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032U2645=@,6*�?BW$>@J-jB03Q¿45=^46);*b,-*/.1032545*/,-2Uh�0946)46);*
26>@fb*�=@,-.1>@Q+0#"�>L4609=1Qv_�'�h�=���Ì�2:h�0946)�*eo�45,I>b<9=@.103J�>L,6*
8+26*�?(45=b0�Q+Je,6*�fY*�Q¿4$� � _�[�03Q+Je*
�ÇW$03462�S�*/,�J/<9=�J6jJeË�J/<9*U>L,6*
S$,6=�Je*�2-25*�?vH+>YfY=�?+8+<9=L�-���°Je=18$Q�45*/,�032�*�Q;=18;.1)�_�'�)+032�?;*�2-09.1QR032�26)+=mh�QR03Q s 09.18+,6*b�@�L_Ä��_
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Shift Register

X

16

HA

CK

FFCK

In out

Shift Register

X

16

CK
In out

X

even

odd

HA

CNT

CLR

LD q3  q2  q1  q0

I3  I2  I1  I0
TCMod-16 Counter

CK

0

clear
complement Done

32

s 03.18;,6*b�@�L_Ä��p:[�*/,-03>@<vJe=1fYS$<3*�fY*�Q�45*/,°A!4ihT=;Â{2lJe=1fbS$<9*�fY*�Q¿4�25Ë�2545*�f(G}����o�*/,IJ/0325*b�@�L_�Ø
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³¬¤6¡²±�£^§}�$³µ´g i³¬¶�·;³I«l¸1¹�º�¸�»@»L¼�����������! ��ô"$"$%&%'�Y'�);*b?;*�2-09.1Qd032�S+,6*�25*�Q¿45*�?B03Q s 09.18;,-*n�@�L_Ä��_(Ì fY=�?+8+<9=L�if ?$09V�0�?;*/,�0�2�0�fYS$<9*�fY*�Q¿45*�?W�Ëd>~Je=18+Q¿45*/,M46)+>L4M<9=1>@?+2
46)+*bV�>@<�8;*^���Çõ)( */V@*/,6Ëa460�fY*	'lN]0�2b�L_náªQ 4ihT=;Â{2MJe=1fYSX<9*�fY*�Q¿4M25Ë�2545*�fRH¨46);*Je=1fYS$8+46>L4609=1QY=@�À���¨õ�(t,6*�268$<9462À03Qnõ*(a_g'�);*:VL>@<38;*�=@�¨õ*(t032À=@W+46>@03Q+*�?Y�¢,-=1f+(üW¿ËÇW$094�Je=1fYSX<9*�fY*�Q¿46>L4609=1QA-,/.10
2XÏvfY=�?+8+<9*�G�>@Q+?a>@?+?$094609=1Q~=@�l�L_°ÌlQ;=@46)+*/,u=@S+4609=1Qa032�45=c8+25*R���Mõ3( >@2u>R<3=1>@?+03Q;.�V�>@<�8;*Y>@Q+?d<9=1>@?46);*ÇJe=18+Q�45*/,�h�0346)R46)+032�V�>@<38+*
h�);*�Q~094�,6*�>@JI);*�2l46);*Ç2646>L45*��e�;_�[;8+J-)^=@SK*/,I>L4609=1Q^Je=@,6,-*�25S�=1Q+?+2�45=(46);*Ç=1Q;*@Â{2Je=1fYS$<3*�fY*�Q�4�=@�4( >@Q+?^094�032:=@W+46>@03Q+*�?RW¿Ën2603fbS$<9*�W$094�Je=1fYS$<3*�fY*�Q�46>L4603=1QúADQ;=b03Q$Je,6*�fY*�Q¿45*/,¬GI_
m

