; €3e4PD6T! ) " JP9-2001- 0152 DESCRI PTI ON GRAPHI CS | MAGE GENERATI ON
APPARATUS METHOD OF THE SAME AND PROGRAM FOR THE SAME Te hﬂ% al g eld The
present in s to a graphics display technol85§ 8ﬁ ate a
gr aphi cs i rchi cal data. Background Art Vari ous technologies
have been propog which visualize a set of a plurality of elenents while
reflecting relatlonshlps bet weerny %¢§#% Epts, by using a conputer. As this
type of technology, there is a tec ogy whi ch graphically displays data
including a plurality of data elements organized with a hierarchy structure
(her ei naf GRAPHIESeIMAGR GEAERATEICA ARRARATIA 4)METOOW eDF | DRAI BHMEI n t he
t echnol ogy of graphical |l yagpbsphegrag tbrSThypead hi erarchical data in rea
time, the hierarchy structure has been displayed, in general, by use of a
tree structure. For exanple, Explorer, which is a file operating system
runni ng TFWitFmsE1q k& operating system by Mcrosoft Corporation, U.S.,

di spl ays t he Thieerprebynst rivctemtd cof Beistessyst e byaphiing adsipde trfae g
structur j i at £hEnt g a ko e place
bet ween teeceHriibaltMey}gl 1e:rgren sr?é Homev%r aég?%g{eé?hﬁg‘a:dé aorgl \ptﬁpﬁaéeldan]g(%}ﬁ§d§%f j ust
arrangiﬁ%i ta elenents in arow, in the case of graphically displaying

| ar ge-scal e hierarchical data including thousands to tens of thousands of
dat a el @M ountd izzrtdi fficult to display a large quantity of information

on @ screen. vis et nedcahodbgRkay rtgatﬁéer%reﬁem rgg avre apdgble for
| ar ge- scal ata t han EX O%E{ Tree t a F% e met hod
are concei “fhe %re&fap hod F‘é?ggstya hPer af f}‘e§t rsuct"mjel%f dat a
by spli tItQﬁigB@JSfth eeﬁl@*'pa@eslehpahbehweee Hiter a¢ bément s daba iusidispd ayed in
al t er natdoagputayd i cal msd tnmuoeypé dbFectieenficand yyekigigtene spli4 regions

correspui V'w‘?t:t%h g&? Fx %%‘irigs d%&ﬁay% Hgg ”e%tfgguatngesgr' bed in
detail, ffgra)g% Igata ?eggnts organized wit 81 a hierarch
y
structure (herelnafter, referred to as hierarchical data)
Conventionally, in the technology of graphically
displaying this type of hierarchical data in real time,
the hierarchy structure has been displayed, in general, by
use of a tree structure. For example, Explorer, which is
a file operating system running on Windows, the operating

system by Microsoft Corporation, U.S., displays the
hierarchy structure of a file system by using a simple
tree structure, in which data elements are arranged in a
row and arcs are placed between the data elements.

However, since this is a simple method of just
arranging data elements in a row, 1in the case of
graphically displaying large-scale hierarchical data
including thousands to tens of thousands of data elements,
it is difficult to display a large quantity of information
on a screen. :

As a method of displaying hierarchical data more
suitable for large-scale data than Explorer, Treemap
method and Hyperbolic Tree method are conceived.

The Treemap method expresses a hierarchy structure of
data by splitting a screen space on which the hierarchical
data is displayed in alternating vertical and horizontal
directions and making the split regions correspond to
individual data elements. This Treemap method is
described in detail, for example, in the following
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literature 1. literature 1: Shneiderman B., Tree visualization with
“treemaps: a 2-d space-filling approach, ACM Transactions_on G aphics, vol.
11, 1 (Jan. 1992), 92-99. or http://ww. cs. und. edu/ hcrIPf’?e@?&pE}Wn t he
Hyperbolic Tree nmethod, a tree structure is arranged in a hyperbolic space.
The followng literature 2 discloses a nethod applying this Hyperbolic Tree
nmet hod Q {&X A rqfrs oth a hierarchy structure and a link structure between
data el enent's Serature 2: Hao M C., Hsu M, Dayal U, and Krug A,

Vieb- based Vi dddi9tAiYSh df Largeneidpaieni cal, GHRR WSiTHRliRaEidl e Li nks
in a Hyperdol i ¢ répaaes:HP habozatiorigsadal biN 1ng HRPROOH-R, FIXEM36 is a

vi ew shqwa@g;aaﬁlea@gm&ﬁ ef afhsplsayinpg hi @ﬁar ghi gl daﬁ§9'ég ng%zt_ D s are

technolo cl edlnthel tﬁ}a eferrln to Fl

radi al |y e/O o Hﬂ“%%‘h’é@i ST ST RPT evel toward | ower hi erarchy
| evel s. | ndr \Irndu‘allle datypegioenaimt sTpeacagtdtod/heal dwsst btenatohy lievel are
final |y aarmaanger at ahaypetebmﬁz&t srgﬁrdepherwhel mel dentall Y.i@sra et hod of

vrsuallr_glr}gl TSR Lo BHEUCLULY edg'arfgcayﬁétbgtté Tge%%tt%c} D) whi ch

concei v c nes re t angul

are rrad gtﬁﬁPt% }Pﬂr aF ¢ FE’&BF urepag né‘stéd“kna?ﬁr%tc’if‘tﬁe

gr aphi c@emwsq@ra;ﬂataoaﬂrefmams Yy, an individual region is set for each
classificatiqntefradaira et enmgabs Mconst ) tggungl thegetyaelr agchy asiar q&t&g , and

Lhe datq el appgLs, aLg %rls%%q%a&ql Lhe, b edin 4o Lhi s, fase SFa el s i

data el engénts ar g on ar e expresse
t he sam¥Sigpe aHHl £PLfRe sIatr% i zemthé‘ da’flap@FEPréth C%pla%%' ar rtéhged by

j ust  ar Layiong tiolvd ecelHaslo Hoviev,erHPIntiz0 @+, meani ngs and contents of the
data el enent ¢1ar.e 3&f hectedyoawt hshiaResaANe &iga% 0brt RE Gold Sind t
becomes ;3 QR qrpr?tlowd?{:g Cdsei eiythge tce{%l S f‘o arrar&qed d the r ergr: on.

t he regqi Qns an gll S are pressede A rec Angrés NS bPobtlré corres
to a pr&BI EMAMEE % set conposed of rect angl es of arbrtrary sizes is
arranged i n Redeximingurha eCt@ngib araregi ane” rabiialpyokxerrided ddced

Packi ng,thléeatligm@sﬂvaﬁl@wcw 1dge] i k@wa@adlaroetl 8d eir3 riohgl w1425 rangi ng
VLSI s (\f%”ivll%l S&g\t etr}he%%raged laced P9 %g01 15%?1? rhcwt rpcl n a boar d,
| 0 P

arrangi g patter ngrng mechani ca and

the |ikéEVoar P&&s tlé’(f"‘rJrr’thu’iersraﬁleﬁ%j et QR EEP T B%ﬁf@h?ﬁ}/s pr obI em in
t hese fi el ds.Inadddeserlillyad aboremethedt ecthnv gurea I Oz 1wy predsieng racty er ar chy

struct use rytuse Obra Kiee SEMUCi Ur &1 has hist hgetQoheens used @si Jde

t echni que . f.Qr cal | gyl i erarchical data. However,. it has
been di ?’ﬁl c(lt}l t&#“g[?lr}i%sa £é/(?rp%)%) %e%gtag éltlar re%l%?’chfaataxﬁngjr}ertts are
arrayed"PACR r3%F af@ 3 c50 arc® HHesRAN et Redhl S HRF A a l€Vedent sint @ di spl ay
all t hendgstadelrememts dbrl aa ggrspalieshi@isptaycal S¢aidicaligyeem The
Treemapingthodudilsclasesh | st hed i teF abdee Jclass@stﬁﬁfemi&veo%w&a%@ e for

Lar ge- sgaloicer arghigal datg teggrfmggttgr di spl.gy. DLer arghi caly data in
conpar i son W'%L ove cribed si Yed®structure. Howevels when
t housan88tfo SLERETSS PRSuSEFd %5 d'ataF Rt S are di spl ayed, t he regi ons

of m ni num udint $hils ctesa,e hAdeliother cegeongll dertthe darangkdmamnt s are
excessi pekdetenfi nakd fé@l&h Siakiel | & ¥ptbgteQf Hys (I:Qll‘@é edn StRL! &fdne even in
t he tecE ge gllllaclooiseg n ghgelrteratur%4 usi.n g I-%Qerbolrc Tree

fahe ?13% ds %"i'lrépl a

nmet hod, ch I S consi ered-t su‘taB:Iefor of
rel ati vBFyaPgrge-Ral BShi ér’%ﬁac}fﬂ‘tﬂal that £eltlfe i ndiovedied, duhaneltdfents on
t he | ommstnhngsaraghty tenténtse ofr rangedakn tdienpariphery afefd acadical tree

struct upg. tﬂ@C@'h@'p%QJ Yan dtsﬂzsesdléfla%tcémg' SP{:a%eEBRH§aBd§3rIo%lte‘?d‘s of
thousan ? e gat e%l tths F therrr(ret)ref gf/ rr}erée t echnol ogi es for
graphi ca Y’y 5 ayi né’ hi et &fchic &t datd Uy %‘g e 5591t ure expresses a
hi erarchy st Fﬁct GP€ r degtied s o alhssig catebhs of a8at acgPERsses byYuse of

t he treeestangilase. tlHies eb@bbletnhe:dfmﬁ atehy sprobleme tiateasal yset

t e, | at
;ffag?higg ngae'ed;f tP@ Eéﬁ&lé‘@e % da‘aﬁf%éﬁgagh%g ald °§§F%‘Hggh to display

ndi v] dual
this I z@&e&%%r SPGRNy ar cIRos BRORLS. LRbFEdE | n L ha
case of Pé§i<ﬁg§t heNert hod, oMasdifnagr,mi ng athpe aghikes dasgl aapmi 1éd ndst ed

regi onsfaglast eshnisqguedgimyi sualTiszi Ngethe 1 egar GBaId r Heky® a@fed
hi erarchi cal data, as previously described, it is required
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-3 JP9-2001-0152 to solve the problemthat a set conposed of cells of
“arbitrary sizes are arranged in a mni mum region. ThereJljbq\ég ?ld’l%?dy been
various techniques for solving this problem However, nDst tPlereo are
optim zation techniques far mnim zing an arrangenent region, in other

wor ds, technol ogies of "m nimzing the arrangenent region regardl ess of the
| engt h gt ccul ation _ti en W .l on ti ti '« gHowever ,
when th?gr%rﬂggremg:ns tari (ra%)a(r?/'be égo g\}é%lrlé(g [g)pft@c%?htghee? 'ﬁ%)cges'of

gr aphi caFF§naLEHI aPFAG2RTERAr cRRERF ddfa,?i P 'aster'eqtﬂrfded%tchc? r éd%ée t he

cal cul avaoaotisnmetétbniguaspl bava f beesecondsended néopesioddet o talllSow an
interachr¥ygleperat k@akeard iisebt ain, even if not optinal, a proper
arrangemment 4esuld. 10,8 §eLLAL SBREe. dhlith i COBRCUL 0N s B oblect of

t he present PRvention 15 t 6 provi dé a technique for easi generating a

gr aphi cBlPFagELYf SALFELIEE e I ertihi®hl Yat BECRANOBREMCEHEECt PGP t he

pr esent hiiatiemtbon bieent 0 yseaVi des a tleehnigolenigquer appdl y gpephdicaildy
progesshggpqugggi %ﬁ%&%'r)éhlaﬁcraqn&iaﬁ% elements of arbitrary sizes in a
predetermned regi on. Disclosure of the.lnvention pre i.nvention to
attain the ag8§78%85j’ec% g‘ﬁﬁ OVt dglg%éféfgﬁi csof rrggﬂ% géelnr§§g%i c#e%ppar at us
char act 6EFREHUBE  béinnyhdehY idpfrde e ke s onse BpERYEACAN ¢, FOMi €0 aphi cs

i mage genesatairen mipperdtbist vseshahacdertiaz ed dnentee] udongiseleyemtl 1

ar r angegRat Jmans of BhenP@sede 0f ahheLakahicCal i 88t Ach 8EE ANGIANG fbAULES whi ch .
i ndicate constituent elements on a | ower hierarchy level than a constituent
el ement 564§ predet ermined | evel of the hierarchical data, in a figure

regi on whi chThedTegeasrt e tdmstdisemsed ekenthenlikerptedet r disnéd | evel ;
and arr aaganpegiieCost i bhbheanod Ol agegresakiley Rigrapbhdsailnadetof tohe

hi erarcekgpgﬁ@ggxbydjfcé#fénghﬁﬁga@cﬁmtl a4 ARIGNENL oHBRRS bR WAL Sively

perform 0 I gures r each hierarchy |ev froma_lower

hi er ar ch{el V& SIS H ﬁ?@?g?cwelee\ﬁeqr%cft%%ee‘ hi Epg?c\fﬁiréalwr@ﬁ a.

Her ei n, thhasehdsentcar teangemedt mbansaadsangds Pagar es lemantshata el at ed
ones of dileg1egRst,i tueNtr&f eseat 6£- Ainindf9-2(iQls Odls2clar arbomated td ose to
each Ot@%&ge@?%%QNQﬂj'MﬁgndgtgrQQQ%%E@%n%Q%Qn@XQés§b§e§9n§ﬁhkyeﬁﬁm§|enEntS
i's arra&}g}le L] h%,gl, margnﬁarr g%ngpt rre%qw handl es a cofbi nation of a
figure WhtcHPrditcdt-ds 5%’%2_ Mt constituent el ement and figures
which are ar Bangd@ndivvhi 8vehe bt eddrcer rerbaigorst fiaehpsefentht BiRd

i ndi cat e igersitiutreend elseément Shen HypeaWwerl i eTaeehyndtdwel, ashachi dure. The
graphi cg huage denegation apparaliis MRy benconfigunedst cafsgther dcl ude

arc creati,on , neans for enerat| , an ar.c, connec |ngthe consti.t yent
el ement §e&6‘ﬁ§1"ie?l¥t i ﬁﬁr% b?%ﬁg‘?eSﬁi%qﬁle?aaﬁcﬁﬁttlaév&h?n -Jtnr?glvrﬁdéura;r chi cal
dat a, bdesa onlemewtat Pondthiep bererenhiksagehst i keieat arensrt2nadst eover,
the graphi ehd ROC GRS af o BpPLs Bt Usesny thaceanki.guredtdmlifnglther

| nc) ude sergl &l e hpl ¢ 10 8BRS LN A NS s LEIPLBRE LFeHHIulAhPOSI L ons

within the fiqgure region. In this case, the el enent arrangenent neans
deterni R sdéﬁ%areﬁﬁﬂﬁg}%t position of a figure based on t%e tenpl ate hel d
in the tenpl &uethsirdiong neamnand &fr angdweshe fEgaheolpgérer abliLr t he

t enpl at griaphdicedtied lased (onrgy gmapascHinege aldeadyugengr & ectree

Al ter natiey E%uﬂé“aéfﬁggégéé'Sacrﬁﬁé?grpﬁ eds@pyRlQeMBlidn: dPUd ed by

bt een CAGRSHHIE O orftint SIS 78 | cf FERFUEFy-PFhe eempl e 1€ cridfied based
on pr edetengited .cooftengtfe raxest exphéssipnghiea riget wFe dafa sd3h ¥
posi ti opalcog@lidtddgnshbt in the case where  there is any
relationship (link structure) between the individual data
elements, it is difficult to display this link structure
by means of placing arcs or the like.
Moreover, 1in the «case of wusing the method of
performing a graphics display with nested regions as a
technique for visualizing the hierarchy structure of
hierarchical data, as previously described, it is required
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The present invention is a graphics inage generation apparatus which

" generates a graphics inmage including figures arranged w ;F)h%(? a01

predet erm ned regi on, the apparatus characterized by i WEPT CHg—: 2brt means
for sorting figure data to be arranged based on a figure area; and el enent
arrangenent neans for sequentially arrangi ng figures based on the figure

dat a frgsnby U S8’ Bherefl nde 8 pertphany, Lhes eql | nesqct gt der

obt ai ne re specifricall nodi fi es,
based AFRLFEREY | éh§ﬁ§p§r@ VERC R0 Helni @ur%l%ljdfuém Fﬁélérf‘der T)IFe%%e figure
dat a sdrdesl bkalsethdyn teerf | gard carseateahdithe sel énent satvangenenisneans

arranggﬁé@i&aed one%ofa;fevteltte fl | Bldes SPhaseb@ | 0gake cboseniaefGh ot her.
001-01 [ at es

ri angUtes DEURET AEP BTG oA T e 3 OFROF o St Ryt PEngBa as
verti cao¥qs t heeebgPdagiand chet'érmﬁeszmg aFhangemanogissit i BagbPna figure
to be nexdamdlesgedfbased l@hgyzest ofalehaagubar témemerdverofwitie &riangul ar

mesh. Furd eéa é@fa@{gﬁegi épventl on is characterl zed by i ncl udi ng:
gr aphi cs i enera ans for ecel VI e rarcgl cal data and

generating i %I%‘t av Fn h?%%b hge Swthi xB‘Pe S H Y rafchy
struct wartf tdfe hitévear chiechAhodagy byolise @faphhestidéd stdusplapgiong

t wo- di st oRethi 4 DUr et 5t or age nepans dfustédi NG d heregage dat@eof the
gr aphi Cé%ig?ﬂftj%nt he; fU ergg ghi %@Jan%eita hefe(‘@%e@%ﬁ be' 89 g%ﬂ&rat ed by

t he graphi cS 1 mage eratr on nmeans means for reading the

i mage cfg‘?%l‘?‘ri offt ﬁel%ﬁ“br%@elﬁeﬁﬁé‘c&ﬁéfedl@?ﬁ%£ )(hénfjea&i’ i ¥ageldat a.

Anot hereggraphifcsnphagep yenel at iconpapparatasrafigehenpr esehtly n\t@ntaon is

char actceéfgglrbydé@gé@di ng: position information holding neans for hol ding

i nformation nc isng t pQsitiQns fLgur t mat i on
Jg;‘i’bagég @Jr{r?ér atgﬁp sl 8?1 Od‘j cgﬂ; b8U" &% hg %QéﬁE

bei ng create on a Ics im 1 rea gener at ed enment
arrangeﬁ‘r‘e‘Fﬁ“%%leoFoarprréWdﬂ?g R heef @ﬁﬂé% iR Tt IRA $ gl 0PCBEERHIDA t he
i nfor mest i @rapihietsl imagdeoposatgenscater hderemchdicdilnglameans, concerning the

arrangenent mﬁépneb%% theff ltﬁer B5eseh tiptertiend i Daires ppLobeqarranged
do not over sll ti OEFH_,%%HBH on QSEQEQQ angcmay hol d

i nf or mat | on conce |ng arrange res créated based on
pr edet ¢ HetP sy g G5 i Srlremieﬁ’sttseaﬁf fa¥kP13et¥%¥k5r mEt3%h ddnc®r ni ng
arr angemesdeposhinensrediébngures created based on a graphics i mage al ready
generated. Alternatively, the position information hol di ng neans nmay hol d

inforn%igglﬁggggrgfnghgrfgpgggzgk positions of figures created based on

predet erm ned coor di nat &, axes Irch express meanings of data with a
posi tional retatPEREERD. IRUFPREPT tRe aﬁrtéé%]ntthen\/%krﬁ‘f%nd?%e%tﬁr SPRi cs i nage
gener atporv e hod eof ggmepdtiiosy a gmaphki cs gemgeatmchudi ngerpagares within a

predet efrraf@@ltéegt@@ by kst;pntrqzalelllrra;g a eonpuleired he aet hodrehasasteri zed by
i ncl udi Jf%%fff Ofcm %‘Pa'}% sgu{rﬁ?ﬁé‘t ch@ 28 5 dJE&é”g gStorage

unit starin ure sor gure &at a
JP9- 2003h ‘“t‘)ri%‘? ¥ H2e %Yeé@c BAANGE o ﬁﬁ‘ef‘ﬁ'—e asro‘racr}ﬂ)enr'?r@g‘hr%eﬂ%?a Phrsort
resul t Based ngoneams e rgemdriataIng datangubaramgshg n fimuiregi omhickadi ng a

sort orﬂaﬂl@aﬁtéheoﬁlseurteemtaeiéz@é&weoeorat 18§kt rSiteard ftheaBsel
sequent A‘?ﬁl"l Ya sgggg@gtuggyrgieﬁ%ﬁ%d S gﬁefaegéqﬁnﬂ?é@ Sy QP g6t splo be

arrange n accor er.mning. arrangenent

posi ti WAL ¢MECR | gHREE/ bdded o?ll‘ii‘rlrf%mﬁﬁgépnelwé‘r%é:rﬂ st EHMESE r FARgul ar
nmesh, athstitmegnng themkngur es asthde pbpdetsrindnied arkewgged aanthe

ar r ange{erdn papd it anntéad A NY S 9§aRb68 i hFRGE PRih es PMager angi ng
the fi qur es Héht hﬁler |crgltlo |ga?e dat.a stordsrlg,\eéreagie Heéféﬂ Ehe step
of arrangl nght ares | icrudes the s o rmni ng-an arrangerrent
posi t i W FANGEME Hur @G@dssedt@n %‘?Ci‘éésb‘f’e%ﬁe ReGERigul & rengrEiRnd:  ahd

ar r angi figywnes offorhesd¢clguhderaxchiye bdyett £rom be drowengediatatrbby

det er m N AT HANORTERL gREST L 8l #Ch § UdGIvigy Wt Nehed udBEEBR EgNdi LT On
for jud nE? possi bi I|ty of the arrangenent is satisfied. Wien the judgnent
conditi S not satisfied, the two steps are recursively perforned. As
this judgnerdexaimiti ¢ie i teiempotsi [ rrangeregntondie@ingns, asuangas whet her
the figiigueoessneh tRber kenatwdt bnarotdfercHd guses andushet beemehesfi gure
protrudes fromthe arrangenent region. Since it is exam ned whether there
is any problem by actually arranginggthe figure to be arranged at the
arrangenment position, the figures to be arranged can take any shape.
However, when rectangles are used as the figures, the judgnent conditions
can be easily judged by using the coordinates. Mre specifically, in the
step of determ ning the arrangenent position of the figure, the triangular
elenents of the trlangular mesh are sel ected |n descendlng order of srze
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JP9-2001- 0152 a predeterm ned point of the newy arranged figure as a new
"vertex of the new triangular elenent, and the arrangenqﬂ%_egg%hhﬁa of a
next figure is determ ned based on the updated triangular mesh. "Anot her
graphi cs i mage generation nethod of generating a graphics imge of the
present invention is characterized by including the steps of: reading
figure g?%alggagg aEﬁgggeqdf%%@hao%%%&qge unit storing the figure data,
sorting e rea Figure data on the basis of a pr deéernine .rul e based on
previously sPeERPVEd: aMgRgéndiie IS 1Y o?n?iagra © GRESSELSPPRG the
sorted eilgueetdatds n aordangesul t theor isdgmeens; ageaeganény t meangul ar nesh
i? the neahoBs r§acgd?1?3_ﬁ'lxzft9ir6n ?[offera?!‘fi@@réi %fc}dati&mfirdaﬂetsheta@[t resul t
storing_neans, _sequentia . Se n | es ed. e e a as
oby ot SPPEaRTexRERRAT ML Yy PELAL N Id il €0 a0 O GO LE LA PRl 2
arr angefERaENg8s; rof théiePFREEEESMBASE] T YaTvi BHEM§NEpEart i ed
ar r angetredt cpasi tdamst ifudrite tilgueassandth tai dngwlrarhedéeaechy dkvelle
triangubar;nmesh, @nd arranging the figures as the objects to be arranged at

t he arrangengﬂt posi tions: and storinﬂ a_gr.a hi cs inqg@ gbtggnedb%y

arranging t hé"fi g@EPHIES he FaEF onIF F5ai&€§e<ﬁﬁ%?% or] ng"AansS Furt her

the presenfippventi 6 cinrbiereallngéddss ArFr o§LEMDLMNNChNEGREr of&Ta

conmput egehergenagat ana giraphtceancasgag Speei f coalsity tuchits plegeatsi s -

charact 8ol ged Oy 1GRUSING LDEISOIPHL RLa! OnGXeEHIEy PTAGRSST Ngnof thecel ving

hi erar chi, cal %ta nd st aki const i tuent etgnents of thg:hlera% hi cal data

into dafa®iesFrAGeteaidtas a M efarthyA STPUEEHR e RATHSE hit&Far chi cal

dat a; provessitngnsf elependisvel y executing, froma |lower hierarchy level to

a hi gher hi eparebyelreveheofgddith i eraiade cabndataiopr appagiangsomay _

sequent bg' 'é’orﬁffflﬁf‘@?_t he, CP&‘?E%&Pe%cﬂ_'u%{@”‘céméﬁé%e%éfdirh& drkAStoring

means an aé&gﬂg ng figures_Tndicating constituent ,el ements’ pn % | ower

hi er ar ch9¥I 11N 3t hESTPRAYT € ortSh ing eRRRES1PASA ¥R 86 on whi ch

i ndi cat §ighaer englgtonst i t dent thhenepese, arfdhr solesdiny 6k rengemed ta

gr aphi Cﬁlebﬁég@e(tferh??léﬁ' emarphiasentain pbsatned by EE(fliE;air‘éelb)as@cECEti ng

arr angepent i.gure nt.q 1 ppge ri n ein,g the

pr ocessgﬁ% %}?é atrtIr%glrﬁ)glia%é tlﬁeél i gglr %EHQ?) %@P%éégog%qﬁ%% fr?l%%}géét iarri:ld t he

