Q1)
a) /////////////// AND BEHAVIOURAL SCHEME
module andgate(a,b);
input [1:0] a;
output reg b;
always@(a)
begin
case(a)
2'b11:b=1'b1;
default:b=1'b0;
endcase
end
endmodule
//////////////// XOR BEHAVIOURAL SCHEME
module xorgate(a,b);
input [1:0] a;
output reg b;
always@(a)
begin
case(a)
2'b00:b=1'b0;
2'b11:b=1'b0;
default:b=1'b1;
endcase
end
endmodule

b) /////////////// HALF ADDER STRUCTUAL MODELLING
module xor1(input a, b, output s);
xorgate (a, b,s);
endmodule 

module and1(input a, b, output c);
andgate (a, b,c);
endmodule 

module half_adder (input a, b, output s, c);
xor1 u1(a, b, s);		// s->sum
and1 u2(a, b, c);	// c->carry
endmodule

/////////////// TESTBENCH
module half_adder_verilog_tb();
reg a, b;
wire s, c;
half_adder dut (.a(a), .b(b), .s(s), .c(c));

initial
begin
a = 1'b0;
b = 1'b0;
#50;
a = 1'b0;
b = 1'b1;
#50;
a = 1'b1;
b = 1'b0;
#50;
a = 1'b1;
b = 1'b1;
end
endmodule

c) ////////////////// FULL ADDER USING 2 HALF ADDERs AND 1 OR GATE
///////////////// OR GATE MODULE
module orgate(a,b,c);
    output c;
    input a,b;
    assign c = (a | b);
endmodule
//////////////////  FULL ADDER MODULE
module full_adder( A, B, Cin, Sum, Cout );
    input A;
    input B;
    input Cin;
    output Sum;
    output Cout;
    wire ha1_sum;
    wire ha2_sum;
    wire ha1_carry;
    wire ha2_carry;
    wire Sum;
    wire Cout;
//Instantiate the half adder 1
    half_adder  ha1( .a(A), .b(B), .s(ha1_sum), .c(ha1_carry) );
 //Instantiate the half adder 2
    half_adder  ha2( .a(Cin), .b(ha1_sum), .s(ha2_sum), .c(ha2_carry) );
//sum output from 2nd half adder is connected to full adder output
    assign Sum = ha2_sum;  
//The carry's from both the half adders are OR'ed to get the final carry./
    assign Cout = ha1_carry | ha2_carry;
endmodule


///////////////////////// TESTBENCH
module tb_fullAdd;
// Inputs
    reg A;
    reg B;
    reg Cin;
// Outputs
    wire Sum;
    wire Cout;
// Instantiate the Unit Under Test (UUT)
    full_adder uut ( .A(A), .B(B), .Cin(Cin), .Sum(Sum), .Cout(Cout) );

initial begin
//Apply inputs. 8 combinations of inputs are possible.
       A = 0;  B = 0;  Cin = 0;  #100;
        A = 0;  B = 0;  Cin = 1;  #100;
        A = 0;  B = 1;  Cin = 0;  #100;
        A = 0;  B = 1;  Cin = 1;  #100;
        A = 1;  B = 0;  Cin = 0;  #100;
        A = 1;  B = 0;  Cin = 1;  #100;
        A = 1;  B = 1;  Cin = 0;  #100;
        A = 1;  B = 1;  Cin = 1;  #100;
end     
endmodule
//////////////////////////////////////////






Q2) //////////////// 4 BIT RIPPLE CARRY ADDER
module ripple_adder_4bit ( output [3:0] Sum, output Cout, input [3:0] A,B, input Cin );
wire c1,c2,c3;
full_adder FA1(Sum[0],c1,A[0],B[0],Cin),
    FA2(Sum[1],c2,A[1],B[1],c1),
    FA3(Sum[2],c3,A[2],B[2],c2),
    FA4(Sum[3],Cout,A[3],B[3],c3);
endmodule
/////////////////Test Bench for 4 Bit Ripple Carry Adder
module test_ripple_adder_4bit; 
reg [3:0] A;
reg [3:0] B;
reg Cin;
wire [3:0] Sum;
wire Cout;
ripple_adder_4bit uut ( .Sum(Sum), .Cout(Cout), .A(A), .B(B), .Cin(Cin) );
initial begin
A = 0;
B = 0;
Cin = 0;
#100;        
A=4'b0001;B=4'b0000;Cin=1'b0;
#10 A=4'b1010;B=4'b0011;Cin=1'b0;
#10 A=4'b1101;B=4'b1010;Cin=1'b1;
end 
initial begin
$monitor("time=",$time,, "A=%b B=%b Cin=%b : Sum=%b Cout=%b",A,B,Cin,Sum,Cout); 
end
endmodule
//////////////////////////