CNT Modulo-16
 counter TC

Compl

Incrementer

LOAD
I2I3 I1 I0

Q2Q3 Q1 Q0
zCK

1

m

CNT Modulo-16
 counter TC

LOAD
I2I3 I1 I0

Q2Q3 Q1 Q0
zCK

1

state 14

(a) (b)s 03.18;,6*Y�@�L_Ä��p65},6=@.@,->@fbf	>LW$<9*
fY=�?+8+<9=L�ifü?+03V�03?+*/,��T�go�*/,-J/0325*b�@�L_Äè
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³¬¤6¡²±�£^§}�$³µ´g i³¬¶�·;³I«l¸1¹�º�¸�»@»L¼ �@�@×�����������! ��a"X"+%&"87 ��'�);*�25=1<�8;4609=1Qb�!=@,T46)+032�*eo�*/,-J/0326*�032�26);=�h�Q	03Q s 09.18;,6*Ç�@�L_�Ø¿_}'�);*�Q;*/4ihT=@,6j	Je=1fYSX8;45*�246);*°Q;*eo�4l2546>L45*Y>@?+?+0�Q;.b=1Q;*Ç45=(46)+*MS+,-*�25*�Q�4�2546>L45*ÇV�>@<�8;*Uh�)+*�Q^46);*ÇVL>@<38;*U032�<9*�262l46)+>@Qdè�H�=@,�>@?+?$03Q;.�Øb45=46);*bS$,6*�25*�Q¿4U2546>L45*	hl);*�QB094
,-*�>@J-);*�2°èBA!�!=@,-J/03Q;.c46)+*	Je=18+Q¿45*/,M45=c.@=~W$>@J6ja45=Z2546>L45*(r�GI_ 
 2603Q;.c)+03.1)��i<9*/V@*�<25S�*�J/0²ÉXJ/>L4603=1Qnh�*U)$>�V@*@p
È�A�95G x ð È�A�96G � � 09�gÈ¿A�96G:��èA&È�A�96G � Ø@GÀfY=�?c��� x r 09�gÈ¿A�96G x è

RegisterCK

Binary ADDER 0

0 1

s 09.18+,6*b�@�L_�Ø¿p ¾ N:E Je=18+Q¿45*/,��T�go�*/,-J/0325*b�@�L_3�/r
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³¬¤6¡²±�£^§}�$³µ´g i³¬¶�·;³I«l¸1¹�º�¸�»@»L¼�����������! ��#"$"$%&"$";� 
 260�Q;.b>YfY=�?+8+<9=L�-���ÇW$0�Q+>L,6Ë(Je=18$Q�45*/,lh�0946)nS$>L,->@<�<9*�<v03Q;S$8+462ADJmGÀ'�);*�2546>L45*�?+03>L.@,I>@f 032À26);=�h�Qb03Q s 09.18;,6*u�@�L_Äç�H�h�0946)°Q;=@45*�2�>@2625=�J/03>L45*�?Y45=
46);*:45,->@Q$26094609=1Q+2À�!=@,gh�)+0�J-)46);*UJe=18$Q�45*/,�fM8$254�W�*U<9=1>@?;*�?v_ s ,6=1fê46);*U?+03>L.@,I>@féh�*M=@W+46>@03QR46)+*UJe=1Q+?+094603=1QR�¢=@,�<9=1>@?+03Q+.Ç=1Q~> Ù fb>LSZ>@2�!=1<3<9=mhl2/p
r r r rr � � �� � r rr r � r

< æ

< Þ
< ë< ì � � ��

��u��
46)+>L4�,-*�268+<9462�03Qn46)+*Ufb03Q+0�fb>@<$*eo�S+,6*�2-2609=1Qvpz6=?>�| x A < ì < � ë < Þ < æ � < � ì < ë < æ G q

