Lab 5: Binary Numbers, Addition (U.Crete, CS-120) 20/10/25, 17:23

HY-120: Wnproun Zyediaon Tu. En. Yrohoywotmv
dOvommweo 2025 © [Mavemotho Konng

Egyoaotijouo 5:
Avaowxi) ApiBunon, AGgolotés
6m gfdoudda Tov EEaunvou
[BiBAia: mooaupetind pmopeite va dafdoete: Dally: §10.1 - 10.2 (ogh. 223-231)- Mano

(51 én000m): §1.2 - 1.4 (o€h. 3-10), now §4.5 (oeh. 133-138)- Wakerly (31 érndoon): §2.1 -
2.4 (ogh. 31-40), o §5.10.1 - 5.10.2 (ogh. 508-510)].

Aoxfoeic 4.7 non 4.8 oty Ahyefoa Boole

[Ovunbeite otL Oa mapadwoete uali ue Ty avagood oag avTov TOV €QYATTHOLOV
%Al TIG ATAVTIOELS 006 OTIS aox)oels 4.7 nat 4.8 tng moonyovuevns efooudoag].

51 Avoadwn Agibunon:

Mia dvadinf) MEN TV 1 bits wtoel vo ovarmopaotioet £vo artd 2" daxoLtd otouyeia,
HEoW evOS rMOA OV avtiotoryiCel (avbaipeta) ®dBe ocuvdvaoUO TV bits 0To ®AOE
emBuuntd otorelo. Me tov (00 avtd TEOMO, oL dvadméc AEEELS WTOQOUV Vo
OVaTTOQAOTNOOUV 0QLOUOUS, aQxel va emiéEovpue tov embuuntd rwdwma. Id v
ovaTTOQAOTAOY TV UN-0LOVNTIXGOV OoxeQaiwv (non-negative integers) (dAAwg: "un
QOGN UAOUEVOV  OXEQUIOV" - unsigned integers) YOMOWWOTOLETAL ®aBoMxd 1
1wOromoinon tTov dvadLrov Gvaﬂ’]uatog péTenong mov amotelel not' evbetav
uerocq)ogd o "Béon 2" twv 6cwv Loyxvouvv ot "Bdon 10", dnradi) oto denadird
ovotnua pétonons. Omwg Efgoupe, o dexadwwds n-yYndog aolBuods "d, qd,.
2elrdydy", 60U TO "YNdia" d; (yid i=0, 1, ..., n-1) elvow arnéparol apldpol peta&l Tov
0 now Tov 9, TOQLOTAVEL TOV OREQOLO QLOLOUO:

d 10" +d 5102 + .+ dy10% +d; 10! + dyr10°
INé mopdderypo, o ovpPoiopodg "14508", 6tav egunveutel cov 0exadnos aQlOuog,
nopLotéver tov axéoato 1-10% + 4-10% + 5-102 + 0-10" + 8:10° = 10000 + 4000 + 500 + 8.
Kotd eviehg avdhoyo toomo, o Ovadixdg aolOuog peyébovg n bits "b, b,
2-byb1bg", 0mov ta "bits" b; (yid i=0, 1, ..., n-1) elvon axéparor aglOpol peta&l tov 0
%o Tov 1, moQLotdvel Tov aQlOpo:

b, 2" +b, 52" % + .+ by2% + by2! 4 b2

To bit by Aéyetar To Mydtego onuoavrind (least significant - LS) bit emeldn) elvan o
OUVTEAEOTNG TNG WrEOTEQNS OUvaung Tov 2, ®at to bit b, _; Aéyetow TO TEQLEGOTEQO

onuovtxd (most significant - MS) bit tov aBuol emeldn) elvar o ovvieheoTi|g ™S
ueyarteong dUvaung tov 2. I'id mapdderypa, 1 oxtdpmey dvadun AEEn "11010001",

otav ggunvevTel oav (duadnos) aQlOudg, TOQLOTAVEL TOV AXEQOLO 127 + 126402 +
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12 +02° + 022+ 02" + 120227 + 26 + 2% + 20 = 128 + 64 + 16 + 1 = 209 (Senad™H).
Fevirdtepa, o n-Yndog abuog oe Paon H (6mov H elvow évog axéoauog
ueyarvtegog tov 1) "hy_q1h,o..hohihy", 6mov ta "yndia" k; (yid i=0, 1, ..., n-1) elvow
axéoarot aolopol petal Tov 0 xow tov H-1, maguotdvel Tov aolfpo:
h, ' H™ ! + h,»H"2 + ...+ hyH? + hy"H' + hy'H°

Ztnv ®aBnuegvi pog Cmm xonotpomolotue dexadirots aglduovg, dniad aolduoic
ue fdon H=10. H pétonomn tov yodévou (60 devtegdhemta, 60 Aemrd, 12 1) 24 Moeg),
1000 noL oglopéves AyyhooaEmvirés povadeg (my. éva modL = 12 (vioeg), elvou
1OTAAOLTTIO EVOS (TTOAALOTEQOV;) dWOEXAOHOD cvoTHUaTOog uétenong (Pdon H=12). Ta
YNeLoxd ovoTHuato Aettoveyoltv pe dvadrois apBpotg (Baon H=2). Emiong, omv
ETMOTYUN VITOAOYLOTOV YQNOLULOTTOLOV e 0xTad®oUg (octal) apBuols (Pdon H=8) nau
oeraeEadnovg (hexadecimal) aplOpots (fdon H=16), emeldi) 1 LETOTQOTT AVAETA O
autolg %ol Tovg duadrolg aQLOuolg elval amhooTaT), %L, AT TV GAAN peQLd, oL
orntadwol nou dexaeEadwmol agbuol €yovv mOAD AMyodTEQa Yndio amd TOUG
Ovadrolc, ni £€tol Tovg yoddel nal tovg dtafdlel moAD evrohdTeQa 0 AvBowmog. Ot
ontadrol aglipot yonowpomowovv 8 ymoia: ta ynoia 0, 1, 2, 3, 4, 5, 6, now 7. Ou
dexaeEadrol apBpot yonorpomorotv 16 ymaoio: ta ynepia 0, 1,2,3,4,5,6,7,8,9, A,
B, C,D,E, nou F. "Etot, oL modTtot 65 aptbuot 0to dexadixd (decimal), dvadind (binary),
ontadnd (octal), now dexaeEadmod (hex) elval avtol oV GalvOVTOL OTOV TOQAXRAV®
mvaxra.

