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WNpIoK& KUKAOPOT

Eva wnoiokd KUKAWPO €ivail Eval OIKTUO OTOIXEIWV TTOU €TTEEEPYRIETAI

METOPBANTEC OI OTTOIEC TTARIPVOUV DIXKPITEC TIMEC

To KUKAWPG heE B&on TNV apx TNC THNUGTIKOTNTOC IV
EVO HOUPO KOUTI WE:

EVQ 1) ITEPLICOOTEPN TEPUATIKK onueia e10600u (input terminals) mou
TXIPVOUV OIXKPITEC TIUEG,

EVX N TTEPIOOOTEPX TEPUATIKK onueio eEo6dou (output terminals) mou
TOIPVOUV OIXKPITEC TIUEG,

uio AeIToupyikn mpodiaypopn (functional specification) mou
MTEQIYOAPEI TN OXEON UETAEU 1000wV KOI £EO00WYV,

Ui TTPOOIOYPOPN XPovIouoU (timing specification) mou mepIyp&Pel TNV
KxBuoTEPNON UE TNV OITOIXX XITOKPIVOVTOI 01 €£0001 TN UETKBOAN TwV
EI000WV.
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WNpIoK& KUKAOPOT

B Eva ynepiakd KOKAwPG GmoTEAEITOH &TTO KOUPOUC KOl OTOIXEI

- To oroixeio (element) (E1, E2, E3) €ivai K&l quTo WnNPIGKO KUKAWUO
e €10000UC, €£€000UC, KOI ITPOOIRYPAPN

- O KoupBoc (node) eivai Evor CUPUK, TOU OTTOIOU N TXON UETAPEPEI
1o HETOPBANTA TOU MTXIPVEI OIKKPITEC TILUEC
m O KOuBol Ta&IivouolvTtal we Kool elcd6dou, KOuPoI eE6doU N
E0WTEPIKOI KOOI
—  O1 kouBoi eicodou (A, B, C) OEXOVTAI TIUEC OTTO TOV EEW KOOUO
—  O1 kouBor €€ooou (Y, Z) oTEAvouV TIUEG OTOV EEW KOOUO

- T oupuaTa mou Ogv givail €icodol N €€o0do1 ovoud{ovTal
eo0wTEPIKOI KOUPBoI (1)
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TUTOlI WNOMIKKWV KUKAWUKTWV

B To YnQIoK& KUKAOUOTX TOEIVOUOUVTHI 0 OUVOUXOTIKA
(combinational) A akoAouBiok& (sequential) KUKAWUOTA.
B 2UVOUXOTIKA AOYIKN

— 01 €£E0001 EVOC OUVOUROTIKOU KUKAWUOTOC EEXPTWVTAI
UOVO OITO TIC TPEXOUOEC TIMEG TWV EIGOOWV

—  O1 AoYIKEC TTUAEC EIVAI TO TTIO XTTAG OUVOUXOTIKG KUKAWUOTX
- Aev Exouv uvnun (o0Te KATKOTAOEIC)

m  AKoAouBiakn AoyiKn

— 01 €E0001 EVOC 0KOAOUBIOKOU KUKAWUOTOCG EEXOTWVTAI KOI OXTTO
TIC TPEXOUOEC KOI OTTO TIC TTPONYOUMEVEC TILUEC TWV EI000WV

- Exouv uvnun (axmobnkelouv KATAXOTXOEIC)




KavOveC OUVOUTOTIKNCG oUvBeoncC

m O Kavovec TN ouvOUXOTIKAC oUvBeonc (combinational
composition) pac AEve MWC PTTOPOUNE VO KATXKOKEUKOOUUE
EVO UEYGAO OUVOUOOTIKO KUKAWUO KTTO PIKPOTEPO OTOIXEIOK
OUVOUGOTIKWV KUKAWUATWYV (GpXA TNS IEPXPXICC)

— To 1Mo UIKPO OTOIXEIO Eivail N AOYIKN TTUAN
B Eva yngiokd KUKAWUOG €IVGI OUVOUNOTIKO OV XTTOTEAEITI
10 XAANAOCUVOEOUEVD OTOIXEIO KUKAWUXTWY TETOIX (DOTE:
—  KO&Og 0TOIXEIO KUKAWUOTOC EIVAI KOI TO 1010 CUVOUXOTIKO-

—  KO&OE KOUBOC TOU KUKAWUATOC EITE €ival €10000C,
eiTE OUVOEETAI O€ aKPIBWC i €E000-

—  TO KUKAWUO OEV TTEPIEXEI KUKAIKEC OIXOPOUEG,
ONAcON K&BE OIXOPOUN UEOW TWV OTOIXEIWV TOU KUKAWUKTOC
TEQVAEI ATTO KOOE KOUBO TOU TO MTOAU Ui POPAX.




KavOveC OUVOUTOTIKNCG oUvBeoncC

m O1 Kavovec TNC ouVOUROTIKNC oUvBEOoNC NTTOPET VX EIVAI
ETTAPKEIC, XAAK OEV EIVOI kUOTNPG UTTOXPEWTIKOI

B YT&PXOUV OPIOUEVO KUKAWUOTO TTOU, TTOEOTI OEV UTIGKOUV TOUC
OUYKEKPIUEVOUC KOVOVEC, EEXKOAOUBOUV VO EIVOI CUVOUROTIKG

m [lpoUmo6eon €ivail OPWC V& IKXVOTIOIOUV TN CUVOAKN OTI
— 01 EE000I EEXPTWVTOI UOVO KITO TIG TPEXOUTEC TIMEC TWV EI000WV




> UVOUOOTIKA& KUKAWUOT

m H AeiToupyikil mpodiaypadn evoc ouvOUGOTIKOU KUKAWUOGTOC EKPPALEl
TIC TINEC TWV €EOOWYV 0€ OXEON ME TIC TPEXOUOEC TINEC TWV EI000WV

- Eivou évac mvaKac aAnbeiac n pia ouvaptnon (e€iowon) Boole
- i mapaoeyue, n ouvéprnon F tng muAnc OR: Y =F(A,B)=A + B

m  Mia ouv&ptnon F umopei va €xel TTOAEC JIXPOPETIKES UNOTTOINCEIC
- N mepaodeyua, n ouveptTnon F tne muAnc OR umopei va uAoroinOei
m (&) ue TNV Xpnon piag moAng OR
m  (B) ue Tnv xpnon pioe moAne NOR ko picg moAng NOT

sy o
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Alaxuloc (Bus)

2€ NI TIPOOTIGBEIN VO KTTAOTTOINCOUME TO DIy PXUMATO, CUXVE
XPNOIYOTIOIOUNE MIC YPOMUN ME NI KAOETO (/) TTOU TNV TEUVEI,
KXOwe Kol Evav ap1Bpo dIMAG amd auTn Y1 Vo oUUBOAICOUNE
gvav 0IaUAo (bus), ONAXON pIG OECUN TTOAM®V CNUGTWY

- O ap1Buodc kaxBopiler To mMAn6o¢ Twv onNUATWYV (TwVv bit) aToVv diUAO

m Av 1o nARBoc Twv bit dev mailel POANO N OV EIVAI TIPOPAVES KTTO T
OUUPPAIOPEVD, N KAKDETOC EVOEXETOI VO UNV OUVOOEUETHI XTTO GiPIOUO



Mopadeiyua 2.1

m [loix oMo T MOXPAKATW KUKAWPOTK EIVOI OUVOUXOTIKA?

n1’n2’n3 HQD@ -

(a) (b) (c)
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Mopadeiyuax 2.1 (ouveExeix)

B To KUKAWUX (&) €ivail CUVOUROTIKO

- Exel KaToioKkeuxoTEl &0 OUO OTOIXEIXX CUVOUXOTIKWV
KUKAWUOTWYV (XVTIOTPOYEIC 11 Kol 12)

- AIxBETel Tpeic kouBouc: nl, n2 Kol N3

- O KkouBoc nl givoi €10000C TOU KUKAWUKTOC
KO TOU aVTIOTPOPEX 11

- O KOuBoc n2 eivail EOWTEPIKOC KOUPBOC, O OITOIOC TTOTEAET ThV
€000 ToU I1 Kol Tnv €i0000 TOU 12

- O KkouBoc n3 eivai n €€000C TOU KUKAWUKTOG KOI TOU
QVTIOTPOPEX [2

N2 o~ on3




Mopadeiyuax 2.1 (ouveExeix)

B To KOKAwp (B) dev eivail CUVOUGOTIKO

Yrrapxel KUKAIKN oiadpoun: H €€odoc Tn¢ muAng XOR
XVOTPOPOOOTEI LI KTTO TIC EI0000UC TNC

Emmouévwe, urm&pxel UIc KUKAIKN O10pOouN TTOU EEKIVREI KTTO TOV
KOouRBo n4, diepxeTal oo Tnv muAn XOR K& KATXANYEI OTOV
KOUBo n5, o ormoio¢ emMOoTPEPEI OTOV KOUPBO n4.

_ ) n5
n4
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Mopadeiyuax 2.1 (ouveExeix)

B To KUKAWUX (V) €IVaI GUVOUROTIKO

B T0 KUKAwuX (O) 0ev €lvail OUVOUXOTIKO

- O KkouBoc n6 cuvoEeTail aTIC EE000UC KO TWV OUO QVTIOTOOPEWV

I3 Kot 14
—@&
n6~D(}
>}
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Mopadeiyuax 2.1 (ouveExeix)

B To KUKAWUX (€) EIVOI OUVOUXOTIKO

—  OTTOTEAE] MAXPAOEIYUO TOU MTWC OUO OUVOUNKOTIKK KUKAWUOTO
ouvoEovTal METHEU TOUC VIO VO OXNUKTIOOUV EVX UEYXAUTEPO

OUVOUXOTIKO KUKAWUO

o)

B To KUKAWOG (OT) NTTOPET VO EIVAI ] VO UNV EIVOI OUVOUXOTIKO
—  [lepigxel Ui KUKAIKA O1060pOpN TTOU OIEPXETAI OTTO T OUO OTOIXEIX

- Av&Aoya TIC OUVOPTNOEIC TWV OOUIKWVY OTOIXEIWV, MITOPET V& EIVAI
AN V& UNV Eivoil GUVOUNOTIKO KUKAWUO

e
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[TEPITTAOKON KUKAWU T

B MeydAX KUKAQUOTX, OTIWE Ol MIKPOETTEEEPYAOTES, EVOEXETI
V& EIVAL I0IXITEPX TTEPITIAOKK

—  0€ TETOIEC TTEPITITWOEIC XPNOILOTTOIOUUE
TIC OPXEC OIXXEIPIONC TNC MMOAUTTAOKOTNTAC

m H Bewpnon evoc KUKAQUOGTOC WG HXUPOU KOUTIOU PE KOXAWC
OpIoONEVN dIOUVOEDN KO ASITOUPYIC OIMTOTEAET EPAPUOYN TNC
«OPAIPECNC» KAI TNC THNHATIKOTNTOC

B H KQXTOOKEUN TOU KUKAWUOTOC PE XPNON MIKPOTEPWYV OTOIXEIWV
KUKAWUGTWVY KTTOTEAET EPARPPOYN TNG IEPOPXICC.

m  O1 Kavovec TNC oUVOUKOTIKNG oUVOEONC CUVIOTOUV EQPRPUOYN
NG MEIOXPXING
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E€iowoeic Boole

H AEITOUPYIKA TTPOBIXYPAPA EVOC GUVOUKOTIKOU KUKAWUOTOC
ouvNOwe eKPPAIETAI PUE TN MOPPN EVOC TTIVOKO XANBEITC N
uiog e€ilowonc Boole

O1 e€lowoelc Boole mepiExouv PETOBANTEC TTOU TTXIPVOUV EITE
v TIPN ‘1L’ (TRUE) eite Tnv 1iun ‘O’ (FALSE), &pa €ivail 100VIKES
YIo TNV TIEQIYPOPN TNG WNPIKKNG AOYIKNG

m [apadeiypa: NMAApne ABpoiotic (Full Adder)
C. A B|C, S A N
0 0 0] 0 0 (E — S
0 0 1 0 1 B - C
0 1 0| 0 1 C. y out
0 1 1 1 0 In
1 0 0 0 1
1 0 1, 1 o S =A®B® Cin
1 1 0 1 0 —
= ~+ ~+
1 1 1 1 1 Cout AB ACin BCin
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OpoAoyix

JUPTANpwua (complement) pioc petafBAnTAC A

gival n avTioTpo®f TNG, A (A = NOT A)

- A,B,C

NeKTIKA (literals) ovou&lovTal N METGPRANTA N TO CUNTTANPWUE TNG
- AAB,B,C,C
AvapepOPRaTE 0TO A WG TNV BANBIVA HoP®N TNG METABANTAG A
KO 0TO A WC TN CUNTTANPWUOTIKA MOPPN TNC METAPBANTAC A
- EavA=TRUE, 161e A = FALSE
- Ea&v A =FALSE, 161¢ A = TRUE

17



OpoAoyix

B /\oyikO yivouevo (i amAwg yivopevo) N 6poc (implicant)
OVOUG(ETOI TO VIVOUEVO TWV AEKTIKWV (N AoyikA TTP&EN AND
UE EVO 1N TTEPIOOOTEPT AEKTIKK)

- ABC, AC, BC
m Eloyioropoc (minterm) ovou&deTal TO YIVOUEVO TTOU
mepIAaUBAvEl OAEC TIC NETGPBANTES TNC €10000U
- ABC, ABC, ABC
m  N\oyikO GOpoiopa (R AMAWS &OPOICUK) OVOUG(ETI

TO GOpoIoPC TWV AeKTIKWV (N Aoyikn TP&EN OR
UE EVO 1 TTEPICOOTEPO AEKTIKK)

- A+B+C, A+C, B+C
m MeyioTopoc (maxterm) ovou&{eTal TO GOPOICUC TTOU
mePIANGUBGVEl OAeC TIC HETAPBANTEC TNC €10000U
- (A+B+C), (A+B+C), (A+B+C)




[TpoTEPAIOTNTC TTPGEEWV

m Hosip& Twv mp&&ewv nailer pOAO KOT& TNV EPUNVEIX
e€lowoewv Boole

2T7IC €€lowaoeic Boole, n mpaén NOT €xel Tnv uwnAoTeEPN
MTOOTELAKIOTNTX

AkoAouBei n mpaén AND
Tn xaunAoTepn mpotTepax1OTNTX £xel N mp&én OR
[ moxp&oeIyuo
Y=A +BC uerappaleral ocY=A OR (BAND C)

AAMOYN 0TNV MPOTEPKIOTNTX EMTUYXAVETOI UE TN XPNON
TOXPEVOECEWV

Y=(A +B)C uerappaletral ocY=(A OR B) AND C
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[Tivakace aAnBeioe - EAaXIoTOPO!

m [ va Bpouue TNV e€ilowon Boole yia Eva ynpIokd KUKAWUO
MPEEMEI TPWTX VO OXEQIOOUNE TOV TTIVOKO GANOEINC TOU

m O mvakoag aaAndeiag evoc wneiokoU KukAwparTog ue N eioc6douc
mepiExel 2N ypappée, Pia yio K&Oe moOavo cuvOuxoud TIHWV TwV
£1000WV TOU

- Ka&Be yoouun oucxeTileTon ue Eva Ouadiko opibuo Twv N bit, oe
ouéouot OEIPA, TTOU KVTIOTOIXEI UE TIUEC TWV METABANTWYV TNC €10600U

- KaBe ypouun oucxeTi(eTal ue Evav eAaxioTopo mou eivai ‘1’ n TRUE
VIO TIC TIMEC TWV METXBANTWV TNC £10000U TNC CUYKEKPIUEVNC OEINAC

- 0 ehaxiaTopog ovoualerar m. (i=0. .., 2N-1), 6mou i eivai n 0eKAdIKN
TIUN TOU VTIOTOIXOU OUXOIKOU apiBuou Twv N bit TNC ypoauung

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

11 AB My 20




KavoviKN HopPpN BPOoIoPUOTOC VIVOUEVWY

Mmiopoupue va Bpouue TNV e€iowon Boole armd omolovoNmoTe

MVoKa cAndeiac aBpoilovrac (mp&én OR) KaBEvav armd Toug
e\axioTopouc (mp&én AND) yiax Touc ormmoioug n £€€000C¢

exel Tiun ‘1’ (TRUE)

Apa, n e€lowon Boole oe Kavovikn noppn BPOICUKTOC YIVOUEVWY

givail To &Opoioua (OR) Twv yivopévwy (AND)
- [P&PETA KOI UE TOV CULLBOAICUO OIYUX, WG KOPOICUC EAXXIOTOPWV

EAayi- | Ovouacia
A B | Y | o1m0poc |ehayiatopou
0 0o AB m
(o 11| aB m; )
1 0] O A B m,
(1 111 A B m; )

Y =F(A, B)=4B + AB = X(m,, m,) = X(1, 3)
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[Tivakae aAndeiac - MeyioTopol

m [ va Bpouue TNV e€ilowon Boole yia Eva ynpIokd KUKAWUO
MPEEMEI TPWTX VO OXEQIOOUNE TOV TTIVOKO GANOEINC TOU

m O mvakoag aaAndeiag evoc wneiokoU KukAwparTog ue N eioc6douc
mepiExel 2N ypappée, Pia yio K&Oe moOavo cuvOuxoud TIHWV TwV
€1000WV TOU

- Ka&Be yoouun oucxeTileTon ue Eva Ouadiko opibuo Twv N bit, oe
ouéouot OEIPA, TTOU KVTIOTOIXEI UE TIUEC TWV METABANTWYV TNC €10600U

- KaBe ypouun oucxeTi(eTal UE EvVAvV UeyIOTOPO mou givail ‘O’ n FALSE
VIO TIC TIMEC TWV METXBANTWV TNC £10000U TNC CUYKEKPIUEVNC OEINAC

- O peyioropog ovoudletou M. (i=0. .., 2N-1), érrou i givau n deKadIKN
TIUN TOU VTIOTOIXOU OUXOIKOU apiBuou Twv N bit TNC ypoauung

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

11 A+B My 22




Kavovikn Popgpn YIVOUEVOU 0OPOICUATWY

m Mmopouue va Bpolue TNV e€lowon Boole amd omoiovdAmoTE
mvoka cAndeiae moAamAaoi&k{ovTtac (mMp&én AND) kaxB&vav armd
Touc peylotopouc (mMp&En OR) yia Touc otmoiouc N £€000C
exel TiuN ‘O’ (FALSE)

m Apa, n e€iowon Boole oe KavovikA pop®pn YIVOUEVOU GiOPOICUATWY
eivail To yivopevo (AND) Twv aBpoiopdTwv (OR)

- TpA&PEeTa KOI UE TOV GULLBOAICUO TTI, WG YIVOUEVO LEYIOTOPWYV

Meyi- Ovopaaia
A B | Y | o10pog | peyIOTOPOU
(00 1A B M; )
0 1]|1]A+B M,
(l 0 B |.& + B M2>'
I L | 1 | & £ B M,

Y =F(A, B)= (4 + B)(A + B) = I(M,, M,,) = I1(0, 2)
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Mopadeiyua 2.3

m O MN&vvne €xel amoPaoioel Vo TIREI VIO TTIKVIK.

B J2KEPTETAI OTI OEV TIPOKEITAI VO TTEPXOEI KOAK

- avpBpeéel (R=1)n
— OV UTTXPXOUV MUPUNYKIX (A= 1)

B 2xedIdoTE Eva KUKAWPG TTou Ba maxpayel we €€000 E Tnv TIuA
TRUE (E=1) uovo av o MN&vvne amoAauB&vel TO TKVIK TOU

E

R P~ O O(F
P O PP, O(XZ
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Mopadeiyua 2.3

m O MN&vvne €xel amoPaoioel Vo TIREI VIO TTIKVIK.

B J2KEPTETAI OTI OEV TIPOKEITAI VO TTEPXOEI KOAK

- avpBpeéel (R=1)n
— OV UTTXPXOUV MUPUNYKIX (A= 1)

B 2xedIdoTE Eva KUKAWPG TTou Ba maxpayel we €€000 E Tnv TIuA
TRUE (E=1) uovo av o MN&vvne amoAauB&vel TO TKVIK TOU

R = O O|F
R OBk O|X
O O O KL m
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Mopadeiyua 2.3

m  Kavoviki nopPp xBpoiouaTOC YIVOUEVOU

EAcx10TOPOC

R = O OX
R O kK O|X
© O O pFrm

m  Kavovikn pop®n yIVOUEVOU 6OPOIoCUATWV

MeyioTopOoC

R = O OX
R O kK, O|X
© O O kKL m
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Mopadeiyua 2.3

m  Kavoviki nopPp xBpoiouaTOC YIVOUEVOU

A R E |[EAaxxioTopoc
O O | 1 AR
O 1|0 AR
1 0| O AR
1 1|10 AR

m  Kavovikn pop®n yIVOUEVOU 6OPOIoCUATWV

A R E |Meyiotopoc
O O | 1 A+ R
O 1|0 A+R
1 0| O A+R
1 1|0 A+R




Mopadeiyua 2.3

m  Kavoviki nopPp xBpoiouaTOC YIVOUEVOU

EAGX10TOPOC

C

AR )

R = O O|X>

= O R O|XT

O O Ok |m

AR
AR
AR

E=4R = 3(0)

KovovIKR] HOP®N YIVOUEVOU GOPOICUETWY

MeyioTopOoC

A+R

A+R )

A+R )

YY)

el ol (G NN P

ROk IO|XT

OO0k M

A+R )

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

=1(1,23)=A +R

28



Mopadeiyua 2.3

m  Kavoviki nopPp xBpoiouaTOC YIVOUEVOU

Ehaxiotopoc E=AR =2(0)

1B
AR DE
AR A o

m  Kavovikn pop®n yIVOUEVOU 6OPOIoCUATWV

R = OO|X>
R O KO
O O Ok |m

A R [ E |Meyiotbpog E=(A+R)(A+R)(A+R)
0 0| 1] A+R =1(1,23)=A+R

Co 1|0 A+R ) y

(1 o|l0| A+R ) P E

(1 1[0 A+R)
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EmmAeypéEvec oKNOEIC

m Aoknon 2.33
O MNé&vvne MmTEKNG AITOAGUBGVEL TO TTIKVIK TOU OTOV N MEPKK
eivail NAIOAOUOTN KO OV UTTXPXOUV MUPUAYKIG. TO amoAGuBGvEl
emionc OTav BAETTEI EvO KOMIUTIPI TNV NUEPG TOU TTIKVIK, KKBWC
eTmionc 0Ta, TNV NUEPT TOU TIKVIK, UTTPXOUV NUPMAYKIO KO
TTOXOXAITOEC.

