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`sNQx V:c NQV�lmP 9 lmc NJEdV�? PSV:W 
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Wqa�; V�?$Rmu �(V[PSWSx�cdV:P ? �FK�x<;P;�T V :BV�?SNQWSx T V�:Jx cLvWE lmodPqV:WLS%8 �+V4UsP � PNEdVkodWSR]o9V[WSPSxzV�?$lmc�:
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l&c�: PHEdV �(V[PSWSx*cdV:P�prR%:sV4; 8�vWE l&odPSV[WhpCK�x<;P;�odWqV�? V:csP�PNEfVC:sV�? x<=Ucklmc�: RUo V:W lmPSxzRUc R&uFPHEdV
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(a): Four-phase handshaking protocol
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prx NyWSR]odx o V4;zx cdV ? P l�=UV PHE lmP+u#R]WNM>? xzcBPqR PnK Rrprx,NQWSRUofx o V4; xzcdV ? P l�=UV�?cK Edx,NJE ? adT�? V�� adV[cBPH; _
O R]x c x csPSR$RUcfV prx,NyWqRUodxzo V4; xzcdV.? P lR=]V18.m(xP=]adWSV \_8 Z? EdR�Kc?Yl prx NyWSR]odx o V4;zx cdV ? P lR=]V^K Edx NbE
? V4; V&NQPSxPGbVV; _ NyR]cdcdV&NQPJ? PqR RUcdVrR&u�PHEdV PnK R prx NyWSR]odx o V4;zx cdVA? P lR=]V�?BK Edx NbEDN:l�;P;FPHEdV?qlmprV
prx NyWSR]odx o V4;zx cdV ? P lR=]V18
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m(xP=]adWSV \%8TD �WY prx NyWSR]odx o V4;zx cdVc? P l�=UV u#R]WNM>? xzcBPqR5PnK�R$prx NyWSR]odx o V4;zx cdVc? P lR=]V�?
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Aout
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&
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R 4
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m(x<=UadWqV \%8 Q � Y prx,NQWSRUofx o V4; xzcdV ? P l�=UVYu#RUWNM>?�x csPSR PnK�R$prx,NQWSRUofx o V4; xzcdV ? P l�=UV�? K Edx NbEjO RUxzc
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r

r2
d2

R 4

A4

A4

D(out)

m(x<=UadWqV2\%8TZ � M�cdV prx,NyWqRUodxzo V4; xzcdV ? P lR=]V ? V4;zV&NyPSx<GbV4; _ NQRUcdcdV"NyPJ? PSR R]cdV2Rmu P K R prxze
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� 6 ��6�� � QFA�	�=�Q CFE�=VT A�N�?E�W QLA 	�E�	�=���E M�=�T

9 x NyWSR]odx o V4;zx cdV�?�lmWqV R]cdV!MBxzc�: Rmu�o lmWqPSx,NQa�;,l&WN; _ ? xzpro�; V lmc�: V4; l�? Pqx,N5odxzo V4; xzcdV5xzc�K Edx NbE
NyR]prodadP lmPqx RUci?rN:lmc2T V xzpro�; V[p VQcBPqV�:@T _ NyRUp$Tdx c lmPSxzRUc l�; ; Re=Ux,Nru#adc NyPqx R]c�?�8 � u l>prxze
NyWqRUodxzo V4; xzcdVhE le? cdRwNyR]prodadP lmPSxzRUc x c xzP �BxzP�xI?�l!m � m M � m(x<=UadWqV \_8 Z��J8 � c�? V:WSPqx c�=!? RUprV
m � mFM ?+x c T V:PnK�V[V:c PNEdV!? P l�=UV�?OPSRkl]N:NyRUpwprR%:dlmPqVCK�lmx Pqx c�=wx c�? PSWSa NyPSxzRUc�?ON[lmcGx prodWqR�GbV
PHEdVYo9V[W u#RUWqp lmc NyVYRmu7odx o V4;zx cdV�? 8
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cd pd

p

lt

=

data in
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m(x<=UadWqVY\_8 Z � Y prx,NyWqRUodxzo V4; xzcdVcm � m M

\ x PNEfx c ? a NJEJl m � mFM �-x u�PHEdVL? P lmPqV�? R&u lR;<;�Rmu�PHEdVL9 a�;<; V:W viehV4;zV:prV:csPhK Edx NbEDlmWqV
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? P lmPqV �iPNEdx ?j? x Pqa lmPqx R]c>x c�:sx,N:l&PSV�?YPNE l&P PHEdVLm � mFM xI? u#a�;<; 8Gj�R x cdxzPSx,l�; x _:V$l m � m M R]W$l
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prx NyWSR]odx o V4;zx cdV x c$PNEdV�V:profP _ ? P lmPqV �dl�;P; x cfodadPJ?FR&u�PNEdV 9 a�;P;zV:W�vie#V4; V[prV:csPJ?�K�x PNEfx c ? a NJE
l!m � m MLR]W+prx NyWSR]odx o V4;zx cdV�N[lmc T Vj? V[P�PSR PNEfVC?qlmprVA? P lmPqVYT _ l p le? PSV[W�N�;zV&lmW ? xP=]c lR; 8

\ EdV:ckl5prx,NQWSRUofx o V4; xzcdV K�x PHE RUWcK�x PNEfRUadP�NyR]prodadP lmPqx RUci? � m � m M �ixI?tu#a>;P; �bPHEdVYRsNye
NyafWSWSV[c NyV�R&u�PHEdV�lUNJMBcfRRK ;zV�:_=]V�V4GbV:csP�p a�? P'K�lmxzPFadcsPSxP;sPNEfVc? V&NyR]c�:j? P lR=]V E le?iNyRUc�? adprV�:
PHEdV:flmP lEdVV;I: x c PHEdVjf WJ? P.? P lR=UV 8^Y�u#PSV:WOxzPOxI?H? adV+?OlmcDlUNJMBcfRRK ;zV�:_=]V �-PNEfV!? adT�? V �badV:csP
:dl&P l$N:lmc V �*V&NQPSxPGbVV; _ V[cBPqV:W�xzcBPqR x P48ijFEfxI?�prV&l&c�?FPNE l&P+PHEdVOxzcdodadPc:BVVGBx NyVONQRUcdcdV"NyPSV�:rPqR
PHEdV5prx NyWSR]odx o V4;zx cdV�N[lmcdcdR]PYNJE lmc�=]VYx PJ?�x cfodadPc:dl&P l adcsPSx<;-xzP E l�?+WqV&NyV:x<GbV�:$lmc l]NbMscdR�K ; e
V�:%=UVrV4GbV[cBP+u#R]W5PHEdVrodWqV�? V:csPA:dlmP l_8 Yo? xzprxP; lmWcE lmci:�? E l�MbVK�xP;<;iRsN:NyadW lmP5PHEdV$RUadPqodadP
V:ci: Rmu7PNEdV prx,NyWqRUodxzo V4; xzcdV18*jFEdV:WSVQu#RUWSV �dNyR]WSWSV"NyP :dlmP lCK�x PNE l+GbV[W lR=]V:e N:l�? V.? o V:V�: N:l&crT V
odWqRUo l�=bl&PSV�: PHEdWSR]a�=�EkPNEdVYprx NyWSR]odx o V4;zx cdV18

� 6 ��6�� :<;>= I � GJI M�CFI 8=�T A�N ?BE�W QLA�	�E 	 =���E7M>=�T

� c l�:�:sx PSxzRUcYPSR�PHEdV l�:_G]l&cBP lR=UV+? R&u le? _ c NbEfWSRUcfRUa�?�Nyx W NyadxzPJ? �Qprx,NQWSRUofx o V4; xzcdV�?_E l+GbV ? V4GbV:W lR;
u#adWqPNEdV[W�l�:_G]lmcsP l�=UV�? l�?�u#R�;P;zR�Kc? �

Xe8 � crpwx,NyWqRUodxzo9VV; x cfV�? �:PHEdVOa�? VORmu7lYP K RUe#o�E le? VOTdafc�:_; V+:^:dl&P l NyR]c_GbV[cBPqx RUc cfRUP�R]c�; _
? x pro>; x f V�?tPHEdVYx cdxzPSx,l�;�? _ ? PSV:p :sV�? x<=Uc TdadP lR; ? R$o9V[WSprxzPJ?tW lmodx : prx :Be#; x u#V�afo�=UW l�:BV
R&uA? _ ? PqV:pL? l�? cdV4K PSV&NJEdcdRe; R�= _ T V&NyR]prV�?5l4G]lmx<;,l&T�; V180viR]pro RUcdV[cBP ? lmWSV V&le? x<; _
WqV:o�; lUNyV�: T _ cfV4K RUcdV�? 8 jFEdV!? _ ? PSV:p N:lmc prR]WSV WSV&le:BxP; _ p lmx csP l&x ckPNEdV$NJE lmW lUNye
PqV:WSx ? Pqx,N+R&uWEdxP=eE o9V[W u#RUWqp lmc NyVYlmci: ; R�K NyR1? P48

\%8 ^ V"N:lma�? V V4GbV:csPSe :BWSx<GbV:c ; Re=Ux,NrprR%:sa�; V�?YodWSR�GsxI:BV NyRUc�:sx PSxzRUc l�;�RUo V:W lmPSR]WJ? � ofWSRsNyV:e
:sadWSVkN:l�;P;I? ��l&c�:>RUPHEdV:W$V4; V:pwV:cBP ? u lmpwxP; x lmWYPSRGodWqR�=UW lmprpwV:WJ? �(PNEfxI?5p l�MbV�?.? a NJE
pwR%:Ba�; V+?+V&l�? _ PSR NyRUpro R ? V x csPSR ; RbRUoi?5lmci:@RUPHEdV:WA? PqWSa NyPqadWSV+?B? x prx<;,l&W�PSR PHEdR1? V
u#R]adc�:2x c odWSRe=UW l&pL?�8 jFEdV :BV�? xP=]c2Rmu NyRUcsPSWqR�; Nyx W NyadxzPJ?5xI?$W lmPHEdV:W!; x<MbV p lRMsx c�=
T>; RsNJM :sx,lR=]W l&pL?�RmuiofWSR�=]W l&pL?�8+viR]pro�;zV4U u#afc NyPSxzRUc�?�l&WSV V&l�? _ PqRrNQRUpro R1? VOu#WSRUp
? x pro>; V�prR%:Ba�;zV�? K Edx NbEwodWSR�GsxI:BVYT le? x,N+u#adc NyPSxzRUc�?�l�; WSV"l�: _ u lmprx<; x lmWix c odWqR�=UW lmpre
pwx c�=>8 9 RUWqVGNyRUpro>; V4U ? _ ? PqV:pL? N:l&c0T V Tdadx<; P T _ NQRUpro R1? x c�=Dl�EdxzV:W l&W NJE _ Rmu
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PHEdVYT l�? x,NOprR%:Ba>; V�? lmc�:rodWqV4GBxzRUa�?n; _ :BV�? xP=UcfV�: NyRUpro R ? x Pqx R]c�?�8 � P�x ?FGbV:W _ V&le? _ PqR
afc�:BV:W ? P l&c�: l&c�: PqR WqV&lR;zxa_:V 8

S%8+jFEfV prx NyWSR]odx o V4;zx cdV :BV�? xP=Uc prV:PHEdR%:BR�;zR�= _ WqV�:Ba NQV�?5PNEdV :BV�? xP=Uc PSxzprV lmci:2NyR1? P
R&u NyR]pro�; VVU>le? _ c NbEfWSRUcfRUa�?!? _ ? PqV:pL?�8 � P odWSR�GsxI:BV+? lmc0VVUdNyxzPSxzc�= l�; PSV[WSc l&PSxPGbV PqR
NQRUc%GbV:cBPqx R]c lR; E lmW :_K�l&WSVA:BV�? xP=Uc 8ijFEdVYprx,NyWqRUodxzo V4; xzcdV :BV+? xP=]c prV:PNEfR%:BR�;zR�= _ ? xzpre
o>; x f V�? ? _ ? PqV:p :BV�? xP=]c T9V"N:lma�? Vh? x pro>; V�pwR%:Ba�; V+?(l&c�: PNEfV:x WiNQRUpro R1? x Pqx RUci?FN:lmc$T V
u#afWSPNEfV:W�a�? V+: PSR$NQRUc�? PSWSa NyP ; lmWH=UVA? _ ? PqV:pL?�8

k>8 ��V:PqadWScdxzc�=JPSRJPNEfV@xzc lUNyPqxPG]lmPqV ? P lmPSVGxI?rcdR]P cdV&NyV�?H?Sl&W _ 8 ` a NbELprx NyWSR]odx o V4;zx cdV�?
?ql4GbV PSx pwV lmci: V:cfV:WN= _ NyR ? PJ?OR]c@PHEdV WSV:PqadWSc PqW l&c�? xzPSx R]c�8$jFEdV:WqVyu#RUWqV � K EdV:cGprxze
NQWSRUofx o V4; xzcdViPSV&NJEdcdx � afV�?�lmc�:5VVGbV:cBPqe :sWSxPGbV[cOprR%:Ba�;zV�?�lmWqV�a�? V�: PqR.:BV�? xP=]c NyR]pro�; VVU
le? _ c NJEdWSR]cdRUa�? ? _ ? PSV[pL? �dPHEdVj? _ ? PSV:pL?FE l+GbVYPHEdV5odWqRUo V:WqP _ R&uWEdxP=eE o V:W u#RUWSp lmc NyV
l&c�:�;zRRK o R�K�V:WA:Bx ?N? x o l&PSx R]c�8 jFEdV+? V$PSV&NJEdcdx � adV+?+l&c�: pwR%:Ba�; V+?OlmWqV T9V[x c�= a�? V�:
PqR:sV4GbV4; R]oEdx<=�E o V:W u#RUWqp lmc NQVYlmc�:;zRRK o9R�K V:W�prx,NQWSRUofWSRsNyV�?H? xzc�=j? _ ? PSV:pL? 8

9 x,NyWqRUodxzo9VV; x cfV�? E l4GbVYl u#VVK :Bx ?Sle:_G]lmcsP lR=]V�?Ole?�u#Re;P; R�Kc? �
Xe8+jFEfVONyR]prp$adcdx,N[lmPSxzRUcYT V:PnK�V:V[c!? P l�=UV�?iRUW ? PqRUW lR=UV V4; V:pwV:cBP ? xzc prx,NQWSRUofx o V4; xzcdV�?-x ?

cfRUP u#a>;P; _ :BVV;,l _ e#x ci? V:c�? x PqxPGbVYx u�NyR]cBPqWSR�; l&c�:�:flmP l ? x<=Uc l�;I?YlmWqV T9R]PNEJNQRUc�? xI:BV:WqV�: 8
jFEfV :BV4; l _ ?�x cA:dl&P l+PqW lmci? prx ?N? xzRUc p a�? P-T VF;zV�?N?�PNE lmc PNEfVF:sV4;,l _ ? xzc PqW l&c�? prxzPSPqx c�=
PHEdV�WqV �badV�? P ? x<=Uc l�; 87jFEdV�NyR]p Tfx c l&PSx R]c lR;e; Re=Ux,N Nyx W NyadxzPJ?9u#RUW7NyR]prodadP lmPSxzRUc�?�K�x PHEdx c
PHEdVOprx NyWSR]odx o V4;zx cdVip$a�? P7T9V N:lmWqVyu#a�;P; _ :BV"NyxI:BV+: l&c�::BV�? xP=]cdV�: 8��+xP=eE? o9V[V�: V4;zV&Nye
PqWSR]cdx,N4?YPSV&NJEdcdx � afV�? ��? a NbEJle?C: _ c l&prx,Nrv 9@MY` PSV&NJEdcdx � afV�? ��lmWqV lmofo�; xzV�: K EfV:c
:sV�? x<=Ucdxzc�= PHEdxI?�o lmWSPV8

\%8+jFEfVL:dlmP l ? xP=Uc lR;I?Op$a�? P odWSR]o lR= lmPSV PHEdWSR]a�=�EJl prx,NQWSRUofx o V4; xzcdVOu l�? PSV:WYPNE lmc>PHEdV
NQRUcsPSWSRe;+VVGbV:cBP ?5PNEdWqRUa�=eE xzPJ?$NyRUcsPSWqR�; Nyx W NyadxzPJ?�8 jFEdV:WSVQu#RUWSV � ? o V&Nyx lR;c:BVV;,l _ ?$lmWqV
? RUprV[PSx pwV�?FWSV �badx WqV�: xzc PNEfV5NQRUcsPSWSRe;�o lmPHE K EdV:c ? x<=Ucdxgf*N:l&cBP�odWSRsNQV�?N? x c�=!; Re=Ux,NOx ?
ofadP+T V:PnK V:V:cL? PSRUW lR=]V5V4;zV:prV:csPJ?Fx c PHEdVA:dlmP l o l&PNE�8
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jFEdV.=URbl�;FRmu PNEdx ?+NJE lmofPSV:W�x ?�PSR$odWSV�? V:csPOl �(V:PqWSx-cfV:P+pwR%:BV4;-R&u V&lUNJE RmuiPHEdVYV4GbV:csPSe
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PqR PHEdV!? P lmc�:flmWJ: f Wqx c�=rWqa�; V+? R&u �(V:PqWSx�cdV:P ? � K�x<;P;�T V:sV�?SNyWqx T V�: 8 jFEdV odWqRUo V:WSPqx V�? lmc�:
o R�K�V:W�Rmu �(V[PSWSxbcfV:PJ?�K�xP;<;bT9V V4UflmprxzcdV�: 8�m�x c l�;P; _ � �(V:PSWqxbcdV:P�prR%:sV4;I?-R&u-PHEdV�VVGbV:cBPqe :sWSxPGbV[c
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RUW���� �>xI?7lmc x cfodadP(u#adc NyPSxzRUcCK Efx,NJEj:BV�f cdV�?(odWqV�:BV&NQV�?N? RUW�PSW l&c�? xzPSxzRUc�?(R&u.l+o�;,l]NyV �

 �(��� � x ?(l&c5R]adPSodafP(u#adc NyPqx R]cCK Edx NbE :BV�f cdV+?'? a N:NyV�?H? R]W(o�; lUNyV+? R&u�l�PSW lmc�? x Pqx RUc �
RUW��	� �2xI?�l&c RUadPqodadP�u#adc NQPSx R]cK Edx NbEL:sV�f cdV�? ? a N[NyV�?N? RUW PSW l&c�? xzPSxzRUc�?�R&uil5o�; lUNyV

l&c�:
� �(�	� 
�x ?�l5p l&WNMsx c�=�u#adc NyPqx RUc K Edx,NJEL:BV�f cdV�?tPHEdV�PSR�MbV[crcBafp T V:WFR&uilYo�;,l]NyV �
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Y �(V:PSWqxFcdV:P.=]W lmo>E�� xI?Yl Tdx o l&WSPqx PSV!:sx WSV"NyPSV�: p$a�;zPSxP=]W l&o�E��-T V&N:l&a�? Vwl �(V:PqWSxFcdV[P
=]W lmo>E^E le?FP K ROP _ o V�?�Rmu*cdR%:BV�? �Fo�;,l]NyV�?�lmc�: PSW lmc�? x Pqx RUci?�8WY0NQx W N ; V lmc�:$lOT lmW7WSV:odWqV�? V[cBP
l o�;,l]NyVklmc�:Jl PSW lmc�? x PSxzRUcJWSV+? o V&NyPqxPGbV4; _ 8GjFEdVklmW NV? u#WSRUp o�;,l]NyV�?5PSRGPSW lmc�? x Pqx RUci? lmc�:
u#WqRUp PSW l&c�? xzPSxzRUc�?�PqR5o�; lUNyV�?FWqV:odWSV+? V:csPiPNEdVOxzcdodadPiu#adc NyPqx R]c�?ilmc�:rPNEfVORUadPqodadPiu#adc NyPqx RUci?
WqV�? o V&NyPqxPGbV4; _ 8�jFEdVYprR�GbV:p$V:cBP7Rmu l5PSR�MbV[c xzc�? x :BVYl5o�; lUNyVA:BV[odx,NyP ?tPHEdV � R�K R&uW:Bx ?SNyWqV:PSV
V4GbV[cBP ?�8

Y �(V:PqWSx�cdV:P�xI?+VVUBV&NQadPSV�:rT _ f WSxzc�=rPSW lmc�? x Pqx RUci?�8 \ EdV:cGl$PSW l&c�? xzPSxzRUc xI?Ff WqV�: �-R]cdV
PqR�MbV:cK�x<;P;dT VOWqV:prR�GbV�:Ou#WSRUp V&l]NbE$Rmu�xzPJ?Fx cdofadPio�;,l]NyV�? �flmc�:$V&lUNJE R&u�x P ? R]adPSofadP�o�; lUNyV+?
K�x<;P;bT V l�?N? xP=]cdV�:5l�cdV4KGPSReMbV:c�8�Y>PSW lmc�? x PSxzRUc N:l&c5T V f WSV�:Ox udxzP�xI?-V:c l&T�; V+: 8�YCPqW l&c�? xzPSx R]c
x ? V[c lmT�;zV�: x u�PHEdV:WqV�xI?ilmP ; V&le? PFR]cdVOPSReMbV:c x ci? xI:sV+V&l]NbE R&u�x P ? xzcdodadPio�; lUNyV+?�8 Y�u#PSV:W'f WSx c>=
l PqW l&c�? xzPSx R]c�� PNEdV p lmWHMBxzc�= RmuiPHEdV ��V:PSWqx�cdV:PcK�xP;P;�T V NbE l&c�=UV+: �9x 8 V18Wf WSxzc�=rl&c V:c lmT�;zV�:
PqW lmci? x Pqx R]c x c l p l&WNMbV�: �(V:PqWSx*cdV:P K�x PHE p lmWHMBxzc�=�� K�x<;P;-WqV�? a>; P�x cwPNEdV �(V:PqWSx*cdV:P K�x PHE
l cdV4KLp lmWHMBxzc�=���#8ij W lmc�? x PSxzRUcf Wqx c�= ?�N:lmckNyR]cBPqx csadVYl�? ; R]c�=$l�?�PHEdV:WqV VVUBx ? PJ? lmP ;zV&l�? P
R]cdV V:c lmT�;zV�: PqW lmci? x Pqx R]c�8 \ EfV:c0PHEdV:WSVkl&WSV cfR@V:c lmT�;zV�: PqW lmci? x Pqx R]c�? ��PHEdV V4UsV&NyadPqx RUc
E l�; P ?�8
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p1

p5

t1

p2

t2 t4

p4

t3

p3

m(x<=UadWqV.S_8zX � Y �(V:PSWqx-cdV[P�V4Udl&pro�;zV

m(xP=]adWSV S%8 X ? EdR�Kc? l�(V:PqWSxOcdV[P VVUdl&pro�; V 8 � c2PHEdxI?rV4Uflmpwo�; V � PNEdV:WqV xI?rl ? V:P Rmu
o�; lUNyV+? � � ��� � � � # � � � � ��� �"��� ' � lmc�:Jl ? V:P R&uOPqW lmci? x Pqx R]c�? � � �%+ � �,+ # �-+ � �-+�� ' 8JjFEdV
WqV4;,l&PSx R]c�? Efx oGT9V[P K V:V:cko�;,l]NyV�?Ylmc�: PSW lmc�? x Pqx RUci? xzc@PHEdxI? �(V:PSWqxFcdV:P N:lmcGT V:BV[cdRUPqV�: T _
PHEdV:x W�xzcdodadP�l&c�: R]adPSofadP u#afc NyPSxzRUc�?�le?�u#Re;P;zRRKc? �

� � +-� ���*��� �%� � � ' � � � +,# ������� # ' � � � + � � � ��� � � � � ' � � � + � � �*��� � ' �

 � + � ���*��� # ' � 
 � + # ���*��� � � ��� ' � 
 � + � ��������� ' � 
 � +�� ���*��� � � ��� ' �
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 � � � ��� �%+ � ' � 
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 � � � ���*�%+,���,+ � ' �
jFEdV p l&WNMsx c�=kRmu PNEfxI? �(V:PSWqx�cdV:P$N:l&c0T V :BV:cfRUPSV+: T _ PNEdVkp lmWHMBxzc�= u#adc NQPSx R]c l�?

u#Re;P; R�Kc? �
� � � � � � X � � � � # ��� � � � � � � ��� X � � � � � ��� � � � � � � ��� X�8
jFEdVOPSW lmc�? x Pqx RUci?�+-� � + � lmWSV T9R]PNEkV:c lmT>; V�: 8 ��RRK V4GbV:W �UV:x PHEdV:W PSW l&c�? xzPSxzRUc +,��RUW�PqW l&cde

? x PSxzRUc + � K�xP;<;OT V f WSV�: 8 � u5PqW l&c�? xzPSx R]c +,�rxI?jf WSV�: � PqW l&c�? xzPSx R]c + � K�xP;<;+T V :BxI?qlmT�;zV�: 8
`bxzprxP; lmWH; _ �Fx uOPqW lmci? x Pqx R]c + � xI?Cf WqV�:0PSW lmc�? x PSxzRUc +-�!K�xP;P;�T V :BxI?qlmT�;zV�: 8LjFEdxI? V4Uflmpro>; V
N�;zV&lmWH; _ ? EdR�Kc?�PNEdVYcdR]c�:BV:PqV:WSpwx cdx ? PSx N�u#V"lmPSafWSVYRmu �(V:PqWSx�cdV:P ?�8
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\ x PNEfx c$l��(V:PqWSxscdV:P NyRUcsP l&x cdxzc�=YlOp l&WNMsx c�= � �slB? V:PFR&u�PSW lmc�? x Pqx RUci? K�x<;P;dT V�V:c lmT�;zV�:
l&c�: p l _ T9VCf WSV�: 8YjFEfV WSV�? a�; POR&uWf WSxzc�= l PqW lmci? x Pqx R]c K�x PNEfx c ? a NbE �(V:PSWqx(cfV:POxI?�PNE l&P
PHEdV ��V:PSWqx+cdV[P K�x<;P; NyRUcsP l&x cLl>cdV4K�p lmWHMBxzc�=�� � 8 jFEdxI?rcdV4K�p l&WNMsx c�= � � x ?rN:lR;<; V�:
xzprprV�:Bx lmPqV4; _ WqV&lUNJE lmT>; V5u#WSR]p ��8 � u ����xI?+xzprprV�:Bxzl&PSV4; _ WqV&lUNJE lmT>; V5u#WSR]p �Jlmci: � � �(x ?
xzprprV�:Bx lmPqV4; _ WSV"lUNJE lmT�;zVOu#WSRUp ��� �dPNEdV[c � � �-x ?�N:lR;<; V�: WqV&lUNJE l&T�; VOu#WSR]p �'8

�(V:PSWqxUcdV[PJ?�K�V:WqVW:BV�? xP=UcfV�: u#R]WFl&c�:5l&WSVia�? V+: p l&x c�; _ u#R]W�prR%:BV4;<; x c>=�8�jFEdV�NyRUci:Bx Pqx RUci?
R&u l�? _ ? PSV:p lmWSV prR%:sV4;P;zV�: T _ o�; lUNyV+?5x c l ��V:PSWqx�cdV:P���PNEfV VVGbV:cBP ? R&u l ? _ ? PqV:p lmWqV
prR%:sV4;P;zV�: T _ PSW lmc�? x PSxzRUc�? 8�jFEfVCEdRe;I:Bxzc�= Rmu l$NyR]c�:Bx Pqx R]c x ?�WSV:ofWSV�? V:cBPqV�:rT _ l5PSR�MbV[c xzc
PHEdVOo�; lUNyVYNQRUWSWqV�? o R]c�:Bx c>= PSR5PHEdVYNyR]c�:BxzPSx R]c�8 \ EdV:cwPNEdVOPqW l&c�? xzPSx R]crxI? f WSV+: x PiWSV[prR�GbV�?
PHEdV PqR�MbV:ci? WqV:odWqV�? V:csPSxzc�=rPHEdVjEdR�; :Bx c>= R&u�PHEdV ofWSV&NyR]c�:BxzPSx R]cGlmc�:DNyWSV&l&PSV�?�cdV4K PqR�MbV:ci?
K Edx NbE WqV:odWSV+? V:csP�PHEdV.EdR�; :Bx c�= ? R&uFPHEdVYo R1? P NyRUci:Bx Pqx RUci?�8

� ��� � " " ( ��(�!�) ��% � /8(')$* /�� %2#&4

(b) p2 filter temp

p1

(a) e:check Bool

falsetrue

m(xP=]adWSVAS%8 \ � jFEdVYPnK�R prR%:sx f V�:jf WSxzc�= Wqa�; V+?tRmu��(V:PSWqx-cdV[PJ?
jFEdV.? P lmc�:flmWJ:^f Wqx c�= WSa�;zV+R&u �(V:PqWSx cdV:P ?txI?iV&lUNJErR]adPSodafP�o�; lUNyVOR&u�PNEdV f Wqx c�= PqW lmci? x e

Pqx RUcAK�xP;<;bT9V le?N? x<=UcdV+: l PqR�MbV:cYx u l�PSW l&c�? xzPSxzRUc5x ?*f WSV+: 8 �+R�K V4GbV:W �QPNEdV[WSVixI?�lmc l�:�:BxzPSxzRUc l�;
f Wqx c�=wWSa�;zVjK Edx,NJE K�x<;P;�T V!:BV�f cfV�: EdV:WqV5PSR prR%:sV4;�PNEdVr` � � ��v j prR%:Ba�;zV � `bV:V$\_8 k�8 \
� 8YjFEdV le:�:Bx Pqx R]c lR;FWqa�; V xI?�PNE l&PORUc>; _ o lmWSPqx,l�;(R]adPSodafP o>;,lUNQV�? K�x<;P;�T V$l�?H? x<=UcdV�: PqR�MbV:ci?
W lmPNEfV:WYPNE l&c>l�;P;FR]adPSodafP o>;,lUNQV�? K�xP;<;FT Vrle?N? xP=UcfV�: PqR�MbV:ci? K EdV:cDlrPSW l&c�? xzPSxzRUc xI? f WqV�: 8
\ EdV[PNEdV:W7PNEdV RUadPqodadPio�;,l]NyV�x ?Fl�?H? x<=UcdV�: l�PSR�MbV[c5RUWicdR]PFxI?�:BV&NQxI:BV�:YT _ PHEdV�WSV�? a�; P�Rmu*PHEdV
NyR]WSWqV�? o RUci:Bx c�=wV4G]lR; a lmPSxzRUc Rmu PNEdVhf Wqx c�= PqW lmci? x Pqx R]c�8�jFEfV:WSV lmWqVYP K R ai? V N:l�? V�?�Rmu7PNEdx ?
le:�:Bx Pqx R]c lR;1f WSxzc�=�WSa�;zV18�jFEdV f W ? P�a�? V�N:l�? V�x ?�? EdR�K�c x cAm(x<=UadWqV S%8 \ � l � 8 � udPHEdV�PqW l&c�? xzPSx R]c
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; lmT V4;P;zV�:��mV � NbEdV"NbM ^ RbR�; � xI?hf WSV�: �(PNEfVrPSReMbV:c@xzc�? x :BV$PNEdVro>;,lUNQV o�X!K�xP;<;tT VrWqV:prR�GbV�: 8
�Fx PHEdV:W�PNEdV o�;,l]NyVC; lmT V4;<; V�: �mPqWSadV�� RUW �"u l�;I? V��^K�xP;<;�T9V$le?N? xP=UcfV�: RUcdV PSReMbV:c :BV[o9V[c�:Bx c>=
R]c K EdV:PHEdV:W PNEdVYWSV+? a�;zP�Rmu7PNEfVYNyRUWqWSV�? o RUc�:Bxzc�=$V4G]lR; a lmPSxzRUc Rmu7PNEfV PqW l&c�? xzPSx R]c xI?tPqWSadVYR]W
u l�;I? V 8 jFEdV:WqVyu#RUWqV �-PNEfV o�;,l]NyVj;,l&T9VV;P; V+: �mPqWSadV�� K�x<;P;FT V$le?N? x<=UcJl$PSR�MbV[c x u PNEdV WqV�? a>; POx ?
PqWSadV18 jFEdV o�; lUNyVA;,lmT V4;<; V�: �:u lR;I? V �^K�x<;P;�T9V l�?H? xP=]c>l$PSR�MbV[c x u PNEdV WSV�? a�; P�xI?�u lR; ? V18 jFEdV
? V&NyRUci: a�? V$N:le? V x ? ?nEdR�K�c x c m(x<=UadWqVjS_8 \ � T �J8 \ EdV[c PNEfV PSW l&c�? xzPSxzRUc ; lmT V4;<; V�: �+f�;zPSV:W �
x ? f WqV�: �FPNEfVrPSReMbV:c>x ci? xI:sV PHEdVro�; lUNyV; lmT V4;<; V�:��mPqV:pro �K�xP;<;iT9V WqV:prR�GbV�: 8 �+R�K�V4GbV:W �
PHEdV o>;,lUNQV � �^K�xP;<;FT Vrle?N? xP=UcfV�:@RUcfV PqR�MbV:c R]W5cdR]PC:sV:o V:c�:Bxzc�= RUcGPNEdVwNyRUWqWSV�? o RUc�:Bxzc�=
NJEdV&NJMBxzc�=YWSV�? a�; P�R&uFPHEdV f Wqx c�= PqW l&c�? xzPSx R]c�8ijFEdVYo�; lUNyV � �.K�xP;<; T9V le?N? x<=Uc l5PSR�MbV[crx u�PHEdV
PHEdV$NyRUWqWSV�? o RUc�:Bxzc�=kNbEfV&NbMsx c>= WSV�? a�; POx ?+V4Uso V&NyPSV+: 8 M�c PNEfV RUPNEfV:WhE l&c�: ��PNEdV o>;,lUNQV � �

K�x<;P;scdRUPiT V�l�?H? xP=]crlOPqR�MbV:c x u*PNEdV PNEdV�NQRUWSWqV�? o R]c�:Bx c>=5NJEdV&NJMsx c�=�WSV�? a�; P�xI?�cdRUPiV4Uso V&NyPSV+: 8
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�Fl&WSPqx,Nya�; lmW �(V:PSWqx-cdV[PJ?FE l4GbVOodWqRUo V:WqPSx V+? K Edx NbErp l _ EfV4; orxzc PNEdVYl&c lR; _ ? xI?�R&uFPHEdVOprR%:Be
V4;<; V�:.? _ ? PSV:p 8F`bR]prVix pro R]WSP l&cBP�ofWSRUo V:WqPSxzV�?(l&WSV ?Sl"u#V[cdV�?N? �UT RUadci:BV�:BcdV+?N? �sNyR]c�? V[WNG]lmPqx RUc �
;zxPGbV:cdV+?N? �dWqV&lUNJE l&TdxP;zx P _ lmc�: NQRRGbV[W lmTfxP; xzP _ �slmc�: V �badx<GUl�; V:c NyVYlmci: ? afT�? V:P 	 �(V:PqV:WJ? RUcLZsX � 8
��V:cdV[W lmPqx c�=$PNEfV5WSV"lUNJE lmTdx<; xzP _ PSWqV:V �%K Edx,NJE WqV:odWSV+? V:csPJ?�PHEdVYWSV&l]NbE l&TdxP;zx P _ ? V:P�Rmu l �(V:PqWSx
cdV[P �dxI?iPNEdVYp l�O RUW�l&c lR; _ ? xI?�PqV&NbEfcdx �badV18�jFEdV lmT R�GbVYodWSR]o V:WSPqx V�?�p l _ T V.GbV:WSxgf V�: ai? x c>=
PHEdxI?�lmc l�; _ ? x ?�PSV&NJEdcdx � adV 8

�(V:PSWqxdcdV:P ?�N:l&crprR%:BVV;dPNEdV x c�EdV[WSV:csPio lmW lR;P;zV4; x ? p RUW�NQRUc NyafWSWSV[c N _ Rmu ? _ ? PSV:p ?�8FM�cdV
p l�O RUWOu#V&lmPqadWSVwRmu �(V:PqWSxicdV:P ? x ? PHEdV:xzW5le? _ c NJEdWSR]cdRUa�?5c lmPSafWSV18 �(V:PqWSxicdV:P ?BE l4GbV$T9V[V:c
? a N:NyV�?H? u#a�;<; _ a�? V�: PSRrpwR%:BV4;�p l&c _ ? Rmu#PnK�l&WSV$l&c�: E lmW :_K�l&WSV!? _ ? PSV:pL? 8�jFEdV:WSV$l&WSV V4UBe
l&pro�; V+?(Rmu�PHEdV�a�? V Rmu ��V:PSWqxdcdV:P ? PqR5prR%:sV4;�? o V:V+: xzc�:BV:o V:c�:sV:cBP l�? _ c NJEdWSR]cdRUai?�NyxzW NyadxzPJ?
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�(V[PSWSxfcdV:PJ?il&WSV�a�? V�: PSR lmc l�; _ ? x ? ? a NJE$Nyx W Nyadx P ?�8 �(V:PqWSxdcfV:PJ? E l4GbV�lR; ? R T9V[V:c ai? V�: x c PHEdV
o V:W u#RUWSp lmc NyV V4G]lR;za lmPqx RUckRmu�l�? _ c NbEdWqRUcdR]a�?YNyRUc NyadWSWqV:csPh? _ ? PSV:pL? 	 �+l&p lmpwRbRUWSPHE _ Z � � 8
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execute logic & wait

execute logic & wait

B1 output empty

have test pattern

send to B1 input

B1 input full

R(in)

catch B1 & A(in)

B1 input empty

B1 output full

p1

t1

t2

t3

p6

p2

p3

p4

p5

B2 output empty

catch B2 & A(B2)

t5 p7 execute logic 
& wait

B2 output full

wait

wait
A(R2)&A(R3)

R(B2)&R(B3)

p8

p9

p10

t4

empty

catch

B3 output

B3 & A(B3)

B3 output full

R(B4)

execute logic
& wait

B4 output empty

catch B4 & A(B4)

B4 output full

Rout

Aout

output device
take away data

wait output device
take data

p11

p12

p13

p14

p15

p16

p17

p18

p19

t6

t7

t8

t9

t10
t11

m(x<=UadWqV.S_8 S � Y+c x csPSadxzPSxPGbV �(V:PqWSx*cdV:P�prR%:BVV;-Rmu7PNEfV5NQx W NQadx P Rmu m(x<=UadWqVY\_8gQ
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jFEdV �(V:PSWqxicdV:P5pwR%:BV4;iRmu l&c � M � x ?C? EfRRK�cJxzc
m(x<=UadWqVLS_8 k � T �J8 Y PnK�R]ehxzcdodadP � M �

x ?Olmc>M � l&c�: 9 � � � � V4;zV:prV:csPFu#RUWOVVGbV:cBP ?�8 \ EdV:c l&c V4GbV:csPOl&WSWqxPGbV�?�V:x PHEdV:W�R&u�PnK R
xzcdodadP ? �iPNEdV:WqVLK�xP;P; T V l&c0V4GbV[cBP RUc0PHEdVrR]adPSodafP48 \ EdV:c l o>;,lUNQV NyRUWqWSV�? o RUc�:Bxzc�=>PqR
R]cdV RmuiPnK R xzcdodadP ?�NyRUcsP l&x c�?�l PSReMbV:c��dPHEdV NyR]WSWqV�? o RUci:Bx c�=$PSW lmc�? x Pqx RUc x ?�V:c l&T�; V�: � lmc�:
f Wqx c�=wx P�WSV�? a�; P ? xzc PNEdV NyRUWqWSV�? o9R]c�:Bxzc�=ro�; lUNyV Rmu PNEdV RUadPqodadP NyR]cBP lmx cfx c�=wl PSReMbV:c�� x 8 V18
l&c V4GbV:csPFK�x<;P;.lmodo V&l&W+R]c PNEfV R]adPSofadP+R&uFPHEdV�� M �.8

Logic Modules Petri nets

C

Muller-C:
p1

p2
e

p3(a)

XOR: e1

e2

p1

p2

p3(b)

TOGGLE

TOGGLE:
p1

p2p3

p4p5

e1e2

(c)

m(xP=]adWSVAS%8lk � ��V:PSWqx�cdV:P�prR%:BVV;I?tR&uil!9�
��� � ��e v��*lmc �YM � lmc�: l$j+M���� � �
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SELECT
true false

R1

R
CALL

D1

D2
R2

D

R1

p1

p2

D1

p4

D2

R2

p3

e1

e3

e4

e2

p7

S1

S2

p8

p6

D R

p5

CALL:

Logic Modules Petri net

Bool Availableexecute
Boolean

e-Check Bool Value

SELECT:

Bool p6

waiting Boolean
p1

p7e1

e2

s-true
p5

s-false

i
p2

e-true
e3

e-false
e4

false
p4

true
p3

(a)

(b)

m(xP=]adWSVAS_8 p � �(V[PSWSx*cdV:P�prR%:sV4;I?�R&uilr` ��� ��v j lmc�:kl v Y ���
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PHEdV ^ RbRe; V&l&c G]lR;zadV xI?5PSWqadV R]W5u lR; ? V ��l PSReMbV:cJxI?5odafP xzc�? x :BVrPNEfV o�; lUNyVL;,l&T V4;P;zV�: ��? e
PqWSadV �YRUWiPNEfVOo�;,l]NyV ;,l&T V4;P;zV�: ��? e u l�;I? V��_8 \ EdV:c$PNEdV�x c NQRUprxzc�=OV4GbV:csPil&WSWSx<GbV�? �]RUcdVOR&u�PHEdV
o�; lUNyV+? ;,l&T9VV;P; V+: �e? e#PSWqadV � lmc�:���? e u l�;I? V �^K�xP;<; f WSV5PHEdV PSW lmc�? x Pqx RUc ; lmT V4;<; V�: �mV:e#PSWqadV � R]W
�&V:e u l�;I? V �_8 jFEdxI?WK�xP;<; N:lmai? VOPqR5PNEfVOV4GbV:csPilmofo9V"lmW�NyR]WSWSV"NyPN; _ RUcwPNEdVOo>;,lUNQV ; lmT V4;P;zV�: �mo�S��
PqWSadV � RUW�PHEdVYo�;,l]NyV.;,l&T9VV;P; V+: �mo�k � u l�;I? V �_8

�A��� � "_ #"_( "%�*�
jFEdV �(V:PqWSx�cfV:P prR%:BV4; Rmu l@v Y ��� VV; V:prV[cbP x ?j? EdR�K�c x c m(xP=]adWSV S%8Tp � T �J8 Y�v Y���
V4;zV:prV:csP�K�x<;P;UWqV:prV:p$T V:W�K Edx NbE Rmu xzPJ?-x cfodadPJ?-pwR1? P*WSV&NQV:cBPH; _ E le? WqV&NyV:x<GbV�:�lmcYV4GbV:csP �[lmc�:
K�x<;P;�WSV:PqadWSc lmc V4GbV:csP�PSRwPNEdV p l&P NJEdx c>= RUadPqodadPOPqV:WSprxzc lR;�l:u#PSV:W�PNEfV N:l�;P; V+: odWqRsNyV�:BadWqV
E le? f cfxI? EfV�: 8FjFEfV:WSV�l&WSV�PnK�ROo>;,lUNQV�? ��; lmT V4;<; V�: �&o Q �%?yX �Ylmc�: �mo�Z���?q\ �Ox c!m(x<=UadWqVcS_8 p � T �
PqR prV:pwRUWSx _yVYPHEdV xzcdodadPYT V:xzc�= ? V:WHGbV�: 8 jFEdV+? VwlmWSV$a�? V�: PqR WqV:PSadWqc@PHEdV V4GbV:csPhK Edx NbE
:BV[cdRUPqV�? PHE lmP PHEdVrN[lR;P;zV�: odWSRsNyV+:BadWSV E l�?Bf cfxI? EfV�: PqR PNEdVwNyR]WSWSV"NyP5p l&P NJEdx c>=rRUadPqodadPV8
� u�lmcGV4GbV:csPOl&WSWqxPGbV�?�RUcGPNEdV xzcdodadP ;,lmT V4;<; V�: � �YX ���(PNEfV:WSV x ?Ol PSReMbV:c x ci? xI:sV PNEdV o�; lUNyV
; lmT V4;P;zV�: � � X �>PSR :BV[cdRUPqV PNEdx ?? xzPSa l&PSx R]c�8 jFEdV PqW lmci? x Pqx R]c ;,lmT V4;<; V�: �&VbX �
K�xP;<; f WSV18
jFEdV[c>PNEdV$o�; lUNyV�?h; lmT V4;P;zV�: �mo Q � ?QX � l&c�: �moip � � � l&WSVwl�?H? xP=]cdV�:>lrPqR�MbV:cGV&lUNJE�8wjFEdV
o�; lUNyV!;,l&T V4;P;zV�: �mo�p�� � � NyR]cBP lmxzcdx c�= lrPSR�MbV[c
:BV[cdRUPqV�?OPNE l&P5PNEfV:WSV$xI?YlmcDV4GbV:csPORUcGx P ?
R]adPSodafPB; lmT V4;<; V�: � � �_8 \ EdV[c@PHEdV$N:lR;<; V�: odWSRsNQV�:BadWqVjE l�? f cdx ? EdV+: �-PNEfV:WSV x ?OlmcGV4GbV:csP
R]c PHEdVrxzcdodadP.;,l&T V4;P;zV�: � n �_8 jFEdVro�; lUNyV; lmT V4;<; V�:��mo�D�� n � K�x<;P; NyR]cBP lmx cCl PSReMbV:c>PqR
:BV[cdRUPqV5PNEfxI? ? xzPSa l&PSxzRUc�8WY u#PqV:W f WSx c>= PHEdVOPSW lmc�? x Pqx RUc ;,l&T9VV;P; V+: �mV�S � � PNEdVYo�; lUNyV ;,lmT V4;<; V�:
�&o \ � n X � K�x<;P; NyR]cBP lmx cDl PSReMbV:c�8 � u�lmcJV4GbV[cBPYl&WSWqxPGbV�?ORUcJPHEdVrx cfodadP.;,l&T9VV;P; V+: � �+\ � �
l ? x prx<;,lmW ? V�� adV[c NyV$Rmu�RUo V:W lmPqx RUci?CK�xP;P; E lmodo V:c 8 jFEdVL:Bx �*V:WSV:c NyV xI?YPNE l&P5PNEfV o�; lUNyV+?
; lmT V4;P;zV�: �e?bQ � ?yX � � �mo \�� n X �Glmc�:>PNEfVrPSW lmc�? x PSxzRUc�?C; lmT V4;<; V�:��mVbX � � �mV�S � K�x<;P; NJE lmc�=]V
PqR PHEdV5o>;,lUNQV�? ; lmT V4;<; V�: ��?NZ���?S\ ��� �mo�k � n \ � l&c�: PNEdV PqW l&c�? xzPSx R]c�? ; lmT V4;P;zV�: �&V&\ ��� �mVVk �
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l&c V4GbV:csP�R]c PNEdVYWSV�� adV+? P�x cfodadP�Rmu PNEdVOWqV�? a>; P�Tda��*V:WV8�jFEfxI?�V4GbV:csP�N[lmc T VC:sV:cdRUPqV�: T _
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req

ack

data outtest
pattern

generator

p1

p3

p2

req

ack

Test pattern
available

DELAY OI

p1
i

p2
p4

mid
p3

mid
e1

mid

mid
e2 e3

allow

o

DELAY:

Petri netsLogic Modules

TEST PATTERN GENERATOR:

(c)

(a)

(b)

data in

req

ack

buffer

entered into queue

data waiting

enter data into buffer

p1

p2

e

RESULT BUFFER:

result

m(x<=UadWqVjS%8TZ � �(V[PSWSx�cfV:P+pwR%:BV4;I?�R&u lrj
��`sj � Yij�j
� � � � � � � � Yij+M ��� l � ��`�
�sj
^ 
hm m � � lmc�: l n ����YFg
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Y n ����YFg Nyx W Nyadx P�xI?�a�? V�: PSRYWqV:P l&WJ:5PNEfV�V4GbV:csPFl&WSWSx<GBxzc�=OR]c PHEdV+xzcdodadP7Rmu�VVGbV:cBPqe :sWSxPGbV[c
;zR�=Ux N pwR%:Ba�; V+? ��K Edx,NJEGlmWqVrNyR]cdcdV&NQPSV�: PqR PHEdV RUafPSodadPYR&u�PNEfxI? n ����YFgj8 � P ? ��V:PSWqx(cdV[P
prR%:sV4;(x ?h? EfRRK�c xzc m(xP=]adWSV S_8 Z � N �J8 � PYNyR]c�? x ? PJ?�Rmuiu#RUadW o�;,l]NyV�?Ol&c�: PNEdWqV:V PSW lmc�? x Pqx RUci?
K Edx NbELl&WSVGNyR]cdcdV&NQPSV�:Jx c ? V[WSx V+?�8 Y+prR]c�=DlR;P; PNEdV o V:PqWSx�cdV:PrprR%:sV4;I? Rmu PNEdVkV4GbV:csPSe
:BWqxPGbV:c!; Re=Ux N prR%:sa�; V�? �bPNEdV:WqV+x ?tcdR cBafp T V:W ? R&u�PNEdV o�;,l]NyV�?ilmc�:rPqW lmci? x Pqx R]c�? K Edx NbEwlmWqV
NyR]cdcdV&NQPSV�:rx c ? V:WSxzV�?�TdxP=e=UV:W�PHE lmc u#RUadW lmci: PHEdWSV[V WqV�? o V&NQPSxPGbVV; _ 8�jFEdV:WqVyu#RUWqV �BPHEdV5PqR�MbV:c
PHEdWSR]a�=�E PNEdx ? �(V:PSWqx�cdV[P prR%:BV4; xI?5cdR]P5u l�? PqV:W$PNE l&c R]PNEdV[WJ?$lmc�:>PNEfV ofadWSo R1? V R&uOPHEdV
:BVV;,l _ N:l&c T V lUNJEdx VVGbV�: 8�jFEdV�u#RUafWto>;,lUNQV�?FlmWqV ; lmT V4;<; V�: �mo�X �Bx ��� �moiS �BpwxI: ��� �&o�k �sprxI: ���
l&c�: �&o \ �*R � WqV�? o V&NyPqxPGbV4; _ 8 jFEdV PNEdWqV:V5PqW l&c�? xzPSx R]c�?Ol&WSVC; lmT V4;<; V�: �mVbX � prx : � � �&V&\ � prxI: ���
l&c�: �&V�S � lR;<; R�K �rWSV�? o9V"NyPSx<GbV4; _ 8 � u�l&c@VVGbV:cBP�xI?�RUcGPNEdV xzcdodadPOR&u�l n � ��YFg �*x 8 V 8 PHEdV:WSV
x ?Ol PqR�MbV:ckx c�? xI:BV PNEdV o�;,l]NyVC; lmT V4;<; V�: �mo.X �-x � � PNEdx ? V4GbV[cBP K�x<;P;�lmofo9V"lmWYRUckPNEdV RUadPqodadP
R&u�PHEdV n ����YFg l"u#PqV:W f WSxzc�= PHEdV5PHEdWSV[V PqW l&c�? xzPSx R]c�?�8 n afWSx c>= PHEdVBf Wqx c�=$Rmu PNEdV�? V5PHEdWSV:V
PqW lmci? x Pqx R]c�? � PNEdV l]NyPSxzRUcLK Edx,NJE cdV:V�:>?�PNEdx ? :BV4;,l _ E l�?Ff cdx ? EdV+: 8

j(l&T�; V.S%8 X.; x ? PJ?iPNEdVYV4GbV[cBPFu#adc NQPSx R]c�?�Rmu GUl&WSxzRUa�?
�(V[PSWSx*cdV:P�PqW lmci? x Pqx R]c�?�RmuiPHEdVh;zR�=Ux N
prR%:sa�; V�?FK Efx,NJE lmWqV5V4UsV&NyadPqV�:jK EdV:c PHEdV NyRUWqWSV�? o RUc�:Bxzc�=$PSW l&c�? xzPSxzRUc�?�lmWqV f WSV�: 8
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j�lmT�;zV S%8 X ��jFEdV V4GbV:csP9u#adc NyPSxzRUc�?�RmufPNEdV �(V:PqWSxUcfV:P(PqW l&c�? xzPSx R]c�?�Rmu V4GbV[cBPqe :BWqxPGbV:c�prR%:Ba>; V�?

FunctionLogic modules

Muller-C2

Dmuller-C2

Mxor2

Toggle

Transition Name
muller_c2:e

dmuller_c2:e

mxor2:e1

mxor2:e2

toggle:e1

toggle:e2

Evaluate the logic device connected to the bool

Check both inputs and change the output state.

Check both inputs and change the output state.

Change the output state.

Change the output state.

Change the dotted output state.

Change the nondotted output state.

Check the logic value on the bool pin:

select:e-check Boolean valueSelect

Change the output state of the "false" pin.

select:e-true

select:e-false

Change the output state of the "true" pin. 

call:e1

call:e2

call:e3

call:e4

Call

select:e-execute Boolean

Arbiter
Return the token to the "s" place.

Return the token to the "s" place.

arbiter:e2

arbiter:e1

arbiter:e4

arbiter:e3

mux2:executeMux2 Consume the token inside the "sel" place.

Consume the token inside the "lt" place.

Llatch1 llatch1:execute
Hlatch1 hlatch1:execute

the "req" pin. 
generator:send outTest pattern

generator

Change the output state of the "ack" pin.

buffer:enter data into bufferOutput buffer

delay:mid

delay:allow
Delay

Point point

lineLine

The event functions of the Petri net transitions of the logic modules for events

pin of a select. Obtain correct logic value.

if it is true,  the "s-true" place gets a token 

if it is false,  the "s-false" place gets a token.

Assign the "S1", "R" places a token and change the 

output state of the "R" pin.

Assign the "S2", "R" places a token and change the 

output state of the "R" pin.

Change the output state of the "D1" pin.

Change the output state of the "D2" pin.

Change the output state of the "G1" pin.

Change the output state of the "G2" pin.

If the value of  "lt" pin is 1, it means that the "lt" has

If the value of  "lt" pin is 0, it means that the "lt" has

gone from 0 to 1. First let lt=0, execute the logic of the 

input of the low-activated-latches and then evaluate 

these latches. Then change lt=1, execute the logic of 

the input of the high-activated latches and then 

evaluate these latches. 

gone from 1 to 0. First let lt=1, execute the logic of the 

input of the high-activated-latches and then evaluate 

these latches. Then change lt=0, execute the logic of 

the input of the low-activated-latches and then 

evaluate these latches.

Send data to the output. Change the output state of 

Get the output data of previous stages and enter 

them into the queue of the result buffer.

Enable the subsequent transition.

Send the input event to the output. Change delay time.

Enable the subsequent transitions.

Send the input state to the output.

holding data or not. If not, remove the token. 
Check the corresponding latch of the input place  

If all the input places of this transition have a 

token, enable the subsequent transition.

Select bool filter
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jFEdxI?$NbE lmodPqV:W^K�x<;P;c:BV f cdV lGPSV:pro R]W lmW _ cdRUP lmPSxzRUc0u#R]W:BV+?SNyWqx Tdxzc�=@pwx,NyWqRUodxzo9VV; x cfV
NyxzW Nyafx PJ? l&c�: PHEdV ? xzp a�; lmPqx RUc K�RUWHM@u#RUW$PNEfxI? WSV�? V&lmW NbE ? P l�=UVGlmci: odWqV�? V:csP PNEfV v
	�	
N�; l�?H? V�?WK Edx,NJEjK�xP;<;dT V+a�? V�: PqR WqV:odWqV�? V:csPiPNEdV�NQx W NQadx PFpwR%:BV4; l&c�: PNEfV �(V[PSWSxfcdV:PiprR%:BV4; 8
� ��� � # �3) ( �D(2!�) 4�+ !�/ #&) �J#�/8(`)$*O. (2/8. � ( ��4 � ) " "$# 4K.�/8( 
��
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vWE l&odPSV[WS E le?5odWSR�GsxI:BV+: �(V:PqWSx�cfV:P prR%:BV4; ?ORmuYV4GbV[cBPqe :BWqxPGbV:c ;zR�=]x,N prR%:sV4;I? 8 ^ VQu#RUWSV
? a NbE �(V:PSWqxFcdV:PYprR%:sV4;I?ON[lmc>T V$a�? V�:GPSR pwR%:BV4;Fprx NyWSR]odx o V4;zx cdVV?�lmc�:@PHEdV:cGPNEdV$prR%:Be
V4;<; V�: prx NyWSR]odx o V4;zx cdV�?�N:l&c>T VL? xzp a�; lmPqV�: ��NyRUci? xI:sV:W l&PSx R]c>p$a�? PYT V=Ux<GbV:cGPSR EfRRK prxze
NyWqRUodxzo V4; xzcdVYNyxzW NyadxzPJ? N:lmc T V5V:csPSV[WSV�:$lmc�:LEdR�K PNEfV.? xzp a�; lmPqx RUc K�RUWHMrRmu7PNEfV pwR%:BV4;P;zV�:
prx NyWSR]odx o V4;zx cdV+?tN[lmc T VA? o V&NQx f V�: 8�jFEdx ? ? V&NQPSx R]c K�x<;P;�:sV�f cdVYPnK�R ? V:P ?�Rmu :sV�?SNyWqx odPqx R]c�?�8
M�cdV.K�xP;<;�T V ai? V�:rPSR$V:csPSV:W prx,NQWSRUofx o V4; xzcdV�NyxzW NyadxzPJ? 8FjFEdV RUPNEfV:W K�xP;<;-T V5a�? V�:rPSR ? o V&Nye
x u _ PNEdVA? x p$a�;,l&PSx R]cK�R]WNM �dx 8 V18 EdR�K PHEdV5PqV�? P�o lmPSPqV:WSci?+l&WSVYV:csPSV:WqV�:rx csPSR PNEfV pwR%:BV4;P;zV�:
prx NyWSR]odx o V4;zx cdV Nyx W Nyadx P ?+l&c�: PNEfV:c EdR�K PNEdV PSV�? POWSV�? a�; P ?+l&WSV WqV&l�: u#WqRUp�PHEdV5pwR%:BV4;P;zV�:
prx NyWSR]odx o V4;zx cdVwNyxzW NyadxzPJ? 8>jFEdV�? V PnK�R Msx ci:�?5RmuA:sV�f cdxzPSx R]c�?CK�xP;<;�T V :sV�?SNyWqx T V�:>x cJPHEdV
cdVVUBPc? adT�? V"NyPSxzRUc�? 8

p]Z
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lmTdTfWSV4Gsx,l&PSx R]c�?�8
mdRUW�VVUdl&pro�; V �(l PnK�R]ehxzcdodadPcY � n = lmPqV x ? :BV:cdR]PSV�: T _ �Ul&c�:d\ �_8

l PHEdWSV[V:ehxzcdodadP�M � =bl&PSV5x ? :BV:cdR]PSV�:rT _ �mR]WJS �_8
��"1�J�C����� � xI:BV:csPSxgf V�?FPNEfVC? P l&WSP�RmuiPHEdVYx csPSV:Wqe ? P lR=]VYcdV:PnK�R]WNM :BV�?SNQWSx ofPSx R]c�8
�W��6#�*������( " � WSV:ofWSV�? V:cBP ?txzcdodadP�l&c�: R]adPSodafP+PqV:WSprxzc lR; ?FPSRwlj:BV4Gsx,NyV18

jFEfV ��:sV4GBx NyV+u#adc NyPSxzRUcLMbV _ K�RUW : ��?�R&uFPHEdVYWSV4; lmPqV�:; R�=]x,N.:BV4Gsx,NQV�?�l&WSV l�?�u#R�;<; R�Kc? �
� l �rp$a�Uf\ ��:BV:cdR]PSV�?�l \ �zX p$a�;zPSx o>; V4UsVyWV8
� T �;zPN;,l&P NJE�X � :BV:cdR]PSV�?�l5RUcfV:ehTfx P �R;zR�K � l]NyPSx<GUl&PSV�:; lmP NJE�8
� N �!EsPN; lmP NJE�X � :BV:cfRUPSV+?+l5R]cdV:e#Tdx P �REdx<=�E �$lUNQPSxPG]l&PSV�:;,l&P NJE�8
� : � l&c�:d\ � :BV:cfRUPSV+?�l PnK�R]ehxzcdodadPcY � n =blmPqV18
� V � u#a�;<;,le:�:BV:W[X �W:BV:cfRUPSV+?�l R]cdV:e#Tdx P�u#a�;<;�le:�:BV:WV8
� u �rcdR]WJS �F:BV[cdRUPqV�?�l PHEdWSV[V:ehxzcdodadP �YM � =bl&PSV18
� = �rp$a�;P;zV:WSe N:\ ��:BV:cdR]PSV�?�l5PnK�R]ehxzcdodadP 9 a�;P;zV:W�viehVV; V:prV[cBPV8
� E �rcdp$a�;<; V:Wqe N:\ ��:BV:cfRUPSV+?+l!9 a�;P;zV:W�viehVV; V:prV[cBPWK�x PHE P K R x cdofadPJ?�lmc�:rR]cdV

xzc_GbV:WqPSV�: RUafPSodadPV8
� x � :Bp$a�;<; V:Wqe N:\ � :BV:cfRUPSV+? lL9 a�;<; V:WYvie#V4; V:pwV:cBP K�xzPNE R]cdV xzc_GbV[WSPSV+: xzcdodadP lmc�:

R]cdVYcdRUcde#x c%GbV:WqPSV�: xzcdodadPV8
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� o �rR]W \ � :BV:cfRUPSV+?�l PnK�R]ehxzcdodadPOM � = lmPqV18
� � �$cdR]P �W:BV[cdRUPqV�?+l �YMOj =bl&PSV18
� W �L:BVV;,l _ � :BV:cdR]PSV�?�l!:BV4; l _ :BVVGBx NyV+u#RUW ? R]prVOPqx prV18
� ? �rWqx c �W:BV[cdRUPqV�?�l ��V �badV�? Ptu#RUW�x cfodadPJ? 8 � u#WqRUp odWqV4Gsx RUai? ? P l�=UV�? �
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� a �rWqRUadP �W:BV:cdR]PSV�?�l � V�� adV+? P�u#RUW�R]adPSofadPJ? 8 � PqR cdV4UsPc? P l�=UV�? �
� G �wl&RUadP �F:BV[cdRUPqV�?�lmc YONbMscdR�K ; V+:_=UV+u#R]W�RUadPqodadP ?�8
� K��rxzcdodadP �W:BV:cdR]PSV�?�l!:dlmP l xzcdodadPV8
� U �$R]adPSodafP � :BV:cdR]PSV�?�l!:dlmP l R]adPSofadP48

\%8 � Uflmpro>; V�? �

tp5

tp6

tp1

tp2

tp3

tp4

tp7
output

input

input

input

input

AND

OR

OR

m(xP=]adWSV.k>8 X � jFEdV NyxzW NyadxzP�V4Uflmpwo�; V�a�? V+: PqR x<;P;za�? PqW lmPqVYl$Nyx W Nyadx P :BV+?SNyWqx odPqx RUc 8
� l � jFEdV NyxzW Nyafx P�R&uWm�xP=UafWSV.k�8zX5N:l&c T9VA:BV+?SNyWqx T V�: l�?�u#R�;<; R�Kc? �

5	:;(�� ��� � % ����( % ��� � %
5	:;(�� ���C % ����� % �����&%
� !*;(<� ��� � % �����&% �����<%
.�!���3�� � ������%
.�!���3�� � ����(&%
.�!���3�� � ���;C<%
.�!���3�� � ������%
5 3�����3�� � �����<%
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setPoint

display

setPlace

getPoint
changePoint

getPlace
changePlace
setEvent
getEvent
changeEvent

Function
Global

Network

setplaceCount
getplaceCount

geteventCount

getbotpinPtr

setstagename

Device
disp
setpoicnt
getpoicnt

seteventCount

setpinPtr
setbotpinPtr
getpinPtr

setplacePtr
setbotplacePtr
getplacePtr
getbotplacePtr

geteventPtr

seteventPtr
setboteventPtr

getboteventPtr
setState
getState
changeState

insertQ
removeQ
getQCount
getstagename

setdelayTime
getdelayTime

setDevice
getDevice

Point
set

disp

setdevcnt
setdevicePtr

get

getdevcnt

setbotdevicePtr
getdevicePtr
getbotdevicePtr
insertTimeQ
removeTimeQ
getrearTimeQ
getTimeQCount

PointDevice

Stage
disp
display
setTopDevPtr
setTopPoiPtr
getTopDevPtr
getTopPoiPtr
getDeviceCount
getPointCount

display
Network

disp
setTopStgPtr

setTopDevPtr
setTopPoiPtr
getTopStgPtr
getTopDevPtr

getStageCount
getTopPoiPtr

getDeviceCount
getPointCount

setPostEvent
changePreEvent
getPreEvent
setPreEvent

getPostEvent

display
changePostEvent

addPlaceList
remove_from_PlaceList

setPrePlace
getPrePlace
changePrePlace
setPostPlace
getPostPlace

display
changePostPlace

addEventList
remove_from_EventList

Place
disp
setToken
getToken
removeToken
setDevice
getDevice

setPreEventPtr
setbotPreEventPtr
getPreEventPtr
getbotPreEventPtr
setPostEventPtr
setbotPostEventPtr
getPostEventPtr
getbotPostEventPtr
setPreEventCount
setPostEventCount
getPreEventCount
getPostEventCount

Event
disp
setDevice
getDevice
getDeviceCount

setPrePlacePtr
setbotPrePlacePtr
getPrePlacePtr
getbotPrePlacePtr
setPostPlacePtr
setbotPostPlacePtr
getPostPlacePtr
getbotPostPlacePtr

setPrePlaceCount
setPostPlaceCount
getPrePlaceCount
getPostPlaceCount

EventPlaceStage

Member
Function

name
stagename
poicnt
placeCount
eventCount
stateCount

pinPtr
botpinPtr

Qcount
delayTime

placePtr
botplacePtr
eventPtr
boteventPtr

botstatePtr
statePtr

frontQ
rearQ

Member
Data

pointName
val
devcnt

rearTimeQ
frontTimeQ
botdevicePtr

TimeQCount

stageName

deviceCount
TopPoiPtr
TopDevPtr

networkName

pointCount

TopStagePtr
TpoDevPtr
TopPoiPtr
StageCount
deviceCount

pointCountdevicePtr

placeName
Token
deviceCount
devicePtr

botdevicePtr
preEventPtr
botpreEventPtr
postEventPtr

preEventCount
postEventCount

botpostEventptr

eventName

deviceCount
devicePtr
botdevicePtr
prePlacePtr
botprePlacePtr
postPlacePtr
botpostPlaceptr
prePlaceCount
postPlaceCount

class name
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Point object

DeviceList
object
device6object

device5

DeviceList DeviceList
object
device7

PointList
object
point4

object
point3

PointList

PointList
object
point2

PointList
object
point1

Device
object
output

input
object

Device

input
object

Device

input
object

Device

input
object

Device

DeviceList

device1

DeviceList
object
device2

object
device3

object
device4

DeviceList

DeviceList

object

DeviceList

device8
object "0"

StageList StageList StageListStageList

Device
object
AND

Device
object
OR

Device
object
OR

tp7

tp6

tp5

tp1

tp2

tp3

tp4

Point object

Point object

Point object

Point object

Point object

Point object

Stagea

PointList
object
point7

"0"
PointList
object
point6

PointList
object
point5

DeviceList
Top

PointList
Top

TopPoiPtrTopDevPtr

... "0"
StageList

Top
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K�x<;P;iT V :sV�?SNyWqx T V�: 8kjFEdVL? x p$a�;,l&PSxzRUcGodWSRsNyV+:BadWSV K Edx,NJE�K�x<;P;iT V a�? V�:GPSR NQRUcsPSWSRe;�PHEdV
? x p$a�;,l&PSx R]c K RUWNM K�xP;<;Ol�;I? RDT9V ofWSV�? V:cBPqV�:0x c PNEdx ?rNJE lmodPqV:W48 ` V4GbV:W l�;+pwx,NyWqRUodxzo9VV; x cfV
V4Uflmpwo�; V�?WK�xP;<;-T VYPSV�? PSV�:rPSR :BV:pwRUc�? PSW l&PSVOPHE lmP�PNEfVC? x p$a�;,l&PSR]W K RUWHM�?�NyRUWqWSV&NQPN; _ 8

� ��� �V) �J/�!�"�� . �D(2!�)

jFEdVYWqV:odWSV+? V:csP l&PSx R]c Rmu l Nyx W Nyadx PiprR%:sV4;-a�? x c�=rv
	�	 N�;,le?N? V+?�lmc�:rPNEfV pwV:PNEdR%: u#RUW�V:cde
PqV:WSxzc�= l ? x p$a�; lmPSV+: cdV:PnK RUWNM ai? x c>= PNEfV:BV+?SNyWqx odPqx RUc ;,l&c�=Ua lR=UV E l4GbV T V:V:c :BV�?SNQWSx T V�:
xzc vWE lmofPSV:W k>8�jFEdV �(V:PSWqx cdV:P�pwR%:BV4;I?iRmu�V4GbV[cBPqe :BWqxPGbV:cj;zR�=]x,N+prR%:sa�; V�?WE l4GbVOl�;I? R T9V[V:c
:BV+?SNyWqx T V�:>x c2vWE l&odPSV:W!S%8JjFEdxI? NJE l&odPSV:WjK�x<;P; odWSV�? V:csP5PNEfV pwx,NyWqRUodxzo9VV; x cfV!? x p$a�; lmPSR]W
K Edx NbEkxI?�x pro>; V:prVQcsPSV�: a�? xzc�= v
	�	 N�; l�?N? V�?Ol&c�: ? EdR�K EdR�K �(V:PqWSx�cdV:P�prR%:BVV;I?�RmuiPHEdV
T V4E l4Gsx R]adWJ?�Rmu V4GbV:csPSe :BWqxPGbV:c!; Re=Ux,NOprR%:sa�; V�?�l&WSV a�? V�: PSRwNyRUcsPSWqR�;�PHEdVj? x p$a�;,l&PSx R]crV4UsV:e
NyafPSx R]c�8 jFEdV!? x p$a�;,l&PSR]Wh:BV+? xP=]cGN:lmc T V :BxPGsxI:sV�: xzcBPqRrPNEdWqV:V!? V"NyPSxzRUc�? �+a�? V:WOx csPSV[W u lUNQV �
prR%:sV4;W:BV�?qNyWSxzodPSxzRUc lmc�: ? xzp a�; lmPqx RUc NyRUcsPSWqR�; 8 jFEdV a�? V:W.K�xP;P;�x cfodadPOPHEdVj; Re=Ux,Nj:sV4GBx NyV�?
l&c�:rcdV:PnK�R]WNM>?7u#R]W ? x p$a�; lmPSxzc�=hGsx,lOPNEfV+a�? V:W�xzcBPqV:W u l]NyV18�jFEdVOai? V:Wix csPSV[W u lUNQV�N:lmc l�;I? R5T V

