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121 Enovextédeon Eviohov: Avaxhoddoeig, Adpora $=0: n=input):

do{s=s+n; n=n-1;
INé tig evtohés medEewv nouw GopTmONG/amobfinevong mov eidope otnv } while (n 1= 0)
§11.3 1) emOUEVT TOVS TEOG £XTEAEON EVTIOM) fiTO QT TTOL elvaw yoapuévy S =s; /* print sum */
oV apéons "amd xatwm" 0fon pvhung (§11.4). Av fitav €tol Oheg ol Instr. Memory:
eVIOMéG eVOG TIROYQAUUATOC, OL EVTOAES QUTES Bl exTENODVTO arQPpmdg wia :

$od N nobed, amd TV TEMOTY UEYXOL TNV TEAEVTALN, KAl TO TTQOYQOLLUOL 1E:| Id | 00
Oa teheimve olD yofyopa. Omwg Eégovue, OUMS, OL VITOAOYLOTES AVTAOVV 1F) st i 19
™ dlvaun xow v eveMElo Tovg amd T Suvardémrd Tovg va ., 20°|iNP .18
emavexteAovy moMATAES GoQES TNV (Do oeLRd vTOM®V (TNV (Dt dovderd - E g; alg g 12
10V {010 aldydoibuo) mbvw o dadogetind xdbe pood dedopéva, odTws & 23:[ gt T 19

mneopoodv. Ty duvatdomrto avti) v omoxtodv pe TG eviorés ¢ 25:fsub: 01
daxhadmong (branch) 1 dhpoatog (jump). Omwg eldape otnv §11.9, 1 26: st ; 18

Mhote TeEMnG va emTuyydvouv pHoxQES %ol TOAUTAORES emeEeQyaoies i { 24:| 1d 18

EVTOM] AALOTOC HAVEL (DOTE 1) ETOUEVT] EVTOAT] OV Ol exteheoTel va elval 1 gg b|?je ?; -
eVTOAT mov Poloxetor oe ogopévn B€om (dtebBuvon) dapogetixy) amd tnv 29:[ st = 1A
"amd watw" 0fon. Miud evtol] doxhddwong xnavel 1o (Oto, alrhd vmwo 2A: jmpf 1E

ouvONxn, dnhadi) peowés Ppopég m emdpevn evioln elvor m "dAAn", non 1
peQunés dogéc Oa elvar M "amd xwdTtw", avaloya ov woyvel 1 Oyl
doopévn ovvOnrn ndbe hood.

00: 0
210 oyfpo PAémovpe Eva maddELYIA TQOYQAUUATOS OV VITOAOYICEL TO 0t: " 1 "
aBgotopa n+(n-1)+(n-2)+..+3+2+1 naw 1o yeddeL oty Béam 1A g puvihung 18| h-876
dedopévarv. Eexwvape pndeviCovrag ) petaPinti "s" (0éon pviung 19), 19:|s=0 8 F
avtrypddovtog exel amd T B€om 00 ov oe eudic meQLéyeL Tov 0o 0 ou 1A: S

doovtiCovpe va pnv alratel moté. Tov aOud n, ot Oéon pvhpung 18, tov
Owafdler m emOuevn evroly) (otn dievd. 20) amd To TANKRTQOAOYLO: input
18 010 oyNua votibetan 6tTL 0 aLONOS auTdg eivar 8. O TEelg ayLrés eVIoLEg Tov "Bpdyov”, oTig
0¢oeig 21,22, nou 23, dapACovv TNy TEEXOVOO TIUT TNG LETAPANTNAG S, TNG TQOoHETOUV TNV TEEYOVOO
Ty ™S petafAnTig n, ol yoddouvv to amotéleopa mow otV s (s=s+n). ZTO TOQAOELYUO, TNV
TOMOTN GOEA TOU EXTEAOTVVTAL QUTES OL EVTIOAES, AvEGVOUY To s amtd 0 oe 8. O toelc emdueves eVIOLES
(Béoeig 24, 25, nou 26) EAATTOVOUV T UETAPANTH N RaTd 1- 0T0 TOQAdELYHQ, TV TRAOTY (GOQEA IOV
exntehovvtaL, aAMATovv To n amd 8 og 7.

2 ovvéyela exteleltoL 1 €VTOA bne 21 amd Tt 0fom 27- M &vIoAn avth] onualver edv o
OVOOWEEVTHG eV toovTal ue unoév, dtaxtadaoov (myyawe) oty evtodj 21 (branch if ACC not equal
to zero - brach not equal - bne). Emeld1) exelvn tnv doa o ovocomeuTilg meQLéyEL TO n=7, OV €lval
OLéipoo tov undevog, N ovvONxrY g danAddwong etvar alndig xar 1 donhadwor emTuyydveL
(moarypatomoteltan). ‘Etol, emdpeves eviohés extehovian oL eviolés 21, 22, now 23, avEGVOVTaG TO §
oo 8 oe F (=15 oto 0exaduxd), »al petd ov 24, 25, now 26, pewdvovrog 1o n amd 7 og 6. Metd,
Eavoenteleital 1 bne 21- €meLd1) 0 CUOOWQEEVTIG TEQLEYEL TO 6, 1 ALAUAAD WO ETUTUYYAVEL HOL TTAAL.
"Etot, oL evtolég 21 émg xon 27 Oa EavaenteheotohV »AUT00eS poég andua, avEdvovtag dradoynd
TO s ®OTA 6, 3, ..., 2, ®ow 1, nou pewdvoviag To n dradoymd oe 5,4, ..., 1, nwon 0.

Tnv tehevtaio pod, oto cvoowevti) Ba £xel peivel n=0. Tote, ) danhddwon bne 21 Ba amotvyeEL,
0otL 0 ovoomeevtig dev elvar mhéov duddogog Tou undevog: €tol, 1 emOUEVY €VToAn Oev Oa
dwaPaotel amd ™) Béom 21 dmwg mEiv, aAld amd T B€om 28, dnhadr) amd Ty "amd watm" BEom, Omwg
nAVOUV %ol OAEC oL GhAeg evioléc mou Oev eivar dronhadwoels. Tooa, ou evtorég 28 »al 29 Oa
ovILyQdpouv to TeMrd amotéheopa 8+7+6+...+2+1 amd T 0€on 19 (s) otn Oéon 1A (S) oL 0 0TdY0g
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ToU mEoYdupatos Ba éxel emrevyOei.
12.2 Yhomoinoemn otov YTroroyioti] pnog Tmv Aexiadmeemv vo Zuvonxn

I va exteréoel 0 VTOAOYLOTHG HOG TS eEVIOAéS dtoxAhddwang (Vitd cuvOnxn) xat dhpotog (Yweig
ouVONXRY) OTTOLTE(TOL EVEQYOTOINOT TV OQOUWV TOU PGA{VOVTIOL OTO TAUQARATM OYNUO: TQOKELTAL
oxQPog yid tovg (dovg dpdpovg mov eldape now oty §11.9 yid v evioli] dipatog, jump. O
TOAVTAERTNG OV TEOdodoTel Tov PC déyetan otig dUo eoddovg tou T devBivoels tov o
VIOYNPLOV EMOPEVV eVTOADV: TG "amd ndtw" (PC+1, otnv elcodo 0) yid TIg amoTuymuéveg
Oarhadmoelg, ®oL TG evrtolilc mooglopol (ADDR, otnv €lcodo 1) yid TG emTuynuEeVveg
darhadmoelg. H dievBuvon ADDR ¢tdver oty elcodo 1 tov moivmhénty amd to BUS, 6mov tnv
PéCer o Towatdotatog odnyntig mov avdfer amd to ofue im2bus. To poOvo mov péver elvor va
eheyyOetl owotd o molvmhéxtng Ttov PC mote va emmuhéEel TV owoth €(0000 Tou avdloyo [e To av 1)
exdotote doxhddwon elvor emTuynuéVN 1 amoTuyNuévn (ONUELWTEOV OTL 1) EVTOAT GANATOS (jump)
OV LITEQLHEQETOL OOV UECL TTAVTO ETUTUYNUEVT] OLaxAAOWON)).

2 s & = 3 g3

ON & £ E E 3 &l &
c S| © © © SIRES
Yy

INSTR

MEM.

