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MpoAoyoc

Ot onuewwoelc avtég amotedovv Pactkd dwoktikd Pondnuo yi to padnuo «Pneloxd
Kvkhopato» mov dwdoketar oto Tunmupa ITIAnpopopikng & Emkovaviov tov TEI Zeppdv oto
3° e£qunvo omovddv.

H avéntuén tov ymeokodv nAeKTpovik®v, Tov mpaypatoromonke to teevtaio 30 ypdvia,
amoTeEAEl YEYOVOG, Y10, TO OTTOT0 OEV VITAPYEL KATL AVAAOYO GE KOVEVAY GALO KAADO TNG EMGTHUNG
oV unyovikob. Mdalota katd T paydoaio avty avantuln, eV TO TPAYUATIKO KOGTOG TV
YNEK®OV oAOKANpoUEVOYV kKukAopdtov (hardware) peudvovrov oto picd kébe €tog, M
ovvBeon Kot 1 TOALTAOKOTNTA TOVG TETpaTAactalovtoy Kdbe Tpia £Tn).

"Exovtag vmoyn 1o Topamdve GKNVIKO TS TaydToTNG AvATTUENG, Ol GNUELOCELS doUnOnKay pe
Katehhvvon va mapEYoVV GTOVG POITNTEG TIG OvayKoieg BepeMdOeg Evvoleg TG YNOLOKNG
AOYIKNG KOl TOWTOYPOVO VO TOVG £E0IKELOVOLV e HEBOOOVS GYESGHOV Kol TEYVIKEG OTO
enmimedo Tov cvotuatog. Emniong, otig onueidoeig meptAapfavovtal 0oKNGELS Y10 TOVG (POITNTEG
e T1g AOGELG TOVG, MGTE VO, AVOOEIKVOETOL 1] TPOKTIKY] YPNOLOTNTA TOV H0POPOV EVVOIDV TOV
gloayovtol ot Bewpia, 0AAE KoL 0 COGTOC TPOTOSC EPOUPLOYNG TOV.

Onwoonmote, yio meplocotept epfdbuvon, amorteiton 1 yprion npochetng Piproypapiog, N
omoia dwotiBeton otn PipAodnKn tov TEI XZeppiv.

Avootdcotog MmoAovkTong
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ZUCTAHHATA ApPIOuwWYV

‘Eva oUoTnPa apiBuwyv XpNoIUoTToIEl £va gUVOAO CUPBOAWY yVWOoTO we wneia. YTradpxouv

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

Agkadiko ovotnpa

2710 OekadIKO oUoTNUA XpNnolugoTrolouvTal déka wneia 0, 1, 2, 3,4,5,6,7,8, &9, evw 10 10

opileTal w¢ BAcn Tou CUCTAUATOG.

lMapaddeiyua 1.1:

503,14 =

500+0+3+L 44
10 100

5:-10°+0-10"+3-10"+1-107" +4-107°

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

@d, .ddd d ,.d )

otrou d, (0,1,...,9) €ival o1 CUVTEAEOTEG TwV avTioToIXWV duvapewy Tou 10.

Avadwko cootnpa

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

Bdaon 8, oktadikd cuoTnua, i

Baon 2, duadiké cuoTnua.

2710 dUOBIKO cUCTNPA TToU €xel Baaon To 2 uttdpxouv duo wneia, To 0 kai 1o 1.
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Hapaderyua dvadixov aprBuov:

1010

1x2° +0x2? +1x2" +0x2°

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

H popen NG yevikng TTapdoTacng oTo OUadIKG ouoTnPa 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) givanl duadika wneia (bits) TTou TTAPICTAVOUV TOUG CUVTEAEOTEG TWV
QAVTIOTOIXWV OUVAUEWY TOU 2.

MNa Tapddeiyua ol aképaiol duadikoi apliBuoi e 4 ynoia gival TNG JOPPNAG:
b,2°+ b,2° + b,2' + b,2°

O peyaAuTepog apiBuég ue 4 wnoia gival o 117117 o otroiog gival IcodUVANOG PE TOV OEKABIKO
apibuo 15.

1 1 1 1
22+ 22+ 2'+2°

8+ 4+ 2+ 1=15

Fevika évag Suadikog aplBudS ue n wneia Ptropei va rapacTtrioel éva eUpog amd 2"
dekadIkoUg apiBuoug:

1 ynoio 0«kar 1

2yneia 0 - 3

3ynoeia 0 - 7

4 ynoia 0-15

Synoia 0-317 KA.
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Merarpori dekadikou o€ duadiko

Na TN peTaTpoTrh VOGS aképalou DEKADIKOU o€ duadIKO XpnolpoTrolgiTal n dladikaoia Tng
d1adoxIKAG dlaipeang wg €ENG:

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

Kal 0 avTiOTOIX0G OEKADIKOG TOU: P = b2"+b, 27"+ .b2"+b2

OUVETTWG TTaPATNPOUNE OTI dlaipwvTag Tov D pe To 2 TTPOKUTITEI WG TTNAIKO TO

b2"'+b, 2"+ .52

KAl WG UTTOAOITTO TO bo

Katdtmv diaipwvTag 10 TTNAIKO YE 2 8a TTpoKUYE! WG VEO TTNAIKO TO
b2"'+b, 2"+ ..b,2°

Kol uTT6AOITTO b,

EmmavalapBaveral n diadikacia péExpl va TpokUuyel TTNAIKo undév. Ta utréAoitra Twv

OlaIpécEwV €ival ouolaoTIKA Ta wn@ia Tou duadikou apiBuou.

lMapaddeiyua 1.2:

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

Araviyon
1" owaipeon ue o 2;

D/2=19/2= myiixoe 9 ka1 vnolowmo 1  dpa by=1
2" owaipean ue to 2;

9/2= wnliro 4 ka1 vwoloimo 1  apa b=1
3" dwaipean pe o 2;

4/2= nlixo 2 kot vwolowmo 0 dpa. b,=0
4" owaipean pe to 2;

2/2= anldixo 1 ka1 vmolowwo 0  dpao. b=
5" owaipeon ue o 2;

1/2= wnliro 0 ka1 vwodoimo 1  apa b=l

OUVETAG 0 AVTIGTOIX0G dVAIIKOS aplOudg eivai:

Bz=10011=1910
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Mo TN METATPOTTH} TOU KAAOHATIKOU PEPOUG £VOG DEKADIKOU apIiBuoU OTO avTioOTOIXO
KAQOMOTIKO HEPOG TOU duadIKOU xpnailyoTrolsital n dladikacia Twv d1adoxIKwV
TTOAQTTAQCIQO WY WG EENG:

Ceviki pope@r| Tou KAQOHATIKOU Pépoug evog duadikou eivar: (b b ,..b ),

Kl TO AvTiOTOIXO KAQOMOTIKO HEPOG TOU deKadIKOU gival:

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

OUVETTWG TTapaTnPoUpe OT1 TToAAaTTAacidlovTag Tov D pe 1o 2 TTPOKUTITEL,
b ,+b ,2 "+ ..b w2 ml

Gpa 1o aképalo PEPOG Tou veou apiBuou (0 A 1) eival To yngio b_ | Kal TO KAAOPATIKG TOU
MEPOG TO

b ,2 '+ .0 w2 ml

Katotmv ToAAaTTAAGIAZOoUpE TO VEO KAQOHATIKO PEPOG PE 2 OTTOTE TIPOKUTITEN TO wnoio b ,

EmavalauBdveral n diadikacia péxpl va TTPoKUWEl KAAOUATIKO JEPOG UNdEV 1 va

EMITEUXOEI N €MBUUNTA akpifela.

lMapaddeiyua 1.3:

Na ustatpanei 0 dekadikos 28.375 atov avtietoryo dvadiko

Anraviyon

Hpara vroloyiletar to axépaio uépog:

1" dwaipean ue to 2:

D/2=28/2= rtnlixo 14 ka1 vmoloimo 0 dpa by=0
2" owaipean ue to 2:

14/2= mylixo 7 ka1 vmoloimo 0 dpa b;=0
3" owaipean ue to 2:

7/2= wnliko 3 kar vwolowmo 1  dpa. by=1
4" owaipean ue to 2:
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3/2= anlixo 1 kot vwolowmo 1  dpa. bs=1
5" owaipeon ue o 2:
1/2= nlixo 0 kot vwolowmo 1  dpa. b=

2VVErMS TO aKépaio uépog tov dvaoikov eivar: 11100,

Katomy vroloyiletal 10 KLAGUATIKG UEPOS TOV OVAIIKOV:
0,375 x 2 = 0,75 pe axépairo uépos 0 kair kiacuatixo 0,75
0.75 x2=1.50 ue axépaio uépos 1 xou kiacuazixo 0,50
0.50 x2=1.00 ue axéparo uépos 1 kot kiacuatiko 0

2VVETAG TO KAAGUATIKOG UEPOS TOV dvadikod givau: 011,

0 avticTolyog dvadikog eivau: 11100, 011,

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

(2) Na perarparmouv or duadikoi apiBuoi aTous avrioToixous OeKadIKOUS:
(a) 00101,
(8)101011,
(v) 0,1101,
(6)111101,101111,

Baoikég AOYIKES TTPACEIC — AOYIKEG TTUAEG

Mia Aoyikni TTpdén peTagu petaBAnTwy gival pia cuvapTnon Tou opideTal atrd £vav Trivaka
aAnBeiag (truth table). To nAekTPIKO KUKAWMO TTOU €KTEAET pia Aoyikr TTpdén ovopddeTal
Aoyikn R wneiakn muAn kai TrapioTéveTal atrd éva oupBoAo. Ta duadikd wneia 1 kai 0,

TTOU OUCIOOTIKA TTaPIoTAVOUV TIG OUO KATAOTACEIS aAnBng (true), weudnc (false), otn
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QUOIKA TOug UTTGoTAON €ival dUO BIAKPITA ETTITTEdA NAEKTPIKAG TAONG (OUVARBWGS OTNV

1I0avikn TTepiTITwon 5V kai OV).

