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1 Abstract 

An import ant tool for deeding with the g('Olll<'tric ,md <11ge1>raic probl('m~ in 
Im,,-dillH'1I~iol](11 topolog,' im'ol"l'~ tlJ(' c1('('()]llpo~itioll of topological ~p,we~ of 
dinl('n~ioll~ 2. ;) ,HId '! into di~(Tde d,lt a ~t mctm('~ \\llidl nlll ])(' di~pl(\yed 

ill a two dinJ('Il~iol\(d ~ct jing. 
Thi~ dn tn mny 1)(' n'pn'~ented I)y ., H('eg,l,ll'( I Diagnlllls". geollle!ric rej)­

n'sl'lltMioll~ of the esscnt ial sl rIlct mc conslnuts nssocint('d with the :3 ,Iwl 

-1 dilllcllsiOlml sp,1('es 11nder cOllsidern1ion. 1>~! l1sillg :2 elilllell~iollal COllstruc­
t iOllS, 

To ,lid in stlldie~ innllying spaces wit h lllon' cOlllplicnt l~d ~truct un's, p,.r, 
[\;ljlil;:a hite: d(',,<'!upe<! ;\ COlllpllt('r plOgr;ll11 (i.(',. Ifrl/u!lr s) to nllow tl\(' COll­

stnH'tioll uf m1>it1'm.\" lWlllifo]d ~p,1('r's U~illg the ])1'()('('dllres dcvelop('d for 
thl'S(' purpOSl'S I . 

Hecellt l'l's(';llTh within thi~ me;l Imsn'sldtnl ill dingnlllls which hinT 
a complexity heyond which COlllpUtel' di:-iphly S~"st ems call 1>e exp( ~ct (~d to 
reasonahly return (:1ccmate inforlllation. In ,1delitioll, the h1bdling of the 

resulting structme constmlts has also illneaseel nt all expOllelltinl rHte, ~which 

requires a eOUlp11tatiollal solution to properly address, 
The goal of I his project is (0 neMe n driwr progralll (H'Hldles) which 

will conwr! the datH gellerat cd hv the diellt progralll iuto n forlllat suitethle 
for viewing aw I pu1 lli(,(l hou, 

ne'sigll Cll;\l'(wtlTist ilS tu he iW[I1(led witltill the dri'"er iuclude 

1.	 H"1H'('S('llt,1huu of th" gell('n1t"d di,1gUUlI IUUSt 1>e fait hful to the origiual 
dnl ;\. 

2,	 TIll' l'IVn's('utntiou should he s(,(11abl(' iu natme. i.e .. it should he de­
c,igl\('rl ,,,ith 1111' possihilit.', of idl l 'rillg the origillnl sCi1le of tIll' eli;1grmll 

quickl\' nlHI with lUillimal dfort. 

:3.	 1"('n l11res sl1ch as color coeli llg of 0 hieel s 'Uld ,1 llll~ch,Hlism to nut 0l1l<1t­

icnl1.'" neld 1<11>l'l ("()Ilstn]("tiolls i)]"(' to])(' plO\"ided ])\" the driwr. 

L	 The elri'"l'l is also to ])(' f11rt ]ll'r cUStOllli;:,11>1(' 1>v UJ(',UIS of ,1 cOlllmalHl­
line int(~ractioll to HUm;\" t]lI' us('r to Sdl'd ,)(lditiou,d optious. 

] r.f. .J.Sing('L Thtr,(, di1Tlflisiono.l 7I!anifolds ond thl Hrr!j(w:,.d rliugrmlls. 
Trans,AlllE'LI\lath.Soc. :1.') (l~):l:~) 
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TIl<' projcct llas two st nges. The first Sl,lgC will consist of coustrwting a 
tnUlslator for the outpnt data v,hich is p,lssed to t he rout inc hv thc parcnt 
proccss. 

TIl(' s('colld stil.o;e drmys conclusiolls 1)(lsed (1) t 11(' first stng(' input. It 
provides automatcd path-laheling for ewry scgJlleut of cwry path in thc 
dinr.(],;lIl1. OIlC difficlllt." ill this pl'ocess is to dd('l'lnine sl1itahl(' spi-]('e for tl](' 
bl)('ls so tl1<1t tl1(' final diagram ('on1ilins llS<lhlc infol'lwdiou. Algorithms to 
ideutif,,' tll(' ,l\';lilnhk spilce for 1<ll)('ls ilJld font si/e ,1]'(' ('xpl()j'ed. in il11 dfmj 
to mininli:;;e ov('r!np. 

2 Introduction 

A siguifinlllt functioll of cOJllpntl'rs is to SOhT prohleJlls tlwt re<!llire a Inrge 
am01ll1t of simple aud rpjletitive caklll"ltions iUld actious. makiug them too 
tint(' COllsUllling to 1)(' solwd nHlllUaU:v. This is particularly tnw in (']'eatiou 
of Heegnanl Diagrams. which arc llsed to 1'('preseut mnthcmaticnl ohjects 
cillled (closed) :3-uliUlifolds. OIH' cllill1cnge is (']'('(1 t ing I)]'('SC!lt at iOll-qllidi ty 
Heegmml dingrnms that are scalelhIe j0 llH'dia of diffcreut si:;;(~s (Kapit/a). 
A largn chnllellge. howeV<'l'. is to cOl'l'(,ctly Inhd thc variOllS deuwnts of the 
dia.gl'ilIll. This is all extreIllrlly tiJlle COllsllllling task whell done hy han(1. 
as the diagram first has to lw drnwn ill a wctor-hased graphical format:!. 
following which everv d<'lI[('nt has to 1)(' lahelled, However. since pl<willg 
lahds is a rclntivdy easy task. it ('an h(~ antomated. For the ]l1ll'pose of 
oh1<l illing the st l'1lctnH' constants of the mill) ifold. these pat Its arc (']'itical. 
Fllrtherlllmc. t!H'V do !lot procccd ill ,I li!leH!' orde!'. 

3 Preliminary Concepts 

3.1 About Manifolds 

Heegaard diagnll11s. the desired gonl of this pro.i('ct are used as two dinlPll­
tiomd ]'(~presentatioll of manifolds. It is therct'ore importa!lt to underst and 
vdwt rwmifolds ill'('. In simple ten!ls. llInnifolds ,I]'e topological ohjects which 

2Th(' lwpd for ve<'tor-hased forlilat is didi\ted h~' 01ll' dpsin' for s('nlahility. Vpdor­
has('d fOl'llla1s <If(' hy Ilwil' Il<ltllj'e lllOl'<' s('Hbh](, Ih<lll lJitlllilP Ol' otlH'l' 1l00J-\'('('tor grapiJi('H\ 

formals 
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c]osdy l"<'s('ml lIe <I line. ,) plaue Ol' !-',('n('rHll,\', ,) SP,)('(' which is locHlly hon)('o­
ll)(lrphic to Hcop" of Eudcdc',)ll sp,)ce, The terIll ll-IW)llifold llH'Hns HIll,mifold 
which locH]]y l"<'sembles an n-din1(~llsiollal space, It does llot lH'cessmily h<l\'(' 
to lie in the ll-dimellsiollal spacc, An example of this is (\ line twisted into a 
knot. The local area aroullu any point of the line Cdn be described using only 
one dimension - hence the ohject is a I-nlRnifold. However, the knot itself is 
ill three dimensions, As a general rule. the most dimcnsions ll-manifold can 
haw is :2 * n + 1. Simple ohjects like i) sphcre or ,) torus are <Ill 2-m,mifolds. 
henmsc anv point 011 the smfrH'(' (',m be locally desnibed ill 2 dimensional 
space. ev('n though the 0 hjcct itself is :~-dimensiollal. Uu t manifold <llso IwV(' 
mol'(' complex ,)pp!icatiOlls, For cxanlple, in the theOl',v of (;ener<ll Reh)tivitv 
the physic,d space is thought to he ,) manifold (:\ IOl'C specifi c,d1\', t h<1 t the 
spacdimc contimlHm is ,) 4- mrmifold) (UCD,fvis), One outshmding conjcc­
ture in the em',) of manifold topology, the Poillcme Conj(~cture states that H 
:3- manifold is t he three dimellsional sphere ,,;:1 if certain properties <II'(' met, 
Should this prove to he false, it would affect the W,).\' we fundanwntally think 
ahout the universe (Craggs 1). 

