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ABSTRACT

Biological descriptions concerning phlebotomine sandflies of French
Guiana are very complex (cf.[4]). Each species is a class of specimens and
its description must represent not only a prototype but all the possible va-
riations in the species. Thus, the description by a qualitative variable of
a specimen representing a given species, requires -the most often~ a disjunc-
tion of values. On the other hand, there are hierarchical relations on the
‘set of variables. Finally, we suppose ranking similarity function on the moda-
lity set of each varlable AN

We formalize the expert knowledge base according to the previous des-
cription by means of a very new type of descriptor that we call : Taxonomic
preordonnance variable with multiple choice.

A preordonnance variable (cf.[10 ]& [16]) is a qualitative one provided
by a total preorder on the set of modality couples, interpreting the expert
perceptual similarity between modalities. A taxonomic variable (cf.[2],[3],
[10], & [15]) is a particular case of a preordonnance variable.

A taxonomic preordonnance with multiple choice variable (cf.[13] & [14])
is obtained by hierarchical organization of preordonnance variables where the
"value" of a qualitative variable on a given object or on a given concept is
a logical formula on the set of its modalities.

For such data, represented in a suitable way, we elaborate a similarity
index between objects or concepts consistent with the Likelihood Linkage Ana-
lysis (L.L.A.) hierarchical classification method. This method enables the
structuration of the family of species taken one by one or by couples (male,
female).

In this context, the consensus problem (cf.[5]) appears as very particu-
lar.

This text is less technical and clearer than [14]. We distinguish here
two notions. The first concerns the "value" of a variable on an object (e.g.
specimen) and the second concerns the "value" of a variable on a concept (e.g.
species). This classification takes into account discussion with J. Lebbe
(cf.[B]).

Keywords : data in Artificial Intelligence, similarity index, likelihood linka-
ge algorithm.
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CLASSIFICATION DE CONCEPTS DECRITS
PAR DES VARIABLES PREORDONNANCES TAXINOMIQUES A CHOIX MULTIPLE

RESUME

Les descriptions biologiques concernant les phlébotomes de la Guyane
Francaise (cf.[4]) sont trés complexes. Chaque espéce est une classe de spéci-
mens et sa description doit représenter non seulement un prototype, mais toutes
les variations possibles dans l'espéce. Ainsi, la description par une variable
qualitative d'un spécimen représentant une espéce donnée, nécessite -le plus
souvent- une disjonction de valeurs. D'autre part, il ¥y a des relations de dépen-
dance logique de nature hiérarchique sur 1'ensemble des variables. Finalement,
on suppose une relation de similarité ordinale sur 1'ensemble des modalités d'une
méme variable.

Nous formalisons la base de connaissance de 1l'expert au moyen d'un nouveau
type de descripteur que nous appelons : variable préordonnance taxinomique &
choix multiple.

La variable préordonnance (cf.[10] & [16]) est une variable qualitative
dont 1l'ensemble des couples de modalités est muni d'un préordre total qui ex-
prime la perception des similarités entre modalités. Une variable taxinomique
(cf.[2],[3],[10] & [15]) est un cas particulier de la variable préordonnance.

Une variable préordonnance taxinomique & choix multiple (cf.[13 ]& [14])
est obtenue & partir d'une organisation hiérarchique de variables préordonnance
ou la "valeur" de la variable qualitative sur un objet donné ou un concept donné
est une formule logique sur 1l'ensemble de ses modalités.

Pour de telles données codées de fagon adéquate, nous élaborons un indice
de similarité entre objets (e.g. specimens) ainsi qu'entre concepts (e.g. species),
conforme & la méthode de classification hiérarchique de 1'"Analyse de la Vraisem-
blance du Lien" (A.V.L.). Cette méthode nous permet de structurer la famille des
espéces.

Dans ce contexte, le probléme du consensus en classification (c¢f.[5]) ap-
parait comme trés particulier.

Ce texte reprend celui [14 Jen 1le dégageant de ses aspects les plus techni-
ques et en le clarifiant, notamment en distinguant deux notions : "valeur" d'une
variable sur un objet (e.g. specimen) et "valeur" d'une variable sur un concept
(e.g. espéce). Cette clarification ne nous a été possible qu'aprés une discussion
avec J. Lebbe (cf.[4]).

Mots-clés : Données en Intelligence Artificielle. Indice de similarité. Classifi-
cation hiérarchique par 1'Analyse de la Vraisemblance du Lien.