Wneuakr moAn OR

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

2ZuupBoAo lMivakag aAnBeiag
A A B| z
z 0 0| O
B 0o 1 1
1 0 1
1 1 1
Z= A+ B

Time t

Whneuaxr moAn AND

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

2uupBoio lMivakag¢ aAn6ciag
{ . o
- time t
s | [
/Z=A-B !

praiinl
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Whneuaxr moAn NOT

Anuioupyei avTiIoTpo@r) TOU CHPATOG 10000V

2ZuupBoio MMivakag aAn@ciag
NOT A |4
0 |1
A z
I |0
Z=A

Whgeuakr moAn NAND (NOT AND)

TEI Zeppwv

time t

|

H €¢odoc eival weudng (0) povo étav A kail B gival aAnBeic (1)

2uupBoio lMivakag¢ aAn@ciag
NAND A B | Z
" 2 0 0|1
B 0 1 1
_ 1 0 1
/Z=A-B 1 110

Wneakr moAn NOR (NOT OR)

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

2uupBoio lMivakag¢ aAn@siag
A A B|Z A |
3 D—-z 0 0 1 B time t
0O 1 (0 B
1 0|0 t
= + -
t
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Wneakr) moAn XOR
H €€odog cival aAnbn¢ (1), 6Tav i pia ek Twv dUo €106dwv gival aAndng (1), aAAd ox1 kai ol

duo TauTodxXpova:

2uupBoio lMivakag¢ aAn@ciag
DD« A B|Z
0O 01O
_ 0 1 1
Z=APB 1o |1
1 110

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

(1)

2ZuupBoio livakag¢ aAnOcsiag
A A B | Z
z 0 0 |1
B O 1 (0
1 0|0
- 1 1 |
Z=ADB
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ZoVonTiKOg NivaKdag AOYIK®V HOA®V

TEI Zeppwv

Ovouagia

>0pupoAo xéon

Mivakag aAnB¢eiag

B
0 0 0
A 0 1] 0
AND | * ) Z=AeB PO
0 0 0
0 1 1
ok 0t ot zeap 14|
Ny 1
NOT A—‘>@—Z /=4 1 0
00 1
Al 0 1] 1
z 10 1
NAND e b 7 1eB Lol
0 0] 1
0 1] 0
A — 1 0] 0
NOR B:D“Z Z=A+B S
0 0 0
A E
XOR _
BDZ 7=APB 1 1[0
0 0 1
A - 0 1] 0
XNOR Dz Z=A®B Lolo
B
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Avvaroi mivakeg aAnbeiag oto dvadiko cvotnpa

‘Evag TTivakag aAnBeiag TapioTavel T ouvapTnon JETagU Twv 1000wV Kal TNG €000V £VOG
Aoyikou cuoTAuatog. lNa duo ei106doug (F, T) uttdpyouv TEcoEPIG TTIBavoi cuvduaC oI

TTPAYUATIKWYV TIMWV:
FF, FT, TF, TT

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

OUVETTAyETal OTI 01 duvaToi TTivakeg aAnBeiag yia Eva Aoyikd ocuoTnua dUo €1I00dwV Eivai:

2'=16

‘OMoi ol rivakec aAnBeiac yia duo sigdédouc A. B kai pia £€0d6o Z

TIMEG €106d0U

A F FTT

BIE TFET S VG £€0B0c 7. S pRol
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 - -
12|T T F F Not A A
13(T T F T - -
14\ T T T F NAND A-B
51T T T T TrdvroTe 1 1

AMN\ot tpomot dvadikiig KwoKomoinong

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

KWOIKOTTOINONG Ol OTTOI0I XPNOIMOTIOIOUVTAl O€ OIAPOPES TTEPITITWOEIG.
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Kwaixkoroinon BCD (Binary Coded Decimal)
H kwdikoTroinon kabiotd duvaTth TV atrAf HETATPOTTH JETAEU duadikoU Kal OEKABIKOU
apIBuou. Kabe yneio evog dekadikou aplBuou avTikabioTartal atrod 4 bits Tou avtioToixou

ouadikou Tou.

lMapaddeiyua 1.4:
Merazpomij tov 45,9 oc BCD

/45\
4 5
0100 0101

Enmouévars 45;0=01000101

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

Wnoio. Katotv n KGBe oudda YETATPETTETAI OTOV AVTIOTOIXO OEKADIKO.

lMapaddeiyua 1.5:
Merazpomij 1010011 oc dexadié

Anravryon:
IlpocOsan undevikov T
Xopiouog oe opdoes twv 4
. , 0101/0011
Kal puetatpomy tne Kdbe 5/3

OUdOOS GTOV AVTIOTOLY0 OEKAOIKO

TEAIKO amoTélecua. 0101001 1BCD = 531 o
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Kwdikac Gray

2UXVA XPNOIPOTTIOIEITAlI € NAEKTPOVIKG KUKAWUATA IO TNV aTtToQuyr TTPoRANUATWY TTou Ba
MTTOpOUCAV VA TTPOKUWOUV €AV XPNOIJoTTolouvTay n atreubeiag duadik KwdIKOTToinon.
MNa Topddeiyua, o€ HETPNOEIG TNG BE0NG VOGS AVTIKEIUEVOU, Ba UTTOPOUCE VA QaiveTal OTI
YEITOVIKEG BECEIC TOU AVTIKEINEVOU DIAQEPOUV TTEPICCOTEPO aTTd £va bit, edv XpnoipoTroinBei

n atreuBeiag duadiki 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 opaAuaroc

270 YNQIOKA CUCTANATA, UTTAPXOUV TTEPITITWOEIG OTTOU KATA TNV TTapaywyr 0edouEVwy Kal
TNV €TMEEEPYaATia autwy, euavi¢ovtal o@aipaTta. MNa Tapddelyua KAToIo yneio 1, evog
ouvOAou duadIKWV Yneiwv, PTTopEi va petatpaTtrei o€ wneio 0, €ite KATd TO OTADIO TNG
METAdOONG, €iTE yIATI TO YNPIOKO cUOTNUA dev Asitoupynoe ocwoTd. Mia atrAr yébodog,
QViXveuong Tou OQAAPATOG, €ival n xprion Tou Kwdlka avixveuong AdBoug, n oTroia

Xpnoiyotrolei éva emTTAéoV Wn@io 1ooTIPiag (parity bit).

Kwbtxeg tootiulog

ITepttty tooTipior

Avo &idy

‘Agtio oot

Anpioupyia eTITTAEOV Yn@iou I0OTIPIAG TTPIV TN JETAdOOT TNG AéENG BEDOUEVWV

Kwoikac nepiTric 10oTiuiac

To wneio 1coTiyiag gival 0 av To cuvoAo Twv wneiwv 1 gival TTepITtd. To Yneio 100TIHIOG
gival 1 av 10 ouvoAo Twv Yneiwv 1 givar pTio.

MNa apddeiyua n duadikr Aégn 010001 £xel apiBud wneiwv ‘1’ dpTio, CUVETTWG Ba

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

1 010001
— Aedouévo
wneio 1ooTiuiag

TTapouoiwg n duadikr Aégn 01000 £xel apIBUS wneiwv ‘1’ TTEPITTO, CUVETTWGS Ba HETAdODEI

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

Kwdikac dpriac iootiuiac

AVTIOTPOQOG TNG TTEPITTAG I00TIMIAG. To wneio 1ooTIhiag ival 1 av To ouvoAo Twv ‘1’ gival
TePITTO. To wneoio 1ooTipiag gival 0 av To ouvoho Twv ‘1’ gival apTio

MNa Tapddeiyua n duadikr Aégn 10110 £xel apiBud wneiwv ‘1’ TEPITTO, CUVETTWGS Ba

METOBOBEI e Wnoio 10oTIPiag ‘1°, €iTe:

110110
— Aedouévo
wneio 1ooTiUiag

YT106€0Te OTI KATA TN HETAdOON dnuIoupyEiTal c@AAua Kal n AéEn aAAalel otnv 11110,

OTTOTE AUTO TTOU AauBAveTal gival TO

111110
— Aedouévo
wneio 100TIUiag

‘Evag €AeyXog 100TIPiag Ba £BiIve wnoio 1coTiiag ‘0’, aAAd TO yneio 1I00TIYIag TTou

Aaupaveral givai ‘1’. H acupgwvia dnAwvel 611 uttdpxel o@aAua, aAAd oxi Tn B€on Tou.

Wnoelakd KukAwpara 19795 Tunua MAnpoopikng & ETKovwvIwy



© AvaoTtdoiog |. MTTaAOUKTORG TEI Zeppwv

Oplopog TV AoyK®V emunédwv

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

A —
Eiocodoi B F ‘E§odo¢

YT1rapyouv dUO €idn oplopou Twv Aoyikwy eTTITTEdWV. 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 mn BeTIKA KWAIKOTTOINON TOU TTAPATTAVW KUKAWMNATOG

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

AnAadn ekteAei Tn Aoyikr) ouvapTtnon AND.

Edv Bewpriooupe TNV apvnTikh KwdIKOTToinon T0Te Ba £XOUE:

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 cUuoTnua utropei va Trapoucidoel Tnv AND i OR
OUUTTEPIPOPA avaAoya Pe TNV TTOAIKOTNTA TG KWAIKOTToINONG.

Eival aglorpdoekTo 011 €va KUKAwPa To oTToio TTapouaciadel Tnv AND cupTtrepipopd oTnv
BeTIKA KwdIKOTToiNoN yiveTal TTUAN OR oTnVv apvnTik KwdikoTtroinon kai 6x1 TuAn NAND.

O1 TTEPICOBTEPOI KATAOKEUAOTEG XPNOIMOTTOIOUV TN BETIKA KWAIKOTTOINON.
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AAyeBpa Boole

O1 apx€g NG AoyIknig avatrTuxdnkav atrd Ttov George Boole (1815-1884) kai Tov Augustus
De Morgan. Ekato xpoévia apyotepa o Claude Shannon (wg JETATITUXIAKOG QOITNTAG OTO
MIT) €de1&e OT1 N GAyePpa Boole nTav oxeTiKA pe TNV avaAuon SIoKOTITIKWYV (switching)
KUKAwPaTwv. H dAyeBpa Boole aTtroteAei Tn pabnuartikr) B&on yia TNV NAEKTPOVIKN)

emeepyaaia TNG dUAdIKAG TTANPOYOpPIagG.

I010TnTEG KA KaAvOveg g alyePpag Boole
O11816TNTEC Kal o1 Kavoveg NG AAyeBpacg Boole epapudlovTtal Kal IoXUouv O€ TPEIG KUPIES
OMAdEG TTPALEWV.

