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Ab st ract

SilJlula lofs pruvlrl« HII ('l:lJllOmi':lll 1lI1~;IIIS of 1lIIlIIll"Sla udi ll).!; i1/1I1 c\'aillillilig the

pNfof mHtll'l' of Im!,I] ahsl.nH:1 and rt-at world sysuuns. III nddition 10 lJdll).!; ('llid ('lLl

illul ('iIS.y 1,0 II,~( ' , modern rlay simlilal.oJ"l; rJIIls l 1](' i l hh~ 10 I:ll[W wit h 111(' dl'llla llds or

iUlTl'HSirrl-\ l'Olllpl"xi ly witlliu sysnuus. Shuulntors must also lu- enslly exte nsible so

!,ha l l.Iu' hr-huviouruu-I IWfforl llillll'l' of II wirh' vari"I,1" o f sys tems tnay bo studied.

Thi s n '[Jort. will rml.lim' 1.Il1' dl',~igll and imph-meurntion ofn III,ilil,y which inte-

graI l's un interrn-tive, ).!;l"iIp llkal d('si).!;JI tool wit h a disl:]"('l,l' event simulutlen (:nll;illl'

tluu "lIIlIlo,\'s t ill' olljPd-oril' rl!",1 pa1"iu liglll as 11 menus of conrhal.illg 1"01llpl('xily, Cpu-

tralto l l.. , shuulatlon ll ~ :h ll il l lll' is l.I H·I:Olln ~Jll of 10m/lime, in which each entity IJf'illg

SillIIlIHIr',j umlurninsils O\\'11 1101ilU!of tltun throughout tho stnmhulon. This concept

1I1"I1I11I11('s I'l Jtlrpo lll' llt l ·lIl :al lSulal .iol1 ll rrd self-contalunnnt t hcrdl ,\' fu('ilit.a1iug tltr' im-

pll' 1ll1'nl atioll ll f rlist.rihnted l'H' lIl,·,lri\·pl1xlumlnt ors. :\1t hou~h Ilr t' si mulatio n domain

lll'snilH'd in t his report will ('(Insist primarily of digitallogt« circuit s, the simulat ion

t. ( ~ :hrrill 1lf·s shouldalso Ill' amcnublcto the slmu laurm or nny discwte event system.

Tln-grn pllin ll usor buorfuco Iront- nnd to t1 11 ~ simulator engine is desig lled tl) he

l'asy to IISl', I Il!llt '(' um kiug tho mu ll'r!y ing shuulator eng ine ac{'{'ssih !l~ to u wide 11l1-

,!il'tl l'!', '1'111' illlpll'lrWlltal,imlof I.IH'illll'r fa('(! is loosdy illtl'gml('l l wit h t.lre simulator

cnghu-, Illl'fl'l ),V providluga high dcgreo nl'xihilit.r Iwlw('(\!l the interface 11]1(1th e shuu­

lntur itself. T Ill' inll' f flll: l' fillettbesinmlator cnu each opera te as disti nct, self-contained

ap ll!iI'lltio lls, As 11 result, t. lll~ simulato r engine cou ld he configured 1.0crnploy a dlf­

fl'n' ll!. grnphirnl intl'rfll(:(' uud ti ll' graphical iutcrfacc r UI1 he ada pte d for a \'fu icty of

l'xist illl( Il' xl- ll11s('(1 simulutor englues.
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Chapter 1

Introduction

Advaucos in ll'ChllOlo11I' inva riably lendtu t1 11' ( ~ lIl:-;l , l"I ldj llllll r s.I'SII'II11" with ;lO ld ilinmil

l ayt·n; of (Xlllllllcx i t,y lifting ' \'n!PI)('d amll ll d llllln' l' d lllili\'l' hill '~ l ll n ll.\' '~ '"lplt ,,~ ~lIh·

S'\'1'U'lllS. lu tlu' rlll ure, l l u'l'ol' systems IlIny 111l'1I . i ll turn . I M ~' IIIII' snh.sy:·;I I·/lIS Ilf

la-haviour of t1lCsc s)'sll'llls t1mmg h hnttlwnre find I'OfiWiln '. FUf lllllll y . \It ' I'a n , 1t~ ill"

s i lllula ti oll ll S:

"... the process of des igning a modelof a real sys ttm and conduct ing expe ri­
ments with t his mode l fOlthe purpose eit her of under;,ta nd inr. the beh.wiour
of the system of or eva luating variousst ra tegies (w ithin the limits im posed by
a crite rion or a set of cr iteria) for the o p eration o f tilesys tem." I:'WI

Simulators 1II11st "dnp!. Iu hlcn'aSl~ iu sysl t~ll1 c:flltllll,·x il.y h,l' pl ~J"l ll i l ti ll J.; IIM'rs

to simulate II liYlitC lLl at severul l ~ Olll ~ ( ~lltlla l h~vl'\ s . Ullf ul' I,ll llulf'ly, 1. 11I~ Ilr·si J.\tl un.l

i tupleruentutiuu o r simulators iii a h llulil us ( :1I1l11111!X lL'l till' IiYSI.I~ lIIS iJdul\ liilil lll:lll'l i.

As n resul t , ther e has been lll:fllf(:c~rtl~ll d rur l hy Ull ' surtwll rl' 11111l1ll111lily .." HW1y



ti ll! I H l.l~ r. adVllllCI ~ lIJ!!lIts ill sufl.wart! tr~:I LrI(j I(JIlY in all auo mpt 10 counteract tbis

nver i lll: f!!a~illl( I:Olll pll!xi1.:y. TIH!i r eJrorts hm1~ bi d t o simulators which are {'lIsy to

lIlainlain ilUfI ( ~x l.l ~ lI d \l'h jl ( ~ ut lIw Salrlf: tinu- )In '*il~r \'i llg their ..rlntlvodlide ll cy, TIll'

p n ullirll'lll. ]mrmJig;1Ilf:Ilrl'l' IIt.ly Ill'iug; IISl~1 1.0 implement silllu lntllfs is thf!ubiquhnus

ohjN:l .rn'i lm!r:ll l:l ] IJHfadig;lll, ill which ~lrt \\'ll1'1! I'utitj es rkllid y modelrhclr rl'a l world

1:(1I111 1.1'rpm l.s. T his INlr,l!1ig;lIIhasb l!PII sIH'11'ssfnlly (~lI\ pl(}yed to hup lomont a wldo

va ril'I,,\' of simulator s rilliging from snwmill prOfllllt inn [22110 alr has<' lugistics [201,

l hb I.hl'Sis w !'l'I'sPlils a lIIajo r enhancement 10 Ill ] (~x is ti ug !iisl'\'e1.!"'l'11'llt slmu-

la liulIl:llj.(illl' li'! wb ir:h l'll lp lnys d is tr ihuled 1'11'11 1. qUCIIl'S liS i ls )lrimary ntcchanism

fo r l'I~'llt 1I1111 1111!,1'lIIl'lIl.ius tl:;ul or t.lr« mon- (:0111111011 1,\' Il~('(l g lobal ovont queue. 13,1'

1LI1 1 'l ~ , ill g 11 rulWl'PI. of 1/)f:fJ,1lilli/;.i t will Ill' shown how IJlI' g lolml event IIUI'IW limy

Ill' tl'J1I1Wl'd by sl'v( ~ra]l l is l l' ihlltl:d (llIl'UPS, caeb uf which III'I' selfmll ta illl~ 1 wi thin it

~ ill llll;I 1iI Hl 1'11l1111011C'1I1.The sysunu I )l' i ll ~ sil llll lntl'd cantln-n 1)('dt'compcsed hiemr-

r-hicallylUlll!ij'I'l'ra l slldl {~O IllIKJIlI ' Il t.S l hrrll hy promot.ing extonsihllity umlmodulunty

( I( thrsimuhuion sy stl 'lIl . Detailswil l n1'i11 he' pmvkk-d rlogard iull how thisslmuhuiun

1.( 'd lll il [l ll' addn's~('s thl' 11(' ('(1 fur I'X!f'IISihility nnd how Ihe simulat ion entit ios lIIay

I.., n~ lsl '( 1 Irom systnm to system so lIS10 avoid need less du p lication of dfor t when

('(lll~ t rul : tilig n III'\\' S)'Sll 'lll. The adatntugcs nnd chsmlvautages of using a glohlll

quem-vcrxus disl r ill1lLrd q uelH'S will be discussed as the two shaula t ion techniques

a I'(' c~ l lI1 pn n'(l from a design, implementation andphi losophica l pm'Sp cct ill!,

IIIluldi l.ioll to dc'sfI'il.illg nnd em llJmrillg t.he two simulati on ~t ra t cgil'S described

1Ih OI'I', th is rupnrt , will al'!Odisruss the dl$ign mill implemen t a tion iss ues asso ciated

wnh [l1'll\ 'i t li UIl the simulnto r ('" ~i l l ('S with It graph ical us erinterface. Sud 1\11 Inter face

ru n Ill' IIst'!l til la;\'o llt.nut! (:Olllll'l:t till' simu lation en ti ties, observe the IIY III\lnk~ or



l!l(' s yslelll d uring ~iml1lali\l1l and l, llll'1"\ \-ariUHs rt11url s IlJlIlIl c'C'IllIlIt'litI Il Urlllt" s im­

ulat io n for vcri tiratiou III'\'t'f fu r11lallrc' C'\1Ilml1JUII. 1'h,' n hililr In u ll';!'l'\'c' tl ll' l l~'m ll ll it'

inte raction bctwren C:Ollll't lflc'l ll s makc'S lhrsilll lllal llr a ll j,It';!l l . " 11fliT1I11tIt'n'l1l1l.li lll:,

hcl uwiuUTUf {'1C'I l"'lltl\~' II~,; tC'IIlS"

Before p r cenung tlrtails n hnuil lu ' tltosif!;11 aurl illlll l"lIl1'lIl ll l illl1' If a ,lisiril llllt, 1

que ue simu la tor, ti lis I'1mpt p r will !H'(l \' illl' a I-:c'ltl'ml O\"t'l"\'it·w uf sil1lll la lillH. TI ll'

need fur simulators will hi' uxplainre] as will I lw JllIl, ' n lil ll IITohlt 'Ills I,h a l lila," a ri."Il·

thro ugh t.heir impnuleruuse. Afh'r c1isc'Il~,i ll ll; soUl" clilr"Il'1l1 SiIllUI;ll io ll lllll. I" ls, II

few prartlea l list 'S of s illlulnl.ors will h I' d.OSITilu'(!.

