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WNoIoK& KUKAOPOT

‘Eva wno1oko KOKAWUG gival Eva OIKTUO OTOIXEIWV TTOU eMeEepyBIeTAI

UMETOBANTEC OI OTTOIEC TTAIPVOUV DIGKPITEC TIMEC
To KUKAWPG PE BGoN TNV 6PXN TNC TUNUOTIKOTNTOC EIVA
Evol MaUPO KOUTI WE:
- Vo ) TEPIOOOTEPO TEQDUATIKG OnNuEIar e10000U (input terminals) mou
TXipVouV OIXKPITEC TIUEG,
~  &vo ) TEPIOOOTENN TEQUATIKA anueia £E60ou (output terminals) mou
TOiPVOUV OIGKPITEC TIUEG,
- I Aermroupyikn mpodiaypa@n (functional specification) mou
TEPIYPAPEI TN OXEON UETOEU €1000WV Kol 60wV,
— I mpodIaypagn xpoviouod (timing specification) mou mepiyp&per TNV
KOOUOTEPNON UE TNV OIMOIX KITOKPIVOVTAI 01 €£0001 TN UETKBOAN TWV

€1000WV.
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WNoIoKG KUKAOPOT

m Eva ynoioko KIKAwPO ammoTeAEITal ommd KOUPOUC Ko OTOIXEIK

- To oroixeia (element) (E1, E2, E3) eivail Kol GUuT& WnNQIOK&
KUKAWUOTO TOU GUECWES XXMNAOTEDOU IEPOPXIKOU EMITTEOOU UE
€10000U¢, £EOO0UC, KOI TTPOOIRYPO PN

- O KoupBoc (node) ivou évo cUPUA, TOU OTTOIOU N TXON UETXPEPEI
I METAPBANTH TOU MTXIPVEI OIXKPITEC TIMEC
m O1 k6uPBol Ta&ivouolvTal we KOUPoI el0600uU, KOUPOoI €EO6O0U 1
E0WTEPIKOI KOUPOI
—-  O1 koupor eigéoou (A, B, C) déxovTai TIUEC oo TOV EEwW KOOUO
—  O1 koupor efooou (Y, Z) oTEAvouV TILUEC OTOV EEW KOOUO

- To oOpuoTo mou Ogv eival €i0o001 N €€0001 OVOUG{OVTOI
Eo0wTEPIKOI KOUPor(nl)
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TOTTOl WNOIKKWYV KUKAWUAKTWV

B T Yn@IGK& KUKAOUOTX TREIVOPOUVTOI 0E GUVOUOTIKK
(combinational) 1 akoAouBioka (sequential) KUKAOUOTO.

m  2uvOuaoTIKA AOYIKNA

— 01 €€0001 evOC OUVOUNOTIKOU KUKAWUXTOC EEXPTWVTOI
LIOVO ATTO TIC TOEXOUOEC TILIEC TWV EICOOWV

—  O1 Aoyixéc miAec givai Tou 110 KITAG OUVOUGOTIKGX KUKAWUOTX
—  Agv Exouv pvnun (00TE KATAOTAKOEIC)

m  AKoAouBiaKnA AOYIKA

— 01 €£0001 evOC 0tkoAOUBIOKOU KUKAWUOATOC EEXDTWVTAI KOl AITO
TIC TOEYOUOEC KA QIO TIC IMPONYOULEVES TILUEC TWV EI060WV

- Exouv uvnun (xmoBnkedouv KATOOTXOEIC) ITOU XITOTUITWVOUV
OUVOTTTIKX TIC ITOONYOUUEVEC TILEC TWV EI0O0WV




KavOVEC OUVOUOOTIKNG ouvBeoncC

m O kavOveg TNC ouvouaoTIKAC oUvBeonc (combinational composition)
UOC AEVE TTWC UTTOPOUNE VO KATKOKEUXOOUPE EVO EYARAO
OUVOUXOTIKO KUKAWPO OTTO PIKPOTEPO OTOIXEICK OUVOUXOTIKWV
KUKAWUATWY (KOAOUBWVTAC TNV PXN TNC IEPXPXICC

— To o uIkpO OToIXEIO €iVAI N AOYIKA TTUAN
B Eva yneIiokd KUKAWPO €IV CUVOUROTIKO OV ITOTEAEITA
o1T® XAANAOCUVOEOUEVD OTOIXEICK KUKAWUGTWY TETOIX WOTE:
- K&Be 0TOIXEI0 KUKAWUOATOC EIVXI K&I TO 1010 CUVOUXOTIKO-

~  KG&Og KOUBOG TOU KUKAWUKTOG €ITE EIVXI £i10000C,
EiTE OUVOEETOI OE aKPIPBWC Lty EE000

—  TO KUKAWUO OV MEPIEXEI KUKAIKEC OIXOPOLIEC,
ONAcdnN K&Be d1xOPOLN UEOW TWV OTOIXEIWV TOU KUKAWUXTOC ITEQVAEI
Ao K&OE KOUBO TOU TO MTOAU Uit POPA.
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KavOVEC OUVOUOOTIKNG ouvBeoncC

O1 Kavovee TNC OUVOUXOTIKNG oUvOEONC UTTOPET VO EIVAI
EMTXPKEIC, MG OEV EIVOI UOTNPG UTTOXPEWTIKOI

YTTIXPXOUV OPIOUEVO KUKAWUOTO TTOU, TIXPOTI OEV UTTGKOUV TOUG
OUYKEKPINEVOUC Kavovee, ExkoAouBoUVv va EIVO OUVOUXOTIKA

[MpoumoBeon eivai OUWC V& IKXVOTIOIOUV TN oUVOAKN OTI
— ol EEodol eEapTwvral LIOVO QIO TIC TPEXOUOEC TIEC TWV EICOOWV



2 UVOUOOTIKO KUKAWUOT

m H Aeiroupyikil Tpodiaypa@ph evOC ouvOUNOTIKOU KUKAWUOTOG EKPPALE]
TIC TIMEC TwV EEOOWV OE OXEDN HE TIC TPEXOUTEC TINEC TWV EI000WV

- Eivair évacg mivaka¢ aAnBeiac i uio ouvaprnon (e€iowon) Boole
- TNo mopd&deyua, n ouvapTtnon F tng moAng OR:Y = F(A, B) =A+ B

m  Mix ouvéptnon F umopei va €xel TOAEC JIPOPETIKES UNOTTOINGEIC
- [ mapaodelyua, n ouvaptnon F tng muAng OR umopei va uAormoinBei
m (&) ye TNV xpnRon piog moAne OR
m (B) ue Tnv xpnon uieg moAng NOR kau piog moAne NOT

o) &

5] ooy
Y=F(A B)=A+B B

(b)




2 UVOUOOTIKO KUKAWUOT

m Avaueoa oTIC TOAMEC JIXPOPETIKES UNOTTOINGEIC Piag ouv&pTnong F,
EUEIC EMAEYOUUE TTOIX UAOTIOINON OO XPNOIUOTIOINCOUME OVAAOYXK UE:
- To OOUIKG OTOIXEIX TTOU EXOULIE OTN 0I&KBEON UAC OUMPWVX
UE TNV TEXVOAOYIX UAOITOINGNC
— Touc oxedIOTIKOUC TTEPIOPIOMOUC TTOU UTTEPXOUV, OTTWG:
m  Em@daveia uhomoinong
m  ToxUtnro
m Katavélwon 1ox00¢
|

Xpovog oxediaoncg



Alauloc (Bus)

2€ YIC TIPOOTIABEIR VO KTTAOTTOINOOUUE T OIYPXUUATN, CUXVX
XPNOIUOTIOIOUPE PIGk YPXUMUA ME MIK KKBETO (/) TTOU TNV TEUVEI,
KXOWC Kol Evav ap1Buo OIMAG ommd aluTn VI VO OUMBOAIcOUpE
gvav 0IauAo (bus), ONAXOA HIc OEoUN TTOAM®V oNUGTWV

- O ap1Buoéc kabBopilel To mAnBoc¢ rwyv onuatTwy (twv bit) aTov diciuAo

m Av 10 MARBOC TwV bit dev mailel POAO N OV EIVAI TTIPOPAVES OO T
OUMPPAIONEVD, N KXOETOC EVOEXETOI VO NV OUVOOEUETOI XTTO OxpIONO

¢ J»

(a)

o)

(b)
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Noxp&deiyua 2.1

m [loix armd T MRPAKATW KUKAWUXTO EIVOI OUVOUKOTIKA?

e il T

(a) (b) (c)
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Napadeiyuax 2.1 (ouveEXEIn)

B To KUKA\WUX (&)




Napadeiyuax 2.1 (ouveEXEIn)

m To KOKAwuX (&) €IVl GUVOUXOTIKO

- Exel KATXOKEUKOTEI &TTO OUO OTOIXEIX CUVOUKOTIKWV
KUKAWUGTWYV (avTIoTPOoQEIC |11 Ko 12)

- AixB€tel TpeIc kouBouc: nl, n2 ko N3

- O KouBoc nl eivai €i0000C TOU KUKAWUKTOG
KOl TOU QVTIOTPOPE |1

- O KOuBoC N2 eivail EOWTEPIKOC KOUBOC, O OITOIOG TTOTEAEI TNV
£€€000 ToU 11 Kol Tnv €icodo Tou 12

- O Koupoc n3 eivair n €E000C TOU KUKAWUXTOC KOl TOU
OVTIOTPOPEX |2

N1 2 o~ on3




Napadeiyuax 2.1 (ouveEXEIn)

m To KUKAwux (B)

_ n_5
n4




Napadeiyuax 2.1 (ouveEXEIn)

m To KOKAwua (B) Oev €ivail GUVOUOOTIKO

Yriapxel kukAikn dicopoun: H €€odoc tnc muAng XOR
AVATOOPOOOTEI LI KITO TIC EIGO0O0UC TNG

Emmouévwce, umapxel Ui KUKAIKN O1060po/r) Tou EEKIVAEI KITO TOV
KouRBo n4, diEpxetoi arrd Tnv muAn XOR K& KATXANYEI OTOV
KOUPBO n5, 0 oroiog emMOoTPEPEI OTOV KOUPBO n4.

n4
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Napadeiyuax 2.1 (ouveEXEIn)

1
i,

B To KUKAWUX (Y)




Napadeiyuax 2.1 (ouveEXEIn)

m To KOKAwpX (Y) EIVaI CUVOUXOTIKO




Napadeiyuax 2.1 (ouveEXEIn)

m To KOKAwpX (Y) EIVaI CUVOUXOTIKO

B To KUKAwG ()

no6




Napadeiyuax 2.1 (ouveEXEIn)
m To KUKAwPG (V) eivail cUVOUOOTIKO
m  To KOKAwua (O) dev eivail GUVOUNOTIKO

- O KOuBoc n6 ouvdEeTal OTIC EEO00OUC Kl TWV OUO OVTIOTPOPEWV
I3 ko 14

—I3
no
—14




Napadeiyuax 2.1 (ouveEXEIn)

B To KUKAWUX (€)

=y
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Napadeiyuax 2.1 (ouveEXEIn)

m To KOKAwUX (€) €IVa CUVOUXOTIKO

—  OITOTEAEI MAPAOEIYMO TOU TTWEC OUO OUVOUNOTIKX KUKAWUOTX
OUVOEOVTI UETAEU TOUG VI VXX OXNUKTIOOUV EVX UEYOAUTEPO

OUVOUXOTIKO KUKAWUK

o)

21



Napadeiyuax 2.1 (ouveEXEIn)

m To KOKAwUX (€) €IVa CUVOUXOTIKO

—  OITOTEAEI MAPAOEIYMO TOU TTWEC OUO OUVOUNOTIKX KUKAWUOTX
OUVOEOVTI UETAEU TOUG VI VXX OXNUKTIOOUV EVX UEYOAUTEPO

OUVOUXOTIKO KUKAWUK
" ]—
\
£y

m To KUKAwux (OT)

o)
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Napadeiyuax 2.1 (ouveEXEIn)

m To KOKAwUX (€) €IVa CUVOUXOTIKO

—  OITOTEAEI MAPAOEIYMO TOU TTWEC OUO OUVOUNOTIKX KUKAWUOTX
OUVOEOVTI UETAEU TOUG VI VXX OXNUKTIOOUV EVX UEYOAUTEPO

OUVOUXOTIKO KUKAWUK
" ]—
\
£y

m To KikKAwuo (oT) NTTOPET V& EIVAI A VX UNV EIVOI GUVOUOTIKO
—  [lepIExel pI0t KUKAIKN O10OPOUIN TTOU OIEPXETOI KTTO TOX OUO OTOIXEIX

- Av&Aoyd TIC OUVOPTNOEIC TWV OOUIKWYV OTOIXEIWV, UTTOPET VX EIVQI
N VO UNV €ivail OUVOUNOTIKO KUKAWUX

o)
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[TEPITTAOKO KUKAWUOTX

B MeyoAa KUKAQUOT, OTIWC Ol MIKPOETTIEEEPYROTES, EVOEXETAI
VO VO IOIXITEPO TIEPITTAOKKK

—  0€ TETOIEC TTEPITTTWOEIC XPNOILOTTOIOUUE
TIC XPXEC OIXXEIPIONC TNC MOAUTTAOKOTNTAC

m H Bewpnon evoc KUKAQUAKTOC WC JOUPOU KOUTIOU JE KAAWC
OPICUEVN OIXOUVOEDN KO ASITOUPYIX XTTOTEAET EQAPUOYN TNG
«X(PAIPEONC» KOI TNS TUNUOTIKOTNTOG

B H KOXTOXOKEUN TOU KUKAWUGTOC PE XPNON MIKPOTEPWY OTOIXEIWV
KUKAWUGTWY XITOTEAET EQAPUOYN TNG IEPXPXIC.

m  O1 KavOveg TNC OUVOUNOTIKAG oUVOEONC OUVIOTOUV EQOPUOYN
TNC TEIBXPXINC
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E€iowoeic Boole

H AeiToupyiki) TpodiaypaPn evOC ouVOUXOTIKOU KUKAWUKTOC
ouvNBwWC EKPPGIETAI UE TN MOPPR EVOC VKX oAnBEInG N
uiog e€iowong Boole

O1 e€lowoelc Boole mepiéxouv HETAPANTEC TTOU TTAKIPVOUV EITE

v TN ‘1’ (TRUE) eite Tnv 11y ‘0O’ (FALSE), &po €ivail 1I0GVIKES
yIot TNV TIEQIYPAPN TNG WNPIKKNAG AOYIKNG

m Nop&deypa: MARpnc ABpoiotic (Full Adder)
C. A B C,i S A e )
0 0 0] 0 O | ¢ [ S
0 0 1 0 1 B - C
0 1 0| 0 1 C — out
0 1 1 1 0 In \- /
1 0 0 0 1
1 0 1] 1 0 S =A®B®C,
1 1 0 1 0 —_
= +
1 1 1 1 1 Cout AB ACin + BCin

25



OpoAoyix

B ZUPTARpwHa (complement) piog ueTaBANTAG A

gival n avtioTpo®n TN, A (A = NOT A)

- A B,C

m  AekTIK& (literals) ovop&lovtal N NETABANTA A TO CUMTANPWU& TNC
- AAB,B,C,C
B Ava@pepOuaaTe 0TO A wg TNV aAnBIvA JoP®N TNG METABANTAG A
KO 0TO A WC TN CUNTIANPWUGTIKA HopPA TNS HETKBANTAC A
- EavA=TRUE, 167¢ A = FALSE
- E&v A =FALSE, 1617¢ A = TRUE

26



OpoAoyix

m  N\oyikO yivopevo (i amA®cg yYIvouevo) ] 6pocg (implicant)
OVOUGIETOI TO YIVOUEVO TWV AEKTIKWV (N AoyikA mp&En AND
UE EVO N TTEPICOOTEPO AEKTIKK)

- ABC, AC, BC
m EAoyioropoc (minterm) ovou&{eTal TO YIVOUEVO TTOU
nepIAxuB&vel OAeC TIC ETAPBANTEG TNG €10000U
- ABC, ABC, ABC
B NAoyikO GOpoiopa (] amA®we &OPOICUK) OVOUG(ETAI

TO GOPOIoPC TWV AEKTIKWV (N Aoyikn mp&én OR
UE EVO 1N TTEPIOOOTEPT AEKTIKK)

- A+B+C, A+C, B+C

m Meyioropoc (maxterm) ovou&leTal To GOPOICU TTOU
nepIAuPB&vel OAeC TIC ETAPBANTES TNG €10000U

- (A+B+C), (A+B+C), (A+B+C)

27




[TpoTepaIOTNTO TPGEEWV

m Hoepd Twv mp&éewv nailel pOAO KOTG TNV EPUNVEIN
e€lowoeswv Boole

2T7IC €€lowaoeic Boole, n mpaén NOT €xel Tnv uwnAoTepn
MTOOTEQPKIOTNTX

AkoAouBei n mpaén AND
Tn xaunAGTEPN TPOTEPKIOTNTX EXEI N TTPAEN OR
[ map&oeIyuo
Y=A+ BC uetappddleror o Y=A OR (BAND C)

AAMOoynN aTnV MPOTEPXKIOTNTX EMTUYXXVETXI UE TN XPNON
mopevOECEWV

Y= (A+ B)C uetappaletol o Y= (A OR B)AND C

28



[Tivakac aAnBeioe — EAaxioTopol

m [ va Bpolue Tnv e€lowon Boole yia Eva ynpIokd KUKAWP G
MPEMEI TTPWTK VX OXEOIKOOUUE TOV TTIVOKO 6xANOegie Tou

m O mivakag aAndeiae evog wnPiakoU KUKAWPGTOC pe N €10000uUC
mepiéxel 2N ypappég, ia yio K&Oe moovO ouvOUGOUO TIHWV TWV
€1000WV TOU

- K&Oe ypouun cuaxeTileTan ue Eva ouadiko api8uo twv N bit oe
aUEoUOn OEIPA, TTOU OVTIOTOIXEI UE TIUEC TWV METXBANTWV TNC £106600U

- KaBe ypouun oucxeTi(eTau e Evav eAayioropo mmou eivar ‘1’ n TRUE
VIX TIC TIUEC TWV UETAPBANTWV TNG €10000U TNG CUYKEKPIMEVNC OEIPAC

- 0 ehaxiotopog ovoualerou m;(i=0. .., 2N-1), érou i givai n OeKaOIKN
TIUN TOU aVTIoTOoIXOoU OUXOIKOU apliBuol Twv N bit TNG ypauuNg

00 AB m,
01 AB m,
10 AB m.,

11 AB m; 29




KovoviKN HopPpnN okBpOIoUATOC YIVOUEVWV

Mmiopoupe va Bpouue TNV e€iowon Boole amd omoiovONTIoTE MVAKO

oAnBeiog aBpoilovrag (MP&EN OR) KabEvav armd Toug EAXXICTOPOUC
(mp&&n AND) yia Touc omoioug n £€000¢

exel TN ‘1’ (TRUE)

Apa, n e€iowon Boole og KavovikA HopPpn 0OPOIGUNTOC YIVOUEVWV

gival To &Opoiopa (OR) Twv yivopévwy (AND)
—  [pa&peTai Kol Ue ToV oulfoAiouo oiyua (£), we GBpoIoua EAXXIOTOPWV

EAayi- | Ovopacia
A B | Y | 0t0pog |ehayiatopou
0 0| 0 AB mj
(o 1|1 A B m; )
1 0|0 A B m,
(1 1] 1 A B m; )

Y =F(A,B)=4B + AB = ¥(m,, m,) = X(1, 3)
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[Tivakoae aAndeioc — MeyioTopol

m [ va Bpolue Tnv e€lowon Boole yia Eva ynpIokd KUKAWP G
MPEMEI TTPWTK VX OXEOIKOOUE TOV TTIIVOKO axAnOgie Tou

m O mivakag aAndeiae evoc wneioakoU KUKAWPGTOC pe N €10600uUC
mepiExel 2N ypappég, pia yio K&Oe moovO ouvOUGOUO TIHWV TWV
€1000WV TOU

- K&Oe ypouun cuaxeTileTan ue Evo ouaoiko api8uo twv N bit oe
aUEoUOn OEIPA, TTOU OVTIOTOIXEI UE TIUEC TWV METXBANTWV TNC £106600U

- KaBe ypouun oUCXETICETOU LUE Evav LgyIoTOpo TTou givai ‘O’ FALSE
VIX TIC TIUEC TWV UETAPBANTWV TNG €10000U TNG CUYKEKPIMEVNC OEIPAC

- O peyioropog ovoualetou M (i=0. .., 2N-1), 6mou i givain n 0eKadIKN
TIUN TOU QVTIOTOIXOU OUKOIKOU apiBuou Twv N bit TNG ypauung

00 A+B M,
01 A+B M,
10 A+B M,

11 K'I_E M3 31




KavovIKA HopP®N YIVOUEVOU XOPOICUATWY

MmiopoUpue va Bpouue Tnv e€lowon Boole armd omolovdnmoTe

mvaka ohndegiog moAamAaoi&lovTac (mp&Eén AND) KaBEvav armd
Toug peyioTopouc (mp&é&n OR) yia Touc omoioug N £€000¢

exel TN ‘0O’ (FALSE)

Apc, N €lowon Boole og KavovikA JOPPR YIVOUEVOU 0OPOICUATWV

gival To yivopevo (AND) Twv abpolioudTwy (OR)
—-  [pa&peTau kol ue Tov oupfoliouo mi (1), we yIvOUEVO UEYIOTOPWV

Mey!- Ovopaaia
A B | Y | ot6pog |peyioTépou
(0 0] 0]|A+ B My )
0 1|1 |A + B M,
(l 0 0 | A + B Mg)
1 1|1 |2+ B M

Y=FA,B)=(A+B)(A+B) =

(M, M,) = 11(0, 2)
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Naxp&deiypa 2.3

m O MNd&vvng Exel amopaoioel Vo TIE VIO TTIKVIK.

B IKEPTETOI OTI OV TIPOKEITOI VO TTEPAROEI KOAK

- avBpeEel (R=1)n
- Qv Umepxouv uupunykio (A =1)

B 2XedIXoTE Eva KUKAWPG TTou B Taxpdyel we €€000 E Tnv TiuN
TRUE (E=1) povo av o MNé&vvng xmoAxBA&VEl TO TIIKVIK TOU

E

R = OO|>
B, OBk O|0

33



Naxp&deiypa 2.3

m O MNd&vvng Exel amopaoioel Vo TIE VIO TTIKVIK.

