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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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//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

Vel o8k b s tp s fb



:J;J:u.a o:)JT L&Q)ﬁ “;*“‘.‘.J K fb tS.‘I_ UT JL.:.) “ ol entazul primitive ‘5.1.:154.«.15)‘ ®
5% ann 3l |5 soutput (S walS g 5K L aS il andbs s gy Ll g o0 o P U6 @
w5 Linput edel L gl S oS 5 8 g Ly g5 Wl 5 e (INPUL) (39,5 S5 24 @
Ash sl glper LU el o JLs 4 8 s 50 0L polis
b ) pams endtable ytable oS OldS J2b s b supdsdxr @
ln 6) OF 3 oy 5 ol s 2 5300305 3T e pan s 5 Al 0 OLL () Liso0s polin @
2 gd oo S3endprimitive OLL ;o @
;J‘;‘{L&T))L..ob_,uyQl};:.oj)‘;&:ud_,béyt):auwtsuxa.uﬂ\s.t:.s‘\;;j
J',‘:J'UDP &.‘!‘ .MJ&M&‘B“;S ‘_S.)_,)_{u,fév.ﬁ)é ngjthxkuw ..ﬁ‘o.)..':'a
M Dyl a4 S, 0 (s PTiMItiVE  f20
crctp (w,X,vy.,2)
@‘5 RTSIEN)
w(x,y,2) = 2(0,2,4,6,7)

LS o0l LW g 5 92 3Y 53X Glago)3
gt s LaHDL K355 oo 8 UDP ¢l bii |y Caes 5 g5 ol Verilog HDL 45 §
dsdar &) o a0 iy s (gl jle 03 5 paduiio gl 1 6 505 sladls (CAD) (55 goelS 1 b
..U)..i} u:')";_{W&;)k?b&dﬁ)jiwbé‘jcm)bﬁ‘(jL’M‘f@d}‘b-Lvs‘_;‘“l-ﬂ-:-ﬂ‘
Sl .r.;:b Sl asl el gjludde 3 gloste gadlie 5 5 ae |, HDL ¢ 23w onl ;s
S5 slale b as S8l il gda faad 50 Ol g5 e Verilog HDL (gl |y G 46 Jlas

s aalol )y § 40 ol 503 S anmml e ¥ i 4y Laits S g5 g ditn L8]

Slo =

haled o3l 0 i dw 23 Sleslial L) 55 Jo gl ¥
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AB'C + BC'D' + BCD + ACD' + A'B'C + A'BC'D (@)
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

Sle VY



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)]
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(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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//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

S g ol 3l el a1 ST U85 5 ekt Ol 5ty o Lak pale plil
28 o il g Jos 4 « {Cout, SUM}
=l S olle Gl 4 mb L S5 sla e i 5 OISl asls 155, (g5lud e
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Condition ? true— expression: false—expression;
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agsign OUT = select ? A : B ;
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

o Olaj Al 310 .JJIA;‘.B;JBSOJ.)BJAct = Oja.wlom)_,.amend_,beginwm%b_
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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o JS L0 S Sy d=1510 a8l g e LSID w 5L a1 e pay LS e ol
3 g Jal g 111 5000 ;i golael axd y G amass .o
05y 55 kSl HDL aal 5 o S e Jyde S
<rs module p;
s wire yreg glaiulis oMl
S 2y g0 b Jgde S5
always , initial S >ve Oyl sl
I ey b
endmodule
Jodon 40 83355 Ol ie 4 48 U ) g2 b (60905 Ypmms o e
el e Teg ool ¢ 3 0l g6 43 Smn Jgde 33 Y gonn L4 o Jlaed (g5loiend sl b
Oy 4y Smue Jgde 53 L4l e 0aly Auled e (gl S b Jyde Gla g 5 W5 5 e
33850 53 e glanulis (6 50 b s o J e oK 5 yb e 0Nl wire g5 ool
el Uy oy g (gl 1y g5 Symen Jgde s e 0L |y BLo | ol F-v1 IS
TC ins «WITe § 5 aulid Uy b g 3 5 225 0 W) TR 55 Ol i 4 TB S TA (glannles
TP ) LR VRO SIS PRPRK S Sl o sbranlis s LS 0 S
M god Dy g d Se gy 5 s always yintial eyl L odd U 5 Sy w ey
A g5 35 gode 4 > Verilog system tasks 3l osliza L Ol oo 585 509 ool gu0be)

R




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

Yol S e gl e b




HDL . 0-¥ Jlis

// 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

Focase oolee bl b G b posedge CLK s ceele cite aJ b > sla,d8 oy
.J.J)..i‘;o.l>'|%Wg;,:b6&@)})“@“j@u‘dg_,)_,)'ldjz.‘.ajlu‘;?_,}.uaua
w‘éxsdb)&obj‘j_,:ﬂu.awxaaSSlgn C_))L.GL»AB C~32 I

obiabu Sao s
J)Sga.:..oj_'fc)‘.).b_,)L_{Q;ch.quu)‘o:L@‘bHDL)suljgabJ;j‘_QLA)‘J.A
Opr dabed cio gy LOW i 5 Sas b JiS e oalazal (o)l Chls 3 oo 5 sla i
sob Ly ohle 51 LS5 L s ksl (..L‘S‘;GB.)L&:M‘LQQSJ YU, (CR i g KV ¥}
Loy ooy oSy Uidu L 48 oo i g5 alWAYS Oyl L AW i 03 8 o0 s 5 (550
.J;%.:SjrJhL'JSSL'b4.3@‘.&:;6‘.&;5)1{O‘jwo@j.:ﬁ%&jdxCJYél&A_’aSSignQBL:&
Jdade 93 Jle j3 el 0dS ools LA HDL 0-v Jte 53 o5 jlde S (ol la oo
Jg'\»;wwj‘)rrg)\:?:by;éJ_SL;ou.:.ajl)(;d\)O—Yo Ji.i)‘.k.c‘;'ﬂ.;)‘::):_»_,
)lJ._»:)L...Q.er.al)g)\.\.ujiww51);5(’)\!45),”‘5_,,3 ASJ)‘JJ}?}}Q‘_;JQ'JJ_,M
523335 Aoled &S (Z55Y (A pd o0 JESX S0 b aS el 9055 055l S o S
gl}:.aUJA‘A.LoTuLm:»A.cL&bfjfd‘ﬁbﬁB_,AdL&%)}b&r:bJ}JuAdLu“Lujll 4
g g Lassign Ohle b omy 5 dslas s oM s 635, 5 <¥olen s S S |, Ll s Shae

.:;;‘;a;s‘_;a”_, Qy)l&AJ’I‘B jTALT&J}b;,-:haL{j.bﬁdoJ‘.{))“;’y QbL&
S0 e e dd 5ol MW B RST (90,5 LS oo oo 5 ) T O s p g5 J ke
Pyd o sl QD) = QBT s laasio dslaa b jlie 5 Shas LS

TSRV §10) PR R £



HDL . 0-V Jts

//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
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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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module decoder (IN, Y);
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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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