_;e3efJD6T!(‘ DESCRI PTI ON JP9-2001- 0152 GRAPHI CS | MAGE GENERATI ON APPARATUS,
“METHOD OF THE SAME AND PROGRAM FOR THE SAME Technical Field The(Present

inventi NE a graphics display technology to geﬂﬁ?épglajégaphics

I mage Oﬂﬂm\“\ \M‘ﬂm\ | data. Background Art Various technol ogi es have been
proposed, W Eb*visualize a set of a plurality of elenments while reflecting
relationshipg et ween the el enen 5 P% B ILng a conputer. As this type of
technol ogy, there is a technolog@ whieh Sbgphically di spl ays data including
a plurality of data el ements organized with a hierarchy structure

(herei naf terapHEE S 1188GE OGBRERABIONCAPEARATEER) MECHIOEIE A ISAME n t he
t echnol ogy of graphlcalIydwﬁﬂgﬁa@%¥ht§%? tyPesQfe hi erarchical data in real
een di

time, the hierarchy structure has splayed, in general, by use of a
tree structure. For exanple, Explorer, which is a file operating system
runni ng oacihndewsFithe operating systemby Mcrosoft Corporation, US.,
glt fﬁlc?ys the @h@?@;}ﬁ&éd trﬁérlyﬁ{ré%t@ieﬁ adlidte sysbem byraishn@s adsisppke trfae .
ur n iC ata el e s_are arr.ange a row r re place
bet ween ?ﬁ&kaﬁgg& e’?%nf’s?peﬁgm\%@ve?, gsria%@elﬁr%i gmlggea (gsif)rr{)1 ggﬁ%tcﬁgggéf j ust
arrangi ngadiata elements in a row, in the case of graphically displaying
| ar ge-scal e hierarchical data including thousands to tens of thousands of
data el egBRk§rolhd 8y@i fficult to display a large quantity of information
on a screen. a nmethod of djsplaying hierarchical_ data nmore sui.table for
| ar ge-scal e th?‘ElPHﬁn I%(epﬁbr?%i? TF2emi)f et h88 8nd Sy perbori ¢ r%éé:%rret hod
are conceivedliThe Freendp mefhock exptessdésty hicdr arehgmeREact whdl6f data
by split refigeatsabe et 18eh O pi 6ot t den hithkearedhinealt datlay i asdhgplaayed in
alternatbgﬁﬁﬂﬁéElcal and EQHE¥OQ5§%3d'5§Ctt99§n§ng9?k'EHeEQe 3Rl i iy regions

correspon o0 I_ndi vidual data el e s. This. Tr t.h is d i bed i
detail, f6F é‘?&ﬁﬁlye,wpﬁclf‘heg?%ﬂlbﬁ?m_;y 'Jlép%%?g%%%?gfocdld&ngesgI edin

plurality of data elements organized with a hierarchy
structure (hereinafter, 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 1s a simple method of Jjust
arranging data elements in a row, 1in the <case of
graphically displaying 1large-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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visualizrng a“hierarc ructure.o i erarchical_.dat a t i
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classification,ef daigcelams gongtitujdnovt he thivgnarghy shaugkuge, and
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structure b se of tre e Eggi hi the en; Us it
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excessi vel i.ne. .and, t Lsihjlit S, | red. i o Fhkard e €ven in
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structur &, AGLOTAAAlY o8 18,85 bECEhE £R195PLAY JRURANTS Jioi Rile Of
t housands’ bf - Hat A enent s. , .

how efficiently the cells are arranged in the region.

If the regions and the <cells are expressed by
rectangles, this problem comes to a problem that "a set
composed of rectangles of arbitrary sizes is arranged in
the minimum rectangular region."” This problem is called
Packing, Nesting, Marking, or the like, and applied in
fields of arranging VLSIs (Very Large Scale Integrated
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Furthernore, any of these technol ogies for graphically displaying
*hierarchical data using a tree structure expresses a hi ersrggg _%ﬁégcture
related to classification of data el enents by use of t he/EOr 8875t ture.
Therefore, the hierarchy structure is easily recognized, but in the case
where there is any relationship (link structure) between the individual
data elenents, it is difficult, to display this link strugtu ans of
pl aci ng GFESUSBE t h8"l i Re. k%rr@oveta,rriaﬁgt c & RN ngft h{éfﬂg%{ﬁgg of
per f or mi agrangi aphircschiisptay wart nestred & e§ilats as add eEhfi qliékBor

vi sual i zjpg; bhe hi &ERACHYe St rHgtYr enoénhi prasehteal dat asoaseprenisusly
descri bed, | i i Siﬂe}gHEggdfigl gJP9-2001- 0152 to sol ve the problemthat a
set cor‘rp%g(%la of téirs of ar |fjréry sizes are.arranged in _a mninumregion.
There have al Readpssadhasr pBa¥er edhf qG@é’E"P&rqu?ol Phg TR0 eth
However , hitesarther est raceuapt | biyzatisen tefchrd queses or shtwEairzenghaf

arr angengat L LeghonpebR OLAGH WaIS ¢t HeeChnalingi @se of £571 Nghphgalhe
ar r angenent _rrLegl,on []egrgrdl gs%ﬁgf the length of calculation tine (even with
a | ong gg?-ﬁﬁ a¥iBH PIREFICPLCAOWEFER  when this problemis tried to be

sol ved as parHowevehe tidchhefodieest giaphreat! i F sph&yi S i %er &FERi cal
data, itstsubequkrednt ghieduchtithe lealantsatdom arrey¢doineaanpheand few
seconds, a?gts'ogfrieﬁg{l'a%cf B A | QY% 2Pn & NHERACE1 NS Al £ ONdii 3PUa{0a0bt ai N,

even if no a proper_arrangenent result tg a certaln degree. In
this conhB&titt? aﬁl‘S’BFEEF &t t%@rﬁgégg\ﬁﬁei ﬁ%%ﬁ%%l}%afod%rt%vige g

t echni quecteeneasi | y generating a graphics inage of |arge-scale

hi erarchi cal gdatarrAsatbemeabjorctdiofciidredriasetite i hvearabnreslt dspeovi de a

techni que for rapidly; porformylg pLeGesskageofn et eERILLY A4@NTHRY
el enent s ~of argltrary Sl zes in, i on. Dsi:égguwtf t he

: a predetermned re
| nvent i oHX?RB1FR&LENTIIF TR i ﬁefgr S tﬂ%t%b(% e OB[R215°%an rgvi de a
gr aphi cstheagboyenetetdoibeppaiaple thgeacdttaiicter oy bBPHEVESNf Wg&ied as
fol l ows. +BRackhhiaeal ky, tbhs gbaphibsusande gerfer abitan elpaeatiss iage
char act er"zeqag/t%éj' n¢luding:; gl engat m@%?{ﬂ&erﬁ%@tmﬁcﬁ Ofrebpsed @

hi erarchldf:Lgf'D ., arrangi gures i ndicate coan_tl tuent el gments on

i c
a | ower BPEXSEERRA é\i’eltqq’laﬁga‘éacﬁllﬁf“@flﬁéntareel TS DY & Pr &deter mined | evel
of the hitkeandsiiball idat gheinecf fiisguraweaxssion whi ch i ndicates the
constituent elemBNkLraR,t hevenedet eninedebanehneandiaciangdmem d¢dwet r ol

means f o ,genetating, a,giaehl o, | WBOR elo1bhe bl s anehineal, dahachy gausi ng
t he el emgfﬁ‘t arrangement nmeans to recursi veg performarra genent off figures
for eachoRr&igedRy | 80elPF r GHEF ANEr Riter %Shygﬁf%@}éf‘:?o g i gter i erarchy
| evel of rellethiverlar chacae-dasde Hdresianchirall Batar abRanddfEit dvedns
arr anges dhitgurEsermarsts t bat trel at ewk onediefratriodycanstél uent elmmemgest - 4

JP9-2001-01 are%%ﬁﬁ%éyi&%Q§¢r§9i§fC?rQEhgﬁru@Qﬁ§@VerAdMByhﬁh ly,

in e pe
DB “Hhht o ot oneian (S ITAeY | e bRl RS
pr edet er mfnethteorsitantargrst. el enent and figures which are arranged within the
pr edet er m ned eaRsiddreand, el eagpt and | ndilosde consthhuépnygielsenerfisr on a
| over hi%%%ﬁﬁ?ééf%ﬁ” &f%ﬁiJQfﬂg{lhierarchical data wusing a tree
structure expresses a hierarchy structure related to
classification of data elements by wuse of the tree
structure. Therefore, the hierarchy structure is easily
recognized, but 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, in 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 graphics image generati on apparatus nmay be configured to further
‘include arc creation neans for generating an arc connec%?gzéoqgofg)psti t uent
el enents constituting a predeterm ned hierarchy |evel in the hierarchical
data, based on a relationship between the constituent el enments. Moreover,
the graphics image generati on apparatus nmay be configured to further

i ncl ude .t enpl h i faer. hol di a i~dentLiykn ositions
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ernatl vely, e tenplate i.s.created. base nf Qr ion, i ed by

use of d}%ﬁﬁ%ﬁ%ﬁ%eﬁofngafu%gﬁgﬂ .cadhc"_’éﬁﬁrﬁ%elgg%{ésgrfg pg%gll’ ?L e a%énéhi p

bet ween waortsi i t beabnel egfs s O LA 'telkhatE 24N | thAe arE@HIIATEN s ©8EERed based

on predetjdidiask £00f dtnat @ etg@h expresbenlatbani ndseof(edana wiittth a

posi ti On.]_aAn eéﬁéwmﬁn tZFI]'IH?e)o.resent invention is a graphics inmge

generation ﬁrara us i C o] ne‘rates%ﬁ r aphi csfiﬁg&ge 'éncl u irgs%lfi ures
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i ncl udi rEarisor toeansef or technphgali gueé dadkephigel by r ardesP bt on a
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t hereof 71 sort order "obtai by sdrt ‘means. More specifically, the
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order ofetdre flifgunetdatet swal ed sbapedpen tdwerdngementr eswlid the @l enent

arrangengnts Mpangegréanges rel ated ones of the figures so as to locate

cl ose to each_ot thiS-S JP9- 200&-01%% I\/Q)rbgjoevcecr, Lpe etlheene?}]gr@géﬁggerrent
I'ng C

nmeans gener at T trian uIcaornnrreecstf'nlclJ Hcl udi'n nter points of ﬁ%{fg%al r eady
osition

arr angediEeREFOR c&8 TR THOVIEH oh, LaREN HEYEr ACkeLaH L r 3FyR
of a fi qurerdphbes nexdgarofnpedgbasedlenhsiezeschficadi aagal.ar el enments of
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i ncluding: graphics. im eneratiqn me .recei rc al data
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struct uref bEci Rt hY e @ Cdl9 dRLEM EifseCbf A ESTREY stF kG Ur éPof 2

t wo- di nepise deriad riviged esegsdor age neans for storing the image data of the
graphics i mage of the hierarchical data, the inmage data bei ng generated by

t he graphi cs, i nage ner at | ns; and di splay neans for reading the
i mage daﬁbﬁ?%%ﬁ??ﬁeggtg?%ggggggggognd di spl.aying the read i mge dat a.
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arr angenBherpeShiFehs datani gy & E8RFRJTEELER STy r Hphit C_EFFmbBCal r eady
gener at edonétienaati vellgmenite posittba | pirededeitesl di heyvekansandy hol d
i nf gr[mt!afﬂaﬁel@ﬁ@ﬁ@! '&%tn%rrfoa_nngﬁﬁr@ hP@§l bleaBga@fnlg g;Jr@:?ap}ﬁtE@é e@imbgsed on
pr edet er m.ned .coor di.nat.e axes [ EeXpress ; of_,dat a
posi ti ong}S rce%i‘}}ffi oﬁ‘él‘ﬁrﬁr%}rct%ler , %taﬁg_ prlg en{Eea}qgévlen i orJ1Ch| S aewreg‘%ﬂ?cs i mge
gener at | DATARORABENST WRANRT attiongr ACHF &PHELY i%@%ommwwefni%m eSfwithin a
predet er figadesedican bychontireddriaiyy alevaputfergmt he Imstdwdhdéharachyri zed by
i ncludi ng.the steps, ohigheadi RYethguhe daddeto e ameanged hremiaast or age
unit storing the figure data, sorting the figure data based on -6
JP9-2001¢ 582 figure areas, and storing the sorted figure data in sort
result storinfeneans; ddérer atilegenti andor aRIABSATI n MR T egPEAANEEAdI ng a
sort ordejgatetsheubhgtthe tdated fyeamdrhes sof ttiesabhssioneny sRanents
sequenti al ?y setting figures based on the figure data as objects to be
arranged in accordance with the sort -qrder, determ ning arrangenent
positions of the figures based on triangular elenments of the triangul ar
mesh, and arranging the figures as the objects to be arranged at the
arrangenent positions; and storing a graphics inage obtained by arrangi ng
the figures in the region into i nage data storing neans. Herein, the step
of arranging the figures includes the steps of: determ ning an arrangenent
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More specifically, in the step of determ ning the arrangenment position of
‘the figure, the triangular elements of the triangul ar nq&@_aB@#aﬁlgcted in
descendi ng order of size and set to the arrangenent position of the figure
as the object to be arranged. Alternatively, in the step of determ ning the
arrangenment position of the figure, anong the triangular el ements of the

triangul e nfé@at?dt Ei@@g“tﬁeegkﬁ”@@heknd udi ng fewer vertices that

correspond to verfices o %I on 1S ,sequenti aI y, sel ect eg g
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h|erarch?opéﬁéplpﬁaﬁatR@%%&%TW%%B??%%EH?HE eRe %fW?F%.FP&S étﬂﬁﬁcwlmhlch
i ndi cat eeflemenéad ¢ dyiste inegritved]yonehes ; templl pt©ces8srhgaspdsbgsiery oa

gr aphi cs pirgBae @ inkel m&iladﬁrﬁ'ﬁ@@| aflat a eqblraiszdthPymeRcimgs Velfy destecut i ng.

arrangengn of r JHge, data storing nmeans. Herein, the
processrﬁg%of a%%%ltﬁ$ﬁ %ﬂgﬁld JP9-2001-0152 i ndi catin the

ures -
consti t uent eF@ﬁeMﬁ?%ﬁ?qt%ﬁY%gktohl afcFIRRATS | AEHE FSg& t?%
i ncl udes appraeessi nghdfctsordameyr ftigmr ex t@r@Ehaﬁﬁang@éGBasé@Gdea@garea
t her eof %&%u&te%rlrwm?a d resthini Nasorgredsid imbied i ngegians; ame

processi ng ol sequenti gl o AnAngi ng, the, b gyt n%' NsBgeor dance iddy the

sort resd f& sort- Tesu forin reover, in thi
progr am SPRE imdoddSst gt e f?{ﬁﬁ%&e?ng? &¢i RY thlggﬁ§tﬁt6§ht
el enent s aon tdikethener abtirengesteytl evedns n fiore $egaeet i 2blvn arrenades
processi B#q Rfr 30" bh 88df iGUr eset of heups r arged whbhe 4 eblk@tkirngof eltatd onshi ps

gi ven 1o Lhis GOnS) | LUSHL BLerent 5,080 105800 S1,01d:ndoBe s0Rkar gaul t I

sort resdl™ storlng an processi ng of arranging related ones of the
figures §beasHd Msddre close to each other in accordance with the sort
result read fmMomet hepesoificablyt sher isngtnesesns Foedhéiesi hbgsgdogram may
further cayse Jie LMY &fi J&h BXECULE: £ PEOEESaRRE, Ok hgerealr RE afhelr C,
based onﬁa reIatlonshlg Etgeq%%thg cons tueg% ?E%”EQ£§a fo néhqj&ggures
i ndi cati rid M€ cHRSE t uRALS TS Vi i ConstPtidte bdete

hi er ar chgllemesit | Ar5agoapRPEs MAREE GFrEHINT elrgld@iicshl OaatSa Othethfr aphi cs

i mge beimguakisaistedh Pyt g eoisie el Yosxecnutéach t dehar r angenent of the
figures.
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Moreover, in the processing of the programof arranging the figures which

i ndicate constituent elenents at a | ower hierarchy IevelJPlgn2 (ﬁeo lsgure

regi on, arrangenent positions of the figures are determnéd Hs8d an a
tenplate for identifying positions within the figure region, and the
figures are arranged. Brief'Description of the Drawings FIG 1 is a diagram

showi ng @ confdaupaLL on ofa EOTRULET SYSLAMASHA OhaBhL CSelamag oener ati on

appar at us accordin Irs odi nent p. tion;, FIG 2
is a di a"g?laff*ﬁlg‘lﬂr%%tmﬁﬁhnénﬁl%hf‘ﬂg&ﬁé‘ttleén PO e Ciji[' a%}ﬂ%e? nﬁg\‘ée@@)ﬁer ation
appar at usr pacgedi regs t welrtte clisr stnentioeli mergiaf, t lkedor dsertrmineent aon; FI G

3is a Véff‘éﬁ&&%‘éﬂg GithﬁEHHBSE' Qe(h%h&%l & Plod ddt @2 g&d EPRBEQT N
triangul ar trlan ul ar el enments

er
of the t%# a?ﬁgﬁ‘f"%r ﬁlﬁ?%ugf‘5s§w?pgawﬁygffh§%e tcrlf ”; number of
adj acent durmiuxeher cessher| ogessAtandnBEBE@N Vi ldAs Chlalrﬁ;é?fﬁleétllzﬁgl aP¥echni que
for placimgladiggt an@laphiksa imagaguletie reltdmentmeghectfet aseaaiobpgct where

the rectﬁf@igr&ﬁlegfcagt FLGY fﬁ%@k Af; 2 fayb el 115t ab A pEQCESSI Ng

of nmoving d ver i ces and e andi n ngemnent |on 0 range a

rect angljema‘Fﬂ‘T’GW lF a ™ idlu %?Q?Fﬁ yan Sé'rﬁ:tuicré1 g{]

arrangi ngiersztrcasiealondatpr edet erusedohi eﬁar@mﬁtlee‘i/elsi‘a)@t@?lm@lg ©6 this

enbodi mepo-FlkenSibsad fToyehas) idddsddat ks prf@QedElterthartﬁégl ng the

rectang! enbyeuaLDg bl chCl AGMAT TS o 30007 O, 004D agbod ment.
1% 9 ie n rec an

FI GS. 9A are v “Phe"s r'rangene es Usi ng the
triangul ‘é}Fe nelsIP\a%%cdﬁﬂahg b(e&”c%l §e@rﬁ§(§&eﬁenpy FF&Ss. QB?PPE) F0CLBREC Vi ews

i |l ustragéngrptboessiengsef amgdatiswldhemeéanandolrar assking ot hewinggehe
arrangengat ; ok ramNeWe’ elANMH e me£0s dhng H@sth'a%l?]@bq,d'lémﬂiad Fifsagdl is a
fl owcharé%gl | ustrating a process of generating a graphics imge o

hi erar ch "data according to this enbodi nent;
Another graphics image generation apparatus of the

present invention 1is characterize by including: position

information holding means for holding information
concerning arrangement positions of figqures, 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
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FIGS. 12A to 12C are views illustrating how constituent el ements of
‘hierarchical data are arranged for each hierarchy | evel 00t h% aphi cs
image is generated according to this enbodinment; FIG 1§P§ 2P ég/&showi ng
a state where Web pages are graphically displ ayed according to this

enbodi ment by being handled as the hierarchical data based on URL (Uniform

aohl cetERL b ka sl Bnd oL fudl UL APl ERLLPO BaRATLOULEELON OF @

gr aphi cst “&\fe generat| on ap ar at enera graphics i nmage of
graph daf&s ‘@hsééwlé?gar@ﬁ‘}m&rtﬂﬁﬂﬁrr@téd'&)r Birﬁ@nﬂb‘ taﬁe Rednd Penbbdi nent of
the presesgionyerebdingFlaG sdbtisrdef| efchard Figuser aeitag ftmen opeeat i on of

gener at | ag.an 4/, et ueen, Gonshddient s%lqwrmlsal% aBeRkG ngenel ght oy

‘section C are vi show. n e.arcs are enerat ed for
gr aph da}?aaségné’rnat EE p Jag%“?td?gétl%ﬁ 069'9%69 esrrehf’ &% aAgERTESetti on, and
an arr angeaendacoat molthsetbhieonsorlo ordpeg- 2etegms2inpG anyangement ew

showi ng gosietenywherre,tHOr rebuseer Hasedi Cart | 6gipagas agonrcasmuntgs SOfre

projects of the Ve %Pglge%e%}il}ovm ah Fé&a%&l&?r Chd n% gfbtcf Be al | PKe

struct ur@ Det ween ages dre generate Fe views
showi ng @ERfESptcofPH ﬁEﬁﬁPQFQ |ar?t r%c@ﬂ’r?ﬁgﬁmﬁﬁl r PEHFodHENt 2BE t he
present stwehbgoa; gERGhite iimagedichgrdmed [ustaatdmging come i uguresn of a
graphi ¢ | fegge 9p8§t 8hl Qﬂtap@aaabuaa\efel ghogengr aled®sa graphi cs image of

hi er ar chi cal gélta accqrdi di n §teh€a%uesggﬁ%od&£@ntﬁ Ir%s ZQH&%a ¥I ew

showi ng a sta Liher e ‘coor our verti'ces, of an arrangenent
regi on akeendrifRs zed: bd%%’éleﬁﬁl%l%%rrpﬂnat@rrﬁpé?m?’l‘tl PEIFEN i Qlustrating a
net hod ofigurangiamedonrst i tiees edbenerits acdemgivignt oellkirengshodandnt ;

