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30 Clearly, the lack of an order of attribute values adds additional
complexity. This is because there are exponentially‘many ways in which
the categorical values can be totally ordered. However, it is un;ikely
that all such orders produce equally effective visualizations. Ma and
Hellerstein identified the problem and showed that the quality of the

35 ordering algorithm is crucial for effectively visualizing categorical
data, see European patent application No. 00309231.9; S. Ma and J.L.
Hellerstein, “Ordering categorical data to improve visualization,”
Proceedings of the IEEE Symposium on Information Visualization, 1999; and
S. Ma and J.L. Hellerstein, “EventBrowser: exploratory analysis of event

40 data for event management,” DSOM 1999, the disclosures of which are
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30 without inposing any prior assunption on the data. To do so, the present
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proposed in the above-referenced U.S patent application identified by

35 Serial No. 09/359,874, is based on hierarchical ordering. The approach
provides for iteratively grouping the closest pair of points (in respect
to some similarity function) and replaces the pair by a single point. The
points are thus fashioned into a strict hierarchy of nested ordered
subsets. The length of the shortest path between any two subsets

40 corresponds to the degree of their similarity. Censtructing a global
ordering reduces to locally ordering pairs of subsets recursively in a

bottom-up fashion. In this approach, a strict hierarchical tree can not
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advant ages of th resent .invention will become apparent fromthe follow ng
det ai | ed%@%‘%tratl ve enbodi ments thereof, which is to be
read in connection with the acconpanying draw ngs. Brief Description of the
Dr awisngs The present invention provides techniques for ordering categorical
' attributes so as to better visualize data. In a first aspect of the
invention, a computer-based technique of ordering categorical values of
one or more. attributes associated with a data set comprises the following
steps/operations. First, the categorical values to be ordered are
40 obtained. Given these categorical values, the task of ordering the
categorical values is then formulated as a continuous optimization

ordering problem. Once the task is formulated as a continuous




FIG 1 illustrates a scatter plot where the y-axis represents host 2p ids
(identifiers), the x-axis represents tinme, and host ids are assigned

random ngkﬁ&sg.)?Bi s a block diagramillustrating a generperipssighiization

25 system _ is a block diagramillustrating a systemusing an
ordering nmechani smaccording to the inwention as a part of data
preprocessing; FIG 2Cis a block diagramillustrating a system using an

ordering 30 nechani smaccording to the invention as a part of data
managenment; FIG 2D is a block diagramillustrating a system using an
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al gosi t hm flersoradepirigract hdi FgPEEDRAEMERBONT MEAE GF FHEE TR I8N S
inventi ofuge aWR16124 146ESSO? in RCO+EBLE24:0014 7dataFrBraliijag ian filvewerdi agr am

[1ustraiing g sRechial.akagiiidimd of soedering which handles multipl e
attri buteS according to one enbodi nent of the present invention; 5 FIG 5

is aflowdiagramillustrating a multi-Ilevel spectral algorithmfor
ordering whi chn frmsdpeerdiastie Bt 8t SRABEHICOP PG TH "Gnd tg‘ﬁ%ofcﬁ RERE- Pt he
presgnt tameptien: vEls 6siscandnaguamptidisstiat Pagerdng exahpieraf results
of a 10 gynlx;}rl_sjeeé/o%u§ﬂgcgr@m1@$ﬂQgﬂrﬁM§ Xz s0R 08T itRY AEsrdA] vhouanes

enbodi nent "of the present . invention; .and Fl 4 L1 ust ¢ at exemy.ar
har dwar e *PRENEN ERET ot F P & e VrI\|IIg hSl(I)“ﬁgarolrtgn%arterllér gr%ﬁ?ﬁ?%ﬁ?hmr Y
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accor di ngote muhbiiseerrarehionts [EeaPedr REEr MPtto67e PP T 8aY

Enbodi neabsprie @ipaents Ay enbéontpsovildes vt sermvirgiedsi o fordervag

cat ggori Bgingzg abdin L DU L Re SR raScdBubst betwatnSthad icateddal éal balge dosmng, the

present the same attribute, and a second type being a similarity measure computed

between two categorical values from different attributes. Further, the

step/operation of forming a task to order the categorical values as a

continuous optimization ordering problem may further comprise computing a

20 Laplace matrix from the similarity matrix. Then, the step/operation of
computing at least one continuous ordering solution to the continuous
optimization ordering problem may comprise finding the smallest positive
eigenvalue of the Laplace matrix, followed by obtaining a corresponding
optimal eigenvector from the smallest positive eigenvalue of the Laplace

25 matrix. The categorical values may then be ordered in accordance with -

corresponding values associated with the optimal eigenvector.

In a second aspect of the invention, techniques for ordering
categorical values relating to multiple attributes are provided. In
30 accordance with such techniques, prior to forming a task to order the
categorical values as a continuous optimization ordering problem, the
categorical values relating to the multiple attributes are mapped into a
set of objects such that the above forming and computing steps/operations

are performed in association with the set of objects.

35
In a third aspect of the invention, multi-level framework techniques
for ordering categorical values of one or more attributes associated with
a data set comprise the following steps/operations. First, the
categorical values to be ordered are obtained. Given these categorical
40 values, the categorical values are modeled as an original graph structure

with vertices being the categorical values to be ordered and the weight of

an edge representing the similarity of connected vertices. The original



invention, as will be illustratively explained below, may be thought of as
focusing on the following three issues. (1) How to devel op fast, yet

ef fecti vgvcfgbg(%;gtzhns. The problem of 25 ordering categorigat,cggddigan be
fornmul ated as a conbi natorial optimzation problem which is an NP-hard
problem This inplies that the optimal esolution is not likely to be
obtained within polynomal tine. As results, nost research efforts relied
on conbi natorial heuristics that only give near-optiml solutions. For
exanpl e, the previous Ma and 30 Hellerstein work rrl.echcSed A he qrdering
probl em gxpPa HEWCFEENLENTIRE APRCEHTERT And WEGT R yreedy Reuristic to find
an appr oxégERtbametogtdpe bamnick o avhgzaith vewhiqss PRt GRYFE defiedrah

orderi ngy , HOWeVSI-rufe RBUINhSlbe @egas ivkhtaxmay beoerddregrirposimettici ent or
not provide the best solution (typical .t h I tiadeotidnrbeiomeen t he
. run-time 6t 8RR Sgo?r.atp ms%rﬁlﬁtg‘ée %Ee&?le%%deﬁés%%ffﬂ&r oxi mation_found by the
al gobi t hAytindeHernr REEELEh BPFUFPE- hdVe Propted ?@%afo?rr?ﬁrsovgé: nt

t echni quessuceute ,ist prdynted basy sheershapprsactrighndherapbver1¢re? efCed

G bson Wor keaEOrLesdiRched Hpl fepupted eideriMidseosimhdseancthestriatiogl es
typical | nage. to_capt ur VAN in egdl-ansi@ngd pakterns in
relative f/a%z’nﬁ%u%%%ﬁss, m?f% Fﬁg%lléﬁ)?%%ﬁgs‘}zfgegr&%et%eor etical understandi ng
of t hesevstyeatetfil@s. SYR ®Best, there are sone theoretical anal yses of
speapbal cases, but no general theory has yet been devel oped. It is

not ori ously hangkd Qné easen @heuts,t Beatur¥¥ Qnili(dnFagd2 o8 METHERORY | 11117
quality Ogvgnr%gor(ljrwda_%?i t%kc!:ogugda tpggex;tl REort RAL 4:3K6Si g8 @li 96 ideBEB pt QorC @AVEr ge.
Al of these nake i ard to optain an appr eximation . guarantae, |

accor danéel it At ¥fe P UL BAETS ﬁ{}"errﬁ"i‘a'brﬁh @ “Forful at &1 he orgerl g Brobl em in
a fundament aldcympirfvies elvawiegr-t hat allows to avoid 5 intractable
combiznatorial formulations. (2) How to order data with nultiple categorical
attributes. Oten, data in real life has multiple categorical attributes.
For exanple, a systemevent has at |east two categorical attributes: event
type andBhs Dpapmpiption \gfsthe DFaWIngs t echni ques, such as 3-di nensi onal
scatter plots, and parallel coordinate graphs, enable us to explore

nul tidi mensi ogak . datia; . &:888d ¥, séaiag dibesadreciny ques sf asprebéast hvsl y

vi sual i zi, or e di.nensi Qns requir [ t o spondik N categori cal
at t ri°but éng ef‘?)%ﬁflcr)s t %ﬂgc%%g%ﬁ%?ﬁ%egr@%ee}?‘%haglldggésirttehin n or de;il to

handl e a afgeyanount of data. Today, it is not uncommon that a |arge
volune of data is stored in a database. This provides val uabl e opportunity
for di scoveringei Nf0rBBS 0Bk HowgMar i1 handiiing & Jearge ampuntzofiodat a
presents Sasgrme,at chal | enge of devel oping an efficient algorithmthat scales
linearly With 20 respect to data. Al gorithns designed for small sized data
may ¥r eak down when anal yzing a | arge anount of data. The present invention
provi des a newiappz®asha frabcprdesidngicatsegoringak datean tisabg addesegéesg t hese
three issues, . I h ; tai n LeigBhsocKElieffective
al gorit hﬂeca%mgévé\?%ﬁdg‘%%ic&%f 2%2ﬁ?@gg?%gghgs%rgsoffggggﬁdgt he C(;%bi nat ori al
conplexity of previous fornulations. One key idea of the present invention
is to fornul atRBGt heC drderilnegk pHebrasmi bsusireoiidi AuBES D PISIRT 28t PR “pPEDBbl em
Thuszg t heneRhgersnnNgc &R dahgaki timniaferthen iasventarono frayite ormprysgent hr ee st eps:
(a) translating the discrete ordering problemto a continuous optim zation
probl em (b) sglvi the continuous optim zation . TRPPI Ng
an opti nal corﬁIiGnug’gsLss%Ibu °|C%nﬁfgr?“hémc‘fsécgae‘%tngdFs%sgtg Jéqlsgéflg% ?O%Qe'lr'gﬁ gchi eve
(a), we resichrnisveadtarding difese dBRRTAST RS PrPATet Sr FE¥SRdi ng di screte 35
formulation. That is, instead of finding the best ordering, we aim at

finding the besls CONLNHOLS, "BARLEY hDad ABDSy A bPidtabl cayegakinCalr val ues
to real numpers; (SLER;LE) S OhY bSO PHO S 0BL] Thealklhan problem

af

FIG. 3B illustrates a scatter plot where the y-axis represents host
ids (identifiers), the x-axis represents time, and host ids are assigned
40 in accordance with a spectral algorithm for ordering according to one

embodiment of the present invention;