- [pawTte uix €€iowon Boole yix Tnv armoAaucn Tou
(enjoyment, E) oe oxéon ue:
m TOV NAIO (Sun, S),
B T JUPUAYKIG (ants, A),
B Tx KOAIumpl (hummingbirds, H), ka
m TIC maoXaAiToeg (ladybugs, L)

E=SA+AL+H
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EmmAeypéEvec oKNOEIC

, (b)
m Aoknon 2.2
MpawTe i e€iowaon Boole oe KavoviKN A B C| ¥
HOPPN BPOICUGTOC YIVOUEVWV YIK TOV 0 0 0 ]
mvoka acAndeiag (B) Tne Eikovae 2.81 0 0 1 |
- XpnoiuorioinoTe ToUG EAGXIOTOPOUG 0 d 0 1
m Aoknon 2.4 0 1. 1 1
[pawTe pia e§lowon Boole og Kavovikn 1 0 0 1
HoPPN YIVOUEVOU OOPOICUGTWV YIC TOV 1 0 1 0
mvaka acAndeiac (B) Tne Eikdvag 2.81 1) 1 0 1
—  XpNoIUOMOIACTE TOUG UEYIOTOPOUG 11 110

Y = ABC+ ABC+ABC+ ABC + ABC

Y=(A+B+C)YA+B+C)A+B+C)
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ANyeBpa Boole

m H Kavovikn pop¢pn cOpoiouaToC VIVOUEVWY N YIVOUEVOU 6BPOICUATWY
ouvNBwc¢ dev divel TNV amAodoTepn e€iowon

B XpnolyotoIwvTac TNV &AyeBpa Boole umopoupe va
e\oioTomoINooupue TIC e€lowoeic Boole

m H &AyeBpa Boole BaoileTan o€ Eva 0UVOAO GEIWURTWY KO
BewpnNUaTWV

- To aélouoTo eivail avaTTOOEIKTO UE TNV EVVOIN OTI EVAC 0PIOUOC
OEV UITOPET V& XITOOEIXOET

- T BewpnuaTa XImodEIKVUOVTAI UE B&on TX GEIWUARTX

B To a&iouara Kol T BewpAuaTa TNS GAyePpac Boole akohoubolv
TNV apxN TOu OuicuoU (Oev 10xUel GTN ouvnOn cAyeBpa)

- Av, o€ uia Aoyikn EKppaon, T oUUBoAx O Kol 1 Kol 01 TEAEOTEC
e (AND) kai + (OR) evaAdoxBouv, n Aoyikn Ekppaon 6o
eEakoAouBel va eivail opbn
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ACiwpoTa GAyeBpac Boole

Al [B=OavB=1 AuadIkO TTEdIO
A2 |0=1 NOT
A3 |0e0=0 AND
Ad |1e1=1 AND
A5 |0Oe1=1e¢0=0 AND




ACiwpoTa GAyeBpac Boole

Al
A2
A3
A4
AS

AuadIkO TTEdIO
NOT
AND
AND
AND

Auiopdc:  AVTIOTPEWTE:

® LE +
O el
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ACiwpoTa GAyeBpac Boole

Al [B=OavB=1 B=1avB=0 AuadIkO TTEdIO
A2 |0=1 1=0 NOT

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

Ad |1e1=1 0+0=0 AND/OR

A5 |0e1=1e¢0=0 |1+0=0+1=1 [AND/OR

Auiopdc:  AVTIOTPEWTE: e pE +
O el
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ACiwpoTa GAyeBpac Boole

Al [B=OavB=#1 B=1avB#0 AucdikoO T1edio

B Toa&iwua Al opilel OTI piax peTaBAnTh Boole B &xel Tiun O av
dev €xel Tiun 1

m To OuikO alwpc, opilel OTI N METOPANTA Exel TIUA 1 av 0ev Exel
Tiun O

m Kol Ta 000 padi, uoc AEve OTI epya(opaoTe o€ Eva medio Boole
N OUaOIKO TTEdI0 Pe pndevika (0) Kau &oouc (1)
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ACiwpoTa GAyeBpac Boole

A2 |10=1 1=0 NOT

B Taa&iouara A2 kai A2' opilouv Tnv mpaén NOT

A3 [0e0=0 1+1=1 AND/OR
Ad (1lel=1 0+0=0 AND/OR
AS |0e1=1e¢0=0 (1+0=0+1=1 [AND/OR

B Taa&iopara A3 €Ewe A5 opilouv Tnv mpa&én AND

m To Ouik& Toug, opilouv TNV mp&én OR
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OeWPNUOTX PIOC ETORANTAC

T1
T2
T3
T4
TS5

0O Il I W
°

WOl m W O B
I

I
o O W

Il
o

OudETEPO OTOIXEIO
Kupixpxo OTOIXEIO
TXUTOOUVOIK
AITTAO CUPTTANPWHX
YUNTTIANPWUOTO
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OeWPNUOTX PIOC ETORANTAC

T1|Be1=8B OudETEPO OTOIXEIO

T2 |Be0=0 Kupixpxo OTOIXEIO

T3 |BeB=B TXUTOOUVOIK

T4 |B=B AITTAG CUNTTIANPWHX

T5 |B e B =0 SUUTTANPOUOTO
Auiopdc:  AVTIOTPEWTE: e pE +

O el
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OeWPNUOTX PIOC ETORANTAC

T1|Be1=8B B+0=B OudETEPO OTOIXEIO

T2 |Be0=0 B+1=1 Kupixpxo OTOIXEIO

T3 |BeB=B B+B=B8B TXUTOOUVOIK

T4 B=8B AITTAG CUNTTIANPWHX

T5 |BeB=0 B+B=1 SUUTTANPOUOTO
Auiopdc:  AVTIOTPEWTE: e pE +

O el
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T1: OudETEPO OTOIXEIO

m Bel1l=B(To 1 civai oudETepo oToixeio oTnv mp&én AND)

m B+ 0=B(To O ivai oudéTepo oToixeio atnv mp&én OR)

71 ¥
0

B

|1
Y




T2: Kupiopxo OTOIXEIO

m BeO=0(To O eivai Kupicpxo oToixeio otnv mp&én AND)

m B+1=1(To 1 eivai Kupicpxo oToixeio otnv mp&én OR)
— (Ogv 1ox0€el 0TN ouvhRBn GAyeBpo)

ol ) =0
D

—




T3: TauToduvauiax (Ildempotency)

m B e B =B (devioxiel oTn cuvNOn GAyeRpa)
m B+ B =B (dev ioxiel oTn ouvnOn GAyeBPX)

B — —
5| =B

o W
1
ve
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T4: AITTAO CUUTTIANP WO

m B = B (3ev i0xUel aTn ouvABNn GAYERP)

o o0 = &




T5: Oewpnuo TWV CUUTTANPWUGTWVY
(Complement Theorem)

m To Oewpnua Twv cupTAnPpwu&TWY (Complement Theorem),
opilel OTI

- nnpaén AND piag UeTaBANTAG UE TO OUUTANPWUX TNG
Oivel armotéAeoax O (B-B = 0)

- n npaén OR piag UETaBANTNG UE TO CUUMANDWUG TNG
divel ammotéAeoua 1 (B+ B =1)

— 0

v

|

| W
|l
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OeWPNUOTX PIOC ETORANTAC

T1|Be1=8B B+0=B OudETEPO OTOIXEIO

T2 |Be0=0 B+1=1 Kupixpxo OTOIXEIO

T3 |BeB=B B+B=B8B TXUTOOUVOIK

T4 B=8B AITTAG CUNTTIANPWHX

T5 |BeB=0 B+B=1 SUUTTANPOUOTO
Auiopdc:  AVTIOTPEWTE: e pE +

O el
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OeWPNUOTX TTOAMWV HETABANTWV

T6 |BeC=CeB B+C=C+8B AVTIMETROETIKOTNT

T7 |(BeC)eD=Be(CeD) (B+C)+D=B+(C+D) MPOCETAIPIOTIKOTNT

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

TO |[Be(B+C)=B B+ (BeC)=B KaAuwn

T10 | (BeC)+ (BeC)=B (B+C)e(B+C)=B S UVBUGOHOC
(BeC)+(BeD)+(CeD)= |(B+C)e(B+D)e(C+D)= )

T11 BeC+BeD (B+C)e (§+ D) OuopwvIt

Auiopdc:  AVTIOTPEWTE: e pE +

O el
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OeWPNUOTX TTOAMWV HETABANTWV

T6 ([BeC=CeB AVTINETXOETIKOTNTX
T7 |(BeC)eD=Be(CeD) [TPOOETAIPIOTIKOTNT
T8 |(BeC)+(BeD)=Be (C+ D) EMINEPIOTIKOTNT

TO |Be(B+C)=B K&Auwn
T10((BeC)+(BeC)=B SUVOUNOUOG

112 (B0 LBDIHCOD= o

[Mbe amodeIkviovTai?
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MEBodOI amddelEnc BewpnudTwy Boole

m ME&Boodoc 1: TéAeix enmaywyn (perfect induction)
N OToIX OTNPI(ETOI OTOV TIVOKOX XANOEING

- Nao oeixtei OnAadn o1 To BewpPnU 10XUEI VI OAEC TIC
MOAVEC TINEC TWV UETALBANTWYV
B ME&Bodocg 2: XpNoIUOTTOIWVTOC GANG OEWPAUOTX N
KEIWUOTO JE OKOTIO VO XTTAOTTOINCOUME TNV €EI0WON

- AnAodn popporoloUue To Eva UEAOC TNC e€éiowaonc €101
(WOTE VO EIVXI TTAVOOIOTUTTO UE TO &AAO
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AO0EIEN e TEAEIT ETTOYWYN

T6

BeC=CeB

AVTIMETOOETIKOTNT

BC

CB

B O O|W

R O B OO
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AO0EIEN e TEAEIT ETTOYWYN

T6 |BeC=CeB AVTIMETOOETIKOTNT
B C BC CB
0 O 0 0
O 1 0 0
1 O 0 O
1 1 1 1
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OeWPNUOTX TTOAMWV HETABANTWV

T6 |BeC=CeB AVTIMETOOETIKOTNT
T7 [((BeC)eD=Be(CeD) [TPOCETAIPIOTIKOTNTX
T8 |(BeC)+(BeD)=Be(C+D) EmuepIoTIKOTNTO

TO |Be(B+C)=8B K&Auwn
T10|(BeC)+ (BeC)=B 2UVOUGOMOG

T11 (BB:CCL B( N D)+ (CeD)= OpOPWVIn
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T9: K&Auwn

TO |Be(B+C)=B K&Auwn

No ammodeixoel ye:
m MEBodOC 1: TEASIX emTaywyn

m MEBodoc 2: XpnoiuomoiwvTac XAAX BEWPAUATO ] KEIMURTX




T9: K&Auwn

TO |Be(B+C)=B

K&Auwn

MEBodoc 1: TéAeIx eEMaywyn

(B +C)

B(B + C)

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

TO (Be(B+C)=B K&Auwn
MEBodoc 1: TéAeIx eEMaywyn
B C (B+C) B(B+C(C
0 0 0 0
0 1 1 O
1 0 1 1
1 1 1 1
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T9: K&Auwn

TO (Be(B+C)=B K&Auwn
MEBodoc 1: TéAeIx eEMaywyn
B C (B+C) | B(B+C)
0 0 0 0
0 1 1 O
1 0 1 1
1 1 1 1
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T9: K&Auwn

TO |Be(B+C)=B K&Auwn

MEBO0DOOC 2: XpNOIPOTTIOIWVTAC AN OEWPANATO N GEIWPARTO

Be(B+C)




T9: K&Auwn

TO |Be(B+C)=B K&Auwn

MEBO0DOOC 2: XpNOIPOTTIOIWVTAC AN OEWPANATO N GEIWPARTO

Be(B+C) =BeB+ BeC T8: EmpepioTIKOTNT




T9: K&Auwn

TO |Be(B+C)=B K&Auwn

MEBO0DOOC 2: XpNOIPOTTIOIWVTAC AN OEWPANATO N GEIWPARTO

Be(B+C) =BeB+Be*C T8: EMuEPIOTIKOTNTO
=B+Be*C T3: TauTodUVOHICK
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T9: K&Auwn

TO |Be(B+C)=B K&Auwn

MEBO0DOOC 2: XpNOIPOTTIOIWVTAC AN OEWPANATO N GEIWPARTO
Be(B+C) =BeB+Be*C T8: EMuEPIOTIKOTNTO

=B+Be*C T3: TauTodUVOHICK
=Be1l+BeC T1: OudETepo oTOIXEIO
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T9: K&Auwn

TO |Be(B+C)=B K&Auwn

MEBO0DOOC 2: XpNOIPOTTIOIWVTAC AN OEWPANATO N GEIWPARTO

Be(B+C) =BeB+ BeC T8: EmpepioTIKOTNT
=B+Be*C T3: TauTodUVOHICK
=Be1l+BeC T1: OudETepo oTOIXEIO
=Be(1+ C) T8: EmpepioTIkOTNTH
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T9: K&Auwn

TO |Be(B+C)=B K&Auwn

MEBO0DOOC 2: XpNOIPOTTIOIWVTAC AN OEWPANATO N GEIWPARTO

Be(B+C) =BeB+ BeC T8: EmpepioTIKOTNT
=B+Be*C T3: TauTodUVOHICK
=Be1l+BeC T1: OudETepo oTOIXEIO
=Be(1+ C) T8: EmpepioTIkOTNTH

=Be(1) T2: Kupicpxo OTOIXEIO
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T9: K&Auwn

TO |Be(B+C)=B

K&Auwn

MEBO0DOOC 2: XpNOIPOTTIOIWVTAC AN OEWPANATO N GEIWPARTO

Be(B+C) =BeB+BeC
=B+ BeC
=Bel1+BeC
=Be(1+ C)
= Bo(j_)
=B

T8: EMuEPIOTIKOTNTO
T3: TauTodUVOHICK

T1: OudETEPO OTOIXEIO
T8: EMIPEPIOTIKOTNTO
T2: Kupicpxo OTOIXEIO
T1: OudETEPO OTOIXEIO
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T10: 2uvouaouog

T10((BeC)+(BeC)=B 2UVOUONOC

MEBO0DOOC 2: XpNOIPOTTIOIWVTAC AN OEWPANATO N GEIWPARTO

(B+C)+(B+C)




T10: 2uvducouoc

T10((BeC)+(BeC)=B 2UVOUONOC

MEBO0DOOC 2: XpNOIPOTTIOIWVTAC AN OEWPANATO N GEIWPARTO

(BeC)+(B*C) = Be(C+C) T8: EmMueEPIOTIKOTNT




T10: 2uvducouoc

T10((BeC)+(BeC)=B 2UVOUONOC

MEBO0DOOC 2: XpNOIPOTTIOIWVTAC AN OEWPANATO N GEIWPARTO

(BeC)+(B*C) Be(C+C) T8: EmMueEPIOTIKOTNT
Be(1) T5’: ZUNTTANPWP O
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T10: 2uvducouoc

T10((BeC)+(BeC)=B 2UVOUONOC

MEBO0DOOC 2: XpNOIPOTTIOIWVTAC AN OEWPANATO N GEIWPARTO

(BeC)+(B*C) e (C+C) T8: EmMueEPIOTIKOTNT
(1) T5’: ZUNTTANPWP O

B
B
B

T1: OudETepPO OTOIXEIO
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T11: OpopwVvic

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

U2kl BeC+BeD

OpoPWVIK

Aodei&Te TO XpNOoIUOTIOIWVTAC (1) TNV TEAEIO eTTaywYN Ko (2)
AN BOEWPNUOTA N GEIWPOTN




T11: OpopwVvic

T11

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

OpoPWVIK

MEBodoc 1: TEAeIax emaywyn (Map&deiyua 2.5)

(BeC)+ (Be D)+ (CeD)

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

oo
°
@

I—\I—\OOI—\OHO‘

N eohel Neoh Nelk,

Wl

°
O
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T11: OyopwVI

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

U2kl BeC+BeD

OpoPWVIK

MEBODOOC 2: AN BEWPNNOTA N GEIQUATO

BeC+BeD+CeD
=BeC+BeD+CeDe1
=BeC+BeD+CeDe(B+B)
=BeC+BeD+CeDeB+CeD*B
=BeC+BeD+BeCeD+BeCeD
=BeC+BeD

T1: OudETepPOo OTOIXEIO
T5’: ZUNTTANPWHOTO
T8: EMIPEPIOTIKOTNTX
T6: AVTINETOOETIKOTNT
T9’: K&Auwn
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Epoapuoyn Twv BewpnuaTwy

T6 |BeC=CeB B+C=C+8B AVTIMETROETIKOTNT

T7 |(BeC)eD=Be(CeD) (B+C)+D=B+(C+D) MPOCETAIPIOTIKOTNT

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

TO |[Be(B+C)=B B+ (BeC)=B KaAuwn

T10 | (BeC)+ (BeC)=B (B+C)e(B+C)=B S UVBUGOHOC
(BeC)+(BeD)+(CeD)= |(B+C)e(B+D)e(C+D)= )

T11 BeC+BeD (B+C)e (§+ D) OuopwvIt

Auiopdc:  AVTIOTPEWTE: e pE +

O el
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AvVeEEPTNOIN OTN OEIPG TWV EI000WV

T6
T7

BeC=CeB B+C=C+8B AVTIUETOOETIKOTNT

(BeC)eD=Be(CeD) (B+C)+D=B+(C+D) MPOCETAIPIOTIKOTNT

B AOyWw TNC QVTIMETROETIKOTNTAC, N OSIPG TWV €1000WV O PIC TTUAN
AND n OR dgv ennpeddel TNV TINA TNC €€600U TNC.