Fl Cf |22£rf1§f4 g2R8 ahe Yirewh el lfltllr?%tﬂe%t g tauéﬂt%ﬁp@c@é @dtwcakﬂgn@éa?ngulF%
mesh el e et erm ni e _arr.ange 0 e;

23 is a 5? %\ﬁ?l ﬁﬁ%fefg‘tlf‘ﬁﬁ‘ QI%P?I’W smonrg %léé]dﬁgd?{ng %g%g where a
rectangl @ i 3udgmanR§ed CoRdAR 1okt ref@tred 9Bl o JeJr%Yren? FFES 24 is a
Vi ew schgrabéhgambkytshew gy iss fietdod Bheex paerdiing grerdar rcacp'rgérreh@nregl on in

;h;foﬁgbggtnsahsﬂ@d 28nkS tiof kewphant d | |e‘é$1trrs§tv'erlgl %m&f arrangl ng

t t t t
flowchart il I%§?P§H€S§|gcg re | n(? %é{lé?rrlﬂ nlln tlﬁe %?Sr%ngene p05| tion of

a rectangp@gltlons, such as whether the flgure does not 1nterfere
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 is newly arranged, the triangular mesh is
updated by generating a new triangular element while using
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FIG 27 is a flowhart illustrating processing of generating a graphics
"image of hierarchical data by the control of an arrangenent contr.ol :
section; FIGS. 28A to 28C are views showi ng how a graphi%?sg'?%bémi% updat ed

by using a tenplate for hierarchical data changing along time; FIGS. 29A to
29C are views show ng how a graphics inmage is generated by using a tenpl ate

reflecting a d i%.vi ew of .atusetL; ﬁl GS.  30A torg,r(l)cegr%iviuq_yé/s sh0\é\,i ng how

a graphi s Filr?ége:\t Yerier RPEH by ustg & tenpl A e B3R88d "6 Preddt efni ned

coor di nanewax&ertEixGS. 0B31ALR® 3REvar & hiid@d Isoni hemat es andr ethel

JP9- 200150523 gRmedet gyo¥inathrhi ¢f aschesal fdaf@earis giepbireahty daspdayed

accor di ng to E%%dﬁ%‘&dit@%%; J1:G m?él?ﬁﬂ s a view show ng a state where

pr edet er m nea pages are rapahi cally displayed accordin t8 t hi %

embodi nent  by2ABefR§Than@EPrasshi er'dtadf cal %%/’éa‘bla%%d oﬁe?)ﬁﬁ, FIG: 33 is a

vi ew shogkengratsihat ea wagerehtiees himxge chifcathelapaeefnEl Gnd2nt sor| iight | y

changed éHQﬁQE;@B@iQ%'d![ ykt>§“ %mcqxl%gﬁ@gatnewstﬂwg @ﬂngc@adﬁr@!zaﬁgur@e 34

is avie owi ng a'state where the gra s g . is

or aphi cab Py 2diSp sg@orraadaqe%‘véwﬁ&%ﬁﬁ%@*ﬁﬁéﬁ%ﬁ@%ﬁé EGRHFE on:

FI GS. 35A25Ad 35BraiRIvitdi®s $96W n§leRafpl RLdFf Ay aphecsP? FhgeLigeRer at ed

for two priegbtkymdinikider entulleypesoadedni eramchi paévilatalw t hepecusiieg t he

t enpl ate'argﬁﬁ Eh@n 136451 81 YA EWoshoi gk & di sphavtexamy eciof Rierakchi cal

data accar, |n§ t% H_‘he convent i onal tﬁ%hnol o%%{. Best Modes for g%r.r i ng Qut

the I nveht P8R HePaitRaf £8r, SPRE prESERt | RYEATFEn WP Be JESEFPEERY n

detai | b&gédngnliirr sesto itthithe ergdidimentsadhomhng i AoEhecadesnpan ey

drawi ngsfiburet, §heaovefmbew ahd hespresentesumvent issonirld beedescri bed.

The br £ 86 EA(9AL 19N SENEIAL °F:8,0LaP Hlind nggecht Nisharchigel data by
ut er tem As Ho Ler

[ ] ng t hical data,
Uhe pr osERDSEiFoitd it UREESATPHCA] GF2 3 T of nehst oRaP by CeRpreasi ng | he

hi er ar chide&le rodnd nigy aordr gemRAY egPohtipPndi odt ithg hf kyurehyPpesdl &nin a
nested nenRger pré&ke opisagediipe aff igenenatriang emegitappiosd tiiage off athest ed

structure.i f 0\S...; %{jﬁ e o] t i I L, are
arr anged%flﬁ%g%%pa%é&vm\%lg t it %?@%n?%ngoeé i Eﬁgegﬂg?g%&%s;%agﬁg%&'spl ayed
a-di

, e gra

on a di spPREy adeFEd N heéh ot 9 EReS 137 oF REOh 62 5E Bl 4y *6p4es) 3t
Subsequetihley, anraegénant naasditigrs iseangdf Ihar g adel @R 5CS s iMGIfed to
express abkiaghed Merancehyileyetndyr dperéeveh. tBet segfiohhéntlbud malteai ned

regi ons are_pr dy rearranged in the display space, and a | arger region
i ncl udi ngat%ﬁe sgg%néf nfeﬁaer{ssg regions is faormed to ezépress a. further higher

hi erarchy | ev€MNThedne FeePre8alh 4 Protesd | SR elir SRV F2pREt &d to

‘express piregaeghywhich controls a computer to generate a graphics
image.

Specifically, this program is characterized by
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 level 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 lower
hierarchy 1level than the read constituent elements in a
figure region which indicate the read <constituent
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
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-12 JP9-2001- 0152 |l evels of the hierarchical data up to the hi ghest
level . Specifically, in the present invention, the graph)u%s2 f t he
hi erarchi cal data is generated by sequentlally arrangi ng the : |erarch|cal
data fromthe | ower hierarchy level to the higher hierarchy |evel. The
first enbodinment is a system which generat es the gr aphi cs i mage of

hi er ar Chi&glc ?{Lﬁgaﬁhge%%gm'stﬁqclt%@%veel é’Pnﬁléﬁaf‘cﬁ¥St em
whi ch graphica di'spl.ays grap at a erarc str ctur
expr essi hgVe el aPi 6H§h|fﬁ§ut¥@t \/’V’é‘&%%rﬂﬁ eﬁ’%‘?ﬁéﬁ% F85§%8ém ned

hi er ar chfiyeveb byousee ofamrdngkd stvamgdir omwi taln apesa uthﬁgeprﬁe eadhnol ogy
Oftge?eféi': P9ng g{aQBk@tSﬁemﬂ% Tﬂesb{itrdr@é@ﬂdl gea&»tm &néé/rﬁéerf?wdlChth

i ntentiona contro e arran n nsti.t ue n in e
gr aphi cspFﬂﬁ 85t8% @ t af Lé?(?‘é%?fg){/ uglrhégg f’g ttht nﬁe&efén%ftgr each
enbodi neaccaripnpe #ésdy il sarderafRit| reast fErﬁﬁbot‘r%n%?rﬁ eesplfs a

di agram shewing imbangonfiguration of a conputer system as a graphics inmage
generatl on apRaLabys-aniich oh2eMEGAd k) Sthlmé‘yEr%%Q@ da a,2¢6AK4LAY to the

first enpod t [ud
or ocesel AQTHRFE. (aPSLng Faen et R Pt ety y 13, La"HEpl ay

unit 14, hasdaachyordayelunmn tbhe fh@ugﬁodééﬁﬂﬁg %ﬁﬁ%u4§5ex§é9?§§san§raphlcs
di spl ay processthngdr oi @meont eel . pbehe armiahg”mimrw'hiﬂe st pe€3eatphagr am

controll (.09 ?Eggngmégsgjﬁ%nu:yé t]}i'e 11 1he P{& d f&quyogﬁsggqlhge

di spl ay Gni g i'eFar chi ca enerated by the
processi A§durfitOrINT sadisItay A u#ﬁe i oFARe aRSEL Tt g2
hi er ar chandl paatestsange ofr cosssert.ndhee rtvedsehey ohi thel1figuseant B0l | ed by

the progpamd o16dat8 the @i fio megeny dihd® [gaddicdicamay caltidataet o be
pr ocessed fromt h Starage | %Pf{ LthJES,soq:etnerreastLﬁl tgflal %eér@ge (1 mage data)
SQR& §F5res phi e Vi

t her eof , the gra CS 1 mage rg 13. The graphlcs
i mage stored FHEERELvi de SeRBPgran Wéym@ﬁﬂﬁﬁﬁﬁj%ﬁPﬁﬁetﬁ sPPEPULREL 14.
The mai ntoenorecdiZ i spusedsasng stackehempbiapi lan saébei ndpaneder e®niE oned

cells ange%tﬂ%%%l BePREASStRE UESPHE COueNBIE NRNSH D ) ng ogessi ng by
the -13 JP9- 2001 52 Qrocess%%% unk% %%1tw%h% thgﬁeﬁlﬁF SQ%W% only the
conflgur§ﬁ|85 or Ré

Ienentlng this Pra S ObVIOUS

Y,
t hat |anPn§ﬁ9F§tesuthpé§d§tﬁéﬁﬁé§ﬁdQ%ﬁf%f?ﬁ%wéeVFérJﬁhp%tQFﬁﬁhﬁgFlous
i nst ruct imageansf daha, hd eveircd iostlpudanechahiesgraricusipege phbedalg unit s,

and an i gbeLfiaed M9y 2eBALWORK1F e iaviteg tReaddiddryerant hef the
conflgur%tlon shown in the drawing. The hierarchical data may be inputted

fromthe ddt'$i"d¢ via the network, as well .as read fromthe storage unit 15
as described Mgseever, in the processing of the program of

arranging the figures which indicate constituent elements
at a lower hierarchy 1level 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 arranged.

Brief Description of the Drawings

FIG. 1 is a diagram showing a configuration of a
computer system as a graphics image generation apparatus
according to a first embodiment of the present invention;

FIG. 2 is a diagram illustrating a configuration of
the graphics image generation apparatus according to the
first embodiment of the present invention;

FIG. 3 is a view showing a circumscribed circle of a
triahgular element in triangular mesh;

FIG. 4 is a view showing a state where triangular
elements of the triangular mesh are classified by the
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FIG 2 shows a diagramillustrating the configuration of the graphics inmage
generation apparatus which generates a graphics inage OfJP§L§6@f—%ﬁi59al dat a
according to the first enbodi nent. As previously describéd, the™first
enbodi ment, the graphics imge of hierarchical data is generated by a
techni que of conbining regions indicating hierarchy levels in a nested
manner. J|n .S _graphi I i ndi Vi |, data el enents in the

hi erarch?%%%g%a?g %@ﬂgﬁépgfﬁgﬁwﬁ% _égllé%s',and expr essed b%/ squares of the
same size. Cohk#Ptuert eneneift s2BR WilgHer th%PéFEg’frlP%vé! stERAREdEEng

cl assi fi fati piaafinighea datatehgientisy oz theahigkéaar eerezfesrty edel echsdcl ust ers

and exprgssed Byjeect gRakes thachudiingael lis andelysters on |ower hierarchy

| evel s. In ot words, the.graphics ima i.S..conmpased of a_ singl

rect angul ar cPﬁé?er 6& arﬂfr't?%l ﬁgﬁr Véﬁ&gdq‘ﬁel&sécﬁ&m&g TS a%dggquar e
cel | s arpevged dummye wgliist@es oand hexprusiags artHWRARgeNenta sedgenof
gener atipg shrangeaphirestif@gge,; the cells and the clusters are just figure
data of. Squarﬁfﬁa“q riesCté‘“E!LS\%cQ\!P‘ér3{1%%@%?&%%’3'&!:? andi thepehugkgrs can

be treated in é sane ner. Accordingly, in the description,below the
cel | s an@ft RETEPFINGr € e ToFF el Fel t&‘?’r@ﬂ‘etdoqéﬂse]&%ﬁgwt 68?{?9& enent s
when t heaecposdhongneedths sdiesbiongmestt it he cells fromthe clusters. Mreover,
t he desclri pti Fmeelﬁowwi I & &qmﬁiﬂﬂﬁt givensekadiggsea ofpxafde@ngiderlgofhe
rectangul ar er [ ve,varj.qus _si ip.t o] t.
rovever . *PRatasibe Snd", RcERlodly co bEagT EAY, | RrtdhButds oheE

as previ 88SPYIYBYCEPHERL SafEOEIMeNGHvi ous that a similar explanation can
be gi ven whenFL@s8.céA star @Enatrd inid¢wsl sbowhagsdie siveangdment of
JP9-2001704B2nReter yndid thd! Ghe 2eriBBgalaRNNeSH RGNS at b OBhappar at us
accor di gg {;8 this enbodi nent includes a sort section 21, an el enent
arrange it gé@{el &ih 22, and an arrangenent_control section 23, The sort
section 21 deFéFfind82t e ardarfyehentewt detledhtet HiagPtRECEBRBEI Phent

el enent supdaeanh hiher arcigngevat mashhéilewamghitded alatangembet ppdcessed.

P o ar ch e e e Er rh ol by, {ha sort. seeti on 21
The arrangene ?%Coﬁf?olisse%ti g%_o §h§§gsejs, ?‘%%é%?? dect| g%o%%sasndgghe '
el enent GFPERGEABAL 3 SRFREH B2 I IR cUF SPIRTIT PRt Fat Nt he &FFIRgeRent

processi g ehishembondtetitent el enments of the graph data sequentially from
the |owest hierggchy 1gyvel of thecoraph dayaewFach cammoneitnghowawi n FIG

2 is a virtual software bl gck ismplene : t r Ssi Lt whi ch
i s contrGPPg lﬁyepﬁe &6 t?tocesr Opfrﬂrgur%rn%‘n%%?ld‘p%/ln (?%tegrr%lgﬁ %%%%ngﬁ?zfé’ FIG 1.
The conp@geh pdegrediacontewtli ngnghéhﬁr SEERG It UHId9913 5 sIBREYALET by

bei ng st aredrdiang sbortage rediodnnsudty as a CD-ROM or a floppy disk to be

di stributed okrhy heing tF ansdy tdsh M@t 2 SeA¥Orkhe FBEWEBNBHEEGE R@Yramis

| oaded in_the.mai,R_nenor 2 d rals t p SSi [ 1

i nmpl erren?rapgﬁﬁ@tliﬂé’n ggséaléﬁle?gnﬁ%%%%tdqs qw%%i n gﬁg Salgr?ld? témcj:co bﬁt er
syst em 1BedREwnhPRIREG 83 | fhehe DdGARIT GRS on d8hEwn PR eE GO, %? t he
case of dUnafigrmg Relsustreres Iarcadeidss) ;on a | ower hierarchy level than a

plr edtet er mt Eed Feustier i"ét thi gli@grrf%ﬁl: %rleﬂulesﬂr{aﬂicr@t i@gcf)hgigﬁegewhrrﬁorfeg

cl uster, e arrangenent order "o e clusters. or S e
(sorted)fa ﬁf%al%kﬂjr%. gé‘ﬁ%‘ﬁte o?‘afé?r?5188t earprﬁanreacf,%sas_wg?rchl ed,g%%g%]@%%]atg t he
rect angl 85agPd CSeqierd s alOlfy @FeRMgE@tien Wekk eAdithME ALY of LEHEEUTEN thi s
enbodi neatcogidiae t heo cekhe core@spbndempotomehe datfa etleenpgeseetsquares
of the sapge$irZen;the arrangement order can arbitrarily be determ ned.
However, 1nt ca of enployi ng_a.di.spl a chni f .ect i t he
contents of tﬁgs"dat% ejf%n%ngg SERE sllslgLeu,ssyto]%aq_Iqu‘gd 2@% s?ﬁ)?%gfcgrgﬁar?gr}gnent
order is9sPRIrRALING dat e APN&E taHaaSY dFPyS E bt et spledesf st Y c8P| €XCA sort
result shewenrgttilbey aecigenent order of the clusters or cells are

tenporarily stqred ifkAd heoMice --4% IE9s 2004452 HERME e 12,05 @rkesi stor
in the processing unit 11. |n the case OftVIS ali"zing a set, of dat%
eIenents?epﬁéﬁée%régﬁén9r?85mq%§ﬁﬂﬁ§9?fﬁ &7 r B¥giPnd® i ghF§CFEPRE edldat a

-cl ose t eleaemtot Aeranghmeatoreecthen sondedli Gt ENINYEsi §O8F 1Od nodi fy
t he arraggewsih ;order of the clusters in descending order of area based on
a predeterm ned condition. Concrete processing of arranging the highly

rel ated data close to each other is repated to processing by the el enent
arrangenment section 22 and will be described later. The el enent arrangenent
section 22 arranges the clusters or the cells of the hierarchical data in
the display space in the order sorted by the sort section 21. The
arrangenment manner is based on the following policies. (1) The clusters or
the cells are sequentially arranged fromthe center of the display space so

o . v o ey YA o oy

eging distinguished



In this enbodi nent, processing using triangular nmesh which connects the

‘center points of the rectangles is perforned in order to_jnple ng

processi ng of searching at high speed for a gap where aJF%gﬁﬁﬁgEé Zan be

arranged, which is required in the policy (2). This triangular nmesh

satisfies the Delaunay condition. In this enbodi nent, the constituent

el emrents of t hierarchical data are sequ i_al rr ed_ f | ower

hi er ar chy Iedgﬁ?tdfg h?gﬁeylﬁWeFanﬁ§gl8vgﬁg%&c@%%ﬁ%3 ﬁggrﬁﬁ%%gg%géelenent

ar r angerigifi et HroPPear Fangesnang| §9Mer PERIECHFe @t Atk IRRASS

cl ust er stywrcelh sFom. t he, | aves Ledeksttihan at Hd nkelsvwantt taudierwdrve

al ready Jee égnggg.%gggfg{ggg, in arranging a predeterm ned cluster, the
t

el enent arrgﬁ ment ge %ﬁg]ﬁ retains,relatbve.gositional rela%ionships
between a re i elPhdials | éBtﬁéeréFEVEﬁts PHLPEr antCPeEPhn@tes® or

squar es tiemp catte ngneckrodteesd am cel tdiod tdmbddimant egél $hwhirteseive al r eady
been arrgpaat wthin the relevant cluster. In other words, the el enent

ar r angenent i on,22 _handl es opbi nat j.on. h i , figure
fo arrange t Hobanb? Fo at StEHont toarFoF tuch exnaf AR AL ST Y

, 7P9- 20(L- 9¥sPhicyr ABALEs J9RYEAbIORhERAATF e hi ¥h4CEhi 88re8aE§5by2 causi ng
t he sortgrgtiicn 2dagadofhkiekemeht calr dagenemtcozeldinori@Xhe tletudsi vel y
repeati ngyznddameihe | ower hierarchy level to the higher hierarchy |evel

t he processi f rangi ng .t.he cluster r cells, iLch i d for
each | evel o?&cﬁ'e %ber S?cﬁi é’é?wdafg.owﬁé %en%?%%%dwé{gg%hiéés??%%%% stored
in the walkeesrert y IishaRy Girem Gof1 aRd rsprageanbn ¥aetelsp? 5§ unit

14. Nextnommdlesesd ppaoadwbhl abeegplenepf processing of generating a

graphi cs i mager@f hiegar chical, daf 8u08s80; 99 hhaeahewe Seseribreding
configuration, Flrsté a de%alled d scrlgtlgB.mnI% bg. EV&D of search for an
ar r angerfeétit S posFE T on® bPME  FRcRAHGF &1 1E| 08t & Esbﬁ BS[ﬁg {'fé triangul ar nesh
In this enbodi et , 28Reanslev&falarecy beiys ed L hacerarisgdy madhed rahged, a
group ofesxtecd @npgh@s s AfquEingedmesha shahénas r dgendateaneaihy repeati ng

processi ng. of - det ectL,0g: 81 589L@N,WheEEahhear ranged rectangl es are sparse
and of placin $ n?é .rectangl e | etected rg&jo refore, in order
egfon

I |g the d n. [Th N
to extract t L3hér &/ THE tettahbfes"dré I S8 FhePR i HMGiP ar mesh
whi ch coraredidatde posdttdonsoi WRSIref & hee¢eRRahg| dS a2 FRAUYSAr rdngdd i s
gener at eski ra @ ¢€gt phambhel ert hesheettamghes are to be arranged (hereinafter,

referred to asr@n aur angerrent o[ e MonatitA LI RM YRG! & dHAEl of
triangular elenent is generated inthis trlgﬁgular sh,e Ehe rectangl es are
more |i KEF5AROT B2 PafEE2NIRA Her &FOPRB A n Pe@@&%@ﬂ@ 'S’attenpted to be
placed in thiBIGegidh. & & criltechartf of lluagirag inke i zB8thPdt hetf
triangul arrsh @Rt 2, dSeob ave adadinuflef aonbttunstngbed iecdechn radi us
of an inpgriped circle, and a maxi numtotal length of three sides of each

triangular el epent. reinafter, descriptiion will .be give taking as an
exanpl e t he cgg 'wﬁgygjfheabi§&°§F%?§§hlﬁ%g5ﬁgkﬁﬁfngleﬁeﬁ?eggo?udaid usi ng
t he radidgterminengcthecprbangemesterasision Oér ok ectRNg 1&rr angenent
region is a regéon 2fhi dls i 8 tHldeclartectidigist represspngcaseclingt eofon a

hi ther h(%&‘i@fg@%n!;e\éel gthpRithe inedangkes (HUiBr)1 18abg &y apged (in
this nmea | ng, % earran ehent region is referr§d to as a figure region).
Accor di ngPYEEPouPt dafingt vEFEFEEE CaF8 AP SFCy 1p dced at proper positions
in the displ ajl&paceBPo set 3%e p&et ahrHar Sheyied akoy hé a?Fapgerent
region, afglgelYs upBat200by0152 ry izangimpdra treesfo s shidear gehea bt édtaSi nce no

rectanglgﬁag?§n Iﬁggg at;fhi.s tine, the triangular mesh is generated such
that the rec angu ar rrang%ﬂgft region is s%patate into two_triangles.

