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Abstract— The paper proposes a novel extension of many
objective optimization using differential evolution (MaODE).
MaODE solves a many objective optimization (MaOOQO) problem
by parallel optimization of individual objectives. MaODE
involves N populations, each created for an objective to be
optimized using MaODE. The only mode of knowledge transfer
among populations in MaODE is the modified version of
mutation policy of DE, where every member of the population
during mutation is influenced by the best members of all the
populations under consideration. The present work aims at
further increasing the communication between the members of
the population by communicating between a superior and an
inferior population, using a novel migration strategy. The
proposed migration policy enables poor members of an inferior
population to evolve with a superior population. Simultaneously,
members from the superior population are also transferred to
the inferior one to help it improving its performance.
Experiments undertaken reveal that the proposed extended
version of MaODE significantly outperforms its counterpart and
the state-of-the-art techniques.

Keywords—differential evolution; many-objective optimization;
individual parallel optimization; multiple population; migration.

I. INTRODUCTION

Many-objective  optimization  (MaOO) refers to
optimization problems, involving four or more conflicting
objectives [1]. Over the past decade, popularity of MaOO
algorithms have radically increased to solve real world
optimization problems, like brain-computer interfacing [2],
aerospace engineering [3], extraction of bioactive compound
[4], robotics [5] and many more applications. However, there
exists vast literature revealing the incapability of evolutionary
multi-objective optimization (EMOO) algorithms to solve
MaOO problem. The non-dominance criteria used in EMOO
to form Pareto fronts fail to maintain sufficient selection
pressure for a MaOO problem with four or more objectives.
This is due to remarkable growth in the number of Pareto
optimal solutions with the increase in the number of objectives
beyond three [6], [7].

Researchers are taking keen interest to overcome the
impasse of EMOO to solve MaOO problems. Strategies
proposed in [8], [9] aim at judicious selection of the
significant objectives out of all objectives for a given MaOO
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problem. Traces of reference point based MaOO algorithms
are found in [10], [11] where decision maker determines the
search direction in the preferred regions of the Pareto front.
Among the methods, enhancing Pareto optimality criteria, to
solve MaOO problems, ¢ -dominance [12], fuzzy Pareto
dominance [13] and subspace dominance comparison [14]
need special mentioning. The authors’ previous work, referred
to as many-objective optimization using differential evolution
(MaODE) [15], utilizes the implicit parallelism of a
population-based evolutionary algorithm (realized with DE) to
effectively expedite the convergence of the algorithm.

MaODE solves a MaOO problem in two steps. First,
individual N objectives of the given MaOO problem are
optimized in parallel by N evolving populations of solutions.
Second, the well-performing solutions of all N populations are
combined and ranked with respect to individual objectives.
The set of equally good solutions with equal sum of rank
(SoR) measures are declared as the solution to the MaOO
problem. The scope of knowledge transfer between the
populations is provided by modified version of DE/current-to-
best/l mutation policy [16-19] of MaODE. Unlike the
traditional DE/current-to-best/1 mutation policy, a target
vector belonging to a population P* is influenced by the best
members of all N populations (instead of the best candidate of
P* only) to generate its donor vector.

This strategy, however, ignores the average and poor
performing members of a population, which if evolved with
other populations, may have excelled in their performance.
The present work aims at migration of members between
different populations to aid an individual to evolve with
respect to an objective on which it is most likely to perform
well. The migration policy first judiciously selects the
communicating pair of populations from N populations. The
proposed selection strategy bypasses need of any network
topology. The stratagem allows the best population to
communicate the worst population, the second best to the
second worst, and the third best to the third worst and so on.
This communication/migration policy among diverse
populations enhances the exploration capability of the
MaODE algorithm. The quality of a population is determined
based on the median and the interquartile range (IQR) of the
objective function values of its members. A population with



low median value (for minimization problem) and a high IQR
is recorded as a superior population preserving diversity.

Next the identified population-pairs participate in the
migration process by exchanging their selected members. An
inferior population P’ sends its poor-performing members to a
superior population P’. This provides an opportunity to the
immigrating solutions to improve their quality by evolving
with P’ In return, P’ sends its randomly selected members to
P/. However, special care is taken to ensure that P’ should not
lose its well-performing members to improve the performance
of the inferior populations.