B IKEPTETOI OTI OV TIPOKEITOI VO TTEPAROEI KOAK

- avBpeEel (R=1)n
- Qv Umepxouv uupunykio (A =1)

B 2XedIXoTE Eva KUKAWPG TTou B Taxpdyel we €€000 E Tnv TiuN
TRUE (E=1) povo av o MNé&vvng xmoAxBA&VEl TO TIIKVIK TOU

R = OO|>
R O kK O|0
O O O PFr|m
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Mapadeiyua 2.3

m  Kavovikf yoppn aOpoiouaToc YIVOHEVOU

EAcxI0TOPOC

R = O Ol

R O pRFP O|XT

O O O K~ |Mm

KavovikA pop®n YIVOUEVOU 0OPOICUATWV

MeyioTOpOC

R = O O|>

R O BF O

© O O KM

S5



Mapadeiyua 2.3

m  Kavovikf yoppn aOpoiouaToc YIVOHEVOU

A R E |[EAcxioTopOC
O O 1 AR
O 1|0 AR
1 O | O AR
1 1 |0 AR

KavovikA pop®n YIVOUEVOU 0OPOICUATWV

MeyioTOpOC

R = O O|>

R O BF O

© O O KM
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Naxp&deiypa 2.3

m  Kavovikf yoppn aOpoiouaToc YIVOHEVOU

A R | E [Fhaxiotopog E=A4R=Z2(0)
(o o0 1 AR )

0] 1|1 0 AR

1 0| O AR

1 1 0] AR

m  KavovikA pop®n YIVOUEVOU 0OPOICUATWV

MeyioTOpOC

R = O O|>
R O KL, O|X
© O O KM

37



Naxp&deiypa 2.3

m  Kavovikf yoppn aOpoiouaToc YIVOHEVOU

R_| E [Ehaxiorépog E=AR=Z2(0)
< By
AR

o T

AR A -

o |

=~ O KO

e
eNeoNe| =

m  KavovikA pop®n YIVOUEVOU 0OPOICUATWV

MeyioTOpOC

R = O O|>
R O KL, O|X
© O O KM
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Naxp&deiypa 2.3

m  Kavovikf yoppn aOpoiouaToc YIVOHEVOU

R_| E [Ehaxiorépog E=AR=Z2(0)
< By
AR

o T

AR A -

o |

=~ O KO

e
eNeoNe| =

m  KavovikA pop®n YIVOUEVOU 0OPOICUATWV

A R E |Meyiotopog
O O | 1 A+ R
O 1|0 A+R
1 0|0 A+R
1 1|0 A+R
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Naxp&deiypa 2.3

m  Kavovikf yoppn aOpoiouaToc YIVOHEVOU

o |

R | E |[Fhaxiotopoc E=A4 R =Z2(0)
( AR ) .

e

=~ O KO

o O Ol

D e
n D

AR R -

m  Kavoviki Joppn YIVOUEVOU 0OPOIoUETWY

Meyiotopog  E=(A+ R)(A+R)(A+R)

A+R =1(123)=A+R

Y Y )
=l Il (@) (@) b

o (@ | ) (@R Py

OO0 |O |~ |m

A+R
A+ R

A+ R
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Naxp&deiypa 2.3

m  Kavovikf yoppn aOpoiouaToc YIVOHEVOU

o |

R | E |[Fhaxiotopoc E=A4 R =Z2(0)
( AR ) .

e

=~ O KO

o O Ol

D e
n D

AR R -

m  Kavoviki Joppn YIVOUEVOU 0OPOIoUETWY

Meyiotopog  E=(A+ R)(A+R)(A+R)

A+R =1(123)=A+R

my

Y Y )
=l Il (@) (@) b

o (@ | ) (@R Py

OO0 |O |~ |m

A+ R
K+R§ A E

A+ R
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EmmAeypévec aoknNoeiC

m Aoknon 2.33
O MNé&vvne MmT&KNG XITOAGUPB&VEI TO TTIKVIK TOU OTOV:

1. n uEPQ givail NAIGAoOUOTN Ko OEV UTT&PXOUV MUPLNYKIK,

2. TNV NUEPX TOU TTIKVIK, UTTKDXOUV LUPUNYKIX KOI TTXOXXAITOEC,

3.  BAEmel Eva KOAIUTIPI TNV NUEPK TOU TTIKVIK.

- [pawte uix e€iowon Boole yiax Tnv amodAauon tou (enjoyment, E)
0€ OXEON E:
m TOVv NAIO (sun, S),
B TQ JUPUNYKIG (ants, A),
B T KOAumpl (hummingbirds, H), Kal
m TIC maoxoAiToeg (ladybugs, L)




EmmAeypévec aoknNoeiC

m Aoknon 2.33
O MNé&vvne MmT&KNG XITOAGUPB&VEI TO TTIKVIK TOU OTOV:

1. n pEPQ givail NAIGAoUOTN Kol OEV UTT&PXOUV MUPLNYKIK,

2. TNV NUEPX TOU TTIKVIK, UTTKDXOUV MUPUNYKIX KOI TTXCXXAITOEC,

3.  BAEmel Eva KOAIUTIPI TV NUEPX TOU TTIKVIK.

- [pawte uiax e€éiowon Boole yiax Tnv amoAauon tou (enjoyment, E)
o€ 0XE0n UE:
m TOv NAIO (sun, S),
B TQ JUPUNYKIG (ants, A),
B T KOAumpl (hummingbirds, H), Kal

m TIC maoxoAiToeg (ladybugs, L)




=

INSYUEVEC OIOKNOEIC

Aoknon 2.2

[pGyTe Y e€lowon Boole oe KavoviKn
HoPPN ABPOICUATOC VIVOUEVWYV VI TOV
mvaka aAndeiace (B) Tng Eikdvag 2.81

- XpnOoIuOoTTOINGTE TOUC EAGXIOTOPOUC

(b)
A B C|Y
o o o] o
0o 0 1] 1
0 1 0] 1
0 1 1] 1
1 0 01
1 0 1|0
1 1 0|1
1 1 1] 0
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EmAeyuEVEC OKNOEIC

. (b)

oknon 2.2

[pGyTe Y e€lowon Boole oe KavoviKn A B C Y

HoPPN ABPOICUATOC VIVOUEVWYV VI TOV 0 0 0 0

mvaka aAndeiace (B) Tng Eikdvag 2.81 T
- XpnoiuorioiNaTe TouG EAXIOTOPOUG I I N O

'
Y = ABC+ABC+ ABC + ABC+ ABC
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=

INSYUEVEC OIOKNOEIC

Aoknon 2.4

[pGyTe Y e€lowon Boole oe KavoviKn
HoPPN VIVOUEVOU 6OPOICUGTWY VIO TOV
mvaka aAndeiace (B) Tng Eikdvag 2.81

—  XpnoIuoroINoTE TOUG UEYIOTOPOUC

(b)
A B C|Y
o o o] o
0o 0 1] 1
0 1 0] 1
0 1 1] 1
1 0 01
1 0 1|0
1 1 0|1
1 1 1] 0




EmAeyuEVEC OKNOEIC

, (b)
m Aoknon 2.4
[pawTe I e€lowon Boole og Kavovikn A B C|Y

HoPPN VIVOUEVOU 6OPOICUGTWY VIO TOV
mvaka aAndeiace (B) Tng Eikdvag 2.81

—  XpnoIuoroINoTE TOUG UEYIOTOPOUC

Y=(A+B+C)YA+B+C)y4+B+0C)
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AAveBpa Boole

m H KavoviKn noppn aBpoiouaToC YIVOUEVWY N YIVOUEVOU OBPOICURTWV
ouvhBwce dev Bivel TNV amAoldoTepn e€icwon

B XPNOIYOTIOIWVTAC TNV &AyeBpa Boole umopolue va
eAoX1I0TOTTOINCOUUE TIC €€EloWOoeIC Boole

m H &AyeBpa Boole BaoileTan o€ Evak 6UVOAO OEIWPGTWY KXl
DewpNUETWY

- To aéiouara eivar avamoOEIKTA UE TNV EVVOIX OTI EVOG 0PIOUOG
O&V UTTOPEI Vo armrodelxBei

- T Bewpnuara amooEIKVUoOVTal e Baon Ta aélouara

B T a&louaTa Kol T OewpAUaTa TNC GAyeRpac Boole akoAouBouv
TNV 0PXN TOU duiopod (OeV 1axUEl aTn ouvién aAyeLoq)

- Ay, o€ uia Aoyirkn Exkppaon, Ta ouufola O ka1 1 kai o1 TEAEOTEG
e (AND) rai+ (OR) evallaxBouv, n Aoyikn Exppaon Ba
eEanoAouvBei va ivar op6n
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George Boole, 1815-1864

m Ovrog moudl EpYaTWV KO NV EXOVTOC TNV OIKOVOUIKA
OUVATOTNTX VO HOPPWOET HEOW TOU EKTTXIOEUTIKOU
ouoTNuOaTOC, 0 Boole EuaBe pdvog Tou NARONUOTIKG
KO OTN OUVEXEIX EYIVE HEANOC TOU OIOOKTIKOU
TPOOWTTIKOU 0TO KOAEYI0 Kouive (IpAavoic).

m Eypowe Tn povoypagiot An Investigation of the Laws of
Thought (1854), 6TToU TOPOUCIGOE VIO TIPWTN POP& TIC
OUOOIKEC METUPBANTEC KO TIC TPEIC BEPEAIWOEIC AOYIKEC TTPGEEIC
(logic operations): AND, OR kai NOT.

- O1 0uaoIKEC ueTaBAnTEC Tou Boole ummopouoav v AaBouv
TIC TIuEC TRUE N FALSE

- Oewpouue OTI €IVAI CUVWVUMOI 01 OPOI:
m 1, TRUE, HIGH
m O, FALSE, LOW
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ACiwpoTa GAyeBpac Boole

Al
A2
A3
A4
A5

OavB=#1

©O b O O W
°

P P O R

| I | .|

L B O

°
o
I
o

Auadiko Tedio
NOT
AND
AND
AND
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ACiwpoTa GAyeBpac Boole

Al |[B=0OavB=1 Auadiko 1edio

A2 |0=1 NOT

A3 (0e0=0 AND

AAd |1e1=1 AND

A |[Oel1=1¢0=0 AND
Auiopoc:  AvTIOTpEWTE: e UE +

O uel

51



ACiwpoTa GAyeBpac Boole

Al |[B=OavB=1 B=1avB=0 Auadiko Tedio
A2 |0=1 1=0 NOT

A3 |0e0=0 1+1=1 AND/OR

Ad (1el1=1 0+0=0 AND/OR

AD ([0el1=1e¢0=0 (1+0=0+1=1 |AND/OR

Auiopoc:  AvTIOTpEWTE: e UE +
O uel
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ACiwpoTa GAyeBpac Boole

Al |[B=0OavB=#1 B=1avB=#0 Auadikd nedio

m To a&iwua Al opilel OTI pia peTaBANTA Boole B €xel Tipn O av
dev €xel Tiun 1

m To OuikO alwpa, opilel 0TI N HETAPBANTA €xEl TIMA 1 v OeV EXEI
TiuA O

m Kol T 000 padi, o Aéve OTI epya{opaoTe o€ Eva TTedio Boole
i OuadIKO TIEdI0 amoKAeIoTIKG pe pndevik& (0) kau &ooug (1)
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ACiwpoTa GAyeBpac Boole

A2 |0=1 1=0 NOT

B Ta a&iopoTa A2 ko A2' opilouv Tnv Tpaén NOT

A3 [0e0=0 1+1=1 AND/OR
Ad |1e1=1 0+0=0 AND/OR
A5 |[0e1=1e0=0 [1+0=0+1=1 |AND/OR

B T a&iopoTa A3 Ewe A opiouv TNV TP&EN AND

m Ta duik& Toug, opilouv Tnv np&én OR
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OeWPNUATN NIXC NETKPANTAC

T1
T2
13
T4
TS

O OO O W
Il [ [
WOlgg W O B
| I | B
o O W

Il
o

Oud€Tepo oTOIXEIO
Kupiapxo oTOoIXEIO
TauToduvVauIX
AITTAG CUUTTANPWH O
YUNTIANPOUOTO
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OeWPNUATN NIXC NETKPANTAC

T1|Bel1=B Oud€Tepo oTOIXEIO

T2 |Be0=0 Kupiaxpxo oToIXEIO

T3 |BeB=B TauToduvVauIX

T4 |B=8B AITTAG CUUTTANPWH O

T5 B e B =0 SUNTTANPDUOTX
Auiopoc:  AvTIOTpEWTE: e UE +

O uel
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OeWPNUATN NIXC NETKPANTAC

T1|Bel1=B B+0=8B Oud€Tepo oTOIXEIO

T2 |Be0=0 B+1=1 Kupiaxpxo oToIXEIO

T3 |BeB=B B+B=B TauToduvVauIX

T4 B=B AITTAG CUUTTANPWH O

T5 |BeB=0 B+B=1 SUNTTANPDUOTX
Auiopoc:  AvTIOTpEWTE: e UE +

O uel
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T1: OUdETEPO OTOIXEIO

m Bel1l=B(To 1 eivai oudETepo oToixeio otnv mp&én AND)
m B+ 0=B(To O givai oudéTepo oToixeio otnv mp&En OR)

T
o

B

|l
o




T2: Kupiopxo OTOIXEIO

m BeO=0(To O eivai Kupiapxo otoixeio otnv mp&&n AND)

m B+1=1(To 1 eivai Kupiapxo oToixeio otnv mp&én OR)
—  (oev 1gx0€l oTn ouvnén aAyeBoa)

0ol ) =0
S

—




T3: TauToduvapia (ldempotency)

m B e B =B (dev Iox0¢el otn cuvROn &AyeRpa)
m B+ B =B (dev Iox0¢el oTn cuvhon &AyeRpa)

51 )=
5 = B

vellve
|1
®

60



T4: AITTAO CUUTTANPWHK

m B = B (8ev 1ox0el aTn ouvidn GAYERPX)

o o0 = &




T5: Oewpnuo TWV CUPNTTANPWPGTWY
(Complement Theorem)

m To Bewpnua Twv cuumAnPWUGTWY (Complement Theorem),
(rrou dev 10x0el oTn ouvOn &AyeBpa) opilel OTI:

- nnpaén AND piaG ueTafAnTNG UE TO CUUMANPWUA TNG
divel anmotéAeoua O (BB = 0)

- nmpaén OR piaG ueTaBANTNG UE TO CUUTTANPWHA TNG
Oivel arotéreoua 1 (B+ B =1)

| @

v

— 0

| W
|l
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OeWPNUATN NIXC NETKPANTAC

T1|Bel1=B B+0=8B Oud€Tepo oTOIXEIO

T2 |Be0=0 B+1=1 Kupiaxpxo oToIXEIO

T3 |BeB=B B+B=B TauToduvVauIX

T4 B=B AITTAG CUUTTANPWH O

T5 |BeB=0 B+B=1 SUNTTANPDUOTX
Auiopoc:  AvTIOTpEWTE: e UE +

O uel
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OewPNUOTO TTOMWV PHETABANTWV

T6 ([BeC=CeB B+C=C+B AVTIHETOOETIKOTNTO
T7 |(BeC)eD=Be(CeD) (B+C)+D=B+(C+D) [POCETAIPICTIKATNTX
T8 |(BeC)+(BeD)=Be(C+D) [(B+C)e(B+D)=B+(CeD) || EmuepioTikéTnTCX
T9 |Be(B+C)=B B+(BeC)=B KéAuyn
T10 ((BeC)+ (B oE) =B (B+C)e (B + E) =B 2uvOuaopog
(BeC)+(BeD)+(CoD)= [|(B+C)e(B+D)e(C+D)= )

T11 BeC+BeD (B+C)e (B+D) Opopwvia

AUiouOC: |  AvTIOTPEWTE: © UE +

O uel

Mpoooxr! Aev 10x0€l oTnV ouviOn &AyeBpo
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OewPNUOTO TTOMWV PHETABANTWV

T6
T7
T8
T9
T10

T11

BeC=CeB
(BeC)eD=Be(CeD)
(BeC)+(BeD)=B e (C+D)
Be(B+C)=B
(BeC)+(BeC)=B

(BeC)+ (BeD)+(CeD)=
BeC+BeD

AVTINETXOETIKOTNT
[MpooETAIPIOTIKOTNT
EmpepioTikOTNTX
K&Auwn

2UvOuUaouoC

OpoPpwvi

Mo amodeIKvIovTaI?
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MEBodoI amodeiEne BewpnudTwy Boole

m ME&OBodoc 1: TéEAeix emaywyn (perfect induction)
N OToICk OTNPICETOI OTOV TMVOKX XANOEING

- Na oeixtei OnAadn 611 To BewpnU IGXUE! yix OAEC TIC
MOAVEC TIUEC TWV UETABANTWV
m ME&Bodoc 2: XpnoIUOTTOIOVTAC AN OEWPANOTN N
XEIWPOTO UE OKOTIO VO XTTAOTIOINCOUNE TNV €El0WwoN

- AnAadn uopPorToIoUME TO EVX UEAOC TNC e&iowonc 101
WOTE VX EIVAI ITAVOLOIOTUITO UE TO dAAO
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ATIOOEIEN UE TEAEI €1

oy wyn

T6

BeC=CeB

AVTIMETXOETIKOTNTO

BC

CB

R ~ O O|W

R O B OO

67



ATIOOEIEN UE TEAEI €1

oy wyn

T6 |IBeC=CeB AVTINETROETIKOTNTO
B C BC CB
O O O 0
O 1 O 0
1 O 0 0
1 1 1 1
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OewPNUOTO TTOMWV PHETABANTWV

T6
T/
T8
T9
T10

T11

BeC=CeB
(BeC)eD=Be(CeD)
(BeC)+(BeD)=Be(C+D)
Be(B+C)=B

(BeC)+ (BeC)=B

)
)+ (BeD)+ (CeD)=
+§.D

AVTIMETXOETIKOTNTO
[TPOCETAIPIOTIKOTNT
EmuepIoTIKOTNT
K&Auwn

2UVOUOONOC

ONOPWVIK
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T9: K&Auwn

T9 (Be(B+C)=B K&Auwn

No amodeixbel ye:
m MEBodocg 1: TéAeix emaywyn

m MEBodog 2: XpNoIUOTTIOIWVTAC GAAG BEWPANATA | KEIMUAT




T9: K&Auwn

T9 (Be(B+C)=B

K&AuWwnN

ME&Bodog 1: TEAeIx eTmaywyN

(B + C)

B(B + C)

R B, O O|W
R O B OO
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T9: K&Auwn

T9 (Be(B+C)=B

K&AuWwnN

ME&Bodog 1: TEAeIx eTmaywyN

(B

C)

B(B + C)

R B, O O|W
R O B OO

B R O+
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T9: K&Auwn

T9 (Be(B+C)=B K&Auyn
ME&Bodog 1: TEAeIx eTmaywyN
B C | (B+C) B(B+C)
0 0 0] 0]
0 1 1 0
1 0] 1 1
1 1 1 1
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T9: K&Auwn

TO |Be(B+C)=B K&Auwn
ME&Bodog 1: TéEAeIx emaywyn
B C | (B+C) | B(B+C)
0 0 0] 0]
0 1 1 0
1 0] 1 1
1 1 1 1
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T9: K&Auwn

T9 (Be(B+C)=B K&Auwn

ME&BodocC 2: XpnoIuoTToIWVTAG XAAX BEWPANTA N KEIWPATO

Be(B+C)




T9: K&Auwn

T9 (Be(B+C)=B K&Auwn

ME&BodocC 2: XpnoIuoTToIWVTAG XAAX BEWPANTA N KEIWPATO

Be(B+C) =BeB+Be*C T8: EmpepIoTIKOTNTX




T9: K&Auwn

T9 (Be(B+C)=B K&Auwn

ME&BodocC 2: XpnoIuoTToIWVTAG XAAX BEWPANTA N KEIWPATO

Be(B+C) =BeB+Be*C T8: EmpepIoTIKOTNTX
=B+ Be*C T3: ToauTodUVOUICK

77




T9: K&Auwn

T9 (Be(B+C)=B K&Auwn

ME&BodocC 2: XpnoIuoTToIWVTAG XAAX BEWPANTA N KEIWPATO

Be(B+C) =BeB+Be*C T8: EmpepIoTIKOTNTX
=B+ Be*C T3: ToauTodUVOUICK
=Be1+BeC T1: Oud&Tepo aTOIXEIO
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T9: K&Auwn

T9 (Be(B+C)=B K&Auwn

ME&BodocC 2: XpnoIuoTToIWVTAG XAAX BEWPANTA N KEIWPATO

Be(B+C) =BeB+Be*C T8: EmpepIoTIKOTNTX
=B+ Be*C T3: ToauTodUVOUICK
=Be1+BeC T1: Oud&Tepo aTOIXEIO
=Be(1+C) T8: EmpepIoTIKOTNTX
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T9: K&Auwn

T9 (Be(B+C)=B K&Auwn

ME&BodocC 2: XpnoIuoTToIWVTAG XAAX BEWPANTA N KEIWPATO

Be(B+C) =BeB+Be*C T8: EmpepIoTIKOTNTX
=B+ Be*C T3: ToauTodUVOUICK
=Be1+BeC T1: Oud&Tepo aTOIXEIO
=Be(1+C) T8: EmpepIoTIKOTNTX
=Be(1) T2: Kupixpxo oToIXEIO
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T9: K&Auwn

T9 (Be(B+C)=B K&Auwn

ME&BodocC 2: XpnoIuoTToIWVTAG XAAX BEWPANTA N KEIWPATO

Be(B+C) =BeB+Be*C T8: EmpepIoTIKOTNTX
=B+ Be*C T3: ToauTodUVOUICK
=Be1+BeC T1: Oud&Tepo aTOIXEIO
=Be(1+C) T8: EmpepIoTIKOTNTX
=Be(1) T2: Kupixpxo oToIXEIO

=B T1: OudéTepo aToIXEIO
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T10: 2uvouaouog

T10|(BeC)+ (BeC)=B SUVBUNOUOC

ME&BodocC 2: XpnoIuoTToIWVTAG XAAX BEWPANTA N KEIWPATO

(B+C)+(B*C)




T10: uvduaouoc

T10|(BeC)+ (BeC)=B SUVBUNOUOC

ME&BodocC 2: XpnoIuoTToIWVTAG XAAX BEWPANTA N KEIWPATO

(B+C)+(B*C) =Be+(C+C)  T8: EmuepIoTIKOTNTG




T10: uvduaouoc

T10|(BeC)+ (BeC)=B SUVBUNOUOC

ME&BodocC 2: XpnoIuoTToIWVTAG XAAX BEWPANTA N KEIWPATO

(B+C)+(B*C) =Be+(C+C)  T8: EmuepIoTIKOTNTG
=Be(1) T5': ZuunAfpwWH
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T10: uvduaouoc

T10|(BeC)+ (BeC)=B SUVBUNOUOC

ME&BodocC 2: XpnoIuoTToIWVTAG XAAX BEWPANTA N KEIWPATO

(B+C)+(B+C) =Be¢(C+C)  T8: EmMpepIOTIKOTNTO
=Be(1) T5': ZuunAfpwWH
=B T1: OudéTepo aTOoIXEIO
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T11: Ouopwvic

(BeC)+(BeD)+(CeD)=

Tk BeC+BeD

OuoPpwVi

ATTOOEIETE TO XPNOINOTTOIWVTAC (1) TNV TEAEI EMaywyN Kokl (2)
XA BEWPAPOTA N KEIWUAT
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T11: Ouopwvic

T11

(BeC)+(BeD)+(CeD)=

BeC+BeD Ouopwvix

ME&Bodoc 1: TéAsiax emaywyn (Maxp&deiyua 2.5)

B C D |BeCBeDCeD|BeC)+(BeD)+(CeD)BeC+BeD
O 0 0|0 O O
O 0 1|0 1 0
O 1 0|0 0 O
O 1 1|0 1 1
1 0 0|0 O O
1 0 1|0 0 O
1 14 0|1 O O
1 1 1|1 o0 1
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T11: Ouopwvic

T11

(BeC)+(BeD)+(CeD)=
BeC+BeD

OuoPpwVi

ME&Bodoc 1: TéAsiax emaywyn (Maxp&deiyua 2.5)

B C D |BeCBeDCeD|BeC)+(BeD)+(CeD)BeC+BeD
O 0 0|0 O O 0
O 0 1|0 1 0 1
O 1 0|0 0 O 0
O 1 1|0 1 1 1
1 0 0|0 O O 0
1 0 1|0 O O 0
1 14 0|1 O O 1
1 1 1|1 o0 1 1
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T11: Ouopwvic

T11

(BeC)+(BeD)+(CeD)=
BeC+BeD

OuoPpwVi

ME&Bodoc 1: TéAsiax emaywyn (Maxp&deiyua 2.5)

B C D|BeCBeDCeD|BeC)+(BeD)+(CeD)|BeC+BeD
O 0 0|0 O O 0 0
O 0 1|0 1 0 1 1
O 1 0|0 0 O 0 0
O 1 1|0 1 1 1 1
1 0 0|0 O O 0 0
1 0 1|0 O O 0 0
1 14 0|1 O O 1 1
1 1 1|1 o0 1 1 1
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T11: OyopwVI

T11

(BeC)+(BeD)+(CeD)=
BeC+BeD

OuoPpwVi

ME&Bodoc 1: TéAsiax emaywyn (Maxp&deiyua 2.5)