Q3) ///////// FULL SUBTRACTOR USING GATE LEVEL PRIMITIVES
module fs(a, b, c, borrow, difference);
input a;
input b;
input c;
output borrow;
output difference;
wire d,e,f;
xor(difference,a,b,c);
and(d,~a,b);
and(e,b,c);
and(f,~a,c);
or(borrow,d,e,f);
endmodule
//////////////////// TESTBENCH
module fullsubt_b;
reg a;
reg b;
reg c;
wire borrow;
wire difference;
fs uut (.a(a),  .b(b),.c(c),.borrow(borrow),.difference(difference)  );

initial begin
#10 a=1’b0;b=1’b0;c=1’b0;
#10 a=1’b0;b=1’b0;c=1’b1;
#10 a=1’b0;b=1’b1;c=1’b0;
#10 a=1’b0;b=1’b1;c=1’b1;
#10 a=1’b1;b=1’b0;c=1’b0;
#10 a=1’b1;b=1’b0;c=1’b1;
#10 a=1’b1;b=1’b1;c=1’b0;
#10 a=1’b1;b=1’b1;c=1’b1;
#10$stop;
end
endmodule

Q4) //////////// 4BIT ADDER CUM SUBTRACTOR
module adder_subtactor_4bit ( a ,b ,sel ,dout );
output [3:0] dout ;
input [3:0] a ;
input [3:0] b ;
input sel ;   
wire [3:0]m;
wire [3:0]n;
adder_4bit u0  (.a (a), .b (b), .sum (m));
subtractor_4bit u1 (.a(a), .b(b), .diff (n));
mux_4bit u2 (.a(m), .b(n), .sel(sel), .dout(dout));
endmodule
/////////// 4BIT ADDER
module adder_4bit ( a ,b ,sum ,carry );
output [3:0] sum ;
output carry ;
input [3:0] a ;
input [3:0] b ; 
wire [2:0]s;
full_adder u0 (a[0],b[0],1'b0,sum[0],s[0]);
full_adder u1 (a[1],b[1],s[0],sum[1],s[1]);
full_adder u2 (a[2],b[2],s[1],sum[2],s[2]);
full_adder u3 (a[3],b[3],s[2],sum[3],carry);
endmodule

////////// 4BIT SUBTRACTOR
module subtractor_4bit ( a ,b ,diff ,borrow );
output [3:0] diff ;
output borrow ;
input [3:0] a ;
input [3:0] b ; 
wire [2:0]s; 
full_adder u0 (a[0],b[0],1'b1,diff[0],s[0]);
full_adder u1 (a[1],b[1],s[0],diff[1],s[1]);
full_adder u2 (a[2],b[2],s[1],diff[2],s[2]);
full_adder u3 (a[3],b[3],s[2],diff[3],borrow);
endmodule
//////////////// FULL ADDER
module full_adder ( a ,b ,c ,sum ,carry );
output sum ;
output carry ;
input a ;
input b ;
input c ; 
assign sum = a ^ b ^ c;  
assign carry = (a&b) | (b&c) | (c&a);
endmodule  
////////////// 2:1 MUX
module mux_4bit ( a ,b , sel, dout );
output [3:0]dout ;
input [3:0]a ;
input [3:0]b ;
input sel ;  
assign dout = sel ? b : a;
endmodule


/////////////// TESTBENCH
module add_sub_tb;
reg [3:0] a;
reg [3:0] b;
wire sel;
wire [3:0] dout;
adder_subtactor_4bit uut (.a(a),  .b(b),.sel(sel),.dout(dout) );

initial begin
#10 a=4’b0101;b=4’b0100;sel=1’b0;
#10 a=4’b0101;b=4’b0100;sel=1’b1;
#10 a=4’b1110;b=4’b0010;sel=1’b0;
#10 a=4’b1110;b=4’b0010;sel=1’b1;
#10 a=4’b1001;b=4’b0011;sel=1’b0;
#10 a=4’b1001;b=4’b0011;sel=1’b1;
#10$stop;
end 
endmodule
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