1. NoyikéG TTPAgeIG ue oTaBEPEG.

2. NOyYIKEG TTPALEIG PE YIa PETABANTH.

3. NOyIKEG TTPALEIG UE BUO 1) TTEPICCOTEPEG 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 L€ 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 cyéceig:

A+ A=1 kai Ael=A

XPNOYOTOIOVTAS TOV TivaKka ainlsiag

Anravrnyon:

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

NOYIKEG MPAEEIC-IOIOTNTEC LIE OUO 1} NEPIOOOTEPES LETAPANTEC

AvTiueTa@erikn 1610TNTA

A+B=B+A
A e B=Be A

Amoppoentikn 1610TNTA
A+ (AeB) = A
Ae (A+B) =A

lpoocsraipioTiki 1810TNTA

A+ B+0 =(A+B)+C
A e (BeC) = (AsB)oC

Emiuepiorikn 1810TnTA

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 amoderylci 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. amooderybei oti:
AB+ AB =4
A+(AB)= A(A+B)= 4

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

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

Emionc n amédeién umopei va yivel kau ue T xpron tov mivaka ainlsiag:
Al AsB| AHA*B)
0 ‘ 0 ‘ 0
1l B 1
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Ta Bewprjpata De Morgan gival o onuavTikd oTnv AoyIkr} oxediaon OTTou CUCXETICovTal
AND kai NOR 110Aeg, 11 OR kol NAND 11UAeG. MNa TTapddelypa XpnoiJoTToloUdE Ta
Bewpruata De Morgan yia va oxedidooupe éva ouvduaoud Tuhwv NAND TtTou gival

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

XpnoiyotrolwvTag Ta Bewpriuata De Morgan:

f=A+B=AeB

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

emeid) A A= A, pia TOAn NAND e idigg 10650U¢ TTapouaiddel TNV AsiToupyia TNG TTUANG

NOT. ZuveTtwg TTPOKUTITEI TO TTAPAKATW KUKAWHA:
b
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 ETMOUNNTAS OUVAPTNONG, N CUUTTEPIPOPAG.
H diodikaoia oxediaong mrepIAauBAvel Ta TTAOPAKATW Bripara:

2a@ng diIatuTTwaon TNG ETTMBUPNTAG CUVAPTNONG-CUPTTEPIPOPAG
Mivakag aAnBeiag
‘Ek@pacn NG ouvAapTtnong utrd popen eTaBAntwy (dAyeBpa Boole)

L nh -

KaTtdAAnAn emmegepyaacia Tng ouvApTNONG yIa TNV £Eaywyr MIag atrAoUoTEPNG
HopQnrg
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5. YAotroinon 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 oovaptocwv

YTTapxouv OUO KAVOVIKEG HOPPEG AOYIKWV CUVAPTIOEWYV, N KAVOVIKI JOp®R aBpoiouatog

Kal N KAVOVIKH Jop®r] YIVOPEVOU

Kavovikii Lop@ri aBpoiouaroc

Anpioupyeital atrd Tov Trivaka aAnBeiag kai gival To Aoyiké dbpoicua (dnAadn)
ouvdualovtal uttd Hop®r OR) dpwv TTou gival ekppaoelc AND Twv peTaBAnTwy €l06d0u
OTNV KAVOVIKI], I} CUPTTANPWHATIKI TOUG Jop@r availoya he Tnv Tiun mmou éxouv (1 A 0). Ol
Opol TTou cupuTrepIAauBavovTal 0To AOYIKO GBpoIoua gival o1 GPOI yIa TOUG OTTOIOUG N TEAIKN

ouvaptnon €xel Tiun 1

lMapaddeiyua 1.9:
Oswpouue Tov mTivaka aAnlciag

A B C| F

O 0 O] O

O 0 1 O

01 0 0

0 1 1| 1 4BC

1 0 O 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 aplBuoi 3,4 & 5

I'ta kaBe £odo F=1 dyurovpyovvtar o1 opor AND omov o1 perafAytég givar oty
KAvoviKi) TOUG pop@i eav givar 1 kar oty avtioTpo@i) tovg popen gav givai 0. Katomv
o1 maparnave opotr alBpoilovtar Aoyika, onote 1§ kKavoviky pop@n abpoiopatog oo

POKVTTEL EivAL:
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F= ABC+ ABC+ ABC

lMapaddeiyua 1.10:
Ipawre uroé kavoviki popen abpoiouarog rn Aoyikn éKepaacn, ocUNEWVA UE TNV

dAyeBpa Boole, yia o mapakdrw KUKAwua:

b,
s F °
I A4 B _E/_ 0
C G

Amravrnon
AkoAouBouus kG0s Siadpourn amé ro | oro Q kai mpoodiopiouus Toug SIaKOTTEC
(ueTaBAnTéc) mou xpeialsrar va kAsioouv (on) mpoksiuévou va mapaxsi Q = 1.

Emouévwg 1o dépoioua rwv 6pwv AND civai:

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

2uvroun ypar} yia Tnv Kavovikr} Lop@ri adpoiouaro

2Tn oUvTOouN YPA®A YIA TNV KAVOVIKI Joper abpoiocuaTtog, avrikadiotavTal Kat apxnyV ol
METARBANTEG TWV OpwV aTTd TIG DUADIKEG TOUG TIMEG KAl KATOTTIV O KABE OPOG EKPPAZETAI UE
TNV avtiaToixn dekadikr Tou pop®r). MNa v 6An ypaen xpnaoiyoTrolsital 1o cUuBoAo 2.
Ma TNV TEPITTTWON YIag AOYIKAG OUVAPTNONG TPIWV JETARANTWY, OTTWG TOU TTAPATTAVW

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

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

Kal AappBavovtag 1n dekadikr) Joper Tou KABE Gpou:

F(ABC)=3+4+5

2UVETTWG XPNOIUOTTOIWVTAG TO OUMBOAO 2 E€XOUUE TN YPOOA:

F(ABC) =Y (34)5)

lMapaddeiyua 1.11:
Na skppaocsre Tn ouvaprnon F(ABCD) = 2(3,4,9,10) us opoug usraBAntwv (umoé
Hopen dAyeBpag Boole).

Amavrnon

O 6po¢ 3 sivar to 0011 kai avrioTolxEi OTO
ABCD
O 6poc¢ 4 sivar To 0100 kai avrioToIxXEi OTO

ABCD

O 6poc¢ 9 sivar To 1001 kai avrioTolxEi OTO
ABCD

O 6po¢ 10 sivar To 1010 kai avrioTolxXEi OTO
ABCD

Omore og Kavovikn pop@r abpoiouarog sivai:

F = ABCD + ABCD + ABCD + ABCD

lMapadeiyua 1.12:

Aiverai 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

amrAomoin@si n oxéon xpnoiuorroiwvrag tnv dAyeBpa Boole kai va oxediaorei o

WneIaKko KUKAwpA 1Tou TNV UAOTTOIEI.
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Amavrnon:

A B C | (A4+B+C)| U+B+O) | (4+B+C) 0
0O 0 O 0 1 1 0
0 0 1 1 1 1 ABC 1
0O 1 O 1 0 1 0
0 1 1 1 1 0 0
I 0 O 1 1 1 ABC 1
I 0 1 1 1 1 ABC 1
1 1 0 1 1 1 ABC 1
1 I 1 1 1 1 ABC 1

Xpnoiuomolwvrag rous 6pouc yia roug omoious Q=1 mpokurrrei:

Q= ABC+ ABC+ ABC+ ABC+ ABC

Kai arer_rrowi)vLag _
Q= ABC+ AB(C+ C)+ AB(C+ C)

— ABC+ AB+ AB
= ABC+ A(B+ B)
Q= ABC+ A

yia mepaitépw armrAormroinon:

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

O oxed1aouog Tou YWneIakou KukAwparog givai o §N¢:

A OR
A )+ Q
=BC+A
S
B
[ ]
c BC
AND
C.
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HuiaBpoiorric

TEI Zeppwv

O nuIaBpoIoTAG ival éva Wn@Iakd KUKAWUA TTOU TTPAYUATOTTOIEI TNV aAyeBpPIKA dBpoion

dU0 SuadIKWV Yneiwv:

AAyeBpIkA aBpoion

A 1
B 1
A+B 10

1
0
1

0
1
1

0
0
0

0 avTioToIXog Trivakag aAnBeiag givai:

Oivakag AAnBegiag
A B| S C
0O 0] 0 O
0o 1 1 0
1 0] 1 O
1 11 0 1

2UVETTWG

S = AB+ AB ka1 C = AB

To wnoelakd Tou KUKAWUA gival:

A

AND

AND

B A B
o A .c
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Kavovikr) poper) ywvopevoo

AuTH gival pia evaOAAOKTIKE pop@r} uAoTToinong Tng TTpwTng Hop®nig. O1 dpoil gival
aBpoiopata (dnAadn TuTTou OR) Kal TTOAAATTAACIGlovTal HETAEU TOUG TTPOKEINEVOU VA
oxnuatioouv Tnv £€£0do. H katavonon tng diIaTuTTwong Tou Kavova TTou Ba
XPNOIMOTTOIOUNE OTO OXNMATIONS TNG KAVOVIKAG HOPPAG YIVOUEVOU YIVETAI E TO TTAPAKATW
TTapAadelyua:

‘EoTw OT1 diveTal 0 Trivakag aAnBeiag:

A B C| F
0O O 0l OaBcC
0O O 1| OABC
0 1 0| OABC
0 1 1 1
1 0 of 1
1 0 1 1
1 1 0] OABC
1 1 11 OABC

OTTOTE TTPOKUTITEL:

F= ABC+ ABC+ ABC+ ABC+ ABC

F= ABC+ ABC+ ABC+ ABC+ ABC

F= ABC- ABC+ ABC- ABC- ABC

Kal TEAIKA
F=(A+ B+ C)(A+ B+ C)(A+ B+ C)(A+ B+ C)(A+ B+ C)
H uAotroinon Tng TeAIKAG ouvdapTnong

w>>

+
; , c /
yiveTal pe 1o KUKAwpA:

A

B |+

C

2 \

= y

A \

¢ )T

A

=
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TeAIK& n KAVOVIKA HOP®H YIVOUEVOU PTTOPEI VO ATTOKTNOEI KaTeuBeiav atrd ToV TTivaKa
aAnBeiag xwpig TN Xpron KATToIwVv TTPAgEWY WG £ENG:
1. Evromioupue Toug 6poug TTou divouv F=0.
2. Anuioupyouue Ta aBpoiouata Twv PETABANTWY, OTToU €dv n MeTaBANTA €xel TiuR 0
YPA@ETAI OTNV KAVOVIKI TNG HOPPT], EVW €AV £XEI TIUN 1, ypAQETAI OTNV AVTIOTPOPN

Hop®n TNG.
3. TlMaipvoupue TO YIVOUEVO TWV TTAPATTAVW ABPOICUATWV.

