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a. Specify the size of the output (O) in bits so the overflow can never occur.

Bits of output (O) =N + 2

b. Show the ALU implementation using medium-scale integration (MSI)
components and minimum number of gates (i.e. in blocks with their
sizes). Note that, you might use some kind of extension (sign- or zero-

extension).
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Figure 1. ALU Diagram
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There are three 4-to-1 multiplexer are used which control the inputs of the N+2 Bit adder based on

the first four functions. In this logic unit last four functions are perform which are bitwise NAND,

NOT, NOR and XOR gate on the input values. After the logic unit each function output bit is

extended from the MSB side so that actual bits will be equal to the output bits. At the output N+2

Bit 8-to-1 multiplexer is connected which select the one operation based on the selection lines and

gives the O result.



c. Write behavioral Verilog modules for your elements you defined in Part
(b). Be noted that the size of every element you define should be

parameterized, so that you can vary the design during the testing phase.

Adder Code

module Adder_1212326#(parameter N=4)(A,B,Cin,Sum);//define inputs and outputs, N by default is 4
input [N+1:0] A,B;//define N+2 A and B inputs

input Cin;//define carry input of Adder

output [N+1:0] Sum;//define N+2 addition output

assign Sum = A + B + {{N{1'b0}},Cin};//addition on A+B+Cin

endmodule
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Figure 2. N+2 Bits Adder Module Verilog Code

This module takes the N+2 bit X and Y inputs and 1-bit Cin input, based on the first four ALU
function this module perform addition and gives result in the form of N+2 bit S. Which will further

classifies for the operation of the ALU.



Mux 4-to-1 Code

module Mux4tol_1212326 # (parameter N=4) (10,11,12,13,S,Y);//define input and output, N by default is 4
input [N+1:0] 10,11,12,13;//N+2 bits data inputs of mux

input [1:0] S;//2 bit selection input of mux

output [N+1:0] Y;//N+2 mux output

assign Y = S[1] ? (S[0] ? 13:12) : (S[0] ? 11:10);//mux implementation using conditional statement
endmodule

(O¥ Quartus Prime Lite Edition - C:/Quartus/Project_1212326 - Project 1212326

File Edit View Project Assignments Processing Tools Window Help

[Or= nD» Project 1212326 | LG PFESPRLYPE @
Project Navigator =] Files v QL& x| rt- Project_ 1212326 € Adder 1212326 @ Muxdto1 1212326 B @ MuxBto1_1212326.% @ Muxato1_1bit_1212326.v @ Logicunit_1212326.v 4
= =
Flles e et 0w 9B S
ad 1 moduTe Muxdtol 1212326 # (parameter N=1) (10,I1,I2,13,5,Y);//define input and output, N by default 1s 4
er 1212326 2 input ENH.]:O] IU,I%,IZ.I?:. /N+2 bits da;a inputs of mux
3 input [1:0] s;//2 bit selection input of mux
xdtol_1212326. 4 output [N+1:0] ¥;//N+2 mux output
T MuxBto1_1212326.v 5 as;igg Yd: s[1] ? (s[0] ? 13:12) : (s[0] ? 11:10);//mux implementation using conditional statement
- 6 endmodu
Muxdtol_1bit_1212326.v
BB |ogicUnit_1212326v
Tasks Compilation v (=[HF =
Task ~
~ P compile Design
P> an sis
P Fitter (Place & Route)
v
< > < >
[«
g A |8 A A A <sFilter>> S rind. & Find next
a
= | Type ID  Message ~
@ 20030 parallel compilation is enabled and will use 2 of the 2 processors detected
@ 12021 Found 1 design units, including 1 entities, in source file adder_1212326.v
© 12127 Elaborating entity "Adder_1212326" for the top level hierarchy
@ 16010 Generating hard_block partition "hard_block:auto_generated_inst”
@ 21057 Implemented 25 device resources after synthesis - the final resource count might be different
i ] Quartus Prime Analysis & Synthesis was successful. 0 errors, 1 warning
g -
| ¢ >
2| system (1) Processing [10)

& 18°C Haze

Figure 3. N+2 Bit 4-to-1 Multiplexer Module Verilog Code

This module takes 4 data inputs 10, 11, 12, 13 of N+2 bits and one 2-bit select line input and based

on the select line input N+2 bit output is connected with respective input data line.



