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Adslec Xpnong

* To mapov eKMOULOEUTIKO UALKO UTTOKELTOL OE QOELEG
xpnong Creative Commons.

e o eKTIALOEUTLKO UALKO, OTIWC ELKOVEC, TTOU UTTOKELTOLL

o€ aAAou tUmou adelac xpnong, n adela xpnonge
avadpEPETAL PNTWC.

[©0Sle)
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Xpnupatodotnon

e To mopov ekMALSEVUTLKO UALKO EXEL avamtuxOel ota mAalola
Tou ekmatdevtikol £pyou tou dtdaokovta.

* To €pyo «Avoikta Wndraka Mabnpata oto Naveniotquo
Avtikng Makedoviac» £xeL xpnuatodotnoEeL HOVO TN
avadlapopPpwaon Tou ekmaldeuTikol VALKOU.

* To €pyo uAomoleital oto mAaiolo tou Emelpnotokou
Mpoypappatoc «Eknaidevon kot Ata Blov MaBnon» ko
ocuyxpnuotodoteital amno tnv Evpwnaikn Evwon
(EvpwTmaiko Kowvwviko Tapelo) ko armo €Bvikouc mopouc.

XEIPHZIAKO MPOTP
MAIAEYZH KAI AlA BIOY M
oyen o a

XA

AMM/
ABHZH

EK

YNOYPFEIO NAIAEIAL KAl BPHIKEYMATAQN
EvpwmaikiEvwon EI/AIKH YINHPELI AIAXEIPIZHE

Es K Tapei
PPATERCTIONENO DY Mg ™ ouyxpnparodotnon tng EAAadag kat tn¢ Evpwmaikig Evwong




2 KOTTOC TNG EVOTNTOG

* Elcaywyn ota Suadika Ko aplOpntika
ouOoTNUOTA.

e Katavonon Baolkwv EVvoLwyv ToU HaBrpatoc
Jndlakn oxediaon.
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Elcaywyn

Z0oU

e og uo nouakn ( digital ) emoxn.

Ta Pndloka KuKAwpata eivat movtou.

DIG

T ( gndlo-apBuoc ): ano ‘DIGITUS’ tnc

Aatvikn¢ = daxtuAo. «OrmoLooONTIOTE OTTO TOUG
opafikouc aplOpovc 0-9». « Eva amo ta
otolxeia mov cuvduadlovtat yla voL oXnNHoTiocouv
oPLOpoUC oTo HEKASLIKO ocuoTNHAY.

DIGITAL ( yndpLoko ): oxetka pe / xppon ya tov
UTTOAOYLOMO ME aplOpNTIKEC HEOOSOUC 1N ME
SLaKPLTEG povadecy.
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Mati xpnowponoloUpe tn Ae€n digital;

e ApXLKQA Ol UTTOAOYLOTEC XpNOoLUOToLoUVTAV YL
aplOunTikouc uTTOAOYLOLLOUC.

e Xpnowuomnowovoav discrete elements of
information: digits ( SlakpLta otoela
niAnpodoploc ).

* [Lat auTO dnuUovpynONKe 0 OPOC
‘UndLakoc umoAoylotnc'.
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Wnolaka Znporoa

Ta yndlaka on

Lota avayvwpllovtal

wWC SLaPOPETLKA ETLTTES AL TAICEWV.

(Lot TNV VAOTTOLr
ONUATWYV XpNol

Ta o 6tadedo

on KoL TO XELPLOMO PndLokwv
Lortolovvtal Ta tpaviiotop.

LLOVO 2 TLMEC =>
OAa avarmoplot

evo PndLaka cnpato EXouv
duadika.

wvtol pe 0 kat 1.
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NMwc dnuovpyovvtal ta Pndlokad cUATO;

e Eiva non dtakpirta otoyeta ( m.x. H puoBodoaoia ).

o KBavtilovtoal/AstypatoAnmrouvTal amo Ko OUVEXA
Stadkaoia ( m.x. Hxoc ).
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Mati xpnotponoloVpe Pndlaka KUKAwpora;

* OLPNnNPLOKEC CUCKEUEC ELVOLL TIPOYPALLATI(OMEVEC,
£TOL Wote anmAa aAlalovtac To IPOYPALLUA TO LOLo
UALKO MUIOpEL va xpnotlpomotnBel yia SLadpopeTIKEC
epapUoyEC.

* BeAtwwoelc otnv Pndlokn texvoloyia
OAOKANPWUEVWV KUKAWUATWY BewpouvTol N
akpiBela kat n aélomiotia ( ty. DVD ).

 Wnolaka ocvotnpata ival ot SLacuVOETELC TWV
P ndlakwv povadwy.
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NMwc dnuiouvpyouvrat ta Pndraka KUKAwpoTa;

e KaBe Pndlako KUKAwHO UAOTIOLEL pLa AoyLKN
AELToupyla.

* O ouvbuaopoc Pndplokwv KUKAWUATWY oxXNUaTilel pLa
rito moAUTAoKN Aoykn Aettovpyia ( tTng povadoc ).

