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Clock ; lov Tob T2y sl Jay [si

R |_I | I
Q o -
) _

(JK Flip Flop) JK z > »
o s LS wilsl (Feedback) sui s ddan 5950 W=l ¢ 5 pp mlr o 2 5 )Le o2 K 2l

Ju Ja

y—

| 1 ©
B,

K L:} :>° - Do_
Clock {>¢

Jchr}q\j‘d\J).\:rjgaai\M\glgb;;)

—1] Q_

——7>CLK
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C J K Qi

0| x X | Q Keep
1/0 0] Q Kep
1 0 1 0 RESET
1 1 0 1 SsET
1|1 1| Q, Toggle

Sl 4 e mWIm ) L Ol gl J g ST e L) ke IK 2l b Ol J g Of Ls oS
RESET s o)~ 3 R Gl U K Gl (4 5 b ol SET ados ¢l 2 3 S Ol J2 ]
Toggle ows o aeadl 2 5z VW dl Se Wy K=1 5 J =1 i ol e

(TFlipFlop) T gl »
ik T b ey sl Oy Gow LS AWM o oas Toggle S0 jlazs| 2L T
QU K2l o g 0 LS (T OBl ppasly B b g =l b Ly ¢ K 2 e

T J QF——
—>CLK
K QrH—

T Clsall g g gl Lalasd) L L3

—T Q I

——>CLK  Qf—

C T Qn+1

0 | x| Q Keep

1| 0| Q, Keep

1| 1| Q, Togge
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oS o aal) adlg Blis-Y1 bis Sa b (T b L RESET alas o SET ahes ol o 131850 pis Loy
AU s

(Counters) sl sby 3 T el o 5 K el o pdsiczns

TJle
IK b L S ol ) ez LT

1
clock o—dol Jal Tl Jal Jal Js| 6]

L

o
|

Clock; |0l|1l|2l|3l|4l|5l|6¢_

J cl) | | L
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Tl
T o4 QW el ez ST

1
ok o—dol Jal J2 Jal Jal Js| Jel

Clock o lod [1y [2¢ s} |4l !sl !6¢_

(Direct Inputs) sl J=u 31 bi 4-2

el B U e ) sk (il 8 o ) A i Lgllan 0, 06 0L Y1 a3
B o Jounl) o lor 1 Ty it el 858) Ol 3 o 3 s Ul ey sl 050 5 JU) o
U s 5 ol MVt f 1 ) i it Gglian 0,50 38 51 ¢l 1 lias T Lo I
1 bl Lal s ) (Direct INPULS) L34 o ) G b1 o 0 Wb s ifletn) 5, oy ad s
o oo e LW Sl 5 L Ra 5 Su — b 5 ) 5 <(ASynchronous Inputs) sl e =
Al Jors BIbL g5 wld-aslill ¢ s

Sq
—1s QF—
—PbCLK
—R Q—
Rad
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ZL;L;&;\J;.-EL} ﬁd J#\(W}«SJJAQSJMC\#J&USETW;\J»ZQ éd QJJJG_H€J\>MC.~:>
.CLEAR 3 PRESET — 2l J=l O bY o, bl 3,800 5, 5 7Ll RESET

@0 moy Wil o] wn &l adeall OF ons ((Active LOW) aaiss 2oz 5L el G LT of Loy
ol e 1aad) 5 Sy Skl e 0 degdl) s 5,80 55 ey SET hes sl >3 LU L O3 L
3¢S Sl e i@y Ro Gkl s 0 dedl piai 5,80 5,502 RESET aas ¢l ~Y 5 ¢ Ro
Ro 5 Su ol O e Laadl) oy @ 3 W L pnl ) 55080 Al e o) iy o Los 3 5kl el

5 Sa=0 Ul Ul st 5558l (CLK 5 R 5 S) ol ool OB1LY oty = 1 0
Bl ol 82y L s Q 5 Q A b NS at 4N & £y 22 23 568 Ra =0

S O gl J g
éd ﬁd Qn+l
0 O | Not Used
0 1 1 SET Direct
1 0 0 RESET Direct
1 1 | oot Jorild dnaat