12
Bd
4 %
=]
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BUS . i
8 v v | Yy s
bne *e o0 ck accSign accZero = OFF

INé va E€gel To ninAwpo eELEYYOU av (G VIO daxAadmong eivol emTuynuévn 1) amoTuyuUéVY dev
TOU 0Q®oUV HOVo T 4 bits Tou opcode oav ec0dog --yeLdleTol eL00dOUG ®oL aTd Ta dEDOUEVA, KO
ovyrexQLuévo vo Eépel T eidoug apBudg Potoxetar auth ™ otypi] otov ovooweevti) (ACC):
Betnog, 0QvNTKog, uNdév, xhm. O vmoloylothg pog Ba éxel Téooepels eVIohés danrddmong vmod
ovvOnun: (o) bne (branch not equal): daxhadmdoov edv ACC di1ddpoog tov undevog: (B) beq (branch
equal): droxhadwoov edv ACC (cog pe to undév: (y) bge (branch greater or equal): dtoxhaddoov edv
ACC peyalitegog 1 (0og tov undevog xow (8) bit (branch less than): dtoxhadwoov edv ACC
uxOTEQOS TOU UNdeVHS: emiong (€) £xeL TV eVToAn dAuotog ywois ouvOnxy, jump, | omota alldlel
TTAVTOTE TNV €MOUEVT evToA]. Tld va exteheotolv oL evtolég dtaxhddwong meémel va Eégovue to
TEOONUO TOV CUOCWQEEVTH ®AOMG noL oV auTOg eivol undév 1 OyL. Avtodg elvar o QOLOG TV oNUdTOV
accSign now accZero (mpodonuo, pndév) mov daivovror oto datapath va yevvioUvtor amd to block
ouvOLaoTIKNG Aoywng "sign/zero" ov ®oLTALEL TO MEQLEYOUEVO TOV CVoomEEVTY], ACC.

Onwg eldape oy §6.3, T0 mMEOGNUO VOGS AQOUOT RMAKOTOMUEVOY 0 GUUTAQWUO WG TTQOG 2
elvar to meQLocoTEQO onuovTtivd (MS) bit Tou (To 0aQLoTEEdTEQO bit): OtV autd elvor 1 toOTE O
00OuoS elval aQvnTndg, evay dtov To MS bit elvar 0 0 aQuOuds eivar Oetindg 1 undév. H aviyvevon
TOU €AV 0 aELOUOg eival undév N dudpogog tov undevog amantel wd toAn NOR pe tdéoeg eL00d0vg
600, to bits Tov aBpot. Apol 1 €Eodog udg mhing NOR eivar 1 dtav »ar pdovov otav Oheg oL
etoodot g elvar pndév, ouvdéoviag ndbe bit Tov ovoomweevTi) og pa eicodo thg NOR éxovue TV
€£000 g va avéfer otav xor povov dtov dha ta bits Tov ovoomeevTi) eival undév, dniadn dtav o
ACC megiéyel tov aipd undév. Ovopdtovpe aceSign 1o MS bit tov ACC, ovopdtovue accZero tnv
€€000 g mOANg NOR 8 £l06dmV, %ol TOREXOVIE O0TO KURAMUA ELEYYOV auTd T 000 ofuoTa ooV
€L0O00VC TOV.

Twoa, o mivaxrag aAndeiog Tov vurhdpotog eLEyyov mov eidape ot §11.10 meémel vo ovumAnQWOEl
omwg magondtw. IIavra yid dheg avtés tig evrorés: pcLd=1 xow addrMd=0. H evtol| jumpx mov

https://www.csd.uoc.gr/~hy120/19f/lab12_br_ptr.html Page 2 of 10


https://www.csd.uoc.gr/~hy120/19f/lab11_dpath.html#jump
https://www.csd.uoc.gr/~hy120/19f/lab06_sub.html#signEnc
https://www.csd.uoc.gr/~hy120/19f/lab11_dpath.html#dec_ctrl

Lab 12: Branches and Pointers (U.Crete, CS-120) 03/12/2019, 17:35

daivetor axoPds vdtw amd v jump elvor véa xow Bo ovlntnOel oty emduevn §12.3 Tud Tig
EVIOAEC TTOV TTQOVTNQEY ALY, TIEQLAALUPOVOUEVNC ROl TNG Jump, TO OTUOTO ELEYYOV OEV EEAQTMVTAL A0
TG véeg €Lo000VGs, accZero waL accSign, OGS VTOOEWVIOUY Ta "X" OTLG OVTIOTOLYES YOOUUES KoL
otniec. [é Tig evrorég dranhddmwong, Oumg, To oNua pcMd ou ehéyyel To mold Ba elvar 1 emdpevn
evtoh] xabopiletar amd tov Tomo g dtoxAddwong rar amd TG ewwddovg accZero now accSign.
IMogoatnefote OTL Y& Tig beg/bne (opcode = 100x), To pcMd eivaw to amoxiewotivd-H (XOR) tou
accZero e To LS bit Tov opcode- yid tig blt/bge (opcode = 101x), To pcMd eivor to XOR tov accSign e
to LS bit Tov opcode. T'id T amotuynuéveg dianradmoels (opcode = 10xx xow pcMd = 0), To im2bus
uroel va efvou ette 0 elte 1, dedopévov 6Tl 0 molvmAénTNg ayvoel oUTwg 1] dAlwg v T tov BUS:
ov emAéEovpe 0, TOTe im2bus = pcMd, evid av emAéEovpe 1, TOTe amhomoleitan o xatng Karnaugh tov
im2bus.

accZero: Nettoupyio: aluMd acc2bus dmWr pcMd
opcode: accSign: dmRd accLd ext2bus im2bus
0000 (add) x x ACC:=ACC+DM[A] 1 000 1 0 0 0 0 0
0001 (sub) =x =x ACC:=ACC-DM[A] 1 001 1 0 0 0 0 0
0010 (and) x x ACC:=ACCandDM[A] 1 010 1 0 0 0 0 0
0011 (nor) x x ACC:=ACCnorDM[A] 1 011 1 0 0 0 0 0
0100 (inp) x x DM[A]:=I0 BUS 0 XXX 0 0 1 1 0 0
0101 (1d) X X ACC:=DM[A] 1 1xx 1 0 0 0 0 0
0110 (st) X x DM[A]:=ACC 0 XXX 0 1 0 1 0 0
0111 (jmp) x x PC := A 0 XXX 0 0 0 0 1 1
1111 (jmpx) x x PC := DM[A] 1 XXX 0 0 0 0 0 1
1000 (begq) 0 x PC := PC+1l 0 XXX 0 0 0 0 X 0
1000 1 x PC :=A 0 XXX 0 0 0 0 1 1
1001 (bne) 0 x PC := A 0 XXX 0 0 0 0 1 1
1001 1 x PC := PC+l 0 XXX 0 0 0 0 X 0
1010 (blt) x 0 PC := PC+l 0 XXX 0 0 0 0 X 0
1010 x 1 PC :=A 0 XXX 0 0 0 0 1 1
1011 (bge) x 0 PC := A 0 XXX 0 0 0 0 1 1
1011 x 1 PC := PC+1l 0 XXX 0 0 0 0 X 0

123 Awdizaoiss: Ahnarae og Metafintés Aevdivoeig

‘Oheg oL evtolés dtonhadwong, »abdg xaw 1 eviolf) ko dhpatog (jump) mov eidape péyoL THQO,
gxouv T OleBvvom mEooELoNOT ToUg OBOQLOUEVY HECA OTNV EVTOAT 0UTH] ROO'EQUTY --YQOUUEVT)
PECO 0T PVTUN EVTOAGDV (OLetBV VoY TpooELopot etvar 1 dtevBuvon g "AAANg" emdpevng EVIOAS -
-OxL e "o ndTm"). ZTOV VTOAOYLOTI] HOS, ®AOE TL OV ElvaL YQOUUEVO OTY UVHUN EVIOADV OEV
LItoQel var alLAEEL TNV MEOL TTOV TEEYEL TO TQOYQAUAL, OLOTL OEV VTTAQYOUV EVIOLES TTOV VO YOADOUV
omv pvhun eviohov. To do ovpPaiver rar otovg alnBivolg, eumoQurols VIOAOYLOTES, Yid T
OUVTQLITTIXT] TAELOYT|PLOL TOU ONUEQLYVOD AOYLOMXOV: TToQ' OTL OL UVIUES EVTOAMDV ol dedouEVIV OV
elval wELoTég, Oumg dev yoAdpouue AV 0TS EVIOAES, OVTMG MOTE VO, ATTOPUYOUUE EVa 0mWQEO
TOVOREPAAOVG TG TV artoohaipdtwon (debugging) Twv mooyoaupdtov. ‘Etol mooxiiter 6t 1
devBvvon moopLopot s dtaxhddwong 1 evog amhol dAuatog dev pmogel va ahhdEeL TV doa
0V TEéYEL TO TEOYQOUUD, ONAadT elvar pio xou povadxi], mhvta 1 B, avti) wov xoboLoE
("otaTnd") 0 TEOYQAUUATIOTHG OTAV £yQadE TO TEOYQUUu. AVTO ETAQKREL YLA TOVG TEQLOGOTEQOVG
oA OyL YLG OAOVG TOUG O%OTTOUG.

