
���������	��

��������������������� �!�#"%$&��'�(*)+�#"%�,���-��.0/1/2�3'��,45�6����.0'

798-:<;	=+>�?A@B;	C

DFE�GIHKJMLONPLPHKQRLPSUT!V,WRX%Y�TUZ[W\V�]!LOWR^_W\^�T!LOZ[W\TUQ\Z%H`NaQ\TbHKNOLPSbH`WRLPEKZcEKGdJBX�NOWRLPe�NOTUfaTUQgVUh6D<E
VR^�Ei]jHKZ
H`e%e�NOLlkUH`WRLPEKZ_E`G JcX%NmW\LOe�NPTAfaTbQ\VnHKZ%YMYaTUJBX�NOWRLPe�NOTUfaTUQgV�GoEKQnXpV,T!LPZ-V,TbQRLlH`N�kUEKJMJcX%Z�LPkbHiW\LOEqZ%VUh

rts�u =!;	vxw s ;

yz��"a�|{}�}~}�3��"%�#���,��� �6����.�'�.n���t����������/2�3���a�,���,� �!�#"
� JcX�NOWRLPe�NPTAfaTUQ�]+EKQ\�aV�HBNOEKW!NOLP�KT�Hc�_edEqVRLmW\LOEqZ�VR]!LmWgkg^#h � VRkg^�TbJ�HiWRLlk3GoEKQ!Hc�_edEqVRLmW\LOEqZ
Q\E`W\HKQR�-VR]!LOW\kg^�NOE�EK��N NPLO�qT�WR^�LlVU�

In 0

In 1

In 2

In 3

Out

D�^�TxVR]!LmWgkg^�kUEKZ[W\Hqk�W-kUHKZ��dT�JMEi�KTbY|WRE|HKZ[��EqZ�T�E`G�WR^�TzGoEqX�Q�edEqVRLmW\LOEqZ%VUh�D�^�T
VR]!LmWgkg^�kUHKZ|Z�EKW_�dTzJ_Ei�qTbY|HKZ��[]!^%TUQ\T-TUNlV,Tq�nL�h Tqh�LmW�JcXpV�WM�pT�LPZ�kUEKZ[W\Hqk�WB]!LOWR^�EKZ�T
E`G0WR^�TBGoEKX�Q�LPZ�e�XaWgV�HiW�HKZ��zWRLPJ_Tqh���W�VR^�EqX�NPY��pT_EK����LPEKX%V	WR^%H`W�W\^�T_EKXaW\e�XaW�V,LP�KZ%HKNFEKG
WR^%TcQ\E`W\HKQR�zVR]!LmWgkg^xTb�[X%HKNPV	WR^�TMV,LP�KZpH`N<EqZ�WR^%TcLPZ�e�XaW�WRE�]!^�LPkg^xWR^�TMV,]!LOW\kg^�QREKWREKQ�^%HKV
�dTUTUZ}epE[V,LOWRLPEKZ%TbY h� I¡�LlYx�KEqXx�KTUW3W\^%HiW�NPHqV�W�V,TbZ[WRTUZpkAT£¢¥¤�H`�KT_kATbQ,WgH`LPZ#�dGoEKQ�LmW�LPV���LmWgH`N
WRE�kUEKJMe�Q\TU^�TbZ%V,LPEKZ�E`G6JcX�NOWRLPe�NPTAfaTUQgVg¦�h