Q+D
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a�? V�: PqR xzcdodadP�PHEdVA? xzp a�; lmPqx RUc NyRUprp lmc�:�? lmc�: prRUcfx PSR]W�PHEdVYodWSRe=UWSV+?N?+R&uFPHEdVj? x p$a�;,l&e
Pqx RUc 8ijFEdVh:sV�f cdxzPSx R]c�? u#R]WtV[cBPqV:WSxzc�=YNyxzW NyadxzPJ?Fl&c�:!:BV�?SNQWSx Tfx c�=OPHEdV ? x p$a�; lmPSxzRUc :BV�?SNQWSx T V�:
xzc vWE lmodPqV:W kwlmWqVYa�? V�:rPqR? adodo RUWqP+PHEdxI?�x cdofadP�u#adc NyPqx R]c�8

jFEdV prR%:sV4;c:BV�?qNyWSxzodPSxzRUc0x ? l&c2x csPSV:Wqc lR;�WqV:odWqV�? V:csP l&PSxzRUc0R&u PNEdV :BV�? x<=Uc K Edx NbEJx ?
? adx P lmT�;zV u#RUW a�? V T _ PNEdV ? x p$a�; lmPSR]W48 � P�xI?�cdV&NyV+?N?Sl&W _ PSRwNyRUc�? xI:BV[WOPNEdV x cdofadP+ofx c�? �9PHEdV
R]adPSodafP ofx c�? ��lmc�: PNEfV WSV4; lmPSxzRUc�?nEdx okT V:PnK�V:V:c PHEdV:p��dx 8 V18�PNEdV PqWSadPHE P l&T�; V18 jFEdV$N�; l�?H?
? PSWSa NyPSadWqV R&u5PHEdV@v
	�	 ; lmc�=]a lR=]VGN:lmc T9Vka�? V+:0PSRGWSV:odWqV�? V[cBP V&l]NbE :BV4Gsx,NyVkl&c�: PHEdV
o RUxzcBPqV:WJ?YPSRL; xzc�M RUcfV:BVVGBx NyV PSRkRUPNEfV:WJ?hK�x PHEdx cDl ofx o V4; xzcdV!? P lR=]V18 jFEdVro RUxzcBPqV:WJ?YN:l&c
l�;I? R$T V5a�? V�:rPSR!; xzc�M R]cdVA? P lR=UV PSR$RUPHEdV:Wc? P lR=]V�?�8

jFEdVh? x p$a�;,l&PSxzRUc$NyR]cBPqWSR�; x ?�lmcwV4UBV"NyadPSxzRUc ? V �badV:c NyV18 \ EdV:crPHEdV ? x p$a�; lmPSxzRUc x ?tV4UsV:e
NyafPSV�: �]PNEdV PSV�? PFo lmPqPSV:Wqcj:dl&P lYN:l&c � R�K PHEdWSR]a�=�E$l�cdV:PnK�R]WNMYT l�? V�:5RUc PHEdV�RUWH=bl&cdxI?qlmPSxzRUc
R&uYNyR]cdcdV&NQPSx R]c�? xzc>PNEfVrcdV:PnK�R]WNM 8 \ EfV:c>V4UsV&NyadPqx R]c@PqV:WSprxzc lmPqV�? ��PHEdVrWSV+? a�;zPJ?BK�x<;P;iT V
?ql+GbV+: x c l fi; V ��K Edx NbEkN:l&c T V NyR]pro lmWqV�:K�x PHE V4Uso V&NyPSV+:^G]lR; afV�? PqRrRUTi? V:WHGbVBK EfV:PNEdV[W
PHEdVh? x p$a�;,l&PSV�:YcdV:PnK�R]WNM x ?tNQRUWSWqV&NyPFR]W�cdR]P48 Y ;I? R PHEdVcGUl�; adV+? R&u�PNEdV ? P lmPqVONJE lmc>=UV�PSx pwV�?
R&u-V"lUNJE5PSV[WSprxzc lR; N:lmc T V�WqV&NyR]WJ:BV�: lmc�:j?ql4GbV�: xzcBPqROl fi; V :BadWqx c�=OPHEdV ? x p$a�;,l&PSxzRUc�8�jFEfV:c
PHEdV _ N[lmc T Vc:BxI? o�;,l _ V�: l�? K�l4GbVyu#R]WSpL? 8�Y ? x p$a�;,l&PSxzRUcYodWSRsNQV�:BadWqV�xI? :BV+? xP=]cdV�:5PqR.?SNJEdV�:Be
a�;zVOPNEfV �(V[PSWSx cdV[PtPqW l&c�? xzPSx R]c�?FK Edx NbEwlmWqV+V:c lmT�;zV�: PSRA=UV:cfV:W l&PSV�PNEdVYNQRUcsPSWSRe; ? V �badV:c NQV�?�8
Y u#PqV:WiPNEdV ? x p$a�; lmPSR]WFWSV"l�:�?�PHEdVh? x p$a�;,l&PSxzRUc cdV:PnK RUWNM :BV�?qNyWSxzT V�: T _ PNEfVOa�? V[W�x csPSV[W u lUNQV �
xzPYNyRUci? PSWqa NyP ?+cdRUPYR]c�; _ lrNyx W NyadxzP+prR%:sV4;(TfadPYlR; ? Rkl �(V[PSWSx�cdV:P prR%:BV4; 8 `bxzprxP; lmWN; _ �_K V
N:l&c a�? VOPHEdVYN�; l�?H? V�? lmc�:ro RUxzcBPqV:WJ?iRmuiv
	�	LPSR Tdadx<;I: PNEdx ? �(V[PSWSx cdV[P�prR%:BVV; :sadWSxzc�=5PHEdV
? x p$a�;,l&PSx R]c�8

jFEdV PSRUo ; V4GbVV; � R�K�NJE lmWqP RmuYPHEdV pwx,NyWqRUodxzo9VV; x cfV!? x p$a�; lmPSR]W5x ?^?nEdR�K�c0x c m(xP=]adWSV
p%8 X�8 � P :BV:cdR]PSV�?�PNE l&POPNEdV!? x p$a�;,l&PSxzRUcK RUWNM N:lmc T V!:Bx<GBx :BV�:rx csPSRjf�GbV o lmWqPJ? ��WSV&le:Bx c>=
PHEdV ? x p$a�;,l&PSV�:@cfV:PnK�RUWHM � NyR]c�? PqWSa NyPqx c�=GPNEfV NyR]WSWSV+? o RUc�:sx c�=��V:PSWqx�cdV:P prR%:BVV;�RmuYPHEdV
cdV[P K RUWHM �UWqV&l�:sx c�=�PNEdV PSV�? PFo l&PSPSV[WSc�? �UV4UsV&NyadPqx c�=�PHEdVc? xzp a�; lmPqx RUc lUNyPqx RUc R&u PNEfV�cdV:PnK�R]WNM
l&c�: :Bx ? o�; l _ xzc�= PHEdV PSV�? P5WSV+? a�;zPJ?5Rmu PNEfV ? x p$a�;,l&PSxzRUc�8 �il]NbEJRmu PNEfV�? VL? P l�=UV�?jK�xP;<;�T V
xzcBPqWSR%:Ba NQV�:rx c PNEdVOu#Re;P; R�K�xzc�=!? adTi? V&NyPqx R]c�?�8
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Construct the corresponding

Petri net of the network

Read simulated network

Execute the simulation 
action of the network

START

END

Read and set test patterns

of the simulation
Display the test results 

m(x<=UadWqV.p_8zX � jFEdVYPSRUo ; V4GbVV; � RRK NbE l&WSP�R&uFPHEdVYprx,NyWqRUodxzo V4; xzcdVc? xzp a�; lmPqRUW
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� ��� � # � " (')$* ��
$# .>(�/8. � ( � ��) " 4K(', � % � ��(�!�) "$# 4K.�/8(20��

�D(2!�) 4

jFEdV$odWqR�=UW lmp�K EdR1? V � R�K NbE l&WSP�xI?h?nEdR�K�c@xzc m(xP=]adWSV p_8 \ N[lmc WSV"l�: NyxzW NyadxzPOl&c�: ? xzpre
a�; lmPqx RUc :sV�?SNyWqx odPqx R]c�?tu#WSR]p�l&c x cdofadP fi; V l&c�: NQRUc�? PSWSa NyPYl cdV:PnK�R]WNM prR%:BV4;�ai? x c>= PHEdV
R]T�O V&NyPJ?5R&uYPNEfV n V4GBx NyVwN�;,le?N? lmci: PNEfV ��RUx csP$N�; l�?N? 8 m(xP=]adWSV p_8TS ? EfRRKc?$l ? xzp a>;,lmPqV�:
cdV[P K RUWHM prR%:BVV; � K Edx NbE x ?+PNEfV prx,NyWqRUodxzo V4; xzcdV Nyx W Nyadx P ? EfRRK�cGx c m�xP=UafWSV$\_8 k ��lmci: PHEdV
:BV+?SNyWqx odPqx RUci?h:BV�?qNyWSxzT9V+: x c>vWE lmodPqV:Whk l&WSV V4UsV&NyadPqV�:rT _ PNEdV lmT R�GbV odWSRe=UW lmp 8.Y PSV�? P
o l&PSPqV:WSc=]V:cdV:W lmPqRUW E le?tT V:V:c NQRUcdcdV"NyPSV�: PSR PHEdV�x cdodafP�V:c�:$Rmu�PNEfVh? x p$a�;,l&PSV�:5cdV[P K RUWHM �
l&c�: l WSV�? a�; P�Tfa��*V:W�PSR$PNEdVYR]adPSodafP+V:ci: 8

� ��� � !�) 4 �K/�� . �D(')$* ��
$# . !�/�/�#&4�03!�) " (')$* � # �K/8( )$# �

, !�"$#&%�!�+ ��
$# 4J(`, � % ���K#&" )$# � � !�/�� , !�"$#&%

jFEdV NyRUci? PSWqa NyPqx RUc R&uiPNEdV NyR]WSWqV�? o RUci:Bx c�= �(V:PqWSx*cdV:P�prR%:BVV;-Rmu PNEdVA? xzp a>;,lmPqV�: cdV:PnK�R]WNM
N:l&c>T V:sxPGsxI:BV�: x csPSR PNEfWSV:V!? PSV:o�? 8rjFEdVjf W ? PA? PqV:o@x ?OPSR odWSR%:sa NyV$PNEdVwNyRUWqWSV�? o RUc�:Bxzc�=
�(V[PSWSx�cfV:P�prR%:sV4;I?�R&uFV&l]NbE V4GbV[cBPqe :BWqxPGbV:cj;zR�=]x,NOprR%:Ba�;zVhK�x PHEdx c V&l]NbE ? P l�=UV Rmu7PNEdVA? xzpre
a�; lmPqV�: cfV:PnK�RUWHM 8wjFEdVwNyRUWqWSV�? o9R]c�:Bxzc�= �(V[PSWSx7cdV:PYprR%:BV4; ?ORmu�V"lUNJE@V4GbV[cBPqe :BWqxPGbV:cL;zR�=Ux N
prR%:sa�; V.E l4GbV5T V:V[c :sV�?SNyWqx T V�: x c@vWE lmodPqV:WhS%8�jFEdVj? V&NyRUci: ? PqV:o x ? PqRrprV:WH=UVOPHEdV NQRUWSe
WqV�? o RUci:Bx c�= �(V:PqWSx*cdV:P�prR%:BVV;I?tR&uFV"lUNJErV4GbV:csPSe :BWSx<GbV:c!; R�=]x,N+pwR%:Ba�; V K�x PNEfx crV&l]NbE ? P l�=UV
R&u�PNEdV ? xzp a�; lmPqV�: cdV[P K RUWHM lR;zRUc�= V&lUNJE$o9R]x csPWK�x PNEfx c$PNEdV ? xzp a�; lmPqV�: cdV[P K RUWHM 8 m(x c l�;P; _ �
prV[WN=UVkPNEdV NyRUWqWSV�? o RUc�:Bxzc�= �(V:PqWSx�cdV:P$prR%:BV4; ? R&u5V"lUNJE ? P lR=]V K�x PNEfx c2PNEfV ? xzp a>;,lmPqV�:
cdV[P K RUWHM lR;zRUc�=!K�x PHE V"lUNJE VVGbV:cBPqe :sWSxPGbV[c^;zR�=Ux NOprR%:Ba�;zVOT V:PnK�V:V:c ? P l�=UV�? 8

jFEdVOodWqR�=UW lmpoK EfR1? V � R�K NJE lmWqP�x ?F? EfRRK�c xzcm(x<=UadWqV.p_8 k5x ?ta�? V�:rPSR NQRUc�? PSWSa NyP�PHEdV
NyR]WSWqV�? o RUci:Bx c�= ��V:PSWqxtcfV:P5prR%:sV4;iRmu�PNEfVL? xzp a�; lmPqV�: cdV:PnK�R]WNM 8��-V[P5a�?YxP;P;za�? PqW l&PSV$PNEdx ?
K�xzPNE l&crV4Uflmpro�;zV�PSR ? EdR�K EdR�K2x PWK RUWNM>?�8 \ EfV:crPNEfVONyR]WSWqV�? o RUci:Bx c�= ��V:PSWqx9cfV:PiprR%:BV4;
R&uOPHEdV NyxzW NyadxzPA? EdR�K�cJx c m�xP=UafWSV \%8lk xI? NyRUci? PSWqa NyPqV�: �FPNEfVrWSV�? a�; P Rmu�PHEdV^f W ? P!? PqV:o>x ?
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the point counter adds one

This string is a point name.
Declare a new Point object 
for this point.

point list of the device
add this point to the

Read simulated network

check

’:’ ?
Is the character

check
Is the string 
"network:"?

Is the character
’,’ ?

check

check
Does there exist this 

list ?
point in the point

check
Is there other

string?

take the next string and take
the last character of this string

ERROR

ERROR

declare a new Point object
for denoting this point

add this point to the point list

pointer to next string
move the top

of the string
take the last character

take the top string
of the string list

simulated network from a file 
and save them in a string list

read description data of the

RET

stages to the device list of the network
add the devices between  stages and  

take the next string
ie. a device name

set the device list of all the
points of the current stage

add the last stage
to the stage list 

counter adds one
the networkreset all counters  

for a new network

take the next string 
ie. a network name

declare a new Network object
for  denoting this network

add this device to the device list

reset the device’s point  
counter for a new device 

no

yes

no

yes

check
Is the string

"stage:"? yes

no

The string is a device name.
Declare a new Device object
for denoting this device.

Is the point 
check

counter >0 ?
no

yes

no

yes

yes

no

yes

no

yes

no

of the last string ’,’?
and is the last character

check
Is there other string?

Is the network
check

counter >0
?

no

add the last stage to the stage list

yes

take the next string
ie. a device name

set the device list of all the  
points of the current stage 

the stage counter
adds one

take the next string 
ie. a stage name

reset all counters  
for a new stage

add the last stage  
to the stage list

declare a new Stage object
for  denoting this stage

m(x<=UadWqVLp_8 \ � jFEfV � R�K NbE lmWSP Rmu lru#adc NyPqx RUcGu#RUW5WqV&l�:sx c�=kNyxzW NyadxzP lmc�:
? x p$a�;,l&PSxzRUc :BV:e
?qNyWSxzodPSxzRUc�?
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AND

output

output

output

output

line

line

line

line

line

input

output
buffer

Ain

Rin

bi2

q1

bi1

line

input

input

input

input

OR

OR

XOR

l_latch1

Toggle

Rin
ri

a1

a2

b1

b2

a

b

c y

dmy1

lt

w

ao

Ain

test pattern
generator

Aout

Rout

g1

g2

g3

g4

go1

go2

dmuller-c2

line

output

Aout

line

Routai

line

m(x<=UadWqVhp%8TS �ijFEdVh? x p$a�;,l&PSV�:YcdV:PnK�R]WNMAK�x PNE$PNEfV+PqV�? Pio l&PSPSV[WSc!=UV:cdV[W lmPqRUW�lmc�: PHEdV�WSV�? a�; P
Tda �-V[W
?nEdR�K�c x cjm�xP=UafWSV p_8 p_8WY�(V:PqWSxbcdV:P�prR%:BVV;bRmu V&l]NbE Rmu PHEdV�VVGbV:cBPqe :sWSxPGbV[c+prR%:sa�; V�?�K�x PHEdx c
V&l]NbE ? P lR=]V^K�x<;P;FT V$odWSR%:Ba NyV�: 8 �+V4UsPOPHEdV? x p$a�;,l&PSR]W+odWqR�=]WSV�?H? V�?YPSR PNEdV!? V&NyR]c�:
? PqV:o��
l&c�: PHEdV NyRUWqWSV�? o9R]c�:Bxzc�= �(V:PqWSx*cdV:P�prR%:BVV;-Rmu V&lUNJE ? P l�=UV Rmu7PNEdVA? xzp a>;,lmPqV�: cdV[P K RUWHM x ?
NyR]c�? PqWSa NQPSV�:rle?F?nEdR�K�c xzcm�xP=UafWSV.p%8TD_8WY ? PHEdVh; l�? P ? PqV:o��bPNEdV NyRUWqWSV�? o9R]c�:Bxzc�= �(V:PqWSxdcdV[P
prR%:sV4;dRmu.PNEdV ? xzp a>;,lmPqV�: cfV:PnK�RUWHM5x ? ofWSR%:Ba NQV�: 8Wm(x<=UadWqVcp_8 Q ?nEdR�Kc?tPNEfxI?iNyRUWqWSV�? o RUc�:Bxzc�=
�(V[PSWSx�cfV:P�prR%:BV4; 8

jFEdVL? xzp a>;,lmPqRUW NyR]cBPqWSR�; ? PHEdVrPSReMbV:c�?.K Edx,NJE :BV:cfRUPSVwV4GbV:csPJ? � R�K�x c�= PHEdWSR]a�=�EJPHEdV
�(V[PSWSx*cdV:P�prR%:sV4; PSR$NyR]pro�; V[PSV�PNEfVC? x p$a�;,l&PSxzRUc$V4UBV"NyadPSxzRUc�8�jFEdVYcdVVUBP xI?N? adVYxI?WEdR�K PHEdV
PqV�? P�o lmPqPSV:Wqc�?�lmWqV5odafP�x csPSR PNEfV PqV�? P�o lmPSPqV:WScL=]V:cdV:W lmPSR]W48
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generate the Petri
net of this device

generate the Petri
net of this device

Construct the corresponding Petri
net of the simulated network

let the pointer move 
to the next device

take the top stage

take the stage list of the network
let a pointer point to the top

a select?
to the boolean pin of

Does this point connect
check

insert the point Queue waiting
other points finishing merging 
Petri nets

let the pointer move 
to the next stage

merge the Petri nets of
connecting to this point

have Petri nets?
to the devices which

Does this point connect
check

Does the pointer
point to a stage?

check

yes

merge the Petri nets of
connecting to this point

connecting to this point
merge the Petri nets of
read a point from Queue

merge the Petri nets of 
the stages along the  
devices between stages

take the top device

Does the pointer
check

point to a device?

take the top stage

Does the pointer
point to a stage?

check

take the stage list of the network
let a pointer point to the top

Is this device
check

a generator?

yes

Is this device
a buffer?

check

Is this device
check

a toggle?

yes

check

a select?
Is this device

yes

check

a call?
Is this device

generate the Petri
net of this device

generate the Petri
net of this device

generate the Petri
net of this device

generate the Petri
net of this device

generate the Petri
net of this device

generate the Petri
net of this device

a delay?
Is this device

check

a mux2?
Is this device

check

generate the Petri
net of this device

generate the Petri
net of this device

a hlatch?
Is this device

check

generate the Petri
net of this device

generate the Petri
net of this device

a llatch?
Is this device

check

yes

generate the Petri
net of this device

a arbiter?
Is this device

check

check

a rin?
Is this device

yes

a ain?
Is this device

check

generate the Petri
net of this device

generate the Petri
net of this device

a rout?
Is this device

check

yes

generate the Petri
net of this device

a aout?
Is this device

check

yes

generate the Petri
net of this device

yes

no

yes

yes

noDoes the pointer
check

take the point list of the stage
let a pointer point to a point

point to a point?

take the top point

yes

no
Does this point connect

check

to a latch?to a mux2?

check
Does this point connect

let the pointer move 
to the next point

merge the Petri nets of
connecting to this point

yes

no

yes

no

yes

no

no

yes

check
Are there points in
the point Queue?