* Me tov ouvluaoUO EVOTATWVY
ETUTUYXOVETOL N AELTOUPYLOL TWV CUCKEUWV.

e Oa peletnooupe SLAPOPETIKOUC TUTIOUC TWV
Pndlakwv KUKAwpATwY Kot 8a paboupe va
avaAUOUME Tn AELToupyLa TOUC Kol TOV TPOTIO
oxeblaopol PnPplokwv KUKAWUATWY TToU
ETULTUYXAVOULV TNV emBu Nt AoyLkn AELtoupyla.
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TLyvwoelc Oa anokopioete oto tEAoC; (1)

* Katavonon:
— Twv AplOuNTIKWV CUCTNUATWV.
— Tnc aAyeBpac Boole.
— 2X€OLAOMO ZUVOUOOTLKWY KUKAWUATWV.
— 2Xe0LaoO AKOAOUBOLaKWY KUKAWUATWV.
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TLyvwoelc Oa anokopioete ato tEAOC; (2)

AOYLKOC 2xeblaopoc kKot 2yxedbraopoc H/Y

Baolkeg Evvoleg & epyaleia EnunpooBeteg evvoleg & epyaleia
TIOU XPNOLLOTIOLOUVTOL YL TIOU XPNOLUOTIOLOUVTOL YLa TO
oxedlaopo Pnorakol LUALKOU oXedLaoUO YTTOAOYLOTIKWVY

( oo Pndroaka KukKAwpata ) 2UOTNUATWV

2xedlaopoc Wnolokwyv ZuoTnUATWY
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Kupilw¢ opwe...

* Qa kataAafete MNQZ AsttoupyoLv T
P ndlaka KUKAwpaTa.

* Q0 OOKTNOETE PAOLKEC YWWOELC yLa TANB0C¢
Hadnuatwv.

* Oa katalaBete Tt onuaivet WHOIAKH EMOXH.
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2tnv Mabnon n AIAAIKAZIA gival o GnpavTLKnA oo ta
ANOTEAEZMATA

e Texvikeg kat de€lotnteg emiAvuong tpoBANATWY
LLTTOPELTE VOl OTIOKTIOETE POVO LECW TNC MPAKTLKAC KOl
LECQ Ao TN MEAETN TWV OAOEVA KalL TTILo SUOKOAWV
npoBAnuatwyv. Ol epyaociec neplAappavouv OAeC
emtiAvon mpoBAnuatwy. Eival moAU onpavTiko va
kataAaBaivete mwc Oa AuBel to mpoBAnua, Kat OxL
QTAWC VO ELOTE EVXOPLOTNLEVOL LE TNV AELTOU YL
£VOC TPOYPOMOTOC TIOU TTAPAYEL TA {NTOVUEVA
amoTeAEoATAL.

* To NQZ - etvat ro onpavtiko ano to KANQ.

* Meta tnv anodoitnon oac: Kaveic 6ev Ba cac pwinoet
yla Touc BaBpouc oac! O kaBevac Ba pwtnoeL av
LTTOPELTE va AUCETE Ta mpoBAnuaTa.

8% @)
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AplOuntika Zuotnpota - AsKadLko

 ‘Baon’ 10 ( to radix €ivauw 10 )
10 Yndia: 0 ewc 9
(251.3)10=2*102 +5*101 + 1*100 + 3*10-1

* Inueiwon: .’ ovopadetal n vITOSLALGTOAN yia TO
ocvotnma radix ( umodiaotoAn yia tn faon 10 ).

8% 7o) ] ] ’
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AplOuntika Zvotnpota — Mrevika (1)

[evikad evac dekadlkog aplBuoc pue n ndia apiotepa ( mpv )
aro tnv utodLlaotoAn, kat m Yndla ota ds€la ( peta )

ypadetal wg akodovbwg: A L A ... A;A,.A A, ...A A

m+l " -m

A \eyetal cuvteheotn ( coefficient ) ko maipvel TLHEG peTa&U
0..9, evw To | Seixvel to Bapocg ( tnv ta&n ) ( =10') tou A..

MavetmoTApio AuTikic Makedoviag



AplOuntika Zuotnpota — Frevika (2)

e ""Baon’ r(radixr)

*  ryndia

- ¥ pn-1 ¥ pn-2 ¥ gl
*N=A "rM"+A_ *rm+. .+A *"rr+A; +

* 1 * p-2 * p-m
A "r*+A,"r*+..+A_~*r

Neploootepo onpavtiko Pndio ( Most Significant Bit-MSB ) Awyotepo onpavtiko Pnodio ( Least Significant Bit-LSB )

MavetmoTApio AuTikic Makedoviag



AplOuntika Zuotnpoata - Napadeypa

*M.x.r=6 (312.4 ). =3*6* + 1*6' + 2*6° + 4*6™
=(116.66 ),

* Metatpornn amno n-6ko ( ornotodnmnote
ovotnua e radix n ) oe 6ekadilko akoAouBel
rnopopoLla Stadlkaota.
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AplOuntika ZuotAporta...

e To 1o Kowa oplBuntikd cvotnpata yia H/Y:

e Avadwko(r=2) ( Binary )
e Oktadwko (r=8) ( Octal )
e Aekaeéadwko (r=16) (Hexademical)

