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1 Eicaywyn

H wneiakn  Boolean Aoyikn givai n BgpeAinndng €vvoia Tou BacileTal o€ OAa Ta GUYXpova
ouoThuaTa uttoAoyioTwy. Me ammAd Adyia, gival To oUCTNPA KAVOVWY TTOU POG ETTITRETTE
VQ TTAiPVOUNE ECAIPETIKA TTEPITTAOKEG ATTOPACEIG UE BACN ATTAEG EPWTHOEIG «VAI/OXI».

2€ auTé 10 HaBnua Ba udaBeTe yia...

Yneiaké KOKAwpa

Ta wnolokd AoyIKA KUKAWHATO PTTOPOUV VA XWPIOTOUV o€ OUO UTTOKATNYOPIEG -
OuUVOUOOTIKA Kal dladoxikd. H ouvduaoTikh Aoyikrp aAAdlel "oTiypigia” - n €50dog Tou
KUKAWMATOG atrokpiveTal JOAIG aAAGEEl N €icod0o¢ (e KATToIa KaBuaTEPNOT, YUOIKAE, agou
n 61ado0n Tou ONUATOG PMECW TWV CTOIXEIWV TOU KUKAWMPATOS dlapKei Aiyo xpovo). Ta
O1ad0XIKA KUKAWHATA €Xouv CHPA poAoylou Kal o ahAayég diadidovtal oTa oTddia Tou
KUKAWMATOG OTIC AKPEG TOU poAoyIou.

TutKd, éva 81000XIKO KUKAwUa Ba atroTeAEiTal atrd PTTAOK ouvOUAOTIKAG AOYIKNAG TToU
Xwpilovtal atro oToIXEia JVAMNG TTOU EVEPYOTTOIOUVTAI ATTO £Va Orua poAoyiou.

MpoypauuATIONOG
H wno@iakn AoyIKA €ival onuavTiKh Kal oToV TTPOYPAPUaTIoNs. H katavonon Tng wngiaknig
AOYIKNG KaBIioTa duvaTth TN Awn TTOAUTTAOKWY ATTOPACEWY OE TTPOYPAUMATA.

Opiopéveg AETTTEG ATTOXPWOEIG GTOV TTPOYPANMOTIONO gival onuavTikd va katavonBouyv,
Ba ptTouue o€ autd POAIG KaAUWoupe Ta BacIKA.

Mpiv EekIVAOETE, iowg gival KaAn 16€a va avaBewpioeTe To HABNPA PJag yia Toug duadikoug
apIBuoug, av dev To €xeTe KAVEI NON. YTTAPXElI Mia PIKPr) oudhTnon yia Tn Boolean Aoyikn
eKei, aAAG Ba TTpoxwpricoulE TTOAU TTEPICOOTEPO OTO BEUA £DW.

AkoAouBouv opicuéva GAAa BEpaTa he Ta oTToia TTPETTEI VA £COIKEIWOEITE TTPIV EEKIVAOETE.

* T1 gival HAekTpIOPOG;

* Auadiké

* Avaloyikoé vs Wnoeiako
* Aoyikd ETitTreda

2. 2uvduaoTiki Aoyikni

Ta ouvduaoTIKG KUKAWPATA KATaoKeuagdovTal atmd TTEVTE BaoIKEG AOYIKEG TTUAEG:

* [MUAN AND - n €€odog €ival 1 eav kai o1 duo gicodol gival 1

* [1UAN OR - n €¢odog cival 1 eav TOYAAXIZTON pia gicodog eivai 1

* [MUAN XOR - n £€€0d0¢ cival 1 edv MONO pia eicodog €ivai 1

* [10AN NAND - n €godog eival 1 edv TOYAAXIZTON pia gicodog eivail 0
* [1UAN NOR - n £€0d0¢ €ivail 1 €dv kai ol duo gicodol givail 0
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Zuvouaartikn Aoyikn
Ymapyxel éva €KTO OTOIXEIO OTNV WN@IOKH AOYIKF), O METATPOTTEAC (UEPIKEG POPEC
ovopadetal TTUAN NOT). O1 petatpoTtreig Oev gival TTPayHATIKA TTUAEG, KABWGS dev TTaipvouv
ammo@aoelg. H €6000¢ evog petatpoTtréa gival 1 edv n €icodog eival 0 Kal avtioTpo@a.

