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[BiBrio (Wakerly): mpooupetia pmopeite va dwfdoete "ota ypriyopa" tig §7.3 éwg a1 §7.7 (ogh.

652-714), kot avapesd Toug "Kavovikd" Tig oeA. 656-665, cel. 667-673, oel. 680-684, cel. 689-702, Ko
§7.7 (ceh. 706-714).]

Sequential Circuit:

10.1 AxoiovOwukd Kvkiopata: Inputs ~

g Out-
"Exovpe et (§7.6) 61t "cvvdvactikd" (combinational) kukAdpoTo AU avTé 53 puts
OV OgV €YOUV PVNUN, Apa Ol THEG €5000V TOVG €OPTMOVTOL HOVO MO TIg Statg| 20
TOPOVOES TWES TOV €000V TOLG Kol Oyl omd To TopeABov. Avribeta, 8 g
"akoAovOlokd" (sequential) KoKAGUOTO AELE AVTA TOVL £YOLV VNN, KL £TCL ) " 2
oupumeplpopd Tovg e€aptdrar 6yt wovo amd 1o TL "PAETOVY" TP GTIG E1GOOVG © 2

TOVG, aALG Kot omd v "kertdaotaocn" (state) otnv omoio Ppickovral, Kot 6TV

omoia Katdotaot Exovv meptEAfel Aoym Tov TapelBdvTog --ota akolovbiakd Kukimpate cuvnbifovpue vo
ovopdlovpe "katdotaon" Tig Suadikég TIHEG TOL givar amonKeVUEVEG GTO GHVOLO TV GTOLXEI®MV LUVIAING
TOV KUKADUATOG. XT0 oynuo 6618 poivetar Pid yeviky avamapiotacn evog akoAoVOaKoD KUKAMUOTOC,
n omoia defyver 6tL awtd amotekeiton (o) omd ta otoryeio pvnung (flip-flops) mov amodnkedovv v
KOTAGTAGN TOL KUKAGUATOG, Kol (B) and éva cuvovaotikd KOKAUe to omoio mpoadiopiler: (B1) Tig
€E600VG 0OV GLVAPTNGELS TOV EIGOOMV KoL TNG KOTAGTACTS, Kol (f2) TV emoOUeEV KATACTOGT, TOAL GOV
oLVAPTNON TOV €10000V KOl TG Tapovcag katdotaons H katdotacn omotelel, tpoémov Tvd, Ll
"epihnym" 6hov Tov TapPeABOVTIOC --0g KAOE GVUOTNUO, YA KAOE EQAPUOYN, O OYEOINOTNG OMOPAGILEL
1660 peydAn kon Aemtopepn té€tota "mepidnym" ypetdletar vo KpaTdpe.

Ed® 0o peretnoovpe tig "Mnyavég llenepaospévav Kataotaoewv (Finite State Machines - FSM). And
LGV dmoy), OAd To akoAOVO10KE KOKAMDUOTO EIVOL UNYOVEG TETEPAGUEVOV KOTOOTACEMV, OLOTL, OV £XOVV

n bits wnung (katdotoong), t0te Ppickovian avd mhco otiyuy o pidv amd T 27 SlapopeTikec
KOTAOTAGES TIG omoieg dbétovv --01 omoieg kon givor mavta memepaopéves. Opwe, ovvndifovpe va
avaeepopaote pe tov 6po "FSM" kuping o€ exeiva To, 0koAoVOOKA KUKAMDUOTO TO OO0 £Y0VV GYETIK
Alyeg KOTOOTAGELS, KOL T®V OMOI®V TN AEITOVPYIO. LWITOPOVUE VO TEPTYPAWYOLLE KOl VO, KATOAGPOLLE
KOADTEPOL OV LIATIGOVUE Y18 TO TOG 1 KAOE [d KOTACTOON TOVG, 08 GLUVOLACUO HE TIS TYEG 16600V,
kaBopilel Tic €€600VG Kol TNV €MOPEVN KATAGTOOTN OLVABMC, M TEPLYpaP] ovTh yivetolr pe €va
"Awdypappe (Metdfaonc) Koaraotrdoewv"' (State (Transition) Diagram), 6mwg 6o dovdupe apécwg
TopaKkaTe. MeyoAvtepa akoAovdloKd KUKADNATE, He TOAAG bits pvAung, cuviomg o PeEAETApE Kot To
oyedtdlovpe KOBOVTIAG TO € VTOKVKADUATO, LEPIKE Ao To oToia Ta Teprypapove cav FSM's v Al
TO. TEPLYPAPOVUE KOl TO HEAETAUE He GAAovg Tpoémovg (pvnpes RAM, datapaths --mov Bo movue
apyoTEPO-- KAT).