§+�cZ�Ei]��`�qEKXBJMH��c�pT!]+EKZ%Y�TUQ\LOZ���]!^%H`W�WR^�LlV�^%HqV6WRE�YaE�]!LOWR^MJcX�NOWRLPe�NPTAfaTUQgVb�`]!^�Llkg^
H`Q\T!NPLmWRWRNPT�TbNOT£k�WRQ\EKZ%LPk!�qLOSbJMEqVn^pH��[LPZ���Z�E_HKkAWRX%HKNpVR]!LmWgkg^-kAEKZ[WgHKk�WgVU�[Z�E
��Z�Eq��WRE
WRX�Q\Z-EKQ
NPTU�KTbQ+WREMepE[V,LOWRLPEKZ<��EKQ!H`Z��[WR^%LOZ��MEKG<WR^%T
V,EqQ,W£h6��W	LlV�^�TbNOeaGoX%N#WRE_W\^�LOZ%�¨E`G�H_JcX�NOWRLPe�NPTAfaTUQ
HKV�H
Q\E`WgH`Q\�_VR]!LmWgkg^-]!^�E[V,T�epE[V,LOWRLPEKZ-LlV+kAEKZ[W\QREqNONPTbY�����H
�%LOZ%HKQR�_Z�X�Jc�dTUQ+LPZ�e�XaW+WREBWR^�T
YaTb�[LlkATqh�©	Ei]ªJ�H`Z���kAEqZ[WRQ\EKNd��LmWgV+]�EqX�NPY¨]�T�Z�TbTbY�W\E_VRTUNPTbkAW+EqZ�T�E`G<�_epE[V,LOWRLPEKZpV\¢zD�^�T
kAEqZ[WRQ\EKNnLPZ�e�XaWgV_]!LONPN�^%TUZ%kUTAGoEKQRWR^j�pTzkUHKNONPTbY|VRTUNPTbkAWcNPLOZ�T£VMYaX�T-W\ExW\^�T-GIHqk�W_WR^%H`WcWR^%TU�
VRTUNPTbk�W�EKZ%TM «H`Z%Y¨EKZ�NP�-EqZ�T£¦0LOZ%e�XaW!WRE_�dT�Q\EKX�WRTbY¨WREBWR^%T�EqXaWRe%XaWbh�¬�T
kUHKZ¨Q\TbYaQgH�]�EKX�Q
Q\E`W\HKQR�-VR]!LOW\kg^zHKV+GoEKNPNPEi]	VU�

­



In 0

In 1

In 2

In 3

Out

Control

S S1 0

4x1
MUX

S1     S0

0

1

2

3

OutIn{
Or, as the multiplexer symbol:

Control{

® ­ H`Z%Y ®a¯ H`Q\T0W\^�T!V,TbNOT£k�W�NPLOZ�T£V�H`Z%Y_YaTUWRTUQ\JMLOZ%T+]!^%LPkg^}°,edEqVRLmW\LOEqZ%±	W\^�TM°RVR]!LmWgkg^%±�LPV
LPZ#h�²	E`W\T	W\^%HiW�WR^�TM³i´Rµq¶A´�EKG ® ­ H`ZpY ®a¯ LlV�LOJMedEKQRW\H`Z[W£· ® ­ LPVnWR^�T�JMEqV,W�VRLO�qZ�Lm¸dkUH`Z[W+��LmW
]!^�TbQRT£HKV ®a¯ LPV+W\^�T�NOT£HKV,W�VRLP�KZ�LO¸pkUHKZ[W��%LmW£h���GF]+T�]�H`Z[W+WREM�dT
V,NPLO�q^[WRNP��J_EqQRT�WRT£kg^�Z�LlkUHKN«�
]+TckUHKZzGoEKQ\JcX�NlHiW\T�WR^�TB�pE�EqNOT£H`Z�Tb�[X%H`WRLPEKZzGoEqQ3W\^�TcEqXaWRe�X�W3GoX�Z%kAWRLPEKZxEKG0HMGoEKX%Q3LPZ�e�XaW
JcX%NmW\LOe�NPTAfaTbQ	HKVb�

¹�º¼»�½¾ »�½¿bÀ ¿�Á »�½¾ » ¿ À ¾0Á » ¾ »�½¿£ÀAÂ Á » ¾ » ÂUÀAÃ²	EKWRT!W\^%HiW0]!^%TUZ-H���LPZ%HKQR� ¯ LPV0EKZMWR^%T3V,TbNOT£k�W0NPLPZ�TbVb� ¹zº À ¿ ·�]!^�TUZ-H��%LOZ%HKQR�cWR^�Q\TUTLlV�EKZ�WR^�T
VRTUNPTbkAW!NOLPZ�TbVb� ¹�º ÀAÃ ·aTAWgk`hÄ3VRLOZ%��W\^�T�HK�pEi�qT-Tb�[X%H`WRLPEKZ#��]+TzkUH`ZjQRT£H`NPLOSbT-WR^%LPVBGoX�Z%kAWRLPEKZ�]!LmW\^|WR^%T¨GoEqNONPEi]!LOZ%�
kALPQgkAX�LOWb�

yz��"a�|{a{}�}Å¥�3���R�,45�6����.0'Æ��)+�#"p��������.0/1/2�3'��,45�6����.0'
® EqJ_T+Z�EKWRTbV6�dTAGoEqQRT+]�T+�KTUW�V,W\HKQ,W\TbY �<��ZcW\^�LPV�VRTbkAWRLPEKZ#�iLPZBHqY�YaLOWRLPEKZBWRE�X%VRLOZ���JcX%NmW\LOe�NPTAf�Ç
TUQgV�H`ZpY�Y�TUJcX%NmW\LOe�NPTAfaTbQ\Vb�<]+T�]!LONPNnX%VRT-H�È�� ­bÉqÊ kUEKX�Z[WRTbQ
kg^�LPe#h�ËnEKX&e�Q\EK�pH`��NP�x^%H��qT
Z�EKW�VRTUTbZ�kAEqX�Z[WRTbQ\V��KTUW+LPZ��qEKX�Q!Ì ¯ ­ NPTbkAWRX�Q\TKh�¡�EKZ#Í W!]�EqQRQ\�K�[�KEqX¨YaEKZ<Í W!^%H��qT	WRE_��Z�Ei]
^�Ei]ªkUEKX�Z[WRTbQ\V0]�EqQR�_LPZ¨EKQgYaTbQnWRE_YaE
W\^�LlV�NlH`�<hFËnEqX
Î�X%V,W�^%H��KT!W\EB��Z�Ei]¥]!^%H`W�W\^�TU��YaE
 I©3LOZ[W£��WR^�Tb�zkUEKX�Z[W£Ï ¦Ah3©	E�EK��W\^�TBkUEKX�Z[WRTbQ3X�e}HKV3VR^�Ei]!ZxH`W3WR^%TcTUZpY�E`G�W\^�TcNlH`�#�5H`ZpY
LOW�]!LPNPN0kAEqX�Z[W�Q\TUedTbH`WRTbY�NO��W\^�Q\EKX��q^xWR^%T�Z[X%Jc�dTUQgV ¯q¯K¯ WRE ­K­q­ EqZ�W\^�T&°gÐ�±�EKXaW\e�XaWgVU�
LPZ%kAQ\TUJMTUZ[W\LOZ���EKZpkATcEqZ�T£HKkg^}kUNOEakg�xkU��kUNOTqh�¬}TqÍ NPN�Q\TU��LPVRLOW�kUEKX�Z[WRTbQ�YaTbVRLO�qZ��dTAGoEqQRTBWR^�T
TUZpY�EKG<W\^�T
V,TbJMTbV,WRTUQ£h

ËnEKX#Í NPNpH`NlVRE�Z%TUTbYBW\E�WRE�J�H`�qT�X%V,T!EKG �KEKX%Q�È�� ­�Ña­�Ò f ­ JcX�NOWRLPe�NPTAfaTUQ�kg^�LOe<�qH`ZpYB�qEKX�Q
È�� ­£ÑqÑ kg^�LPe#h ® EKJMT�TAf�WRQgH
LPZaGoE_WRE_X%VRT�]!LOWR^¨WR^�TcÈ�� ­£ÑqÑ YaLlH`�KQgH`JÓEKZ¨WR^�T�kg^�LPe�VR^�TbTAW�LPV
�KLP�KTbZ��dTUNPEi]�h

