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//Description of simple circuit Fig. 3-37
module smpl_circuit(A,B,C,x,¥Y);

input A,B,C; :

outputx,y:;

wire e;

and gl(e,A,B);

not g2(y, C);

or g3(x,e,y);

endmodule
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//Description of circuit with delay
module circuit_with_delay (A,B,C,x,vy);
input A,B,C;
output x,y;
wire e;
and #(30) gl{(e,A,B);
or #(20) g3(x,e,y);
not #{10) g2(y.C);
endmodule
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//8timulus for simple circuit
module stimcrct;
reg A,B,C;
wire x,vy;
circuit_with_delay cwd(A,B,C,x,Y);
initial
begin
A
#100
A 1'bl; B
#100 $finish;
end
endmodule

1'b0; B 1'b0; C 1'b0;

1'bl;

1'bl; C

//Description of circuit with delay
module circuit_with_delay (A,B,C.x,Y);
input A,B,C;
output x,y;
wire e;
and #(30) gl(e,A,B);
or #(20) g3(x,e,y):
not #(10) g2(y.C);
endmodule
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//Circuit specified with Boolean expressions
module circuit bln (x,y,A,B,C,D);
input A,RB,C,D;

output x,y; :

assign x = A | (B&C) | (~B & D);

assign y = (~-B & C) | (B & ~C & ~D);
endmodule

(UDP) s g o B y25 pa 1S dliiu g 4 oS (a4l 9o

s s 41 0508 5 OT cand (1 JS O L (HDL glacins 5 55 a3 58 4 slaccS
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eh gy Jgd b ol e dader o bl B iae slaoly 5SS Ll e user—defind
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//User defined primitive (UDP)
primitive crctp (x,A,B,C);
output Xx;
input A,B,C;
//Truth table for x(a,B,C) = %(0,2,4,6,7)

table
// a B o] X (Note that this is only a comment)
0 0 0 1;
0 0 1 0;
0 1 0 1;
0 1 1 0;
1 0 0 1;
1 0 1 0;
1 1 0 1;
1 1 1 1;
endtable
endprimitive

//Instantiate primitive
module declare_crctp;

reg x,y,z;

wire w;

cretp (w,Xx,¥,2);
endmodule
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wxy + yz + xy'z + x'y (<)
st s ) 25 S Sl slap e (55T 4lE & 55 s pp e b
xy +yz+ xy'z ()
C'D + ABC' + ABD' + A'B'D (<)
wxy + x'z" + wxz (<)
st cmty 5 Jo olle ol glaca
F(w, x,y,2) = 2(0,2,4,5,6,7,8,10, 13, 15) ()
F(A,B,C,D) = 3(0,2,3,5,7,8,10,11, 14, 15) (<)
F(A,B,C,D) = 3(1,3,4,5,10,11,12,13,14,15) (&)
Aol 25 dp pls ool dot Gl 3L Ly
F(w, x,y,z) = 2(0,2,4,5,6,7,8,10,13,15) ()
F(A,B,C,D) = 3(0,2,3,5,7,8,10, 11, 14, 15) (<)
F(A,B,C,D) = X(1,3,4,5,10,11, 12,13, 14, 15) ()
e R LS SRR PR IIE R S
F(A,B,C,D,E) = 3(0,1,4,5,16,17,21, 25,29) ()
F = A'B'CE' + A'B'C'D' + B'D'E' + B'CD' + CDE' + BDE' (<)
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F(A;B,C,D) =T11(1,3,5,7,13,15) (<) F(w,xy2) =2 (0,2,5,6,7,8,10) ()
..\._..‘.fo;\,«hc,?J,pl:-g,.é(\’),hg,.’al.a\&c.?(\)Q)yq\)xjéxo\)\.,pr—\r
()

X7+ y2 + y' + xy

AC’ + B'D + A'CD + ABCD (<)
(A +B +D)A+B +C)A+B+D)B+C +D)
:J.._A;QL.‘J,JL_,d\;éwgljﬁ}‘;xcb&)buqr—\f

(<)

F = A'B'D' + ABCD' + A'BD + ABC'D
))‘A(}'ﬁrnC?OJV4.1‘)A-L:BJ\&GUW}o);o}\udw‘&byb\.‘ibx;‘}?‘;‘xdbr—‘a
)T

F(x,y,2) =2 (0,1,2,4,5) ()

F(A,B,C,D) = $(0,6,8,13,14) (<)
d(A, B) C’ D) = 2(2; 4: 10) d(x, B LS Z) = 2 (3, 6, 7)
F(A,B,C,D) = 3(1,3,5,7,9,15) (<)
d(A,B,C,D) = $(4,6,12,13)
tuled $3lesly NAND e Faib g5 olylbe U, T 5 aSaslo |y 5 olle ¥=11
AB' + ABD + ABD' + A'C'D' + A'BC' (<
(<)

BD + BCD' + AB'C'D'
:.L_sLJr..::.al)QTu;‘st»nL_.el)j.)clJAQA,’dq.L_.zfr‘»)NAND e g & T-1Y

F(A,B,C,D) = 3(0,1,2,3,4,8,9,12)
J‘-’-"‘;r“JJ‘-'.J C))L:F ‘5)‘L¢IDJL$ ‘5\," 1X3%] ))NAND 6[&&'..;)‘ o)\.&.‘u”..vdi]a.‘..o)‘}ri&gir—\}\

(AB + A'B')(CD' + C'D)
tdules 03l NOR e 8 aib 55 slajlun Ul T 5 eSosluly s AEARAR
(<) F=wx+y7 +wyr ()

F(w,x,y,2) = 2(5,6,9,10)
A8 gy 52,k lp add dx NAND i oS, F-Yo

(AB' + CD')E + BC(A + B)
A oy 5 ke 1, NOR ad i i oS, V=1

w(x+y+z)+ xyz
izl Las NAND aid sy e 4 1 P-F S s Hla 5w T=TY
iyl 6 5lessly NOR oF 5 5l 2Shd copnnl g &Yl Lol en [, F S ARA

F(A,B,C,D) = 3(0,1,2,9,11)
d(A, B,C,D) = 3(8,10,14,15)
D g gh ae S (83953 gF e~ S o p
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3 OR-NAND () cAND—NOR (<) c NAND—-AND () 4ib 43 sl LLF Jy by
A8 (5 5lesly NOR-OR (&)
F(A,B,C,D) = £(0,1,2,3,4,8,9,12)
il g A o 6 4 8 dons 5L 5 A e |y s S (1) e i g3 3 ta g
gy S g, sl jﬁfd‘;} d,ﬁg— an.‘u onl 45 ams Ol
b gsfol paSunl,F=1g cl:g_a,.‘a.L.ab-C«g—f}‘;ﬂju\achﬁ)‘lnl&u\yr_f‘

f=wxy +yz+ wys + x'y7
g={(w+x+y +)(x+y +)(w +y+7)

.wrhoTrﬁ.ﬂ‘XOR o5 Sams gl p_yy
T s ) (g Sl 0515 oS 5 4w 0515 U p sl 03 0515 Lo TA
A g 5leoly oS e (b 5 Je oble vor]

