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1*4 16 */
module Ripplel(a,b,cin,s,cout);
input [15:0] a,b;

input cin;
output [15:0] s;
output cout;

wire [2:0] c;

CLA_4i0(.a(a[3:0]),.b(b[3:0]),.cin(cin),.s(s[3:0]),.cout(c[O]));
CLA_4il(.a(a[7:4]),.b(b[7:4]),.cin(c[0]),.s(s[7:4]),.cout(c[1]));
CLA_4i2(.a(a[11:8]),.b(b[11:8]),.cin(c[1]),.s(s[11:8]),.cout(c[2]));
CLA_4i3(.a(a[15:12]),.b(b[15:12]),.cin(c[2]),.S(s[15:12]),.cout(cout));

endmodule

/ 4
module CLA_4(a,b,cin,s,cout);
input [3:0] a,b;

input cin;
output [3:0] s;
output cout;

wire [2:0] ¢;
wire [3:0] Xx,y;

Circuit_A i0(.a(a[0]),.b(b[0]),.cin(cin),.p(X[0]),.g(y[0]),.s(s[0]));
Circuit_Ail(.a(a[1]),.b(b[1]),.cin(c[O]),.p(X[1]),.9(Y[1]),.S(S[1]));
Circuit_Ai2(.a(a[2]),.b(b[2]),.cin(c[1]),.p(X[2]),.9(Y[2]),.S(S[2]));
Circuit_A i3(.a(a[3]),.b(b[3]),.cin(c[2]),.p(X[3]),.9(Y[3]),.S(S[3]));

CLU_4i4(.p(x),.9(y),.cin(cin),.cout(cout),.c(c));

endmodule

-13-



/ 1

module Circuit_A (a,b,cin,p,qg,s);

input a,b,cin;

output S,p,9;

wire w0, wl, w2, w3, w4, w5;

assign w0 =~(a &b),

g =-~-wo,
wl = ~(a & wO0),
w2 = ~(b & wO0),

p =~(wl&w2),

w3 = ~(cin & p),
w4 = ~(cin & w3),
w5 = ~(p & w3),
s =~(w4 & wb);
endmodule
/ 4

module CLU_4 (p,g,cin,cout,c);

input [3:0] p,g;
input cin;
output cout;
output [2:0] c;

assign c[0] =g[0] | (cin & p[Q]),
c[1] =g[1] | (9[0] & p[1]) | (cin & p[0] & p[1]),
c[2] =9[2] | (9[1] & p[2]) | (9[0] & p[1] & p[2]) |
(cin & p[0] & p[1] & p[2]),
cout =g[3] | (9[2] & p[3]) | (9[1] & p[2] & p[3]) |
(9[0] & p[1] & p[2] & p[3]) | (cin & p[0] & p[1] & p[2] & p[3]);

endmodule
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/*8 16 */
module Ripple2(a,b,cin,cout,s);
input [15:0] a,b;

input cin;

output [15:0] s;

output cout;
wire cl;
CLA_8 i0 (.a(a[7:0]),.b(b[7:0]),.cin(cin),.cout(cl),.s(s[7:0]));

CLA_8 il (.a(a[15:8]),.b(b[15:8]),.cin(cl),.cout(cout),.s(s[15:8]));

endmodule

/ 8
module CLA_8 (a,b,cin,cout,s);
input [7:0] a,b;

input cin;

output [7:0] S;

output cout;

wire p0,p1,p2,p3,p4,p5,p6,p7,90,91,92,93,94,95,96,97,
c0,c1,c2,c3,c4,c5,c6;

Circuit_A i0 (.a(a[0]),.b(b[0]),.cin(cin),.p(p0),.g(g0),.s(s[0]));
Circuit_A il (.a(a[1]),.b(b[1]),.cin(cO),.p(pl),.9(gl),.s(s[1]));
Circuit_A i2 (.a(a2]),.b(b[2]),.cin(cl),.p(p2),.9(92),.5(s[2]));
Circuit_A i3 (.a(a[3]),.b(b[3]),.cin(c2),.p(p3),.9(93),.s(s[3]));
Circuit_A i4 (.a(af4]),.b(b[4]),.cin(c3),.p(p4),.9(g4),.s(s[4]));
Circuit_ A i5 (.a(a[5]),.b(b[5]),.cin(c4),.p(p5),.9(g5),.s(s[5]));
Circuit_ A i6 (.a(a[6]),.b(b[6]),.cin(c5),.p(p6),.9(g6),.5(s[6]));
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Circuit A

CLU 8

endmodule

17 (-a(a[7]),-b(b[7]),.cin(c6),.p(P7),-9(97),.s(s[7]));

