,e3e’L6T°C0 5 J UL 2002 1 1 Background of the Invention )5 SUL2B62t ne
Pnvention The present invention relates to neans and a nmethod executabl e by
a conputer system for navigation within a tree structure with | eaf nodes
representing wirary types of objects, i.e. of related data treated as a
unit. -- w§§ i ption and D sadvantages of Prior Art "The Information
Age", m\w ommonl y heard expression these days, but o e
conseA gswaeem to be ignored as fr%QuentIy as it |\m\Wﬂ®\Wﬁe is no
denying the fact that we are in the m'dst of a long t on of
information that shows no signs of slow ng down, or even Qa®®¥#l erating |ess
forcefully. The questions this tact raises are nmany, but one of the npst
significant, if not the nost significant, is the question of organisation.
The | nf or mat i oRPgbogenkilveBrgwsing 'snpOhjaeetofiieramchdmasi on at our
fingertips", but the sheer volune of the information avail abl e makes it
nearly inpossible to find any given set of specific information, nmuch |ess
navi gat eli Baekbirganid wf eidinddret banst antly growi ng sea of data. The
addi ti onal question of attenpting to sonehow display information about the
rel ati ons between various itens, and the context of the item adds stil

anot her LeteFiefidceopltdrd tEinvestetome start to | ook at |arge collections of
rel ated data, with additional information about context and rel ations

(" Conpl ex_ Know edge Structures"), one enters a territory even |ess

navi gabl EnehBACERE Y A vipRttalen Heelates £ mgansy@msl 2 MfHhdbdnal i nf or mati on
shoul d hekpcugawndenst and:dijputaw SPsisn U nrGaigadite sheaiianuateaf
infornatign over | oad u%lan renders tQ%HPq%ative assi stance of caontext a
hi ndr anc& FF & EEYIE 199 HRAS Do e PEHF 1 M S BECHE X KR REF nCal 1y in

t he quesbbtjecfter,ca .sonmSar¢lafedrdieta tarestadictsurae,urontt.o t he apparently
endl ess chaotic nmass of information. Wien one starts | ooking at new ways to
order and present data using conputers, then the question becones one of

er gononi és2 PeswiPHAR dnheD b edrareagerl i FPAF thidse conpl ex know edge
structures so that humans can navigate through themw th ease, find what
they are |ooking for, and generally make sense of the information in

cont ext ? HOWW dE AR lg‘iﬁ)rop‘?‘i g‘?ér@ét%or'?‘?%if HEHES ST TRPOPRat i on,
and once these deane, floundonéd , whose dooneeabdoved heearsero tloe | hypoaet! wisth 1t ?

frequently as it is used. There is no denying the fact that

we are in the midst of a long term explosion of information
that shows no signs of slowing down, or even accelerating
less forcefully. The guestions this fact raises are many, but
one of the most significant, if not the most significant, is

the question of organisation.

The Information Age has lived up to it's promise of

- "information at our fingertips", but the sheer volume of the
information available makes it nearly impossible to find any
given set of specific information, much less navigate
intelligently through the constantly growing sea of data. The
additional question of attempting to somehow display
information about the relations between various items, and
the context of the item, adds still another level of
complexity. When we start to look at large collections of
related data, with additional information about context and
relations ("Complex Knowledge Structures"), one enters a
territory even less navigable than the raw data--the



Based on this background the display of |arge amounts of information has
been an active area of research in a diversity of areas si nﬁé EU&_dQﬁDﬂow.
Work on man-nmachi ne interfaces, information retrieval, graph |ayout,
cognitive science, virtual reality - each area concentrates on certain
aspects or principles of the problem Wthin the context of know edge
managenent, one has to deal with a wpdespread spectrum of information
types: raw texts, structured texts, annotated information, partly

aut onat i @aid it igene | Iaixelfbi:rﬂ&@i?ﬁtisgalﬁjﬁﬂt héiﬁsus\(\bhahrgba?idythey%mpm
structur wJules, relatipnal an ierarghica ta_infornmatiagn. nce,

t he capagélalclftsri’esb%t% ‘??1?10?n‘éﬁ?oﬁﬁﬁ?’dv@'g?gngroﬁa\w ator lgélnogéarﬂ'é)ﬁ’égreé’cf by
t he degr @nd egndexs abhe poththdbeasohetancehef nosnterport Aindeapest.ati ons
like: to display partly structured information of varying size to ease the
perception of the ordering of the information to allow for interactive
expl or at i 16 cﬁo"i‘ﬁ’ﬁ‘b‘??raﬁoghébaﬁegl‘foaﬂi]t1Ft hag BeePeeefbendiadd: aldu His
cont ext Wies equstli 56 UsSrée N8k Boft bénBRdedi t 8¢ bBIALHRiHeQN oFd itHS

05J UL 2002 3 (wit t d machi ne- ted struyct bj ect
i or ar chBE SRR prigEepanehaof 16 RagE, RE: FREGRAREY oRmial St ur

becones @tlartml Ledk endpyapeneepwagn, tnobrger sed Phesgonéstdadma nerieiqni ng i S:

whi ch aspeshs -4 N enlhXefle! BLACTALLOBLELARL BfeSbieesglrch AL aup

opti mal perception. In the ?o_ oW ng, we conpare sone recent work in

cogni ti vé'idei dieie, dgruphorappise RRAoAREPILEH FBEFPeFaMPARE KW lasige

managemrentMyctieés £68SPRELI HAmARdakhah ASviyatlr eAgoakth EndiovyitHiow to

Descri be V\hat’?n%'o\/\%rds a Tpeor of l\/b&j(al [ t¥ Utili éati on, et %p?%i of

Cogni t i v&€3&S entb"Soelaty theXnBreddeoriagds tesgnpiy 886 i%ty, p.

487- 494, dwgsstofl99Re descoirhataonhhaar yoatemndatoty dot Wel zatlieat wher e t hey
di sti ngui t hree aspec of .an infq [ .entity:, the inner

: ‘properti ea:g}%’fbgéﬁggg%j (23?‘,3 ?ﬁgmp%i‘ﬁep es ogf lbggggggégﬂt’h?ﬁgbjoenccte bel ongs to

and t he praperfeesdoita bekedpedeseatlloi Sbpevssr itoe intigaraaff aritdt iion’to be

di scussed and residing in current focus. These three aspects can be found

in different designs of tree and graph browsers, graphical uery | anguages,

g

gr aphi calB3sR%r ¥Rt FBhsSr BRFkEFarne, he didelayndfgdAEsq M redh

i nf or mat i DNf Syvaelen Rabobek@ anmake itet arkadodnakygeiascdndarcan expect that
all inpl egroled; syshems uiLl Jmost. radicaldl o flerndyd he chosen paradigm
for their“heans ot Pnhtefactive exploration of “informati on structures.

| nf or mat i omtexfacegal ipfRrmatdon eeds ileviad ,GarBDhad@WIuRBE, quarpidsiee by

Robert R s Kprfbage,and, K3i rBa19:5e0 ath0LiRE edndettiateLUH @l - ©f iy sual
Represent ati ons, Wrkshop on Vi sdal Languages, |EEE Conputer Soc}lftgtg/f p.

56- 61, OclPPRFLI09Y, PpisFipdes pietdie Probied-i Hidhiat ithe

Vi sga:ci ze}aﬂgﬁueagé/ d)aﬁu@embn%doﬁ@cuwtdd gemibiiany o eliatdgnseadhe space

is define uery) .terns i ch span a certai eqQuet r €. .0. &

di armnd-s%%%éﬁgﬁgng M‘?I‘?rf'ﬁtd‘r?dhlt PESgha H°* Ct?nerrﬂ(}/tr ﬁf‘f%g%%’t(%?f ons

(smal | restnoghesyl andopusittiicone pamt iivhewdegpadriicadier garnwsatede t he

greatest UL <+ b ovenls i i i nts.
J.nfglrﬁ?ﬁlgn entititsd S{l:%/l Vﬁﬁ%é@ﬁrﬂéﬁ %‘Jwﬂg ¥ S SEOEE

Hi erarchi ca ormation i s har I spl e sake of a concept ual

~ strict | ayBlespargdpgarned @ dnanHeal nefad iRt emat Hence,
hi erarchi ¢ab eagapidaili®y JIPT G RIP Hrdvwsdrie @$?Wf$ﬁé can be
u

classification concepts conformng to a | arge extend yw man _way of
t hi nki ng measured %ypt e <Pegree L%ey are at?le to Eifxan e some of tr\(e
most important expectations like:

® to display partly structured information of varying size
® to ease the perception of the ordering of the information

® to allow for interactive exploration of information spaces

To put it in different words: in this context where we
discuss a mixture of human-edited information carrier_s



| R-system graphi cal user interface (GJ) designs based upon :ﬂ D Ec@ﬂ[]z
m)stly concentrate on the display of the hierarchical aspect "o ormat1 on
only. Systems using ConeTrees, refer for instance to George G Robertson
and Jock D. Mackinlay and Stuart K. Cards Cone Trees: Animated 3D

Vi sual i zations of Hierarchical Information, Proceedings of _ ACMCH '91
Conference on Human Factors in Conputd ng Systens, p. 189-194, 1991, map
ternmf docunent and ot her hierarchical relational information directly to a
3D | ayout{ waligareén hoext ht @ndchavkige agénenhtopes arionsrkiskd obgemtand rot ate
provi de n spegct 8 T
centeredIitig%I(})kzanlftlcq%’ﬁ]‘é‘(iaé us&&;Qﬁﬁ%}{%@& ?@%&%Igr% tﬂgé%lf) Q% q%?soqgngﬁcsequence
and def i SItEMGEUENDRESORPE | 9@11’0'&@111%]03&?p‘PXEaP‘PE‘/C9EF—§f°ﬁ|rgﬁoltf P§ie Sfas to

i dent i fy Taved W@npf@ﬁ&ihiﬂ§ iok ﬁhﬁ@ﬁt@é;}!ﬂeéﬁk ef thl%Chﬁxe/mOt her
specific 485 hn| que su‘?g ﬁ%eg ﬁé the representation g cqml _ex k w edge
structures gl%% €a r%f’ﬁ% ?(p?%ﬁ”f?ﬁﬁ PREED ng’gé:é:eg 19 hat of
usi ng thérpruimrfwbkowingypwebobmpageoa;rmtleyreoeptovodk anvicewntiltatvecont ai ns
both an ig f (¢h | t I ode)
and o contar o e e o B P e e e Pt
node and"@tﬂ?@em‘éstnthﬁérsy%Eﬂ?tb‘yenlaW@h%thQSt- hrough a network of
nodes. Arbitrary data structures |ike entity-relationshi p nodel s are
typicaII#rra ed to a - nore or less - _specialized gra - or tree |ayout

al gorith R2nanti Es BPV¥melPE| 5Pi BRSCTLPFapRG "t dovards @ % of

t he graph:ﬂ Medality Graphkagionef Meet bngi ast@angritdvst Sariterice Card and
George G o) J The