D=A®BOC

E = A'BC + ABC

F = ABC' + (A" + B')C
G = ABC

4503l AND ,XOR ety 55 Jn ool Fovo
F = AB'CD' + A'BCD' + AB'C'D + A'BC'D
s g 1 () =YY S S HDL 28 il o 5 -1
A6l 62008 Kyl e sl 1008 Lab L se S sl () revy K8 XOR i popy
23, X7 = 01 Xy = 00 i jlas $35,5 el OR &5 s s1,,3008  AND .5
oS et = 5008 Gt =0 5l S a s 1y K (L)
s 13 b 5 8 5 33\ 5l 1y L HDL Cas 5 (20)
() o é..\a, .L..,_t: Gl by i s dew g (HDL vt Jlts glis) & o Sy &5 (<)
A (5l
gy ©5ke LG Tory K8 W HDL e 5 P 1Y
do gy adly jacadt Ohle b gy 0kl jait 5 e mld b ST )M HDL G 5 VY'Y
A:.'n.\..a oalamt
x = A(CD + B) + BC'
y = (AB' + A'B)(C + D)
z=[(A + B)(C + D'B)]

WY o8 ol Bl ey fab



(Ll s primitive slae S ol 48 4z 5) doly 25 saodlel 53 ) 0 sblls v o1y

module Exmpl-3(A,B,C,D,F)
inputs A,B,C,

Output D,F;

and gi(A,B,D);

not (D,B,A);

OR (F,B,C):

endmodule;

oS ey 1y 04 3l 3 HDL o 5 4 47 Janys jle gilaie 513 903 -1

module circt (a,B,C,D,F);
input A,B,C,D;
output F;

wire w,x,v,2z,a,d;
and (x,B,C,d);
and (y,a,C);

and (w,Zz,B);

or (z,y.A);

or (F,x,w);

not (a,A);

not (4,D);
endmodule

Oa)ydlxﬁ)}é)&h#lj‘juhlhwq;‘;|6w|futgﬁ|dﬁacuﬁ_r~rv
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w=A+BC+BD=A+B(C+D)
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//Gate-level description of a 2-to-4-line decoder
//Figure 4-19
module decoder_gl (A,B,E,D);
input A,B,E;
output [0:3]D;
wire Anot,Bnot, Enot;
not
nl (Anot,A),
n2 (Bnot,B),
n3 (Enot,E);
nand
n4 (D[0],Anot, Bnot, Enot),
n5 (D[1],Anot,B,Enot),
né (D[2],A,Bnot,Enot),
n7 (D[3],A,B,Enot);
endmodule '
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//Gate-level hierarchical description of 4-bit adder
// Description of half adder (see Fig 4-5b)
module halfadder (S,C,x,y):
input x,y;
output S,C;
//Instantiate primitive gates
xoxr (S,x,Y);
and (C,x,y);
endmodule

//Description of full adder (see Fig 4-8)
module fulladder (S,C,x,y.z);
input x,v,z;
output S,C;
wire S1,D1,D2; //Outputs of first XOR and two AND gates
//Instantiate the halfadder
halfadder HAl (S1,D1,x.,y),
HA2 (8,D2,S81,z);
or gil(C,D2,Dl);
endmodule

//Description of 4-bit adder (see Fig 4-9)
module _4bit_adder (S,C4,A,B,C0);
input [3:0] A, B;
input CO;
output [3:0] S;
output C4;
wire Cl1,C2,C3; //Intermediate carries
//Instantiate the fulladder
fulladder FA0 (S[0},Cl1,A[0},B{0],C0),
FAl (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);
sndmodule
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module muxtri (A,B,select,OUT);
input A,B,select;
output OUT;
tri ouT;
bufifl (OUT,A, select);
bufif0 (OUT,B,select);

endmodule
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Symbol Operation

binary addition
binary subtraction
bit-wise AND
bit-wise OR
bit-wise XOR
bit-wise NOT
equality
greater than
less than
{ } concatenation
7: conditional
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//Dataflow description of a 2-to-4-line decoder
//See Fig. 4-19
module decoder_df (A,B,E,D);

input A,B,E;

output (0:3] D;

assign D[0] = ~(~A & ~B & ~E),
D[(1] = ~(~A & B & ~E),
D[2] = ~(A & ~B & ~E),
D[3] = ~(A & B & ~E);
endmodule
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assignY = (A & S) | (B & ~S);
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//Dataflow description of 4-bit adder
module binary_adder (A,B,Cin,SUM,Cout);

input [3:0] A,B;

input Cin;

output [3:0} SUM;

output Cout;

assign {Cout,SUM} = A + B + Cin;
endmodule
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//Dataflow description of a 4-bit comparator.
module magcomp {A,B,ALSB,AGTB,AEQB);
input [3:0] A,B;
output ALTEB, AGTB, AEQRB;
assign ALTB=(A < B),
AGTRBR (A > B),
AEQB (A == B);
endmodule
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LS e Ol 5 by
OUT = A if select = 1, else OUT = B if select = 0
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//Dataflow description of 2-to-1-line multiplexer
module mux2xl_d4df (A,B,select,OUT);

input A,B,select;

output OUT;

assign OUT = select ? A : B;
endmodule
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//Behavioral description of 2-to-l-line multiplexer
module mux2x1_bh(A,B, select, ouT) ;
input A,B,select;

output OUT;
reg OUT;
always @ (select or A or B)
1f (select == 1) OUT = A;
else OUT = B;
endmodule
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//Behavioral description of 4-to-1- line multiplexer
//Describes the function table of Fig. 4-25(b).
module muxdxl_bh (i0,i1,i2,1i3,select,y);

input i0,1i1,1i2,1i3;

input (1:0]) select:;

output vy;

reg Y

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

case (select)

2'b00: y = 1i0;

2'b01: y = il;

2'bl0: y = i2;

2'bll: y = i3;
endcase

endmodule
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initial

begin
A = 0; B= 0;
#10 A = 1;
#20 A = 0; B=1;
end
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gl 4 initial Syb b asl g e 203 s Jsd wbagag, s

initial
begin
D = 3'b000;
repeat (7)
#10 D = D + 3'b001;
end
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S e dge ' b dae

module testcircuit module circuit (A, B, C);
reg TA, TB; > input A, B;
wire TC;, [« output C;

circuit cr (TA, TB, TC);
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//Stimulus for mux2xl_df.
module testmux;
reg TA,TB,TS; //inputs for mux

wire Y; //output from mux
mux2x1_df mx (TA,TB,TS,Y); // instantiate mux
initial
begin
TS = 1; TA = 0; TB = 1;
#10 TA = 1; TB = 0;
#10 TS = 0;
#10 TA = 0; TB = 1;
end
initial

$monitor("select = $b A = $b B = %b OUT = %b time = %04-",
TS, TA, TB, Y, $time);
endmodule

//bataflow description of 2-to-1-line multiplexer
//from Example 4-6
module mux2x1l_df (A,B,select,QUT);
input A, B, select;
output OUT;
aggign OUT = select ? A : B;
endmodule

Simulation log:

select = 1 A =0B=1O0UT = 0 time = 0

select = 1 A =1B=00UT =1 time = 10
select = 0 A =1B =0 OUT = 0 time = 20
select = 0 A =0B =10UT =1 time = 30
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//Gate-level description of circuit of Fig. 4-2
module analysis (A,B,C,F1,F2);

input
output
wire
or gl
and g2
and g3
and g4
and g5
or g6
not g7
and g8
or g9
endmodule

A,B,C;

Fl1,F2;
T1,7T2,T3,F2not,E1,E2,E3;
(T1,A,B,C);
(T2,A,B,C);
(E1,A,B);
(E2,A,C);
(E3,B,C);
(F2,E1,E2,E3);
(F2not,F2) ;
(T3,T1,F2not);
(F1,T2,T3);

//Stimulus to analyze the circuit
module test_circuit;
reg [2:0]D;

wire F1,

F2;

analysis fig42(D(21,D[1],D[0],F1,F2);

initial

begin

D =

3'b000;

repeat (7)

