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In se$%enti)* *+gic5 the +%t0%t .e0en.s +n the 0)st hist+<y +2 the in0%t8
Timing @ec+mes ) c<itic)* c+m0+nent +2 the system +0e<)ti+n )n. the<e2+<e
the se$%ence +2 eAents is im0+<t)nt8

EAent se$%ences )<e <e0<esente. %sing !"#"$% '"(%)(#* s%ch )s the +ne 0<esente.
he<e5 Chich sh+Cs h+C the +%t0%t +2 )n AND g)te 2+**+Cs the tC+ in0%ts8

The Ch+*e i.e) +2 se$%enti)* *+gic im0*ies th)t Ce nee. s+me C)y +2
G<emem@e<ingH the 0)sse. st)te8 The m+st t<iAi)* is the +ne1@it <egiste< I)*s+
c)**e. ) +(!,- J Cith n+ <eset5 .e0icte. @e*+C8 This is the sim0*est mem+<y
e*ement8



Kith+%t the )@i*ity t+ <eset it5 the *)tch h)s *imite. %se2%*ness8 A sim0*e
enh)ncement +2 the ci<c%it yie*.s the .esi<e. <es%*tL ) <esett)@*e <egiste< I+<
*)tchJ *++Ms *iMeL

 )*s+ Mn+Cn )s ) .+"/0.+1/ +< @ist)@*e m%*tiAi@<)t+<8 N+<e s0eci2ic)**y5 this is )
RS 2*i012*+08 IReset1SetJ The i.e) is th)t the *)tch is set Chen S is Pi )n. is
<eset Chen R is Pi8 The *)tch is set Chen Q is Pi )n.Q is L+8 The +%t0%ts5
Q )n.  Q )<e t+ @e c+m0*ements +2 e)ch +the<8  Khen Q is Pi Q is L+ )n. 
Chen Q is L+5  Q is Pi8  B+th )<e n+t s%00+se. t+ @e Pi +< L+ )t the s)me time8
Once set5 Ii8e8 +nce S g+es PiJ5 the Q st)ys Pi5 eAen Chen S g+es L+8 The C)y
t+ <eset the *)tch is t+ c)%se R t+ g+ Pi Ii8e8 the Reset is set Pi8J
Khen th)t h)00ens5  Q g+es L+ )n. Q g+es Pi8
R c)n then g+ L+ )g)in )n. the *)tch st)ys <eset8

This is )** 2ine )n. .)n.y )s *+ng )s y+% neAe< h)Ae R )n. S Pi )t the s)me
time8 P<es%m)@*y y+% .+nHt C)nt t+ sim%*t)ne+%s*y Set )n. Reset the *)tch )t
the s)me time5 @%t this c)n %nintenti+n)**y h)00en8 I2 th)t is the c)se5 then the
+%t0%t 0)sses th<+%gh )n "$'2."$!23 4$'2."$2'3 +< "$'2!2)#"$(!2 st)te in Chich
@+th Q )n. Q )<e sim%*t)ne+%s*y Pi +< @+th L+8
I2 it h)00ens th)t the *)tch 0)sses th<+%gh )n %n.e2ine. st)te5 then )2te< the Set
)n. Reset @+th g+ *+C5 the 2in)* st)te Ci** @e .e2ine.5 @%t Chethe< Q is Pi +<



L+ Ci** .e0en. +n Chich in0%t5 R +< S5 Cent L+ 2irst.

This is c*e)<*y n+t g++.8 The<e )<e seAe<)* C)ys +2 .e)*ing Cith this 0<+@*em8
A sim0*e C)y is t+ +n*y )**+C ) Set +< Reset Chen ) thi<. sign)* )**+Cs it8



This thi<. c+nt<+* sign)* is c)**e. the ,+1,58 St)te t<)nsiti+ns Ii8e8 Set +< ResetJ
)<e +n*y 0e<mitte. Chen the c*+cM sign)* is Pi8  S%ch ) .eAice is c)**e. )
6+1,52' 7+"/0.+1/ +< 6+1,52' 8(!,-8

Khen the CLOCV is L+5 the .)t) is s)i. t+ @e +(!,-2' Chich me)ns the system
is .is)@*e. 2+< neC .)t)8 Ke c)n +n*y GC<ite int+ mem+<yH Chen the CLOCV
is Pi8

In the )@+Ae sim0*e c*+cMe. RS *)tch5 S )n. R m%st @e synch<+n+%s Cith the
CLV8 S+metimes the<e is ) nee. t+ Set +< Reset in.e0en.ent +2 the CLV8 i8e8
B$#C&"<>C>;$D#8 In s%ch c)ses5 Ce %se )n )synch<+n+%s set5 c)**e. ) 9:;<;=
)n. )n )synch<+n+%s <eset c)**e. ) 68;>:8  The ci<c%it m)y *++M *iMeL