I nf or matl on {);{%al dl?%'gP‘Ql;\ rnyégﬁagognlg‘ggﬁsgggg% 'rv%?ege%t%s of ACM CHI' 91
Conf er end b HurphRauss: 990 @bﬁﬁmbﬁgasy'b@@ﬁ’s' of. mpgalidy 1991, one can

even for fﬂﬂiaiﬁzéﬁiéﬁt Uhakbseneyt Hesa¥RELEShPYe Bhavhn@ nellce Hshedtis £ he
__user of this system works upon his own conceptual nodel of the underly| ng

semant i c&n QE‘F‘att‘ﬁPs eREL &Y gﬁf‘?aéRgeﬁeBﬁQP?Btéfﬁr &fs Hre
senmant i CStri?éldpfﬁbai:tQaShbﬂS thleatlassbuheedbyethi beﬂb@xg@bjtﬂ:‘:taﬁldmdﬁi

conS|derat|on he top| of..a qt 85t e r..the. if | at.edness, of
% ?ex?f %lect ?%rg}:ggct% 8. tehde 1nfo matl?ril he

docunent b&sé8 SYys tems oirn rudt'iral” | nfornat, on
hyper | i nktsq bhe didrbfeednenflayesiddénghyperurirgktr ecasent s an explicit
rel ati on (based upon topic, annotation, part-of etc. ;. information)

bet ween di fferent |nformat|on entities. The |layout of the global structure

in syst e ?FRe*REEECAPRSC PO PEYr fPHE‘fiaﬁBedtL&f@rqfﬁssde gt etree
Br owsi ngdaxﬁu Wﬁ&bhebkoﬁﬁ%tx%ﬁs gr@@hflehlﬁnqaeﬁ'fy th(?uddyeQZ @Eap}iz&%lh is
optim zed. tp ease.the interactive exploratiaon and editin yper
space, sﬁn‘&gofﬂ?glo? e S é?\‘]‘dﬁo&?aﬁgds/k SPMa&ell 1 b"g‘b%s"?“r‘]%g%%rough
hyper | i nkisgifpnhakieni sysitenshe Padoaniany Agreededadfl el sona kg &% | one as
often reporfed,BYiSehste A Iy L%@h e\m'e'asl s rBd QDL eARq 1 baf 1411 se

from navigation in hypertext een identified: the "Enbedded Di gression
Probl ent ,dhh8erTRY AREHA Fﬁ}@éfﬁé#%@ﬁbrfor ‘Flﬁ’@lrEmooh ’g"r“é%%’rl%hlve

Probl enf eppracasibie o fifr fatddt@Snditdctiires fromthe nmul tiplicity of
choice offered by nost hypertexts. Users may delve into a richly connected
network of information which may serve to distract themfromtheir chosen
pat h and Tafieembltdiorn ordtasieetdiei (IR) dxeontn ends ddderesiiIDA and nUIBRel v,

users nmay. t rpm j Sic for f h
t hey had %BE %deg)r{ ?{e&rgékl% y A&%ﬁ elér?f‘(rilnepﬁr)lo%?i?‘ge erﬂkkg%gtggﬁp of
probl ens Bispdpatiefantinel f NV igpalh Rappeseandiadiinns Br@daskshorsoBn open and

expl or at Wishﬁflomﬁhﬁekim Q?élﬁﬁﬂﬂérfc ‘@Béi'b‘di‘,\/ 055 ve§ssg§n NbagoBBE
tracing ideas from one node to another in an often vggue and non-speci fi

manner . Th&IdenBREIEds & Prestougiyresy infprpatien pﬂ?%mﬁpnﬁiﬁﬂéﬁézfehat
u?]eri rrgydabhﬁ@nwmﬁfd uﬁrl]ém@wiuadcfwﬁﬁmem tliﬂnlﬁrﬁtﬁélpaﬂgohé .Struey gr
think about the .deas. the, docupent presents sequent ers may be
unable to P@c%agrﬁ se %ﬁ’&%dg%‘ﬁeg&h btéelﬂnﬁnvgf’te q%g ﬁrg Ps of the
expl or at i geoswEaney rEag n aodbmuem@fshél'pexb paamll gzvh'ph tayeugué.bgorl thns, as
descri bedghy K SUgi Y398, ‘M‘co read £ éPﬂl‘Eiacﬁhhgih‘é bhre

i nf or mat i on SAUt ONEL 1 ¢ dravmn ra nsatlons -on
Syst ens, D&ﬁl{md)@ﬁbe?%eth@ssegl!?u'} VpheBEYGUB@SQ h@ﬂ?yﬁh@gﬁ§9a$9§11 f or
instance, typically concentrate on either global optimzation (nunber of
crossing links, space, distance) of conflicting properties of the overall
graph layout. O they nust not violate one |ayout criteria (e.g. no
crossing links for circuit design), but have to sacrifice other: Both
variants exhibit that these algorithnms are nmainly designed to overcone
technl cal shortcuts (like Ilimtation of presentation space for instance),

o,




The invention is based on the objective to inprove the vi sueg Qz@tUEn%@{ﬂ.ﬁ
| arge and conpl ex object structures and the interactive navigation of users
wi thin such environments. Mre particularly the invention is based on the
objective to provide above inprovenents in the context of conplex

hi erarchi cal organi zed object structures allow ng the user to detect and
gain new insights in the rel ati onshi pabet ween the 05J UL 2002,
objects and at the sane tinme allowing to focus only on those aspects of the
obj ect s oherdspr wiishr ¢aldms iowrerest €dis nseghSumarli amalr folvaal ages of t he

| nvent i ok jsect is { j I I by-the.} nt

cl ai nms. Imzﬂ-rf'? ﬁg?mgﬁﬁaﬁg}g%%lﬂﬁ%%gﬁﬁ?gf (Z]%Igt%%b% I mecyn]E sgo(f:b?ﬁg‘s?'%\ggnti on
are set P&FERL Aayeat esyadige. sebcthe rethapdhand el i bh YehthkBoynret hod

execut abkfaky hd cGAHINIRIA IS Yt GUh { D4t 1SN | HSPFCdcNed HELEngT €6- Eheumbere. The
treestruct uret:l:lﬁfrrprl sesisftat | east one | egf - nodg sajd | eaf - ngde re rgset;lltl ng
an obj ecPOYSE Hite FASS AR CONPPPERSCARTPINERI R Roh2F a8 SHEGR:
Accor di ngith humamwent icoh thimlaieg. poi nt representation step i s suggested,
wherein after selection of at |east one non-leaf node as travel point only
the path and non-leaf nodes in said tree structure fromsaid travel point
to the rd8rsyBtey gnamuieal useFeinterépeeser¥El dashansebagpdwupodg.a

Mor eover 3phe e infdst Sphid RCeREra8b dohr 8Nl dPOH DAy 6£7 €REEsented in said
tree view.area. In addition or alternatively after _selection_ of said travel

d \ vely

poi nt, aFXPHCHEGRT L9REFes@ht LATPERAELPY PP EY el SHBFRTS Y5189t FR7E™ box

r epr esentiicieg:sqbjretfiert diort | incashoastof Gaditgebi eckRsbeftadi bedf JoateD.in

said sub,tr f id.t | in he p (e parts the

hi erar ch&aﬁiﬁéﬁgaéiiagzngqi%ﬁy‘gﬁ%%écéggar%%ﬁﬁ?gﬁglsf %ggﬁﬁg\g\g ? E)at it

r epr esentVd sowd igfattimngrost poeearahichdsinformatbaneohcepesdéagtoofing to a
. large extyend sdithy N eyn 06 LA RlkhAA- FECEoES! SnOc8ABLERhGORyRIISME pal an
_ _approach I s proposed i ch on one side signifi cantlé reduces the anmount of

di spl aye® -dai8? ditf whi Tht oM@ Ret8EREACSPRENS| @R f PERREI ) 1ERAFERESAthe

di spl ayed-cdattaiondle atbsiha©fodi aplrayedydabaai 3Dsigpobhtcanyby ideear.eased as

the tree structure between.a travel point and th 0 of t ]S
reduced tldlﬁqfea%dt%e b%’f%e%hc?%eﬂ?efﬁglg%u% ng Z§?@p$§9e5°§§$§ &%%Jlde
si gni fi caredns ey ighiod ais overednpl end dobpecp degarLlseQrbg desd drelisv a
travel pQidfed SefUtAPI§Ihe Bsell alihoShhYCEY! 8xpPBPEI £hRJ (3bY lsganes, of

the sub-tree of a certain travel point. Therefore below a travel point an
obj ect cdiit SSVFARNGS 3ndrBabGiedentie tBR- APERAFENPCcAP2Gats di spl ay has
the advantyggrcd ey v&ey Useghi s fabway hapr esentedtwfyhaadll colmpai® obj ects at
t he | eaves under. a cgrtai n_node.in t@eogi egarglgiscal tree. Thus the

rel ati ondHPHerhREntPhe? bEEFEAB) 88 s ®anG PRE 8t ruct ural position within
the collection is always exposed. The user gets a nuch better inpression
for the "ﬂ&d;ké‘f'é%/!éc?fi'ebhéehﬁi@;ﬁ% tsfaxgl estBlA RN NeP e UNE LA Skt S by
this uni que displa et hod easi ng the rception of the ordering of the

i nf or mat i ©h. coMPler nknevlagds styrustiyLesat P& ogHEI Hoofd1a S8l iCIdeS ¢l ass”

an ng e_(lte}b@i@{'ﬂ§n§?tﬁédBDhoﬁP'é@{éﬁpQ? I[tﬂfatﬂﬁfofau%ﬁh'@ctt@dz quxtopﬁ?otéetcég o
reside in a compn focus. e e .user .i g rea interested inis

" di spl ayeghyp?ﬁ OhLf- geruetEy %’Par?a?é’g‘% & W& é’—é‘a}r g%tl%iébs R AR only
t he direcinpaténtofbbasr gehannedildpiayeskr Addientdoal tal\somagasreent
acconplis | f i -nede .is a i j t j : i t he
obj ccrs pgoe) A2 AoROREsRYHods & ¢ EMLAN hd Hoie Bilatibhangh |0
of all |cbhetwednstbe charemt masie @nd themasigs dddctheysysvenai Byt r avel

box at Iegg,igggig | ehbroRlh IPHAWrisald tdfueel point is represented in
said travel - pdi nt-representation-step. The travel point is marked visually

in said travel -pointrepresentati on-step. Therefore the travel boxes provide
a "secondagbieRairgndatd WtRtdtufes alike encihie-djacionshiptrogelshase

the_ senant¥BLEAILYARERED 3P @he HTREIe AP u s eyt HoFRabhr o 1°

nodal i ty treki ayiomt Blgonitim. Flopesemasticsd ahethi speébybilonbj ésts are
iled. [ I t bj gt I

docurent sT-BEPAont SeFtalyl WEpdetl Boe WS PLANE THReD) PR cERBRIOKST ©

2002 refer for instance to Stuart K. Card and George G. Robertson



9 user can gain insights fromdifferent perspectives on the[gﬁtg.u9 20{,;
Addi ti onal advantages are acconplished by an upward navi gati t lp b
wherein, after selection of a parent-node of a current travel point, the
travel -point-representation-step is performed with said parent-node as new
travel point. In a downward-navigation-step, after selection of a
child-node of a current travel point,_the travel-point-representation-step
is perforned with said child-node as new travel point. The parent-node and
the chil @NAod@§kaPe delckdindsive iThe Henfoweat ton a¥ bsyabiwgor An said travel
box by seh@@&mamle,fn W AR s deé&e&irﬁ%@fﬁf (e dOPVeL dc&&@éf@}lcsl enent

respectivel irect child-node of th avel point is selectable in the
travel b8R %‘V"‘?é‘l BEHOET df SAMRIEIHE FETEINF ndP - ak8 b} &8¢ -1¥2ht i PReati on
or an obgeat exetr ifoutnd laagetdtaruoidtal hsemenerd i @ilefe® by drawing

downwar d- | - These feat.ures provide user Wit h dynam c

navi gat i o%gcgtglé;%bl ?'ht%lrggsq‘thc?péﬂ’sﬁli ngfei o ??e%s"f%ﬂ A gléf?o "B obj ect