Subsequent | y, FGeh t43e HRot PEEt afgf % | SNRMHAAged Y t Re YTTRNJGPar nesh
i s made inage Whi benaddited biye usdmaera dfemes reect @t g a2 n@RsveRt ex. In
the inityadwsdate, uskpge there is no rectangl e already arranged, a

rectangl e whi ghighs Lhe fLEStsdo e cplacad. ca ey 1a0ged abraPnatbi trary

position in the afrangenent Ttegion. | s case, t rstrectangle is
pl aced i H\ABR cdrt er98PeEAReEr r dhgenBRt Pegidon FRUPLAtRd %fﬁ dfl

verti cesppedetdimgned therdfioreeentiesned policy (1). FIG 3 is a view
showi ng a cirpygscribes ciscleof AHredeter Mshedihg asgutas ekrgest which
connects the center points of the already arranged rectangles, in the
triangul ar mesh. 11—



In the triangular nesh satisfying the Del aunay condition, there is no
vertex of another triangular element wthin the circunscribed,gifcle

i ndicated by a dashed Iine in FIG 3. Accordingly, it is presumeolthat t he
density of vertices of the triangular elenents is lowin the vicinity of a
triangul ar el ement whose circunscribed circle is large. In a predeterm ned
regi on, | . N, i ce t tr] I t ans a
fover T et aRSTEEnIErE e el Rt T A T S gl ar
el enent s26FOLRENGr tendtiisr SRR IME e nunber of dummy vertices adj acent
thereto. HereFaG.tBe nmard ngleof shduimy sestakeadhacenpredesetrmiargul ar

el ement {8pt hghgasvestex &E?%ﬁfcéilﬁn%ﬂﬂilﬂ&m@cé&rdﬁﬁﬁow k@ikhe dummy
vert ex. AC%OI’dI ngl Y, tgg Ny ﬁg ﬁ:t guméy hvierxtalrcc Sic%dﬂ aﬁae{'at\ Egsgdtro angul ar
el enent FEPPERBRS (i 51 t RAPRI§%pPPnd 516 T e tHe-Aunfy “Verti ces are
on the oUR&Fnost side of the triangular nesh, it can be found that the
triangul ar el gment 83 h 1®r eaadjyaeent sthawbngverd | cesate owhtlhe odher nost
side of hig LeghaRwhepa bhestri apgul afy Meah i GARAIAL eharffilh thAd
triangul ar efaerrent w t.h fewer ad]acent, umy vertices is on’the inner side
of the r8§PBRLICALLYr FHFIRYSth&P bt B AT randdPEitthe positions
of the triangdllgr. ddenentad wiek sboWéwdadj atlerite duheye vehei ggepras csossi bl e,

-18  JP9m20RLl-A¥ 5218 he snectangkgsheanl b ealsiaetljiedelagair anged ithea snal |

space, an t r e r n. .can, be prevented from expandi ng.

Fl GS. 5Atgrﬁl§ﬁ§%ea:&zm€%r;3\:g% %ei ra(ﬁo(r)\lgncla&?'echni ue for placi a rectangle
in a triangul 48C%8-endnt sBPect 2aBas2ECt af s Wr?g}oé”tr}ﬂa Fé@f‘ﬁﬂ%se ios% to be
ar r anged grAphdxanplmagtovaenardt &6, £6A awd 5Bightuyt dafésrpnscéy®easy in the
Cflse WP%% mféx%&{c@ﬂ%memiatmfshtﬂmzu@fuﬂﬂ Cﬁ}@@hg&@nfbﬁais@{_érﬁlda tri an?ul a(r]I

el ement in whi rectangl es. i y : v r eady
been arranged Eg%d, mﬁi%hg%asgon‘zl%‘gj a%gé]‘t?g% mrgf/ \?iel(rjstagzl%gﬂl r?l t%ﬁ)slr%agf? t he
center phifragehigal ect@@be t CHOTAEMSY artlnget’fs prRR¥ERdHo2ali ne
segnent (kichecdegiyent 501 or 502 in FIG 5A) connecting the center point of
the selected triangular elenent and a vertex of the triangul ar el enent

ot her than the dumm. vertex, .and at the s i the relevant rectangle to
be newly §F&a§4§é%ﬁ sfogdj £t 1% (gun%/ t(t}}lee_ %g@?r#e{?%ct angl es al ready
arranged. The Hegledyadit foct Bivgyl BrE§ePhud radigey. W ishbcPfi daiSiopt

rel evant inecteanglle hasead rangedrat fopokirdoambbdomends swownedmarkdlees

i ndi cat ed i@ SHd diddwiesgdn FIG 5B FIGS. 6A and 6B are views
1lustrating processing, of OBYiag dynipyverfleas: andyexpandi ng.an pe
arrangenent réegion’to arrange a recfangle.; en a triangular elenment where
the rect &8giceibed.0 bel e addif Mot "FENFCECt B GF R RFEH t%egarrarpg]ﬂr&e’hent
regi on fdmaex mf thiedhumlyi vel tdges, bandsthe rectapglterpsyistedes Aom t he
arrangemanty @i Pno i BxprBekiWer dhe Wiedkrd henie£t angte, i shpl aaedan as to .
cross a sideiiose POl enfs AL eqble UMY Kerkheesntaes ’idrdding he
dunmy vertices are rearrange(d in“a drrection tarther, fromthe center of a
screen spdGe $danpChifdl eyl €4 s WY IdE the &G 10NGUI NIRRT (e FI G
6B) . Si nde etrtaer cdryr dregerientin egyimoestied anameeangl e i ndicating a cluster on a
hi ghﬁr hi Ier ar gipe | E}ﬁggeﬁhget ag%ngjlea{érﬁﬁqﬁi@t aongak}g]ﬁfg aag@@nlto@f =l us]E ers
on the rel eyvan i r_hierarchy al s it uent enEnts o

hi er ar chinfﬁteé}at%lglacﬁt e alrsansgego:f¥g‘f'ﬁé dlggﬁ%aglg%gzltésng}%e aeﬁTol clently as
the ar eahdfenaichu rsaiphedte r2grdnded shaPl 6P2CRc¥8FdENGIRF 4%2R TRqui red
t o devi sentse ptocegeneeaakdar (gragagdiepiaggbesn e oddepley pEavfigrem t his
ro- 2001 e e Hoac T br b | | he. couen af Rrocsscyng o Siranding.

- - X escription wll iyen rocessin gi ng
clusters W%?Sq%d]E% te%hn?%]%léo?orlrs]%glrlgﬁlxﬁg orBae(r% a?)r%angeh%enfcré{p%dsqi tion
of a rectedefientswi ehfpEmEdsEr KePrAth 7 ehbykptehisrprrehys leysR &Y 6B.
FIGS. 7 ad 8 earel fl osebards theushnat bbgatihedpregessisngref rarapsamging
clusters ieqiat r4m hiyeranghy ek, byathe sorty + 1 Pefilorand the
el ement a%érﬁra‘?{ nt g'er{(?t :%g% ZEESEIF%% E%E)éto 9E are vi ﬁvvsc%owi n 92t hae
arrangerréﬁ’tﬂﬁ%ttarh%l%%t%yo sFRGSEnESEHPRRgdar OFEER. W8 &EPHOR tD 10C
are vi ewsfurthest r &tlighg ipr béessireg vof Lapdat iy tdnee t Aied®gdul ar F@Sh fal | owi ng
t he ar r apgeyERids ofi@ nexeciestianyle. repeated to express hierarchy
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Referring to FIG 7, first, the elenent arrangenent section 22 properly
"arranges four dummy vertices (dummy nodes) in a display FRagce 1Q,8st an
arrangenent region, and then generates triangul ar nmesh Jennatti ng these
dummy vertices (step 701). FIG 9A shows this initial arrangenent region
and the triangular nmesh. At the tine point of first setting the arrangenent
region, since_an tan indicati a cluster h t.+D rranged yet,
t he si zef%\r’l%EF h8¥$%g%e%ggkgﬁgﬂgfzggnggggnfﬁr el%i grrllqulﬁ'gg%sgr g‘leesfreg’r'i, ly set. At
this time, foPregafprellvne iy ridiRyeREAECREgLOTEREY Pe Sdte b3ERBNHAS

i nf or mat iwagsuchofis ttiee nuriiesr axfcicil ast er sldta be iar r aggedretetihe hyer ar chy
| evel 'nséag At eLarohi gal-adgtagonenhi chibPerant aBAgeMaAtLPr eceasi fei s bei ng
per f or med. Re sort sgctlon il sorhs }Phe rec an%I es.of .the lcI usters at the
hi er ar ch§OVeY el 1P52BENYr AaNGdd Trn t8Es CedlicTg "drdér B &8 and det er mi nes

t he arrangenefiheofderst( sipdiomnt The st ysteON WYy 0ZemRyahes peheor med in
any ordegraphiBspaimdde! orSubserechiyalt bRth res reeicanigea (hpogest
rectangl )1 nLhe A r angenmRl. Ar dery i cly deefleten iaedylgohhieasiop 702,
I's arrange n g%enter ot the arrange t region set ?n ? e st 701
(step 708}sP¥R¥Sar iR ent@pBsi HidH t her er“%é%cgé( ea%ﬁq‘iptdﬁeculg ed, for
exanpl e, eBpsedsdngt re leddrodishatpess beft weden founs unmntveei¢mest andnod t he
center pgiBLeeErhhgcheatang P bevalr aygatke FbE 9B stiowstaustake where a

rectangl e, 901 is arranged in the nter . .of th rr Lpa aof FIG
9A. Subs‘éﬁggnt‘__“lrﬁs "t h‘és?%%t gl?ll& gsecaﬁleOls?e%‘ge%%i %@f%&?‘%ﬁ;% \{%nggh?%cghe

arr angenehedeegi on ilheaccbhéBfce SHRIALBRNL | #89- 2D01-SYBEE™ heWREFAngenent
order deftatshpédnianltvhesttep 702théi rstrangemestc et kidue whenheitakhtt he
rectangl gsganhted by it sgrhphecki oim2de have heese a4 pady aidmnged (step
704). If there_are the rectangles which have not been arranged yet, the
rect angl BShATi g EREIPL yest area thereanpng is selected as an object to be
arranged (steperespatsesee eREN| apecdinert aryl £l afthg deferdbededin
rectangl ésthag.al ready arranged in the step 703, the rectangle after the
second | ?E%%E ERbbangdleptijncl usive is selected. The selected rectangle is
arranged base the .af orementi oned .t echni g far rchi fore-a

ar r angenent pﬁ%ﬁ?’i 05:'61"S ar &?gﬁafne S[W“USneg o?ﬁ?hecotnr i ,r?&t%ltg%nneé ?step
706) . FI csmpgteto SHstbwathe sefrehifal 18P08nERRE 2 oo eBPRAGPESSI02,

903, andwB@éhareuaphibeliectdingd e ®dl griphs pabveesascograinar rangichg
rectangl es Wl L peggdeseri bed in detail later. After arranging the rectangle

wi thin the arrangenent regi the el enent_,arran t,sect] bt ai ns
the center po%ﬁ?%&“tnﬁe trcgcﬁ;%gl 2’ n8WIc)?.mgrurtélar"lfgE‘L’cﬁ;aéneg'[E clo?gm%%{:ga?%é gent er
poi nt wi PHoegskingr evi tof (GMB thlamyunain eneerY therdaVbdfa MEMG&Ner at e
new tri angyl as ellesphag (wiep 700) . akal | awi sagorageupdate df5+t he Thieangul ar

mesh, the, gl-ereit AN RNIeEntx86GEEAN 222 1 aldy dpslhfdespibeesidey of the
triangul ar _nmes

h when_needed (step_708). 'Fl GS. t haw wher e,
each ti nﬁrf)ﬁgaﬁ‘e\/_\f:?%ftfgﬁgl e &z‘ea.r?'%ﬁ%ed?ent‘%reytr%?angg%?g?gelaené%tgé?gpe
gener at egopaged 1gRa idendw et sy eindhdlt he YiFAnghrar 1AESh™PEOGYdat ed.
In the DeBaursmd trthagulddspresh, et al §éritlam asapteisoy | bedagbovef for
updat i ngpt Re Atihangyl ala BShegach bl ANoheh reeekeX nigs waddediis iknown as

t he increnental | aupay triangul ation descri_be . l.e._+in the
fol | owi n§*PPCEXa uUr e: l}I?'l’iet e?%?ﬁg%e&lmélto%gs.s(%\ﬂ%? A Fast Rif g)é?%ﬁ%afl or
Const ructiptg Dol BenBFoREsHffH ation in the Plane, Advances in Engineering
Software, 9, 3%ebPHrdO8ssikd CBnitOA 1 oid0C€oshawlilked uUpdatikeeoproleam

triangul ar yesh quer 1O LRen NEWRLEGt angle, 90 i chrh scri €angedrgotas to be
adj acent _to the a rsse%gy rrang%g rec{an |l e 901. Fi ggt, Si Hfgeattg% rect angl e
904 is aPfan§d@css T FI@e 108 CT RES cebal poPnt SFTFRETFEct ngl e 904
cones togsepPdcas navagdeert {exge o dehel at Ehasartri angdl asterssentd€as shown
in FIG }9Bph3dsaguey |ih thesed asothemo?d 13JPITRB0Gr@HH2 cabdwegeent i oned
i ncrenment.al | a ri | at e L g ri I

ol erent s e FPounia s, Sragy H66%%Y %&Z,l"sz L d00h and o arder

separ at i N§1two 44 angiRf dMetRnt BB Y ouhded By tAE%si 88 1802 °4A¢ si des
1005, 10@€mpanehridQ7 sraringlidndermenichonedi aeFl S andCclurépssf t8r 2 t he

el ement alRRAIQTERE S@EAPRNCL2 imRigh Ngehe rbite ngt eprdbésssrbeaty the next
rectangl e (next largest rectangle) in the order sorted by the sort section
21 as am object to be arranged (step-795), and repeats the same processing.



By repeating the above processing, the rectangles are arranged within the
“arrangenent region in descending order of area. Next, angg%dle_ 152
description will be given of the processing in which the el enent
arrangenment section 22 arranges the rectangle in the step 706 with
reference to FIG 8. First, the triangular elenents constituting the
triangul ar nesh. gen ed.in the step 701 are classified by the nunber (V)
of the &%e%%}lgscgé?%dg%éent thereto (step 80l). As previqusly_described,
the nunber ofNewe iy %éﬁt-i ces SBEPScen Y o WHch COPEARYGREL OB ehRht i s
zero to imseemeabtngheheboreendtdieitaritanguPaaceliepdhys drte icd aglsvidoed into
four groups, %'ﬁgﬁiecquﬁﬂ’iuéy thect rizanoyl afe @ RNt 8nW th AR UEET OFoAd] acent
dummy vertex are sorted 1n des end%ng orderdof si.ze éstv%psce8ogu€§gt803).
Herein, tRRILFLRI oS r FARGAFGF 88 c 4R the | UddSd % oP B ampl e, by
conpar i mecthanisngt Nagf ovise peadinise 1l twel s r caRc AN @ T A& of O he
triangul @ar nelcead abé h peach defdhetn asdarievdicousty deéscrébefigérsoionr esul t
is tenpo [ or f - l e, mhn t [ r or register of
TDOLAGULY PO TPaeXAIPLe, Tl t e B RHIRAD! Y GA2 0T ndyr o0k

t he processing uni FI G, en there iIs a tLiangul ar .el enment
with no %QEFBgeQdFEEEthSUHH}S\}Qﬁ a e MY g 32r¥est of SpFoedssing i s
performefiron the stbaagal anitl éhenssdescribedr @gdovsorted in the step 803

_(steﬁ 804) . Frigt, 2ot nglw@r gesi dgriaangul afs et Loy fhérséntiganguien el lemant
in the arpapgenent order .sorte i Z a‘gﬂp‘g e ngul ar
el enent s° sgggl 85?55}5% al%%gr?d%fg}{eer%fté?r%h ar réa%r}gseurrvg}g{&f)oé(??lgg%%? t he
rectangl @ (EtaRDigos) 1magssepfieMUarateniiGhd s@ghentace2rdingg 5yotls) 52 ()
connect i igrsheembontiémepodi.nt of the triangular el ement and a vertex thereof
ot her than thgsdgpayi%eKtex descotrid)ed d siep B063t dmbdbhemense ohet he

triangular_element., wth no (zero) J nt . yer eljin
segnentsgf éFﬁ d%?%%?edﬂfségggaﬁgﬁkﬁéﬁ aﬁggggy%¥a£%5??ﬁ§n%§ ﬁQL gon whi ch
no tri ang@Farigrentdt CORENAEEd Ga9id ok Gt t Rt HREeRY edeVEAE

segnent sifSka rddstadr magerant pdsi tilos ofrepbicectiamge beéhdgvpdveéssed is
?ft e[)m ”GQtﬁufég)eH%%ttlst %t Ctgﬂf@ eﬁ%éiakelﬁi&tshgula_@fa ra6 af&{@rﬁ@ﬂ?ﬂo pé@fesse?