Dec Binary Oct Hex
00 000000 00 00
01 000001 01 01
02 000010 02 02
03 000011 03 03
04 000100 04 04

Dec Binary Oct Hex
16 010000 20 10
17 010001 21 11
18 010010 22 12
19 010011 23 13
20 010100 24 14
05 000101 05 05 21 010101 25 15
06 000110 06 06 22 010110 26 16

| Dec Binary Oct Hex
|
|
|
|
|
|
|
07 000111 07 07 | 23 010111 27 17
|
|
|
|
|
|
|
|

|
| 32 100000 40 20
| 33 100001 41 21
| 34 100010 42 22
| ce . cee een
| 38 100110 46 26
| 39 100111 47 27
| 40 101000 50 28
| 41 101001 51 29

08 001000 10 08 24 011000 30 18 | 42 101010 52 2A

09 001001 11 09 |

10 001010 12 OA

11 001011 13 OB

12 001100 14 oOC |

13 001101 15 0D

14 001110 16 OE |

15 001111 17 OF |

|

25 011001 31 19
26 011010 32 1A
27 011011 33 1B
28 011100 34 1cC
29 011101 35 1D
30 011110 36 1E
31 011111 37 1F

46 101110 56 2E
47 101111 57 2F
48 110000 60 30

62 111110 76 3E
63 111111 77 3F
64 1000000 100 40

H petatgomi) aoBpot peta&t dvadinov, oxtadinon, ral dexaeEadnot eivol evieAmg
TETQLUEVN, PAoEL TNG €ENg maathonong: Emetdn n fdon H =8 = 23, na0e Ynodio evog
onTadLroV 0QLOUoL aviiotolyel axoPpwg oe Wwd TELdda oo bits Tou dlov aELBuov
YOOUUEVOY 0TO duadrd, Egxtvdviag amd 0eEd. Opotwg, emedn 1 fdon H = 16 = 24,
2A0e Ynodto evog denaeEadmov aBuol avtiotolyel axomg oe wd Terpada amd
bits Tov dLov aELOPOT Yoo upEVOU 0To duadrd, Eextvirvtog i amd 0eELd.

H petatpom 0oOpot amdé to dvadixd oto dexadxd wrogel va yiver Pdoel tov

oowopol ™ oavamopdotaons oaQlumv oe dobeica Pdorm, otV aQyn ™G
TOQOYQAPOU, OIS %ol TO exel mMaQAdeLypa, Tpoobétovrag dnAadn Tig duvdpels Tou
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2 OV OVTLOTOLYOUV O0TOUG A000oUg Tou aQbpot. H petatgom) aglOpol amd to
0e%0d120 010 dVadI®o YiveTow pe dVo TedmOoVC. IgmToV, Wrogolue vo foovue Ta bits
ToU dUadL®OV A0 TO AMYOTEQO YOS TO TEQLOGOTEQO ONUAVTIXO (atd 0eELG mEOg TaL
0oLoteQd) fdoel TS TapaTENONS OTL AV €vag aOUOS elval Hovog (TeQLTTog) TOTE TO
Myotego onuavtind (LS) bit tov Ba elvar docog, evdd av o aQOuog eivor Svydg
(GoTog) TtOTe TO LS bit Tov Ba elvan undév. Modypatt, av o aoOuds A elvar o by 1b,.
2...b2b1by, OTTOC TOQATAV®, TOTE SLoEMVTAS TOV A OLA 2 €OV E:

AR2=b, 122 +b, 2"+ L+ by 2 #5120+ (by/2)
‘Etol diwmotdvoupe OtL To axéoauo mmAixo tg Owaipeong tov A b 2 eivon o
ovaorog aQOpog by 1bya..byby, v TO VTOLOLTO TG OLaipeong elvar to bit by. Me

outoOv Tov 10mo Pelonovue to Arydtego onuovtivd (LS) bit Tou A oto dvadro.
ZuveyiCovtag pe tov (010 TEOTO, SLOLEMVTAS TO TQONYOUUEVO AXEQOLO TINAI®O Ll 2,
Botoxovpe to emduevo bit, by, ®.0.x. O TEOTOG OVTOS £VQEONC, LE LOVOOT|LOVTO TQOTO,
Twv bits g Odvadrig avamoodotaons 000évia aQBuol amoderviel OTL 1)
OVaTIOQAOTAOY QUTH VITAQYEL TTAVTA, %0l E(val uovaowxn Yid Tov xd0e aoldud.

O dgvTEQOS TEOTOG YLOL TNV LETATQOT ATTO TO 0e10OHO 0TO OVadLKO Polonel Ta bits
TOV OVAdLROV TTOV E(VaL AOOL OLTTO TOV TTEQLOOOTEQO TROS TOV ALYOTEQO ONUAVTLXRO (OO
0QLoteQd meog Ta OeELd), Pdyvoviag vo Peolue medTo TOov UeYoAUTEQO (TOV
0QLOTEQOTEQO, TOV TOMTO) OQO TOU TOAVMVUUOU OUVAUEMV TOU 2 TIoU 0QICeL T
OvadrY) avotaEAoTao Tov alBuol, ONAadT Pdyxvovue vo Poovue mowa eivat i
ueyadvteon ovvaun tov 2 mov ywed otov 000évra apibud. To vtoloo mov pével
adapovag avtip T Ovvaun tov 2 amd tov 000évra aQOud amotelel TOUg
VITOAOLTOVG OQOVS TOV TTOAVWVUUOU. Mg avaloyo TQOTO, EMOUEVMS, PAYVOUUE TNV
eMOUEVY] peyahLTEQN OUVOUN TOU 2 mov YwEdelL 08 avtd To vmolowto, %x.0.x. [a
moQdderypa, yioo va Poovue tov aoBud 708 oto dvadrd, OLOIMOTOVOUUE OTL O
auTOV YWEOUV, dLadoyrd, oL duvdauels Tov 0vo: 512, 128, 64, nou 4. Anhadr: 708 =

512+196 = 512+128+68 = 512+128+64+4 = 2° +27 +2% 422 Apa, 0 denadindc 708 elvan
0to duadnd o: 1011000100 —dNAad1 €éxovpe Goo yia dmowo dUvaun Tov 2 YWEOVoE
2oL TNV EYOVUE, ®OL UNOEVIXO YL OTTOLALV OEV TNV XOELAOTNRAUE OTNV TROCOEOT %L
Oev TNV TEQLEYEL O 0QLOUOC.

Aoxnon 5.2: Merargonis Baong AgtOudmv

[AoxN0oM 0TO QT 0L MDOEIS HEGO TNV OVAPOQEE TOV EQYAOTNQIOV].

(0) Oewoiote dexoeEdumrovg (16-bit) pun mooonuoaopévovg (unsigned) aQLOUOVG.
[Tooa Yndio Ba €xovv avtot 6tav endaototv oto dexaeEadwo; INati; ITooa Yynoia
oto oxtadwro; TNotl; Zto oxtadwd, To 0QLoTEQOTEQO TOVS YNdio (TEQLOCOTEQO
onuavtno - most significant - MS) tu umogel va etvon povov; ot

(B) Metatpéyte touvg Oenadrovg aQBpovs 9501 xou 23848 oe denaeEapmTovg
OVadnoUg aLOUOVG, e TOUg 10 TEOTOVS TTOV (00UE TALQATTAV®, OE(YVOVTIAS KL TLS
EVOLAUEDES TIQAEELS TTOU XKAVETE. 2T OUVEYELD, EMAANOEVOTE TIC UETOTQOMES QUTEC,
Botoxovrag amd Toug dvadrols aQlOpols Toug 0exadrols 0TOVG OMOIoVS AVTOoL
avtiotoryovv. Téhog, yodyte tovg OV0 denoeEdumroug duadirolg aQLOUovg Tov
Bofrate 0to ontadnd now 0to dernaeEadind, delyvoviag vabad amd TOV TQOXVITTEL
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t0 ®&0e Yymoio Tov xAGBe onTAdHOV KL

denaeladnot apduo’. There are 10 rocks.