Somc cxamples of simple manifolds um be S(X'll in figure 1. which shows 
H simple manifold with three hHlldles. as \yell as figure :2 which shows the 
:\ I<lI:l1l' Jll<llli fold wlliciJ willl iJe Ilsed ill futmc st lldv (l\.<lpit 1:,)), 

Figl1l'c 1: Si mplc :\ Ianifold with J handlcs 

3.2 About Heegaard Diagrams 

The :3-nvmifolds desnil )('d previously call 1)(' stll<1ied tho]'()ughh' llsing di,)­
gnl1llS of curV('S on surfaces ('(dlcd Heega.aTd DiHgrnms (Craggs 1), ThpJ'(' is () 
('OlTe1c)tionllCt\v('('n Hceg,wrd diagrHms ,mel lwmifolds th,)t tlwv l'<'lll'('Sent. A 
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Figure 2: The ~Inzur ~Ianifold 

Heegaard dingram represents a nniqll(~ manifold. ho\\'eW'r an inhnitl' llUm1wr 
of eqnivalent di11gnuus cau he cC)llstrncted from eHch lwmifolcl. 

Heegaarcl diagrams arc made up of ,l sul'fe)('C' S. cmd severed collections 
of CllI'VC'S {C} nll(l {Di }. Till' CllI'ves in ench collection arc disjoiut fl'Om 
each other. hut the~' may cross 1mck and fort h on'!' the C11rves from 01 her 
collection. Exnmining these crossings J'('wnl infol'lwl t ion ahout the nHlnifolcb 
represented h~· the Cliagnwls. 

In this project. the Heegamd diclgulms will consist of two hasic types 
of ohjects placed on a 2-dimE'nsi01ml phllH'. These objects are the ,. Paths" 
and the" Handles". Hanclles 11re represented on Heegamd Diagrams as pairs 
of triauglc~s lalJ<'!ed ,. Positive (+)" mId .. :\egative (-r. Handles um he of 
different sizes. 1mt each handle must be of the same size ns its pair. These 
helll( llC's r('r)l'(~sent the ent points of the m811ifold hcmdles Rftcr the~' 've been 
pus!l('d into tlH' plmH' (Kapitzct). 

Pcl t hs. \dlich repnN'llt the CUITC'S 011 the manifold. me dosed. nonClll'V­
ing liues on t 11(' 2-dim('nsional diclgrnnl. Pclths intersect hnlHlles. (Ten tillg 
pnth seglllf'nts. A path that euters a lmndle will exit ,motlIc'!' lWll(]1e in n 
maImer prescril)('d 1J,\' the original diagrmll constructic)ll. Beu11lse the pat hs 
are dosed, the last segment of the path must end at the stmting point of 
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the first sq!)ll<'nt. Liw's are color coded into several color groups, each color 
group rE'prcscnting one collection of cmves on tIH' IW=l1lifold. Figme 3 shows 
the Hcegaard diagram of the :\Ia;:m manifold. Gencr<lting such di,1gnuns is 
the Illlrpose of this proj ect. 

3.2.1 Labelling Conventions 

E"(TV 01 ljed 011 the Heegnanl Dingl'Hlll IS identified ,,,it!l n scrinl munhn 
using t 1[(' follO\ving ('ollv('ntions: 

•	 Ench p,\ir of handles is identified h~' ,ut illteg('r st mting wit II 1 mId 
in<Tcasing h.v 1. E,H'h handle in the p,1ir is additionall~' In helled with 
either .. +" or "-". to denote the dircction trnversed across the handle . 

•	 Each path segment is identified hv t 11<' string /,;, I 'v!H'l'(' k is the serinl 
lllunber of the pa tIr and I is the se<jlwnt i,d llUmher of the St'glllcnt 011 
the pnth. 

3.3 The Goal 

This project cn',1tes ,1 C01111WUld-lill(~ dri\'en prugnun that accepts a cool'dinate­
encoding of a Heegaard Diagnun 'Uld outputs the corresponding diagram ill 
a 8('(11abl<' graphical format. fully bl)('l!ed. Specific nchiew'lll('nts of the ])1'0­

granl arc elllUlwratcd helow: 

1.	 The Output ,\ccm<ltc!v rcHects the iuput informntion for ,mler awl 
dired ion. 

~~,	 Output is <Tcated iu a fonw1t that is easily scnlnhle for displny aud 
publishing pmposes. 

4.	 The user cau easily control the fiuislwd size of t he resulting ohject, 

5.	 The output is staudan[ ill that it cau easih' he iutegrntcd i11tO pclpers 
all( I publicatious, 

The following <jucstiollS \\'('1'(' cOllsi(lered: 

1.	 Is the problE'm solvable in prill('ipl<:: 
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2. \VlJ;'-l(' i~ tlw fOllll<-11 of the inpnt l
 

3, How will the: \lser intcract with t IW jJlOgr,1111'!
 

4.	 \\'hi-\t. output fOlllWl would 1)(' I)('~t ~ui(ed for 111(' Il\llPOSC~ of tlti~ 

jJmgJil ll}1 

Tlw follmving jour se(,rlon~ will <-Hldrcs:-; Hl('s(' topi(~. 

3.4 S IvaI ility 

III order for it to [)e possible to el(',lI'l' HlC' nq\lired pw,gl<-lnl the p1O[)]e111 
thFd it <l t-.tClllPts to so Ivc: III \lsI. 1)(' SO]V,1 hIe ill POli"llOllI ial tilllC. Thc problew 
('illl be o\ltlill('d \\'it!l IIJ(' fol!()\vi11g st('ps. 

J,	 n(';Hlt]wJllplli File. 

2,	 Idc11t ih' Vdri011S c!c'll1ellts of i 11(' II('('gmd DiClgn1111 (Colh,cti\"(~k # L ;-md 
#2 ,\[C k110\-\'n <-1S prUSillg). 

4.	 Ont.p\lt delllE'llts <llld biJels ill (\ wctor-1J(-\~cd gmphiu·d fOlllli-)i. 

It is ('i-1SY to d('llIOlIStlilt(' rlli-1t this jHohll'lll is sol\'ilhk ill POlYllOlllii-ll tilliC. It­
wil!1)(' fH()\'e:d hlltll<'l ill rlw prljWL 11V pwvidi11P; i1 pOlnHll1lii-1!-rllllc iligorillllll 
1"lmt so!\.'('S rlw prol )1('111 for hui1'c illPllr. 

3.5 Input 

A HcC).';<-1<-1nl dingrall! ('(\·11 1)(' ('olllplckly ddNlllillc:d iJv Uw fol!()\\illg illfor­
Ill<) 1ioll: 

1.	 TIl<' ll11111her or Hcllldles, 

:J. TI}e po,i I iOll or \'('Jlid(':-;
 

-±, lw ]Josi t ion of those wItidcs \Vll('ilJ O('('1l! o!t i-1 (,ll t" hi:111dlc,
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Tlw dnta tlmt ill(' prognLlll i~ to ll~C i~ g('lIC'[,lted ,vilh c;ol1 \\'e\](' (]esig11ed 
by Dr. Pind KClpiL~i1. This snfCw(Ue allows thc lIS(')' to (TeeLtc He-(',gi'\clld 
diagnll11S usi11g a gnL]Jhiull i11terLl('c, The output hlcc is ;In ASCII file which 
(,ol1tai11S e11c()(led propertics of all the ohjccts, sllch ,IS !l)('ir c(J(lldiwLtes 011 
Hie P;l,c;C, p;L1 h color,., ;md HCL,c')"; iwli"Ltill:.', \\'1]('1 hel ;1 poiut i,., Oil ;L 11,1I1dle or 
llot, [, ,d:-io cOllti)imi i! singl(' illtcgC1' \'iLluc Ilhi(h illdiuLte,., hOlY lllilll\' llimd le 
piLirs (1)(' ill Ille ('wodc(] dii'I,L'/'llll. 