1.1 The Need for Sim u latio n

A s imul ato r is a eotlecuon uf hnnlwan- ulld S()ftWll"'S~'sl c'Il~~ \\·I, ic'lI art- IISI'Il ln Ulillli.'

III!'! boharlou r of fi(IIlIC c'ulil)' o r l" lI' IlClliJMlun . ' I)'/' it·a ll.\', tl,,· I·ut il,\"ur plll'Uflllll'lllll1

bein g simula t ed is rro m till' c1Olm,in of IIIl' bm p;iIJlc· r;lll~ill ~ from till! " 1,,'mLiflll ll(

i nLC'grll.t~ 1 ri rclliOito h d m\"ioll r Il( II l i ~l l l ain'm ft durin/.!; wi!"l l<i lu'('f" Sillllll;lt"rs 1ll;ly

al'iO be' 1~~'(1 to aualyze' Mild \'(' rify t!l("(mofil'lll 1l111lh-fS wh irll muy 111' l.fllI ,Iillk lllL I"

grasp from a pUfl' ly co nceptua l Irl1~1. Such fll lI ' Ill Il IN'Il U Il ;,III !?," f n NIl "xalll ilmlioll " f

blnck llOlcs 1.0 t llCSlllf ly or hilth ly nbstrnct 1lI11f 1I'isu r m lll ll lllIlLil ' ll . A.~slldl , SiUl tt l ; , I " ,r,~

provide II «ru cinl roll' ill both industr y a1111ac:aclc'luia .

Despite t hc illc:rcasi llllTI~:fJ/.!;ll i tjU li Ill' silliulal.clrs lI ,~ u v luhle111111 Ul ~:( :SSI I I '}' ],( ~" lln'l l

tool, one must eonstun tly hi! aWIIn~ of till! I ll , I.I ~ll l i li l jlru IJlplIIs ,v llid l Sim llllllurs muy

Intr o duce. NInu y Ilf t ilt : Jlrohll!l lls ml' re-lutol 1.11 till!l'IIlI' lllllllli' 1ll1111illli l.al.iUIIS"I' I'X-



isl.i ll~ hunlware pl;l!Jo r llls hut a m quickly lJei l l~ overrrnne us mnrc powerfu l platforms

iIIt! iUI,I'W)IICI!<!. tnher PWIJJI~lII S , unfor-tunately , are inherent wlthln simu lato rs nile!

lUI! rr-lntedr.othe mlUplexit.\' flJ';stld ated wil.htho S}'S1tlllls beingsimulated . Thissoc-

l.iull hil(lilil;ht.s ,.,..III I!' of l.llt!ma jor "l lvH lltnl(~ lind dlsadvantuges POl;('() hy modern

rlay s illlulato rs.

1.1.1 Advantages of Simulation

{)111~ o f rhn Ilr iulilry ml vHlll.llgl'S or Sillllilatlll's iJ'; l!JILt they are nblo tu provide users

with p rlwtim l fl~~ lhaek WIiI'1ld{'.~il(lIil1p; rcnlworld Srstr)!IlJ';.This allows t he designer

tn II!·tl'r lllirwUJ( ~ C~ II"rI'c:t Ill~S an d clJk ielll:r of 11(lc)si!l ll before the svseu is nctuallv

1:f!lIst rllrll ~1. CUIIS(~ ll leUl .l'y, th o user m ay explore t lu~ me rits of al ternative rbigns

withoutad ultl l)' physically Imildi lll(the s.\"l'trllls. Dr inveRtignting thoeffects ol spc­

rilir- dt osil(lIdl'd siuliSd uri llll l.)II) dtosign p hase ra ther L111111 the construction phase, the

II'Na ll t1151, of huildiup; tl u' system dimlni sbrs sip;lliliclIlll.ly. A~ nu example , couslder

(III' Iksil!,l1and fubrkut lou of integ rated circuit s . During the design phase , nc de­

sil(l1l'r is presented wit h a myriad of decisionsregardingsuch thtugs as the placement

uf c:oIll IKflll'lI l.S and l1w routing of thoconoccilng win'S. It would be very CO.'itly t o

mt lll\lIy rahrkatl~ all of the putcntlal designs as a menus o f cvaluati ng their respecti ve

pl'r fllr lllalll:c~. T hrough t llf~ lise of II simnlntnr, however, t hc user may lnvestigate t he

1'l'lal.iwsfltJt'riOlil.)"uf ,·a d l dt'sign withou t actually Iabricut.iug thc circuits themselves .

II)' llI illlirkilig UlI' beha viour of t.h,~ lIl's igns, the circuits imulator is able to provide

tIll'd" sij;lll'r with inforll l11 tioll pe rtaining to thecorrctucss andefficiency o f alterna te

tllosip;ns. :\flt' r rlm,rlllly \\1'igh i n~ tlw ramifications of each drslgri, the best circuit



maythctr hu fabr lcuted.

Anot her IM'lll' fit ur simulators is thnt t ilt"" pl'l'lll il. s,I"sll' lll Iho:;ij.\1It'fS 111 Sllld ," II

prob lem at Sl','erfll differe n t levels orahsr r urtion , 13y nppn lBl'liill~ n S,l'Sl l' lIl HI u

hi gher level uf abstraet lon, till' dl's igw 'r is ln-uer nble In Il1h l c'rsl ;l1ld the Ill'hn\'i nurs

better ('q lliPIII'(1 t o couutomct tin' (~ lJlll ph'x i t. ;'l · nf llU' IJwrnll s....sll' lll . T h is 1'lIm p h'xil,\"

m nysimp ly overw helm rho Ilpsilllll' l' if tlil' pn lhh'rn 111\(11)1 '1'1) ll ll llrlmdu><! rW111;1 It ,\\~'r

level. As t.hcdcsiguerbcuor undnrst.nuds till' opcrat.ion oitlu- Il i,L!;l ll'f 11'\'I'II'lllllpll lll'IIIS

t.hr engh the IISC' of thesim u lator, t.ho 1001N' Il'I'1'1 ('OlUplllll'lIl.s ilia,\' t. hon hl'tl ps iglll'd

and subscquculy simulated fur ,'er iril:nliOlI undpnrfonnnncr- l '\'Hlllal.illl1 . Till ' 1'lIli n'

system may be buil t !lased U [lOIl t.his "lop-clown" t,c'dllliqlll'. T his apJl l"oill'h is Unl 'lI

referred to liS lJicJ"fm:/licul den mqlO.'Ii ti lm [32 ] 11 1111 is I'SSt 'III,iill i trnny ,l l'sigll 1,111,111111 1

simu lator which d eals wit h the elln s t.r l1di o ll of mmpll'x sys1.c' lI1s. For I'xlI1IIp l", with

re spect to eireuir.s. it is o f tI' ll useful to t hink of II ULirroP !"O('I~'iUl" ill tl'f lll S or jls

regis ters, urltlnuet.ic logic 1I11il s, 1I\1 1 1 1.i )l1 (~xors alld elJll t wlu l l i l.s. A Silllllll,t,W whid l

permits t ho const.ruction, i nt.l~n:()lII Wd ioli 11 1111 snllSN llIl'!lt silrl' II:I1illll I.r Ihl'sl' Ili).\lwr

level ent i t.ies is lIIu ch mom u seful t.hnn n sim ulator w idth Hilly l l ~ 1.s L111 ~ dl 'Siglll'r hnild

and connec t simp le logic ga tes. Workin g a t a hi,l(Ill'1" l(!\'l'lahs t.nu'liIHi al so fadlil. llll'S

mllid [!rotolypinf] In whlch p reliminary s,ysl.C!IIlSnre dl~~i RJII~ 1 q uil:kly Ii.!" l lll' P UI"]IIl.'il'

of studying tbe Icu sluility and praet.i t'alit), o f t.1 wh i/l;h-l l ~wl d f' s igll .

Third ly , stmulatcrscuu b e usodas Hudf('cl.i w lIWallS fur l. l :lU~ hiIiR III' rl l'lIIIlIlS1.ra l.i llg

COIlCCIJ t.~ to student s, This ix pnrtiuu lurlyt r'u u ursilll lllaturs tl ll11.lImkl' ill1. I'Iliv.I ~lr l. lISI'

ofcomputc r graphlcsend un imatiou. Suchsi l llulal,on; d yrnuuirvrlly show 1.111 ' lx-huvhrnr

and relat.iouship of allthes irnu lnted sysu~m 's (;llI n[JOJ(l ~1I1s, 1.Iw rd lYprfJvilliJl,l(1.111' 11,,1'1'



with nmeunlngfulundrrsta ndlugof the syslem 's uaillre , Consider egain, forexample,

11d n:nit s imlilator . By sliowiu~ t ll{: pal,lls tak en hy s iglllilsH..o.; input... a rc consu med

hy (:IJ 1I 1 )H IJ II : nL~ and oulputs arc pro duced over tlleir respec tive fanout, the stu dent

1:1111 uetuulfy S(~~ wha t is ha p lHming within tho circu it ntul is therefor e lrft wi th a

het.ter 1I 1J(krslallrl i ll~ Iur th e dynam ics of th e elrcuit . Such 11 s imula t o r should nlso

!' (!rllliLSI, II r1 I :IIL~ to SI Jl ~~llIp , slow dOWII, stop or ewn revers ea.ainmlationns 1\ Ill Ca I L~

of ajd i ll ~ umhrstandiug. T his is pa rl.il:1I1nrly true whnnsilllu lating circuits which

11:m l,nillb 'd l lllCk loops ocother 0llcra t iollswhich11l'Cnot immcdillt{']y i lJ tu it i l"~ upon

