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Appendix A 

 

Source Code, Simulation Result and RTL View for a 1-bit D Flip-flop with 

Synchronous Set and Reset 
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Source Code for a 1-bit D flip-flop with synchronous set and reset: 
 
//Define a 1-bit D flip-flop with synchronous set and reset 
module d_ff (q, clk, d, set, rst); 
 
//I/O port declarations 
output q; 
input clk, d, set, rst; 
reg q; 
 
always @ (posedge clk) 
 begin 
  if (rst = = 0) q = 0; 
  else if(set = = 0) q = 1; 
  else q = d; 
 end 
 
endmodule 
 
 
Simulation Result for a 1-bit D flip-flop with synchronous set and reset: 
 

 
 
RTL View for a 1-bit D flip-flop with synchronous set and reset: 
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Appendix B 

 

Source Code, Simulation Result and RTL View for a 1-bit Conventional Half Adder 
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Source Code for a 1-bit Conventional Half Adder: 
 
//Define a 1-bit half adder 
module halfadd (sum, cout, x, y); 
 
//I/O port declarations 
output sum, cout; 
input x, y; 
 
//Instantiate logic gate primitives 
xor (sum, x, y); 
and (cout, x, y); 
 
endmodule 
 
 
Simulation Result for a 1-bit Conventional Half Adder: 
 
 

 
 
RTL View for a 1-bit Conventional Half Adder: 
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Appendix C 

 

Source Code, Simulation Result and RTL View for a 1-bit Pipeline Half Adder 
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Source Code for a 1-bit Pipeline Half Adder: 
 
//Define a pipeline 1-bit half adder 
module halfadd_pl (sum, cout, clk, set, rst, x, y); 
 
//I/O port declarations 
output sum, cout; 
input clk, set, rst, x, y; 
 
//Internal nets 
wire x1, y1; 
 
//Instantiate logic gate primitives 
d_ff d1 (x1, clk, x, set, rst); 
d_ff d2 (y1, clk, y, set, rst); 
 
halfadd (sum, cout, x1, y1); 
 
endmodule 
 
 
Simulation Result for a 1-bit Pipeline Half Adder: 
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RTL View for a 1-bit Pipeline Half Adder: 
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Appendix D 

 

Source Code, Simulation Result and RTL View for a 1-bit Conventional Full Adder 
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Source Code for a 1-bit Conventional Full Adder: 
 
//Define a 1-bit full adder 
module fulladd (sum, cout, x, y, cin); 
 
//I/O port declarations 
output sum, cout; 
input x, y, cin; 
 
//Internal nets 
wire s1, s2, c1; 
 
//Instantiate logic gate primitives 
xor no1 (s1, x, y); 
and no2 (c1, x, y); 
xor no3 (sum, s1, cin); 
and no4 (s2, s1, cin); 
or no5 (cout, s2, c1); 
 
endmodule 
 
 
Simulation Result for a 1-bit Conventional Full Adder: 
 
 
 
 
 
 
 
 
 
 
 
 
 
RTL View for a 1-bit Conventional Full Adder: 
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Appendix E 

 

Source Code, Simulation Result and RTL View for A 1-bit Pipeline Full Adder 
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Source Code for a 1-bit Pipeline Full Adder: 
 
//Define a pipeline 1-bit full adder 
module fulladd_pl (sum, cout, clk, set, rst, x, y, cin); 
 
//I/O port declarations 
output sum, cout; 
input clk, set, rst, x, y, cin; 
 
//Internal nets 
wire x1, y1, cin1; 
 
//Instantiate logic gate primitives 
d_ff d1 (x1, clk, x, set, rst); 
d_ff d2 (y1, clk, y, set, rst); 
d_ff d3 (cin1, clk, cin, set, rst); 
 
fulladd (sum, cout, x1, y1, cin1); 
 
endmodule 
 
 
Simulation Result for a 1-bit Pipeline Full Adder: 
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RTL View for a 1-bit Pipeline Full Adder: 
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Appendix F 

 

Source Code, Simulation Result and RTL View for  

Conventional High Speed 8-bits x 8-bits Wallace Tree Multiplier 
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Source Code for Conventional High Speed 8-bits x 8-bits Wallace Tree Multiplier: 

 
// Define an 8-bits x 8-bits Conventional Wallace Tree multiplier 
module wallace_t(z, clk, set, rst, x, y); 
 