Ì



Ê



D�LOJMT�JcX%NmW\LOe�NPTAfaLPZ��MLPV+EKGÔWRTUZ�X%VRTbY�]!LmW\^�ÕFÖ0¡×YaLlV,e%NPH��aV+EKZ�kUH`NlkAX%NPH`WREKQgV0WREMQRT£YaX%kUT
WR^%T�H`JMEqX�Z[WnE`G<kAX%QRQ\TUZ[W�WR^%T3�%H`W,WRTbQR�_JcXpV�W�V,X�e%e�NO�BWREcNOLP�K^[W0W\^�T3ÕFÖ0¡BÍ Vbh�Ø	HiW\^�TUQ0WR^%HKZ
NPLO�q^qW\LOZ%�zHKNONnY�LO�qLmWgV
HiW�EKZpkATK�<EKZ�T-YaLP�KLOW- oEqQ��KQ\EKX�e�E`G�YaLO�qLmWgV\¦�]!LPNPNn�pT�NPLOW�GoEKQ
HzV,^%EKQRW
WRLPJMT¨ oedTUQ\^%HKe%V ­ JMVg¦+W\^�TUZ�W\^�T
Z�TUf�W�YaLP�KLOWB oEqQ3�qQREqX�ez]!LONPN<�dTcNPLmW3GoEKQ�HKZ�Tb�[X%HKN#WRLPJMTK�
H`ZpY�VRE¨GoEqQ,W\^}X�Z[W\LON�W\^�T�kA�akANPTBQ\TUedTbH`W\Vg¦�h_D�^�T�Õ<Ö0¡BÍ V3ÙdHKVR^�EKZ&H`ZpYxE`ÚjVRE�GIHKV,W�W\^%HiW
WR^%T�YaLlV,e%NPH��_H`e�edTbHKQ\V�kAEKZ[W\LOZ�X�EqX%V�WRE
WR^�T�^[X%JMHKZ-TU�qTK�q��XaW0W\^�T3�pHiW,W\TUQ\�BLlV�QRT£�qX%LOQ\TbYBWRE
VRX�e�e�NP�-HcJBX%kg^zV,J�H`NPNPTUQ+epT£H`�¨kUX�QRQ\TUZ[W�WR^%HKZ�]!LOWR^zH
W\QRX%T�kUEKZ[WRLPZ�X�EKXpV�YaLlVRe�NPH��qh�²	E`W\TK�
Õ<Ö�¡cÍ VnXpV,T3H
NOEKW0E`G<kUX�QRQ\TUZ[W£�qH`Q\EKX%Z%Y ­ ¯ J �  «H`NPNpYaLP�KLOW\V º Ò ¦Ah+Û D<X%QRZ-EqZ��KEqX�Q0YaLlV,e%NPH��
HKVBEKe%epE[V,T£Y�WRE�EKZ%NO� ¯ LOZ�WR^%TzY�LPVRe�NlH��Kh ÜÝD�LOJMT�¤�X�NOWRLPe�NPTAfaLOZ%�}LlV�H`NlV,E}E`GÔW\TUZ�X%V,T�LPZ
kAEqJMJcX�Z�LlkUH`WRLPEKZ�VR��V,WRTbJ�V�]!^�TUQ\T�LPZ%YaTUedTUZpYaTUZ[WBY�H`W\HxV,WRQ\TbHKJ�V�JcX%V,Wc�dT¨V,TbZ[WcEi�KTbQ�H
VRLOZ��qNOT�NPLOZ%T�EKQ!kg^%H`Z%Z�TUN�h	 ID�^�T�e%^�EKZ�T�kUEKJMe%H`Z��¨Y�E[T£V+WR^�LlV!LPZze�NPHqkAT£VUhÞ¦