B C D|BeCBeDCeD
O O OO 0 0
O O 1] 0 1 0
O 1 0| O 0 0
O 1 1| 0 1 1
1 0 0| O 0 0
1 0 1| O 0 0
1 1 O 1 0 0
1 1 1 1 0 1

(Be C) + (B e D) + (C e D)

RPrRPOORLROERLO

W
°
o

RRrROOROROJ+

wli

°
O
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T11: Ouopwvic

(BeC)+(BeD)+(CeD)=

Tk BeC+BeD

OuoPpwVi

MEB060C 2: GANG BEWPANOTA A GEIVUAT

BeC+BeD+CeD
=BeC+BeD+CeDe1
=BeC+BeD+CeDe(B+B)
=BeC+BeD+CeDeB+CeD*B
=BeC+BeD+BeCeD+BeCeD
=B-C+E°D

T1: OudéTepo oTOIXEIO
T5": ZUTANPOHOTO
T8: EmpePIOTIKOTNTO
T6: AVTIHETOOETIKOTNT
T9’: K&Auwn
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Epapuoyn Twv 6ewpnuaTwy

T6 ([BeC=CeB B+C=C+B AVTIHETOOETIKOTNTO
T7 |(BeC)eD=Be(CeD) (B+C)+D=B+(C+D) [MPOCETXIPIOTIKATNTA
T8 |(BeC)+(BeD)=Be(C+D) |(B+C)e(B+D)=B+(CeD) |EmpepioTikéTnTaK

T9O ([Be(B+C)=B B+(BeC)=8B K&Auwn
T10 (BoC)+(BoE)=B (B+C)0(B+E)=B 2uvOuaopog
(BeC)t(BeD)+(CeD)= |(B+C)e(B+D)e(C+D)= ,
T11 BeC+BeD (B+C)e (B+D) Opopwvia

Auiopoc:  AvTIOTpEWTE: e UE +
O uel
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AVEEXPTNOIX OTN OEIPX TWV EI000WV

T6
T7

BeC=CeB
(BeC)eD=Be(CeD)

B+C=C+8B
(B+C)+D=B+(C+D)

AVTIHETOOETIKOTNTO

MPOoETAIPIOTIKOTNTX

B A\OYyWw TNC QVTIMETROETIKOTNTAC, N OEIP& TWV EI000WV OE I TTUAN

AND n OR dev ennpe&lel TNV TIuN TNG €€600U TNG.

m /\Oyw TNC MPOCETAIPIOTIKOTNTAC, Ol EKKXOTOTE OUKOOTIOINCEIC TWV
€1000wvV Oev emnpe&{ouv TNV TIYN TNC £€000U
- [lopaodeyuo: 2e eva 0€vopo oo muAec AND n muAec OR duUo €1000wv
Vi uAorroinoeic mpa&ewv mMoAAwv bit Oev €xel onuocior N oEIP& TWV
€1000WwV OTIC TTUAEC OUO €1000WV
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EAaxioTomoinon €lowoewv Boole

T8

(BeC)+(BeD)=Be(C+D) [(B+C)e(B+D)=B+ (CeD) | EmpepioTIKOTNTX

m EAaxiotromnoinon (A amAomoinon) e€iowoswv Boole onuaivel n edpeon
EKEIVNC TNC €€lo0woNnc Tou EXEI:

- Touc Aiyorepouc 6pouc
- KaBe 6poc¢ Exer Ta AIlyoTELA AEKTIKA (Eival MPwWTOC 6pOC)

m H elaxioTomnoinon Twv e€lowoewv Boole Baoi(eTal KUpiwe OTx
BEWPANKT TNC ETIPEPIOTIKOTNTAC, TWV CUPTTANPWUATWY, TOU
OUOETEPOU OTOIXEIOU KO TOU KUPIGPXOU OTOIXEIOU

- 01 €éiowoeic Boole og uoppn abpoiouATOC YIVOUEVWV
eAoxioTormoloUvTal ue 1o T8 (rTou 1oxUel oTn ouvNon GAyeBoq)

- 01 gélowaoeic Boole og poppn yivouEvou aBpoIcuaTwy
eAaxiororrolouvtai ue To T8’ (ou Ogv I0xUEl TN ouvhOn GAyeBpx)

m ‘Exoupe pia QuoKoAix oTnv epapuoyn Tou T8’ Kal Yok GUTO TO
AOYo ouvABwe xpnolpuomoloUue To KOPOIOUOTO YIVOUEVWY,

QVTI TWV YIVOPEVWV 0BPOICUBTWY o



EAaxioTomoinon €lowoewv Boole

T8 |(BeC)+(BeD)=Be(C+D) [(B+C)e(B+D)=B+(CeD) |EmuepioTikOTNTX

T9 |Be(B+C)=B B+(BeC)=B K&Auwn
T10 [ (BeC)+ (Be C) =B (B+C)e(B+C)=B SUVSUOOL6C
(BeC)+(BeD)+(CeD)= |(B+C)e(B+D)e(C+D)= ,
T11 BeC+BeD (B+C)e(B+D) Opopwvia

m To BewpApaTa TNS KXAUYNCS (T9), Tou cuvduacopol (T10),
Kol TN opopwviag (T11), pog emTpEMOUV Vi EEXAEIPOUE
mAeova{ouoeg NETOPBANTER

-  Boaoilovrain Kupiwg ot BewpNUATA TNC EMIMEPIOTIKOTNTAC,

TWV CUUTTANPWUATWY, TOU OUOETEPOU OTOIXEIOU KOI TOU
KUPIXOXOU OTOIXEIOU
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EAaxioTomoinon €lowoewv Boole

m AvapepouaoTte oe e€lowoelc Boole mou givai o€ Hoppr aBpoioUaTOC
YIVOUEVWV

- Eotw PormolodNIoTE YIVOUEVO AEKTIKWV

-  BoaoilouaoTte Kupiwe oTax BewpNUATS TNG EMUEPICTIKOTNTAC,
TWV OUUTTANPWUAXTWY, TOU OUOETEPOU OTOIXEIOU KA
TOU KUPIODXOU OTOIXEIOU

- XpnoiuorroioUue Kol T dxKOAoUBo BewpNUATA:
m [€eVIKEUON TOU BewpPAPGTOC TNG TAUTOJUVOHIOG T3’
- P=P+P
m [evikeuon Tou BewpAuOTOC TNS K&XAUWNG T9’:
- P-A+A=P-A+A-1=A-(P+1)=4-1=4
m [evikeuon Tou BewpAUGTOC TOU cuvouaouoU T10:
- P-A+P-A=P-(A+A)=P-1=P
B XpNon Tou BEwPNUATOC TNC ETIPEPIOTIKOTNTOC T8':
- P-A+A=(P+A)-(A+A)=P+A)-1=P+A
- P-A+A=(P+A)-(A+A)=(P+A)-1=P+A
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Naxp&delyua 2.6

m  No ehaxioTomolfoeTe TV e€iowon Boole: ABC + ABC + ABC

m Aon 1 (nuiTeAnc) AUon 2 (mAnpng)
ABC + ABC + ABC ABC + ABC + ABC + ABC (T3")
BC(A + A) + ABC BC(A + A) + AB(C + C) (T8)
BC(1) + ABC BC(1) + AB(1) (TS")
BC + ABC BC + AB (T1)

m H xpnon evog Koivol eAaXIOTOPOU CUPPWVA PE TO BEQPNUX TNG
TowToduvapiag (6rwe o ABC) 00 A TIEPIOOOTEPES POPEC KOTA
TN OIXOIKOOIx TNC EAXXIOTOTIOINOGNC OONYEl O€ O EAXXIOTOTIOINUEVN
e€iowaon Boole o poppnR aOPOIoUATOC YIVOUEVWY (ADon 2)

m HAUon 2 pye xpion Tou T8 0dnyeil o€ o EAXXIOTOTIOINUEVN €EI0WON
Boole o pop®n yivopévou adpolou&Twy (AGon 3)

B(4+C)
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EmmIAeyUEVEC XOKNOEIC

(b)

m Aoknon 2.6 A B C| Y
EAaxiotomoinote Tnv egiowon Boole O 0 O 0
0€ KOVOVIKN HOoPP kOPOIoUATOC 0 0 1 1
yivopuévwyv Tne Aoknong 2.2 - (B) 0 1 0 1
(Exel 2 NUoegIg o€ nopPn aBpPOoIocuATOC 0 1 1 1
YIVOUEVWV)

1 0 0 1
Y = AC+AC+BC e B
ek L 0 s
1 i 1 0

Y = AC+AC + AB

- Zekivnorte oo Tnv e€iowon Boole og Kavovikn uop®n
0BPOICLATOC YVIVOUEVWYV TTOU MTOPOKUIITEI KITO TOV
[Mivoka AANBeio¢

Y = ABC+ABC+ ABC + ABC+ ABC
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To Bewpnuoa De Morgan

T12 |B,eB,®B,..=B,+ B, +B,.. |DeMorgan
T12'|B,+B, +B,..=B,eB, ®B,.. |DeMorgan

To CUUTMTANPWNC TOU YIVOUEVOU

eIVal TO

&OPOIoUG TWV CUNTIANPWHETWV

AUIKO: To GUUTTANPWHA TWV XOPOICUGTWV

eIVal TO

VIVOUEVO TWV CUNTIANPWHATWV
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To Bewpnua De Morgan

mY=AB=A+B Al
- o moAn NAND eivai ioodovaun B —} Y

ue o muAn OR e
AVTEOTOAUUEVEC EICOOOUC A
B

4
mY=A+B=AeB A
- i muAn NOR givou 10ooovaun B D Y

ue o muAn AND ue

AVTEOTOAUUEVES EICOOOUC g @j Yy
_O
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To Bewpnuoa De Morgan

mY=AB=A+B=AB

— i muAn AND sivou 10000vaun
ue i moAn NOR ue
AVTEOTOAUIEVEC EI0000UC

mY=A+B=AeB=A+B

— uix moAn OR givaa 1oo000vaun
ue o muAn NAND ue
AVTEOTOAUIEVEC EI0000UC
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Augustus De Morgan, 1806 - 1871

‘HTav TUPAOC oo TO Eva UKL,

BpeTavoc nadnuaTikog, yevvnuévog otnv Ivoia.

‘Exaoe Tov maT€pa Tou 6TV ATV 10 XpOVVv.

2e NAIKIx 16 xpovwv Eekivnoe TIC oTTOUOEC Tou 0TO KOAEYIO Trinity
ToUu KEUTPITE KO 0€ NAIKIG 22 XPOVWV EKAEXONKE KABNYNTAC
MaONuaTIKOV 0TO vEOIOPUOEV MNMavemoTuIo Tou Aovaivou.

Anpooicuoe TTOAG GPOPO OXETIKG PE T HAKONUOTIKK, KOI EIOIKOTEPO
JE TN AOYIKA, TNV GAVEPPO KOI TG TTXPOOOEX.

O kpaTApag De Morgan oTn ZeAnvn €X€l OVOUGOTE] TTPOC TIMAV TOU.

O De Morgan npoTeive Tov €ENC YPIPO YIG TO £TOC TNS YEVVNONC TOU:
—  «Huouv X XpovwV TO ETOC X°»
—  Mrmopéeite va AUGETE TOV YPIPO;
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KaBOAIKOTNTO TTUAWV

m Epwtnon 2.4
Mia TOAN A Eva o0voAo TTUAQV gival KKOOMKA(-0) av ummopei va
XpnoipormoInBel yix TNV uAOTIoINGN OTIOICONTTIOTE cuVA&PTNONG Boole

- [ mapadeyua, ro oovodo mudwv AND, OR, NOT givar kaBoAiko
(o) Eivain pia moAn AND ka©@oAikn armd uovn tng; OXI
(B) Eivaa To aUvoAo TTuA@wv OR kKo NOT kaxBoAikd; NAI
(y) Eivou pio moAn NAND ka©@oAikn oo povn tng; NAI
Mot NAIL A yiari OXI;

E€eT(oupe e&v ammd TO OIKBECINO OUVOAO TTUAWV PTTOPOUNE VO
onuioupynooupue Tic muAec AND, OR, NOT

2nueiwon: Mia TUAN NAND 1 pio TOAN NOR pe BPoXUKUKAWUEVEC
el0000uc ulorolel piok TOAn NOT
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To Bewpnua De Morgan

m [loix €ival n e€lowon Boole o€ poppn aBpoiouaToC YIVOUEVWY;

-  Epapuolouue 1o Bewpnua De Morgan 00eC pOPEC XPEIXOTEI

Nap&deyua 1

Y = (A+BD)C
= (A+BD) + C
= (A+(BD)) + C
= (A*(BD)) + C
=ABD + C

Nop&delyua 2

Y = (ACE+D) + B
= (ACE+D) * B
= (ACE+D) * B

= ((AC+E)*D) * B
= ((AC+E)*D) * B

= (ACD + DE) * B
= ABCD + BDE
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EmAeyuEVEC OKNOEIC

m Aoknon 2.13
EAGXIOTOTIOINOTE TNV MAPOKAETW £€Elowon Boole
XPNOIUOTIOIWVTOC OewpAUATH TNC GAyERPac Boole

- No ovouaTioETE TO OEWPNUATX TTOU XPNOILOITOIEITE

Y =AB + ABC +(A+ C)
- Auon (ue Tnv xpnon tou O. De Morgan)

Y=4
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OQEAN EAXIOTOTIOINONC

m  AQoU n TeENIKA e€lowan €ivail AOYIK& 16000VON NE TNV KXPXIKA YIKTI
givail TO00 oNUAVTIKA N S1XJIKAoI TNC EAXXIOTOTIOINONG;

- H eAaxiorormoinon peEIwveEl TO TANBOC Twv TMUAWY TTOU
XPNOIUOITOIOUVTAI YIX Tn (QUOIKN uAoroinon Tn¢ &&iowong
(ouvapTtnonc) Boole, ue armoTEAEOUO N TEAIKN) UAOITOINON VO EXEI:

m Mo UIKpO péyedOC Kol KOOTOG,
B UIKPOTEPN KATAVXAWON 16X00C, KX
B mMOavwe auénuévn TaXOTNTO.
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SUUTIANPWUGTIKA ouvapTnon Y

m [ kGBe ouvapTNON Y 0opIleTal N CUUMTANPWHATIKA TNG
ouvapTnon ¥

- 2& K&Be ogIp& Tou MVOKX aANBeIaG mou n ouvaprnon Y €xer Tnv
riun 1, n ovurmnowuartikn ouvaprnonY éxel Tnv Tiun O

- 2& K&Be OeIp& Tou MVOKX aANBeIaG mou n ouvaprnon Y €xer Tnv
riun O, n ouurAnpwuartikn ouvaprnonY éxel Tnv Tiun 1

m [lop&ociyuo

A B Y Y
O 0 0 1
O 1 O 1
1 0 1 O
1 1 1 O
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KovoviKN HopPpnN okBpOIoUATOC YIVOUEVWV

m MmopoUpe va Bpouue Tnv e€lowon Boole amd omolovOAmoTE TVOKO
oAnBeiog aBpoilovrag (MP&EN OR) KabEvav armd Toug EAXXICTOPOUC
(mp&&n AND) yiax Toucg omoioug n £€odoc €xel TIuA ‘1’ (TRUE)

A B | Y Yy Ehayarépog
(o0 oo 1 AB)
(0 1]0 1 AB)

1 0|1 o AB

1 1111 o A B

Y =F(A, B) =AB +AB = X(m,, m,) = (2, 3)
Y =F(A,B)=AB + AB = X(m,, m,) = (0, 1)
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EUpeon TNC HOPPNC YIVOUEVOU GOPOIOPGTWV >

m  XpnolyonolwvTocg To Oewpnua De Morgan, BpeEiTe TNV KOVOVIKA
HoP®N YIVOUEVoU aBpolou&Twy TN ouvépTnone Y omod T

HOPPN KOPOICUATOG YIVOUEVWY TNG CUUTANPWHATIKAG TNG
ouvGpTtnonc Y

Epapuolouue 600 PpopéC To Bewpnuo De Morgan

Y = AB + AB

Y=Y=A4B + AB=(AB)(AB) = (A+ B)(A + B)
- loxuer o0 €€NC KAVOVOC:
[ |

H cupmmANPWUOTIKA YIS oUVEPTNONG TTIPOKUTITEI, EXV OTN
ouvapTNON:

o1 yerainréc alaéouv amré X oe X kai a6 X oe X

o1 TeEAeaTéc e (AND) ka1 + (OR) evaMaxBolv xwpic va
aMdéer n igpapxia Twv mpaéewyv

*MNap&deiyua 2.4
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2XNUOTIKA OIYPOMPOTO

m  To OXNUOTIKO JIGYPOUMO Eivail Eva OIGYPOUKC TOU WNPIGKOU
KUKAWUOTOC OTO OTTOI0 (POIVOVTOI T OTOIXEIX (TT.X. TTUAECR)
KO TO OUPUOTO TTOU TG CUVOEOUV

- Mopadeiyua: Y= ABC + ABC + ABC (kavovikij yoperj)
- Y=BC + AB (elayioromoinuévn - mpoturn Loperi)
m YAomoinon pe Aiyotepeg mUAEC Kol IO YPAYOPN

A B C A B C

Vil Ya| Ve VA,

U

UL

Y Y 110




2XNUOTIKX OIXYPXUUOTO: KOAVOVEC

m O1 gicodol BpiokovTal oTnV apioTePN (N TNV M&vVw) TAEUPK
m O1 &€odoI BpiokovTail oTn OE€I (R TNV K&TW) TTAEUP

m OnoTedNmoTE €IVaI EPIKTO, OI TTUAEC B TIPETTEI VO EXOUV
KoTelOuvon omd Ta PIoTEPX TTPOC T OEEIX

m Eivol KaAOTEPO VO XPNOINOTIOI00VTOI CUPUOTO OE EUBEIN
QVTI VI OUPUOTO PJE TTOMEC YWVIEC.

A B C

Vg Vg Va

— EAayiotopog: ABC

EAaxioTépog: ABC

JUU

EAaxioTépog: ABC
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2XNUOTIKX OIXYPXUUOTO: KOAVOVEC

TO oUPHATA CUVOELOVTAI

B T oUpUOTO OUVOEOVTOI TTIAVTO O ETTOPEC T oe eagh T

m  Mix TEAEIt 0TO oNPEIo TOPAC CUPPGTWY
urtodeikviel 6TI uTt&kpxel o0voeon HETOED
TWV CUPUETWV

. L ) ) TQ oUppaTa cuvoEovTal
B 2UPUOTO TG OTTOIC TEUVOVTOI XWPIC TEAEIX ot TeAgia

dev ouvOEOVTOI HETAED TOUG

A B C t

Ya| Y5 | Vs

. == Ta cUPHOTA TTOU
—— EAaxiotépog: ABC . , ,
TEMVOVTOI XWPIG TEAEIQ
Oev ouvdEovTal

EAaxiotépog: ABC

UG

EAayioTtépog: ABC
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2XNUOTIKX OIXYPXUUOTO: KOAVOVEC

B To BAUOTO VIX TNV 0XEOIXON OXNUOATIKWOV OIYPXUUATWY YIX
e€lowaoelc Boole og HoppA OPOICUATOC YIVOUEVWV:

- [lpwTta oxedidl{ouue oTNAEC A B C
VIO TIC £10000UG

- TomoOeToUUE QVTIOTPOYPEIC VA VB VC
O€ VEITOVIKEG OTHAEC VIO VX
ITOPEXOUE TIC CUUTTANPWUATIKEG
€10000UC, AV EIVOI XITXPAITNTO

—  2X€O0IK{OUUE YOOUUEC UE
muAec AND yio koaBEvav Ej

JUU

a0 TOUG EAGXIOTOPOUC
-  Emeita, yia Kabe €E000,
oxedI&{oupue uiax moAn OR Y
n ormoic oUVOEETI UE TIC TUAEC AND (Toug eAaxioTépouC)
ITOU OXETI(OVTQI UE T OUYKEKPIUEVN EE0OO

m AUTO TO OTUA OVOUGIETOI TTOOYPAULATIOLEVN AOYIKN OIATOéN
(programmable logic array, PLA) emeidn ol avTIoTPOPEIC, Ol
muAec AND Ko o1 ToAec OR d1aTXOCOVTOI UE CUOTNUOTIKO TPOTIO
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Nop&oeIyuc 2.7 KUKAQUOTO e TTOAEC €€000UC

m O MpdTtavng, o NMpdedpoc evog TUAPKTOG, Evag BonB6¢ S1I0XOKAAING Kol
0 utedBuvoC KOIVWVIK®V EKONAWOEWV evOg MNavemoTnuiou Xpnolyomolody
EVIOTE TO KEVTPIKO OUPIOEXTPO TOU 10pUUATOC UE OKOTIO TNV OPY&VWON
EKONAWOEWV

B AUTO EXEl OOV ATTOTEAEOUO UEPIKEC POPEC, TTOPATIAVW KTTO EVX KTOUX VO
EXOUV KAVEI KPATNON TOU KEVTPIKOU GUPIBEXTPOU TNV 101K OTIYUA

m  To ouoTnua €xel TEOOEPIG €10000UG A, - Ay KOl TEOOEPIG €§000UG Ys - Y,
m  Kd&Be xpnoTng evepyomolel TNV €i0000 TOU OTAV KITEITGI TN XPAON Tou
AUPIOEGTPOU
- Az;=1 (llpdravng), A, = 1 (lTpoedpos evosg TURLATog),
A, = 1 (Bon6o¢ didaoraliacg) kat A, = 1 (UnetiBuvos ekONAWOEWV)
m To oUoTnua evepyorolel TO TTOAU Picx €€000, MAPAXWPWOVTAC TO
AUPIOERTPO OTOV XPNOTN PE TNV UPNAOTEPN TTPOTEPAKIOTNT
- Y;=1 (Mlpgravng), Y,= 1 ([Tpoedpos evog TURUaTog),
Y, = 1 (Bon6og didaokadiag) kai Y, = 1 (umedBuUvoG EKONAWOEWY)

B JUNTTANPWOTE TOV TTIVAKG ANOEINC KA yp&wTe TIC €€lowaoelc Boole yia To

oUOTNUX. 2XEOIKOTE EVO KUKAWMG YI” GUTA TN ouv&pTnon
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Moxp&deyua 2.7

H ouykekpiuévn ouvapTtnon A, A, A Al Ys Yo Yy Y,
OVOUGLETAI KUK WL 0 o0 o0 o0olo o o o
mooTepaIoTNTAC (priority o 0 o 10 0 0 1
circuit) ye T€aaepic e106060UC o o0 1 oflo o0 1 o0
o o 1 10 o0 1 0
o 1 o0 oo 1 0 o0
o 1 0o 1|0 1 o0 o0
o 1 1 oflo 1 0 0
o 1 1 1|0 1 0 0
1 0 0 o1 o0 o0 o0
— As Y[ 1 0 0 1 il 0 0 0
— A v, — 1 0 1 o1 o0 o0 0
1 0 1 1|1 o o o0
— 1 A il 1 1 0 0] 1 0 O 0
— A Yo — 1 1 0 1|1 o o o0
KOKAwpa 1 1 1 o1 o0 o0 o0
TIPOTEPQIGTNTAG 1 1 1 1|1 0o o0 o0
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Moxp&OEIYUG 2.7 KUKAWUO TIPOTEPAIOTNTAC

m  To Y;€xel Tnv peyoAdTepn
MPOTEPAIOTNTX, &P OTOV AUTO

0 0 0 0 0 0 0 0
0 0 0 . 0 0 0 1
0 0 ik 0 0 0 1 0
0 0 1 1 0 0 1 0
0 1 0 0 0 i 0 0
0 1 0 1 0 1 0 0
0 1 1 0 0 1 0 0
0 1 1 1 0 i1 0 0
1 0 0 0 1 0 0 0
1 0 0 1 il 0 0 0
15 0 1 0 1 0 0 0
1§ 0 1 L 1 0 0 0
1 . 0 0 1 0 0 0
1 | 1. 0 1 L 0 0 0
1 1 1 0 1 0 0 0
1 1 1 1 1 0 0 0

gival TRUE

O1 TINEG TWV UTTOAOITTWV
METARANTWYV €10000U Eival
adipopec (X)

Y3 =A;
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Moxp&OEIYUG 2.7 KUKAWUO TIPOTEPAIOTNTAC

m ToY, éxel miun TRUE av giva

Az A A A|Ys Yo 1 Y EVEPYOTTOINUEVO TO A, Kol OEV
o o o ofO0O 0 0 ©0 £IVOll EVEPYOTIOINWEVO TO As.
0 0 0 1 0 0 0 5
0 0 1 0 0 0 1 0 m OImiuEgTwv A, Kol A, gival
0 0 1 1 0 0 1 0 adipopec (X).