10.2 Metpntég, kol to Awdypappe Karaostaocedv tovg:

Yy mopdypoeo 8.2 gidape Eva KOKA®UO, LETPNT UE ¥PNoN 0OpOoloT. XTO TOPAKAT® GYNUL QAIVETOL
d wopaAdoyn ovToh TOL KUKAMUOTOS: gival TpIUmito avtl TETPAUTLTO, Y6 amAOTNTO TOV GYEdIO, Kol
avti TOPAAANANG @OpTtwong (apywomoinong) ue avbaipeto opBpd vmapyer pévo m - dvuvaTodHTNTO
Unoevicpov, péow TG €166dov reset. Emiong, avti 000 HovTOA®TOV o GEPd, QUOIKA, €OM
YPNOWOTOIOVHE  EVOV  OKUOTLPOdOTNTO  KoToywpnt. To axoAovBakd avtd kOKA®Uo HeTpNTA
OmoTELEITAL GO EVOV TPIUMITO KOTOYWPTNTY], TOV KPOTA TNV KOTAGTOGT TOV KUKADUATOSG, Kot amd vol
OLVOLAOTIKO KUKAMUO TOV OMOTEAEITOL OO TOV TOALTAEKTY, Tov afpoioth, kol Tig ToAeg AND. H pio
oA AND 670 oyfio TOPIGTAVEL GTNV TPAYLATIKOTNTO 3 TOAEC, LE KOWN TPAOTN £i6000 reset’ koi pe
devtepn €icodo amd €va amd Ta bits Tov abpoicpotog, kabepio. Otav reset'=1, o1 3 ££0do1 TV TLAGV
AND tavtilovtar pe to dBpotopa, evd otav reset'=0, o1 3 avtég £Eodot givar 000.
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Kdéto and 1o xoxlopo @oivetal 1o Sidypopjlo. KOTOoTAGEDY 0LTOD
tov petpnty. Ot 8 wvKAol mapotdvouy TIG 8  JOPOPETIKEG
KOTAOTAGELS OTIG 0Toleg avTOG pumopet va Ppioketal, apov xel 3 bits
katdotaonc. Ovopdoape KOs KATAGTACN LE TO EKAGIKO 1GOSVVALLO
tov opBpov mov oynuotifouv ta 3 bits katdotaong. To PEAn
TOPIOTAVOLV TIG HETOPACELS KATACTAGEWV: €AV GE 0€00UEVO KOKAO
poioylob To KOKA®po Ppicketal og dedopévn KOTAGTAOT), KOt givar
OeQOUEVES OL TYEG T®V E1600®V TOV, TOTE TO 0vTioTOrX0 PEAOG deiyvel
o€ OV emOUEVT] KOTAGTOON Bo mhel T0 KOKAMUO GTOV ETOUEVO
KOKAO poroylov. Ta pumAé BéAn, mov onuei@vovton pe u (amd "up",
OMA. pétpnon mpog T EMAV®), OVTIGTOYOLV GTNV TN €GOS0V
EAEYYOV TOL TOALTAEKTN OV €mAEYEL TNV €icodo +1 (ko evd
ToutOYpova M €lcodog reset' eivar 1) v avtég TIC cvvOnKeg, 1M
EMOUEVT KOTAOTOOT €lvan eKelvn pe KK Katd 1 peyaddtepo amod
v mapovoa. Ta koékkiva BéAn, mov onuewwvovtal pe d (down -
KAT®), avTIoTOOLV OtV €i6000 oL emAéyel 10 -1, Kol HOg
LETOPEPOVY OTNV KaTdotaon He Koowkd katd 1 pikpdtepo g
napovcag. Ta PBEAN mov onueidvovtol pe n (noop - Kol mpaén)
QVTIGTOLYOVV GTNV €16050 ov emAéyel to 0, Kot yU' avTd M EMOUEVN
KOTAGTOON TAVTILETOL UE TNV TOPOVCO.

Ka&be oxoAovBuokd wokhopo mpémer va ExEl Evav  TPOTO

apyKomoinong (reset) 6tav Tov TPMOTOSIVOLLLE TAOT TPOPOdOTing, 1| o€ TEpimT®ON (éktaKtng) "avayknc"
--0tav "ydvoupe to Aoyoplooud" o€ mowd katdotacn Ppioketal, | Otov mAEL kol "koAldel" o€
Katdotaon Kor Ogv EEpovpe moG oAAOWDS va to Pydhovpe omd ekel. Omwg éyovpe mey, Otav
npwtoovafouvpe v Tpopodocio evog flip-flop, avtd mnyaivel Toxaio ce av omd TG dVo 6TOOEPES
Katootacelg Tov, 0 N 1, ko dev vapyel Tpdémog vo TpoPrepbel oe moldv amd Tig dvd Ba masl (cav vo
piyvelg éva képua "kopava-ypaupata”). ‘Etol, n kotdotaon ekkiviiong evog akolovblokoy KUKAGIATOG
eivan Toyaia, Kol TPEMEL Vo VILAPYEL TPOTOC, GTN GLVEYELD, AVTO va EABEL o€ YVOOT Kol €mBounty
OPYIKT KATAOTOOT. XTO TOPATAV® KOKAMUA, 1 0pyLKOToinon yiveTal vepyomolmvtag to onua "reset”,
oradn reset'=0, omodTe M endpevn Katdotaon givar whvta 1 0, aveEapTNT®MG TPONYOVUEVIG KUTAGTOONG
KOl T®V GAA®V €1600®mV. XT0 OIYPOUIO KATOCTACE®Y, OLTO TOPIGTAVETOL UE TO pudvpa PEAN mov
onuewwvovral pe "t (éxel mapodnebel éva axopa tétowo Pérog, and v katdotaon 0 otov €0VTO TG,
OV EMPETE VO VITAPYEL OAAA SEV YOPOVGE GTO GYNMUL).

10.3 Topdocsrypo FSM: ®data Kvkhogopiog o Avootavpmon Odav

To wp®TO oG TOPASEYHO UNYXOVIG TETEPUCUEVOV KOTOOTAGEMV A <—|j—‘
(FSM) 6Ba éyxet va kdvel pe tov ypovompoypappoticpd (scheduling) go~il
KOWOYpNotwv mopwv. o YprOILOTOCOVIE GOV TTAPAdEyo (e A .
doTadpmor dPOUV, OALG Ol 10€€g glvar 101eC .. e SPOLOAOYNON " Q |

TOKETOV TANPOPOPIDOV GE SIKTLO VIOAOYIOTMV, N HE TNV EVOALGE Ad ‘Bd

exTédeon Olepyaoidv (mpoypoppdtov) o' €vav VTOAOYIGT] 7OV

YPNOOTOlEL  TOALTPOYPAUHATIONO.  AG  (QOVTAGTOOUE  dVO

povodpopovs, A kot B, ot onoiot cuppdrovv, dnmg deiyvel To oynua Control [~
de€1dr 0 A egiva Kevpikog, evd o B gival mdpodog. T dtouotodpon Circuit | _
TOVG LEAPYOLVV PAOTO KukAoeopiog, Ago koir Bgo (1=mpdowo, Tck TB

0=Kk0KKIV0). OEAOVUE VO OYESIGGOVUE TO KOUKAMUO EAEYYOL T®V

QovapleV. XT1¢ o eEeMyUévec TOPUAAAYEG TOV, TO KUKA®UO avtd ¢k

Ba xpnoipomolel cav €16680Vg Tov VO AVIYVEVTEG ALTOKIVIT®V (car Ad Ago !