Hapaoctyua:

A B C F

0 0 0 0 A+B+C

0 0 1 0 A+B+C

0 1 0 0 A+B+C

0 1 1 1

1 0 0 1

1 0 1 1

1 1 0 0 A+B+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 yvia tnv Kavovikii LopQIi VIVOLEVOU
21NV TTEPITITWON QUTA N KAVOVIKA MoP®A TwV PETARBANTWY TTAPIOTAVEI TO 0, EVW N
avTioTpo®n TO 1. ZUVETTWG AVTIKOBIOTWVTAG TIG METABANTES e TN duadikA TOUG YoPYPN,

XPNOIMOTIOIWVTAG TO TTAPATIAVW TTAPASEIYUA, TIPOKUTITEL

F =(000)(00T)(10D(110)(111)
0 1 5 6 7

Kal o€ oUvTOouN ypaQn:

F=]](0,1,5,6,7)
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lMapaddeiyua 1.13:

TEI Zeppwv

Na ypayete TIS 000 KavoviKéS popeés tns covdptnons XOR

Aravrnyon:

0 rwivakag ainlsiog yra Ty wvin XOR givar:

Ta ™y kavovikny popen alpoicuarog waipvoovus tovg épovs ya. F=I:

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

Onote mpokvmTEL:

F=AB+ AB

Ta ™) é&vTEPN KAVOVIKT HOPPI] YIVOUEVOD TTAIPVOVUE TOVS 6pOovs Yo F=0:

F=0 A=0&B=0 &ivei (4+5)
A=1 & B=1 diver (4+B)

OTOTE MPOKVATEL:
F=(A+B)s(4+B)
ZHUEIDVETAL 0TI 1GYVEL:

F=(A+B)e(A+B)=A4B+AB
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2UvOeon Yyn@l1akoU KUKAWHATOG

Kat’ apxrjv atrAotrolgital n Aoyikr) ouvapTtnon, n oTroia TTpoKeITal va uAotroinBei. Katotriv
oXeOIAZETAI TO YNPIAKO KUKAWUA TTOU AVTIOTOIXEI OTNV AOYIKA ouvapTNON EEKIVIOVTAG ATTO

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

Mapddeiypa:
Na uhotroinBei n cuvapTnon TTou €£xEl TOV TTAPOKATW Trivaka aAnBeiag

A B C |F
0 0 0 |0

0o 0 1 |0

o 1 0 |0_ B B B

0 1 1 |14BC  F=ABC+ABC+ABC+ABC
1. 0 0 |0 _

1 0 1 |14BC

1 1 0 |14BC

1 1 1 |14BC

A;ﬁ‘—beir
o

B
{>67

C

Mapatnpeital 611 Xwpig atrhotroinon xpeiddovtal 8 TTUAEG.

Fvetal atrAoTroinon TnG AOYIKNG cuvapTnong:
F = ABC+ ABC + ABC + ABC + ABC

onAadn TpooTédnke 0 6pog ABC agou cival yvwaoTd 011 ABC+ABC=ABC!

2 UVETTWG:

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

AB

AB+ C(4 + B)

=D

y A+B
B DL: dnAadn xpeialovral TECOEPIC
¢ ) C(A+ B) (4) TTOAEG

Zovleon ynerakwv KokAopdatowv 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 0Xediaon evog KUKAWHATOG uévo ue TTUAeg NAND cgival Ta €€NG:
1. XpnoiyoTrolgital o ivakag aAnBeiag yia va ekppaoBei n Aoyikr) cuvapTtnon utro

MOpP®r aBpoiCPATOG VIVOUEVWV:

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

( P €ival TO yivopevo Twv PETARBANTWY €I0000U € PIO YPOUMN OTnV OTToia N £€£000¢
givar 1)

2. 2TO YIVOUEVO TTOU AVTIOTOIXEI O€ PIa OEBOUEVN YPAUMT, Ol METABANTEC TWV OTTOIWV Ol
TINEG givan O, AauBdavovTtal ye TNV avTioTpo®r pop®n Toug (dnNAadr) av n HeETaBANTN
A o€ KaTToloV 6p0 €xel TIUA 0, OTO YIVOUEVO Ba EPPAVIOTEl WS A )

3. XpnoigotrolwvTag 1o Bewpnua Tou De Morgan ypdgetal n oxéon utro Tn Jopen:

F=P PP

4. >uvbétoupe 10 KUKAwpa pe TTUAeG NAND.

lMapaddeiyua 1.14:
O mivakag ainlsiag urag evvaptyong F civai:
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O0Aeg ol eicodol

lMapaddeiyua 1.15:
H cvvaptyon F=ABC+ABD va viomom0ei ue nodeg NAND:

Aven:

F-ABC.ABD 13—
=D

—1 >

lMapaddeiyua 1.16:
Na avaivlei to KoKAwua Tov cxuatos, va yivel o mivakag ainleiag kai va. amoderylei,

xpnoiuomolmvras gite Ty alysfpa Boole cite mivaxa alnbleiag, 6Tt umopel va avtikatactalei

ané yia wvin NAND.
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A 4B
Bor—i—
A
|
Aven:
f = AB+A+B y - = f
_ B AB | A+ B
:(_A+_B)+AB 0 0 1 0 < 1
= A+ B(l+ A) 0 1 1 0 1
- — 1 0 1 1 1
=A+B 1 1 0 0 0
AB /
\ aviy NAND
avin NAND

Avtikataotaon nolev pe modeg NAND

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

NOT
IoXUEl F=4
OUVETTWG

A A

n

F=A4-4

A £

Ynoeiakd KukAwpara
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AND

A-A=A-B

AnAadf n AND TTUAn ptropei va avTtikataotadei ammd yia NAND, n £€£000¢ TnG OTT0i0g

avTioTpEPEeTal atro pia deutepn NAND

D S SR €
- e

OR

Oewpnua De Morgan

A-B=A+B onéte A+B

Il
3
|

I
¥

w >
k
+
oy

m‘

|

AN

+

o]

T3

1
1

Zovleon ynerakov kokAopatwv pe modeg NOR
H ouvBeon Twv YnIakwv KUKAWPATWY Hovo pe TTUAeG NOR yivetal pe Trapduolo TpoTro
OTTWG e TIG TTUAEG NAND, udvo 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
dnuioupynBouv pe TTuAeg NOR wg €€N¢:
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OR

A A+B A A+B A+B
B B

AND

EAQXIOTOTTOINCN AOYIKWV CUVAPTHOEWYV HE TN XPHON TWV

TIVakwv Karnaugh

270 OXEBIAONO AOYIKWV KUKAWUATWY €TTICNTEITAI TO BEATIOTO, TTPOKEINEVOU VA UAOTTOINOET
MIa oUYKEKPIYEVN AOYIKA ouvapTtnorn. Kpitrplia Tou BEATIOTOU UTTOPEI va gival

o n TaxuTNTa (AIyOTEPA AOYIKAG ETTITTEDQ)

e TO KOOTOG (AIyOTEPEG AOYIKEG TTUAEG)
'Hon £xel emdeixBei o TpOTTOC EAaxIoTOTTOINONG ME TN XPron TN dAyeRpag Boole.
EvVaAAGKTIKG uTTOpOUV va xpnoigotroinBouv ol Trivakeg Karnaugh, v n ouvéptnon givai

YPOUMEVN WE HIa aTTO TIG OUO KAVOVIKEG HOPPEG.

ITivakeg Karnaugh
Av BewpnBei pia ouvaptnon Tpiwv heTaBAnTwyv ABC, 161€ n ouvapTtnon UTropei va

atreikovioBei oTov TTivaka Karnaugh pe tov €€A¢g TpOTTO:
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AB AB

AB AB AB
01 11 10

co| ABC | 4BC | ABC | 4BC

o1 | 4Bc | aBc | 4BC | 4BC

MapaTtnpAoceig:

e Kdbe 1ETPAYWVO QVTIOTOIXEI O €vav aTTd TOUG OKTW (8) duvaTtoug ouvduaououg Twv
TPIWV PETABANTWV.

Ta TeETPAYWVA TOU TTiVOKA €ival KATA auTOV TOV TPOTTO OIOTETAYUEVA (WOTE OE

YEITOVIKG TETPAywva va aAAACel povo pia petaBAnT (kwdikag Gray).

MNa kKGBe CeUyog TETPAYWVWY YIVETAI N TTAPAKATW ATTAOTTOINON:

21—35 F=_A_BS+ABC ABC | ABC
— =AB(C+C)= _
ABC _AB , F = ABC + ABC
OHOILS — AC(B+B)
=AC
MNa TEéooepa YEITOVIKA TETPAYWVA I0XUEL:
ABC | ABC
— F=A
ABC | ABC
2uutrépaoua:

o AUo0 (2) yerrovika TeTpaywva (dnAadr) duo 6pol) dnuioupyouv Evav Opo PE HIa

METABANTA AiyéTepn.
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o Téooepa (4) yeimrovikd TeTpdywva dnuioupyouv Evav 0po Pe dUO PETARBANTES

AyoTEpEG.

® Oudadeg TwV TPIWV TETPAYWVWY TTPETTEI VA XWpPIiCovTal 0€ OuAdeg Twv dUO.

lMapaddeiyua 1.17:
Na yivelr wivaxag-K y1a tq evvaptyen F =2 (1,2,5,6)

00 01 11 10
wAPIYS GVVAPTHGY
0 o | <1 1) 0 F = ABC+ ABC + ABC + ABC
T T~ =77 amlomomuévy covapTyon
I T 1 o o |1 F=BC+BC

2ucioon: O aprBuog twv ustafintav ival icog ue amo tov ekbéty tov 2 yia tov omoio i
ovvaun tov 2 puag oivel aprluo ueyalitepo 1j ico ue to puEyaTo apruo mov Exovus oty

3
oVVAPTNON. LVVERMDS OTO TAPAIEIYUA. 2°>6 , dpa 3 petafintés.

lMapadeyua 1.18:
Na yiver o wivaxag-K yia tn ovvaptyon F =X (0,2,4,9,11), ka@wg smiong ariomoinen avtyg

. F
Avon:
" AB

11<2* apa 4 petapintic CD 00 01 " 10

o| 1. | 1 0 0
RN A 4 12 8

01 0 0 0 1 ‘.._
11| o 0 0 1
10 /1 0 0 0

F = ABC+ ABD + ABD
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lMapaddeiyua 1.19:

Na ppelci n edoyroTomomuévy popen alpoicuatog Kat ) EAGYIGTOTOMUEVY HOPPT] VIVOUEVOD
s ovvdptnons F =2 (3,4,5,6,7,8,10,12,14)

Adveon:
F
AB
CD 00 01 11 10
Lo
00 | F 0| (1) 1)
L ] ——
. T
| ! (T ToN
01| 0 | 1 , O 0 1
— - | !
| |
11| | 1 1} |0 0

gl

Aurn n opadormroinan dsv xpnoiuorroigirar 8161 én Ta
TETPAYwvA TNS £Xouv KaAupOsi aré dAAsc opadormoinoeis

Lo Ty Kavoviky popen alpoicuaros mpokvrrel:
F = AB+AD+ ACD

T T popen yvouévov opadomorovue ta unoevikd, Omwms Paivetal atov mivaka-K,

Onote mpokvmrer:

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

lMapadeiyua 1.20:

Na edayietononlsi n covdapryony

F = AB(C + D)+ ACD+ ABCD + ABCD
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Amavrnon:
F
AB
oo\ 00 01 1 10
|l -1 — 7 T T ==
00 | 1¢7 T, 1 /1)
\__\_;?_?/ — — T -
o1 L F=AD+CD+ABC
1
[—______\
10 1 1
I 1