The proposed MaOO algorithm, hereafter referred to as
extended MaODE, is compared with its counterpart and three
state-of-the-art techniques [20-22] to optimize the well-known
DTLZ [23] and WFG [24] test suits. Experiments with
different number of objectives reveal that the extended
MaODE outperforms most of its contenders in a statistically
significant manner.

The paper is divided into five sections. Sections II and III
respectively overview the DE and MaODE algorithms.
Section IV provides the migration policy embedded in
MaODE. Experimental settings for the benchmarks and
simulation strategies are explained in section V. Section VI
concludes the paper.

II. DIFFERENTIAL EVOLUTION

Differential Evolution (DE) [16-19] is a population-based
meta-heuristic algorithm. We now present an overview of the
main steps of the DE algorithm for a minimization problem.

1. Initialization: A population P(G)= {Zl (G), ZZ(G),...,ZNP(G)}
of NP, D-dimensional real-valued target vectors is initialized
randomly within the prescribed search-bound [Z™",Z™] at
generation G=0. The crossover rate CR is initialized in [0, 1].
The objective function value f(Z;(0)) is evaluated for the
target vector Zi O)withi=1,2,...,NP.

2.Mutation: DE/current-to-best/1 mutation strategy is
employed to generate a donor vector Y;(G) corresponding to
each Zi(G) using (1) fori=1,2, ..., NP.

Y(6)=Z,(G)+ R(Z"*(G)~Z{(G)+ Fy(Z(G)~Z,5(6)) (1)
Here Z"°'(G) represents the best solution of the G-th

generation and Z,I(G) and Zrz(G) are randomly selected

population members from P(G) excluding Zi (G). F1 and F>

are scale factors in [0, 2] controlling the exploitation and the
exploration capabilities respectively.

3. Crossover: The binomial crossover is concerned with
selecting components from Z;(G) and E(G) to generate a
trial vector Wi(G). The selection of components from Zi(G)

and E(G) is controlled by the crossover ratio CR as follows.

Y;;(G),if rand SCROX j = g

Wf,_/(G)={ forj=1,2,....D(2)

with rand as a uniformly distributed random number in (0, 1).
Here juna represents a randomly chosen index from {1, 2, ...,

D}. The objective function value f (Wi (G)) 1is evaluated
forWi(G) . This is repeated fori =1, 2, ..., NP.

4. Selection: A greedy selection process promotes the fitter

z; ;(G), otherwise

candidate among Zi(G) and Wi(G) to the next generation as
described by (3) fori=1, 2, ..., NP.

Z{(G+) =W(G), if fW,(G)< f(Z;(G))
=Z,(6), '

5. Convergence: After each evolution cycle, steps 2 to 4 are
reiterated until terminating criterion is satisfied.

€)

otherwise

I1I1. OVERVIEW OF DIFFERENTIAL EVOLUTION INDUCED
MANY-OBJECTIVE OPTIMIZATION (MaODE)

MaODE, proposed in [15], comprises two primary steps.
First, each of the N objectives of the MaOO problem is
handled by an individual DE. All N DEs are run in parallel to
simultaneously optimize all N objectives. The second step
deals with judiciously identify the common pool of solutions,
which maximally satisfy all N objectives.

Parallel optimization of N objectives: The crux of the first
step is the premise that a single solution of a MaOO problem
may not optimize all N > 4 objectives adequately. Hence it is
desirable to optimize all N objectives in parallel and
individually with an aim to obtain the pool of optimal
solutions corresponding to each objective. This optimization
policy envisages capturing the characteristics of all N > 4
objectives effectively. The individual DE algorithm handling
optimization of the specific k-th objective is referred to as k-
MDE (modified DE) for k=1, 2, ..., N. The steps of ~-MDE
are similar to the traditional DE, except for two modifications,
as illustrated next.

