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1. Introduction

This report constitutes deliverable #16 of Modus Operandi, a project aiming at the automatic indexing
and clustering of fraud-related texts. As a result of cluster analysis, documents are grouped together
based on their similar vocabulary. The central topic of this specific report is not so much how to do
cluster analysisin this context, but rather how to present, or visualize, the results of cluster analysis. To
understand what is being visualized, the next section discusses the input data to be clustered. Docu-
ments, keywords and relevant vocabulary are all introduced there. The third and main section discusses
some commonly used presentation methods like proximity lists, dendrograms, item charts &c, com-
plete with examples from IRENE texts. Please, note that some parts of this report are aimed at the tech-
nical reader, e.g. an analyst who will be called to execute clustering and visualization tasks.

2. Input and characteristics of cluster analysis processing

Cluster analysis (CA) typically imports data in one of two formats where the second type may be an
elaboration of thefirst. Let us explain this: the first data format is a table where N objects are described

by M parameters — an ordinal orthogonal table, in mathematical terms. In the next st@p, tiie pa-
rameters of this table ar®rmalized and/orequalized® in order to make the values of all parameters
comparable and usable for the clustering algorithm. Note that these parameters may very well refer to
different scales and even scales of different types, i.e. using binary, integer, or float numbers. After this
normalization/equalization, we will find eachject described by a ‘value profile’ consisting of a vec-

tor of parameter values. These profiles can, in yet another step, be compared with each other whereby
another table can be created containing the calcypatedmities between each pair of objects/profiles.
There are several algorithms for calculating this proximity value (also called ‘similarity’ or ‘distance’).
We will henceforth refer to the result of this as pheximity matrix. So, from an objegparameter ta-

ble we will come up with an objeaibject matrix. By a similar procedure we can also create a
parametetparameter matrix. In that case we compare the parameters, (osigation analysis or

some other algorithm) i.e. how similarly they describe the objects in the original table.

Applied to the textual data in our example, tigects are documents and theparameters are key-

words. The values in the table cells are occurrences of a given keyword in a given document. Instead of
absolute number of occurrences, however, we use the more elaborate indkesitess value which is a

more accurate measure of the “importance” of that keyword to that text. The corresponding matrices
will then be the documexdocument matrix and the keywoddeyword matrix and this is that second

data format, mentioned above, which the cluster analyzer can accept as well, if such pre-calculated
matrices are available. The docum&lticument matrix contains all information of how the documents
form groups by virtue of common keyword(value)s but it is normally hard to detect these groups just
by looking at the matrix. This is whe@ is used to make evidemhat groups we have in our docu-

ment collection. And, as the reader expects by now, virtually the same thing can be done with the key-
wordxkeyword matrix; the application &A will show us what are the inherent grouping tendencies
among them. In the next section we will see just how the result of aggliethy be presented.

3. Output and characteristics of some visualization methods

3.1 Proximity lists
3.1.1 N closest neighbour lists of the data objects

In one of our experiments we analyzed a set of ~1,500 documents, each of which is described by an
average of ~15 keywords out of a set of ~1,800 keywords. The document names, or ‘identifiers’, indi-
cate their different origin andne possible purpose of applyingA on this data set could be to see
whether these documents cluster according to their origin (due to their having similar keywords typical
of that origin). A quite trivial thing to extract from the documelticument matrix is, given any docu-
ment, a ranked list of its most similar documents, together with some measure of similarity. This list
could, of course, be exhaustive but normally some of the highest-ranking documents suffice. Figure 1
shows an extract from suchpeoximity list where each document identifier is listed with those of its

five most similar “co-documents”. The similarity measure is relativized, i.e. it is expressed as permil-
lage of the highest similarity value found to hold between any two documents in the collection once all
identical documents have been detected and sorted out as duplicates.