B /\OYyw TNC MPOCETRIPIOTIKOTNTAC, Ol EKXOTOTE OPOOOTIOINCEIC TWV
£1000wV Oev emnpe&{ouv TNV TIUN TNC €€600U

- [lapaodeiyua: Ze Eva 0evopo arod muAec AND ) mudec OR
0U0 €1000wV yIx UAormoiNoeic mp&&ewv MoAAWY bit (11.x. 8 bit)
OEV EXEI ONUAOIX N OEIPA TWV EI000WV OTIC ITUAEC OUO E1000WV
m 2Tx 8 bit, To 06vOpo B €xel 7 TTUAEC KaTAvVEUNUEVEC 0€ 3 eMITEdX:

oTo 1° emimedo eivail 4 TUAES, 0TO 2° emiMedO 2 TMUAEQ
Kol 010 3° emimedo 1 mUAn
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EAaxioTomoinon e€lowoewv Boole

T8

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

m EAaxiotomoinon (AR amAomoinon) e€lcwoswv Boole onuaivel n edpeon
EKEIVNC TNC €E10WONC TTOU EXEI:

- Toug AiyoTepouC 6pouUC
- K&Be 6pocg Exel T AlyOTEPO AEKTIKK (€ivail TTPWTOC 0POC)

m H elaxioromoinon Twv e€ilowoswv Boole BaoileTaun KUPIWES OT
BEWPNUATN TNC EMIUEPIOTIKOTNTAC, TWV CUNTTANPWUATWY, TOU
OUOETEPOU OTOIXEIOU KO TOU KUPIPXOU OTOIXEIOU

- O1 €&lowoeic Boole og uoppn 66p0ioUATOC YIVOUEVWV
eAaioTormolouvTai ue 1o T8 (mou 1oxuel oTn ouvnon &AyeBpo)

- O1 g&lowoeic Boole og popgpn yIvouevou BpoICUATWY
eAaxioTormolouvtal ue 1o T8’ (mou O€v 1oxU€el 0TN ouvnOn &AyeBpx)

m Exoupe piok QUOKOAIX 0TNV EQapUOoyn Tou T8’ Kal yIok GuTO TO
AOYO ouvNBwC XPNOIYOTIOIOUNE TK KXOPOICUATX YIVOUEVWY,

QVTI TWV YIVOUEVWY XOPOICUGTWY s



EAaxioTormoinon e€lowocwv Boole

T8
T9
T10

T11

(BeC)+(BeD)=Be (C+D)
Be(B+C)=B
(BeC)+(BeC)=B

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

BeC+BeD

(B+C)e(B+D)=B+ (CeD)
B+(BeC)=8B

(B+C)e(B+C)=B

(B+C)e(B+D)e(C+D)=
(B+C)e (B +D)

EMuepIoTIKOTNT
K&Auwn

2UVOUOOMOC

OpoPpwVviItk

B Ta Bewpnuara Tne K&GAuWNC (T9), Tou cuvouaopou (T10),
KO TNC opopwviag (T11), yog emMTPEMOUV Vo EEXAEIPOUNE
mAeova{ouoec NETAPANTEC

- Booilovrai Kupiwg oTo OewpNUATX TNC EMIMEPIOTIKOTNTAC,

TWV CUUTTANPWHAXTWY, TOU OUOETEPOU OTOIXEIOU KOI TOU
KUPIPXOU OTOIXEIOU
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EAaxioToroinon e€lowoewv Boole

B Ava@epouaoTte o e€lowoelc Boole mou €ivail o€ popgpn aBpoiouaToC
YIVOUEVWV

- EoTtw P 01moiodNmoTe YIVOUEVO AEKTIKWV

-  Boaoilouaote KUPIWEG OTO BEWPNUATO TNG EMIMEPIOTIKOTNTAC,
TWV CUUTTANPWUAXTWY, TOU OUOETEPOU OTOIXEIOU KOl
TOU KUPIGOXOU OTOIXEIOU

—  XpNOoIUOoIToIoUNE KO T 6XKOAOUOO BEwPNUOTA:
m [evikeuon Tou BewpANOTOC TNG TauTOdUVaUicC T3’
- P=P+P
m [evikeuon Tou BewpnuaToc TN K&AUWNg T9':
- P-A+A=P-A+A-1=A-(P+1)=A-1=A4
m [evikeuon Tou BewpnuaToc Tou cuvdouaopou T10:
- P-A+P-A=P-(A+A)=P-1=P
B Xpnon Tou BewPANKTOC TNC EAXXIOTOTIOINONG
- 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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[Toxp&delyux 2.6

m  No ehaxioTonoijoete Tnv e€iowon Boole: ABC + ABC + ABC

m Adon 1 (nuiTeAne) AUon 2 (mAnpnc)
ABC + ABC + ABC ABC + ABC + ABC + ABC (T3)
BC(A + A) + ABC BC(A+A)+ AB(C+ () (T8)
BC(1) + ABC BC(1) + AB(1) (T5")
BC + ABC BC + AB (T1)

m H xpnon evog KoivoU eAaXI0TOPOU OUPPWVX UE TO BEWPNUC TNG
TowToduvopioe (omwe o ABC) 800 A IEPIOCOOTEPES POPEC KOTH
TN OIXOIKAXOIO TNC EAGXIOTOTIOINONC 00NYEl G TTIO EAXXIOTOTTIOINWEVN
e€lowaon Boole og popPpi aBpoiouaToC YivouEvwy (Adon 2)

m H AUon 2 pe xpnon Tou T8 0dnyel o€ Mo eAaxioTomoInuéEvN e€iowaon
Boole e popepn yivouEvou aBpoloud&Twy (AUon 3)

B (4+C)
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EmAeyuévec aoknoeiC

m Aoknon 2.6
EAaxioTomoinote Tnv €€lowon Boole

(b)

0€ KOXVOVIKN HopPPN aBpoiouaToC
yivopévwy Tnec Aoknoneg 2.2 - (B)
(Exel 2 AUo€Ic o€ nopPpn kBPOICUATOC
YIVOUEVWYV)

Y = AC+AC+ BC

H PRPRREPOOOOID

Y = AC+AC+ AB

Y = ABC+ ABC+ABC + ABC + ABC

R PrPOoOOoORREROOIMm

RHoRroror ol

O ORPRFRPROIK
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EmmAeypéEvec oKNOEIC

m Aoknon 2.20

MoxpaBEOTE EVa TTAPAOEIYUK KUKAWUOTOC TO OTTOI0 B TTEPIEXEI

LI KUKAIKA 01060 poun, GAAG O eEKOAOUDBET HOAGTARUTO VKX
EIVOI OUVOUNOTIKO

Y

A

78



To Bewpnua De Morgan

T12

BoeB,*eB,..=B,+B, +B,.. |DeMorgan

112’

B,+B,+B,..=B,eB,eB,.. |DeMorgan

To CUNTTARPWUX TOU YIVOUEVOU
EIVQI TO
XOPOIoPC TWV OCUMTTANPWUATWV

AUIKO: To CUPTTANPWHX TWV GOPOICUATWV
EIVAI TO

VIVOUEVO TWV CUNTIANPWUATWV
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To Bewpnua De Morgan

mY=AB=A+B

— i muAn NAND eivair 10000vaun
e uix muAn OR ue
XVTECTPOUUEVEC E160O0UC

mY=A+B=AeB

— pio muAn NOR eivai 10000vaun
ue uie muAn AND ue
XVTECTPOMUEVEC E160O0UC

A
B

B

A—O

4 >
ADY

B—O

D

A —
Bl

Y
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To Bewpnuoa De Morgan

mY=AB=A+B=AB

— i muAn AND €ivai 10000voiun
ue uix muAn NOR ue
XVTECTPOUUEVEC E160O0UC

mY=A+B=AeB=A+B

—  pio muAn OR eivai 10000vaun
ue uie muAn NAND ue
XVTECTPOMUEVEC E160O0UC
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KaXBOAIKOTNTO TTUAWV

m Epwtnon 2.4
Mio TOAN A Evae 0UVOAO TTUAQV €ivai KKBOAIKN(-0) av UTTOPET VO
XPNOIPOoTToINOET yia TNV UAOTIOINGN OMoIXCONTIOTE ouv&pPTNOoNG Boole

- i mapaoeyua, 1o ouvoAo muAwv AND, OR, NOT eivair kaaBoAiko
(&) Eivau pioe mOAn AND Ka®oAIkn ammd poévn TnG;
(B) Eivai To o0voAo TuAwv OR ko NOT KaB0AIKO;
(y) Eivou piax moAn NAND ka®oMikn ad povn tng;
Mo A v ox1;

E€eT&(oupe eav armd 10 OIBECINO 0UVOAO TTUAWV PUTTOPOUME VO
dnuioupynooupe TiIc muAec AND, OR, NOT

2nueiwon: Mia ToAn NAND 1 pia TOAN NOR pe BPoxUKUKAWUEVEC
e10000uUC ulomolel pia TuAn NOT
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To Bewpnua De Morgan

m [loix €ivail n e€lowon Boole og yopprn aBpoIocuATOC VIVOUEVWV;

-  Epapudlouue To Oewpnua De Morgan 60eC pOPEC XPEINOTET

Nopadeyua 1

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

Noxp&deyua 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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EmmAeypéEvec oKNOEIC

m Aoknon 2.13
EAxx10TOTIOINOTE TNV MXPAKATW €€lowon Boole
XPNOINOTIOIWMVTAC BewpNUaTH TNC &AyERpPaC Boole

- No ovouaTIoOETE T BEWPNUATH TTOU XPNGIUOTTOIEITE

Y =AB + ABC + (A + C)
- /Adon

Y=A4
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OQEAN eAaxIOTOTTOINONG

m  ApoU n TeNIKA €lowaon €ivail AoYIK& 10000V PE TNV XPXIKA YIOTI
€IVall TOOO ONUAVTIKA N O1dIKXOIG TNC EAXXIOTOTTOINONG;

- H e&Aoyxiotoroinon MeEIwWvEl TO mANBoC Twv MUAWV TTOU
XPNoIuoImoIoUVTaI VI Tn QUOIKA uAormoinon T1ng &éiowonc
(ouvapTtnonc) Boole, ue amotEAECU N TEAIKA UAOTTOINON VX EXEI:

m 1Mo PIKpO péyeboc Kal KOOTOG,
B UIKPOTEPN KATAVAAWGN 10XU0C, KAl
B mOavwe auénuévn TaxuTNTO.
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SUNTIANPWUGTIKA ouvépTnon Y

m o K&Oe ouvapTNon Y opieTal N CUMMANPWHATIKA TNG
ouva&ptnon Y

- 2& KaBe 0eIpa ToU MVOKX aANBEIRG mou n ouvapTnan Y exer Tnv
Tiun 1, n cuumAnpwuaTik cuvapTnon Y éxer Tnv Tiun O

- 2& KaBe oelpa Tou VAKX aANBEIRG mou n ouvapTnan Y éxer Tnv
Tiun 0, n cuumAnpwuaTIKA cuvapTnon Y éxel tnv Tiun 1

m [Taxp&oeyuo

A B Y Y
O 0 O 1
O 1 O 1
il O 1 O
il 1 1 O
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KavoviKN HopPpN BPOoIoPUOTOC VIVOUEVWY

m Mmopouue va Bpouue TNV e€lowon Boole amd omoiovOAMOTE VAKX
aAnOgiag abpoilovrac (MPGEn OR) KaBEVAV amd TOUC EAXXIOTOPOUC
(mp&&n AND) yiax Toucg omoiouc n €€odocg €xel TiuA ‘1’ (TRUE)

A B | Y Y Ehxioropog
(o oo 1 AB)
fe—1-|-8—8 AB)

1 0] 1 O A B

T L1 .8 A B

Y =F(A, B)=AB +AB = X(m,, m,) = X(2, 3)
Y =F(A, B) = AB + AB = ¥(m,, m,) = X(0, 1)
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EUpeon TnC poppnC YIVOUEVOU GOPOIOUATWV*

m  XPNOoIPJOTIOIWVTHC TO Bewpnua De Morgan, BPeITeE TNV K&VOVIKA
HOPPN YIVOUEVOU aBPOIOUGTWY TNC ouvapTnonc Y «mo Tn
HOPPN XBPOICUATOC YIVOUEVWY TNC OCUUTIANPWHATIKAC TNC
ouvépTnone Y

Epapudlouue 000 popec To Bewpnua De Morgan

Y =AB + AB

Y

A

Y=AB + AB=(AB)(AB) = (A + B)(A + B)
loxuel o €ENC KAVOVAC:

|

H cUUTTANPWUGTIKA NI OUVEPTNONG TTPOKUTITEL, E&V OTN
ouva&pTNON:

o1 ueTaBANTEC aAAGéouv a6 Xoe X kai a6 X oe X

ol TeAeoTéC o (AND) ko +(OR) evoAdaxBoUv xwpic vo
OAAGEEI N 1EPAPXIC TWV TOGEEWV

*MNoapadeyua 2.4
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2XNUOTIKG OI0Y P UOT

B T0 OXNUOTIKO OIXYPOMMPC EIVOI EVO OIGYPOUUO TOU WNPIKKOU
KUKAQUOTOG OTO OTIOI0 (POXIVOVTOI T&X OTOIXEIX (T1.X. TTUAECR)
KO TO OUPUOTO TTOU TG OUVOEOUV

- [apadeyua: Y= ABC + ABC + ABC (KQXVOVIKI Hoppn)
- Y=BC + AB (gAaxioToroinuévn - mpoTuItn Hopen)
m YAoroinon pe Aiyotepecg TOAEC Kol TTIO YPAYOPN

A B C A B C

Vi [ Vs | Vs o

JUL
JU
|




2XNUOTIK OIYPXUUOTO: KKXVOVEC

m Oi€i00d01 BpiokovTal oTnNV apioTePN (N TNV M&VW) MAsUP&
m O €€odol BpiokovTal oTn OEIG (N TNV K&TW) TTAEUPG

m OnoTedAMmoTE €IVl EPIKTO, OI TTUAEC B TIPETTEI VO €XOUV
KoTeUOuvon ammd T axploTeEPG TTPOC Txx OEEIK

m Eivau KaAOTEPO VO XPNOIUOTIOIOUVTOI OUPHOTO OE euBein
QVTI VIO CUPUOTO E TTOAAEC YWVIEC.

A B C

YVal V5| Vs

— EAaxiotépog: ABC

EAaxiotépocg: ABC

EAaxiotépog: ABC

JOU




2XNUOTIK OIYPXUUOTO: KKXVOVEC

T gUPUATA CUVOEOVTAI

B To oUpPUOTO CUVOEOVTOI TTAVTO O€ EMTOPEC T .
ge emmaen T

m Mia TeAeix 0TO oNPEIO TOUNG CUPUBTWY
urmodeikvUel 0TI UuTT&pPXEl oUvoeon NETAED
TWV OUPUETWV

) L ) ) TO gUpUATA CUVDEOVTOI
B 2UPUOTO TO OTTOIO TEMVOVTOI XWPIC TEAEIN o€ TeAEia

eV OUVOEOVTOI HETAED TOUC

A B

Vil Ya| Yo

- - Ta cUpMaTa TTOU
—— EAAXIOTOPOG: - P .
XIoTOPOS TEPVOVTaI XWPIC TEAEI
Oev ouvOEovTal

EAaxioTopog: ABC

EAaxio1épog: ABC

JUU
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2XNUOTIK OIYPXUUOTO: KKXVOVEC

B To PANGTO VIX TNV OXEOION OXNUOTIKWV OIXYPAUUATWY VIO
e€lowoelc Boole og poppn xOPOoIoUATOC YIVOUEVWV:

- [pwTta oxediax{ouue OTNAEC A B C

VIO TIC €E10000UC
Ya| V5| Yz

- TomoBeTOoUUE AVTIOTPOPEIC
OE VEITOVIKEC OTNAEC VIO VX
TOPEXOUME TIC CUMTIANPWUATIKEC
€10000UC, OV EIVOI XITXOXITNTO

—  2XEOIX(OUNE YPOMUEG UE

JUU

rmuAec AND yiox KaBEvav
IO TOUG EACXIOTOPOUC

-  Emeita, yio k&Be £E000,
oxeodiaxlouue o moAn OR
n oroiot CUVOEETAI e TIC TUAec AND (Touc eAaxioTOpOUC)
TOU OXETI(COVTQI UE TN CUYKEKPIMEVN EEO0OO

m AuTO TO OTUA OVOUGIETOI TTOOYPOUMATI(OUEVN AOYIKN OIGTAEN
(programmable logic array, PLA) €meidrn o1 avTIoTPOYPEIC, Ol
muAec AND kai o1 moAeg OR d1xT&O0OVTOI UE CUOTNUGTIKO TPOTTO
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Mop&oeyua 2.7 KUKAQUOTO JE TTOAEC €EOQ0UC

O MpuTtavng, o Mpdedpoc evog TUAPATOC, EVag BonO06C dI0KOKAAIXC Kol

0 UTTEUOUVOC KOIVWVIK®WV EKONAWOEWYV €vOC MavemoTNUIOU XPNOIUOTIOI0UV
EVIOTE TO KEVTPIKO GKUPIOEXTPO TOU 1I0PUNGTOC UE OKOTIO TNV Opy&vwon
EKONAWOEWV

AUTO ExEl OOV KTTOTEAEONO UEPIKES POPEC, TTRPATIAVW OO EVX KTOUO VO
EXOUV KAVEI KPKTNON TOU KEVTPIKOU GXUPIBEXTPOU TNV 101 OTIYUA

To oUoTnpa €xel TEOOEPIG €10000UG A5 - A, KO TEOOEPIG £§000UG Y5 - Y,
K&Be xpNoTNng evepyoriolel TNV €10000 TOU OTAV KITEITAI Tn XPNON TOU
XUPIBEGTPOU
- Az=1 (Mpdravng), A,= 1 (Mpbdedpog evog TUNUATOG),
A; =1 (Bon606g didaokahiag) kair A, = 1 (unmeuBuvog EKONAWOEWV)
To oUOTNUO EVEPYOTIOIET TO TTOAU Ptk E€000, TTOPOXWPWVTAC TO
XUPIBERTPO OTOV XPNOTN ME TNV UWNAOTEPN TTPOTEPAKIOTN T
- Y3=1 (Mpdtavng), Y,= 1 (Mpbedpog evog TUNUATOG),
Y; =1 (BonB0dg didaokaAiog) kai Y, = 1 (umetBuvog EKONAWOEWV)

2UUTTANPWOTE TOV TIIVOKO: AnBeiac Kol ypayTe TIC e€lowoeic Boole yia 10
oUoTNUA. ZXEOIXOTE EVO KUKAWUG YI' GUTA TN ouv&pTNon
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[Toxp&delyux 2.7

H ouyKekpiuévn ouvapTnon
OVONGIETOI KUKAWLIOX
MPOTEPXKIOTNTAC (priority
circuit) ue T€ooepic €16000UC

KUkAwpa
TTPOTEPAIOTNTAG

AS A2 A1 AO YS Y2 Y‘I YO
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 0
0 0 1 1 0 0 3 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 L 1 L 0 1 0 0
1 0 0 0 1 0 0 0
1. 0 0 1 1 0 0 0
0 0 1 0 1 0 0 0
i 0 1 1 1 0 0 0
i i 0 0 1 0 0 0
i 1 0 1 1 0 0 0
il 1 1 0 1 0 0 0
il il 1 1 1 0 0 0
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Mop&OEIYUO 2.7 KUKAWUO TIPOTEPARIOTNTOC

0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 i |
0 0 1 0 0 0 1 0
0 0 1 1 0 0 1 0
0 1 0 0 0 1 0 0
0 1 0 1 0 1 0 0
0 1 1 0 0 1 0 0
0 L 1 L 0 1 0 0
1 0 0 0 1 0 0 0
1. 0 0 1 1 0 0 0
0 0 1 0 1 0 0 0
i 0 1 1 1 0 0 0
i i 0 0 1 0 0 0
i |l 0 1 1 0 0 0
il 1 1 0 1 0 0 0
i il 1 1 1 0 0 0

To Y3 €xel TNV peyoAdTepn
TTPOTEPAKIOTNTH, &PO OTGV XUTO
eivail TRUE TOTE 01 TINEG TV
UTTOAOITIWV PETAPBANTWV €10000U
eIval adIXPOPEC

To Y, €xel TiuA TRUE av giva
EVEPYOTTOINUEVO TO A, KOl OEV
glvai evepyoroinuévo 1o As. Ol
TIMEG TwV A, KO A EIVQI
xOIXPOPEQ.

To Y, éxel TiuA TRUE awv iva
gvepyoroinuEVo 1o A, Ko dev
EIVOI EVEPYOTTOINMEVN KNI OTTO
TIG €10000UG A3 KOl A,. H TIun
TOU A, EIVOI GOIGpOPN.

To Y, €xel TiuR TRUE awv iva
EVEPYOTTOINUEVO TO Ay KOl eV
EIVOI EVEPYOTTOINMEVN KATTOIKK
&AAN €10000¢
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Nop&OEIYyUa 2.7 KUKAWUO TIPOTEPRIOTNTOC

o
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Mop&OEIYUO 2.7 KUKAWUO TIPOTEPARIOTNTOC

v, AALA A v
Y, =A5A, Oj Y,
Y1 =A3A A 8:} Y.
Yo =A3AA1 A 5:}\(

e 0
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XPNon Tou «X» OTOUC TTIVOKEC GANBEInC

B € Evav TTVOKO oANBeIag N xpnon m ToY, é)(SI’Tr]V USYO()\UTSPH )
TOU oUUPBOAOU X onuaiver OTI MPOTEQAIOTNTA, PO OTAV AUTO
UTT&PXOUV 0OIGPOPECS TIUEG. eival TRUE 10TE 01 TINEG TWV

UTTOAOITIWV PETAPBANTWV €10000U

- To X umopei va eivai ite O ) y
HITOop ’ elval adIPOopPEC

eite 1 (Ox1 ka1 To OUO

TOUTOXPOVK) m ToY, éxel miuA TRUE av giva
EVEPYOTTOINUEVO TO A, KOl OEV
glvai evepyoroinuévo 1o As. Ol
TIMEG TwV A, KO A EIVQI
xOIXPOPEQ.

m To X OTIC €10000UC KTTAOTIOIE]
TOV TTIVOKO ARBEIC

(UEIWVEI TIC YPOPUER)

m ToY,&xel miun TRUE awv giva
AB AE A-| An YS ‘YE Y-| Yﬂ svspvonomuévo TO A1 KOI OgV

EIVOI EVEPYOTTOINMEVN KOUIO 1O
0 0 0 TIG €10000UG A5 KOl A,. H TIun
TOU A, EIVOI GOIGpOPN.

m ToY,é&xel Tiun TRUE awv gival
EVEPYOTTOINUEVO TO Ay KOl eV
EIVOI EVEPYOTTOINMEVN KATTOIKK
&AAN €10000¢

M PO o
Mo 2o o
PSR4 2 O
—H O 0O 0O
OB OO
OO Rr o
o oo
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KwdIKOTIOINTAC TMPOTEPAKIOTNTAC

m Aoknon 2.36
‘Evac kwodikomoIinTAg mpoTepaioTnToC (priority encoder)
Oi0€Tel 2N e10600uc, diaTeTayuéEveg armd 1o 2N-1 Ewg 10 O

[Mopayer uic Ouaodikn €000 Twv N bit Tou UmodEIKVUE! TO
EQIOOOTEPO ONUAVTIKO bit TNC €10000U TO OTT0IO €XEI TNV

Tiun ‘1’ (TRUE), n Tnv €€000 UNOEV OV KOMIX KTTO TIC
gloooouc oev Exel tnv Tiun ‘1’ (TRUE)

[Mapayer emiong 1o oNuo eykupoTnTac VALID (validation)
10 orroio €xel Tnv TIuN ‘1’ (TRUE) v TOUAGXIOTOV Uik &ITo
TIC e10000uUC £xel Tnv Tiun ‘1’ (TRUE)

2XEOINOTE TOV MVAKO 6ANBEINC EVOC KWOIKOTTOINTN
MPOTEPUIOTNTOG OKTW EI000WYV, UE EI0O00UG A-., KOI
e€000UG Y., Kol TO onua VALID

[axpéExete uio eAoxioToroinuévn e€iowaon Boole yio kaxBe
€000
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KwdIKOTIOINTAC MPOTEPAKIOTNTAC

m [livakac aAnBeiag evog KwOIKOTIOINTA TTPOTEPKIOTNTAC OKTW
£1000wV, PE €10000UG A-.4 Kol €§000UG Y., Kol VALID

