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ABSTRACT

Edge Assembly Crossover (EAX) is by far the most successful
crossover operator in solving the traveling salesman problem
(TSP) with Genetic Algorithms (GAs). Various improvements
have been proposed for EAX in GA. However, some of the
improvements have to make compromises between performance
and solution quality. In this work, we have combined several
improvements proposed in the past, including heterogeneous pair
selection (HpS), iterative child generation (ICG), and 2-opt. We
also incorporate 2-opt into EAX, and restricted the 2-opt local
searches to sub-tours in the intermediates generated by EAX.

Our proposed method can improve the performance of EAX with
decreased number of generations, error rates, and computation
time. The applications of conventional 2-opt and our restricted 2-
opt concurrently have additive effect on the performance gain,
and this performance improvement is more obvious in larger
problems. The proposed method also enhanced the solution
quality of EAX. The significances of the restricted 2-opt and the
conventional 2-opt in EAX were analyzed and discussed.
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1. INTRODUCTION

The traveling salesman problem (TSP) is a well-known NP-hard
optimization problem. The problem designates n vertices as n
cities, and tries to find the shortest round tour visiting each city
exactly once. Many problems in various fields can be formulated
as TSP. For example, scheduling [1], physical mapping [2], and
even protein folding [3] can be treated as TSP. Genetic algorithms
(GAs) have been widely used in tackling TSP. Many works have
tried to obtain the optimum tour lengths of TSPs and to minimize
the computing costs with GAs.

Various operations have to be considered when using GAs to
solve TSP. These include crossover, mutation, and selection.
Selection in GA including selection of parent pairs and selection
for survival. In most GAs, the selection for survival process
simply picks the tour with shortest tour length; but more complex
selection schemes are also used. The crossover operators are more
challenging, because simply swap segments in two tours will not
produce valid solutions to TSP. Among the numerous crossover
operators, edge-based operators, i.e. EX [4], EXX [5], and EAX
[6], are of particular interest. Many researches have found that
EAX performs well, and a number of improvements have been
proposed. Edge-based operators may lead to diversity loss of the
population. That is, the children will tend to become more similar
to one of the parents. Mutation operations in GAs are intended to
introduce diversity into the population. A neighbor-join (NJ)
operator [7] has been shown to perform well, and can enhance the
performance of GA with EAX operator.

In this work, we proposed a new operator which incorporate
mutation operations into EAX. The 2-opt local search has been
applied to intermediates of tours generated in EAX. Unlike other
improvements which either apply mutation operator to generated
tours, or use 2-opt to generate initial population, our proposed
method restricted the positions of 2-opt to sub-tours formed
during EAX operation. The restricted 2-opt operator can increase
the diversity within solutions generated by EAX. The edge
replacements in EAX algorithm tend to generate children similar
to one of the parents. If these children replace the dissimilar
parent, the remaining individuals will become more similar, and
cause the diversity loss in the population. Selection scheme has
been proposed by Nagata [8] to consider diversity loss, but the



proposed scheme requires more evaluations and comparisons, and
is more computation intensive. Our proposed method not only
introduces diversity into the population, but also decreases the
overall computation time.

The rest of the paper is organized as follows. In Section 2, we will
describe the edge assembly crossover (EAX) algorithm, and some
issues within this algorithm. Section 3 will describe how to
incorporate 2-opt local search into EAX, and the proposed method,
along with some preliminary results. Finally, the proposed
method will be applied to several benchmark problems. These
results will be presented and discussed.

2. EDGE ASSEMBLY CROSSOVER (EAX)

The EAX algorithm was proposed by Nagata et al. [6]; the
algorithm can be divided into several steps, which will be shortly
described as follows.

[The EAX algorithm]

1. Two tours, A and B, will be selected for crossover. The
common edges and different edges on the two tours will be
identified.

2. AB cycles with intermittent edges from tour A and B are
formed. AB_cycles are closed graphs with edges from tour A and
tour B alternatively. The formations of AB _cycles are not unique;
the AB _cycles are constructed randomly. Details on AB cycle
construction have been described extensively by Nagata et al. [6]
and Watson et al. [9].

3. Sets of AB_cycles will be selected to form an E-set. An E-set
contains some but not all AB_cycles. Various selection schemes
are possible for construction of E-set.

4. The E-set will be applied to parent A. Edges from parent A on
E-set will be removed, and edges from parent B will be added.
This will form an intermediate solution with several disjoint sub-
tours.

