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[BiAio: mpoaipetind pmopeite va dwofdaoete Tig oeX. 274-280 (amd §6.4) kai oeh. 304-305 (and §6.7).]

Sequential Circuit

10.1 AxoiovOwoka Kvkiopata:

Inputs | g Tie
"Exovpe et (§7.6) 61t "cuvdvactikd" (combinational) kukAdpota Aépe avTé §3 |PUe
OV dev €ovv VAN, Gpo ot Tég €£0dov Tovg efaptdvrol UdVo amd TIG State ES
TOPOVoES TWES TOV €600V TOVC Kol Oyl omd To TopeAdv. Avtibeta, 8 g
"akoAovOlokd" (sequential) KuKAGUOTO AEUE QVTA TOV £YOLV VNN, KL £TCL ) « (,2
oupmepipopd Tovg e€aptdrarl 6yt Lovo amd 1o TL "PAETOVY" TP GTIG E1IGOOVG 2

TOVG, 0ALG Kot amd v "ketdaotacn" (state) oty omoio Ppickovial, Kot 6TV

omoia Katdotaon Exovv neptEddel Adyw Tov TaperddvTog --ota akoAovBiokd Kukddpata cuvnbilove vo
ovopdlovpe "katdotaon" Tig Suadikég TIHEG TOL givar amonKevUEVEG GTO GUVOLO TV GTOLXEI®V VNG
TOV KUKADUOTOC. XTO oYM OE10 QAIVETAL HLGL YEVIKT OVOTOPACTOCT EVOC 0KOAOVOIOKOD KUKAMUATOC,
n omoia deiyvel 6Tt owtd amotekeiton (o) omd ta otoryeion pvnung (flip-flops) mov amodnkebovv v
KOTAGTAGN TOL KUKAGUATOG, Kol (B) amd éva cuvovaotikd KOKAoUa To omoio mpoadiopiler: (B1) tig
€€000VC 0OV GLUVOPTICELG TOV EIGOOMV Kol TNG KATAGTAONG, Kol (B2) TV emduevn Katdotaon, TdAl cov
oLVAPTNON TV €000V KOl TG Tapovcag katdotaons H katdotacn omotelel, tpomov Tvd,
"epihnym" 6hov Tov TapPeABOVTIOC --0g KAOE GUOTNUO, YA KAOE EQAPUOYT, O OYEOINOTNG OMOPAGILEL
OG0 peydAn kot Aemtopepn Té€Tota "mepidnym" ypetdleTar vo KpaTape.

Edd 0o peretnoovpe 11 "Mnyavég lenepaopévov Karastdoswv (Finite State Machines - FSM). Ano
Gy dmoyr), OAa o akoA0LOOKE KUKADUOT EIVOL UNYOVEG TETEPACUEVOV KATAGTACE®DY, SIOTL, AV EXOVV

n bits wnpung (katdotoong), t0te Ppickoviar avd mhco otiyuy o pdv amd T 27 SlopopeTikec
KOTAOTAGES TIG omoieg dbétovv --01 omoieg kou givor mavta memepaopéves. Opwe, ovvnbifovpe va
avaeepopoote pe tov 6po "FSM" kupiong o€ exeiva T0, akoAOVOOKA KUKAMDUOTO TOL OO0 £Y0VV GYETIKA
MYEG KOTOOTAOELS, KOl TOV OMOI®V Tr AEITOLPYID. UTOPOVUE VO TEPLYPAWOLLE Kol Vo KOTaAdfovpe
KOADTEPOL OV LIAIGOVUE Y18 TO TOG 1 KAOE [d KOTACTOON TOVG, 08 GLUVOLACUO HE TIS TYEG 16600V,
kaBopilel Tic €£600VC KoL TNV €MOPEVN KATAGTOON: OLVAOMC, M TEPLYpaPr] ovTh yivetor pe €va
"Awdypappo (Metdfaonc) Korootdoewv"' (State (Transition) Diagram), omwg 6o dovupe apécwg
TopaKaT®. Meyoddtepa akoAovdiaKd KOKADOUAT, LE TOAAG bits pvAung, cuviomg o PEAETANE Kot To
oyedtdlovpe KOBOVTIAG TOL € VTOKVKADUATO, LEPIKE Ao To omoia Ta Teptypapove cav FSM's v dAla
TO. TEPLYPAPOVUE KOl TO HEAETAUE He GAAovg Tpoémovg (pvipeg RAM, datapaths --mov Bo movue
opyoTEPO-- KAT).