" obtained in (a). 40 W will illustrate, in enbodi nents bel ow, that the
continuous optim zation that we fornulate has a special structure that
makes i tg’%@ﬁ%@f’ al though the original discrete problepgigpMoniard. This
WO U2107 /GBU2/ U1117 9 enables us to devel op a spectral algorithm
that gives the optimal solution. For instance, our algorithmuses spectral
(al gebraic) informati on about certain matrices derived froma graph
representation of the data. Qur algorithm generalizes the al gebraic tools
devel oped for the 5 graph partitioning problemin WE. Donath et al.,
"Algorithns ferc.paristd 6hewngiguaphsl antratdRpld EPeFogic2 PRSet  ohCr

ei genvect 05s:k £QPASRLLOSN: ML fiesattrifMeTeadmiccaty Bb splcosurodimult efin 15
(1972), no. 3, . 938-‘_%;4'_ and M Fiedler, "Al gebraic connectivity of

gr aphs, " tEﬁe"Eﬁfb‘g ovAKC Vet Wemat i cal Journal 23 (1973), no. 98, pp. 298- 305,

t he di scl osures of 10 which axe incorporated by reference herein, in a way
t hat scan be used. toisal eow heaprated g tpridBeemrulbstlieyel SPEET™he obtain t he
cont i nuoug salHk lhf%@ oﬁe%@n%%iempﬁnaml COffel aamuszt/salauesrdi@gw@em@ﬁ Elcr ete
space. W hot.e that. even gt , ution to the continuous problemis
opti mal , eﬁﬁ% i ﬁﬁt i £ tpﬁgeS%%ogré‘;se[mé?@cr ete point does not necessarily give
the 15 optinal discrete solution (although it provides a good

appr oxi mat i on)FIGHEver dimerarot blustiart inHeaprsttdm of “eshstY 68t ng an order
of g dat g,$et-1ksef Updanmnt aldoyi ehinf frer entiefimgneoorginucei ere anpainey 6hi ng:
the relaxation provides .a,valuable visualization interesting in its own
right; henée’ nmappi ng a conti nuous solution back to the discrete space is
not 20 mandatory. Now, we di scuss how to generalize the aforenentioned

al gorithm for @deali ng1witrat&ailshi pteapaidy hitwese iReakndnittelafater of¢ et thas

mul tiple attributes. Mny yi LAtLON 4t 8£hAl guesnbamgoheen devel oped to
expl ore 5%t te "PET atonsHi Bi‘g"#%tdﬁe val ues %f nul ti BI e attributes. For

examd e, 3-dinensional scatter plots allow to draw three di nensions. A
paral l el plot uses a series of parallel axes, each of which represents a

single atfributedomBi oAotsRl-ghted kiRasegmmNt connecting val ues on

consecutive axes 1 ndicates that the data set has at |east one entry 30
containing both of these values (as the values of_ the Cfor.res QQ%i ng, 1
attributes). THe prefentngvsrEBINeRT TEAPT itEEL 4EPDIIT TTFHBUtE VA liés on the
axes,d N sahiputsaysd hat téo nerovesitked ive sghki zanri on AeLyDhi ERe IPFesThe
obj ecti ve, S Lo M ol Mz dhel nyrber: @iy esgea nieasisd 1ngs )nayNot ecnbht: bhes
situations here are hcogﬁ]lio%%eq by, t,hg. dact that there are two or nore 35
cat egori cHICIAHYY PBUTEs ST HAY *Réed to be ordered simultaneously so that not
only an order of each attribute has to be satisfactory by itself, but also
the order (nustidetsatdvsiamtiory, wet hefifespaet 2 aoréatt ot er PTINSF ¢dd of
ordering gagh:a} hibyecgomRLa dandepentantiyy dshe gmbseribrizivention creates
a_+het er ogengons: 1 1681 o1 dR1 NGt ke liGRLCSORESn A FRODISAGI 6 tihe 46s

a I but e’ do

val ues of “atll attrl bj mains to values in a single | ialbfie.
advant age®Ridfg! rodBFASs 18 HPSi $878Y of° %8e°p|tﬁ§n% " the Blr)idg?f‘na sn..

synchr oni seruiks h reat hreoepregh eTEPXEBt EACA RapPrHG I ehePVaL eSS 0?8 WO
02/ 07559240, BGId @BOR/cbt1dl7 sspenihs £ att eikbuple, domaipneviche Ysr esént

i nveEBi on,t akes. L:he,ar Lespading efdiheSroBrihechetmmnopeneau eatmppi ng (the
hete Ogeng?gbsleg,a%@dngsesdplal érseeh{r]th()euggs@getnoe%lilf?d %pgﬁﬂg§lmation to the
Hamiltonian path, which in turn defined an ordering. However, a heuristic
algorithm may be either too inefficient or not provide the best solution
(typically, there is a tradeoff between the run-time of an algorithm and
35 the closeness of approximation found by the algorithm). Other research

efforts have proposed local improvement techniques, e.g., the dynamic

systems approach in the above-referenced Gibson work, force-directed
placement, etc. While such search strategies typically manage to capture
many interesting connections and patterns in relatively small graphs,

40 there is no adequate theoretical understanding of these strategies. At
best, there are some theoretical analyses of special cases, but no general
theory has yet been developed. It is notoriously hard to reason about the




5 Although a spectral algorithmgenerally produces high-quality orderings,
it may be nore expensive than other nmethods. For sparse matrices, the
Lancoz i \\?(59}/670%50' ves the symetric ei genval ue problem p@n@;}g@ﬁ@t@ﬁ
Q7?1 TN practice, it may be slow for an extrenely large data set.
Furtherrmre the graph froma real large data set is usually 10 highly
overdetermned, i.e., it may contain nultiple vertices wth al nost

i dentical adjacency structures. To scale-up our algorithmto deal with a

| arge anount of data, we develop a nulti-level ordering framework for the
graph pagdditi@romprnbleeter fHyeamenbe i ik ddwti 52ke6 HipPoITHENRS t*Re ori gi nal
graph by, v@gggenggl Qfr sl Rike COMSArtOBPBainAamexippt@iebttwar ser graph 15
i's formed | apsi g Pdllc%_h‘%t\ée{ﬁé %?ése\éﬂttfhv%hmdrarw@cho@cﬁﬁh&)é sid uct ur es

into a sf a@?ﬁrltnac e coarse rd The | ting
order i sotdrAnprRypayt éd %éékdi“ﬁnfﬁjelyofsi’rfgﬁ%ﬁﬁ t wa% 1%‘ by 5 nt er%olagﬁg

t hr ogigh theasegpiencendhatatiet nedimataigraphs (and refl ning the ordering as
we uncoarse it) In doing so, we linearly decrease the size of the graph,
20 and thg)s reggderagatrgg§,lwmhwgylel&t%gm@y,atqu&b\w@»gentmanprdmdes
t echni qu “bridefing cat egor i cal Jhich comprise qne or, apr&e,of the
fol | owi ng® J(ela)1 Birfee P9 BP%‘fﬁpl§p‘éa€‘tef33Tlc§ %rlrfL]ﬁ for sol ving the ofdering
probl eny e¢&)t new aZSlemhhwqwesesfq;FCWaﬁ@FFr‘Pgltﬁiul eV Pte t¥RT EG6r Pesg name-
attrjbut §§su3@_|1dat(l%)1 BeBBNQIA], Hidr as chidtednss oldmecégrrseiatisnggitche

al gor'i t hie tlcl Yer%rﬁﬂa‘l@ datds, Vé%aﬂ?é %st b@texém}fehﬂlﬁltaapfwislla@ﬁ @atare of

the inveRETo Si hice numner | st i ors for a
l'i vi ng, Fﬁ%?”elm susingothest FFPELT1Ra Oer r‘eggdcé{veIS W ngb e o\ﬁ\gﬁ%e in doi ng

so, e.qg. dES%IslbndorraqylﬁeﬁomquMWﬁo?o&trFﬁﬁPndWﬁ §3F6$9r66"\f5'r1§‘t663rki”i §h" of the
detail ed description provides an explanation of illustrative enbodi nents of

t he pr esﬁ@? I r%l\égnéd ggaleFlufn Stj_"h’e gg’cietrlﬁg Qflg@fltmlﬁ 1S oY8ed Sodesnnkbedakse t er ns

“vi sualizatlon system and then il | ustrative . a |{,Mf9§dt
i rrpl errentaf“ﬁ*g“tt Ré ‘Frté‘serﬁ"dia%’\/éﬁtfoﬁlogruenc €scr | ‘B%td % !I!lglg{tal © a2 oa