Oh, you must be
(y) Otwefote TOV  mEVTOYPPLO using base 4. See, | ~—
OexraeEadod apoud S8FB7C. ITooa bits I use base 10. .
exer; Tari; /I“Qoﬂl)rs Tov ot dvadnod No. Tuse base 10. / ~—
A0 OTT) OUVEYELG OTO OAXTAOLKO. What is base 42 ,; B Q\\
(8) Zto onitoo deELd, yiati o eEmwynivog ’ ‘ J‘
(0 omolog, TOEEUTMITTOVTIWG, €XEL 242 =
4 ddntuha) empuével OTL YQNOLULOTOLEL - ;.‘ni i
g Pdon tov to 10 evo elvarl moodavég H ‘
OTL petEd 010 TETEAdWMO  OVOTNUW; o0

Emiong, ywati dev noatarafaivel T eltvou
N Pdon 4 otV omoio Tov AéeL O YNLVOG
OtL owtog petpd; Koat' avaloyia, edv
€vog AALOG EEMYNLVOGS, atd TEITO TAAVTTY), LETQOVoE 0TOo dexaeEadinod, oe TL Pdon Ba
pnag éheye OtL petodue eupels ov dvBowmor mou €yovue Oéno dAxTUAAL ®OL
woyvoltopaote 0Tl petodpe pe Bdaon 10; INati o oxttooyeddog oyveiletar OTL xdbe
Bdon etvar "Béon 10",

Every base is base 10.

5.3 IIpoo0Beon Avaowov AglBunv: Alyopidunog "Koatovuévou"

‘Eotw 6t Béhovpe vo mpoobécovpe toug duvadixois apbuots, ueyébovg n bits o
r00évog: A = a,_ja,.5...aa139 ®oL B = b, _1b,5...bsb1by. IToodpavig, and podnuotint
amoyn, To dBpolopd Toug etvou:

A+ B = (ay14by 2" + (2 0+by2)2"2 + o+ (ap+by)-27 + (ag+by) 2! + (ag+bg)2°
To meoPAua etvar 6TL avTi) N poONuOTK amerdviorn dev pog Olvel pe Gueco TEOTo
™ Ovodwny avomaedotaor Tou 0bgolopatog, OOTL OL OVVTEAEOTES (a;+b;) TWV

ovvapemv tov 2 (Y14 i=0, 1, ..., n-1) dev eivar axépatol agBuoi peta&v Tov 0 zou tovu 1,
OTWG TOETEL VLA TN OVadLKT] VOITOLRAOTOON, AAAA elvar axéoatol aQLOuol peTaEl Tou
0 o Tov 2, ONAadT WTOQOUV VAL £X0UV TEEIS OLLPOQETIRES TLUES O RAOEVOG.

I'd va Poovue to GBoowouo oe poEPT] OVAdKNG AVATOQAOTOONS TTRETEL VO
oaxolovOnoovpe wd owdwaota  ("ahyopeBuo"!) avdhoyn ng mEOcOeon ue
"®v@aTOVUEVO" (carry) TOUv ONUOTIROV OyOoAelov. Eentvape oo T AYOTEQO OMNUAVTLXT)
(LS) B¢om (B¢om 0), (ap+bg). EGv to dBgoopa autd eivor 0 1) 1, TOTE TO OvopAtovue sy,
%o avto amotelel To Mydtepo onuaviko (LS) bit tov abpolopotoc. EGv 6pms ag+by
= 2, 101e endodlovpe 1o 2 010 dvadLrd (10), naw emopévmg Bétovpe sy = 0 (apot To
dbgowopo eivar Cuyodg aBuog), xar Buudpaote Ot pag €xer "meQuocéPel”
TO0OTNTA 2:20 (6tav pog mooexvye ot Béom 0) = 12! (6rav ™ METADEQOVUE OTN
0¢on 1), Tv omoia xou "xgatdue" Y& va 1N petapégovue otn Béon 1, ovopdlovrog
™V ¢1 (XQATOVUEVO - carry).

ZuveyiCovrag pe ™ 0¢om 1, meémer va mpooBéoovue ta bits a; xor b; Twv dvO
0QLOLMV, RAODG %Ol TO RQATOVUEVO ¢ OV TEoéxrv e oo TN O¢on 0. Kabévag amd
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outolg Toug Teelg apBuovg eivar 0 1) 1 (to xpatovuevo wroget va Ntav "2" otn Oé¢on
0, aALG Otav petadégOnue oty B€on 1 €yive To oo ("1"), dtoTtL 1 B€om 1 €xeL dumhdola
"onuavtrotnra (dvvaun touv 2) amd T 0éom 0). ABgoioviag auvtovg Toug 3
0QBuovg, mov rabévag Tovg eivar 0 1 1, mooxittel évag aBudS pueta&v 0 xan 3. Av
t0 dBgotopa autod eivar 0 1) 1, TOTE TO OVOUATOUE 57, ®OL OVTO ATOTEAEL TO bit TOU
abpoiopatog otn 0éon 1. Edv opmg aj+by+c eivan 2 1 3, 1ote 10 endpodlovue oto
dvadrd oav évav agiud Tov 2 bits (2 bits agrolv!), ovopdfovue s; To deEL0 ot ¢y
TO 0QLOTEQO a0 avTd Ta 2 bits, ®oL Ouuduoote OTL pog €xer "meQuooépel”
TO0OTNTA 202-21 (O0tav pog mpognvpe ot Oéon 1) = c2-22 (6tav TN peTapEQOVUE 0T
0¢om 2), TV omoio xan "woatdue" yid va T petodpéoovue otn Béom 2.

Ao new nan mEQa, 1 dradraoio (alydelBpoc) e mpdobeons mpoyweel pe Tov (0o
t100m0. H mopationon-»«iedi ("avarhoiwtn cvvOnun" - invariant property) eivow OtL TO
"voatovpevo ewoddou” ¢; otn Béon i elvow mavra 0 N 1. Tyv WOWOTTO QLT TNV
amodeiEape otn B€om i=1, xaL TNV ATOSEWUVIOVUE 0T OUVEXELD ETAYWYIRA, ATTO TN
0¢on i yud ™ 0¢om i+1: adol To dBgowopa (a;+b;+c;) elvor dBpolopa TOLWV aELOULV
mov xabévag toug etvarl 0 1 1, toTe To dBQOLoNa avTd Oa elvar petaEn 0 wou 3, doa
woel va exdpoaotel pe povadnd tTeomo oav duadindg aQBuog Twv 2 bits, ci+1-21+1 +
si-Zi, o6mov o aplipol ¢, »au s; elvar peto&l 0 now 1. Amd avtdv tov alyooLduo
me6o0eoNC, MooV, mpogrvPpav ta n bits abpoiopatog s; (i amd 0 €wg n-1) now To €va
teM®O bit ®QATOVPEVOU ¢, TO OTtolaL n+1 bits elvar 6o 0 1) 1, now yid Ta omoiol Loy e,
at0 TOV aAYOQLOUO UETAOYNUATIOMOD TNG YIS oG oxéong, OTi: A+ B = ¢, 2" + s,
2" s 02" 4 52 4+ g2l s0-20. Enedn avt) elvow pion vopuun
ovamoQdotaony tou oabgoiopotog A+B o0to Ovadwd ovOoTNUO, ®OL ETEWON 1

avamodotaon xabe aoBpo oto dvadwd ocvoTNua elvor povadixt), TEORVITTEL OTL
ovTi) elval  avastopdotaon Tov abgotopatog oto dvadwod. O.E.A.