o be arr ed) | ocated on the selec i s n el evan
rectanglEegggngaﬁFgcé%§%ﬁe?§e%djEgenf$%%?. e aE?ea 3Q§rr%%§gd Egé%éngle .
(step S0FPnSTREYCAEr SAGEREFS oSBT dh R BeRY | §e¥Btai hBH163588%n t he
coordi nattavaliecatieachorfectargl datre t héehekési notrhetdiesplaytespace.
Subsequepbleyy bl | $oeX3E N yiieiher ddie reghA0g9s€dbebPy peeeangeds

protrudes from.the r vant triangu | e e ectangl e
bei ng pr 688@8?&“95 Cp?ejaﬁsed 256 t%gu%}‘%g%gg)n%g?g%%g?{loeﬁlﬂgﬁg ng%%%gfhe st ep
807 (stepngogher| wopks cdde AR % IRIany? eCPFBPPEdest £ SLRELE is an
unexan nedckbnguiegnentl{Syert heomnexaditied yiHare ag@mptent restsebeéasd, and
the fr 00%§f§is@%r%etalﬂdlss<%@a£8tecﬁn@;gog}?ragmégﬂt ek nitﬂ@ﬂtdle;@:rélan@@megg

posi tion e rectangl e (st.eps .t.he

rect angl 8988%§rf?0t %fr% trvt?drfé flrrgrﬁl the? ri%ﬁg%%%?ng%ngntE,ﬁlgt %gbgﬁb equent |y
exam nediAgenethehealdievand FRet SAYPECES Rg SHridtTssetIvhe efifEReStwi th
(over | apsjhubhesneaglbaréampayready afhamgddreect Ahgl eselbs e@r8ilorhel f the
rect ?_ngl %lqg%gtr%mcajrﬂt}fé f@f@até@fe;h%ﬁ@ggﬂ&é &n@fﬁrlil?ﬂggﬂA@EoﬁsHQE@thﬁvagt
position, a rocessing,li i ni.she p er, ..hand,
when theipecq:tq‘aeng(?%g%]éf% 1%?08828&1 itﬁ'feer é?%g ﬁgt%jh e %%?gfng%r <g(la'ﬂct angl es,
i f therecpdlastanelani sederined séqnedt (SPIStAd UGRExamlfBE i ne “d&€Fment i s
sel ect edthard t he phecessiedg tet udisttioguliehst épe80Tetld sdetfeom n&hehe
3L;§Q%¢Egblsgg§ist.i on of the rectangle (steps 809 and 807). Wen there is no

i pe segnent (.S) Ln_the ste Q i n.oth ; he
j udgnent condPlPirgﬁ%leﬁ’t ht(él%t%?)S%ﬁﬁpg%o‘glge?gwn&ﬂsla%es}l\ﬁég,ﬁlgp giqfe?]cal ly,
the rect @fglae %R reflearrppminge the HRANFIIEIBheptudternt BREePeSai th the
nei ghbor heget aRgliesid kit casecwheremb@3iment. However, the cells
and the clusters are treated without being distinguished
as previously described, and it is obvious that a similar
explanation can be given when the cells are not limited to

the same size.
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JP9-2001- 0152 the rectangl e being processed is arranged in the arrangement
"position of the rect angl e which is obtained concerning all the | i

segnents (S) obtained in the step 806, the processing r etrur ALVt c?lgﬁe step
804 and selects the next l|argest triangular elenent as a candi date of the
arrangenment position of the rect angl e (steps 804 and 805). The processing
after the steg gOG I, S ttr_:n %ﬁ eat i‘n the rrent ofethe %gglg 4, when
it is judged tRAETALPIt He® ’ar Ier'r%h‘f1 ?telrﬁn 19T t He" 3 have
been exaappadatila tdicordsrey tthe ahrléngeﬁﬂbﬁtﬂl@@@f—t|Wb#d¢$teareét3éﬁgl e

bei ng presgssed has, nain beerndeter Airpadgptbhr Osewbednt EZ e iahdoan

triangul a rghggﬁghtt h?&nﬁ?{ﬂ“é@éti@ﬁ copdi tion of the nuxber of adj acent

dunmy ver ice artangenent Section 22 next extracts hrr angul ar
el enent sAGF BRI ABSI ncridsed %ﬁ%ge%?nédj afERCTdunmPREF I ERE bytBfie (at
this ti meonenét(isftl) eleneat)s among ddwh t rivberitainy el bavals thasshei ed by

the nunbﬁitei?faréﬂhégqm S8Ry V@d:l %{%ﬁ (§tteeést8éa and 8143)e - E.htemeherregt .
arrangenent _sect ain sgrts the ex e r s base
on size (5FBRIEHSIT Al ?9 He Pro ces%?‘%g cgcf'%srﬂ @ e%@gﬁ%

Furt her mefethen hﬂﬁé%&é’é%ﬂ@ﬁ%@%@éﬁg‘&m‘h‘? Bosi PF@ﬁroP‘eFﬁémﬂQEPangl e
bei ng prpgessed dest nekchéen ddci detiheverr nargyerntere nooverodf sadiacent dunmmy
verticesyhs Lhree aéﬁeerséfeeeétegoﬁhela%\@ fHOCESEMBHL EE}%aﬁbéfﬁé%

arrangerrent sectl % 22 arrang rect an% f osition wiich i

obt ai nedS6GtERB protesdihg & FPﬁEﬂ)Hﬁ&P’ng Ro" (hlémstetgé 806 588956‘? and at
whi ch t herpeesangle @f othedesnstdruehd ¢ kemeehenefr édiongraphofRER wor ds,
the rectgagheneiassgs e stisle wbwsetbotik rends yarie vyt vehei geaphst eps
813 and §14). Thereafter, as shown in FIGS. 6A and 6B, the pOSItI ons of t he
dummy vertices are modi f i ed t x and Hjlg ar.r angenent {i ; fg

rectangle is EéEamﬁ?G‘ettoé’cf%t he ng Fedid ? t &P ffgf. In t he
above debdrichedimpirmented thg atlﬁengehWﬁSS?eTQGOHJch?re]s]pon‘ﬂtl@ t &5a

E_r edet eLEblﬂQQo%'léﬁit ey, tHe dagdadg GESrog\fmmthI@ thusher siadn meeokgwer
ierarc e n'the pr ersy ¥gjepc e AL sort
section %f gg ﬁeéel enent el?féan enent 3 ?ton;ra% &rnt%;&%rqlqn% \t/tmht%h
referencBrPSelﬁls@ing? upgé reit a?'@l RIA¥ & %fﬁ '?er%esscece g 1or d@r of
area in ptiomeiggl emeécélaan 24ch JP9- 20CD-(RAD etfe@ 7029 PP Howe R | t<as e

previ Oustﬂs@ﬁeutlé@d,ot Npgr defidg areapgethieghlyia ehatatwiatia cl @se to each
ot her, %iotn% Q%%S' P 8qt9m m)?éf Y cfzﬂfedar rlq,pg%h;%nt mgigermerﬁ‘@fl fulrj hengpre, it

i's possi dnti al ect #an? r elie gse to the

cent er pﬁpﬁttr(?f Satrhcfctp;:f‘r‘ﬂﬁeeS Q:H“?Jst htgh 9 rEPafBa thér é%lc A h&s been

al ready amcangednomnkno ahewngént HELGect angl eheheg@put Spesverenl 1Y,

det erm nrshg,whhqnamamgement order of the rectangle s by the sort sectl on
21, if the nth ditgt#i'@léﬁrg beaulit, haged on §ﬁz€hga\%al§er%fft angl es
"whi ch are hi hll re at e ereto falg 5 ear ﬁfter the nth he cirder

the or deP&f Hélgk FeEPEAgPes ar €% orfcedt & chaHGé tl'bl?haer‘f}hyrl (n+2) th,
... and (hek) a hpreQigsgquiarnd yclmnterran‘ghng fh&eCRADPLER, lndlca\r‘idn@mk)th
rectangl ehe WosEePEERInBAS dleptdhanged hyridwegemstt seatdean @4, tie t he
element anlANGSIEN, %%Cflsorté?df@%naw&c apﬁt@d s arranged in the vicinity

of a rectangl which 1s relat ereto en_al read arra ed by
usi ng a topol 3§ ca"}“ﬂ?%‘ieo{?ﬁ:re fPOATE NS Sy ta?tﬁl a.r I‘% e, the
case i s ¢inrgi dekbe, whertanglest angre B $eq1a¢rrah@bhy| n atlhrealwftﬁ ni th of a
rectangl geAdetld@atRd éedéhecrectiangl e Bn luhilshi emisestmetibe sopekogiheal

di Sta”CE%e%stf&gtl%t,ﬁénstﬁge ¢ BhE IBal Séya'ﬁxnee' fatyeatE QubPesudl @

manner t hat t i anqufl ar r@ acent e vertex, o LI arkt%ul ar
el ement aﬁl%?@ﬁetﬁézﬁect‘a‘n@l é‘rﬁar NG Ungeldfs &An tBrhL F@Fé ¥e
triangul aleteirene ed adj Hoervero tihe theé angskarofel enpheyingsat dispdadi st ance

1, simladapni c’tiudé StANCee Pl et h§t BREECcEn8AHL 80 08N thken dafte Setlemre&ms of FIG
8, 1nst ead of .c assl f%l ngft hehgrlgggy%ar @ltgneaﬂtrs 1?(? rg sadj acent
e
t

dumy verti ce:s t Re i i angul ar § are classj

di st ance Sdrhae r‘é%‘t%tﬁ@}%e% agRardéfderta dihs Srafehe
arrangenment gasi t imeswit t hehoethangtkeB begiangemgntr omralety i axfgultdre el enent
with the Stpldas! tgpoleghgal a%Steeﬁeorzhtiyenat%gédt henr egi@nglsaB to be
arranged at the position as close as possibie to the rectangle A The above
descri bed operations enables the rel aggd clusters to be arranged close to
each other. Wich clusters are related to each other can be identified by
means of previously adding additional information to the hierarchical data
or the like. -25 JP9-2001- 0152 However, this technique is effective in

t he case where the nunber of clusters related to another cluster is smaller
than the nunber of rect angl es (cI usters) to be arranged G vi ng a concrete

o o - . o Y " I



.Next, description will be given of a method of generating a graphics inage
of hierarchical data by recursively performng the proce,%gl of gérangl ng
a rectangle by the sort section 21 and the el ement arrangénen sec ion 22.
FIG 11 shows a flowchart illustrating processing of generating a graphics
i mge of hierarchical data by control of the arrangenent control section

23. Ref %§+89¥t9z PO allesibist, shhenal pasgeaRIhComol 1secti on 23

sequentia earches for ¢ usters on hi ghest ?l reC%:l<r';1rch Ieve of t he
hi er ar chi cal fat £NGovirP 1% 8Ifus‘f3e'5r@3dn21t% Powstt f By the
br eadt h-thes¢ sear algnyndenegirsmensst x| asrenging é[usﬁeld( rﬁl@td@r of

bei ng di%@@%eg%é?Eerl%%%m eﬁﬂékSta?Eekéfegb frofe ﬁ%ﬁﬂp|§eciibﬁh21nain
menor y 0 e re e e sear
Subsequeh®| ygefﬁgnﬁfira gen&?@ ?gn F&e secliIsa rgefgé stlel et s&l ﬁstg}?el n
reverse otdefers tHa ordepcondingi storréiqlbn PR tHEred acPasﬁﬁd SBts fhe
cluster pﬁe&é@efmgnée Eegden ibe . be quneoesse d fsteps i) 20 Andr #4083 ng The
a”angef@ﬂ% ghﬁg' g.%tt'e(zin d’%sté:aé'f Se 1 P& 8ath wﬁéxom@lr@mé@etel ement

arrangenen ormt processin arr i ng,rectangl es
(cl usterEr‘aﬁeFﬁéngoMr eerea]r%ﬁ?/m—r e?lEF f‘ﬂﬁ‘ﬁephe%@lc 05 ?%e?rg%t‘éﬁilfn t he
step -26be JdP9c20Ded0iB2et103) in the figure region (step 1104). This is
the processinghpregiewshy deseanbethenitt h geafter@nce2z o &t tngdsandn8. This

process’ BguLelEOUST KelY Bs}gigf el ﬁpsrla WRE cBher@gehy sheveheof the

hi erarchica the hi h| erarch revious|y descri bed.
Accor di ngiL§pP?l @Meﬁpécreed’(narfd}ee e %’ét@?ft yprte’c?etg‘?l?ﬁ n%%c5¥%? a?ghy | evel
i s arranged, areshgagket vanhke Hewbeskidecar ¢ine |foddloy ittearpaliecies.

predet er i pedriu eeaﬁshyrbe\eﬁd baye deaans ahreadieArgrafigad yi hbrangb&

rel evant rECt %% cen rée.fr eff)r‘ﬁh aéi%élg? SBratg%e%%l Ol]fotgg 351 1]194 i's

fini shed, positions o t he | ower hlerar evel s
than t hetar ?aﬁ@@BaPQé?aﬁéFeaéb’e aFéé‘é‘Ig@G‘l ‘ated (step 1105). Aft er t he above
descri bed2pr atressi ag,clivetear r angeneneltontarol beecian sl r énuransgep t he

step 1108et§ebﬁ0t§e&m?n@ﬁé<§. elwseta@r reoisheeg8sl ithd heigbaek. stepell0s),
and repe t he samefﬁr SSI \é\éen it is judged in the step 1102 that

t he arraﬁaz%eff of - he cI us regi stered in the stack is determ ned,
the arrangenehAP &&deT RN 23PEPRESAEEIt A IR ST MY 57 BEFPuts the
gener at edhgraphcesnéobge twie t loenliegr apohintal datathea| @SctEzAlies 12€ are

views shgui-rgrhew tihe ogeRst iddienip et srofe s Hendi e asehieningaba are
arranged foi:1 each Cpl %%r %hy #gv‘e,kegg conig J%%I% gh%aqlr r@@ggg@g[&ggntro

section 237" gene a ef errln%
12C, thi yhhpér aﬁcweeaqlr@ﬁ dhdd s RRT M %r & khy TRY8I §TF EHHaPﬁgmaa
el enent ssatislieeksowdst Deilenapyhyonehiglion.n FI G 12A, square cells

‘i%;esfong} ggﬂlmo 6H165 dé‘ﬁ\l@oﬁiﬁgﬁﬂts tdee abrangedemtt I’dl@nfeefttsanﬁf eshéZPl and
A 126 { r el as
E 5aaﬂ;a91§§§ i ) APFaﬁaga i, ghar chy ol,ey

t hese rectls rres are arran tan e 1 11 on the
hi gher hhéﬁaeéﬁ\?w e¢de Lt fgh a HeL ghset ahgf B_r 4201 %‘ﬁﬁ 120 SCPRIEPgly1oc,
rect angl ebeaf ttleustlemendt artmersmmeti esecithyn | 2¥ebragnghbsar edtanigie 1211

are arrapgeq i préqdestangle 123%1at dihestighest kieanar iy tewelowberein, a
o p e 18sen Te | harl! SHEEDOLIEDLL R | 10280 (e, a Theall 0oBE8HNY time

when t he sort ®sec |on 21_1 arranglement secti.on” 22 . arrange n

rect angl 85L&5A80It ut i n5h§r€¢8§?er i | alaﬁéranﬁﬁ 7 0(h) PReffitgrmsned

cluster, the element arrangement section 22 retains
relative positional relationships between a rectangle
indicating the relevant cluster and rectangles or squares
indicating clusters or cells on the lower levels which
have already been arranged within the relevant cluster.
In other words, the element arrangement section 22 handles
a combination of these figures as a figure to arrange the

same.
The arrangement control section 23 generates a
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JP9-2001- 0152 enbodi nent. 0(n) neans that the cal cul ation can be conpleted
within a period of tine equivalent to n nmultiplied by a&pgns2 ant (5|n this
case, within a constant period of tine since nis a cons ant;) 'l%erefore
the calculation tinme tends to rapidly increase with an increase in n.
However, it is considered that there is no practical problemwhen nis

about S08:bppi000ENan I £ALachR ol 61 dtdithasisads, | gyt edsoh

t housand g pr.ocessing al Froce55|n g
suppr esséfe oI &%@%r@nt@%r@%ﬂ%ﬁ’f‘%ﬁ?e@lr ARGEREDES éPCFéoge\? ral tens
of virtuab cteamsimsisvel?; , r&heatdhg, elfanent shar & carerranyeer ocheadkveilr t ual

cluster, gthEh%ﬂdHE%QHfBHE%éHy\déGéﬁﬂ €$835§6§e§5§n rbgnQQ@anélnEhe
vi rtual gbust rs are rem)vegl g'f?e‘{h oS tI% e dat a. el emalit

t herein ‘JaﬁtrFe‘iF ?h fhRe tncr't S DEFAGRAT tdrl Ang u?%ﬂlo% SWhich
updat es ©fi dhgulhdenpshicadh date a T/fé*?t@Qn%a‘é@@e@raﬁhbﬁécég@ﬂﬁg isime is
general | g+6red) lm thﬁeV\DK/'SHeQaSﬁxemHQWEVQB ishowine iimcr @ment all Dahaunay

triangul gti g g@ nntth@ NERte {tyis processing time is considered
to be short orrra |nc errenjg,\lm%laun tri nulatlon(g rates

triangul ar rre%lﬁxﬁy r%pgﬁtsicﬁépttﬁgnf oft p? bEES sty BECTany t¥ nés as the

nunmber ofiemedesing. A gioriehics atldede 2f mlterﬁéemdm%é‘l eflehenbagefdt &nni ng t he

node thertgbnalb@v@etd%@&qbe@ cBieeaesomhi ch connect the three vertices

of the detect trla I an a at.ed vi de t he

triangul ar el gﬁrent |nto arlgLee Zf{g rrgpgﬂg?a gf% h]Eg ggg%r tg(gngtegr@h

tri angul &Prel FeAts 2RPETRB fﬁ"é?il’%boq‘ 04l 1§ ééﬁélaé‘lgéeagé‘?hu?ﬁ%r)( r lbé(ngul ar

el enent susAnat the ttimfengulerpmecdssing tinme for the step 2 is 0 (n2) in the

\t/\ﬁr st ﬁgse Hq\tﬁﬁv%lhisl [‘anB%th\t%'hQ”en%'enDas@h&'é@éltr'r%'@ﬁ@'r@tlle%n %@F)'el teddl n |
is enbqdi ment. ,a partic r ,trian e previ gu cted an

a rect an&ﬂe GO k?\% de ‘f"gra § 8 Pé%e%ge{%gtéfqlr%%n%gl %rr%éa?‘ge%

Accor di ngRy, @t F&adelt eéFFéﬁgBFlGEéss‘?ﬁ%)a oP% hEeBEBp1DY| PHFeTBHRAred. In
ot her wodesecttieigpr aceseigngnt | maefrer the - 28 rangegt 20@Ttehdd esr | agul ar

Zesah: ghfslﬁsg%sgan})%a%h&t 999@2? %n h@gtprzf&%%h%@ﬂetilﬁe @ﬁet@‘gt%b%%@ 3 and
gﬁ?ﬁggﬁesn et hgg Yo %ﬂ”éﬁzsféggg %%8

generate LR ¢ an h iR tHis e dirment
Next, sh&®§ | $eako@gaRs e 38C gERFRISCal | VI spIraGndy 18ct udesh eMBLCR; cal
data by appingiotg t hihe erleadierentooiwttisch ofenehat esex tgmapieiscs ailnmegel yof

hierarCh%%%%n%%@ﬁﬁ%“ﬁaﬂﬂﬂHkéd)iﬁ"§_§@@9@hnﬁﬁére the rectangles are
to be arranged (hereinafter, referred to as an arrangement
region). In a region where a larger triangular element is
generated in this triangular mesh, the rectangles are more
likely to be sparse, and therefore a new rectangle is
attempted to be placed in this region. As a criterion for
judging the sizes of the triangular elements, used are a
radius of a circumscribed circle, a radius of an inscribed
circle, and a maximum total length of three sides of each

triangular element. Hereinafter, description will be give
taking as an example the case where the size of each
triangular element 1s Jjudged wusing the radius of a
circumscribed circle as a criterion.

