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Oépa 1° [1.6 povadeg—15']
Ta mapokdtw onuota sdpapudlovtol o €va apvntikd akpomupodotnto JK flip flop, pue acuyypovn eicodo
kaBaplopou (CLEAR) kal clyxpovn elcodo BEanc (SET), Betikng Aoyikng. Ixediaote tnv £€0d0o Tou flip flop.
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Ofpa 2° [2.7 (=1.8 + 0.8) povadeg—35']

e Xpnowuomowwvtag opvntika akuomupodotnta T flip-flops, oxedidote 1o piIKpOTEPO Suvatd KUKAWMPO £VOG
oUyXPOVOU LETPNTH 0 omolog va mapayeL TNV akohoudia pétpnong:0 -1 >3 >7->6—->4—->0>1—>3 — ...

e EAfy€te edv o petpntng mou oxedldoate Oa emavéNBel otn cwoth akolouBia pétpnong, edv katda AdBoc Bpebel
otnv kataotaon 2 A 5.




Adol poag Inteital To eAéxloto KUKAwUa Ba akoAouBrnooupE OTPATNYLIKN €AAXLOTOU KOOTOUC. Emeldn €xoupe 6
Kataotaoelg Ba xpelaotoUpe touldaytotov 3 FF £€otw T, T; & Ty. Elval mpog 1o cUUdEPOV HaG CUVENTWCE N KATAOTOON
TOU KUKAWOTOC va gival kot n €€086¢ tou.

Qu(t) | Qult) | Qoft) | Qu(t+1) | Qu(t+l) | Qo(t+l) | T, | T: | To
0 0 0 0 0 1 0 0 1
0 0 1 0 1 1 0 1 0
0 1 0 X X X X X | X
0 1 1 1 1 1 1 0 0
1 0 0 0 0 0 1 0 0
1 0 1 X X X X X | X
1 1 0 1 0 0 0 1 0
1 1 1 1 1 0 0 0 1
H am\omnoinon Twv cuvaptoewV £XEL WG EENG :
Q1Qo Q1Qo Q‘IQO
Qz 00 01 1 10 Qz 00 01 1" 10 Q2 00 01 11 10
1 X 1 X 1 X
0 0 0
1 X X 1 X 1
1 1 1
T2=Q2 @Q1 T1 =Q1 @Qo To=Q2 ®Qo
KoL To {ntoupevo KUKAwa elval To :
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Av Q,Q;Qp = 010 1 101 toTE QMo TIC MapATAVW eELoWOELC Ttaipvoupe T,T;To = 111 kot 111 avtioTtol o Kol CUVETWG

Ol ETOUEVEG KATOOTAOELG ivat ol 101 kat 010 avtiotolya. Apa o PeTPNTAC oG Ba eykAwpBlotel oto KUKAO 2 — 5 — 2
—5..

Oépa 3° [2.7 povédeg—35']
‘Exete otn 81aBeon cog 3 Oetikd akpomnupodotnta JK flip flops, 3 moAumAékteg 4-0e-1, 3 mUAeg NOT ka 3 tUAeg XOR.
Ixebldote to KUKAWHA evog kataxwpnth 3 duadikwv Pndlwv mapdAAnAng swoddou kal €66ou e tpla onuota
e\éyxou E,, E; kal Ey. Tnv mapdAAnAn eloodo tou kataxwpnth Thv amaptifouv ta ciupata elodédou A,, A; kat Ay H
ermBupntn Aettoupyio Tou Kataxwpnth GalveTAL OTOV TAPAKATW TivVaKa :

E, E; E, Aewroupyia kataywpnti

0 0 0 Doptwaon tou aplbuol AAA.

Qoptwon Tou aviBEtou Tou aplBuol  AA;A; O aplOUNTIKA

1 0 0 .

OUMTMANpWHOTOG Tou 1
X 0 1 Ae€la KukAkry OAloBnon
X 1 X Kapia aAhayn.

Mapatnpwvtag TOV TVOKA AELTOUPYLWY TOU KATAXWPENTH OLOTIOTWVOUUE OTL OL AELTOUPYLEC TIOU TIPETEL va
umootnhpilovtal eivat :

e [lapdAAnAn ¢poptwaon evog aplBuol tpwv bits,

e Agfld KukALKA oAicBnon, kal

e AnoBnkeuon (kapia aAlayr) Twv MEPLEXOUEVWYV TOU.
o VoL UTIOOTNPLXTOUV OL TaPATAVW AELToupyiec cuvdéoupe tnv elcodo J kaBe evog Flip Flop pe tnv €€060 evog 4-o¢-
1 moAuTAéKTN, KaL TV €lcodo K pe TNV avtiotpodn TIUn (emonuoaivetol OTL N cuyKeKpLUEVN cuvSeopoloyia €xeL cav
anotéAeopa to JK Flip Flop va Aettoupyel oav D Flip Flop adol av n Tun tng elcddou J ival 1, tote J=1, K=0 yeyovog