S5l oy 093 & 5 S ad 1 adhdl i)l wog Osllas Ll ol G1bT e O b (o OF Ly
b g cdeo s 0s Ry Sl 85 5 Sq el e 0 e SET aes 1~ e (Open) b et
s gl s Sl 3 ol 5 ey Ok Ra 5 Sa b )l IS 35 el il sl iy 2
3 (gt gl ols 5T o & 3 (Transistor Transistor Logic) TTL abtel del) dakidl

b Ladhll d) w3 Lo 5 093 Bl 45 plase)

Sl 3 Db s g5 (=@ 2l e ) ol SR b L gl J g b 3

§d ﬁd C S R Qn+1 6n+1
0 0 X X X 1 1 Invalid
0 1 X X X 1 O  SET Direct
1 0 X X X 0 1 RESET Direct
1 1|0|x x| Q Q Kep
1 1 1 0 0 Q, 6n Keep
1 1 1 0 1 0 1 RESET
1 1 1 1 0 1 0 SET
1 1 1 1 1 1 1 Invaid
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5 (Direct INputs) 3t =3 bl 15530 0,5 of (K ol 3 ool el e 1 151 o 35
mos WSzl Mg 5 e bl ak Ry s Sq o Lts VL ada 3 AU el 1LY G
obal

Sq Sq
—{t 7 o— —1s 7 o—
——CLK
— ok of— 1k ol
Ry Ry
Tzlye K gl
A J23 DBl s e il Jos bl 35

AN SR b L aakild 5 5 (3 s el O LT i 34ST oy (W1 ISC2)

D
Dc-

Ol
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=B e L 2l 5 501 3 el el G bT ) gl 2487 o LU JSCE

ST ) — — r— o

Clock {>c |

1&.«0-\5

e s SLBL 35 IK e L 2l 5 5100 )

(Two-Phase Clocking) ysklt gt ol &1 5-2

g9 e 2 5 (Master-Slave Flip Flops) mWi-ll ¢ 5 e sl o sz dad sl aes (3
A de S 25 5 o(Master) i al e ) 5500 (Clock) ool 81 5,L8) Jot 6 (e ST et A1 e
Sy e S s s e laie WSTle plasnaly el 1 8] S oy (Slave) pldl dl
(g il STl plistal W jaas die ol 31 55L8] oSas Lad 13) 2iladl) ST sl ada IS e cliazn Y
oUsl o sa g2 LS

Clock C

o

Ol

o3 sl gt e g Y mp G dn o L C L San 5 C el 1 58] e L8] s Las
o IS o (Slave) g il 4L C 5,eY1 5 (Master) S+ ) C 5,ey) Jon s
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osl e sl 5 ((ClOCK) ool 531 55La) 508 e a0 alSCin L glas ST

T

et LTI

2

Tl By ) ) 3 Ly o 8l il o Al 6 3,Ls (ClOCK) ool 531 3 L5 of Lamis
L 0S5 I T, a6l e 3K Sl (High) aads o ool 531 8L Led 0SS o) T, s 5 2 O
i Ml ) o ot hie WSTle plisiial 3Ll ol oS Led L 13 L (LOW) Lizisus 5 LaY)

CCLnn.
. U U Ul

BILAS ks ¥ 8 5LV edn ey cips ls) B 5 el Slias e 550 s C 5 e of st
S J et 53le 1 Y U Hazards 1 53 33l 0,55 Y 6 il sy e s of 4] 1l el
(Time Shift) 2 im15) Jess ke Jpmadl o2 Ul 5 ilate oSTle plaszaly C 5,01 Sy C 3)L5Y)

ol mo e 92 LS (C 5L

o JLTLTLIL

sl € LY oy o Fy 5o U e g e 58] e (PRAse 1) JoW) skl C 3Lyl o
S o deand el 3 oW s e e 5 L F 5 S U ey 5 el 55L8] e (Phase 2) )
.(Two-Phase Clocking) skl
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(Registers) oot -3
S g bl sas e S0 e OV ) e 8,00 W g F B se 0 55le 5o (Register) o)
(4-hit Register) <l )i o 0556 Joned ol Llsill oy L)