This arrangement region is a region which is to be a
rectangle expressing a cluster on a hither hierarchy level
than the rectangles (clusters) to be arranged (in this
meaning, the arrangement region is referred to as a figure

region). Accordingly, four dummy vertices are initially
placed at proper positions in the display space to set the
rectangular region as the arrangement region, and
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FIG 13 is a view show ng a state where Wb pages under ww. trl.ibm-com on
"the Internet are graphically displayed according to thi §P%%0°0qi-ﬁ‘f? by
handl i ng the Web pages as hierarchical data based on th uni form
Resource Locators) thereof. In FIG 13, the square cells indicate

i ndi vi dual data elenents, and the rectangles surrounding the square cells

i ndi cat | ferrjing t i1 hg, the: hierarc e of the
Wb pagggfﬁ?ﬁéﬁiﬁl gges s.iogag_ktgg P(g%r?%?%\%?% Vi S@ljljé. é%n g,r g%lea?lédél n i.éiSecond
Enbodi net?§ PhaEfe Q%O\F@l(festclrl‘i‘%edt}éﬁaﬁﬁ@?g?llnérdé‘?@lhi S PR HERN gi ven
of the teedmi ghetf ahegrapitiaaidladi sptaygegeat hiregaoohyl sstseaattedf the
hierarchjcal dai@ byr Psthe NEst ey dhuLy Ur e HEnt Neshect Anguh &F

regi ons. However, it is further 855|b.e to.express relatio sh% S between
const i t UTt @ enents &T 0% etg fi ﬁé&aﬁ]igélrléﬁxgﬁ(}e?%évéﬁ W%se ]grfe% li nk
st ruct urehivi ¢ hadd £y bhe heegeaer afetihgr aphtesgilrage. al Rewt Ner tRer-ds, a
techﬂ! que ?-CCPIEdit'F]fQB t@nihhgler@mﬂ@pntsm@@ behesed ias poeprecessyy f;)r t he
gr aphi cs y r t ggh at.a: Wt h r st.ruct ure
anong thaeij’%ﬁgéejéri rc(%irggﬁ dt afg 'alrhe(ecgc'rse onéc?l eeqﬁ )ghi %eggt Qhr%aa%f%%‘fl.ttodiégl ays
graph da®¥2G#® h &M Bf ardhprdsdicttir @by 288t hgatie Ig‘?%f%h%‘ht il)c‘/?netah
t echni querr&h@mddti segidhagr dm i thist casengthecdrifisfurzadtanale algr aphi cs
i mge gepesadd onnapRay atestagcorditre t arthfgenennd eygiedi nemdi vhit ed
general 3,2 GIaPNG MAT L AR Aata Y [ Boa Dhe! AlEbyemlLLELILE. The
gr aphi cs Ymage ?eneré/tlon apparat us shown °i n Pl a4 Thel udes the sort
section Pali¢nelkl enent arrangement section 22, the arrangenent control
section 23, ahfiGan3aie genere i simogiyi anci4cufiserided sectdlen @4 a
gggerzg})lf}?%ﬁ@t@fﬁﬁﬂﬁ&HEBELaﬁt;dl?zérc%n%%@?lﬁnglﬁi@lh@ﬂﬁiééwgihgl @@f@ﬂéﬁdof - 29
- - each hierarc evel in the grap e proce : e
el ement B7ta ﬁerré)%t stgﬁi oﬁxffaglyr an‘—’lgrersaI}Qf'negjE coﬁ(se??%ﬁg%fg’sél eﬁé]nt s&(?) t he
graph dataiamgatabr@apke with the order determined by the sort section 21.
The arrangenent ceher oltrsienigue?23 wasises sahésggringsedthieon Rdlandayhe

el e”ent_@éﬁaggfﬁﬁﬂt %ﬁg&&onit%Z fn% r@z?{rt%ﬁ/telld’f pe&ﬁcﬂfm@ﬁ hetaiéﬁ@@_ﬁmelnt f

processing o e canstituent el enents. . dat. eptially from
t he Iovve‘?ﬂﬁlf‘%? r(;"ffyt ?erbeft%gf Fﬁécgngﬁ l§§ a.gﬁ'ﬁéeﬁgr_cqug&elﬁcear aetq#lo%g’se%:ti on 24
gener at edagired ddnfedt] NBLE he3conAFEUeH B} eneht s ISetRETHGR EBASti t uent

el enent sthe tbesgraphifcsrd meige: gentr ahed tiy anige leanterleimesft £ hies ateangenent
control sgctipRe23.ihe,gEaphi g8 | NROe GRNLRGLLAR appaeméHs shemBsén FI G

14 is inpl ted. th t t 0 ' 7 ly t
he. appay it HENSRbA T nCFFLop it Saenordl & B B eph be s badeThofl ¥ 1°

hi er ar chtlal l@aes. Bpeehty cafl yerdddescorbohRbht SHAR YR %a?elm@,n% a
virtual sedhwasefbWeckrenpbentrted by the processing unit 11 controlled by

the conputer prggram hebd in §heyMBkRoHEABT Yo12s6f chb&ridn The cemputer

program s, provided hy bei.ng stort in .a_storage i ROM or
a floppykﬁ?gﬁgPl&aBe eﬁi?&eﬂﬁt,%% Sggbt %nr#;uqtarargnrggngﬁt gg] \ﬁg]agﬁ% a/og)l-( The
conput er ©pr 8gFEK Verkdgaedard aFRE kNG T®EFory 12 and control s the

processi ng unidérédint o tieplrerenting bfineat idmmy evachezompgre@sntshownai n Fl G

14 in th@r.’.QQHBHﬁgE syBdem 40 shownicn El Grérlteﬂ_h%ﬁortheseﬁiiQﬂgaiart he

el ement arrangenent sectiaon 22, .and {h rr epent cti 23
among t hg EﬁﬁgfiFﬁéﬁﬁsgP8§€n%§ §%§M§Hﬁifq%§¥ﬁk,'ar%ggﬁ%égéﬁzﬁéskﬁge sort
secti on PYMbeKe of| MY afeBhtenentdd@eendbn t22 2 anit 33 ¥ afigBREARE control
section 28 sheown té EhGee2, ré@spectihial yoritheipior esinke s@me dumeyal s are
gl ven thgéfwce@ntgrteh%nd%@ ;&}ﬂé}%és{’@[seﬂfet'éfl Om&teﬂiar;{ €1 8F CmESAGT altl on
section generates_an_arc_for ns uen ement s [ r ngl e
specifieﬂtbfxaiuigr FﬂuPﬁe1aF§bh%% i b%nagggFai%éFTg%%héﬂgﬁ}tﬁéégtion 21
and the afigpeantarduammyeneartscesi df 220 ARHE tPECaFrRfgefefe Oht FBF section
23 basedregibhe wieded i @hghi prbehyetart heestel dsanjecensted yerince| ehents. The
rel ati onghi ent nst L{u e n %m%d i vagce to
the ori g?%%?n rﬁg\éﬁ Bea]t%?earg@a\g i“ii (?%é{]le%l- 3%@?5!‘%%18?2 dgll- éggéjfﬂnﬁfgng?igon. As
the techflquelfortiyekr a9y t é&?ﬁ &7 900t i ng FECRATGd&Yused PR t he

gr aphi csrdcsphayeseeahrolaoggpniosd tafi sthemeodit iprphofathechhiBBIEApFoyed. | n
generatiégehaﬁtér@dﬂﬂﬁhéﬂﬁe@eéaaébbﬁﬂ Se@iniyo iy &ée e paOPpoby ibdee t he
constituent elenments such that the arc does not overlap another constituent
el ement and another arc. In this caseg-the rectangle where the rel evant
constituent elenents are arranged can be al so expanded when needed. In the
graph data with a hierarchy structure, the relevant rectangle is usually a
constituent elenment of a rectangle on the higher hierarchy |evel.

Therefore, when the rectangle is expanded, the arrangenent of the
constituent elenents including the relevant rectangle is changed. In this
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FIG 15 is a flowchart illustrating the operation of generating an arc

bet ween constituent elenents of a predeterm ned cluster | ta with
a hierarchy structure in the arc generation section 24. “I—EIAIG%B&?%&%?O 16D
are views show ng how arcs are generated in graph data generated by the
sort section 21, the elenent arrangenent section 22, and the arrangenent
control ction 23. S in E . ar, ration secgtign 24

i nputs a%?apﬁﬁ%tsarll IAgse o] IIII’IIhIéQen ?cirleejcgirla\é{ﬁﬁa,ta%r%g}%%fﬁt %g baf/ %h‘égéort
section 2Racthe dldknbhusarifhgdrEANISBER o P OangdaPhd ar PARYERERE cont r ol
section 23ofir eRphhdivigdeo nenory 13 shown in FIG 1 (step 1501). At this
tinme, the graphigs igmognhs oH sphayed s thei1dssphaynynid 1dcahawnel n FI G
1, and |% in 3st.ate capabl e ofl accept i né%.the ;Lperm fjré:atl on ot':L at(él uster in
whi ch ar £8%ald 3G e YehEFLPRT By AU ° (G aPRCEaP TUset ST Tt er FCEF TSR G 16A
shows a displ &preganpheren thiee rgicggingyl eudist t By amiandldite. Referring to
the same drawafg, ek&mpeUnsieswh 0oth t MEEGS hi S2gr apld daBa hacusdeatkisve

D e A e 5oBLEngSHRO RN e MG e SPEFALUERel OBBLIEHOR] U3l 8T US! NG
an i nput device sgc, as a mpuse, and the arc eration sectiqgn %4 accepts
this i npiectargpe1sv2) .SthelBrcagé?r?éraé’thoIr?rsegf[?B‘ﬁn’Z'4 I%ar‘ﬁ’éﬂﬁg‘és W&ct angl es
on t he | oeetahigéear dhyilceneld by diiee tdemghadel ir¢evharechlseedyb&sed on this
speci fi C@Eirgﬂge@n@ngle%ri@'ﬁfhaey hdaserh @nt heumre) atk ovskhi ps Thettwaen the

rectangles -3 P9- 2 -01 52. (cluster ( . ern th angl e
i ndi cati ﬁasfehe EBéci ?Ia‘lggéjél ufg lerﬁl(‘;i S %enII%Irege?egC?/C , r,eaICIQrIIa%een%lr?I'ﬁL f the
rect angl @§rappedarie gaisiad i oh 3edin6n SEAMRSVes( e ot ¢EreRFustér &%on the

sane hi ebaechynl evel:.as5hhe reheeantingl usher secherhapoting clodst &éhedoes not
i nterfergeweltheling figheantr AiRgler® Usi@rs ¢stedx| §84rnelastibngutihe arc

generation section,24 stores_in the vi nor 3th r L.CS ;Lnage in
whi ch th8E§P8§Eh§§@eﬁeZtnhag%n%IF%t(él i g’%grtgg(évéﬁcés%é i_gIé% %rBII%e?%I‘“% The

gr aphi cs theage liey anfief editsiiBfed P e Heewl ¥ pRBy2Rare 13, 2RleceR6B tShows a

result ofnyherne acesshegrbygtihglasc ajerecayt iaraentd on 2hewlrend ey acltust er

1601 (reclkanghgien {de quierapsingede, \gfsjgebi@ebaw;atmet&ezl@kztasltter s) on

t he hi ghest hieérarchy level is spécifie the user.in e at f FIG
16A. As SRGWATPEASt hésdrlﬁlﬁrr‘?dl,geacfcsatar & g.e%e?h?%%H_be?\I\eeﬁkrgec?tafngI%g% on the
second hirecipeny lSev8Cicate hy dhaarfgenchtl AT t1vFHF- e2Bh rectangle is
changed. FI G FI6E.showsared r eBubtreofvitchves prlolbestsragiby bphecassiggnerfati on
section Z4.when AunflHstert 1602 anqt R&pseeand Ner arehgbRyat iregspeci fied
by the user _1n _the state, of IiIG 16B. As shown in the drawing, arcs are
gener at ed CbEOREETSr BcCETTPEES i thin the rectangle (third hierarchy |evel)
i ndi cati ng t h&henust ekri80guland eisdedyy angeRentPfosias gt the to

rect angl ee arecshibrgethotMivealkerectasd awieliht thé emanporyeniie ragriamgement
POZIt'?P%OQFﬁHhQPIefﬁ@“%%%%y?@e&ﬁ@c@%baQuhieE@éPP&ﬁk@M@ﬂe bﬁ%t&%ﬁkﬁﬁ?Ie

i ndi cat i e, cluster i s expanded. .Accqrding e genen

posi ti on%%&m t 8ot HeF 2 ET %Iﬁél e];s&%inOII’he l@ecgrﬁgegi eIII%III:%S/ IaIIIaI\I/«?1 gII%
changed. TECGangdp difoulace@stPt a8f tOhEETe s sThee by PRe RPENg&TESat i on
section 24ewhgie adahmgt eertG@eson(tdre FOArt AN, erttre hgunpyelvers isygeci f i ed
by the usgl ifedharyfdt & 0fs [l Gedbfon ABaSHR¥R ERokhendr awnRer ¥Cs are

ted bet |1 thin th I i fth_hi I I
ndi cat | MGHRE CIUSLEs 1805, IT.1 N6 S ¢ ARGCRERE postT | oRAZBFel e Bhuar 6

cel | s ar érélagyd@r WeeRht higeehdiide, (Fd -rect2hlfe it cALTRGAHETH ust er
1604 on tregifoeurid hi eractchyglevelndiordt@ainmg ng thkeustemr enced | hiiigheaxpanded,

and furt hergpanend hes¢&e! angl & Jindigathng cbbant! ust etnd 602 ramddigrithi rd
hi er ar chy erI cont al ni . the -32 t‘] 9l ﬁ%Ol-hOileSLZ ]{]Cehég aﬂglvgll réqlscoatl ng the
cluster PO T8 ehanaBd. qﬁ et LAV AYT gfagh Sdat it hi ér ar chy st’ruct ure)
the constituent elements of hierarchical data can be
arranged in the display space more efficiently as the area
of the arrangement region is smaller. Accordingly, it is
required to devise the procedure of arranging rectangles
in order to perform this processing of expanding the
arrangement region as little as possible.
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FIG 17 is a view show ng a state where, for clusters indicating pages
concerni ng sone projects of the Wb pages shown in FIG 13, arcs |nd| cating
a link structure between the pages are generat ed. Referr‘ﬁpr?g PO tHe2dr awi ng,
the link structure is clearly shown in some of the pages while the
hi erarchy structure shown in FIG 13 is maintained. [Third Enbodinent] In
the first and_second, enbodi nents order to ener te_a graphics i.mge
showi ng t he hliq(érﬁrch@e%‘f]rh%ge?% o‘?lﬁr e cifis pf&?gﬁﬁdpgs P&l usters
or cell sdrradotagi myl wiier | byeM g oRE] ttr%@rltmeql@@rerftoé‘) aerarghiadiged in
descendi Agrorger HfrSigematt plpeest Wher e he r eelaaghes ,canhbenar tanged.
Thi s teCQQ{;SP?b?QOQ%ht ngggl h(&l e%oofFI%rr@an NG{dhe geect angl es such that

t

t he dat little as possible and ar angi ng
the rectangl e51$8- as notartcb I%avé%paeféé""’rcrli‘a&rt@er JtJolLe??’f%?Je’Pr‘EI yLOEili ze
t he screpnospaséngAs of resmtdngime dalasekesentos: are apradgedroanede

di tSEI ay ﬁpegsreﬁyumé‘\%lm % astrp@S%'oQIte sé@waﬁr 2 WhgRqsugl: ag1amnkangenent
nethod is e

prope e, a t he case
wher e th@F’egﬁgeéGBErr&ﬁ&ttlc? e f'efg?rg?g nent whr]ib |‘\Q/‘i9%r gﬁg‘g%rﬂﬁ s to

t he posi ERensa2pfapaenert eneht %e%ﬁﬂg‘ﬂee%cr nutsdnrgeaahﬁhetﬁeaﬁg%aénd

t endencymefht he Fai@S.r el Gfat 8o 00Ct arkake dvwe Bl wsigeaehtg spebcebatingi mi | ar
arr angeﬂslﬁt ub%%rrt'l § A Opiﬁéﬂsﬁllépr meaha M1ty | @fe "BAPLAGEment
Specifica ﬁa cases where the very different afrangenent
results 8Fe oB?‘é{r 538 QPP Sugh the structures of data are very simlar to
each ot her. FReSerzingarid 35B5ar € vi Eiwesshofeg reesidnphErafIguRetat i ng

gr aphi csSr'aaageﬁ iIp syebparigsear AsnGEOWTcut t Hemdyawiergsicdor (damayof ' Fl G

35B whi ch bt.gj ned nly, s at rﬁ{@ﬂé f e
hi erar chr ca a'éat% ? lglqéprl%? %Igvcr:% t)gboﬁét/€88g dﬁt% e errerfrtt sgggnghso very
similar 8B9d& 8 ofIFIE 2R, tFHRNGR 9rdfnle15@r SR nERE S ¢ e SHPEYE 1 om

that of FeGLiB8BA caists® ob7@l hed. THeLGhi raAen@@@rW@enttlilm rodlnéésaa

tenpl at eadesffpbheR8 NefErantind pasi tinmdaraangesent pasitheonsimeughly
speci 11 e rgta%vfanff}stage\e’@'ﬁgctﬂr?e chyshabSn@hs Colda dio bescsagged are

desired

nged Rect angl es
i ndi cati ﬁ@cFﬁEg&FuMa&l”&lq s© H‘E\t%FrQﬁﬁeﬂlO&ageeoerbnalfﬁ?g ‘g g
Ther ef or ehei tsiizgcoard pbssi Phapre oofi dareant apgement hesgasint |<e¢r$ 619 dat a
el enent sapapdttkarebiai nsesd m | ar par r airgegrent imesul ttf orexkahpl dAavi ngesi m | ar

I t t d
Speci P??nwrﬁég%h@grte%éotﬂe%ftb?%ﬁ%ﬂﬁﬂ@d SR O LR B e

arra rect
are vi ovsh ShaW e génc "EgBeFr? h&% Pl &' 31 nggﬁecm% PhETERFPY
enbodi nehevefl Gn 18Aesﬁmﬁsratrpfeb«aaﬁal elaefa tdre wbaphattdd orrganpemgnthy | evel
i ncl udi ngrateeseagstist wenhgelperEirmedlhe sr ze of the tenplate, which is

*

bosi tion I nfopfBtl g, of LOge£anstafuant, &l Srdctallaal et taethe size
of the arrangenent reg | n redet ew cqor nat €s é oor.di nat es,
for exanPlBFT&FE s&T | a}Eeﬁg‘P’éFEy B Stthed® cotb‘? di ik %n afued” the

posi t i ondewhendinge @m*@rr ofentred et sdarerngnpe d?lr%ngééanﬁet“ﬁét
ar r angensptekedis@rcarobe. speeef sedpsAlottharid MO Dimey eaéi pg rifbemeeanpl at e,
the size nogngeggggg: es il | rgld\;\)%g 21% the ni ne constituent eI enents may not be

known. reov at 't he rectafg z destiny varies in th

arr angenent oﬁupﬁéqﬁéﬁﬁl dret 15%HE SHOWRNE T e ﬁf‘fgﬁs Fﬁﬁﬁapﬁéet)he n| ne
rectangl és whieclrmmaspond eodehe weépbctlisvelaiggtinaknin erbfestsPand have
predet er moaed iY zesrbaged an tde teaptateosl ttinana beangeieest oedgtibat the

rectangl gz an: a{ﬂ@ﬂ@@ﬁ%% g%%gl a'o@q thenp?sarrgﬂg %ﬁkabw@%&bﬁs
p

t her ebet ween descr b not overlapprng

each ot héPergrd s‘?ﬁfbr@@sr‘?ﬂfjt% &R &H&F‘&ﬁdﬂf g@ﬁ‘ﬁ Feng Rpeed. Bl G 19
is a di aghamc¢oddudinatensg &t cahki glioatri gty a vgrapliess andgecfyetdeat i on

appar at Ugeaeeer qhdath Ootfhetﬁéll récerhodienens , pahi £hr geged at esrec gr aphi cs
| mege Of spbgRarenugal Al Jhe. U ADILEgLL TBIT 0LDCLILLANAPDR] Blis Shoun

in FIG T9°"AclUdés®a®sort sectio enen arfrangenent” section 32,
an arr an§enERL @énﬁ@@l@&&ﬂﬂQ9mQR§ LatH oD 1l Hie #oi di ng section 34. The
sort section 3hbdebeemtigs an tdra angeserdnglasr ceneer niseguehd ieaddgt it uent
el ement s ,0R  ¢3ely RiENANEHYNL eXelkahBeRkaRN dafid  0i DeapEocgssed. wike el ement
arrangenent section 32 arranges thé constituent elenents of the graph data
in accordance with the order determ pggd 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 performthe arrangenent
processing of the constituent elenents of the graph data sequentially from
the lower hierarchy |level of the graph data. The tenplate hol ding section
34 holds a tenplate referred to mhen t he elenent _arrangenent sectron 32
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In the configuration shown in FIG 19, when arranging clusters or cells on
a lower hierarchy level than a predeterm ned cluster within a rect angl e

i ndicating the relevant predeterm ned cluster, the sort JERc11% 0532

determ nes (sorts) the arrangenent order of the clusters or cells. The
arrangenent order is det erm' ned based on the tenplate. First, the
coor di nat,e val ues of tg ur_ vertices of the arrapgerrﬁra? regLon (of the
same siz easa¥ﬂ%n?%%? t8)r e gtt%énl@o thh uté}ﬁ? aFshe are 1o te -35
JP9- 200110158 ahredied ahethermapllredhent bectangley garted) by(itha) and
(-1, 1).sdt ssedteieni 31shaws baehl GlréadyTb&ran@mge(mp oraer. of 1t he

const | tugl, @lﬂ@nb? V"ﬁ@é%ang Qg%ﬁﬁ% ROt QRS 1 Sa‘ler%lj% \,?Mtthe
coordi nate val ues o are determ ned 1 n accor ce ih a

pr edet erihedt @5 F3R91%n. ke 8r| FBFl on 3G Sdet &fithi g 2R Aingkrent
order i ssgraperd yasetaraceb]echg tico hdeameanord ofsttadre a0bangen®inceosition
gf each &l%WStJJaLrlég%Ht flr@&ratngvﬂy cfamtoﬁlgsr)eﬁeflgarbydt hﬁec‘s’@é’ﬂ? aég Had ge IIt ke.
or exa e_criteri.on be .t he en g i nate
val ues onérnllf“ihe as%’éﬁ?inﬁﬁdorlﬁ §f Sttheep di s?ancégf rrgm ghéﬁorl &?

nor nal i ZRFTHdr d]i%m%ﬁ/al]i%%taﬂ%ecom@l‘#%b‘ﬁ% el et e Gk e arr BRyenent
positi onselvctewtrepeanfledibyatirengedr diasade onalthes afotdmenteimad e can be

f‘grf‘ggeﬁ%@hcﬁa@n@b% s!éhr‘i@ﬁ%‘d“dwﬁ %dearrpgngé}@er{@%aggwoar%af simlarly

t t f th
lust or S ATEL LY sIF8 PEnpBEaFERgngrIPdd EAN NS UHE o eroryF 250 the
regi st er3G ntehedpr cdessi ﬁ@eurﬁftqllqntlah'h@ré]aé}%ﬁtenérrﬁﬁgeﬁ%‘?ﬁa%ﬁ?’ on 32

arrangesshe ch(mS; ersndr oell saebunhbe hiher anehitcalgldat 0 t he Thipl ay

space i p&ﬁ@g t e S 1, ichis
read frohp g nf%n r?\e@rm%/}:%g %?gt hg%q{a}(@%e&ggérrg\ét grgrgglrrlggr?gntlfé\gctl on
t

32 deter %’Frangement positions of the rectangles indicating these
constituent Afkientsrbasednen thfe fettangheg vithéni &hef §uiRpa@ement
[ Criterigyilgn PosiHd oalm@he theraegeaogt e goesigot 2avesbapihbe @he eady

arranged, 8¢t angl ex 'Pé‘c@%] cf’Pé' ﬁ ""Q%Qn%'e%lt QP anlr‘i érhe

ref erence position Eescr| a as o
[Criteri 3BT i %OWEreWJc e‘?&)%}hde%le%mnt é t?f? tock ]fegl on
due to téleerrniangdienearsfunchetpel Eamatakec iy ériénagléﬁalel%t@erp@%su bl e.
The spacestiep sear phed HoQrl caviprsitionuphatd, odnehg thesmqtlidermashmst

satisfy { gﬁb}n%wtona}rgﬂﬁeﬁéﬁ%sfge%%féhe obi tl%daﬁl.lzy apd a3 rag sMUche as

osi tion where € value of d (a and

possi bl e., 0

b are cots ea%ts"%ef rH‘)'Fed lﬁ}atnﬁéll@srerfnesil tHEegma?Fg £9i s (3bARj dEYRY" as a
posi ti orF WS ch YfosttosaPEsf peewt hetakes eheres6 eapbo- pome- 0tBe Mewmd 3. By
proper| yreetdndipe @ ard bartrdnged, bettent rotiadguhach efletketeritereon 2 and

3is giv @Eé@éditkéasleﬁ er{jeflﬁéon'e%mfé@éﬁnél@ pafqee%ﬂengtp{aﬁ@mﬂy

searchin , ere fhe rect can be arr e el enent
arrange séét |'891§%§e%erfoi’?rs tﬁ}eoc@?gPHBaMan‘gl%rﬁ I gue E?E h%i ch is
conposedgortthkingl @s dascsipedgabhe cbelfQunapdsdnidia itdre anedl @evinkes t he
center poddH Seatht heimechanghes svatrtax! yLst cadidied elienelat o I agetieat

section %gcpémérb@ai' rﬁ&lg%? gg@flangﬁ %'t o%a' lahg t hee &L ey, arf@flgerrent
2

section rowsthlEe nﬁ for the position of fhe
rect angl €3 TR o° Fie PPt 8F8 Bﬁ(‘?e to the Del aunay triangul ar
mesh, and thehiteramges the r¥qanglSe af-vheAbeEesposhigenither ebebng.