| evel i scposephualf modelhe & rta\ﬁelurtﬂmelsyarm_smwrgiam@n Kowéverspebist o t he
posi tion \é('rtah'ﬂamt & dise Y G e%%;&%l&éé" O\?\vﬁ%ééé’ Qéﬁa?ﬁ@ é?s dpghin a

travel box a branch in the tree ca down t | eaves via a
parti cul Zflakieashipsiddatddift RiFriek Vd’etb‘Hf‘ othe h%bb%?‘é%tuilﬁ’le%'he tree. This

can | eadcbﬂsllel\&ﬂaﬂﬁjcght(f‘egahﬂiﬂ ﬂdxel@v&faé ltstt ucteip &F thethe collection
Within the hierarchical structure the

and the gr [ of t e
travel p%’e al% #g\}:é'dj OGC‘{"hee“ttsf)ee expands and partially col | apses
respectivel y NaV| gatl on on either way (object |evel or tree hierarchy)

causes b (y%q{g I éj@??é h:
dynami ca@il yr eI at eéﬁl&? of fer e JIrYt e ggst%%u?gi a%‘\éﬁgﬁﬁ%%% \J/thgver
t he dat ahYPealjddss cadm @(ﬁilofr@lfﬁ}g‘é Wy eckaely| heeer ohinkngepeasanssoan

their sti4ghiulcat kel ateifoh |(’B£§é’e§3t\!\g\/@n aogpfﬂé , l&8n&66aBi bh Tep&asYokOltandl e
_ _anner. The user can 33a| n |nS|g s fromdifferent ersgectlves on the data

and navi &€ TRH U NPT IH PosiETOnti hPtREme T8 1819sy Thspo2 10
attri but aayarutt ket abjeeajmﬁ&mr@e&u/@suream spvtgas| anetsptbeangsr efl ected

on sever ev This, new browsi ec vol vi ng
t echnol o%ly éar e:éssrsuc 25 %oV (Y\Bep%a%a gﬁg%?g %i E% P&l\/éﬁagemant wher e

a user halynertied! SHatersu d?mnf%aqemcyeg@ﬁe%b@d 2 eﬁ&r&ﬁveé%ﬁeaﬁﬁl ng about

their stigtiedd @ dipdd ém@elﬁ@@lrsa@iu&éﬁglébsuoﬁoahenbd@%%&%frmre
and nore inpartant. Additional advantages are accogﬁ i shed

navi gat i SHtiYRET SRITh- sTHPSe AFREF 12| BREi LRTBRASH BEREE: - ét frayhask

ei t her fragmiarovad g mﬂmdgnth@p@ﬁllﬁhew ngfonmationois ehpect-attributes
of said tg or fr o]

navi gat i onceﬁerﬁqa{naﬁl ngtl o'ﬁsest%g QlénE‘XE%ﬂR és E’Egeflea?p(mcti bdi ng the
di rect parssus ndtes mtmeerafwlmyd%scaéémcname@ MPhlngdtbéFeéFeée from

obj ect - atddy R Eol Lis N FESESc e HeLEr BRI 18Rt ¢3kbanodRe agmbledelq POi Nts
and perforns the travel -point-representation-step for said travel points.

Thus t he DYBRARPHIRFOARB" | | 1R o BB pPBY Hlége’alm FPRepEma@nRBNsi dRe f or
navi gat i OrEdlSeddas emlgiré@sﬁ&ﬁrpb@bgeh!'sémbew@s @beadiglfecuilends sihilch

~access the Jeav erarch i.e. the objects th se | eaves are
ooty ot whe b ELBI 6T by, pE.phBTcSrb B R A R PREC, |

ext endi blkypgrivexisousUsens chagrdedveainsor a ctichdyi &oameC}:eEhelecta;oeck s
present ed,¢ ny &hﬁé‘hé‘ﬂ%ﬁi‘é InQ ag%@%@ %“B&%trg&lr)’th'&-ﬁ Lot PHd a user
is |ntereste Inis he can choose the entry point to the data
fromthe %1@@$¢!bun>@th|@nd ‘Féﬂéé?l yhamltat lesgutheist pdarepdnedhe of the whol e

tree strugbsiimert € Rlﬁéﬁﬂéﬁﬂvémyt hﬁsé&:%r Ayt ¢origelt e FotAIG tHridla
advant ages, are acconggl shed % a travel poi nt -| dentification during
r

navi gat i ot $ReFRECR §?F98FUF8 lfﬁlé h, &heyy hag) planpnedt a
hi st ory- neargﬁéi:on-rﬁéepArmhnneenm &hb&bn&@nlo&c‘t r@fedfs 2o a group of
hi story- gntf)fl - el enent the rt'ima\i%l bax, tt he. ur %w QUS travel 0| ni W t h

respect to Sai a"hi s?%?ﬁl?ecgr Hll S usecrfnflé1 per 0”1
travel - poist appeopssnandi enpdpeptory 1|mf5>ninau1|9r12(§r¢;elq;llg)ﬁe:ttnoritw swhichory

functi on 1Rgo4985 BEShBRGOBHOR R 0% Hafdad MG BLPA {dl dhd ter

hi erarchy_he cane, w new path Addi tional advantages are

acconpl i shBdanf of kenoBpEEes angp MedeP efddife M NgTy oihq mEn-directive
object-attributes are lexicalaffinities (refer to the description bel ow for
an understanding of lexical affinities according to the state of the art)
of the docunent and if the object-attributes are ranked according to the
frequency of occurrence of said lexical-affinities.



Based on an aggregation of these features a navigator resul t@ﬁ_JUL ZE 2
representing a powerful tool for exploration of data spaces originating in
the technol ogy area of information mning. 3 Brief Description of the
Drawi ngs Figure 1 is an overview of the GU navigator which conbines the
el ements of the three exploration dinensions of an "attribute sel ection
list", a "hierarchical tree browser"” and "travel boxes" to explore |arge
obj ect collections. Figure 2 visuali es an exanple of an attribute list

di spl ayi mgtat¢ aft briowtsénhginieansappear ualershaayoade:dm wadmedér eehgsbayht ur e,
t he nunbgr (AR i a tribute | | ot i s,.indicated
in brackﬁtks&%g%ie%%%t E}qgtlhr?éﬁt\\,/virycf%%pla ftrtlobl?'?' ggg ﬁf‘“gfﬁi vél%%‘gfi §8§ an
exanmpl e b#eaf Hher deguaments Pres@Ids -n§oms eghenddar.c sipabnayt heal | owi ng a

user to @A&Bleatdedictddrasd WHidh LIRS MaVel Bddif vild it} eopewnganched
for or, if FO eéa?h rratct]éﬁ:xi sts, the ortho ra&hi ally nearest match is

sel ect ed®2EFguf $h GAP 1T A ISP TR HeWSHrE® ™ n an initial state
conprising three travel points displayed within the hierarchical tree

further gl spl ayin b Ok e 008 A2 OBl SRl COMRY | Spci Lhin the

subtree of thesetr points an of said travelpoint to
t he rootSegivhmat e@el Krhdligwe, ddsuaddidattion Mifs steyetyrahdi cating a

zooni ng § a¢beMmaltlitH QRIS S FrdWBfy YEWMRANM IDh GrapHsd Feggle
travel point; by dragging a travel point upwards (ordownwards) the node is
expanded TARAASEEF 10055 (ffe dhctiedm sy d1all D PR Bdepl €82 Phe tree view
area of Big-892vhenayyAdwietldi ® 1 ressel i i diicdast pebda Py edonpeaitdaite

t heroot node.a,.further step;, dragging the travel_polntup again, expands the
subsumed P Sé%ihﬁrrt qlﬁs"gu(?%tlﬁ’eg%e’c‘%& {}hué"kierree‘afvicel\}\?%? P&?gilé‘kg ‘ter a
downwar depeeesntd igft driee Jri el @on f ket inppiprtopert i¢re efcbhdbeareialicount ed
from the ti,gft 1$ AR t NS useLy ahlomad, @ Neyy had m&&w@%@saé,ck}xt@wg the

. i ddl etravel poi nt. Figure 8shows a travel box with a first content; the
t r avel boxX €c@rr eshorRss 10 i teke feavelrPoithtdeienl: BARdPENGWEA n the

upper paktacefi ikt koxher NaybeRt vANRBE RO &04i piover st t tA¥Ek, adyoiditeaf i on

of distanceto root (5 stegs%(, the intra-cl| uster si)n‘ikari:tﬁ. It % in the
upper m @di% "ML %rIeHEIREE B 1RYET U VA TabI EP]F CEREE poi nt .
| n t hel oudmirtizddilen paf t poéséheabiben i $padwwsot hensbarce$ s ubsiiimechsundert

(ravel PUNEIGUE SINONE oLLNEL: BOGI LN 2 26RRA0 BANLERL o ey r avel

box correspon omd ravel box~1n It1ronal in't | ower
part of teheixpanereontrol el enent for navigating downwards isvisualized
allowing to navigate downwards withinthe tree structure to the next node

specified hythe object which is highl|ighted in the.|lower middl ebox. The
"back" btﬁei%'}f"ffd‘v%st?h’éh?r‘éeg?r}ﬁo?ﬂt Tg?ﬂilt%i‘é?bif‘éaﬁ? pr 80P r avel
poi nt (hicdroryddecthat) nonelob dhe) 812602543 Fyguem G6sdlgmss coveryedlbox
wth a tmﬁfkéxggﬁgéts of an information object in a unique way.
Bringing interactivity between visualized structures and a

user into the game shows even more drawbacks and confirms the

T need for a display design with a radical different technique.

1.3 Objective of the Invention

The invention is based on the objective to improve the
visualization of large and complex object structures and the
interactive navigation of users within such environments.
More particularly the invention is based on the objective to
provide above improvements in the context of complex
hierarchical organized object structures allowing the user to
detect and gain new insights in the relationship between the



corresponding to middle travel box in Fig. 7. Figure 11 visuai ﬁed;U&l?UUz,
three travel boxes corresponding to the travel points of Fig. 4.
Activation, i.e. selection of a docunent in a travel box displays nore

i nformati on about the docunment, for exanple its title. Figure 12 reflects
the main interactions between the described inplenentaion object types. 4
Description of the Preferred Enbodi nent ' The current invention may be
applied to any type of hierarchical sfructure conprising a tree of nodes

The treeobteuebunadmay. ke e0fs ARy tﬁ‘?r[@'a@i'dw)in d:od@)tdi}s B}e;}e&t eadeg
said tree-structure may represent ané I)’/pe (0] ects ‘ie)é:fSS accordi ng to

this terAPREFSGy °Lak e GG S EiR! )Fe c‘d]qee‘fﬁ t1dat a

treated as a unit. Further the obj ects may be associated with attri butes of
any nat ugeslghab LOGY ERARASIAL] 23 16 Yl s ects. 4.1 Introduction
The current I nve tron IS rated I'n application to the area of

i nformati on m ni ng technol ogy in genearal or text mning technology in

speci fi cynéhbbjarpliveal IaN taLa MamIRRN AROQAR LN ashd N AiEBELABKEI Ni Ng
is confro ted with e t?\ﬁecr ally large and conplex tree structures on objects

t hus thaf ﬁlﬁlﬁowfé‘rr s G ANEP LA TR Pdse fBh TTHRELURERRE of

i nvent i obhkenakviehs iewn daet 9ed riorthe mdisntrages@fi vheswshigheshed tacki ng.
By no nmeans is the current invention [imted to that particular application
area of text mning. The objects within this area of information mning are
docunent $her dmvamy isourte@chewr |aidietthad mtﬁahi@ ey reni ¢ompebepages, and

ot her. t f OGEHEN re often
used int g?%ﬁlaerﬁlgedfhf)\rl r@‘)]}?[gﬂ%ﬁ %éﬂﬁmam%%i 14 t |ca1téj hug e{:]r:tﬁ%ber of

docurment § HERCHHTE &roé‘&’ralrséast eh Herdly 2 bBFacfe"t’?é?Ctﬁ rﬁfh’gdt%%afeﬂpeﬁl

affiniti Q&p&@se@ﬂﬁmgﬂ@ﬂﬂiﬁﬂjectﬁ dexi e wfdd I’Htixwdtﬁaﬁélec@ﬁpfﬁkébl ar of a
group of equentl hort d| st ance_t