0 1 2 3 4 5

15 14 11 10 9 8

counter loads
the value

counter loads
the value

s 09.18;,6*b�@�L_Äç�p�[�46>L45*U?+0�>L.@,->@fé�!=@,��go�*/,-J/0325*b�@�L_3�@�1ADJmG`a*Ç8+25*u46);*u�D>@Je4�46)+>L4lC¨Õ�ÌlE]=�V@*/,-03?;*�2lN � '�0�Q;S$8;4T45=(?;*eÉKQ;*@p�?@BA x qNT=1Q$2603?;*/,-0�Q;.�46);*l03Q+S$8;462DC Û >@2T?v_{JL_{2��¢=@,T46);*lJ/>@26*�2}h�)+*�Q z6=�>l| x rM>@Q+?	46)+*l>LS+S+,-=@S+,-03>L45*�Q+*eo�4T2546>L45*VL>@<38;*u�!=@,�h�);*�Q z$=?>�| x �LHX>@Q+?c8+260�Q;. Ù fb>LS$2�hT*u=@W+46>@03Qc46);*
*eo�S+,6*�262603=1Q+2/p
C/ì x �C ë x C Þ x < ÞC æ x r'�)+*
Q;*/4ihT=@,6jn�¢=@,�46)+032�25Ë�2545*�ft0�2�26);=�h�QR03Q s 09.18;,6*b�@�L_Äè�_
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CNT

CLR

LD q3  q2  q1  q0

I3  I2  I1  I0
TCMod-16 Counter

CK

clear
x

Q1 0

Q3
Q2’
Q1
Q0

Q3’
Q2
Q0

LOAD

Q2’

Q3’Q3

Q2

Q1 Q0

1

s 03.18;,6*b�@�L_Äè�p � */4ihT=@,6jR�!=@,��go�*/,-J/0326*	�@�L_3�@�1ADJmG
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³¬¤6¡²±�£^§}�$³µ´g i³¬¶�·;³I«l¸1¹�º�¸�»@»L¼�����������! ��#"$"$%&"¿½'�Ì�26268+f	03Q;.n46)+>L4U46)+*	fY=�?+8+<9*e�-���nJe=18+Q¿45*/,°)+>@2u=1Q+<9Ëd8;S;�iJe=18$Q�4603Q+.R�¢*�>L468;,-*@H�46);*(?;=mh�Q;�iJe=18+Q�460�Q;.^fÇ8+254W�*b03fYS$<3*�fY*�Q�45*�?dW�Ëa<9=1>@?+03Q+.�46)+*	Q;*eo�4U2546>L45*(>@Q$?B>E"/*/,6=~fM8+264
W�*b<9=1>@?;*�?ah�)+*�QB8;S;�iJe=18+Q¿4603Q;.c>@Q$?a46);*Je=18+Q¿45*/,l2546>L45*nA�F�.1GIH$Ò�G�032
�/r�_'�)+*
C¨Õ�ÌlE 2603.1Q+>@<v032:*eo�S+,6*�2625*�?^>@2/p
z6=�>l| x ð � 09�TA�FJ.1GIH$Ò�G�2R>@Q+? Ü KML�N 9 x �/r�G�=@,�F�.1GIH$ÒPOQ.1R/Hr =@46);*/,6h�0326*'�)+*uV�>@<38+*u45=bW�*
<9=1>@?;*�?c032�p

S x TUUUV UUUW
SFõ�� 09�XF�.YG�HXÒPOZ.1R/Hn>@Q+? Ü KML�N 9\[x rAµ�/r�G Þ æ 09�XF�.YG�HXÒPOZ.1R/Hn>@Q+? Ü KML�N 9 x rr 09�XF�.YG�HXÒ�G]2R>@Q+? Ü KML�N 9 x Aµ�/r�G Þ æ?;=1QvÂ�4�J/>L,-* K 9�^�_-`1a
SÃÈ�_P�*/S+,6*�25*�Q¿4603Q;.Y46);*US$>L,->@<3<9*�<�03Q+S$8;4$S}W�Ë�>bV@*�Je45=@,\C x A�C/ì ï C/ë ï C Þ�ï C æ G:>@Q+?n46);*bF�.1GIH$Ò�2646>L45*UW�Ë�>YV@*�Je45=@,< x A < ì ï < ë ï < Þ�ï < æ GIH+46);*u�!=1<3<9=�h�03Q;.°*eo�S+,6*�262-09=1QR032�=@W+46>@0�Q;*�?vpz6=�>l| x Ü KML�N 9 LZcFy < ì y < Þ � Ü KML�N 9ed K a NCF*/462�É$,-264�Je=1Q+2603?;*/,�46)+*uV�>@<38+*�2�45=bW�*
<9=1>@?;*�?Rhl);*�QRJe=18+Q¿4603Q;.b?;=�h�Qv_
< x A < ì ï < ë ï < Þ ï < æmG C x A�C ì ï C ë ï C Þ ï C/æ�Gr@r@r@r �/r;�/rr@r@r;� r@r@r@rr@r;�/r r@r@r;�r@r;�@� r@r;�/rr;�/r@r r@r;�@�r;�/r;� r;�/r@rr;�@�/r r;�/r;�r;�@�@� r;�@�/r�/r@r@r r;�@�@��/r@r;� �/r@r@r�/r;�/r �/r@r;��/r;�@� �g������@�/r@r �g������@�/r;� �g������@�@�/r �g������@�@�@� �g�����

C/ì�p
� r r rr r r r� � � �r � � �

< æ

< Þ
< ë< ì

f g\hi
�� � ��� � �

C/ëLp
r r r rr � � �� � � �� r � r

< æ

< Þ
< ë< ì f g hi

�� ���� ��
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C/ì x A < � ì < � ë < � Þ < � æ � < æ < ì � < Þ < ì�G y Ü KML�N 9ed K a N
C/ë x A < ë < æ � < ë < Þ � < ì < � Þ < � æ G y Ü KML�N 9ed K a N

C Þ p
� r � r� r � r� � � �� r � r

< æ

< Þ
< ë< ì

f

g

h

i

f

g

h

i
C æ p

r r r �� r r �� � � �� r � �
< æ

< Þ
< ë< ì � � ���� ��f

g

h

i

C Þ x A < � Þ < � æ � < Þ < æmG y Ü KML�N 9jd K a N
C æ x A < ë < � æ � < ì < � æ � < Þ < � æ G y Ü KML�N 9ed K a N[�0�Q+Je*uh�);*�Q Ü KML�N 9 LZc x �uhT*UfM8$254�)+>�V@* Ü K�L�N 9jd K a N x r�H$46);*
VL>@<38;*
<9=1>@?;*�?ch�);*�QcJe=18+Q¿4603Q;.b8+SúAD>L42546>L45* Ü KML�N 9 x �/r�G�032*C x r�H+h�)+03JI)R032�Je=@,6,-*�Je4/_'�)+*MQ;*/4Ãh�=@,6j^46)+>L4�0�fYS$<9*�fY*�Q¿462�46);*°Je=18+Q¿45*/,�0�2l26)+=mh�Q~03Q s 09.18;,-*(�@�L_3�/r�_ ¾ <�>@J6jcW�=�o�*�2lh�*/,6*°8+25*�?^45=,6*/S+,-*�25*�Q�4�46)+*
.1>L45*MQ;*/4Ãh�=@,-j�2�46)+>L4�03fYSX<9*�fY*�Q¿4$C/ì ï C/ë ï C Þ�ï >@Q$?kC æ _

Modulo-16 counter

Q_

Q_

Q3 Q2 Q1 Q0

I3 I2 I1 I0

L

CNT

clrCLEAR

4

4 4 4 4

countdown

CC4 CC3 CC1CC2

where CCi means
combinational circuit 

for function I

LOAD

countdown

Q3
Q1

countup

CK

i

s 09.18;,6*b�@�L_3�/r�p ý =�?+8+<9=L�-�@�U8;SKÁ�?;=�h�QRJe=18+Q¿45*/,�����o�*/,-J/0�25*b�@�L_3��×
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³¬¤6¡²±�£^§}�$³µ´g i³¬¶�·;³I«l¸1¹�º�¸�»@»L¼�����������! ��#"$"$%&"�ål�'�)+*/,6*U032�>	fb032546>Lj@*M=1Q s 09.18;,6*b�@�L_Ä×@�	=@�À46);*
45*eo�45W�=¿=@jK_�'�);*u4ihT=(Je=18$Q�45*/,-2�26);=18$<3?nW�*
Je=1Q�É$.18;,6*�?~>@226);=�h�Qc03Q s 09.18+,6*b�@�L_3�@�L_

