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Definition for N-bit ALU:

(Arithmetic Logic Unit) ALU is a digital function that implements the
microoperation on the information stored in registers, ALU is a fundamental

building block of the many varieties of computing circuits, including the central
processing unit (CPU) of computers and graphics processing units (GPUs). one
CPU or GPU may contain multiple ALUs.

Description for ALU we want to design:

ALU Function Code (C) ALU Output (O) ALU Symbol
000 (X+Y)/2
001 2*(X+Y)
010 (X/2)+Y n -
011 X-(Y/2)
100 XNAND Y
101 NOT(X)
110 XNORY
111 X XORY

X[n-1:0] YIn-1:0]

In this project, we need to design ALU that execute the above operations. Such
that:

1. X and Y are the inputs of the unit and they are N-bit signed numbers
represented by 2’s complement.

2. Cis a 3-bit unsigned number and used to select the operation of the unit
(i.e. arithmetic or logical operation).

3. Ois the signed ALU output and represented in 2’s complement and The
size of the O is shown below.




A) Specify the size of the output (O):

The size of the output (O) in bits should be two bit larger than the size of
the inputs (X and Y) in order for overflow to never occur.

Since X and Y are N-bit signed numbers represented in 2's complement, the
size of O should be N+2 bits.

The first extra bit because the 2's complement representation allows for
the detection of overflow by checking the sign bit of the result and having
an extra bit in the output allows for the representation of the extra bit in
the result that would occur in the case of overflow.

The second extra bit because the second operation in this ALU (2*(X+Y)),
(X+Y) are represented in N+1 bits and we need extra bit to Multiplication by
two then the size of O should be N+2 bits.

Example:
Suppose N=3 ;
Then the maximum value for X and Y equal 3 (011) ;
Execute the second operation (001) (2*(X+Y)) ;
The value for (X+Y) equal 6 and need 4 bits to represented it in 2's
complement (0110) ;
The value for (2*(X+Y)) equal 12 and need 5 bits to represented it in
2's complement (01100) ;

Then we need 5 bits to represented the output without occur
overflow.

B) ALU components & implementation:

>> ALU implementation using all the following:

. A adder is used for addition and subtraction operations.
. Aright shift register for N+2 is used for division by 2.

. Aright shift register N is used for division by 2

. Aleft shift register is used for multiplication by2.

. ANOT module is used for NOT operation.




. A NAND module is used for NAND operation.

. A NOR module is used for NOR operation.

. A XOR module is used for XOR operation.

. A multiplexer(8to1l) is used to select the output of the operation.

>> | will use this component to design the ALU, and the implementation
for each component will be as shown below:

1. implementation for Adder:

X [N-1:0]
N bits / |

O [N+1:0]

Full
Adder 7 »

Y [N-1:0] (fullAdder) N+2 bits

N bits /

2. implementation for divider N+2 bits

X [N+1:0] Divider O [N+1:0]

By 2 R

N+1 bits (divider_Nplus2bits) N+1 bits

3. implementation for divider N bits

X [N-1:0] Divider O [N-1:0]

—~ By 2 —AL

N-1bits (divider_Nbits) N-1bits




Two modules were created to divide by two the first module has input
with size N and the second module has input with size N+2, The reason
for the creation of these two because it will become easier to put in
the extra bits (sign- or zero-extension).

4. implementation for multiplier N+2 bits

X [N+1:0] multiplier O [N+1:0]

By 2 —F

N+2 bits (leftShiftRegister) N+2 bits

5. implementation for NOT module:

X [N-1:0] O [N+1:0]
N bits (NOT_Module) /
N+2 bits

6. implementation for NAND module:

X [N-1:0]
N bits /

O [N+1:0]

(NAND_Module) 7

Y [N-1:0] N+2 bits

N bits /




7. implementation for NOR module:

X [N-1:0]

N bits _
, O [N+1:0]

(NOR_Module) 7> N2t

Y [N-1:0]

Nbits — 7

8. implementation for XOR module:

X [N-1:0]
Nbits /7 .

