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Abstract

"III!' aim IIf rhis, pfllj,·(·! i:-. II! outliue 1111' Ib;ip;n and irupleuuuitnticn of ).!;I'nphieal

liS"!" i lltr·l f;Il"'·'~ for ")lgiJH" 'rillg Hud Sl"lPlIlili,: "Olllpll!l' r-aidpd df'Sigu Inn is. Gruphicul

illll'l'! iw".", ;11'- 'plil " illlp" "l ;11 11 for s"plJist katn l i'>llfl\\' an' l Ouis lwnlllsl ' tlll ' \ sjlllp li~v

IIll' li S" .,r,Ill' ,ool s and n ',[ lw(' t Ill' 11'al'l1illJ.\ph'I.""'. .\ Ill, ,) p l'l l \' Ij( 'Si/!;IWd 11:-;( '1" iUII'rfH(' I'

"g ulfl,-, " :I IIS( 'r t hpJUgh rl l!' ill!P!'1wl io llS Willi fll'sig n t oo ls . d l'a rl y inuu-n ring the'

,It-sig n rI,-/-isi"lI l'> lIml snppl .\'iug all Tl·J<oVilUI iufnnuariou whlr-h is /idpfll l ill Illakiu!l,

I II"M' d,o,-isi" " .",,

:\ l':wbJ,!," for J,!;ra phk al pn-ea-ntutinn und umuipulurion of unnn-rh-nl n 'SlIlrs h,

d('s iglll',1 awl i lll p !l' Ull' 111l'd for ,'xisl iug nltIl Jlllt l'l" a id!'tl dl~i/.:IL pro/.:rHlIlS SI'Il'I:: -I': \C

,11111 FIT. nil' hnph-nn-uturiou is hm;I'd out hc Atlu-na widW·t SI't underrhr-X Wiudow

l'lu- Jill'! Ill ll [" lo/.:~' ,1,'wlt11,,' ,1 during t his Iln Jjel 't is applicable t il Illll ll~' other tools.

n~l ul'ill p, tlu-ir ,I, ·\',·I"pllll·Jj I li lil" nut I Silll]lli rdJIj.!:till' liSt· of ,1,·\'('lop,'d prug rums .



A cknowled gm ents

1'00 ISTrlll ' liwSllg).:"t'stit li ISallllc' lIII IlISi ns m ,
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Chapter 1

Introduction

1.1 Graphical User In t er faces

1)111 ' til tln-~n l\\' i ll J.\ l,, ' plila r it.\' uud nvailabilitv of ounpnn-rs . ' ·~ II (Tia ll.\· personnl ,:0]11-

11l11 " ls. usn in tl'r lill't':,> lin' 111 '('oll1 i ll l-; ill('l"('ll.-; il1l-:1.\' importunr ill nlan,\' upplirur lons.

SillC'l' I Ill' 11Sl'1" i lll.n ra(·(· or u svstcm is nn t'll OJ]!, of rlu- tuuin features which don-nuiue

I Ill' l1Sl{ l l ll ll 'S." (If a s11ftwnn ' :-;.\'SI " 11l. J.( fal,hil'al inn-rfuo-s <In' lH'n m li l lK a "s tnnda rd''

Ior worksratioue, alJll lll'I~U l fll t>llItlpll l c' I' S.\'stl'lllS.

l is"l' illlt' rf:l('l'li which n-lv on wiudu\\'s. killik (pk lorilll) ll'pn'sl'U I.lltioll,-; nf enti­

li"H. pull-down Of p Up -1I p IIll 'II11S a mi poiunug devin's 1\1"(' now enlled l/IYtflh im l II.'! !"

/lIlr',f l/,.,..< (Gt !ls) , ' ['lll'r an' dli\rm:tt'ri1.,~ l l):-· :

I. ~ 1 1 1 l 1 ill]" wjinlow s nll. lwiuj.!; , lifr"l'('lll Iuformutinn 10 be ,li:;pln,\'I'(1 »imultnneous lv

, 'U l lll ' l1SI' r 'ss<'!"!'(' [1.

~. 1",lnit' iufonuution n' lm' s.'llla lioll ,

:1. COllllllaJul sr-lo-tiouvia menus ruther than n eoumnmd language.



l. .\ llP ill till ,I!;, I,,\'k,' lawll ns n lIM IlS" fllf 11Iaki ll j.:.sd". 'I ('" IS froru a Illt'll' l "I' indi­

I'HTillJ.: Hll in-mof iutr-rcsr i ll a wludow.

G/Ylphim i I1S/'I' il/f,'/jun ',. ,~i1tt plil:\' usimr I It.' svsu-ru: tlu-v :111 <111' I Ill' lIs, 'r I" ' w ,;II,\'

switch Imm '11]('task tn auo rher Hs wellas 1.1intern..1 with 111<'1II'I,lil'at i"lI l,n' grams

1.2 X Window System

TI ll' X \Yilldow Svsn-ru is li lt i lldlls l r~' st an da rd s" f!Will'" s,\'1'<11'1I\ Ior gl'ill' ltiL'al ill'l'l i

.'n l inll l'< , (lU I' <If till' 1l11~~I. iltlj,of t lllll f.'nll ll'l '1'< " f X il'< Its uniqrn- ,!t-\'i l""lw!<'\I<'II, I"1l1

nrrhirrcrurc. X allows prograllls 1,1 dis pla,\' lnfuruuuiou ,·<lllla ill i llj.:. 11':-:1 a llil j.:.ral' lt lt's

nnnnv l! ar( I\ \';I W c!I' \ 'i r.' 1]la ISlljljJ<II'lS l ll<' X l'I'<,'tll', ,1 1\'il ll''' 11 IllI u lir\'iu J,:, 1"""I I II ,i l­

iUI-(, .11' 1'"l illkillJ.: rlu- nppllentkur. This 111'\' [1'1 ' i l ll iqll'IIII "I II'I ' , a il l ll ).:. II' i l,1! X's 1",sl l l' 1Il

as tln- illd lls tl'r statll iani. a llows X- ln""11 a l' l' li .'a l ill lls 1.0 fuue-tiou ill 1II'II 'I~+).:."I1I ""IS

"1I\'iW1UIl"1ITl< I'llllSistiu!l of mnlnfrsunes . workstut.ions. :lll.ll"' rs,,md 1 "'IIIPllt l'f,~

X prnl'i.lI ,s II powerful phufurtu that a]I<lw,~ 1)('Ilgrlllllllll 'I' :o; 11111,'vI,I" 11s' I)l l l i:o;I1l' ;[ II' 11

user um-rfaecs. pur tnbh- til BU,\' sy~ I "1ll I Ital s n!' p,,]'ts X, X is ],aSl '" 1111 a I"" ll ,,, .'k

l Hlllspan:nl dil'll t -SI:I'VI'I' uxulel. TIll' X sr'rvcr l' ]'J'al l':' ;11,,1 lIl;[uil'll! al' ':' wir" I,,\\'s ill

WS pOIlSl ' 10 requests Imm ..tit 'ttIS, a lt.l s.'urls "VI 'II I S 10 ltol.if.1'd i l'U1.s" r usn input 0 1

d la n!!:I' ill II window's s t all" Cl il ·lll.~ <:om ,'Xl'l 'n l ,' lHI\ 'w llt'l't ' ''1\ a »r-rwork . lIlakitlJ.',:\

a ll ill, 'a! base for d isl r ihu t l'll Hpp!il:lllillllS,

X d.ws not support lilly parliclllllr iutorfue- SlS]I', a nd .~ t r i vl 's III Ill' I'fllj"y -f r". ',

Applientlons a n ' fn'l' III li S" tIll' X prilllil iv,:s 1" ,l,'lilt<: Ilt,'i(' , ,\1'111.J'1"· " f 1I~ ' r i ttl ,·('fan 's ,



"lid , ".. XI I lI lnll"w , .\ )"111 " T ,\ l liI'lIa

1.:1 T/o" Rcq ulr-ement

So'\"I'I,,1 ''' ' 1l 1'1I1 ' 'T- Hid,~1 ,I.... IJW ...,hwa rt· ' " " b 11:,\1' 1 " ~ ' 11 ,1,·,·..I"p. ~1 withour H,-xi!.I,'

1I....·r lu... , fa . ·' .... F'1l , ':>'; ;011I 1,1" S I' ICE -I '.-\ C i.. a , · "J h ~ ·I I" l1 ' If I""", 'I ~' ' ·"lIplo'll ..i ll mlali"u

;' l' l'linl""11 H"I\',·n ·!". it ,I."...11,,1 illdl ilk 11I1' "11]111 1 111,,<11111- : all llTll l11 'Tka l l"l'l'oult s

' ·a l' " I,ilil i,·... ..Ill'll ,I.. " ' 11 11 1';01'1111: WSll[r.. "f, lilf,'1'!'w Tlln... "Tllrill):.llud ' ·:>.; TnIl' Ii uJ.:l"l~ l1h s

FI T i.... all iIl1o'" u' l in · P' ''~ I':II11 f" r ,'x lr;...1iun "f . I,·,'in' \lIlTa lll,'II'ts fliT !;I'J('!::-Jik,'

. ·in 'lIil ..illl"l al"rs. II is I~ ':'>I 'I I "11a s-in-nit ..iurulutur t~ l'lt'E I'.\ l'l ra ther 11t;1I1 <Ill

' ·:>.;I,I I,·i' ...·1 uf tu ... I.'1' ·' lm.... 'l l... 'I-Ill' F IT pro' l:.n UII II.." "" ""' II I. l lml [,...Hili,... Iml Illt' r

a n ' i"ll "xl h l,' :HI' : rlil I...r ill..utlirn-ut " 1.::1;11, a L::nlphin,1 had H '11I1 iJ'- 111'1'<:\1'<.1 for F IT

1.4 T he Obj ect.ive

lln- main "hj'1'l in ' uf Ihis p rtlj ' -"l i.. III ,k siJ.:ll and i lll p)"1I11 '1I1 II 1)1II 'k;\~1' for J.(raplJ.

h-ul IIn -S"ll latioll .uu l nmuipul.ulnn of [uutuerh'nl] l'l-sn\t :; rOT SPICE-PAC ull<.l 1"[1'

1" " I-:'-ill l1... ,\ high [,,"c·lllf puruuu-tcrjznrion is t il hI' att l'lIl pl l' t! t tl provide t1cxihiJit ~'

"I" , Ill' p;1f" ka ~,' . A si lllp l,' i""" 'fll'l i \'l' user illt t'rfa,',' is tn lit, pro\'idl'tl for rditlt'lllt'lits

:U" l lll:l1Iip lllm i" lI" <lf tl u' p:ra jlh i,...,



1.4 .1 Design ing a Graphical Bac k- End P,\("ka~l'

lhc X·wilHlnw ~,\":';l\'tn b 10 Ill' lISi'11 fur unplementuuou ora ~raphi'"; II I I :ld' -"lId 1';1<'1,·

agl' , Sill\'" X d i"llls an ' "\,"1I1-llriHlI . 1111' L'..\l.1l'r<l~ ralll,~ 11<""\ a , litt','n '1I1 l1I'J,:;mi/ at i"II,

111111'1'suitnbb- for r-vour-d nvon nllll l',,1

l)P,~ j ~ ll i ll ll: ;1 .c:raphk al h:wk'\' Il,1 llil('kaJ,:1' " l1 " " ll ll ';I "iS( ',~ I li n '" ;lS1H','\S; ill'pli"alh lll

How. 1:1\'(1111 !Hllil',\", ;l tll ln 'lIslnU'l i" n 1,1"b, t -lIIll' rSla lll!ing t i ll' applir-atiunHow ;11111

Si 'lt ~' lil)1l 1, f"'1I1 1 1l< 1111 '1l1S stu-h a,~ 1Il,'Wls, ronuuundluutons. I'l l ,is III" lirsl ,,1"1' " [' n

I h i ~ ";11 .. " , i:- 1" llSi' 1111 ' ..\,I"' I,a II'i, Ip:" l Si'I,

1.4.2 Stnnd ardiaing the lntc rfa co

Stillll lfmlizi llj.\" TIll' usr-r iun-r fnre hns[Wl lI,1' ad \,;1ll 1;1 V.I'~ ' II prt l \'i dl'~ ['Il Il~ is' ['111 pn 'v,ra m

Fin.l.I shoWs anunrliuo [If t he runiu i1111,l i l' illi' lIl wiu.low II IIH,~ rln-Q ili l 1" III,' n;

tIll' Fill' nu'nn whn-h l'o ll t aills s llh ll ll't1ll~ p r !l l' itl ill l1, st.[I·('Ii"I1S r"I' lulU/w", ,,1/11/11,/,

/u 'ill f in,/ nud ,~ lI lJ ill ,f/lilt 'S: tlll ' A n a ly si s 1ll1'1I11 wil h s ul l!lll't1l1sfor S/, l f:N tltltll!I'''''~' 1"1'1'

IIIl111IJ'~!"~, ali t! so UII; t ilt' D is p lay tuouu ('~ 1II1aill ill~ it 111;,1"1-\llisll lil,\' Willi rlllll'1i"ll s r"l

m;Jlli pll lat,ill l-\'~mJlhi l ~ fliSJl lJlr~, Til l! fli~ll[;',\" an 'a i~ ll~I 'd till' I-!;l'a l'hi n d I'Il' s t'lll a l j" l1!If

1.4.3 H igh Level P arumet erfz at.ion

Hi~IJ level of parametcr ixar.ion 1I1t',\IIS th ai. tln- II s" r~ -uu <;1'1 rt'~"ll1'I' f'S III rw , illlal ll

syste m wid!' consistcucv lu,t\ \,,'t:lJ ll\1pJitntilJ lls. C~l'r~ I'm, d Jitl l g P 1111' laVf,1I1 " I' Will



Fi/;;,I ,I, ,\ srnndunl lnvout. of till' Gl il.

d"II'~, uu.difv wmdowsiz ,' ;lUI! sl ,vll' , d m ll ).!;1' Ill(' foreground a m i background colors Of

"" iI " ' 1 H IonI which SI'I'IllS 10 In ' tilt' llIoSt rt'IlI!llb],', Obvionsly, tlu- lISl'rs eun nul y ens­

t"lIl izl ' llll' ,\ 1Ill' 1I;1 lIppl inl lilllls fo r Ihosl' nOSll1lrt 'I'S which nrc 1I0t ]Uln !-,:odr l! wit hin

TllI'p' OIl'I' livl' hasil' \ \ 'I1\' S to lil't ]'I'SOUH'! ' vnlnes: four of 1111'111 111'1' external to the

1"" '/!;1'Illll":

I, In OJ liSP! n~ Jll n'I' ii i,', whirl! is 11 text fi]r rontnining rr-sonrco-scuiug corunmmls.

I II a d ass II 'SOll n'l ' lilt '. ano ther It' xl fill' r-outaiuing res ou rce-set ting COIlllUatllb.

1" 11 1111':'1' l' lI I1lIlHlU,[S app l\ ' toum- ilpp]ir'atiolJ das,,; lHlI.\",

:1. ln tlu- U8S0IlUCELM:IN..I GEH /1Il1/wrl!Jof Ihl' mol wind ow,

I. I II ronuuuud-Iim- pnr1ll1l1'll'f" I/llSSl'd to thl' program.



SP ICE applkatiolls;

spice-labelString ;
spice -wi dth :
s p i ceehe fght :

SPICE-P AC MAIN MENU
200
225

T his tilt ' can In' phll' l'll ill ll ll~' Ill' t.lu' n-sun n-r- HlI' ItWHt illllS sUi'll as II lJ,Il Hf ( '1oJ..... .

FillHll ~" 1ll1,<::lmuisIlL'ifor ind ividual wid J.!;l'IS an' nlS\1 dl'wltl]ll"l.

1 .4 .4 T h e Widget S et.

\ \' hell d(" 'doll i l1~ a li upplicnt lou. it is ruuve-uient I" IWI'I' l;bn u'il'S " f l"lIl int ·.~ 111 :11

provide typil:lll functions for l.Jll~ appjirut.inn. III lit is ,' asp, thl' ..H lrl'lIil \ \'i dgl'l SI'I is

used. developed coucurreutlv with the X Wiuduw syNI" l ll , TIll' ,\ ,.IIl'lIa \V idhd Sd i .~

int ended to provide set. of t.r p if:fll interfnce t'OlllpUlll'UI,S,

t he Atht'WI set :

• ()1Wrri(ISlwUWid!JI~ I.Cl'I.~.~ fill" pop-ups.

• BoxW i fl!ldClwlS for layout. lll lUlall;t:lJjl 'llI. .

• L ist Wid.lJdCl(l.'l.~ for the pop-up option Sdl'ltilJll list..

• G'ol/lrrumdWid.IJf~ t.Cl'J,'s for 11lltl. HIls und IIlt'lI11 paw 'S.



• "'wId J~'d l \l;"'I,'I ('I"",. fur- ,11"li"I.1 "J1 lt,\',

1.4 ,!i Bniltlillg <111 Applicaf.ion

l .. build all allplit'a l i" u, t lll ' prull.l'a l li nl't ~ lli I II lop d("1 IHl P(J~I'd into ';I'\','ml p ans.

'I'll ,· "I"lIl- ,[ l'i\'('1) or,l.1,lIuizati"tJ ]](. 'r l:; III l)t' imph-rur-uterl: Ill.. ap p!it'at ioll resoun-e­

ga lllt' l'illl( Ill",'hallilitll 1II" fls rn h., d('~ ip;tlf'f l: tln- appl i<'atioll :-;trUC 'IlU'1' 1 1(~'fI~ to Il t'

huilf: III!' Ii0P LIp w arllillll. ~,\'s tf'1l1 lJ("' 11st il II<' ..rt':\t('{l: fI ll' po pv upHh- IIIt'lIl1svsn-m

Jll', ',b tu Ill ' n'" ,~t nl<' l"rl uurl lit.' . li~p l a,\' window 1 l('('d~ to h., I h ~s i AIll'd.

Fig I.:! i,.,; r Silllllll' illllsl r a t irm uf S(Jlil" " lqHlhiJitic',,; (Jf t ill' Crr lphknl Hm-k Ellrl

1.5 Overview of Thesis

T h is 111I'Sis is (Jrp,::Hli zl'l l ill fj I'h ;l]!tf' rs mil l II sed. ".,uf appendices.

( 'h;\plr'l' '2 rl"SI'l'il ", s til<'f!'HI lm'S of ri ll' X window svs tein. basil' !:OlWl' p lSof ohjc'f:t.

' t1' i " lLt(~ lI H" I).:Tl1 t ll1 l l i l l ).:' 111((1 ,111' wi.l).:'l't. St'!, Cha p!!'r: J I le~'wrillffi t.11I' idea of tln-gr aphi-

r-nl IIspr lU' t·,.fll!'l' dc'siJ,!;lI ill <:; rPiltl'r dcr.nil.elmp!,'r ,I disellssl's the X window resources

;l t UI I IIl' I'n'n'ss "f IlIl iltlillf(t ilt , IUl,'rf,wt · lnyo ut for anupptknr.lou. Clmptor 5 discussc,

1111 ' i ml'lc' III I'I II: ll io ll o f lit" g;n lpltinll user inn-rfuec. Chapter G prl'SI'llt:-; a number of

l' ,"ll, IIlS i,llIS rL' I:tI . ~1 I . , this lll'l lj l'f'l ,
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Chapter 2

X Window System and

Programming With X

2.1 The X W indow System

2.1.1 C o m poneuts o f t he X Window Sy stem

TIll' X Wind uw S,\'Stl' lIl 1l111'faft'S with 1\ bit · ltmpll1'fl g r a phk--d ispln)' tornnunl. T his

t.V]lI' of !l'I"lll illill nllnws I,ltd , jlJ( lividu !\lllixd Oll the sc reen to b e accessed and us ed

hi clb l,IIl.l' a s Jl!'dlic'('Olnf or sh ad(' of gruy, The pixels a rc the basic:de m ents used to

n Ull'll TlII'l .:rl\ l, lIi l'al i l IIllW'S ou t.llI' !;lTCI'll.

Counmrnk-ntiou lll't\\,(,I'U an X Window-based appli c ation [called it dielll) and a

hi! lllaPPI'(I /.:'r1Illhic'-clb pllWtcrmum l is uccmuplixhedthrough a sp odal softwarcealll'd

till' .r .~I ·I'!NT. '1'111' X r-lb-ntmnkos requests to t he Xserv er to receive inp ut frum the

n'rtuiual's mOllS!' or kcvtoard a mi to p r r nluce output OIl the ter minal's screen. Th e

.\ ~I'n·. 'r i~ 11r rue ~l'r\'\' r progr tun ill tho sense tluu it ac t s nil a ll in t ..mrcri'inry for nll~'



l'lil 'lll appliratiou I.'ml wauts t o 11....' IlL\'r esoum- Il f II. I::fIlp h i,' . ,lisp la )." It'T11Iiu a L

(' OUlt llIlUK-a t io u lwtwt't, u 11.1' ('IiI'!LI ~1.Il\1 Ih l ' M'TYl't i...;U'I" IIll\,lb,lwd lI,;ill~ a 1'\'I,'i ;l l

counnnuk-anon IIlt' t illMI n.lIl, l l)u' X """ 11"", This pn 1llwnl i... a l ll'lwtl r k l rm l." \liU" ll l

p rol llt 'U! tha t i... 1Il;('l1 ttl St'lIl l dOllII b'fI\1, 'U X 1'l i l' UI s 11.11\1 a ll X ser ver. Thn>1l~h I II, '

X pro tO(,'l !. all X d ienr " lIIl SI.' lIti tI 'l:ILll'l'ir :- III fill .'" i'>\'r", r rl.l lL ll i ll~ n il :111.1" " lIl1pllll ' r

( 'IJJLlII't~t l'( 1 10 1111' IIr h"ITk ;l lll ll'lIllSl ' its nu tputs nm l ill]lll ls i" IN' !<I'lll I" au . 1 r'~"; \"l .. 1

frum iUW tenniualt o whis-h Ilta l servr'r b '"(llLn., 'I I"!.

