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G H
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Data —>
iInput A

Data —>
input B °

Carry input —>

Operation{—>

select S

Mode select———>

n-bit
arithmetic/
logic

unit
(ALU)

ﬁ

—> Data
output G

—> Carry output
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Cin ¢
n
A > X
n n-bit
B —<—> parallel
adder
B input N v
S, S logic 4
S, — >

n
%GZX‘FY'FCM
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J TABLE 9-1

Function Table for Arithmetic Circuit

Select Input G =(A1Y1C))
S;  So Y Ci, =0 C,=1
0 0 all Os G = A (transfer) G = A +1 (increment)
0 1 B G = A + B (add) G=A+B+1
1 0 B G=A+B G = A +B +1 (subtract)
1 1 all 1s G = A —1 (decrement) G = A (transfer)
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Inputs Output
S1 Sp Bi | Y]
00 0| 0Y;=0
0 0 1 0
01 0 | 0Y,;=B8B;
0 1 1 1
1 0 O 1 Y;=B;
1 0 1 0
1 1 O 1 Y;=1
1 1 1 1

(a) Truth table
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So
00 01 11 10
0 1
s,/ 1| 1 ol
B;

(b) Map simplification:
Yi — BiSO + Bisl



Cin
S
So y&o
A, > Xo
Bo _>—‘ FA — G
[>o ) .
v
Ay > X,
B1 _D—‘ FA |G,
>o “
—)_‘ VCZ
A, > X,
B2 _>—‘ FA |—>G,
Do) -
| e,
A, > X3
Bs _D—‘ FA |>G;
Y3
[>o ) 5
‘ > Cuut
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So S, 4-to-1
MU X
S1 S1
0
Bi—¢
D
[ 4
[
2
>c 3

(a) Logic diagram
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S; S Output Operation
0 0 | G=AAB AND

0 1 | G=AvVvB OR

1 0| G=A®B XOR
11 |G=A NOT

(b) Function table
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/Co o
C Ci

i_ i > —> Ci 01
|
A :
L 1" one stage of
: B; o »|B; arithmetic
| So . > SO circult 2-to-1
| 0 MUX
Sy 151
|
|
| 1
| BN PN S
|
| >Bi One stage of
Ci 1S, logic circuit
>S5,
Sz
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[l TABLE 9-2
Function Table for ALU

Operation Select

S, S, S, Ci, Operation Function

0 0 0 0 G = A Transfer A

0 0 0 1 G=A+1 Increment A

0 0 1 0 G=A+B Addition

0 0 1 1 G=A+B+1 Add with carry input of 1
0 1 0 0 G=A+B A plus 1s complement of B
0 1 0 1 G=A+B+1 Subtraction

0 1 1 0 G=A-1 Decrement A

0 1 1 1 G=A Transfer A

1 X 0 0 G = AOB AND

1 X 0 1 G = AIB OR

1 X 1 0 G = ADPB XOR

1 X 1 1 G = A NOT (1s complement)
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B,
Serial
output L
@
Serial
output R
Ir — I
M 1 M 01 2M 1 2 M
U U U U
X X X X
2
S —4
H, H; Ho
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[l TABLE 9-3
Function Table for 4-Bit Barrel Shifter
Select Output
S; S, Y, Y, Y, Yo Operation
0 0 Ds D, D, Dy No rotation
0 1 D, D, Dg D3 Rotate one position
1 0 D, Dy Ds D, Rotate two positions
1 1 Dy Dj D, D, Rotate three positions
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D, Dy
[ L 4
4
\ 4 4
L 4 \ 4 \ J
SO \ 4 \ 4 \ 4
B I T T
3 2 1 0 S; Sl[3 2 1 0 8, S 2 1 0 S S 2 1 0 S S
M M M M
U U U U
X X X X
Y3 Y3 Y1 Yo
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n
D data
—> Write
m
—<> D address
2" On
Register file
m m
——<—>| A address B address [<<—~%—
A data B data
Constant in n
n
n Y Y
1 0
MB select > MUX B
Bus A n
> Address out
Bus B n
> Data out
Y
4 A B
FS —<>
V R SE—
C < Function
unit
N <—
Z R S—
F
n
n Data in
Y Y
0 1
MD select —> MUX D
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194 1 TABLE 9-4