( MavetmoTApio AuTikic Makedoviag



Avadwoi AplOpoi — Baon 2

e OL H/Y avamnoaplotouv oAa ta dedopeva oav ‘cUUBOAOCELPEC
bits’, kB¢ bit eivat 0 n 1.
e ‘Baon’ 2, ue Yndia: 0 kat 1

e M.x.(101101.10 ),=1%2>+ 0*2% + 1*2° + 1*2% + 0*21 + 1*20 +
1%2-1 4 Q%272

(o€ 6ekadk6)=32+0+8+4+0+1+7%+0=(455),,

8% @)
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AuvapeLlc tov 2

n 2" n 2" n 2"

0 1 8 256 16 65,536

1 2 9 512 17 131,072
2 4 10 1,024 18 262,144
3 8 11 2,048 19 524,288
4 16 12 4,096 20 1,048,576
5 32 13 8,192 21 2,097,152
6 64 14 16,384 22 4,194,304
7 128 15 32,768 23 8,388,608




‘Eval pLKPO avEKSOTO

* Yntapyxouv 01 katnyoplec avOpwmnwyv
OTOV KOOUO.

* AuTtol tou kataAapaivouv to Suadiko
ocUOTNUO KoL OUTOL TTou OEV TO
kKataAaBaivouv.
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Aekaegadikol aplOpol

*r=16
 Undia (ocvpPaon):0..9,A,B,C, D, E F
*A=10,B=11, .. F=15
° TL.X.
(3FB),. = 3*162 + 15*161 + 11*16°
( oe 6ekadiko ) =768 + 240 + 11
= (1019 )
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Metatporni) Aekadikou o€ Auadiko

N eivat évag 6ekadLlkog aplOuoc.

a) Bpeite to peyoAUtepo aplBuo nou eival duvopun
ToU 2 Kot adatpeitat amo to N mapayet pia OeTikn
oladpopa N, (N =2*+N, ).

b) BaAte 1 oto MSB.

c) EkteA€ote avadpoulka To a), EEKVWVTOC aTto TO
N, kot Bplokovtag tnv dadopa N, , Balovtag 1
ota bit mou avaAoyouv oto x ko 0 ota
vrtoAouna bit.
2tapatnote otav n dtadopa eivour O.

3252
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Metatponn AskadikoU og Avadiko ( mapadeypa )

r.X. N=( 717 ),,

717 -512 = 205 = N,
205 - 128 =77 = N,

(717),,=2°+ 27+ 26
=(101 1

0

0

512=2° (x=9)
128 =27 (x=7)
64=26 (x=6)
8=23 (x=3)
4=22 (x=2)
1=2° (x=0)

+23 + 22 +
1 1 0

20
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Avadlko o€ oKTadLKO Kol HeKaeEadLKO

* OKTadLKO:
8 =24
* kAOe 3 bits petadppalovtal oe 1 oktadLKo.

* AekaeéadLKO:
16 = 24

* kaOe 4 bits petadppalovrtol os 1
dekae&adLKO.
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Avadikotl AplOpuol

Agkadlko Zuotnua: Baon to 10, Yndia 10 Kot cUVTEAEOTEC X SUVALELC
tou 10.
7392.25 = 7x103 + 3x10?% + 9x10* + 2x10° + 2x10! + 5x102

A i
a,;3,a,3,a,a,0mouv 0<a, <9, ... +ax10'+ ...

Avadlko Juotnua: Baon to 2, Pndia 2 kot CUVTEAECTEC X SUVAELG
TOou 2.

1011.01 = 1x23 + Ox22 + 1x21 + 2x29 + 2x2°1 + 5x2-2
a,a,3,8,3,a, omou0<ac<9 ..+ax2'+..

r-adko Zuotnua: Baon to r, ndla r kot cUVTEAEOTEC X SUVAUELC TOU T.

- n n-1 2 1 0 -1
331 3y31808,43, B =AM+ A MM At tart v agrd tar
ar?..a rm orov0<a<sr-1

{C 7’ )
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AplOpol o€ SLapopEeTIKEC BAOCELC

AgkadKO Avabiko OKTOSKO AekaeEabLKO 1 O 1 1 O 1 1 O 1 1 O 1
(Baon10) (Baon 2) (Baon 8) (Baon 16)

00 0000 00 0 +100111 - 100111

01 0001 01 . 1010100 000110
02 0010 02 2

03 0011 03 3

04 0100 04 4

05 0101 05 5

06 0110 06 6 1 O 1 1
07 0111 07 7 X 10 1
08 1000 10 8

09 1001 11 9 10 1 1
10 1010 12 A

- o - : 0000
12 1100 14 C 1 O 1 1

13 1101 15 D

. — = ; 110111
15 1111 17 F

2%t MavemoTripio AuTikiig Makedoviag



Metatponn aplOpov o Baon r oe Askadiko AplOpuo

r-adLko cvotnua apldunonc:

MoANarAaolalovpe KaBe cuvieAEoTN UE TNV avTloTowNn
dUvaoun Tou r Kal Kavou pe mpocBeaon.

(630.4),=6x82+3x8'+0x8°+4x8*1=384+24+0.5=(
408.5),,

AvadlKO cuoTnua aplOunonc:

Bplokoupe to aBpolopa Twv SUVAUEWY TOU 2 EKEVWV TWV
OUVTEAEOTWYV TTOU £XOUV TLun 1.