. . , , BdBgo| ypovog dierevong |
detectors), Ad ko Bd: otav vmdpyel avtokivnto mov mePUEVEL VO oA aKpifac evog ||
nepdoel and 1o povépt A, tote Ad=1, arlowbg Ad=0, ko1 opoing yid EgM | dvToRwIToL

70 Opopo B. T'é amhomoinon g cvlnmong pog Ba Bswprcovpe 6Tt

vrapyel Eva pordt, ck, mov kdBe mepiodog Tov emapkel Y14 T SiEhgvon axpPdg EvOG ALTOKIVITOL ald TN
dwotavpwon: oty apy g mepodov, 1 FSM edéyyov Aaufavel tig eilo6oovg Ad ko Bd mov v
EVIUEPOVOLV Y18 TNV VIapEN 1 UN CLTOKWVATOV 6Tov KABe SpoOpo, apécmg UETd avapel Tpacivo oTo
KatdAIno eavdptl, Ago 1 Bgo, kot katd v vwoAown mepiodo Tov poAoYlo0 TEPVAEL TO OVTOKIVIITO TOV
&xel TPAovo. Oa LELETNOOVUE TEVTE TOPOUAAAYEG TOV KUKADUATOG EAEYXOV, LE oTAdoKT PeATioon TV
YOPOUKTNPLOTIKOV TOV.
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10.3.1 Khlooowkd gavapia, yopic aviyvevtéc, pe avaroyio 1 wpog 1: 1

Ta cvvnOiopéva EOTE. KUKAOPOPING JEV EYOVV AVIYVEVTEG OTOKIVITOV, KL £TOL OEV

UTopohVv Vo TPOGOPUOCTOVV OTIC TPAYHOTIKEG GLVONKEG KLKAOQOPIOG --OmTADG @x
avafooPivouy TEPLOSIKA TO KOKKIVO KOl TO TPACIVO HE GUYKEKPIUEVT SLPKELD Y1l

ToV KGO dpOU0. TNV OTAOVGTEPT TEPIMTWOOT), GTO TOPUTAV® TAPAIELYIOL, TO TPAGIVO

Ba avapel evaArdE otovg 600 SPOLOLS, Y18 SAGTNHO EVOC KUKAOL POAOYIOD --ONANOY| ETAPKEG Y18 Evol
avtoKivnTo-- kabe eopd. To kdKAwpo eréyyov og avti Vv mepintwon Oa givar  amkodotatn FSM
TOmov peTpnT HE 2 KOTOoTAoES Tov Qaivetan oto oynpe. H FSM avty dev €yel €16000vG, Kot ot
LETAPACEIC KOTOOTAGE®DY YIVOVTOL TAVTO. LUE TOV 1010 TPOTO, Y®Pig GuVONKN: Y14 To Adyo avTd, 6T BEAN
onuewwvoovpe "1" (mévta oAndég), dniadn n avtictoyyn petdPfoocn yiveror mdvra. Ipopavmg, n FSM avtq
EVOALGGEL cUVEXDG KaTdoTooT petaly g "Ago" (mpdowvo otov A) kot g "Bgo" (tpdovo otov B). To
OTAOVGTATO OVTO KOKA®LO EAEYXOV EXEL UG GEPE OO LELOVEKTIILOTOL:

o Ilegprrtéc koOvotepnoeg vd eha@pd @optio: Aéue OTL T0 oo Agttovpyel vd ehappy
eoptio O6tav mepvhve TOAD Alya avtoxivnta, "apoid kol mod". Y autég T cuvlnkeg, 6tav Eva
OVTOKIVITO QTAVEL 6T S10.6TAVP®GT, cLVNO®E dev Ba VGPYEL avToKivTo GTOV GALO SpodLO, Gpa
Ba pmopovoe va mepdoet apéowc. Iap' OAa avTd, TO EOVAPL LE TO KUKAMUL EAEYYOV TOV HOAG
oxediboope pmopel va toxer va eivar kokkwvo (pe mbavotnta 50%), omdte owtd TPOoKaAel
kaBvotépnon yopic Adyo.

¢ 'Eldewymn dwaroovvig vé Bapd @optio: Aépe 611 10 cHotpa Asttovpyel vt Papd @optio dtav
VILAPYEL TOAAT Kivnon, dpo oynpatifetol ovpd Tiom amd To povapla, Kol 6Tovg 600 dpopovg. Y
OVTEG TIG GUVONKEC, TO KOKA®ULO EAEYYOV TOV HOAIG GYEOIAGAULE QPTVEL VO, TEPVOVV TO OVTOKIVITA
A ko To. avtokivnto B pe avaioyio 1 mpog 1+ dpwg, dedopévov 61t 0 A givar kevtptkdg dpdpog
eva 0 B givan mdpodog, n avoroyid avtn dev etvar dikara.

o Avemopkng afromoinen nopmv vIé acOPUPETPO QOPTIO: AELE OTL TO GUOTNHO AELTOVPYEL VIO
QCOUUETPO QOpTio OTAV O £vag OpOHOC €xel TMOAAN kivnon Kot o GAlog Alyn. YT avtéc Tig
oLVONKEC, TO KUKAMUO EAEYYOV OV LOALG GYEOIAGALLE APTVEL VO, TTEPVA LLOVO EVO BVTOKIVITO KAOE
2 ypovovg amd tov Pefapvpévo dpduo, dniadn pvbudg pong novo 50 % e HEYIOTNG EPIKTAG
TOPOYNG, AKOWO KOl OTAV GTOV GALO SPOLO OEV VITAPYEL KAVEVE, AVTOKIVITO.

10.3.2 Klaoowd @avapua, yopig aviyvevtés, pe avaroyio 2 mpog 1:

Tnv adwia mpog Tov Kevipkd Spopo vrod Papd @optio, Aoywm avaroyioag 1:1 o
SlIpKeED. TOV TPACIVOL GTOLG VO  OPOHOVG, UTOPOVHE VO TNV Sopdmdcoovpe
TPOGOETOVOG KOTAGTACEL, GTOV TOPOUTAVED UETPNTY, OTMG (POIVETOL GTO OUUYPOLLLOL
kataotdoewv g véag FSM, dimha. Edwm, t0 mpdoivo otov dpopo A avafer oe dvo
omd TIG TPEIC KATAOTAGELG, EV® oTov dpopo B uovo oe pio- €tot, vmo Poapd goprtio, M
avaAoyia Tapoyng A:B etvon 2:1, kou n péyiotn mapoyn A €xer avénbei ota 2/3 eved n péyiot mapoyn B
&xel pewwbei oto 1/3. dvoikd, cvveyiCovv va VIapyovV TEPITTEG KOOVGTEPNGEIS VO EAOPPD (OPTIO KoL
OVETAPKNG 0E0TOINGCT VO OGVUUETPO QOPTIO --TOPO paMoto o1 kabvotepnoelg oto dpdpo B éxovv
avénBel kot 1 péyotn mopoy Tov £xel pelmbet.