mou cUpdwva pe to Tivaka aAnBeiag tou JK Flip Flop onualvel 6tL n Ty mou Ba mapet n £€€060¢ Q eival 1. Av n TN
™G £10060u J eival 0, tote J=0, K=1 yeyovog mou cuudwva e to mivaka aAnBeiog tou JK Flip Flop onuaivel 6t n
TN mou Ba mapel n £€€060¢ Q eival 0 --- SnAadn to Flip Flop Aettoupyel akplBwg omwg éva D Flip Flop 6mou D =J). H
gTAOYN TNG AElToupylag YIVETAL HECW TWV EEWTEPLKWV ONUATWV E; Kot E, (6ev emnpealetal amo to e€WTEPLIKO onua
E,). JuyKekpLuéva, av E; = Ey = 0 0 KaTaxwpntng MPEMEL va eKTeAel mapdAAnAn doptwon, av E; = 0 kat E, = 1 TOTE 0
KOTOXWPNTAG TPEMEL va ekTEAEl 8e€LA KUKALKN oAloBnon kat téAog av E; = 1 (ave€aptATwg amo tnv T tou Ey) o
KOTOXWPNTAG TPETEL VA KpaTAeL otaBepd ta Sedopéva tou. KatalaBaivoupe Aowmdv OtL ta onpata £; Kot Ey mpEMeL
va ouvdebolv ot £l0060uc emAoyng (s; Kol Sy avtiotolya) Twv TPWWV 4-0e-1 TIOAUTIAEKTWY TIOU EXOUUE
SlaBéoipoug.

Ao Tov Tivaka AELTOUPYLOC TOU KOTOXWPNTH TOpATNPOUME OTL n emloyr Twv Sedopévwv mou Ba
amoBnKeutoUV OTOV KaTaxwpentr, otnv mepintwon tng mapdAAnAng ¢optwong, Yivetal péow Ttou e€wTeplkol
onuatog E,. Juykekplpéva av £, = 0 Ba mpenel va poptwBOel o aplBuog A, A; Ap evw av E, = 1 Ba mpémnel va doptwbel
TO CUMUTARPWHA WG TIPo¢ 1 Tou aplBuol A, A; Ay, MmtopoUpe Aolrdv va afLoToloouE To onua £, w¢ elcodo oTLg
tpelg Slobéotpeg mUAeg XOR, pe SeUtepn eicobo oes kABe MUAN Ta e€wteplkd onpata A, A; kot Ay, Me 1n
OUYKEKPLUEVN OUVEECONOYLO ETLTUYXAVOULE EAEYXOUEVN avTloTpodn Twv bits A,, A; kat Agy. Zuykekplpéva av E,=0,
TOTE oL €€060L TV TPLWV TUAWVY XOR givat A,, A; Kal Ay evw av E,=1 1ote oL £€080L TwV TPLWV VAWV elval Ay, A;” Kot
Ao’.

MpokuTrtel Aowmov Ot To {NTOUHEVO KUKAWLLA ELVOL TO TTAPAKATW.
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H emhoyn Twv 1008wV TwV TPLWV 4-0e-1 TTOAUTAEKTWY £YWVE U UPWVA E TO TIOPOKATW OKETTIKO:

e Otav (E;Ep) = 00, TOTE TIPEMEL O KATAXWPNTAG va. popTWVEL TapdAAnAa tov aplBud A, A; Ay (av E; = 0) i to
CUMMARPpWHA WG Ttpo¢ 1 tou aptBuoul A, A; Ay (av E; =1). AapBavovtag umtodn otL otav E; = E0 = 0 wg £€€060¢
Twv Tplwv 4-0e-1 moAumAektwv emiAéyetal n eicodog 0, otnv €lcodo 0 Tou TMPWTOU (MO OPLOTEPQ)
TIOAUTIAEKTN ouvS€oupe TNV £€€060 tng mMUANg XOR mou avtiotolxel oto bit A,, otnv €icodo 0 Tou pecaiou
TIOAUTIAEKTN ouvdéoupe TNV €060 NG TUANG XOR mou avtlotolyel oto bit A;, kal otnv €icodo 0 tou
teleutalou moAumAéktn cuvdéoupe TNV €€060 tNE TUANC XOR mou avtloTtolXel oto bit Ay.

e Otav (E;Ep) = 01, TOTE MPEMEL O KATAXWPNTAC Vo eKTeAEL Se€LA KUKALKY 0AloBnon. Aappavovtag umodn otL
otav £; = 0, E) = 1 wg €€060¢ Twv TplwV 4-0-1 moAumAektwy emléyetal n loodoc 1, otnv elcodo 1 tou
npwtou (amo aplotepad) JK Flip Flop cuvdéoupe tnv £€€060 tou tedeutaiou FF, otnv eicodo 1 tou pecaiouv FF
ouvdeoupe tnv €060 tou mpwtou FF kat otnv €lcodo 1 tou teAeutaiou FF cuvdéoupe tnv €€0do ToOU
peoaiou FF.