(XOR_Module) Mo bis

Y N-1:0]

N bits /

9. implementation for NOR module:

N+2 bits
N+2 bits

N+2 bits

N+2 bits

N+2 bits (mux8to1) /
+,,

O[N+1:0]
N+2 bits

N+2 bits

N+2 bits

N+2 bits




>> Implementation for whole system:

N+2 bits
N bits (Divicer By2) |N+2 bits
74

@ (Ful Adder)
74

N bits N+2 bits

(multiplier By 2 I :
N bits

7 N+2 bits
I e | P
~ N+2 bits /

N bits
XN-1:0] N bits N+2 bits
ras /
N bits - L v ON+10]
w N+2 bits >
N N bits N+2 bits (mux8to1) N+2 bits
Y [N-1:0] Nos e ,

N bits _»—,I /

7 N+2 bits N+2 bits
N bits 7

N bits . I 4
> N+2 bits

N+2 bits /
/
N+2 bits
; e 7
7> N+2 bits /
N bits
N bits
ra

N bits
ra

(XOR_ Mccide) >
Yan g N+2 bits
N bits

C) Behavioral Verilog modules

Behavioral Verilog code for each component:

1. fullAdder_1211168

1 &Smodule fullAdder_ 1211168 # (parameter N = (X,¥,0ut) ;
// Define input and output
input [N-1:0] X, Y;
output reg [N+1:0] Out;
reg [N-1:0] s, c;

always @(*) begin
// calculute the
s =X + Y¥;
// calculate the

=C - verFlow

c = (X[N-1] & Y[N-1]) 1] & s[N-1]) | (Y[N-1] & s[N-1]):;
// the final resalt wit umt bits N+1
Oout = {c,s};
// make sign-extension
Out ={Out[N],Out[N:0]};

end

endmodule

of ove

//by check the value ¢ caary 1d the wvalue




2. divider_Nplus2bits_1211168

( nput SLgned [N+1:0] X,
Define input and
the outpu

always @* begin
the

77
;)
£

o]
end
endmodule

Iresu

calculate

X/ 2

.
r

1
2
3
4
5
6
7
B8
9

3. divider_Nplus2bits_1211168

Emodule divider NplusZbits_
(*nput signed [N+1:0] X,

/ input and
the output

always @* begin

T
I,
I’

calculate the result

X/

0
end
endmodule

1
2
3
4
5
6
7
B
9

4. multiplier_1211168

Emodule multiplier 121116
(+nput Slgned [N+1:0]

Define input

th

and
!/ e output

because

B always @* begin

th

g
fFJ
rr

calculate = sul
0O <= X * 2
end

endmodule

=
r

1
2
3
4
o9
6
7
=
9

5. NAND_Module_1211168

Emodule NAND Module 1211168
(input [N-1:0] X,
/ input and
begin
the
0= ~(X & Y);
end
endmodule

i Define
always @*

;o
i
£

calculate result

W ~J o U b Wk

Emodule divider Nplus2bits_ 1211168 #(pa?ametev N

outpu

outg

W1lll

input [N-1:0] Y,
outpu

4)
output feg signed[N+1:0] O):

comp lement

1211168 #(parameter N =
output *eg signed [N+1:0
ut gned

ented

4)
] 0);

as
~r

repres in 2's

N 4)
signed [N+1:0]

8 #(parameter
X, output reg

ouctpu

# (parameter N 4)
output reg [N+1:0]
t

comp lement

0) ;

Q) ;




6. XOR_Module_1211168

1 =module XOR Module 1211168 #(parameter N = 4)
2 (input [N-1:0] X, input [N-1:0] ¥, output reg [N+1:0] 0);
3 // Define input and output
4 m always @* begin

5 // calculate the result

3] 0= (X "~ ¥Y);

7 end

8 endmodule

7. NOR_Module_1211168

Emodule NOR Module 1211168 #(parameter N

1 = 4)
2 (input [N-1:0] X, input [N-1:0] ¥, output reg [N+1:0] 0);
3 // Define input and output

4 = always @* begin
c -

6

-

8

// calculate the result

0O=~(X 1| Y);
end
endmodule

NOT_Module_1211168

1 @=module NOT Module 1211168 #(parameter N = 4)
2 input [N-1:0] X, output reg[N+1:0] 0O);
3 // Define input and output

4 = always @* begin

5 // calculate the result

6 = ~ (X);

7 end

8 endmodule

mux8tol_1211168

Emodule muxB8tol_ 1211168 # (parameter N = 4) ( input [N+1:0]
result0, resultl, result2, result3, resultd4, resultS5, result6, result’,
input [2:0] sel, output reg [N+1:0] 0);

£

// Define input and output for the mux

/ by the selction concate between the input and ot
case (sel)
3'b000:
9 3'b001:
10 3'b010:
11 3'b011:
12 3'b100:
13 3'b1l01:
14 3'b110:
15 3'bill:
16 endcase
17 end
i8 endmodule

1

2

3

4 put
5 always @* begin
c ; .

