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lIpoloyoc a” ékooong

To BiBAio auté avagépeTtal oTn Aoun kal Asitoupyia Twv MikpoUTtroAoyioTwv
Kal €ival GUPQWVO HE TN QUCIOYVWHIa Kal TO TIPOYPAK A OTTOUdWY TOU avTi-
OToIXoU PadrpaTog Tou 20U KukAou Z1moudwy, Tng KateuBuvong "HAekTpo-
VIKOG YTTOAOYIOTIKWY ZuoTnUATWY Kal AIKTUWV" Tou Topéa HAEKTPOVIKWV
Twv TEE. Mpooeyyilel Ta MikpoUTToAOyIOTIKA ZUCTAPATA OTTO T OKOTTIA TNG
NAEKTPOVIKNG KAl TWV EQPAPUOYWYV TOUG TToU Ba ouvavioouv ol aTTOPOITOI
auTou Tou Topéa. Eival yvwaoTd 6T N ouyxpovn TeXvoAoyia Baciletal oToug
MikpoeTre€epyaaTéG. EIDIKOTEPN HOPPR TOUG gival oI MIKPOEAEYKTEG Kal -
@avifovTtal oxedOV o€ KABE NAEKTPOVIKI) GUOKEUTN] Kal OXeOOV GTO GUVOAO TwV
epapuoywv TNG NAekTpovikng. Eival Aoimrév atrapaitnto o1 atrdé@oiTol autou
Tou Topéa va cival E0IKEIWPEVOI PJE QUTAV TNV TeXVOAoyia. To avTIKEiuEvo
BéBaia gival dUoKOAO Kal TTOAU ekTeTaPEVO. a TNV TTPOCEYYIOH TOU aTTO €K-
TTaIdEUTIKN Atrown €mAEXONKe N €€Ng doun: MNa TNV TTANPATNTA TNG TTAPOUTi-
aong Ta duo TTPWTa KEPAAaIa €ival el0aywyikd. 210 €TTOPEVA OUO Ke@AAala
(3-4) yiveral n Tapouciacn Twv BaCIKWV evvoIWY Twv MIKpOUTTOAOYIOTWV
Kol MIKPOETTECEPYOAOTWY O HIA YEVIKA HOPQI XWPIG VA avapepOUaoTE €
éva ouykekpigévo TUTTo. EIdIkOTEPO GTO KEPAAQIO 3 yiveTal n TTapouaciacn
Twv MikpoUTtToAoyioTwy, MIkpoeTTeEepyaoTwyV Kal MIKPOEAEYKTWYV EVW OTO
Ke@AAaio 4 TrapouaidlovTtal ol TPpOTTol S1IaCUVOECAHGS TOUG. Ta TTapaTTdvw E€i-
val atrapaitnTa yIaTi gival avaAlAoiwTa oTo Xpovo. Av duwg n TTapouciaon
€MEvE OTO YeVIKO eTTiTTEdO Ogv Ba £BIve OTO HaBNTA €va TTPAKTIKO £odio. MNa
TO OKOTTO aUTO KPIiBnKe OKOTTIMO VO GUYKEKPIPEVOTTOINGEI N TTapouciacn o€
éva oUuyxpovo, vedTepng TExVoAoyiag MIKpOEAEYKTA TTOU TAUTOXPOVA Va E€i-
val KOl OXETIKA aTTAGG. 'ETo1 eMAEXONKe £vag ammAdg MikpogAeykTrg PIC Tng
eTaipeiag Microchip TTou €xel eupeia attodoxn Kal XPNOIKOTToIEiTal 0T TTPAEN
O€ MIKPEG EQPOPUOYEG. Ta EKTTAIBEUTIKG £pyaAgia TTOU TTAPEXOVTAl BWPEAV
yIa TO OUYKEKPIPNEVO MIKpOEAEYKTH aTn d1eUBuvan www.microchip.com Atav
évag akOua TTapAyovTag yia TNV 1TIAoyr Tou. Ta duo AoITTOV TeAEUTAIO KEQA-
Aaia (5-6) agiepwBnkav oTnv TTapouaiacn Tou MikpoeAheykty PIC (apxiTe-
KTOVIKAG KOl EVTOAWV) Kal TNG XPAONG TOU O€ EQapuoyéS. To pabnua BERaia
yIQ TNV OWOTH KATavONon Tou UTTooTnNPICETal aTTd avTiIOTOIXO EPYAOTAPIO.

EATriCovrag 611 6a 606¢i 6TO0 Aueco pEAAOV n duvaToTNTa avaBewpnuévng
¢kdoong Tou BIBAiou avapévoupe TTapaTnPAOEIS Kal oxOAIa aTTd TOUuG ava-
yvwoTeg Tou BiBAiou oTnv nAekTpovikr dieubuvon paul@microlab.ntua.gr.

Abrva louAiog 2000
O1 ouyypageig
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NEDCUEIE 1@

Baoikég Apxéc Aoung
Kal AgiIToupyiag Twy
YTTOAOYIOTIKWV ZUCTNHATWY

Mepiexépeva

1.1 ApiBuntikd ZuoTtruaTta

1.2 MetatpotrA apiBuwyv amé éva cuoTnua
apiBunong o€ dAAo

1.3 Mpdgeic oto duadikd cuoTnua

1.4 Tpageic oTo deKaeCadIKO ouaTNUA

1.5 MapdaoTtacn ApiBuwv otov YTTOAOYIOTA

1.6 ZuoTAuOTO AVATTAPACTAONG CUKBOAWY
OTA UTTOAOYIOTIKG CUCTHATA

1.7 Baaoik doun YTTOAOYIOTIKOU ZUCTHNATOG
- APXITEKTOVIKA



2T1OX0I TOU KEPaAaiou:

Otav oAokAnpwaoeig 10 KePAAaio auTtd Ba PTTopEig va...

® £&nyeig TN xpnoiudétnTa Tou duadikou Kal Tou dekaeEadikoUl CUCTANATOS apib-
pnong

EKTEAEIG TTPALEIS OTO DUADIKG KAl OeKaEEadIKO oUOTNUA

EKTEAEIG PETATPOTTEG OTTO TO £va apIBunTIKG CUCTNHA OTO GAAO

AVOQEPEIG TN XPNOIMOTNTA £VOG GUVOAOU XOPAKTPWY

AVOQEPEIG TA TTIO YVWOTA OUVOAD XAPOKTHPWY

TTEPIYPAPEIG TN BACIK) SO TWV UTTOAOYIOTIKWY CUCTNHATWY

Eicaywyn

210 KepdAaio autd Ba dwooupe TIG BadIKEG apxEG TNG OOUNAG Kal AEIToupyiag
TWV UTTOAOYIOTIKWY OUCTNHATWV.

Apxika Ba avagepBolpe oTnV évvola Twv apIBuNTIKWY cuoTnudtwy. Oa Tre-
PIYPAWOUE Ta apIOUNTIKG CUCTAUATA TTOU XPNOIKJOTTOIOUVTAl OTOUG UTTOAOYIOTEG
(duadiko kal dekaegadiko) kal Ba Enyrnoouue TN XPNOIKOTNTA TOUG.

2Tn ouvéxela Ba TTePIYPAYOUUE TTWG UTTOPOUHE VA PETOTPEWOUNE apIBuoUg
aTtrd OTTOI0ONTTOTE ATTO TO CUCTHUATA QUTA 0€ OTToI0dNTTOTE AAAO, KaBWG Kal Tov
TPOTTO €KTEAEONG TWV TTPAEEWY OTO dUADIKO Kal To deKaegadIké aUaTnua.

EmmAéov, Ba avagepBolpe OTOUG TPOTTOUG HE TOUG OTTOIOUG PTTOPOUME VO
TTAPACTACOUUE apIiBuoUg O€ €va UTTOAOYIOTIKO oUCTNUA.

AKoOun, 6a avagepBolue OTa CUCTANATA TTOU XPNOIUOTTOIOUVTAI GTA UTTOAO-
YIOTIKG CUCTAMOTA YIQ TNV avatrapdoTacn cUPROAwY (Un apiBunTIKWVY XAPaKTH-
pwv), TN XPNOIKMOTNTA TOUG Kal Ba TTEPIYPAYWOUHE TA TTIO YVWOTA aTTd auTd.

TéAog, Ba avagepBoUlpe TN SOWN TWV UTTOAOYIOTIKWY CUCTNUATWY, KABwg Kal
oTov TPOTTO dlOKiVNONG Kal ETTECEPYATiag TNG TTANPOPOPIag HECO OTA UTTOAOYIOTI-
KA CuoTAMATA.



= BAZIKEZ APXEZ AOMHZ KAI AEITOYPIIAZ TQN YNOAOTIZTIKQN ZYZTHMATQN

1.1 ApIOuNTIKA ZUCTHMATO

‘Eva apiBunTtikd ouoTtnua atroTeAgital ammd éva oUVOAO Wwn@iwv Kal KavOveg
eKTEAEONG TWV TTPAEEWV avAPETA OTOUG apiBuoUg pe Bdon Ta wneia autd.

Baon (base) evog apiBunTikoU cUCTAUATOG gival évag aplBudg b o otroiog xa-
pakTnpilel To cuoTnua. To TTANBOG TwV SIOPOPETIKWY YNPiwv TOU CUOTAHUATOG
givar b. Ta mo cuyvd xpnoipgotroioUueva oucThpaTa gival To 0ekadiko (ue Baon
10 10) TO OTTOIO XPNOIYOTTOIOUNE OTNV KABNUEPIVA {wn, To duadikd (pe Bdon To 2)
Kal To 0ekaegadikd (ue Baon 10 16).

H yvwon Tou duadikoU cuoThPaTog gival 1Id1aiTEpa XpAOIUN OTnNV KaTavonon
TWV apXWV AEITOUPYIOG TwV UTTOAOYIOTIKWY CuoTNUATWy BI6TI N TTapdoTacn TG
TTANPOYopIag Kal oI TTPALEIC OTOUG UTTOAOYIOTEG yivovTal 0To duadikd oUoTnua
apiBunong. To dekaecadikd oUaTnUa atro TNV AAAN €XEl TO TTAEOVEKTNUA OTI TO
TANBOG TWV YNEiwv evog apiBuou aTo dekaeEadiko oUoTNUA gival TTOAU JIKPOTEPO
atrd 10 TTANB0G TWV WNEiwv Tou idiou apiBuoU oT1o duadiKO CUCTNHA EVWD UTTAPXEI
€vag eUKONOG TPOTTOG PJETATPOTTAG TWV APIBUWY atrd To £€va oUoTNUA 0TO GAAO Kal
avTioTpo@a. 'ET0I, OTOUG UTTOAOYIOTEG GUX VA, AVTi VA XPNOIUOTTOIOUUE Th SUAdIKN
TTapaoTacn evog apiBuoU xpnolpoTroloUe TN OekaeCadikr TTapGoTacn Tou.

>tov mivaka 1.1 gaivovtal Ta yneia Ta oTroia XpnolgoTtrolouvTal o€ KEBe £va
atoé Ta CUCTHPATA QUTA.

Auadik6  Agkadiko Aekaegadiko

oluoTnua  oloThua ouoTnua

0 0 0
1 1 1
2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

A

B

C

D

E

F

Mivakag 1.1 Ta wneoia Tou duadikoU, 0ekadikoU Kai dekaséadikoU ouoTAuaTos

15—



AOMH KAI AEITOYPTIA MIKPOYMOAOTIZTQN =

Ta wneia A, B, C, D, E, F xpnoipotroiotvtal 010 dekaeadikd oUOTNHA yIa va
eK@pdAoouv Toug aplBuoug 10, 11, 12, 13, 14, 15, yia TOUG OTTOIOUG BEV UTTAPYXOUV
avtioToixa yneia oto 0ekadikd auaTnua. H yevikr poper mapdoTtaong evog apib-
poU N o€ éva apiBunTiké cUoTnua gival n akéAoudn:

— — m-1 m-2 1 0
N=(a_.,a_ ,...a,a),=a b™ +a  b™+.. ab'+ab

Orapibuoia, a,, ...a_,, a_, amorehoUV Ta Yn@ia Tou apiBpou Kai & uTropolv va
gival yeyaAuTtepor ato ) Baon b.

‘Evag apiBuog ptropei va ekQpaaoTei o€ dIaQopETIKA apiBunTikd cuoTruata. ‘ETol,
givar duvatod va emReRaIOEl KAVEIG OTI 0 id10G apiBudg (28 oTo dekadIKO oUoTN-

Ma) EKQPACETAlI OTO GUOTAPOTO TTOU ava@EPONKav OTTWG QAIVETAI TN CUVEXEIQ.

(28),,= 2x10" + 8x10°
(28),,= 1x16' + 12x16° = (1C),
(28),,= 1x2¢+ 1x2°+ 1x22 + Ox2' + 0x2° = (11100),

AvtioTpo®a, n idia akohouBia wn@iwv utTropei va cuuBoAilel diagopeTikoug apib-
MoUG o€ DIaQOPETIKA CUOTAKATA, YIa TTAPAdEIYHA,

11),,= 116" + 1x16%= 16 + 1 = (17
16 10
(11),,= 1x10" + 1x100 = (11),,

(11), = 1x2" + 1x2°= 2 + 1 = (3)

10

21n ouvéxela Ba ava@epBoUpe o€ PETOTPOTTEG KAl TTPAEEIC HOVO aképaiwy (OXI
KAQGUATIKWYV) apIOUWV.

1.2 MeTaTpoTri} apiBuwyY a1ro Eva

ovoTnua apidunong o€ aAAo

2tV TTapdypa®o autr Ba avaeepBbouue oTIG dIadIKATIEG PETATPOTING £VOG
apiBuou atréd £va ouoTnua apiBunong o€ kaTrolo dAAo. Mo cuykekpipéva, Ba TTa-
POUCIACOUE TIG OI00IKATIEG JETATPOTTAG APIBPWY atrod (a) To duadiko 1 To deKaE-
&adikd o1o deKadIKO, (B) TO dekadIkd aTO BUABIKO 1 deKaeEAdIKO Kai (Y) To duadIKO
0T0 OekaeEadIKO Kal avTioTPOoQa.
a. Merarporrr) amo duadiko ) dekas§adiko as Sekadiko

MNa va petatpéwoupe €vav apiBuod atrd 1o duadiko rf To dekaefadikd oTo deKa-
OIKO gUuoTnua apibunong uttoAoyioupe TNV TIPA TNG TTAPACTACNG

a . b™+a b™+ . ..ab'+a b
m-1 m-2 1 0

61Tou pe b oupBoAifoupe Tn Bdon Tou GCUCTANATOG, N oTToia €ival To 2 A 1o 16. MNa
—16




= BAZIKEZ APXEZ AOMHZ KAI AEITOYPI'IAZ TQN YMOAOTIZTIKQN ZYZTHMATQN

Tapdadelyya, yia va heTaTpéPoupe Tov apiBuo (11001), oto dekadikd auoTnua,
uttoAoyifoupe TNV TIPN TNG TTapdaTacng

1x24+1x23+0x22+0x2'+1x2°=16+8+1=25

B. Msrarporrny amd 1o dskadiko oTo Suadiko N To dekas§adiko

MNa va JETOTPEWOUNE TO AKEPAIO PHEPOG TOU apIBPOU, TO dlaipoUuE PE TN Bdon
TOU oUOTAPATOG (2 A 16) Kai TTaipvoupe éva uttdAoitTo (Y) kail éva trnAiko (). To
mNAiKo Slaipeital kai TTaAI ye 70 b (2 4 16) kai TTaipvoupe €va véo TrnAiko I kai
uttéAoitro Y. H diadikacia auTh erravalapBaverar pé€xpl To trnAiko I va yiver 0. H
{nToupevn avarrapdacTaon gival Ta uttoAoitra (Y), ge TV avTioTpogpn ocipd atmmo
€KEivN TToU Ta BPAKAE.

MNa mopddeypa, oto Zxua 1.1 eaiveral n diodikacia YETATPOTTHG TOU apIBuou
28 o010 duadIkO kal To dekaeadikd ouaTnua avtioToixa. O1 avaTTapaoTAoElg TOU
dekadikou apibuou 28 ota duo cuoTruara gival (11100), kai (1C),.

2xnua 1.1 Merarporr) Tou apiBuou (28),, ato duadiko
Kai 1o dekaeéadikd auaTnua apibunong

Y- Merarporry amé duadiko os dekasdadiko Kai avrioTpopa

YTrapyxouv dU0 TPOTTOI YIO VO PETATPEWOUUE Evav aplBud atrd 1o duadikd GTO
Oekae&adikd ouoTnua apiBuNong Kal avtioTpoa.

O TpwTOog TPOTTOG €ival va XPNOIKOTIOINCOUNE WG eVOIANETO TO dEKADIKO OU-
OTNUA. ZToV TPOTIO QUTO PETATPETTOUME ATTO TO éva oUOTNUO OTO OEKADIKO Kal
0Tn cuvéxela atrd To OekadIKO aTo GAAO OTTWG TTEPIYPAWAUE TTPONYOUUEVWG. 2TO
0eUTEPO TPOTTO, UETATPETTOUME aTTEUBEIaG aTTd TO £va guoTnua ato aAAo. O1 duo
auToi TPOTTOI TTEPIYPAPOVTAI OTN CUVEXEIQ.

Merarporry uéow Tou dekadikou
Mo va peTaTpEWouE TO BEKAEGADIKO apIBUO 6E, 070 duadIkO GUCTNUA UTTOPOUUE
Va TOV PETATPEWOUHE TTPWTA OTO OEKADIKO apiBud

6x16' + 14x16° = (110),,
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21N OUVEXEID JETATPETTOUME TO OEKABIKO apIBPO oTOV avTioToixo duadikd aplBud
OTTWG Qaivetal oTo ExAua 1.2.

Zxnua 1.2 Merarpori) Tou apiBuou (110),, aTo duadiké ouaTnua apibunong

Emopévwg, n duadikn mapaaTtacn tou apiBuou (6E),, eivai n (1101110),.
AvrioTpo@a, yia Tn dekaegadikn TapaaTtacn Tou apiBpou (1101110), Bpiokoupe
TTPpWTa TN 6eKadIKA avatTapdaoTaan TTou gival

26+25+23422+2'=110

21N OUVEXEID N PETATPOTTH) 0TO BeKAEEadIKG ouaTnua Ba dwotl (6E),,.

Zxnua 1.3 Merarporr tou apiuou (110),, aTo dekae€adiké auoTnua apibunang

Arreubeiag uerarporn

H ameubeiag petatpotrr) apiBuwy amd 10 duadikd 0To dekaeEadikd cUOTNUO
Kal avTioTpo@a oTnPigeTal GTO YEYovog OTI 16=24, eTToPEVWG éva Yn@io oTo SeKa-
€€adIkd aUOTNUO QVTIOTOIXEI O€ TECTEPA AKPIBWS Wwneia oTto duadikd cuoTNa.
Me Baon Tnv TTapaTEnNon auTr PTTopoUuE va akoAouBrjocoupe Tn diadikagia TTou
TTEPIYPAPOUNE OTN CUVEXEIQ.

Ma v atmeuBeiog HETATPOTT VOGS deKaEEAdIKOU apiBuoU oTo duadiké ouoTn-
Ma avTikaBioToupe KGBe wneio Tou apiBuol pe éva TeTpawn@io duadikd aplBud
oUPQwVa e Tov TTivaka 1.2.

—18
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OekaegadIkO Suadikd
yneio yneia

0000
0001
0010
0011

0100
0101
0110
0111

1000
1001
1010
1011
1100
1101
1110
1111

MmO W X>» O© NN~ WN-= O

Mivakag 1.2 AvrioToiyia dekagéadikwv kar SuadIKWY Wwneiwv

Mrtropei kaveig va Tapatnproel 01l 0 duadikdg aplBudg (1r.X. 1100) gival n €k-
@pacon Tou dekaegadikoU wneiou ato duadikd cuoTnua (11.%. C). ‘ET0l, yia TTapd-
oclyua, o dekaefadikdg aplBudg 77F avtioToixei oto duadikd apiBuod 0111 0111
1111 OTTwG QaiveTal oTn CUVEXEIQ.

7 7 F
0111 0111 111

AvTioTpo®a, yia va PeTaTpEWoupe Evav apiBud atrd 1o duadikd aUoTnua OTo
0eKaeCadIKO, XWPICOUUE Ta Wn@ia Tou Ot TETPAOEG TTPOCBETOVTAG, OV XPEIAOTEI,
MNOEVIKA OTNV apXA Kal avTIKaBIoToUpE KABE TETPAdO PE TO AVTIOTOIXO OEKAEEA-
0Iké wneio. ‘ETtol, o duadikog apiBudg 1 1010 1101 avTioToixei oto dekaegadi-
KO apiBud 1AD, 0TTwg Qaivetal aTn ouvexela (e TTAAQYIa ypAuPaTa gaivovTal Ta
pundevik& TTOU TTPOCBECANE OTNV GpPXN -0pPIOTEPA- TOU aPIBUOU TTPOKEINEVOU VO
OUNUTTANPWBOOUYV TETPADES WNOIWV).

0001 1010 1101
1 A D
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Mrtropei kaveig va diatmioTwaoel 0TI n atmeuBeiag YETATPOTI €ival TTOAU TTI0 EUKOAN
Kal ypriyopn atro OTI N JETATPOTI XPNOIMOTTOIWVTAG TO OEKAdIKG oUOTNA.

1.3 MNpdgeig oTo duadiké cUCTHHO

TNV TTapAypa®o auTr] Ba TTEPIYPAWOUUE TOV TPOTTO EKTEAEONG TWV TETOAPWY
Baoikwv TTpafewv (TTpéaBeon, agaipean, TTOAAATTAACIOCNOG Kal dlaipeon) GTo
duadIké cuoTnua.

To va yvwpiloupe Tov TPOTTO EKTEAEONG TWV TTPAEEWV OTO BUABIKO oUCTNUA,
Ba pag Bonbnoel va kataAdBouue Tov TPOTTO E TOV OTTOI0 TTPAYMATOTTOIEITAI N
EKTEAEON TWV TTPALEWYV OTA UTTOAOYIOTIKG CUCTHMATA.

1.3.1 NMp6éobeon

21nv TpocBean Cexivaue atrd 0e€id (xaunAoTepng TAENG wneia) Kal TTPocbE-
TOUUE Ta avTioToIXa yneia Twv apiBuwv. Kabe @opd TTou TTPOKUTITEI KOOTOUUEVO
TO TTPOCOETOUPE OTA APEOWG UWPNASTEPNG TAENS WNQia.

Ma TNV Katavonon TnG EKTEAEONG TG TTPOCcBeong oTo duadiké oUaThUa Ba pag
BonBnaoel o Trivakag 1.3, TTou divel yia Ta duvaTtd Celyn TwV TTPOCOETEWVY YN@iwv
(a, b) kai Tou KpaToupévou (c, ) , TO ATTOTEAECHA (S) KAl TO KPATOUPEVO TTPOG TNV
eTouevn Badbpida (c

out)'

i}
o

S
)
=

- A A A O O O O
A A O 0O A A~ O oOo|lT
-~ O =~ 0O =~ 0o =~ o
- O O - O =~ ~ O|n
- 2 A O -~ O O o

Mivakag 1.3 MNivakag aAnbeiag tn¢ mpocBeong U0 wniwv Kal TOU KPATOUUEVOU

270 ZxNua 1.4 eaiveral n diadikacia TPocbeang Twv apiBuwy (1110), kai (1010),
mou divel amotéAeopa (11000),. H avtioToixn mpdoBean ato dekadikd ouoTnua Oi-
vel 14+10=24 trou emraAnBevel To amotéAeapa. H diadikacia Tng mpdabeong Tra-
pouaidgetal aTto Ta Oe€IG TTPOG TA APIOTEPA OTTWG OgiX Vel N apiBunon Twv BnudaTwy.
—20
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Zxnua 1.4 [péo6san oro duadiké auoTnua

1.3.2 Agaipeon

2Tnv agaipeon gekivape €TTiong atrd OeCId aPAIPWVTAG TA AVTIOTOIXA Wneia
TwV apiBuwy. e KABe Babuida dnuioupyeital éva davelkd (borrow) wneio, 1O
OTT0iO TTPOCTIBETAI OTO YNQIo TOu aPaIPETN TNG £TTopevNG Babuidag. O Trivakag
1.4 divel yia Ta Celyn Twv Yneiwv Tou PeiwTéou (a), Tou agaipétn (b) kar Tou
daveikou (r, ), To amrotéAeapa (d) kai To davelko (r, ) TTPOG TNV €TTOpEVN Babuida.

abr (dr,
0 00| 00O
0 0 1 11
01 0] 11
01 1] 01
10 0| 10
10 1|00
110 00
11 1 11

Mivakag 1.4 Mivakac aAnBeiag tn¢ apaipeans 6Uo wneiwv Kai Tou daveikou

MNa mapadeiypa, n diadikacia agaipeong Twv apiBuwv (1100), kai (1010), ¢ai-
veTal 0TO ZxNua 1.5.
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Zxnpa 1.5 Apaipeon aro duadikd aloTnua

H avTioToixn agaipeon ato dekadikd ouaTnua Ba £dive 12-10=2 TTou £1TaAnBeUEl
TO QTTOTEAEC Q.

1.3.3 NMoAAatrAaci10ou6g

O moAAaTTAaCIOOPOG OTO dUadIKG cUaThua apiBunong yivetal, 6TTWG Kal OTO
OekadIkO, pe dladoxIkéG TTpooBiaelg. Kabe wneio Tou TTOAAQTTAQCIOCTH TTOAAG-
TAaoialeTal ge OAa Ta wnoia Tou TTOAAATTAACIaoTEOU Kal oxnuaTiel Eva pepPIKO
YIVOPEVO. KABe ePIKO yIVOPEVO ypageTal KATW atrd To TTponyoUuEVo oAIcBnuévo
KOTG pia B€on TTPOG Ta APICTEPA. 2T CUVEXEIA, TTPOCBETOUE ava U0 Ta PEPIKG
YIVOUEVQ.

210 ZxAua 1.6 @aivetal o duadikog TToANaTTAACIAoHOG TwV apiBuwy (1110), kal
(110),. O TToAAaTTAOCIACPOG 0TO EKADIKO GUOTNUA Ba £dIve 14x6=84=(1010100),.

Zxnua 1.6 lNoAamAaciaoudg oro duadiké ouaTnua
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1.3.4 Aiaipeon

H diaipeon o1o duadikd ocUCTNUA TTPAYHATOTTOIEITAI E DIABOXIKEG APAIPETEIG
ToU dIaIpETn aTTd TO dlaIPeTED. 210 ZXAMA 1.7 @aiveTal n dladikaoia diaipeong Tou
apiBuou (11011), pe Tov (101), Tou divel TTnAiko (101), kar utréAoiTTo (10),. H avri-
oToIxn TPAg¢n ato dekadikd auoTnua (27 : 5) Ba €dive TTNAiko 5 kai uttéAoimo 2. H
dladikaaoia givalr avaAoyn pe auTrh TTou akoAouBoupe 0Toug dEKadIKOUG apIBuoUg.

Zxnua 1.7 Aiaipeon aro duadiké auoTnua

1.4 MNpdageig oto deKAEEADIKO CUCTHHA

H extéAeon Twv TTpdéewv o1o dekaeadIKG auoTnUa €ival MO TTOAUTTAOKN aTTO
o1 0710 dUAdIKG. O AGyog TTou pabaivoupe TTPAgeIS 0TO oUCTNUA aUTO €ival OTI
TTOAAEG POPEG XPNOIYOTTOIoUME TO OekaeEadIKO ouaTnua avTi Tou duadikou, ETTEI-
on 10 TTANB0G Twv Yniwv evog apiBuou eival TTOAU pIKpOTEPO aTTd OTI GTO dua-
dIké ouoTnua.

1.4.1 Npo6éoBeon

H 1pb0oBeon oT1o dekaeEadikd auoTnua yiveTal OTTwG 0TO OEKAdIKO, EEKIVWVTAG
atrd Ta 6e¢Id Kal TTPooBETOVTAG avd dUO Ta Yneia, Guv TO KPATOUUEVO TTOU TTPOE-
KUWe a11é TNV TTpooBean Twv TTponyoUheEVWY Yn@iwv (av uttdpxel).

MNa va mpocBéooupe dUo wneia oto dekaeEadikd ouoTnUa UTTOAOYICOUNE TN
0ekadIKr Toug TIUA (av KATToI0 aTTd auTd gival petagu Tou A’ kal Tou 'F’), TTpo-
00€ToupE TIG DEKABIKEG TOUG TINEG. Av TO aTToTéAeOpa gival PIKpOTEPO Tou 16 TO
TTAPIOTAVOUE PE TO QVTIOTOIXO OeKAEEADIKO WN@io. Av TO ATTOTEAECUA Eival Peya-
AUTEPO 1) i00 Tou 16, TOTE agaipoUpe To 16, Kal TO UTTOAOITTO €ival TO OTTOTEAEC A
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Kal £xoupe kpaToupevo 1. ETol, n Tpoobeon 9 + 9 divel amrotéAeapa (18),, eTTopE-
VWG €XOUME atroTéAeopa 2 Kal KpaToupevo 1. Z1o Zxfpa 1.8 gaivetal n diadikaoia
TP60Beong Twv apiBuwv (1AD9), kai (201D),,.

Zxnua 1.8 [p6o6san oo dekaséadiké auoTnua

H avtioToixn 1mpd¢n oto dekadikd cuoTnua (6873 + 8221) divelr 15094 =
(3AF6),, TToU eTTOANBEVEI TO aTTOTEAET A

1.4.2 A@aipeon

H agaipeon oto dekaefadikd oUCTNPA yiveTal OTTWG OTO OeKAdIKO, EEKIVWVTAG
ato Ta OE€IA KAl aQaIPWVTAG TO WNPIo TOU aQaIpETN atro TO YNPIo TOU PEIWTEOU.
Av uttépxel davelko atré TTponyouusvn Babuida, TTpoaoTiBeTal 0TO Wn@io Tou agai-
PETN.

21NV TTEPITITWON TTOU TO WNQio ToU a@aipETn gival JeyaAUTEPO aATTO TO Wn@io
TOU pelwTéou, Oe davelldpaoTe atrd TNV emouevn Babuida 10 dTTwg oto dekadikd
ouoTnua apiBunong, aAAa 16 (TTou gival n Baon Tou CUCTAPATOG).

Zxnua 1.9 Apaipean oo dekas€adiké auoTnua
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MNa mapadeiyua, n diadikacia Tng agaipeong Twv apiBpwv (41177), = (A0D9),,
Kai (8733),,=(221D),, Tou divel amotéAeopa (32444), = (7TEBC),, ¢aivetal aTo
2xnua 1.9.

1.5 NMapdotaon ApiOpwy oTov YTToAo

O11wg yvwpidoupe, ol TTANPoPopieg attoBnKeUOVTal OTN PV N TOU UTTOAOYIOTH.
H pvAun Tou uttoAoyioTn gival opyavwpévn o€ AEEEIG (OPAdES DUADIKWY WN@iwv).
Mia Aé€n eival pia opdda duadikwyv wneiwv (ouvRbwg 8 ) 16 duadika wneia).

2Tnv Tmapdypa@o auTth 6a acxoAnBouUlpe e Tov TPOTIO WE TOV OTTOI0 aTToON-
KeUovTal Ol apIBPoi oTn PvAPN Tou UTTOAOYIOTH. ATTO 00a £XOUME avagEPEl JEXPI
TWPA, yYvwpiloupe 6Tl OTOV UTTOAOYIOTH XPNOIKOTIOIEITAI N QUABIKN avaTTapdoTa-
on Twv apiBuwv. Auto TTou Pével va oulntnBei givar: mwe mapioravral oi OeTikoi
Kal TTW¢ Ol apvnTIKOI apiBuoi;
lMapdoraon apvnTikwyv apibuwv

Ma va TTapacTiiooupe o€ duadikh pop@r BeTIkOUG Kal apvnTIKOUg apiBpoug
XPNOIUOTTIOIOUUE TO apIoTEPOTEPO Wn@io TNG AéEng (most significant bit). Av 1o
wneio auTo ival 0, TOTE 0 ApIBPOG gival BETIKOG, DIAPOPETIKA €ival apvnTIKOG.

MNa va TmapaoTAooupE éva BeTIKO apiBud, XPNOIKOTIoIOUUE TO ApPIoTEPOTEPO
duadiko yneio yia 1o TTpdonuo (0) Kal Ta UTTOAOITTA WN@ia T XPNOIKOTTOIOUE VIO
VO KWOIKOTTOINOOUE TO METPO TOU apIOuoU.

‘ET01 yia TTapddeiyua, XpnoihotroiwvTag 8 duadika wneia (OAa yia 1o aképaio
pEPOG TOU apIBpOU) 0 apIBpOG (+ 18),; eivar (00010010),.

YTrdipyxouv TPEIG TPOTTOI YIA VA KWOIKOTTOICOUUE €vav apvnTIKO apiBud:

® N TTapAcTOon TTPOCTHOU PHETPOU
® N TTapAcTOOn CUUTTANPWHOTOG WG TTPOG 1
® N TTapAcTOon CUUTTANPWHATOG WG TTPOG 2

2Tn ouvéxeia Ba avapepBoupe CUVOTITIKA OTIG TTAPACTACEIS AUTEG.
lMapdoraon MNMpooruou Mérpou

2Tnv TapdoTacn TTPOCHHMOU PETPOU, XPNOIUOTTOIOUME TO ApIOTEPOTEPO WNPIo
oav £vOEIEN TOU TTPOCTHOU, KAl Ta UTTOAOITTA Wn@ia yia To JETPO TOU aplOuou.

MNa mapddeiyua, av xpnoihoTToloupe okTw duadikd yneia yia Tnv TapdoTaon
TWV apIBuwy (OAa yia To aképalo PEPOG Tou apiBuol) Kal BEAOUUE va TTApaoTH-
OouE Tov apIBuod -18 pe Tnv TTapdoTacn péTpou, Ba epyacToupe wg €¢AG. Bpi-
OKOUWE TNV TTapdoTacn Tou aplBuou 18 pe oktw duadikd wneia (00010010). 21n
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OUVEXEID QVTIOTPEPOUUE TO TIPWTO WN@io, TTPOKEIPEVOU va deifoupe OTI 0 aplBuog
eivar apvnTikés. 'ETo1 n {ntoupevn rapdoTaon givai n 10010010.
lMapdoraon ZuumAnpwuarogs wg mpog 1

21NV TapPAoTaCn CUUTIANPWHATOS WG TTPo¢ 1, Bpickoupe Tnv avtioToixn dua-
OIkr) TTapdoTaon Tou BeTIKOU apiBuoU Kal avTIOTPEPOUNE OAA T wn@ia Tou.

MNa TTapdadelyua yia va TTapacTACOUNE ToV aplBuo -18 pe TTapdoTaon CUPTTAN-
PWUOTOG WG TTPOG 1, EEKIVAUE aTTd TNV TTapAcTach Tou BeTikoU apiBuou 00010010
KQI QVTIOTPEPOUE Ta WN@ia Tou yia va KataAngoupe otnv mapdaTtacn 11101101.
lMapdaoraocn cuumANPWUATOS WS TTPOS 2

21NV TTapdoTach CUUTTANPWHOTOG WG TTPOG 2, XPNOIUOTTOIOUNE TO BETIKG apIB-
MO, avTIOTPEPOUNE OAQ TO WN@ia TOU KAl OTN OUVEXEID TTPOCOETOUE Wia povada.

‘ET01, yia va TTapacTicoupE Tov apiBuo -18 pe TapdoTacn CUUTTANPWHATOS WG
TTPOG 2, EEKIVAUE aTTO TNV TTapdoTacn Tou BeTikou apiBpou 00010010. AvTioTpé@o-
vTag Ta ynoia Bpiokoupe Tnv mapdoTtacn 11101101, Z1n cuvéxeia, TTpocBETovTag
10 1, BpioKoUuE TNV TTAPACTOGH CUPTIANPWHATOS WG TTPog 2 TTou gival n 11101110.

A&iCel va TTaparnpAcel Kaveig, 0TI Kal 0TOUug TPEIG TPOTTOUG TTApAaTacng Twv
apvNTIKWY apIBPWY TToU avagEpBnkav, To aploTEPOTEPO Wn@io Tou apiBuou o¢i-
XVEI av 0 apiBPog gival BeTIKOG 1 apvnTikdg. 'ETo1, av 1o wneio gival '1’, ptopei
KOVEIG va oupTTEPAVEL OTI 0 apIBUOG gival apvnTIKOG.

1.6 ZuoThpaTa avatTTapacTacns cupp

UTTOAOYIOTIKA OUCTAHOTA

Mvwpidoupe 0TI, yeVIKA, EKTOG aTTo apIBPoUG HTTOPOUNE VA AVOTIAPACTHOOUUE
o€ évav UTToAoyIoTH Kal oUUBOAQ, OTTwG YpAuPaTa, onueia oTigng Kal apiBunTika
wnoia. O1 TTANpo@opieg aUTEG TTAPIOTAVOVTAI OTOUG UTTOAOYIOTEG WG GUVOAX dua-
IKWV Wneiwv.

‘Eva TpoéBAnua TTou TTOPOUCIACTNKE OTA TTPWTA XPOVIA TNG EPPAVIONG TWV
UTTOAOYIOTWYV ATAV N avTIOTOiXNoN Twv CUPBOAwY og duadikad ywneia. Ta xpovia
ekeiva ATav duvato e évav uTtoAoyioTr To ypduua 'E’ va oupfoAifeTal pye tnv
akoAouBia duadikwyv yneiwv 0010 0111, evw o€ évav GANO UTTOAOYIOTA pE TNV
idla akohouBia va avTioToixiCeTal TO ypdupa 'A. Av Kaveig JETEQEPE Eva apxEio
KEIpEvou atrd Tov évav UTTOAOyIoTH oTov GAAO, TOo ypduua 'E’ Ba ekhaupavotav
OTO BeUTEPO UTTOAOYIOTA WG A’ LE TIG CUVETTEIEG TTOU Ba €ixe auTo.

Epgaviotnke n avaykn UTrapgng PIog KOIva atTodEeKTHG avTIOTOIXIONG XOPAKTPWY
oe OuadikéG akoAoubBieg. Mia TETola avTIoToiXIon OVOPACZETal OUVOAO XOPOKTHPWY
(character set) ka1 cuvrBwg kaBopileTal aTTO KATTOIO dIEBVI) OpYavVIOUS TUTTOTTOINONG.
‘Eva T£T010 GUVOAO XOPOAKTAPWY, YIa MIKPOUTTOAOYIOTEG Kal 0TaBUoUG epyaaiag
—26




= BAZIKEZ APXEZ AOMHZ KAI AEITOYPI'IAZ TQN YMOAOTIZTIKQN ZYZTHMATQN

givar o kwdikag ASCII (American Standard Code for Information Interchange,
ApEPIKAVIKOS TTPOTUTTOC KWOIKAG Yia TNV avTaAAayr] TTANPO@OpIWY). ZToV KWdIKa
ASCII, kdBe xapaktpag avarrapiotatal amd 8 duadikad wneia. Me Tov KWdIKa
QUTO PTTOPOUUE Va TrapacTricouue 28=256 diapopeTikd oUuBoAa. MTropolue va
TTOPACTACOUNE TA YPAUMATA TOU AATIVIKOU aA@dapnTou, Ta apifunTika ynoia, ta
oUPBoAa aTiENG, TV TTPALEWY, Kal EIDIKOUG XapaKTAPES (#,5,%,&,@.#), KATT.
‘Eva GAANO 0UVOAO XapaKTHPWV €ival 0 dIEUPUPEVOG DUADIKOG KWOIKAG DEKADIKWV
yia emkoivwvia (Extended Binary Coded Decimal Interchange Code, EBCDIC). Zrov
€TTONEVO TTivaKa divoupe TrTapadeiypata cupBoAwy oTtoug kwdikeg ASCII kar EBCDIC.

ZuppoAo Kwdikag ASCII Kwdikag EBCDIC
A 01000001 11000001
B 01000010 11000010
C 01000011 11000011
D 01000100 11000100
E 01000101 11000010
0 00110000 11110000
1 00110001 11110001
2 00110010 11110010
! 00100001 01011010
# 00100011 01111011
$ 00100100 01011011
% 00100101 01101100
( 00101000 01001101
+ 00101011 01001110
- 00101001 01001111
* 00101010 01011100

Mivakag 1.5 20uBoAa arous kwdike¢ ASCII kar EBCDIC

MNa Tnv avatmmapdoTacn XapakTipwy TTou dev TTepIAaUBAavovTal 0TO AATIVIKO
aA@apnTo, KABE XWpa €xel BeaTrioel Eva TTPOTUTTO, TO OTTOIO OTTOTEAEI ETTEKTACON
TWV TTapaTTédvw TPEOTUTTIWY. TO MO YVWOoTO TTPOTUTIO YIa TNV TTApAoTacn TwV €A-
ANVIKWV KAl AATIVIKWV XOPOKTApWY, gival To TpoTutio 928 Tou EAANVIKoU Opya-
viopou Tutrotroinong (EAOT 928). O kwdIKag autdg ATToTEAEI Jia ETTEKTOON TOU
KwdIka ASCII kal TTepIANaPBAVEL EKTOG TWV AATIVIKWY KOl TOUG EAANVIKOUG XOPOKTH-
peG Kepaaioug, TTe(OUG, TOVOUEVOUG, ONUEIa OTIENG, KATT.

Me Toug 256 XapaKTAPES TTOU PUTTOPOUV VA avATIaPAaTHooUV oI Kwdikeg ASCII
kal EBCDIC dev gival duvard va Tapactabouv o1 XapakTipeg OAwV Twv aA@aBn-
TWV (T1.X. EAANVIKO, aCIaTIKA, YEPUAVIKO, YOAAIKO). Na To Adyo auTtd dnuioupyRoOnke
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éva akOun oUvoAo XapakTApwv pe To 6voua Unicode. 210 gUvoAo autd xpnoi-
poTrolouvTal 16 duadikd wneia yia Tnv avatapdoTtacn Kabe wneiou (gival, 0TTwg
Aépe, évag 16-01kOG KWwdIKaG). To TTANBOG Twv dIAQOPETIKWY WNQiwV TTOU PTTOPEI
va TTOPOCTACE 0 KWJIKAG auTdG gival kal 2'%=65536. ETropévwg, To gUvolo autd
KOAUTITEI TIG QVAYKEG YIO avaTTapdoTacn OAwWV TwV UTTAPXOVTWY GAQARNTwv.

1.7 Baoikn dour} UTTOAOYICTIKOU

OUOTHMATOG - APXITEKTOVIKN

21NV TTapdaypago autr) Ba TTePIyPAWOUE CUVOTITIKA TN YEVIKA OOunA £vOg UTTO-
AoyIOTIKOU ouoThPaTOG. 210 KedAaio 3 Ba TTapouCIAOOUE TTIO AVOAUTIKA TN
doun autn.

Omwg yvwpidoupe, £va UTTOAOYIOTIKO cUOTNUA gival €va oUuoTnua TTOU ATTo-
TeAeiTal atrd UAIKG kal Aoyiopikd Kal To oTroio etmegepyadetal dedopéva. Me Tov
Op0 UNIKO ava@epOPOOTE OTIG CUOKEUEG KAl E TOV OPO AOYICUIKO OTO TTPOYPA-
paTa, onAadr o€ pia oeipd eVvTOAWV O1 OTTOIEG EKTEAOUVTAI OTTO TO UTTOAOYIOTIKO
ouoTtnua. H yevik doun Tou UAIKOU evOG UTTOAOYICTIKOU CUCTAUATOG QAivETAI OTO
ZxnAua 1.10.

Zxnpa 1.10 evikr doun uTToAoyIoTIKOU CUGTALATOS

2UPewva he 1o ZXAPa 1.10, éva uTToAOYIOTIKO OUCTNUA ATTOTEAEITAI ATTO:

® Movadeg 10000V E TIG OTTOIEG PTTOPOUE Va el0@youpe deSOPEVA GTOV UTTO-
AoyioTh (T7.X. TTANKTPOAGYIO).
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® Movddeg €600V € TIG OTTOIEG TO UTTOAOYIOTIKO GUCTNMA EP@AviCEl TO ATTOTE-
Aéopara Tng emeéepyaoiag (1m.X. 000vn, EKTUTTWTAG).

o Kevrpikn Movada Emeéspyaciac (KME) n omroia etre€epyadetal Ta dedopéva.

® KUpIa pviun otnv otroia atroBnkeUovTal TTpocwpIva dedouéva.

® povadeg BonbnTikAG pvAuNGS OTIG oTToieg ammoBnkelovTtal dedopéva oTTou Ba
TTapapeivouv Kal HETA TN AAEN TNG AgiToupyiag Tou UTTOAOYIOTIKOU OUGTHUATOG.

® T10oUC 81adpOuoUGE, |UE TOUG OTTOIOUG ETTIKOIVWVOUV PETAEU TOUG O1 TTaPATTAVW
povadeg.

2T OUVEXEID TTEPIYPAQOUNE TN DOMN Kal TN AEIToupyia TwWV HOVASWY QUTWV.

Kevrpiki Movada Eme§epyaoiag

H Kevtpiki Movada Emregepyaociag (KME) etregepyddetal dedopéva. H ete€ep-
yaaoia Twyv dedopEVWY YiveTal O€ Pia oelpd aTrd BAuaTa, KGBe éva atrd Ta OTToia ovo-
padetar evioAn. Or evioAég TTou ekTeAoUvTal atrd Tnv KME €ival evioAéc oe yAwooa
unxavrig. Mia evtoAr] o€ yAwooa pnxavng givail pia o€ipd atréd duadika yneia o1rou
€ival KWOIKOTTOINPEVO TO €id0G TNG EVIOAAG. O1 VIOAEG TNG YAWOTOG PNXAVAG Eival
OTTOBNKEUPEVEG OTNV KUPIA VAN, aTrd OTToU TIG avaKaAEei Kail TIG ekTeAei n KME.

H KME aTtroTeAgital ammo Tpia TuRuara:
® v apiBuntikn kai Aoyikn povada (Arithmetic and Logic Unit, ALU), n otroia

EKTEAEI TIG APIBUNTIKEG KAl AOYIKEG TTPAEEIS
® T povada eAéyxou (control unit) n otroia ouvToVviel TNV EKTEAEOT) TWV EVTOAWV

KQI TNV EKTEAETN TWV TTPAEEWV GTNV APIBUNTIKA Kal AoyIKA povada
® T0US KataxwpnTég (registers) ol otmoiol XpnoIUEUOUV WG XWEOI aTToBnKEUaNG

oedopévwy (kataxwpnTég dedopévwy) ) dieubuvoewy TNG UVAMNG (KaTaxwpen-

T€G Ol1EUBUVOEWV)

Kupia Mviun

2V KUpla pviun uAdooovTal dedopéva i EVTOAEG TIG OTTOIEG Ba EKTEAEDEI N
KME. H kUpia pvApn atmoteAeital atrd A£€eig pvhung (memory words), Ka0e yia
a1Té TIG OTTOIEG aTTOTEAEITOI ATTO dUADIKG Wn@ia. KaBe B€on £xel Y CUYKEKPIPEVN
O1euBuvon (address). MNa va diadooupue atod pia B€an PvAPNg f va ypdywouue o€
auTr TEETTEN va yvwpiloupe Tn d1EUBUVOR TNG.

H KUpia pvAun €vog uttoAoyIoTIKOU CUOTAPATOG XwpileTal o€ dUO TUAuATa:
oTtn pvAun até v omoia n KME ptropei va diadoel povo (Read Only Memory,
ROM) ka1 ot pvAun otnv omroia n KME ptropei kai va ypdyel kai va diaBdoel. TN
MVAUN QUuTh avo@ePOUaOTE PE TOV OPO HVAUN Tuxaiag TTpootréAacng (Random
Access Memory, RAM). Ta repiexopeva g pvAung RAM xdavovtal étav otapa-
THOE€I va AEITOUpPYEi TO UTTOAOYIOTIKO GUCTNA.

>1n pvAun RAM n KME ptropei va ypawel dedopéva (eyypaer) i va diaBacer
oedouéva (avayvwon). Zinv gyypaen, n KME petagépel o pia Béon pvAung éva
0edopévo. H pvun déxetar Tn dielBuvon oTnv oTroia Ba yivel N eyypaen Kal Ta
TTEPIEXOMEVA TTOU Ba ypagouv aTtn B€on auTh.
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v avdyvwon, Ta Tepiexoueva piag 6€ong petagépovtal otnv KME. H pvrun
Oéxetal T O1eUBuvon atd Tnv otroia Ba dilafacTouv dedopéva Kal ETTIOTPEPEI TA
TTEPIEXOMEVA TNG BEONG AUTNG.
Movadeg Eioédou - E§660u

Me Tov 6p0 povAdEeG £100D0U avaPEPOUACTE OTO OUVOAO TWV CUOKEUWV I} dIa-
TaEewv, TTOU ETMITPETTOUV TN LETATPOTT TTANPOPOpPIWV (KEiPEVO, EIKOVA, X0, video
K.ATT.) 0€ yn@lakni avatrapdoTtacn, WoTe va eilcaxBei otov uttoAoyioTh (T1.X. TAR-
KTPOAOGyI0, TrovTiki, oapwtng). O1 Jovadeg €€600U PETATPETTOUV TNV TTANPOYOpPIa
atrd YnIaKr avaTtapacTacn o€ KEIPEVO, AXO K.ATT (TT.X. 000vn, ekTuttwinig). Ol
MOVAdEG TTOU XPNOIKOTTOIOUVTAI VIO TNV €i0000 aAAd Kai yia Tnv €000 dedopévv
ovopadovtal povadeg eil06dou Kal €60 (TT.X. modems, KAPTES fixou Kai video).
Bonénrikn pviun

271G povadeg BondnTIKAG PvAuNG atrobnkevovTal dedouéva Ta oTroia Ba TTapa-
peivouv kar getd Tn AREN TNG Acimoupyiag Tou. O1 0 yVwOoTEG JoVAdES BondNTIKAG
MVAUNG €ival Ta payvnTiKA Kal oTITIKA péoa atroBrikeuong (okAnpoi diokol, dIoKE-
TEG, HAYVNTIKEG TAIVIEG, OTITIKOI BiOKOI).

Aiadépouoi

‘Evag d1adpouog gival pia opdda aywywv TTou XPNCIUOTTOIEITAl YIa TNV ETTIKOI-
vwvia YeTagu Twv Jovadwyv ToU UTTOAOYIOTH.

O d16dpopog XwpileTal AsIToupyika o€ Tpia pépn: 7o diIddpouo dedouévwy (data
bus), ro diGdpopo dicubivaswyv (address bus) kai To diadpopio eAEyxou (control bus).
Méow Tou dradpouou dedouévwy PeTa@épovtal Ta dedopéva TTou BEAoUE va ypa-
woupe f va dlafdooupe KEBe @opd (TT.X. Ta dUAdIKA Wneia TTou cuvBETouv TO
TTEPIEXOUEVO HIOG BEoNG PvAMNG, €vog kataxwpenTh Tng KME, i dedopéva atrd
KGTTOI0 GAAN pOVAdQ).

Méow Tou dradpduou dieubuvoswy PeTa@épovTtal OUADIKA Wn@ia TTou OXNMOTI-
Couv Tn dieBuvon piag Béong pvhAENg A TN d1IEUBuUVON YIAG CUOKEUNRG EI0000U-£C0-
dou, dnAadr) TTpoadiopifouv TToU Ba ypa@Tei ] aTTd TToU Ba diaBacTei Eva deO0UEVO.
Méow Tou dradpduou eAéyxou n KME TTAnpo@opei TN HVAMN 1 TIG TTEPIPEPEIOKES
OUOKEUEG YIO TNV EVEPYEIQ TTOU TTPOTIBETAI va KAVEl (TT.X. va dIaBdoEl 1) va ypayel
oedopéva).

A&iCel va onuelwBei OTI KABE XPOVIKA OTIYHH JOvo OU0 CUOKEUEG PTTOPOUV Va
ETTIKOIVWVOUV PECW TOU Bladpduou. Av KATTOIO OTIYUFA ETTIKOIVWVEI JECW TOU dla-
Opoduou n KME pe mn pvAun, pia govada ei106dou € uTropei va oTeilel dedopéva,
OAAG TTPETTEI VO TTEPIYEVEL VO OAOKANPWBOEI N emTiKoIVwvia peTagu Tng KME kai Tng
KUpIOG PvANG.
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—— BAZIKEZ APXEZ AOMHE KAI AEITOYPIIAZ TQN YMOAOTIETIKQN ZYETHMATON
EPQTHZEIZ

1.
2.
3.

Mou xpnoipoTroigital To duadiko kal TToU To dekaeEadikd cuoTnUa apibunong;
MoU xpnoiuevel Eéva oUVOAO XAPAKTAPWY;
Moia gival Ta o yvwoTd cUVoAa XapaKTHPWV;

4. ATTé TToIa TUAPOTA OTTOTEAEITAI £va UTTOAOYIOTIKO GUCTNWQ;

AZKHZEIZ

1.

EkTeAéOTE TIG OKONOUBEG PETATPOTTEG

(111),=(X),,
(FFA)1e=(X)y
(154),0=(X)s6
(22),,=(X),
(10010010),=(X),
(65F),,=(X),

EkTeAéOTE TIG AKOAOUBEG TTPAEEIG 0TO duadIKO oUoThUa

111 + 1001
111-11
11x10
1111 11

ExkTeAéoTe TIG akOAouBeg TTpAEeEIC oTo dekaeEadIKO cuoTnua

AF9 + 11B
AA9 - 1B8
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E@apuoyég Twv Wnelakwyv
HAEKTPOVIKWYV OTA
YTTOAOYIOTIKG ZUCTHMAT

Mepiexépeva

2.1 AAyeBpa Boole

2.2 NoyIkEG TMUAeG

2.3 ATmouovWTEG Kal transceivers

2.4 KwdIKOTIoINTEG KAl ATTOKWOIKOTTOINTEG
2.5 TMOAUTTAEKTEG KO OTTOTTAEKTEG

2.6 ZTOIXEIWOEIC oVAdES aBpoIoNC

2.7 AKOAOUBIOKEC HOVADEG - ZTOIXEIO UVIAMNG
2.8 Karaywpnréeg

2.9 Metpntéc A atTapIBuNTES



2T1OX0I TOU KEPaAaiou:

OT1av oAokANpwaoelg 7o KeQAAaio auTd Ba PTTopEig va...

® £&nyeig TN Aeiroupyia BACIKWY YNPIOKWY KUKAWUATWY OTTWG:
AoyIKEG TTUAEG
P> KWwOIKOTTOINTEG KAl ATTOKWOIKOTTOINTEG
P> TTOAUTTAEKTEG KO OTTOTTAEKTEG
P KaTaxwpnTég
P pETPNTEG
P aBpoIoTEG Kal APAIPETEG
® £&nyeic TN xpRon Twv KUKAWPATWY QuTWV OTA UTTOAOYICTIKG CUCTHUATA
® £&nyeig Tn dopn Twv TUNPATWY VOGS UTTOAOYIOTIKOU CUCTHHATOG e Tn BorBeia

TWV PNQPIOKWVY NAEKTPOVIKWV

v

Eicaywyn

210 KedAaio autd Ba ava@epBoUuE OTIG EQAPHOYEG TWV WNOIAKWY NAEKTPOVI-
KWV OTa UTTOAOYIOTIKG CUCTHMATA. ME Tov 6p0o Wn@IaKA NAEKTPOVIKA EVVOOUE NAE-
KTPOVIKEG CUCKEUEG TTOU €TTEEEPYAdovTal TTAnpo@opieg ae duadikn popen (0 A 1).
Onwg avaeépape o1o Ke@aAaio 1, Ta UTTOAOYIOTIKG CUCTAUOTA ETTEEEPYALOVTAI TIG
TTAnpo@opieg o€ duadikr poper (0 1), yI autd Kal OTa UTTOAOYICTIKA CUOTAKATA
XPNOIMOTTOIOUVTaI WN@PIOKA NAEKTPOVIKA KUKAWUATA YIa TNV €TTEEEPYaTia Twy dedo-
Mévwv. Mg Tov 6po £TTECEPYATia avaPePOUOTTE O€ EVEPYEIEG OTTWG ATTOBrKEUON O€E-
OopEVWY (TTPooWPEIVA A MOVIN) Kail N eKTEAEON TTPACEWV (AOYIKWYV KOl ApIBUNTIKWV).

H emeCepyaaia autr TpaypatoTroieital ge mn Bordeia AoyIKWY KUKAWPATWY
(aTTOpOVWTWY KOl AOYIKWY TTUAWV), KWAIKOTTOINTWY KAl ATTOKWOIKOTIOINTWY, TTO-
AUTTAEKTWV KOl OTTOTTAEKTWYV, KATAXWPENTWY, JETPNTWYV Kal povadwy dBpoiong.

2Tn OUVEXEID QVOPEPOULE YIa KABE Pia aTTo TIG JOVADES QUTEG TN XPNOINOTNTA TNG
(To pdAo TNG o€ £va UTTOAOYIOTIKO aUCTNMA), TN AEITOUPYia TNG Kal TO OXNMATIKO TNG
didypappa. Ta yneiokd KUKAwPaTa diakpivovTal, 6TTwg YVwpidouue, o dU0 KaTnyo-
pieg: Ta oUVOUOOTIKA Kal TO AKOAOUBIOKA. 2Ta GUVOUACTIKG KUKAWUOTA, N TIUA TNG
€€000U N Twv €€OOWV €apTdTal aTTO TNV TIUA TWV £I000WV EKEIVN TN XPOVIKI OTIy-
MN. ZTa akoAouBiakd KUKAwUaTa n £€€000¢ e€apTaTal atrd TNV TIUA Twv 1000wV OXI
MOVO €Keivn TN XPOVIKA OTIYUE, aAAG Kal aTTO TNV TIPA TTOU €iXav O€ TTPONYOUNEVES
XPOVIKEG OTIVHEG (aTTO HIa akoAoubBia TIHwYV €iIg6dou). O1 AoyIKEG TTUAEG, O1 ATTOUOVW-
TEG, Ol OTTOKWOIKOTTOINTEG KOI Ol KWOIKOTTOINTEG, Ol TIOAUTTAEKTEG KA Ol OTTOTTAEKTEG,
Ol 0BPOICTEG Kal Ol AQAIPETEG AVIKOUV OTA GUVOUACTIKA KUKAWWATA. AVTIBETWG, Ol
KaTaXwpnTEG Kal o1 aTTapIBuNTEG avikouv aTa akoAouBiokd KUKAwpaTa. O1 AoyIKEG
TTUAEG XPNOIPOTTOIOUVTAI YIa TNV UAOTToINaNn Aoyikwv TTpdéewyv. Me Tov 6po AOYIKES
TTPAELEIS avaPePOUAOTE O€ TTPAEEIG TWV OTTOIWYV 01 TEAEOTEG gival AoyiKa wnia (dua-
OIKG Yn@ia) Kal Ta atroTEAETUATA €TTIONG AoyIKA wneia. Ma Tnv uAoTroinon Twv Ku-
KAWPATWY auTwyv, XPNoIJOTToIoUVTal YVWOEIG atrd Tnv dAyeBpa Boole.



= EQAPMOIEZ TQN WHOIAKQN HAEKTPONIKQN ZTA YMNOAOTIZTIKA ZYZTHMATA

2.1 AAyepa Boole

H ditiun dAyeBpa Boole cival éva aAyeBpikd oUaTnua 1o oTToio TTepIAaPBAvEl
OUo oToixeia (Ta otoia cupPoAifoupe ocuvnBwg pe ‘0’ kal '1’) Kal TPEIG TEAEOTEG,
TOUG oTroioug cupBoAifoupe pe + (OR, H), -(AND, KAl), ~ (NOT, OXI). Zuxva, avTi
yIQ TO GUHBOAO ~ XPNOIYOTTIOIOUME TO GUHPBOAO ’(~x = X’). O1I KavOVEG yIa TOUG TeE-
AeOTEG auTOUG OpidovTal GUP@WVA WE Tov TTivaka 2.1.

Xy | x+y X y | xy X | X
0 O 0 0 O 0 0 1
0 1 1 0 10 1 0
1 0 1 1 0 0
1 1 1 1 1 1

Mivakag 2.1 TeAeotéc ¢ Oitiung dAyeBpag Boole

O1 peTapAnTég TG dAyeBpag Boole ptmopouv va mapouv duo Tiuég '0’n’'1°. H
aAyeBpa Boole xapaktnpidetal atmo pia o€ipd aflwpata, Bewpruarta Kai 1I010TNTEG
(TTX. QVTIMETABETIKN, TTPOCETAIPIOTIKN K.ATT.).

ZuvapTtnoeig Boole
Mia ouvdapTtnon Boole gival pia ékgpaon TTou oxnuati¢etal atrd dUABIKES HE-
TaBANTEG, Toug TeAeaTtég H, KAI, OXI kai TrapevBéoelg. MNa pia dedouévn TiuA Twv
METABANTWV N TIPA TG ouvAapTNONG UTTOPEI va eivail €ite 'O’ €ite 1°. Mia guvdapTtnon
Boole ptropei va oploTei €ite pe Tov TUTTO TNG, €iTE e Tov TTivaka aAnBeiag Tng. MNa
TTapAdEIyHa, N ouvapTnon
F=xyz + xy’z

Maipvel Tnv iR "1’ ite 61OV Xx=y=z=1 €ite 61av x=z=1 ka1 y=0 (e y’ cupPoAioupe
TNV avTioTpo®n TNG METABANTAG Yy, N otroia gival 0 6Tav Ny €ival 1 Kal avTioTpoa).

O Tivakag aAnBegiag Tng ouvaptnong F divetal oTn ouvéxela.

X y z | F
0o o0 010
0O O 110
0 1 010
0 1 110
1 0 0|0
1 0 1 (1
1 1 010
1 1 111

Mivakag 2.2 lNivakag aAnBeiag tng ouvaprnong F = xyz + xy’z
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AmAomoinon ouvdprnong Boole

Me Tov 6po atrhotroinon cuvdptnong Boole evvooupue Tn diadikacia péow g
OTTOIaG N EKYPACT MIAG GUVAPTNONG METAOXNHATICETAI O€ PIa HOPPr ATTAOUCTEPN.
Me Tov 6po 'atrAoloTePn’ avapepOuacTe oUVABWG aTNV UAOTTOINGN TNG CUVAPTN-
onG Pe Aoyikég TTUAEG. H atrAotroinon TrpaypaToTroleital P T fonBeia Tou Trivaka
Karnaugh omwg @aivetal 1o Zxnua 2.1.

Zxnua 2.1 AmAomoinan tn¢ ouvaprtnong F ue 1o xaorn Karnaugh

H atmAotroinpévn popen Tng ouvdptnong F civai n F=xz.

2.2 Noyikég MUOAeg

Mia AoyikA TTUAN uAoTrolei pia ouvapTtnon Boole kai €xel pia, dUo A TTEpIcOOTE-
PEG €10000UG Kal pia £€000.

KdaBe Aoyikr TTUAN €xel éva oupBolo kal évav Trivaka aAnBeiag. O Trivakag au-
160G Oeixvel TNV TIPA TNG £€GO0U YIa TIG SIOPOPETIKEG TIMES TWV €1000wWV. O1 AoyIKEG
TTUAEG XPNOIMOTTIOIOUVTAI OKOUN OTNV UAOTTOINGN TwV GAAWV POVAdWY (ATTOKWOI-
KOTTOINTWY TTOAUTTAEKTWV, aBpOoIoTWY, K.ATT.) TTOU Ba TTEPIYPAPOUV GTN CUVEXEIQ.

O1 mo yvwaoTég Aoyikég TTpacelg eival n ouleugn (AND), n didleuén (OR) kai n
apvnon (NOT). O1 Tpageig auTég uAoTToloUvTal PE TIG AoyikEG TTUAEG AND, OR kai
NOT avrioToixa. AKéun, TToAU ouxva xpnoipotroiouvTal ol TTUAeg NAND kai NOR,
0l OTTOIEG EKTEAOUV TIG aVTIOTPOPEG AOYIKEG TTPAEEIG atrd TIG AND kair OR avtioTol-
Xa, KaBwg Kal ol TTUAEG TNG aTToKAEIOTIKAG d1aleugns (XOR) kal Tng dpvnong Tng
(XNOR).

aAn NOT

H Aoyikn TTpdgn TG dpvnong €xel Yia JETABANTH €10000U Kal £va ATTOTEAEGHUA
10 oTroio €ival 1’ av n €icodog eivail '0’, dIaPopeTIKA To aTToTéAeoua ival '0’. 210
2xAua 2.2 mmapouacialoupe 10 Aoyiké ouupoio Tng TTUANG NOT, kKaBwg Kal Tov
mivaka aAnBgiag Tng.
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a X
0 1
1 0

ZxnRua 2.2 Noyiké auuBolo ng
muAng NOT kai rivakag aAnBeiag

Zuxvd, oTnv UAOTToiNoN AOYIKWY CUVOPTACEWY, avTi yia To aUuBoAo TnNG TTUANG
NOT xpnaiyoTToloUuE yia atTAGTNTA £€va KUKAGKI.
oAn AND

H Aoyikr] TTpaén Tng ouleuéng £xel OUO () TTEPICOOTEPOUG) TEAEOTEG Kal €va
atrotéAeopa 1o oTToio €ival 1" av 6Aa Ta dedouéva gival *1’. Ze KGBe AAAn TTEPI-
TTwaon, 1o amotéAeopa eival 0. H mpdén autry uAotroigital pe Tnv TTUAN AND.
270 ZXAMa 2.3 TTapouaciadouue To Aoyikd aUpBoAo Tng TUANg AND duo €106dwyv,
KaBwWw¢ Kkal Tov TTivaka aAnBeiag Tng.

x

- = O O|®
- O =~ O|T
- O O o

Zxnua 2.3 Noyiké auufoio ng
muAn¢ AND kai mmivaka¢ aAn6eiag

IgAn OR

H Aoyikn 1Tpagn tng di1aleugng £xel OUo (A TTEPICCOTEPOUG) TEAEOTEG Kal €va
atrotéAeopa 1o otroio €ival ‘0’ av 6Aa Ta dedopéva cival ‘0’. Ze KABe AAAN TTEPI-
TITwon, To amotéAeapa eival *1’. H TTpaén auth uAotroigital pe v mUAN OR. 210
2xAua 2.4 Tapouaiadoupe T0 Aoyiko oUuBoAo NG TTUANG OR &Uo 1068wV, KaBwg
Kal Tov TTivaka aAnBgiag mne.

- a2 O O|®
- O =~ O |T
- a a O

Zxnpa 2.4 Noyiké auuBoro g
muAng OR kai mivaka¢ aAnBeiag

37—




AOMH KAI AEITOYPTIA MIKPOYMOAOTIZTQN ==

oAn NAND

H Aoyiki Tpdén tnNg dpvnong Tng oUleugng €xel dUO (1 TTEPICOOTEPOUG) TEAE-
OTEG Kal éva atroTéAegpa To oTroio gival ‘0’ av 0Aa Ta dedopéva eivar '1’. Xe kabe
GAAn TTEPITTTWON, TO ammoTéAeopua gival '1’. H TTpdén auTr) uAoTroigital pe Tnv TTUAN
NAND. Z1o 2xAua 2.5 mapouaidadoupe 10 Aoyikd aUpBoAo Tng TTUANg NAND &0o
€1060wv, KaBwg Kal Tov TTivaka aAnBeiag Tng.

- = O O |9
- O = O |T
O = A a X

Zxnua 2.5 Noyiké ouuBoAo g
muAn¢ NAND kai mivakag aAnbgiag

MoAn NOR

H Aoyikn Tpdagn Tng dpvnong tng O1adeugng £xel OUO (] TTEPICTOTEPOUG) TEAE-
OTEG Kal éva atroTéAeopa TO oTToio €ival *1’ av OAa Ta dedopéva eival '0’. Ze kdbe
AAAN TTepiTITWON, TO amoTéAeopa gival *1’. 210 ZxAua 2.6 Tapouacidloupe 10 Ao-
yIké oUpBoAo NG TTUANG NOR 800 1060wV, Kabwg kal Tov TTivaka aAnbeiag TnG.

x

- = O O |9
- O = O |T
o O o -~

Zxnua 2.6 Noyik6 ouufolo ¢
muAn¢ NOR kai mivakag aAnBeiag

IuAn XOR

H Aoyikn TTpAgn TNG aTTOKAEIOTIKAG DIACEUENG PE DUO TEAEOTEG £XEI ATTOTEAEG A
1" av o1 dUO TeEAEDTEG €xouv DIAPOPETIKA TIUA Kai 0’ diagopeTikd. H TTpdgn autn
uAotroigital pe Tnv TTUAN XOR. Z10 ZxNpa 2.7 TTapoucidloupe To Aoyiké cUuoAo
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NG TTUANG XOR 800 €106dwv, KaBWG kal Tov TTivaka aAnBeiag Tng.

x

Zxnua 2.7 Noyik6 auuBoio ng
muAng XOR kai mivakag aAnBeiag

- -~ O O|o
- O =~ O|T
o = = O

2uvnbwg, N Aoyiki TTPAEN TNG aTTOKAEIOTIKNAG O1aleutns ouuBoAileTal pe TOo @
onAadn x=a®b. Mmropei kaveig va TrTapatnperioel 011 n Aoyikr) GuvapTnon TNV OTToia
ulotroiei n TUAN XOR ¢ival n x=a’b @ ab’. 'E1ol, n AN XOR ¢ival icoduvaun pe
TNV akéAouBbn uAotroinan.

Zxnua 2.8 IuAn XOR vAorroinuévn ue moAeg AND, OR, NOT

oAn XNOR

H Aoyikn TTpdén TG dpvnong NG atrokAEIoTIKAG BIAZEUENG e SUO TEAEOTEG £XEI
atrotéAeopa ‘0’ av ol dUO TEAEOTEG £XOUV DIAPOPETIKY TIWN Kai 1’ dla@opeTikA. H
mPAa&N autr uhotroigital e Tnv TTUAN XNOR. Z10 ZXAua 2.9 TTapoucidloupe 1o Ao-
yik6 aUppBoAo Tng TTUANG XNOR 800 €106dwyv, KabBwg Kal Tov TTivaka aAnBeiag mng.

N

- = O O|9
- O = O|T
- O O

Zxnua 2.9 Noyiké ouuBoio tng muAng XNOR kai mivakag aAnbeiag
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2.3 ATrTopovwrég Kal transceivers

Otmwg eidape oto KepdAaio 1, oe éva uttoAoyIoTIkKG oUoTNPa, UTTAPXE! €vag
O1GdpoP0G, TTAVW OTOV OTTOI0 CUVOELOVTAI TA THNKATA TOU UTTOAOYIOTIKOU OUGTH-
patog (KME, uvAun, ouokeuég €il0000U-£E600U K.ATT.). Eidaue etTiong o1 kABe
OTIYMA JOVO BUO OUOKEUEG PTTOpOoUV va aviaAAdooouv dedopéva péow Tou dla-
Opoduou (n pia va aTéAvel dedopéva Kal N GAAN va AapBaver).

MNa va ptropéoel va TrpayuaTtotroinBei auth n Acitoupyia, TTPETTEI va UTTAPXEI
€vag TPOTTOG WaoTe ol £€0d0I (A €ic0doI1) P0G CUOKEUAG 1) povadag TTou gival ouv-
Ogpévn oTo dIadpOouOo va aTTopovwBoUy, va Asiroupyfoouv dnAadn e TEToIo TPO-
TTO WOTE N OUOKEUN 1 HOVAda va unv €TnPeddel KaBOAou (Kal va pnv eTTnPeade-
Tal a1md) TO0 KUKAWPA 0TO oTT0io cuvdéeTal. MNa va TTpayuatotroindei autd, oToug
OKPOOEKTEG KABE YIaG ATt TIGC CUOKEUEG TTOU €ival CUVOEUEVEG OTO BIAOPONO CUV-
oéetal évag atmopovwTng (buffer) A transeiver.

‘Evag atropovwTAG ETITPETTEI HETAPOPG OEQOUEVWY POVO TTPOG TN Mia KaTEU-
Buvaon, evw €vag transceiver EMTPETTEI ETAPOPEG ONUATWY KAl TTPOG TIG OUO Ka-
TEUBUVOEIG, PE TNV evepyOoTTOinOoN KATGAANAOU OAUATOG ETTIAOYNG.