AgiCel va onueiwBoUlv PEPIKA TTPAYHATA yId TNV TTAPATTAVW EIKOVQ:

* 2uvhBwg, T0 dvopa TNG TTUANG dev TUTTWVETAL. TO OUUBOAO Bewpeital ETTAPKES
yia avayvwpion.
* H onueiwon tepuatikou TUtrou A-B-Q €ival TUTTIKA, av Kal Ta AoyIKd dlaypAupaTa
ouvnRBwcg Ta TTapaAeitTouv yia oruarta Tou dev gival eicodol 1 €odol oTo oUoTNUaA
WG GUVOAO.
* AUO ouOKeUEG €1I0000U gival BaoIkEG, AAAG TTEPIOTACIOKA Ba BAETTETE CUOKEUEG
ME TTEPIOOOTEPES aTTO BUO €10600UG. QoTdoO0, Ba £x0ouv POVO pia ££0D0.
Ta YneIakad AOYIKA KUKAWMPOTA avatrapioTavTal CuvABwWS XPNOIKNOTTOIVTOG auTd Ta £G
oupBoAa. Or cicodol BpiokovTal aTa apioTepd Kal ol £€odol aTa de€id. Evw o1 gicodol
MTTOPOUV va ouvdeBoUy, o1 £€60d01 dev TTPETTEI TTOTE va ouvdEovTal, TTAPA NOVO O AAAEG
€10000UG. QOTOO0O, pia £6000¢ uTToPE va cuvdebei oe TTOAATTAEG e106d0uG.

3. Mivakeg AARB10G

O1 mapatmdvw TTEPIYPOAPESG Eival ETTAPKEIG yIa va TTEQIYPAWYOUV Tn AEITOUPYIKOTNTA
MEMOVWUEVWY UTTAOK, OAAG UTTApxEl €va TTI0 XPRoIYo epyaAeio diaBEoiyo: o Trivakag
aAnBelag. O1 Trivakes aAABeIag sival atTAéG ypagikEG TTapaoTAoEI TTou eEnyouv TN £€£000
€VOG KUKAWPATOG WG TTPOG TIG TTIBAVEG £10000UG 0€ AUTO TO KUKAWA. AKOAOUBOUV TTiVAKEG
aAABeIag TTou TTEPIYPAPOUV Ta £E1 KUPIQ OTOIXEIQ:
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Mivakeg aAnBeiag

Ol rivakeg aAnBeiag uropolv va eTTekTaBoUv o€ auBaipeTn KAiJaka, pe 60€G EI00DOUG Kal
€EOO0UC UTTOPEITE va XEIPIOTEITE TTPIV AMIWCOEl O eYKEPAANOG oag. Acite TTwG poladel Eva
KUKAWWO TECOAPWY €1000wV Kail £vag TTivakag aAndeiag:

AB
D0 0% el

00, O 1 1 1

b

B 011 0 | 1 | 1 | 1

e
1 ano 100 01 1
y 0 0 0
Boolean Logic
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4 I'patrt) Boolean Logic

Eival, Quoikd, Xpoipgo va PJTmopouuEe va YPAWOUUE OE Hia OTTAR Jadnuartikr popen Hia
gfiowon Tou avTirpoowTrelel Mo Aoyikf TTpdén. MNa 1o OKOTTO auTtd, UTTAPXOUV
HaBnuatik& cupBoAa yia Tig povadikég Tpdéeig: AND, OR, XOR kai NOT.

* Ta A AND B mrpétrel va ypdagovtal ws AB (1 HepIKEG @OpéG A » B)

* To A OR B mpétrel va ypagetal wg A + B

* To XOR B mpétrel va ypagpetal wg A @ B

* To NOT A rpétrel va ypdagetal wg A' R A

Oa onueiwaoeTe OTI UTTAPYXOUV dUO aTolxeia TTou Acitrouv o€ autriv T Aiota: NAND kai
NOR. ZuvABwg, autd avotrapioTavtal atmAwg OCUPTTANPWYOVTAG TRV KATAAANAN
avaTrapaoToon:

* 'Eva NAND B ypdagetal wg (AB)', (A B)' n (AB)
* 'Eva NOR B ypdeetal wg (A + B)' 1} (A + B) Sequential Logic

5 Aladoyiki Aoyikn
H ouvduaoTiky Aoyikf eival €EaipeTikr), aAAG Xwpig Tnv TTPocBNKn OlIadoXIKWV
KUKAWMATWY, 0 oUyXPOovog UTTOAOYICHOG dev Ba ATav duvaTtod.