T]I(' ,\~(,11 ('w'o(lill,I', 11<',lts h;llull('s ,h pnl!ls of tlll('(' S(',e')llC'llh-i, IlI'llCC 
i·11(' \Iltol(' Jilc is i1l1 ('l1codillg o[ ]Joint ol)jcc(s ('OUli)illed \Iit hill Pillh ohj('('fs, 
Point Ohi('cl s rep],cS('llt cndl POil)1 \\']j('j(' iL Piillt dJ;llll,!,('s clilc(tiou . .J\. ]JdlL 
i:-; dll C'll\'C'!OPC ohjcct. thid 1lllite~ ill! POilll s 011 it, 

This ASCII cllcocliug i,., to he 11sed ns illpl11 to the plogrdlll heing de­
:-;igncd, The lwlow sillllple is n :-i('l-'-,l1)('llt frolll tIl<' Jil(, Us('d to :.',CW'l'ltC the 
;\ [;L~Ul dielgnull show11 (,d)'lin ill the- p;-1j>C']': 

1: P 

2:16777215 
FALSE 
TRUE 

3:X 

4: 6, 57031249999818E-0001 
5: 7,36328125000000E-0001 
6:FALSE 

o 
FALSE 
X 

6,82031250000364E-0001
 
7.50000000000000E-0001
 

FALSE
 

T!Jc s\'lllhol P Oll the lillC 1l11llllw\('d 1 illC !iuL [,('.L, tl](' s(;1Il of ;t W'W pilth. 
'1 he illte-g('l \'ell11(' Oll !iw' 2 is the nCD villuc of 1hc colol of til(' W'\\ pMh, 
S,'lllbol X OJ] lillc :3 iw!i"Lt('S W''y\ poiut Oil IIll' PiLt J1. Liw's J d11d :) contClin 
t!Je- cOOldiwLt('s of tltc poi11t Oll tl](' plmlc, Co()]diunt ('S i1l(' gi\'('ll ;-LS [loiLtin,", 
POillt \'ill11('s ill tlJ(' ill1<'1'\';-1I [0,1], iwd illdiullc 1I1c' ]('\;lIi\'c pCbi l iOll of til(' 
point [e!dtive to i'op-Ieft 1)C)int of the dlilg!illii. TllC' l)()o1<'cm \,lllJ(' Oll lilJC G 
illdiultec; w!Je-thC'l' tlte point is Oil i) lWllclle 01 llOt. Doolc'illl \,;ll11C:-; llot 1IIillk('c! 



ill(' llol~ Ihcd I)\~ (ll(' Clli\n~ IjJl(' Illlllll)('IS ill(' illc!llllcd llcl(' to], c!,)]'ihci1tioll 
pmp(ISl'S ollh: t.!H'\· ,\]'(' llot i1 pilll 01 tIl(' illput hl('. 

3.6 User Interaction 

To i)llow til(' llscr to Cllst ollli:iT the n'slLl1 itJg didgL'iHllS~ the llSlT is ,dlo\\'cd 
to ~pcci[\' ~;e\('n)l optiC)l)s. :\JilJlip11L.-)tioll of tl[(;se optio1ls will (-\ll{)\\~ [or ~('ll­
('l'<1liOll of clii)gnllllS lllost ,'oUiti11J!C' for Uwir ill[eudcd PlllPOSC~ Tlt(, ILS('l' Cilll 
llli1llipllL1t(' th(' follO\\~ill'" optiolLS: 

1.	 The si:;:(' of th(' hou)l(lillg ho~ of 111(' dji1,'.!;Jillll ill pj~cls (X ilUei Y ClilllCll­
siolls) . 

2.	 ILlllg(' of 1,,])('1 tlw t('xt si:;:c'. 

3.	 NcmlP of tlw 01l!"pllt tile. 

-J.	 Disti11l(e hOlll [he li11Jcls to lWllcll('s. 

TIl<' li)st itl'lll is uSl'd to till<' tll11C pCdOllllilll('C Oll C0111plcx diil,(!,l<lllh wit 1L :1 

L1 rge IlUlllh<'l of IliltltS. 

3.7 Output 

III c!loosillg i\ fOl'llwt for t ltc out.put of till' progliH11. th1'C(, kev bH·tms wcn' 
(·()1lsidc1'c(1. W111Wlv: 

1.	 'I'lll' olltT)llt slL01l1d 1)(' ill ,1 gU1pltiCill f01lll"l 11L;)t <l110\\'s fol' C,)S\ :-;ci)L1 
1Jilitv~ 

')	 Tlw Ollt Pllt :-;1Io111d 1)(' sL1lldimi ill (It,ll it (,i11l 1>(' [(wlih· [liSl'lf cd into 
P,)[)<'l'S illlel llii1lJllSnipts. 

3.	 The output forlll,)!" shollld i1l!m\' (',lSy ('ll('odillg. 

Bc)sed Oil U)('S(' C'l'itc'1'ia~ PostScriptl 
WilS sC'!c'dcxl <IS tlw forllwr of choicl' for 

the output of the progl'iHll. 

:\L('\~cl 2 POf'tSnipt was usc'd. ('\'Cll t]ICJllgh thc" (('slIltilig ('odc' i.e, (,Ollljliltihk Wilh old('r 

PoslSnipl illt<'rpr<'l('J's as well. 

~) 



3.7.1 AI UL Po t:cl'ipt 

PostSnipf r!CY(:IOp('d Ill' Adol)(' 8Ystellls. is ,1 po\\'C'lhtl '!,ulphics L1llG;1I;·1i!,('. 
At its ("OJ(' is ,) !2Y,lplticClI pi)J.!,e desnipt,ioll Llilgll,)g('. 1),1(1('d hI' e) .·1;\("k­

h(\s('(1. illt ('11))('1 l'e! proi!,li1ll11tlill.(!, lnllgtL-li-',e, C;r,lphi('s ('I('ided ill PostScript 
me v('dm-!J,)S('d. illld thus cOlllple!.<'l\' SU)[elll!(', Fllrt!tC'11110]'(', PostScript illl­
ilgl'S ,ue \uit tl'll usillg high-I('vel. :-:illlPlc ('ode, tllllS llldkillg it ('(\S\' to i-',ellCl­
dte Post-Script gn1 phi('s, Post Script- is ,l!sO higltl\' port,lI lk_heillg ('olllpM iGlc 
with (! v()liety of pld1 fOllllb, ill<!lldillg plinhTs dill'Cd,\', most of which 110\\' 

('Ol!le ]Jrc<:qHiped wif'll ;) PostScript illl-c'l'plC't('l. Of particnbr us('htlluess to 
this pruject is d sulJsd of Pos(.-'ll'ipt ('lltitlcd ElL<il.pSllLlt(,rt Post. cript.. Ell­
("lps1l1<lt.('d Post Snipl works like ]'(',l!,IL!ill PostSnipt. hllt il fOl'('es the ilwlge to 
he ('OllLlilled Oll ow' P<1!-!J', D('u1lls(' of its propel(i('s, LlI('ilp>ll!,lted Pos(Snipt 
illl,lg('S ilL(' (',lS\' to illdwle ill ,) Ilod\' of t<';-.:t (\k(;iIIOll), 

4 Solutio 

The !msic design of the plO,Q,ralll (,ollsists ofn';Hlillg; the illput hl(, illto a 1~ ,\\1­
s!(Hed dillel ,strudH1C whi('h holds thc dia:'lilill ol>.j('('ls 8e\ne11 nll('1l1<lIio11s 
<11e 1'11<'[1 pedollllCd using the dilL\ 10 detnlllille til<' optilliilllclhd si/e, T!l(' 
PlOP;lillU tll('n \\ rite's th(' OUf-pIL! iJLto ;1 ll('\\' hlc', si1111 tlL--lll<'Cl1lsh' P('lt'Ol'lllin,Q; 
(',11( ldilt lOllS to cldc'J"ll1iw' pLl('('lIH'llt of the 1<1])(,1:--., 