10.2 Metpntég, kot to Avdypappo Karaostaocedv tovg:

v mopdypoeo 8.2 gidape Eva KOKA®UO LETPNT UE ¥pNon aBpoloTr. XTO TOPAKAT® GYNUL QAIVETOL
pd wopaAroyn avtoh TOL KUKAMUOTOS: eival TPIUmITo avtl TETPAUTLTO, Y16 aTAOTITO TOV GYEdIO, Kol
avti TOPOAANANG @OpTeong (apywomoinong) ue avbaipeto opBpd vmapyer poévo m - dvuvaTodHTNTO
unoevicpov, péow g €166dov reset. Emiong, avti 000 pHovioA®TOV o GEPd, QUOIKA, €OM
YPNOWOTOIOVHE  EVOV  OKUOTLPOdOTNTO  KoToywpnt. To akoAovBaxd avtd KOKA®Uo HeTpNTh
omoTEAEITAL OO EVOV TPIUMITO KOTAY®OPNT, TOV KPOATA TNV KATAGTOCT TOL KUKAMUOTOC, Kol oo £vol
OLVOLAOTIKO KUKAMUO TOV OMOTEAEITOL IO TOV TOALTAEKTY, ToV afpoioth, kol Tig ToAeg AND. H pio
oA AND 670 oyfo TOPIGTAVEL GTNV TPAYUATIKOTNTO 3 TOAES, LE KOWN TPAOTN €i6000 reset’ koi U
devtepn gloodo amd éva amd ta bits tov abpoicpatoc, kabepio. Otav reset'=1, o1 3 ££odol TV TLADY
AND tavtilovtar pe to dBpotopa, evd otav reset'=0, o1 3 avtég £€odot givar 000.
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Kdéto and 1o xoxlopo @oivetal to Sidypopo KOTooTAGEDY oTOD
tov petpnt. Ot 8 woKAol Taplotdvouy TIG 8  SlPOPETIKEG
KOTAGTAGELS OTIG 0Toieg aVTOG pmopel va Ppioketat, apov £xel 3 bits
katdotaonc. Ovopdoape KOs KATAGTACN LE TO EKAGIKO 1GOSVVALLO
tov oapBpov mov oynuotifouv ta 3 bits katdotaong. To PEAn
TOPIOTAVOLV TIG HETOPACELS KATACTAGEDV: €AV GE 0E00UEVO KOKAO
poioylob T0 KOKA®po Ppicketal og dedopévn KOTAGTAOT), Kot givot
OEOOUEVES O1 TYEG T®V E1660®V TOV, TOTE TO 0vTioTOorX0 PEAOG deiyvel
o€ oV emOpEVN Kotdotaon Oo mdsl To KOKA®WUO GTOV EMOUEVO
KOKAO poroywo¥. Ta pumAé PéAn, mov onueidvovton pe u (amd "up”,
OMA. pétpnon mpog T EMAV®), OVTIGTOYOLV GTNV T €GOS0V
EAEYYOV TOL TOALMAEKTN OV €mAEYEL TNV €icodo +1 (ko evd
TonTOYpOva M €icodog reset' eivar 1) v owtég TIC cvvONKEG, 1
EMOUEVT KaTAOTOOT €lvan ekelvn pe kK®dkd Katd 1 peyaddtepo amod
v mapovoa. Ta koékkiva BéAn, mov onuewwvovtol pe d (down -
KAT®), avTiIoTOOLV otV €i6000 mMOoL emAéyel 10 -1, Kol HOg
UETOPEPOVY OTNV KATAOTOOT HE KOOKO katd 1 pikpoTEPO NG
wapovoag. Ta PEAN mov onuewdvovtol pe n (noop - kKapd mpaén)
QVTIGTOLYOVV GTNV €16050 ov emAéyel to 0, kot yU' avTd M EMOUEVN
KOTAGTOON TAVTICETOL LE TNV TOPOVOO.

Kdbe oxolovbokd wOKAwpa 7pémer vo el €vav  TPOTO

apyKomoinong (reset) 6Tav TovV TPMOTOSIVOLLLE TAOT TPOPOSOTING, 1| o€ TEPpImT®ON (€kTaKTNG) "ovAyKnS"
--0tav "ydvoupe to Aoyoplooud" o€ mowd katdotacn Ppioketal, | Otov mAEl kol "KoAAdEl" o€
Katdotaon Kor Ogv Eépovpe moG oAAOdS va to Pydhovpe omd ekel. Omwog éyovpe mel, Otav
apwtoovafoovpe v Tpopodocia gvog flip-flop, avtd mnyaivel Toyaio oe wav omd TG dVo 6TOOEPES
Katootacelc 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 ekkiviong evog akolovbiokoy KUKADUATOG
eivan Toyaia, Kol TPEMEL va VILAPYEL TPOTOC, GTN GLVEYELD, AVTO va €ADEL o€ YVOOT Kol embounty
OpYIK KATAOTAON. XTO TOPOUTAVD KUKA®MO, 1) apylkomoinon yivetal gvepyomoumvtag 10 onpa "reset",
oradn reset'=0, omodTe M endpevn Katdotaon eivar whvta 1 0, aveEapTNT®MG TPONYOVUEVIG KUTAGTOONG
KOl TOV GAA®V €1600®mV. XT0 JIYPOUIO KATOOTACE®V, OLTO TOPIGTAVETOL UE TO udvpa PEAN mov
onpewwvovral pe "' (éxel mapodnebei va axoupa tétoro Pérog, and v katdotaon 0 oTov €0VTO TG,
TOV EMPETE VO VITAPYEL OAAA SEV YOPOVGE GTO GYNLUL).

10.3 Topdosrypo FSM: ®data Kvkhogopiog o Avootavpmon Odav

To wp®TO oG TOPASEYHO UNYXOVIG TETEPUCUEVOV KOTOCTACEMV A <—|j—‘
(FSM) 6Ba &yet va kdvel pe tov ypovompoypappatiopd (scheduling) go~il
KOWOYpNoT®Vv moOpwv. G0 YPNOCILOTOCGOVUE GOV TAPASEyIo il A .
doTadpmor dpOUV, 0ALG Ol 10€€g glvar 101eC .. e SpOOAOYNON " Q |

TOKETOV TANPOPOPIDOV GE SIKTLO VIOAOYICTMV, N HE TNV EVOALAE Ad ‘Bd

extéleon dlepyoaoidv (TPpoypoppdtov) o' €vav VITOAOYIGT] 7OV

YPNOOTOIEL  TOALTPOYPAUUATIONO.  AG  (QOVTAGTOOUE  dVO

povodpopovs, A kot B, ot onoiot cuppdrovv, dnmg deiyvel To oynpa Control [~

dek1dr 0 A eivar kevipikde, evd o B eivor Tapodog. Xt daotadpmon Circuit | _

TOVG LEAPYOLVV PAOTO KukAoeopiog, Ago koir Bgo (1=mpdowvo, ’ﬁ ” TB
0=Kk0KKIV0). OEAOVUE VO OYESIAGOVUE TO KOUKAMUO EAEYYOL T®V c

eavapldv. XTig mo e€elypéveg Toporlayég Tov, To KOKAoUa avtd  ck

Ba ypnoipomolel cav €16680Vg ToV VO OVIYVEVTEG ALTOKIVIT®V (car igg g\gg POVOC BIEREVOTC
detectors), Ad ko Bd: otav vmdpyel avtokivnto mov mePUEVEL Va oA aKpifac evog ||
nepdost omd To pavapt A, tote Ad=1, arilowdg Ad=0, kot opoimg yid EgM | dvToRwIToL

