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[MpoAoyoc

Ot onuewwoelg avtég amotehovy Pactkd ddoktikd Ponbnuo yio to padnuo «Pneloxd
Kvkhopato» mov dwdoketar oto Tunua ITIAnpoeopikng & Emwkovoviav tov TEI Zeppdv oo
3° eEqunvo omovdhv.

H avéntuén tov ymeokodv nAeKTpovik®v, mov mpaypatonombnke to televtaio 30 ypdvia,
amoTeAel YEYOVOC, Y10, TO OTTO10 HEV VITAPYEL KATL AVAAOYO GE KavEVAY GALO KAAOO TNG EMGTAUNG
0V unyovikob. Malota katd T paydoio avty avantulrn, eV TO TPAYUATIKO KOGTOG TV
YNEKOV oAokANpopévov kukiopdtov (hardware) peudvovrov oto picd kdbe €tog, M
ovvBeon Kot 1 TOALTAOKOTNTA TOVG TETpaTAacialovTay K&be Tpia £Tn).

"Eyovtag vmoyn 1o Topandve oKNviKO e TaydTaTng avATTuENG, Ol GNUELOGELS dounOnkay pe
KatehvVon va TaPEYOLY GTOVG POITNTEG TIG ovayKoieg BepelMdOglg Evvoleg TG YNOLOKNG
AOYIKNG KOl TOVTOXPOVO VA TOVG £E0IKEIOVOLV e HEBOOOVS GYESUGHOV Kol TEYVIKES OTO
emimedo Tov ovotuatog. Emniong, otig onueiwoeig meptAapfavovtal 0oKNOELS Y10 TOVG (POITNTEG
e T1g AOGELG TOVG, MGTE VO, AVOIEIKVOETAL 1] TPOKTIKT] YPNCLOTNT TOV OL0POPOV EVVOIDV TOV
glodyovtal ot Bewpia, OAAL KoL 0 COGTOC TPOTOC EPOUPLOYNG TOV.

Onwoonmote, yio meplocotepn epfdbuvon, amouteiton 1 ypron npocHetng Pipioypapiog, M
omoia drotiBeton otn PipAoOnKn tov TEI Zeppiv.

Avootdolog MmoAovKTong
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ZUCTAHHNATA apIOuwWYV

‘Eva oUoTnua apiBuwyv XpnoIUoTTolEi €va aUvoAo cUPBOAWY yVwoTO we wneia. YTradpxouv

S1dpopa CUCTAPATA APIBUWY OTTWG TO OEKABIKO, TO duadIKO K.A.TT.

Agkadiko ovotnpa

2710 OeKadIKO oUOTNUA XpnoluyoTrolouvTal déka wneia 0, 1, 2, 3,4,5,6,7,8, &9, evw 10 10

opileTal w¢ Bdon Tou CUCTAUATOG.

lMapaddeiyua 1.1:

503,14 =

500+0+3+- L4t
10 100

5:-10°+0-10"+3-10"+1-107" +4-107°

H yevikr pop®n TnNG atreikdviong oT1o dEKadIKO cuoTNHA Eival:
D, =(d,10"+d, 10" '+ ..d10'+ d10°+ d_ 10"+ ..d 10°")
N 0 aPIBPOG TTAPIOTAVETAI WG

@dd,, .ddd d,.d )

otrou d, (0,1,...,9) €ival o1 CUVTEAEOTEC TwV avTioTOIXWV duvauewy Tou 10.

Avadwko cootnpa

evikd o1 apiBuoi utropei va éxouv Baoeig diagpopeg Tou 10, yia TTapAcElyha:
Baon 16, dekaeadikd ocuoTnua,

Baon 8, okTadikd cuoTnua, i

Baon 2, duadiké cuoTnua.

2710 dUOBIKO cUoTNPA TToU €xel Baon To 2 uttdpxouv duo wneia, To 0 kai 1o 1.
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Hapaderyua ovadikov aptfuov:

1010

1x2° +0x2? +1x2" +0x2°

0 avtieTolyog dexadikog tov 1010 givar o 8+0+2+0=10

H pop@r] TNG YEVIKNG TTapAdoTaocng oTo dUAdIKO oUCTNPA gival:

B,=b2"+b, 2""+ ..b2"'+b2°+b 22"+ .b 2"

N 0 aPIBPOG TTAPIOTAVETAI WG
b,b, ,.b b,b_b_,.b _, ),

otTou b; (0 4 1) gival Suadika wnia (bits) TTou TTAPICTAVOUV TOUG CUVTEAEOTEG TWV
avTioToIXWV OUVAPEWYV TOU 2.

MNa TTapdadeiyua ol aképaiol duadikoi apiOuoi e 4 wneia gival Tng JOPPRG:
b,2*+ b,2>+ b2' + b2

O peyaAuTepog apiBudc pe 4 wnoia gival o 11117 o otroiog €ival I00dUVANOG PE TOV OEKADIKO

ap1Buo 15.
1 1 1 1
22+ 22+ 2'+2°

8+ 4+ 2+ 1=15

Fevikd évag Suadikog aplBudS ue n wneia PTropei va rapacTtriosl éva eUpog amd 2"
dekadIkoUug apiBuoug:

1 ynoio 0«kar 1

2yneia 0 - 3

3ynoia 0 -7

4 ynoia 0-15

S5ynopiac 0-317 KA.
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Merarpori) dekadikou o€ duadiko

lNa TN peTaTpoTr evOg aképalou dEKAdIKOU o€ dUAdIKO XpnaoldoTrolgiTal n dladikaaoia Tng
d1adoxIKAG dlaipecng wg €ENG:

evikh poper evog akepaiou duadikou gival: (b,b,. ,---bb,),

Kal 0 avTiOTOIX0G OEKABIKOG TOU: P = b2"+b, 27"+ .52 +b2°

OUVETTWG TTaPATNPOUKE OTI dIaIpWVTAG TOV D e To 2 TIPOKUTITEI WG TTNAIKO TO

b2"'+b, 2"+ .52

KAl WG UTTOAOITTO TO bo

Katdtmv diaipwvTag 10 TTNAIKO YE 2 Ba TTpOKUWE! WG VEO TTNAIKO TO
b2"'+b, 2"+ ..b,2°

Kol uTT6AoITTo b,

EmmavalauBdveral n diadikacia péExpl va TTpokUuWel TTNAIKo undév. Ta utrdéAoitra Twv

OlaIpEcEWV €ival ouolaoTIKA Ta wneia Tou duadikou apiBuou.

lMapddeiyua 1.2:

Na ustatpanei o axéparog 19,9 otov avrietoryo ovadiko B;

Anraviyon
1" owaipean pe to 2;

D/2=19/2= mylixo 9 ka1 vmoloimwo 1  dpa bs=1
2" dwaipean ue to 2;

9/2= nniixo 4 ka1 vwodoimo 1  apa b=
3" dwaipeon pe o 2;

4/2= wnlixo 2 ka1 vwoloimo 0 apa b,=0
4" owaipean pe to 2;

2/2= anlixo 1 kot vwolowrwo 0 dpa. b;=0
5" owaipeon ue o 2;

1/2= wnliko 0 kar vwodoimo 1  apa b=l

GUVETMS 0 AVTIGTOLY0G OVAOIKOS aplBudg siva:

Bz=10011=1910
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Mo TN METATPOTTH} TOU KAAOHUATIKOU PEPOUG EVOG DEKADIKOU apIiBuoU OTO aVTiOTOIXO
KAQOMOTIKO HEPOG TOU duadIKOU xpnailyoTrolgital n diadikacia Twv d1adoxIKwWV
TTOANQTTAQCIOO WY WG EENG:

Ceviki pop@r| Tou KAAOHATIKOU Pépoug evog duadikou eivar: (b b ,..b ),

KOl TO QVTIOTOIXO KAQOMATIKO HEPOG TOU OEKAdIKOU gival:

D=b 2'+b ,2%+.b 2"

OUVETTWG TTapaTtnpouUue 0TI ToAAaTTAaciadovTag Tov D pe To 2 TIPOKUTITE,
b ,+b ,2 '+ ...b w2 ml

Gpa 1o aképaio pEPog Tou véou apiBuou (0 n 1) gival To yneio b, kai T0 KAAOPATIKG TOU
MEPOG TO

b ,2 '+ .0 w2 ml

Katotmv TTOAATAACIGJOUNE TO VEO KAAOHATIKG PEPOG HE 2 OTTOTE TTPOKUTITEI TO wn@io b_

EmavalauBdveral n diadikaoia péxp! va TTPoKUWEI KAAOUATIKO JEPOG MNBEV 1 va

EMITEUXOEI N €MBUUNTA akpifela.

lMapaddeiyua 1.3:

Na pstatpanei 0 dekadikog 28.375 6tov avtieToryo dvadiko

Amravryon

Hparra vroloyiletar To axépaio uépog:

1" dwaipeon pe o 2:

D/2=28/2= rtylixo 14 ka1 vwoloirwo 0  dpa. by=0
2" dwaipeon ue to 2:

14/2= mylixo 7 ka1 vmoloimo 0 apa b,=0
3" dwaipean ue to 2:

7/2= wniixo 3 ka1 vwolomo 1  apa by=1
4" owaipean pe to 2:
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3/2=wniixo 1 kar vméloiwo 1  dpa bs=
5" owaipeon ue o 2:
1/2= myiixo 0 kou vwéiomo 1 dpa b=

2VVERMOS TO aKépaio uépos tov ovadikov eivar: 11100,

Katomy vroloyidetal 10 KAAGUATIKG UEPOS TOV OVAIIKOV:
0,375 x 2 = 0,75 pe axéparo uépog 0 kar kiacuatixo 0,75
0.75 x2=1.50 ue axéparo uépos 1 xou kiacuazixo 0,50
0.50 x2=1.00ue axéparo uépog 1 xar klacuatixé 0

2VVEROS TO KAAGUATIKO UEPOS TOV JVAIIKOD givar: 011,

0 avticTolyog dvadixog eivau: 11100, 011,

Alura npoPAnuara:
(1) Na uerarparrouv or dekadikoi apiBuoi oToug avrioToixous duadIKoUg:
(a) 710
B) 3910
(v) 7510
(0) 13010
(€) 0,8751

(2) Na uerarparrouv ol duadikoi apiBuoi OToug avrioTolxous OEKAdIKOUG:
(a) 00101,
(B)101011;,

(v) 0,1101, ’
(5)111101,101111,
Baoikég AOYIKES TTPACEIC — AOYIKEG TTUAEG

Mia Aoyikni TTpdén peTagu peTaBAnTwy gival pia cuvapTnon Tou opideTal atrd £vav Trivaka
aAnBeciag (truth table). To NAekTpIKO KUKAWMQ TTOU KTEAET hia AoyiKn TTPAEN ovopadeTal
Aoyikn R wneiakn muAn kai rapioTéveTal atrd éva oupBoAo. Ta duadikd wneia 71 kai 0,

TTOU OUCIOOTIKA TTaPIOTAVOUV TIG OUO KATAOTACEIS aAnBng (true), weudnc (false), otn
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QUOIKA TOug UTTGoTAON €ival U0 BIAKPITA ETTITTEdA NAEKTPIKAG TAONG (OUVABWGS OTNV

1I0avIKn TTepiTITwon 5V kai OV).

Wneuakr moAn OR

H €¢odoc cival aAnbA¢ (true) (1), eav pia atod TIg £106d0ug A Kal o1 duo gival aAnBeic (1)

2uupBolo lMivakag aAn@eiag
A A B| Z
z Meipapatiopog 0 0 0
B 0o 1 1
1 0 1
1 1 1
Z= A+ B
A
1]
Time t
s | [1 ]
t
“ L[]
t
Wngeuaxr) moAn AND

H £€€0dog eival aAndbng (1), 6Ttav kai o1 duo gicodol givar aAnBeig (1)

2uupBoAo lMivakag¢ aAn@ciag

L o

Z=A4-B - 10

MNelpapaTiopdg t

i

time t
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Wheuaxr moAn NOT

Anuioupyei avTiIoTpo@r) TOU CHPATOG 10000V

2ZuupBoio lMivakag aAn@ciag
NOT A |4
0 |1
A z
I |0

Z=A MeipapaTionog

Whgeuaxr moAn NAND (NOT AND)

H €¢odog cival weudng (0) povo étav A kai B gival aAnBeig (1)

2uupBoAo lMivakag¢ aAn@ciag
NAND A B | Z
. 2 0 0|1
B 0 1 1
- 1 O 1
/Z=A-B 1 110

Whgeuaxr moAn NOR (NOT OR)

N

TEI Zeppwv

time t

Melpapationog

H €¢odog cival aAnBnA¢ (1), 6Tav kai o1 duo gicodol gival Weudeig (0)

2uupBoAo livakag¢ aAn@csiag
A A B| Z ‘ '
i D—-z 0 0 1 - time t

0O 110
_ I 010 t

|

Meipapatiopds
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Wneuakr moAn XOR
H €¢odog cival aAnbA¢ (1), 6Tav i pia ek Twv dUo €106dwv gival aAndng (1), aAAd ox1 kai ol

duo TauTodxXpoVva:

2uupBoio lMivakag¢ aAn@siag
D A B|Z
0O 01O
_ 0 1 1
Z=APB 1o |1
1 1[0

Meipapatiopdg

Wneakr moAn XNOR (NOT XOR)
H ¢€0doc¢ eival aAnBng (1) étav kai o1 duo gicodol eival weudeic (0), fi kal o1 duo ival aAnBeig

(1)

2uupBolo livakag¢ aAnOcsiag
A A B | Z
z 0O 0 |1
B O 1 (0
1 0|0
- 1 1 |
Z=ADB
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ZOVoNTIKOG MiVAKAg AOYIK®V ITDA®V

TEI Zeppwv

Ovouagia

>U0pupoAo xéon

Mivakag aAnB¢eiag

B
0 0| O
A 0 1|0
AND | * ) Z=AeB PO
0 0| O
0 1 1
OR @ Z=A4+B 1]
Ny 1
NOT A—D@—Z Z=A 1 0
00 1
A | 0 1 1
z 10 1
NAND T e b 7— 4eB Lol
0 0] 1
0 1] 0
A E— 1 0] o
NOR @Z Z:A+B 1 1] 0
0 0 0
A Vool
XOR _
0 0 1
A — 0 1|0
XNOR Dz Z=A®B Lo o
B
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Avvaroi mivakeg aAnfeiag oto dvadiko cvotnpa

‘Evag TTivakag aAnBeiag TapioTavel T ouvapTnon JETagU Twv 1000wV Kal TNG €00V £VOG
Aoyikou cuoTAuatog. lNa duo ei106doug (F, T) uttdpyouv TEcoePIG TTIBavoi cuvduaouoi

TTPAYUATIKWYV TIMWV:
FF, FT, TF, TT

Emeidr) kaBe duvarn eicodog ptropei va dwaoel dUo diapopeTikEG £€6doug (0, 1)