Gonst | t BENEPEFENEMS DrETHE: | oREP IRFELAYehyF 1S VEFTP e Lhe LFi GUPE tRBYi on

i ncl udebaspdoces®ing of soytaphyids gur éage be ak¥eaded basagratesh area

t her eof naRdrabeiivey yg SORhe estleinplateort irsesuldresfterd ng baeans; amd

pr ocessi NG haSeaentialdof A PG SPeptLAUEES Rt AeACIORLANGR AN the

sort reSult read ffomthe sort result st%rhng ggq?s. NMor ov%n, in this

progr anfOPRETPROGesd HPAaRGiIngt Fghr BESPhH At FHYSR hé& Gt idnt

el ement slenentis .| overterirartarehyy | evied temphate gar ereadiedn biaseldudas:

pr ocessprgdet esaliticdy dogtdBsat® brear kangedid en¢afilegsi og rdaltat i onshi ps

gi ven tgiggeacggggkggﬁgﬁ ?éT%?H65§HE?prting and storing a sort result in
% n

sort result storing nmeans; a rocessing of arranging rel ated anes of the
figures so as FoH?ﬁﬁﬁQ¥c+%%%n?£O%a&ﬁ(ﬁrﬁﬁa??ﬁ%icgpagﬁcgﬁﬁ%ﬂ?ﬁﬂ%?sort
resul t pppdritom t hbisdyt gewtatss ord nggreRhsCsFudmaee, timicd ysiagr am may
Lurtger fegusest h& MId@r otRxAacUGe: pmfmsémgrll@cﬁ geag&fahi,ngtm arc,
ased o io Jﬂﬁﬁﬂit co .e ts o t i gures
indicat?ﬁga%%g%%qngﬁg%ﬁgﬂﬁge e npiymh?ﬁﬁi%ggggftugggg Fgﬁgfergﬁﬁid
hi er ar cAPTEEPE TPV Sgrdddift dL iRRr BN IRe RPERYr ORI Galt GAEE A% gr aphi cs
i mage bendg elxregmed alby angemesity ghgarx e ngedhen bi 2 hhyemsmanginhe
figuressiMoreavepaséd Wit PhECESEIWge Olddthe PEGE ain eknarliangfngHde
Poures agel LOg gats -gsﬁéfrgu‘éﬂgrsb%ﬂmss 3L iU gl Abapy evel in
the figuré-regi on, arrangene posi tions of Phe figures are determ ned
based oflg £&kH H&NSor identifying positions within the figure region, and
the figures ¥oeecarsmrygeticdriyf BOescsoptti oreanfs tthedDf daesngbakke@ chis a

di agr amyshewizRg o stAHd AL ofb of h@ £05RHECHaSYSt @MeaD rdled JFNitdfe | MAgE

gener ati_.on appar,at us "accor di to.a fir e nt t he esant

i nventi 6A9EFG dﬁtcias %Oﬁf‘)%ar ;%‘Sl’?? ustt a?&lﬁgngggg%f%i g%?éf‘f on oé tschef{e13 gr aphi cs
i mge geREm&fitona BPPALANEE LackeRHF N RIANIRS f iLeda t&fhoanmsnt 0 6f &he present
i nventi gAgurk® s3 ia$ aovilewsfwvwinga b reariscothed. circle of a triangul ar

elenent in triangular nmesh; FIG 4 is a view showing a state where
triangul ar el ements of the triangul ars-mesh are classified by the
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-9 JP9-2001- 0152 nunber of adjacent dumry vertices; FIGS. 5A and 5B are
“views illustrating a technique for placing a rectangle i 6 i gul ar
el enent sel ected as an object where the rectangle is pl%lP e’g? {:T%% 6A and
6B are views illustrating processing of noving dunmy vertices and expandi ng

an arrangenent region to arrange a rectangle; FIG 7 is a flowhart

an arrang ( ;  ed
i erar chy | ouaregRkby i PheroeEpient || BPL e hEknd" BpREEHELE! M N¢
i |1 ustrafiAgIulproredtr é NGl vdingh Gy aheP et angf efbyutisfnglrrédri angul ar

mesh aceordnpgdt ;a4 hive ranie memt ; tReEGCSre@fohp Hndir elatieews nfsoweng t he
arranges@%ngéméﬁet Bgkes ohY MSiaNG itie-d ri anguil RExPeghrangerdibAgelo this
enbodi nent ; . FI GS, 0A to%‘%oc ar.e v:r&vvs Ietj ltﬁ}st rat. nrﬁ;el%r ocessi.ng of updating
the tri8Ngtf&4rSnRSh FOPPERIAG CHETSAEnGdmett® 5t %2 it 3o d¥aHYyl e accor ding
to this enmboBukEher, Flthe 1prieseaty | dpgRaEdon | LSt cddnag te Prasce s BYof

gener atingladghgphiggsphiage ohabeergdrodr el ordama@aascof sht ngeteivhhg

ener at ing: 2 i ind o data it
ol anent &6 b SPan es dilh ?%gé?ﬁﬂéeé*ﬁi%’%a?%% s SrapgPTassl and

erarc ided Tor edch nerarchyTeyel, a
the graphf€s i HEJE" s YEHTHI% atco GECON hi T BHGH Trentt Fi 13 is a

[
vi ew shoiengrahstate wadree Wb pages afe graplasddy sgisprhyed aefording to
this enbpdiaentnbyochelngrhgndéed astéhegsi anedsdi cadr dattahagedtae URL

(Uni forfr‘nggéo%gﬁ becahar ?r’ap'ﬂi%s 1d e%P'@HéaHkékLEé%%%”Qaﬁa
configuratrop of a graphics Inage gene a(gil n apparatus which genefates a
gr aphi cSPF a9t g‘?"’(‘iﬁjﬁ i I IR rgﬁﬂ/ cOFPENAESor dMAGSt o t he
second gshedehenn okanise mresedisphyenmeens Ho@ dsdina thewdhage

illustrastagriche apey aliorgd geassabhag ARBAIL hef Weed eenat iihdeat
el enent g, py an arc generation section; FIGS. 16A to 16C are views show ng
how t he arcs_are generated, for graph data generated by a sort_ section, an

el ement arr afGeRBRE HARDICS ardda9f aPFRRGEMERD cRRPRBRTYRCtTonthel o

JP9- 200pr6488t invention 1is characterize by including: position
information holding means for holding information
concerning arrangement positions of figures, the
information being created based on a graphics image
already generated; and element arrangement means for
arranging the figures in the region based on the
information, held in the position information holding
means, concerning the arrangement positions of the figures
such that the figures to be arranged do not overlap each
other. The position information holding means may hold
information concerning arrangement positions of figures
created based on predetermined design information, instead
of the information concerning arrangement positions of
figures created based on a graphics image already
generated. Alternatively, the position information
holding means may hold information concerning arrangement
positions of figures <created based on predetermined
coordinate axes which express meanings of data with a
positional relationship.

Further, the present invention is a graphics image
generation method of generating a graphics image including
figures within a predetermined region by controlling a
computer, the method characterized by including the steps
of: reading figure data to be arranged from a storage unit
storing the figure data, sorting the figure data based on

-6~
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FIG 17 is a view showing a state where, for clusters indicating pages

" concerning sone projects of the Wb pages shown in Fl G 3 S ndi cati ng
a link structure between the pages are generated; Fl cs.’? %\O(g]ng) igB are

vi ews showi ng a concept of a tenplate introduced in a third enbodi nent of
the present invention; FIG 19 is a diagramillustrating a configuration of

a grap er n t raphj c ge of
hi or ar E%f%ﬁ%@ FASRe PR PPERT RN AP BRES BaBlAOIA PR0LEROT
showi ngr%s‘é at ét\mér“@ c@%@ﬁ?nat%ﬁr\ﬁaﬁwgﬁ tFé@Pg\VéIatrl cBeshf dh BPRfangenent
regi on ze@iony mekbdedgbasesbon artlemplceft ethd| Gigltei slaxavifewem| thstrating a
net hod of ar rangjng QQB%Ehbuexﬂéaﬁi:enPs@q%e%%fHﬁl gsketlibigs efpadigent; FIGS
. 22A and 22B are ,vie |IIustr%t % rge %etractln tr angular nmesh
o onentBATEF 601 oFE i YD SP g o IS | 5RO a FeeraRg oo TH & D5
is a vixgEPrdaree atiidd athet heer bf Cb"-lﬁ%ﬁrnl ﬁ@t@éﬁ‘dPG@lge ®6§6996Wﬁ§n%ere a
rectangbesisiemns angectid abgextsadlectd romnguiangmsal edlmets F66& 24 is a
vi ew S;E;gatﬂﬁ Ag?;,mo%@%haa"?}qeod P{-aﬁé.@ﬁ@d'%ar]fﬂflﬁaensge@%nttﬁgg' on in

t hi s empodi nent ; IS art |IIustrat|n t hod of arranging
ot our O ST BRt KRgIes ABRATREG: Ay Wi BF APCASTEBSoIBS Ao | and
f | owchastorinuserarkphiasmirhge o tedtadriby r@rltamagmq ablgenéhagupesi tion of

a rectangl €ne Ffé?glaﬂ ista ihayehantal khustihat me@npr.ocessi ng of generating a

raphi cs i mage i erarc I t C ol a nt
gonltor ol sectl orné)LI]—' C§h 8%{:83 Zog?: grgg\?}gg\%/g Qﬁﬁé fl%fur%% ééggﬁagg image is
updat edtB§ eﬂ?g‘; aofen'pﬂl%‘iee“?b‘?lrl’ﬁ erfar cﬁFEéPgﬁ%atcr&%@W\b #i nme;

FIGS. 28fgtoe29@ e wirewsighew »f howe a tgrigpteids 4 na@emlesxtqeneaaded by

usi ng aaiﬁ@?ﬁk!;ﬁﬁ@ 68E| BEt tRE & 1dRTIGN a8 amOfom ases ; t &1 6S. a30Anyed30C are

views show pg § ‘é"e?m%éBh'a%%ah@%%%ﬁté%%g%&a&r?dﬁﬁ% @i‘icﬁ’grlxg \A}SJRQEEQEE based

on pr e er m ne coor OW ng states

wher e "11 ju @Qe§50109T§2tﬁP€det i g Ring arEE:‘Pﬁ%JakPleJa?% art gFaﬁhl cally
di spl ayedramgenehngiso stEltiis farsbdi nghen Ehe 3Rldmerd viewlshbwhngsa state

where pigdesgf 1% nedd )\ebhpagRs akepdr arbi ealdur sdivenlayed raGidli ng to this
embodi ment by, being handhgd,gs é‘é&ﬁf{%hca'ltdaﬁ Based; 9e Ry set
conditions, such as whether the figure does not interfere
with another figure and whether the figure protrudes from
the arrangement region. Since it 1is examined whether
there is'any problem by actually arranging the figure to
be arranged at the arrangement position, the figures to be
arranged can take any shape. However, when rectangles are
used as the figures, the judgment conditions can be easily
judged by using the coordinates.

More specifically, in the step of determining the
arrangement ©position of the figure, the triangular
elements of the triangular mesh are selected in descending
order of size and set to the arrangement position of the
figure as the object to be arranged.

Alternatively, in the step of determining the
arrangement position of the figure, among the triangular
elements of the triangular mesh, a triangular element
including fewer vertices that correspond to vertices of
the region is sequentially selected as the arrangement
position of the figure as the object to be arranged.

Moreover, in the step of arranging the figure, after
the figure 1is newly arranged, the triangular mesh 1is
updated by generating a new triangular element while using

-7-



FIG 33 is a view show ng a state where the hierarchical data of FIG 32 is
“slightly changed and graphical ly di splayed again w thout usj nq a tenpl ate;
FIG 34 is a view showi ng a state where the graphics |r’rﬁ5%2c9fo 232 is
graphically displayed again with the tenplate under the sane condition;
FIGS. 35A and 35B are views show ng exanpl es of graphics images generated

for o sighilye dhifetepbitupese okl era £l cal ofigka vs;tmyé ysing the

t enpl at e view show ng a rrg hi ér ar chi cal
dat a ac@@rwdl AE 4t heCEontBRt i el tt'e‘&%ﬁ‘fb‘y‘b]g%/r Beéem% es P&Y cding Qut
t he | nvemrtraomyeremd nafderion hef peesent | Hivgunte ons wdklt ereidesic hased i n

det ai | lg@lse:qlleorﬂlgdart%d 4ot oh eripdigent s shown in the accorrpanyl ng
drawi ngs. First he overvi,ew of the present i nve ntion wll de des ri bed.
al

The present IAﬁj\?é:ﬁ][I on FHARER a HF4 ?n csgeﬁﬁég &P hi ef ST “ata by
usi ng adJeaepatdnasyst @maphsi s nbnaed off ekpeessianpntheinvenhieni dd dat a,

t he pl’ew@'fraldt\é&fltZem’l bgesirec ety qu@eof st eps diotensreaalhy exiprassi ng the
hi erar chjeal ¢ %a%e 4! Pﬂ?rﬁeg' Q’Eér!aﬁg' Eﬂ&‘t”%t%'r% A Ge @Rl in a
nest ed nmanner e roce ure o erat| 9 % gm%lg I CS |§age of g nested
struct uPé s aS°F5iPg ?)atraeaé:fe P Son“a Povi@st PCHY 18Vel® are

arr ange@nerdeatesymc@dmﬂ@lme graphiics Pragerirevionsiat ed Spawida afl spl ayed
on a di smr@ylg@@ter&e pbeieibakt &f, feiereed o dassohspl ahesme:)ed

Subsequ ion,nglydin t t a e dto
expr ess%Izltgl ot EElgergrnchcS L}"cetvelq thne tox]]{%gdSgﬂtaesaeﬂo%ce t%tesheL mi ned
r egi ons 59@"%?‘@'&% RPSTea} andRedC ¢ Al eRe HF?BFQ? 8pSeEt Qrdex |°£r§§}e regi on
i ncl udi digauhre setistef thHhese regieons sioxtf or meduild exptessna f urddrer, hi gher
hi er ar c@)éqlue\hellahmwneetey@ FOUC e mw@&sOhs tr}ecuwg\yeéydeeae%t@d to

cxpr ess Sidraneiy, 12 2 IR 20080152 Level soof, e b drarahical.data up o

t he hi ghe 96éve peci ent Inve grdphi cs

i mage ofSHRE NG Er i CAPIRMARAL | Qoééﬁéf’&tsec?ﬁo }s%qﬁéﬂ‘tl?-“ﬁlsl ?aaqretdaﬁ%j} ng the
hi er ar cltiheal pa&tvd ofursdm t kg dcdvidre chi errarastgenievel fas tthieors ghefr  Hiter ar chy

level . Eh@ufﬁersstaﬁabwl@mulasr ae3kale@mswhd £h tgener at gqtihergmadt cs i mage

i oh oF BEn ATy S s pIys, SYSh data drt R achier drony Stratetay o
expr essith§ r%?%??%ﬁ’sﬁpbs Hﬁ%‘@éﬁl%’ons‘ﬂdt u%ﬁ?relil%rr@nt graﬁ aCpr éd‘@tgfr nm ned

hi er ar cloptieeveld by wseraigeng i vhkesfiguresein theareyiorsiimg a Henaggehnol ogy
of gene@@ttlangt@lgrr@om%g mage. The third enbodi nent is a system which

{ ntenti onal |y GaRLof s be rersmeragrmer%lwe cGgn3Hd tysg;é%&ﬁ% tsin the

graphics imge to cefFtai b ext rerna ter each
enmbodi n@ﬁtogvaam “b@%s@PPEé@ °n &HeFa’i“Pu FIEI < REF henf] Faghicy s a

di agr amiglagwi.ng t he configuration of a conputer systemas a graphics inmage
generation aFSI?)@rca.tﬂiS:aVYfll}ﬁ,h geapbi cabltygeimpl ays gemphadakaiaeqor diyg to the

first engodi ktg %@%b@%rt Otf' QXel‘ut% C%‘P&‘éee%sﬁie%@ 10 clgé‘l '*l%

proce55|ng ani g spl ay
unit 14 l&ﬁ&rghgfc@ﬁag%a%. f"n‘?ESS ?H‘ér‘& o‘"c%rs%trhbu%?t eiemaREsyOds %t‘egr aphi cs
di spl ay hpm@mmalprd@rtam c¢omr odat®hestairangenoeygng? séseds @n praogr am

cont rol hiiRgatrk® yOr oeesstigeUnist 4de WitdrdiehMLeoqgaeanr pretaayh dde
di spl ay lfmrtejli Si7 egfé?pgkgﬁu'cgggeme gr}ea{’ aighéga{a %gg%cﬁﬁnﬁre%eld dy the

pI’OCGSSI ng uni orage unl

hi er ar cRi cdiid t%l%éaﬁ?Bbfesséd'e IThetdr okBSsi RdeamircPirals Gftaol | ed by
t he prograwestsdmed i pft hesegianherdily 12réadirgd hilee ar cturcstiitdedret t 0 be

processed ehic@st her $¢0E@9enUnide 18at 8eRYAISY andd@PhbeS 'anﬁ%%_ pge data)
t her eof ,..and stores t he raphl cS |%r5qfq_§ i.n th_eL vi d Q menory 13 Lok he gr aphi cs

i mge st&relcf i'n tjﬁred%/?% nﬁem)(}f’ er(ljtfs Fa 8d"'6f the' di spI ay Uit 14.
The nai AlgEREOYLI2leselsddags Bhet aad eﬁﬁéﬁ&#FP?nst stisfeintieERerit i oned
cel | s afdgulrest ersgibna prlocelss dindireagts cs thengergeder atdmey ipreessi ng by

the elements; and processing of storing a graphics image of
the hierarchical data obtained by recursively executing
arrangement of the figures, into image data storing means.
Herein, the ©processing of arranging the figures

-8~



-13 JP9-2001- 0152 processing unit 11. Note that FIG 1 shows only the

" configuration for inplementing this enbodi ment. Practical| jt .i_.s obvious
that input units, such as a keyboard and a nouse, for i%ﬁﬁ%??%’d)légri ous
instructions and data, a voice output nechani sm various peripheral units,
and an interface for a network are provided in addition to the

conflgurar in t # g..-Ihe rarchj ca a nput t ed
from t ha? %u SI 298""'%(3 corrlr%tq.t%\%(rl: eleh'n rP!se c% 1@1'1& iorgg%hhgg%‘agghg unit 15
as desctfBed aBotbe FLQUrE RSN m%lgr%ﬁﬁr IH’H%‘F?%%M@ @ﬁeseaﬁrngur ation
of the gigphess tongee generaviged dppssdt um Warch agerer aheseafgr apHi cs i mage

of hieragrghiggl d areceerscmg iR Ts*aertf'fééu%beqlo@&% n%arpgevraﬁasly
described, Iin"th e di men hics i hi erarchi cal data
TR0C Pl

i s genePhPERSHY té’ hm u%frtjc% m ﬁ P8 iBfs i ®f er aP'chy
| evel s apcardascedwidhndrmhe |$oxhi Qegrléphrr@s?ldr sl Gheli ypubiakedsts el ement s
in the bteranghmeahsdata are referred to as cells and expressed by squares

f th f h
of he same ghegoyCoNsti uenl o olaanls éontrréggez Rseralehy hevghag

indicatin assl cétr on o | ement ar
as clustePergad %@&F@s@é’tﬁ b} ?e&oé‘r?d:llé?qqifcl BUFAG ERI 192 & ﬁﬁ’é’?érs on

| oner hhéeaachhiyl dealed. im ohaef igurds,radioryr aphlede s hagesorsssdngosed of a
singl e pect gagtliag cliisgieredHr ault bl -aexrrraerrmd el saguk-ar1ekyshers and
sgquar e Sgkéﬁlébﬁﬁﬁ%dgwe&h%&'tLhSte{%r% e bt “éi%xhént?ﬁksﬁﬁv%rtaﬂ a stage

of generaiin phi'cs 1 S and ers are-just
figure 88fa rédil%r%s SQFF r’é%%‘é?ﬁgl és SFP]’é’? ef 6Pt QRS ﬁ‘ﬁéntshe
cl ust ersndaprbeesseaged fi mrtrenciane mimierd deeordf nghy, figurke descri ption

bel ow, gheteeliscand thesel usd ebscar &1l echi \aelcsbrroefne;rer edite ase
consti tggn% gl %Bnegt %v\@e@ﬁt herteler %O{}’%onr} qutt Sde?s’{ ’E‘% mar , he cells from

the cl us y given of a
case of arraBBFRBeEhe F’é@teﬁf@‘?ﬂ!%ﬁ‘mc{négt M R IR hBhe ¢RPPHGSTsi zes in
t hi s enbodiexertuteHovevecestshegcel sgandrahéngl ust eascar basesatend wi t hout

bei nlg dkélhegehtgheg aﬁe@%@éhouﬁlhé! d@&csrw@@lenencélémérsw}ovmatis tth@ttﬁ
simlar | anation can,be giv e ar i e sane
R e T R AR 2

gener at FBASHpPHESt s RERBPHPAHLRS tmlsere"\ﬁféw rréﬁi’eﬂndrrhd%sgéa%‘rltcssectr on
21, an thegentofartlangbientreédidadn @2 a antdhen grapdrigereithagenbedhngsect i on
23. TheopehinsaCiHWNrdudsl fEM NS ddIft B aPBEMRIHr AV @HerRONGLT RhBY t he
constltgent el enents on each h| erarchy level in the hierarchical data to be
processed “el ement arrangenent section 22 arranges the constituent

el enent s of Mﬁéeﬁvérrar cH1r’caIt t aPEEEBEELRE t Tt het1#? dePTaSERPNi Réd by t he
sort sesrreng2fg FEhe af ramgeserhicbntimglicsdst | oon2Bitaestes eflkmestist section

21 and tpe el enﬁcme@rramfgeltaeemysecuf@l ZZlho rteféJrSfy@uyeperrte@rlasmt[re
arrange si e nsti £ S a a
sequent %P%HS?Q\%‘E% IIi)%% OClOI}r]S' hi gr%bch%L % n%n% dé’{emﬁn 4 BQ %%
conponeff ehmmalrﬁtrq dov réeat#wﬂaar Psocﬁlttvéé%re’s bvrb@km nﬁherréﬁeeaeby t he
processragionit ahd whechigsresntamd leatkdnodde conput er program held in the
main menory 12 of FIG 1. The conputer programcontrolling the pr ocessi ng
uni t 11 |s @err geq gyL ber S oredwr N a storage nedi um such as a CD- ROM or
a floppy T4Fsk-t8“beP s?lnrl ute ab 7 o8 ng transmtted via a network. The
conput er proftém il Headad qi%ﬁ%ﬁ@“nﬁh?"ﬁerﬁ)ryﬂ 1208h§9eb6AEEBRs The 2

pr ocesscngpunelr Ky steen npberengraphilost iioagef gacdrzonponeppashadws in FI G

2 in thg-cgrmpYher tayat emrkQ %rrr%aﬂnrérﬁ Gf knd rpﬁég?e&@n{ﬁ@érreiwn shown in

FIG 2, |nt Case of arr cl r.cells on.a | ower hierarchy
level than a g(r?'edgt et i ﬁed%lﬁq{ﬁ%% ﬁ{lﬁl hfatPdct® an%?nfl |\(lz\§ P Ofﬁ

pr edet eERenaFadhister image Sen@ifdiet aPHerabpst REQAUEN stor s is
det er m pedstsemnbed)mehlie odr iRy @rRiHerey drerverstﬂat;erm ned, as a rule, such

that the rectaggl 35 1 & Seal v%ntshewlxgzrr gbpfé@@néreelerger zof size.