18 (.90(90)..91(91),.92(92)..93(93)..94(94)..95(95),-96(96),.97(97),
-PO(p0),.p1(p1)..p2(p2),.p3(P3),.p4(p4),-p5(P5),.p6(PE),.p7(P7),
.cin(cin),.c0(c0),.c1(cl),.c2(c2),.c3(c3),.c4(c4),.c5(c5),.c6(c6),.c7(cout));

/

1

module Circuit_A (a,b,cin,p,qg,s);

input

output

a,b,cin;

Sp.9;

wire w0, wl, w2, w3, w4, w5;

assign w0 =~(a &b),

g =-~-wo,
wl = ~(a & wO0),
w2 = ~(b & wO0),

p =~(wl&w2),

w3 = ~(cin & p),
w4 = ~(cin & w3),
w5 = ~(p & w3),
s =~(w4 & wb);
endmodule
/ 8
module CLU_8

(90,01,92,93,94,05,96,97,p0,p1,p2,p3,p4,p5,p6,p7,cin,cO,cl,c2,c3,c4,c5,c6,c7);

input
input

input

90,91,02,93,94,95,96,97;
p0,p1,p2,p3,p4,p5,p6,p7;
cin;
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output c0,cl,c2,c3,c4,c5,c6,c7;

wire wO00,w01,w02,w03,w04,w05,w06,w07,w08,w09,w10,wll,wl2,wl13,wi4,wl5,
wl1l6,wl17,wi18,wl19,w20,w21,w22,w23,w24,w25w26,w27,w28w29,w30,w31,

w32,w33,w34,w35;

assign
w00 = cin & pO0, /lcO
w01l =90 & p1, /lcl

w02 = cin & p0 &pl,

w03 =91 & p2, lc2
w04 = g0 & pl1 & p2,
w05 =cin & p0 & pl & p2,

w06 = g2 & p3, /lc3
w07 =gl & p2 & p3,

w08 = g0 & pl1 & p2 & p3,

w09 =cin & p0 & pl & p2 & p3,

w10 =93 & p4, llc4
wll = g2 & p3 & p4,

wl2 =gl & p2 & p3 & p4,

wl3 =90 & pl & p2 & p3 & p4,

wl4 =cin & p0 & pl & p2 & p3 & p4,

w15 = g4 & p5, /lc5
w16 = g3 & p4 & p5,

wl7 =92 & p3 & p4 & p5,

wl8 =gl & p2 & p3 & p4 & p5,

wl9 =90 & pl & p2 & p3 & p4 & p5,

w20 =cin & p0 & pl & p2 & p3 & p4 & p5,
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w21 = g5 & p6, /lc6

w22 = g4 & p5 & p6,

w23 =093 & p4 & p5 & p6,

w24 =92 & p3 & p4 & p5 & p6,

w25 =91 & p2 & p3 & p4 & p5 & p6,

w26 =090 & pl & p2 & p3 & p4 & p5 & p6,
w27 =cin & p0 & pl& p2 & p3 & p4 & p5 & p6,

w28 = g6 & p7, llc7

w29 = g5 & p6 & p7,

w30 =94 & p5 & p6 & p7,

w31l =093 & p4 & p5 & p6 & p7,

w32 =02 & p3 & p4 & p5 & pb6 & p7,
w33=01&p2 & p3 & p4 & p5 & pb & p7,
w34=00&pl & p2 & p3 & p4 & p5 & pb6 & p7,
w35=¢cin & p0 & pl & p2 & p3 & p4 & p5 & p6 & p7,

c0 =g0 | w00,

cl=gl | wol ] wO2,

c2=9g2 | w03 | w04 | wo05,

c3=9g3 | w06 | wO7 | w08 | w09,

c4=9g4 | wl0 | wil | wil2 | wi3 | wl4,

c5=9g5] wl5 | wl6 | wil7 | wil8 | wi9 | w20,

c6=9g6 | w21 | w22 | w23 | w24 | w25 | w26 | w27,
c7=9g7 | w28 | w29 | w30 | w31 | w32 | w33 | w34 | wa35;

endmodule
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1*4 4
16

module Treel(a,b,cin,s,P,G);

input [15:0] a,b;

input cin;

output P,G;
output [15:0] s;
wire [3:0] p.g;
wire [2.0] ¢

CLA_4i0(.a(a[3:0]),.b(b[3:0]),.cin(cin),.s(s[3:0]),.P(p[0]),.G(a[0]));
CLA_4il(.a(a[7:4]),.b(b[7:4]),.cin(c[0]),.s(s[7:4]),.P(p[1]),-G(0[1]));
CLA_4i2(.a(a[11:8]),.b(b[11:8]),.cin(c[1]),.s(s[11:8]),.P(p[2]),-G(a[2]));
CLA_4i3(.a(a[15:12]),.b(b[15:12]),.cin(c[2]),.s(s[15:12]),.P(p[3]),-G(g[3]));