OUVETTAYETAI OTI 01 duvaToi TTivakeg aAnBeiag yia éva Aoyikd ocuoTnua dUo €1I00dwV Eivai:

2'=16

‘OMoi ol rivakec aAnBeiac yia duo sigdédouc A. B kai pia £€0do Z

TINEG €106d0U

A F FTT

BIE TFET S VG £€0B0c 7. S pRo)
O F F F F mavrote 0 0
11F F F T AND 4-B
2 F F T F - -
3 IF F T T €icodog A A
4 F T F F - -
5F T F T gicodog B B
6 F T T F XOR A® B
7F T T T OR A+B
8 T F F F NOR A+ B
9 T F F T XNOR A0 B
10T F T F Not B B
M1|T F T T - -
12T T F F Not A A
13(T T F T - -
14T T T F NAND A-B
51T T T T TrdvroTe 1 1

AMN\ot tpomot dvadikiig Kwodkomoinong

EkT16¢ a11é TNV KOVOVIKI dUABIKN KWAIKOTTOINON UTTAPXOUV KI~ AAAOI TPOTTOI BUADIKAG

KWOIKOTTOINONG Ol OTTOI0I XPNOIMOTIOIoUVTAl O€ DIAPOPES TTEPITITWOEIG.
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Kwaikoroinon BCD (Binary Coded Decimal)
H kwdikoTroinon kabiotd duvaTth TV attAf HETATPOTTH JETAEU duadikou Kal OEKABIKOU
apIBuou. Kabe yneio evog dekadikoU aplBuou avTikabioTartal atmod 4 bits Tou avrioToixou

Ouadikou Tou.

lMapadeyua 1.4:
Merazpomij tov 459 oc BCD

/45\
4 5
0100 0101

Enouévag 45;9=01000101

Merarpori arno BCD o€ dekadiko
H duadikn AéEn xwpiletal o€ ouades Twv 4bits ekivivtag atrd 10 AiydTEPO GNUAVTIKO

Wnoio. Katotv n KGBe oudda YETATPETTETAI OTOV AVTIOTOIXO OEKADIKO.

lMapaddeiyua 1.5:
Merazpomij 1010011 oc dexadicé

Aravrnon:
IlpocOsan undevikov T
Xopiouog oe opddeg twv 4
. , 0101/0011
Kal HeTaTpomn TS Kdlbe 5/3

OUdOAS OTOV AVTIOTOLY0 OEKAOIKO

TEAIKO amoTélecua. 0101001 1BCD =53 1o
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Kwdikac Gray

2UXVA XPNOIYOTTOIEITAlI € NAEKTPOVIKG KUKAWUATA IO TNV aTtTo@uyr TTPoRANUATWY TToU Ba
MTTOpOUCAV VA TTPOKUWOUV €AV XPNOIJoTTolouvTayv n atreubeiag duadikf KwdIKOTToinon.
MNa Topdadeiyua, o€ HETPNAOEIG TNG BE0NG VOGS AVTIKEIUEVOU, Ba UTTOPOUCE VA QaiveTal OTI
YEITOVIKEG BECEIC TOU AVTIKEINEVOU DIAQEPOUV TTEPICCOTEPO aTTO £va bit, edv xpnoipgoTroinBei

n atreuBeiag duadik KwdIKOTToINON.

o 1 Po‘:ian:i L] 5 [ 7 8 .
.
Bt e i
-9 |
Position Fomasy ‘ ‘
o 1 2 3 4 5 e 7 8 I‘
| Bit ::
| 5
-2 Ereay i
Decimal Gray Code
0 0
! 1
2 11 Set bit 1. Reflect bit 0
3 10 Set bit 2. Reflect bits } and 0
4 110 :
5 11
6 10}
7 100
8 1100 Set bit 3. Reflect bits 2, | and ¢ Imagine a mirror is pleced under
ths reflectad bits.
9 1101
10 1111
1 1110
12 1010
13 1011
14 1001
15 1000
16 11000 Set bit 4. Reflect bits 3,2, 1 and 0
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Kwodikec ue aviyveuon opdAuaroc

270 YN@IaKG CUCTANATA, UTTAPXOUV TTEPITITWOEIG OTTOU KATA TNV TTapaywyr dedouEvwy Kal
TNV €TTEgEPYaTia autwy, euavi¢ovrtal o@aipaTta. lMNa Tapddelyua KATToIo yneio 1, evog
ouvoAou duadIKwV Yneiwv, PTTopEi va petatpaTtrei o€ wneio 0, €ite KATd TO OTADIO TNG
METABOONG, €iTE yIATI TO YNPIOKO oUOTNUA dev Asitoupynoe cwoTd. Mia atrAr pébodog,
QviXveuong Tou OQAAPATOG, €ival n Xxprion Tou Kwdika avixveuong AdBoug, n oTroia

xpnoiyotrolei éva emTTAéoV Wn@io 1o0TIPiag (parity bit).

Kwbixes tootplog

ITepttty tooTipior

Avo &idy

‘Agtio oot

Anpioupyia eTITTAEOV YN@iou I00TIPIAG TTPIV TN JETAdOON TNG AéENG DEDOUEVWV

Kwoikac nepiTrric 10oTiuiac

To wneio 1coTiyiag gival 0 av To ouvoAo Twv Yneiwv 1 gival TepITtd. To Wneio 100TIHIOG
gival 1 av 10 cuvoAo Twv Yneiwv 1 givar dpTio.

MNa mapddeiyua n duadikr Aégn 010001 £xer apiBud wneiwv ‘1’ dpTio, CUVETTWG Ba

METOOOOEI pe Wwnoio 100TIPiag ‘1°, €iTe:

1 010001
— Acdouévo
wneio 1ooTiUiag

TTapouoiwg N duadikr Aégn 01000 £xel apIBUS wneiwv ‘1’ TTEPITTO, CUVETTWGS Ba HETABODEI

ME Ynoio 100TIPiag ‘0’ €iTe:
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0 010000
— Aedoyuévo
wneio 100TIUIAC

Kwdikac dpriac iootiuiag

AVTIOTPOQOG TNG TTEPITTAG I00TIMIAG. To wneio 1ooTIPiag gival 1 av To ouvoAo Twv ‘1’ gival
TEPITTO. To wnoio 1ooTIhiag gival 0 av To ouvoho Twv ‘1’ gival apTio

MNa Tapddeiyua n duadikr Aégn 10110 £xel apiBuUd wneiwv ‘1’ TTEPITTO, CUVETTWGS Ba
METOOOOEI e Wnoio 10oTIPiag ‘1°, €iTe:

110110
— Aedouévo
wneio iooTiuiag

YT1T06£0Te OTI KATA TN HETAdOON dnuIoupyEiTal c@AAua Kal n AéEn aAlAalel otnv 11110,

OTTOTE AUTO TTOU AauBAveTal gival To

111110
— Acdouévo
wneio 100TIUiag

‘Evag €AeyXog 100TIPiag Ba £B1ve wnoio 1coTiiag ‘0’, aAAd TO wn@io 1I00TIYIag TTou

Aaupaveral givai ‘1’. H acup@wvia dnAwvel 611 uttdpxel o@aAua, aAAd oxi Tn B€on Tou.
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Oplopog TV AoyIK®V enurédwv

MNa éva yn@iako KUKAwPa BewpoUe OTI 01 ETTITPETITEG KATAOTACEIS TAoEWG gival OV & 5V.

A —
Eioodoi B F ‘E§odo¢

YT1rapyouv dUO €idn oplopou Twv Aoyikwy eTTITTEdWYV. O évag gival va opicoupe 0 Volts= 0
Kal SVolts= 1, o1roTe £xoupe Tn BETIKI KwdIKoTToinon Kal 0 deuTepog Ta OVolts= 1kail Ta
5Volts= 0, oTToTE £XOUNPE TNV APVNTIKI KWOIKOTTOINON.

‘E0Tw 0TI 0 Trivakag aAnBeiag yia tn BeTIKA KwWAIKOTTOINON TOU TTAPATTAVW KUKAWMNOTOG

givat:
A B F
ov ov | ov
ov 5V ov
5vV 0V ov
5V 5V | 5V

AnAadn ekteAei T Aoyikr) ouvapTtnon AND.

Edav Bewpriooupe TNV apvnTikr KwdiKoTtroinon 101e Ba £XOUUE:

A B E A B F
ov oV | ov 0 O 0
ov 5V | oV 0 1 1
5V 0V | ov 1 0 1
5V 5V | 5V 1 1 1

AnAadn ekTeAei TN Aoyikr) ouvaptnon OR

ZUVETTWG TO iB10 NAEKTPOVIKO cuoTnua utropei va Trapoucidoel Tnv AND i OR
OUMTTEPIQPOPA avaAoya PE TNV TTOAIKOTATA TNG KWwOIKOTTOINONG.

Eival aglotrpdoekTo 0TI €va KUKAWPA TO o110i0 TTapouciddel Tnv AND cuputrepigpopd otnv
BeTIKA KwdIKOTToinon yiveral TTUAN OR oTnv apvnTik KwdIkoTtroinon kai 6x1 TuAn NAND.

O1 TTEPICOOTEPOI KATOOKEUAOTEG XPNOIMOTIOIOUV TN BETIKA KWAIKOTTOINON.
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AAyeBpa Boole

O1 apx€g NG Aoyiknig avatrTuxdnkav atrd tov George Boole (1815-1884) kai Tov Augustus
De Morgan. Ekatd xpoévia apyotepa o Claude Shannon (wg JETATITUXIAKOG QOITNTAG OTO
MIT) €de1&e 611 n GAyePpa Boole Tav oxeTikA pe TNV avaAuon SIoKOTITIKWYV (switching)
KUKAwuaTwv. H dAyeBpa Boole aTtroteAei Tn pabnuartikr) B&on yia TNV NAEKTPOVIKN

emegepyaoia TNG dUAdIKAG TTANPOYOpPIag.

I010TnTEG KA KAVOVEG TG alyePpag Boole
O11816TNTEC Kal o1 Kavoveg NG AAyeBpag Boole epapudlovTal Kal IoXU0ouV O€ TPEIG KUPIES
OMAdEG TTPALEWV.

1. Noyikég TTPAEEIC uE OTABEPEG.

2. NOYIKEG TTPAEEIG PE YIa PETABANTH.

3. NoyIKEG TTPALEIG UE BUO 1) TTEPIOCOTEPEG PETAPRANTEG.

NOVIKEG MPAEEIC LIE OTABEPEC

AND  _OR  _NOT _
0e0=0 0+0=0 B
Oel=0 O0+1=1 0=1
lel =1 1+1=1

NOYIKEC MPAEEIC LIE Lia LETapANTI

AND OR NOT
Ae () =20 A+0=A
Ael=A A+1=1 = _
Ae A=A  A+A=A A=4
AeAd =0 A+A4=1
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lMapaddeiyua 1.6:

Na amoderyfovy o1 cyécelg:

A+ A=1 kai Ael=A

XPNCUOTOIOVTAS TOV TiveKka alnlsiag

Aravryon:

A A| A+A A A1
0 1 1 0 |0
1 0 1 1 1

NOYIKEG MPAEEIC-IOIOTNTEC LIE OUO I} NMEPIOOOTEPES LETAPANTES

AvTiueTa@eTikn 1610TNTA

A+ B=B+A
Ae B=Be A
Amoppoenrikn 1610TNTA

A+ (AeB) = A
Ae (A+B) =A

lpooesraipioTiki 1810TNTA
A+ B+0C =A+B)+C
A e (BeC) = (AeB) e C

Emiuepiorikn 1610TnTa

Ae (B+C) = (Ae B) +(Ae O)
A+(BeC) =(A+B)*(A+C)

Kavovag De Morgan
A+B=AeB
AeB=A+B

Znueiwon:

A+ B &iaBalsrar A NOR B

A+ B &aBagerai A NAND B

TEI Zeppwv
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Kavdvag sAayioromoinong
A- B+ A- B= A
(A+ B)- (A+ B)= 4

lMapaddeiyua 1.7:
Na amoderyfci 6Ti: (A+ B): (A+ E)= A
Amavrnyon:
(A+ B)(A+ B)= AA+ AB+ AB+ BB
= A+ AB+ AB+ 0
= A+ A(B+ B)
= A+ A
= A

lMapaddeiyua 1.8:

Na amooerybei oti:
AB+ AB =4
A+(AB)= A(A+B)= 4

Amravrnon:
) AB+ AB=A(B+B)=A4-1=4
A+(AB)=AA+ AB = A(A+ B)

2 A+(AB)=A(1+B)=A-1=4

Emionc n anéoeién umopei va. yiver kai ue tn ypion tov mivaka alnleiog:
Al AsB| AHA*B)
0 ‘ 0 ‘ 0
1l B 1
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Ta Bewprjpata De Morgan gival o onuavTikd oTnv Aoyikry oxedioaon 0TTou ouoxeTiCovTal
AND kai NOR 110Aeg, 11 OR kol NAND 11UAeG. MNa TTapddelypa XpnoiYoTToloUdE Ta
Bewprpata De Morgan yia va oxedidooupe éva ouvduaoud TTuhwv NAND TtTou gival

I000UVANOG YE YIa TTUAN OR dUo €106dwv. Na pia TTUAN OR 10XUEL:
f=A+B

XpPnoiyoTtrolwvTag Ta Bewpriuata De Morgan:

f=A+B=AeB

H mmapatmmavw oxéon utrodnAwvel pia TUAn NAND pe NOT sicédoug. ETTiong,

emeid) A A= A, pia TOAn NAND pe idigG €10650U¢ TTapouaidlel TNV AsiToupyia TNG TTUANG

NOT. XZuveTtwg TTPOKUTITEI TO TTAPAKATW KUKAWHA:
Do
b
A
f - A+B
B )3

Aladikacia oxediaong ynelakng AOyIKRG ouvapTnong

Me Tov 6p0 oXeDIOOUOS WNPIAKAG AOYIKAG CUVAPTNONG, EVVOEITAI £VOG CUVOUACHOG
AOYIKWV TTUAWV yIa TNV TTPAYPATOTTOINON TNG ETMIOUPNTAS OUVAPTNONG, N CUUTTEPIPOPAG.

H diodikaoia oxediaong repIAauBAvel TO TTAPAKATW Bripara:

2a@ng dlatuTTwaon TNG ETTIBUPNTAG CUVAPTNONG-CUPTTEPIPOPAG
Mivakag aAnBeiag
‘Ek@pacn TnG ouvapTnong utrd yopen MeTaBAnTwy (dGAyeppa Boole)

L -

KaTtdAAnAn emmegepyaacia Tng ouvApTNONG yIa TNV £Eaywyr PIag aTTAoUoTEPNG
HopQrg
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5. YAomroinon Tou yn@iakou KUKAwuatog he TTUAEG AND, OR kail NOT. Ze TTOANEG
TTEPITITWOEIG N UAOTTOINGT TOU KUKAWUATOG PTTOPEI Va Yivel yovo pe TTUAeg NAND,

N Movo pe TTUAeG NOR.