A, A, A AL A A A ALY, Y, Y, |VALID
0 0 0 0 0 0 0 0 0 0 0 0]
0 0 0 0 0 0 0 1 0 0 0 1
0 0 0 0 0 0 | X 0 0 1 1
0 0 0 0 0 1. X X 0 ! 0 1
0 0 0 0 1 X X X 0 1 1 1
0 0 0 1 X X X X 1 0 0 1
0 0 | X X X X X 1 0 1 1
0 1 X X X X X X 1 1 0 1
i X X X X X X X 1 1 1 1

m Toonuo VALID otnv €€000 evOC KUKAWUOTOC dnAwvel 0TI N €€000C¢
OEOOUEVWV GUTOU TOU KUKAWUKTOC €XEI EYKUPO OEOOUEVK

- H &&odog dedouEvwy Y., EIVAI EYKUPN OTAV UTTOOEIKVUEI TO
MSB 1ng g10000uU A-., TO oroio €xel Tnv Tiun 1
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KwdIKOTIOINTAC TMPOTEPAKIOTNTAC
m [lapéxete P eAaxioTomoinuévn €iowon Boole yia k&Be EE000

Y2 = A7-|-A6-|-A5 +A4

Yl = A7+A6+A5A4A3 +A5A4A2

Y= A7+ A As+A A A, + A A A4,

m o mopGdelyua otny €000 ¥, 0 6pog A, A, A; eEXOQOAIle! OTI
10 Yy éxerTnv TiyR L 0tav A, =0, A, = 0kau A; =1

- 2nueiwate om0 ¥V, éxertnv Tiun 0 6tav A, = 1N A,= 1
evw 10 Y, éxerTnv Tiun 1 otav A,= 10 A= 1 Kal yIx quTto
TOV AOYO OgV gUPavi(ovTal To A, K&l Az OTOV OUYKEKPIEVO OPO

VALID= A, + A, + A+ A+ A, + A, + A, + A,
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[ToAuemimedn ZuvounoTIKN AOYIKN

m H Aoyikn €iTe o€ popPpn kOPOICPUATOC VIVOUEVWY EITE OE HOPPN
YIVOUEVOU aBpoIoudTwy ovoudleTal Aoyikn 000 emMMESWY
(two-level logic) emeidn amoTEAEITOI GO AEKTIK& OUVOEDEUEVD
o€ Eva eminmedo MUA@Wv AND TO o110i0 OUVOEETOI UE EVT EMITTEQO

muAwv OR
— Ol QVTIOTPOYEIC OTNV €10000 KYVOOUVTXI GTOV UITOAOYIOUO
TWV EMMEOWV (EVOWUAXTWVOVTXI OTIC ITUAEC)

B 2UXVG Ol OXEOINOTEC KATOOKEUG(OUV KUKAWUOTO UE
TEPICOOTEPC XTTO OUO EMITIEON AOYIKWV TTUAWV

B AUTK TO TTOAUETITIEOX OUVOUOOTIKG KUKAWUOTO OTOXEUOUV OTO
VO XPNOINOTIOI00V AlYOTEPO UAIKO XTTO TOX XVTIOTOIX0k KUKAWUOTOX
OU0 eMMEOWV (VO EXOUV NIKPOTEPO KOOTOC G€ UAIKO)

—  2€ MOAEC MTEPITTTWOEIC UEIWVETXI N TOXUTNTX TOU KUKAWUATOC
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[ToAuemimedn ZuvounoTIKN AOYIKN

m EUpeon Koivwv peTaBANTOV
m [lap&deyua: H diemimedn amAomoinuévn ouvapTtnon f
- f=ADF+AEF+BDF+BEF+CDF+CEF+G

B ATAOTIOIEITOH PE TNV EPOPUOYN TNC NEBBOOU TNC
elpeonC KOIVWV HETKPBANTWV

-  E@oappuoyn Tou BewpAUOTOC TNC EMIUEPIOTIKOTNTAC (T8)
O00€EC POPEC ATTAITEITAI

f = (AD+AE+BD+BE+CD+CE)F+G
= [(A+B+C)D+(A+B+C)E)]F+G
= (A+B+C)(D+E)F+G
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[ToAuemimedn ZuvouaoTIKN AOYIKN

m EUpeon Koivwv peTaBANTOV

A A

D _>_ B _)}

F — Cc

A D —D —D_

e ) e D —

F

B K f
8D :

B e

E —_/ D—~ f B 2T CUYKEKPIYEVN TTEPITITWON
F — T N ToAueminedn uhotroinon TNG
C ouvapTnong f yIkpOTEPOU

D — } KOOTOUC 0€ UNIKO Eivall Kol

g Mo ypfiyopn

E - HmuAn OR Twv 7 €1000wVv
F — UAoTToIEITOI O OUO EMTEDN
G ue Tpeic muAec OR

TWV 3 €1000WV 104




Meiwon uNikoU pe Tn xpnon muAwv XOR

Nop&oeiyua: MOAN XOR pe 3 eic6d0ucC

H e€iowon Boole otnv amAomoinuévn

emMmEOWV EIVAL:

Y=ABC + ABC + ABC + ABC Y=A®B®C

EGv TPOXWPNOOUUE TNV EAXXIOTO- 'S

. ) . XOR3
uopPnN aOpoiouaToC YIVOUEVWY OUO0 A
g5 )

T0INoN, WOTE V& XPNOIJOTIOINOOUME (0

TNV MOAN XOR €xoupE: (8
Y=A(BC+BC)+A(BC+BC) U
=AB®C)+A(B®C) E

Rl o|lolR|Rk|lolo|lm

I—‘CD}—‘DI-—‘C.‘.'I—‘C)C')

BDDHD&—‘!—‘D-{
A AN S

=A®BOC=(A®B)®C ¢

Apo utopel vae uhottoinBel pe 000 A
mUAEg XOR Twv 2 €1000wv B

C

.

(b)

)

UL
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Meiwon uNikoU pe Tn xpnon muAwv XOR

Nopdadeiyua: NMOAN XOR pe 8 ei06douc j
H e€iowon Boole otnv anmAomoinuévn

uoppn abpoiouaToc yivouévwy dU0
emMMEdWV B amaxIToUoE: jD
- 128 moAec AND Twv 8 €1060wv

— 1 1m0An OR Twv 128 £166dwV! jD
Mrmopel Opwg vat uAoTToINBET Pe POVO:

>

>

- 7 mmuAec XOR Twv 2 €1060wVv
o 3 emimedo
m oto0 1o emimedo eivai 4 UAeC,

0TO 20 emmnedo 2 TMUAEQ
Kol 010 30 emimedo 1 moAn

>
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KwOdIKEC avixveuonc A\aBwv

B 2 EVa WnPIoko cloTnuo opiloupue we A&Bog, TNV oAy TIWAC
o€ Eva N mep1oooTEPT WnPiak mAnpopopicc (0 — 111 — 0)

- [lapaodeyua amAou AaBouc (aAAayn TIUAC O€ EVX WwNPio)
m 1010-—- 1011, 1010 — 1000

m [0 va avixveuooupe TNV UNMap&n AaBwv KwdIKOTIOIOUPE TNV
TANPOPOPIC TTOU TTXPARYOUME, HETKOIOOUUE N KTTOONKEUOUE
0€ EVaV KWOIKO avixveuonc AxOwv, 0 OToioC AImOTEAEITOI Mo
KWOIKEC AEEEIC KO UN-KWOIKES AEEEIC

m H onap&n A&Boucg avixveleTal JE TNV EPPAEVION NIXC UN-KWOIKAC
AEENC KOTG TOV EAEYXO TNC KWOIKOTIOINKEVNG TTANPOPOPING

B Qc anootoon NETGED OUO KWOIKWV AEEEwV opI(eTal TO TANBOC TWV
WNPIWV 0T OTTOIX KUTEC OIXPEPOUV

m 'Evoc Kwdikag avixveuonc AaBwv avixveuel OAa T orTAG A&ON,
eV N eEAGXIOTN ammdoTOoN NETAED OAWV TWV TMOXVWV (EUYWV
KWOIKWV AEEEWV EIvail 2
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KwOIKEC &PTIXC N TTEPITTAC ICOTIPIOC

m [lpooB&toupe oTnv mAnpogopia Twv N bit Eva emmAEov ynio,
TO wnoio 1ooTIyiag P (parity bit) woTte 1o MANB0o¢ Twv 1 va eival
&pTI0 (N MEPITTO) 0 OAEC TIC KWOIKEC AEEEIC TOU KWOIKOX XPTICG
(A TTEPITTAC) 100TIMIOC

B Kwdikéc AEEEIC TOU KWOIKO &PTIC (A TIEPITTNC) 100TIUIC

ApTIOG I00TIMIGG  T1EPITTAG IGOTIPIOG H un KwdIkEG AEEEIC TOU
KWOIKO GPTICS (A TEPITTAR)
IOOTIUICC EIVOI Ol KWOIKEC

000 0 000 1 AEEEIG TOU KWDIKK TTEPITTAG
001 1 001 0 (A &PTIOG) ICOTIMIOG

010 1 010 0

100 1 100 0

011 O 011 1

101 0] 101 1

110 0 110 1

111 1 111 0]
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KwOIKEC &PTIXC N TTEPITTAC ICOTIMIOC

B O KWOIKOC I00TIUIG EIVOI O IO KMAOC KWOIKOC Gvixveuonc AaBwv
KO avixveuel oamA& A&On A Eva mepImtd mMARB0C AaxBwv

- Eivar kwoikac amoéoraonc 2

B To KUKAWUO TTOU TTXPGYEI TO WNPIO I00TIMIGC VIO Itk TIANPOPOPIN

Twv N bit giva:

— piot moAn XOR pe N g10600uUC jD
VIO TOV KWOIKOX XPTIG I0OTIMIOG

—  pio muAn XNOR ue N eic6o0uC
VIO TOV KWOIKO TTEPITTNC I00TIMIOG

m 21NV mP&EN N KwOIKOTIOINon OTOV
KWOIKX I00TIYIOC YVIVETOI ouvNOwC

av& byte (8 bit) B

- 270 oxnua gaivetral n muAn XOR ue 8
£10600UC TTOU TTXPAYEI TO WNYio GPTIOG /
100TINIOG P, YIO Eva byte mAnPOPoPIaG

| >

jDEeven

| >

3D,
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QBnon puoaAidac

B Onwc mpoavapEPOnKe yix T KUKAWuaTae CMOS mpoTigy@vTal
ol TuAec NAND kot NOR avTi Twv muAwv AND kai OR.

B Opwe, n avayvwon Tne e€iowonc pe omAn eEETOON VIO EVXX
moAueminmedo KUKAwuo e TOAeC NAND kot NOR evOExeTal
VO XTTOOEIXOET APKET OUCKOAN.

B H wbnon puoaAidwv ammoTeAel Evav XPNOoIUo TPOTIO VIt VO
EavaoxedIG(OUNE UT TG KUKAQUOTO ETOI WOTE O PUOKAIOEC
VO XAANAOOKUPWVOVTOI KO VO KGXOTOTOTOI TTI0 EUKOAOC O
MPOCOIOPIOUOC TNC CUVAEPTNONG

m Booiletan oto 6ewpnua De Morgan
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To Bewpnua De Morgan

mY=AB=A+B

— i muAn NAND eivair 10000vaun
e uix muAn OR ue
XVTECTPOUUEVEC E160O0UC

mY=A+B=AeB

— pio muAn NOR eivai 10000vaun
ue uie muAn AND ue
XVTECTPOMUEVEC E160O0UC

A
B

B

A—O

4 >
ADY

B—O

D

A —
Bl

Y
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To Bewpnuoa De Morgan

mY=AB=A+B=AB

— i muAn AND €ivai 10000voiun
ue uix muAn NOR ue
XVTECTPOUUEVEC E160O0UC

mY=A+B=AeB=A+B

—  pio muAn OR eivai 10000vaun
ue uie muAn NAND ue
XVTECTPOMUEVEC E160O0UC
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QB6non puoaAidaC

m Q6non puocAidwyv TTPOC TX oW
- oAadel To owua TG muAnc (am6 AND/OR o OR/AND)
—  QUOBKAIOEC O€ OAEC TIC €10600UC TNC MUANC

=

m Q6non puocAidwv TTPOC T UTTPOOTH
- oAAadel To owua TnG muAnc (am6 AND/OR o OR/AND)
—  MIX QUOGAIOO OTNV £E000 TNC TUANG

A A
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QB6non puoaAidaC

m [loix eivail n e€lowon Boole Tou MaxpaK&Tw KUKAWUOTOC?

—  O1 muAec NAND ka1 NOR xwpic Tn xpnon Twv 1000UVAUWY TOUC
oev BonBouv oTo v Bpouue Tnv e€iowaon

- AIQITEITOI N EQAPUOYN TNC WONONC PUOGAIOKC

B
}}

SO W>
|
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0QBnon puooaAidacC

m [loix eivail n e€lowon Boole Tou MaXpoK&Tw KUKAWUOTOC?

- O1 muAec NAND ka1 NOR xwpic Tn xpnon Twv 1000UVAUWY TOUC
oev BonbBouv oTo v Bpouue Tnv e€iowaon

- AQITEITOI N EQAPUOYN TNC WONONC PUOGAIOKC

—  ZEKIVAUE OTTO TNV €£000 UE TOPEIX MOOC TX TTIOW YIX VO PUYEI
n avTIOTPOPN

BN
B

SO W>
[

SO >
|
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0QBnon puooaAidacC

m [loix eivail n e€lowon Boole Tou MaXpoK&Tw KUKAWUOTOC?

- O1 muAec NAND ka1 NOR xwpic Tn xpnon Twv 1000UVAUWY TOUC
oev BonbBouv oTo v Bpouue Tnv e€iowaon

- AQITEITOI N EQAPUOYN TNC WONONC PUOGAIOKC

—  ZEKIVAUE OTTO TNV €£000 UE TOPEIX MOOC TX TTIOW YIX VO PUYEI
n avTIOTPOPN

- A00 puooAidec aTnv i0Ix 01xCUVOECN GAANAOKUPWVOVTI
— =

- Apa n e&iowon Boole sivar: Y = AB + CD

SO W>
|

OO W>
|
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0QBnon puoaAIidaC: Kaxvovec

B —eKIVaPE ot TNV €€000 TOU KUKAWPOGTOG, KOl OOUAEUOUUE g
KaTeUOUvVON TTPOC TIC €16000UC

B «2TTPWXVOUUE» TUXOV PUONAIOEC TTOU UTIGPXOUV O0TNV TEAIKA €€000
TPOC T oW, ONAXOR TTPOC TIC €10000UC

ETOI urmopouue va «OixBaoouuer Tnv €€i0wan o€ axEon e TNV,
aAnBivn €€odo (Y), kai ox1 og axéon e 1o ouummAnpwua NG (Y)

AOUAEUOVTAC TTPOC TX TTIoW, OXEOIG(OUME K&BE MUAN OE TETOIX
UopPnN WOTE 0€ Uit O160UVOEDN O PUOKAIOEC V&
OXAANAOOKUPWVOVTQI

A V& Unv Umé&pxouv

AV n TpExoUaX TTUAN OIXOETEI PUORAIOX 0OE KATTOIX £i0000,
oxeO0IGOTE TNV ITPONYyoUuEvVN MUAN UE PUGAAIOO aTNV EE0OO

AV 1 TPEXOUOX TTUAN OEV EXEI PUOKAIOEC OTIC E10000UC,
oxeO0IXOTE TNV MPONYoOUUEVN ITUAN XWPIC pUOCAIOX oTnV €£000

B 270 TENOC, KATIOIEC TEPUOTIKES €10000I1 OIKBETOUV PUONAIDEC

AV N TEPUATIKN €10000C OIOETEI PUOGAION TOTE XVTIOTPEPETI
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0QBnon puoaAidaC: ToPXOEIYU

B —eKIVauEe oo TNV €€000 TOU KUKAWPOGTOG, Kol OOUAEUOUUE
UE KATEUOUVON TTPOC TIC €10000UC

5
c; }} y
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0QBnon puoaAidaC: ToPXOEIYU

B «2TTPWXVOUUE» TUXOV PUOGAIOEC TTOU UTI&PXOUV OTNV TEAIKN €€000
TPOC T oW, ONAXOA TTPOC TIC €10000UC, WOTE V& Bpolue TN
ouvapTtnon Y Kai 01 TN CUNTTANPWUGTIKA TNC

T
S——

. J

Xwpic puaoaAida
D otnv £€€o0do

Y

OO >
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0QBnon puoaAidaC: TaPXOEIYU

B Avn TpExouoa MUAN OIGOETEI PUOGAIOC 0€ KATTOI €10000,
oxedI&oTe TNV TMponyouuevn TTUAN e PUOCAIdT oTNnV €€000

- Ynn&pxel TETOIX ITUAN — OEV KXVOUUE TITTOTX
— 0l PUOOIAIOEC OAANAOCKKUPWVOVTOI
Xwpic puoalida

oTnVv £€000
é )

O x>

J

Xwpic puoalida
oTnVv £€000

] o—
] o—

) 4

O x>
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0QBnon puoaAidaC: ToPXOEIYU

m Avn TpExouon TTUAN dev €xel pUOTAIOEC OTIC €10000UC, OXEDIKOTE
TNV Iponyodpevn MUAN xwpeic puocAidax oTnv €€000

Xwpic puoalida
A-( h oTnVv £€000
B
C C }) ¥
D

XWPIC puoaAida
oTnVv €iI0000 Kal
TNV £¢000

c}j)aj@y
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QBnon puocAIdaC: TTAPAROEIVUX

B 270 TENOC, KATIOIEC TEPUOTIKES €10000I1 OIKBETOUV PUONAIDEC

- Av n TEPUATIKN €10000C OIXOETEI PUOCAIOX TOTE XVTIOTPEPETAI
—  2TO MMOPA&OEIYUX 10XUEI YIX TIC e10000UC A, B Kol D

XWPIC QUOaAIdQ
oTnV €i00d0 Kal

TNV £€000
A-O
B—Q
C ) j Y
D

Y=ABC +D
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0B6non eUoCNIOXC: 1000UVOUO KUKAWUOTO

XwpPic puoaAida
oTnVv €i0000 Kal

TNV £¢000
A—C
B—-Q
C )E g} Y
D
Y=ABC +D

54 "
B O -
. ™\ ABC

C :: él Y

Y=ABC+D
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EmmAeyuévec cokNoeIC

m Aoknon 2.26
XPNOIUOTIOIWVTAC TTUAEC 10000VapES KaTd De Morgan Ko
uEBOOOUC «WOBNONG» PUOCAIOWY, EXVAOXEDIXOTE TO KUKAWUX
NG €IKOVAC 2.83 £T0I WOTE VO UTTOPEITE VO BPEITE TIC €EI0WOEIC
Boole pe omAf omiTIkA €€ETaion. MpawTe TIC e€lowoelg Boole.

B—DOI Y=A+B)C+D)+E
]

\

A—Q T
B—g N Y

— »
C— L
D—q YN
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EmAeyuévec OKNOEIC

m Aoknon 2.27
XPNOIUOTIOIWVTAC TTUAEC 10000VapES KaTd De Morgan Ko
uEBOOOUC «WOBNONG» PUOCAIOWY, EXVAOXEDIXOTE TO KUKAWUX
NG €IKOvaC 2.84 €101 WOTE VKX PTTOPEITE VO BPEITE TIC EI0WOEIC
Boole pe omAf omiTIkA €€ETaion. MpawTe TIC e€lowoelg Boole.

H o
D -

v

el —

Y=ABC+D + (F+ G)E
=ABC+D +EF+EG

& 5
p, J
ﬁ%
\/

m © Ob>

@ m

J,

4
‘\
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0QBnon puoaAidac: Aoyikn CMOS*

m O1 meploodTEPOI OXEDIKOTEC OKEPTOVTAI UE YVOUOVK TIC TTUAEC
AND ko OR, A& ot CMOS TEXVOAOYIO TIPOTIMWVTOI O TTUAEC
NAND, o1 mOAec NOR Kol o1 axvTIOTPOYEIC.