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

vrapyet Eva pordt, ck, mov kdBe mepiodog Tov emapkel yid T S1Ehgvon axpPdg EVOG ALTOKIVITOL amd 1
dwotadpwon: oty apyn g mepodov, 1 FSM eréyyov Aoupavel tic eilo6oovg Ad ko Bd mov v
EVIUEPDOVOLV Y14 TNV VIapEN 1 UN CLTOKWVATOV oTov KABe Spopo, apécmg HeTd avapel Tpacivo oTo
KatdAAno eavdptl, Ago 1 Bgo, kai katd v vmoAown mePiodo Tov poA0YIoD TEPVAEL TO OVTOKIVIITO TOV
€xel TPACSIVo. o PLELETNOOLE TTEVTE TOPUAAAYEG TOL KUKAMUATOG EAEYYOV, e oTadlakn Peltioon Tov
YOPOUKTNPLOTIKAV TOV.
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10.3.1 Klooowkd gavapia, yopic aviyvevtéc, pe avaroyio 1 wpog 1: 1

Ta cvvnOiopéva EOTO. KUKAOPOPING JEV EYOVV AVIYVEVTEG OWTOKIVITOV, KL £TCL OEV

UTopohVv Vo TPOGOPUOCTOVV OTIC TPAYHOTIKEG GLVONKEG KLKAOQOPIOG --0mTADG @x
avapooPvouy TEPLOSIKA TO KOKKIVO KOl TO TPACIVO HE GUYKEKPIUEVT SLOPKELD Y1l

ToV KGO dpOUO. TNV OTAOVGTEPT TEPIMTMOOT), GTO TOPUTAV®D TAPAIELYLAL, TO TPAGIVO

Bo avapel evaArdE otovg 600 SpOLOLS, Y18 SAGTNHO EVOC KUKAOL POAOYIOD --ONANdY| ETAPKEG Y18 Evol
avtokivnto-- kdbe eopd. To kOvKAwua eréyyov o€ avth v mepintoon Bo eivoar 1 amiovotarn FSM
TOmMov peTpNTN HE 2 KOTOOTAoES Tov Qaiveton oto oynpe. H FSM avty dev €yel €16000vG, Kot ot
UETAPACEIC KOTOOTAGE®MVY YIVOVTOL TAVTO. UE TOV 1010 TPOTO, Y®Pig GuVONKN: Y14 T0 Adyo avTd, 6T BEAN
onpewwvovpe "1" (whvta aAn0ég), dniadn n avtictoyn perafaocn yiveton mavta. [popavac, 1 FSM avty
evaAAdoEL cuveDS KaTdoToor petaly g "Ago" (mpdowvo otov A) ko g "Bgo" (tpdovo otov B). To
OmTAOVGTATO OVTO KOKA®LO EAEYXOV EXEL UG GEPE OO LELOVEKTILLOTAL:

o Ilegprrtéc koOvotepnoeg vd eha@pd @optio: Aéue OTL T0 oot Asttovpyel vd ehappL
eoptio O6tav mepvhve TOAD Alya avtoxivnta, "apoid kol mod". Y avutég Tic cuvlnkeg, 6tav Eva
OVTOKIVITO QTAVEL 6T1] S10.6TAVP®GT, cLVNO®E dev Ba VGPYEL avTOKivTO GTOV GALO SpOLO, Gpa
Ba pmopovoe va mepdoet apéowc. Iap' OAa avTd, TO EOVAPL LE TO KOKAMUL EAEYYOV TOV HOAG
oyxeddoope pmopel va tOxel va eivar kokkwo (pe mbavotnta 50%), omdte owtd TPOKOAEL
kafvotépnon yopic Adyo.

o 'Eldewymn dwaroovvig vté Bapd @optio: Aépe 611 10 cvotTa Asttovpyel vto Papd @optio dtav
VILAPYEL TOAAT Kivion, dpa oynpatiletal ovpd Tiom amd To povapla, Kol 6Tovg 600 dpopovg. Y
OVTEG TIG GLUVONKES, TO KUKA®UO EAEYYOV TOV HOAG GYESIACOLE APTVEL VO, TEPVOVV TO OLTOKIVI|TAL
A ko To. avtokivnto B pe avaroyio 1 mpog 1+ dpmg, dedopévov 61t 0 A givar kevtptkog dpdpog
eva 0 B givan mdpodog, n avoroyid avt dev etvar dikara.

o Avemopkng afromoinen mopmv vIé acOPUPETPO QOPTIO: AELE OTL TO GUOTNHO AELTOVPYEL VIO
QCOUUETPO QOPTIO OTAV O £vag OpOMOC €xEl MOAAN Kivon kow o GAlog Alyn. YT avtéc Tig
oLVONKEC, TO KUKAWMUO EAEYYOV TTOL LOALG GYEOIAGALE APTVEL VO TTEPVA LLOVO EVOL BVTOKIVITO KAOE
2 ypovovg amd tov Pefapvpévo dpduo, dnradn pvBurdg pong novo 50 % g HEYIOTNG EPIKTAG
TOPOYNG, AKOUE KO OTOV GTOV GALO dPOLO OEV VILAPYEL KOVEVH AVTOKIVNTO.

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

Tnv adwia mpog Tov Kevipkd Spopo vrod Papd @optio, Aoyw avaroyiog 1:1 om
SlIpKED. TOV TPACIVOL GTOVG VO  OPOHOVG, UTOPOLHE VO TNV Slopdmdceovpe
TPOGOETOVOG KOTAGTACEL, GTOV TOPOUTAVED UETPNTH, OMMG (POIVETOL GTO OLUYPOLLLLO
kataotdoewv g véag FSM, dimha. Edwm, t0 mpdoivo otov dpopo A avafel og dvo
omo TIG TPEIC KATAOTAGELS, EV® oTov dpopo B uovo oe pio- €tot, vmo Poapd eoprtio, M
avaAoyia Tapoyng A:B etvon 2:1, kou n péyiotn mapoyn A €xel avénbei ota 2/3 eved n péyrot mapoyn B
&xel pewwbei oto 1/3. dvokd, cvveyiCovv va VIapYovV TEPITTEG KOOVGTEPNGEIS VIO EAOPPD (OPTIO KO
OVETAPKNG 0E0TOINGCT VO OGVUUETPO QOPTIO --TOPO paMoto o1 kabvotepnoelg oto dpdpo B éyxovv
avénBel kot 1 péyotn mopoyr Tov £xel LeLmOEL.