Kavovikég pop@eg Aoylkwv oovaptiiocwv

YTTapxouv OUO KAVOVIKEG HOPPEG AOYIKWV CUVAPTIOEWY, N KAVOVIKI JOP®R aBpoiouatog

Kdl N KAVOVIKA Jop®r] YIVOPEVOU

Kavoviki Lop@ri aBpoiouaroc

Anpioupyeital atrd Tov Trivaka aAnBeiag kai gival To Aoyiké dbpoioua (dnAadn)
ouvdualovTal uttd Hop®r OR) dpwv TTou gival ekppaoelc AND Twv peTaBAnTwy €l0660u
OTNV KAVOVIKI], I} CUPTTANPWHMATIKA TOUG Jop@r avaloya he Tnv Tiun mou éxouv (1 A 0). Ol
Opol1 TTou cupuTTEPIAaUBAvovTal 0TO AOYIKO GBpoIoHa gival o1 GPOI yIa TOUG OTTOIOUG N TEAIKN

ouvapTtnon €xel Tipn 1

lMapaddeiyua 1.9:
Oswpouue Tov mivaka aAnlsiag

A B C| F

O 0 O] O

O 0 1 O

01 0 0

0 1 1| 1 4BC

1 0 0| 1 4BC

1 0 1| 1 A4BC F=1

1 1 0 O A=0, B=1 & C=1
A=1, B=0 & C=0

T 1 10 A=1, B=0 & C=1

AnAadr) o1 dekadikoi apiBuoi 3, 4 & 5

I'ta kaBe £§od0 F=1 dnurovpyovvtar o1 opor AND omov ot petafAytég eivar oty
KAvoviKi] Toog pop@ eav givar 1 kar otyv avtiotpo@iy toog popen eav givar 0. Katomwv
o1 maparnave opotr abBpoilovrat Aoyika, onoTe 1] kKavovikiy popei abpoiopuatog mov

TPOKVNTEL Eivar:
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F= ABC+ ABC+ ABC

lMapadeiyua 1.10:
Fpawre uroé kavoviki popen abpoiouarog rn Aoyikn EéK@paacn, ocUNEWVA UE TNV

dAyeBpa Boole, yia ro mapakdrw KUKAwpa:

b
s F .
I A B _l}_ 0
C G

Amavrnon
AkoAouBouus kGs Siadpoun amé ro | oro Q kar mpoodiopi{ouus TouS SIAKOTITEC
(ueTaBAnTéc) mou xpeialsral va kAgioouv (on) mpokeiuévou va rapayxlsi Q = 1.

Emouévwg 1o dépoioua rwv é6pwv AND civai:

Q=ACF+ACG+ACED+ABD+ABEF+ABEG

2uvToun ypar} yia Tnv Kavovikr} Lop@rl adpoiouaro

2Tn oUvTOouN YPA®A YIA TNV KAVOVIKI Jope abpoiouartog, avrikadiotavTal Kat apxnyVv ol
METARBANTEG TWV OpwvV aTTd TIG DUADIKEG TOUG TIMEG KAl KATOTTIV O KABE OPOG EKPPAZETAl UE
TNV avtigTtoixn dekadikr Tou popr). MNa Tnv 6An ypaen xpnaoiyoTroleital To cUuBoAo 2.
MNa TNV TEPITTTWON YIaG AOYIKAG OUVAPTNONG TPIWV JETARANTWY, OTTWG TOU TTAPATTAVW

TTapPadEiyuaTOG, EXOUME:
F(ABC)= ABC+ ABC+ ABC

OTTOTE QVTIKABIOTWVTAG TIG METABANTEG PE TIG OUABIKEG TOUG TIMEG TTPOKUTITEL:
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F(ABC)=011+100+101

Kal AappBavovtag n dekadikr) Joper Tou KABE Gpou:

F(ABC)=3+4+5

2UVETTWG XPNOIUOTTOIWVTAG TO OUMBOAO 2 EXOUUE TN YPOOA:

F(ABC) =Y (34)5)

lMapaddeiyua 1.11:
Na skppaocsre tn ouvaprnon F(ABCD) = 2(3,4,9,10) us 6poug psrapBAnrwv (umro
Hopen dAyeBpag Boole).

Amavrnon

O 6poc¢ 3 sivar o 0011 kai avrioToixei OTO
ABCD

O 6poc¢ 4 sivar To 0100 kai avrioTolxEi OTO

ABCD

O 6po¢ 9 sivar to 1001 kai avrioTolxEi OTO
ABCD

O 6pog¢ 10 sivar To 1010 kai avrioToixEi OTO
ABCD

Omore og kKavovikn popen abpoiouarog givai:

F=ABCD+ ABCD+ ABCD + ABCD

lMapaddeiyua 1.12:
Aiverar n Aoyikri ouvdprnon Q=(A+B+C)(A+B+C)(A+B+C)

Na yivel o mivakag aAn@siag, va ypaeesi n kavoviki popen aépoiouarog, va

amrAormroin@si n oxéon xpnoiuorroiwvrag tnv aAyeBpa Boole kai va oxsdiaorei 1o

WnN@IaKO KUKAWUA TTOU TNV UAOTTOIEI.
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Amravrnon:
A B O | (A+B+C) [(£+F+ 0| (£+F+ D) &
a o o a 1 l a
a a 1 1 1 1 ARC 1
a 1 1 1 a 1 a
b 9 1 1 1 T
1 o 0 1 1 1 AEBCT 1
1 o 1 1 1 l A 1
1 1 1 1 1 1 ARC 1
1 1 1 1 1 1 ARC

Xpnoiuomoiwvrag Tous 6pouc yia roug omoious Q=1 mpokurrrei:

Q= ABC+ ABC+ ABC+ ABC+ ABC

Kai an'Ao_n'owvaag _
Q= ABC+ AB(C+ C)+ AB(C+ C)

= ABC+ AB+ AB
= ABC+ A(B+ B)
0= ABC+ A

yia mepaitépw amAomoinon:

O=ABC+ A=(ABC)- A=(A+B+C)-A=BA+CA=
(B+A)-(C+ A)=BC+ 4

O oxed1aouog Tou YnIakou KUukAwparog gival o §AG:

A OR
A ) + Q
=BC+A
B - | _
B
. -—
c BC
AND
C.
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HuiaBpoiotic

O nuIaBpoIoTAG ival éva WnIakod KUKAWUA TTOU TTPAYUATOTTOIEI TNV aAyeBpPIKA dBpoion
dU0 duadIKWwV Yneiwv:

AAyeBpIkA aBpoion

A 1 1 0 O

B 1 0 1 O
AtB 10 1 1 O

0 avTioToIX0g Trivakag aAnBeiag givai:

Nivakag AAnBeiag

oo P
~O-_~0 ™
o_\_\om

Cc
0
0
0
1

2UVETTWG

S = AB+ AB ka1 C = AB

To wnelakd Tou KUKAWUA gival:

\ A AB
AND

r S
A b Melpapatiopog

‘ AND

:

AB c

AND

:
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Kavoviki) poper] ywvopévoo

AuTH gival pia eVOAAOKTIKE) pop@r} uAoTToinong TnG TTpwTngG Hop®nig. O1 dpoil gival
aBpoiopata (dnAadr TutTou OR) Kal TTOAAATTAQCIGZovVTal HETAEU TOUG TTPOKEINEVOU Va
oxnuatioouv Tnv £€£odo. H katavonon tng d1IaTuTTwong Tou Kavova TTou Ba
XPNOIUOTTOIOUPE OTO OXNMUOTIONO TNG KAVOVIKNG HOPPAG YIVOUEVOU YIVETAI JE TO TTAPAKATW
Tapddelyua:

‘EoTw 611 diveTal o ivakag aAnBeiag:

> > >
w ol g
ol

—x—\—\oool-n
ol o

0OABTC
OABC

_\_\_\_\OOOO>
A—\oo_\_\ccw
OO0 -0 =00

OTTOTE TTPOKUTITEI:

F= ABC+ ABC+ ABC+ ABC+ ABC

F= ABC+ ABC+ ABC+ ABC+ ABC

F= ABC- ABC- ABC+ ABC- ABC

Kal TEAIKG B L o
F=(A4+ B+ C)(A+ B+ C)(A+ B+ C)(A+ B+ C)(A+ B+ ()

H uAotroinon Tng TeENIKAG ouvaptnong 8 ) +
YiveTal UE TO KUKAWWA:
8 )+
C
A
C
A
—
A
B ) +
C
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TeAIK& N KAvOVIKA HOP®H YIVOUEVOU UTTOPEI VO aTTOKTNOEI KaTeuBegiav atrd Tov TTivaKa
aAnBeiag xwpig TN Xprion KATToIwv TTPAgEwY we £EAC:
1. Evromiouue Toug 6poug TTou divouv F=0.
2. Anuioupyoupue Ta aBpoioparta Twv YETABANTWY, OTTOU €AV N PETABANTA €xel TiunR 0
YPAQPETAI TNV KAVOVIKI TNG HOPPr], EVW €AV EXEI TIMA 1, YPAPETAI TNV AVTIOTPOYN

Hop@r| TNG.
3. Tlaipvoupe 10O YIVOPEVO TWV TTAPATTAVW aBPOoICUATWY.

Hapaderyuo:

A B C F

0 0 0 0 A+B+C
0 0o 1 0 A+B+T
0 1 0 0 A+B+C
0 1 1 1

1 0 0 1

1 0 1 1

1 1 0 0 £+E_+ C_
1 1 1 0 A+B+C

F=(A+B+C)A+B+C)A+B+C)A+B+C)A+B+C)

2uvToun ypear yia Tnv Kavoviki} LopQI} YIVOUEVOU
2TNV TTEPITITWON AUTH N KAVOVIKN HOP®r TwV JETABANTWY TTAPIOTAVEI TO 0, EVW N
avTioTpo®n 10 1. ZUVETTWG AVTIKABIOTWVTOG TIG METABANTEG e TN duadiKA TOUG HOPYPN,

XPNOIMOTTOIWVTAG TO TTAPATTAVW TTAPADEIYUA, TTPOKUTITEL

F =(000)(00T)(101)(110)(111)
0o 1 5 6 7

Kal o€ oUvTouNn ypaen:
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F=]](0,1,5,6,7)

lMapaddeiyua 1.13:

TEI Zeppwv

Na ypayete T1G dV0 Kavovikég uopeés s ecvvdptnons XOR

Amravrnyon:

0 mivakag ainlsiag yia tyv iy XOR civar:

Ta ™y kavovikny uopen alpoicuarog waipvovus tovg épovs na F=I:

F=1 A=0&B=1 divel 4B
A=1 &B=0 diver 4B

Onote npokvrmtel:

F=AB+ AB

Ta ™ 0cvTEPY KAVOVIKT] HOPPI] PIVOUEVOD TTAIPYOVUE TOVS 6povS Yia. F=0:

F=0 A=0&B=0 &iver (4+B)
A=1 & B=1 diver (4+B)

OTOTE WPOKVATEL:
F=(4+B)e(4+B)
Znuaioveral ot 1c)vEL:

F=(A+B)s(A+B)=A4B+AB
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20v0eon YnEIaKOU KUKAWHATOG

Kat apxiv atmrAoTroigital n Aoyikr) cuvdptnon, n otroia TPOKeITal va uAotroinBei. Katomiv
oXedIAZETAI TO YNPIAKO KUKAWMPA TTOU QVTIOTOIXEI OTAV AOYIKH) ouvVAPTNON EKIVWVTAG OTTO

TNV ££000 TOU KUKAWMPATOG KAl TTNYQiVOVTAG TTPOG TNV €i0000 TOU.

MNoapadeiypa:
Na uAoTroinBei n cuvapTnon TTou £xel TOV TTaPaKATW Trivaka aAnBeiag

C

ABC F = ABC+ ABC + ABC + ABC
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Mapatnpeital 611 Xwpig atrhotroinon xpeiddovtal 8 TTUAEG.

livetal atrAotroinon Tng AoyIKAG ouvapTnoNngG:
F = ABC + ABC + ABC + ABC + ABC

onAadn TpooTEBnke 0 6pog ABC agou cival yvwoTd 011 ABC+ABC=ABC!

ZUVETTWG:
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F = AB(C+C)+C(AB+ AB+ AB) =
AB+C(A+B) agov AB+AB+AB=AB

YAotroinon:

AB

AB+ C(4 + B)

s

y A+B
B EL: dnAadn xpelidlovTal TEGOEPIG
¢ ) C(A+ B) (4) TTOAEG

Yovleon yneuakwv KokAopdatev pe modeg NAND

Emeidn ta TpavdioTop gival ouoiaoTIKA avTiIoTpo@Eig, ol TTUAEG NAND atroteAouv

OOUIKA OTOIXEIO TWV OAOKNPWHEVWY KUKAWUATWY TEXVoAoyiag DTL & TTL.Ta Briuarta TTou

XPNOIYOTToIoUVTal YIa TN oXediaon evog KUKAwHATOG uévo ue TTUAeg NAND cival Ta €€1G:
1. XpnoiyoTrolgital o TTivakag aAnBeiag yia va ekppaoBei n Aoyikr) cuvapTtnon utro

Mop®r} aBpoicuATOG YIVOUEVWV:

F=P+P,+...+P,

( P €ival 10 yIvOpeVO Twv PETARANTWYV 10000V O€ PIa YPAPKr oTnv oTroia n £€€000¢
givar 1)

2. 2TO YIVOUEVO TTOU QVTIOTOIXEI O€ PIa OEBOUEVN YPAUMT, Ol METARBANTEC TWV OTTOIWV Ol
TINEG €ivan O, AauBavovTtal ye TNV avTioTpo®r pop®n Toug (dnNAadr av n eTaBANTA
A ot KaTTolov 6po el TIUA 0, 0TO YIVOUEVO Ba EPPAVIOTEI WS A )

3. XpnoigoTtroliwvTtag 1o Bewpnua Tou De Morgan ypdgetal N oxéon utro TN Jopen:

F=P PP

4. >uvBéToupe 10 KUKAwpa pe TTUAeG NAND.
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lMapaddeiyua 1.14:
O mivakog ainlsiag urag ovvaptyeng F sivai:

[ — )f—

DQIPZ....E
=

O0Aeg ol eicodol

lMapaddeiyua 1.15:
H ovvaptnon F=ABC+ABD va viomonOcsi us nvleg NAND:

Aven: L
F = ABC-ABD ’ :D“*

4
B —
c —

s

lMapaddeiyua 1.16:
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Na avalvbei to KOKiwua Tov cyRuaTos, va. yivel o wivakes ainldscios kot va axodeiybei,

xpnoorolavrag gite Ty diyefpa Boole site mivaxa ainbeiag, ot umopei va avtikaractaldsi

ané uia woin NAND.