Fnuu t.lll' X client a pplit'ntillll dt'\l' lol ll't's 11IIiu I nr vie-w, t ill' X prllh w,,1 ;s ;111­

pI Cllll'!ltL'f1 ns a s edl'!! o f Imll/UlI,fI' : Il imJi/l.{J '~ or fUlll'I;""s li hrar;l'S, TIll' liI 'rar.\"Ih,,1

iUl llll'llll' l1t s rhe X protos-ol fur ti ll ' C pro~ra llL lIL il l ~ hllljl,ll11j.!," is ra ll!'11 -,"fill, Fijl,.:!.1

s hows t h l' relntionshlplu-twren t h l' various pnns of 1111' X \ \'i lldllw :<.\·SI I 'III ,

Xliii t~(lll ln L lI:< IlI'ntl~' :lnll fnLlrti Ulls !tI I'n 'lIh' , 111"\'1', rl~izl' , 1'1I11'k . 1lI111 111'S1 my \\ ' LI1"

rl ll WS; 10 d mw Hill'S, 1t'l :t all~II'S, arl'li , aml 11I11",,:." lIs ; t il 11." " funIS, t·..lnrl1llIIO:; , 1l.r.l I,l l i ,'

illlllj.,'T'S, a nd MII'Snrs; llud t Ul'XI 'l'1U .' ;, wiele- vaTil,t~, n f nl hl' r lIlll'Tli l io/ls.

,\Scan hC'Sl'C1I ill ~'i~ ,2 . 1 , till' X Iihrat).' is lIut I Ill' 1!II1.\' lillr; lry tha t. is Ih... ·. 1 11I1'fT'a l . '

lU I X \\ 'in do'" diclit "'IJplk atit lll, PTl~rllllllll i IJ /;\ wh h uul.\' Xliii hilS 111'('11rfllllparn l1.I '

prOloTolu lI lIiuKill au /W;CllI h\ I'r InuJ,tHaJ.:I'. O Ul' rail ~( 't IIII' ),i1" if' ta,,,ks l...n'llll'lisllf~ 1 ill

XHh,IJllt the amouut or 1:0111'Il(!("( h 'd III prmhln' a s iu ll,ll' wi llll..\\, wit IIsl'lll " l.' :'ll " n

t he screen 1:IlU amount. to ILI1 ILlI Tl~)s ur liues . U('l' IULSl' nr U lis , MIt.I.lwr, hij.!, lll'r.I<,\,!,I ,

li hrary is often used in combination with Xli h.

2 .1.2 X Toolkit

1IJ



Fig.:!. I , HPI"liull ship he l\\·\'I,'1Icomponents uf t he X Window sys tem.

11



,ml' XI function eall will rmns laro h i sl'n'ral :\lih fum-tlon ,'ails. 111 f :U' I, t11<' ....1 ,,1'111"

more l'OULIUOlLXtil, {11IU't Hlll St'qu ,' u,'I's havo tl\l'i l' XI hllll'l i" li " ' l lIlva lt' IlI:<.

There lin' hund reds of Xt flll ll' t ioll:- ttl perform lntit'lll X oP"r:lII" US, tt' ronunu­

uir-ntc iupnt ,'W' lI ls {/'{I1lI slH~' if i l' WiUllo\\' s [nn-k to ti ll' d i" lIt a l' l' lll'n l io t!s, lo ,j,' a l

with events ill ti ll' l'\1'UI qncm-. t n p" ffol'm illh' rdi t' 111 1111l111l1In i" n t i" 1I. l t1 ,'n'a t" :11I.1

A widgl'l is H colleetlo u n{u\J" or 1I11Il'l ' wilu lo\\' s rlun an' laid o u l ina wa y 10 1;'1'111

H gra ph ics nh j l'et, ,\ \l'id~('t defiui tion alsu ('\lllta illS a st'l lit' I'W"I't l lln 's " I' flllll' l i,," S

rhu t a rt ' i n voked a s a rtosult UrnSI'" input ill tlu- wil lW'l 's wludnw. I' IISII 1"111"\ 11', 1'1'1'11 1

bars . tex t boxes , 1ll 1'IlIlS. .urd d ia lo~ hox!'s a n ' nil t'XHIIII'I,'S of \\'idgt'ts .

gr ums. Co us('llul,lltly , wlll'lI l1sin g XI, 11((' a p plil'lIl io n ,I""t'\op "r \\'ill llsllall\' li S '

o f S('lmratd~' 11('\'dulll~ 1 w id j!;I'tS rt'ft'rn',\ to >IS 11 lIIirf,IJd ''' '1..

2 .1.3 Widget Set.s

\\'id f.ll't. SI'I.s nn- Si lllp b' co lll'(t iullS (If g l'all l l in ; Illlj('l·I.:-; that a n ' l'flllll l ll lll I", 111 :UI." ( :111

progra ms. \v idW' r, SI'ts nre nor iudnd"fl ill till' X \Villd,,\\' s."sl,I'II1. '1'111'.\' a rt' a vai lnbll'

from AliT (the :\t lll' lIH Wid~d Sf't.). A 1~~ T (thl ' ()I'I'II Lnuk wil1w 'l set} , tlo- 0Jl I'1i

Sojllllll111 Fmm,[rltim l {tho Mnrif wi d j.\t't st' t ) , and ut.her ,1('v, 'II.pns .

Widg;(~t. sets provide sim ilar Imsk t.ypl's of rl1lwt.iollltli1if'S. A1I1I"sl ;111 wi rlJ,!,"1 Sf'ls

provide push lmt rous , Iflh ds, text 1>0)(1 '; . SfTlJlJ hnrs . druwiuu awn", IIWIllIS, awl :<I'

OIL, Tl ll ~ umiu diffcreuees between tl lt ~ widgl ~1. ,~t ~l.." a rl' in I. I JI ~ Ionu of t ln-ir {" " I: IIIIlI

12



Screcn

(scr~cr)

FiJ;,:l.:l. Cl ient, server, disp lay uud Snl~"11 ill X,

2.1.4 Clie nt, Server. Disp lay and Sc reen

(TclTllinll l)

\Vllt'llI'VI'r X l"1~f('fs to a d ispla r . it. lwtuillI r H'fn s tn IIserver . X ust's the te rm rli'~Jll(I!J

as auot hr-rlHIIIW fur tht ' ,~I'rVt~r . St'lldilll-l: iufunnntion ttl a displll~' tucaus llsill j.(till' X

!'millco! Inr I llis rrnnsfcr.

\Vht 'III' \ 'I 'r X n{('n; to n screen, it mea l IS OJJ(' of t he phys ical SI:rCCllS on the terminal

1'lUltro lll'llll,\' a St' rVI'f , Whell t ILt'server draws 011 the scree u, it. is satisfying" fill X

\I 1'1I1o c'o l ]TClll l' S t. from SlIllIl' X elienr.upplh-ation to calise SOllll' typ l~ of graphic, object

III ap lWlIr Oil 11 te-rminal SlTJ't'lJ. Fi~.2 ,2 Hlusun n-s these concepts.

,'\~H i ll . ill X , 11 rlh-nr npplicntion scnds X p ro tocol requests t.o tile d isp ln.\'. In

]'I 'S]l"Ul< I' , lhl' t1is l' la.\' l'U\lSI'S t he gruphie- n ser inter face to he dr awn 0111Iscreen. \-V!lell

CIll' usor C'lICc' I'S illforlllilt inJlusinl{ the mouse or keyboard, input events arc sent fro m

I Ill' SITPI'Il t il till ' disp lay lind the display sends the event s to tile appropriate client

npplu-arion.

TIll' r-lh-nt npplinuiou is r-xcrurod within an in finite loop, waitiug Ior in put event s

From till' SI'tl't'II , TIlt' server responds to t he requests for services and passes t.hc inpu t

13



events to tht' d il'llt ",

2.1.5 X Window Concepts

A u X window is a rt'i'l lllll!:lIlat St'(,titlll ,Ira II' n lliual M'N"t1, ,\ wind. >w is Ild i..... I I,,· a

hUN!I'f, a had 'lrrtlll lld m luf m I",nm-ru. an X /Y. t, .u tdina h' of ill' uti~iu, ;\ Iwid,l . ;111,1

a widt h, \ \'II (' III ' \ "' r t ill' X sorvt-r lakt~ ront r o l Ilra pat ti"l1la r n-nniuul. it i Il S I: ,I~ I'

slH'('ial wi ndow ('alll 'ill lll' "Ollt mim loll" l1I l l ll' l l'fll1iu a l :-;I't,'('u.

•\ ll.\"1 1t~W windows i ,~ iustullrd wirhiurhe n lt ll window ;L~ 11 I'h ilolllr li lt' n ll,1 Wi l llll' \\

Ear-hl'lIUd tlf t he r oot window enu Ill' II si u rph- wind ow or II lIIt ']'I' (,l1mp ll'x wi IIII,,\\,

wi th ehildren of its own, III Inrt, wiudows cIiSllla,\'c'l l ti n a pn rtir-ulur SlT.'I'lI i ll :III X

window app li"l\l ioll (m ill n hil'rlm:h:,-' as shown ill 1-'1/-:,2 .:1.

A window L.. :!Ctll Il.J1J a lluentl'll as II d a t a slnll'l ll n ' within l.IK' X :-;o ' r \'l'l . 'I' ll,' \.

r-lienr ho ld s a ll idl'u ti fic,tura , ,-, t l i"I , I;lt I\'indu\\, ,1:.1a sln ll'l.uTt'. ' 1111' w i... III\\· 11"1 ':> 11,,1

Itt· ',nll. lI~· h C'I"tIllJl' "js i lJll' oll till' l :-t llliu al StTt'C~1l un l il I III' r1i"111 1o'1b l ilt' ~'t"'r 1' 1 IIIU,'

the wiudow.

\\' 11('11 the client ""11li'St.-; th at II window 1M' lIIa PIM'(I, IIIl' ,'M''tVI' r i~..u''S oIr:nvilll.:

iw;tn wtillus to call SC It !.'tRIJhic tl' J1t f'Sl" lIta l iuH 11I1IjJp " a r lin ti ll' :-;I·rt..·.. .

However, ir tho window. whkh is a d lill l of :-;11111" IILllI't Will,lll\\' ill II ... Ivi ll. l"w

hiC'rll tI:hr . is Ill'illl( 1IU1J1PI'lI, i t will not 1J/"'lIt1u ' visibll' i l:-;l,lr u nlil it.. pan'II1 has I " ~ 'II

mi\PIK'I1. E v{' ry 1I11n'Sl llr lIf n window 1I111St h ll llull'l'I' d allll vixlbh-bd' ,r,' l in' d lilrl\

window can bc'collle vlsibk-. A window I ';U I bl ~ 11llLJlpl' d ill Sill'l l II wa y lImt i l will

pnr tially or r:lIIul' le't tdy I1 l lSc 'lm~ IItJCJtllC't wind o w 011till' S/'rW Il,



l'lIl X:< , y- ..

8 ~ c."'r"'~W; oolo... ...§

W,nd"w ~~~.,.

I~
fe '"

(or O. (I III

X WinJ,,,w lltor~,,,hy

l ·'i~.~ .a . A t.rpk'll X W indow hi erarchy.
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2.1.6 Wind ow M anager

TIll' wimlnw lu aWl llt'l' i snn illl ihl l't 'l1ll rsu-t 'lr;l1l~' X \ \"i lll ltlW S,l"sl " lll , I I is III, ' WiIUl, '11

IIUlt it is lip to ti ll' window lll a ll a~"1" pnlg-r.HII III d l','ill,' wll('1"<' uudhow new windows

aro placed ou r.heroor window. T~·pil"llly , window m:lll agl'rs nlsu gin' users s" n ...

.uldtttoualcoutrol til m allip1l1a l l' Ihl' windows Oil I Ill' SlT I' , 'l1, ;1.1 <11.;1 whl,l,,\\' l1Iilll;!j!." !S

allow nsers to lIUl\"[ ' input fll<'lIS Irmn 0111' IOl'at io ll 10 11110111<'1', d la llj!.l ' tlu- SiZl' " I' 11

window. :III I ! m ovrlnput focus from one window t tl unotlu-r. 1>I IlIl Y wimlow lllill "I).:." r ,,,;

abo allow IIser:-; IIIdllllJ g-I ~ I,hl' sl. ackill~ unh-r ,If rhe Wil111' 1I\'s on IhI' ,<;I T"" 11 I" runkr­

sOllie pn-viuus lv hidden window \' isi hl, ' <lg;lill.

..\ window m amus-r is just 11 11111111' 1" X dil'lI l , II ' lll'I'I'P!". l ll i ,~ ,'Iipllt is f!,iV"11SI"', 'i ••1

pri\'i1q.{I'S thn r nlluw it til inrun-opt n-r taiu Xli)) l"iLlis and ,l,'al wit h 111"111 iun-ruultv.

TIll' window 1I1111111gl'1' USI'S r.lu- S:UIII' X liI. I'all s Lhru nnv 1I1 1t!'J' di l'lIl d" , 's. hut 11

1Is]\1III,'- is dcvclopel ro work with 11 spl'l'ilil' wid l-:'l'1. S(,t.. SII. itt W'Jll'rnl. ti l!' ,\ 111"1111

window mana g er i~ 11 1"1'([ with t.lw Arhenu wi,IW'l s"t. alld un- hl ll\.if lllHllill.:"1' is 11,'.;,,<1

with til!' ~ I\lt i f w i tl~d s "t,

2.2 Graphic-User Interface Objects Widgets

2.2.1 X an d Objoct-Ortented P rog ra mm ing

X and A t lwnll u S(' rJ l!j(~f:t . ru;I~ llt,:ri proj{ l"IUll tlti rtg ll 'r:ltu iq ru's III lJ1'J.\luriZl' HIHII'i IlS."i(y

the widget s ill a way that will IIIHk(' thorn tuurr- us efnl 1,0 tIll' 1I111'1il'a!.i1l1l d, 'vl-I" I", r.

Ti ll: u hj el:t (a w id l;et iII t ltis r; ~,;,!) is a S/'l. 'II' Ill'l wl ~d llr,~ t.lnu ran I", I.lllrUl.:111. rrf as i l



··l.bwk I".x·· I I will n'T, 'pt :;p'~'ih, ' inpms. perfnrru 0 lll'ffniolis nILthosl ' inpu ts. allt l

11I,,,I,w,' " ' Il l'" 1','1;,1,',1 '1l111 1111~ ill I"! '~rH 'll,~,.,

:\llh"IIJ!,1i ti ll' " I,j " 'IS iu X are pn~kfilL(,[",r a Spl'l'ifi,' purpose. t lll'1"1' al"l'llflf!k,~

lln- 1'1'I 'J!, rauLl llI'r , l,wSII'1 Im\"I' III -rr-invem 111(' wheel": IJI"l',[pnlll ', l lll ,jl"'IS ill"l '

n" all'd fur 1111' Illlls1 "0111111011 flllH'lilll1S Ill'l,kd ill rvpir-ul programs.

:1. '1'" ", '" 1n ,11 11l'1"'1l1 1,ll'xity nl sofrwun-.

'1" 111"'1 t il" d " l ll a lld~ (If t" , lm"s fl'llllifl'III,'uts, sorrwan- S.\'slt'IUs han' IW"OIllI'

Ill"n ' rutupb-x thnn ,' \','1' Ill'fnn " (''''Ill'd al1y with thp 1I1't'fls of I-\raphll'-IISI'f \ll­

1<-rfa, ',.", nud datil haM' s.\'SII'IIIS. Tliis ouuph-xi tv ruusr Ill' eoutr oll«! so that rho

, '" Sl " r s" fl \\"lln' llI:l m l!'lI ll1J('(' "1\ 11 11(' 1\l' ]11 In a miuiuuuu.

I. r" ,'olll rlll l ll1" 'llsl nr SlIflwan ' lIIaiul(' IlJllll'(' .

T Ill' f,'nl llfl'S IIf JIll olijn'!,ori",d"d IJnIfII1I11IU1i ll !1 system Include:

• I la l 1l nhstnu-tiuu

.\ 1I1l1""11"111'1iondenotes Ihi' osscur lul clnuurteristics of all object rhnt disriuguish

it fro m all otln-r kinds of o hj l'('!S nud thus provide nisply defiur-d roncopruul

1"1ll1l, IOl fi,'l'i, relnrivc tu l ilt' I'l'rsp{,('th'(' of rho viewer .



RighIO h lllSC

GC" lllc'lrk Dhjcct

-------~-
Lines I I s ick dl Angle (:! sidedl Triangle\.' Silkell Quadmllg lc's t-l snle'dl ,...-------I ~ ~

E"IlIi rill l.r; 'IL~" SC' C' IC'S" , I '<lr ;~

Rl'c'filllgk S'llI;II'"

• Eurupsnlmiuu

Eu.upsnlnnoni~ t ill' pmr',':-;''; of hirlilll!:alll l",sl ' ,Il·tails "f ;111 " I'.i' ·"l rhu t ,I" 11,'1

r-outributr- to it" I 'S~I 'llt ial dmnH"Il'rislk",

_ 11l1ll'l'ita ll('I'

run- or lu-huvior elofiued ill 0111' (Silll!:lr' illlll'rit:lu('(' ) or mon ' (tllull.iI'I" iuhr-ri-

tlllll·,,)nrlll'rda:-;.<;,'S,

F iJ,;.:.1..1 shows <Ill instuuo- nf 1I11 "hj('t~f (If fyI'" Sllll lll'l' whu-h inll<'ri l ~: its OWll l, wal

t'(}P~' of all till' [t'atml'S of Slrlla!" (slll:h lIS sid" lr'lll!:lh) as \l'dl f1," fl'at llr ''S IIf 1,\'1'"

jJlIl'Hlldo).!;talll [surh as parallel sid l'S), tJI '" ' [lIaclran).!;!, ·, alld s" "fl. If an iUJo;ta"n' "f

au tl lljl·t :t nf t.,\"PI' ).!;l'ollletrit: (J lljl~l·t hns Sllf'dlit: a t.lr il m l.I'S. a ll instuno- l, f HtI " II,i'·"1"f

s quan- will illh"ril t.1ll' sauroaurltoucs.
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2.2 .2 W idget C on ce pts

:\ wi.lw' l b au ol.j" ,:t - HU ahsl raa da ta t....]lc~ . It is a «ollcettou of cue 01' mort' X.

wimlows IH'I,I 1,(jI4<'l.l Il ~r wit h a gl~J11 I< ~ t l ".l' fflr a s]Jl'd fk look nnd II s.'t of pro cedures

1ha l im plc'u lI'lit rd "I'aut. " I,, 'rat iolls , U,Jth .\ tl ll'lIa and X t have nbsuuct Ila ta typ es

l\\' iIIW'1S) fi ll a will" varmty Of llM 'f lntnrfarr- ohj(oc% tha t cuu br- lIsc'(l to ncccpt input

UfSIIPpIYOll t.PIl I fur a gr nphlc-nser illll 'rflwe.

To IISC' a lI'idJ.l;I,t ill t.l (l~ prognuu. an ins tauee of the w tdgo t lim a type is defined as

:1 Sf'para!c' OC'C'lI f WrWI' of all ohjC'c,t of that wldget data rvpc . Each Instanc e has it s

" WlI 1I1'IJl':mHIC'C' and Illlfpose. wliir h is rOlllplc!tl'lr scpanue and different Iroru I'w r.,"

111,111'1" oo-nm-nr« of thu t widg-C't I,\'p l' ill t ill' pro gra m.

Ea,'l! wi,ll4f 'l Ilf ' lflllj..'S t o a d ass of rc' !:ltc'cl wicll-\C' ls t hut is organized into a hic-' ml"cl!,\·.

\\ '!Ic'll all illstm wl' o f a \\"idg:"1 is rb-tim-d. it iulu-rits a t tr ibutes frornnll of its parents,

j..(nl llflpa l"C ' llts, 11 11(1 other luu' ,'slnI"1'o . all the \\'11.\' up to ti ll' root of the hiera rchy,

2 .2. :1 Ath ena W id get s

T Ill' wirll-\f' lS Irum tl lC' Athenu widj.\"l'\, set which nre used i ii t ier implementutkm of t be

g-raphil'aI IHu'k cud pll1'k:lgt':

• S imple W id g et s . Each {If thes e widgets performs 11sp ecific Iutnrface function.

T Ill',\- an ' siniph: h''' ·a lls(' thl'Y cannot have widge t children - t hey may nnly he

lls('c1as ll'll\'I'S in t iel' widget t ree. These widgets display information or handle'

a small umoun t nf nSf'r input.
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C o m m a nd - a push button that. WILC '1l s,'lc't·tt...1. ,'aIl Sc-:; a sp,'t 'i ti,' netinn I"

mkr-pI 1l(,c'. This wiclg"I'1 (,1Illllispla.\· a tuulti-Iiue sl rillg" til" a hitm:l l1 i lll a~" .

Grip- n rt...-nurglcthut, W!lC'llSl'lpc·lc...I.,·aIlSl'Snll ;I"li,," t" l :lk"l'lm'p

Label - a n'l ·tallg"h' that mar r-onruiu run- ur ILio n ' lilll's of n-xt or 11 hit lIlill'

List - a list o f text s t.rillgS. p n'SI'lIll'cl ill 1"011" r-olumu fllrllw t t hu r llI a ~' hc'

indivirluully selected. \Vltl']] 1111.']c'UlI'1l1 is SpIC 'I·tl'd , a ll 1I1i.";llc' ialt'd ur-tiou Ink, 's

)lllll'c .

Panner - a H'c·tmlg"nJlIr :m 'a l'Ollulillin;.: a .•l" I,·,. t hai mil." I", 1II11\·, ...1 ill 1\\"01

dlnn-nsions. ~n tifkatinll of 1ll00"'IIIl'UI 111 11.\' Ill' 1'll lltilll l, 'IlS Il l" . lis,·n ' lc'.

Repeater - a push bnt ron 11m! ll"iAA"rs 1111 nl' l i"n nt a ll ilwr ,' as i ll;': n,I., 1\'I It'11

Sdl'CICt ! .

Scro llbar - a rt~C:t.a ll~H]ar an'a (,Olil ilillill!{ a Ill llml, i.luu., when s lid a lllllj.!, U II"

dimension. rnnses n spl't:ifk a, t io ll to tnkr- pl:u:c'. A snllllb a r lliar Ill' Ilril' Ill.I"']

honzonrnlly or vertk-ullv.

Simple - the lllls!' c:!ass for most Clfl. lwsi lll l l]e wiclg('ls. 11. p l"<lviclc':i 1l l't'C'lallj.!,l lla l

area with II scttablc mons.' ':llt"SIlI"alld a dist.ill gll ish(!(IIJll r<l,'l".