¬}TMH`Q\Tc�qEKLPZ��-W\E-W\LOJMTAÇ�JcX%NmW\LOe�NPTAf�W\^�T�V,Tb�KTbZ�V,Tb�KJMTUZ[WgV	E`G+H�È£Ç�VRTU�KJMTbZqW�YaLlV,e�NlH��Kh
D�^�T-È�� ­bÉKÊ kUEKX�Z[W\TUQ�]!LONPN��pT_X%VRTbY�HK�qHKLOZ#�pWR^%T Ê NOT£HKV,W�VRLO�qZ�LO¸pkUHKZqW���LOW\V�YaQ\LO��LPZ��¨�dE`W\^
WR^%T�¤xX�NmW\LOe%NOTUf�TbQnH`Z%Y
WR^�T!¡�TUJBX�NmW\LOe%NOTUf�TbQbh�D�^�T!¡�TUJcX%NmW\LOe�NPTAfaTbQ�LPV6TbV\VRTUZ[WRLlH`NPNO�
H��%Hqkg�qÇ
]�H`QgY�V<JBX�NOWRLPe�NOTUfaTUQ�Ç#EKZ%T�LPZ�e�XaW0HKZ%YMÌ	EqXaWRe�X�W\V�]!^�Llkg^BHKQRT�VRTUNPTbk�W\TbYB���c²¥V,TbNOT£k�W�NOLPZ�T£VUh
¬�TB]!LPNON�kUEKZ%V,WRQ\X%k�W�H ­ WRE Ò Y�TUJcX%NmW\LOe�NPTAfaTbQ�GoQ\EKJ�W\^�T-È�� ­�ÑKÑ ¡�X%HKN ­ WRE���Y�TUJcX%NmW\LmÇ
e�NPTAfaTUQ£h�D�^�T�È�� ­£ÑqÑ ^pHKV�Ì ­ � �cYaTUJBX�NOWRLPe�NOTUfaTUQgVU�qEKZ�T	EKG#]!^�Llkg^�^%HKV�H`Z�LPZ[�qTUQRWRLPZ���LPZ�e�XaW
 ÞÎ�XpV�W!W\E�JMHK�KT�NOLOGoT
JMEKQ\T�YaLmß-kUX�NmW�¦�h � kUNOEakg�¨Y�LPHK�KQgH`JÆE`G6WR^%TBÈ�� ­�ÑKÑ NOE�EK�aV�NPLO�qT�WR^�LlVUh

B A B A

STRB2G STRB1G

DATA DATA2C 1C

2Y0

2Y1

2Y2

2Y3

O
utputs

O
utputs

IN IN

A

A

B

B

1Y0

1Y1

1Y2

1Y3

A Enable B Enable

S1 S0D<EMX%VRT
HKV!H ­ � Ò YaTbJcX�NOWRLPe�NPTAfaTUQ£��kAEqZ�Z�TbkAW3HKV+GoEqNONPEi]	VU�

�



2Y0

2Y1

2Y2

2Y3

1Y0

1Y1

1Y2

1Y3

74155

C B A
à

G NOTE:

C = Inputs 1C and 2C connected together

G = Inputs 1G and 2G connected together

S2 S1 S0

Ñ



²	Ei]�kAEKZ%Z�TbkAW!WR^�T�GoEqNONPEi]!LOZ%�_kULOQgkAX�LOWb�

2Y0

2Y1

2Y2

2Y3

1Y0

1Y1

1Y2

1Y3

74155

C B A
à

G

74
15

1

D0

D7

a

b

cá

d
â

e

f
ã

gä

8x1 MUX 1x8 DEMUX

Qc Qb Qa

COUNT UP

LOAD

COUNT
DOWN

CLEAR

74193

C B A
à

+5å V

STROBE

CLOCK

(Use Digi-Designer’s Clock signal)

Thru resistors
æ

to 7 segment display
ç

}
a

b

cá

d
â

e

f
ã

gä

(unused)

W
è

Single wire transmits ASCII data from switches to display

¬ � Ø3²	��²�é_ÏPÏ
¡�êÆ²�ê�D×¬���Ø	Ö¼H`Z���e%LOZ}E`G�WR^%T_VRTU�qTUZaÇ�V,Tb�KJMTUZ[W3YaLlVRe�NPH���WRE��KQ\EKX%Z%Y h!ËnEqX�kUHKZ

YaT£V�W\QREi��LOWbh�§�TxVRX�Q\TzWR^%H`W�WR^�T��pH`Q\T�NOT£HKY�VMEKG�W\^�TxQ\TbVRLPV,WREqQ\VMYaE�Z�EKW�WREqX%kg^��dTAGoEqQRT
WRX%QRZ�LPZ��MEKZ�edEi]�TbQbh

D<E�EqepTbQ\H`WRTq��]!LOQ\T�WR^�T�LPZ�e�X�W\V!W\EMWR^�TBÈi� ­�Ña­ HKV!H`e%e�QREqe�Q\LPH`WRT�WRE�NPLO�q^[W!WR^�T�e�Q\EKedTUQ
VRTU�KJMTbZqWgV GoEqQ6H Ñ h ® TAW6WR^�T+kANPEakg��EqZ ­ ©	S�HKZ%Yckg^%Tbkg��WR^%H`WFW\^�T�e%QREqepTbQ6VRTU�qJ_TbZ[W\V#NPLP�K^[Wbh