&l

A
Bo—t

avin NAND

AB | A+B | [

~soo
~ ooy
O A
o-~oco
O A

wvoln NAND

Avtuikataotaon nolev pe modeg NAND

O1 muAeg AND, OR kai NOT ptropouv va g¢axouv atrd muAeg NAND.

NOT
IoXUEl F=4

OUVETTWG

A A

n

F=A4-4

A&

WYnoeiakd KukAwparta
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AND

A-A=A-B

AnAadr n AND TT0An ytropei va avTtikataotadei amd yia NAND, n £€£000¢ TNG OTT0i0g

avTioTpépeTal atrd pia deutepn NAND

A%} A A-B A-B
- D
OR

Otwpnua De Morgan

A-B=A+B onéte A+B=A-B

w >

A+B S
j} j A-B=A+B

2ovleon ynerakeov kokAopatov pe moAeg NOR

H ouvBeon Twv YnIakwv KUKAWPATWY PHovo pe TTUAeG NOR yivetal pe Trapduolo TpoTro
OTTWG e TIG TTUAEG NAND, pdvo 1Tou 0’ auTh TNV TTEPITITWON XPNOIYOTTOIEITAI N KAVOVIKNA

HMop®n YIVOUEVOU.

Avtuikataotaon nolev pe modeg NOR

H Aoyikr) NOR civai n duadikr) Tng Aoyikng NAND. O1 TTuAeg AND, OR kai NOT ptropouv va
onuioupynBouv pe TTUAeC NOR wg¢ €EAG:

NOT

A A Ay A
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OR
A A+B A A+B A+B
B B
AND

S
A AeB

o

B

EAQXIOTOTTOINC AOYIKWV CUVAPTHOEWYV HE TN XPHON TWV

TIVakwv Karnaugh

270 OXEBIAOPO AOYIKWY KUKAWHATWY €TTICNTEITAI TO BEATIOTO, TTPOKEIMEVOU VO UAOTTOINOET
MIa oUYKEKPIYEVN AOYIKA ouvapTtnorn. Kpitrpla Tou BEATIOTOU UTTOPEI va gival

e nTaxutnTa (AiyoTepa Aoyikd emmitTreda)

e TO KOOTOG (AIyOTEPEG AOYIKEG TTUAEG)
'Hon £xel emdeixOei o TpOTTOC EAaxIOTOTTOINONG ME TN XPron TNS dAyeRpag Boole.
EVAAAQKTIKG uTTOpOUV va xpnoigoTtroinBouv ol rivakeg Karnaugh, v n ouvéptnon ivai

YPOUMEVN PE HIa aTTO TIG OUO KAVOVIKEG HOPPEG.
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IMivakeg KarnauLh

Av BewpnBei yia ouvaptnon Tpiwv petaBAntwyv ABC, 16T€ N ouvAPTNON UTTOPEI Va
atreikovioBei oTov Trivaka Karnaugh pe tov €€Ag TpOTTO:

AB AB
11 10

co| ABC | ABC | ABC | 4BC

c1 | 4Bc | aBc | 4BC | 4BC

MapaTtnpnoceig:

KaBe TeTpdywvo avTioToIxei 0° €vav atrd Toug okTw (8) duvaTtoug ocuvduaouoUs Twv
TPIWV PETABANTWV.

e Ta teTpdywva TOU TTivaka €ival KATA autov ToV TPOTTO OIATETAYUEVA WOTE OE

YEITOVIKA TETPAYWVA va aAA&CEl povo pia peTapBAnTh (kwdikag Gray).

MNa kKGBe CeUyog TETPAYWVWY YIVETAI N TTAPAKATW ATTAOTTOINON:

o F = ABC+ABC AB B
ABC - ABC+ C | ABC
— =AB(C+(O)= B
ABC _AB F = ABC+ ABC

OHOIS = AC(B+B)
=AC
lNa TEéooepa YEITOVIKA TETPAYWVA IOXUEL:
ABC | ABC
F=A
ABC ABC
2uptrépaoua:
WYnoeiakd KukAwparta 39/98
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TEI Zeppwv

e AUo (2) yerrovika TeTpaywva (dnAadr duo 6pol) dnuioupyouv Evav PO PE HIa

METABANTA AlyoTEPN.

e Téooepa (4) yeirovikd TETPAYWVA dnUIOUPyoUV £vav Opo JeE dUO PETABANTEG

AiyoTepeg.

® Ouddeg TwV TPIWV TETPAYWVWY TTPETTEI va XwpilovTal o€ ouadeg Twv duo.

lMapadeyua 1.17:
Na yiver mivaxag-K y1a tq evvaptyon F =2 (1,2,5,6)

F
00 01 1 10
o o |[{1 100 o
1 1" ’:\/\ O O K/\:1

TAPYS GovapTRGH
F = ABC+ ABC + ABC+ ABC

amlomomuévy covdapTyon
F=BC+BC

Znucioon: O aprBucs twv ustafintov givai icog pue amo tov ekféty tov 2 yia tov omoio i

ovvaun tov 2 uag oivel aprOuo ueyaivtepo 1 ico ue to uéyieto apibué mov Exovue oty

3
oVVAPTNON. LOVETMS OTO TAPAIELYUA 2°>6 , apa 3 peTafintés.

lMapaddeiyua 1.18:

Na yiver o wivaxas-K yia ™ covaptyon F =2 (0,2,4,9,11), kaldg emiong anlomoinen avtyg

. F
Avon: AB
11<2* apa 4 perofinric CD 00 01 " 10
00| 1) | 1 0 0
01 0 0 0 /1
1] o 0 0 1
0] /1) 0 0 0
Wnoelakd KukAwpara 40/98 Tunua MAnpoopikng & ETTKoIVwvIWY
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lMapaddeiyua 1.19:

TEI Zeppwv

Na Ppelci n edayretomomuévy popen alpoicuatos Kat ) ELOYIGTOTOMUEVY] HOPPN PIVOUEVOD

6 ocvvaptnyons F =X (3,4,5,6,7,8,10,12,14)
Aven:
F

cD 00 01 11 10

|
o0 | Fo0 (1) LJ
il ...... I EmaAnBeuon
| ——
|

|
01| o | 1 0 0 |
~— 7/ | !
! i
11 1 1} 0 0 |
~— J

ST

Aurn n opadomoinon dev xpnaoiuoroigirai 316T nén ra
TeETPAywva TNS £xouv KaAu@Osi amré dAAsc opadomroinoeic

Ta v kavovikiy popen alpoicuaros mpokvrrel:
F= AB+AD+ ACD

T T popen yivouévov opadomorovue ta unoeviKd, Omms Paivetal atov wivaxa-K,

Onote mpoxvmreL:

F=(A+D)A+B+C)A+B+D)

lMapadeyua 1.20:

Na edayiotomonbei n covaptyon

F = AB(C + D)+ ACD+ ABCD + ABCD
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Amavrnon:
F
AB
cD 00 01 11 10
| — - T T T 7&\
00 [1¢7 1 } 1 1Y
\__\__"T_?/ — — T -
o1 L F=AD+CD+ABC

1

— T T T T TN

10| 1 1 |

Ynapén adiapopwv nepurtwocmv

2€ AOYIKA KUKAWPATO UTTAPXOUV TTOAAEG QOPEG OPIOHEVOI CUVOUAOUOI TWV PMETABANTWY
€10000U TTOU Jag gival adid@opol. [Na TTapadelyua €0TW OTI EXOUUE Eva NAEKTPOVIKO
WYNEIOKO KUKAWMQ TTou BETEl EKTOGC €va orjua (alarm), eGv oTnV €i0000 TOU £XEI TOUG
apiBuoug 0,4,6,8,9. Edv éxel oxedlooTei KATA TETOIOV TPOTTO WOTE VA OEXETAI APIOUOUG HbVOo
at1o 10 0 £€wg 10 9 va a) TpocadiopioTei To TTPORANUA UTTO Hop@n TTivaka B) BpeBdei n

eAayioTotroiNuévn ouvdapTnaon PE Tn Xprion Tou Trivaka-K.

livakag aAn6ciag . Mivakag-K
A B C D|f AB

00 O O O 1 CcD 00 01 11 10
! :

; 8 8 ? g) 8 00 ( 1 1 [ D] 1 )

30 0 1 1 0

4/0 1 0 0 1 o1| o o || b 1

5 01 0 1 0

6 0 1 1 01 11 0 0 D D

70 1 1 10

81 0 0 O 1 I

9/1. 0 0 1 1 o ¢ i1 lojl g

10

> adLaqopee

LPr](me'd IKUKAo'upaTa nephRihO8s TurAua MANPoQopPIKNAG &dmmikmsy wvILV

MEPUTTOTES
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Edav katd tnv ammAotroinon v An@Bouv utrown o1 adid@opeS TTEPITITWOEIG TTPOKUTITEI N

oxéon:
xeon-— —— EmaAnBeuon
F=ACD+ ABD + ABC

AauBdavovtag uttTéywn Kal TIG adIAPOPES TTEPITITWOEIG N OXEON OTNV OTTOI KATAANYOUUE

gival atrAouoTepn:

F=A+CD+BC

MArjpng A8poioTris
Kar’ apxnv €¢etadetal 0 nUIaBpoIoTrig dnUIoUPYWVTAS TO YN@IoKO TOU KUKAWMNO

XPNOIYOTIOIWVTOG TNV KAVOVIKA JOPQr] YIVOUEVOU:

A B S C

0 0 0 0 o

O 1 1 (ZB) O S=AB+AB, C=A-B
1 0 1 uB)| O

1 1 0 1 (4B)

XpNOIPOTTOIWVTAG Yia To S T deUTEPN POPPN YIVOUEVOU TTPOKUTITEL

S=(A+B)(A+B)=A+B+ A+B (De Morgan)

emiong: C=A-B=A+B

2UVETTWG N S YtTopei va dnuioupynBei xpnoipoTtroiwvtag povo TTuAeg NOR, n &g C

TTPOKUTITEI ATTO HIO €€ QUTWYV TWV TTUAWV:

: ) D ST T s
) >
) e

Hu1o6poIoTAG XPNO1OTTOIWVTOG
XOR xai1 AND TTUAeg

| HuiaBpoioig e NOR TTUAEG |
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O mAAPNG aBpoIoTAG £XEI TOV TTAPAKATW TTivaka aAnBeiag:

A B G| S| G
O 0 O 0
o 1 0 1 O
1 0 O 1 O
1 1 O 1
o o 1 1 O
o 1 1 1
1 0 1 1
1 1 1 1 1

apa
S = ABC,+ ABC,+ ABC, + ABC,
S = C.(AB+ AB)+C,(AB + AB)
= C,(A®B)+C.(A®B) = (A® B)®C,

Kdal
C,= ABC,+ ABC, + ABC, + ABC,
=C,(AB+ AB)+ AB=C,(A® B)+ AB

To KUKAwPO TTOU UAOTTOIEI TIG TTAPATTAVW OXECEIS Eival:

|~ - T — ]

Z,;[_I_;ﬁ\ul AGB o
| 7. / HI0BPOIOTEG
| |
| — __[_
|
|

| \
C ——=—==—— -
! | | Melpapatiopog
I
| I
I
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N XPNOIMOTTOIWVTAG TO CUNBOAIKS KUKAWMA TOU NUIaBPOIoTH:

A A S A®B
B AB

AS S=(4®B)&C,

G (48 B)C,
B C —
/ C

HuiaBpoiotég

out

H &Bpoion apiBuwyv e TTEPICTOTEPA TOU £VOG BUABIKA Wn@ia yiveTal e TO KUKAWUA TOU

TTapdAAnAou aBpoIoTh WG ENG:

B, A, B, A,
[ ]
B A C B A
C, S Co
F‘ 1
SVHI Sn
oT10U 1A S | T10 0UuBoAo Tou TTAPOUS aBPoICTH.
— B
— c—

2Ivenpeg

O1 TpayuaTikéG NAEKTPOVIKES TTUAEG ATTAITOUV KATTOIO XPOVO YIa Tn AEITOUpYia TOUG.

AnAadn Trapouoidlouv kabBuoTépnon (delay) Tng TGENg Twv Aiywv ps. O1 kaBuoTepAoEIg
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auTég dnpIoupyolv KaTaoTaoelg €6d0U, OTTWG cival ol oTIvenpeg (hazards), TTou ival

TTOAEG QOPEG aveTTIOUUNTEG. 1A TTAPAdEIYPUA OTO KUKAWUA:

{>QZ

n €€000¢ TOU, OTNV IBAVIKHA TTEPITITWON, Ba TTPETTEN va gival ion e undév avegdptnTa aTmod

TNV TIMA TNG €10080U. ZTNV TTPAYHATIKOTATA N £€000¢ €ival OTTWGS QAiVETAI OTO OXNUA:

AnAadn Trapartnpeital 611 N £€£000¢ TTAiIPVEl TRV TIPA 1 KATA TO XPOVIKO dIACTANA TNG
kabuoTépnong (hazard).
YTTApXOUuV TPEIG TPOTTOI TTEPIOPICUOU TWV OTTIVONPICUWV:
e Avapovh PéXPI woOTou va eupavioTei N owaoTr €€000¢. H pébBodog autr) dev
ouvioTaTal KUPIWG YIO YNPIAKA OUVOUAOTIKA KUKAWUATA TTOU XPNOIYOTTOIOUVTAl WG
0dnyoi aKoAOUBIOKWY KUKAWUATWY.

e E&IooppdTNON TNG KABUOTEPNONG XPNOIUOTTOIWVTAG BIATALEIG TTUAWVY OTTWG:
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0

D
A
A

A

1

)4

ADA
AEZ DA

TEI Zeppwv

Xpnon mvakwyv Karnaugh. O omivenpioudg cuppaivel cUVABWGS KaTd Tn JETAROON

KOTAOTACEWV TTOU €ival YEITOVIKEG oTOV TTivaka-K kal opadoTtrolouvTtal peTagu Toug. H

eTmiAuon yivetal wg e¢AG: opadoTrolouvTal YEITOVIKA TETpAywva (cells) akdpa kI’ av auTtd

EUTTAEKOVTAI 07 GAAEG OUGdEG eloGyovTag Evav AAAO eQeDPIKO OPO OTNV CUVAPTNON.

lMapadeyua 1.21:

Bpeite kou analeiyte To omvOnpicuo oty covdpTnon:

F =Y (1,3,6,7)

( \
\ \
\ \
C ——
T L
‘\7777714 K¥1/J
F=AB+AC ! O

AB

WYnoeiakd KukAwparta
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O omvenpioudg cuuBaivel Katé Tn HETARACN aTrd TO TETPAYWVO 7 OTO TETPAYWVO 3, ) atTd
TN Katdotaon ABC=111 otnv ABC=011. ATT6 10 KUKAWPQ e€ayeTal 0TI aAyePBpikd n F