I'é vo propel o vohoylotig pag va exteret dtadixaaies (procedures), TQEmeL Vo EXOUHE Evay TEOTO
mote, Otav TELELMVEL 1 exTéheon TN dadwaciog, vo "mnyaivel" To meoyQauua oW 08 AUTOV IOV
™V xdhleoe, O0molog %L av NTav avtdc. To Bépa elvor 6TL Ty (O dradwaoio pmogel va v
nohéoovpe amd moANG xou OlodogeTind UéEn evOg MQOYQAUUOTOS TS Oo PIToQéceL auTH va
"emoteéel” dAlote oto éva xatl Ahhote 010 dAho amd avtd, edv 1 TelevTolo TNG EVIOAT lval éva
orho dhpo ou pog myaiver tdivta oe éva, otabeQd onueio; Puowmd, 6molog rakel ™ dadumaoio
uwoet va yoddel ndmou (dnhadn ot pviun dedouévarv, 6Tov ®ot pOVo Wrootv va yoddouv ta
TEOYQAUUATA TV (MO TV TEEYXOUV) TN OlevBuvor Tov, dnhadmn tn devbuvon g evtoiig dmov
grmBopel vo emoteépel 1 dadwaocio. Opwg to Tnroduevo eivar va £xovpe WAy edinf] evioin
ahpotog M omoio. vo umogel v pog otether oe perafinti diedBuvon mEooolopov, dNAadn oe
TPOOQLOMOTE TTOV VO, TTIOXIAAOUY TNV (MO TTOU TEEYEL TO TEOYQUUUA. AV TNV €YOoVue avThv, TOTE
%n00e dradiraocion umogel vo teletdvel pe ud tétola eVToAT), 1 omoia. Bo Polonel Tnv emduevi) Tng
evioM] dwafdlovtag ) devOuvon avtig TG emOUEVNS EVTOMS amd v ewdwmf] exelvn Béom g
pviiung dedopévav Omov owtds mov xGhece TV dwodraocio €yoaype tnv exdotote embuunTi
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dtevBuvor emotoodic.

Tnv edunt] avti) evtoAn) dhpotog v ovopdtovpe jmpx ADDR (jump indexed - dApo pe deintn, N
ahhote jump indirect - éupeco diua), 6w auTi GAivovtov O0TO TAUQATAVM IVOKO AUECHS HATW
oIt TV OTtAT) €vToAf) GAUOTOS jmp ADDR. Zav ONUAOIOL ®OL OOV VAOTIOMGOT), 1 VEQ EVTOAT elvan éva
1OAUO TOV ATTAOU GAIOTOS %Ol TNG VIO GpopThuotog (load) Tov CVGCWEEVTY. Zav TO ATAd dhua,
TO €upeco Giua yododel wd véa T otov PC, dtadooetint amd PC+1 (rat yid To o%omd avtd navel
pcMd=1)- oav v evtoAn load Ouwg, autd mov ¢ogtdvel otov PC (avit otov ACC) elvar to
DM[ADDR], 0vti TOU 0rthoU ADDR (nai yU' avtd avdpel tTo dmRd avitl Tov im2bus): 1 véa Tiui) tov PC
elvar 1 (ev duvdper petofAnti)) tiuf DM[ADDR] mou dwofdalovpe amd Ty puviun dedopévarv (ot
0¢om mov pog AéeL 1 evtoAt], péow TOV ADDR), avil TG 0T0.0goNS TS ADDR mov diafdlouvpe amtd
TNV WV EVTOLDV.

"Eva. Mo mtadderypor xoMong g vEog eVIOAS EUUECOV GAUATOG £XOVuE OTLS TRMOTES 10 BéoElg
NG UWVHUNG EVTOAMY TOU VITOAOYLOTH] Hog, Omws Tig idape oty §11.11: 0 vmohoyloTig pag ayitet
TavTo vo, extelel eviolég amd ) diehOuvon 00, dmov Polorel oav 000 mEmTES evtolés Tig "input 10;
jmpx 10" (oto gpyootholo 11.11 exteholoate TV jmpx oov OItA] jmp, 0AAG €00 TO TTQAYUATO
oMGCovv). H modtn evioly, input 10, mogohapPdver évov aglOpd amd Ty TEQLPEQELONT] CUOKEUT)
(MAMnTEOAGYL0), ®aL ToV Yoddel ot B¢an 10 tng pviung dedopévov (DM[10]). H deliteon eviory,
jmpx 10, extehel éva (€ppeco!) dhua -6y ot dievBuvon 10, alhd ot detBuvon mov dafpdler amd
™V moadve B€om 10 g pviung dedopévawv, DM[10]. "Etol teMxd, oav Toitn evtolf exteleiton 1
eviol] amd ™ devBuvon mou o xeNotng €dwoe amd TO TANKTQOAOYLO, ONACON WG EVIOAT] OV
pwogel var alhGler #dbe popd mou exteheiton To mEOYQOAUUA! ZTO €QYaoThQLO, OTav Béhete va
exteréoete to mEoOyQappo g §12.1, minutgoloynote "0020" (deraeEadind) Otav avdfer o
VITOAOYLOTHG: 1] TTEWTY €VToAT] "input 10" Ba mpoxaiéoel "DM[10] := 20", nou 1 delitegn evioht| "jmpx
10" 8o mpoxaiéoel "PC := DM[10] = 20")- £tot, oav toltn evioli] Oo exteheotet 1) €viod) 20, ov elvon
1 TQMTN €VIOAN TOU mEoyQeduuotog §12.1. Av mdh Oéhete va exTeEAEOETE TO TQOYQAUUA TNG
mogoxdtw §12.5, mov aQyiCer omm OetBuvvon 30 (OexaeEadxd) NS UVIUNG  EVIOADV,
mnutooloynote "0030" otav avdafel o vmoroylotig: 1 "input 10" Bo wdver "DM[10] := 30", now 1
"jmpx 10" Ba ndveL "PC := DM[10] = 30".

Aoxnon (Ieipapae) 124 Evroréc Alexhddwong

Metagpedote Tov moQommdve mvaxra aindetag g magayeddou 12.2 o (Amhomotnuéves) EELOMOELS
Boole mou meQuypdpouvv xdbe €E000 tou nurhdpoatog eréyyov (dnh. xdbe ofuo eréyyov) oav
oUVAQTNON TWV EL0OdWV TOV RURADUOTOG eAEYYOV, opcode, accZero, xou accSign. [Tapatnenote 6T
To ofjuo pcMd pmogel va exdoaotel oav: [(opcode=x111)] OR [(opcode=100x) AND (opcode[0] XOR
accZero)] OR [(opcode=101x) AND (opcode[0] XOR accSign)], 6mov XOR eivar to amoxieiotind-"H,
opcode[0] eivan to LS bit Tov opcode, "opcode=x111" magrotdvel T ouvagtnon KAI twv touwv LS bits
TOU opcode 1) TWV CUWTANQWUATWY TOVS IOV avdfel 0mote o opcode Teleldyvel og 111, "opcode=100x"
molotdvel v ovvdotnon KAI tov toudv MS bits Tov opcode 1) TV GUUTANQ®MUATOV TOUG TTOV
ovépel 6mote o0 opcode 0y (Cel pe 100, xow avtiotorya yud "opcode=101x" dmote avtodg ayitel pe 101.