10.3.3 ZvvovaoTiko KOKAOpO 6Tadepiic TpoteparotnTag (Ao "STOP"):

Ot ep1ttég KaBvoTEPNOELG VIO EAVPPV POPTIO KOl 1) BVETOPKNG a&l0moinomn VITd AGVUUETPO POPTIO Eival
advvoTov va 610pfBolV Ypic aviyventés aVToKIVITOVY, 10Tl YWPIG AVTONG TO KUKA®LO EAEYYOL Eival
"TOEAG": dev €xel Tpomo va EEpel Tig mpoyuatikég ovvinkes kukAopopiag. ‘Eoto tdpa 6T £rovue TIg
€16000v¢ Ad ko Bd amd tovg aviyvevtés. Ag mpoomabncovpe kot apyv vo @TidEovpue 10 KOKA®LLO
EAEYYOV GaV GKETO GLVILOOTIKO KOKA®A, YOPic pviun. Puoikd, dTov vadpyel ovTokiviito HOvo 6€ Evov
amd Tovg 0V0 OPOUOVE, TPEMEL VO, TO OLPTVOVLLE VO, TTEPVAEL, TOPA TOL EEPOVLE TL YiveTan o€ KABe dpoLo
v kaBe otryun. To mpdPAnua givar 6tav Ad=1 ka1 Bd=1, onAadn vadpyovv avtokivnta Kot 6Toug dVo
dpopovg. Apov dev Bupdpacte timota and to TapPeAOOV (GLVOLACTIKO KUKAMUA), KOl 0OV 0 dpOHog A
etvan kevtpikoc evd o B givar mépodoc, Aoyikod tvor va ddoovpe mpotepordtnTa otov A, dpa: Ago = Ad,
kot Bgo = (Ad'):(Bd) --dnAad1| av vrdpyet avtoKivito 6tov A Tov avapovpe TPAGIVO Kol TO GPTVOVLE Vol
TEPAOEL, VD oV dEV LILAPYEL AVTOKIVNTO 6TOV A KoL VITdpyel oTov B td1e avdfovpe mpdoivo otov B. Xav
GULVOVOOTIKO TTOV EIVOL TO KUKA®MUO o0TO amo@acilel ypnoIHonoidvTos Lovo T dedopéva TG GTIYUNG
--XOPIg Koo yvoorn amd to mopeAbov-- dpo oty mpdEn vAomoleiton ywpig @avdplo, PE UG OKETN
mvokida "STOP" oto devtepevovia dpopo B.

To wOklopo €réyyov ovtd Oev €l0dyel mePITTEG KOOVOTEPNOES VIO EAMPPV (QOPTIO, J1OTL KAOE
ovToKivTO TTEPVAEL OUECHOC LOALG EPOEL AV OEV VTLAPYEL OTOKIVITO GTOV AAAO dpouo (ELappy PopTio).
Eniong, vwd acvppetpo @optio, mpooeipel mApn aflonoinon mopwv: OTOTE VIAPYEL CVTOKIVNTO OF
KGmolo JOpoUo €16000V, TEPVAEL KMo omd oavtd oty £E0do, dpa 1 €E000¢ TOTE dev pével
OVEKLETAAAELTN TN OTIYUN TTOV LILAPYOVV avTokiviTa Tov BEAOVY va Tepdoovy. Opmg, 1o KOKA®UA avTd
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TaoyEL amd PEYAAN EAAENYT dtkonooHVIG TPOG Ta. avToKiviTo B: poévo 6mote kot edv dev vdpyel Kovéva
avtokivito A umopetl vo mepdoetl €va avtokivnto B. H adikio ovt dev amokAeietal va OTUcEL GTNV
aKpoio LOpPR TOV AEYOLEVOL QavOpEVOL "AMpoKTOoViag" (starvation): edv cuvEXDG VTEPYOVY dVTOKIVITO
A, évo avtoxivnto B dev Bo e&umnpetn el moté.

10.3.4 TIpocappootikdg ‘Eleyyog (pe avaroyia 1 mpog 1): (Bd)(Ad) Bd=>Bgo  (Ad)(Bd)
H adwio g tedevtoiog AVong mpoépyetar amd Tnv EAAEYM
LVIAUNG 6T0 KOKA®UO: 060 TOAAG avtokiviito A Kot vo €ovv
TePAGEL TPOGPATO, O EAEYKTNG BV TO EEPEL, KL ETOL APTVEL AKOUOL
éva vo tepaoet. H éldewyn avt dopBcdvetan pe v anin FSM
Tov @aivetal 6to oyfipa dimha. Edd &govpe 1 bit pvung (névo), (Bd)(Ad)  Ago <+ Ad (Ad')(Bd)
HEGm TOV 0Toiov BuudpacTe amd ooV Spopo NABE To TeEdevTaio

avtokivnto mov mépace. Edv to televtaio NTov and Tov A KOl TOPO LVIAPYEL awTokivto 6ToV B, TO
aeNVovpEe va Tepdoel avtifeta, ov To TelevTaio NTov and tov B, Topa divovpe mpotepaidtnTo 0TOV A
npotepatdtTa Ba £x1 0 AAAOG dpOLog amd avTdV TTov eEumnpetOnke v TElevtaia popd. Ovoud, edv
dEV VIAPYEL CLTOKIVITO GTO SPOUO UE TNV TPOTEPULOTITA, APTVOVLE VO TEPACEL TO CLTOKIVITO OO TOV
Ao dpopo, edv vrapyel. H emdpevn katdotaon givor avaAoyn pe 1o moldg TeEMKE TéPACE, VD av dgv
népace kaveic (5101t dev LVINPYE KOVEIS) N KOTACTOON Topapével apetafantn. Ildveo oto BéAN ToL
SL0YPAULOTOS KATOOTACE®Y OMUEW®VOVUE TN ovvOnkn petdfoong (Lowpo), dArd ko v €£000 7OV
npénel va evepyomoin et (UmAE).

Ac dolpe Topa TG cvvhETove T0 KUKA®po g FSM ard to didypappo katacticemv . [pota
TPENEL VO, ATOPUGIcOVLLE OGO bits KotdoTacong o ¥peEWOTOOLLE, KOl LE TOWO GLVOLOCUO TIUGV TOVG Ha
TOPAGTHGOVUE TNV KEOe katdotacn tov daypdppotoc. Duoikd, VEapyovV TOALEG duvaTEG EmMAOYEC M
emioyn pog dev Ba emmpedoet v e&mtepikny cvpumepipopd g FSM, oAdd eivor moAd mbovd vo
EMNPEAGEL TNV TOAVTAOKOTNTO TOV KUKADUOTOG VAOTOINGNG --£0(, TAVIMG, deV LITAP)EL EDKOAOG KAVOVAG
YU TOV TPOTO OV GLUPEPEL VO, YIVEL 1] KOSIKOTOINOT] T®V KATAGTAGE®DY. XTO ToPOV TOPASEIYA LOG, OL
KOTOOTAGES €ivar 000, dpo apkel Eva bit yid TNV Kw®dKOTOINoY TOLG OG TO OVOUACOVUE S, Kol ag
Bewpnoovpe 6TL S=0 onpaiver 6T "to TeEAgvTaio NTav A", eved S=1 onpaivel 6TL "t0 TEAEVLTOIO NTOV B".
Edv ovopdoovpe nS v enduevn Katdotoot, T0Te 0 Tivakag aAndeiog Tov GLVIVAGTIKOD KUKAMUOTOG
péoa omv FSM egivon o mapokdto (apiotepd), amd Tov omoiov TpokLTTOLV 01 ££0001 TOV KUKAMUOTOG
o0V GUVOPTNGELS TOV E1600MV ToV (de&14):