54 O Wnouaxog AGgorotic

H dwdwaocio mpdéobeong mov datvmmoope maQomdve Uetaddletar dueca oe
Ynolond wixhopo O6mwg daivetor oto oyxnuo. To mapdderypo €0m adoed v
mp600eon Vo oxtdumTwv dvadwmv aoumv, A xar B. Kdabe opbBoywvio xrovutt
TELOTA éva ®ixhopo medobeons yid wio 0€on onuavtnodtnTag TV bits. To deELd
(LS) nwhnhopo elvar amhobotego oo tor dAha, ot €xel va mooobéoel povo dvo
€Lo0d0VvGg (Tou evOog bit nabepia) oavtd Aéyetor "muiadgoretig” (half-adder, "HA"). To
dBpotoua ov vrohoyitel To exdpdler oav 1o bits: To bit sy oV €xeL TOV (010 Pabuod

onNuavTROTNTOS HE TS €o0dovg (Béom 0), mar to bit ¢; mov é€xer Paduo
oNUAVTIXOTNTAC %ATd 1 peyahiteQo avTol TV ELGOOMV.
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A az as as a4 as az a4 ao§
B | br be l bs J by | bs [ b, J by | bo:
MSB L l Y l Y i Y l Y Y Y i LSB
FA FA FA FA FA FA FA HA
l Cg cy Cg Cs Cq c3 Co Cy
l \ ¥ l Y \ l \
Sg §7 Se S5 Sq 3 S2 S1 So | S

Ta volowo 7 vurAdpoto eivol ®Ammg mo TOAITAOKRA: TRETEL VA, TIROOOECOUV TQE(S
€Lo6d0vg (Tou evog bit) To xabévar avtd Aéyoviar "mAnoews abgorotés" (full-adders,
"FA"). O 9OAOG TOUG €lvol Vo PeTEAVE TTOOOL AOCOL VTTAQYOVV OTLS TOEIS ELOOAOVS TOVG
%o vo. endAtouv avtd Tov 0elOud 0to duadrd, pe 2 bits, Ta ¢ ®ot s;. O mivoxog
aAnBeiog Tovg mEORVITEL ATTO QVTO TOV OQLOMO ROl PAIVETOL OTO ETOUEVO OYT|UOL.
IMopatnenote 6tL 0 mvarog alnBeiog Tov abpoiopatog, s, €xel Tovg dooovg o€
oxnuo "oxraxtégac": napio amhomoinor dev etvor eprnti)! O AOyog

A 3 , . ) ajbjci| ¥ |Ciy1Si
elvar O0tL To s woutal pe TNV "megrrti) ootiuia" (odd parity) Twv 0o0o0loloo
eL.000mV, ONAOT TO av T TANBOG TV AoOOWV OTIS EL6OGOOVG evaL g g 1 | 1| o 1
meQLTTOS (LOVOG) aEBUOs. OodNmote dVO YELTOVIRA TETEAYWVA 0 1 0| 1| O 1
oto &t Karnaugh dwopéoovv petat tovg natd v T plog 0111 2| 1 0
2oL WOVO piog petofAnTig eLoddov: doa, aAAdCovTog T auTi M 1 8 (1) ; (1) (1)
wlo povo eloodog adhGCeL xou M LOOTIIC TG EL00O0V OO GETW 1 1 0| 2| 1 0
0€ TEQLTTN 1 OTtd TEQLTTY| 0€ AT, %L €ToL aAlAGlet o tos. Katd 111 | 3| 1 1

Babog, n meprtTh LWoTLuia eival 1) eméntoon Tov amoxlelotinot- H
o€ MEQLO0OTEQRES TMV VO PETAPANTES EL0OOOV, KOL 1) TTOQAITTAV®
WWOTNTA TOv €lvor auTh axEP®OS OV TO RAVEL YONOLWO O  &;
OwatdEelg Omwg oL OwonoOmreg  allez-retour ®oL OL  RWMOLKES

aviyvevong opaludTov: av évo olodNmote bit eloddov aAlGEer Si 00011110

Civ1 00011110
0{0]0]1
SIVRERER

Ty, 0 ®OAag avTdg alhAlel emiong Tuun (§1.4) ai’O 0/1/0]1
[1/0]1
To npatovuevo €E6dov tov ndbe abpoloty| elvar elcodog otov b

emOUEVO  TEOg To. "apuoted" (mpog MS) abgoioti). Ztnv

0QLoteQdTeEN (MS) B¢0m, TOo npaTOVUEVO EEGOOV TEETEL Vo OewnOel OTL amoTeAEl TO
eMOUEVO O€ onuovTirdTNTA bit TOV 0fgoiouatos, adot To dBgolopa OV0 OXRTAUTUTWV
oeOumV (amd 0 émg 255 nabévag) evdéyetor va astoutel 9 bits Y& va magoaotadet
(dBotopa amd 0 €mg 510). O ortdumrog aBoLoTiS oV HOMG oxedidoape elvor éva
ovvovaoTind xixhouo, dLotL ov €Eodot Tou, S, eEXQTOVTAL HOVO ATt TIS TOQOVOES
TWES TV €000wv tou, A nor B, Onhadn Oev éxer pvAun. Otov ovvbétaue
ovvovaoTIXG rurADOpaTO elyape Oel T pEBodo tov ydotn Karnaugh, pe tnv omoia to
rOnhopo exdpodloviav oav o hoyird 'H xdumoocwv 6pwv ov o nabévag Tovg frav
1o Aoy KAI e100dwv 1 ouwtinooudtov tovg. AxolovBovtog T puéfodo auti
uwoel xaveic va pTLdEeL To €val atd Ta ROUTLA TOV OYNUATOG, OIS 0T oeAida 152
tov Pipiiov. Opwg, av mpoomabioovue va epaguoocovue ™ péBodo ovthy oe
oAO%ANEO TOV (). oxtdumto) abpowoti), mowtov o ydtng Karnaugh Ooa eivon
TEQAOTIWV OLOOTACEWY (26 tetodywva!), ror delitegov To RUXAWUO moOv Oa
mooéxvmte Oa NTav eEwmoaypatird teEQdoTIO. AVt autol, To ®UxAwuo OV
oyxeoldooue €0M, OTO TAQOATAV®D OYNUQ, €lval TOAM) OladogeTind: amoteheital amd
TOALG vITorvrADpaTo (Eva Yid »dBe B€on bit), 6mov 1 €E0d0g Tov evOg elvan €i0000g
010 GALO (rpaToUueva), ONAaOT TEOKRELTAL VI WAV AAOIda TOAAMDY HURADUATWV
avti Y& poMg dvo emimedo muddv (KAI - 'H) mov diver o ydotng Karnaugh. To
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TAEOVERTNUOL TNG VEOS HeBOOOL elval M TeQAOoTIA ATAOTIOINOT TOv ®VurADOUATOS. To
HELOVEXTN IO ElVOL 1 LEYOADTEQN ©OBVOTEQNOT): VL& VO TEOX VPOV Ta TeEhevTaLa 2 MS
bits Tov abgoiopatog TEEMEL TEMTA VO TEAELWOOVV TN OOVAELG TOVS, "ogloLond" o
£Vog META TOV GALOV, OLOL OL eTLUEQOVS 00Q0L0TES (evOg bit ®aBévag), amd TN 0eELd
UEYOL TNV 0QLOTEQT] AXQT).