Let Zk—best with the minimum objective function value
fio(Zk=best) be the fittest candidate evolved by k-MDE after
attaining convergence for ke {1, 2, ..., N}. In the present

context of MaOO, Zk—best may not be the optimal solution for
the /-th objective, where /e {1, 2, ..., N} but [ # k. Contrarily,

a solution of k-MDE, which is slightly poor to Zk=best (with
fitness say (1+a)x f (Zk=best) for a small positive constant
a), may emerge as a potential candidate for the remaining one
or more objectives. In other words, only keeping the best
solutions Zk-best of all N k-MDEs for k=1, 2, ..., N may lead
to dismissal of promising regions in the search space jointly
satisfying all objectives. Two approaches are proposed to
overcome this impasse.

First, after attaining convergence, we save a group of best-
fit solutions ;. of ~-MDE, instead of Zk—best only for ke {1,
2, ..., N}. The range of fitness of the solutions to enter i is
set as [ f; (Zk=best)  (1+a)x f; (Zk=best)]. It allows ingress of
the top 100 x(1—a)% best-fit solutions with respect to the k-th



objective only for k € {1, 2, ..., N}. Evidently, a setting of a

= 0 allows only Zk—best in ;. More solutions are allowed to
occupy Y, with an increase in a. Mathematically,

G_max
v = Z‘fk(Z)erangek amdZe | ] POy (4.2)
G=l

with range;, = [fk (Zk_bm),(l + )X fi (Zk_bes’)]

with P¥G) denoting the population of k-MDE at the G-th
generation.

(4.b)

Second, to enjoy the composite benefits of the promising
regions explored by all N optimization problems, the
DE/current-to-best/1 mutation policy is amended as follows.

THG)=ZHG)+ L F (Z1-0(6)- 24 G)
= B} )
+F,(ZH(G)-25(6)

)

Here the second term allows the i-th individual Zl.k (G) of
P(G) to  gather knowledge from the  best
candidates Z/-best (G) (for /=1, 2, ..., N) of all N optimization

problems at generation G. Zfl(G) and Zfz (G) are randomly
selected members of PX(() excluding Zlk (G).

We employ N such £-MDEs in parallel, each dealing with
optimization of the k-th objective only for k= {1, 2, ..., N}.

After obtaining the pool of best fit solutions i
(corresponding to the k-th objective) for £k =1, 2, ..., N, we
take their union given by

Q=\I11LJ\I’2LJ---LJ‘I’N~ (6)

Evidently, each members of Q satisfy at least one objective
among N objectives to an extent of 100x(1— a)%.

Parallel optimization of N objectives: The second step of
MaODE is concerned with identifying the pool of equally
good solutions from € that maximally optimize all N
objectives. This is accomplished in two phases. In the first
phase, the rank of each member of Q is evaluated with respect
to individual N objectives. In the later phase, the optimal set of
solutions (of the MaOO problem) with equal sum of ranks
(SoRs) is identified.

For the first phase, each of the V objective function values
of all the solutions of Q is evaluated. In other words, all the
remaining N-1 objective functions fi(.) are evaluated for the
members of i (and Q as well) with already evaluated -th
objective fi(.) for k, I =1, 2, ..., N but k # I. Let f;>* be the
best fitness value of the k-th objective after evaluating fi(.) for
all members of Q for k=1, 2, ..., N. A solution Ze Qs
assigned with a rank 1 with respect to the k-th objective if its
fitness f; (Z)€ [, (1+a)xfi*'] for k € {1, 2, ..., N}. This
signifies that the members acquiring rank 1 with respect to the
specific k-th objective optimizes fi(.) by 100x(1—a)% or more.
If f;.(Z)e [(1+a)xfibe, (142a)%fib*"], Z is assigned with a
rank 2 with respect to the k-th objective fi(.). Similarly, the set
of solutions of rank 3 with respect to fi(.) is identified from Q

with fitness in [(1+2a)xfi?, (1+3a)xfi?*"]. Symbolically, a
solution Ze Qs assigned with a rank 7 (Z ) = R with respect

to fi(.) if
fe@e| (1+R-Da) 2 (1R ] ()

This rank evaluation is continued for k=1, 2, ..., N for all
members of Q. Thus, the SoR of Z e € is obtained by

SoR(Z) = é r(Z2). (8)

It is evident from the above description that the solutions
achieving rank 1 for all NV objectives have SoR = Nx1=N. The
solutions which obtain a rank 2 for a specific objective, but
rank 1 for all the remaining N-1 objectives, are assigned with
SoR = (N-1)x1 + 2 = N+1 and so on. Smaller the SoR better is
the quality of a solution.

