[ FY�\ E Y�I J P ?�k�Ç¡��»B¸}vyn@F \fP CNM \ ? I T9VNF]M!V Y F P ?�R�F \ AD? [ ?DV!b�C�FiT�VX?BTiT IZY�[ ? [ C ���rI A¢F]M I MKC I �!¹yÈ©|x{¸i�©�Xx-T I CNOZC \�PKYaI T]C�e�MKC_JLC \�s_I^[ Fa?ZE \ F�E Y�I J P ?%MKC I TUFiJ P FUV I ADC \fP C5FUe�? P F sNs_IQ� FUT]CZRtF \ OZC_VXC�V.b�CVX? \ J!F [ CNM I MKC PKY�PLP F�F7e7?BJKJKF � FiTUFaJ PKIQP F [ C_T9VNF]M!V Y F P ?��É Y C_J P ? I eae�MK?�VNVNF]?�JL? PLP ? [ C P CNM!A	F \�IQP C1F]e7? P C_JKFrJLC_ADeaTUFU`aV IQP F]OZCZR�VX? \ JKC \�P C Y�\�I;[ M I Jw�P FUV I M!F [�Y�s F]? \ C [ C_T \fY ADCNMK? [ C_F�OZC PLP ?ZM!F [ Fuvyx{z_vuM!FiJLe7C PLP ? I T9VX?BTUT IZY�[ ?�C_J IZY J P F]OZ?�R�M.FUVX? \ �[�Y VXC \�[ ? P C_ADeaF9C^VX?BJ P F9C \fP MK?¢A I MKEBF \ F I VNVXC PLPKIQ� FUTUF}�� \ � IQPLP FqR IQÊ¢\ V!b9GC Y�\ OZC PLP ?ZMKC [ F#VX?BTiT IZY�[ ?¦JKF I F \ EZM IZ[ ? [ F [ C P CNM!A	F \aI MKC^JLC Y�\ VNF]ML�V Y F P ?�GC I©Ë C PLP ? [aI�Y�\ E Y�I J P ?�R1GC \ C_VXC_JKJ I M!F]?mV!b�C�T I e�M!C_JLC \�s_IÆ[ F PKI TUC�E Y�I J P ?ÆOZC \ E IM!FUOZC_T IQPKI VX?BADC1TU?�JKVX?BJ PKI ADC \fP ? [ F Y�\	Y J!VNF PKI�[�I T�J Y ?;O I TU?ZMKC1VX?ZMKMKC PLP ?�k}x.�K�{£o�{xNn.��É Y F \�[ Fe7CNM-VX?BTUT IZYa[�I MKC;F \ A IZ\ F]CNM I VX?BADerT]C PKI	Y�\ VNFUM!V Y F P ?�k¡?oOfOZCNMK?¦e7CNM-OZCNM!F]`rV I MKC�V!b�C hfY C_J P ?JKF I e�M!F]OZ? [ F�E Y�I J P F�n¤GC�F \¢P CN?ZM!F I;\ C_VXC_J!J I M!F]? Y�\	\tY ADCNMK? [ F�OZC PLP ?ZM!F [ F P C_J P¤I TUADC \ ?�e I M!FI T \tY ADCNM!? [ F7E Y�I J P FSVX? \ JKF [ CNM IQP F}�� \ MKC I T P GI FUT \tY ADCNMK? [ F¤OZC PLP ?ZM!F \ C_VXC_JKJ I M!F�e7CNM¢FiT-VX?BTUT IZY�[ ?­M!FUJ Y T PKI R'F \ EZC \ CNM I T]CZRA	F \ ?ZMKC [ C_T \tY ADCNMK? [ F�E Y�I J P FqR5F \ÌhfY�IZ\fP ? [ F Ë C PLP F [ F [ FUOZCNM!JL? P F]e7?Íe7?BJKJL? \ ? I OZCNM!CT]?�J P C_J!JL?¥C Ë C PLP ?�J Y TuVX?BADe7?ZM PKI A	C \�P ? [ C_T,VNF]M!V Y F P ?�� � CNM htY C_J P ?�A	? P F]OZ?�R Y�\ JKF \ EZ?BT]?OZC PLP ?ZMKC^e Y G?DM!FUOZC_T I MKC;T I e�M!C_JLC \�s_ID[ F7eaFKGY A I T]� Y�\�s F]? \�I A	C \�P F7VX? \fP C_ADe7?ZM IZ\ C I ADC \fP CZ�� CNM [ C P CNM!A	F \aI MKC	FUT \tY ADCNMK? [ F,OZC PLP ?ZM!F \ C_VXC_JKJ I M!F'e�CNM^VX?BTUT IZY�[�I M!C Y�\ VNF]M!V Y F P ?¥F \A IZ\ F]CNM I VX?BADeaT]C PKI R � FiJL?ZE \�I C_J I A	F \�I M!C�FWe7?BJKJKF � FUTUF9A I T]� Y�\�s FU? \�I ADC \fP F#C [ F]�¡C PLP FWe�MKCX�JLC \fP F \ C_TuVNF]M!V Y F P ?�� � \ EZC \ CNM I TUCZRSFUT�TU?ZMK? \fY A	CNMK?ÆGCDAD?BT P ?¦EZM IZ\�[ CZR IZ\ V.b�CDJLCDAD?BT P F [ FC_JKJ!F7e�MK?�OZ?�V IZ\ ?�EBTUF9J P C_JKJKFSC Ë C PLP F�J Y T9VX?BADe7?ZM PKI ADC \fP ? [ C_T9VNF]M!V Y F P ?��� CNM [ C_JKVXM.F]OZCNMKC PKI TUFaC Ë C PLP F7OZC \ EZ? \ ?DF \fP MK? [ ? PLP F [ C_FrÎ¦£�·�x{¸i¸U¹9·f¹�ºr»B�Qz_vy£^V!b�C [ CNOZ? \ ?\ C_VXC_J!J I M!F I ADC \fP C�� I MKC�M!F]�¡CNM!FUADC \fP ? IZ[dY�\�I JLe7C_VNF]`aV I M I eae�MKC_JLC \fPKIQs F]? \ C [ C_T¤VNF]M.V Y F P ?k�F \ e I M P FUVX?BT I MKCZR P M I	hfY C_TUT]C [ C_JKVXM!F PLP C \ C_T7e�MKC_VXC [ C \�P C�V I erF P ?BT]?fn.� �C_F;e I M I EZM I `�JLCNE Y C \fP F;OZCNMKM IZ\a\ ? P M IQPLPKIQP F [ F]OZCNM.JKF;AD? [ C_TUTUF [ F�E Y�I J P ?ÌV!b�C [ CX�JKVXM.F]OZ? \ ?DEBTUF9C Ë C PLP F [ FSA I T]� Y�\�s F]? \aI ADC \�P F7VNF]M.V Y F PKI TUFqR�VX? \ e I M P FUVX?BT I M!C IQPLP C \�s F]? \ C I TUT]CP C_V \ ?BTU?ZEBF]C;C I FSVNFUM!V Y F P F P F]eaFiVNF [ C_FSVNF]M!V Y F P FrÏcÐWÑ � �
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VX?ZMKMKC PLP ?�� Y�\�s F]? \aI ADC \�P ? [ F Y�\ VNFUM!V Y F P ? [ F]EBF PKI T]C � FUJL?ZE \�I¦[ FUJKe�?ZM!MKC [ F Y�\ F \ JKF]C_ADC [ FAD? [ C_TUTUF [ F7E Y�I J P ?	V.b�C�M I e�eaMKC_JLC \fP F9F \ A IZ\ F]CNM I FUT�eaFQ�Y e7?BJKJ!F � FUT]C1MKC I TUFUJ P FiV I FiT�VX?BA	e�?ZMK�PKI ADC \fP ?ÆF \a[ ? PLP ? \ C_T�VNFUM!V Y F P ? [aI�PKY�PLP F'F�e�?BJ!JKF � FUTiF�A I TU� Y�\�s F]? \�I ADC \fP F [ F P F]e7?�`aJ!FUVX?× ³ R § RuÖQØ}��É Y C_J P FqR�F \ EZC \ CNM I TUCZR�JL? \ ?­AD?BT P CNeaTiFUVNF�C [ F]e7C \�[ ? \ ? [�I TUT]C¦V I M IQPLP CNM!FUJ P FUV!b�C[ C_F [ F]OZCNM!JKF9eaMK?tVXC_J!JKF#VX?BJ P M Y�PLP F]O�F Y�P FUTiF sNs_IQP F \ C_TUT I VX?BJ P M Y�s FU? \ C [ C_F�VNF]M!V Y F P F}R IZ\ V!b�C^JLC¢GCe7?BJKJKF � FiT]C^F [ C \�P F]`rV I MKC Ya\�I JLCNM!F]C [ FuA I T]� Y�\�s FU? \�I ADC \fP FWVX?BA Y�\ F I�[ FUOZCNM!JLC P C_V \ ?BT]?ZEBF]Ck � F]e7?BT I M!F}R Â �;Ñ�Rr> Â �;Ñ�R�Ù¤F�> Â �;Ñan.�Ú M I¦htY C_J P FSADCNM.F PKIZ\ ?�A	C \�s F]? \ CZÛ@T I e�MKC_JKC \�s_I F \a[ C_JKF [ CNM IQPKID[ FSA IQP CNM!F I T]C�VX? \�[�Y�P �P F]OZ?¥k�ADC PKI TUT]?�R�e7?BTUFUJ!FUTUFUVNF]?�RBJ!FUTUFUVNF Y M!F7�]�]�Ün%V!b�CcVX? \a\ C PLP C P M I T]?ZMK? \ ? [ F I T P M!FiADC \�P F�FUJL?BT IQP FqR?Ze�e Y M!C;Tqp±F \fP CNMKM Y�s F]? \ C [ F Ya\�I F \fP CNM!VX? \�\ C_JKJ!F]? \ C [ ?�O Y�PKI	I TiT I A IZ\ V IZ\�s_I¢[ F9A IQP CNM!F I TUCVX? \�[�Y�PLP FUOZ?�R#T]C�e�CNM!��?ZM IQs FU? \ F [ C_TUTqp�?BJKJ!F [ ? [ F�FUJK?BT I ADC \fP ? \ C_F [ FUJLe7?BJKF P FUOtF9C P M I TUC�TUF \ CNC[ F9F \fP CNM!VX? \�\ C_J!JKF]? \ C × ¾ RaÝ�R ½ Ø}�� VX?BA	e�?ZM PKI ADC \�P FtC_T]C PLP M.FUVNFfV Y F htY C_J P FtA I T]� Y�\�s FU? \�I ADC \fP F [�IZ\a\ ?�T Y ?ZEZ? [ F]e7C \�[ ? \ ?[�I TUT I%P C_V \ ?BT]?ZEBF I C [aI TUT]?DJLe7C_VNF]`aVX? P F]e7? [ F9VNF]M.V Y F P ?DF \ V Y FSFiT7E Y�I J P ?�GC;eaMKC_JLC \fP CZ�� F^VX? \ JLCNE Y C \�s_I R^e�CNM�e7? P CNM�M I eae�MKC_JLC \fPKI MKCÍF \ A IZ\ F]CNM I VX?BADeaT]C PKI T]CÍe7?BJKJ!F � FUTUFVX? \�[ F s FU? \ F [ F�A I TU� Y�\�s F]? \�I ADC \fP ?�R [ ?�OtM IZ\�\ ?�C_JKJKCNMKC�VX? \ JKF [ CNM IQP F [ F]OZCNM!JKF@AD? [ C_TUTUF [ FE Y�I J P ?�R [ F]e7C \�[ C \fP C_ADC \fP C [�I T�ADC_VNV IZ\ FUJKA	?¢`aJKFiVX?	V!b�C [ C_JKVXM!FUOZ? \ ?�R [�I TiT I%P C_V \ ?BT]?ZEBF I R[�I TUTqp±FiADeaT]C_ADC \fPKIQs F]? \ C5C [�I TiT I � Y�\�s F]? \�I TUF P GI%[ C_T9VNFUM!V Y F P ?��� p I T P M I e I M P CZR�T I EZM IZ\a[ C�VX?BADerT]C_JKJKF P �I�[ CNEBTUF�? [ F]CNM \ F-VNFUM!V Y F P F [ F]EBF PKI TUF-F \�P CNEZM IQP FFUADe7? \ C [ F-VX? \ JKF [ CNM I M!C¥AD? [ C_TUTUF [ F¤E Y�I J P ?jJLC_ADeaTiFUVNF@CZR \aIQPKY M I TUADC \fP CZR�VX?BADe IQP F � FUTUFVX? \ F,JKFUA Y T IQP ?ZM.F¤k�Ç���»Z¸}v¤zK¹iÎ¦»Z¸���vy£o�{n \ C_VXC_JKJ I M!F�e�CNM [ C_J!VXM!F]OZCNMKC	FUTuVX?BADe7?ZM PKI A	C \�P ? [ C_TVNF]M!V Y F P ?	F \ e�MKC_JLC \�s_ID[ F7E Y�I J P Fq�ÐSC [�Y C�C_JKFUEZC \�s C�F \�[ FUOtF [aY�IQP C�F \ e�MKC_VXC [ C \�s_I R5F \ EZC \ CNM I TUC [ C \ ?BA	F \�IQP C­Þ I VNV Y �M IQP C sNs_I Þ^C-Þ P M IQPLPKIQ� FUTUF P �I Þ × ÖoØrJL? \ ?��¡M I T]?ZM!?cVX? \fP M I J PKIZ\fP Fqß�C [ C ��� ? \ ?cC_JKJKCNMKC1VX? \ VNFUTiF IQP CVX? \¥Y�\�I O�FUJKFU? \ C [ F P FUe�?%EZCNM I M.V!b�FUVX? [ C_T9VNF]M!V Y F P ?�R�F \ V Y F I VNF I JKV Y�\ TUFUOZC_TUT]? [ C_JKVXM!F PLP FUOZ?k�JLà1F P V.b9RSE IQP C	C � C_b I OtFU?ZM I T�n1OZC \ EZ? \ ?�VX? \ JKF [ CNM IQP F,A	? [ C_TiTUF IZ[ CNE Y�IQP Fq�D¼�T,A	?BADC \�P ?�RT I M!FUVXCNM.V I F \DhfY C_J P ?;JLC PLP ?ZMKC��C-?ZM!FUC \�PKIQPKI J!F I OZCNM!JL?�T]?�JLO�FUT Y e�e7? [ F \tY ?�O�F�C�eaFQ�Y%I VNV Y M IQP FAD? [ C_TUTUF [ FuE YaI J P ?jk \ C_VXC_J!J I M!FqR IZ[ C_JLC_ADerF]?�R#e7CNM�F�VNFUM!V Y F P F'> Â �;Ñ�n.R�JKF I OZCNM!JL? \fY ?�O�FI T]EZ?ZM!F P A¢F [ FSJ!FUA Y T IQs F]? \ C;F \ EZM IZ[ ? [ F P M IQPLPKI MKC%F \ A IZ\ F]CNM I C Ê VNF]C \fP C^T I VX?BADeaT]C_JKJ!F P �I[ C_FSVNF]M.V Y F P F7JL? PLP ? [ F]OZCNM!JLC;VX? \�[ F s F]? \ F [ F9A I TU� Y�\�s F]? \�I ADC \fP ?��Ð�p�C_J!F]EZC \�s_I Þ P M IQPLPKIQ� FiTUF P �I Þ�FUADe7? \ CÆF]e7? P C_JKF I T hfYaIZ\�P ?�MKC_J P M.F PLP F]OZCmJ Y F5AD? [ C_TUTUF [ FE Y�I J P ?¥V.b�CDOZC \ EZ? \ ?¥VX? \ J!F [ CNM IQP F \ C_TUT I JKFUA Y T IQs FU? \ CZÛ IZ[ C_JLC_ADerF]?�RuGC	VX?BA Y�\ C%FiT�V I JL?F \ V Y F�J!F�F]e7? P F sNs_I V!b�C \ C_T�VNF]M.V Y F P ?¢e7?BJKJ I C_JKJKCNMKC^eaMKC_JLC \fP C Ya\ JL?BTU?�E Y�I J P ? I TiT I OZ?BT PKIk�F]e7? P C_JKF [ F�E Y�I J P FuJKF \ EZ?BTiF�n¤CDV!b�CDC_JKJL?�JKF I¦[ F P F]e7?�e7CNM!A IZ\ C \�P CZ�^É Y C_J P CDF]e7? P C_JKF \ ? \JL? \ ?�R7F \ EZC \ CNM I T]CZRrAD?BT P ?¢MKC I TUFiJ P FUV!b�CZRaF \¥htY�IZ\fP ?�R�JLe7C_VNF]C \ C_FSVNF]M!V Y F P F IZ[�I T PKI¢[ C \ J!F P �I[ FWF \�P CNEZM IQs F]? \ CZR��CDAD?BT P ?¦e�MK? �aIQ� FiT]C�T I e�MKC_JLC \�s_I¦[ F�E Y�I J P FuA Y T P F]eaTiFqR�C�F \ V I JKFWe I M P F²�VX?BT I M!FqR IZ\ V!b�C [ F P F]e7?�F \�P CNM.A	F PLP C \fP CZ�^á Y�PLPKI O�F I C_JKJLCDJLCNM!OZ? \ ?�e7CNMcVX? \fP C \ CNMKC	F P C_ADerF[ F9JKFUA Y T IQs FU? \ CcC \�P MK?�TUFUA	F P F I VNVXC PLPKIQ� FiTUFq�¼ htY C_J P ?5e Y�\fP ?�RBJKFfe7? \ C�FUTfe�MK? � T]C_A I1[ C_TUTqp�? PLP C \ FUA	C \�P ? [ F Y�\��rY ? \ VX?BA	e�MK?BADC_JKJK?P M I T I O I M!F]C P GI�[ C_F,e7?BJKJKF � FiTUFSA I T]� Y�\�s FU? \�I ADC \fP F,V!b�C	F \fP C \�[ C P M IQPLPKI MKCÆk¡?oOfOZCNMK?ÆFUT \tY �ADCNMK? [ C_F'AD? [ C_TUTiF [ F,E Y�I J P ?mV!b�C�JKF�VX? \ JKF [ CNM IZ\ ?fn5C [ FUT P C_ADe7?�k�VNF]?�GC�FUT�VX?BJ P ?fn [ C_TiT]C
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I1  