Yrnapén adia@opwv nepurtwocwv

2€ AOYIKA KUKAWPATO UTTAPXOUV TTOANEG QOPEG OPIOUEVOI CUVOUAOHOI TWV YETABANTWY
€10000U TTOU Hag gival adid@opol. [Na TTapadelyua €0TwW OTI €XOUNE Eva NAEKTPOVIKO
WNOIOKO KUKAWMA TToU BETEl EKTOG €va orua (alarm), edv oTnV €i0000 TOU £XEI TOUG
apiBuoug 0,4,6,8,9. EQv £xel oxedlooTei KATA TETOIOV TPOTTO WOTE VA OEXETAI APIOUOUG HOVO
atrd 10 0 £€wg 10 9 va a) TpoadlopIoTei To TTPORANUA UTTO Hop@n TTivaka B) Bpedei n

ehaxioToTroiNuévn ouvdpTnon KE TN XpHon Tou Trivaka-K.

lMivakag aAn@siag E Mivakag-K
A B C D|f AB

o 0O 0O O O 1 CD 00 01 11 10

! |
; 8 8 ? g) 8 00 ( 1 1 [ b ] 1 )
30 0 1 1 0
40 1 0 O 1 01 0 0 D 1
5 01 0 1 0
6 0 1 1 0 1 11 0 0 D D
70 1 1 10
81 0 0 0 1 DN
9.1 0 0 1 1 ol © |71 oy g
10

adidgo,
1 1 mpmfcbgzig m&ﬂ,@(ﬂ)@?pbg
TEPIRTDGCEL
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Edav katd v ammAotroinon v AngBouv utrown o1 adidQopES TTEPITITWOEIG TTPOKUTITEI
oxéon:

F=ACD+ABD+ABC
AapBavovTtag utréyn Kal TIG adIAQOPES TTEPITITWOEIG N OXEON OTNV OTToia KATOAAYOUUE

gival atrthouoTepn:

F=A+EE+BE

MArjpng ABpoioTrig
Kat apxniv €¢etaletal 0 nuIabpoioTrg SNPIOUPYWVTAS TO WNQPIAKO TOU KUKAWPO

XPNOIYOTIOIWVTAG TNV KAVOVIKA JOP®I) YIVOUEVOU:

A B S C

0 0 0 0 .

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)

eTiong: C=A-B=Z+E

2UVETTWG N S PtTopei va dnuioupynBei xpnoipoTtrolwvtag povo TTUAeg NOR, n & C

TTPOKUTITEI ATTO IO €€ QUTWYV TWV TTUAWV:

: ) D— ST T s
)
L Ba

HuiaBpoIoTrg Xpno1UOTTOIVTOG
XOR ka1 AND TTUAeG

| HuioBpoiotig ue NOR TTUAeG |
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O MAApPNG aBpPOoIoTAG £XEI TOV TTAPAKATW TTivaka aAnBeiag:

S|

1

AN 00~ 200>
A0 20202 0W
2~ aasocooof
N
—\—\—\OAOOOCC)

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

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

To KUKAWPA TTOU UAOTTOIET TIG TTAPATTAVW OXECEIG gival:

g_l_ | ADPB - '
| /i : / HIGBPOIGTEC
| |
| — __[_
|
|
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1 XPNOIMOTTOIWVTAG TO CUPPBOAIKS KUKAwMA TOU NUIOBPOoIoTH:

A—— A S A®B
B AB

AS S=(4®B)®C,

G (40 B)C,
B C —
/ C

HuiaBpoiotég

out

H &Bpoion apiBuwv e TEPIocOTEPA TOU £VOG DUABIKA WNn@ia YiveTal JE TO KUKAWUA TOU

TTapdAAnAou aBpoloTh we £ENAC:

Bn An B3 A3
[ ]
B A C B A
C, S Co
T‘ 1
SVHI Sn
4T1T0U 1A S L 10 0oUuBoAo TOU TTARPOUS ABPOIOTH.
— B
Cl CO
ZTIvOnpeg

O1 TpayuaTikéG NAEKTPOVIKES TTUAEG ATTAITOUV KATTOIO XPOVO YIa Tn AEITOUPYia TOUG.
AnAadn Tapoucialouv kabuaTtépnon (delay) Tng Tagng Twv Aiywv ps. O1 kaBuoTeproeig
auTéG dnuIoupyolv KaTaoTdoelg e€6d0u, OTTWG gival ol oTIvenpeg (hazards), TTou cival

TTOAEG QOPEG avetmIBUUNTEG. [Na TTAPAdEIYHA OTO KUKAWUA:
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>Z

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

TNV TIMA TNG €10000U. ZTNV TTPAYHATIKOTNTA N £€000¢ €ival OTTWGS QAIVETAI OTO OXNUA:

AnAadn Trapartnpeital 611 N £€£000¢ TTaiIpVEl TNV TIKA 1 KATA TO XPOVIKO dIA0TANA TNG
kaBbuoTépnong (hazard).
YTTApYXOUV TPEIG TPOTTOI TTEPIOPIOUOU TWV OTTIVONPICUWV:
e Avapovh PEXPI WoOTOoU va eppavioTei N owaoTr €€000¢. H péBodog autr) dev
ouvioTaTal KUPIWG Yo Yn@IaKA ouVOUAOTIKA KUKAWMPATA TTOU XPNOIKJOTTOIoUVTAl WG
0dnyoi aKoAOUBIOKWY KUKAWUATWY.

o E&IooppdTNON TNG KABUOTEPNONG XPNOIUOTTOIWVTAG BIATAEIS TTUAWY OTTWG:

B D
A

0

ADA DA
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Xpnron mvakwyv Karnaugh. O omvlnpiopog cuuBaivel ouviBwg Katd Tn ueTdpacn
KATAOTACEWV TTOU €ival YEITOVIKEG OTOV TTivaKa-K Kal ogadoTtrolouvTtal HETagu Toug. H
eTTiAuon yiveTal wg €¢AG: opadoTToIoUVTaIl YEITOVIKA TETPAYwva (cells) akdua KI' av autd

EUTTAEKOVTAI O° AAAEG OHAdEC el0GyovTag Evav AAAO EQedPIKO OPO OTNV CUVAPTNON.

lMapadeyua 1.21:

Bpeite kou analeiyre To omvingpioud oty covdptnon:

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

F=AB+ AC 4 B
B

>

O omvenpiopdg cupBaivel Katd TN HETARACN ATTO TO TETPAYWVO 7 GTO TETPAYywVvo 3, f aTTo
Tn Katdotaon ABC=111 otnv ABC=011. ATT6 T0 KUKAwa eEayeTal 0TI ahyeRpikd n F
TTPETTEI va £XEl TNV TIFA 1, Adyw Ouwg TG KaBuoTépnong Ba Trapouacidoel oTiypiaia Tiun 0.
O omvenpiopdg UTTOPEI va aTTOPEUXOEI XpNOIMOTTOILVTAG EQPEDPIKO BPOXO METALU TOU 7 Kal
3.
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~— T T —

mien
G

OTTOTE N oUVAPTNON YiveTal:

F=AB+AC+BC
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Aoknoeig eTravaAnyng 1

Aoxnon 1.1

Na ekppdoeTe TOV dUABIKO aplBud 17100111.1101 otov avTioToiXo 6ekadIko (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 apiBudg ivar : 103.8125,

Aoxnon 1.2
Na petarpaTtrei 0 ekadikog apiBuog 278,632 otov 1I00dUvauo duadiko. (Baon 1o 2)
Auon:
Aképaio 26)'3';);0“ We 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 aplBuog: 100010110.101000011
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Aoxnon 1.3

Na petarpatrei o dekadikog aplBuog 123,456 o< 1I000UVAPO OKTABIKO

Auon:
aKEPAIO  8) 123
MépOg  8) 15

3
8) 1 7 173,
o 11

Szggz"(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 dUadIKOG apIBUOG TTOU AVTIOTOIXEI OTOV BEKADIKO 27870 XPNCIUOTIOIWVTAG

KwdikoTtroinon BCD

Auon:

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

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

Auon:
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Kavévag uetatpotrig: a) To TrpwTo wneio atmd apiotepd civai idlo, B) Otav ta diadoxikd yneia
TOU KavovikoU duadikou aAAdlouv, TOTE TO AvTioToIXO Wneio Tou duadikou o€ kwdika Gray

yivetan 1 dla@opeTika 0.

Kavévag NeTaTpoTmiG: a) To TTpwTo Wneio atrd apiotepd ival idio B) yia Ta utréAoitra, étav
uttdpxel 1 otov kwdika Gray onuaivel 6Tl TO AVTIOTOIXO WNPIo TOU KavovIKoU duadikou TTPETTE

va aAAGEEL, evw OTav UTTapxEl &V TTapapével idlo JE TO TTPONYOUUEVS ToU

Aoxnon 1.6
Na atrodeixBouv 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

yivetai 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)
G3) F = []2,3,7,12,13,14,15)

Auon:
1 F
AB
cp\ 00 01 11 _10I
T ST
oo |1 |1 1!Q/
b=~ ! o __
O N F = AC + BC + AD + ABD
| |
111
=<
10 (1\
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(2) F
A B
cp \ 00 01 11 10
00 90 5)4) Q‘F 98)
T 771 A T RN _ _
01 \<1-1->--—25->——B-a)——|?4) F = CD + BC
T 1| o o |1 |
1 (3) (7) (15) : (11)
111 0 0 1
1 0 L—(% (6) (14) l+1-0)-/
(3) F
A B
cp \ 00 01 11 10
I
00 1 1 |O| 1
1
01| 1 T o) 1
11 [0y ]_oufjoy|
I I I |
10 [1 0,1 1 [0)] 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 wn@lakd KUKAwUA TTou UAOTTOIET TNV EKPpPacn:

F=A-B + C)DE
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Katdtmv va oxediaoTei 10 id1o KUKAWPA XpnoiuoTtrolwvTtag uévo TuAeg NOR.