210 €QYAOTIQLO, AV UeV TTQOAAPaiVETE VO RATAOREVAOETE TO RURAOUO TNG §12.7, TOTE TQOOTEQAOTE
ovTd €dM TO RURAWUO (TTOV ElvoL VITOOTUVOLO exelvou). AALOLDG, ®OTAOREVAOTE ATTAG ROl LOVO QUTO
edm To nOnhmpa eréyyou not donudote To pe to mpoyedupata amd Tig devdivvoelg 10 (§11.11) »au
20 (§12.1). IInyaivete oto meodYpauua mwov embvueite vo extehéoete pe v LEBodo mou eEnynoape
010 Téhog TG §12.3.

12.5 Aopég Agdopévorv: Metafintés ArevOuvoeeis Mvijung

e Oheg TIg evtorés mpdEewv (load, store, add, sub,...) mov eldape péxor TMEQ, oL dlevbivoels Twv
dedopévarv xabopifovtav 0QLoTind ot AUeETArANTO 0O TO TEOYQOUUA: TOV YQOUUUEVES HECO TOV
(otN pviun evtohav, 6oV dev aAAGLOUY oL TANEOGOQIES TNV MO OV TEEYEL TO TEOYQAUUA). MLd
TETOLOL EVTOAT] ®AVEL TTAVTO TNV TIRAEN TN othv (Ot petafinth --omv dua Béom (detBuvon) t™g
pviiung dedopévarv. Me tétoleg evtohég ot povo dev pmogoiue vo emeEeQyaotolue doués
dedouévav (miivanes, Moteg, 06vdQa, »Am): dev UTOQOUVUE VA YQAYOUUE £VA ROUATL TIQOYQAUUATOS
péco o' éva Pedyo mou xdbe hpopd mov Oa emavertelelToL VA TQOOTELAUVEL dtapooeTixnd aTOLYE(D
™g doung Oedopévav, oe dradoetinég devBivoels tng uviung dedopévaov ndbe dpogd. I'd va
QUTOXTI|OEL O VITOAOYLOTHS HOG RO QUTH TN OUvaTOTNTO --TNV TEAEVTAlO IOV pog PEVEL YId VO YIVEL
ALY HOTIROG VTTOAOYLOTNG ! -- YoeLdleTan OvO-TOE(g EVTOAES andua, OTmg Ba avaldoove o auTi) TV
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TORAYQAPO. n=input(); i=0; Data M
while (i<n ata hviemory.

10 madderypa deELd, vdyel évag mivarag (array) Al i(] : 2)*{ ALl 00: 5

oo aElOpovs, Ag, Aq, Ag, Az,... 0ITOONHEVUEVOS OTLG | i =i+1; 01 1
dievOivoelg pviung (dedopévarv) 80, 81, 82, 83,.... ..
Hogatefiote 6T to otoyeio A; Poloxeton om  30:finp: 1C J=--

dievOvvon (80+i). O aQOudc A = 80 Aéyetan - g; g ?g }EC) i—/en’,1/2
dwevuvon Pdons Tov mvora. Ag movpe 6T Oéhovpe &0 33:[ |4 1D e 1E:| A =80
va OLTAAOLACOVUE T 1 TTQWTA OTolyelol autol tov  ¥| 34:| sub’ 1C . 1F:|p=80'8182
mivaxa, Ag, ..., Ap1, OOV n gilvon évag auOudg mov -l 35:[ bge! 30 |- ...

, , . ‘ (36| Id ! 1E

6L6/8‘EOLL oov etgoéog. Avto/@a TO %GVOUpE pe TO &| 37- 2dd 1D 80: Ao .
Bodxo mov ¢aiveton yoauuévog oe yhdoow C ot0 & agif o 81 A1 .
Oyfue.  mAve  cQuTeed: T MEOYQOUMO ot  (39:| idx | 1F 82| Ar |=
Poloxetar yoappévo otg Béoeg 30 - 3C (uviun | 3A:|addx! 1F 83: A3
EVIOMDV) TOU VMOAOYLOT OTO eQyaotiolo, xar 1 3B:| six | 1F 84: A4
daiveton deELé o yhdooo Assembly. H evtoh) input _[3C: 1d i 1D 85: As

1c (0¢0m 30) drafdler TNV Ti n now TV Yohder oty 5 :;EE) adtd ?E) 86: 26

O¢on 1C g pviung dedopévawv. Ou dbo emdpeveg ~ gf. jrip 33 1 !
eVIohég  aQywormolotv T petofint) i Tov '

oYQAupaTog, oV %EaTETtol oty OevOuvon 1D,
yonooroldvtog v T 0 amtd t) 0€om 00. Ty petafinti) i 0o YENOLUOTOLCOVIE OOV UETONTH)
TOU PROYOV Hag, Yid vo emeEegyalopaote vabe pod To oToLyelo A; TOU TVAXRAL.

O Poodyog 0yiCer otn deBuvon 33, ehéyyovTag av To i elval uxnoTEQO TOU A av Oev elvar o fdY0g
Oev enteleitar dAlo (Yid n agvnTnd 1) pndév, dev Ba exteleotel olte A popd). H oirynoion yivetan
pécw g Lwodivaung éxpoaong i-n<0: adpol vroroylotel 1o i-n, Gelhryovue amd to Pedyo dTav 1M
éxdoaon avti] elvar Pevdng, ONhadi otav i-n eivar peyahitego 1 (00 pe undév (evioh] bge) 1
€€000¢ amd 10 0Y0, €00, Elval EMOTQOPT) OTNV CLQYT] TOV TQOYQAUUATOGS VLA va. TTnOel véa Ty .
‘Ortav potpe 0to fdyo, agynd vroloyiCovue tv dehBuvon p tov otouyeiov A; Tou mivoxa, dSLOTL
povov av Eépoupe ™ OleOvvon touv umoQoluEe Vo TO PEOTUUE ®OL VO TO EMEEEQYAOTOVME: 1)
devBvvon p Tou dedouévou A; Aéyetaun pointer (delntng) oe ovtd To otoyeio. Onwg magaTnenooue
TOQAITAV®, 1 dlevOvvon auth elvar p=(80+i), now TV vwoloyilovue pe tig eviohés 36-38, oL omoieg
%o TV yoddovv otn Béon 1F g pviung dedopévav. Katd v modtn emavéinym tov Pedyov, i=0
now p=80 Oty veL 0TO TQWTO 0TOLYKEl0, Ay OTNV 0gVTEQN ETTOVAMYT, i=1 now p=81 delyveL oto A TNV
To(TN $P0oEA, OTTWS 0TO oYU, i=2 naw p=82 delyveL To Aj.

O\ 10¢ig véeg evtorég Tou voloyloTi pag dpoaivoviar otig Béoelg 39-3B tov mpoyedpuatoc. Evo 1
OTAT) €VTOM] 1d ADDR %(VEL ACC:=DM[ADDR] (ONAad] POQTOVEL TOV ROTOXWENTH OO TN B0
ADDR), M V€. €VTOAY|, load indexed, 1dx ADDR, wAQveL ACC:=DM[DM[ADDR] ], dnhadf] $poQtdveL Tov
naTayweNTi arnd T 0€on g pviung dedouévmv v omoia ogilel | B€0rm ADDR --0mwg Aépe, Exovue
wov éuueon modofaon (indirect access). Zto maQddetyud Hag, evad 1 amhi] eviolt] 1d 1F Ba épegve
0TOV OVOoWEEVTH] Ta dedouéva g B¢ong 1F, dnhadr) tov agliud 82, véa evioli] 1dx 1F duofdalel
and tn O6éon 1F tov aplBud 82, nar xonoipomotel avtd tov agtbud oa dievBuvon Tov meoypoTivol
Oedopévou YId va GEQeL TEMRE 0TO OVOoMEEVTH TOV 0QBUO Ay amd T Béom 82. Edv n evtohi) tav
wé amh load, 1ote ndBe Ppood mov o emavarapfdvoviav o Peodyog, TAvTa 1 EVIOAN auti Ba
ouGfate mv ida Oéoan pviung, 1F. Todoa mov M evioly eivan load indexed, og nG0e emovaAnymn Tov
Pooyou 1 Béon pviung mov tehnd dofdlovpe alddler: oty ayf fitav 1 80, petd 1 81, otepa 1)
82, ®.0.. £T0L meTVYaivoupe va emeEeQyolopaote dladoeeTnd otoryelo T doung dedopévav nade
dopd!