4.1 Data Structur 

If 11,l11<1I('s mc' thought of c1S tri,'1llgll1m pntl!s, HC'(',Q,'l;ml clielgrc1JlL' arC' COIl­

st.1'nct.c(1 eatirrly frolll path.-', Each pat.h. in tlll1l. ('C111 1)(' thought of elS <'L 

(ollect ion of poiat.s connt>de<1 h~' liuc's, This illt.ui bY<' \\'FI," of U'1 )l'cscniiui!, 
Hecgiwrd CliilgrclIlls is Sll,Q;gC'S! e(1 1)\, t.he St.l1ldlllC of til<' iuput itself. A ll<lt­
111(11 wm' t.o 1'q)]"('s('1l1 this n'];ltioll is \\-i1"ll il 2-djlllellSio1l(11 mnw_ where c(1('h 
"lOW" is;l diff('1'('lll pill 11. ,111<1 ('i)ell C'!el11('llt of ttl<' row is;l point 011 tlwt Pdt h, 
A,1l dltC'lllill iw ~Ollltioll is tn stU[(' the inl(lnlli\( iOll ill il linkcd list of lillk('<1 
li:--.Is, fT()\\"('\'('l. sjlJ( (' l[('ltll('1' the lUlllllH'l' (If [l'ltlls, 1l0] Ih('il ~ile c-lwllgc'~ cdl('1 

III Ill).!, ](',Hl 1'101111.11<' input Jil(', tItc' dVllilllli(' lll<'lllOl'\' lllil1l<l.!.!,('Ill<'n! ul[le)1Jdjries 
of 11[(' liJl!\ed Jis! C1n' Hot llCC'('SS;-\n'. TIlliS it \\'ilS decided to 11se the c'i1siel to 
impl('lll('ut illTil\ :-;1 mel,lll'(', 

To ('e):-;ih' dili'elellii,lt(, lwt\\'('Cli jJilt.hs tlld! me rC'ill p~lths ,111(1 p<1ths thilt 
u'!Jn'H"ul 1[;\ udks. t he datil is stored ill two sejJil rat (' ;-Hlc1,yS, The sizc of 
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HalHl1('Anm', \\"lljdl stOlt'S thc !t,lIl<l!c I'nik is ~:d ,IS 21, X :l, \\\1('1(' k is 
t 11(' 111Ull!)('[ of 11(\11 dle pll il.-' i 11 t] 1(' d i;H:, I,UIl. Thc sizc of POilllAlT<lv, \yhicl! 
stOICS thc "u',C!,1l1m" p;1111S is I x Til, \\'llcLC I is titc totnl Jlllllll)('[ of p;ltllS 
ill tll(' clingn1111 awl 11/ js rk Il1ulll)('[ of poil\(s ill I iw ],n<~;('st Pi)I!L. L1w 
plO(('dlll'(, to del ('1111i][c the' \'alu('s of I ;md 1/1 c fC c!('soilwcl ill tllt' llext 
S('(tiOll, AdditiOltn1h-. tlte ill!.cg<'l ;:11'1<1 Poiul Au,l\'Si;;,(' of sii',(' 1 StOICS the 
,H'imd JllIllll)('] of points ill ('\'C1'\ p,dh, 

Thc tYI)(' of (l)('s(' two <U'L;1\'~ ;-)J(' \'('t to hc ll)(,lll i()l)('d, Tl)('y M(' of t,\'[)(' 

[\lilll, P()illl jo-;;1[\ o[)j('(t thell si(l)('.'o;1 SlIJd<' poilll oj tl](' I [('('g;);11d (Iinp;\'()lli. 
Point o!ljccl StOLTS tll(' (o(l)dill;tf('S of tl[(' IHliut, (\S \\'(,11 ;IS SOliI(' j-l;\"s P('1­

taiJIiIl).!, to \\:1I('t1[('[' ;1 jl"l't.icuLu' pOill! is locil!'<'d 011 (\ 11,mdlc, It also (Olll,)illS 
llH'thods to ddnllliw' distc))\('« ,111d ;111""1<' l)('t\\,('cl1 tm) points \\'hidl MC us('d 
by tl](' plOgn1Jl1 to pCl'f(Jl'1I1 h)bc[-pLl<'Clll('llt ul1clILltiullS . 

.\uollH'f d,li;) o[g;lIli/,(\!iou pos:-.illilif)' \\'(1:-> to (]C;-ltc n Pnth o»j('d tlliil 
would illit.i( lil.c to (0111 ;Iill the ('Xild c1l1101111t of poiut., IH'('d('c! in thclt pHi 11 

(l\cu stOle' rllc P;-Itl) ol).icds tU ,I ouc-cliLl!('lIsiowd ,HT<l~', \rhik t1li1t SOhllioll 
\\'Oltlrl ]);)\'(' l)t'('11 1ll0lC Ill<'IIlOIT dfici('llt, it \\';-lS d('cidc(l <1g<liJlSl t() h <'P tIl<' 
dilL) st I'1W( tll(' simple, 

4.2 Basic Algorithnl 0 Itline 

• The oll(-pnt bOIl! tlH' dicltt PlOgtillll (ill tltis ("lse f-:<1lldk:-:) i:-; )('Hd iuto 
t.1lC' lllClllOI'\' ,W( I ~.[OL('( I ill <1 two diJll('usjO] );11 ,ura.", 

•	 C(J()]dill;lICS illld Po,tSnipt- (odc of tlll' IWlIlifo!(! ('lIlT(';.. (1](' \\Tit ('II to 
dlc oHtPllt Ill«, 

•	 Tilc pM It <UTil.\' is tr,)Y('ls('d e)g, I i 11 to d('(C'LlIlillc \\11('1(: h)1)('1:-; )j()('cl to hc 
pl<l(c( 1. 

•	 1'1)(' <lll.'ks nt whicIl Ill<' 1<11)('):., Il('cd In ])(' l(I(;)l<'d to 1)(' di.sp!<1n'r1 
('olTcc( h' is d('1('1I1Iil)('(l, 

•	 PostSniplloc!(' ['OJ LJlwl dispL)\' i:.; \\'Iitl('ll to Ill<' (J111]J\Jt Ill(', 
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£<)('h SI"<I~~C of thc pwgn-ull clllplm.<-; M most,llles(c'd it ('J'<1f"ivc loops, H()\\,­

c'\n, !H'C,\!lS(' tl)(' loops mc' llscd to SCdJl ,I t\\'O dilW'11Si0W11 dn,\\', it ,H'tlwllv 
t,lkc's hm llC's[c'd loops to go tllloll~lJ thc ('III ill' S(,j of ]JoiJlh, Also, tl](' illg0­
ritlllll doc's not llS(' dUY l'('ClIISi\'c' ['I l1lC I lOllS, Tlms, if /I is [ll<' 11111U1HT of Hw 
j)Oillls iu (\ »W('('ssc'(1 didi-!/,UJl, uo 1)(11'{ of pl'O,l!;J<11l1 is (');('cU('rlUl0l(' thilll /1'2 

t iuw'" TIH')efOl'e, t,ll<' j)l'OgT<l1ll rnllS iu () (,,2) poh!lOmi(i I I ii1\(' (S iPS(T ) , 

