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Abstract

The intermediate code representation (IR) is canrsag an important integral part of
the compiler since it is reused across all impdrtampilation stages for representing
a source program; it connects the frontend to #ukénd of the compiler. Of the most
popular representations used today are lineari@aeds such as TAC (Three Address
Code). In recent years the scientific community Baswn great interest in the
development and improvement of representationkisfkind for production use, as it
is evident in popular compilation projects (GCC GIME, LLVM, LANCE compiler
IR-C). In this work, the intermediate language NAGAddress Code) is presented as
an extended version of TAC. Instead of using traddresses in each IR statement
proposal there may be N, theoretically infinite gmdctically limited only by the
resources of the machine. NAC has been developddikniaos Kavvadias [1] and
for its simulation; a simulator interpreter namedicNM was developed that
comprises the main topic of this work. The simulat@as developed in ANSI C

language and this first version suffices to suppora large extent the requirements
posed by NAC.
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Hepiinyn

H evoidpeon avamopdotacn Kdowke £vog HeTayAmTTiot) oamotelel Oa Aéyape To
ONUOVTIKOTEPO OTAOI0 UETAYADTTIONG €VOG TNYOIiOL TPOYPAUMHOTOS KoBMG elvan
ekeivo mov gvavel 1o frontendpe to backendrov petoylwttiom). Tpio givol ta €iom
TOV OVOTUPUCTACEDYV TOV YPTGLLOTOLOVVTAL GNUEPD, LE ONUOPIAEGTEPO TOV KAOSIKO
TAC (Three Address CodeXa tedevtaio ypdvio N ETIGTHUOVIKY) KOWVOTNTA EYEL
dei&el peyddo evolapépov yua v e£EMEN Ko T PeAtioon ¢ LOpENG VTG, 0POV
naykoouing avamtoccovior didgopa projects (GCC GIMPLE, LLVM, LANCE
compiler IR-C)ue avt6 1o okond. H yAdoca NAC nov Ba mapovscidcovpe amoteAe
pio emextetapévn popen tov TAC kabdg avti yia tpelg dievdoveels oe kdbe mpdtaon
™G uropovv va vrdapyovv N, dnAadn amepiopioteg Bempntikd (tepropiletar omd Tovg
TOpovg T™C unyovig). Avoartoybnke and tov KapPadioo Nikdoroo [1] kou yio tnv
Tpocopoimon g avartuéape £vo SiepunvevTikd mposopolmt) e to dvoua NacVM
0 omoiog Bo amoteAéoel Kol TO KOPLO UEPOG OVAALONG OLTAG TNG EPYONCING.
Avantoydnke oe yhwooa ANSI C kol n mpdtn €kdoon Tov 1Kavomolel oe peydrlo
Babuo tic amartoeig e NAC.
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1. Ewoayoy

O petaylottiomc (compiler) eivon éva mpodypoppa to omoio déyetal cav £i6odo 10
KOOKO VO TPOYPAULOTOS, YPUUUEVO GE pia YA®ooo A kol wapdysl o¢ €£0d0 €va
1600VVaLo TPOYpappe ypaupévo og po yAowooao T. H yAdooa A ovopdletor apyikn
yhoooa kot T telkn yAdooa. XvvnBog n apykh sivor pio YAdcco vynion
EMTESOV KO 1) TEMKN pio YAdooo punyavic Kamolov cuykekpipévon eneéepyootn [2].
Otav xatackevdlovpe Eva HETAYAMTTIOT, 0TV 0vcio opilovUE ONUAGIOAOYIKA TNV
myaio YAdooo Tpoypaptptatiopod (tn yAdcoo A dnAadn TOV HETAYAMTTIOT) KOl TIG
JLOKOGIES HETATPOTNG TOV GLUVTOKTIKOV HOPPOUATOV TNG TNyoiog YAMCoOS g
dwdwaciec mov Oa mpémel vo eKTEAEGEL M LWOOETIKY UNYOVI] TOV GLGTNUOTOG
extéleonc. H pnyavny umopei vo givon mpaypotiky (n.y. o ene€epyootic MIPS) 1
ewovikry (my. JavaVM, SPIM).H yAdocoa pe v omoia 0o emié€ovue va
KOTOGKEVAGOLVLE TOV UETAYAWTTIOT €ivol cuvnBmg aveEdptnTn and TV apyikn Kot

™V TEMKN YAOGGA.

H dwdwaoia pe v omoia mpokOTTEL 1] TEMKN YADGGO OVOUALETOL LETAYAMTTION Kot
mepopPdvel mwoAAd otdol mov  eEoptdvioar ocuvnBmg amd 1O €100g TOL
LETOYAMTTIOTY| KOl TOV TEAMKO 6TOY0 TOV. MTopel va ympiotel og 000 AGELS, T AN
™G avaivong kat tn @domn g ovvleons. H avaivon mepthapfdvel ta mopokdtm

oTAdW LE T GEPA oV gppavifovrat:

e Aextiki Avédivon
e YuvTokTIKN] AvaAvon

e Xnuoactoroyikn Avéivon

Evéd 1 obvBeon mephappdavel ta akdAovba tpio otddla cuvBeong pe T P TOL

epepavifovrot:

o Tevwnropag Evéidpesov Kodua
e Beltiotomomrtéc YynAiov kot Mécov Emmédov

o Tevvitopag Telkoh Kmdika

[ToAV kpioo otddlo ™G devTEPNG PAoNg €ivan avtd ™G YEVVNONG TOL EVOLAIEGOV
KOO KOODC EMTPENEL TNV TOPAYWYN TEMKOD KMOKA Y10, OLOPOPETIKES UNYAVEG

(oTOYXEVOUEVES OPYITEKTOVIKEG) YMPIG TNV ETAVAANYN TOV TPIOV GTOSI®OV TG PAoNG
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™G oviivong. To otadlo HETAYADTTIONG Omd TNV TNyoio yAGOGGO UHEXPL TNV
evolaueon avamapdotaoct (IR) tov kddiko ovoudletar frontendion amd v IR péypt
mv tedkn yAdooa ovopdleton backend. Ovolwaotikd Aowdv mn  evdidpeon
AVOTOPACTACY, OMOTEAEL TNV «OWw1 YADGGOH EmMKOWOVIOG» TV  dldpopwv
HETOYAMTTIOTAOV, KoODG aveEdptra ¢ YAMGGAS Tov &ivon ypapuévo to Tnyaio
TPOYPAULO, HTopovuE pe Tto KotaAAnAo backendkdde opd kot tnv evdidueon
avomapdotacn Tov  mnyoiov mpoypaupotog (aveEdptnto omd  ToW  YAOGGQ
TPOYPOUULOTIGUOD TPOEKVYE) VO TOPAYOVUE TOV TEMKO KMOLKO, Y10, TO 6TOYO Hog [4-

9]. Yrdpyovv tpia Pacikd €idn evdidpeong avanapdotaonc:

e Yvuvroxtikd dévipa (Syntax Trees)
e XvuPoroudc Postfix (Postfix Notation)
o  Kadwac Tpuov Atevbiveewv (TAC) 1) Tetpddwv (Quadruples)

H evdidueon avomapdotaon mpénet va ivor TAnpng kot opfoydvia, dote va fondd
omv mopaymy ] teAkoy kmowka. IIpémer va dobel Opmg mpocoyn, ywti av
onpovpynBei pa evoldpeon avomapdotacn ToAd amhy, o avayKkaotel va Tapdyet o
LETOYA®TTIOTNG VITEPUEYEDN evilapeso kmdwka [3]. Ao ta tpio Topandve €idn, owtd
oL OaL LLOG OTAGYOANCEL GE QVTY| TV €PYOCi EIVal 0 KOJKOS TPLOV O1evBhveemV Kot
TG aTOG Umopel va TApeL pio GAAN EMEKTETAUEVT LOPPY| £TCL DOTE O EVOLAUECOG
KOOKOG VO Vol LIKPNG EKTAONG LE 1oYLPN ONUAGLOA0YIKT dvvaun [2]. O kddkog

POV dlevBuveewv gival pio akorovBio Tpotdcewv pe v akdA0LON YEVIKN HLOPON:
X =y operator z;

OmoV Ta X, Y KO Z givar ovOpOTa, 0TOOEPES 1] TPOCWPIVE OVOLLOTA TOV LETAYAMTTIOTY.
To operator umopel vo givor 0omolocdNmoTe aplOUNTIKOG 1| AOYIKOG TEAEGTNG.
YNUEIDOTE OTL OV EMTPEMOVTIOL GVVOETEG OPOUNTIKEG EKPPAGELS TOV TOTTOV X + Y * Z,
KaODG Hovo €vag TeAecThg pmopel va vapyel ota de&id g kabe mpodtaonc. ‘Etor n

TOPATAVE aplOunTikn Tpdén pnopet va petagpaoctel oe TAC dnwg mopakdTm:

ti=y*z

=X+,
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omov t; xou tr mpoowpwvd ovouaTo HETAYA®MTTION. AVLTR M omAOmoinon TV
TOAVTAOK®V apOUNTIKOV EKPPAGEMY KOONDS Kol TV ELPMOAEVUEVOV JOUDY EAEYYOV
pong, kabiotobv to TAC gAkvotikd yoo TV Topaymyn kol PBeATioTonoincn Tov
TeEMKOD KOdKa pog punyovng. O Adyog mov ovopdletal kmdkog Tpumv devdivoemv
opeiletar 010 YeYOvOG 0Tl KAOE TPATAOT) TOL TTEPIEXEL TPELS d1ELOVVOELS, OVO YL TOVG
OpoLG NG TPAENG Kot pia Yio TO amoTEAEGHA ALTNG. AVTd o¢ avtifeon pe T YAOGoo
evolapueonc avaropaoctoong NAC (N-address code)gov oyediooe o NikoOA®og
Kappadiog [1] kot Ba dodue ot cvvéyela, 0mov oe Kabe mpotacn to TAN00C TV
dtevBivoewv TV OpoV U0G TPAENG dALL KOl TOV OTOTEAECUATMOV LTS, VO UTOPEL

va, elval ameploploTo.

H emloyn Touv TAN00VG TV EMTPETOUEVOV TEAEGTOV GTO GYESIOCUO UioG EVOLAIESTG
popong gival ToAv onpovtikn. To chvoro avtd TPEmeL va Eival GOE®OG aPKETE LEYOAO
DOTE VO KAAVTTEL OAEG TIG TOOVEG TPAEELS TG TTyaiog YAdooas. Ouwmg etvat yeyovog
OTL éva uKkpdTEPO GVVOAO TEAESTMV €lval Mo €0KOAO vo vAomomBel oe pio véa
unyovy 6t0y0. Q6TO00 £va TEPLOPIGUEVO GUVOAO EVTOAMV UTOPEL VO OVOLYKAGEL TO
frontendva Tapdyel peydreg akolovbieg TPOTAGE®V Y10 LEPIKES TPAEELG TNG TN YOLOG
YAdooag. O yevwhtopog KOdka kot 0 PeAtiotomontng Oa mpémel vo. dovAEyoLvV
okAnpa (teplocdtEPOg YPOVOC) Yo T TOPAY®YN KAAOD KMOIKO, Y10 TN Unxovh otdyo

2.

IMa va pmopécovpe Aowmdv og avt v epyacia va dokipdcovpe 1 yAwcooa NAC kot
VO UEAETNOOVLUE TNV EVOLAUEST HOPON TNG, VAOTOMGCOUE &VO  OLEPUNVELTIKO
npocopowwt (Interpretive Simulatoryie to 6vopa NacVM. Tlpokertar oty ovcia,
ywo. pion ewoviky unyavn (Virtual Machine) ypaupuévn oe ANSI C kot o tpomog

Aertovpylog Kot Kataokevng g 0o Lo amacyoAcovy 6To ETOUEVH KEPAAOLO VTG

™G €PYOGiag.

H ewovikn unyovn (VM) eivar éva Aoyiopikd mov vAomotel pio ev Suvapel guoiky
unyovn (.. eme&epyaotn) kot exktelel Tpoypdupato cav va Ty ovti. Ot EIKOVIKEG
unyavég yopiCovtal oe 600 KOpleg Katnyopieg pe Pdomn t xpnon tovg katl to fadud
™G mpocopoimong piog omolaconmote mpoyuotTikng unxavns. Exetveg mov €yovv
oxedlootel ywo va vmoompilovv TNV eKTEAEOT €VOG AMAOL  TPOYPAULOTOC,
ovopalovtor eikovikég unyavég dwdikaciog (.. SPIM), ce avtifeon pe tig unyaveg

gikovikov ocvotnuatog (m.x. JavaVM). Eva oveuddec yopakInpiotikod TG EIKOVIKNG
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punyovng etvail 6Tt To AOYIGHIKO oV eKTEAEITOL EVTOG VTG TEPLOPIlETOL GTOVG TOPOLG

Kol OTL Ol APOUPECELS TTOL TOPEYXEL OEV LUTOPOVV VO EEPVYOVV OO TOV EIKOVIKO KOGLLO

™mc [10].

2. H I'pappukny Evowapeon Avarapactaon NAC

2.1 H Aopn evéog NAC Ipoypapportog

O Kvprog oxomdg ™G xpnong ™ NAC eivan 1) exteléoiun/diepunvevdpevn evoldueon
avomapdotacn vy epyoieic peTAYADTTIONG (UETAYAMTTIOTES, LYNAOD EMTESOL
gpyareio ouvbeong, k.a.). Ot mpotdcelg g NAC pmopei vo givar eTikéteg, EVIOAES N

— dtevBuvoemv 1 KAOELG O1001KAGLOV.

‘Eva mpdypappo NAC amoteleiton amd évo amdd apyeio mmyaiov k@K T0 0moio
TEPLEYEL OYOALD, ONADGCELG KOL OPYLKOTOGELS KADOAIKMVY 1) TOTIKAOV HETAPANTOV Kot
plo M meprocotepeg dwodwkaciec. Ta oxdAl pmopel vo Ppickoviol 0movdNTOTE GTO
apyeio apkei vo Eekvobv mavta pe 600 kobétovg «//». H mpdn Srodikacio Tov
apyelov amotelel T yovikn SlodKOCiOL TOL TPOYPAUMUOTOS Kot givol eKeivi Tov
déxetar opiopaTo 10600V TOV TPOYPAUUATOS Kot Tapdyel Ta dedopéva e£ddov. Kabe

dladkacio amoteLeiTOn OO TOL TOPOKATM:

I.  TnAéEn khewdi procedure

ii.  To 6vopo g dradikaciog
lii.  Mio datetaypévn Mota amd opicpuato 16060V, SOYMPIGUEVE. LLE KOLLOL
V.  Mia dwtetoypévn Aioto and opiopata £650V, SLOYMPIGUEVE. LLE KOLLLOL
V.  AnA®OOCELS KOl APYIKOTOMGELS TOTIKMY HETAPANTOV

Vi. "Evo minbog amd npotdceic NAC

Mpocoyn! Aegv pmopeite va PaAete 000 1 TEPIGGOTEPES OAOIKAGIEG HEGO GE €va
apyeio, av oUTEC dEV KOAOVVTOL KATOWO GTIYUY omtd Tn Yoviky (mpdTn oto apyeio)
dwdwacio, kaBmg €101 dev TPOKELTOL VO EKTELEGTOVV TOTE. 'Eva TUTIKO TPOYpOLpLpLaL

NAC dopeiton 0nwg gaiveton oty Ewova 1.
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S/ comments
<lobal wariable declarations>

procedure <name-1> | <ihput argquments>, <output arguments> |

{

< Local wariable declarations>
<MNAC labels, instructions and procedure calls>-

'

procedure <name-n> | <ihput argquments>, <output argumentse |
{

<Local wariable declarations>

<MNAC labels, instructions and procedure calls>-

Ewova 1. H dopn evog tumkov npoypappotog NAC

2.2 Avélvon tov Ztoreiov tng NAC

2NV TPOYOVLEVT] EVOTNTO TOPOVGLAGALE YEVIKA TN doun £vog mpoypappatog NAC.
e autn €dm Vv evotnta Ba deifovpe Ko Ba TEPLypAyovE AVOAVTIKAE TOVG OPOLE Kt

T1G £VVOLEG TTOV aVOLPEPHN KOV TOPATAV®.

2.2.1 Mpotaocerg NAC

= Etwkéta

Mmnopet vo givar omolodnmote aAapOunTikd akoiovbovuevo amd to cvupforo “”
(vo kou kGto telein). Kabe etikéta Oa npémel va Ppioketar povn g o pio ypopun
oto mnyaio apyeio Tov koK NAC. Amoterel otV ovcio onueio-«dykvpa» uéoa
OTOV KOO0, KaODG emTpénet T petdfacn g pons Tov TPOYPAUINTOS GTO GNUELD
avtd. Onog yivetor KOTOVONTO AmoyopedETOL 1 ¥PNON TOL 1010V OVOUATOG Yo TN
dMAwon piog etikétog péoo oe pio dtadtkooio, KaOmg ot EVIOAEG GANATOC JMPZZieV
Ba pmopovv va emAEEOLY avapesa Tovg. AkoAovBel éva mapdoetypa, omov S_1kat

S_2etikétec:

S 1:

ix <=ldc O;

S 2 <=jmpun;
S 2:

temp <= setlt ix, inp;
S_1, S_EXIT <= jmpeq temp, 1;

Hopatipnon: To ovopato TOV ETIKETOV YPNCILOTOIOVVTIOL Gav opiopota €600V

TOV EVIOMDV OV OVIKOVY GTNV OIKOYEVELN JMPZZ,0TMG QOIVETOL KOl GTO TOPASELYLLOL
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enavom. Olec Tig Owbéolueg eviohég ¢ €kdoong oavtng tov NacVM Ba tig

TOPOVCIACOVE OVOAVTIKA GE ETOUEVT] EVOTNTO ALTOD TOV KEPAAOIOV.
=  EvtoM) n—-01ev00vosmv

2y wpoypoTikotnTo €ivon pion wpodioypar] oviiotoiynong amd €vo chvoro N
dwteTaypévav 1060V o€ éva cOvolo M dtatetaypévov e£6dmv. Me v evioin
exteleiton M ovtiotoyn «@paén» pe oedopéva €10000V TIC N UETAPANTEG TTOL
Bpiokovtor 0e€1d TG EVIOANG Kol EMOTPEPEL TIUN OTIC M peTafAntég mov Ppickovrat

aplotepd TG Mia Tétolo EVIOAT] GLUVTAGGETOL OTMG TOPAKATO:

outp 4, ..., outp <= operation inp 1L e NP 4

0mov,

e Operation,avamaplotd evioln enmédov IR
e outp, ..., outp, etvar ot M ££0001 NG EVIOANG

e iNpPy, ..., INR, €ivat o1 N €ic0d01 TG EVTOANG

H ovykexpiuévn ékdoon tov NacVM nov mapovcidlovpe mepiéyel eVIOAEG pe HEYIGTO
mAN0og €£00mv M = 2K péyioto mAnbog 1060wv N = 4. To mAnBoc TV EVIOADV
(operation)rov vrootpilet givar 47, Guv pio. AKOUO 1) OTOI0L GUVTAGGETOL EVIEAMDG
dapopetikd and T vmoéroumeg Kot ovopdaletar print. Ouwg ot TpodioypoEg
VAOTOINGNG TOV, EMITPEMOVLV TOV OPICUO VEMV EVIOA®MV HE AmEPLOPIOTO aplBuod
HeTaPANTOV 10000V Kal €600V, KabBdg 1 NAC sivon enektdoiun yYAdooa. Avtd givon
éva yopaxtnpotikd mov Kavet ™ NAC mold 1oyvpn Kol amodoTIK) YAMGGO
evoldpeonc avamopdaotacns. Ta mopadeiypota mov okoAovBodv ota emodpeEva

Ke@dAaia Ba fonbcovy GtV KATOVONGN TOV SLVATOTHTOV TNG.
=  KMjon owowkaciog

[Mapopowa pe pio evtoAn, €tol kot pion KAnon dwdikaciog, 1 omoia amoteAel pio un

OTOUIKT) AEITOVPYIN, CUVTAGGETAL OTMG TOPUKATM:

(outp 4, ...,outp ) <= procedure-name (inp 1 e NP Q)

omov,
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e procedure-namesival o 6voua TG S1001KAGIOG TOV KAAEITOL

Mpocoyn! H dropopd amd tv eviodn gival 0Tt otV KA oM, ot €icodot Kat ot ££0d0t
Bpiokovton péca o mapevhEcels. Av 6Tov TNyoio oG Kmoka, pio dtadikacio wov
&xete vAomomoel €xel 1o 1010 dvopo pe pio evtoAn tov NacVM ko Eeydoete va

Baiete mapevBéoelg, tote Ta amoteAéopata Oa elval TPoyHoTIKG ATPOGEVOL.

Aentopépeleg yo o mwg mpoypoppatiCovpe pe avtd to tpio €10 TPOTASEM®V NG
NAC «xot 11 mpémer vo mpocEyovpe Oo To OOVHE OTN CULVEYEW HE OPKETA

nopadelypaTa.

2.2.2 ANA®GEIG KOOOMKOV KO TOTIKAV PETURANTOV

AoV mapovcidoape T Tpotdoelg mov vrootpilet o NacVM, topa Ba mpémel va
doVvUE TOLG TOTTOVE KOt Ta €101 TV PETAPANTOV OV ovTOG vVIootnpilel. TIpv Opwg
mpoywpnoovue Oo mpémer vo modpE VO AOYWL Yoo TIG HETAPANTEC, Ol OTOiES
aveEdpmra and tov tomo (S32) ko to €idog (localvar, globalvar, in, outhov
avrkovv, avtipetonilovtar ot NAC cav abumrtol povodidortarot mivakes. Otav dev
apyKomTolovvTaL 6TIS dNAmoelg Tovg, o0 NacVM tig apykomotei pe v tipunq undév (0).
Otav oapykomoovvial amd TOV TPOYPOUUATIOTH, TOTE Ol TIUEG OPYLKOTOINGMG
tomofetovvTol péca oe aykiotpo kot dtaympilovior pe kéuua, m.y. temp[2]={44,-8}.
To péyebog piog petafintg (Lovodidototog mivakag) uropel va Kopaivetor omd 1
éwg 214748364 far SNAOVETOL e TOV OVTIOTOWO aplOUd HECH GE AYKVLAEG LETE TO
dvopa g, .. var[24]. Aniadn n var givar évog povodidotatog mivokag 24 0écewmv,
amd 1 0éomn 0 £wg 23.To yopaknploTiKd avtd amoTeAel GALO Eva duvaTod onUeio TG

NAC. H npdtn 0é0om g petaPintig eivor mavo i undév (0).
»  Tomxkéc perafintég

H deopevpévn Aé€n localvar ypnowonoteitol péoa 6to oo Kabe dradikaciog yio va
ONAdoel OTL 01 HeETAPANTEG TOV aKoAovBoVV “elval opatéS” HOVO GTN GLYKEKPIUEVN
dwdwoacio. Etvor vmoypewtikn n ypnon g otav 0élovpe vo ONAMGOVUE TOTIKEG

petafintés. [apdostypa
localvar s32 ctr, tmp[2]={24,-8899};

omov Ctr ko tmp petafintéc.
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= KoOBomkég petafintéc

H deopevpévn Aé€n globalvar ypnowwonoteitotl é€m amd ta cOUATA TOV S100IKAGIDV
Yo va. dNADceEL 0Tt ot peTaPAnTég mov akorlovBobv “eivar opotés” oe OAeg TIg
dladkaciec mov vdpyovy oTo apyeio Tov KMAKa . Eivor vroypewtikn n ypnon mg
otav 0éhovpe va dnhdcovpe petafAnTtég mov va Exovv kaboAikn eppéieto oto Tyaio
apyeio kmoka e NAC. Ot kaBoAikéc petafantéc Ba mpénet va dnidvovtal otV

apyn tov apyeiov. [Mapdderypo

globalvar s32 tmp1, tmp2;

o6mov tmplxon tmp2 petafintés.
= Opiopota €16000V

H deopevpévn AéEn In ypnowomoteitor yioo va dNAMOEL OTL M GLYKEKPLUEVN
dwadikacio dExeton cav Opiopa pio TN (TOPAUETPOC €16050V), OTAV TPOKELTOL VL
KnOet. [Mapdoerypa
procedure cmull9 (in s32 x, out s32 outp)

localvar s32 t0, t1, t2, t3;
S 1:

t0 <= mov X;

tl <= shl t0, 4;

t2 <=shl t0, 1;

t3 <= add t1, t2;

outp <= add t3, t0;
}

Omov 1 peTaPAnT X amotehel OPIGHO ELGOJOV.
= Opiopata e£600v

Avrtiotoya n out ypnopomoleiton Yo vo. SNADOGEL OTL 1] GLYKEKPIUEVT dladtkaciol
eMOTPEQPEL pio Tun (Topapetpog e£6d0v), oto onueio mov kKANOnke. H cepd pe v
omoio. Ba epgoviCovior ot OMAwon g Owdwkaciag Oev eival TEPLOPIOTIKN
CUVTOKTIKA, 0AAG vl TPOTIUOTEPO VO SNADVOVTOL TPATA Ol TAPAUETPOL EIGO0V KOl
énerta o1 €£000V. XTO TOPATAVE® TOPAOELYLLOL 1) LETAPANTY OULP ONADVETOL WG TETO0

opiou0.

Inpoavtikd: To mAn0o¢ Tov oplopdtev €16000V Kot €£000V TV SLOOIKOCLDY TOV

onuovpyovpe pmopel vo givor omePLOPIoTO, Elval LIOXPEMTIKO OU®MG Vo €YEL
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TOLAGYIGTOV €va OpIopa €16000V Kal Eva Optopa €000V, ag UV LITAPYEL N AVAYKN
xpPNom TovG. Avtd tov meplopiopnd pog tov emiPdarer o NacVM kol oxt n 0 n
yAoooa NAC. Eniong 6cov agopd ta opicpota g KARong dadikaciog Bo mpénet va
Bpiokovion og avtiotoryion £va-mpog-éva e avTd TG dadtkaciog. Kot ta dvo &idn
(e10680v-££000V) Bewpovvtal TomKEG UETAPANTEG Ko uTopohV va, XpNoILoTotnfovy
otV avtiotoyn dwdikacio cav Ti¢ localvar. 'Eoto 1 napakdto dtodikaoio
procedure cmul2 (in s32 x, in s32 'y, out s32 outx, out s32 outy)

localvar s32 t0,t1;
S_ 1.

t0 <= mov X;

tl <=movy;

outx <= shl t0, 1;

outy <=rotl t1, 3;
}

Vv omoio BEAovE Vo TNV KOAEGOLUE GE KATOLO0 ONUEID TOL KMOKO MG, TOTE 1
KAon dadikaciog Ba €xel kdmwg étot:
(outl, out2) <= cmul2 (in1, in2);

Kot €101 woyveL To pass by valuety NAC, Ba éxovpe X = inlkot y = in2.Evo otav
N dwdwocio emotpéyet Ta dedopéva Ba Eyovpe outl = outxkor out2 = outy.l'wa to
A0Y0 avtd oto iii. kot iv. g Evomrag 3.1 kévape Adyo yuo dwatetaypévn Alota,
oplopdTmV 16000V Kot £0d0v. Emedn to péyebog tov petafAntov pmopel va eivor
HEYOADTEPO Omd £va, Ba TPEMEL VoL LITAPYEL KOl AvTIoTOTY{0 LETAED TOV peyEBovg Tovg.
AnAadn av 1 X éxel péyebog tpio tote Kou M IN1 Bo Tpémer va £xet to 1610 uéyebog. To
010 oyvel kau Yo ta opicpata €£6d60v. And ot katordPate 1 NAC emrpémer
KA on dwadikoociog pe opiopata (LetapAntéc) mov Exovv uéyebog peyaldtepo amod Eva,
(yopoxTnplotikd mov evioyvel T dvvoun ¢ YAdooag). IIpocoyn oumc va pn

Eexvarte TNV avtioTolyio HeYEB0LS TOV OPIGUATOV GTIC KANGELS TV OUOTKAGIDOV.

A@o? dei&ape Ta 10N TOV pETAPANTOV, B0 TOPOVGIAGOLVE TOVS SLVATOVE TUTTOVG TOV
petafAntav. Avotoymg oe avti v ékdoon g NAC, vroompiletor povo o TOTOC
$32,0mAad1| LETAPANTEG Le TPOOUACUEVES aképates TiuéS pueyébovg 32 bit. To €bpog
TOV THOV Tovg dnAadn (0t to péyeboc g petaPfintc!) Ba umopel va kopaivetan

omd -(22Y) péypr 2°%-1. Se Srapopetivy mepintoon Oo TopdyeTon Kodtkdg AdovG.

AxoAovBobv mapadelypato ONAMONG Kol 0pyLKOTOiNonG LETAPANTMV.
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= YQYXTO

localvar s32 var;
var[0]=0;
localvar s32 tmp1][5];
O NacVM apyucomotet tn petafAnt pe undév, dniadn ot Béceig
amd undév péxpt téooepa g tmplraipvovv v tyun 0. Aniodn
tmpl[0] = 0,..., tmp2[4] = 0.
globalvar s32 test[3]={245,-14438776,0};
Me tov tpdémo avto 1 testia xel wg e€ng test[0] = 245, test[1] =
-14438776con test[2] = 0dIpocsoyn! v apykomoinon
petaPAntov dev Oa Tpémetl vo vapyet kevo (whitespacejypv kot
UETA TOL «=».
localvar s32 var[1];
Y0010, aAld sivar mieovaoudc! To var[l] eivat 1codvvapo pe 1o
var ok€to, Kafhg av o OnAwbel o péyebog, n petafAnm

Bempeitan peyébovug 1 pe tiun O.

= AAGOX

globalvar s32 p[2]={1};

Apyuconoinomn povo g tpdtng Béomng. Oa tpénet gite va T1g
apytKomotov e OAeg N Kapia.

globalvar s32 t0[1] = {5445};

whitespacegpw kot petd 1o =

localvar s32 value[1]={};

localvar s32 variable[0];

2.3 OuvEvroirég e NAC

2y evétra out B0 TAPOVGLAGOVE OVOAVTIKA TIC EVTOAEG N — d1eVBHVoEMY TTOV

vrootpiler 0 NacVM, ommyaiog kddwag tov omoiwv Ppioketon oto Iapdaptnua A

m¢ gpyacioc avtng. Emedn n NAC eivon enextdoun yAdooa, o NacVM emirpénet

TOV 0pIoUO Kol TN ONUIovpYio VE®V VTOA®V N — dlevBivoewv, TEPAY TOV TOPAKATO

evoopotopévav (built-in). o avtd to Adyo ckomevovue apydtepa va deiovpe Tov

TPOTO [Le TOV 0T010 KATO10¢ Umopel ebkoAa va opicet véeg evioréc otov NacVM. Ou

MEPIOOOTEPEC EVIOAEG UTOPOLV vou d€YovTol ®G opiopata €600V, €KTOG amd
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uetaPAntég kot apuntikd kuprodektikd otoyyeia (literals).T'a moteg eviolég oyvet
avto Ko o€ Toleg Béoelg emrpénetal Ba o dovpe axorovBws. I'a dAeg T TapakdTo
nov Ba deite, 0ALA Kot Yo 0VTEG TOV TPOKELTOL VO OpicETE €6l O1 10101 v KAmoTE TO
Belnoete, woyvel o e&ng onuovtkd: To péyebog towv petafAntadv 166d0v kot €650V
umopel va givor peyoldtepo omd €va, OpP®S o1 EVIOAES AaUPBAVOLY Kol EMGTPEPOLV
TIEG HOvo oty TpmTN Béom avtov. [Tapdderypa:

localvar s32 myVarl[3]={67,90,-13}, myVar2[2]={13,2 4}, result[4];

result <= add myVarl, myVar2;

[Towo Ba givan 1 Tiun g resultpetd vy evroin add;

pwv Metd
result[0]=0 result[0]=80
result[1]=0 result[1]=0
result[2]=0 result[2]=0
result[3]=0 result[3]=0
. nop

nop;

Kabe etikéra yio va pmopet va «omdp&er» ot otoifa unyovng Tpénel otnv
euPérela g va vmbpyet €va TovAdylotov Statement.Otav Aowmdv 61O
npoypappe pog 0éhovpe vo kavoovpe €£000, KAvVOLUE jumMp ot TEAELTOiN
ETIKETOL TNG YOVIKNG dtadkaciog, n omoio 0 BEAovue va €xel otV euPéreta
™G Kamowo exteAéoun eviodn. Tote elvan mov pog yperdletal To NOP, yo va

dnAdcovpe no-operationllapdaderypo:

S_EXIT:
nop;

. mov

dstl <= mov srcl,;
Avtrypaoeet to mepieyduevo g petaPintg srclotn dstl.Xt 6éon g srcl

UTOpEl Vo VTTAPYEL EVAG TPOST|LOGUEVOS OKEPOILOG OPLOLLOC.

. Idc
dstl <= Idc srci;

Avtiypdoel 1o mepieyodpevo g petafintge srclom dstl. Xt 6éon g srcl

UTOpEl Vo VTTAPYEL EVAG TPOST|LOGUEVOS OKEPOLOG OPLOLLOC.
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. jmpun (Unconditional jump)
S_dstl <= jmpun;
Metagpépet T pon Tov mpoypappatog oty etikéto S_dstlnov Bpicketon otnv
O dradikacio wov Ppioketan kot 1 eviodn. Elyape avagépel oe mponyoduevn
evotTa 0Tl dgv Oa TPETEL VO, LTTAPYOLV ETIKETES e TO 1010 OVOpO pEGH GE pia
dadikacio kot 6Tt o opicpate €60V TOV EVIOADY TNG OIKOYEVELNS JMPZZ

etvan eTikéteg, Onmc Ba deite Kot TaUpUKATO.

. jmpeq (Conditional jump)

S TRGT, S_TRGF <= jmpeq srcl, src2; //jump if equal

Av n Ty ¢ Srcleivan ion pe aut g SIC2,TOTE 1M POT UETOPEPETOL GTNV
etikéto S_TRGT, duupopetikd ot S_TRGF.T'evikd kot yuo to, Topakdto
dApata vd cvvOnkn (conditional jumps)ioyvetl To e€ng: av 1 cuvOnKn gival
aAnOng toTE MRYouve oTO0 TMPMTO Optopa. €£000V (ETIKETA) TNG EVTIOANG,
OLPOPETIKG oTO OevTEPO. Xt B€om g SIc2 umopel vo VIAPYEL €VOG
TPOCNUAGHEVOS okéEPotog aplfuog. Kar avtd oydet yio Olo to dApoto vrd

ovvONK”M oL aKOAOVOOVV.