B XPNOIYOTIOINOTE TNV «@WBNON» PUOAIOWV VIO VX UETKTPEYETE
TO KUKAwP & o€ TuAec NAND, mUuAec NOR Kol avTIOTPOPEIC

m MEBodoc 1 (un amodOoTIKN):

- AnAn avrikataoToon kaxBe muAnc AND ue Eva (eUyog
muAnc NAND Ko avTioTPoQEX, Ko K&Oe muAng OR

ue eva euyoc muAnc NOR Kol avTIOTPOPEX (

Bl s~ D
| DD

[ ] y

A

| | y

8 CMOS miiAeg

y

*MNapadeyua 2.8 126
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QBnon puoaAidac: Aoyikn CMOS*

B XPNOIYOTIOINOTE TNV «WONCN» PUOGAIOWYV VIO VO UETATPEWETE TO
KUKAwpo oe ToAec NAND, moAec NOR Kol vTIOTPOPEIC
m MEBodocg 2 (rmodoTIKN):
- [lpocBETouue (elyn QUOGAIOWY 0TNV EE0O0 UIKC TTUANG KOI TNV
€10000 TNV EMOUEVNC TTUANC XWPIC V& METAPBANOEI n cuv&pTNON
m o NAND ulomoinon peta&l mul@wv AND (€€odoc) kai OR (gicodoc)
m [ NOR ulomoinon yeta&l muAwv OR (€€od0oc) ko AND (€icodocg)
—  [lpo0BETOUNE KOI OVTIOTOPOPEIC, OTTOU XITXITEITAI
m  Otav ol mOAeg oTnv €€000 Ko TNV €10000 €ivai id1e¢ (AND i} OR)
m 2Tnv €€000 yix petarpor anmd AND oe NAND A andé OR og NOR

T f}ﬁ; RES
_ s

5 CMOS miAeg

*MNopadeyua 2.8
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YAormroinon XOR pe NAND

m E&owoeic Boole Twv XOR kot XNOR
- X®Y = XY + XY
- X®Y =XY + XY
m YAomoinon mUANg XOR pe 4 moAec NAND 800 €1000wv o€ 3 emTTeEd

—  2XNUOTIKO OIQYPOUUK
X )D_
5 Lo\ X®Y
Y :: 4 NAND-2
- AAyeBpikn amoodeién

XX+Y)+Y(X+Y)=XX+XY+YX+YY=XY+XY=XDY

128




AAveBpIkEC 100TNTEC VI XOR/XNOR

m XDY=YDX

B (XD NOZ=XD(YP2LH=XDYDZ
mE XP0=X

m X®1=X

B XDX=0

m XOX=1

B XY =X®Y

B XOY=XOY

B XY =XDY
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>uuBoAiopol TuAwv XOR ko XNOR

] I006UVO(|J0| ouuBoAiopoi XOR ko XNOR (yix wOnon (puoa)\lt')wv)

X
Y

X
Y

:)D—» XY
jD—» XY

X jDo—» X®Y
Y
X
» __O)Doﬁ XY

< X -<><

)DD—» X®Y

< X

QL e
9 O—xev
P Dato
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EmAeyuévec aoknoeiC

m Aoknoeic 2.10
Me B&on Tnv amAomoinuévn e€lowon Boole Tnc Aoknonc 2.6 - (B)

Y= AC+AC+ AB
va oxedltioeTe e moAec NOT oTic €10000uc, OTTOU IMKITEITA:
- Tnv uAomroinon AND-OR 600 emmEdwV

A B C

VX[

|

H

X

A A
\_/
_<
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EmAeyuévec aoknoeiC

m Aoknoeig 2.8
Me B&on Tnv amAomoinuévn e€lowon Boole Tnc Aoknonc 2.6 - (B)
Y = AC+AC+ AB
va oxedltioeTe e moAec NOT oTic €10000uc, OTTOU IMKITEITA:

- Tnv uAomoinon mmou xpnoiuormolel kol muAn XOR
VIO UEIWON UAIKOU

)

C I "0 ‘\?
7] S TN
- oY
A o N L
B— A |

/_/

Evowp&Twon tng miAne NOT otnv €icodo Tn¢ muAng AND
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Mn ammodekTN TIPN: X

m H &AyeBpa Boole mepiopileTan otn xpnon Twv Tipwv O kaa 1

B QoT000, T KUKAWUOTO OTOV TIPARYUOTIKO KOOWO JTTOPOUV ETTIONC VO
EXOUV U KTTOOEKTEC TIMEC

m To cUuPoAo X urtodeikviel OTI O KOUPBOG TOU KUKAWUGTOC EXEl
XyvwoTn N un GmodeKTA TIUN

m AuTto ouvnOwc ocupfaivel av 0dNYyeEITaI TAaUTOXPOVA Kol oTnv Tipn O
Kol oTnv Tiun 1

- AUTN N KKTXOTOXON OTOV KOLBO, TTOU OVOUGIETXI OVTOYWVIOUOGC,
BeWPEITOI EOPAAUEVN OXEOIXTN KOI TIDETTEI VO XTTOPEUYETAI

A=1{>—

B=0>—
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Mn amodeKTN TIPN: X

m HmpayuaTikn T&on o€ EVOV KOUBO PE GVTOYWVIOUO JTTOPET VO EXEI
Kamolx TIuA HeTa&l O Ko Vp,

—  2UXVE, GAAG OXI TTAVTO, €XEI TIMA TTOU EUTTITITEI OTNV
ATITOYOPEUUEVN (WVN

B O avTaywVvIouOC NTTOPET ETTIONC V& TIPOKOAEDEI TNV KATAVARAWON
MEYGAWV TTOCOTATWYV 10XU0C METKED TWV AVTIMOXOUEVWY TTUAWY, UE
XTTOTEAEOUO TO KUKAWPO VO UTTEPOEPPAVOET KO 10WC VO KATXOTPOPET

m O1 Tigyéc X XpnoIuoToIoUvVTal GO TOUCG TIPOOOUOIWTEC KUKAWUKTWV
VIO VO UTTOOEIKVUOUV XPXIKEC TIUEC TTOU OEV EXOUV KXOOPIOTE]

m [lpoooxn:

- Ta X xpnoiuormoiouvral yio vax 0€iEOUV KOl TOUC I (POPOUC
OpPOUC OTOUC ITIVOKEG 0XANBEING OIAAK KO TOV OXVTOYWVIOUO
OTOUC KOuUBOUC
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MeTEwpN TIUN: Z

m To oUuPBoAo Z urmodeikviel OTI EvaC KOUPBOC dev 0dnyeITal oUTE
o€ Taon HIGH ouTte oe T&on LOW. ToTe AEue OTI KOUPBOC gival
«METEWPOCH, EXEI UWNAN AVTIOTOGN, | UWYNAO Z

m Evoc petéwpoc kKOuPog pmopel va €xel TiuA O, TIuA 1, N K&MOoIX
T&ON 0TO EVOIGUEDO, VAAOYX UE TO I0TOPIKO TNG AEITOUPYITC
TOU KUKAWUOTOC

m H Onapén evoc peTt€wpou KOUPBOU OEV ONUAIVEI TTAVTX OTI
UTTGPXEI OPGAUC OTO KUKAWPOK

—  VIX TOXPAOEIYUR, OTAV UTTKPXEI KXTTOIO GAAO OTOIXEIO
rmou odnyei Tov 1010 kouPBo otnv Tiun O N Tnv 1IN 1

m TpOTolI ONUIOUPYIGC EVOC NETEWPOU KOUPBOU:

—  OTOV EEXVAUE VO OUVOEOOUUE MIX TXON OE MIX EI0000
EVOC KUKAWUOTOC

-  OTOV UITOBETOUUE OTI UIK U OUVOEOEUEVN €I0000C EIVAI
0100 e uioe €ic000 mou €xel Tnv Tiun O (A&Bocg)
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ATTOUOVWTAC TPIWV KATOXOTROEWV

O amopovwTAC TPIWV KATXOTXOEWV (tristate buffer), dixBETEl TPEIC
moavee KaTaoThoelc e€ddou: HIGH (1), LOW (0), ko yetéwpn (2).

O amoOPOVWTAC GKPIOTEPG EXEI YIK €10000 A, TNV €€000 Y Kl EVO ONUX
enable (Eykpioncg) E evepyd oro HIGH (active high)

O amopovwTAC 0eEI& €xEl YI €10000 A, TNV €€000 Y KOI EVO ONU
enable (Eykpionc) E evepyd aro LOW (active low)

ok

R O Ol
P O N N|K

R O Rr Ol
NNHO-<
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ATTOUOVWTAC TPIWV KATOXOTROEWV

B 2TOV GIMOPOVWTA TPIWV KaTaoT&oewv (tri-state buffer) 0Ttav To oNuo
enable €xel Tiun ‘1’ (TRUE), emTpéneral n peTa@op& TIuAC omd TNV
£10000 oTnV £€000, omOTE N £E000C €xEl TNV TIMN TNG €10000U

— 0 OITOMOVWTNAC TRIWV KKTXOTROEWV OUUTTEPIPEPETAI
WC OMMAWC XITOUOVWTAC

s

m Otav 10 onua enable €xel Tiun ‘O’ (FALSE), dev emTpEMeETAl N
LMETOPOPA TINAC GO TNV €10000 oTNV ££000, OoTTOTE N €€000C EXEl
uwnAnN avTtioTaon N eival yetéwpn (Z)

— 0 OITOMOVWTNAC TRIWV KKTAXOTROEWV E

OUUTTEPIPEPETAI WG ITUKVWTNG
A Y

= o olMm

R o Ol
RO N N[
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[Top&OEIYUK XPNONC TOU KTTOUOVWTN

m OI armoyovWTES TPIWV KATXOTXOEWV

ouvNBWC XPNOIYOTIOIOUVTOI OE BIUAOUC
(buses) Tou ouvOEouV TTOAG TOITT

K&Oe TOITT PUTTOPET V& OUVOEETOI OE EVOV
KOIVOXPNOTO OIXUAO PUVAUNG
XPNOIUOTIOIMVTHG KMOUOVWTEG TPIMV
KXTOOTXOEWV

MOvVO Eva TOITT TN POPG EMTPETETAI VK
EVEPYOTIOIET TO ONUG enable yix va
oONYel JIK TIUA OTOV OIKUAO.

Tot UTTOAOITIC TOITT TIPETTEI VO TP ARYOUV
UETEWPOUC €EO00UC, ETOI WOTE VO UNV
TTPOKOGAOUV GVTOYWVIOUO UE TO TOITT TTOU
«OUVOUIAED YE TN MVAUN

rEnaﬁspvumf]g ent
mmpog diauko

amo diauko

Ay

.

e :
Mpagikd en2
mmpog diauho —[:5—
amd diauho
L
.
Ethernet en3
mpo¢ diauho —[:5—
amd diauko —< |—
L
erﬁpn end
mmpog diauko —l}—
amo diauho —<|—

SoynoIQ SoroldXoAioN
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XapTtec Karnaugh (K-maps)

m O1xaptec Karnaugh (Karnaugh maps, K-maps) amoteAolv
UIO OTITIKOTIOINMEVN (YPOPIKA) NEBODO VI TNV EAXXIOTOTTIOINGCN
e€lowoewv Boole o KavoviKA Noppn KOPOICUATOC YIVOUEVWV
MEXP! 4 peTaBANTES (€10600UC)

m H AeiToupyikil mpodiaxypadn evoc cuvOUNOTIKOU KUKAWUOTOC
EKPPALETOI KO E TN HOPPN Tou X&pTN Karnaugh

m Touc emvonoe 1o 1953 o Maurice Karnaugh

e N

o0 9T oN_00 01 1110

0O 1 0] 0

O of 1 | o | o | o

1 0 0] 0

1 0 1 | O

e - 1 1 | o | o | o

1 1 1 | 0 139




X&pTtec Karnaugh Twv 3 €1000wv

m Hm&vw ypoupn Tou X&ETN TIEPIEXEI TIC TECOEPIC TMIOAVEC TIUEC VI
TIC €10000UC A Kai B. O1 TIuEC TwV €1000WV A Kol B givai:
- 00, 01, 11, 10 (kwoikac Gray) koi 6x1 00, 01, 10, 11
(WOTE OUO VEITOVIK& TETPAYWVX V& OIXPELOUV
oTNV TIUA UIXC UOVO £10000U

m H apiotepn oTAAN TTEPIEXEI TIC OUO MOAVEC TIMEG VIt TNV €10000 C

'3 g g I "\ AB, 1
oo |1 e\ ot 11 0]
0 1 0 0 [ A

0 1 1 0 0 1 0 0 0
1 0 0 0

1 0 1 0

—— 1) o | o | o
1 1 1 0
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X&pTtec Karnaugh Twv 3 €1000wv

m Kd&Be TETPAYWVO TOU XGPTN KVTIOTOIXEI OE MIG YPKUWN TOU
MVOKOX ANBEINC Kol TIEPIEXEI TNV TIUA TNC €E0600U Y YIX TN
OUYKEKPIMEVN YPOPUN, GVEAOYO JE TNV TIMA TWV €1000WV

m Kd&Be 000 YEITOVIKG TETPAYWVO OIPEPOUV OTNV TIPN MIXC JOVO
£10000uU. O1 &AAeg 000 €100001 ExOuV TNV 101X TIUA

AB
00 01 11 10

S (e N el feo o] i N
R RPlOo ol PO oM
R ol Ok Ol O
O OO O|0 O|R B

141




X&pTec Karnaugh Twv 3 €1000wv

B AKpIBWC OMTwe 10XUEl VIX TIC YPXMUES EVOC TTIVOKO axAnBgiae, ETOI KAl
K&Oe TETPAYWVO eVOC X&PTN Karnaugh avamapioTé Evav eEAXXIOTOPO

m Kd&Be 000 YEITOVIKG TETPAYWVO EXOUV T 10100 AEKTIK& EKTOC OO €V,

TO OTTOI0 EPPAVI(ETOI PJE TNV XANOIVI] JOPPN TOU OTO EVA TETPAYWVO
KO UE TN CUPTTANPWNGTIKA HOPPA TOU 0TO GAAO

- [ moap&oeIyua aTNV MPWTN OTNAN TAX TETORYWVO TTOU
aVAITOPIOTOUV TOUuC eAaxioTopouc ABC kot ABC givai
VEITOVIKX KO OIX(PEPOUV UOVO WC MMPOC TN METAPBANTAH C

Y AB Y AB
00 01 11 10 o\ 00 01 11 10
ol 1 0 0 0 0| ABC | ABC | ABC | ABC
1| 1 0 0 0 1| ABC | ABC | ABC | ABC
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AvodITTAwon Tou X&pTn Karnaugh

m Eva &Aoo xopakTnploTikd Tou x&pTn Karnaugh €ivail OTi
«OVOOITTAWVETOI»

B To TeETPOYWVA TTOU BPIioKOoVTal EVTEAWC OEEIX EIVOI OUCIKOTIKA
VEITOVIK& JE TG TETPAYWVX TTOU BPIOKOVTOI EVTEAWC GPICTEPQ,
UE TNV EVVOIX OTI OIGPEPOUV JOVO WC TTPOC MIk METABANTA

- [ map&oeIyua aTNV MPWTN OEIPA T TETPRYWVX TTOU
avaITopIoToUv Touc eAaxioTopouc ABC kot ABC eivai
VEITOVIKX KO OIX(PEPOUV HOVO WC MOOC TN METAPBANTA A

Y AB Y AB
00 01 11 10 C 00 01 11 10

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

1| 1 0 0 0 1| ABC | ABC | ABC | ABC
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EAaxioToroinon e€lowoewv Boole

m H ehaxioTomoinon Aoyikwv e€ilowoewv Boole og Kavovikn popgpn
0OpoIoHUATOC YVIVOUEVWYV TIEPIAGUBGVEI TOV ouvOUaouO 000
EANOXIOTOPWYV VIO TOUC OTIOIOUC N £€000¢ €xel TNV TP 1, o1 otToiol
TTEPIEXOUV EVX YIVOUEVO AEKTIKWV P, KXBwe Kol TNV aAnOIvi Kol TN
OUNUTIANPWHOTIKA poPPN K&TToINC NETOBANTAC, €0TW A

m Ortav ouvduaotouv o1 2 eAaxIoTOPOI EEXAEIPETOI N METOPBANTNA A,
EVW MTXPALUEVEI TO YIVOUEVO AEKTIKWV P

- P-A+P-A=P-(A+A)=P-1=P
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XapTtec Karnaugh: EAaxioToroinon

m H elpeon Twv e€lowoewv amd Tov X&pTn Karnaugh eival
OKPIBWC 10000VOUN YE TNV €0PECN TWV EEI0WOEWV OE HOPPN
XOPOICUATOC YVIVOUEVWY KTTEUBEIRC KO TOV THVOKX ANBEIG.

m 27OV XAPTN Karnaugh Tou OXNPATOG UMTGPXOUV WOVO 800
eAaxioTopol otnVv e€iowon: ABC ka1 ABC yix TOUC OTIOI0UC

n €€odoc €xel TNV TIpN 1

m Y=ABC + ABC

—_
Q
~

(b)

A B C|lY Y\ AB y\
0 0 0 1

[0 0 1 1] ol 00 Yol 11 10 o~ _00 Yol 11 10
0 1 0 0 —esursucy. B NEe—— — _
Nl 0| 1 0 0 0 ABC ||ABC | ABC | ABC
1 0 0 0
1 0 1 0 So— — —
T 1 ol 1 1 0 0 0 ABC ||ABC | ABC | ABC
1 1 1 0
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XapTtec Karnaugh: EAaxioToroinon

B Av eAXXIOTOTIOINOOUNE XUTAV TNV €€lcwon pe Tn Bonbeix Tne
dAyeBpac Boole €xoupe:
Y =ABC + ABC = 4B(C + C) = AB(1) = AB
m O x&ptec Karnaugh poc BonBolv var K&VOUUE GUTA GKPIBWCS TNV
eAOXIOTOTIOINON YPOPIKAK, KUKAWVOVTOC TOUC &oouc o€ dU0
VEITOVIK& TETPAYWVK TTOU EXOUV TNV TIuA 1

- [0 K&Be KUKAO, YP&POUUE TOV KVTIOTOIXO OPO OTNV €Ei0waon

- MeTaBAnTEC TwV ommoiwv N &AnNBIv K&I N CUMTTANPWUKTIKA LOPPN
MTEPIEXOVTOI KO O OUO OTOV KUKAO £E0IPOUVTOI XTTO TOV 600

- AnAodn aTov 6po kpaTodue Tic Y AB

UETABANTEG TTOU EIVAI KOIVEG KO 00 01 11 10
OTO OUO VEITOVIK& TETPXYWVA. C
Emrouévwg: oll 1 M o 0 0
Y =AB
1. 1 J| O 0 0
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EAaxioTommoinon e€lowocwv Boole

m H elaxioTomoinon Aoyikwyv eElowoewv Boole og KavoviKA popen
XOPOICUATOC VIVOUEVWYV VEVIKEUETOI, WOTE VX TTIEPIANGUBAVEI TOV
OUVOUOONO TEGOXPWY EAXXIOTOPWYV VIO TOUC OTIOI0UC N £€000C
€xel TNV TIMA 1, 01 OTT0I0I TTEPIEXOUV EVOL VIVOUEVO AEKTIKWV P,
KXOwe Kol Evav ommd Toug TEOOEPEIC MOAVOUC CUVOUKONOUC
NS ANOIVAC K&I TNC CUNTIANPWNOTIKAC HOPPAC K&TTOIwV dU0
ueTaBANTOV, £0Tw A Ko B. ATo1 AB, AB, AB, AB

m Ortav ouvouaotouv o1 4 eAax1oTOPO! EEXAEIPOVTOI OI JETOPBANTEC A
Ko B, evw mopouéVEl To YIVOUEVO AEKTIKWV P

- P-AB+P-AB+P-AB+ P -AB =
P-(AB+AB+ AB+ AB) =
P-(A(B+B)+A(B+ B))=
P-(A(1)+A1))=P-(A+A)=P-1=P

B AvTioTOIXN KOI N TTEPITTWON TWV 8 CUVOUBOCIUWY EAGXIOTOPWY, OTIOU
eEaheipovral 3 HETAPANTEC
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XapTtec Karnaugh: EAaxioTormoinon

m 27OV X&pTN Karnaugh Tou oXNUATOG GipIoTERR UTTGPXOUV 4
VIO TOUC omroiouc n €€odoc €xel Tnv TN 1

m Y=ABC + ABC + ABC + ABC

m 21OV X&pTN Karnaugh Tou oxNuaTog 8e&I& umapyouy 4
ehaxiotopol otnv e€iowon: ABC, ABC, ABC ko1 ABC
YI& TOUC ottoiouc n €€000¢ €xel TNV TIpN 1

m Y=ABC + ABC + ABC + ABC

Y AB Y\ AB
o)< 00 0T N\11__ 10 oK 00 01 1110
ol 1 . 0 0 ol 1 . i 1
_
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XapTtec Karnaugh: EAaxioToroinon

B Av EAXXIOTOTIOINOOUNE GUTEC TIC €€lowoelc ue TNV GAyeBpa Boole Exoupe:

Y=ABC + ABC + ABC+ABC =A-(BC + BC + BC + BC) = A (apiotepd)

Y=ABC + ABC + ABC+ ABC=C- (AB + AB + AB + AB) = C (5¢§i6)

m O x&ptec Karnaugh poc Bonbolv var K&VOUPE TNV EAXXIOTOTIOINON YPXPIKK,
KUKAQVOVTOC TOUC &OOUC 0€ 4 YEITOVIKA TETPAYWVX TTOU €XOUV TNV TIPA 1

— T 4 yeIToVIK& TETPAYWVO GXNUATI(OUV EVO TETPXYWVO (XPIOTEPK) N
XmaPTi(ouV Uicx oelp& (0€EIX) (N uic 0TNAN) Tou x&pTn Karnaugh

- [0 KBe KUKAO, YP&POUUE TOV KVTIOTOIXO OPO OTNV €EI0WON
~  2TOV 0PO KPATOUWE TIG UETAPBANTEG TTOU EIVAI KOIVEG KOl OTO 4 YEITOVIKK
TeETPOYWVA. Emouévwe: Y = A (apiotep&) ko Y = C (0e€i)

Y Y

AB \AB N
C 00 01 11 10 C 00 01 11 10

of 1 1 0 0 of 1 1 1 1

1 1 1 0 0 1| 1 0 0 0
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AI0OIKO OO EAXIOTOTIOINONC hE K-map

m  XPnoIuomoINoTE TO EAGXIOTO TTANBOC KUKAWYV TTOU EIVA
ATMTOXPAITNTO YIG TNV KXAUWN OAWV TWV TETPAYWVWY UE TIUN 1

B O\a Ta TETPOYWVO HEOTK O KGOE KUKAO TIPETIEI VO TTEPIEXOUV
™Tv Tiun 1

m K&Oe KUKAoC pérel var KXAUTITEl Evak 0PBOYWVIO THAMG TO
OTTIOIO0 V& TTEPIEXEI EVO TTANBOC YEITOVIKWV TETPXYWLVWY TTOU
amoTeAel OUvapun Tou 000 (dnAadA 1, 2, 4 A 8) nmpoc K&Oe
KaTeUOuvonN

m Kd&Oe KUKAOC TTPEMEl Vo €XEI TO HEYOAUTEPO OUVOTO HEYEDOC
£TOI WOTE VO GVOTTGPIOT TTPWTOUC OPOUC

m ‘Evag KUKAOC pmiopel va «ovadITTAMVETOI» YOPW OO TO GKPOK
evog x&pTn Karnaugh.

m Evoacg teTpdywvo pe Tiun 1 otov x&pTtn Karnaugh pmopel va
KUKAWOET TTOAEC POpPEC, OV XUTO EXEl WC ATTOTEAECUO OTI B
xpnoipgoroin6ouv AlyoTepol KUKAOI
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Mopadeiyua 2.9

m EAaxioTomoinon piac cuv&pTtnonc TPIWV JETKBANTWV e xpnon K-map
m Eotw 011 Exoupe Tn ouvapTtnon Y = F(A, B, C) Tou K-map mou paiveTal
K&TW aploTEPA. EAcXIOTOTIOINOTE TNV €E1I0WON XPNOIMOTIOIWVTAC TOV X&KPTN.