TTPETTEI Va €XEl TNV TIFA 1, AOyw O0uws TnG KaBuoTépnong Ba trapouacidoel oTiypiaia Tiun 0.
O omvOnpIoudS UTTOPEI VO aTTOPEUXBOEI XPNOIMOTTOIVTAG EQPESPIKO BPOXO PETALU TOU 7 Kal

3.

ien
(]

oTTOTE N CUVAPTNON YiveTal:

F=AB+AC+BC
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Aoknoeig eTravaAnyng 1

Aoxnon 1.1

Na ek@pdoeTe TOV dUABIKO apiBud 171007111.1101 otov avTioToixo dekadiko (Baon 1o 10)

Auon:
Aképaio pépog: 1100111=1-2°+1-2° +...+1= 103,,

Aekadiké pépoc: 1101=1-27"+1-272+40-27 +1-27 =0,8125,,

Apa o apiBusg civar : 103.8125,

Aoxnon 1.2
Na perarpaTtrei 0 dekadikog apiBuog 278,632 otov 1I00dUvauo duadiko. (Baon 1o 2)
Auon:
AkEpalo 26)'3'%'0” be 2
HEPOS 2)139 (TmAiko) 0 (uTréAorTTo)
2) 69 1
2)34 1
2)17 0
2)8 1 100010110
2)4 0
2)2 0
2)1 0
0 1

OekadIKO 0,632 *2=1,264 1
MEPOG 0,264 *2 =0,528 0
0,528 *2 =1,056 1

0,056 *2=0,112 0

0,112 *2 =0,226 0
0

0

1

1

0.224 2 = 0448 > 0,101000011

0,448 *2 =0,896
0,896 *2=1,792
0,792 *2=1,584

duadikég aplBuoc: 100010110.101000011
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Aoxnon 1.3

Na petatpatrei o dekadikdg aplBuog 123,456 o< 1I000UVAPO OKTABIKO

Auon:

aKEPAIO  8) 123
MépOG  8) 15

3
8) 1 7 173,
S

Sgggz”‘o 0456*8=3648 3
0648*8=5184 5 03513,
0184*8=1472 1
0472*8=3776 3

oooooooooooooooooo

apa o apiBuog eivail 73,3513,

Aoxnon 14
Na Bpebei 0 duadikdg apIBPOS TTOU AVTIOTOIXEI OTOV OEKABIKO 27870 XpnNOINOTIOIVTOG

KwdlkoTtroinon BCD

Auon:

Aoxnon 1.5
Na petarpatrei a) o duadikdég 0711010011012 otov avtioToiXo duadikd Tou Kwdika Gray Kal

B) o0 duadikdg 1000110107010 Tou KWdIKA Gray OTOV AVTIOTOIXO KAVOVIKO SUABIKO apIOuo.

Auon:

|
Wnoeiaka KUK)\(%JGTG ; 5 : ; 50/98 6 jl Tpﬁga I'I)\rff)ocpog;mﬁg & ETKoIVWVIWV
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Kavévag uetatpotrig: a) To TpwTo wneio atrd apiotepd cival idio, B) OTtav ta diadoxIka yneia
TOU Kavovikou duadikou aAAdfouv, TOTE TO avTiaoTolxo Wneio Tou duadikou ot kwdika Gray
yivetan 1 diagopeTika 0.

Kavévag peTatpotmiis: a) To TpwTo yneio atmd apiotepd civai idlo B) yia tTa utrdéAolitra, otav
uttdpxel 1 otov kwdika Gray onuaivel 6Tl TO AVTIOTOIXO WNPIo TOU KAVOVIKOU dUABIKOU TTPETTE

va aAAG&el, evw OTav uTTapxel undEv TTapapével idlo Ye To TTponNyouuEVS Tou

Aoxnon 1.6
Na atrodeirxBouv o1 166TNTEG:

A+ AB = A+ B, ACD + ACD + ABD = AD + BD

XY + XZ + YZ = XY + XZ + YZ

Auon:

@) A+AB=A-AB =A-(A+B)=AA+AB=AB=A+B
B) ACD + ACD + ABD = AD (C+C) + ABD = AD + ABD =
=(A+AB)D =(A +B)D=AD +BD
. 7

yiverar xprion g (a)

v) XY+XZ+YZ:(§+§)+()_(+Z)(\_(+Z)=

(§+S_{)(§+Z)(§_{+Z)=X_Y+§)_(+X_YZ+Y_Z+ XZ + XYZ +
XY + YZ =XY + XZ + YZ
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Aoxnon 1.7
Na atrAotroinBouv ol ox£oEIg:
(1) AB + BC + A

(2) ABC + ABC (3) A(BC +CD +C + B+ C) + A
Auon:

(1) AB+BC+A=AB+A +BC=A+B+BC=A+B+C
%,—/ %/_J

(2) ABC + ABC = (ABC) - (ABC) = (A + B+ C) (A + B) + C) =
(A+B+C)(AB +C) = AB + AC + AB + BC + C =
AB + C(A + B +1) = AB + C

(3) A(BBC+CD+C+B+C)+A=A+ A =1

Aoxnon 1.8
Na atrAo1ToinBouv o1 TTapaKATW EKPPATEIS XPNOIMOTIOIWVTAG ToV TTivaka Karnaugh:

(1) F = AD + ABC + ABD + ABC + ABCD
2) F = 2(1,2,3,5,10,11) — 4,9,13 (Don't carres)
(3) F = []2,3,7,12,13,14,15)

Auon:
M F
AB
cp\ 00 01 11 j%
T ST
oo [{ T[Ty
b=~ ! . __
e N F = AC + BC + AD + ABD
| |
11N _|_1
<
10 (1\
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(2) F
A B
cp N\ 00 01 11 10
00 90 I%)4) 91\2 (()8)
AT T8 T AN — —
01 \?44--—254——26)——94) F = CD + BC
T 1| o o |1 |
11 (3) (7) (15) : (11)
111 0 0 1
1 0 L—(% (6) (14) l+1-0)-/
(3) F
AB
cp\ 00 01 11 10
Vo
00 1 1 |O| 1
ii
01| 1 oo 1
11 (0] _oufjoy] 1
I I I |
10 [1 0,1 1 [0y 1

F=(A+B)(A+C+D)-(A+B+C) =
= AC + ABD + AB

F=(A+B)Y(A+C+D)A+B+C)=
= AC + ABD + AB

Aoxnon 1.9

Na oxediaoTei To Yn@lakd KUKAwUA TToU UAOTTOIET TNV EKPpaon:

F=A-B + C)DE
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Katdtmv va oxediaoTei 10 id1o KUKAWPa XpnoigoTtrolwvTtag uévo TTuAeg NOR.

Auon:
Q)

A

B — - F

Dc

B) A:(B+C)D-E = AB+C)D-E=A+B+C)+D+E

A—C >4

e R
C

D —
> —

Aoxnon 1.10

Aivetai o Trivakag aAnBeiag:

A B C E

0 0 0 o
0 0 1 1 ABC
0 1 0 0

0 1 1 o __
1 0 0 1 ABC
1 0 1 1 ABC
1 1 0 1 ABC
1 1 1 1 ABC
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1. XpnoiyotroiwvTtag Tov Trivaka Karnaugh va atrAotroin®ei n Aoyikr) cuvaptnon
XPNOIKMOTTOIWVTAG Kal TIG BUO KAVOVIKEG HOPPES (aBPOICHATOG Kal YIVOUEVOU)

2. Na uhotroinBoulv Ta KUKAWMOTA Kal OTIG OUO HOPPEG

3. Na oxedlaoTouv Ta 1I008UVANA TWV TTAPATTAVW KUKAWUATWY XPNOIJOTTOIWVTAG

povo TTuAeg NAND kait NOR avrioToixa

Auon:

C\ 00 O1 11 10
o LE [
1] itEicE

Q)
e Kavovikn} yop@r) aBpoiocuaTog:
F=A+ BC
e Kavovikr} yop®r| yIVOUEVOU:
F=(A+C)A + B)
B)
1 A e
L A+ BC
B e— > . \.BC +
Ce -
2. -

D_LA +C)A+B)
)R
C
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)
. NAND
A+BC=A+BC=A (BC)

B

NOR (A+C)YA+B)=(A+C)+(A+B)

+

A — A+B
‘IS >-AE _

B :Z: F=(A+C)+A+B
C B A+C
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KukAwpaTta akoAouBiakng Aoyikng

210 KUKAWPATO ouvOUAOTIKAG AOYIKNG, TA OTToia ££eTACONKAV OTA TTPONYOUNEVA KEQAAQIQ,
Ol TIUEG TNG £EOO0U 0 OTTOINOATTOTE XPOVIKN OTIYUA €ival cuvapTnon HOVO TWV TINWYV TNG

€10000U TNG idIAG XPOVIKAG OTIYUAG.
SuvduaoTikr Aoyikn: Tiyég e€6dou = f (Trapouoeg TIYéG £106d0U)

21NV akoAouBiakr AoyIKA Ol TINEG TNG €EOD0U TWV KUKAWUATWY £TTNPEAlovTal aTrd TIG

TTOPOUOCEG AAAG KAl TIG TTPONYOUMEVEG TIMEG TNG EI0OOOU:

AkoAouBiakn Aoyikn: Tipég £6dou = f (TTapouoeg + TTponNyoUNEVEG TIMES £10GB0U)

Ievikég popPeg KOKA@PATOV

— KUkAwpa I
Eicobol . | OUVOUAOTIKAG ; "E§odol
—AOYIKIC —
KaBapd ouvduaoTiko
KUKAWQ
MpwTelouoeg MpwTtelouoEg
gicodol ‘ £€odol
' 2.UVOUQOTIKNA '
—>— AOYIKN >

|—>— —>——

2Apara avadpaong

AcoUyXpovo akoAouBiako
KUKAWHO
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MpwTelouoeg MpwTeuouoeg
€icodql , £€odol
:(E 2UVOUaOTIKN [

AOVYIKN

Mvrun

f
CLK
2UyXPOVO aKOAOUBIaKO

KUKAWQ

Ta akoAouBiakd KUKAwpaTa «BupouvTaly pEow TG ouvdeong TNG avadpaong. AUo givai ol

KUPIEG KATNYOPIES TWV AKOAOUBIOKWY KUKAWUATWY:

Acuyxpova: ANGlouv KATAoTaan GUPEWVA WE TIS AAAAYES TWV EI0GBWY TOUG.

ATtraitouvTal €10IKEG TEXVIKEG OXEDIQTHOU.

Zuyxpova: Ta onuata avadpaong OSIOKOTITOVIAl  ATIO  KATOXWENTEG — TTOU
okavdaAifovtal atmmd TTAAPOUG POAOYIOU. ZUVETTWG N KATAOTACH TOu
KUKAWMOTOG aAAGlel oUp@wva PE TOUuG TTOAPOUG Tou poAoyiou. H
KATAOTOOT TOU KUKAWMOTOG OPICeTal ATTO TO TTEPIEXOPEVO TWV OTOIXEIWV

™G MVAUNG.

Flip - Flops
Ta flip-flops diaBéTouv duo oTaBepéc kKaTaoTdoelg (1 kai 0), Kal TTAPEXOUV PVIUn TTOU

atroBnkevel TTAnpoopia evog (1) bit. Yrdpyxouv didgopol TuTrol flip-flops, ol otroiol

TagivououvTal CUPPWVA JE TOV TPOTTO AEITOUPYIOG TOUG.
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SR T D K

v
clocked
Level J \Master
unclocked triggered Edge Slave
(Latch) triggered

Ta flip-flops atmroteAolv Ta Bacikd douIKG aToIXEIa yIa TO OXEDIATUO TwV AKOAOUBIaKWYV

KUKAWUATWV.

7o SR (Set-Reset) fljp-flop (1)

S Q S Q, Q sivat

gicodog £€§060¢6 ,
- GUUTANPOUOTIKES

R Q ¢€odot

Mivokag aAnBeiag Tou SR-ff

R Q.. «— ETTOUEVN KATAOTACN

Q, <— Trapouoa katdoToon

0

1

- oKaBopIoTn £€£000G (N ETTITPETTTH TTEPITITWON )

~ 0ol
- O -0

MNa v uhotroinon Tou SR-ff dnuioupyouvTal 0 ekTeETAPEVOG TTiVAKAG aAnBegiag Kai ol
TTivakeg Karnaugh, 61mou 10 Q, (Trapodca KatdoTaon €£600u) XPNOIKOTIOIEITAI WG

METARANTA €10600U:

R S Qn Qn+l

0 0 0 0  MvAun
0 0 1 1 Mvriun
0 1 0 1 Set

0 1 1 1 Set

1 0 0 0 Reset
1 0 1 0 Reset
1 1 0 X

1 1 1 X}
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[Tivoxkac-K
Qn+l
S
000 01 11 10
TS TN T } Q..,=S+RQ,
R 0 0 \]__4_]_/ ] | 1
1 0 0 X X ) XapakTnPIoTIKA
e€iowon

To KUKAwMA TTOU UAOTTOIET TNV TTapaTtrdvw oxEon eivai:

s o T\ Q

R o—>——

Xpnoiyotroiwvtag 1o Bewpnua De Morgan, n oxéon yia oxediaopo pe TUAeG NAND €xe1 wg
€gNG:

Q.u= gﬁQn
s—{ [ —
R —Ejo } Q

XpNOIPOTTOIWVTAG évav EKTETAPEVO TTiVAKA aAnBeiag Kal Toug TTivakeg-K TTou ouoxeTiCouv
TQ Q,Hl , an ,R ka1 S TpokUTTel pia GAAN XOpaAKTNPIOTIKA eCiowaon n otoia divetal

atré Tn oxéon:

Qn+1: R + Eén
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atrd TNV otroia e¢ayeTal n ox€on yia Tnv uAotroinon Tou ff pe mOAeg NOR

R — Q

O.=R+5+0,

(@)
Ql

To Clocked SR - ff
CLK

—1

To ofpa Tou poAoyiou dpa ws £va oApa TTou evepyoTrolei To SR-ff kal eTTopévwg o1 €¢odoi

Meipapatiopdg

Rl

Y

TOU PTTopEi va aAAGEOUV Povo 6Tav o TTaAudg Tou poAoyiou givai 1.

Flip — Flop Turou D

Ck D Qn+l
— D Q ol o] q
— 0 1 Q,
— Q 1101 0
1 1 1
YAotroinon:
D
D )
o

1
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Flip — Flop turou T (Toggle ff)
Ck T Qn+1
—T Qr— 0 0| ¢,
0 11 0,
] P 1 0 0
D n
Q 1 11 o
YAotroinon:
S Q —
) S=T0
— I a—1 B
R
0 R=TQO
Flip — Flop turnou JK
J — Q Ck J k Qn+1
o A
K 0 Q,
1 0 1 0
1 1 0 | 1
1 1 1 Qn
YAotroinon:
S=JO
< Ck—+ _ R=KQ
—— R 0
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YMonoinon ovoyypovwv flip-flops pe opoog SR-ff
lMapadeiyua 2.1:

Na yivel n uhotroinon evog T-ff oe 6poug evdg SR-.