In this errbodlge S|ncet e ce orres |ngtothe data el enents are
squar est6f3pHE axnelersat e th eg?%fer can arbitrarily be
determined. FoGeved, ibn a hoicaseshbéwenpl ayi agasediwptey tedamiogple s or

refl ectémeméhesw@fer&r& oft rtike fatar eheent sren éhessizesdofpy heneel I's, the
arrangenment order is simlarly determ ned according to the sizes of t he
cells. A sort result show ng the arrangenent order of the clusters or cells
are tenporarily stored in the main -15 JP9-2001- 0152



,menory 12 or a resistor in the processing unit 11. In the case of
visualizing a set of data elenents, there are nmany requi regggis fqr
arranging highly related data cl ose to each ot her. Ther &6 ) THesort
section 21 is designed to nodify the arrangenent order of the clusters in
descendi ng order of area based on a predeterm ned condition. Concrete

process'hp%bgg Il gﬁﬂiara%ntt{]%léllﬂtrﬁﬁl%rrﬁlcaetse.d data close to each other is

rel at ed processi ement arra’ngemant section 22 %frlg wll be

y
descri bed | aFéF;.S'Th%geP@ﬁ‘enEtB aPFENgEIR  4&EUP6R3%32 T8 rainGESPPREYEl ust er s
or the ekl plafcitre &i eeatehigdal Uat a itritangwiaspl @ayenseac e sied ecliedor der

sorted BY LReoBgELtSQElr@n talk rE& AlJaNgeENiad@ner is based on the
| .s. are_sequentially arranged

foll owi ng polLicies... (1) The_ clusters or the. cel _

fromthe cen%g?’b(‘)f 61Ahea?rb‘i1 sg?aﬁrgpé’cleewsso lagﬁfsot%%tja%? akeRterd a9 &ct angl e

al r eadymaviBAgERM2)VesehCas cROSt ExXPanddnde| 3N cAAr pRIGREARgEGILA A gap

bet weentbeatranghes aalreeadynhqra;anged, the cluster or the cell is arranged in

the gap. In Ehis evﬂbiobd!ﬁ@&oyem%ssﬂﬂ%@mﬁgi&mgghairgﬁﬁ@o IsGh
connects _the center poi n'is of the rectangles |5 E?Cgr{_lor med bﬁ (r:?_r ern to
i mpl eneff FroEEEN df SSRaFEhi 7§ & Hﬁeg‘ﬁetsep]é‘%n r'a*Hap-Mer&V&-rect angl e

can be arfrangedg e ¢hiiss endpdimantin the policy (2). This triangul ar nesh
satisfies theiBel aainay candilswthatt tihilsisedzadingent, giecadnsd i ofent

el ement 1e Jhi r chi.cal a ar ntiall yanr fr | ower

hi er ar c%;rlgftjgggﬁgt o%g)%gi,@re\g?aﬁ%gﬁear %ﬁ/; I%%\q/lgl;EI E@&ré?ﬁéﬁ?, q\%ﬁen&?ﬁg el ement
ar r angefERCTEeRE; &7 5 l%r CHRSESMET  ust er on a predetermined | evel ,
clusters or E2GBs AR the PBwerrd evetdst showting ridievantragyesert ledve

al r eady rbeeananeanggd. udhes et e et riiAnginNanginsa HEesedengi nedteliwst er, the
el ement eﬁgroggﬁlgg%nt section 22 retains relative positional relationships
bet ween a rectangl’e indicating the relevant cluster and rectangles or
squares i ndi E&FPng 10Puter'Poratel YEeWh thaUPbher 1NevBFSCREFLASh&Fe al r eady
been arnpAg&dngi tifien theanehbyanmeshusicarloWwimmpttiee aprdsgemnhatelodnent
arrangeaeabws@@bitgﬁga% harndes iy auThima | bl iddese ;i gures as a fi ggre
to arrange t sa rran COE .L.an J%ed(]?é’ e -

JP9- 2001-015g%§'%pg%)hi12§ ?anagégg]?%{g%éc eg%?gétﬁsg?ggc %c at% b%ff:lausi ng
the sor BCEEEATIRTE MTPRME D! EMTT %Fr’ghﬁé?n‘éﬁ 1ga¢t FBRa22 SO FEEG si vel y
repeat i hg, thismembediowert ;hi erarchy | evel to the higher hierarchy |evel,
thehplrocessi rgGef. ﬁ_rizmgi @ thezel udey s ohegel | Sjalllwh'@‘@fa’iﬁn@erh@rmd for |
each le ; i.ar . e aphi s store
n the so035 runs, St e e ARt ErantiL GRTPAALE) AP RRagHTRE © Bl

14. NexfaCh ddSGAEthonl sV ¢t: bangi v&f cﬁra&*bkfegslr%G%flaeH@P&triaﬁ&

gr aphi cscipudéngf thv éhdrsc mimbadd idegrest bhased on t he above descri bed
configurati oprcki nst i3 defiadd eshaiessg i pt seatwl Whebe gevepagksseaech for an
ar rangegeahypasiil,on (9l R Angl e daliSt 6 By Ui AguhA ddkiangy ar mesh.
In this”enbo |rrenty, wheh sdver al rect angl.es have alr asy een arranged, a
group oPStB8t ahghdderds &crahGéd Priexadmdiicadr r &féme a ating

pr ocessi(HgidbroeRestiurgea raagitarrsdber e t he arranged rectangl es are sparse
and of placipgca nextig egt anahe aimn fhe detpctef s egbaniglifaeebar f i n order

to extract i er a Sparse, L angul ar nesh
whi ch c%nn%%:%gh{ﬁ% gg‘r?ter g%%l%?g%?kt %ﬁ%ﬁlﬁﬂg@%ﬁ e%%geéﬁgﬁ %d i's
gener at 842PR1&5r eyidFe wRér eI ¥ 3D r Ettangy ekl afe BB BRI GRY af§ed (e ei naf t er ,
ref erredctordsngn are angbeentseagidn) embndamesgi orofvhetkea pargent
triangukakegkeernt is generated in this triangular nmesh, the rectangles are
more likely togcbe sparse, '%ri%w.tcﬁ{ n&f TS ¥R L t?ﬁ@' 8p!3§a%3%;ﬁ”%tfed to be
placed in this redion.” AS a criterion for judgin € Stzes of the

tri anguP&PeERERBAL A1 USEE éﬁt@%d?%swaeegr@ REENtSedP i RBI & radi us
of an igeaerrhedoa seloxicayd a maxinumtotal |ength of three sides of each

exampl o the Gac Waro. he g 5T e ey R e s i lsi ng
The FadPHES5R 8o 1 CunRER PRt (TE St b PRam RoT TnFCs? PRhgalnt
regi on Pdemensdgi drahgenens teedelenr e@ghgh® aprangsmenta dodtr@l on a
hit her Beetabghy | evel than the rectangles (clusters) to be arranged (in
this meaning, the arrangenent region is referred to as a figure region).
Accordi ngly, four dummy vertices areigpnitially placed at proper positions
in the display space to set the rectangul ar regi on as the arrangenent
region, and -17 JP9-2001- 0152 triangular nmesh is then generated. Since no
rectangl es has placed at this time, the triangular nesh is generated such
that the rectangul ar arrangenent region is separated into two triangles.
Subsequently, each tinme another rectangle is arranged, the triangular nesh

e o b1 e o o o P



. Inthe initial state, since there is no rectangle already arranged, a
rectangle which is the first to be placed can be arrangﬁg_?éaﬁ%1§5bitrary
position in the arrangenent region. In this case, the first rectangle is
pl aced in the center of the arrangenment region indicated by the dummy
vertices according to the aforenentioned policy (1). FIG 3 is a view

showi ng a cigggmseqi bed cihele s@xfow%n%r edelefyd nedk 141 apgrl @l et epent whi ch
connects the center points of the already arranged re tar\,l? es, In the

Ui angutit REHIS THaPRE CPPARGINAS MOUR SRIIEGhE 1 N DOPSonagIgsndi ti on,
there ishownvert EXGef 1dnoeles tinddir@iiag & et shrwerurdebetveanscri bed
circle thelisages dyeagdnshaedeli;ne in FIG 3. Accordingly, it is presuned
that the densty. ohekCrijgesqsl 1fie 41bARIULiElLTENLELRRkOY Nathe
vicinity of_ a triangul ar e] ement 0Se circunpcribed circ islarge. In a
pr edet eYSRREYEF edPEROIITEN otier 2ddhdindy FRPQEFTEREeSs Obf e PFERRTEI ar

el ementsnneahsom; f ewer rectangles. FIG 4 is a view showing classification

of E_he tri gn@ma{l?L%E{H saPhgthe &{L%aawb@ﬁn@esﬂp @%ﬁi@;f&mt @‘fd_clumwt
verti ces n . r 0, r N e neanin . u Ver X jacen
Vo B (1T At SHBRE PachRERt Rope TRERELRE Unib AB-YELE 2

corres 1St HBadanf} VerrerchAcedr diatd VeI mbe? ore dubhdverti ces

adj acerdmbodamémt angul ar el ement is zero to three. Wth this principle,
since the duppy, veptiLtesaarg an 5RSwoHEEI0stabderdrd heobtaangebar nesh,

it can belfound %hatt t he trita.n(igeul ar fel enment _wi_.th rmrg ad%aceplt dummy

verti ce§ 18%%n The Olt'er nost™Side &F t A& r 8§ BRIRAEIE t he9trlangtifar mesh

i s genetRY 1a9d Phectr PAngulbarPrérERENt With fewer adjacent dummy vertices
is on the i nheG. shieief 4 heigwgibbusAeaotdgngl wmetwheh sfcianghesnar e

iy e R B ol e S e e ol escan Do
col | ectivel f§§$angg . PR IEfr%pgég‘,"’saﬁ(ﬁtuﬁ%§attﬁélgarar éﬁ%%%%tofegi on can
be preVhERICE DI EPRTHIWRAT FResh salemants afer videhs rmindsdr athag a

t echni querdgempeaci pgsatt eat afigke rertangilieangul ar el enent selected as a
target wherepihe pgctang] 648,101 P8sRLLANEEd s AL GRRIMLL SHOYInEAgF!I GS. 5A

and 5B il s%]r@t es pr.Qcessi nﬁ in the CaSﬁ vvhﬁre the arrangfénent gosi tion of
a rect ANt 18 8eP it T4 P15 aRBEF&r %I BREREPACWHI T2 FAB1PEEL diyl 88

i ndi cat¥t BICEPRE BabARAULRHeBCRAYE618MEeB4&dy been arranged and which has one
adj acent dunmyGveertdex.s |la vhies catesmdthe-knt eshpeing af ridweha®cbangl e to

be new ¥4 £ @NQedah Sa PLaRgEmeAta rbyRBnSegMRAL o ldnip® SeRRNt 501 or 502 in
FI G 5A) conﬁﬁé |n%95at he center, poi Nt of .rlge %ela%ct ed tri angHI r elLement and
a vertex of 1he triangul ai efefT Hitther A ST e "duny UEFP8Y, 8Rd at the
sane tiFeran@ing| évaotRcPanglectanbeehe®PYshitufdged i BEfheEAakYto any
one of ldeeXgectangl es already arranged. The relevant rectangle is thus
arranged. Speedficadly,sthe ralgvani- eqhangle sy r anggdegbqa gesition of
one of é/vgg rn(?crt]an(gl eg |nd|rcat ed b)é tge.%ol id |lines |Q\?FI ie 5B. FIGS. 6A and
6B are T vl titd: ¥ fi ﬁﬁ 6P888§§i nB Sﬁ ToVi ﬁ’; Eurﬁ% &Y% i Ces and expandi ng
an arrangeneftGredioniso ar riakppecha FlectiddgisE rafiiery arerecgsgirgr efenent
wher e tden¢est angl @ | graphbespliaces cannoiidra diiettleddatbhiby t bre

arrang r§£0b PN, fi 0L PN BYmbRe AU QYL@ and the rectangl e
protrudes r&&é hez.%rrajgger%mj r‘(%gl on, in o%‘her. vvorlgls, when ths.rect angl e
i's placed so &3 to“Crbs5Ca <1 de WosE BhE h eI " e ?‘ﬁeadp?rﬁzp efPi ces (see
FIG 6Amaghelgunpgatedt byesisdng redrammigdie i fra i eer¥slohcaar8abd fromthe
center ¢Hargbed eehospaceme® that the rectangle is inside the triangular
nmesh (see FlI B) o2 N t a ngr.pg, r.eg| i S rect . L.adi cati ng
a cluster onﬁaG% k%e9r% h:ﬁgr fr%] 5 gve | tsgl%:vﬁélgl hgvéc%unﬁgg#ﬁ%ﬁg

ar T angetfiRAC of S CHEREERSHn DYh S il e A et TR b1 o CHR | 8vaPSaPBo, ¢ he
consti tieaw @f earewssrof hierarchical data can be arranged in the display
space nore effcs] entony a5 tive akea ofide JhoANGRERNSw €Ji @RapEishEBl | er.

.ACCOfd'i']Q%%e 't_'Lfs' Sﬂ#%r%‘fgggdtob ?V'SE'BQG R OngMgga% afang| ng fectangl es
in order perfor hi's™ processi ng ot xpandi ng e arrangement region as
littl e RIEHRISTPBIRed.390rd3pgtepere§i52 Next, description will be given of
processi ng ofI@3rangjfing tod usilar s ane usiieyst hehvedhyi qeeates sehechi ng for
an arrangenent position of a rectangle, which is described with reference
to FIG 3 to FIG 6B. FIGS. 7 and 8iare flowharts illustrating the
processing of arranging clusters on a predeterm ned hierarchy |evel by the
sort section 21 and the el enent arrangenent section 22. FIGS. 9A to 9E are
vi ews showi ng the arrangenment of rectangles by using the triangular nesh.
FIGS. 10A to 10C are views illustrating processing of updating the
triangul ar nmesh follow ng the arrangenent of a new rectangle. Referring to

1 o~ — o, o o .



. The sort section 21 sorts the rectangles of the clusters at the hierarchy

| evel to be arranged in descending order of area and deBEgd'_rEi §$§ #%g
arrangenent order (step 702). The steps 701 and 702 nay 8 o d in any
order or in parallel. Subsequently, the first rectangle (largest rectangle)
in the arrangenent order, which is determned in the step 702 is arranged
in the e 70 703). The
arr ange%r%gla%rt'E’(P}ﬂltn%%1 H{épgféﬁg%a%eggggl Isa;/%eca r%ﬁgg%é%fp}/o %S'Ltr?s%ed, based
on the 658P59ﬁ§9e§°oft MRAAIRATRRF vertices and of the center point of

t he rectangl €IGo Be dry angetew Rl w DBy shonsaheswhteewpereed ergdirangl e 901

lssbarramged pagﬁge getet e(ﬁr&’[ﬁhi@@lﬁ ra@g%aﬁg*eae%é&bﬁlf thogAthls
upsequen nec n S quen |.A [
%E%Pélme % Bgcg%?dancgl 8 %@]Z(b%g % ﬁ% Eﬁe arrangerrent

arrange reglon h
order d8R&fmined in the step 702. F| rst |t i s checked whether all the
rectangl es seatGed BB t hes soat seeti orshZﬂmha;ve deestat e eadiyicarr artgﬁd (step

704) a h&efraerceleeq t@etrae%engb@é whigh f@vesmjh N AARNGE the
rectangle_h est. area ther 1S select eg €s an Obj ect to

vin
be arraf§&&"¢ gp}yﬂ%Sp YRh 19T af CE“F’ e‘g%{h 12 BBt Re sorted
rect angl es h§§GaI r3é1ad5/s adr HAgEd shewing <t eptFo3s, Whﬁéeréb?aﬂgla@hd-quer t he
second liangestoff eEI@ngi3e incl ysapricalsel edispdaythe sgd et edtheath@ngl e is

arranged .pased O e ag}fge:{ger(g i £ &Ghni que for searching for an
arrangenen g,% it o% g rec gﬁgl e by use of the tr| an ul ar rresh step
706). FIGS. hofPhe quERE i al TRIT arfjeirert 902,

903, anareelnlarsomqerﬁe geng i@ HOU. tHRi elpgbééysdméfefre@rtr ewgqaﬁg _

recthanngShwelrbrl@eldﬁs_crda&ed vt el ds 1 a4 etfhe A &msl at s ANghag tr21e rgct angl e

wthin the arangegent . regLo e tai ns
' % 9 15€0950Ny 4 {e&l ?A\Aj‘?w”FH ad}%gﬁ%[}{: SELI PN 22,0

the center poi the rectangle newW y arrange onnect’s .t he center
poi nt witRTé&é l&@?tex Wtehe BFCRAGEPEr el'dhent© Pﬁerecgpa' Rt 8 8ener at e
new tri &eghnadoglyenents (step 707). Following the update of the triangular
mesh, the el enment arrangenent section 22 locally nodifies the sides of the

tri angulBg tnﬁglae\gh%rn %(rﬁgt &R,/ A8)e ﬂ‘fﬁ@l t PR, to 9E show states where,

each tine new rect an I S _arranged, trian ar el enent

Goner at od baled SR AHE av FbCPARGEBE i e A et BF MBS TP dat ed.
In the Dol giefay 1t dagaghienr st tchetmg@r enhadinsngesshiobad iabde for
updat i ngcthepbhyangularawirsds each time another vertex is added is known as

the i ncr emenial cbel aeﬁgayoxsé&@p&v' B ANk Sase | Dedent 00neNaml e 11 the

fol | ow |1t ar e’ |terature ast orithmfor
Const r ufrhg %@ unay’ A% | SHGAT orVEEAE TP ﬁﬁﬁerﬂf{@ancaes o *heering
Sof t war émage 4 35 erghiqd GSlatg® Aoy ous eI showompe tepdays tem t héts

tri angubamgmsit dbe eeptbesnay reet anod s Xk odll cChats, athangatsshtas to be
gdl ace”HnRz%nttE urseeﬁsdya aﬁéa@ggﬁj’uéeSEaEﬁbﬂd%énsEbh%tMys' 'Jaga &dde dpctangl e

04 is ran e center poln e rectangle 904
cones tgg@ergée&?r tldé‘é? t(]? ger‘fé’rmﬁ’tlé‘lﬁ‘&/v EEAGR ar "EIRGATY as shown
i n Fl G hieBarshysdqyedtd yin fagebtad thenney.  JP9- 2001- 0152 above- nent i oned
i ncrenent al I@ebaumycéﬁuaegttmt igeferatSinde §epAradiings tWﬁxatgrel a@gulaar

el ement 5, e aolg{%% eS'Pses 4081714002, 6395 gi‘eﬁle%(ﬁ %”%08&2 ey F si des

separ atb % I.an | enment’s urroun

1005, 166 ra&ﬁéyldo’f?; eal?ﬁadfi‘ﬂelag% %‘ﬁoﬁnsPﬁcﬁ G ef@c > the

el enent iaegengesreaenseetiedn paas udhsplayede ost ep d@&pleel eﬁcet\fslqawe next
rect anghe reAest tleaf, QGStréﬁéi:ﬁé‘&l' e) tbn the ordgr saikpdaky thgpas@t. section

21 2 aalQLerl g be AT APl SR 109l og2n 1 8BEA 3 h%h%agedvﬁ pcessi ng.

