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 !"#! $"%
&'() *+, - (** )./0. +) +1 (12/3 4562(31 23 789: ;.+25/.) 2'+2 - (** .1+,*. 2'.
/.+*(<+2(31 3; )=16'/3135) ).>5.12(+* *3?(6 )23/+?. )2/5625/.) @

A"BC"DE$FG H$#IC$EJ K"! $"%
L.>5.12(+* 6(/65(2) 631)()2) 3; 63M,(1+2(31+* *3?(6 (12./6311.62.4 - (2' )23/N
+?. .*.M.12) @ O ).>5.12(+* 6(/65(2 '3*4) )2+2. (1;3/M +2(31 P 2'. 0+*5.) )23/.4
- (2'(1 2'. )23/+?. .*.M.12) +2 +1= Q3(12 4.2./M (1.) 2'. R�S�� 3; 2'. ).>5.1N
2(+* 6(/65(2 +2 2'+2 Q 3(12 (1 2(M. @ &'. 352Q52 3; + ).>5.12(+* 6(/65(2 () +
;5162(31 3; 2'. )2+2. 3; 2'. 4.0 (6. T +) -.** +) 2'. (1Q52) @ O ,*3 6U 4(+?/+M
3; + ).>5.12(+* 6(/65(2 () )'3-1 (1 V (?5/. W@ X1 2'() *+, -. - (** 31*= , .
6316./1.4 - (2' RY����Z�Z[R \3/ 6*3 6U.4] ).>5.12(+* 6(/65(2) @ L=16'/3135)
).>5.12(+* 6(/65(2) 631)()2 3; + ).2 3; /.?()2./) 6312/3**.4 ,= + 63MM31 6*3 6U T
+*31? - (2' + 63M,(1+2(31+* 6(/65(2 23 63MQ52. 2'. 1.^2 )2+2. +14 352Q52) @

Combinational
      Circuit Storage

Elements

Next State

Present State

Outputs
Inputs

V(?5/. WP _ *3 6U 9 (+?/+M 3; + L.>5.12(+* `(/65(2 @

abcd A$eDFG fEE#$gCE"J
O22/(,52.) +/. + ;.+25/. 3; 789: 2'+2 +**3- ;3/ +44(2(31+* (1;3/M+2(31 +, 352
+1 3,h .62 \)(?1+* T 0+/(+, *. T 3/ 2=Q .] 2'+2 M+= 132 , . 4(/.62*= /.*+2.4 23 2'.
0+*5. 2'+2 2'. 3,h .62 6+//(.) @ O22/(,52.) +*)3 +**3- ;3/ +))(?1(1? 3; +44(2(31+*
(1;3/M+2(31 23 3,h .62) @ V3/ )(?1+*) T +22/(,52.) +**3- 789: 4.)6/(Q2(31) 2'+2
2+U. (123 +663512 4=1+M (6 )(?1+* , .'+0 (3/ *(U. �i�� �R \2/+1)(2(31) ;/3M 31.
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V(?5/. 
 P L=12+^ ;3/ + )(?1+* +22/(,52. @

*3?(6 *.0.* 23 +132'./] @ &'. )=12+^ ;3/ 3,2+(1(1? 2'. 0+*5. 3; + )(?1+* +2N
2/(,52. () )'3-1 (1 V (?5/. 
 @ `3MM31 )(?1+* +22/(,52.) +/. ?(0.1 (1 V(?5/. � @
O1 .^+MQ*. 3; + 6314(2(31+* )2+2.M.12 23 4.2.62 + ;+**(1? 6*3 6U .4?. () ? (0.1
(1 V (?5/. � @