Amavrnon:

Kat” apxfv dnuioupyeital £vag TTivakag oUoXETIoNG Twv 1000wV evog T-ff (Cy, T, Q) kai

TWV avTioToIXWV 1000wV Tou SR-ff TTOU £X0UV TO id10 atToTéAeoua oTnV KATAoTaon Qn+1

Mivakag cuoxéTiong:

Ck T Qn Qn+1 S R Eioodol 1Tou atraitouvral yia
I8 va £XOUME TNV idla

0 0 0 0 X X aAAnAouyia

0 0 1 1 | x x G Qs

0 1 0 0 X X4

B _O_ . 1 . _1_ N _1_ X X KataoTaoeIg pvAung

1 0 0 0 0 x (C=0=>0Q,,=Q)

1 0 1 1 X 0

1 1 0 1 1 0

1 1 1 0 0 1

Katdtmv e€ayovral o1 e€lowoelg Twv S, R e 6poug Ci, T kal Qp XpNOIYOTTOIWVTAG TOUG
Tivakeg — K
TQ R TQ,

S n

0 X X X

10
A
Cy k

TeAIk6 KUKAWMA:
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D s o
| Ck
1) R Q,

Znueiwon: ETeidr) ouciaoTiKA pag evOlapEéPOuV POVO oI TTEPITITWOEIG TTou To Cy=1, ptTopeEi

va ayvonBei n TapaueTpog Cy, WOTE va TTPOKUTITOUV TTIO OTTAOI TTIVAKEG

To Tmapatrdvw TTapadelypa Ytropei va AuBei attAoloTepa wg €EAG:

S T

T Qn Qn+1 S R 0 1
0 0 0 0 X o ° 0 | 1 _
0 1 1 X 0 n S=TQ,
1 0 1 1 0 1] X 0
1 1 0 0 1

R

o7 1

0 X 0

Q, R=TQ,

Katd rapopolo 1potro uAotrolouvtal Ta D-ff kan JK-ff atrd 1o SR-ff, KaBw¢ €TTiong kai n

uAhoTtroinon otroloudnTroTe auyxpovou ff ue dpoug katoiou GAAou ff.

lpoBAnuara nou axerifovral ue arnAa ouvyypova ff

1. Avaniionon g1000ou
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5V
N .

TEI Zeppwv

—>—

Avatmdnon
otnv €¢odo

Ol

N

10 - 100 popég

[
|

(akoAouBsi Tnv €icodo)

2. Kakr Aeiroupyia kukAwudrwv rnou xpenaonoiouv diadoxika It

TT.X. Ol KATaxwpENTEG METATOTTIONG

| —D Q D Q

= 6 =

2l

3. Talavraoerc oc ff Aoyw avadpaonc

1.X. oTo T-ff

.

I—l_\ Q
CK
T— C; .

Q

,_|_/' I_j

Q

o =2 O = O =

T

I
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MeBoooi eriAuonc Twv npofAnuarwyv

Xpnon "A@évin — ZkAapou” ff (Master — Slave ff)
PUBuion Tou TTaAuou okavdaAiouou (edge triggered devices)

Aiaraén "Apevrn — ZkAdBou” ff
m.x. xpnoiuomoiwvrag D ff

IN out
D Q D Q
(M) S)
> >
CLK |
I
—/{wHsHIm"—{sH — {mHs}—
I

oiaraén rou “A@évrn — ZkAaBou” ff xpnoiuomoiwvrag JK-ff
S B
CLK — M) (S)

‘ = B,

™
I/"

JAY

Anuioupyia ECWTEPIKOU poAoyiou yia napaywyr naAuou Bpaxeiac oidpKeIac

Avagépovtal dUo pEbodor:
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a)
IN 5 a
dV,
¢ o o o Vy-ret
|| K Q dt
R
ArmraAgipovral
arro 1 6iodo
B)
(T, kaBuoTtépnon)
\
CLK | - CLK2
CLK1 L
CLK2 _|
E@apuoyég ff
TutTKEG epapuoyég Twy ffs givai:
1. ATtrAoi KataxwpnTég
2. KukAwparta KkataxwpnTwyv oAiocbnong
3. MeTpnTég
Wnoelakd KukAwpara 671798 Tunua MAnpoopikng & ETTKoIVwvIWY



© AvaoTtdoiog |. MTTaAOUKTORG TEI Zeppwv

AnAoi karaywpntec
M.x. KaraxwpntAg 4 bit

Dy D, Dy D, Mia opdda armmé m ff's
bit  CLK atroBnkevel m bits
€10680U TTANPOPOPIaG.
oto CLK TETOIEG OUGBEC TUXVA
XPNOIUOTTOIoUVTal VIO
atroBbrikeuon TTANpoYopiag ot
‘ ‘ ‘ OUCTAUATA UTTOAOYIOTWV.
(Mpoowpivr atroBrKeuon
Q, Q, Q, Q SeSoPEVWV)
Karaywpnrec odioBnong
MNa Tapddeyua karaxwpents oAicbnong 4 bit xpnoiyotroiwvrag D-ff
Pr‘l I:’r2 Pr3 Pr4
| | | |
h ——D, Q D, Q D, Q D, Q out
— Q_l I~ = =
| | | |
|_ CRL, ’/ CRL, |/ CRL, |/ CRL,
CLK
DATA IN Q, Q, Q, Q,
1 0 0 0 0
1\A 1 \ 0 \ 0 \ 0
o\A 1 \ 1 \ 0 \ 0
o\A 0 \ 1 \‘ 1 \ 0
1\A 0 \ 0 \ 1 \‘ 1
1\A 1 \ 0 \ 0 \ 1

O mrapatrdvw KaTaxwpenTig gival yvwoTog Kal we kataxwpnthg SISO (Serial In Serial Out).
Edv 0" éva SISO kataxwpnTA 10 Q4 €ival TO TTI0 ONUAVTIKO Yn@io Kal To Q4 TO TTI0 XAPNAAG

onuavTikoTnTag wnoeio (MSB kai LSB avrioToixa), TOTE N JETATOTTION YiveTal TTPOG Ta OECIA.
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21NV avTtifetn mTepimTwaon, dnAadr 1o Q4 - MSB  kai To Q1 — LSB, 10TE n HETATOTTION
YiveTal TTpOG Ta apIoTEPQ.
Znueiwon: K&be eicodog 0 oTov KaTaxwpnTr METATOTTIONG £XEl WG ATTOTEAEC A
e Tn dlaipeon Pe 10 2 €AV €ival 0 KATAXWPENTAG YETATOTTIONG TTPOG Ta O
Kal
e TTOAANATTAACIOONO UE TO 2 €AV gival KATAXWPENTAG METATOTTIONG TTPOG TA

aplioTepd

M.x.
0001O0O01T=029

0 KaraxwpnTig METATOTIIONG TIPOG TA OECIC axépotonépoc
“» 0000100 =4 a[;“}

KATaxwpnTS YETATOTIIONG TTPOG TA ap|0'r£pd

0010010=18</

9218

KukAwuara uerpnrov
O1 peTpnTéG €ival KUKAWMATA Ta OTToia TNV £6000 TOUG ETTITUYXAVOUV HIa KABopIoHEVN
akoAouBia okavdaAildpeva atrd PETABOAEG onudTwy (edges),  TTaAPoUG TTou TTapdayovTal

aT1TO KUKAWMO XPOVIOHOU oTnV €i0080 TOUG.

(1) KaBe bit Tou petpnt xperaletan éva ff
Axohousia (2) Katda Tnv e@apuoyr) evog TTaApou
) p counter) . . p
apiBunong oTnV €i0000 TOU PETPNTA, O METPNTAG

aAAdlel katdoTaon. ( 10
TTapadelyua n Katdotaon opiceTal
atro TIg £€600oug A, B kai C)

O —axaa0c000cO>
O 0000w
OO0 0200
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H Aeiroupyia Twv PETPNTWY PTTOPET va 0pIoBEi TTANPWGS HE Eva dIAYPAUNA KATAOTAONG

/ KATaoTOON
6(\ @
o

e

AUO €ival o1 KUPIEG KATNYOPIES TWV PETPNTWV

o Oiaouyxpovol perpntég () Ripple Counters)

O Kal Ol UYXPOVOI UETPNTEG

AOUyxpOVOI LETPNTEG
1 c 1 B 1 A MNeipapaTtiopog
e L=t Leed o
ck——p  Q Q > Q Km0
LS MS
Up counter
1 C 1 B 1 A N :
T T T T J EIPANATIONOS
LTC Q o T @ K, =0,
oK——=  Q Q - Q CK,=0,
LS MS

Down counter

Znueiwon : XToUg aoUyxpovoug PETpNTEG JOvo To LSD ff d€xeTal TTAAUO aTTO TO £EWTEPIKO

POAGI, evwy 6Aa Ta uttéAortta ff’'s oTnv aAucida okavdaAifovTtal amd Tnv £€0do Tou ff TNg

TTponyoupevng Baduidag.
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Edv ayvonBouv ol kaBuoTepAoEIg OTIG TTUAEG, Ta dlaypaupaTa €¢6dou Tou CLK, A, B kai C

€XOUV WG €ENAG:

CLK
11 1
c 0 1 \»\/ 0 1 \v: 0
0 0 1 1 0
B
0 0 0 0 1
A

NOyw kaBuoTépnong ota ff, katd Tn petdBaon Yiog KaTdoTaong o€ PiIa AAAN, aTTAITEITAI
KATTOI0 XPOVIKO SIA0TANA. ZTA AoUYyXPOVa KUKAWMNATA TWV JETPNTWYV, KATA TN YETGRAoN
MIag katdoTtaong o€ pia GAAn, Tapoucidlovtal evOIANETES AVETTIOUUNTES KAaTaOTACEIG. 1.X.
BewpnoTe pia petdBaon atréd Tov apilBudé 3 (01 1) otov apiBu6 4 (1 00) o’ Eva acuyxpovo
peTpNTA 3 bits

I |
| |
CLK | |
1 | 1 | I
C [ | |
| 01 01 0
I I |
1T 111 1] |
B 1 |
| I 0Ol O
| | |
| I | | 1
I I I
O 010 O
A

MapatnpeioTe 611 yia va petaBeite amé Tnv 0 1 1 otnv 1 0 0 dnuioupyouvTal Ol KATOOTACEIG
011—>010—>000.Tlevikad eav utr'apxouv m BaBbuideg ff Ba utTdpxel Pia GUVOAIKNA
KaBuoTépnon mt, . ZUVETTWG Ba TTPETTEI VO €§Q0QANIOTEI WOTE N TTEPIOSOG TOU TTAAPOU TOU

poAoyioU va gival yeyaAuTeEPN Tou mty,
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CLK——

SUYXPOVOI LUETPNTEC

J

TEI Zeppwv

MNa va atro@Uyouue Ta TTPORARUATA TWV ACUYXPOVWY UETPNTWYV XPNOIKJOTTOIOUVTAI

oUYXPOVOI JETPNTEG. 2TOUG OUYXPOVOUG PETPNTEG, OAa Ta ff’'s okavdaAiovTal Tautdxpova

ME TOV id10 TTaAUO.

H Baoikf uhotroinon Tou ouyxpovou PeTpnTh dideTal atmd To KUKAwUA:

Meipapatiopdg

I
| |
| |
TD QD | Qc | B B T QA —
_ | — _ —
~ QD | QC : |_|> QB H= QA
|
CLK LS | : MS
Baoikni emavaiaufavopevn
BaBuida
T=1,T=Qy Tg=Q.Qy, T,=Qz*Q.*Qp

To KUkAwpa Ba Asitoupyei wg €vag (up-counter) edv ol kataoTdoeig A B C D AngBouv atro

10 Qa Qs Qc Qp avrioToixa, kol wg évag (Down Counter) edv o1 kataoTtdoeig AB C D

An@Bouv arro Ta

Q>Qp,Qc, xau Q_D

Mivakag €¢66ou Tou (up-counter)

Mapouoa katdoTaot

£€odol Eioodol Etéuevn katdoTaon
A B C D frfA TB TC T
0y O A O | [ Qi Qi Q¢ Q;
0 0 0 O 0 0 0 1
0 0 0 1 0o 0 0 1 Jo 0o 1 o0
0 0 1 0 o o 1 1 fo 0 1 1
o 0 1 1 o 0 0 1 Jo 1 0 o0
0 1 0 o0 o 1 1 1 fo 1 0 1
0 0 0 1

WYnoeiakd KukAwparta
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Baoikoi opiouol yia Touc LETPNTEC
MODULUS O apiBuog TwV KATaoTACEWYV TTOU BIATPEXEI O ETPNTAS £WS OTOU apXioouv va
emavaiauavovral
MODULUS M A MOD-M 'Evag petpntig ue M KataoTaoeig
MAXIMUM MODULUS (Mpnax) O pEYIOTOC apIBUOG TwV KATAOTACEWY TTOU UTTOPE va
dnuioupynBoUv atd Ta n bits Tou peTPNTA (Mmax = 2")

Merpntiic mAnpoug akoAouBiag : — évag perpnthig Tou otroiou To MODULUS eivai

i010 pE TO Mpax

O peTpnTAC TOu TTaPadeiyuaTog TTapaTTavw gival TTARPOUS akoAouBiag
ME n=4 ka1 apa MOD-16

Merpnri¢c runuarikig akoAouBiag: — ‘Evag petpntig Tou otroiou To MODULUS cival
MIKPOTEPO aTTO TO Mpax (M < 2" yia évav n bits petpntA). AnAadr o’ éva
MOD-5 1piwyv bits peTpnt xpnoigoTtrolouvTal Poévo 5 atmod T 8 duvarég

KATOOTAOEIG.

@@

@_ G0 —Co)

Kataotdoeig mmou
dev XpnoIPoTIoIoUvVTal

Tpomomnoinon tov Pacikod cOyXPOvoL PETPNTI) Yia T1) Onpovpyia evog
MOD-M petpnr

Oa ueAetnBei TOAU KAAG n oxeTikn Goknon amé tn 2" evornTa Twv aoKNOEwWV.
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Eicaywyrn oTo OXESI0OHNO WNPIOKWY KUKAWHATWY ME

dlaypauuara KataoTacewy (state diagrams)

e Mrtopouv va xpnoigoTroinBouv yia T0 OXEBIA0OUO OUYXPOVWY AKOAOUBIOKWY
KUKAWUATWYV
e [evIKi yOpYr)} CUYXPOVOU OKOAOUBIOKOU KUKAWUATOG TTOU XPNOIUOTIOIEITAI O€

dlaypduuara kataotdoewy (A.K.)

rlpw'TSUOUOEQ » > MpwTelouoeg
Eicodol > >uvduaoTiKnA > "E€odol
»— Aoyikn >
Agutepelouoeg
Eiocodol
[ ] [ MvApn

~
]
e
CLK

MeTaBAnTéG KATAOTACEWY

MeTaBANTEG KATAOTACEWY (katdoTaon diEpyeong yia
(Mapoloa katdoTaon va Trapaydei n emoépevn
KaTdoTaon)
Mvripn

MeTtaBAnTWwV KOTAOTAoEWV

‘Eva ovuotnpa pe ‘N’ petapAntég karaotdoewyv xpeidletar N flip-flops yia pviun.