After evaluating SoR for all members of €, the second
phase commences with an aim to identify a subset Q;c Q,
consisting of the members  of with SoR = N. In other words,
Q,; includes the candidates of © which acquire rank 1 with
respect to all N objectives. If no such ©; can be identified, the
strategy searches for another subset ©Q, c Q including the
members with SoR = N+1. This process is continued until a
non-empty subset €; is identified from  with its constituent
members of SoR = N+I-1. The €; is declared as the optimal set
of solutions Q%? to the given MaOO problem.

IV.  PROPOSED EXTENSION OF MaODE

The aim of the MaODE is to allow a solution to evolve
with respect to a specific objective only, which it may
proficiently optimize. However, MaODE suffers from a
constraint of inadequate communication between multiple DE
populations, each concerned with optimization of specific
objective. The only mode of communication employed in
MaODE is to utilize the amended version of DE/current-to-
best/1 mutation policy, given in (5). In the modified mutation

strategy, a target vector Zlk e P* is attracted to the best

solution Z/-best ¢ P! of each population (for / = 1, 2, ..., N)
found so far. This in turn allows Zlk to communicate only with

the best candidates Z/~best evolved by N k-MDE algorithms
fork,[=1,2,...,N.

However, it is intuitive that apart from the best solution, the
remaining population members evolved by a k~-MDE for ke {1,
2, ..., N} may appear to be significant candidates for the
remaining objectives too. Moreover, only 100%(1—a)% best-
fit solutions of y for k = 1, 2, ..., N participate in forming €,
from where ultimately the optimal set of solutions of MaOO
problem is obtained. The strategy thus ignores the average and
poor performing solutions of &-MDE (for ke {1, 2, ..., N})
which if evolved, by one of the remaining N-1 DEs, may
emerge as potential candidates for the given MaOO problem.
This insists for a suitable method of migration of population
members across different fitness landscapes to transfer domain
knowledge effectively. This in turn helps in exploring more
potential regions in the parameter space with respect to all N
objectives.



The proposed migration strategy is discussed next.

1. First, the members of each population P* are arranged in
ascending order of their objective function values fi(.) (for
minimization problem) for k=1,2, ..., N.

2. Each population P¥ is then represented by the median f;"¢
and the interquartile range (IQR) I of the sorted objective
function values of its constituent members for k=1, 2, ...,
N.

3. The N populations are first arranged in the ascending order
of their median fitness values fi"*’ and the rank thus
obtained by P¥ in the sorted list is denoted by rank;' for k =
1, 2, ..., N. Evidently, the fittest population acquires rank
1.

4. The same set of N populations are again sorted in the
descending order of their respective IQR of fitness
measures $; and the rank acquired by P* in this sorted list
is represented by rank;? for k=1, 2, ..., N. The population
occupying the first position preserves the maximum
diversity (required to ensure the exploration capability).

5. The composite rank of P¥is thus obtained by
rank; = rank,i + rank,? )
fork=1,2,...,N.

6. The N populations are now sorted in the ascending order of
their respective composite ranks rank; fork=1,2, ..., N. It
is noteworthy that the population occupying the first
position now can be treated as the best-performing
population with quality fitness measure and population
diversity.

7. This step is concerned with identifying the emigration-
immigration population-pair based on the composite ranks
of N populations. The premise is based on the principle of
fair division [25], where the migration takes place between
the superior and the inferior populations (instead of random
pair or based on any specific network topology). The
quality of the populations is determined based on their
respective composite ranks. The fair division method
employs an organized migration policy between the first
N/2 populations and the remaining N/2 populations (which
are already sorted in ascending order of their composite
ranks rank). Here, the migration occurs between the best
population and the worst population, the second best and
the second worst, and the third best and the third worst and
so on. The cooperation between two wvastly different
populations, targets to improve the population diversity and
the possibility of exploration as well.