7

8

resultO;
resultl;
result2;
result3;
resulté4;
result5;
resulté6;
result7;

O0O00O00OO0O0




D) structural Verilog model for ALU

BEmodule structuralALU 1211168 # (paramster N = 4)
input [N-1:0] X,
input [N-1:0] ¥,
input [2:0] C,
output [N+1:0] O );

¢

// Define input and

== I AT W Y VE T O

// Define wire to save the resu for each

[y
oW

// Define
wire [N+1:
wire [N-1:0] op2, op3;

o
W W R

I/

[y
w

operation (000)

= e
=~ ™

d1v1dcr_Nplus2b1t5_12lll68 £ (N) RS_0 (.X(opl)

[y
w

y
£

=
(Y]

operation (001)

(SIS
=]

!

3]
b2

/ operation (010)

(]
W ()

fulladder 1211168 #(N) FA 1 (.X(op2), .¥(¥),

(%]
wn

’ 7
/ /

(5]
o

operation (011)

NN
o <)

fullAdder 1211168 #(N) FA 2 (.X(X), .Y (-op

W N
o w

// operation (100)

W W w
wn =

// operation (101)

NOT_ Module 1211168 #(N) NOT_0 (.X(X), .O(x

w W
[

//

w
o

operation (110)

W W
™ <

/ /

w
o

operation (111)

T S
N = O

// send result with sele ion to Mux8to
mux8tol_ 1211168 £ (N) MUX O (.resultO(resul
rcsult‘(resulCZ), .result3 (result3), .re
.resultS (resultS), .resulté (result€), .res
.sel(C),.0(0)
);
endmodule

LU S S S S
@ oW

E) Waveform of the Structural ALU

My number 1211168 ; The Form:

NOR Module_ 1211168 #(N) NOR 0 (.X(X), .¥Y(Y

(

operation
wire [N+1:0] resultO, resultl, result2, result3, result4, resultS5, resulteé,

fullAdder 1211168 #(N) FA 0 (.X(X), .¥(Y), .Out(opl));

, -0O(result0));

multiplier 1211168 $#(N) M 0 (.X(opl), .O(resultl));

d1v1dcr Nblts 1211168 #(N) RS_1 (.X(X), .0(op2));

.Out (result2));

divider_ Nbits_1211168 §(N) RS_2 (.X(Y), -O(op3));

3), .Out(result3d));

NAND Module_ 1211168 #(N) NAND 0 (.X(X), .Y(Y), .O(result4));

esultS));

), -O(resulté));

XOR_Module 1211168 £ (N) XOR 0 (.X(X), .¥Y(Y), .O(xresult?));

t0), .resultl (resul
sult4 (result4),
ult7 (result?),

1C, Y, X, C, Y, X,

111er] (:2 == 2 Yé - ]. )(2 = 1 (:1 == ]. Y& = 63 )(1 = 1

result?;




Operation

2*(1+6)

(1/2)+(1)

(-1/2)+(-6)

Waveform for test 1:
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The result for the first test equal (001110)

2*(1+6) =14

Waveform for test 2:
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The result for the first test equal (000001)

(1/2)+(1) =1




Waveform for test 3:
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The result for the first test equal (111010)

(-1/2)+(-6) = -6




F) Behavioral Verilog module for ALU

In the previous part we designed Structural ALU with his component but in

this part we designed a behavioral ALU as we shown.

The behavioral code in Verilog for this ALU:

W 0 s W=

=always
// che
G

ase

3'b000:
3'b001:
3'b010:
3'b011:
3'b100:
3'bl01:
3'b110:
3'b111:

OO0 O0O0O00O0O0

W wnwn

Emodule behavioralALU 1211168 # (parameter N 4)
(input signed [N-1:0] X, Y, input signed [2:0] C, output reg signed[N+1:0] O);

define

output for ALU

(X -+ ¥)/2;

2* (X + Y):
(X/2) + ¥;

X - (¥/2);
{ex,~(X & Y)};
{ex, ~X};
{ex,~(X | Y)}:
{ex, X * X};

G) Waveform of the Behavioral ALU

My number 1211168 ; TheForm: 1C, Y, X, C; Y; X;

TTTer] (TZ - 2 Yé - ]. )(2 == 1 (:1 == ]. Yi - 63 )(1 == 1

Test

Operation

2*(1+6)

(1/2)+(1)

(-1/2)+(-6)




Waveform for test 1:
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The result for the first test equal (001110)

2*(1+6) = 14




Waveform for test 2:
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The result for the first test equal (000001)

(1/2)+(1) = 1




Waveform for test 3:
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The result for the first test equal (111010)

(-1/2)+(-6) = -6