RET

take the device list of the stage
let a pointer point to a device

yes

let the pointer move 
to the next stage

no

no no nonono
check

a dmuller-c2?
Is this device

a mxor?

check
Is this device

yes

a muller-c2?
Is this device

check

yes yes yes

no

yes

no no

yes

no

yes

no no

yes

no

no no

yes

no no no

no

m(x<=UadWqV.p_8 k �ijFEdV � R�K NbE lmWSP Rmu7l u#adc NyPSxzRUc u#R]W�NyRUc�? PSWqa NyPSxzc�= PNEfVYNyRUWqWSV�? o RUc�:Bxzc�= �(V:PqWSx
cdV[P�prR%:BV4;*RmuiPHEdVA? x p$a�; lmPSV+: cdV[P K RUWHM
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Aout

Ain

Rout Rin

Ain

Rin

Rout

req

test pattern available

ack

send out

dmuller-c2:e

dmy

dma dmb

xy

xa xb

xor2:e1 xor2:e2

done

lt

toggle:e2

nondot dot

s2 s1

i

enter data into buffer

data waiting

entered into buffer

toggle:e1

llatch:execute

Aout

m(x<=UadWqV p%8Tp �FviR]c�? PqWSa NyP7PNEdV�NyRUWqWSV�? o9R]c�:Bxzc�=��(V:PqWSxbcdV[P(prR%:sV4;bRmu PHEdV ? x p$a�;,l&PSV�:�cdV:PnK�R]WNM
� ? PSV[o X � � WqR%:Ba NyV PNEdV �(V:PqWSx cdV:PiprR%:BVV;9R&u�; Re=Ux,N�prR%:Ba>; V�? u#R]W�V4GbV[cBP ?'K�x PHEdx cL? P l�=UV�? �
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AoutRin

Ain

req

test pattern available

send out

dmuller-c2:e

dmy

dma dmb

xy

xor2:e1 xor2:e2

toggle:e2

nondot dot

s2 s1

enter data into buffer

toggle:e1

Rout

point

point

xa xb

done

lt

llatch:execute

point

point

Rin

entered into buffer

data waiting

point

point

point

ack

point

i

point

Aout

point

Ain

Rout

m(x<=UadWqV p%8TD �FviR]c�? PqWSa NyP7PNEdV�NyRUWqWSV�? o9R]c�:Bxzc�=��(V:PqWSxbcdV[P(prR%:sV4;bRmu PHEdV ? x p$a�;,l&PSV�:�cdV:PnK�R]WNM
� ? PqV:ok\ ��viR]cdcdV&NyP�PHEdV �(V:PqWSx-cfV:P�prR%:BV4; ?FK�x PHEdx crV"lUNJE ? P l�=UV l�; R]c�= V"lUNJE o R]x csP��
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Aout

Ain

req

test pattern available

send out

dmuller-c2:e

dmy

dma dmb

xy

xor2:e1 xor2:e2

toggle:e2

nondot dot

s2 s1

enter data into buffer

toggle:e1

Rout

point

point

xa xb

done

lt

llatch:execute

point

point

Rin

entered into buffer

data waiting

point

point

ack

point

line

Rin

Ain

point

i

point
line

Aout

point

Rout

line

line

m(x<=UadWqV p%8 Q �FviR]c�? PqWSa NyP7PNEdV�NyRUWqWSV�? o9R]c�:Bxzc�=��(V:PqWSxbcdV[P(prR%:sV4;bRmu PHEdV ? x p$a�;,l&PSV�:�cdV:PnK�R]WNM
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^ Vyu#R]WSV�PHEdVc? xzp a�; lmPqRUW ? P l&WSP ?tPNEfVc? x p$a�; lmPSxzRUcAK�RUWHM �]x PFcdV[V�:�?(PqR WqV&l�: PNEfV�PSV�? Pto lmPSPqV:WSci?
u#WqRUp l&c xzcdodadP�f�; V18�jFEdx ?'K�R]WNM xI? :BR]cdV�T _ PNEfV�odWqR�=UW lmp�K EdR ? V � R�K NbE l&WSPFx ? ? EfRRK�c xzc
m(x<=UadWqVAp_8TZ%8 � P xI?FGbV:W _ ? x pro�;zV+xzc PNE l&P+PHEdVA? x p$a�; lmPSR]W ? x pwo�; _ WqV&l�:�?�PNEfV PqV�? P�o lmPSPqV:WSci?
u#WqRUp lmcLx cdodafP fi; VDlmc�: ?ql4GbV�? PNEfV:p x csPSR lmc lmWqW l _ �Yl&c�: PNEfV:c u#Re;P;zRRKc?rPHEdV@R]WJ:BV[W
? o9V"Nyx f V+:5T _ PNEdV ? xzp a�; lmPqx RUcA:BV+?SNyWqx odPqx RUc$NQRUprp l&c�: � �e:BV �*RUWqp lmP � PqRYx c�? V:WSPFPHEdV�? V�PSV�? P
o l&PSPqV:WSc�?�x csPSR PNEfV5PSV+? P�o lmPqPSV:Wqc �badV:adVYRmu PNEdV NyRUWqWSV�? o9R]c�:Bxzc�=rPSV+? P�o l&PSPSV[WSc =UV[cdV:W l&PSR]W
u#WqRUp�PNE l&POl&WSW l _ 8 Y u#PSV[W f cdx ? Edxzc�=$PNEdx ? PqV�? P�o l&PSPqV:WSckx cdodafP �dPNEfVC? x p$a�;,l&PSxzRUcK RUWNMkN:l&c
T V5VVUBV&NQadPSV�:$adc�:BV:W�PHEdVA? xzp a�; lmPqx RUc$odWqRsNyV�:BadWqV18

read test patterns from a file
and save them into an array

RET

Read and set test patterns

insert test patterns into the test 

generators
pattern Queues of test pattern

m(xP=]adWSVAp%8TZ � jFEdV � R�K NJE lmWqP�Rmu l u#afc NyPSxzRUcru#RUW�WqV&l�:sx c�=wlmc�: ? V:PqPSxzc�= PSV�? P�o lmPqPSV:Wqc�?

� � � � # � � !�/ � 4J(`, � % ���D(2!�)

n afWSx c>=@PHEdVL? xzp a>;,lmPqx R]c�K RUWNM �iPNEdV ? xzp a>;,lmPqRUWYcdV:V+:�? l K�l&x PSxzc�= f WqV � afV:adVrxzc R]WJ:BV[W
PqR :BxI? o lmP NbELNQRUc NyafWSWSV[cBPH; _ PHEdV PqW lmci? x Pqx R]c�? Rmu PHEdV �(V[PSWSx�cdV:P$prR%:BVV; K Edx NbE l&WSV V:cde
l&T�; V�: 8JjFEdV ? x p$a�;,l&PSx R]c@ofWSRsNyV�:sadWSVLK Edx NbE N:l&c T V a�? V�: PqRGNyRUcsPSWqR�;�PNEfV ? x p$a�;,l&PSxzRUc
K RUWNMkNyR]c NyadWqWSV:csPN; _ xI?�l�?tu#Re;P; R�Kc? �
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Xe8 vWEfV&NbM K EdV:PNEfV:W�PNEdVYPqV�? P�o l&PSPqV:WScL=UV[cdV:W l&PSR]WJ? E l4GbV PqV�? P�o lmPSPqV:WSci?�RUW�cdRUPV8
� l � � u�PNEfV:WSV lmWqVA? RUpwV PqV�? P�o lmPSPqV:WSci? �dPNEfV:c

vWEdV"NbM!K EdV:PHEdV:W�PHEdVYo�;,l]NyV.;,l&T9VV;P; V+: �mPqV�? P�o l&PSPqV:WSckl4G]lmxP; lmT�;zV �5x cwPNEdV �(V:PqWSx
cdV[P�prR%:BV4; E l�?�l5PSReMbV:c RUW�cdRUPV8
x 8 � uFPHEdV:WSV xI?�l PSR�MbV[c xzc�? x :BVOPHEdVYo�;,l]NyV �BPHEdV:c
��R PqR cdV4UsPc? PSV[o�8

x x 8 � uFPHEdV:WSV xI?�cdR$PSReMbV:c x c�? xI:BVOPHEdVYo�;,l]NyV �dPHEdV:c
�FadP�l PqR�MbV:c xzc�? x :BVOPNEfV o>;,lUNQV5l&c�:
vWEdV&NJM.K EdV:PNEfV:W(PHEdV�PSW lmc�? x Pqx RUci?(o RUx csPSV+:5PSROT _ PHEdxI?�o�;,l]NyV�lmWqV�V:c lmT�;zV�:
RUW�cdRUPV8
YC8 � u7PNEfV:WSVYl&WSV ? RUpwVOPSW lmc�? x PSxzRUc�?FK Efx,NJE l&WSVYV:c l&T�; V+: �dPNEdV[c

� ci? V:WqP�PNEdVYV:c l&T�; V+: PSW lmc�? x PSxzRUc�?�x csPSR PHEdV.K�l&x PSxzc�=Cf WqV �badV:afV18
^ 8 � u7PNEfV:WSVOx ?�cdR$PSW l&c�? xzPSxzRUcLK Edx,NJEkN:lmc T V5V[c lmT�;zV�: �sPNEdV:c
�+R$PSR cfV4UBPc? PSV:o 8

� T � � u�PNEfV:WSVYxI?�cfR PqV�? P�o l&PSPqV:WSc��dPHEdV:c
��R$PSR cdV4UsPc? PqV:o�8

\%8 vWEfV&NbM K EdV:PNEfV:W�PNEdV.K�lmx Pqx c�=Cf WSV � afV:adVYNyR]cBP lmxzc�? PqW l&c�? xzPSx R]c�?�RUW�cdR]P48
� l � � u�PNEfV:WSV lmWqVA? RUpwV PqW l&c�? xzPSx R]c�?�x c PHEdV.K�lmxzPSxzc�=Cf WSV �badV:adV �BPNEfV:c

��V&l�:rPHEdVOu#WSRUcsP�RUcfV lmci: f WSVYx P � x u7x P�xI? :sxI?Sl&T�; V+: �_=]R PqR cdVVUBPc? PSV:o�8 � �
� UsV&NyadPqVOPNEdV l]NyPSxzRUc�?�Rmu7PNEdVA:BVVGBx NyV�? �
��V:prR�GbV�l PSR�MbV[c u#WqRUp V"lUNJE ofWSV�:BV"NyV�?N? RUW�o�; lUNyV lmc�:
Yh:>:@l PSR�MbV[c@xzcBPqR V"lUNJE ? a N:NQV�?N? RUW5o>;,lUNQV^K Edx NbEGxI?Oo RUxzcBPqV�: T _ PHEdxI? f WqV�:
PqW lmci? x Pqx R]c�8
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vWEdV"NbM K EdV:PNEfV:W PNEdVGPSW lmc�? x PSxzRUc�? o RUx csPSV+: T _ V&l]NbE ? a N:NyV�?H? RUW o�; lUNyVDlmWqV
V:c lmT�;zV�:rRUW�cdR]P48
x 8 � uFPHEdV:WSV lmWSV ? R]prVOPSW lmc�? x Pqx RUci? K Edx NbE N:lmc T V5V:c lmT�;zV�: �BPHEdV:c

� c�? V:WqP�PNEdVYV:c lmT�;zV�:rPSW l&c�? xzPSxzRUc�?�xzcBPqR PNEdV.K�l&x Pqx c�=Cf WqV � adV[adV18
x x 8 � uFPHEdV:WSV xI?�cdR$PSW lmc�? x PSxzRUc K Edx,NJE N:l&c T VYV:c lmT>; V�: �sPNEdV[c
��R PqR cdV4UsPc? PSV[o�8

� T � � u�PNEfV:WSVYxI?�cfR PqW lmci? x Pqx R]c xzc PNEdV.K�l&x Pqx c�=Cf WqV � adV[adV �BPHEdV:c
��R$PSR cdV4UsPc? PqV:o�8

S%8 vWEfV&NbM K EfV:PNEdV[W PHEdV:WqV x ? cfR PSW lmc�? x Pqx RUc K Edx NbEDN:lmcDT9Vjf WqV�:@l&c�:�K EdV[PNEdV:WYPHEdV
PqV�? P o lmPSPqV:WSc =UV:cdV[W lmPqRUW ?^? PSxP;<;WE l4GbVL? R]prV PqV�? P o lmPSPqV:WSci? TdadP PHEdVL? x p$a�;,l&PSRUWYx ?
cfRUPYl&T�; V PSRrodafPYl PqR�MbV:ckx c�? xI:BV PNEdV o�;,l]NyVC; lmT V4;<; V�: �mPqV�? P o lmPqPSV:Wqc l4G]lmxP; lmT�;zV � �
NJEdV&NJM :BV&l�:%; RsNJM��J8
� l � � u7l!:BV&l�:%; RsNJME l�? E l&odo V:cdV�: �dPHEdV:c

Y+T R]WSP�PNEfVC? x p$a�;,l&PSxzRUcrV4UsV&NyafPSx R]c�8
� T � � u�cdR :BV&le:_; RsNJME l&odo V:c�? � PNEfV:c

��V:o V&lmPqV�:_; _ V4UsV&NyadPqVOPNEdV l&T9R�GbV ? PSV[o�? afcBPqxP;-PHEdV:WqV x ? cfR PqV�? P�o lmPqPSV:Wqcklmc�:
cdR V[c lmT�;zV�:rPSW lmc�? x PSxzRUc�?�x c PHEdV.K�lmxzPSxzc�=Cf WSV �badV:adV 8

jFEdV.? xzp a>;,lmPqx R]c odWSRsNyV+:BadWSV xI?txzpro�;zV:p V[cbPSV�:YT _ PNEdV�odWqR�=UW lmpoK EfR1? V � R�KLNJE lmWqP�x ?
?nEdR�K�c x c m(x<=UadWqVAp_8 Z%8
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Execute the simulation 
action of the network

check

of the simulated network
?

in the test pattern generators
Are there test patterns

labeled "test pattern available"
Is there a token inside the

check

place?

assign a token inside this place

check

pointed by this place and
Are there transitions which are

enabled?

insert the transitions which are enabled
into the wait_fire_event_queue

Is the wait_fire_event_queue

empty?

check

read a transition from the
wait_fire_event_queue

remove the tokens of the previous places
assign a token inside each post place
pointed by this transition
insert the enabled transitions into the
wait_fire_event_queue

check
Is there a situation:

There are test patterns but they 
can not send out. And there is
no transition which can fire.

?

empty?

Are there no test patterns?
and  Is the wait_fire_event_queue 

check

abort the execution
Deadlock

of the simulation

EXIT

fire this transition and evaluate the 
devices which are pointed by this 
transition

RET

yes

no

yes

no

yes

no

yes

no

yes

no

no

yes

m(xP=]adWSV.p%8 Z ��jFEdV � R�K NJE l&WSP�Rmu7PNEfVC? x p$a�;,l&PSxzRUcrodWqRsNyV�:BafWSV
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jFEdV�p l&ododxzc�=�WSV4; lmPqx RUc T V:PnK�V:V:cYPHEdV�NyR]WSWqV�? o RUci:Bx c�= �(V[PSWSxbcfV:P(pwR%:BV4;slmci: PNEfV ? xzpre
a�; lmPqV�:rcdV:PnK�R]WNM$prR%:BV4; xI? ? EdR�K�ckx cLm(x<=UadWqV.p_8zX � 8 � P ?nEdR�Kc?FEdR�K PHEdV��(V[PSWSx*cdV:P prR%:BV4;
K RUWNM>?�PSR NyRUcsPSWqR�;*PNEdV.? x p$a�;,l&PSxzRUc V4UsV&NyadPqx R]c�8FjFEdV PSR�MbV[c�?txzc�? x :BV+o>;,lUNQV�? � R�K2PHEdWSR]a�=�E
PHEdV �(V[PSWSx�cfV:P prR%:BV4;�lmc�:0PHEdV:WqVyu#RUWqV ;zV:P PNEfV ? x p$a�;,l&PSR]Wj? xzp a>;,lmPqVrPNEfV T V4E l+Gsx R]adW$Rmu
PHEdV.? xzp a>;,lmPqV�: cfV:PnK�RUWHM 8 \ EdV:crPHEdV�WSV4; lmPSV+: PqW lmci? x Pqx R]c�?�lmWqV f WqV�: �sPNEdV NyRUWqWSV�? o RUc�:Bxzc�=
:BVVGBx NyV�?BK�x<;P; T9V V4G]l�; a l&PSV�:Jlmci: PNEfV:cJodWSR%:Ba NyV PNEdV cdV4K RUafPSodadP!G]lR;zadV�? �WK Edx NbE
K�x<;P;
T V ?Sl4GbV�: x csPSR PNEfVrRUadPqodadP PqV:WSprxzc lR; ?�8 m R]W5V4Uflmpwo�; V � K EdV:c>PHEdVrPSW lmc�? x Pqx RUc ;,lmT V4;<; V�:
�e:Bp a>;P; V[WSe N � V �5x ? f WqV�: �-PHEdV!:Bp$a�;P;zV:WSe N.:BV4Gsx,NyV o9R]x csPSV�: T _ PHEdxI?�PSW l&c�? xzPSxzRUc K�xP;P;7NJEdV&NJM
T RUPHE
; Re=Ux NCGUl�; adV+? R&u�xzPJ?+xzcdodadPYodxzc�?Olmci:@odWSR%:sa NyV$PNEdV$NyR]WSWqV&NyPOR]adPSodafPBG]l�; adV ��K Edx NbE
K�x<;P;�T V5a�? V�:rPSR ? V:P�PNEfV R]adPSofadP+o R]x csP � x 8 V 8FPNEdVYV4GbV:csPFE l�?�lmWSWqxPGbV�:rPHEdVYRUadPqodadP�RmuiPHEdV
:Bp$a�;<; V:Wqe N�prR%:Ba�;zV+u#WSR]p x P ?�x cdofadP48

output toggle

Ain

Rout

XOR

dmuller-c

Rin

Aout

Aout

AND

OR

OR
input

input
input

input

point

point

point

toggle:e1

toggle:e2

xor:e2

dmuller-c:e

dmy1

ao

ri

lt

y

c

ai

w

a
b

a1

a2

b1
b2

xor:e1

point

point

Rin

Ain

point

ltlatch:execute

l_tlatch

Rout

m(x<=UadWqV p%8 X � �FjFEdV p lmofodx c�=�WqV4;,l&PSxzRUc5T V:PnK V:V:cYPNEdV��(V[PSWSxbcfV:P(pwR%:BV4;slmci: PNEfV ? xzp a>;,lmPqV�:
cdV[P K RUWHMrprR%:BV4;
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jFEdVOV4GbV:csPFu#adc NyPqx R]c�?tR&u G]lmWqx R]a�?
�(V:PqWSx-cfV:P�PqW lmci? x Pqx R]c�?�Rmu�PHEdVh; Re=Ux N+prR%:Ba�;zV�? K V:WSV
:BV+?SNyWqx T V�: xzc vWE lmodPqV:W S_8ijFEdV _ K�xP;P;bT V V4UBV"NyadPSV+: K EdV:c PNEdV�NyRUWqWSV�? o9R]c�:Bxzc�=OPSW lmc�? x Pqx RUci?
l&WSVBf WSV�: 8

� ��� 	 (`, � % ���D(')$* %�!�*�('. "$#�� ('. #&4

\ xzPNEdxzcLlCpwx,NyWqRUodxzo9VV; x cfVL? P lR=UV �OPNEdV PqW lmci? o l&WSV:csPL;,lmP NbEfV�?rlmWqV GbV:W _ xzpro RUWSP lmcsPL:BV:e
Gsx,NyV+?�8FjFEfV _ EfR�;I:rPHEdVYNyR]WSWSV"NyPW; R�=]x,N G]l�; adV�?WK Edx,NJE l&WSVYl4G]lmx<;,lmT>; V+u#R]W ? a N:NyV�?H? RUWc? P l�=UV�? 8
jFEdV[WSVyu#R]WSV �fNyRUWqWSV&NyPH; _ prR%:BV4;<; xzc�=YPNEdVOT V4E l+Gsx R]adWJ?�R&uFPHEdVYPSW lmc�? o lmWqV:cBP ; lmP NbEdV+?�lmci: ; V[PSe
Pqx c�=OPHEdV:p EfR�;I:YPNEdV�NyRUWqWSV&NQP'G]lR;zadV�?�:BadWqx c�=�PNEdV ? xzp a�; lmPqx RUc xI?�lmc x pwo9R]WSP lmcsP�NyRUc�? xI:BV[W lme
Pqx RUc 8tM�cdVio RUx csP7NyRUcdcfV&NyPSV+: PqR+PHEdV �R;zP ��odx c Rmu l ;zRRK�e lUNQPSxPG]l&PSV�:.;,lmP NbE � l ; R�K�e lUNyPqxPG]lmPqV�:
; lmP NJELEdR�; :�? :dl&P l x u �R;zP � � X �ip l _ T V NyRUcfcdV&NyPqV�: PSR$RUPHEdV:W Edx<=�Ede lUNQPSxPG]l&PSV�:;,l&P NJEdV�? �
lEdx<=�Ede lUNyPqxPG]lmPqV�: ;,lmP NbE EfR�;I:>?B:flmP lrx u �R;zP � � � ��R]Wh; R�K�e lUNyPqxPG]lmPqV�: ; lmP NbEdV+?h? xzp a�;zP l&e
cdV[RUa�?n; _ 8 j�R ?qlmPqxI? u _ PNEdx ?.? x Pqa lmPqx R]c���l ? P l&PSVjG]lmWqx,lmT>; V!K Edx,NJE :BV:cdR]PSV�?�PNE l&P PHEdV!;,lmP NbE
x ?5PSW l&c�? o lmWSV[cBP$RUWjEdRe;I:Bxzc�= :dlmP l x ? cdV&NQV�?N?qlmW _ x cJV&lUNJE ;,l&P NJE :BV4Gsx,NyVwprR%:BV4; 8 \ EfV:c
PHEdV �R;<;,lmP NbE.X � VVUBV&NQadPSV �5R]WOPNEfV �RE�; lmP NJE�X � V4UsV&NyadPqV � PSW l&c�? xzPSxzRUc Rmu PHEdV �(V:PqWSx�cdV:P�prR%:BV4;
R&uilC;zRRK�e lUNQPSxPG]l&PSV�: R]W EdxP=eEde lUNyPqxPG]lmPqV�:;,lmP NbEwxI? f WSV�: �sPNEdV ;,lmP NbEwprR%:BV4; ? o R]x csPSV�:rPSR T _
PHEdxI?5PqW lmci? x Pqx R]c)K�x<;P; NJEdV&NJM PNEdV:xzW ��; P � ofx c�? 8�Y�P5PHEdVL?qlmprVrPqx prV � PHEdVrxzcBPqV:WSc l�; ? P lmPqV
G]lmWqx,l&T�; V :BV:cdR]PSx c>=rPNE l&POPNEfVC;,l&P NJE xI?�PSW l&c�? o lmWSV[cBPOR]WhEdRe;I:Bxzc�=:flmP l NyR]cBP lmxzc�? PHEdVC; l�? P
? P lmPqV18�viRUci? V �badV:csPN; _ �UPNEfVONyR]WSWqV�? o RUci:Bx c�= V4GbV:csP(u#adc NQPSx R]c R&u�PNEdV ��;P; lmP NJE�X � V4UsV&NyadPqV �+R]W
PHEdV �RE�; lmP NJE�X � V4UsV&NyadPqV � PqW l&c�? xzPSx R]c p$a�? P T V VVUBV&NQadPSV�:$RUT V _ x c�= PHEdVOu#R�;P;zR�K�x c�= Wqa�; V18

:<; =@= GKI � 
>IKCLE�A�MOQ 
 � = N A�Q<CFQLI8M>T 	�I�QL=KM�C ��IKCLWX;>=�T �

Xe8 � u ��; P � � X �-x 8 V18 PNEdV �R; P �^E le?ONbE lmc�=]V�: u#WSR]p � PSRkX �-PHEdVj? x p$a�;,l&PSRUW�p$a�? PFf WJ? P
VVGUl�; a l&PSVYPNEfVh; Re=Ux,NcGUl�; adV+?tRmu7PNEfVOx cdofadP�o RUxzcBP ?�Rmu lR;<;9PHEdV.; R�K�e lUNyPqxPG]lmPqV�:^;,l&P NJEdV�?
NQRUcdcdV"NyPSV�:$PSR PNEfV.?Sl&prV ��; P � o RUxzcBP�l&c�:rPNEdV:cwV4G]lR; a lmPSV PNEdVh;zR�K�e l]NyPSx<GUl&PSV�:!;,lmP NbE
pwR%:BV4; ;zV:PSPqx c�=$PNEdV$RUafPSodadPYo RUxzcBP ?ORmu�lR;<;FPNEdV!; R�K�e lUNyPqxPG]lmPqV�: ;,l&P NJEdV�?ONQRUcdcdV"NyPSV�:
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PqR PHEdVA?Sl&prV �R;zP � o RUx csP E l4GbV NyRUWqWSV&NQP�RUafPSodadPcG]lR;zadV�?�8
\%8+jFEfV:cJPNEdVL? x p$a�;,l&PSR]W5NJE l&c�=UV�?5PHEdVrxzcBPqV:WSc l�; ? P lmPqVG]lmWqx,lmT>; V :BV:cdR]PSxzc�= PHE lmP PHEdV
; lmP NbE xI?�PqW l&c�? o l&WSV:csP�RUW EdRe;I:Bxzc�=:flmP l PSR$x P ?�cdV4K NyRUci:Bx Pqx RUc 8

S%8 ��V4UBPwPNEdV ? xzp a�; lmPqRUWwN:lmc VVGUl�; a l&PSV PHEdV�;zR�=]x,N GUl�; adV+? R&u PHEdV@xzcdodadPwo9R]x csPJ? Rmu
l�;P;�PHEdV.EdxP=eEde l]NyPSx<G]lmPSV+: ; lmP NbEdV+?�NyR]cdcdV&NyPqV�:rPSR PHEdVA?SlmpwV �R;zP �5o RUxzcBP � NbE l&c�=UVYPHEdV
xzcBPqV:WSc lR;>? P l&PSV G]lmWqx,l&T�; V :BV:cdR]PSx c>=+PHE lmPFPHEdV ;,l&P NJEYxI?(PqW lmci? o l&WSV:csPFRUW EdR�; :Bx c�= :dl&P l
PqR x P ? cfV4K NQRUc�:BxzPSxzRUcDlmc�:>V4G]lR;za lmPqVrPNEfV^Edx<=�Ede lUNQPSxPG]l&PSV�:
;,l&P NJE@pwR%:BV4;I?h;zV:PSPqx c�=
PHEdVrR]adPSodafP5o RUxzcBP ? Rmu lR;<;tPHEdVEdx<=�Ede lUNQPSxPG]l&PSV�: ;,l&P NJEdV�?YNyRUcfcdV&NyPqV�: PqR PHEdV?qlmprV
��; P � o RUxzcBP E l+GbV NyR]WSWqV&NyP�R]adPSofadP G]l�; adV�? 8