(1010.011),=23+21+22+23 =8+2+0.25+0.125
=(10.375),,
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Metatponn dskadikwv aplOuwyv o€ onowadnmnote Baon r (1)

*Akepalo Mepoc: Avadpoptkad, SLOLPEOCTE TO
akEpOLo HEPOC SLa TN BAon, KPATWVTOC TO
UTTOAOLITO LLEXPL TO OKEPOILO LEPOC Va Yivel 0.

TLX. (153 ),=(? ), r=8

153/8=19+1/8 uttoAouto = 1 LSB

19/8=2+3/8 UTTOAOLTO = 3

2/8=0+2/8 uTtoAouto = 2 MSB
TEAOC

(153 ),,=(231),
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Metatponn dskadikwv aplOuwyv o€ onowadnmnote Baon r (2)

e KAaopatiko Mepoc: AvadpouLKa,
TMOAAQTIAQLOLAOTE TO KAQLOUOTLKO LEPOC ETTL TN
BAaon KpOTWVTAC TO LKEPALO LLEPOC LLEXPL TO
KAOLOMLOTLKO HEPOC Va Vivel O.

* T.X. (0.78125),,=(7?) 4, r=16

0.78125 *16=12.5 oakepatoc=12 = C MSB

0.5*16=8.0 akepatoc = 8 = 8 LSB
TEANOC

+ (0.78125),,=(0.C8),,
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Metatponn dskadikwv aplOuwyv o€ onowadnmnote Baon r (3)

AKkEparlo Mepoc

ALOLOOXLKEC SLOLPETELG IE T.
X=a rMm+a ,rmi+. . +a,r’+arl+a, OL OUVTEAEDTEG €ival Ta
Xmodr=a, uTtoAoLna.
= n-1 n-2 1
(X7 grorong =@n M +a, M2+ . +art+a

Nopadeypa: Metatpori tou 41 oto Suadiko cuoTnua.
41:2=20+1/2
20:2=10+0/2

10:2=5+0/2 >(41),,=(101001),
5:2=2+1/2
2:2=1+0/2

1:2=0+1/2




Metatpornn dekadikwv aplOuwv o€ onowadnmnorte Baon r (4)

AkEparlo MEpoc

Awadoyikol MoAAamAacioopol pe .

X=a rt+a,r’+.+a rr" Ot cuvTeNEOTEG elval Ta aképala
X*r=a ,+a,rt+.+a_ p-(rn-1) .

(X * 1) qeonto népoc = -1

( X *r )xwpiq AKEPAUO PEPOC a, ri+... + a,. p-(rn-1)

Noapadelypa: Metatport tou .6875 oto Suadilko cuotnua.

6875x2 =1.3750
:3750x 2 = 0.7500
7500 x 2 = 1 .5000 >(.6875),, =(.1011),
.5000 x 2 = 1.0000




Metatponn 8-/16-adikou aptOpol os Auadiko Kot
ovtiotpoda

Kabe Oktadiko/Ackaetadiko Pnoio avrtiotowel og % dvadika pnoia:
EUkoAn Metatpor & Zvuurnieon AsSopEVWV.

Napadeyua: 8-adkd o Suadiko Kol avtiotpoda.

010110001 101011111 100000110
2 6 1 5 3 7 4 0 6

Napadeyua: 16-adko og Suadiko Kot aviiotpoda.

0010110001101011 1111 0000 0110
2 C 6 B F 0 6
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Metatponn Baonc aplOpou: Avakepalaiwon

1) Metatpomnn amno r-adiko og SeKASLKO:

[MoAATTAQLOLA{OU LLE TOUG OUVTEAECTEC UE TLC OVTLOTOLXEC OUVAUELC TNG
Baonc r kol TPoCOETOVUE.

2) Metatpomnn amno dekadiko o€ r-adlko:

Xwplloupe akEpalo Kot KAQOMOTIKO UEPOC.

AKEPALOC LEPOC: ALOLPOUE CUVEXELQL LIE I KOLL KPOATALLE TO UTTOAOLITO.
3) Metatpornn ano 8-adiko/16-adiko o SuadLKO:

AvtikaBlotoupe kaBe Pndlo pe tov avtiotowxo 3-Yndlo/4-Pnodio
SuadLko apLBuo.

4) Metatponn and duadiko og 8-adiko/16-adLko:

Opadornolovpe ta Suadika Pnoia oe tpLadec/TeTpadec Kol
avtkaOlotol e KABe pLa pe to avtiotowo Yndio tou 8-/16-adikov.

8% Sl
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Avadikec aplOuntikec mpaéelc - MpocOeon

e AkoAouBel Touc (dlouc

KOVOVEC He TN dekadLkn
npocBeon, Ye TNV
Sladopa OTL OTOV TO
aBpolopa eivat 2 ( ko oxt
10 ) €xouLE KPOTOUUEVO.
NEOL KAVOVEC

KPOTOUEVOU:
* 0+0=0c0 (aBpolopa 0 pe
carry0)
* 0+1=1+0=1c0
e 1+1=0c1

e 1+1+1=1c1

Kpatovpevo 111110
MpooBeteocl 001001
MpooBetéoc2 011111
Anotédeocpaa 101000

8% F@)
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YriepxeiAion

e Eav to peyeboc tnc Agé€nc ( word ) etvat n bits
KOlL TO QTOTEAECIA TOU aBpolopatoc elval
(n+1) bits, exoupe unepyeiAon ( overflow ).