G Select, H Select, and MF Select Codes Defined
in Terms of 'S Codes

MF G
FS(3:0) Select Select(3:0) Select(3:0)  Microoperation
0000 0 0000 XX F=A
0001 0 0001 XX F=A+1
0010 0 0010 XX F=A+B
0011 0 0011 XX F=A+B+1
0100 0 0100 XX F=A+B
0101 0 0101 XX F=A+B+1
0110 0 0110 XX F=A-1
0111 0 0111 XX F=A
1000 0 1X00 XX F=A0OB
1001 0 1X01 XX F=ADB
1010 0 1X10 XX F=A®B
1011 0 1X11 XX F=A
1100 1 XXXX 00 F=B
1101 1 XXXX 01 F=srB
1110 1 XXXX 10 F=sIB
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RW/| 0 > Write D data
15 >
DA |14 >| D address
1_3 > 8 X n
Register file
12 > < 9
AA11 > A address B address |- 8 |[BA
10 > < 7
— A data B data
n n
. n
Constant in —ﬁ
\
1 0
MB[6 > MUXB
BusA > Address out
Bus B n
> Data out
Y A
A B
V<~—-o <« &
C<—— Function 4
. FS
N <— unit 3
Z<— <
n
n Data in
T
0 1
MD[1 —>| MUX D
Bus D |
(a) Block diagram
1514 13121110 98 7 6 5 4 3 2 1 0
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(b) Control word
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[0 TABLE 9-5
Encoding of Control Word for the Datapath
DA, AA, BA MB FS MD RW
Function Code Function Code Function Code Function Code Function Code
RO 000 Register 0 F=A 0000 Function 0 No Write 0
R1 001 Constant 1 F=A+1 0001 Datain 1 Write 1
R2 010 F=A+B 0010
R3 011 F=A+B+1 0011
R4 100 F=A+B 0100
R5 101 F=A+B+1 0101
R6 110 F=A-1 0110
R7 111 F=A 0111
F=AIOB 1000
F=A0OB 1001
F=ADB 1010
E=A 1011
F=B 1100
F=srB 1101
F=sIB 1110
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[0 TABLE 9-6
Examples of Microoperations for the Datapath, Using Symbolic Notation

Micro-

operation DA AA BA MB FS MD RW

R1 - R2—-R3 Rl R2 R3 Register F=A-+B+1 Function Write
R4 — sl R6 R4 — R6 Register F =5sIB Function Write
R7 « R7 +1 R7 R/ — — F=A+1 Function Write
R1~R0O+2 Rl RO — Constant F=A+B Function Write
Data out — R3 — — R3 Register — — No Write
R4 — Datain R4§g — — — - Datain  Write
R5-0 R5 RO RO Register F = A®B Function Write
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[0 TABLE 9-7
Examples of Microoperations from Table 9-6, Using Binary Control Words

Micro-

operation DA AA BA MB FS MD RW
R1 - R2 —R3 001 010 011 O 0101 0 1
R4 — sl R6 100 XXX 110 O 1110 0 1
R7 -R7+1 111 111 XXX X 0001 0 1
R1 -~ R0 +2 001 000 XXX 1 0010 0 1
Dataout -« R3 XXX XXX 011 O XXXX X 0
R4 — Data in 100 XXX XXX X XXXX 1 1
R5~0 101 000 000 O 1010 0 1
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Clockm1 121 [3l T[4 [s] [el _[71 T8
Al &7 )i Yo J&a__ s }—
AA {2 10 17 10 —
BA {3 6 [0 3 [0 —
FS 45 114 11 12 10 110 —
Constant_in X 12 I X
MB 1 I —
Address_out {2 [0 |7 [0 —
Data_out {3 16 10 |2 I3 [0 —
Data_in —18  }——{18 —
MD 4 L —
RW I
reg0 0
regl 1 1 255 12
reg2 2
reg3 3
reg4 4 |12 |18
reg5 5 10
regb 6
reg7 7 18
V1. Mottio vano & Charles . Kime Status_bits {2 ] 0 [0 [T [X
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Instruction
memory
215 % 16

Program counter
(PC)

Data
memory
215 % 16

Register file
8 X 16
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