Otav n £€€0d0¢ evog atmopovwTh 1 transceiver dev gival evepyoTroinuévn, Oev
eTTNPEadel KaBOAOU TO KUKAWUO GTO OTT0i0 oUVOEETAI (AEPE OTI £XEI ATTEIPN QVTI-
otaon). O1 ammopovwTég (buffers) xpnoipgotroiouvTtal AKOPN W EVIOXUTEG TOU dia-
Opoduou dieubuvoewy.

ATropovwtig

O armopovwTg €xel pia gicodo dedopévwy (A), uia gicodo eAéyxou (E) kai pia
€¢o0o (Y). Otav n €icodog eAéyxou Bpioketal aTn AoyikA KatdoTtaon "1’ (eTritpeyn), n
€icodog A peTa@épetal oTnv £€000. Av ) €i0000G EAEyXOU gival aTn AOYIKN KATAOTACN
‘0’ (atraydpeuon), n £€000¢ cival o€ kaTaoTaon uwnAng avrtiotaong (Three-state, TS).

E Y
1 A
0 TS

Zxnua 2.10 Arropovwrris Kai ivakag Asiroupyiag
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Transceiver

Na TNV evioxuon ypaupwy OTIG OTTOIEG €ival OUVOEDEPEVESG HOVADES DITTANG KO-
TEUBUVONG (TTX. MOVADES €10000U-EEODOU) XPNOILOTTOIOUVTAI EIOIKOI ATTOUOVWTEG
TToUu ovopadovtal transceivers (transmitters/receivers).

O transeiver d108¢Te1 dU0 €10060uUg eAéyxou G kai DIR. Otav n gicodog G (eTi-
TPpEWNG) €ival ag Aoyikr katdoTaon '0’, TOTE 0 transeiver Asitoupyei o€ katdoTaon
atmropovwong. Otav G=1, 16T1¢, N pia €icodog peTaEépeTal aTnv GAAnN availoya pe
TNV TIPN Tou onuarog DIR.

G DIR AsgiToupyia
0 X TS

1 0 A=>Y

1 1 Y=>A

ZxnRua 2.11 Transceiver kai TTivakag Asiroupyiag

Mo va @avei N xpnoiuoTnTa TwV OTTOPOVWTWY Kal TwV transceivers GTa UTTOAOYI-
OTIKG OUCTHMOTA, ag Bewpricoupe To akdAouBo atrAoTroinuévo dIAypappa evOg UTTO-
AOYIOTIKOU GUOTAPATOG, GTO OTTOIO O JOVADEG OUVOEOVTAI HECW EVOG BIODPOUOU.

Zxnua 2.12 YmoAoyioTiké oUOTNUA LIE ATTOUOVWTES Kal transceivers
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2.€ AUTO TO UTTOAOYIOTIKO OUCTNUA TTPOKEINEVOU VA ATTOOTAAOUV dedopéva aTrd TN
povada ei106dou otnv KME, TTpéTTel Ta opata va TTdpouyv TIG TIWEG TTOU QaivovTal
oTov TTivaka 2.3.

ZApa TiyR AsiToupyia

DIR,, . 0 Eioodog d6edopévwyv otnv KME
G, 1 Evepyotroinon transceiver

DIR,.., X Aev evdlagépel N KaTelBuvon

G, .. 0 ATrevepyoTroinan PvARung

E,. 1 Evepyotroinon povadag eic6dou
E.or 0 ATtrevepyotroinon povadag 600U

Mivakag 2.3 Aciroupyia Twv transceivers Kal QmmouovVwIwWY Yia UETAPopd SeG0UEVWY
armro 1 povada eicodou otnv KME.

Me TIG TINEG TwV ONUATWYV TToU PaivovTal oTtov lMivaka 2.3, pévo n povada €106-
dou uTTopei va oTéAvel orpaTa, Kal povo n KME ptropei va AdauBavel Ta orjpota autd.

2.4 KwoIKOTToINTEG KAl ATTOKWOIKOTION

Otav mepiocdrepeg amd OUO CUOKEUEG eival ouvOedepéveg o€ éva BIGOPOUO
(61w cupBaivel aTa UTTOAOYIOTIKG GUCTHATA), TTPETTEI VO ATTOQACICTE] TTOI0 OTTO
OAeG Ba eTTIAEYET WOTE VA TTPAYUATOTTIOINCEI HETAPOPA TwV OedOUEVWY. AUTO ETTITUY-
XAVETAI JE TNV EvEPYOTTOINGN KATAAANAOU OruaToG. Av 0 apIBudS TV GUCKEUWY TTOU
gival ouvOEdEPEVES OTO BIABPONO €ival HEYAAOG, TOTE UTTOPOUME VO ATTODUWOOUUE EVa
duadiko apiBud oe kABe cuokeur] TTou Ba atroTeAei Tn d1EUBuvoT] TNG. ‘ETol pe Aiyeg
YPOUMEG (TTX. 3) uTTopoUpE va eAéyEoupe TNV ETTIAOYA MEYGAOU apPIBUOU CUOKEUWY
(1Y 8). MPOKUTITEI OPWG N AVAYKN KUKAWUGTWY Ta OTToia B0 UETATPETTOUV TNV TTAN-
poopia TNG €MAOYNG aTTO TIG AiYEG YPAUUEG OTIG TTOAAEG (UIa yia KABE guokeun). Ta
KUKAWPOTO auTé OVOUAZOVTal KUKAWUOTO OTTOKWAIKOTTOINONG i OTTOKWAIKOTTOINTEG.

2.4.1 ATTOKWOBIKOTTOINTEG

‘Evag ammokwdikoTroINTrG €ival éva KUKAwpa (Jovada) TTou €xEl N YPAPUES €1-
00d0U Kal 2" ypauuég €€0dou. KaBe oTiyun govo pia atrod Tig 2" ypaupég e€600u
givar evepyn (€xel Tnv TigR '1’), av@Aoya PE TO CUVOUAGHO TwV TIHWYV €10000u. lNa
—42
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Tapadeiypa, oto ZxAua 2.13 @aiveral To Aoyikd didypappa Kal o Tivakag aAnBei-
ag Tou atrokwdIKoTToINTH 3-0¢€-8.

A, A, A/|F, F, F, F, F, F, F, F,
0o 0o 00 0 O O O O0o O 1
o 6 170 O O O O O 1 O
o1t 0j0 o0 0O O O 1 0 O
o 1t 17,0 0 0O O 1 0 O O
1 0 0|0 O O 1 O O O O
1 0 10 0 1 0 O O O O
11 0|0 1 0 0 0 O O O
11 1|1 0 0 0 O O O O

Zxnua 2.13 Amokwdikorrointng 3-0¢€-8 kai mivakag aAnBeiag

Eivail ebkolo va e¢ayel kaveig Tn auvdpTtnon Boole yia ka6e pia atmo Tig e§6d0oug
F, ewg F, Tou ammokwdikoToINTr. 210 2XNHA 2.14 TTapouaidfoupe TTWG UTTOPOUE
vVa UAOTTOINOOUE £vav aTTOKWAIKOTIOINTA XpnoIdoTrolwvTag TTUAEG AND Kal avTi-
OTPOQYEIG. 2T0 OXNMa auTo, € KUKAGKI oupBoAifoupe Tnv avTioTpo@r] (TTUAN NOT).
AKOun, pe A cupBoAifoupe Tnv avtioTpo®n TIUA TNG METABANTAG A.
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AZ A1 AO FO F1 FZ F3 F4 F5 FS I:7
00 0|1 0 0 O0 0 0 0 0
00 1/0 1 0 0 0 0 0 0
01 0[{0 0 1 0 0 0 0 0
01 1[0 0 0 1 0 0 0 0
1 0 0[O0 0 0 0 1 0 0 0
1 0 1/0 0 0 0 0 1 0 0
1 1 0[0 0 0 0 0 0 1 0
1+ 1 1[0 0 0 0 0 0 0 1

Zxnua 2.14 Yomoinan amokwadikorrointh 3-0¢-8 ue muAeg AND kar NOT

ATTOKWOIKOTTIOINTEG XPNOIMOTToIOUVTal OTRV €TTIAOYH MIag Béong pvAung. OtTwg
YVWPICOUPE, N YVAPN aTroTeAEITal aTTO BE0EIG, KABE Ia aTTO TIG OTTOIEG £XEI MIO DIEU-
Buvaon. MNvwpiloupe akdun, OTI n €ITIAOYN TNG BE0NG PVAUNG YiveTal EGw Tou dIadpo-
Mou dieuBuvoewy. Av 0 dIddpopog dieubuvoewy atroTeAsiTal ammd n KaAwdia, PTTo-
pei va digBuvaoiodotroel péxpl 2" Béoeig pvung. H emAoyn Tng embuuntAg B€ong
MVAMNG YiveTal yéoa oTn Jovada Pvrpng, XPNOIKMOTIOIWVTOG £vaV OTTOKWOIKOTTOINTH.

Zxnua 2.15 Mvrjun 8 6éoswv mmou
oieBuvaiodoreital amd 3 ypauués
01EUBUVOEWVY XPNOILOTTOIVTAS
aTTOKWOIKOTTOINTH
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2.4.2 KwdikoTtroinTtég

‘Evag KwdIKOTToINTAG €ival €va Aoyikd KUKAwpa pe 2" el0600uUG Kal n €€000UG.
MNa va Asitoupynoel o KwAIKOTTOINTAG, KABE OTIyUR PMOVOo pia atmd TIG £10000Ug
pTTOpPEi Va gival evepyotroinuévn. H Aoyikn Tipn Tng e€6dou e€aptdTal atmmd 10 Cuv-
QUACHO TWV €1I00dWV. ZT0 ZXAUa 2.16 @aiveTal TO AOYIKO dIAYPANPA KOl O TTIVOKOG
aAnBegiag evog kwdikoTtroinTA 8-0¢-3.

A, A, A, A, AL AL A A |F F F
o 0o 0o 0o 0 0 0O 1f0 0 O
o o 0 0o o O 1 0|0 O 1
o o o0 o o 11t 0 O}j0 1 O
0o 0o 0 0 1 0 O O|O0 1 1
o o o0 1 0 O O O|1 O O
o o1 O O O O O|1 O 1
0o 1 0 0 0 0O 0 O0]1 1 0
1 0 0 0 O O O 0|1 1 1

Zxnua 2.16 Kwoikorrointrg 8-o¢-3 kai mivakag aAnBeiag

210 ZXAMa 2.17 TTapoucidloupe TNV uAoTroinon evog KwdikotroinTr) 8-0€-3 Xpnol-
poTtrolwvTag TTUAeg OR.
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Zxnua 2.17 YAomoinan kwoikomointh 8-0€-3 ue muAeg OR

2.5 TNOAUTTAEKTEG KOl OTTOTTAEKTEG

O 6pog 'TToAuTTAEEia’ onuaivel TN peTaBifaon evog peydAou apiBuou TTANpogo-
pILV Yéaa aTrd £va PIKPOTEPO APIBUS KAVAAIWY 1 YPAUMPWY.

2.5.1 NoAuTrAékTEG

‘Evag yn@iakog TTOAUTTAEKTNG €ival éva ouvduaoTIKO KUKAWUA TTOU ETTIAEYE
OUOdIKEG TTANPOYPOPIEG avAPETa o€ TTOAEG YPOAUUES €EI00O0U KOl TIG KOTEUBUVEI
O€ MIa JOVadIKN YPapun €66dou. H Aoy TNG YPAPKNAG 10000V YiveTal HECW
YPOUHWYV €TTIAOYAG. YTTApYXouv 2" ypauuEG €1I0000U Kal N ypauuég emAoyng. H
TIMA TWV YPAUPWY €TTIAOYAG KaBopilel TToIa £i0000G ETTIAEYETAl.

s, S, S |F
0 0 0 |A0
0 0 1 |Af
0 1 0 |A2
0 1 1 |A3
1. 0 0 |A4
1.0 1 |As5
1 1 0 |A6
1 1 1| A7

Zxnua 2.18 MNoAumAéking 8 e106dwyv Kai Tivakag aAnbeiag
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210 2XAMa 2.19 TTapoucidloupe TNV UAoTToiNON £vOG TTOAUTTAEKTN 8-0¢€-1 XpNn-
oigotroiwvTag TUAeg AND, NOT kai pia TUAn OR. Mg kKukAGkI cupBoAiloupe Tnv
avTiotpo®n (TTUAN NOT).

Zxnua 2.19 YAomoinan moAumAékrn 8-a¢-1 ue moAec AND, NOT, OR
2.5.2 ATTOTTAEKTEG

H ammomAegn eivail n avtiotpoen diadikacia atrd Tnv TTOAUTTAEEN. ZTnV aTTOTTAE-
&n uttdpxel pia €icodog kal 2" £€0d01. H Tiur TG £10000U PETAPEPETAI OE KATTOIO
a1Té TIG £€600UG avAaAoya PE TNV TIUA Twv N onudtwy €mAoyng. MNa Tapdadelyua,
o710 ZxAua 2.20 TTapouaiddoupe To AoyiKo Sidypauua Kal Tov TTivaka aAnBeiag yia
TOV ATTOTTAEKTN 23=8 ££OOwWV.

(2]

N

(2]

=

(2]
M
M
T
T
M
m
T
M

o
~
o
o
IS
w
N
-
o

- 0 o0 0 0 o0 o o
-~ 4 00 =~ o O O
.~ O 2~ 0 2~ 0 =~ o
> O 0O 0o oo oo
©O » O 0o oo o
©O o >» OO0 o o
©O oo >» O 0o o o
©O o oo » O 0O
©O o oo o >» o o
©O o oo o o >» o
©O oo oo oo >»

Zxnua 2.20 ArorAéktng 8 e€60wv kai Tivakag aAnBeiag
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210 ZxNMa 2.21 @aiveTtal N uAoTroinan evog aTTOTTAEKTN 8 £§OdWV XPNOIKOTTOIWVTAG TTU-
Aeg AND kai NOT.

Zxnua 2.21 YAormoinan amomAékrn 8 e§6dwv ue muAeg AND kar NOT

2.6 ZToIXEIWDEIG povadeg aBpolong

O1wg avagépape, Pia atro TIG TTO GNUAVTIKEG AEITOUPYIES TTOU EKTEAOUV TA UTTO-
AOYIOTIKG CUCTAPATA €ival 01 apIBUNTIKES TTPAEEIG. O1 TTI0 ONUAVTIKES TTPAEEIS, TTAVW
OTIG OTToieG OTNPIovTal Ol UTTOAOITTEG, €ival N TTPOOBeon kal n agaipeon. MNa Tnv
EKTEAEON TWV TTPAEEWY AUTWYV XPNOIUOTTOIOUVTaI Ol ABPO0ICTEG KOl O GQOIPETEG.

2.6.1 AOpoioTég

H o Baoikr apiBuNTIKA TTPAEN €ival n TTpdcBean dUo duadikwy Yneiwv. OTTwg
avagépape, yia TNV TPocBecn 0U0 OUAdIKWY WN@iwv UTTAPXOUV TECOEPIG DUVATEG
mepimtwoelg: 0+0=0, 0+1=1, 1+0=1, 1+1=10. O1 TpeIg TTPWTEG TTPAEEIG dBNUIOUP-
youv €va dBpolopa TTou To PRKOG Tou gival éva wneio. Otav kai o1 dUo TTpocBeTEOI
givar 1, 10 duadikd dBpoiopa arroTeAeital amd dUo wneia. To TTo onNUAvTIKO aTrd
auTd Ta duo wneia ovoudaletal ‘kpatouuevo’. Otav ol dU0 apIBuoi TTEPIEXOUV Kal
GAAa duadikd wnoia, To KpaToUpevo TTou Byaivel atrd Tnv TpdoBean dUo Wneiwv
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TIPOCTIOETAI OTO ETMOUEVO PEYAAUTEPNG CNUAVTIKOTNTAG CEUYAPI DUADIKWY Wn®i-
wv. ‘Eva ouvduaoTiké KUKAwPA TToU eKTEAET TNV TTPO0BECN dUO BUABIKWY WNnQiwv
AéyeTal 'nuIaBpoloTAS . 'Eva ouvOUaoTIKO KUKAWUG TTOU EKTEAET TNV TTPOOBEDN TPI-
WV dUadIKWV Wneiwv (duo duadikwyv Yneiwv Kal VoG TTPONYOUNEVOU KPATOULE-
vou) Aéyetal 'TTAfpNnG aBpoicTig’. To dvoua Tou NUIOBPOICTA TTPOEPXETAI OTTO TO
YEYOVOG OTI BUO NUIABPOICTEG TTOPOUV VA XPNOIPOTTOINB0oUV yia va UAOTTOINCOUV
€vav TTANpN aBpoiaTr, O0TTwg Ba doUPE OTN CUVEXEIQ.

Huiapoiorng

2UPOWVA PE Ta TTPONYOUNEVA, O NUIABPOIOTNG gival éva ouvOUAOTIKO KUKAWMO
pe U0 €10000UG, X Kal Y, Kal duo ££6doug S (Sum, dBpoioua) kai C (Carry, kpa-
TOUUEVO), TOU OTToioU O TTivakag aAnBeiag divetal 0Tn Cuvéxeia.

- a2 O O X
- O A~ Ol
o ~ A O|l;m

- O O ol

MMivakag 2.4 Mivakag aAnBeiag nuiabpolath

S=Xy+Xy =x@®@y
C=xy

O1rwg €xoupe O¢l, N ouvapTtnon Xy + xy’ eivar n mUAn XOR. To Aoyikd did-
YPAuMa TNG uAoTToiNoTG Toug XpnaoipotroiwvTag TTUAEG AND kai XOR @aiveTal To
2XAMO 2.22:

Zxnua 2.22 HuiaBpoiotng
IMAnpng ABpoiortng
O mARpPNG aBpoIoTnG gival €va ouvOUAOTIKO KUKAWPA TToU oXnuaTi¢el To aBpol-
OO TPIWV dUABIKWY Yneiwv e106d0u. ‘Exel Tpeig €106d0ug Kal dUo e€d6doug. Ol
OU0 a11d TIG HETARANTEG €100O0U TTAPICTAVOUV Ta U0 ONUAVTIKA Wwnia TToU TTPOo-
oTiBevTtal. H 1piTn €icodog TTapioTdvel To KpaToUPEVO aTTO TN AiyOTEPO GNUAVTIKA
BaBuida. O Tivakag aAnBeiag Tou TTANPN abpoloTh divetal oTov lMivaka 2.5:
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- A A A O O O O|N
- A O O =~ ~ O oOo|Xx
- O = O =~ O -~ oK

- O © -~ O —~ ~ O|lW’m
_\_\_\O_\oooo

Mivakag 2.5 lNivakag aAnBgiag mAnpous abpoiath

MTropouUuE, XPNOIKOTIOIWVTAG TOV TTivaKa aAnBeiag, va eEAyoupe TIG akOAOU-
Beg aTTAOTTOINUEVEG HOPPEG yIa TIG ouvapTAoEIS S kal C Tou TTAApN aBpoioTn:

S=xy'z + X'yz’' + xy'z' + xyz
C=xy +xz+yz

‘ET01, utropoupue va dwoouuE TNV UAOTTOINON TTOU QaiveTal 0To ZXAua 2.23 yia To
KUKAwua Tou TTAfjpn aBpoIoTh.

Zxnua 2.23 lNArpng abpoiotic

Eival apketd evdia@épov va TTapaTtnpAoEl Kaveig 0Tl éva I0000UVaUO OX KA YIa
ToV TTAAPN aBpoIocTh PTTopEi va 500¢i Ye TN BonBeia nuIaBpoIoTWY, OTTWG QaiveTal
oTo ZXAua 2.24.
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Zxnua 2.24 lNMArpng aBpoiotrc uAomoinuévog ue NUIaBpoIoTES

Mpokelyévou va TTpoocBEéooupe duadikoug apiBuoug TTou atroTeAOUVTal ATTO
TTEPICOOTEPA TOU EVOG WNQid, XPNOIUOTTIOIOUNE TTEPICOOTEPOUG ATTO £VaV TTANPEIG
aBpoioTég. KaBe TARpNG aBpoioThg avTIoTOIXE Kal UTToAoyidel Eva wneio abpoi-
opaToG. To KpaToUuevo €0d0U KABE aBPoIoTr CUVOELETAI GTO KPATOUNEVO £10000U
TOoUu aBpPOIOTA TTOU AVTIOTOIXEI OTNV €TTOPEVN BaBuida. MNa TTapddelyua, 010 ZXNUa
2.25 mrapouaciddeTal £va TEToI0G aBpoloThg Teoodpwy Babpidwv. O abpoioTrg au-
106G TIPOOBETEI TOUG TETPaWNPIOUG duadikoug apiBuoug A,AA A, kai B.B,B,B  kai
divel wg ammoTéAeaua Tov Treviayn@io duadikd apiBuo S,S.S,S,S,.

Zxnua 2.25 ABpoiotric teoodpwy (4) duadikwv wneiwv
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2.6.2 A@aipéreg

H agaipeon dUo duadikwyv apIBuwWV TTPAYUATOTTOIEITAI TTAIPVOVTAG TO GUUTTAR-
PWHA WG TTPOG 2 TOU a@AIPETN KAl TTPOCOETOVTAG TO OToV HeElwTéo. Me auThAv
TNV TTApATiENOn, N TPAEN TNG aPaipeECNS HETATPETTETAI O€ TTPOCOEDN KAl yia TNV
uAoTToinor TG YTTopouV va xpnaoipotroinBouv TTARpelg abBpoioTég. EvaAAakTIKd,
MTTOPOUHE VO UAOTTOINOOUWE TNV aQaipeon Pe AueECO TPOTTO (OTTWG TNV KAVOUUE
ME xapTi kal OAURI). Me auTtr) Tn PéBodo, kGBe duadikd Yneio Tou apaipETn agai-
pEiTaI aTTO TO AVTIOTOIXNG ONUAVTIKOTNTOG UABIKO Wn@io Tou PEIWTEOU Kal Bivel
£va duadikd wnoio dla@opds. Av To duadiko Yneio Tou a@aipETn ival EYaAUTEPO
atd 10 Ynoio Tou peiwTéou, davellduacTe 1 atmd TNV ETOUEVN ONUAVTIKY B€on.
MNa va petePifaoTei 10 yeyovog autd otnv eTopevn Babpida xpnoidoTrolgital £va
onua daveiopou (borrow). OTTwG aKPIBWGS UTTAPXOUV NUIABPOIOTESG Kal TTANPEIG
aBpoIoTEG, UTTAPXOUV NUIAQAIPETESG KAl TTAHPEIC APAIPETEG.

Huiagaipérng

O nuiagaipétng cival éva ouvduaaTIkO KUKAwWPA To OTToio agaipei duo dua-
OIk& ynoia kai divel Tn dlagopd Toug. 'Exel emmiong pia €6odo Trou kabopilel av
Xpelagetal va daveloTtouue (borrow) pia povdada. Av cupBoAicoupe To wngio Tou
AQAIPETEOU PE X KAl TOU AQAIPETN KE Y, VIO VO KAVOUUE TNV aPaipeon X-y TTPETTEI
va eAEYEOUE Ta OXETIKA PEYEDN TWV X Kal Y. AV X2y TOTE UTTAPXOUV TPEIG TTEPITITW-
oeig: 0-0=0, 1-0=1 1-1=0. To amoréAeopa AéyeTal duadikd wneio dia@opas. Av
X<y, T0T€ £xoupe 0-1, kal €101 XpeIddeTal va OAVEICTOUHE JIa Jovada aTrd TNV €1TO-
pevn BaBuida. To 1 1Tou davellduaoTe atrd TNV €TTOUEVN BEon €xel diITAdoio Bapog
Kal TTpocB£Tel 2 0TO SUABIKO WNPio Tou aPaipéTn, OTTWG OTO BEKABIKO OUCTNUA TO
KPATOUUEVO TNG aQaipeong TTpooBETel OEKa OToV PelwTED. 'ETOI, JE TOV aQaIpeTED
ioo pe 2, n diagopd yivetal 2-1=1. O nuia@aIpéTng Xpeladetal duo e€600uc. H pia
£€€000¢ Trapdyel TN dilo@opd Kai Ba cuuBoAicetal pe D (Difference, diagopd). H
OeuTepn £€000¢ TTou Ba cupBoAideTal pe B (Borrow, davelkd) mapdyel 1o duadikd
ofpa TTou TTANpo@opei TNV mOuevn BaBuida av daveloTAKaPe pia povada r 6xi.
O Trivakag aAnBegiag Tou nuIo@aIpETn gival 0 akdAoubog:

Xy B D
00 00
0 1 11
10 0 1
11 00

Mivakag 2.6 [Nivakag aAnBeiag nuiapaipén

O1 ouvaptioeig Boole yia Tig €€60oug TOoU nuIa@aIPETN BpiokovTal aTrd Tov
TTivaka aAnBgiag kai givai: D=x’y + xy’
B=x'y
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MAnpng agaipétng

O mAAPNG apaipéTng gival éva ouvOUAOTIKO KUKAWUA TTOU EKTEAE TNV agaipe-
on METagU dUOo dUadIKWY Wneiwv TTaipvovTag uttéyn OTi uTropei n Aiydtepo onua-
vTIKA BaBuida va £xel daveloTei pia povada. Autd To KUKAWMA €XEl TPEIG E1I00D0UG
ka1 dUo €¢6doug. O1 Tpeig gicodol X, Yy, z cupBoAifouv To Yn@io Tou aaipéTn, Tou
MeElwTEOU Kal Tou davelkou, avTioToixa. O1 €¢odoi D, B cupBoAiouv Tn diagopd Kal
10 davelkd e€d6dou, avrioToixa. O TTivakag aAnBegiag Tou KUKAWHOTOGS gival 0 EAG:

_ A A A O O O O X
A A O O ~ A O Ol
- O = O =~ O = OJ|N
- O O O - -~ a Ol
A~ O O -~ O ~ a~ Oo|lo

Mivakag 2.7 lNivakac aAnbgiag mAnpous agaipén

O1 amAotroinuéveg ouvapTtioelg Boole Twv 00 €€60wv Tou TTAAPOUG aPAIPETN
gival ol akOAoUBEG:

D=xy'z + X'yz' + xy'’z' + xyz
B=xy +xz+yz

2.7 AKOAOUBIOKEG HOVADEG - ZTOIXEI

O1 povadeg OTIG OTToIEG avaPEPBNKaPE PEXPI TO ONuEio autd ATav Guvdua-
OTIKEG, ONAAdNA n TIUA TNG €€000U € KATTOIO XPOVIKN OTIYUA €€apTdTal atrd TNV
TIUA TNG €10000U EKEIVNG TNG XPOVIKAG OTIYUAG. 2Tn ouvéxeia Ba avagepBouue o€
OKOAOUBIOKEG HOVADEG. ZTIG AKOAOUBIOKEG POVABEG N TIUA TNG £§0d0U €apTdTal
atrd TNV TIUA TwV EI000WV OXI HOVO €KEIVNG TNG XPOVIKAG OTIYHNAG, AANG Kal atrd
TIG TIUEG TOUG TIG TTPONYOUMEVEG XPOVIKEG OTIVUEG. KUPIO XAPAKTNPICTIKO TWV OKO-
AouBioKWwV povadwy ival To 0TI XPNOIKMOTTOIOUUE OTOIXEIO pvruNng. YTapyouv dUo
€idn oToixeiwv PvAung: o pavoéaAwrng (latch) kai o flip-flop.
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MavéaAwrng

‘Evag paveaAwTAG ival pia wn@iakr) cuokeur oTnv €000 TNG OTToiag PTTOPOU-
Me va atroBnkevooupe éva 1’ éva ’0’. O paveaAwTnG €xel pia €i00d0 dedopévwv
(D, data) kai pia gicodo emitpewng (E, Enable). 'Exel dUo €€6d0UG, TIG OTTOIEG
oupBoAifoupe pe Q kal Q'. H mipég Twv €€60wv Q kal Q' €ival GUPTTANPWUOTIKEG,
ME GAAa Adyia étav n €60dog Q éxel TV TIpA '1°, n €60dog Q' éxel Tnv TIuA 'O’ kal
avtiotTpo®a. O1 Adyol TTou 0TO PavOOAWTH TTEPIAAUBAVETAI Kal N avTIOTPO®NA TNG
€€0d0U €ival 0TI N UTTApPEN TNG AVTESTPAPUEVNG £E600U gival TTOAU XPRCIUN OTnV
TPAEN, KaBWG Kal To OTI N UAOTTOINGA TNG €ival TTOAU atTAr. To oxXnuaTIKO didypap-
Ma Kai o Trivakag aAnBegiag Tou avooAwTh @aivovtal To ZXRua 2.26.

- o X|O
- a olm

Q

Qn
0
1

Zxnua 2.26 Noyiko diaypauua Kai mivakag aAn@eiagc pavéaiwrn

O pavdaAwTng Acitoupyei wg €€NG: Av n €i00d0g €TTITPEYNG €ival EVEPYOTTOI-
nuévn ('1°), 761 N TIPA TNG €10600u dedopévwy (D) peTapépetal otnv £€0d0 (Q).
AIQQOPETIKA, N TIKA TNG £€660U TTAPAUEVE! idIa hE TNV TTPONYOUNEVN TIKA TNG (TnV
otoia gupBoAifoupe pe Q,). Me GAAa Adyia 0 HavdoAwTAG QUAGOOE! (HAVOAAWVE)
Mia TIRA oTnv £€€000 Tou 660 E=0.

Flip-flop

To flip-flop €ival pia ouokeun n otroia AcIToupyei TTAPOPOIA PE TO PAVOOAWTA
META@EPOVTAG TNV TIKN TNG €10000U 0Ty £€€0d0. H diagopd Tou flip-flop €ival Trwg
N METOQOPA YiveTal Tn OTIyHr TTou To ofua emitpewngs (TTou oo flip-flop AéyeTal
POAOSI kal gupBoAieTal pe clk) aAAalel Tiun ato 0 og 1'. Me dAAa Adyia To flip-flop
A€ITOUpYEI OTNV AKUR Tou poAoyiou.

" Ta flip-flops mou AsitoupyoUv drav n €icodog xpoviouou uetaBaAAerar amd ‘0’ o '1’, ovoudlovrai
flip-flops Betikng akung. Ymapyxouv akdun flip-flops ra omoia Asitoupyouv érav n €icodog xpoviouou
ueraBarerar amré 17 o€ ‘0. Ta flip-flops autd ovoualovrai flip-flops apvnrikng akung. Ta flip-flops
ToU 6a XPNOILOTTOIOOUNE OTN OUVEXEIQ, Eival BETIKNG aKUNAG.
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270 ZxNpa 2.27 @aivetal To oxXnUaTiko diaypaupa tou flip-flop (TTou poiadel
OPKETA HE EKEIVO TOU PHAVOAAWTH) KAl O TTiVaKAG AEITOUPYIOG TOu.

D Clk Q
x 0 Q,
x 1 Q,
o |0
P

Zxnua 2.27 Flip-flop tommou D BeTikAS akuns kai ivakag Asiroupyiag

>1ov Trivaka Asitoupyiag Tou flip-flop @aiverar 611 étav n TiyA Tou onuarog clk
éxer ommoiadnmote TipN (0 N 1), n €€0d0o¢ Tou flip-flop dev eTnpedleTal (TTapapével
oTnV TTponyouuevn kardotaon Q). AvriBera, 6tav To orua clk petapaiver amo Ty
kataoTtacon ‘0’ atnv 1’ (cupBoAioupe auTr Tn PETARACN PE TO BEAGKI TTOU QaiveTal
oTov TTivaka), N TIUA TNG €106dou D petapépetal otnv £€¢0d0 Q.

‘Evag evaAAaKTIKOG (Kail TTIo aTTAGG) TPOTIOG TTapouaiacng NG Asitoupyiag Tou
flip-flop, €ival o xapakTnpioTIKOG Trivakag. O Tivakag autdg divel TNV TIUA TNG €€6-
O0U w¢ auvapTnon TNG METABANTAG €10600U, aPOU CUPPWVACOUME OTI O GAAAYEG
oTnv €€0d0 yivovTal yovo aTn YeTafacn Tou TTaAPoU Xpoviouou ato 1o 0 oTo 1.
‘ET01, 0 XapaKkTnpIoTIKOG TTrivakag Tou flip-flop TUTTOU D €ival o akdAoubog.

O
_\oo

Zxnua 2.28 Flip-flop tummou D BeTIKAS aKunS Kai XapakTnpIoTIKOS TTivakag
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Aouyxpoveg gicodoi

‘Eva flip-flop ptropei va trepidapavel acuyypoveg ei106doug B€ong (Preset, P)
kal undéviong (Reset, R). Mo ouykekpipéva, utropei va mepIAaufavel Kapia ammo
TIG £10000UG auTéG (OTTwG Ta flip-flops TTou €idape péxpr Twpa), otToiadnTmoTe aTTd
TIG dUO 1) Kal TIG dUoO.

H Aeitoupyia acUyxpovwy €ic6dwv eival n €€ng: Otav n Tiun Toug givar 1, dev
emrnpeddetal n Aeiroupyia Tou flip-flop. Otav n gicodog P €ivar 0, 16T€ N TIuA NG
e€ddou Q yiverar 1, ave€aptnta amo Tnv TP Twyv €1l06dwv D kai clk. Otav n €i-
00006 R ¢ival 0, 10Te N TIPAR TNG €€0dou yivetal 0, avegdpTnTa ATTO TNV TIWA TNG
€l0600u xpoviopou (clk). O1 acuyxpoveg cicodol P kai R &¢ ptmopouv va givai
Tautoypova 0, d16TI, oTnVv TTEPITTTWON auTh, n £60dog Tou flip-flop Ba eival amrpoo-
O16piaTn. To ZxAnua 2.29 deixvel Ta oUuuBoAa Tou flip-flop TUTTOU D pE aclyxpovn
€icodo R, acuyypovn €icodo P kai e TiIg U0 acuyxpoveg £10000UG.

Zxnua 2.29 Flip-flop rumrou D pe (a) acUyxpovn gicodo undéviong (B) acuyxpovn icodo
6éang kai (y) kai 1i¢ OUO aoUyxpOoVeES EI00O0US

To flip-flop oTo omroio avagepbikaue ovoudletal flip-flop TUTTOU D. To dvoua
auTd TTpoépxeTal aTrd TNV ayyAikr AéEn data (Oedouéva). H Aeitoupyia Tou eivai
va peta@épel Ta dedopéva NG e106dou otnv £€£0do. EKTOG atrd Tov TUTTO aUTO,
uttdpyouv kal aAAol TuTTol flip-flop, 61TTwg TO flip-flop reset-set (RS flip-flop), Toggle
(T flip-flop), J-K flip-flop. H Aeitoupyia autwv Twv flip-flops @aivetal ota ZxRuata
2.30 ka1 2.31.

T | Q

Q,” Zxnua 2.30 Flip-flop tdmrou T BeTikNG
n QKUNG Kal XapaKTNPIOTIKOS TTIVAKAS
—56




= EQAPMOIEZ TON YHOIAKQN HAEKTPONIKQN ZTA YMNOAOTIZTIKA ZYZTHMATA

R S Q

0 0 Qn

0 1 1

1 0 0

1 1 atmrPOPAETITN

ZxRua 2.31 Flip-flop tummou RS B€TIKAS aKUAS Kal XAPAKTNPIOTIKOS TIVAKAS

2710 flip-flop TUTTOU RS, 01 €icod0I R Kai S ¢ putTopolv va eival Tautdxpova OTo
1, yiati oTnVv TepiTTwon auth n €€odog Tou flip-flop €ival ampoBAeT™n (QUTO OPEi-
Aetar otnv kataokeur] Tou flip-flop, pe Tnv otoia de Ba aoxoAnBouue edw). AEue
OTI 0 CUVOUOONOG €1000wvV R=S=1 d¢ev eival emMTPETTTOG, Kal 0TV OXEOIAOUME
Ynelakd cuoTApaTa TTPpooTraboupe va dIacPaAicoupE 0TI 0 CUVOUATHOG QUTOG
Oev epgaviCetal otnv gicodo Tou flip-flop.

J K | Q
o o0 |aQ
0 1 0
10 1
1 1 | Q

ZxnRua 2.32 Flip-flop rummou JK BeTIKAS aKUAS KAl XAPAKTNPIOTIKOS TTIVAKAC

Ta flip-flops Twv T0TTWYV T, RS, JK pmmopolv va emektaBolv pe aoUyxXpoveg
€10000ug P kal R, 6mmwg kai Ta flip-flops TUtTou D. H Acimoupyia Twv acUyxpovwyv
€1I06dwv eival idla pe ekeivn TTou €xouv oTa flip-flops TuTTOU D.

2Tn Ouvéxela, Ba TTEPIYPAWOUUE TN AIToupyia atTAwWV aKoAOUBIOKWY PHovAadwy
xpnoipotroiwvTtag flip-flops TUTTOU D. O1 akoAouBIoKkEG povadeg OTIG oTToieG Ba

ava@epBoUE gival Ol KATaXwWPENTES KAl Ol JETPNTEG.
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2.8 KataxwpnTtég

Me Tov 6po KaTayxwpenaon evvoouue Tn AsIToupyia pe Tnv otToia (SuadIkES) TTAN-
pogopieg UAdCOOVTAI yia PETETTEITA €TTECEPYQTIa Kal Xprion. TN axediaon kai
UAOTTOINGN UTTOAOYIOTIKWY CUCTNUATWY XPNOIKJOTToIoUVTal KUpiwg dUo €idn KaTta-
XwpenTtwyv. O1 TTapdAANAOI KOTaXWENTES Kal Ol KATaXwpenTEG oAicBnong.

2.8.1 NapdAAnAol KaraxwpnTtég

‘Evag TapdAAnAoG KataxwpnTAg XPNOIUOTIoIEITal yia TN QUAaEN dedouéEvwV
Kal atroTeAgital amo atoixeia pvAung (flip-flops). Ta oToixeia pvAuNG evog TTapaA-
AnAou kaTaxwpnTh odnyouvTal atmod yia Koivr €icodo poAoyiou. Auth n €icodog
poAoyiou TTupodoTei OAa Ta flip-flops, woTe o1 TAnpoopieg TTou BpiokovTal eKeivn
TN OTIYUA OTIG €£10000UG TOU KATaxwpnTr] va heTapepBouv aTig £€6D0UG TOu.

270 2xNHa 2.33 @aiveTal TO OXNUATIKO SIAYPAUa VOGS TTAOPAAANAOU KaTaxwpenTh
4 BaBuidwyv. ZuvnBwg avapepOUaoTE O€ £VA TETOIO KATAXWPENTA ME TOV OPO 4-UTTITO
(4-bit), etre1dn pTTopei va atmoBnkeuoel TTAnpo@opia TECodPWVY dUAdIKWY WN@iwv.

Zxnua 2.33 lNapaiinAog karaywpnti¢ 4 Babuidwv

2.8.2 Karaxwpntég OAioOnong

‘Evag kataxwpnThg TTou PTTopEi va 'oAigBaiver’ TIG TTANPOQOpPIES TTOU TTEPIEXEI
TTPOG TN MIa 1} TTPOG TNV GAAN kateuBuvon ovouddleTal KataxwpnTtig oAicbnong’
(shift register). 'Evag T€T010G KATaXWPENTAG atToTEAEITAI OTTO pia aAucida aTrd flip-
flops ocuvdedepéva otn oeipd, oTa OTToIA N ££000G TOU VOGS TPOPODOTEI TNV €i0060
TOU YEITOVIKOU TOU.

‘OAa 1a flip-flops Traipvouv éva koivod poAdi, n evepyoTroincn Tou OTToiou TTPOo-
KaAei TNV oAicBnon atrd TN pia Babuida oTnv ETTOUEVN.
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>¢ évav karaxwpnTr 0e€1ag oAicBnong, o€ KABe TTaAPG Tou poAoyiou, To TTEPIE-
XOMEVO TOU KaTaxwpenTh oAioBaivel katd pia 8€on Tmpog Ta de€Id. H oeipiakn ioco-
00¢ puBbuiCel 11 Ba pTTel oTnVv €icodo Tou Mo apioTepou flip-flop o kGBe oAioOnaon.
Tn oeipiakn €€0d0 TNV Traipvoupe atmod tnv €000 Tou akpaiou degiou flip-flop pe
TNV €QAPPOYN ToU TTAAPOU Tou poAoyioU.

Zxnua 2.34 Karaxwpntig 6&€id¢ oAiobnong reaadpwv Babuidwv

AvTioToixa, o€ évav KatayxwpenTr apioTePng oAicbnaong, o€ KaBe TTaAPS Tou polo-
yloU, TO TTEPIEXOUEVO TOU KaTaxwpenTr oAioBaivel KaTd uia 8€on TTPOG Ta APICTEPQ.

Zxnua 2.35 Karaxwpntig apiotepns oAiobnong reaadpwv Babuidwv

2.8.3 KataxwpnTtég oAioOnong pe rapdAAnAn @épTwon

Edv éxoupe oTn d1a6eon pag Tig e€6doug OAwv Twv flip-flops evog kataxwpnTh
oAioBnong WaoTe va PTToPoUPE VA KAVOUUE TIG KATAAANAEG OUVOEDEIG, TOTE TIG TTAN-
POYOPIEG TTOU €I0AYOUNE OEIPIOKA OTOV KATAXWPENTA MTTOPOUNE va TIG TTAPOUE
TapadAAnAa atmoé Tig €€6doug Twv flip-flops. Av TTpocBéooupe oTov KaTaxwpenTh
oAiocBnong kai TN duvatéTnTa TTAPAAANANG POPTIONG, TOTE PTTOPOUUE ETTITTAEOV
va TTaipvoupe ogipiakd atrd tnv 6000 Ta dedopéva ekeiva Ta otroia BAAape TTa-
pPAAANAa oTnv €i00d0, oAlIoBaivovTag Ta péoa atrd Tov kataxwpenTr. ‘ETol, ol Ka-
TaXwPNTEG OAICBNONG UTTOPOUV va XPNGCIKOTIOINBOUV Yia TN JETATPOTTH CEIPIAKWY
oedopévwy og TTapdAAnAa kar avtioTpoga. ‘Evag kataxwpnThg oAicBnong ue ta-
PAAANAN @OPTWON £XEI TIG AKOAOUBEG dUVATOTNTEG:
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® TTAPAAANAN @OPTWON 6EBOPEVWV OTOV KATAXWPENTN
® 0&gid ohioBnon
® apiaTtepr) oAioBnon
‘Evag kataxwpenTg IKavog yia oAioBnoeig 1600 Tpog Ta de€id 600 Kal TTPog Ta
aploTePa AEyeTal au@idpOouOS KataxwenTns oAicBnong. Av akoun PUTTopEi va @op-
TwOEei TTapdAAnAa, ovopdaleTal KaraxwpnTig oAicbnong e mapaAAnAn eéprwaon.
‘Evag KataxwpnTtAg TTou €XEI TIG dUVATOTNTEG QUTEG QaiveTal oTo 2xXAua 2.36.
AtroteAeital atré 4 flip-flops, n eicodog dedopévwy (D) kaBevog TpogodoTeital atrod
TNV £€£000 £vOG TTOAUTTAEKTN (Multilexer, MUX). O1 TTOAUTTAEKTEG €xOuv OUO KOIVEG
HETABANTEG £TMIAOYAG, S, KAl S, O OTToiEG PUBUICOUV TN AcITOUpYia TOU KATaXWENTH.

ZeIplaki Eicodog
apiaTepng ohioBnong

| |

Eigodog MapaAAnAng Eigodog MapaAAnAng Eiocodog MapaAAnAng Eioodog MapaAAnAng
®oprwaong - 10 Doprwang - 1 Doprwong - 12 Doprwong - 13

Zeipiaki €i0odog
8eg166 oAioBnong ) p p
81 > 12 34 S$1 > 12 34 S$1 > 12 34 81 > 12 34
SO SO SO SO >
L L D Qf—e D Q—¢ L D Q—e

|
L [f [f [

! 0 [e}] Q2 +Q3

Q
Zeiplaki £§050¢ Zeipiak) £§050¢g
apioTepig ohigBnong 6eg1dg oAioBnong

Zxnua 2.36 Augidpouog karaxwpntis oAicbnong ue mapdAAnAn edéprwon 4 wneiwv

O emépuevog Mivakag deiyvel TN AeIToupyia TOU KATaXwPENTA YIa TIG SIOPOPETIKEG
TIMEG TWV S, KAI S,

S, S, Eicodog AsgiToupyia

0 0 1 0¢e1d ohioBnaon

0 1 2 TTAaPAAANAN @OpTWON
1 0 3 apioTepr) oAiobnon
1 1 4 TTponyouuevn TIPA

Mivakag 2.8 Aciroupyia karaywpntri oAiocbnang e mapdAinAn edéprwon
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H otAn 'Eicodog’ Tou Trivaka Ogixvel Trola atro TIG TEGOEPIG £1I00O0UG TOU TTO-
AUTTAEKTN peTagépeTal oTnv €icodo D tou flip-flop. H Aeitoupyia ‘mrponyoUuevn
TIMA’ onuaivel 6Tl ol €£0d01 Tou KaTaxwpenTr dlaTneouvTal AUETARANTEG.

Xpnion karaywpnrwv oAicbnong

MNvwpidoupe 611 péoa oTov UTTOAOYIOTH Ta dedopéva peTagEpovTal TTapdAAnAaQ,
pMéow Tou BlodpOpoU. KATTOIEG OPWG aTTO TIG TTEPIPEPEIAKESG POVADEG €100D0U N
€€000U (TTY. TTANKTPOAOGYIO, TTOVTIKI) ETTIKOIVWVOUV WE TOV UTTOAOYIOTH] CEIPIOKA,
oTéAvovTag Kal AapBdvovtag Eva-éva Ta dUadIKA Wwnoia.

O1 kaTtaxwpnTéG OAIoBNoNG YTTOPOUV vVa XPNOoIKNoTToINBoUV yia Tn HETAd0O0N KAl
AN Twv dedoPévwy aTTd TIG HOVADES QUTEG.

MNa Tapdadeiypa, ag Bewpriooupe OTI TO UTTOAOYIOTIKO oUCTNHAO B€AEI va aTTo-
oteilel dedopéva (Trx. 1 byte, 8 duadikd wneia) oeipiakd. Na 10 KOO auTd PTTo-
pei va xpnoigotroinoel évav kataxwpenTtr oAicbnon 8 Babuidwy. O kataxwpnTtig
auTtog @opTwveTal TTApdAAnAa (s,s,=01). ZTn ouvéxela, Aeitoupyei pe deGIA OAi-
oBnon yia 8 KUkAoug Kal petTagépel Ta dcdopéva, bit-rpog-bit, otn povada péow
NG oeIpIaKkng £€0d0ou deCIGg oAioBnong.

AvTioTpo®a, av To UTTOAOYIOTIKO oUaTnPa BEAEl va AdfBel dedopéva, (TTX. 8 dua-
OIKG wneia) amd Tn pgovada, 0 KaTaxwpnTAg AciToupyei pe apliotepry oAicbnon
yla 8 KUkAoug AapBdavovtag éva-éva Ta duadikd wneia atrd Tn oeIpiokh €i0odo
aploTepng oAioBnong. MOAIG @opTwBei €va oAdkAnpo byte oTtov kataxwpnth,
oTéAveTtal (TTapdAANAa) oTn Jovada Tou UTTOAOYIGTIKOU CUCTAMATOG Yia TNV OTToia
mpoopicetal (KME, pvAun K.AT.) yéow Tou d1adpOuou TOU GUCTAUATOG.

2.9 MeTpnTég N atTapIiOuNTES

‘Evag duadikdg HETPNTAG i atrapIBunTtAg (counter) gival pia yovada TToU aTTo-
TeAeiTal amo oToixeia pvAaung (flip-flops) kai £xel pia €icodo xpoviououU (PoAdl). e
KGBe peTaBoAn Tng €100d0u Xpoviopou atrd 0 o€ 1, ol 0001 TOU PETPNTA META-
BaAAovTal pe TETOIO TPOTTO WOTE N dUADIKA TIUF TOUG va gival JeyaAuTepn Katd 1
atrd Tnv duadikA TIPNA TTou gixav oTnv TTponyoupevn KatdoTaon. ‘Evag petpntg
Xapaktnpietal atrd 10 TTANB0G Twv BaBuidwy (oToIXEIWV PVAUNG) aTTd Ta OTToIa
atroteAeital. O1 £€€0d01 evOg peTpnTh TTOU atroTeAEiTal amd n BaBuideg, petaBdAro-
VTal PE TETOIO TPOTTO WOTE N apIBUNTIKN Toug TIUA va auédvetal atd 0 wg 2"-1. MNa
TapAadelyha, Eva JETPNTAG TPIWV Babuidwyv ptropei va raipvel Tig Tiuég 000, 001,
010, 011, 100, 101, 110, 111, 000, ...

O1 yetpntég dlakpivovTal, avaloya e Tn oxediaon, o€ aoUyXPOVOUG UETPNTEG
(METPNTEG PITTAG) KO O€ OUYXPOVOUG WETPNTEG. 2TN ouvéxela Ba avapepBouue 0N
oxediaon Twv dU0 aUTWV EIBWV PETPNTWV.
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Aouyxpovol HETPNTES

‘Evag aouyypovog petpntig atoteAeital atro flip-flops cuvdepéva €101 WoTE N
£¢odo¢g kdaBe flip-flop va cuvdéetal otnv €icodo xpoviouou Tou flip-flop TNG €1T6-
pevng BaBuidag. To flip-flop TG TpwTng Babuidag déxeTal TOuG €I0EPXOUEVOUG
TTaApoUg péTpnong. ‘Evag acuyypovog atmmapiBuntrig 4 Babuidwy atmoteAoUuevOg
atro flip-flops TUtTOU D Qaiveral ato ZxnAua 2.37.

Zxnua 2.37 AaUyxpovoc amapibuntig 4 Babuidwv

O atmapIBunTAg autdg Acimoupyei wg €ENG. ApxIKG o1 £€0001 OAWV Twv Pabpi-
dwv givai 0. Otav 10 orjpa xpoviauou clk yiver 1 amo 0, n miun Tou flip-flop Q, Ba
aAAGgel atrd 0 o€ 1. Ze kKGBe peTafoAr Tou arjpaTog Xpoviouou atod ‘0’ og ’'1’, n
Tiun Tou flip-flop Q, Ba petaBarAeral. EmimrAéov, kaBe @opd tou n Tiur Tou flip-
flop Q, aAAadel a6 1 oe 0, n nipn Tou flip-flop Q, Ba peTaBaAAeral. evika, oTav
N TINA pIag Babpidag petaBdAAeTal atmo "1’ o€ ‘0, n TP TNG €TTOUEVNG Babpidag
Ba aAAdlel. Z1o ZxAua 2.38 @aiveral n akoAouBia TTou TTapdyeTal atrd 10 dUadIKO
aTrapIBuNTr TOu TTPONYOUNEVOU OXNMOTOG eKIvWvTag atro Tnv Tiur 0000.

Zxnua 2.38 AkoAoubia mou rapdyerar amrd Tov amapiBunty 4-Babuidwv
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Zuyxpovol Merpntég

O1 auyxpovol PeTPNTEG DIAPEPOUV OTTO TOUG UETPNTEG PITTAG GTO OTI Ol TTAAMOI
TOU poAoyioU epapuolovTal OTIG £10000UG Xpoviauou 6Awv Twy flip-flops. O kol-
vOG TTaAuOG TTupodortei OAa Ta flip-flops cuyxpdvwg, kar Ox1 10 éva PeTd 10 GAAO,
OTTWG OTOUG PETPNTEG PITTNG. 'Evag ouyxpovog duadiKog HETPNTHG OXEDIOOUEVOS
pe flip-flops TUtTOU D Qaiveral oto Zxua 2.39.

Zxnua 2.39 Z0yxpovog duadiké¢ amrapiBuntic teaadpwy Babuidwv

H cicodog dedouévwyv kabe flip-flop odnyeital atrd pia TUAN XOR Tng otoiag
n pia gicodog ival n €£0dog Tou flip-flop. H atmdégacn oxetikd pe 10 av n £€€0dog
evog flip-flop rpétrel va avTioTpagei ) 6x1 oTnpifetal oTnv TIUA TNG £€600U TNG TTU-
Ang AND 110U TpOo@odoTei TNV AAAN £€0d0 TNG TTUANG XOR. H £€000¢ TOU TTPWTOU
flip-flop avTioTpépeTal o€ KGBe KUKAO poAoyiou. H £€odog Toug deutepou flip-flop
avTioTpépeTal 6tav n €€odog Tou Trpwrtou flip-flop eival 1. H £€0d0¢ Twv eTduE-
vwv BaBuidwv avTioTpé@eTtal OTav ol £¢0d01 OAWV TwV TTPONYOUNEVWY BaBuidwy
eivar *1". 'ETo1, 70 Q, avrioTpé@etal 61av Q,=Q,=1, evw n Q, avTioTpéPeTal 6Tav
Q,=Q,=Q,=1.

BIBAIOIPA®IA
1. K.Z. lMekpeordn, "ZuoTtrpata MikpoUtroAoyioTwv", Ekdooeig Zuppetpia, 1995.
2. Mano M. Morris, "Wnoiokr xediaon", Mamracwtnpiou 1992, Acutepn 'Ekdo-
on, Metdeppacon At. Tpayavitng.
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KepaNaior3e

ApxiTekTovikil HAEKTpOVIKOU
Tunuarog (hardware)
TWV YTTOAOYIOTIKWV ZUCTNHATWY

Mepiexépeva

3.1 Baoikd oToixeio apxITEKTOVIKNG
MIKPOUTTOAOYIOTIKWY 2UCTNUATWY

3.2 ApXEC AeIToupyiag Kal apXITEKTOVIKI)
MIKPOETTECEQYATTWV

3.3 EVTOAEC HIKPOETTECEPYAOTWYV

3.4 Tpdtol ava@opdg aTn HVAKN

3.5 XapoKTnpIoTIKA KAl KATNYOPIiES
MIKPOETTECEQYATTWV

3.6 OIKOYEVEIEC MIKPOETTECEQYATTWYV

3.7 MIKPOEAEYKTES



2T1OX0I TOU KEPaAaiou:

‘Otav oAokAnpwaeig 7o KePAAaio auTtd Ba PTTopEig va...

avagE£pelg Ta Baaikd THAPATA TNG OOUNAG TWV UTTOAOYICTIKWY CUCGTNHATWY
ava@EPEIg TN AEIToupyia Kal XpAon KA TUAPATog evOg UTTOAOYIOTIKOU OUOTH-
paTOog

AVAQEPEIG TO TUAMOTA ATTO TO OTTOIO OTTOTEAEITAI £VOG MIKPOETTECEPYATTAG, Ka-
Bwg kal TN AeIroupyia Toug

AVOQEPEIG TOUG BACIKOUG KATAXWPENTES VOGS PIKPOETTEEEPYQOT

QAVAQEPEIG TA €i0N EVTOAWYV €VOG TUTTIKOU PIKPOETTEEEPYAOTN

TTEPIYPAPEIG TOV TPOTTO EKTEAEONG TWV EVTOAMDV O€ £VA UIKPO-ETTEEEPYOOTN
AVOQEPEIS TIG BIAPOPES TNG CUUPBOAIKAG YAWOOOG atTd TN YAWC OO UNXAVAG
avagE£PEIg Toug TPOTToUG dleuBuvaloddTNoNG TNG MVAMNG

AVOQEPEIG TA XOPOKTNPIOTIKG WG TTPOG Ta OTToia SIOKPIVOUUE TOUG MIKPOETTE-
EepyaoTég

AVAQEPEIG TA €i0N TWV PIKPOETTEEEPYAOTWV WG TTPOG KABEVA ATTd TA XOPOKTN-
PIOTIKG auTd

AVOQEPEIG TIG TTIO YVWOTEG OIKOYEVEIEG ETTEEEPYAOTWY, KABWG Kal Ta EAN KABE
MIaG aTTO TIG OIKOYEVEIEG AUTEG

AVOQEPEIG TIG DIAPOPES EVOG PIKPOEAEYKTH OTTO £va PIKPOETTECEPYATTH
€ENVYEIG yIaTi 01 JIKPOEAEYKTEG €ival XPHOIHOI OTO OXESIAOUO PIKPOUTTOAOYIOTI-
KWV ouoTnUaTWV



=== APXITEKTONIKH HAEKTPONIKOY TMHMATOZ TQN YMNOAOIIZTIKQN ZYZTHMATQN

3.1 Baoikd oToixEio apXITEKTOVIKNG

MIKPOUTTOAOYIOTIKWYV ZUCTHHATWYV

Me Tov 6po uttoAoyIoTIKG CUCTNUA, AvVAPEPOPAOTE O€ £€va oUCTNPA TO OTTOIO
atroteAciTal atréd pia Kevrpikrp Movada Emregepyaaiag, pvrpn Kol CUOKEUEG €100-
dou kal €¢0dou. lMevikd, oTOX0G pag oTav oxediddoupe €va TETolo oUaTNUA Eival
Va TO XPNOIUOTIOINCOUE YIA TNV EKTEAECT UTTOAOYICHWYV 1] yIa va eAEyEoupe AA-
Aeg ouokeu€g. To yevikd dIAypapPa EVOG UTTOAOYIOTIKOU CUCTAMATOS QAiVETAI OTO
2xAua 3.1.

Zxnua 3.1 [eviké didypauua uttoAoyIoTIKOU GUCTAUATOS

Kevrpikl Movada Emeispyaoiag Kal HIKPOETEEEPYAOTTES

‘Eva utroAoyioTiké ouoTnua oTo otroio wg Kevrpikp Movdada Emegepyaoiag
(KME) xpnoigotrolgital évag UIKPOETTEEEPYAOTAS (micro-processor) ovouddeTal
MIKpoUTTOAOYIOTIKO cUaTNMA. ‘Evag PIKPOETTEEEPYAOTAG cival £€va OAOKANPwWUEVO
KUKAWO YEVIKOU OKOTTOU, TO OTTOIO UTTOPEI VO TTPOYPOUMATIOTEI.

Zxnua 3.2 Mikpoetmreéepyaarnc 486 tng eraipeiac Intel
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H emre€epyaoia Twv 0edopévwy yiveTal o€ pia o€ipd atro BrpaTa, Kabe éva atmo
Ta otroia ovouddleTal evioAr. O1 evTOAEG TTOU eKTEAOUVTAI OTTO TO MIKPOETTECEPYA-
oTR €ival evIoAEG o€ yAwooa unxavig. Mia evioAn ae yAwooa pnxavig givair pia
ogipd atmo duadika wneia 61Tou gival KWOIKOTTOINUEVO TO €id0g TNG €vioARG. Ol
EVTOAEG TNG YAWOOOG UNXAVAG Eival aTToBnNKEUPEVES OTNV KUPIA PV N, aTTO OTTOU
TIG AVOKOAET KaI TIG EKTEAET O PIKPOETTEEEPYQOTHG.

H dopn Kai n Asitoupyia evOg HIKPOETTECEPYQTTH Ba TTEPIYPAPOUV OTN CUVEXEID
TOU Ke@aAaiou auTou.

Kupia Mviun

O1mwg avagépape, N KUPIA PvhApn gival €vag Xwpog OTOV OTT0I0 O UTTOAOYIOTHG
QUAGEl Oedopéva ) VIOAEG TTPOG eKTEAEDN. H KUpIa pvAun atroTeAeiTal atto AEEEIg
pvAUNG (memory words), KGBe pia atmod TIG OTToieg aTToTeAEITaI OTTO évav apiBuo
Ouadikwv Yneiwv. O apiBudg autdg ovopaletal PAKog AéENG TG PMvAUNG. Kdbe
B¢éon mpoodiopileTal ammd Evav apiBuod TTou ovouddleTal dieubuvon (address). MNa
va diaBdooupe atrd A va ypdyouue éva 0edoPEVO O€ PIa BEON PVAKNG TTPETTEI VA
yvwpidoupe Tn diguBuvor] TnG.

H KUpla pvAun Tou uttoAoyioTr Xwpiletal o€ dUO pépn: oTn PvAun amod Tnv
OTToi0 0 WIKPOETTEEEPYOOTNG PTTOPEl va diapdoel poévo (Read Only Memory,
ROM) ka1 atn pvriun otnv otroia n KME ptropei kai va ypdwel kai va diaBdoel. 2t
MVAUN auTh ava@epOuaaTe PE TOV 6pO PVAUN Tuxaiag TrpootréAaong (Random
Access Memory, RAM).

O1 Aeitoupyieg PE TIG OTTOIEG O PIKPOETTECEPYAOTNG ETTIKOIVWVEI PE TN MVAUN
RAM eival n eyypao®n kal n avayvwaon.

21NV eyypaer, n yvAun déxetal Tn d1eUBuvan oTnv oTroia Ba yivel N eyypaen
Kal Ta TTEPIEXOUEVA TTOU Ba ypagouv oTn B8€an autr|. H dieuBuvon Tng B€ong pvn-
MNG oTnv otroia Ba TTpayuaToTToiNdei N eyypagr TOTTOBETEITAI GTOV KATAXWENTH
OleuBUVOEWY TOU MIKPOETTECEPYAOTH, eV TO dedOPEVO TOTTOBETEITOI OTOV KATA-
XwpenTA 0edouEVWY TOU PIKPOETTEEEPYOOTH. 21N CUVEXEIa, N dieuBuvon Tng BEang
MVAUNG HETaPEPETAI HECW €10IKOU O1adpdou (Tou diadpduou dieubuvoewy, OTTWG
Ba doUpe o€ €TTOPEVN TTAPAYPAPO) EVW TO OEBOUEVO HEGW GAAOU Biadpduou (Tou
O100pOuoU dedopPEVV) Kal TTPAYUATOTTOIEITAI N EYYPA®H.

21NV avayvwan, Ta TepIEXOUEVa TNG B€oNG YVANNG TTOU UTTOOEIKVUEI O KO-
TaxwpnThg O1EUBUVOEWY TOU PIKPOETTECEPYAOTH UETAPEPOVTAI OTOV KATAXWPENTA
OeDOUEVWV TOU UIKPOETTECEPYOTTH.

H d1e0Buvan NG B€ong PvAPNG METAPEPETAI ECW Tou dladpdpou dleubuvaoe-
WV, TTPAYUATOTIOIEITAl N AvAYVWaon TNG MVANNG KAl TO OEDOUEVO (TO TTEPIEXOUEVO
NG B€0NG PVANG) HETAPEPETAI HECTW TOU BIadPONOU DEDOUEVWV OTOV KATAXWPEN-
T 0£O0OUEVWY TOU HIKPOETTEEEPYQOTH.

H pvAun ROM Ttrepiéxel TTANpo@opieg BacikES yia Tn AeiIToupyia Tou UTTOAOYI-
OTN, TIG OTTOIEG £XEI TOTTOBETHOEI EKEI O KATAOKEUAOTAG.
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Ta Bacikd XapaKkTNPIOTIKA TNG KUPIOG YVAUNG Eival Ta akoAouBa:
® Mnkog Aégng

® XwpnTIKOTNTA

® Xpovog TTpooTTéAaang

Zxnua 3.3 Mvrun 256 6éocwy, pe unkog Aééng 8 duadikd wneoia

To pfkog AéEng ivail 1o TTARB0G Twv duadIKWY WNeiwv KABe AéENG TNG YvRUNG
(id10 yia OAeg TIG AéEeIg). To prkog Aé€ng eival TToAAaTTAdoI0 Tou byte Kai gival ou-
vBwg 1, 2, A 4 byte (8, 16, fj 32 duadikd yneia). MoAU ocuxvd, To uéyeBog Aégng
NG UVAMNG €ival ioco Pe To PAKOG AéENG OTO OTTOIO PTTOPET VA EKTEAECEI TTPAEEIG O
MIKPOETTEEEPYQOTAG.

Me Tov Opo YwpPnTIKOTHTA AVAPEPOPAOTE OTO PEYEBOG TNG PVAUNG, ME GAAQ
Abyla aTo TTARB0G Twv bytes TTou PTTopEi va xwpéoel. ZuvRBwg To péyeBog auTd
peTpdTal o€ TToOANATTAdOIa TOU byte, Ta Mo yvwoTd atd Ta oTtroia gival Ta Kilobyte,
Megabyte kai Gigabyte, 6TTwg @aivetal atov akdéAoubo Trivaka.

1 Kbyte 2% pyte ~1.000 byte
1 Mbyte 220 pyte ~1.000.000 byte
1 Gbyte 2% byte ~1.000.000.000 byte

Mivakag 3.1 [NoAAamAdoia Tou byte

O xpoévog TpooTTéAacng ival 0 XpOvog TTou TTEPVAEI aTTd TN GTIYUA TTOU O JI-
KpOETTEEEPYATTNG {NTAEI ATTO TN VAN TO TTEPIEXOUEVO WIAG BEONG, MEXPI TN OTIYMN
TTOU N YVAMN ivel TO TTEPIEXOPEVO QUTO OTO HIKPOETTEEEPYQTTH. O XpOVOG TTPOCTTE-
Aaong peTpdTal og nanoseconds (1 nanosecond 1coUTal pe 1 ICEKATOUUPIOTTO
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Tou SeutepoAéTTou, 1ns=10" sec) kal gival éva PETPo TNG TaXUTNTAG TNG MVAUNG.
‘Evag GAAOG TPOTTOG E TOV OTTOI0 JETPAME TNV TAXUTNTA TNG MVAKNG €ival N Guyvo-
TNTa AgiToupyiag TG, He GAAa Adyia TTOOEG POPEG UTTOPOUNE VO TTPOCTTEAGCGOUE
N hvAEN (yia avdyvwon i eyypoen) oTn Hovada Tou Xpovou (SeUTEPOAETTTO).
Movadeg Eioédou - E§660u

Me Tov 6po povAdEeG £I0000U avVaPEPOUAOTE GTO OUVOAO TWV CUCKEUWV 1] dia-
TAgewV, TTOU ETITPETTOUV TN PETATPOTT TTANPOPOPIWY (KEiuevo, eikdva, fxo, video
K.ATT.) 0€ Wwn@Iakr avaTtapdoTaon, WOTE va eloayxBei aTov uTtoAoyIoTr (TTX. TTAN-
KTPOAGYI0, TTOoVTiKI, 0apwTAc). O1 Hovadeg €€600U PETATPETTOUV TNV TTANPOQOpIa
atré Yn@IoKr avatrapdoTacn o€ KEPEVO, AXO K.ATT (TTX. 086vn, eKTUTTWTAG). O1 yo-
VAOEG TTOU XPNOIPOTToIoUVTAl Kal YIa TNV €i0000 aAAd Kal yia TNV £€€000 OedOUEVIWV
ovopdadovTal Hovadeg £I0000U Kal 000U (TTX. modems, KAPTES rXoU Kai video).

Mia ouokeun €10000u-££000U UTTOPEI va ouvdeBei 0To oUoTNUA PECW HIag BU-
pag €100dou-eE6d0uU (/0O port). O1 BUpeg uTTOPOUV Va BewpnBolv wg eEWTEPIKOI
KOATaXwpPNTEG TOUG OTTOIOUG UTTOPE va TTPOCTTEAGCEI O PIKPOETTECEPYQOTNG.
Aiadpouoi

‘Evag d1adpouog ival pia opdda aywywv TTou XPNCIUOTTOIEITAl YIa TNV ETTIKOI-
vwvia JETagU Twv JovAadwyv TOU UTTOAOYICTH.

‘Evag 81a0popog xwpiletal AeITOUpyIKA o€ Tpia pépn: 1o 61ddpouo OedoUEVWY
(data bus), 10 d1adpouo SicuBuvoswy (address bus) kai 10 diddpouo eAéyxou
(control bus).

Méow Tou d1adpouou dedouévwy PeTa@épovTal Ta dedopéva TTou BEAoUUE va
ypdwoupe A va diaBagoupe KABe @opd (TTY. Ta duadIKA Wneia TTou ouvBETOUV
TO TTEPIEXOMEVO MIOG BEONG PVAMNG, EVOG KATAXWPENTH TOU PIKPOETTEEEPYAOTH, N
oedopéva atro kdmoia GAAN povada). Otav ypdeoupe, yetapeépovTal dedopéva
aTtrod TO PIKPOETTEEEPYQTTH TTPOG TN vANN RAM 1 Tpog Tig povadeg €6dou. OTtav
dlaBadoupe, petagépovtal dedopéva ato TG pvipues RAM i ROM kai atro Tig po-
vadeg €10000u. Méow Tou d1adpopou dlEuBUVOEWY PETAPEPOVTAI DUABIKA Wn@ia
TTou oxnuaTifouv Tn dleUBuveon piag B€ong PvAung f TN diEUBuvon PIOG CUCKEUNG
€10000u-£E6O0U, dnAadr TTpoacdiopilouv TToU Ba ypa@Tei A atrd TTou Ba diaBaoTei
éva OedOopEVO.

Méow ToU d1adpOuoU EAEYXOU O UIKPOETTECEPYAOTAG TTANPOYOPEI TN PMVAUN N
TIG TTEPIPEPEIAKEG OUOKEUEG VIO TNV EVEPYEID TTOU TTPOTIBETAN va Kavel (TT.X. va
dlapdoel ) va ypdwel dedouéva).

A&iCel va onuelwBei OTI KABE XPOVIKA OTIYH JOvo OU0 GUOKEUEG PTTOPOUV va
ETTIKOIVWVOUV PECW Tou dladpdpou. ‘EToI, av KATTOIO OTIYUR ETTIKOIVWVEI HECW TOU
01adpOUOU O UIKPOETTEEEPYATTAG PE TN PVAMN, MIO Jovada €10080uU e PTTOpEi va
oTeilel dedopéva, alAa TTPETTEI va TTEPIPEVEI VO OAOKANPWOEI N €TTIKOIVWVIa PETA-
€U TOU pIKpoETTECEPYAOTNA Kal TNG KUPIAG UVAUNG. 'Eva TUTTIKG PIKPOUTTOAOYIOTIKO
ouoTnua @aivetal oto ZxnRua 3.4.
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ZxnRua 3.4 Tumké uikpoUtoAoyiaTiké auoTnua

levikd, O€ €va PIKPOUTTOAOYIOTIKO CUCTNUO O PIKPOETTECEPYAOTNG EAEYXEI KOl
ouvTOViCEl HETAPOPEG Kal TTPAEEIG aTa OedOPEVA CUNPWVA WE TIG EVIOAEG TTOU dla-
Bader atrd KATTOI0 TTPOYPAKUA TTOU BPICKETAI OTN PVAHN.

3.2 Apx€g AsiToupyiag Kal apXITEKTOVIK

MIKPOETTECEPYOAOTWV

‘Evag pIKpoeTTeEepyaoTns ival €va OAOKANPWHEVO KUKAWMA TTOU PTTOPEi va
TTPOYPANMPOTIOTEN.

O1 PIKPOETTECEPYQOTEG CeKivNOoav wg pIa evBIAuEon @BNvr) AUon oTov €AeyXO
OUCTNUATWY PETAEU TWV UTTOAOYIOTWY Kal TOU €101IKOU UAIKOU TTOU ETTPETTE VA KO-
TAOKEUAOTEI KOTA TTEPITITWON. H eu@avion Toug dAAage Tn oxediaan Twv UTTOAOYI-
OTIKWY OUCTNUATWY ATTAOTTOIWVTAG TNV APKETA.

To UAIKO TTOU BaciCeTal O€ PIKPOETTEEEPYATTN WTTOPEI va XPNOIKOTTOINGE XWw-
PiG METOTPOTTEG (UE TPOTTOTTOTTOINGT TOU TTPOYPANKATOG) O€ TTOIKIAIG EQAPUOYWY,
EVW €Va WYN@IOKOG cUOTNUA TTOU KOTOOKEUAZETAI PE TTUAEG XPNOIYOTTOIEITAI JOVO
o€ Mo epapuoyn. ETol, ye Toug PIKpOoeTTECEPYQOTEG TO TTPOBANUA TNG oxediaang
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WNOIAKWY CUCTNPATWY PETATOTTIOTNKE ATTO TO UAIKO OTO AOYIOUIKO Kal N oXediaon
atmmaAAGxOnke aTmd TNV akapwyia Tou UAIKOU.
To ZxNua 3.5 TepIypd@el TIG EEWTEPIKEG OUVOETEIG EVOG HIKPOETTEEEPYQOTH).