CLASSIFICATION OF CONCEPTS DESCRIBED BY TAXONOMIC PREORDONNANCE VARIABLES
WITH MULTIPLE CHOICE.
APPLICATION TO THE STRUCTURATION OF A SPECIES SET OF PHLEBOTOMINE.

I.C. LERMAN (IRISA - RENNES)
& PH. PETER (IRESTE - NANTES)

INTRODUCTION

The "descriptive variable" notion can be formalized with much more gene-
rality and flexibility in Data Classification than in Factorial Analysis. In
_thislatterfield a given variable has to be represented geometrically with res-
pect to the whole set of the described objects. But in Data Classification the
descriptive variable can have very synthetic expression of combinatorial and
logical nature.

The underlied classification method is hierarchical and called "Likelihood
Linkage Analysis". It has been set up and developed by I.C. Lerman & Collabora-
tors ( 8 ). This method is based on a combinatorial and statistical approach and
it leads to "significant" classes formation on both sets : the set of objects
or concepts and the set of descriptive variables, and that, for all types of va-
riables. Each variable is represented in the method, as a relation on the set
of objects. We proceed to the interpretation of the results in a dual way by si-
tuating each class of objects with respect to the different variable classes and
vice versa.

The purpose of this paper is to introduce a very new type of "descriptive
variable" -or "descriptor" which is of combinatorial and logical nature and which
has got a very synthetic and rich descriptive structure. This descriptor enables
us to formalize the expert knowledge concerning the biological descriptions of
phlébotomine sandflies of French Guiana [J. Lebbe, J.P. Dedet & R. Vignes (Ins-
titut Pasteur de la Guyane Francgaise)( 4 )]. Descriptions are very complex. Each
species is a class of specimens and its description must represent not only a
prototype, but all possible variations in the species. Thus, the description by
a qualitative variable of a given species, requires -the most often- a subset of
possible values. Finally, we assume ranking similarity function on the modality
set of each variable.

We will distinguish formally two description levels. The first, concerns an
elementary object x for which we only know that it belongs to a set1§b of "exam-
ples" of a concept C. The second level concerns the deduced description of the
concept C. The problem is the to structure a seﬁjb of concepts. In our applica-
tion x is a specimen and C is a species.

II. QUALITATIVE VARIABLE WITH UNIQUE CHOICE AND QUALITATIVE VARIABLE WITH MULTI-
PLE CHOICE

Let E be the set of objects or examples, where each object is a represen-
tative element of a concept C ; n=card(E). Let J=£1,2,...,j,...,m3 denote the
coding of the modality set of a qualitative descriptive variable v. The struc-
ture of which the modality set is provided, is not taken into account in this
paragraph. In classical data analysis v has to be defined on the whole set E ;
but we consider here that v is a "descriptor" of E which an "unique choice", if

there exists a(gon empty subset D of E, such that v is a mapping of D into J ; in
other words‘f (E) denoting the set of subsets of E,

Fp e BE)-181), (VxeD) => vix) e . (1)



In fact by difference with the classical data classification, the
"value" v{(x) on the representation object x of a concept C, interprets the
expert knowledge on C.

The descriptive variable v is "with multiple choice" on E, if there exists
a non empty subset D of E, such that v is a mapping of D on a set of logical
expressions on J. More precisely, each logical expression can be defined by a
disjunction -eventually positively weighted by a probability distribution- of
conjunctions, where each conjunction concerns a subset of J (i.e. a subset of
modalities of J).

Thus, to a given object x of D, we can associate a sequence of subsets :

(J){,Jg,...,Jz,...,Ji) (2)

of the set J, provided by a probability distribution :

D), (3)

( X X
PisPyseesPy

where the object x may possess the subset Jx of the modalities of the variable
v, with the probability (or relative freque%cy) p% 1ge<k. Notice that x may

possess JX or JX or ... or JX, where the "or" defines a strict disjunction. On
the other hand, the differen% subsets J: (1<e<k) are not necessarily disjoint.