. jmpne (Conditional jump)
S TRGT, S_TRGF <= jmpne srcl, src2; //jump if not e qual
Av 1 Ty g Srcldev eivan ion pe auty ™G SIC2,T0TE 1 POT UETAPEPETOL

oty etikéta S_TRGT dwpopetikd ot S_TRGF.

. jmplt (Conditional jump)
S _TRGT, S_TRGF <= jmplt srcl, src2; //[jump if less than
Av n Ty g Srcletvan pkpdtepn amd g SIC2,tote 1 PO LETAPEPETOL GTHV
etikéto S_TRGT dwapopetika ot S_TRGF.

. jmple (Conditional jump)
S _TRGT, S_TRGF <= jmple srcl, src2; /[jump if less or equal
Av n tyq g Srcl eivar pukpdtepn 1 ion amd g SIC2, 1ote 1 pom|
petapépeton oy etikéta S_TRGT dwapopeticd ot S_TRGF.
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. jmpgt (Conditional jump)
S TRGT, S_TRGF <= jmpgt srcl, src2; //jump if great er than
Av 1 Ty g Srcleivon peyoAvtepn amd g SIC2,T0TE 1 PO LETAPEPETOL

omv etikéta S_TRGT dwapopeticd o S_TRGF.

. jmpge (Conditional jump)
S TRGT, S_TRGF <= jmpge srcl, src2; //jump if great er or equal
Av n tyq mg Srcl eivan peyodvtepn 1 fon amd g Src2, tote m pom
petapépetor oty etikéto S_TRGT dwupopetikd ot S_TRGF.

. Binary Bitwise Instructions — M wopoadsiypoto
2m 0éon g petaPAntg Src2 pmopel vo vmdpyel €vog TPOSUACUEVOS
aképatog aplBudc. Anhadn result <= BBI varl, -889¢mov BBI pio and tig

napakdte Binary Bitwise Instructions.
‘Eot: localvar s32 src1[1]={5}, src2[1]={3}, dst1;

o and

dstl <= and srcl, src2;
Tote result = 1

0 ior (inclusive-or)
dstl <= ior srcl, src2;
Tote result =7

0 xor (exclusive-or)
dstl <= xor srcl, src2;
Tote result = 6

0 nand

dstl <= nand srcl, src2;

Torte result = -2 gne1dn Srclkot SIC2TPOcNUAGUEVOL OKEPOLOL.

o nor

dstl <= nor srcl, var2;
Torte result = -8 gme1dn Srclkat SIC2TPOCNUAGUEVOL OKEPOLOL.

0 Xnor

dstl <= xnor srcl, var2;

Tote result = -7 gne1dn Srclkot SIC2TPoSNUAGHEVOL AKEPALOL.
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. not (Unary bitwise instruction)

dstl <= not srcl;

Avirypaoeet 1o copmAnpopo o¢ tpog 1 (1's complementing tung g srcl
ot dstl.Zt 0éom g Srclumopel va vTapyEL EVOC TPOOT|LOCUEVOS AKEPOLOG

apOpdc.

. add (Binary arithmetic instruction)

dstl <= add srcl, src2;

[IpocBéterl Tig Tég twv Srcl ko SCr2 wg mPog GLUTANP®UO TOL 2 Kol TO
amotéAecpo To anobnkevel otn dstl.Xtic Oéoeic Twv Srclkan Src2umopel va
VIAPYOVYV  TPOCUOCUEVOL  oképatot  apBuol.  AkolovBolv  €ykvpa
nopadelypoToL

dstl <= add srcl, -787;

dstl <= add 567, src2;
dstl <= add -89, 10;

. sub (Binary arithmetic instruction)

dstl <= sub src1, src2;
Aopapel amd v Ty g Srcl mv tq g Src2. To amotélecpo to
amofnkevel ot dstl. Onwg ko pe v add, otig 6éoeig tov Srcl kot Src2

UTOPEL VO VTTAPYOVY TPOGTLAGHEVOL OKEPOILOL OP1OpLOL.

. neg (Unary arithmetic instruction)
dstl <= neg srcl;
Avtypaoetl v avtifetn ékdoon g Tyung g Srclotn dstl. Xt 0éon g

srclumopet vo vdpyel EVog TPOSLAGHEVOS OKEPALOG OPLOUOG.

. muxeq (Quaternary multiplexing instruction)

dstl <= muxeq srcl, src2, src3, src4;

Ye auT €0® TNV &VTOAN GuyKpivovior ot 000 TPMOTES PETAPANTEG €16000V,
onAad” ot srcl kot sScr2. Av ot tég tovg eivar ioeg tote otn dstl
AVTIYPAPETOL 1] TIUN TNG SIC3,510(pOPETIKA avTiypdpetal TG SIc4.Xtic Béoelg
TV SIC2 Kol SIC4 pmopel vo VTAPYOLV TPOCMUAGHEVOL OKEPOLOL aplOpoL.

[TBavég popeég g muxeq:
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dstl <= muxeq srcl, 63, src3, src4;
dstl <= muxeq srcl, -225, src3, 5;
dstl <= muxeq srcl, src2, src3, 123;

dstl <= muxeq srcl, src2, src3, src4;

To mapamavm 1oydeL Yloo OAEC TIG EVIOAEG TNG OIKOYEVELNG MUXZZ.

. muxne (Quaternary multiplexing instruction)

dstl <= muxne srcl, src2, src3, srcé4;
Av o1 Tiuég tov Srclkot Src2eivan aviceg t0te ot dstlavtypdeetor ) tiun

G Src3,0AM®OS avTlypaeETOL VTN TNG SIC4.

. muxlt (Quaternary multiplexing instruction)

dstl <= muxlt srcl, src2, src3, src4;
Av 1 ) ¢ Srcl eivor pukpotepn amd avthy g Src2 tote otn dstl
AVTIYPAPETOL 1 T TNG SIC3,0AAMG aVTIYpAPETAL QDTN TNG SIC4.

. muxle (Quaternary multiplexing instruction)

dstl <= muxle srcl, src2, src3, srcé4;
Av 1 T g Srcleivon pukpotepn N ion amd vty g Src2 tote ot dstl
AVTIYPAPETOL 1 T TNG SIC3,0AAMG aVTIYpAPETAL QDTN TNG SIC4.

. muxgt (Quaternary multiplexing instruction)

dstl <= muxlt srcl, src2, src3, srcé4;
Av n i g srcl eivar peyaddtepn omd avty ¢ Src2 tote otn dstl

AVTIYPAPETOL 1 T TNG SIC3,0AAMG aAVTIYPAPETAL VT TNG SIC4.

. muxge (Quaternary multiplexing instruction)

dstl <= muxle srcl, src2, src3, src4;
Av 1 i ¢ Srcleivar peyaAddtepn M ion amd avtn g Src2tote ot dstl

QVTLYPAQETOL 1) TIUN TNG SIC3,0AAMMG OVTLYPAPETOL QLT TNG SIC4.

. seteq (Set on comparison instruction)
dstl <= seteq srcl, src2;

Av ot Tipéc tov Srclion Src2eivon ioeg tote | Ty g dstlyiveton ion pe éva

(un undevikn). Awpopetikd yivetar ion pe undév. Tn 0éon g Src2 umopel
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va givon évog mTpoonuacuévog  aképatog aptBpog (aplfuntikd KuploAeKTiKo).

AVTO 15Y0EL Y10 OAEG TIC EVTOAEG TNG O1KOYEVELNG SetZzmov akoAovOovV.

. setne (Set on comparison instruction)

dstl <= setne srcl, src2;
Av ot Tiég Tv Srclkon src2eivon avioeg tote 1 T g dstlyiveton ion pe

éval (Un undevikn). AloQopeTika yivetar ion pe unoév.

. setlt (Set on comparison instruction)

dstl <= setlt srcl, src2;
Av 1 Ty ¢ Srcleivan pikpdtepn g Src2tote n tipn g dstlyiveton ion pe
éval (Un undevikn). AlopopeTika yivetat ion pe punoév.

. setle (Set on comparison instruction)

dstl <= setle srcl, src2;
Av n Ty g Srcleivon pikpdtepn M ion g Src2tote n T g dstlyiveton
ion pe éva (un undevikn). Ala@opetikd yivetal ion e undév.

. setgt (Set on comparison instruction)

dstl <= setgt srcl, src2;
Av n Ty ¢ srcleivan peyaAddtepn g src2tote n tun g dstlyiveton ion
ue éva (un undevikn). AlaQopeTiKd yivetot ion pe unoév.

. setge (Set on comparison instruction)

dstl <= setgt srcl, src2;
Av n i ¢ srcl eivar peyaAdtepn N ion ¢ Src2 toéte n tun tng dstl

yivetat ion pe éva (un undevikn). Alaopetikd yivetal ion pe unoév.

. abs (Complex unary arithmetic instruction)

dstl <= abs srcl;
Avtiypaeel v andivtn T g Srcl om dstl. Xt 0éon g srcl AEN

LITOPEL VO, VTTAPYEL TPOCTULAGUEVOS OKEPOILOG 0p1OudC (oTabepd).

. max (Complex binary arithmetic instruction)

dstl <= max srcl, src2;
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Exywpei otn dstltn peyoddtepn omd Ti¢ Tipé tov Srclkan Src2.Xtn 0éon g

SIc2umopet v VTapPyEL TPOSTUAUCUEVOS AKEPALOG aPlOUOG.

. min (Complex binary arithmetic instruction)
dstl <= min srcl, src2;

Exywpei ot dstlt pkpotepn omd T1g Tnég tv Srclkat src2.Xtn 8éon g

Src2umopet v VTapPYEL TPOCSTUAUCUEVOS OKEPALOG aPlOUOG.

. shl (Shift instruction)

dstl <= shl srcl, src2;

Y1t dstlomoOnkedetal To amoTédecpa TG aploTEPNS OAIGONONG TNG TIUNG TOV
éxerm srcl.To mAnBoc twv apiotepdv oAlcONce®mV ekppdleTal GTNV TN NG
src2. tn 6éon g Src2 pmopet va vmhpyer Oetikdg oképorog aptOudc.
[Mopaderypo

localvar s32 src1[1]={10}, dst1;
dstl <= shl srcl, 2;

ITpw: 00001010
Metd: 00101000

Apo petd ) mopandvm eviodn odicOnong n Ty thg dstl0a sivan 40.

. shr (Shift instruction)
dstl <= shr srcl, src2;
Y1 dstl anobnkeveton to amotédespo g 6e€1Gg oAicOnong ¢ NG Tov
&xern srcl. To minBog Tov de&udv oAoOncemv ekepaletal oV TUN TG SIC2.
> Béom g Src2umopet va vapyet Oeticog aképarog apuoc. [apddetrypa

localvar s32 src1[1]={10}, dst1;
dstl <= shr srcl, 2;

ITpw: 00001010
Mezta: 00000010

Apo petd v Topandvm gvtodn olicOnong n Ty g dstlfa sivan 2.

. rotl (Rotate instruction)

dstl <= rotl srcl, src2;
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Apotepn mepotpoer] ™G TN g Srcl. To mnbog twv mepioTpopmdv
exppaletoar amd v T TG Src2. tm 0éon tng Src2 umopel vo vrapyet
BeTicog axéparog apOpdc. Mapaderypo

localvar s32 src1[1]={17},src2[1]={30},dst1;
dstl <= rotl srcl, src2;

ITprv: 00000000 00000000 00000000 00010001 =17
Mezta: 01000000 00000000 00000000 00000100 = 1073741828

Apa petd T Topamdved eVvIoAn meploTpoenc M T ¢ dstl fa eivor
1.073.741.828

. rotr (Rotate instruction)

dstl <= rotr srcl, src2;
Ag&1d meprotpoen ¢ Tipng ™S Srcl.To mAnbog tv teploTpodv ekepdleTot
amo TNV TN TG SIc2.Zt 0éon g Src2umopel va vdpyet OTiKOG akéPaog
apOuog. IMopdoetypa

localvar s32 src1[1]={17},src2[1]={30},dst1;
dstl <= rotr srcl, src2;

ITprv: 00000000 00000000 00000000 00010001 =17
Metd: 00000000 00000000 00000000 01000100 = 68

Apol HETA TNV TOPATAV® EVIOAN TEPoTPOENC N Tiun ¢ dstlba eivon 68.

. mul (Multiplication instruction)

dstl <= mul srcl, src2;
[MoAamiaoctdler v Ty g Srcl pe avty g Src2 kot amobniedel to
amotélecpo otn dstl. Xt 0éon g Src2 pmopei vo VIAPYEL TPOGUAGHEVOG

aKEPaALog aptOuog.

. div (Division instruction)
dstl <= div srcl, src2;
Aronpel T1g Tipég Tmv Srclkon src2kon amobnkevetl to mniiko ot dstl. H src2
dev umopel va €xet v T undév. O NacVM 0Oa mapaydyel runtime error
otV mepintwon mov Ba emyelpndet daipeon pe to unoév. Ki edm ot 0éon

™G Src2umopel va vdpyetl un UNOEVIKOG TPOCSTULACUEVOS OKEPALOG aPLOUOG.

. rem (Division instruction)
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dstl <= rem srcl, src2;

Awonpet 11 TéG TV Srclkon Src2kaon amofnkevel To VITOAOUTO TNG OlaipeEoNC
ot dstl. H srcdev pnopei va éxet v tiur undév. O NacVM Oo mapaydyet
runtime errorotnv mepintwon mov Oa emyepnOei dwipeon pe to undév. Ki
€0 otn Béom g SIc2 pmopel vo vEAPYEL KN UNOEVIKOC TPOCTUOGUEVOG

aKEpaALog aplouog.

. divrem (Combined division-modulus instruction)

dstl, dst2 <= divrem src1l, src2;

Awonpel TG Tipég Tov Srclkon src2kot amobnkevetl To anAiko ot dstlkot to
vorowmo otn dst2. H srcBev pmopei va €xet tv T undév. O NacVM 6o
mapayayel runtime errorotnv mepintmon mov B emyelpnOei dwaipeon pe to
unoév. Ki edd otn 6éom tg Src2 umopel vo vmdpyer pn  Hnodevikog
TPOCTLACHEVOG aképatog aptBpds. [Tapdderypa,

localvar s32 src1[1]={17},src2[1]={3},dst1,dst2;

dstl,dst2 <= divrem srcl, src2;

Amotéleopa mov mapdyst o NacVM petd v ektéleon g divrem.

dstl:
Hex:[5] - Dec:[5]

dst2:
Hex:[2] - Dec:[2]

. zxt (Data type/bitwidth conversion instruction)
dstl <= zxt

srcl;

Enéxtaon undevikov g srcloe peyolvtepo gvpog bit, ico pe g dstl.

. sxt (Data type/bitwidth conversion instruction)

dstl <= sxt srcl;

Enéxtaon mpdonpov g Srcloe peyaivtepo gvpog bit, ico pe g dstl.

. trunc (Data type/bitwidth conversion instruction)

dstl <= trunc srcl;

[Tepkomn Tov evpovg ¢ Srcloe pikpotepo €vpog bit, ico pe g dstl.
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O Tapamdve Tpelg eVIOAES TpoimoBETovy TV VTAPEN Kot GAA®V TOT®V OEO0UEVMV,
extodg Tov S32 mov vrmootpilel avt) ™ otiyunn o NacVM. Onote 0o pog eivan
ypoes o€ pia vedtepn ékdoomn tov NacVM nov Ba vroostpilet kKot GAAOVS TOTOVG.

2t ovvéxeln Bo  TOPOLGLAGOVLUE TPELS EVIOAEG MOAD ONUOVIIKEG YO TOV

mpoypappoticpd epappoydv oe NAC.

. load (Load variable from array)

dstl <= load src1, src2;

Metagoptdvel 0 mepieydpevo mov Ppioketar otn Béomn Src2tov mivaxo Srcl
ot petafinty dstl.@uvunbeite 6TL | TpdT BEoM €VvOg mivaka eivan 1 undév.
O dstl pmopel va eivar ko owtdc wivakag (dnAadn petafint pe péyebog
ueyaAbtepo Tov £va), aAAd to amotédecpo g load Ba avtiypagei ot Béom
undév avtov. X B€om g Src2 pmopei va vapyel pOVO BETIKOG aKEPOLOG
apudc. Mopadeiypota:

1:procedure mytestl(in s32 a, out s32 b)

2:{

3: localvar s32 src1[3]={17,-90,22879},src2, dst1;
4.

5: S:

6: dstl <= load srcl, src2;

7: print dst1;

8}

Amotélecpa,

dstl:

Hex:[11] - Dec:[17]

Av ot ypapuun 6 ypawyoope dstl <=load srcl, 1;

Tore,

dstl:
Hex:[ffffffa6] - Dec:[-90]

Evd av ypayoope dstl <= load srcl, 3;

Torte

Error: Array [src1] out of bounds.
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. store (Store variable to array)

dstl <= store srcl, src2;

AmoBnkedel v T g petaPintig srcloto mivoko dstlotn 6éon src2.0
srcl umopei vo givar kot avtdg mivakag (dniadn petapinty pe péyebog
HeyaAHTEPO TOL €va), aAAG 1 Storeavtypdget To TepleyOuevo otn B€on undév

avtov. Xt 0€om ¢ Src2 umopet va vapyel povo Betikdg axépaiog aptOpdc.

[Tapadeiypato:

1:procedure mytest2(in s32 a, out s32 b)
2:{

3 localvar s32 src1[3]={17,-90,22879},src2[1]={2}, dst1[5];
4:

5: S:

6: dstl <= store srcl, src2;

7: print dst1;

8}

Amotélecpa

dstl:

Hex:[0] - Dec:[0]
Hex:[0] - Dec:[0]
Hex:[11] - Dec:[17]
Hex:[0] - Dec:[0]
Hex:[0] - Dec:[0]

1:procedure mytest3(in s32 a, out s32 b)

2{

3: localvar s32 src1[1]={-22879},src2[5]={4,-900,1, 87,0}, dst1[5];
4.

5: S:

6: dstl <= store srcl, src2;
7: print dst1;

8}

Amotélecpa

dstl:

Hex:[0] - Dec:[0]

Hex:[0] - Dec:[0]

Hex:[0] - Dec:[0]

Hex:[0] - Dec:[0]

Hex:[ffffabal] - Dec:[-22879]

. print (Print contents of a variable in hexadecimaland decimal form)
print variable;
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H variable umopei va eivan eite localvar, globalvar,i in-out 6piopo
dwadikacioc. AveEaptntmg Tov peyébovg tng variable,n print 8o tuvndoet ta
neplExOpeva OAOV TV BEcemv TG oe dekaeadikn Kol o€ dEKAOIKT LOPOT).
XPpNOIUOTOLEITTE TNV HOVO GE TEPITTAOGELS OOV TO OpyEi0 dEdOUEVOV SOKIUNG
nmepapPdvel povo éva cevaplo. Adyog eivarl 0Tt LOVO TOTE TO AMOTEAECUATO
OV TLTTMVEL eivan vavayvoota. To apyeio dedouévwv SOKIUNG TapoVGLaleTOL

0TO EMOUEVO KEPAAALO.

3. Xyeoiaon Agpunvevtikov [posopormty Yo tnv NAC

Y10 Kepdhoto ovtd Oo avaivocovpe ko Oo emeEnynoovue v LAOTOINGN TOL
npocopotwty) NacVM. Ga pudncovpe yioo Toug AEKTIKODS KO YPOUUATIKOVS KOVOVEG
mov e@apudlet, tig Oepelmoelg dopég (otoifo pnyavng, mivakog cuBoOrmv) mov
«tile» Katd ™ OdpKeLN TNG GLVIOKTIKNG avaAivong tov mpoypdupatog NAC mov
glodyovpe, KoOMOG emiong Kot ywoo OAeg exeiveg Tig Pondntikég dopég mov TOL
EMTPEMOVV TNV EEVTIVY KO ATTOTEAEGLLATIKT] TPOGOUOIMGT TWV TPOYPOUUAT®V. TELOG
Ba oci&ovpe Tov Tpomo pe tov omoio o NacVM déyetan dedopéva 16050V Kot Tapdyet
o amoteAéopata. H yA®GGO TPOYPOUUOTIOGHOD 7OV YPNOCUYLOTOUCOAUE Yo TNV
avantuoén tov givor 1 ANSI C evd ta gpyadeia avamtuéng NToV 0 HETOYAOTTIOTNG
gcc, o Aektikog avorvtig flex ko o ovvraktikog avaivtrig bison. Olo avtd ta
ocvvovdoape KAT® Oond TO OAOKANP®UEVO TEPPAALOV  aVATTUENG AOYIGUIKOV
NetBeans IDE 7.0.10 k®ddwog tov cuvaptioemv mov Ba avoaeépovpe kot Oo

avaADOLUE GE VTO TO KEPAAAL0, vITdpyel oto [Tapdptnua B g epyaciog avtmg.

3.1 Asgktikoi Kavoveg

Or Aextikol Kovovee elvar ol TpMOTOL OV €POPUOLOVIOL OTO TNYOHO0 TPOYPOLLLLLOL
«drofalovtac» to KatdAAnia tokens, to omoio To oTéAvovv cav &icodo oTov
OCUVTOKTIKO OVOALTH HE GKOTO TNV EMOANOELON TOV YPOUUOTIKOV KAVOVOV TOL

woyvovv yuo T YAwssa NAC.
/I Name :nac.l
/I Purpose : Lexer for the NAC (n-address code) fil e parser.

/I Author : Angelos Kanatsos (C) 2011
/l Date :20-Jul-2011
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%{

#include <stdio.h>
#include <ctype.h>
#include <string.h>
#include <stdlib.h>
#include "nac.tab.h"

#define YY_NO_UNISTD_H 1 /* To avoid the inclusion of <unistd.h>. */

void count();

unsigned long _LINES_=0;
int column = 0;

90}

ws [ \\fr]
letter [a-zA-Z]
integer [1-9][0-9]*
anum [+-]?[a-zA-Z0-9_][a-zA-Z0-9_]*
AlaA]

B [bB]

C [cC]

D [dD]

E [eE]

F [fF]

G [gC]

H [hH]

1[il]

J (9]

K [kK]

L [IL]

M [mM]

N [nN]

0O [00]

P [pP]

Q[gQl

R [rR]

S [sS]

T [tT]

U [uU]

V [vV]

W [wW]

X [xX]

Y [yY]

Z [zZ]

%%
" { count(); }

{ws} { I* just eat-up whitespace */; }
"\n" {_ LINES_++;column =0;}

{ count(); return(T_LPAREN); }

{ count(); return(T_RPAREN); }

{ count(); return(T_LBRACE); }

{ count(); return(T_RBRACE); }

{ count(); return(T_LBRACKET); }
{ count(); return(T_RBRACKET); }
{ count(); return(T_COMMA); }

{ count(); return(T_COLON); }

{ count(); return(T_SEMI); }

R B e S
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nen { count(); return(T_ASSIGN); }
nen { count(); return(T_EQUAL); }

{PKRHOKCHEHDHUKRKE} { count(); return(T_PRO CEDURE); }

{LHOH{CHAHLKVHAKR} { count(); return(T_LOC ALVAR); }

{GHLH{OHBHAHLHVHAKRY} { count();return(T_GLOB ALVARY);
naclval.StringVal=(char *)strdup(nacte xt);}

{I{N}  { count(); return(T_IN); }
{OHUKT} { count(); return(T_OUT); }

{anum}["{fanum}1"=""{"{anum}(","{anum})*"}* { co unt(); naclval.StringVal
= (char *)strdup(nactext); return(T_ID_VAR);}
{anum}("["({anum})?"]")? {co unt(); naclval.StringVal

= (char *)strdup(nactext);return(T_ID);}
{fanum}?"."{anum} { count(); return(T_ID); }

. { fprintf(stderr, "Error: Unaccepta ble input character
(0x%x).\n",
yytext[0]);
exit(1); }
%%

int yywrap()
{

return(1);

}

void count()

{

inti;

for (i=0; yytext[i]'="0"; i++)
{

if (yytext[i] == "\t")

{

column += 8 - (column % 8);

}

else

{

column++;

}
}
}

3.2 XUVTOKTIKOL KOVOVEG

Onwg Ba deite mopakdTm, SITAN G KATOIOVE YPOLUATIKOVG KAVOVEG DITAPYEL KATOL0G
KOOWKAG 7oy ekteleitan Otav avtol emainbevtovv. O k®dOKOS mov ekteAeiton
Bpioketon péca oe Aykiotpo Kot cLVNOMC KoAel TIG KATAAANAEG GUVAPTNGELS TOV
«ytiCovv» 11 Bepelmoelg dopéc tov NacVM pe tic minpogopieg mov €xovv Kdabe
Qopa To TEPUATIKA COUPOAA. O CLVTAKTIKOG avaALTAG EEKIVAEL e TNV KANON TNG

nacparse(Jrov Bpickeral otn main()tov TPOYPAULATOS TOV TPOCOUOIMTY.
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9%{
/*
*Name :nacy

* Purpose : Syntax processing for the NAC (n-addre
* Authors : Nikolaos Kavvadias, Angelos Kanatsos (

*Date :20-Jul-2011
*

#include <stdio.h>

#include <stdlib.h>

#include <string.h>
#include <stdarg.h>
#include "stack_mac_nac.h"
#include "sym_tab_nac.h"

#define YYDEBUG 1
extern char *yytext;
extern char *CUR_PROC_NAME; //
extern char *CUR_LABEL_NAME; //
extern char *OPERATION;  //
extern char PCALL; //

extern char *GLOBALVAR_TYPE; //
1

extern char *PROCEDURE_INOUT_TYPE; //

1

extern char *LOCALVAR_TYPE; //
I

unsigned long _ERRORS_ =0;
96}

%union{
char *StringVal;
}

MiBavég Tipég eivatr,0 xou 1.
I oTL
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ss code) formalism.
C) 2011

To 6voua Tng tpéyxoucag dLadLlkaclag
To 6VORO TNG TPEXOUCAG €T LKETAQ
O mio npdoeaTOog TEAEOTNG HOU £€Xe€L AVOAUCeLl o parser

Otav yivetalt 1 onuaivet

Ta nmepltexdpeva 1ng otolfag apopolv kAHon diradilxkoolog

O 1péxov TUmOC TwV KABOALKAOV PETARANTOV IMOU
avoaAUTovTal

O 1péxov TUmOC TV HeTARANTOV €L106d0U Kol
€£O6d0Uu Tng dLadLlracloag mou avoAUeTol

O 1péxov TUNOC TWV TOILKOV HETARANTAOV IIOU
OVOATOVTA L

/] AnAdcei¢ TWV TEPHATLROV oupPBdAwv. HNapatnpoupe 6tL to T_ID xat to T_I D VAR anotelouv
/] tokens pe tipég tUmou String x&Oe gopa. Katadapaivetre Aowmdv étL Ba amotedolv Kol
/] miBava opiopata TV KAHCEWV OF OUVOPTHOELG NOU MHPOAYHATOMOLOUPE yla Tn dnpioupyia

/'l twv dopedv tou NacVM

%type <StringVal>T_ID T_ID_VAR

%token T_LPAREN T_RPAREN T_LBRACE T_RBRACE T_LBRACKET T_RBRACKET
%token T_COMMA T_COLON T_SEMI T_ASSIGN T_EQUAL
%token T_PROCEDURE T_LOCALVAR T_GLOBALVAR T_IN T_OUT

%token T_ID T_ID_VAR
%start nac_top
%%

nac_top : procedure_list
| globalvar_def procedure_list

globalvar_def : globalvar_prefix global_id_list T_S EMI

| globalvar_def globalvar_prefix global_id_list

T_SEMI

globalvar_prefix : T_GLOBALVAR type_spec_global
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procedure_def : procedure_prefix T_LPAREN arg_list T_RPAREN T_LBRACE stmt_list
T_RBRACE {create_Iv_range_list(st rdup(CUR_PROC_NAME),strdup("no"));}
| procedure_prefix T_LPAREN arg_list T_RPAREN T _LBRACE localvar_list stmt_list
T_RBRACE {create_Iv_range_list(str dup(CUR_PROC_NAME),strdup("yes"));}

procedure_list : procedure_def
| procedure_list procedure_def

procedure_prefix : T_PROCEDURE id_proc_name

localvar_list : localvar_prefix local_id_list T_SEM |
| localvar_list localvar_prefix local_id_list T _SEMI

localvar_prefix : T_LOCALVAR type_spec_local

stmt_list : /* empty */

| stmt_list

stmt
stmt : nac

| pcall

| label
nac : opnd_out_list_nac assign_op id_op opnd_in_li st_nac T_SEMI {gen_stack();}

| opnd_out_list_nac assign_op id_op T_SEMI {gen_stack();}

| id_op opnd_in_list_nac T_SEMI {gen_stack();}

| id_op T_SEMI {gen_stack();}
pcall : T_LPAREN opnd_out_list pcall T_RPAREN assig n_op id_pcall T_LPAREN
opnd_in_list_pcall T_RPAREN T_SEMI {gen_stack();}
| T_LPAREN opnd_out_list_pcall T_RPAREN assign_op i d_pcall T_SEMI

{gen_stack();}

| id_pcall T_LPAREN opnd_in_list_pcall T_RPAREN T_SEMI
{gen_stack();}

| T_LPAREN T_RPAREN assign_op id_pcall T_LPAREN T_RPAREN T_SEMI

{gen_stack();}

assign_op : T_ASSIGN
label : id_label T_COLON
opnd_out_list_pcall : id_list_out_pcall

opnd_out_list_nac : id_list_out_nac
opnd_in_list_pcall : id_list_in_pcall

opnd_in_list_nac : id_list_in_nac

arg_list : /* empty */
| arg_in
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| arg_out
| arg_list T_COMMA arg_in
| arg_list T_COMMA arg_out

arg_in : T_IN type_spec id_in

arg_out : T_OUT type_spec id_out

global_id_list : global_id
| global_id_list T_COMMA global_id

local_id_list : local_id
| local_id_list T_COMMA local_id

id_list_out_nac : id_out_nac
| id_list_out_nac T_COMMA id_out_nac

id_list_in_nac : id_in_nac
| id_list_in_nac T_COMMA id_in_nac

id_list_out_pcall : id_out_pcall
| id_list_out_pcall T_COMMA id_out_pcall

id_list_in_pcall : id_in_pcall
| id_list_in_pcall T_COMMA id_in_pcall

id_in: T_ID {analyze_token_arr
id_out: T_ID {analyze_token_arr
local_id: T_ID {analyze_token_ar
| T_ID_VAR {analyze_token_ar
global_id: T_ID {analyze_token_ar
| T_ID_VAR {analyze_token_ar

id_pcall : T_ID {PCALL = '1%if(OPERATION != NULL)
*)malloc((strlen($1)+1) * sizeof(char));strcpy(OPER

id_proc_name : T_ID {if (CUR_PROC_NAME != NULL) fre
(char *)malloc((strlen($1)+1) * sizeof(char));strcp

id_label : T_ID {if(CUR_LABEL_NAME != NULL) free(CU
(char *)malloc((strlen($1)+1) * sizeof(char));strcp

id_op : T_ID {if(OPERATION !=NULL)free(OPERATION);O
+1) * sizeof(char));strcpy(OPERATION,$1)};

id_in_nac: T_ID {g
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ay(strdup($1),');}

ay(strdup($1),'0);}

ray(strdup($1),'1;}
ray(strdup($1),'1;}

ray(strdup($1),'9");}
ray(strdup($1),'g9);}

free(OPERATION); OPERATION=(char
ATION,$1);}

e(CUR_PROC_NAME); CUR_PROC_NAME=
y(CUR_PROC_NAME,$1);}

R_LABEL_NAME); CUR_LABEL_NAME=
y(CUR_LABEL_NAME,$1);}

PERATION=(char *)malloc((strlen($1)

en_inarg_list($1);}
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id_out nac:T_ID {g en_outarg_list($1);}

id_in_pcall : T_ID {0 en_inarg_list($1);}

id_out_pcall : T_ID {0 en_outarg_list($1);}

type_spec_global : T_ID {if(GLOBALVAR_TYPE != NULL) free (GLOBALVAR_TYPE);
GLOBALVAR_TYPE=(char*)malloc((strlen($1)+1)*sizeof (char));strcpy(GLOBALVAR_TYPE,$1)}
type_spec_local : T_ID {if(LOCALVAR_TYPE != NULL) f ree(LOCALVAR_TYPE); LOCALVAR_TYPE =
(char *)malloc((strlen($1)+1) * sizeof(char));strcp Y(LOCALVAR_TYPE,$1)}

type_spec : T_ID {if(PROCEDURE_INOUT_TYPE != NULL) free(PROCEDURE_INOUT_TYPE);
PROCEDURE_INOUT_TYPE = (char *)malloc((strlen($1)+1 ) * sizeof(char); strepy(

PROCEDURE_INOUT_TYPE , $1)}

%%

#include <stdio.h>

#include <stdlib.h>

#include <string.h>  /* For strcmp, strlen */

extern int column;

extern unsigned long _LINES_;

extern FILE *yyin;

int yyerror(char *s)

{
fflush(stdout);
printf ("%s at line:%ld and column:%d\n",s,_LINES _,column);
_ERRORS_++;

return O;

}

3.3  Xroifa Mnyavig kat [livakag Zopforov

[Ipwv mpoywpnoovpe oty ene€Nynon TV GLVOPTNCE®Y TOL EUPAVILOVTAL GTOVG
YPOUUOTIKOVG Kavoveg, Ba mopovoidcovpe TN otoifo unyovig Kot tov mivaxo
ovupormv. H otoifa punyavic amoteAet pio Stmhd ocvuvdedepévn Aiota pe instructions,

o6mov kdOe kOuPog-instructionmepiéyet Tig TUPUKATO TANPOPOPIES:

struct instructions {

1 EVToAn N- dLeublvoewv (NAC) 1 kAjon diadixkaciog (peall)
char *op;

1 Nlota pe Tainputarguments INC €VIOAAC A TNC KAARONGC
inarg *in;

I Nlota pe To Output arguments NG €VIOAAC H TING KARONG
outarg *out;

I To 6voua tng dradikoaociag otnv omola" avixkel" n €VTOAR
char *procname;

1 H etixéta" péoa" otnv omola BploKeTal 1 £VIOAR

char *label;
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//0 -> nac, 1 -> pcall

char pcall;

I 0 aUfwv apLOudc Tou instruction
unsigned int rank;

struct instructions *next;
struct instructions *previous;
h
typedef struct instructions instruction;
instruction *head ,*tail;
Onwg yivetor avtiinmtd, Tpv UTOPEGOVLLE VAL EIGAYOVUE OTN oToifa €va véo KOuPo
Ba pémel va Eyovv MoOM dnuovpyndet o1 AMoteg e Ta opicpato 10600V Kot e£GS0V
Tov TpéYovtog StatementAmotehovv andhd cuvoedepEveg AMoTeg Kot o1 KOUPOL TOVG

nepLEYovV Tig €Ng TANpoPopies:

struct in_arguments {

I Ovoua oplouatog— ueTaBAnIAC £LoddoU
char *arg;
I 0 aUfwv aplLOudc Tou oTn Aloto

unsigned int inrank;

struct in_arguments *next;
k
typedef struct in_arguments inarg;
inarg *inhead,*intail;

struct out_arguments {

I Ovoua oplopatoc — uetaBAntAc ££6d0U
char *arg;
I 0 aUtéwv aplBudc tou otn Alota

unsigned int outrank;

struct out_arguments *next;
h
typedef struct out_arguments outarg;
outarg *outhead,*outalil;

Ed®d Aowmdv avorouPdvovv dpdon ot ovvaptioelg gen_inarg_list() o
gen_outarg_list()ot omoieg dnuovpyodv T avtictoryeg Aloteg. Avaioyo Aoutov
010G KOVOVAG EMTLYYAVETAL KAAEITOL Kot 1] 60T cuvdptnon. To anotéleopa ivar

¢ otav emainbevtel pio nactn éva pcall, va égovv dnuiovpyndei or Aloteg pe to

opiopato 16000V Kot €£660V TOVC.

