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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

‘oY Jch‘u)és)u\‘b‘br}uy



Ons 20ns 40ns 60ns ’80ns 100ns 120ns  |140ns 160ns 180ns
EN NN NN N NN AN AT T
stimcrct. A /
stimcrct. B /
stimerct.C /

stimeret.x \ /
stimcret.y ' W

HDL Y=Y Jlio o0 g 3betand oa gon P-FA JS&

ABC=000 521 5 . Lej po asniin end begin (s 4lS LS o (slacsos, initial &le
3o e 0510 b 9593 035 G e 4 3 il k5 DO L C 4B A LS, 2) o
il giluan s ;85 43U 10008 31 ey L pd e fis ABC = 111 4 laggsy, s 100ns
33 .::;u_.« el (luad 5 a8 Slaj ls gl (! s 3 2S5 G $finish) Al e
CuB A glags,y LiS o0 Jsb 20008 (5luans IS OLej .ol ot ool oLt Y-YA S
P pRX 2yl padniia 2y o g 5 1008 gl 5s il e il 40 51:100ns ;i .
vl 130ns)'lu~7xu?b>'..U,JoO4.31)'1110ns)'lu,.¢yd?_,)>‘-.mtiwwu30ns ol

ot Sty Y8 i 55 lids slie ol a8 53 8 o 54T 4 15088 5 5 53550 0

o ohlae
assign g S aulS5l (Site g b polbe arass le L Verilog HDL s J, ohle
OR coodhe St gl oo S5 51,393 8 o0 paedon sl J gy lis G 0T 51 g 45
S s 03lzul NOT 4 OR ¢ AND Sy ey w (=) s(]) (&) J.,..... 5 Verilog HDL
e S ab s anbe Jponle KLYV USE ol e Cio 5 gl plpls
assign x = (A & B) | ~C);
s g 0L T 0k Oy 5 g cbie 55 L 4S5 e s s HDL Y- ¥ Jlta
Xx = A+ BC + B'D
Y = B'C + BC'D'
by cV¥slaeassign jle 53.cdD 3 C B (A 3353 ,kr 57 5X 35 35 Shls ik
Alel oo s 5
bl e ol 33 S 53 porms 5 oo s HDL Lo b 5 o iy s Jlie Seudys
il i 5 plS sy 43 3515 8 45 o (T HDL 95,8 i L3y e

GNP S Lo 5 0L VoA




HDL Y-¥ Jis

//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
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B'D + A'BC' + AB'C + ABC' («)
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
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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)]
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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

NCWIRIREREC q,{‘cb‘slﬂ\JUDP RO

i
BHASKER, J. 1997. A Verilog HDL Primer. Allentown, PA: Star Galaxy Press.

Hot, F J., and G. R. PETERSON. 1981. Introduction to Switching Theory and Logical Design, 3rd
ed. New York: John Wiley.

{EEE Standard Hardware Description Language Based on the Verilog Hardware Description Lan-
guage (IEEB Std 1364-1995). 1995, New York: The Institute of Electrical and Electronics Engineers.

KARNAUGH, M. A Map Method for Synthesis of Combinational Logic Circuits. Transactions of
AIEE, Communication and Electronics. 72, part I (Nov, 1953): 593-99.

Kouavi, Z. 1978. Switching and Automata Theory, 2nd ed, New York: McGraw-Hill,

MaNo, M. M. and C. R. KtME. 2000, Logic and Computer Design Fundamentals, 2nd ed. Upper
Saddle River, NI: Prentice Hall.

McCuruskey, E. J. 1986. Logic Design Principles. Englewood Cliffs, NJ: Prentice-Hall.

PALNITKAR, S. 1996. Verilog HDL: A Guide to Digital Design and Synthesis. SunSoft Press (A
Prentice Hall Title).

Sl VY



o
!
1
ZE:

ey syl ¥
e S 3L o Ly (S5 f 5 ) g e s (Slapteas 53 ik (gla e
d?wjgw&bjjd.uf)aL@JT@_,}ASC»»‘&LQQS&)‘MJJ&&QWSJJ
b sl e f 55 opt o)l (S L5 (slago555 4 5 5 55 oo ame abim Olen glagssy, s
le.ac;..,fﬁ ol oo sla i ""J;u‘u‘s“z‘ujj‘f Cb}'j‘ Slas paza S aas e r\;ul
rolie s 5 Loy 5t ol T sl g 5 08 e eslizad 35 sl ol 5l ik
Slagoss a4l baigaygsy dad piolie 4 g5 & s 5 jle S g 5 Az 5o el il
338 it igs s Flos ot 5 Jotls SV oy a5 il Sl s Shes g 03 aely L3
Hlodd Eou & 50 o fab 53 i 5 (sla)la
el 0 ST oy 5 Gla it 5 o gabate a8 6355 Sl ite (oS e S
W by 5 Gl b IS 500 S il igo gy 51 bl Likie glac.S
RS s 52 5y g0 SleMBl ly 0059 55 25 09395 Sl ATl aled e
5 83008 (59950 pRte M s b ga 03 =Y S 55 LS5 e G IS s gl kS

e >
n ——— E—
—_— 5 abta s b m
. oS F sk L .
(53933 pnia : 4 : SI s
— el mm—

S e Ko (S5 Sl ¥ S

ARTA)



G b8 e g e L)l G deale 4 g eite T 5 S5k S
Staley ikie 1 50 55 LK ol 5 58 g0 03l 0L S G oy o0 4 S50 5 5b
e 4 old BT aines (g5lue 53 GLOLS chaaiie 5 e baa IS 51 (53lommy )3 0> oo
..L:M‘,&-«:s-ww::j)l.\.af\s\.:)!uJS«..U_,))K«{JZ.L;.A‘_;L»QS

3 oK an Sy a Sl 2sls s Bisa958 3 29993 Ken oS5 27 (G205 pie Sl
(s Jadm SO L S5 e G bl wand s g ge omg A Sl e S Bl e
S0 g g 03t DL ey el o ) (63955 SLa iia S oS5 g2 pln o b o s 5 alie S
pU il S 4 Glate S S el Raled BB 55 g mbmb oS5l
23,5 0 0l (83958 e I cannmyy g5

WL o Gtabes | Gl 5l ‘_gln\:wféb;.fo.fasu.w:_p SadS goluel sy ga j5V faad 5o
ool DL U gyt ;s 5 W3ls b (S50 5k 0 19395 Slopiie i gl plllne
5 n (65853 335 g0 gl 5 () (8l Sl it (Glaptauas 3 53 USG5 g o
e Al Jatd 53 23 30 by Al ol 5 0l 03 S (s Ol 4y g o o o o
sl U Jud o) 53 oS sl cs3basil (s3lusaly S 4 plits sln b dp sbe 6 85 S
6 gos gadlie fo U Lo led oo Jyaply oSy slajlie b 5 fdow |3 sla fuad 2
b dad g a3 iz s (SUaptns S)3 (Sl pir ol il 5751 2 b

Ly e S8 4 S 4 s St b s Sl 5y s (g3dae S5 sla s
LT Ll (gtyazus 3 lslial ladad Ol e 4 9 03,31 o iawd )3 paizes oy go 4 Ll
ol 33 555 L (5505 35 50 i s (Slaptges b 53 Lo gas 45Ty ool Jlims ol
oyl S5 oo Sy e oo 530 55 clrodiiSpanr 5le 3)ilaul oS5 glajlhe o tage Lo fuad
b potzee) MST mazone slalute g 4 Sladad opl oS oo B yme by b pusy e 5 LayuSS
ool e Shldes Jile « VLST ez (s jle 5o \.@JTA;. K y2wd 33 (Jw g2 L;:J.i:
4o VLST (glajfaa Jobs 5 35llnl slad sl ol g .y B ¢2 20 ga g « (ASIC)
LA Joo s IC w5l S MST ol b 55 a8 L5 38 go oz o0 4SS5 Olass

Jalos b9y Y-V

e e S 5hnnsly e 45Ty s Lo oS ol inn il S e Sy el

b e tuys Jodor SO s ol 5 5 Glae pema b g o ST o 5 i 5o gl SO L LIS )

01531 puand 57 b 0l pL U g1 25 90 silatn ol 3d STl g0 DLy Sl oo Sl Slonnds 5

b gt 55b 4 Ol g b Jobond il go 28 0k Ol b0 GobesS @ Jlos olST s ol en
3 g Ll (6 5 gaealS 3l el G Sl ealizad L g ¢ s Jgdr b d el o530

S b gad o 5 4 g el 0SS Z_Jsjl)luﬁ,&‘;:«kxdwidl‘)g»)afﬂogj

Mo 2y, WV



O gt s S Sl adail> b 35 s (S s 3L aS o) gil.ag..;‘_g_,l? =S5 ol
(s <8) b Of (63355 im0 5 4 (6 s oS (60055 4 oS K T 3 el Jlast
Seb Bl 5 A8 g0 i 55 e s Se K )3 (63 pvany (Sl e 183 oo JSs
28,5k, el LY i I,
I U el 0051 ey 8l O o el S5 5551 e A3 Gone oS 1 i
I s 3 Sl e ol 03Y cand g g;:.:)i.x,.dl.:;i RUPR W VTR PR
4 33 48 el pcen (b p 4y s g 1 iy 50 S ga S s s gl b Lol
AL adhy ol lae o b f)‘\l bty s
2S5 Jee b 5 oS 4 e e S5l s J g el 03 ey s
SIS ol sids (gl fomns b il izen 9295 31 il S oS (o s = plos -
S ma b I b oS a5 gln K
ladonms by Ll hd 0 g5 oy S8 5 (93,9 Slaaza b &S e S -
sl sy 5 5 Ul 55 Sl Sl 5 i (6,508 (65l
s dalol Hlbe gla g 2 4 oLz B Y alo e a3 ¥
il $259 e e b S g 5 o 5 edel s il K ¥
sl e
b Jhe 4S5l 4 5 i leS e s b olgndy Jlyy ¥-Y IS S5 el Julos
o yize 3l b oS oS 5wl Fa g Fy 5,5 55 5C 3B A 5095 6395 4
Iy s bl e s (63355 Sl ize 3| Sl wFa g5 . Tp 5Ty 51 dbe Siliso s,

s =
c—I__J F,
g___‘_\ Tl
C—L/ L

| — o "

Fy

A ——]
B—] :)
AT TN
C-‘_/ _l_/ FZ
B — T -y 3 ol _ o
0—4} ekt Jla (slys ke s pas . $-Y JSi

W sl



F,= AB + AC + BC 'k ras ol ol
T,=A+B+C
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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);

Db on p3 s Solme cathe S 5 Y i g r g5 O UL 4y sassigN S aalSL osle
JUait b dslee oyl b liladen jo cud odd ooy 3l J g oyl S o shus e JUis &
el Y o 4 (]) OR =8 25 5

031> K gy chao p5 s o0 OLES L) LS Q;ch.« Jle g3 03bs Ly, sladine gdw sladlis
e U s bl 4 am g5 b e sl sk asls 0Lt HDL $-v Jlke 534 42 ,a805 Ky
030 X gy e 5 el g B S @ Glae SO pa a5 il ol i a5 pslde panads Sols
Seslizal 5 Sjle KL mor Ghte ol b 03,5 HDL $-¥ Jla ;5 con 4 218 par S
Cooler LA cnd v e KL (F) o Joam el 022 Ol plesl g e (gla Shae
e SUM oy Sl 5 COUL 5 55 ool iy e 2y 5 e Cin G5 3, K, 4B

HDIL . ¥-¥ Jle

//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

VXS VS P e




HDL . 0-0 Jtis

//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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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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$lr ) %00 B e gl pslie 2L p&s S e jasie LBy A (§ time gl
($15 10 pom %) sl oo 1 5 Il (51 058 b 5585 (5lags IS cpl o IS 4 %
(39,5 0 A5 3250 L 0lej 5 S e WS 5y
Sb e S s 3 g e el ol 0sls GLEHDL ¥4 Jle 55 Sma ke 51 Jlis
wlSLmux glagsg,y s .o,k Sy teStMUX Jgoe 45 S Cioo 5 F-F Jlie 534S el 2 x 1
S gl .wiemﬁswdhwgmm.x};w@wﬁeL‘Lau.?‘,ﬁ‘,reg TANY
C“'L"’* S e uas._.:..‘.x,;;w Jheel Gluans (o 5o S 9090 slael 31 glass, initial
eacgo ) sluaed cams Jlds i paze U b gl e S $ monitor CalSS b 5 >
el oS LSS simulation 25 5 Jle s Siludand amt as o ol Ol 9 g &

VPO oy e




HDL . ¥-Vo Jtis

//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

Y’o N ..J:..A él»;ﬁ;’»h:m L2
[paF N [t



I I | T T N T O I T I 111 111 111t

Ons 10ns 20ns 30ns 40ns 50ns l60ns 70ns FOI‘IS l90ns
I 1 Lild

testTcircuit.x / \ / \ / \ / \

testTeircuit. CLK / \ / \ / \ [ \ / \ [ \ [ \ [ \

' tcstTcircuit.RST! ’

testTeircuit.y 4/—1

testcircuit. A / \

testeircuit.B —[_———\—f——\_

HDL 8-V Jlie U o gon s )bo <o, 0-YY S

wlainitial Sob epd ghoojbu oo pald sl 03,8 S ln e 4 lagga gy oS e Jgbe

i 4 53 aSHX (63959 53 i ainital Syl ey LS e ag 10DS 55 L el S
SA oA ""de" B 0-1Y IS 53 (gluvand 4o 35lu oo came S ’C);,.;L.u odb
33 obed 3 s 558 000 4 s 511 510001 (00 55090 LS5 5l glaxd; 5,0 B
B LS god (6 ek hsLed BLX = 0 STams e X = Th 3Ly celu oot of oK
Al o dp ) e fes Coms sy pl g dal 31 plyy o LELT B A 4 2