We denote

@vel? 5)-1611) Vxe ),
v=(\i/i& 37y, )V Nu/s € T3y, 0))
o viNGZie 33 e ()

_ We may now extend the variable or descriptor definition on the set/ébof
the concepts C. Relative to (4) the "value" of v on the concept C that x re-
presents is in fact a conjunction of the following form :

v(©)=(\ts/3€ 371 09IA NG /i€ 123 02 )
conNse1ed), (s

C C
where (J7,p )=(J?,px) for 1< Ik, since the "value" JC occurs with the relative
frequency p1 and the "value" Jg occurs with the rela%ive frequency PSye .-

III. TOTAL PREORDONNANCE STRUCTURE ON THE MODALITY SET OF A QUALITATIVE
VARIABLE. REPRESENTATION

A "preordonnance" qualitative variable is a qualitative variable of which
the modality set J is provided by a total preordonnance which is a total preor-
der on the set of unordered (or ordered) modality couples. In the case of inte-
rest it concerns here the following set :

;21

{(j,h)/1gjichkm} (1)

(cf.[10] & [16]). This total preorder is established directly by the expert or
by means of an Artificial Intelligence program taking into account the ex-
pert knowledge and a theory of the concerned field. The total preorder is esta-



blished from the highest couples to t%g lowest ones, according to an ordinal
comparison of the similarities on 52 {i.e.(j,h)>»(j',h"') [resp. (J,h)W(J ,h') ]
if j and h are strictly more [resp. equally similar than j' and h' ]

This last total preorder is coded by means of a "ranking function"
which leads to the table '

r/Gme 12 @
where the rank rjh is computed with the following formula :

J--Z +Z = (Z +1) (3)

( -7

where Zq denotes the qth class cardinal of the total preorder on J{Z} and where
(j,h) bélongs to the pth class, according to an increasing ordering of the
preorder classes.

Example. Let consider the 33rd variable of phlebotomlne sandflies description
(cf.C4)), "Aspect of individual duct". The modalities of this variable are

1- Smooth non-sclerotized

2- Smooth sclerotized

3- Transversely striated or annulated
4- With small prominent tubercles.

By going from the most similar couples to those, the leastsimilar, the ex-
pert has given the following preordonnance on J={1,2,3,4} :

1122133744 12413723 514424434, (4)
where jh represents the pair {j,h}, 1<j<h$4f

Then -by ordering lexicographically the couples (j,h)- the'table (2) be-
comes .

{8'5’5,5’2’8‘5’5'2!8'5’278'5} (5)

' iV. TAXONOMIC VARIABLE ORGANIZING A SET OF QUALITATIVE VARIABLES. REPRESENTATION

Such variable that we denote wt consists of a sequence of sequences of
qualitative variables of the following form :
(1) (2) (2), . (b) (p) . (q) (q)
w={v ’YL ,...,vkz PeeedVY aeel,V k ,...,v1 ""’vkq }.

The first sequence is necessarily reduced to one element : the variable
v(1) which is associated to the root 'of the tree figuring the taxonomic varia-
ble. On the one hand, each varlable Vi P) (14 §k ) is the "daughter" variable

of at least one variable v(p (1$h$kp_ ) and on the other hand, when two varia-

bles v(p) and v(p) (p-1)
J J h

defined on two distinct subsets where each subset is characterized by one moda-
lity of vép‘l)

have the same "mother" variable v ,» they are respectively



s 1
Example. Let consider the variables 1,18,19 and 20 of[“ﬂ; where v~ is the
"Sex", v© is the "Number of style spines", v2 is the "Distribution of inser-
tion of 4 style spines" and-vq is the "Distribution of insertion of 5 style
spines". ' R

We obtain the following taxonomic structure :

2(f)
15

//1 ,2
1 2
1 2345 6 12 3 45
4 5678 9 1011121314
Figure 1
We represent the variable defined by this structure by means of what »

we call an "ultrametric preordonnance" (cf.[}] & [10]) on the set of the taxono-
my leaves (the cardinality of this set is 15 in the above example). According

to this total preorder on the set of unordered leaf couples, the higher is the
rank of a given couple, the lower is the first node -for a decreasing construc-
tion of the taxonomic tree from the root to the leaves- which underlies the two
leaves. Thus, in the above example, the pair {6,8} has the same rank as the pair
{10,12}. This last is greater than that one of { 7,12}, which is equal to the
{2,3} rank, and so on...

o

Let L denote the set of the leaves, a ranking function r coding the ultra-
metric preordonnance is characterized by the following property :

(\I{x,y,z}éP3(L)), r(x,z) »>min[r(x,y),(r(y,z) ]

We adopt as in the general case (cf.§III), the notion of "mean rank"
which can be determined by a formula from the "type" of the taxonomy (cf. [143).
We must precise that the preordonnance class at which is assigned the highest
rank is composed of the couples (x,x), z& L.

By this way, the taxonomic variable appears as a particular case of the
preordonnance variable.