{ througho&teatsrd? Od’ieve‘r?rdgc‘%r‘g e%%?%%“f% |ca MR RPE 3582%"3 hr ases
| i ke "onipodat |rlmar€ysermatwrrpwt@p tmrsivm@teiemlmearﬂfaﬁteres are

gener at egeqré@acrﬁoqa;dafy o M43 106U BT LoSDREL [ifod o £aEka 6OL! BEY RN ot hi n

this application e determned lexical affinities are the
attribut éé\ea@@&ﬁmw P bR gePdeal 1et i t R a3LBRFRYEE WrPR SiRdd

i ndi vi duadradequipyis @U@ﬁ@rt@@ttﬁﬁhé@i@gﬁ/réé dthencappei ed using | exi cal
affrnrtres as theegf)lse terns and. measur es rirm arrt betwe ?ﬁ%he docunent s

(i.e. betWPHTIHEUhjEEt3) H5° cohparihgt v 5‘?%"%? hRseorR “goal
and resuld‘re@‘ ofl ustied taravgsi soistt he depeesemadd obn ofaadsetreef valewsters,

or a clugteld NGy, tgi‘&% 6Pt§it8£H§£f4}ef*r‘é%@éfté’etécgwl&t”})?fe@
intra-cluster srm maxi mze uster cou e ingd as a
group of ‘q;mvei:lt spcr/orrei‘se ﬁ‘re%@?@laP@xnb$er§P¥r‘?$%.‘?t?% EQEhSBiAe NS to the
glne'rrberst oﬁﬂy ;Hehﬁi ﬁf@t»l@l bﬂbusrépgegéﬂﬁtfglmjée‘tcumdnt@fsngemmr}@ of
ocunen ction in e cluster ers . of e

cl uster l?élolngoel%ﬁﬁttsar fwf i gct‘o B ciPtaAth |?1'\t‘,\% gg??nagegﬁtlﬁlré? “ﬁ?e

cl ust ers mrimtarranged in a hi erarchr cal clustering tree where rel ated
clusters occur in the sanme branch of the tree and the simlarity within the

Clusters decreases noving upward to the root of the clustering tree. Thus
W t hi n t fthe rreopered ndevhadasuppeukenther bperasahichd peghnigédsiaind t he

i nnner %éé@ﬂ‘eé eafoMOdASEN! SRN §§eﬁhodﬁct'ﬂﬁﬂt 1€| EéFQé%letsdQﬁ{eeaéf ng
simlarities as one noves_upwards to the root of ree. Moreover the

i nnner nddR® MPRR PeYer ﬁBdeg}aéﬁéfé@éG&PQt ﬁanﬁFPﬁsaﬁ?“tfﬁé'mét"tgr iButds of all
nodes of Xdwge exbehdewritbuhlimbhe®ayt btﬁctuﬁﬁkiﬁgghFoget:h\ie;ry deep

cont 1 gur Ara*afrefigR: BEnAraRa) drcanbstreh ih BrPEPeRY, RSILEt e ep.
Cl usters sidéi spigheficantbyamrelducest theyamguntQos mwspz.@yexs data and
which on the other side significantly enriches the displayed
data. The amount of displayed data is significantly decreased
as the tree structure between a travel point and the root of
the tree is reduced to the path between them. The amount of

displayed data is significantly enriched as the complete sub-



conparable intra-cluster simlarity are nmerged into a single cl Eﬁ;} Et
reduces the depth of the tree and eases browsing or further QE Zu@ The

basi ¢ approach of the current invention is to provide a S|nultaneous
"nulti-dinensional" view on the tree structure which can be fine-tuned by
the user's interests. Basically three dinensions can be identified: a first
dinension relating to the navigation | ocation within the tree structure; a
second dinension relating to the inforfration represented by the individual

nodes; att8érBedbiBASLLPAVLE! Ebmg 59 £he1abkkidbwbes oharast didd dhe
col l ection of docunents. Each di nension can be viewed in parallel to all -

ot her dlﬁﬁﬂngﬁénﬁnBlﬁahPﬁﬁﬁétP6n§h8rSHEV tE&E 6F iPn SEFEAiMET RS i ght
af fect tpeiptes®hetatifoneobellbe at Ineavétlnpbimananslomjleto&nemrﬂiea:ed v idvat

sense theeCYREENhLRENLAN bEARRES 20k ioRANSl MRl G i hogonal

naV|gat|on approac ervi ew on t ogona 1 gives an
over vi ena@dvankageuthasyvthet ssewhiish adMSn@getSI%\t@ldemmfs adfl t<hfe the ee

expl or at bBﬁ'eéhHﬁ‘%' eHe- 1EBvEQeuHBE%r |%Efrt%ri%a 6&1)1n0fthtehe navi gator the
nane of thé collection to be browsed is given, ether with some

i nf or nathbﬁéﬁrﬂﬁtlﬁaébaiﬁ?evalrﬁé§ &ded rede 19@5&’613 SWSIPTY it RABIE ("t op
t hreshol dbj6¢02} and b@hbomttrhte&t&elld polsi@®3on $)|l|t¢ﬂ. n(hle()@olletchelcm ewvd ous

parameters. confi uring proce55|n of th chnl and nunber
(205 of 2 BuBH e Rebor R e o Re PRE) Debdch e He e MO (o

repr esentbea'"sepalate tyr eefstobuet:mse agel mm ealyptd arsgring gro matvhepat i on.
Wien the HgeE+aceeStaist lni glu%r i afyo'inett*i't%df 'era%tlﬁq %&%éécé’;%@f%’:ﬁ ed with

an attri bute select box vis Ilze the attri but i st area t he
attribut @f] the gregriag gfsshe GQfM‘ZG@En16 I Spams, f |“fPCb3rJe‘a‘t3ér det ai |
in Fig. 3tilheaatibhi kuke - r%belrs;leearocth&btee clldis 'usti djeatmEléngear ch

termin the bot t nttleld 1Q7 d the hi hted area.in the attribpute
C1Tst Wil EO afl SR8 GEROPECE T e GPARSLR] HaF MG et (TRAtat  Phut o
(301) V\hlaChohlStOhO(f@tc@di .00 ggraehidaala ythe ossest Jtso xtdfaelJ&ea:rmttetessmd An
attributg,can *&"1 Zﬁ' S/%tdEd ftrh%m toble s%tlterd %z‘d etrPelf fhLee, ﬁéffer ent

ways: The user e the scroll-bar (302) on t e r| side o

attri but é0§éileé’ctawa|Ystaan ogdivoltihet h’rleiﬁﬁ’F teee ha | ysh 4B |I€,Q§I’tt yiordered |ist of
attributegsphRt@d.ng a search termin the respective bottomfield (107) i
junps right to the spot in the list view which is orthographically cl osest
to the search term If a user is interested in only those | exical

affiniti aﬁdﬁﬂlmalccaﬂvaattdg%tama taidtﬁﬁnpnshmi hief esH i elea fr-nd@esear ch

field tltalsesd m L ec% ri%)yec -aqé? {‘%‘f GLAE on 4 8%“&@%%'9%6 list.
Onlythose Sut €5 occur a eas ntlrresa i Spl ayed
non- leaf node is associated with the object-attributes of all
leaf-nodes of the sub-tree of the non-leaf-node. Within said
travel box at least one object-attribute of said travel point
is represented in said travel-point-representation-step. The
travel point is marked visually in said travel-point-

representation-step.

Therefore the travel boxes provide a "second dimension" to
view in parallel on the object structure. This second
dimension is a "content oriented" view as the attributes
related to the semantic and contents of the objects are
displayed. In terms of modality utilization the "inner
properties" of the displayed objects are unveiled. This
approach allows a user to explore huge object (for example
documents) collections and learn about their structure. The



)
" each travelasdheleprigsche tuavehebgvchimestkectien @f1oreapinshes of the

of course one can conbi ne~the different sel ection nmechanisns,, for
first narrow down the number of attributes displayed by usiné]BhJunﬁiﬁbz
frequency search and then do an orthographical search on the result. 4.2.1
Navi gation by Selecting an Entry Point Cicking on any attribute in the
attribute list triggers the representation nethod to performthe follow ng
activities: After selection of an object attribute fromthe attribute |ist
area, showing the object attributes of9the tree structure, those non-Ieaf
nodes, whseh ane ighdndiimsdighiar eMtonh @it eferte gfe ragibest iassocdvat €Hew t h sai d
sel ectedygbpect attribute, are determ ned. These non-leaf nodes are then
sel ected as so-called travel points. 0 5 JUL 20Q 17 In the | ower right
panel, the tree view area (140), the conplete tree is visualized in a

speci fi cAEBRREbNaNN advHrRHfls deti doddip et e tdfpwargsual i zed in

Fig. 4 for the current situation. The current travel points (401, 402, 403)
are mar kBEVEPELAATY StEResdfTSiR i it afladtd Tudfe REFREORCEE oife

cl gst ﬁr sa \i\lxk‘lﬁ;—zh&ﬁ paeivelo g?]diﬁhtﬂ etﬂwétﬂmﬁiéﬂ-@dlﬁhﬁmpﬁéﬁémwt_ﬁoﬂh—ﬁﬁéﬂi ons
and the rgqo the itree.the rect pat romthe curre ositions, i.e.

t he curré%t bfa r%af\(/)éflmepéoiw Ei-‘sh, Su%l & ?lﬁeerptr—o'b?éef $% oev\")l'1Ctoxﬁei“iletﬁi \/é)?hnf;esggcf“ to

t he tr eedownuiagde nindagrateiairh-step claftert g9l iqoiof s tdlkei tdnpbdeeot
sub-treeg ef, L& WA tESMEL, PR S Y ) TR RSN $&nt 8L HHEE L¥eW

area. Fig. 4 1s representing pxact.¥ this initial situation wth respect to
" the detér ReAdPERd Hithhisaid ghildinedmert nawdirayet neoipte The
i ndi vi duglarebjtegiciie iari € UWWRNL &+ nadEs refs aserdethb 6 {Hrther tree-

representation step after selecting travel points ip the u r right panel
(l 88) f o LENCRIGR 1 r?e"ci/re%‘fle’r“ g He gt’(%‘?l e&cgfhp% ﬁ%ﬁ‘?c‘ih%f,’ pggs?“agso- cal | ed

travel bopwakilG,coridoll-3)emsnt epne séowmehrd-conteach-elesént contai ning the
ticul i [ j d.a; box. [ th
Poyour of A e den e ale b0y clUidepetpahe, oyl

layout of a“travel X1sTre owe 01) of

tree, infdgidentak! sisi@Er{idnt Undes 0eah ot hen colb et -heavebupa nt).
That is, all docunents ngch re subsuged inder tgg acéuag_ngde,
i rr espectiQi3& BT HEtTh g2 afREet b PReC he? PRI " SAREEC YoM BGE ‘can be

opened and read by doubl e-clicking (indicating an object is visualization

t I j dj . j Fig. 11 d
the f1 el FEPrOD By es ibrby Sie chi RuoY nai e ien e hATIBAETSK® 1182) o I
t he m ddlcapsdril {8023 eperakting ihetwardimengiges N-Bavigationgenfi cant
| exi cal ffjdud irsyOf ibepbLayslePeidh (RLUEESTA1 BHExEBOMAA naliYyak idid