— — . Al anass 3 _pals O—F
S b il oo 0L b s gas b S 4 5T e 5l s 5 g 5 sl she Jlow
s e o ihie e G w5 pps b Sy Slasde Sl glhe paze b oo 5 e
S o 5 Sl 3 s ol g Jise pldd wal s S s 40—V isu 5 b sladl g,
ls dal g 515 s sy ge dns G2alS b 5o | O i 5 e Soliws ol (S

claials

o lS glann, I tal o Mo STy o5 e Ky s oot i sl ialS
S ol ppad b go SpalS Sl Ut s SV olias OF 3 Sa g8 e Joli ) plaw g,
2 S o ad 5 1) S 27 (oW im0y L3 B e B g 5 5 90000 LS
CRRAREWI W) ﬁ.?ﬁ\.? S 305 e O Coli slies o el a8 el (Sas Y sldses
sl FKame 2aS MW s i b sles Hlie a8 a8 el oph Laos i slaes 2alS 5o
Al azil g5 S5 i 5 (g e slaeS

D-YY S o s gl (sl S50 505 0l Sl S om et Jia b el alS Ul Lo

<l a2 3 v....:lf Yef




lp s s OV 55 syls ol g 5 - 635 laand) g S opl 3 e Ssan
Sl (P Sla e U oo pls 0950 V= s ol w38 o eolinal Jais) e and; g
ady 9393 e O 45 a8 9355 odiyled S NSy pl Liledd S3 o g0 90 polae
g gn 03 O3y 4 oA Olpe 4 Y
4 paria oy axdy ldS g sl culg o ol 4 Jlesl LB (635, slaazd sl
L0 G359 8 h K i 538 4l 2Jbm L [,01010110100 (35,5 a2y Neo sl by 3 45 35
Sl s gl a4z g Loy p G 4 e sl e cm e 5 SA ST LD 2y 5 SO
Lol oo oy 5 Gab 4 2 e 93055 428 @l Sl 5 s P andy 4S040 e i
Olaed jo e 503 S A 50 29 5 G0 (95,5 K @ adyl 2l s jlde zals 13 53
Il | iatb s 2 50 g 5 T 53555 518 o e U e o iba e
iy e |y JolSasy L) cpl aabsl b icl € gy 2 90 55 0 (63555 5D b

a a b ¢ d e f f g f 8 &
0 1 0 1 0 1 1 0 1 0 0 IYY)
0 0 0 0 0 1 1 0 1 0 0 AT

O gt 53 2l gdny Sl o la ) r g 3 MR 5 (62950 S ¢ b Il (O g a5
Lo 125 islo; 5 p ol o 93 4 51 SV lie cpl 55 a8 0 Size b cand ol 4zl 5 gy
pradhe (93955 and 5l ol g 4zt 4 b
ool I T 31 a8 o Sl sy 45Ty 5 ke Ky oS S 55 demly 03l 0555
Spmles anlie cobods oals 0-YY JSCa s 2l s gad oS (5510 L, o pile g ool 5l
5,8 5 (63955 iy plas sl plie sl s 5 50 g8 el e 93 2 4 SS9

alla lose . 0-YY Jsi

YoV 5 ikt glasle oy b




odla Jsaa . 0-F Jgua

Sy 2l SIS
dodl-
el x=0 x=1 =0 x=1

a a b 0 0
b c d 0 0
c a d 0 0
d e f 0 1
e a f 0 1
f g f 0 1
-4 a f 0 1

22 SVl Gl gl ol L Sl 2alS g5 g 0 S 3 R0 sl ] S 0l e
el g =835 daly kS O e 5 ol

Jlast p3 il 5 el Jpdar il g 55 o0 i 0 e cpl SV 218 ) glase 4y 0 pS)
23 ol el g il s gl 3l eslazad 51 powbin o gda 3 eslizul il (2alS gl baw
Sl Udor S 2alS ) Sl okl sy o s g 31 Lacis y o e 05 J st
UMjb@;f&lﬁ;lﬂﬁdébbdl’_,:"ﬁiw‘m&dUc;Lﬂb;Jﬂa}b‘bJ&G
M Dol Ll S b b Olen gl e p S U gl Sl 5 Lds dlaggo s
S ol 330131 S 015 gm e gy = 553 Al and O 9y it sl 2l g3 i g

el s 53 sy 5 anxrhe b gl oo ol 08 Ui 1y o) K1 ) Il
STIF TS weSF 33 p el 4 5 Ly p S g e 4 S S e e s IS
sadyfya SV 0 g 0 diia el o le 58 el st wily gl
ol S s idolese sg oV plpls S e adsx =1 5x = 0l01 50 gla oy 5
bam s 0~V Jsdr 5o pthlae U 23Kl 5wl S Gl ) ol G L6 OV
..ujfu.a&i}ii\.?eQé@db-ojzu):gdb‘,dj’:)bbguhjdb66}“.:}3@

X=1,5%X =0l owyul 50 gl s sf se o dlm ghls f e 2l 0481

s Jsan Gl 0V Jgaa

S S I
g e x=0 x=1  x=0 x=1
a a b 0 0
b c d 0 0
c a d 0 0
d e f 0 1
e a f 0 1
f e f 0 1




il pualS clla Jpan . 0-A Jgoa

S - SIS

e e x=0 x=1 x=0 x=1

oA S A
E T W < S Y
AR R Ao
SCOOOO
—-—0 OO

.éﬁw%‘}\ﬁd‘}l&idbiﬁA.L}.:JAJKJJJ‘)JL&'LSLAL;"-JPJLQJJ{ Y- sl e
4l 2l dgdr 55 0 Rlr d L1 0 5 Gl ) 2l 0l 5 e tdsleed 5 Y ol
Sl gy bl Jad a2l g (ol Sl sy 03,5 e i dhe O-A Updr 3 il
h o — o ad sl Slasia Sl s pad opt il 0l ools LS O-YY JKE 55 sea g
Do gad 3 Jrol o ajl o oal 3 63955 ax a gl ly JKinyge s azd, 5 ol
e T RC T RUR KIS NCHN T PSS PP ) a4 by e 0-1Y JS8 -
el 0 I 5SSy m and Jyccad Oglize

a a b ¢ d e d d e d e a el

0 1 0 1 0 1 1 0 1 0 0 LY

0 0 0 0 0 1 1 0 1 0 0 SIS

W 0¥V R a2 Olas sy ol ¢S o R A U ye LIy g Lo ST i

&S, n szl ol e 3148 oy b el i p 03,5 S b Jslas ¥l 3L
Sl il S Sla e ol Sy pp S el e 31 S0 Ol Ssder 13,5 0 &) 0
s Sl Jgd 5 ]y dolee Q\H:-woljsw‘d_,kc:wé;)lSQl{.:)b&lﬁd:w
sl 0 030 QLT A-0 3w jo Il Jgda s V- sl SelS s Gl J i 5 580 4
2 SV slaas js 2l IS b 4 ol FalS ey w cada S Yl oliws Jle l s 5 e
Jads s Y- JA\S;g_,CﬁlQ.:ﬁﬁ»;ﬁyh@Q&)h@@‘a&d‘»dJ&
S0 S slaws W s sl pals )y poeds ol

Gib GhalS clla Gl s L O-YY UKW



adla 5359 5Ses panadl . 0-9 J g3

. 1 yara 2 e 3 e
OIS :
PYIYE sSu NS
a 000 -000 00001
b 001 001 00010
c 010 011 00100
d 011 010 01000
e 100 : 110 10000

Slodd US o 9593 polis cQYB—qw‘ij cﬁﬁﬂubw;j)lu&iljbr@
U Se ol 20 2 m ol s a5 45 el D IS b eIl M L (golde gl b pamai
0 0-F JS& e Jpdr 15,8 i e 111 5000 3 2l otn sl 1y (638 015 o oy 4
o3l 3 g ot odibedly Il LS s ol b i ol (03990 3lie by S
3i30 ol 3 3 K3 55 519395 pasass 4 Il oy W5 0 5 584 0-A e g ST
Coeal o OV Ol g a5, 80 V- U b s il dal g5 s o g aid 5 S0 el
s e ey oo S 45 ke ool jlue ol Y pons coanl 2 SV 0 3 4 o0 35
L 4zl 4l akn Jlae 31 (5 2aS S (sl il

1 u.a.:,.aéu“):u_l_,:_,:uﬁ,b_&):cuax@jle;&:u‘db@qa:b.xfabo.i):u\..»
J.:.:;'drlf.'..aa.!Q_,:..u‘y_lja.wﬂMﬁ)édﬁﬁﬁ:wbu@:&ﬁ.wm—qdJ-’?&.Uu
Sl PS4t 31y ol g5 Sl IS (b n i o S L5 K0 00 Sy ap0de S )
»ul ua._.g&ﬁ;_,)w)lfqd):;Sdl.a{..:ﬂ.,.u‘fbbjaédiqu@aéd.ﬁu»jébhsjbub
Py e S asion Ole) e 5o el plp jlae OV slaes b bacoy shaas abl ept s el
.:;,w)ggﬁaﬁ%:lé&db,&dbﬁMal):.xﬁwé)quiojau%@Jl

Yl b e foow 44 1 janads S8 a b asl gals sl e Vo Jade
.Ma‘;o@bo_,w»&_,:;:ﬂaﬁal{6J<;_:¢J\>‘J_,J>.-U§i:o‘,u:amx§a_.wl
& S5 M Sz sl aslital o) a5 5 M 2S5 G sl Sl Dl (9093 03
-’)b‘;{:ﬂ-ﬁgl}U-‘ Sl aeads Ol

23939 1 panais Ll alS alla Jgaa  0-Y e Jgua

Sy 2l I
S x=0 x=1 x=0 x=1
000 000 001 0 0
001 010 on 0 0
010 000 011 0 0
011 100 011 0 1
100 000 011 0 1

o aasi g als YYe

S .



a)yéa)ly):db-d_,.xa-rl}’\b.w..s‘,)da)l.fqdbd_,.)q-u.é}p):J')g\b.v_fbdﬂf
JJJ?C)S_,JJA‘_S‘){sgwa‘)é.aﬁ{c:&u'd\,‘;ﬂéuJ‘)fjlds.:;w)‘)suu;m‘
Sl Bl Sriapl

' ; > gy OV

Lgodsgard gla Shy y olasbe 5l e yame 0ly b locele o5y jhe K b
SN bl g 0L 3 g ol e s gl LT S aS Uy il 51 e b el g
w3io s Slasie ¢y Ly e ‘JJ;L;OM‘}J.M)J Jade ‘{’}\545&._5/;)1.&.4&
OF 51 ol Jales b &l Jpdr 45 o5 Slaglte b 3o pt3 o gl ols 2l gt
d 2l s gad ale

Jobd ole (b o g on il oS5 bS5 o i Sl olager o slhe S
Slaste 48 g5l U cd O S5 tdu 28 ks le 580 paee 5 Lot i Ol
Sy lioe 53 o3V OV sl 4z 5 b O ol slias 05 S fuol cyls | LS e
corm O a5 5 63305 Yalas U555 OV Ui 03Ul b ob S5 sl ] o
qng)!M3ld>tj.Lx,,‘mwugm%bglu,@séalqu‘Cslua.»ﬁd.
W28 S 0l g by oS M GSEST 5 oy 3 g g i oS S

RS AN 55 D ge 4 Ol a ly Olosar o5 5 slajlae oLl U,

e gl 2l oo s S Jla g 5 Shee w1 by e Slaintia 5 Shils 4 455 | -

...L."_)_’T s;«.w-‘.!