• M enus, The AtlwlIlI widJ.!;( 'I,set )lmvi,l l'S siug t!' [ll ll Wd 11 t11l -llil'ra rdl iI'HII"'P lip

lIud pu ll (IOWIJl ll" IIUS . Then- nfl' tl1H~p dm;sc'.~ or Sm" "I,j,d.• t hat. may I"· Ils,'d

to build menus.

Sme - the I w,(~ c!i\1JS »f alluionn entries. It. may I,( ~ lI Sl ~ [ as II lll ' ~1I1l ' ~II "f.r tel

provide blank s pace.
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S mpBSB - I.hi1i 1lH'1l11 cntrv pruvid<'1ia 1ie!l't,tllhlc eut rv contn luiug 11 text 1it.dllg,

:\ hil l1la p t'HIl lit' phll:I~11 ill t.hr-h-ft Hilt! riJ{htumr gius .

Smel.iuc -. Ihi1i IIl t'll ll l'lI lT," provides 1\11nnselccted entr y coutniuing a separator

liue.

• Text Wi dgets . TIJ(~ 'Iex t widgf't provides II window that willnllow lUI uppll-

('Ht,jOIl to tli1iplilr an d l 'd i t n lll' or more li ul 'l> of tex t . O pt ions nrc provided to

allow the Il1iC' r ttl add srrollbnrs to the window, search for a specific str ing, and

IIHulifr tlu- text i ll I,ll(' buffer.

TI ll' Tt'x t witlgt·t is UllIde np of a num ber of components. Th e modulnnzation

uf funr-tionality is intended to cuse the custo rnizntiou. For mo st app lica t ion s.

11ll' ;\s c'iiTC'xt wicll1:d is J.\clIl'ml enoug h to meet pro graiumors ' needs. ~lo l't ·
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Hoxibilirv,Slll'dal [1'at llrt'S, nr t'x l ra flllwri'11ln!ily ('all Ill' ;l c lc h'l ll l~' ;1ll1Ih'llWlItilll-l,

a Ill '\\' T(~xt Sc'Ilrt' or TI'xrS illk wil l!!c ·!. ,11' hy s llhdnssill~ l ilt' lext widl-l,'·l.

• Composite and const.ra int Widgets.

B ox: - this wid}!;Pt llal'~ its children as ti!!htl~' as !los,,,i1,I,' ill lI"lH I\' '' l'ln pl' i ll~

D ia log - 1111 imp!I' IIU'lltlltioll o f a t" Ill\ \l ll ll1l.\· llSl'I! inll'rnl'ti'IH wi,11-l,1'1 \\"llkh

prompts the user for li \lxiliar~' input SUe'l l n,; II lilc'IHlIlIl'.

Form - a more sop llistit:al ed h\~'\l\lt wid!!t·\. lh a\. allows i!.s ,'hil. ln'l1 10 sl'.~·if.\'

thei r positions relative to other r-hildrt-n,or III lilt, r ~ l l!;t 's lIf lJlI' [1I1'1n

Paned - allows children ttl ln- likd v('rlit'all~' or huri:w\l 1nll,\'. Controls lilt' als"

provided to allow tlu- user I,n d,\'w li ll ic'lillr n'sizc' t.lu- ludlvirtna l J1<l1 lt's .

P orthole - nllows viewing of a 1W\IlHl!:"d dl ill! whb-h is as lal'l!;" as, 111' lil l'l~l' l

th a n its pa rent, tr pi c:a lly nuder I:'mt rol ..[ ;1 I' ;u llwr lI'idp,"t.

lwydi e h'Tnl h.

Viewport - I~OJjSiSfs of 11frunu-, onr-or 1\\'0 sCTullhars, uud all luuor window .

Thr inner window eau eontuln all l.Jl<'daf,lll,]mt.1II'!'l ls III I ll ' IlisJlhl.yt'd , Tlris il ll l l ' l

window is clipped h.\' rho Irauu- with t.heS1:rollbal's ,:o ll t.roll i ll l!: which SI,.' l.illll of

the inner window is currently visible .
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2 .2.4 The XIAthena W idget C lass Tree

F jg.:!...., .~li,'ws f.I I' ~ f}rt;mli~lllif)1I ufdu' X/At/l '~llll t\'j llp;l~1 eluss Tn~I'. T his tree shows how

widw· l.s urr: Ol'g:all i ~( ' l l i ll l n relnted d nssl'S. whon all instllller of II par t icula r widget

is ' · 'H ·a J'~ Il Jal.('d iutu un OI:I:llrrP IW( ~ of n sl ll·tifk o lJjt'l:t in tIll' pr ogra m. it inherits

a t.l.r i l>llll 's alill fl'a t-url's fro m a ll til" \\'idg:r.t dlL';'<;('.~ thut appear ab ove it ill the widget.
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Chapter 3

The Design of Graphical Interfaces

Seve ral computer-aided design Hoftw an! tools 11:1\'(' 111'1'11 dl'\'l'l op('(1 whir'h luck lk-xibh­

user lnror fuo-s . SPICE-PAC and VIT an ' two (If them. Silll'l' t ill' user illll,r fil l"(' o r 11

system is ol rcu t he ~'ardSl.kk h.\· whic h t.\1l' system is jw lj.!,l'(1, 11 Ilt'si hll '. s im pl.. mul

easy to IlSC iulc rfm:t· is an illlport.a nt aSl11'd of t ill' 1I,'SitJ;ll. '\11 iuu-rfju-r- whit'll is

difficult to usc will, lit. best . res ult ill numer ous 1lS(!r ( 'lTIlI'S. At. wors t. it will t>lIUS"

tl u- softw are svstom to l Jt ~ ,lis/'anled, irnospl'('tiVl' or its flllwl,iolJalit.y.

A hndly drsigucd interface cau eauxo t ltl' liS!']" to ma kl' 1lI1llI'!'('SSill"." a ll<l irr it a t illg

errors . If information is presented i ll 11 ennfllsillp; or IlIisll'flIli u,L!; way, 1,111' IISN lila)'

misuudcrsmud t.he lf WHlJi ll ,L!; of all irmu of iufonuatiuu 1I111 1 iuil. ial ,l' II Sl'f llll'lIl'! ' "r

unwanted actions. From this pflint. of view, till ' IlSl'r illlf'r fal'f~ is all important. par t fir

1\11,\' software syste m .



FiA.3. l . Illfl'f;lI'l iolJ wirh a CU I.
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3.1 G ra p hical In t erface for CA D Tools

"\ h'Taplli('al iulI'rfm'l' Ior S P 1CE-l',\ l' / F 1T pn widl':; 11 hrid~l' lillkill).!; ti ll' usr-r with

a JlJlli nHillll P W)!;t1IllI S whir l! rnn ma k!' I ii I' IIst ' rs llh ll"l' ronfuh-ut . Wit h t ill' g:rnl'lli ,'al

11!'i1'l"iutl,rfart' user s an' ill ('Il Ill\ ll l'h' \'oulw l of wlmt rlu-y dn an ti wllt'll (!lI'Y 01.. \1. T Ill'

onnurtzur iou of t ill' iuror ur-ticu wj t II 11 GUt is showu ill Fig:.;I, I.

3 .2 SPICE-PAC

SPICE-PAC lx II sirunlutinn p.u-ka/!;t· t.hnt is up ward l,\' l"UlIll' lll ibJI' with Illl' 1" 'I.ul:11"

Sl' IC~~2G ci rcui ts slnmhuor. It alTI 'pl s t Ilt ' SfHIU' !·i n 'l1i l tl t'1i1Tip l.iu lI Iml l-i;lIilj.l;l· [wuh

() 1I 1~' f\ few minor ('X\'!'llti tll lS\ allll pnwhll's rlu- saUll' ,' in 'llit illllllyS1'S as SI ' I(' ]'; , bm

it. a lso SlIP]J Ol"t:- H mnnln-rof ('XII' IISitlllS aw l n-finvuu-uts which an ' Hu t. il\'a il ahl,' ill

t ill' or ij.{iual SPICE prug r uru. 'I'lu- 1l 11 ~~t ill llHlrl flll1 llin;'n 'rlC"I' 1" '1\1""'11SI' [{:E iill,1

SPICE-PAC is, hm\'I!VN , ill 111l'ir internal orWlllizat,illlls; S I' ICE is a pl'll14rallt with

ono. fixed s cqueuo: (If(Jpl'rations whlh- SPI CE- I'AC is a r-ullr-r-tiun of IlI!lsd.\' ( ~o ll plt ~ 1

si umlntiou "pri mitives" tha t ('l UI Ill' t-omposcrl in uumv t1i1ff'l"I' IlI, ways, as n-quin-rl 1,,\'

a par ticula r npplicatlou.

T his fk xihiJit y of SPICE · PAC is quite ' iurpurtaut ill "i ut,I'j.\I'iIl.l',I" ilp p lif'lIlill JlS,

i.r-. i1pplil:a t.iolJs ill which decuit, siuLHlat.i llll is I'lJlllbi rll'd with ut.hr-r s"r1 I\'a n ' l.o"ls,

for example. opr.iruiznt lou lll('t hn tls, srntisricnl unnlvsis. S'ylllllf,Jil: xirnuluf.iun, Ili14ll ­

l l ~yt·l (l~,/-(, . hehuvio rnl] slurulauon. alld SflIll i .



:U FIT

VI'!" i.~ all iuterar-t.iv oprogram (or r-xr.rnet.ion Df tll-vi':I' pnruruerers for SPICE·likr r-ir­

I:tlit ~ jmlllillllrx. FIT is II silllllfatio/l·hasl'd exr ruernr , so explir-lr mudd cf limlilllls 1l1...'(1

JiOlt lw known f~" 1 1 11 ~'y an' pfIJvidl~d by 1.l1I' dn:uit siunrlutiou tool used. litt iug call

hr- I'l'r f"nt ll ~ 1 II"!' \Jill)' for s illF(lc: rlC'Vkl'S 1J1l1 fllr fuucrlounl hlm:ks Ill" whole I'irc:uits

a s \\'1'[1. aw l 1111' sal III' nxtmrtor 1:11 11 he 1IS(:([ for a variety of devices alld/or devil"' :

tIl,,,h'ls . 'I' ll" I'xtnwt.n r sup ports numerir'ulnx wdl as symbolio simulation. so repeated

au a lyst·s of lilU'ari ;wd cin-uit (fo r fn '{!HI']U'Y domain lULal~'s('sJ call he performed very

(·lIk ielll,I.\' using tln- 1i)'lIJIJOlil' functionsI\J'lwmt/:d from ttu- Coates Howgraph n'pre­

Sf,utal,inll of tln- e-in-nlt, Sl'\~'fill upf ituizutlon methods are built into t ill' pro gnuu to

provide ro bnst. as 1\'1'11 as dlkil~ll t titt illlt of dovin- cluuuetcrtstfcs. Flexibility is ob­

lai nd lJ.\· sJ)I~:ilkal.iu!l of oxtrartion details in the da ta Sf't'i ruther than the oxtructicu

11nll'I~lnn~ .

10'1'1' is iIPral ivl'. sirunlutinn-basod nml Ihlta_dri vel!. Th e rlntn-driven l:11plll,ilit,\'

a l lelll's illl e'l-:n lle'r[ parnuu-tt-r ex traction )12J as well as selective cxtrnetion. pcrfor ruod

(Ill slI llsl' ls of 11l('a,'iIlI'l'Hli'Ilt. dnta aw l subsets of panuuetcrs. Different ex traction

sl ra le'J.\i ('s r-an IILlLs Ill' dl'wlolll'c! for different types of devices and / or t heir models ill

o l'llc'f III l' l' rI ' lfI LL till' ext ruction of pnrnmetou, dtidclltly.

3 .4 Out line of t he Graph ica l Int er face

TIll' ~mpltil'11111111'k-t'/l(1 padm#o:l' fnl' SPICE-P"\C/ FIT nllJs isf.'i of four parts. Fig-,3.2

shows its,l!;t'lll' l'fIl st ructure.

Th l' Quit pa rt is \ISI'<I tn tortuinan- I'Xl'I'utio lLof aILuppllenriou.
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The ~raph il'alhal'k'l'nd

Fill;.:l.2. ;\iaill s trurum- ur ,Ill' gl'a llhil'a l ill TI'r fw· ".

T Il(' E dit pnrt is pmvid('ll t.o m a llip llhll l' d ntll lilt's : i t r-nn l' lll.! a fill, from d ilf,' n'lLl

d in'l' tnric!;, ,'di t a iiII' ami save or print a lilt'. T Ill' .xlit purr run I l i .~ l iuguish l ilt'

Ili lferl'llt. tlatll till'S slid ! I L~ SPICE-PAC data lill's or FIT 11111:1 Ilk-s.

TIIl~ R un part. I'XI'('Ut,!S rIll' SP ICI=:- I'AC/ FIT l'wp;nllll S, IHuvi,\I'd '1\ ;11. Hit, n'·

quircd iupn t allt! oUtP11t. data filrs an' a va ila l,l,' ,

T I1P Displa y pilr t di sp la,\'s da ta tTI'nt.''11 lIy t.ln-Sl' ICE-I':\C <l llli 1,'1'1' flI'"~ra tlI S .

Grnphienl resul ts 1:1\11 be [ll'('setlt.l 'l l either IIsill P; l lt' fllll )' pWl wrl. i l'S III" IH1111l'rl, j"s Sf'-

leered by t he user [color, line style. n-xt. m lur III' tex t fOll t.). rk,~III I); run Ill' ZlIo lIll'd

ill aw l zoome d out , Th is par t. ulsn »HowsI.IIl' 11M'IOS ro truer- Slwdrit' OIl1.pU(, vll l'i ll lJlt'S,

compare t]l(' results obt.ained from dillcn-nt IIlIlIl,\'1'I'S, " 1.1',

3.5 Design Guidelines for Graph ical Interfaces

Ouo rcusou why Xt uppl imtinns 111'" Srl s1U:':I'ssf ll ] is t ha t 1,11l',Y fo llow t il l' ~rap r.j " - II,~I ' r

illtcrflll:l' desi!\"llp;niddi w 's, A short over view of t l l l~s l' ~ ll j , It' li lJ " ~ rllJ[ows

Every XI applk/l fion SIIOUIII Iw written ill a way t.lmt ~IVf'S t.1U' 11M'!' t.hr-""uu-" Is



JH',,,I"d '-0 a':l:IJlUplisIJ 11 giVl'l1 msk . lJSl~f!i will ha\'( ' a fediTJg of control over au appli­

rutlon if it. is eonsistont unrl giVI'S t hem thr nlnli ty to diroetl y mnnipnlntc t he cont rols

arid uther Ubj l:I'I,S of the IIJ1pli l:atioll, The upplicationmust also he flexible und allow

• Co ns iste ncy

CllllSi..., ll'lwy 1IIl'allS lha t simi lar l'Olll.rols will operate ill a similar tun nnor a m i

IlHVI'siudlHr "' flds, If a Pushbutt on ill (HIl' ap pl ielltiou has a Label nud d ieki llg

t.hnt button l:atlSl'S II Dinlog ljox to pop lip, allr other applirntiou t.hat nSI~

I III' I'JIipsb Oil a pnahhuuou LallI'! should do the sallie t iling:, COllsb'-('lW~'

a bo II11'HUS tb.u t.lu-SIUlH ' nctiou will always pnnhu-e the suuu- result in mauv

different apphrnt.ions. If von eau click-hold-drag the t ide bar of our. npplk-atlou

to ruuvr its hu-ntlon OIJ tln-scrccn. then 1111)' nrhor npplluntiou tha t ha s 11tir h-

hnr ollg:ht 10 work the S1Iml' wny.

Allot,hl'!' factor ill IllI' consistruu-y of 1I11 npplieatlon ls placcumnt of the user

\'/I l1lrols iutJ,,' npplirmiun's window , T he eOlllro l1' and fmwtiolls thnt nre IIs('d

urost , In('11 should 11('proseuted first. at t.he top of the application. ill a logka l

aw l str aiM'!Lt.fllrwllnlnrl!l'r .

FUlll'li nns , whit-h a re nut used frequently, shou ld be hidden 1\1ll1 only culled lip

• Dtreet ma nipulation

TI ll' \'x ]WriI'1ll1' of direct manipulat ion is dotiuod as the conne ct ion of a use r

nr-tlou in au applh-nrlon with a ll obsorvnblc response from the appl ica tion. l il a
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dirert-nsmipulntion nsr-r iUll'rfiU'I', users will ('xpl'l'i"Ut'" uw ilUllll'llia lt ' \'lsihh '

n\"1I1l1io f their 111'Iious,

Immed iate visihlt, n'spllllSP is tin- lUllS I itupurtunt :1S]lI'1" Ill" thl'l lirt' t' l mlll11l'"

ulafion \'X]Il' l'i " Jl('\', T Ill' pl' rfofl ll Il1Wt' 11fl1]IIt'lll.'i llf s low lurnlwau- nr ,I f Ilthll

prognuu dt's il-:II lind hnplenn-nruthnrruu lllakl ' it c1illiC'llh fur 11 llSl'f t o ,'0111'1'11­

trnre 1111 r.hotusk for which tli(' X ap plk lllinll i.'illi'il'l l. No m alIN 11 ,,\\, intr-r ...~lill~

all a pp lil:a l.iOll llla,\' look, if it ls slow ill ils npr'rutiun , it will hi' ptm-tir-nlly 1I .'i ( ' I, 's,~

to rns rmuers .

• F lex ib ilty

Ear ll Xt nppllrution slumld IH' HI'xihll' with 1"1'."11('1'1, II I IIll' way l ilt' IISI'r 1'lll II 'SI'S

to internet with ti ll' 1IlJplil'lIl iull nud lll'xii lll' ill aJlo\\'i ll~ I,it .. IlSl'r III "l lIll i!: lIn '

IL"pCI:ts o f th l' npplicatluu to lit. his ]Jt' l'.'illUal pn'fNI'w· C's.

All X t npplirntinn shou ld provide mon- than Illlt' WilY 111).!;l'l a I,as k 11l"1·CIIII I,l ililll'll .

Sll thr- 1IS1~ r I:au dl ooSl' ti ll' 11I1't.IIOd thnt. is 11I0sl, "IJllvl'n il' lIt III him. :\ ll.'it' r

may pniut W i l 1'1ISh13l1t,toll (Ill II :'\1t'll uUar, liS!' II 1'lI l1do\\'1I,,1I'IIII, " r 1il·1,'('1

11 Pushbutton to ('ailS!' SOIllI' 1Il' l,io ll I,ll !.ilkl' pln!'l' . 1I11\\'I' vf'1". in mld il io n f "

llsiu l-: thr- U IC )lJ S\~ to post a menu, till' apl llil'a1.illn 1'1111 a lso d l'lilll' a 11l'v1 "'IHd

«naractcr that will post t.lw l' ullljown alltl i1W ,UII'!' d ll1riWl "r III lWlival.,· , I" ,

Ik~ircd option.

A us er sho uld als o Ill!l!ivl'll sutur- aJ110 111l1.or (:tJll1.rol IOV"]" Ill" vixnnl al'pt ' lI riH Wl '

o f his a p p lk llt.iollS. No!.all l]SI'rs Ilk« 11liJ,: hr..llllll' (ITpink Im.:kAJ"I IIIIHI; sun .. ' IISt ' lS

may prefer I-;m y Pn~h 13IIHoIIS , whih- 01IWT IlSl'n; lIIay likl' ," .'il·" il'hllS in;,l!'ad "r

Labels 011 their huttuu widJ.((~r.s, I~ I. I '

:\0



Evem qUCUl'

M"vin~fllcmflll_'iI'

ur l'lil'kinl: mUlIsr button s
arc Xl'I'enl s

:J icn f pfll grllm

XIMliinL IHlp

Evem hand tcr
IxCunli~ure Jo:, 'en l l

1XCrus singEvent l

l'.xl,li,'it ""lIln,l i,.,an inrpcmuur is.-;Il(' f(11' Tluls" 11ll{ ' ratious within tIll' npplk-ntinn

II lilt, helon- MII'iuJ.!, TIll'd Hl Il J.\I' S, 1'I' llh l \'I ' a fik-. or :111,\' nthr-r sim ila r nrtlou tho user

~l l" llld lu- ~il'l'lL a dl alll'(' To nTollsidn thr-nr-riou. III sin-h ('i ISl'S , a Dialo~Box shoulrl

p"p up III requin- 11 e.mfinnurinn 'II' t» .liSIHiss tIll' artion.

3 .6 D esigning Xt Applications

.\ \\'i lld,,\\' ilPl' linlli tlll S 11]'1' cvont-driven IIWv;rall1S, The structure of an eveut-duvcu

1'11I!-:I';Jm t-uu 11(' I'n'SI 'lll ,~ 1 as a [oop with a ("liS" SI1'11l't.Ul'r> ill it. III pa{'!Loxccution of

III" 1(\1'1', :111 r-venr is fetrln-d Iuuu t l1l' event quruo andused for selection of 1111 ac t ion.

\. P H 'lIl" nn- tlu- hnsir-nu'nns (If 1'llllLlllllllit' atiolllJl' twf'I' 1i a usor unda ll npplh-atlon.

.\ I'WIlIS a n' 1:l'lll'l':II I'd :l,~ il res ul t of IISl'!' input from till' keyboard or the mouse. as
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en'nllulIpl )
{

XNl'xt Enmli IheUislllay, &lhcE n ' lltl :

swilh ( IhcEn'n l.l,·pc )
{
ca se t-:XPCl1i C:

!'rU('CS.S 1\'hCIIWindulI'is t'XllllsclI
nreak:

case: lI11tlllnl·res.~ :

t'roce ss when kc~' was Il~ssed ;

hrcak:
eus e: Ke.\'press:

I'ruc es.s whclI wlndnw iSI'xlWsccI;

hre:lk :

Fig:,:S.·1. :\ si lllpl\' r-xmuph- Dr IIH' X 1'\'l'1I1 100lp

WIlC'1l Ill l event is r!'cd\'I'!1 IWlll a d it'llT. , t.lu-X sr'rvvr stun's it ill a ll ('1'('lIl '1Ul'((( '.