To d10d0xIKS KUKAWMA gival auTtd TTou TTPOCBETEN UvHN OTA AoyIKA pag cuoThuaTta. OTTwg
avaQEéPBNKe TTPoNyoupévwg, n ouvduaoTIK AoyiKA TTapdyel atroTeAéopata PeTd atrd
kaBuoTépnon. Autr n kaBuoTtépnan TToIKIAAEI avaAoya he TTOAAG TTpdypuaTa: T dladikaagia
KATOOKEUNG TWV EUTTAEKOUEVWV €EAPTNHATWY, TN BEpUOKpACia Tou TTUPITIOU Kal TNV
TTOAUTTAOKOTNTA TOU KUKAWWATOG. Edv n £€6000¢ e€vOG KUKAwPATOG €6aptaTal atrd Ta
atmroTeAéopaTa dU0 AAAWY CUVOUACTIKWY KUKAWUATWY Kal Ta ATTOTEAECUATA PTAVOUV OE
OIaPOPETIKOUG XPOVOUG (TTou Ba @TAvVOUV, OTOV TTPAYUATIKO KOOMO), éva ouvOuaoTIKO
KUKAwMa Ba "utrAégel" yia Aiyo, ByadovTtag éva OTTOTEAECUA TTOU WTTOPEI va unv Eivai
OUVETTEG PE TNV €MBOUPNTA AgIToupyia.

QoT1600, éva dIadoxIKO KUKAwua AauBdver deiypata kal diadidel Tnv €60do pbévo o€
OUYKEKPIPEVOUG XpOvoug. Edv n €icodog aAAGEel peTagu auTwy Twv Xpovwy, ayvoeital. O
XPOVOog delypaToAnwiag ocuvhnBwg ouyxpovidetal o€ 0AOKANPO TO KUKAWHA KAl avagEPETal
wg "poAd!". Otav avagépeTal n "taxutnta” evog UTTOAOYIOTH, auTh €ival n €v AOyw TIUA.
Eivar duvatdé va oxedlaotolv «aoUyyxpova» OladoxIKG KUKAwPaATa, Ta oTroia Oev
Baoifovtal o€ éva OUYXPOVIOUEVO TTAYKOOMWIO POASl. QoTdé0O0, auTd Ta CUCTHPATO
TTapouaidfouv PeyaAeg SuoKoAieg kal dev Ba Ta oulnTHOOUE £DW.

Q¢ Oeutepeliouca onueEiwaon, ommoIodATTOTE TUAMA TNG WN@IAknS AoyikAG Ba £xer duo
XOPAKTNPIOTIKES TINEG KABUOTEPNONG: TOV EAAXIOTO XPOVO KABUOTEPNONG KAl TOV PEYIOTO
Xpovo kaBuotépnong. Edv 10 KUKAwPa atroTuxel aTov €AAXIOTO XPOVO KaBuoTEPnong
(®dnAadn, eival TaxuTePO ATTd 600 Ba ETTPETTE), TO KUKAWUA Ba OTTOTUXEI, AVETTAVOPOWTA.
Edv autd 10 KUKAWWGO cival PéPOG pIag PeyaAUTEPNG OUOKEUNG, OTTwg pia CPU
UTTOAOYIOTH, OAOKANPN N GUOKEUN €ival OKOUTTIdIa Kal gV UTTOPEI va xpnoiuotroinBei. Edv
0 MEYIOTOG XPOVOG KaBuaTépnong atroTuxel (dnAadr), To KUKAwa gival 1o apyd ato O,Ti
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Ba £TpeTTe), N TAXUTNTA TOU POAOYIOU UTTOPET va PEIWBET yIa va QIAOEEVROEl TO TTIO apyo
KUKAwMa oTo ouotnua. O1 péyioTtol Xpovol KaBuoTépnong TEivouv va augdvovTal Kadwg
CeoTaiveTal TO TTUPITIO TTOU OXNMaTiCel éva KUKAwUA, yI' autd o1 UTTOAOYIOTEG yivovTal
aoTabeic otav uttepBepuaivovTal 1 KaBWwg augdvetal n TaxutnTa Tou poAoyiol (OTTwg
oupBaivel pe To overclocking).