� u ��; P � � � ��x 8 V18 PNEdV �R;zP �E l�? NbE lmc�=]V�: u#WqRUp X$PSR � ��PNEdV$o R1? xzPSxzRUc�?5R&u�PNEfV^;zRRK�e
l]NyPSx<GUl&PSV�: ;,l&P NJEdV�?�lmc�: Edx<=�Ede lUNyPqxPG]lmPqV�: ;,lmP NbEfV�? K�xP;<;'E l+GbV PSR T V xzcBPqV:W NJE l&c�=UV�: x c PHEdV
l&T9R�GbV V4G]lR; a lmPSxzRUckWSa�;zV �dx 8 V18tPHEdVj? x p$a�;,l&PSR]WFK�xP;<; f WJ? PONQRUc�? xI:BV:W�l�;P;�PNEdV.Edx<=�E lUNyPqxPG]lmPqV�:
; lmP NJEklUNyPqx R]c�?+l&c�:rPNEdV[c PNEfVB;zR�K�e l]NyPSx<GUl&PSV�:; lmP NJE l]NyPSxzRUc�? 8

^ Vyu#RUWqVOPNEdV ? xzp a�; lmPqRUW�VVGUl�; a l&PSV�?�PHEdV.; Re=Ux,N.G]lR; afV�?�RmuiPHEdVYx cdofadP+o R]x csPJ?�Rmutl ; lmP NJE��
xzP x ? cdV"NyV�?N?qlmW _ PSR ;zRbR�M u#R]W lR;<;iRmu�PNEfV^;zR�=Ux N^:sV4GBx NyV�? ;zRsN:lmPqV�:@R]c>T V:PnK�V:V:c PHEdV$x cdodafP
o RUxzcBP Rmu.PNEdVc;,l&P NJE$lmc�:rlOPqV�? Pio l&PSPSV[WSc=]V:cdV:W lmPSR]WiRUW�l&cdRUPHEdV:WW;,l&P NJE^K Efx,NJEjEdR�; :�?F:dl&P l%8
Y�PiPNEdx ? ? V&lmW NbE ? P lR=]V �dl�;P; PNEdV�prV:P ; R�=]x,Nc:BV4Gsx,NyV+?(p ai? PFT V.?ql+GbV+:5x csPSRYPNEdV :BV4Gsx,NyV ? P l]NbM
l&c�:0PNEdV[x W x cfodadP$o9R]x csPJ? p ai? P T V ?ql+GbV+: x csPSR PHEdV o R]x csP �badV:adV 82jFEdV o R]x csP �badV:adV
x ? ai? V�: PSR NyRUcsPSxzcBadV PNEdx ?.? V&l&W NJE�8 \ EdV:cGPNEdx ?B? V&lmW NbEGxI? NyRUpro>; V:PqV �9PHEdV :BV4Gsx,NyV ? P l]NbM
K�x<;P; NyRUcsP l&x cDlR;<;tPHEdV;zR�=Ux N^:sV4GBx NyV�? K Efx,NJE@cdV[V�: PqR T VrV4G]l�; a l&PSV�: 8LY�u#PSV:WOPHEdV�? V^;zR�=Ux N
:BVVGBx NyV�?Ol&WSVrR]WJ:BV:WH; _ V4G]lR; a lmPSV+: �(PHEdVrNQRUWSWqV&NyP.; Re=Ux N G]lR;zadV!K�xP;P; lmodo V&l&W5RUcDPNEdV!;,l&P NJE 	T?
xzcdodadP�o RUx csP48

� � � 	 (`, � % ���D(')$* "$#&% � � 4

� c le:�:Bx Pqx R]c PqR5R]TdP l&x c PNEdV ; R�=]x,N G]lR; afV�?�Rmu�V&l]NbEwo9R]x csPFK�xzPNEdxzcrPNEdV ? x p$a�; lmPSV+:5cdV:PnK�R]WNM
T _ NyRUWqWSV&NyPH; _ V4G]lR;za lmPqx c�=GV&l]NbE :BV4Gsx,NyV � x P$xI?$lR;I? R>cdV&NQV�?N?qlmW _ PqR ? xzp a�; lmPqV PHEdV :sV4;,l _
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Pqx prV$Rmu PNEdV ? x p$a�; lmPSV+: cdV:PnK�R]WNM 8�mdR]W PNEdx ? odadWqo R1? V �tPHEdV:WSVwV4UBx ? P ?5l PSxzprV � adV[adV xzc
V&l]NbE R]T�O V&NyPOR&u�PHEdV �(RUxzcBP N�;,le?N?�8 jFEdV PSxzprV �badV:adV xI?Oa�? V�: PSR ? PqRUWqV PHEdV PSxzprV.GUl�; adV+?
K EdV[c PNEfVC; Re=Ux NBG]lR;zadVYRmuiPHEdV5o RUxzcBP�xI?�NJE lmc�=]V�: 8 � c V&l]NbEkRUT�O V&NyP�R&uiPNEfV n V4Gsx,NQVYN�;,le?N? �
PHEdVCG]lR;zadV�?�RmuiPHEdVA:BV4; l _ PSx pwV E l4GbVYT V:V:c ? V:PV8 \ EdV[c PNEfV�? V n V4Gsx,NQVORUT�O V&NQPJ?c:BV:cdR]PSx c>=
:BVVGBx NyV�?�lmWqVYV4G]lR; a lmPSV+: �dPNEdVA:BVV;,l _ PSxzprVcK�xP;P;�T V l�:>:BV�: PqR PHEdVYPSxzprVhG]lR;zadV�?FK Edx NbEklmWqV
WqV&l�: u#WqRUp PHEdV xzcdodadPYo RUxzcBP ? R&u�PNEdV :BV4Gsx,NyV lmc�:GPNEdV�? V Pqx prVjG]l�; adV�? � ? afp �hK�xP;<;FT V
xzc�? V:WqPSV�:Jx csPSR>PHEdV Pqx prV �badV:adV+? K�xzPNEdxzc0PNEfV RUafPSodadPwo9R]x csPJ? R&u PNEdV :BVVGBx NyV18 m(xP=]adWSV
p%8 XUX$xP;<; a�? PSW l&PSV�?hEdR�K PNEdV ? xzp a�; lmPqx RUckRmu�PNEdV :BV4; l _ PSxzprVCK RUWNM>?�8wj R =UV:PYPHEdVrNQRUWSWqV&NyP
:BVV;,l _ PSx pwV.? xzp a�; lmPqx RUc �dPNEdVAGUl�; adV+?+Rmu PNEfVj:BV4; l _ Pqx prV Rmu V&lUNJE ;zR�=]x,NC:sV4GBx NyVYp ai? P�T V
NyR]WSWqV&NyPN; _ ? V[P48OjFEfV�? V o lmW lmprV:PqV:WJ?�N[lmc T V u#R]adc�: x ckPNEdV j�j �>RUW5v 9@MY`L:flmP l$T9RbReM�?
R]W+PqV&NbEfcdx,N:l�;-WqV:o RUWSP ? R&uFVVGbV:cBPqe :sWSxPGbV[c^;zR�=Ux NOprR%:Ba�;zV�?�8

\ EdV:c PNEfVh? x p$a�;,l&PSx R]cCK RUWNM xI?iNyR]pro�; V[PSV �:PHEdVh? x p$a�;,l&PSR]WFN:l&c?nEdR�K0PHEdV K�l4GbVyu#RUWqpL?
T _ WSV"l�:Bxzc�= PHEdVYPSxzprV �badV:afV�? K�xzPNEdxzc V"lUNJE ��RUx csP�RUT�O V"NyP48

� P�xI?�cdV&NQV�?N?qlmW _ PqR NbEfV&NbM K EdV:PNEfV:W+PHEdV!:dl&P l? xP=Uc lR;I? lmWSV!?n; R�K�V[W+PHE lmc PHEdV NyR]cBPqWSRe;
? xP=Uc lR;I? 80j�R x pwo�; V:p$V:csPOPNEfxI?5o l&WSP �iPNEfV ? x p$a�;,l&PSR]W cfV:V�:�?5PqR>N:l�;,Nya>;,lmPqVrPNEfVL? adp ?5Rmu
PHEdV :BVV;,l _ PSx pwV�? R&u5PHEdV :flmP l ? xP=]c lR;�o l&PNE�?rl&c�:0PNEfV NyR]cBPqWSR�; ? x<=Uc l�;+o lmPNEi?�8 \ EfV:c
PHEdV ? x p$a�; lmPSR]WYV4G]lR; a lmPSV+?5l ;,l&P NJE>prR%:BVV; �(xzP5x ? cdV&NQV�?N?qlmW _ PSR =]R@T lUNJM@PqR f c�:>V4GbV:W _
:BVVGBx NyV K Efx,NJEEdR�; :�? f�UsV�:^G]lR;zadV�? 8ijFEdV.:BV4Gsx,NQV+p l _ T VYl&cdRUPHEdV:W ;,l&P NJE��dl5PqV�? P o lmPqPSV:Wqc
=]V:cdV:W lmPSR]W RUW l NyR]c�? P lmcsP48kjFEdV:c>PHEdV^; l�? Pj? P lmPqV NbE lmc�=]VrPSxzprV Rmu�PHEdV:sV4GBx NyV xI?YWSV&le:
PqR>le:�:>PSRGlR;<;�PHEdVLGUl�; adV+?5Rmu PNEdVL:sV4;,l _ PSx pwV�?ORmu lR;P; :BV4Gsx,NyV+?BK Edx NbEJl&WSVL; RsN[lmPSV+:CR]c
PHEdVA:dlmP lj? xP=]c lR;�o lmPNEi?+l&c�:rPNEdVYNQRUcsPSWSRe;�? xP=Uc lR;�o l&PNE�?�WSV�? o V&NyPSx<GbV4; _ 8 � u�PNEdVA? afp R&uFPHEdV
:BVV;,l _ PSxzprV�?(R&u7lR;P;*PNEdV :BV4Gsx,NQV�? ; RsN:l&PSV�: R]crPNEfVh:dl&P lj? xP=Uc lR;-o lmPNEi?�xI?FTdxP=e=UV:W PNE l&c PNE l&P
;zRsN:lmPqV�: RUc PHEdV$NyRUcsPSWqR�; ? x<=Uc l�;Fo lmPHE�? �.lmcGV:WSWqRUW�prV�?N?qlR=]VCK�xP;<;(T Vj=]V:cdV:W lmPSV+: �9x 8 V18�PHEdV
? x p$a�;,l&PSV�: cdV:PnK�R]WNM E l�?.? R]prV!:BV�? xP=UcGV:WqWSRUW ?�8 \ V$N:lmcDlR; ? R a�? V ? xzprxP; lmW�prV:PHEdR%:�?+PqR
NJEdV&NJM u l&cde#x c��Bu l&cdehR]adP � PNEfWSRUa>=�EdodafPC8<8P8ilmci: ? R R]c�8
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time Queue

ri

time Queue

time Queue

Rin

tphl=6 ns
tplh=4.5ns

time Queue

time Queue

XOR
tplh=12ns
tphl=10ns

other inp = 0
other inp = 0
other inp = 1
other inp = 1

tplh=20ns
tphl=13ns

time Queue

Ain

Rout

Aout

time Queue

y

w

AND

time Queue

time Queue

input

input

a

b

c

output

tphl=14ns from D
tplh=16ns from D

l_latch1

lt

tphl=34ns
tplh=36ns

dmuller-c2

45

81

9340

46 62

tp = 16 ns  inp = 0
tp = 20 ns  inp = 1

Toggle

196

190

40
190

196

time Queue

210

ao

273

293
223

239

239

ai

113
313

dmy1

m(x<=UadWqVCp%8 X]X � jFEdVYprV:PNEfR%: RmuiWqV&NyR]WJ:Bxzc�= PNEdV.G]lR;zadV�?�R&uiPNEdVA? P lmPqV NbE l&c�=UV PSxzprV
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the test result 
Queue empty?

check

read test result from the 
test result Queues of  
output buffer
and save them into an array

display the test results
on the screen or
save them into a file

Display the test results 
of the simulation

no

RET

yes

m(x<=UadWqV p%8 X:\ �>jFEdV � R�K�NbE l&WSPrR&uYPNEfV u#adc NyPqx RUcJu#RUWL:sxI? o>;,l _ xzc�=GPSV�? P WqV�? a�;zPJ? RUc2PHEdV
?qNyWSV:V[c

� ��� � ('4�01% � � (`)$* ��
$# 4J(`, � % ���D(2!�) /�#&4�� % ��4

\ EdV[c PNEdV!? x p$a�;,l&PSx R]cLK�RUWHM xI?ONyR]pro�;zV:PSV �sPNEdV PqV�? P�WSV+? a�;zPJ? K�x<;P;�T9V!:sxI? o>;,l _ V�:rRUc PHEdV
?qNyWSV:V[c0l&c�: ?ql4GbV�:>x csPSRGlmc RUadPqodadPjf�; V 8 m(x<=UadWqV p_8 X[\�?nEdR�Kc? PHEdV � R�K�NJE lmWqP R&uOPHEdV
odWqR�=]W lmp K Edx,NJEYN:l&c5T Via�? V+: PSRc:sxI? o>;,l _ PNEfVtPqV�? P�WqV�? a>; PJ?-R]c5PHEdV ?SNyWqV:V:c�8�jFEdV ? x p$a�; lmPSR]W
R]c�; _ cdV:V�:>? PqR WqV&l�:@PHEdV$PSV�? P WqV�? a>; PJ?Ou#WSR]p PNEdV$RUadPqodadP Tda��*V:WJ? lmc�: ?ql+GbV PHEdV:p xzcBPqR
l&c0l&WSW l _ lmci:@PNEdV[c :BxI? o�;,l _ PHEdV�? VwPSV�? P5WSV+? a�;zPJ?ORUcJPNEfV?qNyWSV:V[c>l&c�: ? PSR]WSVrPHEdV:p xzcBPqR
l&c R]adPSofadPFf�; V 8FjFEdV NyxzW NyadxzPiRmu m(x<=UadWqVY\_8 k$lmc�:rPNEfV.? xzp a�; lmPqx RUc!:sV�?SNyWqx odPqx R]c�?�l&c�:rPSV�? P
o l&PSPqV:WSc�?W?nEdR�K�crx cr`bV"NyPSxzRUcjk�8zX�8 \ON:lmc$T V+ai? V�:5PqR PqV�? P7PNEdV ? xzp a�; lmPqRUW48.jFEdVh? x p$a�;,l&PSxzRUc
K RUWNMwxI?�NQRUcsPSWSRe;P;zV�: T _ PNEdVYNQRUWSWqV�? o R]c�:Bx c>= �(V:PSWqx cdV:P�pwR%:BV4; ? EdR�K�c x c m(xP=]adWSV.p%8 Q lmc�:
PHEdVA? x p$a�; lmPSxzRUc odWqRsNyV�:BafWSV � `bV:V5` V&NyPSxzRUcLp%8Tp � 8 \ EdV:ckl�;P;-PHEdVOPqV�? P�o l&PSPqV:WSc�?�l&WSV.? V:csP
R]adPilmci:5PNEdV:WqV�x ?(cdROV:c lmT�;zV�: PqW lmci? x Pqx R]c5x ci? xI:sV�PNEfVFK�l&x Pqx c�= f WSV �badV:afV �mPHEdV ? x p$a�;,l&PSxzRUc
x ?�NyRUpro>; V:PqV18�jFEdV u#Re;P; R�K�xzc�= PSV�? P�WSV�? a�; P ?FK�xP;<;-T VYRUTdP lmx cfV�: 8
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jFEdV^K�l4GbVyu#RUWqpL?h? EfRRK�cJxzc
m(x<=UadWqVLp_8zX4SklmWSVwPSW l&c�? u#V[WSWSV+: u#WSR]p
PHEdV^G]l�; adV�?YRmu�PHEdV
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m(x<=UadWqVhp%8 XVS � �Fl&WSPSx lR;�K�l4GbVyu#RUWqpL? R&u�PHEdVONQx W NQadx P ? EdR�K�crxzc!m(xP=]adWSV \_8 k l"u#PSV[WF? x p$a�;,l&PSxzRUc