Zxnua 3.5 EEwtepikéc oUVOETEIC TUTTIKOU UIKPOETTEEEPYADTN

O d1adpopog eAéyxou ouvABwg TrepIAaUBAavel TOUAGXIoTOV U0 GAPATA, TO OTToIa
oupBoAifoupe RD/WR' (read/write)?, I0/M’ (Input Output/ Memory). Ta orjuata autd
TTapdyovTal atd TO PIKPOETTECEPYOOTH| Kal £XOUV TNV akOAouBn onuacia:

Av RD/WR’=1, mrpdkelTal va Trpayuartotroindei avayvwaon atméd katola 6€on
NG MVAMNG 1 atmd povada €106d0u, dIAPOPETIKA TTPOKEITAI VO TTPAYMATOTTOINOEI
EYypoon.

Av IO/M’=1, TipdkeITal va TTpooTreAaoTEi (yia avdyvwaon i yypaen) Jia jovada
€1I0600U 1 £€600u, dlaopeTika Ba TTpocTreAacTei n pvAun. O lMivakag 3.2 ouvo-
Wicel TIG AeIToUpyieg QUTEG.

RD/WR’ 10/m° AsgiToupyia
0 0 eyypaer og pvaun (RAM)
0 1 EYYPO®N 0€ OUOKEUN £€600U
1 0 avayvwaon amd pviun (RAM  ROM)
1 1 avayvwaon aTré CUoKEUR £10000U

Mivakag 3.2 Aciroupyieg Tou LIKOUTTOAOYIGTIKOU OUOTAIATOS TOU TTPONYOUEVOU GXAATOS

2 Me o oupBoAioud RD/WR’ evvoouUue 6ri o onua éxel Tnv akéAoubn onuacia: Orav RD/WR’= 1,
Aeiroupyei we onua avayvwongs (ReaD). Av RD/WR’=0, 161¢ Asitoupyei wg onua eyypapns (WRite).
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O1mwg yvwpiloupe, Evag PIKPOETTECEPYADTHG OTTOTEAEITAI OTTO T AKOAOUBA TUAPATA:
® Tnv apIBunTIKA Kal Aoyikr povdda (Arithmetic and Logic Unit, ALU)

® Tn povada eAéyxou (control unit, CU)

® TOUG KaTaxwpnTEG (registers)

To oxnuatikd diIdypapua TNG ECWTEPIKAG OOMNG VOGS TUTTIKOU PIKPOETTECEPYAOTH
Qaivetal 010 ZXNua 3.6.

ALU: apIBuNTIKA Kai AoyikA povada (arithmetic and logic unit)

CU: povada eAéyxou (control unit)

ACC: OUOOWPEUTAG (accumulator)

temp: TTPOCWPIVOG KATOXWPENTAG

A,B: KOTOXWPENTEG YEVIKOU OKOTTOU

IR: KaTaxwpnTs evioAwv (instruction register)
SR: KaTaxwpnts katdotaong (status register)
PC: METPNTAG TTPOYPAUMATOG (program counter)
SP: deiktng oToifag (stack pointer)

AL: pavdaAwThg dieuBuvoswy (address latch)
DL: pavdaAwThg dedopévwy (data latch)

Zxnua 3.6 Ecwrepikn doun TUTTIKOU UIKPOETTEEELYATTH

ApI8unTikn Kai Aoyikn povada

H apiBunTikA Kal AoyiKA Jovada ekTeAE (apIBUNTIKEG Kal AOYIKEG) TTpacgelg. Ta
oedopéva aTa oTroia eKTEAOUVTAI Ol TIPAEEIG QUTES BpiokovTal o U0 KATAXWPNTES
€K TWV OTTOIWV 0 £€vag OVOUAdeTal ouVHBWG CUGOWPEUTHG. To aTToTEAECUA TNG
EKTEAEONG TNG TTPAENG PUAACTETAI OTO CUCCWPEUTH. ZUvnBIoPEVES TTPALEIG TTOU
eKTEAOUVTOI OTNV apIBUNTIKA Kal AOyIKA povada gival o1 akOAoUBEG:
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duadikn TTpOoBeon Kal agaipeon

Aoyiko KAI, H, atmrokAeioTikd H (AND, OR, XOR).

OUNTTARPWHA (WG TTPOG 1 Kal WG TTPOG 2).

oAioBbnon kai TepioTpo®n (eIt 1 apioTepd)

TTOAATTAOCI00POG Kal diaipean (dev TTepIAauBdvovTal o€ OAOUG TOUG PIKPOE-
TEEPYAOTEG)

To atmoTéAeopa TNG eKTEAEONG TNG TTPAENG oTnv ALU etTnpeddel etmiong pia
oeipd ato flip-flops Tou ovoudalovTtal onuaieg (flags). MNa Tapddeyua, yia onuaia
MTTOPEl va Oeixvel av TTPOEKUWE KPATOUUEVO OTTO TO TTI0O GNUAVTIKO Wn@io PeTd
TNV ekTéAEON pIOoG TTPOOBEONG, VW PIa AAAN onuaia uTTopei va deixvel av To aTro-
TENEOA piag TTpAgng ival 0. To GUVOAO TwWV CNPAIWY OTTOTEAE TOV KATAXWPENTH
KatdoTaong (status register) Tou pikpoeTTeEEPYAOTH, GTOV OTTOI0 Ba AavapepBoUe
EKTEVEOTEPA OTN CUVEXEIQ.

Movada eAéyxou

H povada eAéyxou evOg PIKPOETTEEEPYAOTR EAEYXEI KAI TUYXPOVICEI TN METAPO-
pa Kail eTTeCepyaacia Twv dedouEVWY Kal €ival TO KUPIO UTTOoUCTNUA Tou idIou Tou
MiIkpoeTTeEepyaaTr]). OAEG 01 EVEPYEIEG O€ £V PIKPOETTEEEPYQAOTH TTPAYUATOTIOIOU-
vTal Je TNV €miBAewn TNG Hovadag eAEyxou.

H povada eAéyyou xpnoiyoTrolei wg €igodo éva eEwTePIKO PoAdI (clk) kal TTa-
PAYEl GNPOTA XPOVIGHOU Kal EAEyXou TTou puBpifouv TIG HETAPOPES BESOPEVWIV Kal
TIG TTPpAEEIG TTou TTEPIAaUBavovTal o€ KABe evToAr. To axnuatikd dIdypaupa NG
povadag eAéyxou gaiveTal oTo ZXHHa 3.7.

ATTOKWJIKO-
ToINTAG
EVTOAWV
SR
reset— KaTa?(wpnTﬁg
int— KatdoTtaong
clock— ”‘E
»1 mmpog katay. A,B
mapaywyd - [7 meos ALV
onudaTwv »| mpoc PC
eAéyyou »| RD/WR’
»{ 10/M°
I

Zxnua 3.7 Movada eAéyxou TUTTIKOU UIKPOETTEEEPY AT
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Karaywpnrég

O1 kaTaxwpenTES XPNOIMEUOUV WG XWPEOI atrobrkeuong dedouévVwyY (KaTaxwpen-
TEG OedopEVWV) N BlEUBUVOEWY TNG PVAHNG (KaTaxwpnTeg dIEUBUVOEWVY).

O1 KaTaxwpnTEG TTOU CUVAVTAUE OTNV TTAEIOWNQIa TWV UIKPOETTEEEPYATTWY Ei-
val ol akdAouBol:
® O amaplBunTtg TTpoypdauuatog (Program Counter, PC),
® O KaTaxwpnTAg evioAwv (Instruction Register, IR)

@ o d¢eiktng oToifag (stack pointer) kai
@ O KaTtaxwpnTns katdotaong (Status Register, SR)
AmapiBunTng mpoypauuarog

O ammapIBunTAg TTPoYPAUMATOg cival £vag kataxwpnTtrg dleuBuvoswy, aTov
0TT0i0 QUAGyeTal N dIEUBUVON TNG YVAMNG aTTo TNV oTToia Ba avakAnBei n eTTéuevn
TIPOG EKTENEDN EVTOAN.

O amapiBuntg TTpoypduuaTog PTTopei va atreuBuvbei oe otroladnTToTE BEON
MVAMUNG aTTo €KEIVEG TTOU PTTOPEI va Ol O PIKPOETTEEEPYAOTNG VIO VO QVAKOAECEI
aTTO EKEI YIa EVTOANR.

H exkivnon Tou pikpoeTTeEepyaoTr] yivetal wg €Ng. OTtav n eicodog reset gival 010
'1’, 0 atrapIBuNTAG TTPoypPAuuaTog Traipvel Tnv TiA 0000 (A yevikdTepa kaTTola apyi-
Kr Tin). Otav 1o oAua reset avayupioel 010’0’ N povada eAEyxou PETAPEPEN TA TTE-
PIEXOMEVA TOU QTTOPIBUNTH TTPOYPAPKOTOG OTOV aTTodovwTH dleuBuvoewy (address
latch) TTapéxovtag €11 Tn diEUBuvVOoN TNG TTPWTNG EVTOAAG TTOU Ba EKTEAETTEI.

Me auTév Tov TPpOTTO (CUVNBWG) N EKTEAEDN TWV TTPOYPAUUATWY O€ €vVa PIKPO-
UTTOAOYIOTIKO OUOTNUO EeKIVAEI PE TNV EVTOAN TTOU BpPIioKeTal OTn B€0N UVAUNG
0. MNa 10 Adyo auTd, oI TTPWTEG BECEIG UVAMNG QVTIOTOIXOUV O€ dIEUBUVOEIG TNG
pvAung ROM. Ta mrpoypdupaTta TTou TrepIEXOVTal OTIG BETEIG aQUTEG (TTX. BACIKES
POUTIVEG €I0OD0U-£EO00U dEDOUEVWIV) Eival TNUAVTIKA YIa TNV OPaAR AgiToupyia
TOU JIKPOUTTOAOYIGTIKOU CUGTHNATOG.

Karaxwpnrig evroAwv

O kaTaxwpnTtAg EVIOAWV gival £€vag KATAXWPENTAS OTOV OTTOIO PETAPEPETAI N
€VTOAA TTOU BIABACTNKE OTTO TN PVIMN. TN CUVEXEIQ, N EVIOAR] OTTOKWOIKOTTOIEITAI
MEOW TOU OTTOKWOIKOTTOINTF) EVIOAWYV TTPOKEINEVOU VA EKTEAEOTEI.

O1 evTOAEG EVOG HIKPOETTEEEPYAOTH) ITTOPET VO €XOUV UNKOG 1 1 TTEPIOOATEPEG AEEEIG
MVARNG. H TTpwtn Aégn TTEpIéXEl TOV KWIKO AsiToupyiag (operation code i opcode),
ME GAAa ASyIa TO €i00G TNG EVTOARG TTOU avOKaAETal (av TTPOKEITal OnAadK yia EVTOAN
EKTEAEONG OPIBUINTIKAG TTPAENG, METAPOPAG DEdOEVWY, Kal TTola). Me Tnv avayvwaon
TOU KWOAIKOU TNG EVTOANG O PIKPOETTECEPYAOTNG Eival o€ BEaN va yvwpilel av n EVIOAN
KaTaAauBavel TTEpIoCOTEPES BETEIG UVAUNG KOl TTOIEG, KABWG Kal TTOIEG AsIToupyieg Ba
EKTEAETEI OTN OUVEYKEIQ, TTOIA CAUOTA Ba TTPETTEI VA EVEPYOTTOINOE! KA. TT.

Katd 1n didpkeia avakAnong Tng evioAng (instruction fetch), n mpwtn AéEn pvi-
MNG METOQEPETAI OTTO TN PVAMN MECW Tou e€WTEPIKOU dladpouou dedopévwy (data
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bus) otov kataxwpenTr evioAwv (instruction register). O ammapIBuNTAG TTPOYPAU-
paTog auédvetal autopaTa Katd 1, ommoTe TTepIEXEl Tn dlEUBuvon TNG €TTOMEVNG
eVIOAAG (av n TpExouaa evioAr kaTaAauBdaver pia pévo B€an pvung) f otnyv €mmo-
Mevn B€0n PvAUNG QUTAG TNG EVTOANG av N VIOAA TTEPIEXEI 2 ] TTEPICTOTEPA bytes.
2TV TIEPITITWON TTOU MIa  €VTOAN KoTaAapBdvel TTOANEG B€oeig pvhAPNng
(multiword instruction), n povada eAéyxou TTpoxwpPda aTNV avAyvwon Twv ETTo-
MeEVvwY BE€gewv YvAUNG 6TTwG avagEpape. MNa 10 OKOTTO auTd, N Jovada eAEyXou
XPNOIUOTIOIEI T OFATA TOU ATTOKWOIKOTTOINTH EVTOAWYV Kal TTapdyel Ta KATAAANAa
onuata xpoviopou (timing) KaBwg Kal EAEYXOU €CWTEPIKWV CUOKEUWV.
Otav @opTwBoUv OAeg o1 AEEEIG OTO PIKPOETTECEPYAOTH, EKTEAEITAI N EVTOAN.
H ekTéAeon NG evioAng, €kTOG atrd TIG AEITOUPYiEG TTOU yivovTal E0WTEPIKA OTO
MIKPOETTEEEPYAOTH, UTTOPEI VO ATTAITHOEI HETAPOPE OEDOUEVWV PETOEU TOU UIKPO-
EMECEPYAOTH KAl TWV PHOVADdWY UVAUNG KAl £10000U-£E000U.
AcgikTng oroifag
O &¢iktng oToiBag (Stack Pointer, SP) ival évag deiktng dieubuvoewy TNG Ko-
pUPNG TNG oToiBag n otroia BpiokeTal oTnv KUpla YyvAun. H oToifa eival pia mepi-
0oXNf TNG MVAUNG N OTToia XPNOIYOTIOIEITAl KUPIWG YIa TNV £EUTTNPETNON KANOEWY
OIOKOTTWV KAl UTTOPOUTIVWYV, OTTWG Ba TTEPIYPAYWOUUE OTO ETTOPEVO KEQAAQIO.
Karaywpnrig karaoraong
O kataxwpenTAG auTog divel TTANPOPOPIEG TXETIKA PE TO ATTOTEAETUATA TNG TE-
AguTaiag eVTOANG TTOU EKTEAEDTNKE Kal OXETICETAI, OTTWG avagEPape, Ye Tnv ALU.
O karaxwpntg auTtdg TTePIAAUBAVEI KATTOIEG ONUaieg ouvOnKNG, O TTI0 YVWOTEG
atod TIG OTTOiEG €ival oI onuaieg PNdOEVICUOU (zero), TTPOCAUOU (Sign), 100TIHIOG
(parity) ka1 kpaTtoupévou (carry). O1 onuaieg auTég etTnpedlovTal atrd TNV eKTEAE-
On TwV EVTOAWV WG €ENG:
® Znuaia undeviopou (Z, zero): av To aTToTEAEC A MIOG EVTOAAG eival 0, ToTE Z=1,
dlagpopeTikG Z=0.
® X2nuaia TTpochuou (S, sign): av To TTEPICCOTEPO CNUAVTIKO WYnio TOU aTToTE-
AéopaTtog piag mpagng civai *1’ (o apiBuog sivar apvnTikog), T01E S=1, aAAiwg
S=0.
@ Xnuaia iooTipiag (P, parity): av 1o attoTéEAeoUa piag TTPaEng €xel ApTIo apIBud
'1’, dnAadn dpTia 10oTIdia, TéTE P=1, aAAiwg P=0.
® Znuaia kpatoupévou (C, carry): av n evioAn €iXe wg aTTOTEAECUO VO TTPOKU-
el kpaToUupevo (atrd TTpocBeon) ) davelko (atmd agaipeon) 161e C=1, aAAIiwg
C=0.

3.3 EVTOA£G MIKPOETTECEPYACTWV

Méxpr Twpa, TTeplypdyape TN doun Tou HikpoeTTeEepyaoTr. OTTwg yvwpilou-
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ME O MIKPOETTECEPYAOTNG EKTEAEI EVIOAEG TIG OTTOIEG avaKaAei aTrd Tn pvAun. Mia
EVTOAN €ival pia ogipd atmd duadika Yn@ia atrobnkeupéva oTn PvrAun. TNy Ta-
paypago autn Ba avagepBoupe ot d1adIKACIa HECW TNG OTTOIAG Ol EVIOAEG ava-
KoAoUvTal atrd TN PvAun Kai ekTeAOUVTaAl, KaBWGS Kal aTa €idn Twv EVIOAWV TTOU
UTTAPXOUV OTOUG HIKPOETTECEPYAOTEG.

3.3.1 EkTéAeon evToAng

H Siadikacia TTou akoAoubeiTal, TTPOKEINEVOU VA EKTEAEDTEI N EVTOAN TTEPIAQU-
Baverl Tig akdAouBeg @AoeIG: KARoN €VTOAAG, ATTOKWAIKOTTOINON EVTOANG KOI EKTE-
AEon TNG EVTOANG.

TN @Aon KAAONG TNG EVTOANG METOPEPETAI O KWOIKAG TNG ETTOUEVNG EVTOANG
atré TN PvAun (atoé tn 6€on TTou deixvel 0 HETPNTAG TTpoypduuaTtog PC).

2NV atmokwdIKOTToIiNOoN (TOU KWOIKA TNG EVTOANG), AV N €VTOAN TTEPIEXEI KAl
AAAa byte dedopévwyv, TOTE HETAQEPETAI ATTO TN PV N UTTOAOITTN EVTOAR.

H @don ektéAeong Tng evioAng €aptdrtal ammd Tnv €VIOAN TTOU TTPOKEITAI VO
EKTEAEOTEI.

O1rwg yvwpiloupe, ol TTANPO@OpIEG TTou atroBnkeUovTal GTN YVARN PTTOPOUV
va €PPNVEUBOUV aTTO TO MPIKPOETTEEEPYAOTH] €iTe WG OEOOUEVA €ITE WG EVTOAEG.
MNa va ekTeAeoTel Eva TTPOYPAUHA aTTO TO HIKPOETTEEEPYQOTN, TTPETTEI Ol EVIOAEG
TOU TTPOYPANMATOG Va €ival aTTOBNKEUUEVEG O€ KATTOIEG ATTO TIG BE0EIG PVIUNG.
2uvBwg PAAIoTa, oI eVIOAEG atroBnkelovTal o€ SIadOYXIKEG BETEIC TNG UVAUNG
oUp®wva Pe TN O€IPA PE TNV OTToIA TTPETTEl VO EKTEAECTOUV.

3.3.2 N/A\wooa pnxavig Kai cupBoAIKn YAwooa

KdaBe evioAn TTOPIOTAVETAI PE MO ] TTEPICOOTEPEG AEEEIG TOU UTTOAOYIOTH KOl
XwpileTal o€ duo TUAATA:
® TOV KWOIKa EVTOANG (opcode) TTou £xel urkog K duadikd yneia
® TO TPNMa dIEuBUVOoEWG TTOU £XEl UAKOG T duadikd yneia.

To dBpoiopa K+T Twv dUASIKWY WNPiwv TOU KWOIKA Kal TOU TUAUATOG BIEU-
Buvong divel To PAKOG TNG evTOANG. O KWAIKAG TNG £VTOAAG opilel Tn AsiToupyia
TTOU TTPETTEI VO EKTEAEOTEI ATTO TO PIKPOETTEEEPYAOTH, EVW TO TURHA dIEUBUVOEWG
TTEPIEXEI T dEdOPEVA TNG.

210 Z)Npa 3.8 gaivetal éva TTAPAdEIYUA PIOG EVTOANG PAKOUG OEKATECOAPWYV
OUAdIKWY YNQiwv eVOG UIKPOETTEEEPYATTH, ATTO TA OTTOIA TA 5 XPNTIUOTTOIOUVTaI
ylo TO TUAMO €VTOANG, evw) Ta 9 yia To TUAPa OlelBuvaong. ZTnv €VvIOAr auTh o
KWAIKAg TnNG evioAng eival *10111°, evwy 1o TuRUa d1EUBuvoNg TNG EVTOANG €ival
'001100101".
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Zxnua 3.8 Kwdikag evioAng kai tunua dietbuvong

To oUvOAO TwV EVTOAWV TIG OTTOIEG UTTOPEI VO EKTEAEDEI £VAG PIKPOETTEEEPYQ-
OTAG ovouddeTal peTTePTOPIO EVTOAWV (instruction set) Tou pikpoeTTeCepyaoTh (01O
PETTEPTOPIO EVTOAWV PIKPOETTEEEPYQOTH Ba ava@epBoUpe TTIo SIEEODIKG O€ ETTOE-
vn TTapaypa@o tou Kegaaiou). KaBe pia atrd TiG evIOAEG aUTEG avTioToIXiCeTal O€
€va OUAdIKO apIBPO TwV K BUABIKWY Wn@iwv o o1roiog B6a T cupBoAilEl.

Etropévwg, évag PIKPOETTECEPYAOTNG MTTOPET va BIABETEl EWG 2¢ DIAQOPETIKEG
eVIOAEG. TNa TTapddelyua, €vag PIKPOETTECEPYAOTHG O OTTOI0G UTTOPET VA EKTEAEOEI
EVTOAEG OTTWG AUTHA TOU TTPONYOUUEVOU OXMMOTOG, UTTOPEI va avayvwpioel 2°=32
O10@popeTIKEG eVTOAEG. O evioAég XwpilovTal o€ opddeg, avaAoya Pe TNV epyaaia
TToU €mITEAOUV. 'ETO1, UTTApXOUV €VTOAEG EKTEAEONG AAMATOG, EVTOAEG OANioONnONG,
EVTOAEG €10000U-£EOD0U K.ATT.

To TuMa d1EuBUVoEWG TNG EVTOAAG, TTOU £XEI KOG T gival évag SUadIKOg apIBuoG.
>Zuvnbwg, 0 apIBuog autdg TTapIoTavel pia dieBuvon TNG PvhAuNg. Avaloya e Tnv
EVTOA OUWG, UTTOPEI VO TTAPIOTAVEI Eva KATaXwENTH, OTTIWG Ba doUUE OTN CUVEXEIQ.
ZuuBoAikn yYAwooa

O1 evTOAEG TTOU UTTOPET VA EKTEAETEI EVOG PIKPOETTECEPYOTTNG EiVAl YPAUUEVES
o€ apIBuNTIKA Jop@n, Kal pdAioTa oto duadiké cuaTtnua. Eva mpdypauua otn
yAwooa auTr) ovouddetal TTpdypappa o€ yAwooa pnxavrg (machine language).

Opwg, n cuyypaen TTPOYPAUMATWY TN YAWOOA QUTA €ival KOUPAGTIKA Kal
atraitei Xpoévo. Ta Tpdyuata Ba ATav 1o aTmAd av UTTopoUcE KAVEIG va ypawel
TIG EVTOAEG PE TPOTTO GUMPBOAIKO, €101 waTe va Bupilel TN Asitoupyia Toug. Mia
yAwooa 1Tou atroteAeital amod TETOIEG CUMPBOAIKEG EVTOAEG ovoudleTal GUUBOAIKN
yAwoaoa (assembly language). MNa kdBe evioA atrd To PETTEPTOPIO EVTOAWY TOU
MIKPOETTEEEPYATTH], UTTAPXEI KAI N AVTIGTOIXN €VTOAN G€ CUMBOAIKN YAWCOQ.

MNa va utropéael va eKTEAEOTEN ATTO TO PIKPOETTEEEPYAOTNH £va TTPOYPAUUA OE
OUMBOAIKN YAwoOoa, TTPETTEI va PETOPPAOTEI 08 YAWOoOoa unxavig. MNa va mpay-
MaTOTTOINGEI N JETAPPOCN AUTH XPNOIKOTIOIEITAl £va KATAAANAO TTPOYPAMUG TTOU
ovopadetal cupBoloueTa@pacTig (assembler).
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21N ouvéxela TG TTapaypdeou Ba avagepBolue OTa €idn Twv EVTOAWV TTOU
OUVAVTAEl KAVEIG OTOUG PIKPOETTEEEPYAOTEG, KOBWGS KAl OTOUG BIAQOPETIKOUG TPO-
TTOUG € TOUG OTTOIOUG PTTOPET va XpnalpoTToindei To TURua d1elBuvong PIOG EVTO-
MG TTpOKEIEVOU va oxnuaTioTel n evepyn O1eUBuvon (active address) ammd mnv
otroia Ba diaBacTei éva dedouévo.

3.3.3 KUukAol evToARG Kal KUKAOI pnXavng

O1wg €xel avapepBei, KaTd Tn AEITOUPYIO TOU O PIKPOETTECEPYAOTAG AVOKAAET
Kl EKTEAEI EVTOAEG AKOAOUBIOKA TN pIa PETG TNV GAAN. H avakAnon kai eKTEAEON
MI1ag eVTOARG atroTeAEl Eva KUKAO EVTOANAG.

‘Evag KUKAOG €VTOANG aTTOTEAEITAI OTTO HIa 1] TTEPIOCOTEPES AEITOUPYiEG ava-
YVWOoNG 1 Eyypaeng otn Pviun r otn govada e100dou-eE06dou. KABe avagpopd o€
povada eI0OD0U-£€6O0U A TN PVAKN aTTAITE] €vav KUKAO INXavAG.

2UVETTWG KABE Qopd TTOU PIa AEEN PVAMUNG METOQEPETAI TTPOG TO PIKPOETTEEEP-
YOOTA 1 avTioTpo®a, KTEAEITAI £vag KUKAOG unxavAg. O1 1o auvnBiopuévol KUKAOI
TTOU PTTOPOUE VO CUVAVTIIOOUNE O€ €Va JIKPOETTEEEPYAOTN €ival 01 akOAouBol.

avakAnon kwdika (opcode fetch)

avayvwaon atmoé Tn pviun (memory read)
gyypaen otn uvAun (memory write)
avayvwaon /O (I/0 read): eicodog

eyypaon 1/0 (/0 write): €€0dog

avayvwplon diakoTtrig (interrupt acknowledge)
"depyog" KUkAog (bus idle)

"Evag KUKAOG unxavig evepyoTrolgital atrd Trn HOVAda EAEYXOU TOU UIKPOETTEEEP-
yaoTr HOAIG N povada eAéyxou AdBel Tov kwdIka TnG evioAng. O Trivakag 3.3 deixvel
TIG TIWEG TwV onuaTtwy I0O/M’, RD/WR', yia kd0¢e éva atrd Toug KUKAOUG auToug.

H avakAnon evioAng o€ éva KUKAO eVTOAAG aTTaITel éva KUKAO NXaVAG yIa KAGBe
AEEN TNG €vTOANG TTou avakaAegital. ‘ETol, av ol evioAEG evOg PIKPOETTECEPYAOTN
€Xouv unkog atd 1 wg 3 AéCeIg uvPnG N avakAnon piag evioAng diapkei atrd 1
WG 3 KUKAOUG UNXavAG avTioToIxa.

To TTARB0OG Twv KUKAWV PNXavrg TToU aTTaITOUVTaAl YIa TV EKTEAECT) HIAG EVTO-
AAG €€apTdTal atrd TNV €VTOAN. KATTOIEG EVTOAEG DEV OTTAITOUV VIO TNV EKTEAEDTH)
TOUG TTPOCBETOUG KUKAOUG PNXavrg atro TNV avakAnon TnG eVvToAng Kai PETA. AA-
AeG, XpeidlovTal eTITTAEOV KUKAOUG YIO VO EKTEAETOUV pIa TTPAEN, va ypdwouyv 1
va diaBdaoouv oTn Pvrun R o€ Bupa eiI06dou-££600U.
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KukAog pnxavng 10/W’ RD/WR’
avAakAnaon KWoIKa 0 1
avAayvwaon ato TN PvhApn 0

EYYPAQI| OTN PVIHN 0
avayvwaon I/O: eicodog 1
eyypaon 1/0: £¢odog 1
avayvwpion SI0KOoTING 1
0

X X O =~ o =

'depyog’ KUKAOG

Mivakag 3.3 KUkAor unxavng Tutmkou UIKPOoETTeEepyaoTh

3.3.4 Eidn evroAwv

O eVTOAEG EVOG PIKPOETTECEPYOTTH DIOKPIVOVTAI YEVIKA OTIG OKOAOUBEG KATNYOPIES:
EvroAég peragpopdg dsdouévwy.

O1 evTOAEG QUTEG PETAPEPOUV DEDOMEVA PETAEU KATAXWPENTWY Kal JVAKNG Kal
Oev eTnpeddouyv TIG onuaieg KatdoTaonc.
EvroAég apifuntikwv mpdswv

O1 evIOA£G auTEG TTpayUATOTTOIOUV apIBUNTIKEG TTPAEEIC oe dedouéva TTou Bpi-
OKOVTOI OTOUG KATaXwpenTEG KAl aTn PvAun. Mpétrel va onueiwBei 611 n ALU propei
va ekTeEAETEl TTPAEEIS OUVABWG YOVO PETAEU TWV KATAXWENTWY TOU PIKPOETTECEP-
YAOTRA. ZTNV TTEPITITWON TTOU BEAOUUE VO EKTEAEOTOUV TTPAEEIG PETAEU apPIBUWY
TToU BpiokovTtal oTn VAN TTPETTEl va PETAPEPBOUV o1 apiBuoi auToi oToug KATA-
XWPENTEG TOU PIKPOETTECEPYAOTH. [EVIKA, 01 EVTOAEG AUTEG €TTNPEACOUV TIG GNUAIEG.
EvroAég Aoyikwv mpaewv

O1 evioAég auTég uAoTTOIOUV AOYIKEG TTPAEEIC o dedopéva TTou PBpiokovTal
OTOUG KATAXWPENTEG OTN YVAUN Kal o€ onuaieg katdotaong. H AoyikA Tpdén €1mi-
TEAEITAI OUVABWG PETALU TTEPITOOTEPWYV aTTO €va bit. ‘ETOI, Y pia eVTOAN eKTEAOU-
vTal Tautéxpova n Aoyikég TTpacelg. Ma mapddelyua, oTto ZxAPa 3.9 @aivetal n
ekTéAeon NG Aoyikng Tpagng KAI (AND) petagu duo duadikwv apiBuwyv 8 duadi-
KWV Ynoiwv.
EvroAéc dAuarog

Kavovikd, ol eVvTOAEG EVOG TTPOYPAUMATOG EKTEAOUVTAI OE GEIPG N YIG PETA TNV
GAAN. O1 evioAéG GAPOTOG aAAGloUV TNV PON EKTEAECNG, YI AUTO Kal ovoudadovTal
Kal eVTOAEG DlakAAdwaong. 'ETol, OTav ekTeAEiTAl pIa EVTOAR AAPATOG, QVTi va EKTE-
AeoTel N eTTOPEVN EVTOAR, O EAEYXOG HETAPEPETAI O€ GANO ONUEIO TOU TTPOYPAUHA-
T0G. To onueio autd PTToPE va gival oTTOUdNTTIOTE OTO TTPOYPAMMA, o€ diElBuvon
TTOU KaBopileTal aTTd TNV EVTOAr GAPATOG.

YTapyouv €vToAEG GApaTog UTTO cuvlnkn Kal Xwpig ouvonkn. O1 evToAég
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Zxnua 3.9 Noyiki mpaén AND uetaéu 600 8-wneiwv duadiKwy apiBuwv

AAPaTOG XWPig ouvenkn ammAd peTa@épouv Tnv kabopiopévn dielBuvan oTo PETPNTH
TTpoypdppaTtog. Or evioAég GAPATOG UTTO OUVOAKN ££ETACOUV TNV KOTAOTACT KATTOIOG
Q11O TIG ONUAIEG YIO va KABOoPIOTEl av TTPETTEl va PETAPEPBEi 1 OxI 0 éAeyxog. MNa
TTapadeiyua, av n evioAr] GAOTog £XEl WG ouvenkn (TTpoUTTdBeon) n onuaia Kpao-
TOUMEVOU va gival 1, TOTE 0 EAeyX0G TOU TTPOYPAUUATOG Ba JeTaPePOEi Jovo oTnv TTE-
PITTITWATN TTOU TO OTTOTEAECA TNG TEAEUTAIAG TTPAENG £XEI TTAPOUGIACEI KPATOUUEVO.

3.4 Tpétrol ava@opdg oTn MVAHN

OT1wg avagEpape, Yia eVToAr atroTeAEiTal aTTd To TUAMA KWAIKA EVTOANG Kal TO
TuAMa dielBuvang. To TuARPa d1EUBUVONG XPNOIKOTTOIEITaI I va Bpebei n evepyn
dieuBuvon (effective address), dnAadn n B€on ammd tnv omoia Ba diaBacTei TO OpI-
opa (0edopévo) TNG evIoARG. O1 TpOTTOI ava@opag GTn PVIKN £XOUV GXE0N E TOUG
MNXavIopoUg TToU XPNOIWoTToloUvTal yia Tn dIapéppwan TnNG evepyng dielbuvong.

21N Ouvéxela TTEPIYPAPOVTAI Ol KUPIOGTEPOI TPOTTOI avagopds oTn WVAUN Kal
01 OOUEG TTOU XPNOIPOTTOIOUVTAl OTOUG TTEPICOOTEPOUG HIKPOETTECEPYATTEG YIa TN
dlaudpewaon TG evepyng dielbuvong. ZTnv TPagn, dev utrooTnpifovTal OAol Ol
TPOTTOI AVaQOPdg oTn PVAUN atmd OAOUG TOUG PIKPOETTEEEPYAOTEG. AKOMN, Eival
OuvaTo JIAPOPETIKOI MIKPO-ETTEEEPYACTEG VO AVAPEPOVTAI GTOV iDIO TPOTTO avaPO-
PAG OTN YVAKN XPNOIMOTIOIWVTAG DIAPOPETIKA OVOUATA.

Aueon avagopd orn pviun (Immediate addressing)

>1nv adueon avag@opd aTn PvAuN n TIP Tou opiopaTog () Tou dedouévou) gival
aTTOONKEUMEVN O€ KATTOIO TUAMA TNG €VTOANG (N €VIOAA aTTOTEAEITON ATTO MIG N
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TTEPIOCOTEPEG AEEEIC KO TO OPICUA EITE €ival TUAMA TNG EVTOARG €iTe aKOAOUBET HETA
TOoV KWOIKA €VTOARG). Kal o KWAIKAg aAAd Kal To OpIgPa TNG €VTOANG KaAoUvTal
atrd TN YVARN XPNOILOTIOIWVTAG TO HETPNTH TTPOYPANUATOG.

H dueon avagopd otn PvAun dgv €ival 0TV TTPAYUATIKOTNTA ‘ava@opd oTn
MVAUN', EQOCOoV Oev aTTaITeiTal ETITTAEOV TTPOCTTEAQC OTN PMvAMN (TTépav TNG ava-
YyVwonG TnG €vToAnG) yia va Bpebei 1o dpiopa.

210 ZXAMa 3.10 @aiveTal 0 TPOTTOG PE TOV OTTOI0 ATTOONKEVUETAI OTN PVHAKN HIO
€VTOAA N OTTOIO XPNOIPOTIOIEI AuEDT avapopd aTn JVAUN.

Zxnua 3.10 Augan avapopd artn uvAun

MNa mapadeiyua, n evioA ’ADD 30h’ Ba utropouce va onuaivel 'TTpdabece oTtnv
TpEXOoUTA TIUF TOU CUCCWPEUTH To dekaegadiko apiBuod 30’ (30 hexadecimal).
AmeuBciag avapopd orn uviun (Direct addressing)

21nv ateuBeiag ava@opd otn Pviun n d1EUBuveon TNG PvAKNG oTnv oTToia Ba
Bpebei To dedopEvo TTEPIEXETAI PECA GTNV EVTOAN QUECWG PETA TOV KWOIKO TNG
€VTIOAAG. AUTOG 0 TPATTOG ava@opdg gival TTOAU ypriyopog, aAAG €XEI TO PEIOVEKTN-
Ma OTI 0 apIBu6GS Twv Aé€ewv TTou PTTopPOoUV va dieuBuvalodoTnBoulv TrepiopileTal
atréd Tov apiBuo Twv duadikwy Yneiwv Tou Trediou dIEUBUVONG TNG EVTOANG.

MNa mapadelypa, n evioAr ’ADD [30h]® Ba ptropouce va onuaivel 'TrpécBece oTnv
TPEXOUTQ TIUF TOU CUGCWPEUTH TNV TIU TTou BpiokeTal aTtn d1ielBuvaon pvrung 30'.

3 >& moAAég auuBolikég (assembly) yAwooeg xpnaiuomoiodvrai ol aykUAes [ ] yia va oupBoAicouv
TO TTEPIEXOUEVO LIaS BEoNS UvAung N EvOog Karaxwpntr.
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Zxnua 3.11 AmeuBeiac avagpopd atn uvAun
Avagopad orn pviun karaxwpntwy (register addressing)

Me autdv Tov TPOTTO TO OEOOMUEVO TNG EVTOARG TTEPIEXETAI OE VAV E0WTEPIKO
KOTOXWPENTA TOU €TTECEPYQTTH.

Zxnua 3.12 Avagopd otn uviun HEow Kartaxwpentni

MNa Tapdaderyua, n evioAr) ’ADD A Ba pytropouce va onuaivel 'TTpdobece oTnv
TPEXOUOA TIUR TOU CUCOWPEUTA TNV TIUA TOu Kataxwpenth A’
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‘Epupeon avagpopd uyéow karaxwpntn (register indirect addressing)

21NV EUUEDN avaQopd JECW KaTaxwpnTr], 0 KWOIKAG TNG EVIOAAG TTPoadIopilel
£va KATaxwpnTr TOU PIKPOETTEEEPYOTTH) TTOU TTEPIEXEI TN diEUBuUvON TTou Ba XpPNoI-
poTroinGei yia TNV TTPOCTTEAGCN TOU OPICUATOG TNG UVAMNG.

Zxnpa 3.13 Euueon avagopd péow karaxwpentn

MNa mapadeiypa, n evioAr) ’ADD [A] 6a yttopouce va onuaivel 'TTpdobece oTnv
TpEXOUOQ TIUN TOU CUCOWPEUTH TNV TIWN TTou Bpioketal oTn Béon PvAung, NG
oT1Toiag n dielbuvaon Bpioketal aTov Kataxwpentn A’

3.5 XapaKTnpIOTIKA KAl KATNYOPIES

MIKPOETTECEPYATTWV

21nv Tmapdypa@o auTr] Ba ava@epboUue oTa KUPIOTEPO XAPOKTNPIOTIKA TwV
MIKpOETTEEEPYOOTWY. Ta XapaKTNPICTIKA auTd gival
@ n ouxvornta Aeitoupyiag (operating frequency)
® T0 PNKog AéEng (word length)
@ TO peTTEPTOPIO EVIOAWV (instruction set)
Zuxvornta Asitoupyiag HIKPOETTESEpyAaTh

MNa va ekTEAETEl PIa EVTOAN O PIKPOETTEEEPYAOTNG, EKTEAE OTTWG €idape pia
oelpd ato diadoxIKES Aeitoupyieg. K&Be pia atrod Tig Aeitoupyieg autég diapkei éva
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XPOVIKO dIdaTnua. Na 1o CuyXpovIoud TwV AEITOUPYIWY QUTWYV, €ival aTTapaiTnTo
KATTOIO POAGI. 2€ KABe "KTUTTO" TOU POAOYIOU O WIKPOETTEEEPYAOTNG EKTEAEI Wia
oToIXE1LWON AsiToUpyia.

To poAdI gival éva oAua To OTToio TTapAyeTal ATTO Eva £EWTEPIKO KUKAWUA (TO
OTT0i0 OVOMAZeTal TOAQVTWTHAG) KaIl N TACN TOU WG CUVAPTNOT TOU XPOVOU QaiveTal
oT1o ZxNua 3.14.

Zxnua 3.14 Kuuarouoph poAoyiou e mepiodo 10 ns

To orfjua Tou poAoyiou, evaAAaooeTal HETagU TNG oTABUNG Twv 5 Volts kal auTig
Twv 0 Volt. Adyw Tou OXAPOTOG TOU TO GO AUTO OVOPALETAI TETPAYWVIK TTAA-
Hooegipd. To XpOoVIKO SIA0TNUA PETALU dUO SIadOXIKWY EVOAAAYWY TOU OfUATOG,
yia Tapadelyua atréd 1a 0 Volt ota 5 Volts kai mdA ota 0 Volt gival ioco pe yia nui-
EPIOO0 TOU PoAoyIoU. AUO dIABOYXIKEG NUITTEPIODOI ATTOTEAOUV [Ia TTEPIOAO 1) Eévav
KUKAO Tou poAoyiou.

H ouxvdrnra Tou poAoyiou deixvel To TTARB0G Twv KUKAWY Tou poAoyiou aTn didp-
KEIO VOGS OeUTEPOAETITOU. A TOUG GUYXPOVOUG UIKPOETTECEPYAOTEG TO PEYEBOG
auTo €ival TNG TAgNG Twv ekatovtadwv MHz. To éva MHz gival ico pe éva ekaTop-
MUpIO KUKAOUG TO OeuTePOAETTTO. ETOI, av évag PIKPOETTEEEPYAOTAG £XEI TTEPIODO
10 nsec, n ouxvoTtnTta Asitoupyiag Tou €ivar 1/(10x10°)= 108 = 100MHz.

KdaBe pikpoetre€epyaoTng eival oxeDIOOUEVOGS VA AEITOUPYED PHEXPI KATTOIO E-
yloTn ouxvoTnTa. ZUvnRBwG n ouxvoTNTa TOU PoAoyIoU, ETTIAEyETAI va gival ion e
N MEYIOTN ETITPETTOUEVN CUXVOTNTA AEITOUPYIAG TOU PIKPOETTECEPYAOTA KAl QUTO
yiati 600 peyaAuTepPN €ival N ouxvoTNTA TOU POAOYIOU TOCO TTIO YPHYOPQ EKTEAEI TIG
EVTOAEG O HIKPOETTECEPYOOTAG. H ouxvoTnTa TOU poAoyloU OVOPGLETal ouxvoTNTa
Agiroupyiag Tou pIKpo-eTTEEEPYAaTh.

Edv mpoomraBricoupe va utrepfoulpe Tn PEYIOTN ouxvoTnTa AgIToupyiag, To
atmrotéAeopa Ba givai €ite N AavBaopévn Asitoupyia Tou oAoKANPwWUEVOU €iTE aKO-
MO Kal N KAaTaoTpo®r) Tou OAOKANPWHEVOU KUKAWUATOG TOU PIKPOETTECEPYAOTH.

O puBuobg pe Tov oTT0I0 EKTEAOUVTAI OI EVTOAEG €ival CUVAPTNON TG CUXVOTNTAG
AeiIToupyiag Tou pikpoeTreEepyaaTr). MNa Tnv akpifeia, n ouxvotnTa Tou poAoyiou
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Oeixvel To TTARBOG TwV KUKAWVY JNXAVAG TTou EKTEAOUVTAI O€ Eva deuTePOAETTTO. ETOI,
av 70 poAdI Tou pikpoeTTeEepyaoTr] eival 100 MHz (100.000.000 kUkAoug To BeUTEPO-
AeTTTO) QUTO onpaivel 611 ekteAouvTal 100.000.000 KUKAOI INXAVAG TO BEUTEPOAETTTO.

O1twg €£xoupe ava@épel, éva KUKAOG EVTOANG aTToTEAEITAI ATTO (TTEPICTOTEPOUG
ato €va) KUkAoug pnxavng. ‘ETal, av yia Tapddeiyua yia evioAn TpocBeong Xpel-
ACetal 5 KUKAOUG pNXavAg yia va avakAnBei Kai va eKTEAEOTEN Kal n ouxvoTnTa
Aeitoupyiag Tou pikpoetteéepyaoTtn eival 100 MHz (dnAadr) KGBe KUKAOG unxavig
dlapkei 10 ns) 10T n evioAr} TG TTPOCOeaNG XpeIdleTal ouvoAika 5*10ns = 50ns
yIO VO eKTEAEOTEL. ZUVETTWG gival duvaTto va ekteAouvTal 20.000.000 ekatoppupia
TTPOOBEDEIG TO OEUTEPOAETTTO.

Mnkog Aéénc (word length) uikposmeéepyaorn

‘Evag PIKPOETTECEPYQATTHG PTTOPE va KAVEl apIBUNTIKES 1) AOYIKEG TTPALEIG JE-
TagU TWV KATAXWPENTWYV TOU. ZUVETTWG KABE Qopd Ta dedopéva eI0ayovTal atmo TN
MVAMN 1 o110 TIG TTEPIPEPEIOKES POVADEG O€ KATTOIO KATAXWPENTH TOU UIKPOTTECEP-
YOOTH Kal JETA TTPAYUATOTTOIEITAI N €TTECEPYATIQ TOUG.

‘Eva onuavtikd XapaKTNPIOTIKO TWV KOATAXWPENTWV TOU HIKPOETTEEEPYAOTH
(aAAG kal Tou iBIoU TOU PIKPOETTEEEPYAATH) €ival TO EUPOG TWV KATAXWPENTWY OE
duadika yneia bits. Oco o "ueydAog" eival évag kataxwpnThg Té0a "TTEPICTO-
TEPQ OedOpEVA XWPAE!".

MNa TTapdadeiypa, 01w 0TI BEAOUUE VA EKTEAETOUE IO TTPOCBECN XPNOIUOTIOIW-
VTG €Va PIKPOETTEEEPYOOTH HE TPEIG KaTaxwpnTéS, Toug A, B, C. lNa va ekTeAéoel 0
MIKPOETTEEEPYAOTNG TNV TTPOCOECN Ba TTPETTEI TTPWTA VA YETAPEPBOUV g€ dUO aTTO
TOUG KOTaXWwPENTEG TOU 01 dUO apiBuoi. 'EaTw OTI yia va attoBnkeUooupe KaBéva aTrd
TOUG apIBPoUg xpelalduaaTe 16 bits. Av 0 pIKpoeTTEEEPYQOTAG DIABETEI KaTaXWEN-
TG TwV 16 bits T6TE N amoBrKEUON Twv dedouévwy Ba yivel GTOUG KaTaxwpenTeG A
kai B. H rpéoBeon Ba yivel pe pia pévo evioAn, kal To attoTéAeopa Ba atrodnkeuTei
oTtov kataxwpenTt C. H peta@opd Tou aTmoTEAECUATOG ATTO TO PIKPOETTEEEPYAOTH
OTN PMVAMN 1 0€ KATTOIA TTEPIPEPEIAKT) HOVADQ XPEIAZETAI ETTIONG JOVO HIa EVTOAN.

AV OUWG O PIKPOETTEEEPYAOTAG TTOU XPNOIUOTTOIOUKE BIOBETEI KATAXWPENTEG TWV
8 bits 10T N aroBrikeuon Tou K&Be apIBuoU Ba xpelaoTei TOUAdYIOTOV dUO BruaTa.
10 Brjua

270 TTPWTO Brpa Ba Tpétrel va BdAoupe otov KaTaxwpenth A Ta 8 xaunAng
Ta¢NG dUAdIKA Wneia Tou TTPWTOU apIBUoU, evw oTov Kataxwpentn B ta 8 xaun-
AAG TaENG duadikd wneia Tou deUTEPOU apiBpou. To atmmoTéAeaua TG TTPOCBeang
atmrodnkevleTal oTov KataxwpnTr C. Av éxel TTpoKUWEl KpATOUPEVO KATA TNV TTPO-
00ean Twv U0 KATaXWPENTWYV, TOTE TIBETAI N onuaia kpatoupévou TG ALU. TéAog
TO ATTOTEAECHUQ ATTOBNKEVUETAI OTN PVAUN.

20 Brua

210 deUTEPO BAMA, oTOUG KaTaxwpnTég A Kal B Tou pikpoetre€epyaaTr) Ba op-
TwOoUV Ta uTTéAOITTa UYPNAOTEPNG agiag duadikd wneia Twv apiBuwv.
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21NV TPOCBeon TWpPa TTPETTEI VO CUPTTEPIAGBOUE KAl TO KPATOUNEVO TTOU £XEI TTPO-
KOWel a1md TNV TTponyoupevn TTPOCBECT. ZUVETTWG, av £XEl TTPOKUWEI KPATOUUEVO,
Ba Tpétrel va TTpooTeBei AAAN pia povada aTo ABPoICHa TTOU TTPOKUTITEN aTT TNV
TPOoBeoN Twyv KataxwpenTwy A kal B TTou TTepi€xouv 1a uwnAdTepng agiog dedoué-
va. To amoTéAeopa auTthg TG TTPOOBEONG aTToBNKEUETAN OTOV KaTaxwpnTh C.
‘ET01, yia TNV eKTEAEON TNG TTPOCOEONG aTTAITOUVTAl BUO EVTOAEG.

ATTO TO TTOPAdEIYUO TTOU QVAQEPANE, UTTOPEI KAVEIG va CUPTTEPAVEI OTI TO
MAKOG TWV KOTOXWPENTWY TOU UIKPOETTEEEPYATTA €TTNPEACEI TNV TaXUTNTA PE TNV
OTToia EKTEAOUVTAI OI TTPAEEIG OTO MIKpoeTTEEEpYaoTh. Ooo 1o peydAol gival ol
KATaxwpnTEG Tou, TOOO TTI0 YPAYOoPa KATA KavOva eKTEAOUVTAI T TTPOYPANPATA.

2UVvNBWG oI KaTaxwpnTEG £XOUV i010 PAKOG PE TO PMNKOG o€ bits Twv uTTOAOITTWYV
ECWTEPIKWV PHOVAdWY TOU HIKPOETTECPYAOTH, OTTwg N ALU, To ottoio Aéue kar pi-
KOG A£ENG Tou PIKpoeTTECEPYATTH. H TTApAPETPOG QUTA €ival ApKETA ONUAVTIKN yia
TNV a1rdéd00N TOU CUCTAUATOG.

O1 PIKPOTTEEEPYAOTEG TTOU XPNOIPOTIOIOUVTAI OTNV TTPAEN, XwpilovTal O€ TPEIG
KOTNYOPIEG:
® TOUG PIKPOETTEEEPYQOTEG HE HEYEBOG KaTayxwpnTh 8 duadika wneia (avagepoua-

OTE OTOUG PIKPOETTECEPYATTEG AUTOUG UE TOV OPO "8-UTTITOI JIKPOETTEEEPYATTES')
® TOUG UIKPOETTEEEPYOOTEG ME PEYEBOG KaTaxwpeNnTA 16 duadika wneia (avagepo-

MOOTE OTOUG HIKPOETTEEEPYAOTEG QUTOUG PE TOV OPO '16-UTTITOI MIKPOETTEEEPY Q-

0TEQ)
® TOUG UIKPOETTEEEPYOOTEG HE PEYEBOG KaTaxwpENTA 32 dUAdIKG wn@ia (avagepo-

MOOTE OTOUG PIKPOETTEEEPYAOTEG AUTOUG PE TOV OPO "32-UTTITOI JIKPOETTECEPY Q-

oTéQ)

Ztov lMivaka 3.4 TTapouaiadoupe TO HEYAAUTEPO OKEPQIO APIBUO TTOU PTTOPOU-
ME va aTToBNKEUOOUNE O€ Evav KaTaxwpnTh avaAloya Je To eUpog Tou (BewpwvTag
OTI TTAPIOTAVOUUE PJOVO BETIKOUG apiBuoug).

EUpog SuadIKN TTapaoTacH Axépaia TIpA

8 1111 1111 28-1= 255
16 1111 1111 1111 111 281 = 65535
32 1111 1111 1111 1111 1111 1111 1111 1111 232.1=4.294.967.295

Mivakag 3.4 Eupog karaywpnth (o€ duadikd wneia) kai UEyIoToS apiBuos
TTOU UTTOPEI VA XWPEDEL

Pemepropio evroAwv

‘Eva dAAO onuavTikd XOpaKTNPIOTIKO £VOG UIKPOETTECEPYOTTH €ival TO PETTEP-
TOPI0 TWV EVTOAWV TTOU d1aBETEL. ME TOV OpO PETTEPTOPIO EVTOAWV (instruction set)
€VOG UIKPOETTECEPYAOTH, AVOPEPOUAOTE OTIG EVTOAEG TTOU UTTOPEI VO EKTEAEDEL.
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To peTTEPTOPIO EVTOAWV EVOG PIKPOETTEEEPYAOTN €ival KABOPIOTIKOG TTAPAYOVTaG
yIO VA aTToQacicoupe av gival KATAAANAOG yia va XpnoloTroinBei o€ pia epappo-
yn. Na mopddelypa, o€ hIa EQaPUOY WYNPIaKAS TTECEpYaaiag TNG avopwITivig
PWVNG, 0 MIKPOETTECEPYQTTNG Ba TTPETTEI va OI0BETEI EVIOAEG TTOU €KTEAOUV Yypr)-
yopa paBnuatikég TTPagels. AvTIOETWG, yIa va XPNOIUOTIoINBEi £vag UIKPOETTECEP-
YOOTAG O€ PIA EQAPUOYH OTTWG N HETAYWYT KAAOEWY O€ £va Wyn@Iako TNAEQWVIKO
KEVTPO, TTPETTEI va OIABETEI EVIOAEG yIa ypriyopn METAQOPA dedopévwy atmo T
MVAMN KAl TIG TTEPIPEPEIOKES POVADEG.

‘Eva dANO onuavTIKO XapaKTNPIOTIKO TwV EVIOAWV £VOG UIKPOETTEEEPYQOTN E€i-
val N ouuBardrnra e TTaAaIdTEPOUG UIKPOoETTEEEPYOOTEG. H TTeipa €B€IEE OTI évag
VEOG UIKPOETTEEEPYAOTAG €ival KAAO va UTTOPET va EKTEAEI TTPOYPAUMATA TTOU EKTE-
AouvTtav o€ TTAAAIOTEPOUG PIKPOETTECEPYQOTEG. Me GAAa Adyla TO PETTEPTOPIO TWV
EVIOAWV €VOG VEOU UIKPOETTECEPYAOTH, Ba ETTPETTE va TTEPIEXEI OAEG TIG EVTOAEG
TOU TTPONYOUNEVOU HIKPOETTECEPYATTH TNG idIag eTaipeiag. Me autd Tov TpOTTO, TA
TTPOYPAMMPOTA TTOU £XOUV YPAPTEI YIa Eva TTOAAIOTEPO PIKPOETTEEEPYQOTH) OE XPEI-
acetan va Eavaypa@Tolv ammo tnv apxh.

Me Baon 1o KPITAPIO TOU PEYEBOUG TOU PETTEPTOPIOU EVTOAWYV, Ol UIKPOETTE-
EepyaoTég dlakpivovtal o€ dUO KaTNyopies. TOUG WIKPOETTEEEPYATTEG DIEUPUE-
VOU PETTEPTOPIOU EVTOAWV KOI TOUG UIKPOETTEEEQYQATTEC LIEIWUEVOU PETTEQTOPIOU
EVIOAWYV. ZuxvoTaTta oTnV TTPAEN, avapePOUaoTe OTA PIKPOUTTOAOYIOTIKG CUGTH-
MOTQ TTOU XPNOIKOTIOIOUV TOUG UIKPOETTECEPYQOTEG auToUG. 'ETal, WIAGUE yia uTTo-
AoyioTIKG ouoThiuara SIEUPULIEVOU PETTEPTOPIOU evioAwv (complex instruction set
computers, CISC) kai yia UTTOAOYIOTIKG GUOTALATA LUEIWUEVOU PETTEQTOPIOU EVTO-
Awv (reduced instruction set computers RISC).

Eival ca@ég OT1 To peTTEPTOPIO EVIOAWV EVOG PIKPOETTECEPYAOTH) DIEUPUNEVOU PE-
TTEPTOPiIoU eVvIOAWV TTEPIAAUBAVEI TTIO TTOAUTTAOKEG EVTOAEG, ETTOPEVWG UTTOPEI HE
AYOTEPEG EVTOAEG v EKTEAETEI TTIO TTOAUTTAOKEG BI0dIKOTIES. OI JIKPOETTEEEPYAOTEG
TToU OXEdIAdOVTaV aPXIKA avAKAY OTNV KATNyopia auTh. TN ¢dcn auth, ol oxedia-
oTéG TTpooTTaBoucav va oXedIAloUV PIKPOETTEEEPYAOTEG TTOU UTTOPOUCAV VA EKTE-
A£GOUV OAO Kal TTI0 TTOAUTTAOKEG EVTOAEG, ETTOUEVWG Ba ATAV KAl TTIO ITXUPOI.

Me Tnv TTAPodO OPWG TOU XPOVOU Kal UOTePa aTTd PEAETEG, TTPOEKUWAV TO
akOAouba CuuTTEPACHOTA:
® Ooo peyaAluTepo €ival To TTABOG TOU PETTEPTOPIOU EVTOAWYV EVOG UIKPOETTECEP-

YaoTH, TOOO TTI0 TTOAUTTAOKN €ival n oxediacr) Tou, ETTOPEVWG TOOO TTEPICOOTE-

po KaBuaTepei n eKTEAEON KABE EVIOANAG.
® Katd mnv ektéAeon €vog TUTTIKOU TTPOYPAUMATOG, HOVO €va HIKPO PEPOG TWV

EVTOAWV XPNOIUOTIOIEITAI CUXVOTATA, £VW TO PEYOAUTEPO TTARBOG Twv (TTOAU-

TTAOKWYV GUVHBWG) EVTIOAWV XPNOILOTIOIEITAI OTTAVIAL.

=ekivnoe Aoimmév pia véa avTiAnyn otnv KatelBuvaon g oxediaong PIKPOETTE-

EepyaoTwyv. ZTNV KaTeUBUVON auTr dpxioav va oxediAlovTal JIKPOETTECEPYAOTEG
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ME 600 TO duvaTod TTI0 YIKPG GUVOAO EVTOAWYV, KABE UIa aTTO TIG OTTOIEG EKTEAEITAI
600 10 duvaTo TTIo ypryopa. ‘ETol, n oxediaon Tou PIKPOETTEEEPYATTH ATTAOTTOI-
€iTal onuUavTikd, Kal KABe €vTOAr] PTTOPEI va €KTEAECTEI TTOAU TTIO ypriyopa atro
OTI Y10 EVTOAN €VOG MIKPOETTECEPYQOTH dlEupupévou peTTepTopiou evioAwv. Ol
MIKPOETTEEEPYOOTEG TTOU OXEDIAOTNKAY CUPQWVA UE TN QIAOCOQIa auTr gival ol
MIKPOETTEEEPYAOTEG PEIWPEVOU peTTEPTOPIOU evioAwv (Reduced Instruction Set
Computers, RISC).

3.6 OIKOYEVEIEG HIKPOETTECEPYAT TV

Me Tov 6pO OIKOYEVEIQ PIKPOETTECEPYATTWY EVVOOUE UIa OEIpd £TTECEPYATTWV
TTOU £X0OUV KATAOKEUQOTEN o110 TNV id1a eTaIpEia Kai eival oupBaToi peTagu Toug. Me
TOV OpO oUUPBATOTNTA, EVVOOUE OTI éva VEOTEPO PEAOG TNG OIKOYEVEIOG UTTOPEI va
EKTENEOEI EVTONEG EVOG TTPONYOUHEVOU (apXaIOTEPOU) HEAOUG.

H peydAn mAcioyngia Twv €TTECEPYACTWV TTOU KUKAOQOPOUV CrPEPA OTNV
ayopd avrKel o€ PIa atro TIG U0 OIKOYEVEIEG ETTECEPYAOTWV: TNV OIKOYEVEIQ ETTE-
EepyaaTtwyv TnG Intel TN oeipdg 80X86 Kal TNV OIKOYEVEIDQ ETTEEEPYATTWV TNG OEl-
pag 68000 Tng eTaipeiag Motorola.

KdaBe pia atrd TIG OIKOYEVEIEG QUTEG €XEI HEAN TTOU QVAKOUV OTNV KATNyopia Twv
8-bit pikpoeTeEepyaoTWV, OTNV KaTNyopia Twv 16-bit pipkoeTTeEepyaoTwov Kal 32-
bit pikpoeTTeCepyaoTéS. 210 ZxAUa 3.15 @aivetal n €GENIEN auTh yia TIG OUO AUTEG
OIKOYEVEIEG.

Zxnua 3.15 E¢ENiENn uikpoemreéepyaotwy INTEL kai MOTOROLA
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O mivakag 3.5 TepIypa@el Ta TEXVIKA XAPAKTNPIOTIKA TwV PIKPOETTEEEPYATTWYV TNG ETAI-
peiag INTEL.

Mnkog Aégng MAdTog Aladpouou
M/E EmegepyaoTn Aedopévwv AiguBivoeswv
8088 16-bit 8-bit 20-bit
8086 16-bit 16-bit 20-bit
80286 16-bit 16-bit 24-bit
80386 32-bit 16-bit 24-bit
80486 32-bit 32-bit 32-bit
Pentium 32-bit 64-bit 32-bit

Mivakag 3.5 MikpoemeéepyaoTtés e etaipeiag INTEL

3.7 MIKpOEAEYKTEG

OT1WG €idape, Eva JIKPOUTTOAOYIOTIKO OUGTNHA OTTOTEAEITAI ATTO £va PIKPOETTE-
EepyaoTn, VAN Kal Jovadeg €10080U - £€6O0U.

‘Evag PIKPOETTEEEPYAOTAG MTTOPEI VA €KTEAEI UTTOAOYIOUOUG KAl va ETTECEPYA-
CeTal dedopéva ypriyopa Kal agioTTioTa Kal TTPOKEINEVOU VA ETTIKOIVWVHCEI JE TO
TEPIBAANOV TOU TTPETTEI VO OUVOEDEI e KATTOIEG TTEPIPEPEINKES HOVADEG, OTTWG:

@ pvnun (RAM kai ROM),
® €AEYKTAG DIOKOTTWY (TTPOKEINEVOU va DEXTEI KAl va avayvwpioel Ta ofuaTa dia-

KOTTWV OTTO TTEPIPEPEIOKES UOVADEG)
® BUpeg (ports) emmKoIVwViag PE TIG HOvAdEG eI00O0U-£E6O0U

AKOWN, éva PIKPOUTTOAOYIOTIKO GUCTNUO ITTOPEI VO XPNCIUOTIoINBE yia va eAEy-
&e1 éva oloTnUa (TTX. EPYOCTACIOKO CUYKPOTNUA, BIOKUNXAVIKO QUTOUATIOUO K.ATT.).
21NV TTEPITITWaN auTh, TTPETTEN va dexTel avaAloyikd onuaTta (TINéG Bepuokpaaiag,
Tmieong K.AT.). MMpokeipgévou va agloTroioel £vag JIKPOETTECEPYAOTAG TA CrHOTA
auTa TTPETTEI VA TTOPEPPBANBOUV £EaPTAUATA TO OTTOIO VO UTTOPOUV VA JETATPEWOUV
TIG TINEG TWV GNUATWY QUTWV OTTO AVAAOYIKEG 0€ aKOAoUBieg SUABIKWY WNn@iwv TIg
OTTOIEG PTTOPEI VO ETTEEEPYAOTEI O MIKPOETTEEEPYAOTNG. Ol CUOKEUEG QUTEG OVOUA-
CovTal avaAoyIKO-ywnolakoi petaTpotreic (Analog-to-Digital Converters, A/D).

‘ET01, N oxediaon evog PIKPOUTTOAOYIOTIKOU CUCTAUATOG TTEPIAAUBAVEL, EKTOG
atrd T0 OAOKANPWHEVO KUKAWHA TOU PIKPOETTECEPYATTH KA TIG TTEPIPEPEIAKES OU-
OKEUEG, N oUvOEDN KAl O CUYXPOVIOHOG TwV OTToiwv KaBIoTd TTOAUTTAOKN Tn OXE-
diaon Tou OAOKANPWHEVOU CUCTHUATOG.

Mia AUon aT1o TTPORANUa Ba ATav va UTTAPXE £va OAOKANPWHEVO KUKAWUA TO
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OTT0i0 va TTEPIAAPPBAVEI KATTOIEG ATTO TIG ATTAPAITNTEG TTEPIPEPEIOKEG OUOKEUEG.
‘Eva 1€1010 KUKAWPG ovopddeTal JIKpoeAeyKTAG (microcontroller) kal To oxXNUaTIKO
Tou dIdypappa @aivetal oTo 2xAua 3.16.

___________________________________________________________________

MIKPOETTEEEPYAOTAG RAM ROM

!

Ai1adpopog Aedopévwv

Aiadpopog AiguBivoswv

Ai1adpopog EAéyxou

Oupeg €10050uU-e§650U

___________________________________________________________________

Movadeg
€10000uU-£{650U MIKPOEAEYKTAG

Zxnua 3.16 >xéon UIKPOETEEELYADTN Kal UIKPOEAEYKTH

SUPOWVA PE TA TTAPATTIAVW, Ol HIKPOEAEYKTEG €ival KATAAANAOI YIO EQAPHOYES
OTIG OTTOIEG UTTAPXEI AUENPEVN aVAYKN VIO XPrioN TTEPIPEPEIOKWY CUOKEUWV. [NOA-
AEG QOPEG, TO KPITAPIO ETTIAOYNG EVOG MIKPOEAEYKTN €ival TO €i00G Kal oI duvaToTn-
TEG TWV TTEPIPEPEIOKWY TTOU OIOBETEL

O1 Mo yvwoTEG aTro TIG TTEPIPEPEIAKEG HOVADES TTOU XPEIGdovTal VIO VO A€l-
TOUPYNOEl €va PIKPOUTTOAOYIOTIKO cUOTNUa (KOl Ol oTToieg TrepIAaUBAvovTal GTo
OAOKANPWHEVO KUKAWPGO EVOG MIKPOEAEYKTR) €ival o1 €€G.

o uvhun (RAM kar ROM)
® 6Upeg e10600U / £€600U, KaBWS Kal BUPES TEIPIAKAS Kal TTAPAAANANG eTmiKovwviag
® povada avayvwpiong SIaKOTTwWV
® UETATPOTTEIC avaAoyIikoU anuarog € WnQIako Kai avriotpopa
® LETPNTEC XPOVOU-XPOVIOTEG (timers)
>1a emmopeva Kepdaaia Ba avagepBoupue di1e€0dIKA OTNn XPNOINOTATA KABE JIag

a1Td TIG HOVADEG QUTEG KABWG KA OTOV TPOTTIO PE TOV OTT0I0 JTTOPOUE VA TIG XPN-
OIUOTIOIOOUNE O€ €VO MIKPOEAEYKTH.
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EPQTHZEIZ

1.

© N OAWDN

10.
1.

—92

Moia Ta Baoikd TuApaTa €vog UTTOAOYIOTIKOU CUCTHHOTOG KAl TTOIO N AEITOUpP-
yia Tou KaBevog aTd auTy;

ATTO TTOIO TURPOTO OTTOTEAEITOI £VOG PIKPOETTECEPYOTTNAG;

Molor gival o1 BacIKoi KATaXWPENTEG EVOG HIKPOETTECEPYATTH;

Mola Ta €idn evIOAWV VOGS TUTTIKOU HIKPOETTEEEPYATTH;

MepiypdwTe Ta OTADIA EKTEAEONG MIOG EVTOANG O€ £Va TUTTIKO PIKPOETTECEPYAOTH.
2 71 dla@EPEl N OCUPPBOAIKN YAwooa atrod Tn YAwooa PunxavAg;

Ava@EpeTe TOUg TPOTTOUG B1EBUVOINdOTNONG TNG MVAUNG

AVOQEPETE TA XAPOKTNPIOTIKA WG TTPOG T OTToia dIAKPIVOUUE TOUG MIKPOE-
TeCEPYAOTEG. 2€ TTola €idn OIOKPIVOUUE TOUG MIKPO-ETTEEEPYAOTEG WG TTPOG
KaBéva atmo autd;

lMoleg gival o1 TTI0 YVWOTEG OIKOYEVEIEG ETTECEPYAOTWYV; TTOIA TA EAN KABE piag
aTo QUTEG;

Z¢& TI DIaQEPEI EVOG PIKPOEAEYKTNG ATTO £va MIKPOETTECEPYAOTH;

MaTi o1 IKPOEAEYKTEG €ival XPOIUOI OTO OXEDQIAOHUO HIKPO-UTTOAOYIOTIKWY CU-
OTNUATWY;
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KepaNaie

20vdeon MIKpOETTECEPYAOTWV
Kol MIKPOEAEYKTWV

Mepiexépeva

4.1 AKPOBEKTEC KOl OUVOEDEIC
MIKPOETTECEPYACTWYV KAl MIKPOEAEYKTWV

4.2 TlpooTréAacn ZUoKEUWV £10000u-
€¢doou

4.3 AIOKOTTEC

4.4 Neiroupyia AtreuBeiag MNpootréAaong
HVAKNG

4.5 Eiocodocg kal £000¢ Wn@IaKwV
OEOONEVWV O€ PIKPOETTECEPYAOTH)



2T1OX0I TOU KEPaAaiou:

‘Otav oAokAnpwaeig 7o KePAAaio auTtd Ba PTTopEig va...

AVAPEPEIG TIG CUVOETEIG TWV UIKPOETTECEPYAOTWYV KAl MIKPOEAEYKTWV
ava@Epelg Ti gival n TTOAUTTAEEia akpodEKTWYV Kal TTola N XPNOIWOTNTA TNG
TEPIYPAPEIG TN OladIKaaia TTOAUTTAEEIAG XPNOIMOTTOIVTOG WNPIOKA NAEKTPO-
VIKG

ava@EPEIg Toug TPOTTOUG BiEuBuvol0d0TNONG CUCKEUWYV £I0000U-££000U
OUYKPIVEIG TOUG TPATTOUG O1EUBUVOI0dATNONG OUCKEUWY £10000U-£E0O0U
oxedIaelg pia BUpa €10600U-£€6O0U XPNTIKOTIOIWVTAG WYNPIAKG NAEKTPOVIKA
TTEPIYPAPEIG TOUG TPOTTOUG TTPOCTTEAOONG TTEPIPEPEIOKWIV TUOKEUWV
AVOQPEPEIG TOUG TPOTTOUG PE TOUG OTTOIOUG UTTOPET va eEUTTNPETACEI £vag I-
KPOETTEEEPYAOTAG IO povada €10000u / €£6dou

TEPIYPAQEIG TN diadikagia eEUTTNEETNONG TNG CUOKEUNG UE KABE éva aTTd TOUG
TPOTTOUG QUTOUG

TTEPIYPAPEIG TN dIadIKaTia €EUTTNPETNONG TTEPIPEPEIAKWY TUOKEUWY UE TN PE-
000 TwV dIAKOTTWV

AVOQEPEIG T TTAEOVEKTAUATA TNG XPAONS SIOKOTTWYV YId TNV £EUTTNPETNON TTE-
PIPEPEIAKWY OUOKEUWV

TEPIYPAQEIG TN dladikacia PETaPOPAs dedOPEVWV HETAEU PIOG TTEPIPEPEIAKNAS
OUOKEUNG Kal TNG MVARNG XPNOIYOTTOIWVTAG TN YEBOBO TnG atreubeiag TTpo-
otméhaong pvAung (DMA)

AVOQEPEIG TO TTAEOVEKTAMATA TNG METAPOPAG OEDOUEVWY PETAEU UIaG TTEPIPE-
PEIAKNG CUOKEURG KAl TNG UVHKNG XPNOIKMOTTOIWVTAG TN PéBodO TnG atTeuBeiag
TIPOOTIEAAONG MVAUNG



= >YNAEZH MIKPOENEZEPTrAZTQN KAI MIKPOEAEIKTQN

4.1 AKpOOEKTEG KOl OUVOEDEIG HIKPOE

KOl MIKPOEAEYKTWV

O1wg éxel avagpepBei, 0 PIKPOETTEEEPYAOTAG €ival €va OAOKANPWUEVO KUKAW-
pa. To KUKAWMPO autd CUVOEETOI HETW OKPOOEKTWV (Pins) O€ Yia TTAOKETA OAOKAN-
pwuEvwY KUKAwPATWY (integrated circuit board). O1 akpodEKTEG auToi Xpnalpo-
TTOI00VTAl YIA:

@ TNV ETTIKOIVWVIQ PE TA UTTOAOITTA OAOKANPWHEVA KUKAWPOTA TOU UTTOAOYIOTIKOU

OUOTANOTOG
@ Tnv Tapoxn Tpo®odoaiag Kal yeiwang

Mepikoi atrd TOUG AKPOBEKTEG TTOU CUVAVTANE OTNV TTAEIOWNQIA TWV PIKPOETTE-
EepyaoTwv KaBwWG Kal n AsIToupyikoOTATA TOoug divovTal aTtov lMivaka 4.1.