Y& ovtd o onueio Aowmdv eite emaindedeTon o kavovag nac: eite o kavovag pcall:
(PAéme embvo), kaAeitar | cvvaptnon gen_stack()n omoio TpochHitet éva véo kouPo
ot otoifa. O cLYXPOVIGUAC Yol TIG TIHEG TTOL £XOVV Ol TOPOKAT® UETAPANTEG TOV
TPOYPAUUOTOC EMTVYYAVETOL Pdorm TV Kavéveov mov givol epiktd kdbe @opd va

emoAnOevtodv Bdon g ypappatikng g NAC.

char *CUR_PROC_NAME = NULL;
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char *CUR_LABEL_NAME = NULL;
char *OPERATION = NULL;
char PCALL ='0%;

‘Etol 6tov éyel etdoel n ypovikn otiyur] va kAnfei n gen_stack() ot mapamdve
HETAPANTEG EXOVV TIC TPEYOVOEG Kol £YKLPEG TYEG OV EMOANOEVEL O CUVTAKTIKOG
avaivtig. Kabe popd oto téhog e gen_stack(kodeiton 1 initialize_stack()n omoia
aPYIKOTOLEL TIG AMOTEG TV oplopdtov 16600V kol eE6dov (inarg, outarg)bote va
givon €toluec va «@ilo&evicovuv» ta opicpoto thg véag instruction. Ilpwv BéPaia n
ouvaptnon tpochécet éva véo kOUPo ot oToifa, TPayHOTOTOlEl KATO10VG EAEYYOVC.
Me v kAnon g check _nac_statementghéyyer av n eviodn mov Suwifoce o
oLVTOKTIKOG avaAvTig vrdpyel ot NAC. Av dev vrdpyel mopdyeTol CLVTOKTIKO
AGBoc. Emiong ywo va amo@Oyovpe apydtepo TIG TOAAATAES COPAOCELS TIC oToifag,
uéoa and v gen_stack()xoleitor n gen_list_acc_stack_labels{)onoio dnpovpyet
pio ToAd onpovtikn Pondntikn Aiota, tnv proc_lab.O kdabe koppog g mepiéyet Tig
aKoAovBec mAnpopopies:
i H doun proc_lab amoTedel pLo douf) MOU AgLTOUPYE(l KATOAUT LKA OTn

1l YPAYOPN KOl QIOTEALOUNT LKA €KTEAEON Twv jmpzz instructions!
struct procedure_labels{

I To 6vouo Tng dLadilrociog
char *proc_name;
1 Evag deikine og Alotolabel_address

label_address *la;

struct procedure_labels *next;
i),/pedef struct procedure_labels proc_lab;
proc_lab *pl_head, *pl_tail;
Onwc PAEmovpe, 10 devTEPO MEdio Tov kOUPov proc_labeivar évag deiktng oe AMota
tomov label_addressy kabe kopPog g omoing TEPLEXEL TO OVOUN THG ETIKETOG KoL TN
devbvuvon tov instruction ot otoifa 6mov eueovileTor Yoo TP®OT Qopd oM

dldkacio proc_name.

struct stack_address_for_labels{
I Ovoua £TKETAC
char *label_name;

I ALeUBuvon ré6uPou otn otoifa 6mou supavileTal yia TpdTn @opd n

1 et ixéta label_name otn diadlakacio proc_name kot OxXlL YeVLIKA oO1n
I oto{fa. Kabdhdg dUo dLapopetlkéc dLadlkaoiec pmopolv vo éxouv

I eTLkéTEC pe (Bl ovéuaTa.

instruction *address;

struct stack_address_for_labels *next;
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typedef struct stack_address_for_labels label_a ddress;

label_address *la_head, *la_tail;
Me avt6 Tov TpdTOo TTETVYAVOVE YWPIG deVTEPT GApmoT NG oToifog va £xovue pia
douUTN OV VO TEPIEYEL TIG ETIKETEC TNG KAOE O1001KAGTaG KOl TIG O1EVOVVGELS QVTAOV 6T
otoifa. Avti 1 doun Oa pog Gavel TOAD ¥PNOUN OTIG EVIOAES TNG OIKOYEVELNS JMPZZ
(BAéme [Mapaptnuo A), 6mov Oo pmopovpe va 0ALALOVUE T POT TOV TPOYPALUOTOC

g0KOAa KoL YPYOpaL.

Mo axopa cuvaptnon mtov PAEmovpe 6Tl KOAEITOL GTOVS YPOLUATIKOVG KAVOVEG givart
otav emainbeveton o kovovog procedure_defH create_Iv_range_list(pnuiovpyel
o dopn amAd cvvdedeuévng Aotag tomov range_locomov o kdbe koOuPog g
TEPLEYEL TIG aKOAOVOEC TANpOPOpPiES:
struct range_localvar{
Il Ovopo diLadikaciog
char *procname;
Il Nota pe Ta oplopata £106d0U TNC dLad LKAO [T
proc_inarg *pinarg;
I Nlota pe 1t oplopata €&6dou tng dLadlkaclog
proc_outarg *poutarg;
I Nota pe TLC TOmLKEC peTaBAnTéC Tng prochame
localvar_list *Iv_list;

1 0 aUfwv aplBudCc Ing TOMLKAG UETARANTAC OTn AloTa
unsigned long Iv_list_rank;

struct range_localvar *next;
h
typedef struct range_localvar range_loc;
range_loc *range_head, *range_talil;

Eivar Pacikn doun] Tov TPOocOpol®t HoG KOODG pHog emTpEnEl KAOE @opd va
EAEYYOVLE, AVTILYPAQOVUE KOU TPOTOMOIOVUE TIG TIHEG KAOe €idovg peTafAntov.
Eniong péoa oamd ovty ™ Ooopur] eAEyyovpe av Ol TOMKEG UETOPANTEG TOL
¥pnoorotovvTot ivor dnimpéves kot av Bpickovtal otnv euPEreto TG TPEXOVGOS
dwdkaciog oe éva mpoypoupa NAC. Xav tomikég petaPintés Oempodvtan ekeiveg
mov dniovovtor cov localvar kabmg kot ot in kot out tng dadikaociog. Kabe
dwdwacio tov mpoypaupatog NAC katorappaver évav koppo ovte g Alotog.
AnAodn edv to apyelo .NACTOL TPOGOUOIDVOVLE EXEL TPELS OLAOIKAGIES, TOTE | MoTa
avt Ba amoteleitor and tpelg kopPovc. IHopakdtom akorovdel Eva mapdadetrypa mTov
delyvel ta mepleyodpeva ™ Motag HETd TOo TEAOG TNG GLVIOKTIKNG TOV OVAALONG.

‘Eoto ywo mapaderypa 1o akéAovBo NAC mtpoypoppo

/I Filename: testcalls.nac
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/I Purpose : A simple/synthetic example featuring p rocedure calls.
/I Author : Nikolaos Kavvadias (C) 2010

/I Date : 30-December-2010

I 0.3.1 (30/12/10)

procedure testcalls (in s32 x, out s32'y, out s32 z )
{
localvar s32 t1, t2, t3, t4;
S 1:
t1 <= mov X;
(t2) <= cmul19 (t1);
(t3) <= cmul2 (t1);
t4 <= add t2, t3;
y <= mov t4,
Z<=movy;
}
procedure cmul19 (in s32 x, out s32 outp)
{
localvar s32 t1, t2, t3, t4;
S 1:
tl <= mov x;
t2 <= shl t1, 4;
t3 <=shl t1, 1;
t4 <= add t2, t3;
outp <= add t4, t1;
}
procedure cmul2 (in s32 x, out s32 outp)
{
localvar s32 t1;
S 1:
t1 <= mov X;
outp <=shl tl, 1;
}

Toéte petd ™ ovvtaktik Tov avdAivon n doun range locOa &yxer ta axdAovda,

dedopéva

.—’ procname —
pinarg '—_—'E—' HULL

poutarg -———_____” ¥ | ] ¥z | L L
1v_list | | i I
W list rank =1 | e |2 [Tz [ [P
next - |

]

e
N e B
poutarg —_|
NULL
i o] Meum[
lv_list rank = 2 £l £2 t3 t4 WULL
t
nNex
§
procname —
e N o
poutarg ”——\_.-—n NULL
out
e [ourp [
1v_list rank = 3 N'ULL

i next R »
. HULL
range tail

Ewéva 2. Mépog g Sopng tov mivake cuppormv yia to testcalls.nac
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Kat €d®, 6nwg mponyovpuévac, pv kAnbei n create_Iv_range_list(ya dnuiovpynost
évo. kouPo range_locOa mpémer vo. égovv Mon Snuovpyndei ot Aioteg THMOL
proc_inarg, proc_outargoun localvar_list. Avtd yivetar péom g ocvvaptmong
analyze_token_array,() omoia dnuovpyei yio kabe dradikacio TG TPELG TOPATAV®
Motec. Ot Moteg Onovpyovviot HECH TNG KANONG KOTAAANA®Y GUVAPTICEWV HEGO
armd v analyze_token_array() onoia Oa Aéyaue @idtpapet éEvmva To. tokensmov
déxeTal GOaV OPIGLOTA KOL TO OLOYETEVEL OTIG OVAAOYES GLVOPTNOELS TTOV PpioKovot
o010 copa ™G Extog amd avtd, n ovykekpyuévn dadikocio kével Kot KATL akopo
TOAD OMUOVTIKO, apyIKoTolel TIG HETOPANTEG-TTivaKeS, ite pe TIC TIEG oL divovpe
eUelg pntd 010 TPOYPOUUO paG, Eite TIG TpoemAeypéves TIéEG mov diver o NacVM.
10 TTPONYOVUEVO KEPAANLO ELYOUE OVAPEPEL TOC OV OEV OPYLKOTOCOVUE PNTE TIC

uetaPAntég mov onAdvovue, o NacVM tig apykomotet pe v Ty undév (0).

[Tpwv wpoywpricovpe dpmg Kot A0 Bo TPETEL VO TAPOVGIUCOVUE TIG GUVOPTHCELS
mov koAovvtor péco amd v analyze token_array(koi dnuovpyodv Tig Aloteg
proc_inarg, proc_outargo localvar_list.H cuvaptnon put_local_sym(kivor exeivn
nov «tile» ™ Mota localvar_listn onoia yio Tov kd0e kOuPo ¢ amobnkevet ta.
TOPOKATO OEOOUEVQL:

struct localvar{

Il To é6voua Tnc petaBAnTAHC- mivoxa
char *varname;

I O 1Unmoc¢ twv dedouévev INC HETARANTAC- T{VaKX

char *vartype;

I To péyeBog TOU mivoxa

unsigned long array_size;

I Eva deilktn oeg doun tUmou init_array. Qa doUue OTn OUVEXELA TL

I dedopéva amobnkeUel KAl HTOLX OUVAPTINOon ovohouBdvel 1n dnuioupyla
1 ng.

init_array *array;

I 0 alfwv aplBudc tnc uertaBAntic otn Aloto.

unsigned long Iv_rank;

struct localvar *next;
typedef struct localvar localvar_list;
localvar_list *lhead, *Itail;

Kt €0m, mpwv mpochBécovpe éva kOpPo ot Alota, £xer 101 dnovpynbel péow g
ovvaptnong put_Iv_array values(uo omAd cvvdedepévn Aioto tomov init_arrayn

omoia Yo KGO petafAntn-nivako amobnkedel TIC TAPUKAT® TANPOPOPIES:

struct array{
1 Tiuf Tou mivoaxka otn 6&on index
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int value;

I H 6éon tou mivaxa otnv omnola avilotolyxel n ODoapomdve T LU
unsigned long index;

struct array *next;
i;/pedef struct array init_array;
init_array *arhead, *artail,*arlochead, *arloct ail;
YtV ovcio kdBe tétolo AMoTo avamaplotd TIg HETAPANTEC-TIVAKES TOL dNAMVOVTAL
oto wpoypappo NAC. IMoapoatnpniote 6to kOdKa, 0Tt 610 TéAOC TG put_local_sym()
kaieiton 1 initialize_localvar()n omoio avalapPavel 1o «undevicid» TV SEIKTMOV Yia.

va gtvar £Toot va 0gxBovv T véa peTafANT-mivako Kot TV T 1 TS TIHES OVTNG.

Enmavepydpoote oe avutd 10 onueio kot ovveyiCovue petd tnv put_local_sym()otn
put_proc_in_args(n omoia koleiton kou avty péoa amd tnv analyze_token_array()
Ko ovoAappaver ™ dnuovpyia andd cvvdedepévng Alotag tOmov Proc_inarg,mg
omoiag kB KOUPOC TNG TEPLYPAPETUL OTMS TOPAKAT®:
struct proc_in_arguments {

char *varname;

char *vartype;

unsigned long array_size;

init_array *array;
unsigned long in_rank;

struct proc_in_arguments *next;
h
typedef struct proc_in_arguments proc_inarg;
proc_inarg *proc_inhead,*proc_intail,

H Xiota avth mepi€yet ta opiopata 16000V ¢ kdbe dadwaciog. Ao mapatnpovoe
KAmolog kot moAd owotd OTL 0 TOMOG Proc_inarg sival mavouol0TLIOS UE TOV
localvar_list.O Adyog mov emié€ape vo, dSNUIOVPYAGOVUE VEO TOTTO NTOV OWTOC TNG
€0KOANG avAyvmong Kot cuVTPNoNG ToL Kddwka. ' avtd T0 AdYo dev GYoAMdcaLLE
Eava ta medio mapamdve. Exeldn kot avtég ol petafintég Bewpovvrol TomkeS, yio
dnuovpyia ¢ AMotag tomov init_arrayypnowonoteiton o n put_Iv_array_values()
. Téhog, 1 onuovpyio g Aotag pe ta opiopoto €500V ™G dadKAciaG TNV
avorapBaver n put_proc_out_args(Kot edd o TOTog T0L KOUPoL gival TapOUolog pe
TOVG TOPOATOVE®:
struct proc_out_arguments {

char *varname;

char *vartype;

unsigned long array_size;

init_array *array; I KL €30 1tn Alota tn dnuioupyel n
1 put_lv_array_values()
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unsigned long out_rank;

struct proc_out_arguments *next;

i),/pedef struct proc_out_arguments proc_outarg;

proc_outarg *proc_outhead,*proc_outail;
Emotpépovpe topa ot create_Iv_range_list(d) onoia apod Exovv onpovpyndei ot
amapoitnteg Aloteg, mpoobétel éva véo kOuBo ot Alota range_loc.Ilpw kdmola
uetaPAnti-nwivakag ewcaybei otn range_loceréyyetonr o tomog kot to uéyebog g
uéow g ovvaptmong check type_size(Amd 6Aa ta mopomdved TPOKVTTEL OTL M
NAC vrmootmpiler evtoAég N-devbivoewv, 0Tt KABe petafAnt) pmopel va eivor
povooldototog mivakog pe péyeBog péxpt INT_MAX xor 611 10 mANB0C TV

OPLoUATOV £16050V Ko €600V NG KAOe dadikaciag pmopel va ptdoet To péyebog g

LV UNG TOV VITOAOYLOTY).

Inpavtiko: H pio ko povadikn dopn tomov range_locrov dnpiovpyeitan yo kébe
npoypoppo. NAC mov extehei o NacVM amotedel tov mivaxkoa ocvuPoiov tov
TPOCOUOIWTY. AAAG dev gival amd povn g o mivakag cuuPormv, Kabdg dev £xovpe

avapEpel KaBOAoV TIg KaBOAIKES petafPANTEG.

H odopn pe 11g xoBorkéc petafAntég Aoumdv Ompuovpyeitol Kol ovtn HESH NG
analyze_token_array@a1 tng put_global_sym()Eivat tomov globalvar_listkot xé6e
KOUPog ™G TEPLEYEL TIG aKOAOVOES TANPOPOpPIES,
struct globalvar{
char *varname;
char *vartype;
unsigned long array_size;

init_array *array;
unsigned long gv_rank;

struct globalvar *next;
i),/pedef struct globalvar globalvar_list;
globalvar_list *ghead, *gtail;
01 omoieg elval TOPOUOLEG LLE OVTEG TV TPLOV TPONYOVUEVOV TOTTOV dedopévav. Edm
n doun tomov Init_array doueitan amd TN ovvaptnon put_gv_array values()
Emopévarg ov dvo avtéc douég (range_loc, globalvar_listimotedovv tov mivaka
ocupuporwv tov NacVM. AkorovBei Eva mapddetrypo e To oTotyElo KOl TOV TPOTO OV

amofnkevel T 0EdOUEVA TOV O TIvVOKOG GUUPOA®Y OTOV eKTEAEITOL Evol TPOYPOLLLLLOL

NAC. To mapdadetypa apopd v vAoroinon tov adyopifuov ta&ivounong bubblesort.
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310 GLYKEKPIUEVO TTapaderypa. apyikomolovpe éva mivaka gikoot (20) Bécemv kat ot
OLVEYELN TOV TASIVOLLOVLIE.
globalvar s32 table[20]={3123,-9,331,894,442,67,13, -69, 144,8678976,321,88,

0,771,1278,53,-1000,541,900,-5}, N[1]={20};
procedure bubblesort (in s32 a, out s32 b)

{
localvar s32 t1, t2, t3, t4, pos, pos2, i;
B:
pos <= mov -1;
i<=addi, 1;
L, S_EXIT <= jmplti, N;
L:
pos <= add pos, 1;
t4 <=sub N, i;
L_1, B <= jmplt pos, t4;
L_1:
tl <= load table, pos;
pOS2 <= mov pos;
pos <= add pos, 1;
t2 <= load table, pos;
pos <= sub pos, 1;
L_2, L <=jmpgttl, t2;
L_2:
table <= store t2, pos2;
pos2 <= add pos2, 1;
table <= store t1, pos2;
L <= jmpun;
S_EXIT:
print table;
}
H extéheon tov mapondve tpoypdupatog Oa £xel cav ££000 T TOPAKATO:
tahle:
Hex:[f£f£fffcl18] — Dec: [-1000]
Hex:[£££££fbb] - Dec: [-592]
Hex:[EELfEEFfET] — Dec: [—-9]
Hex:[fEEf£ffffh] — Dec: [-5]
Hex:[0] - Dec:[0]
Hex:[d] - Dec:[13]
Hex:[35] — Dec:[535]
Hex:[43] — Dec:[&67]
Hex:[55] — Dec:[85]
Hex:[90] — Dec:[144]
Hex:[141] - Dec:[321]
Hex:[1l4b] - Dec:[331]
Hex:[1lbha] — Dec:[ 442]
Hex:[21d] - Dec:[541]
Hex:[303] — Dec:[771]
Hex:[37e] — Dec:[5894]
Hex:[354] — Dec:[200]
Hex:[4fe] — Dec:[1l275]
Hex:[c33] — Dec:[3123]
Hex:[G46ed0] — Dec:[S8678976]
FEEEFEX AT FNacVM RESTTLTS &S FFFFE+
Mac File: [test=ssbubblesort.nac]]
Inpnt Data File:
[testa/bubblesort_test_data. txt]
1l: Correct
—Elap=sed time: 0.015 seconds=s.

Ewoéva 3. Anotehéopota ektéleong oevapiov tov bubblesort.nac
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Mo va dobue Oumg to mepleydueve, Tov Tivaka cvuPorwv Ba extelécovpe 600

Bondntikég cvvaptoetg, tnv print_globalvar()kot v print_localvar_for_list()

GLOBALVAR

Node: [1]
VarName: [table]
VarType: [s32]
ArraySize: [20]
Index - Value
[0] - [3123]

(1] - [-9]

[2] - [331]

[3] - [894]

[4] - [442]

[5] - [67]

6] - [13]

[7] - [-69]

8] - [144]

[9] - [8678976]
[10] - [321]
[11] - [88]

[12] - [0]

[13] - [771]
[14] - [1278]
[15] - [53]

[16] - [-1000]
[17] - [541]
[18] - [900]
[19] - [-5]

Node: [2]
VarName: [N]
VarType: [s32]
ArraySize: [1]
Index - Value
[0] - [20]

PROCEDURE ARGUMENTS & LOCAL VARIABLES

Procedure Name: [bubblesort]
Procedure InOut Arguments: ->

Node-In-Args: [1]
VarName: [a]
VarType:  [s32]
ArraySize: [1]
Index - Value
[0] - [O]

Node-Out-Args: [1]
VarName: [b]
VarType: [s32]
ArraySize: [1]
Index - Value

[0] - []

Local Variables: ->

Node: [1]
VarName: [t1]
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VarType: [s32]
ArraySize: [1]

Index - Value
[0] - [0]
Node: [2]

VarName: [t2]
VarType: [s32]
ArraySize: [1]

Index - Value
[0] - [0]
Node: [3]

VarName: [t3]
VarType: [s32]
ArraySize: [1]

Index - Value
[0] - [0]
Node: [4]

VarName: [t4]
VarType: [s32]
ArraySize: [1]

Index - Value
[0] - [0]
Node: [5]

VarName: [pos]
VarType: [s32]
ArraySize: [1]

Index - Value
[0] - [0]
Node: [6]

VarName: [pos2]
VarType: [s32]
ArraySize: [1]

Index - Value
[0] - [0]
Node: [7]

VarName: [i]
VarType: [s32]
ArraySize: [1]
Index - Value
[0] - [0]

Ene1on mapandvo mapovcidoape ) otoifo pnyovig Kaid Ba frav vo deiovpe Kot ta

TEPLEYOUEVA TNG Y10 TO TEAEVTAIO Tapadetypa. ‘Etotl Oa kodéoovpe v print_stack()

_ STACK___

Node: [1]
Procedure: [bubblesort]
PCALL: [0]

Label: [B]

Operation: [mov]

Out Args: [pos]

In Args: [-1]

Node: [2]
Procedure: [bubblesort]
PCALL: [0]

Label: [B]

Operation: [add]
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Out Args: [i]
In Args: [i] - [1]

Node: [3]

Procedure: [bubblesort]
PCALL: [0]

Label: [B]

Operation: [jmplt]

Out Args: [L] - [S_EXIT]
In Args: [i] - [N]

Node: [4]
Procedure: [bubblesort]
PCALL: [0]

Label: [L]

Operation: [add]

Out Args: [pos]

In Args: [pos] - [1]

Node: [5]
Procedure: [bubblesort]
PCALL: [0]

Label:  [L]

Operation: [sub]

Out Args: [t4]

In Args: [N] - i]

Node: [6]
Procedure: [bubblesort]
PCALL: [0]

Label: [L]

Operation: [jmplt]

Out Args: [L_1]-[B]

In Args: [pos] - [t4]

Node: [7]
Procedure: [bubblesort]
PCALL: [0]

Label: [L_1]
Operation: [load]

Out Args: [t1]

In Args: [table] - [pos]

Node: [8]
Procedure: [bubblesort]
PCALL: [0]

Label: [L_1]
Operation: [mov]

Out Args: [pos2]

In Args: [pos]

Node: [9]
Procedure: [bubblesort]
PCALL: [0]

Label: [L_1]
Operation: [add]

Out Args: [pos]

In Args: [pos] - [1]

Node: [10]
Procedure: [bubblesort]
PCALL: [0]

Label: [L_1]
Operation: [load]

Out Args: [t2]

In Args: [table] - [pos]
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Node: [11]
Procedure: [bubblesort]
PCALL: [0]

Label: [L_1]
Operation: [sub]

Out Args: [pos]

In Args: [pos] - [1]

Node: [12]
Procedure: [bubblesort]
PCALL: [0]

Label: [L_1]
Operation: [jmpgt]

Out Args: [L_2] - [L]

In Args: [t1] - [t2]

Node: [13]
Procedure: [bubblesort]
PCALL: [0]

Label: [L_2]
Operation: [store]

Out Args: [table]

In Args: [t2] - [pos2]

Node: [14]
Procedure: [bubblesort]
PCALL: [0]

Label: [L_2]
Operation: [add]

Out Args: [pos2]

In Args: [pos2] - [1]

Node: [15]
Procedure: [bubblesort]
PCALL: [0]

Label: [L_2]
Operation: [store]

Out Args: [table]

In Args: [t1] - [pos2]

Node: [16]
Procedure: [bubblesort]
PCALL: [0]

Label: [L_2]
Operation: [jmpun]

Out Args: [L]

In Args:  [(null)]

Node: [17]
Procedure: [bubblesort]
PCALL: [0]

Label: [S_EXIT]
Operation: [print]

Out Args: [(null)]

In Args: [table]

Oleg ot mapamdve dradtkaoieg Tpokaiovvtal and v kKAnon g uebddov nacparse()

n onoia Bpicketar ot Main()oto apyeio nacparse.c.
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3.4 BonOntikéc Aopég ko Xprjoypues LovopTioElg

Meté t nacparse() axoiovfei m create_proc_list()n omoio dnpovpyel pio
BonOntikn dopun ypnoun vy Tig kKANoelg dadikacidv ota mpoypdupata NAC kot yio
T0 6®otTd OdPacpa Tov apyeiov TV dedouévov €eodov. H doun sivor pio amid
ouvvdedepévn Alota Tomov proc_list_aca) onoio og kdbe kOUPO TEPIEYEL TANPOPOPIES
(6vopa dwadikaoiog, dtevbvvon g ot otoifa, TAR0og opopdtov (in-out)) yio kabe
dwadikacio tov mpoypdaupotos. ‘Etor 6tav ot fetch_execute_cyclegyovpe kinon
dwdwasiog, avtn n doun Ba pog Ponbdel va "petafaivoope” ko va "emotpépovpe”
ypNyopa o1 cwotn devbuvon g otoifag. To pelovéktnuo oe avt) ™ doun givon

ot amatteiton pio 0e0TEPT GAPWOT 6T GToifa Yo vo dnpovpynOet.

struct proc_list{

char *procname;

instruction *address;

unsigned short mass_of_in_args;
unsigned short mass_of out_args;

struct proc_list *next;
h
typedef struct proc_list proc_list_acc;
proc_list_acc *proc_head, *proc_tail;

Axolovbei ot main() n kAnon tg read_data_from_file()y omoio. dnuovpyei pio
dopn| mov «prro&evei» ta dedopéva g16600v Tov Tpoypappatog NAC mov okomevovpe
va tpocopotdoovue. O tHnog ¢ doung sivar file pe tic mapaxdto TAnpopopisg,

struct input_data_from_file_to_nacvm {

1 Evag delxing otn Alota pe 1o dedopéva e€1oddou TNg YOV LKAG

I Sradxaolag

ina *in;

1 Evag deikIne otn Alota pe 1o dedopéva ££630U TNC YOV LKAC

I SdlLadLlkaciag. OL ocwoTéqg TLuég mou Ba émpeme va unoloyloet o NacVM.
outa *out;

I To mANOOC TOV YPOUUUOV TOU apxelou pe Ta dedouéva

unsigned long number_of_lines;

struct input_data_from_file_to_nacvm *next;
I3
typedef struct input_data_from_file_to_nacvm fi le;
file *file_head = NULL, *file_tail = NULL;

Ot Moteg tOmov ina kot outa dnpovpyodvion péca oty 1010 CLVAPTNON Kol Ot

KOpPoL Toug £xouV TIG aKOAOLOEG TANPOPOpPIEG:

struct input_args{
intin_arg_value;
unsigned long in_arg_rank;
struct input_args *next;

h

typedef struct input_args ina;

ina *in_args_head, *in_args_talil;
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struct output_args{
int out_arg_value;
unsigned long out_arg_rank;
struct output_args *next;

typedef struct output_args outa;
outa *out_args_head, *out_args_tail;

To dedopéva dafalovion oe dekae&adkn LOPPN Yio avTd Kot 6to apyeio Oa mpémet
va &ovv ™ popen avti. H read_data from_file(yvopiler péom g doung tomov
proc_list_acc,mov avoaeépoue mopondvm, to TAN00C TOV OPICUAT®V €16080V Kt
€€0d0v NG YoVikng dldkaciog Kot pHe avTtd Tov TpOmo «yepile» pe to. cOoTA

dedopéva ) Alota file.

Mpocoyn! Eueic and 1 pepd pog o6tav @Tidyvovps 10 apyeio pe ta dedopéva
dokiung Ba Tpémet va Eyovue LIOYT pog To TANO0G TV oplopdty (16660V-e£050V)
NG YOVIKNG SladIKOGI0G TOL TPOYPAUUOTOS TOV TPOKEITOL Vo Tposouolidsovpe. H
popon mov Ba mpémel va €xel 10 apyeio eivar m akdAovdn: Ilpdta ypaeovue pe
STETAYUEVT GEPA TIC TYEG EIGO0V KO GTI GUVEYELL GTNV 1010 YPOUUN TIG TUES
eEooov. Tlpémel va vdpyel EVO-TPOC-£VOL OVTIGTOIYNON TOV OPIGUATOV HE OVTE TWV
dedopévaov. Ohec ot Tnég Ba mpémet va gival daymplouéveg pe évo whitespace (space
or tab).®a mpémel va EEpovpe Tig TipEG €600V pe Pdon avTEC TIG 16050V, EPOGOV
Bélovpe vo dwmotdcovpe av o NacVM Aettovpyel cwotd. Emiong m televtaia
YPOUUN TOL apyeiov avtob mpemel va, givar kevn. Ymdpyel n mepintwon OU®G To
TPOYPOULO LOG VO UMV YPEWELETAL KATO1EG TIUEG 16000V Y10 VO, AELITOVPYNGEL, OTMG
oto mapamive Topdderypa tng bubblesort. Tote oto apyeio €16600v dedouévmv
Balovpe otig avtiotolyeg Béoeig to undév. Ia kdbe ypoapun tov apyeiov dedopévmv o
NacVM exterel éva oevdplo mpocsopoiwong tov mpoypdupotos NAC mov €yxovpe

ELCAYEL.

‘Eva mopdadetypo apyeiov dedopévav dokiung vy to mpdypouua testcalls mwov

TOPOVCIACOLE TOPATAVED B0l LTOPOVGE VAL TV TO TOPUKATO:

00000830 0000abfo 0O
00000831 0000ac05 O

H yovikn dwedikacio tng testcallsprémovpue 611 déxeton pia €icodo Ko mapdayel 600
e€6dovg. Apa oto Tp®TOo cevaplo £xovpe X = 00000830kt 1oyvplopacte 6Tl Ot

Tég €000V yion T Y ko ) Z Ba wpémet va givar 0000abfOkot O avtictorya. Agov
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ekteléoaue to testcalls.nagie dedouévo SoKIUNG Ta TOPOTAV® PAETOVUE AVTO TTOL

andvinoe o NacVM:

Hac File: [testsftestoalls. nac)
Input Data File: [testsftestcalls_test data. tat)

1 Correct Wrong[abfl]
2: Correct Wrong[ac(05]

-Elapsed time: 0.000 seconds.

Ewkova 4. Anoterléopata ektédeong Vo cevapiov tov testcalls.nac

To Nac Filegivat to Tpdypappa mov tpocopoidvovue eved to Input Data Filesivor to
apyeio pe to dedopéva dokune. AkorovBolv ta amotedéspota 6mov to «1: Correct
Wrong[abfO]» onuaiver 611 yio 10 mpmdto cevaplo, dniadr X = 00000830g0 y =
0000abfOsivar cwotd (dnAadr Correct),eved to z = Ogivan AdBog (Wrong) kot 61t 1
ocwot) Tov T &ivor n z = 0000abf0.Aoyko, apod otn TeElevTaio. YPOUUY TNG

testcallsextelodpe z <= mov y;

Yvumepaivoope Aowov 6t 0 NacVM pmopei kot vo vroroyicet Tig Tipég €£600v evdg
TPOYPAUUOTOS. AV Yoo TApAdEypo Oev  yvopilovpe To  OmTOTEAECUOTO  EVOG
npoypappotog NAC propovpe amid oto cevipia, vo divovpe ota opiocpato 6000V
mv T undév (0). Me avtod tov tpomo Oa pog amavtast Wrongyla kébe ££060, aAld,
dimha ko péca o aykvAeg Ba eppaviletl ) cwot T o€ dekaeadikn popen. Télog
eUQOVILEL TO YPOVO GE OELTEPOAETTO TTOV YPEWIGTNKE Y10 VO TPOCOUOLDGEL OA TOL
oevapia. TTapoatnpodpe 6Tl 6TO GLYKEKPIUEVO TOPAOEYIA O ¥POVOS NTOV KAT® OO

éva millisecond.