— To amoteleopa 6V UMOPEL va avartopaoTtaded
opBa ( mAnpwc ) ue n bits.

* Yrniepxeihlon Oev cupPBaivel mote otnv
adaipeon. MNati;
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Avadikec AplOuntikéc Mpatec - Adaipeon

* Neol kavovec davelkou ( borrow ).
e 0-0=1-1=0Db0 (amoteAecpa O e daverko O )
« 1-0=1b0
*0-1=1b1

Aaveitko 1100
Adatpeteoc11011
Adatpetne 01101
AmotéAeopa0 1110
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Avadikec AprtOuntikec Mpageic — MoAAAMAQCLOGLOC

* AAyoplOpoc OAloBnonc ko tpooBeonc ( Shift-
and-add ), onwc¢ ywa tn faon 10.

MoAA/oTAC 0 0 0 1 1 0 1
MoAA/oteoC 0 0 0 0 1 1 0
(1) 0 0 0 0 0 0 0

(2) 0 0 1 1 0 1 0

(3) 0 1 1 0 1 0 0
ABpolopa 1 0 0 1 1 1 0

 EmaAnBevon: 13 *6=78




JUUITANpwpHaTo

Ta cupmAnpwpaTa ATAOTIOLOUV TNV PAén TN adaipeonc:
a) ZupnAnpwpa we po¢ Baon
B) ZuumAnpwpa wc npocg Baon-1

YuunAnpwuo we npoc Baon r-1
A=(r-1)-A
Aekadiko cvotnua: ( yia 3 ndla ) A’ =9999 — A

= Adaipeon kabe Pndiov tou A armno 1o 9 ( dev utapyouv
KPOTOUEVQL )

Avadiko cvotnuo: A’ =11...1 -A
= Avtiotpodn kabe Yndiouv
1011010011 ‘=0100101100
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ZupntAnpwpota (2)

2UUTMANPWLLO WC TIpoC Baon r

A, =r"-AylaA#0katA, =0yiaA=0
A =rm-A-1+1=[(r"-1)-A]+1=A"+1

EUpeon Tou CUMMANPWHOTOC WC TIPOC r-1 Ko
npooBeon tov 1.

1011010011 , =0100101100 +1 =0100101101
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JUpmAnpwpata: AvakedpoAoiwon

JUUMANPWUA WC tpoc Baon r-1:

Adatpovpue kabe Pndio armno to r-1.

UUMANPWUA WC TPocC Baon r:

1) Bplokou e To cupmARpwpa wW¢ tPocg r-1 Ko
npooBetouvpe 1.

y

2) AdatpoUpLE To MPWTO KN-UNOEVLKO AlyOTEPO
onUavTko Pndlo amo To r Kot OAa Ta uTtoAoLTa
MEPLOOOTEPO onuavtika Pnoia amo to r — 1.
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Adoailpeon pe CUUMAnpWHOTO

H adaipeon Vo aplBuwv M-N oe Baon r kat pe n Pnoia yivetol we €€nc:

1. TpooBEtoupe 0T0 PELWTEO M TO CUUTANPWA WG TTPOC I TOU
adalpeteéov onote Exoupue M+ (=N )=M—N + r".

2. AvM >N 10 dBpolopa Ba €xel TEALKO KPATOUUEVO " TO OTIOLO OlyVOOULLE

3. AvM< N 1o dBpolopa Sev €xeL TEALKO KpaTOUEVO Kal LlooUTal pe r" - ( N
- M) 1o omoio gival to cupmAnpwua We pog r tou N - M. Me
CUMTANpWHO WE TIPOC r Tou aBpoiopatoc Bpiokoupe to N - M pe
npoonuo ( - ) umpoota.

M-N=72532- 3250 M - N=3250-72532
72532 3250
(ZupmA. 10)+ 96750 (ZuumA. 10) + 27468
169282 30718
( Ayvow kpat.)— 100000 ( Aev uTtapxeL KpaT. )
69282 -69282




NMpoonuoaouevol Auadikotl AptOpol

To tpoonuo dnAwvetal pe Ttnv TonobEtnon evoc bit otnv aplotepotepn Bon
(0=+,1=-).

TpOMOC AMELKOVLONC:

MNpoonpacuévo Metpo: To aplotepoOTeEPO bit Tpoonpo Kat To umoAoLo ival
To HETPO( armoAutn TLun ).

MNpoonpacuévo ZupunAnpwpa we npog 1: To aplotepotepo bit mpoonuo Ko
OAOC 0 aplOPOC ( Ue MPOONHO ) WC CUMTTANPWHO WC TtpoC 1.

MpoonHacuEVo ZUUNANPWHA WE ITPOC 2: To apLoTEPOTEPO bit MpooNUO Kol
OAOC 0 apLOPOC ( UE TPOCNHO ) WC CUMTTANPWHO W TIPOG 2.