LN ot 31 b

Bs | Bz B: | Bo

Q\JL,J.! c}\ J\,‘ai

Lot Mol e bl o] Sa ) ol

el (3w das o E o (Write) s L1

o) & 852 e glan ¢ 1 2l ST ((Read) 50802
.(Register-to-Register Transfer) M=l on L Ul 15 .3

Moendt by 1-3
(bits) asladl U samy el ) e s 5 (D Flip FOps) D e o plasanly o) sy o2
(4-hit Register) <l )l 0 0K foned 23kill 3 51 o LW S22 o sllall

UL ot OB bl

Bs B B Bo
— D Q — D Q I— D Q |— D Q

3) 2 (1) 0)
—> CLK —> CLK CLK CLK

Clock | | l_ | |_
Bs B> B: Bo
Q\JL,J.! c}\ J\,‘ai
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(Write and Read Operations) g ds! i 5 &hoeud! § S 2-3

U IS e ol ) aas e Bsle Ly 32 sl de glall 0B aed) (3 (WitE) 218 4les ¢ ) s
oo Ja5 Leossle Lslor ] & o) aaglall OB Jod) 0 (ReEM) 361 3 des s) ) s 5 ((DataBus) <ty
B gt o 5 )le a s UL B 5 e (DataBus) ol BU e 53 saill dghl 1] ol

Sl da )l 93 Dbl BU mo g QW) KD 5 (bl e o a1 bt g Lz JS7 25153l oL )
(4-bit Data Bus)

Bo

B: bl J5U
B, (DataBus)
Bs

sy codlel e ) bl dn Y1 53 UL BU (3 el foogn 39 5 o0 Y B30 S0 AWl e f Loy
5 el ad) Bl s sedl S a e e U (GND S Ground) oY) Jo sl s et Lol
_w\wijfws)L@u?)&@fug)g@ﬁ\y)m M o g 3le o2 ¥ o SU

Jilss phisaals UL 3y el UL 7 A0 1By @bl Jotl O LT e IS Jayy 1 g Vs
oUsl o sa 42 LS ((Tristate Buffers) k) 53

YT A2

%JVT VARV R

<UL B
(DataBus)
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Xz b g A s O b W aibn &y 0 55le s (Tristate Buffer) dbb) 536 J5u
ab;fc.pyjm\.«fccvﬁdja)

T

C

G0adl pos e LT X = A0S 6l A UL o WS ) £ C oSl Gob (3 L2l moy s
.~ J5 o2 L 5 « (High Impedance) &l & slali Al (of 2l A1 3 2 gl s C oSl O b
Adle B glas Lgdss e 4l 5l

& glows Write s Loyl Jast psii Joeodl 3 (BuS) BU) e & all)) UL (Write) LS ales o Y
o2y Joell s ) BUIE e 83 g 1 SULY Jazs ¢ BU e o) ol OV LT Lo 5 02 (1
5 e B e Joeell il OV b1 Lad 6 2050 0 J) Wrrite s )Layl eals] g &5ty W81 joe)
S bl B olles (3 aldszad ol 0,5 st BB oSy els

o5 i L asbes REAA 5,L5Y) Jnt 255 o) 3 5500 UL (ReR) 3613 Bos o1 Y

o el 1 a e 055 5 U e fomndl 3 3 ) UL g5 5 ¢ U e omenedd 7 A1 1
A ST Lad s #1500 ) Read &,Layl slel g clls am W &b g ol 2ol 3L
ST bl B oles @ plasaadl bolon 0,50 et U DY 23 5 o B e ol

(Register-to-Register Transfer) oMol on bl & 3-3
2 s LS ((Common Bus) 8 zie 5Ly wlomud) Gl Loy o w¥omid) 0 B8 502t G UL A

N

1.1 RCHBUSBg E:Z ] RB — Bus [ o 1o 1 RA — Bus
WEaEaEa T Y

l
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,@.JéﬂJfY\ Joeedl ol 22 g Lo 57 (Bus) U (\Jdamlr.g;ﬂ A o o UL i
Moo L g o oy, B o sl 3 2y I3 my ¢ B o ol 21 L

(RB el RA et 0l 2 25 Gl RA® RB UL 5 s o) Y
LU e RA ) ol o2 g 14 ls RA® Bus 5Lyl Ja£ .1