By repeating ecfangl eS "are arrange ahlnthe
ar r angeReRPCRE§i i ﬁ%e%%ﬁa. ﬁépéteéér aofhﬂa%%r Régrarghyet §|Vleéd

descri pbhen lwiviell .be 3ptverobf théetbuscebsangern relyich st laereelpe:rmﬁrly
a”ange%@trr%%%@donl%z eheaneegpla9 r§§£é@9| eaxhcﬂl té"e 1 :8f f 06 a4 itdh
reference tl tﬁ‘ % e%e ul ar _e smﬁ gonstl tutin s%the
trianguftif Hr%ﬁ’g tdsl?'l %‘f’eﬁ F69 8r &5¢ 8§§‘| &8 BY 1€ hudhber (V)
of the éuﬁfﬁfi?lexrergiLGB@radPa@éﬁthbMerb@’v}e%stk@p 80E) . Layeprevi o¥sty descri bed,
the nunbebcefsst he sdunrgcwvesiverp adgpeentdt oteackxprrieasgulnreraleymnt is
zero to three, and therefore the triangular elenents are classified into
four groups. -12- '



, Subsequently, the triangular elements with no (zero) adjacent dummy vertex
are sorted in descending order of size (steps 802 and 89?9—'20'*?8’1& t he
size of each triangul ar el enent can be judged, for exanple by corpari ng
the length of the radius of the circunscribed circle of the triangular

el ement with each other as previously described. A sort result is

Lenmor anichit 1l ety %eﬂf@f@}&am P Rl 0, BB 408 fopegister of the

processi ng unrt S ) here 1s, a ar el ement with
o (2ot 0) ad RO Y vett ekhet i S o HEREH s bRepeRGTy | s
per f or méthag@e t heftri &hgul aniekanehtisailn t#atardetrs sorqeedanartetdte $tyep 803

(step 8Qékuentistlly hed@drgeistg t rdrRNgWidr iyl (fddwsd tidanguay el enent

in the AR r t i p sed triangul ar
el errentg I'S squgeI:I{ %hgg laégéln?dg%,heéf%lr a%%%gcen)z I&g%gr tion _of the

rectangl e (stlé§ gozySt seBeediARfy 1533 .%%%nﬁhtchzsenerpeeéoctf%lsz (S)
connect igngpthhiescennegepant hoakrblmehticedngldoa elsendascanided \adravex. t her eof

other thaR t he CHHEY MR5d&Kydst Obtgi ngd g?ge@mw%lclhn ragtazaofy the

I I h dj I
i enoulal TN 0 Tadget o)y g seent dilimeupri e e

no tri afirassdirenerrlasion sekrs i etéerzeet @Gnéﬁehgeﬂﬁeedéﬁéﬂt@d an rée
segnent prefet elid ravd ahgenenthpodietviedn of tibe roéctangltakbertn:g;cp:nmzaessed is

det er m rmhsuacpcéhahs&he th'IgeEeglfmIéIﬂQ gielgvaind £ot Al § Relng Rrocessed
(to be arranged) oca e]ld on the s ectgd |1 ne segnent, and t‘“I}gl rl_gl e?/ant
ngl e

rect ang&3¥&ing pr i G 3@33&’?811 he & re&dy 27 aRYed

(step 8071)ter1'I'—H10§189Ir1r§an‘€fe1’rlr*éht>1§o§hter A Ieg aRedase f y LBt sioned Ifaxed- on t he
coor di ngllemextse oh erat@ér recimngle amaghe toke | petthaidi spkiaynspane.
Subsequeptily, J tdnf184adm ned whether the rectangl e being processed

pr ot rudes fr the r Ievant trian r._el ement n th reI t rectangle
bei ng proces dfqlél d 67%he® g‘ﬁ?@ﬁ@@ ntwbg)im ﬁ%%g nhe step
807 (st&et®38)-. In the case where the rectangle protrudes if there is an
unexani ned dsthengegient(}S) , the unexami ned |ine segnent is selected, and

the processi ngrgetyrns, tg I‘ﬂ%éﬁ:[%g gpgwth%oglhgr r@g}@% %ﬂ{&?ggﬁﬁ

position of t e recta rﬁ and ﬁg case wher
rect angl COTRTES Moty I% ride 3r Frf"? &CPri aP BFEfBAPD |atpﬁasrasIdb%equently
exam nedhiedy herfapheceéllervantspéeyang:rlearder 96 tgr 08658861t ek® erde wi t h
(over | agd) stthemeidihtsari ng al ready arranged rectangles (step 810). If the
rectangl e dogg Aoty i} efd epeg, the 1y recgﬁaﬁg‘[@efs @g@g at, hgel gvant

S

position, and the pr oces? III% fini ste I[% e ot her_ hand,
(AR I it N R S AL S
if therd3irs an dheRaginednifnel egrigit @S) stoKadgneXBitned ti ne B®ynment is
sel ect egroars siey puoerTessingxeetttens 4 oytdieh 5¢€pdBOF1L9 debermsneyt he
arrange?;%tgr%gpr EbH’ErBfl the IrrFeCtE\BQLhe rﬁérIr@P? 809 @'EEIr§97)a Wiepy there is no

unexam se Int r wards, when the
i udgment o8&t qtildwg rér%?% S 8038 ‘6?1 12 is I"Idtt% ?’rsf"léjt?o IEEH cal 1y,

t he rectlanglangr othadeghrsmimyt heurit anddl ar 2l eeaPhibesi nisaperePfrith the
nei ghbohikeciranglesl | dathe geaseateey oy 28he PRIZGLEHY 52nihe inectsangl e

bei ng prag %%%d s amangeds g %h rﬁrr{ aﬂger&@r&ostﬁé% Ur 46 1 &pt angl e
which is arn concernin a(i t i ne segnents ( lbt alned 1n the step
806, theia%raoé:éas%en T¥UTHE 1o the step 804 and sel ects the next |argest
triangul ar eIT@@mreeeaStaddrudate bf ihe camtaedddshtbposhei eragframe

rect angIsQo(rf‘efCEQSn wﬂeamdlaoﬁr)emo‘ﬂye 1r2r ocespédg Bitenrthecallepadl6 s then

r epeat egl, itels j £11 the
tri anguIagr %Jn%n%%&gg%dﬁ 1EII:Iﬁe g%S qugg bele‘:)n egé%%ﬁ%&-}é%a this
case, tR&3RNYGHenEttIDos iMd%e of ‘?I‘ré r eEPERGPE bePRG prsd@e?ssed not
been degemplried yietdge orn whiee vhéee msmooyt ABanglhar gelagmerts tisgesati sfi es
the condiclirepy q{nth@e nuﬂae? Qrfegr@%y?qejtrtlsiuaﬂylpysyiéaceﬁt tIhIéetcﬁLt g
arrangenent. section ext_extracts tri gu nt.s wi ncr ease
nunber g?‘ tacdj glcent d%‘é) VBT T cese%or%ne?g %hr glstgrﬁerre assone sdIIal IIvertex)
anong t @Wﬂr&@&hrs@@%t@@?a@%ﬂﬂ@@le ycﬁhesnéﬁﬁeﬁldfst&dfsacléhta dumy
verti cepriocetsepsofl2gamoh 848 )imadde genemanttinar r ppgeseBtingechyorti?? agai n
sorts the extracted triangul ar el enents based on size (step 803) , and
repeats the processing after the step3z804. Furthernore, in the case where
the arrangenent position of the rectangl e being processed has not been

deci ded even when the nunber of adjacent dummy vertices is three after
repeati ng the above processing, the el ement arrangenent section 22 arranges
the rectangle at a position which is obtained by the processing

correspondr ng to the steps 806 and 807 and at vvhr ch the rect angI e pr otrudes '

. S "



_-24  JP9-2001-0152 step 702). However, as previously descri bed, in order
to arrange highly rel ated data cl ose to each other le to
nodi fy the arrangenent order, and furthernore, is pd§§|gﬁgfc§5%
preferentially select a triangular el enent close to the center point of a
rectangle which is highly rel ated thereto and has been already arranged and

to arra C gqtherein. Specifically, in determning the
arrangeﬁegcgggéhg h?&t helr ectangle s by the sort section 21, if the nth

rectangl e i nNPRE ShATrdd@t bashiP'th 8¢ hake k SRdfiads ofhEeR are
hi ghly mpduamdnlttnagettmmdemhmmelaﬁter Prie tritcla lilly,t hiec o slepp¥ibhe order of

the k reghang gs,@r %n Qrsceds&ehcfwgs tl&%’@aﬁcﬂ”%)fﬁdh a(MkR)dd), for and

(n+k) th,_ Subs n.arrang t .. .and t
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tri angu?gr lglg ﬁgapﬁq&{ agient t%&éhexsatt?lr%rg aarlfgtf&g WItl?Cﬁ gb%?g%sdr st ance
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dunmy verti CBS, p&@@lbﬁlisii@glde%rcr@}ﬁa@%ntﬁl B ﬁi%ﬁiéhBGdDMehbfﬁ tapol ogi cal
di Sta”C ’PtheerE&éa © Hive ’}%rﬁ%%%g,e”hbﬁ"ylée

arrange osrtron of e rectan begi nnjn 6!;goma trran ular el ement
with thEeE ABSt ofo 5Oy ”c%ﬂg o‘ieﬁleﬁ{bse ingi G i®| RECTRECPECLENEIE B to be
arr angedinata thespedi maomeas cl dse Hsi pogshbhécso imge eciadgivédpalThe above
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connect ¢ngstBesclcust efes Wi ddt &d CSnbyhUusistehe hearddder desebirBedqlieghni que
for graﬂﬁ g%tea’dé&?f:@g ; 9f EQh%w CJHH Gé’éllé\'eéhd dc%secréf’&]é,é’é‘ g be given

of a met ener Ierarchica

recur3|9%r yepEl SQMlnﬁeFﬁérﬁ oc §S|ﬁ§ oFOQFFaﬁﬁﬁﬁﬁ aeﬂé@?aﬁélewﬁﬁnthe sort
secti ontRérandishenel eneatl atpandértnthgséshi ohh22. cELGs 1frshowshe

fl owmchagtyktkustrati ng processing of generating a graphics inage of

hi er ar chi cal control_of 1 r ontro

Referting | FofekauBy, Al ool 0 of [AR9RI® I 1IOUd JhaPEEY ! 83,80
sequent? IPyQ%%ﬁd%%sa¥6@n%¥ﬂ§téF§ &% RE R lgHe st i e 83 ch)iFBvERNOf the
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br eadt hafir $hesear &b o 289 10151 £ Sod NG 1 EhUBECR 410l 2a3LaGK gl sfder of

bei ng det ect ed Thi s st ck, 1s se e main
morory 33 BF SPLED Yo F S Ry SRRt Fedd O AiTe. Sbb et s SAPEHAT
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rever setipedesaméostihe.order of registration in the stack, and sets the
cluster as the figure region to be processed (step 1102 and 1103). The
arrangenment control section 23 causeg-the sort portion 21 and the el enent
arrangenment section 22 to performthe processing of arranging rectangles
(clusters on the lower hierarchy level than the clusters selected in the
step -26 '



~JP9-2001-0152 1103) in the figure region (step 1104). This is the
processing previously described with reference to FIGS. 7 %1 I?ls
processing is recursively performed fromthe | ower h|er§F%ﬂg) 1e081% of the
hi erarchi cal data to the higher hierarchy |evel as previously described.
Accordingly, when a rectangle (cluster) on a predeterm ned hierarchy |evel

i s arranged, n | gwer ergry £V h

pr edet er m neaiéﬁgerarc y ?evﬁe{@ha\%é b%}}le(%l g)@)éf ar%lg% gda%r{%}%t]t%n
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t han th%x&férﬂj&%tf eAYA alR Jtaeal culat ed trtepsddP5)seAfisy the above

descri be rocessi ng, 1Llhe a%rq:%%[eréerét contcgé)l sectign 23 return to the
step 1107, enfecets the fext AETHGS o™ rnegl ster%%lrl n thEC gtrgél?g(sted"ell%)
and rep§é¥esttll¢él%ratne PEFRRRES ngonwheacht hderadedy i Aevisd stidp 1MBR t hat

t he arr angerenthiofalnll daha cl ust ertse r egirstoersattd.n t he Bhack dlentatter m ned,
the arrangeRuin&ant é@l:t%%ﬁ“?!‘ ﬁ§r£h gkshes,d h@oHE@E‘éééheg AN L Put s the
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rect ang “Hrﬁgc;ﬁ' “ﬁtsergkév%ﬁ[eger haﬂS‘ 91(1{;]) éE‘oEQ&S

JP9- 200 -01 i, ment é g atio can e corrpl et ed
wi t hin étﬁe‘ﬁ%ed IBF tPie Pert TR RO IH‘UPtrI pEI’ 5 °BYYa Kt&Rt RGn this

case, widltribuadt ant Nerbetnof twamsmsiticsl nvis a cwistank). Therefore,
the cal adnditdy t ipdiremds ik0 TapHedy imcreasemalihh ABmbRGr edse dry Nn.

Ho th |
about 58818 000 TEVaR T At Th uhiehtn AOiRRERL B AETRIERS 1

. ns
Chousandch NPT PEHF ng6PBeeds | ME al Poidl (1 proRRLSFhg STHEM o e
suppresmwm im Wdia el ements are distributed into several to several tens
of virtual clustefs.cenfiferdal anelksaswit Srarer@r range toe eack W tual

cluster . and 4hen Lhe g qus o \erltﬁag"c'¥Stl%%rarﬁliﬁggn§ J]e?VelThe
JI

virtual c¢lusters are renpv sitions of t enent s

thereint e tRE FETt elf’ﬁ”ﬂ‘ﬁ £ E?Eﬁﬁn’ﬂé?gb@l Furt&y tHeng M ch
updat es tye angaﬂatemshee‘acchlwmra ré&et exrrangededt aystegcesfiridi@ine is
gener al log dt¥d)s iy thel WOrsd d@sermlov@vesortads he incremental Del aunay

triangul ati Or’?[‘h? %}f&n%&hén@”@?%?ﬁ% &Age%npfrpé:cgsséggat L8 S £si dered

to be shortene i ncrement al auna%%irl an Iatl on gener at es

tri angulB@theshbsy r EBEAEPAGSChe FEFI oW FE DR bERSY ng #FPStinds as the
nunber ofeswsdeking. oxdapdefi similed. 12. thiy i emgedianert emsinceorithd ning t he

node th%@%ﬂb'éod@é@ﬁbﬁdlng to the data elements are squares of
the same size, the arrangement order can arbitrarily be
determined. However, 1in the case of employing a display
technique for reflecting the contents of the data elements
on the sizes of the cells, the arrangement order is
similarly determined according to the sizes of the cells.
A sort result éhowing the arrangement order of the
clusters or cells are temporarily stored in the main

-15-




3. Three sides which connect the three vertices of the detected triangul ar
" elenent and the node are generated to divide the triangular §1qu§9 into
three. 4. Sonme sides with the surrounding triangul ar el Grehp nodi fi ed
to locally generate again the triangular elenents. At this tine, the
processing time for the step 2 is 0 (n2) in the worst case. However, in the

;Pfaﬁgﬁ %ﬁtl epellaugay alt |e§r1%L&I 3t '1%” t%%p ?j;el% tnrarec g i ment, a particul ar

previ st sele € as a node is
added wi t hi nIPhéheel @éf’@d chr i ‘ah@whwé%rr@ntsemceér (ﬂEh‘iﬁ ySlEReng&recti on
processthgref ddee mapp Zdguinemerggui fed. akraaphery Wworglslyt helptedessi ng

time fogathe c128e t]dagea?&glogljrég tr 'I'Wé&‘élf%rre”esﬂhé Ns& bt Ssgpbodhment depends
on the processi.ng ti of t e rraller thnO(n2) .
Accor di EI % elsﬁg%ﬁtdogg S| r‘u‘é"ﬁﬁé Pc}egenae‘rrﬁ?%g?rﬁ%n?rlﬁﬁéﬁfar sh | nthis
embodi neAtstersmalier drageodiny) .omgsx, SHowR¥ea anbéggmpl onf a
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to this _enbo IS a vView s OWII’I% tate g‘é ﬁges under
VAW t T | pFBFheESFrPSn b[Yhe %t%lr‘?f&?mar BryPAARMERM Y fitSs Pdithg to this
enbodi neat depchabeéldi Agtelre Web pages as hierarchical data based on the URL
(Uni form ReSQHéCGeE‘éﬁ@anrS)artﬂﬁi’g%Qrfend n Hd&xids, the sguangesel kel ndicate

| ndivi dual,daba elemans, ad! sy estangles,supnoundl ag. Lhe paypte cells

|nd|catec ers. erring e hiérarc $tru§ ure of the

Web pag@é:SQIZ'-éYd|S§;ff)‘lc%$ye1dq s‘bh%lsofﬁeFaépFFFéﬂt YV|t§L?aIS%BeF§F5ﬁ8Pn ‘[ Second
Enbodi nBhe] akmanhemabav eadesar iilse dbaseahpire, t tehef delsorimps i mnl hasebeen gi ven

of the teghmiuechastgraphicakhy displayhpg adyidd L1 pt kuebugedof the
hi erarc?kﬁ@ t%%t% Q{te%s Pf rﬁ}@edﬁ‘ééﬁgg bruet we of EQ%%%E@%@%@

regi ons | 6T 0 express relationships between
const it Gend éleéﬁéﬁﬁéeoﬁlaeﬁtdéfdé‘tré@rﬁ% hi erarchy | evel by use of a link

structuné)wiherar es ¢lusther gemerat ed1gr apin cbei mageanded otihera wgegs, a
t echni qgeta@@w dfé@té@gi@ssaqm@yneakrgﬁ e8¢ uspd asupkepr asesshag for the

gr aphi c spl.a ph_d raph data Wth a hierarchy structure)
anong t%e F]LI gr a%(’c Ie% qn %th%hgggecond enbodi ment graphically di spl ays
graph data wifh "a“fﬁ e‘?‘&?%‘%’“‘%‘f‘?uc?ﬁpéeﬁﬁlﬂg h’g“trﬁ?e BF brR#eht F oREGD

t echni qubichl Goddectsa diagramtidd usbiatisngof cond | gurcitdangniesf asgraphics

i mage ggBekakien aRPRrILIS taF Candh éiﬂeﬁ’@ éf’@cé§§m gfbgdhrent nyhiaeh
gener al g3 4 Qrapl c3ol ”gge g, Snael dat 2 (D g Nararghy stougtre. The

gr aphi cs |mag genera e’sort
secti on¥Richt §&" &eamerie rlrraﬁdé?‘ré?ﬂ ¢t {dh: 22Th%ﬁetaﬂﬁ‘8ﬁt}é?r§nf“eé8ntroI
sect i ons28isdnesamhar Oedenemat icomddddidron 24. The sort section 21

det er m nes amnardrangesBPbd9nEaE , CAHMLr AbRGt 1 bee 8ONHidnisentts ebemenks of -29
JP9- 20045 Q}Q%C?%%%'Alh'a%[f;[ CQ¥§' %Vedruen”cdhtlﬁgréPPaﬂggé tforc}?x] progegsed. The

el ement arrangement sec anges cons uent ements of the
gr aph daﬂar?ﬁcéé’céﬁé@ﬁcé%% H”tqrfée]brlﬂje‘?r%‘f}é}’n%ﬁ%ﬂ by fRECEELNILEetion 21.
The arrahgenmthe cdrimerlit sectdrgge@hicaasesichme3oatrgargeson 2luaneért he

el ement oar raaqmﬁeﬁﬁfﬁé@” 1820 reGisd Vel ¥r p%%lersmdﬁetl@é r aggerent

processing the | consty tuent eI engnt fstterllre q}ra\p dgilaeggguegtel ally from
the | ower ﬁlerarc y Ie ﬁ (lf enerati on section 24

gener at B§TaR6§ connec?i’lﬁgef-ﬁé‘econsltri‘ t uéﬁt’-aégéﬁ*@nt sa bePﬁé@ﬁt?ﬁé‘lé‘@ﬁstl t uent
el enent sluntkele grdEhi cslemage gemernapedely t heeamindn ol 22f trkéaansangenent

control ré@‘é‘th@@ Z%OSEfteloglraaphlfe%latr&B&esmr a@é@@e@ﬁpaéat %c%laamel n FIG

14 is i enent.ed uter system simlarly to
Lhe appaRStOateRBwEnt T Vb rr bR e eRorarhs C"tgar%%ﬂ?sc S nhgRalEs

hi er ar chnéapaaana Shesterealdyy, cedéh cQﬁrthl‘P@nt Q¥i®Hin %Wqﬂm widchs g

vi rt ual haobtt viel seddipc beletpl £reatedd b itthe rpr ohesstailgewamt tlusaetr.ol | ed by
the compyt g hRY: ogfogaabhe'ﬁé rbfé}&ﬁ@'&ya%;%&@ Qécagn 3o il;faadqg@puter

programis QVi stored | e nmed] um suc
A M MR I R R s M
conput esaperegram i s |oaded in the main memory 12 and controls the

processi ng umht 1htrGrigdedaient cenf¥pTt i eacefiopacp Tongenenstebowa in FI G
14 in the conmputer system 10 shown in FIG 1. The sort section 21, the

el ement arrangenment section 22, and_{he arrangenent control section 23
anong the constituent elenents shown in FIG 14, are the sane as the sort
section 21, the elenent arrangenent section 22, and the arrangenent control
section 23 shown in FIG 2, respectively. Therefore, the sanme nunerals are
given thereto, and the description thereof is omtted.



. The arc generation section 24 generates an arc for constituent elenents
within a rectangle specified by a user in the graphics i e at ed by
the sort section 21 and the el enment arrangenent secti on? gg%%&ﬂagf#e
arrangenment control section 23 based on the relationship between the

rel evant constituent elenments. The relationship between the constituent

el ement rfag;hm Oiggfﬁlafa@x@n%%tgs 4 hes ot glinala 01 aph, data s, add] ti onal

-30 forpption echni enerating the arc,
an exi st i e heRGr sﬂnﬁi“%td%glaé}ﬁef“@@ nGESGY For?4 hi s type
of gr apItOdaracwaslltz)elemle@pedtlmgn génematheg tdweear b;ethecayc 1@@&3! ation

section t24 qan HH HEHF |tY1éTPé/§ctE|}ﬂel§G@§t I EHS”Fr@b%E@&h@; %&C%ﬂﬂ}ﬁ{g arc
does not veéia tanot her cqustl tu}ent el enen her arg In t-his case,

t he rect an StRé Sievdnt CJ()nst FCuent” ectre”r?e&ntéoar 3a5r rangec} can be
al so exdn m@f%@wl |¢etde gFAphIgaeHahPEh I&aphdCar dMp ISt risct ur e,
the rel GS\ta:rIted’ edtranglhe | s7ikial Imeroroongtl t uwddwrel erentFId. a Ir ecdrahgl e on

the hi ghgrs hi8/) gkeé/edls her ef o1 €, ytlnen the rectangl e is expanded, the
arrangerrent the cons ti tue eI erreg I ncl udi ng tﬁ;e rel evant recé angle is

changed. In Y% cale, etstcﬁ? i Va4t & r%b‘é?? VBT @ohsPiPleit” el enent s
around e STty ghta reé@ahgcé anay ef ro&nht@raré@ta@@l edaFpGbassd om
f 1 owcharthd ldhusie atd suy it apeiadgoratiogenerati ng an arc bet ween

h?gflalrfzuentst?ulc%tl@urlesﬁ e e P e O P PLoh L EL b8, J198R ¥ SR 160 are
vi ews s%y&ﬁ "tfr‘& g@ﬂ@?ﬁt@ﬂ Orfog?aﬁt?m%geenéFfSEH 9 e sort
section uzsﬁ.nq ﬁéleelte?ﬁ@rﬂglelralanmnt section 22, and the arrangenent control
section 23. A% shows i Rodddinkht ,t hehire @@wraatti Oresdridire 24 Haput s a
graphi cg; r}:{@agzsrr%eéﬁea?@ah %dgraaghggé‘ﬁg %%nefé‘5€£u<gy el hessantl, seation 21,

the el eme enent se the arran control section 23
from t hé™Vi @ecd r?rfé‘né’ﬁﬁ\ﬁﬁltl n2Ef® oY (EEBFR1IEDE) pr%‘?e?ﬁ?”égt i%e, the
gr aphi cletemgeirics di splegyieth onwhelee ditdysl ap nnaingetd sleovwrarigled Gark and is
in a stapacapabhe off apcaptihgg 4 haexpecidétaigDe afl atgéusdetfedtdedrhi ch
arcs arednde gengrated y G §Giaphigalodiialcd LT 366 oFlife HOA shows

a displ exanpl e o i splay unit in this state rring.to the
e ot St TGk ile At AR 1 iy G AR T e PR WAy of o Ghy
| evel s. coupsstfuentihe  taentieser pspedis | ef a tdesi redtaingsltes  wslingpdh i nput
devi ce suGhmfed MPUufeheddited hen ascrggnehalvheresetlel o cdhnQe8ptard hi s

i nput (§tenel502).n {tgvgt&%gfﬁgfe%onréggtte 24 ra%arra;tgef%brtag%%ﬁogl es on

the | ower hi erarc e re evant cl.us

speci f i &R -and Yehet 2T+ a‘i”}&%r%age agAernErLaPIULaRs FEDSet igen t he
rect anglqegle-ralted JIF’Q 2o0s - oubangel ast wesh, (Shep re503ng lekem ehenarsct angl e

i ndi cat ilige1Re Sberél ephaalsest eants € B& getle bya t hewr eaééaa@@nentls)f t he

rect angl, C es e ot:t}q S On the
same hlge.ra nﬁlﬁeﬁ e eé eéé)e %\?a%}tl% J2'élzer}{ ﬁg te(ij uster does not
i nterferd tmerélléﬁénto tfh}é‘? Erhapapdagsy '. ‘ﬂ%% | $rSt e arc

gener at irtgdigectdforp 224l sewresriped heiytcdeo aemsdyusl3 ofhargriagsiviniddadage in
whi ch t ke rayles hawe @eﬁaxgaaar abedli ndmerahovecleser shadsprogcessdimng. The

hi t I d 14.. Fl h
gr ap 'C%# Fuﬁ)gﬁgraosrce%SI & t%p atXSf’e?Ha%P@r '88E8¥1 @ tbn witj.l %e ]gq ﬁ's ows a

result o he arc enefat| on s t1on na ust er
1601 (r &Gdmg e28n he JTﬁ)stt §i de2SHhi WOt &i%s SAFF t‘hg Eifé}ers) on
t he hi ghtestangudrear craddmesret i Bs speedfedd byinbe tber iradile staft e of FIG
16A. As cSh@Winddt el diad g, a ArL Sciad € feder at ed between rectangl es on the

second hi eraﬁ]tl%c e% alngean?éjnﬁ h(fe?&{{)langgmgr Ocegﬁsdrt |V9rn19}§ egchor gctan gle is

changed. FI G oWs” a resu I'ng by the arc generatl on
secti on TEF LARGH € CIRESH NG 02 %hu%h%rs@t}oﬁdhhltéﬁa”r CHEnaardY ileveci fi ed

by the udem i bheheattadmyds FI(@lubtRrsAs shovee | artrhegedcawl hy, Erics are

gener at %a@ﬁ%\@ee&H@%ﬁwién%E hté‘ {be 1sectarghecft ICE'or @sh'aerﬁr | evel )
i ndi cati ng} j cl uster

fthe §rrangenencf Cp05| tions otl %ay
rect angl® ‘chafl§ W&g\ler %5 qUFEYuI T ot cettsanaffﬁ%ltr]rtle g rahgenent
poSi ti o@éWQWé rtérc%eiglm%ww\e thi EBehféprialy skagel ta et ddiangl e

i ndi cat ireg taeyudlarst erey603 | saexpaied. aAeaaydnagly, fé@laﬁranmnt '
positions of the other rectangles on the second hierarchy |evel are
changed. FIG 16D shows a result of -the processing by the arc generation
section 29 when a cluster 1603 on the fourth hierarchy level is specified
by the user in the state of FIG 16C. As shown in the drawi ng, arcs are ,
generated between square cells within the rectangle (fifth hierarchy |evel)
i ndicating the cluster 1603, and the arrangenent positions of the square
cells are changed Wth th| S change the rect angl e |nd| catl ng the cI uster
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. -32 JP9-2001- 0152 rectangle indicating the cluster 1604 is expanded.