Aoxnon 5.5: Avaduxi) IpocBeon

[Aoxnom oTo YaQTi- Tapddoon pe TV avadoed Tov QyaoTneiov].

[TpooBéote 010 dVAOIXO, e TOV TAQATAV®D OAYOQLOUO TTROCOEONS e KQATOVUEVAL,
tovg OVo deraeEdumrovs dvadrois apbuols mov Pofrate oty doxnon 5.2(B)
otav petatoéPpate toug dexadmols aQipovs 9501 xow 23848 oto Ovadwo. Xt
ovvéyela, petoteéPte To Ovodwo dbgowopo Tov PENrate o0to deradLrO, noL
emainBevote OTL QVTO LoV TAL pe 9501+23848.

Half—Adder (HA):

Aoxnon 5.6: HuaOpowotic (Half-Adder), S .
IIAnons ABgorotic (Full-Adder) %—’D—' j

Cirt

Ovopdoope nuaboowoty (half-adder, HA) to ®ixAwuo mwov Full—Adder (FA):
meooBétel dVo bits, a; now by, vt exdAalel To ABoloud Tovs  a; .

oe poedn evog dvadwol oo 2 bits, c;,qs;. Ovoudoope R HA s;
minon abpowoty| (full-adder, FA) to ®0xAwua mov mooobétel C'_ ¢ HA g
tola bits, a;, by, xaw ¢;, ®oL expealel To dBgowoud tovg oe ' CLDﬂﬂ
LoQ®1 evog dvadnot alBuov 2 bits, ¢, 8;. Extog amd v

rnot'evdetav olvBeon tov Pdoer Twv yaptwv Karnaugh oto 0gltego oyfua g §5.4
TOQOTAVW, TO HURAWUA OUTO WTOQE(L VO AOTOOKREVOOTEL %OL YQNOLUOTOLDVTOS
NWoOQOLOTES OIS OelyVeL TO oo €dm: YA Vo TeooBéom Teelg apLBpols apxet va
mooBéom Toug dVO mEWTOVUS %o 0To dBQowopd Tovg Vo EOoHECW TOV TE(TO.
Kavovird, moémer eniong va mpooBécw »an tao xgatotueva. Opws, UmoQel navels
euroha Vo amodeiEel OTL 7o oAV évas amd tovg S0 NWOOQEOLOTES TOV OYNUATOS
umogel va Byacer noatovpevo 1, ®dbe poed- doa, avti yid ®ixhopa meododeoNs TV
d00 empéQovg ®EaTOVUEVDV, aEXEl va yonorpomotn el wd wodn H. Td v doxnon
ouTi):

a. Kataoxevdote tov mivara ainbeiag tov nuabooloty), xrou amodeiEre i avtodv
OTL 0 NaBoLoTNg pmoeet va vhomomBei dmwg delyvelr to oxnua. H emdivo oy
0TO oYU, TG omoiog to ovuPolo pwoldlet pe woAn 'H alhd éxel dumhd TOEO
OTNV aQLOTEQT] TNG TTAEVQA, elvon TOM amoxdeotizor 'H (§1.4).

b. Todyrte TV amdOelEN TNG TOQATAV® LOLOTNTOGS OYETIRA UE TO XQOTOVUEVOL
€E600V TV dVO NWOHQOLOTMV TOU TAT|QOVS 0LBQOLOTH).

c. Karaorevdote tov mivaro ainbeiog Tov xurAdpatog pe tovg 6o
Nuadolotég o v oA ‘H mov dpaiveton 6To oyfua, ko GuyrQIVETE TOV ue
ToV mivaxra alndeiog Tov AN aBoLoTi) Tov Ppaitvovtav 0to deTEQO Ty
™G §5.4 ToEATTAV®™, ATTOSEUVIOVTOS £TOL OTL TO HURAMUA TOU OYT|LOTOG
vAomolel dGvTwg Evav e a6oLoTH).
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Isigona 5.7:
Kataozev) HuwaOgowoti) o Ilinon ABgowotiy

E’;'-
]
]
=
5]
]
]

~
N
o
0]

EUVDD
e

Kataoxevdote natr eléyEte évav muabooloth), »oL ot
ouvéyela 1eoobiote AMAoV évav nuabgototh kot Ty tohn ‘H
OWG OTO TAQOTAV®D AUUAOUA TG §5.6 TTQOXELWEVOU VO
OdTdEre  wow  va e éyEtre  évav  mAnen  abpoloty).
Xonoigomoote, ammd ta chips mov cag €xyovv 000el (§3.7) éva
chip 7408 (wbheg AND), éva chip 7432 (stodeg OR), now €va chip
7486 mov mepiéyxer 4 mOheg Amoxdelotiwo-H (XOR). Ou
oxo0éxnteg twv chips autdv ¢aivoviar oto oynuo. Ilgiv
btdoete 070 £QYAOTNELO OElETE TIC CUVOEDELS TTOV TRETEL VOl
ylvouv o' autd ta chips mooxelévov va viomowote €vav
NWoOQOoLoTH], %Ol  OT OUVEXeElW €vo TAEN  abQoloTy).

[
[«
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o]
] J{~|GND

= [
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5]
]
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N
ik

[+]
[
(=]
] J{~|GND

= [

& [
Y EE o

=
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]

ArolovBMote TO pOVIEAO TOU OYNUOTOS ™S §4.10 Yid TO [

oyedAYoOUIa  TOU  rUXAOPOTOS Oac. ETo  £0Y0eTHO0, RS EDJ
NOTOOREVAOTE TO HVXADUOTO OUTA, adNvovIag yWEO OTnV D 48
TAO%ETA OVVOEoEWVY YA axoOpa €va chip 7408 now éva chip ﬁDW 5
7486, nabdOG now £va axdpa chip meog TV mheved Twv eEGdwv  1112] [3][4]16][6]]7

yu& to metpapo 5.8. Ouunbeite Tig 00NYleS ®ATAOREVTS %O

amoopaipdtmong g §4.11. EAEyEte ™) owoti) Aettovpyia, TOMOTO TOV NaOQOLOTN
71OL HETA TOV TANQT aBQOLOTH], TQOPOOOTOVTIAS TIS ELOOAOVS TOUGS ATTO TOUG OLOROTTTES
Q, M, N, xou apaxolovBmvrog Tig eE6d0vg toug otig LED 0 xan 1. Otav teleuboete
unv yordoete to »Orhwpd oag, OL0TL Ba To YeelnoTeiTe 0To melpapa 5.11.