I2  

I3  

I4  

G1  

G2  

G3   

W1 

W2  

OUT 

Ú F]E Y M I ³ � ¾ Û ° JLC_ADeaF]? [ F7JLC_A	eaTUFUVXCcVNF]M!V Y F P ?�VX?BA � F \�IQP ?ZM.F]? Y�P FUTUF sNs_IQP ?�e7CNM I TUV Y�\ F [ CNEBTiFC_JLC_ADeaF [ F hfY C_J P ?¢V I eaF P ?BTU?��

VNT I JKJLC TUF \ C I E Y�I J P ?³ �sr5á J PKY V�t�� IQP � ³
u ³ J PKY V�t�� IQP � Á
u § J PKY V�t�� IQP � Á� ³ J PKY V�t�� IQP � Á� § J PKY V�t�� IQP � Á

§ �sr5á J PKY V�t�� IQP � ÁÖ u ³ J PKY V�t�� IQP � ³
¾ u § J PKY V�t�� IQP � ³� Ö J PKY V�t�� IQP � ³� ¾ J PKY V�t�� IQP � ³Ý � ³ J PKY V�t�� IQP � ³
½ � § J PKY V�t�� IQP � ³
q � Ö J PKY V�t�� IQP � Á
v � ¾ J PKY V�t�� IQP � Á

á IQ� C_TiT I ³ � ³ Û¤>¤T I J!JKF [ F7E Y�I J P F#C hfY FUO I T]C \fP F \ C_T9VNF]M.V Y F P ? [ F Ú F]E�� ³ � ¾ �

>@? \ J!F [ CNM IZ\�[ ?5JLC_A	e�MKC-FUT�VNF]M!V Y F P ? [ F Ú FUE�� ³ � ¾ VX?BADC-C_JLC_A	eaF]?�RBJKF�e Y G?5?BJ!JLCNMKO I MKC1V!b�CFUT9E Y�I J P ?xw � ³ J PKY VAtf� IQP � ³ Þ [ ?BA	F \�I w u ³ J PKY VAtf� IQP � ³ Þ�C%�-r�áywLJ PKY VAtf� IQP � Á Þ�ß#F \ � IQPLP FqRrFOZC PLP ?ZM!F [ F P C_J P V.b�C�M!F]OZC_T IZ\ ?�FUTte�M!FUAD?�E Y�I J P ?�JK? \ ?�F \ EZM IZ[ ? [ FtM!F]OZC_T I MKC IZ\ V!b�C�EBTUF I T P M.FqRA I�\ ? \ O�FUVXCNOZCNM!J I k¡OZC [ F�á IQ� � ³ � § n.��Ð I TUFUJ PKI VX?BA	eaT]C PKI�[ C_TUT]C-VNT I J!JKF [ F [ ?BA	F \�IZ\�s_I e7CNM



v ´Zµ�¶ £�·�x{¸U¸U¹�·f¹�ºr»B�Qz�vy£

A

B

(A.B)’

(A’+B)

(A.B)’

A

Ú F]E Y M I ³ � ÝtÛ ° JLC_A	eaF]? [ F7MKC P C;M.F [ ? \�[�IZ\fP C [�IDY�\ e Ya\�P ? [ F7O�FUJ PKI TU?ZEBFUVX?�k�VX?BADC�J!F7e Y G?OZC [ CNM!C [�I TUT]CDC_JKe�MKC_JKJKFU? \ FWMKC_T IQP F]OZC I VNF I JKV Y�\ JKCNE \�I T]Con�F \ V Y F�T I TiF \ C I�[ F�F \ EZMKC_JKJL?z�\ ? \ GCDA I FW?BJKJLCNMKO IQ� FUTUC^F \ÆY JKVNF PKI C hfY F \�[ F htY�I TUJ!F I JKFSE YaI J P ? [ F P FUe�?�z_vK»t÷üø�|q��v}|üùXú ´ J Y[ F7C_J!J I	\ ? \ GC;M.F]OZC_T IQ� FUTUCZ�
htY C_J P ?mVNF]M!V Y F P ?�GC�M!F]e7?ZM PKIQPKI F \ á IQ� � ³ � Öt�� �C_TUTqp�C_J I A¢F \�I M!T I R,JKF P C \ E I e�M!C_JLC \�P C�V.b�CZR[ FUOZCNM!J I ADC \fP C [�I T9V I JL? [ C_TUT]C�VNT I JKJKF [ F7C hfY FUO I T]C \�s_I R Ya\ E Y�I J P ?	e Y G?DC_JKJLCNMKC [ ?BA¢F \�IQP ?[�I erFLGY�[ F Y�\�I T P M!?DC;e7CNM PKIZ\�P ?¢e Y G?	VX?BADe I M.F]MKC�F \ eaFKGY¦[ F Y�\�I VNT I JKJKC [ F [ ?BA	F \�IZ\�s_I �

r \�Y T P FiAD?^eaMK? � T]C_A I%[�I%IZ\�I TiF sNs_I MKC	GC [�IQP ? [�I E YaI J P F [ F P F]e7?%z_vK»t÷Hø�|q��v \ ? \ M!F]OZCX�T IQ� FUTUFqÛ htY C_J P ? I VNV IZ[ CDF \ eaMKC_JLC \�s_I¦[ FSM.F [ ? \�[�IZ\�s C;T]?ZEBFUV!b�C \ C_T�VNF]M!V Y F P ?�RrV!b�C^MKC \a[ ? \ ?\ ? \gIQPLPKY�IQ� FUTUF�TUC¥VX? \�[ F s F]? \ F [ F IQPLP F]O IQs F]? \ Cjk IZ[ C_JLC_ADeaFU?�T I TUF \ C I JKC [ C [ C_T�E YaI J P ?e Y G? \ ? \ C_JKJLCNM!C1VX? \�P M!?BTUT IQ� FUTUC I T�O I T]?ZM!C-?Ze�e7?BJ P ? I;htY C_TUTU? [ C_T�E Y�I J P ?fn,?;e�MK?Ze I E IQs FU? \ Ck�T I TUF \ C I JKC [ C [ C_T�E Y�I J P ?�e Y G? \ ? \ C_JKJKCNMKC¦A I F�?BJKJLCNM!O IQ� FiT]C¢F \�Y JKVNF PKI n.� � \ Ú F]E�� ³ � ÝGC%M!F]e7?ZM PKIQP ? Y�\ C_JLC_ADeaF]? [ F�MKC P C%M!F [ ? \a[�IZ\�P C�V Y F I TUV Y�\ F#E Y�I J P F [ F P F]e7?�z_vK»�÷Hø�|q��v \ ? \JL? \ ?DM!F]OZC_T IQ� FiTUFq� �? \ ?BJ PKIZ\fP C hfY C_J P F#E YaI J P F \ ? \�I T P CNM!F \ ?�T]C^� Ya\�s F]? \ FSJKOZ?BT P C [aI T#VNF]M!V Y F P ?�RrVX?BJ P F PKY �FUJ!VX? \ ? Y E Y�I TUADC \fP C Y�\ e�MK? � TUC_A I F \¦htY�IZ\fP ?�Û I n@T]CcV IZY JLC�`aJ!FUV!b�C [ C_T�E Y�I J P ?De�?BJ!JL? \ ?VX?BA Y�\�htY C�e7?ZM PKI MKC I­Y�\�[ CNEZM IZ[ ? [ C_TUT}p IQÊ¢[�IQ� FUTiF P GI¥[ C_T¤VNF]M!V Y F P ?�ß � n^F \ e�M!C_JLC \�s_Im[ FJLC htY C \�s C [ F@E Y�I J P F;k¡E Y�I J P F-A Y T P F]erTUF�n5e7?BJKJL? \ ? [aI MKC�T Y ?ZEZ? I­\ ? P CNOZ?BTUF¤e�M!? � T]C_A	F [ FVX?BTUT IZY�[ ?�� � CNM PKIZ\fP ? hfY C_J P ? P F]e7? [ F7E Y�I J P F [ CNOZC�C_JKJLCNMKC P F]eaFUV I ADC \fP C�M!FUA	?BJKJKF [�Y M IZ\fP CT I J!F \�P C_J!F [ C_F9VNF]M!V Y F P Fq�
â9ã¡äuã�ä å­æ'ç7èoéBêcë�ìaí�éBê}î�ï|{�}D~��R�R~��Y�
Â ?BT P F,A I T]� Y�\�s FU? \�I ADC \fP F#C [ FU��C PLP F [ F P F]e7?¦`aJKFUVX? \ ? \ e7?BJKJK? \ ?�C_JKJLCNMKCDM I eae�MKC_JLC \fPKIQP FVX? \�Y�\ AD? [ C_TUTU? [ F P F]e7?%z_vK»t÷Hø�|q��v�ùXú ´ k Ú F]E�� ³ � ½ n × qtR�ÖoØ}� Ú M IDhfY C_J P FqR I JKJ Y AD? \ ?�e I M P F²�VX?BT I M!C1FUADe7?ZM PKIZ\�s_I�hfY C_TiTUF [ ?�O Y�P F I TiT I e�MKC_JKC \�s_I;[ F�VX? \a\ C_JKJKF]? \ F�F \�[ C_J!F [ CNM IQP C P M I TUF \ CNC\ ?ZM.A I TUADC \fP C	FUJL?BT IQP C�É Y C_J P ? P F]e7? [ FuE Y�I J P ?�RWJLe7C_JKJL?¥FUA	e�MK?Ze�M!F I ADC \�P C [ C \ ?BA¢F \�IQP ?VX?ZM P ?�VNF]M!V Y F P ?mk�z��r£o��vyn.RSA I eaFKGY e�MK?Ze�M.F I ADC \fP C \ ? P ?�VX? \ FUT P CNM!A	F \ C [ FG�Q�!¹q·Bº�¹U��º�Rre Y G?C_JKJKCNMKC [ ?oO Y�P ? I M I EBFU? \ F�`aJKFiV!b�C [ FUOZCNM!JLCZR hfYaI TUF�Tqp�C_T]C PLP MK?BA¢F]EZM IQs F]? \ C [ C_TUT]C¥ADC PKI TiTUF s �s_IQs F]? \ FqR'FUT [ FUJ I TUTUF \ C I A	C \�P ?Æ��M I A I JKV!b�CNM!C¥C [ CNOZC \�PKYaI TUF�e7CNMK�¡?ZM IQs F]? \ F [ C_TUTqp�?BJ!JKF [ ? [ F
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� ³ � § � Ö � ¾ E Y�I J P F9M!FUOZC_T IQP FÁ�³NÁ�³ � ³ J PKY VAtf� IQP � ³ R u ³ J PKY V�t�� IQP � ³ RS�sr5á J PKY V�t�� IQP � ÁÁ�³Z³NÁ Þ
Á�³Z³Z³ Þ
ÁZÁ�³Z³ u ³ J PKY VAtf� IQP � ³ R9�sr5á J PKY V�t�� IQP � Á

á IQ� C_TUT I ³ � § Û-Ï,C PLP ?ZM!F [ F�VX?BTUT IZY�[ ?¦V!b�C�M!F]OZC_T IZ\ ?¢E Y�I J P F I e�e I M P C \ C \fP F I�Y�\�I VNT I JKJLC [ F[ ?BA	F \aIZ\�s_ID\ C_T9VNF]M!V Y F P ? [ F Ú F]E�� ³ � ¾ �

VNT I JKJLC TUF \ C I E Y�I J P ?³ �sr5á J PKY V�t�� IQP � ³
u ³ J PKY V�t�� IQP � Á
u § J PKY V�t�� IQP � Á� ³ J PKY V�t�� IQP � Á� § J PKY V�t�� IQP � Á

§ ��� J PKY V�t�� IQP � ³� Ö J PKY V�t�� IQP � ³� ¾ J PKY V�t�� IQP � ³Ö � ³ J PKY V�t�� IQP � ³
�z� J PKY V�t�� IQP � ³
���7� J PKY V�t�� IQP � Á

¾ � § J PKY V�t�� IQP � ³
�z� J PKY V�t�� IQP � ³
���7� J PKY V�t�� IQP � ÁÝ � Ö J PKY V�t�� IQP � Á
��� J PKY V�t�� IQP � Á
���7� J PKY V�t�� IQP � ³

½ � ¾ J PKY V�t�� IQP � Á
��� J PKY V�t�� IQP � Á
���7� J PKY V�t�� IQP � ³

á IQ� C_TUT I ³ � ÖtÛ;>¤T I JKJ!F [ FWC htY F]O I T]C \�s_I C [ ?BA¢F \�IZ\�s_I¦\ C_TuVNF]M!V Y F P ? [ F Ú F]E�� ³ � ¾ � � E Y�I J P F[ ?BA	F \aIQP F9JL? \ ?	M!FUe�?ZM PKIQP F�F \ VX?ZM!JKF]OZ?��



³NÁ ´Zµ�¶ £�·�x{¸U¸U¹�·f¹�ºr»B�Qz�vy£
FUJK?BT I ADC \fP ? P M I ADC PKI TUTiF sNs_IQs F]? \ F [ F [ F]OZCNM!JKF9TUFUOZC_TUTUFq�

A 

B 

out 
break 

bridging 

Ú F]E Y M I ³ � ½ Û ° JLC_ADeaF]? [ FQºf��vyx'> Â �;Ñ;VX? \ E Y�I J P F \ ? \�[ C_JKVXM!F]O�F � FUTiF�ADC [ F IZ\�P C'FiTBAD? [ C_TUT]?z_vK»�÷Hø�|q��vw�c>@?BADC�JKFSOZC [ M©GI F \�hfY C_J PKI C \ C_TUT I JKC s F]? \ C^JKCNE Y C \�P CZR9Tqp±F \�P CNMKM Y�s F]? \ C [ F Y�\�IVX? \�\ C_JKJKF]? \ C¥k��Q�XxX�©ø�n [ GI T Y ?ZEZ? I�Ya\ VX?BA	e�?ZM PKI ADC \�P ? [ F P FUe�?�JLC htY C \�s F I T]C [ C_TWºf��vyxo�Ð I e�MKC_JLC \�s_I­[ F Y�\�I VX? \a\ C_JKJKF]? \ C¥F \�[ C_JKF [ CNM IQPKI �Q�!¹�·�º�¹U��ºme Y G?­� I MKC�JHG � V.b�C�Tqp Y JKVNF PKIJKFWe7?ZM P F I�Y�\ O I T]?ZMKC [ F P C \ JKF]? \ CDF \fP CNM!ADC [ FU? \ ? \ M I e�e�MKC_JKC \�PKIQ� FiT]C�VX? \ O I T]?ZM.F,T]?ZEBFUVNFJ PKIZ\a[�I M [ �
Ð I e7?BJKJKF � FUT]C�e�MKC_JLC \�s_I�[ FuE Y�I J P F [ C_T P F]e7?��Q�!¹q·Bº�¹U��º�O�F]C \ C IZ[ÍI OZCNMKC�FiADe7?ZM PKIZ\�s_IVXMKC_J!VXC \�P C�VX? \ Tqp IZY ADC \fP ? [ C_TUT I^[ C \ JKF P �I^[ FaF \�P CNEZM IQs FU? \ CZR�F \�htY�IZ\fP ?�TUC5JLC_A	e�MKC�A¢F \ ?ZM!F[ FiJ PKIZ\�s C¤��M I ADC PKI TiTUF sNs_IQs F]? \ F IZY A	C \�PKIZ\ ? \ ? P CNOZ?BTUADC \fP C1T I e�MK? �aIQ� FUTUF P �I�[ Ft��?ZM!A IQs F]? \ C[ F9VX? \a\ C_JKJKF]? \ F9F \�[ C_JKF [ CNM IQP C I TUTqp±F \fP CNM \ ? [ F9VNF]M.V Y F P Fq�Ð I e I M P FUVX?BT I M!F P �I�[ F htY C_J P ? P F]e7? [ FuE Y�I J P F��C htY C_TUT I�[ FuADC PLP CNMKC¦F \ VX? \R� F PLP ?�MKC P FV.b�CZR \ ?ZM!A I TUA	C \�P CZR�eaFUTU? P CNMKC ��� CNMK?�O I T]?ZM!F�T]?ZEBFUVNF [ FUOZCNM!JKF�k Ú F]E�� ½ n.Rte7CNM�V Y F�T]C [�Y CcTUF \ CNCVX?BF \ OZ?BT P C [�I TBE Y�I J P ?1OZC \ EZ? \ ? IZ[^I J!J Y ADCNMKC Y�\ O I T]?ZMKC�F \�P CNM!A	C [ F]?��¡M I-htY C_TUTUF I T P ?%k5�o�5nC �aI J!JL?�k5�o��n.R [ FUe�C \a[ C \�P C_A	C \�P C [�I T7M I e�e7?ZM P ? [ F9VX? \�[�Y�PLPKIZ\�s C;�¡M I T]C�MKC P FSVX? \a\ C_JKJLCZ�� \mI TUV Y�\ C P C_V \ ?BTU?ZEBF]CZR IZ[ C_JLC_ADeaFU?�F \ÆhtY C_TUTUC Â �;Ñ I M I e�e7?ZM P ?�R��C	JLC_ADe�M!C�FUTWO I T²�?ZMKC �aI J!JL? I eaMKCNO I TUCNMKCZR�e7?BFUV!b9GC�T]C�MKC P F [ Fu~�»Z¸i¸i|L»_~ V.b�C¥VX?BTUT]CNE IZ\ ?mTUC Y JKVNF P C [ C_F�ºf��vyxI TUT}p I TUFUADC \fPKIQs F]? \ C�JL? \ ?�ADC \ ?	VX? \�[�Y�PLP F]OZC [ F htY C_TUT]C [ F�~'»Z¸U¸i|H·�£Bý��9�É Y C_J PKI V I M IQPLP CNM.FUJ P FUV I O�F]C \ C [ C_JKVXM!F PLPKI	[aI TSAD? [ C_TUT]? [ F7E Y�I J P ? [ F P F]e7?�ý�¹]�Xx�·t|q�Q�7·k¡?Ze�e Y MKC�ý'¹]�{x�·t|}£o� \ C_TcV I JL?�?Ze�e7?BJ P ?�R�F \ V Y F�e�MKCNO I T]CmFUT�O I T]?ZM!C I T P ?fn�V.b�C­VX? \ JLC \fP C[ F [ C P CNM.A	F \�I MKC�JLC \�s_I­I A � F]E Y F P GI FiT�M.FUJ Y T PKIQP ? [ C_T�VX? \R� F PLP ?­T]?ZEBFUVX?me�MK?oOZ?tV IQP ? [�I TUT Ie�M!C_JLC \�s_ID[ C_T9E YaI J P ?�k Ú F]E�� ³ �@qZn × v R��tR ³NÁ Ø}�� CNM htY C_J P ? A	? P F]OZ? FUT5E Y�I J P ?de Y G?jC_J!JLCNMKC P M IQPLPKIQP ? I T�TUF]OZC_TUT]?jT]?ZEBFUVX?�R�F \ AD? [ ?IZ\�I TU?ZEZ? I TSV I JL? [ CNEBTUF9z_vK»t÷üø�|q��vw� �C_F'VNFUM!V Y F P F'> Â �;Ñ�R9O�FUVXCNOZCNM!J I RWT]C�VX? \�[�Y�PLPKIZ\�s C [ C_TUT]CDM!C P F [ F#~�»B¸U¸i|L»_~�C [ F�~�»Z¸U¸i|·�£Bý��¥JL? \ ?¢VX?BADe I M IQ� FUTUF7CZRae7?BFUV.b7GC�FUT7O I T]?ZMKC [ F P C \ JKF]? \ C;V Y FSJKF9e7?ZM PKIZ\ ?¢T]C;TUF \ CNC;VX? \ �\ C_J!JLC [�I T=�Z�!¹�·Bº�¹U��º [ F]e7C \�[ C [�I TSM I eae�?ZM P ?D��M I T]C�T]?ZMK?�VX? \�[�Y�PLPKIZ\�s CZR hfY C_J P ? \ ? \ e Y G?C_JKJKCNMKC [ C P CNM!A¢F \�IQP ? I e�M.F]?ZM!F,k Ú F]E�� ³ � v n × ³Z³ R ³ § R ³ Ö�R ³ ¾ R ³ ÝoØ}�
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fault-free wired-and wired-or  

Ú F]E Y M I ³ �@qfÛ,Ï I T]?ZM!F I JKJ Y�\fP F [�I^[�Y C5TUF \ CNC [ F Y JKVNF PKI�[ F�ºf��vyx�VX?ZM P ?�VNF]M!V Y F PKIQP C5JKC_VX? \�[ ?%FUTAD? [ C_TUT]? [ FWE Y�I J P ? [ C_T P F]e7?�ý�¹U�{x�·t|q�Q�7·Bút£o��VX? \ �¡MK? \fPKIQP F,VX? \­hfY C_TUTUFSeaMKC_JLC \fP F \ C_TuV I JL?e�M!F]OZ? [ F7E Y�I J P F'k¡� IZY T P �}�¡MKCNCon.�
� CNM;E Y�I J P F [ C_T P F]e7?��Q�!¹�·�º�¹U��º�T]CDVX? \�[ F s F]? \ F [ F IQPLP F]O IQs FU? \ C%C�eaMK?Ze I E IQs F]? \ C	VX? \ �JKFUJ P ? \ ?�M!FiJLe7C PLP F]O I A	C \�P C \ C_T#eaFiT]? PKI MKC^TUC^TUF \ CNC�VX?ZM P ?�VNF]M!V Y F PKIQP C I O I T]?ZM.F#T]?ZEBFUVNF [ F]OZCNM.JKFC \ C_T�e�MK?Ze I E I MKC¢OZCNM!JL?�T]C Y JKVNF P C [ C_T�VNF]M!V Y F P ?¥FUTuO I TU?ZMKC¢T]?ZEBFUVX? [ C_TUT I TUF \ C I V!b�C���M I T]C[�Y C;b IDYa\ V I A � F I ADC \fP ? [ F9J PKIQP ?¦VX?BADC�VX? \ JLCNE Y C \�s_I¢[ C_T7E YaI J P ?��� F]OZCNM!J I A	C \�P C [�I F�V I JKF7F \ V Y F�JKF�e Y G? Y�P FUTUF sNs_I MKC5FUT�AD? [ C_TUT]? [ F P F]e7?�ý'¹]�{x�·t|q�Q�7·�út£o�_R\ C_F9VNF]M!V Y F P F7> Â �;Ñ7Rte7CNM [ C P CNM!A¢F \�I MKC htY�I T]C [ C_TUT]CcTUF \ CNC5VX? \�\ C_JKJLC [�I T7E Y�I J P ?	V I A � F I[ F@J PKIQP ?mM!FUJLe7C PLP ? I T@V I JL?­VX?ZMKMKC PLP ?�R1GC \ C_VXC_JKJ I M!F]?mVX? \ ?BJKVXCNM!C�T I e7?BJKF s F]? \ C [ C_F'O I T]?ZM.F[ F P C \ JKF]? \ C�F \�P CNM.ADC [ F I J!J Y�\fP F [�I¢PKI TUF#TUF \ CNC��Q�!¹q·Bº�¹U��º	M!FiJLe7C PLP ? I TUT I JL?ZEBTUF I T]?ZEBFUV I¢[ C_FM!FUJLe7C PLP F]O�Frºf��vyx [ F9Ç��Q�a|}£�»�v�k5� ��� n.�� \ � IQPLP F}R©FUTBE Y�I J P ?^GC�M!F]OZC_T IQ� FUT]C,JL?BT I ADC \fP C�JKC Y�\�I�[ C_TUT]C [�Y C�TUF \ CNC [ F�JLCNE \�I T]C�k�V.b�F I M I �ADC \fP CZR htY C_TUT I eaFUTU? PKIQPKI¦[aI TUT I MKC P C	ADC \ ?¥VX? \a[�Y�PLP F]O I n5JKFWe7?ZM PKI�[�I TUT I e I M P CD?Zeae�?BJ PKI[ F�� ��� M!FUJKe�C PLP ? I T'J Y ?�O I TU?ZMKC¢e�M.F]OZ? [ F'E Y�I J P Fq��ÑtC PKI T]C¦TiF \ C I GC¦?BJKJLCNMKO IQ� FUT]CZRWFUT�J Y ?O I TU?ZMKC [ F P C \ J!F]? \ C1F \fP CNM!ADC [ F]?cOZCNMKM©GI�\ ?ZM!A I TUF sNs_IQP ? I;Y�\ O I T]?ZMKC1T]?ZEBFiVX?;CNMKM IQP ? [ ?Ze7?;T Ie�MK?Ze I E IQs FU? \ C IQPLP M I OZCNM!JL?¦e�?�V!baF7ºf��vyx	k I V IZY J I¢[ C_TiTqp I T P ?%E Y�IZ[�I E \ ? [ C_F�ºf��vyx�> Â ��Ñ�n[�IZ\�[ ?�VX?BJHG � T Y ?ZEZ? IÍYa\ CNMKMK?ZMKC�T]?ZEBFUVX?ÍJ Y TUT]C Y JKVNF P C [ C_T1VNF]M.V Y F P ?gk¡OZC [ F1C_JLC_ADeaF]? [ FÚ F]E�� ³ �$�Bn.�  IQPKY M I TUADC \fP CZR IZ\ V.b�C \ C_T7V I JL? [ C_FI�Q�.¹�·Bº�¹U��º�e7?BJKJL? \ ?%C_JKFUJ P CNMKCcE Y�I J P F \ ? \ M!FUOZC_T I �� FUTUF�VNFHG? I VNV IZ[ C IZ[ C_JLC_ADerF]?�JLCDT I TiF \ C I V!b�C	V I A � F I�[ FWJ PKIQP ? \ ? \ GC	A I FW?BJKJLCNM!O IQ� FiT]C\ C_TUT]C�VX? \�[ F s F]? \ F9F \ V Y F9FUT7E Y�I J P ?�GC IQPLP F]O IQP ?mk¡OZC [ F Ú F]E�� ³ � ³NÁ n.��5e�e Y MKCZR \ C_TaV I JL?^F \ V Y F�FUT�O I T]?ZMKC [ F�MKC_JKFiJ P C \�s_I;[ C_Tk�Q�!¹�·Bº�¹i��º \ ? \ JKF I;P M I JKV Y M IQ� FUT]CM!FUJLe7C PLP ? I TUT]CcVX? \�[�Y�PLPKIZ\�s C [ F Y JKVNF PKI%[ C_Frºf��vyxo� � \¦PKI TUF7VX? \�[ F s FU? \ FqR�F \ � IQPLP FqR�GCce7?BJKJKF � FUT]CV!b�C I V IZY J I�[ C_TUT I V IZ[�Y�PKI1[ F P C \ JKF]? \ C@J Y TUT I MKC_JKFUJ P C \�s_I1[ C_TY�Q�!¹�·Bº�¹i��º�R�C \fP M I A � C@T]C'TUF \ CNCM!FUA IZ\ E IZ\ ? [�I TUT I J P C_J!J I e I M P C [ C_TUT I JL?ZEBTUF I T]?ZEBFUV I M!FiJLe7C PLP ? I T#T]?ZMK?DO I T]?ZMKC�VX?ZMKM!C PLP ?��� CNM htY C_TUT]?mV!b�C�M.F]E Y�I M [�ImhtY C_J P p Y T P FUAD?Æe�MK? � T]C_A I R�GC¥FUADe7?ZM PKIZ\fP C \ ? PKI MKC¥V!b�C�T Ie�MKC_JLC \�s_I¦[ F��Q�.¹�·Bº�¹U��º¦VX? \ O I T]?ZM!F [ F�MKC_JKFUJ P C \�s_I�\ ? \�P M I JKV Y M IQ� FiTUF'GCDJ PKIQPKI M!FiJKVX? \�P M IQPKI
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Ú F]E Y M I ³ � v Û ° JLC_ADeaF]? [ F¤E Y�I J P ? [ C_T P F]e7?�VX?ZM P ?�VNF]M!V Y F P ?�F1V Y F�C Ë C PLP F \ ? \ e�?BJ!JL? \ ?C_JKJKCNMKC	M I e�eaMKC_JLC \fPKIQP F'ADC [ F IZ\�P C¢FiT�AD? [ C_TUT]? [ F P FUe�?�ý'¹]�{x�·t|q�Q�7·�út£o�_�¢Ð I JL?ZEBTUF I TU?ZEBFUV I[ C_FSºf��vyx [ F#Ç��Q�a|}£�»�v [ F�� � C �Mg¢GC � �¡� ß9F \ ?BT P MKCZR7JKF#VX? \ J!F [ CNM!F�T I MKC_J!FUJ P C \�s_I¦[ C_T#VX?ZM P ?P M I J!V Y M IQ� FUTUC,M!FUJLe7C PLP ? I�hfY C_TiT I�[ C_F P M IZ\ JKFUJ P ?ZM.F I VNVXC_JKFqß�F \fY A	CNM!F I ` IZ\ VX? [ C_F P M IZ\ JKFiJ P ?ZM!FF \a[ FUV IZ\ ?¦F#MKC_T IQP F]OtF�O I T]?ZM!F [ FWVX? \�[�Y�PLPKIZ\�s_I�\ ?ZM.A I TUF sNs_IQPKI �� �C_TUT I�PKIQ� C_TUT I JL? \ ?¦M!F]e7?ZML�PKIQP FqR�M.FUJLe7C PLP F]O I ADC \�P CZR�F�O I TU?ZM!F [ F
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Ú F]E Y M I ³ � ³NÁ Û ° JKC_ADeaF]? [ FZE Y�I J P ? [ F P F]e7?Q�Z�!¹�·Bº�¹U��º \ ? \ M!F]OZC_T IQ� FUT]CZ� � TZE Y�I J P ?^GC IQPLP F]O IQP ?JLC�Tqp Y JKVNF PKID[ C_F [�Y C; �¼5  � JK? \ ? [ F]OZCNM.JLCZÛ�F \�htY C_J P C�VX? \�[ F s F]? \ F \ C_T9VNF]M.V Y F P ?De�M!FUOZ? [ FE Y�I J P F5Tqp Y JKVNF PKIÍ[ C_T� c�s¤ k ÿ lrn	O I TUC Á �ûÑtCÆJKF-� I T}p±F]e7? P C_JKF1V.b�C�T]C�MKC P F [ F'~�»Z¸i¸i|L»_~JKF IZ\ ?	JKC_ADe�MKCceaFKGY VX? \�[aY�PLP F]OZC [ F htY C_TUT]C [ F�~�»Z¸i¸i|H·�£Zý'��F \ AD? [ ?	V.b�C�e�MKCNO I T]E I JLC_ADeaMKCY�\ O I TU?ZMKC [ F P C \ JKF]? \ C I T P ? k¡?�OtOZCNMK? I T [ F@JL?Ze�M IÆ[ C_TUT I JK?ZEBTUF I T]?ZEBFUV I n.R I TiT]?ZM ImIZ\ V!b�CF \ e�MKC_JLC \�s_I¦[ C_T�E YaI J P ?¥Tqp Y JKVNF PKI¢ÿ lmM!FUA IZ\ C I�Y�\ O I T]?ZMKC �aI JKJL?�RSF \�[ FUJ P F \ E Y F � FiT]C [aIhfY C_TUT]?DVX?ZMKMKC PLP ?��
JLe7CNM!FUADC \fPKI TUADC \fP C-VX? \¢Ya\�I�[ FUJ P M.F �aY�s F]? \ C [ F�eaMK? �aIQ� FUTiF P GI e7CNM'TUC�MKC_JKFUJ P C \�s C [ C_F�E Y�I J P FV!b�C�O ID[�I O I T]?ZM!F P M I JKV Y M IQ� FUTUF IDhfYaI TUV!b�CC¥R¦ × ³ ¾ ØSC�VX?BJ P F PKY FUJKVXC Y�\ e�M!? � T]C_A I V!b�C \ ? \e Y G?DC_JKJKCNMKC P M I JKV Y M IQP ? \ C_TUT I A	? [ C_TiTUFUJ P FUV I C�JKFiA Y T IQs F]? \ C [ F7E Y�I J P ?��� \ e I M P FiVX?BT I MKCZR�Fk�Q�!¹q·Bº�¹U��º;JL? \ ?^E Y�I J P FrV!b�C5VX?BF \ OZ?BTUEZ? \ ? Ya\ O I T]?ZMKC1VX? \fP F \tY ? [ C_TiT IMKC_JKFUJ P C \�s_I C�JK? \ ?�Rae7CNM PKIZ\fP ?�R [ C PLP F [ F P F]e7?�~S�©�{�QÎ�x©v��!¹�÷{£f� � CNM1E Y�I J P F [ F htY C_J P ? P F]e7?�RT I M!F]OZC_T IQ� FUTUF P GI ?¢ADC \ ? [ F]e7C \�[ C [�I T9O I T]?ZMKC I JKJ Y�\�P ? [�I%PKI T]C;e I M I ADC P MK?��� CNM�J PKYa[ F I MKC,T I M!FUOZC_T IQ� FUTUF P GI�[ F Ya\ �Q�!¹�·Bº�¹i��º�R_J I MKC ��� Cue7CNM PKIZ\fP ? \ C_VXC_JKJ I M.F]?1VX? \ ?BJKVXCNM!CFUT¤O I T]?ZMKC [ F PKI TUC¥MKC_JKFUJ P C \�s_I R�e7CNM I T P M!? \ ? \d[ C P CNM!A¢F \ FUJ P FiV I ADC \�P C \ ? P ?�k�F \ htY�IZ\fP ?
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Ú F]E Y M I ³ � ³Z³ Û ¼ \�[aI ADC \�P ? [ C_TUT IÌP C \ JKFU? \ C [ F Y JKVNF PKI�[ F Ya\ ºf��vyx�F \ e�MKC_JKC \�s_I [ FY�\ �Z�!¹�·Bº�¹U��º�F \ � Y�\�s FU? \ C [ C_TUT I MKC_JKFiJ P C \�s_I [ C_T�E YaI J P ?�� >@?BA	C JKF�e Y G? OZC [ CNMKCZR\ C_TiTqp±F \fP CNMKO I TiT]? × Á nA§L¨ª© ØyR�T I^P C \ JKF]? \ C [ F Y J!VNF PKI M.FUA IZ\ C [�I TUT I e I M P Cc?Ze�e7?BJ PKI%[ C_T�O I T]?ZMKCVX?ZMKM!C PLP ?�e7CNM!ADC PLP C \�[ ? [ F@M!FUOZC_T I MKC�FUT@E Y�I J P ?�� � CNM	O I TU?ZM!F [ F@MKC_JKFUJ P C \�s_I J Y e7CNM!F]?ZM!F IhtY C_J P ?¢FiTrO I T]?ZMKC [ F P C \ JKF]? \ C [ F ÿ�� O�F]C \ Cce�MK?Ze I E IQP ?¦VX?BADC Y�\ O I T]?ZM!C;VX?ZMKMKC PLP ?��
[ FUe�C \a[ C \�P C�JKF I;[�I TUT]C�AD? [aI TUF P GI�[ F�E YaI J P ?�V.b�C [aI Ta¸i�?«�£�»�v [ C_TrVNF]M!V Y F P ?fn.R�C [ F]OZC \�PKI FUA%�e7?ZM PKIZ\fP C [ C P CNM!A	F \�I MKC Y�\ O I T]?ZMKC [ F9JL?ZEBTUF I e7CNM PKI T]C�e I M I ADC P MK? I T [ F�JK? PLP ? [ C_T htY�I T]CFUT7E YaI J P ? [ GI T Y ?ZEZ? IDY�\ CNMKM!?ZMKC;T]?ZEBFUVX?�k Ú F]E�� ³ � ³Z³ n.�

r \�I OZ?BT PKI�\ ? P C PKI TiF�JL?ZEBTUF]C¢C¢T I¥[ FiJ P M!F �aY�s F]? \ C [ C_F,O I TU?ZM!F [ F,M!C_JKFUJ P C \�s_I R [ F]OZC \fPKIe7?BJKJKF � FUT]C [ C P CNM!A	F \�I M!C�F \ AD? [ ?�J PKIQP FUJ P FUVX?�T I VX?Ze�CNM PKY M I�[ FWE Y�I J P F-k¡?�ADCNEBTUFU?�RSFUTuJ Y ?O I T]?ZMKC IQPLP C_JL?fn.�� p I T P M I e I M P CZR�?�VNVX?ZMKMKC�M!FUVX?ZM [�I MKC^VX?BA	C \ ? \ ?BJ PKIZ\fP C I TiV Y�\ F [ F htY C_J P F�E Y�I J P F \ ? \JKF IZ\ ?DM!F]OZC_T IQ� FUTUFqR [�I	Y�\ e Ya\�P ? [ F7OtFUJ PKI T]?ZEBFUVX?�RaT I T]?ZMK?De�MKC_JKC \�s_I e Y G? I T P CNM I MKC�VX? \ J!FUJw�P C \fP C_ADC \fP C�TUC¢e�MKC_J PKIQs F]? \ F [ F \�I A	FUV.b�C [ C_TiT I e I M P C [ F�VNF]M!V Y F P ? I©Ë C PLPKI­[�I T'E Y�I J P ?ÆChtY F \�[ FqR [ F]e7C \�[ C \fP C_ADC \fP C [�I TUT I �¡MKC htY C \�s_I�[ Fu÷!¸�£�÷Hø I V Y F9?Ze7CNM I FUTSVNF]M!V Y F P ?�RaVNFHG?�e Y G?[�I M!C;T Y ?ZEZ?D?¢ADC \ ? I CNMKMK?ZM!F [ F9V I ADeaF]? \aI ADC \�P ? [�I e I M P C [ C_FV¬a¹ ~S|­¬�£X~ × ³ ¾ Ø}�� \ � IQPLP FqR�JKF9VX? \ J!F [ CNM!F Y�\aI^P M IZ\ JKF s F]? \ C;J Y�Y�\�I TUF \ C I%I©Ë C PLPKI�[�I	Y�\ �Q�.¹�·Bº�¹U��ºDV!b�C�JKFe�M!?Ze I E I�I TUT]C Y JKVNF P C [ C_TuVNF]M.V Y F P ?�ÛcJLC	FUT�O I T]?ZM!C	F \�P CNM.ADC [ F]?¦M I EZEBF Y�\fP ? [�I TUT I¢P C \ J!F]? \ C[ F PKI T]C^TUF \ C I k Y�\�I OZ?BT PKI C_J IZY M!F P ?�FiT P M IZ\ JKF P ?ZM!F]?fn@EBF I VXC [�I TUT I J P C_JKJ I e I M P C [ C_TSO I T]?ZMKCVX?ZMKM!C PLP ?1M!FUJKe�C PLP ? I TUT I JL?ZEBTUF I T]?ZEBFUV I�[ C_FQºf��vyx [ FBÇ��Q�a|}£�»�vwR I TUT]?ZM I J!F I OtM©GI1Ya\�I�P M IZ\ J!F s F]? \ CVX?ZMKM!C PLPKId[ C_TUTqp Y J!VNF PKI�IZ\ V!b�C�JLCm�¡?ZM P C_ADC \fP C�M!F PKI M [�IQPKI e�CNM.V!b9GCZÛ I n¦T I MKC P C�VX? \�\ C_J!J I[�I T7�Z�!¹�·Bº�¹U��º I TiT I TUF \ C I VX? \ J!F [ CNM IQPKI JK? PLP M I C�VX?ZMKM!C \�P C I TUT I V I e I VNF P GI�[ F�V I M!FUVX?jk¡OZC [ FÚ F]E�� ³ � ³ § n.ß � n7FUTQO I T]?ZMKC,` \�I TUC [ C_TUT I TUF \ C I VX? \ JKF [ CNM IQPKI�\ ? \ GC'VX?BA Y�\�htY C htY C_TUT]?�VX?ZMKM!C PLP ?C­e7CNM PKIZ\fP ?�F5ºf��vyx [ F�Ç¡�Q�r|}£�»�v IQPLP M I OZCNM!JL?�V Y F�JKF�e�M!?Ze I E I T I�P M IZ\ JKF s F]? \ C I OfM IZ\a\ ?C_JKJ!F�J P C_J!JKF [ CNEBTUF'F \ VXMKC_ADC \fP F \ C_F�M!F PKI M [ F [ F�e�MK?Ze I E IQs FU? \ C I V IZY J IÆ[ C_TUT}p±F \ J Y�Ê VNF]C \�P CP C \ J!F]? \ C�JL?ZeaM I JL?ZEBTUF I�[ C_F-eaMK?Ze�M!F P M IZ\ JKFUJ P ?ZM!F × ³ ½ Ø}� É Y C_J P ?�� IQPLP ?ÌGC�FUTUT Y J P M IQP ?�R \ C_TV I JL? [ C_T�VNF]M!V Y F P ? [ F Ú F]E�� ³ � ³ § R [ ?�OZC�F \ eaMKC_JLC \�s_I­[ F Y�\ �Q�.¹�·Bº�¹U��º Y�\�IÆP M IZ\ J!F s F]? \ CJKF�e�MK?Ze I E I�IQPLP M I OZCNM!JL? [aY C^ 5¼�  � [ F�Ç��Q�a|}£�»�vwR9VX?BADC \ C_TWV I JL? [ C_TWVNF]M!V Y F P ?�VX?ZMKM!C PLP ?e7CNM!V.b7GC%FiT#O I T]?ZMKC [ F P C \ JKF]? \ C�V Y FuJKFWe7?ZM PKI T I TUF \ C I¢ÿi	 GC � � ��� k I T P M!FUADC \fP F \ ? \ JKF
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Ú F]E Y M I ³ � ³ § Û ° JLC_ADeaF]? [ CNEBTUFaC Ë C PLP F [ F Y�\ �Q�!¹�·Bº�¹i��º�J Y TrVX?BADe7?ZM PKI ADC \fP ? [ F \�I A	FiVX? [ FY�\ VNF]M!V Y F P ?�Û \ C_TWV I JL?�e�M!F]OZ? [ F�E Y�I J P FuFUT9ºf��vyx�´ 	 b I¦Y�\�I¢P M IZ\ JKF s FU? \ C [�I¦Y�\ O I T]?ZMKC�aI J!JL? ImY�\ ? I T P ?�ß I V IZY J Im[ C_Ts�Q�!¹�·�º�¹U��º�RuF \ OZC_VXCZR@T I J Y�IÆY JKVNF PKI M I EZEBF Y�\ EZC Y�\ O I T²�?ZMKC [ FWe7?�VX?�J Y e7CNM!F]?ZMKC I TUT I JL?ZEBTUF I T]?ZEBFUV I �DÉ Y F \a[ FST I¦P M IZ\ J!F s F]? \ C�OtFUC \ C Y E Y�I TUADC \fP Ce�M!?Ze I E IQPKI R9A I VX? \ÆY�\Æ\ ? P CNOZ?BT]C�M!F PKI M [ ?�� � \ � IQPLP FqR7FUT P M IZ\ JKF P ?ZM.F]? [ F=´ 	 GC�M I TUT]C \fPKIQP ?[�I TiT I VX?ZM!MKC \�P C;V.b�C�O�F]C \ C�JL? PLP M IQPLPKIDP M I A	F P C;FUT��Q�!¹�·�º�¹U��º�RfF \ ?BT P MKCZR�VX?BADC;JKF�e Y G?�OZC [ CNMKC[�I T [ F I EZM I A	A I F \ V Y F�JL? \ ?¥M.F]e7?ZM PKIQP C¢T]C	�¡?ZM!ADC [ p�? \�[�I k I�P M IQPLP ?ÆeaF]C \ ?�e7CNM�FUT'VNF]ML�V Y F P ?¦eaM!F]OZ? [ FWE Y�I J P FuC P M IQPLP CNEZEBF IQP C�e�CNM htY C_TUTU?¦VX? \ FUT9�Q�.¹�·Bº�¹U��ºtn IZ\ V!b�C%FuM.F PKI M [ F [ Fe�M!?Ze I E IQs F]? \ C [ FI´�l�C^F \ eaFUVNVX?BT I e I M P C [ Fh´�m�JL? \ ?	F \ VXMKC_ADC \fPKIQP Fq�
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³Nv ´Zµ�¶ £�·�x{¸U¸U¹�·f¹�ºr»B�Qz�vy£

0

0

1

1 N2

N1

P1 P2

Ú F]E Y M I ³ � ³ ÖtÛ�ÅkÆ�ÇDÈsÉ¡Ê@ËMÌKÊ`Í�Î�Ï/Æ5Ð:ËMÌKÊ0ÐXÊÑÉ0ËQÒ�Ó!ÔNÕ�Ö�×ØÖDÒ4Ù?ÓhÖ�ÒXÚKÛ5Ü¡Ý­ÙUÕ-Ê@ÞQÎ¡ÞCßKÔKÒ;àIá=â�á=ã³ähå�æGçRè(é;ê
Ð:ë:Ï�Þ�Æ�ÊØÆ�ÐXË�ë:ÇGì�ísîÇ9ï¡êÑËKð�ð�ÏNÐXË-Ï�ðDðAÇ,Æ�ËsÞ¡Ë/Þ¡Ë/Æ�Ð:Ï�Þ/Ð:Ç7Æ�ÊØÏsÉ¡ÊÑê@Ë�Ð:ÏNÐXË-Ì¡Ï-Î¡Þ�ñUÏNêÑË�ë:Ç9ï�Ï/ÆXÆXË�òKÉ0Ç�ëXÐ:Ï�Þ/Ð:ËCÆ�Ê
ó ÏsÎ�Þôð�ÏNÈsÈsÊÑÞ¡ËCðAË/Þ�ÌKÎKÐXÐXÊÑñ�Ë-õªë!Ïsê�ö ÏNêÑÊÑÈLÇDÞ(Ð:ÏN÷DÊ@Ë/Þ¡ÇGÇ7êØÏsÈsÏ/ÆXÆ:ÏsÇ7ê­ö Î�ÆXð�Ê$Ð!Ï-Ï�Æ:Æ�Î¡ÈsÇ9Î¡Þ ñUÏ�ê@Ë/ëXÇ9ÌKÊ
Ð:Ç�Þ�ÆXÊ@Ë/Þ¡ÇGÊ@Þ(Ð:Ç�ë:ÈLÇ,ÌKÊÑË�è