1II1 initlnl il lVl~l igat i oll ,

Dllring the! pros enieuon of the r1()sigll and implementation of the simulator in

r.hlx rt'purf., iI.will he smwn how the above p ositive a ttribut es hlll'li been or call he

i Jll:(Jqmmt.<~rlI H lt h ill tilt' simulutnr engil ili and i t~ IlS1!r interface ,

1. 1.2 Di sadva ntages of Simulati on

DC'spitl' tlw udvantages of si nmlaslon presented above, simula tors, like most tools,

do IHm: t hei r drawbuds. Manyof theseproblems call he attrlbucd to the com-

putruionally iU1.cns iw procosstng req uired by some s imulators. As n conseque nce,

t he 1l'Slll ko; of 11m simulation may 1I0t be read ily ava ilable aft er ncsimulation lias

sturt cd - 11n event that ma y occur instanta ne nusly ill the re al world m ay act ually

ruke IUlli rs 1.0 mim ic in IIsimulated e uvimnment. Th c delays m ay be d ue to a n ex­

1 ' ( '(~d ill~ly la rg(' number orentitiCli being slmulat odor due to the complex interact ions

that. occur between the entit ies within tile system being simu lated. Co nseque n tly,

t h {$l~ simulatorsare f(~tcicterl l1Y limi t ed hard warepla t forms wh ich ca n not meet tile



comp u tational demands of the sinmlato r , HOM' n ·r. l\.'lIllnn' \MI\\1.·rful pia l rurms 11 1\1\

improved sirnulation tcchnlques I)('("(lllll' nvailabh-, Lhi"!I'mhll,n is I M'nlllli ll~ 11'!>.'i Ilr a

One oCtile WAYS of comhating till' aroTCIlK'ul io lll'll n ll ll JlII'l ily is tn iul,r u th",' s i m­

plifying assumptions o r 1K'llrioili('lI intrr t.he silll ll llltl1f e llll;in'·. \\ 'h il " this lc"imi, tllt,

can d ramatica lly reduce t ill' simuladou t.ilUf', it IIllly 1I1s.1 /{iI, ' it s 1lS!'r:; 11 fillS!' St'IISC'

of sec u ri ty reg a rdin g thr. arcurm-y nf tb.l sillllLla l.iulI «'S lIl ls. I:llr I'X;IIII(lI." 11l1lS;. lt'f

a circu it simula tor which makes till' sitll plifyiulI; l\~Il 111 Ilt. inll tha t. a \'Ilm' ll ~ . passin/{

throug h onew ir e!dues not IlIlve!f l'id ,v nffoct current lIulI'illl( ill ni l IHUnl'l'lIl. wire. Silt'll

nnussumptlon runyind eed reduce the ti me M'<lllil'f'C l fur 1.111' circuit sillluln t.or In AI'Il­

crate r CS\lIL'l, H ce evc r , if the Il SI~r places two wi n s uf a l 'in'lIi t. t~)O d o s<' I.HII,I'I,llI' r

during the design , the circuit, when fa ll rirlll.t!t:1 III l1y fail t il 'J[le' flll~ ' m m ,, ' lly ,h,,, I...

olectromageeric Interference bctwrentl u- twn \\'irl'l'l, Ew-n th(lu~h l.lw liirllu lll t illll !ll 1I.\'

hint! shown no a nomalies in II. dcsjgn, t he cin:lIi t limy l<itill haw IImvs.

Another me a ns of dealing with the colll\mta tiullRI(:tlllllllt'xity ill t.. l ' II1 I I~ )Y lIw

hierarchicalapProll.dl to drsigll and simu la tionso ;L'; tn 1~'T1l1il till' ( I(o:;i~rll' r t l l uj),'ra t l'

at a higher leve l of design. Howe ver, t h is tcd micauc IIIlIy ill t"" II!l'I' iL'l II\Vll Ilml,lc'llls

as ""el l. By op erating at too h igb all ahsl mctioll II'vd, the I I('si /{l ll ~r lIlay 1.t'1I1 \ til

oversi m p lify o r even om it some of tire lo wer level cHllil:i "f tIll: l'iystl~lU. If tilt· II'vI' 1

of nbs r ractlon is too high, them it may he: illlpos.>;ihlc, t u ueundly IJilild I,l l c ~ IIt:Vil·f·

physlca llyuuc to the luck oh llUiciclltly dctni l,~ l ill forllla1.iu ll wit !l11l t.11C: clr.~; ;~ IJ . Ac:1,ua l

eoust r u c tlou of ti m sys t.e m will n ut. Ile a b lu til nc (:ur uutil 1.111'Ilst:r pruvidc:s low l l ~ vd

informa t ion con cerning the system's suhcomponuntx , Wit h nos!'I..:!. Iu dn:uir. ,1c 'Si~/l

and fabri cation , workif; c urren t ly ongoing inthn field " f .Ililimll mUIllill,r." [1111 wl, idl



all ~ lIbl,! "" 1:1' 111\'1'1'1.hiWl level I I~iWL'" 0; cin:ui ts nud translate t hem accn mtely and

l'frid l'nll y illtll I"w 11·..,,1 .""i Jl; lIs suilah lC'fur Iah rication.

1.2 Class ificat ion of Simulat ion Systems

1"'fIflillJ:UJlOIl Ihl' Ih'J;m! IIr rundonmess ll~:illlf'd wit h the lehavicnr of t he system

ill its simlila tl'(l ruvimmneru. FOf exam ple, oons il!l'r IIsimulated system consisting or
n Sf'r ips (If ha nk l dh'~ who must pmvide tmus nction Sl'Tvil;ffi to incoming customers.

'I'he II'lIJ:th of tiull' ruquir«! for a teller til Ill"OI:I!liS II custnmor's unnsac tiou 1~ll ll l l(lt

uhulou s.vsll'lII Illilst i ll~ ru( hwl' random behaviour to simulate the durat ion of each

LfmlSlwlinu. Dllrin~ ti ll' analysis of a rea l world 1"1nking system it may be discove red

111:l.t t hl' titlll! "" Iuin'll flJf a rrausacuon occurs O'o"Cf SOIlICwell known probllhili t,·

d~"'_ril"llilln . HI'fII'I' th l' duratioll ofeach transaction may IX!genera ted from this d is­

t ribu t ion" A si mi!:lf sl l'llll'&)'ruay hr adopted for Ihr ra te at which cus to mers enter

~ hank . Thmll~h iiII' illtrorluction of th is raudomncsr.... tbe results of II stmnlanou

IIUl.\· 1U" ...r IK' lhl' lllUlll' n~ R !'Tf'\;OUS si mulation. A sys tere, such as t his OIlC, lhill

n'lic'S ht'll\'i1y llJMln random !J"'ul\'iour is referred to Il'ia stochll8tic system 123). T he

n'S Il Il,~ J.,'f'I1l'r n t.NI frolllll sllK:hll~l i(~ syst e m nrc ty picnllyanalyzed sta tlstica lly inorder

111 ma k.. tundusil1l1s tt'gardillg t11(' behavi our of t ile system.

CCIl I\'I'l'l:t ~I~" a ddr~"fIIi ui.~l if; eimulation systmll illt:orll0l"lllrs absolutely 110 rnndom

la-huvionr whats oever. As such, the simulation l<'liultll for Rgiven set of iUIJllUlwill

a lll"H)'S III'klonrlrnl, Simulations invo lv ing circu it behaviour are examples of deter -



millist.ic svstom ». SUPIJlyillf( h i~h ~ if(lI als to bnt h inputs ofu :!-i llll lli S.·\ S I) ~ll t . ,

will always pro du«. a low sij!;ll al Oil IIU' ~1\t l"~ uiu.put , n'j.!;nl"( lll '~s ur wlu-n- ti ll' ~alt'

is loca ted ill r ho dtC l1 i t.'~ d l'Si~ 1l I lil 'rarehy Ill' wlu-n Iiu- iuputx lin ' 1'1'l"l'i vl' d I,y IILl'

gate, I n till' context of circuit simuhninn . dl'h'r lll i lli~lk si m ulat ion Is lI~I'd til w ril\ '

tha t a p nl'th:lI ln r circui t design is lIl'having ; l ,~ ('x lll'd('d WIt"11 t ill' elu-nlt. is sup-

plied with a giv en sr t, o f inp uts , the circuu IJro d lll'l'S 11ll' I' XI'I' ('ll'd 11111I'll Is all lll'

correct. t ime. A lt.hough this repor t will Foc-us prlmnrilyupon dou-rtuluist ir s i lllil ial iu ll

system s, stochastic systems ra n als ohe s i ll1nlall '<l wlth IHO I!I 'SL llllld ilil'ati o lls III t h ,'

implnmcutnticn.

1.3 Simu lation Models

Dur ing the dCllig ll lllltl i mp lcmeutntinn o f a slmulut.or, \'u ti" l1 ~ 1,1'1'llll i'l liC'S n u t! Nt.l'lIl,I'-

gil'Smay he udoptc dto m odel t hl! IJl'hav in llr of a V;i\'l' lI sysl.t'llI , D"pl'ud ill!!. .11'1111UIl'

syst em t o be slmulrned, S01((11 tf'dlll i(!lll's mny Ill' more fnVlJlll'HIJ It, Ihall ot.lll'l"s. H U' I.I II" I'i

includ ing the le ve l olubs trnction nne] thuc!t'sin"II\I:(!IIrIW,Va llll SIlC'I'l lllf Ull' Si llllll!lI.iIJll

should h e taken int o cons tderntion when ( lc'Si glliu~ 11m sillllllnllll' ('Tll!;illl', 'Frudulun-

ally, simu lators arc dt'li igJl(~ lllsi llg nitln-r (;rlll ljll1w ll,~ Ill' dj,W! n:tl~- r ~1It:JlI [1'('l lIl i(!lIf'S1.0

simulate a given system ,

1.3.1 Continuous Simu lat ion

C ont inuous sim u lators {<II urn (:har lll:teri z('(1 by t h l' I ~X I.I'Il Ni VI ~ 1IS1~ uf u lll r.l ll~lIIu l ir :: d

formula e which describe how a si lt lll la t ,l~d (:tI1l1I'OllC'lll. n~Jlllnds WIIC!1l sll llj l !('\.!~ ' !.o

various condluons. For exnmple, consider H circun rh ~SI: r i 1J I '(J at ti ll! tnill siSl.flJ'. r1OSiN-



tor andf:a pad l.fJr Il~vd. '1'111' behuvlnnr of a llthrso compnnents are wellunderstood

1:lJuUnllOlls siHlula l llr 1I'IIIIId apply thoseequntinus i ll tlmcont ext of 1I1e CHIi IPOIU!lltS'

I'llvirlU1IJIf'lIt and l:lu l lll ~ :r , i vit)' and produr-e a t1Jt1ti 11l101lS gra ph whleh at1:lIra t ely re-

1I1'f:lJi ho w Ull~ l :o Irl I M I I Il~ll ts wllulil rI'ad if they were uctnally hooked Il l' ill renlit.\'.