jFEdV:WSV l&WSV ? V4GbV[W lR;bR]PNEdV[W�V4Udl&pro�;zV�?*K Edx NbE lmWSV PSV�? PSV�: 8(jFEfV _ lmWqV�PnK�R�pwx,NyWqRUodxzo9VV; x cfV
? P lR=]V�? NyRUcfcdV&NyPqV�:>x c ? V:WSxzV�? � l@prx NyWSR]odx o V4;zx cdV ? P lR=]V u#RUWNMsx c>=@xzcBPqR>l&cdRUPHEdV:WrPnK�RGprxze
NyWqRUodxzo V4; xzcdV ? P l�=UV�? ��l prx NyWSR]odx o V4;zx cdV ? P lR=]V u#RUWNMsx c>=@xzcBPqR P K R@pwx,NyWqRUodxzo9VV; x cfV? P lR=]V�?
K Edx NbE O RUx cJxzcBPqR lmcfRUPNEfV:W prx,NQWSRUofx o V4; xzcdV!? P lR=]V ��l PnK RUe#Tdx P p a�;zPSxzo�; xzV:W+pwx,NyWqRUodxzo9VV; x cfV
? P lR=]V � l u#R]adWSe#Tdx Pkp a>; PSxzo�; xzV:W$prx,NyWqRUodxzo V4; xzcdV ? P lR=]V � l&c�: PnK�RL\&ehTdxzP p$a�; Pqx o�;zx VQWrprxze
NyWqRUodxzo V4; xzcdV ? P l�=UV�?hO RUxzcdx c>=@xzcBPqR@R]cdVLkUe#Tdx P$p a>; PSxzo�; xzV:WOprx NyWSR]odx o V4;zx cdV ? P lR=]V18 Y ;<;�Rmu
PHEdV:p�l&WSVYodWSV+? V:csPSV�:rxzc Y�odo V:c�:Bx<UYC8
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jFEdV lmxzp
R&uOPHEdxI? NbE lmodPqV:W5x ? PSRGl&c lR; _ ? VrPNEfVro V:W u#R]WSp l&c NyV$Rmu PNEdVrpwx,NyWqRUodxzo9VV; x cfV
? x p$a�;,l&PSRUWjK Efx,NJE E le? T V:V:c2x pwo�; V:p$V:cbPqV�:>lmci:0PSV�? PSV�:JT _ WSafcdcdx c>= ? R]prV V4Udl&pro�;zV�?
xzc0vWE lmofPSV:W!p l&c�:@PSR :sxI?SNQa�?N?A? RUpwV odWqRUT�;zV:pL?OV:c NQRUadcsPSV:WqV�: :BadWSxzc�= PNEfVrx pro>; V:p$V:cde
P lmPSxzRUc�8LjFEdV ? x p$a�;,l&PSRUW xI?$lmT�;zV PSR ? V:c�:>PNEdVkPSV�? P o lmPSPqV:WSci? � R�K�xzc�=@PHEdWSR]a�=�E2PHEdR1? V
prx NyWSR]odx o V4;zx cdV+?tl&c�: RUTfP lmxzc PHEdV NyRUWqWSV&NyP�WqV�? a>; PJ? 8 � ckl�:�:BxzPSxzRUc�� ? R]prVA:BV�? x<=Uc V:WqWSRUW ? xzc
PHEdV+pwx,NyWqRUodxzo9VV; x cfV�?-N:l&c T V :BxI?qNyR�GbV:WSV+: PNEfWSRUa>=�E$PNEdVc? x p$a�;,l&PSx R]c5V&le? x<; _ 8�jFEdV f WJ? Pio lmWqP
R&u-PHEdxI?7NbE l&odPSV[W�K�xP;P;sV4UflmprxzcdVFPHEdV ? x p$a�;,l&PSx R]cYWSV�? a�; P ? R&u-PHEdV�pwx,NyWqRUodxzo9VV; x cfV�?9R&u m(xP=]adWSV+?
\%8lk l&c�:YC8zX+a�? x c�= lA? P l&c�:dl&WJ:E lmW :_K�l&WSV.? x p$a�;,l&PSR]W �B`bx<; R ? ��� 8bjFEfV:crPNEfV+o V:W u#RUWSp lmc NyV
R&uFPHEdVA? x p$a�; lmPSR]WWK�xP;P;*T V.:BxI?qNya�?H? V�: 8WmdWqRUp PHEdVYNyR]pro lmWqxI? RUcrR&uFPHEdVYWSV�? a�; P ?�lmci: ? xzp afe
; lmPSxzRUc�? �9PHEdVYprR%:BV4;<; xzc�=YPSV&NJEdcdx � adV K�xP;P;*T V VVUdl&prx cdV+:rlR= lmx c lmc�: PNEdV le:_G]lmcsP lR=]V�?�lmc�:
:Bx ?Sle:_G]lmcsP lR=]V�? R&u�PHEdV prx,NQWSRUofx o V4; xzcdV.? x p$a�;,l&PSRUWcK�xP;<;(T V ? adpwp lmWqxa_:V�: 8+jFEfVrNyR]pro l&WSe
x ? RUc Rmu PNEdV �(V[PSWSx cdV:P prR%:sV4;I?Oa�? V�: xzc>PNEdx ?5odWSReO V&NyP u#R]W pwR%:BV4;P;zx c�= PHEdV T9VVE l4GBxzRUadW ?
R&uYPNEdVkV4GbV:csPSe :BWSx<GbV:c ; R�=]x,NrprR%:Ba>; V�? l&c�:2NyRUcsPSWqR�;<; x c>= PNEdV ? xzp a>;,lmPqx R]c>V4UsV&NyadPqx RUci?5Rmu
prx NyWSR]odx o V4;zx cdV+? K�x PHE PHE lmP�a�? V+: x c 	 n xP;<;*ZU\���u#RUW :BV�?SNQWSx Tfx c�=$PNEdV ? o V&Nyxgf*N:l&PSx R]c�?�RmuiPHEdV
? V4; u#e#PSxzprV�: � adV[adV�?FK�xP;<;�l�;I? R$T VA:BxI?qNya�?N? V�: 8
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jFEdV$prx NyWSR]odx o V4;zx cdV�?�xzc
m�xP=UafWSV�?Y\_8 kklmc�: YC8 XjE l4GbV T V:V:c ? xzp a>;,lmPqV�: l�?A:BV�?SNQWSx T V�: xzc
Y+ofo9V[c�:BxPU ^ 8�m WqRUp PHEdV�WqV�? a>; PJ?-R&u PNEfVtVVUBo V:Wqx prV:csP � PHEdV:WSV l&WSV�PnK R�xI?N? adV�?�K Edx,NJEhK�x<;P;bT V
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V4Uso�; lmx cfV�:rx c PHEdV u#Re;P;zRRK�xzc�=!? afT�? V&NQPSx R]c�?�8�jFEdV+? V l&WSV P K R WSV&le? R]c�?h? PqWSR]c�=�; _ x cru l4GbRUafW
R&uiPNEdVYxzpro�; V[p V:csP l&PSx RUc$Rmu PNEdVYprx NyWSR]odx o V4;zx cdVc? x p$a�;,l&PSRUWV8
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jFEdV K�l4GbVyu#R]WSpL?YRmuYPHEdV ? x p$a�;,l&PSx R]c@WqV�? a>; PJ?!? EfRRK�c x c Y+odo V:c�:Bx<U ^ N�; V&l&WN; _ V4U%EdxzTdx P
PHEdV RUo V:W lmPSxzRUc�?�Rmu PNEdV+? V5PnK R prx NyWSR]odx o V4;zx cdV+?�8 �+R�K�V4GbV:W �djFEdV �eY+RUafP �? xP=Uc lR;I?�RmuiPHEdV
R]adPSodafP V:ci:@Rmu PNEdV+? Vrprx NyWSR]odx o V4;zx cdV+?ON:lmcfcdRUP T VL=Ux<GbV:cJlmafPSRUp lmPSx N:lR;<; _ 8kjFEdV _ p$a�? P
T VL=Ux<GbV:c>T _ PHEdV a�? V:WjGsx,l PNEdVwPSV�? PjGbV&NyPSR]WJ? 8C` x prx<;,lmWH; _ ��`bxP;zR1? ��� N:l&cdcdR]P$lmadPqRUp l&PSx e
N:l�;P; _ NbEfV&NbM PHEdV ��Y+xzc � ? x<=Uc l�;I?5R&uYPNEdV xzcdodadP V:ci:CR&uOPHEdV�? V pwx,NyWqRUodxzo9VV; x cfV�?+PSR ? V[c�:
PHEdV � ��x c �C? x<=Uc l�; K EdV[crPNEdV�cdV4UsP�PqV�? PWGbV&NQPSRUWix ?�l4G]lmxP; lmT�;zV18FjFEfV:WSVyu#R]WSV �1K EdV[cL? xzp a�; lmPqe
xzc�=rprx NyWSR]odx o V4;zx cdVV?ta�? x c�= `bx<; R1? ��� �dPHEdV5a�? V:W�p a�? P�V:c�? adWSV PNE l&P+PHEdV5R]o9V[W lmPqx R]c RmuiPHEdV
? x p$a�;,l&PSV�: prx,NQWSRUofx o V4; xzcdV NQx W NQadx PhE l�?Bf cdx ? EdV+:>lmc�: ? V:c�:@PHEdV ��Y�RUadP � ? xP=]c lR;�PqR PHEdV
? x p$a�;,l&PSV�: NyxzW Nyafx P Gsx,lYPNEdVOPqV�? PWGbV&NQPSRUWV8FjFEdV[crPNEdV a�? V:W N:l&cL? V[c�: PNEfVOcdV4UsPiPSV�? PFGbV&NyPqRUW
l&c�: PHEdV � ��x c �j? xP=Uc lR;�PSR$PNEfVC? x p$a�;,l&PSV�: NQx W NQadx PV8 � uFPHEdV �eY+RUadP �^? xP=]c lR;�x ? ? V:csP�PSR PHEdV
? x p$a�;,l&PSV�:kNyx W Nyadx P�PSRbRkV&lmWH; _ ��xzc NyRUWqWSV&NQP.? xzp a�; lmPqx RUc WqV�? a�;zPJ?hK�xP;<;FT V R]TdP l&x cdV+: 8 � u PHEdV
? x p$a�;,l&PSx R]cYV:c_Gsx WqRUcdpwV:cBP�x ? cfRUPixI:BV"lR; �]l ;zRUPFR&u-Pqx prVWK�x<;P;sT9Vc? o V:cBP lmPSPqV:prodPqx c�= G]l&WSx R]a�?
? x PSa lmPSxzRUc�? :sadWSxzc�=5PHEdVh? x p$a�;,l&PSxzRUc�8�jFEdx ?F:BRbV�?�cfRUP�pwV&lmc PHE lmPO`bx<; R ? � � xI?FcdRUP�lmc xI:sV&lR;
? x p$a�;,l&PSRUWV8 � POR]c�; _ prV&l&c�?+PNE lmP.? x p$a�;,l&PSx c>= prx NyWSR]odx o V4;zx cdV+?�a�? xzc�= ? a NJEGlL? x p$a�; lmPSR]W
x ?+cdRUP NyR]c_GbV[cdx V:csP48 j R ? x p$a�;,l&PSVYprx,NQWSRUofx o V4; xzcdV�?ia�? xzc�= `bxP;zR1? � � NyRUc%GbV:cdxzV:cBPH; _ � l$PSV�? P
o l&PSPqV:WSc =UV:cdV[W lmPqRUWwlmc�: l WqV�? a>; P5Tfa��*V:W ai? x c>=>l PnK�RUe#o�E le? VkTdadc�:_;zV�: :dlmP l@NQRUc%GbV:cde
Pqx RUcDlmWqV WqV �badx WqV�: 8 � u PHEdV�? V PnK RL:BV4Gsx,NyV+?OlmWqV x pro�;zV:p$V:cBPqV4: �dPNEdV:cGPNEfV!? x p$a�; lmPSxzRUckRmu
prx NyWSR]odx o V4;zx cdV+?�a�? xzc�= `bx<; R1? ��� K�xP;<;(T V&NQRUprV V&l�? _ 8 �+R�K�V4GbV[W �dPNEfxI?+xzpro�; V[p V:csP l&PSxzRUcrx ?
cdR]P^GbV[W _ ? xzpro�;zV18 Y�c xzcBPqV:W u l]NyV u#RUW V:csPSV:Wqx c�=kPNEdVwPSV�? PjGbV&NyPSR]WJ?YPSR PNEfVrPSV�? P o lmPqPSV:Wqc
=]V:cdV:W lmPSR]WOl&c�: VVUBo RUWqPSxzc�= PHEdVYPSV�? P�WSV�? a�; P ?tu#WSR]p PNEdVYWqV�? a�;zP�Tda��*V:W�x ?�lR;I? R cfV:V�:BV�: 8
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� PYxI? �badxzPSV V&le? _ PqR :BV+? xP=]cGl�? _ c NJEdWqRUcdR]a�?5NyxzW Nyafx PJ?�lmci:@prx,NQWSRUofx o V4; xzcdVV?�a�? xzc�= V4GbV:csPSe
:BWqxPGbV:cA; Re=Ux,N�pwR%:Ba�; V+?�8 �+R�K�V4GbV[W �:PNEfV�? V�V4GbV[cBPqe :BWqxPGbV:c ; R�=]x,N�prR%:sa�; V�?�l&WSV�cdR]P l+G]l&xP;,l&T�; V
K�xzPNEdxzc PNEfVC; xzTdW l&WSxzV�?�Rmu�` R�; R \ � S � 8 jFEdV:WSVQu#RUWSV �dT9VQu#RUWSV ? xzp a�; lmPqx c�= prx NyWSR]odx o V4;zx cdVV? �sx P
x ? cdV&NyV+?N?Sl&W _ PSRGx pwo�; V:p$V:csPYPNEdV ?SNJEdV:p l&PSx,NV? Rmu PHEdV�? VkV4GbV:csPSe :BWSx<GbV:c
;zR�=Ux NrprR%:Ba�;zV�?�8
�+R�K V4GbV:W �bPHEdVA:BV�? x<=Uc Rmu7PNEfVOV4GbV:csPSe :BWSx<GbV:c!; R�=]x,N+pwR%:Ba�; V+?txI?�cfRUP�V&le? _ 8ijFEdV+? VA:BV�? xP=Uci?
p$a�? P T VC:sRUcdVYT _ odWqRmu#V�?H? xzRUc l�;�V:c�=UxzcdV:V:W ?�8 � P�x ?�cdRUP�l�;PK�l _ ?�PNEfVYN:l�? VYPNE l&P�PNEdR ? V.K EdR
l&WSV5xzcBPqV:WSV+? PSV+: xzc prx NyWSR]odx o V4;zx cdVV?�l&WSV x csPSV:WqV�? PqV�: x c lmc�:ru lmprx<; x lmWFK�xzPNEkPNEdV :BV�? x<=UckRmu
V4GbV[cBPqe :BWqxPGbV:cL;zR�=Ux N prR%:sa�; V�? 8 viR]c�? V �badV:csPN; _ � ? x p$a�; lmPSxzc�= prx NyWSR]odx o V4;zx cdV�?ia�? xzc�= `bx<; R ?
� � N:lmcwT9V�p le:BV�NyRUc%GbV:cdxzV:csP �&TdadPiPNEdVc; xzTdW l&W _ odWqRUT�;zV:p R&u�V4GbV:csPSe :BWSx<GbV:c.; Re=Ux,N�prR%:Ba>; V�?
p$a�? P T Vj? Re;PGbV�: 8
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jFEdV$prx NyWSR]odx o V4;zx cdV.? x p$a�;,l&PSR]W+p l�MbV�?c? x p$a�; lmPSxzc�=$prx,NyWqRUodxzo V4; xzcdV�?FGbV:W _ V"l�? _ 8 � PYlR; ? R
odWqR�GBx :BV�?.? R]prV V:WSWqRUWA:BV:PqV&NyPqx RUcGl&TdxP;zx Pqx V�? 8j9 R1? P5x pwo9R]WSP lmcsPN; _ xzP5N[lmcDNyRUcdcfV&NyP lrPSV�? P
o l&PSPqV:WSc =UV:cfV:W l&PSRUW l&c�:@lrWqV�? a�;zPOTda��*V:WYPqRrPNEdV ? xzp a>;,lmPqV�:rcdV:PnK�R]WNM 85jFEfV:WSVyu#R]WSV �*PSV�? P
o l&PSPqV:WSc�?�N[lmc T VBGbV[W _ V&le? xP; _ xzcdodadP PSR PHEdV.? xzp a>;,lmPqV�: cdV:PnK�R]WNM u#WSRUp PNEfVOPSV�? P�o lmPqPSV:Wqc
=]V:cdV:W lmPSR]WOl&c�:L? xzp a�; lmPqx RUc WqV�? a>; PJ?�N[lmc l�;I? RjGbV[W _ V&l�? xP; _ T VOV4Uso RUWSPqV�: u#WSR]p PHEdVYWSV�? a�; P
Tda �-V[W�Rmu�PHEdV.? x p$a�;,l&PSV�:5cdV[P K RUWHM 87jFEdxI?W? V"NyPSxzRUcK�x<;P; l&c lR; _ ? VOPNEdV o9V[W u#RUWqp lmc NyV�Rmu�PHEdV
? x p$a�;,l&PSRUWV8
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Y+cJV:c%Gsx WSR]cdprV:csP�u#RUW!? xzp a>;,lmPqx c�= prx NyWSR]odx o V4;zx cdV+? E le? T V:V[cJNyRUci? PSWqa NyPqV�: 8 n V�? xP=UcfV�:
prx NyWSR]odx o V4;zx cdV+?-lmWqV�l&T�; V PSROT V�Wqadc NQRUc%GbV:cdx V[cBPH; _ K�x PNEfx c5PHEdV ? x p$a�;,l&PSR]W48�jFEdV :BV�? xP=UcfV�:
NyxzW Nyafx PJ?.:BRkcdRUP cdV:V�: PSRkT VrNyR]pro R1? V�: u#WSR]p lUNyPqa lR;�NyRUpwo9R]cdV:csPJ? 8rjFEdV � RRK Rmu�PHEdV
V4GbV[cBP ?5PNEdWqRUa�=eE PHEdV NyxzW Nyafx PJ? N[lmc0T V WqV&NyRUW :BV�: :BadWqx c�=DPNEdV ? x p$a�; lmPSxzRUc�8 � P x ? GbV[W _



����������	�
 � ����� � ����� � ���8� X � \

EdVV; oBu#a�;Fu#R]W5NJEdV&NJMsx c�=rPHEdVwNyRUWqWSV&NyPqcdV�?H?+Rmu�PHEdV:sV�? x<=UcdV�: prx NyWSR]odx o V4;zx cdV�? 8 viR]pro l&WSx c>=
T RUPHE@WqV�? a>; PJ?�Rmu�PHEdV!? xzp a>;,lmPqx R]c PqV�? P ? K Edx NbEGl&WSV!:BR]cdV x c>vWE l&odPSV[WCpwlmc�: Y+odo V:c�:sxPU
^ xzc�:Bx<GBx :Ba lR;<; _ �FxzP x ? N�; V"lmW$PNE l&P PHEdV prx NyWSR]odx o V4;zx cdV ? xzp a>;,lmPqRUW x ? lmT�;zV PSR :BR@T l�? x N
u#adc NyPSxzRUc l�;�? x p$a�; lmPSxzRUc�?iRmuiPHEdVOprx NyWSR]odx o V4;zx cdV NyxzW NyadxzPJ? 8FjFEdVYPSV+? P�o l&PSPSV[WSc�?�N:l&c V&le? x<; _
T V>WqV&l�:0u#WSR]p lmcLx cdodafP fi; VGlmci: ? V:csP x csPSR>PHEdVGPSV�? P o lmPSPqV:WSc =UV[cdV:W l&PSR]W K Edx NbE2x ?
? o9V"Nyx f V+: PqR+T V NyR]cdcdV&NyPqV�:+PqR+PHEdV ? x p$a�; lmPSV+: cdV[P K RUWHM 8�jFEdViPSV+? P�WSV+? a�;zPJ?�N:l&c5l�;I? R+V&le? x<; _
T V�WSV&le: u#WqRUp PHEdV�WSV+? a�;zPtTfa��*V:W ��K Efx,NJE xI?W? o V&Nyxgf V�:5PqROT VONyR]cdcdV&NQPSV�:5PqR PHEdVc? xzp a>;,lmPqV�:
cdV[P K RUWHM �bl&c�:!?Sl4GbV�:5x csPSR lmc$RUadPqodadP f�; V 8FjFEdV�V4GbV[cBPqe :BWqxPGbV:c.;zR�=Ux N�prR%:Ba�;zV�?'E l4GbV T9V[V:c
prR%:sV4;P;zV�: ai? x c>= �(V:PSWqx-cdV[PJ?�lmci: PHEdV v
	�	 N�; l�?N? V�?�8ijFEfV:WSVyu#R]WSV �sx P xI?�cdR]P�cdV&NyV�?H?Sl&W _ PqR
NyR]c�? x :BV:W PNEdV :BV�? xP=Uc$xI?H? adV+?tRmu�PHEdV�V4GbV:csPSe :BWSx<GbV:c5prR%:sa�; V�? 8FjFEdV ? xzp a>;,lmPqx R]c Rmu�G]l&WSx R]a�?
prx NyWSR]odx o V4;zx cdV$NQx W NQadx P ? E l�?5T V:V:c :BV:pwRUc�? PSW l&PSV�: 8 jFEdVL? x p$a�;,l&PSx R]c@ofWSRUT>; V:pL?hK Edx NbE
l&WSV5V[c NyRUafcBPqV:WSV�:$x c `bxP;zR1? � � lmWqVYcdRUP�prV:Pix c PHEdxI?�prx NyWSR]odx o V4;zx cdV ? xzp a>;,lmPqRUWV8
�+R�K�V4GbV:W �9PHEdV prx NyWSR]odx o V4;zx cdVA? xzp a>;,lmPqRUW�xI?+cfRUPYo V:W u#V&NQP48 jFEdx ?OxI?OPNEdVCf WJ? PA:BV+? xP=]c

? P lR=]VORmu.PNEdVc? x p$a�;,l&PSR]W48�jFEdV:WqV�lmWSV�p l&c _ ? xzp a>;,lmPqx R]c u#adc NQPSx R]c�? K Edx,NJE l&WSV�cdRUPixzpro�; V[e
prV[cBPqV�: _ V:PV8 ��V4GbV:WSPHEdV4;zV�?N? �dPNEdV ? xzp a�; lmPqRUW 	 ?�T l�? xI?OxI?��(V[PSWSx�cdV:P ?Ylmc�: PNEdVrv
	�	�; lmcde
=]a lR=]VK EdR1? V p lmPNEfV:p lmPqx,N:l�;�PNEdV[RUW _ l&c�: RUT�O V&NyPqehR]WSxzV:cBPqV�: ofWSR�=]W l&prprx c>=rPSV&NJEdcdx � afV�?
N:l&c WqV�? a�;zP�x c PNEfVC? x p$a�;,l&PSR]W E l+Gsx c>=$l K�x :BVA:BV4GbV4;zRUodprV[cBPFo R]PSV:csPSx lR; 8
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M�cdV T V:cdV f PORmu a�? x c�=wPNEdV ? x p$a�; lmPSR]W�xI?+PHE lmP :BV�? x<=Uc V:WqWSR]WJ? K�x PNEfx c PNEfVj:BV�? xP=]cdV�: prxze
NyWqRUodxzo V4; xzcdV Nyx W Nyadx P ?�N:l&c T V u#R]adc�: T _ PHEdxI?�pwR%:BV4;P;zx c�= PSV&NJEdcdx � afV18ijFEdVA:BV�? xP=UckV:WSWqRUW ?
K Edx NbEGp l _ RsN[NyadW lmWqV V:WqWSR]WJ? R&uc:BVV;,l _ PSxzprV � :dlmP l NyR]prodadP lmPSxzRUc���:BV"l�:_;zRsNbM ��x c_f cfx PSV
;zRbRUo���l&c�:@u lmcde#RUafP48>jFEfV _ K�xP;<;iT9V :BV+?SNyWqx T V�:@xzc>PNEdVru#Re;P; R�K�xzc�= ? adT�? V"NyPSxzRUc�?5WqV�? o V&Nye
PqxPGbV4; _ 8
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� PixI?(o R ?N? xzT�; V�PNE lmP lOprx,NyWqRUodxzo V4; xzcdV NyRUcsP l&x c�?W:BV4; l _ Pqx prV V:WSWqRUW ? �%? xzc NyV�prx NyWSR]odx o V4;zx cdV�?
l&WSVYcdRUPiu#a�;P; _ :BV4; l _ e#x c�? V:c�? xzPSx<GbV�Nyx W Nyadx P ?�87jFEdV.:BV4; l _ PSx pwV�V:WSWqRUW�pwV&lmc�?iPNE l&P�PHEdV.:dl&P l
? xP=Uc lR;.:BVV;,l _ ? l&WSV ;zRUc�=]V:W PHE lmc PNEdVkWSV �badV�? P? xP=]c lR; :BV4; l _ ?�8LjFEdV ? PqRUW l�=UV V4;zV:prV:csPJ?
K�xzPNEdxzcrV&lUNJEL? P lR=]V.K�xP;P;*N:l&P NJE PHEdV.:dl&P l l&odo V&lmWqx c�= R]c PHEdV:xzWtxzcdodadP ?FK EdV:crPHEdVOWqV � afV�? P
V4GbV[cBP ? lmWSWqxPGbVL? a NJE ? PqRUW lR=UVkV4; V[prV:csPJ?�8 �+R�K�V4GbV[W �Fx u PNEfV :sV4;,l _ ?5RmuYPHEdV :dl&P l o lmPHE�?
l&WSVLGbV:W _ ; R]c�= �iPNEfV:c>PNEfV ? PSR]W lR=]V V4;zV:prV:csPJ? NyRUa�; :>N:l&P NJE>PNEdV xzc NyRUWqWSV&NQPj:dl&P l_8J`ba NJE
V:WqWSR]WJ?�l �*V&NyP�PNEdV NyR]WSWqV&NyPScfV�?N?-R&u PNEdV :BV�? xP=UcfV�:Oprx,NyWqRUodxzo V4; xzcdV�?�8*jFEdV:WqVyu#RUWqV ��:Bx ?SNyR�GbV:Wqx c�=
:BVV;,l _ PSx pwV V[WSWSR]WJ?+x ?Ol^GbV:W _ x pro RUWqP l&cBP�prxI?H? xzRUc Rmu�PNEdV ? x p$a�; lmPSR]W48 jFEdV prV:PHEdR%: u#R]W
:Bx ?SNyR�GbV:Wqx c�= :BV4; l _ PSx pwV+V:WqWSR]WJ?FE le? T V:V:c :BV+?SNyWqx T V�:rx c `bV&NQPSx R]c p_8 Q 8
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jFEdWqV:V ? xzPSa l&PSxzRUc�?rp l _ E l&odo V:cLx u PNEdV NyRUcfcdV&NyPqx RUci? Rmu PNEdV NyRUcsPSWqR�;YNyxzW Nyafx PJ? Rmu PHEdV
? x p$a�;,l&PSV�: cdV:PnK�R]WNM NQRUcsP lmxzc V:WSWqRUW ?�8rM�cdV xI?+PHE lmPYPHEdV VVGbV:cBP ?+N[lmc ? PSx<;P; � R�K PHEdWSR]a�=�E
PHEdV V:WqWSR]cdV:RUai? cdV[P K RUWHMJlmc�:JPNEdV[WSV xI?5cdRGx pwo lUNyP RUc PNEdV PnK�R]eho�E l�? VkTdadc�:%; V�: :dl&P l
NyR]c_GbV[cBPqx RUcLK�xzPNEdxzc PNEfxI?�cdV:PnK�R]WNM 8�jFEdxI?�prV&lmci?�PNE l&P.? a NJE V[WSWSR]WJ?�p l _ T V5PHEdVj:BV+? xP=]c
V:WqWSR]WJ?tR&u�PHEdVh:flmP l NyRUpwodadP l&PSxzRUc�? K�x PHEdx c!? RUprVc? P l�=UV�? 8�j�Rj:Bx ?SNyR�GbV:W ? a NbE$prxI? P l�MbV�? xzc
prx NyWSR]odx o V4;zx cdV+? �dWSafcdcdx c>= le:BV �ba lmPqV PSV�? POo l&PSPSV[WSc�?OxI?�cdV&NyV�?H?Sl&W _ 8 jFEdV!? V"NyRUc�: xI?�PNE l&P
PHEdV V4GbV:csPJ?�l&WSV5cfRUPYl&T�; V PSR � R�K NQRUpro�;zV:PSVV; _ PNEdWqRUa�=eE PNEdV V:WSWqRUcdV:R]a�?+cdV[P K RUWHM 8�jFEdx ?
prV"lmc�?�PHE lmPc? RUprVYNQRUcdcdV"NyPSxzRUc�?�T V:PnK�V:V:c ? P l�=UV�?�lmci: prR%:Ba>; V�?WGBxzR�;,l&PSVOPHEdVYPnK�RUe#o�E le? V
Tdafc�:_; V+:):flmP lGNyR]c_GbV:csPSxzRUc>R]W PHEdV:WqV lmWqV ? RUprV :BxI?qNyRUcdcfV&NyPSxzRUc�?5T V:PnK V:V:c ? P lR=]V�?$lmc�:
V4GbV[cBPqe :BWqxPGbV:c prR%:sa�; V�?FK�xzPNEdxzc PNEdV NyRUcsPSWqR�;7Nyx W NyadxzPJ?�8 � c PNEfxI?ON:le? V � PNEfV!:BV&l�:%; RsNJM K�x<;P;
E l&odo V:c :BadWSxzc�= PNEdV!? x p$a�;,l&PSxzRUc�8YM+c NyV PNEdV!:sV&l�:_;zRsNbM E lmofo9V[c�? ��PNEfV:WSV x ?+cdRrV:c lmT�;zV�:
PqW lmci? x Pqx R]c K�x PHEdx cDPNEdVkNyR]WSWSV+? o RUc�:sx c�= �(V:PqWSx�cfV:P prR%:BV4;iR&uYPNEdV ? x p$a�; lmPSV+: cdV[P K RUWHM 8
jFEdV ? x p$a�;,l&PSRUWAK�xP;<;�lmT R]WSP$PNEdVL? x p$a�;,l&PSxzRUc K�RUWHMJlmci: odWqx csP5RUafP PNEdV :BV4Gsx,NQV�?BK Edx NbE
l&WSV o RUx csPSV+:CPqR T _ PNEfV ; l�? PCf WSxzc�= PqW lmci? x Pqx R]c�?�8JjFEdV[WSVyu#R]WSV �FxzP5xI?YV&l�? _ PSR f c�: ? a NJE
:BV"l�:_;zRsNbMrV[WSWSR]WJ?�xzcrPNEdVA? x p$a�;,l&PSx R]c�8�jFEdVYPNEdxzWJ: x ?�PNE l&P�PNEdV[WSV lmWqV.? R]prVOx c%f cdx PqVh; RbR]o�?
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K�xzPNEdxzc ? P l�=UV�?+R]WOl&WSR]adc�: ? RUprVA? P lR=]V�?�lmc�: cdV4K V4GbV[cBP ?�lmWqV5cdR]P�lmT�;zV5PqR^=]V:P�x csPSR PHEdV
prx NyWSR]odx o V4;zx cdV cdV:PnK�R]WNM ��x 8 V 8 x c%f cdx PqV^;zRbRUo>V[WSWSR]WJ?.E lmodo V:c 8 jFEdVwWSV&le? RUcDxI?OPNE l&P5PHEdV
PqV:WSprxzc lR; NyRUci:Bx Pqx RUci? R&u-PHEdV NyRUcsPSWqR�;fNyx W NyadxzPJ?�lmWqV�xzc NyRUWqWSV&NQPN; _ :BV�? xP=]cdV�: 8��+R�K�V4GbV:W �bf ci:Be
xzc�=j? a NbEwV:WSWqRUWJ?ixI? l�?F:sx^] Nya�; P le? f c�:sx c�= x c_f cfx PSVc; RbR]o V:WSWqRUWJ?ix cwlj? R&u#P K�lmWqVOodWSRe=UW lmp 8
jFEdx ?+odWqRUT�;zV:p�xI?�cdRUPYNQRUc�? xI:BV:WqV�: :sadWSxzc�= PHEdV5xzpro�;zV:prVQcBP lmPSxzRUcrT V&N[lma�? V5PNEfV5x cfodadPOPqR
PHEdVA? x p$a�; lmPSR]W�x ?�PNEdVA:BV�? xP=]cdV�: Nyx W NyadxzPJ?tW lmPHEdV:W�PNE l&c T V4E l+Gsx R]adW l�; ? o V&Nyx f9N:lmPqx RUci?�8
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� PFx ? xzpro R1?N? x T�;zVFu#RUWilh:sV4GBx NyViPSROofWSR%:Ba NQV�lmc x c%f cdx PqV�R]adPSodafPiNyadWqWSV:csP48�jFEsa�? �UPHEdV:WqV�xI?7l
;zx prxzP lmPqx R]c R&u*V&lUNJEj:BVVGBx NyV � x 8 V18�PNEdV �"u lmcfehR]adP � � ��K Edx NbE WSV:ofWSV�? V:cBP ? EfRRKJp l&c _ RUadPqodadP
:BVVGBx NyV�? l :BV4Gsx,NyV$xI?$lmT�;zV PSRDNyRUcdcfV&NyP PSR>8 mdR]W V4Uflmpwo�; V ��x cJPNEfV PnK RUe#Tdx P$p a>; PSxzo�; x V:W
prx NyWSR]odx o V4;zx cdV ? P lR=]V RmuBm(xP=]adWSV YC8 Z �FPNEfV:WSVklmWqV PHEdWSV:V \me#x cdodafP �YM � Nyx W NyadxzPJ?�8JM�cdV
NyR]cdcdV&NQPJ? lR;<;�PHEdVrPSW lmc�? o lmWqV:csPj;,lmP NbEfV�? � x c N�;za�:Bxzc�= Edx<=�EJl]NyPSx<G]lmPSV+:�;,l&P NJEdV�?5l&c�:
; R�K
l]NyPSx<GUl&PSV�: ;,l&P NJEdV�?�� lmc�:@R]cdV$NyR]cdcdV&NyP ?YlR;P;7PNEdV$\&ehPqRUeqXrp a�;zPSxzo�; V4UbV[WJ?�8 � POx ?+cdV&NQV�?N?qlmW _
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� jFEfV :BV�? x<=Uc V:WSWqRUWJ? Rmu prx NyWSR]odx o V4;zx cdV+? l&WSVkcdRUP NQRUc�? xI:BV:WqV�: xzc0PHEdxI? prR%:BV4;<; xzc�=
PqV&NJEdcdx �badV18
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jFEdV[WSVYl&WSVYPNEdWqV:V�x pro�;zV:prVQcBP lmPqx RUc ofWSRUT>; V:pL? K RUWSPHErV4Uso�;,l&x cdxzc�=5xzcrPNEfxI?F? V&NyPqx RUc 8FjFEdV _
l&WSVGprR%:BV4;<; x c>= PSW l&c�? o lmWSV[cBPL;,l&P NJEdV�? ��prR%:BV4;<; xzc�=
:flmP l ? xP=Uc lR; � R�K�� lmc�:LNyRUpwo lmWqx c�=
K�xzPNE n xP;<; 	T? �(V:PSWqxicdV:PJ? 	 n xP;<;�ZU\ � 8wjFEdVrl&adPNEfRUWCE l�?C? o V:cBP l; RUPYPqx prV :BV:Tda�=e=Uxzc�= PHEdV
f W ? P odWSR]T�; V:p lmc�: ? R�;<GBxzc�= x P.:sadWSxzc�= PNEdV$x pro>; V:p$V:cbP l&PSxzRUc�8 jFEdV:WqVyu#RUWqV ��x POx ? o lmWSPqx,Nye
a�; lmWH; _ V:pro�E l�? x _:V�:EdV:WqV5PqRrWSV:pwx c�:rRUPHEdV:WOWqV�? V"lmW NJEdV:W ?�8�jFEdV:WqV l&WSV PnK�RrpwV:PNEdR%:>?�u#R]W
prR%:sV4;P;zx c�= PHEdVj:dl&P lL? x<=Uc l�; � RRK.8YM�cdV5x ?+PNEdV /n���4�C�>�R$ �J�V"�� � 5 � prV:PHEdR%: 8�jFEdV5R]PNEdV[W
x ?5PNEdV ������� �C�>�R$ �J #����� �N/n��� prV:PNEfR%: 8>jFEdV �'�>�R� �A����$ �J #����� �N/n��� pwV:PNEdR%:GxI?5a�? V�:
xzc PNEfV5odWqR�O V&NyPV8
�(V:PqWSx�cdV:P ?+l&WSV a�? V�: PSR :BV�?qNyWSxzT9V PNEdV ? o V&Nyxgf*N:l&PSx R]c Rmu PNEdVA? V4; u#e#PSxzprV�:
�badV:adV+?�x c
	 n xP;<;�ZU\�� 8FjFEdVYa�? VYRmu �(V:PSWqx-cdV[PJ?tPHEdV:WqV x ?F:Bx �*V:WSV:csPtu#WqRUp PHE lmP�ai? V�:rx cwPNEdx ?
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m(xP=]adWSVAD_8zX �W9 R%:BVV;P; xzc�= PSW lmc�? o lmWqV:csP ;,lmP NbEfV�?