To Mpoonuacpevo METPo XpNOLUOTIOLELTAL OTNV CLUVNBLOUEVN apLBNTLKA
aAAa Sev sival evxpnoto yia tov H/Y. Mo evkoAn avamnapdaotaon yia tov H/Y
elvall To NpooNUOOUEVO ZUUTTARPWHA WCE TTPOC 2.

Anelkovion pe 8 Ynodia tou -9

MNpoonpaocpuévo Méetpo: 10001001

MNpoonpaocpévo ZupunA. wgnpog 1: 11110110

MNpoonpaocpévo ZupunA. wenpog2: 11110111




AplOuntikn NpdcBeon / Adaipeon

AplBuntikn MpooBeon ( armaltel cuykpLon MPOCHUWV )

1. Avta npoonua eivoal ibLa mpooOETOVE TOL LETPA LE TEALKO TTPOCNUO TO
KOLVO.

2.  AvTtanpoonua eivol Stadopetikd adalpoU e oo ToV LEYAAUTEPO TOV
ULKPOTEPO HUE TEALKO TIPOCNO QUTO TOU HEYAAUTEPOU.

MpooBeon NpoonUACUEVOU JUUTTANPWUOTOC WG TTPOC 2

ATIAN pO0BEeOoN Kall TO TEALKO KPATOUUEVO alyvoeital. Av To amoteAeopa eival
apVNTLKO Ba gival og cupmMANPWHA WC TtPOoC 2. Kapia petatpornn R ouykpLon
dev amalteitol.

Adaipeon MNpoonNUACLEVOU ZUUTANPWLLATOC WC TTPOC 2

[MPOCBETOUE OTO UELWTEOD TO CUTTANPWHA WC TIPOC 2 TOU adaLPETEOU.
Tuyxov kpatoupevo ayvoeitat. My (-6 )—(-13)=11111010-11110011 =
11111010+ 00001101 = 00000111 =+7




Kwdkec

e Avamapaotaon EVO¢ CUVOAOU ato oTolxela ( T.x.
AplBuouc ) avilotoywvtog va kwéika ( codeword )
yLa KaBe otolyelo Tou cuvoAou.

* O kwdKaC elval pla cupBoAocelpa.

AuadLko KwdLkac pe n bits: o opada armo n bits mou
KwOLKOoToloUV 2" HLAKPLTO OTOLXELDL.

r.X. Eva ouvolo amo 4 dtakpltouc aplOpouc UtopeL va
avarapaotoBel pe Kwdka 2-bit ETtol wote KABe aplOuo¢
TOU OUVOAOU VOl aVTLOTOLXEL aKpLBwC o€ Eéva cuvOuaouO
oto ouvoAo {00, 01, 10, 11 }.




Avadikol Kwdkec

. Elval tpomol avanapdaoctacng mAnpodoplwv pe xpron dvadikwv Pnoiwv ( bits )

MINAKAZ 1-2
Aekadko (BCD) 8421 Excess-3 84-2-1 2421 ( Binquinary)
Pnoio 5043210
0 0000 0011 0000 0000 0100001
1 0001 0100 0111 0001 0100010
2 0010 0101 0110 0010 0100100
3 0011 0110 0101 0011 0101000
4 0100 0111 0100 0100 0110000
5 0101 1000 1011 1011 1000001
6 0110 1001 1010 1100 1000010
7 0111 1010 1001 1101 1000100
8 1000 1011 1000 1110 1001000
9 1001 1100 1111 1111 1010000
Metatpomnn evog aplBuou oto duadiko cuotnua # Suadikn kwdlkomoinon
395 = Auadikoc : 110001011 ( 9bit s) Ol Kwolkeg excess-3,02421,084-2-1
Avadikn Kwdikomoinon BCD: €lval QUTO-CUUMANPWHATLKOL: TO CUUTIANPWHA WG
0011 1001 0101 ( 12bits) npog 9 Byaivel pe avrikataotaon twv 0 -1

O kwbkag Binquinary aviyvevel opaipata

MavemoTApio AuTiking Makedoviag
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Aekadikn pe duadikn kwdikomnoinon

* o TNV KwOLKoTolnon apOuwyv pe n SekadLKA
Pnola, xperalopaote 4n bits oto BCD.

mx. (365),,= (0011 0110 0101 ) .,

* AUTO €lval SLAPOPETLKO ATTO TNV UETATPOTIN OE
buadiko ornou ( 365 ),,=(101101101 ),

* O kwdikac BCD ypelaletal meploootepa bits.
Opwc, mMapeXEL LEYAAUTEPN EVKOALDL OTNV
avayvwon/epunvela.

( MavetmoTApio AuTikic Makedoviag



NpooBOeon ne BCD (1)

* Otav 2 kwdikec BCD npootiBevtad:

— Eav to buadiko abpolopa eival pkpotepo amno 1010,

(=10, ) TO amoteEAeopa TNE nPocbeonc divel evKupo
kot 0pB0 kwdika yia BCD .

— Eav to Suadiko abpolopa eival loo ) peyaAlTepO armo
1010 ,, TOte TO anoteAecpa TnG PooBeong Sivel
aKupo n/KaL AovBOaopevo kwdika yior BCD.

AtopOwvetat pe tnv npoocBeon touv 0110, ( =6, )
OTO QMOTEAECHA ™mg npoceecnq, £TOL wore val
nopaxOel To cwoTO KPATOUUEVO OTO APLOTEPO

bnoio.