1 A.K.Jain & R.C.Dubes (1988l gorithms for Clustering Data, Prentice Hall, Advanced Ref. Series.
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FSBE96_002_FS 0 FSUK95_003_FD 0 FSUK95_004_FS 0
FSBE96_003_FS_0 527 - - - - - -
FSBE96_001_FS 0 367 bur eau 4 bureau 4
FSBE96_004_FS 0 276 cl evel and 1 cleveland 1
FSBE97_004_FO 0 128 communi cation_trinestrielle 1 communication_trimestrielle 1
FSUK96_001_FO 0 83 conversation 1 conversation 1
date_02_1996 1 date_03_1996 1
FSDE9S_001_FO_0 décision_administrative 1 décision_administrative 1
FSDE94_002_FO 0 242 département_administratif 1 département_administratif 1
FSDE92_001_FS 98 détectif 1 détectif 1
FSEL95_033_FS 0 84 détection 1 détection 1
FSEL9S_032 FS 0 84 état_membre 2 état_membre 2
FSDE9S_007_FO_0 74 financement 2 financement 2
FSES94 001 FO 0 fraude 1 fraude 1
FSES96_009_FD 0 32 | | marais 1 marais 1
FSES96_009_FS 0 29 | | Police 3 police 3
FSES96 007 FD 0 26 politique_structurelle 1 politique_structurelle 1
FSES96 002 FD 0 24 présomption 1 présomption 1
FSES96 003 FD 0 21 reglem_1681/94 3 reglem_1681/94 3
- T reglem_1831/94 3 reglem_1831/94 3
FSUK95_003_FD 0 sauvage 1 sauvage 1
FSUK95_004_FS_0 1000 taxe 1 taxe 1
FSUK97_003_FS_ 0 178 uk00 4 uk00 4
FSUK97_002_FS 0 111 uk2 1 uk2 1
FSUK95_002_FD 0 98 uk60 1 uk60 1
FSUK97_001_FS_0O 94 uk67 1 uk67 1

Figurel Top of a “5- Figure 2 Profiles of the two documents found to be the most similar non-
closest-neighbour” list. identical pair of the list in Fig. 1 where the maximum similarity equals 1,000.

Thereis yet no need for any CA to generate’ the list of lists shown in Figure 1. Still we may say that it

shows how the five most similar documents “cluster” around the one in focus and it is quite useful to
be able to examine even this “monodimensional” clustering tendency around a given document. In the
short extract in Figure 1 we see e.g. thatr$eE96_002_FS_0 document is most similar to the one pre-
sumably written right afterF6BE96_003_FS_0), second most similar to the document written just be-

fore (FSBE96_001_FS 0), and third most similar to an even later documeaBH96_004_FS 0) in the

same series. Examining the neighbours of the next document listed, we see that it is considerably more
similar to another document belonging to the sarte series than it is to the subsequent documents.

The third document listed is only weakly connected to other documents; the one it resembles the most
has a similarity value which is just2% of the highest value found between any two documents — and
that pair is actually what we see next, under the fourth listed document. In a session of data exploration
the explorer would probably be curious about these two documents and when examining these closely
s/he will detect that they differ only in one keyword pair — which are nevertheless related to each other,
i.e. the documentsukes_003_FD 0 refers to the month of February 1996 and the document
FSUK95_004_FD 0 refers to March the same year. The writer of the March report, it appears, copied the
February report and just changed the date and if this is the case, it would also be a useful discovery as it
might suggest revisions of the management routines in order to mitigate the information overload.

3.12 N closest neighbour lists of the data parameters

What we have done with thabjects, i.e. thedocuments, so far in this experiment on clustering textual

data, the cluster analyZémplemented at the 1SIS/G3 section at JRC also lets us do wiffartime-

ters, i.e. thekeywords. Figure 3 contains the corresponding proximity lists, or “5-closest-neighbour
lists” for five of the approximately 1,800 keywords used. As a matter of fact, there are two lists for
every keyword, in Figure 1 the documents are compared internally in terms of common keywords
which they aradescribed by, and in the column to the left in Figure 3, the keywords are compared in-
ternally in terms of common documents which theydaseribing themselves. The second column, or

list, for each keyword in Figure 3 is a study of ‘synonymity’/‘complementarity’/‘interchangeability’
which, we suspected, could be calculated by looking for keyword pairs where both keywords appear
separately together with a very similar set of other keywords but they never apmgettrer, describing

the same document. Similar experiments have been done by other reséarchegsnormal” words

are clustered according to common concordance context and those results are very interesting as they
fairly well reflect the ten-or-so parts of speech we use in grammars for that language — and this only by
the words’ statistically similar distribution. Now, we are dealing not with “normal” wordskéyut