5. The sub-tours in the intermediate will be modified into valid
solution.

The EAX algorithm is by far the most powerful genetic algorithm
operator for solving TSP. It is curious whether the EAX algorithm
can be further improved. From the algorithm described above,
possible improvements can be introduced at specific steps in the
algorithm. For example, the construction of 4B cycles is not
unique. Current algorithm constructs 4B cycles randomly. It is
possible to construct AB cycles based on some criteria or
heuristics for better crossover. Also the selection of 4B cycles to
form an E-set can be manipulated. Finally, the modification of
intermediate to valid solution can be improved. Some issues of
EAX will be shortly discussed, and previously proposed
improvements will be summarized below.

2.1 Construction of E-sets

An E-set is a collection of AB cycles. Different criteria can be
used in the selection of AB cycles to construct an E-set. In
Nagata’s original work on EAX [6], two criteria are proposed.
The first criterion is simply selecting 4B cycles with 0.5
probability, therefore roughly half of the total 4B cycles will be
selected. This is denoted as EAX-Rand. The other criterion
considers the balance between GAIN (change in tour length) and
DIV (frequency of a edge in the population), and can be called as
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EAX-heuristic. The weights of the two parameters (GAIN and
DIV) can be adjusted; however, in current implementation and the
one described by Nagata et al. [6] the two parameters contributed
equally with equal weights. Whether changes on the weights
would have effect on the performance of EAX is yet to be
determined. In Nagata’s doctorial thesis [10], another scheme is
proposed, which used a single 4B cycle to construct an E-set.
This method is called EAX-14B. The use of single AB cycle will
make the child near tour A, only a small number of edges are
removed and added. The performance of EAX-I4B has been
shown to be better than EAX-Rand [8], since only a small number
of modifications are required.

2.2 Modification of Intermediates to Valid

Tours

The E-sets are used to mark edges to be removed from or added to
the parent. The AB_cycles in the E-set will be applied to one of
the parent. The parent is arbitrarily selected. If these AB_cycles
were applied to parent A, edges from parent A will be removed,
and edges from parent B will be added into parent A. After the
removal and addition of edges, several disjoint sub-tours will
form the intermediate. It is necessary to modify the intermediate
so as the final tour is a valid solution to TSP. Nagata et al. [6]
used a greedy method with heuristics to construct the final tour.
The modification will select two edges from two disjoint tours,
removed the two edges and reconnected the two sub-tours. They
tried to minimize changes in overall tour length during the
modification process. Watson et al. [9] has extend the heuristics
used by Nagata et al. [6] to exhaustive enumeration of all edges in
two disjoint sub-tours. It is interesting to note that not much effort
has been put into the modification step of EAX. That is, the
selection of which two sub-tours to join. Nagata et al. [6] used a
minimum spanning tree for joining these sub-tours. Alternative
schemes for joining these sub-tours are also possible and require
further investigations. However, these sub-tours may be suitable
targets for local optimization. Applying local search operators on
these sub-tours may further increase the speed of convergence.
This will be elaborated in Section 3.

2.3 Enhancements to EAX

Tsai et al. [11] has proposed a parent selection method, called
heterogeneous selection evolutionary algorithm (HeSEA). HeSEA
use the concept of family competition and heterogeneous paring
selection (HpS). In HpS, the parent pairs are selected for
individuals sharing edges less than a criterion, which is the
average number of common edges in a population. The use of
HpS can avoid crossover of highly similar parents, and retain the
diversity of the population.

Nagata [8] has proposed a new method to handle diversity loss
usually observed in EAX. A number of children are generated
using EAX-Rand, EAX-14B, or EAX-dMSXF [12]. The selection
for survival did not directly rely on the tour lengths of the
children. A new evaluation function is used. This evaluation
function considers the change in tour length between parent A and
child C, and also the number of different edges among parent A,
B, and child C [8]. This method is called EAX-Dis. EAX-Dis can
obtain more optimum solutions and smaller errors comparing to
EAX-Rand, EAX-14AB, and EAX-dMSXF. However, EAX-Dis
requires more generations to converge. Also, more children are
generated for evaluation in each generation, therefore the
computing cost of EAX-Dis is higher than other selection schemes.