S Ad Bd | Ago Bgo nS

0 0 0 \ 0 0 0

0 0 1 \ 0 1 1 Ago = Ad - [ S + (S")-(Bd'") ]
0 1 0 \ 1 0 0

0 1 1 \ 0 1 1 Bgo = Bd + [ S' + (S)-(Ad") ]
1 0 0 \ 0 0 1

1 0 1 \ 0 1 1 nS = S - Ad'" + S' - Bd
1 1 0 \ 1 0 0

1 1 1 \ 1 0 0

Ymnv FSM auth, €101k1 apyikomoinom dev amotteitol, 010TL 010ONTOTE apyIKn KOTAGTOOT ival £yKupn Kot
OTOOEKTT).

10.3.5 TIpocappootikdg £Areyyog pne avaroyio 2 tpog 1:
H tedevtoia FSM  Swmpsi Okec ¢ korég ddtreg tov  (BI)(AD)
TPOcapUOcTIKOD gAEyyov (adaptive control), dnAadr Tov €Aéyyov
OV TToPaKoAOVOEL TO POPTIO TOV GLOTANOTOG Kol TPosaproleTat
oe ovto: VIO EhoEPO QOPTIO TOTE OEV TPOKOAEL TEPITTEG
KaBVOTEPNGELS, KOl VIO AGVUUETPO POPTIO TPOSPEPEL TANPT Y¥PNON
nopav. Eniong, aipel v kotdpopn adikio oto dpdpo B, divovtdg
TOV 100TIUN peTayeipion pe Tov dpoupo A. Méver tdpo vo
dopbmcovpe v avaroyia Tapoyng vad Popv eoptio and 1:1 og
KdtL opBOTEPO, dedopévon OTL 1 A glvan kKOpla 086G ko n B eivan (BA)(Ad) Ago < Ad (Ad')(Bd)
Tapodog avtd pmopel va emrevybel pe v tpomomoinuévny FSM

7ov gaiveton dimha. Edm, Eeywpilovpe v mepintoon (katdotaon) 6mov 10 Eva TEAEVLTAIO QVTOKIVNTO
ntav A gved To Tponyovuevo tov ftav B and v mepintwon mwov kot to 000 TeAEvTOiN ALTOKIVITO HTOV
A+ oV TPAOTN TEPINTMOON APVOVUE VAL TEPACEL Kol OEVLTEPO A KT TPOTEPULOTNTA, EVED 0T deVTEPN
nepintoon divovpe TpotepardtnTo 670 B. Y716 Papd @optio 1 FSM avtr e&umnpetel Toug dpopovg A Kot
B pe avaroyia 2:1, evd emiong dwatnpel ko OAa To GAAD TAEOVEKTILOTO TOV 00 TEAELTOIOV AVCEMV,
OMAadn TeAKd AoveL Oha TO TOPUTAV® HELOVEKTAOTO TNG Avong g §10.3.1.

(Bd')(Ad)

- => Ago

S0 TEA.
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Aoknon 10.4: Xyediaon g FSM (5) 7ié ™) Awestadpmon tov Odov

[Kévte v Tpv 10 €py0oTiplo Kot TOpUd®OTE TNV LE TNV aVOQOPd GOG,. |

Zyedudote v tedevtaia mopandved FSM g §10.3.5 (mpocaprootikds Eleyyoc pe avaroyio 2 mpog 1),
onmwg oyxedidoape kot v FSM g §10.3.4, dnAadn ekppdote OAec Tic €£000VC TOV GLVIVOGTIKOD
KUKAMUOTOG OOV GUVAPTNGELS TOV £1600mV Tov. Kmdtkonomote 11§ 3 kataotdoslg g FSM pe dvo bits
katdotaons, S1-S0, wg e&ng: 00 = "to éva televtaio frav A", 01 = "ta dvo tedevtaio nTav A", 10 = "t0
tehevtaio Ntav B". Metappdote to Sidypappo KoTootdoemv otov Tivoko aAndeiog tov e£0dwv Ago,
Bgo, nS1, xou nSO cav cvuvaptioeilg v e166dwv S1, SO, Ad, kou Bd.

[Mopompnote 6t ov ypoppés tov wivaka pe S1-SO = 11 dev KoAvmTOVIOL OO TO SUAYPOLLULO
Kataotdoewy, dedopévov 0tL 1 11 eivon aypnolporointn KoTdoToon. Apyikd, apnote Tig 500016, OTIG
YPOUUEG OVTES, cav ovvOnkes adiapopios (§4.4), yid va dievkolvvOel 1 amAonoinon TV GUVOPTHCEDV
TV e£00MV. TN GLUVEXELD OU®G, EAEYETE TTOLA GOG TPOEKVYE GOV EMOLEVT KOTAGTOON META TV 11 y1d T1g
SLAPopeg TIHEG TOV E1000MV: TO KUKAMUO TPETEL VO EYKOTOAEIEL vt TNV "mapdvoun" Katdotoon 660
md ypnyopa yivetar, av Toxel va Ppedel exel 6tov mpmToavaPel 1 tpogodocic. ['d va elote evieAdg
EVTAEEL, TPETEL KO VO GLYOLPEVTELTE Kol OTL Ogv Ba avayovv oté kot To dvo tpactva pali (Ago=Bgo=1),
axopo Kot 6tav to KoKAwpa Bpedel oty "topdvoun" katdotoon 11.