4.3 Algorithnl Specifi " 

4.3.1 L c rlillg of Data 

S(,lll of hle is Iledolll)('d to dc'1<'l'lllil)(' \\'\1,lt si/c' i11Tr1\' is 1l('«':--::--;iU'\' to stOll' 
the iuforlllrl!'iou, C()(llclil)(-\tc':-;. »,lt1l c'olms (\ud !)()O]C',ll1 \;\ll[cS m(' II'iH] !'lOlll 
the iUPllt hie' (illd stol'('cl ill ;\ two dillIC'usiow!l ,IIT,)\ of !)Oillt o!J.Jc'('1 s, Fach 
l'O"V of t hc.:~ (llTn)' is (-\ single pat1l, E,\('h ins( ,111«; of Point 01 ljed is ,111 cdge 
poiu! on the (lllVC, 

4.3.2 Font Size Calculations 

The PC1t.!1 ilnn\' is tnnns('cl poillt by poiut, For c',Hh Jloiu1. I'l)(' plOgnilu 
sc'm('hcs fOl ot]W! pOil1ls OIl ('hc :-'.iUllC' .<-;idc' of tIl(' S,\111C !I,llldlc' ,\lid dctel'lnill('S 
t,hc elis(;\llc(' 1)('( \\'('ell (ll(' points, TIl<' Ulil1illllllll dl>ti\ll('(' IOlllld is llsed to 
,1p]J)()xilll<li(~ Ill(' lllost ')]Jpropri,li(' foul si/,(' for lrl1>cl displilY, PU'C('d('llU' is 
i--';in'll to IIS('1' spccihc'd si/,(" if .<-;11('11 c'xis!s, 

4.3.3 Handle rawing 

The plOgnllll tl'il\'('j'~('S tlllOUi--';ll til<' diTH\' of ll,lwll('s au<1 <1d(Tlllill('S ,I!)so]utc' 
(onrdiudt(,,:-) \)\' untltiph'ing (1)(' rd,itiY(' (ooulill<l(('S 1)\, (Il(' si;;(' of t he <li(\glillU, 

Tl](' Coold i lld t('s of h'\lldle e'd~,c 'S (Ill< I Post Sni pt c'od(' is \\Ti t tCll to (II<' O\! i P\\ t 
I:ilc, T!Ie ('oo]di!wtes of tl](' (c'\\1('1 (It C',ldl lldll<llc' IS cldC'll1lillCd, 'llL<I ,I 11(\11<11(' 
lahel is p!c\(c'd tlH'l'C', 

4.3.4 ,ath rawmg 

ThE' plOgl'i1 III tUW('l'SCS throllgh evc'!\, rm\ (If the p,1 t It nn,)\', Ol t'V('lV pA Ill, 
the path ('olor is de('l'luil)('d frow [he c'olo! (\][;1\', '\llel writ 1('\1 tn j he 01ltPl1t 
hIe, Eve!y poiut 011 til(' prlth is [nn'('lscc! 'lwl its glol),l! ('oorc!iuE\tes (\n' 
\\'!ittC'u to tIl(' ollt]lILt tile ,iloug willl PO:-ilS(Tipt (oel<', Sillce c'\nY pHth is 



dosrrl. <1 hll<~l S('glll('llt is IIH'1l rI r; 1Wll 1H't \\C('ll th(' [i ;:-;1 all< I the nl:--,i point of 

the' pi-tt 1l. 

4.3. f') Labelillg 

TIl(' pill 11 ,Uld\' is tlii\'('['s('d "g,\ill to C'X(\111ill(' ('\'C'1\' Jloilil. If ,I poillt IS ()jJ ,) 
lliIJld[('. d\'i\il,li>i1il\ (ll h'c'c' spacc' (l]()llJ](] it is ('[Je(led 1)\, ('X;1lUillill)..'; rli",L1llcc's 
lwt.w('c'n illte1'Sc'ctio11 poillts 011 lli\ !Idles. If flee SPi\('(' is ;\\';-!iln Llp. (\ 1<11 1<'1 is 
pl;-\('rcl 11<'il1' t.hat poillt. If 1,I1e l(,Il)..';111 or i\ s('glJlC'l1t lwh'V('('lI t.wo poinl s is 
lmgcr thall iI (c'lt-"ill l'cm:--,Llllt valll(,. alld llC'it]\('1' of its ('lId POillt. lic Oll a 
hFtwllE'., i1 1<J1wl is pl,H'e-'d Oil its lllidpOllt. 

5 Results 

5.1 Code 

TlJe l'ode is i1tlildl<'rI (IS all 8.ppellclix, 

6 Conclu ion 

l-hll<llrDrivC'1' il11O\\< for ('lhl'il'1I1 illld i\('ClIwt(' Le]>l'Orlw·j iOll of Hec'i',iliml 1­
,lgnUI)S ill iI fOI1li Ill,l! is ('(\sih )(';ldi11)le. It ,,!:-,o si!-'.,I\ilil'illltiv :--;illlplihes 111<' 
l)l'Oce~s of 1(11)('llillp; thl' piltbs of tlte diil(~liUII. Tl\(' p[()l'e:--,s (I[ C'l'C,,,tillg imrl !cl­
]Wlillg J]c'c',L!;')iml diilgr;lllls JWllllli\lh I ,\l~c's (I :-;igllihc;llll h louge] Ii I]l(' ,IS COlll­
piHC'cl to ,";C'liC'Liltillg tlJc'lll \\ith HiIlldl('Dli\'c'l. wit])()\lt sip,uifinwt iJlJlll()\'('­
lllrnt. ill al'cuull'V, For C'Xillllple. iI cOIlJplc'x Hc'ci-'-,;liHd dingrillll \"'[lidl (iUl 1)(' 
('1Ico([(,([ a1l([ gC'w'l'iil.r([ ill a lWI H('! ob';l'\'('T'iil IIOUIS lLsilli', this lll('t.llO( 1. wonld 
take lllOIe:' t.han (1 11101 It.h to be clrilwn!)\' hHllcl (l"ilpit:w). B(-'Ci1H:-iC the outpuf 
fil('s me (l'('clt'('cl ill PostSnipt ,t!;lilphicnl fOlllliit. 11H'y me' fllll\ s(,ilhl1J1c. 

7 App ndix - Code 

7.1 Point.h 

class Point{ 
public: 
Pointe); //Default Constructor 



Point(double x, double y, int b); IISecondary constructor.
 
Ilx is the x-coordinate of the point
 
Ily is the y-coordinate of the point
 
lib is a flag whether the point is on the handle.
 

double getX(); IIReturns x coordinate of the point.
 
double getY(); IIReturns y coordinate of the point.
 
int isOnHandle(); IIReturns 1 if point is on Handle, 0 if not.
 
int whichHandle(); IIReturns the number of the handle point is on.
 
int whichSide(); IIReturns which side of the handle the point is on.
 
void setHandle(int handleArg, int sideArg); IISets the Handle and Side
 

Ilvariables of the point 
void setX(double x); IISets the x coordinate of the point 
void setY(double y); IISets the y coordinate of the point 
void setIsOnHandle(int b); IISets whether point is on the handle. 
double distanceToPoint(Point& P); II Returns distance to point P 
double angleToPoint(Point& P); IIReturns angle of rotation to point P 

private:
 
double coordx; IIStores x coordlnate of the point.
 
double coordy; IIStores y coordinate of the point.
 
int onHandle; IIStores 1 if point is on handle, 0 if not.
 
int handle; IIStores which handle the point is on.
 
int side; IIStores which handle side the point is on.
 