Elicit elieu t appl icnrion has irs OWlll'VC'1l1 qlle lll' lIl hoh l l.Ill' c'\'I'1I1sill 11(1' lirsl- ill/ til'SI-

Ollr /FIFO) order. W lu' ll the clicut npplirution lI( 'I'Ib; II next input. " \ '1'111 f l'Ol li f In-

llllcll'XI'(:ll tl 'i; tho will dow-sJledtit: ('<l(h ~ fur thix ('VI'IIL Al tlds I'Oill1., l.ln-Bpp li l'atio n -

X C'liew, applica t iou pnumuns a n' 1'\'I'llt driven t.lu-v a n ' llrga lli:oo;t 'l l :,,'; iu lill 111'

loops, waililll-\ for input I'VPll!S. ami I ~ XI~ I :lltill l-\ aetlons l'orn'sporlllilll-\1,0 l.hl'S" " V" IIl.S.

as shown ill Fig:.J..t,

3.7 D esign Process

TIll' first st aW' ill es tnblishitu; a Sysl.(!lll da t a Ilow is to fUll nul a1.\' a 11Iodc'l tJf I,h"

'cal worl d" cnmies which an~ fl~ pr'!S('ntl~d ill till' sy stem.



Fil-\".:Uj. ;"·Iain r'otuponeuts of the ~raphicnt package.

:~ .7. 1 Viewpoint A nalysis

WIU'1lfUrlllll!atiul-\" n svsn-rn mmlel. viewpoint.httlwt.lIrinl; is au important stlll-\"I' whu-h

imp llSlosil s lnwtnTf' lUI t.he ident ified viewpoint clusters and represents this ill a view-

puiut suuetun- diugrum. Fig,;t5 shows t.1I1' tuniu eomponcuts of the gruphiual back­

('u,1 pllrknllP mill FiJ.:.a.u showsIhl' main cotupoucnts of the D isp lay purr,

a .7.2 Id entifying M ain Function s

TIll' next s1o'1l of the building process is to identify the functions. The descriptions

nf mulu flll lt'fi.\Ils whichsu pport tho layout of a GU lnlld the cor responding callback

flllWtlllllS an ' ns follows:

• Jo'lI11dioll: CIll' l"kFilt 'Typl'o

b[ /lIII: Pat h nul! nnnu' ol thc tile,
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O'llput.' T y)J{' or 11U' fih~ ,

IJt'.w riTl t i ,m: Cll f'l :kF ill~TYI)(' returns au iudicntiou EXEUl:TABLr::. DIREel'ORY

nr x f Jll M AI. fih-. ImSl',j 011 t ill' typf' " f tlll' file returnc.t hy tl ll' stat() function

This function iS S.\'Stf'lII flq ll'/l!h'llt.

• I';mdirm: ViIlFild .isl..

"1/11/ /: Fill, lisl I ha t holds till' 1H1I1Il'S. Dir Jist that holds subdirectory nmur-s ,

LilI",1 wi,l~el, tha t holds eurrcur pa t llll1lllW and Cu r rent which is r.ho rurr ent

f l i r l ~ · tc tr." paf.lmauu-,

IJ,..,r:r ip/if JII: Fil ls ill tlu- diH~:I.or~· and t he file lis ts with the umues of tho

<Iin~ :lnri f's alit! IiII's ill a ~i"I '1J clirt,(·tor.r (Current }, The Lahd widgct is update d

I II tln- l' u n /'111 pa t.l l1lll ulf' .

• I·'ww /iml : (,hilll l~I'-l'nPanmt.

IlIl'ul : ! ' ath llalllt' .

(JIII/IIII: NfllIf'.

J),·,.a i /d ill /!: Chi Ul/:I'S th e pathuarue to tIll' lmn' llt's pat hname: for ex ample, it

dlHn/:I's ''/ c1 irl/d ir2/ dira/'' ro ~/d i r1 /d ir21" .

• Flllld;ol/ : lJirCillllmf'k,

I II/uri : W id).:f'!. CIiI'UI (lata mul List data,

Uf',.nil/f iU/I : Load s t.Jj(' tilt's ill a !W\\' dir('('wry.



• F Ull d ioll : CI 'IClIlTI'1lIDin' I' r l1ry.

IlIflil /: Purluueno.

Ou tlllJt : X lll ll'

U" .~",.if!fi(m : <;t' tC llr n'ut Oin'('t" r.r tills till' p nlhll illlll' w it h 1111' e-um-nt Il i l"~ ' l l'I'Y

u u na-. III" wiru "j'" for tho rootdi n-r-rurr to im lil'Hll' 11 Iallun-. II'Slll"'l~sfll l. i l

apll!'llib "/" tn rln- pnthuann-.

• F llI u:l irm: HI'mlF itDlIln,

In put: The 1I1111l1' o f tlw nntpu! llk-.

O u/p lll: None.

D,-sl:I'i,dion: 0PPliS dnta fill' nud rr-ads th t' datil ill lo ,lim'\'l' ll l data till'S. 111­

tl'r llwdiat,f' dntu files , sin-h ; 1... 11(: Ji l ,', DCjill ' 1Ir<' n"al "I !.

• Pum:lif/ /l: HI'Jul Ac file.

1Jqlll l: Thr - uaun-of inpur fil l'.

()lltp llt : (\()!H '.

D(:,~(:l'if!tif)ll : OlJ'~IlS t hl ~ A G' ji l,: 1\11\1 1'I'1I,ls tln- rial ,. i l l l,III 'OIT " 1';I/"ll tl i l l J..!. annys .

• Fllud ill/l: Crl~atdJ i(" tl1 rr ' .

h ql1l1: Muxinuuu und nnubuum X nnd Y l'wm lill a t" va[II' o:; " I' ti l" , lis l,[a.\'

window.

Dt~sr:l'ip ti(l1I : Dlsplny s t.he p llli [If sp, ~:jl i,~ d lllll ll l :t:fll"![il l j( 10 ti ll ' s i;f." Ill' lI11'

displnr window, det er mines t, l ll~ rnux and mi n vahll' s or t il<' lJ;iwlI dal;' , lIud



l i tld ~ thn sn d,' fa:-tuf.

• /o'1J1/I;lio u : Tnu:iuA

JI'I'l l l : \\'i ,Il\I'r, C I'IIiUfl' . Cl1!lDli t H.

Ik~'"l"ild irm : CIll'I:b if Illl' Sl'If'("t.' ·11 vnrinhh- is corrcer for t ill' cur rent Hllal.\"s is:

if it is I" In '1'1. a rn willl4 window is IIII)lp",1 np wit h the l!:rn p lii!'n l rep rt-seurat i ou

!If n-sults. utlu-rwlsr-a I\'al"l li lll: 1II1'~-"m~ ' is dis pla.\"{ 'd .

Jo'mwti"n: COlllllil f!'valm'

I lIfl lIl : (lrigill X vnlue, origin Y vnlm-, nmxinuuu X value . maximum Y vnhn-.

(1111/1111: f\UlIl'.

JJr.<N i,/fi ,m: D ispla .l·s tlu- val n .'S llrthe snmc output vn rinble for dilfl'r l :1II.

a lm l ~'SI's ,

:l.7.a Staudard izing t h e Int e r face

TIlf' kk-nlu'hind stnnd a n li1.illl-tt he user iUI('rflw!' is roprovide its r-onsistenr structu re.

I-'IJ..: .:\.'; s ho ws tln- O SFj lllo r if ~ 1~'I(' or tlU' whnlow. :\ s ran h e M~'Il , tlu-I't'si;.:.'

hunk rs art- O i l lin' nun-nuo s t framo of t ilt, window (they nrc phu'erl then' hy ti ll'

(lSF/il lulir window II11UllIl:l'r ) , III tln- upper - left remer there i s a button for the

s.rst"lIl JlIl'IIlI , fullm\',,< 1 !l.rall ix-ou bu tton, nud I ;L~t l.\", a lIlin/ m fL.'Xbutton. Below

thix '·:-;.\·~l l ·lll bur' i~ til t' nw 1it"a titllloSpt'l'ifil' "tuonn bar" . When uu item fW lII t ill'

!IWIIll hal' i~ sp l('(·lf·d . a Illl'JIII will pull down lJclll' llth it . T he "wo r kspace" will ho ld

;llidit iounl POl l' liP windows Ill' lwrlHlps s ta tk disphl~' windows.
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- ',·"", 1
File

i ~.~nl""' ~l<""

. ~ ---;... -' ,- - ---- - -_. - - - - --",
~ ~ ( ~'" ' ''' 1\1",,,,

--' ------ ---- -- -l - --- -- - ---.- - - -_., --
fl,',"" F.. ""

'------------- - - - - - _ ._.

iii r ill' top ofthe sen~'u Hllf [ ln'Ul'a t JI it II " l l l l' tll1/~.\':; ' l' u llm r" with Q l l i l., i,'i lt" H UI'

unrl Dis p la y ill' lII:-;. TIlt' " lI'lIrks jJl11"('" fur Iih- vii -willA is 1I1l' slatic" ' HI'OI uurh-r IIll'

l:ilJ Hlhiliri {'s of t!lt' pNll:rmm; t'UUIl'llll l' d ll\' till' itl!prf;1l1'.

whirh an ' pWI·idpd fur sitll plif,l'ilil-l: r.lu- dt'vdlljlwl'JlI ofiJll.l'lfm"f's. ,\lol"<'o\'l'r, d u p lira.

3 .7.4 Choos ing t he Wid gets

After idml t ir)~ ll/!; the main Iuurtions mul s talu[;,rrliziu l\ t!lt· g,ral!hind iul"rrill" ', tlil'



Resize

SPICE.PA C (or FIT.S) MAIN MENU

«lui! I ~'ile I Roo I Di splay

:- -l;,,~':-p-~:n: - -r: r-- : , __ _ _ _ _ __ ___ _ _ __ _,

r~~:~~~;~~:~:~~:_;;~~ j :.- ~~~~"!-~:.~ - - - --_:
---_ ._ ---- ---- . ------- -

W"r1"'r"~" Pnp..p n' ·~:r& c<>nt.o 'ne r

lfo rl'il, v'rWl nlll
d,opl" y .nllg..·h'cnlr.. ult.

Fi~.3.8 . A dupted s t.\'lr uf GU I.

'!'Ill' At lnum wii!gel NI'I i s 1lS(~1 fur ti ll' implomeutntlonof the illtrrfae i', TI It~ princi-

1"11 ['I'm'lIl i lf l'il' l l ~ 'l illg l ilt' A tln-na \\'id~I!1 SI'T. is tha t i f is IIl:Ol lI lJ ](lIl1~' l\va il;lhle publk-

, 1' llll niu Nt't while ;\ Iotjfi s a rounm'ruial product.

TIll'111'1aih l d t'Sl"fiplio lls Il tl ll' widgl'l.S 1IN{~1 in th is appli cation follows,

Ovcrrtdow td getct ess

T h is widp;1'1 b 11 11ll'lIIlH'r of tll1'cl a ss Slwl1\\'idgf't C lm;s, It iNOIH' of till' widget s

1'f1l\'ilhl h.,' tlll' Int.rinsirs. Its role is 10 overr ide window IIlHmlgt~r. It. is IIsed for

t' ri 'a l ing I lt l ! Hl l~.

.FIlt JIIWidgl!tClnss

Thi~ lI'illp;i'l isII1l1l'1Ilhl'r of I ll!' l'!m,s 0111st l"a iJltWidgctChL~s, Essentia lly , it contains

[;l,n llli I'lllidl's thur nn- us ufu l for iL<;.SClIlblill g thl' iuterfluX', In this ap plication. it is

llNl'll fill l'\llllrollillJ.::t1u' ]lI;\(,(~ IIl\'lIt. of willgt'll\ w ith resp ect to ot h er widge ts . controlling
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rt'si ~illl: of till' l'!Jilrll"t'1I111lddi:iplnyiuJ.!: rlu- g"nl l' hk nl rcsutts.

Bo xWidgetCl a ss

Th is wirlV;l't is a !lI1'lllhl' r of t Ill' l'l ,l~S C '11ll1l0sil l' \Yidg l'Il '!as s, It ilss isls ill rlu- luvout,

pllld nv;rnux t rniurx ou itli r-hihln-n: it ];IYSII1I'1l1 'Ill! hy filling ill tln- row lirsl, tlu-n

l ~nlltill\li llg 1\ 0\\'11 ,

ListWirlgetCl a ss

Comma ndW idgctC las s

rallh ad Juee!mnisIJI for LahdWillp;(, t( ' la:;,-;. 11 is n "hnuou-H ke" wi,lg"L

L ab elWidgetCl ass

(jnst i fi ,~ l) or 11pixmup ill II window. It s main llli" is I" provi lh ' II Hl"S.~lI l-\" \,,, I Ill' IIWI'.

(I. is 1\s(~ 1 ill the meuu s nud i ll I/ I(' II11':'SlIW' art-n .

Text W id getCl a ss

TIll' Text widget. providt,s a wlndow which allows all fll'pli,'ati " n t" dis!,I..,\' ;lIJoi,~li l

IlIW or Ill nrc lines of t( ~X I. Optillll S lUI' provuh-d \II all1l\l'tlU' USI'I-S 1o ;,dd SlTolll 'M ttl

its windnw , S(' lIN:1i for II Spl ' I'ilil: lilriup;, all d 1I1111li fy t ill' text ill r.lu-l'llfrl' r.

3.7. 5 G ene ral Requ iremen t s

The system 1IH'1I11 mll lllills F ile, D isp lay and H Ull it./'Ill s. TIll' li h ~ disJlla ,v an'a is

also contained ill the main menu. T he fih- eun Ill' vi l 'w( ~d IL<'; well :L-; 1 ~ l j ll ~ 1 1 ut. 1,1ll' ~ur l"

rime.



\ \ ' llf'lIl lwllSl' r d il'k!\ Im l il" Q u it hUtt llll , 1tlilli' Upi liltillj! with It warning 1Il 1'!\.'NI~t·

!\11" \\'S III' . \\' 111'11 111I'u!\I'r e-lir-k... lin t111~ F il e tnn ron . IIII' IlI I'UII uf th l' fill' 1II1l111tJ.!;l·r

1''' Ir. Ill' wilh Il1Ill " I)!'>' Load , Save /tnd Prin t fo r Ill'tfllr lll i n~ npcrarions Oil fill':';.

C;ulI~ f' l flltdllsillJ!.lhl· IiI' ·III/t illlrll'IIlI./t fll l Ho rne fnt ~flillJ{ bnr-kto th "IlM'T'S hUIlIP

'1'I11'n ' ;m 'I\\'u lisl s i n I I" , mai n fil1'I!J I'UII , lilli' lis t for fill'S iuthe cu rrent c1 ifl'f'IUr~',

I Ill' ••II ll'T lisl rllt SI IIK li rc~ 'I "r i,'!\ 111l,1"rtit!' «urreut din-ctorv, \\'I II'IIt''II'r till' \lSf'r I'lkk.,

" II I II" ii i.. lisl " I' t.\'I HO<; i ll a lilt, na ll ll' 1\.>; '~ lI rn1,1 ji l,' 111mII'. 1111' Inlll'l uf tht, rurrout lilt '

Hall '" d la llgl'.>; i Hl I I Il~1i al.r -l.\'. W Ill'lll'VPTt hl' lIsn d il:ks ou n directory list. t.he eO/lll'u ts

til iii" list ,.[m ll)!I'S III sho w ,hi' !ill'S ill tho new d il"I'I:tuT.I'. \\'l ll'll ti ll' S av e hn tron is

S,' Ii' I' I I'l I, t tu- fih-S,\'s ll'lll SIl\ 'I'S tit" r-urreut Hle.alli in wnrnill~ IIl t'li/mgt' "An- you sure

I" d lalJl-\" Ih, ' fil,·'r a pIII'1IT", Wh, 'n tho IIIWT "'iek s 1>11 Load . till' till' S~~II'1ll Im ll [S ti ll'

Iii" in 111.' lil" tl isl llay a rc';I, \\'Ill' ll t.h" ILo;('t 1'I10tllSl'S Pr hn . thernrr cut fill' b j lrillll 't i.

\\"I.., n IIIl' USf't di C'k:; ou li lt' D isp la y button, Ihe ma in meuu o f the D isp la y

I".rl s llt. \I'S 111' w ilh u ~ttllI P (If rtuumaur] ImtlOlls for di tf" Tc'ul 1I 1l1\1r~, a ~rnllJl of

•·.., lllw ' r" I IIIlII. ,llS fi'rdll"ll'oillj.:.t Il" st~'ll' ;u ul n llor f" r "71II'hil~;I I I,n'Sl'ura[iulI o f "'SI1It:­

a llll :1 Sf'1 of 11111I1Il1!; {liT 7.HlIlII i ll~ th.' l ,ic'IU Tc'. Th-n- ab'll is a \1~ITk.>;lm("(~ fllr tib"lm;u l!

11.., n'S n lts, au.l "H mlllillll l l'IlIIIIIlS for ('ulII l'arill~ tr:;IIIL, of d ilfetcllt alllll~'S('s . Wh l'lI

t ht' llSl'T so·I....·I:o. 1 1 11 11pa Till~ T1'Suhs, allul h(~r t1is llla~' window 1")11.'1lip ttl pr esent I he

~rll llhh'all"l'!\\lIIS Ilf,l il{I' I't'1l1 Hlml.\·S!'s.



Chapter 4

Building the Interface

St!Ujll~ t.he a pp!i(' Hti Ulll'l'SOlllTt'S uud hlli Jdi llJ.: III( ' il[llllin ll,ioll Stl'lll' l llfl ' ; \l"t' I IIl'

initial st.eps of d('wltlpilll-( a I!:rnphil' al llSl'1' ilLll 'r[al 'I' , '1'1\1' ru-xt .~ 'l · l i ll tl .~ IIn ,vi d ,· a

dt'taill'd fJO'sc' riptioll of tll('sP steps .

4 .1 Application Resource S etting

4.1. 1 Resources

Ow' of the- Il 11 L~t puwerful fl' lII Url '!i of Xl is 1.111' /l ·.~ (Jlln ·,' mannsp-r, a mll", 'Uol l " f

t o thl' rm-ror-t. n'p n'SI 'llt, lliulI [or rllt' dil'rJl. For (':<11 11I111". if wr- WII lIl , Iu ,.;" 1, til" I,,,,t , fHr

the :\I.IWlla L abel \\'idW~ l , \\1! «au shnplv st't 11 rl!.';flI IITI ' :\ 1.;\ [0111 1" '1',h ,> wi,II(I'l Lnhel,

aw l the resource IlH llla!{I' l' will perform ull npcnukms whieh lin , ' l'q ll in'd III liS " Ill"

n~l ll\in~ 1 font ill strill,L!;s within this wid~(·t .



Xcoontmntc for origin

y conunate >/- - - - - - - -------".L---,

:; '" ]
lIighfit,!ht !hil; k IlC~~ '-:;;:::========::::;::-"-------

Width

Fill; ..\..1. H, 'solln~ I ' f'Xil lllpk .

Top shadow colnr

Button shadow color

H ighlight c;u!nr

For egroundColor

E:wll widgl'l in un .'\j :\ lllf'llll lll"Ol-(flUlI ha:; at.t.ti bn t. l ~s ll liSodl1tc'<:[wuh it umr d diuI'

Wll lll'tll l ' I ll c' I ' ns [IUl l ltull whig!'!,

'1'111' wil l!!.I'!dass I tl~ ' I1rga lli~I';j all the nvailuhh-wjdg-t~ls into rd at!'c1dll s.~I';j . \ Vill-

t!;.'IS un ' 1.\TtlI1IJ1,<:1 IOW'llu' r into the Sallll ' class whcu tlw,\· have ~Oll](, u trrlburos ill

As shown ill Fig ,:!.,), widgl,ts hav e certa in 1'llI lJ11101l atrrlbu tes. TheS(' attributes

lin ' slol"l',1 ill ,!I,' "Con'" widgd r-luss . which is tln: root of the widget dnss t rcc.

\\' !r"III'\'('r a ll iustnurr- of 11 purth'ular whlg!'t. is created. it is I1ssod a\cd with a COllY

'11'a ll ntlri l'III"S I h i l l arc' Tl'[ a tf'd III IIII' I\'id~l't cla."~. 'r lll's l' nttrihlltl'S 1'1m lM'd w u ged

l'il lll'r 11I'flll'f' Ill' after 1111' \\'idg l'l is C"rI'llh'd; t.h ey rnn a lsn bo defined ill a ~l,,'('ia l till'

[' I{' a l l ,<: [" XII' l"lla ll ,l" ro ti ll' pm g ram.
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4.1. 2 Re source File

Tln' X 'loolkt r nllm\'S I hl ' n'St11\ IT" ~ »f a w;d.<:,"1 III hc' .~ l ll'I'i1i" 1 1 d i n"'l lr llt I III' ~"lll'''' '

n l l ll' a t rher inn-theprogrum h; n lll l l' ; I" II" r al ,' XI','n l;,111 tinn-Fr.un wirhiu n n' ,""III'I '"

fill-. L'l-; l 11~ rln- n '~Ol1l"l' ,' fih-1lu- 1l~'1' "a u llI'I'nidl' I III' 1t.,r;1ll11 1 , ,, , k - a nol -Ii~' 1 ,,1'""II'" .. t

l in' w id j.(I' l s in a n Xr\tll('llil PI·IlJHll111 .

SlH't'ifi,'S n rt'S l llll"C'1' nunu- fur n \1' 1I 1 ~1' 1 in~l ;l l ll'" i l l a 111l1'l ic'III<l1"1'!i " 1I1 a l"1 11: 11"111, ; 1

\·,,1111' Iorrlnu \"l'SO ll1n' c' .

T ilt, tllll, \' rr-qnin-nu-m fill' tI ll' USI' or II n 'l-;"l HI 'I' l i l l i~ that "" "w .~t t'I""" II"

L' l-;ill /\ a 1·I' s. m ITI ' Ii JI ' ,~ i lll l ,li li t 's Ill" S"III'''' ' " , ,, J,' "f ;] Iln'AI';]tll . Hl llil lfll \ 'i ' h", lI l"I"

ll-xrhi litv ill rln -SI'''l'Ilil'm i,," "f !lOSIHI I""'S :Iu,1111 ,' il"\':11111'1' ['U'X/ ..\II ...II:' ,-li"111;11'1,li

4 ,1.3 Res ource Sp oci flca ti o u Syntax

LIt'It liJl!' within 11 rC 'Snllrl'I' lih- SPI'I' i fil "~ 11 rl'S"llIT" I'HIlII'f"r 11 I'HI'IlI'1I11l1 i IlSlllll ... · "I

a 11·;C!J..:.. t. a /l:rOlljJ of wif ll:l't1'i l ha l hm'" I J", Silll'" iusla llt' (' nan... . ;1~r<HlI ' "I' wid!!,,·t :;

thnr 1,1'i "Il ,L( ro till' NU l l" 1 ·l as.~. 1'" II ~rt Jll I ' "I'wi,I).:,"I :>Ihnt <I ll hnvr- 11H ' Sil l " " (1'''' '' 11'' '' '



"all a~"""'lH tl' " it ln-r ;, ~111"'i!it- r-lir-ut pr"~ l"alJJ Ill' a r-luss nf sanll»r. rdal",l pru).!;ra llls.

