
Result
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Fig. 8-1  Process of HDL Simulation and Synthesis
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logic
Datapath
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Fig. 8-2  Control and Datapath Interaction
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Register operation
or output

Name
Binary
code

R ← 0
START

T3 011

(a) General description (b) Specific example

Fig. 8-3  State Box
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Condition

Exit path Exit path

0 1

Fig. 8-4  Decision Box
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START

From exit path of decision box

Register operation
or output

E

T1 001

T2 010

0 1

R ← 0

F ← E

(a) General description (b) Example with conditional box

Fig. 8-5  Conditional Box
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E

F

T1 001

T2 010 T3 011 T4 100

0 1

0 1 R ← 0

A ← A � 1 

Fig. 8-6  ASM Block
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001

011

010 100

EF � 00

EF � 01

E � 1

Fig. 8-7  State Diagram Equivalent to the ASM Chart of Fig. 8-6
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Clock

Present state T1 Next state 
(T2 or T3  or T4)

Positive edge of clock

Fig. 8-8  Transition Between States
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S

A3

A4

T0

T1

T2

E ← 1E ← 0

A ← 0
F ← 0

F ←1

Initial state

0

0

0 1

1

1

A ← A � 1 

Fig. 8-9  ASM Chart for Design Example
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E

F

J

K

C

J

K

C

Clock

Count

Clear–A

CLK

A4

A4

T0

T1

T2A3

A3 A2 A1

4-bit counter with
synchronous clear

Control

Clock

Start S

Fig. 8-10  Datapath for Design Example
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(a) State diagram for control (a) Register transfer operations

T0: if (S � 1) then A ← 0, F ← 0

T1: A ← A � 1

T2: F ← 1 

if (A3 � 1) then E ← 1

if (A3 � 0) then E ← 0
T0 T1 T2

S � 1

S � 0

A3A4 � 11

A3 � 0

A3A4 � 10

Fig. 8-11  Register Transfer Level Description of Design Example
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D

C

D

C

S

A3
A4

CLK Clr

G0

G1

Clear–A

T1

T0

T2

Fig. 8-12  Logic Diagram of Control© 2002 Prentice Hall, Inc.
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Register B

Register A Register Q

Parallel adder

Multiplicand

C

P counter

Check for
zero

n

Sum Multiplier

S
(start)

Q0

Control
logic

Z

Z � 1 if P � 0

0

Cout

Product

Fig. 8-13  Block Diagram of Binary Multiplier
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S

Q0

T0

T2

T3

T1

A ← 0
C ← 0
P ← n

Initial state

0

0 1

0 1

1

P ← P � 1 

Z

A ← A � B, C ← Cout 

Shift right CAQ, C ← O

Fig. 8-14  ASM Chart for Binary Multiplier
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(a) State diagram

(b) Register transfer operations

T0 T2T1 T3

S � 1

S � 0

Z � 0

Z � 1

T1: A ← 0, C ← 0, P ← n

T2: P ← P � 1

T3: shift rightCAQ, C ← 0

if (Q0)� 1 then (A← A � B, C  ← Cout)

T0: Initial state

Fig. 8-15  Control Specifications for Binary Multiplier© 2002 Prentice Hall, Inc.
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Control
logic

Z

S

Q0

T0

T1

T2

T3 L � Q0T2

Fig. 8-16  Control Block Diagram
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D

C

D

C

2 � 4
decoder

T0

T1

T2

T3

S

Z

Q0

G0

G1

0

1

0

1

2

3

Clock

L � T2Q0

Fig. 8-17  Logic Diagram of Control for Binary Multiplier Using 
  a Sequence Register and Decoder

© 2002 Prentice Hall, Inc.
M. Morris Mano
DIGITAL DESIGN, 3e.



D

C

D

C

D

C

D

C

Clock

T0

T1

T2

T3

S

Z

Fig. 8-18  One Flip-Flop Per State Controller
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w

x

y

z

y

z

T0

T1

T3 T2

00

01

11 10

0 1

0

0

1

1

0 1 1 0

1 0

Fig. 8-19  Example of ASM Chart with Four Control Inputs
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D

D

CLK

0

1

0

1

2

3

y

w

x�

y
z

y
z�

y�

MUX1

S1

G1

G0

S0

0

1

2

3

MUX2

S1

T0

T1

T2

T3

S0

MUX select
2 � 4

decoder

Fig. 8-20  Control Implementation with Multiplexers
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S

Z

T0

T1

T2

T3

Initial state

0

1

0
10

01

00

11

0

1

1

R2 ← R2 � 1 

E

Shift R1 to E

R1 ← Input
R2 ← All 1's

Fig. 8-21  ASM Chart for Count-of-Ones Circuit
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D

C

Shift left

Load input

Inputs � All 1's

Counter R2

Output count
CLK

E

Input data

Shift register R1

Count

Load input

Parallel output
Serial input� 0

Check for
zero

Control

S T0
T1
T2

T3

E

Z

Start

Z � 1 if
R1 � 0 

Fig. 8-22  Block Diagram for Count-of-Ones
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0

1
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3 S
1

S
0
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1
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0
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0

1
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3
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0

1
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Fig. 8-23  Control Implementation for Count-of-Ones Circuit© 2002 Prentice Hall, Inc.
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00

11 10

01

x � 0

x � 1
y � 1

x � 1
y � 0

x � 0

x � 1

x � 1, y � 0

x � 1, y � 1

y � 1 y � 0

x � 0

Fig. P8-10  Control State Diagram for Problems 8-10 and 8-11
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y

E

x

T0 000

T1 001

T2 010

T4 100

T6 110

T7 111 T5 101

T3 011

F0

0

1

0

1

1

0 1

Fig. P8-20  ASM Chart for Problems 8-20
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