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Abstract— Exhaustive testing is extremely difficult to perform
owing to the large number of combinations. Thus, sampling and
finding the optimal test suite from a set of feasible test cases
becomes a central concern. Addressing this issue, the adoption of
t-way testing (where t indicates the interaction strength) has come
into the limelight. In order to summarize the achievements so far
and facilitate future development, the main focus of this paper is,
first, to present a critical comparison of adoption optimization
algorithms (OA) as a basis of the t-way test suite generation
strategy and, second, to propose a new t-way strategy based on
Flower Pollination Algorithm, called Flower Strategy (FS).
Analytical and experimental results demonstrate the applicability
of FS for t-way test suite generation.
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I. INTRODUCTION

Exhaustively testing all possible input/output possibilities
are extremely difficult in practice owing to the huge number of
combinations needs to be considered. A sampling mechanism
is needed to find a subset of effective test case for testing
consideration. Random testing provides a useful alternative but
, there is no guarantee of fair distribution on the overall search
space [1]. While partition testing (e.g. equivalence partitioning,
boundary value analysis, and cause-effect graphing) is also
useful, no provision is provided to detect faults due to
interaction [2]. Parallel testing can enhance random testing and
partitioned testing and potentially saves time [3] but there is a
limit on how much parallel can be achieved in reality.

Recently, researchers are turning into t-way testing strategy
as complementary alternatives to the aforementioned sampling
techniques. In a nut shell, t-way testing requires that each t-way
combination is to be covered at least one time resulting into
significant reduction of test suite size. Many studies show that
many software failures are often associated with unnecessary
interactions between parameters. Kuhn et al [4] reported that
76% of bugs can be detected by only two-way testing. Study
conducted by Brownlie et al [5] reported the usefulness of
two-way testing for finding interaction bugs for the AT&T's
PMX/StarMAIL system reducing the original test cases from
1500 to 422.

The central concern of many researchers into t-way testing
is on how to obtain the minimal number of test cases. Viewed
as optimization problem, searching for the optimal set of test
cases is also an NP-hard (Non-deterministic Polynomial-time
hard) problem.[6-8]. To address this issue, many t-way testing
strategies have been designed and implemented in the scientific
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literature. One of the most recent emerging approaches in this
field on the application of Optimization Algorithms (OA) as
part of concerted efforts related to Search based Software
Engineering agenda. Many OA-based strategies have been
implemented as a result. In order to summarize the
achievements so far and facilitate future development, the main
focus of this paper is, first, to present a critical comparison of
adoption optimization algorithms (OA) as a basis of the t-way
test suite generation strategy and, second, to propose a new t-
way strategy based on Flower Pollination Algorithm (FPA),
called Flower Strategy (FS).

The rest of this paper is organized as follows. Section II
gives an overview of t-way testing. Detailed reviews of OA
strategies are provided in Section III. A briefed dissection is
introduced in Section IV. In Section V a new OA-based
strategy for t-way testing is proposed. Section VI highlights the
early results. Lastly, Section VI gives the conclusion and future
work.

II. BACKGROUND ON T-WAY TESTING

In general, any system is made up of a number of
components, which interact with each other (called parameters
with their associated values). To illustrate the concept of t-way
testing, consider a Simple Find Dialog example as given in
Fig. 1.

The dialog box takes an input text string and returns all the
matching records. Here, this dialog box consists of four inputs
(i.e. Text string, Match whole word, case sensitivity and
direction of the search). By ignoring illegal values for
simplicity; the values for each parameter are as the follows:
“Find What” text string: uppercase / lowercase / mixed,
“Match whole word only”: match / do not match, “Match
case”: match / do not match and “Direction”: Up / Down. In
order to test this system exhaustively, there is a need for 24
test cases.

Findwhat: |8
[IMatch whele word enly Dirsction
[IMatch case CUp (& Down

Fig. 1: Simple Find Dialog Example

By using two-way testing, there are 30 pairs that need to
be covered. By any greedy strategy (e.g. FA), the first test case
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can cover 6 pairs. In fact, it can be shown that all the 24 pairs
can be covered by 6 test cases.

The interesting property of t-way test, is that any ¢ columns
contain all possible combinations of these columns, occur
somewhere in any order (see Fig. 2).