2A
depi cts atgeserinca Vasekesez atThoA REPSEEIS Jatipras OPPBFt‘ﬁ%ﬁﬁpﬁoé" dhﬁ:ovﬁrm stem
descri bed_nwrr&ai&eoﬁbouewervefcer}emaeﬁagUaSLq:IaEemouappilf i daitd presEAtd f9redt by
Seri al N%'ha??én%égo@%éveﬂokhﬁ agnef]itilc){egt? 21d999nm amdt estailb s ed néSyist eimer and

Met hods for | or at or S es:L t lem ze 24 L8652 d0wn
PCT/2@B02/¢589497 tilgaﬁﬁna éﬁe %/t%m Dgeoaffjé]gurgyj'erégm? ::éﬁtle incor po?at ed by

referencevhher@aﬁyzje?%bédﬁaﬁéﬁtaénoﬁf‘tM| E#t%re also referred to as an
"Event Browser." The visualization systemhas three nmain conponents: a data
source 210, a ﬁ%@r&%ﬂ@&%ﬁfemlo@gﬁﬂv@dé’é(é nénGpyi@War sor230derfhe data sour ce

stores dat orlc c?at ac;cgcesséry%hg% anPENaganRNt amyieaspEEWérges basi c
dat a querﬁ? 8 erat ons mal ntenance in-menory data, and provides

corr&spondence anong viewers. A viewer provides a mechanism for visualizing
data using a predetiimedn agpiowch; WchiestiTsaasrZattorst RMiPHUes (e. g.,
scatter FHthf}srerﬁzUHWo'aZﬁtdooﬂs ttﬁcamlquelse cehiginafoniz@wernplex ol s of repdesi bl e
for 10 i n{oer 844,08 W bhe 31 §§rthe':ﬂ>@em_23mv2&%manﬂs 2D sdhawi ity ere

atio ri.n echpobqlégs ohul NenknyeRt Lo may

vi sual i zat1on systens I n

C
be enpl oyFdeFHPUPE PR BNES \an%rbu‘?ﬁa'fs Ogtmlzgtloﬁ Fin ori thm or_ engine
whi cip enphlapsi tire ofEttRotBIcog] s "B CFPEHRE F*Pl‘iﬁ?nf?‘?ﬁ? é \RH’PSlBElﬁﬁﬂau ned
i n detailahelkevs orbyring prophenest ed-dnhididuferresnnijaddar irRyRsLlem 4°)
visual i Zaédlqgﬂé%Eeégrftgn&fu@espgl%:LYé’cﬁloq Shdbli 84 2 Bha ady andrpges . anFbfk in2B

illustrates that an ordering ani or Lk ngife, 0af e
i nvent i onSHy " BY LS AL" & phY ?S? dat gwr%ehr%cgsmggg?@h%ﬁ 0519 t he

vi sual i zatdleH Ely%tdé?ﬁre‘Fﬁ%ﬁssl §°nsctﬁé”&r dér‘ihﬁgc‘é"rfﬁFﬂ%nd&B%r n the data in
the gt a seutuceridn0 pmiaorig, oiuseabyof Héndabatirahaste reatr imgdutce 222 ®tand

‘Vi ewer s 2§Q1d19&eth%d¥@§’ct @%lgtlo@glgp@m%y@{ﬂrm&@ bhadinkhbecaregericag veehani sm
is tr anspar ent umEDQPS Vi tuealg |(g)at nsY c’&%&&ﬁ@%;ﬁc@m%tﬁ% N oblen

to real

obtained in (a).

40 We will illustrate, in embodiments below, that the continuous
optimization that we formulate has a special structure that makes it

tractable, although the original discrete problem is NP-hard. This



25 visualization system does not need to be changed to use the ordering
mechani sm This inplenentation is well suited to those applications in
whi ch da -understood and rel atively stable. Thatp¢ ocess
for anal ﬁti)lr)lé‘ﬁtaﬁez data is fixed so that simlar reports n%?ﬁ/(b;gbggﬂg at ed
and use the sane ordering algorithns evyery tine. 30 FIG 2C illustrates a
systemin which the ordering engine (algorithm 240 of the invention is

i ncorporated as a part of the data managenment nodul e 220 of the

visual i zation system This inplenentation adds nore flexibility to use
orderi ngerpalbgggi\;shgg hecause mucti-gl algsdeninnga85galegotlic hrtirngdn be
support ed ot MUl LLpl S ulewer s, aiih:atAeniag ascha danpooasahe {1y, FIG

2D il us?orlé‘t 83" a systemin rderi.ng engi sdn gted as
part of nfpreakor23pPutTRFE ﬁﬁ?aéﬁ'é%? grwe&ogrs n%tg[}edgg%%rpgé : qgjﬁlg%hgnge of

t he dat acmmaagenentr nddat e hp2generaligdi HicoRI ITHpC ﬁgf%rﬁeﬁﬁ%’é’? easy to
tailgr an. Qpnd ﬂt&gl&m@r bidbTeh AnneEt. Speditf Bt arieed§%lg¢>r13;hmgeﬁ0r(or an

applicatio r sSpeghdlpatkeveer V425 UiSS8Rnect ion
Skt AT B8 L0 aepgg e e

PCT/ GB02Y o how, § hge gnt
ways to matEirefent BHHEe BruEr R et aemBu & n?%e%%\@en\t,yf % ep bf;éﬂﬁ;

vi sual i zatd on Bistlem “Algglratie dsanapipréty étfeﬂratpll?ét ! é:hS‘E)‘%‘isﬁav%l ch syst em
i npl enenfy a8t {1Vl ged Y1gepends. of, tipe wPpPPTatherdisslagragvei urn to
a detailed descripti Q&r%fceé he PJQ?EMHJ nakdor, i thiswef thhe danvientisea. toFi r st ,

we £8r mal'tye faa?e an esen r tithmfor
orderi ngso‘){‘ﬁeﬁhev%dﬁf Eﬁoﬁn&/t gﬁ dl e }'te% %peg%ﬁgg%%f%%rcﬁ%gﬁ%tgtnvput es.

Last|y, weluevel opfea fril MRRY éV%IC°§E+@Wé‘SfYﬁluﬁ) ahtf idHgeE Faige Sanolnt  of
data. Tonbegithawidden weughttredscietsomeonttacPuHguoLeProplenyds optéml'
repr esen}nag;bl %J §§tt§, tcge QQOQJSQer‘S@reL@tpo&t ,dops NefRr peeBbate givwe kaeity of

obj ects ol e erin raobl.em.c 1 iRernrdation 7L
15 ofo {1opt1mal H%sctrgtﬁ] %olutlon ?_algz h q‘t wa hése% éé@gh%g ijatas sest

opt i ni zaBpeereunee |r@ﬁeeﬁ)f@6u?f§gé’é°bdle§c‘? ﬁog%‘lp&rngoﬁi‘ SEPET i 816se
positiongs Fhabméssalif disdeobjtette armstgshaiingra Haléltlosfnqj th¢ s |large, then

Ehe?e two 9?4&9% &QH&& Revhhased vh§h£.|1@§&oﬂ05ﬂﬂdr9$ng2& lits eawn, é1ght,
7~(i ~-7 nuoute t o v cati cbSiandiscrete
opti ni zath; B §‘§E|%ln ﬁdc?n\séean Rlps%gr%%i %?ggﬁte%?ﬁ &TJ |g!sL i mpl |ée¥s%l that the

optitml Iehdéticosd-is not likely to be obtained in polynomal tine. Thus, the
present invention provides for translating this discrete optim zation
probl em into adGontd RUOHS sORS b Zalnksl izeobhe AEyerbhinidinag i 9@8i thaalfor

Lo the ni 1eS6Ea brfet( bas muliopi2 subj ect
to the nd¥ %é-‘[-ﬂgzévt'l.}:%ﬁnuéonpsl%r gil,stnlrtlgu{gs nﬂe%@ ﬁle a lof as e

attributes. Many v1suallzat;;g( echnlques have been developed to explore

‘25- - the relationship of the values of multiple attributes. For example,
3-dimensional scatter plots allow to draw three dimensions. A parallel
plot uses a series of parallel axes, each of which represents a single
attribute domain. A straight line segment connecting values on
consecutive axes indicates that the data set has at least one entry

30 containing both of these values (as the values of the corresponding
attributes). The ordering problem comprises mapping attribute values on
the axes in such a way that improves the visualization (typically, the
objective is to minimize the number of edge crossings). Note that the
situations here are complicated by the fact that there are two or more

35 categorical attributes that need to be ordered simultaneously so that not
only an order of each attribute has to be satisfactory by itself, but also
the order must be satisfactory with respect to each other. Instead of
ordering each attribute domain independently, the present invention
creates a “heterogeneous” linear ordering that represents a mapping of the