8. Once the pairs of communicating populations are
determined, the next task is to identify the migrating
population members. Let P-P/ be a population-pair
participating in the migration process with P’ (and P/) as
the superior (and the inferior) population for i, j =1, 2, ...,,
N but i #;. The migration in undertaken in two phases.

(a) First, the proposed approach gives an opportunity to the
poor members of an inferior population P/ to improve their
quality by migrating to a better population P’. The members
of P/ are already sorted in ascending order of their
objective function values (as in step-1). Let n be the
number of candidates of P’ that possess objective function

values greater than the upper quartile of the sorted fitness
measures (for minimization problem). Evidently, these are
the poor-performing members of P/. They are given an
opportunity to improve their performance by evolving with
better population. So this set of n poor-performing
solutions from an inferior population P’/ is selected for
migration to a better population P’.

(b) However, to keep the size of each population fixed at NP,
the strategy also migrates n members of P’ to P/. The n
solutions are chosen randomly from the members of the
sorted population P’ (as done in step-1), which possess
objective function values above the lower quartile. This
selection policy ensures that the population P’ should not
lose its quality members with objective function values
less than the lower quartile (for minimization problem). It
is based on the supposition that it is better to preserve a
quality solution in a population rather than eliminating it
from the given population to enhance the performance of
other populations.

The migration strategy outlined above is undertaken after
every Guy generations of &-MDE for k£ = 1, 2, ..., N. The
amended versions of A-MDE and MaODE to solve MaOO
problem are referred to as extended k-MDE and extended
MaODE henceforth. The pseudo-codes are given below.

Procedure extended k-MDE

Input: Population size NP, Crossover rate CR, Optimizing objective
function fi(.), Migrating generation gap Gum.
Output:Set of solutions y; with objective measures in [fi*, (1+a)

‘ﬁ{best] .

Begin
1. Initialization:
(i) Set the generation number G<«—0 and randomly initialize D-

dimensional NP target vectors Zik (G) of population PXG) for i =
1,2,...,NP.

(ii) Evaluate the objective function value f; (Z lk (G)) fori=1,2,...,
NP.

. NP .
(ii)Set Zk=best (G) « arg (min (fi(Z} (G)))j .
i=1

5 k—best

(iv) Set range, = [ fZ 7 hbest

G),(1+a)x f, (Z (G))} and

S(G) = {Z|fk(2) e range, and Z e P* (G)} .

II. While stopping criterion is not reached, do begin
(a) Migration: If mod(G, Gu) == 0 then do
Call migration(P'(G), P*(G), ..
updated population P G).
End If.

(b) Mutation: Generate a donor vector Z-k (G) corresponding to

., PN(G)) to get

the candidate solution Zlk (G) using (5) fori=1,2, ..., NP.
(¢) Crossover: Generate a trial vector Wik (G) corresponding to
the candidate solution Zik (G) and the donor vector

Y¥(G)using 2)i=1,2, ..., NP.



(d) Evaluate the objective function value f} (Wik (G)) fori=1,2,
..., NP.
(e) Set ZK(G+1) « WK (G) if f, W (G)) < f,(ZF(G)) for i =
1,2, ..., NP.
() Set
> k—best

2N G ) < W G) i £, 07 G) < £, 25 6)).

G+ 1))] and

—k—best

(g) Set range, = [ fH(Z = k—best

(G+D),(1+a)x f1,(Z

S(G+1) e{f|fk(2)e range, andZ e Pk(G+l)US(G)}.

(h) Increase the generation value G+—G+1.
End While.
IIL. Set yi < S(G).
IV.Return yx.
End.

Procedure migration

Input: N populations P'(G), P2(G), ..., PNG).
Output:Updated populations after migration.