'T ill' I:rap l l.~ usually rd JI'(:I, thl' l:I Jll IlW~ ill t hl' stat e of the s.y:;Lmll with respect to

"i llll!; however, l,1IH:r n'la t ionshills ilia}' also IJI'l!1'11l011slrar,('d liS well. Uniort.uuntely,

ti ll' nmt.hr-tuatk-a] 11ltla1.iolls f'I1I]1lny l'd by 111 ~llli t i llil Ol I S simulatorrun make t he shu-

11J;II,iuli Vl:ry cm Jl l lUlJlti lll u l lly intensive,cspocially i ll Ihe ])J"(!Sl'lI('C of thonsnnds Ilf

il l tl 'rr : l ll l l lc 'I ~ J c'd dl'll ll'nts, As SIIl'h, crnuinuous simula tors Illay 1)('slowmill arc COIlSl!-

quently l m l}' us eful IVIIl' II simnhuiug1\ mlatively smnllnurubnr of components which

1111' dl~l:r i I H1 1 Ilt II InwI c ~ vl' l ll r nbsf.ractkm.

I\S a ll I'Xa11l 1)1(, fir m ntillUll\lS simulatio n. conside r IIdepletion 1II0dl' transistor

ad.i ll~ liS" pull li p (or a (~lI l mci t i\'(~ ll~l( l [I i']. The sdwl1l1ttil: for such a dovieeis

pn 'St,Jltl'd i ll Flguro l.l. TII(! tmusieut behaviourof the system is governed by tile

l 'q llat~Jll 1; .. Vj)[) {l - r - I/ (IIC,.)),

Fi~ 1l1'l' 1.1: I)I!pll ' t.illll Mode Trnusism r Pulling Up C apacitive LOIIII
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produ ct"IllI" gra ph ~i \"f'n I~' Fir:urr 1.2.

lim -- --- - - - - - - - ::.:...:..:..:.- - -

\ ; = I i ,ll ( l - ,' 1/,111',, )

1.3.2 Discrete-Event Simu lat ion

Discre te-event simulation131]is IL>;('( l ln silliUla l l' m Wl' l lI ll' lIls Wllid l lI11rJIl;,II., " I"' nl ll'

I\t a hi gh er level o('lhslrndin ll limn el l lll jlnul 'u b . si lllu l ll tA . I I ~· t".mlirullllIS SiUlU!;, I . ,n<.

I\'h ich causes t he SystCllllo dum"n, its sllltr ill SIIIIlI' WII)', Fllr " )(illII l ,It' , ;, 111 '\\' 0' \'1'111

ls created WI U'U C\'l' f 1\ simula ti on ('lJlIIIKllll'/:l w ' w 'mlA 'S 11111 pili.. /\ sun "'ss iUIi uf till'S!'

events provide all c lk'dh~~ c1Yllllmit: Illlll ld llf t l l(~ sys lt' I11 IIl'iul!: Silll1ll11t,I..I. W lml SI'I';I-

rilles dise r uto-o vent simnlatioufrom (~lJ lJ li mlolls si mula tiou is till ' f:ll' t tlml tl ll' l' \ '/' lIls

in n discrete....e vent Si lll ll rn l,nr rnu otl :u r lIur .\' du riug II t l i.~I,ilJl't 1I11il of tinn- .turi ll).:

the si mulati o n - CVI! lltS lin ' lJOI, pl!rJllitl ed tn fJlTur ill Iwl w' '' '11 !iUI!' unit s . Ilisrn-l r'

event simulation is K( ~ nl!rnlly IllOW popnlnr tha n l'fllltili UlItlS silllll iatioll 1""'fIlISl' i t is

"



Fi~nrr 1.3: SilJlplr Dil(it.ll U l$lif Cirt'llil

,,~(),

0,
I,

Ims a ,lc·Ja,\' uf mu' tilll" Huit t t ill' ahfl\'t' lu~k rirenit willl ln Mlnn · tlLc outputs W\'(!ll ill

CUlI\1'lItiUl1i1l1)', l\ Clllill st ruetn n- known ill' a globnl evcrll. queue is use dto proc'l-"iS

mKI IJ I;II Ii1~" IIll' " \" ' 11." ami W lll·ti\<lU· IUIIlIKJllr I1 IS a... required dllring the silllulat itKl.

This " 'IMlrl \\'i11lklllllllst rnll' au il' lprml'l l'rcillliljlll' for event manage mem ill whid l

illll,1('lIll' II' HliIl1l( If SUi'l l II queuing sys'l' llI is discns!wd ill dl't.1lil la ler ill th is report.

Mmll.f' Cr171f1 shnulntion is rclan-d tc discrr-tc-event simulation. Mente Carln shu-

uln lo f"!;u.~ 1l1l 1I ,\' ll1l1kf' " x l t' lIsi \'r 111'(' flf rando m number gClwmlOf"!; i ll order to si mulate

tll,' tll's ;!"!'(1 s,\..~I,t' lII , U ll li kt~ tlist~W lc'-t!\'l.'ll t simulators, which ar c often used to model

IF" r th,- Illltl' l lIlf' " f t hl~ " 'UIIIlI,II', it il; m;'llllul~ 1 Llu,t I,rior 10 the ~illmillt iun , IK>l.h K'llt'll un­
~rll''f~ l i ll~ iml"" 'r111i llnll' nlltl'1I1s, Th,"!I' ilKll11'fllliwlll' ull t lJllt~ nn ' " 1Jr<'lll'llt"tl ill th,>'llagTlIIIl by
Ih,' hori>'l>l11nl d; ~,IK'Il l i rK 'lI ,

12



Fi/.!;UH' 1..1: Graph RI' Pfl'S(' t11i Il~ Disnl' ll' Ilc' lmvillllt

l{l=LH=
· . : : : : .(), ---JLJLU~
· . . . . . . .(), - - -- ~ - - -run_s-
· . . . . . .

terns ill whidr probability and nondoterminlsm plays a mnjur m il', ;\ s such, MUllll '

Car lo slmnlutors are commonly nsed 1,0 1I10d l'1 sl,(l dlils l.il~ SySI,I'IIlS. T lll' l'l'Ia l.iulishil'

between the \ , h tl~, ty pes of simulations is Ilispla,Yl'11 in Flp;nn' l .rl.

Hierarchical simulation, ulthnugh lin!. a simulatjull tY IIl! hy il.l'iIM, nmy Ill' llSI~l in

conjunction with eont lnuous or diSl~ n!l.l! I!VI'Usillllllnl,urs 1. 1I ,~ i lll p r i f'y 1 111 ~ .~ i ll ll ll lltio ll l>l"l'-

CI~'i.'i. Hierarchic al sim ulat ion is 11 pr()(~I~~S wheruhy hiv,IIN nnlor 1~lJlJIPlJIIC'll t:-; df'II'J.\Il11'

behaviournl wSI'0Il,'iibiti ty 1.(1 its tOlll!,osil,f'SIlIWlllllIHHlI' III,S. '1'1 11 ' Iliv,III'1" lr-w-l1~, mrjlIJ'

uents nrc rcsllolIsihl(! [or activa t illl{thelr f('Sjll'divl' child I ~OJrl r II JllI' lIl s ill II IIll !lIll iup;fll l

scquc uec so as to model the correct behuvinur of th l! sysuuu. As 1lI1'lItiUlll'd l'a rlil' l",

h i l~ fll l'ch i cal design and silll ulation is 0 111' or till ! l.i'dlllitj1J('S IIst'il Itl I~ClJlI~ wlth UII'

complexity ussocinted with a v;i\'cm systetn. Luter eh'l]JI.f'l's will dl' IIU JlI~ I, ratl~ how tlll'



1.4 Abstracti on Levels for Cir cuit Simulat ion

This report l\'iIIl l,'!'(~ rihf' till' design and implclIll'lItl\t ioll of It d igital ci rcuit simulator.

CtollSt'l.IIII·lltl,\', th is std iUII willoutli ne some of rho aspects related to t he stmuteuon

of cin-ni ts, ind llllillJ;: t ill' dilfetl'lli. le\'l'ls at which circuit simulators may operate.