#10
end
initial

$monitor ("ABC = %b F1 = %b F2 =%b ",D, Fl, F2);

endmodule

D=D+ 1'bl;

Simulation log:

ABC = 000
ABC = 001
ABC = 010
ABC = 011
ABC = 100
ABC = 101
ABC = 110
ABC = 111

F1 = 0 F2 =0
F1 = 1 F2 =0
Fl1 =1F2 =0
Fl1 = 0 F2 =1
Fl1 = 1 F2 =0
Fl1 = 0 F2 =1
F1 =0 F2 =
F1 =1F2 =1
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//Description of D latch (See Fig. 5-6)
module D_latch (Q,D,control);

output Q;

input D, control;

reg Q;

always @ (control oxr D)

if (control) Q = D; //Same as: 1f (control == 1)
endmodule
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//D flip~-flop
module D_FF (Q,D,CLK);
output Q;
input D,CLK;
reg Q;
always @ (posedge CLK)
Q = D;
endmodule

//D flip-flop with asynchronous reset,
module DFF (Q,D,CLK,RST);
output Q;
input D,CLK,RST;
reg Q;
always @ (posedge CLK or negedge RST)
i€ (~RST) Q = 1'b0; // Same as: 1f (RST == 0)
else Q = D;
endmodule
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//T flip-flop from D flip-flop and gates
module TFF (Q,T,CLK,RST);
output Q;
input T,CLK,RST;
wire DT;
assign DT =Q ~ T ;
//Instantiate the D flip-flop
DFF TF1 (Q,DT,CLK,RST);
endmodule

//JK £lip-flop from D flip-flop and gates
module JKFF (Q,J,K,CLK,RST);

output Q;

input J,K,CLK,RST;

wire JK;

asgign JK = (J & ~Q) | (~K & Q):
//Instantiate D flipflop

DFF JK1 (Q,JK,CLK,RST);
endmodule

//D flip-flop
module DFF (Q,D,CLK,RST);

output Q; .
input D, CLK,RST;
reg Q;

always @ (posedge CLK or negedge RST)
if (~RST) Q = 1'b0;
else Q = D; .
endmodule
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// Functional description of JK flip-flop
module JK_FF (J,K,CLK,Q,Qnot); -

output Q,Qnot;

input J,K,CLK;

reg Q;

agsign Qnot = ~ Q ;

always @ (posedge CLK)

case ({J,K})

2'b00: Q = Q;

2'b01: Q = 1'b0;

2'b10: Q = 1'bl;

2'bll: Q = ~ Q;
endcase

endmodule
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//Mealy state diagram (Fig. 5-16)
module Mealy_ mdl (x,y,CLK,RST);
input x,CLK,RST;
output vy;
reg v;
reg [1:0] Prstate, Nxtstate;
parameter SO = 2'b00, S1 = 2'b01, S2 = 2'b10, S3 = 2'bll;
always @ (posedge CLK or negedge RST)
if (~RST) Prstate = S0; //Initialize to state SO
else Prstate = Nxtstate; //Clock operations
always @ (Prstate or x) //Determine next state
cagse (Prstate)

S0: if (x) Nxtstate = S1;
else Nxtstate = S0;
sl: if (x) Nxtstate = 83;
else Nxtstate = S0;
S2: if (~x)Nxtstate = S0;
else Nxtstate = S2;
S3: if (x) Nxtstate = S2;
else Nxtstate = S0O;
endcase
always @ (Prstate or x) //Evaluate output
case (Prstate)
S0: y = 0;
Sl: if (x) vy = 1'b0; else y = 1'bl;
S2: if (x) vy = 1'b0; else y = 1'bl;
S3: 1f (x) vy = 1'b0; else y = 1'bl;
endcase
endmodule
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//Moore state diagram (Fig. 5-19)
module Moore_mdl (x,AB,CLK,RST);
input x,CLK,RST;
output [1:0]AB;
reg [1:0] state;
parameter SO0 = 2'b00, S1 = 2'b01, S2 = 2'b10, S3 = 2'bll;
always @ (posedge CLK or negedge RST)
if (~RST) state = S0; //Initialize to state SO
else
case (state)

S0: if (~x) state = S1; else state = S0;
S1l: if (x) state = S2; else state = S3;
82: if (~x) state = S3; else state = S2;
S3: 1f (~x) state = S0; else state = S3;
endcase
assign AB = state; //0utput of flip-flops
endmodule
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//Structural description of sequential circuit
//See Fig. 5-20(a)
module Tcircuit (x,y,A,B,CLK,RST);
input x,CLK,RST;
output v,A,B;
wire TA, TB;
//Flip-£flip input equations
agsign TB = x,
TA = X & B;
//Output equation
assign v = A & B;
//Instantiate T flip-flops
T_FF BF (B, TB,CLK,RST);
T_FF AF (A,TA,CLK,RST);
endmodule

//T flip-flop
module T_FF (Q,T,CLK,RST);
output 0Q;
input T,CLK,RST;
reg Q;
always @ (posedge CLK or negedge RST)
if (~RST) Q = 1'b0;
elge Q = Q ~ T;
endmodule

//8timulus for testing sequential circuit
module testTcircuit;
reg x,CLK,RST; //inputs for circuit

wire y,A,B; //output from circuit
Tcircuit TC (x,y.A,B,CLK,RST); // instantiate circuit
initial
begin
RST = 0;
CLK = 0;
#5 RST = 1;

repeat (16)
#5 CLK = ~CLK;

end
initial
begin
x = 0;
#15 x = 1;
repeat (8)
#10 x = ~ x;
end
endmodule
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//Behavioral description of

//Universal shift register

// Fig. 6-7 and Table 6-3

module shftreg (sl,s0,Pin,1fin,rtin,A,CLK,Clr);

input s1,s0; //Select inputs
input 1fin, rtin; //8Serial inputs
input CLK,Clr; //Clock and Clear
input [3:0] Pin; //Parallel input
output [3:0] A; //Register output

reg [3:0] A;
always @ (posedge CLK or negedge Clr)
if (~Clr) A = 4'b0000;

else

case ({sl,s0})

2'b00: A = A; //No change

2'b01: A = {rtin,A([3:11}; //sShift right

2'bl0: A = {(A[2:0),1fin); //Shift left

2'bll: A = Pin; //Parallel load input
endcase

endmodule
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//Structural description of
//Universal shift register(see Fig. 6-7)
module SHFTREG (I,select,lfin,rtin,A,CLK,Clr);

input [3:0] I; //Parallel input

input [1:0] select; //Mode select

input 1fin,rtin,CLK,Clr; //Serial inputs,clock,clearn
output {3:0] a; //Parallel output

//Instantiate the four stages
stage STO (A(O0},A[1),1fin,I[0),A[0],select,CLK,Clr);
stage ST1 (A[l1l},A(2],a({0),I{1},A([1],select,CLK,Cly);
stage ST2 (A[2],A[3],A[1],1(2),A[2],select,CLK,Clr);
stage ST3 (A(3),rtin,A[2],I(3],A[3],select,CLK,Clr);
endmodule

//One stage of shift register
module stage(i0,il,i2,i3,Q,select,CLK,Clr);
input i0,i1,i2,i3,CLK,Clr;
input [1:0] select;
output Q;
reg Q; -
reg D;
//4x1 multiplexer
always @ (i0 or il or i2 or i3 or select)
case (select)

2'b00: D = i0;

2'b01: D = i1;

2'bl0: D = i2;

2'bll: D = i3;
endcase

//D flip-flop
always @ (posedge CLK or negedge Clr)
if (~Clr) Q = 1'b0;
else Q = D;
endmodule
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//Binary counter with parallel load