Begin
1. Sort members of P¥ in ascending order of fi(.) for k=1, 2, ..., N.
2. Sort P¥s in ascending order of its median objective function value
fi"ed and identify its rank ranki! for k=1,2, ..., N.
3. Sort P%s in descending order of its IQR % of objective function
values and identify its rank ranks for k=1, 2, ..., N.
4. Determine the composite rank rankx using (9) fork=1,2, ..., N.
5. Sort P*s in ascending order of ranki for k=1, 2, ..., N and let the
sorted populations be P1=°7(G), P2-°Y(G), ..., P¥°(G).
6. For i=1:N/2
(a) Set P! «— Pisott gnd P/ «— POV-it1)-sort
(b) Select the set of members & of P/ with objective
function values greater than the upper quartile of P/.
(¢) Setn < [&|.
(d) Randomly select n members & from P’ with objective
function values greater than the lower quartile of P'.
() Exchange members of & and &.
End For.
7. Return the updated populations to the corresponding optimization
problem.
End.

Procedure extended_MaODE

Input: N objectives of MaOO problem.
Output: Approximate global optima of the MaOO problem.

Begin

1. Run N, extended_k-MDE(NP, CR, fi(.)) in parallel to obtain i
fork=1,2,...,N.

2. Set Q— y1U y2U ..U yu.

3. Evaluate fi(.) for k=1, 2, ..., N for all members of Q.

4.Evaluate 7, (Z) for k = 1, 2, .., N using (7) and thus

SoR(Z) using (8) forall Ze Q.
. Set [«+1.
. Identify the solutions of , with SoR=N and include them in Q..
7. While ©; is empty
Set [«—I+1.
Identify the solutions of , with SoR=N+/-1 and include them in
Q.
End While.
8. Set Q%P « the first non-empty subset ; of Q with equally good
trial solutions with minimum SoRs.

S

9. Return Q%?,
End.

V. EXPERIMENTAL RESULTS

A. Comparative Framework and Parameter Setting

The proposed algorithm extended MaODE is compared
with its counterpart MaODE [15] and three state-of-the-art
MaOO techniques including Aypervolume estimation
algorithm for multi objective optimization (HypE) [20], multi
objective evolutionary algorithm based on decomposition
(MOEA/D) [21] and grid based evolutionary algorithm
(GrEA) [22].

Parameter settings of MaODE and extended MaODE: Like
MaODE, the performance of the extended MaODE also
depends on prudent selection of a, CR, F; and F>. A setting of
a = 0 allows only the best solution with respect to each of the
N objectives to enter Q. It leads to loss of diversity.
Contrarily, a large value of a may allow remarkable increase
in the number of poor solutions in Q degrading the
performance of the algorithm. Thus, an exhaustive experiment
is undertaken by varying a from 1 to 0 (with a subtractive step
of 0.005). A favorable balance between the quality
performance and the diversity is obtained for a = 0.05. It
allows 95% best-fit solutions of each of the N objectives to
enter Q. The crossover ratio CR and scale factors F; and F for
the proposed algorithm and its counterpart are varied within
the range of (0, 1) to check the appropriate value to be set so
as to get quality performance (with respect to performance
metrics discussed next). Since the performance does not
change significantly for CR > 0.9, F; > 0.5 and F> > 0.5, we
set CR=0.9, F1=0.5and F», =0.5.

Reproduction operator parameters: For GrEA, MOEA/D
and HyPE, the control parameters for simulated binary
crossover (SBX) and polynomial mutation are set as 20 each.
The crossover probability (for SBX policy) and the mutation
probability are respectively set as 1 and /D for D dimensional
search space.

Grid divisions: The grid divisions of GrEA for different test
functions are set following the guidelines in [22].

Neighborhood size: The neighborhood size for MOEA/D is
set as 20.

Sampling size: The hypervolume in HypE is approximated by
the Monte Carlo method. The corresponding sampling size is
set to 10,000 as given in [20].

Population size: The population size of GrEA and HyPE are
set as the population size of MOEA/D depending on the
number of reference points and the number of objectives. For
N =6, 8 and 10, the population size T is respectively set as
132, 156 and 275 [21]. For MaODE and its extended version,
the population size NP for each objective is set as 7/N.