10.3.3 ZvvovaoTiko KVKAOpO 6Tadepic TpoTeparotnTag (A "STOP"):

Ot ep1ttég KaBvoTEPNGELG VIO EAVPPV POPTIO KOl 1) BVETOPKNG a&10ToiNomn VIO AGVUUETPO POPTIO Eival
advvoTov va 610pfwBolv Ywpic aviyventés avToKIVITOVY, 10Tl YWPIG AVTONg To KUKA®LLO EAEYYOL Eivar
"ToEAO": dev £xel TpOTO va EEpEL TIC TPAYUOTIKEG cuvOnKee kKukAopopiag. Eotw topa 6Tl £rovpe TIg
€16000v¢ Ad ko Bd amd tovg aviyvevtés. Ag mpoomabncovpe kot apyv vo @TIEOVIE TO KUKA®LLOL
EAEYYOV 6aV GKETO GLVILOOTIKO KOKA®UA, YOPic pviun. Puoikd, dTov vadpyel ovTokiviito LOVo G€ Evov
oo Tovg 600 SPOHOVE, TPEMEL VAL TO OPIVOVLLE VO TTEPVAEL, TOPO TOL EEPOVLE TL YiveTan og KABe SpoOLo
v kdBe otryun. To mpdPAnua givar 6tav Ad=1 ka1 Bd=1, onAadn vrdpyovv avtokivnta Kot 6Toug dVo
dpopovg. Apov dev Bupdpacte timota and to TaPeAOOV (GLVOLACTIKO KUKAMUA), Kol 0OV 0 dpOpHog A
etvan kevtpikog evd o B eivar mépodoc, Aoyikod eivor va Sdoovpe TpotepotdtnTa 6tov A, dpo: Ago = Ad,
kot Bgo = (Ad'):(Bd) --dnAad1| av vrdpyet avtoKivito 6tov A Tov avaBovie TPAGIVO Kol TO GPIVOVLE Vol
TePAOEL, EVD oV dEV LILAPYEL AVTOKIVNTO 6TOV A KoL VITdpyel oTov B to1e avdfovupe mpdoivo otov B. Xav
GLVOVOOTIKO TTOV EIVOL TO KUKAMUO 00TO amoPacilel ypnOIHOTOIOVTOS LOVO TO OEdOUEVE TG OTLYUNG
--XOPIg Koo yvoorn and to mopeAbov-- dpo oty mpdEn vAomoleitanl ywpig @avdplo, PE UG OKETN
mvokida "STOP" ato devtepevovia dpopo B.

To wOkhopo eréyyov ovtd Oev el0dyel mePTtés KOOVOTEPNOES VIO EAMPPV (QOPTIO, J1OTL KAOE
oVTOKIVIITO TTEPVAEL AUECHOC LOALG EPOEL AV OEV VTLAPYEL OTOKIVITO GTOV AAAO Opouo (ELappy PopTio).
Eniong, vwd acvppetpo @optio, mpooeipel mANpn aflonoinon mopwv: OTOTE VIAPYEL CVTOKIVNTO OF
K@molo JdpoOUo €16000V, TEPvAEL KAmowo omd oavtd oty £E0do, dpo 1 €E000¢ TOTE dev pével
OVEKUETAAAELTN TN OTIYUN 7OV LILAPYOVV avTokiviTa Tov BEAOVY va Tepdoovv. Opmg, 10 KOKA®UA avTtd
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Taoyel amd PeEYAAN EAAENYT StkoooHVIG TPOG Ta. avToKiviTo B: poévo 6mote Kot edv dev vadpyel Kovéva
avtokivito A umopetl vo mepdoetl €va avtokivnto B. H adikio ovt dev amokAeietal vo OTUcEL GTNV
aKpoio LOpPT TOV AEYOUEVOL QavOpEVOL "AMpoKToViag" (starvation): edv cuveEXDG VTEPYOVV dVTOKIVITO
A, éva avtoxivnto B dev Oa e&umnpetn el moté.

10.3.4 TIpocappootikog Eleyyog (pe avaroyia 1 mpog 1): (Bd)(Ad) Bd=>Bgo  (Ad)(Bd)
H adwio g tedevtoiog Avorng mpoépyetor amd Tnv EAAEYM
LVIAUNG 6T0 KOKA®UO: 060 TOAAG ovtokivito, A Kot vo €ovv
TEPACEL TPOGPATO, O EAEYKTNG OV TO EEPEL, KL £TGL APTVEL OKOLLN
éva vo tepdoet. H éldewyn avt dopBcdvetan pe v anin FSM
oV @aivetal 6to oyfipa dimha. Edd €govpe 1 bit pviung (névo), (Bd)(Ad)  Ago <= Ad (Ad')(Bd)
péow tov omoiov Buudpocte amd mowdv Spdpo B to TEAEVLTAIO

avtokivnto mov mépace. Edv to televtaio NTov and Tov A KOl TOPO LVIAPYEL awToKivTo 6Tov B, TO
aeNVoLE va Tepdoel avtifeta, av To TelevTaio NTov amd tov B, Topa divovpe mpotepaidtnTo 0TOV A
npotepatdtTa Ba £x1 0 AAAOG dpOLOg amd avTdV TTov eEumnpetOnke v TElevTaia popd. Dvoud, edv
dEV VIAPYEL CLTOKIVITO GTO SPOUO UE TNV TPOTEPULOTITA, APTVOVLE VO TEPACEL TO CLTOKIVITO OO TOV
dAdo dpopo, edv vapyel. H emdpevn katdotaon givor avdAoyn pe 1o moldg TeEMKE TéPACE, VGO av Ogv
népace kaveic (510TL dev LVINPYE KOVEIQ) N KOTACTOON Topapével apetafantn. Idveo oto BéAN TOL
SLOYPALULOTOS KATOOTACE®Y OMUEWMVOVUE TN ovvOnkn petdfoong (Hovpo), dArd Kor v €£000 7OV
npénel va evepyomoin et (UTAE).