-  KukAwvouue Ta TETPAYWVK uE Tiun 1 otov xapTtn Karnaugh
XONOILUOTTOIWVTAC 000 TO OUVATOV AIYOTEPOUC KUKAOUC

-  K&Oe KUKAOC OTOV XOPTN QVATTOPIOT EVAV ITOWTO OO, KA1 N
OIXOTOON KXOE KUKAOU OTTOTEAEI DUV LN TOU OUO

AB AB
o0 o1 1110 NT"oo o1 11/ 10
! -
0 1 0 1 1 O 1 O <‘1 1)
1 1 0 0 1 1 1 0O O 1




Xaptec Karnaugh Twv 4 €1000wv

B Hndavw ypaupn Tou X&PTN MEPIEXEI TIC TEOOEPIC TMIOAVEC TIMEC VI
TIC €10000UC A Kai B. O1 Tiuéc Twv €1060wVv A Kol B givai:

00, 01, 11, 10 (kwoikac Gray)

m H apiotepn oTAAN TOU X&ETN TTEPIEXEI TIC TECOEPIC TMOKVEC TIUEC VIO
TIC €10000uc C kau D. O1 TiuéEe Twv €1000wv C Kau D gmionc ivai:

00, 01, 11, 10 (kwoikac Gray)

PP RPRRRPRrR,r RO OO O OD

Nl loNeoNeoNel NN loNeoNeNallvy)

e Nel N el el Lo NeNel N N oNelle)

HOHOHOHOHOHOHOHOD

CoooloRr R RPIFPRRERREROIFPREORIK

2TAAN
AB=00

>TAAN
AB=01

>TAAN
AB=10

>TAAN
AB=11

Y
AB
CD 00 01 11 10
00| 1 0 0 1
01 O 1 0 1
11 1 1 0 0
100 1 1 0 1
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X&pTtec Karnaugh Twv 4 €1000wv

m Kd&Be TeTpdywvo pe TIN 1 avTIoTOoIXEl 0€ Evav EAXXIOTOPO uE 4
AEKTIKG. Elvail TpwToC 0p0C, &V OAX TX YEITOVIKG TOU TETPAYWV
gxouv TIUA O, (6TTwe yia Taxp&deIyua n MUAN XOR Twv 4 €16000wV)

m Ka&Be 2 yeITOVIK& TETPAYWVO HETIUN L v

QVTIOTOIXOUV O EVOV 0PO0 PE 3 AEKTIKK AB
CD 00 01 11 10
m Kd&Be 4 yeitovik& TeETp&ywva pe Tiun 1 —
QVTIOTOIXOUV OE VAV PO LE 2 AEKTIKK 00 1 0 0 1
m Kd&Be 8 yeItovika TeTpdywva pe Tinn 1 —
QVTIOTOIXOUV 0€ EVaV 0P0 PE 1 AEKTIKO 010 1 0 1
m  Kd&Be 16 yeIToviK& TETPOYwvVa e Tiun 1 - ~
QVTIOTOIXOUV 0Tn ouvépTtnon F =1 LU 1 0 0
10 | 1 1 0) 1
o /

Y=AC + ABD + ABC + BD
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AUGOIKOT KWOIKEC VIO OEKODIKOUC ap1BuoUC

m O kwdikag BCD (Binary-Coded-Decimal) €xel 4 duadik& wneio
KO XPNOIMOTIOIEITOH VI TNV KWOIKOTIOINON TWV JOVOWANPIWV

OEKAOIKWV POV amd 1o O péxpl 1o 9.

- To Ba&pn otov kwdika BCD eivai 8-4-2-1,
OIMTW¢ TWV OUKOIKWV XPIOUWV
- 2Tnv np&én xpnoILOITOIEITAI OTTOU XEIPI{OUOOTE
0eKaOIKOUC op1BuoUc,
B 2TOUC GIMOKWOIKOTIOINTEC XMEIKOVIONC EMTX TUNUATWY

B 2TNV GVamap&oTaon Tou dIWN@Iou OEKKOIKOU KAXOUKTIKOU
MEPOUC PE EVT byte OTIC XPNUKTOOIKOVOUIKES EPXPUOYEC

m [op&odeiyua: To 37,, ypdoeTal wg 00110111,
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Mopadeiyuax 2.10

ATTOKWOIKOTTIOINTAC &MEIKOVIONC EMTA THNUATWV
AgxeTau Eva OIUAO BEDOMEVWV Do TV 4 bit oTov KWAIK& BCD

Mapayer Eva diuAo oNUATWY EAEYXOU S,- S Twv 7 bit Tou eAEyxouv Ta
EMTA TUNUOTK @ Ewe g rmou axnuoaTi(ouv Eva OEKaOIKO wneio (O - 9)

Ka&Be Tunua ulomoleital ue Eva LED. Ev TO QvTiOTOIXO ONUO EAEYXOU
éExel Tnv Tiun 1 1o LED avaBel, aAAiwe givai o3noTo

2UUTTANPWOTE TOV THVOKOX 0XANOEIC R

XpnoipotoifoTte x&pTee Karnaugh 4 ameikoviong |7
MPOKEIPEVOU VO BPEITE TIC EAGXIOTO- 7P Trnuarar S|
moinuéveg e€lowaoelc Boole yia TIg a_

g€000ug S, Kal S, . | ‘b
YoBEoTe OTI OAG T THANGTO o _—‘ c
TMTOXPEAUEVOUV «OBNOTO» YIX TIC UN =

XTTOOEKTEC TINEC €10000U (10-15).
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Maxp&deiyua 2.10

B ATTOKwOIKOTTOINTAC ATTEIKOVIONC EMTTA THNUATWY

B 2XNUOTIOPOC EVOC OEKOOIKOU PIOPOU PE EMTA THAMOT
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Maxp&deiyua 2.10

B ATOKWOIKOTIOINTAC KTTEIKOVIONC ENMTA THNUATWV

m [livakoc aAnBeiag

mmmmmm

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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Maxp&deiyua 2.10

B ATOKWOIKOTIOINTAC KTTEIKOVIONC ENMTA THNUATWV

m  X&pteg Karnaugh yia Tig €§000ug S, Kol S,

Sa
DS:Q
D} 00 01

00

01

11

10

11 10
1 0 o) 1
0 1 o) 1
1 1 o) o)
1 1 o) o)

Ds,
DN 00 01 11 10
00| 1 1 0 1
01| 1 0 0 1
1] 1 1 0 0
10| 1 0 0 0
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Maxp&deiyua 2.10

B ATOKWOIKOTIOINTAC KTTEIKOVIONC ENMTA THNUATWV

m Amlomoinuéveg e€lowoelg Boole yia Tig €§000ug S, Kol S,

Sa
D..
% %2 00 01 11 10
%
00| 1 0 0 1
- Ae
DQD'IDO/ ey
01| _ 0 1 0 1
D3 D2 Do\ \_j D3 5251
- N
11| 1 1 0 0
- -
IR
10| 1 1 0 0
Ao 7

Sa = 53D1 + 53D2D0 + D35251 + D2D1 DO

Sp
D3:2
D 00 01 11 10
;- ™ /—V:\
00 1 1 0 1 =
J D,D,
I I ¢
D,D,D,
01 1 0 0 1
7 | SR
4 53D1DO
11 1 1 ]A/ 0 0
-
10 1 0 0 0
] J
DyD;5”

sz 5352 + 5251 + 53D1 DO + D3D-| DO

159



Maxp&deiyua 2.10

B ATOKWOIKOTIOINTAC KTTEIKOVIONC ENMTA THNUATWV

m  Amlomoinpévn e€iowon Boole yiax Tnv £€§000 S, (EVOXAGKTIKA AUoN)

S, Sa
D3> D
N\ 00 01 1110 Dks'zoo 01 11 10
Y| 5 5 Y
00 1 0 0 1 00|: 1 0 0 1
NI — N\ e gerwe  cose y _________
DQD-|DO/ D3D2DO —
01|_ 0 1 0 1w 01(_ 0 1 0 1§
D5 D,D, o | D,D,D | e
< g g 11 D;D,D, i D,;D, D,
s A d b
1| 1 1 0 0 1] 1 1 0 0
_ — - S
DD DsD
1\1‘ 3 T\*, ..........
10 1 1 0 0 10| 1 ¢ 1 0 0
\ J N J

Sa = 53D1 + 53D2D0 + D35251 + D2D1 DO Sa= 5301 + 53D2D0 + D35251 g D3D2D0
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Maxp&deiyua 2.10

B ATOKWOIKOTIOINTAC KTTEIKOVIONC ENMTA THNUATWV

m Amlomoinpévn egiowon Boole yiax Tnv £§000 S, (eopaAugvn Alon)

S Dy Aev eAPON uTIOWnN
Dy.o\,__ 00 01 11 10 n avadimiwon Tou
----------- Y x&pTn Karnaugh:
Sae 1 81 . ! T GKPAIX EIVAI
D,D,D, D, = VEITOVIKK
01| _ 0 1 0 1 |
D,D,D e | B B
s ¥ | D3 D, D,
E b
11| 1 1 0 0
- M
DD, ~J
1ol | 1 1 0 0 / Aev givail mpwToC 6p0C
L o

Sa= 53D1 -+ 53D2D0 + D35251 + F3D2D1 DO
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AdIGPOPEC TINEC OTNV €E0D0

m  O1 adi&popec TINEC (OUPPOAO X) OTIC €10000UC 0O EVAV TTIVOKO
XANBEIC XPNOIPOTIOIOUVTOI YIG VO JEIWOOUNE TO TANBOC TWV YPXUMWV
TOU TIVOKG, 0TV K&TTOIEC HETAPBANTEG Oev emnpedlouv TNV £€000

m TEToIEC GXOIGPOPEC TINEC UTTOPOUV EMIONC VA ENPAVI(OVTOI KO OE
e€000UC evoc MVOKa axAndeiae 0Tav N TINA TNE €€600u dgv ailel pOAO
N OTOV O AVTIOTOIXOC OUVOUOONOC €1000WV OV ENPAVI(ETOI OE
KOXVOVIKA AEITOUPYIO TOU KUKAWUOTOC

m e évav X&pTn Karnaugh, T cUPBOAG X JOC ETITPEMTOUV VO
TTPOXWPNOOUUE OE TTEPAKITEQW EAXKXIOTOTIOINON TWV AOYIKWV EEI0WOEWV

B MmopoUpe va KUKAWVOUUE T X &V aUTO NG Bonbd&el vor KXAUTITOUUE
T TETPAYWVX ME TIMA 1 pe AiyoTEPOUC KUKAOUC | KUKAOUC HEYGAUTEPOU
ueyEBouC, AAG dev XPEIG{ETOI VO T KUKAWVOUPE OTOV akuTO O€EV
Xpnoluelel oe K&TI TETOIO

- O1 KUKAWUEVEC OIXPOPEC TILEC EKAGUBAvVOVTOI we 1,
EVW Ol UN KUKAWHEVEC ekAauBavovTal we O.

- H xpnon adi&popwv TIMWV EACXIOTOITOIEI CNUAVTIK& TN AOYIKN
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Map&deiyua 2.11

B ATOKWOIKOTIOINTAC KTTEIKOVIONC ENMTA THNUATWV

m  Amlomoinuéveg e€lowoelg Boole yia Tig €§000ug S, Kol S, AauBavovTog
urtown OTI Ol TINEC TWV EEO0WV EIVAI KOIXPOPEC YIX TIC €10000UC TTIOU
dev avkouv otov Kwdika BCD (1010 - 1111)

Sa_Ds b, Dy
D, \_ 00 01 11 10 D\ 00 01 11 10
Vi ™ e " i
00| 1 0 X 1 00 [ 1 1 X 1 ]
A
01| o 1 X 1 01| 1 0 X 1
N
11| [ 1 1 X X 11 [ 1 1 X x]
™ ~
10| 1 1 X X 10| 1 0 X X
9 b |/ ~

Sa = 53D1 + 53D2D0 + D35251 + DzD1 DO

Sa= DS + D2D0 + 5250 + D1

Sb=52+D1D0+5150

sz 5352 + 5251 + 53D1 DO + D3D1 DO
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EmmAeypéEvec oKNOEIC

m Aoknon 2.34
OMoKANPWOTE TN 0XedIoioN TWV THNPATWY S, EWG S, VI TOV
QTTOKWOIKOTIOINTN GMEIKOVIONG EMTG TUNUATWV

- Bpeite eéiowoeic Boole yio TiIc €€000u¢ Sc €we Sg,

UITOBETOVTAC OTI 01 EI0000! UE TIUN MEYXAUTEPN KITO 9
EIVal «0OIX(POPECH.

B 2Xe0IQ0TE PIk EUAOYWC CTTAR UAOTTOINGN TOU GIMOKWOIKOTIOINTN
QTTEIKOVIONG ENMTX TUNUATWYV OE ETTTEO0 TTUAWV VI OAEC TIC
e&odouc Tou

- Ornou eivail amxpaiTnTo, EMTPEMTETAI N KOIVA) XPNON TTUAWV
11O MOAAEC e€EOOOUC
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Meiwon UAIKoU pe Tn xpnon muAwv XOR

m [axpadeiypoTa xapTwv Karnaugh mou uAotoloOvTail Ko JE TN XPAON
mUA@V XOR Twv 600 €16060wV:

- Bpeite apxikax Tnv e€iowon Boole otnv amAomoinuévn LHopPn
0 0pOoIoUATOC YIVOUEVWY OUO EMITEOWV

—  2TN OUVEXEIX TTPOXWPENOTE TNV EAXXIOTOTTOINON, WOTE VXX
xenaoiuomroinoete Tnv muAn XOR/XNOR 600 €1060wv

—  TE€AoG, oxeOIGOTE TO GXNMUATIKO OIQYPOULIO

m [lap&deiypa: MOAN XOR pe 3 e10660uC

AB Domino
- Eéiowon Boole: c>. 00 01 11 10
Y =ABC + ABC + ABC + ABC 0o10]1 (0|1

- Aixdikooia eAaxiororoiong ue XOR:

o _ . 11110110
Y=A(BC+ BC) + A (BC + BC)

—A(BDC)+A(BOC) A-
=A®B®C=(A®B)®C B—

- YAoroinon ue 2 muAec XOR Twv 2 €1000wVv C D Y
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Melwon UNIKoU pe Tn xpnon muAwv XOR

B [lapaxdeiyuara XapTWv Karnaugh mou uUAOTIOI00VTOHI KO UE TN XPAON TTUAQWV
XOR Twv 000 €1060wv. Nox BPEITE TIC MO EAXXIOTOTIOINUEVES EEICMOEIC

4B Y=A®B®C®D 4B Y=B®D 4B Y=B® (CD)
cpN\_00 01 11 10 cpN\_00 01 11 10 cpN\_00 01 11 10
00| 1 0 1 0 00| 1 0 | X |1 00] O 1 | X |0
o1 0 1 0 1 o1l 0 1 |1 X]0 01l 0 1 | X0
1] 1 0 1 0 111 0 1 | X110 11] 1 0 | X |1
10l 0 1 0 1 101 1 0 | X 1|1 10] O 1 | X |0
(o) B) (7)

AB Y=B®C®D AB Y=A(B® () AB Y=(AB) @ (CD)
cp\ 00 01 11 10 cpN\ 00 01 11 10 cp\ 00 01 11 10
00l O 1 X110 00[11 01 X110 00l 0 | O 1 0
01 1 0 | X |1 011} 1 0| X110 o1} 0 ) 1 0
111 0 1 | X0 111 0 1] X ] 0 1] 1 1 0 1
10] 1 0 | X |1 10l 0 1] X ] 0 101 0 1 O 1 0
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EmAeyuévec epwTnoeIC

m Epwtnon 2.2
2XE0IXOTE EVO KUKAWUO TO OTTOI0 V& TTIPOO0OIOPIEI OV EVOC
dedopévoc uRvace €xel 31 pépeg
- O unvag kaxBopilerou oo uio 10000 As., Twv 4 bit

m o maxp&deiyua, av n €icodog eivar 0001, o uyAvag eival o
lavouGpl1og, Kol av n €i0000¢ €ivanl 1100, o yAvag eival o
AekEPPPIOC.

-  H€&&odoc Y Tou KUKAWUOTOC rTpEmel v €xel Tnv Tiun ‘1’ HIGH uovo
OTOV 0 UNVAC TTOU K&XBOoPI(ETOI om0 TNV €10000 £xel 31 UEPEC

[P&WTE TNV EAGXIOTOTIOINUEVN €€l0WON KA

OXESIGOTE TO DIRYPAUP TOU KUKAWUOTOC Y My M A Al W
o P - i) ) 0 0 il '
XPNOILOTIOIMVTC TOV EAGXIGTO dUVATO =% o 0 1 ole
A it Mar 0 0 1i 1 1
XPIOUO TTUAWV o i B 1 o o) 6
A1‘0 “ 00 01 11 10 May O _l_ O _]_ _]_
00| X 0 ‘ 1 1 Jun 0 1 il 0 0
| L Jul 0 1 1 1]1
o - o1]] 1 1 X 0 Aug 1 0O 0 0 1
= + =A & Sep 1 0 0 11]0
Y A3AO A‘?’AO A3\ AO 11 1 X 0 Oct 1 0 1 0 i
R — Nov 1 0 1 1]0
10/ o o || x 1| Dec 1 il 0 0 i
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Kwoikae Gray

m O kwdikag Gray Twv 3 bit (g,, ,, &,) TOPAYETAI OO
TOV QUGBIKO KWOIKG Twv 3 bit (b,, by, by) wg €ENG:
- Eavb;=b,, 10TE 8, = 0, 0AIWG g, = 1.
- Eavb,=b,, 10TE g, =0, 0AAiwG g, = 1.
- [0 TO mePIOOOTEPO ONUAVTIKO Wnio 8, = b,

m Hidix diadikaoio Tpaywyne Tou KwOIKa Gray ormd 10 OUadIKO
KWOIKX 0XKOAOUBEITON aveEXPTNTO &TTO TO TMARBOC TWV WNPIWV.

B TO ONUOVTIKO XOPKKTNPIOTIKO TOU KWAIKa Gray eivai 0TI U0
dIOOXIKEC KWOIKEC AEEEIC TOU OIGPEPOUV PUOVO KT EVO WNPio

- Xpnoiuoroieital otouc ADCs, yix va armopeux8ouv
EVOIXUEDEC TIUEC, OTTOU T TTODOKUTITOVTO WNPIXKX
0EO0OUEVO QUERVOVTOI N UEIWVOVTOI KOTA 1.