' JII,' "", I " d ,j ' ~ ' I'" i» a n ",,,IIP'I>"'1'1','ili ,,"ti"l1 xhuw JI,,' pnfh thr oug h tl ll' II'id /-:l't ius rlllll'"

'I "" 1!l;'1 111 1,..,1 I,.. f"Huw"rl l " gall' I"'I" ~'" III iI parrir-uhu wid/-:I'I, ,\ Mlho I>JI~ ·t ,'11I1

\11 "Io i"" t :lll'1 sll hllbil"'l~ ill II n'soun'r- sllI'dfit"at iol1 run Ill' scpnrau-d Fnun one

I,,/lil 11/,,,1,,,,, awl n"l ilin 's Ihal \1'" know Ill!' ,'Xill'r parent ill,..,tall"(' or t'lm;s unuu' n il

11", 1" n I" ' Ill!' " Xlwl ,.],i h l iuslllJl"" (' I' dil,..,s nann- 011 thc right . Using 1\11 asterisk

~"I'arat lll' j" "a]l,., l II "Hl.~I - hi ,trJil/.l/lI'hi,·h alloWS ns to Iudkuro th ai an ,\' ruuuhcr o f

wi,lg,'r .... 111111' III'I",al' 1,,'lm" '1l 1111' pnn-ut ill~tilW'" OJ" ,~Ias.<; on t.he ld t und tl](' child

\1,,,1:11' ,',· ' 11- d as... 'III till' r igh t ,

l'iw 11IS1 tu-tu ill n rl'M l1ll' , " - sp ''' 'ilkal iull is rhe umur- of IIIl' rosoun'e. TllI' ll'S(llIlTl'

11; '1111' i....r" Il"II....l bv 11l'"llJll, "ptiow ,llI'll itt 'S pll1't'. alld tile \'1lhw of the rcsouru-. AllY

Ii,,,, thm ""'I,rt" wuhau r-xr-hunmionpninr (!) ill II ! ,'SOl1TI ' fill' is a conuucnt line und

.\ S"I o f ///l H 'tI..,,, ·,- I' II [,oS is ,'slnhlislJ('d ill X TOrl'sol\'l~ potr-ntial eoutiir-rshetweell

n'~IlIllTI' Spl'l'ilil'a l i" llS which ;lt l"II '1,1 to Nt'l Ill(' S!lU!l' resou rce for t he samo widgl't.

I'll,·...." rul,':-> rh-u-nulm- which n'snurr-r- spt','ifil 'atinu is rukcn iuto nccouut iu tilt ease

,,]"'""lIlliel"". T Ill' followi ll/-:mIl'S applv ill ilSO't'lldilll\" order :

I . I'll" l,iITllrdl~· ,If tln- iuxratu-r- alld dfls..~ IlIl1U\'S ill a resource sp ctificll t.iou 1I1l1N!

11I:lIdl:l di l'lI1 Iri, ' rard,~' ,':mf'f I!/ Of t ill' line is ignored.
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Object(. I · )subobjec t (. 1' )a ttrlbu t e:val ue

Fi~. ,I.:! . )h 'Sl ll \n'c' Sl lI' tifim l itlll sy l1l ;l X i ll Tt'loiolllfC"I' Ii" .,...

I. Expllcl r iILs l mU1 ' or das.... uauu- tilkt's I' Tt' I, ', I, ' lll' t ' ,' W I ll lLlilll ~ 1 i Il Slm (l ~ ' or d a.....

names: Ior example' . til ,· spt'{'ifi,'ati tlll '· · SI · nJ ll ha r · h;U"k~nl1 l lll l'· l a k!'s p n, -,,1<'llO'l '

over tho sp l' t:ilk ntio ll "'"[)IU'kg n mllll"

5. Loft 1'tlmpOIlt'1I 1s 111"1' nmn- iu rpcrtant than riJ,:hl. ('lllllJltllll'Uls ; r,'T \,:1: :11111 ,1,,_ IIIl'

spee-ificn tion "X tl'rl n '"llIll'klo:rOlllld" l ake'S p n-n" II' IlI1 'I IW' f " ' Sl-r' llllmrt l,;,..kl!:ro'lll lO r .

6 . If twn J'l'Sllll r n ' s]I"d f:intl iUlIS 11:1\1' tl u' ~I IIL" pn" .. II·u,, ' , r lu-lr J>1t~'s il'a J " ...I'·rillj.t

dcn-rmiucswhich Olll' la ke; ctfc -t: ti ll' sp., if ic-lll iUlI t llil! apl M'ars I"" ., talws till'

jln'C'l, I"Il('(' .

H I"S(lllfl'(' spee-ifirntion :->.\'1l1a X is s!lU\\'1I ill Fhvl .~ .

4 .1.4 R esou rce Da t ab as e

\ \ 'ht' ll a elieur progrmu s t llrTS I\XI1:Ul.iuj.!;, 11111' of l.lll' first Hln'mt iuns with in till' invo-

«uuou Xtilliti fl li~(!() is til 1:l"l'aW II f'f~~lIl! n:l : dflf/l/Jll ,~ I' (fro m d illi'rf']It l'I ~fJ nWt ' fill·s).

Al though 1\sers nsuully p lm'l' tlld r WSflllrn' dl '.~nilJt i o li s in t ill' fil.. ",Xl ldill IJls" ill

t lwir luum- directory, Xt l uitillli~I~O du '\:ks 1I uumtero r Ilt ltl'r Ifwat.i,ms f"r n~f1urf'"
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infurmnt.inu. T I". folJ u\\' ill~ is a Jist of Ilwati OllS tha t an ' d ll>(:k,!r!, ill as'~'lldiu l; ord er.

f'II' I f'M Jll rt ·.. infurumtlon:

l. jll srjli lJjX l 1(L A.\G [upp-defunlts (cl a.';.<;) . (class) is thl! class name supplied !IS

lilt' ~ ",:ulld pnruuu-ter tn Xtllli t illJizd ). If d uofile docs nor exis t , Xti llit ia lizl'l)

lo" ks fur lIu' [ilr- jll srjJihjX ll/aJlP-defalllts(d a~,<;), The $L,\ NG environment

vnrlubl« is int"/IIII'II for use bv di t'uts thn t have (lifti!rt!ut. f!'SCl I\l'('I'S for different

1:11l j.!,lIa j.!,C's ; it s jlPrifirH a subdiro-torv for a s lallg-lIag!!.

'J XAI'I' LHES LANGP i\TH (d a:-;,<;) . (dlL"s) is ti l(' d as..s nanie supplied li S the til '! :­

owl pa rnuu-ter t,o Xt hl it i;llizl'O . If thi s file doc s not exist. Xt llli li ali zeO looks

fur Il l(' fih-XAI'I'LHESDlH(d ass).

:1. BES()U HCI::_~L\~'AG8H property of t ilt' root window. T his is II sjl('dal da ta

;l rl 'H t lt ;ll run I II ' 1lI11 11 iplllat.rd hy the xn lb ut i lity progra m. If t his d il t,a aren

dUl's uot I'xil . XI lllitializ,'O looks for the tile $HOMEj.Xtlefall!ts .

.1..$XE N\' IBO:'>Jl'\ IENT . This envir onment variab le eoutni ns a full or relnrive path

Ill' H silllp!t, fill' muue of II resource file.

fl. CUlI IlI Hl1l.I- Ii ILl' nunuuents. Om' IIr ilio n! -r rm options enu he spccifi(~d OILthe

s'ouuuaud Iine whenst nrtlng 11I1)' XjAt h(!l!i1 cl ien t .

Ii. 'f'[n- Wilh':I't"Sa ri.:lIll11'U[ lists. The rcsonn-cs arc specified in the a rg ume nt lists of

1111' witlll:r[ cn-atton aud lIpdatill l-\" functions ill the source code of the pr ognuu.

4.1.5 T he Re sou rce File for F IT and SPICE-PAC

III sunuunrv, tlll'[(' art ' Hvc main ways to set the values of widge t reso urces:
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L III ,l nsrr resource fill' .

2, III n class rI'SOlHTt' fill', a lso cnlk-dau ap plkaliou tlt{a uhs llh-.

::., Inslde a prog nuu sc'"iul!: tlu- n'SIlIllTI' \"llIlI('S.

III par ticular. tile tile "Fit" mu t.ains a n'\\' r('Sllll1't ~' ,ll'liuili ollSfor Ilu-1,'1'1'Ilrtlgrnm,

Til l' tih- "Spi{~'" l'ol1lalliS I"I'Sll lll""C' dc'liuitio lis for thr- SI' I (, I~· I':\e prour.un. IIs ill~

tlU's(' tiles. users t:1I1I dWIlj.:t, til(' defiuitlous Iu 111'I'Hitll' flu- tldn ull ft'SlJllft'I' lih- wlm-h

will affcet t il(' larollt of till' user illt( ' rfm·l ~. A largt' pnr t. 01" Ihl 'St, tilt'Sli pt~ 'ir il 's ft ';<I lIl r"l~

for till' 1:0101" nnd Iocatiou of t ilt ! pop up Displa.\'. pilp up Hr-lp. nnd SII uu. TI 1C' .~, '

n'SOlll'te Hlcscnn IX'!ot:al-t'din flit' ll St'r ' l; honn- din't'lt ,r~' ($ 111)~ IE ill \ I~ IX J,arlalll '{')

or together with or.hor applimtiOl! d pf,\ult.li h's, ill j nsrj lil,j XI l/ app-t/l'l"ilulls. l-'i1!. .·I.:\

showsII fra).!;lllt'lit of t.hl' Hlo "Fit".

4 .2 Application St ructure

Ouo of t bu initia l STt'PS in developing an npplieutinn is I,ll build \.11l' il['pli r'alillll sl nil"-

Tun'. X upplicatiou structure is fairly I\'pll i ldilll:rl, alll l l 'ad l r-lieut.Iolluws llm; ~lllll" '

TIm' to some de~rt:e.

Fill:.'1.<1 outlines tht~ strnctun- of 11 I.Yl'it al app lk llt.ioll pro~rllm . Tl l"f{' 'Il" f" \lI

header files which art) uaunllv used:



fj, · h;.d' Cnlllnd: pink
Fi' ~I"l\:~:n" lIIll11: ""' ilC

"il.wdlh: H'l
F;•.h,: i~ill; 4Ul

fi.~iI ~r, ....: •• ...~ ...rict·"..kJ·, ·I" "1T1i11·· 11··l ln ·ll .I- · ··i"' oIIK9.I. 1
f i."(}u it",NI' C.'i. yk:: cllif'5C
Fil·Qu i'.hKk¥n ,ur.l: incJiafM\.-d

',h c l1u'l: ~"" 'l/n;... h ll'olisl'lay
Fil· l",ncd. widlh: filiI
Fil'p'IIICd.hcighl: 4111

Fit· .,k.witllh: ~l

Fi" uk.heigh.· 211
Fil'"k .h;u;k¥n""!d: ~l lrn"n

Fill;.·l.:l. A frllh'llll'llt of till' rcsou n-e file for FIT .

{t illd 1\l1.\ ( Xll/Inlrillsir .h)

f/ilwlllf!,' ( X II/S'r i ll ~Drfs.h)

# illd ndl' ( XI/ X lITOIII.h)

# iuc'hull' ( Xl/S hr ll.h)

T ill' J" 'rj,,.~II\ 1i 11I 'al!l'r fill' m lltaius tl u- ekfi lliti olls of the funct ions XtC rl'atd \' id-

J.:I·I() . Ihl' Ill , ll 'n~ th,ll art' IISC'l1 lJy Xt baserl d llS,'l W\Il WS IXtC) and rcprescn mnon

T,\'IH' IIi' JIIl':' (Xt HI JlSl'11 in Itn r i u sie. XflfulII.h (1)ulains I h ,' predefined X ato ms IIi'll'l1

for lutor-r-lient n uuuumh-nt ion a nd select ions. Slwll. ll c·Ollt llills those definitions for

l1pplil'fl l itJlI s he'lls whieh nn ' the out er windows thut nil client s have.

Till' S I I'I~ fur writinl' the applicat ion arc:

I. Illit iillizl' Ih l' toolkit (X lInit ializt'O/ XtApJ)lllitial izc(}).
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:? Crcerc thr- \ \'id jl:l' l (XtCrl';' I " \\' it l ~I' I()/XICrl'1I 1" ~ b' lL:I~' 't I \rit l ~t' f l 1 1 .

l. Wait un evcuts, (Xt~ l ili Il LUtIPOl.

#include<'''ldiu.h:>
#includee X11Ilntrins idl:>
#includee XI IJStringl)t (s.h >

#include" fo'i l,h"

Fur ward Dectar athm s

<lIubal Var iah les

Slatic de lin ilinn.s

mainlar~c, a rg vl

Init lalil.eTIMllkit
.X lln ilia lil.e
. XIApplnitialil.e

lJuild Interf ace
.XtCru teWlclget / Xt Cre. t" M· .. ·cedWldf;" t

XIHea lile Widget

Xtf\' an aget.:'hildretJ XIMan lll:eChild

XtMai nl.AMlplXtAppMainl .llt1p

Fi~. · I . 'I . Applil'lll illll stmetun-.
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Chapter 5

System Implementation

' I'l ll' implcmcntutiou uf l.hl· ~rn!,hil'a l mwr lntr-rfuee fnr FIT and SP ICE-PAC consists

o f Innr parts : pop- up warning section: tho Hle rucnu: tIll ' anal ysis section nud the

di.~play S('Ct.iUll. All t ill's!' parts I\N~ 1{('St rihl' d iu t.he! suct ions th at follow .

5 .1 Pop-up Warnings

5 .1.1 Wi dg et Hierarch y for Pop -up W arnings

T Ill' flrst sh'JI 111'1'(1\-([ to create 11 PO] H IP menu is It shell. The oeerriiie Wid,l) I!t Cla,~.~ is

itSI'd for Illis IlIll' ]1I1Sl' . Since pop-u p.s a llow only 0111' child as a direc t descendant, so,

i ll 1l1lJl;t ,'mws, urc typica l upp rouch is to lise 0111' of the conta iner type widgets aud

IIII'll mid , lu- rhild n-n to t.his cont ainer. Fig.5.l shows th is hier ar chy of widgets.

TI IC' funrtkur XtCn'lltr~ Wirl!Jd is Hot used ill th is case. The r eason for th is is th at

l')ll'h widl-!;( ,t ('ollta iIlS a pa rt t ha t. identifies tho pop -up child ren associated with tIle

\\' iIL~I'I . Xt Cn't1I.I'Wirl.qd (LOt'S not fit inrn this structure. Th erefore, the lutrinsies
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routnincr [to hold the Il<tllrs' , till' 11lt~"'il\W', all .t t ill' 11<1II1'S. ):;;u-h 10011W 11l, ., ls a h11 H'1

t hir.. example IlSl.'" j rJn lllVidgd (,'ltl.v; a.'i a l't lll la il w t , li.~'Witl.lJdClfl...~ fut LII" 1I11-:.......W·,

mul COfll lll l1.lId Willgd Cl flM flit t he I JaIl'~.

5.1.2 Widget inte ractions fo r t he Pop - up Wnr ni n gs

011 rho Ca nc el button , t1 11 ~ ]Jup...np warni ll~ 1ll' 'S.'1aw~ will dis'II'Ill'llr allfl t Ilt" 1'1" 'vi"lIs

st atus is rcinsru tcd. t:llfJlII.rJIIl1Jflf:k is fur Ijllit t illl-( l lll: 1IIJplin ltil Jllj when IIII' 1I);1'r d i.'ks

011the OK bu t ton , t ile llpJllicnticlII is ter miufttl :C 1. This is SllllWII ill Fij.\." .:l.



llispl,,~' ~I~nu

Afw r "r" a l,illl-( t.l ll' widl-\(!Is for tho Q u it sed-i oll nnd their compouonr interactions

[r-allluu-kx], li lt, look of Qui t -ecti ou wit h a warni ng 1Il1'SSH~\' is shown011 Fig)j.3.

5 .2 Pop-up File Section

l'hc Iii,' un'nu displa.vli t ill' fill's nud suhdin-etorics in n gi ven dtrcctorv The USCI' can

vh-w ti ll ' , 'o l1\( 'lIls of t r-xt fil('s b,\· d iekillj.(Oil the> Load button ann can saw or print

ti ll' Iih- hy d iekiul-(011 rln- Sa ve or Print buuou. l"espt'etivd y.

Two S('ro lll'd list al"!' used to list 11 couteuts of n g iven dire c to ry : one presents

I III' Iill lll li n' I' !I'ri,'s um l t Il(' other Ib i s the files. When a use r cli cks on uny unmc ill

1111 ' Sl lb ( li l"\'\ ' l t ,r~· l ist , rho Hk-s in rhnr suh dinu'tnr v arc listed ill the file scrolled lis t

{wit II 1111 ' suhdiror-rorios iu tlu- subdirretorv scrolled list); the label that shows cur ren t
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dircctnrv dmnlWs til I,h.· Il C' W Ilin'c'rm .\',

\\'hl'llli lIS1'r dkks 011 11 m"lllllill ' , IIII' fijI' 11 11111" is showu inthccurn-ut IiJ" 1:.1.1'1:

Ih,' typ" of till' til" is all''' d"t "rml1lC'Il.

The Home bu rtuu is Jll'<lvirlc 'Il ln n'sc't 1111' r-um-ut ,lir"" I" I',\' 10 I II<' 11 .~I · ( ·S JI<II.I<'

cliL'I'.' Wr\".

5.2 .1 File Menu

'1'111' Iunution C/l~tl t' "-Jil" is nsed to bullrl a lih' 1ll1'1I1l, II displ:ws 11... !ilo,s alld sil l " Ii

n'I ' t() l'ic~ within II ).!;i\·('1Ld in'C'l ury and ullows 1)«' 'L~f ' rs 1" vie-w 1111 ' " ' ,lIll'lIl s "f I. 'x l

Iill'j; ill tha t dircd.ory, Vi).!; " •.·] sh"ws ill' l\'i, J~"1 Id,·n.rd,,\·;11I,1 Fir.:.iJ.!i .~ II ,, \\' .~ r'IT w;ll ,

Fill' 1lll'1111 p(Jpp c~d-IlJl .



Fi~,;; ,1. W id).\l't,hiernrt-hy for rln- FILE ruenn.

1'1 .2.2 Scrolled Lis t s

OSF j1'.!OT IF prov ides a fum-tlou XmCn~(/II~St:m/lL i.~t to creatr a scrollist . III the

..\l llC'lla \\' i , I ~I '1 sr-r., a sl'rul ll'd list nU l Ill' IIlIu ll' llsiuK l1i t' lII/lflr l,Wid!JdCIIIS,~. ,\ viewport.

is a emnninr-r willj.(<'l. t hat. altnws its childr en to scrol l, around. 1Jjt:lIIj1f1rf. Wid!ldCltl,~ ,~

is IISI'" twin ' in jln- lill' 1ll1'11l1, for listillg till' 11l1l11l'N and for list.ingsuhdin~t:lory W IlIl ('S.

" il'wp o!"t iN a ls" llSl'd IlN 11 «oruuiuer to hold It~;d Wid!vtClll,~,~ to displny rhc context

of I III' u-xt in t.hl' mulnuronn.

5.2.a Fi les a ud Directories

I II :u lflilin ll 10 \' il'\\'ill~ 1iI1'S. lists of till's uud subdirectories ill a given diI'f'd?~y 111'1,11

III Ill' ITl·a h ·t!. Tfu- Iuuction FiIlJJlFilt~NllmlJs reads files iua given directory and adds
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Fil!;.5..'j. Wid}.\c~t intcnu-tions and ntllh;U'k~ rot "Ill' FlU; JIII' n ll .



till ' lih- JWlII"c. awl ~ \Ihdin"tl)r\' lHlt t H ' ~ to 1lil'SI' list II·idg-PTS. TIll' huplcurentutiou of

Filllll1"tf,.Nf/I/"" ~ i,~ ShOll'1I ill :\P III:lJdix ..\ ,

'I'll" Ium-tinn (:I...r'l F i l" 'I; ,,,,: ,Io'l t:nuillf'S III" 1,Y1ll' l lf a Hleus EX £';VUT ADLE:. OlRF:C­

-ronv"r ;-.'tJtlMAL IiIf', 1j,' pl'lld illA'upnn tltl' lyl'(' rdltrfH'd lJ,\' Ill(' function ,~tlll(J , T he

IllJpll 'III"ll l1l1illll "r r:lwd:Fif,:'li/fw i:-.SIII>I\'ll ill Ap]JI'JHlixU,

T III'r!' nrr- slx t'alll Jll,'k fuueuous tn support t il!' FILE menu: qljiLjill~ , S(IIu'-':flllIllu:k,

J,wuLmWwl'k, 1'''' III. m llllllrk. Sdr":I1i"~_mlll/fl.t'k a nd Sd,;ddir~'~tllllml:J,.· . Fi l\",5,5 s hows

wi,lg {'1 iutenu-tiuus and {':lllh:u:ks for till ' Fill, menu.

(ltlil _Jilt:: T his {'alllHlI'kIum-rion liSPS XtPflJ!flOll lll . siltli1a rl~' to other II1Iit Iauctions.