H televtaio cuvaptnon mov kaAeitoan ot main() eivan n fetch_execute_cyclef)
omoion amotelel kot v kapdd@ tov NacVM. Bpioketar ot PiPpriodnkn
stack_mac_nac.lRot Aertovpyei ypnoonoidvtag ™ otoifor unyavig, Tov TivoKo

oLUPOADV KaBmG Kot kdmoteg fonONTIKES OOUES. EEKIVAOVTOG EXOVUE!

while(fh -> next 1= NULL)
if ((pass_by_value_in(fh->in)) I= 0)
{
fprintf(stderr,"\n Unable to pass the input v alues from file:

[%s]\n", INPUT_DATA_FNAME);
exit(-1);
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To e&mtepikd avtd While apopd To cevapio Tov Exovv eoptwbel otn dour tozmov file.
Ot Tipég 10000V TOV GEVaPiov Bo TPEMEL VoL TEPAGOVV GTN YOVIKN S1O0IKAGIO TOV
NAC mpoypaupatoc. Avto yivetan pe v kAnon g dadikaciog pass_by value_in()
N omoia d€yeTon cav OPIGHA TN AoTa UE TIG TYES 16000V TOVL TPEXOVTOG GEVOPIOV
Kabe @opd. To emduevo while mov cuvavidue apopd ) capmon TG oToifog ™G

U aviG.

pc = head;
while(1)

if (pc == NULL)
{

if (clist_tail -> to_procedure !'= NULL)
{
pc = clist_tail -> from_address;
copy_proc_out_args(clist_tail->to_procedur e,pc->procname,pc- > out);
pc = pc -> next;
if (clist_tail == clist_head)
clist_tail -> to_procedure = NULL;
else
clist_tail = clist_tail -> previous;

}
I Av n dladixaocla mou xARONKe £ivoal n teAsutala Tou
I apxelou ToUu KOS LK.
else
break;
}
else
if((strcmp(pc->procname,head->procname)!=0) &&clist_tail->
to_procedure == NULL)
{ .
pc = tail;
break;

}
if (clist_tail -> to_procedure !'= NULL)

if (strcmp(pc -> procname, clist_tail -> to_procedure) != 0)
pc = clist_tail -> from_address;
copy_proc_out_args(clist_tail ->to_p rocedure, pc -> prochame,
pc -> out);

pc = pc -> next;
if (clist_tail == clist_head)
clist_tail -> to_procedure = NULL;
else
clist_tail = clist_tail -> previou s;
}

}
}

[Ipwv mpoywpnoel o deiktng otov emduevo kouPo g otoifag yivovrar kdmolot
nepimAokol €leyyol pe okKomd va oviyveDoOLUE KLPImg TO TEAOG TNG YOVIKNG

dwdkaciog oto apyeio. Emiong éva dAlo mpdfAnpa mov aviipetonilel ivar 6tav o

Zelida 50 am6 160



_ Atepunvevtucog [pocopoimtig ya Kepevikn Evdidpeon Avanopdotacn MetayAoTTio)

deikng g otoifag etavel oto téAoc g (e KANoN dwadikaoiag), yowpic Oumg M
yovikn Oladikacion va €xel oAokAnpwbOel. Téhog eAéyyer mote M SwdKacion TOL
KM Onke £pTace 610 TEAOG TNG Kot TOTE TPEMEL VOL EMOTPEYEL TIG TIEG €EOO0V TNG GTO
onueio mov éywve m kknon g To mépacpo TV TINOV yiveTow pEC® TNG
copy_proc_out_args()y omoio. evepyel mbved oT1g dopéEC TOVL Tivaka cLUPOA®V.
Oupuilovpe 6tL givan dvvatd to péyebog TV petafAnTOvV-miviKkov e£600v vo glval

LEYOADTEPO TOL £va. ANAadT| 1) SLOOIKAGIN VO EMGTPEPEL EVOV TIVOK OEO0UEV@V.

A@ov yivouv ot mapamdve EAeyyol, €AEYYOLUE OTY] GUVEYEW OV TO. TPEYOVTO
nePlEXOUEVA TNG GTOIBAG 0POPOVY EVTOAN N-O1ELBVVGE®Y 1 KA o dadikaciog. Xt
TEPITTOOTN TOL £XOVUE EVIOAT, EAEYYXETOL TTOlOL EVTOAN glvan uéow ¢ doung if-then-
else kat kaAeitor 1 kotdAAnAn ovvaptnon tov NacVM ([apdptmuo A) mov
avtiotoryel oty evtoAn g yAwocag NAC. AVo cuvapTioELS TOV YPNCILOTOIOVVTOL
og auto 10 eminedo eivon 1 iIS_number(xot 1 value() H mpdtn eAéyyetl av 10 6piopa
€10000V NG EVTOANG &lval £voc 0KEPOLOG TPOST|LOGUEVOS aplOuog 1 eivar Eva Ovopa
petafAntis-nivaxa. Avtd cvoppaivel ylori n otoifa amodnkevel OAa Ta dedOUEVO GOV
ocvpuporocelpés. Av eivar aplBuodg to Opiopa, TOTE €MOTPEPEL TOV APBUd OVTO,
dwpopetikd emotpépeton n Tun INT_MIN. Kdavape m Bedpnon 6t mpdKetton yio
po T mov €xel whpa ToAD pikpn mbavotnta va ypnoionombel og Kdmolo cevapio.
H value() topa eivar exeivn n cvvaptnon mov evtomilel otig douég tov mivaka
SUUPBOA®V TNV TN NG EKACTOTE PETAPANTAG-TIVOKO KOl ETIOTPEPEL Eval JEIKTN OF
auT. Z€ 0T TNV €K000T 0 deiktng delyvel mavta ot Béon undév tov mivaka,
aveCdptta and 10 péyebog Tov. AVAAOYO AOWTOV LE TN HOPPY| TOV OPICUATOV TMV
evioddv ¢ NAC kaAeiton kaBe popd kor n ekdotote cvuvdptnorn tov NacVM pe ta
avéroya opicpata. 1o mponyovuevo Kepdioio avapépape ovoADTIKA TOLES EVIOAES
EMTPENOVLY GOV OPIGHO E1GOO0V KLUPLOAEKTIKO TPOCNUOCUEVO O0plOUd KOl GE TOLEG

Béoels.

¥t mepimtowon mov to Statementagopd kAnorm odwdikaciog oty NAC tote
EKTEAOVVTOL LE T OELPA Ol TOPOKAT® GLVOPTNOELS:

e checks_if proc_exists();

o find_address();

e copy_proc_in_args();
° do_Call();
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H npdtn eAéyyet av 1 dwadkocio wov extyepeital va KANOel vtdpyel 6To TPOYPOLLLLAL.
H find_address(ue Bdaon to dvopo g dadikaciog mov KaAgital, eTGTPEQEL Eva,
deiktn oe kopPo g doung tomov proc_list_acc,o omoiog avaueco otTig GAAEG
TAnpoopiec mov £yl eivar ko m Sevbuvon ¢ dwdikaciog ot otoifa. X
ocuvvéyelo. 1 copy_proc_in_args(pvaiapPavel 10 TEPACUN TOV TIUOV E1GOS0V TNG
KAMong ota opicpata £16660v ¢ dadikaciag. Ki edd, 6mmg ota opicuata e£600v,
10 péyebog Tov mivaka pmopel vo givol peyaAdTEPO TOL va. XTO TEAOG KOAEiTOL T

do_call()n omoia dnpuovpyei pio Todd yprioyn doun tomov clist:

/I H doun clist nepléxel oe r&Oe xOHuPo 1n diLeUOBuvon 1ng otolPfagc AIO Tnv omolo
Il vivetal n xdfon tnc diadixaoclag, oAA& xal tn dLeUduvon 1ng otolpac otnv
/I omola petaBaivel 1 por tou mpoypduuatoc. Enione mepléyxsl tOo OHvoud INC
/lprocedure oamd 1tnv omola yivetol 1 xAfon kol to Ovouo Tnc procedure nou
Il xoxeltoat.

struct call_list{

instruction *from_address;
instruction *to_address;
char *from_procedure;
char *to_procedure;

struct call_list *next;
struct call_list *previous;
%pedef struct call_list clist;
clist *clist_head,*clist_tail;
Avtn 1 dopn eivon TOAD yproun ot fetch_execute_cycleiOmg AMdvel o mpofinua
TOV TOAMATADV <«EUPOAEVUEVOV» KANGEDV JOOIKAGLOV. LTNV EMOUEVN £vOTNTO Oa
TOPOVCIOCOVUE KO TOPAOELYHO UE TOAOTAEG KANOES Oadikacidv. Téhog Otov
oAOKANPWOEL va ceviplo, dNAadn o deikTng TG otoifag eTdoel 6To TEAOG NG, TOTE
ekteleitor M pass_by value_out()n omoio koAei pe ™ oepd ™G TNV
check_output_value(xepvovtag g to katdAinio opicpoto. H televtaio tdpa
avoAapPavel va cuykpivel v T M 11§ TIES 6600V Tov voAdyioe o NacVM pe

VTG TOL 0PYELOV dEGOUEVOV OOKIUNG, TTOL EXOVV POPTMOEL KaTd TNV apyn EKTEAEONC

ot doun file. Ta anoteléouata ot TG GVYKPIONG Paivovtal 6To A0 Ol pali.

4. MMopaodeiypata NAC Ipoypappatov

Ye ovtd €d® 1o kePhloo Ba cog mapovcsidcovpe NAC mpoypdupoto Kot to
aroteAéopata wov wapdyet o NacVM ce didpopa cevapia ektédeong toug. Emiong Oa

uropécovpe va e&etdoovpe T1g duvatotnreg tov NacVM kabmg kot t1 Oa Tpémet va
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TpocEyovpe otav ypdpovpe Ta mpoypaupotd pag. [pwv mpoywpncovpue Oa B ae va

enavardBoope ta tpia duvatd onueio g NAC mov v kdvel va Eexmpilet.

1) Avvatdémra vrooTHPIENGg EVIOA®V N-01ELBVVGE®V.
2) YrootipiEn kinocewv Swdikacidv pe N wAn0og oplopdtev €16680v Kot
e&ddov.

3) YrmootipiEn povodidotatwv mvakmv peyédovg puéxpt INT_MAX.

Ye Oho. TO TOPOKAT® TOPAdElypoTe, €KTOG amd TOo TP®MTO, O glvor €dKoAo va
eviomioete kol To TPlot 1OWHTEPO YOPAKTNPIOTIKA NG YAmooag. To mpdto
Topadelypa, apopd Tov vIToAoYIGHO TG akolovbiog Fibonacci,eivar ypappévo amod
tov Nikorao KoPpodio kot mpdkertar va to mpocsopoidcovpe divoviag tov €va
apyeio pe oedopéva dokung eikoot cevapiov. Ta dedopéva avtd @aivoviol 6To
eLQOAELIEVO TAic10 og OekoeEadikn popen. H mpdtn omAn agopd dedopéva

€10000V Kot 1 6eVTEPT ££0J0V.

F#f Filename: fibo.nac
& Purpose @ MN-address code (NAC) implementationn for the iteratiwve wersion of

e Fibonacci series compaatatiorn.
A chor @ Mikolaos Eawvvadias (C) zZ00%, 2010
i Dake : 17-Sep-Z009

S Bevdision: 0.Z.0 (17709/09)

procedure fibofin =3 n, ouc =32 outp)
{

lacalwar =32 res, X

localwar =3z £0, f1, £, k-

LLO:

® = mow I

fO <= ldec 0O;

fl <= lde 1;

res == mowv £0;

2 _E<IT, LL1 == Jmple x, 07
LL1:

res <= mowv £1;

S _ENIT, LLZ <= Jmpeq x, 1;

LLZ:
kE == ldec E;
LL3 <= jmpnan;
LL3:

£f <= add £f1, f0;

f0O == mow £1;

£l <= mow £;

res == mow £;

k <= add k, 1;

LL3, 5_EXIT == Jjumple k, =7
5 _EXIT:

ouLh <= mow res;

}

Ewoéva 5. Yroloyopodg akorovdiag Fibonacci.nac (fibo.nac).
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Extehobpe tov NacVM divoviog tov o¢ mpdto Opoua to opyeio fibo.nac mov
MEPLEYEL TOV  KAOOIKO EKTEAECNG-TPOCGOUOIONG KOl oav  0e0TEPO  OPIOHA  TO
fibo_test data.txtHicova 6.) mov mepiéyerl to dedopéva dokung. Ta anotedéopata

eatvovtor otov aptotepd mivaka g Ewcovag 7.:

[mpuimpminin]elul
[mpuimpmininlukl
Oo0O000z
ooooaoo=
[mpuimpminin]ul-]
[mpuimpminln]nly
[alwimfululululy
ooooooo?
[mpuimpminin]ul=]
ooooooos
[alwimfulnlu]ur>y
[mpuimpminin]n]
[mpuimpminin]el-]
oo0oOO00d
o000 000 0
[mpuimpmininluk 3
oooooo 1o
ooooO0011
000001z
[mpmlmpminluh B

[mlajuininin]ayu]
OoooOoo00 1
aoo0oo00 1
ooooo0oz
[mlafuimmin]eic]
[mlmymimmin]npy
[aluluinfulnlnl=)
[nlnlninininuy.}
ooooOo0l 5
ooooo0z =
ao0oo037?

[aluluinulal>s)
ao0ool17s
OO0O0Zs =z
Oo0O0sdl
o000 0s3d
aooo0als
ooooOlo0s5 5

Ewodva 6. fibo_test_data.txt

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁmacm RESULTS#*H#?*#H** ﬁﬁﬁﬁﬁﬁﬁ#ﬁﬁmacm RESULTS#?##H*?#**
MNac File:[tests/sfibo. nac] MNac File: [tests/fibo.nac]
Input Data File: Input Data File:
[testa/fibo_test _data.txt] [testasfibo_test_data.txt]
l: Correct l: Correct

Z2: Correct 2: Wrong[l]

3: Correct 3: Wrongl[l]

d4: Correct d: Wrong[Z2]

5: Correct 5: TWrong[3]

&: Correct &: Wrong[5]

7: Correct T7: WMrong[3]

S: Correct S: Wrong[d]

9: Correct 9: Wrong[l5]

1l0: Correct 10: Wrong[22]

11: Correct 11: Wrong[37]

12: Correct 12: Wrong[59]

13: Correct 13: Wrong[20]

l4: Correct 14: Wrong[e9]

15: Correct 15: Wrong[l79]

l6: Correct l16: Wrong[262]

17: Correct 17: Wrong[3dh]

18: Correct 18: Wrong[63d]

19: Correct 19: Wrong[ald]

20: Correct 20: Wrong[l055]

-Elapsed time: 0.000 seconds. -Elapsed time: 0.0l seconds.

Ewoéva 7. Amotedéopato extéleong dupopov oevapiov tov fibo.nac. Apyeio dedopévov  Sokng
fibo_test_data.txt.

Av giyope o 61dBeon pog povo ta dedopéva €10600v kot BElape va doOUE Tig
e€odovg tov fibo.nac,tote ot de&d otiAn fibo_test data.txba énpene va Barovue
oe Ol ta oevaple TV T undév. Tote ta amoteléopota Bo Moy avTE TOL
eaivovtor ommv 0e€ld mhevpd g Ewdvog 7. IMopatnpnote o611 0 ypdvog

npocopoimong ayyilet To moAd to. 16 millisecondscat yia ta ikoct evapia.
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Ta emdpeva dVo mapadeiypata givol To «omonnTika» 6cov agopd tov NacVM «ai
YPNOUOTO0VV TTEPLGGATEPEG dLVATOTNTEG TNG YA®ooas. Katl ta dvo €xovv ypaptel

a6 tov Nwcorao Kappadio.

globalwvar 232 arr[10]={2,3,5,7,11,13,17,19, 23,29}

procedure arrayargs [(in s32 n, out =32 =)
{

localwar =32 g, i, t, 0, arrzZ[1l0]:
S5_1:

o <I= oWV n:

t <= 1ldc 0O:

S_2 <= jmpumn;

5 _Z2:

[arr2) == funcl [(arr):

53_3 <= Jmpun;
S5_3:

i <= 1ldec 0O:

S EXIT, 5 4 <= qmpedq o, 0O:
5_4a:

3_ 5, 5 EXIT == Jmplt i, 10:
S5_5:

t0 <= load arrz, i:

t <= add t©, ti;

i <= add i, 1:

3 4, 3 EXIT <= Jmplt i, g; 5_EXIT:

5 <= mov t;

i
procedure funcl (in =232 bB[1l0], out =232 c[1l0])
H

localwar s32 i, t©:

localwar =32 t0;

== 1ldc 0O;
= <= jmpumn;

th <= add c©, 0O;

c <= store tO, i:

i <= add i, 1:

5_2Z, 5 _EXIT <= jmplt i, 10:

i <= mow i:

Ewéva 8. Kinon dwdikaoiog pe in-outopiopota povodidotatong nivakeg (arrayargs.nac).

[Mapatnprote 011 otV etikéTor S_2,yivetan kAnon g funcl pue dpiopo 16680V OV
mivoka arr peyébovg déka Bécemv kol opiopo €£600v Tov Tivoka arr2 emiong oéka
Béoecwv. IIpocoyn, dev elvar amapaitnto o arr va €xel 1o 610 péyebog pe tov arr2,
AMAMG £TVUYE OTO TOPASEIYHO LAG. AVTO TOV TPEMEL VAL TPOCEXOLUE gfvor OTL 0 arr
npémel va £yel to 1010 uéyebog pe tov b xar o arr2 pue tov € g dwdikaciog funcl.
Eniong mapatnpeiote 6t1 10 TAN00C TOV OplopdTov gival ico og avtioTotyio Eva-mpos-
éva. To apyeio pe ta dedopéva dokyung eaivetor otnv Ewkdva 9. Agv yvopilovpe Tig
TIég €000V Kot {ntdpe amd tov NacVM va tic vroroyicet. Ta anotedéopata tov £

cevopiov eoaivoviotl TopoKdTo:
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aoooaool
aoooaooz
aoooaoo s
aoooooo 4
aoooaoos
aoooaooe

o oo oo o

Ewéva 9. arrayargs_test_data.txt

Hae File: [tests/arrayrares nac)
Inpat Diata File: [testsfarratrargs test datatat]

1: Wrong[5]
2: Wrong[a]
3 Wrong[11]
4: Wrong[1c]
3 Wrong[29]
& Wrong[3a]

-Elapsed tirne: 0.000 seconds.

Ewovo 10. Aroteléopato ektédeong oevapimy yo To arrayargs.nac.

[Mapatnpeiote 0TL 0 ¥pOVOG ekTEAEONG Kol Yo TO. €61 GEVAPLA Elval PKPATEPOG OO

éva millisecond.To tpito mapdderypa pog eivon o arraycalls.nac

globalwar s32 arr[5]={l1l,2,3,4,5,arr2[5]={0,0,0,0,03};

rrocedure arrawvcalls [(in 332 n, out =32 =)
i

localwar =32 o, result, i, t, t0O:

S_1:
o == mOow I’
t == ldc 0O;:
S_2 <= jmpun:;:
5_2:

result, arrz)] <= funcl (g, arr):
_ 3 <= Jmpun:

u
W -

u

(=]
M
I

load arrz, i:

add =, t0:

add i, 1:

S_EXIT <<= Jmplt i, 5:

X
MAH A
sl

i

nEwE g W

add t, result:

}

rroceduare funcl (in s32 inl, in =32 b[5], out sS32 =5, out =32 bZ[5])
i

localwar =32 a, i, td, tl, tz:
localwar s32 cl[&S]={0,0,0,0,0} >

u

mow inl:
ldc 0O;
<= qmpurn;

ke
<
_ =

u

o
M

= load b, i:

store 0, i:

add i, 1:

5_3 == jmplt i, 5:

ALY
o0

u

1ldc 1:
<= Jmpiai;

w
I
A

g WH W WHE O W g

(=]
oA A A
o

load o, i

shl a, i:

add to, tl:
store L2, 1i:

add i, 1:

S5 _5 <= jmplt i, 5:

B8N
-

u

WH WO
" A

oM

= 1ldc 0O:
== Jmparn;
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3_6:

l <= load c, i:

b2 == ztore tl, i:

1 «<= add i, 1:

3 8, 3_EXIT <= jmplt i, 5:
5_EXIT:

3 <= ldec 0O;
+

Ewovo 11. Kinon dwdikaciog pe in-out opiopata povodidotatovg mivakeg Kot TAn00g oplopdtmv peyoddtepo
and éva (arraycalls.nac).

aooooo0la
oooo00b =
aoooo00sc
oooo00d <4
aoooo0se
ooooo00Es
0000 0aa
ao0000bh
ooo0000c o
oooooodd
ooooooll
aooooob o
aoooo0s 3
ooooo00de
aooooons s
aoooo0tEE
oooo00al
00000k 2
aoo0000c 3
aooooods

Lom o o

Ewdva 12.arraycalls_test_data.txt

Ta amoteréopata mov mwapdyst o NacVM yo ta elkoot cevépilo mov eoaivovtol otnv

Ewova 12 givor o mopaxkdto:

Marc File: [testsfarraycalls nacs)
Inptt Diata File: [testefarraycalls test datataxt]

1: Wrong[31h]
2: Wrong[14eh]
3 Wrong[717]
4: Wrong[12e7)
5 Wrong[bl3]
6 Wrong[lce3]
T Wrong[13fh]
2 Wrong[15£9]
9 Wrong[1717]
10: Wrong[12{3]
11 Wrong[20d]
12: Wrong[1617]
13: Wrong[609]
14: Wrong[1al3]
15 Wrong[al3]
16: Wrong[1df1]
17: Wrong[12ed]
1% Wrong[1527]
19: Wrong[16e5]
20: Wrong[197d]

-Elapzed tirne: 0.015 seconds.

Ewoéva 13. Anoteréopota ektéleong oevapiov yio to arraycalls.nac.
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[Mapatnpeiote O6t1 0 Ypdvog ektéLeog elvan apketd tkavomomtikds (15 milliseconds)
Yo TV eKTéAECT] TOV E€IKOGL TAPUTAVD OCEVOPIOV amd &va  SEPUNVELTIKO
npocopolwt. Ta tpia emdpeva Tapadelypata mov akolovfovv, apopovv TV exilvon
LKP®V VTOAOYIGTIK®V TtpofAnpdtov. To éva amd avtd (gss.nacPa Aéyapue 6Tt givan
KOl OTOLTNTIKO GE VTOAOYIGTIKOVG TOPOLS. A¢ d0VE AOUTOV TO KMOKA TOL gSS.nac

Kol TO TPOPANUA TOL VT EMAVEL.

A4 Filename: gss.nac

A4 Purpose @ N-address code [(MAC) implementation that solwes the problem
s of finding the maximam partial table sum of a table.

A4 Buthor : Angelos KHanatsaos (C) 2011

A4 Date : 05-Dec-Z011

procedure g=s (in =32 initl,in =232 initZd,in =232 init3,in =232 initd, in
832 mrrn, out S32 maxsum)

localvar s3Z table[l00000], r_num, pos, posd, t, L2, ©3, initc[4]:
localwvar s3Z g, temp, maxhere, maxsofar, wal, N[1l]={l00000};
E: wal <i= diwv mrn, 2;

init <= store initl,0:
init <= store initzZ,1:
init <= store init3, Z:
init <= store init4d, 3
maxsofar <= 1ldc 0;
maxhere <= 1ldc 0O;

5 1

[t) «<= MorshiftZ [(init):

r_num <= rem L, mrn; AAdrange [0 — mrn]

r_rnum <= gub r_num, wal; AArange [-wal - wall]

table <= STOore r_num, POoS;

pos <= add pos, 1:

pos2 <<= 1ldc 0O;

S_2,53_QUAN <= jmpne pos, N;
5_=2

T2 == load init, posZ:

T3 <= add t, tZ:

init <= store T3, posz:

pos2 <= add posz2, 1:

51,5 2 <= Jmpeq paosz, 4:
S5_QUTAN:

o <<= load table, posz:

temp <= add maxhere, o:r

maxhere <= muxgt temp, 0, temp, 0O:

maxsofar <= muaxgt marxhere, maxsofar, maxhere, maxsofar:

pos2 <= add poszZ,1;

S5_QUAN, 3 EXIT <= Jmpne poszZ, N:»
5_EXIT:

maxsum <<= mowv maxsofar:

pos <= 1ldc 0O:
}
A4 Purpose : N-address code [(HMAC) implementation for a representatiwve
s "morshift™ BNG. Xorshift is a category of pseudorandom number
s generators designed by George Marsaglia. It repeatedly uses
i the transform of exXclusive or on a mamber with a bit shifted
LA wersion of it. Thi=s specific algorithm has a period of
) 24128-1 and passes the Diechard tests.
A4 Bduthor : Nikolaos Hawwadias (C) 2010, 2011
A4 Date : 2l-Jan-2011

A4 Revision: 0.3.0 (21/01/11)
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3_1:

¥l <= load init_walues,
¥l <= load init_walues,
zl <= load init_walues,
wl <= load init_walues,
tl <= shl =1, 11:

t <= xor =1, tl:

®*x1 <= mowv ¥l;

vl <= mow zl:

zl <= mowv wl;

t2 <= shr t, §;

t3 <= Xor t, tZ:

td <= shr wl, 19;:

th <= xor td, t3:

thE <= xor wl, t5;

wl <= wmov th;

init walues <= store xl,
init_waluesz <= store ¥l,
init walues <= store 21,
init_waluesz <= sStore wl,
raogqwal <= mow wl;

'

PR T

LY

[ o I e
%

LYY

LEUR o el

.

Ewovo 14 Yroloyiopdg péyiotov abpoicpatog vromivako evog mivako 10.000 axkepoiov. H tipn yu kébe
aképaro kvpaivetor amd -100 émg 100. Or axéparot avtol Tapdyovior pe «tvyoio» tpdmo and v Xorshift2 ko
apyKomoovy Tov ivaka tablenpv Egkwvioet 1 dodikacia.

O ahyopiBuog mov €yovpe vAomomoel o610 mopaderypo g Ewovag 14 elvan
Ypopkng TtolvtAokotntoc. To gss.nadéyetol mévte opicoTo E1GOO0VL KOl TOPAYEL
uio £€0do. Ta téooepa mpmTa ypnoonmotovvior oty Xorshift2 cav feed yio v
mopaynyn oe kKabe cevapro tov 10.000 tuyaiov axepaiov. Me avtd tov TpOTO
TETVYOIVOVE GE KADE GEVAPLO TNV TOPAY®YN OLOPOPETIKOV TdV Yo tov table.To
TEUTTO OPIGHO. EI0OO0V APOPA TOV TPOGOOPIGUE TNG HEYIOTNG KOl EAGYLOTNG TIUNG
nov Ba pmopei va maipvel o kaBe Tuyoiog aképatog otov mivako table.I'a mopddetypo
av 610 oevdplo pag n mrnrapet v T 000000c9 = 201t6te 1 péytotn TN TOL
axépatov Oa givar to 100 kot n eddyiom 10 -100.Eved av mapet v tiury 00000191 =
401,16te M péyiot Ba givor to 200k n eddyyiom to -200.To mopamdve TpdPinua
vy va, €xel vomuo emidvong Ba mpémel otov mivako v peavilovtal Kol opvnTiKot
apiBpol pe mbavomta ion pe avt) evdg Betikov. Kot avtd 1o metvyaivovue
nopanave. TéLog to dpiopa e£600V TG gSS.nacyel oe kdbe cevaplo v TN TOV
péytotov abpoicpatog vromivaka. To amoteAéopato TG eKTEAEONC GOivVOVTOL GTOV
TOPOKATO TIVOKO KOl TOAPUTNPOVIE OTL OV KOl TO TPOPANUe eivor amoutntikod, o
YPOVOC ektédeong aviABe polc ota 2,745 devteporenta (Ewdvo 15, apiotepdc
nivokag). o vrootpilape OtL givol €vag KaAdS xpOVOG Yo TOV VITOAOYIOUO TEVTE
tétolV oevapiov. Tolunoape va SOKIHACOVUE TNV EKTEAECT] TOV 1010V GEVAPI®OV HE

mAn0o¢ 100.000ukepaionv avti yia 10.000 Ewdva 15, 6e€10¢ mivokac).
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FEEEEFEERFNa VM RESTLTSF s s sdr %

wrEEEEE HEF NV RESTL TS *x wsaas &%

Nac File: [testsfgss.nac]
Input Data File:
[tests/gss_test _data. txt]

Nac File: [tests/gss.nac]
Input Data File:
[tests/gss_test_data. tut]

l: Wrong[llo9] l: Wrong[350¢c]
2: Wrong[lefl] 21 Wrong[79ce]
3: Wrong[lffo] 3 Wrong[9177]
4: Wrong[lodd] 4: Wrong[270c]
S: Wrong[lcla] S Wrong[7bSE]

-Elapzed time: Z.745 seconds. -Elapzsed time: 125.720 seconds.

Ewéva 15. Anotelécporta ekTéleons oevopinv yio To gSSs.nac.

To mpdypoppa COINS.NACIEXETOL Gav €1G000 TO TOGO EKQPAGUEVO og Cents kot
napdyel oav £€£000 10 eAdyloTo TANO0C VOLUGUATOV €VP® TOL ATOLTOVVTOL Y10, TNV
KédAoyn tov. O aAdyoplBuog mov epopudleTan eivor yvootdg g dminotn pébodog
EMAOYNG.

A4 Filename: coins.nac

A4 Purpose N-address code [(NAC) implementation for the coins
computation

s problem solwer.

A4 Buthor Nikolaos Hawradias (C) 2010

A4 Date 18-0ct-2010

A4 Rewision: 0.3.0 (18/10/10)

I Initial wersion.

procedure coins

{

[in 532 n_eurocents, out 53Z n_coins_used)

localwar =232 i, £, n, n_items,times;
localwar 532 C_euro[l5], D_euro[l5]:

3 1:

n <= WOV n_eurocents;
i <= ldec 0O;

£ <= ldec 1:

C_euro == store T, 1:
i <= ldc 1;

£ <= ldc 2;

C_eurao <= store t, i:r
i <= ldec 2;

L <= ldc 5:

C_euro <= stCore T, 1i:
i <= ldec 3;

t <= ldec 10;

C_eurao <= store t, i:
i <= ldc 4:

t <= ldc 20;
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C_euro <= store T, 1:
i«<= ldc 5;

t <= ldc 50;

C_euro <= store t, 1;:
i«<= ldc &6;

£ <= 1ldc 100;

C_euro <= store t, 1:
i«<= ldc 7;

L <= ldc Z00;

C_euro <= store t, i:
i == 1ldc &:

t <= ldc 500;

C_euro <= store t, 1
i«<= ldc 3;

t <= ldc 1000;

C_euro <= store T, 1:
i <= ldc 10;

t <= ldc Z000;

C_euro <= store t, i:
i«<= ldc 11;

t <= ldc 5000;

C_euro <= store t, 1:
i <= ldc 12;

t <= ldc 10000;

C_euro <= store t, i:
i <= ldc 13:
t <= ldc 20000;
C_euro <= store t, 1
i <= ldc 14:
t <= ldc 50000;
C_euro <= store T, 1:
3 2 <= jmpun;
3_Z:
print C_sura;
times <= mow 15;
(n_items, D_euro) <= evalcoinaitimes, n, C_eura);
5 _EXIT == jmpun:
S_EXIT:
n_coins_used <= mov n_itens:

}

procedure evalcoins (in s32 n, in 532 amount, in s32 C[15], out s32
ncoins, out 332 D[L15])
{
lacalwar =32 find, choice, num;
localwar s32 t0, tl, ©Z, €3, 1, t:
localwar 332 c_choice, d4_num;
lacalwar =32 TEMP[15]:
a3 1:
find <= mow amount;
mm <= ldc 0;
choice <= sub n, 1:
i <= 1dec 0O:
£ <= 1ldc 0;
3_2 <= Jjmpun;
32
TEMP <= store t, i:
i <= add i, 1:
3 2, 5_3 <= Jmplt i, 15;
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a_3:
c_rchoice <= load C, choice;
t3 <= zetle c_choice, f£ind;
3 4, 3.5 <= jwpeq t3i, L:
a_d:
d num <= load TEMP, num;
d_mm <= add d_num, c_choice;
TEMP <= ztore d_num, num;
num <= add num, 1;
find <= szub find, c_choice;
3_6 <= jmpun;
3_5:
choice <= sub choice, 1:
a_6 <= jmpun;
a_a:
th <= seteq choice, 0;
tl <= seteqg find, 0:
t2 <= and t0, tl;
3 7, 5 3 <= juwpeq tZ, L:

R

i<= 1ldc 0;

3 8 <= jmpun;
a_g:

d_num <= load TEMP, i:

D <= sztore d_num, i:

i<= add i, 1:

5 8, 5 EXIT <= jmplt i, 15;
3_EXIT:

ncoing <= mov num;

Ewova 16. Yroroyiopog eldyiotov apBpod volusdtav eupd pe v arinot pébodo.

‘Eva apketd moAdvmhoko mpoypoppa ypoupévo and tov Nikorloo KapBadia to onoio
o mpooopowwoovpe pe Oéka dapopeTikd oevdpla. Ta 0o oamoteléopota To
vroAoyicape gUeic, Ta vwOAoTa oyTd dgv Ta yvopilovue. Tpéyovpe 1o NacVM ko

TOIPVOVLE TO, TOPOKAT® OMOTEAEGLLOTAL.

EEFFFEE XN NacVH RESULTI +++aatt &

MNac File: [testsscoins.nac]
Input Data File:
[testsscoins_ test_data.txt]

Correct
Wrongl[ 6]
WMrong[ 4]
Wronng[ 2]
Correct
Wrong[ 2]
WMrong[ 2]
Wrornogl 4]
Wrongl[ 5]
O: TWrong[sS]

|l I S U Y S

—Elapsed time: 0.000 seconds.

Ewcovo 17. Atoteléopato ekTéleotg oevapimv yia to Coins.nac.

[Mopatnpodpe 6Tt 0 ¥pOVOG VTOAOYIGHOD KOl TMV OEKO GEVOPI®MV NTOV KAT® amd £va

millisecond.Apketd ypriyopn mapovoidotke kot €6 1 NAC pésm tov NacVM.
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5. Xvumepdopato

Ola ta moparave Kot kupiog to Kepdloo pe ta mopadelypuato Tpocopuoinons tmv
npoypappdtov oe yAwooo NAC pog odnyodv o610 cvumépoacpa OTL 1 EKOVIKN
unyovy NacVM mov vAomomoope KoTa@EPVEL Vo IKOVOTOlEL 6 TOAD peyaio Pabud
11 amoutnoelg s NAC. Aapupdvovtag vroyn 6Tt TpoKeLTaL Yo Vo SEPUNVEVTIKO
TPOGOLOI®TH], TAPUTNPNOAUE OTL GE OPKETO OVGKOAN VLTOAOYIOTIKA TPOPANHATO
(m.yx. gss.nac)o NacVM katdeepe o pikpd ¥povikd SlAGTNUHO VO TPOCOLOIDGEL

emtuy®g tov kddwka, NAC o moALd dtapopeTikd cevapia kGBe popd.