0 1 0 0 0 1 0 0

0 1 0 1 0 1 0 0 -
0] 1 1 0 0 1 0 o) —

o 1 1 1|0 1 0 0 Y2 A3 A2
1 0 0 0 i i 0 0 0

1 0 0 1 1l 0 0 0

1 0 1 0 1 0 0 0

1 0 1 3 8 % 0 0 0

1 1 0 0 s 0 0 0

1 1 0 1 1 0 0 0

1 1 1 0 1 0 0 0

1 1 1 1 £ 0 0 0
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Moxp&OEIYUG 2.7 KUKAWUO TIPOTEPAIOTNTAC

m ToY, éxel Tiun TRUE av gival

Ay A A1 A Ys Yo Vi Yo EVEPYOTIOINMEVO TO A; Kail OEV
o o o ofO0 0 0 O Vel EVEPYOTIOINUEVN KOO OO
o o0 o0 1f({0 0 0 1 TIG £10600UG A3 Kail A,

0 0 1 0 0 0 1 0

0 0 1 1 0 0 1 0 m  HTiyn tou A, givar adidgopn
o 1 0 0|0 1 0 O (X)-

0 1 0 1 0 1 0 0

0 1 1 0 0 1 0 0

o 1 1 1|0 1 o0 0 Y1 _ A3 A2 A 1
1 0 0 0 1 0 0 0

1 0 0 1 1 0 0 0

1 0 A | 0 1 0 0 0

1 0 J 1 " | 0 0 0

i} 1. 0 0 1 0 0 0

1 1 0 1 L 0 0 0

1 1 1 0 1 0 0 0

1 1 1 1 5 F 0 0 0
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Moxp&OEIYUG 2.7 KUKAWUO TIPOTEPAIOTNTAC

m ToY, &xel TiuA TRUE av gival
Ay A A1 A Ys Yo Vi Yo svspc\)(onomuévo TO A, KOl OEV
o o0 o0 of|O0 0 O 0 eival evepyormoinpévn K&ToIx
o o0 o 1|0 0 O 1 &GAAN €10000¢
0 0 1 0 0 0 1 0
0 0 1 1 0 0 1 0
0 1 0 o) 0 i} 0 0
0 1 0 1 0 1 0 0
0 1 1 0 0 1 0 o)
o 1 1 1[0 1 0 0 Yo — A3 A2 A 1 Ao
1 0 0 0 1 0 0 0
1 0 0 1 il 0 0 0
1 0 . 0 1 0 0 0
L 0 1 3 8 | 0 0 0
L s 0 0 ’ 0 0 0
1 1 0 1 1 0 0 0
1 1 1 0 1 0 0 0
1 1 1 1 £} 0 0 0
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ToP&OEIYUO 2.7: KUKAWUOG TIPOTEPXIOTNTOC

v. A, AAA A, v
Y, = Ay A, T
Y1 = AzArA, 83 Y.
Yo = A3A2A1Ap ng
® 0
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XPNOoN TOU «X» OTOUC TTIVGKEC XANBEInC

B Xe vav TVoKa acAABEIoG N xpAon m  To Y;€xel Tnv peyodTepn
Tou GUUBOAoU X onuaivel OTI MPOTEPXIOTNTA, GO OTAV
UTTGPXOUV OBIRPOPEC TIEC. auTo eival TRUE.

3 , B OI TIMEC TWV UTTOAOITIWV
= To X umopei va eivai eite O, HETABANT®V €100d0U Eival
gite 1 (0x1 Kol Tt OUO AOIGPOPEC
TXUTOXPOV()
) ) m  ToY, éel iy TRUE av giva

m To X OTIC €10000UC TTAOTTOIEI EVEPYOTIOINUEVO TO A, Kol dev
TOV THIVOKG OANBEING iVl EVEPYOTTOINWEVO TO As.
(MEIWVEI TIC YPOUMPER) O1 TIEG TwV A4 Kol A, €ival

xOIGPOPEC.
m ToY, &elTiun TRUE av givai
Az A A A |Ys Yo Y Y EVEPYOTIOINEVD TO A, KO BEV
givall EVEPYOTIOINUEVN KO
0 0 0 0 0 0 0 Qo TIG £10000UG A KOl A,
0 0 1 0 0 0 1 H TIuA Tou A, givail adidgopn.
c 1 X |0 0 1 0 m  ToY, éxel Tipf TRUE awv eiva
1 X 3 0 1 0 0 EVEPYOTTOINUEVO T0 Ag KOl Bev
givail evepyoroinuévn KToIx
X X X 1 0 0 0 &AAN €lcodoC
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KwOIKOTIOINTNC TIPOTEPKIOTNTAC

m Aoknon 2.36
‘Evac kwdikommointri¢ mporeparotnTac (priority encoder)
Oia0ETEl 2V e16600UC, dlaTeTayuévee amd 1o 2M-1 Ewc 10 O

—  [opdyel uio ouadikn EEodo twv N bit mou umodeIkvUeEl TO
TEOIO0OTEPO ONUAKVTIKO bit TNC £10000U TO OITOIO EXEI TNV

Tiun ‘1’ (TRUE), n Tnv €£000 UNOEV av KOWIiox &0 TIC
gioodouc oev xel Tnv Tiun ‘1’ (TRUE)

- [lapdyel emiong 1o onua eykuporntTac VALID* (validation)
10 orroio €xel Tnv Tiun ‘1’ (TRUE) av TOUAGXIOTOV Hicx &TTO
TIC €10000uUC £xel Tnv Tiun ‘1’ (TRUE)

—  2XE0INOTE TOV MVOKX GANBEING EVOC KwOIKOITOINTN
MPOTEPUIOTNTAG OKTW EI000WV, UE EI0000UG A, KO
e€000ug Y,., Ko To onua VALID

- [lapéxete uiax eAaxiotormoinuévn e€iowon Boole yio k&Be
£E000

* To oupmmAnpwpa Tou onuaToc NONE
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KwOIKOTIOINTNC TIPOTEPKIOTNTOC

m [livakac oAnBeiag evog KWOIKOTIOINTA TTPOTEPXIOTNTOC OKT®
€1000wV, PE €10000Ug A, Kol €§000UQ Y., Kol VALID

>
3

A A A A A A ALY, Y Yy v

O
)
O
o

N eNoNoNoNoNoRolNe
M= O OO O O O O
XX PO O O oo
X K P O O O O O
MO XY R O O O O
DX X X X P O O O
XX XX X kO O
P XX XX X X P O
e el e ReNeoNe
R = O ORr K OO
P O ORFr OF OO
RrRPrPRPRPRRRPRP

—~  To onua VALID otnv £€€000 evOC KUKAWUOTOC ONAWVEI 0TI N £€E000C
0EOOUEVWY OUTOU TOU KUKAWUKTOC EXEI EYKUPO OEOOUEVH TTOU
UITOPOUV VO XPNGIMOTTOINOOUV OTNV OUVEXEIX OTTO EVX EMTOUEVO

KUKAWU X 124




KwOIKOTIOINTNC TIPOTEPKIOTNTAC
m [lapéxere piax ehaxioTomoinuévn e€iowon Boole yiax k&Oe €000

Y, = A+ A+ A5+ Ay

Y1 = A7 +A6 +A5A4A3 +A5A4A2

Yo = Aq+ A As+ A A Ay + A A A4,

m o mop&delyuo oTnv €000 ¥, 0 6pog A, A, Az EEXOPANILe! OTI
10 Yy éxertnvTiyn L otav A, =0,A, =0 ko A; =1

- 2nueliwote OTI 10 Y, éxer Tnv Tiun O otav A, = 1N A,= 1
evw 10 YV, éxer Tnv Tiun 1 otav A,= 1N As= 1 Kol yIx ouTO
TOV AOYO OEV eUPaVi(ovTal To A, Kol A= OTOV OUYKEKPIIEVO OPO

VALID= A, + A+ A+ A, + Ay + A, + A, + 4,
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[ToAuemimedn 2uvOunoTIKN AOVYIKN

m H Aoyikn €iTe o€ popPpr KOPOICUATOC VIVOUEVWY EITE O HOPPN
YIVOUEvoUu aBpolou&Twy ovoudleTal AoyIkf 800 emmEdWV
(two-level logic) emeidn amoTEAEITOI ATTO AEKTIKG OUVOEDEPEVD
oc Eva enmimedo MUA@V AND 10 omoio cuvOEeTal e EVa ETTITIEDO
nmuA@v OR

— 0l AVTIOTPOYEIC GTNV €I0000 AYVOOUVTOI GTOV UITOAOYICLIO
TWV EMMEOWV (EVOWUAXTWVOVTAI OTIC TTUAEC)

B 2UXVK Ol OXEOIOTEC KATXOKEUG(OUV KUKAWUOTO UE
eEPIOOOTEPO &TTO OUO EMTTEAN AOYIKWV TTUAWV

B AUT& T TTOAUETITTEOX CUVOUXOTIKG KUKAWUXTOX OTOXEUOUV OTO
VO XpNOoIWoTIoI00V AlyOTEPO UANIKO OO T OVTIOTOIXOK KUKAWUOTO
OUO0 EMMEOWV (VO EXOUV HIKPOTEPO KOOTOC 0E UAIKO)

—  2& MMOMEC MEPITITWOEIC UEIWVETAI ) TAXUTNTA TOU KUKAWUKTOG
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[ToAuemimedn 2uvOunoTIKN AOYIKN

m EOpeon Koivwv HeTaBANTOV
m [lap&deyua: H dieminmedn amAomoinuévn cuvapTtnon f

- f = ADF+AEF+BDF+BEF+CDF+CEF+G

m  ATAOTIOIEITGI JE TNV EPAPUOYN TNES NEBBOOU TNC
e0peONG KOIVWV JETOBANTWV

- Epapuoyn rou Bewpnuarocg 1n¢ EmELIOTIKOTNTAC (T8)
O0EC POPEC AITAITEITAI

f = (AD+AE+BD+BE+CD+CE)F+G
= [(A+B+C)D+(A+B+C)E)JF+G
= (A+B+C)(D+E)F+G
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QEEaAESATEEECRTEER T

[ToAuemimedn 2uvOunoTIKN AOYIKN

m EOpeon Koivwv HeTaBANTOV

NN ANV,

=D-
DD~

Q T =T AR

B 2TN CUYKEKPIYEVN TTEQITITWON
N TTOAUETTITIEDN UAOTIOINGN TNC
ouvapTnong f HIKPOTEPOU
KOOTOUG G€ UNIKO €ivail Kol
Mo YpAyopn

-  HmoAn OR Twv 7 €1000WV
UAOITOIEITOI OE OUO EMMEOX
ue TpeIc muAec OR
TWV 3 €1000WV 198



Meiwon uNIkoU pe Tn xpnon muAwv XOR

m [Moap&deypo: MOAN XOR pe 3 €10660ug A B C

on VY |Y

m H e&owon Boole otnv amomoinuévn

HopPPN aBpoiocuaToC YIVOUEVWY OUO0 y
EMMEdWV EIVON ng i }—
Y =A4BC + ABC + ABC + ABC  '-A®86C B
m EGv mpoxwpARoouue TNV EAXXIOTO- A5 )
ToiNon, WOTE V& XPNOIUOTIOINOOUME (0 o 1| 1) Rj
TNV MGAN XOR éxoupe: (8 L é) )
Y=A(BC+ BC) + A (BC + BC) q 0 é) U
=AB®C)+ABDC) 1 1 0]0
(£ 1 &)%) 14
m  Apo ymopei v uomoinBei ue 500 A
muAec XOR Twv 2 €1000wv B

C jD Y 129




Meiwon uNIkoU pe Tn xpnon muAwv XOR

m [op&deiyua: MOAN XOR pe 8 eicd6douc
m H e€owon Boole otnv amomoinuévn
Hop®N aBpoiopaTog YIVOPEVWY 800
eEMMEOWV O ATTAKITOUOE: D )
- 128 midec AND Twv 8 €1060wv i
- 1 miAn OR twv 128 e1060wv! jD
m Mmopei Opwe v uAoToInbel ye Povo:
- 7 miAe¢ XOR twv 2 €1060wv
o€ 3 emimedoa
m oT0 1o eminedo ivail 4 mUAeC,

oTO 20 €medOo 2 MOAEQ
Kai o1o 30 emimedo 1 miAn

\

\
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KwOIKEC aviXVEUONC AaBwV

m e Eva wnIoko oloTnpo opiloupe we A&Bog, TNV Aoy TIWAG
o€ Eva N TTEPICOOTEPO YNNIk TANpopopiag (0 - 174 1 — 0)

- [lapaodeiyua amhou AaBouc (AAayn TIUNG O Eva Wnpio)
m 1010-—-> 1011, 1010 — 1000

m [ va avixvedooupe TNV Umapén Aabwv KwdiKoTToloUuE TNV
TTANPOYOPIC TTOU TTXPAYOUE, HETAOIOOUNE N KTTOBNKEUOUUE
o€ Evav KMOIKX aviXveuong AxOwv, 0 OTToiog KIMOTEAEITOI OO
KWOIKES AEEEIC KOl UN-KWOIKES AEEEIC

m H Onopén A&Boug avixveleTal ye TNV ENPAEVION PG MN-KWOIKAC
AEENC KOT& TOV EAEYXO TNG KWOIKOTIOINUEVNC TTANPOPOPING

m Qc amooToon YeTOED 000 KWIIKWV AEEswv opileTal TO MAROOC TWV
WYNPIWV OTX OTIOIX XUTEC OIPEPOUV

m Evac KwdIKag avixveuonc AaBwv avixvelel OAa Tow oA AGOn,
eV N eA&XI0TN amOOTOON METRED OAWV TWV TMOXVWV (EUYWV
KWOIKWV AEEEWV €ival 2
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KWOIKEC GPTIOC N TTEPITTAC I00TIMIOC

m [lpooBEToupe otnv mAnpopopia Twv N bit Eva emmmAEov wneio,
TO Ynoio 1ooTIpiag P (parity bit) woTte To MARB0C Twv 1 va givail
&pPTIO (N TEPITTO) 0 OAEC TIC KWOIKEC AEEEIC TOU KWOIKO &PTIOC
(A MEPITTAR) ICOTIUICS

B KwOIKES AEEEIC TOU KWOIKG GPTIOG (N TIEPITTAC) ICOTIMIAG

ApTicg 100TIgIG  MepITTAC IGOTIMIOG O1 un KwOIKES AEEEIC TOU
KWOIKO GPTIG (N TTEPITTAR)
ICOTIMIOG EIVOI O KWOIKER

000 0 000 1 AEEEIG TOU KMBIKK TIEPITTAG
001 1 001 0 (A &PTIGG) ICOTIMIOG

010 1 010 0

100 1 100 0

011 0 011 1

101 0 101 1

110 0 110 1

111 1 111 0
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KWOIKEC &PTIOC N TTEPITTAC I0O0TIMIOC

B O KQOIKOC ICOTIYIOG EIVAI O TTIIO &TTAOC KWOIKOC QVIXVEUONC AdBWV
Kol avixvelel oarmA& A&On f Eva repITTod MARBOC AxB®V

- Eivar kwoikac amooTraong 2

B To KUKAWUG TTOU TTOPAYEI TO WNPIOo ICOTIMIOG VIK Yick TTANPOMOPIC
Twv N bit eivai:

— i miAn XOR e N e10600u¢ jD
yiar TOV K@OIKA APTIOG ICOTIUIOS I D

—  wio muAn XNOR e N gioooouc¢
yia TOV KWOIKAX ITEPITTIIC ICOTILIAC \] Peven
m 21NV mp&én n KwdIKOTI0INoN OTOV )
KWOIKO 100TIMIC YIVETOI OUVABWC
avé byte (8 bit) D

— 310 oxAuc oaiveral n moAn XOR ue 8 jD
€10000UC TTOU MTAXPAYEI TO WNPIo GPTING
I00TILIOG P, VIO Eva byte MTAnpo@opiog

eve
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0QB6non puoaAidaC

B Onwc mpoavapEPOnKe yia T KUKAWPoToe CMOS mpoTINWVTO
ol muAec NAND kot NOR awvTi Twv muAwv AND kau OR.

m Opwg, n avayvwon Tng €€lowonc Je aImAN EEETAON VIO EVX
MOAUETTITIEO0 KUKAWHO pe TUAEC NAND ko NOR evoéxeTa
Vo armodeIx0el axpkeTd OUOKOAN.

m H ®Onon puocAidwV armoTeAET Evav XpAoIUo TPOTIO VIa VO
EavooxedIR(OUPE QUTG TO KUKAWUOTO ETOI WOTE O PUOKAIOEC
VO XAANAOGKKUPWVOVTOI KO VO KKBIOTOT I TTI0 EUKOAOC O
TTPOOOIOPICUOC TNE CUVAPTNONG

m Boaoiletau oto 6ewpnua De Morgan
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To Bewpnua De Morgan

mY=AB=A+B Al
- o moAn NAND eivai ioodovaun B —} Y

ue o muAn OR e
AVTEOTOAUUEVEC EICOOOUC A
B

4
mY=A+B=AeB A
- i muAn NOR givou 10ooovaun B D Y

ue o muAn AND ue

AVTEOTOAUUEVES EICOOOUC g @j Yy
_O

135



To Bewpnuoa De Morgan

mY=AB=A+B=AB

— i muAn AND sivou 10000vaun
ue i moAn NOR ue
AVTEOTOAUIEVEC EI0000UC

mY=A+B=AeB=A+B

— uix moAn OR givaa 1oo000vaun
ue o muAn NAND ue
AVTEOTOAUIEVEC EI0000UC
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0QBnon puoaAidac

m 0QOnon puocAidwv MPOC TX THoW
- oAMa&lel To owua TN muAng (armd AND/OR o€ OR/AND)
—  (PUOBAIOEC OE OAEC TIC €10000UC TNC TTUANG

A — A
e b

m QOnon puocAidwV TPOC TX UTTPOOTH
- oAA&(Cel To owuo TnE muAng (axrmd AND/OR o OR/AND)
- I QUOGAIOa aTnV £€€000 TNC TTUANG

A A-
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0QBnon puoaAidac

m [loix €ivail n e€iowon Boole Tou ToPoKATW KUKAWUKTOG?

—  O1 muAec NAND kot NOR xwpic Tn xpnon Twv I600UVOUWY TOUG
dev BonBouv oTo va Bpouue Tnv e&iowaon

- AMQUTEITAI N EPAPUOYN TNC WONONC PUOCAIONC

D
oy
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QB6non puoaAidaC

m [loix €ivail n e€iowon Boole Tou ToPOKATW KUKAWUOKTOG?

—  O1 muAec NAND kot NOR xwpic Tn xpnon Twv I600UVOUWY TOUG
oev BonBouv oTo va Bpouue Tnv e&€iowaon

- AMQITEITOI N EPApPOYn TNC WONONC PUOCAIONC

—  ZEKIVAUE OTTO TNV £E0O0 LE TTOPEIX TOOC T MOW YIX VXX PUYEI
N QVTIOTPOPN

5 51
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QB6non puoaAidaC

m [loix €ivail n e€iowon Boole Tou ToPOKATW KUKAWUOKTOG?

—  O1 muAec NAND kot NOR xwpic Tn xpnon Twv I600UVOUWY TOUG
oev BonBouv oTo va Bpouue Tnv e&€iowaon

- AMQITEITOI N EPApPOYn TNC WONONC PUOCAIONC

—  ZEKIVAUE OTTO TNV £E0O0 LE TTOPEIX TOOC T MOW YIX VXX PUYEI
N QVTIOTPOPN

- AU0 QuoaAidec oTnv idIx O0IXOUVOEDN GAANAOKUPWVOVTQI

B—} B—}
o D g}:i}

- Apa n g€iowon Boole sivai: Y =AB + CD
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0QBnon puoaANidaC: KXVOVEC

m  =eKivape armod Tnv €000 Tou KUKAWUOTOC, Kol OoUAEJOUUE e
KoTe0Ouvon 1pog TIC €10000UC

B «ZTTPWXVOUNE» TUXOV PUOGAIDEC TTOU UTT&PXOUV OTNV TEAIKA £€000
MPOC T TMow, ONAKDA TIPOC TIC €10000UG

- €101 urmopouue va «dloBaoouue» Tnv €§iowan o€ oxéon Ue TV,
aAnBivh €€o0o (Y), Kai OxI o axEan e To oUUTANPWUG TNG (Y)

- AouAelovTaC MPOC T Mow, oxedIG{ouue KXOE TUAN O€ TETOIX
HopPA WOTE O Uia dIioUvOEDn of pUOAAIdEC var
aMnloarupwvovrai
N va Unv Umapxouv

- Av n Tpéxouaa muAn J106ETel puoadida o€ Kamoia Ei0000,
oxeOICATE TNV mPoNyouuevVn ImuAn ue puoaldioa ornv E€odo

— Av n TpExoUaO TTUAN O€EV EXEI PUOAAIOEC OTIC £I0000UC,
oxeO0IAOTE TNV mPoNyoureVn MUAN xwpeic puoalioa ornv €000

B 2TO TEAOC, KATIOIEC TEPUATIKES 100001 OIOETOUV PUOCAIOEC
— AV n TEPUATIKN €iI0000C OIXBETEI PUOANIOA TOTE AVTIOTOEPETAI
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0QBnon puoaAidaC: TAPXOEIVUX

B =eKIvaue amd TNV §€000 TOU KUKAWPOTOG, Kol O0UAEUoOUUE
pE KaTedBbuveon mpog TIC E10600UC

5
: Db
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0QBnon euoocAidaC: TTKPXROEIYU

B «ZTTPWXVOUNE» TUXOV PUOGAIDEC TTOU UTTGPXOUV OTNV TEAIKA £€000
POC TX Tow, ONAKOA TTPOC TIC €10000UC, WOTE V& BPolue TN
ouvapTnNon Y Kai Ox1 TN CUNTTANPWUGTIKA TNC

5
; i

XWpPIC puoaAida
D_ otnv £€odo

Y

T 0O >
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0QBnon euoocAidaC: TTKPXROEIYU

m  Av n Tpéxouoa MIAN OI0OETEI PUOCAIOD 0E KATTOI 10000,
oxedI&oTe TNV TMPONyoduevn MOAN NE PUOCAIDL oTNV €000

- Ymapxel Térola moAn - OV KAVOUUE TiToTa
- ol puoadioe¢ aAAnloarupwvovrai

XWPIC QuUoaAida
oTnv £€000

Xwpic qpuoaAida

D_ oTnVv £€000

Oy
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0QBnon euoocAidaC: TTKPXROEIYU

m  Av n Tpéxouoa TTUAN OV EXeEl PUOOAIDEC OTIC €10000UC, OXEDIGOTE
TNV mponyoduevn MOAN XwpPic pUOaAidx oTnV £E000

Xwpic puoaAida
oTnVv £€000

O O >

Xwpic puoaAida
oTnV €i00d0 Kal
TNV €000

5]
B-C v

: P
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0QBnon puoaAidaC: THPXOEIYUX

B 270 TEAOC, KATIOIEC TEPUATIKES 100001 OIKOETOUV PUOGAIOEC

— AV n TEPUOTIKN EIC000C OIXBETEI PUOAAIOQ TOTE AVTIOTOEPETAI
—  2TO MMOPXOEIYUX IOXUEI YIX TIC €10000UC A, B Ko D

Xwpic puaoaAida
oTNV €i0000 Kal

- TNV £€000
A—CO __-———-|T
B-C
4
C ) g Y
D
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0BnonN UOCAIdAC: I000UVOHO KUKAWUOT

Xwpic euoalida
oTnV €icod0 Kal

TNV ££000
A-C |
B-C
4
o 4>
D
Y=ABC+D

sd
B O -
ABC
C ‘ Y

Y=ABC+D
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EmAeyuEVEC OKNOEIC

Aoknon 2.26

XpNOIPNOTIOIWVTOC TTUAEG 1I0000VaUEC KOT& De Morgan Kal
uebodoouC «WONONC» PUOGAIOWY, EXVAOXEDIXOTE TO KUKAWU
NG €IKOVAC 2.83 £T0I WOTE VO UTTOPEITE V& BPEITE TIC EEICWOEIC
Boole pe anmAn oniTikA €€€Taon. MpGyTe TIC e€lowoelc Boole.