Auon:
Q)

A

B — - F

Dc

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

— >

mooOom >»

|2 W
|

+
Qg
> |

+
=

+

o

+

w)

+

m|

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

Wnoelakd KukAwpara 54795 Tunua MAnpoopikng & ETKovwvIwy



© AvaoTtdoiog |. MTTaAOUKTORG TEI Zeppwv

1. XpnoiyotroiwvTtag Tov Trivaka Karnaugh va amrAotroin®ei n Aoyikr) cuvaptnon
XPNOIKMOTTOIWVTAG Kal TIG BUO KAVOVIKEG HOPPES (aBPOIoHATOG Kal YIVOUEVOU)

2. Na uhotroinBoulv Ta KUKAWMOTA Kal OTIG OUO HOPPES

3. Na oxedlaoTouv Ta 1I000UVANA TWV TTAPATTAVW KUKAWUATWY XPNOIKJOTTOIVTAG

povo TTuAeg NAND kait NOR avrioToixa

Auon:

C 00 01 11 10

0 | (0 _:@\ (1 )

1] BiNic)

Q)
e Kavovikniy 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)
B PSS
C
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)
. NAND
A+BC=A+BC=A (BC)

D

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

+

A — A+B
B—@— —

B :Zj F=(A+C)+A+B
c —— A+C
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KukAwpaTta akoAouBiakng Aoyikng

2Ta KUKAWPATO ouvOUACTIKNG AOYIKNG, TA OTToia ££eTACONKAV OTA TTPONYOUNEVA KEQAAQIQ,
Ol TINEG TNG €60V G OTTOIAdATTOTE XPOVIKA OTIYUN €ival cuvapTnon JOVO TWV TIHWV TNG

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

21NV akoAouBiakr AoyIKA Ol TINES TNG €60D0U TWV KUKAWUATWY £TTNPEAlovTal aTrd TIG

TTOPOUOCEG AAAG KAl TIG TIPONYOUNEVEG TIMEG TNG EI0ODOU:

AkoAouBiakn) Aoyikn: Tipég €6dou = f (TTapouoeg + TTponNyoUNEVEG TIMES £100B0U)

Ievikég popPeg KOKA@PATOV

— KUkAwpa I
Eicobol . | OUVOUAOTIKAG ; "E§odol
—AOYIKIC —
KaBapd ouvduaoTiko
KUKAWMQ
MpwTelouoeg MpwTtelouoeg
gicodol ‘ £€0dol
' 2.UVOUQOTIKN '
—>— AOYIKN >

|—>— —>——

2Aupara avadpaong

AcoUyXpovo akoAouBIako
KUKAWHO
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MpwTelouoeg MpwTeuouoeg
€icodql , £€odol
:% 2UVOUaOTIKN [

AOVYIKN

Mvrun

f
CLK
2UyXPOVO aKOoAoUBIaKO

KUKAWQ

Ta akoAouBIakd KUKAwPaTa «BupouvTaly gEow TNG ouvdeong TnG avadpacng. AUo givai ol

KUPIEG KATNYOPIES TWV OKOAOUBIOKWY KUKAWUATWYV:

Acuyxpova: AAGJouv KATAoTaan GUPQWVA WE TIS AAAAYEC TWV EI0GBWY TOUG.

ATtraitouvTal €10IKEG TEXVIKEG OXEDIQTMOU.

Zyyxpova: Ta onuata avadpaong OIOKOTITOVTIAl  ATO  KATOXWENTEG — TTOU
okavdaAifovtal atmmd TTAAPOUG POAOYIOU. ZUVETTWG N KATAOTACH TOu
KUKAWMATOG 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 TAnpoopia evog (1) bit. Yradpxouv 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 amroteAoUv Ta Bacikd dOUIKE OTOIXEIO YIa TO OXEDIAOUO TWV AKOAOUBIAKWY

KUKAWUATWV.

7o SR (Set-Reset) fljp-flop (1)
S Q - Q, Q sivat

gicodog £§0d0¢6 ,
- GUUTANPOUATIKES

R Q ¢€odot

MNivakag aAnBeiag Tou SR-ff

R | Qui «— emépevn kardoTaon

S
0
0
1
1

0 Q, <— Tmapouoa katdoTaon
1 0

0 1

1

- 0oKaBOpIoTn £€000G (N ETTITPETTT TTEPITITWON )

MNa v uhotroinon Tou SR-ff dnuioupyolvTal o ekTeTaPEVOG TTivaKag aAnBegiag Kai ol
Trivakeg Karnaugh, 6trou 10 Q, (TTapoUoa KATAoTOoN ££000U) XPNOIMOTIOIEITAI 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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[Tivakoc-K
Qn+l SQn
00 01 11 10
TN } Q..,.=S+RQ,
RO 0 L) !
1 0 0 ‘\;X, ,,,,, ‘E(:,J‘ XOpoKTNPIOTIKN
egiowon

To KUKAWpA TTOU UAOTTOIET TNV TTapaTTavw oxéon givai:

s o V\ aQ

R o—>——

XpnoipoTtrolwvtag 1o Bewpnua De Morgan, n oxéon yia oxediaoud pe TTUAeg NAND €xel wg
24)[e

Q.= §’ﬁQn
s—{_ [
R'———{::::> ::::%__ Q

XpnOoIUoTToOIWVTAG évav EKTETAPEVO TTivaKa aAnBeiag kai Toug Trivakes-K TTou ouoxeTiCouv
@ Q,.,,.Q,,R ka S TpokUTITEl pia GAAN XOPAKTNPIOTIKA eCiowaon n otroia divetal

atro TN oxéon:

Qn+1: R + Eén

atrd TNV otroia e¢AyeTal n oxéon yia TRV uAotroinon Tou ff ue mOAeg NOR
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Qn+1: R +

%
+
<

@)
Rl

To Clocked SR - ff
CLK

—1

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

Y

Tou pTTOPEi va aAAGEouv pbévo oTav o TTaApdg Tou poAoyiou gival 1.

Flip — Flop Turou D

Ck D Qn+1
— D Q o[ o] q
— 0 1 Q,
— Q 11 0] 0
1 1 1
YAoTtroinon:
° D;
CK —

YAy

1
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Flip — Flop turou T (Toggle ff)

Ck T 0O,
—T Q— 0 0| 0,
0 11 0O,
b Pl 1 0| o,
Q 1 11 o
YAotroinon:
S Q -
L — =70

>

Tg[ Ck

. —_
© R=TQ
Flip — Flop turnou JK
J J 0 Ck J k|0,
Ck — & 0 X X 0,
K K 0 1 0O O 0,
1 0 1 0
1 1 0 1
1 1 1 0,
YAotroinon:
S=JO
—= o TIs o
Ck——
_ R=K
K > R o 0
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YMomoinon ovoyypovwv flip-flops pe opoog SR-ff
lMapadeiyua 2.1:

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

Amavrnon:

Kat” apxAv 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 KaTdoTtaon Qn+1

Mivakag cuoxéTiong:

Ck T Qn Qn+1 S R Eioodol Tou atrairouvral yia
I8 va £XoupuE TNV idla

0 0 0 0 X X aAAnAouyia

0 0 1 1 | x x G

o 1 0 0 XX

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

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

1 0 1 1 X 0

1 1 0 1 1 0

1 1 1 0 0 1

Katémmv e€dyovral o1 e€lowoelg Twv S, R e 6poug Ci, T kal Qp XpNOIUOTTOIWVTAG TOUG
Tivakeg — K
TQ R TQ,

S n

0 X X X

10
[
Cy k

TeAIké KUKAWpOQ:
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T LD s q
| Ck
) R Q,

Znueiwon: Eteidr) ouclooTIKG pag evolapEéPOuV POVO oI TTEPITITWOEIG TTou To Cy=1, ptTopeEi

va ayvonBei n TapAaueTpog Cy, WOTE va TTPOKUTITOUV TTIO OTTAOI TTIVOKEG

To Tmapatdvw TTapadelypa Yropei va AuBei attholoTepa 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 uhotrolouvtal Ta D-ff kai JK-ff atrd 1o SR-ff, KaBwg €TTiong kai n

uAoTtroinon otroloudnTroTe auyxpovou ff ue dpoug kamoiou GAAou ff.

lpoBAnuara nou axerifovral ue anAa ouvyypova ff

1. Avaniionon g1000ou
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— 5V
B A
— »— T eC
= | Avatmdnon
Q. otnv €¢odo

] —_— Ck
W
10 - 100 popég

(akoAouBgi Tnv €icodo)

2. Kakr Aeiroupyia kukAwudrwv rnou xpenaonoiouv oiadoxika It

TT.X. Ol KATaxwpENTEG METATOTTIONG

| —D Q D Q

= 6 =

2l

3. Talavraoeic oc ff Aoyw avadpaonc

1.X. oTo T-ff

.

I—l_\ Q
CK
T— C; .

Q

,_|_/' I__/

Q

o =2 O = O =

T

T
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MeBoooi eriAuonc Twv npofAnuarwv

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

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

out

IN

(M) (S)

CLK |

—/ WHs}H @J — {W}HE—

oiaraén rou “A@évrn — ZkAaBou” ff xpnoiuomoiwvrag JK-ff

P —
cax— M
K DD -

™
I/"

Anuioupyia ECWTEPIKOU poAoyiou yia napaywyr naAuou Bpaxeiac oidpKeac

Avagépovtal dUo pEbodor:
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a)
IN 5 q
k o o o Ve=rci
| | K Q dt
R
ArmraAcipovrai
arro 1 6iodo
B)
(T, kaBuoTtépnon)
\
CLK | - CLK2
CLK1 e
cve— | |
E@apuoyég ff

TutTKEG epapuoyég Twy ffs givai:
1. ATmrAoi kataxwpnTég
2. KukAwparta KataxwpnTwyv oAiocdnong

3. MeTpnTég
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AnAoi karaywpntec
M.x. Karaxwpntig 4 bit

Dy D, Dy D, Mia opdda ammé m ff's
bit  CLK atroBnkevel m bits
€10680U TTANPOYOPIaG.
oto CLK TETOIEG OUGBEC TUXVA
XPNOIJOoTToIoUVTal VIO
atrodrikeuon TTANpoYopiag ot
‘ ‘ ‘ OUCTAHATA UTTOAOYIOTWV.
(Mpoowpivr) atroBrKeuon
Q Q Q Q oedopévwv)
Karaywpnrec odioBnong
MNa Tapddeiyua karaxwpenths 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 kataxwpnths SISO (Serial In Serial Out).
Edav o™ 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 ECIA.
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21NV avTtifetn mTepiTTwaon, dnAadr 10 Q4 - MSB  kai To Q1 — LSB, T0TE n ETATOTTION
YiveTal TTpOG Ta apIoTEPQ.
Znueiwon: K&be €icodog 0 oTov KaTaxwpnTh METATOTTIONG £XEl WG ATTOTEAEC A
e Tn dlaipeon Pe 10 2 €AV €ival 0 KATAXWPENTAG YETATOTTIONG TTPOG Ta OeIG
Kal
e TTOANATTAACIOONO UE TO 2 €AV Eival KATAXWPENTAG METATOTTIONG TTPOG TA

apioTepd

M.x.
0001O0O01T=029

z

0 kaTaxwpnTig METATOTIONG TTPOG T OEGI g wepmonipos
0 0O0O0O1O0O0TS=14 a(5=4j

KATaxwpnTS YETATOTIIONG TTPOG T QPICTEPA
0

00100 1 0=184/(9~2:18)

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

1T KUKAWMO XPOVIOHOU 0TV €i0080 TOUG.