I " ,'xi t t it.. lih'slll'll ,

S'IIrl'_I'ltiI/JIIf·k; Thi s ndlh m:k111lf'S t!l" Irmnt.ionXflmA.~,:iiSIll!l: to find out ifthc text

Imll','r has I'lHItIg-{'11 sinl'(' tln- lm;1 tlnn- it was saved using- XlIlJI;lsdiSll1w or IJlwriC(1

IlSillg-X fl lll: I.,, ·i j.'1'lIu l1l ,C/HIII I/n l. T his funr-rlouret.urns TRUEil thc source lJa.~ d lll11W'([

:;iIW{' Illc' : n .~ 1 ,illl" it lI'a~ Sll\'PI! or was Iplt'r it'll, Au int ernal d lll1Jg'l' flag is rcsot

wln-ucvr-rI Ill' stril lJ.\i~ IIlH'l'il'll b.\· XI-Gd Vflllll'.~ or the butf e r is s aved hy XfI1J1A,~diSIllIf~,

\\'Ill' tl Ill!' liSP!' dicks un I lll' Save but t on. till' Slllll:..filt~ callback Iuurtion checks

if du ' til.. husdmll~,'d . II I'I1P-11 1' wllrnill~ messnge shows UJl to ll~t, the user ,It'ddl'

WI1l't!LI'r IOSi\\'I' I!ll' lilt"

1'1t" SOllfl',' "Odl' of Sll/I t'_I'tllll!lwk is gh 't'll ill Alllwndix C,

Fig-,r,,7 1l11l>\\'S I IJl' linn l look uf FIT with fill' 1l11' Il1\ aw l the save me ssag e PO)lI)('1\

lip ,
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l 'i ~_ :,-7 , 1;1"1' with lh ,' ~ rLE 1111'1\11 run] il saw wilmiul! 1Il1's.-;a~I' poppodup.

I.",,,I-m lll..,""·: \\' 111'11 ;11l~''1" dit' ksuu 11)1' Loadlnu ton . tlu-eurrenr lil t' is ilLdil 'a tl~d

ill ! II" I; il... 11111'111 a r!' a ( ,,~.~h" l\" ll ill Fil-\.;-, ..')). III tln- fruu-tiou Loud_m/llll lf'k. X/R"tAI!/

and SIS , I " ,IIm ,' 01... • !" 1I111 ,illl ',1 rllj.!,l·l lll' r III M't till' vuluo of lhl' F ill'OUlpllI \\'idJl;t't to

illt l i"a l l' 1111', 'l1l'r" 111 liklllllll".

11I1I,ll 'lIll'l1tat i"lI "r I.mllLndllll/t'kis shown ;11 Appendix D.

" 1"' /11."<1111"". (': \\"I"'tl II It~(' r ..ricks on till' P ri nt- lmr ronflu- filo indicunxl ill rla­

I:i ld lil t I,u t : I l'l':l I~ ['rillt,', 1 '1111. This r-allbm-kIuurtiou lISI'S the L:X!X .~/r~lI:m r-nll t"

[1I 'r1~>t' lt l pr iw illg , T Ill' li j" nu-nu disa PI" ':lrs ufre'rrli/'kill,l.{ Ill! thl' Pri nt burton.

I'h,' ill1!, ll' p,,,1tt:rt iom of l ' I"i/l /_I'rI/IIHlt"k is shownill ,,\ pp l'lIllix E .

S, {, did, _,",,/l I,,/, 'k: ..\fIn s"[" ' -l ill)..\' ;1 fill' llllllll ' [milt tIll' Fil,' Lisr , Sdl~djill:..mlll/{/d..

," '1 ~ ti ll' " U1T l' ttl !iii' tlillJ lt' !Ising .\"/,';l'/l"fl l,/I',~ awl Xf!:kf l1l'g.



FiJ.:.,'j .8. SPICE l' At' lI'itlJ II fill' I"iull'l l.

S,·j", 'fdi "_,·uIllJluk: Afu-r- sl' l " , " i l\ ~ a din"'lnry IFIIll" fnull 'Ill' I)ir("""r ~' List . II H"

lnlx-l ill Cnr n-ut [)irc"·tll!"~· as well liS tit" I'o ul pu ls .. f h ll' List Iw,1 P it""I" n- Lisl

d lllUlV' 10 rd l!,,·1 tlu- new d in 'I'to r \'. T his nlillml'k [utn-rinn IISI'S /·'i/lI" Jii/,,;VUIIII·.' I"

fill ill thr- 1II'Il lists with fil,' WI!ll"S Illlll ,SIl I"l i IH' I' IIT naul ' 'S rnli ll II " , II"\\" ,lin'd" r.1"

(liS shown ill Appvtulix .\ ).

5.3 Analysis Section

il l' Proa d l h 'i lllill l!: tn ll llllh llil r f!ps il-!; II. lftla- us,'!" iut.r-rfur-r issr '!'i,ral'.1 Inau t ill' appl i

ruriou prtJJ,(nHIl. I ll!' 1\\,,, parl l; r-nn I" , Iliodilj,'d illd " I" ·Url" ld l.\· ;llu ll l... uv-r illl" , r",."

t-nn Ill' l~ ll s t ll llli z , '( 1 IlIun ~ ";ls il.\". wirhnm i,ll',.,·, iliA t Iil' app li"HIiuu "" fl Will'"

1 "" Jall ~· till ' J.\Titl,lli,·H( ill t" rl'al'l' a lll l silt wan t,,,,b I,n- li l,k, ',l l,\'; , (;I :llrlll]II'I'."1

,., s!l"'\'11 JII Viii.;"!]. TJ Il ~ Analyxl s S,'t:l joll pl ays II ", I'"r, ·nf I JH' (:1 ; / 11111111 '1-\" 1"wllidl

, lJil1'" ;,111\ .outrols 'Ill' ap p li r il t joll Sf,f! II·Il I'l'. \ \ '11"1l;1 usr-r sr-l.. :1.s I Iii' H IlIl huttnn.

fill



FiJ,!; .;j.!J. lutl'rne lioIl IJfG L'jllllri t Ill' ilPlllicat iofl sorrwarc.

t i ll' t<lnl (F IT/S PICE-PAC) is initiat ed. Tho user ('HI) theu enter t he nunumnds

for i"1'J'/S[ ' ICE-/,:\ C lu I'XI'I·Uf.C! thl' required analyses. FIT / SPICE darn tiles ilrl '

1"1""11 1111mrlo11wricall\". ApIJ('lIflix N shows t il!' implerucntntion ofthe J1IlfIllI,li..... ,-'fllIbrll:k

fuurt l.m.

5.4 Disp lay Section

T Ilt' 1110:;( illl j)Ol"t alll pnrl of the ji;rap hknl inter face is its d is]Jla~' sel't.ioll. The [UlII ' t im l

1''' ' '''I' _di.'plfly C·rt'HII·S 1111' luvout of the ([ispl'l.\'. It list'S [lIrm lVidrJd to ur-t lL~ t. h(~ umiu

wllrkspill'\' \l:;( ~ r for j.!;rap lri f·a l pn-s-ntut.ion of (1II111It'rit'al) !II(' rc':;ults.

Grill.llic·itl rl'SJllrs ,jf Ilifff'(I 'llf :lli ll l y.~f~S are dis plap 'cl hy cor r esponding ('olJIIIJIIlJds.

such li S AC Ana lysis. D C Analysis, No ise A na lys is, and so UII.

[II ,Ird l'r t o prndch' SOlllt ' 1I1'xihili ly of graphical presentation, the display section

,·"m aills sevoml flllH'tinns [or ('hoosi ng HI W s tylt~, line widt h. line colo r, text rolor.

;llld M I nil. A pop-up dialll~ \\"itlll;l't 10 make appropria te selections is creat ed using
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Dilllf'fllVU!l d ,

T ilt' dis]J la~' sccrlon also pnwidt,s Sll tll,' 1.11' 1I 1 I i ll ~ (':I]mhil itit'S ])Ilril lg- , 'it'II'iug- rln­

j.,'l"1Ip hit'lll presrutar ion of umuorirul rcsults . 1I1't' I"S run SI ']P" 1 ZIHu n j n III"'l tltl lll _lltl t

X ...zoom.ln or Yceo om.in . Y ...socm .out 10 1"1':;(,1111' the pit-tll n ' ill l ll lt' l[illll' IISh,n

A dd . t r a ce b nuorher fl'1ITml' of til t' dis pla,\ ' srx-tinu. If I III' IIst ' r w.uux fu \' il'lI"

TIll' Tf'SI1ITS of uul,\' Oil! ' mupnt \'nr ia hll' (r al llt' 1"t han all of t lLl'1ll1, IH' t'alL Sl'] I~'t till'

A d d . t race llllllllll and tnit' i ll thl' lI:1l11t' of rlu- Illil pu t \'1lria l>lt' in II \'''I'-np dinl,,~

box. If til t' unun- is incurrr'r-t fo\' thi s Ilual~'si s. 1\ wamiuj.!; m" SSilj.:;I ' 1I1'III'ars nn t il(' l uI'

of t ill' dialuu; box. If tln- mU l l! ' is ['(ITl'I,,'t, a 1>1111-1111 wiuduw i ,~ ['I"t'a ll'd wit h ;1 Ilistl!a.\'

of resultsof the SI'I('('II'{I ourpur \'nriahlt '.

C nmp ure.ros fm lluJ'(' is prlll 'ilh,,1 10 111l11pa n ' tile' )'t's ilirs ohlaiuo ~ l fr oll l , lilli' n 'lIl

nnalvses fOT11U'xutur- output var inhk-. '1'111' Iist 'l" ('lIrl'TStill' 1I; IIlU' t il' I ll<' (lui pil l \ 'Ill"ia h!t'

ill it d inlog- hnx pOJlp ed 111' [or t his 111I1"1'0S".

5.4. 1 Di splay Menu

ti ll! ntrnus to tnll ~' spl ~('ifi ( ~ varluhh-s nud l'IUllpa rt' lJll' !"t'Mllts or Ill" SIUl I" \'ilria hlt· rill

dlfferrur aual~'Ht'H. Fig) ) .l l ~h(l\\'H ill' wi< I ~('I .~ Ilit' l'ilTI 'by Will l,'i j.l; ..'i. I:.!~IJI'WS its wi ,I ~"1

intcruetious allf l[~al1hal ~ks,

G2



'r""- -"'"1tT >t " " " >< >t ~ ~ >< ><

v

FiA.;"UO . FIT w ith t il(' DISPLAY !l1l'Il11POPPI~lllJl .



Fi J-t.5.11. VVi, IA:( ~t. hienuchv for 1.11 ,- DISI' I..AY 1IH'1I1l.
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5 .4.2 Da ta Fil es

D atn files an- generun'd hr thl' :\ u alr sis \1111'1fnllllw ill ~ a o-nutu lixl '.t fonmu . II.,·

fo n' displari uj.(, rhcs- llara fill 'S haYl' III tx- :l11a l ~ · z.' d. TI ll' fUlll'l inlLs UnIlLjil rl" /<J :Ind

H f'm'-ft t .'Iji lt' :u·r IIsl'.1fur a ll a l .\' z i ll~ inpiu dat a 1iI1'S i1111 1rc'a cli l1~ 111('111 in!u nlr n' sl''' lId-

i u g arruvs (surh a s 11ll' lir lt' nrmv. rhc 11'1I1111'I'nI1ll'" il rra~' ilH c! a rra ,\'s ,'"rn'sl'''lIdi uj:. I "

till' output rar inblcs ]. "\ 11 tI1l1'il.' d at1\ : IITa~' i'> an' 11ll'Il Il,'il.'1 II; lr uruphirnl pn 'SI'lIlnlioli

o f' resnl rs.

i1 l1 pkIlH~ Il UltiOIl of U/'mLji ldllf " is ~h"' ll ill ,,\ p !' l' lIO lix F IIIHI U.·t/ll../il :lj il, ' with ill'

5.4.3 Gr aphics Context

T Ill' X \ \' i lll lulI' system pr nvidl's a Wirll' vn rk t.\' of f llllf1.iulls lu IWl'l'IIl'111 1!: r:ll' hil'S lip

oratlnus. TI ll'SI' ,fJmJlh i l;,~ Il riltl i tij)f~ ,~ nllow 1.\H'llSl'l' tu d ra w pu inls, Ib l"s , r" I'l aUl!:h's ,

an':'i, and SOOil,

~l'Hph ic's da ta struenuo] , 11 GC m us t. Ill' l:n 'a 1.l ~ I I)l' f(ln ' 11 pir-um- C'au hi' drawn . 'I'his

GC is 1I,';I'd to drnw li lies , /lispia,\' tes ts. N c'. X stun-s IIII' J.(mpllk al inforruutiou ill

the form of pixels thaI n ppcur 1111 tlIl' Sn "I 'I I. This IlwaliS thut j ]";l ll' ,l.lu' t' wimlnw is

overlnid Oil 10]1o f t ill' rur reut one. ti ll' ap p lil'a t ioll p rlljtffll Jl 1lI1lsl , . 111r...lraw ill ji; when

the hldr lon amn 1l('l ~ollll'S { ~xJlll~ .. I, A (InlWill~ l'X )UI SUJ'l' "vl ' Il1.-hHwllil lj..', lJll'd tHni:-;llI is

lIM'/1 for t h is 1I11r p flS!'. "\ 11 tile lnfu nnutiuu whieh is pws ('III.t'd "II ti ll' SC 'I'l" '1l i..... a l.~tt

s t.u n'll iu H pixiunp. When a ll exposed eveut iu till' d raw illA llrl'l t Ol TIl I'S , thr- l'x p "s. ..1

a n 'a is copirf! from the pix mapback l.o tl lI~ :-;nl'l 'U . The lh:ta ib nre ,~ I Il IW ll ill A I I)H ~II. lix

( j (j



fi .4.4 CJ"{~;l t.iUg G ru p h lcal R epres entat ions

Crenur l'Iet.uro is ti ll' r:l'Jll ra J part of t ill' displ a.\·seer.ion. ,\ fre f n l'al-ill l-\" a p i (~t lln',

111" s.:l"a pbin ll 1"'I'n 'Sl'lIlali ull is d ispl" vf'" Oil t ill' SI~n,(~1I o r SllV(~d ill II bitlllap. C"('llh

I ' i ,·t un · i ~ I Ill' fuur-riun whh-h !"I"u ls rill ' flatH awl ('[",' a t ('~ u l!:rHp hkn l fe p n'Sl' llt at.ioli

"ut lll'Sl"!"", 'tl.

( .·(1 ·fI/r>_dl ~_/lidlm ' is OIl<' IIf ti ll' "llllha"k rlllJl"liolls t o create 11 ptct urc for results

"I' DC illlill.\':-;is. Sililila rlr , (.'n'(lt"_IU~_fl idllIl" Cn:/ll,'_lr_pil:tllfY', Cn:flk..1W_1Iidl m : lIr('

l'rov ll l<~ 1 for othor allnl.\':~ 'S. T Ill' hn...ic algorithm of e l"eHtjIJg II. pic ture is the Slim e,

ti ll' rli lf,'n'llc,':' an' dlll ' 1.Uthe datIl g{'IJ('rnt,:<lb." dillercnt llllilirses. huplcmcumtion

"I' ( ''''' "I ,'_d' '_JlIr'l ll/1' is giwll i ll Appendix H,

5.4,5 Tr-aces

Add_Trace is lL'~ '( 1 when a us('\" WIlllt,s Ill llis p la.1"II siugle output ml"iahh~ for D C,

AC ur 'I'H ;lIla l ~'l; is , TI ll' uaulI' of t,hl' vnrlnhlo is entt-rod ill II dialog box , nndif ti ll'

lIa lll l' is mr n'cl ,, ;1now window is n l'1lt pd for the /.tr1lphintl prosentntieu of t Il(' sl'1('et.1'11

n-suhs: ifl lu' llaUl(' is i uromx-r • Ill\'ll rJ l i uj.\" ll lC'SSl\!-(C pops up.

'1'111' fum-tion I fllkmy l'rl'llt f'li Iii,' dinllll{ box wllid l al lows thc user t o t~'ll(' ill t ill'

l"i\ria llll' I!Il Ull', Tilt, i l ll p h'lIl l 'llt a tioll of tll1kiuff is shown ill :\JlJlI'll dix I,

']'1", "1l11 1);ll'k fiuu-riou Il1w;" H t-ln-ckx if tJw vllriahh' is ro rr cct for the current a UHI_

.I'lii.... II l'l"1'1l11'S 11 \ I isp la~· window wit h n grap h ic'lll result if t he vlltinb le is correct.

llllll'l"wis< ' 11 \\"lll"Uilll{ lIl ( 's.~aAI' is t1bplll,\"t'(1. TIl(' impk-numt ' 1, ..1of tml:i ll{j is shown ill

(jj



Fil{.::'.la. FIT wi1. 1J the- OISJ'I.....V nn-nn Jll)P I~ ·, IIlJl fur IlC alla l l'~ is.



Fil:.r' . I ,I. FIT " ' il ll tln- Dl:-WLAY IIWIIlI nud t ill' TRACE: poppedup.

GO



FiA.;; . !5. ITt' with DIST'L.AY /I1\'1ll1alit I It nUlll l11 risIUI ,,r l""s I III.~ 1" '1'1",1 Il l '

.\ p pl 'lIdix .1.

n-rt: it returus II if t ill ! variahh ' i.~ rnrn-et. "r lH'r wi.<;l ' i t l""lti rus I . 'I'll" illl plr'lI ll 'IlI. ; l t i,,"

of GdJ<'it:IV(lI (U~ is S hO\\'1 1 ill A lljH'udix K.

5 .4 .6 Cornpat-isous of Results

Sl ~ parHt.( ! windows 11S shown ill tIll' lI, ft par I lIf Fig." . 1-1 . In ",-,h'r I." n ull !'a...· 11 1l ~1 '
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l;i j.!, .:,.I "

T Ill' fll lll' l iun 11! 1I.:i'j !I- l1'.~ ldl. n ,'nll 's a ]lUP III' Il is p I H~' windnw:il US"S f (Jrlllll/u(IJI'/

10 ':1"1';1' " t.hr- main wiurlow for disl,lay i llll; p;mph i n ll n 'sH lls , )aId HM'~ ,;um m llwHVu l.qd

10 ,'n'H' !' 1.11" Qu it. fllI,1 Result !J:\t ,t u nS. T ill' implunu'unu iou of 1,f1 lkill.l/_n,.~f/U is

sll " \\ '1l ill ApPl'udix L ,

I'llt' r,ttll :l.iu!t N,.,~ lI l l "'lIItllfll'ill!/ is I Ill' eullluu-k ftl]ll'l ill t! fur Result . II. f lisl lla~'s 1.l 1l'

1">,<; lllls"rt,I,, ' SHUll' VHl'i " I, l f ' fOI'll i lrl'l'l 'll t auall 's!' s. 'J'lll'sf l\l n~ 'I'(l, II ! of Ue"u lt _I"'1II(m1'iw/

iH j.!, i w il ill ApP ('/lflix ,\ 1.

5.5 C o mp ili ng and Running the Program

If a IlSf ' r 1I'1m\,; 10 l' !'( 'o tll pil( ' t ill' 111ll' k ag(', II!' " lin llM' ti ll' milk" rommund: M(I/,·,~jil.,

SIl'I I \' 1\ i ll :\ I l l lt' tlfl ix ( ) SIHIII'S I I If' 1 1l'l "'ssal'~' ruuuunnds .

Bl' fun' running t lu- ,sysl( 'U I . t ill' ll s(' r run pn'llHll ' t lu ' defnulr n 'SfJllf(',' Hit, (~F i t " 1"'1'

tit.. 1'1'1' pro~nlll t uud "Spirr-" fot' rill' SI' ICI::-PA C pro gl'1l ltl) or OI'l'rt idt , rh,' ddanll

t'('SO l ltT f' li ll' 10 d 'llll ).!;!' 1111'la.\'o ltt IIf g;raplJil'a l user iut or furo.

III unll'l' 10 run till' pl'llgnu tt, lilt' ns!'!' rnn 1\ >;1' rho e-onnuanr ls "lit" o r "~pi(:I''' rll

,'Xf'['lll l' Il,,, 1''1'1'" I' SI' ICE-I' ,\C ~ra Jlh ind user iltlnfilt'(', n'S)l I 'e t i\1'J ~',



Chapter 6

Conclusions

Themain uhj l'!-ri v!'l ,ft l l l' I,mj,·(,! W;l~ 11 1 ,1 1'~i l1.r1 HIUl i l llpl " t l lt' lll II 1';U'kal-:" fur gral,I,i,";,1

11Tl '1i1'1l1111 iOll nnr l IWlIlijl ll lat i'm (ll" nuuu-ru-nl n'Sl l l l.~ for ~1' 1 ( ' I ': 1':\(' HII,I 1"1"1" 1.1'1'"

Hpplh· f1til111~.

S"\'\'t fl) "UJWIIl SioliS 1"l'1111.!1l1o rhis pr"j, ~ · ( a n ' a~ f" lI"ws;

sof l \\'nn' S ,'p;lra t ill JJ; till' 11S/'r illll' l"fl"'" Ir.un tli,' 1"4'....1 "f III" i11'J,li"OIl i" n iii a

,'OIl1l1l1l1l-1H' IIS1' ilP IH"lmd l 10 nnnlulur tk sh.\Il : lhl' l w" sl'l mrall'd pllr ls ":III I".

provldr'd ro iurprove t.hr- lIt'xihil il ,I' o f \'lI' \\'i ll~ ' ";' l'al.iJit i,,:,>

• T hl' ).(rapll i l' /ll [Utl -dlll"I' and SI'ICE-J'AC/F1T s)lnllld i lll "n wi <Ii tH 'I )'\" wil l" ..11

lIsi llg the iutermediutc liks . U Hl.il s !tarillJ,!,is tln- wa \, tn "lJlIlll""' (; I;J alll i v .lt ­

ware applil: ;\tiulJ!iill r.hi!ic; ~'i'~" lJin 'r l luvru-ationsof rl'l "villil Pr"''"''d'lI' "~ " I II I!"