[�I¢hfY C_TiTUF9VX?ZMKMKC PLP F I T P ?Æk5��øIø�n¤C �rI JKJL?�k5��ù�ùan.R�V!b�C [ F]e7C \�[ C [�I TSM I e�e7?ZM P ?	�¡M I T]C^VX? \ �[�Y�PLPKIZ\�s C [ C_TUT I M!C P C;E Y�I J PKI C [ F hfY C_TUT I V!b�C^JKF P MK?oO I VX?ZM!MKC PLPKI ADC \fP C�F \ VX? \a[�Y�s F]? \ CZ�É Y C_J P ? P F]e7? [ F�E Y�I J P ?�b I�Y�\ VX?BA	e�?ZM PKI ADC \�P ?^JKFUA	FUTUC I;htY C_TUTU? [ F Y�\ �Q�!¹�·�º�¹U��º P M IF \ ? [ F [ Frz.£�»Q�N÷{x-C^·��.�Q¹U� [ C_T [ FUJLe7?BJKF P F]OZ?^z_vK»t÷Hø�|}£©�9R�V!b�C5eaMKC_JLC \fPKI^Y�\aI MKC_JKFiJ P C \�s_I^P F]eaF²�V I ADC \fP C�JKFiA	FUT]C I�htY C_TUT I^[ C_T P M IZ\ JKFUJ P ?ZM!C5VX?ZMKM!C PLPKI ADC \�P C I VNVXC_JL?�� � CNM htY C_J P ?	A	? P F]OZ?�RFrE Y�I J P F [ C_T P F]e7?�v��.�Q�azK¹Uz_vy£o��z_vK»t÷üø�|}£©��e7?BJKJK? \ ?�C_JKJKCNMKC�VX? \ JKF [ CNM IQP FrVX?BADC�V I JKF�e I M P FUVX?Q�T I M.F [ F��Z�!¹�·Bº�¹U��º [�I V Y F�OZC \ EZ? \ ? [ FUJ P F \fP F Y�\ FUV I ADC \fP Cce7CNM¤A	? P F]OtF7J P ?ZM.FUVNF7C;VX?BAD? [ F P GI[ F¤VNT I J!JKF]`aV IQs F]? \ CZ� � \ ?BT P MKCZR�AD?BT P F [ F¤C_JKJKF¤M.FUJ Y T PKIZ\ ? \ ? \ M!FUOZC_T IQ� FUTUF5k�F \ e7CNM!VXC \fPKY�I T]CA I EZEBFU?ZMKC;M!FUJKe�C PLP ? I TSV I JK?¢EZC \ CNM I TUC [ F7E Y�I J P F [ F P F]e7?ú�Q�!¹�·Bº�¹i��ºtn.�� p I T P M I e I M P CZRQT I e�MKC_JKC \�s_I�[ F Y�\ V I A	A¢F \ ?-VX? \�[�Y�PLP F]OZ?���M I T I A I JKJ I C�Tqp I TUFUADC \fPKIQs F]? \ CZR[ ?oO Y�PKI5I�Ya\^P M IZ\ JKFUJ P ?ZM!C@E YaI J P ?�RBe�MK?oOZ?tV I�Y�\%I JKJL?ZM � FiADC \�P ? [ F�VX?ZMKM!C \�P C-F \ VX? \�[ F s F]? \ FJ PKIQP FiV!b�C	k�V!b�CZR�VX?BA	C \ ? P ?�R \ ? \ �Cce�MKC_JKC \�P C \ C_Faºf��vyx�> Â ��Ñ�n.RtV.b�C5e Y �?�C_JKJLCNMKC5M!FUT]CNO IQP ?ADC [ F IZ\�P C;A¢FUJ Y MKC [ F9VX?ZM!MKC \�P C^J PKIQP FUV I �
â9ã¡äuãªû ÁMÂ çV¸�èQêyèoéZï Â èoéBæ=·�ÃkÄ{ïSî�ìo¸
É Y C_J P ?5A	? [ C_TiT]? [ F�E Y�I J P ? [ C_JKVXM!FUOZC Y�\^P M IZ\ JKFiJ P ?ZMKC Â �;Ñ�V!b�C \ ? \ M!F]C_JKVXC IZ[�IZ\�[�I MKC¤F \VX? \�[aY�s F]? \ C�k IZ[ C_JLC_ADerF]? I V IZY J I�[ F Y�\ VX? \�PKIQPLP ? I e7CNM P ?fn \ C_A	ADC \ ? htY�IZ\�[ ?5erFUT]? PKIQP ?VX? \ O I T]?ZM!F [ F P C \ JKF]? \ C [ F9VX? \�P M!?BTUT]?DeaFKGY�I T P F [ C_TUT I J YaI JL?ZEBTUF ID[ F9VX? \a[�Y�s F]? \ CZ�� CNM IQPLP F]O I MKC Ya\ v��.�Q��z!¹Uz_vy£o�^z�vK»t÷Hø�|}£X~,x{��F \�Y�\ ºf��vyx�> Â �;Ñ�R � FUJL?ZE \�I VXCNM!V I MKC [ FVX? \fP MK?BTUT I M!C�Tqp Y J!VNF PKI�[ C_T'ºf��vyx�VX? \ FiT�E Y�I J P ? k I F�O I TU?ZM!F �aI J!JL?�? I T P ?fn IQPLP M I OZCNM.JL? Y�\V I A	A¢F \ ?�k¡OZCNM!JK?�T I A I JKJ I ?^Tqp I TUFiADC \�PKIQs FU? \ Con,V.b�C�F \ VNT Y�[�I FUT [ FUJLe7?BJKF P FUOZ?cz�vK»t÷Hø�|}£X~,x{�9�� ?BFUV.b7GC hfY C_TiT]?�GC I VNVXC_JL? \ C_TWVNF]M!V Y F P ?�VX?ZMKMKC PLP ?�R�A I JKe�C \fP ?�F \�htY C_TUTU?	E Y�I J P ?�RSTqp Y JKVNF PKI[ C_Tfºf��vyxoR IZ\�s FUV.b7GC-e7?ZM PKI M!JKF I T�O I T]?ZMKC IQPLP C_JL?�RtJKF�e7?ZM PKI F \DY�\ ?�J PKIQP ? IZ[DI T PKI FUADe7C [ C \�s_Ik¡e7?BFUV.b7GC Ya\ ? [ C_F [�Y C^V I A	A	F \ F'GC \ ?ZM!A I TUADC \fP C�JLe7C \fP ?�ADC \�P M!C�Tqp I T P MK? \ ? \ VX? \a[�Y VXCI V IZY J I�[ C_T�E Y�I J P ?fn.��>@?BADC¦VX? \ JLCNE Y C \�s_I�[ CNEBTUF�C Ë C PLP F@V I e I VNF P F]O�F \ ? \­P M I JKV Y M IQ� FUTUFVX? \�\ C_JKJKF I F \ ? [ F [ F�JLCNE \aI T]CZR�Tqp Y J!VNF PKI�[ C_TfE IQP C�E YaI J P ?;VX? \ JLCNMKOZCNMQGI FUT�O I T]?ZMKC [ F P C \ J!F]? \ C



´Zµ�¶ £�·�x{¸U¸U¹�·f¹�ºr»B�Qz_vy£ ³ �

A

B

OUTPA PB 

NA

NB 

Ú F]E Y M I ³ � ³ ¾ Û�® Y�I J P ? [ F P F]e7?%v��{�Q��zK¹Uz_vy£o�,z_vK»�÷Hø�|}£X~ux{�¢F \%Y�\ ºf��vyx-> Â �;Ñ�� � CNM�M!F]OZCNM I M.T]??tVNVX?ZM!MKCZÛ I nWF \ F s F I TUF sNs_I MKC'Tqp Y J!VNF PKI�IcY�\ O I T]?ZMKC �aI JKJL?	k I eaTiTUFUV IZ\�[ ?5FUTfOZC PLP ?ZMKC [ FtF \ EZMKC_J!JL?
� � ³ RS� � ³ ß � n P C \fPKI MKC [ F7V I M!FiV I MKC;Tqp Y JKVNF PKI�IQPLP M I OZCNM!JL?¦FUT P M IZ\ JKFiJ P ?ZMKCcE Y�I J P ?ôü��Æ�� \ e�MKC_JKC \�s_I�[ C_TaE Y�I J P ?�R�Tqp Y J!VNF PKI M!FUA IZ\ C I�Ya\ O I T]?ZMKC �rI JKJL?�C^GC�?BJ!JLCNMKO IQ� FUT]CZRtFUT�E Y�I J P ?OtFUC \ C�M!F]OZC_T IQP ?��
V!b�C I OZCNO I e�M!FUA I^[ C_TiTqp IQPLP F]O IQs F]? \ C [ C_T P M IZ\ JKFiJ P ?ZM�z_vK»t÷Hø�|}£X~,x{�9� � CNM htY C_J P ?	AD? P F]OZ?�RrT]?z_vK»t÷üø�|}£X~,x{� P M I JL��?ZM.A I	Y�\ VNF]M.V Y F P ?DVX?BA � F \�IQP ?ZM!F]?�F \�Y�\ ?DJLC htY C \�s F I TUCZ�¼ htY C_J P ?�eaMK?Ze7?BJKF P ?�RWGCDCNOtF [ C \�P C%V!b�CZR#e�?BFiV!b9GCDFUTWO I TU?ZMKC�TU?ZEBFUVX?�e�MKC_JLC \fP C	J Y T \ ? [ ?[ p Y JKVNF PKI�[ C_T�ºf��vyx�e�M.FUA Ij[ C_TUTqp IQPLP F]O IQs F]? \ C [ C_T�E Y�I J P ?de Y G?�C_JKJKCNMKC Y E Y�I T]C I�hfY C_TiT]?VX?ZMKMKC PLP ?�R7FUT�E Y�I J P ?�e Y G? \ ? \ C_JKJKCNMKC;M!F]OZC_T IQP ?��� CNM1J Y e7CNM I M!C htY C_J P ?De�M!? � T]C_A I R � FUJK?ZE \�I%I e�eaTUFUV I M!C [�Y C5OZC PLP ?ZM.F [ Fuvyx{z_vwÛ'FUT�e�M.FUAD?e7CNM	F \ F s F I TiF sNs_I MKC�Tqp Y JKVNF PKImI­Y�\ O I T]?ZMKC�?Ze�e7?BJ P ? I­htY C_TUTU?mV.b�C¥J I MKC �a� C�FUA	e�?BJ P ? \ C_TV I JL?�VX?ZMKMKC PLP ? [aI TUT I MKC P C�kH·f¹a~�»Z¸i¸i|L»_~�? [ F�~'»Z¸U¸i|H·�£Bý��rn I©Ë C PLPKI�[�I T#E Y�I J P ?�R�FUTSJLC_VX? \�[ ?OZC PLP ?ZMKC�e7CNM�VXCNM!V I M!C [ Fa� I M!C I JKJ Y ADCNMKC I TUTqp Y JKVNF PKI;[ C_Taºf��vyx Ya\ O I T]?ZMKC1?Zeae�?BJ P ? I^hfY C_TiT]?F \ F s F I TUF sNs_IQP ?¥k Ú F]E�� ³ � ³ ¾ n.�¼ hfY C_J P ?;e Y�\fP ?�R PKY�PLPKI O�F I RfO I T]C-T I e7C \�I�[ F�?BJKJLCNMKO I MKC1VX?BA	C Y�\�I VX?Ze�erF I�[ F�OZC PLP ?ZM!F[ F5vyx{z_vwR'e7? P C \�s F I TiADC \�P C�F \ EZM IZ[ ? [ F�M!F]OZC_T I M!C Y�\ E Y�I J P ? [ F P F]e7?�v��{�Q��zK¹Uz_vy£o�%z_vK»t÷üø�|£X~,x{�9R,e7?BJKJ I C_JKJLCNMKC�F \ O I TUF [�IQPKI k�VNF]?�GC \ ? \ M!F Y JKVNF]MKC I M.F]OZC_T I MKC¦FUT'E YaI J P ?fn I V IZY J Im[ F× §Z§ R § Ö©Ø}Û
³ �-º�¸i¹}vü÷:�¢��M I FaJLCNE \aI TUF [ FaF \ EZMKC_JKJK? [�Y M IZ\fP C�T I VX?BA	A Y�PKIQs F]? \ C5�¡M I FUT�eaM!FUAD?;C5FUT�JLC_V{�? \a[ ?¢OZC PLP ?ZMKC [ F#VX?BTUT IZYa[ ?Æk�V.b�C%e�?BJ!JL? \ ? IQPLP FUO I MKC P C_ADe7?ZM IZ\ C I A	C \�P CDV I A	A	F \ FVX? \a[�Y�PLP F]O�F \ C_TUT I MKC P C�VX? \fP C \ C \fP C�FUT P M IZ\ JKFiJ P ?ZMKC�E Y�I J P ? PKI TiF [�I M!FUA Y ?�OZCNM!C¥FUTO I T]?ZMKC [ F9F \ F s F I TiF sNs_IQs F]? \ Con.ß
§ �1�¡C \ ?BADC \ F [ FrM!F]e I M P F s F]? \ C [ FrV I M.FUV I k¡e�CNM�V Y F7FUTaO I TU?ZMKC [ FrF \ F s F I TUF sNs_IQs F]? \ C1ADC_AD�?ZM.F sNs_IQP ? \ C_TUT I V I e I VNF P GI¢[ F Y JKVNF PKI O�F]C \ C [ CNEZM IZ[aIQP ?fn.�



§ Á ´Zµ�¶ £�·�x{¸U¸U¹�·f¹�ºr»B�Qz�vy£
� CNM�M!FUJL?BT]OZCNM!C hfY C_J P ? P F]e7? [ F7e�MK? � TUC_A	F9JL? \ ?¢J PKIQP C;e�MK?Ze7?BJ P C;?Zeae�?ZM PKY�\ C P C_V \ FUV.b�C[ Ffe�MK?ZEZC PLPKIQs FU? \ C�?ZM!F]C \fPKIQPKI�I T�VX?BTUT IZY�[ ?cV!b�C@e7CNM � MKCNO�F P GIc\ ? \ e�?BJ!JL? \ ?cC_JKJLCNMKC [ C_J!VXM!F PLP CF \�htY C_J P ?�V I eaF P ?BT]?��Ð#C�VX? \ JKF [ CNM IQs F]? \ Ft` \ ? IZ[ ?ZM I JLOZ?BT P C�O I T]EZ? \ ? \ C_T�V I JL? [ Ffºf��vyx-> Â �;Ñ�J PKIQP FUVNF}R \ C_TV I JL? [ F�VNF]M!V Y F P Fr> Â �;Ñ [ F \�I A	FUVNF�k�VX?BADCZR IZ[ C_JLC_ADeaF]?�R htY C_TUTUF [ C \ ?BA	F \�IQP F�ý;£©Î	¹U�r£Zn.R�FE Y�I J P F [ F P F]e7?^v��.�Q�azK¹Uz_vy£o�uz_vK»t÷üø�|}£X~,x{�%JL? \ ?�RZF \ OZC_VXCZRZM!F]OZC_T IQ� FUTUF [�I�Y�\ JKF \ EZ?BT]?1OZC PLP ?ZMKC [ FVX?BTUT IZY�[ ?�RrF \�htY�IZ\fP ?¦Tqp±F \ F s F I TUF sNs_IQs F]? \ C [ C_TUT}p Y JKVNF PKI	[ C_TSºf��vyx�O�F]C \ C%VX?BA Y�\ahfY C^��?ZM \ F PKI[�Y M IZ\�P C;T I � I JLC [ F7e�MKC_V I M!FiV I �

â9ã¡äuã�þ ÿoí���ï,ë'ìaíyíyï�ë'êL¹#æ'ç9è�éZï�ë�ìaí�éBê}î�ïÌðQñ.òaó!ôaõwö�ñ������¥ìjíyì�ç9íqé Â ìx·�í}ç9èQèQê�ë�ê
¹#æ�ç9èoéBê