2002 18 o I'n the upper rlght é803 _of each_object VIEM/EﬁDe|, i.é. travel
box, the Y§iTh IZFFRS<bf tPhEPBoRDRRFESN HIERL"  ERDeRIPYBTERISAEr is indicated
in ~. structure is also possible. Within a travel box a branch in

the tree can be followed down to the leaves via a particular
object, independent of the depth of the object in the tree.
This can lead to new insights about the overall structure of
the collection and the grouping of the objects. Within the
hierarchical structure the travel points can be moved and the
tree expands and partially collapses respectively. Navigation
on either way (object level or tree hieraxrchy) causes both
views to be dynamically updated, thus both views are
dynamically related and offer a flexible and easy to access
overview over the data. The user can explore huge object
collections and learn about their structure in a very
interactive and at the same time easy to handle manner. The
user can gain insights from different perspectives on the

data and navigate according to the position in the tree,



o In the upper mddle (804) the distance between the current cq §steLfJLagg02
the root is indicated, i.e. the nunber of parent nodes fromthe current
travel point to the root of the tree is displayed. Wien a travel box is
activated by clicking (for exanple (120) in Fig. 1), the respective travel

point (142) in the tree panel turns color fromgreen to red, i.e. is marked
visually. 4.2.2 Navigation by Upward and Downward Movenents in the Tree The
user can either navigate in the object yjew panel (108), i.e. via the

travel boxes iblkQs chro tﬂéoa?]é)é%é Ne i BRs & 168 V'%W%lééﬁ?&nvéae he

travel points (141 e navigation step is always mrrored in
bot h pan&esmgTFH ]ﬁfd?%t%ss?‘ﬁeﬁahnlﬁﬂ%l%ndr%y%tmtli”éo%’y“‘ﬂhat t he

"flat"”, &@mﬁmwgqntﬁed Wéywée@wwm@dt@ahwfowaaﬁéa@ogﬁéhlésal way's
related \%tht%ie :ﬁrarchlca (gllectlonb?tructure centered view on the
data. "ERROWe{9, MManAgeamen b ofRextonkant ¥enadement e %r%f t HECZubesr ee
of a certtai midalawel tipoawtoms eidaspy ayene saed elsSen@r¢llnBe$ heLeamliage tree
struct Ur% ?Jto‘%ﬁéixf JLAYELL PO DL - aNQYE{JE:g@t{: e'£‘n& O§Ej(n§fg ﬁ%“e'

(108): I'ng on the uppér green butfion of a tra

i nstance QQSI’C(%UB)bQCFPW@ mwer@eﬁlmerenlramr@mwents of the parent node
bei ng di splayed, thus for an upward navigation step the upper green button
has the fupction of an upward control ele This action is mrrored in
the tree AR IRIET 3PV Ea??iv@FepBFﬁ?mPgE?lé%%anYn‘@ RHELERFFBAT position
bei ng noued taikedl Stepi apvates. Affedb delett?O020fi9% K] obkeay-anthbuteack”
but t on (ref%{ L Of Sy ANCey L P&%‘)lhs aF{-Q? sﬂo&fﬁﬁ ohfEoHSKhRack to the
previ ous p03| i of. The  navi ga or "acordin he”current "I Avention is staring
i dent i f acthjeet fattebehtes sptedandatzeeepetnucmre ngonaYrgat faadi hravelt ree

in a histoyy r@r?é”r@'av 8&?185‘3%%15?&zéﬁ?oﬁxé’{éb”égtéfi‘r\{iﬂé&' PReShHgH W th

respect to |story e current node travel §0|nt has nore than
{ one daughtafTRRMRES h’ée’d%‘érthasdﬁﬁécédH?FFBﬁaPo%%ﬁBﬁ tageNedfFng a

parti cul esgeidesd &ibhsSéehegbu@etgar Mﬁﬁécth@tﬂﬂiﬁﬁﬁé of tspegielyisng a
certain dt[a}bgh er-nodeg é by mgg ef 8I.<| gg on |t refer for
i nst ance 2R DA 0?39T3 £863) 2Pn EREC oP ARGt RER BPFERAY on t he
| ower gr egre bmntc‘wmlf}Q@S?ltreppeseﬁhmaglande%ﬁwafdrnaallgatrene(lo@pn@itse-l enment
initiating a dowmmward navi gation step. That takes the user to the branch

whi ch contains the specific docunent. Thus the navigation can be
docunent -B¥EE et e@ BREPPARBAUSELTRRE YN 16/pBFEANPEYVEBCPedr nthdFE about t he

content ayanéadlenat f@thélvﬂg%'ft&%t Wodla edes. TNavagancwntlen ke tree

wi ndow panel 140 on .qne of the gr egﬁ IE‘_avel poi n?}f for

i nstance $994¢513 Brsfi§ g&“l vatds 5 355§°CuFRS HEAVES. CFhd et ve part
can t hen lhkedanghed tpeor tahe\mbtjle@tlsr aooly thosendebkest nee tddspifagred or
fold. The heSRECLEYEJORHIPRLS dt 1 RhARCh AR e B Sis Are

di splayed in the trav ox representing the particular travel point.
Exanpl e: ®xsapdibhe hisfderlaéltqua?vaeqmmtcr(%@z)law BRI Hrgt%‘lac@r%spondl ng

to the reppReclh¥g hkapelesttdd il & Aediranleensyoved adisd rahdds. 5 to
(501), now e| ng represented by the travel box in Fi Thi rocess can
be it erat 8’ Ya§ Pst E‘I‘?B\ﬁ‘i‘alt‘rlr"ﬁ G wenndssdgirerested a‘g‘ellsp p%‘ﬁn%% nor e
than one héapah chbesusmheh@tejyt herintheopheodata rfafor dHehaatitteibhibe Wy
ol oot = WbEhreateBndY ald: aktrifse UL BRI oL e e ieERR.
tree via $808Ftumresagie @nﬂayertﬁmi Jtlhetltﬁ an’rdirilbelé:(!h Ad sto adeR sel ect ed

docurment is followed. Doing this in the travel box represented by Fig. 9
may lead to the travel box in Fig. 10, paralleled by the tree viewin Fig.

7. Ther ef Bfditaenalagsvarsiages g arEOMRIEhas &Y 15 AHA % el BeRYe1on
{602) resgblintgidenftiiFichtion during navigation in the tree-structure

in a history-record. By means of a history-navigation-step,
wherein, after selection of a history-control-element in the
travel box, the previous travel point with respect to said
history-record is used for performing the travel-point-
representation-step.
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4.2.3 Navigation by Zoomng into the Tree If the root node OQE{H,eU!'ree 'S
sel ected, the tree becones very unreadable and the information hidden in
the structure is not accessible any nore. Therefore the current invention
offers the facility to zoominto the tree by choosing one of ' the zoom
factors (refer to the zoomfacility for instance {410) in Fig. 4). After
selecting a zoom factor, scrollbars can be used to select the desired part
of the tree. 4.2.4 Navigation by Visualfizati on of |ndividual Cbjects A
docunent DUie €0 abijiecthistadehef wpetniash yhed ot e-leds ckhagophiisnatbogbng f or
obj ect Vi j.ec Y, £ e t Vi ew area
(for i nst ance 1%?%1 o%@gn‘ﬁ?ﬂ% t}geetr?aé\/req%&a?% éar}lﬁétgﬁcg)%& in
Fig. 9). f¥%ﬁﬁﬁﬁﬂﬁhwe if the docunent isin a format which has tags for the
title, the title of the docunent is displayed (refer for instance to (1101)
in Fig. 11). .in the | i pe underneath the docunment w ndows when the docunent
is seleclpﬁiﬁl Y?W?ﬁﬂ%ﬁnﬁﬁ%ﬂ??ﬁPW@&%%ﬂﬁ%x&fst?%c?ﬁ?%gtﬁescribed

bel ow ar&dﬁnedhﬁﬁadﬁnumﬁﬁmsﬁaﬁ&%btwEﬂéﬂﬁhﬂb¢tﬁﬂ€ﬂfﬂbﬂté9narénSekabaUhe
term’ Oqu,fft din L ét}te%((g el déée?c} Ne. B opLanpy Leghni cal

|nplenenta |on # ance based on ectoofi ented tec nol ogi e) and may
not be uttre#erﬁstemmwrtm ¢ﬁelé1@b¢ebt@ff{mlteles hecobfetng toQtbe)stake2e@0~ 21

associ at gh 4 Aty fi t?MS Bl ERERE e NPf L | &9§e89d§§t9tbhhest bee
structure) which may be browsed with the navigator . 3.1 Base (bj ects of

the | npl e iFCAFRIRG FP pihe Frequemfecet PeprEEeRtrng Lt RB1Fr ogr am
techni callexguelrent findbies.the attribute list area (refer for exanple to
(106)), contains all values that occur for the attribute that is used to
select the clusters to be displayed. In our exanple the attributes axe al so
used as dlasg@dron abel sggregatisn| abetBesé featurased pevAgstoln reswaits

, contexts SLAIELnd YRCSoRL,B0L oeba AF 6 b5l GYEL 1 BRI 611 BAR0BpAd | but e

can be used to se ects. Thus the conceptual inplenentation of
t he attr|Qﬁﬂ$ﬂm¢%t“%b}éthPsteﬁbﬂPiBﬁYeaEﬁét@fvaP68§PPF§PP TH& iRGde dat a
obj ect s, representrng the programtechnical inplenmentation of the nodes in

the tree strugtuyr al | abl e_as travel points, represent the
clusters.§1$%§egr§e€ ?pﬁ%oﬁnxﬁ ?h éf?ﬁ gre. The node data objects refer
to each other wth respect to therr hi erarchi cal relations. Thus every node

data obj aeginis 10 4{so eregéwaae' REPGUR hiPigdtbl BRLEHELSnbA rielsS

chi |l dren. uster Wi e dlsg g Iinth tree vi ew when th
|sInTreeV'eVVfIag oth?t%lﬁﬁﬁétﬁa?é b hree %éPlOFBFlepaPﬂﬂﬁeéﬂP@ﬁ &F the

terms: Wth tree vigw V\@tﬁﬁiﬁﬁtéOséi.léct’iéﬂaiig@t'l 08 ohltetterbmqeaw ee
obj ect, representi t he g o% gnttechn g |nplgnenta ion ree . view
area (refer for exahpP8s¢ B ))Frﬁﬁgbe Pre8I y-8 Rd8e°4Td FF? 8 D Fh a

obj ect and a travel cbbxeantlonss travel box object are differentiated. The

| SVi si bl ep {Lagol pai 6aLeg, yheLhep xgragg £083a Q0L el 1A lycAvel box

represen on and us a rave he associ at ed nodes are
mar ked green (or redisprhayhagtpdd arewd Eﬁ@sowhﬂﬁé gePermGdedhndiasies t s

travel box can be sgheghedi@set 5@¥8kture; the number of nodes for
which an attribute is descriptive is indicated in
brackets behind the individual attributes.

Figure 3 visualizes an example of an attribute list
focussing on the search capability allowing a user
to enter a search term which takes him to the
attribute he searched for or, if no exact match
exists, the orthographically nearest match is
selected.