Watson et al. [9] have implemented EAX and attempted to
enhance EAX performance. Two methods are proposed. First,
they used iterative child generation (ICG). In ICG, if EAX-
heuristic failed to produce child with better tour length, a new
child is generated using EAX-Rand. The process continues until a
better child is generated or the specified iteration limit is reached.
The second enhancement is the use of 2-opt as an mutation
operator. The 2-opt local search was applied to individuals in the
new generation. Both methods can improve the performance of
EAX with smaller error rates.

3. PROPOSED IMPROVEMENT

In this work, we proposed incorporation of 2-opt operator into
EAX. Previous works by Watson et al. [9] apply 2-opt after the
children are generated and replaced their parents. The 2-opt
searches are performed on the entire tour. In this work, the 2-opt
operators are applied to sub-tours in the intermediates generated
by EAX. This operator is called restricted 2-opt because the 2-opt
searches are performed on restricted regions of the graph.

The proposed method include the following major steps.
[Proposed Method]
1. Selection of parent pairs using HpS.

2. Crossover with EAX-14AB/EAX-Rand using ICG. The first child
is generated with FEAX-14AB, and consequent children are
generated with EAX-Rand iteratively. The limit of iteration
number is 20. That is, at most 20 children will be generated for
evaluation within one crossover.

3. During EAX crossover, 2-opt local search is applied to sub-
tours generated in EAX intermediates. These intermediates were
generated after the 4B cycles have been applied to one of the
parent, but haven’t been modified into valid tours. The scope of
these 2-opt searches are restricted within the sub-tours. For each
sub-tours, 100 2-opt operations are performed.

4. After the child is generated, conventional 2-opt searches are
applied to the entire tour of child. For each child, 100 2-opt
operations are performed.

Table 1. The enhancements of restricted 2-opt to EAX.

Err. Gen. Opt. Time (s)

eill01 EAX 0.006% 39.98 48/50 0.391
2-opt 0.000% 25.08 50/50 0.394

kroA200 EAX 0.055% 80.96 33/50 1.558
2-opt 0.027% 57.06 44/50 1.414

lin318 EAX 0.233% 116.30 12/50 4.004
2-opt 0.103% 87.92 24/50 3.697

pcb442 EAX 0.020% 136.42 26/50 7.067
2-opt 0.014% 105.44 37/50 6.321

Our implementation of 2-opt randomly selects two cities, and
reverses the sub-tour between the two cities instead of swap the
two cities. For example, in a tour (3, 8, 6, 4, 1, 10, 2, 7, 9, 5), if
cities 6 and 7 are selected, the resulting new tour after 2-opt
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7,4, 1,10, 2, 6, 9, 5) as in the other implementation. Cities with
different ordering in the tour are in bold and underlined. The
space complexities of our 2-opt implementation is small, because
the operations are performed inline, only new tours with better
fitness scores will be retained and replace the original tour.

The proposed method has been applied to four small TSP
problems with numbers of cities ranging from 101 to 442. The
GA is implemented in C++, running on Pentium 4 3.0 GHz SMP
machine. The SMP feature of the machine is not used. The
population size is set to 100, and the limit on iteration is set to 20.
For each TSP problem, 50 trials are conducted. Table 1 lists the
error rates, number of generations, number of optimums, and CPU
times for these problems. From Table 1 we can see that the
incorporation of restricted 2-opt indeed improve the performance
of EAX-14B, with decreased number of generations, decreased
CPU time, and decreased error rates.
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Figure 1. The plot between generations and average tour
length for (A) eill01 and (B) pcb442. The effect of
restricted 2-opt is more prominent in larger problem,
and the two types of 2-opt have additive improvements.

It should be interesting to compare conventional 2-opt and our
proposed restricted 2-opt. Figure 1 shows the plot between
average tour length and generation for two problems eil101 and
pcb442. The two types of 2-opt can both enhance the performance
of EAX-14B to different degrees; both converged more rapidly
than original EAX-14B. The use of restricted 2-opt and
conventional 2-opt concurrently also have additive effects on



performance gain, though this increase in convergence speed is
not as significant as when the 2-opt operators are applied
separately. This may be due to the overhead and overlap of the
two types of 2-opt operators. In Figure 1 (A), the contribution of
conventional 2-opt is dominating, the restricted 2-opt does not
provide much additional enhancements. However, for pcb442 in
Figure 1 (B), restricted 2-opt provides more improvements
comparing to eill01. From these preliminary results, one may
speculate that restricted 2-opt is more effective in larger problem.
And the contributions of the two types of 2-opt operations may
overlap to certain degree.