CRB =i ) B e s alall oUL) Jans 14 9be Bus® RB 5 Lay) |4 .2
U =Y s #5014 Bus® RB s RA® Bus ow,layl a3

. i RA
( RC ; RA ..l RB M\ogfs&w-g;\) RB ® iRC UL 8 des o >
|
LU e RB ) ol 2 ghn 14 ls RB® Bus 5,LaY1 J=£ .1
W ) B e s alall UL iz 1 o sles BUS® RC 5 Bus® RA op ey =2 2

.RC 3 RA (=l
B ed=y s .0 L) Bus® RC 5 Bus® RA s RB® Bus «l eyl a3

adll o)=Y p oL & (Common BUS) & zie U plasea) Gead J1 aakil1 (3 wiladl a5 Vs

oU;tC@yﬁwc@i)\ (U@.U

A
Common Bus
B C

4@51.5\ rUé_‘J\JA.pR.:«ﬂ .Q.\.ié\i\:— aald) J"j"“&" elest QSJ\ bits I sue L_;T cJELﬂ\ u'pjcjga.i)\;\.a:
Sl e ades 3o e UL e ST a8 5 SGT B 5 s o5 LIS
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(Shift Registers) i1y &Morws 4-3

UL a1] s Ll olleal) ) BLo) oty s oo 5 Le 52 (Shift Register) a5y Jorus
Y o gl 5e Sl gl o s ST 4T By i sy 33 4 5

[(Shift Right) cred 1) 213Y)

Bo sl £ 5 clele By abh) (£ 5 Bo L) B ais & el U] 8asly Bl i 2 l3Y) o La
J= Jd (MSB) Wl W1 ) = )1 e bt Jes] o2 5 (B Bl |2 By sl £ 5 (By & J=
sUsl o ge 52 LS Bg wld

YR aYaY

b AA45
Bs | B2 | Bs | Bo

:(Shift Left) L d) 215y

By skl £ 5 el By sl |4 5 By L) B il oo jLedl 4] 30y Bl lic 21 3Y1 o5 La
U2 Joud (LSB) Wil 51 1) 2 &) o bit Jlss] o 5 (By B J2 Bo Ukl £ 5 (B wdl |2
sUsl o go 52 LS Bo &L

(\(\f\(\f\b

Bs | Bo | By1 | B

:(Rotate Right) credl 1) sl sl 2131
Ll B OF o B n Jlea) of i (ol s ¥ ST g cpadl ) 81y Bl i B 5Y) 05 s
ool s go 52 LS B Wl W1 |2 £ By

ARYER

Bs | B B: | Bo
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‘(Rotate Left) Ll 1) &l gd) a1 3Y)

J# B L) BUH OF & ez U o Jes) o b (6T 0 g L) 1] 8l Bl i 2151 05 Lia
NEN] ataba LS .Bp Ll J=

< W

Bs [ B2 [ Bs | Bo

JS" ged ((Clock) ool 531 3 Lals 3las o (sF sl 0 35 oz oad Dl Ao L) 151 ¢ 15 S OF Loy
ol 5 5L s Lo B YT ead g o3l olEY) (3 sl g Bl UGS B 1) odd el ) Olas e Ras
o* Dl BR M el 2 G J J 1 e e

.SJA.:.\M
fe Y Mo e Wl S el 5L A Y adkes O o 2T Slles s
:(Hold) s s
cal s el Ol Loells v of Koy ciBgn 8, eem & L) a5V e 2L o L 5 gl
o Fiy! L N = § AR 0y R Jd 1o

o OF 5o L a1 Ol STy (g3 e U873 WS 5301 5 5La 3y e 21 5Y) O & ((Clock)
sl o se 98 LS g J2 el DUl e Bl IS 14 0L 0

QQQ0Qa

‘(Parallel Load) sl sd) Je azad
NN T2 P LaS™ ci15Y) Aoy e T;\.xx;.ﬂl CJGL! o ULl el dzas g La 5523l