Ac dolue Topa TG cvvhETovE TO KUKA®UO g FSM amd to didypappo katactdcemv . [pota
TPENEL VO, ATOQUGIcoVLLE OGO bits Kotdotaong o ¥peloTodLE, KOl HE TOW0 GLVOLOCUO TIUMV TOVg Ha
TOPAGTHGOVUE TNV KEOe katdotacn Tov daypdppotoc. Duoikd, VEApYoLV TOALEG duvaTEG EmAOYEC M
emAoyn pog oev Ba enmpedost v emtepikn cvumeprpopd g FSM, alid etvor moAd mbavo va
EMNPEAGEL TNV TOAVTAOKOTNTO TOV KUKAMDUOTOS VAOTOINONG --£0(, TAVIMG, deV LITAP)EL EDKOAOG KAVOVAG
YU TOV TPOTO OV GLUPEPEL VO, YIVEL 1] KOOIKOTOINOT T®V KATAGTAGE®DY. XTO ToPOV TOPASEIYLA LOG, OL
Kataotdoels ivar 600, apa apkel éva bit yid TV K@OKOTOINGT TOVG 0G TO OVOUAGOLUE S, Kol 0G
Bewpnoovpe 6TL S=0 onpaiver 6T "to TeEAgLTaio NTav A", eved S=1 onuaivel 6TL "t0 TEAEVLTOIO NTOV B
Edv ovopdoovpe nS v enduevn Katdotoot, T0TE 0 mivakag oaAndeiog Tov GLVIVAGTIKOD KUKAMUOTOG
péoa omv FSM egivon o mapokdto (aplotepd), 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')-(BdA") 1
0 1 0 \ 1 0 0

0 1 1 \ 0 1 1 Bgo = Bd - [ S'" + (S)-(Ad') 1
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 amoteitol, 010TL 01ONTOTE apyIKn KOTAGTOOT ivat £yKupn Kot

OTOOEKTT).
10.3.5 TIpocappootikdg £Aeyyog pne avaroyio 2 tpog 1: o (Bd')(Ad)
H televtoia FSM Swmpei ohec Tic kohég wdtnreg tov  (BI)(AD) Ago

TPOCaPUOCTIKOD gAEyyov (adaptive control), dnAadr Tov €Aéyyov
OV TToPaKOoAOVOEL TO POPTIO TOV GLOTALOTOG Kol TPocapudleTat =>Bgo

oe avtd: Vad hoEpPd QOpTioO TOTE OEV TPOKOAEL TEPITTEG 5
KaBVOTEPNGELG, KOl VIO AGVUUETPO POPTIO TPOSPEPEL TANPT YPNON ]
nopav. Eniong, aipel v kotdpopn adikio oto dpdpo B, divovtdg 2
TOV 100TIUN peTayeiplon HE Tov Opouo A. Mével topo va eval Tel. Aevtono

dopbmcovpe v avaroyia Tapoyng vad Popv eoptio and 1:1 oe v A Ny B BQ%

KdtL opBOTEPO, dedopévon OTL 1 A glvan kOpla 086G ko n B eivan (BA)(Ad) Ago < Ad (Ad')(Bd)
mépodoc avtd pmopel vo emitevyBel pe v tpomomomuévn FSM

7ov @aiveton dimha. Edm, Eeywpilovpe v mepintoon (katdotaon) 6mov 10 £va TEAEVLTAIO QVTOKIVITO
ntav A eved To Tponyovuevo tov ftav B and v mepintwon mwov kot to 600 TeEAELTOIN qLTOKIVITO TOV
A+ oV TPAOTN TEPITTM®ON APVOVLE VO TEPACEL KOl OELTEPO A KOTA 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 dratnpel ko OAa To GAAD TAEOVEKTILOTO TOV D0 TEAELTOIOV AVCEMV,
OMAadn TeEAIKA AVVEL OAOL TO TOPUTAV® HEOVEKTAOTO TNG Avomng g §10.3.1.
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Aoknon 10.4: Xyediaon g FSM (5) 71é ™) Awwstadpmon tov Odmv

[Kévte v Tpv 10 €py0oTiplo Kot TOpUdMOTE TNV LE TNV AVOQOPd GOG,. |

Zyedudote v tedevtaia mopandved FSM g §10.3.5 (mpoocaprootikds Eleyyoc pe avaroyio 2 mpog 1),
omwg oyxedidoape kot v FSM g §10.3.4, dnAadn ek@ppdote Ohec TiIc €£00VC TOV GLVIVOGTIKOD
KUKAMUOTOG OOV GUVAPTNGELS TOV £1600mV Tov. Kmdtkonomote 11§ 3 kotaotdoelg g FSM pe dvo bits
kartdotaons, S1-S0, wg e&ng: 00 = "to éva televtaio frav A", 01 = "ta dvo tedevtaio nTav A", 10 = "t0
terevtaio Nrav B". Metappdote 10 didypappo KaTooTace®mv 6ToV Tivaka oAndeiog tov e£0dmv Ago,
Bgo, nS1, xou nSO cav cvuvaptioelg v €166dwv S1, SO, Ad, kor Bd.

[Mopompnote 6tt ov ypoppés tov wivaka pe S1-SO = 11 dev KoAvTTOVIOL OO TO SUAYPOLLLLO
KatTooTacemv, dedopévon O6TL M 11 givarl aypnoonointn katdotaon. Apywkd, apnote Tig €£600VG, OTIg
YPOUUEG OVTES, cav ovvinkes adtapopios (§4.4), yid va dievkorvvOel 1 amAonoinon TV GUVOPTHCEDV
TV e£00V. TN GLUVEXEL OUMG, EAEYETE TTOLA GOG TPOEKVYE GOV EMOLEVT] KOTAGTOON META TV 11 y1d T1g
SLAPOPES TIUES TV E1G0OMV: TO KUKA®LO TPEMEL VO EYKATAAEITEL qvTy TNV "Tapdvoun" katdotacn 660
md ypnyopa yivetar, av Toxel va Ppedel exel 6tov mpmtoavafel 1 tpogodocia. ['d va elote evieAdg
EVTAEEL, TPETEL KO VO GLYOLPELVTELTE Kol OTL Ogv Ba avayovv ToTé kot To dvo tpacva pali (Ago=Bgo=1),
axopa kot 6tav To KoKAwpa Bpedel oty "topdvoun" katdotoon 11.