� �����[��
L �.0.12 2/5. (; �i��� 3 665/) \)(?1+* 2/+1)(2(31 ]
L �+62(0. 2/5. (; ��S�RS���Z� \)(?1+* +))(?1M.12]
L �)2+, *. 2/5. (; 13 �i��� 3 665/)
L �)2+, *. \2] 2/5. (; �Z �i��� '+) 3 665/.4 ;3/ � 2(M . 51(2)
L �>5(.2 2/5. (; �Z �i��� 2'() )(M5*+2(31 6=6*.
L �>5(.2 \2] 2/5. (; )(?1+* '+) , ..1 >5(.2 ;3/ � 2(M . 51(2)

V (?5/. � P L(?1+* O22/(,52.) ;3/ )(?1+* � @

abcd ��# A�DE�"J$J
X1 4()65))(1? 789: (2 () (MQ3/2+12 23 M.12(31 2'+2 2'. 233*) 2'+2 -. +/.
5)(1? 23 +1+*=<. 2'. 789: )35/6. 634. .�.62) 2'. 2=Q. 3; 63 4. 2'+2 6+1 , .
-/(22.1 @ �0./= 789: )=12'.)() 23 3* T *(U. � �� 5).4 (1 2'. � (*(1^ 233*) ;3/
2'.). *+,) T '+) + )Q .6(�6 -+= 23 /.+*(<. )2/5625/.) *(U. )23/+?. .*.M.12) @ &'()
() , .6+5). 51*(U. + 789: 63MQ(*./ T )56' +) 2'+2 -'(6' � Z���R�� 5).) T 2'.
)=12'.)() 233* () )=12'.)(<(1? 2'. 789: 4.)6/(Q2(31 (123 +1 +625+* '+/4-+/.
*(M (2.4 6(/65(2 2'+2 6+1 2'.1 , . (MQ *.M.12.4 @ � .M.M,./ T � (*(1^ M+15;+6N
25/.) V !O) +14 2'.(/ 233*) +/. ;3/ 2+/?.2(1? 2'3). 4.0 (6.) @ L(16. 2'./.
+/. *(M (2+2(31) 23 -'+2 634. 6+1 ,. )=12'.)(<.4 ;3/ +625+* '+/4-+/. (MQ *.N
M.12+2(31 31 + Q+/2(65*+/ 4.0(6. T )=12'.)(<+, *. 789: () + *(M (2.4 )5,).2 3;
789: @ V3/ .^+MQ*. T Q/3Q ./ 789: 634. 6+1 5). )(?1+*) 3; 4+2+ 2=Q.) )56'
+) ��S �T " ZS�T +14 �� ��# �� +14 - (** 63MQ(*. +14 )(M5*+2. - (2'352 .//3/ 5)(1?
$ 34.*)(M T ,52 2'() 6+1132 , . )=12'.)(<.4 (1 � (*(1^ @ X; 13 )2+14+/4 -+= -+)
)Q .6(�.4 ;3/ 4.)6/(, (1? )56' 2'(1?) +) /.?()2./) T .+6' (MQ*.M.12+2(31 -35*4
'+0. 23 , . ,5(*2 ,= 2'. )=12'.)() 23 3* 5)(1? 63M,(1+2(31+* *3?(6 +14 -35*4
132 , . 3Q2(M +* (1 (MQ*.M.12+2(31 +14 � SY �Z� ���Si� 2'. -+= (2 () .^Q .62.4
23 @ �+6' )=12'.)() 233* - (** 63M. - (2' )5QQ3/2(1? 43 65M.12+2(31 2'+2 - (**
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V(?5/. � P �^+MQ*. 3; (; )2+2.M.12 23 6'.6U ;3/ ;+**(1? 6*3 6U .4?. @