m(xP=]adWSV D_8zX � l � ? EdR�Kc?5u#RUadW$PSW lmc�? o lmWqV:cBP!;,l&P NJEdV�? NyR]cdcdV&NQPSV�:>x c ? V:WSxzV�?CK�x PHE0PNEfV:x W
��; P �$x cdodafPJ?ONyR]cdcdV&NQPSV�:rPSRwPNEdV o9R]x csPh;,l&T V4;P;zV�: �R; P �_8 m(xP=]adWSV�?cD_8zX � T ��lmci: D_8 X � N � ? EfRRK
PHEdV.? P lmPqV�?�Rmu�PHEdVh;,l&P NJEdV�? K EdV:c  � xI?iV � a lR;-PqR a � ;zR�=]x,N �R; R�K � � lmc�: � � ;zR�=Ux N ��EdxP=eE �
� WSV�? o V&NyPSx<GbV4; _ 80jFEdVkWSV&NQP lmc>=�; V T R�UBV+? K�xzPNEdxzc0PNEfV PSW lmc�? o lmWqV:csP^; lmP NJEdV�?j:sV:cdRUPqV PHEdV
xzcBPqV:WSc l�;W? P lmPqV�? R&u�PNEfV^; lmP NJEdV�? ��x 8 V 8 �-PHEdV odWSVVGBxzRUa�?h; Re=Ux N G]lR;zadV�? 8 � u  � xI?+V�� a l�;iPSR � �
x 8 V18 �  I� E l�?F=]RUcdV+u#WqRUp a PSR � �sPNEdV.? P l&PSV�?iRmu7PNEdV�u#RUadW ; lmP NbEdV+?tl&WSVYNJE l&c�=UV�: u#WSRUp PNEfV:x W
? P lmPqV�?�x cLm(x<=UadWqVAD_8 X � T �iPqR PHEdV.? P lmPqV�?�x cLm(x<=UadWqVAD_8 X � N � 8���lmP NbE � � EfR�;I:>?�PNEdVYRUWqxP=]x c l�;
:dl&P l5R&u�o RUxzcBP � �Bx 8 V18 � ��������6`&�6#�'�� � 8 ��l&P NJE � � EdR�; :�?tPHEdV+R]WSx<=Ux c lR; :dlmP l R&u�o9R]x csP � �
x 8 V18 � $�� ���R6#&�6`���� � 8
�(RUxzcBP � K�xP;P;*T V5V �ba lR;�PqR � � x 8 V 8 �bPNEdV RUWqxP=Uxzc lR;�G]l�; adV RUc o R]x csP
� K�x<;P;�lmofo9V"lmWOR]c o9R]x csP � 8O`bxzprxP; lmWH; _ �bPNEfV5RUWqxP=]x c l�;'G]lR;zadV5R]c o RUx csP � K�xP;<;�lmodo V&l&W R]c
o RUxzcBP " 8�jFEdV!:dl&P l^E l+GbV odWSR]o lR= lmPqV�: PNEdWqRUa�=eE@PHEdV�? V u#RUafWh;,l&P NJEdV�?�8 \ EdV[c PNEfVCG]lR;zadV
R&u  I� T9V"NyRUprV+? a �-x 8 V18 �  I� E le?h=URUcfV u#WqRUp � PSR a ��PNEdV!? P l&PSV�?+R&u�PHEdV5u#RUadW ;,lmP NbEfV�?OlmWqV
NJE lmc>=UV�: u#WqRUp PHEdV ? P l&PSVc? EfRRK�c$x c m(xP=]adWSV D_8zX � N ��PSROPHEdV ? P l&PSV�Rmu m(x<=UadWqV D%8 X � T �J8���l&P NJE
� # EfR�;I:>? PHEdV RUWqxP=]x c l�;W:dlmP l R&u�o R]x csP � ��x 8 V18 � ��� ���R6#&�6`���� c� 8 ��lmP NJE� �.EdR�; :�?+PHEdV
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E le? T V:V[c PqV�? PqV�: T _ PHEdVYV4Uflmpro�;zV�?(R&uWYC8 k �>YC8Tp��dlmci: YC8 D_8 \ EfV:c PNEdV�? VOV4Uflmpro>; V�?ilmWqV
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m(x<=UadWqVAD_8 \ �W9 R%:BV4;<; x c>=!:dlmP l^? xP=Uc lR;�� R�K

m(xP=]adWSV!D%8 \L? EdR�Kc?OPNEfWSV:V PqW lmci? o l&WSV:csP.;,lmP NbEfV�?�8 jFEdV:xzW ��; P � x cdofadPJ?YlmWqVrNQRUcdcdV"NyPSV�:
PqR o9R]x csP ��; P:X � �Fo RUxzcBP �R;zP \ ���Fl&c�:>o9R]x csP ��; PJS � WqV�? o V&NyPqxPGbV4; _ 8rjFEfV /n���4�C�>�R$ �J�V"�� � 5 �
prV[PNEdR%: x ?+PNE l&POx u�l&c _ V4; V:pwV:cBP�NyRUcsPSWqR�;<; V�: T _ V4GbV:csPJ? � ? a NJEGl�?Op a>; PSxzo�; V UsV:WJ? �BPSW lmc�? e
o l&WSV:csP ;,l&P NJEdV�? �dlmci: PqV�? P�o lmPSPqV:WScL=]V:cdV:W lmPSR]WJ? � NbE l&c�=UV+?�x PJ?�R]adPSofadP G]lR; afV�? �dPHEdV�? V cdV4K
R]adPSodafPFG]lR;zadV�?(p$a�? P�T Vh? V:csPFPSRYV&l]NbE WSV&l]NbE l&T�; V�o R]x csP K�xzPNEdxzc PNEdVc? x p$a�;,l&PSV�:OcdV[P K RUWHM 8
jFEdV WqV&lUNJE l&T�; VYo RUxzcBP ?+x c N ; a�:BV l�;P;�PNEdV o9R]x csPJ? K EfR1? V o R ? x Pqx R]c�?OlmWqVj; RsN:l&PSV�: T V:PnK�V:V:c
? a NbE V4; V[prV:csP�lmci:5xI? Re;,l&PSV�:YV4; V:pwV:cBP ?�8*jFEdV�x ? Re;,lmPqV�: VV; V:prV[cBP ?-lmWqV�PqW lmci? o l&WSV:csP ;,l&P NJEdV�?
K Edx NbEjEfR�;I:5ofWSV4Gsx R]a�?W:dlmP l G]l�; adV�?7lmc�: p a>; PSxzo�; VVUbV:WJ? K EdR ? V�RUadPqodadP ?tl&WSV�NyR]cdcdV&NQPSV�:5PqR
R]PNEdV:W x cdofadPJ? � x 8 V18 �UPNEfV:x WFxzcdodadP ? � WSV"lUNJE lmT�;zV�o RUx csPJ? �7lmWSV cdRUP NyR]cdcdV&NyPqV�: PSR5PHEdV:xzWFRUadPqe
odafPJ? � adcdWqV&lUNJE l&T�; VYo RUxzcBP ? �J8ijFEdV.; Re=Ux Nh:BV4Gsx,NyV+? T V:PnK V:V:cL? a NbE V4;zV:prV:csPFR&uiNJE lmc>=Ux c>=
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xzPJ?(R]adPSodafP'G]lR;zadV�?Fl&c�:5PNEfR1? V xI? R�;,l&PSV�:5VV; V:prV[cbPJ?*K�x<;P;bT V�RUW :BV:WH; _ V4G]l�; a l&PSV�: 87jFEdV:c V&l]NbE
WqV&lUNJE lmT>; V o RUxzcBPhK�x<;P;7NyRUcsP l&x c PHEdV$NyRUWqWSV&NQPhG]lR; afV18CmdR]WOV4Uflmpro�;zV �dx u ; lmP NJE � � NbE l&c�=UV+?
xzPJ?�RUadPqodadPcGUl�; adV � x 8 V18FPHEdV.GUl�; adVYR&uio RUx csP �W� � lmc�:L;,lmP NbE � � EdRe;I:�?�PNEfV fiUBV�:G]lR;zadV �
o RUxzcBP ��, xI?il WqV&lUNJE l&T�; V�o RUxzcBP�lmc�:!;,lmP NbE	� � xI?ilmcwxI? Re;,l&PSV�: V4; V[prV:csP48�jFEsa�? �bPHEdV.Y � n
= lmPSVAK�xP;<;-T V5V4G]l�; a l&PSV�: lmci: PNEfV:c o9R]x csP ��, K�xP;<;�NyR]cBP lmxzc PHEdV NyRUWqWSV&NQPFG]lR;zadV18

jFEdV ������� �A����$ �  `����� �N/0�*� prV:PHEdR%: x ? PHE lmP�x u l&c _ V4;zV:prV:csP NyRUcsPSWqR�;<; V�:rT _ V4GbV:csPJ?
WqV&NyV:x<GbV�?YlmcJV4GbV:csP ��x P xI?5cdV"NyV�?N?qlmW _ PqR =UR T l]NbM u#WSR]p PNEdVwV4; V:pwV:cBP 	 ?+x cdofadPJ?5PqR ; RbR�M
u#R]W V&lUNJEJV4; V:pwV:cBPcEdRe;I:Bxzc�= f�UsV�:�G]lR;zadV�? � ? a NbEJle? ; lmP NbEdV+? �(PqV�? P o lmPSPqV:WSc =]V:cdV:W lmPSR]WJ? �
l&c�: NyRUc�? P l&cBP V4; V:pwV:cBP ?�8�Yc;P;�;zR�=Ux N :sV4GBx NyV�?FT V:PnK�V:V[c PNEdVOVV; V:prV[cBP7lmc�:$PNEdR ? VOV4;zV:prV:csPJ?
EdRe;I:Bxzc�=^f�UsV�:LGUl�; adV+?+p ai? P�T V5V4G]l�; a l&PSV�: 8 jFEdV:ckPNEdV V4;zV:prV:cbP xI?�lR; ? RrV4G]l�; a l&PSV�:klmc�:
PHEdV NyRUWqWSV&NyP RUadPqodadP G]lR;zadV�?FK�x<;P;-T V.? V:P�x csPSR x P ?�RUadPqodadP�o RUxzcBP ?�8 m R]W�V4Uflmpwo�; V �bx u�;,lmP NbE
� � WSV&NQV:xPGbV�? lmc V4GbV[cBP�lmc�: ; lmP NJEdV�?�� �Olmci: � # EdR�; : f�UBV+: G]l�; adV�? �*=]RUxzc�=rT l]NbM PSR ; RbR�M
u#R]W5V&l]NbE>VV; V:prV[cBP EdRe;I:Bxzc�= fiUBV�: G]lR;zadV�? u#WqRUp o RUx csP �>, xI?Yp l�:BV 8rjFEsa�? � ; lmP NJEdV�?�� �
l&c�: � #�lmWSVOu#R]adc�: 8 �+VVUBP �BPNEfV.Y � n = lmPqVCK�xP;<; T9VYV4G]l�; a l&PSV�:rPSRj=]V:P�PNEfVYNyRUWqWSV&NQPFG]lR;zadV
R&u�o R]x csP ��, 8YjFEdV:c ; lmP NJE � � K�xP;<;�T V V4G]lR; a lmPSV+: PSRwRUTdP lmx cGPNEfV NyR]WSWSV"NyP+R]adPSofadPhG]lR;zadV
R&uio RUx csP ��, 8
�+R�K�V4GbV:W �_K EdV[PNEdV:W V:x PHEdV:W�Rmu PHEdV$lmT R�GbV PnK�R$prV:PNEfR%:�? x ?+a�? V�: � ��]'" "	E��� #5'�_�+6`���

��5� `"L/n���^��������� �'�>�R"%�*�  #�_����]'"%� p ai? P�T VYRUT V _ V+: K EfV:c PHEdV.;,lmP NbEwxI?�V4G]lR;za lmPqV�: 8
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�(V:PqWSx�cdV[P�prR%:BV4; ?�lmWSV a�? V+: PSR :BV�?qNyWSxzT V PHEdV5T V4E l+Gsx R]adW l�;�? o V&Nyxgf*N:l&PSx R]c�?�RmuiPHEdV
? V4; u#e#PSxzprV�: �badV:adVWK EdR ? V�R]o9V[W lmPqx R]c�?FlmWqV�T le? V�:YRUc l+PnK�RUe#o�E le? V E lmc�:>? E l�MBxzc�=OodWqRUPSRsNQR�;
	 n xP;<;�ZU\�� 8 `ba ] NyxzV:cBP$PSReMbV:c�?rx ci? xI:sV PNEdV o�; lUNyV+? K�xzPNEdxzc n xP;<; 	 ? prR%:sV4;I?rl&WSVGa�? V+: PqR
WqV:odWSV+? V:csP PNE l&P PHEdVGV4GbV:csPJ? � WSV�� adV+? PrR]W lUNJMscdR�K ; V�:_=]V��$p l _ lmWqxI? V18 jFEdV@PqR�MbV:ci?
� R�K�xzc�= PHEdWSR]a�=�E EfxI?
�(V:PqWSx�cdV[P�prR%:BV4; ?�lmWSVA; x<MbV+PHEdV NyR]c�:BxzPSx R]c�?�NJE lmc�=]x c�= �-l&c�: f WSx c>=
lYPSW l&c�? xzPSxzRUc!=UxPGbV+?(WSx ? V�PSRYV4GbV[cBP ?(odWSR]o lR= lmPqx c�= PNEdWqRUa�=eErPNEdV�T V4E l+Gsx R]adWiprR%:BV4; ?(W l&PNEdV[W
PHE lmcrPHEdVYl]NyPSa l�;*Nyx W Nyadx P ?�8 � crPNEfxI?FprR%:BV4;<; xzc�=OPSV"NbEdcfx �badV �&PNEdV�PSReMbV:c�?txzc�? x :BV�PNEfV+o�; lUNyV+?
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K�xzPNEdxzc PHEdV �(V:PqWSx-cfV:P�prR%:BV4; ?�NyR]c�? PqWSa NQPSV�:rT _ PHEdVYprx,NyWqRUodxzo V4; xzcdVc? xzp a�; lmPqRUW�l&WSVYa�? V�:
PqR WqV:odWqV�? V:csP�V4GbV:csPJ? � WSV �badV�? P+R]WYlUNJMscdR�K ; V�:_=]V��J8YjFEdV PqR�MbV:ci? � R�K�x c�=wPNEdWqRUa�=eE@PHEdV
�(V[PSWSxicdV[P5prR%:BVV;I?YlmWqV; x<MbV PNEdV$V4GbV:csPJ? � R�K�x c>= PNEfWSRUa>=�EJPNEdV NyRUcsPSWqR�; Nyx W NyadxzPJ?ORmu�PHEdV
prx NyWSR]odx o V4;zx cdV+?�8 n xP;<; 	T?�a�? V$Rmu �(V:PSWqxicdV:PJ?Ox ?h? xzprxP; lmW�PSR PHEdV ��:Ba l�; � 	 �(V:PqV:WJ? RUcLZsX �iRmu
PHEdV �(V:PqWSxFcfV:PYprR%:BV4;Fai? V�:�EfV:WSV18 �+R�K�V4GbV[W � T9R]PNE �(V:PqWSxFcfV:PYprR%:BV4; ?+p lRMbV!:sx �*V:WSV[cBP
NyR]cBPqWSxzTdadPSxzRUc�?iPSR prR%:BV4;<; x c>= PnK RUe#o�E l�? VhE l&c�:�? E lRMsx c�=$le? _ c NbEfWSRUcfRUa�?�NyxzW Nyafx PJ? 8 � c$PNEdx ?
WqV�? V&l&W NJE��+PHEdV :dl&P l ? x<=Uc l�;C:sV4;,l _ ofWSRUT>; V:p E l�? lR; ? RJT V:V:c NyRUci? xI:sV:WSV�: 8 jFEdV �(V:PqWSx
cdV[P pwR%:BV4;Fx ? ai? V�:@PqR prR%:BV4;(u#a>;P; _ V4GbV:csPSe :BWSx<GbV:c ;zR�=]x,N prR%:Ba�;zV�?Olmci:@PSRkNyR]cBPqWSR�;iPHEdV
? x p$a�;,l&PSx R]crV4UsV&NyadPqx R]crRmu7PNEdVYprx NyWSR]odx o V4;zx cdV ? xzp a>;,lmPqRUWV8
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mdWSR]p PNEdx ? V4Uso V:WSxzprV:csP �ix P xI?rT V4;zx V4GbV�:JPNE l&P le? _ c NbEfWSRUcfRUa�?kNyx W Nyadx P ? PNE lmP ai? VGPNEdx ?
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