Aans 2alS]) OV sl r;}] Sy oo o =Y

Ao panadi |y g 9390 polie Y- 4 ¥

sl s by 29393 04 S b Jputer ¥

S aedia by s, LIS ‘shy}ﬁ;ﬁ.létj -0

sl G ly g B S¥alaa 35 5 O s (65959 0 a3l SVsles -

S o 7 |y e s gl =Y
s Glate p ygie b ol 5 oS o 0l 3y 55 Y pome 3 9 _po Oy sloke )55 45 _slaimitn 1o
S b s hed a5 4 e Slasidie | v el G 4 Oy g3 105l LT
e 4 gl Gamae g BL il by JalS b il (S i) s g5 15 )l Glodes
oS ooliad O JooSS (gl gl b o axt s sla i 301 o ezl s a5 luaieda
L O oy 42 208 g el s gy O s 3 5 o 218 55 gl s sl 455
S g 1B 03l 2 g0 4y 25

JBB b 50 5lanaly 5 g gn (lapn SN L 05 ooy b 3V B F iy

Y\ 55 ke Sl ey fab



o

g’
@

/

G

1

L

iy Hla,lal g adls Sl s . 8-YF U<

iy 8 n pleal b 5 S5\ o S Lo |y it gy 8 2k 3 i el (g5l 5

OLE B 38 al 3 1) (glosbas Sl Ll jo Lo sesd b s o 5 2 (2 ) o
] o oy i) O 1l syl Sy S

Seajly g and; S 5o e (i b o)1 MOT&S*S“-:‘S('-:S‘;")’LSJ‘MM‘)"'J‘
ol el s b oals OLET OV S 3 Jle b s pad L pd g lubis o b S Gk
J,‘xuwgg‘}_sauow,;,tmugo‘5,,),,5‘1.@l,mw.xfsoy@);g)u,g
T on dn $3959 148 pasdia hT S @ilye oy 087wl @ e e T 52555 S
Soul:3¢Jl>«u".\.él{()d:_,)_,)fl‘_,)_,u;wl‘;llpl‘,;g;.é\{).sd'.'.u.gszdb-q,ni:c.l..ib.
Olzear jlis 03 b 0l a5 (g 2dy 1 S35 a8z 400 e Jignel wy.sajfwjb_
Gl ebl s s 5 enl a5 s B e 50 Sp 4 cdl pl ja 1) Jlae 0 g3 2 il g0 3L S5 5
Sk By 15 Sl g0 Jha f 93 3 g 5 e ol e dal g 3L S5 Olas 5 e i g2
el 0 &y g ol o 3 91 g el Sy 2l s

D (SLa l s 3
):.J;Sd»oau;ul‘jubﬂ};@qj)jlfl)s@‘JATMJ..:CJ\;-JLUASAS&JU&NQ
03U sl HDL olio (slofy) 5 <l Jfs pai HDL i 55 oSS s |y e ol 0 e il
0-% Jle b wlie <l Sls gl HDL s 5 S cdd (550050 0 p3Y oS 1, b e metlist
et iy V- Gl g 9590 GLUS WL ke mas ik gl ol 0-0 i3 ;3 HDL
O RON P PO S PR E W o plol 0=V Y Jguter 53 )5 ) m{\».nc......:li)dt} Jde
D ool Gl o 5wl e aled iy bl o0 cnds 009290 gt panass | O-YF
s3m3Y ra S 3K (53355 Sy sl 53 pmilei oa HSPUB S AL T oS e eolizul
Il e oS el inn ol 45 5 2ol Q1) = Dy iy D 6 ol ainin alslan s
M3 s (3955 SWoles o OW b oD (go 55 - Olas e Iy 5o (S

S Y



Gy )€t el il Jgun 8-V Y Jgaa

- $3909 G Il Py
A B X A B y
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 o0 0
0 1 1 1 0 0
1 0 0 0 0 0
1 0 1 1 1 0
1 1 0 0 o0 1
1 1 1 1 1 1

g g0 Ol 5 Dy g e oy g odal el B A sy 2l (sl 2 5 Lo
At + 1) = Dy(A,B,x) = 3(3,5, 7)
B(t + 1) = Dy(A, B, x) = 2(1,5,7)
(A, B, x) = 3(6,7)
-"U’LS-U)J CJYALQ.A:DB_,DA ¢899 B 4 A ‘S\Ag_._))b ;_A.:bulx:dBB sA QT)JAS
Al g ey S g 53 5 0 Y s slag s
SValen cpl L g oo 0dy3 O-YO K 55 Lol ool 3,8 4l KaS 0 S JpoVolea

D, = Ax + Bx Sl aayle
DB = Ax + B’x
y = AB

.w‘»d&m.ujO—T?‘}.{.zstﬁg'j)‘Mu&;ﬁ)bﬁj

S35 Jgha
Sl g2 SValee bj sl oy D o6 o 4y oo i U ot e S ol b
Ly o 80D L;u%)u;:,._.lé66:5,.4{7@.\{dudj.xa-,'lmz;wﬂ';)}g.u_lwm

Bx B
00 01 11 10
A — - —
1 1
0
All 1 1 1 1] [1 1
— i
x
D,=Ax+ Bx Dp=Ax + B'x y=AB

by Hllal gl beasn . 0-Y0 Ui

YAy 5 Al Gl !y b




Y Y

D> C

CLK

)
L/

iy Hla,Cal e gl 0-YF (G

T ,JK Lsh&)}\.dg“.tbé‘julhxw‘ .L..Ju.a Sy (Gudy dbj‘w&:})} OYsles
Sl I g Sldes daly ol oY LM i ot el SValee e (6l o i
sl Sy by 53355 SYolas

S QYthé)J)JL’ﬁJMoMWO—\ d,»,:«fbg)&s%wd;l»
g,...,ls)lsq.iﬁ_,w.;;‘5(.»,I.u‘}:l>.:,ad,lkal.myﬁybd@dt’)lwgm,m
3 el ly ey Sl 4 e o 51,IEY pana Lo gl T8 e 53 e O
‘JJSJ.L.? J_zbo.g_h{.r.,_ssuﬁbn);u»).lga\%yéﬁaﬁg:#‘s:_,)‘, “3*:-‘-‘"..}(-:1{.‘-‘
..\L.:La‘cuk;u.«-:!rjy LSLALS“J).’“;J")J 6#3))&‘%]@6‘){ OT).: 45"..-‘)_,TL’¢C~.~JJ.
iy S0 S8 390 b o o

CJ\’LS‘)JJ":.»I d_,bﬁ.\.&:d»uwg?)yu%b_)bd‘jb&ﬂ Joalds 0-VY Jsd
S g8 K8 U o) 0055 52 (i st 55 5 QUUAT) ey - < Q) b

TS Y\V§



@MWl 53 Jslaa L 0-VY g

Q) Qt+1) | T Q) Qt+1) ] K
0 0 0 0 0 0 X
0 1 1 0 1 1 X
1 0 1 1 0 X 1
1 1 0 1 1 X 0

T (o) JK ()

oY (50050 Jaulpd Sl sl s gy L5 e L38 e o I ded Il s 0L
b o 53 X oo ] o s daiuiin J g 59 54 g0 Sl LIS Sler o ol
A eenl (635,503 0L T eSSl sae cpl ey g s o OLET ) el o

9kt e g a a8 By d e edalie () As 53 TK O s S o0 J g
- 93 2 ol n wlie , 4b wasb LO Wl oK Jyaibes0 0 4LT (39,5 casli0 oy
40 Il 5hasl )5 oM s STl 1L 0 wip b Js0 pKesb 1 gam 5 o
ol oS K sy g el b LS a1 31y N el T (63950 1,25 280 T LT (S, 381 Jl
T=1,K=1 81t o1 o foo sillanly 0% il = 1 A3LK = 0 81,084 114 40
Sp X el g Mo UK eplpls g5 o0 T 40 b 5 g0 paze QW i or g 5 S0
KosslpysbK=1000 el 01 > 1,08 gl ol os)y 43 cudhe (14, 0 51,38
335 T = 015 il T L0 Wlg w T (g505 3 pms ol b A5 on ST O
el 015153800 ol 4SS n peaze by @M Qi K = 1ol n T = 1

haabeiin Jgdor 4 g U gl e abe N (O) ise 50 T O Cols (6l v Jgir
W s Il LT = O;‘JJAJ;JGW&?%*#QM'T =1 8548 pin o
LT = 0 sl p5Y iy i o @6 ol cand 513 ST el by e dal 5 3L i
.aﬁMiPT=laﬁwy%;‘~ﬁdBM\{)l)§;l

JK slacdld a5l ouldivat b i
WS S35 I b et D (ga oM (i disle TK M ol (69l o 5 b (810 520
ST e 4 4 g L ol S elipd 5ol s 4 e 2l 5L (6055 Yol
o oS oo b 1 0V Jdr Lo i jme oS 5 e s g it gl 2588 00 oy oo
Cond s Jodar cnl  Jgame Sl Jgdor 53 g 5 Sl g (2555 ¢ ad 2l a0 2
3 Lacsaans ol - Aas oo OLES 55 by T ge s O 31 (53055 SVslan 48 OB i (5353
SENCSN NV PSTE TRRRTEK SO NPUR U I RT VP Y PRESPPIN [SUAURPRUH Ry PO
b (6l 0=V Y U 53001 0 iy o 40 s s 5165 I8A O s (sl 0\
53 X 50 by a3l ol Sy 4K 5T = 0 4 ot JUil 538 ot aasY T N

Y\O s sl Gl et oy Luab



JK 03 Gals slaga gy alla Jgan . 0-VY Jgaa

lags

Sl s (s S

A B X A B ]A KA IB KB
0 0 0 0 o0 0 X 0 X
0 0 1 0 1 0 X 1 X
0 1 0 1 0 1 X X 1
0 1 1 0 1 0 X X 0
1 0 0 1 0 X 0 0 X
1 0 1 11 X 0 1 X
1 1 0 11 X 0 X 0
11 1 0 o0 X 1 X 1

ch;-a\.gOqu.;cJB)'lr.aB SW ks Il e 30 Oy g g0 539Ky 5T4 5 Sl ol
0 hed cdlb 51,38 G Jgdr 093 s 5 58 00 351 5KB 378 5 o 5 X 50 2355 000 ukny
1903|)J§6Mw‘d\>d3.\>‘4{4¢jl.f.J.Jn‘_;aoLi.JbBgﬁ)}\ég?..:b').sl TR CTRCN PPy
))IJXJlJ.LJLZ.G‘KBJJBOPﬂjJ(JJJLMJJw‘J{t{QM‘.{K= X 3T =185 005
$3559 Sond s A 3l g absl O Sl a6l 5 e 5a gl I 53 T h l 5 e

Pader oS W Gl p lp ol s 13 S s g

Bx B Bx B
00 01 11 10 00 01 10

11
A A
1 X | X |1Xj] X
N e e e 1 A

X X
JA=BXI KA=BX
Bx B Bx B
00 01 11 10 00 01 11 10
A A7
1 X X X X 1
0 1] po—
A1l 1 X X Al X X 1
X . R 4
Jp=x Kp=(A©x)

KJJ GJJJJQYJMG'J::LAG&.Q—YVM

fljlagl"vj) Y\



JKGu%mgg&;JaMz‘fuﬁ@Juw.o—mJm

s SYolas gl ) s Jyue é‘; 23OV g o LW s slasay s
ul_i.i.L;\AM)JLSU)_,O\J:L‘».JJJKJA&L.JA{Xd:_,)J‘,B_,AuLédb}lﬁl:()l‘,;p
Lis g9, Volesly; ez 5,18 4y (g5lueslu yaud 55 (gda Il alis diledd ool O-YV
5 (b TK Gad ol Sl oslinal o oty sl po 550 99959 5 e &Y 31 asls
¥slae (sl oS5 nnsfs s or s s 3 Caenalgy il g 55 6 shhas &y L
Vo 810238 e S (53lnnls Y s ol s g, n Ly 05 3 il g5 sl g5
wndls sl g 5 4 aﬁ):}g‘sﬁawlw OVl sl azils s o e g 5 gleslazal

S el Llodd cnd 0-YY IS glawids 5 55 JK W ols g3 (gl 6o, Aslas g
2 g o 0dalln O-YA IS 55 i 5 e idate
T slacd culd jsuliiedl U i

o2y QLS 5595 0dijbecd K b alis OT gl i b o5 slajle sz
L2"=1 60 5wl oo oS cand N i n 3l SCize e g 9390 0 jled S LS dal s
32529393 SV g4 5 o 5 a 03 0- T8 S 5 w3 oy led K o s g 3 slac

&

alla jloge . 0-Y8 USS
@ a3 s s 50 8us lak

Y\vY L;::;gm‘_;u)m:mp



o 3o lad gl adla Jgan 0=V Jgua

s PREC i‘:fifé
AZ A‘l A° AZ A Ao TA 2 TA 1 TA 0
0 0 0 0o o 1 0 0 1
0 0 1 0 1 0 0o 1 1
0 1 0 0o 1 1 0 0 1
o 1 1 1 0 0 111
1 0 0 1 0 1 0o 0 1
1 o0 1 1 1 0 o 1 1
1 1 0 1 11 0o 1 1
11 1 0 0 o0 111

o g b gl & g5 e 515000 & <S5 LTTL 51 g e Guld g 5 e plss S5
Saslde 53 Yl IS a8 Wyl bl 4 Lledis ooehe g 5 835 polie ol
Jada b el s pod 53 8l (3955 pite S Ol pe 4 ol b ad o Jhcsle o5
I 38393 polie 03hs OLES 4 (318 ey led 2l ol i S el 23 5 i plb
Q\,L’-r_ﬁ\.&d’;_’}_’wb QLQ.A)L\.«QLSUJ‘,LG;J@"I_,); Sl g b e slizal 5o
JEPPE Pt PN TR I PE Y PRV A J NCOP N PO [ FREEIV TV O
.;I;ut,s‘c)‘uaw_,ﬁ.;:ubw}gas

BY.VIRY-CATRE, L PUN | PURCIN PO ST RN V1PN REN T el Jadar O-VE Jsde
bl 13 L5 e a5l T (glac¥s ol b U g0 95 glonsiylos tihods (5,1150 Ay
3T M0 b o0 o I T laos ¢l K pw i dizn Gilupate pols
by @M i glaiso0 ada )J-E;"’A-!--‘-’;‘;‘ Jrol= (Sday CJ\"“-:J-'-;QJ"}‘)K‘;%U
azdy s by e G 2l 45 el 010 (g el 5001 e o .08 a3 001 o
0L Taz oyl 005500 40 51 Az 4853 jo cdaliie o jlad 53 ol g lin 51 icead 25l
10 31A7 53 L e el Gully sliss) o8 L5 Ag O Qb 1§ el o (180U
4058 et el Gl A bl M i 5 celodd o) cde 1L Tar gl pl 25500
sl 00 (6 IE0LE T 4 Tag el s 5 ol 05 prae Z0lo 4S9, 00 0 01 51 Ap alia 54
ol )3 455 b g0 4y 000 gy (5)lad e sl LT1T b 2l by s, et
.;ajfw%)bwbuf\:;)l;wrj\m(w«.glfwjl&z&).mlé.\*{db