Kat' avaloyio moog v 1dx 1F, 1 add indexed addx 1F dwofater oo T 0éom 1F tov aotbud 82, nau
¥ONoLporotel avtd tov adud oo diehBuvon Tov TEAYHOTROU dedouévou YId Vo TRoo0éoel TeMnd,
0TO GUOOMEEVTY TOV 0ELOUd Ay amd T 0éom 82. AdoD 0 ovoompevTi|g mepLeiye NON TOV AU Ay,
T0 dOgoLoUa OV TEORVITTEL LOOUTOL UE TO emBLUNTO dTAGoL0, 2¥A,. Kat' avaloyio mog T 1dx

%o addx, 1 store indexed stx 1F duafdler amd tn 0¢om 1F tov agdpod 82, o xonolpomoLel avtd Tov
0lBpd oo OwetBvvon g moaypatikig Béong Omov Oa amoBnreloel TO TMEQLEXOUEVO TOU
OVOOMQEEVTH €ToL, OTo TAQAdeyud pag, M stx I1F Qo yodwer tehnd oty Oéon 82 (otnv
seonyoipevn avaxidxrlwon eiye yodper otn 6¢om 81, xow oTNV EO-7EOoN Yo eV 0T B0m 80). Aga,
TeMnd, To aQywo Ay ot Béon 82 avtrabiotatol amd to OTAdoLd tov. O Pedyog ohoxingomvetal
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avEAQvovtag to i ®otd 1, nal emoTEEPOVTOS 0TV EVIOAT] 33 Yid VO GUYRQIVOULE TN VEX T TOV i [E
TO 11, %.0.X.

‘Onwg eldape, oL véeg evIOAES PeTAPEQOVV PETOED UVIUNG %Ol CVOOMQEEVTT OYL TO TEQLEXOUEVO WAS
ota0epng --mavta g (dtos-- Béong (devOuvong) uviung, cAlG To mepleyxOuevo b uetafintig
0¢ong uviung --wag 0éong mov ™ devOuvVoT] ™G Vo WToel va TV vimoloyilel xow vo Ty oAAGTEL
%natd fovinon to dlo to mEdyQauua ™V wea mou TEéxel! T'd va xdvoupe xol adalQéoelg o
hoyinéc medaEels pe otouyeia dopmv dedopévarv, Bo pog POAEVAV xaL oL AviIloTOLKES EVIOLES Subx,
andx, norx. [Tédvtwg, pmogotpue va ndvoupe xou YmEIg AvTég (Anout] ®oL YIS TV addx), doxel va
EXOUE TIG 1dx not stx: Avtrypddouue To embuuntd otoryelo tng dopng dedopévmv o wd otabem
0éon tmp (my. 1dx p; st tmp), ndvovpe Tig mEdEels mov Béhovpe v oe TéTOlES OTAOEQES
TEOOWELVES BEoeLS (Tt.y. 1d tmp2; sub tmp), ndL OTO TELOG OTEAVOUUE TO ATOTELEONO 0T BE0M TNg
dopng dedopévwv mov BELove (Y. stx p).

12.6 Ylomoinon Evrolov Indexed

I'é vo pmogel vo extelel Tig eVTOAES 1dx, stx, nal addx, O VIWOAOYLOTNG UoG Yeewdletan tor &0
UVRADPOTO 0TO péoov tou datapath mov Oev eiyav yomowpomownOel uéyor otyuns. Iomtov,
yoerdtetan éva molvmhénty otnv eloodo devBivoemv g pviung OedOUEVIV, TIQOKELUEVOU 1)
OLeOu Vo™ QUTH Vo UTOQEL VO TTQOEQYETOL E(TE OTTO TNV EVIOAT] --YLA TLG OTTAES TEQLITTMOELG-- E(TE ATTO
éva dedopévo mov drafdoape amd v idia T pviun dedopévmv --yid T devteET HAON TV EVTOLDY
indexed. Aeltegov, emeldi] mEémetL va yivouv 000 avayvaoels amd T pviun 0edouévav, 1 wia petd
™V GAAT, YeelalopooTe noL Evav rataywenti, TMP, Tov Vo ®QUTAEL TO OIOTEAECUO TG TOMDTNG
avéryvmong dtabéaipo yid T Oelteon.

2 2 5[y 3 3 gg

& = £ \EJON 3 3 &8

= 3 O| \© © © Q|
y y 1

-

DATA

Addr

oéeExtBus

Y
ck accSign accZero

I tov televtaio avtd AOYo, oL evioléc indexed dev pmoQovV va exteleotolv o €va povo ®inho
QoAOYLOU, OmWS oL VmOloweS €viohéc: yoeldletor wd evdldueon oxun ohoylwol m omota vo
TEQUALTIOEL TV TTEMTY avlyvwon ortd T uviun dedopuévmv xot va Eentvijoel v detteen. 'Etot, no
To nOnhopa eAEYYOV dev UmoQEel a va eivol cuvdvaoTind: xoeldtetol xou 1 bit xatTdotoong mov va
LoLg TANQOGOQEL v TMEO FOLOROUOOTE OTOV TTOWTO 1 0TO deVTEQO RVXAO TNG EXTEAEONC. ZTO TQMTO
dudryooppa, mo évm, Gpaivoviol ol TRAEELS ROl LETOPOQES RATAYWONTMV TTOV TRETEL VO YI(VOUV OTO
datapath ®0td TOV TEMTO ®VUAO EXTEAEONC TWV TOLMV VEWV evTtoAmV. [Toémel va yivel avayvwon amd
™ pviun dedopévov (evegyomoinon dmRd), alhd 1o mEOIGV avtic g avdyvwong eival éva
evOLdueco amotéheopol - véa dLet0vvon-- xow OyL To TeEMnd amoTéheoua TG evtoAns. ['ié to Adyo
ovtd M €Eodog g uviung dedopévmv, amd to BUS, odnyeitar vo amodnxrevtel otov mpoowoivo
notoywenti) TMP (v elcodog emitoePns dooTwong, tmpLld, avtol Tov xotoywenti eival mdvta,
EVEQYOTOLNUEVT|, ETTELDT) TO TEQLEYOUEVO TOV TMP TO RATOAVAADVOVUE TAVTO PECH OTOV TEADTO RUKAO
LETA TO GOQTWUA TOV, doa Oev €xoupe avdynn avtd va dwotnoeitar yid ponreoteo). To addrMd
mpémeL val £xeL TV xavovirt] Tov T (0), dtotL  mMTN auti) avdyvmor and Ty pvijun dedopévav
yivetal amd v 0€or mov vodewrviel To medio ADDR g evtoing. [1pémel va xgatnBolv ofnotd ta
pcLd non accLd O10TL dgVv TRETEL VO TTELQOYTOUV OL avtioToly ol xatayxmwentéc: o PC dev mpémel va
OAAGEEL OLOTL Oev TéEAELWOE 1) exTéleon TG eVIOrTg axdua (LOMS arldEel o PC alhdlel xaw o opcode
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otV £€E000 g pviung eviohwv), ot 0 ACC dev moémel vo. arldEel dLoTL Oev elpaote andun £TOLHOL
va xdvovue v embupnth mEAEN mavw tou (Y. meodobHeon véwv dedopévmv oe avtdv (addx), N
aroOfneVon Tov (stx)).

310 0e0TEQO OLAYQOUUN, TIOQOXATW, GAIVOVTIUL OL AELTOVQYiES OV TRETEL VO YIVOUV ®aTd TOV
0elteQo n0UrhO extTéheons ag eviols 1dx. Ilpémer va yiver | deltepn aviryvowon amd ™) pviun
oedopévarv --ovth 11 G0l Twv dedoutvev avt®v ®ab'eautdv mov BELOVUE VO GOQTMOOUE OTO
ovoomeevth. H avayvwon avti dev yivetar amd ) dievBuvon ADDR mou meQLéyeL 1) VIOAT|, aALd
amo ) 0eBvvon TMP mov dwafdoape ®atd Tov medTo ®Unho amd TN pviiun dedopévov: yid va
yiver auti) 1 emmhoyn meémel va oo addrMd vo. el Ty un ovviOrn T tov, 1. Ta dedopéva mov
dlafatovror mpémel vo mEQAOOVY O0TO CUCOMQEEVTH] OTA TQOMO €VIEAMS avAAoYo pe TNV oIt
evioM) 1d: dmRd=1, aluMd=passB, accLd=1. Emiong, mpémeL va avdpovpe to onua pcLd, 0dpov avtdg
elvar o tehevtaiog ®nxhog entéleons TG EVIOANGS: 0TOV EMOUEVO nUKAO, O PC mpémel va €xel T véa
TOU TLA], VL& var exTeAeOTEL 1) ETOUEVT EVTOAT).