If the problem size is small as in eil101, it is possible that the
conventional 2-opt operating on the entire tour can cover 2-opt
searches operating on sub-tours. That is, the two types of 2-opt
operations may work on the same region and overlapped with
each other. Therefore the optimized tour generated by one type of
two opt may be disrupted by the other type of 2-opt. For larger
problems, restricted 2-opt can optimize the sub-tours more
effectively, whereas conventional 2-opt has higher probability to
bypass or disrupt local optimum tours. The contribution of
restricted 2-opt becomes more obvious as the problem size
increases. One may also speculate that the two types of 2-opt
operation work on different stages of evolution.

Overall, the restricted 2-opt can contribute to additional
performance gain of EAX even with ICG and conventional 2-opt
applied. These contributions are more obvious for larger problems
as shown in Figure 1. The curves for conventional 2-opt and
restricted 2-opt are intersecting at one point in Figure 1 (B); the
two types of 2-opt have different characteristics. Therefore, they
may compensate each other at different stage of the evolution;
however, their contributions also largely overlapped. This will be
further examined in Section 4.

4. EXPERIMENTS

4.1 The experimental setup

We applied restricted 2-opt to several benchmark problems and
compared the performances of EAX-1AB, EAX-1AB with
restricted 2-opt, EAX-1A4B with conventional 2-opt, and EAX-14B
with both types of 2-opt. The population sizes are set to 300, the
ICG iteration is still 20. When applied, the 2-opt operations will
be repeated 100 times on the sub-tours and the complete tour,
respectively. The computer system used is identical to the one
described in Section 3. For each problem, 50 trials are performed,
and the results are averaged over 50 runs. Each run will terminate
if the best tour length does not change for over 20 generations.

4.2 Results and discussion

The results of the experiments are listed in Table 2. In Table 2, 5
problems with number of cities ranging from 575 to 1173 are
listed. The optimum tour lengths are also provided in parenthesis
under the problem name. The error rate (Err.) is the difference
between averaged tour length and optimum tour length divided by
optimum tour length. Number of generations (Gen.) is the
averaged number of generations over 50 trials. Number of
optimums (Opt.) is the number of trials reaching optimum
solution. For each problem, “EAX” is EAX-14B without any 2-
opt operations, “R. 2-opt” is EAX-1AB with restricted 2-opt
operation applied to sub-tours, “2-opt” is FEAX-IAB with
conventional 2-opt operation applied to the complete tour, and
“both” is EAX-1A4B with both types of 2-opt operations applied.

For all problems except rat783, the error rate decreased with
restricted 2-opt. The two types of 2-opt operations in rat783 do
not performed well when applied individually. However, with
both 2-opt operations applied simultaneously, the error rate
decreased from 0.008% to 0.005%. The numbers of generations
decreased in all problems, and the number of optimum solutions
increased except for rat575. Again, with both 2-opt applied,
number of optimums reached increased for rat575. With all types
of 2-opt (restricted 2-opt, conventional 2-opt, and both), the CPU
time used are reduced in all problems. The additive effects of the
two types of 2-opt are also observed in these problems.
Combining both types of 2-opt can enhance the performance of
EAX-14B in all aspects. Most improvements to EAX have to
make trade-offs between better solution quality (error rate,
number of generations and probability of reaching optimum) and
computation time. However, with restricted 2-opt, both the
solution quality and computing efficiency can be improved.

Table 2. Comparisons among different 2-opt operators. “R. 2-
opt” refers to “restricted 2-opt”.

Err. Gen. Opt. Time (s)

rat575 EAX 0.031%  175.66 3/50 40.873
(6773) R.2-opt 0.032%  158.04 3/50 40.135
2-opt 0.030%  147.72 0/50 37.117

both 0.029%  141.12 4/50 39.208

u724 EAX 0.003%  200.46 44/50 61.898
(41910) R.2-opt 0.000% 176.48 50/50 55.157
2-opt 0.000%  168.30 46/50 52.944

both 0.000%  158.24 50/50 53.027

rat783 EAX 0.008%  212.22 31/50 73.898
(8806) R.2-opt 0.011%  188.36 32/50 68.477
2-opt 0.009%  179.44 35/50 64.034

both 0.005%  169.26 40/50 64.507

vml086 EAX 0.084%  291.86 0/50 155.732
(239297)  R.2-opt  0.072%  260.66 0/50  138.381
2-opt 0.071%  255.04 3/50  147.220