6 ZToixeia S1000XIKOU KUKAWHATOG

Omwg oupPBaivel pe TN OuvOUOOTIKN AOYIKA, UTTAPXOUV apPKETA BaCIKG OToIXEia
KUKAWWMATOG TTOU ATTOTEAOUV T SOUIKA OTOIXEIO TWV dIOdOXIKWY KUKAWUATWY. AuTd TO
MTTAOK dnpioupyouvTal atrd Ta BACIKA CUVOUAOTIKA OTOIXEIQ, XPNOIUOTTOIWVTAG avVAdPaOoT
amd TNV £€€0d0 yia Tn oTabepotroinon TnG €10000ou. KukAo@opouv oe OUO «YyeUOEICH:
oUpTeG Kai flip-flops. Evw o1 6poi xpnoigotroiotvTal ouxva eVOAAQKTIKE, Ta pavOoaAa gival
AiydTeEPO XpHolpa, KaBwg dev gival Xpoviouéva, Ba emikevTpwBouue oTa flip-flops.

6.1 D-type Flip-Flop

D
—>  qQ—

D-type Flip-Flop

O amAouoTepog TUTTOC flip-flop €ival o TUTTO¢ D. Ta flip-flops D cival atrAd -- oTnv dkpn
TOoU poAoylou (ocuvABwg avePaivel, av Kal JTTOPOUV va PpeBouv e évav EVOWUATWHEVO
METATPOTTEX VIO VO POKAPOUV OTNV TITWON), N €i0000¢ pavdaAwvetal oTnv ££000.

2uvABwg, n €icodog poAoyiol cupPoAileTal Pe TO PIKPO TPIYWVO TTOU TTPOCKPOUElI OTO
oupBolro. Ta mrepiocdTepa flip-flops TTapéxouv duo e€6doug: TNV "kavoviki" €000 Kal TN
OUMPTTANPWHEVN €€000.

6.2 T-type Flip-Flop

—T Q_

T

T-type Flip-Flop

Moévo Aiyo 110 TTEPITTAOKOG €ival 0 TUTTOG T. To «T» onuaivel «evaAayr». Otav epgavicetai
Mia dkpn poAoyiou, v n gicodog T cival 1, n €6€000¢ aAAdlel kataoTaon. Edv n gicodog
givar 0, n €¢odog Tmapauével n idla. OTmwg kal e Tov TUTTO D, OouvABWG TTapEXETal TO
OUMTTANPWHA TNG £€600U.
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Mia xprioiun ocuvaptnon tou T flip-flop €ival éva kUkKAwpa diaipeong poAoyiou. Edv 10 T
KpatnBei WwnAd, n €¢odog Ba cival N ocuxvoTnTa poAoyiou diaipouuevn Pe 1o duo. Mia
aAucida atro flip-flop T ptropei emopévwg va xpnoiuoTroindei yia Ty TTapaywyr 1o apywv
POAOYIWV aTTO TO KUPIO POASI HIAG CUOKEUNG.

6.3 JK-type Flip-Flop

Q
011
| Poo]
I 7 011 0| 0
K
JK_ 100 1| 1
I S I Y I

JK-type Flip-Flop

TéNog, éxoupe Tov TUTTO JK. O T1UTOG JK €ival 0 pévog ammd Toug TPEIG TTOU ATTAITEN
TIPAYHATIKA évav TTivaka aAnRBeiag yia va gnynoei, £xel duo el06doug (J kal K) kai n £€60d0¢
MTTOPEl va TTapapeivel idia, va puBuioTei, va diaypa@ei A va aAAdgel, avahoya pe Tov
ouvOUAOUO TwV ONUATWYV €1I0600U TToU UTTApXouV. PUOIKAE, OTTWG CUMPaiveEl uE OAES Ta
flip-flops, n €icodog TN oTiyur} Tou PoAoyIOU gival TO JOVO TTOU €XEI ONUaaia.