10.5 Kodwkes Metafintov Mikovg: Kmdwkonmoinon Huffman

To endpevo mopadetypo FSM mov Ba dovpe eivar amd pidv GAAn evolapépovca TepLoy, TOVG KMIKESG
HETAPANTOD UHKOVC, OL 00101 EYOVV OTLOVTIKEG EQOPLOYES OTIG YNPLOKES EMIKOIVMOVIEG KOl OHOIOTNTES
LLE TNV ovVOyVOPLOT] YPOULOTIKGV omtd TOVG LETAPPUoTEG (compilers). Eépovpe 0Tt pe 1 bits UTopovLE va

Kodikomomcovpe 2" Stapopetikd cOpPora (§1.7) ot khdikeg exetvor sivan arabepod uirovg (1 TAEToVC),
10Tl K®dKoTolovv dAa to ovpfora pe to 1010 TA0og bits, kabéva. O kddikes otabepod TAGTOVG
Boievovv Otav To GVPPoAN amobnKevOVTOL GE PVIUEG Kol OTav peTapEpovpe Ta bits Toug 6Aa pali, ev
TapoAMAo (T.y. péoa oto datapath emelepyactdv). Opwmg, 6tav ta bits g kwdikonoinong petadidovot
CEPLOKE, TO €va UETE TO GAAO, MEGH Omd Vo KAVAAL EMIKOWV®MVING, YPTOULOTOLOVVTOL Kol KMOKEG
petafintov pnikovg (variable length), 6tav avtol propodv va emTvROVY PETAGOOT TNG TANPOPOPIOS LE
MyoTepo cuvoAKa bits. Avtol Tpav 1o dvoud toug and tov Huffman o omoioc toug perémnoe.

IMa mapdaderypa, Bewpnote 6T BEAOVLE VAL GTEAVOLLE PNVOLOTO OTOTEAOVUEVO OO LOKPES 0KOAOLOieg
teccapov (4) ovuPorwv, tov A, B, C, xau D --dniadn 10 0AQAPnNTO pHOg £xel ovtd to 4
ypaupoTo/cOpPoAn. EEpovpe OTL OVTA UTOPOVLLE VO TO TAPUCTHCOVUE [ v KOJKO 6Tafepod punkovg 2
bits avd couforo: 00, 01, 10, xor 11. 'Eoto tdpo 6Tl 6T0 UNVORATE HOG 1 CLUYVOTNTO LE TNV Omoia
eppavifovtor ta d1dpopa cupPfora dev eival 1 0o vapyovv cVpPoia TOAD cvyvd Kol GALo TOAD
OTAVIQ. X' VT TNV TEPITTOOT, £VAG KMOKAG LETARANTOV UNKOVG UTOPEL VO LETAGDGEL TOL UNVOLOTO LOG
pe Ayotepa bits cuvoAikd kot Katd pEcov 6po. Ag TOOUE, OTO TAPOUTAVED TAPASELYUO, OTL OTA UNVOLOTE
pog to 50 % tov eppavilopévev copporev eivar A, to 25 % eivar B, 10 12.5 % eivon C, xon 10 12.5 %
givan D, kot og Oswpricovpe Tov Kdd1Ke, LETOPANTOD UKOVG:

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

Torte, yid ké0e m.y. 1000 cOpuPora mwov peradidovrar, yperdlovton mepimov 500 bits yid ) petddoon twv
nepimov 500 A mov vrdpyovv Kot pécov 0po ekel (1 bit avd A), cuv ahda 500 bits yid ta 250 B (2 bits
avé B), ovv 375 bits yié ta 125 C (3 bits ava C), odv 375 bits y1d ta D. To cdvoro givor 1750 bits yud
kd0e 1000 petaddopevo coppora, | 1.75 bits/copforo katd HEGOV OpO, TPAYLO CNUAVTIKE YOUNAOTEPO
amd to 2 bits/copuPoro Tov kddka oTafepod TAATOVG. To KAeWdl Y& TV emiteLéN ALTNAG TN OIKOVOUING
gtvat 1o vo. aplep@VOLLE TOVG (AYOoVuS) KAOJIKEG HKpoh UNKOLg oto cOUPoA eketva Tov gppavilovot
TEPIGGOTEPO GLYVA, o€ Phpog Twv cmavidtepv cLUBOA®V oV Tapictavial pe meplocdtepa bits. O
Yootds pog ond mold kddikag Mopg eivol @Toypévog He TapOHol0 TPOTO, EKUETOAAEVOUEVOS TO
YEYOVOG OTL 6TIG AVOPOTIVEC YADGGEG OPIGUEVE, YPALLLOTO EIVOL TTOAD GLYVOTEPO OO GAACL.

O mopoTAve KOSIKOG EXEL PTLOYTEL TPOOEKTIKA 0VTMG MOTE VO, Eivol QIKTN 1 Kt gubsioy avayvopion
0V KGBe cOUPorov apécmg HOALG @TAcEl To TeevTtaio bit TG KOOUWKOTOMUEVNG HOPONG TOV, XMPIG
SUPOPOVUEVO KO YOPIC TNV OVAYKN VO TEPIUEVOVLE TPAOTO Vo dOVUE Tow EmOpEVA bits Tov unvopartog. H
1010TNTA 0TI VILAPYEL EXEWON 0 KOIKAG KAOe Ppoyvtepov cupforov dev amoteAel Tpodea TOV KOO
Kavevog amd to pokpotepo cvpPora. IMapopoa 101d6mra £xovv Kot ot apfpoi TAepmvov, OTov To
apota ynoeio (mpdbepa) kabopilovv HOVOSHHOVTO TO GUVOAIKO UNKOG KOl TO €i00¢ Tov apifuov. Tnv
w0t Ta vt dev Ba v eiye m.y. o kodkag A=0, B=1, C=10, D=11: pe avtdv 10V KOIKA, TO WVOLO
110 pmopei vo onuaiver eite BC eite DA. IMopopoto "dwpopovpevo" (ambiguous) kmddika eiye
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YPNOWOTOMGEL Kot To Mavieio Tov AeAP@V 6Tov TEPipNo ekeivo ¥pnopd Tov "iEelg api&els ovk ev T
moAép® Bvnéels”, mov umopovoe vo epunvevtel ite cav "igeig, apifelg, ovk ev T moAfpm OvnEeg" (Ba
mag, o yopioeig, dev Oa mebavelg otov mOAe0), gite cav "iEelg, api&elg ovk, ev T moAéum Bvnées” (Ba
mag, ogv Ba youpicelg, otov moAepo Hao mebavelg).
N
VEO GUN—
Boro
YrnoOétovpe o611 to. bits TV Kodkomompivov cvopuBormv j> 5
EPYOVTOL GEPLOKA, EVa-EVa, amd Udv 16000 in, Kol OTL VITAPYEL
éva polol ck mTov oNUASEVEL, e TNV EVEPYN OKUN TOV, TO TEAOG ToL KAOE bit e166d0v in. H FSM éye1 4
e&odovug, 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 TeAEvTOion
bit Tov avtictoyov GuUPOAOL.