[Tl 6

10’
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NpooBOeon pne BCD (2)

 NMapadewypa: MNpocbeon 448

& 489 o BCD
0100 0100 1000 (448 ce BCD )
0100 1000 1001 (489 og BCD)
10001 (>9, mpoobeoce 6 )
0111 ( kpatoupevo 1 oto pecaio Yneio)
1101 (>9, npooBece 6 )
1001 0011 ( kpatoUpevo 1 oto aplotepotepo Pnoio)
1001 0011 0111 ( kwbikag BCD yia 937, )

8% Sl
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Kwdikeg Aviyvevonc ZpaApotwyv

* Ta duowka peoa petadoonc ennpealovral ano 60pufo kat mpokadolv AaBn. MNa avto
Xpnotpornoltovvtal ol KwOLKeEC avixvevonc opaipatwy ( m.x. Parity bits ).

Meputtn looTuia Aptia lootiuia Meptttn looTipia Aptia lootiuia
MnAvuua P MnAvuua P MnAvupa P MAvuua P
0000 1 0000 0 1001 1 1001 0
0001 0 0001 1 1010 1 1010 0
0010 0 0010 1 1011 0 1011 1
0011 1 0011 0 1100 1 1100 0
0100 0 0100 1 1101 0 1101 1
0101 1 0101 0 1110 0 1110 1
0110 1 0110 0 1111 1 1111 0
0111 0 0111 1
1000 0 1000 1

* H uéBodog Lootipiag aviyveleL mepttto aplOpo Aabwv.

MavemoTApio AuTiking Makedoviag
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Kwdwkac Gray

Kwdwag Gray loodUvapog Sekadikog Kwdikag Gray looduvapocg

p— - dekadLkog

1100 8
0001 1

1101 9
0011 2

1111 10
0010 3

1110 11
0110 4

1010 12
0111 5

1011 13
101
= i 1001 14
= 4 1000 15

OL Stadoyikol aplBpuol otov kwdLka gray HeTafaAlovTal Katd €va pHovo bit.

XpNOLUOTOLETAL OTAV KOTA TN LETAS00N YIVETOL O YEITOVIKOUC 0plOpoUC Kal BEAOUUE VO LELWOOUUE TNV
afeBatotnTa Kota TNV EVOAAQy.

Ytov Kwdka Gray, n anootacn Hamming mpémnet va sival 1 petafl kKabe U0 CUVEYOUEVWV KWOIKWV.

MavemoTApio AuTiking Makedoviag



AApapOuntikoi Kwokec

Kwdwkag ASCII
NepthapBavel :
Ta 10 dexkadika Pndia
Ta 26 ypappota tou
AAdapntou ( x2 ),

32 £181koUC XOPOKTNPEC
(&%*+)

34 yopaKTipeG EAEYXOU

XapaKTAPEC EAEYXOU:
 Awapopdwtec Mopdric Ketpévou
( Backspace ,Tab )

 Awapopdpwtec MAnpodopiac

( Atoxwplotng Apxeiwv )

*  EAéyxou Emwkowvwviag ( STX, ETX)

bl bZ b3 b4
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110

1111

000

NUL
SOH
STX
ETX
EOT
ENQ
ACK
BEL
BS
HT
LF
VT
FF
CR
o)

Sl

001

DLE

DC1

DC2

DC3

DC4

NAK

SYN

ETB

CAN

EM

SUB

ESC

FS

GS

RS

us

010 011 100

SP 0 @
! 1 A
2 B
# 3 C
s 4 D
% 5 E
& 6 F
7 G
( 8 H
) 9 |
* J
+ K
< L
= M
> N
/ ? (0]

101

110

111

DEL




Kwdwac UNICODE

* KaBiepwpevo MNpotumo ( Establish Standard )

AAPapLOpuntikoc kwdikac 16-bit yia dtebvn

oUVOAQ YO PAKTNPWV.

* Adou £xeL 16-bit, urtootnpileL 65,536
SLoPOPETIKOUC KWOLKEC.

* Avamnapiotatal ano 4 dekaeéadika ( hex )
Jnola.

* OLASCIl YapaKINPEC AVILOTOLXOUV OTLC TLLLEC
0000, ewg 007F,, tou Unicode.

20
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Baown Aouny YmoAoywoti

AnoBnkslsL
TpOoYp AT,
Sebopeva 1/0, ko
svBiapsoa Sedopsva

EAgyxeLTn pon Memory Extehel aplBuntikec ko
mAnpodopLwv o athec Aewtoupylsg
ohsg Tig povabdsg enstzpyaoiac fsdopsvwv

Control Unit

Datapath

Input/Output

Neo e
S(/’{g MavemoTtiuio Autikig Makedoviag
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Mua o AettopePR G oyn

FPU
Eneéepyaotic:NoAvmAoko
KU KAw pa (amoteAsite aoto
exatoppvpta Transistor)
CPU
Mvripn External Cache RAM
(kpudn pviAun (Mvijun txaiag
efwtepkn) npoonélaonc)

e

&
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Avadikn anodnkevon kat Kortaxwenteg (1)

Ta Stakpltd otolxeio mAnpodopiog
aroBnkevovtal o Suadika KUTTOP
( binary cells ).

