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ABSTRACT

We introduce an attraction hypothesis and repulsion hy-
pothesis on combinations of genes and we characterize ” gene/
locus pair” as a “Unique Inheritance” if the pair satisfies one
of the hypotheses. We propose a method based on a statis-
tical approach to extract a set of gene-locus pairs charac-
terized as “Unique Inheritance”, and also two new genetic
operations, attraction mutation and repulsion mutation.

Categories and Subject Descriptors

G.2.1 [Combinatorics|: Combinatorial algorithms

General Terms
Algorithms

Keywords

Genetic Algorithms, Landscape Information, Quality Con-
trol method, fast 2-opt method, Linkage.

1. INTRODUCTION

GA is applied to various combinatorial optimization prob-
lems and obtains good results. Some researches use not only
LS(Local Search) but also the landscape of search area to
improve performance[2]. They statistically examined solu-
tions of the Traveling Salesman Problem, and hit on the Big
Valley Hypothesis[1]. They proved that some random TSPs
have Big Valley Structure, and succeeded in getting good
performance using its characteristics[1].

2. HYPOTHESIS AND INHERITANCE

We take note of Boese’s “edge”[1]. We propose that the
concept of an “edge” suggests the following three hypothe-
ses for more than two genes to improve fitness.

Attraction hypothesis: Combinations of genes strongly
attract each other(It could be considered a linkage of bild-
ing block within a chromosome).

Repulsion Hypothesis: Combinations of genes strongly
repulse each other.

Powerless Hypothesis: Combinations of powerless genes
are compared with combination of attractive/repulsive genes.
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We next provide new hypotheses for embracing the “com-
bining power” of gene and genetic locus.

Unique Inheritance Hypothesis: There are combi-
nations of gene and genetic locus which strongly influence
fitness, when a gene takes “unique” position on chromosome.

Based on this hypothesis, we could treat the relation be-
tween genes, genetic locus and fitness simultaneously. We
call gene and genetic locus “unique gene” and “unique ge-
netic locus”. And we call the relation of a unique gene and
a unique genetic locus “unique inheritance”.

2.1 Flow to unique inheritance extraction

An outline of how to extract unique inheritance is:
1) Sort random initial solutions in order of highest fitness.
2) Select high quality solutions.
3) Extract unique inheritances by applying a control limit
echnique of quality control method.
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2.1.1 Unique Genetic Locus

The next expression (1) is to consider a gene pair set.
We prepare individuals sorted by fitness into a high quality
solution set S(€ natural number). Ci means one gene on
genetic locus 7(1 < r < n) of the chromosome C; in S. n(e
natural number) is the length of chromosome C;(i € S).

aje ={(l,m):1=C],m=Clijkerj#kies}t (1)
aji gives gene pair set in which genetic locus j, k appears
frequently. Next, we give n x n matrix A;; consists of hﬁ” is
the number of elements(l, m) of a;i. where, j # k, hﬁm =0.

WE=0 . n
Ajr = )

nl ’ nn
SO

Example 1 Let us consider the high quality chromosomes
C1,2,374(S =4,n= 4) given by
C, = (3,2,174), Cy = (2,4, 1,3)7
C3 = (27 37 174)7 Cy = (47 27 17 3)5
(e.g. C1=3,2,1,4. — C{ =3,Cf =2,C} =1,Ct = 4),
Then ai2, 13,024, a34, and A12, A13, A4247 A34 are

ai2 = {(37 2)7 (274)7 (27 3)7 (47 2)}7
ais = {(37 1)7 (27 1)7 (27 1)7 (4» 1)}7
a24 = (Zv 4)7 (4’ 3)7 (37 4)7 (27 3)}5
as4 = {(174), (17 3)7 (174): (17 3)}7
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Next, let’s consider AJ;™ and A7, Aj™ is the total
sum of the matrix A;j, represented in (2). Aj;? defines the

sum

average of A;; which is obtained by dividing A7;™ by n xn.

= Xk AR =AM (3)
We select a control limit by the “C' control chart method”
for ease of calculations, and write it as:
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AGEE = A%9 43, A% (4)

where UCL means the Upper Control Limit.

The calculation of AYSY for Example 1 is AUCLY =
4/4% +3.,/4/4%2 = 1.75. In this case, three frequency “2”
exceed A;JkCL which appear in A;3 and Ass. In other words,
gene pair(2,1) on genetic locus j = 1,k = 3 which relation
seems to be a unique inheritance, and gene pairs(1, 3) and
(1,4) on genetic locus j = 3,k = 4. On the other hand,
there is no frequent gene pair in A2 and Asg.