FYSCIVPUNY PVSTPL LT P ROWIERI- PRI I o S 8 50 Moals (63955 SYolas
>y Bl Lap s aan O 1348 l5 03 5 g0 prate sl 2 53 St (2 T R3S 25 din ]
ua;'._.:..t)o.u)ww.”sjsu:,s.{azf,“})aoumjsda”,o\bw.wll <ol Hlaae by
3 gyl g5 O-F\ IS8 Galae oy Lacd gilaie 513 gad e M ol s 5 ol 8 3l ealizanl by L a

b Y\A



1 1 1 1 1 1 1
1 1 1 1 1 1 1
Ay
Ta2= A4 Ty=4 Ty=1
R gs el sl gl i@y L O-Ye JSuG
Az A Ap
(o C C
A T T A T
CLK 1
( 1

203 e sn e jlad e Hlisad . O-TY i

Sl ®

»hoTesl Kool cutond wsle Ky )ly &G yNAND . e L a1 JS2D 2 0-
..\ﬁl...sC}L@\\J)L.u:)ﬂu,rﬂjl)&.b;,)brscdb));..g{bwj_j
& g el (S K3 o8 53 sl AND sy SR & ot s NOR sl (Ll
el adls 5l oa SSsls
Bl 4ty 03Y o Kty el (Kn ol o3lizal <8 e o 51 NOR a1 (o)
ef oz A Jlast b sils oo 1y 5 ) (K g 9k) 4 e3Uinel NAND . F Jlgor 51 s ()
TI) ens gl Bog)ly st o 1300050 il <8 535, 4 5B S s Gl
G SR o gV ef

S 03l Kigsls & 5 Sl (Bpr o 5 TR ¥ b D 36 L -y

.ulﬁj&&,JKY%%ﬁeur&f,}gljwd>w6.\,uow A=Y

Qit+1)=JQ +KQ

Y\4 5 e Gl ey fab




éSiJA.lQQ.UL.‘.J,V..:AtMQ,QcOQQJ;J\i:w\J\:l)J».pc,i)LﬁPN;,))ks;',_.lse_Q
.:ﬁy(bﬁ\ll,lOcOlcOO\eﬁ\ﬁPN\gg..;JSqé)és)ly)\
T e by aaduts dolas () A0l 1) dadde Jsda (L)
tled 031y 1y &K 25 Joer (@)
38 Ja D o ol 4 PN oM i 015 o 45 a3 L8 ()
b @B e S 0L o0 Jadr 5 aedede Jadar (Sl Jadr ¢ o3 Sy Oyl
...L...nc_.pij\)g}\sgfthdz,),dgbu,wdzwcd\:-d:\.‘u‘dﬁ
CJBQV"”QZ3:,-"'*‘5\1:‘)’;7(6»»:391)(_ﬂj‘BJAewg—#P\e@é);W&:
sl sl adeis g A 5 S

At + 1) =x'y + xA

B(t+1)=x'B + xA

z=18B

S e o5 e gl s Jyde (2) .J.:‘fru)b)‘.ugih.h)bri(gﬂi)
S 1y ab g e 2l 4l 5ed ()
é_ga.‘s\)b)\.lndi\.w‘s @J,&&i,y,xgs,),ch g%%&gb\;&;)w&
e C.J\:-Jb_,-d)db- Jed . (0-V ()JQ‘W\D VW%&MMJAKAJC}

VRPN IRCHRNTY P It

X ———p] S
Full
Y™ adder |C

<—CK (0-V p) Jsus

a5 |yl 3 Shos oty T oty 1y (07A ) JSE (o3 e c3bm s gad 5 dgtr

J:A’ A lB' B

_..> a
~

DO
ﬂ

CLK

(0-A p) U

bl

o-¥

0-0

R

o-Y

0-A

YyY.



Gl 62955 SWola by e 350X (5355 & S TK £55 5IB 5 A M b 5> o33 5l &G 84
NUSR Y- TRV R ), 1
JA=x KA=B’
JB=X KB=A
sl cw s K 5T 55 63555 oVolu w-ijfi\g-\el,B(Hl),A(Hl) TR EPOY A )
.c.»\Zu.g-,):’-g‘sﬂ}y,X‘_s;,J,chK&,s)‘lB,Ag'a)&ég'.:lij>61_)b6‘.§j)lu C S
ATl o A sl 5 M Gl 505,5 SYola

Jy = Bx + BYy K, = B'xy'
Jg = A'x Ky=A+xy
z = Ax'y' + Bx'y'

"QJJT kB A sizly I oYslas (<)

$3355 485 &G 5 Jolom s o5ty 5 s v S 5300 Slpy 2 L 0=
i ysT oy 1,010110110111011110

s oL 1y agl el gl g sty Aals 5 el G jo 1) oV slus -\ Y

. G e S
. s o e

b

c

=
|
o
=
|
—

> 8

> > o

> 0y - o A o

om M AR S RS
8

—_— 0 = O = o o ©

S~ = o o O o o

S

3Ty 333 Sl g sty OTTI001001T (55,5 525 58 <l 5 3,2 4 =¥
B R\ OO [P PREY (011))

b 9093 S Yo 5 w8 0 Kl 5-A Jgadr OV 55874 Js> h2 29295 jara §-1Y
NTPPIRCEY

K 5T slags sy 5 Stam Il o @ 3l e 4 Q LIK O o (sl el Jputr &5 010
el () B=1Y S8 Jolan 8 s L 5 S b |y 2l J g 51 ool 5 5 ol

Y\ 5 sl Sl ey fuad



(X =0 By bl SEX 63555 8K 5D g5 5B s A W ol 93 b o 5 W &5y gy
00 & iS5k 510 511 ¢01 (00 Y- 315 jlds canlx = 1 iy biley S it 5ty e Il
S LSS Y L el
QTZ‘..Q.‘:.-,o:;c.i\._»);\)\nc.ﬁjl61MJJ|M.Q5L~,3,}&Q5:JJJo.’_gg.)‘bZ‘...:.céS\: d-\Y
s a\ﬁg,t_,,.:\,a\:u\:wwb}d,; S5 B e Ll s ud g s S 0
WL E = 0 B aal ~LbX 5B 63555 95 5 TK 5B 5 A 03 b g3 b o5 Mo &5 p— YA
.,10(01 ‘00&'_Jl>b)‘,£~uv‘)(=1_’E=lé;.ﬂb@)}“}aﬁdb)ixg?.ﬁb,d{)‘—h
510 ¢11 000 &Yl 515 e conlx = 0 4B = 1 5. 48,155 1, L85 422500 & <554 4 11
Al JSS ) Jos g 43,00 4 501
db,\)ﬂ.w\y@,}e_{ux‘y,),e.iisC,B‘Agw*}sud\)\;&;)\#&l o_‘ﬂ
Mo 33 8 bb comal g SVl aslinat b e el 15 55 S stalie (8714 p) JSKE o
.:ﬁ%»w\dOYBﬁ\bgMbeﬁfbb
s lad oslzal JK u,)}\.i ‘7‘31’ () S o5l D ;'a)b g?..:h REes))

(0-19 p) s

A8 BT SlacM i L1 (3-18) K8 @l i pad oo 5l B=Y o
$ewws Verilog HDL s always o ,be & yinitial < ,le ¢ on Jol @yls O Y
S oy 1y initial ke b edd W5 g JSE 0T
initial
begin
w=0; #20w=1; #50w=0; #30w=1; #10w = 0;

end
chglas da=S 5,15 1,30 jlade lnt 3 Reg A & ol o p bl s bl -

125 (b
RegA

RegA <= 125 (<) RegA
RegB <= RegA RegB

.z.n 4> Reg B yReg A jolis 2! 51

Jlwe XYY



03,580 5 s ey 53555 0T 6l e 53 D @3 G 61, HDL 5,18, Lo 5 &5 Y
(g aarl e VAT SKE W) daled g sty
0T 3 & 873,03 0 28°63,55 &G 5 D2 s D1 (63555 33 ol cots ad 4y ol OW B &K -1
.-L_..ﬁ).;deHDL‘s)b's)d:.ﬁj.v\;{@u&b\b}é
g 5T K Mo ols (61 ¢ b el s czwif—else oyl 5lealinwl UHDL (5,18 ) Caee 5 5 - 11
S e g5l AIWAYS Sl oSS 55 oy 2 SV LS5 L1878 JWHDL Cao s §-TY
sl 3leand 0NV JSE o5 5 e YA
s g9 by e 13 g HDL e 5 ()
g g 1y s Sl HDL G 5 (<)
Sl gy 4 hm SL ey 10 ¢ 11 <01 <00 slagsas s 3l lzd, b S w HDL & ()
ROW RS Wy PP
0-Y Jlis &S o Jaube 1A aals OL& A=Y o Ji.ﬁﬁ w2 gy sdiyled oSG HDL Gao 5 §-YAQ
Sl BT Cydﬁ.ﬁﬁb@,}c«\i«fgsaw,gn&u\HDL
S ey 3 HDL Jgio b odd Garo 5 oo 5 )l Sl 1y gl 5o 003 3T

module Seqcrt (A,B,C,Q,CLK);
input A,B,C,CLK;
output Q;
reg Q.,E;
always @ (posedge CLK)
begin
<= A & B;
E | c

E

Q <= H
end

endmodule

St Sl 4 (S pacas 51 ST O ke 53 S50 Bl e )3 el ¢3Y St 4
aled s5laza

el
1. Haves, I. P. 1993, Introduction to Digital Logic Design. Reading, MA: Addison-Wesley.

2. WAKERLY, J. F. 2000. Digital Design: Principles and Practices, 3rd ed. Upper Saddle River, NJ:
Prentice Hall.

3. Karz, R. H. 1994. Contemporary Logic Design. Upper Saddle River, NJ: Prentice Hall.

Mano, M. M. and C. R. KiME, 2000. Logic and Computer Design Fundamenials, 2nd ed. Upper
Saddle River, NJ: Prentice Hall.

5. NELSON V. P, H. T. NAGLE, J. D. IRwiN, and B. D. CARrOLL. 1995. Digital Logic Circuit Analy-
sis and Design. Upper Saddle River, NJ: Prentice Hall.

YYy &;;,;au“‘-du)m:m&d




F -
S
L

\

_

Laous lask g Lacslid

% 2 BB s i huw ﬁ \
):b_u.\.\...\..a)‘.u‘_s)_,ﬁjau u%ww.b‘owwﬁgajpﬁw&w

35 g s @b LIS 0 45 b5 ) by o B e oS5 e S e gl OL2

SAsis o 5 ke p5 L 0 5 OLEIS oy Y pone B oli (55l (slayhin oo
Kz et led g el ba s -pf 3l g5 33 N g oo

355 53 b Olebl e G el 136 O ol p LW Ll 5 ay S ol
el 5l cwn cd 536 S asl o N Colin l las pame (ot LS K bl 045
ER TP S RTITICW JOUW X OURUH K STV RUW Y ) I PU RIS ST S TON
035 S 3 JSKte LS G ¢ paalr a5 Bl andls Cilzine 251 5 s )S Sl gl
e \A%%%—%.Jﬁ)‘)dﬁw Qﬁﬁ&bd&zl‘)&;)a 6@&@5;\#*%%‘.}3
S pn eme DU ) ledb Sl KK oS 5 diyls o &K1 o gags

S s g g o cpuma? L Sl OV hand ) G 55l oS el ol K Lalid oy led
Lo o bl A 95 1y OV Sl (glodd ans oy 31 4z ) b o faae o 4 Ol Lao i lac 5
S o Laor O 31 slite Sl b by T Y e (il oo Sl 51 ol 9 ol o5

d;}ao_,.\.:_,\.a%)ﬁ;?,.,_.lé)‘l.)aj.écca\.f.‘»‘c.i‘;ul.u..).})b:ﬁu))‘\”;LAQL;;,I‘}_;);:A&)JI
mu..owo.u,u;uDumwu)u,,'usbd-wyf-\Js.z ROW PRI RS 4
Wﬁu_:lu_,ﬁwﬂfybﬁ e ad Ll O Coli e S i (63455 cell

Yve



10—_D "—AO

> C

I 4,

Ay

TR NCA T 3 S I - %)
N 1"

e s 10 Ol o 5 8 e Jime e 4 O J 4 55 ke 5o s el
LS 635500 s b S s e s 293 SNl 505 S (6)ls paigai |y g =
oab LMW ol e 03,0 1 5305 nl 585 000 g0 S i s (R) 0L 56 03,9
deke Fiael fos 5l LS O 0,50 gl 00 S S (63955 L s 0 (0) SLS5L Olason 2
0 slp aSunSar 5. 8531 Glate 1o LR (slassss 35 casler J pomn ok o 53 iz