Akpodéktng /0 Znpaoia
GND I n
VvCC [ Taon Tpoodoaiag (+5V)
NMI | Non-Maskable Interrupt, aitnon yia diakoTtrr) n otroia &¢

JTTOPEN va TTapEUTTOdIOTEI

INT | AiTnon yia dIaKOTTA Y€ HAOKA (UTTOPE] VO TTOPEPTTOBIOTEN)
CLK I PoAoi
RESET | TepuaTIONOG dPACTNPIOTNTAG TOU UIKPOETTECEPYQTTH).
RD (0] read, évoeiEn OTI TIPOKEITAI VO EKTEAECTEI PIa avAyvwon
MVAMNG 1 TTEPIPEPEIOKAG CUOKEUNG
WR (0] write, €vOeICn OTI TTPOKEITAI VA EKTEAECTEI Eyypa®n oTn
MVAUN 1 O€ TTEPIPEPEIOKT CUOKEUN
A[0:n-1] (@) O1 akpodékTeG Tou dladpdpou
d1euBuvoewy. O PIKPOETTEEEPYAOTAG UTTOPEI Va
O1euBuvolodoTACEl PéEXPI 2 DIaPOpPETIKEG dlEUBUVOEIG.
D[0:k-1] I/O k akpodEKTEG TOU BI0BPONOU OEDOPEVWIV

Mivakag 4.1 AKPOOEKTES TUTTIKOU UIKPOETTEEEPYATTH

EkT16¢ a1 TO TTApATIAVW ORPaTa, gival SuvaTd va UTTapxEl Eva orua §6dou
atrd T0 pIKpoeTTeEEPpYaaTh pe 10 6voua 1I0/M’ (Input-Output/ Memory). To ofiua
auTo deixvel av Ba ekTeAeaTei AeiToupyia (avayvwaong i eyypagng) oTn YvAun n o€
ouokeun e10060u-£€6d0u. To onua IO/M’ xpnoiPoTTolEiTal JOVO AV O PIKPOETTEEEP-
YOOTAG XPNOIMOTIOIEI EEXWPIOTO XWPO dIEUBUVOEWV €I0000U-£E6O0U ATTO EKEIVO
NG MVAMNG, OTTWG Ba eENyHOOUNE OE ETTOUEVN TTOPAYPAPO.
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4.1.1 NoAuTrAeia d1adpouwV

To TTAAB0G TwV OKPODEKTWYV TOU PIKPOETTECEPYATTH GUXVA KaBopilel TO KOOTOG
KOTOOKEUNG TOU OAOKANPWHEVOU KUKAWNOTOG, GAAG Kal OAOKANPOU TOU CUCTAKOTOG.

MNa 10 Adyo auTd, TTPOKEIPNEVOU VA PEIWBET TO KOOTOG KATAOKEUNRG TOU OAOKAN-
PWHEVOU KUKAWHATOG TTPO0TTO00UUE VO PJEIWOOUPE TO TTARBOG Twv akidwv Tou.
O1wg €idape, n TAcIOWN@ia Twv YPAPPWY €I0000U Kal E6O0U TOU PIKPOETTECEP-
yaoTn gival ol ypapuég d1adpopwy Kal d1eubuvoewy.

Mia kaAn 16€a yia va peiwBei To TTARBOG TwV AKPOSEKTWV TOU UIKPOETTEEEPYOOTH,
eival kaTroiol (A kai OAoI) 01 AKPODEKTEG TTOU XPNOIUOTIOIOUVTal YIa TO SIGOPOO dIEU-
BUvoewv va xpnaoigoTroiouvTal Kal yia To S1ddpopo dedopévwy. MNa va yivel autd TTpé-
el va An@Oei PEpIPva KaTd T oxediaon TOU PIKPOETTEEEPYATTH, WOTE VA PNV UTTAP-
XOUV TOUTOXPOVA OTOUG OKPOOEKTEG auTOUG Kail ieuBuvoelg kal dedopéva. H Texvikn
ME TN BorBeia Tng otroiag ol idiEg YPAUHES (KAl OKPOOEKTEG TOU MIKPOETTECEPYATTH)
MTTOPOUV va XPnOoIKoTToINBoUv Ot DIGPOPETIKEG XPOVIKEG OTIYHEG yIa OIAQOPETIKO
OKOTTO (pETaOPa dedopévwy 1 dieubuvaoswyv) ovouadetal moAurAeéia (multiplexing).

MNa Tapdadeyua, oto Zxnua 4.1 @aivetal 70 OXNUATIKO dIdypauua eVOG PIKPO-
€TTEEEPYOOTN O OTToI0G PTTopEi va ouvdebei oe diadpouo dieubuvoewy TTAGTOUG 8
OuadIKWwV Yneiwv, kai diddpopo dedopévwy TTAATOUG 4 duadIKWY WYneiwv.

Zxnua 4.1 MNoAurtAeéia dradpduou dieubuvaewv Kal OEGOUEVWV

2€ auTtd TO MIKPOETTEEEPYADTH) O YPaUUES Oleubuvoewv AO0-A3 mmoAutTAéko-
vral Je TIG ypauuég dedopévwy DO-D3. Ta tn ouvdeon oto diddpouo dedopé-
VWV Xpnolipotroigital évag pavoaAwTng. Otav oTig ypaupés AD3-ADO trepi€xeTal
TTANpoQopia OXeTIKA pe OlEUBUVON, EVEPYOTTOIEITAI TO CAMUA ‘evepyoTToinan’, Kai
n TTAnpogopia petaépeTal oto diadpouo dieubBuvoewy. Av Ta arpata ADO-AD3
TTePIEXOUV Oedopéva, TOTE TO GNUa ‘ETTITPEYN’ ATTEVEPYOTTOIEITAI, KOl Ta OrjuaTa o€
MeTa@EpovTal GTO OIAdPOHO DIEUBUVOEWVY.

Méoa 010 OAOKANPWHEVO KUKAWHA TOU PIKPOETTEEEPYAATH) N TTOAUTTAEEIQ UAO-
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TTOIEITAI XPNOIMOTTOIWVTOG TTOAUTTAEKTEG 2-0¢-1, OTTWG QaiveTal 0To ZXNHa 4.2.

Zxnua 4.2 YAorroinon tng moAutrAeéiag 61adp8uouU OTO ECWTEPIKO TOU UIKPOETTEEEPYATTN

4.2 NMpooTTéAaCN CUOKEUWY EI0O0O0U-E

2TIG EQAPHOYEG MIKPOUTTOAOYIOTIKWY CUCTNUATWY, EKTOG ATTO TN METAPOPA O€-
OOHEVWYV PETAEU TOU PIKPOETTEEEPYATTH KAl TNG MVAMNG, OTTAITEITAI N JETAPOPA
0edopEVWY PETALU TOU PIKPOETTEEEPYATTH) f TNG MVIAKNG Kal JovAdwv €10000uU-€-
&odou. H Asitoupyia autr) ovopddletal Asitoupyia e10080uU-£EO6S0U.

H Aeiroupyia €10000u-£€000uU ival IDIAITEPA ONUAVTIKN, €IOIKA OE £QAPHOYES
OTIG OTTOIEG TO MIKPOUTTOAOYIOTIKO GUOTNHO XENOIUOTTOIEITAI VIO TOV EAEYXO OU-
OKEUWV 1 O10TAgEWY, O€ QUTOPATIONOUG K.ATT. H Aeitoupyia auth diagépel atrd
TNV ETTIKOIVWVIQ TOU JIKPOETTEEEPYAOTH PE TN PVIKN KUPiWG oTa akdAouBa onpeia:
® 1N PvAun o€ ¢ntdel eEuTTNEETNON 1T TO JIKPOETTEEEPYAOTH. O PIKpOoETTECEPYQ-

oTNG TTpoaTreEAQUVEL yia TN UVAUN Va eyypawel dedouéva o€ auTh 1 va diafdoel

a1ré auTr dedopéva. AVTIBETWG, HIa Jovada £10000U-£E0d0U PTTopEi va {NTHCEI
ecuttnpéTnan. MNa apdadelypa, 0tav TTANKTPOAOYOUNE £va XOPAKTAPA, TO TTAN-

KTPOAOYIO TTPETTEI VA EVNUEPWOEI TO PIKPOETTECEPYATTH] VIO TNV EVEPYEIA PAG

auTn.
® N PvAEN atroteAei pia eviaia oviotnTa. MNa va TTpooTreAdoEl O JIKPOETTECEPYACTAG
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pia Béon pvAung xpnoiyotrolei Tn d1elBuvon TNG. AvTIBETWG, OTAV JIa TTEPIPE-
PEIOKN OUOKEUN {nNTAEl €EUTTNPETNOT, O MIKPOETTECEPYOTTNG TIPETTEI VA YVWPI-
el TTOI0 CUCKEUN €ival WOTE va TNV GUTTNPETOEL.

4.2.1 OUpeg £10600U-£5600U

O1wg éxel avagpepBei, n ETTIKOIVWVIO HETOEU TOU JIKPOETTEEEPYQTTH KAI TWV GU-
OKEUWV €10000U-£€600U TTpaypaToTTolEiTal PE TN BorRBeia Bupwv £10080U-£E600U.

O1 BUpeg e106d0u-eE6O0U (I/O ports) pTTopouv va BewpnBolv wg eEwTEPIKOI
KaTaxwpnTéG. 2TV ammAouaoTepn Pop@r Tng, MIa Bupa eicd6dou atroTeAsital atrd
évav ammopovwth (buffer) TpIWV KaTaoTACEWYV Yia KABE duadikd Yneio, Evw yia Pia
BUpa £€6dou xpnoipoTtroigital évag pavoaAwTAg (M flip-flop) yia kaBe duadikd wn-
@io TNG BUpag. 210 oxnua 4.3 @aiveral To atrAoTToinuévo didypauua piag Bupag
€10600U Kal piag BUpag e€60ou o€ éva PIKPOUTTOAOYIOTIKG GUCTNA.

Zxnua 4.3 Oupa e106o0u Kal BUpa €600U T€ UIKPOUTTOAOYIOTIKG oUaTNUA

Ta onuara E, kai E_, TapdyovTal atro 10 PIKPOETTEGEPYATTA KAl HETAPEPOVTAI
MEow Tou B1adpdou EAEyXOU.

AtiCel va avagepBei akdun 611 0TV ayopd UTTAPYXOUV OAOKANPWHEVD KUKAW-
paTa Bupwv €106d0ou-£¢0dou (TexvoAoyiag LSI) Ta otroia ptmopoulv va Xpnoliyo-
1T0INB0UV YIa TO XEIPIOPO TTOAUTTAOKWY KATOOTACEWV €10000U-£€0O0U OTTWG TT.X.
METATPOTTH TTAPAAANANG ETTIKOIVWVIOG OE OEIPIOKA Kal avTioTpo@a. Ta OAOKAnN-
PWHEVA QUTA KUKAWHATA €ival ouvABwg TTpoypauuaTIi{OPEVEG OUCKEUEG, UE TNV
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£vvola OTI UTTOPOUV va diapopPwBolv oa BUpeg e100d0uU, ££0d0U i DITTARG KaTEU-
Buvong (e10600u Kal €E6d0U).

4.2.2 AicuBuvoi1060TNON OCUCKEUWY £10080U-£§600U

O1 BUpeg €10600U-€€6O0U UTTOPOUV va TTPOCTTEAACTOUV [E Eva aTTd dUo TPO-
TTOUG: €iTE WG KOIVEG BECEIG PVAUNG, €iTe PE €I0IKEG EVTOAEG. 'ETOl, uttdpyouv dUo
TEXVIKEG XEIPIOPOU TWV Bupwv €10080U-£€000U. H TEXVIKI HECW EIBIKWY EVTOAWV El-
0600u £¢6douU (isolated 1/0) kal n TEXVIKN YE OTTEIKOVION MVAUNG (Memory mapped).
Eicob50¢-£§080¢ ue £101KEC EVTOAES

2TV EexwpIoTh i atrogovwpévn gicodo-£60do (isolated 1/O) n petagopd Twv
0eOOUEVWV YIVETAI XPNOIMOTTOIWVTAG OUO €I0IKEG EVTOAEG, Ol OTTOIEG O€ OUMBOAIKA
yAwoaoa ovopdadovtal cuvnBwg IN kar OUT. H diakivnon Twv dedopévwy TTpayua-
TOTTOIEITAI JEOW TOU CUGOWPEUTH.

‘ET01, JE TNV €VTOAN €10000U TO TTEPIEXOMEVO TOU QTTOPOVWTA TNG BUpAG He-
TAQEPETAI OTO CUCCWPEUTH, EVW OTNV €VTOAN €60d0U oupPaivel TO avTioOTPOYPO.
Katd tn petagopd, n dietbuvon Tng BUpag utraivel ato dIAdPOouo diEubUvVOoEwV.

O1 evTOAEG €10000U-£€0D0OU ATTOPOVWVOUV Tn PVAMN aTTo TIG BUpEG eI0080U-€-
&600ou £TO1 WOTE O XWPOG PVAMNG va unv €TnpedleTal ammo To XWPOo Twv Bupwv
€10000uU- £€600u. 'ETO1, 01 O1EUBUVOEIG TWV Bupwv €10000U-£¢000U dev aTToTEAOUV
THAMO Twv d1EuBUVOoEWY PvhAPNG. I’ autd 1o Adyo, 01O BIAOPOUO EAEYXOU EKTOG
atrd Ta ONPATA TTOU Jag divouv Tn duvaToTNTA VA AvayVWPICOUUE av £XOUUE avd-
yvwaon A eyypaoen, £X0UNE Kal ETTITTPOCOETA GAPATA TTOU Pag TTANPOQOPOUV av N
TTPOCTTEAQCN YiVETQI O€ PVAMN 1 TTEPIPEPEIAKT) GUOKEUR. Mg Tnv atTopovwuévn
€i0000-£€000 O WIKPOUTTOAOYIOTAG UTTOPEI va BIabEoel OAeG TIG duvaTeG dleuBUv-
O€IG TOU YIA PVAMN.

Eioodog¢-£§000¢ ue ameikovian pviung

Agv gival OUwG TTAVTA aTTOPAITATO VA £XOUUE EEXWPIOTEG EVTOAEG €1I0ODOU-€-
&600u. Ze TTOANOUG HIKPOETTECEPYAOTEG OI EVTOAEG TTOU XPNOIPOTTOIoUVTal YIO TNV
avtaAAayr TTANPO@OPIWYV PETAEU PIKPOETTEEEPYAOTN KAl IVIUNG UTTOPOUV Va XpNn-
aigoTroinBouyv Kai yia €icod0-£6000.

TNV TTEPITITWON aUTh, 01 BUPES £100d0U-£¢0B0U OXEDIAZOVTAI £TO1 WWOTE VO OU-
PTTEPIQPEPOVTAI WG OIEUBUVOEIG UVAUNG. ZUYKEKPIPEVA, O KOTOXWPENTES TTOU OXE-
TiCovTal pe TIG BUPEG €I06O0U-£EGO0U QVTIOTOIXOUV OE BETEIG PvAUNG. H TEXVIKN
QUTA, TTOU XPNOIPOTIOIEI EVTOAEG TTPOCTTEAQCNG PVIKNG VIO TNV €i0060-£€000 ovo-
padetal €i0000G-£€000¢ PE aTTEIKOVION PVAUNG (memory mapped I/0). Ta cuoTh-
paTta TTou AsIToupyouv €101, ETTITPETTOUV OTOV TTPOYPOAUUOTIOTH va XPNOIUOTTIOIE
OAEG TIG BUVATOTNTEG TWV EVIOAWV TOU PIKPOETTEEEPYADTH, TOCO Yia dedOUEVA TNG
MVAUNG, 600 Kal yia dedopEVa TwV BUpWYV £10000U-£EODOU.

H eicodog £€000¢ pe atmeikdvIion PVAUNG €XEl Ta akOAoUBa TTAEOVEKTAUATA:
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® EvtoAég avagopds otn pvhun gmopouv va xpnaoigoTroinBoulyv Kai yia €i00do-€-
€000 (yIo TTapadelyua, YTTOPOUV Va Yivouv aplBuNTIKEG TTPAEEIG PE TA TTEPIEXO-
Meva piag BUpag e100d0u A ££0d0U XwpPig va ToTToBeTNBOUV Ta dedopéva TnG o€
TTPOCWPIVOUG KATAXWPENTEG.

@ O1 TepIoodTEPOI KATAXWPNTEG TOU PIKPOETTEEEPYOOTH UTTOPOUV VA AVTOAAG-
Eouv TTANPOPOPIEG UE CUOKEUEG €1I0000U-EEOD0U, OE avTIBEDN UE TNV TEXVIKA
€1I0000U - £€£000U e €I0IKEG EVTOAEG (OTIG OTTOIEG N HETAPOPG dedOPEVWY Yive-
Tal, OTTWG €idaE, aTTd KAl TTPOG TOV CUCCWPEUTH).

Ta JEIOVEKTAPATA TNG TEXVIKNG QUTAG €ival OTI:

® Meiwvetal 10 TTANBOG TwV BECEWY PVAPNG TTOU PTTOPEI va TTPOCTTEAATEl O i-
KPOETTECEPYAOTNAG.

® O evioAég TTpooTTéAaonG HVAUNG Eival ouvRBwg PEYOAUTEPES ATTO TIG EVTOAEG
TUTTOU €10000U-£EG00U (YIa TTAPAdEIYUA, OTO PIKPOETTEEEPYQOTH 8085 01 EVTOAEG
TTPOCTTEAAONG PVAMNG €ival cuvhRBwg TPIWV bytes, evw ol €IBIKEG EVTOAEG €100-
dou-£0dou gival pévo duo bytes). ‘ETol, To YrKog Tou TTPOYPAUUOTOS QUEAVEL.

4.2.3 Tpotrol TPooTTéAAO NG CUOKEUWY £10000U-£§660U

2Tnv TTapdaypa@o autr 6a ava@epBoUpe 0TOUG TPOTTOUG E TOUG OTTOIOUG UTTO-
PEi va ETTIKOIVWVIOElI O WIKPOETTEEEPYAOTNG KAl N PVAMN ME TIG CUOKEUEG €100-
Oou-e¢6dou. O1 TpOTTOI QUTOI €ival:
® &leyxouevn amrod 1o mpoypauua
® UE XPHon SIAKOTTWV
® XPNoILOTTOIWVTAS EIOIKO ETTEEEPYATTN

O1 1po6TTOI AUTOI dlAPEPOUV OTOV TPOTTO PE TOV OTTOI0 O PIKPOETTECEPYQATTAG apPXI-
KOTTOIEI TN AgIToupyia Kal EAEYXEI TN METAPOPA TWV OEDOUEVWV.
Eioodog-é§000¢ eAsyxOusvn amo mpoypauua

Me €ic0d0-£¢000 TTOU eAEyXETAI ATTO TTPOYPAPUA, N HETAPOPE TwV OEBOUEVWV
BpiokeTal KATW aT1TO TN CUVEXA TTAPAKOAOUONGON KAl TOV €AEYXO TOU HUIKPOETTECEP-
yaoTr. Mia Asitoupyia €i1c68ou-£€600U yiveTal HOvo OTav KATA TNV EKTEAEDON EVOG
TTPOYPANMPOTOG UTTAPXEI MIa EVTOAN €106000u-£€600U. Tpiv yivel n YeTagopd Twv
OedouEVWYV TTPETTEI va TTPOCDIOPICTEI AV N TTEPIPEPEIOKN TUOKEUN gival o€ Béon va
ETTIKOIVWVATEI PE TO PIKPOETTEEEPYATTH.

TNV TEPITTITWON auTh TTPETTEI va eAEYXOEi pIa 1] TTEPIOCTOTEPEG ECWTEPIKES ON-
paieg 11 Suadikd wnia KOTAOTAONG TTOU OXETICOVTAI PE TNV TTEPIPEPEIAKT TUOKEUN
€1I0000U-£E6O0U.

To TTpdypapua kabopiel TTolo CUOKEUN TTPOKEITAI va eEUTTNPETNBEI £€eTAC0-
vTag Ta bits evog kataxwpenTh katdotaong. H e€€taon Twy bits autwv ovopdadeTal
mgPIOdeUan (polling) evw To TTPOYypaUMa TTOU XpnoldoTroieital Aéyetal Bodyxog
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mepIodeuons (polling loop). To TTPOYpPApPa eKTEAEI TO BPAOYXO TTEPIODEUONG EAEY-
XOVTaG O10d0XIKA OAEG TIG CUCKEUEG TTOU €ival ouvoedeuéveG O0TO BIGOPOPO dedO-
MEVWV Kal €EETACOVTAG AV KATTOIEG aTTO AUTEG ¢nToUV eEUTTNPETNON. Ta TTAEOVEKTN-
paTa TNG TEXVIKAG TTEPIddEUONG gival Ta akdAouBa:

@ OTTaITEITaI EAGXIOTO UAIKO KAl KOia EEEIBIKEUMEVN YPAMUMN
@ cival ouyxpovn PE TNV EKTEAECT TOU TTPOYPANPATOG. AUTO onuaivel 6Tl O TTpo-
YPAMMOTIOTAG yVwpilel TTOTE Ba epwTNOEi pIa CUCKEUN

Ta yelovekTruaTa NG PeBOdou auTng givai:

® To yeyovog Ot eAéyxovTal OAEG O CUOKEUEG KABE @opd TTou Eekivael €vag
Bpdyxog mmep1ddeuong, eV TIPOKTIKA O1 TTEPIOOOTEPES O€ Ba xpeialovTal ¢u-
mNEETNON.

® To XpovIkd didoTnua PHETALU TNG XPOVIKNAG OTIYUAG TTOU JIa OUCKEUR €10000U-
€€OO0U gival €ToIun Kal TNG XPOVIKAG OTIYHAG KATd TNV otroia Ba eEuTtrnpeTnBEei
O¢ev €ival OUYKEKPIYEVO.

Zxnpa 4.4 Booyxog mepiddeuong

H emkolvwvia péow dIaKOTTWY Kal e XpAon €I0IKOU €TTEEEPYATTH OTTOTEAEI TO
QVTIKEIJEVO TWV ETTOPEVWYV TTAPAYPAPWV.
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4.3 A10KOTTEG

>€ TTONNEG TTEPITITWOEIG éva ONPAVTIKO PEPOG 1 KAl OAOKANPOG 0 Xpdvog Tou
MIKPOETTEEEPYADTH KATAVOAWVETAI OTNV EGUTTNPETNOT TTEPIPEPEIOKWV TUTKEUWY,
OTTOTE AUTEG TO XPEIAOTOUV.

AuTo ocupBaivel otn pEBOBO TNG cuvexoUg TTEPI0deUONG (polling), OTTwG eidape.
>Tn JEBODO AUTA O PIKPOETTEEEPYAOTAG TTPETTEI VA TTAPAKOAOUBEI CUVEXWG TIG TTE-
PIPEPEIOKEG CUOKEUEG HECW MIOG BUPaG IGO0V, TIPOKEIPNEVOU VA BIATTIOTWOEI AV
KATTOIO CUOKEUN XpelddeTal eCuttnpéTnon. AuTr n ouvexng TTapakoAouBnon £xel
MIa XPOVIKN €TTIBAPUVEON, N oTroia gival TO600 PeyoaAUuTeEPn 600 PEYaAUTEPN €ival N
ouyvoTNnNTa WE TNV oTroia ¢nToUlv va eEUTTNPETNOOUV OI TTEPIPEPEIKEG CUOKEUEG.

O1 diakoTTéG gival évag GANOG TPOTTOG £EUTTNPETNONG TWV TTEPIPEPEIAKWY TU-
OKEUWV, O OTT0IOG a@rVEl TO PIKPOETTECEPYATTH] APIEPWHEVO GTNV EKTEAECT TOU
KUpIou TTpoypdupaTog. Me Tn péBodo Twv SIOKOTTWYV O PIKPOETTEEEPYAOTHG QOXO-
AgiTal Ye KATTOIO TTEPIPEPEIOKT TUOKEUR YOVO OTaV aUTH {nNTAOEI €EUTTNPETNON.

4.3.1 NMAeovekTApATA TNG NEBOSOU TWV SIAKOTTWV

ZUp@wva e TN YEBoDdO TwV DIAKOTTWY, OTAV JIa TTEPIPEPEIOKT CUTKEUN XPEIA-
0B¢i eEuTTNPETNON, £XEI TN dUVATOTNTA VA €IO0TTOINCEI TO MIKPOETTEEEPYQOTH EVEP-
YOTTOIWVTOG KATTOIO aKPOBEKTN Tou (int, atmd TN A€En interrupt), TTou TTpoopiIeTal
€I0IKA yia TO OKOTTO auTd. O UIKPOETTECEPYAOTAG ATTAVTWVTAG OTNV aiTnon yia
eEUTTNPETNON, OIOKOTITEI TO TIPOYPOUUG TTOU EKTEAEITAI EKEIVN TN OTIYUNA KAl EKTEAEI
MIa UTTOpOUTIVa, TTOU £XEI YPAPET yIa TNV €EUTTNPETNON TNG OUOKEUNG auTng. OTav
ONOKANPWOEI N EKTEAEON TNG UTTOPOUTIVAG, TO TTPOYPOUHA TTOU BIAKOTTNKE OUVEXi-
CeTal ATTO TO ONEio TToU yIve N OIOKOTTH.

TNV TTEPITITWON auTr AEPE OTI N CUCKEUN TTPOKAAETE DIAKOTTH 1 OTI EKAVE QiTN-
on SI0KOTING KAl O MIKPOETTEEEPYATTHG, APOU avayvwpIoE Tn BIAKOTTH, TNV EUTTN-
pétnoe. H uttopouTiva TToU eKTEAEITAI OTNV TTEPITITWON AUTH OVOUAZETAI UTTOPOUTI-
va €EutTnNPETNONG BIOKOTTAG. O €I0IKOG OKPODEKTNG PECW TOU OTTOIOU TTPOKAAEITAI
OlakoTTH) ovouddeTal €icod0g BIAKOTTAG.

Me Tov TPOTTO QUTO O PIKPOETTEEEPYATTHG O XPEIAdETAI VO TTAPAKOAOUBEI ouve-
XW¢ KATToIa BUpa €10000U, KOl ECOIKOVOUEITAI XPOVOG, YIOTI O HIKPOETTEEEPYAOTAG
MTTOPEN VO a@lepwoel GAO TO XpOVO TOU OTO KUPIWG TTPOYPAN KA.
lporepaidtnTa diakorwv

2uvNBwG €vag UIKPOETTEEEPYOOTNG EXEI TTEPIOCOTEPEG ATTO HIA TTEPIPEPEIAKES
OUOKEUEG I’ auTO BIaBETEl TTEPIOOOTEPEG ATTO MIa €10600ug dIakoTG. ETriong,
TTOAEG OUOKEUEG ITTOPOUV VA Eival CUVOEDEPEVEG OE IO KOIVH YPOUUR OIAKOTIAG.

O1 TToAAEG €ic0d0I1 BIOKOTTAG 0 TUVOUACHO ME TIG TTOAATTAEG CUOKEUEG KOBI-
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oToUV aTTAPAITATO TOV KABOPICWO TTPOTEPAIOTNTAG YIO TNV TTEPITITWON TTOU TTEPIO-
OOTEPEG ATTO PIa CUOKEUEG {NTHOOUYV TauToXpova eEuttnpéTnon. H TTpoTtepaidTnTa
KaBopileTal atrd To oXeOIAOTA TOU PIKPOETTECEPYAOTH KOl oUVABWG &€ PTTopEi va
MeETaBANOEI.

Evepyomoinon kai amevepyormroinon unxaviouou S1aKomrwv

Opiopéveg QopEG, OE Eva TTPOYPAUMA TTOU EKTEAEITAI OTO PIKPOETTECEPYAOTN
UTTAPXOUV KPIioIUa TUAPOTO Ta oTToia Ba TTPETTEl VO EKTEAETTOUV XWPIG DIOKOTTEG.
MNa mapdadeiypa, auté Ba YTTopoucE va GUUBE oTNV TTEPITITWON TTOU UTTAPXOUV
XPOVIKOI TTEPIOPIOHOI yIa TNV OAOKANPWON TNG EKTEAEONG EVOG TTPOYPANPATOG.

2TnV TTEPITITWON QUTH, €ival avaykaio va atrevepyoTroinBei yia ké&rrolo didoTn-
MO O INXOVIOUOG Twv dlakoTrwy. OTav cUpPEi autd, O PIKPOETTECEPYQOTNG Ay VOEi
oTTo1adNTTOTE AITNON OIOKOTTAG PEXPI O NXAVICHOG TwV SIAKOTTWYV VO EVEPYOTTOIN-
B¢i kal TTAAI. H evepyoTtToinon Kai N atrevepyoTToinon yiveral he €101KEG EVTOAEG TTOU
TIPETTEl VA EVOWUATWOOUV OTa KATAAANAQ oneia evog TTpoyPAUUaTOG.

AAAEG popég, O XpelddeTal va atrevepyoTroinBouv OAeg o1 BIaKOTTEG aAAG va
TTAPEPTTIOBIOTOUV ETTIAEKTIKA KATTOIEG OTTO QUTEG. O1 TTEPICTAOTEPOI HIKPOETTECEPYA-
OTEG HAG TTApEXOUV Tn duvatoTnTa Va TTapeUTTodi{oupE, (va BETOupE, OTTWG AELE,
Maoka OIAKOTTWV) O€ OAEG | O€ KATTOIEG ATTO TIG £10000UG dlakoTrwy. O1 gicodol
QUTEG OVOPAZovTal TTAPEUTTODICOUEVEG DIAKOTTEG ETTEION YTTOPOUV VA TTAPEPTTODI-
OTOUV HE TN XPAON MACKAG. To PETTEPTOPIO EVTOAWY TWV HIKPOETTECEPYATTWYV TTE-
PIEXEI EIOIKEG EVTOAEG yIa TNV TOTTOBETNON KAl TNV AQaipean TG HAoKAG DIAKOTTWV.
‘ETO1, TO TTOIEG DIOKOTTEG Ba TTOPEPTTODICTOUV KOl O€ TTOIA XPOVIKA OTIyUN €ival
€uBUvVn TOU TTPOYPAUMATOG.

lMoAuvemreéepyaaia kar E§urrnpérnon diakomwv

‘Evag LIKpOETEEEpyaoTnS gival duvaTtod va eKTEAEI TauTOxpOVa TTEPIOTOTEQA
arré éva mpoypaduuara. Me tov 6po Tautdxpova v evvooulEe Ot Ta dUo h
TEQICOOTEPA TTPOYPAUUATA EKTEAOUVTQI QTTO TO UIKPOETTEEEPYATT THV idIa
XPOVIKN OTIyun, aAAG Bpiokovral aTn uviun Kai 0 JIKPOETTEEEPYAOTAS UTTOPET
va eMIAEYEl va eKTEAET TTOTE TO éva TTOTE TO GAAO, avaAoya ue TiIS avAyKeS Tou UiI-
KpoUtroAoyioTikoU ouaTiuarog. A¢ Bewpnaoouue yia Tapddelyua Eva HIKpoU-
TTOAOYIOTIKO OUCTHQ TTOU EXEI UO TTPOYPAUUATA OTN UVALN, TA OTToia a¢ ovo-
uaooupe A kai B. Apxika, Eekivael n eKTéAeon Tou mpoypduuarog A. 2g KAToIo
onueio Kara 1n SIGPKEIA EKTEAETNS TOU TTPOYPAUNATOS A, gival amapaitnTo va
EKTEAETTEI TO TTPOYPauUa B. Auth n UETAQOPG Tou EAEyxOU OTO TTPOYpPauUa B
armraiTel 0 PETPNTAS TTPOYPAULATOC va QopTwlei ue Tn disuBuvan évapéng Tou
mpoypauuarog B. Av uerd tnv oAokAnpwon tn¢ eKTéEAeons Tou mpoypAauuarog
B 1o mpoypauua A givar avaykaouévo va éavapxioer arrd nv apxH, Ta arrore-
Aéauara mou giyav umroAoyiaBsi mpiv 1n dlakotr 6a xabouv.
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‘Er01, utropoUue va GUUTTEPAVOULIE OTI OTAV N EKTEAETN EVOC TTPOYPAUUATOS
OIQKOTTTETAI YIQ VA GUVEXITTEI apyoTepa Exel 10IaiTEPN onuagia va armobnKeu-
OOUUE TNV KATAaoTaar ToU WUIKPOETTEEEpyaaTr. H kardaTaan Tou UIKpOETTeEep-
yaoTn gival To gUVoAo TNS TTANPOQOPIAag TToU TTEPIYPAQE! TN AT OTNV oTroia
Bpiokeral évag pikpoetreéepyaortns. ‘ETol, av mn oTiyun 1ng dIAKoTTNS TOU TTPO-
ypauuarog A n KATdoTaon Tou UIKPOETTEEEPYATT OwOEI (Kal apydTepa aTToKa-
raoraBei), n emeepyaaia yupva oto mpoypauua A xwpis va xaboulv ta armo-
TeAéouara Tng mponyouuevng emeéepyaaiag. Mepikéc amd 11¢ mAnpoopies
mou TrepIAauBavel n KatdoTaon ToU UIKPOETTEEELYATTN Eival Ta TTEPIEXOUEVA
TOU UETPNTH TTPOYPAULATOC, TOU CUCOWPEUTH, TOU KATaxwpnT KAartaotaong
Kal TwV KATaxwpnTwyv yeVIKoU oKotToU. H dIakoTTr) evog Tpoypduuarog oev
gival tooo omdvia 6go mlavo va gavralerar kaveic. [a mapddeiyua, ye v
EKTEAEON WIS EVTOANS KARONG utTopouTivag 1 armd éva anua 1Tou TTPOEPXE-
Tal amo eEWTEPIKN OUOKEUN N ocIpiakn emeéepyaaia diakorrreral. H evioAn
KARong utropourivag TPokKaAei pia diakAadwan armo éva uépog mpoypauua-
T0¢ 0€ dAAo, Tnv utropourtiva. Mia eEwTepIK TUOKEUN UTTOPEI va ammaiTioEl
e&uttnpétnon TpokaAwvrag (. HE pia diakorr) UAIKou) uia diakAadwan o€
mpokaBopiouévn 6éon. H Béon uvnung ornv orroia yiverai n dilakAGdwaon &i-
val n 8éan évapéng tng umropourtivag EUTTNPETNONS THS GUGKEUNS TTOU TTPO-
KGAgoe 1n diakotrr. H amobrkeuon ¢ KardoTaong Tou UIKPOETTEEEPYATTh
mpayuarorroigitar pe mn Bonbeia tng oroifag. H otoiBa (stack) eivai pia doun
armoBnNKeuang aTnNV OTToid O UIKPOETTEEEPYAOTNS ATTOBNKEUE! TA TTEPIEXOUEVA
TWV KATaxwpnTwy ToU Katd 1nv KANon utmopouTiviyv Kai dlakorrwv. H aroifa
armoreAgital amd éva auvoAo Béocwyv arn uvnun RAM. Ta va kparaue 1 oi-
e0Buvan uiag Béong péoa otn aToifa eivar arrapaitnTog évag deikTng oToifag
(stack pointer). O O¢€ikTng auToS gival OXEOIATUEVOS LE TETOIO TPOTTO WOTE TA
oedouéva va oiaBalovrar amro 1n aroifa ue TNV avrioTpon Oclpd arrd eKkeivn
HE TNV oTToia ypa@rnkav.

Aiadikacia e§urnpérnong diakormrng
2uvoyifovTag, HTTOPOUE va TTOUNE OTI N dladikaoia eEUTTNPETNONG MIAG BI0KO-

TTAG atroTeAEiTal aTTO T aKOAouBa BARuaTa:

® OAOKANPWVETAI N EVTOAN TNV OTToia EKTEAOUCE O PIKPOETTECEPYQOTHG

® OTTEVEPYOTTOIOUVTOI OAEG OI BIAKOTTEG

® owdleTal oTn OToIa n KOTAOTAON TOU MIKPOETTEEEPYQOTH (OUVNBWG oav Katd-
oTOo0on oWEETAI 0 ATTAPIBUNTAG TTPOYPAMMATOG KAl O KATAXWPENTHGS KATAoTAONG).

@ &KTeAEiTaI N uTtopouTiva e§uTTNPETNONG OIOKOTTAG

® OVOKTATaI N KATAOTOON TOU PIKPOETTECEPYQTTH ATTO T OTOIRA KAl ETTIOTPEPETAI
0 €AeyX0OG OTO TIPOYPANPA OTNV ETTOPEVN EVTOAN ATTO EKEIVN TTOU €iXE TEAEUTAIA
EKTENEOTEI
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4.4 Aaitoupyia atreudgiag TTPOCTrEAAC

Av 0 puBuo6G pETaPOPAGG OEBOUEVWV ATTO KAl TTPOG MIA TTEPIPEPEIAKT) TUOKEUN
gival oxeTIKA XaunAdg, TOTE N ETTIKOIVWVIO PTTOPEI va eKTEAEOTET e €i0000-££000
EAEYXOMEVN UE TTPOYPAUMA EITE JE XPAOT DIAKOTTWV.

O1wg €idape OPWG, N eKTEAETN EVTOAWV Kal N d1adIkaagia Twv dIOKOTTWY ATTal-
TEl TTEPIOTOTEPO XPOVO, AOYW TNG aTTOBAKEUONG KAl AVAKTNONG TNG KATAOTOONG
Tou MiKpoeTTreCepyaaTr. OpIoPEVEG OUOKEUEG aTTaIToUV uwnAoug pubuoug peTa-
@opdg dedopévwy. ‘ETol, gival acUP@opo va eEUTINEETOUVTAI JETAPEPOVTAG EVO
byte f pia AéEn KABe Yopd.

2uUxVvd, 0 pUBPOG PETAPOPAG BEDOPEVWV ATTO TTEPIPEPEIOKEG OUOKEUEG KOBO-
piCeTal aTro TIG iDIEG TIG CUOKEUEG Kal OxI OTTO TO PIKpOoETTECEPYaaTH). ‘ETOl, TO UTTO-
AOYIOTIKO oUCTNUa TTPETTEI VA €KTEAEI TNV €i0000-£€000 CUPPWYVA PE TN PEYIOTN
TaxUTNTA TNG OUOCKEUNG. Z€ TTEPITITWOEIG OTIG OTTOIEG ATTAITOUVTAI UWnAoi pub-
Moi peTa@opdg dedopévwy, XpnoIPoTrolEiTal ameubeiag TTPooTTéAacn TG WVAKNG
(direct memory access, DMA).

H petagopd evog byte 1 piag AéEnNg péow Twv dIOdPOPWY TOU CUCTAUATOG
OVOMACZeTal KUKAOG INXAVAG. Z€ éva KUKAO pnxavng katola atrd 11 povAadeg Tou
OUOTAMATOG TTOU OUVOEETAI OTO BIAOPONO TOU CUCTANATOG EAEYXEI TO OIGOPOO.
H povada autr ovopddletal diaxelpioTig (master) Tou diadpouou katd Tn didpKeia
QUTOU TOU KUKAOU, KQI TO OTOIXEIO UE TO OTTOIO ETTIKOIVWVEI OVOUAZETAI UTTOTEANG
(slave).

Kavovikd, o diaxelipioTrg Tou d1adpOuou Eival O PIKPOETTECEPYAOTNG. YTTAPXE!
OHwG n duvaToTnTa Jia (€181k& oxediaopévn) Jovada TOU CUCTANATOG, VA ATTOKTA-
o€l Tov €Aeyxo Tou dIadpOuUouU OTEAVOVTOG OTO MIKPOETTECEPYAOTH HIa QiTnON OTTO-
KTnong Tou diadpouou (bus request). MeTd Tnv oAoKAfpwan Tou KUKAOU pNxavig
0 MIKPOETTEEEPYAOTAG ETMOTPEPEI £va arjua amodoong dladpopou Kal n povada
TTOU £0TEINE TNV QiTNON YivETAl BIAXEIPIOTAG.

O diaxelpioTAG ToTToBETE d1EUBUVOEIG 0TO DIGdPOUO BIEUBUVOEWY Kal GUVTOVi-
Ce1 Tn dpaoTnEIOTNTA TOU B1adpOUoU KaTA TN SIGPKEIa VOGS KUKAOU UNxXavrg, 0TTwg
aKPIBWG O pIkpoeTTeCEpyaaTrG. Mia povada TTou uTTopei va yivel SlaxeipIoTAg gival
0 eAeykTrigc DMA.

210 2xAMa 4.5 @aivetal To oxnUaTikd dIAYPAPPA VOGS PIKPOUTTOAOYIOTIKOU OU-
OThAMATOG TO OTT0i0 TrEpIAapBavel éva eAeykTri DMA.

O eAeykTAG TTEPIAaPBAVEI (EKTOG ATTO TOUG KATAXWPENTEG KATAOTAONG KOl EAEY-
X0U) dUO eTITTAE0V KOTaXWPENTEG, £va yia va KpaTd Tn d1elbuvaon TNG ETTOUEVNG
Béong PvAUNG Kal éva oTov OTToi0 Ba aTToBnKEUETAl O APIBPOG TWV OEBOUEVWV
TTOU TTPETTEI AKOMN va peTapepBoUv. O1 KaTaxwpnTES auToi eival BUpeG e1I06d0U-¢€-
€600U. APEOWG PETA TN PETOPOPAG VO DedOpEVOU O KataxwpenTns dieubuvong
au&aveTal evw 0 atrapIOunThG dESOPEVWV PEILVETAI.
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Zxnua 4.5 Neiroupyia DMA

Mo TN HETOPOPA KATTOIWY BEDOPEVWV ATTO £VA TTEPIPEPEIOKO TTPOG TN MVAUN HEOW
DMA, ekteAoUvTal Ta akdAouBa BAuara:

n d100UvOECN TNG TTEPIPEPEIOKAG CUOKEUNG OTEAVEI OTOV EAEYKTA HIa aiTnon
yla gguttnpétnon DMA.

0 EAEYKTNG EVEPYOTTOIEI TO OMUA AITNONG YIA ATTOKTNON Tou diadpouou (HOLD).
O HIKPOETTEEEPYAOTAG ATTOKPIVETAI PE Eva Oa atrod0XS aiTnoNg aTTOKTNONG
(HLDA) ka1 eAeuBepuivel To diddpopo dedopévwy, To diadpouo dieuBivoswyv
Kail 1o O16dpopo eAéyxou. O gAeykTrig DMA aTTOKTA TOV £AEYXO TWV DIAOPOUWY.
O eAeykTnG aTéAvel 0Tn dlacuvdeon €va ofua amodoxis DMA pe 1o otroio {nté
atré autn va TotroBeTroel Ta dedopéva 0TO BIGBPOUO dedouévwy (yia AsiIToup-
yia €10600u), f va TTépel Ta eTTOPEVA dedoPEva TTOU gival TOTTOBETNPEVA TTAVW
o710 di1adpopo (yia Asitoupyia €¢6dou).

To Tpog peTa@opd dedopévo PETaPEPETAI aTTO | TTPOG TN B€on PvAUNG TTou
OnAwveTal péow Tou d1adpdpou SIEUBUVOEWY TTOU EAEYXETOI ATTO TOV KOTAXW-
pntr dieuBuvong DMA.

OTn CUVEXEIQ aQUuEAvEl 0 KaTaxwpnTAG d1euBUvoewy Kal 0 atrapiBunThg OedouE-
VWV JEIVETAI KATa 1 péXPI va HETa@epBouv OAa Ta dedopéva.

Mpétrer va onueiwBei 0TI av ¢nTricouv Tautoxpova eEutrnEETNon U0 1) TTEPIO-

O0TEPQ TTEPIPEPEIAKA, N O€IPd PE TNV oTToia Ba eCuTTNPETNOOUYV £€apTaTal aTmd ToV
TPOTTO HJE TOV OTTOIO £X€lI KABOPIOTEI N TTPOTEPAIOTNTA OTO cUCTNHA. YTTApXouV
TTOAAEG TEXVIKEG yIa TNV aTTéd00N TNG TTPOTEPAIOTNTAG QUTAG, €K TWV OTTOIWV AA-
Aeg BaaidovTal aTo UAIKO, GAAEG O€ AOYIOHIKO Kal GAAEG o€ GuvdUaaHO Twv OUO.
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Tpomor peragpopdac DMA

Katd mn didpkeia TG petapopds DMA o PIKPOETTECEPYATTHG adPAVOTIOIEITAI
MEXPI va pETa@ePBOUV OAa Ta dedopéva. Me auTdv Tov TPOTTO ETTITUYXAVETAI O HE-
yI0TOG pUBUOG peETa®opdg. O TPOTTOC AUTOS XPNOIKOTIOIEITAI OTNV TTEPITITWAON TTOU
TIPETTEI VO PJETAQEPDET ueEYAAN TTOGOTNTA DEQOPEVWY OE HIKPO XPOVIKO OIACTNHA.

YTTapxouv OUwG TTEPITITWCEIG, OTIG OTTOIEG OEV aTTAITEITAI O PEYIOTOG PUBUOG
MeETaQOPAG. MNa TIG TTEPITTTWOEIS auTéG o1 EAeykTEG DMA TTapéxouv Kal éva GAAO
TPOTTO AgIToupyiag oTov oTToio N peTagopd DMA yivetal TTapdAAnAa pe Th Agimoup-
yia Tou pikpoetre€epyaoTn. MNa va yivel autd, KGBe Qopd TTOU PETOPEPETAI Eva
byte, o eAeyktAg¢ DMA TTapaxwpei Tov éAeyxo Tou SIadpOUOU OTO HIKPOETTECEP-
YyaaoTH Kal oTn guvéxela uttoBAAAEl Kaivoupla aitnon yia petagopd DMA. ‘ETol o
EAEYKTAG KAEBEI KUKAOUG pNXavrG oTTO TO MIKPOETTECEPYAOTH YIO VO PETAPEPE! TA
oedopéva. ZTnv TePITTwaon auTh Aéue 0TI n petTagopd DMA yiverar pe n péBodo
NG KAOTTAG KUKAOU (cycle stealing).

4.5 Eicod0¢ Kal £0506 YnN@PIaKWV O£0C

MIKPOETTECEPYAOTH)

OTwg avagEPaPeE, PIa atrod TIG KUPIOTEPES AEITOUPYIEG EVOG PIKPOETTECEPYQOTH
gival n emikoivwyvia pe 1o TTEPIBAAAOV. ZTnV TTapdypa®o auTtr Ba avagepBoupe
OTIG OTTAEG OUOKEUEG PE TIG OTTOIEG O PIKPOETTEEEPYOOTHG UTTOPET v AVTAAAGEEI
(e10ayer kai €€ayel) wneloka dedopéva Pe 1o TTEPIBAAAOV.

4.5.1 Eicodog dedopévwv

O1 M0 yVWOTEG GUOKEUEG HE TIG OTTOIEG EI0AYOUUE WN@IAKG Oedopéva OTo JI-
KPOETTECEPYATTH, €ival Ol PNXAVIKOI OIOKOTITEG KOI TA TIANKTPOAGYIA. 2TN GUVEXEID
Ba avagpepBoUPE OTIGC CUOKEUEG QUTEG.

O1 pnxavikoi SIAKOTITEG XPNOIUOTIOIOUVTAI YIO TN XEIPWVOAKTIKI €l0aywyr] O¢-
OOUEVWY O€ PIKPOUTTOAOYIOTIKG CUCTANATA. ZTNV ayopd UTTapXEl TToIKIAia dlaKo-
TITWV, Ol OTToioI dIAPEPOUV CGTNV KATOOKEUN, OI TTI0 YVWOTOI aTrd TOUG OTT0ioug
@aivovTtal oTo ZXua 4.6.

Zxnua 4.6 Mnxavikoi AlakoTTTeS

MNa va eicaxbouv dedopéva o€ Eva JIKPOUTTOAOYIOTIKO gUOTNUA, N Katdataon Tou
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OIOKOTITN TTPETTEI VO JETATPATTEI O NAEKTPIKO GAPG CUUPBATO WUE Ta AOYIKGA KUKAW-
MOTQ TOU OUCTAMATOG. 2T0 ZXNMa 4.7 QaiveTal TTWG UTTOPOUNE, XPNOIMOTTIOILVTAG
pia avriotaon (pull up resistor) va petarpéwoupe TNV TIPA £vog SIOKOTITN O ofua
oupBatd pe Ta KukAwpata TTL.

Zxnua 4.7 Merarpotr} TnG Karaotaong 1ou OIaKOTITH O€ NAEKTPIKO OHua

Ortav o dIoKOTITNG €ival KAEIOTOG, N Tdon otnv €€odo cival 0 Volts. Otav gival
QavOIKTOG, N TAan oTnv £€0do cival Vout=5V-IR (610U | €ival To pelua TTou aTTaITeiTal
atré 10 QOPTIo TTou ouvdEETal TNV £€€000 Tou BIOKOTITN). H avtioTaon R trepiopidel
TO peUpa TTou oTrataAdTal 6tav 0 SIaKOTITNG gival KAEIoTOG Kai divel Téon TTévw
atré 2.7V é1av 0 dIOKOTITNG €ival AVOIKTOG. ZUVABWG, av N KATAoTACoN Tou SIOKOTITN
BéAoupe va peTapepBei 0TO BIAdPOUO EDOUEVWY TOU PIKPOETTEEEPYQTTH, TO POPTIO
auTé odnyeital o€ £va aTTOPOVWTH TPIWV KataoTaoewy (3-state buffer).

Ortav atraiteital n eicaywyr) peydAou TTANBoug cupBoAwy, XpNOIKMOTToIOUVTAI
ouvnBwg TTANKTPOASYIA. Z€ Eva TIANKTPOAOYIO, KABE TTAAKTPO OXETICETAI UE OUYKE-
KpIuEVO oUpBoAo ) duadikn Tiur. Otav ratdue éva TTANKTPO, TTapdyeTtal £vag dua-
OIKOG apIBPOG TTou avTioToIXEi 01O TTANKTPO auTd. Otav 10 TTARB0G TwV TTANKTPWY
gival pikpdTEPO TOu 16, T TTARKTPA UTTOPOUVE VO KWOIKOTTOINBOUV XPNOIUOTIOIW-
VTag oUVOUOOTIKA KUKAWHATA (KWOIKOTTOINTEG). ZUvBWG, £vag KwAIKOTTOINTAG 8
EI060WV £XEI pIa €000 TTOU EVEPYOTTOIEITAI OTAV OTTOIGdNTIOTE ATTO TIG £I00O0UG
Tou givar evepyottoinuévn. H £€6000¢ auTh PTTopeEi va XpnoIpoTroinBei TTpoKEIEVOU
va TTapayBei Eva orua dIaKoTTAG £T01 WOTE va dIABACEl O HIKPOETTEEEPYAOTNG TNV
€€000 TOU KWAIKOTTOINTA. MNa TTaPAdEIYUA, O KWAIKOTTOINTAG TOU ETTOUEVOU X Ma-
TOG KWOIKOTTOIET 8 £10600UG € £va 3-WN@I0 KWOIKG. Ta TTARKTpaA Tou oxruaTtog 4.8
€XOUV HIa ETTAPA OUVOEPEVN ATTO KOIVOU.

EVOAAGKTIKG PE TN YPAUMIKA dIdTagn Tou oxnuaTog 4.8, Ta TTANKTPG PITTOPOUV
va diataxBbouv o€ pia uATPa (TTivaka) TTou oxnuaTieTal atrd TNV ToPr KaAwdiwv,
OTTWG PAIVETAI OTO ETTOUEVO OXAHA YIa €va TTANKTPOAOYI0 4x4=16 TTARKTpwv. Eva
TIAAKTPO QVTIOTOIXEI TNV TOUN £vOG KABETOU pE Eva opildvTio oUPHQ.
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2xnua 4.8 NAnkTpoAdyio ue ypauuikr KwdIKOTToinon Twv mANKTpwv

Zxnua 4.9 lAnkrpoAdyio oe opBoywvia didraén

H opBoywvia diatagn xpnoipotroigital otav 10 TTARB0G Twv TTAAKTPWYV €ival
MEYOAUTEPO, €TTEION PEIWVETAI TO KOOTOG UAOTTOINONG yIa TNV KwdikoTtroinon. MNa
Va aTTOQACIOTEN av £xel TTATNOEI KATTOI0 TTARKTPO KAl VO avayVvwPIoTEN TO TTARKTPO
auTé akoAouBeital N akdAouBbn diadikaaia.

1. Kdavoupe O0Aeg TIG ypapuég Tou TTivaka Aoyiko '0’, Kal aviXVEUOUUE TIG AOYIKEG
TIWEG OTIG OTAAES. Av pIa i} TTEPIOCOOTEPEG OTAAEG gival Aoyikd 0, €xel TTaTnOci
éva TTAAKTPO (1] Kal TTEPIOTOTEPQ).

2. Tpokelgévou va avayvwpioouue TTolo TTARKTPO £xel TTatnBei, k&dBe opildvTio
oUppa yivetal d1adoxikd ‘0’ evw OAa Ta uTtOAoITTa OPICOVTIO CUPHPATA £XOUV TN
AoyikA TiuR ’1’.

3. E&etaletal kGBe Eva atrd T KABETA oUpPUATA yia va douue av gival Aoyiko "0’
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Av pia ka8etn ypauun €ivar Aoyiko 0, To voUuuepo authg TG OTAANG, padi pe To
VOUUEPO TNG YPAMMNAG HE Aoyiko 0, TTpoadiopiouv To TTAAKTPO TTOU €xEl TTATNOEI.
MNa Tapddeiyua, £€0Tw T0 TTANKTPOAOYIO opBoywviag didTtaéng Tou OXANATOG
4.10, oTo oT110i0 £x€l TTATNOEI TO TTAAKTPO TTOU AVTIOTOIXEI OTN padpn TeAEia.

Zxnua 4.10 Avayvwpion on ariénke mARKTPO

Zxnua 4.11 Avayvwpion thg ypauuns
arnv ormoia Bpiokeral 1o TTARKTPO TOU TTaTRONKE

‘Eva apddeiypa g dIATagNG TTOU XPNOIYOTIOIEITAI OTNV QViXVEUTH VOGS TTAR-
KTpou @aiveTal aTo ZxNua 4.12. O1 ypaupég Tou TTivaka eAEyxovTal atrd pia Bupa
€€600U, Kal oI TINES Twv oTNAWY AauBdvovTal aTTd pia BUpa €1I00d0u.
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Zxnua 4.12 Odrynon mAnktpoAoyiou opBoywviag diataéng
4.5.2 'E§050G 5edOMEVWV

O1 TpoTTOI PE TOUG OTT0IOUG £vag MIKPOUTTOAOYIOTIKO GUCTNHA PTTOPED va TTa-
pouaidoel OEOOUEVA UE OTTTIKO TPOTTO TTOIKIAAOUV, aTTO ATTAEG AQUTTEG MEXP! OA-
@apIBunTIKA displays O1TWG oI cwARveg kaBodikwv akTivwv (CRT). MNa Tnv uho-
TT0iNON KAl TOV €AEyX0 TWV CUCKEUWV AUTWV XPNOIPOTIOoIEITal £€va eupl @ACUa
Texvoloyiwv. OI GUOKEUEG TTOU XPNOIPOTTOIOUVTAl CUXVOTEPQ Eival o1 Biod0I EKTTO-
MTTAG @wTOG (Light Emitter Diodes, LEDs) kai Ta 7 segment displays.

H 1m0 KOIVr KOl aTTAr} GUCKEUN OTITIKAG £VOEIENG TTOU XPNOIUOTIOIEITAI OE OUV-
duaOPO Pe Ta oOAoKANpwHéva KUukKAwpaTa ival To LED. Ta LEDs civail eTTa@ég p-n,
Ol OTTOIEG EKTTEUTIOUV EVEPYEIQ UE TN HOPOH QwTOG OTaV digyeipovTal atrd peUpa
XOUNAAG £vTaong Kal UTTopouV va oxXedIAoTOUV £TO1 WOTE VA EKTTEUTTIOUV QWG OTTO
uTTEPIWOEG WG UTTEPUBPO. To TI0 ywwaTd LED €ival ekeivo TTou eKTTEUTTEI KOKKIVO
QPWG. ZTNV ayopd UTTopEi akOun va Bpel Kaveig akoun Kitpiva kai mpdoiva LEDs.

Ta LEDs ptropoUv va AsIToupyrioouv o€ XapnAn T1aon, ETTOPEVWGS Eival OUp-
Batd pe cuoTAUATA TTOU XENGCIUOTTIOIOUV OAoKANpwHéva KUKAwuata. Eival pikpd,
eAa@pd Kal 1d1aiTepa aglommaTa (0 xpdvog (wnig Toug Eetrepvael TIg 100.000 wpeg).

To cupBoAo Tou KukAwpaTog evog LED gaivetal oto Zxriua 4.13. To LED ektré-
MTTEI QWG OTaV TTOAWVETAI 0pBA, Kal N £€vTaon Tou QwTog gival cuvapTnon Tou peu-
MaTog TToU TrepvAEel aTTd péaa Tou. MNa Asitoupyia DC, n eAdxioTn éviaon peupaTog
TTOU TTPETTEI va TTEPAOEl atro éva KOKKIVo LED yia va Aeiroupynoer givar 10mA.

Zxnua 4.13 >ouBoio LED
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levikd, &€ pmopoupe va auvdéooupe LEDs karteuBeiav atnv £€€000 OAOKANpw-
MEVWYV KUKAWMPATWY, ETTEION TO KUKAWMPOTA QUTA O PTTOPOUV va TTAPEXOUV QUTH
TNV €éviaon otnv ££000 Toug (YIa TTaPAdelypa, Ta KUKAwpata 74LSXXX divouv
peupa 8mA). Opwg e Tn Pondeia ammopovwtwy (K. 74ALS534) pttopouv va
dWwaoouv PEXPI 24 MA OTTwG @aiveTal oTo ZXNUa 4.14.

Zxnua 4.14 Odnynon LEDs pe amrouovwr 74ALS534

Ta dekadIkG wnoia, KaBWG Kal KATToIa YPAuUaTa Tou aA@afrTou uTmopouv va
QTTEIKOVIOTOUV XpnaoipotroiwvTag Seven Segment Displays, 61Trwg autd mou @ai-
VETAI OTO OXNUa 4.15.

2xnua 4.15 Seven Segment Display

21a seven segment displays xpnoipotroigital ouviBwg éva LED yia kdBe éva
amo Ta TuAuaTta (a-g). ‘Eva seven segment display ptropei va 0dnynBei pe didgo-
poug TpOTToUG. 'Evag ammd Toug TpOTToug auToug gaivetal oto ZXAua 4.16, otnv
OTT0i0 XPNOIKOTTOIEITaI £Vag ATTOKWOIKOTTOINTHAG/KUKAwUa 0diynong BCD-oe-7 (10
74LS47). 21 oUVOEDN TOU OXNMATOG N Avodog OAwY Twv dIGdWV gival CUVOEUEVN
atrd Kolvou aTnVv Tpo@odoaia Twv 5V, Kal 0 atrokwOIKOTToINTAG avapel Ta THAPOTA
TTOU TTPETTEI VO EYPAVIOTOUV.
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Zxnua 4.16 >0vdean seven segment display oe auvdeauoAoyia koivric avédou

EPQTHZEIZ

1.
2.

Ti givar n TTOAUTTAEGIO aKPOOEKTWY KAl TTOIA N XPNOINOTNTA TNG;

Me 1To10UG TPOTTOUG PTTOPOUNE Va dIEUBUVOIODOTACOUUE CUOKEUEG EI0OO0U-€-
£600ou ag €éva pikpoUTToAoyIaTIKG aUoTNUQ; IMola Ta TTAEOVEKTHOTA KAl TTOIa TA
MEIOVEKTHUATA KABE TPOTTOU;

Me TT010UG TPOTTOUG PTTOPET VO EEUTTNPETHOEI £VAG MIKPO-ETTEEEPYAOTAG WIA PO-
vada €100d0u/eE6d0U;

. T gival o1 dIakoTTEG; TToIa €ival n dladikagia TTou aKOAOUBEITal TTIPOKEIYEVOU VO

€EUTINPETNOEI YIa TTEPIPEPEIOKT CUOKEUN PE TN HEBODO TWV BIAKOTTWY;

Mola Ta TTAcovVEKTANATA TNG XPAONG SIOKOTTWYV YIa TNV €EUTTNPETNON TTEPIPEPEI-
OKWYV OUCKEUWV;

MepiypdyTe TN diadikaoia HETAPOPAG OEDOUEVWY PETOEU HIAG TTEPIPEPEIOKAG
OUOKEUNRG Kal TNG WVAMNG XPNoIJoTIolwvTag TN WéBodo Tng atreuBeiag Trpo-
otréAaong pviung (DMA).

. Tola Ta TTAEOVEKTANATA TNG HETAPOPAG OEDONEVWV PETALU MIOG TTEPIPEPEIAKNG

OUOKEUNAG Kal TNG UVAUNG XPnolhoTroiwvTag Tn péBodo Tng atreubeiag TTpo-
oTéAaoNg pPvApNG;

13—



AOMH KAI AEITOYPTIA MIKPOYMOAOTIZTQN =

BIBAIOPADIA

1. K.Z. lNekpeotdn, "Zuothpara MikpoUtroAoyioTwv", EkdooeIg Zupuetpia, 1995.

2. I MNamakwvoravrivou, I1. Toavdakag, N. Ko{upng, A. MavouoorrouAou, 1.
Mardakog, "Texvohoyia YTTOAOYIOTIKWY ZUCTNPATWY Kal AEITOUPYIKG 2ZUOTH-
pata”. YTEMNO, MNMaidaywyikod lvoTtitouTo, 1999.

3. S. Mueller, "Upgrading and Repairing PCs", Scott Mueller, 10th edition, Que
Corporation, 1998.

4. K. Anuodmoulog, A. lNMapackeudmouAog, "80X86: ApXITEKTOVIKN, Zxediaan
Kai Mpoypappatiopog”, MNarmacwTtnpiou, 1992.

—114



KeqpadNaiclSe

APXITEKTOVIKA KAl
TTPOYPOUNMATIOHNOG TOU
MiIKpoeAeykT] PIC

Mepiexépeva

5.1 Aopn Tou pIkpoeAeykTA PIC

5.2 Karaxwpnrég

5.3 Tutrol eviohwv Tou PIC

5.4 KUKAoG ekTEAEONG EVTOANG

5.5 H yAwooa Assembly Tou PIC

5.6 MeBodoloyia TTpoypAPUATIONOU O€
yAwooa Assembly



AOMH KAI AEITOYPIIA MIKPOYMOAOTIZTQN e

2T1OX0I TOU KEPaAaiou:

OT1av oAokAnpwaoelg To KeP&Aaio autd Ba PTTopEiS va...

@ TTEPIYPAPEIG TNV OOURA Kal AsiToupyia Tou pikpoeAeykTr PIC.

KaTtavoeig T gival yia evioAr) Assembly kail TTwg, ekTeAgiTal atmd 10 oUOTNHA.
TTEPIYPAPEIG TTWG YiVETAI N aTToBrKeUoN Kal avakAnaon dedopévwy.
dlapadeig kwdika yAwooag Assembly.

YPA®eIg oToIXEIWwdN KWdIKa o€ YAwooa Assembly.

Eicaywyn

210 TTponyouueva Ke@alaia eidape TIG BaCIKEG apxESG OOPNG Kal AEIToupyiag
EVOG MIKPOUTTOAOYIOTIKOU OUOTAUATOS. MaBaueg, 611 6Aa autd armroteAolv epap-
MOYEG TWV WNOIOKWY NAEKTPOVIKWV. AKOMN, €idape To duadiko Kal To DEKAELADIKO
oUCTNPO KOl TTWG PTTOPOUME va KAVOUME TIG BId@opeg apiBuNnTIKEG TTPALEIS e
autd. EmimmAéov, pIAfocape, S1ECOBIKA, yia TNV OPXITEKTOVIKA TWV UIKPOUTTOAOYI-
OTIKWY OUCTNUATWY, TOUG HIKPOETTECEPYAOTEG, TOUG PIKPOEAEYKTEG, KOBWG Kal TIG
OMOoIOTNTEG Kal TIG BIaPOPES TOUG. TEAOG, €idaue TTWG Evag PIKPOETTECEPYAOTAG N
MIKPOEAEYKTAG PTTOPET VO OUVOEDET e TIG KOTAAANAEG TTEPIPEPEIAKES JOVADEG, OE
Mia TTPOKTIKI) EQAPUOYH.

270 KEQAAQIO aUTO Ba PEAETACOUNE Evav TTPAYHATIKO PIKPOEAEYKTH, TTOU TTAPG
TO MIKPO TOU KOOTOG, PTTOPEI va XpnaoiuoTtroinBdei og TTapa TTOAAEG, UIKPEG KAl UE-
yaAeg, epappoyég. Mpodkertal yia Tov pikpoeAeykTh PIC, Tng etaipeiag Microchip.
O OUYKEKPIPEVOG PIKPOEAEYKTHG XPNOIUOTIOIEITAI KAI OTIG EPYACTNPIOKEG OOKNOEIG
TOU POBAPATOS POG.

A@ouU doUpE TNV APXITEKTOVIKI TOU Kal Ta dId@opa eMPEPOUG TURPATA Tou, Ba
MAGBouuE TTWG YTTOPOUE VA TOV TTPOYPAUUATIOOUNE, YPAPOVTAG £va TTPOYPaUUa
oe yAwooa Assembly. Emiong, 8a avagepBolue oTIG dUVOTOTNTEG TTOU QUTA N
yAWooa pag Tpoo@Epel. AANMWOTE, 01 BuvaTOTNTEG QUTEG €ival TTOU TV KAVOUV va
O1aQOPOTIOIEITAI ATTO TIG UTTOAOITTEG YAWOTES TTPOYPAUMATIOHOU.
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5.1 Aopn Tou piIkpogAeykTN PIC

5.1.1 'evikd oToIXEia

270 TpiTO KEPAAAIO Tou BIBAiou, €idape OTI UTTAPXOUV APKETEG OIKOYEVEIEG MI-
KpoeAeykTwyv. ETriong, eitrape 611 o1 PIKPOETTEEEPYAOTEG KA MIKPOEAEYKTEG XWpi-
CovTal o€ dUO PEYAAEG KaTnNyopieg, auTwyv Pe apxiTektovikr CISC kal autwy pe
RISC. O pikpogAeykTng TToU Ba peAetriooupe gival o PIC, Tng eTaipeiag Microchip
Kai gival apxiTektovikhg RISC.

H dopn tou pikpoeAeykTr) PIC utropei va xwpioTei e dU0 pépn, Tov TTUPR-
va (core) Kai TIG TTEPIPEPEINKES PovAadeg Tou (peripheral units). O TTupAvag Tou
MIKPOEAEYKTH aTTOTEAEITAI ATTO OAA €KEiVA TA OTOIXEID, TA OTToIA €ival ATTOAUTWG
atrapaitnTa yia TNV Asiroupyia Tou. O1 TTEPIPEPEIOKES PHOVADES BpioKovTal EVOW-
MOTWHEVEG OTOV PIKPOEAEYKTR Kal €ival AUTEG TTOU TOV KAVOUV va dIa@QEPEl AT
£VaV PIKPOETTECEPYQTTH).
>tov Truprva Tou PIC aviikouv or:

Kevtpikh povada emregepyaaiag
MvApn

EvToAég

A&iToupyieg SIAKOTTWV

Edw, TTpétmel va onpeiooupe OTI, AOyw TNG ONPAVTIKOTNTAG TOUG, £XOUNE OU-
MTTEPIAGREI Kal TIG EVTOAEG aoTOV TTuprva Tou PIC, TTapdAo 1Tou TrpokeiTal pdAAov
Y10 KGTTOI0 AOYIKO TTOPA UAIKO OTOIXEIO TOU MIKPOEAEYKTH.
2TIC TTEPIPEPEIAKESG HOVADEG AVIKOUV:

O1 BUpeg e106d0u / €€6S0U YeVIKNG XPAONG

O1 peTpnTéG XPOVOU (TPEIG HOVADEG)

H povada diapoppwaong TTAGTOUG

O1 BUpeg oeIpIOKAG ETTIKOIVWVIAG (TPEIG BUPEG)

H 80pa TapdAANANG €TTIKoIVWViag

H povada rapaywyng Taong avagopag

O1 ouykpITéQ

O petaTpotTéag avaAoyikoU OrPOTOG O€ WnPIako

2Tn ouvéxela, Ba avaAlooupe Ta TTOPATIAVW oToIXEia Kal 8a doUpE TTWGS auTd
AgiIToupyouv kai ouvepyadovTal aTig diIdpopeg epappoyEg Tou PIC.

5.1.2 Kevtpiki Movdda Etre§epyaciog

H kevTpikr povada emreéepyaaoiag (K.M.E), yvwaoth kai wg CPU, ekTeAei TIg evTo-
AEG TOU TTPOYPANHATOG TTOU €XOUUE ATTOBNKEUCEI O€ [ia Uvrun n oTroia ovouadeTal
MVAUN TTPOYPAUUaTOG. ATTO Tn UVAMN QUTA, N KEVTPIKN Povdada emmeepyaaiag
M7—




AOMH KAI AEITOYPTIA MIKPOYMOAOTIZTQN =

QEPVEL, PE TN OEIPA, TIG EVTOAEG TOU TTPOYPAMMPOTOG, TIG OTTOKWOIKOTIOIE KAl TIG
ekTehei. EOw, Tpétrel va onueiwooupe 611 o PIC avayvwpilel Tpiavtamévre (35)
EVIOAEG TTpOoypappaTIiooU. MNa TIg evioAég auTég Ba PMIAAOOUPE AVOAUTIKG OTIG
€VOTNTEG TTOU aKoAouBoUV.

Méoa oTnv KevTpIkr) Jovada eTTegepyaaiag, BPioKETal Kal N apiBPNTIK Kal AOYIKN)
povada (A.A.M.). To oxipa 5.1 rapouaiddel Tnv K.M.E. padi ye Ta dueoa, pe autry,
ouvdedpeva aToixeia Tou PIC. O1 apiBunTiKEG TTPAEEIG TTOU UTTOPET VO EKTEAEI gival n
TPOoBeon kal n agaipeon. Etriong, €xel TN duvatdtnTa va ekTeAE AOYIKEG TTPAEEIS
(AND, OR, XOR, kTA). H povada etreéepyddletal Oedopéva UrKoug OKTW duadIKwV
wnoiwv (8-bit).

Zxnua 5.1 H Aoun uikpogAeykth PIC.
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MNa TN owoTA avelpean TwV EVIOAWYV, TTOU TTPETTEI va EKTEAECOBOUV, N KEVTPIKN
povada eTTeepyaoiag XpNOIUOTIOIET Eva PETPNTA TTPOYPANMATOG. TNV TTPaYHa-
TIKOTNTA, TTPOKEITAI yIA VOV KOATOXWPENTH, O OTToiog TTEPIEXEl TN diEUBuvon TG
MVAUNG OTNV oTToia BpiokeTal aTToBNKEUPEVN N EVIOAA TTOU TTPETTEI VO EKTEAECDEI.
O kataxwpnTAg autdg ovouddletal Program Counter (PC).

5.1.3 MvAun

21N oxediaon PIKPOETTEEEPYATTWV KAl MIKPOEAEYKTWY akoAouBouvTal dUo ap-
XITEKTOVIKEG. TNV TTPWTN XPNOIKOTIOIEITAI Pia yvAun TO60O0 yia TV aTmobrikeuan
TOU TTPOYPAPPATOG OCO Kal yIa TNV atmmoBnkeuon Twyv dedopévwy. 2Tn deUTEPN
XpnolgoTrolouvTal dU0 LEXWPIOTEG UVAMEG. H pia xpnoigoTrolgital yia Tnv atrodn-
KEUON TOU TTPOYPAUMATOG KAl AEyETAl VAN TTPOYPAUMATOS VW N GAAN yia TV
aTToOnKeuon Twv deSOUEVWY KAl AEyeTal pvrpn dedopévwy. O1 U0 apXITEKTOVIKES
TTapouacialovTal aTo axnua 5.2.