(i ncluding graph data with a hierarchy structure) FIG a vi ew show ng
a state where, for clusters indicating pages concerni ngjpéo%rémp'ro&j gcts of

t he Web pages shown in FIG 13, arcs indicating a |ink structure between
the pages are generated. Referring to the drawing, the link structure is
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determ nes an arrangenent order concerning the constituent elenents on each
hi erarchy |l evel in graph data to begrocessed. The el enent arrangenent
section 32 arranges the constituent elenents of the graph data in
accordance with the order determ ned by the sort section 31. The -34



- JP9-2001-0152 arrangenent control section 33 causes the sort section 31 and
the el enment arrangenent section 32 to recursively perfo&lpat% aéfSazngerrent
processi ng of the constituent elenents of the graph data séquentially from
the lower hierarchy |level of the graph data. The tenplate hol ding section
34 holds a tenplate referred to when the el enent arrangenment section 32
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, 2 and 3. By properly setting a and b, it can be controlled which of the
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is determned as the arrangenent position of the rectangle. FIGS. 22A and
22B are views illustrating a nethod of extracting the triangular nesh

el enents for determining the arrangement position of the rectangle.



. As showmn in FIG 22A, first, a triangular nesh el enment containing the
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val ues of thblVBFEFEES of 't heledFamyul &F medh gﬁsttheAngﬁﬁllaf‘él af@r
nor mal i ZedsagachingnDehe uabev§ rdeseyulzad araniter;he helgnaphhdsanmage i s

gener at ed gﬁg@flgéBgnbosbhewgrr@angen@m_5(5f tlrgegw ect angl es based on the

erpl at e, FoBguer g Lhe 3L ialogi Luali gn, ol gsperald ng . graplics | rmge.
rectangles to e arrang are given

coor di n@ge vépee§00rm%en%nﬁ¢e¥enaha 19961t afﬁ@@s J\muwaa%e%%o@men
coor di nabebeabkdéacehtr texahnpl alreakgn aa rédesjegh naodarfgdre @@ @lr.aphi cs i mage to

be gener at edpi sot of luaelad o a-beumhate, ddier ecane daladel seahs,uhose

re not \aplafr ﬁi%f'm%bﬁst SR PN oRE Chlod brng 00N EEnBeS Ll ons

to serve new vertlces to generate new triangular
elements as shown in FIG. 10B. Subsequently, based on the
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. JP9-2001-0152 1In tine series data, when an arrangenent result at the |ast
time point is used as a tenplate, the coordi nate val ues _of new y added data

el enents are not described in the tenplate. In the abovép%l‘e?soc?rll‘ﬁé?jz

situation, a case is conceived where the coordinate val ues are not

described in the tenplate. In this case, the arrangenent of all the groups

of rect S | et er m fallow.n rocedure., .1. First,.a group

of rectang vges r@o@eé%%%nrgﬁ?%ﬁg%{eég hegegrggna sgﬁrl‘l élguilr‘?ttl &1t ear’rps_ila ©is

col | ect sXFPHTF 4'HE AMCan§ErBROULRET eBf eMengst ePnf hedndgdt Hev t ecitigue of

t hi s entdddiInentl002., Subséqueandy,l1@ 4r el ok retdangs€sa mioseg cawrali nat e

o hese e R D el ot ey Cf A by he
ol gor e G THE G119 bbbl HEnTORLFEFT: A PHORRGE 540t 0186:

descri ption Wildraaftginmen thea prberesnt | ewrahogmeanigi ngeresoanglds

accor di ngturrtiso eghedistept .70Ml, G sebediss athé oneRar treldtlawgiireat ikt net hod
of arrand i HoURpI1LLCIANGhESEARR! LEULLRDLG RN UG deel g FI G 26
is -a flomlg%art |€%%}st a(%ln a rretﬂog of etermg’i ng the arrangenent

. posi ti o &S £ R BFGF et° FI%% ayyapgeq (BGEPNAPL) il Past rmaRSRE Sridtessi ng of
gener at issgnea graptdE £isng mage of hierarchical data by the control of the
arrangenment @aNtréPeSettd othS3abBeEepibBEskenfl Gendd rddiasigl ddhensort
section a%arngaedds Al Of 2o hé?£9£§*é%ehg"?'e VOGN § ot e DIOCRSS NG
arranging rectangl’es’ 1s 1%0 be perforne amgng hierarchical data 1o be

process 36t he main menory 12. The sort section 31 then collects
rectangl es wiesd ,coer digtat el | ves ariptdescr wbéd e t lyge vieenpb at esheand
nor mal i Z9% ddes 16RPr dnnahei ¥Rl uase SURsRGHENEkYanbBReSOrtss€€LbRN Bl sorts
the rectangles aoperding.taqacprideler mped cidd erlon based ont he
arrangemnmen Sitrons of "ddataelenents Ccofstituent el 6ments) cosuch as the
ascendi figd%r der of the x coordinate val ue or the ascending order of the
di stance frorfitdss,ori gha i nrtihegodenal igbsheoos di nahetvahuésg( step 2501) . A

sort resitadgut8MPRESRT hEnetaked | ik t BReMRItRJTEN®L Y 238 1416 el ster of
t he pro%eyss ng Hn}nge%l, Vz%ndofsgg by, the el emelnt arr%ngement ecteltoon 32. -41
JP9-2001-01 SuBsequen(tIy, h &l e Y aY?]éth EhentAd8EE 5n Tedds the

t enpl at  SHFRChBYE) r ef AT eBTEFLIPYE vhed@F ¢ 5 nthef RTHECS ecPANdINSS

(consti dwemty efeeneintesy ddpmceie tenphahethdbdgngaseetlieoend4,isambesets the

triangulyy rmsted,0 tdwqinthépbrstat ecHai ngriBaqhour ventdriees of 4:he _
arrangergfrir]c\tssri%qleo& S efcﬁppdda&gféé) the tenplate (step 2502). The foll ow ng
en app

series of processing is ied to each rectangle ri to be arranged to
det er ni ne t h&URASSHFEt t Hef ebF lpgged azsEemem st Wihhr 86t A% whi ch i s
not arraimigﬁ@atqm:t degmeyt r@ottek agrer dianfdd ihe desurandirder obygetrheofSort

Zetct i on 3L sterepa04}02Thegnadr ramngenent H@Q%'i%',oﬂ’lgﬁ% f@fzée%tﬁﬂgiae%ﬂ S t
eterm rdi ng rocedur o cri ater reference to
FI G 26'%?(%@%;%%@#%%%@“ é:%%ul gk?éregiﬁggg?ié exF%rnde .Xa 8 e|‘1e|e e (step
2506) . AYERLIRY tFPand@rathesh itheupradéas e ghécm@nﬁ%@% to the

pr ocessiaigadfe arfangiheg tthe amextl arectedregien t( stwar 258 ch Wrerhead 1 ddhe

rect angleeaudNe higrarcied evel f0 berprocessed ang ardapaadriing
processijg, | 5 engoexd (9Lep12°03), e dengraled.qraphics Lmade on Lhe |
rel evant hierdrchy | éVvel“is’ténporarily stor_e&in e maln ry "2 or the
r egi st ePloftNen @ 55cSEEssidihg i t1 1 1sheid 18eBi¢n Yenerating a graphics i mage
at the next Mhihemarthyrkevid . aNextjiadgstakptdlementd | wiehgi ven (ferypr)ocessi ng
of det erpyjRidag tt %rﬁﬁo%aogﬁeem RO 4O Qi ddesepebanglee p MLy

per f or med |nes%ep])r 2% . In grder to arﬁange The rect anrgl & extrac(#ﬁed in the
step 250% oPSFLE&I™SS, PPrsti®a tHaNgitar netH el bfent™t - tontHHfing a

coor di n&catesl d& Wheofstigre 8%t efggre $94) which is described in the

tenpl ate, isFident, fiethe anc(iatr@@sitdenttjxfiiae@dlrairangtalamemsh elfeimyyd to is
regi ste I El F ep 01 owl erd cessi ng
ot hen FaReaad unt IS RO Soouet T 5 ernroen (At 6%0‘3}?@% s

tri angulfdreresifBPeFent e | sSURRKEREBEEof THEMIEG quetieS PPt Bher is a

tri angulsgdesdsid ebemantcamadidasendon eghst erernigendars FPEFSLglene ofet anong
triangulale nest:ghgrentstag agenl . to theséghangular sreshnel ey@Merds that
triangul ar mesh elenent is registered in the FIFO queue (step 2603).
Subsequently, the candi date positiong,cl t0O Cmare -42



. JP9-2001-0152 calculated within the triangular nmesh elenent t, and the
center point v;+4 of the rectangle ri is arranged at the candl dat e
positions on trial to nmake the foll ow ng judgnent (stepJ A?)Ol 93613 The

val ue of aD+bS is calculated for each candidate position (step 2605), and
it is judged whet her or not aD is greater than (abD+bS)mn (step 2606) . If

2D |5 At elodhan LaD-bRULRS LAOWIHD 1 s pecprdedydnd Lhegpet! ¢l on

prOCGSSI erm néd e cen er p0|nt VI +g
of the aﬁ‘gl gerteps hhpaAgéd athehe EbRReshohdiHYPOsiMSGiE%nii® and the
processiargadiniefd ni(shegp (S0EP .2610In. €hy |dasmd icf nathegr eatiemdgudiar

(ab+bS) rd t n K S her ctangl e
T QU0 MO e ) UL T AP SRR e

al ready arran ext C%

smal | est e@eé% 24§ q§hec 1J\f"a ue is the smallest, the value is recorded
as (aD+bS) ni nrsmwmﬂbneeusByblfcﬁere’aridrfmt%e%mt| on whérckomd s

recor ded A f20Si ¢1aMe® ~16St @R a26AB) is Wheslébeegudgnenys ate nade for

all the cféac%‘ytde%f elpﬁél EleEE'r%nt he s|;5ext ggggr&g‘;ges%gqémérgt zégg}ag&ﬁgs O'sf:el ect ed,

and the processin s re t hat ,

eated (steps
when aD5 € ot than Péﬁ&ﬁg)sﬁl 9n 4% Cienteeﬁ nBUGk thEtst 2606 it
may be jagdged thét tthhﬁe reteanyt e rearteog ive beiapged catesswat pracde and t he

process armaneneetk t Dothtegt 8 26Q9 M ltdridd nﬁkm@gséeﬁehﬁdemnttr@ t he
step 26(% %%”c ”}%c'%'a'ﬁgl%“eg tlggmegPéhgg ?)ﬁ rf@“é%&é‘erﬁ){ th %Ove

menti oned processing, it the cen pornt I +q %f the

rect anglPd 1§adys aFFaRgRd &ECEREIISsi {7 6P cﬁpﬂ maki RB1E heé fredsiegpestt
(aD+bS) mos tdrah t baenpibecesss hyi SHtaiinstedbdseéép d2610he dherdimerte are

reCE ang:vew@ﬂ@%e eCéQQfl didtatgh o/ aeit&s & medﬂ&crm@e&?@lwesﬁseel at ed Lhese
rectangl es ar, I n reo r rmne

use of gt he alsg%o%*l%t ue&](tﬁglé F?gs P% %{51%@7%%3? &ﬁgéggr tl’f% %fe % rTr%odl rrgnt
Next, d&§dmiPt PERCHSERhePgPYERIEF pfbeBssity diea¥aitgi g lraé’(gtudr?dfl es at

each hi edamemt | efieh byhé¢ hecedontardl okcthegder angéngntproard seodd sect i on 33
Wi th re?ra%@éﬁ &8 Elh@ 317raﬂ;éﬁémttrpesl1ltqr&r COb€akindat & OtRE Ryregessed is

read -9 0 from.t he and. hi erar evels are

sear che for ?%tze%l erarchl cal I(li‘at r;g rea%?rtlefl ?EF sear %h‘%gegl nning
from t h@OAGHESS /hilehr dritane |Je%ernten%@\rernﬁrierlarlehy%erze\?erts (Sthe the

hi er ar chineadandateal | $inegisigred | hsa stlokted, t hadseaneh porcders istep 2701) .

Thfa hlt erafehirgal tdat @he;egseéere@ovn E%e dsat@itrnfrrg e@rrétﬂ f&ltrexraa«rgvemétrihtevelt 'i
Sel ecte verse er e, r ratiron 1 n e stacC
%8 &1 e dHE J% %a%c%l %sﬁ!eps Q @?g

(step 2 ccording to 1 ure s omn |n 25 and 26, a group
of rectangl edNcohBei t%ﬁ%gwpﬁéeser}e%t & HANHC hGOPEY SMOF s PHATAWFRI (st ep
2704) . Asopr etvhiouskyadgsdpirbedersgmice thi sigprodessigngnt $yr ecansings y

per f or mgeh fthem t&}ee | pueevBher detitun@eepdihd OptBeeBsaher iy | evel
of the QJI erarch c;vae %tsﬁged L a rﬁ&#gﬂ%f’lﬁﬁl ustd(_eer)E ﬁn a pryf %e{ ern ned

hi erar chy IeveI I's ar rectang Yer arc %vel s than

the pred&CErmdteEs Ie(r%qel‘hav% Qi r eady t?eerF}hqraﬁ%‘é’ElaWiLﬁl n Pﬁé r &1¥vant
rect anglieteAdearedi nglhe, afetodrarndie priccessimagowd t e sttdye 224 dvsarft ni shed,

the posiolsars of, Gl e F1d &%ﬂdé%lﬁwsm@r@éegpr seygls than the

arranged rectan Ie are re aIc | at (step Th processes of fhe steps
2703 to 2705toglrg: per % g" ) h?% reﬁga?]gl Be n X1E arra%rgements

of the A8te&igres a‘r’et]aetté‘rem %%Hg}éﬁﬁoélfet%”rﬁl@r%rcw Ité\PéIes ighérgr aphi cs
i mage, whiexlaminean himangenerntr el t, the sirenednimed heluedes@gmmry 13 and

TR R a et T AN B St teo?ﬁ?éi'sf’ﬁ' e
B ang ﬁ%taraerleer I I et e a0 B G TBED %Fnragﬁ@rﬂgﬁ. o RES Ly vet

gr aphi c8Umage 07hi s embodi ment, in sone cases, a seanl ess visualization
result is degiheed tloede oObt aionachd am ttesd ﬂ:li]ﬁéglsrda@nﬁdrﬁj‘lg $heihi mheseries.

However 't(%hté’tﬁa casg of ndpd df@sthﬁh ﬁaF&'Pl' c d @Cf% kg oho stempor al

change i e hle rchlca i f arra nts o consti tuent

el enent & §ft%treffh apcfbrte 3 elggre%?rysérrr&ﬁ&é@ 'r ot the é??ir"r % of the
cor r esparditagadenstpreentdes emdinom bethee tthrd amgddics, theemanget aeanl ess
vi sual i zatleeFeresulditdaniioé heighbairnedcthieneforen ehaewageapiieGs i Mage is
generated using a | ast graphics inmge before the update according to this
enbodi ment. FIGS. 28A to 28C are views show ng how a -44



, JP9-2001- 0152 graphics image is updated by use of such a tenplate.

Referring to FIGS. 28A to 28C, it is understood that the corres ondi ng

constituent elenments before and after the update are arF% 5

substantially the same positions by generating the graphi cs |rrage after

update (FIG 28C) based on the tenplate (FIG 28B) created fromthe

gr aphi c%hlenaggegg reeupqJ e Ac%g d ?g LY t{tg se&rp e%s Vi Sk'qu i ztatl on
ta af ich a

results can b ned t he update. systemis

desi gned R @NIfEI e P@%Fapé Qleatitfg ?%%%ngja% #hdghct 1 ®n O@ftatlﬁ@d

pr ocessiaunaavitindgl pXbgthae caner aldgadntwhi () raadsiaeposnt ithe aftegach

consti t ygy, etﬁgﬁ%tro%s%%% hi £ JEGHY thevale | Bripe wega&ec&aram cs imge

and assqci ates thé cons uent el enent W|t nornal i zeg (F)rdl i n each
arrange 1t on? 9t e f&2R9dapl &L&MeRte 2% et 887 eﬁﬁ at &% ved in

t he t enpiztandaiadih@Pessction 34, thmdrestanghen | shergr 894 end rﬂibﬁd is

updat ed.THe" R LASRF a B diSefhahox sless 0 @sid heh g ataepeatwage (hereinafter,

referredto r)..h a Si Vi ab tign
rel ati on % J{Eﬁ\/\%j gg?lae)necl 2§rrfent:g8 sstg}c %V ?ngtelngoﬁrr%% g8 %ﬁthe upper
b

| eft" W13 he elEHEN S gfh‘fﬁte‘andnwa S F
vi sual i imveorba@stexaMM| thntbeideshgn, vibw bg reeideaenéd pess irhiigin as

possi bl &f |#hé hireceangl e KRN g8okEBYEdI hagenesat BdehY desidinimdenpl at e
creat edé% ed o) th‘e SSI R Vew, %f tr{toe ﬁ?iaﬁ?ﬁ%g' ngltegletnty S |f di ment .
t 0

FIGS. 2 d 29 are views s 2tg}@a I S generate y using
such a t&pisfties rReher G it an CB puBBer |°tf 3dyRA8REt B hat t he
gr aphi csrentegee on tite ol ¢rhendesirgangemanbf seheinsel2( mexgh epusiadtons of

const i t 4anta R BNt S1dneBts CwiaRd the | Shdefd £cd eduhBegener alekdunhicr eating

a tenpl g based_on es ( 29 b he,u

generati ng““fyhe‘%rg%% cs%ﬁlnaor? élg g Q%C‘j g&%‘eé Cﬁ% )tq b¥ ?é %ﬁtaquSuch a
system |a§“%|"d?'%d tbap%ﬂ-ﬁde @ﬁ‘ﬁlnétse Ylst asnam‘P@ﬁctQ%n of the
pr ocessiawg agsrtt ldunmpgvanttoasr distteps m2ctardi s@lays aTgreaplico@ntuser

I nt erfa(‘a%@ddd?étﬂé]ﬁ: t hg 4s8rlort 0 Q‘@nuahbalﬂescééﬁ)@st heclesi @ik 1 dthey d' spl ay

unit 14, accetsm t from helnput evic yor
nouse, and HH s The Ter |E§1 SedThe cheaate Pa?z |éai§§]a3:eg3 S he

t enpl at é;r}?olﬂﬁ%ssseidtq o'ﬁnftﬁr i therP i $0%one cases the visualization
result is -4FurthelR®201-0d52ttesi recse 0 Wiee bt althed windarrgserence to

meani Ng$fi tdadrd, ofort Iexaml@aniyl Ar panghNG Katds € @Mntss L8t alphabet i cal
order DeglNng JLom b, | ELL slieep ofnadsseendl nguarder At dal o Vﬁegl nni ng

fromthe ase, coordinate ich can
refl ect tth?@%eaﬁi:ﬁgs liﬁpQPattJa‘%tr EhgefdlRe Qﬁd’cteﬁélg‘rgaphti% ﬁﬁ?g‘t?
gener at ed-tangeseerdf aseehpbat e2dsi rmg rsuncte sc oot vk narecaaeglacc@rtdl rg to this

enbodi nyyysi thldeS. wr&%tps 395k L BeNi syvstﬁeowreg:e@@wntgheo&r g dl ge Is
generat d, by %Seg §“Cé‘ t&mp! %to% R%f efs ngw}tu(_)c Bie 3%3 ngt;fot

under st ood tn1 ? cs i mage whi he 'nean data on
the arr &fGSRIAeD Ct“i‘ o‘h@e c%ﬁr%’ég%‘éﬁ’éFaféalPﬁ'tﬁé & Ieévx,t"“r‘t’gjT e The

t enpl at e:e(d%laﬁgl’;H)B)cnwwertateedsbdsedwbnsa (}abphabemdsala)r@oahdmmte axi s
ext endi %rftrleéé hesteestcmtéteahatt@my n Enghé 58z ot ehabetd CQthﬁde_Lrn and a
(nurrerl d| gs aX|t_) eext§ ?Jﬁngnfsr%rp ttt}le Igurtlln%o th %ht S a

nunber |ncreases f raphi cs i iI's generated
by usi ngaHifsaknptat eeXBaBA a tétﬁli%r‘%%%?rg’i‘tedrﬁalf’ﬁcl ud‘él erfdist e

gener at imgtreayise f 05 taanshaddagegr eddtteimm hed cavrangetentxesedito a

tenpl at g A% A 8f1Ly’,ct| on of the processing unit 11 programcontrolled. The
generated te %&I aveddnthlgyf |_.at e _hol di ng_.uni t 3r£}a Ié!GSt31Ato
31C are vie ?‘é‘?es Saer ep ed&& irned hi r|)%1rcat‘ﬁ CAI9GNTE are

gr aphi c&l€gi od smwm&tm ngt®o &hi prefssermined Flcéus?rPBrl s i ew
show ng ra&iaatd edher ehtiled hiagear ehueakrdat anof tid G 1@der | hiddeaghdy changed
and gra%lv%a.t" é%sﬁ)lkéy??e %ge&lm‘t‘ngao%l&&&g atembakg gaybghecﬁeechm que

of the first enbodi ne

S a view show a st
i er ar ot SAFRIPE. GHanREaltF dF SERayba AR SRRI: BRECSaHe Zonditi on
usi ng t s gtepthiidsed nugehofreEeGeng8eA tas EHe. t énpkhte reCompardiosg d1<GS. 31A
and 31Baraldrkeughi hhejdaten 1Ry ClofRs t ber edfedr @nvepyisemplar, (dde visual
i npressions thereof are very different. On the other hand, FIGS 31A and
31C are the graphics imges visually,yery simlar to each other because
FIG 31C uses FIG 31A as the tenplate. FIG 32 is a view showng a state
where predeterm ned Wb pages are graphically displayed according to this
enbodi ment by being handl ed as hierarchical data based on -46
JP9-2001-0152 URL thereof. FIG 33 is a view showing a state where the
hierarchical data of FI G 32 IS sllghtly changed and graphlcally dlsplayed

oy o, o . o Y "