ë



 I©�H��KT�e%H`WRLPTUZ%kUTK�`W\^�LlVn]!LPNON%W\H`�qT!H`�dEKXaW Ò VRTbkUEKZ%Y%VUhÞ¦cê�Z%kUT	H`NPN%V,Tb�KJMTUZ[WgV�NOLP�K^[W3 IEKQ0V,W\H��
Y�HKQR��¦	HqV	W\^�TU�xVR^�EqX�NPY#�#V,edTUT£Y�WR^%T_kUNOEakg��X�e}EKZ�TBZ�E`Wgkg^}HiW�H�W\LOJMT�H`ZpY�EK�%VRTUQ\�KTcWR^�T
TAÚ5TbkAW
HiW�TbHqkg^}VRepTbTbY h � W ­ �a©3SK� W\^�T�YaLPVRe�NlH���]!LONPNnH`e%epT£H`Q�kAEqZ%V�WgH`Z[W�WR^�EqX��K^&H���LmW
YaLPJMJ_TbQbh

Ö�f�WRQgH_Z�E`W\TbV+GoEqQ�WR^�E[V,T�]!^�E�H`Q\T�LOZ[W\TUQ\TbV,WRTbY#�
� kAWRX%HKNONP�K��T£HKkg^�V,Tb�KJMTUZ[WcLlV
NPLOWB���}LOW\VcLOZ%e�XaWM�KEKLPZ���NPEi]��� «D!D!ÕÝkUHKZ|V,LPZ���JMEKQ\T

kAX%QRQ\TUZ[W3LPZxW\^�TBNPEi]ìV�WgHiW\T
WR^pH`Z�LOW�kUH`Z}V,EqX�Q\kUT
LPZ�WR^�T_^�LP�K^�V,W\H`WRT_LPV3WR^%TBQ\TbHqV,EqZ�LOW�LPV
YaEqZ�T�WR^�LlV!]�H��KhÞ¦MD�^�LlV!LPV	QRTbJ_T£YaLPTbY��[�¨WR^�T
GIHKk�Wc IX�Z�JMTUZ[W\LOEqZ�TbY�W\E-H��KEKLlY¨kUEKZaGoXpV,LPEKZp¦
WR^pHiW!WR^%T�EKXaW\e�XaW	E`GFWR^�TBÈ Ña­�Ña­ LlV	Hqk�WRXpH`NPNO�-LPZ��KTbQ,W\LOZ��_EKX�WRe�XaWgVUh

í LOQgkAX%LmW!GoEqQ ® LOZ%�KNPT ® TU�KJMTbZqW£�
¬�^�TUZ¨WR^�T�EKX�WRe�XaW+E`G#W\^�T�Èi� ­�ÑKÑ �KE�T£Vn^�LP�K^#�[W\^�TUQ\T3LlV0Z%Ec�KEqNmWgH`�qT3YaQ\EKe-HKkUQRE[VRVnWR^�T

Õ<Ö�¡c�KWR^�X%V�LmW+LPV�E`Ú�h�¬�^�TUZ-WR^�T�È�� ­£ëKë YaE�TbV�NPEi]��`WR^%TUQ\T3LlV�H��qEKNOW\HK�KT	YaQ\EKe-HqkAQ\EqV\V�WR^�T
Õ<Ö�¡Æ IHKZ%Y�WR^�T�Q\TbVRLPV,WREqQg¦nWR^�X%V3H_kUX�Q\QRTbZqW�Ù%Ei]	Vb�aNPLO�q^qW\LOZ%�BW\^�T
VRTU�KJMTbZqW£h