CLU_41i4(.p(p[3:0]),.9(g[3:0]),.cin(cin),.P(P),.G(G),.c(c[2:0]));

endmodule

*/

/ 4
module CLA_4(a,b,cin,s,cout);
input [3:0] a,b;

input cin;
output [3:0] s;
output cout;

wire [2:0] ¢;
wire [3:0] Xx,y;

Circuit_A i0(.a(a[0]),.b(b[0]),.cin(cin),.p(X[0]),.g(y[0]),.s(s[0]));
Circuit_Ail(.a(a[1]),.b(b[1]),.cin(c[O]),.p(X[1]),.9(Y[1]),.S(S[1]));
Circuit_Ai2(.a(a[2]),.b(b[2]),.cin(c[1]),.p(X[2]),.9(Y[2]),.S(S[2]));
Circuit_A i3(.a(a[3]),.b(b[3]),.cin(c[2]),.p(X[3]),.9(Y[3]),.S(S[3]));

CLU_4i4(.p(x),.9(y),.cin(cin),.cout(cout),.c(c));
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endmodule
/ 4
module CLU_4 (p,g,cin,cout,c);

input [3:0] p,g;
input cin;
output cout;
output [2:0] c;

assign c[0] =g[0] | (cin & p[Q]),
c[1] =g[1] | (9[0] & p[1]) | (cin & p[0] & p[1]),
c[2] =9[2] | (9[1] & p[2]) | (9[0] & p[1] & p[2]) |
(cin & p[0] & p[1] & p[2]),
cout =g[3] | (9[2] & p[3]) | (9[1] & p[2] & p[3]) |
(9[0] & p[1] & p[2] & p[3]) | (cin & p[0] & p[1] & p[2] & p[3]);

endmodule

-26 -



-27-

16

3.8

—wwp‘i%uww % T o —o iE
== _InilH.UI ——- Y =
_.vlr_.“_mﬂwr_ o f
[ _ o x_||nY__ W_H L
== —-—
Lo o1 Y A
= — iy
=t e
vlnﬂ?v —r— = =
(T O e )
(=
T g e 2
i et T
L JHT ! !
H | === i
=t
il
- Lo I =
1 =10 =="1 H
s T et g
|__|v o n_uﬂ_|v| £
B T |_IJI.IDLIr._.
=t
e S
———C— Wmmnvlv:
o
e [T I -
_._g__wuhmﬁuua_ir === :
= Iﬂﬂrﬂu w2 —C
o _..w e
Sl
e eI
= =i
— =
C =




3.9 4
16

-28 -



3.4 2 16

3.4 P G
Verilog-HDL 225 34.5
A
5 g /"\j]
d
l . v v ’
8bit CLA 8bit CLA
P " » P
. 2bit CLU |
P G Cin

3.10

-29-



[*
*/
module Tree2(a,b,cin,s,P,G);
input [15:0] a,b;

input cin;

output [15:0] s;
output P,G;

wire [1:0] p.g;

wire c;
CLA_8i0(.a(a[7:0]),.b(b[7:0]),.cin(cin),.P(p[0]),.G(g[O]),.s(s[7:0]));
CLA_8il(.a(a[15:8]),.b(b[15:8]),.cin(c),.P(p[1]),-G(g[1]),.s(s[15:8]));

CLU_2i2(.p0(p[0]),.g0(g[0D),.p1(p[1]),.91(g[1]),.cin(cin),.P(P),.G(G),.cout(c));
endmodule

/ 2 /
module CLU_2 (p0,g0,p1,g1,cin,P,G,cout);

input p0,p1,g0,91,cin;
output P,G,cout;

wire wl,w2;
assign wl = p0&cin,
cout =wl1]go,
P = p0&p1,
w2 =g0&pl,
G =w2]gl;
endmodule
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/*

module Tree3(a,b,cin,P,G,s);

input
input
output
output

wire

wire

Unit_Circuit A
Unit_Circuit A
Unit_Circuit A
Unit_Circuit A

Unit_Circuit A
Unit_Circuit A
Unit_Circuit A
Unit_Circuit A

Unit_Circuit A
Unit_Circuit A
Unit_Circuit A
Unit_Circuit A

Unit_Circuit A
Unit_Circuit A
Unit_Circuit A
Unit_Circuit A

Unit_Circuit B

[15:0] a,b;
cin;
P.G;