Alaypappata KataoTaoemVv

e Eival n ypagikn mapdoTacn NG Asitoupyiag evodg akoAouBIakoU KUKAWPATOG

2TOIXEIO KAaTAoTAONC:

Omov S; eivan n meprypaen g koTdoTooNS 1

kot O; etvan ot é€odot mov oyetiCovron pe
Vv Katdotaon S;

Wnoelakd KukAwpara 74198 Tunua MAnpoopikng & ETTKoIVwvIWY
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2TOIXEIO UETGBAONC KATAOTATEWYV:

N
( % )I”\‘// -~ lj : eival ouvBrkeg TTou
N LS/ TTPOKAAOUV TN PeTARaon atrd
/ e N v katdoTaon Si — S
Mapouoa — \ )
Eov pproinsors /[ s N ,KEE%“TZY;”H
£0W) \ 5 ) (Edv oupBei 10 Iu)
N_2

H Tapatrdvw ypa@Ikr avammapdotacn Twv dIaypaPPATWY KATAOTAONG Eival YVWOTH KOl WG

Tapdotacn Moore.

lMapadeyua 2.2
Na oxediaoTei 10 A.K. yia éva akoAouBiakd KUKAwPa MOD-3 pe e€wTepIKN YPauMN EAEyXOU

yia reset A clear Twv flip-flops.

Amavrnon:
Ortav n ypaupn eAéyxou “clear” evepyoTroicital T61E Ta flip-flops atrokTouv TN PNdEVIKA
katdoTaon (cleared). Zuvertwg edv BewpnBei To orfjua oTnVv €i0060 TNG YPAUMNG EAEyXOU

WG METABANTA €10680uU TOTE

Eiocodog “CLR” =1 T1a flip-flops eTavépyovTtal oTnv KatdoTaon undév

Eiocodog “CLR” =0 10 KUKAWUA AEITOUPYEI KAVOVIKA JETARAiIVOVTAG ATTO KATAOTAOT O€

KAaTtaoTaon

2710 TTAPAdEIYUA UTTAPYOUV TPEIG KATAOTACEIG TIG 0TToiEG OUMPBOAICoupe pe S1,S2,S3 kai yia
TIG OTTOIEG ATTAITEITAI VO XPNOIWOTTOINB0UV (TOUAAXIOTOV) dUO (2) NETABANTEG KOTAOTACEWV
N 2 flip-flops. Emreidr yia CLR = 1 Ta flip-flops pndevifovral, ptropei (mbavértara) va

BewpnBei 611 Sp = 00 ( Ta Q1 ka1 Q2 Twv duo flip-flops). BERaia Ba TpéTTel va opioBouv Kkai
o1 Sy Kal Sy, o1 oTroieg, €@v dev UTTAPYXOUV GAAa aToIXEia, Ba yTTopoUCaAv va TTapacTabouv

pE S1=01 kai S2=10 (dnAadr n kKavovikr) duadikr} akoAouBia)
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Y (£€0d0¢)

ITivakeg Kataotaoewv

Eival n TapdoTtaon tou diaypdupaTog KATAOTACEWY UTTO HOPQN] TTiVAKA.
2’ autov TrepIAauBdvovtal n rapouoa katdoTaon (PS) n emoéuevn katdotaon (NS), ol

OuVOnKeS 10080V TTOU TTPOKAAOUV TN METARAOCN KAl Ol AVTIOTOIXEG TIMEG £€6O0U.

lMapadeyua 2.3

Metpntic MOD-3 (UP/DOWN)

giocodol : DIR =1 : Metpdel uymrpog 1a KATw (Down)
DIR =0 : Metpdel yrpog T1a eravw (Up)

£¢odol : A,B

KareuBuvon th¢g
TTPOG TO KATW 0
METpNONG

(Down - count)

0
KatetBuvon 1ng
TTPOG Ta TTAVW
METPNONg

(up - count)
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Eicodol "Egodol NS | NS | "Efodoi
(DIR) PS MS | A B PS | DIR=0|DIR=1| A B
0 S S, 0 0 S S S 0 0
1 Sg Sz 0 0 0 1 2
0 S, S, 0 1 S, S, S, |0 1
1 S, S, 0 1
0 S, S, 1 0 S, S, S, 1 0
1 S, S, 1 0
3 2n Mopon
1n Mopon n Mopon

ITivakag 01éyepong Kat e§lomoelg d1eyepong

O mivakag di€yepong TTEPIAAUPBAVEL TIG TIMEG TNG €1I00O0U TTOU ATTAITOUVTAI VIO KABE
METARaoN pETAEU TWV KaTaoTAoEwy, Yia eTTIAeypévo TUTTO flip-flop. O TTponyouuevog
TTivakKag KataoTdoewyv dnuioupyndnke aveEdptnta atrod Tov TUTTo Tou flip-flop, ) Tov TUTTO
TNG OUVOUOOTIKAG AOYIKNG TTOU ETTPOKEITO Va XpnolgoTroinBei. ATra kai armo@acioBdei o
TUTTOG ToU flip-flop TTOU TTPpdKEITAI VO XpNnoIuoTToIinBEi, TTpoadiopidovTal oI ETARANTES
KATAOTACEWV KOl KATOOKEUAZETAI O TTiVaKAG OIEYEPONG.

2’ éva TUTTIKO akoAouBiakd KUKAwua Ba ytropolcav va XpnaoigotroinBouy eite D-ffs gite
JK-ffs.

D-ffs JK-ffs
ATtTAouoTEPN eTTECEPYATIiQ NIyoTEPO OUVOETO
Katd 1o oxedlaoud TENIKO KUKAWMO
lMapadeyua 2.4

Na yivel o oxedlaouog Tou Metpntr) MOD-3 (UP/DOWN) xpnoiuotroiwvtag flip-flops TUTTOU
D.

Atrdvrnon
Kar’ apxrv UTTapxXouV TPEIG KATAOTAOEIG Sy, S1 KAl Sy, KAl TWV OTTOIWV WG PETARANTES

opiCovTai o1 £€0do1 Qq ka1 Q2 Twv (2) ffs TUTTOU D.
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Kardo. | Q1 Q2
Sy 0 0
S, 0 1
S, 1 0

Mivakag opiouou Twv

KOATOOTOOEWV

XpNOIUOTTOIWVTAG TOV TTIVOKA OPIOUOU TWV KATAOTACEWY WG KATAOTACEIG 10000V (PS)
OTOV TTIVOKQ KATAOTACEWY, Kal TIG £100060U¢ D4, D, Twv D-ffs w¢ €mOUEVES KATAOTATEIG

(NS), dnuioupyeital o TTivakag KataoTAoewV dIEyepong wg £EAG:

KATOOTAOEIG
Eicodo¢ PS NS diépyeong ‘E€odol 270 TTapadeIyua
DIR | a1 | o, D, | A B o1 €030
Af@Bnkav 6TTwg ol
0 s;s/ o o so 1o o¥ g
1 Sy q O 0 S, . 1 0 0 0
0 S, | o 1 s, | 1 0o | o0 1
1 S,y O 1 S, , 0 0 0 1
0 sl 1 o s o o1 1
1 S, | 1 0 S, | 0 1 1 0
Eéiowoeic dIEyepons

XpnaolgoTrolwvTag Toug Trivakes—K, dnuioupyeital pia e€iowaon di€yepong yia Kabe eicodo
Twv ffs o€ oxéon pe TG €£10600UG TOU CUCTANATOG Kal TIG JETARANTES KaTdoTOONG (OTN

mpokelyévn Trepimmwon DIR, Q1, Q2)

D, DIR D, DIR
N\ /N

0@0[1\ 11o0]o0]o
% (lofo|x s o ([0 |a ]

N — N
Q, Q,
D, =Q,Q,-DIR +Q,DIR D, =Q,Q, -DIR +Q,DIR
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Katd Tov id10 TpOTTO TTPOKUTITEI
A=Q1 «a B=Q2

To didypappa Tou KUKAWPATOG gival:

DIR
» —
KukAwpua ouvoIiaoTiKAG
- )\OMIK']Q I
Q,
Q > A= Q] , B= Qz
o | D/=QQDIR+Q,DIR D,
- D, =Q,Q,DIR +QDIR -
Ql D, ;
Kataotdoeig
- - d1épyeong TTou
G P Tapéxouv Tic (MS)
- | peTOBANTEG
- QZ DZ -
- O
CLK
lMapaddeiyua 2.5

YAotroinon evég MOD-4 petpnTr pe éAeyxo kateuBuvong (UP/DOWN) kai £€¢odo A.

Amavrnon

@ Aldypaupa KATAOTATEWV

ATtraiToUvTal TOUAGYIGTOV
2ffs
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@ Mivakag KAaTaoTdoEWV @ Opiouég PETABANTWV KATATTAONG

NS ‘E€od0g Kartdortaon Q1 Q2
FS DIR=0 |, DIR=1 A
S0 0 0
S S S 0
0 ! : s1 0 1
S S, S 0 S2 1 0
S, Sy S 0 s, 1 1
S, S, S, 1

@ wivakag S1Eyepang

Ps | Ns P 0px NSOl EX |Eeodos

Q Q) QO LKlLK| QQ [JK LK | Y

oos1zo1oxi1xs3:11 1 X111 X 0

0 18;1 0 1x:x1sozooox:ox 0

1081 1 | X0]1X[S:0 1 [X 111X 0

11sozoox1:x1sz:1oxo:x1 1
I

]/

O mopomdve oThheg
dNovpyHONKAY YPNCYLOTOIDVTOG
Tov wivaxa yio o Jk-ff

] T Q - QnéQn+l J K
0> 0 0
= — 0 -1 |1
— | K QI— I > 0 X
I > 1 1
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@ ESicwosig digyepong:

1 DIR

0 m 0 m J1=DIR-Q, +DIR-Q, =
Q1< ) w ] w DIR ®Q,

\/
Q

Opoiwg K, = DIR-C_)2 +DIR-Q, =DIR®Q,

Kl 2=K,=1

@ E&iomoeig EE6o0v

DIR

N
0 0 0 0
Y=Q0Q
e [o e :
\_/

Q

@ A10YPOUUA KUKAWUOATOC

Y
IR

CLK

RESET
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lpoBAnua 2.1

Na oxediaoTei éva akoAouBiakd KUKAwMA TTou avixveuel Tnv akoAouBia 1 0 1 atd éva
oUvoAO duadIKWVY OTOIXEIWV TToU €l0GyovTal OIpIaKA Ye puBud 1 bit ava TTaAud poAoyiou
(Na xpnoipoTtroinBouv JK-ffs)

Adon:

To KUKAwpa €xel pia ueTaBANnTr eil06d0u X 10U TTaipvel TIG TINEG O Kal 1 Kail pia petaBAnTA
€€0dou Z n otroia yivetal 1 6tav AneBei pia akoAoubia 1 0 1. Kat’ apxrv dev gival gavepod
TTOOEG €ival 01 SUVATEG KATAOTACEIG, O OTTOIEG OPWG JTTOPOUV VA TTPOCBIOPIOTOUV KAVOVTAG
TO OIAYPOUHNA KATOOTACEWV.

‘EoTw Sp n apxIKA KatdoTaon KaTd Tnv oTToia Kavéva atro Ta bit eic6dou dev €xouv PTACEI
O0Tn owoTA akoAoubia. ZTnv KatdoTaon Sy, €dv X = 0 TTapauévouue oTnV KaraoTaon Sy,
EVW €Av X = 1 TOTE €XOUME TO TTPWTO bit OTTWG aKPIBWGS TO AvAPEVOUUE OTNV TTIOUNTH
akoAouBia, cuveTwg yivetal uetéBacn otnv Katdotaon S4. H €¢0dog kal oTig duo
TTEPITITWOEIG €ival UNOEV apoU dev £XEl aviXVeUBEI akoun n TTAPNG akoAouBia.

2 KETTTOMEVOI KOTA TOV id10 TPOTTO €AV €ipaoTe oTn Katdotaon S¢ kal X = 0 petafaivoupe
otnv Katdotaon S, , evw €dv X = 1 TTapapévoupe otnv Sq BewpwvTtag 6T To 1 gival TO
TTPWTO bit TNG avauevépevng akoAouBiag. Edv ipaoTe otnv Katdotaon S,  Kal X = 1 10T
MeTaBaivoupe oTnV KaTdotaon Sz O1Tou N £€£0d0¢ Z = 1, evw €dv X = 0 €MOTPEPOUNE OTNV
Karaotaon Sy . Téhogatmd 10 S; yia X = 0 emOTPEPOUNE OTNV KaTdoTaon Sy , EVW yia
X=10Tnv Sq. ZOyQwva pe Ta TapatTtédvw oXeBIAZETal TO TTAPAKATW SIAYPAMA

KATOOTACEWV.
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ATTO 10 dIAYPOUMA KATOOTACEWY TTAPATNPOUNE OTI £XOUNE TEOOEPIG KATAOTACEIG, Gpa

atrairouvTal 2 YeTaBAnTEG KOTAOTAGEWY, N duo ffs.

MNa Ta oXedIAOPO TOU KUKAWMPATOG YivovTal T TTAPAKATW Bripara:

1. livakag¢ Karaoraoswv

NS "EE0d0C
PS x=0[x=0] 7
SO SO Sl 0
Sl SZ S] O
S, S, S, 0
S, S, S |1

2. OpiIouoS ueraBAnTwy KATAOTACEWV

Q Q,
S, 0 0
S, 0 1
S, 10
S;i1 1
1. TTivaxog diéyepong
Ps | NS~V gy Ns 270 EX
I
QIQZ Ql Qz J1K1IJzK2 Qle J1K1:J7K9 z
I
Se| 00[S:000x 0x8:01/0XTX] 0
S,/ 01(S,:10 X1!/X18:01[0X/10] 0
S,110[S,:00/X1]0XS&:11X0;1X| 0
S| 111(S,:00/ X1/ X18:01[X1 ;X0 1
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4. ESilowozsig difygpong

J X

x
Ql(xxxw Q1<0\1\jx

Q2 ~ - Q2 ~—__
Kl /X\ K2 /X\

i [
*( V] el e

K

Q2 (22
J,=XQ,, K, =X+Q,, R2=X, K,=QX
kar Z=Q,Q,
X

Q, I
Q K,
QZ Jz
o ~H
CLK
84 /98 Tunua MAnpoopikng & ETKoIVwvIWY
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IpoPApata amnd KataoTaoelg IOV OEV XPI|CTHOIOI0VVTAL

‘Eva akoAouBiokéd KUKAwua PTTopEi va Eekivioel atmd hia KaTdoTaon n otroia dev
XPNOIUOTTOIEITAl, 1) VA EP@AVIOEl pia TETola KaTtdoTaon Adyw Bopufou. 2 auth n
TTEPITITWON N CUMTTEPIPOPA TOU KUKAWUATOG €ival pn TTPORAEWIUN.