Fig. 2. Two-way test suite generation for Find Dialog example, the only
pairs of AB, AC, and CD are highlighted

III. RELATED WORKS

This section is intended to provide an overview of the
existing works for constructing t-way test suite. The existing
approaches can be classified into two main categories:
algebraic approaches, and computational approaches [9]. In
the Algebraic Approaches, test data sets are constructed
without enumerate any combinations. Hence, the
computations associated with algebraic approaches tend to be
lightweight. On the negative note, the aforementioned
approaches are often restricted to small configurations.
Strategies adopting algebraic approaches include orthogonal
Latin squares (OLS), CA, MCA and TConfig. Computational
approaches use a greedy algorithm to construct the test cases.
Each step tries to cover as many combinations as possible
uncovered combinations. Generating test set is accomplished
by either using one-test-at-a-time strategy (OTAT) or one-
parameter-at-a-time strategy (OPAT).

OTAT based strategies build one complete test case per
iteration and checks if this test case is the best test case to
cover the most uncovered interaction. The same procedure is
repeated until all the combinations are covered. In the
literature, there are many strategies and tools have developed
uses OTAT techniques such as AETG [10], TConfig [11],
Jenny [12], and WHITCH [13].

One-parameter-at-a-time (OPAT) strategy starts by
building a completed test suite for the first two parameters, or
the smallest number of components, then extends horizontal
by adding one parameter per iteration, and sometimes, extends
vertically until all the parameters is covered. The most well-
known strategy in OPAT is in-parameter-order (IPO) strategy
[7]. On the basis of IPO strategy, many improvements of IPO
have been proposed such as IPOG [14], IPOG-D [6], IPOF
and IPAD2 [15] to obtain optimal test size and fast execution
time.

Optimization Algorithm (OA) based strategies are one of
the most emerging technologies for the last 20 years. The next
section provides a detailed review of the existing OA-based
strategies for t-way testing. In doing so, this paper highlights
and analyses the strengths and the limitations for each OA
based strategy. In order to have objective assessment, the
analysis focus on the tuning issues, parameter setting
requirements as well as the search procedure in each strategy
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and how each algorithm balances between local intensification
and global diversification.

A. Hill Climbing

HC, or local search, is a single-solution based algorithm
because it starts finding a solution from one position in the
search space, therefore, HC is a good for local optimum
problems. As Fig. 3a indicates, HC perform well on problems
with only one peak but with other problems that encompass
many peaks, HC fails to find global optimal solution [16]. On
a positive note, HC is a parameter free algorithm that does not
require any tuning of tis parameter.

As a t-way strategy, HC randomly starts finding a test case
x from one position in the search space and then select any
new test case x', from x, that improves the current solution
[17]. Study conducted by Cohen show that HC and SA
produce similar results in many cases. However, there are
cases where HC fail to find optimal test suite size. To increase
the chance of finding a good solution, it may be necessary to
repeat the algorithm many time, each time with different
initial configurations [8].

V

Search Space T Search Space Search Space

Fitness
Fitness

Fig. 3. (a) Hill climbing problem. (b). Simulated Annealing and Tabu
Search problem, (c) GA, PSO and HS problem

B. Simulated Annealing

SA is a similar to HC, but SA allows worsening moves
with decreasing probability to avoid getting stuck in a local
minimum solution as shown in Fig. 3b. The acceptance
probability function P(e, e¢', T) decides to move to the new
solution x’ or stay in current solution x (where e= E(x) is the
energy of current solution x, e'= E(x') is new candidate
solution x and T controlling temperature) [18]. In order to
construct the t-way test suite, SA has been implemented in[8,
19]. The algorithm used randomized searches to generating a
test suite by finding the best test case per iteration until cover
all interaction elements [20].

As a t-way strategy, SA starts from one position in the
search space and then employ local/neighborhood search in a
local region (see Fig. 3b). SA provides reasonable balance
between local intensification and global diversification by
accepting any solution that increases the fitness and sometime
accepts a solution with lower fitness. SA needs few
parameters (e.g. initial temperature, and cooling rate) [21].
Comparative experiments for t-way test generation between
SA, TS and GA demonstrate that SA performs better than TS
and GA [8]. On a negative note, apart from being a single
solution algorithm, SA depends heavily on the neighborhood
structure (but there is no standard structure) to get the most
optimal solution [16].