Module-16
Counter

I3    I2    I1    I0       LD

TC

S3   S2   S1   S0     CLR

CNT x

CLK

1       1       0

z

Module-16
Counter

I3    I2    I1    I0       LD

TC

S3   S2   S1   S0     CLR

CNT x

CLK

1       0       0

z

s 09.18;,6*b�@�L_3�@�Lp s ,6*�7�8;*�Q+JeËR?+09V�03?;*/,I2}�!=@,l��o�*/,-J/0�25*b�@�L_3���'�)+*�É$,-254�Je=18+Q¿45*/,l)$>@2�>b<9=1>@?RJe=1Q+?$094609=1Qn.109V@*�Q~>@2z�| x w �Þ�!=@,Thl)+03J-)(46);*�V�>@<�8;*�<3=1>@?;*�?n032:C x A w ì ï � ï � ï r�GIHK>@Q+?nâ x w ì�_�C�=�=@j�03Q;.°>L4:>@<�<$S�=1262603W$<9*�S+,-*�25*�Q�4:2546>L45*�2:hT*>L,6*U>LWX<9*u45=b=@W+46>@03Qc46);*u�¢=1<�<9=mh�0�Q;.Y2546>L45*e�O45,->@Q+26034609=1Q^>@Q+?n=18+45S$8;4�46>LW$<9*@p
5:[ � [ =18;45S$8;4UADâ�Gr@r@r@r r;�@�/r rr;�@�/r r;�@�@� rr;�@�@� �/r@r@r r�/r@r@r �@�@�/r ��@�@�/r �@�@�@� ��@�@�@� r@r@r@r �'�)$032�Je=18+Q¿45*/,l03fYSX<9*�fY*�Q¿462�>YfY=�?$8+<9=L�Ã�Ç�!,6*�7¿8+*�Q+JeË�?$09V�0�?;*/,�H�h�0946)c�LrQmM�i?+8+4iË¿�iJeË�J/<9*M�¢,-*�7¿8;*�Q$JeË@_'�)+*�25*�Je=1Q+?(Je=18+Q�45*/,:)+>@2 z�| x w �ë H�â x w ì�H¿>@Q+?nC x A w ì ï � ï r ï r�GI_T'�);*�2546>L45*e�O45,I>@Q+26094609=1Q�>@Q+?Y=18+45S$8;446>LW$<9*u�!=@,�46)+0�2�J/>@25*U032�p 5T[ � [ âr@r@r@r r;�/r@r rr;�/r@r r;�/r;� rr;�/r;� r;�@�/r rr;�@�/r r;�@�@� rr;�@�@� �/r@r@r r�/r@r@r �@�/r@r ��@�/r@r �@�/r;� ��@�/r;� �@�@�/r ��@�@�/r �@�@�@� ��@�@�@� r@r@r@r �'�)$032�Je=18+Q¿45*/,l03fYSX<9*�fY*�Q¿462�>YfY=�?$8+<9=L�-�/r°�!,6*�7¿8+*�Q+JeË�?$09V�0�?;*/,�H�h�0946)c�LrQmM�i?+8+4iË¿�iJeË�J/<9*M�¢,-*�7¿8;*�Q$JeË@_'�)+*u4603fb03Q;.Y?+0�>L.@,->@fé�!=@,�W�=@46)RJ/>@25*�2l0�2�26);=mhlQc03Q s 09.18;,6*b�@�L_3����_
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CLK

z
first

counter
z
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0/

1/

1/
1/
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when the output is not shown
2 or 3 can be used as output
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CK
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Q2
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CNT
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CK
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Q3 Q2 Q1 Q0