, Conparing FIGS. 32 and 33, for exanple, the arrangenents of the clusters in
the regi ons surrounded by the solid lines and the posig%gnzo&fchgg clusters
surrounded by the dashed lines are greatly different. e other hand, in
FIGS. 32 and 34, the same data are arranged at substantially the sane
positions. In this enbodiment, the description has been given of the

t echni Wee %Oﬁogsme%idw&& 9@@ Eévwﬁl? bﬂe%é&ﬁ%%%f ng higrasehigal data

by use o he n structur controflin arr ement of t he
constlt%Eﬁ?n%?e Y cF6 ?EP '%%IF PSSn'Egcﬁaﬁ E@%§ | Vel *By use of
a.tenplB@eSlbbaeVermOdufwsUmanannaHQﬂmenﬂnQi@ﬂmxmﬁménfUEEhebeoappl|ed to
gr aphi cst di sl ap!o@hmepht@lat Br¥féheat DAEIQr chY16EE uca ur erbyngonaect i ng

pr edet ef i ped. caRSLLL yont, ol e I@Eér%b Brgs 20 deaaripad 4y thes seoond
enbodi descr a ove er at ed gra hi cs

i mage |§1Eh§bléﬁéénﬁ¢t?ﬂ?%ﬁ%%lé? uﬁqsJﬁe%?té;rﬁé@Mg%ﬁQﬁQ&FQn PHe vi deo

menmory 43. atibapyer theheegtaphiles themgenst ored in the video nenory 13 can be
utilized in g @APfi@Qﬂpyte&nAld@%@rQﬁ%&@) t%yestﬁ&mrﬁmlbmerl\/efeover,

when sq ares_indicating ge I 0 be rrange or rect anglkes di i ng
cluster ?o Bgcg?Pg Sgd %Ve %@Ior X % ase on ?%Tor%%tlg%gadﬁgh to the
cel | s oFeetaBgées, int Beébne%oﬁbssr%ﬁélFo brsgsl i A8 t et thara’® er Xand
featurereéteﬁgheslUSM£mﬂunmeheﬂhngy'|relbhedafbhenenblaneﬂ epbedirnent s,

the desggipti eHeha%hb%n @ ve}o%fr e raser oy a5 f angl g rectanghes of
various size

rectangul ar regl ve shapes of
const i t BERt '%ﬁ% t§°tocB%n8?ra‘§e& ?ﬂo%tfﬁﬁ1téa+é tei?‘he ‘rect 3§l e. In
t he teckniuehprovi ded by these enbodlnents t he arrangenent position of a
figure is desepstgednalier ancammnkﬂgimgraMQenentapp@nx|on of wahd figure

is sel e?fﬁg y B Uz%&ga 41@%9%%% rdegpﬁago%&%%h%é@d the figure
is actu arran e sel ecﬁ sition to ¢ m r the figure
does nof°f téFFeﬁg éﬁ%tﬁ%? E F@ﬁﬁg & (TqQQnﬁ%f %m% gln gy, even
with a negurreqtranglgwape arhengedannt Hehe e&@éh@ﬂey &fgrapkeresanadge in

whi ch thribhenar ey sstgdictheee©d datiahbs @deressieckady t heraegéeédbgt ruct ure
can be ggﬂﬁéataedcgﬂzyol% gk%f“@i&%ﬁéet ¢bhe tsf%rmré)Ié’\?@ﬁ@e§ecH9ﬂ@Y@r

conpar e usin e rec becones congllgated to

hth
cal cul af 8Tt F&38%) 'eﬂge e of 2Ffit erf FUNEE %.%dthghgeﬁté¥ 1ot it
|dent|flabﬁgq&NQﬂdwhmcﬁh@amiﬁﬂQeWErpéxaﬁr%@hengiﬁlén@ﬁ%ﬁt%%sﬁoelenemﬁ
of the aneamgedahigger &.in updahisg chke,t rilengubpslogshal Adéetdnngky, the

time ' egh! £ ot AROGERIhdWE ¢ Sa %QCE’%@%%@J_V \efxcPla s Non OLfiek, Shapes,

it becones %055| eto ex [ ess ure, of each cluster or

cel | wi FhM3PERIApd TGt the® }ﬁ%?%ﬁaBre&8PFn|n ﬁQﬁiﬁlﬁ% tRe XFEFERenti oned
col or cofli ng. Mizngelart elemens far adHidy dhe r afolaRgle cd | 16r cluster
to and ér@ﬁh@@dali@a@yatgeneraéedi_@rtaplme:sm mege tadrarm ladded leoenhe

gr aphi cgqh gRAR tggaert%te' 164&%1%4&6 Pébeéit et s, d§§t5h%eaﬂc

gener at | i's_added 1 6%‘ h% se t he neg %or addi ng
and renﬁ%WﬁE Eodst it (it %ﬂ%ﬁm%ts a 5&@?%%1 t|8n Yo" add a
constitatap &0&mmft EﬁGtosreﬁﬁﬂéeadd@ﬁ|Q&ﬁ$ﬁﬁ£§4@%ehheeFéﬁéﬁ9U1&ﬁd adds a

squar e eleRchest angl énat hbmbeer respaddiargnposdtien orerteinoass ahgpeci fi ed
squar e eglgﬁgﬁﬁagleeﬁgheﬂtghe A 8CL AAGLE 1{:G e bEMDYAQ IeeFBQealegastltuent

el enents a 0 lerarc Vi an t he ng t hese
constltﬁeﬁFaQFgagiqwcgﬂebé ge?ﬁg S?ﬁu?ﬁl {ﬁ% Elplgb
rectangfercaheb@nﬂangﬁmﬁwmlPeSLheOnon§tMhﬁﬂﬁeQﬂ sBoheghenﬂ®@er
hi er ar cliyomevel tafianhefitr(i @1éhést cagah obhy theallieytar ebpolieyekcadf the

el evank; £eghang! e iy d hey MoeLar ey %eeghg,rl% ' 40584 atbahigapas! onal

rel ati ons I'pS hetween squares or rect ang sane

e | evel are
changedtB§ PRELEERBVAS 6 OSfe aSqPass 1o éﬁ&? 41onal
rel ati onshi pShbetateeve t e ssqudress opemetu@ngleenabeeadﬂUHiede@?t@@ply|ng a

proper whet@ﬂcer gxanpke, aﬁryﬁf@em celmeltdmlé‘dbwamxattrawlw and

repul siy ces to ac n the sq S 0 egt an ove
descrlbgg 3%855|ﬁ§ﬁ?sr8eﬁ§?§eqx) gr ﬁ %%é naéeﬁo%) %ﬁ%ﬁ% |ca &

However mephst K cREevEPUSLY adJPQIQQO‘@qu’&SQn@ néﬁgtqrﬁ"g"tal% apfi &8 mage of
hi er ar chiieabrdataal datbwa rhitérearichie .| evel s (data conposed of data el enents
(cells) on the | owest hierarchy level and a cluster including all the data
el enents), each enbodi nent is equivatgent to processing of efficiently
arranging predetermned figures in a predeterm ned region. Accordingly, it
is possible to apply the enbodinents in technical fields with such a .
requi renent (for exanple, fields such as arrangenent of VLSIs on a board,
arrangenent of patterns of clothes, and arrangenment of nechanical parts on
a plate) In thls case, |n general flgures are optlnally arranged |n a
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. -49 JP9-2001- 0152 CLAIMS 1. A graphics inmage generation appar at us
conprising: element arrangenent nmeans for, based on hi e5[§|§<‘2t6| (fag)

arranging figures which indicate consti tuent el ements oh I"ower erarchy
| evel than a constituent elenent on a predeterm ned | evel of t he

hi erarchical data in a figure region which indicates the constituent

onorari g o iR CERided f@“ﬁh H?E?l?é%?@f‘f@%ﬁec% L"%%‘%m%%;f a

o ot e S Ruithan o Alusefed| EoPardur o rrFBP?Bﬁé SIREtEE %qures for
each hi emarldiey I’eheh fortem aulbeer of eraadtand lesel ?éuétﬁlrghertﬂl é?ﬂar chy

| evel ofartrfaelg*@derarmm{ dat acorerdbe F-aplples | Hnge geden aghen iappar at us
accordi r&%ns?.dt%h%'dnt]q quéﬂ dgfwcéf\&ed ﬁéf’”@&% A hangeIRNE HIPANGR Yides

figures such cons uen ts are’located

cl ose t GlesdR TSt Halated The dPaphrEs Cilikade geieritt oﬁoéﬁpépépué‘aécfcor di ng
to cl ai mhk, neindresi mf went angredet erivé nedrangedf thd tbestiumbbemt off enent s

Is arranged:c3al dalRmRNt: ArdANGaRIe MEANS: NANEH e8h Ae £08PI Rkt on of a
figure whi ch nd| ca%‘tﬂ s the redet

ed constlt ent .el enent flgures
whi ch are ar r? ed ethlrhur? pre et%jr]?n heqs COﬁS#I ?u t%el er?él%inc%
i ndi cat €1e6tet tltferﬂtal’él%‘“rre’?ﬁ%n orha NeMeerhPér RERRNICAESI %Wﬁﬁ gure 4.
The graphi dse i angengeder dtti ans appafatudtaccorabrwin oanl aimahgdmartther

conpri sisR@:s 1@1%n¢trl%/at 'e%r@%%‘l%gf Opch%e”?c%@ta't'l%n%%ﬁfsc %%@}%@Jéﬂ%érh

consti tuent e)&% nts COI’lStItU g% @hedet er.m ned q:t | evel. in the
hi er ar cRiPcal © 5askaoht & at i ohShitg HEEAREER h%rggﬁé'?f‘{lgen]ts

el enent $noFeapes .gr aphites W}%@é geper dt FBRlappar 4hes dedortdivnghice <l aim 1,
further veampersi tigs tenptat:e Hel ddutgh nearasker ol 1 ngrafeeapllat eco

| dent | f%hﬁﬁoﬁ}ésé ttap h@' Ede éhﬂéé@lﬁ&g't‘?i% gL el ps sai dnel grant

ervangertht thans B Thier dn Bl npelmt ou [T gr ofs s fLSus Basea on

The graphis¢ead wdgd hgendremhimoiigppar at us according to -50  JP9-2001-0152

claimb5, whemeixt,t heldsemilatieon s wairldat ¢ bagietbrcn of graphiethddmagef al r eady

generat%@nerating a graphics image of hierarchical data by
recursively performing the processing of arranging a
rectangle by the sort section 21 and the element
arrangement section 22.

FIG. 11 shows a flowchart illustrating processing of
generating a graphics image of hierarchical data by
control of the arrangement control section 23.

Referring to FIG. 11, first, the arrangement control
section 23 sequentially searches for clusters on the
highest hierarchy level of the hierarchical data down to
clusters on the lowest hierarchy level by the
breadth-first search, and registers the clusters 1in a
stack in order of being detected (step 1101). This stack
is set, for example, in the main memory 12 of FIG. 1 and
can store the result of the above search.

Subsequently, the arrangement control section 23
selects a cluster in reverse order to the order of
registration in the stack, and sets the cluster as the
figure region to be processed (step 1102 and 1103). The
arrangement control section 23 causes the sort portion 21
and the element arrangement section 22 to perform the
processing of arranging rectangles (clusters on the lower
hierarchy level than the clusters selected in the step
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. 7. The graphics image generation apparatus according to claimb5, wherein
the tenplate is created based on information concerning it onal
rel ati onshi p between constituent elenents, the informat i’%ff%g@' _g putted
by use of predeterm ned input neans. 8. The graphics imge generation

apparatus according to claim5, wherein the tenplate is created based on

predeterlqlo:}g ggorgﬁ@atﬁ s gég&gﬁm ng¥g§anllrtg4s of d@\,ﬁ“ V\A{Q ath%om tional

rel ati onshi Faphics_ i nag ene n ‘appar at us %enerat es a
gr aphi c§r|0|‘?§§§l|nr9clli|%ﬁ‘hb°1ﬁjg¥1r@@%Fiﬁﬁaed’%ht tﬁeﬁfear‘?ﬂ%%e?%r fitRed regi on,
t he appamat 8 conprising: sort neans for sorting figure data to be arranged

based on a fipgyre &%%es@@ﬁ el egenie@ufgﬂeswnt dEENENEQr merﬂueal ly

arr angi figu nt t he .region to a
et | phery Etor BOFTPACES { LY HLr Yor (8 by ISEPACBaFEInednEs 110 M or aphi ce
i mage gé\ﬁélﬂ\@trl on kbpeareiug acéélvéhlng tébs cl aPBAeYICWALYei n d8HF w4 - neans
nodi f i eacdoasdtgly,a wiadratd onsdit psgPé veoltustehe bhgur @ rdatere dntiment der of
the fi glﬂr%r‘é&lic% Orlte%lba%%d Qlr Eﬁ%éd gurr%cﬁkh‘?%%leas“d Sita CEheé e

ar r angenent ?rraT es_relat ones res so Io ate cl ose
t o each"gfHé&T. Teh THE 8 s b Br‘agﬁEfiﬁ’E‘FBﬁd TaT s %c gto
claim 9bamerkmem s@lneedmremraagleaing@;mn neladsrgénvpates aatiangghd ar nesh

i ncl udi mﬂle(i%rﬂcﬁ’fe,pmarﬂtf‘exof theguias Rlggady arff anged aseertlilaes iis the

r egi on, {;1%‘15% £ MLAES AL AL AN0CTRN! < S'fécod%rFHfléasF]f'Qurghéol%ékeXt
arranged based dn si ze tr1angul ar e enents r|a ular nesh. 12.
A gr aphi &y gehératfon &P B&r at bRe cAPTIIHY: T mage ©

gener at irecatsans tegk  (rsdead VA Iddp dhi erarchical data and generatl ng i mage data

of a graphi ca fitrage i Lo X PIeSSESbéd hp@b@é@h!n?t r #GleUag refnddient
hi erarc*&'o%%'ro‘iat&%’ és'ﬁezgf raetu%t EdtétEH‘é“é d‘% d's%?ﬁ@%‘t%“gc'fhé' gures,

st or age means for 1 CS_ 1 mage

hi er ar cRiS&& Elé’tléteffher‘?%@%eaﬁga Hél ﬁé‘%eﬁé?&ﬂ‘ed ByCRai t & hphid® i nmage
gener at irepemansthe5bamed pIeOe280490152Whed ditsplay Jvehyesd f on ridedi ng t he

i mge datag rameai dsdor agee Meansangemehspl ayi ngithe thead diImgedata. 13,

A hi
ol udi G %%%Zé@gir@?;ﬁ%z?” Sqi%ﬁ(&%aégsr%%%r%ﬁﬁééaﬁﬁﬁ%; i ?‘?%I?%ge
I

posi t i o MHESLmers Ot Hd e3hes f ]PehBFEIFﬁéslthgora dtifi ng
ar r angegente nedsict iz rofc |ng%,oit hehe nfpenat¢lohchbi dgter eat ed based on a
graphics i negecal.readyageneyategde ande views showing how the

constituent elements of the hierarchical data are arranged

for each hierarchy level by control of the arrangement
control section 23, and a graphics image is generated.

Referring to FIGS. 12A to 12C, this hierarchical data
has four hierarchy levels including data elements at the
lowest hierarchy level. In FIG. 12A, square cells
corresponding to the data elements are arranged within
rectangles 1201 and 1202. In FIG. 12B, rectangles of
clusters at the same hierarchy level as these rectangles
1201 and 1202 are arranged within a rectangle 1211 on the
higher hierarchy level than the rectangles 1201 and 1202.
In FIG. 12C, rectangles of clusters at the same hierarchy
level as this rectangle 1211 are arranged in a rectangle
1221 at the highest hierarchy level.

Herein, a processing time in this embodiment will be
considered.

The processing time when the sort section 21 and the
element arrangement section 22 arrange n rectangles
constituting a cluster 1s larger than O(n) in this
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. element arrangenent neans for arranging the figures in the region based on

the information concerning the arrangenent positions of th ﬁg gs, t he
information being held in said position information hofging qﬁé such
that the figures to be arranged do not overlap each other. 14. A graphics
i mage generation apparatus which generates a graphics image including

i gur esAEEARMEA-W {11 B (4 PrRdeher maed redlon.,¢aIpetsbag: cagst bhon

|nforna i on f or di ng I nf ormat ron concerni ng ar rangenent
posi t i oRSMBE-ef Pgur é’éthtlﬁ‘e iehf o?%’t?%n Béi n§iEreatdH BBk on bPedBt er ni ned
desi gn mnioiphiednpyard edrestentt al tangaientcaseanss foriaraangnsganhe figures

n the pegion basedige Wimdd’ ar i on CORAAIMING theAra@RRENERhEPOST L ons
(6] e

ﬁg gst t he |nf%r e $1 t g hglddrn sald 0S| £ formation
hol di ng® $38h HEE ¢ "I Yur 58t 63BA %A anldit d%‘%ot % rl 8p each
ot her. 1Bcraageaphi @s | Meyevgeneridt iioh eppakdtisdveheh Generatésng graphics
i mage i pehudinglf pgubéemawhangad is shionta Soedet ergted regi on, conpri si ng:

posi tion i nfecaRtion held ngnMegnsef ory hal d'ngoh@ggagatwntfeqrgcew ng
e |n or mat.l.on creat ed.,based on

arrangepen ositions o ures,

br edet ef fiPHEAY §aor%n%n{a%éék9%n. BROGR PP 4S8ee ISR e oP *G5CA 4y %
posrtlohamerépabﬁoﬁgnppeséﬁd el enrent arrangenent neans for arranging the
figuresiinnt Bateegilemehasedren die 4 i et it Coseeral ngot Bevaruangenent

posi tiopg,of Ehglptggﬁe%,lutsta%rrsnf ormation being held in said position
i nformagion ﬁ such that the fi ucie to be a rangeg&ﬁg not
r

over | ap®eachPes2d a%""JP§ SHSIL G52 16t hett F A% gf 3phi 88N nagd ation
met hod olugeaeraténg athpmphilts igmmes nc:lﬂrdwngtmagure:éu\mttemSn are
pr edet esarBREeHEQI ON by controlling a conputer t he net hod conprising the

steps 0. gédb%th'agurc‘iu%% 34 q.he A @\Pegcg dI o fn gu§6§9€18%t oftoring

the figure data ure e areas, and storing

the sorte8 @PBﬁr@lHQFthntQBF?l SIS St 1"r‘?tjj 'neans; generating triangul ar
mesh in the Eegi dine r e rgmensatt Oedeunafy therifeirgwba‘dh@a f wbdchhe sort

resul t @paétag NBaiNsn g e e leisdl | ¥a st ttil'ﬂgi fsgu;res&é;aseg addére, fiegure data
as obj e’r%e gégs%ga%%ﬂ&edﬁe %%%‘!Lai eo ,{&? SHd 48k @%fs%rm ning

arrange oSl ures ase |an | ar el enents of the

ion
tri anguli8FeHEsEn, 15n&?‘§r r]é‘r‘ﬁjﬁ%“c egjtﬁlé%a%stlfh%n% BELeNt YSBE &franged at
the ar rahgerremﬂoopomemtong:hmdpswesngna ghmphiics dompedobtdi hedbey

arrangi sgotbenkhgures in the region into i mage data storing neans. 17. The

graphi os T mgecgeneratian Mo ASRard nghd P claym 16, igrebdthe step of

arranging th igures 1 nclu mn| ng an_arrangenent
posi ti oﬂeBFrétF?guFélBé?gél&a&n fesds chYt h%eI???%%‘Erl aFD8I erRALOVIRAd
arrangi pgooaesdngt he fpgyr ddmes tise tdly evidero dfe revdenged at t he

determ medAaﬁbaagQgeaadggsi tion and judgi ng whether a judgnment condition

for judging pesshiiglhby OL; LREnAr rANGEEMAd S 81 §046T therein is
detected.
3. Three sides which connect the three vertices of the
detected triangular element and the node are generated to
divide the triangular element into three.
4. Some sides with the surrounding triangular elements are
modified to locally generate again the triangular
elements.
At this time, the processing time for the step 2 is O(n?)
in the worst case. However, in the incremental Delaunay
triangulation applied in this embodiment, a particular
triangular element is previously selected and a rectangle
as a node is added within the selected triangular element.
Accordingly, the detection processing of the step 2 is not
required. In other words, the processing time for the
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. Wherein when the judgnent condition is not satisfied, said two steps are

recursively perforned. 18. The graphics i mage generation ad cordi ng
to claim17, wherein, in the step of determ ning the art EES%QB 9?%%S|t|on

of the figure, t he triangul ar elenents of the triangular nmesh are sel ected
i n descending order of size and set to the arrangenent position of the

figure acsrtg;ﬁlﬂbérectm ghbe glrr\?\ﬁgrm n%%bo‘gq%eglr aph&%ﬁeﬁggge gener |on

met hod acco alm Nt er m ni ng

ar r ange R STEE ‘JoﬁlEF tHe FRGurd-eRsoAg ak fri aﬂ’tﬁﬂ r i8] etk le be the
tri angultdrame@n®)a t rhangudangéyememe iprcdast nind etemev ot | gearse tdtad

correqumfé ter¥8hbue8® Ghes®3 in FthisJ ROmpndHH62 ilshesnegi R itthan
sequent |da(I Z sel ected as the arrangenent position of the figure as the

obj ect to'b arranged. 20. The graphics inmage generation nmethod according
to claim17, Nidrei BhOVR tife &t epxXalbaer sy agaPhécrilgir disghayinhe figure
is new pcmuaalnged,extdre:mmaalngtdara megh |a£ppj1qdatged A ggerettaid ingeret Nnew

tri angulaflal e@%’?lter%'else ysi ggaah%edemg %pml%rﬁc dh@?]fevz&avta’ﬂranged

ew trian enent e arrangenent

figure as FJéewvetrt r@o

posi ti of (§f° ekt qqéh]rse g I%‘?Wﬁ ned based on the updated triangul ar
mesh. 21. A dtléphi &8 ilmage gerer ashoringt kodsbatgendrats nfeh gragsd cs i nage
i ncl udi nvddrgumasy .arrlangsd o hich a fireedatrargimad ra¢ onydapiciardr) 1 ing a
arr anged Ean Sl A Bt Sor ne I ReHent e R ARl LR L
figure c?é‘tga?sonaﬁhegﬁﬁgﬁ§ prgaéger ﬁ@é rofte @A%e&?%% p&g\/‘ﬂg{féﬁ‘

speci f i & saurarydmmt pos) ttbﬁseef fi dur e81G ant3 st bhieng e es ora lelds f| gure
dat a i nis@rifcatesulindEtvdrduig MRS  GanRefeaidd)g tarnangidar rréiﬁihrig’léé'le
region; 6adingidSAe ﬁk;gr@fcéffsf AU a0 B1LLANLChe SaId Lo

storing nea entia setting figures ase ure da a as
obj ect s %o ’{}e aaF KyBE i s dot ‘Wg%h)évl PRIPAEULEr t0%0r HRE, W& &3S ng
arr angera®t dicyiltavess of ashetd |@nebltbaaisedvmuaheuxpdevsbasdyngpeci fied
ar r angenmsic s ignsytsindntihe figures and triangular elenents of the

triangular mosh.podaBetandidg. e gioRs 83 U ohbestsptoohe Ay anged at

the arran rrent ositio

in

arr angi 1§ thed 1V gur 8l ithe heSFRut 3ne| %tocf [ Jt'.]‘a“l‘]a %t gﬂﬁﬁéaﬁéaﬁs g 22. A
pr ogr amheemarsiiyl g maonputef the geherarehacgiaphites biymage, athelpr ogram
causi ng nielae ceD gt REt e eXeCHhe: rIACERAIING Ofed B80S Vi NHolielear,chitcal data

and stakidg £ANSI! UGT o & eripnt s, of egggepher%@%lt%'ns%aso% | Hig Al @ stori ng

means based aqn a |erarc I}/t_f structure proceSS| ng

of recuFSIVvEY YStee F O a@ | BhRAChf ERARERy PEEFAr chy aleﬁ’eglh
hi er ar cinpel ewd] @éf tlhélkhl Staucthivgal  ddttd, processimg tdfe sepuamatad y

readi ng gra@hd@stindgnt ebgmefhes rstackid i4 tbBenhdataeshekiondifkans and

arrangiQ%i%ig%ﬁ%%dﬁ%gh%atkgg CBQStLEggnta§l%ﬁ@gﬁfbggbgiﬁ§4 for the
graphics display of graph data (graph data with a
hierarchy structure) among the hierarchical data.