6.4 PuBpion, Avapovi kail Xpévol Aiadoong

OAa 1a S10d0xIK& KUKAWMPATA £X0UV TOug Aeyouevoug Xpovoug "setup" kai "hold", kaBwg
Kal kaBuoTépnon diadoong. H karavonon autwy Twv TPIWV TTPAYUATWY gival Kpioiun yia
TO OXEQIAOUO DIABOXIKWY KUKAWNATWY TTOU AEITOUPYOUV OTTWG AVOUEVETAL.

O xpoévog eykataoTaong eival o eAAXIOTOG XPOVOG TTPOTOU EUPAVIOTEI £va AVEPYXOMEVO
GKPO TOU PoAoyIoU TToU TTPETTEI va @TAcEl éva oAua otnv gicodo evog flip-flop yia va
ac@alioel cwoTd Ta dedopéva atd To flip-flop. Opoiwg, 0 Xpdvog avauovig cival o
eAAXIOTOG XPOVOG TTOU £va OHPa TTPETTEN VA TTapapEivel oTaBepd PETA TV EUPAVION TNG
OKMAG TOU POAOYIOU TTOU AVvEPXETAI TTPOTOU ETTITPATTEI VO OAAGEE.

Evw o1 xpovol puBuiong kai diatipnong divovtal wg eAAXIOTEG TIUEG, N KaBuaTépnon
01ddoong Oivetal wg péyiotn. Me amAd Adyia, n kaBuotépnon diddoong eival o
MEYOAUTEPOG XPOVOG HETA ATTO WIO TITWON OTO POASI TTPOTOU VO TTEPIYEVETE va OEiTE TO
ofua oTIg £600UG. AKOAOUBET éva ypa@IKO TTOU Ta £ENYEi:
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Pubuion, Avauovin kai Xpovor Aiadoong
2nuelwoTe 6Tl oTNV TTAPaTTdvw €IKOVA, O PETABAOEIG OoXedlddovTal WG eAAPPWS UTTO
ywvia. Autd e€uttnpeTei dU0 OKOTTOUG: Jag utrevBuuilel 6T oI AKPES TOU POAOYIOU Kal TwV
oedopévwy dev gival TTOTE aAnBiva opBEg Kal Ba £xouv TTAvTa KATTOIO Wn MNOEVIKO XPOVO
avodou | TTwong Kal SIEUKOAUVEI va doUpE TTOU TEUVOVTAI Ol KABETEG YPOUMES TTOU
ONMEILVOUV TOUG dIAPOPOUG XPOVOUG UE TO ORUOTA .

——

O cuvdUOoPOG AUTWY TWV TPIWV TIHWY KaBopidel TV uwnAdTEPN TaxUTNTA PoAoyIoU TTou
MTTOpPEI va XpnoIUOTTOINCEl Jia UoKeUn. EAv n kaBuotépnon 81adoong VoS TUNWATOS OUV
TOV XPOVO €yKATAOTOONG TOU ETTOUEVOU EEAPTANATOS OTO KUKAWMA UTTEPPAivEl TO XPOVO
METAEU TNG TITWONG GKPOU VOGS TTOAROU poAoyIoU Kal TNG AKUAG avodou Tou TTOPEVOU, TO
oedopéva dev Ba eival aTaBepd oTnv €icodo Tou deUTEPOU £EAPTIAHATOG , UE ATTOTEAEO A
VO OUUTTEPIPEPETAI ATTPOCDOKNTA.