Heigapo 5.8: Chip Anoxmdzonoinons 000viys 7 Tunudtov

Ta ®urADOUATO OTTOXMOLLOTOMONG TECOAQWYV bits Y& va. 0dNyNoovv Tov evdelixntn 7
TUNUATOV TTOV eldapue otV Goxnon 4.5 Nrtav moAl mohlmAoxra yud vo to pTidEovpe
otV TAOrETO POg, Eextvovtog pe amiég muheg AND, OR, xow NOT. I'l' avtd Ba ta
ndpouvpe €towpa! To chip MC14511B xdvel mepimmov T dovleld TOU ®URADUATOS TNG
aoxnong 4.5 ovv pegrég axopa. IModxrertar yid évav amorwowomomt and "BCD"
(binary-coded decimal - dexadnd oe dvadrt) xwdwmomoinon) oe 006vn 7 TunUdTOV
(§2.10). O nmdrog BCD ammoteheitan armd 4 bits TaL omota olgvouv HOVO TIG TLUES Ot
0000 ¢mwg 1001 mov eidapue ommv Goxnon 4.4. To chip MC14511B éxer 7 €€6dovg, oL
omoteg 00N yoUv »at' evbeiov tig LED's a, b, ¢, d, e, f now g Tng 006vng 7 tunudtmv, pe
TOV TEOTO OV £€0€Ly Ve 1 doxnon 4.5 (LOvo 7ov To "7" OV €)EL 0QLOTEQT) RATAROQUDN
voauur). Emmiéov, to chip MC14511B ofifjvel evtehmg tv 000vn otav oty €(0000
Tov 000¢l évag amd Tovg VOAOLTOUg 6 xmAreS, amd 1010 €wg 1111 (ONAadTn) dev £xel
"ouvOnreg adiapogiog" - §4.4). Megunéc axdupo duvatoOtnTés Tou Ba avagpepbolv
ToQORATW, OALE dev Ba TIg XOMNOLUOTTOoOVE ElelS. AemTopeQeilc TANQOPOQLES VLA
to chip avtd (CD4511 1) HEF4511 ) MC14511) pmogeite vo Poeite otn OtevBuvon mov
avédbeope 1 §3.7 N .y. otV www.learnabout-electronics.org/Downloads/HEF4511B .pdf

Ou axodéxteg tov chip MC14511B ¢aivovrar oto oyxnuo. H nhextount) toodpodoaia
Tov chip yivetor amd to ®ATw deELd modapdxt (aBuds 8) yid Tov aQvnTd TOAO
(yetwon) xow amd To TAve 00LoteQd (0QLOROS 16) yid to Betind moho. Ta modagdxio 9
gwg now 15 tov MC14511B eivow ou 7 €E0dol Tov, mov mpooilovtal vo 0dnyolv ot
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evOeiov t1ig 7 LED's: ovvdéote Ta oTig emadés a, b, ¢, d, e, f abc de
2nOL g TNG ROAMOLOTOLVIOG, TTEOOTEXOVTOS TN OLDOQETLXY EES I O 11 .
oelpd. To modagdxnt 3 eivor etoodog, »oL elvor To © Eliﬁli
aQvNTo (ovpmiiowua) Tov onuotog LT - lamp test, mov ]

n@o/ogi/@erou Y& Tov é?,\eyxo u/ﬁm)g %émo%a kvxv/ioc EYEL > MC14511B

roel: otav evegyomoielton mpémel vo. avapouv Oheg or | =
AMyvieg --O6mowo dev avapPer éxer xoel. Euelc dev Oa to o[ L
XQVIOWOTOLTOVE, (f)n?xaéf] LT=0, ?)n?\aéﬁ LT'=1, doa o A A e
TQETEL VOl t@oq)oéomoerls 10 MOdOEAxL 3 pe wn/kn Tdon, B oW J 5 D A
onhadn vo T0 oOuvvdéoete oto Oetmd TOAO  TOU e a s
100p0d0TIn00. To TOdaEGxL 4 elvan elodog, nou elvaw TO @ ‘ @
apvnurd Tou ofuatog BI - Dblanking input, mov <ID IC B A~

mpooQitetar Y& va ofifver tnv 006vn dmote BEAovue va

™ opfvovpe (aveEapThtwg ®mAwma €L06dov) eueic dev Bol TO YONOLULOTOL|COVLE,
oniaon BI=0, onhadn BI'=1, doa xar tTo modogdnt 4 moémeL va. TO OUVOECETE OTN
Betini] Toodpodoota. To modapdut 5 elvor 1 elcodog LE - latch enable, mov moooiletal
Y& va. amoOnretetor o vdOwmag el0o6dov oe 4 ecwteoud flip-flops, ovTwg MOTE VO
oo pEvEL | 006V otebepn oty €vOelEn mov elye emAeyel TOAOLOTEQO LECW TWV
eLoodwv, aveEdotnra av ou gioodol autég Tmea €xovv aAlGEer euels dev Ba To
yonotpomotnoovpe, ONhaot] LE=0, doa »ow 1o modadnt 5 moémel vo to ovvoéoete
OTNV 0QVNTLXT) TQOPOdOoCin, ONAaOT 0T YeElwOoN).

Téhog, Ta modapaxia 1,2, 6, now 7 eival or eicodot Tov xmOwa BCD mov divouue yid
va ehéyyovue tov aQOud oty 006vn. To MC14511B yonowpomoiel To cvufoiouod
DCBA y14 ta 4 avtd bits, Onhadn "D" (modapdxt 6) elval To mEQLOCOTEQO ONUAVTIXO
(MS) bit, zow "A" (0dadxt 7) eivor to Ayodtepo onuavtind (LS) bit. Toopodotiote
auToUg TOUg 4 axEodénteg amd Toug dwaxrdmreg Q (MS bit), M, N, now A (LS bit), now
eMEEYTE TL amoTéAeoUO PEQVOUV OL 16 cuVOVAOUOL TV 4 AVTOV ELCOOMV 0TIV EVOELEN
7 TuudTov.

Aoxon 5.9: Toayvmra Avadixic ITpécOeong

[Aoxnon 0to x0Tl TaEddooN HEs 0TV 0VaPOoEE TOU EQYOOTNEIOV].

Ocewenote OTL | ®AOe Aoyt TOAY €xel zaBvatéonon 40 ps, dnAadn 1 €E000¢ g
TalQVveL T owoTh ®ouwvovEyLe Tuu 40 ps HeTd TV adloyt) WAg elo0dov oe [l véa
"owoti)" T, Ztnv mEAEN, M xabvotéonon s TOANG xvpaivetor o pd gvoeta
meQLoy TUMV, €EaQTOUEVY] amd TWOMOUG TOQAYOVTIES: TAVIMWG, 1 T OV
voBétovpe  --MyoTEQO  amd  €va  0€XOTO  TOU  OLOEXOTOUUUQLOOTOU  TOV
OEUTEQOAETTTOV-- E(VOL AVTLIIQOOMIEVTIXY] TOU TL ovpuPaivel péoo o' €vo oLYYQOoVo
emeEeQyaoT) ue QOAOL Y. 2 GHz. Znpeimvetal 0Tl 1] TLu) Tov voHETovue eivol oA
xrQOTEQTN AT TNV RABVOTEENON TV VAWMV TV chips 7408, 7432, now 7486, mpdt' ot
Oha emeld) exelveg oL xaBvotepioelg apooolv ofuata mou eivor €Em asd To chip, evd
edw WAdpe yud onuorto pEoa oto (0o chip, xal 0e0TEQOV €mELT) €0 VITOOETOVUE TULO
oVYYQOVT TEYVOAOYIOL ®ATAOKEVNG. YTEVOUOT: TO VITOTOAMOTAAOLO. TG MOVADIS
elva:
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e m - milli - xthtooto - 1073
® W - MiCro - EXOTOUUVQLOOTO - 10

e n - nano - HLOEXATOPUIVOLOOTO - 107

® P - pico - TOLOEXATOUUVQLOOTO - 10712

o f - femto - TETQANIS EXATOUUVOLOOTO - 1071
e a - atto - TEVIAALS EXLOTOUUVQOLOOTO - 1018