2 Although there is a need of other essential processing stepiyplieate detection; automatic key-
word weight calculation and assignment for all keywords in each document profilereation of the
documentxdocument matrix based on these weights, asadiculation of a ranking list of neighbours for
each document of which the tdp(here five) neighbours are printed, creating the list shown in Fig. 1.
% See J. Hagman (2008 Implemented Cluster Analyzer for Documents and their Indexing Terms,
Modus Operandi deliverable 12a, carried out by the JRC for the European Anti-Fraud Office OLAF.
“ At the time and place of writing this report this linguistic reference was unfortunately not available.
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words, so we did not expect exactly the same result in our study but nevertheless we did detect a slight
tendency in this direction. The words annoncer and annoncenent appear in avery similar context but
virtually never together which might suggest they can be used interchangeably (which they also can,
just atering the syntax alittle as one of them is a verb and the other is the corresponding noun). In the
same way f oi ns appears with a set of other keywords (in its first column) which is very much the same
set with which t omat e, frui t and prune appear (as they are also being dried) but these three never or
very seldom appear together with f oi ns. In the case of ol i ve we see that it appears very often with
hui l e, and ol i ve is aso the keyword by far most strongly associated to hui | e (which we verify else-
where in the list). Still, the other words in the left column of ol i ve are also very relevant for each of
the keywords légumes ... tomate , listed to the right, and this is likely to be so because these products
are handled and sold in a similar fashion but very seldom mentioned with the word olive itself. We
have already stated that by this comparably rough but cheap statistical method applied on the data we
cannot expect pure synonyms in the second column in Figure 3 but the words we do find are often in-
teresting anyway. In the case of the last keyword listed there, unterhaltsgeld , the keyword having the

most similar context, ubernachtungskosten , is, for example, a hyponym rather than a synonym.
annoncer
unterhal tsgel d 571 annoncenent 626
révocation 548 malversation 591
de00 541 surélevé 587
politique_structurelle 520 Ubernachtungskosten 571
installation 519 gesamtvollstreckungsverfahren 562

décision_administrative

département_administratif 965 journal 176
communication_trimestrielle 947 omission 160
violation 882 demande_de_remboursement 130
politique_structurelle 693 de00 130
uk00 686 indemnité 123
foins
fourrage 987 tomate 219
sécher 950 peler 212
vérification 541 olive 201
déshydraté 484 fruit 189
luzerne 444 prune 181
olive
huile 908 légumes 203
agence 693 sécher 202
mélange 564 foins 201
empaqueter 544 fourrage 199
vérification 496 tomate 189

unterhaltsgeld

nebenbestimmungen 818 Ubernachtungskosten 600

zi 818 erkl 534
louer 750 zuwendungsempfanger 395
malversation 714 thuringen 357
pénal 694 vor-ort-kontrolle 345

Figure 3 Part of a 5-closest-neighbour list for the keywords. The first
column of each keyword was caculated analogously with that of the
documents in Figure 1. The second column lists keywords having a similar
set of column-1-keywords as that of the keyword in focus, but they have
this while never or seldom co-occurring with the keyword in focus itself.

The usefulness of creating lists of the type shown in Figure 3 is that it facilitates checking the appropri-
ateness of the set of keywords used, whether manually or automatically assigned. Seeing the result in
Figure 3, one might even find inspiration to order the keywords hierarchically (building a thesaurus).

3.1.3 Displaying ‘orthogonal characteristics’ for list items and hyperlinking

Consider again Figure 1. In addition to the closest document neighbours, each document could be as-

signed another ranked list containing its most characteristic keywords. Since documents and keywords

in our textual data are ordered orthogonally (they correspond to the table rows and columns respec-

tively), we can call the keywords ‘orthogonal characteristics’ of the documents, and the other way
around: the documents are ‘orthogonal characteristics’ of the keywords. The same can be reasoned for
Figure 3 where we could think of a third column listing those five documents where the keyword in
guestion plays an important role. Note that the sheer absolute frequency is normally not used as an in-
dicator of this importance, but some normalized and weighted elaboration of it is preferred. As we now
are getting used to swapping object/parameter and parameter/object perspectives, let us it@moduce

as a general term referring to whatever is focussed of the parameters or objects. The facility of adding
the respective ‘orthogonal characteristics’ of the items in Figures 1 and 3 has not been implemented for
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these lists but it has for the dendrograms, dealt with in the next section. Leaving this section we just
note that e.g. adding documents to the lists in Figure 3, these document identifiers could be activated as
links whereby the explorer could click on the name to see the full-text version of the documents in
which that keyword plays such an essential role and see exactly how that word was used there.