—  XpNOIUOITOIEITAI OTNV KWOIKOTTOINON KATXOTKOEWYV TWV
OKOAOUBIOKWV KUKAWUATWYV VI UEIWON KATOXVXAWONC

10XU0GC
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KUKAWPO HETOTPOTING &0 TOV dUXOIKO oTov Gray

m [livakoc aAnBeiag m X&pTeg Karnaugh kau e€iowoeic Boole
bel

by\_00 01 11 10
000 000 ol o (l1 | 1110
001 001 T1lo Lo 1l
010 011
011 010 - 8o =b, ® b,
100 110 it
101 111 b\ 00 01 11 10
110 101 01O Jf1)fof1t
111 100 Lo |11 0 |1 1
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/\OYIKOI OUVOETNTEC

m H &AyeBpa Boole kai o1 x&pTteg Karnaugh ammoteAolv
U0 peBOdOUC EAXXIOTOTIOINONG AOYIKWV EEICWOEWV.

m  Mix oUyxpovn TTPOKTIKA TwWV OXEOIXOTWV WNQPIGKKOV
OUOTNUATWV EIVOI VO XPNOINOTIOIOUV TTIPOYPRUMOTN
UTTOAOYIOTH, T& OTIOI OVOUG(OVTOI AOYIKOI CUVOETNTEC
(logic synthesizers), yiax va Tkp&Yyouv EAXXIOTOTIOINUEVD
KUKAQUOTO GO JIX TTEPIYPGPN TNG AOYIKNC OUV&PTNONC.

m [ oOvBeTa MPOPAANGTH OxEDICONC, O AOYIKOI OUVOETNTEC
€IVal TTOAU TTI0 &TTOOOTIKOI (IO TOUC ivBPWTTOUC.
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AOUIKX OTOIXEI OUVOUROTIKNC AOYIKNC

m H ouvOuaoTIKA AOYIKA OUXVE OUOOTIOIEITAI O€ JEYKAUTEP
OOMIK& OTOIXEIX VI TNV KATXOKEUN IO OUVOETWV OUCTNUATWV
B AuTn Eival I EPaPPOYN TNC &PXNC TNC «apAIPECNC»

—  OIMTOKPUTITOVTXI Ol TIEPITTEC AETTTOUEQPEIEC OE EMITTEDO
ITUAWV WOTE V& 00OET EUPAON OTN OUVXPTNON TOU
OOUIKOU OTOIXEIOU

B TETOIO KUKAQUOTO TTOU ExOupe NON avaPEPEI EIVAL:
- 0 nmAnpn¢ aBpoioTnc
—  TO KUKAWUOX KO O KwOIKOTTOINTAC MPOTEPXKIOTNTAG
— 0 XITOKWOIKOTTOINTNC XITEIKOVIONG EMTX TUNHAXTWV

B 2Tn OUVEXEIX O EMKEVTPWOOUE:
—  OTOUC TTOAUTTAEKTEC
—  0TOUC OUOOIKOUC XITOKWOIKOTTOINTEC, KX
—  OTOUC OITOTTAEKTEC
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[TOAUTTAEKTNC 2 o€ 1

m O moAUTTAEKTNC 2 o€ 1 emA€yel TN pick ommd TIG U0 €10000UC
oedopévwv Dy kau D, pe Bdon Tnv TR Tou oNparog S (select)

- avS=0, 101e Y = D, v

DOD1
- oMiwg, avS=1,10TeY= D, s\ o 1110
of O 0 |( 1 1)
1 O 1 1 0
S D, D,| VY Y ( )
0 o0 [o][fo 0 | D, V=D +D,S
0 0 |1z 1 | D,
o 1 |o|lo
0 1 U1 JiIL] ) D, \
1 [o] o [[o -
1 o] 1]fo S
1 1] o1
1 1) 1| D_El\ S )
0 D,— )
- y
D, —1
— Y
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[TOAUTTAEKTNC 2 o€ 1

B EVOAMOKTIK&, TTOAUTIAEKTEC NTTOPOUV
VO KATOOKEUOTOUV OO
XTTOHOVWTEC TPIWV KATKOTROEWV

B Ta oNUGTG Eykpionce (enable) Tpiwv DO —
KXTXOTXOEWV EIVOI OIXTETAYMEVK
£TOI WOTE, 0€ OAEC TIC TTEPITITWOEIC,
VO EIVOI EVEPYOC CKPIPWCE EvaC
XTTOPOVWTAC TPIWV KATXOTROEWV

m Ortavioxoel S =0, gival D, —
gvepyoroinuévoe o amopovwTng TO, 1
YEYOVOC TTOU EMITPEMEI OTNV TIYN TOU
D, vat peTapepBEel oTnv £€6000 Y

m Oravioxoel S =1, gival Y= DOS + D1 S
gvepyotoinuévog o amopovwTtne T1,

YEYOVOC TTOU EMITPEMEI OTNV TINA TOU
D, va peTapepBel otnv €000 Y

ﬁ/ \Gb-
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[TOAUTTAEKTNC 4 o€ 1

m O moAUTTAEKTNC 4 og 1 emA€yel TN pick &md TIC TECOEPEIC £10000UC
oedopévwv Dy, D,, D, kKo D4 pe B&an TNV TipN Tou dikGAOU €MIAOYNG
S1:0

- avS;,=00, 10Te Y= D, S ‘0
- avS;,=01, 10TE Y= D,

_ o v X2
T Y Dy —Joo—
D-| 01 %
D> —10
D3 ﬂ,/-

m ESiowon Boole Tou moAumAékTn 4 oe 1:

Y =S,S,D, +S,S,D, + S1S,D, + S1S0D,
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[TOAUTTIAEKTNC 4 o€ 1

B MmopoUue Vo KATXROKEUKOOUNE TOV TTOAUTIAEKTN 4 o€ 1 XPNOIYOTIOIWVTOC
(&) AOYIKN aBPOICUATOC YIVOUEVWY, (B) XTTOHOVWTEC TPIWV KATKOTXOEWV
N (Y) O0EvOPO TMOAUTIAEKTWYV 2 o€ 1
S, S,

VAR, 5,5,
S TEE D oD
D, N 5150 S, S,
. 5 ~L | |
D, N\ ’ /_ Dr —l 0
0
S S:S, Ly
D B 5 Dy —1 0
. 2 Y
S15g D> —0 1
D D, —1
y 3% .

‘Exoupe Tn OuvATOTNTO VO KATKOKEUKOOUNE PHEYXAUTEPOUC TTOAUTIAEKTEC,
ETTEKTEIVOVTHC KUTEC TIC TPEIC ueBOOOUC. Evac TOAUTTAEKTNG N =2" 0 1
amnaitel log,N = n oApora emAoyng (select). 175




YAOT10INON OUVOUOOTIKNC AOYIKNC
A

m [op&deiyuax 4.12 icli
m Ylormomoretnvouvapmon A B C | Y
Y=4B+BC+4aBc ©° O 0O | 1 = 000
LE TNV X101 HOVGXO oIl I 001
EVOC MTOAUTTAEKTN 8 o€ 1 0 1 0 o - 010
o 1 1|1 - 011 Ly
1 0 0 1 100
1 o0 1|1 — 101
1 1 0 o 110
1 1 1 0o 111
v r-r-_____________..--'

m O MOAUTIAEKTNC xpnoiuelel we mvakac avalATnone (Look-Up Table - LUT),
OTIOU K&OE YPOUMA TOU VAKX oxANBeiag (K&XOE EAXXIOTOPOC) AVTIOTOIXE]
0€ NI €10000 TOU TTOAUTIAEKTN

—  O1 €iood01 Tou TTOAUTTAEKTN TaUTI{ovTOI UE TNV €000 Y TOU TTIVOKX -




YAoT10INON OUVOUXOTIKNC AOYIKNC

m [op&delypa 4.12 (uEIWON TOU TTOAUTIAEKTN OTO HI00)

m Y\oroifoTe TNV ouvéptnon Y =AB + BC + ABC
- Me Tnv xpnon uovaéxo evoc moAummAEKTN 4 o€ 1 ko uicg muAnc NOT
m Meiwvoupe To yEyeboc Tou VUK ’ANBEIG 0TO PI0O, O 8 YPOUUES OE
4 ypoMMES EMTPEMOVTOC O0TNV €€000 VO EEXPTATOI IO TNV TIMA Tou C

- [0 K&Be dUO YPOUUEC TOU MIVOKX GANBEING EEETARCOUUE TNV TIUN
Tn¢ €€060ou Y ue Baon tnv Tiun tn¢ eicodou C (tou LSB)

- Ynapyxouv 4 moavéc mepimtoeic: Y=C,Y=C, Y=1kaY=0

B YNoOmoloUPE TOV TOAUTIAEKTN YE BA&ON TOV PNEIWUEVO TTIVOKO ANBEING

A B cly A B|lY
© 0 0|1 »0 00O
O 0 110 0 1 O
M 1 0 | 0 /V< T 0 [ D AB
0 1 1] / T_1]0 =
1T 0 0|1 C E o,
G T | ) 155 Y
1 1 0 | 0 11
11 1|0 v




EmmAeypéEvec oKNOEIC

m Aoknon 2.39
[p&WTE P EAaxloToTIoINUEVN €€l0won Boole yix Tn ouv&pTnon
TTOU EKTEAEITOH &TTO TO KUKAWP G TNG EikdOvae 2.87

C,D

B

01 El\
\V4 10 X _y
- T 1
/

X = CD(1) + CD(0) + CD(0) + CD(1) =CD +CD =CO D
Y=A(C®D)+A(1)=(C®D)+A=CD+CD+A
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EmmiAeypEveC dOKNOEIC

m Aoknon 2.40
[pawTe PIc eAaxioTommoiNuévn e€iowon Boole yia Tn ouv&pTnon
TTOU EKTEAEITOI OTTO TO KUKAWUX TNG Eikovag 2.88

C, D A B
il e

o L Y
v,”/ v%

Y = CD(A®B)+AB = ACD+ BCD+ AB
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EmAeyuévec aoknoeiC

m Aoknon 2.41
YAorroinoTe Tn ouvépTtnon NG Eikovac 2.81(B) xpNnoIUOTTOIWVTHC

(&) Evav TOAUTIAEKTN 8 o€ 1-
(B) Evawv TTOAUTIAEKTN 4 0€ 1 KO EVOV GVTIOTPOPEDK:

(y) Evav TOAUTIAEKTN 2 o€ 1 Ko OU0 &AAEC AOYIKEC TTUAEG

PR PR OOOO|D
HForor or ol
O ORRFRKFEROIK

F Pa o ool
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EmAeyuévec aoknoeiC

m Aoknon 2.41
YAomroinoTe Tn ouvépTtnon NG Eikovac 2.81(B) XxpNnOoIUOTTOIWVTHC
() Evav TOAUTIAEKTN 8 o€ 1-

A B C Y
0O 0 0] o0 0 —000
0 0 1 1 1 001
1 4010
o 1 o0 |1 )
o 1 1|1 1__011 Y
1 0 0| 1 —1100
1 o 11| o g“101
1 1 o | 1 —110
1 1 4| b 0 <111
et
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EmAeyuévec aoknoeiC

m Aoknon 2.41
YAomroinoTe Tn ouvépTtnon NG Eikovac 2.81(B) XxpNnOoIUOTTOIWVTHC
(B) Evav MOAUTIAEKTN 4 o€ 1 KOl EVOV OVTIOTPOPEX

A B CclYy A Bly
00 00 0 0O

0 0 1|1 A B
e —— 0 1 | D

o 1 1 1;4‘7(1 01O ¢ fot
e ———— T 10

1 0 0 1 /( 1 —o1 |y
R o B ) C 10

1 1 o |1 C {11

] ] ] 0
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EmAeyuévec oKNOEIC

m Aoknon 2.41

YAomroinoTe TN ouv&ptnon TS Eikévag 2.81(B) XpNOIUOTIOIWVTOG
(Y) Evav TOAUTTAEKTN 2 0 1 Kot dU0 &ANEG AOYIKEG TTUAEG

Meiwvoupue 1o uEyebocC Tou MVAKX aAnBeiog armd 8 YoauuEC o€ 2
VOOMUEC EMTPEMOVTAC OTNV £E000 VO EEXPTATOI OTTO T B Kol C

[ K&Be 4 ypouueC Tou MVAKX dANBEING BPICKOUME TN CUVAPTNON
ouo uetaBAnTwv B Ko C mou avtioTolxei otnv €€000 Y

B Yrn&pxouv 16 mBavéeC ouvapTAOoEIC OUO PETRBANTWY

YAorroloUue TiC OUO MPOKUITTOUCEC OUVAPTHOEIC LUE AOYIKEC TTUAEC
KOl OUVOEOUME TIC EEOOOUC TOUC OTIC XVTIOTOIXEC E10000UC TOU
MOAUTTAEKTN 2 o€ 1 ue B&OoN TOV UEIWMEVO TTIVOKOX 0ANBEING

w
oo dl>

.

o
e R~ o 9l

R or 40

o -

Y

\.)(0

|B+C)

)

A

—~L_

0

c{><%

183



Aucoikoc amokwoikomoinTne N og 2N

m Evoc duadikog amokwdikomoinTAg (binary decoder) N og 2N

- Oéxerai duadikouc apiBuouc Twv N bit
WG €10000UG A, (m =0,..,N-1)

- kou mapayer 2N e&€6doug Y., (n =0,.., 2N-1)

- Evepyorolei akpiPwg pic armo TiIG €£000UG ToU Y,, EKEIVN TTOU EXEI
wWC OEIKTN N TN 0EKAOIKN TIUA TOU OUKOIKOU aplBuoU aTnv €i0000

m  O1 £Eodol amokahoUvTal £€000I1 «HOVAOIKOU anuavTIKoU» (one-hot),
N «uovOoBePUET», EMEIDN AKPIPBWC Mi &Ttd aUTEC ival «Bepun» (HIGH)

o€ omoixdNmoTe dedoPEVN OTIVUN

MNoap&delyuo: Auadikdc amokwdikotoINTAC 2 o€ 4
Ar A | Ys Yo Yi Yo|n
0 0 0 0 0 1 10 P
{1 —
0 1 0 0 1 0 |1
1 o]lo 1 o o |2%
1 1 1 0 0 0 |3

ATTOKWOIKO-
moiNT¢ 2:4

11
10
01
00




YAoroinon Tou duadIKoU ATTOKWAIKOTIOINTA

m Yhoroigitan pe moAeg AND Nap&oeiypa: AuadIKOC
m  K&Be miAn AND eEapTdTQl €iTE AO(”OK(‘)é'K(;“TO'nTnQ 20¢e4
1 0

amd TNV aAnBIvA €1TE 1o TN

OUNTTIANPWUOGTIKA JOPpN K&OE
gl0000u A, (m =0,..,N-1) W _XIZ
m Evoc amokwodikomointTAg N og 2N

UTTOPEl VO KATOOKEUXOTET KO
2N oAeq AND Twv N €1063wv A14y =Y

—  TToU OEXOVTOI TOUC MOavVOUC
ouvOUXOUOUC TwV 6ANBIVWV N
CUMUTTANPWUATIKWV E1000WV

m Kd&bBe €€odog Y, (n =0,.., 2N-1)
QVOTTOPIOTA TOV EAGXIOTOPO M, A4, Y,
(M.X., Y= M3 = A A))
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YAOT10INON OUVOUOOTIKNC AOYIKNC

m  O1 duadikol XTTOKWOIKOTTIOINTEC MNoap&deyua: YAorroinon TnG
UTTOPOUV VO CUVOUGOTOUV WE mOANG XNOR 600 €1660wvV e
muAeg OR yix Tnv uAommoinan Suadikd amokwdikomoinTA 2 oe 4
OUVOUOROTIKNG AOYIKNC o

m Eneidn k&Be €6000G Y,, evoq Decoder Minterm
amokwdikomoinTA (n = 0,.., 2N-1)

QVOTTOPIOTE TOV EAGXIOTOPO M., 11 AB
N OUVGPTNON UAOTTOIEITGI WG A__ 10 AB
n mP&&n OR OAwvV TwV B — 01 AB
eAAXIOTOPWV TNC CUVAPTNONG 00 AB
— mou éxouv Tnv TiuAn 1
OTOV TMVOKX oAnBeiag -
Y = AB + AB

B Hidix 10€x epapuoOlETOI KO
OTNV UAOTIOINGN GUVOUOOTIKAC =A®B y

AOYIKAC pe dIaT&EEIC uVAMNG
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AUGOIKOC XITOKWOIKOTTIOINTNC ME EYKPION

m To onua enable (Eykpiong) eival pik  Moapa&delyuo: AuadIKOG
eMTMAEOV €10000C TOU OUNDIKOU ammokwdIKomoIinTAC 2 o€ 4 pe enable
ATTOKWOIKOTTIOINTA A; Aq Enable

- oTav 10 onuo enable €xer Tiun ‘1’
(TRUE) 0 armoKwOIKOTTOINTAC
AEITOUPYEI KAVOVIKK

- OTOV TO ONMX enable Exer Tiun
‘O’ (FALSE) 0 armoKwOIKOTToINTAG
Exel OAec TIC £€600UC A4y Yy
UNOEVIOCUEVEC

m Evoac amokwoikomointAg N og 2N
UTTOPET VO KATOOKEUXOTET KO
2N mOAec AND Twv N+1 1060wV

—  TTOU OEXOVTOI TOUC TTIOVOUC A4, Y,
ouUVOUXOUOUC TwV 6ANBIVWV N
OUUTTANPWHOTIKWV E1000WV
K&I TO oNuUo enable A, Ay Yo




AUGOIKOC XITOKWOIKOTTIOINTNC PJE EYKPION

m To oAua enable (Eykpionc) €ivail yick emmmAEov €10000C Tou dUGOIKOU
XTTOKWOIKOTTIOINTA TTOU XPNOIUOTIOIEITAI OTOV KATXOKEUK(OUE
UEYOAUTEPOUC ATTOKWOIKOTIOINTEC &TTO TTOAAOUC HIKPOTEPOUG

- H xpnon Tou cNnUATOC enable yio EMEKTARON TOU UEYEBOUC EVOC
KUKAWUOTOG O&V ITEPIOPILETAI UIOVO OTOUC XTTOKWOIKOITOINTEG, OAAK
EPOPUOLETAI KOI 0E GAAX KUKAWUOTO (LETPNTEC, UVAUEC, K.K.)

m [lop&deiyuo: KaTtaokeun duadikoU amokwodikomointA 4 o€ 16 pe
EYKPION XPNOIYOTIOIWVTAC 5 amokwoIKomoINTEC 2 o€ 4 ue enable

YisY14Y13Y10 Yi1Yi0Yo Ys Y7 Yo Y5 Y, Y3 Y, Y Yy 188




AnonAékTne 1 og 2N

m O anonAékTne (demultiplexer) 1 oe 2N guvdéel TN povadiKh €10000
dedouEVWY X pe pia amd Tic 2N e€d6douc dedopEvwy e Bdon TNV TIUA
Twv N onu&Twyv emAoyne S (select)

m O duadikoc amokwdikomoinTAg N og 2N pe Eykpion XPnoIUOTIOIEITA
Kol we omomAEKTNG (demultiplexer) 1 oe 2N w¢ €énc:

- To onuo enable Tou XITOKWOIKOITOINTN EIVAI
n €i0000C 0e0OUEVWV X TOU XITOTIAEKTN

- Or1 N gioodor 6ed0OUEVWV TOU KITOKWOIKOITOINTN EIVAI
T N oNUOTX EMAOYNC TOU OIITOTTAEKTN

- 01 2N g€odol «uovadikoU onUAVTIKOU» TOU ITOKWOIKOITOINTA
eivail o1 2N €£E0001 OEO0OUEVWY TOU OITOTTAEKTN
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ATTOTTAEKTNC 1 o€ 4

m O amomAéKTne 1 o€ 4 ouvdéel TNV €10000 OEBOPEVWV X PE YK
a0 TIG TEOOEPEIG EE000UG DEDOUEVWV Y, Yy, Y, Kal Y pE BAon
TNV TIUA TOU dIUAOU EMIAOYNG S4.4

- avS;,=00, 10T Yy =X
- avS,,=10,710Te Y, =X
1:0 2 A AO

enable

B YNOTIOIEITOI PE EVOV OUGOIKO
ammoKwodIKotToINTN 2 o€ 4
ue Eykpion (enable)

Y3 Y2 Y1 Yo
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XPOVIOUOC

B 2Tn oxedioon EVOC WNPIKKOU KUKAWUOTOC EIVOI OCNUOVTIKE:

- N MEIWON TOU KOOTOUC UAOITOINONC UE TN XPAON
000 TO OUVATOV AIYOTEPWV OOUIKWV OTOIXEIWV.

- n auénon Tn¢ TaxUTNTAC AsIToUupyiaG, ONAXON
0 xpoviouoc (timing)
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XPOVIOUOC: KaBuoTEPNON

m Miax E€odoc xpeI&{eTal XPOVO VIO VO HETABANOET avTIOPWVTOC
oTNn METKBOAN HIGC €10000U

B 2TnVv eIKOVQ paiveTal N KaBuoTEpnon (delay) (o xpdvoc) mou
UECOACBET O TN NETPBOAN pIC €10000U EWC TNV EMTOKOAOUBN
LMETKPBOAN TNC €E0O0U VIO EVOV KTTOUOVWTN

P S

KOBUOTE-
pnan

p IS
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XPOVIOUOC: DIGYPUUUO XPOVIOUOU

B TO MOPAK&ATW OXANK OVOUGIETAI OIGYPAKUUO XPOVIOUOU

— ameikovilel Tn UETUPBATIKA XmoKpion (transient response)
TOU KUKAWUOTOC TOU KITOUOVWTH 0TV UETXBXAETAI UIX
€10000C

-  H ueraBoon oo tnv tiun LOW otnv tiun HIGH
OVOUGLETOI OXVEPXOUEVN OXKUN (rising edge)

-  H ueraBoon amod tnv tiun HIGH otnv 1iun LOW
ovoualeTal KaTepxouevn akun (falling edge)
(OEV PAIVETOI OTO OXNUK)

[Psi
A Y
Pl
KaBuoTE-
pnan
A
¥ Kt/’

Xpovog > 1



XPOVIOUOC: DIGYPUUUO XPOVIOUOU

m To pmAe BENoc umodelkvUel OTI N avePXONEVN KU TNG €€000U Y
TTPOKOAEITOI OO TNV AVEPXOUEVN GKUN TNG €10000U A

-  Metpaue Tnv kaBuoTEpnon oo 1o onueio 50% Tou
ONUATOC £10000U A EWC TO onueio 50% Tou ONUATOC
ekooou Y

-  To onueio 50% eivai EKEIVO OTO OITOIO TO ONUX BPIOKETAI
okpiBwc otn yéon (50%) TnC HETEBOONG OO TNV TIUN
LOW otnv 1iun HIGH Kai avtioTpopo

A D Y
mpenu;é-
A
S

Xpovog . e



KaBuoTEpnon d1&doonc / noAuvonce

m H ouvOuaoTIKA AOYIKA XOPOKTNPI(ETAI OO
- Tnv KaBuaTépnaon 61&doong t,; (propagation delay) kai
- Tnv KBuatépnaon PuoAuvong t,, (contamination delay)

H gicod0oc A £xel apxIKNA TIUA A 4|>_ v
eite HIGH eite LOW, Ka

JMETAPaivEl oTNV &AAN TIUN
0€ MIO OUYKEKPIMEVN OTIYUA

— 0gV U eVOIpEPEI A %\ i
N aKEIBA TIA | i

AVTIOPWVTKC OTN METKBOAR,

N €€000C Y AAG(El HETG OO

K&ITOIO XPOVIKO O1XOTNUE. ot
CC
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KaxBuoTEpnon a1&d00NC

m H kabuoTtépnon d1adoong t,, ival 0 PEYIOTOG XPOVOG TTou
LUECOAGBET armd TN OTIYUA TTOU JETOPRGANETAI LG €10000C EWC TN
oTIyMN TTou N €€000¢ N o1 £€0001 ATTOKTOUV TNV TEAIKA TIUA TOUC