ZXRMa 5.2 APXITEKTOVIKEG IVALING WIKPOEAEYKTWV. (a) Eviaia uvAun mpoypduuarog kai Oe-
douévwy. (B) ZexwplioTh UVAKN TTEPOYPAUUATOS KAl OEOOUEVWY (LUIKDOEAEYKTAC
PIC).
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O pikpogAeyktg PIC akoAouBei Tnv deUTEPN APXITEKTOVIKN. ZTnV deUTEPN QPXITE-
KTOVIKH, EVTIOAEG Kal OedopEva KIVOUVTal O€ EEXwPIoTOUg d1adpououg (SialuAoug)
ME atToTéAeopa auTd va PTTopED va yivel Oyl povov e TTOAU peyaAuTepn TaxUTn-
Ta AN akOpN Kal TNV idla XPovIKA oTIyur. AvTiBeTa, TNV TTPWTN OPXITEKTOVIKH,
EVTOAEG Kal dedopéva poipddovTal Tov idIo SIAdPOUO UE OTTOTEAECHA VA EAATTW-
VETAI N TaXUTNTA PETAPOPAS Toug. ETTITTAéOV, TO TTAEOVEKTNUA TNG OEUTEPNG Ap-
XITEKTOVIKNG, VA XPNOIYOTIOIEI {EXWPIOTOUG XWPOUG UVAUNG VIO TNV ATTOoBriKeEU-
on Twv 0ed0UEVWY Kal TOU TTPOYPAPPATOG, divel TN duvaTtdTNTA XENOIYOTTIOINONG
MVAUNG HE OloQOopPETIKO PAKOG AEENG. 'ETol, otnv mrepiTmtwon Tou PIC, n pvAun
TTPOYPANMOTOG €XEl MAKOG AéENg dekaTeoadpwy (14) duadikwy wneiwv (bits) avri
TWV OKTW (8), TNG MVAMNG TWV OEDOUEVWY, PE OKOTTO OAEG 01 EVTOAEG VO KWDIKO-
TToI0UVTal O€ pia AéEN. OuuifoupE OTI, YEVIKA, Ol EVTOAEG TWV PIKPOETTECEPYATTWV
Kl MIKPOEAEYKTWV PTTOPET VO £XOUV PNKOG Hiag, dUO r), akOun, Kal TTEPICOOTEPWV
AE€ewv, pe avTioToixn, BERala, avgnaon Tou xpOvou EKTEAEDTG TOUG.

To péyeBog TNG PvAUNG TTPOYPAUHATOS KupaiveTal atrd 2 wg 8KBytes kai, ou-
vABwg, eival TUtTou Flash. H ouykekpipyévn Texvoloyia emTpémmel Ox1 JOvov Tnv
EYYPOQr aAAG Kal TO GRACIYO TNG PVAMNG VA YiveTal HE NAEKTPIKO TPOTTO. AUTO
onuaivel 0TI 0 TTPOYPOUUATIONOG TOU PIKPOEAEYKTN YiVETAI EUKOAQ VW) AUTOGS Bpi-
OKETAI OUVOEDEPEVOG OTO KUKAWHA TNG EKAOTOTE EQAPHOYAG.

To péyeBog NG pvRuNng dedopévwy atroTeAEiTal aTTd Tpia TUAPATA, e pEyeBog
128Bytes 10 kGBe €va, dnAadn 384Bytes ouvoAikd. To KABe TUrUa aTTOTEAEITAI
TO00 aTTO KATAXWPENTEG YEVIKOU 000 Kal €I0IKOU okoTrou. Mepikoi aTrd Toug KaTa-
XwpPNnTES €10IKOU OKOTTOU XPNOIYOTToOIoUVTaAl Yia Tov €Aeyxo Tou TTuprjva Ttou PIC
EVW GAAOI yIO TOV EAEYXO TWV TTEPIPEPEIAKWYV TOU.

2TIG ETTOUEVEG EVOTNTEG TOU KEQaAaiou auTou, Ba ava@epBouue avaAuTikd oTov
TPOTIO PE TOV OTTOIO O PIKPOEAEYKTHG HOG XPNOIMOTIOIET TIG MVAMES TTOU TTPOOVA-
PEPOE.

5.1.4 EvroAég

Ooov agopd Tnv oxediaon eVIOAWYV Ol JIKPOETTEEEPYOOTEG KA MIKPOEAEYKTEG
akoAouBouv eite TNV apyiTekTovikrl RISC eite Tnv apyxitektovik CISC. EVOEIKTIKA
ava@EPOUNE OTI HEYAAOI KEVTPIKOI NAEKTPOVIKOI UTTOAOYIOTEG BaaifovTal O€ PIKPO-
eTeEepyaoTEG apXITEKTOVIKNG RISC, evwo 0 TTPOOWTTIKOG HAG NAEKTPOVIKOG UTTO-
AoyioTig Bacietal o€ pikpoeteEepyaaTr) apxiTektovikng CISC. Or pikpoetegep-
YOOTEG KOl MIKPOEAEYKTEG apxITEKTOVIKNG RISC yxapaktnpilovtal atmd 10 yeyovog
OT1 S108£TOUV PIKPO OpPIBUS EVTOAWY, PTTOPOUV OPWG VA IKAVOTTOIOOUV OAEG TIG
mOAVES ATTAITATEIG TTPOYPAUMATIONOU.

O pikpogAeykg PIC, akohouBei Tnv apxitekTovikr) RISC kai £xe1 oUVOAIKA TPIA-
vratévre (35) evioAég, unkoug piag AEEng (14 bit). 'ETol, o€ avtiBeon e Toug pI-
KpoeAeykTEG apxITekToVIKAG CISC, 0 PIC ekTeAei TNV KABE €VTOAN O€ £vav KUKAO
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MNXOVAG, ME aTTOTEAECUO TN onuUAvTIKA BEATIWON TNG TaxUTnNTOg £TTECEPYATiag.
Edw, ag Tovicoupe 611 povadikh e€aipean atroteAoUv o1 evTOAEG dIakAGdwanNG, Ol
oTToieg eKTEAOUVTAI 0€ OUO KUKAOUG PNXAVAG. ZUYKPITIKA avapEéPOUE OTI O yVw-
010G pIkpoeTTeEepyaoTng Z80, o otroiog cival apxiTekTovikhg CISC, €xel evioAég
TToU ekTEAOUVTAI 0€ BéKa (10) i Kal TTEPICOOTEPOUG KUKAOUG PNXAVIG.

O1 gvtoAég Tou PIC Kkal o TTpoypaupaTiopog Tou, 6a Jag aTTaoX0A|O0UV EKTE-
VWG OTN GUVEXEIQ TOU HabriuaTtdg pag.

5.1.5 Aeitoupyigg AlakoTTWV

Tnv wpa 10U 0 PIC ekTeAei éva TTpOYpAUUA TTOU TOU £XOUNE OWOEI, UTTOPEI va
oupBouv diIagopa yeyovoTa, ato TTEPIBAANOV TTOU auTOG eAEyXEl. AvGAoya PE Tn
onMagia Tou KABe yeyovoTog, EVOEXOUEVWG, VA XPEIOOTEI va OIOKOWEI TNV EKTEAE-
0n TOU KUPiwg TTPOYPANMATOG YIa va acxXoAnBei e 1o yeyovog autd. O PIC yia va
avTIAN@OEi TNV UTTAPEN TWV YEYOVOTWY QUTWV EXEl avVOBECEl O€ KATTOIEG ATTO TIG
TTEPIPEPEIOKES TOU HOVADEG va dIEVEPYOUV DIAPOPOUG EAEYXOUG. AUTO PTTOPET va
yivetal avegdptnTta atrd TIG AOITTEG AEITOUPYIEG TOU MIKPOEAEYKTH. OTav pia a1t TIg
Hovadeg evroTrioel To yeyovog, T0Te, oTéAvel éva onpa otnv K.IM.E. Tou pikpoeAe-
YKTA va dIOKOWEl TNV EKTEAETN TOU TTPOYPAUMATOG TTOU €KTEAEL. To orjpua AéyeTal
OIaKOTTA Kal TTPOKAAEN TNV AuEON EKTEAEOT €VOG TUAMATOG KWOIKA, TO OTTOI0 Afye-
Ta1 pouTiva eEUTTNPETNONG TNG OIAKOTTAG.

Q¢ Tapddelyua UTTOPOUUE VO QVAPEPOUUE TN XPOoN €VOG PIKPOUTTOAOYIOTI-
KoU ouoThpaTog Baciopévou atov PIC, TTou xpnoIUoTIoIEiTal yia TOV €AEyXO MHiag
KOTEPYQTiag HETAANOU O€ éva Blounxaviko TrepIBAAAov. EKei, avapeoa aTig GAAEG
aoXoAieg Tou, o PIC, rpétrel kai va pubuicel Tn Beppokpaaia o€ KATToIoV KAIBavo.
ETriong, yia Adyoug ac@aleiag, petpd Tn Bepuokpacia oe didgopa onueia TNG
kaTtepyaaiag. Tnv wpa, AoImrov, TTou ekTeAEl yia ouvnBiouévn diadikaaia, .. TNV
a1TO0TOAR KATTOIWV OeDdOUEVWY ATTO TN UVAMN Tou o€ €vav Kevipikd H/Y, diatm-
OTWVETAI ETTIKIVOUVN augnon TnG BepUoKpaciag g KATTOI0 ONUEIO TNG KATEPYAODi-
ag. TOTe, TO TTEPIPEPEIAKD TTOU TNV EVTOTTIOE, TIPOKAAEI pia diakoTr) otnv KIM.E. H
atrooToA oTapatd kal n K.M.E. KaAegital va ekTEAECEI TNV POUTIVA TTOU OUVODEUEI
Tn dloKoTT). H pouTiva TTEPIEXEI EVTOAEG TTOU GAVOUV Tov KAiIBavo, avoiyouv Kd-
TTOIOUG QVEUIOTNPES WUENG Kal EVEPYOTTOIOUV TN GEIpriva KivoUvou.

To TTapdadelypa, TTou TTEPIYPAYapE, OEiXVEl XapaKTNPIOTIKA TN AEIToupyia Twv
dlakotTmwyv. QoT1d00, TO YeYyovOg OTI avaQEPETAl O€ Wia KaTaoTaon KivOuvou Og
onpaivel 0TI yovov TOTE PTTOPEL va £XOUME Mia DIOKOTTH. AIOKOTTEG £€XOUME KAl O€
O1G@opeg AANEG ATTAEG TTEPITITWOEIG.

MNa Tapddeiyua, e gia GAAN TTEPITITWON, N JovAada TTou TTPOKAAECE T BIaKO-
TTr), MTTOPEI Va €ival €vag PHETATPOTTENG AVOAOYIKOU OHHOTOG O WnPIoko. ToTe, e
10 onua Tou oTéAvel otnv KIM.E., o petaTpotréag dnAwvel 0TI Xl TEAEIWOEI TN
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METATPOTTH KaI TO ATTOTEAECUA €ival €TOIYO. 2TNV TTEPITTTWOoN auTh, n KIM.E. dia-
KOTITEI TNV EKTEAEDN TWV EPYACIWV TTOU EKQVE, HEXPI EKEIVN TNV GTIYUN, YIA VA TTO-
paAdBel To ammoTéAeopa Kal, MOavov, va To TTECEPYAOTEN KAl va TO aTToBnKeUOEL.
KaT rapdpoio cupBaivel kar ge Tn B0pa oeiplakig emkoivwviag, Otav oAokAnpw-
Bei N Aqwn 1 n atTooTOAN KATTOI0U BEDOUEVOU, TO TTEPIPEPEIAKO, EIOOTTOIEN, PE Jia
olakoTrA, TNV K.IM.E. yia va 1o TTapaAdBel A yia va oTeilel TO ETTOPEVO, AVTIOTOIXA.

O PIC d¢xetal £va TTARB0G SIOKOTTWY, Ol OTTOIEG, KATA KUPIO AOYO, TTPOEpXoVTal
aTro TIG JIAPOPES TTEPIPEPEIAKES TOU HOVADES. ZUVABWG, Hia TTEPIPEPEIOKT Povada
MTTOPEl Va dwoel éva ofua d1akoTmg. QOTOC0, UTTAPXOUV HoVAdeG TTou divouv Tre-
PICOOTEPEG DIAKOTTEG, OTTWG, YIa TTAPASEIYUA, TO TTEPIPEPEIOKO TEIPIOKNAG ETTIKOIVW-
viag. ToviCetal 611, £XOUNE TN BUVOTOTNTA VO OTTEVEPYOTTOIOUME KATTOIEG ATTO TIG OIa-
KOTTEG, 1 Kal OAEG padi, 6Tav n eKTEAEON KATTOI0G EpyaTiog dev TTPETTE VA DIAKOTTEI.

To B€pa eival apKeTA PeyAAo Kal, yia To Adyo auTd, Ba 1o e¢eTdoouUpE, DIECODI-
K&, OTO TEAOG TOU Ke@aAQiou, KaBWG Kal aTO ETTOUEVO KEPAAaIO, 6TTou Ba doUue
TTWG XPNOIYOTTOIOUVTAI KAl TTPOYPANKATICOVTaAl O TTEPIPEPEIaKES Jovadeg Tou PIC.

5.1.6 MNepipepelakég pOvadeg

O1wg €itrape Kal gg TTponyoupeva KEQAAaia, n KUpIa dIa@opd TwV UIKPOEAE-
YKTWV atrd TOUG PIKPOETTEEEPYAOTEG Eival OTI, Ol TIPWTOI, £XOUV EVOWUOTWHEVA
O1Gdpopa TTePIPEPEIAKA. AUTO TOUG KAVEI KATAAANAOUG yia TTOAAEG eQapuoyEG OTToU
TO GUECO NTOUMEVO Eival N XPron TTEPIPEPEIAKWYV PHOoVAdwY, OTTwg 0 A/D petatpo-
Téag, n BUpa oeIpIaKNnG eTTIKOIVWVIAG, KTA. Mia epapuoyr uTTopei va gival o €Aey-
X0G Bepuokpaciag evog KAIBAvou, OTTwg OTO TTAPAdEIYUA TTOU EIDANE TTAPATTIAVW.
IMOANEG QOpPEG, €vag PIKPOEAEYKTNG ETTIAEYETAI VIO IO EQAPPOYR YE YVWHOVA TO
€i00g Kal TIG dUVATOTNTES TWV TTEPIPEPEIaKWY TTou O1aBéTel. O pikpogAeykthg PIC
EXEl EVOWMPOATWHEVA OPKETA TTEPIPEPEIAKA, TTOU TOU Oivouv T duvaToTnTa Va XPN-
oigoTtroinBei yia £va TTANB0G Epapuoywv.

O MPIKpOeAEYKTAG Hag €xel TTEVTE BUpEG €10000uU / €€660U, Twv OKTW (8) duadi-
KWV yneiwv (bits). Autég ytropouv va xpnoigotroinBouv gite oav atTAEG BUPEG €iTe
oav BUPEG TWV UTTOAOITIWYV TTEPIPEPEIOKWY TTOU dIaBETEl. H TETOPTN KAl TTEUTITN
BUpa pTTopoUV va xpnaiyoTroinBouv Kal yia TTapaAANAn eTTIKOIVWVIa.

AKOUN, d100€TEl TPEIG PETPNTEG XPOVOU, TTOU TOU Bivouv PeYAAEG BuvaTOTNTES
O€ EQAPHOYEG OTTOU O TTOAAQTTAEG HETPAOEIS XPOVOU gival atTapaitnTes. MapaAAn-
Aa, €ival EQIKTA N TTapaywyr TTOAPWY EAEYXOPEVNG DIAPKEIAG, KATI TTOU €ival TTOAU
XPNOIUO yia TNV TTapaywyn pubuiféuevng ouveXoug Taong.

EmmTpooBEéTwg, 0 PNIKPOEAEYKTAG TTAPEXEI €000 TTOAUOOEIPAS YE PUBUICOPEVO
eupog (PWM). Auth uttopei va xpnoigoTroinBei yia Tnv pUuBbuion dia@oépwy Bioun-
XQAVIKWY OUOKEUWV (TT.X. BAABIOEG).

2TOV PIKPOEAEYKTA PaG BeV AEiTTEl Kal ) duvaToTNTA OEIPIOKAG ETTIKOIVWVIOG. Md-
ANioTa, diaBéTel dUo TTepIPepeElakd: ‘Eva yia auyxpovn 1} acUyxpovn ETTIKOIVWVId, TOU
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yvwaoTou pag tutrou USART kai éva yia guyxpovn, JOvov, ETTIKOIVWVId, TO OTToio
ovopaletal SSP (Synchronous Serial Port).

EmmimmAéov, di1aB€Tel éva peTaTpoTréa avaloyikoU oAPaTog o Yynelako. O pe-
TATPOTTEQG AUTOG €ival OKTW KavaAIwy, TTou onuaivel ot €xel Tn duvaTéTnTa Va
AapBAavel Kal JETOTPETTEI OKTW BIAPOPETIKA aVAAOYIKA orjpata. To atroTEAEOUA TNG
METATPOTINAG, VI KABE KavaAl, gival Eévag apiBuog 8 bit.

5.2 Kataxwpnrtég

‘Exoupe 0¢€l o€ Tponyouueva pabAuara, T gival évag KataxwpenTAg Kail TTwg au-
T6G UAOTTOIEITAI PE AOYIKEG TTUAEG. ETTioNG, £xoupe etTavelAnuuéva Tovioel 611 évag
KataxwpnTtng Oev €ival TITTOTE TTEPICOOTEPO ATTO Wia OTOIXEIWON UVAMN. AKOPN,
KAvaue pia guvtoun ava@opd oTo BEua autd Kal oTnv apxr Tou Jabnuatog pag.
HpBe, Aoittdv, n oTiyun va doUUE TNV eQapuoyr OAwWV auTwy O€ évav TTPAYHATIKO
MIKPOEAEYKTH).

O1 kaTaxwpenTES €ival £va atrd Ta BACIKOTEPO OTOIXEIQ TNG APXITEKTOVIKAG EVOG
HIKPOEAEYKTH. H €UKOAiO Kal OI duvaTOTNTEG TTPOYPAMMATIONOU TOU HIKPOEAEYKTH
€xouv dueon oxéon e 10 TTARB0G, TO €i00G Kal TIG dUVATOTNTEG TWV KATAXWPNTWY
Tou. Kd&B¢e evtoAn evog TTpoypAuPaTog XPNOIWOTTOIET Evav TOUAGXIOTOV KaTaxwpenTh.

O pikpogAeykTig PIC xpnoiuoTtroiei U0 OuAdES KATaxweNTWY, TIG OTTOIEG JTTOPOU-
ME va avalntiooupe otn pvAun dedopévwy Tou PIC, étrwg @aivetal oto oxAua 5.3.

Zxnua 5.3 Mvnun dedouévwy, Tpiwv Tunuartwy, uikpoemeéepyaaotn PIC.
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H mmpwTn oudda, TTou BpiokeTal OTIG XauNAOTEPES DIEUBUVOEIG, TTEPIEXEI KOTO-
XwpPNTES €10IKWV AgiToupyiwy (special function registers), 6TTwWG auTwy ToU €AEy-
XOU TWV TTEPIPEPEIAKWY TTOU PBPICKOVTAl EVOWNATWHEVA GTOV PIKPOEAEYKTH. H
OeUTEPN OPAdA TTEPIEXEI KATAXWPNTEG YEVIKNG XPNONG KAl AVAPEPETAl WG APXEIO
KaTaxwpnTwy yevikou okotroU (general purpose register file). Mépav autwy, o
MIKpOogAEYKTAG BI1aBETEI TOuG KaTaxwpnTtég W kai PC, aTov oT1roio avagpepBrikaue
oTnv apxn Tou Ke@aAaiou.

O kataxwpntig W AéyeTal kal kKaTaxwpnTAg epyaaiag. Eivar ave¢dptntog atmd
TOUG UTTOAOITTOUG KOl BPIOKETAI AUECT CUVOEDEUEVOG E TNV APIBUNTIKA KOl AOYIKN
povdada tou PIC. Autd Tou divel KATToIa HOVAdIKA TTAEOVEKTHOTA, UE ATTOTEAECUA
va gival ammapaitnTog yia TNV eKTEAEON KATTOIWY evTOAwv. lNa TTapddeiyua, ptro-
poUpE va dWOooUUE EVTOAN TTPOC0BeoNG dUO KATOXWPENTWY, HOVOV av 0 £vag aTro
auToug ival o W.

O peTpnTAG TTPOYpPaUUaTog, PC, gival KOIVO OTOIXEIO TNG APXITEKTOVIKAG OAWV
TWV HIKPOETTEEEPYAOTWV KOl MIKPOEAEYKTWYV. ZTNV ouaia, €ival 0 uévog TpOTToG UE
Tov otroio n K.M.E. ptropei va Bpel oTnv Yviun TNV ETTOPEVN EVTOAN TTOU TTPETTE
va ekTeAETEl. O1 EVTOAEG EVOG TTPOYPAUUATOG, GUVABWG, EKTEAOUVTAI JE TNV OEIPA
TToU BpiokovTal atroBnkeupéveg atnv pvAun. O PC, o€ k&Be eviOAA TTOU TTPOKEITAI
va ekTEAEOBEl, augaveTal katd 1, €101 WOTE va €XeEl Tn dIEUBUVON TNG ETTOPEVNG
€VTOANG auTng. OTTwg Ba douue Kal 0T ouvéxela, auTtd dev aupBaivel TTAvTa.

MoAAEG @opéEg ival avaykaio va ekTeAeOOEei pia evioAr TTou BpiokeTal armmoln-
KEUMPEVN apKETEG BETEIC PVAUNG HOKPIA aTTO TNV TEAEUTAIO EVTOAN TTOU EKTEAEOON-
KE. AUTO ETTITUYXAVETAI JE TNV EKTEAEOT HiAG EVTOARG AAPATOG, N oTToia OAAACEN TN
por) ekTéEAeONG Tou TTpoypdupaTog. Tote, atov PC kataxwpeital n dietbuvon 1Tng
EVTOANG TTOU TTPETTEI VA EKTEAECDEI.

O petpnmig TTpoypdaupaTog Tou PIC éxel pAkog 13 bit. Apa, ymmopouv va Trapa-
oTabouv 22 apiBuoi, dnAadn atté 0 £wg 8191. AuToi ol apIBUOI AVTITTPOCWTTEUOUV TIG
avTioTolXeg dIEUBUVOEIG OTNV PUVAUN TTPOYPANUATOG. ZUVETTWG, 0 PIC ptropei va €xel
MéEXPI 8KB pvAung TTpoypduuaTtog, 0TTws AAAWOTE EiTTape Kal aTnv evotnTa 5.1.3.

[MoAU onpavTIKOG, yia Ta TTPOYPAPUaTd hag, gival kal o kataxwpnTthg STATUS,
O OTT0I0G AVNKEI OTNV KATAYOPIa TWV KATAXWPENTWYV €I0IKWY AEITOUPYIWV. AUTOV
TOV KATOXWENTH MTTOPOUUE Va ToVv doUUE OTO oxnua 5.4.

6 5 4 3 2 1 0
0 RP1 RPO - - Z DC C

Zxnua 5.4 O karaywpntic STATUS.

Ta bits Tou kaTaxwpnTA TOU Ba Pag aTTaoXOAACOUV OTO PABNUa Pag gival Ta
6, 5, 2, 1 ka1 0, evw &€ Ba aoxoAnBouue pe Ta uttoAoITTa. Ag doue, AoITTov, PE TNV
o€Ipd Ta TTEVTE aUTA bits:
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® RP1 - RPO: Bits emAoyng Tuiuatog (128 Bytes) pvAung dedouévwy.

00 = TuAua 0 (0 - 7F H),

01 =TuAua 1 (80 H - FF H)

10 = TuAua 2 (100 H - 17F H)

11 = Ae xpnoiyotroigital
® Z: Bit £vdeigng undeviouoU atmmoTeAETUATOG.

1 = To amroTéAeopa piag apIBuNTIKAG A AoyikAG TTpagng eivar 0. 0 = To atroTéAe-

OO piag apIBunTIKNAG 1 AOYIKAG TTPAENGS dev eivai 0.

@ DC: Bit évdeigng evdidueoou KpaToUpeVou yia TIG aplBunTIKEG TTPAEEIC TTPOCOE-
ong Kal apaipeong.

1 ="Ymapén kpatoupévou, TTou TTapayeTal aTré To 40 XapnAoTepo bit Tou aTtro-

TeAéopatog. 0 = Agv UTTAPXEI KPATOUUEVO, TTOU VA TTapAyeTal atrd 10 40 Xaun-

A6TEPO bit TOu aTToTeAéoPOTOG.

@ C: Bit évdeitng kpaToupegvou yia TIG apIBUNTIKESG TTPaEEIC TTPOOBEONG Kal agai-
peong.

1 ="Y1apén KpAToupEVOU, TTOU TTAPAYETAI ATTO TO TTEPICTOTEPO TNUAVTIKO bit

TOoU aTToTEAEOUATOG. 0 = Agv UTTAPYXEI KPATOUHEVO, TTOU VA TTAPAYETAl ATTO TO

TTEPIOOOTEPO ONPAVTIKG bit Tou atmoTeAéopaTod.

2huegiwan: To bit autd XpNOIPOTTOIEITAI KAI OTIG EVIOAEG TTEPIOTPOPNG KATAXW-

pNTH, 6TTWG Ba doUE OTN CUVEXEI.

Ta 1pia TeAeuTaia bit pag dnAwvouv pia kaTdoTaon Kai, yia 7o Adyo autod, Ta
ovopadoupe Kal onuaieg. MNa Trapadeypa, 1o bit C AéyeTal kal onuaia KpaTou-
pevou. ToAAEG evTOAEG, OTav ekTEAETBOUV, padi pe Tn Asitoupyia TTou ekTEAOUV,
eTTnpedlouv Kal TIG onuaieg auTég. MepioodTepa, yia TIG anuaicg, Ba doUue OTIg
ETTOPEVEG EVOTNTEG, OTAV Ba £¢eTATOUE TIG EVIOAEG Tou PIC.

5.3 TOtrol evroAwyv Tou PIC

O pikpoeAeykTAg PIC €xel evioAég unkoug piag AéEng. Mia AEEn, oTnv TTPOKEI-
MévN TTEPITITWON, aTToTeAEiTal atmd dekatéaoepa (14) duadika wneia. H doun Tng
AEENG Blaépel atTO eVTOAR O€ eVTOAR. 2€ OAEG TIG AECEIG, TO TTPWTO TUNAUA TTEPIEXEI
ToV KWAIKSG TNG evioAng (OPCODE), evy T0 UTTOAOITTO TTEPIEXEI TTANPOPOPIES YIa
TNV EKTEAEOTN TNG EVTOANG. AUTOG KWAIKOG gival KABOPIOPEVOS ATTd TNV OPXITEKTO-
VIKF} TOU OUOTAPATOG, €ival JOVadIKOG yia KABE eVTOAN Kal dev PTTOpEi va aAAaxOEi.
H K.M.E., d1aBadovtdag Tov KwdIKO Piag eVIOANG, yvwpilel, ETTAKPIBWG, TIG EPYATi-
€G TTOU TTPETTEI VO EKTEAEDEI, EVW Ol ATTAITOUMEVEG, YIA TNV EKTEAECH TOUG, TTANPO-
Qopieg, BpiokovTal 0T0 UTTOAOITTO THAPA TNG AEENG. TOUG KWAIKOUG TWV EVTOAWV
€VOG UIKPOETTEEEPYAOTH I MIKPOEAEYKTH], UTTOPOUME va TOUG avalnTAOOUPE OTO
EYXEIPIOIO TOU.
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O1 evtoAég Tou PIC xwpilovtal o€ TEGOEPIG KATNYOPIES, WG EENG:
® EvroAég emme€epyaaiag byte (byte - oriented)
® EvtoAég eme€epyaaoiag bit (bit - oriented)
® EvtoAég aApaTtog (aAAayng pong TTpoypdupaTog)

® /\OITTEG EVTOAEG

21nv KABe KaTnyopia avTIoTOIXEl Mia CUYKEKPIYEVN doUR. 2TIG SUO TTPWTEG, N
EVTOAA XwpileTal o€ Tpia TUAMATA EVW, OTIG AAAEG BUO, o€ dUo.

levikd, 0 KWOIKOG Twv eVTOAWV €xel uRKog £E1 (6) duadikd wneia (bits). Egai-
peon atmoTeAEl 0 KWAIKOG TWV EVIOAWYV TNG KaTnyopiag emmeéepyaoiag bit TTou €xel
MNAKOG TEaoEPa (4), KaBWG ETTIONG KAl TV EVIOAWY aAAayAG PONG TTPOYPAPKATOG,
TTou €xel Tpia (3). To oxAua 5.5 TTapouaiadel Tov TPOTTO PE TOV OTTOI0 XWwpICeTal,
KOTG TTEPITITWON, Mia AEEN EVTOANG.

13 12 11 10

9 8 7

Kwdikdg evioAng d

6 5 4 3 2 1 0

AieBuvon kaTaxwpnTh
oTnNV PvAun 6edouévwv

(a) EvioAég emre€epyaaiag Byte (To d gival wneio emmAoyrig KataxwpnTh yia
TNV A1roBrKeUoN TOU OTTOTEAEOUATOG)

13 12 11 10

Kwdikdg evioAig

S 8 7

Ap1Buog Wneoiou

6 5 4 3 2 1 0

AieBuvon kaTaxwpnTh
oTnNV pvAun 6edouévwv

(B) EvtoAég emetepyaoiag bit

13 12 1N 10
Kwdikég evioAng

S 8 7

6 5 4 3 2 1 0

AieBuvon

(y) EvToAég AApaTog

13 12 11 10
Kwdikdg evioAng

9 8 7

6 5 4 3 2 1 0
Aedopévo

(8) NorTrég evTOAEG

Zxnua 5.5 Aoun evioAwv pikpoemeéepyaotn PIC

21n ouvéxela Ba doupe Eva TTapdadelypa eVIOARG, TO 0TToio Ba pag Bondnoel va
KaToAGRoupE, KAAUTEPA, TTWG TTPAYUATIKG SOMEITAl Jia EVTOAR.

‘EoTw, 611 BéAoupe va ekteAéooupe Tn Aoyik TTpdagn KAI (AND) petagu duo
KaTaxwpntwy. O TTpwToG gival 0 kataxwpnTtig W kal 0 deUTEPOG O KaTaxwpenTng
TTou BpiokeTal oTnv diglBuvaon 1 TNG uvAuNg dedopévwy. O delTEPOG OVOUACETAl
TMRO ka1 Ba JIACOUE yIa auTOV OTO £TTOPEVO KEPAAalo, 6Tav Ba doupe TIG TTe-
pIPEPEIAKES HovAdeG Tou PIC. To atrotéAeopa, TNG AoyIKAG TTpaENg, BEAoUE va To
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atroBnkelooupe g€ £vav atmo Toug dUO KaTaxwpnTEG, T.X. oTov W.

H katdAAnAn evtoAr) avrkel oTnv katnyopia evioAwv emefepyaoiog Byte.
Omwg paivetal oto oxrua 5.5(a), o1 evToAég auToU Tou TUTTOU XwpilovTal o€ Tpia
TuAMaTa. Apa, N AEEN TNG EVTOARG TTou BEAOUE, £xEl TOV KwdIKG Kal dUO opiouara.
O kwdIkdg TNG £xel unkog 6 bit kai givar o0 000101. To TTPWTO OPICHA £XEI UAKOG
1 bit. Me autd ptmopouue va emAéEouue o€ oIV aTTO TOug dUO KaTtaxwpenTtég Ba
atrobnkeutei To ammotéAeopa. Me 0 170 aTTOTEAEOUO ATTOBNKEUETAI OTO KATAXWPENTH
W, evwd pe 1 atov dAAov. To delTepo OpIoua £XEl KOG 7 bit kal TTpoadlopilel Tov
kaTaxwpnth TMRO, xpnoiyotroiwvtag T O1EUBUVOR Tou GTN PVAUN OEOOUEVWV.
Edw, ag BuunBoupe 611 0 PIC diabéTel 128 kataxwpnTéS dpa, TO PIAKOG Twv 7 bit
ETTOPKEI yIO va atmoBnkeloel TNV dIEUBUVON TWV KATAOXWPENTWY. ZUVETTWG, N AN
TNG EVTOANG givai n:

Emeidn eival ToAU dUokoAo va ypdwoupue R va diaBdacoue éva TTpoypauua
ME EVTOAEG OTNV TTAPATTAVW POP®N, XPNOIUOTTOIOUNE Pia oupBoAikn ypaen. MNa
TTapAdEIyHa, N TTapaTmavw evioA] cupBoAifeTal wg €ENG:

ANDWF TMRO, 0

O ocupBoAiopog ANDWEF avTioToixei otov kKwdiké 000101, evw o kataxwpnTthg
TMRO Bpioketar otn diguBuvon 0000001 TG pvAUNG dedopévwyv Kal To PndEv
onAwvel TTou Ba atmoBnkeuTEl TO ATTOTEAEOHA.

Me Trapopoio TpdéTTo oxnuartidovral kai ol AAAeg evioAég Tou PIC. MNa Trapddeiypa
n evtoAr; 01010100000001 B£tel To TpiTo anuUavTIKS bit Tou kataxwpnt TMRO, oTo 1.
H evtoAn autr) oupBoAidetal wg BSF TMRO,2. Etriong, n evioA 101 10111110011
aAAGCel TN por KTEAECNG TOU TTPOYPANMOTOG eKTEAWVTAG AApa ot Béon 5F3 H Tng
MVARNG TTPoypdupaTog. AuTth N evioAr) cupBoAiletal wg GOTO 05F3 H.

Eidaue, Aoirov, Tn pop@r) TTou oxnuaTidovTtal ol evIoAEG Tou PIC kail TTwg o JiIkpo-
€AEYKTNG avaAUgl Kal XPNOIUOTIOIET TNV TTANPOQOPIa TTOU QUTEG TTEPIEXOUV. 2T OUVE-
X€la 6a MIAfooUE Yia To XpOvo TTou kAavel 0 PIC yia va eKTEAETE TIG EVTOAEG QUTEG.

5.4 KOkAog ekTEAEONG EVTOARG

O UIKPOEAEYKTNG DIOBETEI ECWTEPIKN PMOVAdA XPOVIOUOU Kal TTOPAYWYRG TTOA-
pwv. Eival apket n auvdean evog eEwTePIKOU KPUOTAAAOU Kal SUO TTUKVWTWY, Yid
TNV TTapaywyn TTaAPwy poAoyiou. H cuvdeapuoloyia TrTapouaiadeTal aTo oxrua 5.6.
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ZxAua 5.6 To KUKAwpa mapaywyns maAuwv tou UikpoeAeykri PIC.

To €CwTEPIKO KUKAWMA UTTOPEI va TTapdyel ofua poAoylou atmd 455kHz wg
20MHz, avéaAoya e Tov kpuaTaAAo TTou Ba xpnoiuotroinBei. O PIC Aaufavel Toug
TTAAPOUG auToug oTov akpodékTn OSCH1.

O1twg ¢EPOUE, O PIKPOEAEYKTAG EKTEAET pia-pia TIG EVTOAEG EvOG TTPOYPAUUA-
TOG TTOU UTTAPXEI TNV PvAun Tou. H diadikacia ektéAeong pia evioAng eival va
€pBel n evioAn autn ammd Tnv uvAun otnv K.IMLE. kal getd va atrokwdIKoTroinBei
Kal va ekTeAeaBei. O pIkpoeAeyKTNG apxicel Tn dladikaoia augdvovTag ToV KATaxw-
pntA PC katd 1 Kal, auéowg PETA, avakaAei TNV evioAn atmd Tn 6€on TG PvAUNS
TTPOYPANMPATOG TTOU aUTOG UTTOOEIKVUEL. IMa OAeg TIG evioAég Tou PIC, autr n dia-
dIkaoia Slapkei Evav KUKAO EVTOARG.

Movn e€aipeon atmoteAoUV o1 VIOAEG AAPATOG, TTOU AAAGZOUV TN PO TOU TTPO-
ypaupaTtog, dnAadn, Tov kataxwpenTr PC. ZTnv TTEQITITWON auTr, N €TTOUEVN EVTO-
AN TTou TTPETTEl va avakAnBei dev gival auTr) TTou Trepigével oTn oelpd. MNa va TTapel
o PC tnv owoTh TIPr, woTe va uttodeiel TNV €TTOPEVN €VTOAN TTOU TTPETTEI VA
eKTENEODBEI, XpeldleTal Kal évav akOun KUKAO evToAnG. 'ETol o1 evioAéG GApaTog
Xpeidalovtal U0 KUKAOUG EVTOAAG yIa va eKTEAECBOUV.

MNa va kataAdBoupe kaAUTepa TNV OAn diadikacia, ag douue o€ TG00 XPOVOo
EKTEAOUVTAI O EVTOAEG TOU ETTOPEVOU TTPOYPAUHATOG:

05F0 H: ADDWF TMRO, 0
05F1 H: GOTO 05F3 H
05F2 H: BSF TMRO, 1
05F3 H: BSF TMRO, 2
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OAeg ol TTapatravw eVIOAEG EKTEAOUVTAI O€ £vav KUKAO EVTOANG, EKTOG ATTO TNV
evToAr dApatog, GOTO 05F3 H, 1rou ekTeAcital og dU0 KUKAOUG. Apa, n EKTEAEDN
TOU OAOU TTPOYPANPATOG BIOPKEI 4 KUKAOUG. AG TTPOCEEOUUE OTI O EVIOAEG TTOU
ekTeEAEOOBNKav ATav 3, agou n evioAl BSF TMRO, 1 dev ekTeAeital, dedopévou Ot
META TNV €VTOAN GApaTOG ekTEAEITaI N evioArl BSF TMRO, 2.

IMNnvwpidovtag TOooUg KUKAOUG €VTOANG xpeldleTal N KABe evioAR yia va ava-
KANBEi a1Td TNV pvrun Kal va ekTeAeTBEl, uTTopoUpE va UTTOAOYIOCOUE TOUG GUVO-
AIKOUG KUKAOUG TTou X peldleTal évav TTPOYPAPKa A Jia pouTiva yia va eKTEAECOEI.
Tnv xpovikh dIapKela vOG KUKAOU €VTOANG PTTOPOUME VA TNV UTTOAOYIOOUME av
yvwpidoupe TNV ouxvotnta Asitoupyiag Tou PIC, cUu@wva e TNV ETTOPEVN OXEON:

Aidpkeia kUKAou evToAng = 4 | (Zuyv. Asitoupyiag PIC)

2UVETTWG, av uttoBéooupe OT1 0 PIC, oTo TTapatmavw TTapddelyua, £xel ouxvo-
TNTa Acitoupyiag 20MHz 167 n didpkeia Tou KABe KUKAOU eVTOARG gival 0,2usec.
Apa, n ekTEAEON TOU OAoU TTpoypduuaTog Ba diapkéael 0,8usec.

5.5 H y\wooa Assembly Tou PIC

>tV evotnTa 5.4 €idape om o PIC, 6mwg Kal KGBe GANOG HIKPOEAEYKTAG KAl
MIKPOETTEEEPYAOTAG, AVOKOAET OTTO TN PUVAMN Mia O€Ipd AEEEWY TTOU EUTTEPIEXOUV
KwOIKOUG eVTOAWYV Kal TTANpo@opieg ae duadikr op@r). AuTA n oeipd AEEewy €i-
val, oTNV TTPAYUATIKOTNTA, TO TTPOYPAPUa TTou ekTEAE 'ETOl, TO TTPpOYpaupa, TTOU
e€eTdoaue oTnV TTpoNyoUpEVn evOTNTA, €ival YPAUPEVO OTN UVAUN TTPOYPAUHa-
T0G, apxidovTtag atd Tn 6€on 05F0 H, wg €€ng

05F0 H: 00010100000001
05F1 H: 10110111110011
05F2 H: 01010010000001
05F3 H: 01010110000001
05F4 H: ............
O5F5H: ............
05F5H: ............

Eival duvard va ypdyoupe atreubeiog éva Tpoypauua atn PvhApn TTpoypdap-
MaTOG OTNV TTAPATTAvVW Pop@r). AANwOTE, auTog €ival 0 TPOTTOG TTOU YPAPOVTaV
Ta TTPOYpPAppaTa Otav n €EEAIEN TWV NAEKTPOVIKWY UTTOAOYIOTWY ATAV OKOPN O€
apxIk6 oT1ddio. ‘Eva Tpdypaupa oTnV TapatTtévw Hop@r AEPE OTI Eival YPAUUEVO
o€ Y\wooa pnxavig. B€Baia, yiveral auéowg avtiAnTitéd Téco dUoKOAO eival va
ypdwouue éva TTPOYPANMNa, EKaTO Kal TTAEOV EVTOAWY, 0T Yop®r auTh. MaAioTa,
QKON dUOKOAGTEPO €ival va To dIopBWCOUNE OTNV TTEPITITWON TTOU EVTOTTIOOUME
KATTOI0 G@AAUA, KaTA Tn OIGPKEIQ TNG EKTEAECTG TOU.
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MNa 10 Adyo autd, oxedIAOTNKE Hid YAWOOO TTOU Ol EVTOAEG TNG VA QVTIOTOIXOUV
AUECO O€ QUTEG TOU PIKPOEAEYKTH. ZTNV TTPAYUATIKOTATA TTPOKEITAI VIO Hid OTTEIKO-
VION TWV EVTOAWY TOU PIKPOEAEYKTH O€ Wia eUANTITN pop@r). H yAwooa auTh ovo-
paoTnke Assembly. Mia TTpwTn yvwpIdia PJE TNV OUYKEKPIPEVN YAWOOO KAVAUE
oTa TTapadeiypata Twv dU0 TTPoNyouuEVWY evoTATwy. Exei, eidape Twg oupBoAi-
CovTal 01 EVTOAEG TTOU XPNOIKOTIOINCAUE OTN YAWOOO QUTH.

Ouwg, mpiv gekiviiooupe va BAETTOUUE TIG EVTOAEG TNG YAwooag Assembly Tou
MIkpogAeyKTH PIC, ag pIAfooupe, Aiyo, yia T TTAEOVEKTHOTA KAI TO JEIOVEKTHUATA
TNG o€ OXEoN HE TIG AAAEG YAWO oG TTpoypappaTiopou. H Assembly, €1Te1dr givai
dueon ouvéxela NG YAwooag unxavig pag divel Tn duvatdtnTa va eTTEUBoUE
atreuBeiag oTov PIC kal va Tov eAéyEoupe TTARPWG Kal, JAAIOTA, o€ ETTITTEDO pNXa-
VAG. ETTiong, éTTwg €idape Kal oTnV TTPONyoUHEVN EVOTNTA, UTTOPOUHE VA UTTOAOYI-
OOUWE PE aKpifBela TOv XpOVOo EKTEAEONG EVOG TTPOYPANMOTOG A EVOG JEPOG aUTOU.
AuTd €ival Ta XapakTnEIoTIKA TTOU KAVOUV TN YAWC OO avavTIKAatdoTaTtn OTo XWPOo
NG avaTTu¢ng MIKPOUTTOAOYIOTIKWY cuoTnudtwy. QoTdo0, N yYAwooa Assembly
MEIoVEKTEI o€ BEPaTa euKOAiag TTpoypappaTiIopoU. Na TTapddelyua, givalr apkeTa
OUOKOAO va XeIPIOTOUUE apxeia Kal, akOPn OUCKOAOTEPO, va @TIAoupE pia Bdon
oedopévwy. Emmpocbera, n yAwooa Assembly, gival S1a@opeTIKA yia KAOE pikpo-
EAEYKTN | MIKPOETTEEEPYAOTH, OPOU £XEI APEON OXEON YE TN YAWOOA PNXavAg TOu.

> avtiBeon, ol YA\wooeg uynAdTEPOU TTITTEDOU Pag divouv Tn duvatdTNTa Va
ypdwouue aUvOeTa TTPOYPAUMOTA YE PEYAAUTEPN €UKOAia. lNa TTapddelyua, uia
€VTOAA TNG YAWOooog Basic ptropei va avtioToixei o€ TTOAEG evToAéG TNG Assembly.
ETiong, o kwdikag TTou Ba ypagei o€ pia TéTola YAWOOoa, YUTTOPEI va AEITOUPYACEI
0€ MIKPOUTTOAOYIOTIKG OUCTAUATA Baciouéva ae dIAPOPOUG UIKPOETTECEPYOATTEG
N MIKPOEAEYKTEG. PUOIKA, gival adUvaTo va PETPACOUUE, PE AKPIBEIa, TO XPOVO
EKTENEONG €VOG TTPOYPAUMATOG YPaUUEVOU O YAwooa uywnAou emirédou. Emmi-
ong, €ival TToOAU dUokoAo va eTéuBoupe aueca ota dIAPOPa TTEPIPEPEIAKA TOU
MIKPOEAEYKTH.

2€ MIKPOUTTOAOYIOTIKG GUOTAMUATA TTOU XPNOIUOTTIOIOUVTAl O€ HEYAAEG EQAPUO-
yé€G akoAouBeital pia péon 0d0g. To ueyaAlTEPO PEPOG TNG EQAPHOYAS YPAPETAI
og yYAwooa C, evw PEPOG TNG, OTTOU aUTO Eival atrapaitnTo, YPAQeTal 0 YAWooa
Assembly. Auté yiveral yiati n yA\wooa C, Ommwg Kal AAAeg, déxeTal eupUTEUON
KWwoIKka Assembly.

A@ou citrape pepIkA yeviké aToixeia yia Tn yAwooa Assembly, eival kaipdg,
TTAEOV, VO TTPOXWPINOOUNE Kal OTIG EVIOAEG TNG. pETTel va onpeEIoouPE OTI O
Ba akoAouBACoOoUWE TNV KATNYOPIOTTOINGN TwV EVTOAWV TTOU KAvaue OTav PIAoU-
OOUE VIO TN JOPPH TOUG. ZTNV TTAPOUCa eVOTNTA PAG EVOIQQEPEI TTEPIOCTOTEPO N
TIPOKTIKA XPron TwV EVIOAWV GToV TTpoypauuaTtiond Tou PIC. ‘Etal, Aoimov, Ba
TPOTTOTTOINGOUE Aiyo TIG KATNYOpPIEG AUTEG KAl Ba TTAPOUCIACOUE TIG EVTOAEG WG
aKoAOUBWG:
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EVTOAEG aAAayn G TTEPIEXONEVOU KATaXwWPNTA

EvioAég augnong / peiwong TIWAG KataxwpnTn

EVTOAEG apIBunTIKWV TTPAEWY

EvToAég Aoyikwv TTpagewv

EvToAég ere€epyaaiag bit

EvToAég dApaTog (aAAayAg pong TTPOYPANUATOG)

2TIG evTOAEG TTOUu Ba TTapouaidooupe Ba ava@Epoupe dIadOXIKA Tn oUVTOE
TOUG, TTWG opidovTal Ta OPICHATA TOUG, TN AEITOUPYIa TTOU €KTEAOUV O€ YOPYPr OU-
vapTnNoNG Kail hia auvtoun Treplypagn Toug. Etriong, Ba xpeiaoTouue Tov Trivaka
5.1 110U dEiy Vel TO OVOUATA TWV KATAXWPENTWV Kal TNV d1EUBUVOR TOUG OTN PVAKN
oedopévwy. Ag doupe, TwPa, PE TNV OEIPA TIG EVTOAEG QUTEG.

5.5.1 EVTOoAég aAAOYNG TTEPIEXOUEVOU KATAXWPNTA

OAeg o1 evioAég avagépovTal, Aueca 1 EPUETA, O€ KATTOIoV KataxwpnTtr. MNMpo-
QavWG, €ival anNUAvTIKO, TTPIV JIANCOUE yia OTToIadNTTOTE AAAN €VTOAN, va E€pou-
ME TTWG UTTOPOUHE VA POPTWOOUHE Hia CUYKEKPIYEVN TIMF O€ évav KataxwpnTn,
KaBwg, €TTiong, Kal TTWG va Tov kabapiooupe. O1 TTPWTEG, AOITTOV, EVTOAEG TTOU
Ba doupe, atov PIC, gival autég TNG OPTWAONG VOGS KATAXWENTA WE Mia TIMA TTOU
BéAoupe kaBwg kal Tou pndevicpou Tou.

e MOVLW A

H 1rpwTn evtoAR TTou Ba doUue gival auTr) TNG aTTeUBEiag eOPTWONG Tou KaTa-
xwpent ) W pe pia miyR. O karaxwpn g W xpnoiyoTrolgital TToAU OTIG UTTONOITTEG
EVTOAEG Kal €ival, BagIKO, va UTTOPOUNE VA OPICOUE TNV TIKN Tou EUKOAQ. AKOAOU-
Bwg, TTapabEToupe Evav TTivoKa PE TA CUVOTITIKA OTOIXEIO TNG EVTOANRG.

ZYNTA=H MOVLW A
OPIZMA To A traipvel Tipr atré 0 £wg 255.
ZHMAIEX KAMIA
Meprypa@ni: To dedopévo A @opTwveTal
oTtov kataxwpnt) W. (oxiua 5.7)

Zxnua 5.7 Poéprwua rou karaywenti W
e éva 6edopévo A
ue v evioAn MOVLW A.

O1rwg BAETTOoUpE TO Bedopévo TTaipvel TINEG aTTd TO 0 WG TO 255, TTOU CNaivel
OTI £X€1 uNKOG éva byte. AuTd gival TTOAU AoyIikO apoU QOPTWVETAI GTOV KATAXwPEN-
™ W TT0U €x¢€1 Kal auTdg 10 id10 pAKog. Kauia atrd TIg onpaieg dgv evnuepwVETal.
Ag doUpe Kal Eva TTapadelyua Pe TNV EVIOAR auTh.
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Mapddeiypa
‘EoTw OTI, apXIKd, o kataxwpntig W = 7A H kai 611 divoupe Tnv evioAr MOVLW
35 H. Metd tnv exkTéAeon Tng o kKaTtaxwpnTig Ba sivalr W = 35 H.

e MOVWF K

Me Tnv TTponyouuevn €VTOAN, NTTOPOUNE VA QOPTWOOUUE Wia TIUA Hdvo oToV
kataxwpnt W. Eival @avepd 611, cuxvd XpeiadopaoTe va dWOOUNE KATToIA TIKNA
Kal o€ aAAoug kataxwpntég. O PIC 8i1aB€Tel pia evioA TTOU QOPTWVEl OE Evav
KaTaxwpnTr To TrepIEXOUEVO Tou W.

2YNTA=H MOVWEF K To K maipvel Tigég ammo 0
OPIZMA €wg 127 1 gival To CUPPBOAIKO Ovopa
EVOG KaTaxXwpnTh.

ZHMAIEZ KAMIA

Meprypagn: To epiexduevo Tou Kataxwpentn W, peTapépeTal oTov
kataxwpnti K (oxfua 5.8).

Zxnua 5.8 Qoprwan Twv mEPIEXOUEVWY Tou Kataxwpnt K otov karaxwpnti W ue
nv evioAf MOVWF K.

O kataxwpntig K opiletal ammd Tov apiBud Tou, 0 OTT0IoG TTaipvel TINEG aTTO
10 0 WG T0 127 KaI avTioToIXEl 0TV d1EUBUVOT| TOU OTNV TTEPIOXN TNG MVAUNG O€-
Oopévwy. ETreidn, ol karaxwpntég €101KoU OKOTTOU £X0UV KAl KATTOI0 UUBOAIKO
o6voua, m.x. TMRO, avti Tng dielBuvong 1, YTTopoUpE va XPNOIKOTIOINCOOUNE TO
évopa autd. OTTwg Kal oTnv TTPoNyoUuEevn VTOAr HETAPOPAG, Oev eTTnpedadovTal
o1 onuaieg. Ag doupe Kal edw £va TTapadelyla.
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Mapddeiypa
Oewpoupe OTI, apxIKd, o kataxwpntig W = 16 H kai 611 o kataxwpnTg TMRO = 6A
‘Eotw 6T divoupe Tnv evioAl MOVWF TMRO. Metd Tnv eKTEAEOT] TNG O KOTA-
xwpnTtg TMRO = 16 H. Mg Tn ouykekpipévn evioAr] dev uTTOPOUNE VO POPTWOOU-
ME atreuBeiag ae £vav KaTtaxwpnTh Wia CUyKeKPIPEVN TIPM, TTApd JOvVov Tou Ka-
Taxwpnt W. Qotéo0o, autd ptropei va yivel Eupeca. Ag uttoBéooupe 0TI BEAOUE
va @opTtwooupe otov TMRO tnv Tiun 23 H. ToTte, PTTopoUe, TTPWTA, va OWOOUHE
aTov kataxwpnt W Tnv TiuAR auTh Kai, JETd, va gopTwooupe otov TMRO Tnv Tiun
Tou W. JUVETTWG, OI EVTOAEG TTOU TTPETTEI DWOOUE Eival:
MOVLW 23 H
MOVWF TMRO

e MOVF K, d

Mia akdpn evioAr], TNG KATnyopiag autng, sivai n eopTwan Tou kataxwpnti W
ME Ta TTEPIEXOMEVA TOU KaTaxwpnTh K.

ZYNTA=H MOVF K, d

OPIZMATA ® To K mraipvel Tipég atmd 0 €wg 127 1 gival To CUPPBOAIKO
Ovopa VOGS KATaxwpenTr.
® To d mraipvel Tipég ato 0 €wg 127.

ZHMAIA 4

Meprypaen: To TepiexOuevo Tou kataxwpenTr K, HETAQEPETAI OTOV KATAXWENTH
W, av 1o d =0, 4 otov €autd Tou, avTo d = 1. (oxnua 5.9)

Zxnua 5.9 ®oprwaon Twv mepiexopévwy Tou Karaxwpnt K atov karaxwpnti W ue
v evioAn MOVF K, 0 rj aTov gautd tou e tnv evioAl MOVF K, 1.
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OT11wg Kal aTnVv TTPonyoUuEvn EVTOAN, TTOU TTAPOUCIACAE, O KaTaxwpnTrs K opi-
CeTal a1ro Tov apiBud Tou, 0 oTToiog Traipvel TINEG atrd To 0 wg To 127 Kal avTIoTOIXE
oTnv dIEUBuvaT| Tou OTNV TTEPIOXN TNG MVAKNG O£dOPEVWYV 1] TO CUUPBOAIKS Tou Ovoua,
av €xel. e avTiBean Pe TIG AAAEG BUO EVIOAEG OPTWONG, N EVTIOAR QUTH) EVNUEPWVEI
TN onuaia Tou Pndeviopou (Z). Ze TrepITTwan Tou To d = 1, 0 KATaXwPEnTHS QOPTWVEI
TO TTEPIEXOUEVO TOU OTOV €QUTO TOU. AUTO, G€ CUVOUACO [E TNV onpaia Z, JTTopei va
XPNOIUEUTE! yIa TOV EAEYXO TOU AV TO TTEPIEXOPEVO TOU KaTayxwpenTh ivai O.

Ag doupe kal duo TTapadeiypara Pe TNV eVIOAR auTh. O@a XpnoIJOTTOINCOUE,
&A1, Tov KataxwpnT) TMRO, TTou XpNOIPOTTOINCAKE KAl TTPONYOUUEVWG.

10 Mapadeiypa

Otwpoupe OT1, apxIKd, o kataxwpentg W = 26 H kai 611 o kataxwpntig TMRO =
1A H. 'EoTw 611 divoupe Tnv evioA MOVF TMRO, 0. Metd Tnv ekTéAe0n TnG, O KaTa-
xwpnms W = 1A H, evio n onuaia Z = 0, ave¢dpTnTa UE TO TI ATAV TIPONYOUNEVWG.

20 Mapdaderypa

Ag Bewpniooupe, Twpa, 611, apxikd, o kataxwpntig W = 26 H kai é11 o kata-
xwpntg TMRO = 0. 'Eotw 6m divoupe Tnv evioArp MOVF TMRO, 1. ETreidf 10
d =1, o karaxwpnt g W dev aAAalel apou o TMRO ¢gopTwveTal OTOV €QUTO TOU.
Etreidn 1o mepiexouevo Tou givair 0, n onuaia Z yivetal 1, aveédptnta PE TO TI ATAV
TTPONYOUUEVWG.

e CLRW

2uxVvd, Katd Tn OIGpKEIa VOGS TTPOYPAUUATOG XPEIGdeTal va UNdEVIOOUNE ToV
kataxwpnt W. TNa tnv diadikacia auTh €xel TTpoBAe@Oei n evioAr auTnh:

ZYNTA=H CLRW
OPIZMA KANENA
ZHMAIA Z

Mepiypagn: O kataxwpenthg W pndevicetal Kai n
onuaia Z yivetai 1 (oxAua 5.10).

Zxnua 5.10 Mndevioudg karayxwpnt W e tv evioAp CLRW.
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H evtoAf O¢ dExeTal kKavéva Opioua. AuTO TToU TNV dIOPOPOTIOIET ATTd TNV EVTO-
A "MOVLW 0" eivan 11 ye Tnv ekTéAEOT TNG, N onuaia Z yivetal 1. AkoAouBei éva
TTAPAdEIYHA UE TNV EVTOAN QUTH.

Mapddeiypa

‘EoTw OT1, apXIKd, o kataxwpntg W = 71 H kai 611 divoupe Tnv evioArj CLRW.
MeTtd Tnv ekTéNEOT TNG O KaTaxwpnTng Ba givar W = 0, evw 10 Z = 1, aveaptnTa
atré TNV TIMA TTOU €iXE TTPIV.

® CLRFK
H teAeuTtaia evioAr, TG katnyopiag auThg, ival Tou undeviopou ToU TTEPIEXO-
MEVOU EVOG KATOXWPNTH.

ZYNTA=EH CLRFK

OPIZMA To K mraipvel Tipég ammd 0 £wg 127 f eival
TO CUUBOAIKO Ovopa VOGS KATAXwWPENTH.

ZHMAIA Z

Meprypa@n: To mepiexduevo Tou kaTaxwpenTi K
pndevietal kal n onuaia Z yivetar 1 (oxnua 5.11).

Zxnua 5.11 Mndevioudc karaywpent K ue tnv evioAn CLRF K.

O1rwg kai pe TNV VoA undeviopou Tou kataxwpnth W, €101 kal édw, 0 NOEVIOUOG
TOU KaTaxwpenTh Kavel Tnv onuaia Z ion pe 1. Ag doUe, Kal 0w, Eva TTapAdEIyUa.
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Mapddeiypa

Ocwpoupe o1 0 kaTaxwpntg TMRO = C3 H. 'Eotw 611 divoupe TNV €vioAn
CLRF TMRO. Meta Tnv ektéAeon Tng, o kataxwpntig TMRO = 0 kai n onuaia Z =
1, aveEApTNTA PE TO TI ATAV TTPONYOUUEVWG.

Epwtioeig
1. Mg tTo1a €vTOAN PTTOpOUUE VO dWOOUNE aTov KaTaxwpenti W tnv Tiur BO H;
2. Me 1moieg evTOAEG pTTopOoUNE va dwaoupe aTov kataxwpnt TMRO tnv Tiun 5;
3. Moieg atmd TIg TTAPAKATW TIHEG JTTOPOUHE va BWOOUNE OToV Kataxwpnt ) W kai

yIaTi:

23 H, 0AH, 5, 50F H, OFF H, 111 H, 035 H

4. Twg utTopouue va @optwooupe atov kataxwpentrl TMRO 1o Trepiexduevo Tou
Katoaxwpnth W.

5.5.2 EvToAég augnong / peiwong TINAG KaTaxwpnTn

>€ TTOAEG TTEPITITWOEIG XPEIO(OUAOTE VA QUENCOUUE i VA PEIWCOUUE TNV TIKN
eVOG kataxwpnth Katd 1. Tétoieg Aeimroupyieg ival amapaitnTeg o€ dIadIKaoieg
METPNONG eTTavAANYNGS Bpoxwv (loops) péoa oe Eva Tpoypaupa. O PIC déxetal
QU0 eVTOAEG aUEnong kataxwpnT kal dUo peiwaong.

® INCF K, d
H 1TpwTn €vTOAN, TNG KATNYOPIAG AUTNG, AQUEAVEI TO TTEPIEXOPEVO EVOG KATAXW-
pnTA K katd éva.

ZYNTA=H INCF K, d

OPIZMATA @ To K mraipvel Tipég atod 0 £wg 127 A gival 10
OUMBOAIKO dvopa evog KataxwpenTh.
® To d maipvel TipéG atmd 0 £wg 127.

ZHMAIA Z

Mepiypa@n: To mepiexouevo Tou kataxwpent K, augaverai
KaTd 1 Kal To ammoTéAeoua attoBnKeUeTal oTOV KaTaxwpenth W,
av 1o d =0, ) otov kataxwpnt K, av 1o d = 1 (oxAua 5.12).
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Zxnua 5.12 Adénon rou trepieyouévou Tou Karaxwpenth K kard 1 kai armro6nkeuan tou
armroreAéauarog arov karayxwpnti W e v evioAn INCF K, 0 1 atov
karayxwpenth K ue tnv evioAn INCF K, 1.

Kai otnv Trepimmwaon auTr, o kataxwpnTtAg K opifetal atmd Tov apiBuod Tou, o
oT1T0iog Traipvel TIWEG atro To 0 wg T0 127 Kal avTioToixei oTnv digelBuvar Tou oTnV
TTEPIOXT TNG MVAMNG dedOoUEVWV ) TO CUPPBOAIKO Tou dvoua, av €xel. H TTapoloa
€VTOAN €TTNPEadel pévov Tnv onuaia Tou undeviopou (Z). Ag dolupe Twpa kal dUo
TTapadEiydaTa e TNV EVIOAR QUTH.

10 MNapadeiypa

Oewpoupe o1, apyika, o karaxwpnts TMRO = 16 H ka1 o W = 8A H.

Av dWOOUE TNV EVTOAN:

INCF TMRO, 1

ToTE 01 KATAXWPENTEG,

TMRO = 17 H (o kataxwpnTng emnpeadetal, agou d = 1) kai

W = 8A H (o kataxwpnTig dev emrnpeddeTal, agou d = 1)

Evw n onuaia,

Z =0 (apou 1o aTToTEAECUa Bev gival undév), aveEdpTnTa WE TO T ATAV OTNV apxh.

20 Mapddeiypa

Oewpolpe o611, apyIka, o kataxwpnts TMRO = FF H kai o W = 8A H.
Av dWOOUE TNV EVTOAN:

INCF TMRO, 0

137—



AOMH KAI AEITOYPTIA MIKPOYMOAOTIZTQN ==

ToTe 01 KATAXWPNTEG,

TMRO = FF H (o kataxwpnTrig dev emrnpeadetal, apou d = 0) kal

W = 0 (o kataxwpnTng emnpealetal, agou d = 0)

Evw n onuaia,

Z =1 (a@ou 10 atroTéAeopa gival undév), aveEdpTnTa PE TO TI ATAV OTNV APXH.

® INCFSZ K, d

AuTr n evioAn eival pia TapaAAayr Tng TTponyouuevng. ESw, n evioAr ekTeAei-
Tal OTTWG AKPIBWG N TTponyoupevn. H dla@opd EyKeITal OTNV ETTOPEVN EVTOAR TTOU
gival va ekTeAeoTEl. Av TO aTTOTEAEO A €ival UNBEVIKG, TOTE eV EKTEAEITAI N TTPWTN
o€ oeIpd evioA] AAAG N auECWG ETTOPEVN OTTO AUTHV.

ZYNTA=H INCFSZ K, d
OPIZMATA @ To K mraipvel Tipég ammod 0 €wg 127 A gival T0
OUMPBOAIKO Ovopa evog KaTaxwpnTth.
@ To d Traipvel Tiuég ammo 0 éwg 127.

ZHMAIA KAMIA

Mepiypagn: O kataxwpenTtng K, augdvetal Katd 1 Kal TO aTToTEAETA
ammoBnkevetal atov W, av 10 d = 0, 4 oTov kKataxwpnti K, avtod = 1.
Av To aTTOTEAECUA TNG AUENONG €ival PNOEVIKO, N APECWG ETTOPEVN
EVTOAN TTOPAKAUTITETAL.

Av Trpocéfoupe Aiyo TrepioadTepo TN diadikacia Ba TTapatnpricouue OTi N EVTo-
AR 6tav 10 atmoTéAeopa TNG augnong eival undeviko etrepPBaivel otnv Tiun Tou PC.
ToTe, CUPPWVA PE Ta O0Q eiTTape oTnV evotnTa 5.5 yia Tov XpOvo eKTEAEONG Miag
EVTONAG, N eVTOAR XpeIddeTal 2 KUKAOUG. Ag dOUPE TP Kal VA PIKPS TTPOYPANHA
WG TTaPAdEIyUa yIa TNV TTEPITITWON QUTH.

Moapddeiyua
‘EoTw 611 £x0Upe TO akdAouBo TTpdypaupa:

INCFSZ TMRO, 1
MOVLW 23 H
INCF TMRO, 1

Ag Bewpriooupe 0TI, apxikd, o kataxwpentis TMRO = FF H kai o W = 12 H. Tore,
META TNV EKTEAEON TNG KABE EVTOANG, OI KOTaXWPNTES Ba £XOUV TIG TIMEG:

EvrtoAR: INCFSZ TMRO, 1
W=12H,
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TMRO =0
KUkAoI ekTéAeanG EVTOAAG: 2

EvroAR: MOVLW 23 H
Aev ekTeAEiTAI.

EvroAn: INCF TMRO, 1
W=12H,

TMRO =1

KUkAol ekTéAeong evioAng: 1

Etreidr, 1o amotéAeopa TG TTPWTNG €VTOARG €ival 0, apéows PETA eKTEAEITAI N
TPITN EVTOAN evw N deUTEPN TTAPAKAUTITETAL.

Twpa, ag Bewpriooupe OTI, apxIkd, o kataxwpentg TMRO =A5 Hkaio W = 12 H.
ToTe, HETA TNV EKTEAEOT TOU, O KOTAXWPENTES Ba £XOUV TIG TIYEG:

EvroAn: INCFSZ TMRO, 1
W=12H,

TMRO =1

KUkAoI ekTéAeong eVvTOAQG: 1

EvroAn: MOVLW 23 H

W =23 H,

TMRO =1

KUkAoI ekTéAeonG evTOANG: 1

EvroAn: INCF TMRO, 1

W =23 H,

TMRO = 2

KUkAol ekTéAeong evioAng: 1

Ag TTpocEgoupe OTI, Kal OTIG OUO TTEPITITWAEIG, TO TIPOYPAUMA EKTEAEITOI O€ 3 KU-
KAOUG €VTOANG.

e DECFK, d
Mpdkerman yia evioAr] peiwong TrepiEXopévou KaTaxwpnTh. Eival n avriotoixn
NG €vtoAng INCF, Tnv otroia avaAlcape, AETTTOPEPWG, TTPONYOUNUEVWG.
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ZYNTA=H DECF K, d
OPIZMATA @ To K mraipvel Tipég atmo 0 €wg 127 1 gival To GUPPBOAIKO
Ovopa EVOG KATAXwWPNTH.
@ To d mraipvel TipéG ammd 0 £wg 127.

ZHMAIA Z

Meprypagn: O kataxwpnThg K, peiwvetal KaTd 1 Kal TO aTToTéEAECa
ammoBnkevetal atov W, av 10 d = 0, 4 oTov kataxwpenti K, avtod = 1
(oxnua 5.13).

Zxnua 5.13 Meiwan tou mepixouévou Tou Karaxwpenth K kard 1 kai amobrikeuan
Tou amrotreAéauarog arov karaxwpenti W ue tv evioAn DECF K, 0 r; atov
karaywpenti K ue tnv evioAn DECF K, 1.

Ag Ba eTeKTABOUUE TTEPICOOTEPO, APOU N Povn TNG diapopd atrd TNV avTioTol-
XN TNG €ival 6T avTi va au&dvel, pelwvel Kata 1.

e DECFSZK, d

Mapdpoia he TRV TTPWTN Kail N 8eUTEPN EVTOAN HEIWONG TTEPIEXOUEVOU KATAXW-
pNTA €ivar n avtiotoixn TNG €vioAng INCFSZ, yia Tnv otroia WIAfcaue TTponyou-
MEVWG.
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ZYNTA=H DECFSZ K, d
OPIZMATA ® To K mraipvel Tipég ammo 0 €wg 127 1 gival To
OUMBOAIKO dvopa evog KataxwpnTh.
® To d mraipvel Tipég atmo 0 €wg 127.

ZHMAIA KAMIA

Meprypagn: To mepiexduevo Tou kataxwpnTr K, yeiwveral katd 1 kai 1o
amrotéAeopa ammobnkevetal otov W, av 1o d = 0, fj oTov kKaTaxwpenTA K, av 1o
d = 1. Av 10 aTTOTEAEOPA TNG PEiwoNG gival NdEV N apéows ETTOUEVN EVTOAN
TTOPAKAUTITETAI.

Ourte edw Ba erekTaBoupe TTEPIOTOTEPO. OTTWG KAI GTNV TTPONYOUUEVN EVTOAN,
n KMoévn TNG dlapopd, ato TNV avTioToixn EVTIOAR auénong, civail 0T avTi va auédvel,
MEIwveEr Katda 1.

Epwtioeig

1. Twg ptmopoUpe va augnOoUE TO TTEPIEXOMEVO TOU KaTaxwpnth W kaTta 1;

2. Tikavel n evioAn DECF TMRO, 1;

3. Timiyn aipvel n onuaia Z kai o1 karaxwpntég W kar TMRO, pyetd Tnv ekTéAEon
NG evioAng ‘DECF TMRO, 0’, ye TMRO0=5;

5.5.3 EvTOAég apIOuNTIKWV TTPASEWV

‘Evag PIKPOEAEYKTAG i MIKPOETTECEPYAOTAGS Ba fTav dxpnoTog av dev YTTopou-
o€ va Kavel apiBuntikég Tpdaelg. O PIC di1aB£Tel dUo eviOAEG yia TTpdoBeon Kal
oUo yia agaipean. Me Tnv BorBsia autwy, PTTOPEI va TTPAYUOTOTIOINCEl KAl TIG
TPaEeIg Tou TTOAOTTAQCIOoPOU Kal diaipeong.

e ADDLW A

H 1mrpwTn evioAn mpdoBeong, ou Ba pdboupe, agopd Tnv atAn diadikacia
NG TPOaBeang dUo apIBuwv. Tnv evIoAn TNV Exoupe O€l KOl oav TTOPAdEIYUa OTNV
evotnTa 5.4.

ZYNTA=H ADDLW A
OPIZMATA To A traipvel Tipn o116 0 €éwg 255.
ZHMAIEZ C,DC,Zz

Mepiypan: To Oedopévo A TmpooTiBetal otov kataxwpenty W kal 1o
atrotéAeopa amoBnkeveral otov karaxwpnt) W (oxnua 5.14).
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Zxnua 5.14 [NpoécBean Tou dedouévou A ata mrepiexoueva Tou kataxwpnt W kai
amobrikeuan Tou amoteAéauarog atov W ue tnv evioAn ADDLW A.

To dedopévo A Traipvel TIHEG atmd 10 0 wg 1O 255, TTOU onuaivel Ot £XEl Un-
Kog €va byte. AuTo ival TTOAU Aoyiké agou TTpocTiBeTal oTov KataxwpnTth W TTou
€XEI KAl QUTOG TO id10 PKog. ETriong, 6TTwg GAAWOTE avapévape, N OUYKEKPIPEVN
TPAEN eTnpeddel TIG onuaicg Tou kpaToUpevou (C), Tou evOIAUETOU KPATOUUEVOU
(DC), dnAadn kpaTtouuevou PETALU Tou 3ou Kal Tou 4ou bit, kair Tou pndeviopou
(2). TENoG, n evioAn xpnoiyotrolei duean dieubuvaloddTnan.

Oa TTapabéocoupe, Twpa, dUO TTapadeiypdaTa PeE Ta oTToia Ba KATAVOr|GOUUE
KaAUTEPA TN AcITOUpyia TNG EVTOARG.

