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Design of Arithmetic Unit

A N\
- 1 ) =1 Sum S e Half S . A
Inputs a Qutput + B
Adder CARRY =
B — > Coyr | Cour +—SUM
& Carry ouUT
HalfAdder (Logic Diagram) Half Adder (Block Diagram)
" 777777777777777777777777777777777777777 1
R e [ R S e b '
¥ Half Adder | | Half Adder | |
x | _ASB || | (ASB)SCin | Sum
- SUM — , SUM |- .
t | HA | | HA | |
| IAB | | GN(ASB)
B =™ CARRY — r— CARRY [—+—0 A=) :
| | | | |
Cy T Y —— J I J 221  Cour
|
| Full Adder :

Full Adder using two Half Adder




Design of Arithmetic Unit (Adder)
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Design of Arithmetic Unit (Add-Sub)
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ADD / SUB Module

modnle FULLADD SUEB 8Bic(sum, c out, overflow, a, b, c_in);

ontput [7:0] sum;
ontpont c _out;
ontput overflow;

inpnt [7:0] a, b
inpunt c _in;

wire cl, c2, c3, c4, c5, c6&, 7, cB;
wire [7:0] bl1:

xor(bl[C],b[C],c_in);
xor(bl[l],b[l],c_in):;
xor(bl[2],b[Z],c_in);
xor(bl[3],b[Z],c_in);

xor(bl[<],b[2],c_in):
xor(bl[=],b[Z],c_in);
xor(bl[c] ,,b[E],c_in);
xor(bl[7],b[7].,c_in);

FULLADD2 1Bit FAO(sum[0],cl,a[0],bl[0],c in):
FULLADD2 1Bit FAl(sum[.],c2,a[l],bl[1],cl):
FULLADD2 1Bit FA2(sum[2],c3,a[2],bl[2],c2):
FULLADD2 1Bit FA3(sum[3],c4,a[3],bl[3],c3):

FULLADD2 1Bit FA4(sum[4],c5,a[<],bl[%],c4):
FULLADD2 1Bit FAS(sum[5],c6,a[5],bl[5],c5):
FULLADD2 1Bit FA6(sum[&],c7,al&],bl[&],c6):
FULLADD2 1Bit FAT7(sum[7],c&,a[7],bl[7],c7):

xor{c_out, cB, c_in); ffCarry = cB for Addition and Carry = not(c8) for subtrtion
xor(overflow, c8, c7):

endmodnle
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Design of Logic Unit
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Design of Shift Unit
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Design of Shift Unit (Contd.)
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Design of Shift Unit (Contd.)
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Shifter Module

modnle SHIFTER 8Bit (out, A, 3):

ontpnt [7:0] out;
wire [7:C0] DO, D1, D2, D3, D4, D5, D&, D7, D8, DS, D10, D11, D12, D13, D14, DI1S;

azsign DO=L;

assign Dl={A[c:0],1"bL0}:
as=sign D2={A[Z:0],2 "'BCC};
assign D3={A[2:0],3"'L0O00};

as=sign Dd={A[2:0],4"'L0C00} -

assign DS={A[Z:0],5"'L0OCOOOY ;
assign DE={A[l1:0],&6"'L0C0OOCOY}
assign D7={&[C],7 "LOCCOCOO}

azsign DE=L;
as=ign D8={1"bLO0 AB[7:1]1}-
as=sign D10={=2"bOO A[7:2]}:

assign Dll={2"LC0C0C0 , A[7:21};:

assign D12={2'b0000,A[7:41}:

assign D13={5'b00000,A[7:51}:
assign D14={&'b000000,A[T:6]}:
assign D1S={7'bLoCO0000,A[7]1}:

MUX 16tol 8Bit myMUX(out, DO, D1, D2, D3, D¢, D5, D6, D7, De, D9, D10, D11, D12, D13, D14, D15, S):

endmodnle




Design of Arithmetic Logic Unit (ALU)

Instruction [19:0] —

ALU (8 Bit)

— Result [7:0]

Block Diagram of Arithmetic Logic Unit (ALU)



Design of Instruction Set

Op Code =4 Bit
Operand #1 = 8 Bit
Operand #2 = 8 Bit
Instruction Set = 20 Bit

Diagram of 20 Bit Instruction Set



High Level Description of CPU
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Adding Instruction(s)

| have added a XNOR logic operation.

Changes:
Add the XNOR operation in the Logic Unit.

Add this output of the XNOR operation to one line of the DECODER
output.

Test the XNOR Operation with specified Op Code.




Functional Table of ALU

0000 00101000 (40d) 00010100 (20 d) ADD
0000 11110000 (240d) 00010100 (20 d) ADD
0000 10111010 (-70d) 10110000 (-80d) ADD

0001 00011110 (30d) 00010100 (20 d) SUB
0001 00111100 (60d) 01010000 (80 d) SUB

00111100 (60 d)
00000100 (?)
01101010

00001010 (10 d)
11101100 (-20 d)

0001  00011110(30d) 00011110 (30d) SUB 00000000
0010 00010001 00110011 AND 00010001
0011 00010001 00110011 OR 00110011
0100 00010001 00110011 XOR 00100010
0101 00010001 00110011 NOR 11001100
0110 00010001 00110011 XNOR 11011101
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Functional Table of ALU (contd..)

0111

0111
0111
0111

Otherwise

11111111
11111111
11111111
11111111
00010001

00000000
00010000
10110000
11110000
00110011

Left (O Bit)
Left (1 Bit)
Right (3 Bit)
Right (7 Bit)
NOP

11111111

11111110
00011111
00000001

XXXXXXXX
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Thank you, any question?
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