PL; PL, PL; PLg

Ll
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a1 Y1 OMomass sy

R R Isas 7% 5 (D Flip FIops) D ol o plsanly o Bl sy 0L L3 00 U575 LS
L e T A 2 L EV SR EWRN U N (o1} S R ES EHES

e ) a1 U] o SIS g R bl Ss e S 7 04SC

By e 0556 Glaol ¢ I e o) L 21 o 2l 5 5000y i) Blasill ez LU JSC2
(4-bit Shift Right Zero-Fill Register) <t

(NN N Y

0 Bs | B, | B. | B

o—D Q D Q D Q D QfF—
(©) ) (h) (0)

CLK CLK CLK CLK
Clock 1— l_ l_ I_

i)l o 08 il s N e Ol Al ast3] o aalaid) 5 1) g ilad) Labesil) s sy S JCad
(4-bit Shift-Left Zero-Fill Register) «tl>

Bs | B | Bi | Bo

0
— D QJ — D QJ |—D Q- |—D Q-
©) ) @ ()

CLK —> CLK CLK CLK
Clock 1_ l_ I_
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SIS 3] L gt dehos wgh 5 Lambin Cnall o ot Dol 8 1) ey (3 psiaed) o gba ) O Lol
%uw\yﬂdﬂﬂl;ﬁ?wjg\ Dorans 195 ony (§ poloionin LU Jais STy sTs a0
L, 2 (Lol BUS) Ukt U kol 1 (3 i 5 el Joall 8 Ll oy 5 b clshos o

o (Local) = 5L s La pasedl BUIOT e Ln uS75 5 L aedl i o Jomeneld B ,SU e
O DL & 3 pdsznd) (Common Bus) & el BUl e Calit 5 a3 Jomens 8815 1213 aian &
e o) A A Y) e 2kaidld 3 5101 ez QWSS g LS e 4L BT ) 3 plladl ol
oL s, 53ls) A (4-bit Shift-Left Zero-Fill Register) ol an )l 0 0,50 lisl ¢« U
NS

Local Eo
Bus B;
Bs

i
— D QJ — D QF YHD Q- ‘—D Q-

©) 2 @ (0)

CLK CLK CLK CLK
Clock |_ |_ |_ I_

PO IR JC R WL I [ N PP S| s ) o) o2 s el dmeis 1 5 3l e il s
QU Sl e 50 8 LS” (4-bit Rotate Left Register) =

Local go
Bus B;
Bs

(©) ) D ©)

CLK —> CLK CLK CLK
Clock l— l_ I_
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oAl & a5

iYL skt (M SE Y iy 5 UL gl 0 0580 B 1) o anas OY1 ol
(Rotate Left) Ll 1) a5l sl a>3¥5 5 c M =0 0,5 Luzs (Rotate Right) ceed! ) 251, 501
M =105 s

Lebay o Ll L a5y chimn 0l andl Lpiams o e ) ) s ) (U 2 5Y1 0T s
3)La) Aed e sl W] e @ dly 3y (3 O B SG ml U Ly S eSS Ll 6 2T A

¢M r_<>d|

QU Sl o 52 LS (2-10-1MUX'S) 2 J) L g 5 oo gools H1as plasszals 23 o

Bo

Local B
1
Bus B2
Bs

M I, |0 I, |0 I, |0 I, |0
2-to-1 2-to-1 2-to-1 2-to-1
MUX MUX MUX MUX
ool ool ool [
D Q— YHD QF HD QF D Q-
(©) @ @ ©)

o 1— CLK l— CLK 1— CLK I— CLK

U e ) s eals IS 508 S ¢ omnald 5 S s 2 41 1 g 5 m el g0 Ls Ll
055 Lkid L als IS (Select Ling) Jlas) b ) s ol M oSl 6)L8) s Jo sl o
0555 ot e M S s (3 5 B 2l el OB e ils (S0 g 3l o o M =0
@35 5 (Bl 2l ol el G b s s U1y G Lo o M =1 0585 Likis 5 o) 215Y)
D) B Y 0SS Et ) A Ly J s

2 ]

dﬁbM;J\ﬂg&JMcM VQSJLQ?W(“'bltS) be—a:ujuxa;-\)l&ww
M =105 bas ol e e cned) AL 3L 25k 5 <M =0
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(Universal Shift Register) abl &>1yY1 foews