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

aAAdlel katdoTaon. ( 10
TTapadelyya n katdotaon opiceTal
atro TIg £€60oug A, B kai C)

O —axaa0c000cO>
O 0000w
OO0 0200
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H AeiToupyia Twv YETPNTWY PTTOPET va OpIoBEi TTANPWGS JE Eva dIAYPAUPA KATAOTAONG

/ KATaoTOON
6(\ @
o

e
@\ ‘\usmﬁaon

AUO €ival o1 KUPIEG KATNYOPIEG TWV PETPNTWV

o Oi aouyxpovol perpntég () Ripple Counters)

O Kal Ol UYXPOVOI UETPNTEG

AOUYXpPOVOI LUETPNTEC
Tt e
TC Q TB Q TA Q J CKB — QC
CLK—————> Q Q > Q Ki=0s
LS MS
Up counter
1 C 1 B 1 A
[ R p—
Clk———=  Q Q - Q CK,=0,
LS MS

Down counter

2nueiwon : XToUg AoUyXpovougs PETPNTEG JOvo To LSD ff d€xeTal TTAAUO aTTO TO £EWTEPIKO

POAGI, evwy 6Aa Ta uttéAoitta ff’'s oTnv aAucida okavdaAifovtal atmd Tnv £€0do Tou ff TNg

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

EXOUV WG €ENAG:

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

NAOyw kaBuoTtépnong ota ff, katd Tn yeTdBaon Yiog KaTdoTaong o€ PiIa AAAN, aTTaITETal
KATTOI0 XPOVIKO SIA0TNMA. ZTa aoUyXPOoVa KUKAWMOTA TWV JETPNTWYV, KATA TN JETGBaoNn
MIag kaTdoTaong o€ pia dAAn, TTapoucidlovTtal evOIANETES QVETTIOUUNTEG KATAOTACEIG. T1.X.
BewpnoTe pia petdBaon atré Tov apiBudé 3 (01 1) otov apiBué 4 (10 0) o’ Eva acuyxpovo
peTpnTA 3 bits

| |
I I
CLK | |
1 | 1 I I
C [ | |
| 01 01 0
I | |
1T 111 1 I
B 1 |
I I 0Ol O
I I |
I I I | 1
I I I
O] 01 0O
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 BaBuideg ff Oa utTdpxel Pia GUVOAIKNA
KaBuoTépnon mt, . ZUVETTWG Ba TTPETTEI VO €§A0QANIOTEI WOTE N TTEPIOSOG TOU TTAAPOU TOU

poAoyioU va gival yeyaAuTepn Tou mty,
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CLK—— J

SUYXPOVOI LUETPNTEC

MNa va atro@Uyouue Ta TTPORARUATA TWV ACUYXPOVWY UETPNTWYV XPNOIKJOTTOIOUVTAI
oUYXPOVOI JETPNTEG. 2TOUG OUYXPOVOUG NETPNTEG, OAa Ta ff’'s okavdaAiovTal Tautdxpova
ME TOV id10 TTaAUO.

H BaoikA uhotroinon Tou ouyxpovou PeTpnTh dideTal ammd To KUKAwUA:

r> Oy r+>

CLK LS

Baoikn emavaiauavopevn
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

_— = = - Mapoloa KATAOTACT

Q4,Q5,Qc, k. Qyp égogm Eioodol Emépevn katdoTtaon
A BoC D foA TB TC T

Mivakag e£65ou Tou (up-counter) G G Qe @ D Qi Qe Qe Qp
0 0 0 O o 0 0 1
0 0 0 1 0 0 0 1 0 0 1 0
0 0 1 o0 o o0 1 1 fo 0o 1 1
o 0 1 1 0 0 0 1 fo 1 0 o0
0 1 0 0 o 1 1 1 1o 1 0 1

0 0 0 1
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Baoikoi opiouol yia Touc LETPNTEC
MODULUS O apiBuog TwV KATaoTACEWYV TTOU BIATPEXEI O JETPNTAS £WS OTOU apXioouv va
eTmavalauavovral
MODULUS M 4 MOD-M 'Evag petpntig ue M KataoTaoeig
MAXIMUM MODULUS (Mnax) O pPEYIOTOC OpIBUOG TwV KATAOTACEWY TTOU UTTOPE va
dnuioupynBoUv atrd Ta n bits Tou PeTPNTA (Mmax = 2")

Merpnriic mAnpoug akoAouBiag : — €vag Petpntrg Tou otroiou To MODULUS civai

i010 pE TO Mpax

O peTpnTAC TOu TTaPadEiyuaTog TTaPATTAVW Eival TTARPOUS akoAouBiag

ME n=4 ka1 apa MOD-16

Merpnri¢ runuarikig akoAoulBiag: — ‘Evag petpntig Tou otroiou To MODULUS cival
MIKPOTEPO aTTO TO Mpax (M < 2" yia évav n bits petpntd). AnAadn o’ éva
MOD-5 tpiwv bits peTpnt XpnoigotroiouvTal pévo 5 amod Tig 8 duvarég

KATOOTAOEIG.

@@

@_ G0 —Co)

Kataotdoeig mou
dev XpnoIPoTIoIoUvVTal

Tpomomnoinon tov Pacikod cOYXPOVOD RETPITI] Yia TI) Onpovpyia £vOog
MOD-M petpn

Oa ueAetnBei TOAU KaAG n oxeTikn Goknon amé n 2" evornTa Twv aoKNOEwWV.
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Eicaywyrn oT1o oXed1a0u0 YNPIaKWV KUKAWHATWY HE

diaypdupaTa KaTtaoTaoswy (state diagrams)

e Mrtropouv va xpnoigoTroinBouv yia TO0 OXEBIAOUO OUYXPOVWY OKOAOUBIOKWY

KUKAWUATWYV

e [€vIK yOpPYr) GUYXPOVOU OKOAOUBIOKOU KUKAWUATOG TTOU XPNOIUOTIOIEITAI O€

olaypduuara kataotdoewy (A.K.)

rlpw'TEUOUGSC > > MpwTtelouoeg
Eioodol > 2UVvOUOOTIKN > "E€odol
> Aoyikn >
Aeutepeliouoeg
Eicodol
[ ] [ MvApn

[ ]
o
CLK
MeTaBANTEG KOTAOTACEWY
(Mapoloa katdoTaon

MeTaBAnTéG KATAOTACEWY
(katdoTaon diEpyeong yia
va Trapaydei n emopevn
KaTdoTaon)

Mvripn
MeTaBAnTwV KaTaoTAoEWV

‘Eva ovoTtnpa pe ‘N’ petapAntég karaotdoewyv xpeidaletarl N flip-flops yia pviun.

Alwaypappata KataoTaoemv

Eival n ypagikn mapdoTaon NG Asitoupyiag evog akoAouBIakoU KUKAWNATOG

2TOIXEIO KATAoTAONC:

Omnov S; eivar n meprypaen g kaTdoTooNG 1

kot O; gtvan ot é€odot mov oyetilovron pe
Vv Katdotoon S;
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2T0IXEIO UETGBAONC KATAOTATEWV:

N
( % )I”\‘// -~ lj : €ival ouvBrkeg TToU
N {8 TTPOKAAOUV TN PeTARaon atrd
/ e N v katdoTtaon Si — S
Mapouoa — \ )
Eov pproxinsore /[ s N ,KEE%“TZY;”H
£0W) \ 5 ) (Edv oupBei 10 Iu)
N_2

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

Trapdotacn 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 T61€ Ta flip-flops atrokTouv TN PNdEVIKA
katdoTaon (cleared). Zuvermwg edv BewpnOei To orjua oTnVv €i0060 TNG YPAUMNG EAEyXOU

WG METABANTA €10600uU TOTE

Eiocodog “CLR” =1 T1a flip-flops eravépyxovTtal oTnv KataoTaon undév

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

KAaTtaoTaon

2710 TTApAdEIYUA UTTAPXOUV TPEIG KATAOTACEIG TIG 0TToieG GUMPBOAICoupe pe S1,S2,S3 kai yia
TIG OTTOIEG ATTAITEITAI VO XPNOIMOTTOINB0UV (TOUAAXIOTOV) dUO (2) NETABANTEG KOTAOTACEWV
N 2 flip-flops. Emreidr yia CLR = 1 Ta flip-flops pndeviCovtai, ptropei (mbavértara) va

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

pE S1=01 kai S2=10 (dnAadn n kKavovikr) duadikr} akoAouBia)
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Y (£€000¢)

IMTivakeg Kataotaoewv

Eival n mapdoTtaon tou diaypdupaTog KATAOTACEWY UTTO HOPQN] TTiVAKA.
2’ auTtov TreplAauBdvovtal n rapouca katdoTaon (PS) n emouevn katdotaon (NS), ol

OuVvOnKeS 10600V TTOU TTPOKAAOUV Th METARAON KAl Ol AVTIOTOIXEG TIMES £€OO0U.

lMapadeyua 2.3

Metpntic MOD-3 (UP/DOWN)

gioodol : DIR =1 : Metpdel uymrpog 1a KATw (Down)
DIR =0 : Metpdel ytrpog T1a emravw (Up)

£¢odol : A,B

KareuBuvon th¢g
TTPOG T KATW 0
HETPNONG

(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 Mopgn n Mopon

ITivakag 01éyepong Kat e§lomoetg dieyepong

O mivakag di€yepong TTEPIANAUPBAVEL TIG TIMEG TNG €1I00O0U TTOU OTTAITOUVTAI VIO KABOE
METARaoN pETAEU TWV KaTaoTAoewy, yia emTIAeypévo TUTTO flip-flop. O TTponyouuevog
TTiVaKag KataoTaoewyv dnuioupynénke aveEdptnta atrod Tov TUTTo Tou flip-flop, ) Tov TUTTO
TNG OUVOUOOTIKAG AOYIKNG TTOU ETTPOKEITO Va XpnolgoTroinBei. Atra kal armo@acioBdei o
TUTTOG ToU flip-flop TTOU TTPpdKEITAI VO XpNnOoiuoTToINBEi, TrpoodiopilovTal oI JETARANTES
KATAOTACEWV KOl KAOTAOKEUAZETAI O TTivaKag OIEyEpong.

2’ éva TUTTIKO akoAouBiaké KUKAwua Ba utropolcav va XpnaoigotroinBouyv eite D-ffs gite
JK-ffs.