V. TAXONOMIC PREORDONNANCE VARIABLE. REPRESENTATION

Relative to the above defined structure of a taxonomic variableq), we
further assume that the set M{p of the modalities of a qualitative variable

b
ng), is provided by a total preordonnance expressing -in a ordinal way- the
modality resemblances (1<jp<kp, 1<p<q). On the other hand, we suppose that

these kp preordonnances can be extended in an unique total preorder on the
set :

(p) .
U{PZ(MJ.p )/1<Jp<kp}, (1)

according to an ordinal similarity on the modality pairs, where PZ(X) denotes
the unordered object pairs of X.

In these conditions, we have to define a total preordonnance on the set
of the leaves of the taxonomy, or -equivalently- on the set of complete chains,
going from the root to the leaves. This preordonnance must take into account
both the preordonnance defined in the previous paragraph IV, and those that we
have just introduced.

Such preordonnance is built step by step, in a decreasing way with res-
pect to -perceived or deduced- Tresemblance between terminal modalities repre-
sented by the leaves of the taxonomy. Then, the first class of the preordonnance
concerns the pairs {x,x}, where x is a leaf modality ; x belongs to {1,2,...,15}
in the above paragraph IV example. The general principle consists of refining
the ultrametric preordonnance associated to the taxonomy by means of the
preordonnances, locally defined. Each one of these last concerns the set of the
node pairs separated at a given taxonomy level and joined at the consecutive
level. Thus, in the above example, if A={4,5,6,7,8,9} and B={10,11,12,13,14},
the continuation of the preordonnance will concern [P(A) U Po(B)], where P>(A)
[resp.Pz(B)) denotes the unordered element pairs of A (resp. B). Now, if C deno-
tes the set of the leaves {1,2,...,14}, the continuation of the preordonnance
will concern {P,(C)-[P>(A) (J Po(B) ]}

The finally obtained structure is a total preordonnance on the set of the
taxonomy leaves, that we code by means of a ranking function [see formula

(3) §III].
VI. PREORDONNANCE TAXONOMIC VARIABLE WITH MULTIPLE CHOICE

The description structure of the variable that we consider here is iden-
tical to that one defined in the preceding paragraph V ; but now, the "value"
of a given variable vgp) (liqu,lsjpskp)-on a given concept is defined by a

Jp

weighted disjunction of conjunctions on the set J = M(p) of its modalities ;
that is to say, an expression as that (4) of paragraph- II above.

By referringto this logical expression, description [1] can be formalized
by the particular case where Jé includes only one element, and where pg=l/k,
1<e<k.Besides, description [4] can be expressed by the case where the sequence
of subsets (JX,JE,...,Jﬁ) is reduced to one non empty subset JX,strictly included

in J.



The "value" of such variable on an object representing a given concept
will finally correspond to a weighted disjunction of conjunctions. Each con-
junction concerns a subset of terminal leaves, or -equivalently- of complete
chains, joining the root to the terminal leaves. The weight assigned to a con-
junction of complete chains will be computed multiplicatively, with respect
to their respective compositions.

Example : Let us imagine that -for a given concept x- we have for the des-
criptive variables introduced in the paragraph IV example :

vax)=1

v (x)=(182,0.4)V(2&384,0.2)V(485,0.4)
| va(x)=(1&2,0.4)‘/(2&3,0.6)

v (x)=(2&3&4,0.8)¥(385,0.2),

where & denotes a conjunction.

) A given path is represented by the sequence of the modalities of the
different variables organized according to the taxonomy. The value of the
"taxonomic preordonnance variable with multiple choice” w, is :

w(x)=(11812,0.4)¥(1281381418142,0.08)v
(12813&1428143,0.12)V(1418142815281538154,0.128)V
(141814281538155,0.032)V(1428143815281538154 ,0.192)V
(142814381538155,0.048) ;

or, by using the coding of the taxonomy leaves with the integers 1 to
15 (cf. Figure 1),

w(x)=(18&2,0.4)V(2838485,0.08)V(2&385&6,0.12)V
(4&5&11&12813,0.128)V (4&5&12814,0.032)V
(586811812813,0.192)V(586&12&14,0.048)

We can check that the weighting sum is equal to unity. This point -as
we may show- is general.

Now, the "value" of v on the concept C represented by x, can be put in
the following form :

w(C)=(1&2,0.4)A(2&3&u&5,0.08)A(2&3&5&6,0.12)A
(485811812813,0.128)A(425812814,0.032)A
(5868&112128&13,0.192)A(58&68&12&14,0.048)

where A is another notation for a conjunction.