B.  Benchmark Functions and Terminating Condition

Two benchmark suites, namely DLTZ [23] and WFG [24],
are used to analyze the performance of the contender
algorithms. The DTLZ and WFG suits respectively comprise
of nine and seven benchmark functions. For each benchmark
function, the number of objectives N takes values from {6, 8,
10}.



The number of variables D for DTLZ test suite is set to
N+k—1. The parameter k£ is set to 5 and 20 for DTLZ1 and
DTLZT7 respectively. The remaining five benchmark problems
of the DTLZ test suit consider £ = 10. For the WFG test suite,
D is set to K + L. The distance parameter L is set as 10 for all
the WFG benchmark instances irrespective of the number of
objectives N. However, the position parameter K takes values
of 10,7, and 9 for N = 6, 8, and 10 respectively [15].

The terminating condition for the contender algorithms is
specified by the maximum number of generations. For DTLZ1
and WFG2, the maximum number of generations is fixed at
700, while for DTLZ3 and WFGI, it is set as 1000. For the
remaining ones, it is limited to 250.

C. Performance Metrics

The comparative analysis of the performance of the
contender algorithms is undertaken with respect to two
performance metrics, including the hypervolume (HV) [26]
and the inverted generational distance (IGD) [27]. Let £* be
the set of points distributed uniformly along the optimal
Pareto front and £*” be the approximate Pareto front obtained
by a MaOO algorithm, both in the objective space. It is to be
noted that in case of extended MaODE and its counterpart, %7
denotes the objective function values of the members of Q 7.

(a) Hypervolume: The total size of the objective space,
dominated by the members of &P represents its HV. A
reference point representing the worst possible point or the
anti-optimal point [28] is used to evaluate HV. After
normalizing objective function values of the solutions in %7
in (0, 1), the reference point is selected as (1, 1, 1, ...., 1). To
employ Monte-Carlo approach [29] to evaluate HV, a set of
10° sampling points are considered in the hyper-rectangle
between the origin and the reference point in the objective
space. The fraction of the sample points, dominated by the
members of &%7, inside the hyper-rectangle represents the
hypervolume HV(E®”). An attainment function is defined for
all the sampled points u in the hyper-rectangle and
hypervolume is obtained by averaging the attainment function
values of the sample points inside the hyper-rectangle. The
attainment function is given by

-l

if &P dominates u
otherwise ’ (10)

A higher value of HV measure is an indicator of better
performance of the given MaOO algorithm.

(b) Inverted Generational Distance: /GD [27] considers the
minimum Euclidean distance d(u, &*”), between the points in
ue &* and points in E7”. A set of 500 uniformly sampled
points is considered to represent &*. The performance of a
MaOO algorithm is better, if the points in &*” are close to the
points in &*. Thus a low value of /GD is an indicator of good
performance.

D. Performance Analysis

The proposed algorithm is compared with the counterpart
algorithm MaODE and other three contenders HypE,
MOEA/D and GrEA with respect to the median and
interquartile range (IQR) of the performance metrics (HV and
IGD) over 50 independent runs. Wilcoxon rank sum test [30]
is used to analyze the statistical significance of 50 sample

values of the performance metrics. However, the Wilcoxon
test is undertaken between the best algorithm (providing near
optimal value of the performance metric) and each of the
remaining algorithms with a significance level of 0.05. The
null hypothesis of the statistical test assumes all algorithms
being compared are statistically equivalent. The null
hypothesis is rejected if the p-value of the Wilcoxon rank sum
test is found to be less than 0.05. Tables I and II respectively
report the median and the IQR (within parenthesis) of HV and
IGD metric values obtained by the contender algorithms over
50 independent runs respectively. The p-values obtained by
the Wilcoxon test is given under brackets. The p-values are
marked as NA i.e. not applicable when the best algorithm is
compared with itself. The best results are reported in bold in
Tables I and II.