40 values of all attribute domains to values in a single line. This
advantageously resolves the issue of keeping all the orderings in

synchronism with each other. To obtain a mapping of the values of a



Here, x;, a real nunber, is the placenent of the object oi. Once we obtain
the optimal placenent vector X= {x1,..., xn}, we can then order the 30

obj ect s W()B{)@;%erespondi ng X coordinate. Notice that thepbBessiive
function can bé Tewitten as a mnimzation of XT.LX subject to XTX= 1,
where L=D-S. It is to be understood thet X ' represents the transpose of
the optimal placenent vector X, while L represents a Laplace matri x. The
matrix Dis a diagonal n x n matrix with elenents du=E S(i, j) and S 35 is
an nx nsimlarity matrix. It is to be understood that s&lﬁ%% represents
the el enmetigitc bheributd dopaimndh FrRSS! HATEGEOR | A Pari ey XSt has
been shown thatint he setstdgenesfs hdtipsng ombi MesesogingeeBAPPNIOBPEFSi s t he
ei genvector aof the Laplagi trix associated with the snallest positive
ei genval H&?° 2‘@3‘?@’%‘?95’.‘1? ’%.Cpﬁl@g‘iﬂﬁl, "An WD U2/ (17sS92 13 PCT/ G B02/ 111117
r-di mensional quadratic placenent algorit hn1 " Managenent . Sci gnge 17 (1970),
no. 8, pp. 219-tP2ggh phepetitsel clapeitdP WHCER- 1Y PFALEPDITEr ey Y ef er ence
herein. Wdohiddre abome bacdge cuspdysive desceitise aethoblf ustPatiPFESSpect ral

al gorit hnrmra]lgr?éesor deLing -8 GRLHiNGnt £)138s emBOshiRBti Dkiddiealmyenthien. iThe
algorithmis summarized in FIG 3A It is to be understood that raw object
dat a serwescasd Offia'{inpite t oIt RE2EHGSr | thARY TS SLPRd & acHey "be’ a°0at a set
such as ghe oae premireusbie, desciirhed abeve, renlglarge dataassktis1@sw¥dAtai ni ng
over 10, 000, ev ed by 16G:hosds auh tin120p ey ekt ibyped tovamoat
thré%-daglgg’éf'i%%%a\?\%g@g&?%eqhost na r}}s %rlg_%pewgbgﬁ%gtgmotpedeggdﬁrt%daor
mapped. Ei¥$ica] AdiEpCE1t " the di screfe ordering problemis tr nslated to
a 15 contameowmevopt phidesei o PPEBPRM MFHATLPEST OF 818907 FPOF T at & gﬁe
probl em gs.pA SOMRiDHO @SoBPi. M Zat bererpt olleen Hyrocerrratinget He SFHEIPALi ty
mat _r: X _s?%q Lhe IS%Q,L&?‘C? %T@ng\iai(lelr_-, b&cJa'rbl&t loab & gll_a—ﬂeimaﬁelf—abazfs@ﬂptaiphg L he
simlarity matrix e ribe OW. QAL isX rkctdi@Ys be
compét ed*f ﬁoéﬁﬁ%Péaﬁ%Telaﬁns%rf? FEJZ%PSI‘éetq‘itg%s ;{ybtragggrkiﬁatbyegggacov y L.=D.-.S 20
with D bentradefistednadiavaiitagondhe PRITPHafT IR W tH e Sent's aFi = 2|
f(i,j suehadrhat dDehspepapatedbicionr S:heNexiginat epyaglFysHrtirgBotaté €ont i nuous
Opt i M Zalh (il oR! QR @BkucHlkSod Sndliialycel gﬂcﬁhegmrmersg?uh@sme@mtnm as

ei genval ue o an en_obt.ai nj ng : Os ORt ke Ryect or
X It iswfou“l‘iSa’EfnedéFLt ood (ﬁél?% eﬁv%grl%g%&gfgglé%gggt ihr@ral ei genvegﬂ%‘%?J may be
obt @ioned ahéh thRy TBnTEIRY 6ARINIFRth&™known to those ordinarily skilled in
the art. Step 330 then orders the objects by the correspondi ng x val ue
associ ated W th Jigaop! ichRl iRlegenmesiandds tEhatidues foreorvewior der of

objects is _{oil, 0i2 _, oin} e I dore ¥FZhs folloming:N(z) Zhus, the
results aCFE,égr?ﬁﬁ)E)aeld ey wnlkl cgp}gga?;eo?gétolﬁg ng)orfcih ignagergb' %ggg@ Fl G5 3B

i |1 ust r attEE PRET (WEGFTE- BFITHE RFSE I Tar'i Bh o? the a dove oraering al gorithm
to tdse samehrdabes st bimafling npluipdei SEGIPTE Phed EAPYES DIt FofSHTE 1.
Agai n, OWhegoahidsl ohald aogeachnsigstion al herithaxite, vdhe 1xrgexidstd-s time. The
dot at coordinate (x, y) in the figure represents an event generated by the
y-th host at tine x. ile hoth FIG .1 and Fl r t. ane data
set, each used®a"i% Fg\%keﬁfw@}e&e_?ppg%lﬁbgs?gét“;ﬁgo%%?gr,l ofeﬁ Jgdg't éé r{ﬁlaleg Ais
assi gned siagrd omnhsxioaherdysthding gdpeiechost <A itV %G M5B % det €F fi ned
in agcor dapemrsi téadihe ordesilrgiat goeiinhdrdaseri ved- iGPSF| Ghrayy fagm|BHM
evident, &G, -3B.provides nore information

This following portion of the detailed description provides an
explanation of illustrative embodiments of the present invention. First,
35 the ordering issue is described in terms of a visualization system, and
then illustrative algorithms for implementing the present invention are

described in detail.

FIG. 2A depicts a generic visualization system such as, for example,
40 the system described in the above-referenced U.S patent application
identified by Serial No. 09/359,874, filed on July 27, 1999, and entitled
“Systems and Methods for Exploratory Analysis of Data for Event



WO 02/ 07SS92 PCT/ GB112/ 01117 14 about the data. For exanple, the ordering
in FIG 3B shows patterns (e. g., as depicted by the cloud-1ike groupings
at the t QP %,.;g $ scatter plot) and different behaviors opcheshseinus
provi di ng a I'gher quality visualization of the event data. 5 W now
illustrate how to order nmultiple categorical attributes in accordance with
one enbodi nent of the present invention. Here, the present invention
creates a 1-to-1 mapping of the values of all the attributes to a single
set of objects. For exanple, say we have two attributes A and B. A has two
val ues: @bagebnf2” tBeh@@ctlwnPaPﬁeéﬁlcbllsah’élcofeo’b%FEdl\BWreﬁéreé‘ﬁﬁ MEF%1 to ol
a2 to 02plitdt0% s aRteb2rt 1168, radaerel its & sat “Bfentbjowses.” THS way, we

reduce the Wy Obltsg;"x Osazs@éng%%é %r%g%a\iﬁl U89 oRdntul 5 |c¥21|t3 fub-ké DUbes betd he

pr obl em 6 R dar single set of ect f SO . set, of ts,is
or der ed Iﬁﬁgﬁaﬁg‘“%“ﬁem%‘b’éét%ﬂ AYS-FYHR géeoscr?%eeé EQE %%hee%cgﬁtge?(ts %T FIG

3A, 4 he ersgerimng.15ref dob ee!n@elmsnft H‘éﬁu%?aﬁﬁ‘é‘ﬁdﬁﬁ kﬁ?écoﬁ‘a&ér?‘f‘?éyof t he val ues
of the CQ{J::%EQQB(}“ﬁlﬁ.n@&ﬁd’dcﬁuix@-&em&WﬁQ‘Sﬁ thatprweiddsndotteapormienop tainang

ordering in the p éc ’aQJ?’snp% P4::0h31i-Ehe aakuesngfa attri butes
A and B S Fhiantor S el Se (42" lln X lg:otze lhgl%\pesf &r?é)q;t of ..QLe, | i kewi se

for {b~, PEPeIimedGRPRFC3EE aiF"E ar‘? é’l ra(:)L(l:%a ép 410 maps the
val ues 010, eam\haa:t?tartll@uttéctl@l%lﬁjse@tt§ aﬁdvtﬁf?ﬁuf%salﬁﬁere??ﬁ?ﬁl&}? tf)? measur es
for gver yneaktt 0k ebjreahSend-asat.ep 420, the nethod runs the spectral

al gorithmfor ordering (FIG 3A) and obtains an ordered set of objects.

Step 430 maps_back th resul ch at.t t CGOr, th the
present i nvenfi%hn, 2%’b &et®Y %gbe or errenglgg%?l%agiog%yweo[%eglgrwqﬁtg)ﬁr:gh\éﬁ

cat egor i eaderang rtlebbltuequs?al Yfeshe TEVERE PNEAYAPEr WREAYT DBd A GEFIt I we need
to defi ngndthessian baddrtiyig nBasuiement epfbimnyhieio ema%%@ot?%&lﬂ%‘?%?%?e

val ygs IPeCh%r EA’JeQU§orl\/aa§"%11t|eﬂ>é %E{§1£Jn@d WO KetHiSCHSERG Ropbé A npEasuted

sim arlty of .categorical values for ev t Qgﬁg}_j Qn.ihg tenporal
i nf or mat LBrf - HFHESr ELBT T hvEnt i OR" deve %tﬁlségs%?\m arity measurement based

on nul ti dsgferoperdroitgesAssune, for exanple, our data has k attributes:
Al, ..., Ak, whose donains are Di, ...,Dk Cearly, we need to define two
types of simi kagi by Dﬁ%%%'f@d@%n{h?at (1)o-iabt - AbdHainbsh @rsbrddrand tygiand (2)

i nt er at éé thLthSI mvelan tymayTEg \%%d aPJ Qeéaﬂ'?@?%‘ésdéﬂe §é;mok§sf§1¥1¥ Fbl%tsween

t wo “Qat e ueslipromt e same attTib atter Elhe
simlari®f Bet Wit o ieal WESSPr oﬁfl?’?/\dsdl*fl‘fee?’é"}ﬁrla?t%gbﬁ? a?"' o%r’[ ai

i nt er-at datdbuhetisd netarsotyce 1280 peXor tedue Mdth&féPt%)é‘aaa%%lenbﬂ“oéé%ea 2\Klﬂose
i-th att %h@tkh%w&@ss 2@@] U@n¥.adbARtddat 6f -sath rd Bybeersiimi traki tlyy oSfaring vj ~

where a . Ja serst tL“ametsm
(v o1 - pphadl 24 Eplooafllt Q?Jﬁ%”?%%u?g Jﬁ?}“ﬁ e oSl dissia?

