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4-bit Adder – GL (Hierarchical) 
module halfadder (S,C,x,y); 

   input x,y; 

   output S,C; 

//Instantiate primitive gates 

   xor (S,x,y); 

   and (C,x,y); 

endmodule 

module fulladder (S,C,x,y,z); 

   input x,y,z; 

   output S,C; 

   wire S1,D1,D2; //Outputs of 

//first XOR and two AND gates  

//Instantiate the halfadder  

    halfadder HA1 (S1,D1,x,y),  

                     HA2 (S,D2,S1,z); 

    or g1(C,D2,D1); 

endmodule 

module _4bit_adder (S,C4,A,B,C0); 

   input [3:0] A,B; 

   input C0; 

   output [3:0] S;  

   output C4; 

   wire C1,C2,C3;  //Intermediate carries 

//Instantiate the fulladder  

   fulladder  FA0 (S[0],C1,A[0],B[0],C0), 

                    FA1 (S[1],C2,A[1],B[1],C1), 

                   FA2 (S[2],C3,A[2],B[2],C2),  

                   FA3 (S[3],C4,A[3],B[3],C3); 

endmodule 

A vector of 4 bits 
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4-bit Adder – DF 

module binary_adder (A, B, Cin, SUM, Cout); 

endmodule 

input [3:0] A, B; 

input Cin; 

assign    {Cout, SUM} = A + B + Cin; 

output [3:0] SUM; 

output Cout; 
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Muxtri – GL 

module muxtri (A,B,select,OUT); 

   input   A,B,select; 

   output  OUT; 

   tri OUT; 

   bufif1(OUT,A,select); 

   bufif0(OUT,B,select); 

endmodule 
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4:1 MUX – BH 

module mux4x1_bh (i0,i1,i2,i3,select,y); 

   input i0,i1,i2,i3; 

   input [1:0] select; 

   output y; 

   reg y; 

   always @ (i0 or i1 or i2 or i3 or select)  

            case (select) 

               2'b00: y = i0; 

               2'b01: y = i1; 

               2'b10: y = i2; 

               2'b11: y = i3; 

            endcase 

endmodule 
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Agenda 
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Boolean Algebra 



Axioms 



Theorems 
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Theorems of Several Variables 
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Simplifying Boolean Equations 
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Synthesis Example 
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Some Definition 
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Sum-of-Products (SOP) Form 



Product-of-Sums (POS) Form 
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Boolean Equations Example 
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Basic Synthesis Example 



Other Circuits 
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DeMorgan’s Theorem 
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Bubble Pushing 



22 

Bubble Pushing and SOP 
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Bubble Pushing and POS 
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Bubble Pushing Rules 
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