(14(6+2. -'+2 789: 631)2/562) +/. )5QQ3/2.4 +14 '3- 23 -/(2. 789: 23
(MQ*.M .12 63MM31 *3?(6 )2/5625/.) @ L(16. 2'. Q5/Q 3). 3; 2'.). *+,) () 23
.^Q*3/. 789: +14 (145)2/= `O9 233*) T -. - (** *(M (2 +) , .)2 +) Q3))(, *. 35/
5). 3; 789: 23 2'+2 )5,).2 -'(6' () )=12'.)(<+, *. ,= 2'. `O9 233*) -.
+/. 5)(1? @ X1 2'() *+, -. - (** *3 3U +2 2'. )5QQ3/2(1? 43 65M.12+2(31 ;3/ 2'.
� (*(1^ )=12'.)() 23 3* T � ����� �Y��� �R�R �����Z �Z#Y \� L& ] @

dFg � #�I"�C#"
V3/ 2'() *+, T =35 +/. 23 5). 2'. � (*(1^ 233* �) 43 65M.12+2(31 23 6/.+2. +
, .'+0 (3/+* 4.)(?1 @ &3 +66.)) 2'. 43 65M.12+2(31 T ` *(6U 31 ������ �����
��������� 514./ 2'. ���� M.15 (1 2'. � (*(1^ XL� .10 (/31M.12 @ &3 �14
(1;3/M+2(31 +, 352 2'. )=12'.)() 233* +14 (2 �) 789: )5QQ3/2 T �14 2'. ).6N
2(31 ;3/  ����! "#��$�%�% &��$����'# (%�) *��+� +14 �14 2'. ).62(31
2(2*.4 ,��- -��'��'� "����)� @ V3/ 2' () *+, T =35 +/. 23 6/.+2. + W.N, (2
Q3)(2(0.N.4?. 2/(??./.4 /.?()2./ (1 2'. ;3/M+2 )Q .6(�.4 (1 2'. � (*(1^ 233* �)
43 65M.12+2(31 @ &'. /.?()2./ - (** 5). 31. 3; 2'. )(?1+* +22/(,52.) ;/3M 2'.

QoutRegister
1616

WERSTPST

CLK

Din

V(?5/. / P _ *3 6U 9 (+?/+M 3; 9 V*(QNV *3Q ;3/ 2'() *+, @
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2+, *. (1 V (?5/. � +14 )'35*4 '+0. +1 �%#��$)����% ���������� )�%�� +14
+ %#��$)����% �)�%�� \).2 +** , (2) 23 31.] +14 + �)��� ���� �� @ &'.
)=16'/3135) Q/.).2 - (** 1..4 23 '+0. Q/(3/(2= 30./ 2'. -/(2. .1+, *. \(; , 32'
+/. +))./2.4 T 2'. 352Q52 )'35*4 ,. +** �W �)] @ L.. V (?5/. / ;3/ 2'. , *3 6U *.0.*
0(.- 3; 2'() /.?()2./ @ �35 - (** 1..4 23 +4+Q2 2'. .^+MQ*.) ?(0.1 (1 2'.
43 65M.12+2(31 23 (MQ *.M.12 2'. ;.+25/.) /.>5(/.4 ;3/ 2'() /.?()2./ @ �16.
=35 '+0. 6/.+2.4 =35/ /.?()2./ T 6/.+2. + 2.)2, .16' +14 2.)2 2'. ;5162(31+*(2=
\/.).2 T Q/.).2 T - /(2.N.1+,*. T .26 @] 2'/35?' )(M5*+2(31 5)(1? $ 34.*)(M @

dFg K"��#E
&'. *+, /.Q3/2 - (** 631)()2 3; + 630./ )'..2 T =35/ 789: 634. ;3/ 2'. /.?()2./
+14 2.)2, .16' T +14 2'. )(M5*+2(31 -+0.;3/M ) @ X14(6+2. 31 2'. -+0.;3/M
-'./. 2'. 352Q52 () , .(1? /.).2 T Q/.).2 T +14 -'./. (2 () /.?()2./(1? 1.-
0+*5.) @ V3/ 2'. +)=16'/3135) +62(0.N*3- /.).2 T 2.)2 ,= +))./2(1? /.).2 (1 2'.
M (44*. 3; + )2+, *. Q ./(3 4 3; 2'. 6*3 6U 23 )'3- (2) +)=16'/3135) , .'+0(3/ @
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