[15:0] s;

p0,p1,p2,p3,p4,p5,p6,p7,p8,p9,p10,p11,p12,p13,p14,p15,

00,91,92,93,04,95,06,07,08,99,010,011,912,913,914,915,

wil,w2 w3 ,w4,w5 w6 w7,w8 w9, wil0,wll,wl2 wi3,wl4,wl5;
[15:0] cout;

10 (-a(a[0]),-b(b[0]),.cin(cout[0]),.p(p0),.9(90),.s(s[0]));
i1 (-a(a[1]),.b(b[1]),.cin(cout[1]),.p(p1),.9(91),.s(s[1]);
12 (-a(a[2]),.b(b[2]),.cin(cout[2]),.p(p2),.9(92),-s(s[2]));
13 (-a(a[3]),-b(b[3]),.cin(cout[3]),.p(p3),.9(93),.s(s[3]));

i4 (.a(a[4]),.b(b[4]),.cin(cout[4]),.p(p4),.9(94),.5(s[4]));
15 (-a(a[5]),.b(b[5])..cin(cout[5]),.p(p5)..9(95)..s(s[5]));
i6 (-a(a[6]),.b(b[6])..cin(cout[6])..p(p6),.9(96)..s(s[6]));
i7 (-a(af7]),.b(b[7]),.cin(cout[7]),.p(p7),.9(97)..s(s[7]));

18 (-a(a[8]),.b(b[8])..cin(cout[8]),.p(p8),.9(98)..s(s[8]));
19 (-a(a[9]),.b(b[9])..cin(cout[9])..p(p9)..9(99)..s(s[9)));
i10(.a(a[10]),.b(b[10]),.cin(cout[10]),.p(p10),.9(g10),.s(s[10]));
i11(.a(a[11]),.b(b[11]),.cin(cout[11]),.p(p11),.9(g11),.s(s[11]));

i12(.a(a[12]),.b(b[12]),.cin(cout[12]),.p(p12),.9(g12),.5(S[12]));
i13(.a(a[13]),.b(b[13]),.cin(cout[13]),.p(p13),.9(g13),.5(s[13]));
i14(.a(a[14]),.b(b[14]),.cin(cout[14]),.p(p14),.0(g14),.5(s[14]));
i15(.a(a[15]),.b(b[15]),.cin(cout[15]),.p(p15),.0(g15),.S(S[15]));

i16(.cin(cin),.p0(p0),.p1(pl),.p2(p2),.p3(p3),
.g0(g0),.91(g1),.92(92),.93(g3),.cout(cout[3:0]),

*/



P(wl),.G(w2));

Unit_Circuit_B i17(.cin(w1l),.p0(p4),.p1(p5),.p2(p6),.p3(p7),
.g0(g4),.91(g5),.92(g6),.93(g7),.cout(cout[7:4]),
P(Ww3),.G(w4));

Unit_Circuit_B 118(.cin(w15),.p0(p8),.p1(p9),.p2(p10),.p3(p11),
.g0(g8),.91(g9),.g2(g10),.93(g11),.cout(cout[11:8]),
.P(W5),.G(w6));

Unit_Circuit_B i19(.cin(w14),.p0(p12),.p1(p13),.p2(p14),.p3(p15),
.00(912),.91(g13),.92(g14),.93(g15),.cout(cout[15:12]),
PWw7),.G(w8));

Unit_Circuit_C i20(.pO(w1),.p1(w3),.g0(w2),.91(w4),
.cin(cin),.P(w9),.G(w10),.cout(w1l));

Unit_Circuit_C i21(.pO(w5),.p1(w7),.g0(w6),.01(w8),
.cin(w15),.P(w12),.G(wl13),.cout(wl4));

Unit_Circuit_C i22(.p0(w9),.p1(w12),.g0(w10),.g1l(w13),
.cin(cin),.P(P),.G(G),.cout(w15));
endmodule

/ 1

module Circuit_A (a,b,cin,p,qg,s);

input a,b,cin;

output S,p,9;

wire wO, wl, w2, w3, w4, wb5;

assign w0 =~(a &b),

g =-~-wo,
wl = ~(a & wO0),
w2 = ~(b & wO0),

p =~(wl&w2),

w3 = ~(cin & p),
w4 = ~(cin & w3),
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w5 = ~(p & w3),
s =~(w4 & wb);

endmodule

/

2

module Unit_Circuit_B (cin,p0,p1,p2,p3,90,91,92,93,P,G,cout);

assign

input p0,pl1,p2,p3,90,91,92,93,cin;
output P,G;
output [3:0] cout;