The second embodiment graphically displays graph data
with a hierarchy structure by using the aforementioned
technique.

FIG. 14 is a diagram illustrating a configuration of
a graphics image generation apparatus according to the
second embodiment which generates a graphics image of
graph data with a hierarchy structure.

The graphics image generation apparatus shown in FIG.
14 includes the sort section 21, the element arrangement
section 22, the arrangement control section 23, and an arc
generation section 24. The sort section 21 determines an
arrangement order concerning the constituent elements of
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, JP9-200l -0152 | ower hierarchy |level than the read constituent elenents in a
figure region which indicate the read constituent el erre?}g&_z @ridof)gé)cesm ng

of storing a graphics inage of the hierarchical data obtaine

recursively executing arrangenent of the figures, into inmge data storing

means. 23. The program according to claim?22, wherein the processing of

arr angi 'é%érhehiégé'féﬁ 'q@v%qt'm ttlﬂ% HtH‘é'E% &l £nBat $, . Qrddie d over

hi erarc Ieve ure re i udes: pr.ocessing of sorting
d

figures be & ar e?cttﬁé’rlbof d &YEHWES sdhte resul t
in sort mﬁﬂnttﬁrdrrmlgemhs oandhprm nptod segaerbiradlingeamwiditgi ng t he
figures dhe acoldancewvdihiid@ seyt tgsul gor:eadsteb%bhhezaort regid t
Storing J7Ean en%”ht Té‘&tgfé)ﬂr é&%gﬁﬂr ‘%3“ ueénf‘érg% 25049’“%%%‘1;*10%“92 Process

of arra |ng |gures i'ndlcatin enen the |
hi er ar cr??wr ev8f i RLERBNE garéarﬂ@am@ﬁt. n%‘F‘ErEIb%n pfoCcesy| rr@%rr%ldfretlmg
fi gur es pex floermar rtdeg e @ rwtaingemesfd e gtriong ssalrag | cm‘shltrhﬂa giooers ttid udret

consti tléqrétmeertesnears e SQfrhiphd @QE‘aStS‘chJEthalasﬁ§ FeSHl tth8 SQYfer esul t
stori ng ,mea andlgr,(e)gess of arr rel atT%EI ones of the fiqgures so
h

as to Iocaet h8’se ach O?H ER T cgraggnce With The SSAeRasd r ead
fromt hé"’e§6rlt°rr edd t %Wﬁ%@e%aﬁws 25COTRECHEBEr affh&c c SISt tueTd ai m 22,
further eddansmg tihetwonputre tonexdculeert pFloaessinginf tgenermdghigsan arc,

based on @ dee! fddonstidp Q?t PREN d e ANy # LLROT ek emBRIEntf Uoddie f | gures

i ndi cati n%tt he czl str tuent elenments which constitute a predeterm ned

hi er ar ci¥ M a graphics inmage of the hierarchical data, the graphics
i mage bel ng OBCaiTaPByE T eoaas vasye BXeten i APaRatasr ahgemertn ¢t he
figuresl426.s Tmmmgr*@ém apgottiengdrpuiea 8 sk emhed esholvh tilhe FI@.Cessi ng

of the pr ogrlaml%fﬂ%rr%gl gl h%ﬁfga%rt%% Wil ndicatg const i tyant, el ement s
at a | ower rarchy | evel ure regio arr enment psrtlons of
the fi g@reélse éﬁ@ det ér i ﬂéapbégéd ohm%g?errp‘?gt er}’f ?‘?g éjo i ti ons
wi t hi n Skediifgped lvegiarth aermperent galhewnate FIG. 1|4 J|S9a20mptona62
arrangedofthare block implemented by the proce551ng unit

(A3 ASBARG1ARR AR (RN iﬁ A% &%aeﬁy?é%ﬁ Ay gﬂ% @n%%rﬁﬁl%r&@ﬁ AR Al e.
AR Ae. AR2. A A e A . A5
R Ao ASRZASHR B A 2 *A%rAﬁafoﬂ(rﬁmA YR E\]@r&lﬁ\%‘ﬂprH%’eA%? AR A
[R ASHRSAQTQQTXU{anﬁﬁgque medlum such as a CD-ROM or a floppy
disk to be distributed or by being transmitted via a
network. The computer program is 1loaded in the main
memory 12 and controls the processing unit 11 to implement
a function of each component shown in FIG. 14 in the
computer system 10 shown in FIG. 1.

The sort section 21, the element arrangement section
22, and the arrangement control section 23 among the
constituent elements shown in FIG. 14, are the same as the
sort section 21, the element arrangement section 22, and
the arrangement control section 23 shown in FIG. 2,
respectively. Therefore, the same numerals are given
thereto, and the description thereof is omitted.

The arc generation section 24 generates an arc for
constituent elements within a rectangle specified by a
user in the graphics image generated by the sort section
21 and the element arrangement section 22, and the
arrangement control section 23 based on the relationship
between the relevant constituent elements. The
relationship between the constituent elements can be added
in advance to the original graph data as additional
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rectangle is changed. In this case, it 1is requlred to

properly move constituent elements around the relevant
rectangle away from the rectangle.

FIG. 15 is a flowchart illustrating the operation of
generating an arc between constituent elements of a
predetermined cluster in graph data with a hierarchy
structure in the arc generation section 24. FIGS. 16A to
16D are views showing how arcs are generated in graph data
generated by the sort section 21, the element arrangement
section 22, and tha arrangement control section 23.

As shown in FIG. 15, the arc generation section 24
inputs a graphics image of the entire graph data generated
by the sort section 21, the element arrangement section
22, and the arrangement control section 23 from the video
memory 13 shown in FIG. 1 (step 1501). At this time, the
graphics image is displayed on the display unit 14 shown
in FIG. 1, and 1is in a state capable of accepting the
specification of a cluster in which arcs are to be
generated by GUI (Graphical User Interface). FIG. 16A
shows a display example on the display unit 14 in this
state. Referring to the same drawing, it is understood
that this graph data includes five hierarchy levels.

Subsequently, the user specifies a desired cluster
using an input device such as a mouse, and the arc
generation section 24 accepts this input (step 1502).

The arc generation section 24 rearranges rectangles
on the lower hierarchy level by one than the relevant
cluster based on this specification, and generates arcs
based on the relationships between the rectangles
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same hierarchy level as the relevant cluster such that the
cluster does not interfere with the relevant other
clusters (step 1504).

Lastly, the arc generation section 24 stores in the
video memory 13 the graphics image in which the arcs have
been generated in the above described processing. The
graphics image is then displayed on the display unit 14.

FIG. 16B shows a result of the processing by the arc
generation section 24 when a cluster 1601 (rectangle on
the outermost side, which contains all the clusters) on
the highest hierarchy level is specified by the user in
the state of FIG. 16A. As shown in the drawing, arcs are
generated between rectangles on the second hierarchy
level, and the arrangement position of each rectangle is
changed. _

FIG. 16C shows a result of the processing by the arc
generation section 24 when a cluster 1602 on the second
hierarchy 1level is specified by the user in the state of
FIG. 16B. As shown in the drawing, arcs are generated
between rectangles within the rectangle (third hierarchy
level) indicating the cluster 1602, and the arrangement
positions of the rectangles are changed. Moreover, as a
result of changing the arrangement positions of. the
rectangles on the third hierarchy 1level, the rectangle
indicating the cluster 1602 is expanded. Accordingly, the
arrangement positions of the other rectangles on the
second hierarchy level are changed.

FIG. 16D shows a result of the processing by the arc
generation section 24 when a cluster 1603 on the fourth
hierarchy level is specified by the user in the state of
FIG. 1eC. As shown in the drawing, arcs are generated
between square cells within the rectangle (fifth hierarchy
level) indicating the cluster 1603, and the arrangement
positions of the square cells are changed. With this
change, the rectangle indicating the cluster 1604 on the
fourth hierarchy level containing the square cells is
expanded, and furthermore, the rectangle indicating the
cluster 1602 on the third hierarchy level containing the
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(including graph data with a hierarchy structure)
FIG. 17 is a view showing a state where, for clusters
indicating pages concerning some projects of the Web pages
shown in FIG. 13, arcs indicating a link structure between
the pages are generated. Referring to the drawing, the
link structure is clearly shown in some of the pages while
the hierarchy structure shown in FIG. 13 is maintained.
[Third Embodiment]
In the first and second embodiments, in order to
generate a graphics image showing the hierarchy structure
of hierarchical data, rectangles (clusters or cells)
indicating data elements (constituent elements) are
arranged in descending order of size at places where the
rectangles can be arranged. This technique adopts the
policies of arranging the rectangles such that the data
elements overlap each other as 1little as possible and
arranging the rectangles so as not to leave spaces in

order to efficiently utilize the screen space. As a
result, the data elements are arranged on the display
space as uniformly as possible. However, when such an

arrangement method is employed, a proper graphics image
cannot be generated in the case where there is a demand to
make the arrangement while giving meanings to the
positions of data elements on the screen to read the
meaning and tendency of the entire data, or to make the
arrangement such that similar arrangement results are
obtained for data with similar meanings. Specifically,
there are many cases where the very different arrangement
results are obtained although the structures of data are

very similar to each other. FIGS. 35A and 35B are views
showing an example of generating graphics images in such a
case. As shown in the drawings, for data of FIG. 35B

which 1is obtained by removing only seven data elements
from the hierarchical data of FIG. 35A having about 800
data elements, and so very similar to data of FIG. 354,
the very different arrangement result from that of FIG.
35A can be obtained.

The third embodiment introduces a template describing
referential positions (arrangement positions roughly
specified in advance), at which the clusters or cells to
be arranged are desired to be arranged in the screen
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space. Rectangles indicating the clusters or cells are
arranged based on this template. Therefore, it becomes
possible to give meanings to the positions of data
elements and to obtain similar arrangement results for
data having similar meanings by creating the template
according to an arbitrary rule and specifying the
arrangement positions of the rectangles.
FIGS. 18A and 18B are views showing a concept of the
template introduced in the third embodiment.
FIG. 18A shows an example of the template for a
hierarchy level including nine constituent elements. The
'size of the template, which is position information of the
constituent elements, 1s equivalent to the size of the
arrangement region, and predetermined coordinates (x-y
coordinates, for example) are set in the template. With
these coordinate values, the positions where the
constituent elements are to be arranged in the arrangement
region can be specified. At the time of creating the
template, the sizes of rectangles indicating the nine
constituent elements may not be known. Moreover, it is
allowed that the rectangle destiny varies in the
arrangement on the template. FIG. 18B shows a result of
arranging the nine rectangles which correspond to the
respective constituent elements and have predetermined
sizes based on the template. It can be understood that
the rectangles are arranged while retaining the positional
relationships therebetween described in the template as
much as possible, not overlapping each other, and
suppressing the expansion of the occupying space.
FIG. 19 is a diagram illustrating a configuration of
a graphics image generation apparatus according to the
third embodiment, which generates a graphics image of
hierarchical data.
The graphics image generation apparatus shown in FIG.
19 includes a sort section 31, an element arrangement
section 32, an arrangement control section 33, and a
template holding section 34. The sort section 31
determines an arrangement order concerning the constituent
elements on each hierarchy 1level in graph data to be

processed. The element arrangement section 32 arranges
the constituent elements of the graph data in accordance
with the order determined by the sort section 31. The
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section 32, and the arrangement control section 33 shown
in FIG. 19 are virtual software blocks implemented by the
processing unit 11 which 1is controlled by the computer
program held in the main memory 12 of FIG. 1. The
computer program 1s provided by being stored in a storage
medium such as a CD-ROM or a floppy disk to be distributed
or by being transmitted via a network. The computer
program is loaded in the main memory 12 and controls the
processing unit 11 to implement a function of each
component shown in FIG. 19 in the computer system 10 shown
in FIG. 1. The template holding section 34 is implemented
by the main memory 12 or the storage unit 15.

The third embodiment is similar to the first
embodiment in that the graphics image of hierarchical data
is generated by the technique for combining the regions
indicating hierarchy levels in the nested manner. The
cells and clusters —constituting the graphics image
generated in this embodiment have similar definitions to
those in the first embodiment.

In the configuration shown in FIG. 19, when arranging
clusters or cells on a lower hierarchy 1level than a
predetermined cluster within a rectangle indicating the
relevant predetermined cluster, the sort section 31
determines (sorts) the arrangement order of the clusters
or cells,

The arrangement order 1s determined based on the
template. First, the coordinate values of the four
vertices of the arrangement region (of the same size as
the template) where the constituent elements are to be
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arranged are normalized into (-1, -1), (1, -1), (1, 1),
and (-1, 1). This state is shown in FIG. 20. The
arrangement order of the constituent elements whose
arrangement positions are specified by the coordinate
values of the template are determined in accordance with a
predetermined criterion. The criterion for determining
the arrangement order is properly set according to the
meaning of the afrangement position of each constituent
element which is specified by the template or the 1like.
For example, the criterion may be the ascending order of
the x coordinate values or the ascending order of the
distance from the origin in the normalized coordinate
values.

The constituent elements whose arrangement positions
are not specified by the coordinate values of the template
can be'arranged, for example, in descending order of the
rectangle area similarly to the first embodiment. A sort
result showing the arrangement order of the clusters or
the cells is temporarily stored in the main memory 12 or
the register in the processing unit 11. _

The element arrangement section 32 arranges the
clusters or cells of the hierarchical data in the display
space in accordance with the order sorted by the sort
section 21, which is read from the main memory 12 or the
like. The element arrangement section 32 determines the
arrangement positions of the rectangles indicating these
constituent elements based on the following criteria of
judgment.

[Criterion 1] Position where the rectangle does not
overlap the already arranged rectangles.

[Criterion 2] Position whose distance D from the reference
position described in the template is as small as
possible. '

[Criterion 3] Position where the expanded amount S of an
occupied region due to the arrangement of the relevant
rectangle is as small as possible.

The space 1is searched for a position which, among
these criteria, must satisfy the criterion 1 and satisfies
the criteria 2 and 3 as much as possible. In this
embodiment, the position where the value of aD+bd (a and b
are constants defined by the user) 1is the smallest 1is
considered as a position which most satisfies the criteria
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2 and 3. By properly setting a and b, it can be
controlled which of the criterion 2 and 3 1is given
priority.

In order to implement the processing of rapidly
searching for a space where the rectangle can be arranged,
the element arrangement section 32 performs processing
using triangular mesh which 1is composed of triangles
satisfying the Delaunay condition and connects the center
points of the rectangles similarly to the element
arrangement section 22 of the first embodiment.
Specifically, the element arrangement section 32 narrows
the number of candidates for the position of the rectangle
into a finite number with reference to the Delaunay
triangular mesh, and then arranges the rectangle at the
best position thereamong.

In arranging a cluster on a predetermined hierarchy
level, similarly to the element arrangement section 22 of
the first embodiment, the element arrangement section 32
retains the relative positional relationships between a
rectangle indicating the relevant cluster and rectangles
or squares 1indicating clusters or «cells on a lower
hierarchy level than the relevant cluster, which have been
already arranged within the relevant cluster, 1in other
words, handles the combination of these figures as a
figure, and performs arrangement.

As described above, in the third embodiment, the
rectangles are arranged by the technique used in the first
embodiment with the addition of a condition of the
position close to the reference position described in the
template.

The arrangement control section 33 causes the sort
section 31 and the element arrangement section 32 to
recursively repeat the processing of arranging rectangles
for each hierarchy level of the hierarchical data from the
lowest hierarchy level to the higher hierarchy level, thus
generating a graphics image of the entire hierarchical
data. The generated graphics image is stored in the video
memory 13 shown in FIG. 1 and displayed on the display
unit 14.

The template holding section 34 holds the template
which 1is referred to when the constituent elements are
arranged by the element arrangement section 32. In this
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031tions of the data elements and to obtain similar
arrangement results for data having similar meanings by
creating the template in accordance with an arbitrary rule
as described above. The types of this template and the
method of creating the template will be described in
detail later.
Next, description will be given of processing of
generating a graphics image of hierarchical data based on
the above described configuration.
In this embodiment, first, the coordinate wvalues of
four vertices wv;, v, Vs, and v, of an arrangement region

are set to (-1, -1), (1, -1), (1, 1), and (-1, 1),
respectively. A diagonal is then drawn in this
arrangement region to generate triangular mesh composed of
two triangular mesh elements. This is set to the initial

state of the triangular mesh in the present invention.
The technique for making the triangular mesh finer
thereafter while satisfying the Delaunay condition 1s the
same as that described in the first embodiment (see FIGS.
3 and 4).

Subsequently, rectangles indicating constituent
elements (hereinafter, referred to as just rectangles) are
arranged within the inner region of the triangular mesh
one by one 1in order. As previously described, in this
embodiment, the arrangement order of the rectangles 1is
determined based on the coordinate values of the template
specifying the arrangement positions of the rectangles.
As shown in FIG. 21, if rectangles r; and r, are already
arranged, the next rectangle is arranged at the position
close to the coordinate value in the template so as not to
be spaced from the rectangles r; or r,.

In this embodiment, the triangular mesh elements are
sequentially extracted in ascending order of the distance
from the coordinate value normalized on the template, and
a plurality of candidate positions are set within each of
the extracted triangular mesh elements. Subsequently,
attempts are made at arranging a rectangle at the
candidate positions. This is repeated for several
-extracted triangular mesh elements to identify the
candidate position which satisfies the criterion 1 and has
the minimum value of aD+bS, and the identified candidate
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position is determined as the arrangement p051tlon of the
rectangle.

FIGS. 22A and 22B are views illustrating a method of
extracting the triangular mesh elements for determining
the arrangement position of the rectangle.

As shown in FIG. 22A, first, a triangular mesh
element containing the coordinate value of a rectangle to
be newly arranged on the template is identified (see FIG.
22A) . Taking this triangular mesh element as the starting
point, triangular mesh elements are extracted by the
breadth first search in the neighbor relationships (see
FIG. 22B). The candidate positions of the rectangle are
then calculated according to the order of extraction.
Because the triangular mesh elements are treated in
ascending order of the distance from the template
coordinate value, the value of aD tends to increase with
the progress of the processing. Therefore, 1in this
embodiment, the repeating processing is terminated when
the value of aD exceeds the minimum value of the aD + bS
which is already recorded.

FIG. 23 1is a view illustrating a method of obtaining
candidate positions where a rectangle is arranged in an
extracted triangular mesh element.

As shown in FIG. 23, in order to calculate the
candidate arrangement positions of the rectangle, first,
line segments connecting a vertex of the triangular mesh
element and an opposite side thereto are generated at
constant sampling intervals. A position on the 1line
segments _where the rectangle borders on an already
arranged rectangle is set as a candidate position of the
center point of the new rectangle, and an attempt is made
at arranging the rectangle at this candidate position.
There are m candidate positions within a certain
triangular mesh element, the candidate positions are
described as c¢; to ¢, in this disclosure. At this time,
any one of the following processes is performed.

* When a center point v, 0f a rectangle r; is arranged at
a candidate position ¢y, 1if the rectangle r; overlaps
another rectangle already arranged, the rectangle is not
arranged at the candidate position cy.

* The value of aD+bS at the candidate position ¢35 1is
calculated. The area of the rectangular region, the total
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the candidate position c; is recorded as a position cpir.

The above process 1s repeated for each triangular
mesh element. The center point v;.4s of the rectangle is
then arranged at the position cpin recorded at the time of
ending the repetition.

Next, a description will be given of processing of
expanding the arrangement region for arranging a
rectangle. '

In this embodiment, the arrangement region is
expanded by moving any of the four vertices wv,, v, vi;, and
vy in the following two cases.

1) In the case where the rectangle r; arranged at the
position cpin which is determined by the above described
process protrudes from the arrangement region defined by
the four vertices wvi, vz, Vi, and vy.

2) In the case where the position Cupnyn 1is not recorded at
all. In other words, in the case where a candidate
position that satisfies the criterion 1 is not found. In
this case, after the region is expanded, the processes are
performed again from the processing of calculating
candidate positions.

FIG. 24 is a view schematically showing a method of
expanding the arrangement region in the above two cases.

When the arrangement region is expanded, the
coordinate values of the vertices of the triangular mesh
on the template are normalized again.

In the above described manner, the graphics image 1is

generated according to the arrangement of the rectangles
based on the template. However, .in the actual situation
of generating a graphics image, rectangles to be arranged
sometimes includes rectangles which are given coordinate
values on the template and rectangles which are not given
coordinate values. For example,
* when a design view for a graphics image to be generated
is reflected on a template, there are data elements whose
positions are specified by the template and data elements
whose positions are not specified by the template in some
cases; oOr
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the template.