Constructing Delaunay Triangulation in the Plane, Advances
in Engineering Software, 9, 34-55, 1987.

FIGS. 10A to 10C show the update of the triangular
mesh due to the new rectangle 904 which is arranged so as
to be adjacent to the already arranged rectangle 901.

First, since the rectangle 904 1is arranged as shown
in FIG. 10A, the center point of the rectangle 904 comes
to serve as new vertices to generate new triangular
elements as shown in FIG. 10B. Subsequently, based on the
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In arranging a cluster on a predeterm ned hierarchy level, simlarly to the
“el ement arrangenent section 22 of the first enbodinent, the elenent
arrangenent section 32 retains the relative positional r%ﬁga‘tzp%'s%f’ﬁs
between a rectangle indicating the relevant cluster and rectangles or
squares indicating clusters or cells on a | ower hierarchy |evel than the
rel evant ¢l uster, which have bee | r arranged within the_rel.evant

cl ust er, 2PRVETREP THEPES, Wnéeé{]ctaﬁle ﬁ%ﬂ%ﬁ%ﬂi%ﬁl%g?#@téoﬁgar éé% s a
figure, amgapetfioonstuerahyéaratlans eberenbed bovainded t hy t Bilegs

enbodi menbo1t heipegs anghes, argnar nangedaby the diethnisgype risaithd ntie first
enbodi mept juhERtIe AL 00 Ol, Aogo0aL! LeN (e IdGPOPHES Ongl 318L0 the
referenceé %ole 84 described Th the enplate. “The arrangenent contr ol
section 3808aud@9 o hénshrlil K@ mosh HiRf (3 B1Vtfent? dftangeMent secti on
32 to recursi Tekeyendpeat, t heher ocdssieny of aarangginagtr ecieaigi@s f @2 each

PLerﬁrCExekﬁxﬁls thohtﬂfe hg?éﬁ[ﬁbh(}a'se(i@chsf ray8 tﬂf@xih p%étahbeéa][(@l@y(tl evs! to
e higher hierarc evel,, . eneratin r i e .he entire
hi er ar chﬁéﬁlge&&t 5.6%@991&?&%{{ ﬁ"%r%ﬁ%%ssﬁgﬂgﬁg 52 Eﬁ%réggign Sl%ﬁé:tl\gi%deo
nenory 18lshewan wiolect tarke gepraged 6ftehe’BPspl apduePesss the

t enpl at e shakdipigceectimn 34 holds the tenplate which is referred to when

the constitue r .ol @ ; ction
[De constltuegl elgien SIIA00E 0, PYCLOg) £h 2TBAL 2ELRAGGTRAL a3@

LS Al&h

fglﬁbe?l It becones possible to give
meani ngs 2EEPRE I ITht I F HeARREECRY ehEht Q" and ggsffgflgﬁﬁgsio 'd1e§rg
arrangeneft aresul ts for data having simlar neanings by creating the _
tenplate in amegtgange Mt sy adbisichrdpy il ew b1 descr ghednaheye thehe types
of 'Lhis bemplasand;hhe,MLhod il ENeakhlo dPFaheuRLate Medide described
in detail Tater. xt, descriptign w/l egl @; . Arocessing of
gener at i A§TANGESpHIRS FREGENEE Shiey aFthi E5F dﬁ BEsEY bRt ERENGHoVE
descri be&@I&onfBi.guration. In this enbodi ment, first, the coordi nate val ues
of four vertigegse, VeheV3rrandgudaef anaidrangeneshsteguonngretset to
(-1, -1) ’tfr(iﬁhg'u:h.) r (dest) ge@Bdatelr N thESRREL VAIY. afedicagnaleicy t hen
drawn in_fhis arrangenent “region to generate triangular nmesh _co sed of
two triaRyultdte nRSRPeFerdnt € Thhe M8y Y 14RES n?gﬂaf:eggatti‘eﬁ(%t%e
triangul dstepshBih) t he A5 epervioneent idgscieed echhequamfasr naki dpet he
tri angul aumigs v dritirted hedpadder whi bechatishyyadathelbekatindy cendition is

the same,as tt%%leedesca[rlcpe%ljagré?gréi rsheMpodLAERL s(See1BLERt 3 and 4).

Subsequent]y, .rect'angl.es i hdi ca |an5 constituent “el enents (hereinafter,
ref erred g S8 flest Q@ SpeIE MR arranged within the inner region of the

triangul ar neshbsesugntdne i bher dedanfulpredlemEnt destihbad, (zeadis
erbodi meRlyj aldee tar dange e taxdesref ddre geciAngleazdriiidrf espieed dfased on
the coordi.nate S the ge e speei byihng the ar{apgenent,pgsitions
of the r%&%%ngl(\éé’ggg%s g%wng?% g)d(;?)t?l, ?l%rf?é:st'an es rl_and.r2 are already
ar r anged FTHREINSAT r eRESAGNE i§aé“rrakh%ed3&f.jgﬁ gép A% oﬁ.XET“B%‘é’t.o B¥he
coor di natempalniend nthae temgdihat efsdhes hadivs spae e iMcematid heastt angl es
rlor r2cildeitehi @ emho@d meitiaddia 4 | algieart meshtel enmnt s cvteersequential |y
extracted in,. [ f thepdi ce from.t he ccoqy, (}H?&I val ue
nor mal i zggeo%&%t%g%e%sg%%%%%d a urgF??y S E'can(rnll_Jit aste eo itia.lor];s%Jare set
within e&HPTECt WP BxBFEEPEE  t rifanighif al® s AeBPENents . © SuBs RISy,
at t enpt s odr & heage cate sgiragngimigt al ¥ eshewryl &n abfI¢ hel candi date positions. This
is (rj_egeat ed f%esﬁvgﬁgh;ﬁexig a@; edri shgagukare resdn el @gttrmt sndo (zeamd)i fy the
candi dat sjti.on [ t 0 - a ; m
val ue of %a %§§,%tan%‘wi}h)z ivgg%t%?fi :tg‘?cgﬁodllc%dav%%{é 3§e}1§‘%9?203:]§<%§e5§é9£10d;}'“ on
i s det er AiSne@S&$ OTHE%r PEngERent LhoENEHOAT of S L FBRERERt altyl &% &E9S12A and
22B are sicawsd lirustheats tep 88 et hotdepf8@4t racting the triangul ar nesh
el ements for dgtaydy ni nhd he @rrangeMentrReshilian ofetdiertect arrlsst
triangular element 1in the arrangement order sorted by
size) among the unprocessed triangular elements 1is
selected as a candidate for the arrangement position of

the rectangle (step 805). Subsequently, a line segment
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As shown in FIG 22A, first, a triangular nmesh el enent containing the
"coordi nate value of a rectangle to be newy arranged on the tenplate is
identified (see FIG 22A). Taking this triangular nesh el Femehtldd oEhe
starting point, triangular nesh elenents are extracted by the breadth first
search in the neighbor rel ationships (see'FI G 22B). The candidate

posi ti onz 9f t he rect angc[e are then_cal uI gt etg}eacgoré:h ng, to t?emorger of
extracti on! BECRGSEPFe kﬁ a%%%??ﬁ: Fedh s Arety a?ed nrg8Cendi ng
order ofan#e @i s‘f%ﬁé@xfrﬁmrmfte?ﬁpﬂ%ﬁetéwmtﬁ@t edygMye, VeKES¥al &6 of aD
tends toobbskifaage \Wstbpt heopyogr esm oftHehe qaisecessi ngheTherehngalairn this
enbodi ne r at g S t t I f aD
exceeds ?lilgm%’lﬂﬁ ‘A{%Ll%%valllléI E%%ﬁ %%%d‘%]sg V\gmmﬂ9l gggﬁég{gdy{}freéé%rggag FIG 23
is a vi eRPPPFRSEr AB) nGTE r’?@ttl’?‘r(?&egf obt ai ni ng candi date positions where a
rectangl e is aSudsgetieintlan extrachbetraryadgokasegsshntel anewtichsnehown in

FIG 23, tkmaagd%rtoeq@neﬂ@t ei 4 hepcandidatie argeangai@nt m&h i oggeof the
rect angl i ne se

nnect LN f t g ar nmesh
el enent §%8e5%e8 lolS|et es% %ﬁergto ar%hge%er\réa%g% og] C%I 8 npl i ng
i nterval §heAr}§§§|atn|gé,e d??ltrrﬁa PF%@%%@%F&FS d\ﬁﬁ@rr@lﬁlﬁ& r%@ﬁ}hn’gll‘%t bBPGers on
an al r eadgnaerangedthectrmsigwarnts settasgdecdrdirdat prposssedn ofot bhe center

poi nt ofazbsn BY) r%t qrtgﬂaeae@nénaehét E%%Et'e% mBdR ae d@ﬁé@@%ﬁs the
rectangl e dat.e Qoa% ans

ﬂ (531 position € m ca

Wi te P aRE | FEORBOPAE PRSHIYL dErested dahurdars i BRonthg e
descri bedlasagy ta@rcanged] rarsanpsel oefree 71 his ’-E}iln% aghpngRBEEsL t he
fol | ow ngophieteasesan sbperdayied. obthened deadeai pai rthevi ¢8ootiiaatect angl e

Lot her VaLHES E egc’:’arf%&% SIROT AR Gike lird W GNP dpadyel A0
Eg Sﬁql:‘en% ¥‘he %\I gles of% QBJEB%% n'?%@]%}én&l?‘t?at &%h ggf‘?#Sn c~is

candi dat e pos
cal cul at bdinFhepupeassedt heroeredagul farom e@h@n repevesdtal tISQI’IQUlar

, 7TP9- 200418453 t! enigéh afhd hesfllewansi deactanglbe békeg i prusedtdeat tiBe val ue
of S, 'fgéggoaa' | ahed 2 Vﬂg@&ﬁe@ﬁ*%s £1bhe SUEld e @@%@létg e val ues

cal cul at r the rect F‘S ue 1S recorde
n

Si mul t anBBis| StERe |date bBsi tP6n £25% rEtrtied" a ﬁSEPPﬁ ﬁ cmi ~.
The aboverptoudss,i ¢ fr épeateed & ¥n eadramninedyul bne né@g\m@nemﬁﬁ: The center
poi nt Vi afe@tmihedr erimaglse gnerithens ardedrgakt hhe poss t pebcessingecor ded
at the tkalﬁugksengbngtﬁge L @gt'éopn td\b@tete%mq%%c“tme' on ¥hhbeRengi ven of
processi ngﬁ expandi ﬁg t he genetnt r a&]g Ayranging a rectangle.

In this BRBOGIABNPE tHE ZEFLAGS FEH% aftldd by moving any of the
four verticesIul the, cade andeve |1?h€t héefC@IaIn@Wengd@% dedesPrefFrpfet he case
wher e th@rbﬁCtt&ﬁmEriangﬁﬂalﬂg@le’iﬁer{the posiitsi ussd querht o esatehedm ned by

the abovg,deagti hed Profes nprgtewggalter%@fdbe @f&@élg@ér@naneem@egefl ned

by the four_ vertices v cas ere osition
Cn,in is"AbP red6rgsdamts) aII tl}% otrh%Jrg%‘?%’sngl n ?%Jéeégiée \Aﬁ&Fé“&e andi dat e
posi ti onrehaengaessfil@tame 0t eri onIf | $heot ¥ertmhale t#PSScaser after
the regi eAtkgrexpandede t hecpapeesses sar arpanbermedtagahe f redethat

et | BaF Ry R h R T Ao LB ¥ ron i n the
above two cas@gl wﬁe%tﬁﬁé ge%?f?%qéﬁlgﬁcggn%i(ﬁaﬁgéag PRECESSFE nat e
val ues ofinthefesesi cekthof thise n¢l il arepssndde st hel f effplede B ean

nor nal i zadeagaiined N ihe abgwendesq)i bethsvnnexantihegrbphé csegmege i S

gener al eq;aceqedlg,t Ardd e Y ﬁ&g@l}faﬁfré rrﬁgcwnehsss@ase@oentfohe

tenpl a t t h
G, e o SIS D Do ot RS L, 1agEg, Lmo®

coor di naBé9vahde80dn .t he tenpl ate and rectangl es which are not given

coordi nate valHes. frr&XagPhe, undieihihdtesl ghRe Visewnkor a(r aphi ¢sel mage to
be gener atgd levd o ';?Cg%g gn vﬁogfm' Ghen el Al 2 &lu%q@m whose
positiong -afe specitie 0se pos| tions
are not SpeciFisRl BY thert%il’r%l dtSe Iil?ltséﬁ‘éléééc? 'ors‘peclflca

rectangle protrudes from the triangular element or
interferes with the neighbor rectangles in the case where
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-40  JP9-2001-0152 In time series data, when an arrangenent result at the
| ast tinme point is used as a tenplate, the coordinate Vai';\ e_é 8&-(2]@5 y added
data el enents are not described in the tenplate. In the ab 4U4e i bed
situation, a case is conceived where the coordinate val ues are not

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

rect aggl es f s.det ((g{én ned .y tg faLllowing lpg chgggggt%j Fir‘i St @ group

rectages Whose oor dinat & ues ar e des nplate is
coI | ect edrrangemgatarpanyehent athekbof II%C"{Pé’tge]rern WBd Chy %%eopééﬁﬁleﬁ’ue of

t hi s enbednaemrhind. a‘:’ﬂlbstﬂqmemhg, saggeatp ofS)r editenigleds whoskecearg nat e
val ues apgghnoty egrbésg th@eﬁ At Lokl ept @ty a@ﬁdt@%l%rét%ngenents

of these ectan are [m ne escendi ng order . of rea

al gor i th H%qe%%%m—mr aRoPOERERS AP M ceohafip e o E e

descri pt ia@mawglemem gioedrt igfn @%r’@@%s@eﬂ@ww dptangi RG4r @@ﬁarﬁ*@l%s

accor di nqrhteOpter%s%m@dlarf&rHr tHG st isv@m 14 owwéqarﬁepéwécﬂratl ng a met hod

of arrangi ng §pgrthfeo rr? éﬁgh@n%ﬁsﬁﬁgngtl % té@‘g awghgr alrtch¥S eOFI G 26
us g@

is ~a flowchar a_ net er m ni nE tSnae[a”a
, posi ti ofihéft a‘f‘]rjeci:lé}ﬁglterqu}@lazl? ?%GQGPFS\A&%WE#I Osth4t i A e ssing of
gener at i hgve demphiccmnimegt Ofn hikiarchseal that arbynghme@cbnpocslltafort he

arr ?ngeng?t RNt £8!:%:§§§§b0%e'i%g @%@éféﬁa?t fakl Got2Shebhr %{re,tetrhﬁnwt
section reads da Lerarchy |eve p ng
arrangi ng° Féet ark “?h%nt o] E%r er f'or nEd an® trla h(?%%%?chl g%ﬁggltt at?l

pr ocesse@atiehiese %?ncrﬁ?@r%rt}% Oﬁ'héh§or1‘ﬂm§ e¥i &f ﬁdiﬁ%ﬁnEoquéHtYs

rect angl eerthese ,c adedigladmeevial alesangenetes csebedonn22heekenmelatre,ctand
tﬂﬁr mal i t2%§1|a*9, Suar nglr@ﬁ@nﬁ@l w%hd%gr%selm&rgé%c% tﬂ@@m@{:«)t o¥eGldij@aredk sorts
e rec es according, t rmned.criterion
arrange H’%‘"ﬁ sY T T ohs bf b(¥at %IZ eth](cog PPt uent® eI 8§?? Q'%rt@?ﬂ as the
ascendi ngMendert hst EW&G@b@?d?ﬂl&ﬂ@Wél L‘Fela(‘ﬁrs%ﬁd@daskéiénﬁhﬁgnéfnh’érr St the
di st ance atirfjametnite dumningy nvé nt i bes ngsrnebisz&d 2ccordli B3 k. valhes elstmemt2501) . A

sort resylt girgd Or aiglloy j8tHor eéz' n é(ﬁlglﬁm' NsSENPry thee OF e d@pter of
t he processin nit and used ele nt arg&ggement secti Qn 32. -41

JP9- 20013182 q‘%le &S tRasg eﬁé’nt“a%r et FOR 32RE4dE the
t enpl at e thigi ®F 9oe Ssdfney rae%/tqlb the SR aﬁcr‘hngerrent of the rectangles
(constituent @u&ﬂi&mbozfer om ihe taspl aiaeseholxdnengeset:heon a¥rargretherget s t he

triangul rosrl%si% 0o ENE Hd E'e%lta%tg"itee HSiAg cfé%ged/elhraisceﬁoﬁ)f dedts
arrange g:Lon corres ’iqh to Ehefte !aate ﬁtﬁg‘ 25062 . The foI | owi ng
series of SR 'S ApPITRE" t 3t edCR2FEEFaNY 5 45 Sarkanged t o

det er mi néihtrrfP@ ar fhpgeraneathigreof (Est%W‘Q%OB’)rOCPlSrsﬁngra F]é%t &lFenthi ch is
not arr argednyeindrt extée¢acied ageor dimgnigest hetlsor t rectengby tlaé sart

section 31 43%eR 2p0%bn Jéreo@ﬁﬁﬂggngpttaesb&b@@s@fm@he;or&cet B
determn d ag%or di roce 7t 2 % de§cr| bedhl t.er w tCQ ref.erence to
r r

FIG 26 ($te 550%?3;3%6 ctHM uI dfonrs Expah ahv\,hre SEHE (step
2506) . APretnuses rfizamyuile %sﬁnggmabaatf@awﬁhelﬁr @éé\&lrr é’oﬁrd(?ceéd“se to the
processi g fardylraangirag dde néxt sedeangheséstiept2508n)ds Weere aiuninhe

rectangl &3,,91 dhe hb@é écfméeg%'d t@lbﬁ pr 0@@@?@9@@@ aryanggdwnt hlen
proce55|n |S €