��² ® Ö�Ø�D¼î6�,é�Ä3Ø3Ö
Ð�X�TbV,WRLPEKZpV+WRE_WRX�Q\ZzLOZz]!LOWR^�WR^%T�NPHK��Q\TUedEKQRWbh
­ h�Önfae�NPHKLOZ�]!^��BWR^�T�kALPQ\kUX�LmW+kAEKZ%Z�TbkAWRLPEKZ�EKZ�epH`�KT3Ì
HKk�WgV�NPLO�qT3H ­ � Ò YaTbJcX�NOWRLPe�NPTAfaTUQ
Ì�h+��G0WR^�LlV�kULOQgkAX%LmW3]+TUQ\T
�dTULPZ��¨XpV,T£YzWRE¨WRQgH`Z%VRJMLmW�Y%HiW\H-Ei�KTUQ�H-VRLOZ��qNOTc]!LOQ\TK�d]!^�Llkg^

kUEKZ�Z%Tbk�W\LOEqZ�EKZ�W\^�Tx¸pZ%H`N�kALPQ\kUX�LmW& oe%HK�KT Ê ¦�kAEqQRQ\TbVRedEKZ%Y�V�WRE�W\^�T}Y�H`W\H�]!LPQ\T£¢
 I���KZ�EqQRT�W\LOJMLPZ���e�Q\EK��NPTUJ�V�]!LOWR^�WR^�T
kUEKX�Z[W\TUQ£h ¦

Ê h�©3Ei]ïYaE|�KEqX¥WR^�LPZ���WR^%T�e�^�EqZ�T�kUEKJMe%H`Z���X%VRTbV-JBX�NOWRLPe�NOTUfaLOZ��|WREje%XaW�J�H`Z��
kUEKZ��KTbQ\V\HiW\LOEqZ%V�Ei�KTUQ!HMVRLOZ��qNOT�NPLOZ%T£¢

�ph+¬�^pHiW	E`W\^�TUQ�W���edTbV!EKGFJBX�NmW\LOe%NOTUf�LPZ��-kbH`Z��KEKX�WR^%LOZ���E`G\¢

ð uBñ ;óò u >�;	C u òô>�õz;öC6? ñ w�÷Uø�>�? u ò uBù >�õ�?UC�÷Uø
8

��Z-NlH`��È��[�KEKX¨Z�TUT£Y�WREBX%VRT�HKZ Ò f ­ ¤xÄ	ú�]!LmW\^�Hc�`Ç���LmW!kAEqX�Z[WRTbQnWREBWRQgH`ZpV,JMLOW+H
���[WRT
HKkUQRE[VRV�H-VRLPZ��KNPT�]!LOQ\TKh�ËnEKX�kbH`Z�TbHqV,LPNP�-]!LOQ\T�W\^�LPV�kALPQ\kUX�LOW	]!LmW\^�WR^�TMÈ�� ­�Ña­ H`Z%YxÈi� ­bÉqÊ
kg^�LPe%V�LPZ��qEKX�Q�NlH`�z��LmW£�%HKV�VR^�Ei]!Z�LOZz�KEqX�Q�NPHK�zJMHKZ�X%H`N�h

® LPJcX�NlHiW\LOEqZ�LPV J�HqYaTnJMEKQ\TnkAEqJ_e%NOLlkUH`WRTbY����	W\^�T�GIHqk�W#W\^%HiW<�qEKX�YaE!Z�EKW<^%H��qT6JMEaYaTbNPV
GoEKQ�W\^�TbVRT
ÌMkg^�LPe%VUh ® Ep��]+TKÍ NON ^%H��qT3W\E�J�H`�KT�VREKJMTKÏ