(o) [Tooeg mhheg pecoraPovv amd TNV (0000 ©EATOVUEVOL TOV TIAT|ON aBQoLoTi) TNg
doxnong 5.6 péxol v €£000 xpatovuévov tov; ITohamhaoidote Tov aQlOud avtd
emt 40 ps yud va Boeite TNV natd meooéyyon xabvotégnon evog bit thg mpdobeoc.
[[& 6oovg BELOVV VO TQOCGEEOUV TIG AETTOUEQELES, O AELOUOS avTOS TUAGDV elva
OLapoEeTnOg ammd tov aEpd TUADV ToU pecorafolv amd Tig €Ll00d00VGg a; %ol b;
uéyor v €000 npatovuévov. Av to oxedreite natd Pdbog, yid 6ha ta bits TOU
000010t TANV TV axealmV pog evoladéQel 0 TEmTog aplBnds. O delitepog aLOUOS
pnag evoladéger povo yid to MyoteQo onuavtivd bit, evd Yl TO TEQLOCOTEQO
onuavtnd pag evolapéoer o aQliuodg TUAMV Tov pecolafolv amd TV €i0odo
NQOTOVUEVOV PEYOL TLS 010 eE6O0VGS TOv aBpoLoTiy].

(B) Oewpnote évav abBpoloti) AéEewv Twv 64 bits, OTIWS AVTOL TOV VITAQYOVV OTOVG
ovyyeovoug 64-umrovg emeEepyonotéc. Ti wabuvotéonon Oo eixe évag TéTOLOG
00Q0LOTNG OV NTAV ROTOOREVOOUEVOS QIO AV aAvoida 64 TAowv aboolot®v ooV
ouTtovg Tou (a), Omwg €0eLyve to oyfua g §5.4; INd amlotta, Bewpnote OTL O
Nuobolotig Tov deELo bit £xel ®L avTOS TNV (0100 HOBVOTEQNOM).

(y) Av m mepiodog TOou QOAOYLOU TOU emeEeQyaoTi) NTAV mEQ(mOUV (oM pE TNV
7©00v0oTéENnom Tov aBoLoTH (OTTWS CUYVA Elvar), TL oVYVOTNTO QOAOYLOU Ba elye avTOC
o eneEeyaotig; [1hg ouyrpiveTal QuTh He TIG OUYVOTNTES QOAOYLDV TWV OVYYQOVWV
emeEegyaotav; [Evtuymg, vmdoyovv toOmoL vo yivovrol JoAD yenyoedTteQa oL
TEOOBETELS, YU AUTO RAL OL EMEEEQYAOTEG E(VOL TOOO YT YOQOL 60O givar!...]

510 IIpooBeon morrhov AgOumv

Otav 0éhovue vo Poovpe to Gbgoloua
TOMODV  aQOumV, pmogoLue  elte  va
yonotpomotoovpe  évav  afgoloti] %ot
emavalnyrn, O6mwg Ba dovue 0QYOTEQQ,
otav Ba wAGue yud "oxolovBiand" --OmA.
Oyl ovVOUUOTIKA--  AVRAOPATO, 1) VO

YOMNOLUOTOLOOVE  TTOMOUS  0BQOLOTEG, Koly Many  kyly myng ko lo Moo
Omwg delyvel To oyfuc. XTO TOQAUOELYUO ,0p | | W L J J
Tov oyNuatog edw, tntdue to dbgowopa S FA |« FA |« HA

Twv tecoaQwv agbpnv K, L, M, ot N, FA L FA L HA
aga mEémeL va vAvovue TEElS mRooHETELS.

Me v dvo aglotepd dudtaln (oe oyuo iy iJ j, iJ E LJ
noToEEdnT] - cascade), O TQMOTOS {FA|~{FAl« FA [« HA
aBpolotiig mooobéter tovg K x=ow L, o [4 ¢33 ¢82 ¢S1 HOLSB

0eVTeQog mpoobétel To dBgowopor K+L pe
tov M, nou o toitog Beiorel To dBgowopa tov K+L+M pe tov N. Me v mdvem 0eEd
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OLdtaEn (oe oxnuo 0évogov - tree), foiorovue mowta to afgoiopato K+L »ar M+N,
®now ot ovveyela ta mpoobétovue. Eqv Bewpnoovpe, m.y., 6t ov agibpot K, L, M, N
etvor oxtdpmror, ONAad” peta&l 0 xow 255 nabévag, tote To dBOoLoUd TOVG UITTOQEL
va xvpaivetal amd 0 €wg 1020, doa yeetdtovrar 10 bits yid vo mogaotabel. [Tag' ot
%o oL OV0 dLTAEELS YENOLUOTTOLOVV TO (010 A0S abgolotv, 1 devdQoEeLdTg elval
YEVIRA TEOTLUOTEQN, OLOTL OUVNOWS divel xrEOTEEN oLVOALXT] ®aBvoTEQNON (OV KA,
Omwg OelyveL TO %ATW WPEQOS TOU OYNUWOTOS, 1 ovvolxi) xoabuvotégnomn, Otav
YONOLUOTOLNOOUE 0.OQOLOTES TOV TUTTOU THS TAQAYQAdOU 5.4, OV elval TOOO GoynUn
000 delyVeL TO AV PEQOS TOV OYTULATOG).

210 %4t pEQOg TOU OYNUATOS daivetor 1 Oevdoeldng OdTaEn TV TOLOV
aBgolotmv, 6mou €xouvue avalvoel Tov xdBe abooloti) oe nurAoduoto Tov evog bit,
Omwg xAvope TAQOTAVM OtV moedyoado 54+ yidh vo ywedeL TO oYU,
TEQLOQLOTNRAUE O TOIUmTOVS aleLBpolg, avti 8 bits ov elyav 0To eV LEQOG TOU
oyxnuatog. I[IgooéEte 6tL Oha Ta bits Tng (OLog "onuavtirdTTag" (dNAadr mov eival
ovvteleotés g (Olag dUvaung tov 2) --my. ta ky, lj, my, ny-- moootiBevror petago
Tovg pe mAteelg abpototég (FA) autig g "onuavidtnrog”, Onladi ta evildueoa
afgolopota mov madyouv ovutd To ®uxhodpata FA  éyovv v (Ol avti
onpavTxotnta 1, zou mpootifevror petan tovg (] Ba pwogovoav va meootefolv
®ow pe to bits (dlog onuovTedTTog dAA®V aQlBpomv, y. pp) Yué va moedyouy To bit
s; Tov abgoiopatog mov €xer wi avtd TV O onuavtwo o 1. Opwmg, T

71QOTOVUEVO EE000V OAWV AVTOV TV ®VrAOUATOV FA éyouv onuavtirdTnTo ®otd
gvol peyoA0TeQn, OLOTL ATOTEAOUV OUVTEAEOTES TNG ETMOUEVNS TQOS TO OLOLOTEQA
ovvaung tov 2, dga mpémeL va. 08QoLoToUV Ue T bits €L0000V TNG AVTIOTOLYMNG
onpavtxotntag 2, edw, dnhaodi pe ta ks, I, my, nat ny. Ov mpoobHéoelg avtwv Twv 7

bits onuaviwotTnTag 2 (4 bits €10000v %ol 3 ®QOATOUUEVA) TQEMEL VO Y(VOUV O€
nurdopoto FA () HA) onuavtizotnrog 2, pe olodnmote oeld 1) 0€ 0lo0moTe uiyuo
TQOTLUALUE.