Yiyovpa OP®C vaPYoLVV TOAAE TepOmpla PEATIOONG TOL OC TPOG TV EMIOOOT TOV
aAAG Kot oG TPog 1o Pabud kdAvymg mpocsopoimong twv dvvatotitov e NAC. H
emidoomn tov Ba pmopovoe va Pertiobel e por peddovtikn €kdoon tov, av 1 oToifa
dev Ba «ovParder» og Kdbe kOUPo TG TO Gvoua TNG d1dKAGING GTNV OToio, OVIKEL
N kB mpdTOoT TOV TPOYphupatoc. Emiong va unv amotteitol 1 devtEpN GAPOGN TNG
otoifag mpwv v ektéleon g fetch_execute cyclefng punyavic, n omoia 6mmg
elyape avaeépetl amoterel v kapdid ™g. Ao Vv GAAN 0 Pabudc g Tpocopoimwong
Ba pmopovce va avEndel kat GALO av 6To pEALOV 0pBEl 0 TEPLOPIOUOG TOV OEV AUPTVEL
va vdpyel TPOTAoT KAONG dtadkasiog amd v teAevtain dadikacio Tov mnyoiov
npoypappatog NAC av ovty dev givar m yovikr.. Emmdéov 6o pmopovoe va
vroompiletoar 1 KANON KATOWG OdIKAGIOG YOPIC VO VIAPYEL VLTOYXPEDTIKY
TOLAGYIGTOV £va OPIoHOL LGOS0V Kot £va, €000V GE OLTH, OTTMS 1oYVEL TOPA. AKOLA,
ocOpeova Kot pe v avaeopd tov Nikoroov Kapfadio [1], o umopodoe kdmoia
oty vo vrmootpilel HOKPOEVIOAEG KOl TEPIGGOTEPOLG TOTOVG OPLOUNTIKMOV

dedopévov (m.y. unsigned integer, floating poirio.).

Oocov agopd ™ yAdooo NAC, mpokvntel and To TopadelyLATo TOV TPOTYOVLEVOL
Keporaiov oAAd kot amd TOovV OpoHO NG, OTL TPOKEITOL YO, LKL 1GYLPY LOPON
EVOLOUESTC OVOTTAPAGTOCNG KMOKA. AEYOVTOG 1GYVPN, EVVOOVUE OTL UE EVOL GYETIKA
LKpo cOVoAo TeEeotdv (48) kKoTapipvel va emivoetl TpoPAnuata pe edyloto aplfud
npotdcewv NAC oe oyéon pe to mAnBog mov Ba amoitobviav ce GAAEC HOPPES
evoldpeons avamapdotaons. e avtd Ponddet n duvalky ™G eVon, kabmg N KO
npotacn Oe mepropileTon o€ Tpelg dlevbivoelg, alhd o dnelpeg BempnTikad (TpoKTiKd
N dwbéown uvAun g eLoikng unyovig mov tpéxet o NacVM). Eniong to péyebog

TOV OpOV TOV TEAESTAOV NG dev givar KaBopiopévo kot pmopel va etével Bempntikd
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10 dmepo og pia mpotaotn (rpoktikd to INT_MAX). Télog t dvvapukn g evon
CUUTANPOVEL TO YEYOVOG OTL EMTPEMEL TNV KANOT OOIKACIOV UE ATMEPO aplOuod
opIopdT®V €10000V Kot €£000v, 6mov To KA éva amd ovtd pmopel va givarl évog
LOVOJSA0TOTOC TivaKag 0molovdnmote peyéfovg. H vroot)pién kAincewv dodikaciov
TPOGPEPEL  PEYAAN  pelwon  emavaAopuPavOpevoy  KOOKOL oIV EVOLAUESN

OVOTOPACTACT] QVEAVOVTOS TNV 1GYY TNG OVOTOPACTOONG.

Apa Bo Aéyape o011 1 NAC 1coppomel kouyd avdpecsa ota 000 KPUTniplo Tov
AVOQEPOLE OTNV EI0AYOYN NG €pyaciag, oniadn to wANOOC &VTOADV Yoo TNV
AVOTOPACTACT] TOV KMOWKO MG YADGGOS LYNAOD emMTESOL OV EMAVEL KATOL0

TpOPANUa, o€ oxéon pe to TANB0G TV TEAESTOV OV £)xEl 6TN SN TNG.
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IHAPAPTHMA A

Ylromoujoeis Tov N-AddressEvroiov tng NAC

//mov
int _nov_(int *dst1, int *srcl)

if (srcl != NULL && dst1 != NULL)

*dstl = *srci;
return 1,

}
return -1;

}

/Nidc
int _| dc_(int *dst1, int *srcl)

if (srcl '= NULL)

*dstl = *srcl;

return 1;
}
return -1;
}
/limpun
instruction * _j mpun_(char *label, char *procname)
{
proc_lab *proc_temp;
label_address *la_temp;
proc_temp = pl_head;
while(proc_temp != NULL)
if(strcmp(proc_temp -> proc_name, procha me) == 0)
la_temp = proc_temp -> la;
while (la_temp !'= NULL)
if (strcmp(la_temp -> label_name , label) == 0)
return la_temp -> address;
la_temp = la_temp -> next;
}
}
proc_temp = proc_temp -> next;
fprintf(stderr, "\nError: The label: [%s] do es not exist. Unable to
jmpun.\n”, label);
exit(-1);
/limpeq
instruction *_jmpeq_(char *labell, char *label2, ch ar *procname, int *srcl,
int *src2)
{

proc_lab *proc_temp;
label_address *la_temp;
proc_temp = pl_head;

char *label_to_jump = NULL;
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if (*srcl == *src2)
label_to_jump = label1;
else
label_to_jump = label2;

while(proc_temp != NULL)
if(strcmp(proc_temp -> proc_name, prochame )==0)

la_temp = proc_temp -> la;
while (la_temp !'= NULL)

if (strcmp(la_temp -> label_name, | abel_to_jump) ==0)
return la_temp -> address;
la_temp = la_temp -> next;

}
}
proc_temp = proc_temp -> next;
fprintf(stderr, "\nError: The label: [%s] do es not exist. Unable to
jmpeq.\n", label_to_jump);
exit(-1);
}
/limpne
instruction *_jmpne_(char *labell, char *label2, ch ar *procname, int *srcl,
int *src2)
{

proc_lab *proc_temp;
label_address *la_temp;
proc_temp = pl_head;

char *label_to_jump = NULL;
if (*srcl = *src2)
label_to_jump = labell;
else
label_to_jump = label2;
while(proc_temp != NULL)

if(strcmp(proc_temp -> proc_name, procname) ==0)

la_temp = proc_temp -> la;
while (la_temp !'= NULL)

if (strcmp(la_temp -> label_name, la bel_to_jump) ==0)
return la_temp -> address;
la_temp = la_temp -> next;

}
}
proc_temp = proc_temp -> next;
fprintf(stderr, "\nError: The label: [%s] does not exist. Unable to

jmpne.\n", label_to_jump);

exit(-1);
Ijmplt
instruction *_jmplt_(char *labell, char *label2, ch ar *procname, int *srcl,
int *src2)

proc_lab *proc_temp;
label_address *la_temp;
proc_temp = pl_head;

char *label_to_jump = NULL;
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if (*srcl < *src2)
label_to_jump = label1;
else
label_to_jump = label2;

while(proc_temp != NULL)
if(strcmp(proc_temp -> proc_name, procname) ==0)

la_temp = proc_temp -> la;
while (la_temp '= NULL)

if (strcmp(la_temp -> label_name, la bel_to_jump) ==0)
return la_temp -> address;
la_temp = la_temp -> next;

}
}
proc_temp = proc_temp -> next;
fprintf(stderr, "\nError: The label: [%s] do es not exist. Unable to
jmplt\n", label_to_jump);
exit(-1);
}
/limple
instruction *_jmple_(char *labell, char *label2, ch ar *procname, int *srcl,
int *src2)
{

proc_lab *proc_temp;
label_address *la_temp;
proc_temp = pl_head;

char *label_to_jump = NULL;
if (*srcl <= *src2)
label_to_jump = labell;
else
label_to_jump = label2;
while(proc_temp != NULL)

if(strcmp(proc_temp -> proc_name, procname) ==0)

la_temp = proc_temp -> la;
while (la_temp !'= NULL)

if (strcmp(la_temp -> label_name, la bel_to_jump) ==0)
return la_temp -> address;
la_temp = la_temp -> next;

}
}
proc_temp = proc_temp -> next;
fprintf(stderr, "\nError: The label: [%s] does n ot exist. Unable to
jmple.\n", label_to_jump);
exit(-1);
ljmpgt
instruction *_jmpgt_(char *labell, char *label2, ch ar *procname, int *srcl,
int *src2)

proc_lab *proc_temp;
label_address *la_temp;
proc_temp = pl_head;

char *label_to_jump = NULL;
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if (*srcl > *src2)
label_to_jump = label1;
else
label_to_jump = label2;

while(proc_temp != NULL)
if(strcmp(proc_temp -> proc_name, procname)

la_temp = proc_temp -> la;
while (la_temp '= NULL)

if (strcmp(la_temp -> label_name, la
return la_temp -> address;
la_temp = la_temp -> next;
}
}
proc_temp = proc_temp -> next;

}

fprintf(stderr, "\nError: The label: [%s] does
jmpgt.\n", label_to_jump);

exit(-1);
}

/limpge
instruction *_jmpge_(char *labell, char *label2, ch
int *src2)
{
proc_lab *proc_temp;
label_address *la_temp;
proc_temp = pl_head;

char *label_to_jump = NULL;

if (*srcl >= *src2)
label_to_jump = labell;
else
label_to_jump = label2;

while(proc_temp != NULL)
if(strcmp(proc_temp -> proc_name, procname)

la_temp = proc_temp -> la;
while (la_temp !'= NULL)

if (strcmp(la_temp -> label_name, la
return la_temp -> address;
la_temp = la_temp -> next;
}
}

proc_temp = proc_temp -> next;

fprintf(stderr, "\nError: The label: [%s] does
jmpge.\n", label_to_jump);
exit(-1);

/land
int _and_(int *dst1, int *src1, int *src2)

if (srcl != NULL && src2 != NULL)

*dstl = *srcl & *src2;
return 1;

}

return -1;

}
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ar *procname, int *srcl,

bel_to_jump) ==0)

not exist. Unable to
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[lior
int _ior_(int *dst1, int *src1, int *src2)

if (srcl !'= NULL && src2 != NULL)

*dstl = *srcl | *src2;
return 1,

}

return -1,

}

/Ixor
int _xor_(int *dst1, int *srcl, int *src2)

if (srcl !'= NULL && src2 != NULL)

*dstl = *srcl ” *src2;
return 1,

}

return -1,

}

/Inand
int _nand_(int *dst1, int *src1, int *src2)

if (srcl !'= NULL && src2 != NULL)

*dstl = ~(*srcl & *src2);
return 1;

}

return -1;

}

/Inor
int _nor_(int *dst1, int *src1, int *src2)

if (srcl !'= NULL && src2 != NULL)

*dstl = ~(*srcl | *src2);
return 1;

}

return -1;

}

/Ixnor
int _xnor_(int *dst1, int *src1, int *src2)

if (srcl !'= NULL && src2 != NULL)

*dstl = ~(*srcl " *src2);
return 1,

}

return -1,

}

/Inot
int _not_(int *dst1, int *src1)

if (srcl !'= NULL)
*dstl = ~*srcl;

return 1;

}

return -1;
}

/ladd
int _add_(int *dst1, int *src1, int *src2)
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if (src1 == NULL || src2 == NULL)
return -1;

*dstl = *srcl + *src2;

return 1,

}

/Isub
int _sub_(int *dst1, int *srcl, int *src2)

if (srcl == NULL || src2 == NULL)
return -1;

*dstl = *srcl - *src2;
return 1;

}

/Ineg
int _neg_(int *dst1, int *src1)

if (srcl != NULL)

*dstl = -*srcl;

return 1,
}
return -1;
}
/Imuxeq
int _muxeq_(int *dst1, int *src1, int *src2, int *s rc3, int *src4)
if (srcl !'= NULL && src2 != NULL && src3 = NUL L && src4 '= NULL)
if (*srcl == *src2)
*dstl = *src3;
else
*dstl = *src4;
return 1;
}
return -1;
}
/Imuxne
int _muxne_(int *dst1, int *src1, int *src2, int *s rc3, int *src4)
if (srcl '= NULL && src2 != NULL && src3 != NUL L && srcd '= NULL)
if (*srcl !=*src2)
*dstl = *src3;
else
*dstl = *src4;
return 1,
}
return -1;
}
/Imuxit
int _muxIt_(int *dst1, int *src1, int *src2, int *s rc3, int *src4)
if (srcl '= NULL && src2 != NULL && src3 != NUL L && src4 '= NULL)
if (*srcl < *src2)
*dstl = *src3;
else
*dstl = *src4;
return 1;
}
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return -1;
}
/Imuxle
int _muxle_(int *dst1, int *srcl, int *src2, int *s rc3, int *src4)
if (srcl '= NULL && src2 != NULL && src3 != NUL L && src4 '= NULL)
if (*srcl <= *src2)
*dstl = *src3;
else
*dstl = *src4;
return 1,
}
return -1;
}
/Imuxgt
int _muxgt_(int *dst1, int *src1, int *src2, int *s rc3, int *src4)
if (srcl != NULL && src2 != NULL && src3 = NUL L && src4 '= NULL)
if (*src1 > *src2)
*dstl = *src3;
else
*dstl = *src4;
return 1;
}
return -1;
}
/Imuxge
int _muxge_(int *dst1, int *src1, int *src2, int *s rc3, int *src4)
if (srcl != NULL && src2 != NULL && src3 = NUL L && src4 '= NULL)
if (*srcl >= *src2)
*dstl = *src3;
else
*dstl = *src4;
return 1,
}
return -1;
}
/Iseteq

int _seteq_(int *dst1, int *srcl, int *src2)

if (srcl == NULL || src2 == NULL)
return -1;

*dstl = (*srcl == *src2);

return 1;
}

/Isetne
int _setne_(int *dst1, int *srcl, int *src2)

if (srcl == NULL || src2 == NULL)
return -1;

*dstl = (*srcl = *src2);

return 1;
}

/Isetlt
int _setlt_(int *dst1, int *srcl, int *src2)

{

Zelida 72 am6 160



_ Atepunvevtcog [pocopoimtig yia Kepevikn Evdudpeon Avamopdotacn MetayAoTTio)

if (srcl == NULL || src2 == NULL)
return -1;

*dstl = (*srcl < *src2);
return 1,
}

Isetle
int _setle_(int *dst1, int *src1, int *src2)

if (srcl == NULL || src2 == NULL)
return -1;

*dstl = (*srcl <= *src2);
return 1;

}

/Isetgt
int _setgt_(int *dst1, int *src1, int *src2)

if (src1 == NULL || src2 == NULL)
return -1;

*dstl = (*srcl > *src2);
return 1;

}

/Isetge
int _setge_(int *dst1, int *src1, int *src2)

if (src1 == NULL || src2 == NULL)
return -1;

*dstl = (*srcl >= *src2);
return 1;

}

[labs
int _abs_(int *dst1, int *src1)

if (srcl != NULL)

*dstl = abs(*srcl);
return 1;

}

return -1;

}

/Imax
int _max_(int *dst1, int *src1, int *src2)

if (srcl !'= NULL && src2 != NULL)

if (*srcl >= *src2)
*dstl = *srcl;
else
*dstl = *src2;
return 1;

}
return -1;

}

/Imin
int _min_(int *dst1,int *srcl, int *src2)

if (srcl !'= NULL && src2 != NULL)

if (*srcl >= *src2)
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*dstl = *src2;
else

*dstl = *srcl;
return 1;

}

return -1;

}

/Ishl
int _shl_(int *dst1, int *src1, int *src2)

if (srcl !'= NULL && src2 != NULL)
if (*src2 > 0)

*dstl = *srcl << *src2;
return 1;

}

else

fprintf(stderr,"\nError: The amount of shifts must be over zero
times.\n");
exit(-1);

}

}

return -1;

}

/Ishr
int _shr_(int *dst1, int *src1, int *src2)

if (srcl != NULL && src2 = NULL)
if (*src2 > 0)

*dstl = *srcl >> *src2;
return 1,

}

else

fprintf(stderr,"\nError: The amount of s hifts must be over zero
times.\n");
exit(-1);

}

return -1;

}

[lrotl
int _rotl_(int *dst1, int *src1, int *src2)
{
if (srcl == NULL || src2 == NULL)
return -1;

if (*src2 > 0)

*srcl = (*srcl << *src2) | (*srcl >> (size of(*src1)*8 - *src2));
*dstl = *srcl;

}

else

fprintf(stderr,"\nError: The amount of rotat ions must be over zero
times.\n");
exit(-1);

}
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return 1,
}
[Irotr
int _rotr_(int *dst1, int *srcl, int *src2)
{
if (srcl == NULL || src2 == NULL)
return -1;

if (*src2 > 0)
{

*srcl = (*srcl >> *src2) | (*srcl << (size of(*src1)*8 - *src2));
*dstl = *srcl,;

}

else

fprintf(stderr,"\nError: The amount of rota tions must be over zero
times.\n");
exit(-1);

return 1,

}

/Imul
int_mul_(int *dst1, int *srcl, int *src2)

if (srcl != NULL && src2 != NULL)

*dstl = *srcl * *src2;

return 1;
}
return -1;
}
/Idivrem
int _divrem_(int *dst1, int *dst2, int *srcl, int * src2)
if (srcl !'= NULL && src2 = NULL)
{
if (*src2 == 0)
{
fprintf(stderr,"\nError: Division by ze ro.\n");
exit(-1);
*dstl = *srcl / *src2;
*dst2 = *srcl % *src2;
return 1;
}
return -1;
}
/ldiv

int _div_(int *dst1, int *src1, int *src2)

if (srcl !'= NULL && src2 != NULL)

{
if (*src2 == 0)

fprintf(stderr,"\nError: Division by ze ro.\n");
exit(-1);

*dstl = *srcl / *src2;
return 1;

}

return -1;

}

/Irem
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int _rem_(int *dst1, int *src1, int *src2)
if (srcl !'= NULL && src2 != NULL)
if (*src2 == 0)

fprintf(stderr,"\nError: Division by ze ro.\n");
exit(-1);

*dstl = *srcl % *src2;
return 1,

}

return -1;

}

Ilzxt
int _zxt_(int *dst1, int *src1)

if (srcl == NULL)
return -1;

*dstl = (unsigned int) *srcl;
return 1;

}

/Isxt
int _sxt_(int *dst1, int *src1)

if (srcl == NULL)
return -1;

*dstl = (signed int) *src1;
return 1;

}

[ltrunc
int _trunc_(int *dst1, int *srcl)

if (srcl == NULL)
return -1;

*dstl = *srcl & 4294967295;
return 1,

}

/lload
int _load_(int *dst1, char *procname, char *varname , int *src2)

{
range_loc *ptr = range_head,;
globalvar_list *glptr;
localvar_list *liptr;
init_array *iptr;

proc_inarg *inptr;
proc_outarg *outptr;

unsigned long ctr = 0;

if (*src2 < 0)

{
fprintf(stderr,"\nError: The second argumen t of LOAD instruction
must be positive integer.\n");
exit(-1);

while (ptr '= NULL)

{

if (strcmp (ptr -> procname, prochame) == )
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liptr = ptr -> Iv_list;
inptr = ptr -> pinarg;
outptr = ptr -> poutarg;

while (lptr = NULL)
if (strcmp (llptr ->varname, varnam e)==0)

iptr = llptr -> array;
while (ctr < *src2)

{
iptr = iptr -> next;
if (iptr == NULL)

fprintf(stderr,"\nError : Array [%s] out of
bounds.\n", varname);
exit(-1);

}

ctr++;

*dstl = iptr->value;
return 1;

}
liptr = liptr -> next;

}
while (inptr '= NULL)
if (strcmp (inptr ->varname, varna me) == 0)

iptr = inptr -> array;
while (ctr < *src2)

iptr = iptr -> next;
if (iptr == NULL)
{

fprintf(stderr,"\nErro r: Array [%s] out of
bounds.\n", varname);
exit(-1);

ctr++;

}
*dstl = iptr->value;
return 1;

}

inptr = inptr -> next;

while (outptr = NULL)
if (strcmp (outptr ->varname, varn ame) == 0)

iptr = outptr -> array;
while (ctr < *src2)
{
iptr = iptr -> next;
if (iptr == NULL)

fprintf(stderr,"\nErro r: Array [%s] out of
bounds.\n", varname);
exit(-1);

}

ctr++;

*dstl = iptr->value;
return 1,

}

outptr = outptr -> next;
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}
}
ptr = ptr -> next;
}
glptr = ghead;

while (glptr '= NULL)
if (strcmp (glptr ->varname, varname) == )

iptr = glptr -> array;
while (ctr < *src2)

iptr = iptr -> next;
if (iptr == NULL)
{

fprintf(stderr,"\nError: Array [%0s] out of bounds.\n",
varname);
exit(-1);

ctr++;

}
*dstl = iptr->value;
return 1,

}
glptr = glptr -> next;

fprintf(stderr, "\nError: Variable [%s] does not exist at procedure
[%s] either as globalvar or localvar.\n", varnam e, prochname);
exit(-1);

}

/Istore

int _store_(char *procname, char *varname, int *src 1, int *src2)

{

range_loc *ptr = range_head,;
globalvar_list *glptr;
localvar_list *liptr;

init_array *ilptr;

init_array *iptr;

proc_inarg *inptr;
proc_outarg *outptr;

unsigned long ctr = 0;
if (*src2 < 0)
{
fprintf(stderr,"\nError: The second argumen t of STORE instruction
must be positive integer.\n");
exit(-1);
while (ptr '= NULL)
{
if (strcmp (ptr -> procname, procname) == )
liptr = ptr -> Iv_list;
inptr = ptr -> pinarg;
outptr = ptr -> poutarg;
while (llptr I= NULL)
if (strcmp (llptr ->varname, varnam e)==0)
ilptr = liptr -> array;

while (ctr < *src2)

{

ilptr = ilptr -> next;
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if (ilptr == NULL)

fprintf(stderr,"\nError : Array [%s] out of
bounds.\n", varname);
exit(-1);

}

ctr++;

ilptr->value = *srcl;
return 1;

}
liptr = liptr -> next;

}
}

ptr = ptr -> next;

while (inptr != NULL)
if (strcmp (inptr ->varname, varname) == 0)

ilptr = inptr -> array;
while (ctr < *src2)

{
ilptr = ilptr -> next;
if (ilptr == NULL)

fprintf(stderr,"\nError: Arr ay [%s] out of
bounds.\n", varname);
exit(-1);

}

ctr++;

ilptr->value = *src1;
return 1;

}
inptr = inptr -> next;
while (outptr = NULL)
if (strcmp (outptr ->varname, varname) == 0)

ilptr = outptr -> array;
while (ctr < *src2)

ilptr = ilptr -> next;
if (ilptr == NULL)
{

fprintf(stderr,"\nError: Ar ray [%s] out of
bounds.\n", varname);
exit(-1);
Ctr++;
}
ilptr->value = *srcl;
return 1,

outptr = outptr -> next;

}

glptr = ghead;
while (glptr '= NULL)

if (strcmp (glptr ->varname, varname) = =0)

iptr = glptr -> array;
while (ctr < *src2)
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{
iptr = iptr -> next;
if (iptr == NULL)
{

fprintf(stderr,"\nError: Ar ray [%s] out of
bounds.\n", varname);
exit(-1);

ctr++;

}
iptr->value = *srcl;
return 1;

}
glptr = glptr -> next;

fprintf(stderr, "\nError: Variable [%s] does not exist at procedure
[%0s] either as globalvar or localvar.\n", va rname, procname);
exit(-1);

}

/lprint

int _print_(char *procname, char *varname)

{

range_loc *ptr;

ptr = range_head;

globalvar_list *glptr;

glptr = ghead;

localvar_list *liptr;

init_array *llarptr, *inptr, *outptr, *init_gv ;
proc_inarg *ptr_list_in;

proc_outarg *ptr_list_out;

int tmp=0;
while (ptr '= NULL)
{
if (strcemp(ptr->procname,procname) == 0)

liptr = ptr -> Iv_list;
llarptr = liptr -> array;

ptr_list_in = ptr -> pinarg;
inptr = ptr_list_in -> array;
ptr_list_out = ptr -> poutarg;
outptr = ptr_list_out -> array;
init_gv = glptr -> array;
while (liptr I= NULL)
if (strcmp(liptr->varname,varname) ==0)
llarptr = liptr -> array;
fprintf(stdout,"%s:\n", liptr-> varname);
tmp = lptr -> array_size;
while (tmp > 0)
fprintf(stdout,"Hex:[%0X] - Dec:[%d]\n" llarptr ->
value, llarptr -> value);
llarptr = llarptr -> next;
tmp--;

}
printf("\n");
return 1;

liptr = llptr -> next;

while (ptr_list_in !'= NULL)
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if (stremp(ptr_list_in -> varna

inptr = ptr_list_in -> arra
fprintf(stdout,"%s:\n", ptr
tmp = ptr_list_in -> array_
while (tmp > 0)

{

fprintf(stdout,"Hex:[%x
value, inptr -> value);
inptr = inptr -> next;
tmp--;

}
printf("\n");
return 1;

}
ptr_list_in = ptr_list_in -> ne

}
while (ptr_list_out '= NULL)
if (stremp(ptr_list_out -> varn

outptr = ptr_list_out -> ar
fprintf(stdout,"%s:\n", ptr
tmp = ptr_list_out -> array
while (tmp > 0)

fprintf(stdout,"Hex:[%x
>value, outptr->value);
outptr = outptr -> next
tmp--;

}
printf("\n");
return 1;

}
ptr_list_out = ptr_list_out ->
}
}

ptr = ptr -> next;

while (glptr '= NULL)
if (strcmp(glptr -> varname,varname) ==

init_gv = glptr -> array;
fprintf(stdout,"%s:\n", glptr -> va
tmp = glptr -> array_size;

while (tmp > 0)

fprintf(stdout,"Hex:[%X] - Dec:
init_gv -> value);

init_gv = init_gv -> next;
tmp--;

}
printf("\n");
return 1;

}
glptr = glptr -> next;

return -1;

}
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ITAPAPTHMA B

Xroifa pnyovig, llivakeg Xopporov, Bondntikég dopég ko
Xpnoweg Xovaptioels tov NacVM

/*

* Filename: nacparse.c

* Purpose : Top-level (driver) file of the "nacpar se" program source code.
* Author : Angelos Kanatsos (C) 2011

* Date :05-Sep-2011

*/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <ctype.h>
#include <time.h>

#define ALL 1
#define IN_OUT 2
#define ARRAY 1
#define ALL_GLOB 2
#define ALL_LOC 2

extern FILE *nacin;

extern unsigned long mass_proc_in_args;
extern unsigned long mass_proc_out_args;
FILE *nac_input_data;

char *NAC_FILE_NAME, *INPUT_DATA_FNAME;
clock_t start, end;
void nacparse(void);

static void print_usage()
{
printf("\n");
printf("* Usage:\n");
printf("* nacparse [options] input.nac input.data \n");
printf("* \n");
printf("* Options:\n");
printf("* \n");
printf("*  -h:\n");
printf("* Print this help.\n");
printf("* \n");
printf("* For further information, please refer t o the website:\n");
printf("* http://www.nkavvadias.co.cc\n\n");

}

//Imain
int main(int argc, char **argv)
{

inti;

/I Read input arguments

if (argc = 3)
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{
print_usage();
exit(1);

}

for (i=1; i < argc; i++)
{
if (stremp("-h", argv[i]) == 0)
{
print_usage();
}
else
{
if (argv[i][0] !="-")
{
if ((nacin = fopen(argv]i], "r")) = = NULL)
{
fprintf(stderr,"\nError: Can no t open NAC file <%s>.\n",
argvli]);
exit(-1);
}
else
{
NAC_FILE_NAME = (char *)malloc( strlen(argv[i])*sizeof
(char));
strcpy(NAC_FILE_NAME,argv[i]);
}
i++;
if ((nac_input_data = fopen(argvii] ,"'r")) == NULL)
{
fprintf(stderr,"\nError: Can no t open NAC TEST DATA file
<%s>.\n", argVvl[i]);
exit(-1);
}
else
{
INPUT_DATA_FNAME = (char *)mall oc(strlen(argvli])
*sizeof(char));
strepy(INPUT_DATA_FNAME,argv([i] );
}
}
}
}

start = clock();

/I ApxixomolhosLc doudv
initialize_stack(ALL);
initialize_globalvar(ALL_GLOB);
initialize_localvar(ALL_LOC);
initialize_call_list();

/I NexT LKA, OUVTOKTLKA KOL ONUOOLOAOY LKA avAAUOT

nacparse();

/I TpoocBétoupes pla £LkovIKy dLadilxaclia oTo TEAOC 1ng OTolROC
Il Gote va emitpémovial KAQOeLg dLadLlxaoldv amd Tn Tedevtalia
Il diLadixacia tou apyelou .nac

dummy_procedure();

/lprint_stack();
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[lprint_localvar_for_list();
/lprint_globalvar();

create_proc_list();
/lprint_quick_access_list();
read_data_from_file(nac_input_data);
/lprint_file_data();

fetch_execute_cycle();

end = clock();

printf("\n\n-Elapsed time: %.3f seconds.\n",(floa t)(end-start) /
CLOCKS_PER_SEC);

terminate();

return O;

}
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/*

* Filename: sym_tab_nac.h

* Purpose : Top-level header file of the symbol ta ble structure and more
other useful functions.

* Author : Angelos Kanatsos (C) 2011

*Date :05-Oct-2011

*/

#ifndef SYM_TAB_NAC_H
#define SYM_TAB_NAC_H

#include "stack_mac_nac.h"
#include <limits.h>

#define ARRAY 1
#define ALL_GLOB 2
#define ALL_LOC 2
#define HEAD_LOC 3

char *\GLOBALVAR_NAME = NULL, *GLOBALVAR_TYPE = NULL ;
char *LOCALVAR_NAME = NULL, *LOCALVAR_TYPE = NULL;

char *PROCEDURE_INOUT_TYPE = NULL;

extern char *NAC_FILE_NAME, *INPUT_DATA_FNAME;

unsigned long gv_rank = 1, gv_index = 0;

unsigned long Iv_rank = 1, Iv_index = 0;

unsigned long proc_in_rank = 1, proc_out_rank =1, in_index = 0, out_index =
0, Iv_list_rank = 1;

struct array{
int value;
unsigned long index;

struct array *next;
h
typedef struct array init_array;
init_array *arhead, *artail,*arlochead, *arloctail;

/**********G LO BA LVAR************/
struct globalvar{
char *varname;
char *vartype;
unsigned long array_size;
init_array *array;
unsigned long gv_rank;

struct globalvar *next;
h
typedef struct globalvar globalvar_list;
globalvar_list *ghead, *gtail;

/**********LOCA LVAR************/
struct localvar{
char *varname;
char *vartype;
unsigned long array_size;
init_array *array;
unsigned long Iv_rank;
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struct localvar *next;
h
typedef struct localvar localvar_list;
localvar_list *Ihead, *Itail;

/*********SYM BOL TABLE*********/
struct proc_in_arguments {
char *varname;
char *vartype;
unsigned long array_size;
init_array *array;
unsigned long in_rank;

struct proc_in_arguments *next;
2
typedef struct proc_in_arguments proc_inarg;
proc_inarg *proc_inhead,*proc_intail;

struct proc_out_arguments {
char *varname;
char *vartype;
unsigned long array_size;
init_array *array;
unsigned long out_rank;

struct proc_out_arguments *next;
2
typedef struct proc_out_arguments proc_outarg;
proc_outarg *proc_outhead,*proc_outail;

struct range_localvar{
char *procname;
proc_inarg *pinarg;
proc_outarg *poutarg;
localvar_list *Iv_list;
unsigned long Iv_list_rank;

struct range_localvar *next;
h
typedef struct range_localvar range_loc;
range_loc *range_head, *range_talil;

/ FILE /
struct input_args{
intin_arg_value;
unsigned long in_arg_rank;
struct input_args *next;
2
typedef struct input_args ina;
ina *in_args_head, *in_args_tail;

struct output_args{
int out_arg_value;
unsigned long out_arg_rank;
struct output_args *next;
I3
typedef struct output_args outa;
outa *out_args_head, *out_args_tail;
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struct input_data_from_file_to_nacvm {
ina *in;
outa *out;
unsigned long number_of_lines;
struct input_data_from_file_to_nacvm *next;
h
typedef struct input_data_from_file_to_nacvm file;
file *file_head = NULL, *file_tail = NULL;

/I print_file_data

int print_file_data()

{
file *tmp_file = file_head;
ina *tmp_in;
outa *tmp_out;

printf("\n INPUT DATA \n\n ");

while(tmp_file -> next = NULL)
{

printf("\n%ld: ",tmp_file -> number_of _line S);

tmp_in = tmp_file -> in;

while(tmp_in != NULL)

{
printf("%x\t",tmp_in -> in_arg_value);
tmp_in = tmp_in -> next;

}

tmp_out = tmp_file -> out;

while(tmp_out != NULL)

{
printf("%x\t",tmp_out -> out_arg_value) ;
tmp_out = tmp_out -> next;

}

tmp_file = tmp_file -> next;
}
printf("\n\n");
return O;

}

/I pass_by value_in
/I H nmpétn procedure e{val mévta oto range_head!
/I £tn npdtn procedure nepvdve ot tLpéc and 1o apxelo.
int pass_by_value_in(ina *in)
{
range_loc *ptr;
ptr = range_head,;
ina *inaptr;
inaptr = in;

proc_inarg *inptr;
inptr = ptr -> pinarg;

while(inptr != NULL)
{

inptr -> array -> value = inaptr -> in_arg_ value;
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inptr = inptr -> next;
inaptr = inaptr -> next;

}
return O;
}
/I pass_by_value_out
int pass_by_value_out(outa *out, unsigned long line S)
{

range_loc *ptr;
ptr =range_head,;
outa *outaptr;
outaptr = out;

proc_outarg *outptr = ptr -> poutarg;

while(outptr = NULL)
{
if (check_output_value(&outptr->array->valu e,&outaptr->
out_arg_value,lines) !'=0)
{
fprintf(stderr,"\nError: Failure to che ck the output value:
[%6s].\n", outptr->varname);
exit(-1);
}

outptr = outptr -> next;
outaptr = outaptr -> next;

}

return O;

}

/I checks_if proc_exists
int checks_if_proc_exists(char *procname)

{
range_loc *ptr;
ptr = range_head,;

while(ptr '= NULL)

{

if(strcmp(procname,ptr -> procname) == 0)

return 1,

ptr = ptr -> next;
}
fprintf(stderr,"\nError: Procedure [%s] does no t exist at file [%s].\n",
procname, (char *)NAC_FILE_NAME);
exit(-1);

}

/I check_type_size
void check_type_size(char *varname, char *size)

{
if LOCALVAR_TYPE != NULL)

{
if(strcemp(LOCALVAR_TYPE,"s32") 1= 0)

{

fprintf(stderr,"\nError: Localvar type: [%s] is not
supported.\n\n",LOCALVAR_TYPE);
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exit(-1);
}
}
else if (GLOBALVAR_TYPE != NULL)

{
if(strcmp(GLOBALVAR_TYPE,"s32") 1= 0)

{
fprintf(stderr,"\nError: Globalvar type
supported.\n\n",GLOBALVAR_TYPE);
exit(-1);
}
}

else

{
if(strcmp(PROCEDURE_INOUT_TYPE,"s32") I= 0)