s 09.18;,6*b�@�L_3����p�N:>@26J/>@?;*M03fYS$<9*�fb*�Q�46>L4609=1Qn=@�gfY=�?+8+<3=L�Ã�@×°Je=18+Q�45*/,��}�go�*/,-J/0325*b�@�L_Ä�@×;AD>�G'�)+*lS$>L,I>@<3<9*�<$0�fYS$<9*�fY*�Q¿46>L4609=1Q(=@��46);*�26>@fY*uJe=18+Q¿45*/,�8+25*�2T>°fY=�?$8+<9=L�Ãç
>@Q$?�>ÇfY=�?+8+<9=L�Ã×MJe=18+Q¿45*/,:46)+>L445=@.@*/46);*/,��!=@,-fü>Mfb=�?+8$<9=L�Ã���US$>L,I>@<3<9*�<$Je=18$Q�45*/,�_�'�);*lJe=18$Q�4603Q+.Ç25*�7�8;*�Q+Je*@H;Je=1Q+2-03?;*/,-03Q+. A x A A Þ A æ G�>@2T46);*=18;45S$8+4�=@��46);*�fb=�?+8$<9=L�Ã×UJe=18$Q�45*/,�>@Q+?�� x A���ë-� Þ � æ G�>@2:46);*l=18+45S$8;4:=@��46);*ufY=�?+8+<9=L�ÃçUJe=18+Q¿45*/,�032T.109V@*�QW�Ë(46);*U�¢=1<3<3=mh�03Q+.Ç46>LWX<9*@p
�P�e�-�j� ���e�I� �D�x�:���/�� �]� ���]�� �Z� ���Z�� �J� �Q�J�� �]� �Q�]�� �Z� �x�]�� �J� �x�Z�� �]� ���J�  �Z� ���]�¡ �J� ���]�¢ �]� ���Z��J� �Z� �Q�J��]� �J� �Q�]��x� �]� �x�]��J� �Z� �x�Z�� � �J� ���J��x� �]� ���]��J� �Z� ���]��   �J� ���Z��J¡ �]� �Q�J��J¢ �Z� �Q�]���� �J� �x�]��Y� �]� �x�Z��]� �Z� ���J���� �J� ���]�'�)+*	2546>L45*nJe=�?;*�032u.109V@*�QúW�ËZ46)+*	4ihT=dJe=18+Q�45*/,I2/ÂF=18;45SX8;4/H:A A ï �ÇGI_ s =@,°2603fYSX<303J/094ÃË^hT*	,6*/S+,-*�25*�Q�4M46);*2546>L45*�Je=�?;*�8+2-03Q;.u?;*�J/03fb>@<�Q�8+fMWK*/,I2/_¨'�=
fY=�?+09�!Ë
46)+032gfb=�?+8$<9=L�Ã���uJe=18+Q�45*/,�45=
>ufY=�?+8+<9=L�Ã�@×�Je=18+Q¿45*/,�H�2546>L45*



�+���i�+ &¡¢��£+¤:¥Z¦L£��1¦L�¨§¨©ª£K D«¬�;­K��®m &¡¢��£a i�°¯�¡²±�¡i O¦L��¯
³¬¤6¡²±�£^§}�$³µ´g i³¬¶�·;³I«l¸1¹�º�¸�»@»L¼ �@×@��@�Ç032:?;*/45*�Je45*�?vH;h�)$03J-)n032�,6*/S+,6*�26*�Q�45*�?nW�Ëb46);*uJe=�?;*bAµ� ï �1GIH$>@Q+?�46);*�2546>L45*
r�H+Je=�?+*�?�>@2
ADr ï r�GT0�2T<3=1>@?;*�?vH;>@226);=�h�Qc03Q s 09.18+,6*b�@�L_3�mØ¿_

CNT

CLR

LD q3  q2  q1  q0

I3  I2  I1  I0
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CK

CNT

CLR
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CK

x
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TC

0   0   0   0

0   0   0   0
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Q4
Q3
Q2
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state 29

CNT

CLR

LD q3  q2  q1  q0

I3  I2  I1  I0
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CK
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Q3 Q2 Q1 Q0

CNT
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CK
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CNT

CLR
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