10 Mapadeiyua
‘Eotw o611 W = 6D H ka1 611 divoupe Tnv evioAr ADDLW D1 H 16r1€:

0110 1101 = 6D H
+ 1101 0001 = D1H
0011 1110 = 3EH

>UpQwva Pe TNV eVIOAR, To atmoTéAeopa Ba ammobnkeuTei atov W Kai apa
Ba éxoupe W = 3E H, evy o1 onpaieg Ba yivouv:

C =1 (n mpa&n divel KpaTtoUuevo),

DC =0 (n p&én dev divel evOIAPECO KPATOUUEVO) KAl

Z = 0 (1o atmotéAeapa dev givai 0),
avegapTNTa PE TIG TIUEG TTOU €iXaV TTPIV TNV EKTEAEOT TNG EVTOANG.

20 Mapdaderypa
‘EoTtw 611 W = 95 H ka1 611 divoupe Tnv evioAff ADDLW 2C H 16r1¢:
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0010 1100 = 2CH
+ 1001 0101 = 95 H
1100 0001 = C1H

ZUP@WVa PE TNV EVTOAN, TO aTToTéAEOUa Ba atroBnkeuTtei otov W Kal Gpa
Ba éxoupe W = C1 H, evw o1 onuaieg Ba yivouv:

C =0 (n mpagn o€ divel KpaToUEVO),

DC =1 (n Tpdagn divel evdIAUETO KPATOUUEVO) Kal

Z =0 (1o atmotéAeopa dev eivai 0),
aveEApTNTa PE TIG TIUEG TTOU €iXaV TTPIV TNV EKTEAECT TNG EVTOANG.

e ADDWF K, d

Zuveyxidovtag Ba Treplypdwoupe pia delTepn €vToAR TTPOoBeoNG, Aiyo TTio TTo-
AUTTAOKN a1T6 TNV TTPWTN. ESdW, TTaAI, XpnaoiyotroioUpe Tov Kataxwpnt W. Opwg,
auTA TNV @opd, n TTPOoBean yivetal Pe évav aplBPo TTou BPICKETAI OTOV KATAXW-
pNTA, N 81EUBUVON TOU OTTOIOU UTTOBEIKVUETAI ATTO TO OpICHa K.

ZYNTA=H ADDWEF K, d

OPIZMATA e To K mraipvel Tipég ammo 0 £wg 127 n gival To cupBoAlikd
OVopa EVOG KATOXWPNTH.
® To d maipvel Tipég atrd 0 €wg 127.
ZHMAIA Z,C,DC
Meprypagn: To mepiexdpevo Tou W, TTpOCTIBETAI OTO TTEPIEXOPEVO TOU KOTO-
xwpnTA K kal 1o amrotéAeapa ammobnkeletal atov W, av 1o d = 0, i oToV KaTa-
xwpnt K, av 1o d = 1 (oxAua 5.15).

Zxnua 5.15 [1p606san Tou TepIEXOuéVOU
Tou Karaxwpnt W aro mepiexouevo
Tou Kataxwpent K kai
armoBrAKEeUan TOU aTTOTEAEGLIATOS
arov W ue v evioAn ADDWF K,
0 ny arov K ue tnv evioAnn ADDWF
K, 1.
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O kataxwpnTg K opicetal 0TTwg Kal 0TIG AAAEG EVTOAEG TTOU €idapE €W TwpA.
ETtiong, 6TTwg GAAwOTE Kal aTnVv TTponyoupevn evioA TTpdoBeong, ernpeddovTal
o1 onpaieg Tou kpartoupevou (C), Tou evdidueoou kKpatoupevou (DC) kal Tou pn-
deviouou (Z).

Oa Trapabéaoupe, TTAAI, OUO TTapadeiyuaTa e Ta OTToia Ba KATAVONCOUWE TNV
AgiItoupyia kaBwg kai TNV diIa@opd TNG atrd TNV TTPONYOUEVD.

10 Mapadeiyua
‘Eotw 611 W = A3 H, TMRO = 15 H ka1 é11 divoupe Tnv evioAy ADDWF TMRO, 0,
TOTE:

1010 0011 = A3 H
+ 0001 0101 = 15 H
1011 1000 = B8 H

ZUpewva pe TNV eVvIoAr, To atrotéAeopa Ba ammobnkeutei atov W kal apa Ba
éxoupe W = B8 H, evw ol onpaieg Ba yivouv:

C =0 (n Tpagn O¢ divel KPATOUUEVO),
DC =0 (n Tpagn &€ divel evdIAPECO KPATOUPEVO) KAl
Z = 0 (1o atmotéAeapa dev givai 0),

aveEApTNTa WE TIG TIUEG TTOU €ixav TTPIV TNV EKTEAEDN TNG EVTOANG.

20 Mapdadeiypa
‘Eotw 611 W = DB H, TMRO = 85 H ka1 611 divoupe Tnv evioAf ADDWF TMRO, 1
TOTE:

1101 1011 = DB H
+ 1000 0101 = 85H
0110 0000 = 60 H

2Up@wva pe TNV evioAn, 1o atmotéAeopa (60 H) Ba atrobnkeutei otov TMRO,
evw o W Ba kpatrioel Tnv apyik Tou TiuA (DB H). O1 onpaieg Ba yivouv:

C =1 (n mpagn divel KpaTtoUuevo),
DC =1 (n mp&én divel evdIGUECO KPATOUUEVO) Kal
Z =0 (1o atmotéAeopa dev eivai 0),

aveEdpTNTa WE TIG TIUEG TTOU €ixav TTPIV TNV EKTEAECN TNG EVTOANG.
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e SUBLW A

O1 ap1BuNTIKEG EVTOAEG TTEPIAAUBAVOUVY Kal TNV EVTOAN TNG agaipeong. H evto-
A, otn doun Kai Asiroupyia NG, Poiddel ge auTr) TG TTpdoBeong evog apiBuoU e
Tov Kataxwpnth W. Ag doupe Kal €dw TNV eVIOAA O¢ évav OUVOTITIKO TTiVAKA.

ZYNTA=H SUBLW A
OPIZMATA To A mraipvel iy o116 0 éwg 255.
ZHMAIEZ C,DC,Zz

Meprypaen: To Trepiexduevo Tou kataxwpnti W, agaipeital amrd
10 0€OOMEVO KOl TO ATTOTEAECA aTTOBNKEUETAN aTOV KaTaxwpnth W (oxrua 5.16).

Zxnpa 5.16 Apaipeon rou mepiexouévou tou karaxwpenty W amrd ro dedouévou A
Kai ammoBrkeuan tou amoreAéauarog arov W pe tnv evioAn SUBLW A.

O1wg kail otnv avtiotoixn €vioAn mpoéoBeong, 1o dedouévo A TTaipvel TIMEG
atré 10 0 wg 10 255. ETTioNg, Kai €dW, N CUYKEKPIUEVN TTPAEN eTTNEEACE! TIG oNUai-
€G Tou KpaToupevou (C), Tou evdidueoou kpatoupevou (DC) kal Tou pndeviopou
(2). H evtoAn xpnoiuyoTtrolei aueon dieubuvaiodotnon.

2Tnv ouvéxela, divoupe, Tpia TTapadsiypata Ta otoia 6a pag fonbroouv va
KATavorooupe KAAUTEPA TN AgIToupyia TNG eVIOAAG.

10 Napadeiypa
‘Eotw 611 W = 6D H kai 611 divoupe Tnv evioAr SUBLW D1 H 16T1€:

1101 0001 = D1H
- 0110 1101 = 6D H
0110 0100 = 64 H

2Uppwva pe TNV evioAn, To atrotéAeopa Ba amoBnkeuTtei atov W kai dpa
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Ba éxoupe W = 64 H, evw o1 onuaieg Ba yivouv:
C =0 (n pagn o€ divel KpATOUUEVO),

DC =1 (n mp&én divel evdIGUECO KPATOUUEVO) Kal
Z = 0 (1o atmotéAeopa dev eivai 0),

avegapTnTa aTmo TIG TINEG TTOU EiXaV TIPIV TNV EKTEAEDN TNG EVTOARG.

20 Mapdadeiypa
‘Eotw o1t W = A4 H kai 611 divoupe Tnv evioAr) SUBLW 21 H 16T€:

0010 0001 = 21H
- 1010 0100 = A4 H
0111 1101 = 7DH

ZUp@wva e TNV evIOAR, To attoTéAeoua Ba atrobnkeutei otov W kal dpa Ba
éxoupe W = 7D H, evw ol onuaieg Ba yivouv:

C =1 (n Tpagn divel KpaTtoUuevo),
DC =1 (n mpagn divel evOIAUETO KPATOUUEVO) Kal
Z = 0 (1o atmotéAeapa dev givai 0),

avegapTNTa PE TIG TIUEG TTOU €iXaV TIPIV TNV EKTEAEDN TNG EVTOANG.

3o Mapdaderypa
‘Eotw o1t W = 21 H ka1 611 divoupe Tnv evioAr ADDLW 21 H, 16Te:

0010 0001 = 21H
- 0010 0001 = 21H
0000 0000 = 0

2Upgwva Pe TNV evioAn, 1o amotéAecua Ba atobnkeutei atov W kai dpa Ba
éxoupe W = 0, evw o1 onpaieg Ba yivouv:

C =0 (n Tpagn o¢ divel KPATOUUEVO),
DC =0 (n Tpagn &€ divel evdIAuECO KPATOUPEVO) KAl
Z =1 (10 atmmotéAeopa givai 0),

avegapTNTa PE TIG TIUEG TTOU €iXaV TTPIV TNV EKTEAEDN TNG EVTOANG.
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e SUBWF K, d

O1 ap1BuNTIKESG EVTOAEG TTEPIAAUBAVOUVY Kal TNV EVTOAN TNG agaipeong. H evto-
A, oTn doun Kai Aeiroupyia Tng, Yolddlel Je auTr) TnNG TTpooBeong evog aplBuou e
ToVv Kataxwpntn W.

ZYNTA=H SUBWF K, d
OPIZMATA @ To K mraipvel Tipég ammo 0 €wg 127 n gival To cuuBoAI-
KO Ovopa evOg KataxwpnTh.
@ To d mraipvel TipéG atrd 0 £wg 127.
ZHMAIEX Z,C,DC
Meprypagni: To mepiexdpevo Tou W, agaipeital aTrod 10 TEPIEXOPEVO
Tou KataxwpenTt K kai 1o atrotéAeopa amobnkevetal otov W, av 10
d =0, 4 oTov kataxwpnm K, av 1o d = 1 (oxAua 5.17).

Zxnua 5.17 Apaipean Tou epixouévou Tou Kataxwpenth W arré 1o mepiexouevo rou
karayxwpnti K kai amoBnkeuan tou amoreAéauarog arov W ue tnv evioAn
SUBWF K, 0 1 otov K ue tnv evioAn SUBWF K, 1.

OTrwg oTnVv avTioToixn €vToAr TTPOCBeang, 0 KaTaxwpenTAG Traipvel TINEG ATTo
10 0 WG T0 127 1} TO CUPPBOAIKO Tou Bvopa, av £xel. MNapopoiwg Pe TNV TTPonyouUE-
vn €VTOAN aQaipeang ol onuaieg TTou eTnpeadovTal gival Tou Kpatoupuevou (C), Tou
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evdiduecou kpatoupevou (DC) kal Tou pndeviopou (Z). Ztnv cuvexela, OiVOuE,
Tpia TTapadeiypaTa 1o oTroia Ba pag Bonbrjoouv va KATavorjooupde KaAUTEPO TN
AeIToupyia TNG EVTOAAG.

10 Mapadeiypa
‘EoTtw 611 W= 6D H, TMRO = D1 H ka1 611 divoupe Tnv evioA SUBWF TMRO, 0,
TOTE:

1101 0001 = D1H
- 0110 1101 = 6D H
0110 0100 = 64 H

ZUp@wva Pe TNV €vToAr, To atmmotéAeaua Ba atmmodnkeuTei otov W kal, apa, Ba
éxoupe W = 64 H, evw o1 onuaieg Ba yivouv:

C =0 (n Tpagn d¢ divel KPATOUUEVO),
DC =1 (n mpagn divel evOIAUETO KPATOUUEVO) Kal
Z = 0 (1o atmmotéAeapa dev givai 0),

avegapTnTa atmo TIG TINEG TTOU EiXav TIPIV TNV EKTEAEDON TNG EVTOANRG.

20 Mapdaderypa
‘Eotw 611 W = 67 H, TMRO = A4 H kai 611 divoupe Tnv evioA SUBWF TMRO, 1,
TOTE:

0110 0111 = 67 H
- 1010 0100 = A4 H
1100 0011 = C3H

ZUP@Wva PE TNV €VTOAR], To aTtoTéAeoua Ba atmmobnkeuTei atov TMRO, agoU 1o
d =1, kai, dpa, Ba éxoupe TMRO = C3 H, evw o1 onuaieg Ba yivouv:

C =1 (n Tpa&n divel KpaToUuevo),
DC =0 (n mpagn d¢ divel evOIGPECTO KPATOUWEVO) Kal
Z = 0 (to amrotéAeoua d¢ev givai 0),

avedpTNTa PE TIG TIMEG TTOU €iXav TTPIV TNV EKTEAECT TNG EVTOANG.
3o Mapdaderypa

‘Eotw 611 W = 21 H, TMRO = 21 H ka1 611 divouue Tnv evioAf SUBWF TMRO, 0,
TOTE:
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0010 0001 = 21H
- 0010 0001 = 21H
0000 0000, = 0

ZUppwva pe TNV evioAr, 1o atrotéAeopa Ba atmmobnkeutei atov W kal dpa Ba
¢xoupe W = 0, evw ol onpaieg Ba yivouv:

C =0 (n Tpagn O¢ divel KPATOUUEVO),
DC =0 (n Tpdén &¢ divel evOIAUETO KPOATOUUEVO) Kal
Z =1 (10 ammotéAeopa givai 0),

avegapTnTa PE TIG TIUEG TTOU €iXaV TIPIV TNV EKTEAEDN TNG EVTOANG.

Epwrthosig

1. Moia miyR Taipvouv ol onuaieg C, DC kal Z, YeTa TNV eKTEAEON TNG EVTOAAG
ADDWF

2. TMRO, 1, y¢ TMR0O=0D H ka1 W=13H;

3. lMou atmoBnkeveTal TO ATTOTEAECUA TNG TTPONYOUNEVNG EPWTNONG;

5.5.4 EvToAég AoyIKwV TTPAgEwV Kal S1a81KaoIWV

Mépa atrd TIG eVIOAEG apIBuNTIKWY TTPagewy, o PIC, diaBétel kal pia opdda
eVIOAWV Aoyikwv TTpagewv. O1 eVTOAEG AUTEG gival TTOAU XPrOIPES YIO TOV €AEy-
XO TWV EVOWMATWHEVWY TTEPIPEPEIAKWY Povadwyv. Mapadeiypuata Ba doupe o€
EQPAPUOYEG TTOU Ba TTAPOUCIACTOUV OE ETTOPEVEG EVOTNTEG.

Z€ auTAV TNV evOTNTO Ba CUUTTEPIAGPBOUNE KAl TPEIG EVTOAEG TTOU, UTTOPOUE
va TToUlE OTI EKTEAOUV AoyIKEG dladikaaieg oToug kataxwpnTég. O1 dUo aTrd auTéG
QQOPOUV EVEPYEIEG TTEPIOTPOPNG KaTaxwpnTwy. H T1pitn agopd tnv aviaiiayn
TWV TEGOAPWY ONUAVTIKOTEPWYV bits pe Ta TEToEpa AlyOTEPO TNUAVTIKA.

O PIC ptropei va ekTeAEéTEl TIG AOYIKEG TTPAEEIG:
KAI (AND)

H (OR)

AtrokAeioTiké H (XOR)

ZUPTTARPWHA WG TTPOG 1

MepioTpo®n TTPOG Ta OEEIG

MepioTpO®n TTPOG T APIOTEPA

AvtaAAayn bits

MNa 116 Aoyikég TTpageig Tou AND kai Tou OR, o PIC diaBé€tel, yia tTnv KaBe pia,
atTd OUO EVTOAEG. TNV OUVEXEID, Ba TTAPOUCIACOUE WE TN OEIPA TIG EVTOAEG AUTEG.
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e ANDLW A

H mpwTn Aoyikr evToAr], TTou Ba avaAUuooupe, agopd Tnv atAn diadikacia NG
Aoyikng Tpaéng KAI duo apiBpwyv. Mapabétoupe, AoImrov, Tov Trivaka Pe Ta Bact-
KOTEPO OTOIXEIQ TNG EVTOANG.

ZYNTA=H ANDLW A
OPIZMATA To A traipverl i a1rd 0 £wg 255.
ZHMAIA Z

Mepiypa@n: EkTéAeon TG TTPAENG Tou AoyikoUu KAI peTagu Tou TrepiEXOUEVOU
Tou KaTaxwpntl W kai Tou dedouévou A. To ammoTEAECUO aTTOBNKEUETAI GTOV
kataxwpnth W (oxAua 5.18).

Zxnpa 5.18 ExtéAeon tn¢ Aoyikng mpdéng KAl petaél Tou Tepiexouévou Tou
karaywpenti W kai tou dedouévou A kai amrobikeuon Tou ammoreAéouaroc
arov W ue tnv evioAnn ANDLW A.

Kai oTnv Katnyopia Twv AoyIKWY evToAwv, To 0edouEvo A TTaipvel TIHEG aTTO TO
0 wg 10 255. ANWOTE, TO dEDOPEVO TTPETTEI VA £XEI TO D10 PAKOG PE TOV KATAXW-
pnt W, a@oU ekteAeital n Aoyikn pagn KAI, bit rpog bit, petagu Toug. H ouyke-
KpIpévn TTpaén etTnpeddel TN onuaia Tou undeviopou (Z).

2Tn ouvéxela, Ba doupe dUO TTaPAdEIYUATA PE AUTHV TNV EVTOAN.
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10 Napadeiypa
‘Eotw o1t W = 35 H kai 611 divoupe Tnv evioAr ANDLW A4 H 16T¢:

0011 0101 (35 H)
AND 10100100 (A4 H)
00100100 (24 H)

OT1twg €itmaye, 10 amotéAeopa amobnkevetal otov W apa, Ba €xoupe W = 24 H,
EVW N onuaia Z Ba vyiver 0.

20 Mapddeiypa
‘Eotw 611 W = AB H ka1 611 divoupe Tnv evioAr ANDLW 14 H 1éTe:

1010 1011 (AB H)
AND 00010100 (14 H)
0000 0000  (0)

ZUpQwva PE TNV €vToAR, To atroTéAeoua Ba ammobnkeutei otov W kal dpa 6a
éxoupe W = 0, evwy n onuaia Z Ba yivel ion ye 1, ave€apTnTa Ye TNV TIPA TTOU Eixe
TIPIV TNV EKTEAEOT TNG EVTOANG.

e ANDWF K, d

H deUTepn €VTOAN HE TNV OTTOIO PTTOPOUME VO EKTEAECOUME TNV AOYIKN TTPAEN
KA, exteAeital petagu Tou kataxwpenti W kai evég dAAou kataxwpenTr]. Otrwg kai
OTIG QVTIOTOIXEG EVTOAEG aPIOUNTIKWY TTPAEEWY, XPNOIUOTTOIOUNE WG OpIoua, T
O1euBuvon oTn pvAun 0edopévwy, TOU KATaxwpEnTr autou.

ZYNTA=H ANDWEF K, d
OPIZMATA ® To K traipvel Tiuég ammd 0 éwg 127 1 gival To CUPPBOAIKS
Ovoua evOg KataxwpnTh.
® To d Traipvel TipéG amo 0 éwg 127.

ZHMAIA Z

Meprypagn: ExtéAeon Tng Tpdaéng Tou Aoyikou KAI peta&u Tou
mepiexopévou Tou W kail Tou Trepiexopévou Tou kataxwpnth K. To
atrotéAeopa armoBnkevetal otov W, av 1o d = 0 (oxAua 5.190a),  atov
kataxwpnt K, av 1o d = 1 (oxAiua 5.19pB).
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Zxnua 5.19(a) ExréAeon tng Aoyikng mpaéng KAI
LETAED TOU TTEPIEXOUEVOU TOU
karaywpnt W kai rou
TTEPIEXOLEVOU TOU KaTayxwpnth K Kai
aTmoBrKeuan ToU aTmoTEAECLIATOS
arov W ue tnv evioArf ANDWF K, 0.

Zxnua 5.19(B) ExréAeon tng Aoyikng mpaéns
KAl ueraéu rou mepieyouévou
Tou karaxwpntm W kai tou
mepIexouévou Tou Karaxwpenti K
Kal arroBnkeuan Tou
armroreAéouarog arov K e tnv
evioAn ANDWF K, 1.
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O karaxwpnTg K opiletal 6TTwg ouvnbwg. H evIoAR evnuepwvel TNV onuaia
TOU Pndeviouou (Z).
Oa Trapabéooupe dUO TTapadeiypaTa, TTou €ival evOEIKTIKA TNG AEIToupyiag Tng
€VTOANG Kal TNG 81aPOPAg TNG aTTd TNV TTPONYOUEV.

10 Napadeiypa
Ocwpoupe 6T o kaTaxwpenTis W = A3 H kai o TMRO = 15 H. ‘EoTtw 611 divoupue Tnv
evioArf ANDWF TMRO, 0, 1ot¢:

10100011 (A3 H)
AND 00010101 (15 H)
0000 0001 (1)

Z0P@Wva PE TNV €VTOAN, To atroTéAeopa Ba atrobnkeutei atov W, dnAadn
W =1, evw n onuaia Z Ba yivel 0, agou 1o atroTéAecpa dev gival undeviko.

20 Mapdadeiypa
Ocwpoupe o1 0 kKataxwpenTic W = 5A H kai o TMRO = 85 H. ‘EoTtw 611 divoupe Tnv
evioAf ANDWF TMRO,1 16T¢:

01011010  (5AH)
AND 1000 0101 (85 H)
0000 0000  (0)

2Upewva Pe TNV evioAn, 1o atrotéAeopa Ba atmobnkeutei otov TMRO kai dpa
Ba €xoupe TMRO = 0, evw n onuaia Z Ba yivel 1, agou 1o atmmotéAeapa givar 0. O
karaxwpntg W diatnpei Tnv TiyA Tou.

e IORLW A
H deuTepn Aoyikn TTPAEN, TTou uTTopEi va ekteAéael o PIC, gival To Aoyikd H (OR).
H evToAr, TTou Ba avaAuooupe, edw, gival n avtioToixn Tng ANDLW yia 1o Adoyiko H.

ZYNTA=H IORLW A
OPIZMATA To A traipvel Tipn o116 0 €wg 255.
ZHMAIA z

Meprypagn: ExkTéAean TnG TTPAENG Tou AoyikoU H peTagl Tou TrepIEXOUEVOU
Tou Kataxwpent) W kai Tou dedopévou A. To ammoTéAeoua atmobnKeUeTal OTOV
kataxwpnt W (oxAua 5.20).
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Zxnpa 5.20 ExtéAean tng Aoyikng mpaéng H uetaél Tou mmepIexouévou Tou KaraxwenTr
W kai rou dedopévou A kai ammobrikeuan tou armroreAéouarog atov W e tv
evioAn IORLW A.

Otmwg mavTa, 1o dedopévo Traipvel TIHEG atrd 1o 0 wg 10 255. H ouykekpiyévn
TPAEN emnpEedlel TNV onuaia Tou undeviapou (Z). AkoAoUBbwg, TTapaBéToupe dUo
TTapadeiypaTa auTAG TNG EVIOARG.

10 Mapddeiypa
‘EoTtw 611 W = 11 H kai 6T divoupe Tnv evioAr IORLW 96 H 167€:

0001 0001 (11 H)
OR 10010110 (96 H)
10010111 (97 H)

O1wg eitrape, 10 amotéAeopa atrobnkeuetal atov W kai, dpa, 8a €xoupe W =
97 H, evw n onpaia Z = 0, aveEdpTnTa YE TNV TIUA TTOU €iXE TTPIV TNV EKTEAEDN TNG
EVTONAG.

20 Mapdaderypa
‘EoTtw 611 W = 0 kai 611 divoupe Tnv €vioAr IORLW 0 T6TE:

0000 0000  (0)
OR 0000 0000  (0)
0000 0000,  (0)
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ZUP@Wva JE TNV eVIOAN, To atroTéAeoua Ba atrobnkeutei otov W kail dpa Ba
éxoupe W = 0, evw n onuaia Z Ba yivel ion pe 1, aveEdptnTta Ye TNV TIPA €iXe TPIV
TNV EKTEAEON TNG EVTOANRG.

e IORWF K, d

H &euTepn €vioAr PE TNV OTToIO UTTOPOUKE va EKTEAECOUNE TV TTPAEN TOu Ao-
yIkoU H, ekteAgital petagl Tou kataxwpnth W kai evog dAAou kataxwpnth. Otrwg
Kal oTnVv avtioToixn evioAr] Aoyikou KAI, xpnoipoTroloUue wg 6pIcua, Tn dieUBuv-
on oTn uvAun 6edopévwy, TOU KATaxwpenTr auTou.

ZYNTA=H ANDWE K, d
OPIZMATA ® To K mraipvel Tipég ammod 0 €wg 127 1 gival 10
OUMPBOAIKO Gvopa evog KaTaxwpnTh.

® To d mraipvel TipéG atmd 0 £wg 127.
ZHMAIA Z
Meprypa@n: EktéAeon Tng TTpdéng Tou Aoyikou H PeTagu Tou TTEPIEXOPEVOU
Tou W Kai Tou Trepiexopévou Tou KataxwpnTtn K. To atmmotéAeoua
atroBnkeveTal otov W, av 1o d = 0 (oxAua 5.21a,) 1 gTov KaraxwenTr, av
T0d =1 (oxnua 5.21pB).

Zxnua 5.21a ExkréAeon tng Aoyikric mpaéng H ueraél tou mepiexouévou Tou karaxwpnti W
Kai Tou TTEpIEXOUEVOU Tou KataxwpnTh K Kal amoBrkeuon Tou amoreAéouarog
arov W ue v evioAn IORWF K, 0.
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Zxnua 5.21B ExréAson tng Aoyiking mpaéng H uerau Tou mepiexouévou Tou Karaxwpenth
W kai Tou tTepiexouévou Tou karaxwpenth K kar arroBAKeuan Tou ammoTeAé-
ouarog arov K e tv evioAn IORWF K, 1.

Kai edw, n dietBuvon Tou kataxwpntr K maipvel Tipég ammd 10 0 £wg 10 127 1
TO OUUBOAIKO Tou Gvopa, av éxel. Etriong, 6TTwg AAAWGCTE Kal GTNV TTPoNyoUuEvVn
€VTOAN AoyikoU H, evnuepwveTal N onuaia Tou pndeviouou (Z).

10 MNapadeiypa
Ocwpoupe 6T o kKataxwpenTis W = E4 H kai o TMRO = 5. ‘EoTtw 611 divouue Tnv
evioAl IORWF TMRO, 0, 167€:

11100100  (E4 H)
OR 00000101  (5)
1110 0101 (E5 H)

2Up@WVa PE TNV €VTOAN, To aTtoTéAeoua Ba ammobnkeutei otov W, dnAadn W =
E5 H, evw n onuaia Z Ba yivel 0.

20 Mapdadeiypa

Otwpoupe 6T 0 kataxwpents W =0 kai o TMRO = 0. 'EoTw 611 SivOUuuE TNV €VTOAN
IORWF TMRO, 1 t6T¢:
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0000 0000  (0)
OR 0000 0000  (0)
0000 0000  (0)

20P@WVa JE TNV EVTOAR, To attoTéAeoua Ba atrobnkeuTtei otov TMRO kai, cuve-
Twg, Ba £€xoupe TMRO = 0, evw n onuaia Z Ba yivel 1, agou To atroTéEAETUA gival
0. O kaTtaxwpnTthg W diatnpei TV TIunA Tou.

e XORLW A

H 1pitn Aoyikr Tpagn, Tou ptropei va ekteAéael o PIC, gival Tou AoyikoU aTro-
kAeioTikoU H (XOR). H evtoAn, Tou Ba avaAuooupe, ivar n avriotoixn Twv ANDLW
kal IORLW yia 10 a1rokAEIoTIKO H.

ZYNTA=H XORLW A
OPIZMATA To A traipvel TIpéG atrd 0 €wg 255.
ZHMAIA z

Meprypagn: ExktéAeon Tng TTPAENG Tou atrokAeioTikou H (XOR) petagu
TOU TTEPIEXOMEVOU TOU KaTaxwpnTth W kal Tou dedopévou A. To
atrotéAeopa amoBnkevetal otov karaxwpent) W (oxnua 5.22).

Zxnua 5.22 ExtéAean tng Aoyikng mpaéng amokAgiaTikou H LeTaél Tou Tepiexouévou Tou
karaywpnti W kai tou dedouévou A kar arroBikeuon Tou ammoreAéouaroc aTov
W ue tnv evioAnn XORLW A.

To dedopévo A Traipvel TIHEG atmd T0 0 w¢ 10 255. MNMapouoiwg, Pe TIG TTPOnN-
YOUUEVEG AOYIKEG EVTOAEG, N TTapoUca eTTNPEACEI TNV onuaia Tou undeviopou (Z).
2uveyifoupe pe duo TTapadeiypata TNG EVIOANG AUTNG.
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10 Mapadeiypa
‘EoTtw 611 W = 19 H ka1 611 divoupe Tnv evioAr] XORLW 97 H 161€:

0001 1001 (1A H)
XOR 1001 0111 (97 H)
1000 1110 (8D H)

Qg yvwaTov, 1o amotéAeapa atrobnkevetal atov W kal, dpa, éxoupe W = 8D H,
eVW N onuaia Z yiveral 0, agou 1o atroTéAeopa gival S1IAPoPOo Tou PNdEVOG.

20 MNapadeiypa
‘EoTtw 611t W = CB H ka1 611 divoupe Tnv evioAr] XORLW CB H 167¢:

1100 1011 (CB H)
XOR 1100 1011 (CB H)
0000 0000  (0)

ZUpewva pe TNV eVToAr, To atmotéAeopa Ba atroBnkeutei atov W kai, dpa, Ba
¢xoupe W = 0, evw n onuaia Z Ba yivel 1, a@oU €xoupe PNOEVIKO aTTOTEAECHQ,
aveEApTNTA WE TNV TIYA TTOU EiXE TIPIV TNV EKTEAEON TNG EVTOANG.

o XORWF K, d

H deltepn €vioAn e TNV OTToia PTTOPOUME va €KTEAECOUME TNV TTPALN Tou
AoyikoU atrokA€IoTIKOU H, ekTeAgital HeTagU Tou KaTtaxwpentl W kal evog GAAou
kataxwpnth. OTTwg kal oTnv avtioToixn €vioAr] AoyikoU H, XpnoigoTtroioUue wg
opiopa, Tnv dieuBuveon otnv Pvhpn dedopuévwy, Tou KaTaxwpenTi auTtou.

ZYNTA=H XORWF K, d
OPIZMATA ® To K mraipvel Tipég atmo 0 éwg 127 R eival 10
OUMBOAIKO Ovopa evog KaTaxwpnTh.
® To d Traipvel TIpéG atrd 0 Ewg 127.
ZHMAIA Z
Mepiypa@n: ExkTéAeon TnG TTPAENG Tou atrokA&IoTIKOU H peTagu Tou
mepiexopévou Tou W kai Tou TTepiexopévou Tou kataxwpnth K. To
atmmotéAeopa atmobnkevetal otov W, av 1o d = 0 (oxAua 5.23a), A oTov
kataxwpnt) K, av 1o d = 1 (oxnua 5.23p).
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Zxnua 5.23a EkréAson tng Aoyikng mpdéng amokAsiotikou H
ueraéu Tou mepieyouévou Tou karaxwpentn W kai
TOU TTEPIEXOUEVOU TOU KaTtaxwpnT K kai
amrobrikeuon tou amoreAéouarog orov W ue tnv
evioAn XORWF K, 0.

Zxnua 5.23B EktéAeon tng Aoyikng mpaéng amokAsiotikou H
ueTaéu Tou mepiexouévou Tou Karaxwentn W kai
TOU TTEPIEXOUEVOU ToU KaTaxwpenth K Kai
ammobnkeuan Tou amoreAéouarog otov K ue tnv
evioAn XORWF K, 1.
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To opiopa K avTioToixei oTn d1elBuvan Tou kataxwpenTr) TTou BEAoupe. ETTiong,
OTTWG GAAWOTE KAl OTNV TTPoNyoUlEVn €VTOAR aTTOKAEIGTIKOU H, evnuepwveTal n
onuaia Tou pndeviopou (2).

AkoAouBouv, duo TTapadeiyuara, Je TNV EVIOAR auTr.

10 MNapadeiypa
Otwpoupe 61 0 kataxwpenms W = ED H ka1 o TMRO = A5 H. '‘Eotw 611 divoupe
NV evioAl XORWF TMRO, 0, 16T¢:

1110 1101 (ED H)
XOR 1010 0101 (A5 H)
0100 1000 (48 H)

ZUP@Wva Pe TNV €VTOAN, To atroTéAeopa Ba atrobnkeutei atov W, dnAadn
W =48 H, evw n onuaia Z Ba yivel 0, agou 1o atotéAeopa dev gival 0. O TMRO
Ba TTOpPaUEIVEl WG EXEL.

20 Mapdaderypa
Otwpoupe o1 0 kKaTaxwpentic W =62 H kai o TMRO = 62 H. 'EoTtw 611 divoupe Tnv
evioAl XORWF TMRO, 1 16t¢:

01100010 (62 H)
XOR 01100010 (62 H)
0000 0000  (0)

2Up@Wva Pe TNV €VTOAN, To aTtoTéAeoua Ba ammoBnkeuTei otov TMRO kai, dpa,
Ba £xoupe TMRO = 0, evw n onuaia Z Ba yivel 1, agou 10 amotéAeopa givar 0. O
kataxwpntig W diatnpei Tnv Tiun Tou.

e COMFK, d

EKTOG TwV yVWoTWV AoyIKWY TTpagewv, Tou KAI kai Tou H, oI AoyIkéG EVTOAEG
TTEPIAAPBAVOUV Kal TRV EVTOAR TOU CUUTTANPWHATOG.

ZYNTA=H COMF K, d

OPIZMATA @ To K mraipvel ipég ammd 0 €wg 127 ) gival To cupBo-
Aikd dvopa evog KaTaxwpnTh.
@ To d mraipvel Tipég ammd 0 £wg 127.

ZHMAIA Z
—160




=== APXITEKTONIKH KAI MPOrPAMMATIZMOZ TOY MIKPOEAEI'KTH PIC

Meprypagn: To cupTTARpwPa wg TTPog 1 Tou kataxwpentn K,
ammobnkevetal atov W, av 10 d = 0 (oxnua 5.24a), 1 otov
KaTaxwpntA K, av 1o d = 1(oxfiua 5.243).

Zxnua 5.24a Edpeon rou ouutmAnpwuarog
wg¢ mPO¢ 1 TOU TTEPIEXOUEVOU
ToU Kataxwpent K kai
armroBnKeuon ToU ATTOTEAEOLIATOC
arov karaxwpenti W, ue tnv
evioAnn COMF K, 0.

ZxnRua 5.24B8 Elpeon tou ouuttAnpwuarog
wg¢ mPO¢ 1 TOU TTEPIEXOUEVOU
Tou Kataxwpentn K kai
ammobnkeuan Tou
armroreAéouarog oTov
karaxwpentn K, pe tnv evioAn
COMF K, 1.
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2Tn ouvéxela, divoupe, dUo TTapadeiypara, yia va dOUHE KOAUTEPA TTWG AEITOUPYEI
N €vioAn auTh.

10 Mapadeiyua

‘EoTtw 611t W =6D H ka1t TMRO =71 H.

Aivoupe Tnv evioAj COMF TMRO, 0.

Tote, 10 amotéAeopa Ba eival 8E H kai Ba atroBnkeutei otov W, dnAadry W = 8E
H, apou 10 6picua d = 0.

H onuaia Z = 0, agpou 1o amroTéAeopa dev eival 0, ave€dpTnTa WE TO TI ATAV TTPIV.

20 Mapdaderypa

‘EoTtw 611 W = 5A H ka1 TMRO = FF H.

Aivoupe Tnv evioA COMF TMRO, 1.

Tote, 10 atrotéAeopa Ba civar 0 kai 6a atroBnkeuTei atov TMRO, dnAadry TMRO =
0, agpou 10 OpiIopa d = 1.

H onuaia Z = 1, apou 1o atmotéAeapa ival 0, aveEdpTnTa YE TO TI ATAV TIPIV.

e RLF K, d

Otwg eirape, o PIC di0Bétel U0 evioAég TTou Tou divouv Tn duvaTtdtnTa va
EKTEAET TTEPIOTPOPN OTO TTEPIEXOPEVO VOGS KaTaXwpnTr. Ag doupe, Aoitrdv, To ou-
VOTITIKO TTIVOKQO TNG TTPWTNG EVTOANG, TTOU TTEPIOTPEPEI TO TTEPIEXOUEVO TOU KATA-
XWPNTH TTPOG TA APIOTEPA, Kal, TN CUVEXEIDQ, EVa ETTECNYNUOATIKO OXAMA.

ZYNTA=H RLF K, d
OPIZMATA @ To K mraipvel Tipég atmod 0 £wg 127 A eival 10
OUMBOAIKO Gvoua evog KaTaxwpenTh.

@ To d mraipvel Tipég ammd 0 £wg 127.
ZHMAIEZ C
Meprypagn: To mepiexduevo Tou kataxwpenT K kai n onuaia C
TTEPIOTPEPOVTAI TTPOG TA APICTEPA KaTd éva bit. To atmotéAeopa
amroBnkevetal otov W, av 1o d = 0 (oxAua 5.25a), A atov kataxwpntA K,
avTod =1 (oxnua 5.25B)
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Zxnua 5.25a ApioTepn TTEPIOTPOQN TOU TTEPIEXOLEVOU Tou KataxwenTh K, uéow anuaiag C,
Kai arrobnikeuan Tou amroreAéouaroc arov karayxwoenti W, ue tnv evioAn RLF
K, 0.

ZxnRua 5.258 ApioTepn TTEQITTPOQN TOU TTEPIEXOUEVOU ToU KaTaxwenTh K, uéow anuaiac
C, ka1 ammobrikeuan Tou amoreAéouaroc oTov Karaxwpenti K, ue Tnv evioAn
RLF K, 1.

H TtrepioTpo@n yivetal 0TTwg Qaivetal ota oxnuata 5.25a kai 5.2503.

Ta opiopata NG evIoAng dnAwvouv 6,TI Kal OTIG UTTOAOITTEG EVTOAEG. H €VTOAN
€TTNPEAdel TN onpaia Tou Kpatoupevou, C, a@ou auTh TTaipvel JEPOG oTNV TTEPI-
oTpo®n. AkoAoubBei £va TTapdadelyua Tou BonBbd aTtn katavonon Tng AeIroupyiag
TNG EVTOARG QUTAG.

Mapadsiypa

‘EoTw 611 0 KaTaxwpntAg W = 54 H, o TMRO = AB H kai n onuaia C = 0.
Aivoupe Tnv evioAl RLF TMRO, 0. To atmmoréAeapa Ba ammobnkeutei atov W, agpou
10 6picpa d = 0, kai Ba eivar W = 56 H, evw 10 C = 1. O kataxwpnts TMRO dia-

TNPEI TNV ApPXIKA TIYN TOU.

® RRF K, d

H deUTepn evioAn TrepioTpo@ng TTou d1aB€Tel o PIC, TTepioTpEéQel TO TTEPIEXOME-
VO €VOG KaTaxwpnTr TTPog Ta Oe€id. Ag doupe, AoITrdv, TO OUVOTITIKO TTiVAKO TNG
€VTOANG Kal £va ETTEENYNMATIKO GXMMA.
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ZYNTA=H RRF K, d
OPIZMATA ® To K mraipvel Tipég ammo 0 £wg 127 1y gival To

OUMBOAIKO Gvopa evog KataxwpnTh.

® To d mraipvel Tipég ammd 0 £wg 127.

ZHMAIA C
Meprypa@n: To mepiexouevo Tou karaxwpnTr K kai n onuaia C
TTEPIOTPEPOVTAI TTPOG Ta BECIA KaTA éva bit. To ammotéAeopa
amroBnkevetal otov W, av 1o d = 0 (oxAua 5.260a), i aTov
kataxwpenti K, av 10 d = 1 (oxAua 5.26).

Zxnpa 5.26a Aséig mepIoTpo@n ToU TTEPIEXOUEVOU Tou KaTaxwpnth K, uéow onuaiag C, kai
ammobnkeuan Tou arroreAéouarog artov karaxwpnti W, ue v evioAn RRF K, 0.

Zxnua 5.26B Acéia epioTpopn ToU TTEPIEXOUEVOU Tou KaTaxwpenTh K, uéow onuaiag C, kai
ammobrkeuan Tou amroreAéouarog atov karaxwpnt K, pe tnv evioAl RRF K, 1.

H evtoAn gival TTapdépuola pe Tnv Tponyouuevn. H diagopd gival 6T n TTEPIOTPO-
®n yivetal Tpog Ta deCId, OTTWG PaiveTal oTa oxnpaTa 5.26a kai 5.26.

ETriong, kai €dw, Ta opiopaTa TNG EVIOAAG dNAWVOUV O,TI KAl OTIG UTTONOITTEG
€VTOAEG. H evTOAN €TTnpeddel TN onuaia Tou Kpatouuevou, C, apouU Kal auTh Traip-
VEI HEPOG OTNV TTEPIOTPOVN.

2Tnv ouvéxela, Oivoupe, Eva TTapAadelyua Pe TNV EVTOAR yia Tnv TTARPN KaTtavo-
non NG Asiroupyiag TngG.

Mapddeiypa
‘EoTw 611 0 kataxwpntg W = 54 H, o TMRO = AB H kai n onuaia C = 0, 6TTwg Kal
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OTO TTAPAdEIYUA TNG TTPONYOUHEVNG EVTOANG.

Aivoupe Tnv evioAl RRF TMRO, 1.

To atrotéAeopa Ba ammobnkeutei oTov kaTaxwpenty TMRO, agou 10 épicpa d = 1,
kal Ba givar TMRO = 55 H, evw 10 C = 1. O kataxwpnTtig W diatnpei TNV apxIkn
TIUA TOU, APOU, OTNV TTPAYUATIKOTNTA OE XPNOIUOTTOIEITAl.

e SWAPF K, d

Mépav Twv evioAwV TTEPICTPOPNG, 0 PIC €xel Tn duvatodTnTa Pe Pia ydvov evio-
AN va avTiyeTaBéael Ta 4 TTEPICOOTEPO ONPaAvTIKA bits, evog kataxwpenTth, HE Ta 4
Ay6TtepO onuavTiké. O GUVOTITIKOG TTIVAKAG TNG EVTOANG €XEI WG EENG:

ZYNTA=H SWAPF K, d
OPIZMATA ® To K mraipvel Tipég atmod 0 £wg 127 A eival 10
OUMBOAIKO Gvopa evog KataxwpenTh.
® To d mraipvel TipéG ammd 0 £wg 127.

ZHMAIA KAMIA

Meprypagn: Ta bits 0 £éwg 3, Tou kataxwpent K, avTiyetariBevral ye Ta bits
4 wg 7, Tou idlou kataxwpnTh. To ammotéAeoua atrobnkeveTal otov W, av 10
d = 0 (oxApa 5.27a),  otov kataxwpen ) K, av 1o d = 1 (oxnua 5.27p).

Zxnua 5.27a AvriuerdBeon Twv 6UO0 PICWY Tou KataxwpenT!i K kai arroBikeuan Tou arrore-
Aéauaro¢ arov karaxwpnt W, ue nv evioAn SWAPF K, 0.

Zxnua 5.278 AvriuerdBean twv 600 piIowv Tou Karaxwpent K kai arrobnkeuan Tou armore-
Aéauarog arov karaxwpenth K, e tnv evioAn SWAPF K, 1.

165—



AOMH KAI AEITOYPTIA MIKPOYMOAOTIZTQN ==

Ta opiopaTa TNG EVTOANG €XouV TNV idla oNUACia JE AUTA OTIG UTTONOITTEG EVTOAEG.
H evtoAn dev etTnpeddel kapia onuaia. AKoAouBei Eva TTapdadelyua Pe TNV EVIOAR.

Mapdadeiypa

‘EoTw 011 0 KaTtaxwpntig W = 43 H kai o kataxwpntis TMRO = 61 H.

Aivoupe Tnv evioAr SWAP TMRO, 1.

To atrotéAeopa Ba amobnkeuTei oTov kaTaxwpenti TMRO, agou 10 épicua d = 1,
kal Ba givar TMRO = 16 H, evw ol onuaieg dev emmnpeddovrtal. O kataxwpntig W
dlaTnpEEi TNV apxIKA TIUA TOU, agoU, GTNV TTPAYHUATIKOTNTA O XPNOIUOTIOIEITAl.

e NOP

H evioAl auTtr] dgv kAvel amoAUTwG TITTOTE TTAPd va KaTaAauBdaver pia 6€on
OTNV PVAKN TTPOYPAPUATOG Kal va EI0AYEl Jia KaBuoTépnaon evog KUKAOU EVTOANG.

ZYNTA=H NOP
OPIZMATA KANENA
ZHMAIA KAMIA

Meprypa@n: Acv ekTeAcital kapia Asitoupyia.

Aev uttdpxel AOyog va TTapaBECOUPE KATTOIO TTAPAdEIYUA PE TNV €VTOAR, agou
gival TTOAU aTTAn.

Epwthosig

1. Moio 10 amotéAeopa Tng evioAnng ’"ADDWF TMRO, 1°, 6mou TMRO=77 H kai
W=77 H;

2. e 1016V KaTaxwpenTh Ba atmoBnkeuTei To atToTéAeOUa TNG TTPONYyoUUEVNG TTPA-
&Nng kai o010 Ba €ival n TIYr TNG onuaiag Z;

3. Ti iy Ba apel N onuaia Z av TpIv atrd TNV EVIOAR TNG TTPWTNG €PWTNONG
ekTeAéooupe TNV evioAn 'COMF TMRO, 0’;

4. TMoia n 1iyR NG onuaiag C petd tnv ektéAeon Tng evioAng 'RLF TMRO, O’, 61mou
TMRO=8A H. Z& 1T0I16V KaTaOXWPENTA OTTOONKEUETAI TO ATTOTEAEGHA TNG TTPAENG;

5.5.5 EvToAég emregepyacoiag bit

Mépav, TwV EVTOAV €VOG UIKPOETTECEPYOTTH | MIKPOEAEYKTH TTOU dlaxelpilo-
vTal byte, ugioTaTal guxvd n avaykn va eTTEPROUPE HOVO o€ Eva bit, Xwpig va eTTn-
pedloupe Ta uTTOAoITTa bits Tou kaTtaxwpnTA. O PIC diabéTel TE0oEPIS (4) EVTOAEG
TToU €KTEAOUV AgiToupyieg emTegepyaaiag bit oe €évav katayxwpntr, TiIG oTToieg Ba
doUpE aKoAoUBwWG.
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® BSFK, b

H mpwTn evioAn xpnoiyoTtroigital yia va 8éoel o1o 1 €va bit evog kataxwpnT.
2Tn ouvéxela divoupe Tov TTivaka PE Ta KUPIOTEPA OTOIXEIa TNG EVIOARG.

ZYNTA=H BSF K, b
OPIZMATA @ To K mraipvel Tipég atmo 0 éwg 127 1
gival To CUPPBOAIKO Gvopa evOg KaTaxwpnTh.
® To b Traipvel Tipég ammo 0 wg 7.
ZHMAIA KAMIA
Meprypagn: To bit Tou kataxwpnth K, Tou n 6éon Tou
onAwveTal atroé Tov apiBuod b, yivetan 1.

O karaxwpnTtg €TAEYETAlI OTTWG KAl OTIG TTPONYOUMEVES TTEPITITWOEIS. To b
onAwvel Tnv B€on Tou bit, TTou Ba yivel 1, oTtov KataxwpnTr. MNapakdTw, BAETTOUNE
Kal éva TTapdadelyua.

Mapddeiypa

‘Eotw 611 TMRO = 31 H (0011 0001B).

Aivoupe Tnv eviohrj BSF TMRO, 6.

ToTe, TO ATTOTEAEC A YiVETAL:

TMRO =71 H (0111 0001B)

O1 onpaieg dev ernpeadovTal, evw To bit 6 yivetal 1 ave¢dptnTa a1Td TNV TIKN TTOU
gixe Tponyoupévwg (oxnua 5.28).

Zxnua 5.28 Tormobétnon rou 1 aro 60 wneio Tou karaxwpenti TMRO, ue tnv evioAn; BSF
TMRO, 6.

® BCFK, b
H deUTepn evIOAA xpnoiyoTToIEiTal yia va undevioel éva bit evog kataxwpnTh.
ZYNTA=H BCF K, b

OPIZMATA ® To K mraipvel Tipég atd 0 £wg 127 A ival 10
OUMBOAIKO Gvopa evog KataxwpnTh.
@ To b Traipvel Tipég ammo 0 éwg 7.
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ZHMAIEZ KAMIA
Meprypaen: To bit b Tou kataxwpntn yiverai 0.

MNa Ta opiouaTa 1Io0xUEl 6,TI KAl OTNV TTPONYOUUEVN EVTOAR, UOVO TTOU OTNV TTEPI-
TITwaon auTr] 1o b deixvel 1o bit TTou Ba yivel 0. MNa va katavoroouue KaAUTeEPa TNV
EVTOAN, TTapaBéToupe Eva TTapAdelyua TnG.

Mapdadeiypa

‘EoTtw 611 TMRO = FD H (1111 1101B).

Aivoupe Tnv evioAl BSF TMRO, 7.

Tote, TO aTTOTEAEG A YiveTal:

TMRO = 7D H (0111 1101B)

O1 onuaieg dev etrnpeadovtal, evw 1o bit 7 yivetar 0 aveédptnta atmod tnv Tponyou-
Mevn Tiun Tou (oxnpa 5.29).

Zxnua 5.29 Tomobérnon tou 0 aTo 70 wneio Tou karaxwpenti TMRO, ue tnv evioAr; BCF
TMRO, 7.

® BTFSS K, b

H tmapouoa evioAn eAéyxel Tnv TiPN Tou bit, TTou n B8€éon oTov kataxwpnt K
ToU OnAwveTal e Tov apiBPo b, kal av 1o bit autd eival 1 dev ekTeAgiTal N apEowg
ETTOPEVN EVTOAN.

ZYNTA=H BTFSS K, b
OPIZMATA ® To K mraipvel Tipég atrd 0 £wg 127 A ival To
OUMPBOAIKO dvopa evog KaTtaxwpnTh.
® To b mraipver Tipég atmd 0 Ewg 7.
ZHMAIEZ KAMIA
Mepiypa@n: EAéyxeTal To bit, TTou n Béon Tou oTOV KaTaXWPENTA K
OnAwveTtal e Tov apiBuo b kal av gival 1, TOTE eKTEAEITAI N PEBETTOPEVN
€VTOAN evw av gival 0, ekTeAeiTal n eTTOUEVN.
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To b dnAwvel Tnv B€on Tou bit oTov kaTaxwpenTA K. Ze mepitrTwaon tmou diaTTi-
oTwOei 6T TO ouykekpIpévo bit gival 1, TOTE, ekTeAeiTal N peBeTTOPEVN €vToAn. H
dladikacia dlapkei 2 KUKAOUG PNXavig, OTTwg €Xoupe eEnynoel otnv evotnta 5.4,
Av 0 éAeyxog diatTioTwaoel 6T To bit givail 0, TOTE, N ekTEAEON TOU TTPOYPAUHATOG Yi-
VETaI Kavovikd. To bit Tou kataxwpenTA dev aAAalel oUTe o1 onuaieg eTnpeadovTal.

Mapddeiypa
‘EoTw 10 akdAouBo TTPoypappa:

MOVLW 84 H
MOVWF TMRO, 1
BTFSS TMRO, 2
BSF TMRO, 1
BSF TMRO, 3

ok wn =

To TTpOypapua, PE TIG OUO TTPWTES EVTOAEG, POopTwVEl aTov KataxwpnTt TMRO
TNV TR 84 H (1000 0100 B). H evtoAr) BTFSS TMRO, 2, eAéyxel Tov KaTaxwpenTh
Kol BAETTel 0TI TO bit 2 (apiBunon amd 0 wg 7) eival 1. ToTe, ekTeAEl TNV TTEUTITN
EVTONA KAl TTAPOKAUTITEI TNV TETAPTN. META TNV €kTéAEOn TOU TTPOYPAPUATOS O
kataxwpntg TMRO = 8C H.

Av, apxikd, o kataxwpntig TMRO AduBave tnv 1iun 80 H, 161€ 1O TTPdYpPOUUA
Ba ekTeAoUOE Kal TNV TETOPTN €VTOAR. ‘ETOI, HETA TNV EKTEAEDT] TOU, O KATAXWPENTAS
TMRO = 8A H.

Ag TTpogégoue OTI, Kal OTIG OUO TTEPITITWOEIG, TO TTIPOYPAUUA BEAEI 5 KUKAOUG
MNXOVAG YIa va eKTEAEODEI.

® BTFSCK, b

MpoKeITal yia eVIOAR TTapouoIa e TNV TTponyouuevn. H diadikacia gival akpl-
Bwg n idia aAAG ekTeAgiTal OTAV TO CUYKEKPIUEVO bit gival O avri 1.

ZYNTA=H BTFSCK, b

OPIZMATA ® To K mraipvel Tipég atmd 0 £wg 127 A ival 1o
OUMBOAIKO Ovopa evog KaTaxwpnTh.
® To b mraipver Tipég atmd 0 £wg 7.
ZHMAIEX KAMIA
Mepiypa@n: EAéyxeTal To bit, TTou N B€0n Tou oTOV KaTaXWPENTA K
onAwveTal he Tov aplBud b kai av givar 0, TOTE eKTEAEITAI N
MEBETTOUEVN EVTOAN €V av €ival 1, EKTEAEITAI N ETTOUEVN.

Aev Ba eTTeKTABOUNE TTEPICOOTEPO, APOU, OTTWG EITTANE, Eival TTAPOPOIA PE TV
TTpoNyouUlEvn.
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Epwtioeig
1. '/EoTtw 611 TMRO0=35 H. Moia n TiyA Tou KataxwpenTr autou PETA TNV EKTEAEON
NG evioAng 'BSF TMRO,1’;
2. Tloia N TIPA TOU KATAXWENTA TNG TTPONYOUUEVNG £PWTNONG META TNV EKTEAEON
NG evioArg 'BCF TMRO, 4’;
3. Av apxikd o kataxwpntis TMR0=35 H, mmoia Tiuf Ba £xel JeTd TNV EKTEAEON
TOU TTAPOKATW TTPOYPAUMATOG:
BTFSC TMRO, 3
BSF TMRO, 1
BSF TMRO, 7

5.5.6 EvToAég dApaTtog (aAAayng pong TTpoypdaHaToq)

TeAeuTaia agrioaue TNV KATnyopia eVvToAWV GAPOTOG, Ol OTTOIEG TTPOKAAOUV OA-
Aayr} oTnv por] ToU TTPOYPAUMATOG. 2€ £va TTPOYPAMNKA Ol EVIOAEG eKTEAOUVTAI
ME TNV O€Ipd P TNV oTToia ival ypaupéves. Opwg, ouxvd, €ival atrapaitnTto va
aAAGgoupe Tnv porj autry. O PIC utrooTtnpilel Tnv diadikacia auT HECW KATTOIWV
evioAwv TTou O100€Tel. Ag doUE, TWPA, TNV TTPWTN aTTO TIG EVTOAEG QUTEG, EVW
GAAEG TPEIG Ba TTEPIYPAWOUHE aPOU UIAFOOUE YIA TIG POUTIVEG.

® GOTO Aigubuvon

Metd Tnv ekTéAeon Tng evioArig GOTO Aigbbuvon n eKTEAEGN TOU TTPOYPAUUO-
TOG ouveyiCel he TNV €vTOAN oTn B€éon AicvBuvor.

ZYNTA=H GOTO Aigtbuvon
OPIZMATA H AiebBuvon maipvel TipéEG atrd 0 Ewg 2047.
ZHMAIEX KAMIA

Mepiypagn: O kataxwpnTtrs PC @optwvel Tn AledBuvaon TTou divoule.

Eriong, mpétrel va toviooupe OTI n €VTOAN eKTEAEITaI 0€ 2 KUKAOUG €VTOANG,
OTTWG €iTTape Kal oTnv evoTnta 5.5.
Axoloubei Eva TTapadelyua e TNV EVTOAN QuTH.

Mapddeiyua

‘EoTw 10 akdAouBo TTpdypappa, To otroio apyicsl otnv dietbuvon 10 H: 010 H:
MOVLW 35 H

011 H: MOVWF TMRO, 1

012 H: GOTO 17 H

013 H: BCF TMRO, 3
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014 H: NOP

015 H: BSF TMRO, 5

016 H: ADDLW 1C H

017 H: RLF TMRO, 0

018 H: NOP

H evioAf GOTO goptwvel Tov kKataxwpentr] PC ye tnv tiyR 17 H. ‘Etol, petd v
evioA auTh, o PIC Ba ekteAéael Tnv evioAn TTou BpiokeTal otn dietbuvon 17 H,
onAadn Tnv RLF TMRO, 0 (oxnua 5.30).

Zxnua 5.30 H ektéAeon Tou mpoypduuarog amrd n 6éon 12 H tn¢ uvrAung mpoypduuarog,
ouveyileral atn 6éan 17 H, pe tv evioArp GOTO 17 H, n omoia goprwvel oTov
karaxwpent PC v niun 17 H.

To mpoypapua Ba ekteAeoTel o€ 6 KUKAOUG EVIOAAG.

5.6 Mg0odoAoyia TTpOoypPANMATIONOU

o€ YA\wooa Assembly

>tV Trponyoupevn evotnTa €idape avaAuTIKa TiG evioAég Tou PIC. EUkoAa,
MTTOPOUME VO TTAPATNPEACOUME OTI OEV UTTAPYXOUV EVTOAEG QVTIOTOIXEG ME AUTEG
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TwV YAWOooWV uwnAou emrédou, 0TTwg auTtwyv Tng YAwooag C 4 BASIC. Zmnv
TTPAYHATIKOTNTA, KABE €VTOAN TwV YAWOOWV UuWnAou eTTITTEDOU PETAPPALETAl O
Mia oeipd eviodwv Assembly até 1o ouoTnua.

Ag unv &exvdue Tn @uon NG YAwooag Assembly. 211G AANeG YAWOTEG TTpO-
YPOUUaTiCOUPE YPAPOVTAG KWOIKA TTOU POIACEl YE TOV TPOTTO TTOU OKEPTOPOOTE. H
Assembly BpiokeTtal TTOAU KovTa aTnv pnxavr). ‘ETol, 6tav ypdeoupe KwdIKa, TTpé-
TTEl VA £XOUHE OTO HUAAO HAG TOV TPOTTO PE TOV OTTOIO AEITOUPYEI O MIKPOEAEYKTNG.
Auté onpaivel 611 TTPETTEN va avaAUOUUE TO EKAOTOTE TTPOBANUA OTIG OTOIXEIWDEIG
ouvioTwoeg Tou. Na egetaloupe KABe pia EEXwPIOTA Kal, KaTOTTIV, va BAETTOUNE
TTWG JTTOPOUE VA TIG CUVBECOUE YIa va TO AUCOULE.

2Tnv TTapouca evotnTa Ba doUNE TTWG PTTOPOUE VA UAOTTOINCOUHE OIGPOPES
AOYIKEG, Ol OTTOIEG €ival aTTAPAITNTEG OTOV TTPOYPOUMATIONO. ZUYKEKpPIPEvVa, Ba
eEeTdooupE TTWG UTTOPOoUNE va ypdwouue o€ yAwooa Assembly Tig akdAouBeg
dladIKaoieg:

Avayvwaon - Eyypaer pviung

Pouriveg

AAQyR pONG TTPOYPAUUATOG UTTO GUVORKN
Xpovikr kaBuoTépnon

Bpoxog WHILE - DO

O1 diadIkagieg TTou Ba TTAPOUCIACOUE Eival UTTODEIYUATIKEG TOU TPOTTOU TTOU
Aeitoupyei o PIC. Tovifoupe 0TI dev gival Ol YOVEG TTOU PTTOPET va UAOTTOINCOEI O
MIKPOEAEYKTAG pag. K&Be ¢nTouuevn diadikacia gival duvatov, he Tov KatdAAnAo
TTPOYPANMATIONO, va ulotroinBei. QoTtdéco, N avaluon Twv TTapatTdvw d1adika-
OlIWV KAl N TIPOCEKTIKA £GETAON TOU TPOTTOU AgIToupyiag Toug, Ba pag dwael Tn
duvaTéTNTa VA YPAWOUE KWOIKA YIO TTAPOUOIEG TTEPITITWOEIS TTOU gival TBavo
vVa OUVOVTACOULIE.

Mpiv, Opwg, TTpoxwproouue oTnv €me¢Aynon 6Awyv autwy, ag SoUUE TI UTTOPEi
va TTEPIEXEl pia ypapun kwdika Assembly. Mépav TG evTOARG Kal Twv OpIoUATWY
NG, N YPOAUMN KWOIKA UTTOPE va TTEPIEXEI Pia eTIKETA Kal oxOAIa. H didTagn civai
n €gng:

ETikéra EvtoAR Opiopara ;ZXOAIa
M.x. ROUT1 MOVLW 45 H ;W =45H

H eTikéta gival éva cupuBoAikd évopa Tng dielBuvaong Tou TTPOYPAUUATOG, EVW
Ta oxOAIa xwpilovTal atrd TNV UTTOAOITTN YPAUMN HE TO GUUBOAO ;.
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5.6.1 Avayvwon - Eyypaen pvAung

Eival aduvaro va utrdpgel TpOypauua TTou va Un ypa@el atn uvAun dedopéva
f, £€0TW, va diafddcel amd auTtAv. ZTI¢ YAwooeg uwnAou eTITTédou, PTTOPOUNE Va
eKTEAEOOUPE QUTEG TIG DladIkaaieg Ye ATTAEG eVTOAEG, OTTwG READ (dedopévo) i
WRITE (0edopuévo), Xwpig va evolapepOPaaTE yia Th QUOIKA B€on TTou auTd aTro-
BnkeveTal oTNV PvAUN O£O0OUEVWV.

Otav ypdeoupe éva TTpdypaupa o€ yAwooa Assembly, TOTe, €ipaoTe UTTOXPE-
WHEVOI va €TIAECOUNE €lEiG TTOU aKPIBWGS OTNV PVAKN Ba ypagei TO GUYKEKPIPEVO
0edopévo, dnhadn o Toia dielBuvaor] TNG. AUTOG gival €vag AGyog yia TOV OTToio Ta
TTPOYPAMPATA, TTOU €ival Ypapuéva oTnv YAWCOa auTr], €ival apkeTA TTOAUTTAOKQ.
Opwg, yia Tov idio Adyo, PE TNV YAWOOO auTr, JTTopoUuE va eAEyEoupe TTIANPWG
TOV MIKPOEAEYKTR MOG.

Omwg €idape kal aTnv apxn Tou KegaAaiou pag, n Pviaun Tou PIC avagépeTal
WG APXEIO KATAXWPENTWV. ZTO MIKPOEAEYKTA HaG, AOITTOV, Ol BECEIG VNG avagE-
povTal Kal oav KataxwpnTes. MNa mapdadeiyua, n 6€on yvAung pe dietBuvon 30 H,
Aéyetal kai kataxwpng 30 H. Ztnv cuvéxeia, Ba e¢eTdooupe U0 AVTITIPOCWTTEU-
TIKEG TTEPITITWOEIG AVAYVWONG KAl EYYPAPHG OTOUG KATAXWPNTEG AUTOUG:

e Eyypagn dedopévou o€ KartaxwpenTh

H diadikaoia TG eyypa@ng 0edouévou o€ Evav KataxwpnTh atmoTteAei Baaikd
aToixeio kaBe TTpoypdupaTtog. Méoa og kABe TTPOYPAUPA TTOU QTIAXVOUUE, Ba
XPEIOOTEN TTOAEG POpPEG va ypdwoupe Eva dedoUEVO O€ Evav KaTaxwpnTr, dnAa-
on o¢ pia 6éon pvAung. O PIC pag divel T duvaTtdTNTa VA KAVOUE TNV £yYPaQr
QUTH XPNOIUOTTOIWVTAG Mia evTOAR pévov oTtov kataxwpent W. TNa éAoug Toug
AAAOUG KaTaXwpPNTEG TTPETTEN va XPNOIYOTTOIOOUKE Tov Kataxwpenti W cav ev-
Oldueco BAua.

MNa Tapdadeyua, €0Tw o1 BEAoUPE va ypdwoupue Tnv iy 5F H otov kaTtayxwpen-
T (B€on pvnAung) 30 H, 161€ Ba xpelooTOUUE TIG AKOAOUBEG EVTOAEG:

EvToAég:
MOVLW 5F H ; dopTtwoe otov W 10 5F H
MOVWEF 30 H ; doépTwoe otov 30 H TV Tipn Tou W

MeTd TnVv ekTéAeon Twv eviodwv o kataxwpntis 30 H maipvel Tnv niy 5F H
(oxnua 5.31).

173—



AOMH KAI AEITOYPTIA MIKPOYMOAOTIZTQN ==

Zxnua 5.31 Eyypaer tou 6edouévou 5F H arov karaxwpntr 30 H, ue tnv S1adoXIKn EKTEAEON
Twv evioAwv MOVLW 5F H kai MOVWF 30 H.

e Eyypagn mepiexopévou KaTaxwpnTr o€ KaTaxwpnTtn

H deuTtepn dladikaacia, Tou Ba dOUUE, aQopd TNV EYYPAPr) TOU TTEPIEXOPEVOU
€VOG KaTaxwpenTA o€ £vav dAAlo. Eival, kal autr, pia diadikacia TTou Ba xpeliaoTei
va TNV €TTavaAdBoupe TTOAEG QOpPEG PEoT o€ KABE TTPOYPANMPA TTOU YPAPOUE.
O1mrwg kai oTnv mTponyouuevn diadikacia, Tou eidape, €101 kal €dw, o PIC pag
TTApEXEl TN dUVATOTNTA VA KAVOUUE TNV EYYPOQN AUTr) XPNOIPOTTOIWVTOG Jid EVTO-
AR pévov étav o évag atmd Toug dUo KataxwpnTtés eival o W. Ze kdBe GAAN TTepi-
TITWON, EYYPOAPNS TOU TTEPIEXOMEVOU EVOG KATAXWPNTH O€ £vav GAAO, TTPETTEI va
Xpnaiyotroifoouue Tov kKataxwpenti W cav eviidueco Brya.

MNa Tapadeypa, £€0Tw OTI BEAOUPE VO YPAWOUUE TO TTEPIEXOUEVO TOU KATAXW-
pnt) TMRO oTov kataxwpentA (8éon pvAung dedouévwyv) 30 H, 16T1E Ba xpelaoTou-
ME TIG OKOAOUBEG EVTOAEG:

e EvroAig:
MOVF TMRO, 0 ; ®optwoe atov W tnv Tipr Tou TMRO
MOVWEF 30 H ; ®optwoe otov 30 H Tnv TipnR Tou W
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MeTd Tnv ekTéAeon Twv evioAwv o Kataxwpntng 30 H TTaipvel TNV TP TOU Ka-
TaxwpnTt) TMRO (oxAua 5.32).

Zxnua 5.32 Eyypagn Tou mepiexouévou tou karaxwent TMRO arov karaxwpenti 30 H,
e v 01adoxIkn ekTéAsan Twv evioAwv MOVF TMRO, 0 kar MOVWF 30 H.

Znueiwon: Ta mapamavw givar pévov rapadeciypara. Or diadikaoieg auTtég 1I0XU-
OUV YIO OTTOIOVOATIOTE KATAXWENTH TNG MVANNG dedopévwy Kal yia OTTOI0dNTTOTE
TIuA dedopévou.

5.6.2 Pouriveg

H évvola Tng poutivag, atn yAwooa Assembly, givar idia ye auTr) Twv YAWOOWV
uwnAou emmédou. ‘Eva kaAd dopnuévo TTPOYPANPa XPNOIUOTIOIEI pouTiveg OTav
UTTAPXEI O€IPA EVTOAWYV TTOU ETTAVAAAMBAVETAI GUXVA.

H TTpwTn ypauuA TNG pouTivag dNAWVETAI PE Hia ETIKETA, N OTTOI ATTOTEAEI Kal
10 Ovopa NG pouTivag. H pouTiva TeAeiwvel pe Tnv evioAr RETURN, n otroia T11-
OTPEPEI TOV EAEYXO GTO KUPIWG TTPOYPAUHA.

MNa mapddeiyua, av BéAoupe, péoa o€ éva TTPOYpPauUa, va diIaBaloupe TOKTIKG
Ta TTEpIEXOMEVa Tou kataxwpent) PORTA, pe dietBuvon 5, kal va 1a ammoBnkeu-
oupe oTov kataxwpnti TMRO, 161 ytropoUuEe va ypAdWoupe Pia pouTiva Pe Eva
ovoua, 1T.x. READ_PORTA, wg €¢A¢:
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READ_PORTA MOVF 5,0 ; DOPTWOE TA TTEPIEXOPEVA TOU KATAXWPENTNA
; PORTA oTov karaxwpntr W.
MOVWF TMRO ; ®6pTwoe Ta TrepiEXOPEVa Tou kataxwpnt W
; aTov Kataxwpnty TMRO.
RETURN ; ETTéoTpewe aTo KUPiWG TTpdypappa.

H pouTiva kaAgital péoa o€ éva Tpoypauua pe v evioAr] CALL, wg €EAG:

EvtoAn 1
EvtoAn 2

EvtoAn k
CALL READ_PORTA
EvtoAnq k+2

CALL READ_PORTA

Ztnv ouvéxela Ba teplypdywoupe Tnv evioAr] CALL kai dU0 akopn eVIOAEG TOu
MIKPOEAEYKTH) HOG, OI OTTOIEG XPNOIMOTTOIOUVTAIl OTIG POUTIVEG:

e CALL Ovopa 1 AiguBuvon

Me Tnv evioAr autr] o PIC ekTeAei wg €TTOPEVN EVTOAR TNV TTPWTN EVTOAR TNG
pouTivag TTou Bpioketal oTnv B€an tmou deixvouv 10 Ovopa 1 n AictBuvon.

ZYNTA=H CALL Ovopa f AiguBuvon
OPIZMATA Ovopa ) diglBuvaon pouTivag
ZHMAIEZ KAMIA

Meprypagn: H evioA KaAei Tn pouTiva pe 1o Ovoud TnG 1 ME
TNV dielBuvan oTnv otroia apyicel. Mo ouykekpipyéva o PC
QopTWVETaI hE TNV dielBuvaon TNG pouTivag.

¢ oxéon pe v evioAl GOTO, n Tapouca evioAr KAvel Kal pia €TTITTAEOV
evépyela. ATrobnkeuel Tn dielBuvaon TNG aPEowg TTOPEVNG EVTOARG, dnAadn Tnv
PC + 1, o€ pia €1®Iki pvAun ou Aéyetal cwpog. ‘ETaol, étav o PIC TteAsiwoel Tnv
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€KTEAEON TNG pouTivag, Ba ptropéoel va eoTpEWel, HeTA TV CALL, oTnv €vTOAR.
21V emréuevn evioAn, Tou Ba TTeplypdwoupe, 8a YIAOOUNE TTEPICOOTEPO YIA TN
onuaacia autAg TNG EVEPYEIQG.

Kal auTr n evioAn ekTeAEiTal o€ 2 KUKAOUG £vTOANG. AKOAOUBEI éva TTapddelyua,
TO OTTOIO UTTOBEIKVUEI TN XPHON TNG EVTOANG:

Mapddeiypa

‘EoTw TO akOAouBo TTpoypappa, To otroio apyiCel otn d1etBuvan 10 H kai 611 n
pouTiva 1Tou Ba kaAéoel sival n READ_PORTA, tnv otroia €idaue 1Tpiv Aiyo, Kai
apyxiCel otnv dietBbuvon 95 H:

010 H: MOVLW 12 H ;Poptwvel otov W tnv Tipn 12 H.

011 H: MOVWF TMRO, 0 ;®opTtwvel otov TMRO tnVv TipR 0.

012 H: CALL95H ;KaAei Tnv READ_PORTA () CALL READ_PORTA).
013 H: XORWF TMRO, 0 ;EkteAei Tnv AoyikA Trpagn XOR petagu twv W kai TMRO.