{
fprintf(stderr,"\nError: Type:[%s] is n
supported.\n\n",PROCEDURE_INOUT_TYPE);
exit(-1);
}
}
if (atol(size) < 1)
{
fprintf(stderr,"\nError: The size of variab
than one.\n\n",varname);
exit(-1);
}
if (atol(size) > INT_MAX)
{
fprintf(stderr,"\nError: The size of variab
greater than INT_MAX = %d.\n\n",varname, IN
exit(-1);
}
}

/I initialize_globalvar
void initialize_globalvar(short what)
{
arhead = artail = (init_array *)malloc(sizeof(i
arhead -> value = 0;
arhead -> index = 0;
arhead -> next = NULL,;

if (what == ALL_GLOB)
{
ghead = gtail = (globalvar_list *)malloc(si
ghead -> varname = NULL,;
ghead -> vartype = NULL;
ghead -> array_size = 1;
ghead -> array = NULL;
ghead -> gv_rank = 0;
ghead -> next = NULL;

}

if ((ghead == NULL) || (arhead == NULL))

{
fprintf(stderr,"Error: Memory Allocation: C
globalvar.");
exit(-1);
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}

}

/l initialize_localvar
void initialize_localvar(short what)

{

arlochead = arloctail = (init_array *)malloc(si
arlochead -> value = 0;

arlochead -> index = 0;

arlochead -> next = NULL;

if (what == HEAD_LOC)

{

}

Ihead = Itail = (localvar_list *)malloc(siz
Ihead -> varname = NULL;

Ihead -> vartype = NULL;

Ihead -> array_size = 1;

Ihead -> array = NULL;

Ilhead -> Iv_rank = 0;

Ihead -> next = NULL;

proc_inhead = proc_intail=(proc_inarg *)mal
proc_inhead -> varname = NULL;
proc_inhead -> vartype = NULL;
proc_inhead -> array_size = 1,

proc_inhead -> array = NULL;

proc_inhead ->in_rank = 0;

proc_inhead -> next = NULL;

proc_outhead=proc_outail=(proc_outarg *)mal

proc_outhead -> varname = NULL;
proc_outhead -> vartype = NULL;
proc_outhead -> array_size = 1,
proc_outhead -> array = NULL;
proc_outhead -> out_rank = 0;
proc_outhead -> next = NULL;

else if (what == ALL_LOC)

{

}

Ihead = ltail = (localvar_list *)malloc(siz
Ihead -> varname = NULL;

Ihead -> vartype = NULL;

Ihead -> array_size = 1;

Ihead -> array = NULL;

Ilhead -> Iv_rank = 0;

lhead -> next = NULL;

range_head = range_tail = (range_loc *)mall
range_head -> procname = NULL;
range_head -> poutarg = NULL;
range_head -> pinarg = NULL;

range_head -> Iv_list = NULL;

range_head -> next = NULL;

range_head -> Iv_list_rank = 0;

if ((Ihead == NULL) || (arlochead == NULL))

{

fprintf(stderr,"\nError: Memory Allocation:
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}

localvar.\n");
exit(-1);
}

/I put_global_sym
globalvar_list *put_global_sym(char *name, char *si

{

}

1

globalvar_list *ptr;

ptr = (globalvar_list *)malloc(sizeof(globalvar

ptr -> varname = (char *)malloc((strlen(name)+1
ptr -> vartype=(char *)malloc((strlen(GLOBALVAR

if ((ptr == NULL)||(ptr -> varname == NULL)||(p
{
fprintf(stderr,"\nError: Memory Allocation:
put_global_sym().\n");
exit(-1);
}

if (name != NULL)
{

strcpy(ptr -> varname, name);

}

if (GLOBALVAR_TYPE != NULL)

{
strcpy(ptr -> vartype, GLOBALVAR_TYPE);

}

if (size != NULL)
{
if(name '= NULL)
check_type_size(name,size);

ptr -> array_size = atol(size);
ptr -> gv_rank = gv_rank;
ptr -> array = arhead,;

if ((ghead == gtail) && (gv_rank == 1))
ghead = ptr;

else
gtail -> next = ptr;

gtail = ptr;
gtail -> next = NULL;

initialize_globalvar(ARRAY);
gv_index = 0;
gv_rank++;

}

return gtail;

put_gv_array_values

init_array *put_gv_array_values(char *value)

{

init_array *ptr;
ptr = (init_array *)malloc(sizeof(init_array));
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}

if (ptr == NULL)

{
fprintf(stderr,"\nError: Memory Allocation:
put_gv_array_values()\n");
exit(-1);

}

if (atol(value) < INT_MAX && atol(value) > INT_
ptr -> value = atol(value);

else if (atol(value) <= INT_MIN)

{
fprintf(stderr,"\nError: The value %s is le
%d.\n", value, INT_MIN);
exit(-1);

}

else

{
fprintf(stderr,"\nError: The value %s is gr
%d.\n", value, INT_MAX);
exit(-1);

}

ptr -> index = gv_index;

if ((arhead == artail) && (gv_index == 0))
{

free(arhead);
arhead = ptr;
}
else

artail -> next = ptr;

artail = ptr;
artail -> next = NULL;

gv_index++;
return artail;

/I put_proc_in_args
proc_inarg *put_proc_in_args(char *name, char *size

{

proc_inarg *ptr;

ptr = (proc_inarg *)malloc(sizeof(proc_inarg));

ptr -> varname = (char *)malloc((strlen(name)+1
ptr -> vartype = (char *)malloc((strlen(PROCEDU
sizeof(char));

if((ptr == NULL)||(ptr -> varname == NULL)||(pt
{

fprintf(stderr,"\nError: Memory Allocation:
put_proc_in_args().\n");
exit(-1);

}

if (name != NULL)
{

strepy(ptr -> varname, name);
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}
if (PROCEDURE_INOUT_TYPE != NULL)
{
strepy(ptr -> vartype, PROCEDURE_INOUT_TYPE );
}

if (size '= NULL)
{
if(name != NULL)
check_type_size(name,size);

ptr -> array_size = atol(size);
ptr ->in_rank = proc_in_rank;
ptr -> array = arlochead,;

if ((proc_inhead == proc_intail) && (proc_i n_rank == 1))
{
free(proc_inhead);
proc_inhead = ptr;
}
else
proc_intail -> next = ptr;

proc_intail = ptr;
proc_intail -> next = NULL;

initialize_localvar(ARRAY);
in_index = 0;
proc_in_rank++;

}

return proc_intail;

}

/I put_proc_out_args
proc_outarg *put_proc_out_args(char *name, char *si ze)
{
proc_outarg *ptr;
ptr = (proc_outarg *)malloc(sizeof(proc_outarg) );
ptr -> varname = (char *)malloc((strlen(name)+1 ) * sizeof(char));
ptr -> vartype = (char *)malloc((strlen(PROCEDU RE_INOUT_TYPE)+1) *
sizeof(char));

if ((ptr == NULL)||(ptr -> varname == NULL)||(p tr -> vartype == NULL))
{

fprintf(stderr,"\nError: Memory Allocation: At function
put_proc_out_args().\n");
exit(-1);

}

if (name != NULL)
{

strepy(ptr -> varname, name);

}

if PROCEDURE_INOUT_TYPE != NULL)

{
strepy(ptr -> vartype, PROCEDURE_INOUT_TYPE );

}
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if (size = NULL)
{
if(name !'= NULL)
check_type_size(name,size);

ptr -> array_size = atol(size);
ptr -> out_rank = proc_out_rank;
ptr -> array = arlochead,;

if ((proc_outhead == proc_outail) && (proc_ out_rank == 1))
proc_outhead = ptr;
else

proc_outail -> next = ptr;

proc_outail = ptr;
proc_outail -> next = NULL;

initialize_localvar(ARRAY);
out_index = 0;
proc_out_rank++;

}
return proc_outail;
}
/Il put_local_sym
localvar_list *put_local_sym(char *name, char *size )
{
localvar_list *ptr;
ptr = (localvar_list *)malloc(sizeof(localvar_| ist));
ptr -> varname = (char *)malloc((strlen(name)+1 ) * sizeof(char));
ptr -> vartype = (char *)malloc((strlen(LOCALVA R_TYPE)+1) *

sizeof(char));

if ((ptr == NULL)||(ptr -> varname == NULL)||(p tr -> vartype == NULL))
{
fprintf(stderr,"\nError: Memory Allocation: At function
put_local_sym().\n");
exit(-1);
}
if (name != NULL)
{
strepy(ptr -> varname, name);
}
if LOCALVAR_TYPE != NULL)
{
strepy(ptr -> vartype, LOCALVAR_TYPE);
}

if (size != NULL)
{
if(name '= NULL)
check_type_size(name,size);

ptr -> array_size = atol(size);

ptr -> lv_rank = Iv_rank;
ptr -> array = arlochead,;
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if ((Ihead == ltail) && (Iv_rank == 1))
Ihead = ptr;

else
ltail -> next = ptr;

Itail = ptr;
Itail -> next = NULL;

initialize_localvar(ARRAY);
Iv_index = 0;
Iv_rank++;

}

return ltail;

}

/I put_Iv_array values
init_array *put_Iv_array_values(char *value, char w hat)

{
init_array *ptr;
ptr = (init_array *)malloc(sizeof(init_array));

if (ptr == NULL)

{
fprintf(stderr,"\nError: Memory Allocation: At function
put_lv_array_values().\n");
exit(-1);

}

if (atol(value) < INT_MAX && atol(value) > INT_ MIN)

ptr -> value = atol(value);
else if (atol(value) <= INT_MIN)

{
fprintf(stderr,"\nError: The value %s is | ess than INT_MIN =
%d.\n", value, INT_MIN);
exit(-1);
}
else
{
fprintf(stderr,"\nError: The value %s is gr eater than INT_MAX =
%d.\n", value, INT_MAX);
exit(-1);
}
switch (what)
{
case 'i"
ptr -> index = in_index;
break;
case '0":
ptr -> index = out_index;
break;
case 'I':
ptr -> index = Iv_index;
break;
}
if ((arlochead == arloctail) && (((lv_index == 0)&&(what =="1) ||
((in_index == 0)&&(what == "I")) || ((out_index == 0)&&(what =="0")))
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{
free(arlochead);
arlochead = ptr;

}

else
arloctail -> next = ptr;

arloctail = ptr;
arloctail -> next = NULL;

switch (what)
{
case'i":
in_index++;
break;
case '0":
out_index++;
break;
case 'l
Iv_index++;
break;
}

return arloctail;

}

/I create_Iv_range_list
range_loc *create_Iv_range_list(char *procedure_nam e, char *exist_Iv)
{

proc_in_rank = 1;

proc_out_rank = 1;

range_loc *ptr;
ptr = (range_loc *)malloc(sizeof(range_loc));
if (ptr == NULL)

{
fprintf(stderr,"\nError: Memory Allocation: At function
create_Iv_range_list().\n");
exit(-1);

}

ptr -> procname = (char *)malloc((strlen(proced ure_name)+1) *

sizeof(char));
strcpy(ptr -> procname, procedure_name);

if (strcmp(exist_Iv,"yes") == 0)
{

ptr -> Iv_list = Ihead;

ptr -> Iv_list_rank = Iv_list_rank;
}

else

{
ptr -> Iv_list = NULL;
ptr -> Iv_list_rank = 0;
}
ptr -> pinarg = proc_inhead;
ptr -> poutarg = proc_outhead;

if ((range_tail == range_head) && (Iv_list_rank ==1))
{

free(range_head);
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range_head = ptr;
}
else
range_tail -> next = ptr;

range_tail = ptr;
range_tail -> next = NULL,;

Iv_list_rank++;

Iv_rank = 1;
initialize_localvar(HEAD_LOC);
return range_tail;

}

/I analyze_token_array
long analyze_token_array(char *token, char kind_of _ var)
{

char *array_name = NULL, *array_size = NULL;

char *temp_value = NULL;

unsigned long temp_size = 0;

inti=0,j=0;
array_name = malloc((strlen(token)+1) * sizeof( char));
array_size = malloc((strlen(token)+1) * sizeof( char));
if ((array_name == NULL) || (array_size == NULL )
{
fprintf(stderr,"\nError: Memory Allocation: At function
analyze_token_array().\n");
exit(-1);
}
if ((strchr(token,{") '= NULL) && (strchr(toke n,'’}) I= NULL))
{

/lcopy array name
while(token[j] != [
{

array_namel[i++] = token[j++];

}

array_nameJi] = "\0';

llcopy array size

j++
i=0;
while(token[j] =T
{
array_size[i++] = token[j++];
}

array_size[i] = "\0';

/l Eatup '="and '{’
/INac lex RE at line: 73

j=j+3;
temp_value = (char *)malloc((strlen(token)+ 1) * sizeof(char));
if ((array_name == NULL) || (array_size == NULL))
{
fprintf(stderr,"\nError: Memory Allocat ion: At function
analyze_token_array().\n");
exit(-1);
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}

i=0;
while(token[j] !="})
{

temp_value[i++] = token[j++];
if ((token[j] ==",") || (token[j] =="
{

temp_value[i] = \0";

if (kind_of_var =='g’)

put_gv_array_values(temp_value)

else
put_lv_array_values(temp_value,
i=0;
if (token[j] ==",)
jt+;
else
break;
}
}
}
else if ((strchr(token,') != NULL) && (strchr
{
/lcopy array name
while(token[j] =)
{
array_namel[i++] = token[j++];
}
array_nameJi] = "\0';
llcopy array size
j++;
i=0;
while(token[j] =)
{
array_size[i++] = token[j++];
}
array_size[i] = "\0";
temp_size = atol(array_size);
if (kind_of_var =="'g’)
{
for(i=0;i<temp_size;i++)
{
put_gv_array_values("0");
}
}
else if((kind_of_var==")||(kind_of_var=="'
{
for(i=0;i<temp_size;i++)
{
put_lv_array_values("0",kind_of var
}
}
}
else
{

strcpy(array_name, token);
strcpy(array_size, "1");
if (kind_of_var =="'g’)
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put_gv_array_values("0");
else if((kind_of_var==")||(kind_of_var=="' i"||(kind_of_var=="0"))
put_Ilv_array_values("0",kind_of var);
}
if (kind_of_var =='g")
put_global_sym(array_name, array_size);

else if (kind_of_var ==")
put_local_sym(array_name, array_size);
else if (kind_of_var =="")

put_proc_in_args(array_name, array_size);
else if (kind_of_var =="0")

put_proc_out_args(array_name, array_size);
return O;

Il value
/I H ouv&ptnon auth esmilotpéesl Tn dLeUOUVON INC TLUAC ULAC UETARANTAC

/I mou avalntoUue. ApXLX& €AéyXOL TLC TOHLKEC PETARANTEC KUL OTIN OUVEXE L

/I T1¢ xaBoALKEC.
int *value(char *procname, char *varname, unsigned long index)

{

range_loc *ptr_head;
ptr_head = range_head,;
globalvar_list *ptr_head_gl;
ptr_head_gl = ghead;

localvar_list *ptr_list;
proc_inarg *ptr_list_in;
proc_outarg *ptr_list_out;

unsigned long loops=0;

while (ptr_head != NULL)

{
ptr_list = ptr_head -> Iv_list;
ptr_list_in = ptr_head -> pinarg;
ptr_list_out = ptr_head -> poutarg;

if(strcmp(procname, ptr_head -> procname) == 0)
{
while(ptr_list I=NULL && ptr_list -> Ilv_ rank != 0)
{
if(strcmp(varname, ptr_list -> varna me) == 0)
{

if(index <= ptr_list -> array_si ze)

{
while (loops < index)
{

ptr_list -> array = ptr _list -> array -> next;
loops++;

}
return &ptr_list -> array - > value;

}

else

{
fprintf(stderr,"\nError: Ind ex out of bounds: At
function value().\n");
exit(-1);

}
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}
ptr_list = ptr_list -> next;
}
loops = 0;
while(ptr_list_in = NULL && ptr_list_in
{
if(strcmp(varname, ptr_list_in -> va
{
if(index <= ptr_list_in -> array
{
while (loops < index)
{
ptr_list_in->array=ptr_|
loops++;
}
return &ptr_list_in -> arra
}
else
{
fprintf(stderr,"\nError: Ind
function value().\n");
exit(-1);
}
}
ptr_list_in = ptr_list_in -> next;
}
loops = 0;
while(ptr_list_out '= NULL && ptr_list_o
{
if(strcmp(varname, ptr_list_out -> v
{
if(index <= ptr_list_out -> arra
{
while (loops < index)
{
ptr_list_out->array=ptr_
loops++;
}
return &ptr_list_out -> arr
}
else
{
fprintf(stderr,"\nError: Ind
function value().\n");
exit(-1);
}
}
ptr_list_out = ptr_list_out -> next;
}
}
ptr_head = ptr_head -> next;
}
loops = 0;
while (ptr_head_gl '= NULL && ptr_head_gl -> gv_
{
if(strcmp(varname, ptr_head_gl -> varname)
{
if(index <= ptr_head_gl -> array_size)
{
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while (loops < index)

{
ptr_head_gl -> array = ptr_head _gl-> array -> next;
loops++;
}
return &ptr_head_gl->array -> value ;
}
}
ptr_head_gl = ptr_head_gl -> next;
}
fprintf(stderr,"\nError: Variable [%s] is undefi ned.\n",varname);
exit(-1);
}

2ehida 101 amo 160



/*

* Filename: stack_mac_nac.h

* Purpose : Top-level header file of the stack str
useful functions on it.

* Author : Angelos Kanatsos (C) 2011

* Date :05-Oct-2011

*/

#ifndef STACK_MAC_NAC_H
#define STACK_MAC_NAC_H

#include "sym_tab_nac.h"
#include "fetch_execute_cycle.h"
#include <stdlib.h>

#define ALL 1

#define IN_OUT 2

#define TRUE 1

#define FALSE 2

char *CUR_PROC_NAME = NULL;
char *CUR_LABEL_NAME = NULL;
char *OPERATION = NULL;

char *(EMPTY = "Empty";

char PCALL ='0";

char *PREVIOUS_PROC_NAME = NULL;
unsigned short times = 0, procedure_changed = 0;
unsigned short first_time;

extern char *NAC_FILE_NAME, *INPUT_DATA_FNAME;
static unsigned int ctr = 0;

struct in_arguments {
char *arg;
unsigned int inrank;
struct in_arguments *next;
3
typedef struct in_arguments inarg;
inarg *inhead,*intail;

struct out_arguments {
char *arg;
unsigned int outrank;
struct out_arguments *next;
I3
typedef struct out_arguments outarg;
outarg *outhead,*outail;

struct instructions {

ucture and more other
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char *op;

inarg *in;

outarg *out;

char *procname; // To évoua tng dLadikaocioag otnv omola” avixrel" 1n €VIOAR
char *label; // H stixéta" péoa" otnv omolo BplokeTal 1 €VIOAR

char pcall;  //0 -> nac, 1 -> pcall

unsigned int rank;
struct instructions *next;
struct instructions *previous;
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typedef struct instructions instruction;
instruction *head ,*tail;

unsigned int outrank = 1, inrank = 1; // NIAfBo¢ oplop&twyv eviodng (output
list) <= operation (input list)
unsigned int rank = 1; 1 [IARBOC €VTOAOV OTn OTo{Ra Unyxavic

struct stack_address_for_labels{
char *label_name;
instruction *address;

struct stack_address_for_labels *next;
h
typedef struct stack_address_for_labels label_addre ss;
label_address *la_head, *la_tail;
/I H doun proc_lab amoteAel pLa” éEunvn" dourn mou AsglToupyEl
/I xatoAUT LXK& OTn ypPHRyoEn KoL QIOTEALOUNT LKY £KTEAEON TV jmpzz instructions!
struct procedure_labels{

char *proc_name;

label_address *la;

struct procedure_labels *next;
I3
typedef struct procedure_labels proc_lab;
proc_lab *pl_head, *pl_talil;

/I B dour proc_list nmepléxel oeg k&Bes xbéuPo mAnpogopleg ( dLevBuvon otolpac,
/I mAfRBoc oplop&twv (in-out)) via x&Oe procedure Tou mpoypduupatoc. Etol OTav
/I oto fetch_execute_cycle é¢yxoune KAQon dladlkacioag ouUuTh n doun Ba pag

petoBaivoupe” xol va" emiotpéeouns” ypAyopa OTn OWOTH
/I 31e06uvon tnc otolBac.
struct proc_list{

char *procname;

instruction *address;

unsigned short mass_of_in_args;

unsigned short mass_of_out_args;

/I Bond&eL va'

struct proc_list *next;
h
typedef struct proc_list proc_list_acc;
proc_list_acc *proc_head, *proc_tail;

/I B doun call_list nepléxel oeg x&Oe xbé6uPo tn dLevbuvon tng otoipag ANO tnv
/l omola vivetal n xAfon tnc dladlkaoliag, oAA& xal Tn dLeUBuvon tng otolipac
/I otnv omola petafaivel n pof tou mpoypduupatoc. Enmiong mepléxel To O6voua In¢
/lprocedure amd Tnv omola viveTtal n KAHOn kol 1o 6voua Inc procedure ou
Il xodeltol
struct call_list{

instruction *from_address;

instruction *to_address;

char *from_procedure;

char *to_procedure;

struct call_list *next;
struct call_list *previous;
I3
typedef struct call_list clist;
clist *clist_head,*clist_tail;
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/l'initialize_call_list
void initialize_call_list()
{
clist_head = clist_tail = (clist *)malloc(sizeo f(clist));
clist_head -> from_address = NULL;
clist_head ->to_address = NULL;
clist_head -> from_procedure = NULL;
clist_head ->to_procedure = NULL;
first_time = 1;

if (clist_head == NULL)
{
fprintf(stderr,"\nError: Memory Allocation: Can not initialize
call_list.\n");
exit(-1);
}
}

// do_call
int do_call(instruction *from_address, instruction *to_address, char *from,
char *to)
{
clist *ptr;
ptr = (clist *)malloc(sizeof(clist));
if (ptr == NULL)

{
fprintf(stderr,"\nError: Memory Allocat ion: At function
do_call()\n");
exit(-1);
}
ptr -> from_procedure = (char *)malloc(strlen(f rom)*sizeof(char));
ptr -> to_procedure = (char *)malloc(strlen(to) *sizeof(char));

ptr -> from_address = from_address;
ptr -> to_address = to_address;
strepy(ptr -> from_procedure,from);
strepy(ptr -> to_procedure,to);

if (first_time == 1)

{
free(clist_head);
clist_head = ptr;
first_time = 0;

}

else

{
clist_tail -> next = ptr;
ptr -> previous = clist_tail;

}

clist_tail = ptr;
clist_tail -> next = NULL;
return O;

}

proc_list_acc *find_address(char *procname)

{
proc_list_acc *ph;
ph = proc_head;
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while (ph != NULL)
{
if(strcmp(ph->procname, procname) == 0)
return ph;

ph = ph -> next;
}
return NULL,

}

/I read_data_from_file
int read_data_from_file(FILE *ptr_to_file)
{
int counter, in_args_rank = 0, out_args_rank =0 ;
ina *ptr_in = NULL;
outa *ptr_out = NULL;
file *ptr_file = NULL;

int file_value = 0;
unsigned long lines = 1;

while(!feof(ptr_to_file))

{
counter = 0;
in_args_rank = 0;
I Ene1df n&vita otn YovLlkh mepvdve To dedopéva amd 1o apxelo
while(counter < proc_head -> mass_of_in_arg S)
{
ptr_in = (ina *)malloc(sizeof(ina));
if (ptr_in == NULL)
{
fprintf(stderr,"\nError: Memory All ocation: Can not read
from file the input arguments.\n");
exit(-1);
}
if(fscanf(ptr_to_file, "%x", &file_valu e)!l=1)
{
break;
}
in_args_rank++;
ptr_in ->in_arg_value = file_value;
ptr_in ->in_arg_rank = in_args_rank;
if (counter ==0)
{
in_args_head = ptr_in;
}
else
in_args_tail -> next = ptr_in;
in_args_tail = ptr_in;
in_args_tail -> next = NULL;
counter++;
}
counter = 0;
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out_args_rank = 0;
while(counter < proc_head -> mass_of_out_arg S)
{

ptr_out = (outa *)malloc(sizeof(outa));

if (ptr_out == NULL)

{ fprintf(stderr,"\nError: Memory All ocation: Can not read
from file the output arguments.\n") ;
exit(-1);

}

if(fscanf(ptr_to_file, "%x", &file_valu e)!=1)

{
break;

}

out_args_rank++;

ptr_out -> out_arg_value = file_value;
ptr_out -> out_arg_rank = out_args_rank ;

if (counter ==0)
{
out_args_head = ptr_out;
}
else
out_args_tail -> next = ptr_out;

out_args_tail = ptr_out;
out_args_tail -> next = NULL;
counter++;

}

ptr_file = (file *)malloc(sizeof(file));
if (ptr_in == NULL)

{
fprintf(stderr,"\nError: Memory All ocation: Can not read
from file the input arguments.\n");
exit(-1);

}

ptr_file ->in = in_args_head;
ptr_file -> out = out_args_head;
ptr_file -> number_of_lines = lines;

if(file_head == NULL)

{
file_head = ptr_file;

}

else
file_tail -> next = ptr_file;

file_tail = ptr_file;
file_tail -> next = NULL;

lines++;

}

return O;

}
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/I create_proc_list

int create_proc_list(void)

{
instruction *ptr;
proc_list_acc *temp;
range_loc *temp_rl;
proc_inarg *temp_ina;
proc_outarg *temp_outa;

ptr = head;
proc_head = proc_tail = NULL;
temp_rl = range_head;

char *procedure;

procedure = NULL;

short flag = 0;

unsigned int mass_of_in_args = 0, mass_of _out_a rgs = 0;

while(ptr '= NULL)

{
temp = (proc_list_acc *)malloc(sizeof(proc__ list_acc));
if (temp == NULL)
{
fprintf(stderr,"\nError: Memory Allocat ion: At function
create_proc_list()\n");
exit(-1);
}
if(flag == 0 && ptr -> procname != NULL)
{
procedure = (char *)malloc(sizeof(char) *strlen(ptr ->
procname));
if (procedure == NULL)
{
fprintf(stderr,"\nError: Memory All ocation: At function
create_proc_list()\n");
exit(-1);
}

strcpy(procedure,ptr -> procname);

temp_ina = temp_rl -> pinarg;
while (temp_ina !'= NULL)
{
mass_of_in_args++;
temp_ina = temp_ina -> next;

}

temp_outa = temp_rl -> poutarg;
while (temp_outa != NULL)
{
mass_of_out_args++;
temp_outa = temp_outa -> next;

}

temp -> procname = (char *)malloc(strle n(ptr -> procname) *
sizeof(char));

strcpy(temp -> procname, ptr -> procnam e);

temp -> address = ptr;

temp -> mass_of_in_args = mass_of_in_ar gs;
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temp -> mass_of_out_args = mass_of_out_ args;

mass_of_in_args = mass_of _out_args = 0;
temp_rl = temp_rl -> next;

if (proc_head == NULL)

{
proc_head = temp;
}
else
{
proc_tail -> next = temp;
}

proc_tail = temp;
proc_tail -> next = NULL;

flag = 1;
}

if (strcmp(procedure,ptr->procname) != 0)

{
procedure = (char *)malloc(sizeof(char) *strlen(ptr->procname));
strcpy(procedure,ptr->procname);

temp_ina = temp_rl -> pinarg;
while (temp_ina != NULL)
{
mass_of_in_args++;
temp_ina = temp_ina -> next;

}

temp_outa = temp_rl -> poutarg;
while (temp_outa != NULL)
{
mass_of_out_args++;
temp_outa = temp_outa -> next;

}

temp -> procname = (char *)malloc(strle n(ptr -> procname) *
sizeof(char));

strcpy(temp -> prochame, ptr -> procnam e);

temp -> address = ptr;

temp -> mass_of_in_args = mass_of_in_ar gs;

temp -> mass_of_out_args = mass_of_out_ args;

mass_of_in_args = mass_of _out_args = 0;
temp_rl = temp_rl -> next;

if (oroc_head == NULL)
{

proc_head = temp;

}

else

{
proc_tail -> next = temp;

}
proc_tail = temp;
proc_tail -> next = NULL;
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ptr = ptr -> next;
}

return O;

}

/l free_nacsim
void free_nacsim(void)
{
instruction *tmp;
inarg *tmpin;
outarg *tmpout;

globalvar_list *tmpgv;
init_array  *tmpar, *tmpinitar;

localvar_list *tmpll;
proc_inarg *tmpinarg;
proc_outarg *tmpoutarg;
range_loc *tmprl;

proc_lab *pltmp;
label_address *tmpla;

proc_list_acc *platmp;
clist *cltmp;

file *f;
ina *in;
outa *out;

while(file_head != NULL)
{
while (file_head -> in = NULL)
{
in = file_head -> in -> next;
free(file_head -> in);
file_head ->in =in;
}
while (file_head -> out != NULL)
{
out = file_head -> out -> next;
free(file_head -> out);
file_head -> out = out;
}
f = file_head -> next;
free(file_head);
file_head = f;
}

while (head !'= NULL)
{
while (head -> in = NULL)
{
tmpin = head -> in -> next;
free(head -> in);
head -> in = tmpin;
}
while (head -> out != NULL)

{
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tmpout = head -> out -> next;
free(head -> out);
head -> out = tmpout;

}

tmp = head -> next;

free(head);

head = tmp;

}

while (proc_head != NULL)

{
platmp = proc_head -> next;
free(proc_head);
proc_head = platmp;

}

while (clist_head !'= NULL)

{
cltmp = clist_head -> next;
free(clist_head);
clist_head = cltmp;

}

while (ghead '= NULL)
{
while (ghead -> array != NULL)
{
tmpar = ghead -> array -> next;
free(ghead -> array);
ghead -> array = tmpar;
}
tmpgv = ghead -> next;
free(ghead);
ghead = tmpgy;
}

while (pl_head !'= NULL)
{
while (pl_head -> la != NULL)
{
tmpla = pl_head -> la -> next;
free(pl_head -> la);
pl_head -> la = tmpla;
}
pltmp = pl_head -> next;
free(pl_head);
pl_head = pltmp;
}

while (range_head != NULL)
{
while (range_head -> Iv_list != NULL)
{
while (range_head -> Iv_list -> array ! = NULL)
{
tmpinitar = range_head -> Iv_list - > array-> next;
free(range_head -> Iv_list -> array );
range_head -> Iv_list -> array = tm pinitar;

}
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tmpll = range_head -> Iv_list -> next;
free(range_head -> Iv_list);
range_head -> Iv_list = tmpll;

}
while (range_head -> pinarg !'= NULL)
{
while (range_head -> pinarg -> array = NULL)
{
tmpinitar = range_head -> pinarg -> array-> next;
free(range_head -> pinarg -> array) ;
range_head -> pinarg -> array = tmp initar;
}

tmpinarg = range_head -> pinarg -> next
free(range_head -> pinarg);
range_head -> pinarg = tmpinarg;

}
while (range_head -> poutarg !'= NULL)
{
while (range_head -> poutarg -> array ! = NULL)
{
tmpinitar = range_head -> poutarg - > array-> next;
free(range_head -> poutarg -> array );
range_head -> poutarg -> array = tm pinitar;
}
tmpoutarg = range_head -> poutarg -> ne xt;

free(range_head -> poutarg);
range_head -> poutarg = tmpoutarg;

}

tmprl = range_head -> next;

free(range_head);

range_head = tmprl;

}
}

/I terminate
void terminate(void)
{
fprintf(stdout,"\n\n Hiéote 1o Enter via va xAgloel n goappoyn...\n");
if(getchar() == "\r\n")
{
free_nacsim();
exit(1);
}
}

// initialize_stack
void initialize_stack(short what)
{
intail = inhead = ((inarg *)malloc(sizeof(inarg N);
inhead -> arg = NULL;
inhead -> inrank = 0;
inhead -> next = NULL;

outail = outhead = ((outarg *)malloc(sizeof(out arg)));
outhead -> arg = NULL;

outhead -> outrank = 0;

outhead -> next = NULL;

inrank = 1;
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}

outrank = 1;

if (what == ALL)
{
tail = head = ((instruction *)malloc(sizeof
head -> op = NULL;
head ->in = NULL;
head -> out = NULL;
head -> procname = NULL,;
head -> label = NULL;
head -> pcall ='0';
head ->rank = 0;

rank = 1;

}

if (((inhead == NULL) && (outhead == NULL)) ||

{

fprintf(stderr,"Error: Memory Allocation: C
stack.");
terminate();

}

/I gen_inarg_list
inarg *gen_inarg_list(char *arg)

{

}

inarg *ptr;
ptr = (inarg *)malloc(sizeof(inarg));
ptr -> arg = (char *)malloc(strlen(arg)+1);
if((ptr == NULL) || (ptr -> arg == NULL))
{
fprintf(stderr,"Error: Memory Allocation: A
gen_inarg_list().");
terminate();
}
strcpy(ptr -> arg, arg);
ptr -> inrank = inrank;
ptr -> next = NULL;

if ((inhead == intail) && (inrank == 1))

{
free(inhead);
inhead = ptr;
}
else

intail -> next = ptr;

intail = ptr;
intail -> next = NULL;

inrank++;
return intail;

/I gen_outarg_list
outarg *gen_outarg_list(char *arg)

{

outarg *ptr;
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ptr = (outarg *)malloc(sizeof(outarg));

ptr -> arg = (char *)malloc(strlen(arg)+1);

if((ptr == NULL) || (ptr -> arg == NULL))

{
fprintf(stderr,"Error: Memory Allocation: A t function
gen_outarg_list().");
terminate();

}

strcpy(ptr->arg,arg);

ptr -> outrank = outrank;

if ((outhead == outail) && (outrank == 1))

{
free(outhead);
outhead = ptr;
}
else

outail -> next = ptr;

outail = ptr;
outail -> next = NULL;

outrank++;
return outail;

}

/I gen_stack
instruction *gen_stack(void)
{
instruction *ptr;
ptr = (instruction *)malloc(sizeof(instruction) );
if(ptr == NULL)
{
fprintf(stderr,"Error: Memory Allocation: A t function
gen_stack().");
terminate();