Y=UA+B)(C+D)+E

e
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EmmIAeyUEVEC XOKNOEIC

Aoknon 2.27

XpNOIPNOTIOIWVTOC TTUAEG 1I0000VaUEC KOT& De Morgan Kal
uebodoouC «WONONC» PUOGAIOWY, EXVAOXEDIXOTE TO KUKAWU
NG €IKOVOC 2.84 £T0I WOTE VO UTTOPEITE VO BPEITE TIC EEI0WOEIC
Boole pe anmAn oniTikA €€€Taon. MpGyTe TIC e€lowoelc Boole.

H o
D B

O 4=
i c—1 Ly
D SR
R D =4
— — E O ‘\If—
Y=ABC+D+(F+GE [ o
- rreE - ~ I
=ABC+D+EF+EG G :l/
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0B6non puoaAidac: Aoyikn CMOS*

m  O1 mePIooOTEPOI OXEDIKOTEC OKEPTOVTOI JUE YVWUOVK TIC TTUAEC
AND ko OR, ocA& otn CMOS TexvoAoyia TIPOTIMWVTOI O1 TTUAEC
NAND, o1 TOAec NOR Kol 01 GVTIGTPOPEIC.

B XPNOIYOTIOINOTE TNV «WONCN» PUOKAIOWV VI VO JETATPEWETE
TO KUKAwPa o€ TuAec NAND, moAeg NOR Ko avTIOTPOPEIC

m MEBooog 1 (un amodOoTIKA):

- ArAn avTikaTaoTaon KaxBe muAng AND ue Eva (e0yog
muAnc NAND ko avTioTPOQEX, Kol K&Be muAnc OR
ue Eva (euyoc muAng NOR Ko vTIOTPOPEX

) 8 CMOS mOAeg (24 TpavlioTop)
*Nopadeypa 2.8 150




0B6non puoaAidac: Aoyikn CMOS*

B  XPNOIYOTIOINOTE TNV «WONON» PUOGKAIOWV VI VO JETATPEWETE TO
KUKAwPa o€ TuAec NAND, moAec NOR Ko avTIOTPOYEIC
m MEBodoC 2 (amodOTIKA):
- [lpooBeTouue (euyn puUOGAIOWV aTNV £E000 UIXC TTUANG K&XI TNV
€i0000 TNV €MOUEVNC TTUANG XWwPIC va UETKBANBET n ouvapTNON
m o NAND uhomoinon peta& muAwv AND (€€000¢) kol OR (€ic0d0Q)
m o NOR uhonoinon ueta&l muA@v OR (€€0d0¢) ko AND (€icodocg)
—  [1po0BETOUNE KO OVTIOTPOPEIC, OITOU KITXITEITAI
m  Otav o1 miAeg otnv €€000 Kol Tnv €i00d0 givail i61eg (AND A OR)
m 2mnv é€odo yia petarpomi) anmd AND e NAND A amdé OR oe NOR

5 CMOS miAeg
(18 TpavlioTop)
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YAoroinon XOR ue NAND

m E&omoeic Boole Twv XOR ko XNOR
- X®Y = XY + XY
- X®Y = XY + XY

m YAomoinon mOANg XOR pe 4 moAeg NAND 300 €1060wv o€ 3 emimeda
—  ZXNUATIKO OIAYPaUUA

4 NAND-2

—  AAyeBoirn amodeién
XX+Y)+tY(X+Y)=XX+XY+YX+YY=XY+XY=XDY
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AAveBpIKEC 100TNTEC ViIk XOR/XNOR

B XDY=YDX

B (XDYDZ=XD(YPL)H)=XDYDZ
m XP0=X

m XO®1=X

B XOX=0

m X®X=1

mE XOY=X®Y
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>UuBoAiouol TUAWV XOR kol XNOR

m looddvapol cupBoliopol XOR Ko XNOR (yio @Onon ¢pucaAidwv)

D
D
A
I

X
Y
X
Y

< X

< X

m)Dadsy
I
o
o
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ETMIAEYUEVEC XOKNOEIC
m Aoknoeig 2.10
Me B&on Tnv amAomoinuévn e€ilowon Boole Tnc Aoknong 2.6 - (B)
Y= AC+AC+ AB
va oxedioeTe pe muAec NOT oTic €10000UC, OTIOU GMAITEITAI:
— Tnv uAomoinon AND-OR 600 emimédwv

A B C

VXY

. 1 0 '“x\\
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EmmIAeyUEVEC XOKNOEIC

m Aoknoeig 2.8
Me B&on Tnv amAomoinuévn e€ilowon Boole Tnc Aoknong 2.6 - (B)
Y=AC+ACH+ AB
va oxedioeTe pe moAec NOT oTIc €106000UC, OTTOU KTTXITEITA:

- Tnv uAomoinon mmou xpnoiuoroiei kKo muAn XOR
VIO UEIWON UAIKOU

C ™
— T
i
A oI L

EvowpuaTtwon Tng mUAng NOT oTtnv gicodo Tn¢ miAng AND
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Mn ammodeKTN TIUN: X

m H &AyeBpa Boole mepiopileTan otn Xxpnon Twv Tipwv O ko 1

m Q0T000, TO KUKAWUOTOX OTOV TIPOYUXTIKO KOGUO UTTOPOUV ETIONG V&
EXOUV UN XTTOOEKTEC TIMEC

m To ocUuPoAo X uttodeIkvUEl OTI O KOUPBOC TOU KUKAWUOTOC EXEI
&yvwoTn fj N XMOdEKTN TIUN

m AuTtd ocuvnOwc oupPaivel av 0dNYEITAI TARUTOXPOVO Kol oTnyV TiuA O
KO oTnv Tiun 1

- AUTA n KAT&GTOGN OTOV KOUBO, TTOU OVOLIK(ETOI AVTAYWVIOUOG,
OewPEITAI EOPAAUEVN OXEDIXTN KOI MTOETTEI VX XITOPEUYETAI

A =110

—Y=X

B=0>—
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Mn armodeKTN TIPN: X

m H mpayuaTiki T&on o€ Evav KOUBO NE RVTAYWVIOUO UTTOPET VO EXEI
K&molo TIUA METOED O Kau V),
—  JUXVE, OAAG OXI TTAVTO, EXEI TIUN TTOU EUTTITITEI OTNV AITAYOPEULEVR (VI
- Hniun ummopei v GAA&(EI avaAoya UE TNV T&ON, TN BEPUOKPAOIC,
TOV XPOVO Kol Tov B6pufo

m O avToywVvIoUOC NTTOPET ETTIONG VO TTPOKGAEDEI TNV KATAVAAWON PEYOAWV
MOGOTATWV 10X00C METAED TWV AVTIMOXOMEVWVY TTUADV, UE KTTOTEAECUO TO
KOKAWUO VO UTTEPOEPHOVOET KO I0WC VX KXTROTPOPET

m O Tigyéc X XpNOIUOTIOI0UVTOI GTTO TOUC TIPOCONOIWTEC KUKAWUKTWY VI VO
uTTodEIKVIOUV OPXIKEG TIMEG TTOU Oev Exouv kadopioTeioTo O Q1o 1

m HOmop&n avraywviopol A N XEXIKOTIOINPMEVWY ONUGTWY CuvVAOBWC
UTTOONAWVOUV KXTTOIO OXEOIGOTIKO A&OOC
m [lpoooxn!

—-  Ta X xpnoiyormoloUvTai yiol voi OEIEOUV KO TOUG adIdgpopouc 0pouC
OTOUC TTIVAKEC aAnBeiac

- Honuaoia Tou X eE0pTATOI OTTO TO CULIPPA(OUEVX
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MeTEwpPN TIUN: Z

m To ocUuPoAO Z uttodeikvUEl OTI Evac KOUBOC dev 0dNYEITOI OUTE
o€ T&on HIGH ouTe o€ T&on LOW. ToTe A€ue OTI KOPPBOC Eiva
«METEWPOC», Exel UPNAR avTioTaon, A UYPNAS Z

m Evac petéwpoc kOuPBocg umopel va €xel TiuA O, Tiun 1, A K&moIx
TXON OTO EVOIGUEDO, AVAAOYX JE TO IOTOPIKO TNC AEITOUPYIC
TOU KUKAQUOTOG

m HOmapén evoc ueTéEwpou KOUPBoU dev onUAIvel TTAVTX OTI
UTTXPXEI OPGRAUC OTO KUKAWUOK

— VIO TTRPXOEIYUX, OTAV UTTXPXEI KATTOIO XAAO OTOIXEIO
ITou oonyei Tov 1010 kouBo atnv TN 0 N TNV TIuN 1
m TpOmol ONUIOUPYIGS EVOC NETEWPOU KOUPOU:

—  OTOV EEXVALIE VO OUVOEOOULIE UIX TXON OE UIX €10000
EVOC KUKAWUOTOC

—  OTOV UITOBETOUUE OTI LI UN OUVOEDEUEVN EI0000C EIVAI
1010 ue pioe €iocodo mmou €xel Tnv Tiun O (0AEBpPIO AdBoC)
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ATTOUOVWTAC TPIWV KATXOTXOEWV

O amopovVWTAG TPIWV KaTaoT&oewV (tristate buffer), diaBETel TPEIC
moavee KaTaoThoelc e€0dou: HIGH (1), LOW (0), ko petéwpn (Z).

O amoPOVWTAC aPIoTEPG EXEI It €10000 A, TNV £E000 Y Kol EVO AN
enable (Eykpiong) E eveoyo oro HIGH (active high)

O amopovwTNG JEEIX €XEI M €10000 A, TNV €000 Y KOl EVOX ONUXK
enable (éykpiong) E eveoyo oro LOW (active low)

R

O N NI
P O olm|
R O PFr Ol
I_\'INHO-<
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ATTOUOVWTAC TPIWV KATXOTXOEWV

B XTOV GITOMOVWTN TRIWV KATXOT&OEWV (tri-state buffer) 6Tav To CAN
enable €xel TIuA ‘1’ (TRUE), emTpéneTtal n yeto@opd TIWAC ommd TNV
€10000 0TnV £€000, oTIOTE N £€000C €XEI TNV TINA TNC €10000U

— 0 KITOUOVWTAC TPIWV KATXOTKOEWY CUMTIERIPEPETAI
WC ATAWC AITOLOVWTIIC

#

m Otav To oAua enable éxel TiuA ‘O’ (FALSE), dev emTpEMETAI N
LMETARPOPA TIMAC &mtd TNV €10000 0TNV £€€000, OTTOTE N £€000C EXEI
uwnAN avTioTaon A ivail JeTéwpn (2)

— 0 AIMTOMOVWTAC TPIWV KATXOTXOEWV E

OUUTTERIPEPETOI WS ITUKVWTIIG E
A Y

=~ o olMm
— o Ol
= O N NI
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ATTOUOVWTNC TPIWV KATXOTXOEWV

B ATAOUOTEUPEVO DIGYPAUNO KUKAWUOTOG VIO EVOV KITOPOVWTH TRIWV

Eor—— Yooqfw

KaTooTaoewv (tri-state buffer) Tng AoyikAg oikoyEveiag CMOS

- O1 eowtepikec murec NAND, NOR Ko 0 GVTIOTPOPENC
arreIkovi{ovTal e To OUUBOAG TOUC KO OXI ME TPAV{IOTOP

Otav To ofjpax enable €xer TIPA ‘07, T d00 TpavlioTop TNC £E6O0U

dev &youv Kol n €€000C BPICKETOI OTN NETEWPN KATXOTHON Z

OTav To oAUA enable &xel TIuA ‘1’, n £€€000¢ KaBOoPI(ETAI GTO TNV

g10000 A
Vee £

4 A%y

E ALY

0 0|z

Y 0 1|2

5 1 0|0

5 0l 1 1|1

Alaypoppa ard 1o BiPAio «WneiakA Xxedicon:
i Apxég kau MpakTikEG Tou John F. Wakerly 162



[Taxp&OEIyUx XPNONC TOU KIMTOUOVWTN

m  O! GMOUOVWTEC TPIWV KATXOTXOEWV

re .
OUVABWC XpnoiuomololvTal o€ diadAoUC E:ZEZ‘;T:;TQ i
(buses) mou ouvOEOUV TTOMG TOITT it Siauho
m K&Oe TOIm umopel vk GUVOEETOI OE EVOV S g
KOIVOXPNOTO dIUAO PIVAUNG Tpagiké en2 | ~
XPNOIMOTIOIWVTOC KXITOUOVWTEC TPIWV Tpo¢ Biauko —[}—‘ 2
KOTXOTGOEWV  amd iauko —Q—’J %
m MOvo Eva TOITT TN POP& EMITPEMETAI V&, N E
£VEPYOTTOIEN TO oA enable yia Vo Ethernet en3 3
0dNVel Pic TIWA oTov dicuAo. Pos 5':“”’1“]_[}_‘ =
amé diauAo —<|—' =
m  To UTTONOITICX TOITT TIPETTEl VO TIOPGYOUY d 3
HETEWPOUC £EOO0UG, ETOI WOTE VX NV (Mvijun end )
TTPOKXAOUV QVTOYWVIOUO YE TO TOITT TTOU 1poc BiauAo _|>_‘
«OUVOMIAEI» UE TN MVAMN amoé diauko —<_H
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X&pTtec Karnaugh (K-maps)

m O x&ptec Karnaugh (Karnaugh maps, K-maps) amoteAolv
U1k OTTITIKOTIOINUEVN (YPOPIKA) NEBODO VI TNV EAXXICTOTIOINGN
e€lomoewv Boole o€ Kavoviki poppi aOPOIGUATOC YIVONEVWV
MEXP! 4 peTABANTECS (€10000UC)

m H AeiToupyikf podiaypaPn evoc ouvOUXOTIKOU KUKAWUKTOC
EKPPALETAI KO JE TN MOPPN Tou X&pTn Karnaugh

m Toucg emvénoe 1o 1953 0 Maurice Karnaugh

o o N

o0 0T N_00 ot 1110

o 1 0] 0

O of 1 | o | o | 0
1 0 0] 0

1 0 1 1| 0

— 1 1] 0o | o | o
1 1 1 | 0 164




Maurice Karnaugh, 1924 - 2022

‘HTav k&Toxog mponTuxiakoU TiTAou (City College
of New York, 1948) ka1 0100KTOPIKOU TITAOU
(MavemoTApio Yale, 1952) otn ®uoikn.

Epy&oTnke oTic eTaipeieg Bell Labs ko IBM
oo 10 1952 €wce 10 1993, evwy BATEUOE KKl
wc K&KONyNnTAC TNS EmMoTtAuNG Twv YmoAoyioTwv oTo MNoAuTexveio TNC
Néac Yopkne amd 1o 1980 Ewe 1o 1999.

Evw epyaloTav otax Bell Labs, To0 1953 0 Karnaugh epnupe pia
HopPN AOYIKOU OIYPGUUOTOC TTOU TTOPEXEI M1 EVOANKKTIKA TEXVIKA
VI TNV EAXXIOTOTTIOINON TWV OUVaPTAOEWV Boole. To dIGypoUuG EIVA
YVWoTO we X&ptne Karnaugh (K-map).

O x&pTng Karnaugh givau n BeATiwon Tou AoyikoU SIoyP&UUOTOC

Tou Edward W. Veitch mou mapouoi&oTnke To 1952 oTnv gpyaoia

“A Chart Method for Simplifying Truth Functions”, dtiou ol
uETAPANTEC AB auédvouv pe Baon Tov duadiko kwdika 00,01,10,11.
O Karnaugh nipoTeive o1 yetaBAntéc AB va auéavouv pe B&on Tov
KwOIka Gray 00,01,11,10 (1953) kai Eueive oTnv I0TopPIN!
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X&pTtec Karnaugh Twv 3 €1000wv

m Hnm&vw ypapun Tou X&PTN TTEPIEXEI TIC TEOOEPIC MOAVES TIMECS VIO
TIC €10000UC A Kai B. O1 TIUEC TwV 1000wV A KAl B giva:
- 00,01, 11, 10 (kwoika¢ Gray) kou ox1 00, 01, 10, 11
WOTE OUO YEITOVIKX TETPAYWVA VO OIX(PEOOUV
OTNV TIUN JIXC UOVO €16000U

m H apiotepn oTAAN TTEPIEXEI TIC OUO MOAVES TIUEC VI TNV €10000 C

'3 f g I ’ AB[ )
o o 1|8 e\ ot 11 0]
0 1 0 0 )
0 1 1 0 0 1 0 0 0
1 0 0 0
1 0 1 0

1 1 0 0 0
1 1 0 0 1
1 1 1 0
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X&pTtec Karnaugh Twv 3 €1000wv

m Ka&Oe TETPAYWVO TOU XXPTN XVTIOTOIXEN O€ PIG YPOXUUA TOU
MVOKOX XANOEINC KO TTEPIEXEI TNV TIUA TNC €E000U Y VIG TN
OUYKEKPIYEVN YPOUMA, XVEAOYQ JE TNV TIMA TWV €1000WV

m K&Oe 00 YEITOVIKG TETPAYWVO OIKPEPOUV OTNV TIMA MIKC JOVO
e10000uU. O1 &AAeg 00O €100001 EXOUV TNV 101X TIUN

AB
00 01 11 10

= Il (o] [oNe] hN
R R|lo ol Rr|lo ol
R ol ol Ol Ol
O o|lo oo O|kF R
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X&pTtec Karnaugh Twv 3 €1000wv

B AKPIBWC OTTwC 10XUEl YIK TIC YPAKUMEC eVOC TTIVOKOX 'ANBEIRC, ETOI KX
K&Oe TeETPAYWVO evog X&pTn Karnaugh avamapioTé Evav eEAaIoTOPO

m K&Oe 000 YEITOVIKG TETPAYWVO EXOUV TO 10100 AEKTIK& EKTOC GO €V,

TO OTTOIO EPPAVI(ETOI UE TNV KANBIVI) HOPPN TOU OTO EVQ TETPARYWVO
KO JUE TN OCUUTTANPWUOTIKA HOPPA TOU 0TO &AAO

- o mapadelypa TNV mMpwTn 0TNAN TX TETORYWVX ITOU
avaIapIoTouv Touc eAaxiotopouc ABC kot ABC egiva
VEITOVIKOX KO OIX(PEPOUV UOVO WC TTPOC TN UETKBANTN C

AB AB

0| 1 0 0 0 0| ABC | ABC | ABC | ABC

1] 1 0 0 0 1| ABC | ABC | ABC | ABC
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AvadITTAWON Tou X&PTN Karnaugh

m Eva GAMo XapakTnpioTikd Tou X&pTn Karnaugh eivai oTi
«OVOOITTAQVETXI»

m Ta TETPGYWVX TTOU BPiokovTal EVTEAWG OEEIK EiVai OUCIOTIKG
VEITOVIK& JE TX TETPAYWVK TTIOU PBPICKOVTOI EVTEAWC OpIoTEP,
UE TNV EVVOIX OTI OIGKPEPOUV JOVO WC TTPOC MIk NETGPANTN

- T mapadelypo TNV mMpwTn OEINA TX TETORYWVX IToU
VI pIoToUV TouC eAaxioTopouc ABC kot ABC givai
VEITOVIKOX KO OIX(PEPOUV UOVO WC TTOOC TN METHLBANTN A

YAB YAB

00 01 11 10 C 00 01 11 10

0| 1 0 0 0 0| ABC | ABC | ABC | ABC

1| 1 0 0 0 1| ABC | ABC | ABC | ABC
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EAaxioTomoinon €lowoewv Boole

m H elaxioTomoinon Aoyikwv eElowoewv Boole g KavoviKi nopepn
xOPOIoUATOC YIVOUEVWY TTEPIANXUPBAVEI TOV GUVOUCONO BU0
eAOXIOTOPWYV VIO TOUG ortoiouc N £€000¢ €xel TNV TIWA 1, o1 omoiol
TEPIEXOUV EVX YIVOUEVO AEKTIKWV P, KaBWC Kol TNV oAnBivi) Kol T
OUUTTANPWMOTIKA HOPPA K&ToIxG HETXBANTAG, E0Tw A

m Otav ouvouaoTouv o1 2 EAxXIOTOPOI EEXAEIPETOI N HETABANTA A,
EVW TTOPAUEVEI TO YIVOUEVO AEKTIKWV P

- P-A+P-A=P-(A+A)=P-1=P
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X&pTtec Karnaugh: EAaxioToTToInon

m H elpeon Twv e€lowoewv amd Tov X&pTn Karnaugh eivai
aKPIBWE 10000VaPN ME TNV EUPECN TWV EEICWOEWV OE NOPPN
XOPOICUATOC YVIVOUEVWVY KTTEUBEIG &TTO TOV TTIVOKO axAnBgiag.

m 2TOV X&PTN Karnaugh Tou oXNUOTOG UTIGPXOUV pOVO BU0
ehaxiotopol oTnv €€iowon: ABC kol ABC yio TOUC OTTOI0UG
n €€odoc &xel TNV TIuN 1

m Y=ABC + ABC

A B C|lY Y y
0 0 0 1 2 AR

[O 0 1 1] o000 Yot 11 10 00 Y01 11 10
U L U 0] e | — — —
O o| 1 0 0 0 ABC ||ABC | ABC | ABC
i | 0 0 0
1 0 1 0 . — —
T 1 ol@ 1 1 0 0 0 1| ABC ||ABC | ABC | ABC
1 1 1 0

(b) (c)

—
1))
S
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X&pTtec Karnaugh: EAaxioToTToInon

B Av EAXXIOTOTIOINOOUNE GUTAV TNV e€lowan pe Tn fondeia Tne
dAyeBpac Boole Exoupe:
Y=ABC + ABC = AB(C + C) = AB(1) = AB
m O1 xa&pteg Karnaugh pag fonbolv var K&GVOUPE GUTA GKPIBWE TNV

ghaxioTonoinon ypo@pik&, KUKAOVOVTOC Toug &ooug ae 800
YEITOVIK& TETP&YWVX TTOU €XOUV TNV TIWA 1

- [ K&Be KUKAO, YPAPOUUE TOV KVTIOTOIXO 000 oTnV €iowaon

- MetaBAnTEC Twv ommoiwv N a&An6ivn Kai N CUMTTANPWUATIKN LoPPN
ITEPIEXOVTOI KOl 01 OUO OTOV KUKAO €E01pOUVTOI OITO TOV OPO

- AnAodn otov 0po KpaTouue TIc Y AB

uemﬁ/Anreq TOU EIVO KOIVEG Kl 00 01 11 10
OTOl OUO YEITOVIKK TETPXYWVA. C —

SO ol 1 )| o 0 0
Y=AB

1l 1 ]| o 0 0
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EAaxioTomoinon €lowoewv Boole

m H elaxioTomoinon Aoyikwv eElowoewv Boole g KavoviKi nopepn
XOPOICUATOC YIVOUEVWY YEVIKEDETI, MOTE V& TTEPIAXUPBAVEI TOV
OUVOUOOUO TEOOXPWYV EAXXIOTOPWYV VIO TOUC OTTOIOUC 1 £€000C
€xel TNV TIUA 1, o1 oroiol TIEPIEXOUV EVA YIVOUEVO AEKTIKWV P,
KXOWC Kol Evav ommd Toug TEooepeEIC MOavoUC oUVOUXOUOUC
TNC ANBIVAC K&l TNC CUPTIANPWMGTIKAG NHOPPAC K&TTOIWV 300