6.5 MeTaoTaBepoTNTA

H un mipnon Twyv xpévwy puBuiong Kai dlatrpnong HTTopei va odnynaoel o€ éva TpoRAnua
TTou ovopdletal "peTaoTaBepoTnTa”. OTtav éva KUKAwua BpiokeTal o€ PETAOTAOEPN
katdoTaon, n €¢odog evog flip-flop pmmopei va TadaviwBei yprAyopa petatu Twv dUO
KOAVOVIKWYV KATAOTACEWY -- GUXVA JE PUBPO TTOAU peyaAUTeEPO atrd Tov puBud poAoyiol
TOU KUKAWMATOG.

i Setup time violation

setup

Clocli/_\__
D

High speed
Q metastability -""'”H""

transitions

Meraorabspornra
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Ta TTpoBAAUATO PETOOTABEPOTNTAG UTTOPEI va KupaivovTal atmd Wweudr AsiToupyia £wg
(nuid oTo TOITT, KOBWG MTTOPOUV va auéfjoouv Thv KatavaAwon peupatos. Evw n
MeETaOTAOEPOTNTA GUVABWG UTTOXWPEEI atmd povn TNG, MEXP! va yivel autd, To oUoTNUa
MTTOPEI va gival o€ AyvwoTn KATAoTaon Kal va XPEIOOTE va Yivel TTARPNG eTTavagopd yia
va atroKaTaoTabei n owoTh AsiToupyia.

"‘Evag ouvnBIoPEVOG TPOTTOG HE TOV OTTOIO TTPOKUTITOUV {NTAMATA HETAOTABEPOTNTAG Eival
oTav éva onua diacyicel TouEiG poAoyiou -- pe AAa Adyia étav éva ofiua Tepva PETAgU
OUOKEUWYV TTOU XPOVOMETPOUVTAI aTTO DIAPOPETIKES TTNYEG. AcdOUEVOU OTI Ta POAdYIa deV
gival guyxpoviopéva (Kal akOPa K av Ta pOAGYIa gival oTnv idia OVOUAOTIK ouxXvoTnTa, N
TTPAYMATIKOTNTA UTTayopeUel OTI Ba eival eAa@pwg dIagopeTikd), TEAIKA n Akpn Tou
poAoyiou kal n akpn dedopévwyv Ba egival TTOAU KOVTA yIa AVEDN, HUE ATTOTEAECHA MIO
puBuIon TTapaBiaon xpdévou. Mia atrAi Auon yia autd To CATAMA gival n eKTEAEON OAWV
TWV €1I000wvV o€ £va cuoTnua HEow evog Ceuyoug diadoxikwy flip-flops D. Akdéua ki av To
mpwrTo flip-flop peTapei oe petaoTaBepdTNTA, (€ATTICOUNE) Ba £X€I OTABEPOTTOINGET O€E Ia
oTa0epn KATAOTAON TIPIV OTTO TOV ETTOUEVO TTAAUNO poAoyIOU, ETTITPETTOVTAG OTO OEUTEPO
flip-flop va diaBdoel Ta cwoTa dedopéva. AuTo £XEl WG ATTOTEAECHUA MIa KaBuoTEPNON €VOG
KUKAOU OTIG €I0EPXOMEVEG AKUEG DEDOUEVWY, N OTToIa gival TTAVTA aCHUavTn € oUYKPIoN
ME TOV KivOuvo PETaOTABEPOTNTAG.

7 Zuptrépacua
H katavénon NG wneiakng AoyikAg eival pia kpioiun de€10TnTa oTa NAekTpovIKa. MNa
TTEPIOCOTEPES TTANPOPOPIEG OXETIKA HE TO BEPQ, BEITE TIC TTAPAKATW TTNYEG:

» Digital Logic - 'Evag KaAdG 10TOTOTTOG TTOU KOAUTITEI TO UEYAAUTEPO HEPOG TOU
UAIKOU TTOU TTapouUsIAdeTal €W

» Boolean algebra - H ogAida tng Wikipedia yia tnv Boolean Algebra, n otroia €ivai
0 KAGdog 1Tou 0Tnpifel auTd TO BENA.

*  MéBodog Quine-McCluskey - To Q-M egival pia péBodog atrAoTToinong Yn@IaKwy
KUKAWWPGTWY 0€ éva eAdYIOTO oUVOAO atTapaitnTwy TTUAWY, AapBavovTtag uttown
TTOAAEG €10600UG Kal évav eTIBUUNTO XApTN ££0d0U.

* Logic Blocks kai pia eicaywyn oTnv ynelaki Aoy
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