}; 

7.2 oint.cc 

#include "Point.h" 
#include <iostream.h> 
#include <math.h> 

POlnt: :Point() :coordx(O) ,coordy(O) 
{ 

} 

Pont: :Point(double x, double y, int b) :coordx(x) ,coordy(y) ,onHandleCl) 
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{ 

} 

double Point: :getX() 
{ 

return coordx; 
} 

double Point: :getY() 
{ 

return coordy; 
} 

int Point: :isOnHandle() 
{ 

return onHandle; 
} 

int Point: :whichHandle() 
{ 

return handle; 
} 

int Point: :whichSide() 
{ 

return side; 
} 

void Point: :setHandle(int handleArg, int sideArg) 
{ 

handle = handleArg; 
side = sideArg; 

} 

void Point: :setX(double x) 
{ 

coordx = x; 
} 

IS 



void Point: :setY(double y) 
{ 

coordy = y; 
} 

void Po'nt: :setIsOnHandle(int b) 
{ 

onHandle = b; 
} 

double Point: :distanceToPoint(Point& P) 
{ 

return sqrt((coordx-P.getX())*(coordx-P.getX())+(coordy-P.getY()) 
*(coordy-P.getY())) ; 

} 

double Point: :angleToPoint(Point& P) 
{ 

double angle=O; 
const double PI = 3.1415926535897932384626433832795; 
if ((P.getY()==coordy)&&(P.getX()<coordx)) 
return 0; 

if ((P.getY()==coordy)&&(P.getX(»coordx)) 
return 0; 

if ((P.getY()-coordy»=O&&(P.getX()-coordx»O) 
angle = O-atan((P.getY()-coordy)/(P.getX()-coordx)); 

if ((P.getY()-coordy»O&&(P.getX()-coordx)<=O) 
angle =(O-atan((P.getY()-coordy)/(P.getX()-coordx))); 

if((P.getY()-coordy)<=O&&(P.getX()-coordx)<O) 
angle = O-atan((P.getY()-coordy)/(P.getX()-coordx)); 

if ((P.getY()-coordy)<O&&(P.getX()-coordx»=O) 
angle = (O-atan((P.getY()-coordy)/(P.getX()-coordx))); 

return angle/PI*180; 
} 
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7.3 handl- .cc 

#include <fstream.h>
 
#include <iostream.h>
 
#include <stdlib.h>
 
#include <string.h>
 
#include <math.h>
 
#include "Point.cc"
 

IIDefault values for user variables
 
#define xdef 600
 
#define ydef 800
 
#define FALSE 0
 
#define TRUE 1
 
#define DEFAULT_MIN_TEXT 5
 
#define DEFAULT_MAX_TEXT 10
 

void getMax(ifstream& infile,int& pts, int& mxpoint);
 
IIReturns the maximum value of points on a path - used to set up
 
IIPath array
 

int isOnSpecificHandle(Point test, Point A, Point B);
 
IITests whether a point is on a specific handle by testing
 
Ilwhether test is between points A and B
 

int between(double t, double a, double b);
 
Ilhelper function that tests if the number is between a and b.
 

void writeRGBColor(int color, double& red, double& green, double& blue);
 
Iidetermines RGB color from 8 digit encoding
 

int H2D(char hex);
 
IIReturns decimal value of a hexadecimal number
 

int H2D(char hex){ 
sT..ri tch (hex) { 

case )0' : 
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return 0; 
break; 

case ' l' : 

return 1·, 
break; 

case '2' : 
return 2·, 
break; 

case '3' : 

return 3·, 
break; 

case '4' : 

return 4; 

break; 
case '5' : 

return 5·, 
break; 

case '6' : 

return 6·I 
break; 

case '7' 
return 7; 

break; 
case '8' : 

return 8·, 
break; 

case 'g' : 

return g., 
break; 

case 'A' : 

return 10; 
break; 

case '8' : 

return 11; 
break; 

case 'C' 

return 12; 
break; 

Hi 



case 'D':
 
return 13;
 
break;
 

case 'E':
 
return 14;
 
break;
 

case 'F':
 
eturn 15;
 

break;
 
} 

} 

void writeRGBColor(int color, double& red, double& green, double& blue) 
{ 

char hexstring[6] ;
 
int charcounter=5;
 
int sequentialcounter=5;
 
int hexvalue;
 
int hextest=l;
 
int temp=color;
 
while (sequentialcounter>=O){
 

hexstring[sequentialcounter]='O' ; 
sequentialcounter--;
 

}
 

sequentialcounter = 5;
 
while (templ=O)
 

{
 

hextest = 1;
 
charcounter = 5;
 
while (hextest<temp){
 

hextest*=16; 
charcounter--; 

} 

hextest/=16; 
charcounter++; 
while (sequentialcounter>charcounter){ 

hexstring[sequentialcounter]='O' ; 
sequentialcounter--; 

} 
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hexvalue = temp/hextest; 
temp = temp % (hextest*hexvalue); 
switch (hexvalue){ 
case 0: 

hexstring[charcounter] ='0' ; 
break; 

case 1: 
hexstring[charcounter]='l' ; 
break; 

case 2: 
hexstring[charcounter] ='2' ; 
break; 

case 3: 
hexstring[charcounter]='3' ; 
break; 

case 4: 
hexstring[charcounter] ='4' ; 
break; 

case 5: 
hexstring[charcounter]='5' ; 
break; 

case 6: 
hexstring[charcounter]='6' ; 
break; 

case 7: 

hexstring[charcounter] ='7' ; 
break; 

case 8: 
hexstring[charcounter] ='8' ; 
break; 

case 9: 
hexstring[charcounter] ='9' ; 
break; 

case 10: 
hexstring[charcounter]='A' ; 
break; 

case 11: 
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hexstring [charcounter] ='B' ; 
break; 

case 12: 
hexstring[charcounter]='C' ; 
break; 

case 13: 
hexstring[charcounter]='D' ; 
break; 

case 14: 
hexstring[charcounter]='E' ; 
break; 

case 15: 
he string[charcounter]='F'; 
break; 

} 

} 

red (H2D(hexstring[O])*16+H2D(hexstring[1]))/256.0; 
green = (H2D(hexstring[2])*16+H2D(hexstring[3]))/256.0; 
blue = (H2D(hexstring[4])*16+H2D(hexstring[5]))/256.0; 

} 

int between(double t, double a, double b) 
{ 

if (a > b) 
return (t<=a&&t>=b); 

else if (a < b) 
return (t>=a&&t<=b); 

else 
return (t==a); 

} 

void getMax(ifstream& infile, int& pt , int& mxpoint){ 
char temp; 
int count=O; 
infile.get(temp); 

cout «IIGetMax Entered\n ll 
; 

while (templ='*'){ 
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switch (tempH 
case 'P': 

pts++; 
if (count>mxpoint) 

mxpoint = count; 
cout « mxpoint; 
count=O; 
break; 

case 'X': 
count++; 
break; 

} 

if (count>mxpoint) 
mxpoint=count; 

infile.get(temp) ; 
} 

} 

int isOnSpecificHandle(Point test, Point A, Point B){ 
double x = A.getX()-B.getX(); 
double y = A.getY()-B.getY(); 
double slope =y/x; 
double testy = slope*(test.getX()-B.getX())+B.getY(); 
if ((testy-test.getY()<O.OOOl) && (testy-test.getY(»-O.OOOl)) 

return (between(test.getY(), A.getY(), B.getY())&& 
between(test.getX(),A.getX(), B.getX())); 

else 
return FALSE; 

} 

int main(int argc, char *argv[]) { 
\\Initialization of variables 
int xbox = xdef; \\x-dimension of diagram 
int ybox = ydef; \\y-dimension of diagram 
int mintext = DEFAULT_MIN_TEXT; \\minimum text size 
int maxtext = DEFAULT_MAX_TEXT; \\maximum text size 
int textdistance = 5; \\default distance of t~~t from handle 
int argcount = 1; \\argument counter 
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int OutSet = 0; \\Output file flag
 
of stream output; \\output stream
 

\\Read command line flags and parameters
 
~hile (argcount < (argc-l)){
 
if (strcmp(argv[argcount],"-X")==O){ \\X size is set
 
argcount++;
 
xbox = atoi(argv[argcount]);
 
argcount++;
 

} 

else if (strcmp(argv[argcount] ,1_y")==O){ \\Y size is set
 
argcount++;
 
ybox = atoi(argv[argcount]);
 
argcount++;
 

} 

else if (strcmp(argv[argcount] ,"_m")==O){ \\minimum text size set 
argcount++; 
mintext = atoi(argv[argcount]); 
argcount++; 