S aslamaf QU3 G ¢ e § &\ ) Olpor el S o OV wan 05

YYo Lo jled 5 ols @ oid juab




$ilge i b ol

oy el gl 5l sl y o8 Wl kot sl A go S5 (gl Ol o i s (Slaptun
Jbocel s 52 LS Lo i aan 4 cela sl A5k oo 2l an gy b
ol s Sl e des gl |y U 0L S JCRCU BUSURRN Y PR S FTIPLIR .
S w6 6l 8 S b el old K 6y 2 ol el Gl S b sl e oo
P PRCK I INCIRPUISE {pRTP TR EN R W RCHE JENRRIRE RETS 8 g
C lagasys 4 sdd Jlasl sl ad ol (63140 005 b o 8 2558 5 Il SO L Olajen
peol g S Siabl ol o .55 8 5L (31 pe s b 41 $3.0,9ex A B o o e P 5B S
b el 35,5 JESw JRSL LK ol N;Cu S et b b by i b O
S o ginn il 1 sl s 3 s 0313 5153 5 g5 ol b 2 o plardl Sl lnd S alon s
s 53355 33 Apb Sl b A 5 o e oS Sl B 5 D il S
b 4 el bl aen 4S5 piekae WL i JolS Jlegan sl 93,5 a3l
Ly ge By Olagen ssb 4 O i dan iy 5 ey go s 51 4k a4 Olajen
51y s el Scan 3 355 g g by (5 e (5l 5B oS a1 el Sl
Sl 4D lagas b ol K fas IS S s e olgnd Jods ol 4 S ) Slases
.:).;(-\;_Jl LW i C glagasys o el J s

Calda O s D (slaga gy 4 S & b 51 S 0ad LI AT s b s d O S
Sl el b 50 &S dee Ol @ 04l )L 80050 RO PRV VRS I -SSP ES
b e 4 53 (63950 e 53 eals el T plp 5l (62950 45 (B IS o0 Gt REH
£l s gla g 5 el 0 005 5L (6358 B3 23 g0 Jae ST 5o 4 Sbas sl
Shils D oMl 5 e 5V (939534 9.5 3 (52, ey Sl ks 5 OLSs 5 gla2900
iled g pasutialy OGN el st 2D (63555 el ully ad 293 s i 7 2l
gzl Olusy oM uls Jad - L1,D w‘r}v‘%w*ﬂy‘%ﬁo}%dbﬁ

Lo Sl 3 5y 05l 5395 43 5 g0 JLesl C slaisa g 4 U cele sl
).:QL‘.'?dLau.?‘,Jsb_l.ad:_,);jlQb)&bld&:&l.ﬁwwa\é‘ﬁb‘}léobﬁlbgj
S plavl o sler 3 Olagan s b el L S5 4 el

B iy s F-Y

J:‘...g)c.'@cxf\qql?lic.é?&g?.g-\iwbwqbét‘;u:_,:ol:-)\lohul_,z_af‘j\.;

St oMb s 5 oy 5 ¢y e K ate jlaslas 3 3 go skeals glowlor S
w.‘\il.hg;'%sr:um.w‘&@ﬁ:gﬁ%d:J)Jq*%%B&fJ}OTJJJoM
S e l,'ql.?Jip4.3.,}:4{4.2.}&j\bob)\hlubdu‘r}b’..\;ﬁ@abau{;&»wu

by cind YYP



D Ao
Iy
~—>C
D Ay
I
—I>C
D A
L
»—-«> C
D A
T
3 .__> C
sl

63l pad LG Gud old  F-Y UG

s’..tlésii‘;’,-Jié-.xSJaa:&bluyﬁﬁbjlkﬁ?—rﬁyﬁg)wdjnb
Qud‘wubwgﬁ.w‘wé?wbw&;J%k;ﬁléDdé_’)_"-:ub_’JbﬂfW
oo 4l sgie 548 el oMb oS e (M 83333 S o bl ey W e Ky
I NS i ey s s 5 N g s e sl bl e o o
LIS ol kns 5 s a5 S U5 655 byl o 5 ol 5o
olmlr e 4503 ol 5Lyl 2005 Sty Gk 5 e ol
et S8 p 59 03,5 J RS Ol colu 3555 sl 4D glaggasss ok 3 Wl e
562903 SAND o8 S s 0y plouler Jos 0150 09, LS 4 ¥ JKE
IY BT JOR; LS o 25 plaulr

Yyv ok sled 5 Lols s il Juad




$3908 S D D D D SO I
by dl

el e el

e d sy ol N gt

Jb e Jl

S I o o 53 ooy S eyl (5580mn b g s JUa b s S 5 s s SO S
JEsl o K b oMbl caiie DS 45555 5 Mos DU )l 4 o S bl LS e
eyl on JUS Ola et s 4 S Gl aen O o 45 el (g5l S NS il oo

ey i U () $-F S Sl 5l gl 5B B Ol A O 5 Ol L e S
Syt el Jo s B 3 53 (SD) Iy $3555 A S 51(SO) Jby o or s 5 3 50 o0 pland
0 Jb e 5 A S Dbl e S 5 0 o 53 SN Bals e 51 S S
seld Jite 05 ,m 0B Ol adsl ke glaulr Jos e 55 gd g 0l A 9900
S lebs sldas 5 0l ol J 28 625 bl JUS! g g S 43 oS il B 00500 3
Sl OF b 5 33,5 00 platl AND o8 S U IS ol ajlan o coma |y 553 o0 Ll S
ety doal 5 ol 0,8 05 Jlad oK w0, CLK (glasilly 4 ) pos ot sl

S7 SO S1 SO
Pl A fetr ) ks ] B ey Sk |—>
z
CLK CLK
st — \
O e o /
oS N3 gad (D)
LUy UL
- .I_ » d,us
CLK

T, T, T3 T4
S b ges (L)
B old G A ol 5 by JES1L £-F S



e JE Jle £ g2

Ui A foy S B fz) st
gl g 1011 0010
T, o 1101 1001
T, o 1110 1100
T, S 0111 0110
T, 3o 1011 1011

St by JUESH S 8 oty 3l oy e ghls oIS a a e i oS 1S
S sl bl RS IS b 3y ey i S5 g b (65 0b L LS
IR 3 58 g i Sa () - IS8 (e sy 5 s crlasladied celu Gb e
23l g et sl by (e 51 g 3 MG g el pan el b ol J 8
o feia AND @8 5 5 el Jlas bl J oS I g el odb Slexr
Sl 00, YU e bl e a5 Ty 5T (To o Ty db e CLK glagensy, s
Uosdiirn e 5005030y alonler 028 ully mnslo s oo plandl S j 55 o loslr
58 I s ey i

Al e Uit 2240010 1B 1011 loule 51 S A Ly 5350 (8l simo 45 155 5 3
St A S o Fel) S TG g G oY Ui cdas o ) Al eyl 5B
plos Olej Olacr 53 Az 0 A oy iy S 40 55 3 33,5 0 Jia B oy (S
P Sl Soon 3B JI I e g 5 g5 e Ll ) 0 018 B S A sl
S Hars o el ol dlash (gota Gl a 53 8 e o T 00 5101 Sl 5 438, 501
bl JES ¢ plomler rasler 5l A8 g0 bl oy 4 g K U 2 B SA slacy
o i B A (gl e ol ply 2 g Ll 5 1011 Jlizs gls B 5 A Sl g0 s a, 00
whle oo Fb i 05 Oliaman A4S opl pas

SBT3 pn o 53 canal KT (6310 5 I s (o s sl Sl s am 5 L
JUl Olepar o5k 4 el L G b il 5o (Kas ool ot 53 S Glacay aan
ok Bl chitn Ul oz 5 S5 Il 93955 o gl LS UL s e 53 il
L b o bulr g S s Ol 5 Wb e Jisl ey S

Jhw e
U’:'-’JU'-'-H)'U JJ:;L’-A CJJH(SJ‘J_A QJJ“’H’YM LJL‘:‘:’.E’.’LSL“J;"):-;-“S)"C"L.L’-‘
cd{iﬂ.udu‘l)ldbg.:)b)'L:J‘s):.«foLv.LSQJ‘,cC,.JJ:J;SJQﬂQw.wla—jo{j@f,
A e daline F-F i3 o of Silge &y (B olasity JU e o.x;;f@?&\:;;ﬂ):
¢u%.xﬁwo33ﬁ~g)w;>):£ﬁc\?rﬁlgd\iﬂ))hgwl)biﬁéa.xaja

Yys Lol g bl 1 il fa




AV

sl dz8 > A e Sdnd 50
CLK -
x
FA SI—
. 4
C
SI z T
Iy 52939 > ) SO
3| B ey Sind

)
L/

JL_&\)LJJQJ.L\S&&Af"OM

‘}B.?—OJQ‘LF@C“?"*‘{‘(FA)d‘t’.f‘J"S°m@?&"lﬁ*‘J‘Lﬂ)L’.&i@ﬁ
B 0l 4y M ol ! g 5 oSy o JSID O il 4y JolS oS (9
A&"U"‘L}AS‘AMC«"JJ"JEJ‘L3)&&0\-@‘6.}”}&))“)%»4)63")}
833,38 .a;aaw‘aie.’.-‘}.p\;_,xzjlduﬁ)l.xby,a‘sbg ol S oly e ""’Jgd‘("’.'-"‘
S OLes Oler 53 533y )5 4 ddr 9995 e S st gl Ll oo B WS Il e
g o Lol C)G-A.g‘co.’,-m.’-).\ —lae

,4a.B QL_:JQIQL;AJI.G.AAQL;|@|)>.w|ﬂjcﬁgdgf°x§c¢&,\53}
;;‘}U%,.._..UJQd?_,j’—.:,.u‘e.&..’:agfb’()q‘;mg%%lé‘Scﬁiw‘.ﬁ)bw&bdw
w3 jlr n Jlad by B oMl 5 LS g3 2 loule 2SS 0 g 2 50 0055 B
S 3 poor ol i iy el sy 45l S S 0 2 g sl s 3 S 5
il U8 08 dal s Jire Q MW Geilb 4y B 035 5005 0 A G el g e
el Gl S p I 59 .5S_oa Uled ol (slacay olass iy ol slitas 4y il
‘-:)\J.&Q‘-.jﬁf."-ﬁ)QQJU,J?&L;J&-QL-JJ)‘;‘AQJ-LJ?@?JJB%&NJ%J?
ﬁ):‘AoLﬁchJwbdﬁﬁljJﬁ\Sam@?g&j‘);‘;Lzalja.hqg;.ﬁc...&.:,—,as)x;
3.8 o oy 4

INEASTEV-IE A



.:aﬂwdulaTqle;xcngwjgﬁd‘J\J’Oqu.lijg)\é%&):AoL‘j«jLﬁ):
Slatme 0o oo g8 a2l o (3355 Gusb e e s e kiSpan 4B bl e
JoSE5 (8l Bl oo SIS el 133 5 g0 3 35 30e e g p188 OLo 53 g3 g e BLSIA L3
.:ﬁ)ljﬁAQL;);C«?J.al’oj}sjaJ;.L;?\iuc‘,;@.?

OJ.».SCQ "’"J;u—”’ Y oyl ki F-F o TS FV R s | P a.\...SCaa Ao 5l
e (§ s o Spar 4 Mo 3 (38 el (g3l pe 08 L Ol U bl 5l (g5l e
sl 29395 Slael Glacas ol by (65l ge Sl Lgl.m.u;sto.? sdas 5 o b
I 03 sl O el S JelS eiS e 51 I 0 diSpar 4 ) 50 0
\.@.'JAJC)LA)'JA):J::{CQQ-&%dQﬂdW‘ﬁJ@‘@lﬁgﬂa'-SL}:JA.J.iLQJ@a;U:wI
ol (S 55 K5 g o3 M s L S A3 slage gy oSl e glagogysa

Hoalazad bl Jb ju edisSiaazm o5l 95 o 7 gl b I o Slosl )b 255 2 led 61
A S ool o5 glp ) Cdid 93 S el go 2 Il S e b Sl U
el Y 9 X b O 5L o oy 5 Sl s g po 058 o Sl sb 4 ea b
BLSl e a0 0l oS o8y ol oy s L6l Il s s g oo 5 e
W ol gl sde g0 2350 L ey g Scwly 9X 3550 93 Sl e e LA dal s
0503 G Q OMW Guld S5y b e W gl e ool 0y S 2 2 S S s
Sl el 0 0l BLES P =Y U g 55 S g0 iy ja5 ) e 7 slibe &Sl J gt oo LS
Phger e lisgd oo mery 5X glagnys LQ o Jub Ji el J5 Joi e Q b
b el J g (slaas s 45 S ar 5 el o 15 1 Q o o L )5S s 5
B 30 Q lad Il 08T (63955 i Sl s el S JolS oS Jsdr slansly
-l gy Sl O pSH g >

Joow saiiS paa S alla Jgaa . £-Y J g0

ETRCIP YY) S 2l I ‘iL;‘fzﬁ
Q X y Q s Jo K
0 0 0 0 0 0 X
0 0 1 0 1 0 X
0 1 0 0 1 0 X
0 1 1 1 0 1 X
1 0 0 0 1 X 1
1 0 1 1 0 X 0
1 1 0 1 0 X 0
1 1 1 1 1 X 0

vy o slad 5 asld s il b




JK)‘Q 6‘,’ ;‘ Ju‘..o_g;o J‘JK?—OJ&:&M)‘.U 4.)3..:': oslazal Q LS‘J‘,’D %}\A;mb)‘;‘
01-&#(0—\\' J_}b)&fd‘d}bbt&;‘bbl{;] L;\.hd)_,)"ﬁa\.bw‘rjy«rﬁuaéugﬂ
dolan 5 MW udd (63,5 dalas 35 oaud 0l ol £-¥ JJ.L;.-);TQ);“_,;J:)\Sdi ("-‘S

.Jﬁriwoétuﬁjoquuﬁ‘{f_,)&

Jo=xy
Ky =x'y =(x+y)
S=x®y@Q

) QU TN E ST VIPRCN PRV St EPIRCW PRI PRI RAF 2 - S ERIPEYOV
48 4 w7 h 0 LS T 4y b ey e 53 S g 0 S par JooSS (gl AL o
Il 5l b Q g I a8l e @2 Q 51 ol S ol Y 5X G b LB A4S oy