10.6 FSM Amoxkmdowkomoinong Huffman:

O Topamdved KOSIKOS HETaPANTOD unKovg Y16 ta 4 cOupora A,
B, C, D amokmdwomoteiton pe v FSM mov gaiveton 6e&id.

H «katdotaon exkivnong givar 1 SO, ordte Ko mepuévovpe va pag EABet éva véo cOPoro, pe 6L TOL Ta
bits and v apyn. Zmnv d0 KOTACTAON EMOTPEPOVUE KAOE POpd mOv TEAEIDVOLY OAO TO bits TOv
TPONYOOLEVOL GOUPOAOV, KOl ETOUEVMG TTEPIUEVOVLE £V VEO cOUPBoAo ard v apyn. Edv eipoocte oty
katdotaon SO kot pog EA0et gicodog 0 (in' aAnbég), onuaiverl 6Tt PAEmovpe éva cOpBoro A (To HovadiKo
apo. Ko 1o TeEAELTAI0 TOL bit), emopéveg Tpémel va avayel 1 £€£060¢ A Kot 1 EXOUEVN KATAGTAGN VO Eivat
oA n SO, agold oTov €MOPEVO KOKAO TEPYEVOLUE TO TPMTO bit Tov gmopévov ovuforov. Edv topa
elpaote oty SO ko €ABet €i60d0¢ 1 (in aAnb€g), Tote E€povpe dTL PAETOLLE TO TP®TO bit EvAC GuUPOAOV
B 1 C 1 D, aAld dev EEpovpe axdpo tivog amd to tpia: £tol, petafaivovpe oty katdotaon S1 mov
onpaivel 0Tt &yovpe detl péypt otrypng €va "1". Tov enduevo kvkro, oviac oty S1, av dovpe gicodo 0
onpaivel 0Tt PAEmovpe To TEAOG VO supuPorov B, dpa avdfovpe v €€0do B kon petapaivoope oy SO.
Av avtiBétog dovue gicodo 1 onpaivel 01t PAETovpEe TOo devTepo bit evog cupporov C 1 D, aAAd dev
EEpovpe akdpo Tivog omd Ta 000 €1ol, petofaivovpe oty Kotdotaon S2. Tov emdpevo KOKAO, 6VTOG
otV S2, €i60do¢ 0 onpaivel 6TL fAémovpe 10 TEAOG £vOG oupforov C, evad €i60d0g 1 vmodetkvier To TEA0g
evoc cupporov D.

10.7 Kwmowonoinon Katastdoecwv One-Hot:

Y10 gpyaotipo Oo katackevdoete v mopondveo FSM Aqyng tov kodwke petafAntod pRKovd,
APNOYOTOLDOVTAG V0L GTOA KMOKOTOINoNG TV KaTtaoTdoe®mv g mov Aéyeton "one-hot" (éva "(eo16"):
OIS PAIVETOL GTO EMOUEVO GYNUa, xpnoiporotovue toca flip-flops katdotaonc 606G Kot 01 KOTUGTAGEL
(avtl 660G 0 dvadKdc AoydpBpog tov mANBovg TV katactdoewv, mov Ba apkovoav), kot Ho
@POVTIGOLLE £Vl KOt LOVOV Eva omd ovTd va €lvar avapévo og Kabe [l amd TG EYKVPEG KATAGTAGELS TG
FSM. To otuk avto givor ondtaro o€ flip-flops, aAhd cuyvd divel amAodotepn GUVIVACTIKN AOYIKT] Y&
v FSM: gival cav va glyope pid mo mokve KOSKOTOUEVT KOTAGTAOT, KOl HETE va giyope ki Evav
GUVOLUOTIKO OTOKMOUKOTOUTN OV Wag Otvel pio Kot pHovo pio avouévn €060, OUTNV TOL AVTIGTOUKEL
otV mapovoa katdotaon. Ovowd, pe o va Egovpe 3 (ev mpokepéve) flip-flops kotdotaong, onpaivel
OTL TO KUKA®LLOL OTNV TPAYUATIKOTNTO £XEL 8 KATAGTAGELC, OO TIC OTOiEg LOVO 3 ivoil Ot £YKVPES V1A LA,
KoL TPEMEL VAL GLYOLPEVTOVLE OTL TO OA apyikonoinong reset Ba pépvetl mévta v FSM oty embounm
gykopn apyikn Katdotaon SO, aveEapmTmg o€ oy and TG 8 VIOPKTEG KATAGTAGELS (0L novo 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 kedwomolovpe pe S1=1 ko1 S0=S2=0- ko1 1 "S2" Ba eivor 1 S2=1 ko SO0=S1=0. Me
VTN TNV KOOKOTOINGN KOTOoTAGE®V, 01 ££0001 TG FSM ekppalovtol Told omAd:

A = (S0)-(in'"), B=(S1l)-(in'), C=(S2)-(in'), D=(S2) - (in)

o10TL (S0) etvanr oAnbéc o6tav ko povov otov Pprokdpoacte oty Katdotoon SO, K.0.K. yid «dbe
Katdotaon. X1n cuvéxela, ekepdlovpe Tig e£6d0vg emduevng katdotaonc. H é€0dog nS1 mpémer mévta va
&xer v Ty ov mpémet va apet o flip-flop S1 katd tov emdpevo KOKAO poroylov: dpa to nS1 mpémet
va givar aAn0ég tote Ko pdvo tdte 6tav oTov EMOUEVO KOKAO poroylol 1 FSM mpénet va petofei otnv
katdotacn S1. And To didypappe katootdoemv g §10.6 PAEmovpe 0TL N endpevn katdotaon eivaun S1
uovo oe pia mepintmon (Lovo €va Bérog pmaivel oty S1): 6tav tdpa gipacte otnv SO kot in=1- dpa, To
nS1 mpénet va givar aAnBég 6tav ko povov otav (S0)-(in). Opoiwg, n S2 givar emwduevn KatdoToon HOVo
otav S1=1 kot in=1, dpa tOTE KO povo toTe TPEMeL va avaPel to nS2. Topa, n SO eivor enduevn
KaTAOoTAON O TEVTE SOPOPETIKEG TEPMTMOOELS: OTav gipaote otnv SO kot in=0, | otnv S1 kot in=0, N
elpoote oty S2 (pe owdnmote €icodo in), | otav reset=1. 'Etc1, apoxvmtovy ot €N oyécelg yud Tig
€€000VC EMOLEVNG KATAGTAONG:
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nSl = (SO) - (in) - (reset'), =nS2 = (S1)- (in) - (reset'),
nSO0 = (S0) - (in') + (S1)-(in') + (S2) + (reset) = in' 4+ S2 + reset
BAémovpe o611 M éxepacn  yi& 1o nSO
' reset A

