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32-Bit ALU

It is required to construct and test a Verilog module for the 32-bit ALU described in Section 4.5 of your Computer Organization and Design textbook. The symbol for this ALU is shown below.
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The ALU should support the following five operations:

	ALU Operation
	Function
	Delay

	000
	And
	5

	001
	Or
	5

	010
	Add
	12

	110
	Subtract
	12

	111
	Set on less than
	12


Hint: You can construct this ALU using behavioral modeling similar to the code below.

//

// The following test module illustrates how to use the ALU below.

//

module test;

   wire [15:0] f;

   wire cout;

   reg [15:0] a, b;

   reg cin;

   reg [3:0] s;

   ALU alu1(f, cout, a, b, cin, s);

initial #100 $finish;

initial begin: Init

   $display ("time a b cin s f cout");

   $monitor ("%0d %h %h %b %b %h %b", $time, a, b, cin, s, f, cout);

   a = 16'h9111;

   b = 16'h6666;

   cin = 1'b0;

   s = 4'b0001;

end

endmodule

//

// 16-bit ALU

//

module ALU (f, cout, a, b, cin, s);

   output [15:0] f;

   output cout;

   reg [15:0] f, t;

   reg cout;

   input [15:0] a, b;

   input cin;

   input [3:0] s;

   always @(a or b or cin or s) begin

     #12;

     case (s)

       4'b0000: {cout, f} = a + cin;         // transfer A or increment A

       4'b0001: {cout, f} = a + b + cin;     // addition

       4'b0010: begin                        // subtraction

         t = ~b;

         {cout, f} = a + t + cin;

         end

       4'b0011:                              // decrement or transfer A

         if (cin == 1'b0)

           {cout, f} = a + 16'hffff;

         else

           {cout, f} = a;

       4'b0100: {cout, f} = a & b;           // and

       4'b0101: {cout, f} = a | b;           // or

       4'b0110: {cout, f} = a ^ b;           // xor

       4'b0111: {cout, f} = ~a;              // not

       4'b1000: {f, cout} = {1'b0, a, 1'b0} >> 1;  // shift right

       4'b1100: {cout, f} = a << 1;          // shift left

       default: {cout, f} = 17'bzzzzzzzzzzzzz;

     endcase

   end

endmodule
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