// I/O port declarations 
output [16:0] z; 
input [7:0] x, y; 
input clk, set, rst; 
 
// Internal nets 
reg [15:1] sh, ch; 
reg [49:1] sf, cf; 
reg [16:1] w; 
 
// Instantiate an 8-bits x 8-bits Wallace Tree multiplier 
 
d_ff d1 (w[1], clk, x[0], set, rst); 
d_ff d2 (w[2], clk, x[1], set, rst); 
d_ff d3 (w[3], clk, x[2], set, rst); 
d_ff d4 (w[4], clk, x[3], set, rst); 
d_ff d5 (w[5], clk, x[4], set, rst); 
d_ff d6 (w[6], clk, x[5], set, rst); 
d_ff d7 (w[7], clk, x[6], set, rst); 
d_ff d8 (w[8], clk, x[7], set, rst); 
 
d_ff d9 (w[9], clk, y[0], set, rst); 
d_ff d10 (w[10], clk, y[1], set, rst); 
d_ff d11 (w[11], clk, y[2], set, rst); 
d_ff d12 (w[12], clk, y[3], set, rst); 
d_ff d13 (w[13], clk, y[4], set, rst); 
d_ff d14 (w[14], clk, y[5], set, rst); 
d_ff d15 (w[15], clk, y[6], set, rst); 
d_ff d16 (w[16], clk, y[7], set, rst); 
 
halfadd ha1 (sh[1], ch[1], (w[1] & w[10]), (w[2] & w[9])); 
fulladd fa1 (sf[1], cf[1], (w[1] & w[11]), (w[2] & w[10]), (w[3] & w[9])); 
fulladd fa2 (sf[2], cf[2], (w[2] & w[11]), (w[3] & w[10]), (w[4] & w[9])); 
fulladd fa3 (sf[3], cf[3], (w[3] & w[11]), (w[4] & w[10]), (w[5] & w[9])); 
fulladd fa4 (sf[4], cf[4], (w[4] & w[11]), (w[5] & w[10]), (w[6] & w[9])); 
fulladd fa5 (sf[5], cf[5], (w[5] & w[11]), (w[6] & w[10]), (w[7] & w[9])); 
fulladd fa6 (sf[6], cf[6], (w[6] & w[11]), (w[7] & w[10]), (w[8] & w[9])); 
halfadd ha2 (sh[2], ch[2], (w[7] & w[11]), (w[8] & w[10])); 
 
 
 

 50



halfadd ha3 (sh[3], ch[3], (w[1] & w[13]), (w[2] & w[12])); 
fulladd fa7 (sf[7], cf[7], (w[1] & w[14]), (w[2] & w[13]), (w[3] & w[12])); 
fulladd fa8 (sf[8], cf[8], (w[2] & w[14]), (w[3] & w[13]), (w[4] & w[12])); 
fulladd fa9 (sf[9], cf[9], (w[3] & w[14]), (w[4] & w[13]), (w[5] & w[12])); 
fulladd fa10 (sf[10], cf[10], (w[4] & w[14]), (w[5] & w[13]), (w[6] & w[12])); 
fulladd fa11 (sf[11], cf[11], (w[5] & w[14]), (w[6] & w[13]), (w[7] & w[12])); 
fulladd fa12 (sf[12], cf[12], (w[6] & w[14]), (w[7] & w[13]), (w[8] & w[12])); 
halfadd ha4 (sh[4], ch[4], (w[7] & w[14]), (w[8] & w[13])); 
 
halfadd ha5 (sh[5], ch[5], ch[1], sf[1]); 
fulladd fa13 (sf[13], cf[13], cf[1], sf[2], (w[1] & w[12])); 
fulladd fa14 (sf[14], cf[14], cf[2], sf[3], sh[3]); 
fulladd fa15 (sf[15], cf[15], cf[3], sf[4], sf[7]); 
fulladd fa16 (sf[16], cf[16], cf[4], sf[5], sf[8]); 
fulladd fa17 (sf[17], cf[17], cf[5], sf[6], sf[9]); 
fulladd fa18 (sf[18], cf[18], cf[6], sh[2], sf[10]); 
fulladd fa19 (sf[19], cf[19], ch[2], sf[11], (w[8] & w[11])); 
 