//See Figure 6-14 and Table 6-6

module counter (Count,Load, IN,CLK,Clr,A,6CO);
input Count, Load,CLK,Clr;

input [3:0] IN; //Data input
output CO; //0utput carry
output [3:0] A; //Data output

rag [3:0] A;
assign CO = Count & ~Load & (A == 4'bl111l);
always @ (posedge CLK or negedge Clr)
if (~Clr) A = 4'b0000;
else if (Load) & IN;
elgse if (Count) A A+ 1'bl;
else A = A;
endmodule

(5=7) Jsdr Sldas Gb 1) Ol W aShizn olaes,5Clr  CLK ¢ (load) 3.4 L (count)
L;u_?.:_)ia‘}bd?‘gj_&&_ge)buq;)})%{ w3ls (63959 Hlg aﬁ)w.@uww
Siobed S10 5 oo pasiaassig Sjbe KU o g go 4 5 2S5 e SELCO g 5
CO =1 by oo yled sy 53 0diyled Sl ol 53 5338 0 CO = 10,15 o
CO =0 &y pl b 53 ¢8LA = 1111 yLoad = 0 yCount = 1 45 b 5 45 dal =
s go planil s g e yadede Count yLoad (Clr olie 4 azus S Lae always Sy ool
S a3 S B CIE = 1 510 g0 ol b o0 L5 00 A (CIr s e JUKus
b S Spmends Jos 5 ) g0 aslse gelse if if oyle 5,8 o plonil sl e ad o R

.J:ng[fﬂ
if Clr =20 Clear A to 0
else if (Clr =1 and) Load =1 Load inputs to A
else if (Clr =1 and Load = 0 and) Count =1 Increment A
else (Clr =1 and Load = 0 and Count = 0) No change in A
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//Ripple counter (See Fig. 6-8(b))
module ripplecounter (A0,Al,A2,A3,Count,Reset);
output AQ0,Al,A2,A3;
input Count, Reset;
//Instantiate complementing flip-flop
CF F0 (AO0,Count,Reset);
CF F1 (Al,A0,Reset);
CF F2 (A2,Al,Reset);
CF F3 (A3,A2,Reset);
endmodule

//Complementing flip-flop with delay
//Input to D flip-flop = Q'
module CF (Q,CLK,Reset);
output Q;
input CLK, Reset;
reg Q;
always @ (negedge CLK or posedge Reset)
i1f (Reset) Q = 1'b0;
elge Q = #2 (~Q); // Delay of 2 time units
endmodule

//8timulus for testing ripple counter
module testcounter;
reg Count;
reg Reset;
wire A0,A1,A2,A3;
//Instantiate ripple counter
ripplecounter RC (A0,Al,A2,A3,Count,Reset);
always
#5 Count = ~Count;
initial
begin
Count = 1'b0;
Reset = 1'bl;
#4 Reset = 1'b0;
#165 $£inigh;
end
endmodule
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module testcounter;
reg Count, Load, CLK, Clr;
reg [3:0] IN;
wire CO;
wire [3:0] A;
counter cnt (Count, Load, IN, CLK, Clr, A, CO);
always
#5 CLK = ~CLK;
initial
begin
Clr = 0;
CLK = 1;
Load = 0; Count = 1;
#5 Clr = 1;
#50 Load = 1; IN = 4'b1100;
#10 Load = 0;
#70 Count = 0;
#20 $finish;
~ end
endmodule
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//Read and write operations of memory.
//Memory size is 64 words of 4 bits each.
module memory (Enable,ReadWrite,Address,DataIn,DataOut);
input Enable,ReadWrite;
input {3:0] Dataln;
input [5:0] Address;
output {3:0] DataOut;
reg [3:0) DataOut;
reg [(3:0] Mem [0:63)]; //64 x 4 memory
always @ (Enable or ReadWrite)
if (Enable)
if (ReadWrite)
DataOut = Mem[Address]; //Read

else

Mem[Address] = Dataln; //Write

else DataOut = 4'bz; //High impedance state
endmodule
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//RTL description of design example (Fig.8-11)
module Example RTL (S,CLK,Clr,E,F,A);
//Specify inputs and outpyts
//See block diagram Fig. 8-10

input S,CLK,Clr;

output E,F;

output [4:1] A;
//Specify system registers

reg [4:1] A; //A register
reg E, F; //E and F flip-flops
reg [1:0] pstate, nstate; //control register

//Encode the states
parameter TO = 2'b00, T1 = 2'b01l, T2 = 2'bl1;
//State transition for control logic
//See state diagram Fig. 8-11(a)
always @(posedge CLK or negedge Clr)
if (~Clr) pstate = TO; //Initial state
else pstate <= nstate; //Clocked operations
always @ (S or A or pstate)
cagse (pstate)
TO: if(S) nstate = Tl; else nstate = TQ;
T1l: i£(A[3] & A[4]) nstate = T2; else nstate = T1;
T2: nstate = T0;
endcase
//Register transfer operations
//See list of operations Fig.8-11(b)
always @ (posedge CLK)
case (pstate)

TO: i£(S)
begin
A <= 4'b0000;
F <= 1'b0;
end
T1:
begin

A <= A + 1'bl;
if (A[3]) E <= 1'bl;
else E <= 1'b0;
end i
T2: F <= 1'bl;
endcase
endmodule
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//Test bench for design example
module test_design_example;

reg S, CLK, Clr;
wire [4:1] A;
wire E, F;

//Instantiate design example
Example_RTL dsexp (S,CLK,Clr,E,F,A);

initial
begin
Clr
S =
CLK
#5 Clr

0;

0;

n o H

1; 8 = 1;

repeat (32)

begin
#5 CLK =
end
end
initial

~ CLK;

Smonitor("A = %b E =

endmodule

Simulation log:

A =xxxx E=XxF =x
A =0000 E=xF =0
A=0001 E=0F-=0
A =0010 E=0F =20
A=0011E=0F=0
A=0l100E=0F=20
A=0Ql01lE=1F 0
A=0110E=1F =20
A=0111E=1F=0
A= 1000 E=1F =20
A =100 E=0F =0
A =1010 E =0 F =0
A=1011 E=0F =20
A=1100E=0F =20
A=1101 E=1F =0
A = 1101 E 1F =1
A=0000E=1F=0

time
time
time
time
time

%b F

time =

time

time =

time
time
time
time
time
time
time
time
time

10
20
30
40
50
60
70
80
90

100

110
120

130

140
150
160

%0d", A,E,F,$time);
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//Structural description of design example
//See block diagram Fig. 8-10
module Example_ Structure (s,CLK,Clr,E,F,A);
input S,CLK,Clr;
output E,F;
output [4:1}] A;
//Instantiate control circuit
control ctl (S,A[3],A[4],CLK,Clr,T2,Tl,Clear);
//Instantiate E and F flip-flips
E_F EF (Tl,TZ,Clear,CLK,A[3],E,F);
//Instantiate counter
counter ctr (T1,Clear,CLK,A);
endmodule

//Control circuit (Fig. 8-12)

module control (Start,A3,A4,CLK,Clr,T2,T1,C1ear);
input Start,A3,a4,CLK, Clr;
output T2,T1,Clear;
wire G1,G0,DG1,DGO;

//Combinational circuit

assign DGl = A3 & A4 & T1,
DGO = (Start & ~GO) | T1,
T2 = a1,
Tl = GO & ~G1,

Clear = Start & ~G0;
//Instantiate D flip-flop
DFF GI1F (Gl,DGl,CLK,Clr),
GOF (GO,DGO,CLK,Clr);
endmodule