In the above described situation, a case 1s conceived
where the coordinate wvalues are not described in the
template.

In this case, the arrangement of all the groups of
rectangles is determined by the following procedure.

1. First, a group of rectangles whose coordinate values
are described 1in the template 1is <collected, and the
arrangement thereof is determined by the technique of this
embodiment.

2. Subsequently, a group of rectangles whose coordinate
values are not described in the template is collected, and
the arrangements of these rectangles are determined in
descending order of area by the algorithm of the first
embodiment.

Referring to FIGS. 25 to 27, a description will be
given of a process flow of arranging rectangles according
to this embodiment. FIG. 25 is a flowchart illustrating a
method of arranging a group of rectangles constituting a
hierarchy level. FIG. 26 is -a flowchart illustrating a
method of determining the arrangement .position of a
rectangle. FIG. 27 is a flowchart illustrating processing
of generating a graphics image of hierarchical data by the
control of the arrangement control section 33.

Referring to FIG. 25, first, the sort section 31
reads data of a hierarchy level where the processing of
arranging rectangles is to be performed among hierarchical
data to be processed from the main memory 12. The sort
section 31 then collects rectangles whose coordinate
values are described in the template, and normalizes the
coordinate wvalues. Subsequently, the sort section 31
sorts the rectangles according to a predetermined
criterion based on the arrangement positions of data
elements (constituent elements), such as the ascending
order of the x coordinate wvalue or the ascending order of
the distance from the origin in the normalized coordinate
values (step 2501). A sort result is temporarily stored
in the main memory 12 or the register of the processing
unit 11, and used by the element arrangement section 32.
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Subsequently, the element arrangement section 32
reads the template which is referred to for the
arrangement of the rectangles (constituent elements) from
the template holding section 34, and sets the triangular
mesh to the initial state using the four vertices of the
arrangement region corresponding to the template (step
2502). The following series of processing is then applied
to each rectangle r; to be arranged to determine the
arrangement thereof (step 2503).

First, a rectangle which 1is not arranged yet 1is
extracted according to the sort order by the sort section

31 (step 2504). The arrangement position of the rectangle
+1s determined according to a procedure to be described
later with reference to FIG. 26 (step 2505). The

rectangular region is expanded when needed (step 2506).
After the triangular mesh 1s updated, the procedure
proceeds to the processing of arranging the next rectangle
(step 2507).

When all the rectangles on the hierarchy level to be
processed are arranged, the processing 1is ended (step
2503) . The generated graphics image on the relevant
hierarchy level is temporarily stored in the main memory
12 or the register of the processing unit 11, and used in
generating a graphics image at the next hierarchy level.

Next, description will be given of processing of
determining the arrangement position of the rectangle,
which is performed in step 2505.

In order to arrange the rectangle extracted in the
step 2504 of FIG. 25, first, a triangular mesh element t,
containing a coordinate value W; of the rectangle r;, which
is described in the template, is identified, and the
identified triangular mesh element t, is registered in a
FIFO queue (step 2601). The following series of
processing is then repeated until the FIFO queue is
emptied (step 2602).

First, a triangular mesh element t 1is taken out of
the FIFO queue. If there is a triangular mesh element
that 1is not registered in the FIFO queue yet among
triangular mesh elements adjacent to the triangular mesh
element t, that triangular mesh element is registered in
the FIFO queue (step 2603).

Subsequently, the candidate positions c¢; to ¢, are
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center point wvi., of the rectangle r; is arranged at the
candidate positions on trial to make the following
judgment (step 2604).
(a) The value of aD+bS is calculated for each candidate
position (step 2605), and it is judged whether or not aD

is greater than (aD+bS).n (step 2606). If aD is greater
than (aD+bS)min, (aD+bS)min 1s recorded, and the repetition
processing is terminated. It is' then determined that the

center point wvi. of the rectangle r; is arranged at the
corresponding position cmn, and the processing is finished
(step 2610).

(b) If aD is not greater than (aD+bS)pn., in other words,
if the rectangle r; overlaps another rectangle already
arranged, next, 1t is judged whether the value of aD+bS is:
the smallest (step 2607). If this value is the smallest,
the value 1is recorded as (aD+bS)un, and simultaneously,
the candidate position thereof is recorded as the position
Cnmin (Step 2608).

When the judgments are made for all the candidate
positions, the next triangular mesh element 1is selected,
and the processing is repeated (steps 2609, 2602, and
2603). Note that, when aD is not greater than (aD+bS)nmn
in the judgment of the step 2606, it may be judged that
the rectangle cannot be arranged at that place, and the
process may proceed to the step 2609 without making the
judgment of the step 2607. '

When the FIFO queue is emptied by repetition of the
above mentioned processing, it 1is determined that the
center point vy, of the rectangle r; is arranged at the
position cpin making the record of (aD+bS)m., and the
processing is finished (step 2610).

When there are rectangles whose coordinate values are
not described in the template, these rectangles are
collected, and the arrangements thereof are determined by
use of the algorithm (see FIGS. 7 and 8) disclosed in the
first embodiment. '

Next, description will be given of processing of
arranging rectangles at each hierarchy level by the
control of the arrangement control section 33 with
reference to FIG. 27.

First, the hierarchical data to be processed is read
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from the main memory 12, and hierarchy levels are searched
for the hierarchical data by the breadth first search
beginning from the highest hierarchy 1level to lower
hierarchy levels. The hierarchical data is registered in
a stack in the search order (step 2701). The hierarchical
data registered in the stack for each hierarchy level is
selected one by one 1in the reverse order of the
registration in the stack (step 2703). According to the
procedure shown in FIGS. 25 and 26, a group of rectangles
constituting the selected hierarchy level 1is arranged
(step 2704). _

As previously described, since this processing is
recursively performed from the lower hierarchy level up to
the higher hierarchy level of the hierarchical data, when
a rectangle (cluster) on a predetermined hierarchy level
is arranged, rectangles on the lower hierarchy levels than
the predetermined level have already been arranged within
the relevant rectangle. Accordingly, after the processing
of the step 2704 1is finished, the positions of the
rectangles on the lower hierarchy levels than the arranged
rectangle are recalculated (step 2705}).

The processes of the steps 2703 to 2705 are performed
on, each hierarchy level. When the arrangements of the
rectangles are determined on all the hierarchy levels; the
graphics image, which is an arrangement result, is stored
in the video memory 13 and outputted on the display unit

. 14 (steps 2702 and 2706).

Next, descriptio will be given of a method of
creating a template used in the processing of arranging
clusters or cells in this embodiment.

In generation of a target graphics image of this
embodiment, in some cases, a seamless visualization result
is desired to be obtained for data changing along the time
series. However, in the case of updating the graphics
image according to temporal change in the hierarchical
data, if the arrangements of the constituent elements
after the update are greatly changed from the arrangements
of the corresponding constituent elements before the
update, the target seamless visualization result cannot be

obtained. Therefore, a new graphics image 1s generated
using a last graphics image before the update according to
this embodiment. FIGS. 28A to 28C are views showing how a
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graphics 1image 1is updated by use of such a template.
Referring to FIGS. 28A to 28C, it 1s understood that the
corresponding constituent elements before and after the
update are arranged at substantially the same positions by
generating the graphics image after update (FIG. 28C)
based on the template (FIG. 28B) created from the graphics
image before update. Accordingly, the seamless
visualization results can be obtained before and after the
update. Such a system is designed to include template
creating means, as a function of the processing unit 11
program~-controlled, which reads a ©position of each
constituent element on each hierarchy 1level 1in the
generated graphics image and associates the constituent
element with normalized coordinates in each arrangement
region to create a template. The created template 1is
saved in the template holding section 34, and used when
" the graphics image is updated.

In some cases, a user who desires the graphics image
(hereinafter, referred to as Jjust a user) has a design
view about positional relationships between data elements,
such as "this is arranged at the upper left" or "this is
arranged at the 1lower right", and wants to obtain a
visualization result on which the design view is reflected
as much as possible. In this case, a graphics image 1is
generated by using a template created based on the design
view of the user according to this embodiment. FIGS. 29A
to 29C are views showing a graphics image is generated by
using such a template. Referring to FIGS. 29A to 29C, it
is understood that the graphics image on which the design
view of the user (rough positions of constituent elements
A, B, C, and D) is reflected is generated by creating a
template (FIG. 29B) based on a design (FIG. 29A) by the
user and generating the graphics image (FIG. 28C) by use
of this template. Such a system 1s designed to include
template creation means, as a function of the processing
unit 11 program-controlled, which displays a graphical
user interface allowing the user to manually describe the
design on the diSplay unit 14, accepts input from the
input devices such as a keyboard and a mouse, and creates
the template. The created template is saved in the
template holding section 34.

Further in some cases, the visualization result 1is
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for example, by arranging data elements in alphabetical
order beginning from the left side or in descending order
of date beginning from the top in the display space. In
this case, coordinate axes which can reflect the meanings
of data are defined, and the graphics image is generated
by use of a template using such coordinate axes according
to this embodiment. FIGS. 30A to 30C are views showing
how the graphics image is generated by use of such a
template. Referring to FIGS. 30A to 30C, it is understood
that the graphics image which reflects the meanings of
data on the arrangement positions can be generated in the
following manner. The template (FIG. 30B) 1is generated
based on a (alphabetical) coordinate axis extending from
the top to the bottom in English alphabetical order and a
(numerical) coordinate axis extending from the left to the
right as a number increases (FIG. 30A), and the graphics
image (FIG. 30C) is generated by wusing this template.
Such a system is designed to include template generating
means for translating predetermined coordinate axes into a
template as a function of the processing unit 11
program-controlled. The generated template 1is saved in
the template holding unit 34.

FIGS. 31A to 31C are views showing states where
predetermined hierarchical data are graphically displayed
according to this embodiment. FIG. 31B is a view showing
a state where the hierarchical data of FIG. 31A is
slightly changed and graphically displayed again without
using a template (by the technique of the first
embodiment). FIG. 31C is a view showing a state where the
hierarchical data is graphically displayed again under the
same condition using the graphics image of FIG. 31A as the

template. .

Comparing FIGS. 31A and 31B, although the data
structures thereof are very similar, the visual
impressions thereof are very different. On the other

hand, FIGS. 31A and 31C are the graphics images visually
very similar to each other because FIG. 31C uses FIG. 31A
as the template.

FIG. 32 is a view showing a state where predetermined
Web pages are graphically displayed according to this
embodiment by being handled as hierarchical data based on
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URL thereof. FIG. 33 is a view showing a state where the
hierarchical data of FIG. 32 1is slightly changed and
graphically displayed again without using a template (by
the technique of the first embodiment). FIG. 34 is a view
showing a state where the hierarchical data is graphically
displayed under the same condition using the graphics
image of FIG. 32 as the template.
Comparing - FIGS. 32 and 33, for example, the
arrangements of the clusters in the regions surrounded by
the solid 1lines and the positions of the clusters

surrounded by the dashed lines are greatly different. On
the other hand, in FIGS. 32 and 34, the same data are
arranged at substantially the same positions.

In this embodiment, the description has been given of
the technique for generating a graphics image by
expressing hierarchical data by use of the nested
structure and controlling the arrangement of the
constituent elements (clusters or cells) on each hierarchy
level by use of a template. However, it is obvious that
this embodiment can be applied to graphics display of
graph data with a hierarchy structure by connecting
predetermined constituent elements with arcs as described
in the second embodiment.

In each embodiment described above, the generated
graphics image 1is displayed on the display unit 14 after
being stored in the video memory 13. However, the
graphics image stored in the video memory 13 can be
utilized in a CAD (Computer Aided Design) system and the
like.

Moreover, when squares indicating <cells to be
arranged or rectangles indicating clusters to be arranged
are color-coded Dbased on information added to the cells
or <clusters, it becomes possible to visualize the
character and feature of each cluster.

Furthermore, in the aforementioned embodiments, the
description has been given of the case of arranging
rectangles of various sizes within a rectangular region.
However, the shapes of constituent elements to be arranged
are not limited to the rectangle. In the technique
provided by these embodiments, the arrangement position of
a figure 1is determined after a candidate arrangement
position of the figure is selected by using triangular
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\10%&Ic%é§wgmggé)fhe figure is actually arranged at the selected
position to confirm whether the figure does not interfere
with another already arranged figure. Accordingly, even
with a figure in a shape other than the rectangle, a
graphics image in which the hierarchy structure of data is
expressed 1in the nested structure can be generated by
being subjected to the same processes. However, compared
with the <case of using the rectangles, it becomes
complicated to calculate the existence of interference and
the center point (or identifiable point which can be a
vertex of a new triangular mesh element) of the arranged
figure in updating the triangular mesh. Accordingly, the
time required for processing is increased. However, by
using other shapes, it becomes possible to express the
character and feature of each cluster or cell with a shape
of the cluster or cell in addition to the aforementioned
color coding.

Moreover, the means for adding and removing a cell or
cluster to and from an already generated graphics image
can be added to the graphics image generation apparatus of
the embodiments, as the arc generation unit 24 is added in
FIG. 14. In this case, the means for adding and removing
constituent elements accepts an operation by a user to add
a constituent element or to remove a desired constituent
element, and adds a square or a rectangle at the
corresponding position or removes a specified square or
rectangle. When the rectangle to be removed includes
constituent elements at a lower hierarchy level than the
relevant rectangle, these constituent elements can be
removed together, or only the specified rectangle can be
removed while the constituent elements on the lower
hierarchy level are left (in this case, only the hierarchy
level of the relevant rectangle in the hierarchy structure
is lost). 1If the positional relationships between squares
or rectangles at the same hierarchy level are changed by
the removal of the square or rectangle, the positional
relationships between the squares or rectangles are
adjusted by applying a proper rule (for example, a
dynamics model which causes attractive and repulsive
forces to act between the squares or rectangles).

The above described embodiments generate a graphics
image of hierarchical data. However, 1in the case of
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ocn the lowest hierarchy level and a cluster including all

the data elements), each embodiment 1is equivalent to

processing of efficiently arranging predetermined figures

in a predetermined region. Accordingly, it is possible to
apply the embodiments in technical fields with such a
requirement (for example, fields such as arrangement of
VLSIs on a board, arrangement of patterns of clothes, and

arrangement of mechanical parts on a plate). In this
case, 1in general, figures are optimally arranged in a
fixed region (so as to minimize waste space) .
Accordingly, this type of fields reqﬁires a technique of

optimization how to arrange the figures without waste and
attaches 1little importance to the shortening of time

required for processing. However, when there is a
that arrangement be performed in a short time whi
arrangement result is not necessarily optimal in

demand
le the
trial

processing or the like, the technique for generating a
graphics image of hierarchical data according to the

embodiments can be applied.

Industrial Applicability

As described above, according to the present
invention, it 1is possible to easily generate a graphics

image of large-scale data.
Moreover, according to the present invention,

it is

possible to rapidly perform processing of efficiently
arranging elements of arbitrary sizes in a predetermined

region.
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1. A graphics image generation apparatus, comprising:

element arrangement means for, based on hierarchical
data, arranging figures which indicate constituent
elements on a lower hierarchy level than a constituent
element on a predetermined level of the hierarchical data
in a figure region which indicates the constituent element
on the predetermined level; and

arrangement control means for generating a graphics
image of the hierarchical data by causing said element
arrangement means to recursively perform arrangement of
figures for each hierarchy level from a lower hierarchy
level to a higher hierarchy level of the hierarchical
data.
2. The graphics image generation apparatus according to
claim 1, wherein said element arrangement means arranges
figures such that related ones of the constituent elements
are located close to each other.
3. The graphics image generation apparatus according to
claim 1, wherein, when a predetermined one of the
constituent elements i1s arranged, said element arrangement
means handles a combination of a figure which indicates
the predetermined constituent element and figures which
are arranged within the predetermined constituent element
and indicate constituent elements on a lower hierarchy
level as one figure.
4. The graphics image generation apparatus according to
claim 1, further comprising:

arc creation means for generating an arc connecting
the constituent elements constituting a predetermined
hierarchy level in the hierarchical data, based on a
relationship between the constituent elements.
5. The graphics image generation apparatus according to
claim 1, further comprising:

template holding means for holding a template
identifying positions within the figure region,

wherein said element arrangement means determines an
arrangement position of a figure based on the template
held in the template holding means and arranges the
figure.
6. The graphics image generation apparatus according to
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claim 5, wherein the template 1s created based on a ‘
graphics image already generated.
7. The graphics image generation apparatus according to
claim 5, wherein the template 1s created based on
information concerning a positional relationship between
constituent elements, the information being inputted by
use of predetermined input means. _
8. The graphics image generation apparatus according to
claim 5, wherein the template is created based on
predetermined coordinate axes expressing meanings of data
with a positional relationship.
9. A graphics image generation apparatus which generates a
graphics image including figures arranged within a
predetermined region, the apparatus comprising:
sort means for sorting figure data to be arranged
based on a figure area; and
element arrangement means for sequentially arranging
figures based on the figure data from a center of the
region to a periphery thereof in sort order sorted by said
sort means.
10. The graphics image generation apparatus according to
claim 9, wherein
said sort means modifies, based on a relationships
given to the figure data, the order of the figure data
sorted based on the figure area, and
said element arrangement means arranges related ones
of the figures so:as to locate close to each other.
11. The graphics image generation apparatus according to
claim 9, wherein said element arrangement means generates
triangular mesh including center points of figures already
arranged as vertices in the region, and determines an
arrangement position of a figure to be next arranged based
on sizes of triangular elements of the triangular mesh.
12. A graphics image generation apparatus, comprising:
graphics image generation means for receiving
hierarchical data and generating image data of a graphics
image which expresses a hierarchy structure of the
hierarchical data by use of a nested structure of
two-dimensional figures;
storage means for storing the 1image data of the
graphics image of the hierarchical data, the image data
being generated by said graphics image generation means;
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and

display means for reading the image data from said
storage means and displaying the read image data.
13. A graphics image generation apparatus which generates
a graphics image including figures arranged within a
predetermined region, comprising:

position information holding means for holding
information concerning arrangement positions of figures,
the information being created based on a graphics image
already generated; and

element arrangement means for arranging the figures
in the region based on the information concerning the
arrangement positions of the figures, the information
being held in said position information holding means,
such that the figures to be arranged do not overlap each
other.
14. A graphics image generation apparatus which generates
a graphics image including figures arranged within a
predetermined region, comprising:

position information holding means for holding
information concerning arrangement positions of figures,
the information being created based on predetermined'
design information; and

element arrangement means for arranging the figures
in the region based on the information concerning the
arrangement positions of the figures, the information
being held in said position information holding means,
such that the figures to be arranged do not overlap each
other.
15. A graphics image generation apparatus which generates
a graphics image including figures arranged within a
predetermined region, comprising: _

position information holding means for holding
information concerning arrangement positions of figures,
the information being created based on predetermined
coordinate axes which expresses meanings of data by a
positional relationship; and

element arrangement means for arranging the figures
in the region based on the information concerning the
arrangement positions of the figures, the information
being held in said position information holding means,
such that the figures to be arranged do not overlap each
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other.
16. A graphics image generation method of generating a
graphic§ image including figures within a predetermined
region by controlling a computer, the method comprising
the steps of:

reading figure data to be arranged from a storage
unit storing the figure data, sorting the figure data
based on figure areas, and storing the sorted figure data
in sort result storing means;

generating triangular mesh in the region;

reading a sort order of the figure data from the sort
result storing means, sequentially setting figures based
on the figure data as objects to be arranged in accordance
with the sort order, determining arrangement positions of
the figures based on triangular elements of the triangular
mesh, and arranging the figures as the objects to be
arranged at the arrangement positions; and

storing a graphics image obtained by arranging the
figures in the region into image data storing means.
17. The graphics image generation method according to
claim 16,

wherein the step of arranging the figures includes
the steps of:

determining an arrangement position of a figure based
on sizes of the triangular elements; and

arranging one of the figures as the objects to be
arranged at the determined arrangement position and
judging - whether a judgment condition for judging
possibility of the arrangement is satisfied,

wherein when the judgment condition is not satisfied,
said two steps are recursively performed.
18. The graphics image generation method according to
claim 17, wherein, 1in the step of determining the
arrangement position of the figure, the triangular
elements of the triangular mesh are selected in descending
order of size and set to the arrangement position of the
figure as the object to be arranged.
19. The graphics 1image generation method according to
claim 18, wherein, in the step of determining the
arrangement position of the figure, among the triangular
elements of the triangular mesh, a triangular element
including fewer vertices that correspond to vertices of
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20. The graphics image generation method according to
claim 17, wherein, in the step of arranging the figure,
after the figure is newly arranged, the triangular mesh is
updated by generating a new triangular element while using
a predetermined point of the newly arranged figure as a
new vertex of the new triangular element, and the
arrangement position of a next figure is determined based
on the updated triangular mesh.
21. A graphics image generation method of generating a
graphics image including figures arranged within a
predetermined region by controlling a computer, the method
comprising the steps of:
reading figure data to be arranged from a storage
unit storing the figure data, sorting the read figure data
on the basis of a predetermined rule based on previously
specified arrangement positions of figures, and storing
the sorted figure data in sort result storing means;
generating triangular mesh in the region;
reading a sort order of the figure data from the sort
result storing means, sequentially setting figures based
on the figure data as objects to be arranged in accordance
with the sort order, determining arrangement positions of
the figures based on the previously specified arrangement
positions of the figures and triangular elements of the
triangular mesh, and arranging the figures as the objects
to be arranged at the arrangement positions; and
storing a graphics image obtained by arranging the
figures in the region into image data storing means.
22. A program controlling a computer to generate a
graphics image, the program causing the computer to
execute: _
processing of receiving hierarchical data and staking
constituent elements of the hierarchical data into data
storing means based on a hierarchy structure of the
hierarchical data;
processing of recursively executing, from a lower
hierarchy 1level to a higher hierarchy level of the
hierarchical data, processing of sequentially reading the
constituent elements stacked in the data storing means and
arranging figures indicating constituent elements on a
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in a figure region which TIndicate the read constituent
elements; and

processing of storing a graphics image of the
hierarchical data obtained by recursively executing

1KY 2|, ~6TH mes

arrangement of the figures, into image data storing means.
23. The program according to claim 22, wherein the
processing of arranging the figures indicating the
constituent elements on the lower hierarchy level in the
figure region includes:

processing of sorting figures to be arranged based on
an area thereof and storing a sort result in sort result
storing means; and

processing of sequentially arranging the figures 1in
accordance with the sort result read from the sort result
storing means.
24. The program according to claim 22, wherein the process
of arranging figures indicating the constituent elements
on the lower hierarchy 1level 1n the figure region
includes:

processing of sorting figures to be arranged while
reflecting relationships given to the constituent elements
on sorting and storing a sort result in sort result
storing means; and

processing of arranging related ones of the figures
so as to locate close to each other in accordance with the
sort result read from the sort result storing means.
25. The program according to claim 22, further causing the
computer to execute:

processing of generating an arc, based on a
relationship between the constituent elements, for the
figures indicating the constituent elements which
constitute a predetermined hierarchy level in a graphics
image of the hierarchical data, the graphics image being
obtained by recursively executing the arrangement of the
figures.
26. The program according to claim 22, wherein in the
processing of the program of arranging the figures which
indicate constituent elements at a lower hierarchy level
in the figure region, arrangement positions of the figures
are determined based on a template for identifying
positions within the figure region, and the figures are
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arranged.

-56-