2 /2 2
3 12 3
k] N
\ 'y
INSTR.
lVlEM' iaddr
3
< 1JADDR
L/ .
12
36 |BE

oéWPExtBus

| _BUS |
B
v
Ic*x *e 00 ck accSigF; accZero

INé tig evtolég addx, oL AertouQyieg »otd Tov de0TEQO HURAO EXTELEONS EIVOL TTOQOUOLES: TO HOVO
v aldler elvar 10 aluMd=add. TG Tic evioléc stx, oL Aettovpyieg tov delTEQOV ®UnAOV
extéheong OupiCovv exeiveg g amhig st: 0 ACC odnyel to BUS (acc2bus=1) nor to dedopéva avtd
voadovtar otn puvhun dedouévav (dmWr=1). H duadpod amd v amhf] st eivar 010 addrMd: exel
ftav 0, omdte yoddaue ot OehOuvon ADDR mov TEQLEYEL N €VIOMT, evd €d® eivar 1, omdte
voadovue otn devBuvon TMP mov dwofdoape ®atd Tov mEdTo ®Oxrho amd TV (Oia TN pvhum
dedouévarv. Ouunoite OTL, o YIa TG Teels 1dx, addx, stx, 0 MYMTOG ®UHAOG EXTELEONC Elval (OLOG.

, , , , , , , opcode = addx, Idx, stx

Onwg elmope moQombvew, odol peQnés evtohés TOU TEMKROV
VITOAOYLOTH] oG yoewdlovror do xOudovg Qoloywol Yl TNV

extéleot] Tovg, To nOxhwuo ehéyyouv Oev pmogel md va eivou @

ovvdvaotind: yoewdletar o 1 bit ®OTAOTOONG OV VO MOG

TANEOGOEEL AV TMQEO POLOROUAOTE GTOV TEMTO 1] 0TO OEVTEQO

n0rho g extéheons. H FSM touv wuxhdpotog eléyyov mmou 1 (always)

mpox Tl Oa €xeL To dudyoappa ®ataotdoemv ou daivetol deELd.

"Eotw S to bit ®atdotaons g FSM. Otav S=0 6o onuaiver 6tL POLonduaote 0tov mdTo 1 %o
povadnd nOrAO EXTEAEONGS TNG EVIOANGS. Metd amd évav xirho S=0, povov oL eviohéc 1dx, addx,
stx myaivouv otnv xatdotoon S=1, Onhadi) oe deltego winho extéheong --Oheg ov dGhheg
oQauévouy otny xotdotaon S=0, dnhadi) otov memdto ®O®AO extéheomns, Guowmd TNG ETOUEVNS
evtors. Ou evtohéc 1dx, addx, stx, uetd Tty natdotaon S=1, myaivouv ndvro oty S=0, dnhadi
OTOV TQMWTO ®URAO EXTELEONC --DUOLRA TG ETOUEVNS EVTOATC.

D

Kavovird, yoewalopaote évo ofuo agywomoong (reset) tng FSM, mou va tv ¢déover otnv
notaotaon S=0. I'id Adyoug amhomoinong dev Oa yonolpomotoovpe tétolo onua, Baotiopuevol oto
otL av M FSM exnwvioel og S=1, tote mdvtote tov emdpevo xOnho 0a petafel oe =0, otudpwva pe to
dudryooppo petdfoong xotaotdoemv ts. Emiong, i yid amhomoino, 6o xdvovue Tig eviolég mov
exteholvton og éva xixho va ayvoolv tv tf) tov bit xatdotaong, S. ‘Etot, edv 1 evtolf) mov
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extelelTol TOV IPWTO ®OUAO QOAOYLOV OV elval 1dx, addx, stx, avti] Ba exteheotel CWOTAE andpa %L
ov 1o bit ratdotaong S=1 xotd tov MEWTO exelvo wOrho, AOyw €lhewyng reset. Ze pOg auTod
eEaopariletal, yioti ) eviol) oty B€on 00 elvar ) input 10. Duord, To ofjua reset OV LWTOQOUVE
V0L TO YAUTMOOUUE eVIEADG, OLOTL TRETEL RATOLOG VA oy Lromotioel Tov PC=0- yud amhomoinon twv
HURADOUATOV OGS, QUTO TO RAVEL WOV TNG 1] TAOXRETA TOV VTAOYLOT], UE TO Ord TNG ROV reset
(aQLoted nATw) 1 pOALS avapel 1 teopodoaoia.

Bdoel tov mogamdvw, o mivarag ainbetag tng §12.2 emextelvetor e Tig 3 véeg €VIOAES OmWG
daivetan mogondtm. Avtd elvol xot To TAEES ®irAwpa eléyyov Tov voroyloty) pag. H eicodog S
elvar to bit notdotaong 1 €E0dog nS elvar 1 emduevy ratdotaon. To ofua peMd yid TG eVTohés
draxhddmong epdbaviCeton cav amhog aoteQiorog (*), TUQATEUTOVTAS OTOV TATQT] 0QLOUO TOU 0TV
moQamave §12.2 1 otiv 10odUvaun eElowon oty §12.4- yid tov (0o Adyo, oL gicodol accZero,
accSign €youvv mapaindOet and tov mivanra. [Tagatnenote 6t to ofua pcld elval To CURTATIQWHO
tov nS (pogtdvouue mavta tov PC apéows oy petofoitpe oty xatdotoon 0 yid va extehécovpe
LAV ETOUEVT] EVTOAT)).

opcode: NetToupyia: addrMd aluMd acc2bus dmWr pcMd
S: nsS: dmRd accLd ext2bus im2bus pcLd

0000 (add) =x ACC:=ACC+DM[A] 0 0 1 000 1 0 0 0 0 0 1
0001 (sub) =x ACC:=ACC-DM[A] 0 0 1 001 1 0 0 0 0 0 1
0010 (and) =x ACC:=ACCandDM[A] O 0 1 010 1 0 0 0 0 0 1
0011 (nor) =x ACC:=ACCnorDM[A] O 0 1 011 1 0 0 0 0 0 1
0100 (inp) =x DM[A]:=IO0_BUS 0 0 0 XXX 0 0 1 1 0 0 1
0101 (1d) X ACC:=DM[A] 0 0 1 1xx 1 0 0 0 0 0 1
0110 (st) x DM[A]:=ACC 0 0 0 XXX 0 1 0 1 0 0 1
0111 (jmp) x PC := A 0 0 0 XXX 0 0 0 0 1 1 1
1000 (beq) x PC := A or PC+1 0 0 0 XXX 0 0 0 0 1 (*) 1
1001 (bne) x PC := A or PC+l 0 0 0 XXX 0 0 0 0 1 (*) 1
1010 (blt) =x PC := A or PC+l 0 0 0 XXX 0 0 0 0 1 (*) 1
1011 (bge) x PC := A or PC+l 0 0 0 XXX 0 0 0 0 1 (*) 1
1100 (addx) 0 TMP:=DM[A] 1 0 1 XXX 0 0 0 0 0 X 0
1100 1 ACC:=ACC+DM[TMP] O 1 1 000 1 0 0 0 0 0 1
1101 (ldx) O TMP:=DM[A] 1 0 1 XXX 0 0 0 0 0 b4 0
1101 1 ACC:= DM[TMP] 0 1 1 1xx 1 0 0 0 0 0 1
1110 (stx) 0 TMP:=DM[A] 1 0 1 XXX 0 0 0 0 0 X 0
1110 1 DM[TMP]:=ACC 0 1 0 XXX 0 1 0 1 0 0 1
1111 (jmpx) x PC := DM[A] 0 0 1 XXX 0 0 0 0 0 1 1