C. Tabu Search

Tabu Search is proposed by Glover for solving
combinatorial optimization problems [22]. Similar to SA, TS
is a single solution based algorithm that adopts neighborhood
structure to perform the search. In Tabu search,
worsening moves can be accepted if no improving move is
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available. TS exploits adaptive forms of memory structures
(termed Tabulist) to remember the visited solution (i.e. so that
the algorithm does not consider the same possibility
repeatedly) [23, 24]. Concerning t-way testing, Stardom [24]
point out that TS is effective for constructing test suite and is
able to outperform GA. Similar results can be obtain from the
work of Nurmela [25].

D. Genetic Algorithm

Genetic algorithm is a population-based algorithm that
mimics the natural selection process. The main advantage of
GA over HC, TS, and SA is the fact that it is not usually get
stuck into local optima [26]. To ensure that the solution space
is adequately explored, GA preserves the population diverse
solutions during the evolution. Hence a proper tuning for GA
parameters, (i.e. GA requires the tuning of mutation rate,
Crossover rate, number of iteration and population size), lead
to good balance between local intensification and global
diversification (i.e. genetic population diversity and selective
pressure) [27, 28]. Roeva, Fidanova et al. observe that optimal
population size is 100 chromosomes for 200 generations [29].
Other studies by Schaffer et al.[30] and Grefenstette [31]
suggest that 30 chromosomes are sufficient in many cases.

GA can be considered as an early works in adopting
population-based search algorithms for constructing t-way test
suite[32]. Therefore, GA starts finding a solution from many
positions as Fig. 3¢ show. In GA, each chromosome
represents a test case. The population of chromosome is
subjected to repeated cycles of process: (1) Selection: GA
selects two chromosomes randomly and then a copy of the
winner is deposited mating pool. (2) Crossover: is taking two
chromosomes and produce a child by exchanges between the
two chromosomes values with probability. (3) Mutation
process replaces the value of chromosomes randomly. The
fitness function with the best chromosomes is selected at each
generation cycle, and added to the final test suite [33].

E. Ant Colony Algorithm

Ant Colony algorithm (ACA) mimics the behavior of
colonies of ants for finding food paths. ACA use probabilistic
technique to control search operation via pheromone trails. In
general, the key points of ACA are pheromone update and
edge selection. Edge selection in ACA based on probability
which is controlled by a number of parameters such as amount
of pheromone (), trail level ([]), pheromone coefficient (o)
to controls the amount of pheromone [1, and heuristic
coefficient (B) to control the influence of trail level value [J.
Pheromone is updated when ant travel from one node to
another based on pheromone evaporation coefficient (p) and
pheromone deposit [32, 34].

For t-way test generation, the places of food represent the
parameter and the food represents the value of the parameter
[32]. Each test case represents the quality of the paths to the
food. The paths to the food are evaluated based on the quantity
of pheromones which is reinforced by the ants. Over time, the
density gets higher for some paths which are chosen by many
ants. By comparison, the best path is selected to be added to
final test cases.

F. Particle Swarm Optimization

Particle Swarm Optimization (PSO) is population-based
algorithm, which is based on swarm movement (flocking)
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behavior of bird or fish [35]. PSO requires 5 control
parameters consisting of cognitive parameters (C1 and C2),
inertial weight as well as population size and iteration size
[36]. A study conducted by Pedersen demonstrates that the
basic of PSO can achieve a good performance if its parameters
are properly tuned [37].

Concerning t-way testing, each test case is represented as
one particle [9, 36, 38] in PSO. The algorithm starts by
initializing the swarms search space and velocity of each
particle. At each generation, the velocities are updated
according to the best test case as the particle moves around the
search space, and make a move to the new test case. The
particle continues its motion until termination criteria is met.
Here, the best test case is selected in each iteration cycle and is
added to final test suite.

G. Harmony Search

Harmony Search (HS) is population-based algorithm,
mimics the improvisation process of skilled musicians [39].
To explore search space, HS uses a probabilistic-gradient to
select the current solution, and adopts mathematical equations
to move to better solution. HS requires 4 control parameters
namely harmony memory size (HMS),
Improvisation/Iteration, pitch adjustment rate (par) and
harmony memory consideration rate (HMCR) [40].

Concerning t-way testing, HS has been successfully
adopted in harmony search algorithm-based strategy (HSS).
The core part of the HSS is improvising a new harmony based
on the HMCR. By doing so, the new test case can either be
chosen from harmony memory (HM) or randomly. Here, if the
new value is coming from HM, the second probability based
on pitch adjusting rat (PAR) determines whether or not to
improve the current solution [41].