Mux 8-to-1 Code

module Mux8tol_1212326 # (parameter N=4) (10,11,12,13,14,15,16,17,S,Y);//define input and output, N by default is 4

input [N+1:0] 10,11,12,13,14,15,16,17;//N+2 bits data inputs of mux
input [2:0] S;//3 bit selection input of mux
output [N+1:0] Y;//N+2 mux output

assign Y = S[2] ? (S[1] ? (S[0] 2 17:16) : (S[0] ? 15:14)) : (S[1] ? (S[0] ? 13:12) : (S[0] ? 11:10));//mux implementation using

conditional statement
endmodule
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Figure 4. N+2 Bit 8-to-1 Multiplexer Module Verilog Code

This module takes 8 data inputs 10, 11, 12, 13, 14, 15, 16, 17 of N+2 bits and one 3-bit select line

input and based on the select line input N+2 bit output is connected with respective input data line.



Mux 4-to-1 1-Bit Code

module Mux4tol_1bit_1212326 (10,11,12,13,S,Y);//define input and output, N by default is 4
input 10,11,12,13;//N+2 bits data inputs of mux

input [1:0] S;//2 bit selection input of mux

output Y;//N+2 mux output

assign Y = S[1] ? (S[0] ? 13:12) : (S[0] ? 11:10);//mux implementation using conditional statement

endmodule
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Figure 5. 1-Bit 4-to-1 Multiplexer Module Verilog Code

This module takes 4 data inputs 10, 11, 12, 13 of 1-bits and one 2-bit select line input and based on

the select line input 1-bit output is connected with respective input data line.



Logic Unit Code

module LogicUnit_1212326 # (parameter N=4) (X,Y,1_4,1_5,1_6,l_7);//define input and output, N by default is 4

input [N-1:0] X,Y;//N bits inputs

output [N-1:0] 1_4,1_5,1_6,1_7;//N bits outputs of logic Unit

assign |_4 = ~(X&Y);//Bitwise NAND Gate
assign 1_5 = ~(X);//Bitwise NOT Gate
assign 1_6 = ~(X|Y);//Bitwise NOR Gate
assign 1_7 = X~Y;//Bitwise XOR Gate
endmodule
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This module takes the N bit X and Y inputs and gives the result of bitwise NAND, NOT, NOR

and XOR gate at the N bit output I_4, 1 _5,1_6, |_7 respectively.

d. Write a structural Verilog model for your ALU designed in Part (b) using

the elements you defined in Part (c).

ALU Code

module ALU_1212326 # (parameter N=4) (X,Y,C,0);//define input and output, N by default is 4
input [N-1:0] X,Y;//N bits inputs

input [2:0] C;//3 bit C input for different operation selection

output [N+1:0] O;//N+2 bits output

wire [N+1:0] A,B,S;//N+2 bits internal variable

wire Cin;//internal variable

wire [N-1:0]1_4,1_5,1_6,1_7;//N bits internal variable



/Imultiplexer module instantiation for Adder input A
Mux4tol_1212326 #(.N(N)) Mux4tol_X(.I0({>X[N-1],X[N-1],X}),
JLEXIN-1],X[N-1],X3),. 12({X[N-
1], X[N-1],X[N-1],X[N-1:11}),
A3({XIN-1],X[N-
11.X3),.S(C[1:0]).- Y (A);
/Imultiplexer module instantiation for Adder input B
Mux4tol_1212326 #(.N(N)) Mux4tol_Y(.I0({Y[N-1],Y[N-1],Y}),
JLEYIN-11,YIN-11, Y}, . 12({Y[N-
l],Y[N-l],Y}),
A3(~({Y[N-1],Y[N-1],Y[N-1],Y[N-
1:113)).-S(C[1:0]).. Y (B));
/Imultiplexer module instantiation for Adder input Cin
Mux4tol_1bit 1212326 Mux4tol_Cin (.10(1'00),.11(1'00),.12(1'b0),.13(1'b1),.S(C[1:0]),.Y(Cin));
/IAdder module instantiation
Adder_1212326 #(.N(N)) Adder(.A(A),.B(B),.Cin(Cin),.Sum(S));
/[Logic Unit Module instantiations
LogicUnit_1212326 #(.N(N)) logicUnit(.X(X),.Y(Y),.I_4(1_4),.1_5(1_5),.1_6(1_6),.1_7(1_7));
/IMultplexer module instantiation for output O
Mux8tol_1212326 #(.N(N)) MUX8tol_O(.I0({S[N+1],S[N+1:11}),.IL({S[N:0],1'b0}),
12(S),.13(S),
J4({I_4[N-1],1_4[N-
11,1_43),.I5({1_5[N-1],I_5[N-1],1_5}),
A6({I_6[N-1],I_6[N-
11,1_63), 17({1_7[N-1],I_7[N-1],1_7}),.S(C),.Y(O));