>@?BA	C�JKF#GC�O�FUJ P ?�RtFUTaAD? [ C_TUTU? [ C_T P FUe�?^z_vK»t÷Hø�|q��vWM I e�e�M!C_JLC \�PKI JL?BT]? Y�\�I e I M P C [ C_Fae7?BJKJKF²�� FiTUF�A I T]� Y�\�s FU? \�I ADC \fP F�V!b�Cce7?BJKJL? \ ?�C_JKJLCNM!C�e�M!C_JLC \�P F�F \�Y�\ VNFUM!V Y F P ? I EZM IZ\a[ C [ C \ JKF P GI[ F9F \�P CNEZM IQs FU? \ CZRaF \ e I M P FUVX?BT I MKC [ F htY C_TUTiFrM!C I TUF sNs_IQP FSVX? \�P C_V \ ?BT]?ZEBF I > Â �;Ñ7�� p I T P M I e I M P CZRcF�eaMK?ZEZM I A	A	F [ FcJKFiA Y T IQs F]? \ C�C [ F�EZC \ CNM IQs F]? \ C IZY�P ?BA IQP FiV I [ FOZC PLP ?ZM!F [ F�VX?BTUT IZY�[ ?�FUADerT]C_ADC \fPKIQP F \ CNEBTUF#? [ F]CNM \ FSJ!FUA Y T IQP ?ZM!FST]?ZEBFiVNF�VX?BA	A	CNM!VNF I TUF�VX? \ �JKF [ CNM IZ\ ?�R�F \ EZC \ CNM I T]CZRaJL?BT PKIZ\fP ?¢E YaI J P F [ F P F]e7?	z_vK»�÷Hø�|q��vw�� F]OZC \fPKI R htY F \�[ F}R'FUADe7?ZM PKIZ\fP C [ C P CNM!A¢F \�I MKC¥Tqp�C Ê V I VNF I�[ F-JKC hfY C \�s C [ F�VX?BTUT IZY�[ ?EZC \ CNM IQP C	e7CNM5M.F]OZC_T I MKC%E Y�I J P F [ C_T P FUe�?�z_vK»t÷üø�|q��v \ C_F,VX? \ �¡MK? \�P F [ CNEBTUF I T P M!FuAD? [ C_TUTUF [ FE Y�I J P ?	e7CNM-VNF]M!V Y F P F#> Â �;Ñ7�� \ MKC_T IQs FU? \ C I­hfY C_J P ?­e�MK? � TUC_A I R�F \ Ú F]E�� ³ � ³ Ý­OZC \ EZ? \ ?�M I eae�MKC_JLC \fPKIQP C�T]C�e7CNML�VXC \fPKY�I TUF [ F�E YaI J P F [ C_T P F]e7?Æz_vK»t÷Hø�|q��vwRM�Q�.¹�·Bº�¹U��º�RWz_vK»t÷üø�|}£X~,x{�jC¦z�vK»t÷Hø�|}£©�jM!F]OZC_T IQP F [�IY�\aI JKC hfY C \�s_I	[ F,vyx{z_v,EZC \ CNM IQPKI e7CNM�M!F]OZC_T I MKC�E Y�I J P F [ C_T P F]e7?Dz_vK»t÷Hø�|q��v-ùXú ´ × §©¾ Ø}��á I T]Ce7CNM!VXC \fPKY�I T]C¦GC	V I TUVX?BT IQPKI F \ � Y�\�s FU? \ C [ C_T \tY ADCNM!? [ F�OZC PLP ?ZM.F [ F¤vyx{z_vwR \ C_TWV I JK? [ F Y�\¼5ÐWr I ³ ½ �Z¹yvuMKC I TUF sNs_IQPKI F \�P C_V \ ?BT]?ZEBF I > Â �;Ñ7�Ð I JLC htY C \�s_I�[ F;vyx{z_vwR¤EZC \ CNM IQPKI VX? \gY�\gI T]EZ?ZM!F P AD? [ C P CNM!A	F \ FUJ P FUVX?m? PLP F]C \ C Y�\�IVX?Ze7CNM PKY M I k¡?�OtOZCNMK?mT I e7CNM!VXC \fPKY�I T]C [ F�E Y�I J P F [ F Y�\ VXCNM P ? P F]e7?�M!F]OZC_T IQP F [�I TUT}p±F \ JKF]C_A	C[ FWOZC PLP ?ZM!F [ F¤vyx{z_v-VX? \ J!F [ CNM IQP ?fn�e�M!?BJKJKFUA I¦I T ³NÁZÁ	� \ C_FuVX? \ ��M!? \�P F [ F�E YaI J P F [ C_T P F]e7?z_vK»�÷Hø�|q��v-ùXú ´ RrA	C \�P MKC�e�CNM htY�IZ\fP ?	M!F]E YaI M [�I EBTUF I T P M.F P F]eaF�E Y�I J P ?¦JKF7? PLP C \ EZ? \ ?¦O I T]?ZM!FJKFUE \ F]`aV IQP F]O I ADC \fP C;A	F \ ?ZM.FqRtF \ e I M P FUVX?BT I M!C�e�CNM-F'v��.�Q��zK¹Uz�vy£o�1z_vK»t÷üø�|}£X~,x{��C�z�vK»t÷Hø�|}£©�9�É Y C_J P ?­M!FUJ Y T PKIQP ?�R¤J Y�Ê VNF]C \fP C_ADC \fP C¥M I e�eaMKC_JLC \fPKIQP F]OZ?�e7CNM P F]eaFUVNF¤VNF]M.V Y F P F-> Â �;ÑVX?BA � F \�IQP ?ZM.FqRaAD?BJ P M I VX?BADC \ C_TUT]?�JLOtFiT Y e�e7? [ F#JKFiA Y T IQP ?ZM!F9C [ F I T]EZ?ZM!F P A¢FSe7CNM�T I EZC \ �CNM IQs FU? \ C [ F9JLC htY C \�s C [ F,vyx{z_vwRaJKF ID\ C_VXC_JKJ I M!F]? P C \ CNMKC�VX? \fP ?¢C_JLeaTiFUVNF PKI ADC \fP C IZ\ V!b�C [ C_FE Y�I J P F [ C_T P F]e7?z�Q�!¹q·Bº�¹U��º%C [ F htY C_TUTUF7J Y F P M IZ\ JKFUJ P ?ZM.Fq�
/�0�
 � < *�Ô 4 � : � 4 ��
 8 6 � 4 * 69:D8
Ð#C�JLC_ADe�M!C�eaFKGY J P M!F \ EZC \�P F1JLe7C_VNF]`aV!b�C�F \�P CNM!A	F \ F [ F�OZC_T]?�VNF P GI�[ CNEBTUF�? [ F]CNM \ F�VNFUM!V Y F P FF \fP CNEZM IQP F¤b IZ\�\ ?�e7?ZM PKIQP ?­Tqp IQPLP C \�s F]? \ C¦OZCNM.JL? htY C_F¤A I T]� Y�\�s FU? \�I ADC \fP F'V!b�CZR�e Y M \ ? \



´Zµ�¶ £�·�x{¸U¸U¹�·f¹�ºr»B�Qz_vy£ § ³

0.0 20.0� 40.0� 60.0�
n. di vettori di collaudo

0.0

20.0

40.0

60.0

80.0

100.0

co
pe

rt
ur

a 
di

 g
ua

st
i

�
stuck-at
stuck-open
stuck-on

Ú F]E Y M I ³ � ³ ÝtÛc>@?Ze7CNM PKY M I	[ FSE YaI J P F P FUeaFUVNF [ C_F#VNF]M!V Y F P FW> Â �;Ñ¥F \�Y�\aI ¼5ÐWr I ³ ½	� F P RVX? \ �¡MK? \�PKIQPKI VX?BADe I M IQPKI VX? \�htY C_TUT I ? PLP C \fY�PKI e7CNM�F�E Y�I J P F [ F P F]e7?Íz_vK»t÷üø�|q��v%V Y F;GC?ZM!F]C \fPKIQPKI T I JKC hfY C \�s_I	[ F9VX?BTUT IZYa[ ? Y�P FUTUF sNs_IQPKI �
I T P CNM IZ\�[ ?�T]CD� Y�\�s F]? \ FuT]?ZEBFiV!b�C [ C_F'VX?BADe7? \ C \�P F [ C_T,VNF]M!V Y F P ?�R [�IZ\�\ ?�T Y ?ZEZ? I¥Y�\­[ CX�EZM IZ[ ? [ C_TiT]C�TU?ZMK?�e�MKC_J PKIQs F]? \ F [ F \�I A	FUV.b�CZ��¼ J Y�I OZ?BT PKI R PKI TUC [ CNEZM IZ[ ? [ F htY C_J P FuV!b�CZR[ F]e7C \�[ C \fP C_ADC \fP C [�I TiT]C�VX? \�[ F s F]? \ F [ F'� Y�\�s FU? \�I ADC \fP ? [ C_T@VNF]M!V Y F P ?�RWe Y G? [aI M�T Y ?ZEZ?IZ[ CNMKMK?ZM.F�T]?ZEBFUVNF;k [ ?oO Y�P F IZ[ C_JLC_ADeaF]? I T�V I A	eaF]? \�I ADC \fP ? [�I e I M P C [ C_FG¬a¹ ~#|­¬�£X~ [ FJLCNE \�I TUF,V.b�C \ ? \ b IZ\a\ ? IZ\ VX?ZM I M I EZEBF Ya\�P ?¥FUTuT]?ZM!?¥J PKIQP ?¥J PKIQ� FUTUCon [ F Ê VNFUTUF [�I M!F]OZC_T I MKCADC [ F IZ\fP C¥vyx{z_v�?ZM.F]C \�PKIQP F I TiT I M!F]OZC_T IQs F]? \ C [ FuE Y�I J P F,V!b�C I T P CNM IZ\ ?¥FiTWVX?BA	e�?ZM PKI ADC \�P ?[ C_T1VNFUM!V Y F P ?ÍF \ VX? \�[ F s FU? \ F-J PKIQs F]? \aI M!F]CZR [ F htY F-T}p�C_JKF]EZC \�s_I�[ F-JLO�FUT Y eae I MKC�JLe7C_VNF]`aV.b�CP C_V \ FUV.b�C [ F7EZC \ CNM IQs F]? \ C [ C_F7OZC PLP ?ZM!F [ F9VX?BTiT IZY�[ ?De7CNM PKI TUF9E YaI J P Fq�Ú M I T]C^e7?BJKJKF � FiTUF9V IZY JLC%V!b�C%e7?BJKJL? \ ? [�I MKC%T Y ?ZEZ? I¦hfY C_J P ?¦VX?BADe7?ZM PKI A	C \�P ?�R9?BT P M!CI FB�Q�!¹�·�º�¹U��º�R�C_J!FUJ P ? \ ?�R IZ\ V.b�C I T P M!F [ F]�¡C PLP FqÛ IZ[ C_JLC_ADerF]?�R�O I M!F IQs F]? \ F \ C_TUT I EZCN?BADC P M!F I ?\ C_FSe I M I ADC P M!F P C_V \ ?BT]?ZEBFUVNF [ C_F P M IZ\ JKFUJ P ?ZM!F#V!b�C \ C�M!F [�Y VX? \ ?D�¡?ZM P C_ADC \fP C�T IDP M IZ\ JKVX? \ �[�Y�PLPKIZ\�s_I �� TrAD? [ C_TUTU?;eaFKGY JKC_ADeaTUFUVXC�F \ EZM IZ[ ? [ F P C \ CNMKCcVX? \�P ? [ F hfY C_J P ? P FUe�? [ FaA I TU� Y�\�s F]? \ �I ADC \fP F�VX? \ JKFUJ P C \ C_TaVX? \ J!F [ CNM I MKC5V!b�C5T I;P M IZ\ JKF s F]? \ C [ F Y JKVNF PKI�[ F Y�\ ºf��vyx \ C_TaVNF]M!V Y F P ?VX?ZMKMKC PLP ?�R \ ? \ e7?BJKJ IDI OZCNMKC^T Y ?ZEZ?¢F \ e�MKC_JKC \�s_ID[ C_T9E Y�I J P ?��É Y C_J P ?�AD? [ C_TUT]?�R©V!b�C�GC�F \ e�M IQP FUV I T I�P M I JLe7?BJKF s F]? \ C \ C_T�V I JL? [ F \�I A	FUVX? [ C_TUT]?-z_vK»t÷üø�|��vwR�GC5V!b�F I A IQP ?�v��.�Q�azK¹}vq¹�£©�a|�Ç���»Z¸}v�?D÷{£©�9·f¹}vq¹�£©�a�Q¸�|�z_vK»t÷Hø�|q��vw� � CNM�Tqp Y JKVNF PKI;[ F�VNF I JKV Y�\ ºf��vyxJKF�b IZ\�\ ? htY F \�[ F [�Y Cjv��.�Q�azK¹}vq¹�£©�a|�Ç���»Z¸}v [ C \ ?BA¢F \�IQP F5zK¸�£Zý�|wvy£Q|¡�!¹Uz.x�C­zK¸�£Bý'|wvy£Q|�Ç��Q¸U¸;V!b�CVX? \�[ F s FU? \�IZ\ ?�R�M!FUJKe�C PLP FUO I ADC \fP CZR�F P M IZ\ JKF P ?ZM!F9F \ J I TUF PKI C [ FUJ!VXC_J I �� CNM�M.F]OZC_T I MKC Ya\ E Y�I J P ? [ F htY C_J P ? P FUe�?;F \	Y�\ VNFUM!V Y F P ?;VX?BA � F \�IQP ?ZM.F]?�RrGC \ C_VXC_JKJ I M!FU?I e�eaTUFiV I MKC [�Y C%OZC PLP ?ZM!F [ FWVX?BTiT IZY�[ ?�Û�FUTWe�M!FiAD? [ C_F hfYaI TUFuF \ F s F I TiF sNs_I ?Zeae�?ZM PKY�\�I ADC \fP C
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Ú F]E Y M I ³ � ³ ½ Û ° JKC_ADeaF]? [ F7M!FUOZC_T IQs F]? \ C [ F7E Y�I J P ?	M!F PKI M [ ?%F \�Y�\ VNF]M!V Y F P ? [ F P F]e7?DVX?BA%�� F \�IQP ?ZM!F]?�� � TrM.F PKI M [ ? [ F�e�MK?Ze I E IQs F]? \ C�F \ J I TUF PKI%[ C_Trºf��vyxc¼5  � GC;A I EZEBF]?ZMKC [ F htY C_TUT]?I A	A	C_JKJL?�R [aI TUT]C�JKe�C_VNFU`aV!b�C [ F�e�MK?ZEZC PLP ?dC PKI T]C [�I�[aI MKCÆT Y ?ZEZ? I TcV I ADerF]? \�I ADC \fP ?[�I e I M P C [ F Y�\ ¬a¹ ~S|­¬7£X~ [ F Y�\ O I T]?ZM!C�CNMKMK? \ CN?gk Á n htY�I T]?ZM I OZC \ E I e�MK?Ze I E IQPKIÍY�\�IP M IZ\ JKF s F]? \ C IQPLP M I OZCNM!JL?�FUT�ºf��vyxo�
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G4  

G2  
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1

0

1

0

0 1
0 1

0 1

0

0
0

0

Ú F]E Y M I ³ � ³ qfÛ ° Ë C PLP F [ F Y�\ v��.�Q��zK¹yvq¹�£©�mÇ¡��»Z¸yvw�� �C_T,VNF]M!V Y F P ?�VX?ZM!MKC PLP ?�JKFWe�MK?Ze I E I�Y�\�IP M IZ\ JKF s F]? \ C IQPLP M I OZCNM!JL?�F7ºf��vyxP´ � RW´ 	 C ´�m#ßaF \ e�M!C_JLC \�s_ID[ F Ya\ v��.�Q��zK¹}vq¹¡£©��Ç¡��»Z¸yv,J Y
´ � RSTqp Y J!VNF PKI¢[ F PKI T]C^ºf��vyx^M!FUA IZ\ C I Á C%FUT#E YaI J P ?mGCDM!F]OZC_T IQ� FiT]C�VX?BADC Y�\ ?�z_vK»t÷üø�|q��v}|üùk \ C_TiT I `�E Y M I R�F9O I T]?ZM!F [ C_TSVNF]M!V Y F P ?�E YaI J P ?�JL? \ ?	F \�[ FUV IQP F7F \ EZM I JKJLC PLP ?fn.�
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Tqp Y JKVNF PKI¦[ C_T#ºf��vyx¥k I Á��t³ JLC	JKFWO Y ?BT]C%M!F]OZC_T I MKC Y�\ E Y�I J P ? [ F P F]e7?¦zK¸¡£Zý'|wvy£Q|¡�!¹iz.x!ú�Ç¡�Q¸i¸�n1CFUT#JKC_VX? \�[ ?�M!F]OZC_T I T]?¦z�vK»t÷Hø�|q��v¤VX?ZMKM!FUJLe7? \�[ C \�P C I TWO I T]?ZMKC�V Y F�FiTSE Y�I J P ?�b I A IZ\fP C \fY�P ?PKI T]C�TUF \ C I R�FUADe7C [ C \�[ ? \ C5T I%P M IZ\ JKF s FU? \ C	k Á��t³ \ C_T9V I JL? [ F9zK¸�£Bý'|wvy£Q|¡�!¹Uz{x!ú�Ç¡�Q¸U¸¡n.�É Y C_J P ?ÆAD? [ C_TUTU?�Rub I VX?BADC�F]e7? P C_JKF [ F�e I M P C \�s_I V.b�C�FUT�M.F PKI M [ ? I EZEBF Y�\�P FUOZ? [aIQP ?[�I TaA I T]� Ya\�s F]? \�I ADC \fP ? IQ��� F I�[�Y M IQPKI;I TiADC \ ?;e I M.F I TUTqp±F \fP CNMKO I TUT]? [ F P C_A	e�?�V!b�C�F \�P CNMK�VX?ZMKMKCc�¡M I T}p I e�eaTUFUV IQs FU? \ C [ F Y�\ OZC PLP ?ZMKC [ F�VX?BTUT IZY�[ ?^CcFUT�V I ADeaF]? \�I A	C \�P ? [ C_TUTUC Y JKVNF P CZRe7CNM!ADC PLP C \�[ ?¥VX?BJüG � [ Fue�M!C_JKVNF \�[ CNM!C [aI FuM!F PKI M [ F \ C_T'VNF]M!V Y F P ?��¢É Y C_J P ?�VX? \ JLC \fP C [ C_TiT]Ce�MK?�VXC [�Y MKC [ F#JKFiA Y T IQs F]? \ C�AD?BT P ?�C Ê VNFUC \�P F¤k�F \ eaM IQP FUV I R7T]C^J P C_J!JLC Y�P FUTUF sNs_IQP C \ C_T#V I JL?[ FuE Y�I J P F [ F P F]e7?�z_vK»t÷Hø�|q��vyn.R,A I�\ ? \ GC	e I M P FUVX?BT I M!A	C \�P C	M!C I TUFUJ P FUVX?�R�F \­hfYaIZ\�P ?�FiT�M.F²�PKI M [ ? [ ?�O Y�P ? I�htY C_J P ? P FUe�? [ F [ F]�¡C PLP F-GCZR�F \ EZC \ CNM I T]CZR,A	F \ ?ZMKC [�I�hfY�IZ\fP ?�FiADe7?BJ P ?[�I TWAD? [ C_TUT]?�v��.�Q�azK¹}vq¹�£©�a|�Ç���»Z¸}vw�-¼ hfY C_J P ?¢M!F]E YaI M [ ?�R�GC%J PKIQP ?�F \fP MK? [ ? PLP ?¦FiT#AD? [ C_TUT]? [ FE Y�I J P ? [ C_T P F]e7?��!¹yv}�©�N·�£	kH·�x{¸i�,«�Ç¡��»Z¸yvyn,V!b�C5� I R�F \ � IQPLP FqR�F]e7? P C_JKF�eaFKGY EZC \ CNM I TiFrJ Y TUTqp�C \fP F P GI[ C_T�A I TU� Y�\�s F]? \�I ADC \fP ?¢k�VX? \ JKF [ CNM IZ\�[ ?BT I O I M!F IQ� FUT]C�F \DY�\ VXCNM P ?^F \fP CNMKO I TUT]?fn.� � \¢hfY C_J P ?V I JL? � FUJL?ZE \�I VX? \ J!F [ CNM I MKCZÛ