rit
02/ @ﬁssgzlptaﬁfl@*i}?f“liiisﬁ?‘ 4o Bet Bred 0 L% éf‘7:5‘3“‘9‘ The
i ntra- at teefantiensi Ehlarimpyenegtaton s )Welﬂf\/rfélrlée% toaﬁEPﬁ? appid ot Faties from
the i-th.atéx ichud &s Gan-heddekboednbyreiBt {iBy~stblrow ks ciss stironreapshand| e

a large %@umal%ﬁ'@ thé/rd)ata_ id %J.xe%u'sc'!'lt&lat sﬁﬂcllgﬁtx%pbf\:saﬁgﬁrkﬂa‘j&@rwﬂté& an
|IIustrat|ve multi-1evel ccoregén 9,40 the invention. To

i |1 ustrat®®oli® T Fe?fglermr?e\(,:\? A BT8P thm for ordering, we nodel the
dat a3%as a sparse het erogeneous gr aph W|th vertl ces being categorical values
to be ordered.rifheoelyhtrofesan exgenriepresentke tardesing prgirpy of the
connect ed Y5685 Asbnd# anatidvehtt® $& MinkarddrytdPasus @artfod be capaect ed

vertices be?ﬁg L6, SATE AL AULE, QORI BN Ik %plaetn;,wateys@

othervms |nvent|on orders a A e %I’I I nal g ) r:Ln
mul ti - esPs stargt %Wlb’fﬁéty 3 usferndSpi ik phet et SF BT GPEDI ‘y‘/ g
sequEnce abosimhkeran beoarpeeriedesor Aubisiplef viewpts c88dtdraprHwyvearn bsi ‘?ﬁqearl y
local strdjctpggigre nerged into a vertex in the coarser graph. The coarsest
graph is then ordered and the ordering is
FIG. 2D illustrates a system in which the ordering engine 240 is
implemented as part of a viewer 230. This implementation does not require
40 any change of the data management module 220. In addition, this system
makes it easy to tailor an ordering algorithm to meet specific needs of a

user (or an application) by simply creating a special viewer.



15 propagated upwards to the original graph, by interpolating through the
sequence of internediate graphs in such a way that preserves the coarse
graph or bD$ssd201 Ng so requires extending the base al gopdfagyHiiine
invention to vertex-wei ghted graphs, in which a vertex nmay represent a set
of vertices in the original graph. 20 Assume, for exanple, the i-th vertex
of a coarser graph represents wl vertices of the original graph. A natural
way of extending the algorithmto graphs on nulti-vertices is to
incorporate wi's into the constraint of the optim zation_ probl em The

modi fied opti M zatiory, pPEsl- e caf: FRdsEREEEY 35T8R FOFTORS: "Hinihi ze XTLX,
subj ect 1,01\Whaht TnXorker ienechihisn afdimgdnedntion rikh i hsualizatigdd w, is
the number of, Vertiges of JLheeduigd nake ahapbiiensRse st atnbyntbeer tation

mul ti-vetfex i in G npared to the original formlation, the above

opti m zat9 d¥echrrvges FRE TRt S ﬁ‘fp%fS %El i(u~;x;)2 =1 . It can be shown
thatsthe optimal solution of the above optim zation 30 problemis the first
non- zero ei geRyawioruef tb's dabernedldescriftibn of protrirdernict ALaHEtHS §f nal |
alrolove- refer ﬁ%%&&i'én'.\/: lﬂz‘@éﬂ, @qlegﬁfﬂmkbm s88t ARPE iredbldn, r ead pdaz?tse;k&ﬁibs t hat
the origrnal K Hal | algorithm pro s . argderj sHifehuftiomea
strong aRfSFer a98h B %)oi ﬁfé?rﬁg' egjégg”l zﬁgl gﬁékgﬁﬁm‘;’% hoEi in, T%i s is
because téegeirgerlyettuistesedliThiyhe'c GRS PHC F“Bﬁtlt—yd}ﬁ?’% 15y have" a few

| ar gg coApeNentSa hecaisaoaft bhesarer nal i zation constraint. This forces the
rest of the coordinates to be close to zero, and thus |leads to highly
cluttered regions of the visual space. Consequently, choosing tge

ei genvect or caprieasponithy 10 PRGOS sTPER| WERHISS- 26 &7'98hvaltie will not
hecessar Ir!a ré%reggqp%bgé)é%g to WeQdidk2£075592 BV | reGBéslett Odrlel 2idB arity of

vi sual i zations. Thus, the present invention provides a nodification that
avoi ds sebhectsdegeneracy Thy I59pHFING- TN sTTREL T af 11888 rF OFFONS “When

sel ecting_.an ei genyec nimiCef T8t H@NFt-rgh)At. requires all el ements of the
sel ¢t edggi génVébT \é& %ég%ﬁgnﬁ%fg%r" %ﬁgnag ugbe)r-defi ned threshold, e.g., 5
0.05, which is a function of the size of the data set. The second
constraint redqiersy,thts Phieldrt fionefiethet RBENTAATS PRBCEIRMENE of t he
sel ect ed o8l gV eRtQbsé Hosat Deis. t mataiysef -tef soiedt s lreshiglidar.eige,, 0. 1.
These two, constraints basjcally stipulate that th ac ; as to
be inter é@tfb)rﬁ FAF%n TR of MRS g‘?’ﬁ toﬁg%crtg’t F%Ouggn%ee:p%%g. ESﬁgtEe \r?g)\%té%oin}g;h 10
min-gntrapy., RkG) ~ k()P usthaties e hbow hagmhamigiveatmblatioaved aor dering
al gorit hrgig‘gngeqcredlaggm' Qat%.%nemql, NERL 1 §fant RE-HaDY @b Odk. A@hﬁhmieﬁ highat

al gori ¢ hm compri ses ™ obi_ Steps. ' 1540 st b 510 Lhe; Al oyl by qapstruct s a
het er ogerf86uPYrapF &t sy tatdort'Sall Values to be order ed.__The nodes of
the het erfbgenedgsripcaph NEPRELBRT WALRYIPF CHP VA IRE . *P TR BEHR S epr esent s
t he sini lpEihyzarees prebdn twrp eorwradheehsnopldaizG opnpepbépm 230 indiag 2
algorithmcreates a hierarchy_qf _grap 5 G artymg fneeet he

ori gi’nal rﬁ?ép%aGSTe%y{’é’éal 'e'écf’ﬁgsg a%'e? §o®\i/ﬂztelzé’§gwg?‘t% xP@ aé nkglw node

cal | ed murki nyetst exativhoseswedight Tsc(dhe lnunber of original nodes it
represents, in a coarser graph G +1. G +1 then acts as 25 the input graph
fox another iteration of aph _coar,senin Thi epi phase,.

conpl et ed when'&fesufit iébirgg{ Insmger'ﬁil Ilsg?r}laepglalcfm%%t g?ﬁ%% %%.t, D‘\i\hgondcg gr aph
size of |IQRanedRs 6ftihes plasene@achsador | M=dkep.,530, we mnatlypor prden dhelers t he
smal | est t A ' t r@IREENY nbeeROtRst abhevedibytiGk) using
t he ésopectébggggfg%r%%%%%Sggn%%f ?gzrora!}:ru_l ti-verti ;g,s[r‘ﬂescrj becji agg 2., In
step 540, furigeicl geritehnewriopaydres Wnipkragiolcat eSHIFSFi Ty ‘X’e‘d(’ back
to Go through g sguUgNCe . 0fs itat s MRELAB.ANARASY Fepfrbfimg the t3onspodering

as the algorithm proceeds. .
: ogf the optFJ').mal placement vector X, while L represents a Laplace matrix.

The matrix D is a diagonal n x n matrix with elements dy=2X;s(i,j) and §

35 is an n x n similarity matrixz. It is to be understood that s(, j)
represents the element at the i-th row and j-th column of similarity
matrix S. It has been shown that the solution of this continuous
placement problem is the eigenvector of the Laplacian matrix associated