Heioapoe 5.11: Merontijg [IAM00vg matquévov Ataxortov

2xeO0LA0TE KOl ROTAOREVAOTE €V "®UnAOUA PnPodopiag” mov vo peted to mAnbog
TOV TATNUEVOV OLoxorTtdv ONAadt] to mAnbog twv "fetiwmv YHowv". Ofélovue va
gyeL €EL (6) eLl06d0VG, va ueTEAEL TOOES QIO QUTES LooVvVTaL Ue 1, xow va OglyveL To
m0og autd, ocav deradwd aoBuod, oty 006vn 7 Tunudtwv. Mag eviladégel povo
to mAN00g TV "avopévov" eloddmv rol Oyl TO TOLES ATt0 QUTES elvol OVOUEVES
(loUvton pe 1). Apa, To amotédeopo Oa eivar évag agduog amd 0 émg 6, Tov 0moio To
HORAOUA O0G TEETEL AT AQYAS VO VTTOAOYIOEL GOV TQIWITLTO dVadLKO 0QLOUO, HETOED
000 »au 110- ot ovvéyewa, pe Tov aQliud avtd Bo 0ONYNOTE TOV ATOXWOLLOTIOLTY)
BCD o¢ evdeintn 7 TunuaTmv Tov mEapatogs 5.8 magamdvm. Edv étav ¢ptdoete o€
ouTO TO TELQAUCL, OTO EQYOOTNOLO, EVOL 1] DQO TTEQOAOUEVT] HOL HLVOUVEVETE VO UNV
TIQOAAPETE VO HOTAOREVAOETE TO TANQES HUHADUO UE TIS 6 €L0OO0VGS, EentvijoTe e
£Vl VITOCVVOAD TOV TTOV VO LETQAEL TOVS AOO0VS UETAED TE00dQWV (4) LOVO EL0OdWV,
O OTN OVVEYELD, OV AVTO OOVAEVEL OWOTA %o €XETE YQOVO, CUUTANQMOTE TO OE 6
€Llo000VG.
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AxrolovOnote v €ENg otoatnywxn: Oewprfote oOtL ndbe elocodog elvor €vag
(novopmrog!) dvadwmds apBuds doa, meémer vo mpoobéoete €EL (6) dvadLroUg
0Buovg Tov 1 bit rabévag, xar va Pydiete éva dBoolopa Twv 3 bits (To omoio moTé
oev Oa vmepPaiver to 110). Mmogeite vo YONOWOTOOTE TO HRUUAOUO TNG
TEONYOUMEVNS  ToQayeddouv  5.10 xatdAnho  mpooaguoouévo. 2t Poabuida
onuavTxoTNTag 0 TOv RVRADUATOG, UTOQElTE va TpooBéoeTe Tovg €EL 0QLOUOVG Elte
ovd 0100 PEom TELMV NWaBOLoTOYV, elte avd Toelg péow S0 TAEWV aBQOoLoTMOV: 0TN
OVVEYELD, Ta TElO 1) OV0 abgoiouoto onuavtirdTTog 0 TEETEL VO TROo0TEDOTUV HeTAED
Tovg, ®atdhinia. Ta rpatovueva e£600V amtd Toug aboLotég onuavtirdTTog 0 Oa
amoteAOVV €l06dovg ot Pabuida onuavtirdérog 1. I1déoa elvar oavtd; Me T
nwoxhopa Bo T mooBéoete; Mhmwg oyveL xdmowo WWOTNTO OMwg TTY. OTL
amoxheieTar va elvon moté Oho Toug tavtoygova 1; Bdoel avutiig tg 0L0TNTOG
TQORVITTEL HATOLO ATAOTION 0N TOU ®VrAwpaTog; [Totd amd Oha Ta ruriduota elvon
btnvotego oty notaoxevy); EEetdote tig evohhontinés hoelg meiv ¢ptdote oto
€QY0OTIQLO, YOAPTE TA. CUUTEQAOUATA 0OG OTNV AvaPpoQd 000G, ®ATAMETE oe Wi
Moo now oxedLdote TNV, TEOTA pe MUABQOLOTES T)/raL TANELS aBQOoLoTES naL TOAES,
HETA HOVO pe MUWaAOQOLOTES %OL TTUAES, %OL OTN) OUVEYELD ME O%ETEG TTUAES. 2TO
tehevtalo 0tddlo, axolovdnote 1o Wovtého Tov oyNuatog TS §4.10 yid TO
OYEOLAYQUUUO TOU AUVXAOUOTOS OO0 WTOQEITE VO (QYNOLUOTOLNOETE TO GUALO
eoyootag http:// www.csd.uoc.gr/~hy120/12f/1ab05_workSheet.pdf

2T0 €QYAOTIOLO, RATAOREVAOTE TO RVURAWUA OOG nAl TQOPOOOTNOTE TO QIO TOUG
owaxomreg Q, M, N, A, B, naw C. Zuvdéote ) dvadunt €000 (3 bits) TOU ®RUARADUATOC
mpdoBeong my. otig LED 5, 6, naw 7, now av B¢hete ovvoéote nal GANES eVOLAUEDES
€E000vg oe dhheg LED Y14 oromolg magoxohoOnong - amoodpaipdtoons (PA. nou
odnyileg §4.11). Emiong, ovvdéote 1 dvadwny) €Eodo (3 bits) TOU %UAADUATOC
mp6o0eong otig Toelg LS e100d60vg "CBA" TOU armonmOromom i) Tov meloduotogs 5.8,
7oL TeodpodoTNoTe TNV €(0000 D (40, MS bit) pe 0 (ONAad” ovvdéote TNV 0T Yelwon).
EMéEte av n évdelEn 7 tunpdrtov delyver mavia 10 owotd minfog matnuévov
oloxomtv, Y OAOUG TOUG OUVOVOOUOUS ARATAOTOONS TWV  Oloxomtwv (64
ovvovaouotl!).

Ev ovuveyela, ovvoéote ™ dvadxn €£000 (3 bits) Tov ®urAduaTog TEOGHEONS OTIS
elo000vg DCB (3 MS bits) avti] T $pood, »atL T1oodpodotiote TV €i0odo A pe 0. Avti
N "oMoOnon" meog Tt aELoTeQd Tou TANOOVS avauévov eloddmV LOOOVVONEL e
moAamhaotaopud emt 2. EAEETe av n évdelEn 7 tumudtov wooltor TdvTo UE TO
outhdoto Tov mMNBoVS avopEVOV EL0OOMY, eXTOS OTaV To TANB0g auTd elval 5 1 6,
0O TE TO OLITAGOLO TOVG OV TTAQLOTAVETOL UE €va LOVO denadind Yndio.

Metd, allGEte TV €lcodo A oe 1 (oUvdeon oty Oetnt) TpodPodootia). EAEETE av 1
EvoelEn 7 tunudtov 1oovtol mavia pe to SUTAEoL0 ouv éval Tov TAMBoVS avopévmy
eLo0dWV (exTOS OTOV 0 0RLOUOS aVTOS VIteEPaivel To 9): yiati LoyLEL VTO;
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