Utsze S f (Parallel Input) Ut sze Soes iy o oS8 a1 s 9 5 e 58 plall 2 5Y) onns
My 5 Mg b (S L 0 e ol 31 o i of Ul S b 35V 253 5 o(Serial Input)
QU gl o se 52 LS

o | Operation
Hold

Shift Right
Shift Left
Parallel Load

=

PrRroo =
RrOoORrOl=

(4-bit Universal Shift Register) wbl> s )i 33 ale 21| el bl Bl oy LW K2

M1 Mo
PLo
A ) Pl [ B
(Parallel Input) PL 4_blt — B
2 Universal ! Joredl 2
PL, Shlft ——— B, | (Register Output)
Reqgister
——— B3
Judl g SR —
(Serial Input) S —
Clock

) = WL PLg 5 (PLla (PLy (Plo )l b dl G1LT e on (Parallel Input) i) o=
3 eJomedl o (MSB) Wl 11 (1) Sg Jor il B b s e U] 215Y) &bes <L 26 (Serial Input)
Kl o sn pa LS o) o (LSB) Ll 5 U S bl B b e Ll ) 215 Bdes (ST
Ju

Shift Right

_— >

SR —> 83 Bz B]_ Bo

Shift Left

-

Bs [ B, | Bi | Bo — S
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s.x,U)L,-ﬂr:iofjsgf.fl@o;qof%4@}.\;\@)1&3d,b@)fw\\uggguowﬁﬁ
(410-1MUX’S) 1 41 4§ 5 oo gols 19 plisiaad oz 6lb (M) 3 M oSl 35ls] o8 e ol Lo
Ul AT 33 ple B 1) o Bkl 5 500 o o) LW ISKCaIL o se 5o LS

PLz Sk PL> PL1 PLo S

o |— CLK |— CLK |— CLK I— CLK

L e of (Parallel to Serial) Jis 4} 515 oo UL s & pladl a5V oams plbsiid oS8 Uia
S (o sl Bits 1 Jlota] o5 15 4] (515 o el s (Serial to Pavallel) 5515 )
o bits I e bt 5 ool el o5 ¢ (Porallel LOA) o) s o ks <1
e Jrabt 5 el it sl o Bo g A b s (LSB) Wi Bkl ey =31 45 bl Ll

A B e fsdl e 5 By A b e (MSB) Wl Gl et Y \1;-!) Juh e bits )

das sl Sg 3l ne (LSB) Wil B0 ey =W b5 sty oeed) 1) bitS 0 Jbes] o (5518
Jpts JLsST dms s ledl ) a5y ades ol Skl e (MSB) Wlall UL fedy of cadl ) 315y
Joel) 2 A ST e 1) e sl 3 o, bits
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(Counters) wistaadt -4

555 BB a5y e e WL e e 5 U el il 5 15 e 5 Le 5a (CoUNLEr) Sis)
A e st 0 w6 4 ((Down Counting) Wi L 055 6 4 o(Up Counting) Luslas Ly
o YV e ol LA e S0 iz g (State) Wl end Al ke U3 5101 L) o 208 IS
Qe 52 o I S0l a5l ) liad e 220 IS 0T T imme i 5 (ClOCK) ool ) lias
At g ) LR e Gl g eVl e Wl (6T m el st Ty O S5 Ll s 5 @ s ) AL
[(Initial State) aslazy) Il dLans s

(3-hit Up Counter) s 3% 55 siebas sl aladl Lol i QW) S

3-bit —— A @wsB)
Clock Uup | B
Counter C

>3 (Counting Sequence) ! fls ez 5 L) J gkl

C B A | State
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
11 1] 7
0 0 0 0
0 0 1 1
0 1 0 2
1 N N 1

S OA \1\.\;4 @aebar 5 m Sl s 67 6543210 » oV 5l sl OF LY
05 o Wl oS A 512 (LSB) i w1 of Liaf 1Y sall (Initial State) aslany) Akl e
K e S Cadudl Bl y (e S s WS B asll B 0F g 3 ool 1l liag o dia
ALY ) sl 50 5 pm Aol ks 3 0V e e =T ) 5V pory oy 4 Ll oY L lia iy f
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