Heigopa 12.7 Xvvoluno Kuxiopa EAéyyov

Syedldote to mANees vOnhmpa eléyyov, Paociopévol otov mapamdvm mivaxa aindeiog tov. Emeidn
To nOnhwpo avtd elval ToAD peydio yid va to dpTidEete 6ho pe Tig Alyeg amhiég mhleg AND naw OR
TV 2 e106dmVv oV €xeTe ot chips oag, Oa Poeite otig mhanéteg (breadboard) éva emmmAéov chip mov
Oa meQLéyel £ToLpeg AQRETES Qo TLG AoYES ovvaQTioels Tov Ba oag yeewootov. Ilodrertar yid to
chip PAL CE 22V10 H-15PC/4, mov eivaw évo chip mooyoapuatitopevng Aoyunng (PAL - Programmable
Array Logic). O axpodéxteg tg PAL ovthg, pe tov 1000 mov €o0elc Oa TG YONOLUOTTOLOTE,
daivovror 010 o ®aTw oyxNua. Oa tpododotiiote oty PAL 6 el06d0ovc: Ta 4 bits Tov opcode ko T
2 bits ehéyyouv moofuov/undeviopot tov ovoowgevti. Ta pins 1, 6, 7, 10, 11, »ar 13 eivae
OL{OMOLUOTIOLTES E{0000L, RO UTOQE(TE VO TO adT)oeTe acVvOeTO €meLdN) 1) PAL €yelL TQOYQOUUATIOTEL
va ayvoel Ty T Tous. H PAL yevvd 10 €E600vs yid oag, Tig €ENG:

e P_op: avdfeL 6mote 0 opcode VTOOEWVUEL EVIOM] TQAENS (operation), ostAn (OxL indexed), M)
omola petofdrel To cuoowEeuTr), ONAadn otav o opcode elvar évag amd Tovg { add, sub, and,
nor, 1d }, 1 ahloudg 6mote opcode==00xx 1] opcode==0101.

® P brdmp: avdfel 6mote 0 opcode vodewmvieL eviol] doarhddwaong 1 amhol (OyL indexed)
ahpatog, dnhadn otav o opcode eivar évag amd tovg { beq, bne, blt, bge, jmp }, 1| ahioudg
omote opcode==10xx 1) opcode==0111.

e P_opx: avdfer 6mote o opcode vodewvieL VTOAT] mEAENS indexed M omolo petafdier to
oVooWEEVTT, dNAadT 6tav o opcode eivor évag amd toug { addx, ldx }, | alhoung OmoTe
opcode==110x
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® P_opxSx: avdpel 6mote 0 opcode VITOdELRVUEL

eVIoM| mEAENS 1 omobfrevong indexed, ! g < 5);‘ 67)‘ = !

OAadf 6tTav o opcode eival €vag amd toug { + g 2 58 _& 3 15 1Y 2

addx, 1dx, stx }, 1] ahhoudg 6mote opcode==110x *a Q! ol alad dl & 8

1] opcode==1110. P4 P3 IIZEEENENEEEIEIELE
e P_inp: ovdPer Otav wow  pdvov  Otav a

opcode==0100, dnhadf} elvow 1 evtoht) input. >> PAL 22V10 a
e P_st: avdfer Otav xar  povov  Otav %

opcode==0110, dnhad1| eival 1 VIOl store. 1] |_2r| 3714 |_?_| [6]17] |_zi._| CICRERE)
e P_inpSt: avdfer 0tav opcode==01x0, dnradn in

OtV 1) eVIOM elvau input 1 store.

e P stx: ovdfer Otov wow  poOvov  Otav
opcode==1110, dnhadf eivar m eviohy| store
indexed (stx).

e PopAlljx: avdfelr émote 0 opcode VTOOEMVUEL EVIOM] TEAENG, amAfg 1| indexed, m omoia
LETOPAAEL TO OCUOCMWQEEVTH, 1] VOO VUEL TNV €vTOoAY] jump indexed, dnhadi| dtav o opcode
elvan évag amd tovg { add, sub, and, nor, 1d, addx, 1dx, jmpx }, 1] alhoudg 6mote 0 opcode eiva
00xx 1 x101 ) 110x 7] 11x1.

e pcMd = [(opcode==x111)] OR [(opcode==100x) AND (opcode[0] XOR accZero)] OR
[(opcode==101x) AND (opcode[0] XOR accSign)], dnhadr| elvar £TOLHO TO ONUOL TTOV TRETEL VOl
eréyEeL Tov mohumhéxtr otnv elcodo tov PC.

opcode3
opcode2
opcode1
opcode0
accSign
accZero

270 €QY0OTNQLO, HOTAOKREVAOTE TO RKURAMUO EAEYYOV TOV ATTAOT VITOAOYLOTH], XONOLUOTOLDVTAS TV
oQartdvew PAL naBag wow dud oog chips yid to (éva) flip-flop natdotaong, yid évov avriotgopéa
YUé TO bit natdotaong, nat Y& pegrég moieg AND now OR mov Ba yoewaoteite. Oa yoewootelte éva
%®0wvo oAot mov va teodpodotel 1000 to Ord cog flip-flop xatdotaons 6co now To datapath Tov
A0 VITOAOYLOTT]. XQNOLWOTOLHOTE TO dlondTTT A, 0t TV TAoréto eLoOdMV/EEGOWV, OEELA, YLd TO
oxomd avtd. Ty €E0d0 avtol tou daxdmn, amd v 0eEld rahwdiotavia, ddote TV TOGO OTO
Owd oag chip pe to flip-flop watdotaong 600 »au oto datapath Tov VTOAOYLOTI] PECH TNG CLOLOTEQTS
nohwdotaviag. Iid Tov tehevtaio avtd oromd, T0oh0odoTIOTE TO ONUe amtd Tov dLlaxdTTN A OTOV
oxpodéxtr clock2p (tehevtatog deEld) g rahwdiotawviag amd/mgog to datapath. Ecwteound, o
OTTAOG VITOAOYLOTYG XONOLUOTOLEL ooV QOAOL Tou To Aoyrd OR awtiig g €lo06dou clock2p xou Tov
0ol Tov JandTTTY AQa TEMKA, TATOVTAS MOVO TOV dLardITTn A xnou 0L Tov dLarOTTTN QOAOYLOU
tov datapath, Bo éyete éva 100dUvapo ohdt yid to datapath mov tovtiCetor pe v €E0do ToOU
duandTen A.

EAéyEte 10 wdxhOUd 0OC %L TOV UTOAOYLOTH| EXTEAMOVTOS TA TOQATAVED TQOYQAUUOTA OTILS
dtevBuvoels 20 xow 30 yid duddoeg Tués ewoddov. O mivanrag otouetwv Ag, Aj, ..., Ajp7 OTIC

dtevBuvoels 80, 81, ..., FF g pvhung dedopévov agywomoleital yid oog oe nabe reset otig tLuéc: 01,
FF, 02, FE, 03, FD, 04, FC, ..., 3F, C1, 40, C0O, natd oglpd.

IMoocopowntig tov Datapath: [Tooaioetixd xar edv oag evdwapéoer pmogeite va Poelte évav
7po0ouOLWTY Tov datapath Tov arthol viohoyioth) twv Egyaomeiwv 11 wow 12, evyevi) ocuvelohpood
tov %. Eppoavouiih A. Neovaxn, paciwouévo oto ocvotuo Hamburg Design System (HADES) (tams-
www.informatik .uni-hambure.de/applets/hades/html/hades.html), 0TOo directory ~hy120/
dpath_hades_EAN11/ (OMAad1): /home/misc/courses/hyl20/dpath hades EAN11l/ ) TwV
vrohoylotdv tov Tpnpotog (umogeite va xotePdoete Oho T meQlexOueva outol tov directory
ovtyoddovtag ol amoovwnéCovtag To  0Qyelo: ~hyl20/dpath hades EAN1l.zip ). To
medyappa Java mov meémel va avoiete naw extehéoete elval To hades. jar %ol OTY CUVEYELD ALTTO
T0o pevol tou hades: File/Open eruAdéEte To aQyelo DataPath.hds

Emotpoii)_twv_Chips tov Egyeaoctnoiov: Metd ™ A\EN tov eoyaotneiov 12 umoypeovate va
ETUOTQEYETE TO OAXROVAAKL e Tal chips IOV cOg dOOMKE VLA TIG EQYAOTNQLOXES AORNOELS QUTOV TOV
pabfuartog. Emoteéyte ta otov %. Niro Koaood, thh. 2810.393595, oto yoadeio B217, woeg 9:30 -
14:30, péyor v _Ilogaoxrevi) 11 Iavovopiov 2019. H emotoodn twv chips eivalr amogaitnt
moUtOBeo yud va mepdioete To padnua.