halfadd ha6 (sh[6], ch[6], cf[7], (w[1] & w[15])); 
fulladd fa20 (sf[20], cf[20], cf[8], (w[1] & w[16]), (w[2] & w[15])); 
fulladd fa21 (sf[21], cf[21], cf[9], (w[2] & w[16]), (w[3] & w[15])); 
fulladd fa22 (sf[22], cf[22], cf[10], (w[3] & w[16]), (w[4] & w[15])); 
fulladd fa23 (sf[23], cf[23], cf[11], (w[4] & w[16]), (w[5] & w[15])); 
fulladd fa24 (sf[24], cf[24], cf[12], (w[5] & w[16]), (w[6] & w[15])); 
fulladd fa25 (sf[25], cf[25], ch[4], (w[6] & w[16]), (w[7] & w[15])); 
halfadd ha7 (sh[7], ch[7], (w[7] & w[16]), (w[8] & w[15])); 
 
halfadd ha8 (sh[8], ch[8], ch[5], sf[13]); 
halfadd ha9 (sh[9], ch[9], cf[13], sf[14]); 
fulladd fa26 (sf[26], cf[26], cf[14], sf[15], ch[3]); 
fulladd fa27 (sf[27], cf[27], cf[15], sf[16], sh[6]); 
fulladd fa28 (sf[28], cf[28], cf[16], sf[17], sf[20]); 
fulladd fa29 (sf[29], cf[29], cf[17], sf[18], sf[21]); 
fulladd fa30 (sf[30], cf[30], cf[18], sf[19], sf[22]); 
fulladd fa31 (sf[31], cf[31], cf[19], sf[12], sf[23]); 
halfadd ha10 (sh[10], ch[10], sh[4], sf[24]); 
halfadd ha11 (sh[11], ch[11], (w[8] & w[14]), sf[25]); 
 
halfadd ha12 (sh[12], ch[12], ch[8], sh[9]); 
halfadd ha13 (sh[13], ch[13], ch[9], sf[26]); 
halfadd ha14 (sh[14], ch[14], cf[26], sf[27]); 
fulladd fa32 (sf[32], cf[32], cf[27], sf[28], ch[6]); 
fulladd fa33 (sf[33], cf[33], cf[28], sf[29], cf[20]); 
fulladd fa34 (sf[34], cf[34], cf[29], sf[30], cf[21]); 
fulladd fa35 (sf[35], cf[35], cf[30], sf[31], cf[22]); 
fulladd fa36 (sf[36], cf[36], cf[31], sh[10], cf[23]); 
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fulladd fa37 (sf[37], cf[37], ch[10], sh[11], cf[24]); 
fulladd fa38 (sf[38], cf[38], ch[11], sh[7], cf[25]); 
halfadd ha15 (sh[15], ch[15], ch[7], (w[8] & w[16])); 
 
fulladd fa39 (sf[39], cf[39], 1'b0, ch[12], sh[13]); 
fulladd fa40 (sf[40], cf[40], cf[39], ch[13], sh[14]); 
fulladd fa41 (sf[41], cf[41], cf[40], ch[14], sf[32]); 
fulladd fa42 (sf[42], cf[42], cf[41], cf[32], sf[33]); 
fulladd fa43 (sf[43], cf[43], cf[42], cf[33], sf[34]); 
fulladd fa44 (sf[44], cf[44], cf[43], cf[34], sf[35]); 
fulladd fa45 (sf[45], cf[45], cf[44], cf[35], sf[36]); 
fulladd fa46 (sf[46], cf[46], cf[45], cf[36], sf[37]); 
fulladd fa47 (sf[47], cf[47], cf[46], cf[37], sf[38]); 
fulladd fa48 (sf[48], cf[48], cf[47], cf[38], sh[15]); 
fulladd fa49 (sf[49], cf[49], cf[48], ch[15], 1'b0); 
 
assign z[0] = w[1] & w[9]; 
 