}

if (OPERATION != NULL)
{
ptr -> op = (char *)malloc(sizeof(OPERATION );
if(ptr -> op == NULL)
{
fprintf(stderr,"Error: Memory Allocatio n: At function
gen_stack().");
terminate();
}
if (PCALL =="0")
{
if (check_nac_statement(OPERATION) == )
strepy(ptr -> op, OPERATION);
else if (check_nac_statement(OPERATION) ==2)
{
fprintf(stderr,"\nError: This versi on does not support
operation: [%s]\n",OPERATION);
exit(-1);
}

else

{
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fprintf(stderr,"\nError: Unknown op eration:
[%s]\n",OPERATION);
exit(-1);
}
}

else
strcpy(ptr -> op, OPERATION);
}
else
{
ptr -> op = (char *)malloc(sizeof(EMPTY));
strepy(ptr -> op, EMPTY);
}
ptr -> in = inhead;
ptr -> out = outhead,;

if (CUR_PROC_NAME != NULL)
{
ptr -> procname = (char *)malloc(sizeof(CUR _PROC_NAME));
if(ptr -> procname == NULL)
{
fprintf(stderr,"Error: Memory Allocatio n: At function
gen_stack().");
terminate();
}
strepy(ptr -> procname, CUR_PROC_NAME);
}
else
{
ptr -> procname = (char *)malloc(sizeof(EMP TY));
strepy(ptr -> procname, EMPTY);

}

if (CUR_LABEL_NAME != NULL)
{
ptr -> label = (char *)malloc(sizeof(CUR_LA BEL_NAME));
if(ptr -> label == NULL)
{
fprintf(stderr,"Error: Memory Allocatio n: At function
gen_stack().");
terminate();
}
strcpy(ptr -> label, CUR_LABEL_NAME);
}
else
{
ptr -> label = (char *)malloc(sizeof(EMPTY) );
strcpy(ptr -> label, EMPTY);
}
ptr -> pcall = PCALL;
ptr -> rank = rank;

if (head == tail) && (rank == 1))
head = ptr;

else

{
tail -> next = ptr;
ptr -> previous = tail;

}
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}

tail = ptr;
tail -> next = NULL;

if (CUR_PROC_NAME != NULL && CUR_LABEL_NAME !=
gen_list_acc_stack_labels(strdup(CUR_PR
strdup(CUR_LABEL_NAME), ptr);

initialize_stack(IN_OUT);
PCALL ='0"

rank++;

return tail;

/I gen_list_acc_stack_labels
int gen_list_acc_stack_labels(char *procname, char
*address)

{

proc_lab *ptr;
label_address *ptr2;
label_address *la_tmp;

if (times == 0)

{
PREVIOUS_PROC_NAME = (char *)malloc((strlen
(char));
strepy(PREVIOUS_PROC_NAME, procname);
times = 1,

}

else

{
if (strcmp(PREVIOUS_PROC_NAME, prochame) ==

{
la_tmp = la_head;
while (la_tmp !'= NULL)
{
if (strcmp(la_tmp -> label_name, la
return O;
la_tmp = la_tmp -> next;
}
procedure_changed = 0;
}
else
{
strcpy(PREVIOUS_PROC_NAME, procname);
procedure_changed = 1;
}
}
ptr = (proc_lab *)malloc(sizeof(proc_lab));
ptr2 = (label_address *)malloc(sizeof(label_add
ptr -> proc_name = (char *)malloc((strlen(procn
ptr2 -> label_name=(char *)malloc((strlen(label

if((ptr==NULL)||(ptr->proc_name==NULL)||(ptr2->

{
fprintf(stderr,"\nError: Memory Allocation:
gen_list_acc_stack_labels()\n\n");
exit(-1);

}
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if (orocname !'= NULL && labelname != NULL)

{
strepy(ptr -> proc_name, prochame);
strepy(ptr2 -> label_name, labelname);
ptr2 -> address = address;
if (ctr == 0)
{
pl_head = ptr;
pl_tail = ptr;
la_head = ptr2;
la_tail = ptr2;
pl_head -> la = la_head,;
la_head -> next = NULL,;
pl_head -> next = NULL,;
ctr=1,
}
if (procedure_changed == 0)
{
la_tail -> next = ptr2;
la_tail = ptr2;
la_tail -> next = NULL;
}
if (procedure_changed == 1)
{
pl_tail -> next = ptr;
pl_tail = ptr;
pl_tail -> next = NULL;
la_head = ptr2;
la_tail = ptr2;
pl_tail -> la = la_head;;
la_head -> next = NULL;
}
}
return O;

}

/I copy_proc_in_args
/I H ouvé&ptnon auth xpnolupomoLelTal OTLC KAHOELG SLAdSLKACLOV YL Tnv
Il ovtiypoer Tov Tiudv tevinput  tipdv (PASS BY VALUE!N!)
int copy_proc_in_args(char *from_proc, char *to_pro ¢, inarg *stack_in_args)
{

range_loc *rlptr;

rlptr = range_head,;

proc_inarg *from_inptr = NULL, *from_inptr_help = NULL, *to_inptr = NULL,
*to_inptr_help = NULL;
localvar_list *from_lvptr = NULL, *from_lvptr_hel p = NULL;

inarg *ptr_inarg;
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ptr_inarg = stack_in_args;

globalvar_list *glptr;
glptr = ghead;

short found = 0;
unsigned long counter = 0;

init_array *tmp_to=NULL, *tmp_from=NULL,;

if (strcmp(from_proc,to_proc) != 0)

{

}

while(rlptr '= NULL)
{
if (strcmp(from_proc,riptr -> procname) =
{
from_lvptr_help = from_lvptr = rlptr
from_inptr_help = from_inptr = rlptr
}
if (strcmp(to_proc,riptr -> procname) ==
{
to_inptr_help = to_inptr = rlptr ->
}
rlptr = rlptr -> next;
}
if (to_inptr == NULL)
{
fprintf(stderr,"\nError: Procedure [%0s]
to_proc);
exit(-1);
}
while (to_inptr -> next = NULL)
{
to_inptr = to_inptr -> next;
}

while (ptr_inarg -> next != NULL)
{
ptr_inarg = ptr_inarg -> next;

}

if(to_inptr -> in_rank != ptr_inarg -> inrank
{
fprintf(stderr,"\nError: Different mass o
call: [%s].\n\n", to_proc);
exit(-1);
}

to_inptr = to_inptr_help;
ptr_inarg = stack_in_args;

else

{

}

fprintf(stderr,"\nError: Nac Virtual Machine
Recursion.\n");
exit(-1);
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while(ptr_inarg !'= NULL)

{

from_lvptr = from_Ivptr_help;
while (from_lvptr != NULL)
{
if(stremp(from_lvptr -> varname,ptr_inarg -> arg) == 0)
{
if(from_lvptr -> array_size == to_inpt r-> array_size)
{
found = 1;
tmp_to = to_inptr -> array;
tmp_from = from_lvptr -> array;
while(1)
{
tmp_to -> index = tmp_from -> index;
tmp_to -> value = tmp_from -> value;
tmp_from = tmp_from -> next;
tmp_to = tmp_to -> next;
counter++;
if (counter == from_lvptr->arr ay_size)
{
counter = 0;
break;
}
}
to_inptr = to_inptr -> next;
}
else
{
fprintf(stderr,"\nError: Variable s [%s] and [%s] have
different array size at call: [%s ]-\n",from_lvptr ->
varname,to_inptr -> varname,to_pr oc);
exit(-1);
}
}
from_lvptr = from_lvptr -> next;

}

I Auf&vouue 1 Taxuintoa tou NacVM.
1 As ypeldletol vo gAéyEel To MOUPOKATW.
if(found == 1)
{
ptr_inarg = ptr_inarg -> next;
found = 0;
continue;

}

from_inptr = from_inptr_help;
while (from_inptr '= NULL)

{
if(stremp(from_inptr->varname,ptr_inarg->a rg) == 0)
{
if(from_inptr->array_size == to_inptr- >array_size)
{
found = 1;

tmp_to = to_inptr -> array;
tmp_from = from_inptr -> array;
while(1)

{
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tmp_to -> index = tmp_from -> index;
tmp_to -> value = tmp_from -> value;
tmp_from = tmp_from -> next;

tmp_to = tmp_to -> next;

counter++;
if (counter == from_inptr->arr ay_size)
{
counter = 0;
break;
}
}
to_inptr = to_inptr -> next;
}
else
{
fprintf(stderr,"\nError: Variables [%s] and [%s] have
different array size at call: [%s] An" from_inptr->varname,
to_inptr-> varname,to_proc);
exit(-1);
}
}
from_inptr = from_inptr -> next;
}
I Auf&vouue 1 Taxutntoa tou NacVM.
I Ae xpeldletal va gAéyfel TO TOUPAKAT.
if(found == 1)
{
ptr_inarg = ptr_inarg -> next;
found = 0;
continue;
}
glptr = ghead,;
while (glptr '= NULL)
{
if(strcmp(glptr->varname, ptr_inarg->arg) ==0)
{
found = 1;
if (glptr->array_size == to_inptr->arr ay_size)
{
tmp_to = to_inptr -> array;
tmp_from = glptr -> array;
while(1)
{
tmp_to -> index = tmp_from -> index;
tmp_to -> value = tmp_from -> value;
tmp_from = tmp_from->next;
tmp_to = tmp_to -> next;
counter++;
if (counter == glptr->array_si ze)
{
counter = 0;
break;
}
}
to_inptr = to_inptr -> next;
}
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else
{
fprintf(stderr,"\nError: Variables [%0s] and [%s] have
different array size at call: [%S] An",glptr->varname,
to_inptr->varname,to_proc);
exit(-1);
}
}
glptr = glptr -> next;
}

if(found == 0)
{
fprintf(stderr,"\nError: Variable [%s] at procedure [%s] has not
defined.\n",ptr_inarg->arg,from_proc);
exit(-1);
}
else
found = 0;

ptr_inarg = ptr_inarg -> next;
}

return 1,

}

/I copy_proc_out_args
int copy_proc_out_args(char *from_proc, char *to_pr oc, outarg
*stack_out_args)
{
range_loc *rlptr;
rlptr = range_head;

proc_outarg *from_outptr = NULL, *from_outptr_hel p = NULL, *to_outptr =
NULL, *to_outptr_help = NULL;
localvar_list *to_lvptr = NULL, *to_lvptr_help = NULL;

outarg *ptr_outarg;
ptr_outarg = stack_out_args;

globalvar_list *glptr;
glptr = ghead;

short found = 0;
unsigned long counter = 0;

init_array *tmp_to=NULL,*tmp_from=NULL;

if (stremp(from_proc,to_proc) != 0)

{ while(rlptr '= NULL)
{ if (strcmp(from_proc,rlptr -> procname) = =0)
{ from_outptr_help = from_outptr = rlpt r -> poutarg;
}
if (strcmp(to_proc,riptr -> procname) == 0)
{ to_lvptr_help = to_Ivptr = riptr -> Iv_list;
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to_outptr_help = to_outptr = riptr

]:Iptr = rlptr -> next;
}
while (ptr_outarg -> next != NULL)
{ ptr_outarg = ptr_outarg -> next;
\}Nhile (from_outptr -> next !'= NULL)
{ from_outptr = from_outptr -> next;
}

if(ptr_outarg -> outrank != from_outptr -> ou
{
fprintf(stderr,"\nError: Different mass o
call: [%s].\n\n",from_proc);
exit(-1);
}

ptr_outarg = stack_out_args;
from_outptr = from_outptr_help;
}
else
{
fprintf(stderr,"\nError: Nac Virtual Machine
Recursion.\n");
exit(-1);
}

while(ptr_outarg != NULL)
{
to_lvptr = to_lvptr_help;
while (to_lvptr '= NULL)

{
if(strcmp(to_lvptr -> varname,ptr_outarg -
{
if(to_lvptr -> array_size == from_outp
{
found = 1;

tmp_from = from_outptr -> array;
tmp_to = to_lvptr -> array;
while(1)
{
tmp_to -> index = tmp_from ->
tmp_to -> value = tmp_from ->

tmp_from = tmp_from -> next;
tmp_to = tmp_to -> next;

counter++;
if (counter == to_lvptr -> arr
{
counter = 0;
break;
}
}
from_outptr = from_outptr -> next

}
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else
{
fprintf(stderr,"\nError: Variable s [%s] and [%s] have
different array size at call: [%s ]-\n",to_lvptr->varname,
from_outptr->varname,from_proc);
exit(-1);
}
}
to_lvptr = to_lvptr -> next;
}
I Auf&vouue 1 Taxutnta tou NacVM.
I As ypeldletol va gAéyEel To MOPOKATW.
if(found == 1)
{
ptr_outarg = ptr_outarg -> next;
found = 0;
continue;
}

to_outptr = to_outptr_help;
while (to_outptr '= NULL)
{
if(strcmp(to_outptr -> varname,ptr_outarg ->arg) == 0)
{
if(to_outptr -> array_size == from_out ptr -> array_size)
{
found = 1;
tmp_from = from_outptr -> array;
tmp_to = to_outptr -> array;
while(1)
{
tmp_to -> index = tmp_from -> index;
tmp_to -> value = tmp_from -> value;

tmp_from = tmp_from -> next;
tmp_to = tmp_to -> next;
counter++;
if (counter == from_outptr -> array_size)
{
counter = 0;
break;
}
}
from_outptr = from_outptr -> next;
}
else
{
fprintf(stderr,"\nError: Variables [%s] and [%s] have
different array size at call: [%s] \n";to_outptr->varname,
from_outptr->varname,from_proc);
exit(-1);
}
}
to_outptr = to_outptr -> next;

}

I Aufdvouue 1 taxuinta tou NacVM
I As xpetld&letal va gAéyiel TA TOPAKAT®
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if(found == 1)

{
ptr_outarg = ptr_outarg -> next;
found = 0;
continue;

}

glptr = ghead,;
while (glptr '= NULL)
{
if(strcmp(glptr->varname,ptr_outarg->arg) ==0)
{
found = 1;
if (glptr->array_size == from_outptr-> array_size)
{
tmp_from = from_outptr -> array;
tmp_to = glptr -> array;

while(1)

{
tmp_to -> index = tmp_from -> index;
tmp_to -> value = tmp_from -> value;

tmp_from = tmp_from -> next;
tmp_to = tmp_to -> next;
counter++;
if (counter == glptr->array_si ze)
{
counter = 0;
break;
}
}
from_outptr = from_outptr -> next;
}
else
{
fprintf(stderr,"\nError: Variables [%s] and [%s] have
different array size at call: [%s] An",glptr->varname,
from_outptr->varname,from_proc);
exit(-1);
}
}
glptr = glptr -> next;
}

if(found == 0)
{
fprintf(stderr,"\nError: Variable [%s] at procedure [%s] has not
defined.\n",ptr_outarg->arg,to_proc);
exit(-1);
}
else
found = 0;

ptr_outarg = ptr_outarg -> next;

}

return 1,

}
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/I check_output_value
int check_output_value(int *proc_out_value, int *fi le_out_value, unsigned
long line)
{
short static enter = 0;
unsigned long static temp_line = 0O;

if(enter == 0)
{
fprintf(stdout,"\n**********NacVM RESULTS** k|
\n\nNac Fi le: [%s]\n
Input Data File: [%s]\n\n",NAC_FILE_NAME,IN PUT_DATA_FNAME);
temp_line = ling;
}
if((*proc_out_value == *file_out_value) && (ent er ==0))
{
fprintf(stdout,"\n%lId: Correct",line);
enter=1;
return O;
}
if((*proc_out_value = *file_out_value) && (ent er ==0))
{
fprintf(stdout,"\n%Id: Wrong[%x]",line,*pro c_out_value);
enter=1;
return O;
}
if(temp_line !=line)
{
if(*proc_out_value == *file_out_value)
{
fprintf(stdout,"\n%lId: Correct”,line);
temp_line = line;
}
if(*proc_out_value != *file_out_value)
{
fprintf(stdout,"\n%Id: Wrong[%x]",line, *proc_out_value);
temp_line = line;
}
}
else
{
if (*proc_out_value == *file_out_value)
fprintf(stdout,” Correct");
else
fprintf(stdout,” Wrong[%x]",*proc_out_v alue);
}
return O;

}

Il is_number
intis_number (char *str)

{
shortctr=0,is =1, neg =0;
while (str[ctr] !="0")
{
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if (ctr == 0)
{
if (str[ctr] =="-")
{
ctr++;
neg = 1,

if(str[ctr] =="0")
break;
}
}
if(isdigit(str[ctr]) == 0)
{
is=0;
break;
}
ctr++;
}
if (is==1 && neg == 0)
return strtol(str, (char *)NULL, 10);
else if is== 1 && neg == 1)
{
return (int)strtol(str, (char *)NULL, 10 );
}
else
return INT_MIN;

}

/I fetch_execute_cycle
/IH" xapd1&" tou NacVM
int fetch_execute_cycle()
{
instruction *pc;
range_loc *rl;
rl = range_head,;

inarg *ptr_inarg;
outarg *ptr_outarg;

file *fh;
fh = file_head,;

proc_list_acc *pla;
pla = proc_head;

unsigned long times = 1;
inttemp =0, temp2 = 0;

extern unsigned long _LINES_;

while(fh -> next = NULL)
{
if ((pass_by_value_in(fh->in)) != 0)
{
fprintf(stderr,"\n Unable to pass the i nput values from file:
[%s].\n", INPUT_DATA_FNAME);
exit(-1);
}
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pc = head;
while(1)

{

if (pc == NULL)

{

if (clist_tail -> to_procedure !'= N

{

pc = clist_tail -> from_address
copy_proc_out_args(clist_tail -
procname, pc -> out);

pc = pc -> next;

if (clist_tail == clist_head)

ULL)

> to_procedure, pc ->

clist_tail -> to_procedure = NULL;
else
clist_tail = clist_tail -> previous;
}
1 Av n dlLadixkaclio mou rANONke gival n TeAevutalia ToU
1 apxelou 1oU KOS LKO
else
break;
}
else
{
if((stremp(pc -> procname, head -> procname)!=0) &&
clist_tail->to_procedure == NULL)
{
pc = tail;
break;
}
if (clist_tail -> to_procedure !'= N ULL)
{
if(strcmp(pc -> procname, clist _tail->to_procedure)!= 0)
{
pc = clist_tail -> from_add ress;
copy_proc_out_args(clist_ta il ->to_procedure, pc ->
procname, pc - > out);
pc = pc -> next;
if (clist_tail == clist_hea d)
clist_tail -> to_proced ure = NULL;
else
clist_tail = clist_talil -> previous;
}
}
}

if(pc -> pcall =="'0") //

{

ptr_inarg = pc -> in;
ptr_outarg = pc -> out;

if (strcmp(pc -> op, "nop") == 0)

{
pc = pc -> next;
}
else if (strcmp(pc -> op,"mov") ==
{

if ((temp = is_number(ptr_inarg

{
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0)

->arg)) > INT_MIN)



if((_mov_(value(pc -> procn
arg
else
{
fprintf(stderr,"\nError
[mov] at |
exit(-1);
}
}
else
{
if((_mov_(value(pc -> procn
,value(pc -> procname,ptr_i
else
{
fprintf(stderr,"\nError
[mov] at line: %Id.\n",
exit(-1);
}
}

pc = pc -> next;

}
else if (strcmp(pc -> op,"ldc") ==
{

if ((temp = is_number(ptr_inarg

{

if((_Idc_(value(pc->procnam

else
{
fprintf(stderr,"\nError
[Idc] at
exit(-1);
}
}
else
{
if((_ldc_(value(pc -> proc
,value(pc -> procname,ptr
else
{
fprintf(stderr,"\nError
[ldc] a
exit(-1);
}
}

pc = pc -> next;

}

else if (strcmp (pc -> op, "jmpun”)

{

pc = _jmpun_(ptr_outarg -> arg,

}
else if (strcmp(pc -> op, "jmpeq")
{
if((temp=is_number(ptr_inarg ->
pc = _jmpeq_(ptr_outarg->ar

Yerido 127 and 160

_ Atepunvevtcog [pocopoimtig yia Kepevikn Evdudpeon Avamopdotacn MetayAoTTio)

ame,ptr_outarg ->
,0),&temp)) == 1);

. Failure at statement
ine: %ld.\n",_LINES );

ame,ptr_outarg -> arg,0)
narg -> arg,0))) == 1);

. Failure at statement
_LINES.);

0)
-> arg)) > INT_MIN)
e,ptr_outarg->arg,0),

&temp)) == 1);

: Failure at statement
line: %Ild.\n",_LINES );

name,ptr_outarg -> arg,0)
_inarg -> arg,0))) == 1);

. Failure at statement
tline: %ld.\n",_LINES );

next -> arg)) > INT_MIN)
g,ptr_outarg->next-> arg,



pc -> procname, value(pc->procname,ptr
else
pc = _jmpedq_(ptr_outarg->ar

pc -> procname, value(pc->procname,ptr_inarg -> a

ptr
}
else if (strcmp(pc -> op, "jmpne")
{

if((temp=is_number(ptr_inarg ->
pc = _jmpne_(ptr_outarg->ar
pc -> prochame, value(pc->p

else
pc=_jmpne_(ptr_outarg->arg,
-> procname, value(
arg,0),value(pc->procname,ptr

}
else if (strcmp(pc -> op, "jmplt")
{
if((temp=is_number(ptr_inarg ->
pc=_jmplt_(ptr_outarg->arg,
-> procname, value(pc->procname,ptr
else
pc = _jmplt_(ptr_outarg ->

> arg, pc -> procname, value(pc->procname,ptr_inarg

>prochame,ptr_inarg -> next-> arg,0));

}
else if (strcmp(pc -> op, "jmple™)
{
if((temp=is_number(ptr_inarg ->
pc = _jmple_(ptr_outarg ->

> arg, pc -> procname, value(pc->procname,ptr_inarg

else
pc = _jmple_(ptr_outarg ->

> arg, pc -> procname, value(pc->procname,ptr_inarg

>prochame,ptr_inarg -> next-> arg,0));

}
else if (strcmp(pc -> op, "jmpgt")
{
if((temp=is_number(ptr_inarg ->
pc = _jmpgt_(ptr_outarg ->

> arg, pc -> procname, value(pc->procname,ptr_inarg

else
pc = _jmpgt_(ptr_outarg ->

> arg, pc -> procname, value(pc->procname,ptr_inarg

>prochame,ptr_inarg -> next-> arg,0));

}
else if (strcmp(pc -> op, "jmpge")
{
if((temp=is_number(ptr_inarg ->
pc = _jmpge_(ptr_outarg ->

> arg, pc -> procname, value(pc->procname,ptr_inarg

else
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_inarg -> arg,0), &temp);

g,ptr_outarg->next-> arg,
rg,0),value(pc->procname,
_inarg -> next-> arg,0));

next -> arg)) > INT_MIN)

g,ptr_outarg->next->arg,

rocname,ptr_inarg->arg
,0),&temp);

ptr_outarg->next->arg, pc
pc->procname,ptr_inarg ->
_inarg -> next-> arg,0));

==0)

next -> arg)) > INT_MIN)
ptr_outarg->next->arg, pc
_inarg -> arg,0), &temp);

arg, ptr_outarg -> next -
-> arg,0),value(pc-

next -> arg)) > INT_MIN)
arg, ptr_outarg -> next -

arg, ptr_outarg -> next -
-> arg,0),value(pc-

next -> arg)) > INT_MIN)
arg, ptr_outarg -> next -
-> arg,0), &temp);

arg, ptr_outarg -> next -
-> arg,0),value(pc-

next -> arg)) > INT_MIN)
arg, ptr_outarg -> next -
-> arg,0), &temp);



pc = _jmpge_(ptr_outarg ->

> arg, pc -> prochame, value(pc->procname,ptr_inarg

>prochame,ptr_inarg -> next-> arg,0));

}
else if (strcmp(pc -> op,"add") ==
{
if ((temp = is_number(ptr_inarg
{
if((temp2=is_number(ptr_ina

{
if((_add_(value(pc->pro

else
{
fprintf(stderr,"\nE
statement [add] at |
exit(-1);
}
}
else
{
if((_add_(value(pc -> p
arg,0),&temp,value(pc -> procname,ptr_inarg -> next
else
{
fprintf(stderr,"\nE
statement [add] at line: %Id.\n",_LINES );
exit(-1);
}
}
}
else
{
if((temp2=is_number(ptr_ina
{
if((_add_(value(pc -> p
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nE
statement [add] at line: %Id.\n",_LINES );
exit(-1);
}
}
else
{
if((_add_(value(pc -> p
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next-> arg,0))) == 1);
else
{
fprintf(stderr,"\nE
statement [add] at line: %Id.\n",_LINES );
exit(-1);
}
}
}

pc = pc -> next;
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arg, ptr_outarg -> next -
-> arg,0),value(pc-

0)

->arg)) > INT_MIN)
rg->next->arg))> INT_MIN)
chame,ptr_outarg->arg,0),

&temp,&temp2)) == 1);

rror: Failure at
ine: %ld.\n",_LINES );

rocname,ptr_outarg ->
->arg,0))) == 1);

rror: Failure at

rg->next->arg))>INT_MIN)
rochame,ptr_outarg ->

mp2)) == 1);

rror: Failure at

rocname,ptr_outarg ->
ue(pc ->

rror: Failure at



}

else if (strcmp(pc -> op,"sub") ==

{

if ((temp = is_number(ptr_inarg

{

if((temp2=is_number(ptr_ina

{
if((_sub_(value(pc->pro

else
{
fprintf(stderr,"\nE
statement [sub] at |
exit(-1);
}
}
else
{
if((_sub_(value(pc->pro
0),&temp,value(pc->pro

else

{
fprintf(stderr,"\nE
statement [sub] at
exit(-1);

}

}
}

else

{

if((temp2=is_number(ptr_ina

{
if((_sub_(value(pc -> p
arg,0),value(pc -> pro

else
{
fprintf(stderr,"\nE
statement [sub] at
exit(-1);
}
}
else
{
if((_sub_(value(pc->pro
arg,0),value(pc->procn
0),value(pc -> procnam

else
{
fprintf(stderr,"\nE
statement [sub] at
exit(-1);
}
}
}
pc = pc -> next;

}
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0)
-> arg)) > INT_MIN)
rg->next->arg))>INT_MIN)

cname,ptr_outarg->arg,0),
&temp,&temp2)) == 1);

rror: Failure at
ine: %ld.\n",_LINES );

cname,ptr_outarg->arg,
cname,ptr_inarg->next->
arg,0))) == 1);

rror: Failure at
line: %Id.\n",_LINES );

rg->next->arg))>INT_MIN)

rocname,ptr_outarg ->
cname,ptr_inarg ->
arg,0),&temp?2)) == 1);

rror: Failure at
line: %Id.\n",_LINES );

cname,ptr_outarg->

ame,ptr_inarg->arg,

e,ptr_inarg -> next->
arg,0))) == 1);

rror: Failure at
line: %Ild.\n",_LINES );



else if (strcmp(pc -> op,"seteq") =
{
if ((temp = is_number(ptr_inarg
{
if((temp2=is_number(ptr_ina
{
if((_seteq_(value(pc ->
arg,
else
{
fprintf(stderr,"\nE
statement [seteq] a
exit(-1);
}
}
else
{
if((_seteq_(value(pc->p
0),&temp,value(pc -> procname,ptr_inarg -
else
{
fprintf(stderr,"\nE
statement [seteq] a
exit(-1);
}
}
}
else
{
if((temp2=is_number(ptr_ina
{
if((_seteq_(value(pc ->
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nE
statement [seteq] at line: %Ild.\n",_LINES );
exit(-1);
}
}
else
{
if((_seteq_(value(pc ->
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next-> arg,0))) == 1);
else
{
fprintf(stderr,"\nE
statement [seteq] at line: %Ild.\n",_LINES );
exit(-1);
}
}
}
pc = pc -> next;
}
else if (strcmp(pc -> op,"setne") =
{
if ((temp = is_number(ptr_inarg

{
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=0)
-> arg)) > INT_MIN)
rg->next->arg))>INT_MIN)
procname,ptr_outarg ->

0),&temp,&temp2)) == 1);

rror: Failure at
tline: %ld.\n",_LINES );

rocname,ptr_outarg->arg,
> next -> arg,0))) == 1);

rror: Failure at
tline: %ld.\n",_LINES );

rg->next->arg))> INT_MIN)
procname,ptr_outarg ->

mp2)) == 1);

rror: Failure at

procname,ptr_outarg ->
ue(pc ->

rror: Failure at

=0)

->arg)) > INT_MIN)



if((temp2=is_number(ptr_ina
{
if((_setne_(value(pc ->
arg,0),&temp,&temp2)) == 1);
else
{
fprintf(stderr,"\nE
statement [setne] at line: %Id.\n",_LINES );
exit(-1);
}
}
else
{
if((_setne_(value(pc ->
arg,0),&temp,value(pc -> procname,ptr_inarg -> next
else
{
fprintf(stderr,"\nE
statement [setne] at line: %Ild.\n",_LINES );
exit(-1);
}
}
}
else
{
if((temp2=is_number(ptr_ina
{
if((_setne_(value(pc ->
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nE
statement [setne] at line: %Ild.\n",_LINES );
exit(-1);
}
}
else
{
if((_setne_(value(pc ->
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next-> arg,0))) == 1);
else
{
fprintf(stderr,"\nE
statement [setne] at line: %ld.\n",_LINES );
exit(-1);
}
}
}
pc = pc -> next;
}
else if (strcmp(pc -> op,"setlt") =
{
if ((temp = is_number(ptr_inarg
{
if((temp2=is_number(ptr_ina
{
if((_setlt_(value(pc ->
arg,0),&temp,&temp2)) == 1);
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rg->next->arg))>INT_MIN)

procname,ptr_outarg ->

rror: Failure at

procname,ptr_outarg ->
->arg,0))) == 1);

rror: Failure at

rg->next->arg))>INT_MIN)
procname,ptr_outarg ->

mp2)) == 1),

rror: Failure at

procname,ptr_outarg ->
ue(pc ->

rror: Failure at

= O)
->arg)) > INT_MIN)
rg->next->arg))>INT_MIN)

procname,ptr_outarg ->
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else
{
fprintf(stderr,"\nE
statement [setlt] at line: %Ild.\n",_LINES);
exit(-1);
}
}
else
{
if((_setlt_(value(pc ->
arg,0),&temp,value(pc -> procname,ptr_inarg -> next
else
{
fprintf(stderr,"\nE
statement [setlt] at line: %Ild.\n",_LINES );
exit(-1);
}
}
}
else
{
if((temp2=is_number(ptr_ina
{
if((_setlt_(value(pc ->
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nE
statement [setlt] at line: %Ild.\n",_LINES );
exit(-1);
}
}
else
{
if((_setlt_(value(pc ->
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next-> arg,0))) == 1);
else
{
fprintf(stderr,"\nE
statement [setlt] at line: %Ild.\n",_LINES );

exit(-1);
}
}

}

pc = pc -> next;
}
else if (strcmp(pc -> op,"setle”) =
{

if ((temp = is_number(ptr_inarg

{

if((temp2=is_number(ptr_ina
{
if((_setle_(value(pc ->
arg,0),&temp,&temp2)) == 1);
else
{
fprintf(stderr,"\nE
statement [setle] at line: %ld.\n",_LINES );
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procname,ptr_outarg ->
->arg,0))) == 1);

rror: Failure at

rg->next->arg))>INT_MIN)

procname,ptr_outarg ->
mp2)) == 1);

rror: Failure at

procname,ptr_outarg ->

ue(pc ->

rror: Failure at

=0)
->arg)) > INT_MIN)
rg->next->arg))>INT_MIN)

procname,ptr_outarg ->

rror: Failure at
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exit(-1);
}
}
else
{
if((_setle_(value(pc ->
arg,0),&temp,value(pc -> procname,ptr_inarg -> next
else
{
fprintf(stderr,"\nE
statement [setle] at line: %ld.\n",_LINES );
exit(-1);
}
}
}
else
{
if((temp2=is_number(ptr_ina
{
if(_setle_(value(pc ->
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nE
statement [setle] at line: %ld.\n",_LINES );
exit(-1);
}
}
else
{
if((_setle_(value(pc ->
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next-> arg,0))) == 1);
else
{
fprintf(stderr,"\nE
statement [setle] at line: %ld.\n",_LINES );
exit(-1);
}
}
}
pc = pc -> next;
}
else if (strcmp(pc -> op,"setgt") =

{

if ((temp = is_number(ptr_inarg

if((temp2=is_number(ptr_ina

{
if((_setgt_(value(pc->p

else
{
fprintf(stderr,"\nE
statement [setgt] a
exit(-1);
}
}

else
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->arg,0))) == 1);

rror: Failure at

rg->next->arg))>INT_MIN)
procname,ptr_outarg ->

mp2)) == 1),

rror: Failure at

procname,ptr_outarg ->
ue(pc ->

rror: Failure at

=0)
->arg)) > INT_MIN)

rg->next->arg))>INT_MIN)
rocname,ptr_outarg->arg,

0),&temp,&temp2)) == 1);

rror: Failure at
tline: %ld.\n",_LINES );



{
if((_setgt_(value(pc ->
arg,0),&temp,value(pc -> procname,ptr_inarg -> next
else
{
fprintf(stderr,"\nE
statement [setgt] at line: %ld.\n",_LINES );
exit(-1);
}
}
}
else
{
if((temp2=is_number(ptr_ina
{
if((_setgt_(value(pc ->
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nE
statement [setgt] at line: %ld.\n",_LINES );
exit(-1);
}
}
else
{
if((_setgt_(value(pc ->
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next-> arg,0))) == 1);
else
{
fprintf(stderr,"\nE
statement [setgt] at line: %ld.\n",_LINES );
exit(-1);
}
}
}

pc = pc -> next;

}
else if (strcmp(pc -> op,"setge") =
{
if ((temp = is_number(ptr_inarg
{
if((temp2=is_number(ptr_ina
{
if((_setge_(value(pc ->
arg,0),&temp,&temp2)) == 1);
else
{
fprintf(stderr,"\nE
statement [setge] at line: %ld.\n",_LINES );
exit(-1);
}
}
else
{
if((_setge_(value(pc ->
arg,0),&temp,value(pc -> procname,ptr_inarg -> next
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procname,ptr_outarg ->
->arg,0))) == 1);

rror: Failure at

rg->next->arg))>INT_MIN)

procname,ptr_outarg ->
mp2)) == 1);

rror: Failure at

procname,ptr_outarg ->

ue(pc ->

rror: Failure at

=0)
-> arg)) > INT_MIN)
rg->next->arg))>INT_MIN)

procname,ptr_outarg ->

rror: Failure at

procname,ptr_outarg ->
->arg,0))) == 1);



else
{
fprintf(stderr,"\nE
statement [setge] at line: %ld.\n",_LINES );
exit(-1);
}
}
}
else
{
if((temp2=is_number(ptr_ina
{
if((_setge_(value(pc ->
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nE
statement [setge] at line: %Ild.\n",_LINES );
exit(-1);
}
}
else
{
if((_setge_(value(pc ->
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next-> arg,0))) == 1);
else
{
fprintf(stderr,"\nE
statement [setge] at line: %Ild.\n",_LINES );
exit(-1);
}
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"load") ==
{
if ((temp=is_number(ptr_inarg-
{
if((_load_(value(pc -> proc
arg,0),pc -> procname, ptr_inarg -> arg,&temp)) ==
else
{
fprintf(stderr,"\nError
[load] at line: %Ild.\n", _LINES );
exit(-1);
}
}
else
{
if((_load_(value(pc -> pro
arg,0),pc -> prochname, ptr_inarg -> arg,value(pc ->
next -> arg,0))) == 1);
else
{
fprintf(stderr,"\nError
[load] at line: %Ild.\n", _LINES );
exit(-1);
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rror: Failure at

rg->next->arg))>INT_MIN)
procname,ptr_outarg ->

mp2)) == 1),

rror: Failure at

procname,ptr_outarg ->
ue(pc ->

rror: Failure at

0)
>next->arg))>INT_MIN)

name,ptr_outarg ->
1);