128 Tayvmro xou Karavarlmon Evégyerag tov Kurhopdrov CMOS:

Byrio Dally: to zepdrouo 5 (oeh. 88-113) elvar eEougetind noL meQLEYEL TV VAN AUTHS TNG
TOQAYQAPOU Ue TOAD-TOAD TEQLOOOTEQO OTOLYELD RO TANQOPOQies —dlafdote TO eyrurAhomTOULdLRd,
now POvo, edv evolapéQeate (MEopavmg eivol extds UANG tov pabfuoatog). Ta diha PPiio dev
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1o OITTOUV TO BEpO QUTO.

H nvoidtegn mmyh ®obvotepfoewv ota puxrgoniextoovird chips eival o yodvog Ar mov éva pebuo 1
yoelatetan yid vo pogTioeL 1) va exdogTtioel ud mogasitixn yoentxotyte C alldlovtag v Tdom
™G ®atd AV: At = AQ /I = C-AV / I (bmov AQ eivar to nhextoind ¢pogtio mov divouue 1 moigvovue
s ™ ywenuxdTTR). Amd v eElowon avti) mpoxtmrer Ot Yid vo €xouue YENY0QOTEQQ
UURADPOTO, ONAOT Y16 Vo EhatToov e TV »aBuoTtégnon At tg vdBe TOANG, TEEmeL:

e No eAaTTOOOUHE TNV TOQAOLTIXY XwENTROTNTO "dooTiov" C mov eivar ouvdedeuévy oty
€€000 TNng mUANG, ®ou OV EMOPEVIS N TTOAN OUTH TEETEL va. TV OQETICEL ®aL va TV
exdoQTitel ®abe popd mov ypetdeton va adldEeL Tnv Tdom (hoywi Tipn) g eE6dov tg. H
xoonToTTa GoeTiov e wHAng nabogiletal amd To TOCO TOMA %ol OO peEYAAa
TEGypaTo ouvdEovian oty £E006 tng. Oco mepLoodtepes GMheg TOAES ExOupe OUVOETEL 0TIV
€€000 Tng ("fan-out"), 1600 peyOA@VEL OvT M ywEnTrdéTHTA QogTiov. Emiong, 6co
peyaliteQa transistors £xovv avtég oL dAleg TOAeS, UM TOCO PEYOADVEL 1 YWENTIROTTO
dootiov. Axdua, €4V VITAQYOUV HOKRQUA ®OAMOL0 ovvdedeuéva oty £E000 Uag, ®oL avTd
1R000ETOVY YwENnTOTNTA. AQO, YId YO yoeo ®ruxAduato, meéner xdbe oA va 0dnyel
Myeg dhhes, mr@ég TOAES, 08 ROVILVES ALTTOOTAOELS: 000 UXQOTEQO XAl ATAOVOATEQO elval Eva
xUxAwua, T000 yonyooteoa dovievet!

e Noa ehattdoovpe tig ahhayéc tdong AV g xwentdtnrog ¢oetiov g miins. Zvvibog,
ovtég etvar ahhayés petagld Tov 9o hoyrav emmédwy, "0" xaw "1", dnA. peta&O 0 Volt xau
™G Tdong teododooias. ‘Etot, vedtepeg yeviég chips éxouv yaunhoteen tdon toodpodooiog
(. 2.5V, 1.8V, 1.2 V) and tig marordteges (alhd duotuymde autd PELDVEL ®aL TO Qe [ TV
transistors, %L £TOL TO ®AVOUV ®UQILWE VLA HEIMON THG RATOVAADONG EVEQYELAG, RAL OYL TOCO YL
avEnomn tayvrag). ‘Evo petovértnua g peimong avtig eivar 6t ta xuxhdpato yivovto
o gvaiobnro oto B0guPo, wy. B0uPog 1.5 Volt eivar adidpogog o vvrAmpata Twv 5 Volt,
eV elvol ®aTOoTEOPLKAC 08 nUKADpOTO Ue Toododoaia 1.2 Volt.

e No avEnoovpue to peua I Tov 1) TOAN Pmoet v dMoeL TNV £E000 TNG TIQOKELUEVOU VAL RAVEL
™ YwenTwmoTTa dogtiov vo alrd&el taon (hoywi tun). To I nabogiletan amd Tels
TIOQAYOVTEG:

o ‘Oco AyoteQo transistors €v 0gld £xeL TOo nOxAwua wdg moAng, 1600 peyahiteQo
oebpo. Umoel vo mepdoel uéoo amd outd. Av Quunboiue OtL wd oAy €xer tOoa
transistors €v 0€lQd O0eg %ol OL €(0000( NG, TEORVITTEL OTL YL YOTYOQO RUXAMDUATA,
TREmEL oL TOAEG VO EXOUV Aiyeg e100dovg 1) ®A0e pia (uxed "fan-in"), doa wou mdAL doo
ATAOVOTEQO EvaL Eva XVrAWUA, TOTO YONY0QOTEQD O0VAEVEL!

o ‘Oco peyalitego elvar éva transistor (600 GaEdiTEQO elval TO ®OVAM TOV), TOOO
peyohitego gevpa diver. To raxd pe wabe peydho transistor elvar 6t avEdver avaioya
AOL 1] TTOLQALOLTIXT] TOV XWENTIKOTITO, ETOUEVIGS 1) TTQORY0VUeVH TOAT OV 00N YEl AVTO
To transistor PAEmeL peyohiteQn xwENTOTNTO PogTiov nal yiveTal mod aoyr!

o ‘Oco peyaliten elvol 1 Tdon odfynong evog transistor TOoo peyalitego evua divel
ovt6. To nand pe 1o peydhopa g Tdons od1ynong Tmv transistors, ONAad1 g TGoNGC
Teododooiag, eivar 6Tl avth) avEdvel xor To AV tng eE6dov mov Aéyope ToQaTdvw,
doa gival "dmeov ddmo".

Extog amd v toy0tnTa evOg ®RURADUATOS, TO AAAO GNUAVTLHO OQOXTNOLOTIXG TTIOV OGS OITOLOY OMEL
elval 1 ®oTavahmon evéQYELag avd HOVAda xeOvou (MAexTourt| Loy Ug): mOoo YT yoea Eodelel Tnv
portagial, 1 m6oo moAd Ceotaivetal (MOOOVS aveWoTnES 1] ®Apoatiotind yoetdleTar). Zuvhbws 1
oNUavTROTEQN outia notovdiwong Twv chips CMOS eival 1 evégyela GOQTLONG ®aL EXPOQTIONG TWV
TOQACLTIXMOV XWENTHOTATWVY 7oV avtd €xovv péoa tovs. Kdbe ¢opd mouv m Aoywi tuf evodg
Nhextool xopPou avefaiver amd to 0 oto 1 naw petd Eavamédter oto 0, yavetar (LETOTQETETAL O
BeQUOTNTO) TOCOTNTA EVEQYELAS (0N TS C-V2, 6710V C 1) TOQUOITLXT XWENTAOTITA TOV ROUBOV KO
V n téom toodpodooiag. Avtdg elvor o ®ELog AOYOS yud Tov omoto oL vedTepes YeVLES chips £xouv
younhotegn tdon teododooiag (wy. 2.5 V, 1.8 V, 1.2 V) and g mahowdteges. I'id doopévn tdon
Teodpodooiag, OCO0 TEQLOCOTEQOL, HOL  UPEYOAVTEQNG YWENTWMOTNTOS, MNAextowol xoufol
aveporatepaivovv (avafoofiivouv) upéoo oe €va chip, nar 000 mEQLO0OTEQES (GOQES ava
deVTEQOAETTO TO AVOVY OVTO, TOCO UeYaliTEQN LY ®oTavah®VEL TO chip ovtd. Aga, Yid uxei
noTovadAmon, meémel Eva, rvOxhwua vo givor uxed (Ayeg TOAeS, unE xweNToOTNTA), 1] vo S0UVAEUEL
0QYa (Myotega aveforatefdopata v OgVTEQOAETTO --ROTA TQOTIUNOY UE YOUNAl] Tdom
Teodpodooiag), | vo dovieber yid Alyo now petd va xdBetal (vo unv alrdler rotdotaon), N Tig
7eQLo00TEQES POQEC Vo eYALeTAL éval UrQEO POVO UEQOS TOU ARUXAMDUATOS %OL TO VITOAOLTO VO,
®naOetou.
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