d_ff d17 (z[1], clk, sh[1], set, rst); 
d_ff d18 (z[2], clk, sh[5], set, rst); 
d_ff d19 (z[3], clk, sh[8], set, rst); 
d_ff d20 (z[4], clk, sh[12], set, rst); 
d_ff d21 (z[5], clk, sf[39], set, rst); 
d_ff d22 (z[6], clk, sf[40], set, rst); 
d_ff d23 (z[7], clk, sf[41], set, rst); 
d_ff d24 (z[8], clk, sf[42], set, rst); 
d_ff d25 (z[9], clk, sf[43], set, rst); 
d_ff d26 (z[10], clk, sf[44], set, rst); 
d_ff d27 (z[11], clk, sf[45], set, rst); 
d_ff d28 (z[12], clk, sf[46], set, rst); 
d_ff d29 (z[13], clk, sf[47], set, rst); 
d_ff d30 (z[14], clk, sf[48], set, rst); 
d_ff d31 (z[15], clk, sf[49], set, rst); 
d_ff d32 (z[16], clk, cf[49], set, rst); 
 
endmodule 
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Simulation Result for Conventional High Speed 8-bits x 8-bits Wallace Tree 
Multiplier: 
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RTL View for Conventional High Speed 8-bits x 8-bits Wallace Tree Multiplier: 
 
 
Page 1 of 4: 
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RTL View for Conventional High Speed 8-bits x 8-bits Wallace Tree Multiplier: 
 
 
Page 2 of 4: 
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RTL View for Conventional High Speed 8-bits x 8-bits Wallace Tree Multiplier: 
 
 
Page 3 of 4: 
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RTL View for Conventional High Speed 8-bits x 8-bits Wallace Tree Multiplier: 
 
 
Page 4 of 4: 
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Appendix G 

 

Source Code, Simulation Result and RTL View for  

Pipeline High Speed 8-bits x 8-bits Wallace Tree Multiplier  
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Source Code for Pipeline High Speed 8-bits x 8-bits Wallace Tree Multiplier: 
 
// Define an 8-bits x 8-bits Pipeline Wallace Tree multiplier 
module wallace_t_pl(z, clk, set, rst, x, y); 
 
// I/O port declarations 
output [16:0] z; 
input [7:0]  x, y; 
input clk, set, rst; 
 
// Internal nets 
reg [15:1] sh, ch; 
reg [49:1] sf, cf; 
reg [16:1] w; 
 
// Instantiate an 8-bits x 8-bits Wallace Tree multiplier 
 
d_ff d1 (w[1], clk, x[0], set, rst); 
d_ff d2 (w[2], clk, x[1], set, rst); 
d_ff d3 (w[3], clk, x[2], set, rst); 
d_ff d4 (w[4], clk, x[3], set, rst); 
d_ff d5 (w[5], clk, x[4], set, rst); 
d_ff d6 (w[6], clk, x[5], set, rst); 
d_ff d7 (w[7], clk, x[6], set, rst); 
d_ff d8 (w[8], clk, x[7], set, rst); 
 
d_ff d9 (w[9], clk, y[0], set, rst); 
d_ff d10 (w[10], clk, y[1], set, rst); 
d_ff d11 (w[11], clk, y[2], set, rst); 
d_ff d12 (w[12], clk, y[3], set, rst); 
d_ff d13 (w[13], clk, y[4], set, rst); 
d_ff d14 (w[14], clk, y[5], set, rst); 
d_ff d15 (w[15], clk, y[6], set, rst); 
d_ff d16 (w[16], clk, y[7], set, rst);  
 
halfadd ha1 (sh[1], ch[1], (w[1] & w[10]), (w[2] & w[9])); 
fulladd fa1 (sf[1], cf[1], (w[1] & w[11]), (w[2] & w[10]), (w[3] & w[9])); 
fulladd fa2 (sf[2], cf[2], (w[2] & w[11]), (w[3] & w[10]), (w[4] & w[9])); 
fulladd fa3 (sf[3], cf[3], (w[3] & w[11]), (w[4] & w[10]), (w[5] & w[9])); 
fulladd fa4 (sf[4], cf[4], (w[4] & w[11]), (w[5] & w[10]), (w[6] & w[9])); 
fulladd fa5 (sf[5], cf[5], (w[5] & w[11]), (w[6] & w[10]), (w[7] & w[9])); 
fulladd fa6 (sf[6], cf[6], (w[6] & w[11]), (w[7] & w[10]), (w[8] & w[9])); 
halfadd ha2 (sh[2], ch[2], (w[7] & w[11]), (w[8] & w[10])); 
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halfadd ha3 (sh[3], ch[3], (w[1] & w[13]), (w[2] & w[12])); 
fulladd fa7 (sf[7], cf[7], (w[1] & w[14]), (w[2] & w[13]), (w[3] & w[12])); 
fulladd fa8 (sf[8], cf[8], (w[2] & w[14]), (w[3] & w[13]), (w[4] & w[12])); 
fulladd fa9 (sf[9], cf[9], (w[3] & w[14]), (w[4] & w[13]), (w[5] & w[12])); 
fulladd fa10 (sf[10], cf[10], (w[4] & w[14]), (w[5] & w[13]), (w[6] & w[12])); 
fulladd fa11 (sf[11], cf[11], (w[5] & w[14]), (w[6] & w[13]), (w[7] & w[12])); 
fulladd fa12 (sf[12], cf[12], (w[6] & w[14]), (w[7] & w[13]), (w[8] & w[12])); 
halfadd ha4 (sh[4], ch[4], (w[7] & w[14]), (w[8] & w[13])); 
 