ROWATSCINCSRCH V- DEITIIEPIC-R PRWRS AP SFRIFIITY s TY:

Jhowy 92393 sl heny Cadads

03,13 SAeMBI 0l g o &KT iy o s BB oy 2ited S oW i 5 51
S Sy s a1 S oyl 3l Spge 0 W sy 5 5 bl U Il
g 4 bl L Ol o [y LS 4 65l pm el 0ol 6T 00 4 3Lt (653150 008 ) kB
28 s Jl e
b6 o e Uk e bl (551 JUH 53y 5 (SO s ooy i3l
il 23 Ul (Gl jamor)y bl o 5 o gos AL il paly oy s o 4 o bl

O oliossSstygly \‘s\a’d}:;S -\

Jlasl glegen 6l Lo (655,5 -Y

SI
ol J 55 oA s S22 s
CLK >
SI
b 52909 > so=y| T J
| B iy it
- !—'>C
) D

L
sy

L 0ai3S pan s g b F-F JSD



T 38 bkt sl b plulr fee 05 SUWS Gl el 4 bl J S ¥
ey 4 plomlr 4 b gy e U e
T3 38 bkt 5 oo b bl e 05,8 e Gl o 4 ool J S ¥
e 4 bl 6 by e JU
83l gn Ity By e 62555 a1 5 (650 e Sl 03,8 UNad (6l S p 3 S b S8 S, -0
83l o hEn -
o sfo gn 455 523 0343 S 5 by SNl ol ol 5 gy 0ol 45 )5S 2l -
St b gller e S Jil L) G SIS b el K Ut ey s s
ERARPLRAT
3950 Sl St 0 Sy S ) 3L g S 3 00l ol 436 L o533
s e 39 ploulr 4 36 Ol ST aal e g 55 ) ind ) O WL bl g
iy 55 Ny g g, oy i OF g 5L (65150 02
Ol Py S8 53 SIS B St ol dan b by 15 0 B oy e S s g
JonN ‘;ﬂy)Lg.?.wh.LiA;:'-LuJ“&léuﬂy)LﬁjD ) T P KON RCOU PR W PR

Slgr sz
Ay Ay Ay Ay
Su )
C C C C
A D JA D FAN D JAN D
CLK
5| ——] > -
4x1 4xX1 4X1 4x1
MUX MUX MUX MUX
SU el P
3210 3210 3210 3210
83454 Y]
bl ol L s gl
Cadl 3 ;‘>
L I 5L L v
T3 P UCLYSY)

o 4 Sl e Sl cind PV S84

vey baoti sl 5 LS bl fusd




(V) S5 o Shas Jpsn AT Jgoa
JFS oty

ol Shes
5
0 0 PR
0 1 ol —
i 0 G T S
1 1 I Y

iS5 pd o Ol g Sl e ja 30 63555 S 5 S Sada STl 53555 52
Oleilesl (6355 93 wlde 5 3b 4 5 33,8 oo I S1Sg = 01 LT (63,5 il S1Sp=00
B LS ga JES (5-Y) Jader slaes )l Sk Iy ol Oldes de Ol glaga g, s ia S e
cany ol 33,5 g0 Jasl LN i 51D (glagsosys 4 S Jeb jide «oenl S1Sg = 00
S gie i celu ad L ge slaul Algo s 4 W ld g 5 5l (5 e
by A el ) Sl 0 (et el LS go MW s 3l ol 0 5 of 53 g
asla N ol D (sla39,59 41 (8 s b3 Sy (A ge 51T .59 w2y « ol $1Sp = 01
.JJ—:‘;GJ)‘JA:;g_..')‘)\sgr:l;d.:JLB_‘,.JLSJ})JOTJQAS‘JJ;JO&LMI)QL,.L\;_t.:‘?d.«ﬁ%JAO;J
i & 530 Koo U (b 25 0 e o 4 ol Joe S el S180 = 10, 5
Silge so9y9 bk 53, pass Ol eSSy = 11 B e YLy dal i Ag O
3§ oo S 3l sibm g 4 5 Slagen b

S 5l 650 Jeol g b oS Il glapsinn byl Jlail gl Gl b ) ctnd
J{Jt JRU PN PR ESE ERC NP ISIRCIIE NS T LR TR LR AR L
Iy JUh 5 S K 3 ealial 53 g0 ples 018 55l po Jas 1 1 ool (Sl ol lold
3585 e Q)}.pa.lI)v:.:.gna.sbawj.guleSALaﬁl)Liﬁ);gﬁsSio)yQCJBUU:I
Iy s sb 4 by ools 05 180 )ls oo dluf Jas Il 55 Iy o ) oo Ty 030 9 03 8 ey i
ol gl Ol Gl o s 5 51 05 g i 2dlps Sl o (B o lad n ey et S 05l
e S5 0255 g 00l Iy 1 (53l i oo S o B plply 3 S Sl s Gilge Sy g
Aps o oty (31 ge 4y S oS

- . G957 90 (Sroi ol F-Y
83\ 033 5 gn (Slodd ymetd e 3V a2y 00 (83900 Sl last il 45 5L

bl I U i e e 31 s el ol ol San 5255 Lol o) ¢
PR PN IRPIK VELE | FUPER S PRI TP TIN K PLLSRCIN B GURLE [ FPEL JPRIE INguety

Jmﬁnoﬁ)m&.éﬁwe.\gud‘p;:ax)ngswdub‘)dm,:):ﬂ.tdu&)&

Q}?C}d slaodi b e



ylats ,27=1 50 51 K15 _go y a3y N dim

S 53 0lesen glreds e AJ;CH Slasdi el 1505 5 g g oy pee 95 4 Lrods ) lad
L ol 500 03,5 K05 e Ol 40 O Gl g 5 Smid g oS (a3 Sz e ok lec
Srde cele Gl Lo b wan b 3l e C 05,5 503 Oy 4 LS o0 Jos
Celo O Cols aen € glago gy Olojan sdijled 3 S .5 g gad (5501, LS5
bt o dled s bl das 23 55 53 Olejes (glaedijlad ayled poe il jo 1y S ke
22350 b 5 1y T 550 g g 03 Sl 019355 3 BCD & 87 po (slaoiyles

29993 42937 90 043 Hlacds

0 oS5 e ¥ ld iy Sl (6o 3 5 9239 65 05l K
S el sl Joos SV 0 G C s 4 W i 4 g S
Sl o3 s 25 o il oy 3 g0 sla ol oo o 45y o 73S
ot g w2 T O ol S 51 5 oy o0 0K 5T 0T 3 aSTK O o S L 0 g5 e
¢gf:3)3w|q.w|‘}.a‘,DLSAJ)JQWL’?J}QU:AS@lDgg)&é%.lsjiuu:ulo&l
O ol 3 3 048 pata Cr 3o s ol Gl g 03 lad Sl aza ol pen D (535
U odi b il odd aals GLE A K3 55 cand g 9393 o5y led g5 adata Sls oS A0S dal y5
P2 il edd sl (0) Jisu 0D QJ_,(s_Zﬂ)u:.&q);TQJjLJW sl culi
LI RN HE DL ST PURCIW B W IDLE- SR YR I | JYTT YR TRE F FU
i tacn T slngasss 25 pn il by ol sla ol s o 4651y o ot
23 st IS U o g go o e Tyl ol il e T Gt 4y gl b 4 (i) 53
(Sl ion gl €S53 () Sanliss SO sl Olim 3 paie 306 B C 5535
J?JJ;;-ASM:‘;‘»‘C)J«K;A‘;&A)K.MAJQLLSJSIJd:JJJd&;Aung)U*&
23001 et foyCadS L5 ot ool

IS danl e (F-F) Jgdar 50 ol 99933469 w i d o090 odi led s Shes S5 gl

dJJJJQﬁJMMJ.f—* J’AA

Ao

As

>
>

—000C0O00OO
O e m—_O0O0C O
O~ OO mmoOoO
O OO -~

Ay Lok jlad glasls: r.’i.i S




Folad ——>C oled —— 3> C o

Lo
g

- =
e

—c, —>c
i 7
[:D A3 T A3
. CR —q CR
7 7
1 sk
Sk D bW B L(Q) Stk T sl ol L ()

&4‘;3‘9J‘9J6‘9§€‘9.00LJM.?'AM

L;IJ.:@.U,LQ...zlS a)uj‘w,;..b_‘.idouiibﬂé:‘,)_,): wj\g{;ﬁbj@ﬁ&_p_,)o)luﬁ)w
15180 Sl 2 58 g0 e (93909 st pdly 2 L AD 585000S i 20 500 500 41,5

Mfc}n ‘_gl.ao.\j)Ln..i “"F



04.31)'|A245)L3Ja.J)_L«J‘;»W‘)AZQAJJ{OQllelAS)QJA.;)'L..J»‘M:..:I)A1‘JJJ{OAJ.
A S e ek K555 g 0 dsled g3 SYL Glacy o men 4 S e peate b Ag 3
041 51A0 Oy 3 45 on ot el Gy L AG 20,0 135 551,000 40011 51,38 It 0 42
ke o e 345 4 g 4y S35 00 0 4 1 TAY D 53 005 on pae g0kl 5 Ay a5 50
b cute 538G Ag 1,5 &S K5 1 Ag Wl g ped Ag o ol 1w 0511 0 5 a8 A s
A on 0L 28Ty e 508 4y L o M i 5 S e S 5

0011 3l oisled oS (55 4b 4 cdas o 5 ey 2 95 5ot L0100 0011 5 350es ol ey
i 303,8 edd O ol 31 S0 4L 58y Al 45 0100 w0 =YL 50000 4 s (0010 &
Al g e S Jro Ko b @ aib 3oyl 53 UK SLEB 5 595000 ey

$2903 2 b ooled Glad Gl 5o Shas b ) o sSan JEladi b g 9395 0 5bed
Cogme 4 9 8o, 15 e 4 jlad ol S Eled LS e oS Uy SO isled LY
ol edibed G h5led iy 5 med 5 8 20 5L 15 4 e 5 a8l OLL O, o 12013 (14
‘m)ﬁﬁac,ﬁ,a.wi,u‘.&uwﬁ)ww}\“ﬁpgﬁw;&blrsa\s»a@aw)w
JSCE e jladiomly S s gad clplis 1938 a peaze 3,2 1 00510151 3 5 255008 o S
53303 > ) L pd K5 el o Ll L o ol don S b b 4 o g il 5 A
Gl 2 C (65,5 ol KT 0 g ealizud e 4 4wl g™ s 51 31 (048 L3d L C
L0 5l oo b g5 48 (85 o0 1008 Jroy S W6 @b pome g5 40 il S
S dal g paze L 4S5 ub Ol (gda QMW s 43,0 1 3l pazta oy

987 90 BCD 0.3 jlacts
o 2 8 5L 0 09 5 g 500, S JLs ) Sl o0 3l glandy adms ki)l S
(A8 685 S 5 Adl axdly oadas o) g paled (gl QM Gudd ler Jili L ghoui el
Sl abgire 25055 IS akoy 4y pdns 0ijlad 5o SV andy 5 g8 g 03 OLES 2w Sl SL
S s o ille SV i 1535 IS 4 BED $1.53 5 oo one i 155 2 el |
3de (g1 1001 51 g a5 cpt 3o 4 ccnd g 9395 e b asliin J g ol o g dal g P-4 S
wudls aal i 0 gadns o3 (sl 10000 <9 [oasns

(00—}~ —g

(on)y— (g — G —ud—ro)

BCD 020550 jled S e Jlo gt . £-94 Y80

YYv bokislod 5 baold 1 gt Joad




J 10}

1 Ghw
BCD&.‘.\}ic}ai_\SJm.f'—\o ds:ﬁ

RPN YRVES AR JQ):JKgﬁ%éjlo:U;algﬁﬁchCD o led G giate 5l yai

SH8ede BCD 3 of 035 02,5 yainde gy OF 15 53 g dil 5 Q Gy b s 5 Sle
3ol Jlasl Qg 5 Q2 52955 95 2 0 C slagr,5 4 Q1 2 F S USaxr 5 cwlodd
o aboaley Ty Lo LK 5T slag s ctamd oo 3 Q 5IC 6355 4 2 Q2 &

$F p e shaodisls YA



Qs Q4 O O Qs Q4 O O O Qs O O

BCD o jleut H_J BCD o5l 4_] BCD sisle <——-—:’JL'

u..-,b....“

102 3, 101 3, 10° o3,
a3 4w LBCD auas 00 jlad K (Sobs slogas  F-VY s

U aias LIS au}@ﬂ;)w&uﬁcyox)w .Mlo&&;ﬁadug)\éﬁb
3 e b oisled S e S e W i (555 gy 0 O w1 50T 50 oS oo
DN P I SO PRP R SR FPUR I T [ P SCIU [V ) V1 U SN VNN L LI (P
T=1 Slessyn0 a1 51C 65550 45 iy sl bl 0345 so ol TK 96 i
ekl =K =1 8155 50 S aSL00asbK =1 8150800 T W Glicsl,
spdalg s oMb eI =K =002V 500