Cirt'ni t sillluintiull provklcs 1\ IIICIUlS of mode lling It circ uit's response to a given

Sl't of inpnts. T he simulutcr umy generate IJ1I111her.srepresenting the voltuge, present

ru spPI' ilk lIud,'s \If LIn' t·i n~ lI i t. li t cc rtaln ti mes or it 11m)' geucrnte wnvclcrm d ingrullls

tlmt show till' d rl'uil.'ll output (I\'(,Tthe duration uf the simulation. What is nctunlly



produced as a result of the simu latio n is ImW'ly clt'I11'IIt!('nt upou tlu- a ll:-;l nu-t inn h'wl

at which the circuit was deseribcd uud snh~('q 1\l 'lIl1,v si l1LUla l (~1. For (·xalll pl.'. ximulnt-

lug IIcircuit. ,1'':'('fillel! in Icrue, or trunsisto rs 01 11(1('np;1t'iwrs will convent iUlIall ,\' show

how these components illtl'rnd at. III,' clr'rt rh-nl Ill"mmlng 1" \"'1, wlll'rc'as shuulutiuga

circuit doscrl bod ill terms uf ga tes , !IiP-lIoll:;and n'giskr:t willl!PnwllSl r ;\1t' li lt' ,li /!;ilal

interactio n amongs t the ('Olll]JOIU'lIls,

Cireults may hI' des erlbed uud shuulntcd at s('\'I'nd 1" \'I'ls o f ahsl rm'l i" u I:!:,I. Th is

socuon will des crib e tIm' !' maj or ahst. radioll Ic'\'c'ls, ."1I'h of whir-h om' rc·la l.'d In lh,'

shuulat.io u models described above. Th('SI ~ levels are dl'SI'l'i lll'll 1)1'101\' ill 'll',It'I' of

lncrcnsing abs traeuoulcvct.

1.4.1 Circuit-leve l Simulators

Circuit- level simulators {'M} nre used tn mUlld tl ll' \ ll'lla\'io lll"uf n eln-nlt a l ils 10\\'l's l

conceptuallevel. Th e circuit is deserlbed ill terms of Iruusi stors , wire'll, , 'a p:ll'ilm s ;lIl d

resistors and their teslledive lntercouneetlviw. Cireuit-lewl slmulutors mnulpulun­

extensive deta il rega rd ing t he lnteructlon of a ll t l lf~ eompunents ill t,h l~ I'ire:llit. ;l11, 11I1S!1

take iut c considern tion suh llet ic'H such ItS win ' resistunec aud l-;1~ ) I J II' I. r i l: 11I'UI'. 'lti ('s of

the sub components. T he end goal drc :llit. l(!vd xhuulutlou is I,u I' fl llJll n' VI 'I',V d(·1.aill'd

an alog wnvcforllls which nccu rutely mudd l.l l(~ lx-hnviour uf un- t:i n : lIit , ' ,~ .I .'vk(' ,~ i ll

t h e real world, COIISI!(IUlmt.ly, eoutinuous slmulatlou 1.I'l:lmill lJ('S a rc' of!.I'1l IIS''l 1 10

imp lemen t circu it-level sim ula tors,

Cirenit- level shuulatlona an ' typically lu'r fllrllwc! in SPVNll l s!.aw':-;. DurinI', t ill'

first stage, referred to ,~'i tl(Jlk-e:r.lmd i lm, st llt.k ana lysis of t l l!~ d n:uit dl 'Sl~ r i Jlr, i IlJJ

15



is pnrfurmed. From this analysis , information regnrdillg the circuit's devices, their

n!Sjlf'l:ti vP aUrilJlltl's lIlIll their I1 HHI~: Li v i l .y is olunlned. Th is iuformntion is subs u-

quenrly r:lIl1lhilll'd with modu li'S knownllS ,1r.llicI: 7II()(ld.~ tha t desc rlbo tho behaviour

of I'ad l ,11 'vin ' IIlr It muthematicnlkivel. IIIorder to model the eireuir's behaviour, the

siurulnlor 1tI1i "~l Limn suiVI'II liysll!lll of dilfrm!lltial linear eqnatlous which is d('riw:f!

frotrla H t. I H~ illforlllllt.ioll liUPplil!1I10 it during the node-extmctkm"hIlSI:.

A h.l IUll~11 this mdhod gl~ rU' ra[,r.s very accurate results, the technique is vcrv com-

pul,aUilually inwnsive. wsult.illg in poor simulation speed. As a result,circuit- level

simulation is Hsnall.vnut fl'ft"ihlp for large (1('SigHs mHIis therefore conuunnly lIM'1I to

sill mlll l~~ (lilly t.ln: nmst cr:t imllillhregiolls of a given circuit .

1.4.2 Logic-level Simu lat ors

Logi"-!r'vl'l simulators 1I1.t.NlIpt tu rf!lllclly tho mllllnrtati onllll), intcnslve nature fir

dreu it-II'\'l'1simulators hy raisillj:\UI(: level of abstraction to the domainof switches

uud 111j:\i l: I:IlIrt!ltt!U'Ul,S. lnstcnd of lll a u ip li l a t ill~ couthmous, analog dat a, l o~ic- Ievd

simulators simply IU'() C ~( 'SS logic values; t.hat is, 0, J HUll X. In udrlltlon,logil:-lrvd situ­

ulntnrs t ruditfoually simplify 1.11I'simulatio n process hy assnrntng thut the counrcting

wires hnve rwgligihll' m"ist.lIl1ct! ,

Lugic' h'\'I'1xhnnhuorsCUll be subdivided into two further catogorles, swildt-lcvel

and !'tl l,!-I(,l!I~1 silll flilltrn'.~" III swltrh-levolsimulators, transis to rs a rc promoted to ole­

nu-ntary switches nmlvnry lill ie uucnuou isgiven to tire intric ncics ol other transisto r

a[lrihutl'l:. IJllrilig lire slmulntlon itself, equations governing the behaviour of the cir­

ruit are grt'lIt.1,r npproxlmate d, thereby illcwasillg the speed at which the simulator



opera tes. The d etail t hat is i ll('\'ilnbl~' 11):;1 llS II n-sull (If Ihis a l'p n );wh is IInl lIsll:llly

vital .

Gate-level stnmlators (91ClI'N nl l' lll ~'f't n hi~hl'r nllSlrm'li c'u Ic·\1'1. l..t>,," 1....·1·' I'in'ni l

devices such as t ransis tors , n lj);witoN lind n-si.'iturs an ' \"I'\llnt"t'tl with II~k j.:;ahosslld l

compo nents . Effrd ive 11s(~ (If I~il' gatt'S I",flilit rt·lati \1'I,\· hiv.h. lc·\"t'l. \tosi~ns III I... 1';I1\­

Ily desc ribedand subsequently sinurlat cd. BI ~ ';\ll sl' ti ll' C"lIlll pnm'nl,s an ' i l ll TI'as il1 ~ly

nbs trnct more complex systems lllll)" hi' (h'siglU'd mill si UIIL!at c, 1 .u I ii" Kalc' 1"\ ·1·1

rather thall at th e switd l It,VI'1. Tnulit.iunal p;nli,-I"\'I'l simulators un illll'\"IIII·nl.l'Il

using diserute-event silllu\atioll: as surh, thls n·pol"l. \\' i ll l'ri l1l n ri l~' fllc'us 1l1"'U drl'l lils

uC!lcrihcd et t he gnl.r level.

T here have 1J('('11 S(' \1'fIll SIlC(~"flllllu~'m!,ls tu 1I1I 'rKI'Nwik h· !I·V!·\ si llm1:II" n- willi

si llmlalors that operate a t the gate-leeol aud aIM )\·I~ , t llt·n·by allnwillK t l" , cl.osiKlwr II>

have the flexibi l ity and slK'l'f1of high-le vel sillmblttln-. I\'hill' i l t llll' Sl llll i ' tiun- \"I'l;lilliJIK

SOllie or the aceurary 1\.'i.'i()(:ial('l"1 wit h switdl-!t '\1'1 sillmlatllrs. Sud. silllullitun; a n'

commonly n 'fl'rn'f'1In 11." mu r.tl·"wtl.. silllu lalll"" (8J,

1.4.3 Fu nctional. and B ehav ioural-l ev el Simu lators

Funetlonal- and behnviournl-level th~wri"t illll J an j.\III1~I 'S 11 11I1si lll Ulll l.llI's [I I] rl'!'I'IOSI' lIl

the highest levels or SilllUIIl1.iclll uvailuhle to I:in :ll i l, fll'si l\ lIc ~l's. 'I'hl!s(' Il:w ls I'IIHI,ll '

dcslguc rs to modI!!clrcnl t s i ll ter ms ofi ul.c:nu:l,illj.\ah, t,l'lwt. 1l1l il,S 1.lllL t 11Ia,Ynol.I'VI'II Ill'

capable of fabr icat ion. As such , dnsi~llI' rs 1If(~ 11111.lirnitl'fl lJy t l ll ~ n'St r i(:I.I'f! 1J1,lmvilull'
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of Innduumntul d n: uit I lt ~vi{:I'S. III IIllllilioll, thl'Sl' levels als o pro vide designers a

viahlt ! IIll'lUlS of qulrkly l!xpllJriug altematlvus without h l~C(J lIl il lg overwhelmed with

t lll~ impa ct that dcosill;lI 111 'I:isioIiSwouldhave Oil the nircutt a t lower levels.

FUlldiulIal· li!vel sirIlJJlat.or.s am ll;(!tH!rally d osr.l' to the actua l hardware rcpr cscn­

tut.inn th an hohavlour-levcl s imulators. All nllStrnt :t unlt in 11 funct ional-level sunu-

latioll would ll(~:t!pt. inpu t and produce output just tiki: nsen rr<-S]lmuliug hardware

compouent. However , utort' f11·xihilil.y is pr~rJll itl.('d with respect t o lnrw tIll! input. is

pnoslmwrl l.u the un it and how it i.s pmcosscd to produce ou tpu t . For example, an

aeldl'r ut. !.Ill' j{lll.('-Il:vl'l may t:o llsisl. of several half-adders which adds to numbers by

OPI!r.'lI. illg din 'c:tly on their hits , T he (!(I"ivIIII!nt fund.ional-lr.\'d unit, \\'Illlli1 si mply

I,ake two inl,I'g/'n; HlIII add them llsillg uruhmcuc cons t ructs nvnllnble in th e hardware

Bdiaviu llra l-h' vel simu lators go one level hlghnr a nd JlI!rlllit designers to model

ahsl ,rat:t 1:II(1 trol procrssiug which lila)' not he l'l!alil.ah1c!ill hardware. TIll! purpose

ll f tlll'sr xitnnlaturs is !u givo rhe designer It gencml overv iew of t he des ign an d 1.0

{':qll' rillU'lll,with high-level aucrnauvcs. T he usefulness of design tools and simulators

I.hal. operuto at thls level has hl'f't1 tho sub jrd or debate du o to the ditfkllity in

t.ralislatill)..!; sIWh high II'\'{,I designs iuto com pnc t, high-performance ci rcuits , However ,

advances in sllieoneompilntion have mnde t he t ranslation process eas ier and 1II0rc

l'ltid mll. III addition, hi)..!;h level simu lators nrc stilluseful for rapid prototyping, even

ir (,III' Ih!si/-;II is nut. actually physleally fabr icat ed. Rapi d pro totyping 1\110\1'designers

III slud .\· 1-111' fl'asihili l,\' of a hlgh level d esign befo re ac tually dr.lvi ug int.o the tedio us,

10w-lr'\'I'1 detnilssueh ns plucomontlind routing.