halfadd_pl ha5 (sh[5], ch[5], clk, set, rst, ch[1], sf[1]); 
fulladd_pl fa13 (sf[13], cf[13], clk, set, rst, cf[1], sf[2], (x[0] & y[3])); 
fulladd_pl fa14 (sf[14], cf[14], clk, set, rst, cf[2], sf[3], sh[3]); 
fulladd_pl fa15 (sf[15], cf[15], clk, set, rst, cf[3], sf[4], sf[7]); 
fulladd_pl fa16 (sf[16], cf[16], clk, set, rst, cf[4], sf[5], sf[8]); 
fulladd_pl fa17 (sf[17], cf[17], clk, set, rst, cf[5], sf[6], sf[9]); 
fulladd_pl fa18 (sf[18], cf[18], clk, set, rst, cf[6], sh[2], sf[10]); 
fulladd_pl fa19 (sf[19], cf[19], clk, set, rst, ch[2], sf[11], (x[7] & y[2])); 
 
halfadd_pl ha6 (sh[6], ch[6], clk, set, rst, cf[7], (x[0] & y[6])); 
fulladd_pl fa20 (sf[20], cf[20], clk, set, rst, cf[8], (x[0] & y[7]), (x[1] & y[6])); 
fulladd_pl fa21 (sf[21], cf[21], clk, set, rst, cf[9], (x[1] & y[7]), (x[2] & y[6])); 
fulladd_pl fa22 (sf[22], cf[22], clk, set, rst, cf[10], (x[2] & y[7]), (x[3] & y[6])); 
fulladd_pl fa23 (sf[23], cf[23], clk, set, rst, cf[11], (x[3] & y[7]), (x[4] & y[6])); 
fulladd_pl fa24 (sf[24], cf[24], clk, set, rst, cf[12], (x[4] & y[7]), (x[5] & y[6])); 
fulladd_pl fa25 (sf[25], cf[25], clk, set, rst, ch[4], (x[5] & y[7]), (x[6] & y[6])); 
halfadd ha7 (sh[7], ch[7], (w[7] & w[16]), (w[8] & w[15])); 
 
halfadd_pl ha8 (sh[8], ch[8], clk, set, rst, ch[5], sf[13]); 
halfadd_pl ha9 (sh[9], ch[9], clk, set, rst, cf[13], sf[14]); 
fulladd_pl fa26 (sf[26], cf[26], clk, set, rst, cf[14], sf[15], ch[3]); 
fulladd_pl fa27 (sf[27], cf[27], clk, set, rst, cf[15], sf[16], sh[6]); 
fulladd_pl fa28 (sf[28], cf[28], clk, set, rst, cf[16], sf[17], sf[20]); 
fulladd_pl fa29 (sf[29], cf[29], clk, set, rst, cf[17], sf[18], sf[21]); 
fulladd_pl fa30 (sf[30], cf[30], clk, set, rst, cf[18], sf[19], sf[22]); 
fulladd_pl fa31 (sf[31], cf[31], clk, set, rst, cf[19], sf[12], sf[23]); 
halfadd_pl ha10 (sh[10], ch[10], clk, set, rst, sh[4], sf[24]); 
halfadd_pl ha11 (sh[11], ch[11], clk, set, rst, (x[7] & y[5]), sf[25]); 
 