with the smallest positive eigenvalue, see, e.g., K.M. Hall, “An



There are several reasons why the nulti-Ilevel algorithmdescribed above
works well. First, the coarseni ng phase hides all uninportant redundant
details WCOBD s&,aph, and preserves only the most crucial p@fcaenngeti vity
i nformat i on about the data. This allows to find a good initial order that
can be iteratively refined as the resulst is propagated WO [12/07s~)2
PCT/ (B112/ 111117 17 back to the original graph. A second reason is that
this multi-level approach significantly speeds up the conputation since the
order is conputed on a graph which is nuch snaller than the orfginal graph
Thi s nakesiddneiatagjoriadmtse plesaneattd opet | JRF8riimesS o data. In fact,
the 5 tingrneeded 1,0p9r dep-12be coarnsesiosgrapli Hacbnes ipeswoaarichsy
considerg%éggmeaﬁgﬁ.ﬁps a systeminplenenting this approach can afford to
use ever®expensi ve % ut very effective) ordering algorithns. Finally, a
mufti-level refinenent (during the | ast unpoarseningﬁphase) imprgves t he
quald ty of th&thniitd abor BerkongunBase CEPFY RS A ‘IPBETPEFAISEEF T hm of t he
10 i nvenhiom drakes: argtahal acdoediref ta g aprcanentoif citley 1fvandsor g6
initial qrder, and then this Opfer shs l0cad Iy s&finbedtasditnaksrar of ect ed
back toatﬁe or 1'gi nal gra h, Thus. this approach, coppines,thea.stiength of
both gl SAPSfd TR ot S? €ChnTQUER by *worki ng W th t he graph t different
| evel s cfatgrzetulsash tap. thes oy RERBIFELY RASAG Ek?‘?vﬁt’i%%,"m% df%u?t%eer descri be
how, $t epsnb20h@dow4010f0obhevaaboveenakgori bhrsfelesdperidhe0 HIEPE Y83
vari ety onferCQQth%%@—Ja‘}r peBBGN (BL8D. t1WeneltSauEs B khsamgeots tthepe The act ual
choi ce can be best déterm ned by an application. G ven the teachings
herein,‘Hﬁ§r§%FF]ﬂﬂxFﬁ’20 the art will appreciate other inplenentations.
During the coarseni ng phase, subsets of vertices with highly simlar
adj acency st rpmistr esn atep ReCUrSkvelseraey gedetiogertedlet deot FANSE LS EPi Tes of
the, pext d@Y o kOB SGh -0 ARMprobhbs, Conisas) r@eﬁpmomlmiﬁa;gf@yzﬁ the
act " that real. data sets .are hi Qv - . d Liikpk e
verticesa%éch§V€u$Fh8§%”Fﬁ%%(Pc V*%Sﬁﬁac§?®ﬁﬁg¥8§geéh?ﬁ%%£og t hunb, the
number ofndseheilpedadeortrizes- bylausaetore SEEE- T FE R PRG 8ach round of
coar seni Higi13hisy matiix eleatlne shomsivhowetueh feelradaey nptrixnitnal Py
contained in the data. The simlarit f adjacency.,str res—gf _kwo 30
verticesc%%ﬁtﬁ%“ﬁbé%ﬂ?@ﬁmﬁéwfﬁgtEﬁéV%ﬁeﬁﬁwg%%f%ﬁ%%d%gt%%%%'?%e?? Ebrnalized
adj ggency; itest Sl be@ned hat weaAgbhE ©ox responci nithr ebwneots t b SEMULAri ty
matrix of th raph)._During chh coarsening, a set of vertices with
pairmﬁses%%hgpg??f§;d?%gf%$ifﬁ%h@é certain threshold is conbined into a
mul ti-vertex. The weight of a multi-vertex is set to be 35 the sumof the
wei ghts of thseser siae$2D tsodvmt dbascorTheuansi epitialgitiphPnelt ¢ ces 6T fhe
ori gi nal sgfaBh &f:R1188ttnkOsRNCestTREs IRIvEhéiehvilhe eflge sonneet iohgainimg
mul ti-vertices A and Bis set to be then;yn1of the W%i hts.; qjtglﬁtﬂge
edg@§ goFPR) PFENTRSBAL"Y EPHERL| THIRNY 6 me” vert €X IR ?noete That the
wei ght s eéridsgondisuyl bptrigakt capserecgpapity ety ebbei@sdr Bhoryeloryerhiorad This
guar ant egsnddiakndhe £60Maes tdri fariaf dielemansere graphstep i3Aherhienedcdeream t he
connectiyjty, of ésh% f Ih%eE:oszre@B&di 2 LesdlbsodiRE£qAS0SHe G5@RALPr €serves

bijec

many irrpor?an connéct i vi ty pr operﬁ\?i es of the original WO 02/ 1175s92
PCT/ CB02EDdehecd® X. That is, the new order of objects is {011,002, +..,0in}, where

30 xi1<xp <...<Xim. Thus, the results are mapped into the order of the

original objects.

FIGs. 3B illustrates the results of the application of the above
ordering algorithm to the same data set that is visualized in the scatter
35 plot of FIG. 1. Again, our goal is to arrange hosts on the y-axis. The
x-axis is time. The dot at coordinate (%, y) in the figure represents an
event generated by the y-th host at time x. While both FIG. 1 and FIG. 3B
represent the same data set, each uses a different order of hosts. The
order of hosts in FIG. 1 is assigned randomly; whereas the order of hosts
40 in FIG. 3B is determined in accordance with the ordering algorithm
described in FIG. 3A. As is evident, FIG. 3B provides more information



graph. A naive approach to finding subsets of vertices to be nerged
together is to conpute a simlarity matrix of every graph in the sequence.
Cearly, WhihseRRRr cach is conputationally expensive (onl ypepaBuiiing t he
simlarity matrix of the initial graph takes Q(n2) tine). The present
i nvention conputes the subsets using a;4andom zed al gorithmthat
approxi mates hi ghly connected conponents of a graph. Several such
random zed al gorithns are known in matching theory, conputer vision, etc.
In one illustrative inplenentation, we use a variation of th% heavy clique
mat chi nguabigoriet band .npFenented cbytieapyiirénetiraFic | M2 g1 ¥R O p&T i ti oni ng,
see Gd Kar %p] Sasehﬁﬁsﬂcted"ﬂwlthé Iceuedl—my@eﬁ?n&lmsmt tthe | o ﬁé:thﬁ\pfﬁ?;to’fcafi ons in
VLSl domain, " Te r epor.t iversitye Of 1MOResetdang RepagiarentaldftyConput er
Sci ence,plf@b??nds%(l)ﬁer\?g?sﬁeg?ﬁ@rfggﬂ?ﬁg%esi gn A%torrat fon Conference, the
. di scl osurisuatizgiieh 9t tPhESFPoratad by reference herein. [’;LS nee, the order
of nedes in te noearestrajeapty ts TREIFUCLRE HHEIIEShelt AT a7 gori t hm
descri bed abgye.e then endedbsinenepanabeddsaekt tovetidonr i §efal tBF aph t hrough
t he sequence of, i nternedi p . gehaesBlthe thaues deranf thée next
| evel fiREs =Bk afp“ﬁ’eﬁ%lsontgreraatetgs g{:t% ?%el g?pd%rigf 1081 20 s6PaksgivgLaph. Since
the vertieedbptes e TEaPet Sgr &Fh S T ust “ul t1-vertices of. t he pext, | evel
finer graphiopedy @ctndd.ork hhever TRIcRSsiTpIRR Fedul 485t 9% Bt hg t he
vertices,w g]m,nwgag;;‘ o td, -26ebl ex%, tbhfo.a mutd iosventiex is ohampese a spectral
al g&Pithrﬁ can be used to order correspondi ng nodes of Lhi s mul.hisyertex.
However , {®hPs ceraidr ing Bas Ao°B5tHe Bh%twragttweedrl n the context K of the rest
of the gpaRitin¥écHeouatheshat mubieiddesttrébuess tartdeartirdFe Py E5MbT fi ng t he
r ecur Si vgigﬁ% gg@HfOQbféfctgheAsp@c&halsea| Dot enswi ¢ rﬁrﬂk;gi@ up &g ﬁEﬁ'eQJtﬂ
euristics. illustrative. r S Mse@ ¥eldrskmawntiRaykedghg
Quot i ent SP?CéCI""é‘?i %ﬁorébr‘"FF%fcerégg%r?%gg%rlgt Jccaﬁsé)t hemult];Jsevel.,al gorithm
thrasgh af ddikast ridt PP BRERAS B PR TIPS 8% &hpl'S, "we need to._ order. 7
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that have a similarly local structure are merged into a vertex in the
coarser graph. The coarsest graph is then ordered and the ordering is

15 propagated upwards to the original graph, by interpolating through the
sequence of intermediate graphs in such a way that preserves the coarse
graph ordering. Doing so requires extending the base algorithm of the
invention to vertex—-weighted graphs, in which a vertex may represent a set
of vertices in the original graph.

20

Assume, for example, the i-th vertex of a coarser graph represents w,

vertices of the original graph. A natural way of extending the algorithm

to graphs on multi-vertices is to incorporate W;'s into the constraint of

the optimization problem. The modified optimization problem can be stated
25 as follows: minimize X7LX, subject to WX'WX=1, where W is a diagonal

matrix with M%, and W; is the number of vertices of the original graph

represented by the multi-vertex i in G. Compared to the original

formulation, the above optimization changes the constraint to i(wi)?=1.

It can be shown that the optimal solution of the above optimization

30 problem is the first non-zero eigenvector of L', where L'=WL.

A problem with the original, above-referenced K.M. Hall algorithm,
as applied to real data sets, is that the original K.M. Hall algorithm
produces orderings that suffer from a strong agglomeration of pocints,

35 especially around the origin. This is because the eigenvectors used in
the construction typically have a few large components because of the
normalization constraint. This forces the rest of the coordinates to be
close to zero, and thus leads to highly cluttered regions of the visual
space. Consequently, choosing the eigenvector corresponding to the

40 smallest non-zero eigenvalue will not necessarily produce good



20 making at |l east a portion of the conputed continuous ordering solution
avail able for use in accordance with a data visualization system 2. The
met hod ofy¢lAi-ak¢d, further conprising the step of mappi ngpétigpeHemit ed
cont i nuous or Jeri ng solution froma continuous space to a discrete space.
25 - 3. The nethod of claim1, whereindhe step of formng a task to order
the categorical values as a continuous optim zation ordering problem
conprises the step of conputing a simlarity matrix based on the
categorical values of the one or nore attrijbutes. 30 4. ;[htel net hod, of claim
3, wher eiiquthgasiond.ar Paue, nis PReIPtOHYERT T SRR 'SP o8 it I -set

oper at i QRsiqH.suthe: reyaodaef Wl anpnsdpg wver efmctimealofestGichivre YR i - set
operat i O EQTS LSS iGONELRY W di¥Pessonbtadifi| Bidut yesTeas keneriissofa fir st
type 35 berng & simlar) LY Teasi & Somputed Delveenciun eniagord calgyal ves
from t hetheafe o5 i BIFRYARE & Sécond type being. a imlarity measure
conpait edd .96t weerht ivo ac BerFPR <l ERAIFHES oFr bifi diia?? esreth aFt79Bhtes. 6. The
met hod Ofonet & iMt3readieeeithat henes tisffeobndeopaimagraamasko teg=Benter of H&e40
categorigal val Ues.A% 8-£ARt L HURYSL ARt & Mszatddmned deréstglpr ebbem®.dk t her

conpri ses the step of ¢o tin L i r Sk bardakYto
matri x. TheRE ML 5P 550 l’éﬁ?%g}é/ %%%%fgm# %%érl,gqﬁrﬁe%dﬁgt of claim %