O:A.L.«JQ“QMJL,«'C)BCD oiylad 5o i 5 SV pl &S ol S olabl 5 a4l
Jla_éso.l&u.aéc..faf—‘\Ji&db)bydd._“_,gSljdlc,i)hg}\é%bQYl’)KGﬁﬁ
Qr b Qs = 0 535,30 01 31Q U 8558 a 4o 3 etbor Gl o 31 e Q) Sl 5 e
3385 s oot Qa0 a1 51Qo 0 52 bile 00 3 Qa5 Qg = 1 (5 395 5 oo
wl s bpd 1 Q0 5Qp g5 0 By Ll al 50 55 Qg iL0 12 Qy 3Qp 45 sble
25 e SL Qs (Qp gias JIEL 58 g0 ez Qp s F < Qu 50

05 Gosled (gly woyled I B0 55 el pdms o di)led S -1 e JSEBCD o jlads
sbokilad 3yl 3 oadas odsled 4w 999 KO hyleds ool p‘\l s2dps edizlad 92990
ol 435 Ky 6l 1S m 45 0545 o 4z L BCD (glaetsylat (6 Uil U oy diy 20
Qg 3 ad cran gos 9 o 30 4 L6355 .3 38 o0 003 PV S 3 g0d) d 2o 0l S
‘J.'SO,AJQJ: b Y0 ass sipled 9y 00 a1 5hans G 55 Qg 8y 058 o0 35l 8 amo
23850 360 49 5l s g &S o e

Ol jon saowi ol F-¥
Ajjfe)_a Slaeti s LMW s (655, 4 cela b dlesl 55 Ol e glaodilad

3345 sy 33 XS e S 5 0legen s yb by O Gulh aen Srte el 5L sl
e S O et ) el 2 g8 oo KT O s G T L a5 g slaeylad 6 g
J=K=0 “iT=0J§| .:ﬁwwwa)JKJJ 3T ol o, srests ke 3 ;1;)\:

Y4 oyl 5 ol 1 ol fuab




AQ_,.'-'L:C,.:.::‘;&Jéjéaﬁ)wf‘}_,udjb‘a—\/ui&{))db}o.ééuoﬁ)wu,bhdb)
SRS o c.,.é_,:b\.@j:_)il.«;_,&b}m Slaslde 5 (golias (i el 53 plasl OV SO 4

39994 0ud ylauk

)a.ajlubfbbg},b»d&AJ'L;}L_.JAS;“...A@.:L»).GQT&JU:QJ)L«.Z&:f[,b
2 gl e paia USS dl oa b O 0 58518 50 8l M lh Olesan (05393 e led
Sen bl T 5 mly S ol dan 453 5 on e o800 OIS 2 53 Bl SaWS r
e5Y .3 g dal 45 0100 (g o)lacts cadl AgAgALAg = 0011 oy 4 0l )lad S el S
1 1l A o8 93,5 0 pnzn ol&in Ay 3 g go pate L350 Ag G35 Jlte 13 45 ol 555101 &
had I 150 48 oo peze Ag gz s L ABL AJAY = 11 45558 01 alKia A il
3 g g 1 plas el O g il ApAsAg = 011

3O Gl 05,8 ez bl gl 0l g5 oo 5 il padiie 63801 Ol jan g 9295 slaoki Lot
;?.,léwcdl.a‘_ga_,u.:;&%»?—\\’J&ig%ﬁ&blﬁwbﬁlﬁ.&uh@
L;J_’JJ;|.J)J§‘;4(JL\;c&)w}‘*ﬂdwd}JJJQBL)M.LIJ&JéﬁM“uQL&%%
s g dal g5 536 el plpls 55y ka0 ol LK T aen 6oy kil 0 jludles
S popdals] = K= 1,8 dlsedijles S1eAg wib (sl js .S Jo e 1 okiyled
r.au:)u,z&,),ﬂxtjw;ﬁ)trs@@w6m1 PPV [QPETY JCHTAS
25K 5T slagss)s gl by oY Ghie AND glaciS o iy il 2 55 sl odd Jlad
S SAND 8 i 2 0l 55 4Sols 3 28 Slib 5hslis a4 0l 5 oo Ly siylad .S e
AND >y 6381 J3 Olib (o coli aan o8pn 5 il dal s Slol O Ll
2y dalys 14

S kil el codss W g8 o K5 ceele cote 1) o O ol S A3l azdls am 5
Llc,\.;.»4.:.]_,:3‘&,&L;{)ln}«.ba.UJLQ..i.a)lJJg;V_...A|l:,.;:_|).>‘>){r.g.ad)fcr‘_gho.\.?)\.o..ﬁ):
tjjjl Wl g o 9993 0disle &)ajbwdhg)\é ;?..,13.::;‘;4){3‘}7 cele b e
el o o O\ F IS8 53 O i § g5 4 (65fp8 425U XOR glaeSLD L T JK

(29394 sladk Gy YL
o 30000 oo 45 1111 51 s ySae SV 555 Olojor 9395 led 0l i )led S
S emSla dpane Ghs 4 obed gl lijled Ol g oo SIS 5lad U s b 0 1111
C)LSA&:M_J“d%‘ﬁw‘-\—:.M‘};ﬁ&g‘&BJMWH@JJJJ&)M&)‘J)'@&
2L 0 55l sl aon ST 505 05 2 00 o g2 s b g e pudly 2 L 535S

ub}.h srot jlad Y¥.



J Ay
> C
Swdls K
ool
L
J Ay
> C

A &

POWEREN.IR

> C

CLK
e d Gladan gsga s lad AoV Y IS

ol S 02 SIS 3 A 001 sy 2dlom 0100 Led o 51 oy St 3 50 oo
')ij;)“i'w["'“’u;“:‘fCJ’-’-"‘)""“’J“:&S‘(’*:"‘“‘OJJ‘%OJ%"JJ;J:).JH{%'”J‘;Lf‘\"“:"

.J.’.:..A..:JO@)Oﬁgéhgﬂwaﬁﬁu@,@%w)%ub.xlOJ.:I_){J_,l;..:.a_J:

144 Loyl 5 Lol s 022 b




U@_fdaj))&@}wd“.:céﬂ@bf—\\'Jﬁquﬂiﬂj‘;«)wwkcﬁ)w&

35S ea Ul ke ol 3 VU oo 3015 ol o 3 SLa N ol ez sl 5
):J.;f‘;auu.:.uiTL;th;v%%éjldélox)ww)‘u.&b)woﬁ\i—\ﬂ{g_.,..:?):o,itq_,
U‘ﬁ-\—i d;‘.‘;_g‘s.:")"xS.LJY\_:df;_{Lg)_,))&‘_;bb)U_Ao_i‘.CMH.L.«T?—\T'J_i.i

L
oty /

>C

JL

>

> C

r
T A,
> C

PEPRPRINSNCAY ST S -
S omly = VG Sl -

Ol jen slao i el Yty



1255 SJLS e T (slacga s 15 eslad g0 YU 0 g she coad 1 VU (553, s
Y 5355 ol T 5l ol 8358 (385 108 0 il 50 Y oli ey I polie 3l
o b oM el et e la g 1 o sled gl ) Sle «cnd O
Sl oot 503 K5 i ke B0 ol 5 YU e g a s ek Jlasl T (glagsos, s
L asdor oo e b oslad e Vb ) e (i3 T ol 5 VL 39,5 55 2 30 Al o

3 Sl Jae S g5 aiican

BCD 6.5 Lk

J3 4 2 les 2 0000 ey 51001 50000 31 5535 &5 ook IS o> BCD o ylad S0
Sy s (523393 0disled O gmen aliie (6 S (ol BCD oijlad 5 0 0 9 51 283,
b oolizad o5 5 le S b Uiy 5t £5Y ¢ BCD Ol jan ol Sl (5510501,

Gl (93959 Canady oot 0 dd c] $-0 Jad= ;3 BCD o)l K s J g
B9 3 g0 o di sl 53 0n Y s B ST e ey Sy e S IT s
Sl e bl Wlg ey g plwcad 1, T3 ol 4501001 L mJl-
2920000 41001 51 5lepan 5 4 ) 503 S Ul |y (gmy

Sy eolizul o YL 5 Sl adis KS' o g oo b LOW s (63559 SY¥slas
15 50e 0 ool ol 5 0 o i gl gp ez 15 110 slap e

TQ2 = 00y
TQ4 = 0,0,
T = 0301 + 0,00
y = 00y
BCD s jlads G alla Jgua . P-0 Jg0a
PP PLRCRTES Sy 2l S TN Gl sla 53,
QB QU Q@ Q B QU Q @ y TQs TQ, TQ; TQ
0 0 0 0 0 0 0 1 0 0 0 0 1
0 0 0 1 0 0 1 0 0 0 0 1 1
0 0 1 0 0 0 1 1 0 0 0 0 1
0 0 1 1 0 1 0 0 0 0 1 1 1
0 1 0 0 0 1 0 1 0 0 0 0 1
0 1 0 1 0 1 1 0 0 0 0 1 1
0 1 1 0 0 1 1 1 0 0 0 0 1
0 1 1 1 1 0 0 0 0 1 1 1 1
1 0 0 0 1 0 0 1 0 0 0 0 1
1 0 0 1 0 0 0 0 1 1 0 0 1

Yey Loylad 5 Lold : ol fuad




555 ol OR % 5 AND e gy 5 T o3 ol oo L S 1y e 5
Sl e o Jpb a L aams slaet Bled lp Olg o b Olesen BCD (glas ki)l
0 LY s 45 sl ol b e s VY S5 5 (S3lis pm 5 ol 25 Juate RISy

238 Joos a5 AN ams Shled (6255

B3l g0 O Hb b (1 9499 05 slacs
sde K (65 g0 JUS Sl 4 5L g5 om0 s Slapianms 53 45 g laed)led L2
howd old S gaate jls pas 1% Jﬁj.x)\aefbj|J§‘ax)LJ JHbs sl pg0s
63333 51335 58 a0 jled S Ol e w0 il g5 a5 0500 (63 g0 O L 2 hB oS ems e OLES
e ool JE o g 5 &3S oo by Bsled foe b3l 1 ommady o 05 L J 28
- cela byl sl 0 J S 63359 93 2 S .éé;da PR s e weals o405

S g 5o )y DU
O;_i.;_,.i‘lwlv.l}.’nd?_b"-g.\;.ﬁ\{lﬁ\.u_f%srzﬁw;huj)l.midaxjaaxdww
S Sl B g5 23 80 paze S I e N i T b oS e
O b GalS sy s 5 (B et a5 808 ol e 35 o sl 5 4 055
S50 33 eyl 3 gz s b S g5 (0000 & 1111 3 135 5. b o bl o lad s o
‘-3%’3\5‘:“:1":““1\-5*‘))5‘-!-“-““)?)*?“5Q-.SJ‘%-?""“" JSSAND .8 2 0 8

S g 2l by Lo ki aan g 5 L S el s W AND 255,

3L CLK (Sh oy (58 (63959 5ler vl sl a0 $-F J g 50 0 led 5 Sdes
G a5 O3k 3380 iy pp g Cansd Dlo gt 1o Sy (259 LS oo ore |y (g 2l 5Led
odd S5 gl 53X 03505 b dlan cpl S o S 1y oyl claggo gy Ko b el by 5 g
AB Lol S g oV Koy cwlagogyy @l ool g OVl Jes a oS
S @S 53,50 9955 b L pad 258 b s 050 holad 5 5L slaggags =3l
0313 ¢ i sled (9395 SIAie 3t Jaies 5 5 s0 plail cole Gl ctead polBuly - Is
A1 e Jlad b Ol 9305 04 Wb U e (63,8 5 34 e Sb U s (5305
el g0 50 5l 60955 (Al ol J 1S Eobed 6050

(V%) S 05 ek o Shas J s PP J 302

LI SL QK N Sl ol
0 X X X sphpSyou
1 T t X ok gdsl (52958
1 1) 0 1 S 9398 oI L
1 T 0 0 N




) | D >1 Ay
n c
L[>* _/ D .
»——-i
I __J \ - .
}ﬂ< ‘
_ — K
1L __/ \—\ ; .
>C
[ T O+
L ’—-D : \ J .
L > C
D — 7 K
Rq" :
CLK

‘D—‘ﬁ:ﬁg&’

6J1JAQ@JL{Q&|Q&4u:‘JJJJaLJLmi.f—-\fJs.u"“.-

Yfo Lokl Lol ("‘“‘“ J‘”




Ay A, Ay Ay Az Ay A Ay

Sy e = 1 b e—foled =
ol jlel i jleud
patgss [ =0 poargse [ Sl
<— CLK CLK
Prbd N B B
U, s A6 a0
025 Shsrab(e) S ka0 L (AN

o S iy e hslend aady a ad g lp Olg e b 3lae 050 L ekisled S
03,5 U (gl el ,a 5o s ga OLES |y (651 4o O ULBCD i lad 4 55 oly 53710 JK3
S d s Bl 4 imed 3 gm0l Sl 1 53 hsled J S CCLK (63555 Gosb 31 03 e
el J 28 663359 B0 3 Jits Sty Jos 5 LS o0 S S sl 0 pad 5L IS

S0 ag 35T 5 0yl S o oLt 1001 Sl g 35 () £-10 K3 > AND %1
WS absle.s gy dal g5 Dbl gt 0i sl s g5 sa 0321 4 s ShSS2955 g 92554
S By dwa n Al 5L S el led et sl ad j2 a0 1 AND S oA
I ol 33 8 1 ol AND oS o 5 calplis 5 03 dial 51l Ag 5 Ag e 21001 &
5 89350 sk Gob 3l s eoslad s O gdm sl ad 53l 5 S oo Jlad UBERTEIY)
old syl 1001 o)uduggoﬂ;ww;M.L.;Jaﬂék;oqhéa_,)}wbg.u.ulk
33,5 2 350000 & pes 3 03 youd 1001 0000 3f ool ¢3Y BCD 55 ol b eplply (53,8