Kataxwpntng: eivol pio opado amo
Suadika kuttapa.

010011001100

To TLEPLEXOUEVO TOU KATOXWPNTN
LLTTOPEL VO EPUNVEUTEL UE OPKETOUC
SladpopeTIKoUC TPOTOUG:
AkEpaloc: 9829,

AAdaplOuntika: &e KATt.

MONAAA MNHMHE

Kearywpntrig
Mvijung

MONAAA EEEPTAZIA

———, e, e, oo Kemaywpntrg
8 KUTOPOL («—{ B KUTTODQL [— 8 KUTTaD( [« SKUTTM Eneéepyactoc
MONAAA EZ0AQY '

8 kuTtapa :
THAETYNOY - VRS

)

J\

0

MAnktpohdyio
H
N)

YyYv ¥"Yv

EAETXOZ

Eloodou

G
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Avadikn arnodnkevon Kat Kotaxwenteg (2)

H eneéepyaoia twv dedopevwy
QUTTOLLTEL EKTOC QO T KUKAWHOTOL
eneéepyaoiog, KUKAwpATa
amoBnKeVoNC TwV MANPODOPLWV.

H eneéepyaoia yivetoal pe PndLaka
AOYLKA KUKAWHOTA, EVW N OUXVOTEPQ
Xxpnotuornolovpevn doun
amoBnkevong nmAnpodopLwv £ivat o
KOITOLXWPNTNG.

Asbopgva 1

MONAAA MNHMHE
(0000000000 |«

Aebopéva 2

(0011100001
(0001000010

0001000010

»0001000010]R1
\

Wndrakd Aoyka

KuKAwpoTayla |
Suabuch ——»{0100100011] R3

npooBeon

A

» 0011100001 |R2

MONAAA EMNEZEPTAZIAZ

D
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KukAwporta dtakorntwv Kot Suadika ocnuata (1)

L=A-B ylo To KUKAwpa Tou 2xnuatocg (o)
L=A+B ylot To KUKAwpa tou 2xnuatoc (B)

S g — —— @

HAsktpLkn rnyn

nnyA @ 6;

_

(a) Arakomteg ot osipd - Aoyiko KAI (AND) (B) Arakomteg sv map aAAniAw - Aoyiko ‘H (OR)

OL xelpokivntol dtakomteg maplotavouv duo duadikec petaBAntec A ko B.
O Aapumntipaocg L maplotavel pia tpitn Svadikn petaBAntn.

Ta duo kKukAwpata ekppalovtal oe Suadikn AoyiLkn e T tpacelg AND kot
OR.




EUpoc Taonc

Eva Pndroko onpa exet Suadikn tun ( HIGH, LOW ) n
OTtoLaL AVOLITOPLOTA £VA EUPOC TLUWV TACNC.

OUTPUT INPUT

EUpoc E€obovu: 50 EUpoc Eloodou
HIGH: 4.0..5.5 V el HIGH: 3.0..5.5V
LOW:-0.5.. 1.0V . 5 LOW:-0.5.. 2.0V

To eVpoC TwV ELCOOWV Elval LEYAAUTEPO ETOL WOTE Vol
AapBavetat vmtoyn o BopuPoc elcodovu.

% ‘ MNavemoTrpio AuTikig Makedoviag



KukAwpata dtakorntwv Kot Svadika opato(2)

Volts

Ovopaotiko

| Empenopeva opua
Aoywo 1

yta To Aoyiko 1

MetaBatikn neployn

1

0.5
OvopaoTIKO

Aoywo 0 0
0.5

Enutpenopeva opla
yta To Aoyiko 0

Ta KUKAwpATa ovaAoya pE
TOV TPOTIO KOTALOKEUNC TOUC
KOlL TLC OUVONKEC
AELTOUPYLOC TOUC
entnpeadovtal arno 6opufo
KaBwc¢ n Aettoupylo Toug
dev eival amoAvta otabepn.

MpayUOTLKI ELKOVA AOYLKWV
TOOEWV KOl AVTLULETWTILONC
Qo AOYLKA KUKAWMOTAL.

% MavemoTAuio AuTikiAg Makedoviag
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Noykec MUAEG

Z=Z+Yy

Z=2Z.Y¥
X X X —{>o0—x'
FZD_ y:{)

, . (v) MoAn OXI (NOT) ny
(a) MuAn KAl (AND) 8uo  (B) NGAR'H (OR) 800

odéa
EL005WVY ELOOSWV ARCTPOPEnS
g——\F”‘BC : G=A+B+C+D
c— > i
(8) MUAN KAI tpuiv eLod8wv (€) MUANH tecoapwv el0odwv
0 1 : 0
Alaypappata AoyLkng ' — : :
0 0
’ 7 Y
ouUTEPLPOPAC OCNUATWY
0 0 I 1 I 0
oToV agova Tou XpOvou. Ay
OR:x+y g . * . 4

G
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TéAoc Evotntog

‘@®®@\ - E-mm ~EIMA

Me v aurrpepsnt obdrnen ra A0 s 1 Fugmeraie i Fyvasenc

% MavemoTAuio AuTikiAg Makedoviag
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