HETABANTAV, £0Tw A Kai B. ATol AB, AB, AB, AB

m Otav ouvouaotouv ol 4 eAax1oTOPO! EEXAEIPOVTAI O HETKPANTEC A
Kol B, evw mapouével To YIVOUEVO AEKTIK@V P
- P-AB+P-AB+P-AB+ P-AB =
P-(AB + AB + AB + AB) =
P-(A(B+B)+ A(B + B))=
P-A1)+A1)=P-(A+A)=P-1=P

B AvTIOTOIXN K&I N TTEPITITWON TWV 8 CUVOUKOCIUWY EAXXIOTOPWY, OTTOU
eEaAeipovTal 3 yeTaBANTEC
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X&pTtec Karnaugh: EAaxioTormoinon

m XTov X&pTn Karnaugh Tou oxAuaTog aploTepd unmdpxouv 4

Y10t TOUG oTToiouc n €€odoc €xel TNV Tiun 1
m Y=ABC + ABC + ABC + ABC

m 1oV Xx&pTn Karnaugh tou oxAuaTog 0e€I& umkpxouv 4

ghaxioTopol otnv e€iowon: ABC, ABC, ABC ko1 ABC
VIOt TOUG oTToiouc n €€odocg €xel TNV TN 1

m Y=ABC + ABC + ABC + ABC

Y AB Y AB
oK 0001 \11__ 10 o 00 ot 1110
ol 1 . 0 0 1 ; 1 1
\
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X&pTtec Karnaugh: EAaxioTormmoinon

B Av EAXXIOTOTIOINOOUNE QXUTEC TIC EEI0WOEIC YE TNV GAyeBpa Boole Exoupe:

Y=ABC + ABC+ ABC+ABC=A4-(BC + BC + BC + BC) = A (apioTepd)

Y=ABC + ABC + ABC + ABC=C - (AB + AB + AB + AB) = C (5¢81%)

m O x&pTtec Karnaugh poc fonbolv vox K&VOUUE TNV EAXXIOTOTIOINGN YPOPIKK,
KUKAQVOVTOC TOUC oouC 0€ 4 YEITOVIK& TETPAYWVK Tou §xouv TNV TIHA 1

- Ta 4 yeIToVIK& TETPAYWVO OXNUOTI(OUV EVX TETPAYWVO (XPICTEPK) N
armapTi(ouv Uia oeipa (0€IX) (N uic 0TAAN) Tou X&pPTN Karnaugh

- [ K&Be KUKAO, YP&APOUUE TOV KVTIOTOIXO 000 oTnV £€iowaon
—  2TOV 000 KOOTOUUE TIC uem[BAnreq TTOU €IVl KOIVSC,‘ Kol oTo 4 YEITOVIKK
TETPAYWVA. Emouévwe: Y = A (apiotep&) kou Y = C (0e€i16)

Y

AB \AB N
C 00 01 11 10 C 00 01 11 10
o 1 1 0 0 o 1 1 1 1
.
1 1 1 0 0 1 0 0 0 0
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AIXOIKGOIOK EAGXIOTOTIOINONC uE K-map

m XpnoiyormolRoTe To EA&XIOTO TTARBOC KUKAWV TTOU Eivail
ATTOPAITNTO VIO TNV K&GAUWN OAWV TWV TETPAYWVWY e TIPA 1

B Ola Ta TETPOYWVO PEOK 0 KABE KUKAO TIPETTEI VO TIEPIEXOUV
v TIuN 1

m Ka&Oe KUKAOC TPETEl vor KXAUTITEI EVat 0pOOYWVIO TUANG TO
omoio va TEpIEXEl Eva TTARBOG YEITOVIKMV TETPAYDVWY TTOU
omoTeAel dUvoun Tou d0o (dnNAadA 1, 2, 4 A 8) mpoc K&Oe
KoTeubuvon

m Kd&Oe Kikhog mipérel va €xel To MEYOAITEPO OUVOTO HEYEOOC
£TOI WOTE VO avaTTapIoT& TPwTOoUg Opoug (prime implicant)

m ‘Evoc KOKAOG pmmopel va «avadITMA@VETOI» YOPW GO T GKPOK
evoe x&ptn Karnaugh.

m Eva teTphywvo pe Tiun 1 otov x&pTtn Karnaugh ymopei va
KUKAWOET TTOMEC pOpPEC, oV axuTHd EXEl WS KMTOTEAEOUX OTI Ox
xpnoipormoin®olv AiyoTepol KUKAOI
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Naxp&deiypa 2.9

m  EAaxioTomoinon piag cuv&ptnoncg TPIWV UETKPANTWV pe XpRon K-map
m ‘Eotw 0TI Exoupe Tn ouvapTtnon Y = F(A, B, C) Tou K-map mou paiveTal
K&TW aploTePd. EAaxioTOTTOINOTE TNV £EI0WON XPNOIUOTIOIWVTAS TOV X&XPTN.

- KukAwvouue T TETPAYwWVO Je TiuN 1 oTtov X&pTn Karnaugh
XPNOIUOITOIWVTAXC OG0 TO OUVATOV AlyOTEPOUC KUKAOUGC

-  K&Be KUKAOC OTOV XOPTN OVATTOPIOTX EVAV ITOWTO 000, KKI N
OIKOTAON K&OE KUKAOU QTTOTEAET OUVOUN TOU OUO

Y _AB Y_ AB
C 00 01 11 10 o 00 01 11/10
rai
ol 1 0 . . ol 1 \ 0 <1 1>
1] 1 0 0 1 1] 1 \ 0 0 1




X&pTtec Karnaugh Twv 4 1000wV

m Hn&vw ypapun Tou X&PTN TTEPIEXEI TIC TEOOEPIC TMOAVES TIMEG VIO
TIC €10000uUC A Kai B. O1 TIUEC TwV 1000wV A K&l B giva:

- 00, 01, 11, 10 (kwoikac Gray)
m H apiotepn oTAAN TOU X&PTN TTEPIEXEI TIC TEOOEPIC MOKVES TIMEG VIO
TIC €10000u¢ C Kau D. O1 Tiyéc Twv €1000wv C Kou D gmiong eivai:
- 00,01, 11, 10 (kwoixkac Gray)

A B CcC D Y Y

O 0 0 0| 1 3 AB

o 0o o 1|0 2TAAn  p 00 01 11 10

o 0o 1 0|1 AB=00

00 1 111

00 L 11 ’ 00| 1 0 0 1

o 1 o 1|1 2XZTAMN

o 1 1 0| 1 —

0 1 1 1 ;AB 01 01 O 1 0 1

1 0 0 0] 1 )

1 0o o0 1|1 2TAAn

i o1 011 AB=10 11| 1 1 0 0
N S O R R

1 1 0 0] o0

S S 10/ 1 1 0 1

1 1 1 010 _

1 1 1 110 AB=11 78




X&pTtec Karnaugh Twv 4 1000wV

m Ka&Oe TeTphywvo pe TIuN 1 avTIOTOIXEN 0€ EVav EAAXIOTOPO UE 4
AEKTIK&. Eivan mpmwTog 6p0Cg, GV O TG YEITOVIKK TOU TETPAYWVX
gxouv TIun O, (0w via Tap&oeyua N TUAN XOR Twv 4 €1060wV)

m K&Oe 2 yeITovika TeTpaywva e Tiun 1. vy

XVTIOTOIXOUV 0€ EVaV OPO UE 3 AEKTIKG AB
CD 00 01 11 10
m Ka&Oe 4 yeiTovika TETpaywva pe Tiun 1 —
QVTIOTOIXOUV GE EVOV OPO lE 2 AEKTIKG 00 1 0 0 1
m Kda&Oe 8 yeiITovika TeTpaywva pe Tiun 1 —
XVTIOTOIXOUV 0€ Evav 0p0 PE 1 AeKTIKO 010 1 0 1
m  Kda&Oe 16 yeITovik& TETPOYwVa pe Tiun 1 - ~
QVTIOTOIXOUV 0TNn ouvapTtnon F =1 LU 1 0 0
10/ | 1 1 0 1
\_ /

Y =AC + ABD + ABC + BD
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AUOOIKOI KWOIKEC VI OEKKOIKOUC axp1BuoUC

m O kwdikae BCD (Binary-Coded-Decimal) £xel 4 duadik& yneio
KO XPNOIJOTIOIEITOH VI TNV KWOIKOTIOINON TWV JOVOWAPIWV

OEKOOIKWV apIOuwv ormd 1o O pExp! 10 9.
- Toa B&pn orov kwoika BCD eivai 8-4-2-1,
OIMwC TwV OUKOIKWV OpIBUwWV
- 2Tnv mp&é&n xpnoiuoToIEITAI OTTOU XEIPI(OUXOTE
0EKOOIKOUC ap1OuoUc,
B 2TOUC GTTOKWOIKOTIOINTES XIMEIKOVIONC EMT& TUNU&TWV
B 2TNV QVamaxp&oTaon Tou dIWPN@Iou OEKKOIKOU KAKOUOTIKOU
MEPOUC PE EVa byte OTIC XPNUKTOOIKOVOUIKEC EPAPUOYER

m [lapadeypa: To 37,4 ypapetar wg 00110111,
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Napadeiyuax 2.10

ATTOKWOIKOTOINTAC meEIKOVIONC ENMT& TUNU&TWV

AgxeTau Eva OIUAO dedOPEVWY Dy TwV 4 bit oTov KWdIK& BCD

Mapayel Eva SIaUAO ONUATWY EAEYXOU S~ S,TwV 7 bit Tou EAEyXOUV TXX
EMTX TUAUXTX @ EWG g ToU OxNUATI{OUV EVa OEKaOIKO wneyio (0 - 9)

K&Be Tunua uhomoigitan ue Eva LED. EGv TO avTioToIXO GNUG EAEYXOU
Exel Tnv Tiun 1 1o LED avaBel, aAAiwce eivail o3noTo

2UUTTANPWOTE TOV TTIVOKO 0AnOgiae

XpnoiyorolnoTte x&ptee Karnaugh
TTPOKEIUEVOU V& BPEITE TIC EAXXIOTO-
moinuéveg e€lowoelc Boole yia TiC
g€000ouUG S, Kal S, .

YOOEOTE OTI OAK TO TUANOT
TTOXPOUEVOUV «OBNOTGN VIX TIC N
XTTOOEKTEC TIMEC €10000U (10-15).

4

ATTOKWAIKOTIOINTAG
QATIEIKOVIONG
D 7 runuarwv

| E
e| |c
d

sf-
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Noapadeiyua 2.10

m ATOKWOIKOTOINTAC armmeIkovione enT& TUNU&TWV

B 2XNUOTIONOC evOC 0eKOOIKOU xPIOUOU PE EMTR TUNUOTO

182




Noapadeiyua 2.10

m ArokwOIKOTOoINTAC armeIKovionc enT& THNU&TWV

m [livakoc ocAnBeiag

mmmnmﬂ

0000 1 1 1 1 1 0
0001 0 1 1 0 0 0 0
0010 1 1 0 1 1 0 1
0011 1 1 1 1 0 0 1
0100 0 1 1 0 0 1 1
0101 1 0 1 1 0 1 1
0110 1 0 1 1 1 1 1
0111 1 1 1 0 0 0 0
1000 1 1 1 1 1 1 1
1001 1 1 1 0 0 1 1
GAleg 0 0 0 0 0 0 0
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Noapadeiyua 2.10

m ArokwOIKOTOoINTAC armeIKovionc enT& THNU&TWV
m  X&pTeg Karnaugh yia Tig e£000UG S, Kal S,

Sa
D3:2
Dk 00 01

00

01

11

10

11 10
1 0 0 1
0 1 0 1
1 1 0 0
1 1 0 0

Sb
Ds,
DN 00 01 11 10
00| 1 1 0 1
o1 1 0 0 1
11 1 1 0 0
10| 1 0 0 0

184



Noapadeiyua 2.10

m ArokwOIKOTOoINTAC armeIKovionc enT& THNU&TWV

m  AnAomoinuéveg e€lowoelg Boole yia Tig €§000ug S, Kot S

Sa Sb
D3:2 D322
AN 01 11 10 Do\, 00 01 11 10
S = % o
00 1 l 0 0 1 00 1 1 j 0 1 D.D
o h_ >' 2=1
D, D;Dy n N
= D30:1D4
0O1|1_0 1 0 1w 01 1 0 0 1
DSDQDO Ry D35251 E _ N
4 N " D3 D10
11 1 1 0 0 11 1 1 ]" 0 0
— N A
D3D1\
10 1 1 0 0 10 1 0 0 0
\_ ] — — b~ J
D3D;

Sa = 53D1 + 53D2D0 + 035251 + D2D1 DO sz 5352 + 5251 + 53D1 DO + D3D1 DO
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Noapadeiyua 2.10

m ArokwOIKOTOoINTAC armeIKovionc enT& THNU&TWV

m  AnAomoinuévn e€iowon Boole yia Tnv £€§000 S, (EVOANXKTIKA AUoN)

S Sa
Dy D-.
2 00 01 11 10 Dy 3.200 01 11 10
—r : :
00 1 l 0 0 1 00 1 0 0 1
N
—. e o
B 8,0, D30, D P—
O1(_0 1 0 1w 01({_ 0 1 0 1 e
D,D,D . e D-.D,D ) N
320 LD, Sl D;D,D;
g ) 4 .
11 1 1 0 0 11 1 1 0 0
= NI e \. y
3 D,D
1\ 3 T\*_ ..........
10| 1 1 0 0 10| 1 1 0 0
N y | J

Sa = 53D1 + 53D2D0 + 035251 + D2D1 DO Saz 5301 + 53D2D0 + D35251 -+ D3D2D0
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Noapadeiyua 2.10

m ArokwOIKOTOoINTAC armeIKovionc enT& THNU&TWV

m  AnAomoinuévn e€iowon Boole yia Tnv £€§000 S, (eopaAuévn AUon)

10

Sa= 53D1 + 53D2D0 + D35251 +

Aev eAfPON utdYn
n avadImAwon Tou
X&ptn Karnaugh:
T XKPOIOX EIVAI
YEITOVIK&

Ageyv gival mp®dTOC 6p0C
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AdIGpOpPEC TINEC oTNV EE0DO

m O xdi&popeg TIUES (GUMPBOAO X) OTIC €10000UC OE EVAV TTIVOKK
ANBEIC XPNOIPOTIOIOUVTAI VI VO UEIWOOUNE TO TTANBOC TWV YPOXU WV
TOU TTIVOKG, 0TV K&TTOIEC ETABANTECG Oev emnpetlouv TNV €000

m TEtoiec adIGPOPEC TIMEC UTTOPOUV ETTIONC VO EPPAVI(OVTOI KOI O
eE€000UC evOC VAKX aAnBeiag OTav N TIuN TNC €€0600U dev TIailel POAO
N OTAV O VTIOTOIXOC CUVOUGOPOC €1000WV OEV ENPAVILETOI OE
KOVOVIKN AEITOUPYI TOU KUKAWUOTOG

m & Evav X&pTn Karnaugh, Ta cUPBOAG X HOG EMTPEMOUV VO
TTPOXWPENOOUPE O MEPAITEPW EAXKXIOTOTIOINCN TWV AOYIKWV £EI0WOEWV

m Mmopoilue va KUKAWVOUNE T X oV auTO oG BonOael vaw KXADTITOUE
T TETP&YWVA pe TIMA 1 ue AiydTepouc KOKAOUG R KUKAOUC JeYoAUTEPOU
MEYEOOUC, OAAG Dev XPEIGIETAI VO TO KUKAWVOUUE OTOV auTO Oev
Xpnoipeiel oe K&TI TETOIO

—  O1 KUKAWUEVEC OIOIRPOPEC TIUEC EKAUBAVOVTOI WC 1,
EVW Ol UN KUKAwUEVES ekAauBavovTal we O.

—  H xpAon adixpopwyV TIUWV EAXXICTOITOIEI ONUAVTIKX TN AOYIKN
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Napadeiyua 2.11

m ArokwOIKOTOoINTAC armeIKovionc enT& THNU&TWV

m  AnAomoinuéveg e€lowoelg Boole yia Tig €§0d0ug S, Ko S, AauBavovTag
urtOwn OTI OI TIWEC TWV £EO0WV EIVaI AOIXPOPEC YIG TIC £10000UC TTOU
dev avAkouv otov Kwdika BCD (1010 - 1111)

Sa Dy St Dy
D;oN\. 00  Of 11 10 Do\ 00 0Ot 11 10
il s i ra
00 1 0 X 1 00 [ 1 1 X 1 j
el
i ™\
01 0 1 X 1 01 1 0 X 1
f N
11 1 1 X X 11 [ 1 1 X Xj
N =
N 3
10 1 1 X X 10 1 0 X X
0 Y e ./ CH—
Sa= D3+D2D0+5250+ D1 Sb=52+D1D0+5150
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EmAeyuEVEC OKNOEIC

m Aoknon 2.34
OAoKANPWOTE TN OXEJIBON TWV TUNUATWY S, EWG S, VIO TOV
QTTOKWOIKOTIOINTA KIEIKOVIONG EMTA THNUATWV

- Bpeite €€lowoeic Boole yiox 1i¢ €E600uU¢C Sc Ewce Sg,

UITOBETOVTAC OTI 01 €I00001 UE TIUN UEYXAUTEPN OTTO 9
EIVAI «xXOIXPOPECH.

B 2XeOIXOTE PI EUANOYWC OTTAN UAOTIOINGN TOU GMOKWOIKOTIOINTN

ATTEIKOVIONG ENTG TUNUATWY O€ EMTTEDO TTUAWV VI OAEC TIC
e€000UC TOU

—  Ormou givai amapaiTnTo, EMTPETETAI N KOIVA XPNON TTUAWV
oo mMoAAec e€bdouc
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Meiwaon UAIKoU pe Tn xpnon muAwv XOR

m NMopadeiypora xapTwWv Karnaugh mou uAomolo0vTal Kol Ue TN XPARon
MUA@V XOR Twv 000 €1660WV:

- Bpeite apxika Tnv eéiowan Boole oTnv amAomoinuévn Hopepn
aBpoiouaroc yIVouEVwY OUO EMITEOWV

— 2Tn OUVEXEIX TTPOXWPNOTE TNV EAKXIOTOITOINON, WOTE VX
xpnoiuoroinoste Tnv muAn XOR/XNOR duUo &1060wv

—  TéAog, oxedIGOTE TO GXNUATIKO OIAYPALLA
m [op&oeiypo: MoAn XOR pe 3 €10660uC

AB Domino
-  Eéiowon Boole: c>x 00 01 11 10
Y=ABC + ABC + ABC + ABC Ofo11]101]1

- Aixoikaoix ehaxiororoiong ue XOR:

IfT 10 (1[0

Y=A(BC+ BC) + A (BC + BC)

=4A(BOC)+A(BDC) A
=A®DB®C=(ADB)DC B

- YAomroinon ue 2 muAec XOR Ttwv 2 €1000wV C D Y
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O mANPNC 6BPOIOTAC

Full
Adder
A B
| |
Cout w Cin
S
A B Cin Cout S
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

S =A®B®C,
C,,=AB+AC_+BC,

AB S
c,\_ 00 01 11 10

OfO 11101
{1101 1/(60

AB Cout
C, 00 01 11 10

olo|o|f1]fo
AKRINIOIE
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Meiwaon UAIKoU pe Tn xpnon muAwv XOR

m  Nopadeiypora xxptwv Karnaugh mou uAoTioI00vVTal KO JE TN XPAON TTUADV
XOR TwV 300 €1060wv. N BPEITE TIC THO EAXXIOTOTIOINUEVES EEICWOEIC

4B Y=A®B@®C®D 4B Y=Bo@®D 48 Y=B® (CD)
cp>N. 00 01 11 10 cp>N._00 01 11 10 ¢opN\_00 01 11 10
00] 1 0 1 0 00] 1 01 X 1|1 owj o111 X110
o1 0 | 1 0 1 orjoqr1 | X |0 o ojJ11Xx1]0
1y 1 0 1 0 1] 0 1 | X110 1l 1 01 X |1
oy o1 0 1 w110 |1 X |1 o1 1IX |0
(o) B )
AB Y=B®C®D AB Y=A(B® () AB Y=(AB) @ (CD)
cp> . 00 01 11 10  ¢p\_ 00 01 11 10  ~p~\_00 Ol 11 10
oo 1 IX]0 OIfF1R1 0 | X ] 0 wofojJojl1]o0
o110 X1 ORIl O | X ] O oo jLoyj11]0
1 o111 X150 1 0 g1y X | 0 1] 1 1 0 1
w1101 xXx 11 10f 0 g1 X |10 1of 010 1 0

(0) () (o7) 103




EmAeyuévec EPWTNOEIC

m Epwtnon 2.2
2XE0IRO0TE EVO KUKAWUG TO OTTOI0 VO TIPOOOI0PIEI OV EVOC
dedopEvoc unvac £xel 31 uEpeg
- O pnvag kaxBopiderou oo pio 10000 A, TwV 4 bit

m [ mop&deyua, av n eicodoc eivain 0001, o yAvag eivai o
lavoudplog, kol av N €icodocg eival 1100, o yAvac givai o
AekEPBpioc.

- HE€&&odocg Y Tou KukAwuaToc mpemel va €xel Tnv Tiun ‘1’ HIGH uévo
OTOV 0 UNVOC TTOU KatBopI(eTal OrmO TNV €i0000 €xel 31 UEPEC

[Pp&WTE TNV EAXIOTOTIOINUEVN £EI0WON KA

OXEDIGOTE TO DIGYPUUMC TOU KUKADUATOG Month A, A, A A Y
2 Z 2 J 0 0 0 1 1
XPNOIMOTIOIMVTAC TOV EAGXIOTO dUVATO e S s
A - Mar o o 1 111
oPIOUO TTUAWV - R
,41:0 “ 00 01 1 10 May 0 J_ O J_ J_
00| X 0 ‘ 1 1 Jun 0 1 1 0 0
> —— . Jul 0 1 1 1 1
o o o1| 1 1 ‘ X 0 Aug 1 0 0 0 1
= + = ) Sep 1 0o o 11]o
y A3A0 A3AO A3\' AO 1] 1 1 ‘ X 0 Oct 1 0 1 0 1
- - : Nov 1 0o 1 11]0o0
10| o 0 ‘ X 1] Dec 1 1 0 0 1
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Kwoikae Gray

m O K®dIKag Gray Twv 3 bit (g,, &, &) TapAyETI O

ToV BUdIKO KWwdIKa Twv 3 bit (b,, b,, by) wG €&AC:
- Eavb,=b, 10TEL,= 0, aMIw¢ g, = 1.
- Eavb,=b, 016 £,=0, aMiw¢ g, = 1.
- [l TO MEPIOTOTEPO ONUAVTIKO WnYio £, = b,

H 1010 O10:01KOO10F TTXPOYWYNC TOU KWOIKX Gray oo To OuadIKO
KOOIKX OKOAOUBEITON aveEXPTNTO 1O TO TTANBOC TWV YNPIwv.

To ONUAVTIKO XXPAKKTNPIOTIKO TOU KWOIKK Gray givail 0TI 000
OIXOOXIKEC KWOIKEC AEEEIC TOU DIKPEPOUV JOVO KOTR EVO WNPIo

- Xpnoiuoroigitail otoug ADCs, yio va armopeux6ouv
EVOIKUEODEC TIMEC, OTTOU TX MTOOKUITTOVTO WNPIKKX
0EOOUEVH QUERVOVTAI ) MEIWVOVTOI KOTK 1.