} 

else if (strcmp(argv[argcount] ,"_f;[")==0){ \\maximum text size set 
argcount++; 
maxtext = atoi(argv[argcount]); 
argcount++; 

} 

else if (strcmp(argv[argcount] ,1-d")==O){ \\distance to handles set 
argcount++; 
textdistance = atoi(argv[argcount]); 
argcount++; 

} 

else if (strcmp(argv[argcount], "_O")==O){ \ \output file name set 
argcount++; 
output.open(argv[argcount]); 
OutSet = 1; 

argcount++; 
} 

else{
 
cout « argv[argcount] «endl;
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} 

} 

if ('OutSet) 
output.open("output.eps"); 

if stream input(argv[argc - 1J); \\input file name read 
int paths=O; 
int max_points=O; 
getMax(input,paths,max_points); \\ Determine array size
 
input. close () ;
 
input.open(argv[argc - 1J);
 
\\Write EPS file header 
output « "%IPS-Adobe-3.0 EPSF-3.0\n"; 
output « "%%BoundingBox: 0 0 "« xbox « " "« ybox« "\n"; 
output « "%%EndComments\n"; 
output « "/makex {"«xbox«" mul} bind def\n"; 
output « "/makey {"«O-ybox«" mul} bind def\n"; 
output « ''/In {2 1 roll makex 2 1 roll makey lineto} bind def\n"; 
output « "/mv {2 1 roll makex 2 1 roll makey moveto} bind def\n"; 
output « "/st {newpath var1 mv 3 3 rmoveto 0 -6 

rlineto -6 0 rlineto 0 6 rlineto closepath fill} bind def\n"; 
output « "%EndProlog\n"; 
output « "0 "«ybox«" translate\n"; 
char circles,inchar; 
int iterations=O; 
input » iterations; \\ Read number of handle pair 
iterations *= 2; \\Total number of handle objects 
paths -= iterations; \\total number of paths without handles. 
\\Array declaration 
Point pointGrid[pathsJ [max_pointsJ; \\Stores paths 
int gridSize[pathsJ; \\Stores lengths of paths 
int pathColors[pathsJ; \\Stores colors of paths 
Point handleGrid[iterationsJ [3J; \\Stores handles 

int counter=O; 
int handleCounter 0; //Counts which handle is currently read 
int pointOnHandle 0; //Counts specific points on handle 
int path =0; 



int FLAG = FALSE; //Generally used to flag if a point is on a handle.
 
int curpath=-l; //Counts which path is currently read
 
int curpt=O; //Counts which point on path is currently read
 

\\Reads entire input file and stores it in arrays.
 
while(inchar l ='*')
 
{
 

input.get(inchar); 
s\.;ritch(inchar){
 

case 'X': \\Point found in file
 
input.get(inchar);
 
double cx;
 

double cy; 
input » cx; //Read x coordinate 
input » cy; //Read y coordinate 

if (handleCounter < iterations){ //Point is on a handle
 
handleGrid[handleCounter] [pointOnHandle] .setX(cx);
 
handleGrid[handleCounter] [pointOnHandle] .setY(cy);
 

pointOnHandle++; 
if (pointOnHandle > 2){
 

pointOnHandle = 0;
 
handleCounter++;
 

}/ /if
 
}/ /if
 
else{ //Point is on a path
 
pointGrid[curpath] [curpt] .setX(cx);
 
pointGrid [curpath] [curpt] . setY(cy);
 
while (inchar!='T'&&incharl='F') //Read if point is on handle
 

input.get(inchar) ;
 
if (inchar == 'T')
 

pointGrid [curpath] [curpt] . setIsOnHandle (1) ;
 

else
 
pointGnd [curpath] [curpt] . setIsOnHandle (0) ;
 

curpt++;
 
}//else
 
break;
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case 'P': \\Path object is found
 
int color;
 
if (handleCounter >= iterations){ \\Path is being read
 
input » color; 

pathColors [curpath+1J =color; \\Store color code in color array 
cout « color; 
if (cUl"path>=O) 

gridSize[curpathJ=curpt; \\Store previous path length
 
curpath++;
 
curpt=O;
 

}//if 
}//switch 

}//while 

gridSize[curpathJ=curpt; 
curpath++; 

//Traverses the array to determine on which handle and
 
//handle side objects are and set the appropriate attributes
 
//of the object
 
for (int 1=0; 1 < paths; l++){
 
for (int m = 0; m < gridSize[lJ; m++){ 
if (pointGr id [lJ [mJ "isOnHandle ()){
 
//Determine which handles points are on
 
for (int a = 0; 0 < iterations; o++){
 
for (int p = 0; p < 3; p++){
 

int nextValue = p+l;
 
if (nextValue==3)
 
nextValue = 0; 

if (isOnSpecif icHandle (pointGrid [lJ [mJ ,handleGrid [oJ [pJ , 
handleGrid [oJ [nextVa1ueJ)) 

pointGrid[lJ [mJ .setHandle(o,p); 
}//for 

}//for 
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}//if 
}llfor 

}llfor 

II Traverses the path array to 
II determine minimum between-point distance 
II to set the minimum text size 
double min_length = 1000; 
for (int i = 0; i < paths; i++){ 
for (int k = 0; k < gridSize[iJ ;k++){
 
if (pointGrid [iJ [kJ . isOnHandle ()){
 
for (int I = 0; I < paths; l++){
 
for (int m = 0; m < gridSize[lJ ;m++){
 
if (pointGrid [lJ [mJ . isOnHandle ()){
 
if((pointGrid[IJ [mJ .whichHandle()==pointGrid[LI [kJ .whichHandle())&& 

(pointGrid [JJ [mJ . whichSide () ==pointGrid [iJ [kJ .whichSide () )&& 
(11 =i)&&(m' =k)){ 

double dist = pointGrid [iJ [kJ .distanceToPoint (pointGrid [lJ [m] ) ;
 
if (dist < min_length)
 
min_length = dist;
 

}//if
 
}//if
 

}llfor
 
}llfor
 

}//if 
}llfor
 

}llfor
 

int min_txt_size=(int) (min_Iength*ybox) ; 
IIChecks against user input values 
if (min_txt_size<mintext) 

min_txt_size = mintext; 
if (min_txt_size>maxtext) 

min_txt_size = maxtext; 

Iidraw handles 
char sign = - J ;J 



for (int k=O;k<iterations; k++){ 
output « " newpath\n" ; 
//Next four variables are used to calculate 
lithe center point of each handle 
//and the text size to be used for it 
double accumx=O; 
double accumy=O; 
double min=handleGrid [kJ [1J . getY () ; 
double max=handleGrid [kJ [1J . getY() ; 
for (int 1=0; 1<3; l++){ 

double cx = handleGrid [k] [lJ . getX () ;
 
accumx +=cx;
 
double cy = handleGrid [kJ [lJ .getY () ;
 
if (min > cy)
 

min = cy; 
if (max < cy) 

max = cy; 
accumy +=cy; 
if (l == O){ 
//PostScript code is written to output file 
//for the first point of the handle 
output«"\n/varl {"; 
output « cx; 
output « " "; 
output « cy; 
output « "} bind def\n"; 
output « cx; 
output « " "; 
output « cy; 
output « " mv\n"; 

}//if 
else { 
//PostScript code for other points 

output « cx; 
output « " "; 
output « cy; 
output « " In\n"; 

}//else 



}//for
 

//PostScript code for the handle label is determined
 
//and written to a file.
 
output « "varl In stroke \n";
 
output« "/Palatino-Roman f indfont \n "« (max-min) /S*ybox«
 

" scalefont\n setfont\n"; 
output« accumx/3«" "«accumy/3«" mv\n 0 (" «k/2 + l«sign« 

")stringwidth pop 2 div sub 0 rmoveto\n";
 
output « "(" «k/2 + l«sign«") sho"J\n";
 
if (sign == '+')
 
sign )-) ;
 

else
 
sign '+' ,.