î6LOQgV�W£�dWR^�T-È�� ­£Ña­ ¤�Ä	úchdËnEqX}kUHKZ�YaE¨WR^�LlV�LOZxEqZ�TcEKGnW�]+E-]+H��aVbh�ê�Z�T_H`e�e%QRE[HKkg^
]+EKX�NlYj�dTzWRE|VRLPJ_e%NO��YaQ\H�]�WR^�T � ²3¡3Ç�ê�Ø�YaLlH`�qQ\HKJûE`G�H`Z Ò f ­ JcXaf h���W£Í V�e%QRTUW,W��
VRLOJMe�NPTK���KEqX+Î�X%V�W6Z�TUT£Y Ò �	LPZ�e�XaW � ²�¡cÍ V� ITbHqkg^�EKGa]!^�LPkg^BH`Z%Y Í V5W\^�T�HKe�e�Q\EKe�Q\LPH`WRT�LPZ�e�XaW
NPLOZ�T¨]!LmW\^�WR^�T�QRLP�K^[WcJMLPZ[WRTUQ\JüE`G!WR^%T Ê VRTUNPTbk�W_NOLPZ�T£V\¦�HKZ%Y�H`Z Ò Ç�LOZ�e%XaWcEKQ
GoX�Z%k�W\LOEqZ#h
©	LPZ[Wb�|ê�Z%kAT��KEKX�e%NPHqkAT�H&�[HiWRT�LOZª¡�LO�qLmWgH`N�¬}EqQR�aVb���KEKX�kbH`Z�Q\LO�q^qW�kANPLPkg��EKZ�LOW-WRE
LPZ%kAQ\TbHqV,T�WR^�T�Z�X�JB�pTbQ!E`G�LOZ%e�XaW\V!WRE Ê EKQ��%h

� Z�EKWR^�TbQ+HKe�e�Q\EqHqkg^_]+EKX%NPYM�dT3W\E�W\HK�KT�HKYa�iH`Z[WgH`�KT!EKG WR^�T��`f ­ ¤�X�fM�qEKX�J�HKY�T	GoEKQ
e%HKQ,W��0EKG<WR^%LPV�NlH`�#h�D�]+EM�`f ­ ¤�X�f�T£V!kUHKZ¨TbHqV,NP���dT
kAEKZ%Z�TbkAWRTbY-WRE_GoEKQ\JýHKZ Ò f ­ JcXaf h
D�^�T�kALPQgkAX�LOW3YaLlH`�KQgH`JÆ�dTUNPEi]¼VR^�Ei]	V��qEKX�^�Ei]��

È
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S0
S1
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Constructing an 8x1 Mux from 2 4x1 Muxes

DCS

²	TUf[W£�n]+T¨Z�TbTbY&W\E}YaT£H`N+]!LmW\^|WR^%T�Èi� ­bÉqÊ kg^�LPe#h�¡�LP�KLOW\H`N+¬�EKQ\��VBYaE�TbV_V,X%e�e�NP�&H
�`Ç���LOW3kAEqX�Z[WRTUQ3JMHqkAQ\E%���%XaW3Z�EqZ�T�E`G�WR^%T
e�LPZ%V3HKQRT�NlH`�dTUNPTbYz]!^�Llkg^zLmW�JMHK�KT£V!LmW�HMNOLOW,W\NOT
^%HKQ\Y}WRE�XpV,Tqh ® LPZ%kUT-]�T�^pH��KTUZ<Í WckUEi�KTUQ\TbY�kAEqX�Z[WRTbQ\V��qTAW¨ I©3LOZ[W£�_D�^�Tb��kUEKX�Z[W£Ï ¦ª��Í �qT
YaT£V,LP�KZ�T£Y�H�Z�Tb]ÿkAEqX�Z[WRTbQ�J�HqkAQ\E¨W\^%HiW��KEqX}J�H��z¸%ZpY}T£HKVRLOTbQ3W\EzX%V,TM]!^�Llkg^��KEKX�kUHKZ
YaEi]!Z�NPEqHqY�GoQ\EKJÆW\^�T�NlH`�z^�EKJMT�e%HK�KTKh

ËnEKX#Í NPN<H`NlV,EB¸%Z%Y�H_J�HKkAQ\EBGoEKQ!H`Z Ò f ­ ¡3TbJcXaf¨EqZ¨W\^�T�NlH`��e%H`�qTKh6��WbÍ V!Z�E`W!TUfaHqk�W\NO�
NPLO�qT
WR^%T-Èi� ­�ÑKÑ  o]!^%LPkg^�kUH`Z�H`NlV,E��pT_X%VRTbY}HKV3W�]�E��`f ­ YaTbJcXafaT£V\¦A� ��XaW�LmW
YaE�TbV�^%H��qT
WR^%T�NOEi]�Ç�HKkAWRLP�KT3EqXaWRe%XaW\V!�qEKX�TAfaedTbk�W!GoEqQ�WR^�LlV!NlH`�#h
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