o Otav (E;Ep) = 1X, TOTE MPEMEL 0 KOTAXWPENTAG va Statnpet ta dedopéva tou. Aappavovtag urmodn otL otav
E; =1, Ep = 0 wg €€060¢ TwV TpLwV 4-0e-1 MOAUTAEKTWY eTIAEyeTOL N €l0ob0¢ 2 Kat OTL otav E; = Ey = 1 wg
£€060¢ TwV TPLWV 4-0e-1 MOAUTIAEKTWY TIAEYETOL N €l00d0¢ 3, Ba MPEMEL OTLG £L00S0UG 2 Kal 3 OAwV TwWV
TIOAUTIAEKTWY VO cUVSECOUE TNV £€€060 Tou FF Mou avtloTolyel oTov KABe TOAUTTAEKTN, WOTE KAl YLa TOUG
600 cuvduaouoUC TWV EEWTEPIKWY oNUATWV E;,Ex (10 ) 11) to kABe FF va $opTWVEL €K VEOU TNV TPEXOUTO
T Tng €€660u Tou Q.



Oépa 4° [3.0 povadeg —45']
Xpnowonowwvtag D flip flops, oxedidote cuyxpovo akohouBlako KUKAwMA, He pla elcodo x Kal pa €€odo vy, To
omoio divel otnv £€€060 1, av OL TPELS TPONYOUUEVEG TIUEG TIOU £lonxBnoav oelplakd PEow tTng eloddou x elvat 100
101 (emutpémovtatl emikaAUPeLg). MNa mapadsypa yla tnv akoAoubia elcodou :

Bit mou sloayetatl npwto - 010101001 & Bit mou elodystal teAsutaio
Ba penel va tapayetal N £€€080¢ : 000101010
To KUKAWUGA oac Ba TpEMeL va UAOTIOLEL TO SLAYPAUO KOTOOTACEWY pLag Unxaving Moore. lNa to oxedltacpud tou Ba
TIPETEL VO KOAOUBNOETE OTPATNYLKA EAAXLOTOU KOOTOUG.
Kataokeudloupe apxka To SLAypapUO KOTOOTACEWY TNE UNXAVAG LG :

OTIOU N ONUAcL TWV KATAOTACEWVY EXEL WG AKOAOUOWG :

So : APXLKN KaTdoToon

S, : éxeL SlaPaotel £va apyLko 1 otnv eicodo

S10 : KATA TOUG 2 TeAeuTaioug KUKAOUC oTnV elcodo éxel epdaviotel To 1 Kal to 0

S100 & KOTA TOUC 3 TeEAeuTaioug KUKAOUG otV elcodo eiyape 1, 0 kat 0

S101 & KOTA TOUG 3 TeAeuTtaioug kUKAOUG otnV elcodo eiyape 1, 0 kot 1

2710 mapandavw Slaypappa dev umdpyouv looduvapa evyn 1 BpoyxoL KATAOTACEWV. MPOXWPAUE CUVETIWE KATA Ta
YVWOTA otnv avaBeon Suadlkwy TIUWY, OTOV TIVOKA EMOUEVNG KATAOTAONC, OTNV OUTAOTIOLNON TWV CUVAPTICEWY
£10680U KOl 0TNV KATAOKEUH TOU AoyLlkoU Staypappotog. Mo Suvath mepinmtwaon mpokUmTeL and thv avabeon :

So : 000, S; : 001, Sip : 010, Sigo : 110, Si01 : 111, 6mou T0 Msb pag mapéxet kat tnv £€060, evw To Isb pag Sivel
televtaia elcobo.

X | Qt) | Qu(t) | Qolt) | Dy=Qy(t+1) | Di=Qu(t+1) | Do=Qo(t+1) | y
0 0 0 0 0 0 0 0
0 0 0 1 0 1 0 0
0 0 1 0 1 1 0 0
0 0 1 1 X X X X
0 1 0 0 X X X X
0 1 0 1 X X X X
0 1 1 0 0 0 0 1
0 1 1 1 0 1 0 1
1 0 0 0 0 0 1 0
1 0 0 1 0 0 1 0
1 0 1 0 1 1 1 0
1 0 1 1 X X X X
1 1 0 0 X X X X
1 1 0 1 X X X X
1 1 1 0 0 0 1 1
1 1 1 1 0 0 1 1

Juudwva pe 6ca mpoomadroape Katd tnv avabeon elval y = Q, kat Dg=x. H amAomnoinon tTwv dAAwv cuvapTHoEWVY
pog Sivel D, = Q,' Qs kat Dy = D, + X Qg He mpodavr uhormoinon.