H. Cuckoo Search

Cuckoo Search (CS) is a population based algorithm
inspired from brood parasitic behavior for some birds such as
the Ani and Guira cuckoos [42]. CS provides optimal balance
between local intensification and global diversification by
intensifies the search for solutions in the neighborhood of
incumbent solution as well as explore all the search space
efficiently through the use of 1évy flights [43] (i.e. as a chaotic
search of values). CS has only one parameter pa that needs to
be tuned, less than the number of parameters in PSO and GA
[44].

For t-way test generation, the algorithm begins by
generating an initial population of nest. Each nest represents a
test case. In each generation of the algorithm, there are two
operations are performed. First, generate a new nest by
performing a 1évy flight, and then the new nest is evaluated and
replaces the current nest if it obtains a better evaluation. The
second part of the algorithm discovers and removes the worse
nests with probability pa [45].

IV. DISCUSSION

In the previous section, we reviewed the current literature
of the existing strategies that adopt OA algorithms such as
HC, SA, TS, GA, ACA, PSO, HS, and CS. In a critical
manner, we highlighted and analyzed the strengths and the
limitations for each strategy. Here are some observations that
we can draw from our analysis:
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e No single OA-based t-way strategy has strong
dominance over the others in terms of obtaining the
optimal test suite size. As such, the search of new OA
implementation is still relevant particularly involving
newly developed algorithms.

e There is still lack of work on hybridization of OA as a
t-way strategy. With hybridization of two or more
algorithms, the intensification and diversification of the
main OA algorithm of interest can be improved, that is,
by exploiting the search operator of the other
algorithms.

e Some strategies are computationally heavy and require
many parameters to be tuned to achieve performance. If
new strategies are to be developed, there is a need for
strong consideration on the tuned parameters.

Flower Pollination Algorithm (FPA) is one of the latest
OAs developed for solving global optimization problems. FPA
is a population based algorithm, inspired by the pollination
behavior of flowering plants. FPA has the following
advantages [46, 47]:

e Important advantages of FPA are simplicity and
flexibility.

e Unlike GA, and PSO, FPA offers lightweight
computation relying only on one parameters Pa.

e FPA offers balance intensification and diversification
of solutions through the adoption of 1évy flight.
Specifically, 1évy flight consists of random walks that
are interspersed by long jumps which are heavy tailed
according to a power law distribution. In this manner,
FPA often can sufficiently explore regions of interests.

In addition to the aforementioned advantages, FPA has yet
to be adopted for t-way testing. Thus, we propose a new
testing strategy for generating t-way test suite based on FPA,
called Flower Strategy (FS).

V. FLOWER STRATEGY

This section is intended to give a brief description for our
proposed, Flower Strategy (FS). FS is a new t-way strategy for
test suite generation based on FPA.

Mathematically, FPA can be represented as two core
parties: Global Pollination step and Local Pollination step. In
global pollination, the flower pollen is transferred by
pollinators such as insects, over a long distance using lévy
flight (see equation 1). Local pollination transfer pollen from
male parts to female parts in the same flower (see equation 2).

x, D =3O + yLévy D) (0, ® — gbest) (€]
xl,(t+1) ] xl.(t) + e(xj(t) —_ xk(t)) (2)

In FS, each test case represents as a flower or pollen (i.e.
solutions). The fitness function for any pollen is the number
of interactions that the pollen can cover, therefore, FS
begins by initializing the interaction elements list according to
input values (i.e. interaction strength 7, number of parameters
and parameters values). Then, FS randomly generates a
population of pollen. During the iteration of the algorithm,
each pollen repeatedly subjects to generating new pollen phrase
by performing the global pollination or local pollination. The
new pollens will be chosen as current pollens if the new
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pollens are better than current pollens. The generation of new
pollen is repeated until the maximum number of improvement
has been satisfied. Here, the current best pollen is added to
final test suite, and covered interaction elements are deleted
from the interaction elements list. This cycle continues all the
interaction elements are covered. Fig. 4 describes pseudo code
of Flower Strategy.