—  XpnoIuoroIgiTaI 0TNV KWOIKOTTOINGN KATXOTXOEWV TWV
OKOAOUBIOKWV KUKAWUGKTWV VIO UEIWON KATAVAAWOTC

1ax00C¢
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KUKAWPG JETATPOTING omid TOV OUGOIKO oTov Gray

m [livakoc aAnBeixg m X&pTtec Karnaugh kau e€iowoeic Boole

b,b,

000 000 ol o L 1l o

001 001 T1loe Lol

010 011

011 010 - & =pH, @ by

100 110 bb,

101 111 by N\_00 O 11 10

110 101 oroqroqt

111 100 O |1yl o i1
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Frank Gray, 1887 - 1969

2TO OXAUC &0 TNV MPWTN OEAIOX TNC TTATEVTOC

‘HTav k&Toxoc mpomnTuxiakoU TiTAou (Purdue University, 1911)
otn ®uoikn.

Epy&oTnke oTnv eTaupeia Bell Labs omou Ekave TTOAUGPIOUEG
KXIVOTOMIEC OTNV TNAEOPOON, TOOO OTNV UNXAVIKA 000 KA i
OTNV NAEKTPOVIKA, OV K&I EUEIVE YVWOTOC YIG TOV KWOIKG Gray. -— ;

O kKwdIKae Gray, N avakAWuevog duadikoc kKwdlKae (reflected binary code -
RBC), mou eugavi(eTan oTo dIMAwUG eupeoiTexviae Tou Gray To 1953, eival
EVa OUOOIKO axpIBUNTIKO OUOTNUG TTOU XPNOIMOTIOIEITOI CUXVG OTNV
NAEKTPOVIKR, OGXAA& E TTIOANEC EPAPUOYEC OTO HXONUOTIKE.

March 17, 1953 F. GRAY 2,632,058

PULSE CODE COMMUNICATION

Tou Gray yia emkoivwvia PCM (Pulse Code Filed Nov. 13, 1947 4 Shosts-Sheot 1

Modulation) gpaivetal o owAnvag PCM (10) pe
OVAKAWPEVO OUOOIKO KWOIKOX OTNV TAGKX (15) -
To MAGTOCG TOU CANKTOC OEIYUXTOANTITEITOI OF
TOKTG XPOVIKG OIOTAUOTO KOI OTN OUVEXEIX
METATPEMETOU 0 KWOIKO Gray, £TOI WOTE VO
XOAGEI HOVO Eva bit TANpopopiag AOyw KAKAG
eUBUYPGUMIONG

[JB
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Aoyikol ouvBeTnTEC (Logic Synthesizers)

m H &AyeBpa Boole kai o1 x&pteg Karnaugh amoTteAouv 600 pebddoug
eAXXIOTOTIOINONC AOYIKWV EEI0WOEWV.

B Mia oOyxpovn MPOKTIKA TwV OXEOIOTWY WNPIGKWY CUCTNUATWY
€IV VO XPNOIUOTIOIOUV TTPOYPXUUOTO UTTOAOYIOTH, TO OTTOICK
ovop&lovTal Aoyikoi ouveeTnTER (logic synthesizers), yia va
MTXPAYOUV EAXXIOTOTIOINUEVA KUKAWUOTO MO YICG TTEPIYPOPA TNC
AOYIKAC ouv&PTNONC.

m o oOvBeTa TPOPBANUOTO GXEDIKONC, OI AOYIKOT OUVOETNTEC EIVAa
TTOAU 110 &XTTOOOTIKOT &XTTO TOUC AVOPMTTOUG — KMAXITEITAI OPWC
N XTTOTEAEOUATIKA TTIEQIYPAPN 0 YAWOOX TTEPIYPAPNCS UAIKOU
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AOUIKX OTOIXEIX OUVOUROTIKNC AOYIKNC

m  H ouvOuaoTIKA AOYIKN OuXV& OUXOOTIOIEITKI 0E JEYXAUTEQ
OOMIKG OTOIXEIX VI TNV KATXOKEUN TTI0 OUVOETWYV CUOTNUARTWV
B AUTA €IVal JIX EPXPUOYA TNC GPXAC TNE «OPARIPEON S
—  OITOKPUTITOVTOI Ol TTIEPITTEC AETTTOUEPEIEC OE EMITTEOO

ITUAWV WOTE Vo 000€i EUPOON OTN CUVAPTNON TOU
OOUIKOU OTOIXEIOU

B TETOIO KUKAQUOTK TTOU EXOUME NON VAP EPEI EIVAI:
- 0 mAnpn¢ aBpoioTnc
—  TO KUKAWUO K&l O KWOIKOITOINTAC IMOOTELKIOTNTAC
— O QAITOKWOIKOITOINTNC ATTEIKOVIONC EMTA TUNUATWV

B 2Tn OUVEXEIX B EMKEVTPWOOUE:
—  OTOUC MMOAUITAEKTEC
- OTOUG OUAOIKOUG AITOKWOIKOITOINTEG, KOl
~  OTOUC QTTONTAEKTEC
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[TOAUTTAEKTNC 2 o€ 1

m O moAumAékTNnC 2 oe 1 emAéyel TN pick ortd TIg d00 €106000UG
dedopEVwY Dy Kol D, Ye B&on TNV TIMA Tou oNuaTog S (select)

- avS=0,10Te Y= D, v
- oMIwg, avS=1,T10TeY= D, s\_W 0o 1110

BEab

HADK

S Y
O O DO = S
0 1 D1 Y=D,S+D,S
0
0 D, | -
| O
1 S
1
1 _ S |

DO O D1 —}

D, —1 @

Y
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[TOAUTTIAEKTNG 2 og 1

B EVOAMOKTIK&, TTOAUTTAEKTEC PTTOPOUV S
VO KATROKEUXOTOUV OO

OMOUOVWTEC TPIWV KATXOTXGEWV Active low

B T oNUOTG EyKpliong (enable) givai DO T0
OIXTETAYUEVG ETOI WOTE, 0€ OAEC TIC
TTEPITITWOEICG, V& EIVAI EVEPYOC
GKPIBWC EVOC KMOPOVWTAC TRIMV — Y
KOXTOXOTROEWV

Active|high

m Otavioxoel S=0, ivai D
gvepyotroinuévoc o amopovwTAg TO, 1
YEYOVOC TIOU EMITPETEI TNV TIMA TOU
D, vou petopepOei otnv €€000 Y _

m Otav iox0el S= 1, siva Y= DOS'I' D1 S
gvepyoTroiNuévoc o amopovwTAg T4,

YEYOVOC TTOU EMITPETEI TNV TIMA TOU
D, vo petopepOei otnv €000 Y

T.-
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[TOAUTTAEKTNG 4 o 1

O MOAUTIAEKTNG 4 o€ 1 emAEyel TN Pic ommo TIC TEOOEPEIC €10000UG
dedopevwy Dy, Dy, D, ki Dy pe B&on Tnv TIA Tou dIkUAOU EMAOYNG

S1:0 S

- avS,,=01, 10T Y= D) \/E
- avS,,=10, 101 Y= D, DO 00

- oV 81:0= 11, t61¢ Y= D3 D 01
LI —Y
D> —10

E€¢iowon Boole Tou moAunAEKTN 4 o€ 1
Y =S,S,D,+ S,S,D,+ S1S,D, + S1S0D,
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[TOAUTTAEKTNG 4 o 1

m Mmopolpe va KAKTKOKEUKGOUUE TOV TTOAUTIAEKTN 4 o€ 1 XPNOINOTIOIMVTOG
(&) A\oYIKA k6Pp0IoUATOC YIVOUEVWY, (B) KTTOMOVWTER TPIOV KATROTXOEWV
A (Y) 0EvOPO TTOAUTIAEKTWV 2 o€ 1
S, S,

Y|V

S TEE DT *
D N S,S,
D —
D, [\ L
- $iS v
D \
L/ O
5,S,
D «{ >
y 3

‘Exoupe Tn duvaToTNTO VX KATXOKEUKOOUE HEYOAUTEPOUC TTOAUTIAEKTEC,
EMEKTEIVOVTOC XUTEC TIC TPEIC MEBOOOUC. Evac MOAUTIAEKTNG NV =2" g 1
anaiTel log, VN = n oAuaTa eMAOYAG (select). 203




YAoroinon ouvOUXOTIKNC AOYIKNG
A

m [Mop&deyua 4.12

m  YAOTIOINOTE TNV oUV&ETNON

B C

L

000

Y =AB + BC + ABC

001

UE TNV XPNON HOVAXK

evoc moAuréxrn 8 oe 1

010
h

100
101

R RPFRPrPPRPROoOOOO|Ds
R rookRRE OO
H O OKFOF OID

OCOHP P OO R«

R

110
111

\Y4

R

m O moAumAEKTNC xpnoipeiel we mvakae avalATnong (Look-Up Table - LUT),
OTIoU K&OE YPOUMN TOU THVAKX AnOeiae (K&Oe eEAXXIOTOPOC) AVTIGTOIXET

0€ HIx 16000 TOU TTOAUTTIAEKTN

- O1 eicodol Tou MOAUTIAEKTN TAUTI(OVTOI e TNV €000 Y TOU MMIVOKX

204



YAoroinon ouvOUXOTIKNC AOYIKNG

m [Mop&delyua 4.12 (ueiwon Tou TTOAUTIAEKTN OTO UIGO)
m Y)Noroijote Tnv ouvéptnon Y =AB + BC + ABC
- Me Tnv xpAaon povoxa evoc moAumAéxrn 4 o€ 1 kau piog moAn¢ NOT
m Meiwvoupe To pEyeBOC TOU TMVOKO ANOEIC 0TO YIoO, amd 8 YPOUUES OE
4 yPOPUES EMTPEMOVTOC OTNV €000 VO EEXPTATOI OO TNV TN Tou C

- [ K&Be 0UO YPAUMEG TOU TMIVOKKX OANBEIC eEeT(OUME TNV TIUN
NG €€000U Y ue Baon tnv Tiun Tng €1660ou C (tou LSB)

- Ymapxouv 4 moavéc nepimtwoeic: Y=CY=C, Y=1kaY =0
B  YNomoloUPE TOV MTOAUTTAEKTN ME BGON TOV PEIWPEVO TTIVAKX OGANBEING

A B C|Y A Bl Y
0 o0 o1 »0 o0]oO
0 0 110 g 1 1 &
® 1 0 | 0 /v( 1 0| 1 AB
o 1 a3 | 1 / | O 7 J_D: =
1. 0 0 | 1) C a5
P o LN ) gl Y
AL 0|0 11
1 1 1[0 Va




EmmAeypévec aioKNoeIC

m Aoknon 2.39

[pGyTE I eAaxioToTTOINPEVN €€i0won Boole yia Tn ouv&pTnon
TTOU EKTEAEITOU O TO KUKAWUG TNC Eikovace 2.87

C, D

—

01

X

A

—L_

\V4 10

11—

0

—Y

1

|_—

X =CD(1) + CD(0) + CD(0) + CD(1) =CD +CD=C®D
Y=A(C®D)+A4(1)=4A(C®D)+ A=A+ A)(CD®D+ 4)

=(1)(C®D+A4A)=C®D+A=CD+CD+ A
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EmAeyuEVEC OKNOEIC

m Aoknon 2.40
[pGyTE I eAaxioToTToINPEVN €€iowon Boole yia Tn ouv&pTnon
TTOoU EKTEAEITAU O TO KUKAWUX TNC Eikovace 2.88

C, D A, B
e Tl

o L1y
< 11— s 11—

Y = CD(A®B)+AB = ACD+BCD + AB
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EmAeyuEVEC KOKNOEIC

m Aoknon 2.41
YAomoinoTte Tn ouvapTtnon Tng Eikovacg 2.81(B) xpnoINOTTOIWVTHS

(o) Evav TTOAUTIAEKTN 8 o€ 1-
(B) Evav TOAUTTAEKTN 4 o€ 1 KOl EVOV GVTIOTPOPEDK:

(Y) Evav TOAUTIAEKTN 2 0€ 1 KOl U0 GAAEG AOYIKEG TTUAEG

R PP P OOOO|D
HFoOoORrROKOR O|I()

RFRrooRrRFr ool
OFR ORHPRERPRERO|IK
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EmmIAeyUEVEC XOKNOEIC

m Aoknon 2.41
YAomoinoTte Tn ouvapTtnon Tng Eikovacg 2.81(B) xpnoINOTTOIWVTHS
(&) Evav TTOAUTIAEKTN 8 o€ 1-

A B C b
- o 5 . 0 4000
0 0 1 1 1 —001
o 1 0|1 1 4010
1 <011
0 | 1 1 3 —Y
1 0 0|1 0—100
1 o 1| o 1_101
1 1 o |1 0—110
i 14 9| B —111
e
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EmmIAeyUEVEC XOKNOEIC

m Aoknon 2.41
YAomoinoTte Tn ouvapTtnon Tng Eikovacg 2.81(B) xpnoINOTTOIWVTHS
(B) Evav TOAUTIAEKTN 4 0g 1 KOl EVOV QVTIOTPOPEN

A B C|Y A Bl Y
HEEHE fee == = 103
TN e ol
T 1 | o) { |
1 0 0 l/ L 01 _y
’ ¢ C 10
L 4 @ | & C 11
é
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EmmIAeyUEVEC XOKNOEIC

m Aoknon 2.41
YAomoinoTte Tn ouvapTtnon Tng Eikovacg 2.81(B) xpnoINOTTOIWVTHS
(Y) Evav TOAUTIAEKTN 2 0€ 1 Kol D00 GAAEG AOYIKEG TTUAEG

- Meiwvouue 10 uEyeBoc Tou mMvoka aAnBeiag armd 8 ypauuég og 2
VOOUUEG EMTPEMOVTOC 0TNV £E000 VO EEXPTATOI &rfd Tax B kaxi C

- [ kK&Be 4 ypauueC ToU VAKX aANOEING BpiOKOUME TN CUVEPTNON
O0Uo uetTaBAntTwv B kai C mou avTioToixei otnv €000 Y

B Yrgpxouv 16 mbavéc ouvapTNoEIC OUO NETOBANTWV

—  YAoroioUue TIC OUO MPOKUITTOUOEC CUVXPTNOEIC UE AOYIKEC TTUAEC
KOl OUVOEOUE TIC EE000UC TOUC OTIC XVTIOTOIXECG E100O0UC TOU
TOAUTTAEKTN 2 o€ 1 ue B&on Tov UEIWUEVO TTIVOKX GANBEIXC

A B C|Y Aly A

0 0 9

0 0 1 B \J\

B o ey

0 1 1 |y
c{>o1
1 P
1
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AuadiKkoc amokwodlkomointne N og 2N

m ‘Evoc duadikoe amokwdikomointAg (binary decoder) N og 2V

OEXETAI OUadIkou¢ apiBuouc twv N bit
w¢ &10000UG A, (m = 0,..,N-1)

kou mopayer 2V géoéodoue Y, (n = 0,.., 2V-1)

Evepyoroiel akpIBwg pio armd TiIG €E000UG TOU Y,, EKEIVN TTOU EXEI
wC OEIKTN N TN 0EKAOIKN TIUN TOU OUXOIKOU &pIBuoU oTnv €i0000

m O1 £€odol amokaAolvTai EE0DOI «HovadIKOU onuavTiKoU» (one-ot),
N «MovOBEPUES», EMEION KKPIPWC HIt O aUTEG €ivail «Bepun» (HIGH)
o€ oToIONTTOTE OEOONEVN OTIVUN

Napadelypo: Auadikog amokwdikomoinTAc 2 oe 4
Ar Ay | Y3 Yo Y7 Yo |n
0 0 0 0 0 1 10 A

1 —
0 1 0 0 1 0 |1
1 0|0 1 0 o0 27"
1 1 1 0 0 0 |3

ATTOKWOIKO-
ToINTAC 24
11
10

01
00




YAomoinon Tou duadIKOU XIMOKWAIKOTIOINTN

m Y\omoleitan ue moheg AND Moapadelyuo: Aucdikog

m  K&Be miAn AND egapTGran gite AO(TIOKO.)ﬁleI\TOIr]an 20e 4
Qo TNV oAnBIvN €ITE Ao TN 1 0

OUNUTTANPWUOGTIKA HopPN K&OE
£16600U A, (m = O,..,N-1) V v
m Evoc amokwdikomointig Nog 2V

UTTOPET VO KKTKOKEUXOTET &TTO
2V mOAeg AND Twv N elo6dwv A4y Yy

— 110U OEXOVTOI TOUC MBavoUC
ouvOUXOouOUC TWV 6AnBivwyv N
CUUTTANPWUATIKWY E1000WV

m Kd&Oe €€0dog Y, (n =0,.., 2M-1)
OVOMAPIOTG TOV EAXXIOTOPO M, A4y Y,
(M.X., Y3=m3 =AA,)
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YAoroinon ouvOUXOTIKNC AOYIKNG

m  O1 QUDIKOI TTOKWOIKOTIOINTER Maxp&delyua: YAoroinon NG
UmopPoUV Vol ouVOUKOTOUV HE mOANG XNOR 600 €1000wvV pe
mOAeg OR yioe TV uhomoinen Suadikd amokwdiKomoIinTA 2 ot 4
OUVOUXOTIKAC AOYIKNG >4

m Emeidn k&Be EEodoc Y, evoe :
amoKwOIKoToINTA (N =nO,.., 2M-1) Decoder Minterm
VO PIoTG TOV EAGXIOTOPO M., 11 AB
N CUV&PTNGON UAOTTOIEITO! WG A__ 10 AB
n mPp&&n OR 6Awv Twv B — 01 AB
gAOXIOTOPWYV TNC OUVEPTNONG 00 AB

- mou Eyouv TnvTiun 1 |
OTOV MVOKOX 6ANOEioG B
Y = AB + AB

B Hidix I0Ex epapuOlETOI KX
OTNV UAOTTIOINON OUVOUGOTIKAC =A®B y

AoyIKAC pe SITGEEIC UVAUNG
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AUGOIKOC KITOKWOIKOTIOINTAC UE EYKPION

m To ofua enable (§ykpiong) eival pi  Naxp&delyuo: AuadIKOg
emMAEoV €i0000¢ Tou BUGDIKOU amokwdikomoIinTAG 2 o€ 4 e enable
XTTOKWOIKOTIOINTNA A Ag Enable
- OTav TO orfjua enable Exer Tiun ‘1’

(TRUE) o amoxkwoikomoIinTic
AeIToupyei kavovika

- 01OV TO Onjua enable Exer Tiun
‘O’ (FALSE) o armokwOoikomoImnTnig —
Exel 6/ec 11¢ eé000U¢C A4y VY,
LNOEVIOUEVES

m ‘Evoc amokwdikomointig Noe 2V —
UTTOPET VO KKTKOKEUXOTET XTTO
2V moAeg AND Twv N+1 €16606wv

— 110U OEXOVTOI TOUG mOavoUcC A4, Y,
ouvOUXOMOUC TWV aAnBivwy N
OUUTTANPWUATIKWV €1000WV
Ko TO oNuo enable A Ay Yy




AUGOIKOC KITOKWOIKOTIOINTAC UE EYKPION

m To ofua enable (&ykpionc) sivau pia emTmAEoV €i0000¢ ToU dUGdIKOU
XTTOKWOIKOTIOINTA TTOU XPNOIUOTIOIEITOI OTAV KATKOKEUG{OUUE
MEYOAUTEPOUC KTTOKWOIKOTIOINTEC &TTO TOAOUC HIKPOTEPOUC

- H xpnon tou onuaToc enable yix EMEKTOON TOU UEYEBOUC EVOC
KUKAWUOTOC O€EV TTEPIOPICETAI UIOVO OTOUG KITOKWOIKOITOINTEG, GAAX
EPOPUOLETAI KOI 08 GAAG KUKAWUOTX (LETPNTEG, UVNUEG, K.(K.)

m [lophodeiyuo: KaTaokeun Ouadikol amokwdikomoinTA 4 o€ 16 ue
EYKPION XPNOILOTIOIMVTAC 5 amoKwdIKoToINTES 2 o€ 4 ue enable

Y15 Y14 Y13 Y12 Y:I.lY:I.O Y9 Y8 Y? Y6 Y5 Y4 Y3 Y2 Y:]_ Yo 216



AmonAékTne 1 og 2V

m O amomAékTne (demultiplexer) 1 og 2V ouvdéel Tn povadikr 10000
0e0oUEVWYV X pe pia amod Tic 2V e€6doug OedoUEVWY e B&on TNV TIUA
Twv Nonuatwv emAoyAc S (select)

m O duadikog amokwdikomoinTAc NV ae 2V ye Eykpion xpnolpoTolsiTal
Kot we ormrommAEKTNC (demultiplexer) 1 og 2V wc gé&nc:

- To onua enable Tou amokwOIKOTTOINTN EiVal
n &i0000¢ OEOOUEVWY X TOU OTTOTTIAEKTN

- O1 N gicodor 0edoEVWY TOU XTTOKWOIKOITOINTN EIVAI
10 N onpara emAOyAC TOU KITOMAEKTN

- 01 2V gfodor quovadikou onuavTiKoU» TOU KITOKWOIKOTIOINTA
eivau o1 2V 0001 0£00OUEVWV TOU KITOTTAEKTN
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ATTOTIAEKTNC 1 o€ 4

m O amomAékTne 1 o€ 4 ouvdéel TNV €16000 OEBONEVWV X UE MK
QO TIG TEOOEPEIG EEOOOUG BEDOUEVWV Yy, Vi, Y, Ko Y5 pe Béon
TNV TIA Tou dixUAOU €MAOYNG S, .,

- av$S,,=00, 10T Y5=X
- avS,,=01,10TE Y, =X S1S0X
- Qv 81..0= 10, TéTS )/2 = X
, A Aq
- avS, =11, 101e V5= X
m Y)\omolgitau e Evav BUadIKO

amokKwdIKomoInTn 2 o€ 4
ue Eykpion (enable)

enable

Y3 Y2 Y1 Yo
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XpOVIouOC

B 2Tn oXe0lon evOoC WNPIXKOU KUKAWUGTOC EIVAI OCNUOVTIKK:

— N MEIWON TOU KOOTOUC UAoITOINoN¢ ue Tn xpNnon
000 TO OUVATOV AIYyOTELWV OOUIKWYV OTOIXEIWV.