€VTOA auTr, o PIC Ba exTeAéTel TN pouTiva, TNG OTTOIAG N TTPWTN £VTOAR apXiCel
oTn dietBuvon 95 H (oxAua 5.33).

Zxnua 5.33 KAron tng¢ pourivag, mou éekiva arré tnv dievbuvan 95 H, ue tnv evioAr; CALL
95 H, n omoia goprwvel otov karaxwpentri PC v tiun 95 H.
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Ag BuunBoulpe, €dw, 611 avTi Tou 95 H Ba utTopoUcapE va XPNOIKOTTOINCOUNE
Kal To 6voua Tng pouTivag, dnAadn To READ PORTA.

Ortav, n poutiva TeAeiwoel, o PIC Ba ekteAéoel TNV apéowg €TOUEVN TNG
CALL, gvtoAn, dnAadn Tnv XORWF TMRO, 0. H d1e08uvon TNG QOPTWVETAI GTOV
kataxwpnt PC o1o T€A0G TNG pouTivag. 10 TTapadelyud pag, n dietbuvan autn
givar 13 H.

e RETURN

MeTd TnVv ekTEAEON TNG, Mia pouTiva TTPETTEI va ETTICTPEWEI OTNV ETTOUEVN EVTO-
A Tng CALL kai va ouvexiogl opaAd Tnv eKTEAECT TOU KUPIWG TTPOYPAUMATOG.
TNV TTponyoUpevn €VTOAR €idaue OTI, yia va yivel auTd, Xpeldletal n dielbuvaon
auTh va £XEl atmoBnKeUTEl 0TO OWPO, £TAI WAOTE va gival duvarr n avakAnon Tng,
ME TNV KATAAANAN evToAr. O TTivakag TnG EVTOARG aUTrG, TTapaTiBeTal akoAoUBwWG.

ZYNTA=H RETURN
OPIZMATA KANENA
ZHMAIEZ KAMIA

Meprypa@n: Metd TNV eKTEAECN WiOG POUTIVAG, ETTIOTPEPEI
TOV €AEYXO ATTO TNV POUTIVA OTO KUPIWG TTPOYPAMKA, OTNV
emopevn evioAr NG CALL atoé Tnv omoia KABNKE n pouTiva auTh.

Me auTiv Tnv evtoAn TTPETTEl va TeAEIWVEl KABE pouTiva TTou ypagouue. Kai
auTrh n €vTOAN ekTeAeiTal o€ 2 KUKAOUG €vTOANG. AkoAouBei éva TTapdadelypa, To
OTT0i0 UTTOOEIKVUEI TN XProN TNG EVTOARG.

Mapddeiypa

‘EoTtw 10 Tpdypaupa TTou €idaue oto Trapaderyua g evioAng CALL. To kupi-
wg TTpoypapua apyicel atn dieuBuvon 10 H, evw n poutiva READ_PORTA apxicel
oTn dieuBuvon 95 H.

ZUp@wva Pe Ta 6oa itrape yia Tnv evioAn CALL, étav auTr ekTeAeoBEi, 0 Aey-
X0G peTagpépeTal otn O1euBuvon 95 H, dnAadn o PC ammd 12H yiveral 95 H, avti 13
H, TTou givai n d1elBuvaon TNG €TTOPEVNG, KATA O€Ipd, EVTOAAG. MpIv Opwg GopTwOEi
otov PC n 1iyn 95 H, n miufl PC + 1, dnAadn n 13 H, amobnkeleTal ato cwpo.

O1 evioAég TNG pouTivag Ba ekTeAe0BOUV KavOVIKA, Pia-pia. 210 TEAOG, N EVTOAN
RETURN 6a avakaAéoel Tnv atrobnkeupévn Tiun PC + 1, dnAadn v 13 H, kai 6a
TNV ToTToBeTACElI 0TOoV PC (0xAua 5.34). ‘ET0ol, 0 €éAeyxog Ba emOTpEWEl OTO KUPI-
wg TTpoypappa kal o PIC Ba ekteAéoel TNV apéowg emopevn TG CALL, €vioAn,
onAadr Tnv XORWF TMRO, 0.
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Zxnua 5.34 Emiorpoen, amrd v pouTiva aT1o KUPIWS TPOYPaULA, UE THY EVIOAR
RETURN, n omroia @oprwvel arov karaxwpenti PC v niun 13 H.

e RETFIE

Ag TTapouaidooupe, Twpa, Jia TapaAiayr Tng Tponyouuevng evioAng, H evto-
A XpNOIPOTIOIEITAI OTAV TTEPITITWON TWV JIAKOTIWY, YIG TIG OTToiEG Ba YIAfjcoupE
o€ €TTOPEVN EVOTNTA.

ZYNTA=H RETFIE
OPIZMATA KANENA
ZHMAIEZ KAMIA

Meprypagn: ETOTPEPEI TOV EAEYXO OTO KUPIWG TTPOYPANMA,
META aTTd TNV EKTEAEON HiOG pouTivag OIOKOTTAG KOl EVEPYOTTOIE
TIG DIAKOTTEG TOU OUCTANATOG.

Me auTriv Tnv evToA TTPETTEN va TEAEIWVEI KABE pouTiva TTou eEUTTNPETET BIaKO-
méG. H povn ng dilagopd atrd Tnv TTponyouevn gival Tl EVEPYOTTOIET TIG OIOKOTTEG
TOU CUCTAHATOG.

5.6.3 AAAayn pong TTPOoypAMHOTOG UTTO OUVORKN

YTTGpxel TO evOEXOUEVO VO BEAOUUE va eKTEAECOUME €va TUNAPO KWOIKA, yia
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TTapddeiypa pia pouTiva, HOvov KATW OTTO OPICPEVEG CUVONKEG.

21N YAMwooa Assembly 0 €AeyXog TNG pOrG TOU TTPOYPANPOTOS QOKEITAI HECTW
TWV onuaiwy. NMoAAEG eVTOAEG eTTPedlouV TIG onuaies. MNa TTApAdEIYHA, HEPIKES
ammo TIG VTOAEG, OTav PNdevi(ouv TO TTEPIEXOMEVO €VOG KaTaxwpenTr, B€Touv Tn
onuaia Tou pndeviopou (Z), oto 1. Eivar duvatd, BAETTOVTAG TNV KOTACTACT TWV
ONPAIWY, VO CUPTTEPAVOUNE EUPECT TNV KATAOTAON EVOG KATAXWPENTH.

‘EoTw, Aoitrdv, 6T BEAOUPE va eKTEAECOUNE TNV POUTIVA, TOU TTapadeiyuaTog
TNG TTPONYOUHEVNG evoTNTAG, MOvov av o kataxwpntig W eivai 0. Téte yttopolue
VO GUUTTANPWOOUE TO KUPIWG TTPOYPANHA WG £EAG:

IORLW 0 W=WORDO
BTFSS STATUS, 2 ;AV Z = 1 TTOpAKOPWE TNV ETTOUEVN EVTOAN.
CALL READ_PORTA ;KdAeoe Tnv poutiva READ_PORTA. ...

IORLW 0 W=WORDO
BTFSS STATUS, 2 ;AV Z = 1 TTOpAKOUWE TNV ETTOYEVN EVTOAN.
CALL READ_PORTA ;KdAeae Tnv poutiva READ PORTA.

O1wg BAETTOUPE, XPNOIUOTTOIOUKE £va TEXVACUA YIa VA JIOTTIOTWOOUE OV O
kataxwpntig W eivar 0. EkteAolpe Tn Aoyikr) mpdgn H (OR) petalu tou Trepie-
Xopévou Tou kataxwpnt W kal Tou apiBpou 0. 2tnv ouadia n mpdén aerver 10
TTEPIEXOMEVO TOU KaTaxwpenTth W To idio. Apa, n Yovn TTEPITITWON va €XOUUE HN-
OevIKO atroTéAeoua gival otav n apxikf Tipn Tou W eivar 0. Z¢ TTepITITWOoN TToU TO
atrotéAeopa civar 0, n €vtoAr], TTOU XPnoIYoTIoIoUlE, BETel TNV onuaia Z oTo 1.
AvtiBeTa, av To amotéAeopa gival d1aQopo Tou PNdevog 1o Z yivetal 0. ZUveTTWG,
ME Mia evTOAn kal xwpig oTnv ouaia va aAAagoupe 1o epiexouevo Tou W, prro-
poUME va TTAPOUNE GTN onuaia Z Tnv €voeiEn Tou Katd Moo o kataxwpntig W
gival 0. Mapduoia TexvadouaTa XPnNOIUOTIOIOUNE CUXVA OTOV TTPOYPAUUATIONO OE
yAwooa Assembly.

Apéowg peTd, akoAouBei n evioArf BTFSS. H evioAr) autr eAéyxel Tnv Kata-
oTaon TNG onuaiag Z, mou givai 1o bit 2 Tou kataxwpnt STATUS, katavZ=1n
ap€owg eTTopevn evioAn, dnAadn n CALL, dev ekTeAciTal.

H AUon 1Tou akoAouBoUpe aTo TrTapddelyua Ogv gival povadikr). Ze pia TTapouolia
TTEPITTITWON, Ba ptropoucape va Exoupe TNV evioAr] GOTO avti tng CALL. ETriong,
ag BuunBoupe ot utTdpyouv Kal GAAES evTOAEG TTANV Tng BTFSS, ptropouv va ai-
A&&ouv TN pon Tou TTPOYPAUHUATOG avAAoya WE TNV TIWA TNG onuaiag undeviouou.
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5.6.4 Xpovikn kaBuoTépnon

YTTapxXouv TTOAEG EQOPUOYEG MIKPOUTTOAOYIOTIKWY CUCTANATWY, GTTOU O UTTO-
AOYIOUOG TOU XPOVOU EKTEAEONG EVOG OPICHEVOU TUHHOTOG KWOIKA gival aTToAUTWG
amrapaitntog. MNapddeiypa ammoteAei n dnuioupyia evog PPOXOU CUYKEKPIMEVNG
XPOVIKAG KaBuoTépnaong.

Ag uttoBéooupe, Aoittdv, o1 BEAoupe va QTIGEOUE Pia pouTiva TTou KABE popd
TTou Ba kaAeital Ba eicdyel yia kaBuaTépnon 200usec oTnV EKTEAECTN TOU TTPO-
ypdupaTog. To TTpwTo TPAYUa TToU TTPETTEI Vo EEPOUNE €ival n ouxvoTnTa TOou
poAoyiou Tou PIC. Av oTnv TrepiTrtwon pag gival 4MHz, 161e, oUpgwva Je Ta 6oa
giape otnv evotnTa 5.4, o xpovog ekTéAeong 1 KUKAou evioAng eivalr 4/4MHz,
onAadn 1usec. Apa, Ta 200usec avTioToixouv o€ 200 KUKAOUG EVTOARG.

Kataokeualoupe, Aoimmév, pia poutiva, pe 1o 6voua DELAY. H poutiva xpnoi-
potroigi Tov kataxwpenti TMRO cav yetpnt eTTavaAfyewy evog Bpoxou. O apib-
MOG Twv eTTavVAAfWEeWY TTOU Ba KAvel 0 BPOXog TTEPVOUV OTNV POUTiva aTTO TOV
kaTaxwpntA W. H pouriva €xel wg €ENG:

DELAY MOVF TMRO,W  ;TMRO =W (1 KUKAOG)
LOOP1 NOP ;(1 KUKAOG)
NOP ;(1 KUKAOG)
DECFSZ TMRO, 1 ;Meiwoe tov TMRO katd 1 ka1 av
;yivel 0 rAyaive oto RETURN (1 1 2 kUkAo)
GOTO LOOP1 ;ETravaiaBe Tov Bpoxo (2 KUKAOG)
NOP ;(1 KUKAOG)
RETURN ;EmMoTpo®n 010 KUpiwg TTpAYpapua (2 KUKAoI)

To Kupiwg TTPOYPaAHMa £XEl WG EEAG:

MOVLW N ;0TTou N 0 apIBUAG TWV ETTAVOAAWEWY
CALL DELAY ;(2 KUkAOI)

>1a oxOAia Baloupe o€ TTapEvBean Toug KUKAOUG VTOANG TTou BEAEI N KABE pia
EVTOAN via va ekTeAe0Bei. MTTOpOUUE va uTToAOyioOuuE TOV apIBUd ToV €TTAVAAR-
WeWV wg €ENG:

O Bpoxog BEAEI TOUG €€MNG KUKAOUG EVTOANG YIa va EKTEAECOEI:
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KYKAOL (N-1)x(1 + 1 + 1 + 2) + (1 + 1 + 2

ENTOAEZ: NOP NOP DECFSZ GOTO NOP NOP DECFSZ
N _ -
S
‘OAol o1 Bpdxol TTANV Tou TeAeuTaiou TeAeuTaiog Bpoxos

ETriong, £€xoupe GAAOUG 4 KUKAOUG €VTOANG 1 ATTO TNV TTPWTN EVTOAN TNG POUTI-
vag, dnAadn Tnv MOVFW 1,1 amrd Tnv TTpoTeAeuTaia evioAn, dnAadr Tnv NOP, kai
2 a6 Tnv TeAeuTaia, dSnAadr Tnv RETURN. Akdéun, dAAoi 2 KUkAoug B€AeI N idia n
€VIOAA KAong Tng poutivag, dnAadn n CALL. ZUvoAo, AoITTrov €xoupe 6 eTTITTAEOV
KUKAOUG €VTOARG.

AV TO CUYKEVTPWOOUUE OAQ QUTA UTTOPOUNE va ypawouue 6T 5 x (N - 1) + 10
= 200, 1o o110i0 pag divel OTI 0 APIBUOS TWV eTTAVOAAWEWY TTPETTEN va givar 39.

5.6.5 Bpoxo¢ WHILE - DO

Ag douUpe, Twpa, Hia yevikdTeEPN TTEQITITWAN XPAONG Bpoxou, dnAadn Tnv £TTa-
vAANWn ekTéAEONG EVOG OUVOAOU EVTOAWYV. X€ YAWoOEG uwnAou emTédou o Bpo-
XOG UAoTTolgiTal PE eVIOAEG TNG poporic WHILE - DO, REPEAT - UNTIL, FOR
- DO, k1A. Na mapadeiyua:

Y =0;

WHILE (ouvbnkn, .x. Y ? 10)
EvtoAnT;

EvToAn2;

Augnoe Y katd 1;

DO ; EmmavaAappdavovtal ol evioAég 6go Y ? 10. Av Y> 10 TTpoxwpdue oTnv
; €TTopevn, TG DO, evioAn.

H

Y = 35;

REPEAT

EvtoAR1;

EvToAR2;

Meiwoe Y katd 1;
UNTIL (ouvBnkn, .x. Y =10) ;0 Bpoxog autdg Ba ekteAeital péxpr 10 Y= 10.
Tore, ;TTPpOXWPANE eTTopevn, TNG UNTIL, evtoAn.

Otrou 10 Y €ival pia yetaBAnTh.

21N AoyikA auTh yivetal xprion AsImoupylwy 6TTwg TNG auéougiwong PETPNTA,
NG aAAaynG porg TTPoyPAUPaTOG UTTO GuvBnKn, KTA. Me Tn yAwooa Assembly n
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uAoTToinon TNG AOYIKNAG AUTAG ival 0a®wg TTOAUTTAOKOTEPN. EBW, TTPETTEl Va Opl-
00¢i Evag karaxwpnTng wg HETPNTAGS Twv eTTavaAfyewy TTou Ba yivouv. ETriong,
ME KATTOI0V TPOTTO TTPETTEI VA SIOTTIOTWOEI 0TI 0 PETPNTAG €QTACE OTNV TIKI TTOU
BéAoupe.

Oa TapakoAoubricoupe, Twpa, TN AUCN €vog ouvnBICPEVOU TTPORARNATOG
OTOUG MIKPOEAEYKTEG.

MpopAnua
‘EoTw, Aoitrdv, o1 BéAoupe va @TIALOUNE Eva TTPOYPAUMUA TTOU va TTPooBETel 7
QOopEG ToV apiBud 5 kal To aTTOTEAEOHA VA aTToBNKEUETAI OTOV KaTaxwpnth 55 H.

AvdAuon

To TpoéPANPa avaAueTal o€ dUO PEPN:

1. EUpeon atmmoteAéopaTOG.

2. AToBrKkeuoTr Tou aTov Kataxwpnth 55 H.

Emeidn €xoupe emavaAauBavopeveg eVvIoAég (7 TTpocBETEIG), UTTOPOUUE va Xpn-
OIJOTTOINCOUKE KATTOI0 BPOXO.

Abon

Méxpr Twpa Exoupe el TTWG PTTOPOUHE VA YPAWOUHE KATI TN YVAMN KAl TTWGS va
onuioupynooupe Bpodxoug. Apa, av cuvOUACOUE TIG YVWOEIG TTOU ATTOKTACOHE
WG TWPA, UTTOPOUNE va YPAWOUUE TOV aKOAoUBOo KWOIKA:

; Opidoupe Tov KaTaxwpenTr 21 H, cav peTpnTA Twv 7 TTPOCBECEWV.
MOVLW 7 W=7
MOVWF 21 H ;Mepiexopevo kataxwpnt 21 H=7.

; Aivoupe 1o 0 oav apxikf Ty oTtov kataxwpentr W.
MOVLW 0

; ApXn Bpoxou
START ADDLW 5H ;MpooBEToupe atov W 10 5.
DECFSZ 21 H, 1 ;Meawvoupe 1o Trepiexopevo Tng dieubuvong 21 H katd 1 kai
;av 10 atrotéAeopa givail O Tnyaivoupe 0To TEAOG, aANIWG
GOTO START  ;emravaAapfavoupue 1o Bpdxo
END ; TEAOG

Epwrnon: Mola apiBunTikA TTPAEN UAOTTOIEI, OTNV TTPAYUOTIKOTNTA, O BPOXOG;
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5.7 O1 diakoTrég Tou PIC

O1rwg eiTaye Kal oTnV €l0aywyr] Tou KepaAaiou, o PIC d€xeTal SIAKOTTEG ATTO
TTOAAEG OIAPOPETIKEG TTNYEG. KABE TTEpIQEPEIaKT Povada PTropeEi va dwael pia di-
akotrr). MaAIoTa, PJEPIKES ATTO AUTEG UTTOPOUV VA BUWIOOUV TTEPICOOTEPEG OTTO Hia,
OTTWG YIa TTAPAdEIYHA N TTEPIPEPEIOKA JovAda aUyxpovng Kal acUyXpovng OEipl-
akAg emmkoivwviag (USART).

Oa eEeTdooupe TIG BaoikEG apxEG TNG Aeiroupyiag Twv diakottwy Tou PIC. 210
ETTOUEVO KEQPAAQIO Ba eEeTAOOUNE PEPIKES OTTO TIG TTEPIPEPEIOKESG ovAdeg Tou PIC
Kal 6a kataAdBoupe, péoa atmd Tapadeiypata, Tn XPNoIuOTNTA TWV dIAKOTTWY YId
KGB¢e pia atmd autég.

>¢ KABe diakoTtt) avTioToixouv duo duadikd wneia (bits). To TTpwTo XpPNOoIyo-
TTOIEITAI IO TNV EVEPYOTTOINGN Il OTTEVEPYOTTOINGT| TNG, VW TO BeUTEPO, TTOU Ka-
Aeital onuaia (flag), yivetal 1 étav TrpokaAeital yia diakoTrh. Ta bits cupBoAidovtal
ME TO OGVOPa TOU TTEPIPEPEIAKOU, TTOU TIPOKAAECE TNV OIAKOTTH), akoAouBoUuevo
atréd Ta ypduuarta IE (interrupt enable), yia 1o mpwrTo, kai IF (interrupt flag), yia 1o
OeUTepo. MNa mapadelypa, yia 1o TTepipepeiakd TIMERO, To otroio Ba peAeTricouue
OTo €TMOHEVO KePAAalo, Ta avTioToixa bits eival TOIE kai TOIF.

Ta bits, TTou TTpoaVOPEPOE, TTEPIEXOVTAI OE KATAXWPENTES TTOU XPNOIKOTIOIoU-
vTal aTToKAIoTIKA yia TIG SlakoTrég. O1 KaTayxwpnTEG €ivai o

@ INTCON
PIE1
PIR1
PIE2
PIR2

2Tnv ouvéxela Ba eEetdooupe Ta bits Tou kataxwpnt INTCON kal 6a doUue
OUVOTITIKA TOUG UTTOAOITTOUG KATaXwPNTES, apou 6ca ato Ta bits Toug pag evdla-
@EPOUV yIa TO HABNPA pag, 6a Ta doUupe, avaAuTIKd, OTO ETTOPEVO KEQAAQIO.

5.7.1 Kataxwpntig INTCON

O karaxwpnTtng autdg eaivetal oto oxAua 5.35. Mepiéxel 10 bit evepyotroinong
[ amrevepyotroinong S10KOTIAG KaBwg Kail To bit TNG onuaiag Tng, yia TIG TTEPIPEPEI-
akéG povadeg TIMERO kai BUpa B. Ztnv deUTePN N OIAKOTTH TTPOKOAEITAI QV YiVEl
aAAayr) ofpatog o€ éva atrd Toug aKpodEKTEG 4 wg 7. ETriong, o kataxwpnTig
TTEPIEXEI TA AVTIOTOIXA bits yia pia e€wTepIKr SIOKOTTH, TTOU UTTOPEi va dexBei aTov
akpodékTn 0 TG Bupag B. TéEAog, Ta dAAa BUO bits Tou kKaTayxwpenTr XPNOIUOTToIoU-
VTl yia TOV €AEYXO0 TNG YEVIKNG EVEPYOTTOINONG 1 KN OAWV TwV dIAKOTTWY, TO £va,
Kal TwV OIOKOTTWYV POVOV TWV TTEPIPEPEIAKWY HOVAdWY, TO GAAO.
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Tov kataxwpenTh PITopoulue OxI Jovov va Tov diapdcoue aAlAd Kal va Tov
YPAWOULIE.

7 6 5 4 3 2 1 0
GIE PEIE TOIE INTE RBIE TOIF INTF RBIF
Zxnua 5.35: O karaxwpnms INTCON

27N OUVEXEIQ TTEPIYPAPOUNE TN onuacia Twv bits Tou:
® GIE: Bit evepyotroinong 6Awv Twv dIAKOTTWV.
1 = EvepyoTrolei OAEG TIG PN OTTEVEPYOTTOINUEVES OIOKOTTEG.
0 = AtrevepyoTrolei OAeG TIG OIOKOTTEG.
@ PEIE: Bit evepyotroinong 6Awv Twv SIAKOTTWY TWV TTEPIPEPEIOKWV.
1 = EvepyoTrolgi OAEG TIG N ATTEVEPYOTTOINPEVES DIOKOTTEG TWV TTEPIPEPEIAKWV.
0 = AtrevepyoTrolei OAEG TIG DIAKOTTEG TWV TTEPIPEPEIAKWV.
® TOIE: Bit gvepyotroinong OIaKOTTAG uTTEPXEINIONG TIMERO.
1 = Evepyotroinon diakottAig utrepxeihiong TIMERO.
0 = Atrevepyortroinon dlakoTrhg utrepxeidions TIMERO.
® INTE: Bit evepyotoinong e€wrepikig diakotrig RBO/INT.
1 = Evepyotroinon egwrepikig diakotg RBO/INT.
0 = Amrevepyotroinon e§wtepikAg diakotrrig RBO/INT.
® RBIE: Bit evepyotroinong d1akoTAg aAAayng orfuaTog Bupag B.
1 = Evepyotroinon d1akoTrhg aAAayng arjpatog Bupag B.
0 = Atrevepyotroinan d1akoThg aAAayng onuaTtog Bupag B.
® TOIF: Xnuaia diakotmg utrepxeiliong TIMERO.
1 = O karaxwpntig TMRO éxel uttep)EINiOEL.
0 = O kataxwpntns TMRO dev €xel uTTEPXEINIOEL.
® INTF: Znuaia e€wTtepikAig diakotrg RBO/INT.
1 = Ymdapyxel egwrtepikn diakotr) RBO/INT.
0 = Aev uttdpyxel e¢wTtepikn dlakotrr) RBO/INT.
® RBIF: Xnpaia diokoTrg aAAayng onpaTog Bupag B.
1 = TouAdioTov £vag aTrd Toug aKpPodEKTES 4 wG 7 TNG Bupag B dAAage katdoTa-
on.
0 = Kavévag atrd Toug akpodEKTEG 4 wg 7 TNG BUpag B dev dAAae katdoTaon.

5.7.2 Kataxwpntég PIE1 ka1 PIR1

O kataxwpntg PIE1 mepi€xel Ta bits evepyotroinong / atrevepyoTroinang Kai
o kataxwpnTs PIR1 Ta bits Twv onuaiwy Twv SI0KOTTWVY TTOU TTPOKAAOUVTaI aTTO
TIG AKOAOUBEG TTEPIPEPEIOKES HOVADEG:
1. OUpa TTapdAANAng etmikoivwviag (PSP).
2. A/D petartpotréag.
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3. OUpa olyxpovng / acuyxpovng emkoivwviag (USART).
4. OUpa ouyxpovng eTmKoivwviag (SSP).

5. Movdada CCP1
6. TIMER2

5.7.3 Kataxwpntég PIE2 ka1 PIF2

Eival kataxwpntég avtioToixol pe Toug PIET kai PIF1. Aev Ba aoxoAnBouue pe
auToug d10TI ava@épovTal o€ Aeitoupyieg Tou PIC, Tig otroieg dgv Ba eCeTACOUE.

Ag HIANooupE, OUWG, Aiyo TTEPICOOTEPO YId TO TI, GTNV OUCIA, ONUaivel N eNeavi-
on piag dIaKOTING Kal TTWG KAAEITAI N pouTiva eEUTTNPETNONG TNG, VIO VA EKTEAECDEI.
H ep@dvion yiag diakoTrrg anuaivel dUo TTpdypaTa:

1. Zrov kataxwpnth PC @optwveTal n dietbuvaon 4, TNG YVAUNG TTPOYPAUUATOG
2. H onpaia Tou TrepIPePEIAKOU TTOU TTPOKAAECE TN dIOKOTTH, eU@AVICETAl OTOV
KOTGAANAO KataxwpenTh.

ZUVETTWG, N ETTOEVN €VTOAR TTOU Ba ekTEAETBET €ival auTh TTOU BpiokeTal aTrodn-
Keupévn otnv dieuBuvon 4. Ouwg, elEic, Pe TNV EUPAvIoN TNG BIOKOTIAG, BEAOUNE va
eKTEAEITQN pia pouTiva, n oOTT0ia, aoPAAWG, KOTOAANBAVEI TTOAU TTEPICOOTEPO XWPO
atré pia B€on pvAPNG. H TeEXVIKA TTOU XPNOIKOTTOIOULE, €ival va YPAWOUE Tr pOUTiva
o€ KaToleg Béaeig uvAung. 'Eterra, ptropoUlpe va TommoBeTrioouye otn B6éon 4 tnv
evioA] GOTO pe épiopa T B€on PvAENG aTtd Tnv oTroia apyifel n pouTiva. MNa Ta-
padeiyua av ypAaywoupe T pouTiva, eEUTTNEETNONG TNG OIOKOTING, OTIG B¢0€1g 83 H wg
9A H ka1 Tng dwooupe 10 évopua (eTikéETa) ROYTINA1, 16T€, 0T B€on 4 Ba ypdwoupue
NV evioAry GOTO 83 H (1 GOTO ROUTINA1). AuTog 0 TpOTTIOG XPNGIMOTTOIE TN SU-
vartétnTa NG unxavng ( Hardware), pe v eg@dvion piag dIaKoTING, va PeTaRIRALE
TNV EKTEAEOT) TOU TTPOYPAPHATOG 0€ GAAN S1EUBuvon. AuTd PTTopEi va ypagei wg eEAG:

0004 H: GOTO 83 H EvTOAn TTOU ekTEAEITAI PE TNV

:| EMQAvION TNG BIAKOTING

0005 H: ...

001AH: ...
001B H: ...
Kupiwg mTpdypauua
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0083 H: ...

Pourtiva e€utrnpéTnong dIakoTTAG

009A H: RETFIE

‘Evag 0eUTEPOG TPOTTOG HE TOV OTT0IO XEIPICOUAATE TIG OIOKOTTEG €ival n PEBO-
00¢ TG derypaTtoAnyiag (polling). & auTtrv TNV TTEPITTITWOTN, ATTEVEPYOTTOIOUME TN
OIAKOTTIA. XTnN OUVEXEIQ, avd TAKTA XPOVIKA dlaoTAuaTa, eAEyXouue péoa atmmo 1o
TIPOYPANPA hOG TNV EUEAvVION 1) YN TNG avTioToixng onpaiag. Otav eppavioTei n
onpaia KaAouue Tn pouTiva €EUTTNPETNONG TNG SIOKOTTAG KAl TNV EKTEAOUE.

MNa Tapddeypa, n ocipiakr Bupa emkoivwviag USART, 6tav petadidel yia ogl-
pa dedopévwyv, dnAwvel he TN OIOKOTTA OTI £xel aTeiAEl Eva dedopEVo Kal givar ETol-
Mn va TnG oTeihoupe To eTOUEVO. Av BEAOUE va unv DIGKOTITETAI N EKTEAEGN TOU
TTPOYPANPATOS Hag, KABe @opd TTou cuuBaivel auTd, KAl va €AEYXOUUE EMEIG TO
TTOTE B TNG OTEIAOUE TO ETTOUEVO DEDOPEVO YIA VA TO JETADWOEI, TOTE, EVEPYOULE
WG aKoAoUBwG:

1. AmevepyotroloUpue Tn diakoTrA B€Tovtag To bit TXIE Tou kataxwpnTtr PIE1 aTto 0.

2. I'pdoupe pia pouTiva eEUTTNPETNONG OTTOU GTEAVEI TO ETTOPEVO OEDOUEVO OTO
TTEPIPEPEINKO.

3. 'ETreira, eAéyxouue ava TAKTA XPOVIKA diaoTAuaTta, YE TN Xpron evog Bpodxou,
av 710 bit TXIF Tou kataxwpent PIR1 givar 1. Otav cuuBei autd xpnoiuoTroiou-
ME TNV TEXVIKA TNG OAAQYNG TTPOYPANUOTOG UTTO GUVONKN, TTOU TTEPIYPAWAE
OTnV TTPONYoUMEVN EVOTNTA, VIO VA EKTEAECOUE TN pouTiva eEUTTNPETNONG TOU
TTEPIPEPEIOKOU.

To TTPOYPAPPG Pag TTPETTEI VO aKOAOUBET TNV akOAouBn AoyIKr):
BCF PIR1, TXIF  ;Amevepyotroinan tng diakotg Tou USART (petddoon)

START ... TEvapén Tou Kupiou TTpoypaupaTOg

BTFSC PIR1, TXIF ;Av TXIF = 0, TTapdkapyn NG ETTOUEVNG EVTOARG

CALL ROUT_USART ;KAAqon Tng pouTivag €EuTTnp£TNONG Tou
TTEPIPEPEIOKOU

GOTO START ;EmavaAnyn tou Bpoxou
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Pouriva e€uttnpétnong Tou USART, o€ Asitoupyia petddoong
ROUT_USART

RETIF  EmoTtpo@n atd ekei Tou otapatnoe (AnAadn, n €mo-
pevn evioAn ivai n GOTO START)

BIBAIOTPA®IA
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ekdooeig Mc Graw Hill

2. Microchip Technology Inc., "PICmicro Mid - Range MCU Family", Reference
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2T1OX0I TOU KEPaAaiou:

Otav oAokAnpwaeig 7o Ke@AaAaio auTtd Ba PTTopEig va...

® QVOAQEPEIG TIG BACIKES TTEPIPEPEIOKEG TUOKEUEG TOU MIKPOEAEYKTH PIC.

@ TTEPIYPAPEIG TTWG YiVETAI O £AEYXOG MIOG TTEPIPEPEIOKAG OUOKEUNG PECW TNG
yAwooag Assembly.

@ d10Badeig kal va eENyeic KWOIKA TTPOYPANPOTIONOU TWV TTEPIPEPEIAKWY OU-
OKEUWV.

® YPAYEIG OTOIXEIWDN TTPOYPANMATA AEITOUPYIOG TWV CUTKEUWY AUTWV.

Eicaywyn

Eitrape kai oo TTponyoupevo Ke@AEAaio OTI N S1aPopd VOGS HIKPOEAEYKTH ATTO
€Va PIKPOETTEEEPYADTN €ival OTI TIPWTOG OIABETEI EVOWMUATWHEVEG TTEPIPEPEIOKES
OUOKEUEG. H KaTtaAANASTATA 1] N €VOG PIKPOEAEYKTN YIa Wi CUYKEKPIYEVN €QAp-
Moyn KpiveTal aTrd Tov aplBUo Kal TO €i00G TwV TTEPIPEPEIAKWY TTOU OIOBETEL.

210 TTponyouUuevo Ke@AAalo PIAoaPE avaAuTika yia TIG eviOAéG Tou PIC kai
TNV YAwooa Assembly. 310 ke@AdAaio auTtd, Ba JIARCOUPE avAAUTIKOTEPA VIO TIG
TTEPIPEPEIOKEG OUOKEUEG Tou PIC Kal TTWG YTTOpoUE va TIG TTPOYPANHOTIOOULE.

To TTANBOG TWV EVOWNATWHEVWY TTEPIPEPEIAKWY TTOU DIOBETEI, KAVOUV TOV HI-
kpoeAeykTr PIC kaTdAANAo yia éva eupl @ACHA £QapPoywV. Oa eaTIAOOUNE TNV
TTPOCOXN MG OTIG AKOAOUBEG JOVADEG TOU:
® OUpeg e1060wV/eEGOWV
® XpovioTég
® AlauopewTAg eupoug TTaApou (PWM)

@ OUpa CEIPIAKNG ETTIKOIVWVIAG
® MeTtaTpotréag avaAoyikoU OAUATog o€ WN@IaKo

Ta repipepeiakd Tou PIC, Tou divouv peydAn suehigia. MNa rapdderyua, yia 1o Te-
PIPEPEIOKO TNG OEIPIAKNG ETTIKOIVWVIOG, ITTOPOUKE VO OPICOUKE TNV oUXVOTNTA LETA-
doang, To av n mkoivwvia Ba gival adyxpovn i acUyxpovn, KaBwg Kal TTOAAG AAAa.

O1 opiopoi auToi, TNV ouaia gival TTapdueTpol TTou puBuidouv TNV AciToupyia
TOU TTEPIPEPEIOKOU. € KABE AsiToupyia avTIOTOIXE KAl Hia TTAPAPETPOG, N OTToia
givar évag duadikdg apiBudg 8 bits. ZuvnBwg, Eva TTEPIPEPEIOKO XPEIGZETAI YIa TNV
pUBuIoN Tou, pia f; dUO TTOPAUETPOUG, TIG OTTOIEG AAUBAVEI HETW KATTOIWY EIDIKWV
KaTaxwpnTwv. AuToi Ol KaTaxwpenTEG AéyovTal KataxwpnTég EAEyXOU Kai gival ou-
YKEKPIUEVOI YIa KABE TTEPIPEPEIOKT GUOKEUR. Epeig, AoiTdv, agou atmopaciooupe
TO TIWG TTPETTEI VO DOUAEWEI TO TTEPIPEPEIAKO, TTPETTEI VA BPOUUE TIG TINEG AUTWV
TWV TTOPAPETPWY KAl VO TIG POPTWOOUPE OTOUG KATAXWPENTEG EAEyXOU Tou. AUuTO
ovopadeTal ApyIKOTTOINGN TNG TTEPIPEPEIOKAS HOVADAG.
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Mépa Twv KaTaxwpnTwy eAEYXOU TOU, Eva TTEPIPEPEIOKO OIOBETEI ETTITTAEOV KO-
TaxwpnTEG. AUTOUG TOUG XPNOIUOTIOIET yIa va aTroBnkeUel Ta dedopEva TTouU TTPO-
KUTTTOUV a1T6 TNV AgITOUpYia TOU.

2TV ouvéxela, Ba eEETACOUNE PE TNV OEIPA TIG JOVADES QUTEG WOOTE VA KOTO-
VONOOUUE TOV TPOTTO AEITOUPYIOG TOUG KAl TNV XPNOIMOTNTG Toug. MapdAAnAa, Ba
BAETTOUNE Kal, EVOEIKTIKA, TTAPAdEIYMATA APXIKOTTOINCNG TOUG.
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6.1 Oupeg €1060WV / £§6OWYV

MTtropouUue va TToupe 0TI 01 BUpeg e106dou / €€6d0u, yevikou okoTrou, Tou PIC,
gival o1 aTTAOUOTEPEG ATTO TIG TTEPIPEPEIOKEG CUOKEUEG TOU. ETTITpETTOUV OTOV [I-
KPOEAEYKTN HAG VO OUVOEETAI HE AANEG OUOKEUEG KAl VA TIG EAEYXEL.

QoT600, UEPIKOI aTTO TOUG OKPOOEKTEG (pin) TwV BupwV auTwy EXouv OITTAN A€l-
TOUPYiQ. ZUYKEKPIPEVA, UTTAPYXOUV OKPOBEKTEG TTOU XPNOIKOTTOIOUVTAIl KOl OTTO AA-
AEG TTEPIPEPEIAKES PHOVADES TOU PIKPOEAEYKTH. OTTIWG YiveTal avTIANTITO, G€ AUTAV
TNV TTEPITITWOT), BEV UTTOPOUNE VA TIG XPNOIPOTIOINOOUNE KAl OAV YEVIKNAG XPHONG
€10000UG / £€600UG.

O PIC d1abéte1 5 Bupeg eil06dou / e€6dou, TTou ovopdadovTal Bupec A, B, C, D kai
E. MNa tnv Aeimoupyia TG kGBe BUpag atraiTeiTal 0 avTioTolxog kataxwpnTig TRIS
Kal o avTigToixog kataxwpntis PORT. Ymapxouv 5 kataxwpnTtég TRIS, ol TRISA,
TRISB, TRISC, TRISD, kai TRISE, 1T0U avTioToixoUv o€ K@O¢ pia atmo Tig BUpEG.
Mapopoiwg, utmdpyouv kal 5 kataxwpntég PORT, o PORTA, PORTB, PORTC,
PORTD kai PORTE. O1 kataxwpntég TRIS Bpiokovtal 1o TUAPA 1 TG MVAMNG
oedopévwy, evw ol kataxwpnTtég PORT, BpiokovTal oto TuApa 0. OAeg o1 BUpeg
€xouv 8 akpodikTeg €10000u / €€6dou. EEaipeon atmoteAolv n BUpa A TToU £xel
povov 6 (RAO - RA5) kai n Bupa E 1Tou €xel povov 3 (REO - RE2).

To av Ba xpnoiyotroinBei oav €i0o0d0g R £€£0006 £vag akpodEKTNG Piag Bupag,
eAéyxeTal attd Tov avrioToixo karaxwpenTtr TRIS, Tmou Bpioketal ato TuRua 1 TG
MVAUNG dedopévwyv. KabBe bit Tou kataxwpnTr avTioToIxEi 0€ Evav aKPOOEKTN TNG
BUpag. Av To bit éxel iy "1", TOTE, 0 AVTIOTOIXOG AKPOOEKTNG XPNOIUOTIOIEITAI CaV
€icod0g, evw av €xel TiuA "0", 16TE, XpnaoiyoTrolcital oav £€0d0¢. Na TTapddelyua,
av 1o wnoio 0 Tou kaTaxwpnth TRISA givai 1, 1oTe 0 akpodékTng RAO TnG OUpag
A xpnoigotroigital ocav €icodog. O kaBe akpodEKTNG piag BUpag puTTopei va opioBei
aveédptnta atmd Toug AAAoug. ‘ETol, pmtopoupe va £Xoupe pia Bupa TTou va €xel
OPIOHEVOUG KATTOIOUG OTTO TOUG OKPODBEKTEG TNG WG E1I00D0UG KO TOUG UTTOAOITTOUG
wg £€600UG.

Ta dedopéva TTou BEAoupEe va aTeiloupe oTnv £€0d0 piag BUpag Ta ypagpou-
pe atov avTtioToixo kataxwpnti PORT, 1.x. yia Tnv Oupa C oTtov karaxwpnTn
PORTC ETriong, diapdaloupue dedopéva €10000U atrd Tov idIo KataxwpenTh. Ztnv
ouvéxela, Ba peAeThooupe TIG BUPEG Kal TIG BACIKOTEPES AEITOUPYIES TOUG.

6.1.1 OUpa A

O1 €€ akpodékTeg, RAO - RA5, Tng BUpag A putropouv va Xpnaoipgotroinbouv cav
gicodol i oav £€¢odol. Ag douue, AoItrdv, Eva TTaPAdEIYUA TTPOYPAUUATIONOU TNG.
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‘EoTw, 0TI B€AoupE va xpnoigoTroigoupe Toug akpodékteg RAO, RA4 kai RAS
oav ££6doug, evw Toug uTTdAoITTousg akpodékTeg, RA1, RA2 kai RA3, cav €106-

doug, OTTWG OTO OXNHa 6.1,

PIC
(OYPA A)

A

\

\

\

A

Zxnua 6.1 H 80pa A ue opioué akpodektwv RAO, RA4 kai RA5S oav
eé6dous kai RA1, RA2, RA3 oav €10660uUgG.

RAOQ
RA1
RA2
RA3

RA4

RA5

Tote, OTTWG EITTAPE TTPONYOUMPEVWG, VIO VA XPNOIMOTTOINCOUKE TOUG OKPOOE-
KTEG YE TOV TPOTTO QUTO, TTPETTEI va dwooupe Thv TIA "1", oTa bits Tou KaTayw-
pnTA TRISA 10U, avTIOTOIXOUV OTOUG OKPOOEKTEG €I00d0U Kal Tnv "0", o€ autoug
TTOU QVTIOTOIXOUV OTOUG OKPOOEKTEG £60O0U. Apa, TTPETTEI VA QPOPTWOOUUE GTOV
kataxwpnt) TRISA tnv miyA 11001110 (CE H). Ag Toviooupe 611, Ta bits 6 kai 7,
TToU Toug £xoupe dwael TN "1", dev £xouv onuaacia, a@ou n BUpa A dev €xel 60

Kal 70 AKPOJEKTN.

Edw, TTpéTTel va onUEIOOULE OTI, Ol OKPOBEKTEG, TNG BUPAG A, UTTOPOUV va XPn-
olhoTToINBouv Kal oav avaAoyikEG €icodol yia GAAa Trepipepeiakd. ‘ETal, TTpiv opi-
ooupe To av Ba gival gicodol ) £€€0d0l, TTPETTEI va OpicoupE OTI Ba TOUG XPNOIUOTIOI-
floOOUNE yIa Yn@Iokn Asiroupyia. AuTo yivetal divovTag Tnv TIKN 6 OToV KAataxwpenTh
ADCONT1, yia Tov o1r0i0 8a JIAACOUPE GTNV vOTNTA 6.5, TO TEAOG TOU KEPAAQiou.

7 6 5

0 0 0

Zxnua 6.2: O karaywpntic ADCONT poprwuévog ue v miun 6,
TOU 0pIlel TOUSC aKPOOEKTES TNG BUpag A va Exouv
wneiakn Asiroupyia.
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RAOQ

\

RA1

A

RA2

A

RA3

A

PIC

(OYPAA) RA4

\/

RAS

\

Zxnua 6.2 H 60pa A ue opioud akpodektwv RAO, RA4 kai RA5 oav
eéodous kai RA1, RA2, RA3 oav €10660U¢.

AkoAouBei 0 KwdIKag apyIkoTroinong TnNG Bupag, Tov OTToIo Kal EENYOUNE QUECWG
META.

BCF STATUS, RPO ;EmAoyn Tufipartog 0 TNG pvAiung
BCF STATUS, RP1 ;6edopévwy (RPO = 0 ka1 RP1 = 0).

CLRF PORTA ;Mndeviopog NG €€6dou TNG BUpag

BSF STATUS, RPO ;EmAoyn TuApaTtog 1 TG uvAung
;0edopévwy (RPO = 1).

MOVLW 6 ;OPIoHOG TWV AKPODEKTWV YIa WnPIOKn
MOVWF ADCON1 ;AeToupyia

MOVLW CE H ;Po6pTwon Tipng 11001110 (CE H) otov TRISA
MOVWF TRISA JETo1 emAéyovTtal Ta RAO, RA4 kai RA5 cav
;€€0001 kal RA1 - RA3 gav gicodol

Ag douUpe, Twpa, avaAuTiKA yiaTi eTTIAEEaUE TIG EVTOAEG auTéG. O1 dUO TTPWTES
EVTOAEG XpNOIYOTTOIOUVTal YIa va UNdeVICOUUE, apxIKd, TNV £€€000 TNG BUpag. AuTtd
O¢gv gival atrOAUTA aTTAPAITNTO VA Yivel aAAG €ival KAA TEXVIKA TTPOYPAUPATIOUOU
va EEKIVIOOUE TNV £€€000 TNG BUpag aTrd pia ouykekpigEvn TIUA. Ag TTPOCEEOUE
o1 o kataxwpn s PORTA Bpioketal oto TuAPa 0 TNG pvhApng dedopévwy. 2u-
VETTWG, Ba TTPETTEN, TTPWTA, va ETMIAECOUNE QUTO TO TUAMA TNG WVAMNG, TTPIV TTPO-
oTraBrooupe va dWOoOoUPE KATTOIa EVTOAN yia Tov kataxwpnTr. OTrwg €idaue aTo
TTponyoUuevo Ke@aAaio Tou BiBAiou pag, n emAoyA TUANATOG PVAUNG Oed0OUEVWY,
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yivetal pe Tov undeviopd Twv bits RPO kai RP1 Tou kataxwpnti STATUS, tmou
onuaivel emAoyn Tou TUAPaTog 0 TNG PvAUNG dedopévwy. AKoAoUBwWG, BETovVTag
10 bit RPO Tou kataxwpnti STATUS oT1o 1, €mAéyoupe 1O TUAPA 1 TNG MVAMNG
oedopévwy, aou ekei Bpioketal TOoo o kataxwpenTis ADCON1 6co kal 0 KaTa-
xwpnTtng TRISA. Ztnv ouvéxeia, opifoupe 6Tl oI aKPOBEKTEG Ba XpnalpoTToinBouv
yIo Yn@IoKa onpaTta, eoptwvovTag atov kataxwpntl ADCON1T tnv Tipn 6 kai,
AUEOWG META, OpifOUPE TOUG OKPODEKTEG WG E1I0000UG | €€0O0UG, POPTWVOVTOG
oTov kataxwpnt TRISA tnv 1ipr) CE H.

6.1.2 Oupa B

H BUpa B €xel 8 akpodEKTEG, TTOU O KABEVOG TOUG UTTOPET va yivel €i0000G N
£€€000¢ avaloya pe 1o av 1o avtioToixo bit Tou kataxwpnti TRISB cival 1 4 0. MNa
TTAOPABEIYHA, O OPICHOS TwV aKPodekTwY RBO - RB3 w¢ €icodol Kal Twv UTTOAOI-
TTWV WG £€€0do0l, OTTWG aTO OXAKa 6.3, yiveTal Ye TNV eopTwon TG TIuAg 00001111
(OF H) otov katayxwpnT) TRISB. O KWdIKAG apXIKOTTOINONG £XEl WG £ENG:

BCF STATUS, RPO ;EmiAoyn TufRpaTog 0 TNG pvAPNg
BCF STATUS, RP1 ;0edopévwy (RPO = 0 kai RP1 = 0).
CLRF POTRB ;Mndeviopog TnG €€6d0uU TNG BUpaAg
BSF STATUS, RPO ;ETAoyn TUApaATog 1 TNG UvAPNG
;0edopévwy (RPO = 1).
MOVLW OF H ;dopTwon Tipng 00001111 (OF H) otov TRISB
MOVWF TRISB 7ETal emAéyovtal Ta RBO - RB3 cav cicodol
<t RBO
- RB1
<t RB2
PIC < RB3
(OYPA B) » RB4
» RB5
» RB6
» RB7

Zxnua 6.3 H 6upa B e opioud akpodektwv RBO - RB3 w¢ gioodor kai
RB4 - RB7 wg &odo.
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Emmpdobeta, o1 akpodékteg RB4 - RB7 Trapéxouv pia akoun Aermoupyia.
Aivouv oAua d1akoT G HOAIG n €i00d0¢ K&TToIag aTTd auTéEG OAAGEE! TIun. AUTO,
BéRaia, yivetal ye TNV TPoUTTOBECN OTI OI AKPODEKTEG AUTOI AEITOUPYOUV WG Ei0O-
dol1. Av KATTOI0G OKPOBEKTNG €xEl OPIOOEi WG £6000G, TOTE, AUTOG dev UTTOPED va
TTPOKAAECEI DIOKOTTA. A va utTopéoel hia aAhayrh otnv €i00d0 va yivel avTIANTITA
Kal va TTPoKANBEi S1aKOTTH, O TIUEG TNG CUYKPIVOVTAl PE TIG TEAEUTAIEG TIMEG TTOU
dlaBaoTtnkav atmmod Tov kataxwpnty PORTB. H diakoTrr, TTou TTpoKaAgiTal ue Tov
TPOTTO QUTO, evepyoTTolEiTal 1] atrevepyoTTolgiTal Je To bit RBIE ev n onpaia Tng
eival To bit RBIF. Autd ta dUo bits Bpiokovtal otov kataxwpnTr) INTCON, o61Twg
paiveral oT0 OXNUa 6.4.

7 6 5 4 3 2 1 0
RBIE RBIF

2xnua 6.4 H onuaia RBIF kai To wngio RBIE arov karaywpnti INTCON.

KdaBe @opd 1Tou deXONOOTE [Ia OIAKOTIH) KAl EKTEAOUME TNV pouTiva €CUTTNPE-
TNONG TNG, TIPETTEI OTN CUVEXEID VA TNV OTTEVEPYOTTOIOUUE WOTE N AEITOUPYia TOU
TTPOYPANMATOG JOG VO CUVEXIOTEI KOVOVIKA. [Ma va YTTopECOUNE va TO KAVOUUE
QuUTO, TTPETTEI VA EKTEAECOUNE Wia evTOAR TTou va S1aBdadel A va ypa@el GTOV KaTa-
xwpnt PORTB. Autd Ba mpokaAéoel TNV evnuEéPwaon Tou Kal €101 Ba GTaPATACEI
va Trapouasiadetal n dla@opd Katd TNV dIAPKEIa TNG oUYKPIoNG, TTOU ava@Eépa-
ME OoTnv TTponyoupevn TTapdypa@o. AKoAoUBwG, TTPETTEl va BEgouue Tnv onuaia
RBIF a1o 0. Av dgv evnuepwooupe Tov kataxwpnt PORTB, n diagopd Ba e¢ako-
AouBgi va uttdpyxel kal n onuaia Ba yivetal cuvexwg 1, £0Tw Kal av TTpooTTabouue
va Tnv Kavoupe 0.

Tov akpodéktn RBO, Tng BUpag B utmopoue va Tov XpnOoIUOTTIOINCOUKE YIa TNV
AAWN piag akopn SIAKOTIAG aTTO TIG ECWTEPIKEG TUOKEUEG E TIG OTTOIEG ETTIKOIVWVEI O
PIC. Edw, n diakotrA dev TTpoKaA&iTal atrd Tnv aAAayn NG KatdoTaong TngG eI66d0u
OTOV AKPOBEKTN AUTOV OAAG KATA TNV BIGPKEIO TOU AVEPXOUEVOU 1 KATEPXOUEVOU
METWTTOU. ZuyKeKpIpéva, otav To bit INTEDG Tou kataxwpnti OPTION_REG civai
1 TOTE N SIOKOTTH TTPOKOAEITAI O€ AVEPXOUEVO PETWTTO TOU aKPodEKTN RBO, evw) OTaV
gival 0 n dlokoTTA TTPOKAAELITaI O€ KaTeEpXOPEvo. ETtiong, Tnv BUpa B agpopd kal 1o
bit 7 Tou kataxwpnt) OPTION_REG, 10 otoio kai 8a 8étoupe TravTa oto 1. Ta bits
INTEDG ka1 7, Tou kataxwpnt) OPTION_REG, @aivovtal aTto oxAua 6.5.

7 6 5 4 3 2 1 0
1 | INTEDG

Zxnua 6.5 To wneio INTEDG orov karaxwpnt) OPTION_REG.
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A

RCO

RC1

A

A

RC2

PIC » RC3
(OYPA C) » RC4

» RC5

» RC6

RC7

\

ZxnRua 6.5 H 6upa C ue touc akpodékteg RCO - RC2 opiouévous w¢ EI0600UC Kal TOUG
RC3 -RC7 wg €€6d0ug.

‘Eva TTapddeiypa eQapuoyng auTtrg TG AsiToupyiag SIAKOTIAG, TOU OKPOOEKTN
RBO 1ng BUpag B, cival étav cuvdéoupe Eva TTANKTPOAOYIO OTOV OKPOOEKTN AUTO.
H epapuoyn auth cuviotdatal otav BéAoupe va emavagépoupue Tov PIC ammd ka-
tdotaon SLEEP, pye 1o matnua evog mAAKTpou. H Tepimrtwon civar avadAoyn pe
OT1 cupBaivel oToug TTPoowTTIKoUG H/Y pag. Ekei, yetd amod Eva didoTnua TTou o
H/Y uével avevepydg, aprvel n 08dévn. H Aeitoupyia TnG eTTavEPXETAI PE TO TTATNUA
€VOG TTAAKTPOU 1} TNV Kivnaon TOU TTOVTIKIOU.

6.1.3 Oupa C

H BU0pa C éxel 8 akpodékTeg €10000U - £€0d0U. OTTWG Kal GTIG TTPONYOUNEVEG
BUpeg, €101 Kal €dW, O KABE AKPODEKTNG PTTOPEI va opiaBei ave¢apTnTa a1Td TOUG
utroAoitroug. lMNa mapddeiyua, o opiopog Twv akpodekTwyv RCO - RC2 wg cicodol
Kal TwV UTTOAOITTWV WG £€0d0I1, OTTWG GTo OoXNUa 6.6, yivetal ue TNV OpTWON TNG
TiuRg 00000111 (03 H) oTov kataxwpnt TRISC.

O kwdIKag apxIKoTToinong ivai:

BCF STATUS, RPO ; EmAoyn Tunpatog 0 TG pvAung
BCF STATUS, RP1 ;0edopévwy (RPO = 0 kai RP1 = 0).
CLRF POTRC ;Mndeviopog TnG €€6dou TNG BUpag
BSF STATUS, RPO ;EAoyn TURpaTog 1 TG PvAPNG
;0£00EVWV.
MOVLW 03 H ;®6pTWOon TG 00000111 (03 H) otov TRISC
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MOVWF TRISC 7ETo1 emAéyovTtal Ta RCO - RC2 cav
;eicodol kal Ta RC3 - RC7 oav £€odol

RCO

A

A

RC1

A

RC2

PIC » RC3

(OYPA C) > RCA

» RC5

» RC6

» RC7

Zxnua 6.6 H Bupa C ue rous akpodéktes RCO - RC2 opiouévous wg eI0600U¢S Kal
Tou¢ RC3 - RC7 w¢ £€660U¢G.

Ortav poypappatifoupe Tnv BUpa yia pia ouykekpipévn AsiToupyia, OTTwG 01O
TTaPATTAVW TTAPAdEIYUA, TTPETTEI VA TTPOCEXOUME KAl TNV A&IToupyia Twv GAAWV
mepipepelakwy Tou PIC. Katrola atrd autd PTropei va XpnoldoTrolouV ToUuG aKpPOo-
OEKTEG TNG BUPOG. TNV TTEPITITWON AUTH, gival duvaTtdv, va aAAddouv Ta bits Tou
kataxwpnth TRISC kal va HETATPETTOUV KATTOIOUG OKPOBEKTEG O€ £100D0UG 1) £¢0-
doug avaloya pe Tnv AgiIroupyia Toug.

6.1.4 ©0peg D kan E

H BU0pa D €xel 8 akpodékTeg €10000uU / €€600U evw N BUpa E €xer yévov 3. H
A€IToupyia Toug gival TTAVOUOIOTUTIN WE TNV YEVIKN AgiToupyia Twv Bupwv A, B kai
C kai, yia Tov Adyo auto, dev Ba TNV avaAUCOUE.

TéAog, apou pIAAoapE yia OAeG TIG BUpeg Tou PIC, Ba TTpéTTel va Toviooupe Eva
XAPOKTNPIOTIKO TNG Acitoupyiag Twv kataxwpnTtwyv PORT. Evw n eyypagn evog
Oedopévou ae €vav atro Toug kataxwpnTtés PORT onuaivel @éptwpa Tou dedo-
MEvou aTov KataxwpenTr auTd, dnAadn, 0,TI €xoupe NABEl Ewg TWPA, N avayvwon
evog kataxwpnty PORT onuaivel avayvwon TG KAtdoTaong TwV aKPOOEKTWV
TNG avTioToixng BUpag.

Mpétrel va EEpoupe OTI 01 EVTOAEG eyypa@ng, OTTWG €ival Ol EVTOAEG eTTECEPYQ-
oiag bit, TpwTa diaBdadouv Ta dedouéva, JETA T TPOTTOTTOIOUV Kal, TEAOG, T ATTO-
Bnkevouv Eava aTo idlo pépog. MNa TTapdaderyua n evioAn "BCF 30 H, 3", mpwta
dlaBader To TepiexOuevo Tou kataxwpent 30 H, petd undevicel 1o bit 3 TG TIPAG
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TTou d1aBace Kal, TEAOG, ypAPEel TO ATTOTEAECHA, TTiow, OoTov KaTtaxwpenty 30 H.
QoT1600, av ekTeEAEooupE pia evioAR eyypa®ng otov kataxwpnti PORT piag 60-
POG, TTOU €XEl KATTOIOUG ATTO TOUG AKPODEKTEG TNG OPICHEVOUG WG EI00O0UG, TOTE,
Ta TTPAypaTa €ival dla@opeTikA. H evioAn eyypaeng Ba diaBdael TNV KatdoTaon
TWV AKPOJEKTWY, avTi Tou kataxwpnTtr) PORT kai, aTn cuvéxeia, apou TiG TPOTTO-
Toinoel Ba Tig ypdwel atov kataxwpentl PORT. Mévov o1 akpodEKTEG TTou €ival
£€000I1 £X0UV TIG TINEG TWV AVTIOTOIXWV bits Tou kataxwpntr PORT, evw 6coi givai
€i0000I TTAiPVOUV TNV TIKK TOUG aTTd TO CUCTNUA TTOU TOUG 0dNYEi.

Ag doupg, Aoimmdv, éva Trapddelypa. ‘Eotw 611 n BUpa C éxel TOUG AKPODEKTEG
RCO kai RC1 opiopévoug wg €10600ug kal Toug RC2 - RC5 opiopévoug wg e€600uG.
ETiong, ag uttoBégoupe 6Tl 0 kataxwpntg PORTC éxel To Trepiexduevo 00101110
(2E H) evw n kataoTaon Twy akpodekTwyv €10000u eival RCO = 1 kar RC1 = 0. Torte,
n evioAr] "BCF PORTC, 3", diapacel Tnv Tiwr 00101101 (2D H) kail, akoAoUubwg,
pndeviCer To bit 3. To amrotéAeopa, 00100101 (25 H), ypdeel oTov KaTOXWPENTH
PORTC. Auto, Befaiwg, cival diapopeTikd atrd To amotéAeoua 00100110 (26 H),
TT0U Ba TTaipvaE, Pe TNV idia evioAr, av avti Tou PORTC eixape, yia rapddeiyua,
Tov kataxwpnth 30 H. To oxfua 6.7 deixvel TapacTaTikd To TTapddelypa auTo.

Zxnua 6.7 EktéAeon evioAng avdyvwong arov kataxwpent PORTC ¢ 80pag C, ue
Tou¢ akpoodékTec RCO kai RC1 opiouévous we €i0660ug, evw Tous RC2
éwe RC7, wg €€odoug.

Epwthosig

1. Mg moI6v KaTaxwpnT MTTOPOUUE VA OpigoupE oav £i0000 1 ££000 Tov aKpPOodE-
KTn Miog Bupag;

2. Mwg TTPETTEl va TPOTTOTTOINCOUUE TO TTPOYPANMa apxikoTroinong Tng Bupag C,
€101 WOTE va opiooupe Toug akpodékTeg RC3 kal RC6 wg £66douUg Kal Toug
UTTOAOITTOUG WG €1I0000UG;
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6.2 XpovioTég

H 0eUTepn KaTNyopia TTEPIPEPEIAKWV CUOKEUWY, TTOU Ba PEAETACOUE, €ival ol
XPOVIOTEG. MPOKEITaI yIA CUOKEUEG TTOU QUEAVOUV i JEILVOUV TNV TIPA Jiag TTapaué-
Tpou KaTd pia povada. Or xpovioTéG Exouv BUO TPOTTOUG AEITOUPYIag. ZToV TTPWTO, N
METABOAR TNG TINAG QUTAG YivETal TTEPIOBIKA, JE OUXVOTNTA TTOU KaBopileTal atro éva
POAOI. 310 deUTEPO TPATTO, AEITOUPYOUV WG PHETPNTEG KATTOIWY TTAAPWY TTOU dEXOVTAI
atrd 10 €CwTEPIKO TTEPIBAAAOV. 'Eva TTapddeiyua gival n oUvOeaon evOg KUKAWUATOG
ME QWTOKUTTOPO OTOV KATAAANAO akpodékTn Tou PIC. To @wToKUTTApO XPNOoIYOTIOI-
giTal yia TNV PETPNON OVTIKEINEVWY TTOU TTEPVOUV PE €vav Taviodpopo. Kabe gopd
TTOU €va QVTIKEIPNEVO TTEPVA, TO QWTOKUTTAPO OTEAVEI GAa aTO XpoviaTr Tou PIC, o
OTT0i0G KaI KaTaypd@el TV pérpnorn. To mapddelypa TrapouciddeTal oTto oxrua 6.8.

Zxnpa 6.8 O uikpoeAeykTh¢ PIC o€ Asitoupyia uérpnong avrikeEVwy.

O PIC di0Bétel 3 diagpopeTikoug TUTTOUG XpovioTwy, Toug TIMERO, TIMER1 kai
TIMERZ2. Epeig, 8a doupe, avaAuTikd, Tn Asitoupyia Twv TIMERO kai TIMER2. H
Aeiroupyia Tou TIMER1 gival Trapouola.

6.2.1 O Xpoviotig TIMERO

H ouykekpiuévn ouokeur] O100€Tel Eva dlaipETn ouxvotnTag 8 bits kal évav
peTpnTA 8 bits. H Ty Twv perpicewv Tou TIMERO atmmoBnkeleTal oTov KaTO-
xwpnt TMRO, 1ToUu BpiokeTal To TUAMA 2 TNG PvAUNG dedopévwyv. O €Aeyxog
Tou xpovioTh TIMERO yivetal attokA€IoTIKG oTrd Ta bits 0 - 5 Tou KaTtaxwpnTh
OPTION_REG, Tou Bpioketal o1o TUAMA 1 NG pvApNg dedopévwy. O kataxw-
pnts OPTION_REG gaivetal 010 oxfpa 6.9, evw 10 dIAYPAPPO TOU XPOVIOTH
TTapouaoiaderal aTo oxnua 6.10.
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7 6 5 4 3 2 1 0
TOCS TOCE 0 PS2 PS1 PSO0

Zxnua 6.9 O karaywpntic OPTION_REG

Zxnua 6.10 O xpoviari¢ TIMERO.

Tov KataxwpenTr auTtd PYTTOPOUNE OxI MOVO va Tov dlaBAcouus aAAd Kal va Tov
ypawoupe. O kataxwpnTthg, METAEU GAAwWYV, TTEPIEXEI Kal bits yia Tov €éAeyXO Tou
TMRO &iaipétn. Ag doupeg, Twpa, TNV onuacia Tou KABe bit Tou kaTaxwpnTh €AEy-
xou OPTION_REG yia Tnv Aeitoupyia Tou XpovioTH.

@ Bits 7-6: Acv £xouv onuaacia yia TNV AEIToupyia Tou XpovIOTH.

® TOCS: Emoyn 1Tnyng poAoyiou
1 =Ty ouvdedepévn atov akpodéktn TOCLK (Aermoupyia PeTpNTA TTAAPWYV)
0 = Ecwrepikn TNy poAoyiol (/A&itoupyia XpovioTh).
® TOSE: EmAoyr) JETWTTOU TTNYNAG
1 = AbG&non pe KATEPXOUEVO PETWTTO TOU TTAAPOU oTov akpodékTn TOCLK
0 = AUENon e avePXOPEVO HETWTTO TOU TTOAPOU oTov akpodékTn TOCLK

Bit 3: ©a 10 Bewpolye Tavta "0".

® PS2-PS0: EmAoyn Adyou diaipeang

Tiun Bits PuBuog TMRO
000 1:2
001 1:4
010 1:8
011 1:16
100 1:32
101 1:64
110 1:128
111 1:256
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MNa va emAEEOUPE TN AeIToupyia Tou TTEPIPEPEIOKOU WG XPOovIoTr BETouue To bit
TOCS = 0. Tote o xpovioTng Ba apxioel va auéavetal. MTopoupeg, €TTiong, va Tou opi-
OOUWE TNV TIYM, aTTO TNV oTToia BEAOUPE va Eekivioel va auédvel, OTOV KaTaxwpnTh
TMRO. QoTtéoo, Trpétrel va TTpocééoupe dIOTI 01 BUO TTPWTOI KUKAOI gV KaTaypdgo-
vTal. MNa va utrepkepdooupe autd To TTPORANMPA, TTPETTEI va BAAOUE, OTOV KATAXW-
pnt TMRO, TIur Katd dU0 PJovAdEG PeEYaAUTEPN OTTO AUTH TToU BEAOUNE va EEKIVA.

Ma va A&IToupyroouPE TN CUOKEUR WG PETPNTH, TTPETTEI va BEcoupe To bit TOCS
= 1. ToTe, N OUOKEUN PETPA TOUG TTAAPOUG TTou déxeTal oTov akpodéktn TOCLK. H
augnaon yiveral 6tav o TTOAPOG BPIOKETAI EITE OTO AVEPYXOUEVO EITE GTO KATEPXOUEVO
METWTTO Tou. AuTd TO opidoupe atrd To bit TOSE, 6TTwg €idaue TTapaTTavw.

O Aoyog diaipeong opicetal atto Ta bits 0 wg 2. OTav 0 diaip€Tng XPNOIKOTIOIETAI
atrd Tov xpovioT TIMERO, 6Aeg o1 evTOAEG TTOU ypdgouv aTov Kataxwpnt TMRO
pndevilouv Tov diaupéTn. ETTiong, o kataxwpntig augaveral avd Tdéooug TTaApoUg,
6ooug éxoupe opioel oTov dlaipéTn. MNa TTapaderyua, av BadAoupe ota bits PS2 - PSO
TNV TR 000 16TE 0 dlaIpETNG €XEI TNV TIPA 2 Kal N auénon Ba yivetal KBe 2 KUKAoUG
evTOANG. MapdAANAa, Opwg, auédveTal avaAoya Kai 0 XpOvog TTou KaBuoTepEi HEXPI
va apxioel va peTpd. ‘ETol, oTo TTapddelyud Jag, avTi Twv U0 KUKAWY EVIOAWY Ka-
BuoTépnon Tou Ba eixaue, TWPA, Ba Exouue TNV OITTAN, dnAadr) 4.

2TV TEPITITwaon 1ou o karaxwpntg TMRO utrepxelhioel, dnAadr PETA aAtTod
Vv 1IN FF H @optwoel Tnv Tiunf 0, 1é1e TTpoKaAei diakoTrr). H onuaia 1Tou uTro-
onAwvel Tnv diakoTmn gival 1o bit TOIF Tou kataxwpent INTCON. H onuaia TiBeTal
TaAI oto 0 a1rd TNV pouTiva €EutnPETNONG TNG OIAKOTTAG, WOTE N dIAKOTIA va
pTTOpPEi va evepyottoinBei avda. H diakotm ptropei va artrevepyotroindei, poviua,
av Béooupe 1o bit TOIE, Tou kataxwpntr INTCON, oto 0. O1 dUo onuaigg, TTou
avagEépaue, gaivovTal oTo oxnua 6.11.

7 6 5 4 3 2 1 0
TOIE TOIF

2xnua 6.11 O1 onuaies TOIE kai TOIF rou karaywpnt) INTCON.

21NV ouvéxela Ba doUpE TTWG UTTOPOUE VA APXIKOTTOINCOUNE TO TTEPIPEPEIAKD
auTd, WG XPOVIOTA KAl WG HETPNTA.

® ApXIKOTroinon wg XPoVIOTH (ECWTEPIKA TTNY TTOAPWYV).

‘EoTtw 6m BéAoupe va opifoupe Tov TIMERO va au&dvetal XxpnoIpoTToiwvTog
TO €0WTEPIKO PoAdI (TOCS = 0), ato avepxouevo PETwto Tou (TOSE = 0), e
dlaipétn 1:16 (PS2 - PSO = 011). Tote, TTPETTEI VO POPTWOOUNE OTOV KATAXWPENTH
OPTION_REG (oxAua 6.9) Tnv 1ipr 11000011 (C3 H). Ag onueiwBei 611 Ta bits 6
Kal 7 givalr adidgopa yia Tnv Asiroupyia autr kail Ta Badoupe oto "1". O KwdIKag
apxIKOTTOINONG, £XEI WG AKOAOUBWG:
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CLRF TMRO ;MndéviceTMRO
CLRF INTCON ;Atrevepyotroinoe Tig d1akoTTéG Kal undévioe 1o TOIF
BCF STATUS, RPO ;EmIAoyn Tou TuRpatog 1 TG pvAung 0edopévwy

BSF STATUS, RP1

MOVLW 83 H ;Mg Bdon tn Tipn 83 H opifoupue Asimoupyia xpovioTn
MOVWF OPTION_REG ;€ TO €E0WTEPIKO POADSI, OTO AVEPYXOPEVO UETWTTO,
;ME dlaipétn 1:16

BCF STATUS, RPO ;EmAoyn Tou TpRpatog 0 TG pvAung 0edopévwy
BSF INTCON, TOIE ;Evepyotroinon tng diakotig TMRO
BSF INTCON, GIE ;Evepyotroinon 6Awv Twv dIAKOTTWY

@ ApXIKoTroinon wg HeTPNTH (EEWTEPIKA TINYI TTAANWY).