halfadd_pl ha12 (sh[12], ch[12], clk, set, rst, ch[8], sh[9]); 
halfadd_pl ha13 (sh[13], ch[13], clk, set, rst, ch[9], sf[26]); 
halfadd_pl ha14 (sh[14], ch[14], clk, set, rst, cf[26], sf[27]); 
fulladd_pl fa32 (sf[32], cf[32], clk, set, rst, cf[27], sf[28], ch[6]); 
fulladd_pl fa33 (sf[33], cf[33], clk, set, rst, cf[28], sf[29], cf[20]); 
fulladd_pl fa34 (sf[34], cf[34], clk, set, rst, cf[29], sf[30], cf[21]); 
fulladd_pl fa35 (sf[35], cf[35], clk, set, rst, cf[30], sf[31], cf[22]); 
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fulladd_pl fa36 (sf[36], cf[36], clk, set, rst, cf[31], sh[10], cf[23]); 
fulladd_pl fa37 (sf[37], cf[37], clk, set, rst, ch[10], sh[11], cf[24]); 
fulladd_pl fa38 (sf[38], cf[38], clk, set, rst, ch[11], sh[7], cf[25]); 
halfadd_pl ha15 (sh[15], ch[15], clk, set, rst, ch[7], (x[7] & y[7])); 
 
fulladd_pl fa39 (sf[39], cf[39], clk, set, rst, 1'b0, ch[12], sh[13]); 
fulladd_pl fa40 (sf[40], cf[40], clk, set, rst, cf[39], ch[13], sh[14]); 
fulladd_pl fa41 (sf[41], cf[41], clk, set, rst, cf[40], ch[14], sf[32]); 
fulladd_pl fa42 (sf[42], cf[42], clk, set, rst, cf[41], cf[32], sf[33]); 
fulladd_pl fa43 (sf[43], cf[43], clk, set, rst, cf[42], cf[33], sf[34]); 
fulladd_pl fa44 (sf[44], cf[44], clk, set, rst, cf[43], cf[34], sf[35]); 
fulladd_pl fa45 (sf[45], cf[45], clk, set, rst, cf[44], cf[35], sf[36]); 
fulladd_pl fa46 (sf[46], cf[46], clk, set, rst, cf[45], cf[36], sf[37]); 
fulladd_pl fa47 (sf[47], cf[47], clk, set, rst, cf[46], cf[37], sf[38]); 
fulladd_pl fa48 (sf[48], cf[48], clk, set, rst, cf[47], cf[38], sh[15]); 
fulladd_pl fa49 (sf[49], cf[49], clk, set, rst, cf[48], ch[15], 1'b0); 
 
assign z[0] = w[1] & w[9]; 
 
d_ff d17 (z[1], clk, sh[1], set, rst); 
d_ff d18 (z[2], clk, sh[5], set, rst); 
d_ff d19 (z[3], clk, sh[8], set, rst); 
d_ff d20 (z[4], clk, sh[12], set, rst); 
d_ff d21 (z[5], clk, sf[39], set, rst); 
d_ff d22 (z[6], clk, sf[40], set, rst); 
d_ff d23 (z[7], clk, sf[41], set, rst); 
d_ff d24 (z[8], clk, sf[42], set, rst); 
d_ff d25 (z[9], clk, sf[43], set, rst); 
d_ff d26 (z[10], clk, sf[44], set, rst); 
d_ff d27 (z[11], clk, sf[45], set, rst); 
d_ff d28 (z[12], clk, sf[46], set, rst); 
d_ff d29 (z[13], clk, sf[47], set, rst); 
d_ff d30 (z[14], clk, sf[48], set, rst); 
d_ff d31 (z[15], clk, sf[49], set, rst); 
d_ff d32 (z[16], clk, cf[49], set, rst); 
 
endmodule 
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Simulation result of the multiplication process by the high speed 8-bits x 8-bits Wallace Tree multiplier with pipelining 

 



 
RTL View for Pipeline High Speed 8-bits x 8-bits Wallace Tree Multiplier: 
 
 
Page 1 0f 4: 
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RTL View for Pipeline High Speed 8-bits x 8-bits Wallace Tree Multiplier: 
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RTL View for Pipeline High Speed 8-bits x 8-bits Wallace Tree Multiplier: 
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RTL View for Pipeline High Speed 8-bits x 8-bits Wallace Tree Multiplier: 
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