//D flip-flop
module DFF (Q,D,CLK,Clr);
input D,CLK,Clr;
output Q;
reg Q;
always @ (posedge CLK oxr negedge Clr)
if (~Clr) Q = 1'b0;
else Q = D;
endmodule

//E and F flip-flops .

module E_F (Tl1,T2,Clear,CLK,A3,E,F);
input Tl,T2,Clear,CLK,A3;
output E,F;
wire E,F,JE,KE,JF,KF;

Yo S I ot aia b




//Combinational circuit

assign JE = Tl & A3,
KE = T1 & ~A3,
JF = T2,
KF = Clear;

//Instantiate JK flip-flop
JKFF EF (E,JE,KE,CLK),
FF (F,JF,KF,CLK);
endmodule

//JK flip-flop
module JKFF (Q,J,K,CLK};
input J,K,CLK;
output Q;
reg Q;
always @ (posedge CLK)
case ({J,K})

2'b00: Q = Q;
2'b01: Q = 1'b0;
2'b10: Q = 1'bl;
2'bll: Q = ~Q;
endcase
endmodule

//counter with synchronous clear
module counter {Count,Clear,CLK,A);
input Count,Clear, CLK;
output [4:1] A;
reg [(4:1] A;
always ¢ (posedge CLK)
if (Clear) A<= 4'b0000;
else if (Count) A <= A + 1'bl;
else A <= A;
endmodule
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HDL . A0 Jtis

//RTL description of binary multiplier
//Block diagram Fig. 8-13 and ASM chart Fig. 8-14
//n = 5 to compare with Table 8-4
module mltp(S,CLK,Clr,Binput,Qinput,C,A,Q,P);
input s,CLK,Clr; !
input (4:0] Binput,Qinput; //Data inputs
output C;
output [4:0) A,Q;
output [2:0} P;
//System registers
reg C;
reg [4:0] A,Q,B;
reag [(2:0] P;
reg [1:0] pstate, nstate; //control register
parameter T0=2'b00, T1=2'b01l, T2=2'b1l0, T3=2'bll;
//Combinational circuit
wire Z;
assign 2 = ~|p; //Check for zero
//State transition for control
//See state diagram Fig. 8-15(a)
always €(negedge CLK or negedge Clr)
if (~Clr) pstate = TO;
else pstate <= nstate;
always @(S or Z or pstate)
case (pstate)
TO0: 1f (S) nstate
. Tl: nstate = T2;
T2: nstate = T3;
T3: 1€ (2) nstate
else nstate
endcase )
//Register transfer operations
//See register operation Fig. 8-15(b)
always @ (negedge CLK)
case (pstate)

T1l; else nstate = TO;

TO;
T2;

TO0: B <= Binput; //Input multiplicand
Ti: begin
A <= 5'b00000;
C <= 1'b0; .
P <= 3'bl01; //Initialize counter to n=5
Q <= Qinput; //Input multiplier
end
T2: begin
P <= P - 3'h001; / /Decrement counter
if (Q(o0])
(C,A) <= A + B; //Add multiplicand
end
T3: begin )
C <= 1'b0; . //Clear C
A <= {C,A[4:1]}; //8hift right A
Q <= {A[0],Q[4:11); //shift right Q
end
endcase
endmodule
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//Testing binary multiplier
module test_mltp;
//Inputs for multiplier
reg S,CLK,Clr;
reg [4:0] Binput,Qinput;
//Data for display
wire C;
wire [4:0] A,Q;
wire [2:0] P;
//Instantiate multiplier
mltp mp(S,CLK,Clr,Binput,Qinput,C,A,Q,P);
initial
begin
S5=0; CLK=0; Clr=0;
#5 S=1; Clr=1l;
Binput = 5'b10111;
Qinput = 5°b10011;
#15 s = 0;
end



initial
begin
repeat (26)
#5 CLK = ~CLK;
end
//Display computations and compare with Table 8-4
always @(negsdge CLK)
$atrobe ("C=%b A=%b Q=%b P=%b time=%04",C,A,Q,P,$time);
endmodule

Simulation log:

1l
»

A=XXXXX Q=xXuxxx P=xxx time=10
A=00000 Q=10011 P=101 time=20
A=10111 @Q=10011 P=100 time=30
A=01011 Q=11001 P=100 time=40
A=00010 Q=11001 P=011] time=50
A=10001 Q=01100 P=011] time=60.
A=10001 Q=01100 P=010 time=70
A=01000 Q=10110 P=010 time=80
A=01000 Q=10110 P=001 time=90
A=00100 Q=01011 P=001 time=100
A=11011 Q=01011 P=000 time=110
A=01101 Q=10101 P=000 time=120
A=01101 Q=10101 P=000 time=130
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//Behavioral description of multiplier (n = 8)
module Mult (A,B,Q);

input [7:0] B,Q;

output [15:0] 2;

reg [15:0) A;

always @ (B or Q)

A=B*Q;

endmodule
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nmos (drain, source, gate);
pmos (drain, source, gate);

ol (6,25l instance name 3l eslizal oplplo 1538 oo 4o Primitive O s 4 baged g
23 8 Lasia L Oﬁﬂ)b_}(VbD)‘JJ&JCTM S5 w0 Jlail (MOS gl b fBLA &
il silas SlalS ot a5 45 oo iy o5 Supplyd 5 Supplyl U S SllSL e 9 4055 aie

supplyl PWR; s S n pavia 25
supply0 GRD;

30340 ey J3lea Supplyl & CLA Kl gidaie 1 jlude ghls 505 9 Vp Jales Supplyl & (-:L.,a
.Aﬂbgﬂzu())Jlﬁtsbb

I (8393 il 00 o 5 HDL V0 =\ Jla 3 (i) VoYY JSECMOS s
“gbduraJSS[,NhMDS_,PNH)SJ)L%}JngiiJJ¢a.th$<Jﬁ;H4qiqii:cfmJ;J
35 Sl 35 69353 Al on Jaaze T g0 0 S o Sade s st 515 93 2 R Y s
o3 S SPWR 4, PMOS g2y 55 o g 61l sl S s S glasilily 53 ) 2 315
sl oo s GRD & NMOS gy 31 5

5% hiled oo s 5 1y (2) VoYY IS5 CMOS NAND jlse Yo=Y Je j5 Jsdo oyae s
.JJle.L.f.’.J,.a;.nPWRg;d.ajr.aqtsjb,o)}l’QASJJ‘::J?JPMOS)M}}U‘,;J&:.&LI
s el Sy il (6l W Wil 5 o s o8 4 (S b 40 503 NMOS o 5l 90
il g0 Jaze GRD o (-_,aNMOS oo 3 o~ JsINMOS

Jishoas
(s S hls oS ol 58 e S5 emos (U JS S\, Verilog HDL > Jlasil oS

HDL . Y--\ J&s
//CMOS inverter Fig. 10-22 (a)
module inverter (Y,A);
input A;
output Y;
supplyl PWR;
supply0 GRD;

pmos (Y,PWR,A); // (Drain, source, gate)
nmos (Y,GRD,A); // (Drain, source, gate)
endmodule
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//CMOS 2-~input NAND Fig. 10-22(b)
module NAND2 (Y,A,B);

input A,B;

output VY;

supplyl PWR;

supply0 GRD;

wire Wl; //terminal between two nmos
pmos (Y,PWR,A); //source connected to vdd
pmos (Y, PWR,B); // parallel connection

nmos (Y,W1,Aa); // serial connection

©.8 (W1,GRD,B); // source connected to ground

ené=niiule

;_:;4.;}a_xf.kg..u.;;d»cmos@:3)..«&?4{.@‘\°—T'fJ&i&bdﬁsdt@_p_,‘_ga_,);
sl 3 olae

cmos (output, input,ncontrol, pcontrol); //general description
cmos (Y, X,N,P); //transmission gate of Fig. 10-24(b)
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//XOR with CMOS switchs Fig. 10-25
module SXOR (A,B,Y);
input A,B;
output Y;
wire Anot, Bnot;
//instantiate inverter
inverter vl (Anot,A);
inverter v2 (Bnot,B);
//instantiate cmos switch
cemos (Y,B,Anot,A); // (output, input, ncontrol, pcontrol)
cmos (Y,Bnot,A,Anot);
endmodule