Input: P: Parameter number n, and
V: set of values for each feature V = [vy ..v{];
Output: Final test suite List F7S;
Let FTS be a set of candidate tests;
Generate all possible interactions elements IEL based on P and V
Generate initial population of pollens randomly
while IEL is not empty do
while t <MaxGeneration or stop criterion do
Jfori=1:n(all npollens in the population)
if (rand <pa)
Global pollination via x/~' = x/ + L(gbest — x/)
Else
Do local pollination via x=x+ D(x/ - x/()
End if
Evaluate new solutions
If new solutions are better, update
them in the population
End for
Find the current best solution gbest
End while
Add the best test case, gbest, into FTS.
Remove covered interactions elements from IEL.
End while
End-Procedure

Fig. 4. Flower Strategy pseudo code

VI. EARLY RESULTS

In order to evaluate the performance of FS against OA-
based strategies, early results of FS is compared with results of
existing OA as published in [9, 41]. In this comparison,
different systems configurations have been used (see Table 1).

TABLE 1 : COMPARISON WITH EXISTING OA-BASED STRATEGIES

t |Systems | SA | ACA | GA |PSO |HSS | CS | FS
2 33 9 9 9 9 9 9 9%
2 38 16 17 17 17 18 20 17
2 10" NA 159 157 | NA | 155 | NA |153*
2 15" NA NA NA | NA | 342 | NA |[344*
2 510 NA NA NA 45 43 NA | 42%*
3 30 33 33 33 42 39 43 42
3 4° 64 64 64 102 70 105 | 101
3 50 152 125 125 | NA | 199 | NA | 194
3 6° 300 330 331 | 338 | 336 | 350 | 333
3 5 201 218 218 | 229 | 236 | 233 | 219
3 10° 1508 | 1501 | 1473 |1506 | 1505 | NA |1470*
2 5'3822 15 16 15 NA 20 21 20
3 524232 | 100 106 108 | NA | 120 | NA | 117
4 20 NA NA NA 37 37 36 36%*
5 210 NA NA NA 82 81 79 75%
9 210 NA NA NA | NA [512 | NA |571
10 210 NA NA NA | NA |1024 | NA [1024*

V': means that this system has x parameters, each parameter with y values.

In our comparison, FS parameters are set at Pa = 0.8,
pollen population size = 30 and maximum number of
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improvement = 500. Table 1 highlights the results. The cell
marked as NA indicates “Not Available results”.

From the initial results in Table 1, FS has the potential to
outperform the existing strategies. In fact, in the current
experiments, FS is able to produce the optimal test size in 8
cases (as shown in shaded cells), even when FS is not the best,
the results are still within reasonable values.

VII. CONCLUSION AND FUTURE WORK

Summing up, we have given a survey on the recent OA-
based strategies adopted for t-way testing. The survey
highlights and analyse the strengths and the limitations for
each strategy. As a result, a new t-way strategy, called Flower
Strategy (FS), is proposed. The new strategy uses Flower
Pollination Algorithm as a core implementation. Initial results
show that FS is able to outperform some of existing OA-based
strategies.

As part of the future work, we plan to improve the design
of FS in two directions. Firstly, we intend to address high
interaction parameters. Secondly, we plan to hybridize FPA
with another OA to improve its overall search capabilities.

ACKNOWLEDGMENT

The work reported in this paper is funded by MOSTI
eScience fund for the project titled: Constraints T-Way
Testing Strategy with Modified Condition/Decision Coverage
from the Ministry of Science, Technology, and Innovation,
Malaysia. We thank MOSTT for the contribution and support.
Mr. Abdullah B. Nasser is the recipient of the Graduate
Research Scheme (GRS) from Universiti Malaysia Pahang.

REFERENCES

[1] A. Arcuri and L. Briand, "Formal analysis of the probability of
interaction fault detection using random testing," Sofiware
Engineering, IEEE Transactions on, vol. 38, pp. 1088-1099, 2012.

[2] 1. Burnstein, Practical software testing: a process-oriented
approach. New York: Springer Inc, 2003.
[3] M. F. Klaib, S. Muthuraman, and A. Noraziah, "A Parallel Tree

Based Strategy for T-Way Combinatorial Interaction Testing," in
Software Engineering and Computer Systems, ed: Springer, 2011,
pp. 91-98.

[4] D. R. Kuhn, D. R. Wallace, and J. AM Gallo, "Software fault
interactions and implications for software testing," Sofiware
Engineering, IEEE Transactions on, vol. 30, pp. 418-421, 2004.

[5] R. Brownlie, J. Prowse, and M. S. Phadke, "Robust Testing of
AT&T PMX/StarMAIL Using Oats," AT&T Technical Journal, vol.
71, pp. 41-47, 1992.