. ener r aphi cs_i
rel evant é’raréc]zﬁ évél i s eerrBSFégf‘g gmig PHEY gl gr%gé:r?gryarlez or the
regi ster H@fdltﬂ"i@dpro%ss?ﬁgaaﬁl t the, mwwt gehefaPng &Ngr aptits i nage
at the nexcthirgylar chiy | eyvedmmdiéxteddesiartiipt i ehew atrdeggneeh afeqiracessi ng
of det er? |er%gatr*5q arrangenent position of the rectangle, which is

perforne sItep 505above described manner, in the arrangement

region corresponding to a predetermined cluster, the
rectangles, which are clusters on the lower hierarchy
level than the predetermined cluster, are arranged' by the
sort section 21 and the element arrangement section 22.
As described with reference to FIG. 7, the rectangles are
arranged in descending order of area in principle (see
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In order to arrange the rectangle extracted in the step 2504 of FIG 25,
first, a triangular nesh el enent t~ containing a coordi na%)e 3 e %\I of the
rectangle ri, which is described in the tenplate, is i d&h |:fqod ahd t he
identified triangular nmesh elenent to is registered in a FI FO queue (step
2601). The follow ng series of processing is then repeated until the FIFO
queue |s e t (st r n h gl e t aken
ot of J&%?'h %%wl‘%sr%tzr%‘ aFé éfevfo&éig gggehgga by ’E%{ 4 &<I§S oo

r egi steraetbrqf?g‘% h@lBIhIiO) qﬁ%]d@t?‘ét d@rﬁﬁngcwﬁﬁndiﬂ Paﬁﬁskpté}%?vent% abf acent to
the trigsaslaesd rbevent the biatngemenguloardergstarel eferthésmorgj st er ed

in the RO gue SHehs ) 1%%)&19%5‘@1‘5 t di date, Pos, 151995 ci to
cmare -4é2: lO%JJP 65(()01 01529"2a| cu ated w tihl n t%ée)lf(??%;é Iflrr é h element t,
Io

and t he AEeviERo thE (IR T tRAgte P Ps T&AE d‘fmt tandi dat e
posi ti ortsiginly r raﬂatedm@nel’t@ f ahlohiasg k}&ﬂignehreééb’e@@@@@ed (a)d The

val ue oft ARHPSnGe COhEUL@EE8NG0E €RERe€ANdi date position (step 2605), and

2D 15 oreater AHan 1% J@%%t bEphEfies ft?%?eéor&%?“‘g ThEe: 880 1 on
processﬂbelsr?%??r’il%é? Yt tget héRTdet SLHRtACR t IHatr t cefn‘?eer Point v~+Q
of the restagykeriins ahleanwd:tat réwulior respeddi ng poesiad orhasi ~k and t he
prOCeSS'fEQcﬁa?nélé‘é shegh 3 (3t 69r86m) ghly b}ehaté@ I Sh 1 t GT QALEr ap sy

(00 U8 o e ol I S, el AL g ol

snal | estayst &9rEEoy) to ICFhQTPﬁJ% \Fa’ﬂ uébps {hel %%4 | dt™2)tte val-ue #39recor ded
as (aD+tb@+knchand si mul taneously, the candi date position thereof is

rlefozged as té@@@&ﬁéh@ﬂ cm Qn(sg%at%@@z t\AVaeen (trhel Jtmlﬂgrrents aéﬁdlrradte Lor
a e ate _posi S nex n ele el ecte
and t he @? g% (%?nigé'&i?at e‘ﬂh?g?eﬁsrdtfgo gﬁG%f %15%%%? ttNot That,
when aD $%r1ho§eg‘rié9tle|21b hdy (dB+bS)ement natfﬁénjgﬁﬂ‘@ﬁéntse&t%% %%epa2606 it
my be jnsigedetbahglibe irecannghgedannottize atcanped aff tehateptaweleand the

process pr oge glfa«eehhecﬁetxe&@@@d%sgougeﬂalgmatdye d AR 9§ the

t 260 Fl F titi f t
rST'eﬁFI one‘ﬂsb‘i’%c@sé:olg’&l 9%G egcgltl%%ﬁe?‘l d fﬂrat Prepeeelﬁvea(r)n glf%?p?/nqa of the

rect angl Bo¥ ; ekgmpleangdf atashe iposianivifiered n WARF gt Hee Gl stie of
(aD+bS) M 9~aamdnyled prroceksi ng diniftiyni shed (tepReld)A Wedrattdrereoar e

rect angl g, Whose, ﬁ gcdinat eryaties dhgenoicilestiidididhi hey sempbate. these

rectanglﬁg 1z(ga\re col Fecte the arran er. of re determ ed by

use of t FyBPPERATE( & émﬁ ¥ %ntc8 raﬁgéf‘xs&i’lcﬁﬁ S i H5t " BRbodi ment .
Next, descmaphpsnthialt] sbhet oiargubir pebeBSEEngddRCaNtarkdl igie ke aRBKes at
each hi esfir chy devaigldyat hee lcomdrnitol aof twihe car r ahgenertteonileol Asetsi on 33

W th refgffgﬁgeao {H Geet?. £ &1 15t qikhankier g chi cakidabailke beignesessed is

read 43adjacen g%e triangular element is set to a distance 1,
similarly, a distance 2, a distance 3 and so on. In the

step 801 of FIG. 8, instead of classifying the triangular
elements by the number of adjacent dummy vertices, the
triangular elements are classified by the topological
distance from the rectangle A, and sequentially searched
for the arrangement position of the rectangle B beginning
from a triangular element with the smallest topological
distance. This enables the rectangle B to be arranged at
the position as close as possible to the rectangle A.

The above described operations enables the related
clusters to be arranged close to each other. Which
clusters are related to each other can be identified by
means of previously adding additional information to the
hierarchical data or the like.
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fromthe main nmenory 12, and hierarchy levels are searched for the

hi erarchical data by the breadth first search beginning fro e .hi_ghest
hi erarchy level to | ower hierarchy |evels. The hi erarchiJggrghé\{]_aP]igg
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 in the reyerse order, of the registrationdn the stack tep 3).
According to gﬂ‘éeﬁ?ﬁced%}?%ssh%%h?%qﬁ s ® 2§fafnne(ft2-'6v,e a lélr o&%eof c%é%t angl es

const i t uvhaget hhesababesd ofi elasiiard avdlated k¢ appRbhest 6pUsReE) 15As

previ ouskyaleserithesh shecentmbser prafcesecngnigd esecuesuyetyspertfoor bed from

the | owe L chy p,t 51,[@: igh Lepar I f e

~hi erarch%gg%saggé, V\Eg\ﬁ%ggfe%t g:n% eef()dceg\llj%&gr g%ﬁ ;m?e?ée?ehrr%qé}e% klliserarchy

level isCaPPafigead FecPEnGitde it end A t%ile‘?a‘?”&hgh@(}%l BUPRER Pfie

pr edet er alnetliekevelk lhdes dla eanlytibeencirnsangedswindti mere tehevaatlf

[ﬁct ang| t@heAﬁQfﬂ]’{bQEEny1re£%ftfafh:'glte|?_>e Y Qe St Feh@dd | hengt €Re ZKlﬁl‘&bbif btPihshed,
e positions o g r. hi r v, an the

arrangedc;géﬁgﬁal %egraé%?ieggl 831 al?‘gélts?%tge%\gg% %ﬁﬁ%éo%eﬁs@%é% t he steps

2703 to 2705 WRENpefhsr mBYTHSr esdh MiEtShehy | £SERteYhehOt hBP]EPERgenent s

of the rettiangkedsalerdetrertmareden rafdbeheofi eearghgléevékbdusthresgr aphi cs

i”f‘ge;t“ﬁbc@’eit ﬁa@f‘a@fﬁéi@,ngﬁﬁ!?{ltslzf%ﬂﬂcui% gborﬂé%ﬂl %\& i 866 gBREBLY t1_3 and
out putte .the display unit. eps .an X ription
will be angﬁchng.&%&t ﬁ%HrSFS&Pgat?hS a't %%FSPShﬁEgd Flﬁlé%ﬁéeﬁgggglési ng of
arr angi ngnel dsteer §ive cEIEinef t APE dffodPrHEARICIANGe ARG DN A &St ar get
graphi csihomrgeseti.t hi s Ienbedident ,td n sosealhses, theseanlaessonshdalsi zati on
result ig.gdgsbred o be,obtalned fQ-ndal a-58angiiRg & opge thLabl BB L3Er i es.

However, 1n_the case of, updating the graphics,imge according to_tenporal
change i F™Ph&Yhider By ChF tAHe ddfa, ‘???Q%%t%?‘? aﬁﬂ%n@%‘tus&&rst h‘%lglangtrf:tsuent

el enent sbif teginhe tigdal et are dpsaiiBethingbaionem £ae d4ayefBhifs of the
cor r espongdkRgadonst ithient:eeherenies bef ore the update, the target seanl ess
vi sual i zati onypesul t yeapnQLherobl,ahRedy Therglor eora BeW,GkRRW Cofl Mage is
generated using.a | ast %Ira hj cs i,;age bef \r/\ﬁ.the \%Rdatj agcgrdl n}g to this
enbodi meAENCEPESNI28A ¢ A e W ow A§TREK A C249 F45P9-2001- 0152

gr aphi csrepugeive lypddesd aspninge dfhesudhreceespiat eOf ReREERNRAGNE0 BI GS. 28A
to 28C, irkckanynder ¥ypodthbat sblre caeespondi Ay censt i ttient ellements before
and afte earearr ed at substantially the sane positions by
generat i éékgﬁggﬁggttrf%&il%g?@g ter up%:t. (FItG tZBC based agn theftenpl ate
(FIG 28B) crgégedqf o‘ﬁ?‘?“ﬁ% 6_r3?1f?f”6§‘air d@lb%sfprrae aPEOCARROIE 7gly, the
seam essgehsuakiirgt i en gt canitagobtaf nedlieerbebiand affér t R¥ update.
Such a syshetoils odeshgnad riad gementd e drerad latsee adrigat 123y means, as a function
of the procesgLig, Elﬁg I PFog! aﬁ.nl90@tirr%|t|,e%héméEPaﬁﬁéﬁlén@ ROSittican of
each consti %uent gge nt _on earl[i hi erearrchy Iev%lr in,the generat e% ar aphi cs
i mge andc5§5468i afds CREVERNIAIYent SFENER Worh TorralSired ool dnat es i n
each arr hhgbestt hiegiachy teeate of tiénpl Bierargbicpdatdta efprat 9 s saved
in the tenpkateshol dnng seeti onodéstandhised rathegn ' liele 1gr aply cs tiheage i s

updat ed. plR,3QHE £G3SES, s@ayef) whpqdeskyestbhe orRphics,dimge (herei nafter,
referred to gs J ust useé) as a d%5| gn Vi ew aboﬁ ]g)om tgﬁnal stac

rel ati onSFRFS Hét Hath BPEREnFSTeSTER oS “Hhi 0% ar r ARg&d S5 Fhe upper
| eft" or i'st Wiet i sferrengedlar the Yhsnwarain ghemorynd 2nedit sEte- obt &9 a

vi sual i zakhoBtbesultheorashilah dtherdesipverievaichref | ected as nuch as

possi ble. In [ gr | C 'fgarg(?e' en by ikAgna benpl ate
created based%gh)%?%g%&etsl?’n \?ﬁleaw Z‘%fthe udslirr119 c%gﬁg?ﬁl ht Sgﬁ%lﬁiagéehbzg i ment.
FI GS. 29ASLECEEC &r e WilEWE Lshd®i nd 4 S§r&phi® gzé‘lrnaﬁéji Jen&F&ted BV using
such a teeglisteatReherinngheo Frask, 28md 0se9e, thei slusderstadd thigat the
gr aphi cs riigage aegdvichtdhpedgsiditadeaw ostépelaser dndughoppsi titors of

constituent _el S C, . hbs reflect i S e y oGreati ng
a tenpl ag g r(a Elg%%%%B)é%na%eodl o%ggg%jg%i 82 Elué%%ZS%%é bsgﬁﬁebgggfdlogn(i;

gener at i A§9% hENgr kRN nedgd (FITE YOS 5 17k & t\{‘?s R e thSuch a
syst em i proewisgried taf | actaneibenpeatenglest i onlumaiss as dhtudemiesn of the
processi R o4Rid-hll PEGL argeant takl edh ubesh Hedas ai@r aphé caltagser
interface allowi ng the user to nanually describe the design on the display
unit 14, accepts input fromthe input,gevices such as a keyboard and a
nouse, and creates the tenplate. The created tenplate is saved in the

tenpl ate hol ding section 34. Further in sone cases, the visualization
result is -45 JP9- 2001- 0152 desired to be obtained with reference to
meani ngs of data, for exanple, by arranging data el enents in al phabetical
order beginning fromthe left side or in descending order of date beginning

o . o o o o



FIGS. 31A to 31C are views show ng states where predeterm ned hierarchical
"data are graphically displayed according to this enbodi me% & 1IBis a
view showi ng a state where the hierarchical data of FlI G IBTAOP S5 ghtly

- changed and graphically displayed again wi thout using a tenplate (by the
techni que of the first enbodinent). FIG 31C is a view show ng a state
where th rarchical data_is ra hlca l.ayed a under e sane
conditi oﬁlﬂg nglrfht(%1 ragﬁg(%el nag 4%’2/ Zqo%t ‘he ?g}llmp) a’[icejs E(E)l%parl ng
FI GS. 31Araa€ssiBg amewmgwhméiwall@wuwaheﬁfﬁé@éwe are YéFy-si/milar,

t he vi suaghdi gpressions thereof are very different. On the other hand, FI GS.
31A and 31C agﬁtts e%%g?%égégl npge ée/é]ﬂgai é’lyyer@éxsﬂd?rﬁ@d tfcko%fictgh%t her

because FI G ate. Vi ew, showi ng a

as t te
state whéPESpr e}élje?%?ﬁi:}ﬁ)éd e Ajpa@éfs 5PE g éﬁﬁ?ﬁ%ﬁi“?a&h s‘?ﬁ%?/ed:oac 8fding to
thi s enbbdoghent byhissianrthandl eevas hi @rsar chhrevicas by basddsemibsg. w

JP9- 2001A@Eé¥d98§1yhewtéfn aF|r@ct?§ndlSe a(yi g shpvbngaapskakeewhened he

hrarentsalela SLae 2 by saartind ger ol den orc

FIG 34 hdezayrdy sla%wha atfsatrat*é @he%e@l%eﬁ%fﬁ%?cmk%awﬂé i§ve
gr aphi cahbyedibs@inayeldraadier a t hengade wddhdint itdre usé hgvahe geaphingdei.nage of

FIG 32 ?ﬁe&@?o&%”p|@E%ercoﬁﬁér'PgoEbggln 32 ard 3Be farepxammloa, tike
arrange cluster i ONS._Surro nded

nts y | i nes
and theﬁgéglltg?%ﬁg of 1% he& a1t garr ounded by 9 he dasg dékf]l negwae(r%e
greatly Hiffrerehy. OhevAésot h’é}ﬁalhandtm? n qr(@nggazd and €34 anHe safESdat a are
arrangedrataschstart glstyept e osane positions. In this enbodinent, the
description haEtQ%e@h%' Vﬁefataggecﬁﬁ&m'fygcégslgﬁneeate' agr%n%a@mtcs i mage

by expressi ngﬁ ierarc use of.the _nes

i ca b truc
control | FRGE asrercaﬁfgclé}re%? 5F%Pﬁé Scoridt FRtieREeR eﬁe f%ﬁﬁggars Sr cell's)
on each hestarchystevelrdyissered an efpleat etarbwelereri t11&3obviddds t hat
this enbedpeamls cere bgaapplpescdos giaphi cehen spltayi of jgiiaeid dahathet h a

hi erarch rugt e n [ ngg cgﬁtl tyent ghamntss with
arcs as ées%%rl gelg)zl n,t ?S%d%ﬂ%{)dl ea el 6 |m§nt desctrl bed

above, tREIGENEF&LedYr aPHf ¢S5 lan%‘? %?%%%gbn 1—Tehhe Py it 14
after beicrgtsrdr é¢ditd arhe’ i fievt shariyha3prepaRseRg fRE GRAPNILSs theage
stored i @ehléea\tledle@rm@mrc)s Ihacmn dfe tHd |hizeth i achacOARI{Gomput er Al ded

Desi gn) systegaad the, Nbff@veare Spy Spyar %%dwq@fgcatw@ Cqles to be
arranged or rectan I |nd| catlﬂgC sters to. rang are cal ory coded
based onCPREGHEE %% ¢ Jse’é?rﬁbg?érga Pt aﬁgcgr’%?n&?sy ble to

vi sual i zéotrheeadlar émearramm/ f davede b.)Y et i luspér . thRyr efEamgeEentn t he
aforeﬁentcb@m&@lersié@iilmntzs& tdhel despragiicen imsgdern gévenavédt he case of
arrangi ng rectRnahes fof cAoNs SIZeSyl 1HEN i 8Chaagulan ikagl e onever,
t he shapes of_consiitUent eI f ﬁ rangﬁ% ar noéntlmkedC to the
rect angl 825 £ e PEERAFGHE gwﬁé’\ﬁldsedlrb FHese Gdi TR T hdtartSngenent
posi ti onloWestf i duresrarshiet rgiicied af tER aFE@ndi défe alsﬂé}ﬁééneﬁfteld@sl tion
of the ficguresponedinect ed byhaisidudd r eaegehars -4r¥e & dRGYRD0WHATED
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 1is larger than O(n) in this
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.mesh, and the figure is actually arranged at the selected position to
confirmwhether the figure does not interfere with anot E}g%_%dnd' qﬁggz arranged
figure. Accordingly, even with a figure in a shape othe Ran

rectangl e, a graphics imge in which the hierarchy structure of data is
expressed in the nested structure can be generated by being subjected to

t he sane 0 . Ho r, r it e i ng e

rect angleengr,goifﬁ%g%bnes%gg@pl ingeg%g% 1‘3%13(’:\%' Eturlt(é;t e&ﬁ%%&%ﬁ%nc%é%f be
interfer A t hB1ERARer 2poiRtt ISt i Hent FHP&DI EIWSVARL S cHFCa be a
vertex afultinelhiddilapgal @onsesmtel @renthisf cobe, amidhded & i gemstamt updat i ng
the trigngusd Beshinficcandicagly. ithes t baBskaaured ok rRireGRSSifigei s

i ncreased. Hoi/vever bg. usi n% ot her shapesp. i bec%rél;:se %%Ss'wbllteh to, express
the char#tt@H EnPt eat tF'E of *85ch d1Ust BPPHP el IWEASS sHAPE of *Y he

cl ust er rcredse | hn addi t HoWevers hétafer epasiidered dd1adr RIS MR eover,
the meansrd©f i @il prgolenem relidni ngia epblito600! ust @0000 and from an al ready
generated graphl¢s sifrage. gan; be ardgd 1o § be graphicss i rgecgagerati on
appar at us of ebodi ment.s, .,as the arc generation unit 24 is added in
FIG 14.theR$3Rds cabBe (Rd LnedRg RTOSRRIFHYY afd 1 PEfoiltfy RERSET T HAAt

el enent st aeeept scansuperatsef. by a user to add a constituent elenent or to
renove a desi §gdacenshehusntrel aiemtribar@dadeds o SuarLl Ofo aséeeiangl e at

t he cor rggrpgn }[n\g.‘p@&;iigf QEe£$rmves a specified square or rectangle. Wen
the rectangle 1o be reroved rncl udes constituent el ements, at a | owner

hi erarch- | eVR¢ tAahat helPBPBYENt aF&ct AFFREI%hedP oA T ueht TE 2hent s can
be renovedustoget heand orthem y thiee gpeciplsi edfr eviahgké cahubterenoyed whil e
the consijtieptqel ements on the |ower hierarchy level are left (in this
case, Onﬁ y”ht.]e \rfu?l;gr?h%%{lg¥8ksogrteh%e§n%lv%\@wh inget ! oéf‘ti&?s h&fr ar chy
structure’ is Tost) "t g posrtional Telati OnShi ps bet'ween squares or

rect angl 8¢ afatheS snenks cFARERYN| 88| T8F@1BREnged by the renoval of the
square or recimngkbe thewquesidriterlal Pelathapshitps apgtudednidrhe eiguanes or

rect angl @5 2¢ &s adidsinech 1R aRBEN | R PEOREr 4 ukertker exampl®d,a gdynam cs
nodel which causes atiractive %rﬁgrr eieul sgggz)f orces.ta act het \A?gget he

squar es %‘Yro?%%%mﬁl es). The above gescri enbodi ment s generafe a graphics
i mage of HOW@YQ¥ chiBaFNBal ACrABRETEL, Ded o Yo ddet rouimtion Jpeedobi- 0152
gener atitigi @ gmhpdinsntpaghict dhierescingatidat aswiadnstiwedacertar chg | evel s
(dat a cogposesnof data el ements (cells) on the | owest hierarchy |evel and a
cluster inclugding all the dat I ts), di i ivalent to
processi ng o?ﬂé‘?fi cflgﬁ?f’l; ar %gﬁgfﬁ%&a@det g@e%@n\’g{c?gpi ggi?gisaﬂlliuggy%gg _
pr edet erf¢ PR FRyi ohr1AREELArNgMesh t BYs JRRSAI D o Eppl yERheC¥HBBdi nent s
in techmrate$shdsasi hanguthmasr equichensnmbgfroofexadsiss, fi el ds such as
arrangengnta oo YA Sl s 9848gboard, arrangenent of patterns of clothes, and
arrangengnt ,0f  PRCRANAER! PALS,ON ARALEG | Pnbhl 2§85 fne R genesal
figures are og mal’Fy arranged in a fixed region (so as to mnimze waste
space). MedFHEAgly, this type of fields requires a technique of

opti m za®i oThhres t 9idesande dthecbhgeces e hohirewasterandeat tcfchekel ittl e

itEport?@@t%@téﬁgt?ﬁg?bﬁ@brﬂg eqfenIé'tIﬁE 5re<§1ui]5nednt>ayze @rr@ﬁ?ér%@?até@ﬁ&ler , t\rA]'hen
ere is,a demn at “arrangemen for in a shor i me ile the
arrangen%ﬂ’lg%sglilf ?51%6?u§%ge§§§1??$§ g%fclonﬁﬁ%ﬁ'tri al processing or the

li ke, thé-t8eHRi §hdeFoli§Bnéhat iSVF LS der iRl B A SPEARERI @EF data
accordi ngoibfiéé emwodi dentdlgan penappteed.adaidust tihal Appiasablérty As
descri beg) ahoNes . according to the present invention, it is possible to
easily generate a.graphi.cs image of |arge-scal e ta rgover ,~ Aecordi ng
to the p?gsgﬁfsi %\}gﬁt’i onc gty e?)%lsg‘ig b[:gm?o roéfp.'t aéy Spte(%)o?m\i%r (())c(glsgi ng of
ef fi ci entPyther afgisty @R efent Safevai t iar Fhei Zacisnentsedeepnand

regi on. tA9%angdP9t2001-H35Pi EHAIINS Lhis geapbidimentpgeageperaicohar

appar at us,.. i . ¢ or b - i cal
data, arrancrager %?sg“iv:@sf BLEPIOGEEY | STRBTE SO e PleORal e
i

n_a_| ower
hi erar ch§®| VBPdEndA 29 et Wit ore ?Je%?nf‘ﬁfn%gﬂng(}ér of the
hi er ar chhcabrdanalivn ahei getectdgno® nasiests inglidfattdre tfleeR oAsi $t DEht
el ement pagthee@r edetgr mured | @¥els,anthe processing time for the
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_arrangenent control neans for generating a graphics inmage of the

hi erarchi cal data by causing said el enent arrangenent neans be roelcslérsi vel y
. . ~2001+

perform arrangenment of figures for each hierarchy |evel Troma | ower

hi erarchy |l evel to a higher hierarchy |evel of the hierarchical data. 2.