AnAadr éva ouoTNPa PTTOPEI VA £XEI TO TTAPAKATW JIAYPAPUA KATAOTATEWV

Anladn
MOD-5
HeTpnTAG

YTapxouV TPEIG KATOOTACEIG Ol OTTOIEG DEV XPNOIYOTIOIOUVTAI KAl OI OTTOIEG ITTOPET va
ep@avioouv dIAPopeS AANNAETTIOPACEIS TTOU EAPTWVTAI ATTO TOV TPOTTO UAOTTOINONG TOU
KUKAWMOTOG.

[a mapadeiyua:

W b

KATT.

Auoon:
MepiAapBavovtal oTo dIAYPAPUA KATAOTACEWY KAl O KATAOTACEIC TTOU OEV
XPNOIYOTTOIoUVTAl, O€ MIa AOYIKR ETTAVAPOPAS OTNV apXIK katdoTaon (Reset circuitry).

AnAadr kataokeudadeTal Eva dIAYPANPA KATOOTACEWY TO OTTOIO OEV ETTITPETTEI TNV EUPAVION
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KATOOTACEWV ‘Trayidd’, A €dv uttTdpéouy, n euPAavion Toug va £yIVE TIPIV TNV €vapgn Tou

poAoyiou.
M.x
\ Mn xpnOLULOTOI0V EVEG
KOTOGTACELS
lMapaddeiyua 2.6

Na oxediaoTei o yerpntc MOD-6 Gray Code xpnoipotroliwvTag D-ffs pe didypauua

KOTAOTACEWV

S
% ' 7000 Oewpoupe oTO

TTapadelyua yag Ol ol
KaTaoTdoeig PS givai
iDIEG UE TIG

% ) KATOOTAOEIG £€6O0U.
Mn ypnG1HLOTOI0VUEVES

KOTOGTAGELS

Armravrnon
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PS+E&odot NS+Katactdoelg
diéyepong
Q, Q, Q, D, D, D,
Se: 00 0 | S,: 0 0 1
S;: 001 |S,: 0 1 1
S, 011 [ S;: 0 1 0
S;: 01 0 | S,:1 1 0
S4:1 1 0 | Ss: 1 1 1
Ss:1 11 | Se:0 0 0
Se:1 01 | Se: 0 0 0
S5 1 0 0 | Se: 0 0 0

TeAIk6 KUKAWHO

A A A A A A w w L J

Q D, b
Q,
Q D, <
Q

—— CLK
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Aoxknonq 2.1

TEI Zeppwv

AOKNOEIG ETTAVAANYNGS 2

Na oxediaoTei To KUKAwpa TTou peTaTpétel éva SR-ff o éva JK-ff.

Auon:

Mivakeg aAnBeiag Twv 2 ff's

J K| Q,,
00| Q
01| 0
1 0| 1
11| Q,

S R1Q,,
00| Q,
01| 0
10| 1
11| -

Mivakeg cuoXETiong TWV 1000wV TwV 2 ffs

JKQnQnHSR
000 O 0 X
0 01| 1 X 0
010] O 0 X
011 0 0 1
1 00| 1 1 0
1 01 1 X 0
110 1 1 0
111 0 0 1

WYnoeiakd KukAwparta
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ESaywyn ekppdoewyv Twv R,S o€ ouvdpTtnon pe ta J,Kk,

S JK R
00 01 11 10 00 01 11 10

01 © 0 (} 0| x X 0 0
Q,
X 0 0 X 1l oo (D 0

TeAIKO KUKAWpQ:

)
S QI 1t
J —/ > CLK
K ; R Qe
Aoxnon 2.2

EmOBupoupe va oxedidooupe éva ff véou TUTTOU, TO OTTOI0 OVOpPAloupue ‘X-Y’ flip-flop kKai Tou

oT1Toiou o Trivakag aAnBeiag divetal wg €EAG:

Na d¢igte 611 TO X-Y ff ytmopei va
oxedlaoTei pue Baon 1o S-R ff.

»—»—oox
’_‘Or—to,_<

Qlol — o R

=]
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Avon:

O mivakag aAnBeiag Tou S-R ff givai:

S R|Qu
00 Q
01 0
1 0 1

1 1 -

Mivakag cuoxétiong Twv 2 ff's

Qn+1

=]

—_————e oo o |4
—_—_O O OO "<
—o—o—o—o L

OO M= = OO
o—o—=X—oco W
~o»—ooo-><7u

S, R ocuvaptioel Twv X, Y, Qn

S XY
00 01 11 10

Qf 0 /ﬁ\ <I::E> S=XY +XQ,

QO /;\ ° ° ° R=XY +XQ,
Ve G

TEI Zeppwv
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TeAIKO KUKAWpMO:

X
— s Q
R Q
[ XQn
Aoxnon 2.3

MNa 10 peTPNTA TOU OXUaTog Bewpoupe 611 OAa Ta ff cival TUTTOU (Master-slave). Edv 6Aa
1a ff okavdaAifovTal (trigger) katd T BeTIKR évauon Tou TTAAROU Tou POAOYIOU Kal KATd TNV
€KKivnon eival 6Aa o€ karaotaon 0, va:

a) oxedlaoTei éva kukAwpa (R,C, d16dou ) TTou divel TIG evauoelg

B) oxediaoTei TO KUKAWWa Tou M-S Tou JK-ff

Y) BpeBouv o1 £¢odol A, B, C Tou PETPNTA YIA TOUG TECOEPIG TIPWTOUG TTAAUOUG TOU

poAoyiou.
CLK
J A J B J cl—

1_,_—K A 1 _,__K B K C
Auon:
a)

C
CLK, N CLK,

N
- av,
R VAN v, Vo=RC—
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OToAEIPETAL AOY®
g 51660V

: Master Slave

=

S =SS e iD o
Do

L

CLK

Y)
Holuéc|A B C |JA(=C) Ka [JBE=A) KB/JC(=B) KC(=B)

0 0O 0 O 1 1 0 1 0 1
1 1 0 O 1 1 1 1 0 1
2 0 1 0 1 1 0 1 | 0
3 1 0 1 0 1 1 1 0 1
4 0O 1 O

Aoxnon 24

‘Evag ouyxpovog HETPNTAG 4 BaBuidwy €xel 16 KATaOTACEIS Sp £wg S1s5), 0TTOU S =000 0,
S1=0001,=0010K.T.A.

a) Na oxediaoTtei 0 TTAPNG oUYXPOVvog PETPNTAG TTou Ba TTapdyel Kai TIG 16 KaTaoTACEIG
diadoyIkd ka1 augnTika ( up-counter).
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B) Na TpoTrotroInBei T0 apXIKO KUKAWHA WOTE va TTAPAYEI JI TTEPIOPICPEVN aKOAouBia

KataoTdoewyv PETAEU TNG S7 Kal Sq3

Auon:

a) D C B

>

Ll
Ql

i
[ T

CLK

Katdotaon Kartdotoon
aviyvevong EMOTPOPNS

(v)
ABCD

H kardoraon aviyveuone ~ X=S,;=1101= ABCD

Kavovikr diadoxn 1101 > 1110

EmBuunrtr iadoxn 1101 —» 0111
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Otavto X=106nAadiA=1,B=1,C=1kai D=1 161 B TTPETTEL

T0 A, TO OTTOIO O€ KaVOVIKr d1adoxr dev Ba dAAale, OTnV TTPOKEIPEVN TTEPITITWON Ba TTPETTE
va aAAGgel kal atto 1 va yivel 0. Xuvettwg 1o Ta Ba TTpéTrel va kpaTtnBei o1o 1. To B kai C dev
atraITouv aAAayr dI0TI £XouV TIG idIEG TIMEG TTOU Ba gixav o€ KavovikA diadoxr, evw 10 C, To
oT1T0io UTTé Kavovikr diadoxrh 6a adAAale atrd 1 o€ 0, evw guEic eMOUPOUNE va TO

Kparfjooupe oTo 1, Ba TTpéTTel va avaykdooupe 1o Tp va givai 0.

MNa va €xoupe otnv €i0odo Tou T 170 1 XPNOIKMOTTOIOUHE TO KUKAWMPO

X
D}NEW

KOVOVIKT
€i6000g

karyia T oto 0

X :

| TNEW
KOVOVIKY
€i6000g

Apa TO TPOTTOTTOINKEVO KUKAWA €ival:

i
Ii

o

|
]
]
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Aoxnong 2.5

Eival To rapd&deiypa 5 atmd 11 onueIwoEIS Tou abiuatog 9.

Abon:
a) Aldypapua 6TTwG TIG ONUEIWCEIG
B) Mivakag 6TTwg TIG ONUEIWOEIG
y) E€icwoeig digyepong
D, Q D Q,

N N
K RIGE
IR R RV R

D, Q,

BIDS
Q(O@OO

D, :§Q3 +Q2Q_3 :GQz +D,
D, :Q_1(_22 +Q1Q2Q_3 :Q_162 +Q,D,
D, :QzQ_3

To TeAIKO KUKAWWA €ival OTTWG OXEDIAOTNKE OTO TTAPADEIYUA 2.6 TWV ONUEIWTEWV.
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EYPETHPIO

A

Avamndnon €16000v, 66

Clocked SR - ff, 62

Flip — Flop tomov D, 62
Flip — Flop tomov JK, 64
Flip — Flop tomov T, 64
Flip — Flops, 59

MAXIMUM MODULUS (M), 75
MOD-M petpnrrg, 76

MODULUS, 75

MODULUS M, 75

SR (Set-Reset) flip-flop, 60

AxorovOiaxn Aoy, 58

AxolovOiakr| Aoykn, 58

Alyeppa Boole, 21

Avtikotdotacn ToAdv pe Toreg NAND, 37
Avtikotdotaon ToAdv pe Todeg NOR, 38
Avtyetafeticn wiomra, 22

Amot katayopntég, 70

AmoppoenTikn 1010t TaL, 22

Aociyypova akodovbiaka KukAdpata, 59
AcVyypovol petpntés, 72

Ievikég popeés xuxopdrav, 58

Agkadiko cvotnua, 6

Agxae&aducd ovotnuo, 6

Ay papLaTo KOTOOTAGE®DY, 76

Awypappata kotootdoemv (state diagrams), 76
Adtoén “Agévin — Zxhdpov”, 68

Avadikd cvetnpa, 6

Extetopévog mivokog aAnbdeiog, 60
E&iomoelg diéyepong, 79

TEI Zeppwv

Wnoelakad KukAwpata 96 /98

Tunua NAnpogopikng & Emkovwviwv



© AvaaoTtdoiog |. MTTaAOUKTONRG

Empepiotikn wiotmra, 23

Eopappoyés ff, 69

HpwoBpoiotg, 29

Bempnuo De Morgan, 35
Bemprnota De Morgan, 24

I310tnTeg Kot Kavoveg g dAyeBpoag Boole, 21

Koxn Aertovpyio KUKAOUAT®V TOL ¥pNnoiponolovy dadoywd ff, 67

Kavévag De Morgan, 23
Kavovag ehayiotomoinong, 23

Kavovikn popor abpoicpatoc, 25, 26, 27, 28, 33, 42

Kavovikn popor abpoicparoc, 25, 56

Kavovikn popon ywvopévov, 25, 31, 32, 33, 38, 44
Kavovikn popon| ywvopévov, 30, 56

Kartaotdoelg mov dev ypnoomotovvrar, 87, 88
Kartaympntég odicbnong, 70

Kvkhopata petpntov, 71

Kadwkog Gray, 17

Kadkog dptiog iootipiog, 19

Kadkog meprrtic wootytiag, 18

Kddwkes iootipiag, 18

Kddwkeg pe aviyvevon opdipartog, 18
Kwdwonoinon BCD (Binary Coded Decimal), 16

Aoywég mpaéetg, 10

Aoywég Tpaéelg pe ua petapinty, 21, 22
Aoycég Tpaéels pe otobepéc, 21

Aoyikég Toreg, 10, 39

Metatponn and BCD og dekadikd, 16
Metatponn] dekadikov o dSvadiko, 8

K

M

TEI Zeppwv

Metatpon] ToV KAAGLOTIKOD LEPOVS EVOG OEKAGIKOD aptOLOy 6TO avVTIGTOL0 KAIGUATIKO HEPOG TOV dVadKov, 9

Metpn g aAfpovg akorovdiag, 75
Metpntig Tunpotikng akolovdiog, 75

Oxtadwd cvotnpa, 6
Opopdc TV oYKV EmmEdwY, 2, 20

0]

IT
[Mivaxag oAndeiag, 15, 20, 28, 29, 30, 32, 35, 36, 55, 92, 93
Mivakag oinbeiog, 11, 12, 13, 25, 43
Mivokag 6iéyepong, 79, 86
[Mivaxeg Karnaugh, 39
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[Mivaxeg Kataotdoewv, 78
[MApng ABpowotng, 44
[pocetapiotikn 1610t TaL, 22

Zmvnpec, 46

Ytoryeio katdotoong, 77

Ytoryeio petdpaong Kotaotdoewy, 77

Zoyypova axolovboka kukAdpota, 59

Xhyypovor petpntéc, 74

SuvovaoTikn Aoyikr, 58

Zovheon ynelokov Kukidpotog, 33

Zovheon yneokdv kukkopdtov pe todes NAND, 35
Zovheon ynoeukdv kukhopdtev pe toieg NOR, 38
Zvotypota apipmv, 6

Yyedloon ynoaknig AOYIKNAG cuvaptnong, 25

2y eN0GUOS YNOLOKOD KUKADUATOS, 29

Tolaviooel og ff Aoy avadpaong, 67

YXonoinon D ff, 25, 34, 62, 81

YXonoinon JK ff, 64

Yhonoinon T ff, 64

YXomoinon cvyypovav flip-flops pe 6povg SR-f, 65
YXomoinon tov SR ff pe moleg NOR, 62

Yropén adibpopov tepittdoenv, 43

WYnoaxn oA, 11
Yneuokn moin AND, 11
Pneuokn moAn NAND, 12
Yneuokn moan NOR, 12
Yneuokn woAn OR, 11
Pnowaxn moAn XNOR, 13
Pnoaxn moin XOR, 13
Wnoaxn ©oin NOT, 12

TEI Zeppwv
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