This ci<c%it sti** h)s the %n.esi<)@*e ch)<)cte<istic th)t the +%t0%t ch)nges in
<es0+nse t+ the in0%t Chen the c*+cM is Pi8 S%ch .eAices )<e ,(++2' !)($*/()2$!
+(!,-2* +< *22 !-)14%- +(!,-2*8 This c)n c)%se 0<+@*ems Cith +1%", )(,2
,1$'"!"1$* Che<e@y tC+ st)tes t<y t+ ch)nge sim%*t)ne+%s*y8 This c)n @e
c)%se. @y sCitching .e*)ys5 2+< eW)m0*e5 Chich c)n yie*. in0%t timing th)t is
n+t 0<ecise*y <e0<+.%ci@*e8 The +%t0%t then is n+t .ete<mine. @y the A)*%e +2
the in0%t st)tes )t ) giAen time )s .ete<mine. @y the c*+cM5 @%t @y Ch)t c+%*.
@e %n0<e.ict)@*e )n. n+t necess)<i*y <e0<+.%ci@*e in0%t c+n.iti+ns )<ising 2<+m
im0e<2ect*y synch<+niXe. sign)*s8 One 0)<ti)* s+*%ti+n t+ this is t+ +n*y *++M )t
the in0%ts Chen the c*+cM is in ) t<)nsiti+n5 eithe< g+ing 2<+m L+ t+ Pi I0+sitiAe
t<)nsiti+nJ +< 2<+m Pi t+ L+ Ineg)tiAe t<)nsiti+nJ8 These )<e Mn+Cn )s 2'%2
!)"%%2)2' .+"/0.+1/* )n. 0<+Ai.e im0<+Ae. synch<+niX)ti+n8



Once Ce h)Ae ) c*+cM5 then the<e )<e m)ny )00*ic)ti+ns th)t .+nHt nee.
in.e0en.ent SET )n. RESET in0%ts8 S )n. R c)n @e set t+ @e the c+m0*ements
+2 e)ch +the<L

In this C)y the %n.e2ine. st)tes c)n @e )A+i.e. )*t+gethe<8 Then the<e is +n*y
+ne in0%t5 S5 Chich is <en)me. D5 2+< .)t)8 Khen D is Pi Chen the CLV is Pi5
then Q g+es Pi8 Khen D is L+ Chen the CLV is Pi5 then Q g+es L+8

/+< m)ny )00*ic)ti+ns +2 mem+<y5 +ne C)nts the 0+ssi@i*ity +2 )synch<+n+%s*y
setting +< <esetting the st)te +2 the .eAice )n. the<e2+<e )g)in int<+.%ces
PRESET )n. CLEAR in0%ts8 O2ten5 +ne %ses (,!"?2 +1@ PRESET )n.
CLEAR8 Th)t is5 i2 the *ine is Pi5 then n+thing is .+ne8 On*y Chen the *ine
g+es L+ Ci** the mem+<y @e c*e)<e. +< set8



This is sti** ) t<)ns0)<ent *)tch8 B%t5 the *+gic <)ce c+n.iti+n c)n @e )A+i.e.
)g)in @y %sing e.ge t<igge<ing5 eithe< <ising +< 2)**ing e.ge8 In the *)@5 y+%H**
@e %sing ) Y4Y4 D%)* D1ty0e /*i012*+08i8e8 TC+ // in +ne IC 0)cM)ge8

The D1ty0e 2*i012*+0 is +ne s0eci)*iXe. c+n2ig%<)ti+n +2 the RS 2*i012*+0
.esigne. t+ <em+Ae the %n.e2ine. st)t%s8 It is ) st)n.)<. mem+<y e*ement th)t
c)n @e C<itten t+ synch<+n+%s Cith the c*+cM +< c*e)<e.Zset )synch<+n+%s*y8

 [[[   [[[                    [
 PRE CLR C*M D \ Q  Q
11111111111111111111111111111
  ]       1      ^   ^ \ 1   ]
  1       ]      ^   ^ \ ]   1
  ]       ]      ^   ^ \ 1   1
  1       1  POS   1 \ 1   ]
  1       1  POS   ] \ ]   1
  1       1      ]    ^ \ P+*.



EF'G3+!HG3/!
An+the< )00<+)ch is t+ <e)*iXe th)t the RS %n.e2ine. st)te in Chich @+th S )n.
R )<e Pi c)n @e i.enti2ie. )s ) sign)* t+ .+ s+mething %se2%*8 In the c)se +2 )
_V 2*i012*+05 eAe<ything is the s)me )s Cith )n e.ge1t<igge<e. RS 2*i012*+0
Che<e _ is the S )n. V is the R eWce0t th)t i2 @+th _ )n. V )<e Pi5 then the
+%t0%t Q A)*%e t+gg*es 2<+m its 0<eAi+%s st)te8 i8e8 i2 Q C)s L+ it g+es Pi )n. i2
it C)s Pi it g+es L+8 This +n*y h)00ens i2 @+th _ )n. V in0%ts )<e Pi +n the
c*+cM t<)nsiti+n8 /+< eW)m0*e5 2+< ) <ising1e.ge t<igge<e. _V 2*i012*+05 i2
_`V`Pi5 )n. Q`L+5 then +n the neWt L+ t+ Pi t<)nsiti+n +2 the CLV5 then
Q`Pi8

 In the *)@ y+%H** %se ) 2)**ing1e.ge CLV IY4Ya _V1//J s+ th)t5 %n*iMe in the
)@+Ae eW)m0*e5 the in0%ts )<e eW)mine. +n*y Chen the CLV t<)nsiti+n g+es
2<+m Pi t+ L+8 It )*s+ h)s )ctiAe *+C PRESET )n. CLEAR8