‘EoTtw 611 BéAoupe va opidoupe Tov TIMERO va petpd TOug £EWTEPIKOUG TTOA-
poug TTou déxeTal oto TOCLK (TOCS = 1), o1o KaTepXOueVO pETWTTO Toug (TOSE
= 1), pe daipétn 1:256 (PS2 - PSO = 111). Tote, TTPETTEI VA QOPTWOOUNE OTOV
kataxwpnt) OPTION_REG tnv 1ipr} 00110111 (37 H). Ag onueiwBei 611 Ta bits 6
kal 7 givar adidgopa yia Tnv Asiroupyia auth kal Ta Badoupe oto "0". O TAAPNG
KWOIKAG apXIKOTTOiNONG, £XEl WG AKOAOUBWG:

CLRF TMRO ;Mndévice TMRO
CLRF INTCON ;ATrevepyotroinoe Tig d10koTTEG Kal undéviae 1o TOIF
BCF STATUS, RPO ;EmAoyn Tou TuApaTog 1 NG pvnung dedopévwv

BSF STATUS, RP1

MOVLW 37 H ;AUENON TOUu XPOVIOTH aTTo TO £§WTEPIKO TTAAUO TTOU
MOVWEF OPTION_REG ;6¢xetal oto TOCLK, pe diaipétn 1:256

BCF STATUS, RPO ;EmAoyn Tou TuAuaTtog 0 TNG pvAung dedopévwv

BSF INTCON, TOIE ;Evepyotroinon tng diokotrig TMRO
BSF INTCON, GIE ;Evepyotroinon 0Awv Twv SIAKOTTWV

Kal aTig dU0 TTEPITITWOEIG, OTTWG PTTOPOUME VA TTAPATNPEACOUME, O KWAIKOG
APXIKOTTOINONG EEKIVA PE TNV OTTEVEPYOTTOINGN TwWV OlIaKOTTWV. AKOAOUBWG, TTpO-
XwpPda oTnv ToTToBETNON TNG KATAAANANG, YIa TNV KABE TTEPITITWON, TINAG OTOV Ka-
Taxwpnt OPTION_REG. TéAog, ol d1aKoTTEG evepyoTTolouvTal Eavd.
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6.2.2 O XpovioTic TIMER 2

O1mtwg kai o TIMERO €101 KOl QuTr N TTEPIPEPEIAKT JOVAdA XPOVIOHOU / HETPN-
ong, o TIMER2, civai 8 bits. O TIMER2, 6uwg, d108£tel dUO dIAIPETEG, AVTi TOU
evog Tou €xel o TIMERO. O évag diaipétng, Tou Aéyetal prescaler, diaipei Toug
TTAAPOUG €10080u TTpIV aTTd TOV PETPNTH, OTTWGS Kai otov TIMERO. O dAAog dial-
PETNG, TTou AfyeTal postscaler, diaipei To ammoTéAeopa TNG HETPNONG. O XPoVIOTAG
MTTOPE va XpnoigoTroinBei oav BAcn xpovou yia TNV TTEPIPEPEIAKT) ouoKeun dla-
MOp@wWaonNG TTAGToUG TTaApoU (PWM).

O1 petpnoeig kataypdgovtal otov kataxwpnty TMR2, eviy o kataxwpnTig
eAéyxou Tou gival o T2CON, o otroiog @aivetal oto oxrua 6.12. Kai o1 dUo kata-
XwpenTéS BpiokovTal oTo TPAPA 0 TNG HVAUNG OEBOUEVWV.

7 6 5 4 3 2 1 0
- | TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO0 | TMR20ON | T2CKPS1 | T2CKPS0

Zxnua 6.12 O karaxwpntis T2CON

Tov kataxwpnTtr) T2CON utropoupue 6x1 pévov va Tov diaBdooupe aAAG kai va
ToV ypdwoupe. O kKataxwpnTAg autog TrepIExEl bits yia Tov kaBopioud Tou TpoTTOU
Aeimoupyiag Tou TIMER2 kai Tou diaipétn Tou. To didypaupa Tou TIMER2, pe Toug
OUO BIAIPETEG KAl TOUG KATAXWPENTES TTOU XPNOIUOTIOIEL, QaiveTal 0T0 oXAUa 6.13.

TNV ouvEXEIa TTAPOUCIAJOUE TNV ONPacia Tou KABe bit Tou KaTayxwpnTr) EAEy-
XOU yia Tnv Aeitoupyia Tou TIMER2.

Zxnua 6.13 O xpoviari¢ TIMER2.

@ Bit7: Aev €xel onuaagia. AlaBadetal cav "0".

® TOUTPS3 - TOUTPSO: EtiAoyry Tou Adyou diaipeong TOU aTTOTEAEOUATOG TOU
peTPNTA (postscale).

0000 = 1:1
0001 =1:2
0010 =1:3
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1111 = 1:16
® TMR2ON: Bit evepyotroinong TIMER2.

1 = TIMER2 gvepyotroinon
0 = TIMERZ2 aTtrevepyoTtroinon

® T2CKPS1 - T2CKPSO0: EmAoyr) Tou Adyou diaipeong TTpIvV OTTO TOV PETPNTH

(prescale). 00 = Aiaipgon pe 1

01 = Aiaipeon pe 4

10 = Aiaipeon pe 16

11= Aicipeon e 16

O xpovioTng déxeTal TTAAPOUG poAoyioU povov atrd To poAol Tou PIC, pe auxvo-
TnTa Fosc/4. MTtopoUpe va dIaipéCOUE TNV oUXVOTNTA AUTH, KaTd 1, 4 Kal 16, xpn-
OIMOTTOIWVTAG TOV BIAIPETN TTPIV aTTO TOV PETPNTH. OTTWG €idape Kal TTPONYOUNEVWG,
n emAoyn yivetal ato Ta bits T2CKPS1 - T2CKPSO0 tou katayxwpntr) T2CON.

Mépav Twv KATaxwpenTwy TTOU TTPOGVAQPEPAE, N CUCKEUNR auTr d1abETel Kal
évav aAAo kataxwpenTr, Tov PR2, TTou BpiokeTal aTo THAPA 1 TNG vAUNG ded0ué-
vwyv. Kal autdg o kataxwpenTrg uTropei va ypagei kal va diafacTei. O kataxwpn-
™¢ TMR2 ouykpivetal e Tov PR2 kai av gival iool, apyilel va PeTpd, TTaAI, atrd
TNV apxn, 6nAadn amd 1o 0. ‘Etol, Bdlovrag pia iy otov PR2, utropouue va
pubpuicoupe TNV ouxvoTnTa Pe TNV otroia 0 TMR2 undeviceTal.

O1rw¢ Kal oTIg AAAeG BUO TTEPITITWOEIG XPOVIOTWY, OTAV UTTEPXEINIOEI O K-
TaxwpENTAG TTOU KaTaypdgel TNV YETpnon, TrpokaAeital diakotmA. 21tov TIMER2 n
OI1aKOTTA uTTodeIkvUETal atrd TNV onuaia TMR2IF Tou kataxwpnth PIR1 (oxAua
6.14). Tn S10KOTI) YTTOPOUNE Va aTTEVEPYOTTOIjoouPE aTro To bit TMR2IE Tou Ka-
TaxwpenT PIE1T (oxAua 6.15). Mpétel, kal €dw, va TTPocEéEOUNE N pouTiva £EUTIN-
pETNong, Tou Ba eTIAEouE, va Kabapilel Tnv onuaia Tng IAKOTTNG, £TC1 WOTE va
JTTOPEI QUTH va xpnaoiyoTroindei Eava.

7 6 5 4 3 2 1 0
TMR2IF

Zxnua 6.14 H onuaia TMR2IF otov karaxwpent PIR1.

7 6 5 4 3 2 1 0
TMR2IE

2xnua 6.15 To bit TMR2IE orov kataxwpnth PIET.

2Tnv ouvéxeia Ba doupe éva TTapddelyua apyikotroinong tou TIMER2 kai opi-
OMOU TwV TTAPAUETPWY TOU:
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Mapddeiypa apyikotmroinong TIMER2

‘EoTw 6T BéAoupe va xpnaoiyotroifjooupe Tov TIMER2 pe Adyo diaipeong 1:16
TwV TTAAPWYV €106d0u Tou peTpnTh (T2CKPS1 - T2CKPSO0 = 11) ka1l Adyo diaipe-
ong 1:15 Tou amoteAéopatog Tou uetpnt (TOUTPS3 - TOUTPSO = 1110). Tig
TINEG auTEG Ba TIg dwaooupe pe Tov TIMER2 otaparnuévo (TMR20ON = 0). ‘ETo1 pe
Baon Ta TTponyouueva, TTPETTEI va QOpPTWOooulE Tov kKataxwpnTtr) T2CON (oxAua
6.12) pe v 1ip 01110011 (72 H). Apéowg PETA Ba EKKIVIIOOUUE TOV PETPNTH BE-
Tovtag 10 bit TMR20ON oT0 "1".

H diakotmr, TTou utrodnAwvetal ye Tnv onuaia TMR2IF, rpokaAcital 6tav n Tipn
otov TMR2 yivel ion ye Tnv iy otov PR2. H onuaia TiBeTal rTdAl ato 0 atrd Tnv pou-
Tiva eEuTTNPETNONG TNG SIAKOTTNG, WOTE N SIOKOTTA Va PTTOPE va evepyoTToindei Eavd.

270 TTAPAdEIYUA Pag, eV DIOKOTITETAI N EKTEAEOT) TOU TTPOYPAUHATOG, YId VO
eKTEAEOTEI N pouTiva eEuTTnPETNONG Tou TIMERZ2, K&Be @opd tTou n TiuA Tou TMR2
yivel ion pe autr Tou PR2 (Siakotmn). MNa tnv diaxeipion 1ng S10KOTTHS XPNOIUOTTOI-
oupe TNV PéEBodO delypaTtoAnwiag, OTTwG TNV €idaue oTnVv evoTNTa 5.7, TOU KEPO-
Aaiou 5. 'ET01, aQOU aTTEVEPYOTTOINOOUKE OAEG TIG OIOKOTTEG, EAEYXOUME avd TAKTA
XPOVIKA dlaaTrHaTa, PE TN XPrion evog Bpoxou, av 1o bit TMR2IF Tou katayxwpnth
PIR1 eivai 1. Ettiong, xpnoiyotroloUue TNV TEXVIKA TNG aAAayng TG POng TTpo-
ypAauuaTtog uttdé ouvbnkn, TTou TTEpIyPAYapE aTnyv evotnta 5.6, Tou Ke@aAaiou 5,
ylO va EKTEAEGOUE TN POUTiva £EUTTNPETNONG TOU TTEPIPEPEIOKOU, OTaV GUUREI N
diakotrr. O KwdIKag gival o akdAoubog:

;Mavon TIMER2, Adyog diaipeong 1:1 kal 0Toug dUO BIAIPETEG
CLRF T2CON

;Mndeviopog kataxwpnti TMR2
CLRF TMR2

;ATTevepyotroinon SI0KOTTWY
CLRF INTCON

;ETAoyn TUApATOG 1 TNG PVARNG dEdOPEVWIV
BSF STATUS, RPO

;ATTEVEPYOTTOINON TWV JIAKOTTWYV TWV TTEPIPEPEIAKWV
CLRF PIE1 ;

;ETAoyn TuApaTog 0 TNG pvhAPNG dedopévwv
BCF STATUS, RPO

;MNOeVIOUOG ONUAIWYV TTEPIPEPEIAKWY DIOKOTTIV
CLRF PIR1

—206




=== XPHZH TOY MIKPOEAEIKTH ZE EQAPMOIEZ

;Alnp€ng Prescaler = 1:16, T2CKPS1 - T2CKPSO0 = 11

;AlipéTng Postscaler = 1:15, TOUTPS3 - TOUTPSO = 1110
;:Mavon TIMER2, TMR20ON =0

MOVLW 72 H

MOVWEF T2CON

;Ekkivnon TIMER2
BSF T2CON, TMR20ON

;H diakotrA Tou Timer2 eival atrevepyotroinuévn. O éAeyxog yiveral
;ME delypatoAnyia TnG onuaiag utrepxeihiong TMR2IF kail Tnv xpnoiyotroinon ng
;TEXVIKNG TNG aAAOYAG TNG PONG TTPOYPAUUATOG UTTO GUVORKN.

T2_OVFL_WAIT

TEAeyxog diakotrig (bit TMR2IF).

;Av Oev uttapxel diakotrr) (TMR2IF = 0) ekTEAETE TNV ETTOUEVN EVTOAR.

;Av uttapyer diakotr) (TMR2IF = 1) extéAeoe Tnv peBETTOPEVN EVTOAN.
BTFSS PIR1, TMR2IF

GOTO T2_OVFL_WAIT ; ETravéAape 10 BpoOxo.

;O xpovioTNG €xel utTepXEIAiael. Mndévioe Tn onuaia TMR2IF. BCF PIR1, TMR2IF

Epwriosig

1. Toiol gival o1 dUo TPATTOI ASITOUpYiag EvOg XPOVIOTH;

2. € TT0I0V KaTaXwpenTA MTTOpoUpE va Bpouue TNV TIUA TNG uéETpnong Tou TIMERO;
3. Ti mpokaAei TNV HETABOAA OTNV TIUA TNG YETPNONG;

4. Tlola n Aciroupyia Tou dIAIPETN;

6.3 Movdda ZUAAnYNG / Zuykpiong /

Alapépewong eupoug TraApou (PWM)

>V Tapouca evoTnTa Ba eEeTATOUNE Wia TTePIPEPEIOKT guakeun Tou PIC, n
oTToia UTTOpEi va AEITOUpYNaEl e TPEIG DIAPOPETIKOUG TPOTTOUG, WG AKOAOUBWG:
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® Movdada XUANYNGS
® Movdda Zuykpiong
® Movdada Alopdpewaong eupoug TTaApou (PWM)

AuTA n Trepipepeiakr) ouokeun Aéyetal CCP. O pikpoeAeykTig PIC diabéTel duo
TETOIEG TTEPIPEPEIOKEG TUOKEUEG, OI OTTOIEG AEITOUpyoUV TTavopoloTuTra, Tig CCP1
ka1 CCP2. Epeig Ba eEetdooupe TNV TTpWTN.

H povada CCP1 1repiéxel dUo kataxwpnTég, ol otroiol Bpiokovtal o1o TuAKa 0
NG MVAUNG dedopévwv. O €vag kaTaxwpnTAg, o otroiog ovopdletar CCP1CON,
eival 8 bits, kal xpnoipotroigital yia Tov €Aeyxo TG ouokeung. O aAAog, o CCPRH1,
eivar 16 bits kai Tov xpnoigotroiei katd TNV Asitoupyia Tng. O KaTaxwpenTAS AuTOg
MTTOpPE va AsIroupynoel oav kataxwpnTtrig cUAAnwng 16 bits, cuykpiong 16 bits
kol PWM 10 bits, avaloya pe Tov TpOTTO Acitoupyiag tng. Emeidn civar 16 bits,
avaQepoOuaaTe o€ auTdv aav va ftav duo kataxwpnTtég, ol CCPR1H kai CCPRA1L,
TTOU €ival TO TTEPICCOTEPO Kal AIlyOTEPO ONPAVTIKO byte Tou, avtioToIxa.

2€ KGBe Aeiroupyia Tng, n povada CCP1, xpnoiuoTToiei Kal Evav atrd Toug Xpovi-
oTég Tou PIC, TT0U €idape OTNV TTPONYOUUEVN eVvOTNTA. ZTIG SUO TTPWTEG AEITOUPYiEG
xpnoiuotroigi Tov TIMER1, evw otnv teAeutaia, Tnv PWM, tov TIMER?2. ETriong, xpn-
olpoTroiei Tov akpodéktn CCP2 cav gicodo A £€6odo, avaloya pe Tnv AsiIToupyia Tng.

Oa eEeTdooupE, TWPA, TOV KAaTaxwpenTr eAéyxou Kai Ba doUuE TNV onuacia Twv
bits Tou. O kaTaxwpNnTAG Yaivetal oTo oXAUa 6.16. Tov KaTtaxwpnTr MTTOPOUNE OXI
povov va Tov diadooupe aAAG kal va Tov ypdwoupue. O KaTaxwpnTtAg TTEPIEXEI
bits yia Tnv £1MIAOY TOU TPOTTOU AEITOUPYIAG TNG CUOKEURG.

7 6 5 4 3 2 1 0
- - DCIB1 DCIBO CCPIM3 | CCPIM2 | CCPIM1 | CCPIMO

Zxnua 6.16 O karaxwpntic CCP1CON

H onpaacia Twv bits Tou éxel wg €EAG:

® Bits 7 kai 6: Aev éxouv onuaaia kal diapdadovrtal wg 0.

® DC1B1- DC1B0: Bits PWM Acitoupyiag
Eival To duo AMiyotepo onuavTikd bits, dnAadr 1o 1 kai 1o 0, atrd Ta 10 bits Tng
Aeitoupyiag PWM. Ta utréhoitra 8 Bpiokovtal atov kataxwpentiy CCPR1L. TNa
TIG AAAEG BUO AEITOUPYIEG TNG OUOKEUNG OEV £€XOUV onuaadia.

® CCP1M3 - CCP1MO: Bits smmAoyng Asitoupyiag
0000 = AtrevepyoTtroinan 6AwvV Twv AciToupyiwyv. ETravekkivnon
(reset) ouokeung. 0100 - 0111 = Agitoupyieg GUAANYWNG.
1000 - 1011 = Aeitoupyieg oUyKpIONG.
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11xx = PWM Aeiroupyia. Ta bits CCP1MO0 ka1t CCP1M1 dgv €xouv onuaacia Kai
JTTOpPEI Va givarl oTIOATTOTE.

21NV ouvéxeia Ba TTEPIYPAWOUE TIG TPEIG AEITOUPYIEG AUTAG TNG TTEPIPEPEIAKAG
OUOKEUNG.

6.3.1 Acitoupyia ZUAANYNG

21nv Aeimoupyia autr], otav n povada CCP dexBei onua otov akpodEKTN
CCPA1, diapader Tnv TipA Tou kataxwpnt TMRA1, 1Tou, 0TTwg €iTrape, avAkel oTov
TIMERA1, ka1 Tnv ammobnkevel otov kataxwpnty CCPR1. Q¢ oAua AoyileTal éva
a1ré Ta akdAouba:

® Mia kaTepXOUEVO PETWTTO TTAAWOU.

® Mia avepxOHUEVO PETWTTO TTAAMOU.

® Mia avepyxOpevo PHETWTTO KAOE 40U TTAAOU.
® Mia avepyopevo PETWTTO KABE 160U TTOAUOU.
H Aeitoupyia ovopddZetal cUAANWN.

6.3.2 Movada ZUykpiong

>1nv Agiroupyia autr, n povada CCP1 ouykpivel Ta TTEPIEXOPEVA TOU KOATOXW-
pnt) CCPR1 pe 1a mTepiexdpeva Tou kataxwpnt TMR1. Otav diamoTtwaoel 1I060TNTa
Bétel Tov akpodéktn CCP1 ammd 1o 0 o1o 1 1) ammd 10 1 a1o 0, avaAoya Pe Tov opIouo
10U TNG dwaoape oTa bits CCP1M3 - CCP1MO Ttou katayxwpnti CCP1CON.

6.3.3 Movada Alapoppwong eUpoug TTaApou (PWM)

AuTr n Agitoupyia €xel TTOAU peydAn onuacia o€ repimTwaoelg 6tmou o PIC xpn-
OIJOTTOIEITAI YIa TNV AVATITUEN JIKPOUTTOAOYIOTIKWY GUOTNUATWY Yia BIOUNXAVIKO
mepIBAAAov. H Aeiroupyia TTOAWY CUCKEUWY EAEYXETAI ATTO TNV OTABWN TNG EVEP-
you Tdong Tou arnpaTog €106d0u. MNa TTapddelypa uttdpxouv NAEKTPIKEG BaABideg
ME HETABAAAOHEVO AVOIYHa 1] KAEIOIPO TTOU €ival EAEYXOPEVEG ATTO TNV EVEPYO TAON
€10000u. H 01BN TnG evepyoul Tdong Hiag TTaApooeipdg e€apTaTal aTrd To UPOG
TWV TTOAPWYV O€ oxéon Pe TNV Trepiodo, dnAadr 1o duty cycle. Qg duty cycle piag
TTaApooEIpdg opifoupe Tov AGYo TNG XPOVIKAG dIdpKeIag Tou TTaApoU TNG TTPOG TNV
mEPiodo TNG. Zuxvd, 1o duty cycle petpatal %. MNa mapadeiypa duty cycle 25%,
TO OTTOI0 ONnuaivel 6T n dIdpPKEIa TOU TTAAPOU [iag TTAAUOOEIPAG gival To 25% OANng
NG ePIGOoU TNG. O TTaApog divetal aTov akpodéktn RC2, Tng BUpag C.
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H Aeiroupyia emAéyetar ammd 1a bits CCP1M3 - CCP1MO ToU KataxwpnTn
CCP1CON, otmmwg dAwoTe Kai o GAAEG dU0. O TTaAPOG TTapAyETAl OTOV OKPOOE-
kTn CCP1, Tov otroio TrpéTrel va opicoupe wg £€£0d0 oTov kKataxwpent TRIS. ETi-
ong, 0 XPoVIoTAG TTou Xpnoluotroigital eival o TIMERZ2, avti tou TIMER1 110U XpN-
OlIgoTTOIoUV 01 AAAEG AsiToupyieg. To oxnpa 6.17 Trapouoiddel Tnv povada PWM
KQI TOUG KOTOXWPNTEG TTOU XPNOIUOTIOIE.

Zxnua 6.17 H yovada PWM kai o1 kKaraxwpnTéS ToU XPNOIUOTTOIEL,

Mtropouue va opicoupe Tnv Trepiodo Tng PWM, Tnv otroia cupBoAifoupe e
TPWM, divovTag pia Tipr oTtov kataxwpnTtr) PR2. Ag BuunBouue 611, 0 PR2 €ivai o
KaTaxwpnThg TTou kKaBopilel TNV TiuR 6é1mou Ba undevideTal o kataxwpntig TMR2
Tou TIMER2. Téte, TnVv mTEpiodo Tnv uttoAoyidoupe, o€ povadeg xpovou, wes eENG:

Tewm = [(PR2) + 1] - 4 - Tosc - (prescale diaipétng TIMER?2) (6.1)

O1wg cival avauevouevo, n auxvotnta PWM eival To avTioTpo@o Tng tepiodou,
onAadn:

Fepwm =1/ Tewm (6.2)

To PWM duty cycle, 10 omoio cupfoAifoupe pe DCewm, UTTOPOUUE VA TO OPICOUME
atré Ta 2 bits, DC1B1- DC1BO0, Tou katayxwpntr eAéyxou CCP1CON, 10U €ival kal Ta
AlyéTepO anuavTikd, Kai Ta 8 bits Tou katayxwpnt CCPR1L. OAa padi oxnuarifouv pia
A€EN Twv 10 bits, TTou Ba TV ovopdooupe DC1B. To duty cycle utroAoyideTal, wg €EAG:
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DCpwm = DC1B - Tosc - (prescale diaipétng TIMER?2) (6.3)

To oxnua 6.18 deixvel TTapacTaTikG TNV £€€0060 PWM, oTov akpodéktn RC2, kai Tn
onuagcia NG TePIddou Tewm Kail Twv TIHWV DCewun, TMR2 ka1 PR2. 2NV cuvéxeia
Ba doupe pepIka TTapadeiyuaTa, Ta otroia 6a pag fondrioouv va KaTaAdBouE TTWG
MTTOPOUNE Va UTTOAOYICOUE TIG SIGPOPES TTAPANETPOUG TNG Asitoupyiag PWM.

Zxnua 6.18 H é€odo¢ PWM kai n onuacia 1ng mepiddou Tewm Kai TWV TIHWV
DCpwu, TMRZ2 ka1 PR2.

Mapadeiypa 1 - Eupeon TipRg PR2

‘EoTw 611 n {nToupevn auyxvotnta PWM, n Fewwm, ival n 78,125 kHz kai 611 0 PIC
Aertoupyei pe Fosc = 20 MHz.

Av opiooupe Tov prescale diaipétn Tou TIMER2 010 1, B€TOVTAg OTOV KOTOXWENTH
T2CON T1a wneia T2CKPS1 - T2CKPSO0 = 00, 16T€, 0116 TOV TUTTO 6.1, uTTOpOUE Va
uTTOAOYioOUUE TNV TIPA TTOU TTPETTEN va dWOo0oUPE oTov KaTaxwpnTt PR2, wg €¢N¢:

Tewm = 1/78,125 kHz = [([PR2) +1] - 4 - (1/20 MHz) - 1 =
=12,8us = [(PR2)+1] -4 - 0,05us - 1 =
= PR2 =63

Mpiv dolpe €va deuTepo TTaPAdEIyUa, Ba avakePaAQIWOOUUE Ta OCA ETTAUE yia
v PWM Aermoupyia Tng repipepeiakns ouokeung CCP1 Tou PIKPOEAEYKTH HOG.
Ag doupg, AoITTév, ETTIYPAPPATIKA TG BrPOTA TTOU TTPETTEI VO akoAouBrjcoupe yia
va B€ooupe o€ AEITOUPYia TO TTEPIPEPEIOKO AUTO:

1. KaBopioudg tng Tepiodou tng PWM atréd tov kataxwpnt PR2.

2. KaBopiopog tou duty cycle Tng PWM atré v Aé€n DC1B (bits DC1B9 - DC1B0).

3. Opiouodg Tou akpodéktn CCP1 e pndeviouod Tou bit PWM1 Tou kataxwpnTn
TRISC.
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4. KaBopiopodg Tou Adyou Tng prescale diaipeong amod tov kataxwpnt T2CON
Tou TIMERZ2.

5. Opiopdg tTng Aermoupyiag PWM 1ng ouokeurig CCP1 atmd Tov Kataxwpnth
CCP1CON.

‘ExovTag uttown OAa autd, utropoUpe va doUuue To akOAouBo TTapadelyua:

Mapddeiypa 2 - Apxikotmroinon povadag PWM yia 20% duty cycle

‘EoTw 611 BEAOUE Va XpNOIPOTTOINCoUE TO HIKPoeAEYKTH PIC, pue poAdr 20 MHz,
yla va Trapdyoupe pia raApooeipd pe duty cycle 20% kai ouxvotnta Fewm = 156,3
kHz, dnAadn Tewm = 6,4ps.

Apa, n diIdpKela Tou TTAAPOU TTpéTTel va gival 1,28 ps. ©a xpnoiyoTToIfoou-
pe Tov xpovioth TIMER2, ue Tov prescale diaipétn Tou opiopévo ato 1, dnAadn
Ta bits T2CKPS1 kai T2CKPS2 Ttou kataxwpntr] eAéyxou, T2CON, Tou XpovioTh
TPETTEl va gival oTo 0.

Me autd Ta dedopéva, atd Tov TUTTO 6.1, Bpiokoupe OTI TTPETTEI va DWOOUUE
oTov kKataxwpenTti PR2 1y 31, dnAadA 1F H. 1nv cuvéxela, atrd Tov TUTTO 6.3,
Bpiokoupue 6T, KOTG TTPOCEYYION, N TIKA TNG AéEng DC1B mrpétrel va gival 26, dn-
Aadn 1A H. Omrwg eitrape n AéEn DC1B €xel uikog 10 bits kai, ouvettwg, €ivai n:

CCPR1L CCP1CON
7 6 5 4 3 2 1 0 DC1B1 DC1B0O
0 0 0 0 0 1 1 0 1 0

Mépa amd Ta bits DC1B1 kar DC1BO0, 1ToU €idaue TTapaTTdvw, OTOV KATAXW-
pnTh eAéyxou CCP1CON, trpétrel va opicoupe kal Tnv Asitoupyia PWM e ta bits
CCP1M3 - 0 = 1100. Apa, TTpETTEl va TOU QopTwooupe Tnv Tiurp 00101100 (2C H)
O kwdIKag apxIkoTToinong Tng TrepIPepeEIokng ouokeung CCP1, yia Tnv TTapattd-
vw Agitoupyia PWM, éxel wg akoAoubwg:

CLRF CCP1CON ;Atrevepyotroinon CCP
CLRF TMR2 ; Mndeviopog TIMER2
MOVLW 1F H ;

MOVWF PR2 ;PR2 =31(1F H)

;Duty Cycle 10 20% Tng Trwm
MOVLW6
MOVWF CCPR1L
;Atrevepyotroinon diakomwy - Mndeviopog TOIF
CLRF INTCON
;ETmAoyn TuAuaTog 1 1NG pvnung dedopévwv
BSF STATUS, RPO
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;Opiou6g akpodéktn PWM1 (RC2 1ng BUpag C) wg £¢odo
BCF TRISC, PWM1

;ATTEVEQYOTTOINON TTEPIPEPEIOKWY OIAKOTTWV.
CLRF PIE1

;EmAoyn TuAuaTog 0 TNG pvhung dedouévwy
BCF STATUS, RPO

;MNOEVIOPOG TWV ONUAIWY TWV TTEPIPEPEIAKWY OIOKOTTWV
CLRF PIR1

;EmAoyn Tng Asitoupyiag PWM, DC1B1 = 1 ka1 DC1B0 = 0.
MOVLW 2C H
MOVWF CCP1CON

BSF T2CON, TMR20ON ;Ekkivnon TIMER2

;Atmrevepyotroinuévn diakoty CCP1.

TEAgyxog diakotis (bit TMR2IF).

;Av Oev uttapxel diakotrr) (TMR2IF = 0) ekTéAeoe TV TTOPEVN EVTOAR.
;Av uttapyel diakot) (TMR2IF = 1) ekTéAeoe TNV PEBETTOPEVN EVTOAR.

PWM_Period_Match
BTFSS PIR1, TMR2IF
GOTO PWM_Period_Match ;Etravélafe 10 Bpoxo.

;Mndeviopog onuaiag diakotric TMR2IF
BCF PIR1, TMR2IF

Epwrioeig

1. TiTreTuxaivoupe Pe TN xpRon Tng povadag PWM; MNou uttopei va xpnoiyotroinBei;
2. Toia a11d TIG TTEPIPEPEIOKEG CUOKEUEG, TTOU EIDAUE OTIG TTPONYOUUEVES EVOTN-

TEG, XPNOIYOTIOIEI N TTAPOUCa GUOKEUN YIa TNV A&IToupyia Tng;

3. TMoiog gival o kataxwpnTAG EAEYXOU TNG TTAPOUCAG CUCKEUNG Kal aTtrod TToia bits
TOU PTTOPOUNE VO OPICOUE TN CUOKEUR va AsiToupyei wg povada PWM.

6.4 OUpa CcEIPIAKAG ETTIKOIVWVIOAG

2Tnv Tapouca evoTNTa Ba PEAETACOUME TNV TTEPIPEPEIOKT) CUOKEUN OEIPIA-
KAG ETTIKOIVWVIAG TOU PIKPOEAEYKTA pag. AuTh N ouokeun ovopadetal USART kai
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uTTOO0TNPICEI TOGO OUYXPEOVN 00O Kal aoUyXPOoVN CEIPIOKN ETTIKOIVWVIO. ZUYKEKPIUEVA,
TO TTEPIPEPEIAKSO QUTO UTTOPEI va XPNOILOTTOINBEI yia TauTdXpova ap@idpoun acuy-
xpovn emmkoivwvia (full duplex). Autd anuaivel 6T Ta dedopEVA UTTOPOUV VA UETABIOO-
VTal TNV idIa XPOVIK OTIYUR Kal TTPOG TIG OU0 KaTeuBuvaelg. Me Tov TpOTTo auTto, JUTTo-
pei va ouvOebei pe TeppaTikd Kal TrpocwTTikoUg HYY. ETriong, utropei va Asitoupyroel
Kal pe dladoyIka augidpoun ouyxpovn emkoivwvia (half duplex). Xtnv mepitTTwon
auTh Ta dedopéva PTTopoUV va hETadidovTal Kal TTPog TIG OU0 KaTEUBUVAEIS OAAG OXI
TauTOXPOVA. AnAadH, TTPWTA YiveTal N JETGdOON TTPOG TN Mia kateuBuvon, kal éTav
TEAEIWOEI AUTA, PTTOPE va EeKIvAoel TTPOg TNV GAAN. Me autdv Tov TpOTTO, PTTOPEI
Va ETMIKOIVWVACE! JE AAAEG ECWTEPIKEG TTEPIPEPEIOKEG TUOKEUEG, OTTWG PETATPOTTEIG
QavaAoyIKoU OfHaTOG G€ WNPIOKO 1 WN@IaKoU O€ avaAoYIKO, OEIPIOKEG UVAMEG, KTA.
Emypapuatikd, Aoimrév, n ouokeur) USART, utropei va Asiroupyrioel Je 3 TpOTTouG:

® Acuyypovo (full duplex)
® >Uyxpovo - Master (half duplex)
® >Uyxpovo - Slave (half duplex)

Epeig Ba e€etdooupe diC0dIKA HOVOV TOV aoUyXpovo TPOTTO AsIToupyiag, evw Ba
avapepBoupe emypappaTiké ato ouyxpovo. Or akpodékteg RC6 kai RC7 Tng B0-
pag C tou PIC, xpnoiyotrolodvTal wg ol akpodékTeg TX/CK kal RX/DT Tng o€IpIakig
BUpag. AuToi opifovtal a1t 1o bit SPEN kai Ta bits 6 kai 7 Tou kataxwpnT TRISC,
Ta oTT0iC TTPETTEN Vo TEBoUV oTOo 1. 'ETOI, 01 atraitoUpEVoOl, Yia T ASIToupyia Tou TTrepI-
pepelakoU, akpodekTeg TX/CK kal RX/DT ptropouv va AEIToupyrioouv owaoTa.

> avtiBeon pe TIG UTTONOITTEG TTEPIPEPEIOKEG CUOKEUEG, TTOU EEETACANE, N TTA-
pouca d1a0£Tel dUO KaTaxwpenTES eAéyxou, Toug TXSTA kai RCSTA. O mpwrtog
xpnoigotroigital yia mn Asiroupyia Tou USART wg TTouTrou Kai 0 S€UTEPOG yia TNV
Agitoupyia Tou wg OékTn. H povada USART, og Asitoupyia acUlyxpovng EKTTo-
MTTAG, TTapoucoiddetal oTo oxfiua 6.19, evw og Asitoupyia aclyxpovng Ayng, oTo
oxAua 6.20. Ag doupg, AoITmdv, Pe TN o€Ipd, TOUG KATaXwPNTEG auToug.

Zxnua 6.19 H povada USART o€ Asitoupyia aclyxpovng eKTTOUTTAG.
—214




=== XPHZH TOY MIKPOEAEIKTH ZE EQAPMOI'EZ

ZxnAua 6.20 H povada USART o¢ Asitoupyia aclyxpovng Afwng.

O kataxwpntig TXSTA @aivetal o010 OXAUa 6.21 Kal XPNOIUOTIOIEITAl, EKTOG

aTTé TOV OPICHO TNG AEITOUPYIOG EKTTOPTING, KAl yia TNV €VOEIEN TNG KOTAOTAONG
TOU KataxwpenTr eKTTouTTAG. EdwW, Ba avagpepBouue povov OTIG ETTIAOYEG TTOU QQO-
pouUV TNV aoUyxpovn ETTIKOIVWVId.

6 5 4 3 2 1 0
0 TX9 TXEN 0 0 BRGH TRMT TX9D

Zxnua 6.21 O karaxwpntic TXSTA otnv acuUyxpovn EMKoIvwvid.

H onuacia Twv bits gival n akdéAoudn:

Bit 7: Agv €xel onpagcia oTnv acuyxpovn emikoivwvia. To 8étoupe oto "0".

TX9: EmAoyn bits emikoivwviag
1 = EmAoyn emikoivwviag 9 bits
0 = EmAoyn emkoivwviag 8 bits

TXEN: Bit evepyoTroinong AEITOUPYIOG EKTTOPTIAG
1 = Evepyotroinon AeIToupyiag eKTTOUTING
0 = AtrevepyoTtroinan AEIToupyiag EKTTOPTIAG

Bit 4: 1nv TNV aolyxpovn £TTiKoIvwvia, To BéToupe oT1o "0".
Bit 3: Aev xpnoiyotroigital. AioBaetar oav ‘0’

BRGH: Bit emAoyng uynAou Baud Rate

AcouUyxpovn Asitoupyia

1 = YwnAA TaxuTtnTa

0 = XapnAnf TaxuTtnta
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® TRMT: Bit évdeitng katdotaong kartaxwpent) TSR
1 = TSR ade10g
0 =TSR yepaTog

® TX9D: 9o Ektreptropevo bit. Mtopei va ivail 1o bit 100TIpiag.

MTtropoUue va dwooupe TINEG o€ OAa Ta bits Tou KaTaxwpnTr, EKTOG, QUOIKA,
ToUu 3%, TTOoU &€V XPNOCIUOTTOIEITAI, KOl TOU 1Y, TTOU €ival pévov avayvwoipuo. Opwg,
ag Toviooupe 0TI, yIa va £€X0UPE aoUyXpPovn ETTIKOIVWVia TTPETTEl va BETouuEe 0To
"0" Ta bits 4 ka1 7, OTTWG €ITTAYE TTPONYOUNEVWIG.

O deUTEPOG KaTaXWPNTAG EAEyxou, 0 RCSTA @aiveTal 010 oXrua 6.22 Kal Xpn-
OIJOTTOIEITAI, EKTOG OTTO TOV OPIOUO TNG AEIToupyiag ANYng, Kai yia Tnv £vOEIEN TNG
KOTAOTAONG TOou KataxwpenTi Anywng. Kal og autov Tov kataxwpenTr, 6a avagep-
Bolpe poévov aTIG ETTIAOYEG TTOU aQOoPOUV TNV acUyxpovn ETTIKOIVWVIa.

7 6 5 4 & 2 1 0
SPEN RX9 0 CREN 0 FERR OERR RX9D

Zxnua 6.22 O karaywpntic RCSTA otnv acuyxpovn EMKoIvwvia.

Ag douUpe, kal dw, TTWG PUTToPoUV va opicBouv Ta bits Tou kaTayxwpenTA:
® SPEN: Bit evepyotroinong o€ipiokng BUpag.
1 = Evepyotroinon oeipiakng Bupag (Opicel Ta RX/DT kai TX/CK cav akpodé-
KTEG TNG OEIPIAKNG BUpaAg)
0 = AtrevepyoTroinon ogipiakng Bupag
® RX9: EmiAoyn bits emikoivwviag
1 = EmAoyn emikoivwviag 9 bits
0 = EmAoyn emkoivwviog 8 bits

® Bit 5: Agv xpnoIyoTIOIEiTOI OTNV aoUyXpovn €Tmikoivwvia. To Bétoupe oTo "0".

® CREN: Bit evepyoTroinong ouvexoug Aqung
Acuyxpovn Acimroupyia
1 = EvepyoTtroinon ouvexoug Afyng
0 = AtrevepyoTtroinon ouvexoug ANwng

® Bit 3: Aev xpnoipotroigital. AiaBdaletal oav 0.

® FERR: Bit évdeigng o@AaAuaTog TTAGIgiou
1 = Z@d&Apatog TAaioiou (MTTopei va evnuepwOei pe avdyvwaon Tou KaTaxwpen-
™ RCREG ka1 va AaBel To erréuevo owaoTod byte)
0 = Kavéva o@aAua TAaiciou

® OERR: Bit évde1&ng o@AAMATOG ETTIKAAUYNG
1 = ZeaApa emkaluywng (MTopei va undevioTei, undevifovrag 1o bit CREN.)
0 = Kavéva o@aAua emkadAuyng
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® RX9D: 90 AapBavouevo bit. Mtopei va gival 1o bit IcoTIyiag.

MTropoUue va dWOooUE TINEG OTA TEOOEPA TTEPICOOTEPO ONUAvTIKA bits Tou
Kataxwpnth, dnAadn Ta bits 4 wg 7. Ta bits 0 wg 2 gival yévo avayvwoiua, evw
10 3° bit dev xpnoipoTroigiTal.

O1wg eukoha kataAapaivoupe, atrd TNV TTOAUTTAOKOTNTA TWV KATAXWPENTWV
EAEYXOU, TO TTEPIPEPEIAKO PTTOPEI va AsiToupyroel pe TTOAOUG TpATTOUG. [MEVIKA,
OHWG, OTTWG EITTAPE Kal TNV apxr, UTTApXouv dUo TPOTTOI ETTIKOIVWVIAG, 0 oUy-
XPOVOG Kal 0 aoUyXpovog. 210 oUyXpovo, Ta dedopéva oTEAvovTal PE oTabepd
puBuo6, oUPPWVO PE autdv Tou poAoyioU TNG GEIPIOKAG ETTIKOIVWViag. Madi e Ta
dedopéva oTEAveTal Kal TO poAdl. ‘ETol, n apxni kai 1o TEAOG Toug, €ival yvwaoTd
oTov OEKTN, agoU autdg CUYXPOVICETal e TOV TTOUTTO, PE TN BorBeia Tou poAo-
yioU autoU. Apa, uTTopoUv va oTaAoUV TTOAAG dedopéva padi, xwpig va UTTApXEl N
avaykn, To KABe €va atmd auTd, va yVwoToTToIEl oTOV OEKTN, TNV apxn Kal To TEAOG
TOu. 2€ avTiBean, oTnv aocUyxpovn ETTIKOIVWVIa 0 EKTNG OEV OUYXPOVICETAI IE TOV
TTOPTTO KaI, CUVETTWG, OV yVwPICel TOV akpIPr] Xpovo €Aeuong evog Oedouévou.
Eueig, edw, Ba TTepIopIoTOUPE OTNV PEAETN TOU GOUYXPOVOU TPOTTOU ETTIKOIVWVIAG.

MNa va emmAubei To TTpoavagepoOuevo TTPORANUA TNG acUyxXPovNG ETTIKOIVWVIAG
TOU TTEPIPEPEIOKOU, N KABe AEEN TTou oTEAVETON TTEPIKAEiETAl aTTO 2 ) 3 eMITTAéOV
bits. To TrpwTo KOABOPICel TNV apxr TNG AéENg TTou atrooTéAAETal. AKOAOUBOUV Ta
bits TG AéENG Kal N atrooToAr TeAEIWVEl P Ta UTTOAOITTA 1 A 2 TTOU oNPaTodoTOUV
10 TEAOG TOU. To OoxNua 6.23 deixvel TTAPACTATIKA TA TTAPATTAVW.

NAoyIko 1
Aox | o | 1 | 2 | 3| a | 5 | 6 | 7 | Ters
Noyiké 0

Zxnua 6.23 Ta bits mou atéAvovrar atnv aocUyxpovn ETTIKOIVWVId.

To TTAeOVEKTNHA TNG aoUYXPOVNG ETTIKOIVWVIAG €ival OTI dev aTTaITEITal va OTEA-
vovTal ouvexwg dedopéva. ‘Eva mapddelypua authng TnG ETTIKOIVWVIAG gival n oUv-
deon Tou TTANKTPOAOYiouU e Tov UTTOAOYIOTH, OTToU 0 puBGG TTANKTPOASYNONG dev
gival otaBepdg.

O puBuog petadoong Aéyetal Baud rate kai TauTieTal, 0TnV TEPITITWOT] JOG, HE TOV
puBuo6 peTadoong Twv bits. MTTopouue va utrohoyicoupe Tov pubud autdv wg EAG:

la xaunAn raxornra (BRGH = 0):
Baud Rate = Fosc / (64 (X+1)) (6.4)

la vwnAn raxurnra (BRGH = 1):
Baud Rate = Fosc / (16 (X+1)) (6.5)

Tnv nipn X, mou Ba uttohoyiooupe, yia To Baud Rate mmou embBupoupe, Ba v
TotTroBeTACOUKE oTOV KataxwpnTr) SPBRG.
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H emAoyn Tng acuyyxpovng Asitoupyiag yiveral atmo 1o bit SYNC tou katayxw-
pNTA €Aéyxou TXSTA, étav autd Tebei o1o 0. H povada acUyxpovng TTIKOIVWVIag
dopeital ammod 4 Baoikd oToIXEIQ:

® [evvATpia Baud Rate

® KuUkAwpa AsiypatoAnyiag.
® AOUYXPOVOG EKTTOPTTOG

® Aacuyxpovog OEKTNG

AgiToupyia aoUyxpovng EKTTOUTIAG

Ag doupe, Twpa, Tov TPOTTO TNG AEITOUPYIaG EKTTOPTIAG. XpnaoluoTroloUvTal duo
kaTaxwpnTés ol TSR kal TXREG. O Bagikdg KaTaxwpenThg EKTTOUTTAG €ival o TSR,
0 otroiog Aappavel Ta dedopéva Tou aTTd Tov Kataxwpenth TXREG. Ztov TeAeuTaio
ypdoouue 10 byte Tou BéAoupE va atrooTeEiAOUE, TO OTToI0 pETagEépETal oTov TSR
KOl a1 eKei EKTTEPTTETAI OTTO TOV aKPOodEKTN TX/CK. EdW, 0G OnuEIWooUE OTI
0 KaTtaxwpnTtAg TSR ¢ Bpioketal oTnv PvAuUn dedouévwy Kal Ogv UTTOPOUUE va
TOV XPNOIKMOTTOINOOUPE OTA TTPOoYPAPPaTd pag. H petagopd tou byte, atrd Tov
évav Katayxwpntr otov dAAo, yivetal otav o TSR eival ddeiog, dnAadr otav €xel
oTeilel kai To bit TEAoUg ektTOouTIAG. OTOV N PETAPOPd Tou byte, ammd Tov TXREG
oTtov TSR, ohokAnpwbBei, o TXREG €ival ad€10g. AuTd TTPOKOAEI TNV EVEPYOTTOINGN
Miag dIakoTTAG, TTou uttodnAwveTal e v onuaia TXIF, Tou kataxwpnth PIR1
(oxAua 6.24). H diakoTTh auTh PTTOPE va EVEPYOTTOIEITAI | ATTEVEPYOTTOIEITAI ATTO
10 bit TXIE, Tou kataxwpntA PIE1 (oxnua 6.25). Qotéoo, n onuaia TXIF pmopei
va yivel 1 ave€dpTnTa atd To av n SIOKOTI €ival veEPYOTTOINKEVN 1 UN, EVW &V
UTTAPXEl TPOTTOG va TNV pNdeviooupe Pe KaTTola evioAr]. H onuaia pundeviletal Yo-
vov 61av @opTwblouv véa dedopéva atov kataxwpnt TXREG.

7 6 5 4 3 2 1 0
TXIF
ZxRAua 6.24 H onuaia TXIF arov karaywpnti PIR1.

7 6 5 4 3 2 1 0
TXIE
Zxnua 6.25 H onuaia TXIE arov kartaxwpnth PIET.

AvrtioToixo e T0 bit TXIF, TTou deixvel TNV KatdoTaon Tou kataxwpenTi TXREG,
eivar 1o bit TRMT, Tou kataxwpntr) TXSTA, 1Tou d€ixvel TNV KatdoTaon Tou KaTa-
xwpntr TSR. To bit TiBeTal a1o 1, éTav 0 KaTaXwWPENTAGS AUTOG ival adelog. AvTiOe-
Ta, OPWG, PE Tov KaTaxwpnth TXREG, €dw, kapia diakoTr dev TTpokaAeital. MNa
va kataAaBoupe av o TSR eival adelog, TTpéTTel va eAEyxouue To bit auTo.

MNa va gekivoel n yetddoaon mpétel va BEcoupe 1o bit TXEN, Tou KaTayxwpen-
T eAéyxou TXSTA, oTo 1 kai va TotroBeTAcoupe atov TXREG autd 1Tou BéAoupe
va OTEIAOUE.
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Ag doupe, TWPA, ETIYPAUHATIKA Ta BAPATA TTOU TTPETTEI VA AKOAOUBOOUE yia
VO OPiCOUE Pia aoUyxpovn OEIPIOKA EKTTOUTTA:

1. Apyikotroinan Tou kataxwpnt) SPBRG yia 10 katdAAnAo baud rate. Av eivai
€mMOUNTH UYWNAN Taxutnta 107€ T0 bit BRGH = 1.

Evepyotroinon acuyyxpovng ocipiakig Bupag pe Ta bits SYNC = 0 kai SPEN = 1.
Av o1 dilokoTTEG gival eTTIBUUNTEG, TOTE, Ta bits TXIE = 1, GIE = 1 kai PEIE = 1.
Av n peradoaon 9 bits eival emBupnTA, T0TE, TO bit TX9 = 1.

Ekkivnon ekmroutg pe 1o bit TXEN = 1, 1o otroio 8a B€o¢l 1o bit TXIF oT1o 1.
Av emmiAeyei petadoon 9 bits To 9° bit rpétrel va @opTwOei aTo bit TX9D.

To @épTWHA TwV dedouévwy aTov kaTaxwpenTi TXREG onuartodortei Tnv évap-

&n TnG perddoong.
Aegitoupyia aocUyxpovng AQEng

H Aeiroupyia Aqyng akoAouBei TTapouola AOYIKN PE AUTH TNG AEITOUPYIaG EKTTO-
MTTAG, HOVoV TTou £dW N dladikaoia yiveTal avTioTpoga.

Ta dedopéva AauBdavovtal atov akpodéktn RX/DT. H Aeimoupyia Aqyng opicetal
o116 10 bit CREN, Tou KataxwpnTr eAéyxou. OTTwg Kal aTn TTEPITITWGON TNG EKTTOUTING,
€101 Kal €dw, XpnaipoTrololvTtal dUo kataxwpnTég, ol RSR kai RCREG. Kartda 1 o1-
adikaaia Aqwng o RSR AauBaver ta bits, 1o évav petd 10 GANO, aTTO TOV AKPOOEKTN
RX/DT. MoAig AaBel kai To TeAeuTaio bit, dnAadr) 1o bit 'TEAOG’, peTapépel To dedouévo
oTov kataxwpnt) RCREG. MOAG yivel n peta@opd TTpokaAsital SIGKOTTH Kal n onuaia
RCIF T1iBetan oTo 1, Tou kKataxwpenm PIR1 (oxAua 6.26). H diakoTr utropei va evep-
yotroinBei i atrevepyotroinBei atrod 1o bit RCIE, Tou katayxwpnt PIE1 (oxAiua 6.27).
Orav diapdooupe Tov kataxwpent ) RCREG, autdg adeiddel kal n onuaia undevidetai.

Nooahkowbd

7 6 5 4 3 2 1 0
RCIF
Zxnua 6.26 H onuaia RCIF arov karaxwpnth PIR1

7 6 5 4 3 2 1 0
RCIE
ZxRua 6.27 H onuaia RCIE orov karaxwpnth PIE1

Kata 1n diadikaagia Afwng, dUo o@dAuaTta uropoulv va cuppouyv. To TTpwTo
gival To o@AaApa emmkaAUWng, TTou uttodnAwvertal atod 1o bit OERR, Tou kaTtayw-
pnT eAéyxou RCSTA. To o@dAua emkaAuwng cuuBaivel 6tav, Katd T OIGPKEID
NG AQWNG, 0 KataxwpenTAg avixveloel To bit TEAoug. ToTe, Ba €TTIXEIPAOEI va -
Tagépel 7o dedopévo otov RCREG. Av 0 kataxwpnTrg dev £xel akoun diaBaoBei
Kal, OUVETTWG, Ogv gival adelog, Ba TTpokAnBei apdApa emmikdAuywng. O Adyog gival
011 0 RCREG 6a gopTtwaoel To vEo OeD0OUEVO, PE ATTOTEAEGUA TO TTPONYOUHEVO VO
xoBei. Av oupBei autd, n peTagopd Twv dedopévwy atmo Tov kataxwpnt) RSR
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oTtov kataxwpntl RCREG otaupatd kai rpémel va undeviooupe 1o bit OERR, yia
va ouvexiaTei n diadikacia Awng. AuTd UTTOPOUE vVa TO KAVOUNE av undevicouue
10 bit CREN ka1 apéowg petd 1o B€coupe oTo 1 (reset).

To deuTtepo o@aAua cival To o@edAua TTAaiciou, TTou uttodnAwveTal atod To bit
FERR, Tou kataxwpntn eAéyxou RCSTA. Av TTpocéfoupe To oxAua 6.23, Ba dou-
Me OTI To bit TEAOUG £xel Aoyikd 1. To AdBog TTAaigiou TTpoépxeTal atrd Tn Afwn Tou
bit autoU pe Aoyiko 0, KATI TTou Bev €ival avauEVOUEVO, KAl ONUaivel 0TI N OAn PETA-
doaon eixe katoio TpoéPAnua. Tote, 1o bit FERR yiverar 1. MNa va mdpouue mn ow-
OoTA TIYA Tou bit autoU, TTpéTrel va diaBdcoupe Tov kaTaxwpnTh eAéyxou RCSTA,
mpIv diaBdacoupe Tov kataxwpnt RCREG, agou 10 TeAeuTaio Ba @opTwaoel oTa
bits FERR kai RX9D, véeg TipéG.

Ag doupe, TWPA, ETIYPAPUATIKA Ta BAPATA TTOU TTPETTEI VA AKOAOUBAOOUUE yia
va opicoupe pia aocuyxpovn oeipiakr) AQwn:

1. Apyxikotroinan Tou kataxwpnt SPBRG yia 1o katdAAnAo baud rate. Av eivai
€MOUNNTH uYWnAn TaxuTnTta 10TE TO bit BRGH = 1.

Evepyotroinon acuyxpovng o€ipioknig Bupag petd bits SYNC = 0 kar SPEN = 1.
Av o1 dlakoTTég givar emIBuuNTEG, TOTE, Ta bits RCIE = 1, GIE = 1 ka1 PEIE = 1.
Av n petadoon 9 wneiwv gival emOuunTh, TOTE, TO bit RX9 = 1.

Ekkivnon Ayng pe 10 bit CREN = 1.

H onuaia RCIF yiverar 1, étav n petddoan £xel oAokANpwOEi, evw TTpoKaAeiTal
dlakottA av 1o bit RCIE = 1.

7. Avayvwon tou kataxwpnt) RCSTA yia Tnv Afjyn Tou 9% bit, av autd £xel opiobei,

Kal EAEyXO0G yia TBava OQAAUATA TTOU UTTOPET VO TTIPOKUWOUV KaTd TNV Afyn.

8. Avayvwon Tou dedopévou atrd Tov kataxwpnt RCREG.
9. Av mpokUyouv a@dAuata n Afyn otapatd. H emmavekkivnor Tng yivetal e
reset Tou bit CREN.

o0k wDdN

Ag doupe Twpa Eva TTapdadelyua aclyxpovng AIToupyiag auTtng TNG TTEPIPEPEI-
akng ouokeung. ‘Eotw 611 B€Aoupe n ouokeur va Asitoupyei pe Baud rate 9600,
pe emmikoivwvia 8 bits kai 611 0 PIC Asitoupyei ata 20MHz.

Ma xapnAi Taxutnta (BRGH = 0), atrd Tov 1UTT0 6.4, TTPETTEl VA OWOOUNE OTOV
kataxwpent) SPBRG tnv 1iun 31 (1F H). Akopn, yia Tn A&IToupyia EKTTOUTTAG TTPETTE
va opiooupe emmikovwvia 8 bits (TX9 = 0) kai va Tnv evepyotroifjooupe (TXEN = 1).
Apa, TpéTTel va dwooupe yia Tnv ekmmouTrr) Tnv Tiurl 0100000 (40 H) oTov kata-
xwpntr TXSTA. Akoun, yia Tn Asitoupyia Afyng TTPETTEI VO OPICOUE ETTIKOIVWVIa
8 bits (RX 9 = 0) ka1 va tnv evepyotroirooupe (RCEN = 1). ETriong, mpémer va
evepyotroifooupe Toug akpodékTeg TX/CK kai RX/DT (SPEN = 1). Apa, TTpéTTel
va dwaooupe yia Tnv Afqwn tnv 1iul 10010000 (90 H) oTov kataxwpnt) RCSTA.
Ag onpeiwooupe o1 BéToupe oTo "0" doa atrd Ta bits Twv dUo KaTaxwpnTwv dev
XPNOIUOTTOIOUVTAI. TNV OUVEXEIQ, TTAPOUCIAJOUNE TOV KWAIKA ApXIKOTTOINONG TNG
TTEPIPEPEIOKAG CUOKEUNG yIa TN AsIToupyia Tng acuyxpovng petadoong / Aung:
—220




m== XPHZH TOY MIKPOEAEIKTH ZE EQAPMOIEZ
BSF STATUS,RPO ; EmiAoyr} TURuaTog 1 gvriung.

; Opiopu6g Baud rate ota 9600 (100G 6.4)
MOVLW 1F H
MOVWF SPBRG

; APXIKOIMOIHZH MOMIOY.

; ETAoyn kai evepyoTtroinon Asiroupyiag acuyxpovng
; METGdooNG 8 wnoiwv xapnAng TaxuTnTag.

MOVLW 40 H

MOVWF TXSTA

BSF PIE1,TXIE ; Evepyotoinon d1akoTAg petddoang
BSF PIE1,RCIE; Evepyotroinon d1akoTrig Awng

; APXIKOIMOIHXH AEKTH

BCF STATUS,RPO ; EmiAoynA TuApaTog 0 puvAung.

; EmAoyn kai evepyoTtroinon Asitoupyiag Awng 8 wnoiwv.
MOVLW 90 H

MOVWF RCSTA

Epwrthosig

1. Me Troioug TPOTTOUG UTTOPET va AEITOUPYROEI N GUOKEUN OEIPIOKAG ETTIKOIVWVIOG;

2. T16ooug Kal TTOIoUG KATaXWPNTEG EAEYXOU £XEI N TTAPOUCT TTEPIPEPEIOKN OU-
OKeun;

3. TMoigg gival o1 anuaieg dIAKOTING 0TNV acUyxpovn AEIToupyia Kal O€ TToIOV KaTa-
XWPENTA JITTOPOUME va TIG BPOUE;

6.5 MeTaTrpotréag avaAoyikou

ONMATOG O YNPIAaKO

H TTepipepeIaKk CUOKEUR PETATPOTING avaAoyikou GhpaTog o€ wneiako (A/D) dia-
Béte1 8 avaloyikég eic6doug (ANO - AN7), Trou BpiokovTal oTig BUpeg A (RAO/ANO,
RA1/AN1, RA2/AN2, RA3/AN3 kai RA5/AN4) kai E (REO/AN5, RE1/ANG kai RE2/
AN7). To avahoyikd orjpa getTaTpETTeTal o€ €va duadiko apiBud 10 bits. To Tepipe-
pEIOKO XpnolpoTroiei Tnv Taon Asitoupyiag Tou PIC, Voo, wg Tdon avagopdg, TNV
oTroia Kal ouvdEoupe OTO VRer+, EVW OUVOEOUNE TO VRrer- 0T yeiwan. To didypap-
Ma Asiroupyiag Tou A/D peTaTpoTTéa QaiveTal 0To axnua 6.27.
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Zxnua 6.27 H povada uerarporric A/D.

H ouokeur xpnoipoTtrolgi 4 karaxwpnTég yia va Aeitoupynioel. AuToi gival ol

® A/D Kataxwpnthg eAéyxou 0 (ADCONO)
® A/D Kataxwpntig eAéyxou 1 (ADCON1)
® A/D KataxwpnTtAg Twv 8 1o anuavTikwy bits Tou ammoreAéopatog (ADRESH)
@ A/D KartaxwpnTig Twv 2 AiyéTtepo onuavTikwy bits Tou atmoteAéopatog (ADRESL)

Me 1oV TTPWTO KATOXWPENTH €AEYXOUUE TN AEITOUPYia TNG TTEPIPEPEIOKAG OU-
okeung. Tov deUTEPO TOV XPENOIUOTTIOIOUME YA VO OPICOUME Tn AgIToupyia Twv
AKPOBEKTWYV TTOU Ba xpnaoiuoTroinBouv. Toug aKpOodEKTEG UTTOPOUE VA TOUG Opi-
OOUPE 0OV avaloyIKES EI00D0UG A oav Wn@IaKES E10600UG / €§6doug. O TpiTog Kal
o TéTaptog kataxwpntis (ADRESH kai ADRESL) atmmoBnkelouv To aTToTEAECUQ
NG A/D PETATPOTING, OTTWG PaivETAl OTO OXNHa 6.28.

ANOTEAEZMA A/D METATPOIHZ
BITS ADRESH BITS ADRESL
7 6 5 4 3 2 1 0 7 6

Zxnua 6.28 O 1pdmog amobrikeuong Tou amroreAéouarog twv 10 bits, Tng A/D petarpothc,
orou¢ karaxwpntéc ADRESH kai ADRESL.

Oa TePIyPAYOUE, TWPA, TOUG OUO KATAXWPENTEG EAEYXOU Kal, OTN OUVEXEIQ,
Ba peAeTACOUUE TN AEITOUPYIa TOU TTEPIPEPEIOKOU. =EKIVAUE, AOITTOV, UE TOV KOTA-
xwpntr) ADCONQO, trou Bpioketal oto TuAPA 0 TNG pvAPNG dedouEVWY, O OTTOI0G
paiveTal oTo oXAHa 6.29.
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7 6 5 4 3 2 1 0
ADCS1 | ADCSO0 CHS2 CHS1 SHSO0 | GO/DONE - ADON

Zxnua 6.29 O karaxwpnti¢c ADCONO

® ADCS1 - ADCSO: Bit emmiAoyng pohoyiou petaTtpotrig A/D.
00 =FOSC/2
01 =FOSC/8
10 = FOSC/32
11 = FRC (1mnyn poAoyioU o ecwTepikdg A/D RC TaAavTwTAg)

® CHS2 - CHSO: Bits emmAoyrg avaAoyikoU KavaAiou.
000 = kavaAi 0, (ANO)
001 = kavahi 1, (AN1)
010 = kavahi 2, (AN2)
011 = kavahi 3, (AN3)
100 = kavahi 4, (AN4)
101 = kavdAi 5, (ANS)
110 = kavdAi 6, (ANG)
111 = kavah 7, (AN7)

® GO/DONE: Bit évdeigng kataotaong A/D petatpotrig, étav 1o bit ADON eivai 1.
Av GO/DONE =1, n A/D petatpoTrn gival o€ €EENIEN.
Av GO/DONE = 0, n A/D petaTpotr) OAOKANPWONKE Kal TO aTToTéEAECHA €ival
£ToIUO.

® Bit 1: Ae xpnoiyotroigital. Alaaerar wg "0".

® ADON: Bit ekkivhong A/D petatpoTtréa.
1 = A/D Ekkivnon PeTOTPOTIEQ.
0 = A/D lMadvon uetatpotréa.

MT1ropoupe va ypdawouue Kai va diadocoupe 6Aa Ta bits Tou kataxwpenth autou. O
ETTOUEVOG KATAXWPNTAG, TTou Ba e¢eTdooupe, eival o ADCON1, TTou BpiokeTal 01O
THAMA 1 TNG PvAENG dedouévwy, Tov OTToioV Kal TTapoucidloupe oTo axnua 6.30.

7 6 ) 4 3 2 1 0
ADCS1 | ADCSO CHS2 CH$S1 SHSO0 | GO/DONE - ADON

Zxnua 6.30 O karaxwpnthic ADCON1

® Bit7: TiBetal oto "0".

® Bits 6 éwg 4: Aev xpnaoiyotroiouvTal. AlaadovTal oav Aoyiko 0.
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® PCFG3 - PCFGO: Bits opiopoU akpodekTwy A/D peTarpotrea.
A = Avahoyikn gicodog
W = Wneiakr eicodog / £50d0g

2TIG TTEPIOTOTEPES EPAPHOYEG XPNOIKMOTTOIOUVTAI O TIAPAKATW KATOOTACEIG:

PCFG3-0| AN7 AN6 AN5 AN4 AN3 AN2 AN1 ANO
0000 A A A A A A A A
0010 U U W A A A A A
0100 W W W W A U] A A
0110 U U U U U U Yy oy
1001 U U A A A A A A
1110 W ) ) ) ) ) ) A

H Aeitoupyia Tou A/D petatpoTréa gival OXETIKA aTTAr. MOAIG OAOKANpwOEi N pe-
TATPOTTA, TO ATTOTEAEC A QOPTWVETAI 0TOUG KaTtaxwpenTég ADRESH kai ADRESL,
TTOU BpiokovTal, avTiIoToiXwg, oTa TuAuata 0 kal 1 TG pvAPng dedopévwy. MNMa-
pAAAnAa pndevicetal o bit GO/DONE Tou kataxwpnti ADCONO kai n onuaia A/D
dlakoT1tAG, N ADIF Tou kataxwpnT PIR1 (oxAua 6.31), yiverar 1.

7 6 5 4 3 2 1 0
ADIF

2xnua 6.31 H onuaia ADIF orov karaxwpnth PIR1.

7 6 5 4 3 2 1 0
ADIE

Zxnua 6.32 H onuaia ADIE arov karaxwpnthi PIET.

AUTO TTOU pag evOIaPEPEl TTEPICCOTEPO Eival 0 XPOVOG TTOU XPEIAZETAI VIO VO OAO-
KAnpwOei n diadikacgia PeTATPOTIAG. ATTO QUTOV UTTOPOUNE VA UTTOAOYICOUUE TN
MEYIOTN ouxvoeTNTA TWV ONPATWY, Fsiuaog, TTOU UTTOPOUUE VO UETATPETTOUNE OF
WYNQIOKA, XWPIG va UTTEITEPYETAI ONUAVTIKO OQAAUA, WG €EAG:

FMemTpom']g =2- FZr’]paTog (66)

Me Tov TpdTTO aUTS dev XAvoupue TTANpo@opia atrd To yeTpoUpevo aAua. O xpovog
METATPOTIAG €EAPTATAI ATTO TNV CUXvVOTNTA AgiToupyiag Tou PIC kal atmé Tnv Tiun
TToU Ba dwooupe ota bits ADCS1 kai ADCSO0. Tnv €TTIAOYT HOG JTTOPOUUE AV TNV
KAvoupe pe Tnv BorBeia Tou akdAouBou TTivaka:
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MINAKAZ YMOAOIIZMOY XPONOY A/D METATPOIMHZ A
TO KAOGE BIT TOY ANIOTEAEZMATOX
Mnyn poAoyiou A/D Zuyvornra Asitoupyiag PIC

Mepiodog ADCS1-0 | 20 MHz 5 MHz 1.25 MHz  333.33 kHz

2Tosc 00 - - 1,6ps 6us

8Tosc 01 - 1,6us 6,4us 24us

32Tosc 10 1,6us 6,4us 25,6us 96us
RC 1" 2-6us 2-6us 2-6us 2-6us

O xpdvog TTou paiveTal oTov TTivaKa gival icog PE TNV TTEPIOdO Tou PpoAoyIoU Tou
KUKAWWMATOG PETATPOTTIAG. AcdopEVoU OTI O JETATPOTTEAG XpEIadeTal TTepiTTou 10 KU-
KAOUG yIO va OAOKANPWOEI JIA JETATPOTTA OTNV TTEPITITWOT TTOU YIA TTAPAdEIYUA N
ouyvotnTa Asitoupyiag gival 20MHz n eAdxiotn 1repiodog Tou poAoyiou eival 1,6us.
2UVONIKA XPEIGleTal O PETATPOTTEQS XPOVO i00 Pe 16 PS yia va OAOKANPWOEl pia
METaTPOTTH) dNAQON UTTOPED, va BEXETAI deiyuaTa Ye auxvoTnTa 62,5 KHz.

Otav BéAoupe va XpNOILOTIOINOOUE TO TTEPIPEPEIOKO AUTO, TTPETTEI VA TTPOCE-
goupe va opicoupEe TOUG OKPOBEKTEG, TTOU XPNOIUOTIOIEl, Oav £I0000UG, OTOV KATA-
xwpnTr TRIS. Av, katd AdBog, opicoupe KATToIoV akpodEKTN aav ££000, TOTE, 0 A/D
peTaTpotréag Ba dexBei oav icodo TNy Taon 600U Tou aKPOBEKTN. AuTd GuuBaivel
yIOTi TO TTEPIPEPEIOKO AEITOUPYEI aveECAPTNTA TOU OPICHOU TWV AKPOOEKTWY. ZTNV
TTPOKEIYEVN TTEPITITWON, Oev Ba €xoupe kapia Evoeign o1 AdRaue AdBog péTpnon.

TNV OUVEXEID TTAPOUCIACOUE Eva TTAPABEIYHA OPXIKOTIOINONG TOU TTEPIPEPEIOKOU:

Mapadeiypa Apxikotroinong A/D TrepipepeiakoU

‘EoTw 611 BéAoupe va opicoupe TOUug 8 OKPODEKTEG WG OVOAOYIKEG €100O0UG
(PCFG3 - PCFGO = 0000). Tote, Ba mrpétrel va dwooupe oTov kataxwpnti ADCON1
v TiuR 0. ETiong, €éotw 61 BéAoupe va evepyotroifjooupe Tov A/D ueTaTpotTéa
(ADON = 1), waTe va xpnoiyortrolei To RC poAdl (ADCS1 - ADCSO0 = 11), kai va &€xe-
Ta1 70 Ogiypa atro 1o KavaAl 0 (CHS2 -CHSO0 =000). Etiong, Trpétrel va Tpocegoupe
n ekkivnon tng A/D petatpotrig (GO/DONE = 1) va yivetal ue XwpIoTh EVIOAR a1t
TNV evepyoTroinon Tng ouokeung (ADON = 1), WaoTe va a@riooupe Aiyo Xpovo va aoTa-
BepotroinBei To orua otV €i0080. ZUVETTWG, TIPETTEI VO DWOOUE OTOV KOTAXWPNTA
ADCONO 1nv 1ir 11000001 (C1 H). O kwdikag apXIKOTToINoNG £XEl WG AKOAOUBWG:

;Kai o1 8 akpodékTeG opidovTal wg avaloyikEg €icodol

BSF STATUS, RPO; EmiAoyn TuARpaTtog 1 pvAung.

MOVLW 0

MOVWF ADCON1
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EmiAoyr) RC Poloyiou - Evepyotroinon A/D - ETiAoyr] kavaAiou 0
BCF STATUS, RPO ; EmAoyn TuRpatog 0 pviung.

MOVLW C1H

MOVWF ADCONO

;Mndeviouog onuaiag - Evepyotroinon d1akoTTwy

BCF PIR1, ADIF ;Mndevioudég bit onupaiag A/D dI1aKOTTAG

BSF PIE1, ADIE ; Evepyotroinon diokotg A/D

BSF INTCON, PEIE ;EvepyoTtroinon OIAKOTIAG TTEPIPEPEICKWV
BSF INTCON, GIE ;EvepyoTtroinon 6Awv Twv SI0KOTTWV

;Ekkivnon A/D peTarpoTrig.
BSF ADCONO, GO

Otav AdBoupe Tnv diakotrh) (ADIF=1), 161€ diaBAloUpE TO TTEPIEXOUEVO TWV KATA-
xwpnTtwv ADRESH kait ADRESL, 10 o110i0, O0TTWG €iTTOUE, €ival TO ATTOTEAECUA TNG
METOTPOTTNG.

Epwrtioeig

1. Mooegg e10000ug O1aBETEN N TTEPIPEPEIOKN cuakeur A/D PETATPOTIAG;

2. MNwg ptropoupe va emMAECOUE TTOIO €I0000 (KavaAl) Ba peTaTPEWEI N CUCKEUN;
3. Méoa duadika bits gival yia peTaTpoTh;

4. A6 1ToU uTTopoupe va diaBAcoulE TO ATTOTEAEOUA TNG PETATPOTING;

6.6 EtriAOoyog

210 BIBAI0 aoXOANBAKAUE WE TN XPAON TWV HIKPOEAEYKTWY OE HIKPOUTTOAO-
YIOTIKEG e@appoyég. MeAethoape To piIkpoeAeykTh PIC Tng eTaipeiag Microchip,
0 OTT0I0G AVIKEI OTNV OIKOYEVEI TWV PIKPOEAEYKTWYV KOI UIKPOETTEEEPYATTWV HE
apxitekToviki RISC. Edw, TTpétmel va Toviooupe 011 e¢eTdoaue pévo Aiyeg atrd TIg
TTOAEG TTEPIPEPEIOKEG OUOKEUEG TTOU OIOBETEL.

210 guTTOPIO, O PIC, diaTiBeTal o€ TTOAEG €kOOOEIG, PE AlydTEPA 1) TTEPIOTOTEPA
TTEPIPEPEIOKA, PE PEYAAUTEPEG ) MIKPOTEPEG PVIUES DIAPOPETIKWV TEXVOAOYIWV, KTA.
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AKOun, diagépel og OXAMA, apiBud aKPOdEKTWY, KaBWG Kal KOGTOG, avaAoya ME
TIG duvVaTOTNTEG TTOU TTPOCYEPEL. 'ETOI, O PIKPOEAEYKTAG PAG PTTOPEI va XpnoIpo-
TT0INBEi o€ TTOAAEG EQapUOYEG, aTTO ATTAEG HEXPI 101aiTEPA TTOAUCUVOETEG.

OAokAnpwvovtag, TpéTel va TTpooBéocoune OTI TNV ayopd UTTAPYXOUV Kal
TTOAAOI GAAOI agI0AOYOI PIKPOEAEYKTEG, OTTWG TwV TaIpElwY Intel, Motorola, k.a. O
KOAUTEPOG PIKPOEAEYKTAG Eival AuTOS TTOU €ival O TTEPIOCOTEPO KATAAANAOG, TOOO
o€ duvaToTnNTEG 600 Kal o€ KOOTOG, VIO TNV KaBeWia epappoyn EexwpioTd.
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