3.2 Dendrograms or ‘tree diagrams’

Advancing one step in the clustering procedure, the CA proper starts. The probably most commonly
used clustering agorithm® builds a tree diagram, or dendrogram, starting from the leaves (each repre-
senting one item in the itemxitem matrix) which it combines into twigs, branches, and then it stops
when al items (in our case: al documents or all keywords) are collected as sprung out from the same
trunk or root of the tree. This procedure has been described more in detail in a previous report®. The
result of making such a tree based on the documentxdocument matrix in our example is illustrated by
Figure 4. Building the dendrogram on the keywordxkeyword matrix, instead, will result in what is
shown in Figure 5.

3.2.1 Displaying ‘orthogonal characteristics’ in dendrograms and hyperlinking

The interpretation of the dendrograms in Figures 4 and 5 has also been explained in a previous report®.

The new facility of displaying these ‘orthogonal characteristics’ was however yet not implemented at
the time that report was written and therefore we show it in this report. In Figure 4, to the right of the
document dendrogram, the most salient keywords are listed in ranking order (as many as the row length
allows) for each document as well as for each bundle of documents, i.e. tree nodes

In Figure 5 another idea is tested; we confine ourselves to mentioning only one specific document
where a certain keyword plays the most important role. If this strongest contribution of that keyword
happens to be made in more than one document, it is signalled by the “*-sign followed by the number
of documents in which the keyword is equally important. In Figure 5 we see, from the document
names, that the keywords pertaining to this tiny part of the whole dendrogram seem to be most impor-
tant in texts about Spain (as indicated by the lettess in the document identifier), except in two
cases where the texts are about France (where the document names contain the lettersrguence

FSBE97_001_FO_0--\ | 71 véhicule demeure wallonie date_12_1996 be00 be67 date_07_1991
24\ | 1594 2 véhicule demeure wallonie recommander contestation transmission
FSBE97_005_FO_0-+/ | | 17 1 recommander transmi ssion contestation deneure wallonie
16-\ | 1792 3 demeure véhicule secteur recommander be00 be67 transmission
FSBE97_003_FD_0:----+/ | | 12 1 secteur demeure route europe action date_11_1990 transport
12\ | 1897 5 demeure md_316 véhicule be00 be67 secteur date_01_1997
FSBE97_002_FO_0-\ || | 10 1 md_316 wallonie presser date_01_1997 dénonce be00 be67
18-/ | | 1713 2 md_316 wallonie presser date_01_1997 be00 be67 recouvrement
FSBE97_003_FO_0-+/ || 13 1 wal | oni e date_01_1997 |iquidaci on date_10_1996 be00 be67
19\ | 2032 7 bassin demeure md_316 véhicule be67 be00 secteur instruction
FSBE97_002_FD_0--\ |11 91 bassin instruction précision be00 be67 wallonie date_12_1994
17-weeeee /| | 1733 2 bassin instruction adjudication précision be67 date_04_1996
FSBE97_005_FD_O0--/ || 16 1 bassin adjudication date_04_1996 aménagement liquidacion

|8:/ 2148 11 france be0O0 allocation date_05_1993 recommander be67 demeure
FSBE97_001_FD_0O -\ allocation extérieur action wallonie équipement be00 be67

1878 4 france allocation date_05_1993 douteux agrément recommander
FSBE97_004_FD_0-----\ | 14 1 dout eux instruction date_05_1993 allocation date_06_1994 be67
22./ 1622 3 france date_05_1993 allocation douteux agrément recommander
FSBE97_001_FS_0--\ | 8 1 france recommander date_05_1993 allocation nd_121 courrier be00
66/ 1504 2 france agrément recommander date_05_1993 allocation md_121
FSBE97_002_FS_0--/ 11 1 agrément france recommander date_05_1993 allocation md_121

® We use the hierarchical agglomerative algorithm in combination not with ‘single’ nor with ‘complete’

but with average linkage. This technical note about the algorithm is not indispensable for the under-
standing of what is reported here but it is sometimes asked for by people workit@pvitbtmselves.

® In the same report mentioned in footnote number 3 above.