Figure 4 shows an example of a tree view area in an initial
state comprising three travel points displayed
within the hierarchical tree further displaying the



0 5J UL 200e 22 point. The selected travel point is displ ?/SdJUﬂg 20802 he
tree view, its travel box is highlighted, and the isSel ecte lag of iIts
node data object is set. At nost one node can be selected as travel point.
Thus the conceptual inplenentation of the node data object is: Node Data:
child (list of pointers) parent (pointer) isSelected (flag) ~,isVisible
(flag) islnTreeView (flag) |abel (text) docunent (text) simlarity {nunber)
di stance fromroot (nunber) The traveljgbox object, again representing the

program t echni cal oI RIERIALAL A A S Pnd BurdeiflLTod Anszanpl € to Fig.
9, contains a pointer to the node data o | eé} it represents. Additionally
an undo stack keepgaviedcpntsl anst diiesinest gatiheh ofctgaid fedvedd to

this travel box objoagit tdushd Nicod et Wi iHHIEMEINS B ehi &Pl Yobgcor d”.
These actions are.t q:e %asgd down novepents in the hierar ht;r Thus t he
i %\‘fg

concept ual i npl eméft 4t fV9Ye B% AR B WhjBe &Ny Pox: anode

(poi nt eFlgumeo 5st delpidtasta Mirqgosiidwnsea With h dveDGi kR dheraved vi ew
di spl ays the nodes, f:Qr. Whj i Tr w flag i "node" as

defi ned above, asi)tohlg‘rt\/;,\,gJ aﬁégqlo% or% %e%ooe e chJathgz o@i“gag%?s ﬁtac')spno

i sInTreeVi ew at t r dgwnevandsel fthergrodeddasiinandathand stihcrulesubedween
these two node typRRidss N1 & Wsydepde explicit in the text. The zoom

fact or %gn be %gj usted and is stored in the tree view object, The tree view

obj ect Ke8HE®a So Rt e 1iRe ehten 13/ Poiftd - thudeFeiR ohBept val
i mpl ement ati on of ntikkilla agrartreW psintress \Beawi mood figsiard (tonbre)

sel ected node (pointer). 4.3.2 Interaction of |.enent.ation Objects Fig. 12
shows the nmain i ntﬂg)roactr}oodnes e%u t:l}lerf hseteope’scdrlga%fe’}%p heerre% %Y%% Blelégt
types. The attri bwre dgain obapandmi tius syppduned ittteeffwathwes. by iterating

over thgigade dat g ADIRUs ARAY: AND PEOPSSE N NG | A0y [ ehdon, BN 2

n
cluster |abel or nore generally an attribute value is selected in the
‘attribute list by M¥MeHt QhcERomMmidikR YRS PRiJPen: 1Thehat FRFBOfe | st

obj ect sel ects therasfeciddentedler doh aciodjedise i) i shéloageby searching
in the node data (aé{rbg]%/ fo({) nodes V\AEQ he res ect}i3ve atrri bg%e val g For
each of these nodé YatA ] 2P R SSAEHIE F1 ayy i %69 3r‘t“ilﬁ§ With
t hese nodes the altgmvehrpaider m nes which nodes are visible in the tree

vi ew (| 0o e ddag 4 seegtdy fodiniona | yytde Ablemtl erhbst-ablgct
initiates the creation of travel box objects for each travel point (a node
dat a obj ect that HEXi¢errespandes Feamidels tndeehiPeintt &n| Fdg-t fAiggers

the creation of thedr&gowsennobh&éChpper part of the box a navigation
arrow for upwards travel, an indication of distance
to root (5 steps), the intra-cluster similarity. It
shows in the upper middle part of the box all
attributes available at that travel point. In the
lower middle part of the box it shows the objects
subsumed under travel point.

Figure 9 shows a travel box with a second content; the

travel box corresponds to middle travel box in Fig.
5. Additionally in the lower part of the box the
control element for navigating downwards is
visualized allowing to navigate downwards within
the tree structure to the next node specified by
the object which is highlighted in the lower middle
box. The "back" button moves the travel point to
the "historically" previous travel point (history
function).
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0,5J UL 2002 24 Wen a travel point in the tree viewis select [
changes color fromgreen to red, and the foll ow ng happens: ﬂ1g 3iﬂ°_I2ﬂgZd
flag in the correspondi ng node data object is set. ~ Additionally the tree
vi ew obj ect notifies the corresponding travel box which becones

hi ghl i ghted. When the travel point is noved up or down in the tree view,
the followi ng actions axe taken: The tree view object notifies the

associ ated node data objects. The nodes data object associated with the
previ OUSFM@:Y@H(PQMHwéJPieEE b3 H3ReLethed thagaagopekhtas its isVisible
flag. The node that now has %econe the new travel point sets these two
flags. To update i9¥RIRPRYIPGeterBéddlenwtEBedt PBFodBsEEY -t He

hi er ar che blr& onneet 4104151 Hes WeeD theeBodesveat Bokest EbggespbhdivRdatse of
their islnTreeVie féa€§? I* t hen getg %he uRda eg.infornatLon fromthe
node data objects T rect Spt °CTRESt PheFiPant - TREEPEE L0 aw o) -ect notifies
the travel box objszlectssoni afed dothmehé dovedtirased| bpa kiisplleysdocunent
data that is displ i e ks u it f t he node
dat a obj ect of théﬁ%ﬁal%ﬁgée a%%?ﬁt%bggﬁ Fﬁ?sngpggggha?fgg%%ﬁﬂ&ﬁg%ks are
foll owed and the ddeinehtleata is collected. Wen a node is selected by

user intef{ggeté on2 ahelr PeCEFEEnENRaRBWI hitaY-8ktRend! beltheholthaw ng actions
are triggered: The travel box is hlﬂ@él ht e | f anot her travel box was

sel ected before it9FFFiRee HBPAPERALEA 8d°§ﬁ§ﬁﬁréyp?ﬁe node data object of
the previous travel point is notified and changes its isSelected flag to
upset. T opj-e a 'qtg 'PQ { avel box object is
notifiedbgggggg%gé?gg ?Esg%gc?zgﬁ%ﬁag%\ﬁ gyﬁﬁiooz 25 The travel box

obj ect .notifies the tree view object which redisplays the tree view so that

. the col O'E‘thCEPEeH{:eYhOHﬁtEBﬂvﬁlapr:iemafgfdc}qwﬁstcf T4 rté%)et ®@reen and the

color of the new travel point changes m green to_ réed,
hierarchical structure comprising a tree of nodes. The tree

structure may be of any complexity and depth. The leaf nodes
in said tree-structure may represent any type of objects.
Objects according to this terminology can be understood
generally as a collection of data treated as a unit. Further
the objects may be associated with attributes of any nature

for further characterization of the objects.

4.1 Introduction

The current invention is illustrated in application to the
area of information mining technology in genearal or text
mining technology in specific. This application area has been
choosen only as information mining is confronted with
especially large and complex tree structures on objects thus
that a browser (also called a navigator) based on the current
invention benefits evidently from the advantages of the
suggested taching. By no means is the current invention
limited to that particular application area of text mining.

The objects within this area of information mining are
documents from any source, including transactions, e-mail,
web pages, and other. Thus in the following the terms

"object" and "document" are often used interchangeably. The



Wien the user navigates via a travel box the follow ng happeBSS &U&&Q@Z
data object associated to the travel box object before the novenent is
notified to unset its isVisible and its isSelected flag. The node data
object of the newtravel point is notified to set its isVisible and its

I sSel ected flag. The islnTreeView flag for all node data objects in the
node data object array is updated. The travel box object changes the |ist
of docunments displayed so that all t he'documents are |isted that bel ong to

tpe EOdetmi@an%/eﬁhgeaﬂdmﬁaﬂ be alaaah@dtist ghathiel Wrda dihe tﬁtﬁéﬁd poi nth ers
of the new v oLnt. The.tra ox .updat es .i t.s .novenent history. The
tree viem/|%§%%§iP?egekﬁﬁplpfnﬁaiﬁfogﬁﬁdggg ?ﬁzlﬁﬁiﬁ%ﬁﬁfgﬁuﬁﬁ?Q gets the
updat ed de¢wremti od Lesdcelbeadddaidyt dsobhectoamedynt ifireref or egromplest dat a

obj ect s,w4£&8, ViBVCAPhBPES ﬂ@qh%a\gqg REXnehi %ﬁ%@&ﬁgﬂg%&%&&ﬁ&and

al ways updated at the sanme tine. Position cul ations. The al gorithm

for cal cCtPEPYBROrRVERPHBA VERr documents -t Egampled & He¥mt al position in
the treecaffbhstissragei ppgtakes NikeeMoailspleay idiraiie tdre yoRydtds

del i t.ed the foll ] .cad t: [/ 5J. U 2002 26 //
Chvor cdfeRdNaES | DenRER) iR RIEE, PR Sebaratesh AR At 1 dhntSet

traverse th
t he val uekeYoare/ speptiiiand naxDepth (depth is the "di stance" to the root

node) //¢hpr BQsnapd; FREEQRAO0S w(iﬁjnjml R3S %E)ﬁllﬁ%‘é@j]%qx fé)%éf%tuﬂ& right //
and are given a unique horizontal "position or later displaying in the
tree vi edgterniggdnbexical aff\inditiiles’ axeatdet pditnidurtesiraceerdngokes
di spl ayi &got & ﬁéﬂé&kﬂ HRIFS Q4R /assodiRtede withd halaieangse is
dlSplangoégmgn%strgﬁxg%gfgkg technology is then applied using
lexical affinities as the base terms and measures similarity
between the documents (i.e. between the objects) by comparing
vectors of these terms. The goal and result of cluster
analysis is the determination of a set of clusters, or a
clustering, such that inter-cluster similarity is minimized
and intra-cluster similarity is maximized. A cluster could be
defined as a group of objects whose members are more similar
to each other than to the members of any other group. Thus
the clustering is used to segment a document collection into
subsets, the clusters, with the members of each cluster being
similar with respect to certain interesting features. The
clusters are arranged in a hierarchical clustering tree where
related clusters occur in the same branch of the tree and the
similarity within the clusters decreases moving upward to the
root of the clustering tree. Thus within the tree the
individual documents represent the leaf nodes and the innner
nodes (non leaf nodes) represent document clusters of
decreasing similarities as one moves upwards to the root of
the tree. Moreover the innner nodes (non leaf nodes) are
associated with all the attributes of all nodes of their sub-
tree.
Such tree structures might get very deep containing a lot of
clusters with only a few documents. Therefore sometimes
configurable slicing techniques are applied in a further

processing step. Clusters within the same branch that have a



public void updateRelations( int n, int d, Boolean inTreeView ) // when
starting, initialize the naximal horizontal position if( n % .0 ( Pos
=0; - if( node(ndJ - null ) return; // we will see the nodglﬁnJ@Hg%aﬂgi i f

/] a) it is "visible" i.e. it exists a travel Box for the node // b) its
parent is visible (i.e. inTreeViewis true) // c) (later here) one of its
child "islnTree" Bool ean seeNode = inTreeView ~) node(nJ.isVisible; // set

the depth (distance fromthe root node)1%ode[n].depth =d; if(

node( n] cosipeafanld finseeNetestef siniDiracyistdlRetyed. iﬁtaTae@'i)nglqge I
set andchg Qggpnnrthe horizontgﬁ pasitﬁon nqﬂe(q&.horP S_=_maxHor Pos++; [/
i nherit SChE Visi b Y- FPBAET hENBaPBRED rdbiethS . FEPRTFRAVPERSS seeNode;

r et ur n; bredks(inig iet nlwueeNeewprosessdlbdeg; i nt suntHor Pos = 0; int

nVi si bl echildren = 0; // loop recursively over all children and check if //

one of themis visible in the tree // summarize the horizontal pos 0 5
JUL 200%Xhe basic approach of the current invention is to provide a

simultaneous "multi-dimensional" view on the tree structure
which can be fine-tuned by the user's interests. Basically
three dimensions can be identified: a first dimension
relating to the navigation location within the tree
structure; a second dimension relating to the information
represented by the individual nodes; a third dimension
relating to the attributes characterizing the collection of
documents. Each dimension can be viewed in parallel to all
other dimensions and manipulations or navigation in one
dimension might affect the presentation of the other
dimensions simultaneously. In that sense the current
invention teaches an orthogonal browsing or orthogonal

navigation approach.
4.2 Overview on the Orthogonal Browser

Fig. 1 gives an overview of the GUI navigator which combines
the elements of the three exploration dimensions.