10.5 Kodwkes Metafintov Mikovg: Kmdwkonmoinon Huffman

To endpevo mopadetypo FSM mov Ba dovpe eivor amd pidv GAAn evolapépovca TepLoy, TOVG KMIKESG
UETAPANTOD UAKOVC, OL 00101 EYOVV OTUOVTIKEG EQOPLOYES OTIG YNPLOKES EMIKOIVMVIEG KOl OHOIOTNTESG
LE TNV OVOYVOPLoT] YPOUUOTIKGOV 0O TOVG HETAPPOoTEG (compilers). EEpovpie OTL e n bits puropovpe va

kodikomomjcovpe 2" Stapopetikd cOpPora (§1.7) ot khdikeg exetvor sivan atabepod uirovg (1 TAETOVC),
S10TL K®OKoTolouv OAa to. ovpfora pe to 1010 TAN0og bits, kabéva. O kddikes otabepod TAGTOVG
Boievovv O6tav To GVPPoAN amobnKeEvOVTOL GE PVIUEG Kot OTaV PETapEPOLE Ta bits Toug 6Aa pali, ev
TapoAMAo (T.y. péoa oto datapath emelepyaoctav). Opmg, 6tav ta bits TG kwdikonoinong petadidovol
OEPLOKG, TO €va PETE TO GAAO, MECO Omd Vo KAVAAL EMIKOWV®MVING, YPTOULOTOIOVVTOL Kol KMOKEG
petafintov pnikovg (variable length), 6tav avtol propodv va emtdyOVY PETASGOOT TNG TANPOPOPIOG LE
MyoTepo cLVOALKA bits. Avtol Tpav 1o dvoud tovg and tov Huffman o omoioc toug perémnoe.

Ia mapdderypo, Bewpnote 6T BEAOVLE VAL GTEAVOLUE PNMVOLOTO OTOTEAOVUEVO OO LOKPEG 0KOAOLOieg
teocapov (4) ocvuPorwv, tov A, B, C, xau D --dniadn 10 0AQAPNTO pHOg £xel ovtd to 4
ypaupoto/coppora. ZEpovpe 6TL OVTA UTOPOVLE VO TO TAPUCTHCOVUE ' Eva KOJKA 6Tafepod unkovg 2
bits avda couforo: 00, 01, 10, xor 11. 'Eoto tdpo 6Tl 6T0 UNVORATE HOG 1| CLYVOTNTO LE TNV Omoia
eppavifovtor ta d1dpopa cupPfora dev gival 1 8o vEapyovv cVUPoia TOAD cvyvd Kol GALo TOAD
OTAVIQ. X' oVTH TNV TEPITTOOT), £VAG KMOKAG LETARANTOV UNKOVG UTOPEL VO LETASGDCEL TOL UNVOLOTO LG
pe Ayotepa bits cuvoAikd kot Katd pEcov 6po. Ag TOOUE, OTO TAPOUTAVED TAPASELYUO, OTL OTA UNVOLOTE
pog to 50 % tov eppavilopévav cuppormv eivar A, to 25 % eivar B, 10 12.5 % eivon C, xon 10 12.5 %
etvan D, kot og Oewprcovpe Tov KK, LETAPANTOD UKOVG:

A: O, B: 10, c: 110, D: 111.

Torte, yid ké0e m.y. 1000 cOpuPora mwov petadidovrar, yperdlovton mepinov 500 bits yid ) petddoon twv
nepimov 500 A mov vrdpyovv Kot pécov 0po exel (1 bit avd A), cuv ahda 500 bits yid ta 250 B (2 bits
avd B), ovv 375 bits yud ta 125 C (3 bits avd C), ovv 375 bits yud ta D. To ovvoro eivar 1750 bits yud
ké0e 1000 petaddopevo coppoira, | 1.75 bits/copforo katd HEGOV OpO, TPAYLO CNUAVTIKE YOUNAOTEPO
amd to 2 bits/couPoro Tov kddka oTafepod TAATOVG. To KAeWdl Y& Vv emitevén VTG TNEG OIKOVOUIaG
glvat 1o vo. aplep@VOLE TOVG (AYOVC) KAOJIKEG Kpoh UNKOLg oto cUPoA eketva Tov gppavilovot
TEPIGGOTEPO GLYVA, o€ Papog TV cmavidtepv cLUBOA®Y oV Tapictavial pe meplocdtepa bits. O
Yootds pag ond mold kddikag Mopg eivol @Toypévog pe TapOHolo TPOTO, EKUETOAAEVLOLEVOS TO
yeYOVOG OTL GTIG aVOPOTIVES YAMDGGEG OPIGUEVE, YPALLOTO ETVOL TTOAD GLUYVOTEPO OO GAAQL.

O mopOTAVD KOJIKOG EXEL PTLOYTEL TPOOEKTIKA 0VTMG MOTE VO Eivol QIKTN 1 KAt gubsioy avayvopion
o0V KGBe cOUPoroL apécmg HOALG @Tdoel To TelevTaio bit TG KOOUWKOTOMUEVNG HOPONG TOV, XMPIG
SUPOPOVEVO KO XOPIG TNV OVAYKN VO TEPIUEVOVLE TPAOTO Vo doVUE T emdpeva bits Tov punvopartog. H
WO1OTNTO OVTH VIAPYEL EMELDT 0 KDOIKOG KAOE PBpaydtepov cOUPolov dev amotelel Tpobepo Tov KOSIK
Kaveveg and to pokpovtepa cvppora. IMapopown oo £xovv Kol ot apifuoi thAepmvov, 6ToL Ta
apota ynoio (mpdbepa) kabopilovv HOVOGHUOVTO TO GUVOAIKO UNKOG KOl TO €100¢ Tov apifuov. Tnv
w10tTTa vt dev Ba v eiye m.y. o kodkag A=0, B=1, C=10, D=11: pe avtdv 10V KOIKA, TO WVOLO
110 pmopel vo onuaiver eite BC eite DA. Topopowo "dwpopovpevo" (ambiguous) kmdwko eiye
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YPNOWOTOMGEL Kot To Mavieio Tov AAP@V 6ToV TEPiPNO ekeivo ¥pnopd Tov "iEelg apiels ovk ev T
moAépm Bvnéels”, mov umopovoe vo epunvevtel ite cav "igeig, apifelg, ovk ev T moAfpm OvnEeg" (Ba
mag, o yopioeig, dev Ba mebavelg otov mOAe0), gite cav "iEgg, apifelg ovk, ev T Toléum Bvnéers” (Ba
Tag, ogv Ba youpioelg, otov moAepo O mebdvelg).

in’ > A
10.6 FSM Amoxkmdowkomoinong Huffman:

O Topamdved KOSIKOS HETAPANTOD unKovg Y16 ta 4 cOupora A, vsoscon
B, C, D anokwdwomoteitar pe v FSM mov oaivetar de€id. poro

Ynobétovpe OT1 Tor bits T@V KOOKOTOMUEVOY GUUBOA®V =>D
EPYOVTOL GEPLOKA, EVa-EVa, amd UAv 16000 in, Kol OTL VITAPYEL

