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Proposal of a Linkage Identification Method
Based on Epistasis Measure

MASAHARU MUNETOMO'

Genetic Algorithms realize effective search by exchanging building blocks through genetic
recombinations. To realize effective genetic search, linkage identification becomes important
which detects a set of loci tightly linked to form a building block. Several methods are already
proposed to identify linkage such as linkage learning algorithms based on probabilistic models
and linkage identification procedures based on nonlinearity or non-monotonicity detection. In
this paper, we extend the Linkage Identification by Nonlinearity Check (LINC) which identi-
fies linkage based on nonlinearity detection by defining an epistasis measure for each pair of
loci to realize linkage identification with the epistasis measure.
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algorithm LINC

P = initialize N strings
foreachsinP
for i =0 to length-1
s’ = Perturb(s, i);
dfl = 1(s’) - f(s);
for j =i to length-1
ifi I=j then
s’ = Perturb(s, j);
df2 = f(s') - f(s);
s” = Perturb(s’, i)
df12 = f(s”) - f(s);
if |df12 - (df1l + df2)] > e then
/* nonlinearity detected between i and j */
add j to the linkage_set[i];
add i to the linkage_set([j];
endif
endif
endfor
endfor
endfor

01 LINCOOOOO

Fig.1 Execution flow of the LINC.
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Fig.2 An overview of the LIEM.
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algorithm LIEM

N = c*2/difficulty;
P = initialize N strings;
/* Calculate epistasis measure e[il[j] */
fori=0tol-1
forj=0tol-1
e[i]l] = 0;
ifi I=j then
foreachsinP
s’ = perturb(s, i);
f1 = fitness(s') - fitness(s);
s” = perturb(s, j);
f2 = fitness(s”) - fitness(s);
s = perturb(s’, j);
f12 = fitness(s"™) - fitness(s);
ep[s] = [f12 - (f1+f2)];
if(ep[s] > e[i][i]) then e[i][j] = epls];
endfor
endif
endfor
endfor
/* Generate linkage_set[K]
where k =0, 1,..., difficulty-1 */
fori=0tol-1
forj=0tol-1
id[i] = J;
endfor
/* sorting of e[i][j] with j */
forj=0tol-1
fork=jtol-2
if e[i][i] < e[il[K]
swap(e[i][j], e[i][K]);
swap(id(j], id[k]);
endif
endfor
endfor
/* select linkages */
for k = 0 to difficulty-1
if(e[i][k] > e) add id[K] to linkage_set[i];
else break;
endfor
endfor

03 LIEMOOODD
Fig.3 Execution flow of the LIEM.
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Table 1 Percentage of linkage groups identified correctly.

h(z)™ | % of correct linkage
n LIEM LINC
1 100 100
2 100 0
3 94 0
4 76 0
5 60 0
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Fig.4 A result of linkage identification by the LIEM.
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Fig.5 Distribution of epistasis measures of h(z).

0000o000000000000 ;000000
oooooooooooooooooo Gy,)000
ooooooo

0500000 A(zx)D0DO0OOODOOOODOODO
gooboooocooooooooooobobooDo
oobooboobooobooboooboooooooooo
0000000000 000000 60000 h(x)?
gobOooooooobooooooobooooboooon
gobooooooobooooobobooooobono
gooooooooooooooboryoODbOOO

gooooooooooooooobooooooooo 11

06 h(z)?000000000000000
Fig.6 Distribution of epistasis measures of h(x)2.
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Fig.7 Distribution of epistasis measures of h(z)5.
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