- n avénon ¢ TaxoTnTac Asiroupyioac, dOnAadn
0 Xpoviouoc (timing)

219




XpOoVIouOC: KBuoTEPNON

Miox E€000¢ XPEIGIETOH XPOVO VIO VO HETOBANBET avTIOPWVTHC
oTNn METOBOAN HIGS €10000U

2TnNV eIKOVA paiveTal N kaxBuoTépnon (delay) (o xpovog) mou
ueooAaBel armd TN HETKBOAN MIXC €10000U EWC TNV EMAKKOAOUBN
UETAKPBOAN TNC €E000U VI EVAV KTTOUOVWTN

Ay

KoBuaTE-
pnan
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XPOVIOUOC: DIGYPOGUUOC XPOVIOUOU

B TO MOPOKETW OXANO OVOUGIETOI SIKYPOUUO XPOVIOUOU

—  QmEIKoVilel TN HETALATIKN ammoKkpion (transient response)
TOU KUKAWUOTOC TOU XITOMOVWTH OTAV UETABAAAETO! IO

gioodocC
-  H ueraBoon amd tnv Tiun LOW

ornv Tiun HIGH

OVOUGLETOI AVEOXOLEVN akun (rising edge)

-  H uerapBaon amo tnv riun HIGH otnv 1iun LOW
OVOUGK(ETOI KaTeOYOUEVN arun (falling edge)

(0EV PAIVETOI OTO OXNUK)

A%Y

KaBuaTé-
pnan
A
v S

Xpovog
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XPOVIOUOC: DIGYPGUUO XPOVIOUOU

m To pmAe BENoc umtodeikviel 0TI N avepxOuevn akun TG €€600ou Y
TTPOKOAEITOI KTTO TNV KVEPXOUEVN KU TNC €10000U A

- MeTp&ue Tnv K6BuaoTEpnon oo 1o onueio 50% Tou
ONUATOC €10000U A €wc TO onueio 50% Tou ONUATOC

eEooou Y

- To onueio 50% eivai EKEivVo OTO OTT0I0 TO ONUX BPICKETAI
oakpiBwc otn uéon (50%) TnC ueTtaxBoonc oo TNV TIUN
LOW otnv iun HIGH ka1 avTioTpopo

PR

KoBugTE-
pnan
A

v S

Xpovog
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KaBuoTéEpnon dikdoonc / poAuvonc

m  H ouvOuaoTIKA AOYIKN XXPOKTNPI(ETOI OTTO
- TNV Ka8uarépnor oiadoong t,, (propagation delay) ko
- Tnv Ka@uatépnon LoAuvong t,,(contamination delay)

H eicodoc A £xel apxIKN TIUA A 4|>_ Y
eite HIGH eite LOW, Ko

Max delay i
ba |

METAPBAIVEI 0TNV &AAN TIUNA i
0€ MIG CUYKEKPIPEVN OTIYUNA

— 0&V UG eVOIRPEPEI A X—\
N cKPIBA TIUA )

y L

AVTIOPWVTOC OTN METABOAN,
N €€000C Y aA\G(el yeT& oo
K&TTOI0 XPOVIKO OIXOTNUO

4}: ibn:u:l E‘i

- Maxdelay (t,q) Mi

X6V n dellay
- Min delay (t,,) POVOS
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KaBuoTEpnon d1&doonc

m H kaBuoTépnaon 81&doong ¢, Eival 0 PEYITOG XPOVOG TTou
MEOOAXBET aTTd TN OTIYUN TTOU METOPRGANETOI MIG €10000C EWC TN
oTIyuN TTou n €€odoc N o1 EE0001 KMOKTOUV TNV TEAIKA TIUA TOUC

—  €iVail N XEIPOTEPN MEPITTTWON KABUOTEPNONG
(uTO TOU OVOUK(OUME OTTAG KXOUGTEPNON)

oy,
y
W,

| thi

XpOovocg >
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KaBuoTEpnon uoAuvonc

m H kaBuoTépnon péAuvong £, eivail o EA&XIOTOG XpOVOG TTou
LUEOCOAXBET aTmd TN OTIYUN TTOU NETOPGANETOI LIG €10000C EWC TN
OTIYMA TTOU OmoIOATOTE £€000C axpXilel vax ETABGAAEI TNV TIMA TNC

- &ivail n kaAAiteon repirwon kabuoTépnoneg
(TN XPNOIUOTTOIOUUE OE OUYKEKPIUEVEC TTEPITITWOEIC)

oy,
D
W,

| thi

XpOovocg >
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KaBuoTéEpnon dikdoonc / poAuvonc

m  AiTia kKaBuoTépnong o€ eminmedo mMIANC
— 0 XPOVOC MTOU OITAITEITAI VI TN POPTION TNG XWPNTIKOTNTAG
—  TIEPIOCOOTEPX TOOV(IOTOP OTN OEIPK LUEYXAUTEPN KKOUOTEPNON
B TIEPIO0O0TEPEC 100001 OTNV TTUAN YEYXAUTEPN KXOUOTEPNON

m OITINEG TWV £, KOl £, EVOEXETOI VO EIVOIl DIPOPETIKEG
—  OIX(POPETIKEC KXBUOTEPNTEIC XVEPXOUEVNC KOI KATEPXOUEVNC OKMNG
m AlxpopeTIKN KxBuoTEPnon ot Nn-MOS amd Ta p-MOS TpaviioTop

m AIxpopeTIKO MANBOC Tpav{ioTop oTn oeip& otk Nn-MOS amd T
P-MOS dikTux

—  TMTXPOUCIN TTEPICOOTELWV KITO UIC EIG00WV KOI EE00WYV, KATTOIEC KTTO
TIC OITOIEC EUPAVI(OUV TTIO KPYEC N TTIO KPIOIUEC OIKOPOUES

- aU0&non Ko ugiwon TNC KKOBUGTEPNONG OTAV TO KUKAWUOTO
BepuaivovToil Kol WUxovTal, XVTIOTOIXO
m  AiTIx KKOuoTEPNoNG o€ EMTESO KUKAWNXTOC

— N OlxOpoun ToU XKOAOUBET TO ONUO MEOT TTO TIC TTUAEG, OITWC
OI0OIOETAI OTTO TIC £10000UC OTIC €£000UC TOU KUKAWUIKTOG

- TO ONUOTO OIOIOOVTOI KOTO UNKOG TWV CUPUATWY UE TNV TaXUTNTX
TOU PWTOC, UE TN HOPPN NAEKTPOUAYVNTIKWY KUMKTWY (~15 cm/ns)
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Kpioiun (opyn) d1axdpopun

m H Kpioiun (xpyR) 016dpopA €ivail N peyaAlTEPN OE PUAKOC
KO GUVETTWC N IO 6Py 0€ TaxUTNT

—  QUTN TTOU OIEPXETOI XITO TIC TTEPIOCOTEPEC TTUAEC,
TOU EXOUV KQI TIC TTEPIOOOTEPEC €10000UC

—-  OVOUGKLETO! KpIoIUN EMEION ITELIOPICEI TN OUXVOTNTA
AeIToupyiac Tou KUKAWuaTog

B 270 OXNu& EEKIvael amd TNV €10000 A ) B Kol KaTaAnyer otnv
€€000 Y MEPVWVTOC NEOXK IO TPEIC TTUAEC

Kpigiun diadpoun
5 ™ /
B n2
’ X

2 UvTopun d1adpoun
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20vToun d10dpoun

m H olvroun d106dpopA €ivail N HIKPOTEPN O YAKOG
KO GUVETTWC N TTIO YPNYOPN 0€ TaXUTNTO

—  QUTN TTOU OIEPXETOI KITO TIC AIlYOTEPEC TTUAEC,
ITOU EXOUV KOI TIC AIYyOTEPEC €10000UC

B 270 OXNU& EEKIVaEl oo TNV €10000 D Kol KaTaxAnyel otnv €€000 Y
MTEPVWVTOC HEOXK OO Witk TTUAN

Kpigiun diadpoun

D LA
’ X

2 UvTopun d1adpoun
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YToAoyIopog TnG KaBuoTépnaong t,,

m H kaBuoTEpnaon 81Gdoong ¢,,Ev0G CUVOUNROTIKOU KUKAWUATOG EIVAI
TO GOPOIoPC TWV KaBuoTEPNOoewV dIGXO00NC VIa TN OIEAEUON GO

K&Oe oToIxeio TNS Kpioiung (axpyne) dixdpopng

- Z1o oxripe: by = 2t anp * Log oR

— EucpawZSTou OTOV 01 €£100001 TOU KUKAWUOTOCG METXBAAAOVTOI
a0 ABCD = 1101 o ABCD = 0101

Kpioiun diadpopn

h
n2

E'I—KUE}UUTipr]Un—hE

Y=1>0 n QQ

N
1

m —
I
=

o O

Il
—

[

[
n2
[Mpocoxn: H kpioiun dixdpoun omd TNV €i00d0 A %__

oTnv ££000 Y EVEPYOTIOIEITAI UE OUYKEKPIMEVEG y W
TIMEC TWV UTTOAOITTWYV EI000WV TTOU TTRPOUEVOUV l

otabepég, dOnAadn B~1, C=0, D=1 , >
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YmoAoyiopog TnG KxBuoTEpnong t.4

m H kaBuoTé€pnon péAuvong £, ,evOG GUVOUGOTIKOU KUKAWUOTOG
€IVl TO &OpoIoPG TwV KKOUOTEPNOEWV POAUVONC VIX TN

d1€Aeuon amd kK&Oe aToIxEio TNG olvTOouNG S10OPONAG

- 210 oxnuo: L, = cd AND

- Eugaviletar 0Tav o1 €i00001 TOU KUKAWUATOG
uetaBaAovrar amo ABCD = 1101 oe ABCD = 1100

ZUvToun diadpoun KaBU-

OTE-

] pnan
B=1 n2 D

C=0
D=1-0 ) y=1>0 Y Q\

[Mpoooxn: H cbvtoun diadpoun amod Tnv €icodo D Xpovog
oTnVv £€000 Y EVEPYOTIOIEITAI UE OUYKEKPIMEVEC
TIMEC TWV UTTOAOITTWYV EI000WV TTOU TTRPOUEVOUV
oTaBepéc, ONhadNA=1,B=1,C=0=>n2=1
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MNapadeiyuax 2.15

m YmoAoyiopoc kaBuotepRoewv dikdoonc Kol podAuveone

m YmoloyioTe TNV KaxBuaTEpnon di&kdooncg Kol TNV KKBuaTEpnon

MOAUVONC TOU KUKAWUOTOC

m  Kd&Oe mUAn €xel kaBuoTEpnon dikdoonc ion pe 100 ps Ko
KaBuoTEpnon uoAuvonc ion pe 60 ps (ps = picoseconds)

51—

c B,

| v

T
Ej_/
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MNapadeiyuax 2.15

m YmoAoyiopoc kaBuotepRoewv dikdoonc Kol podAuveone

m Yrmoloyiopog TN KxBuaTEpnong d1&O00NG TOU KUKAWUATOG
- KaBe muAn €xel kaxBuaoTtEpnon oiadoonc ion ue 100 ps

- H kpioiun dixdpoun apxiler armd Tnv €icodo A N B,
OIEPXETOI OTTO TPEIC MTUAEC KO KXTOANYEI oTnV €000 Y

- Apa, n kaBuatépnaon diadoong eivai: t,; = 3 x 100 = 300 ps

=Dy

mo O o>

1D
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MNapadeiyuax 2.15

m YmoAoyiopoc kaBuotepRoewv dikdoonc Kol podAuveone

m Yrmoloyiopog TNC KxBuoTEPNong HOAUVONG TOU KUKAWUOTOG
- KaBe muAn €xel kaBuoTEpnaon uoAuvonc ion ue 60 ps

- H oovroun oixdpoun apxiler amo tnv €icoéo Cn D N E,
OIEPXETAI XTTO OUO TTUAEC KO KATOANYEI oTnVv €£000 Y

- Apa, n kaBuaTtépnon uodiuvaong eivai: t,, =2 x 60 = 120 ps
A —
B —_
——— P>
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Noapadeiyuax 2.16

m  XpovIoUOC TTOAUTIAEKT@V: KPIOIHOTNTO atd TTAEUPAC EAEYXOU
KO KPIoIuoTNTA oo mAeupGe OE00UEVWV

B JUYKPIVETE TOV XPOVIONO TNC XEIPOTEPNC TTEQITTWONC (EUPECN KPIOIUNC
OIXOPOMNG KO UTTOAOYIOUOC KaxBuoTEPNONG d1&d00NC) VIX TIC TPEIC
OIXPOPETIKEC UAOTIOINOEIC TWV TTOAUTIAEKTWYV 4 o€ 1

- (a) Aoyikn aBpoiouarToc yIvouEvwy,

- (B) amouovwTEG TPIWV KATAOTAOEWY, L0 (PS)

—  (v) 0évopo moAurmiekTwv 2 o€ 1 NOT 30

m  AidovTal 01 TINEG TNC K&BUoTEPNONC RARILCIEEICeO0Ns <t

SIGBO0NC VIx TO EMPEPOUC GTOIXEIN AND pe 3 3"{65°UQ 80
OR pe 4 g10660uUC 90

XMOUOVWTAG TRIWV
KOTOXOTQXOEWV 50

(amo Aewg V)

XIMOMOVWTAG TPIWV
Kp(TO(OT(i(GI-;(J.)V 35

(a0 enable Ewe V)
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1 So

Mopadeiyua 2.16

m  XPOVIOUOC TTOAUTTAEKTV: ? V
KPIoINOTNTO TTO TTAEUPGC D,
EAEYXOU KOl KPIOIHOTNT
oo mAeupGe OEO0UEVWV D,

m  /\oyIK ) xOPOoIoUOTOC
YIVOUEVWV

m H kpioiyn dixdpopn axpxiler amd Dy
TNV €i0000 emAoyNGg S, N S,
dIEPXETOI O 3 TTUAEC
(NOT, AND-3, OR-4) Kka
KaToAQYel oTnv €€000 Y

LT W N \[/

) ) ’ Out
m H ulomoinon givai Kpiolun

omo AEUPAG ENEYXOU loa_sy= lpa_INV * lpa_AND3 + Lo _OR4
. =30 80 90
- Eleyyog-£Eodoc 200 ps 200p8 TOUPS+IUPS
- Aedouéva-ééooog 170 ps A IR

=170 ps
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Mopadeiyua 2.16

XPOVIOUOC TTOAUTTAEKTMV:
KPIoIMOTNTO &t TTASUPGQ
EAEYXOU KOl KPIOIHOTNT
oo mAeupGe OEO0UEVWV

ATTOUOVWTEC TPIWV
KOTOOTAOEWV

H kpioiun dicxdpoun apxiCel amod
TNV €i00d0 emAoyNg S, N S,
di€pxeTan oo 2 muAeg (NOT,
AND-2) Ko TOV GITOUOVWTA
TPIWV KaTaoT&oEwV (enable to
Y), Kol KaTaxAqyel otnv €€000 Y

H uAomoinon eivail Kpioiun
oo MAEUP&C EAEYXOU
- Edeyxoc-£éooo¢ 125 ps
- Aeoouéva-£éoooc 50 ps

S,

t

t

So
Dy—
D, —
—Qut
Dy —
Dy—

od sy=Ttod INV* Tod AND2+ lpa TRI sy

=30 ps+60 ps+35 ps
=125 ps

pd_dy = ‘pd TRI_ay

=50 ps
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Mopadeiyua 2.16

m  XPOVIOUOG MOAUTIAEKT(MV: 'SU
KPIOINOTNTX &TTd TTASUPGC
£AEYXOU KOl KPIOIUOTNTOL DD“E>_
oo MAeUP &G OEDOUEVWV

m  A&vOpo MoAUTIAEKTWV 2 o€ 1 o

m  O1 moAutAékTEG 2 0€ 1 D, _%
UAOTTOIOUVTOI JE KTTOPOVWTEC _

TPIOV KATXOTXOEWV

m H kpioiyn diadpoun apxiel oo
omoixdnmoTe €i0000 D, DE_AE
OIEPXETOI KTTO 2 KMOUOVWTEC
TPIWV KATOOTGOoEWV (A to Y), K&
KOToANyel otnv £€0d0 Y

m H ulomoinon givan Kpioiun Dy >
oo mAeup & OE00UEVWV
- Eleyxog-£é0dog 85 ps I
- Aedouéva-&éodog 100 ps lpd_soy = tpd TRI_syt lpd TRI_ay = 85 ps
rpd_dy‘_' 2 il,i::u::’_TF'tl_.aj,»': 100 ps

\V4
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Noapadeiyuax 2.16

m  XpoVvIOUOC TTOAUTIAEKTWV: KPICINOTNTX &TO TTAEUPAC EAEYXOU
KO KPIoINOTNTO amtd TTAEUPGC OEOOMEVWV

B JUUTTEPKONOTO:

- AV T ONUOTO OTTO TIC €10000UC OEOOUEVWY (PTAXVOUV XPKETX
TPIV OTTO EKEIVO TWV EI000WV EAEYXOU, EMIAEYOUME TNV
uAorroinon Ue TN UIKPOTEPN KxBUOTEPNON OIXO0CNC EAEYXOU-
1mpoc-££000 (85 ps)

m Tnv ulomoinon Tou 6EvOPoU TTOAUTIAEKTWY 2 o€ 1

- AV T ONUOTO OTTO TIC EI0000UC EAEYXOU (PTAVOUV BPKETX
TPIV OTTO EKEIVO TWV EI000WV OEQOUEVWYV, EMIAEYOUUE TNV
uAorroinon Ue TN UIKPOTEPN KXOBUOTEPNON OEOOUEVWV-TTPOGC-
£E000 (50 ps)

m  Tnv ulomoinon Twv KITONOVWTMV TPIWV KATRXOTXOEWV

m H BEATioTn emAoyn dev eEXPTATOI UOVO aTTO TNV Kpioiun diadpoun
MEOW TOU KUKAWUOTOG KOI TOUC XPOVoUuC &PIENG TWV ONUATWV
€10000U, OGAA& KO OO TNV KATAVXAWON 10XU0C, TO KOOTOC KOl TN
OIOECIUOTNTO TWV OTOIXEIWV

238




EmmAeypévec aioKNoeIC

m Aoknon 2.44
YroAoyioTe TNV K&xBuoTEPNon O1GO00NC K&l TNV KakBuoTEPNON
MOAUVONC TOU KUKAWUGTOG TNC EIKOVOC. XPNOIUOTIOINOTE TIC
KaxBuoTeEPNOEIC TTUAWV TTOU OIVOVTXI OTOV MMVaK

—  Kpioun oradpoun: F-Y

lpd =1 +21 +1
pd — ‘pd AND2 pd NOR2 " ‘pd NAND?2 y
=[30+2 (30) + 20] ps toq (PS) | toq (PS)
NOT 15 10

=110 ps
—  2ovroun oradpoun: D-Y NAND pe 2 €16680uUC 20 15
leg = 2leqg NAND2 T led NOR2 NAND pe 3 €10650uc [IE(s) 25

— +
_ [525 (pl:) 251 ps Pl 30 25
NOR pe 3 e106d0ug 45 35

A _

g:} AND pe 2 eioodouc R 25

D } AND pe 3 £16630U¢g 40 30
P-v B ue 2 £10650UC 40 30

OR pe 3 e106d0ug 55 45

} XOR g 2 €16680Ug 60 40
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MeTaaTikol maAuol (Glitches)

MEXPI TP EXOUNE PEAETNOEI TNV TIEPITITWON MIX HETKBOAN
£10000U VO TIPOKOAET HOVAXK JIc HETOBOAN oTnV €000

Eivai dpwe moavo pick uETKBOAN €16000U VO TIPOKOAEDEI
TTOMOTTAEC HETOPBOAEC oTNV £E0DO

— AuTEC ovouGlovTal ueraBarikoi maAuoi (glitches) n
Kivouvol (hazards)

Me TnVv mpoUmno0eon OTI TEPINEVOUNE VO TTAPENDEI N KPIoIUN
KaOuoTépnon 81&doong mpoTtol Bpebolue eExpTNUEVOI OO TNV
£€€000, 01 JETOPOTIKOI TTOXAPOI OeV amOoTEAOUV TTPOBANUG ETTEION

n €€000¢ B £xel MPoA&PBel v oTaBepoTioiNBel 0Tn owoTN AOYIKN
TIMN

Mac eviiapEpel Vo YWwpPI{oUuUE OTI UTTXPXOUV OTO TTEPIOOOTEP
WNPIGKE KUKAQUOTO KO VO T vayVWPICOUPE OTaV EETR(OUNE
OIYPANUATO XPOVIOUOU OE TIPOCOUOIWTES N TXAUOYP&POUC

Agev ummopoupe va amaxAAayoUpe ormd OAOUC TOUC PETOPBATIKOUC
TTOANOUC — Ol TA’UTOXPOVEC NETOBGOEIC o€ TTOAATTIAEC €10000UC
UTTOPOUV ETIONC V& TIPOKOAECOUV NETAPATIKOUC TTOAUOUC
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MeTaaTikol maAuol (Glitches)

m TiI0a oupfei otaav A =0, C = 1 ko B petaBaiver amd 1o 1 oto O

e )
—

Y AB
c\_00 01 11 10
pricray
off 1 0 0 0

1| 1 [51 1j> 0
Mo

Y=AB+BC 241




MeTaaTikol maAuol (Glitches)

m H eioodoc B ouvoEeTan pe Tnv €€000 Y pEOW 0UO OIXOPOUWV:

- Tnv Kpioiun oradpourn mou JIEPXETAI ATTO TPEIG TTUAEG
(NOT, AND-2 kot OR-2)

—  Tn otvroun dixdpoun mou OIEPXETAI &rrd dUO MUAEC
(AND-2 kai OR-2)

- H Kpioiun oixdpoun SIXPEPEI &Id TN oUvVTOLN OIOPOUN
oTnV KaBuoTépnon O16000NCG KaTa Lia miAn NOT

m AOyw aUTAC TNC JIGPOPACS EPPAVILETAI EVOC NETOBATIKOC MTOANOC
otnv €€0do Y, 6Tav A =0, C = 1 ko B petoBaivel amdé 1o 1 1o O

A=0
B=1->0

C=1

Kpioiun diadpoun

o 0—>1
>°— ni
’ \. n2
/150

/

2. OvToun o100poun

Y=1->0—>1
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MeToBaTikol TaApol (Glitches)

KaBwe 1o B petafaivel oo
T0 1 010 O, 0 KOUPOC N2 (0TN
oUvToun OIdPOPNA) UPIOTATI
K&O000 MPOTOU TTPOA&BEI VK
OAOKANPWOEI N &vodog Tou
KOuBou nl (oTnV Kpioiun
d1dpoun)

MExpI vox ONOKANPWOET N
&vodoc Tou nl, ol dUo €icodol
NG MUANC OR &xouv TiuA O,
Ko n €€0dog Y «tEpTE 0T O

MOAIC oAokANpwOET N Gvodocg
Tou n1, T0 Y emoTpEPpel oTo 1

H d1GpKEI TOU HETARATIKOU
MoAUOU €ivail N KaBuoTEPnon
d1&doong pioe muAng NOT

Kpioiun diadpoun

A=0 0->1
1->0 n1 .
Y=1->0->1
n2
Cc=1 7’— >0
2UvTopn diadpopn
EA NN
n2 %
ni
Y !,:4——— METAPBATIKOG TTAAPOG
Xpovog ———— =~ >
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ATopuyn METARATIKOU TTOAUOU

m Kotk Tn petéBoon Twv e1000wv - Y 4p
ABC amo 1o 011 o10 001, av 1O 00 01 11 10
KUKAWPG TOU TTpwTOU 6pou (BC) C
arrevepyorioinfei mpoToU TO 0
KUKAWPO TOU XAAOU TPWTOU OPOU  — —

/T\
(AB) gvepyoroin®ei, T0Te Ak, /
1 1< 1 1 ) 0
N A

MTXPATNPEITAI EVOC METUPRATIKOC
TTXAUOC

m H peT&Baon mou diaoxilel Y=AB+BC
T OpIa 300 MPAOTWV OPWV
oTov X&pTtn Karnaugh amoTeAel
gvoelEn moavol peTaBaTiKod
ToAo0
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ATTopuYN PMETARATIKOU TTOALOU

B O peTaBATIKOC TRAUOC Y AB

XTTOPEUYETOI EXV TTPOOOECOUE C 00 01 11 10
Evav EMIMAEOV KUKAO TOU OTTOI0U

0 6poc AC givail GVEMESH OTOUC 0
nmp®Touc 6pouc BC Kol AB 4B

/T\
m [pOKeITal YI TO OE®PNU TNG 1]l 1« (1 1) 0
S

OHOPWVING, 6TToU 0 EMITTAEOV

mpooTIBEuevoc 6poc, To AC, oy \BC
givail o meova{wv 6pog Y=AB+BC
Y AB
C 00 01 11 10
0 /ﬁ 0 0 0
i
dB; v
1 1 1 1 0
[y X
) L s
AC Y=AB+BC+AC BC 2




ATTopuYN PMETARATIKOU TTOALOU

m O peTaBaTIKOC TTRANOG Y AB
armopelyeTal YIT! n mUAN AND C 00 01 11 10
1mou UAoTtoIgl Tov TIAEOVAIOVTX o
0po AC mapayel otTnV £€0006 TNG 0| 1 0 0 0
TNV TIuA 1 KO’ 6AN TN JIXPKEIX Z_ﬁ
NG METABOANC Tou B e
1 1 1 1 0
he 2
y=AB+BC+AC B¢
A=0
B=1—-0
Y=1

sjsfe}
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