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Themain Goal is;

* Classify a group of individuals with
dichotomizing variables (measuring the presence
or absence of certain qualitative characteristics).

e Design a P system for each Boolean matrix
associated with a group of individuals.
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Hierarchical Clustering

The clustering Is used to characterize and to
order a vast amount of information on the
variability of population of individuals.

t Is a technigue based In statistical methods.

t Is obtained a grouping formed by similar
Individuals (cluster).

The result is a hierarchy where the individuals
are grouped in levels. Each level is a partition
of the set of the individuals.
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The individuals to classify are the elements of
the set Q :{ool,ooz,... ,ooN}

Each individual are k-tuple formed ly
characteristics or variables.

The values of the individuals can be described
INn the matrix form:
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To make the hierarchy we need:

« A function measuring the similarity between indwals. We use
the similarity defined as follows:

Kk
sf.,)= 2 1-
r=1
« A function measuring the similarity between clusiealled
aggregation index. We usige aggregation index based on the
minimum defined by:

3(hh)=minsley,w, | @ Ohew, Of hROPQ)

« A function measuring the homogeneity degree beatviee
Individuals belonging to the same cluster. Thisliappon is
calledhierarchical index.

f(h)=3(h h,) if h=h0Oh, hhhOPQ)
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An algorithm for the construction of
a hierarchy:

1. The first level of the hierarchy :
RS ={w} S ={w}... Sy ={ay}]
theaggregation indexs
5({(4}’{(‘11}): slw ,00,-)
and thenierarchical indexs
f{w})=k 1<i<N
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2. Find the two closest clusters S 1<i<j<N

and we consider a new clustglr =S S,-

- Remove $from R, and the new partition Is:
P ={S.....5 ={S 0S},....S4 S-Sy

3. Computeghe aggregation indeBetween all pairs of
the clusters in the new partition.

4. Go to step 2 until there is only one set remanin

Remark:If at step 2 there are more than one possibiltgntone of
them is chosen so the hierarchy obtained is nafuani
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Example of construction of the indexed hierarchy

1- The individuals to classify are
w, =(1000)w, =(0110) w, = (1110) w, = (1211)
e The matrix of similarities Is:

4 1 2 1
1 4 3 2
2 3 4 3
1 2 3 4
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Example of construction of the indexed hierarchy

1- We want to classify the individuals

o, = (1000)w, = (0110) ;s = (1110) o, =(1111)
 The matrix of similarities is:
4 1)1
1 4%_
2 3 4 3 SORARE
1 2 3 4 (1—\1—]J)+(1—\0—]J)
+{t-0-1)+{-10-0)
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Example of construction of the indexed hierarchy

1- We want to classify the individuals
w, =(1000)w, =(0110) w, = (1110) w, = (1211)
e The matrix of similarities Is:
41 2 1
1 4 3 2

2 3 4 3
1 2 3 4

- The initial partitionis P, ={{co.} {w,} {o,} {w, ]}

*The hierarchical index are
flad)= flon)) = f{lag}) = f{wt)=4

e The aggregation index in this step is the santbas
similarity
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2- We obtain the partition Pjoining the two most similar
clusters of the previous partition. Maximizing

4121

* In this case for instanca), a6y 1 4(3)2
2 3 4

S CARCRR ) ool

» The hierarchical index is({w,,w,}) =3

* The aggregation index of the new cluster is:

Bl oot {5, 0,}) = min{s({e,}{ws}), sy} 1@y} =
3(10, 105,00, }) = mins{{ e} { s}), Sl @, { @, )

- 11
and we obtain the matrix [1 _ Q%

1
2

1 2 -
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3- We repeat the previous step
* In this case the maxim value of the aggregatidexns obtained

with {e,} and 16w} P, :{{ml},{wz,(ﬂg,w4}}

* The hierarchical index is¢ ({wz,w3,w4}) —9

* The aggregation index of the new classes are leddzl
S} {w, 005, 0,}) = min{B({ oo} {05, w,}) S({ e} { e, )} =1

4- We repeat the step

* In this case only the clusters are left to beejdi{wl} andw, ,00;,0,}
R, :{{ml’mz’w3’w4}} =Q

 The hierarchical index is f({(ﬂl,(ﬂz,(ﬂg,%}) -1
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Designing a P System
Let Py = (Odij )]SiSN’]Sjsk the value matrixioe individuals to classify:

M(Py) = (MR )Py ) M M,.... .M Rp)
> Membrane structure: H(Py) =y [L1], - [n-a]vaaly

» Working alphabet:
{ejs, djs: 1<j<N,1<s<k}U{as, bs:1<s<k}ilJ
{(Sij, Cii: 1<i<j<N}IU
{ajjt, Xijt: 1<i<j< N, 1<t<k-1}U{y: 1<i<NJU
i 0<i<(N=1)Bk-1)}U{e - 0<i<3k—2}U
{B;:0<i<k-— 2}u{|j}
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> Initial multisets:
M;={aV*s . 1<s<k A1<i<N-—1}U
V) ) <<k AL1<i<N-—1)
{ef: 1<s<k ANi<j<N}U
(di®) . 1<s<k Ai<j<N};
My ={IN, €, mno}