Om' nf 1,1ll' lJIlJ1'(' popular langua ges lor descrthiug, simulating and eve ntually syn-
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thrsiaing circui ts nt tlu- fnuclimml l\1It11"'!mvinura lll'wl is \ '1I0!. ItiJlI}.

1.5 T he Purpose of t h is R ep or t

Th e simul ation l'1I1;i11(' pn 'l'l'IlII, 1 ill Ihis n 'l" 1I'1 pn wi ,lc'l' I'Xll 'us ih l,' ~ lIllpllrl [,' r a ni­

riet)' of circuits ca di of which Ill I\Y he t!c':'orrih,,1 nt tmr' 'f' '111 1t·1..t' I,~ uf lll~t nw l jU lI ,

Th e class st ruc t ure is part icularly a1l11'lmhl,' I llwlln l~ Ih,' ~I',, 'i l iea t io ll "r hh.:.h-I,'wl

Iunctionul blocks thu t m il h i' r llsi ly c!t'StTilJl ,1 ill (: 'H lilt , 11111':'11111-1" u,<;(,1 IlS 1111'

basis for hardwar e simulation hy 1,lw i lll ph ~ lII('t1t n t io ll , h,:olt ' rj l ll 'd lu-n-iu. ..\ IIst'l'-dl'lilWtl

libra ry conslstiug of Ili,;h. und low-level W llI pU lI('Il I,1i euu hI' (lP:;i~ Il('( lll litl illll'':'1'I1 11'r\

easily with the ec re libra ry ('OIllIlCltll' uls , Sube-quout t'ilHplc'rs dist'liSIi ull aIi IH~ 'h; "r

the simu lato r in detuil. T lLt'Sl! tl l,t ail s i ll d udt· illll'l t'm t'III11l i,, " C ~)l It'I 'ruS with n '!'i Jlt ~ '1

to t he grephlcal user illlt 'rfiln ', t he Silililh\tnr ''lIJ:;ill'' "un ' as well ali t hl' IIIl'i1l1S 11)'

whic h these two maj or IDIllIXlIU' lll'i l:l l llllllll i l ic'att · wit h l il l i' llllt.IIIl'r ,
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Chapter 2

The Simulator User Interface

'1'111' illllli'.i\'('lU'S.'; nne] rnhnsluc'ss of llw usc', int.crfm:c· llSl~ 1 b.... 11 softwan' upplh ntuur

run slrnll~ l.v ill t h l" I Il~' t.ILI' prndlld h·it..... of ti ll' p -oplouslug thaI upplk-atiou. This

!'I llIpll " rUf liS/OS(Ill 11K',\(s il:;l1and lllM'mtiClIluf a h'fllpllit"1l1user imnrfao- for II digitnl

Silllllh,Wr 1'IlJ,:;illl·. f)r·l.Itils with n'SI>f't~t 10 1111' dlt N '1J 1,l;ltfofl u a mi imp !cllIc'Ulllt ioll

hlllJ.:.mlJ;f' willnl<;(1hc·,l isrll.....eeel nil'! jllsl ill,,1. IUltdditiull, soun-luuita tions ol thc Gt.:I

willi II" ChOSl,; Ill'd :11111 JllJll'lILial ~ll lli iotls lo IIM'!'Cm;trirt ions will I~ 1)fl'S('IIII'd .

2.1 Mot ivation

'1'1u- f lln' uf 1111- ,liS(' t!'t''' '>\'c'JlLSllllllllllnr engine tlN;(:ribt-c1in this pap er WIlS previomd)'

IllSi,LI lll'llalld illll,l"llll'lIt1'( l lIs pari of all Honours projeet. Despite the {'lIJlllbiliticsor

till' shuulat or cngim-, HIl' tmplemcntuuon was lhulted fnll ll a ll end user pers pective.

(111l' ur Ill" b iggc~ t 1 1I"(lhl(, 1lI ~ or Ihe' huplomomntiou \\'Il ~ the 1IS1'r i ll l('rrac'(~ - nr rstber ,

ti l\' lark l hl'TI'Ilf. In onler hll ll 'SC.~ril)(' il (~lL l ll i t, till' llSl~r 11IIcI to define tile entire circuit

lIS \\'1.'11liS 1111' ill\llll :li f.\lIn l~ ill n C+'" soun-e 1lI(l1lu!I', Thecircuit description, inputs



a nd silllllia lo . engine itsrlf then had lu lx' nl lllllil.'li. lillkl'll :11.. 1 " " I'l'ult 'l l ill or rh-r

to dct t'tllliu t' tho 0lltp ll'" from thl' r-ircuit., T Ilt' ull t p1l1 fw mtl u' Silll11lal ut l·u lIsl.'1h ..1

of tlme llt a lll lJ~' and s iftna l values whkh wl're ' l lisl'l,I~,'t IIl'Xl n;\II ~' rnt lwr thnu ):,nll'hi -

eally, Cons('q lll'lItl ,Y, w ri tiratiou of th l' !M'!mvinllr .. f Ih ,' !'i n 'lIil WitS un t'n . lillil-1I1tmu l

tedlc us. In addi t ion, IUI~' t1lHlIgl'S III Ihl' <'ire'uil dl '1\lTipli u ll Ilf illl' ll i :.ip;n<lls, r' '):,<lnl­

less of how small, rrqutred m(M l itit~a tion mil l suhst'( llIl'lIl. n 't'llIIp ila l.itlll .. f Ih.' snlln~

code. Nf'('tll<'SS to Sil.\', th is 11't:llIli,l' u' fur rtn-un s pt'dlkal illn nml SilUU111liou S!'r;llIls ly

comp rom is edh, ',h t.he cvnluurionund ]mw lkulil) ' uf 1hI' simulutur t'll),),illt' it-e-H.

111order to gr t, a rou nd t.lll'St' )lm bll'lll s, 11~rap li knl llsl'r illlt'l'flll't, [I !}l (01' ClUJ) ,

culled DigiTd , WIIS IIl'sig uI'l11l1ll1implementerl fu r I,lll' Sllll lllrtlnr "lll!;in,', '1'111' 1"'llt'lil"

orsuchan int. 'rfllce lire muhifold. F irsl.!y, .hlC'l.u l llt' ~rap ll il'a l Tt'pn'SI-l1lJ1l iutl .. fSll fl!

1111in ter face , furth er i n \'<'S t i ~n tioll int o t h.~ fl'HsilJilit)" prlldin,li t,\' a lld .UTltr.u',\· "f t ill'

s im ula to r en gilll' 1}('('OIll I'S l" ISII'r. I lls t l" \l 1 uf \,'ri ~v i n~ t hl' 11'lia llilit.\, uf tilt ' s in mllll " r

11)' exa m ining st f l' all L'I of tl~lt lual output . w1\wfut ms ruu II(' ~I ' III-mt l, 1 a llil sl u<lil , l .

Secondly. if t he CUI is 11.'Si~lIl , 1 a llIl illlplt,ItlI'lIlt 'll " lrn 'l' lI,\', it. m il 1M' uSI't1 liS tilt,

front end for a 1I1111titude IICeirrult s;lIlllla lu nI, T his fl 'n tll l1' wllllld lII i1kt, it siw lif.

ka ntly easier to comparu ll w \", rfo rti llmt'· HIIII "a llahi lil il'S tiCa " It il'l)' IIf c1ilfl'r<'111

sim ulator cngl nos . I II o rder tn impl ement this fl 'l l ltlrl' , llllmc' n1uplill~ 127111(-1\\"'11 11lf'

t ion of circu its I' lls i"r rur 1III\'il'(' r-nd1IS1'f'S, Ih'-ff'!Jy ltIllkilllJ;1111 ' siWlIla t,or 1 'J1~i lll ' 1J1l1I'f '

llc·ccs.'iihle 10 IW(lph~ who trlll~' 1101 Ill' Ianulinr with rl 'lal,ivd,Y (-,'iol ,l-ri, ' l'OlICI 'pt,S such

1\.'1scnree code rmnpiln t lon . All inllli l.i", - G UI WIllllfl rndlila ll' elmult s jll, :ilil,ltt i" j(

and design, lumcc inrr l!llsillg the aeaclt'lIlie lUlIl f~\'l'I1 lmlustriul app li':llliull:'; lIf t ill'

tiiu llila torclIginc.
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2.2 GUI P la t form and Implem ent atio n La ng uage

Uliforl.llWlldy, llw f:h{Jil:f ~ Hf II \'i ll hll ~ plil1form ami implemontatlon language for filly

war" plll tJUrl ll ll ll d illl ph ~IlWll tll ti o ll l 11 ll g lLlIgr~ for till! circuit editor GUJseveral criter ia,

such as msl., a vaila bility und lovel o f suppor t, were taken int o cousldnmtion. T he list

they do mpl'l'S('uLS(UIIC' of 1.1u~ 1Il1)n~ populnr opti ons nvnilablc.