//CMOS inverter Fig. 10-22(a)
module inverter (Y,A);

input A;

output Y;

supplyl PWR;

supply0 GRD;

pmos (Y,PWR,A); // (Drain, source, gate)
nmos (Y,GRD,A); // (Drain, source, gate)
endmodule

//Stimulus to test SXOR
module test_SXOR;
reg A,B;
wire Y;
//Instantiate SXOR
SXOR X1 (A,B,Y);
//Apply truth table
initial
begin
A=1'b0; B
#5 A=1'b0; B=
#5 A=1'bl; B
#5 A=1'bl; B
end
//display results
initial
$monitor ("A =%b B= %b Y =%b",A,B,Y);
endmodule
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A Jilwo ds el

AR

6, 871, 947, 674 (<) 67, 108, 864 (<) 32,768 (b
(4310)s = 580 (198)12 = 260
11 () 8 (&) 6 ()
8
(4w ;»)22.3125
64276 octal
62 4958 (o) 110111 4, 10000 ()
989373 () 990975 (o) 009025 () 010627 (i)
6 3 1 1 W
00 0O 0
0 0 01 1
0011 2
01 00 3
0110 4(0101Y)
01 11 S
1 0 00 6
101 0 7(1001)
1 01 1 8
1100 9

ONY




il SSIS94 = 62 + 32
2199 (&) 871 (o) 564 (o) 897 (i)

R R AR

0 (&) y (&) x (&) x (4l

0 (&) xw +2) (<) XY (o) zZ(x +y) (<) B ()
A'(B + C'D) (<) B (o) x+y+x (o) AB+C (<
w +xy ()

F(x,y,2) =2(1,4,5,6,7)

01010010 (&) 00100011 () 10001100 (&)

@ +Yy)Y +e+y) ++2) (9)
T,=A+BC=T/ Ty=AB +C)

£3,56,7) =T1(0,1,2,4) ()
F=yz +yWw +x) (<)
(1, 3,5,7,9 11, 13, 15) =T[(O, 2, 4, 6, 8, 10, 12, 14)
X +y+2 (o) AB + BC = (A + C) B ()
L A S A
Xy +xz +yz (o) a +be(y) C +AB (¢) wm+x7 (Al
y+xz (&) x'y" (Y
C'+A'B () X +yz (&) x +x'z ()
ABD + ABC + CD (%) BCD + A'BD" () y (<)

wx + wix'y (&)
LBD+BD +A'B (v) x' +whyz+wy ()
BD + B'D' + A'D'
' +xz+wxly () B'D' + A'BD + ABC' ()
AC + B'D' + A'BD + B'C(,CD) (<) Xy +z ()
FABCD) = 3(13591213,14) (w)  Fyz) = 23567 ()
wz' gw'x Jol e X'z’ gxz i pulil) Lol (<
F=BD +AC + A'BD + (CD\L B'C) (o)

OV b Plww pul

m
b1
|1y

v-0

r-1
r-y
r-A
r-A



F = BC + AC' + A'B'D ()T -
AB, A'B'D, B'CD, A'C'D sl AB 4B'C Lol
F=ABD + AD'E + B'C'D' (L)1)
F=(A+D)B +D) ()T-17
F=y+zZ =@x+2)y +2) (&hr-1r
F=B'D + CD' + ABC'D = X(0,2,6,8,10,13,14) ()T-10
F' = BD + BC + AC r-1y
F=w+z2)0 +2)W +x' +y) (hr-14
F = (A®B)(COD)T-¥-
G) ISy 4kl 0L o 3 oty 550 () bt 5 s Sl o8 ki) s V-1
2l p‘\f
IS5 4k £ L) IsSns o AT (sl gl 558) dipd 5,05 LU Laggo gy st ¥ Jas
Aaled has ()
=S output" |y of L5 "Output” ;5 )5 G 1 v Jas
(Sl 0 iy ja3 (63959 Ol g ) AL r 9 3 il 5 w3 "ATIF Las
(ol ol iy ja gy & Ol g2 ) ABL 52555 il 5 03 "D"1 0 Lt
deas 5o Or" O ail S S5 > L LLOR:§ Ls
(S J 8 0 5 adai endmodule 5l ) oS B |y J )8, 5 akaiitv s

A PRRARS A A R ARSI L

Fi=A+BC+ BD' + BD () Y-\
F=AB+D

F=ABC + A'D ¥-¥
G = ABC + A'D'

Opw 14 50 2y5,1024 (0) ¥-T

F=xy +x2 ¥-¥

F=xy+xz+y v-1

z=y®D.y =xBC x =ABCB w =4 Y-¥

w=AB + AC'D’ Y-\

W, X, ¥, 22 >95:A,B,CDilagsy,y¥-1e
w=A®B + C+ D)x =BB(C +D).y=ChD .z = D



oV

TS

D =x®®z (<) Y-\
B=xy+xz+yz

== C 14 Yo
1101 0 1 (<ah
0001 1 1 (<)
0100 1 0 )
1011 0 1 (<)
1111 0 0 (&)
60ns 'Y
w=ABC T-'A
x=B®C
=C
z=D
w = AB + ACD A
x=BC + B'D + BCD
y=CD+ CD
z=D
F = 2(0,57) T-YA
F,= 2(2,3,4)
F = 12(1,6,7)
X = DéDll \".AY‘:\

y = DyD, + DyD;

F(A,B,C,D) = $(1,6,7,9,10,11,12) ¥-T+¢

AB = 00,F = D verd
AB =01,F = (C + D)

AB =10,F = CD

AB=11,F =1

module Compare (A,B,Y):;
input ([3:0] A,B; //4-bit data inputs.
output [5:0] Y; //6-bit comparator ouput.

rag [5:0] Y; //EQ,NE,GT,LT,GE,LE
alwai s @ (A or B)
if (A==B) Y = 6'b100011; //EQ,GE,LE
else if (A < B) Y = 6'b010201; //NE,LT,LE
else Y = 6'b011010; //NE,GT,GE
endmodule

[N




(@)

module Convrt_bhv (BCD, EXS3);
input [4:1] BCD;
output [4:1] EXS3;
reg [4:1] EXS3;
always @ (BCD)
EXS3 = BCD + 4'b0011;
endmodule

PQ + NQ(<)
S=x®y®Q

¥-FY

b b
b-¥
b-Y

Q@ +1)=xy + xQ + y0

10, 01, 00 (5,55 423, b glodi Lo

A(t +1) = xA’ + AB (&)

B(t +1) =xB' + A'B
A(t+1)=xB+ XA+ yA+yAB (2)
B(t +1) = xA'B' + x’'A'B + y'A'B

> 0000010001110001 11100001 11 10 10
$3353° 01011011101111°0
Py 00100100010000°1
dn ;00010001 110001 11 100001 11 10 10 00