}//for
 

output « "%% END HANDLE DRAWING \n"; 

//These three variables are used to store color information 
double red,green,blue; 

//Path drawing begins 
for (int i=O;i<paths;i++) 
{ 

if (i > 0) 

output « "varl In stroke newpath st\n"; 
else
 
output « "newpath\n" ;
 
//Determines path color and ~rites the color setting
 
//PostScript commands to the file
 
writeRGBColor(pathColors[i] ,red,green,blue);
 
output « red « " " « green « " " « blue « " setrgbcolor\n"; 

for (int j=O;j<gridSize[i] ;j++H 
double cx = pointGrid [i] [j] .getX 0 ; 
double cy = pointGrid[i] [j] .getYO; 
//Writes PostScript code for the first point of the path. 
if (j == OH 



output«"\n/varl {II;
 

output « cx;
 
output « " ";
 
output « cy;
 
output « "} bind def\n";
 
output « cx;
 
output « " ";
 
output « cy;
 
output « " mv\n";
 

}//if 
//Writes PostScript code for all other points on the path 
else { 
output « cx; 
output « " "; 
output « cy; 
//If previous point does not enter a handle, 
//checks if current point enters a handle 
if (FLAG 1= TRUE){ 
if (pointGrid [i] [j] . isOnHandle () == TRUE){
 
FLAG = TRUE;
 
output « " ln\n" ;
 
}//if
 
else{
 

FLAG FALSE;
 
output « " ln\n" ;
 

}//else
 
}//if 
else{ 
//Previous point does enter a handle
 
int desPoint;
 
if (jl= gridSize[i]-l)
 
desPoint j+l;
 

else
 
desPoint = 0;
 

output « " mv\n";
 
FLAG = FALSE;
 

}//else 
}//else 

j() 



}llfor 
}llfor 

IILabel drawing segment begins
 
IICloses the last path and resets color back to black
 
output « " var1 In stroke st \n";
 
output « "0 0 0 setrgbcolor \n";
 

Iithese two variables count the path and the path segment
 
lito be written as label output
 
int pathlabel = 1;
 
int segmentlabel = 0;
 

for (int i = 0; i < paths; i++){ 
FLAG = FALSE; 
segmentlabel = 0; 

for (int j = 0; j < gridSize[i]; j++H 
Illf a point is on the handle ... 
if ( ointGrid[i] [j] . isOnHandleO == TRUEH 
if (FLAG == FALSE){\\Previous point did not enter a handle. 
IIPostScript cursor is moved to that point 
output « pointGrid[i] [j] .getXO « " " 

« pointGrid [i] [j] .getY 0 « " mv\n"; 
output « "gsave\n"; 
IIAngle is determined 

double angle = pointGrid[i] [j] .angleToPoint(pointGrid[i] [j-l]); 

IICanvas is rotated by that angle 
output « angle « " rotate\n"; 
IICursor is moved to the precise location the label should 
Ilbe at. 

if (pointGrid[i] [j] .getXO < pointGrid[i] [j-l] .getXO) 
output « textdistance ; 

else{ 
if ((pointGrid[i] U] .getXO==pointGrid[i] [j-l] .getXO)&& 

(pointGrid[i] [j] .getYO<pointGrid[i] [J-l] .getYO)) 
output < 2.5*textdistance « " "; 

else 
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output « 0-2.5*textdistance « " " .,
 
}//else
 
output « " 1 rmoveto\n";
 
double min_dis=ybox;
 
//Neighbourhood is checked to see whether there aren't any
 
//other points on the same handle side near by.
 
for (int y = 0; y < paths; y++){
 
for (int z = 0; z < gridSize[y]; z++){
 
if (I ((y==U && (z==j»){
 
if ((pointGrid [y] [z] . isOnHandle () ==1) && 

(pointGrid[y] [z] .whichHandle()==pointGrid[i] U] .whichHandle())&& 
(pointGrid[y] [z] .whichSide()==pointGrid[i] U] .whichSide()){ 
if ((pointGrid[i] [j] .distanceToPoint(pointGrid[y] [z] )*ybo ) rnlIl_dif; 
min_dis = pointGrid[i] [j] .distanceToPoint(pointGrid[y] [z])*ybox; 

}//if 
}//if 

}//for
 
}//for
 

//If there's enough space the label is drawn
 
if (min_dis > min_txt_size)
 
output « "/Palatino-Roman findfont \n"«min_txt_size 

«" scalefont\n setfont\n (" «pathlabel«"."«segmentlabel 
«") show\n"; 

output « "grestore\n";
 
segmentlabel++;
 
FLAG = TRUE;
 

}//if 
//Previous point did enter a handle 
//Same process is repeated, but the next point is checked 
//To see whether its not the starting point. 

else{
 
int desPoint;
 
if (j!= gridSize[i]-l)
 
desPoint j+1;
 

else
 
desPoint O',
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output « pointGrid [i] [j] . getX () « " " 
« pointGrid[i] [j] .getY() «" mv\n"; 

output « "gsave \n"; 
double angle = pointGrid [i] [j] . angleToPoint (pointGrid [i] [desPoint]) ; 

output « angle « " rotate\n"; 
if (pointGrid[LI [j] .getX() < pointGrid[i] [desPoint] .getX()) 

output « textdistance ; 
else{ 

if ((pointGrid[i] [j] .getX()==pointGrid[i] [desPoint] .getX())&& 
(pointGrid [i] [j] . getY () <pointGrid [i] [desPoint] . getY ())) 

output « 2. 5*textdistance « " "; 
else 

output « 0-2.5*textdistance « " "; 
}\\else 
output « " 1 rmoveto\n"; 
double min_dis=ybox; 
for (int y = 0; y < paths; y++){ 
for (int z = 0; z < gridSize[y]; z++){ 
if (I ((y==U&&(z==j))){ 

if ((pointGrid [y] [z] . isOnHandle () ==1) && 

(pointGrid[y] [z] .whichHandle()==pointGrid[i] [j] .whichHandle())&& 
(pointGrid [y] [z] . whichSide () ==pointGrid [i] [j] . \,rhichSide ())){ 

if ((pointGrid [i] [j] .distanceToPoint (pointGrid [y] [z] ) *ybox) <miu_dls) 

min_dis = pointGrid [i] [j] . distanceToPoint (pointGrid [y] [z] ) *ybox; 

}//if 
}//for 

}//for 
}//else 
if (min_dis > min_txt_size) 

output« "/Palatino-Roman findfont \n"«min_txt_size 

«" scalefont\n setfont\n (" «pathlabel«"."«segmentlabel 

«") show\n"; 
output « "grestore\n"; 
FLAG FALSE; 

} 

}/ /if 
//If a point is not on a handle 
//Check whether the line between two points is over a certain length 
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else{
 
int desPoint;
 
if (jl= gridSize[i]-l)
 

desPoint j +1;
 

else
 
desPoint = 0;
 

//Check that the next point is not on the handle as well
 
if (pointGrid [i] [desPoint] . isOnHandle () ==FALSE){
 

//Check that the line is sufficiently long 
if (pointGrid [iJ U] .distanceToPoint (pointGrid [i] [desPoint]) >0. 25){ 

//if it is, place a label in the middle of it. 

output « "gsave \n"; 
//Middle point is determined 
output « (pointGrid [i] U] .getX () +pointGrid [i] [desPoint] . getX () /2 

« II II.,
 
output « (pointGrid[i] U] .getY()+
 

pointGrid [i] [desPoint] . getYO) /2 «" mv\n"; 

//angle is determined 

double angle = pointGrid [i] U] .angleToPoint (pointGrid [i] [desPoint]) I 

output < angle«" rotate\n"; 
output « "0 1 rmoveto"; 

//label output is written 
output« "/Palatino-Roman findfont \n"«min_txt_size 
«" scalefont\n setfont\n (" «pathlabel«". "«segrnentlabel 
«") show\n"; 

output « "grestore\n"; 

}/ /if
 
}//if
 

}
 

}
 

pathlabel++; 
} 

fiend of label drawing
 
return 0;
 

} 
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