Sl Ol g b s pame 4 3 das pa parinids 1010 0,Le5 AND S () F-10 S )
P by dah 35 0 4y sty S 1 oy ol iy s 3 0o (51 1010 0 )l 3 38 o
ol by Aal 5 0000 & daolbYy ool 5 S S 46 Sy Ag r g & 53 1011 1010 51 o3,
oo S0 35 8 s sl Sl el e s ol 9 85 sl sl (e glakind
S SUL OT1001 31 g OF 5 g0 8L 03,5 S (59535 S

R— ; " Bowi ol S0 F-0
O SN s 0 yled 8 o bb V- 5lazd; 52 5 gl by el Ol oo
W‘Nw) .J.'S‘;GJ‘JQF b L;‘JL?N 4&5)&45@‘6“.&3)‘.«5 cJ.\i)g‘jor.h)Lq..f'N

[P R 1P )ip Y¥s5



S 4 55 (sl oyl 51 S S I, (g L slaazs, KoL oasss il
Uljd»be.b)wJﬂwa:@'d%éw&):du‘;‘u)&drﬂs&g’c;.l@b)
'\"'-'J‘!"J'-igf’g;"}’-’)ﬁ‘&'°'U)MLTL;J”Q‘JJ°&|Q'&L”PALAM)WQ

ouldlivul o oVl Lous jlak

W:J:)t.u&oh,45;,1“),,,@),».@1&,),;auz"dbb%m*\snp@m
g gl e Il gikom 53 555 S0 48 Voo o S ]y 5 g8 ST 51 (g 2eS
g_,Jl:-bwlu.»ql;-ulrc4.»uiydob-uj)lsﬂuu\(b“_sg)_,u\bl_uu;;ubf&.a
Sl b ol sl oKan o)l Jalgo ke il 5 b s 43,8 Ll gy ols
sime SV 31 S0 30 VU e oS o 4 tdan ol 03Y Jlom ol 3 S 058 5 Sy Yl
2 5 e SNy ol b 5338 dal i Qs by 3 g s s Shas olplis 5 Al
53 b e b 51y o (4 e anl s S Ol e 4 ab IS 6 ¥ Ol
Ll 2l i ol gy 2l 0l 5 oo b 31 g T o 4 Gt AT 315, 50
)80 s e ks

)T handy o slad dS e |y $-V Jgdr 4 by ye okijlec (s sk 4
A 5 S p ),S5 1510 501000 g g3 95 glaoslas C 4B slatki (o oS el s it
wl,,.“&,:,aox)wuz,um,%wwxﬁ,&dml 40 5L oyles an o
62353 Bl 5 TK (glaids ol Sl leds Blod 3 jled 53111 5011 o g 5 s
oilplo il 3 43 lag i 13 X 51 L Ko s Kp slagsg, s o cdls dal g Jlis ) J g
Olse 407 53 slap e b Ol n s @o0ps SV¥slas diza Tl aean <Y oyl
5 ol 4 el ool SVslaa 5 S Jasie Coanl o

J,=B K,=B
Jp=C Kp=1
JC=B’ KC=1

adijleds il Jgan A=Y Jgaa

g S Sl W b sl (539,

A B C A B C I Ko s Ky Jo K
0 0 0 0 0 1 0 X 0 X 1 X
0 0 1 0 1 0 0 X 1 X X 1
0 1 o 1 0 0 1 X X 1 0 X
1 0 0 1 0 1 X 0 0 X 1 X
1 0 1 1 1 0 X 01 X X 1
1 1 o 0 0 0 X 1 X 1 0 X

Yev me\ijl.‘;juéu:ww




—i> C

) (19 | e
@ @ 1 Ghw K
@ el
Sl s 40 () o 13 gai (Lill)

G, S G eV b glasiylad  F-V P U

b 3 gy a3y S 0 Sl g3 O g s g0 0is () FNE JSS 53 odled ket jls e
u,ﬁon;J\,A,.LL,'dufw_@,Qs,.;.prmﬂ.ﬁ;sd.bu,.:uomwdwuw
B =10aS pladny s sikio s gai guypb.cd) dal 100 4 cebu Sl SO dlest 5l g
o) XS a paza B gty A LBLC = 1 By 50550 04 C s petn A sdn el o
000 & 111 _las <l 511y gty lo Ol o sl o b 4 sl el s 4 (58 4
255 k)

cde 4 e S0l o alim Y (Q) $-18 IS8 50 a5 58 4 SV Lol e ol gal
tme SN 3 S0 ol O (i ket Gl 0 st eslizad g OV 1SS0ty sl el e
C:M:aﬁ)iuccﬁtjp.,bm};ut,u,suz)wqw),»w.\“@ﬁﬂmy-
ol i U S 5l ey Wl 05 438 55,8 0 OV S 0 51 sl 3 55 0 led S i
S sl 5l b led 22 4 sl

\..M.U)Lg..t)ip Y¥A



S oud las
it K U 28 e 8 i s o 5oy il 423, 68 (i) sbaien
e e SEOV IV TLNRT VI RPN E VPR P i TSN CUERE VRPN V51 DU JE Vi PRt e )
%Qj.xwug%sﬁﬁﬁ:w;wﬂ db)é%%?&&@)QﬁOT))ASCAM‘

33 8 5 gaile) e dUBn 5l glazd; B3 43 oo bulr (sda N i 4 (1) sl
Aoy o 0L ) il ediled S hate C 4 ) cid SO () PV S
sosa o bmlr cal) cwn sl I a L SIIG 8 e L .l 1000 LS ad ) laae
1ol s b b 5 SO LSS el ol oler a8l e (Ll T A{Tg)'\r.auiéﬁ
Cele S I gk 53 503 S T icsla Gy e ad JIS S 3l g (2 2 S 0 U

Lile sL1 s
T, Ty T, T; S P e

LI

2X4

PRC L
v sl Ty | T | T

L)
———] b‘-ﬂ_’)l-ﬂ)lﬁu}l 2 T

PRCSTRNIFIPCY () (1000= 4yl jlude) (g gitbom i ;Lo (A3

wd LI L
[

by I Sl o gl ()

e Ll s 5 PV S

AAR) botislad 3 Lotd : oid fusd




238 dd g 53 gs om e S Sl Sl G o2 0hi)led S L gl St
oY aile) ladiom ansy 5 S 00 850 by sl Sl Sl () FVV JSKG )050
Ayl ge sl

 IFETPRNLH INCREVIPVE TR RN E RSN - L VTN SR S JE VIV | Sv W P
oy ied K L7 g i) S 16 S ol 5327 1,05 K L olpen 20
28 ud g 16 w4 LuKs Sy cwd oljled S L il s ljled S Olge 4 20 16
Sy 80959 5> AND ¢‘1§16_,;’)}Us?~3154 PP LT GG | W | FU Ep (CRURTS I JUN{ES
S g U0 5 ol (g gl NP DNL I CON S VYN, ERUSW LI NP U | FRy PR A P er)v\SiJ
Ll yedlor 02\ b S5l b 5L (2350 2

Ol o slecs
Sl ey s 5 g 3 S o e K sy s S etk il bt S
st (sl 53 0l s (6 il iyl Ky D g 4y Sy e Sy 4 5 S G
I Sl Sl e cad S 0L s gl i et 5 g8 po il g0 OV
o (W) PN S ol ol fuate QW i st (90550 4 G Gl o S e
QW Gl p gl e aze g B (93 vy Ll as e OLET ) (6 ey cud

b— A’ b— B’ b— C’ p———

CLK

al&-ﬁ dl.‘.bd:b )l‘;'- ‘_5,31, NPT (1))

I, LYW TS >

v, B CF  VANDS
e ‘ T2

1 0 0 0 0 A'E

2 1 0 0 0 AB'

3 1 1 0 0 BC'

4 1 1 1 0 CE'

5 1 1 1 1 AE

6 0 1 1 1 A’'B

7 0 0 1 1 B'C

8 0 0 0 1 C'E

S s90 085 U3 5 oled il (&)
Ooela s jlad & ALl F-VA S

ok bt o5 Yo



oIl L L s g5 (gl s giie ) S 3 8 gl O ol o S e 53905
W s W B Ml aze e Ol Olan 53 5 S g0 bl oy o 4 )L G el
u,&w‘_;hsli;mow’m);,l,dﬁbox)w‘emsgdu)‘l@).:\{.u;w‘};;ﬁA
Iy el 2k sy S K 005 s 5wt S S b 4 () A IS5
1)1&WJM,”Ju_uw@,.:wlooidugﬁwsdm,ym)uw.%uw
JJ’}%QM}‘L&OQL:L&JUL:J))J.)}&%lQu@uwbﬁwé)IJ%W)"
HKgd 0L lsdoe Old gl aen S By U Wpd oo

g 50055080 ol 82Kk sl en ok Ol s 6 gl dijledi (0 gl 0 sle
o 5 b il aals QLS # VA IS 5 50805 el g & sisle; JUE 2k
U P L WP PRSP K U JUK JUR TS PRI JFSVISR VPR K PV E - VRS FRE JPo
o b e Ulg ony cdle S e 3 a8 S opl a5 g dalys JalS 0 gl
8 Al 0 g 1y gl I a4 aS

ALs 2k 0yl sy 53 0L s il o K odijled S o LiShe, b 035 400
33 peoin (sla g5 5 o 5 i 0 ooy 4n 4 Il S, o (695m ol 6 B0 S e
150 5ol 05161 50 8L Ko OV a8 g5 g0 IS0 4l g 53 il M 8
omlpls el € 5B e Culi 151 450 SN (gl 7 s (e Ol gie 4y g oo
Al r Sty B'C 20y € gk 5 9B i o8 S Lok 000 g 5

gors g2l oslazud g 2l o sl ShaS il pl () $-VA JSS e coles 5 S
by o ol il el i e 2l S w el Sa 00 S el SV 00 S L 4
el sla i, 5l S -’;58) g (530 pinali Sl 5148 5 g 0 Sl v L Ol g o0
a_,)ng)BgrsléDda_,)Jqd\ScMulB%))Usr:lé‘_,a-‘)ﬁdé

D= (A +C)B

Ol g5 o 1y O gl 0l lad .ol € M i 13D (83955 8l @M o (52555 alae D &S
s zend gtiile) GadlE slias Cina Y gl i slias el Sbj Jsb 2t
Y I KPP I PRI TRCIN 4 -+ P PTPVPR U IS B PV LSV R T U 3. JOP PP VIO 1

lowijlod g LW (SIwHDL #-F
ph 535 i 65l 5 (55 gl 5 e a9 Ol pe s Lanci et 5 L
o 35 Sy 1335 on gt dB e plol @\5 Jodr lie & slles ﬂf" Lol b,
0Lt oSy e 5 ot ol b dile sl 51 (shae yamme oy |y Slibe (5l
55 e 55 e s yad Sy el b pile Al i 5 S5 sl s gl Aas
2 el 5 S o 5 8 5 93 g 25 Sl Sl el ol

YO\ oo slad 5 Ll 1 i ) 2




O3 5L L g 99 ey el SOkl S F-F e 0 S Ul g e Sl
g g 03 (F-F) Jadar 5o Lhoks ol jlocele OlS sy 4 &5 s e il (53 e
2 by 35 g Sy Sl S ()5 iono 5 0,5 Sy pp Olajen 2 55b w0 |y Ol Ol 5 e
63553 S el (3555 55 (DTl (63955 55 pama 5o el 0k asls QLIS HDL £ Jlta
lﬁ-l&lsol.;b_«fgl..,.p@always Seb b sy cwd il o S cwd Gl
4 I )y S o Sy Slagan s oy ST 535 sl s 7
Fobd haelu fos slgr a2U VL it mhas 53 L Clr e 0L 28Ty celi ot
4 case (oIl S olS 51 aay SO 5 ST) wis B e aswie caSE jlie 0 Sesl (63555 93 polin
Gald a9 JU o (5259 Slo iy Slbes U ol Joe (1 S 13 as 8 J5ls 53 iy
Dslee Koo s ol S

A = {rtin, A(3:1)}

ol Ag 3 A2 Az G Coli L (Itin) condy oo 4y JU o 3955 0,255 ploulr paen
bl s K A5 el e JUESI AL £ 0] 4 S 8 e S b
i Oly olsiheden a5l fazie jlde fae aS S a5 135 5 oo o,

aSdms oo 0Ll pod ol Lo 5 JB £V IS ahaie s pad 4 dmrl e U LS sl
» kS bl s i il okt 5l D O Gl Jler 5 Sl e Hler L ol

HDL . #-\ Jtie

//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

a3 35 Jaden sl 3yl 55 5 Jgdon 33 Jla cpl 5 sl 0 00ls OLi3 HDL $-v Jlte
ot 03 DB G 8 s Jler LS e pasia | O Oib e el g bz 5
oo mags 35kl o Lge gilin jfs gai G ) Old e lo O35 5 35btu g0 cpena |y aids Syl
ilad go o 5 ) Ol cogs 5 Sy ge calways S o d ) Lol always S 9o

g lad o g a5 |y O 3l e S Ll 433 00 6,

Soled LS po o 5 FNE S (65l 50 O U Ly 0Ly 045l HDL $—y Jite

Yoy LAO-U)LQ}LR,QL;:V_L;M




HDL . F-¥ Jtie

//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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