P=p0&pl&p2&ps3,

G=93](P3&g2) | (P3&p2&gl) | (pP3 & p2 & pl & g0),
cout[0] = cin,

cout[1] = g0 ] (cin & p0),

cout[2] =gl | (90 & pl) | (cin & p0 & pl),

cout[3]1=92 | (01 & p2) | (90 & pl & p2) | (cin & p0 & pl & p2);

endmodule

/

2

module Unit_Circuit_C(p0,g0,p1,g1,cin,P,G,cout);

input p0,p1,g0,91,cin;
output P,G,cout;

wire wil,w2;

assign w1l = p0&cin,
cout =wl]go,
P = p0&p1,
w2 = g0&p1,
G =w2]9g1;

endmodule
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3.6 Carry Select Adder
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/%16 */
module CSA(a,b,cin,P,G,s);

input [15:0] a,b;

input cin;
output [15:0] s;
output P,G;

wire [15:0] sO;
wire pl,p2,p3,p4,01,02,93,94;

wire carryl,carry2,carry3;

CLA 0 (.a(a[3:0]),.b(b[3:0]),.s0(s0[3:0]),.P(p1),.G(91));

CLA il (.a(a[7:4]),.b(b[7:4]),.s0(s0[7:4]),.P(p2),.G(92));

CLA i2 (.a(a[11:8]),.b(b[11:8]),.s0(s0[11:8]),.P(p3),.G(g3));
CLA i3 (.a(a[15:12]),.b(b[15:12]),.s0(s0[15:12]),.P(P),.G(G));

Carry i4 (.cin(cin),.p1(pl),.p2(p2),.p3(p3),.91(g1),.902(92),.93(g3),
.carryl(carryl),.carry2(carry2),.carry3(carry3));

mux 5 (.x(s[3:0]),.a(s0[3:0]),.cin(cin));

mux 6 (.x(s[7:4]),.a(s0[7:4]),.cin(carryl));
mux 7 (.x(s[11:8]),.a(s0[11:8]),.cin(carry2));
mux 18 (.x(s[15:12]),.a(s0[15:12]),.cin(carry3));

endmodule

I* 4 */
module CLA (a,b,s0,P,G);
input  [3:0] a,b;

output [3:0] s0;
output P,G;

wire c00,c10,c20,p0,p1,p2,p3,90,91,92,93;
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Circuit A i0 (.a(a[0]),.b(b[0]),.p(p0),.9(g0),.s(sO[0]));

Circuit_B il (.a(a[1]),.b(b[1]),.cin(c00),.p(pl),.9(gl),.s(sO[1]));
Circuit_B i2 (.a(al2]),.b(b[2]),.cin(c10),.p(p2),.9(g2),.s(sO[2]));
Circuit_B i3 (.a(a[3]),.b(b[3]),.cin(c20),.p(p3),.9(g3),.s(sO[3]));
CLU 14 (.90(90),.91(91),.92(92),.93(93),

-PO(p0),.p1(p1)..p2(p2),.p3(P3),
.c0(c00),.c1(c10),
.c2(c20),.P(P),.G(G));

endmodule

/*1 A*/
module Circuit_A (a,b,p,g,s);

input a,b;
output S,p.0;
assign
s=a”b,
p=a]lhb,
g=a&hb;
endmodule
1*1 B*/

module Circuit_B (a,b,cin,p,q,s);

input a,b,cin;

output S,p,9;

assign
s=a”b”cin,
p=a]b,
g=a&hb;

endmodule
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1*4 */
module CLU (g0,01,92,93,p0,p1,p2,p3,c0,c1,c2,P,G);

input g0,91,02,93;
input p0,pl,p2,p3;

output c0,c1,c2,P,G;

assign
c0 = g0,
cl=g1] (90 & pl),
c2=92] (91&p2) | (90 & pl & p2),
G =93]1(02&p3) | (91&p2&p3)| (90 & pl & p2 & p3),
P =p0&pl&p2&ps3;

endmodule

I* */
module Carry (cin,pl,p2,p3,91,92,g3,carryl,carry2,carry3);
input cin,pl,p2,p3,91,92,93;
output carryl,carry2,carry3;
assign
carryl =gl | (pl & cin),
carry2 =92 | (p2 & carryl),
carry3 =93 | (p3 & carry?2);

endmodule
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I* */

module mux (x,a,cin);
input [3:0] a&;
input cin;
output [3:0] x;

reg [3:0] x;
always @(a or cin) begin

if (cin == 1'b0) x = a;

else X = a+1'b1,;
end

endmodule
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