" When two trees are combined in a node each of these new subtrees contributes to this agglomerated
keyword ranking list with a weight proportional to the size of the subtree in terms of leaves/items.
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GAES94_059:«---++vvvees \ 634 1 alcool crédit espagne intervention contrdle vérification
|5\ 2366 4 eau-de-vie joindre alcool déceler crédit propriété preuve
GAUK94_Q75---------- \ | 981 1 joindre octroi contingent participation caprin nouton
18-/ | 2107 3 joindre eau-de-vie alcool déceler propriété crédit preuve
GAES94_065:---++ \ | 637 1 eau-de-vie alcool propriété crédit la_mancha vin espagne
24.1 | 1605 2 eau-de-vie joindre alcool déceler propriété crédit preuve
GAFR94_035:------- / | 937 1 joindre eau-de-vie alcool déceler preuve absence début société
|2:--:\ 2722 8 eau-de-vie albanie joindre déceler alcool crédit début
GAFR94_033------- \ | | 936 1 déceler albanie transport imputation début livraison
17\ | | 1766 2 albanie déceler transport détournement importation imputation
GAUK95_147------- /] | | 1095 1 albanie détournement importation destination intervention
5----/ | 2335 4 albanie déceler détournement entrepdt début importation
GAFR94_032::----- \ | | 935 1 déceler infraction lIégumes fruit début recouvrement péche
10/ | 1978 2 déceler entrepdt infraction début stockage Iégumes fruit
GAFR94_039:------- / | 938 1 déceler entrep6t sucre stockage début recouvrement
|11-\ 2923 18 eau-de-vie bournville déceler joindre apurement albanie interne
GAUK96_058::------+ \ || 1161 1 york réclamation participation conservation animal terre
|4------:\ | | 2516 3 interne assignation royaume-uni interception réclamation
GAUK94_081:------- \ | | 1] 984 1 interne interception supplément inexactitude participation
19/ | | | 2027 2 interne assignation royaume-uni interception supplément aboutir
GAUK95_207:---+++ / |1 1129 1 interne york assignation royaume-uni aboutir société excés
|2:/ | 2775 10 apurement bournville interne cadbury birmingham évidence alcool
GAUK95_162:-----\ | | 1102 1 anticipation cadbury birni ngham preuve fournir renboursenment
18-+ | | 2154 2 cadbury birmingham anticipation importation irlande preuve
GAUK96_034------- / |] | 1150 1 importation birmingham cadbury irlande contenu beurre société

GAUK95_202:-:---- \ | | 1125 1 bournville cadbury interne remarque preuve absence nécessité
19\ | | 1680 2 bournville interne cadbury birmingham preuve royaume-uni
GAUK95_204:----- 1] | 1126 1 bournville interne cadbury birm ngham royaune-uni preuve
16\ | | 1793 3 bournville évidence interne cadbury birmingham preuve nécessité
GAUKIE_O77--wweeee- ] | 1173 1 évidence bournville birmingham cadbury avance preuve nécessité
18-/ | 2112 5 bournville apurement cadbury interne évidence birmingham alcool
GAFR96_046------ v | 954 1 apurement alcool lier distillation individuel nécessité
17/ | 1778 2 apurement alcool lier bournville sécurité international
GAUKI7_174------- / | 1424 1 apurement sécurité bournville international birmingham cadbury

Some Ways of Visualizing Results of Cluster Analysis
Johan Hagman

continued from previous page

-/ | 2306 7 apurement bournville cadbury birmingham interne évidence alcool

Figure 4 Two parts (together representing less than 2%) of the document dendrogram. The three columns to
the right show the node number; the subtree size; and the top of the ranked list of the most important keywords
describing that document (in boldface) or document group (plain text). We discover that the documents in this

collection —
then accordi

by virtue of similar keywords — tend to group first according to investigation Rgf&:) and
ng to under which country (h8B/ES/FR/UK) they have been filed.

alicante:----\ | 37 1 2GA ES97_111
38 \ | 1627 2
qualité------/ | | 852 1 13GA ES97_049 "3
11---/ 1973 12
distillation--------- \ 406 1 5GA ES94 092
27\ | 1797 5
MOt -+ Vo 741 1 23GA ES97_117
87\ ||| 1131 2
VN I 1046 1 28 GA ES94_092
75\ | || 1172 3
raisin:--------- IAREN 853 1 27GA ES94_081
53/ | | 1399 4
freixenet:--------- I ] 531 1 2GA ES96_059
19./ 1877 10
destination::------ | 392 1 35GA FRO6_015 "2
494\ | 1490 4
impots:------ \' ] 582 1 5GA ES94_069 "2
73\ ]| 1197 2
suede:----- AR 976 1 4GA ES94 076
64/ | | 1256 3
états-unis------ I 473 1 3GA ES94 077
30/ 1748 5
départ.----eeeeeene / 378 1 16 FS FR96_002