[6] Y. Lei, R. Kacker, D. R. Kuhn, V. Okun, and J. Lawrence,
"[POG/IPOG - D: efficient test generation for multi - way
combinatorial testing," Software Testing, Verification and
Reliability, vol. 18, pp. 125-148, 2008.

[7] Y. Lei and K.-C. Tai, "In-parameter-order: A test generation
strategy for pairwise testing," in Proceedings of The 3rd IEEE
International ~ Symposium  on  HighAssurance  Systems
Engineering, 1998, pp. 254-261.

[8] C. J. Colbourn, M. B. Cohen, and R. Turban, "A deterministic
density algorithm for pairwise interaction coverage," in IASTED
Conf. on Software Engineering, 2004, pp. 345-352.

[9] B. S. Ahmed, K. Z. Zamli, and C. P. Lim, "Constructing a t-way
interaction test suite using the particle swarm optimization
approach," International Journal of Innovative Computing,
Information and Control, vol. 8, pp. 431-452,2012.

[10] D. M. Cohen, S. R. Dalal, M. L. Fredman, and G. C. Patton, "The
AETG system: An approach to testing based on combinatorial

978-1-4799-8251-6/15 ©2015 IEEE

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

design," Software Engineering, IEEE Transactions on, vol. 23, pp.
437-444, 1997.

A. Williams. TConfig download page [Online]. Available:
http://www.site.uottawa.ca/~awilliam/ [Accessed 23 Dec 2014]

B. Jenkins, "Jenny Tool download page [Online]," Available :
http://www.burtleburtle.net/bob/math. [Accessed 16 Dec 2014],
2003.

A. Hartman, T. Klinger, and L. Raskin, "IBM intelligent test case
handler," Discrete Mathematics, vol. 284, pp. 149-156, 2010.

Y. Lei, R. Kacker, D. R. Kuhn, V. Okun, and J. Lawrence, "IPOG:
A general strategy for t-way software testing," in /4th Annual IEEE
International Conference and Workshops on the Engineering of
Computer-Based Systems, 2007, pp. 549-556.

M. Forbes, J. Lawrence, Y. Lei, R. N. Kacker, and D. R. Kuhn,
"Refining the in-parameter-order strategy for constructing covering
arrays," Journal of Research of the National Institute of Standards
and Technology, vol. 113, pp. 287-297, 2008.

D. Beasley, R. Martin, and D. Bull, "An overview of genetic
algorithms: Part 1. Fundamentals," University Computing, vol. 15,
pp. 58-58, 1993.

M. B. Cohen, P. B. Gibbons, W. B. Mugridge, and C. J. Colbourn,
"Constructing test suites for interaction testing," in Software
Engineering, 2003. Proceedings. 25th International Conference on,
2003, pp. 38-48.

E. Aarts and J. Korst, "Simulated annealing and Boltzmann
machines: a stochastic approach to combinatorial optimization and
neural computing," 1988.

M. Patil and P. Nikumbh, "Pair-wise testing using simulated
annealing," Procedia Technology, vol. 4, pp. 778-782, 2012.

K. J. Nurmela and P. R. Ostergard, Constructing covering designs
by simulated annealing: Helsinki University, Digital Systems
Laboratory, 1993.

F. Busetti, "Simulated annealing overview," World Wide Web URL
www. geocities. com/francorbusetti/saweb. pdf, 2003.

F. Glover, "Tabu search-part L," ORSA Journal on computing, vol.
1, pp. 190-206, 1989.

F. Glover and M. Laguna, Tabu search: Springer, 1999.

J. Stardom, "Metaheuristics and the search for covering and packing
arrays," Trent University, 2001.

K. J. Nurmela, "Upper bounds for covering arrays by tabu search,"
Discrete applied mathematics, vol. 138, pp. 143-152, 2004.

H. Ishibuchi and T. Murata, "Multi-objective genetic local search
for minimizing the number of fuzzy rules for pattern classification
problems," in Fuzzy Systems Proceedings, 1998. IEEE World
Congress on Computational Intelligence., The 1998 IEEE
International Conference on, 1998, pp. 1100-1105.

D. Gupta and S. Ghafir, "An overview of methods maintaining
diversity in genetic algorithms," International Journal of Emerging
Technology and Advanced Engineering, vol. 2, pp. 56-60, 2012.