D-ffs JK-ffs
ATtTAouOoTEPN ETTEEEPYATIQ NIyoTEPO CUVOETO
Katd 1o oxedlaoud TENIKO KUKAWMQ
lMapadeyua 2.4

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

Atrdvrnon
Kar’ apyxrv 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

KOATOOTAOEWV

XpNOIKOTTOIWVTAG TOV TTIVOKA OPIOHUOU TWV KATAOTACEWY WG KATAOTACEIG 1I0000U (PS)
OTOV TTIVOKQ KATAOTACEWY, Kal TIG £10000U¢ D4, D, Twv D-ffs w¢ €TOUEVES KATAOTATEIG

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

KATOOTAOEIG
Eicodo¢ PS NS diépyeang ‘E€odol 270 TTapadelyua
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 ETARANTES KaTAoTOONG (OTN

mpokelyévn Trepimtwon DIR, Q1, Q2)

D, DIR D, DIR
~~ /N

o@oﬂ\ 11o0]o0]o
% (lofo]x |\ o ([0 @]

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
0. | D/=QQDIR+Q,DIR D,
- D, =Q,Q,DIR +Q,DIR -
Ql D, ;
Kataotdoeig
- - diépyeong TTou
G P Tapéxouv Tic (MS)
- | peTaBANTEG
- QZ DZ -
- |
A
CLK
lMapaddeiyua 2.5

YAotroinon evég MOD-4 petpnTtr pe éAeyxo kateuBuvong (UP/DOWN) kai £€¢0d0 A.

Amavrnon

@ Aidypaupa KATAoTAOE WV

ATtraiToUvTal TOUAGYIOTOV
2ffs
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@ Mivokoc KOTOOTATEWV

TEI Zeppwv

@ Opiop6g peTABANTWY KATACTAONG

cs D|R=oNSDIR=1 'E§‘A§°§ Kardotaon Q1 Q2
S0 0
S S 5 ° s1 1
S S, So 0 s2 0
S, S, S, 0 s, 1
S, S, S, 1
@ mivakag d1Eyepong
ps | Ns PHRE0y NS Ex [Ezoor
QQ| Q& nKlyKk Q0 |1k LK | Y
oos1zo1oxi1xs3:11 1 X111 X 0
0 18,1 0 1x:x1so:ooox:ox 0
1081 1 X0 1X|S:0 1 X 111X 0
11SO:OOX1:X1SZ:1OX0:X1 1
I

v

Ot napondve cThieg
dNovpyRONKaY ¥ PNCLOTOIDVTOG
Tov wivaxa yio To 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 EE660v

DIR

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

Q

@ Al1QYPOUUA KUKAWNOATOC

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 duadIKwV OToIXEiwV TToU €lo0dyovTal oIplakd Ye puBud 1 bit ava TTaAud poAoyiou
(Na xpnoipoTtroinBouv JK-ffs)

Adon:

To KUKAwpa €xel pia peTaBAnTr eil06dou X 10U TTaipvel TIG TINEG O Kal 1 kail pia petaBAnTA
€€000U Z n otroia yivetal 1 6tav AngBei pia akohouBia 1 0 1. Kat' apxrv dev gival gavepod
TOOEG €ival 01 SUVATEG KATAOTACEIG, O OTTOIEG OPWG JTTOPOUV VA TTPOCBIOPIOTOUV KAVOVTAG
TO OIAYPAUMNO 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 KataoTaon So,
EVW €Av X = 1 TOTE €XOUNE TO TTPWTO bit OTTWG akPIBWGS TO avapévouue OTnV MOUUNTH
akoAouBia, cuveTtwg yivetal uetTéBaon otnv Katdotaon S4. H €50dog kai oTig duo
TTEPITITWOEIG €ival UNOEV apou dev £XEl aviXveUBEi akoun n TTAPNG akoAouBia.

2 KETTTOMEVOI KOTA TOV iB10 TPOTTO €AV €ipaoTe oTn KatdoTtaon S¢ kal X = 0 petafaivoupe
otnv Katdotaon S, , evw €dv X = 1 TTapapévoupe otnv Sq BewpwvTtag 6T T0 1 €ival TO
TTPWTO bit TNG avauevépevng akoAouBiag. Edv ipaoTe otnv Katdotaon S,  Kal X = 1 10T
MeTaBaivoupe oTnV KaTdoTtaon Sz O1Tou N £€§0do¢ Z = 1, evw €dv X = 0 €MOTPEPOUNE OTNV
Karaotaon Sy . Téhogatmd 10 S; yia X = 0 emOTpEPOUNE OTNV KaTdoTaon Sy , EVW yia
X=10Tnv Si. ZOYQwva P Ta TapaTTédvw oXeBIAZETaI TO TTAPAKATW SIAYPAUA

KATOOTACEWV.
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TEI Zeppwv

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

atrairouvTal 2 YeTaBAnTEG KOTAOTAGEWY, N duo ffs.

MNa Ta oXeBIA0PO TOU KUKAWMPATOG YivovTal T TTAPAKATW Bripara:

1. livakag Karaoraoswv

NS "E£080¢
PS x=0[x=0] 7
SO SO Sl 0
Sl SZ S] O
S, S, S, 0
S, S, S |1

2. Opiouog ueraBAnTwyv 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

\
Ql(xxxw Q1<0\1\jx

Qz ~ - Q2 -
Kl A K2 /X\
X\ X 7% x\ X 0

= L
*( ] ey e

&

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

ol
=

QZ Jz
o K -

CLK
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IpoPAfjpata amnd Kataotaoelg oL OEV XPI|CTHOIOI0VVTAL

‘Eva akoAouBioké KUKAwUa PTTopEi va EekIvAoel attd hia KaTdoTaon n otroia dev
XPNOIUOTTOIEITAl, 1) VA EP@AVIOEl pia TETola KaTtdoTaon Adyw Bopufou. 2™ auth Tn
TTEPITITWON N CUMTTEPIPOPA TOU KUKAWUATOG €ival pn TTPORAEWIUN.

AnAadn €va oUuoTNPO PTTOPET VA €XEI TO TTAPAKATW BIAYPAUHA KATAOTACEWVY

Ankadn
MOD-5
peTpnTig

YTapxXouV TPEIG KATOOTACEIG Ol OTTOIEG DEV XPNOIUOTIOIOUVTAI KAI OI OTTOIEG ITTOPET Va
e@avioouv dIaQopeg 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).

AnAadn KaTaoKeuadeTal £va OIAYPAUPO KATOOTACEWY TO OTTOIO OEV ETTITPETTEI TNV EUPAVION
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KATOOTACEWV ‘Trayidd’, A edv uttTdpéouv, n euPAavion Toug va £YIVE TIPIV TNV €vapgn Tou

poAoyiou.

\ Mn xpnOLLOTOL0V EVES
KOTOGTAOELS

lMapaddeiyua 2.6
Na oxediaoTei o yerpntc MOD-6 Gray Code xpnoipotroiwvTag D-ffs pye didypauua

KOTAOTACEWV

Otwpoulpe aTO
TTapadelyya pog Ol ol
KaTaoTdoeig PS givai
iDIEG UE TIG
KATOOTAOEIG £€OO0U.

Mn xpnNO1HOTOI0VLEVES
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 KUKAWHQ

A A A A A A w w L J

Q D, b
Q,
Q D, <
Q

—— CLK
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AOKR\OEIG ETTAVAANYNGS 2

Aoxknonq 2.1

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

Auon:

Mivakeg aAnBeiag Twv 2 ff's

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

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

Mivakeg cuoXETIoONg 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 (E 0| x X 0 0
Q,
X 0 0 X 1l oo () 0

TeAIKO KUKAWpOQ:

)
S Q1
J —/ > CLK
K ; R Qe
Aoxknon 2.2

EmOBupoupe va oxedidooupe éva ff véou TUuTTOU, TO OTTOI0 OVOopPAlouue ‘X-Y’ flip-flop kai Tou

oTtToiou o Trivakag aAnBeiag divetal wg €EAG:

Na d¢i¢te 611 TO X-Y ff y1mopei va
oxedlaoTei e 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 ocuvaprtioel Twv X, Y, Qn

S XY
00 01 11 10

Qf 0 /ﬁ\ <I::E> S=XY +XQ,

QO /;\ ° ° ° R=XY +XQ,
e G

TEI Zeppwv
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TeAIKO KUKAWMO:

X
— s Q
R Q
[ XQn
Aoxnonq 2.3

MNa 10 pETPNTA TOU OXUaATog Bewpoupe 6T OAa Ta ff cival TUTTOU (Master-slave). Edv 6Aa
1a ff okavdaAifovTal (trigger) katd Tn BeTIKR évauon Tou TTAAROU Tou POAOYIOU Kail KATa TNV
€KKivnon eival 6Aa o€ karaotaon 0, va:

a) oxedlaoTei éva kUkAwpa (R,C, d16dou ) tTou divel TIG EVAUOEIG

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

Y) BpeBouv o1 £¢odol A, B, C Tou PETPNTA YIA TOUG TEOOEPIG 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
L av,
R VAN v, Vo=RC—
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OTOAEIPETOL AOY®
g S16d0v

: Master Slave

=

S =SS Do
Dc

L

CLK

Y)
Holpuéc|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 S £wg S1s5), 0TTOU S =000 0,
S1=0001,=0010K.T.A.

a) Na oxediaoTtei 0 TTAPNG oUYXPOVog PETPNTAG TTou Ba TTapdyel Kai TIG 16 KaTaoTACEIG
dladoyIkd Kal augnTika ( up-counter).
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B) Na TpotTrotroInBei TO0 apXIKO KUKAWHA WOTE va TTAPAYEI hI TTEPIOPICUEVN aKOoAouBia

KataoTdoewyv PETAEU TNG S7 Kal Sq3

Auon:

a) D C B

>

Ll
Ql

i
[ T

CLK

Katdotaon Kartdotoon
aviyvevong EMOTPOPNG

(v)
ABCD

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

Kavovikr diadoxn 1101 > 1110

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

TO A, TO OTTOIO O€ KaVOVIKr dladoxn dev Ba AAAale, OTnV TTPOKEIPEVN TTEPITITWON Ba TTPETTE
va aAAGgel kal atto 1 va yivel 0. Xuvettwg 1o Ta Ba TTpéTrel va kpaTnBei o1o 1. To B kai C dev
atraITouv aAAayr dI0TI £X0UV TIG idIEG TIMEG TTOU Ba gixav o€ KavovikA diadoxr, evw 10 C, To
oT1T0io UTTé Kavovikr diadoxnh 6a adAAale atrd 1 o€ 0, evw gEiG €TOUPOUNE va TO

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

MNa va €xoupe otnv €icodo Tou T 170 1 XPNOILMOTTOIOUUE TO KUKAWMO

X
D}NEW

KOVOVIKT
€i6000g

karyia T oto 0

X :

| TNEW
KOVOVIKY
€i6000g

Apa TO TPOTTOTTOINUEVO KUKAWA €ival:

i
Ii

o

|
]
]
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Aoxnong 2.5

Eival To rapddeiypa 5 atmd 11 onueIwoEIS Tou abiuatog 9.

Abon:
a) Aldypapua OTTwe TIG ONUEIWCEIG
B) Mivakag O1Twg TIG ONUEIWOEIG
y) E€iowoeig digyepong
D, Q D Q,

J— —
K RIGE
oo e e | e W

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 TENIKO KUKAWWA €ival OTTWG OXEDIAOTNKE OTO TTAPADEIYUA 2.6 TWV ONUEIWTEWV.
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