Figure5 Part (lessthan 1%) of the keyword dendrogram. The five columns to the

right show: node number; subtree size; number of total occurrence of that keyword,;
document where this keyword seems to play the most important role; and (in three
cases, after a “V'-sign) in how many documents the keyword makes its most im-
portant contribution if in more than one document.

What has still not been tried out in these dendrograms are adding hyperlinks. By doing that one would
be able to click on e.g. a document name to see its full text version or to see its five-closest-neighbour
list. The same principle would apply to the keywords.
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3.3 Itemcharts

A dendrogram soon becomes hard to inspect as it grows in size. One possible remedy is to chop up the
tree, starting from the root, and display the subtrees in a two-dimensional item chart® where subtrees of
similar content are located in adjacent cells. We make this chart out of a square grid with an uneven
number of cells at each side. The reason for an uneven number is to make it possible to have itemsin
the middle of the chart. We cut up the tree in nine subtrees and order these in the chart as to optimally
reflect their internal proximities given by the orthogonal data describing them. Then, in a subsequent
step, we do the same thing again inside each of these nine cells and order even them according to inter-
nal and external neighbours. In this last split, however, not all of the first nine subtrees are big enough
to be split into nine subtrees, so we must leave those unaltered. Figure 6 shows the result of making
such a chart of the whole document tree, part of which we saw in Figure 4 above.

14 117 189
2909 2902 2881
abandonner [ldicter renisell de66 de6l
conti nuation obj ecti f municipalité
postérieur bai sse beihilferecht

date_10 1991 [ sous-marcher

regl em 631/ 93 [ argent dessau
|

informatique

GAI R94_011 6
4 074 2604 GAES97_020
2526 lle opérate‘ur s e00 826
orientation martin inpliquer suspension jantland
Y . date_12_1986 restitution H 999 . — P .
propriété bétail allaitement arrachage [l exportation lp:érjs%n aide restitution vérification

reglem 355/77 feoga controle

GAUK97_057
1329

noder ne pme _ lait date_( 09 1993

macedonie W, At”ecr"vre’netciton concour

méridional prévention date_11_1992

i nnovati on national provence > be0O
date_07_1993 [l amélioration date_ 1989 =

‘! |

2953

I ynn essai [ affairiste
électricité hgrborough Dlante fruit _ I
collecter ¢ aggvei?se " destruction Porebis déficit fictif sécher 'nde";if[‘rlzsﬂon
équivalence | ondres faner [l i nterception révision render_rent egumes
faible loi fourrage foins S
cont act exploiter extremadura nect ari ne

2 3 16 6 26
2943 2938 2906 2925
2919 Phumidité navet  finterprétation écorce opfh

exportation
restitution
alimentation
vérification

transport contenu inexactitude Jchéne coton assi gnation fcapital fruit

détermination bétail document figue adopter | nangeabl e campagne
culture contact erreur acconpl i ssement

ensenencenent Jexpl i cation rotation

conservation
détention
réduction

16 45 23

2856 2915 2934
llanymynech luzerne agrume banque
titularité déshydraté chauf f age

2 51 25 5
17 2931 2907 2810
europe ordinateur mélange titre peler physique
andalousie scotland agence tomate aragon stockage
restitution " crawley clwyd opération capacité olive agence
contingent Mli P & ité
vérification bureaugam al colline hery;pa?ueter nurcir | quidej neces'ls't.e
controle N uile olive rovince exemplaire
paiement - caractére ¥ cont enu
— 1 =
2976 2973 2979
di vergence expl oi tation insuf- fabrication fournir preuve tabac rebut succursale
fisance exces enregistrement document comptabilité obtention correction retirer
chargement justice

I

Figure 6 A tree of 1,496 documents cut up into pieces that have been more or less squeezed into the cells of a
chart. The most densely populated cell contains 421 (=~ 28%) of the documents, whereas cells containing only one
document have this identifier written out. The cell walls reflect subtree proximity: thinner = more similar content.