S Sl I

S 0 1 0 1

a f b 00

b d a 0 0

d g a 1 0

f f b 11

g g d 01

0-A
0-1

WER

WA

-1y

State: afbcedghggha (&)0-1Y

Input: 01110010011
Output: 01000111010

State: afbabdgdggda ()
Input: 01110010010
Output: 01000111010

Dy, =QJ + Q0K 8-10

l ol Bls & el

0A



D, = Ax'+ Bx -1}

D, = A'x + Bx’
J,=K,= (Bx + BxX)E 0-'A
Jg=Kzy=E

D,= A'B'x (<dh 8-14

Dy =A+C'x + BCx
Dc=Cx' + Ax + A'B'Y
y=Ax

RegA = 125, RegB = 125 (&) 377
RegA = 125, RegB =30 (<)
o(r+1)=JQ +K'Q 8-1

WhenQ = 0,0t + 1) =J
WhenQ = 1,0(t + 1) = K’

always @ (posedge CLK)
if (Q==0) Q = J;
else Q = ~K;

CLKLQJE gt))bg?:.b‘p d-YVo

a3 E oM oliD go555 4B 54 slasss,s LAND oS

33552 Q N D (65,5 4 C HE (slasss,5 LOR wf
L{JJ“\{Q&:)%%A:-UGKETQJX)\SM(=) Jﬁ.ﬂ%‘)‘;}héuﬁbéd‘;)w;‘
c.;&)a).&ﬁuj Col JosC + AB 4 C + E & Jlait s> 0 aSD (53,5

bl Bl & sl

P
1110; 0111; 1011; 1101; 0110; 1011  1-¥

A = 0010, 0001, 1000, 1100. Carry = 1,1,1,0 1-A
Jo=xy;Ko=( +y) (&) 1-%

10 (&) % (<) 4 (hn-ay
SOns; 20MHz  3-1)

1010 — 1011 — 0100 -1
1100 — 1101 — 0100
1110 —» 1111 — 0000




Dy = A®E -1y
Dy, =A® (AOE)

DAZ = A2® (AleE)

Dy =A@ (AzAleE)

Dy = Q; (@) 114
Dgz =00 + 00,0,

Doy = Q401 + 0,05 + 0,050,

DQﬁ = QSQ; + Q4Q2Q1

JAO': L10+L'C -7

KAO = LI(’J + L,C
T3 =B&C

To = AC + A'C' i g3, 35>
= AC + A'B'Cenl gy 255
B EVICAVITEE RPN RE VL P 2

D,=A®B 1-TA
Dyp=AB +C
D, = A'B'C’

module Shiftreg (SI,SO,CLK); 4T-Y'f
input SI,CLK;
output SO;
reg [3:0] Q;
assign SO = Q[0];
always @ (posedge CLK)
Q = {SI,Q[3:1]};
endmodule

module updown (Up,Down,Load, IN,OUT,CLK) (<)) -y
input Up,Down,Load, CLK;
input [3:0] IN;
output [3:0] oOUT;
reg [3:0] OUT;
always @ (posedge CLX)
if (Load) OUT = IN;
else if (Up) OUT = OUT + 4'b0001;
elge if (Down)OUT = OUT - 4'b0001;
elge OUT = OUT;
endmodule

st Plo a xut oY



L

221 (C_)) 226 (“,J) 231 (u) 213 (J‘)

ool 1011010011 = 2D3(hex) :_:

+2)31 0000 1101 0111 1011 = OE7B(hex)
x =46,y = 112(0) 7x128 decoders , 256 AND gates(_aJl) y_y
3x8 decoder (o) 18 15 (o) 8 chip () VoA

0001 1011 10111 y_,,
101 110 011 001 010 y_ |

1111 0100 (o) 1100 0110; () 0101 1010; (<ill) y_yy
7 () 7 (<) 6 () y_yy

» 0101010 (&J)) y_y¢

“h24 vy

327 (o) 1024x4 (o) 51265 (o) 256x8 (i) y_yA

yz’ , xZ' ,x'}’/l )xy, 7x,y,' 4 U)‘ﬁ Qy‘-“-" Y-Yo

A=yZ +xz' + xyz y-v¥
B=xy + xy+ yz
C=A+ xyz

D=z+1xy

A Jb

54 R2 (gl goee (st 3l g iy go 3y ool ad s aalsil 5 Sl () p-y
el RT3 iy
S (0 Ay S L R3 (gl grs ()
Ales Jize RO & |, R gl oo 3L (T1 = 1) S1(0)

ASM ol A-y
T1 & juws (RB«B 654,35 RA<A 35,5) &KT(S = 1) Slidyl 2= :T0
(s
32 T2 4o ey« (& pais) (RA < RA + (RB pozs) : T1
G52 gz ) RA < oK (1 = (55 ) 1.5, TOw oK1 (0 = 5 5) S1:T2
22 T0 4 RA

BR « (¢53;5030 AR < (¢34, 90305 :T0 A\

OYY  basl Pl o al,




S iy 4 o bl ) AR oK (el e cadle ) AR [15] = 1) S1:T1
(CR < 0) o1 (AR = 0) &) goo o) b 12 CR « (ke

(s < BR ([15] @ [14]) oK (s b wn) Sy oo () b 2

CR < BR (o 4 o)

DTO = T2 + S’TO
Dy, = ST, + (A3A,)T,
Dy, = A3AT,

DA = A,B + Ax

Dy = A'B'x + A'By + xy

A-4

A=\

TASM ol A ¥

35 5L T0 el 48 = 0 51 (ayl l4aa) 1 TO
95Tl & PR < 0 AR < 4 s ,5i0 BR « Ly KT(S = 1) S

(2 -1)(2"-1) < (2™ =1)forn = 1 A-\D
0 54 ol 3 ew B2 plp em Sb o pmalol L (W) A-17

S 6,055 1, 10000 i) 53 b A8l 20 5 LU P o2isles (&)
() Z jaris ()

2(n + 1)t A=A
MUX1:0,1,1,Z" A=A

MUX2: §,0,1,0

E = 0(o) E = 1(<ill) A=Y

A = 0110, B = 0010, C = 0000. A=Y
A*B = 1100 A|B = 0110 A&&C =0
A+B=1000 AAB=0100 |A =1
A - B = 0100 &A =0 A<B=0
~C = 1111 ~|C=1 A>B=1
A&B =000 A|B=1 A=B=1

A=Y A

//Declare all inputs, outputs, and registers
assign Z = ~|AR; //Z =1 if AR = 0
always @ (posedge CLK or negedge Clr)

if (~Cly) pstate = TO;
else pstate <= nstate;
always @ (S or Z or pstate)
case (pstate)
T0: if (S) nstate = T1;
else nstate = TO;

St flos o oy

oYy



T1: if (Z) nstate = TO;
else nstate = T2;
T2: nstate = Ti;
endcase
always @ (posedge CLK)
casge (pstate)
TO: if (S)
begin
AR <= Ain;
BR <= Bin;
PR <= 0;
end
T2: begin
PR <= PR + BR;,
AR <= AR - 8'bl;
end
endcase

SRR RN

1 g
00, 01, 11, 11, 01, 00, 00 : Y;Y; azd, §_¢
b el oy el 10 g5y By ol 0 oy 5 AL 0T (355 Bs () -¥
ile gn U e e o g 5 b bls ) K05 oS5 95 S0y 2y
0 ot 11 10 (A-F
@0 ] b1 | ol | 4,0

a,0 | ®1 1 |[®,0

©1 | b1 | ©1 | 4,0
ol | b1 | 1 |@1

a o o

Y] x;X2 + XaN (‘-..)) ‘\—0
Y, =x,+ x»
= XXyt 0y,

S= X2x’2 i-1.
R= X'IX2

oSean H I8 Ul 53 (L) A=Y

OYY ol il a ity




0 ol 1 10

a |@,0 b, - - - e, —
b | @, ®, 1 - = d,—
d| a-| @1 -— @1
e [(o1 d,~ -- [@&1

00 01 11 10
a |(@,0 b, — - - b, —
b|e—| @1 - - |®,0
c |©1 d,— — - d -
d|la-|@1 | -- @1