In this paper, we focus on the relation between a gene
pair and its genetic locus to extract what we call the unique
genetic locus. Therefore our method requires obtaining the
relation between gene and genetic locus quantitatively.

Let H consist of elements of A;j, exceeding the UCL.

And let A;Jks (US; Upper control limit Sum) defined as (6),
be the total sum of Aj elements which surpass the UCL.

A?ks = Z H;Z” c Hh?,? (6)
We may consider A;Jks to be “connection” as a criterion of
intensity of loci j and k. For Example 1 , AV = AYS =
0,AY = 2, AYY = 4. Thus “connection=2" appears at
genetic loci “1” and “3”, “connection=4" appear to genetic
loci “3” and “4”, but A%’ and AY® do not have any it.

2.1.2 Extraction of unique genetic locus
Now, let’s consider n X n matrix U composed of Aﬁs .

AV =0 ... AYS
U= : S (7
AYS . AUS

where Ay = Ap; k,le€n, k#1,AYS =0k =1).

An element is a candidate for a unique genetic locus if
its value is greater than 1. However, we know that a lot of
candidates exist in many cases. Therefore we try to narrow
the candidates down to the appropriate ones by use of the
Control Limit again. U**"™ and U*"Y are defined as:

Usum — Zn Zn A%]ks’ Ua'ug — Usum/nQ. (8)
The Control Limit UYT is
UUCL _ UCL’U!J +3 /Uavg. (9)

works as a threshold for selecting unique genetic loci.
If V is the set of A;-Jks surpass at UYYL | then

UUC'L

V = {47747 > U7y (10)

is the set of unique genetic locus. Then for Example 1 :
00 0 Usum — 16,
v=(9 9279 U =16/16 = 1,
00 4 0 Ut =1+3v1=4,

V= {AgJACLa A‘ll]g’L} = {(374)7 (47 3)}

In the above case, V = {(3,4),(4,3)} are extracted as
unique genetic loci by recognizing the “connection” of ge-
netic loci “3” and “4”. At this time, note that genetic locus
pair (1,3) has been screened out. If we have four chromo-
somes (Ch,....4), we are able to consider relations between
gene “1” and genes “3,4” on the genetic loci “3” and “4”.
We may regard this as a stronger connection than between
genes “1” and genes “2,3,4” on the genetic loci “1” and “3”.
Our method may be an alternative way to calculate linkage.

2.2 Target, Improved mutations and Results

The quadratic assignment problem (QAP) is employed as
a target problem for evaluation of our proposed method.

Total population of GA: 50, ratio of mutations among
the population: 30%, rate of mutations among the chromo-
some length: 30%, crossover rate: 50%, and limitation time:
180sec. LS is the fast 2-opt method. We used an escape op-
eration from an undesirable convergence, as done in [2].

We devise two improved mutation strategies for consid-
ering genetic locus, which are Attraction mutation(A) and
Repulsion mutation(R). A executes mutation at all loci ex-
cept the “unique genetic locus” which is regards as strongly
“connected(linked)” to improve fitness value. R executes
mutation at the only “unique genetic locus” which is not
regarded as strongly linked. We use simple mutation(S) for
comparison with A and R. The symbols in Table 1 are the
results of a non-parametric Wilcoxon rank-sum test. For
brevity, tests marked by “*” required longer search times to
find optimal solution, but “+” did not in comparison with
S. Figure 1 is the landscapes of bur26a represented by U.
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Table 1: Results of Three Mutations
Tests | Ssec.| Asec. | Rsec.|IA[IR
bur26a| 4.06(3.90 5.08% 3| -25
bur26b| 5.88(4.83 7.82%* [ 17 -33
chrl5c| 3.08|3.68 1.70++ | -19| 44
chr18a| 10.82]|12.02 4.72++ | -11| 56
chr20a| 58.44|99.96** (54.37 |-71| 6
kra30b| 64.04[114.35** |70.47 [-78-10
lipa30b| 1.81]1.98* 1.64+ 91 9
tai20b| 1.68]1.37+ 1.98% 18f-17
T+, %% p<0.01/2. _ +,* ;p<0.05/2.
IA=(S-A)*100/S. IR=(S-R)*100/S.
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Figure 1: Landscape of bur26a
(Matrix U)

3. CONCLUSIONS

The purpose of this paper is to verify four hypotheses by
testing the effectiveness of two mutation schemes based upon
them. Success is measured as an improvement of either ap-
proach over simple mutation. The action of attraction muta-
tion and repulsion mutation on “unique genetic locus(loci)”
are mutually different, and therefore we consider that the
results do not negate our four hypotheses.
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