The graphi cs image generati on apparatus according to claim1l1, wherein said

el erent. griangenEnt gRANS alfanges f | QLes e  hatb sl al edopnegyal the
constituent e enents are | ocated close to each other. 3.  The gr I cs i mge
gener at i BRO&ppaLRIu v 0P8I fd'& 0SEPBFM 3L, 2RAerki nWhiREn 18 plsg‘éﬁ@lrm ned

one of thBaﬁOl@_@(ﬁniztpentAceioe:Mgsly,s ‘a]qxeapged_essah@ e:lientmntoageaagenrent nmeans
handl es ‘E‘hEO”tFEir%% O Of @ shi guRe whicheBdigaleas the pmedeter mepad
consti tuggtze enment and figures which are arranged within the predeterm ned
const it uBAP el enent and i ndi cate constituent elenents on a |ower hierarchy
| evel as one Neglre.showrThis geaphsxamp hage fgedierriti ol hppdiaPddyad€or di ng

to clainhétugmrthgérggaﬁﬁbanrgaaaac pyeakppiyimans thas genevatmegtan arc
connecti pg.the ' nt_e ét’gﬁﬂ{ onstidti LR, rdgned hiser ar chy
| evel inwﬁﬁ%nhiégg%ﬁggl %Ia% rd alice% oq?ﬁda&érjeloggi gﬁ%ﬁ%g%tggtdv%elen tahgl

const i t uBRECEARRENES. tHISTREPGAIBESs i mage generation apparatus accor di ng
to claiml, f&IGherlXomprisi wgewt extpivaitreg hel ditrat ereaths reorWeld| dieggsa

tlerml at eyhdent i {yNarposbhi eBm Wohhi BhkheThiguhetr egiren, gwhgheicaldyi d

el enent arra nt eter ﬁg?@ t - .Qn i gure
based onétlﬁgriggggl gtcg%%gi&%i 1;1t%t hrgeﬂxteszrr%c?de{ 0 din§ ﬁggﬁgagﬁdtg%r gqr?fé)]es t he
figure. BadeRe @FaphteLaralbedfer®ibli drfhardt udhiccdv ngUrgto

JP9- 2001Rre b2 rckailmcs,t omsar eilretdef t enphatFd G.s Ic¥ eatled bgsedeowed l's

gr aphi tCS ihERES 3l r@ﬁ@xvglaﬂﬁllag gdtal- eIQﬁ\e%Ft%I?hl ehd Mege gereftahigars .
appar at us_accor di.n claim rein cr ed on
i nf or mat POATELR éP%i &Tg’eas GIRN] oér,é;jl s‘relrrc}i(%iL o%ttéﬁrgigéfg\?v&ééh cg%tsf'%%trggl t

el enent stot f&1d ridvrWHEY onthei Ay 9 edS byuesersr ofr dit elfPned9eFput
nmeans. 8ar&heigpaplieds somage tge fercdtliidre tapparsatals woder sttagdiogcl ai m 5,
wher ei n ke berPEaLSdihesigat ed based on predeterm ned coordi nate axes

expressi ng neani ngs of data wth. sition relati | A.qr.aphi cs
i mage generati ann%bepa?g?‘ﬂg \ﬂ?’lsc rlgoeeﬁagr% %%‘pgégrg%% c&s@?%g%t?%& l}}%‘lsng
figures Reea8ngedsit t Af nthepreardterfihedor e GireP R %7 ippat SPLRYEBAPA si ng:

hierarchy structure of the hierarchical data by use of the
nested structure of the rectangular regions. However, it
is further possible to express relationships between
constituent elements on a predetermined hierarchy level by
use of a 1link structure with arcs in the generated
graphics image. In other words, a technique according to
this embodiment can be used as preprocessing 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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.sort neans for sorting figure data to be arranged based on a figure area;
and el enent arrangenent neans for sequentially arranging_fi S t%%sed on
the figure data froma center of the region to a peri pheﬁ?—gﬁéf—eo&f in sort
order sorted by said sort neans. 10. The graphics image generation
apparatus according to claim9, wherein said sort neans nodifies, based on

a relatignships gi.ve o] fi.qur ata, the er. of_th igure data
sorted bgggg %nl%aer%%u%égg%eal% an%gséi%&pg]l ecrir%%% écror a%%eﬁé%tcg%\ggﬁs'
arrangesTPel at BY4eBABE of 2FRBNEPHERES s8S86108 | 0ddt e BFE3BIES ealh®ot her.

11. The gbaphitsennmugd egemarsateo Ontlappgrapus dateorih ngetordbacen @ithwherein

;g: ﬁtgl ggﬁe,t arbaRgenRRl ABARY JeRer aligs tgdpangubare Megh bacl udi Rgecent er

figures already arranged as.yertices in the region,,and

det er m n@graﬂgﬁpﬁﬁﬁgm%oﬁﬁ' PIbf 23 FPYGFEE ttg’eoesch%‘%tsﬁ??éﬂﬁeglbased on
si zes of andi ahigal s lenementar xgngeeent | faplian mesh. te2, racgraphiedy i mge
gener ati par@ppar atHe, &eWRhyshBEL JpapBeesingrgefgendeat conskeansntor
recei vi nglghsmech#a'th%atgrgﬁﬂ ALL0 BN 1071 280 A ARRLCS | MRge
whi ch expréesses a hjerarchy Sftructure of the hierarchi cal dat a by use of a
nested sPEGERGFBYofLqV®L dPrenstoOnTaPguidta: st of 8§e FeangSREEaSHEEM ng t he
i mage dasactfionhhe 2¢r agieines aitrerge axfcs hecdnmeat thy cathdat eaonshé tiveage dat a
?E'g ngogie@%ﬁgﬁ@sbybe&wﬁmrml @§?bﬁﬁﬁﬁeg_€n%ﬂ%§dé¥{tsﬂﬁﬁﬂsthe5 rapiaile_sd

- s nd di [ e r [
torage HAE SRpRr IR e PothRe i e iy o P TaRRE AL JRBRE YA
gener at i 8RCAPPAr 88us whi ch generates a graphics i mage including figures
arranged wi t hiCheagpretetrer mimaerk regicary ticonmpapsd ngtuposhowoninnfdGmat i on
hol di ng geans figfpiReld it I8y Of ABt LeRPEeBEEINi el T@NIRHRAL 1 ROFITE.ONS Of
figures, .the.infornati on bghng creat eg base@l_logl)qrrl1 a.ar a@,lichs |rra%gli%lhr eady
gener at e&; Shttefément “8rr Senﬁﬁf) ﬁg NS fOr arrangi ng “the 12i gures'in the
regi on basegrafeehe #nf FRPHHAS conded@df ng tthe &ledidgé&Hemd posidfiténs of t he
figures, spkeifitaldgt,i eadheicogndrelecht rslsawrd jposiiGonléntier aatiianuladl di ng

means, sughtlBak tBeotkIULRB1ERARS A M BR0EEndO PRl RLRMIRP e@Gh other.

controlled by the computer program held in the main memory
12 of FIG. 1. The computer program 1is 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. 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 1in 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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.14. A graphics image generation apparatus which generates a graphics inmage
including figures arranged within a predeterm ned regio%, gggﬁgkﬁi?g:
position information hol ding neans for hol di ng i nf or mat 61 ern ng
arrangenment positions of figures, the information being created based on
predeterm ned design information; and el enent arrangenent neans for
arrangin he fjgures i,n the regi.on. base n i_nf.qr [.on ncerni ng the
arrangeng%%oﬁgg#??ghs &Ft (?f?gﬁﬁ%%,u hgo?npég%é%%ﬁ1ii§¢% %g?H ?ﬁ sai d
posi t i onexh$bihat FeAhRdABENYSAEaRd, theclorapitichedisplresteshpelagyanged do
not overfap €ACH oyperoflhraphgsaphi eani begempdrsteat.i on apparatus which

o odet er i ned oL an Lo I ang . oSt L on nE s, sat o ol & fi Teds for
PO i ng. PR OPRAEEG Yo GTROES ARG SV IHSTIE OLPTPRRE GRS gries EPRe

i nformat ann bddeg cnett edvbnbtad oanptkdet eronpbityeptdi pdeweakesandi ch
expressegnfeRBLNgsrOf datm bytra Poaldeqnakhieel akichasigile; andre etrgent
ar fangenpil JJERNS IOl AL NP NLIRE I ULES | B-L0AgERY! O Dared g, he

i nformatTon concerni ng the af rangenent positions of fhe figures, h e

| nf or mat PBRABEPAGVHENA TSP -d_pHa £hBnOFAPEr ARG Hat of niLREARS Ysuch
that thestrgotesejothe arilavged deatengeerispiseazhly 52 90n399t260170152
other. 181efeAtantE c | FBACAGRNGT abh O HEL bl ORRalichy algyaphi cs

i mage ing] udi i gur es i.n _a _predetermned regiop by _contr g a
conputer?k?ﬁg?ﬁﬁ?hOHREB‘ FSFﬁﬁﬁfﬂﬁf%%éﬁ% %ﬁQaQ%%.1n€h$iag?8kagb§h?o be
arr angedofr oribg stepagblitnehtst liamgntfe fipateddnda, Hurti K§LENENEI gure
dat a basedcoanfilguries ackasgednd storitigid heasert ek f igureeqlateed ntsort

result 5%9513?91 aNSve IENSI AL Ned f | NGt B Juhd hehegirenevhaadi ng a
sort order t he flgur dat% fron1%he ﬁprt result storing neans,
sequentié?Fgagg ?iﬁg ViSEPSS B&s&GSA™EHE fi gure data as objects to be
arranged in aE&6rdaRcd shia hftpecBart dddestradiddnhhgereFahyefent
posi ti ongenbrabénti gunes ahasebemwdear angiisiri wlementslehenhs tofangul ar
mesh, aggréaéegghﬂﬂehhecﬁhQHE§S_@ﬁ theaghi eahsat Owhenar hangedrat-chie
arrangenent B sitiqgns; _.and storlﬂ% atgraphlcg.Bna obtgiqu ?ﬁAa%Banglng
the figuf&sy ufﬁelpe&hﬁ1ﬁFﬁog? bR U3t a®sEor PRy “neans’ ~17:  The graphics
i mage gehéPakirén viewkodhardaadingy tarad @ ¥R 15enakheted nipherapepdafa
arrangi ngehbeatieguibgs timel sistes sbetsvepe 10f tidetel ananngaanaagrargénment
pOS't'0”s8£t§oB'Qﬁteaﬁas%ﬁe0%r§b%%%m®hﬂ'H%&ﬂf&ymggéﬂi&ﬂem@nts: and
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 is in a state capable of accepting the

specification of a cluster in which arcs are to be

generated by GUI (Graphical User Interface). FIG. 1e6A
shows a display example on the display unit 14 in this
state. Referring to the same drawing, it 1is 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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arrangi ng one of the figures as the objects to be arranged at the ‘
"det erm ned arrangenent position and judgi ng whether a j Udghn%ﬁ} 0 ition”
| urfitn

for judging possibility of the arrangenent is satisfi ed’F en .the

judgment condition is not satisfied, said two steps are recursively
perfornmed. 18. The graphics i nage generation nethod according to claim17,

wherein,, in the step of d ining the arrangenent position of the figure,
the tri ah%]lﬂsatreresl’ )eng?‘ﬁ%p ofgﬁien‘ triangul ar mesh are selected i n descendi ng

order of sizéhen §Be txeatrnake ahpereat ipesithionseecifded e eSERT t he
obj ect tis benaetaegedy 19heThe g emiyasentrage gener akictangitelsod dleeor di ng

to claiml18, WHEEeL Non! Bebhe 5t 00 Qfo ARt ELlE NhRGLNe 1}ANGLITHNL L POSI i on
of the flgur%,,am)ng t he trlangul %r el enents of the triangul.ar, nesh, a

tri angul S| BhRFRTF RG] LAVRY RewkPevEPLPYEL Y (IS ess"pcgﬁdt}f%t vEPEi ces of
-53 JRs26001- 0468 t hetr egirdrenfemequenthal kheselnsdteathrds t figher
arrangenenisPosit (OnePf15He) figure as the object to be arranged. 20. The

graphics im ener at ion net hod ing _to.claidml rein, ..o the
step of aréagg?%%ﬂfhezgfe gre, %ﬁ%&%g}’f%gﬁ%{e;l%ﬁ%é%méto\g@iaﬁ%d;tgﬂe

t ri angul G¥AeRsREN3TYipdat écthyd Gt | HEP @S né &g ile
‘using a ipsedetgenairatdoint tdfe t hbowew geacr anged ﬁj@ﬁ@jasga neWWeytex of
oot or Mo B TR A e 251 mage.
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rectangles on the third hierarchy level, 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. 16C. 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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figure ré@p§ﬁ1e§ﬁdupﬁéqqqﬁwegsa@§aqyple. 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 is 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
spebified in advance), at which the clusters or cells to
be arranged are desired to be arranged in the screen
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UV W arrangement region, and predetermined coordinates (xX-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 level 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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arrangement control section 33 causes the sort section 31
and the element arrangement section 32 to recursively
perform the arrangement processing of the constituent
elements of the graph data sequentially from the lower
hierarchy level of the graph data. The template holding
section 34 holds a template referred to when the element
arrangement section 32 arranges the constituent elements
(rectangles).

The graphics image generation apparatus shown in FIG.
19 is implemented by the computer system 10 as shown in
FIG. 1 similarly to the graphics 1image generation
apparatus for the hierarchical data shown in FIG. 2.
Specifically, the sort section 31, the element arrangement
section 32, and the arrangement control section 33 shown
in FIG. 19 are virtual software blocks implemented by the
processing unit 11 which is controlled by the computer
program held in the main memory 12 of FIG. 1. The
computer program is 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 level 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 is 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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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 1s properly set according to the
meaning of the airangement position of each constituent
element which is specified by the template or the like.
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 1in 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 1is 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 is 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) is the smallest is
considered as a position which most satisfies the criteria
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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 is 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 indicating clusters or cells on a lower
hierarchy level than the relevant cluster, which have been
already arranged within the relevant cluster, in 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 is referred to when the constituent elements are
arranged by the element arrangement section 32. In this
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In this embodiment, first, the coordinate values of

four vertices v;, V2, Vs, and v, of an arrangement region
are set to (-1, -1), (1, -1y, (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 is 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 in 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 1is 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

-38-



‘ i(‘o) 10 103; 10% ()-10" f&L0%& ()-10"f &10% (& () - f &LOUGE () - MDEpPt vvvzX9. =
10%& ()-10LM 10% ()-3! OLM 10% () - 3! OLM 10% () - 3! oLM T0%& )~ 3t 100 () -
3v vvwyH{ Q ~dB= 10! 0" L! 10% ()- 410 L! 10%& ()- 410" LI 10%& ()- 41" L! 10%& ()-

4L!Nﬂ0%&f(?- 10 10~~~T~T~*—: 10! 0&ss! 10% " & ()- 4! 0&ss!10% " & () -
4&53!10%%%59Iof”f@08%§é9%inég %%'%%é]é¥@éﬁééﬁe&@3ﬁégggion 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 + DbS
which is already recorded.

FIG. 23 is 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 line
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 vi., of a rectangle r; is arranged at
a candidate position ¢y, if the rectangle r; overlaps
another rectangle already arranged, the rectangle is not
arranged at the candidate position cj.

« The value of aD+bS at the candidate position ¢y is
calculated. The area of the rectangular region, the total
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length of the four sides, or the 1like is used for the

value of 8. If the calculated value of aD+b$s

is the

smallest among all the values calculated for the rectangle

ri, the value is recorded as (aD+bS)nin. Simultaneously,

the candidate position cjy is recorded as a position cCpin.
The above process 1s repeated for each triangular

mesh element. The center point vy, of the rectangle is

then arranged at the position cmn 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 v, vy,
vy, in the following two cases.

vi, and

1) In the case where the rectangle r; arranged at the
position cpn, which is determined by the above described
process protrudes from the arrangement region defined by

the four vertices v,, v,, Vi, and vy.

2) In the case where the position Cupn is 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 1s 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 is
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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« In time series data, when an arrangement result at the
last time point is used as a template, the coordinate
values of newly added data elements are not described in
the template.

In the above described situation, a case is conceived
where the coordinate values are not described in the
template.

In this case, the arrangement of all the groups of
rectangles 1s determined by the following procedure.

1. First, a group of rectangles whose coordinate values
are described in 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 value 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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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
'is 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 1is wupdated, 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 is 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, 1is 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 1is
emptied (step 2602).

First, a triangular mesh element t is taken out of
the FIFO queue. If there is a triangular mesh element
that 1is not registered 1in the FIFO gqueue 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 v, 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 abD

is greater than (aD+bS)w. (step 2606). If aD is greater
than (aD+bS)min, (aD+bS)mn. is recorded, and the repetition
processing is terminated. It is-then determined that the

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

(b) If aD is not greater than (aD+bS)n.n., in other words,
if the rectangle r; overlaps another rectangle already
arranged, next, it is judgéd whether the value of aD+bS is
the smallest (step 2607). If this value is the smallest,
the value 1is recorded as (aD+bS)mn, and simultaneocusly,
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 is selected,
and the processing is repeated (steps 2609, 2602, and
2603) . Note that, when abD is not greater than (aD+bS)umin
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 v;., of the rectangle r; is arranged at the
position cmn, making the record of (aD+bS)wms, 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 1level 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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a stack in the search order (step 2701). The hierarchical
data registered in the stack for each hierarchy level is
selected one by one in 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 1level 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 is finished, the positions of the
rectangles on the lower hierarchy levels than the arranged
rectangle are recalculated (step 2703).

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 is 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 image 1is updated by use of such a template.
Referring to FIGS. 28A to 28C, it is 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 1is 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 level 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 just 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 lower 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 is
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. 29C) by use
of this template. Such a system 1is 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 1is saved in the
template holding section 34.

Further in some cases, the visualization result is
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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) 1is generated by using 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 is 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. 312 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 chahged 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 wuse 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 is 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 based on information added to the cells
or clusters, it Dbecomes 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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mesh, and the 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 in 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). If 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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- 10 10
O generating a graphics image of hierarchical data with two

hierarchy levels (data composed of data elements (cells)
on 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 requires 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 demand
that arrangement be performed in a short time while the
arrangement result is not necessarily optimal in 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 is 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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0 ement 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 is 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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graphics image already generated.
7. The graphics image generation apparatus according to
claim 5, wherein the template 1is 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 1s 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 wuse of a nested structure of
two-dimensional figures;

storage means for storing the image data of the
graphics image of the hierarchical data, the image data
being generated by said graphics image generation means;
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a graphics 1image including figures arranged within a
predetermined region, comprising:
position information holding means for holdihg
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 fiqures,
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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16. A graphics image generation method of generating a
graphics 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, 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.
19. The graphics image 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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the region 1is sequentially selected as the arrangement
position of the figure as the object to be arranged.
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 stdring
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 1image, 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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lower hierarchy level than the read constituent elements
in a figure region which indicate the read constituent
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.
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 in
accordance with the sort result read from the sort result
storing means.
24. The program according to claim 22, wherein the process
of arranging figqures indicating the constituent elements
on the lower hierarchy level in 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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