I n-FUT9O I T]?ZMKC [ C_TUTqp±F \ VXMKC_ADC \fP ? [ C_TSM!F PKI M [ ? [ F#e�MK?Ze I E IQs F]? \ C [ C_T7ºf��vyx I©Ë C PLP ? [aI TE YaI J P ?¥k hfY C_J PKI�htY�IZ\fP F P GI OtF]C \ C5VX?BA Y�\ C_ADC \fP C [ C \ ?BA¢F \�IQPKI ·�x{¸i�,«�·�x{Ç�x�÷�vuzK¹UþoxNn.ß
� n�T]C P C_ADeaFUJ P FUV!b�C [ C_T@VNF]M!V Y F P ?jk¡M!F PKI M [ F [ C_F'ºf��vyxoR�FiJ PKIZ\�P F [ F I e�eaTUFiV IQs F]? \ C [ C_FOZC PLP ?ZM.F [ F9F \ EZMKC_JKJL?DC [ C_TiT]C Y JKVNF P Con.�

� CNM�VX?BADe�MKC \a[ CNMKC¤ADCNEBTUF]? hfY C_J P C¤C_JKF]EZC \�s CZR�J!FfVX? \ J!F [ CNM!FtTqp�C_JLC_ADerF]? [ F Ú F]E�� ³ � ³Nv V!b�CM!F]e7?ZM PKI�Y�\�I MKC P C�VX?BA � F \aIQP ?ZM!F I k�F \ V Y F I VNF I JKV Ya\ ºf��vyxoR#JKC_VX? \�[ ? Y�\ A	? [ C_TiT]?�AD?BT P ?JLC_ADeaTiFUVXCZRfJL? \ ? I JKJK?tVNF IQP FrM!F PKI M [ F [ Fae�MK?Ze I E IQs F]? \ C5F \ J I TUF PKI C [ FUJKVXC_J I n,C5Tqp IZ\a[�I ADC \fP ?[ C_FSJLCNE \aI TUF \ C_TSV I JL?¢e�M!F]OZ? [ F7E YaI J P Fq�>@?BADC�JKF�e Y G?�OZC [ CNMKC [�I TUTUC���?ZM!A	C [ p�? \�[�I�[ C_FaJLCNE \�I TUF#k Ú F]E�� ³ � ³Nv n \ C_T�V I JK?^F \ V Y FaFUTºf��vyxC´ �%IQ��� F I�Y�\ E Y�I J P ? [ F P F]e7?;M!F PKI M [ ?�k�zK¸�£Bý'|wvy£Q|�Ç¡�Q¸i¸�n [ FazK¹]þox¤e I M!F I Ö©¬��BRtFUT�E Y�I J P ?GC;M!F]OZC_T IQ� FUT]CcF \�htY�IZ\�P ? I TUTqp Y JKVNF PKI k u ÖBn�OtF]C \ CcV I A	eaF]? \�IQP ? Ya\ O I TU?ZMKC�CNMKM IQP ?��ÐS?¦J P C_JKJL?¢E Y�I J P ? \ C_T7ºf��vyxQ® ½ R \ ? \ GC�e�CNMQG?	M!F]OZC_T IQ� FUT]C I TUTqp Y J!VNF PKI k u ÝBn1F \¥htY�IZ\fP ?T IcP M IZ\ J!F s F]? \ C [ C_TUTqp Y JKVNF PKI5I OtOtF]C \ C�e�M!FUA I5[ C_TUT}p±FUJ PKIZ\fP C [ F�V I ADeaF]? \�I A	C \�P ? \ ? \ ?BJ PKIZ\�P CFUT7M!F PKI M [ ?�k Ú F]E�� ³ � § Á n.�>@?BADC \ C_TUTqp�C_JLC_A	eaF]? [ C_JKVXM!F PLP ?�R©F \ E \ CNM I T]CZRQT I M!F]OZC_T IQ� FUTUF P GI@[ C_FZE Y�I J P F [ F P F]e7?�M!F PKI M [ ?[ F]e7C \�[ C \ ? \ JL?BT]? [�I T�O I T]?ZMKC [ F Y�\ e I M I ADC P M!?�zK¹]þox	V!b�C�TUF�V I M IQPLP CNM!F sNs_I R'A I�IZ\ V!b�C[�I TUT I TU?ZMK?De7?BJKF s F]? \ C I TUT}p±F \�P CNM \ ? [ C_T9VNF]M!V Y F P ?��� \ e I M P FUVX?BT I MKCZR PKIZ\fP ?1eaFKGY T I¤P M IZ\ JKF s F]? \ C I©Ë C PLPKI�[�I TZE Y�I J P ?-OZCNMKM©GI eaMK?Ze I E IQPKI T Ya\ EZ?Y�\ V I A	A	F \ ?mFUT�V Y F'M.F PKI M [ ?ÆF \ VX? \�[ F s F]? \ F \ ?BA	F \�I TiF�GC�EZM IZ\�[ CZR PKIZ\fP ?­eaFKGY FiT�E Y�I J P ?J I M©GI M!F]OZC_T IQ� FUT]C�e�CNMuO I T]?ZM!F IZ\ V!b�C�eaFUVNVX?BTUF [ C_T�zK¹]þoxo� � \ � IQPLP FqRZe7?BFUV.b7GC \ C_T�VNF]M!V Y F P ?cVX?ZMKMKC PLP ?Tqp±F \fP CNMKO I TUT]?Æk�z!¸i�f÷Hø�n1��M I Tqp I MKM.F]OZ? [ C_TiT I	P M IZ\ JKF s F]? \ C I TUT]C Y JKVNF P C [ C_TWVNF]M!V Y F P ?�C�T}p±FUJ PKIZ\fP C[ F9V I ADeaFU? \�I ADC \fP ? I JKJ Y ADC�F7O I T]?ZM!F9A	F \ ?ZM!Fre�MK?Ze�M!FU?^e7CNM-F9V I A	A	F \ F [ F�e�MK?Ze I E IQs F]? \ CeaFKGY T]C \fP FqR9V!b�CDM!FiJ Y T PKIZ\ ? hfY F \�[ F9erFLGY JKC \ JKF � FiTUF I M!F PKI M [ F I EZEBF Ya\�P F]O�Fq� g G° htY F \�[ F#� I VNFiT]C
�,Oª�S[  $34%���+U%58
E/ ����DH96/ $*D+2��H98!+U%5*h>N #8!+(8V�!�D"#�!*,"$�A%5*�6K8:<o3;./6K8:<���<58
E� /6K*U�!*�^UH7�k�:*,+G./+G�!8:<;%5*�H7�A<51, #+(8D^

"�[ ��<;<5 #>?*�E/8:"$"$�P%;<���+(3; #\! #*,+/8Q�!*D+� #"k<5 &%���<�E�* H7�D3;3; #H9* �!*�<;<5 $3;6K*D+2E�8!+U%58C�D"h�!�DH9H9 #+(*�"#*D1, #�!*ô6( ­T.�"#8!+U%5*
E�8!+U%;<5*G #"��! &<5�!./ &%5*sO��������������� "!	�#��$2]Xa
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A
B

C

D

E

F

G

H

0 1

0 1

1 0

0 1

1 0

1 0

0 1

G1  

G2  

G3  

G4  

G5  

G6  

trise=6ns, tfall=8ns

trise=4ns, tfall=6ns

trise=7ns, tfall=4ns

1

1

1

0

0

0

W1 

W4

W3  

W5

W6  

W2
trise=4ns, tfall=6ns

trise=7ns, tfall=4ns

trise=7ns, tfall=4ns

W3  

W2  

W1  

D   

W6  

W5  

H    

0 4 6 11 12 18 (ns)20

Ú F]E Y M I ³ � ³Nv Û ° JLC_ADeaF]? [ FtO I T Y�PKIQs F]? \ C [ C_TUT]C¤�¡?ZM!ADC [ p�? \�[ C I�[ C_F�JLCNE \�I TUF�F \DY�\ VNF]M.V Y F P ?VX?BA � F \�IQP ?ZM.F]? I F9V Y F�ºf��vyxcJK? \ ?DJ PKIQP F I JKJL?�VNF IQP F�M!F PKI M [ F [ Fre�MK?Ze I E IQs F]? \ C�F \ J I TUF PKI C�F \[ FiJKVXC_J I kwv��!¹iz.xWC�vqÇ��Q¸U¸�n9F \ VX? \�[ F s F]? \ F \ ?BA	F \�I TUFq�S �C_TUTqp�C_JLC_A	eaF]?1FUTiT Y J P M IQP ? I T P C_ADe7?&% � ÁOZC \ EZ? \ ? I eaeaTUFUV IQP C [�Y C P M IZ\ J!F s F]? \ F I TUT]C%TUF \ CNC [ F�F \ EZMKC_JKJL? � C(' V!b�C	JKF�e�MK?Ze I E IZ\ ?I TUTUC Y J!VNF P C ÿ l�C ÿ*) R#M!FUJLe7C PLP F]O I ADC \fP CZ��á I TiF,JLCNE \�I TUFWOZC \ EZ? \ ?�e7?BFuV I ADeaFU? \�IQP F [�IC_T]C_A	C \�P F [ F9ADC_AD?ZM!F IDI % � § Á ¬����
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W3  

W2  

W1  

D   

0 6 12 18 20 (ns)21

delay defect size

9 15

Ú F]E Y M I ³ � ³ �tÛ Ú ?ZM!ADC [ p�? \�[�I�\ C_T�VNF]M!V Y F P ? [ F Ú F]E�� ³ � ³Nv R \ C_T�V I JL?mF \ V Y F�FUTuºf��vyx�´ �e�MKC_JLC \fP F Ya\ ·�x{¸i�?«�Ç¡��»Z¸yv9J Y T��¡MK? \fP C [ F [ FUJKVXC_J I;[ F+�#,�-	. � Ö©¬��B�'>@?BADC�JKF�e Y G?�OZC [ CNMKC1EBTiFC Ë C PLP F [ F PKI TUC	E Y�I J P ?ÆJKF,e�MK?Ze I E IZ\ ?¥` \ ? I TiTqp Y JKVNF PKI�ÿ l�T I V Y F P M IZ\ JKF s F]? \ C I OtOtF]C \ CI % � § ³ ¬���R#F \ OZC_VXC	V!b�C I % � ³Nv ¬���ß�F \mhtY C_J P ?¥AD? [ ?�O�F]C \ CDV I ADeaF]? \aIQP ? Y�\ O I T]?ZM!CT]?ZEBFUVX? I T P ?¢F \ OZC_VXC�V!b�C �aI JKJL?��

W6  

W5  

H    

0 4 11 (ns)20

delay defect size

7 14

Ú F]E Y M I ³ � § Á Û Ú ?ZM!ADC [ p�? \�[�I�\ C_T�VNF]M!V Y F P ? [ F Ú F]E�� ³ � ³Nv R \ C_T�V I JL?mF \ V Y F�FUTuºf��vyx�´0/e�MKC_JLC \fP F Y�\ ·�x{¸i�,«ÆÇ���»Z¸}v@J Y T#��M!? \�P C [ F [ FUJKVXC_J I¦[ F1�#,2-3. � Ö©¬�����>¤?BADC�J!F#e Y G?¢OZC [ CNMKCZR\ ? \ ?BJ PKIZ\fP CÍEBTiFcC Ë C PLP F [ F PKI T]C�E YaI J P ?gJKF�eaMK?Ze I EBb�F \ ?j` \ ? I TUTqp Y J!VNF PKIjÿ4) R hfY C_J PKIb I­Y�\�IÆP M IZ\ JKF s F]? \ C¦M!F PKI M [�IQPKI­I % � ³ ¾ ¬���V.b�CmGC�VX?BA Y�\�htY C�e�M!FUA I�[ C_TiTqp±FUJ PKIZ\fP C [ FV I ADeaF]? \aI ADC \�P ?��
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DFE�G"HAI�J�KMLONg³AR�TU´mX~�Y�Y^±\AX#EiG"H]JQV_�_EUE�a�a�H+VY�YI�JM�_EFE�s?DFE�GAL¢KMLONQP�V_H]a�a�J0µ¶H]s]�#E�^"sAX(VY�Q^"a��_J�\]JQa�a�J
tWv�wxLAyW�MJQa�^QI�E�a�^QG"E�}~EU·£­	¸SKr¹&E�s0GQI�JQV_VYX~�Y�Y^C}�^QI_I�E�VY[;^"s]\]^"sA^�J�}�^"sAº]G"HAI�JM�#E�^"s]E8\]E8E�sAGQI�X#V_VY^
[;X~I&a�X|�SH]JQa�E8E�a;�MJQa�^QI_X|\]X#a�a�J�µ¶H+sA�#E�^"sAX�}�^"s�E�a;G"H]JQVY�Y^�\]E�´mX~I�E�V_}�X�\]J(�3H]X#a�a�^�}�^QI_I_X~�Y�Y^AL
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Æ©X#a�a���JQZz`�E��Y^Ç\AX#E�V_E�V_�YX#Z�E©\]E�G"E��_JQa�E��«a�X�Z(X#Z(^QI�E�X�VY^"sA^ÇµÈI�J=E©}�^"Z�[m^"s]X#s	�_E¦[+E_�HÉE�Z([;^QIYÊ
�_JQs	�_E¨\]JQa¢[+H]s3�Y^�\]Ei�pE�VY�_J�V_E�J�JM[][�a�E�}~JM�_E��Q^�}��AX��YX#}~s]^"a�^QG"E�}�^AL�ËuJQaU[�H]s	�Y^�\]Ei�pE�VY�_J�\]X#a
}�^"a�a�JQH]\]^�X#V_V_X�[+I_X#VYX#s3�_JQsA^�[+I_^Q`+a�X#Z�E�\AX#a1�_HA�Y�Y^0[+JMI_�_E�}�^"a�JMI�E¨��NQÌM�i\]^r�pHA�_EFJQa�a�Xz[;X#}~H]a�E�JMI�E
}~JMI�JM�Y�YX~I�E�V_�_E�}��AX�\AX#a�a�J�a�^QI�^�JMI�}��]E��YX~�Y�_HAI�J(X|�YX#}~s]^"a�^QG"E�JpL

tUI�E�Z�J&\]E3\AX#V_}�I�E��QX~I_XWE3Z(^S\]X#a�a�E�VY�_E�}~J«\]EQG"H]JQVY�Y^uHA�_E�a�E��~�#JM�_E"[;X~I��SHAX#VY�Y^u}~JQVY^A�"}�^"s3�SE�X#s]X
I�E�}�^QI�\+JMI_Xz`]I�X~�QX#Z(X#s	�YX�H]s]J�VYX#Z([+a�E�}�Xz}~a�JQV_V_E�º+}~JM�#E�^"sAX�\AX#a�a�XzZ�X#Z(^QI�E�Xz}��AX�[m^"V�VY^"sA^�X#VYÊ
VYX~I_X�V�H]\]\]E��pE�VYX0V_H]a�a�J�`+JQVYX�\AX#a�a�J±[mX~I�Z�JQsAX#sA�#JÍ·�Kr¹(^?Z(X#sA^É·�N"¹�\AX#a�a���E�s]µÈ^QI�Z�JM�#E�^"sAX0J
}~E�I�}~H]E��Y^�sA^"s�JQa�E�Z�X#s	�_JM�Y^�E�s8R
KML¦s]^"s��Q^"a�JM�_E�a�EF·£}�^"Z(X|JQ\0X#VYX#Z([+E�^�a�X�Î&Ï�Ð��AZ�J�JQs]}��AX|a�X�tWv�wÑ�pE�VY�YXusAX#a;}~JM[+E��Y^"a�^
[+I_X#}�X#\AX#s3�YX�¹��

NSL©�Q^"a�JM�_E�a�Ez·¶µ¶I�J�}~H+E¦E�a&�_E�[;^?[+E_�HÍ\+EÒ´;H+VY^Ó�X�}�^"V_�_E��_H]E��Y^=\]JQa�a�X�Î¦w�Ð ·£Ô¦¡Mk;npdgÕ×Ö|b� 
beoef�f�°±oeÕ�d�c�Ø�¹��¢}~JMI�JM�Y�YX~I�I�E��~�#JM�YX�\]JQa�a�J¥[;^"V_V_E�`+E�a�E����J¥\]EWa�X~GQGQX~I_X0XCV�}�I�E��QX~I_X0EW\+JM�_E
}�^"sÇI�E��_JMI�\]EU}�^"Z([+JMI�JM`+E�a�E�L¥v�X�Î©wuÐ��1J�a�^QI_^��Q^"a��_Jp�iX#V_VYX~I_X0V_H]\]\+E��SE�VYX(E�s�Z(X#Z(Ê
^QI�E�X(\]E�s]JQZ�E�}��AX¥·£ËuÎ©wuÐ?�1Ë¦Ùps]JQZ�E�}eÊ2Î©wuÐ�¹¦X�VY�_JM�_E�}��AX�· Ñ Î©wuÐ?� Ñ �_JM�_E�}eÊ2Î©wuÐ�¹��
J¥V_X#}�^"s]\]J�}��AX�a�X(E�sAµ¶^QI�Z�JM�#E�^"s]E1�QX#sAG"JQsA^�Z(X#Z�^QI�E��~�#JM�YX�I�E�VY[;X~�Y�_E��MJQZ(X#s	�YX(}�^"Z(X
}~JMI�E�}~J�JQa�a���E�s3�YX~I�sA^u\]EpH]s(}�^"s]\]X#s]V_JM�Y^QI_X«^|E�s�H]s(}~E�I�}~H]E��Y^uI�E�GQX#s]X~I�JM�_E��Q^�·¶Ú+jOh� ¶Ú;d�h�¹�L

y�s��SHAX#VY�Y^�}~JM[�E��Y^"a�^�}~EWV_Ei^p}~}~HA[;X~Ig�J�\AX#aU}�^"a�a�JQH]\A^�\+EUZ(X#Z(^QI�E�X��Q^"a�JM�_E�a�E¦·¶X�E�s±[+JMI_Ê
�_E�}�^"a�JMI_X0\AX#a�a�X�Î©wuÐ�¹��F[;^"E�}��;�XCE�aW}�^"a�a�JQH]\]^�\]EW�3HAX#a�a�X�sA^"sÇ�Q^"a�JM�_E�a�E©�X��_E�[+E�}~JQZ(X#s3�YX�[�EY�H
VYX#Z([+a�E�}�XuX|[+H��^(X#V_V_X~I_X|GQX#sAX~I�JQa�Z(X#s	�YXzI�E�}�^"s]\A^Q�Y�Y^�JQa�}~JQVY^�\]E8�SHAX#a�a�X��Q^"a�JM�_E�a�E�L

t1X~I|�3H]X#a�a�^�}��AX�I�E�G"H]JMI�\+J�a���JMI�}��]E��YX~�Y�_HAI�JC\]E1H]s]J�Z(X#Z(^QI�E�Jp�;VY^"sA^C[;^"V_V_E�`�E�a�E8\]E��QX~I�VYX
VY^"a�HA�#E�^"s]E��¦E�sÛ�3HAX#V_�Y^Í}~JM[+E��Y^"a�^ÍV_Euµ£JMIg�J§I�E�µÈX~I�E�Z(X#s	�Y^ÓJÓH]s]^§V�}��AX#Z�JÜZ(^"a��Y^ÓGQX#sAX~I�JQa�X
DFE�GAL�KMLONQÝSL&y«}~H]E�}�^"Z([;^"sAX#s3�_E�X#V_VYX#s]�#E�JQa�E�VY^"s]^AR¨H]s+J�a�^QG"E�}~J�\+E�E�s]\+E�I�E��~�#JQZ(X#s3�Y^�·¶X#V_VYX#sAÊ
�#E�JQa�Z(X#s3�YX(H]s]JCVYX~I�E�X�\]E�X#a�X#Z(X#s3�_EF\]E�\]X#}�^S\]E�º+}~J�^�nporbedAnpo�ce¹���H+s]J�Z�JM�YI�E�}�X�\]E�}�X#a�a�X(\]E
Z(X#Z(^QI�E�Jp�+sA^"s]}��;�XzH]s]J(a�^QG"E�}~J(\]E�V_}�I�E��Y�_HAI�J�XzH]s]J(\+E8a�X~�Y�_HAI�JpL

v�X�Z(^p\]JQa�E����J�\]E+E�s]\]E�I�E��~�#JQZ(X#s3�Y^A�QX¦�SH]E�s]\]Epa�JzVY�YI�HA�Y�_HAI�J�\AX#a�a�J�a�^QG"E�}~Jz\]E]\]X#}�^S\]E�º+}~Jp�
I�E�Þ]X~�Y�Y^"s]^|\]JuH]s�[+H]s3�Y^u\+E3�pE�VY�_J�µ£H]sA�#E�^"s+JQa�X¨a6��^QI_G"JQs]E��~�#JM�#E�^"s]X&\AX#a�a�J�Z(X#Z(^QI�E�J�·£sSH]Z(X~I�^
\]E;`+E��ß[;X~Iß[+JMI_^"a�J	¹W[;X~I�Z�X~�Y�YX#s]\A^�\]E;V_}�I�E��QX~I_X�^�a�X~GQGQX~I_X|H]s+J�[+JMI_^"a�J�[;X~I«�Q^"a��_J�·¶�_E�[+E�}~JgÊ
Z(X#s3�YX�\]E&K#à¥^�PQN0`+E���¹�L�ËuJ�H]s±[�H]s	�Y^�\]Ei�pE�VY�_J¥E�s3�YX~I�sA^A�1E�s	�QX#}�XQ�ia���^QI�G"JQs]E��~�#JM�#E�^"sAX��X
�_E�[+E�}~JQZ�X#s	�YX�[;X~I�I�E�G"�AX(X�[;X~Iz}�^"a�^"s]s]XQ��E�s�}~H]E¢}~E�JQV_}~H]s]J¥}�X#a�a�J¥\]EiH]s]J¥}�^"a�^"s]s]J��X�}�^"a�Ê
a�X~G"JM�_JÇ·£}�^"s=H]s±[+JQV�V�Ê6�YI�JQs]V_E�VY�Y^QIzJM�Y�_E��MJM`+E�a�X�JQH]�Y^"sA^"Z�JQZ(X#s3�YXC\+JMG"a�EiJQa��YI�EU\]X#a�a�J¥VY�YX#V_V�J
}�^"a�^"s]s]J	¹�J�H]s]J0`+E��ua�E�sAX�X�a�X�V_E�sAGQ^"a�X(}�^"a�^"s]sAX�V_^"sA^�[;^"EiZxH+a��_E�[+a�JM�YX(E�s�E�sAGQI_X#V_VY^�JQa�a�J
}~E�I�}~H]E��YX~I�E�J�\]E8a�X~�Y�_HAI�J�XzV_}�I�E��Y�_H]I�JpL

v�J�VY�YI�HA�Y�_H]I�J�\AX#a�a�X|V_E�sAGQ^"a�Xx}�X#a�a�Xz}~JMI�JM�Y�YX~I�E��~�#J�E�a8�_E�[;^�\]E�Z�X#Z(^QI�E�JpL«Æ¦X#a�a�X|ËuÎ©wuÐ
}~E�JQV_}~H]s+J�\]E�X#V_V_J��X�}�^"V_�_E��_H]E��_JC\]JCH]s��YI�JQs+V_E�VY�Y^QI_X(Ð±Ï Ñ X�\]JCH]s�}�^"s+\AX#s]V_JM�Y^QI_XQ�8sAX#a�a�XÑ Î©wuÐ��+E�s3�QX#}�XQ�+}~E�JQV_}~H]s+J(}�X#a�a�J¥�Xz}�^"VY�_E��_H]E��_J�\]J(H+s0Ú+jOh� ¶Úmd�hiL

ËuJQa&[+H+s	�Y^?\]E&�SE�V_�_J�\AX#a&}�^"a�a�JQH+\A^?E�s3�YX~I_X#V_V_J�sA^Q�_JMI�X�H]s]J�E�Z([;^QI_�_JQs	�YX�\+EÒ´mX~I�X#sA�#J
}�^"s�E�a8�_E�[;^�\]E�}~E�I�}~H]E��_E¢·¶I�X#JQa�E��~�#JM�_E�Z�X#\]E�JQs3�YXzG"JM�YX�¹&X#V_JQZ�E�s]JM�_E�E�s¥[]I�X#}�X#\AX#sA�#JpL¦ªuHAX#V_�_E
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ADDRESS

Y
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E
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O
D

E
R

X-DECODER

MEMORY CELL 

ARRAY 

SENSE AMPLIFIERS DATA

WRITE/DRIV 

O I

A

D1E�G"HAI�J¥KMLONQÝSRWÎ¦JM[][]I_X#V_X#s	�_JM�#E�^"s]XzV_}��]X#Z�JM�_E�}~J�\AX#E�[]I�E�s]}~E�[+JQa�E]`�a�^S}~}��]E8\]E8H]s+J Ñ Î©wuÐ?L
}~E�I�}~H]E��_E�[]I_X#VYX#s3�_JQsA^�Z�JMI�G"E�s]E;\]E;E�Z�Z�H]s]E����J�JQE�\]E�VY�_HAI_`+E+X|}~JMI�JM�Y�YX~I�E�V_�_E�}��AXx\]E;µ¶H+sA�#E�^"s]JgÊ
Z(X#s3�Y^©}��AX¢a�EMI_X#s+\A^"sA^&JM`]`+JQV_�_JQsA�#J©áMI_^Q`�H]VY�_E�áßI�E�VY[;X~�Y�Y^ßJ&[]I_^Q`+a�X#Z�EQ\]EM�_E�[;^«f�dgq�l]I�E�VY[;X~�Y�Y^
JC[]I_^Q`�a�X#Z�E1�3H]JQa�E��8JQ\�X#VYX#Z([+E�^A�8I�H]Z(^QI�E1V_H]a�a�X�JQa�E�Z(X#s3�_JM�#E�^"s]E1^¥[;X~I_�_HAI_`+JM�#E�^"s]E�VY�_JM�_E�V�Ê
�_E�}��AX�\AX#Eß[+JMI�JQZ(X~�YI�E��¨Z(X#s	�YI�X�VY^"sA^?VYX#s+V_E�`+E�a�E¢J�\]E�µ¶X~�Y�_E«\]Eß�_E�[;^±º+V_E�}�^±}�^"Z�X � ceo�¡g�=X
� c�j£n"¤	j�kp¤(\AX#V_}�I�E��SE�`+E�a�E]}�^"E�Z(^p\AX#a�a�E�X#V_JQZ�E�s+JM�_E�E�s0[]I_X#}�X#\]X#sA�#JpL

v�X�Z(X#Z(^QI�E�XQ��E�s3�QX#}�XQ�uV_^"sA^§[+JMI_�_E�}�^"a�JMI�Z(X#s	�YX?V_X#s]V_E�`+E�a�E&J§\]E�VY�_H]I_`+E©\+E¦�_E�[m^§f�dgq�l��
[;X~I�}��;�X�a�J�I�E�}�X~I�}~JC\]EFZ�E�G"a�E�^QI�E�[]I_X#V_�_JM�#E�^"s]E�X�}~JM[+JQ}~E����J��X�VYX#Z([]I�Xx^Q�Y�YX#sSHA�_J¥VY[+E�sAGQX#s]\A^
E�aß[+I_^QGQX~�Y�Y^�º+s]^?JQE©a�E�Z�E��_Eß}�^"s]VYX#s3�_E��_E&\]JQa�a�J±�YX#}~sA^"a�^QG"E�JÜ·£}��]E�JMI�JQZ�X#s	�YX�J�V_}~JM[+E��Y^�\AX#E
Z�JMI�G"E�s]E;\]E8E�Z�Z�H]s]E����J�JQE�\]E�VY�_HAI�`+E+Xx\AX#a�a�J�VYX#s]V�E�`+E�a�E����Jz\AX#a8}~E�I�}~H]E��Y^3¹�LUÆ¦X#a�}~JQVY^�\]X#E8Z�EÒÊ
}�I_^Q[+I_^S}�X#V�VY^QI�E��]E�s3�QX#}�XQ�+JQa��YI�E�JQVY[;X~�Y�_E¢·£E�s¥�SHAX#VY�Y^�}~JQV_^�\]E;�_E�[;^(JMI�}��]E��YX~�Y�_HAI�JQa�X�¹¨G"E�^p}~JQsA^
H]s0I�HA^"a�^�\A^"Z�E�s]JQs	�YXQL

ª�HAX#VY�Y^A�©�X�J�Z�JMGQG"E�^QI(I�JMG"E�^"sAX¥�QX~I�^?sAX#a�a�X0ËuÎ©wuÐ?�¢E�s=}~H+E¨a6��E�sAµ¶^QI�Z�JM�#E�^"sAXC�pE�X#sAX
Z(X#Z�^QI�E��~�#JM�_JC}�^"Z(X(H]s]J�[�E�}~}�^"a�J��SH]JQs3�_E����JC\]E�}~JMI�E�}~J�JQa�a6��E�s	�YX~I�sA^�\AX#a�a�XzV_E�sAGQ^"a�Xx}�X#a�a�XxX
E�s�}~H]EUE�aU}~E�I�}~H]E��Y^�}��AX�a�X~GQGQX��_JQa�XCE�sAµ¶^QI�Z�JM�#E�^"sAX�·£feoek]f�o� �¡MÕzh8²�j�âmo�ce¹x�X0H]s?}�^"Z([;^"sAX#s3�YX
X#V_V_X#sA�#E�JQa�Z(X#s3�YX¦JQs+JQa�^QG"E�}�^AL¢ËuEm}�^"s]VYX~G"HAX#sA�#Jp�A�SH]E�s]\+EpX~�SE�\]X#s	�YXu}�^"Z(X�I�H]Z(^QI�E�V_H]a�a�X&JQa�EÒÊ
Z(X#s3�_JM�#E�^"s]E6�S[;X~I�\+E��YX�\]X#E8\]E�VY[;^"V_E��_E��SE]V_^Q�Y�Y^�VY^QG"a�E�J¥·£²Èo�¡g�Q¡�¤So~¹��]I�JQ\+E�JM�#E�^"s]EmX|JQV_E�Z�Z(X~�YI�E�X
sAX#E	}�^"Z([;^"sAX#s	�_E6��[;^"V_VY^"s]^©\]JMI�a�HA^QGQ^©JQ\xX~I_I_^QI�E"s]X#EQ`+E���a�X~�Y�_E�L�t1^"E�}��;�XWI�E�Z�JQsAX¢}�^"Z�H]s]�SHAX
[;^"V_V_E�`+E�a�X�a�J¥[]I�X#VYX#sA�#J�\+EiG"H]JQVY�_E � ¡gc~n+�W�X�X~�pE�\AX#s3�YX�}�^"Z(XCV_E�J�s]X#}�X#V_V_JMI�E�^�}�^"s]V_E�\]X~I�JMI_X
Z(^"a��YX~[+a�E�}~E;}�^"s]\]E��#E�^"s]E;\]E;G"H]JQVY�Y^AL

ã ^"Z(X©V_EA�QX#\]Ig�J|sAX#a]V_X~G"H]E��Y^A�3�SHAX#VY�_JzZ�JMGQG"E�^QI_X�VYX#s]V_E�`�E�a�E����J�\AX#a�a�X«Z(X#Z�^QI�E�X©\��Jza�HA^QGQ^
JÓsSHA^r�pE�Z(^p\AX#a�a�E�\]E�G"H]JQVY�Y^A�|E�sÉ[�JMI_�YX?\]E��QX~I�V�E�\+JÓ�3HAX#a�a�E©�pE�VY�_E�s]X#a�}~JQV_^Ü\]Eua�^QG"E�}��AX
I_X#JQa�E��~�#JM�YX�Z(X#\]E�JQs3�YX�¤3¡pl2o�}��AX|VY^"s]^�E�Z�Z(X#\]E�JM�_JQZ�X#s	�YX�I�E�}�^"s]\+H]}~E�`+E�a�EAJ�\+EÒ´mX~�Y�_E;\]Em�_E�[;^
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º+V_E�}�^�s]X#a�a�J�VY�YI�HA�Y�_H]I�J(\AX#a�}~E�I�}~H]E��Y^ALUä
v�J©I�JM[][]I�X#VYX#s	�_JM�#E�^"sAXWV_}��AX#Z�JM�_E�}~J�\]E"DFE�GALSKMLONQÝ©}�^"s+VYX#s	�YXßH]s]J&[]I�E�Z�J«}~a�JQV_V_E�º+}~JM�#E�^"sAX

\AX#E�Z(^p\AX#a�a�Em\+E;G"H]JQVY�Y^�}�^"Z(XzI�E�G"H]JMI�\+JQs	�_E�R
J	¹«a�J(a�^QG"E�}~J(\]E8E�s]\]E�I�E��~�#JQZ(X#s	�Y^A�
`;¹¨a�J(Z�JM�YI�E�}�X|\+E8}�X#a�a�XQ�
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