:"0',1111i.",

• Sillli[;,r illlNfHl"t'" I'JIll I" , ,1"\1'10\""11 f..r othr-r C AD lools : sevr-ml '"sH\IlIIJlr"~

illl" rfan' f.'a i ll ro", "llI l I... i.I"ll lifil"l! (" .J.!;,Fil e S1"l. ,j,," ur Di sp lay ~'t"Tjul1) ,

• T' ... inr "r f... ,., I'<llIld I", lll'I/l'ntl''1! [rum hh i~ lt. Io '\,,·!~ s)H,,'ifif-a l ifllls Jlnll'irll'lllhHI

a "'''''l ·ilk at; .111 J; ' lL~lla~ " 11" \\1 ,11 .. " its lra ll"I"",r wl'n' »\lI ilahlr,. o.'SiJ.,'l1 " f "' IC'h

" f ,1)1f, IIl"r i ll l l ' n "'l lll~ pruje-r ill tllis JIll'a

T Ill' /Il" l llful,, /o)\.\' rl,'\','!ujl l·.1 rJllr illj.( t h i.~ pro.!r·r'l rnu IJr' Hlll'li" ,1 rn 111,111.\' ,~i lllila r

ill ' l,tit'a lj 'flls. n ") III'iug t lu" )I'W!'lI Hlu'u t I j/ll"il lll l silllplif ."ill ,L( ll ll' lJSt'lJflllr· llro,L(rll lll.~ ,
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Ap pend ix A : FillI nFileN a llles

;\ I)]lt'lldix A shuws li lt' ituph-un-ntat iun II! l ilt' flllll"li" 1I "';IIlIl "·;I, · .V 'III" .~ whit'll Iills
iii t wo Ii.;! wid!:." .. wlt h lilt' IIlIm ,.,; a ll. 1 MII>llin'l" .. ry unuuw (rum a ,:::iwlI \>;11"-

fu nc tion Fil llnFilt·;\:lllLlf'l'{IiI,'. wi,l,:::t-l . cli u\·ill~,·t . l'Ulfl'll l_pa lh. In:lxJ ilo.,,1
\ri.I':::I·' filf'_wid!-\!·t: "oI".n - ji f.- nanr ..... '1"
\ri tl,:::t>' dir _wi, IIl;I'r; utl..-n- rli ,n -' ur .1I ",r ll" .~ .If"

('hart'nl"fT'u,- pat l,! [: m""""j,Jirn·t"r.'l
iut 1ll1lx .l i ll'S: mar "'" IIl/III1' i ll (/ h~I II'I, I!I'"

begi n
ti ll '.n lll al = 11:
dir.s - ouut. = II:
l (JtItJ J~ JlI 11 t =II;

dtr p = 1l11l'111l ir( t 'l1ITPlll _llatll ) ;

if <lindon' ="" :iTJL L then

ret ur n l il l' ''' ~ll1llr ;

end if;
Ill' .=. n-addlr din "" orv.
i f st rn IlJl{I'urrl·lI T. l l;lt h.h/'" J =~ I I 1. I U' 1l

fip .=. fl';lIld ir (dir p ):
end if;
wh ile dirt'('w ry != x" Ll 10011

tntl\ l..n lllllt "" tntl\ Ln Jllllt + I ;
fill·_I ~·IM' =C111'1-kFi ll :l·~l"·{ I >; 't h . ,11•.,Ll l:lU.") ;
if fill,_tn'" == I t hen

di rJ,u lIIt ':= di T_nlll rll + I ;
:\ d .l lil l' lIa llll' tu .l it _" l ri llr.:.Iisl ;

i "" i + I :
else

fih'J"(lllltl = 1il"..nJll III "" I :
:\ lld Ii ll~ lUlllll' ' " lilo·_..l rill ~.I isl ;

j = j + I :
e nd if;

e n d lo op :
Sl't path tocum-unli r. Iist:

S"t m :lII " i l' li.~ t .~ I,.ill .rl til " if li.~,

Xa\\'Lis t C]llIIlw'(a ll.\~rwltivl:IJ isl , l i ]I' lb l _"I ,I", li l" _(·'IIIIII., I) , Tll l :E) ;

.,,:1 '11:11/jilt; li.~t .•/ri' l!} /0 f ill' 11.. /

Xa\\'Lis lCllll llp;I ~ (alt"tlla ti~·, ·2Ji sl , ]lo/llI . lir_" l r , Ilir-,:tllllJl , II, ') '1l1:I-:J;

d OSl'll ir fd itj l);
e nd FiIl lllFi l ~;'\ It 'IJ( :s;

7.



Appendix B : CheckFileType

,\ pl " 'l il lix II ~1 1l'\\'~ t hr- i lll llll' lJll'lll.at if' lI nf rhc fuueriou CIWf:kPiw1iIJWwhieh r!l '­
Ir ' f w i lH'S til!' l y p" nf a fil , ~ as omECTOHV, EXEC I: TABLE or ;': ()H~AL file.

fllUdiulI CIII·ck Fi[, ,'I",n"'(I"llfH'IILpllt iJ. fil"WIIIII')
dHH f~ I IlT" !ILl'lI t1 l l1 ; fhl: '1 IIlI/lI~ of 1~ It ,n: 1I 1 tlifl~ 'I()r!J

dl llr lilt'/tiulI"Il; 1J1'~ nann- of fit,:
h('l;iu

r-hnr f11ILnallw!aotl]:
inl liJr'_l\'lw[:lllf)];
st n'P.\'( r'lIW' IlLp at h. fllI Lm ull\ ') :
Jf ' ll~ t h ~ strl"u( ,'nrn'u f_path) ;
if l>al hll<'l1).!1II- I J !::=' j" t hen

stfrat (flllLl1ll llll', " r );
end if :
~t.n·af(fllILmllllf · , fik-namc]:

,f/"I i fill/finn/lim I!II /JW.fik
li j('_IYPI' = " Oil MAL;

if sl.adll l ff I' LsLtllofl l' ..\: S_IFO IH == -raue then
til ( '~l.n)(' = DlIlECTORY j

els elf st aLlmt fl'r.sLlllnd.· S: $...IEXEC = = TReE t he n
ri J ( ~ _I .\'J )l' = EXEC:UTABl.E;

ond if;
return IiJt'_ln)(' ;

('u ti ('h ,,,,'kFiIo' r .\,!lI';



Appe ndix C : Save. ca llback

Appendix C shu\\":-ri ll' i lll l' lt' l lll' n l llti' lu , If I Ill' rUlll 'rill1l ~''''' ·_I ·.rllhl/lJ whis-h li;IW",

the ,'Urn'ILI 611',

stat ic vo id San'. c'alll liu'k(w. d il'llf-l l:lla. ,'all.I I;!t:,)
Wi,I;,;,'lw;
Xtl'niutl' r d il'u t .l la la ,I 'lIl1..lla IOl;
begin

st a tic Srriull:sl\\1'_'i1riuJ.,::[ J :0:: t - 'I' ll<'lill' a lrt';"h' !'XiSIS.- .
-Do r HIl wam l ll ll\ " 'rwri tt· i l ·.··· I ;

Xt_~ · t ,\ n:;(nrll:sIO]. XI l\'tl·x ISo.lIl\Tt' , .\: Il;lll ll' ) ;

XtC('f \ 'nhll's(ti l,'()nll'll l, m As, 11;
HIIA := Xnw.\sl' i iS(lun'p(' hauJ,.!;I'I !( lllllll l'} ;
if flHJ,.!; := TIl Uf, t h ou

1'/111"1/ III1I1"ill!lIlW,."WW : ,Ill ' ,II"" .~m '!" I" dllllly" ,I! '
XI!'1I111l11\savl'sl.,·I1. XIGm l,E xl'[lISI W);

end if;
end Sa"'l'-1'alll:lac:k:



Appendix D : Loadccallback

I\P IH'lllJix D ~il ()\\'s Ill" SOIl!"(:l' nidI' IIf tllt' funr-rion LiJluLr:l jlllJl/I;k \\'iJidl loads tlH'
" ll r n 'lI1 fit,>i ll 1.I1l' F i io'O Il l.]l1lt nn-a.

stu t.k vo id Lwu L,·alJl'lH·k(widgl'l . dosun', l~aI L(lala )

\\"j, I/.\'·I I\"i,lgPI.;

,\ 1l'" iul "r d""lIrl' :
:'\;lwLis! 1 ~ " l ll r llS l rurt "IlILdala;
lll'giu

:\rgargslJ l:
XIS'~I.J\ rg( arj.\s l(J l. X t;\strilll-\. flllJlIal m's):

X1Sd\'al11l'sf lildhll.pn!, arg;;, 1) :

XI.['III',lll\\'Il(fih'SIII'II):
('1111 f,,,aol..c 'alll>;wk:

ill



A p pend ix E : PrinL callback

", \l IM' lub" E Sh'IW!> 'Ill' "" l ltrl"" ",,,I.' " fi lII' fmu1i<l1l l'ri"L"" llI~".k whidl pr im ", I ll"
ru m-ut filc.

st atic vo id l ·ri llT .'·ll lll l;\d, ( witl~I ·I . d''''lIfl'. "11IL,la la)
\\'id~I'1 widgl't ;
Xt f'oinn-r ek e-un - ;
X lI\ \' U s l li " TIITUS l rt WI ·,· l\ILolnla;
begin

SIrl·p~·(lm f. " Ijpr~ ) ;

'i IT"lIt(ll1I f. - " ]:

sl n' ;l l ( l l1Ir fl lll ll iLlI u's l ;

S\'s l t' l lL( IIll I') ;

Xt l" 'l H \'l\\' ll (fili 'sll!'ll j :
end Pr iut. callbnr-k:

'"



A ppendix F : R ead.fi t.da t a

,\ " I" 'lIdix F .~htlw~ t.ln-i lJlJlh 'I Uf~1l1 nt ion of t III' r1\lll~ ti'llJ lff~f1(LJit dllt fl which illlal \'l t'S
1,11t' input data lik for lin' FIT prugtum.

st a tic void H"ad J illl alalll utpnlJilp )
F [ [,E ' IIII,l lll l,J i ll ':
lH'gi n

inr n's . resl , fI 'S:.!, )"l·s:l . fI':";<!;

dial" hll q8 J1;
if (tj1. '" fn p" ll(fild ata . "I'~)) "" '= :'WLL t he n

I,ri lllf( "n lll 'l "111'11 fill 'd al •• "J; e n d if;
if Oil.! ""- fOjH'Il(datafild , "w"») == XI:I.L t h e n

prilll.f( "can'r 01"'1! dat atilI'I"): end if:

whilt! flO!. rl~,f(li l) lo op
Igl '1.s( l li l f. ~ I .lit ) ; !It'1 liw~ f(J r l/l ftt (1IIt/lII l'd ,- i t into !miT""

,· ,ml llfln ~ ImiT'or !/IiII, dr/fnlilld. IIIl'ilt~ i111./! H',~l

rt-sl '=' slrnnup( huf. "number 1 of 'In, 15):
rOlllll1l1l' IJ1ll!fT mith dlltilli/.k~. !I! ritl~ i I/ t o n'.~:!

l"('s1 = slrlll :liIpfhn f. "nuurher 2 0f -I". !J);
1'lJmfm/l ~ /llIff'''' Illillt dllt OW/t','}. 1/Il'itl : inin Il:.~:(

r,,"': \ = srrm-ruplhuf, "uurub-r'! Clf'l ~ , 0);
"OWJlflll ' ImlTn' with dtllul itl l:4, l/Wi/t· iuto n:.<./

I PSoI = »tmr-ruplbuf. "uurul..-r ,I "f ·r !J);
iCI'I'sl -=== tl th e n

Cor i i ll L..:l{) lo o p
r~c,ts( hur. 81, fil );
res = slfl lC'ltlp(llllf, "number ", ·1);

rOlllflllft :lmlTl:l'lI'itht:lUllilll'offihilll,1t

if I-wi == () t hen hroak: end if;
if n's != 0 t he n

fpllfs (hnf . datnfik-I] ; lmt bul into jill datil jil,;
e lse

br eak:
e nd if :

(~ Il(1 lo op :

end if;
f('h 'I'ol ' (li l l ~ l a t11) :

fdnSl'(I[;ltafih-l):
lOudwhile :

1'lIIl l{c-aclJ itl!a l a ;



Appendix G : Read .fl tSfile

Th is nppeudlx sllllws IIll' " fnll'llIn'S /o"il :I_,..;I." f 'i/:t l i,lrwal1c1tlll' {um'l i"1l U.....I.}i' :qil ,
whit-IIn\l <'ll-'.;rln- tilt· ji l:lji l, ' null n·ml...t ill' da til iuru 1,., r n 'SI' ''lIt li llJ::ar tOl)'S,

F i t :LFil l'

s t c lle t Fi t:U ,' jl.,

dmr li ll ,'lli l l:
dl;ltlt'IIII I[SI I:
,'!lat 11l1l 1ll' I~H I :

dm r rrslSlI:
Slrut " Fi t :L \ 'l\[lll' ! il;L\~\hU'1 1 1)(} I:

iut utuu;

llit:Uih'!lOl;

F it3_Va hH'

st r uct Fit:J_\ 'uhll'
(-lIlIllI nI811:

ft ');11 va[IIMI]:
}fi r:L \'}l!IIl':

R eafLfit3filc

fu n ct ion Hrllcl.1it:Uill·(lit I fi ll')
FIl.E ' !itltil,,:
begin

ehar mUIII·[81). Ilallll· IIHI!. ulIlIw2Jli l i
rhar ImC\81 ];
lIual dn11l12UIIJ;
i r (fi l :J "" r(Jp'~ ll( "fil.;r . "f" " =-= :"la.l. t1WIl

priIlfJ( ~( :III1 ' IIJPI'1L ii I :} " ):

fp;l'ts(lJuf, 8 1, fit:!);
fll/ l 0,,· Iml inin ,~l"'lIdlln : jil :/_Jib,/I.:/.liI/.·

st rq)y( lit:Lli l l![kl . 1i t. h ~, Ill l f ) i
f~l't.s(hllf. ~l. li la ) ;

,nd II,,: IJllj i ll t,! .~tnJl:t rJTI' Jit.'J~Jjl'P4.l"lIrl'

st n'py(fit:Lfill ~l k l _lt'IlI I " IlIIf ) ;
fw,ts(lmf.1H . lit:J);



srun .~t J'i.lI!1" Iwd put tJ":1IIill!/! jit''!_I!IIli,,;.mjllll~

rSI'Huf(li' :I,"'lb . .. 'Y"s'· IiI:Lfih'lkj.fit:l_vlIlll l'!O].lla.
, lir:iJi H kj,fil :U· ahw[S).lIll);

InU Il
,~ I 'IIII 1/", .•l n UlJJmm j iU

f!'il' a r lnlil ; I."'X .~".mll l ll') ;

.•inrr './11: nriqinni rill/ II blllil' flO '~WII:' : "r'hll' ~lm Uf·/Illti, ,,, 1IIII1JIWI',~.

IJw Jrmdi/n18 j.~rlmlll1l1l HfrmTlqJy my' 1/.<1,11 to ,W'fNlrtlil! ih" 1111mb",.,.

11'11 = Sl r! PII( IlHtIll' ) ;

if 1"lIyl}, i.• .'/("/'111"1" tlum /9, 1},,.,1' .•lm uM /w :/ rllIl ',
i = 0;
Irlen> I!J the n

(la' l1UJ = :-;tnll1a·py(nilllll'. 0 , 8);

i =: j -sI :
da llllij = strnll ll"]J,v(lI Il Ull'. 'J, UP;
i =j+ l ;
,Lata UI .= Slrtll lJe]J,\· (ll ll ll ll'. LD, 10);
j = j+l ;

else if len < !) t hen
ll nla fjl = sl ["]llll '"l >,'·(lII ll I11'. O. S):
i = j +l :
dlllnlij = s l n lll ll'JI~' (lIa1l1l ' . !). 10).
J = .i+l ;

el se
(llllnli] = slrll1lll'py {ll al1ll' . Il . 8) :

j «j-t l :
en d if,
max = J.
k = I :
lit:U ill'[kJ.UlIlll = Il HLX / 'J j

j = 0;
/111 1 dat« i"to ji/.'Llmhw

for i ill l ..lit:Uilt'[kj.Jllllll loop
li t:lJ ih'!k ].([1.:L val lll' [OJ,\,l1[i) ..::. ' La taU];
.iej-t- I :

1i1:lJih'[kj,fit,:LmLw'[8].va[iJ -= lla t.aUJ;
j = j ·H ;

end loo p;

('ud loop:
end if;

t'llIl lkadJ il:lfil, ' ;



.\PlI('lu\iX H Shl'\\':- th\' illlp!('llIl'IlI ;\lllln " f tho hllH'li"n l',....'I, _oIf_}'''·/ItI', Willdl

( 'n'I\\(~ a n 'pn,sl'lItatioll ,,[ n':-\Il1.~ for !J(' ;\lI:llrSI"1i.

fun c ti on l'n'lIH'_d('_P I'·!11I"1'(llrlh';Il _,\:.•'r i ~i ll _.I" . I llH~U" 11\;1)'-\')

1>'l~jlitllL '>l"l~ill_" , I lr i ~i ll_.'", nrnx,x. III ;l X _,\'

beg in
Hontra ll).!I '_X. ran)'!('_r

HOllt l"eal_'\: , n'; IL,\'

Pos il inll srart,x. st ar t_.'"
Positioll cnd,x. ('IIlL.\'

float nmx.rcal,x. min..n-nl,x

Hoal l('lllp_X, l!·lllp•.1'

if/ iliflli;w

k = 0;
ruin.n-al.x = max. r-nl,x := lil lJ il,'[kl.lit l_\·allll·llll.m IOI:
wiU-l"I·als ::: Illf L' _l"l'aL r ;: li l1 _lilp[k l.lil1 _ m hll'[1j,\'1I[III:

/!,I'l lllill 1"1'11 1x vnhu-. mux n'nl x \"allll' inlih' I
for i in I.. tit Llilt·[IlI ,t1Il111 lUlIp

if(lit l J ill·jk]./it l _val,wIOj.\'a[ij S; ll l i ll _l"I'a L x) Lht-u

urin.e-al.x = lit.lJi h'jll].lil l_\·ltllw[t1[.\'Il[il:
e nd if;
iff tit Lfilf'[k].fiI.Lvalll(·[IlI.\·a lil ? IWlx_l"l' aLx} t11l'1l

IJJ/lx_l"I'aL, ~"" lit.U ih· [k l.ht L \';t!IlI' llJl.\'a lil ; }
end if ;

e n d loo p;
.lid m in rm/ :r:vlI/III ',lI!u:rn'ul:rl!lIbwiu}iI,';!

!Id IIUII /1'/1111 TIIL/IIt~ . /ll.u:/: n~1I1 " ""Iw' ill jil, ' I
.l/dllli' l ll'ul1j IJltllll'. I/LlI:J: n'u l !J l'lllJll'mfilr ' :!

nllJ!!:'~_, ::=max.rr-nl.x . J1J1r l..rcul .x :

nll lJ.!"_.r ::=max .n-nl.vvutiu..l"l'aLv ;

i·oon lilla l('..X ::=miu.n-al.x;
(·uo rdill illt·_'y ::= llIi ll _n~I\L\' ;

ra lr '_,, :, [ mnx . x - IIri/!;ill_'C )j raJJ).!,I'_x:
ratl'.~' :. (ori!-\ill_Y - max•.\' ) / r;\I IJ!,1 '-~' ;

tl ~l ll P_" "" lIrig-ill_x • IllilJ.J·f'a l_" ~ral " _X;

lI'lIll'_Y~ ol"i/!,ill_Y-+1lI111.J" ·a l_y • ml'· _.I' ;
sturt,x = origin_,,;
l'till't..y = ori/l:ill_Y;
('IIIL,, = I lH lX _X;

I~ lld _~' .; st.l\l'f._y;



,,(""'".~<:1""" 'l Ull bd/f!.lIfJ
XFi J JJll'l~tilJ l j,!; J l'IX I.[)i splaY ( \\'flrL<;plll"P) . Ph-ture,

1-\':2, n, o. "Oil.. 'i01l);
Xl' iIJJl", ·t1Lllj,!;I,!(XtD isplay( worL<;I'IW'!). Xt \\'ill,JI,\\'(\\" ,rk_~l'lIl " ' ) '

w<!.(J .o.r,OIl.,'jOfl);
., d f ,m'!//1l11 ml {fir jil.: f I.il lt:, 'lb:Lr:fJlmj flj !Ill., rl4rlltll. ml ur

XS' · I ,I·"m·l!: r' " 1 111 lrXI, I)i.~JlI ...\'{worL~l ml ·") ' t;l::!. '['l'xl-nll' l rfO]) :
dotl/! fill, · III flw IOJl"/mll/d,,,,) 'm,I/I'd-u",' Ililll/lI]1

X I ) ra \\'Stri IlIl. IXt.Di:·q ,J a.\'( \\'orL<;pa1·l~ l , Xl \\' ilHlow(wOl'k_<;p.wl' [. j,!;l·:!.
stu n,x. lllilX_Y·IO. !it Lfi!l~ [k l. I.iI. I ,~ . s trloutfir.Lfil l'[k/,Iitl,' }):

XlJ raWS1.l"i llp;(Xt [)is\ ,l a~'( \\'urL~pm·I~) . Ptrnm-, gd . st urr.x.
lllax_.\'_lfl.lil. l_fili'[k).litk. J<il rll'u(fit L IiII'[k/.tit h') );

drmn 1"lIIlwmlll/l' fit til" Illp uf I/Il/lIlu ll' rmd fl u :f1tr1'

.~ I'/ ljllt · rolnr tmd U,w .~ I'!lb · {ur flllll'" ,if tlw I'/!ll/llult/It'

.'\S" l l"'!1"I·W(J I I II,J(X t, lJispJ ll~'( \\· l ll·k _~ l la ,·,' ) . J.!:e:!, Lin-c-olor] oj);
XS"l Lin":\u ril IIlU':'i(XtlJ iJ<i)Jla.\' (wnrL"IHu'('1, Il.c:!.

Lill,'. widt,h!fJ[, Lill('.Slyh,[O/, NULL, Xll LL);

XDrllwU,'(·t,uIlIl,"Jl'(Xt,Disphw( \\111'L<;pl\("('). Xf,\Villllow(work_<;paI''') ,

~1'1. ortgin,x, max•.v, IIIl1X_'\ · origiu.x. tlril{ill_y- Il lHX_.\· J:

XS1,t,Hm'J.!:n mllcl(XtD is\ lla.v(wmL<;pal'l' ). J.!:(~ 2 . 'Icxr.rolor] al):
dl7lw t:ro,,"~ f ul' i" Ml: of /I":'I.~'IIHl lflltll

IJrn wCn .s.~ ( l lr i p;i ll _"+ :'W , llHL,,_y+1() );
LJrawCn 'l'o.'<;{lIrij,!;ill_,,+:m, llHL'\_y+ 111):
X IJI"a \\' S tri ll~(XtOislllaY(\\,(lrk-<;l m l'l~), XI.\ \'i lldo w(worL<; l' il ('I'), ~('2 ,

Ilri~lll_"'+' IO, Illa X.,V+:! f). -mcasur«!" . st rl l' Il( "lI11'aJ<il ll"l"!" ) :

,{I"I111! line fl/l' ltlhfl: tIj si llwlutl'll d'l/.'1 ilt middll' (If n:.~1l1t /lidll n '

X lJ raw L i lll'( XI DiJ<iI)l a,\'(worL~lml'('I . Xt\\'illd()w{worL~\lal·I' ) .