. Failure at statement

cname,ptr_outarg ->
procname,ptr_inarg ->

. Failure at statement



}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"store") ==
{
if((temp=is_number(ptr_inarg->
{
if((_store_(pc -> procname,
arg,value(pc -> procname,ptr_inarg -> arg,0),&temp)
else
{
fprintf(stderr,"\nError
[store] at line: %ld.\n", _LINES );
exit(-1);
}
}
else
{
if((_store_(pc -> procname
value(pc -> procname,ptr_inarg -> arg,0),value(pc -
next -> arg,0))) == 1);
else
{
fprintf(stderr,"\nError
[store] at line: %ld.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"print") ==
{
if ((temp = is_number(ptr_inar
{
fprintf(stderr,"\nError: Fa
[print] at line: %ld. The argument [%s] must be a v
_LINES_,ptr_inarg -> arg);
exit(-1);
}
else
{
if((_print_(pc -> prochame,
else
{
fprintf(stderr,"\nError
[print] at line: %ld.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"nand") ==
{
if((temp=is_number(ptr_inarg->
{
if(_nand_(value(pc -> proc
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
else
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0)
next->arg))>INT_MIN)
ptr_outarg ->

) == l)’

. Failure at statement

, ptr_outarg -> arg,
> procname,ptr_inarg ->

. Failure at statement

0)
g ->arg)) > INT_MIN)

ilure at statement
ariable.\n",

ptr_inarg -> arg)) == 1);

: Failure at statement

0)
next->arg))>INT_MIN)

name,ptr_outarg ->
mp) == 1);



{
fprintf(stderr,"\nError
[nand] at line: %ld.\n", _LINES );
exit(-1);
}
}
else
{
if(_nand_(value(pc -> procn
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg, 0)) == 1);
else
{
fprintf(stderr,"\nError
[nand] at line: %ld.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"ior") ==
{
if((temp=is_number(ptr_inarg->
{
if(_ior_(value(pc -> procn
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nError
[ior] at line: %ld.\n", _LINES );
exit(-1);
}
}
else
{
if(_ior_(value(pc -> procna
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg, 0)) == 1);
else
{
fprintf(stderr,"\nError
[ior] at line: %ld.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"xor") ==
{
if((temp=is_number(ptr_inarg->
{
if(_xor_(value(pc -> procn
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nError
[xor] at line: %ld.\n", _LINES);
exit(-1);
}
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}
else
{
if(_xor_(value(pc -> procha me,ptr_outarg ->
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val ue(pc ->
procname,ptr_inarg -> next -> arg, 0)) == 1);
else
{
fprintf(stderr,"\nError : Failure at statement
[xor] at line: %ld.\n", _LINES);
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"and") == )
{
if((temp=is_number(ptr_inarg-> next->arg))>INT_MIN)
{
if(_and_(value(pc -> procn ame,ptr_outarg ->
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te mp) == 1);
else
{
fprintf(stderr,"\nError : Failure at statement
[and] at line: %ld.\n", _LINES );
exit(-1);
}
}
else
{
if(_and_(value(pc -> procna me,ptr_outarg ->
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val ue(pc ->
procname,ptr_inarg -> next -> arg, 0)) == 1);
else
{
fprintf(stderr,"\nError : Failure at statement
[and] at line: %ld.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"nor") == )
{
if((temp=is_number(ptr_inarg-> next->arg))>INT_MIN)
{
if(_nor_(value(pc -> procna me,ptr_outarg ->
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te mp) == 1);
else
{
fprintf(stderr,"\nError : Failure at statement
[nor] at line: %Id.\n", _LINES );
exit(-1);
}
}
else
{
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if(_nor_(value(pc -> procna
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg, 0)) == 1);
else
{
fprintf(stderr,"\nError
[nor] at line: %Id.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"xnor") ==
{
if((temp=is_number(ptr_inarg->
{
if(_xnor_(value(pc -> procn
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nError
[xnor] at line: %ld.\n", _LINES );
exit(-1);
}
}
else
{
if(_xnor_(value(pc -> procn
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg, 0)) == 1);
else
{
fprintf(stderr,"\nError
[xnor] at line: %ld.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"not") ==
{
if ((temp = is_number(ptr_inarg
{
if(_not_(value(pc->procname
&temp) == 1);
else
{
fprintf(stderr,"\nError
[not] at line: %ld.\n", _LINES);
exit(-1);
}
}
else
{
if(_not_(value(pc -> procna
arg,0),value(pc -> procname,ptr_inarg -> arg,0)) ==
else

{
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fprintf(stderr,"\nError
[not] at line: %ld.\n", _LINES);
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"div") ==
{
if((temp=is_number(ptr_inarg->
{
if(_div_(value(pc -> procn
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nError
[div] at line: %ld.\n", _LINES );
exit(-1);
}
}
else
{
if(_div_(value(pc -> procna
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg, 0)) == 1);
else
{
fprintf(stderr,"\nError
[div] at line: %ld.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"rem") ==
{
if((temp=is_number(ptr_inarg->
{
if(_rem_(value(pc -> procn
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nError
[rem] at line: %ld.\n", _LINES );
exit(-1);
}
}
else
{
if(_rem_(value(pc -> procna
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg, 0)) == 1);
else
{
fprintf(stderr,"\nError
[rem] at line: %ld.\n", _LINES );
exit(-1);
}
}
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pc = pc -> next;
}
else if(strcmp(pc -> op,"divrem") =
{
if((temp=is_number(ptr_inarg->
{
if(_divrem_(value(pc -> pr
arg,0),value(pc -> procname,ptr_outarg -> next-> ar
procname,ptr_inarg -> arg,0),&temp) == 1);
else
{
fprintf(stderr,"\nError
[divrem] at line: %ld.\n", _LINES );
exit(-1);
}
}
else
{
if(_divrem_(value(pc -> pro
arg,0),value(pc -> procname,ptr_outarg -> next -> a

procname,ptr_inarg -> arg,0),value(pc -> procname,p

0)) == 1);
else
{
fprintf(stderr,"\nError
[divrem] at line: %ld.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"abs") ==
{
if((_abs_(value(pc -> procnhame,
arg,0),value(pc -> procname,ptr_inarg -> arg,0))) =
else
{
fprintf(stderr,"\nError: Fa
at line: %ld.\n", _LINES );
exit(-1);
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"neg") ==
{
if((temp = is_number(ptr_inarg
{
if(_neg_(value(pc -> procna
arg,0),&temp) == 1);
else
{
fprintf(stderr,"\nError
[neg] at line: %ld.\n", _LINES );
exit(-1);
}
}

else

{
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if((_neg_(value(pc -> procn
arg,0),value(pc -> procname,ptr_inarg -> arg,0))) =
else
{
fprintf(stderr,"\nError
[neg] at line: %ld.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"zxt") ==
{
if((_zxt_(value(pc -> procname,
arg,0),value(pc -> procname,ptr_inarg -> arg,0))) =
else
{
fprintf(stderr,"\nError: Fa
at line: %ld.\n", _LINES );
exit(-1);
}

pc = pc -> next;
}
else if(strcmp(pc -> op,"sxt") ==
{
if((_sxt_(value(pc -> procname,
arg,0),value(pc -> procname,ptr_inarg -> arg,0))) =
else
{
fprintf(stderr,"\nError: Fa
at line: %ld.\n", _LINES );
exit(-1);
}

pc = pc -> next;

}
else if(strcmp(pc -> op,"trunc") ==
{
if((_trunc_(value(pc -> procnam
arg,0),value(pc -> prochame,ptr_inarg -> arg,0))) =
else
{
fprintf(stderr,"\nError: Fa
[trunc] at line: %ld.\n", _LINES );

exit(-1);
}
pc = pc -> next;
Llse if(strcmp(pc -> op,"min") == 0
{ if((temp=is_number(ptr_inarg ->
{

if(_min_(value(pc -> procna
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
else

{
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ame,ptr_outarg ->
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fprintf(stderr,"\nError
[min] at line: %Id.\n", _LINES );
exit(-1);
}
}
else
{
if((_min_(value(pc -> procn
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next-> arg,0))) == 1);
else
{
fprintf(stderr,"\nError
[min] at line: %Id.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"max") ==
{
if((temp=is_number(ptr_inarg ->
{
if(_max_(value(pc -> procna
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nError
[max] at line: %Id.\n", _LINES );
exit(-1);
}
}
else
{
if((_max_(value(pc -> procn
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0))) == 1);
else
{
fprintf(stderr,"\nError
[max] at line: %Id.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"shl") ==
{
if((temp=is_number(ptr_inarg ->
{
if(_shl_(value(pc -> procna
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nError
[shi] at line: %ld.\n", _LINES );
exit(-1);
}
}
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else
{
if((_shl_(value(pc -> procn
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0))) == 1);
else
{
fprintf(stderr,"\nError
[shi] at line: %ld.\n", _LINES );
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"shr") ==
{
if((temp=is_number(ptr_inarg ->
{
if(_shr_(value(pc -> procna
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nError
[shr] at line: %ld.\n", _LINES);
exit(-1);
}
}
else
{
if((_shr_(value(pc -> procn
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0))) == 1);
else
{
fprintf(stderr,"\nError
[shr] at line: %ld.\n", _LINES);
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"rotl") ==
{
if((temp=is_number(ptr_inarg ->
{
if(_rotl_(value(pc -> procn
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nError
[rotl] at line: %ld.\n", _LINES);
exit(-1);
}
}
else
{
if((_rotl_(value(pc -> proc
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0))) == 1);
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else
{
fprintf(stderr,"\nError
[rotl] at i
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"rotr") ==
{
if((temp=is_number(ptr_inarg ->
{
if(_rotr_(value(pc -> procn
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nError
[rotr] at
exit(-1);
}
}
else
{
if((_rotr_(value(pc -> proc
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0))) == 1);
else
{
fprintf(stderr,"\nError
[rotr] at
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"mul") ==
{
if((temp=is_number(ptr_inarg ->
{
if(_mul_(value(pc -> procna
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
else
{
fprintf(stderr,"\nError
[mul] at
exit(-1);
}
}
else
{
if((C_mul_(value(pc -> procn
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0))) == 1);
else
{
fprintf(stderr,"\nError
[mul] at |
exit(-1);
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}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"muxeq") == 0)
{
if((temp = is_number(ptr_inarg -> next -> arg)) >
INT_MIN && (is_number(ptr_inarg -> next -> next -> next -> arg) == INT_MIN))
{
if(_muxeq_(value(pc -> proc name,ptr_outarg ->
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te mp,value(pc ->
procname,ptr_inarg -> next -> next -> arg,0),value( pc -> prochame,ptr_inarg
-> next -> next -> next -> arg,0)) == 1);
else
{
fprintf(stderr,"\nError : Failure at statement
[muxeq] at line: %ld.\n", _LINES );
exit(-1);
}
}
else if ((temp = is_number(ptr _inarg -> next -> next ->
next -> arg)) > INT_MIN && (is_number(ptr_inarg -> next -> arg)) == INT_MIN)
{
if(_muxeq_(value(pc -> proc name,ptr_outarg ->
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val ue(pc ->
procname,ptr_inarg -> next -> arg,0),value(pc -> pr ochame,ptr_inarg -> next
-> next -> arg,0),&temp) == 1);
else
{
fprintf(stderr,"\nError : Failure at statement
[muxeq] at | ine: %ld.\n", _LINES );
exit(-1);
}
}
else if ((temp = is_number(ptr _inarg -> next -> next ->
next -> arg)) == INT_MIN && (temp = is_number(ptr_i narg -> next -> arg)) ==
INT_MIN)
{
if(_muxeq_(value(pc -> proc name,ptr_outarg ->
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val ue(pc ->
procname,ptr_inarg -> next -> arg,0),value(pc -> pr ocname,ptr_inarg -> next
-> next -> arg,0),value(pc -> prochname,ptr_inarg -> next -> next -> next ->
arg,0)) == 1);
else
{
fprintf(stderr,"\nError : Failure at statement
[muxeq] at line: %Id.\n", _LINES );
exit(-1);
}
}
else if(is_number(ptr_inarg->n ext->next->arg)>INT_MIN)
{
fprintf(stderr,"\nError: Failure at statement
[muxeq] at line: %ld. The third input argument [%s] must be a variable and
not a literal.\n", _LINES_,ptr_inarg -> next -> nex t->arg);
exit(-1);
}
else
{
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temp = is_number(ptr_inar
temp2=is_number(ptr_inarg
if(_muxeq_(value(pc -> pr
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
procname,ptr_inarg -> next -> next -> arg,0),&temp2
else
{
fprintf(stderr,"\nErr
[muxeq] at
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"muxne") ==
{
if((temp = is_number(ptr_inarg
INT_MIN && (is_number(ptr_inarg -> next -> next ->
{
if(_muxne_(value(pc -> pro
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
prochame,ptr_inarg -> next -> next -> arg,0),value(
-> next -> next -> next -> arg,0)) == 1);
else
{
fprintf(stderr,"\nError
[muxne] at |
exit(-1);
}
}
else if ((temp = is_number(ptr
next -> arg)) > INT_MIN && (temp = is_number(ptr_in
INT_MIN)
{
if(_muxne_(value(pc -> proc
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0),value(pc -> pr
-> next -> arg,0),&temp) == 1);
else
{
fprintf(stderr,"\nError
[muxne] at |
exit(-1);
}
}
else if ((temp = is_number(ptr
next -> arg)) == INT_MIN && (temp = is_number(ptr_i
INT_MIN)
{
if(_muxne_(value(pc -> proc
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0),value(pc -> pr
-> next -> arg,0),value(pc -> procname,ptr_inarg ->
arg,0)) == 1);
else
{
fprintf(stderr,"\nError
[muxne] at |
exit(-1);
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}
}
else if(is_number(ptr_inarg->n
{
fprintf(stderr,"\nError:
[muxne] at line: %ld. The third input argument [%s]
not a literal.\n", _LINES_,ptr_inarg -> next -> nex
exit(-1);
}
else
{
temp = is_number(ptr_inarg
temp2=is_number(ptr_inarg-
if(_muxne_(value(pc -> pro
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
prochame,ptr_inarg -> next -> next -> arg,0),&temp2
else
{
fprintf(stderr,"\nError
[muxne] at
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"muxlit”) ==
{
if((temp = is_number(ptr_inarg
INT_MIN && (is_number(ptr_inarg -> next -> next ->
{
if(_muxlt_(value(pc -> pro
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
procname,ptr_inarg -> next -> next -> arg,0),value(
-> next -> next -> next -> arg,0)) == 1);
else
{
fprintf(stderr,"\nError
[muxIt] at
exit(-1);
}
}
else if ((temp = is_number(ptr
next -> arg)) > INT_MIN && (temp = is_number(ptr_in
INT_MIN)
{
if(_muxlt_(value(pc -> proc
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0),value(pc -> pr
-> next -> arg,0),&temp) == 1);
else
{
fprintf(stderr,"\nError
[muxIt] at
exit(-1);
}
}
else if ((temp = is_number(ptr
next -> arg)) == INT_MIN && (temp = is_number(ptr_i
INT_MIN)
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-> next -> arg)) >
next -> arg) == INT_MIN))
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{
if(_muxlt_(value(pc -> proc
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0),value(pc -> pr
-> next -> arg,0),value(pc -> procname,ptr_inarg ->
arg,0)) == 1);
else
{
fprintf(stderr,"\nError
[muxIt] at
exit(-1);
}
}
else if(is_number(ptr_inarg->n
{
fprintf(stderr,"\nError:
[muxIt] at line: %ld. The third input argument [%s]
not a literal.\n", _LINES_,ptr_inarg -> next -> nex
exit(-1);
}
else
{
temp = is_number(ptr_inarg
temp2=is_number(ptr_inarg-
if(_muxlt_(value(pc -> pro
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
prochame,ptr_inarg -> next -> next -> arg,0),&temp2
else
{
fprintf(stderr,"\nError
[muxIt] at
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"muxle") ==
{
if((temp = is_number(ptr_inarg
INT_MIN && (is_number(ptr_inarg -> next -> next ->
{
if(_muxle_(value(pc -> pro
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
procname,ptr_inarg -> next -> next -> arg,0),value(
-> next -> next -> next -> arg,0)) == 1);
else
{
fprintf(stderr,"\nError
[muxle] at
exit(-1);
}
}
else if ((temp = is_number(ptr
next -> arg)) > INT_MIN && (temp = is_number(ptr_in
INT_MIN)
{
if(_muxle_(value(pc -> proc
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
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name,ptr_outarg ->
ue(pc ->
ocname,ptr_inarg -> next
next -> next -> next ->

. Failure at statement
line: %Ild.\n", _LINES );

ext->next->arg)>INT_MIN)

Failure at statement
must be a variable and
t->arg);

->next->arg);
>next->next->next->arg);
cname,ptr_outarg ->
mp,value(pc ->

)==1);

: Failure at statement
line: %Id.\n", _LINES);

0)

-> next -> arg)) >
next -> arg) == INT_MIN))

cname,ptr_outarg ->
mp,value(pc ->
pc -> prochame,ptr_inarg

. Failure at statement
line: %Id.\n", _LINES );

_inarg -> next -> next ->
arg -> next -> arg)) ==

name,ptr_outarg ->
ue(pc ->
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procname,ptr_inarg -> next -> arg,0),value(pc -> pr
-> next -> arg,0),&temp) == 1);
else
{
fprintf(stderr,"\nError
[muxle] at
exit(-1);
}
}
else if ((temp = is_number(ptr
next -> arg)) == INT_MIN && (temp = is_number(ptr_i
INT_MIN)
{
if(_muxle_(value(pc -> proc
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0),value(pc -> pr
-> next -> arg,0),value(pc -> procname,ptr_inarg ->
arg,0)) == 1);
else
{
fprintf(stderr,"\nError
[muxle] at
exit(-1);
}
}
else if(is_number(ptr_inarg->n
{
fprintf(stderr,"\nError:
[muxle] at line: %Id. The third input argument [%s]
not a literal.\n", _LINES_,ptr_inarg -> next -> nex
exit(-1);
}
else
{
temp = is_number(ptr_inarg
temp2 = is_number(ptr_inar

if(_muxle_(value(pc -> pro
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
prochname,ptr_inarg -> next -> next -> arg,0),&temp2
else
{
fprintf(stderr,"\nError
[muxle] at
exit(-1);
}
}
pc = pc -> next;
}
else if(strcmp(pc -> op,"muxgt") ==
{
if((temp = is_number(ptr_inarg
INT_MIN && (is_number(ptr_inarg -> next -> next ->
{
if(_muxgt_(value(pc -> pro
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
procname,ptr_inarg -> next -> next -> arg,0),value(
-> next -> next -> next -> arg,0)) == 1);
else
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ocname,ptr_inarg -> next

. Failure at statement
line: %Ild.\n", _LINES );

_inarg -> next -> next ->
narg -> next -> arg)) ==

name,ptr_outarg ->
ue(pc ->
ocname,ptr_inarg -> next
next -> next -> next ->

. Failure at statement
line: %Id.\n", _LINES );

ext->next->arg)>INT_MIN)

Failure at statement
must be a variable and
t->arg);

->next->arg);
g->next->next->next-

>arg);
cname,ptr_outarg ->
mp,value(pc ->
)==1);

. Failure at statement
line: %Ild.\n", _LINES );

0)

-> next -> arg)) >
next -> arg) == INT_MIN))

cname,ptr_outarg ->
mp,value(pc ->
pc -> prochame,ptr_inarg



{
fprintf(stderr,"\nError
[muxgt] at
exit(-1);
}
}
else if ((temp = is_number(ptr
next -> arg)) > INT_MIN && (temp = is_number(ptr_in
INT_MIN)
{
if(_muxgt_(value(pc -> proc
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0),value(pc -> pr
-> next -> arg,0),&temp) == 1);
else
{
fprintf(stderr,"\nError
[muxgt] at
exit(-1);
}
}
else if ((temp = is_number(ptr
next -> arg)) == INT_MIN && (temp = is_number(ptr_i
INT_MIN)
{
if(_muxgt_(value(pc -> proc
arg,0),value(pc -> procname,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0),value(pc -> pr
-> next -> arg,0),value(pc -> prochname,ptr_inarg ->
arg,0)) == 1);
else
{
fprintf(stderr,"\nError
[muxgt] at |
exit(-1);
}
}
else if(is_number(ptr_inarg->n
{
fprintf(stderr,"\nError:
[muxgt] at line: %ld. The third input argument [%s]
not a literal.\n", _LINES_,ptr_inarg -> next -> nex
exit(-1);
}
else
{
temp = is_number(ptr_inarg
temp2 = is_number(ptr_inar

if(_muxgt_(value(pc -> pro
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
procname,ptr_inarg -> next -> next -> arg,0),&temp2
else
{
fprintf(stderr,"\nError
[muxgt] at line: %ld.\n", _LINES );
exit(-1);
}
}
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. Failure at statement
line: %Id.\n", _LINES );

_inarg -> next -> next ->
arg -> next -> arg)) ==

name,ptr_outarg ->
ue(pc ->
ocname,ptr_inarg -> next

. Failure at statement
line: %Ild.\n", _LINES );

_inarg -> next -> next ->
narg -> next -> arg)) ==

name,ptr_outarg ->
ue(pc ->
ocname,ptr_inarg -> next
next -> next -> next ->

: Failure at statement
ine: %ld.\n", _LINES );

ext->next->arg)>INT_MIN)

Failure at statement
must be a variable and
t->arg);

->next->arg);
g->next->next->next-
>arg);
cname,ptr_outarg ->
mp,value(pc ->

) == l)’

. Failure at statement



pc = pc -> next;
}
else if(strcmp(pc -> op,"muxge") ==
{
if((temp = is_number(ptr_inarg
INT_MIN && (is_number(ptr_inarg -> next -> next ->
{
if(_muxge_(value(pc -> pro
arg,0),value(pc -> procname,ptr_inarg -> arg,0),&te
procname,ptr_inarg -> next -> next -> arg,0),value(
-> next -> next -> next -> arg,0)) == 1);
else
{
fprintf(stderr,"\nError
[muxge] at
exit(-1);
}
}

else if ((temp = is_number(ptr

next -> arg)) > INT_MIN && (temp = is_number(ptr_in

INT_MIN)
{
if(_muxge_(value(pc -> proc
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0),value(pc -> pr
-> next -> arg,0),&temp) == 1);
else
{
fprintf(stderr,"\nError
[muxge] at
exit(-1);
}
}

else if ((temp = is_number(ptr

next -> arg)) == INT_MIN && (temp = is_number(ptr_i

INT_MIN)
{
if(_muxge_(value(pc -> proc
arg,0),value(pc -> prochame,ptr_inarg -> arg,0),val
procname,ptr_inarg -> next -> arg,0),value(pc -> pr
-> next -> arg,0),value(pc -> procname,ptr_inarg ->
arg,0)) == 1);
else
{
fprintf(stderr,"\nError
[muxge] at
exit(-1);
}
}
else if(is_number(ptr_inarg->n
{
fprintf(stderr,"\nError:
[muxge] at line: %ld. The third input argument [%s]
not a literal.\n", _LINES_,ptr_inarg -> next -> nex
exit(-1);
}

else

{

temp = is_number(ptr_inarg

Yerido 153 and 160

_ Atepunvevtucog [pocopoimtig ya Kepevikn Evdidpeon Avanopdotacn MetayAoTTio)

0)

-> next -> arg)) >
next -> arg) == INT_MIN))

cname,ptr_outarg ->
mp,value(pc ->
pc -> prochame,ptr_inarg

. Failure at statement
line: %Id.\n", LINES );

_inarg -> next -> next ->
arg -> next -> arg)) ==

name,ptr_outarg ->
ue(pc ->
ocname,ptr_inarg -> next

. Failure at statement
line: %Id.\n", _LINES);

_inarg -> next -> next ->
narg -> next -> arg)) ==

name,ptr_outarg ->
ue(pc ->
ocnhame,ptr_inarg -> next
next -> next -> next ->

. Failure at statement
line: %ld.\n", _LINES );

ext->next->arg)>INT_MIN)
Failure at statement

must be a variable and
t->arg);

->next->arg);



_ Atepunvevtcog [pocopoimtig yia Kepevikn Evdudpeon Avamopdotacn MetayAoTTio)

temp2 = is_number(ptr_inar

if(_muxge_(value(pc -> pro

arg,0),value(pc -> prochame,ptr_inarg -> arg,0),&te
procname,ptr_inarg -> next -> next -> arg,0),&temp2

}

else
{
fprintf(stderr,"\nError
[muxge] at
exit(-1);
}
}
pc = pc -> next;
}
}
else //Procedure call
{
checks_if_proc_exists(pc -> op);
pla = find_address(pc -> op);
copy_proc_in_args(pc -> procname, p
do_call(pc, pla -> address, pc -> p
pc = pla -> address;

}

if ((pass_by_value_out(fth -> out,times)) !=
{
fprintf(stderr,"\n Unable to pass the o
[Yos
exit(-1);
}

times++;
fh = fh -> next;
}

return O;

// print_localvar_for_list
int print_localvar_for_list()

{

range_loc *tmp_range = range_head,;

printf("\n PROCEDURE ARGUMENTS & LOCAL VAR
if(tmp_range '= NULL)
{

printf("\n\nProcedure Name: [%s]", tmp_rang
printf("\nProcedure InOut Arguments: -> \n\
print_localvar_list(tmp_range -> Iv_list, t

tm
while(tmp_range -> next != NULL)
{
tmp_range = tmp_range -> next;
printf("\n\nProcedure Name: [%s]",
printf("\nProcedure InOut Arguments
print_localvar_list(tmp_range -> Iv
pinarg, t
}
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g->next->next->next-
>arg);

cname,ptr_outarg ->

mp,value(pc ->

) == l)’

. Failure at statement
line: %Id.\n", _LINES );

¢ ->op, pc ->in);
rochame, pc -> op);

0)

utput values from file:
]\n", INPUT_DATA_FNAME);

IABLES ");

e -> procname);

n");

mp_range -> pinarg,
p_range -> poutarg);

tmp_range -> procname);
:->\n\n");

_list, tmp_range ->
mp_range -> poutarg);



_ Atepunvevtcog [pocopoimtig yia Kepevikn Evdudpeon Avamopdotacn MetayAoTTio)

}
return O;
}
int print_in_out_for_stack(inarg *inhead, outarg *o uthead)
{
inarg *tmpin = inhead;
outarg *tmpout = outhead;
if(tmpin != NULL)
{
while(1)
{
if((tmpin -> next == NULL) || (tmpin == intail))
{
printf("[%s]", tmpin -> arg);
break;
}
else
printf("[%s] - ", tmpin -> arg);
tmpin = tmpin -> next;
}
}
if(tmpout != NULL)
{
while(1)
{
if((tmpout -> next == NULL) || (tmpout == outail))
{
printf("[%s]", tmpout -> arg);
break;
}
else
printf("[%s] - ", tmpout -> arg);
tmpout = tmpout -> next;
}
}
return O;
}

int print_index_value_gv(init_array *arhead)

{

init_array *tmp = arhead,;

if(tmp != NULL)
{
while(1)
{
if(tmp -> next == NULL)
{
printf("[%ld]", tmp -> index);
printf(" - [%d]\n", tmp -> value);
break;
}
else
printf("[%ld]", tmp -> index);
printf(" - [%d]\n", tmp -> value);
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tmp = tmp -> next;
}
}

return O;

}

int print_index_value_Iv(init_array *arlochead)

{

init_array *tmp = arlochead;

if(tmp !'= NULL)
{
while(1)
{
if(tmp -> next == NULL)
{
printf("[%ld]", tmp -> index);
printf(" - [%d]\n", tmp -> value);
break;
}
else
printf("[%Id]", tmp -> index);
printf(" - [%d]\n", tmp -> value);

tmp = tmp -> next;
}
}

return O;

}

/I print_globalvar
void print_globalvar(void)

{
globalvar_list *tmp = ghead,;
printf("\n GLOBALVAR \n\n");
if(tmp == NULL)
{
fprintf(stderr,"\nEmpty GlobalVar.\n");
terminate();
}
else
{
while(1)
{
printf("Node:  [%ld]\nVarName: [% sl\nVarType:
[%6s]\nArraySize: [%ld]",tmp -> gv_rank, tmp -> varn ame, tmp -> vartype, tmp

-> array_size);
printf("\nindex - Value\n");
print_index_value_gv(tmp -> array);
if(tmp -> next == NULL)
{
break;
}
else
{
tmp = tmp -> next;
printf("\n\n");
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}
}
printf("\n\n");
}
}

void print_quick_access_list (void)

{
proc_lab *proc_tmp;
label_address *la_tmp;

proc_tmp = pl_head;

while(1)
{
if (proc_tmp == NULL)
break;

la_tmp = proc_tmp -> la;

while(1)
{
if(la_tmp == NULL)
break;
printf("\nProcedure: [%s]\nLabel: [%os]\ nNode: [%d]\n", proc_tmp
-> proc_name, la_tmp -> label_name, la_tmp ->addres s->rank);

la_tmp = la_tmp -> next;
}
printf("\n\n");
proc_tmp = proc_tmp -> next;
}
}

/ print_localvar_list
int print_localvar_list(localvar_list *lhead, proc_ inarg *proc_inhead,
proc_outarg *proc_outhead)
{
localvar_list *tmp = Ihead;
proc_inarg *tmp_in = proc_inhead;
proc_outarg *tmp_out = proc_outhead;

if(tmp_in !'= NULL)

{
while(1)
{
printf("Node-In-Args: [%ld]\nVarName: [%os]\nVarType:
[Yos]\nArraySize: [%ld]",tmp_in -> in_rank, tmp_i n ->varname, tmp_in ->

vartype, tmp_in -> array_size);
printf("\nindex - Value\n");

print_index_value_lv(tmp_in -> array);
if(tmp_in -> next == NULL)
{

printf("\n");

break;

}

else

{
tmp_in = tmp_in -> next;
printf("\n");
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}
}
}
if(tmp_out != NULL)
{
while(1)
{
printf("Node-Out-Args: [%ld]\nVarName: [Y6s]\nVarType:
[Yos]\nArraySize:  [%ld]",tmp_out -> out_rank, tm p_out -> varname, tmp_out

-> vartype, tmp_out -> array_size);
printf("\nindex - Value\n");
print_index_value_lv(tmp_out -> array);
if(tmp_out -> next == NULL)

{
printf("\n");
break;

}

else

{

tmp_out = tmp_out -> next;
printf("\n");
}
}
}

if(tmp_in == NULL && tmp_out == NULL)
printf("\nProcedure without in-out argument s.\n");

if(tmp == NULL)

{
fprintf(stderr,"\nEmpty LocalVar.\n");
}
else
{
printf(" \nLocal Variables: - >\n \n\n");
while(1)
{
printf("Node:  [%ld]\nVarName: [% s]\nVarType:
[Y6s]\nArraySize: [%ld]",tmp -> Iv_rank, tmp -> varn ame, tmp -> vartype, tmp

-> array_size);
printf("\nindex - Value\n");
print_index_value_lv(tmp -> array);
if(tmp -> next == NULL)
{

break;

}

else

{
tmp = tmp -> next;
printf("\n");
}
}
}

return O;

}

void print_localvar(void)

{
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localvar_list *tmp = Ihead;
printf("\n LOCALVAR \n\n");
if(tmp == NULL)
{
fprintf(stderr,"\nEmpty LocalVar.\n");
terminate();

}
else
{
while(1)
{
printf("Node:  [%ld]\nVarName: [% sl\nVarType:
[Yos]\nArraySize: [%ld]",tmp -> Iv_rank, tmp -> varn ame, tmp -> vartype, tmp

-> array_size);
printf("\nindex - Value\n");
print_index_value_lv(tmp -> array);
if(tmp -> next == NULL)
{
break;
}
else
{
tmp = tmp -> next;
printf("\n\n");
}
}
printf("\n\n");
}
}

/I print_stack
void print_stack(void)
{

instruction *tmp = head,;

printf("\n STACK \n\n");
if(tmp == NULL)
{
fprintf(stderr,"\nEmpty Stack.\n");
terminate();

}
else
{
while(1)
{
printf("Node:  [%d]\nProcedure: [%s \nPCALL:
[%oc]\nLabel:  [%s]\nOperation: [%s]", tmp -> ran k, tmp -> procname, tmp -

> pcall,tmp -> label,tmp -> op);
printf("\nOut Args: ");
print_in_out_for_stack(NULL,tmp -> out) ;
printf("\nin Args: ");
print_in_out_for_stack(tmp -> in,NULL);
if(tmp -> next == NULL)
{
break;
}

else

{
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tmp = tmp -> next;
printf("\n\n");
}
}
printf("\n\n");
}
}

void dummy_procedure(void)

{

instruction *ptr;
create_Iv_range_list("dummy_procedure_!@#6891",

ptr = (instruction *)malloc(sizeof(instruction)
if (ptr == NULL)
{
fprintf(stderr,"\nError: Memory Allocat
dummy
exit(-1);
}

ptr -> op = (char *)malloc(sizeof("nop"));
if(ptr -> op == NULL)
{
fprintf(stderr,"\nError: Memory Allocation:
dummy_pro
exit(-1);
}
strcpy(ptr -> op, "nop");

ptr ->in = NULL;
ptr -> out = NULL,

ptr -> procname = (char *)malloc(sizeof("dummy_
if(ptr -> procname == NULL)
{
fprintf(stderr,"\nError: Memory Allocation:
du
exit(-1);
}

strepy(ptr -> prochame, "dummy_procedure_!@#689

ptr -> label = (char *)malloc(sizeof("dummy_lab
if(ptr -> label == NULL)
{
fprintf(stderr,"\nError: Memory Allocation:
dumm
exit(-1);
}
strepy(ptr -> label, "dummy_label_!'@#6891");

ptr -> pcall ='0";
ptr -> rank = rank;

tail -> next = ptr;

ptr -> previous = tail;
tail = ptr;

tail -> next = NULL,;
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