8 Presented in J. Hagman, R. Steinberger, D. Perrotta, and A. Varfis. Tech. annex of the 16th Int'l Conf.
on A.l.,, IJCAI'99 Stockholm, Sweden, 1999 and, even more in detail, in the report mentioned in foot-
note no. 3, above. The term mapwas used before but we now suggest chart as a more accurate term.
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The underlying idea of creating this chart based on (3x3)x(3x3) gridsis that we assume that a multitude

is easier to “divide and conquer” if divided iteratively in three parts — easier, that is, than dividing it in,
let us say, X7 or 111 cells right away, not to mention a rectangular formation. The Kohoner,maps
calculated by neural networks, also allow the user to decide on the number of cells in which to map the
data but the data may there distribute in such a way that the original chart/map form (square or rectan-
gular) is not reflected any more by the smaller cell groups inside it once this@dit@rojection is

done; often these cell groups form irregular polydbréne advantage of having table cells formed

like in Figure 6 is that such a visualization could be created automatically in a sifiyleformat and

thus be viewed and explored using any browser, and there, by clicking on one cell/subtree, another
(3x3)x(3x3) chart would pop up allowing the viewer to zoom down yet another step. The document
identifiers would be activated as links leading to where that document is found in the proximity list, in
the document tree, or to its full-text version. Already stan¢idL colour and text/table formatting
commands offer useful facilities for data visualization which we have used Befitie good result

and adding links would be the natural next step. We also see great possibilities of making this type of
visualization nicely interactive by applyidgVA scripts to such aHTML-based visualization afA.

One of the main points of spreading out the data on some kind of chart is to better utilize a two-
dimensional display area. It may be perceived a problem, however, if too much information is concen-
trated in too small a space (which is the case of some cells in Figure 6). Two solutions to this come to
mind: either making the cells clickable and provide a real-time iteratk@ 2bdivision of big-enough

cells in combination with some zooming facility as just descrilbedapplyingcontrolled partitional
clustering where the user/programmer decides the number of clusters wanted and their preferred size —
in this case we could tell th@A program already before it starts to calculate 8%¥3§&3x3)) clusters

and then position them optimally in the chart, putting some 18 or 19 (=1,496/81) documents in each
cell. The best idea would probably be to combine partitional clustering and “clickability”. In such a
chart of 81 cells evenly “populated” on the first level, on the second zoom level each cell would con-
tain only one or two document names (=1,496/9/9/9), activated as hyperlinks. These possibilities are
“within reach” but yet not implemented by our research group at JRC.

3.4 Integrating other visualization software

CA per se works well independently of visualization modules. The latter are needed by humans to in-
terpret and assess the outcome of@heThe cluster analyzer developed at JRC prints its results (den-
drograms and chart positions) onto simple, easily modifiable text files, which could be exported to
other, commercially available visualization tools. In fact, this solution might be a very good one and
that for two reasons: we are very precise about what the linguistic pre-processing and clustering algo-
rithm should be like in order to meet our special requirements (it seems to be difficult to find anything
suitable on the market) so we do not mind continuing doing that part ourselves; the second reason is
that there are a few nice visualization tools around which may save us some time and which we could
utilize for the presentation of th@A result. Below we will outline three ideas we find promising and
where some steps have been taken already to adapithatput to be inserted in available visualiza-

tion tools. The subsection on ThemeScape is a reshaping of part of a previods report

3.4.1 TheLink Notebook™ by i2 Limited

i2 Limited, UK, offers a software tool for creating link charts. It is called Link Notebook™. We see the
possibility of using this tool to visualizeme aspects of our document and keyword clusters. The tool
accepts input in plain text describing these items and what relations hold between them (something
which will be provided by our cluster analyzer) and then automatically draws up a map where each
item is represented by an icon and all relations to other items are displayed by means of labelled links.
Both icon images and relation measures and thresholds are user-defined and the program iteratively
optimizes the layout of these maps to facilitate its interpretation. Our research group is already working
with software from the same company, thealyst's Notebod®', and we understand the OLAF staff

has experience with this software as well. As soon as time permits we will start portingAoumput

into this tool to see what could be accomplished.

° See e.g. T. KohoneBelf-Organising Maps. Springer, Berlin, 1995.