).(1'2. nrip;ill_>:+ 16, lIlax.y+ ;jO, ori~ i ll_'\+:.l(j. lIlax.~'+:lll) :

XlJ r ilwSl.tilLJ.:{XIDis pJay(wot k_,,\mn ' ) , X t \ViJlllow (work_~lmce ) ,
J.!:(':.!, oril-(iJ l_>: + ·10, 1lII1X.,\'+a5, "sitnu latt-d" , s Ide ll! -sbuulntcd" )1;

111"111/' HH'" fill" 1/1I ~ I1'SI/II f/ idlm '
lor i ill I .. lit Ll ilt' [kl,1Il11ll-1 loo p

XSl't [.'(m'J.\"J"(llllld{Xt.Di s]l la.\' {\\'tlI' k_~ l'at,,~ ) , 1-\"':2, LilU'_l'o lnr!OJ):
XDraw Lilll'( XI.Ois\1111,\'(wnrk.spaec} , XIWiudow (\\'(1tk.spm~l~. I-:(':.!,

sum,x. ,sla rL.\', J<it. a rt._,,+lU. ClUl-.I');

XDnl\\'Li lll'(Xt lJispJay( worL"pM'I'), Ph-nuo. ~l~ 2 , suut. ,x.
st art _yo l'utl_x· l O, ('lilLy ):

yil!l:llll !l'l ofl :mmlill l/tt,
XSI'IFnn'J.:l'(l1I lld(Xt.D iJ<i pla)'(\\'nrk_~l'a('(') , ~f2, TI'XL m lor [2]);

SJlr iUlf(~wratdl, ~ %.1),(",cuordiunte.x]
XlJra\\'Strillj.(X I D iJ<illla.\' (wnrk_~l"H'(~ ) . Xt.Willdllw(work.Ji]lm:e).

J.!:(·2. starr.x-zu. sI 1lt"L~'+15 , sc ratch, J<it. rlcll();(Tatt:h» ;
.~d ", ' 11' nUll'di" "I, ' III/In



sntrr.x = slarl_,,+t lislnlll't'_x:
s r ilrl _~' "= sImI_.\":
1'1\(1_" '" Slarl _X:
('lilLy = l 'IIl L .\' ;

C'\ lun lina l l'_x ;: ' ·lllm lillr.!"_" ,I (·llr. tlisl .X:
end loop:

.~,' f 111I" IIII I'il.lIl,·IOI· Jil~~1 sillllllulnl "ul"

XSc ' I Li Ill' :\ t t l'i111111'S(\ll)is\lhl~· (wllrk _s \ lan · ) . gc·:!.
Lillt'_widlhll j. Li \l ('_~ l.dd l l. :->( :1.1.. ;>; I·l.l,}.

dIY/flO Jil :~1 lIu'"xun' rlr/III 11.</111/ nlJ.<s Ji.""n·
for i In I .. JilUih'!kl.IIlIlIl-I I11HP

XS( ' I F()n'~nnnltl(Xt lJislll a ,\·(\\·' lr k_.lmt't'l . ~I·:!. 1.iIIl,_t·"I"r ll ll :
x = u-mp.x+ l'1I l , '_,,~ li t Uil,· !k l.l il L \"llIUt' IO).\"illil;
.\' = t" lIlp_.\"- run- •.\'~ l it UiI('lk l .fi1. 1 _\'ahlt' lll .\'a li l:

LJra' I{ 'rtls:. {X. vl:
en d lo o p ;

,111111' ... ·" tJ1" lllu·II,<lI n· ""'.1' II ,~I/I!! "n,s,' Ji!llll)

111"111/1jil'.~t .•i lll ulll k rl ""In
fo r i ill I .. fitUi ll'[kj.lllllll- l lo op

XSC'1.Filn'l-(nJlllHII XI.Disllla.\"( \\·IJl"k_"l m'·' ·}. g":!. I,itl"_t" .1"1'1111:
"" /"lI/nl,' 11/1' r: 'I mdu,' ill 11/.1' 11 ";11<1,,11I

x = temp.x + 1'Il';'_""li t L fik'[kj.Ii r L\'alu l'llll. \'n[i];
~. = U'mp_y· ra t c '_.\' ~ li l , J-li" '[ k [ . ' it.I _ VHI II , ' [I I . vali [ :

XUrmvlJoinl.(XI,Displa.l'(w'lrk_"llal't' j. \ 1,\ \'iUl I'IIl'{\\""I'I ' ·:'l':Il" ·)
J.:c·:!.x. .v):

x l ;: tcmp,x + !'all' _xllil Ui H kl.lil Lv:dlll,IIlI.\';,/i I I I:
yl = Il'lll p_y - ralt '_r ~ li t,LliHkJ . li 1. L v:. ltto ' II [ , \·; 1 1i I I I:
XIJww Lill<'(X, Di:-pla.l'(\\"lrk_~ l la l"l ' ) ' Xl \\'iw l,,\\'[II" ork_SI'H1 '"J.

~t:2 , x , y. xl , .\' 1);
e nd loop ;

dl'/l.1II till' ," :f :0 1l ,[ ,<ill/u/III"d,lu/" I1l'l1lil

d ril l/! I1W.<I'f·0I11/,.i7ll11I/l!nltlu!" I!lIlw'

XUra \\' Strill~(Xt,lJ is ll l :,\'( w(lrk_~ l lal ·") ' Xl\ \' itlll'IW(\\'I I1'Ls\IJI' ·'·) . ~,.:!

Xi,r,. li tUi lt·[kj.li l.l_m l1l<'[21.t1;l, sld" Il( li I IJilt·l k[.lit I . II:1ltl<·I:!I.II;') );
en d Cn·nt t'..rk_l linll rt~;

flli



Appendix I : talking

rnncuon T a lki lJ ~ ( hl I Tt (lll _ d i('l[l ..llal l1. ('a lLthlla 1
W id!.:I·, lmtlOll;
Xt Poiun-r r-liom.r lnrn . ('i,ILtlara ;
heglu

Il = () ;

t n 1l'('_lli a !tll( = XtC n'Hll '! 'I\ll1IPSlll'll( ··"I"r,U',·l) i ahll.( .
Imll:-; i "lI t SIll' II\\ '; I I).\(·t ( '!a,..." , [HIII' II I, ar~" . II ):

Il = ();

("nlllalJ l('1" = Xt('n'a t(' ~ J a ll ag." I \\'i cl).!.I't ( '·('Oll l ;\i lll'r". f" rIllWidp,l'11'lnsx,
t nwl' _d ill lllJ.:. nrgx, II):

n = 0:
t alk = XtCn'a tp:-'la llagpd \\,i t[gl·t( "ll ial,,!.(' . ,li 'l ll .g\ \' i. lg(·I( ' Ias.-;.

('ulira iIWr. a Tgs . 111;

II = (J;

XtS<'t.\rg (a r).(S[Il]. Xl :"frn lll\ ",'r l , t alk):
11++:
Ilk = XtCn' a tt';\l all a gl·([\ Vil lj.!.l'l ( "t lk" , I'lll lllllflllCl\\' i,lg,,t( 'la M;.

("uul ai lll'l" . arj.!.'s, II) :

X tAdd Callh:u ·k{ok. Xt \' ,·a lllm<'k. t rm-ing; (:'\ t l'o int n) lnlk );
II = 0:
XI S(· I ,\rJ.(I ;l rl::~[IlI , .'i.1.\r]'<)lI! \'"r l , t alk) ;

11+ + :
XtS(· T :\r).{ (;Ir~~ [ lI J, Xt:" rl'ollll i llr iz, Ilk);
11+ + ;

c'mwt' l = .'i.tCn'a tt' :-'lmmw,,!\YidJ.';Pl {"c'llIwl·I" , l'lI lt l rW ll ll I W ulp,f' t (:I ; I~~ ,

('ont.ainl'l , arp;s, ll );
.'\ t ,.\,ltlCall ll;ll'k ((';\ll( ·(·1. .'\ t.i\'l'al lll;ll'k, (';Ull'(' U rac" '_,l illl' Il1" :-:1;1.1,/:
.'\ 1!'UjJllp {tJ'lU'I'_lli a lol!.. XI{:nl l.:-;,' Il" );

en d tHlkillg ;



Appendix J : tracing

AIIIH'wlix.J shuws iiII' iJUpJl·Jlu·ut.at.ion of r.hr-fuurtion Im r:ill.fJ whlrh dWl'ks if tIl('
111111'111 \fHl'iHhJ,~ i.~ "l) n'l'C~t fur till' l~llrr('1lt uuulys is . It «rente, a t1h;pla~' window with
I-\faplii':~lJ n'Su lt . if t.lll' varia lJh~ is t-orus-t. otherwise it creates It \\'l'l.l'll ing llH ~Sll!~(· .

s ta t il: vo id t.ral"iIlp;(wi ,Ip;,·t ,dosun:.c:aIIDat.Il )

\Vi,IJ.:I:l wi,lw :l ;
:'\ t.I"Jill l1'f d oSIII'I ' . l:aJllJa ta ;
I){'l;ill

di al"1111f[l:I l ],slu'1l_1IilllU:[81J, IxmtailLer_llilllw[8 1];

ehar c[lIit._WUlll·181J. slHU'(,..w\lII('[81]=
illt.lI al-::
\V i , I ~(: l ta lk =- (Widgl·r.) clos ure:
Sl.riJlg VWUIlI' = Xl\wDi ;jlo~G(:I. Valll('St rilJg ( talk ) ;

dIr T'" till' IlIllUt , /lI ml dl1f(~n~flt (tulllllst mmlr­
C IIS t:! ( lJbplnyJrl) is

when (l do
fla ).!; = Gl'IFi/llI"IIII:(r n allll') :

w hen 1 do
lIa/.\= (.''''Fil~ l'(Lllw(\'llalll(, );

whe n :l do
l1av;""Gdl"it:IVlIlTw(m illlH');

w hc u;j d o
lla~ "" GdPit4\ff//II/ ' (\'IH1 ILU~ } ;

d efault :
llap; "" GdFit:, VflllI,'(nllllHc);

end elise ;
if i t i.~ II ,'/w'l'f:/ Tltl b lf', tHJflU/J unllt/ol/! .~IIf)l/!i 1l.tj tli,~ n:,~!l/t

if llap; ;;o=; n then
'[']"al't'_\'ar = Tml't'_Vaf + I ;
i = 'l'rm""_\'ar ;
' l'nu'I'. lll;;o i;
XtSI't"\r~(aq,'); [()j. Xt;\'St'lJsitive. TRt:E) ;
XtS l't \' alllt's lCulII\mre ..result , urgs, 1) ;

,lid fl'tln 'Im/uI' mul di.~lJItIY Id
sprill lJlshdLllallw. "1\'l\cI'Shdl%d ", 0;
spriutf{l1l11tai llt'f..JHIl IIi'. "Trl\ecCnlJtailll~r%d" , i]:
sprill lf(sp al'I'_IHIIIJI',"'lhICC_'lpaec%,r' . i ]:
SIIl'illtf(llnit _lHullll, "Quit _tracl'%rf' , i]:
SPl'illt f(quit_('a lJlmck.JHllllt', "qlliUradug%d" , i);

"/l'rlle 1/1 '111 di.~/!II!Y mind01I! I/Ihid/ i1ldudr.~ quit bnU(m
II =" OJ
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tr~l('('SIII'II !iJ = XtCn'a t l' 1 "1I 1l11 IShd l {~I I('I L ll H II 1l"

trallSi l' lIISllI' lIWi dg-l,t('lass. widgl'l . urgs. Ill ;

II = 0;
tf';Il'('Cnlll a illl'rfi l = XI('n'all'~ lmHl!-\"I'II\\·il lgl'I(( ·I 'll l aillI'Lllallll· .

fllrlll\\" idl!:t'l('l n~s,lrm'I':oiIU'Il! il. a l"l..':'i, nl:
t rm'('_"pan '!i] = XICrt' al l':\ ln ll:l gl~ l\ ,"itlgl' l (:oil mn' _IIOl IllI'.

fllrm \\"illgt'IClH:oi:oi, lra l't'('l1lll ai lll'r lil. a r.L,~ , 111;

ij ,'~~;lJil;t.,II dlllll'J'''~' tlwn n~/nlll ' IIw /,;l"!II/"t
Xt:\ dd E:\'!'1l1HnIllUl'r(tnll·\'.:oiIHWI'!il. Visi llilily( '1 I a l lJ..\I'~ l nsk. 1''\ l.sE.

t rat·I·....'li]JllSiIlA.)\ llI.L) ;

am'" quitbutton, Jllldl'/" flit" dj.~/III/!ll/!il/tl"lIl

XtSN,\rg(a rg-sllll. Xl Nfro l1J\'l'rl , Irnl' I'_"IIHt'l'lill ;
u++ :
Illlil.1 l"i1l'1'{i] = XICn'f1I \'~ IHllaA''1I\\ 'it lgI'I (l illil .lmr lll·.

rnllll lliUul\Vitlgl\1.Clas.".t rnl·('Cllllla iul'I"lil, l. rgs. II ) ;

XtAtidCallb,U'k(flniU,r;U'I'(ij, XI:\t· al1111lI'k. cll1iU, ml"iuJ..\. Iranoslll' lllill .
Xt .l'opllp(traet'slll'l l!ij. XtGrIlIINtllll') ;

else
l/1f1nlillH mr~:>.~fIHf ' .~JUJlII,~ 1111 till 101' oj tilt' diulll.11

pri lI1f("Call'\. g-et t.lu- \'111111''' );
sprilltf(str."C all'l J..:!'t tho valneTrv mst iu.", \' 11;[ 1111');
XtS(~ 'Arg (arg-s !lJJ, Xt.Nlnlx-l. st.r];
XS('tArg(arh'l;[I ]. XtNvllhlt' . '"):
Xt.S('I,\' nhll't';(lalk, mgs . '{'\ V(»);

end if;
e nd t radllfl; ;

8!J



Appendix K : GetFit3Value

' \ I'I" "II,]'X I": ,I IOIW:O; I IIf' i lll lll" IlII' UI:or iu ll ,,£TIl" rlllwriull (,'"tFit :, \if'llll ~ which ,-III'C"k.,
,1,.- 1III>IlI \~ln " I , I,· all.1 n '! lIrn:o; II if t ill' variable i.. (' ,rn'C't . "ll lI'n\'io;(' IT'I1In~.. 1.

flllldil lll (: ,·I F i l :IVlt l ll<'( V;\ [U" .I I<1l11l ' l

d Ill I 17Ih ll ' _II;ulIl f ·1I] ;
i n! k . ff ':'o. n-sl , TI'S2. rl~t ...,..1;

ill. i :
illl j lllh!,!';
I Il'~i ll

j u<lW' -· · I :
k :o.·I/;
ff'S ::': ;;1n-l ll l l( \' l1l111'. ll al lll ' , fit:U ilf!!kj.fit:Lvallll'/2].IIIl):
1'1'...1 =.: SI l"!' IJlp( va lu l' .I 111 llll' . fit:Uih 'fkj.li t:Lml l1" [·I].ll a\;
1'I'l'i:.1 = st n' u1l1("a I1ll'.II ;lItIP. fit:Ui!lofk].lir:LI·lIhw[fil.lla!;
ff 'S:l = s t l"l'lI lll ( v lI lu l' ...Jlll l llt ' . fit:.Lfi]('lk].fit.a. \'nhw[S].lm):
if n 'S "'= (I t.hcn

Fil :I. ' "lIhll '. :\ n = 2.
jlld.L:' · = II:

eurl if:
if n'Sl == II t hen

Fi l :J."lllu,'_'\" = -I:
j ll fll( l ' = 11;

en d if;
if rl'S;!'== II t he n

Fi' :J. ' ";lhlf'_\"1 = 6:
jl1' Ij.:I· = II ;

l' lll l if;
if tl~1 '== II t hen

F i l :L\ ·n IHI'~\'n = 8;
j U,IJ:,I ' = lJ:

end H,
f(' t urll jntl~l ';

4'1lI1 U"IF ir:lYahll';

!Jtl



Appendix L : ta lking.result

;\ ppl' udi x L slmws t Ilt' sunre-r- n idi' ,If l ht' fmu-riou1f/lki l/ ll_lr.<ult whidl Ii a lld h"~ l Ilt'
dialup; for displa.\"iuj);n osH l!!'>. .

static vo id ral k ill~.n'sllh (\\'idW', .t · loslln'.1"111 1 1);l1 ;]1

\ridgl'l widg-l't;
XrPointl' ]"elusnn-. ,'n l1lJala;
beg in

i = I :
Bt'SulLid = l:
sp riutf(sllt'IL nauH' . " B I'S1\]tS !ll'JI'){"j" , i);
spriut f (nlll t ai ll l' l"_lll\lIl'" ' · lks ll l l ( ~I 'lIl n i !ll · r ' V,. , 1' . j) ;

sprilltf(spal ~{,_wlllll' .Ii,'slllt _~I >i U ·I·'Ji :l I ··, i]:
sp riut f(qll i t_llllll l1' . uQllit....l·I'Sllll%,I·'.il:
lJ = 0:
fl' snl ts lll'll[i] = .'\ t( 'n·atl'i 't1l111I'Slll'll (s]II'IL1Iallll',

t ra llsi,'ut S hd l\\'j, II-\!· t.Class , wi,I!!." 1. ar gs , Ill :
u = II ;

rr'sult'Cnutail ll' r ljl = X t.Cn'a t l';\llllla~I ·,1 \ \'i cll-(I'I (,-\ ,nl :I i r ll ' I"_ll ill l l l' ,

form\\'i, lgN Clm;:;. n' s lIh:-illl'll lij. 11 1"~<;. u]:
Il = 0;
lnlu-l = XtGrl'i1h~~J;'llill-(l', IWjl l ~l' r,( "l'l'.<;1 11tlillwl" , 11I ln'IWi, l).:,l '\ ( '1111"1",

T1'.<;l1IIColltaiw'r [ij. a r~l" . II);
II = ();

X tS," Arj!;(arw.;[n], Xt XfWl IIV"rt , la lu'l );
fl ':mJt,.sp;W l'(ij = X tC n 'a td\ l;ul ag:t'rl\Vi, IW·I(Spl1l"'. llilllll'. fllrlIIW ill/!,l'If 'Iass ,

n 'l"ult.COlltai lll'rfil. 1Irj!;s, 11 ) ;
Xt S"tArj!;(Ill'j!;s[O!. X tS frOlIIVNt, n' sllll _Sllal'l' li]);
Il = 1:
ql lil .Ir ·slllt.lij = Xt.Cn~at.d..lllllaW ·I IWirJgd (q l liUJ; Il II I "

l·OllllJllllHI\Vi ,lJ.!;l' l.( :h~ss, n ',slIlt,(:{'lllair ll' r liJ, args, II );
XtA,IlICallhaek(llui l.-l"l's, rlt.!il . X1Nl'1r1 II';lI'k, l llliL l'a IIlI1l1 ·k, n ·sllll,..Ju·Jlli IJ:
X tSe tA rg:(arr-:s[Oj, X t.NfroUIV','r l., rl'sll l l , -sI ,al~l'!i j J ;

XtSl'tArj.((arr-:s[l l, XIN fnlluHrJl'il" Il1lil_fl' su ll,li]J;
!I = 2;
result = Xt.G!"clt te .\'lamll-(l ~l\Vi(l l-:l ~ l. ( "!i , ·slll t." ,n llJllJlfJIIIIWi,J;!.l·\( :111:';:-; ,

U'sult.Collta iul,r li j, args , II) ;
XtAddCalil »u-k( ft 'SIrII ,X r. i\:I ~ lI 11 l,ad( , 11~' tII _r~, ' llIjJl! l'i IJ).:" '" I:1.1.);
XtPopull(n:sul tsh dl [il, XI.Gral IXlJIw)i

end tnlkiug.r csult :



A ppendi x M : Result-com paring

,\ pp r'/lO lix :1.1 Sl lO'\\'!'O 1111'SI 'lI n~' 1 ~" !I ' tlf f iJI' fUIWl j" lI U" Iil/ IJ_ ,~"ml", ri"!J wlm-h dis­
pJa \'s , 1••< rt"Sl l hsl.r l ll"~l lllf· ,'U lplll vll ri lll,lt· f" r . liffl1l '1l1 anal.\"SI "l'>.

s t a ti c void H'·SU)U 'III11J1a riU.lt(wi,lw,t .d o.·mn ·.f"lIIiOala )
\\' irl.::l'lwid/!"I '1. ;
X, I '"i IlL" ,dllSll rt' ;
XE\~'n l ••·.. IIUal:l;
Iw~in

i :.:: l ;

j,!,l ''l "'" XIG'·IGC{ n'1>"l t _~PIll 1:fiJ . II . II);
11:1I'I'_,lisl,I".\' "" Xt IJispla.v(n 'Slllt_"lHw l'/i]);
l,rw'"_\\'::,,I,,\I'=Xt \rilJdow( rt'Sll lt~"plwl'[i IJ ;

Ct IIlJI 'f1w. l1C:.v ahll' ( ,IO. 'l8 !J. ;J(JIJ, ·JIl ):
I' lu l Ji t'SllIL" lllt!l' a rilll!:;

!l2



Ap pendix N : A na lysis.callb ack

:\ ppl'llllix ;': shows till' S,IlIlTI' ('od ,>fur tlu- rll lll'linll ..lll tl l.lI.•i.' _m lll" ,I'i.. whb-h links
l ilt' /-:raphk a l iUfl'rf m',· with all Hll pl imfi' 1l1\ln1I-:falLl

st ut.ic void ;\ nair shu'alllllll'kl \l" di"lll_,lm:l, l'all_,lata \
\ \"j, I!!;t>I\\' :

XtPoiUII'rI'!i.'ul .,la ta .I 'IIII.,lala:
beg in

d ia l" rlm !:.IO]:
stre p,\"(nlll. "s ppao"

S,\'STf'Ill(flln ) :

e n d ;\ lllllysisJ 'a lllmt'k:



Appendix 0 : M ak efile

cc.: ." ,-,'·0
I.IBS = .J.j llsrjXIIIFijJib -IXaw-IXext -IXltlll- ]Xt.·IXll-hn
IiI.; lit.r-

$((:<..' ) -n Fit fit. r- $(L1USj

0,'
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