both 0.065%  239.08 3/50  130.779

pcb1173  EAX 0.025%  301.22 2/50 168.325
(56982) R.2-opt 0.019%  271.80 1/50  150.422
2-opt 0.019%  267.28 1/50  148.401

both 0.015%  253.28 3/50  145.030
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The plot of tour length v.s. number of generations for vm1086 is
illustrated in Figure 2. The convergence of the four operators
(EAX, EAX with restricted 2-opt, EAX with conventional 2-opt,
and EAX with both types of 2-opt) are shown in different line
styles. The plot in the first 50 generations has been scaled and
placed in the bottom of Figure 2. It is obvious from the plot that
the two 2-opt operators have different characteristics and different
convergence speed in different stage of the evolution. A vertical




dashed line is plotted in the bottom plot. In the left of the dashed
line, restricted 2-opt converge more rapidly than typical 2-opt.
After the initial burst, restricted 2-opt lag behind conventional 2-
opt till the end. With both types of 2-opt operators applied, the
evolution converged more rapidly than when both 2-opt operators
applied individually.
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Figure 2. The tour length v.s. generation plot for
vm1084. The first S0 generations are highlighted in the
bottom plot. The distinctive characteristics of the two 2-
opt operators can be seen in this figure.

The differences in the convergence behaviors of conventional 2-
opt and restricted 2-opt imply that more efficient operators can be
constructed with the two operators combined. Taking into
consideration of the decay and progression of the two operators,
better GAs can be implemented effortlessly. The 2-opt operator is
easy to implement and the overhead is small. Implementation of
2-opt is straight forward. From our experiments we can found that
the locality of 2-opt can be refined to yield better performance.
We usually refer 2-opt as a “local search” strategy in the context
of solution space; 2-opt search solutions share large similarity
with current solution. However, in the context of a single tour, we
can refer the 2-opt operating on the entire tour length as a “global
2-opt”; and the restricted 2-opt operating on sub-tours as “local 2-
opt”. Combination of both 2-opt operators can effectively
optimize the overall and subtle parts of the tour. With unlimited
iterations, the “global” or conventional 2-opt can also achieve the
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same level of optimization as that with both operators applied
together. However, the overhead will be too large.

The incorporation of 2-opt into the EAX algorithm can thus
enhance the performance and solution quality even with
conventional 2-opt mutation operator applied. At early stage of
evolution, the restricted 2-opt incorporated into EAX can drive
local sub-tours to local optimum more rapidly. One may replace
the randomness of 2-opt operators with some heuristics. The size
of the problem can be taken into consideration, and concurrent 2-
opt operations operating on various regions or lengths of the tours
may achieve interesting effects, much like our current
implementation with both types of 2-opt operators. However, this
may add overhead and complexity to the GA, and should be
carefully evaluated and verified.

One interesting question regards whether the EAX algorithm
(with 2-opt mutation operator incorporated) can be further
improved? We do not have definite answer to this question yet.
However, from the analysis of EAX algorithm we can point out
some  possible steps in EAX that may be targets for
improvements. For example, the formation of 4B cycles is
random in current implementation of EAX [6, 9]; additional
heuristics for better 4B cycle formation may provide fruitful
results. Another possible step is the select of 4B cycles for
construction of E-set. Nagata et al. [6], Nagata [8], and others [12]
have proposed several selection scheme, but ICG [9] is much
simpler and works well so far. Though strictly speaking ICG is
not a new selection scheme. A simple and effective selection
scheme is critical to EAX algorithm. Finally, the modification of
intermediates into valid tours can also be refined. The selection of
cities for joining two sub-tours, and selection of sub-tours to be
joined can be considered for possible further enhancements.
However, these are beyond the scope of this paper.

5. CONCLUSION

Our results suggest that the powerful EAX algorithm can be
further refined and improved with efficient and easy to implement
2-opt operator.