éva polot ck mov onuAdEVEL, Pe TNV EVEPYN OKUN TOV, TO TEAOG ToL KABe bit e160d0v in. H FSM éye1 4
e€odovg, A, B, C, D- kabe wid toug avapetl 6mote moporappdvouvpe évo avtiotoyo cOuPoro, yid didpketo
aKpIPmg evOg KOKAOV poAOYIO0, KOl GUYKEKPIUEVE KATE TOV KUKAO pOAOYI00 TTapaAdfiG TOL TeAevTaion
bit Tov avticTotyov GuUPoOLov.

reset

H «katdotaon exkivnong eivar 1 SO, ordte Ko Tepuévovpe va pag EABet éva véo cOPoro, pe 6L TOV Ta
bits and v apyn. Zmnv d KOTACTAON EMOTPEPOVUE KAOE POpd mOv TEAEIDVOLY OAO. TO. bits TOv
TPONYOHUEVOL GUUPOAOV, KOl ETOUEVMG TEPIUEVOVLE EVa VEO cOpPBoAO and v apyn. Edv elpoote oty
katdotaon SO kot pog EA0et gicodog 0 (in' aAnbég), onuaivel 6Tt PAEmovpe éva cOpBoro A (To pHovadikod
apo. Ko 1o TEAELTAI0 TOL bit), emopéveg Tpémel va avayel 1 €£060¢ A Kot 1 EXOEVN KATAGTAGN VO Eivot
wéAL 1 SO, apov 61OV EMOUEVO KUKAO TEPIUEVOLUE TO TTP®TO bit Tov emopévov cvuforov. Edv tdpa
elpoote oty SO ko €MBet €i60d0¢ 1 (in aAnb€q), Tote E€poupe OTL PAETOLLE TO TP®TO bit £vAC GuUPOAOV
B 1 C 1 D, aAld dev EEpovpe axdpo tivog amd to tpia- £tol, petafaivovpe oy katdotaon S1 mov
onuaivel 0Tt £yovpe del peypt otryung €va "1". Tov endpevo kvkAo, ovtag otnyv S1, av dovue gicodo 0
onpaivel 0Tt PAEmov e To TEAOG VO cupPorov B, dpa avéfovpe v €€0do B ko petapaivoope oy SO.
Av avtiBétog dodue gicodo 1 onpaiver 0Tt PAEToLUE TO devTepo bit evoc cuppforov C 1 D, aAAd dev
EEpovpe akdpa Tivog omd ta 000 €tol, petofaivovpe oty Kotdotaon S2. Tov emduevo KvKho, 6vVTag
otV S2, €i6odog 0 onpaivel 6TL fAémovpe 10 TEAOG £vOG oupforov C, evad €i60d0g 1 vmodetkvier To TEL0g
evoc supporov D.

10.7 Kwmowonoinon Katastdocwv One-Hot:

210 gpyaomplo Bo xatackevdoetre TV moapamave FSM Anyncg tov kddika petafAntod pnkovg,
APNOYLOTOLOVTAG £VOL GTUA KMOKOTOINoNG TV KataoTtdoe®mv g mov Aéyeton "one-hot" (éva "(ec10"):
OTMG PAIVETOL GTO EMOUEVO GYNUa, xpnoiporotovue toca flip-flops katdotaonc 606G Kot 01 KATAGTAGELS
(avti 600G 0 dvadKOc AoydpBpog tov mANBovg TV Katactdoewv, mov Ba apkovcav), Kot Ho
@POVTIGOLLE Eval Kot PHOVOV €va amd ovTd va ivar avapévo og kdbe [l amd TG EYKVPES KATAGTAGELS TG
FSM. To otuk avtod givor ondtaro o€ flip-flops, aAhd cuyvd divel amAodotepn GUVIVACTIKN AOYIKT] Y&
v FSM: gival cav va glyope pid mo mokve KOJKOTOUEVT KOTAGTAOT, Kol HETE va glyope Kt Evav
GULVOVOOTIKO ATOKMOIKOTOMTH OV HoG Oivel pia Kot povo pio ovapévn €080, aVTAV TOV AVTICTOLYEL
otV mapovoa katdotaon. Ovowd, pe o va &govpe 3 (ev mpokepéve) flip-flops kotdotaong, onpaivel
OTL TO KUKA®LO OTNV TPAYUATIKOTNTO £XEL 8 KATAGTAGELC, OO TIC OTOiEg LOVO 3 €ivoil O £YKVPES V1A LA,
KOl TPETEL VO, GLYOVPEVTOVLLE OTL TO GO apyLKoToinomng reset Ba pépvel mavta tnv FSM oty emBount
gykvpn apyikn kKoatdotaon SO, aveEapmTmg o€ oy and TG 8 VIUPKTEG KATAoTAGELS (0L Hovo Tig 3
€yxvpec) avtn frav piv. Edd Aowmdv, v katdotacn "S0" Oa tv kmdikonotovpe pe S0=1 xor S1=S2=0-
v "S1" Ba v kewdwomoovpe pe S1=1 ko1 S0=S2=0- xor 1 "S2" Ba eivor 1 S2=1 ko SO=S1=0. Mg
VTN TNV KOOKOTOINGN KOTOoTAGE®V, 01 ££0001 TG FSM ekppalovtol Told omAd:

A = (S0O0)-(in'), B=(Sl)-(in'), C=(S2)-(in'), D=(S2) - (in)

0Tt (S0) etvar oAnbéc o6tav ko povov otov Pprokdpocte oty Katdotoon SO, K.0.K. yid «dbe
Katdotaon. X1n cuvéxela, ekepdlovpe Tig e£6dovg endpevng katdotaonc. H é€0dog nS1 mpémer mévta va
&xer v Ty ov mpémet va apet o flip-flop S1 koatd Tov emdpevo KOKAO poroylol: dpa to nS1 mpénet
va givan aAn0ég tote Ko pdvo tdte 6tav 0ToV €MOUEVO KOKAO poroylo 1 FSM mpénet va petofei otnv
katdotacn S1. And To didypappoe katootdoemv g §10.6 PAEmovpe 6TL N endpevn katdotaon eivaun S1
uovo oe pia mepintmon (Lovo €va Bérog umaiver oty S1): 6tav tdpa gipacte otnv SO kot in=1- dpa, To
nS1 mpénet va givar aAnBég 6tav ko povov otav (S0)-(in). Opoimg, n S2 givar emdueVn KaTtdoTOoN HOVO
otav S1=1 xou in=1, dpa tOTE KO povo totTE TPEMeL va avaPel o nS2. Topa, n SO eivor enduevn
KOTAOTAON O TEVTE SOPOPETIKEG TEPMTMOELS: OTav gipacte otnv SO kot in=0, | otnv S1 kou in=0, N
elpoote oty S2 (ue owdnmote €icodo in), | otav reset=1. 'Etc1, mpoxvmtovy ot e€ng oyécelg yud Tig
€£000VC EMOLEVNG KATAGTOONG:
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nS1l = (S0) - (in) - (reset'), nS2 = (S1)-(in) - (reset'),
nSO0 = (S0) - (in') + (S1)-(in') + (S2) + (reset) = in' 4+ S2 + reset
BAémovpe o611 M éxepacn  yid to  nSO
/ reset A