VII. ROUGH SIMILARITY INDEX BETWEEN TWO OBJECTS (resp. CONCEPTS) DESCRIBED
BY A TAXONOMIC PREORDONNANCE VARIABLE WITH MULTIPLE CHOICE.

Let us recall the case of a preordonnance variable with unique choice
(cf. §III,[10] & [16]). To classify the object set, we have to consider ordi-
nal similarity as symmetrical notion coded by the ranking function introduced
in paragraph III cf. (2) & (3) §III).

'Y

o
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" Let 'x and y be two given objects. If w denotes the preofdonnance varia-

. ble with unique choice and if w(x) [resp. w(y)] is the value of w on x [resp.

y] [i.e. the modality of w possessed by x (resp. y)], then the rough similarity
index between x and y, is

s(x,y)=rlw(x),w(y)] (1)

Now, let us consider the case where w is a preordonnance variable with
multiple choice. The value of the variable w on the object x (resp y) has the
form (4) of the above paragraph II.

According to the notations of this last paragraph, let us denote by

{(3%,p%)/1ce<k} (2)

e’'“e
the components of the weighted disjunction corresponding to w(x).
Oﬁ the other hand
y
(¥, phcre } (3)

are the components Qf the weighted‘disjunction corresponding to w(y).

The estimation of the similarity between x and y requires matching coef'-
f1c1ent between (Jx,p ) and (Jy,py) ke gk, 1gfgl.

Let us introduce, for comparing J: and J? :
N €3%),r()=max{r(j,h")/n' € 37} ()
(Vo &) r(h)max{r (' 0)/5 € 15} (5

Then, the contribution that we consider of (J Jy) to the rough simila-
rity index between x and y, is

see )Ml /5em  rtmm e 3, ()
whereyﬂ@ represents mean operation over [card(J:)'+ card(J?)] integers.
The integration of the whole following set of weighted couples of J

subsets [cf.(7) below] -to evaluate global rough index s(x,y)- is done by a
mean operatlon/%bp [cf. (8) below], with respect to the distribution (9)

{[(J:,p:),(Jy,pf,) /l1geck, 1<f< 1}, (7)
s(x,y)= zdﬁp{s (x,y)/lcesk, 1¢fg2} , (8)
{p X pf/1<esk kfgl} . ‘ (9)

Let us now define the rough similarity index s(Cx Cy) between the two
concepts CX and CY that x and y represent respectlvelg w(CX¥) [resp w(cy))
can be expressed by (5) of paragraph II, where .{(J ,pd)/1<d<k }is replaced by

{(Je ,p )/1ge<k} [resp. {( Jf ,pf )/lgfsl}]



v

Taking into account the above expression (6) -which matches Jz and
since W(C*)(resp. w (CY)] is defined by a conjunction, we have to defermine
for each e (1gegk) [resp. f (1¢f<l) the best matching of ng with a ng

(resp. of JCy with a ch). Namely, we define

f e
sef(e)(x,y)=max{sef.(x,y)/1£f'g 1}, (10)
and |
se(f)f(x’y)=maX{Se’f(X,y)/lﬂe'gk} ) (11)

The rough similarity index that we adopt between the two concepts Cx
and C¢¥ can be written as follow :

X Yy_ MP
s(c”,c”) yAb {{Sef(e)(x’y)/l<e‘k}’ {se(f)f(x,y)/1<f< 1}
(12)
wheregq? denotes mean operation with respect to the foliowing distribution

Xy X y
{{pepf(e)/lsesk}, {pe(f)pf/ldsz}}. (13)

VIII. SIMILARITY STRUCTURE BETWEEN OBJECTS (CONCEPTS) COMPATIBLE WITH
LIKELIHOOD LINKAGE CRITERION IN CASE OF SEVERAL VARIABLES.

We have studied this similarity structure in [10]. Let E denote here
a set of objects or a set of concepts and let be a set of descriptive va-
riables of any type. Relative to a given variable w(u)eZUB, we have built the
rough index sw(x,y) between two elements x and y of E, in case where ) is a
preordonnance variable with multiple choice and in case where E is a set of
objects [cf. (8) above] or a set of concepts [ef. (12) above].

In our approach we normalize the contribution sw(x,y) with respect to
the set of unordered element pairs of E : F=P2(E). This normalization is sta-
tistical ; namely, we define :

[s(x,y)-moy (s) ] (1)

v varg(s)

where moy.(s) and varg(s) are respectively the empirical mean and variance
of sy (x,y) over F=P2(E).