In the upper left area (101) of the navigator the name of the
collection to be browsed is given, together with some
informational data about values used for the collection
generation ("top threshold" (102), "bottom threshold"
(103),"slices" (104) - the previous parameters configuring
the processing of the slicing technique - and number (105) of
documents in collection). Each element in the area (101)

represents a separate tree structure selectable by a user for
navigation.

When the user accesses the hierarchy for the first time he is
prompted with an attribute select box visualized in the
attribute list area (106); the attribute list area is. also



27 for( int i=0; i<node[n].child.length; i++ ) { int iChild @:p JUL 2002
node[n].child[i]; node[iChild].parent = n; // recursive call for the child
with depth+l and // current visibility updateRelations( iChild, d+1,
seeNode ); if( d+1> maxDepth ) maxDepth = d+1; if(

node[i Child].islnTreeview ) { node[n].islnTreeView = true; sunmHor Pos +=
node[i Chi |l d] . horPos; nVisibleChildrent++jg} if( nVisibleChildren>O) { //
for positioning the node, calculate the average // of all visible children
node[ n] . hos¥abizeduikiogPesterniesialile@hi [Fdrgen;2 } et wirkiblte Addsti psal

Appl | catserchablle: | BHEnhhep T05 ERACH! B0 ACGONA NG A AL Wity

i nvention, can al SO r eadi e system navl gat or.

syst em nab§ 43t b+ 04t cardi Bhet Héggtlétgélt@ﬂ @i e Piisuke al iste

sel ect | o;mlbbxjuwzenae degblwaat &rx]ut @x@ﬁ&l exal cfé'dl;—ﬂtlt high i eng, Oiotbﬁclacur rent
di rector n,t se ection.box net] nes e type
(as a f|%¥ ?e??§;$ Eﬁc el§p QA& sﬂfﬁqﬁﬂrﬁﬁaﬁF?iﬁ¥5 iﬁs%ﬁgpﬁelflc
type aretbéfeeedchStetm all drrectorles are displayed even if they

t hensel ves or none of their subdirectories contain a file of this type.

Wien the user doesn't renmenber the location of the file which he wants to
open a |t dFtaibPBELOERNpRENSCREFE e @ dihvvidttidytiadl igle Hocenent .

Appl yi ngofhﬁhﬁééram'&ffb@éﬁhl agytso this problemarea files and directories
woul d be r,ggresented as " cts s“[lre hi er rchr cal files.s stem structure

woul d be®aS8BcHaPEdCRM Hth €t FE&FO 02 BbridhiniF 1 sughdanct
approach noheoatyrlbﬁté dellebt20022& o hae:ﬂdllle thpasglbuwthet her attri butes

| i ke aut hog {9108 cai}ftgafotrgg Qﬁt? ;ekc. Qfargdct'e_%r eac“{tm; occurring within the

file contents can ere terrng attribute a |ist of
t he val u8sEngegingr adsserchaterne imsdthe grespegteivarkrsitrectiehd (aPde he

or she is heRAKENGifAE. to the spot in the list view which is
orthographically closest to the search term.
® If a user is interested in only those lexical affinities
which occur at least n times, n can be entered in the
search field titled "min. frequency" (108) and then click
into the attribute list. Only those attributes which occur
at least n times are then displayed.

Of course one can combine 'the different selection mechanisms,
for example first narrow down the number of attributes
displayed by using the min. frequency search and then do an

orthographical search on the result.
4.2.1 Navigation by Selecting an Entry Point

Clicking on any attribute in the attribute list triggers the
representation method to perform the following activities:

® After selection of an object attribute from the attribute
list area, showing the object attributes of the tree
structure, those non-leaf nodes, which are the direct
parent nodes of leaf nodes associated with said selected
object attribute, are determined. These non-leaf nodes are
then selected as so-called travel polints.



Instead of a file system navigator showing the conplete file systemtree (a
user typicall is not interested in) the file system navi ga@@' ,ﬁg Dﬁg t he
current invention drastically reduces the anount of data by cutting off

uni nportand data: only those files that match the sel ected val ue and those
directories that contain a matching file are displayed. Thus the search
tree for navigation is reduced signifiﬁﬁntly. 05 J UL 2002 -29 CLAI M5
1. A nethod executable by a conmputer systemfor navigation within a tree
structure,Insdile t teeest rightr panelpr thengrat v eest anee |(44#f0)nodthe sai d | eaf

node © epr &gt age 20-0ll £61 1and1 99Ld LheE ShLUSHULenGAIL Siyg A | east

one non-| eaf "node, sal ar act
travel - meﬁeé%ﬁﬁeg%h@alléhesd@plcﬁﬁérérﬁeaiﬁevl§éﬁée?ﬁ§nhﬂ RﬂQJebst one

non- 1 eaf nage metéayﬁéneogﬁltuaewnt h@hea&tir@eﬁltn%ab%af éﬂﬁ 6ai d
tree-struc Lg %63?1sa| travel -point _to the root of said tree- s ructure is
represent et 1 n e§r9|@ﬁFﬁ?@aV1§H61&MeF8Pﬁe§ﬁBt&BﬁpP€teQﬁﬁ?Q dehef said

travel-pxﬂqurrsntepoesembﬁdofntﬁe|dlhseernlewaaheaes@QWHmtdﬁﬁnﬁ 6ﬁé@ction
of said tr %L £ol-at be%w%:e%"%h P rgi%%ﬁg B% oac"e' p&&
sai d travel -'box represen 06j “eEtrdentrri-cati'ons or a ¢ all
| eaf nodest¥¢e sthd §m§epte9a@h §§pm thavehrp@nhtposltlonsl l e- the
current travel points, up to the root is shown only. With
respect to the tree struture underneath the current travel
points the complete sub-trees of the current travel points

are represented in the tree view area. Fig. 4 1is

representing exactly this initial situation with respect to

the determined travel points. At the lowest level of the

tree the individual objects, i.e. documents, are

represented.

® As further representation step after selecting travel

points in the upper right panel (108) for each of the

travel points (for example 141, 142, 143) a so-called

travel box (110, 120, 130) is represented; i.e. each

cluster containing the particular attribute is assigned a

travel box. Further details of the layout of a travel box

is reflected in Fig. 8.

O The lower part (801) of each travel box represents all
the documents, i.e. all leaf nodes of the tree, in the
current cluster (i.e. underneath the current travel
point). That is, all documents which are subsumed under
the actual node, irrespective of their distance to the
actual node. These documents can be opened and read by
double-clicking (indicating an object is visualization
request), or have their titles displayed (refer for
instance to Fig. 11 and the field (1101)) by
single-clicking the object identification (1102).

© In the middle part (802) the N (in the current case N=3)
most significant lexical affinities of the travel point
(cluster) are shown.



2. The nethod for navigation within a tree-structure accord'gg‘igicl Ry
wherein said | eaf node is associated with object-attributesb LiZﬁdégct,

and wherein said non-leaf node is associated with the object-attributes of
all leaf nodes of the sub-tree of said non-leaf node. 3. The nethod for
navigation within a tree structure according to claim2, wherein in said
travel -box at | east one object-attribute of said travel point is
represented in said travel - poi nt-represthtation-step. 05J UL 2002 -30

4. The netbodnf enenappeat kQRym (03 )2 Jff @aTh! bBGkUie vaesOhdun | 05 chai m 2,
wherein said travi ng{i nt is marked visually in“said travel -point
p. 5.,

represent at i Gh2SE e FHIPHY Rvit§at Aorumenfien I thhe-structure
accordi ng toreapeonévef ctlluesyeredeadiing iclatieds insai.d nmet hod bei ng

char act er | geg DY AN UPAY 400 SN A SEP MRSHELN bRl In SOt i on of 2
par ent - node of a cur nt travel - pol nt’, sal FI’ avele
poi nt - r epr es€uraendncdugtars auut fdrarabati tils daidd cpdednt -insle e new
travel - poi nt npumber of parent nodes from the current travel point to
the root of the tree is displayed.
® When a travel box is activated by clicking (for example

(120) in Fig. 1), the respective travel point (142) in the

tree panel turns color from green to red, i.e. is marked

visually.

4.2.2 Navigation by Upward and Downward Movements in the Tree

The user can either navigate in the object view panel (108),
i.e. via the travel boxes (110, 120, 130), or in the tree
view panel (140) via the travel points (141, 142, 143). The
navigation step is always mirrored in both panels. This
guarantees in a unique and systematic way that the "flat",
content-centered view represented by the travel boxes is
always related with the hierarchical,
collection-structure-centered view on the data. "Flat" in the
current context means that all leaves of the sub-tree of a
certain travel point are displayed suppressing the the
complete tree structure below said travel point.

Navigation in the object view panel (108):

Clicking on the upper green button of a travel box (refer for
instance to (805) in Fig. 8) results in all documents of the
parent node being displayed, thus for an upward navigation
step the upper green button has the function of an upward
control element. This action is mirrored in the tree view
panel by the travel point representing the current position
being moved one step upwards.
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current travel-point, said travel point-representation-step is perforned
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sel ection C&% one 011; o o?leac vig ée obj e’é‘? ]de%? BFEA9 n said
travel - bgdavigation in the tree in a hlstory record. ThlS enables for

the explained navigation step with respect to history.

If the current node (i.e. travel point) has more than one
daughter node the user has the additional option of selecting
a particular document (this selection servers the purpose of
specifying a certain daughter-node or child-node) by
single-clicking on it, refer for instance to
"patent/pat05713.txt" (902) in Fig. 9, and then clicking on
the lower green button (903) representing a downward
navigation control element initiating a downward navigation
step. That takes the user to the branch which contains the
specific document. Thus the navigation can be
document-centered and the user has the opportunity to learn

more about the content available at certain structural nodes.
Navigation in the tree window panel (140):

Clicking on one of the green travel points, for instance
(141, 142 or 143) activates it and turns it red. The active
part can then be dragged up or down the branch, causing the
tree to unfold or fold. The respective documents in the
branch and the statistics are displayed in the travel box
representing the particular travel point.