amhomow)Onke ¢ enc: Omote in=0 emduevn button D —Out[12]
katdotaon eival mavio SO, Kol ovtd KOAVTTEL _ - o |B out[8]
TaL TPiOL EMAV® PEAT OTO S1AYPOLLLO KOTOCTAGEDV: buton M —— o 3 % c
10 Péloc vy S2 ko in=1 pmopodue vo TO VL 'C(_J; g [ Outd]
Kaku\yo’uus He Tov 6po S2 (novrsmcng ’K(ﬁwmm 5% D Out[o]
v wepintoon S2 kot in=0 wov 101 KAAVWOLE e T <
Tov 6po in'): €tol, T0 poOVo GAlo PBéhoc mpog SO 5 2 nSo >
7oL €uEve glvar To reset, dpo cuvoikd nSO = in' § § nsi LEDf
+ S2 + reset. Ocov aopd, T®OPA, T GLVOMKN = LEDS6
dpdon tov reset, avtn TPEmEL Vo oyedoTEL nS2 >
TPOCEKTIKA: OTov reset=1, mpémer m emduevn LED7
katdotaon va givar n SO aveopttwg Tov TOV
Bplokdpootav, €ite o UGV omd TG EYKLPES
katootdoels SO, S1, S2, eite 6e Kdmolav amd TIC
vnohowneg S5 "mapavopeg" koractdoes (000, o[14 [13 [i2 [i1] [id [9] [8]

011, 101, 110, 111). Me tov tpdémo mOVL
TePLEA PO TO reset OTIG MOPUTAVE® GLVOPTNGELS,

VDD
i
A
i

) P } f . 7432
ovtd e€aoPaAileTal: 0ldONTOTE TIUN KOl OV £YOVV a
ta SO, S1, S2, kou in, 6tav reset=1, o 6pog "AND E’[ ’E‘ 5
(reset')" otig €£660vg nS1 ka1 nS2 eEacparilet 12/ 3] 4] 5] 6] 17
ot avtég Ba etvon 0, kar 0 6pog "OR (reset)" otnv
€£060 nSO e€acparilel 6Tt avt Oa eivor 1. [FI |?'| [?‘ [(2 1]
Heipopa 10.8: Huffman FSM

a

=
Koataokevdote oto gpyaotiplo v TOpATOvVEO o

FSM Mync tov kmdiko petafAntod pnikovg, 01T 2T ] TAT 5T Te] 7T BT [T okt

COLP®OVO HE TO KUKA®UO TOL TEAELTAIOL

OYNLOTOC KO TIG TOPATve EEIGMGEIC TOV TEPLYPAPOVY TO GLVIVLOGTIKO TOV Kopdtl. Onmg deiyvel o
oMU, UTOPEITE VA TAPETE Kot TIG VO TOMKOTNTES, in Kol in', TG €10000V .. amd 10 Kovuni M g
TAoKEToG €10000v/eEodwy. Eqv BéAete, pnopeite vo mapainyete tov 0po (reset’) amd ta nS1 kor nS2,
apkel va Bupdote mavto 0Tov KAvete reset va £yete TonTtOYpova. Kot in=0. XpnoLoTou|oTE T.)Y. TO KOLUTL
D y14 to ofpa reset. ['id 0 cvvdvOoTIKO KORATL TOV KUKAGUATOG B ypelaoteite 2 chips 7408 (wdAeg
AND) kot 1 chip 7432 (moAieg OR). T'd v KoTdoTOOT, XPNOLOTOOTE 3 0o TO 8 AKUOTLPOSITNTA
flip-flops €vdg chip 74574. Td 10 poAdi, ypnoonomote .. tov dwkdntn A. H gicodog in mpémet vo
éxel otafepomomOel pv TV evepyn axun tov poAoyol (mpwv motbei o A) kot vo Topopével otabepn
KOTA TO TATNO: OAAGCETE TNV TIUN TNG €16000V in PETA TO TATN A TOV A.

INa va mapaxorovbeite v mapovoa katdotaon tng FSM, kabdg kol v vmo mpoeTolacio exdpevn
KatdoTaon, xpnotlonomote avtiotowyo ¢ 3 apiotepég ko Tic 3 de&iég LED, 6mwg deiyvel 6to oynua.
IMad va PAEnete TIc T€00epElg e£0d0vg TG FSM, ypnotiponomote avtictoya ta 4 ynoeia g 006vng LCD
(apkel m.y. to LS bit k60e ymoeiov, dnradn éva ke 4 bits g kokmdotawviag). [Tapatnpnote 6t T0
onuato €£60ov tng FSM maipvouv 1n 6ot Toug T Lovo apov 1 €16050¢ in TApEL T 01K TG CMGTN
TIUN, UETA TNV TPOTYOULEVT] OKUY (TATNLO) POAOYIOV KoL TPV TNV EMOUEVI: 1| OOOTH TN E1G00®V Kol
e€0dmv gival apéomg Tpv TV akun (TaTnua) poAoyov, tdte dnAadn mov ta akpomvpoddmra flip-flops
"kortalouv" T1g £16650VG TOVG.

pw @téoete oto gpyaotiplo, kdvte Eva mANpeg oxedidypoppo cvvdeoporoyiag. Emiong, ypdyte oto
yopti oag v kodwkomoinon tov unvopatog "ABACADACABADACAC" cOpQova e TOV KOJKA HLOG
petapintod  unkove.  Emiong, amokmdwomomote TO  UAVLMO. @OV WEPEYoLV  To.  bits
"1001001110111011001100" cOope®vo TAVTO UE TOV {010 KMOOWKO. XTO EPYUCTNPLO, KATOOKEVAGTE TO
KOKA®O, 0pYIKOoTomoTe T0 owotd (reset=1 kot in=0 Kol akp] poAoylon), Kot 6Tn cuvéyelo eAEyEte T
OMOTN AEITOLPYIC TOV GTEAVOVTAG TOV TO dVO TTapOmTdve Unvopota kot PAETovTag av ta Aapupdvel cmotd,
dradn av avdaper n cwot) LED pio popd yud kaBe ypdppa-copporo.

Up to the Home Page of CS-120 © copyright University of Crete, Greece.
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