2.2.1 GUI P latform

I,;IIII.\:[2!J] WilS d UISl!1l as the upe'rati ng s)'I\II'lI1/1lla l.fon li up on wh ich t he drcuu edi tor

wonhl Ill' dt'\'I·JOpl'lI. UWIX is a fm· I,\' distrihutuble c101J(! of the UNI.,\1 operating

s.vsl.c 'l!I whkh Ita.s lm' lI portc'!! to a vaTic!.)' of hardware architectur es . Tim oporati ug

sysl.c 'tr1olf"J1; s tahilit..r, open -tevnlcpmcnt,SOUI1:C code availahility and a variety of

suilahlf' s(lfI.war c! dl!vd oplllrnt. tools . Also, it run s on reln tively cheap hardware,

Other l 'xI'c'I1I'lI 1.UNIX-li kl~ (1!)l'l'IItillg syst (' llI ,~ , sin-has frecBSD and Nct.BSD, P()SsC~

similar qualiflcutinns and were nlsn potential candid ates, hut it Wits decided to go

with Li/JUxdill! to familinrily with thls system and accompanying distributions.

As a rrsnlt of this dreisiou, il was decided that the circuit editor CU I should

run on l.Ill' \\'il lllll\\' i ll~ xyxtt-m most pre valent 011 the UNIX platform, na mely , the X

Window Sys1.l' lll ~ [211, As lurk 1\1111lcl have it, XFr('('8G~ is a fr;1Cly nvniluble am l robust

port !If lhl: X Window Sysl,l'lII to PC ImSI!!1 UNIX s,\'stm ns , Despite the decisi on to

I liN/X L_i\ rt-p;isU'ml lm<l"lllnrk of X/Op( 'Jl COUlJJIUl)', Ltd,
1X Wi",lu\\" Sysn-mis :I lrml,'ulnrk uf X Consortimn, Inc.
~X"h.\~6 isa lnl,k'lllilt1(uf TIll'XFrI. il6 Project, Inc.
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use UNIX and X for development, t il l' chosen lmplcnu-ntntto u 1;IIlj.i;mlJl;I' should [n­

port able, the reby allowing til(' GUI tn be used with utlu-r \l1H'rali l1~ s~'slc'ms SIIOIlI,1

the n('('d arlxo.

2.2 .2 Implementat ion Language

T he choke of lUI hnplnmontutiou lall~l1aAl' is somewhnt II'S." dC'lll' "II I . TIII' lIIllsl

obvious cont ende r would Ill' C [HI ill cnujnnr-fion wit h 1. 111 ' SJi/lli lwnr.\', 1I11\\'C' \'I'l",

it was deemed that this lihrnry \\'l\S tun low-h" 'c'l for Tal' ill app]il'al inll dC'\'l'lol'"11'uL

Anot her possibility was the use of C++ {28\ amI Llu- f'n~I'f ' vluss lllunty. Whi ll' it.

is hig her [nvol thn u XJib and shows ~I'f'ill. prom isl·. it still l'C' pl"l'SI' llls, nt. Iii" tinn- of

writing, a work i ll pro~ress ; bonco, its pol.t'lIl.inlllsahi lil.,\'and sl,abil i l,y is 'p u-Nl.iollahh'.

InterViews 115],t he forerunner of FrI',"I'fJ, was another ('llllSi,h'Tl'1! as nnut.ln-r pllssil,h'

optio n; however, sll)ll'nr t for this das." library lIlJJlI'Hrs 10 lim'l' 11l" '1l a],;IlHlnlll'fl in

favour of Fresco. Finally, a scriplilll-\ l a l1 ,pmw~ knownus Td /T k [:lI[IX[ WlIS ,'mllla !.l'll

nnd eventually chosen as the clt'liin'fl illlplc llu'lIl,a l,jo ll l a ll~U ll l!.l"

Tel (Tool CU1/lmtlllli LmllJ1IflfJ f ~ ) is it sim plt' seript.ill/!; lall l!.llall;C' tim!. is Ill' illl!. tI",

volopcd by Sun 1\'lkrusysl,e/lls~ which provit ll~~ ," lll'p lll'l fllf nlllll l lll i l jll"llj.\l"all l l llillj.\

concepts such as variahl l'li , CUIII,wl flow, IJ roC:I'c lllrc~ IIlIfI i'ltrilll!, l iial li l iitlal,illll. 'I 'd

snip!.s can be used either liS a sl.l\lll l·alom~ hlllll;lmlWor Uwy mny also In' l ' l lI bl ~dcl l 'fl ill

C code, thereby int erfacing with ('xis!.iul'; lihraril's and I f 'lVll ~Y cwl,' , 'l'k (' /imll,"il) is ;111

exte nsion or Tel which cnn he used for i lJlJlh~ l1l l 'IlHllll; I-Ifll lJhi l :lI II1St~r ill l,l'l'fw:l's fill' t hl'

as buttons, list boxcs, ClU1Vll."I!S uud sl:l'Ollhars) w hic: ll eun ln- Cllillil-\llmd a lld arrauW'f1

4SIII1Mil:rosystcmsislllrndell lilrk"rS llu:-'lkrosyS ll-lll,_ , I",-_



in II. f1f~i lllf~ manner to Imild II. robust GUI.

Adv3nt."1ges of Tcl /Tk

One flf 1I1l!prilllnr y lId vnll t.ag'~ IIf Td fTk i.~ th at till' source code is freely ava iluhle

IlII IIII' Inu-mrn from Sun MiM'OS)"!\WlOS. CoIl<;{'(}lIClltly, t1ICN! is no need to deal

witllthe .eoncmle burden nor Ih" administrative overheul of paying for t he package

inil.illlly alill pnyillg lignin for su llSl'(llIcnt llpg rndr.!!and hug fixes. The aut hor of the

Ilar:kage, .lulm01lSll~rlr n1l1 , has urlamantly s~lIted that I,he Ttl eoro lind Tk extension

will always he frl'd y uvnllnble. lu nddltlnu, neither Ikl'llsrs nor royalties arc required

when I lis~r i ll1l1. illll: uppllcuriousbuilt with the langu:go.

By 1lI l\k ill~ I hl~ SOllfl:e r-ode freely availabl e, two other advant ages ar ise. First,

t ll:\l fact th at Td /Tk is fr(!I' has undoubtedly contr ibuted to its wides pread IISC. The

T(~lrrk nmllllllllity is~tirnatl~ 1 to numbe r in the lellllof thousands, therefore prcvkl­

illll; tl... 11('\\' IISC'!' \Vith " Wl'1I l'l'ltahlishceI1l.'lCr-h..nse to fall hll.ck 011 for assist ance and

~l1 idallrr. Th is IL<;l'r-I»L'iC is ('.asily fI'./l.chcd via t he U5l'llr.l newsgroup eea p .Laeg , t el .

S.onMIII, fm~)' distrihuling rho source code Icad!i to open development of the package.

EmluSl'nI arc fn'Cto fixhugs and make suggestions and enhnncernents tc t he existing

Tel rom . '(1ICrxislrllCC' of a clea n, well-documented functional interface to the int er­

lIltl llll'c·hani sl1\s (If TclullIkl'S it relati vely easy to extend Tello Include fentu res which

a re ('illll'r too sluw ur lint t1itld ly supported ill Tel, If the exte ns ions arc decmol

IIst'ful lll tho 'I'd rruumunity as n whole. then t.!ll'se extensions may be integrated lnto

nil'rore in till' next rl'll'IIs(' for the beuofit of all users.

Prognuuming l\ GU! ran he a very arduous nuddcrunndlug chore. Tcl/ T k helps

makr l.h(' tnsk 1'/lSil' r hy mising the 1""1'1of abstraction for the programmer, thereby



making t he imp lementat ion of nser lnte rfuccs I'asil'r IIl1d I lllk\~.l'T. Grnphil 'lll i llh'rfa l"C'S

written using TclfTk t~·pknll,· "'{lllin- siV;lIi lkalltly Il'SSt'l,,,lt, tha n all c't\lIim l"\ll iu,

tcrfacc written ill C . Tel is rdll t i\1'[y r il.'l)· to h-arn aru] prtl\"illt'S 1II" l<t nf illt' (1'l11n,,'S

one would expect (mill n genera l Imrpllst' I'nlV;riI11Llllill~ lall~w').\l" SinwTcl is ; \11

interpreted scripting lallgllllj1;e , there i.. no IIN'tl fnr 1lit' ,1"\'I'Inpl" In 11.lllll'i\t' I II" "Mll'.

Th is makes rapid !lro to lYilillg mort' (l'lISihll' with Tdfl'k.

TclfTk was origlnully implemented for l lll' X Wi llllll\\' Sph'lIl: as a n-sun. il

runs sunmlcssly 1I 11 c1(~ r 11 whle \'nril't.\"Ilf UN' X pla t.(urrus, i lld lll li ll~ U rn/.,\:, ..\ 1 t ill'

time of writin g, ports \\'(~W in \ll"\1l;rl 'i'lS t.tI o l lU'!" \lop uhl !" '1Il,'ml.iUl/:1'1)'1'111'11 11'1, 111I·I"I 'h.,·

onabltng nil app licat ion writtou lISill~ Td fTk t tl hi' rdll t.iI'f' I,\' 11Urlllllh·;11']"11:-;''' a '·ilri,·I)'

of di fferent architec tures nnd opl'mUIi/!;s.\,sl.f'llIs. T Ill' [mtr-utinl IlSf 'r-lmsl' Ilf 1'1111'11 a ll

application is, the refore, cillil~ lerg«

Di sad vant a ges or TclfTk

Despite th e numerous I\lh'nlltHh'T'S uf Tdrn. tl lf'rt, an' Ills" n fl'W Sl lllrll"1l lll i lL~" 'If

the language which must be hlb-n into eUllsidc'mtillll whenwriti\l~ Sol 'ripls, S"UII'

of these pro blems CAnI>r.u~rt'(l lIll' by ;ulnpli /lj( clist°i" liw't'l "n~mlllllli ll~ pr;lI"lkt'S,

while ot her.; may 1)1'eorreeu...1 hy 1':<11'll sifl ll PUl'IuI~t'S, IIllIII.\' of wllidl un- al~. fn...·I.\"

available. T his section ollll iuf'll mall}' of t hl' pu ll'l\lill lllmwhlwks Ilf Td fTk ill IIII'

context of the circu it I'ditor aUI im pll'lIIf'll1.a t io llo

Beca use Tel s(:ripts nrc int,f'fl' f(·I.('d iIlSI,I'UlI "r I'orupill'd , I'XI't: ll li " n of rllt· ~:r i l' ls

willobviously be slower tlmn a n t!q nivall!lll. C nr C t I iIl1Illt·lIll'lll.alitm. 1II '\\" ' I'I'f , ml

t he Implementation or t hl~ circui t {'(litor pl1.lj(I1.'!i.<;l ...I, it was t!isc"1 l\'t·n...l thl'n· IIWt· /lilly

two situat ions ill which spl'('t'l pIH}' 't'1 il mnjur flll:lnr UII ~ I'xl.rm:l.itl/l l,f 1I" l lisL, 111111
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mOVI'IJIt'n t of tnnlt.iple circuit dl ~ rrH ~ llts, To alleviate the former problem, 1\ feat ure

k/ HJII'II as rl!jllII7IIi,: 1Idfi~l idf :'llijir:fllifm WIlS lmplenrcuted find is discussed ill Sec-

t itJII 'l.rl.L Tlil ~ s l oww~s rr!su)liIlJtfrom 1.111' tauer problem roukl have beencorrected

b.vlliUVillJt nnly a n'(:IIIIIA"lIlar unt lill(: r ' lId{Js i ll~ 11lf' clroult clements beillg IIm\'(!!I, hut