endmodule
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Figure 7. Structural ALU Module Verilog Code

In this module all sub module are instantiate and connected as according to the diagram that are
mentioned in the part b. This is structural main module code of ALU. In this module N value is by
default 4 and it can be change to any value.



€. Generate the waveforms of the ALU defined in Part (d), assumes that X
and Y are 4-bits and their values based on your student ID should be set
as follows: The general representation of the student ID is
1C2Y2X2C1Y 1 X1, S0, student ID is 1212326, then X, Y, and C values for
the three test cases as follows:

Table 1. Structural Test Case Table

Test X Y C O
1 X1=6 Y1l=2 Cl1=3 6-(2/2)=5
2 X2=2 Y2=1 Cc2=2 (2/2)+1=2
3 X3 =-6 Y3=-2 C3=2 (-6/2) + (-2) =-5
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Figure 8. Structural ALU Module Simulation

This is the simulation of structural ALU code, in this simulation first 100 ns simulation is for X-
(Y/2), from 100 ns to 300 ns simulation is for (X/2)+Y. Result of this simulation is same as the
table mentioned above.



f. Write a single behavioral Verilog module that models the designed ALU.
ALU Behavioral Code

module alu_behavioral_1212326 # (parameter N=4) (X,Y,C,0);//define input and output, N by default is 4
input [N-1:0] X,Y;//N bits inputs
input [2:0] C;//3 bit C input for different operation selection
output reg [N+1:0] O;//N+2 bits output
reg [N:0] SO;//internal variable for addition
always @(*)
begin
case (C)
3'h000:

begin

SO = X+Y; [IX+Y

O = {SO[N],SO[N],SO[N:11}; //(X+Y)/2

end
3'h001:

O = {X+Y,1'b0}; 112*(X+Y)
3'h010:

O = {X[N-1],X[N-1],X[N-1:1]} + {Y[N-1],Y}; /[(X/2)+Y
3'h011:

O = {X[N-1],X[N-11,X} - {Y[N-1],Y[N-1],Y[N-1],Y[N-1:1]}; //X-(Y/2)
3'h100:

O = ~({X[N-1],X[N-1],X} & {Y[N-1],Y[N-1],Y});// X NAND Y
3'h101:

O = ~({X[N-1],X[N-1],X});//INOT(X)
3'h110:

O = ~({X[N-11,X[N-11,X} | {Y[N-1],Y[N-11,Y});//X NOR Y
3'b111:

O = {X[N-1],X[N-1],X} ~ {Y[N-1],Y[N-1],Y};//X XOR Y
endcase
end

endmodule
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Figure 9. Behavioral ALU Module Verilog Code



This is behavioral code for the ALU, in this code a case statement is implemented which is

performing the different operation of the ALU based on the value of C selection input. In each

case different operation of ALU is defined and it will give output based on the changing of any
input signal.

g. Generate the waveforms of the behavioral ALU defined in Part (f),

assumes that X and Y are 4-bits and their values based on your student

ID should be set as follows: The general representation of the student 1D

IS 1C2Y2X2C1Y1X1, so, if your student ID is 1212326, then X, Y, and C

values for the three test cases as follows:

Table 2. Behavioral Test Case Table

Test X Y C O
1 X1=6 Y1=2 C1=3 6-(2/2)=5
2 X2=2 Y2=1 C2=2 (22)+1=2
3 X3 =-6 Y3=-2 C3=2 (-6/2) + (-2)=-5
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Figure 10. Behavioral ALU Module Simulation



This is the simulation of behavioral ALU code, in this simulation first 100 ns simulation is for X-
(Y/2), from 100 ns to 300 ns simulation is for (X/2)+Y. Result of this simulation is same as the

table mentioned above.