We have proposed a simple modification to the EAX algorithm.
We have combined all known improvements with EAX, including
HpS parent selection, iterative child generation, and external 2-
opt mutation operator. We also incorporated 2-opt local search
into EAX. The 2-opt local search applies to sub-tours generated in
the intermediates of EAX. The combination of 2-opt and EAX
have been proposed before by Watson et al. [9], but the 2-opt
mutation operator works on children generated by EAX, not
within the EAX algorithm. Also, conventional 2-opt were applied
to the entire tour (“global” to the entire tour). Our restricted 2-opt
is restricted to sub-tours of intermediates (“local” in terms of the
whole tour). The smaller scope of “local” or restricted 2-opt may
effectively speed up the optimization of local sub-tours. Also the
mutation operations with EAX (both “global” and “local”) can
increase the population diversity, avoid common diversity loss in
EAX algorithm. Because the characteristics of conventional 2-opt
and restricted 2-opt are different, the two types of 2-opt operators
can be combined. Restricted 2-opt works better in early
generations; while conventional works better in later generations.
With both 2-opt applied, solution quality and computation time
are both improved. We also analyzed the EAX algorithm and
point out several possible means to further improve it.



REFERENCES

T. Yamada and N. Ryohei, Scheduling by Genetic Local
Search with Multi-Step Crossover, In Parallel Problem
Solving from Nature - PPSN 1V, LNCS 1141, W. Ebeling, et
al., Eds., Springer-Verlag, 1996, 960-969.

F. Alizadeh, R. M. Karp, L. A. Newberg, and D. K. Weisser,
Physical mapping of chromosomes: A combinatorial
problem in molecular biology., Proc. 4th ACM-SIAM Symp.
Discrete Algorithms (SODA), 52-76, 1993.

H. Bohr and S. Brunak, A Traveling Salesman Approach to
Protein Conformation, Complex Systems, 3, 9-28, 1989.

D. Whitley, T. Starkweather, and D. Fuquay, Scheduling
Problems and Traveling Salesman: The Genetic Edge
Recombination Operator, Proc. of the 3rd Int. Conference on
Genetic Algorithms, 133-140, 1989.

K. Maekawa, N. Mori, H. Kita, and H. Nishikawa, A Genetic
Solution for the Traveling Salesman Problem by Means of a
Thermodynamical Selection Rule, Proc. 1996 IEEE Int.
Conference on Evolutionary Computation, 529-534, 1996.

Y. Nagata and S. Kobayashi, Edge Assembly Crossover: A
High-power Genetic Algorithm for the Traveling Salesman
Problem., Proc. of the 7th Int. Conf. on Genetic Algorithms,
450-457, 1997.

1476

(7]

H.-K. Tsai, J.-M. Yang, and C.-Y. Kao, Solving Traveling
Salesman Problems by Combining Global and Local Search
Mechanisms., Proc. of the 2002 Congress on Evolutionary
Computation, 12920-12925, 2002.

Y. Nagata, The EAX Algorithm Considering Diversity Loss,
In Parallel Problem Solving from Nature - PPSN VIII, LNCS
3242, X. Yao, et al., Eds., Springer-Verlag, 2004, 332-341.

J. Watson, C. Ross, V. Eisele, J. Denton, J. Bins, C. Guerra,
D. Whitley, and A. Howe, The Traveling Salesrep Problem,
Edge Assembly Crossover, and 2-opt, In Parallel Problem
Solving from Nature - PPSN V, LNCS 1498, A. E. Eiben, et
al., Eds., Springer-Verlag, 1998, 823-832.

[10] Y. Nagata, Genetic Algorithm for Traveling Salesman

Problem using Edge Assembly Crossover: its Proposal and
Analysis., Ph.D. Thesis, Tokyo Institute of Technology, 2000.

[11] H.-K. Tsai, J.-M. Yang, Y.-F. Tsai, and C.-Y. Kao, An

[12] K.

Evolutionary Algorithms for Large Traveling Salesman
Problems, IEEE Trans. Systems, Man, and Cybernetics -
Part B: Cybernetics, 34, 1718-1729, 2004.

Ikeda and S. Kobayashi, Deterministic Multi-Step
Crossover Fusion: A Handy Crossover Composition for GAs,
In Parallel Problem Solving from Nature - PPSN VII, LNCS
2439, 1. J. Merelo, et al., Eds., Springer-Verlag, 2002, 162-
171.



	1. INTRODUCTION 
	2. EDGE ASSEMBLY CROSSOVER (EAX) 
	2.1 Construction of E-sets 
	2.2 Modification of Intermediates to Valid Tours 
	2.3 Enhancements to EAX 
	3. PROPOSED IMPROVEMENT 
	4. EXPERIMENTS  
	4.1 The experimental setup 
	4.2 Results and discussion 

	5. CONCLUSION 
	6. REFERENCES 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


