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1) Registers  √√

2) RAM (self read not included in final exam)

3) ROM  (self read not included in final exam)



 4 bit register with parallel load 
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Only one clock is needed to 
upload an input

Ex:



 4 bit shift register (right or left) 



 4 bit shift register (right) 
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4 clocks are needed



 Serial transfer   ( B = A ) 



 Serial transfer   ( B = A ) 



 Serial transfer   ( B = A ) 





clocks SI Register content D
=Last bit 

Q

0 1 0 1  0 0 0

CLK 1 1 0 1 0  1 1 0

Last bit ⊕ Q



clocks SI Register content D
=Last bit 

Q

0 1 0 1  0 0 0

CLK 1 1 0 1 0  1 1 0

CLK 2 1 1 0 1  0 0 1

Last bit ⊕ Q



clocks SI Register content D
=Last bit 

Q

0 1 0 1  0 0 0

CLK 1 1 0 1 0  1 1 0

CLK 2 1 1 0 1  0 0 1

CLK 3 1 1 1 0  1 1 0

Last bit ⊕ Q



clocks SI Register content D
=Last bit 

Q

0 1 0 1  0 0 0

CLK 1 1 0 1 0  1 1 0

CLK 2 1 1 0 1  0 0 1

CLK 3 1 1 1 0  1 1 0

CLK 4 1 1 1  0 1

Last bit ⊕ Q



X + Y + Z + W    (each of them is 4 bits) 
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X = 0 1 0 1                    Y = 0 0 1 1            Z= 0 1 1 1

Register A Register B

Clocks SIA =S Register A SIB Register B D =C Q C S

0 0 1 0 1 1 0 0 1 1 1 0 1 0



X = 0 1 0 1                    Y = 0 0 1 1            Z= 0 1 1 1

Register A Register B

Clocks SIA =S Register A SIB Register B D =C Q C S

0 0 1 0 1 1 0 0 1 1 1 0 1 0

CLK1 0 0 0 1 0 1 1 0 0 1 1 1 1 0



X = 0 1 0 1                    Y = 0 0 1 1            Z= 0 1 1 1

Register A Register B

Clocks SIA =S Register A SIB Register B D =C Q C S

0 0 1 0 1 1 0 0 1 1 1 0 1 0

CLK1 0 0 0 1 0 1 1 0 0 1 1 1 1 0

CLK2 0 0 0 0 1 1 1 1 0 0 1 1 1 0



X = 0 1 0 1                    Y = 0 0 1 1            Z= 0 1 1 1

Register A Register B

Clocks SIA =S Register A SIB Register B D =C Q C S

0 0 1 0 1 1 0 0 1 1 1 0 1 0

CLK1 0 0 0 1 0 1 1 0 0 1 1 1 1 0

CLK2 0 0 0 0 1 1 1 1 0 0 1 1 1 0

CLK3 1 0 0 0 0 0 1 1 1 0 0 1 0 1



X = 0 1 0 1                    Y = 0 0 1 1            Z= 0 1 1 1

Register A Register B

Clocks SIA =S Register A SIB Register B D =C Q C S

0 0 1 0 1 1 0 0 1 1 1 0 1 0

CLK1 0 0 0 1 0 1 1 0 0 1 1 1 1 0

CLK2 0 0 0 0 1 1 1 1 0 0 1 1 1 0

CLK3 1 0 0 0 0 0 1 1 1 0 0 1 0 1

CLK4 1 0 0 0 0 1 1 1 0

X+ Y z







Load = 0 
no change
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Load = 1 
Parallel load
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Function table 





Function table 

S0 S1 Register operation

0           0 Circular shift right             

0 1 Parallel Load

1           0 Circular shift left            

1           1 complement



Different representations for OR gate 

Ex:  A + B + C 
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RAM size =  # of words x  word size
ex:   8 x 4 RAM

number of words = 8 = 23              

Word size  = number of inputs = number of outputs = 4
number of address lines = 3 







 Kilobyte = 210 Mega = 220 Gaga = 230

Number of words = 25 * 220 = 225     

Word size = 8 bits

Number of inputs = 8
Number of outputs = 8

Number of address lines = 25

Decoder size = 25 x 225