3a: (a, b)(c, d)(e, f, g, h) A
3b: (a, ¢, £)(b, j)(c, d)(g, h)(k)

'J:;deu“)h-’g“;i}“_ﬁéuﬁ?ﬂ};kf'\”r"

00 01 11 10
0 a g b
1 c h d e

F = A'D'+ AC'D' + A'BC + A'CD’ ity
Y= (xl + xé)(xz + x3)(x1 -+ x3) --v¥

e e e O e R R

o b

3ns = sl o b 1875 MW = i jae 015 610 = La g5 iyl 10
0238V (L) 082V (o) 1.0S8V (il Ve~

Iy = 0.44mA | Ics = 2.4mA V1o -7

7(&)  18(e)  24+08N(y) 0.82mA ()  24mA (Ll o-F
3009 (&) 16mA (o) 2.585mA (o) 353 () 1 -0
4mA (<) 4.62mA (i) ¢ -4

03V te-—-to

i “&l ot ':---L M’f



direct reset i 0L L
reset S5
top-down b Y
vector By
test bench i aali g
closure 03 39 Ay
blocking S
check bit Cod Sy
buttom-up Yoo b
count - down counter Sl
processor Kb,
backspace one
look a head carry P ¥
preset b Ay
consensus theorem by s, e5
slave b

incompletely specified function 57,4 C_.L:
Slasl b
procedural state assignment gl a.ads

propagation delay

'

i

3 phaly 28 4lT
field programmable gate array

row address strobe

synthesis
merging
distributive low
commutative
associative
format effector
high impedance
selector

chip select
register transfer level
encoder

one-hot
carriage return

programmable logic array

JJe.ud..);T_,fo‘fT

Pty

S5 e ol

cl.i")l

Sk peis Jo
slulr Jo!
Sk oS, Jo!
SV JETRY-
Yy sl
Kl

Wiy sl

R
e

S eSS

-

3,5 iS5l




finite state machine d»t;,. O |

noise margin g { PPN

case sensetive sl 4 el

(@)

vendor - specific sdid g b - ol
end of text S
underscore 8 5 k3

(2)
toggle Cp 3 f >

binary coded decimal g 5353 4 o BLGPrRTH
Jla> 8,50 S
decoder JRLEP

A A <5->
()

&l el
&t i,

()

S S e 5 015

digital versatile disk

demultiplexer

critical race
noncritical race

hardware decription language

St s b 0L
hardware description language

setup time b ol
settling time S 0L 3
hold time 614 b
under score L

(o)
free-running clock 3 55T cela
overflow Fo
register level transfer S Ja! CIM
cut - and - try Salsy
full - custom IC s IC

chip adl s
parity check Ol cms
negative acknowledge A 3D
user-defined I\ WPRTERE pu gy
task alSS
direct set s ‘..Ju
parity oils
enable Slebl g
power dissipation S Ol
structural description Soble G g
circuit description module Sl oo 58

(=)

sequence register S ol

(@)
record separator 5,55 i
file separator USRS
information separator Sledbt 6 st
implication table ol Jsdor
horizontol tabulation NI RV PRE
exitation table CQPPS i PRTS
flow table Ly Jad
transition table ,i? Jgd>
full adder Jol§ous” o
G.boole Js zosr

(&)

cycle S = a5
(@)

obas glaws | dbdl-
random access memory

read only memory Sl g Ladb dlabl~
master ‘,_( [
state LR S

total state

el

oys



(<)
Sl I 28 sl SIS

communication control characters
appliction specific oo 5,8
excess -3 3- dapas
Sl 530 Ll 6l LIS 61 r 3 ikl g 9393987
american standard code for information

interchange

binary coded decimal = 4595 4 gada> S

self complement oie 35 oS

(<)
fan out s uf..»b;f
fan in S35, u:...\af
primitive gate e ‘5\.“;.:?

(J)

transparent las G_J

()

ASM o, Sl bl

algorithmic stste machine
canonical O ylaze
Shreadle = o
o (o ollde
bhesle oo 5 sl

signed complement system
appliction standard IC
clock generator
behavioral modeling Sy sl
033 0 iy, S5l Jube
continuous state assignment

structural modeling sl el gl

switch-level modeling Gf‘j o Ch’“ Sl
instantiation S
stimulus module S e J s

6 s aibedly 0T amas 48 (L, st o e

modulus ! r___z:
data path 031> s
valied _pina

a"v 40l o:ilj

hierarchical description e e

tri - state (three-state) adl> 4
wire e

()
simulation Sl 4l
start of text o pa A

[)\:’-,z- alss Ls‘,ﬂ:- o i jlad
switch-tail ring counter
()

schematic capture Sy Lo

(¥)
computer aided design S eSSy 10

(&)
stray capacitance bbb es b

(&)
mixed notation b slou oI
bitwise N
concatenation plesl Koo
fundamental mode operation  gwlsl Sllee
identiy element wld el

(&)
non-bloking Sk
asynchronous b jen 8

(<)
very large scale shj A j: b
large scale sbj ;; P
small scale integration rf ;; Jo-
medium scale b g0 j; b




schematic
half adder

St 9l )3 gai
A.L‘.fc;.- r""
(9)

central processing unit S ,s Ajls 5 s

time units b sladly
clear CANTITSY
sl gl ey

programmable logic device

sy el gilas ab
complex programmable logic divice

w5l e des
sequential (or simple) programmable logic device
race condition 2y condy

(e)
synchronous Ol 5en
not connected NC

o Sns
signed-magnitude system ,lscude= )i ol
radix aes

inverse
target output

logic programmable array ,d; b la! 5T gl
3ydgn a5 )l My 4 S 53l
user defined primitives

sl slacer 5
essential prime implicant gwlui ol slace 4

S A
(v)

prime implicant

multiplexer

set KR -4
edge qualifire PRRHEY
composit map S B

carry S

end carry VLAY
end around carry o Ja

MUa;U O"A
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	00start
	00001
	00002
	00003
	00004
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	00006
	00007
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	00011
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	00100
	00101
	00102
	00103
	00104
	00105
	00106
	00107
	00108
	00109
	00110
	00111
	00112
	00113
	00114
	00115
	00116
	00117
	00118
	00119
	00120
	00121
	00122
	00123
	00124
	00125
	00126
	00127
	00128
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	00130
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	00134
	00135
	00136
	00137
	00138
	00139
	00140
	00141
	00142
	00143
	00144
	00145
	00146
	00147
	00148
	00149
	00150
	00151
	00152
	00153
	00154
	00155
	00156
	00157
	00158
	00159
	00160
	00161
	00162
	00163
	00164
	00165
	00166
	00167
	00168
	00169
	00170
	00171
	00172
	00173
	00174
	00175
	00176
	00177
	00178
	00179
	00180
	00181
	00182
	00183
	00184
	00185
	00186
	00187
	00188
	00189
	00190
	00191
	00192
	00193
	00194
	00195
	00196
	00197
	00198
	00199
	00200
	00201
	00202
	00203
	00204
	00205
	00206
	00207
	00208
	00209
	00210
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