wher ei n bhenterEstafy donputiPAgTERE L PRAEECTSE C PP nuoSs’ SPEEMNG 261 ution to
t he;gonthimeniscapRt i M zati on ordering problem conprises the step of finding
the smal | est positive eigenvalue of the Laplace matrix. 5 8. The net hod of
claim?, whergln Lhe olep. ol COMBYILNG:Al deashena soniduauy ordering
solution to t ‘contTnuous op?i m zati on orggri ng_pr obl em fskil(g‘}nhe{ gonpri ses
the stepakforbimieAFPRRICH PESTERATTRS opt itreI " Er§eriect or “from the smal | est
posi ti veaBjogetivalcugpoifsesheourapteawse mat xi x. 10 9. The net hod of cl aim 8,
further conprising the step of, prior to making the solution available for
use'in accordance with the data visualization syste emocgudserj_, btaeof

cat egorical V&P ESP| HlacERt FAAYE Wt P EBTEEpdndi g VAl Ues associ ated with
the opti BBdegoiyenyeetwrs, td3el OrdsFad. nBbhotbdes 2f &henPELetRoePreqys sRedh
categori ¢gl cvahtiestb&daler tva1aud t i phe cabé ricbut estanchef aftileritconprsseng t he
step Of’oPrtiwgrcép%e‘; Lng.a task to order the categorical values as a
continuous optim zation ordering problem mapping the categorical values
rel@ing to the nultiple 20 attributes into a set of objects such that the
form ng and CoOAHRNE2 St RS Akerpenf aeares ianhassachatifographe hG .68, sefkof
objects. 11. The method of claiml, erei n_the obtaining, ! d
conput i ngS§tEPRY Lrempkhs SrhEdet ngré‘gg\(l){g‘?)ag?’ocrloa\?\nef%mg Brepr %%fé'gégn%go%ﬂr ation
of the 2%,dat a visuwahi zaliedn mmysi-esrtd) dbseTheigmet hodhefnugbed mEl, wherein
the obtaining, formng and conputing steps are perfarmedqdn ocl.at Lon
with a datieivghadsitentt m5aETE 6F tﬁg da gaflsiegu%llpaip%a?f’kb'n sdygt%ﬁ%]i %L% "I?'ﬁe

net tesd oftheliaiprt Igranhefai Aneterobearhiatgof fBRRT MP2arMe nptt T My2steh < Yr e
per f or "eghidt AsSOKipatien whbh b aufifitaentilgwenalindedrd of obheingdt ee.g., when

vi sual i Z%t b%hsgﬂgéee% 100 nodes or less is reached.

In step 530, the algorithm orders the smallest {coarsest) graph in

30 the hierarchy (denoted above by Gt) using the spectral algorithm (FIG. 3A)

for multi-vertices described above.

In step 540, the algorithm propagates or interpolates the ordering

of Gjp back toGp through a sequence of intermediate graphs, refining the

35 ordering as the algorithm proceeds.

There are several reasons why the multi-level algorithm described
above works well. First, the coarsening phase hides all unimportant
redundant details of the graph, and preserves only the most crucial

40 connectivity information about the data. This allows to find a good
initial order that can be iteratively refined as the result is propagated



35 14. A conputer-based nethod of ordering categorical values of one or
nore attributes associated with a data set in a data processing system the

met hod cwr@[)i/@;gg the steps of: obtaining the categorical papbeese@i7 t he one
or nore a utes 40 associated with the data set; WO U2/ (17~~92 23

PCT/ GB02/ 01117 nodel ing the categoricaly val ues as an original graph
structure with vertices being the categorical values to be ordered and the
wei ght of an edge representing the simlarity of connected vertices; 5
approximating the original graph structure by a hierarchical seguence of
one or nmice toabhsesrigiaph osaplict resonhEEF T TR ¢ St%‘é]tatlh%/%lia

simlarly ocal sShiMGEURE AEgeder gedhé noopetatért exnph RecorieSet® gr aph
structure;, 10 ordering fhe:coarsSastn GhANBr SidaMCtIY eridinatoprdancehiwth a
cont i nuot’3ptT M zat o or deri ng Operation; RLORAIati fig .t herokger i Bge of the
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15 meki ngimet néakst t@ oyeet itha efarepd AFYPagat®ES of Hér f iy "8Ssociated with the
ori gi nal o g-apbrShbHC tueetmsak | sisken fioplarseting sktoEERFRAEMWFaPh 25 AFat B°

vi sual i zatiqn_sys| em; 20 Ja DAl arReRSSohgappadiabusthner  dliderlimga

cat egori cal “val ues of one or nmore attrihu i M i 8véatiaeset
the appaP&idsletHpFFsiEe at it &gngé%r %gi%aggggﬁgg%gﬁi ?/VI? r?)o:t i)e Rt ain
the cat egerlitalofy shecsisiak REdedor BABYE LAVt riPButieS BsSciated w th the
dat g oSet i nenit o Takes M g1émakvicn of denrime achtwgoricairdraPudedoft i At one
or fore atiri by%;%hé‘]?%%%a&%@rvﬁst hodhey dalransLhsas: ascontjenususack to
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optim zation’or deri nlgatl:ﬁlreo?}lbuem L(hiilsi Qp ggy&ugmﬂqege@% sONB GEVNYel BAOLS

orderi ngtg?)lol’jf"?jo‘?f‘lt 8 it i nuoUs 6)pt| m zat | on orglerjcnaqurobltefgveeigd (1v)
r

make at beestl angdrribiieshridygs QYnPtAkeas ¢onti o855y dertng: sol uti on

avai | abl esf@antseriitp. 30 accordance with a data visualization system 35 40
16. ‘ghe apparatus of claim 15, wherein the processor is further operative

to r‘}‘ap the conputed _continuous or | NG SQlULLOREEOMan KOREEJUBNS =5pace t O
a discrete spgge?hﬁf?%én%p%gfgltpggg%f g?:l al. ° ' '

I m 15, wherein f task to
order thé4@atfelbe iabare \i9gestIgsrmay c?B‘?ﬁait‘ﬁUOI.T?"‘JE)eptlisma zvﬁtrf% g%gaehr%?%? robl em
CONPri sesaE0Mpdbi NQead Siavisk amilyysamat o ¥hefase@roRct it CRPEFoFIt &F es of
the one (&Etégﬁigeélgﬁ'EpLgﬂ%ﬁication. Given the teachings herein, one skilled in

20 the art will appreciate other implementations.

During the coarsening phase, subsets of vertices with highly similar
adjacency structures are recursively merged together into multi-vertices
of the next level coarser graph. This coarsening scheme is motivated by

25 the fact that real. data sets are highly overdetermined, in which multiple
vertices may have almost identical connectivity. &As a rule of thumb, the
number of vertices decreases by a factor of one-third during each round of
coarsening. This ratio clearly shows how much redundancy is initially
contained in the data. The similarity of adjacency structures of two

30 vertices can be measured as the Euclidean distance between theixr
normalized adjacency vectors (i.e., between the corresponding rows of the
similarity matrix of the graph). During each coarsening, a set of
vertices with pairwise similarity greater than a certain threshold is
combined into a multi-vertex. The weight of a multi-vertex is set to be

35 the sum of the weights of the vertices it contains. The weights of the
vertices of the original graph are set to one. The weight of the edge
connecting two multi-vertices A and B is set to be the sum of the weights
of all the edges going from some vertex in A to some vertex in B (note
that the weights of the resulting coarser graph have been renormalized).

40 This guarantees that the connectivity of the coarser graph is inherited
from the connectivity of the finer graph. As a result, the coarsest

graph preserves many important connectivity properties of the original




18. The apparatus of claim 17, wherein the simlarity matrix is based on
one or nore nulti-set operations. WO U2/ (175592 PCT/ GB(12/Ul117 24 19.
The appakg@h fg9REeoCl @i m 1B, wherein the one or nore nulti-gsef/,ceeR@nal i ons
conprise conmputing two types of simlarity neasurenents, a first type being
a simlarity nmeasure conputed between two categorical values fromthe sane
attribute, and a second type being a simlarity 5 nmeasure conputed between
two categorical values fromdifferent attributes. 20. The apparatus of
claim17, wherein formng a task to order the categorical val ues as a
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ei genvector, 25 -74-. ar m 45, ; egorica
values ré”lpﬁjtlecafborf?ullf’i‘;élgg g‘?"%ﬁ?bu;%gg'aﬁg!)%érel n .t hggyek’@celsggf is further
oper at i v@epartmgRt ¥ F‘E’i“%?ﬁisr?@e’écec'aé?(mt'oS‘i‘.ﬂr&eYeﬁsﬁgncﬁFQ ot i"6at9Val ues as a
cont i NUOLSt apitii b Zahiorenorderhendi s oblrenet mgpch He éatrgordtedl PYal ues
relating Le.ihe.muLipl e attributes into a set of objects such that the
form ng and 30 conputing steps are perforned in association with the set of
obj etts. 35 25. The apparatus of claim 15, wherein the rocessor bgertfhorm;

t he obt ai ni ngCRFerikeneFHTd ot aweet itfgta EpETI°AT a5T58; 4t icglﬁs V\r/iufﬁe a ©

pr epr ocessingradpargidi om ckesthidedatmvei shal ¢xogri bn PsyRigeied 2§k Tite tAPpar at us
of clai mJ8g;WiesLigh e ughOORSseduepes foar Mk drhedbhtayipny, fror génegaind
computi ng. T eps .1 0 3589641 L Al Ll 20312, RGLIR0L: TREWRe0Tod REe dat a

vi sual i zatron system 4i apparatfus of claim15 wherein the

pr oc¥s s orcopEF o PR -heS Bital ifi Pf@’ftlf‘:SFrﬁfngh%lrﬁﬁ’aﬁ%eﬁpﬁtriapngag? DS in

associ at inpativveht scegabf thicenwstt AotRl Einst g¥pPhdaR%RICFEUEl PRALEBH $9stem W
O 112/-117§¥ﬁ92& 2%duces to ordering the vertices within each multi-vertex. If a

multi-vertex is large, a spectral algorithm can be used to order
corresponding nodes of this multi-vertex. However, this ordering has to
25 be constructed in the context of the rest of the graph. We found that the
best results are achieved by combining the recursive application of the
spectral algorithm with local refinement heuristics. One illustrative

approach is to use a well-known Rayleigh Quotient Iteration.