Sy(x,y)=

To evaluate the similarity relative to the whole set of the variables,

we begin by considering

Suy)e — 1T {5 (x,9)/wel) (2)
/eardQy) w

which is statistically standardized over F=P2(E). We obtain :

[S(x,y)-moye(S) ] (3)
v var,(S)

) S\)(X,Y)é
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where move(S) and vare(S) are respectlvely the emplrlcal mean and variance

of S(x,y . over F= P (E).

At this level, we consider a hypothesis of independence or no relation
for which we associate to the set of observed variables , a set of inde-
pendent random variables, respectively of the same types as thoge fZO’ In these
conditions the computed similarity index (3), Sy(x,y), based onQCr is a ran-

' dom variable. In case where the number of variables, card(&fﬁ is not .too small,

it can be shown that S,(x,y) is normally N(0,1) distributed. Then the similarity
coefficient that we adopt finally takes the following form

P(x,y)= Q[Sv(x,y) ] (4)

whereFQ is the cumulativedistribution function of the standérdized normal va-
riable.

This similarity index is referring to a probability scale. The similarity
table is then

{P(x,y)/{x,y} € F=P,(E)}. (5)

The agglomerative building of hierarchical classification tree on E, is
based in our method on the "likelihood of the maximal linkage" criterion that
we have introduced in 1970 [cf. (6),(8)]. This criterion has got clear statisti-
cal basis with respect to statistical independence hypothesis between the two
disjoint subsets C and D (defining two classes) of E, to be compared at a given
level of the tree construction. Its expression is the following :

P(C,D)=[max{P(x,y)/(x,y)é CXD} ]CXd (6)

where c=card(C) and d=card(D).

Computational reasons lead us to use the strictly increasing function on
the interval [0,1]

£(g)=-Log[-Log(&)] D
and technically to adopt the equivalent criterion
Q(C,D)=-Log{-Log[P(C,D) ]} (8)

In order to build the classification tree, we have recently established
reactualization formulas in case of multiple aggregations at a given level for
the most classical hierarchical classification criteria ("Single Linkage",
"Complete Linkage", "Average Linkage", "Ward Criterion" and "Likelihood Maximal
Linkage Criterion") (cf.[11]).

We note in passing that the "Likelihood Maximal Linkage Criterion" has
got the "Reductibility" property [cf.(8)] introduced by Bruynooghe in 1977.
This property makes possible algorithm implementation for classification of
large data set [cf.(1)].
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A decisive stage of the "Likelihood Linkage Analysis" (L.L.A.) classifi-
cation method consists of the recognition of the "Significant" levels and no-
des of hierarchical classification tree, that we reduce to the levels where
"significant" nodes appear [ cf.(7),(8) & (9)). This is done by means of ‘an asso-
ciation criterion between the emerged partition at a given level anda suitable
structpfe of the information concerning the resemblances between the elements
" of the set E to be classified. This criterion that we have assessed from both
points of view, formal and statistical, can be based on the preordonnance on E
associated to the Similarity function (on E) or directly on the Similarity func-
tion itself [cf.(8) & (9)3. The recognition of the most "significant" levels and
the most "significant" nodes is based on the behaviour of the distribution of
the mentionned criterion, on the increasing sequence of the levels of the clas-
sification tree. A "significant" level indicates natural partition to consider
with a given degree of synthesis. The significant nodes indicate completion sta-
ges of the different classes appearing in the tree.

We show in the following figure 2 a branch of the hierarchical classifi-
cation tree that we have obtained on a set of phlebotomine sandflies species
that we have described by means of taxonomic preordonnance variables with mul-
tiple choice. In this structure, the significant nodes are represented by the
darker and thicker lines.



2 samdTy

10 Lutzomyia (Evandrdmyia) brachyphalla
34 Lutzomyia_(Evandromyia) infraspinosa
54 Lutzomyia (Saulensis) saulensis

49 Lulzomyia (Evandromyia) pinottii

43 Lutzomyia (Verrucarum) odax

57- Lutzomyia (Verrucarum) scrrana

16 Lutzomyia (Pressatia) choti

- 23 Luizomyia (Pressatia) equatorialis

65 Lutzomyia (Prcssatia) triacantha -

37 Luizomyia (Trichopygomyia) longispin

- 66 Lutzomyia (Trichopygomyia) trichopyg

« -

45 4
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