L. J. Eshelman and J. D. Schaffer, "Preventing Premature
Convergence in Genetic Algorithms by Preventing Incest," in
1CGA, 1991, pp. 115-122.

O. Roeva, S. Fidanova, and M. Paprzycki, "Influence of the
population size on the genetic algorithm performance in case of
cultivation process modelling," in Computer Science and
Information Systems (FedCSIS), 2013 Federated Conference on,
2013, pp. 371-376.

J. D. Schaffer, R. A. Caruana, L. J. Eshelman, and R. Das, "A study
of control parameters affecting online performance of genetic
algorithms for function optimization," in Proceedings of the third
international conference on Genetic algorithms, 1989, pp. 51-60.

J. J. Grefenstette, "Optimization of control parameters for genetic
algorithms," Systems, Man and Cybernetics, IEEE Transactions on,
vol. 16, pp. 122-128, 1986.

T. Shiba, T. Tsuchiya, and T. Kikuno, "Using artificial life
techniques to generate test cases for combinatorial testing," in
Computer Software and Applications Conference, 2004. COMPSAC
2004. Proceedings of the 28th Annual International, 2004, pp. 72-
77.

C. Nie and H. Leung, "A survey of combinatorial testing," ACM
Computing Surveys (CSUR), vol. 43, p. 11,2011.

M. Grindal, J. Offutt, and S. F. Andler, "Combination testing
strategies: a survey," Software Testing, Verification and Reliability,
vol. 15, pp. 167-199, 2005.




2015 IEEE International Conference on Control System, Computing and Engineering, 27 - 29 November 2015, Penang, Malaysia

[35] H. Huang, A. Hoorfar, and S. Lakhani, "A comparative study of
evolutionary programming, genetic algorithms and particle swarm
optimization in antenna design," in Antennas and Propagation
Society International Symposium, 2007 IEEE, 2007, pp. 1609-1612.

[36] B. S. Ahmed, K. Z. Zamli, and C. Lim, "The development of a
particle swarm based optimization strategy for pairwise testing,"
Journal of Artificial Intelligence, vol. 4, pp. 156-165, 2011.

[37] M. E. H. Pedersen, "Good parameters for particle swarm
optimization," Hvass Lab., Copenhagen, Denmark, Tech. Rep.
HL1001, 2010.

[38] X. Chen, Q. Gu, J. Qi, and D. Chen, "Applying particle swarm
optimization to pairwise testing," in Computer Software and
Applications Conference (COMPSAC), 2010 IEEE 34th Annual,
2010, pp. 107-116.

[39] Z. W. Geem, J. H. Kim, and G. Loganathan, "A new heuristic
optimization algorithm: harmony search," Simulation, vol. 76, pp.
60-68, 2001.

[40] Z. W. Geem, "Optimal cost design of water distribution networks
using harmony search," Engineering Optimization, vol. 38, pp. 259-
2717, 2006.

[41] A. R. A. Alsewari and K. Z. Zamli, "Design and implementation of

a harmony-search-based variable-strength t-way testing strategy
with constraints support," Information and Software Technology,
vol. 54, pp. 553-568, 2012.

[42] X.-S. Yang and S. Deb, "Cuckoo search via Lévy flights," in Nature
& Biologically Inspired Computing, 2009. NaBIC 2009. World
Congress on, 2009, pp. 210-214.

[43] X. S. Yang, S. Deb, and S. Fong, "Metaheuristic algorithms:
optimal balance of intensification and diversification," 2013.

[44] X.-S. Yang and S. Deb, "Cuckoo search: recent advances and
applications," Neural Computing and Applications, vol. 24, pp. 169-
174,2014.

[45] B. S. Ahmed, T. S. Abdulsamad, and M. Y. Potrus, "Achievement

of Minimized Combinatorial Test Suite for Configuration-Aware
Software Functional Testing Using the Cuckoo Search Algorithm,"
Information and Software Technology, 2015.

[46] X.-S. Yang, "Flower pollination algorithm for global optimization,"
in  Unconventional computation and natural computation, ed:
Springer, 2012, pp. 240-249.

[47] X.-S. Yang, M. Karamanoglu, and X. He, "Flower pollination
algorithm: a novel approach for multiobjective optimization,"
Engineering Optimization, vol. 46, pp. 1222-1237,2014.

978-1-4799-8251-6/15 ©2015 IEEE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