An example

0y =(1000)  «,=(0110) @, =(1110) @, =(11LY)
The initial configuration is
)

TN (alalalby

dzlezzez:sd 24 % 163,2%3(134 o ) 194294394 4

ei%le’&ZesSd% €41€42€43€44
K G, / 1K /2 N /3

\ o B & o/
4

b} a3 a3 b} |




» Thestructure of computation:

1. calculate the similarity between individuals
- membrane i(1<isN-1)

- 1 step
- rU|eSFL+4 — {f-f'sf'%js

— (Sij,out) : 1 < s < k,i+1 <53 < Nj
— (b” {'.}’H-ﬂ :

1< s<k i+l <j< N}

kis = {EJS(E_}'S

Siy'
Sy5°

I

)

2
Sis'
Ss4”

Si3°
So4°

,

4
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2. select the two closest clusters:
- skin membrane N
- k steps
- rules:
ro={e—= eFotUin = :0<i < (N-1)(3k—1)—1}
U{ei — 611 <i<3k—-2AN1#k}
Ty ={Bu—1S5; * — jh—u) : 1 < i < j < N}
rl ={5,_1 — 5y}
?“;;_1 — {??(;1-'—1)(35;—1} — (#, out)}
re = {ervqoujt — er1Xj5 Ya—1(Xije, out) -
2<g<N1<i<j<N 1<t<p—1)

rh = {ex — ex41)

1<u<k-—-1

- priorities:
{r;. > ?"i}U{?”l >Tr>Te>Th> > T > T}
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3. compute the aggregation index between new cluster and the
other clusters:

- skin membrane N

- 2k-1 steps
- rules:
Tk—Fl:{ijtSszJpﬁ‘*C Xz_;-t 1<iz<j<p<iN 1§t£k‘—1}
{Xi;tSipSpj — CipXije: 1<i<pP<J<N, 1<t<k-1}

{XitSpiSp; — CpiXijt | <P<i<j<N,1<t<k—1}

T.I{'-—I—Q:{X-I?ts _}ngt 1§3<p{j§N 1<t<_k‘—1}
{XijtSip — Xije » 1 <i<j<p<N, 1<t<k-1}

{X'Ijts _}ijt' 1§p<i<j§_N1;f§k—1}
{XijeSy; — Xije: 1<p<i<j<N, 1<t<k-1}
{XijtSpj — Xije: 1<i<p<js<N 1<t<k-1j

rk+3 ={Cij = S;j: 1<i<j < N}
—2
{esk1 X g1 — €fovg-1: 1<i<j<N, 1<t<k—1}

- priorities: ,
{Th1 > Tha2 > Thy3 > Tp 0}
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4. repeat the steps 2 and3l times:

A

./ 1 \ y, 2;/ 3 ./
H B B
S232 - x232
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812:L - X 121

\ /AN W,
4 4
Xagz  Xoao V Xaas Xozz K1z
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/ /ﬁ\ « Initially: h, ={w,} h, ={w,}

h, ={wi}  h, ={0,}

e From the object X,;we obtain:

23 h _{wl} h, _{wz}

h, ={0,, 0,

* From the object X, we obtain:
h, ={w,} h, ={w,,0;,0,]

/ » Finally from the object X,
4 we obtain:

h.l :{wl’wZ’wB’w4}
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e Theresourcesinitially required for constructing the
P system M(P,) from thematrix P, are:

- Initial number of membranedN

- Size of the alphabet:0( k/N?)

- Sum of the sizes of initial multiset8( kX )
- Number of rules 8( k/N3)

- Maximum of rules’ lengths O( N )

- Number of priority relations 6( k?/N ©)

- Cost of time 6( kM )

e |n classical algorithm:
- Number of stepH( kM 3)
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Formal Verification

For each matri®,, we construct a P systeFrh(PNk) . We
must to prove that:

» The multiplicity of the objects S DCl(N) — tij(l)
¥ =slo, )

» The multiplicity of the objectsS, DC1+n(3k_l)(N) = tij(”)
t(n) — 6(8(”), B(”)) B(”) B (”) A

I T L

» The halting configuration isCy_;ysy-y)
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» The objectsX. ()  are sent to envirentonly in Cy.y.n(ak)

Iantinjn

andt(n)

_ ) r0 g 0
=max{t" |B",B," 0A,}

InJn

g(m1) — gl 18 A

I I In n+1

» With the partition Ay, A,...,A_; we can construct a hierarchy
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Conclusions

A P system associated with a set of individuals
IS presented.

e This P system provides one possible hierarchy.
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e The solution is encoded In the environment
of the P system

* The solution provide Is:
= Semi-uniform
= Efficient

e The amount of resources initially required to
construct the P system is quadratitNiandk.
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« ADVANTATGE:

v The cost of time of the P system is quadratic
In N andk.

v" In classical algorithm the number of steps:
O( kM 3)
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