30 FIG, 6 demonstrates the multi-~level algorithm through an
illustrative example. 1In this example, we need to order 7 objects {A, B,
c, D, B, F, G}. The original graph G0 is drawn at the left hand side of
the figure. A node represents an object to be ordered. An edge
represents the similarity between two connected nodes. As discussed

35 above, nodes that have similar local structures are merged into a
multi-vertex in a coarse graph, e.g., graph Gl. For example, {A,B,C} and
{D, E, F} are merged into multi-vertices H and G, respectively. Then, we
order the coarsest graph by the spectral algorithm with local heuristics.
Tn this case, we obtain an order (G, J, H}. Dastly, we need to propagate

40 this result back by expanding every multi-vertex. For our example, we
need to further order (A, B, C) associated with H; and {D, E, F}



PCT/ GB02/ (11117 28. Data processing apparatus for ordering categorical
val ues of one or nore attributes associated with a data set, the apparatus

conpri si RGy Ph7skeast one processor operative to: (i) obtaparigheseaiegorical
val ues of ﬂe one or nore attributes associated with the data set; (ii)

nodel the categorical values as an origiynal graph structure with vertices
being the categorical values to be ordered and the wei ght of an edge
representing the simlarity of connected vertices; (iii) approxinmate the
original graph structure by a hierarchical sequence of one or nore coarser
10 graph, Sidoustds 68ch Whereiis ¥ai biCaset bataphhwiagatisi wpechriay dlgeatthat plict ure
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processing unit, and/or one or more output devices (e.g., CRT display.
printer, etc.) for presenting results associated with the processing unit

55 ' and/or a graphical user interface for an end-user. For example, the
display may be where the end-user views a visualization generated in
accordance with an ordering algorithm of the invention. It is also to be
understood that “processor” may refer to more than one processing device
and that various elements associated with a processing device may be

30 shared by other processing devices.

Accordingly, software components (e.g., one or more programs)
including instructions or code for performing the methodologies of the
invention, as described herein, may be stored in one or more of the

35 associated memory devices (e.g., ROM, fixed or removable memory) as an
article of manufacture and, when ready to be utilized, loaded in part or
in whole (e.g., into RAM) and executed by the processor. Thus, it is to
be understood that the hardware implementation shown in FIG. 7 may
preferably be used to implement the ordering engine 240 wherein one or

40 more of the ordering algorithms of the invention may be employed, as well

as the elements of a visualization system as shown in FIGs. 2A through 2D.
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ordering problem;

15 computing at least one continuous ordering solution to the

continuous optimization ordering problem; and

making at least a portion of the computed continuous ordering
solution available for use in accordance with a data visualization system.
20
2. The method of claim 1, further comprising thé step of mapping the
computed continuous ordering solution from a continuous space to a

discrete space.

25-. 3. The method of claim 1, wherein the step of forming a task to order the
categorical values as a continuous cptimization ordering problem comprises
the step of computing a similarity matrix based on the categorical values

of the one or more attributes.

30 4. The method of claim 3, wherein the similarity matrix is based on one

or more multi-set operations.

5. The method of claim 4, wherein the one or more multi-set operations
comprise computing two types of similarity measurements, a first type

35 being a similarity measure computed between two categorical values from
the same attribute, and a second type being a similarity measure computed

between two categorical values from different attributes.

6. The method of claim 3, wherein the step of forming a task to order the
40 categorical values as a continuous optimization ordering problem further
comprises the step of computing a Laplace matrix from the similarity

matrix.
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8. The method of claim 7, wherein the step of computing at least one
continuous ordering solution to the continuous optimization ordering
problem further comprises the step of obtaining a corresponding optimal
eigenvector from the smallest positive eigenvalue of the Laplace matrix.

10
9. The method of claim 8, further comprising the step of, prior to making
the solution available for use in accordance with the data wvisualization
system, ordering the categorical values in accordance with corresponding
values associated with the optimal eigenvector.

15
10. The method of claim 1, wherein the categorical values relate to
multiple attributes and further comprising the step of, prior to forming a
task to order the categorical values as a continuous optimization ordering
problem, mapping the categorical values relating to the multiple

20 attributes into a set of objects such that the forming and computing steps

are performed in association with the set of objects.

11. The method of claim 1, wherein the obtaining, forming and computing
steps are performed in association with a preprocessing operation of the

25 data visualization system.

12. The method of claim 1, wherein the obtaining, forming and cemputing
steps are performed in association with a data management module of the
data visualization system.

30
13. The method of claim 1, wherein the obtaining, forming and computing
steps are performed in association with a data viewer module of the data

visualization system.

35 14. A computer-based method of ordering categorical values of one or more
attributes associated with a data set in a data processing system, the

method comprising the steps of:

obtaining the categorical values of the one or more attributes
40 associated with the data set:;
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graph ‘structure;

10 ordering the coarsest graph structure in accordance with a

continuous optimization ordering operation;

propagating the ordering of the coarsest graph structure back
through to the original graph structure; and
15
making at least a portion of the propagated ordering assoclated with
the original graph structure available for use in accordance with a data

visualization system.

20 15. Data processing apparatus for ordering categorical values of one or

more attributes associated with a data set, the apparatus comprising:

at least one processor operative to: (i) obtain the categerical
values of the one or more attributes associated with the data set; (ii)

25 form a task to order the categorical values of the one or more attributes
associated with the data set as a continuous optimization ordering
problem; (iii) compute at least one continuous ordering solution to the
continuous optimization ordering pfoblem; and (iv) make at least a portion
of the computed continuous ordering solution available for use in ’

30 accordance with a data visualization system.

16. The apparatus of claim 15, wherein the processor is further operative
to map the computed continuous ordering solution from a continuous space
to a discrete space.

35
17. The apparatus of claim 15, wherein forming a task to order the
categorical values as a continuous optimization ordering problem comprises
computing a similarity matrix based on the categorical values of the one
or more attributes.

40
18. The apparatus of claim 17, wherein the similarity matrix is based on

one or more multi-set operations.
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21. The apparatus of claim 20, wherein computing at least one continuous

ordering solution to the continuous optimization ordering problem

comprises finding the smallest positive eigenvalue of the Laplace matrix.

15 22. The apparatus of claim 21, wherein computing at least one continuous
ordering solution to the continuous optimization ordering problem further
comprises obtaining a corresponding optimal eigenvector from the smallest

positive eigenvalue of the Laplace matrix.

20 23. The apparatus of claim 22, wherein the processor is further operative
to, prior to making the solution available for use in accordance with the
data visualization system, order the categorical values in accordance with

corresponding values associated with the optimal eigenvector.

55 . -24- . The -apparatus of claim 15, wherein the categorical values relate to
multiple attributes and wherein the processor is further operative to,
prior to forming a task to order the categorical values as a continucus
optimization ordering problem, map the categorical values relating to the
multiple attributes into a set of objects such that the forming and

30 computing steps are performed in association with the set of objects.

25. The apparatus of claim 15, wherein the processor performs the
obtaining, forming and computing steps in association with a preprocessing

operation of the data visualization system.

35
26. The apparatus of claim 15, wherein the processor performs the
obtaining, forming and computing steps in association with a data
management module of the data visualization system.

40 27. The apparatus of claim 15, wherein the processor performs the

obtaining, forming and computing steps in association with a data viewer

module of the data visualization system.
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15 least a portion of the propagated ordering associated with the original

graph structure available for use in accordance with a data visualization

system.

29. A computer program for ordering categorical values of one or more
20 attributes associated with a data set, which program, when executed

implements the steps of:

obtaining the categorical values of the one or more attributes

associated with the data set;

forming a task to order the categorical values of the one or more
attributes associated with the data set as a continuous optimization

ordering problem;

30 computing at least one continuous ordering solution to the

continuous optimization ordering problem; and

making at least a portion of the computed continuous ordering
solution available for use in accordance with a data visualization system.
35
30. A computer program for ordering categorical values of one or more
attributes associated with a data set, which programs, when executed

implements the steps of:

40 obtaining the categorical values of the one or more attributes

associated with the data set;



"+8A% s, x~) yk%F" $~*, 3y79; =?A' G | 1IMJITZ2] Vbe$hl oQqt wz~; Yxj O KIGXCt F6Ti
RomanAri al Couri er New'h Root EntryV‘l)rdDocumentQq B 6Ti mes

" HSYE (Wb 03/01<0023456789: ;
- sk ) PCT/GB02/01117
<_>?@\BCBI§G4| TKUMNOPQRSTUVWKYZ[ \ ] ~_ abcdef ghi j kI rmopgr st uvwyz{ | } ~
26

modeling the categorical values as an original graph structure with
vertices being the categorical values to be ordered and the weight of an

edge representing the similarity of connected vertices;

5 approximating the original graph structure by a hierarchical
sequence of one or more coarser graph structures, wherein vertices that
have a similarly local structure are mexged into a vertex in a coarser

graph structure;

10 ordering the coarsest graph structure in accordance with a

continuous optimization ordering operation;

propagating the ordering of the coarsest graph structure back
through to the original graph structure; and l
15
making at least a portion of the propagated ordering associated with
the original graph structure available for use in accordance with a data

visualization system.