19 This can be seen at etutp://www.telegeography.com/Resources/md_f1_4.html

" See Figures 11-16 in J. Hagman (2006)struction and Performance of a Language Recogni zer,
Modus Operandi deliverable 8, carried out by the JRC for the European Anti-Fraud Office OLAF.
2 R. Steinberger & J. Hagman (20@mmercial Keyword Identification and Clustering Software,
Modus Operandi deliverable 10, carried out by the JRC for the European Anti-Fraud Office OLAF.
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3.4.2 GISsystems

Within our JRC research group we also do work using GIS (geographical information systems). Such a

system connects relational databases to “ordinary” geographical maps where it visualizes, e.g. by col-
ouring dots for cities and polygons for regions or countries, what geographical parts are related to the
data. The data could be about anything, provided it has some relevance to the map of interest. The data
used in the experiment illustrating this report frequently refers to European place names or “areas of
particular interest” in the context of ongoing or planned fraud-related investigations. By recognizing
geographical names in texts, any recurring theme in a document collectiangar.gte smuggling or

faulty olive oil quality labelling within the EU could be visualized on suchGiS map if connected to

our other modules. This would not even require @Ayto be carried out; just the linguistic pre-
processing, information extraction, name recognition, porting and, finallyGithdisplay of the rele-

vant areas mentioned in those documents. We hope to find some time to explore this yet unleashed
potential of connecting automatically extracted geographical information in texts with GIS.

3.4.3 ThemeScape

NewsMaps.com is a web servidd provided and operated I§artia, Inc.*. On a regular basis, web

pages are scanned, linguistically analyzed and clustered according to their most salient semantic content
descriptors. ThiA is then projected onto two-dimensional maps where more similar news stories
come closer by virtue of their similar vocabulary. In regions of the map with high density of news (indi-
vidually represented by dots, as small villages), the whole landscape is raised to visualize the accumu-
lation of texts dealing with that subject. On the other hand, news reported with rare vocabulary with
respect to the whole agglomerated article collection are represented as located in isolated areas, and the
lower the density, the lower the altitude on the thag/here no news at all are present on the map,
including its entire periphery, there is water. The maps are interactive, i.e. the user can zoom into inter-
esting parts (or have them indicated by means of a search mechanism) and there see what themes and
articles there are to read. By then clicking on a “news item village”, the reader is linked to the original
site and can there read the article exactly the way it was intended by its author.

The clustering and visualization software making all this possible is GdlkeScape™ and is a state-
of-the-art generic tool, but as we would like to use our own specialized and — as it seems to us when
reading their product description — linguistically more precise modules, we would prefer doing the first
steps ourselves and then porting the outcome offauto ThemeScape’s visualization module. In re-

cent discussions with a representative of Cartia Inc., we have been informed that a new version will be
issued within some three months from when this report is written and we intend to investigate this pos-
sibility further, based on what that version offers concerning portability, price, and performance.

4. Summary and Conclusions

At an early stage of the Modus Operandi project, the JRC project team opted for buitnge a
stand-alone parametrizable cluster analyzer, specifically suited to the needs of the project. The alterna-
tive would have been to spend time on searching the market for suitable commercial tools — with no
guarantees for success — going through a lengthy purchasing procedure, installing and tuning the soft-
ware, before actually setting to do any clustering. We were thus constrained to give priority to the
cluster analysis task per se, more than to the subsequent visualization of cluster analysis results. Nev-
ertheless, we think that the basic visualization facilities developed for the purpose are satisfactory.

The modular cluster analyzer developed can export intermediate results into an ordinary text format. It
is therefore feasible to consider integration with other commercial visualization tools to present the
results of the cluster analysis program. Powerful, user-friendly data visualization is a very lively re-
search area at the moment and software providers are coming out continuously with new and better
products.

As far as the follow-up to this project is concerned, in the context of separate institutional research ef-
forts, it is our team’s intention to assess some commercial visualization alternatives, such as the ones
mentioned above, namely, the Link Notebook, GIS systems and ThemeScape.

3 At http://www.newsmaps.com

14 At http://www.cartia.com/products/index.html

> A similar cluster visualization method was presented in J. HagMalecules and Mergers: To-
wards a More Concrete Appearance of Cluster Configurations and Scattergrams, Proc. IASTED Intl
Conf. on Computer Graphics and Imagijied. M. H. Hamza), Halifax, Canada, 1998, (pp. 166-170).
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