amhomow)Onke ¢ eEnc: oOmote in=0 emduevn button D —Out[12]
katdotaon eival mavio n SO, Kol ovtd KAAVTTEL _ - o |B out[8]
Ta TPl ETAVE PEAN 6TO S1AYPApLLY KOTAGTAGEDV: buton M —— 1 »f 3 % c
10 Péloc vyt S2 ko in=1 pmopodue vo TO VL 'C(_J; g [ Outd]
Kakuwopus He Tov 6po S2 (novrsmcng ,K(X]LI)TCTSI 5% D Out[o]
v wepintoon S2 Kot in=0 wov 101 KAAVWOLE e T2
Tov 6po in'): €tol, T0 pOVO GAlo Péhoc mpog SO 5 2 nSo >
7oL €uEve glvarl To reset, dpo cuvoiikd nSO = in' § § nsi LEDf
+ S2 + reset. Ocov a@opd, TOPO, T GLVOMKN = LEDS6
dpdon tov reset, avt TPEmEL Vo oyedooTEL nS2 >
TPOCEKTIKA: OTav reset=1, mpémer m emduevn LED7
katdotacn va givar 1 SO aveoptitog Tov TOV
Bplokdpootav, €ite o HGv omd TG EYKLPES

katootdoels SO, S1, S2, eite oe Kdmolav amd TIC
vréhowmeg S5 "mapdvopes" kotacstdcsig (000, +ofi4 [13 [i7 [7] [0 [9] [8]
011, 101, 110, 111). Me tov 1pdmo TOL
TePLEA PO TO reset OTIG MOPUTAVE® GLVOPTNGELS,

) P ; \ . 7432
ovtd eEaoPaAileTal: oldNTOTE TIUN KOl OV £YOVV a
ta SO, S1, S2, kot 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, kot o 6pog "OR (reset)" otnv
¢€060 nSO e&aocparilel 0Tt avt O ivor 1. [?I |?'| [?l [(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

COLPMOVO  HE TO KUKA®UO TOV TEAEVLTOHOV

OYNLOTOC KO TIG TOPATave EEIGMGEIC TOV TEPIYPAPOVY TO GLVIVLOGTIKO TOV Kopdtl. Onmg deiyvel o
oMU, UTOPEITE VO TAPETE Kot TIG VO TOMKOTNTES, in Kol in', TG €10000V .. amd 10 Kovuni M g
mhokéTog e10000v/eEodwv. Eqv 0éhete, pnopeite vo mapainyete tov 6po (reset’) amd ta nS1 kor nS2,
apkel va Qupdote mavto 0Tov KAvete reset va £yete TonTtOYpova. Kot in=0. XpnGLOTOU|oTE T.Y. TO KOLUTL
D y14 to onpa reset. ['id 0 cvvdvaoTIKO KORATL TOV KuKA®pATOG Ba ypelaoteite 2 chips 7408 (wdAeg
AND) ka1 1 chip 7432 (mdAec OR). & Vv KatdoTooT, ¥PNOLOTOMOTE 3 and T0 8§ aKHOTLPOdOTN T
flip-flops evdg chip 74574. T'd 10 poddi, ypnoonomote .. tov dwkdntn A. H gicodog in mpémet vo
&xel otafepomombel mpv TV evepyn akun Tov poroyol (mpwv motnbel o A) kot vo Topopével otabepn
Katd To TATHO: 0AAGCETE TV TN TNG £160O0V in HETA TO AT TOL A.

INa va mapaxorovbeite v mapodoa katdotaon tng FSM, kabog ka1 v vmo mpogToacio Exdpevn
KatdoTaon, xpnollonomote avtictowyo Tic 3 apiotepég ko Tic 3 de&iég LED, 6mwg deiyvel 6to oynua.
IMa va PAénete 115 T€00epelc £600vg g FSM, ypnoiponomote avrtictoyo ta 4 ymoeio g o86vng LCD
(apkel m.y. to LS bit k60e ynoeiov, dnradn éva ke 4 bits g kolmdotawiag). [Tapatnpnote 6t T0
onuata €£60ov tng FSM maipvouv 11 6ot Toug T Lovo apov 1 €16050¢ in TApeL TN 01K TNG CMGTN
TN, UETA TNV TPOTYOUUEVT] OKUY (TATNO) POAOYIOV KOl TPV TNV EMOUEVI]: 1| OOOTH TIUN EIG0O®V KOl
e€0dmv gival apéomg Tpv TV akun (TaTnua) poroyov, tdte dnAadn mov ta akporvpoddtra flip-flops
"kortalouv" 115 £16650VG TOVG.

Hpw @téoete oto gpyaotiplo, kdvte Eva mANpeg oxeddypoppo cvvdecsporoyios. Emiong, ypdyte oto
yopti oag v kodkomoinon tov unvopatog "ABACADACABADACAC" cOppova e TOV KOSKO [LOG
petapintod  unkove.  Emiong, amokmdwomomote TO  UAVLMO. @OV WEPEYOLV  To.  bits
"1001001110111011001100" cOpe®vo TAVTO UE TOV {010 KMOWKO. XTO EPYUCTNPLO, KATOOKEVAGTE TO
KOKA®LO, 0pYIKOTOmoTe T0 6wotd (reset=1 kot in=0 Kot akp poAoylov), Kot 6Tn cuvéyelo eAEyEte T
OMOTN AEITOLPYIC TOV GTEAVOVTAG TOV TO dVO TAPOTAVED Unvopata kot PAETovTag av ta Aaupdvel cmotd,
dradn av avdaper n cwot) LED pio popd yud k4Be ypdppa-copporo.
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