1.Ilis f"al,ur(! was not. yr'l inrplememcdurthe ti lll!~ of wr iting, Of cuurse, theoption to

rewriu- these Sill1\'O!)l'rlIt.iOl1Sill C and hulkl II newTel interpruter is alwl\~'s possible

shulllelllll ~ fl(~ ~ I a rise',

"\ III)I,h"r llUc,enli a l prnhlom hils 1,0 do with IIII.'fact. that thc sinmlator cngino \\ '1\S

nln-ady wrinen ill ett and 1101, Tel. B~' adcptiug Td/Tk <IS the language for the

nUl , 11'1' llltlsl 1'Slalllish .'irJliw means oreonuuuuteatlon lJl't\\'f'r'l1ll ll~ two dim~n!llt lm-

pll'lIll't1l.11C.iOIl lall~llagl '1i so I,hat the GUl ('It11 iufnrtn the simulator what circuit to

Silllllllll.l' 111111 , Ii(~ liirllllliL l,ur rnuld report flu! shnulauon n~ll l ts hack to tho CUI for

!1l"l 'l;('II!.aC,io ll hi t,lll! 1'11 rlllsr~r . Ah holl~h there an! ways oi embndding TcI/T k within

It (:1- 1 HPlllir::llilJll. t he r1 l'dsiOll WIIS made to kel'[J t ill' GUI nnd tbu slmulatcr 1II0d-

ull'S r1isrind Irum 011(' nnntlmr atnl iusund 1,0 link the m lo).(et her vin II bidirectional

pip('. CUlll lllllllir'H!iOIl between \.Ill' two modules would then t uke place using it well

ddi nl'll protoml. III uddltion 10solvillg the inter-module conuuunlrution problem,

Ihis pll,l'sil'll l s('para l ion of abstractions encourages (Indeed, en forces) loose coupling

1 l('1'\' I ~' 11 tlll' CUI nud tile simulator cngiuo, t hereby rcsnlrlng ill Il more f1m.:ihle ami

1lI'c,IHlj!;()I lill implnncntauon. The deta ils of this protOCO\IIJ'(! described ill Chapter 5,

Um-Hf t he more serious s!lurlfOllIiugsof Tcl /Tk is thelack of a rich set of datil

,~I [i /l~ IJlll' i~' also ll s(~l l0 providesuppon, for integers an d floating point numbers and
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for lists 11S well. The l-ick of ag-p;rl'p,att ' da ta s ln ll'lu rt':l im·t('llS\'S 1111' " ' 'I'd for p;llIhal

m rfnble, 11S a lllcans o f illlt'l'-pto t'l'dllral ami lnn-r-suoduh- cuuutunlratinu ill SI II I:1­

tlons where proccdurnl pnnuuoters nre !luI possibh-. This prub ll'lIl is \'OIlLPlIllILI[.'I1

by the lack of nnurcspuces which rnn lit'riOllsl~' (~1l111pro tll isl ' lm l'lf l't'!.in ' uunlulnr III'·

sign, All II result , T el scripta du not sl'lIl I' VI' l'y \\1,11, IIUII'"I't'T, t lu-u- an' 1l1 '1',' ml

possible wo rkarounds to these Inherent. pl'llhll'llls. I II '11'(Il'I' I ll f llll ll ll'll sal , ' ril l' till' lack

of !HUlIl 'Spaces, II [Jfe fi xillJ!, sd H'IIW W1IS dl'\'isl't l fm lIrtn'"dllft'S ;1\111 I!,I1Ihal m riab h's

which 11'011111 reduce tho potcnt ial for dlls llt's betwrs-n varia bll' alll l lll'(\('l'tllll'l' llallll'S

ucross different nnxluies . Also, saworal extension patknp;I'S [or 'I'd ('xist. whk li IIlf,'1'

bet ter support. for dar.aahst,flld ioll UTIlI , 'tI IHlIll: (' d S('Opi llP;, Ah,I'rWIU\,,' I,\'. llr~lll'i UIIIlS

involving a rich set of tl al,1ts t.l'l1l:lltr"s m ull! hi' WriUI!1l ill C IIIltI linkl'tl with thl' 'I'd

core libra ry.

As mentioned eurtlcr, ~1' \'I' ral frt'I'I)' nvnllnble l'xll'IlSiollS tu T d /Tk ('xist. whis-h

help tu overcome man y of the a I 1( 1V{~ prnbll'llls. ll owl!vl\r , Ill!' ,!t'l' isitlll WIlS l1Iwh' Hul

to lISC them due to th e relative \·olal.ility of Td/Tk II Hl'i l1~ t.11I' 1l1l11h'llll'nt,al,itlll of

the circuit ed ito r GUI. During th is tilll l\ Tk was 1lI Idt'rw) i ll~ a urajur rI~ \'i s i Htl Fnun

3.6 to 4.0, which rende red sctun of the '~X I ' ~Il Si (J lJ pa,~kagl ~s nnusnble till" t.tI t.11I'lll:llly

backward lucompatihle ehnnges lutroduosl Into t.lH ' new vl ' I'.~iol uf Tk. Wltih' ~CII 11I'

of the extension packages bravely k'\]Jt. IHU:f' wit.h t. IH~ 1lIlrtll'I'OilSdl1l llW~ 1.0I.lll' Trl / 'l' k

core, other eXlCllSioll l' 1Ickagi':l havc adapt.ecl llJ lJn ~ sluwly, 1 -1 lJ\\'t ! vl ~r, as t.l l ' ''~' \ pm:kaw 's

arc upgraded to adoJ)!' t he new fcatlln 's uf T k -l.n a llcl bl!/:rJllII' trll )f( \ mutnn-, all d il l!'!.

may be made to reevaluat e a nd ]Jossilily n·illlpll'lIlf·nt 1.1lf' Gil l Ilsiul!; 1Ill!' lIf UII'Sl'

extension laugunges .
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2.3 Overview of t he Simulat.or GU I

At 11mImlliulIiull of th is chapter, t.he importance of th e C UI was emphusized from t he

Pf!l':'i l ]( 't t iv(~ of bot h the noviceuser knming about dig ita l ci rc uits to t he expe rienced

user who llIay wish In explore r1iUcnml ovum-d riven simulat io n tecunlqncs. Th e GUl

llIusl thl1rf.fom Iw f!l\.o;y to IIstl for both 1tI~\\· users and expert s alike.

This secuon pnwides a hlghlovel descriptlon of tile CUI as seen by the end user; it

eensututes au abh wvial<!{]mer's mnnunl, which describes how the user Interac ts with

theCU I I~J layollt logic circuits, specify the cin.11it inputs and generate simulation

output. SUllie lower level delui):; IIf C alsopresented to describe the implementation

of J;lHIIl: of ti ll: lop level in terface elements. More implement a tion de tails, especially

with rl~lwcll.() internal rcpreenta tlous are prcentod in Chapter 3.

TIll'simulato r GU[employs 1-\\1) windows - the circllit edi l of'windolJ!(also known

lL~ ti ll' wa in window) lind the .~i9naJ display willdow. Toget her, these two windows

provide til l' norrssur y funer.ionality which lets the user constr uct and simulate digita l

r-in-uits. Doth of these windows are disc llsS(~ 1 ill furt her de tail ill the subsequent

SlIIJS('(:tilIIIS.

2.3.1 Circ uit Edi t or Window

The eircuit (!l!i1.or window servrs as the main window of the entire applicat ion. Using

the f('a\.lIn~ provided by t his wind ow, tIle user call creat e, modify, S/lVC and load

~1l1.1 ..1('\'1'1circuit.diagrams. In order to make the circuit editor easy to usc, the main

window allnp ts n prescntntlon form a t which has been adop ted by numerousotherGU I

applicat ions -- it employs a pull-down menu bar, toolbar and workarce arranged as

28



shown in F igu re 2.1. U)· ueing a.GU l la.)llllt whirh is nlmltl)· p rt'\ 'llII'UI ill hulust ry,

IISCrswho have experience wit h Rmlll ila r illt('r (al"l' In)1J11tshulIllI Ilud 1111't"in1lil !'t li tllr

rela ti vely eas y to usc.

Figur e 2.1: Circuit Edih lr Winduw
Pu ll Dawn Menu 10lcIIll Bn r Workarm l i llilha f

. "rd - RS Lotch. t

'~O
~----, O'

.--~

Th e followin g subsectio ns briefly desc ribe th e 11S11r i Il IA!r ral ~l l 1 1 h~lUl·Il t.S whkh r-um-

prise the ma in window display. In par til:lllnr, al l uv(!rvimv will h i: [JllIvid l!lI ll'lI;llrd iul\

their purpose, usage and Implementation.
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