—  Eivol N XEIPOTEPN MEPITITWON KKXOUOTEPNONC
(auTO TOU ovou&{oUME TTAG KaxBuaTEPNGON)

IR
A
WA
e

Xpovog >
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KaBuoTéEpnon poAuvonge

m H kaBuotépnon poAuvong t,, €ivail 0 EA&XIOTOG XPOVOG TTOU
LUECOAGBET armd TN OTIYUA TTOU JETOREANETCI LG €10000C EWC TN
OTIYMN TTOU OmmoIONTIOTE EE000C axpXx1el VO METAPXAAEI TNV TIPA TNG

—  &ivoil N KXAAITEPN TEPITTWON KXOUGTEPNONG
(TN XPNOILOITOIOULE OE OUYKEKPIUEVEG TTEPITITWOEIG)

IR
p
WA
e

Xpovog _
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KaBuoTEpnon d1xdoonc / noAuvonc

B AT KKBuoTEPnong o€ emmedo TUANG
— 0 XPOVOC ITOU OITXITEITAI VIO TN POPTION TNG XWPNTIKOTNTOG
—  TIEPIOCOTEPO TPAV{IOTOP OTN OEIPX UEYOAUTEPN KOOUOTEPNON
B TIEPIOOOTEPEC €100001 OTNV TTUAN PEYOAUTEPN KOOBUOTEPNON

m OITINEG TV E,; KA t,; EVOEXETAI VO EIVOIT DIGPOPETIKEG
—  OIX(POPETIKEC KAKOBUOTEPNOEIC XVEPXOMEVNC KOI KATEPXOUEVNG OXKMNG
B Alc@opeTIKN KaBuoTEpnon ot N-MOS amd Tax p-MOS TpaviioTop

m Alcx@opeTikd MARBoC TpavlioTop oTn ocipd otk N-MOS oo T
pP-MOS dikTUK

—  TTOPOUCIX TTEPICCOTEPWYV QTTO UIKC EI000WV K& €£00WV, KXITOIEC XXTTO
TIC OTTOIEC ELPAVI(OUV TTIO BPYEC 1) TTIO KPICIUEC OIXOPOMEC

- aUénon Kol yeiwon TNG KKOUGTEPNONG OTAV T KUKAWUOTX
OepuaivovTal Kol WUXOVTXOI, XVTIOTOIXO
B AT KKOuoTEPNONC o€ EMTTEO0 KUKAWUATOC

- n 0I0OpOUN TTOU XKOAOUBET TO ONUO WECK OTTO TIC TTUAEC, OITWC
OI0OIOETAI AXTTO TIG E10000UC OTIC €£000UC TOU KUKAWUATOC

- TO ONMOTO OI6OIOOVTOI KT UNKOC TWV CUPUATWY UE TNV TOXUTNTO
TOU (pWTOC, UE TN HOPPN NAEKTPOUAYVNTIKWV KUUKTWYV (~15 cm/ns)
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Kpiolun (axpyn) dixdpoun

m H kpioun (axpyn) diaxdpoun eivair N HeyaxAUTEPN OE PAKOC
KO GUVETTWC N TTIO Py 0€ TaXUTNT
— 0T TTOU OIEPXETAI KTTO TIC TTEPICOOTEPEC TTUAEC,
TOU EXOUV KQI TIC TTEPIOCOTEPEC E10000UC
—  OVvOouGeTOl Kpialun €meidn mepIOPI(el TN CUXVOTNTO
AEITOUPYIOC TOU KUKAWUXTOG

B 270 oxNu& EeKIvael amd TNV €10000 A N B Kol KATXAAYEI 0TNV
€€000 Y MEPVWVTOC NEOOK KTTO TPEIC TTUAEC

Kpigiun diadpoun

DLV

\

2 UvToun oladpoun
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20vVTOuN OIXOPOUN

m H olOvroun dixdpopn €ivail n MIKPOTEPN 0€ NAKOC
KO OUVETTWC N TTIO YPNYopn o€ TaXUTNTO

—  QUTN TTOU OIEPXETAI &ITO TIC AIlyOTEPEC TTUAEC,
ITOU EXOUV KO TIC AIlYyOTEPEC €10000UC

B 270 OXNU& EEKIVaEl ammd TNV €10000 D Ko kaxTraAnyel otnv €€060 Y
MTEPVWVTAC MEOTK XTTO PIck TTUAN

Kpigiun diadpoun

DLV
’ R

2 UvToun oladpoun
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YmoAoyiopog Tng kabuoTépnaong t,,

m H kabuoTépnan d16doang t,, VoG OUVOUNGOTIKOU KUKAWUKTOG EIVA
TO GOpoIoUCG TwV KKBUOTEPNOEWV O1GO00NC VIt TN dIEAEUCH OO

K&Oe oToIXEI0 TNC KPIoIuNG (apyAC) SIOPOMNG

- 2T0 OxNUC: tpd = 2tpd_AND + tpd_OR

- Eugaviletar 6Tov o1 €100001 TOU KUKAWUOTOC METUPBAAAOVTI
oo ABCD = 1101 oe ABCD = 0101

Kpioipn Siadpopn E‘*Kuﬁumipnﬂn—bi

B =
n2 A X

y=1>0  n QQ i

l |
5 ) . ) n2 Q( \ !
[lpoocoxn: H kpioiun dixdpopn oo TNV €10000 A :

UJ_L

o =0

C O
|

oTnVv €€000 Y EVEPYOTIOIEITOI UE OUYKEKPIPEVEC Y
TINEC TWV UTTOAOITIWV E1000WV TTOU TTXPXKUEVOUV ,

oTaBepES, OnAadN B=1,C=0,D=1 , >
Xpovog 201




YmoAoyiopog TG kKxBuotépnong ¢,

m H KaBuotépnon poAuvong t,, EvOg OUVOUROTIKOU KUKAWHUGTOG
€IV TO &GBPOoIoUO TWV KaBUoTEPAOEWY HOAUVONG VI TN
di1€Aeuon amd K&Oe oTolixeio TN aUvTounc O16OPOUNC

- Zro oxnuo: Loy = Loy anp
-  Eugaviletar 6Tav o1 €100001 TOU KUKAWUOTOG
ueraBairovrar armd ABCD = 1101 oe ABCD = 1100

ZOvropn Siadpopn KaBu-
—> oTé-

pnon
B=17 n2 D \r\\

C=0
D=1-0 ) Y=i»0 Y '\Q\

[Mpoooxn: H cbvToun dixdpopn armod Tnv €icodo D Xpo6vog
oTnVv €€000 Y EVEPYOTIOIEITKI UE OUYKEKPIUEVEC
TINEC TWV UTTOAOITIWV €1000WV TTOU TTXPKUEVOUV
oToBepég, ON\adbNA=1,B=1,C=0=>n2=1
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Mop&deiyua 2.15

B YTToAoyIopOCg KakBuoTePNoewv dIXO00NC Kol HOAUVONG

m YroloyioTe TNV KxBuoTépnon 01&O00NC Kol TNV KKBuoTEPNON
MOAUVONG TOU KUKAWUOTOC

m K&Oe mUAn €xel kaBuoTEpnon d1&doong ion pe 100 ps Kal
KaOuoTEpnon udAuvonc ion ue 60 ps (ps = picoseconds)

%‘D— B .

T
E—H
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Mop&deiyua 2.15

B YTToAoyIopOCg KakBuoTePNoewv dIXO00NC Kol HOAUVONG

B Yroloyiopog TnG KaBuoTEpnong 01&d00NC TOU KUKAWUXTOC
- Ka&Oe muAn €xel kBuaTtepnaon o1adoonc ion ue 100 ps

- H kpioiun dicxdpoun opxilel «ro tnv €i0000 A N B,
OIEPXETOI OTTO TPEIC TTUAEC KOl KAKTOANYEI aTnV £€E000 Y

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

) v

moO O Wb

10
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Mop&deiyua 2.15

B YTToAoyIopOCg KakBuoTePNoewv dIXO00NC Kol HOAUVONG

B YroAoyiopog NG KaBuoTEpnong NOAUVONG TOU KUKAWUOTOR
- K&Oe muAn €xel kBuaoTEPnon uoAuvonc ion ue 60 ps

- H ouvroun oixdpoun apxilel armd tnv €icoéo C N D N E,
OIEPXETOI OTTO OUO TTUAEC KOI KAXTOANYEl oTnv €000 Y

- Apa, n kaBuatépnaon podAuvong eivair: t., = 2 x 60 = 120 ps

sl —
-
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Naxp&deiyua 2.16

m  XpovIouOC TOAUTIAEKTWV: KPICIMOTNTK &0 TTAEUPGC EAEYXOU
KO KPICIHOTNTO oid TTAEUPGC OEOOUEVWV

B 2UYKPIVETE TOV XPOVIOUO TNC XEIPOTEPNC TTEPITITWONC (eUPECN KPIOIKUNC
OIXOPONNG K& UTTOAOYIOUOC KaBuoTEPNong 01&d0oNC) YIa TIC TPEIC
OIXPOPETIKEC UAOTTIOINCEIC TWV TTOAUTIAEKTWYV 4 o€ 1

—  (a) Aoyikn aBpoicUATOG YIVOUEVWY,

- (B) AITOLOVWTEC TPIWV KATAOTAOEWY, thq (PS)

- (v) 0évOpo moAurmAekTwv 2 og 1 NOT 30

) ) AND pe 2 €106
m  AidovTal 01 TINEC TNC KKOUOTEPNONC OISl &

SIGOO0NC VIO TO EMUEPOUC OTOIXEIK AND pe 3 elqoéouq 30
OR pe 4 g10000ug 90
QMOMOVWTAG TPIWV
KXTQOTROEWY 50
(am0 A Ewg YY)

QTITONOVWTAC TPIWV
KXTOXOTXOEWV 35
(a0 enable Ewg YY)
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Mop&deiyua 2.16

m  XPOoVIOUOC TTOAUTIAEKT(V: 37 V
KPIOINOTNTO GO TTAEUPAC D,
ENEYXOU KOl KPIOIUOTNTX
a1 MAeup&C OEOONEVWV D,

m  N\oyiKi aOpoiopaToc
YIVOUEVWV D,

m H kpioiyn dixdpoun apxilel oo Dy
TNV €10000 €MmAoYyNg S, N S,
dIEpxeTal oo 3 mUAeC
(NOT, AND-3, OR-4) Kail
KaToAnyel otnv €€odo Y

JUUU

) ) ) Out
m H ulomoinon €ivail Kpiolun

o MAEUPGC EAEYXOU Iod_sy= Tpd INV + pd_AND3 + Ipd_OR4
_ EAeyxoc-£€050c 200 ps =30 ps+80 ps+90 ps

) ] =200 PS
- Aedopéva-£€0606 170 ps tod dy=tod AND3 + Iogd OR4

=170 ps

207




& S

Nap&delyux 2.16  [v[v

m  XPOoVIOUOC TTOAUTIAEKT(V:
KPIOINOTNTO GO TTAEUPAC
ENEYXOU KOl KPIOIUOTNTX
a1 MAeup&C OEOONEVWV

B AMONOVWTEC TPIWV
KATXOTOOEWV

—Qut

m H kpioiun dixdpopun apxiler oo
TNV €10000 €MmAoYyNg S, N S,
di1EpxeTau oo 2 muAec (NOT,
AND-2) Kol TOV GITOUOVWTN
TPIWV KATOOTGOEWV (enable to
Y), Kol KaTaAnyel otnv €€000 Y

ki

. . < t — +t +1
m H uAoroinon eival KPICIUN pd_sy— ‘pd_INV™ “pd AND2 ™ “pd TRI_sy

amd MAEUPGC EAEYXOU =30 ps+60 ps+35 ps
—  ‘EAeyxoc-é€0doc 125 ps =125 ps

t _
- Aedouéva-£€odoc 50 ps pd_dy = ‘pd_TRI_ay
=50 ps
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Mop&deiyua 2.16

m  XPOVIOUOG TTOAUTIAEKTMV: SD
KPIOIMOTNTC &TTO TTAEUPGC
eAEYXOU KOl KPICIPOTNTXX D{;i—{:}
o MAeup&e 0€O0UEVWV

m  A&vOpo TMOAUTIAEKTWV 2 o€ 1

m O moAuttAéKkTee 2 o 1 D1 % -
UAOTTOIOUVTOI PUE XTTOUOVWTEC R

TPIOV KATROTROEWV

omolxdNmoTe €i00d0 D,
OIEPXETOI OTTO 2 KTTOUOVWTEC
TPIWV KXTaoT&OoEWV (A to Y), Kal
KaToAnyel otnv €€000 Y

m H ulomoinon €ivai KPIioiun ‘DS*&
o1 MAeUpPGC 0€OOUEVWV A
- Eleyxog-£&0d0g 85 ps T
- Agdoueva-££0006 100 ps lpd_soy=lpd TRI_sy+ Ipd TRI_ay = 85 ps
tod dy=2 tpa TRI_ay= 100 ps

~~
_~

YRy

m H kpioiun diadpopun apxilel ammod .
DE‘{.
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Mop&deiyuax 2.16

m  XpoVvIoPOC TTOAUTIAEKTWV: KPICIMOTNT KO TTAEUPGC EAEYXOU
KO KPIOIMOTNTO 1O TTAEUPGC OEOOUEVWV

B JUUTTEPROUOTA:

- AV TO ONUOTO &ITO TIC €10000UC OEOOUEVWV (PTAVOUV XPKETX
TPIV OTTO EKEIVO TV EI000WV EAEYXOU, EMTIAEYOUUE TNV
uAorroinon Ue TN MIKPOTEPN KaBUOTEPNON OIXO0O0NC EAEYXOU-
mpoc-£€£000 (85 ps)

m Tnv ulomoinon Tou 0EvOPouU MOAUTIAEKTWYV 2 o€ 1)

- AV TO ONUOTO &ITO TIC E10000UC EAEYXOU PTAVOUV OPKETX
PIV OTTO EKEIVX TV EI000WV OEOOUEVWYV, ETTIAEYOULIE TNV
uAorroinon Ue TN MIKPOTEPN KaBUOTEPNGON OEOOUEVWV-TTOOC-
£€€000 (50 ps)

m TNV uAomoinon Twv XITOMOVWTWYV TPIWV KATKOTXOEWV

m H BEATioTN emAoyn 0ev eEXPTETOI POVO KO TNV KPIoIUN O16dPOMA
MEOW TOU KUKAWUOTOCG KO TOUG XPOVOUC &PIENC TWV ONUGTWY
£10000U, OAA& KO OO TNV KATOVGAWON 10X0U0C, TO KOOTOC KOI TN
OIBECIPOTNTO TWV OTOIXEIWV
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EmmAeypévec oKNOEIC

m Aoknon 2.44
YrohoyioTe TNV KaBuoTEpnon O1&O00NC Kol TNV KKOBUoTEPNON
LWOAUVONC TOU KUKAWUKXTOC TNC EIKOVOC. XPNOIUOTIOINOTE TIC
KaBuoTEPNOEIC TTUAWYV TTOU OIVOVTOI OTOV MMIVaKO

- Kpioiun oixdpoun: F-Y

g =1 + 2¢ +
pd = Ipd AND2 T 2Ipd NOR2 T Ipd NAND2 .
= [30+2 (30) + 20] ps
NOT 15 10

= 110 ps
- 2ovroun oiaxdpoun: D-Y NAND pe 2 g106d0uc 20 15
led = 21cq NAND2 T ed NOR2 NAND pe 3 e10650uc L) 25
=[2 (15) + 25] ps >
— 55 ps NOR pe 2 €10600uC 30 25

NOR pe 3 €10000u¢ 45 35

A _

33} AND pe 2 e1066ouc 30 25

D } AND pe 3 €10680uUg 40 30
@ OR s 2 £10600UG 40 30

OR pe 3 e106d0uC 55 45

D— XOR e 2 £16680UC 60 40
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MeToBaTikol maAuol (Glitches)

B MEXpI TWPO EXOUNE PEAETNOEI TNV TTEPITTITWON Wi HETKBOAN
€10000U VO TIPOKOAET HOVAXO MIc HETKBOAN 0TNV €€000

m Eival opwe mBavo pia peTaBoAn €10000U Vo TIPOKOAEGE!
TTOAOTTIAEC HETXBOAEC oTNV £€E000

- Aurtéc ovoualovtail uetaBaTikol moAuoi (glitches) n
Kivouvol (hazards)

m Me tnv mpoundOeon OTI MEPINEVOUNE VO TIXAPEADEI N KPICIUN
KaBuoTEpnon d1&dooncg mpoTol Bpedolpue eEXPTNUEVOI KTTO TNV
€€000, 01 HETUBOTIKOT TIOXAOT OEV XTITOTEAOUV TIPOBANUC ETTEION
n €€000¢ B Exel MPOA&PEl va oTaBepOTOINOET 0TN OWOTN

AOYIKN TIUN

B Moac evlia@pEpel va ywwpi{oupe OTI UTTXPXOUV OTC TTEPIOOOTEP
WNPIGK& KUKAWUOTO KOI VO T OIGKPIVOUUE OTaV EETGR(OUUE
OIYPAUPATO XPOVIOUOU O€ TIPOCONOIWTEC N TXAMOYP&POUC
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MeToBaTikol maAuol (Glitches)

m TiI0a oupBei otav A= 0, C =1 kau B petaBaivel amd 1o 1 oto O

-

%
Y AB
SN\ 00 01 11 10
" R
ol 1 0 0 0

Y=AB+ BC 213




MeToBaTikol maAuol (Glitches)

m H eioodoc B cuvdgeTan pe tnv €€000 Y nE€ow 0UO OIOPOUWV:

- Tnv kpioiun diaxdpoun mou OIEPXETAI ATTO TPEIG TTUAEG
(NOT, AND-2 ko OR-2)

- Tn advroun diodpoun mou SIEPXETOU oTTO OUO TTUAEG
(AND-2 kou OR-2)

- H Kpioiun d1c0poun dIxpEPE! &rmd Tn ouvroun dI6dPouN
oTnNv KxBuoTépnan d16000NC KATAX uio TuAn NOT

B AOYyw aUTAC TNC dIPOPAC ENPAVIETOI EVOC METXBATIKOC TTOXAUOC
otnVv €€000 Y, 0Taev A = 0, C = 1 Ko B petafaivel and to 1 oto O

Kpioiun diadpopun

A=0 O*V
B=1->0 ni

C=1 /l _)%;o

2.UVTOUN O1adpoun

Y=1->0->1
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MeTaaTikol TaApol (Glitches)

KaBwe 1o B petafaivel ommod
T0 1 010 O, 0 KOMPOC N2 (0TN
ouvToun OIxdPONNA) UPIOTATAI
K&O000 TTPOTOU TTPOA&BEl VO
OAOKANPWOET N GivodoCg TOU
KOuBou nl (oTNV KPIioIun
dixdpoun)

MEXPI vox ONOKANPWOET N
&vodoc Tou nl, o1 000 €100d0I
NG mMuANc OR €xouv Tiun O,
Ko n €€odoc Y «mEPTE 01O O

MOAIC oAokAnpwOel N &vodoc
Tou N1, To Y emoTpEPel oTo 1

H OI1GpKEIG TOU PETOBATIKOU
MOAPOU €ival N KabuoTEpnon
d1&doong pice muAng NOT

Kpioiun d1adpoun

A=0 0—1
B=1->0 ni :

Y=1->0->1
n2
2 UvToun diadpoun
B <8
\

n2

ni

Y 44— peTaBaTikog TaAuog
Xpovog ———— L
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ATTopuyn METOROTIKOU TTOAUOU

m Kotk n petéBaon Tov 1000wy Y 4p

ABC am6 1o 011 oTo 001, XV TO 00 01 11 10
KUKAWPO TOU TTIPWTOU 6pou (BC) C o

arrevepyorroinoei mpoTou TO ol 1 0 0 0
KOKAWHPQ TOU GAAOU TIPWTOU OpoU iB

(AB) evepyormoin6ei, T10Te —B: : / : ; ;
TTXPOTNPEITAI EVOC NETARATIKOC < )
TTOANOC s k

KBC

m H per&Boon mou diaoxilel Y=AB+BC
TX OpIC OUO TTPWTWV OpwV
oTov X&pTn Karnaugh amoTeAel
EvoelEn moOavoU NETRBATIKOU
MTOXANOU
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ATTOQUYN METOROTIKOU TTXAMOU

B O peTaBaTiKOC TOANOC
aImopelyeETOI EXV TTPOCOBECOUNE
Evav EMMAEOV KUKAO TOU OTTOIOU
0 6poc AC givail aVPECH OTOUC
nmp®Touc 6pouc BC Kol AB

m [lpdkeiTal yia To Oe@PNUa TNC
OMOPWVINC, OTTOU O EMITAEOV
mpooTIBEuevoc 6poc, To AC,
eivail 0 MAeova&{wv 0po¢C

¥ AB

C 00 01 11 10
O/? 0 0 0

AB 7
1 1< 1 1) 0
-l .

—_— BC
Y=AB+ BC

Y _ AB

C 00 01 11 10
U/;\ 0 0 0

-

N O ODE
5 g

—  Eae o =
AC y=AB+BC+AC BC .



ATTOQUYN METOROTIKOU TTXAMOU

Y

m O peTafarikog moAuog AB
amoPeUYETAI VITI N MOUAN AND 00 01 11 10
TTOU UAOTIOIET TOV TTAEOVATOVTO N
0po AC mapdyel oTnv €€000 TNC Off 1 0 0 0
TNV TINA 1 KB’ 6AN TN dIKPKEIX Z—Eb
NG YETKPBOAACG TOou B - ( ) )
1 1 1 1 0
> "
i g
AC y=AB+BC+AC B¢

e sanlls
- -
}

Y=1
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