Example: Assume the middle travel point (401) within Fig. 4,
corresponding to the respective travel box in Fig. 8, has
been moved upward in Fig.5 to (501), now being represented by
the travel box in Fig. 9. This process can be iterated, as is
shown in Fig. 6. As soon as a travel point subsumes more than
one branch, the user has either the option to refold the tree
the way he unfolded it by pressing the "back" button (901) in
Fig. 9. Or he can select a document,-for instance (902), and
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4.2.3 Navigation by Zooming into the Tree

If the root node of the tree is selected, the tree becomes
very unreadable and the information hidden in the structure
is not accessible any more. Therefore the current invention
offers the facility to zoom into the tree by choosing one of
the zoom factors (refer to the zoom facility for instance
(410) in Fig. 4). After selecting a zoom factor, scrollbars

can be used to select the desired part of the tree.
4.2.4 Navigation by Visualization of Individual Objects

A document, i.e. object, can be opened by double-clicking
thus allowing for object visualization. An object may be
selected eiter in the tree view area (for instance (140)) or

from within a travel box (for instance (902) in Fig. 9).

Furthermore, if the document is in a format which has tags
for the title, the title of the document is displayed (refer
for instance to (1101) in Fig. 11) in the line underneath the
document windows when the document is selected (1101).

4.3 Implementation

The object structures described below are the base objects of
the preferred implementation. Insofar the term "object" in
this context relates to the programm-technical implementation
(for instance based on object-oriented technologie) and may
not be intermixed with the "objects" (i.e. the objects
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to (106)), contains all values that occur for the attribute

that is used to select the clusters to be displayed. In our

example the attributes are also used as cluster labels, i.e.

as labels of the travel points. In other contexts when other

types of objects are displayed more than one attribute can be

used to select the objects. Thus the conceptual

implementation of the attribute list object is:

Attribute List:

values(list)

The node data objects, representing the program technical
implementation of the nodes in the tree structure potentially
selectable as travel points, represent the clusters. They are
kept in an array structure. The node data objects refer to
each other with respect to their hierarchical relations. Thus
every node data object points to its parent and keeps a list
with pointers to its children. A cluster will only be
displayed in the tree view when the ilsInTreeView flag of its
node data object is set. For clarification of the terms: With
tree view we refer to the visualization of the tree view
object, representing the program technical implementation of
the tree view area (refer for example to (140)). Respectively
a node and its node data object and a travel box and its
travel box object are differentiated. The i8sVisible flag
indicates whether a node data object has a travel box
representation and thus a travel box object. The associated
nodes are marked green (or red) in the tree view: One of the

green nodes and/or its travel box can be selected as travel
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The travel box object, again representing the program

technical implementation of a travel box (refer for example
to Fig. 9, contains a pointer to the node data object it
represents. Additionally an undo stack keeps track of all
previous navigation actions related to this travel box
object; thus this feature implements a "history record".
These actions are the up and down movements in the hierarchy.
Thus the conceptual implementation of the travel box object
is:

Travelbox:
node (pointer)
undo stack (last 10 positions)
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The tree view displays the nodes for which the isInTreeView

flag is set. A "node" as defined above, as the visualization

of a node data object, has no isInTreeView attribute itself.

For readability the distinction between these two node tvpes

is not always made explicit in the text. The zoom factor can
be adjusted and is stored in the tree view object. The tree

view object keeps a pointer to the current travel point. Thus

the conceptual implementation of the tree view is:

Tree View:
zoom factor (number)

selected node (pointer)

4.3.2 Interaction of Implementation Objects

Fig. 12 shows the main interactions between the described
implementaion object types.

The attribute list object builds up its list of values by
iterating over the node data object array and accessing the
label fields. When a cluster label or more generally an
attribute value is selected in the attribute list by user
interaction three things happen:

The attribute list object selects the respective node data
objects. This is done by searching in the node data array
for nodes with the respective attribute value. For each of
these node data objects the isVisible flag is set. Starting
with these nodes the algorithm determines which nodes are
visible in the tree view (1s8InTreeView flag is set).

® Additionally the attribute list object initiates the
creation of travel box objects for each travel point (a
node data object that has its 1isVisible flag set).

The attribute list triggers the creation of the tree view
object.
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¢ The isSelected flag in the corresponding node data object
is set.

® Additionally the tree view object notifies the
corresponding travel box which becomes highlighted.

When the travel point is moved up or down in the tree view,

the following actions are taken:

® The tree view object notifies the associated node data
objects. The node data object associated with the previous
travel point unsets its isSelected flag as well as its
isvisible flag. The node that now has become the new travel
point sets these two flags.

® To update its display the tree view object processes the
hierarchical connections between the nodes data to trigger
the update of their 1isInTreeView flags. It then gets the
updated information from the node data objects to redisplay
the tree view.

e The tree view object notifies the travel box object
associated with the moved travel point. The document data
that is displayed in the travel box is updated with data
from the node data object of the new travel point. For this

purpose all child links are followed and the document data
is collected.

When a node is selected by user interaction and becomes the

new travel point, the following actions are triggered:

® The travel box is highlighted. 1If another travel box was
selected before it will not be highlighted anymore.

® The node data object of the previous travel point is
notified and changes its isSelected flag to unset.

® The node data object associated with the travel box object
is notified and sets its 1sSelected flag.
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® The travel box object notifies the tree view object which

redisplays the tree view so that the color of the previous
travel point changes from red to green and the color of the

new travel point changes from green to red.

When the user navigates via a travel box the following
happens:

¢ The node data object associated to the travel box object
before the movement is notified to unset its 1sVisible and
its 1sSelected flag.

® The node data object of the new travel point is notified to
set its isVisible and its isSelected flag.

® The 1sInTreeView flag for all node data objects in the node
data object array is updated.

® The travel box object changes the list of documents
displayed so that all the documents are listed that belong
to the node data objects and can be reached iteratively via
the child pointers of the new travel point.

® The travel box updates its movement history.

® The tree view is notified that it has to update the

display. Thus it gets the updated information from the node
data object array.

Therefore, nodes data objects, tree view objects, and travel

box objects are interconnected and always updated at the same
time.

4.3.3 Pogition Calculations

The algorithm for calculating invisible parts in the tree
view and horizontal position in the tree (this is required
for proper display of the tree view) is delineated by the
following Java code segement:

//
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// visVisible"™ means that there are travelBoxes displaying
// exactly this node

// "isInTree'" means that the node is displayed in the treeView

//
public void updateRelations( int n, int 4, boolean inTreeView )
{
// when starting, initialize the maximal horizontal position
if( n == 0 ) maxHorPos = 0;
if{ node[n}] == null ) return;

// we will see the node in the tree if

// a) it is "“visible" i.e. it exists a travelBox for the node
// b) its parent is visible (i.e. inTreeView is true)

// c) {(later here) one of its child "isInTree"

boolean seeNode = inTreeView || node[n].isVisible;

// set the depth (distance from the root node)
node[n].depth = 4d:

if( node[n].isLeaf ) {

if( seeNode ) {
// for a visible (i.e. "inTree'") node
// set and increment the horizontal position
node{n}.horPos = maxHorPos++;

}

// inherit the visibility from the parent

node{n].isInTreeView = seeNode;

return;

node(n).isInTreeView = seeNode;

int sumHorPos = 0O;

int nVisibleChildren = 0;

// loop recursively over all children and check if
// one of them is visible in the tree

// summarize the horizontal pos
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node[n).isInTreeView = true;
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sumHorPos += node({iChild].horPos;
nVisibleChildren++;

}

if( nVisibleChildren>0 ) {
// for positioning the node, calculate the average
// of all visible children

node[n].horPos = sumHorPos / nVisibleChildren;

return;}

4.4 Additional Application of the Invention

The teaching according to the current invention can also

readily be applied to a file system navigator.

A file system navigator according the state of the art would
display a file selection box: When a user wants to open a
file the content of the current directory will be presented
in the selection box. Sometimes the file type (as a filter
criterium) can be specified so that only files of a specific
type are offered. Still all directories are displayed even if
they themselves or none of their subdirectories contain a
file of this type. When the user doesn't remember the
location of the file which he wants to open a lot of

directory paths have to be followed to find the document.

Applying the current teaching to this problem area files and
directories would be represented as "objects". The
hierarchical files system structure would be associated with

the "tree structure". According to such an approach not only
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a travel-point-representation-step,

wherein after selection of at least one non-leaf-node as travel-point only
the path and non-leaf-nodes in said tree-structure from said travel-point to the

root of said tree-structure is represented in a tree-view-area; and

wherein the complete sub-tree of said travel-point is represented in said
tree-view-area, and/or afier selection of said travel-point, a travel-box is
represented for said travel-point, said travel-box representing object-
identifications of all objects of all leaf-nodes in said sub-tree of said travel-point.

2. The method for navigation within a tree-structure according to claim 1,

wherein said leaf-node is associated with object-attributes of said object,

and

wherein said non-leaf-node is associated with the object-attributes of all

leaf-nodes of the sub-tree of said non-leaf-node.
3. The method for navigation within a tree structure according to claim 2,

wherein in said travel-box at least one object-attribute of said travel-

point is represented in said travel-point-representation-step.
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. he method for navigation within a tree-structure according to claim 2,

wherein said travel-point is marked visually in said travel-point-

representation-step.

5. The method for navigation within a tree-structure according to any one of the

preceding claims,
said method being characterized by an upward-navigation-step,
wherein, after selection of a parent-node of a current travel-point, said travel-

point-representation-step is performed with said parent-node as new travel-point.

6. The method for navigation within a tree-structure according to any one of the

preceding claims,

said method being characterized by a downward-navigation-step,
wherein, after selection of a child-node of a current travel-point, said travel-
point-representation-step is performed with said child-node as new travel-point.

7. The method for navigation within a tree-structure according to claim 5 or 6,

wherein said parent-node or said child-node are selectable in said tree-

view-area.
. The method for navigation within a tree-structure according to claim 5,

wherein the direct parent-node of said travel-point is selectable in said

travel-box by selection of an upward-control-element.
9. The method for navigation within a tree-structure according to claim 6,

wherein a direct child-node of said travel-point is selectable in said

travel-box
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by selection of one of the following:

an object-identification in said travel-box,
an object-attribute in said travel-box,

for specification of a child-node, and

by selection of a downward-control-element.

10. The method for navigation within a tree-structure according to any one of claims
2t09,

said method being characterized by a navigation-initialization-step,
determining, after selection of an object-attribute

either from an attribute-list-area, showing one or more object-attributes

of said tree-structure, or from said travel-box,

the non-leaf-nodes being the direct parent-nodes of leaf-nodes

associated with said selection object-attribute, and
selecting said determined non-leaf-nodes as travel-points, and
preforming said travel-point-representation-step for said travel-points.

11. The method for navigation within a tree-structure according to any one of the

preceding claims,

wherein a travel-point-identification is stored during navigation in said

tree-structure in a history-record, and

wherein said method comprising a history-navigation-step, wherein,

after selection of a history-control-element in said travel-box, performing said
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12. The method for navigation within a tree-structure according to any one of the

preceding claims,
comprising an object-visualization-step,

wherein after selection of an object-identification from said travel-box,

or after selection a leaf-node in said tree-view-area,
the contents of said object is visualized.

13. The method for navigation within a tree-structure according to any one of claims
2t012,

wherein said object represents a document.
14. The method for navigation within a tree-structure according to claim 13,
wherein said object-attributes are lexical-affinities of said document,
and said object-attributes are ranked according to the frequency of occurrence of
said lexical-affinities.

15. The method for navigation within a tree-structure according to claim 13 or 14,

wherein in said travel-box the N most highly ranked attributes are

represented.
16. The method for navigation within a tree-structure according to claim 7 or 8,

wherein after selection of said parent-node or said child-node said tree-

view-area and said travel-box is updated representing said new travel-point.
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18 A data processing program for execution in a data processing system comprising

software code portions for performing a method according to any one of the

preceding claims.
19. A computer program product stored on a computer usable medium, comprising

computer readable program means for causing a computer to perform a method

according to any one of the preceding claims.