The results reported in Table-I reveal that extended
MaODE algorithm supersedes MaODE in 24 cases out of 27
benchmark instances with respect to HV metric. Among these
24 instances, four cases are found where the performances of
extended MaODE and its counterpart are not statistically
significant. These four cases include WFG2 with N = 8§,
WFG3 with N =6 and 8 and WFG4 with N = 10. Out of the
remaining 3 cases, it can be observed that for WFG8 and N =
8, the performance of MaODE and the extended MaODE is
similar, however, the extended MaODE achieves smaller IQR.
For the rest 2 cases of WFG1 with N = 6 and WFGS5 with N =
8, MaODE insignificantly outperforms the extended MaODE
with respective p-values of 0.05674 and 0.05518. 1t
substantiates the merit of the proposed migration policy to
enhance the performance of MaODE. MaODE achieves the
second rank among the contenders. GrEA supersedes the
extended MaODE in cases of WFG4 with N = 6, WFG6 with
N =6 and WFG 8 with N = 10.

Similar trend of performance of the competitor algorithms
is observed from Table-II with respect to /GD metric. The
extended MaODE achieves the best rank for 18 cases out of
21 instances of DTLZ test suite. Here also MaODE emerges
as the second best algorithm by superseding HypE, MOEA/D
and GrEA) in 13 cases.

TABLE-I-A: PERFORMANCE EVALUATION WITH RESPECT TO HV FOR
WFGI1 AND WFG2

Extended
Func.| N HypE |MOEA/D| GrEA MaODE MaODE
9.218e-01 [9.677e-01| 9.304e-01 | 9.858e-01 | 9.784e-01

6 [(9.004¢-03){(2.602¢-02)| (3.901e-02) | (2.454e-02)| (2.987¢-02)
[1.3456-02][5.827e-02]| [4.587e-02] | [NA] | [5.674e-02]
9.161e-01 | 9.045¢-01 | 9.040¢-01 | 9.173¢-01 | 9.792e-01
(4.489¢-02)((4.749¢-02) (5.703e-02) | (4.084e-02)] (3.734e-02)
[5.433-02][2.437e-02]| [1.881e-02] |[2.395¢-02]|  [NA]

9.108¢-01 | 9.488¢-01 | 8.493¢-01 | 8.444e-01 | 9.749¢-01
10 [(1.148-01){(1.568¢-02) (3.669¢-02) | (5.768¢-02)| (2.693¢-02)
[2.733-02][2.386e-02]| [3.222e-02] |[3.416e-02]|  [NA]

6.676e-01 | 8.495¢-01 | 9.348¢-01 | 9.689¢-01 | 9.982¢-01
6 [(9.680e-02){(8.527¢-02)| (7.229¢-02) | (2.554e-02)| (2.678¢-02)
[3.238¢-02][3.395¢-02]| [4.725e-02] |[3.781e-02]|  [NA]

9.920e-01 | 9.710¢-01 | 9.414¢-01 | 9.841c-01 | 9.981e-01
(2.610e-03)|(2.178e-02) (9.894¢-02) |(3.091e-03)| (2.916e-03)
[2.297-02][[1.044e-02]| [1.181e-02] |[5.546e-02]|  [NA]

9.878¢-01 | 9.734e-01 | 9.572¢-01 | 9.949¢-01 | 9.991e-01
10 [(2.983e-03){(3.971e-02)| (1.780e-02) |(1.965¢-03)| (1.984e-03)
[5.309¢-02][5.036e-02]| [2.293e-02] |[3.472¢-02]|  [NA]

WFG1| 8

WFG2| 8




TABLE-I-B: PERFORMANCE EVALUATION WITH RESPECT TO HV FOR

TABLE-II: PERFORMANCE EVALUATION WITH RESPECT TO /GD FOR

WFG3 10 WFG9 DTLZ TEST SUITE

Func.] N | HypE |MOEA/D| GrEA | MaODE EM";e(')‘geé’ Func.] N | HypE |MOEA/D| GrEA | MaODE 3;%‘]‘;;’

5.420e-01 | 4.827¢-01 | 5.881e-01 | 5.707¢-01 | 6.256e-01 2.292¢-01 | 1.085¢-01 | 1.373¢-01 | 9.918¢-02 | 9.131e-02

6 |(7.047e-03)(6.446e-03) (8.292¢-03) |(7.371e-03)| (7.983¢-03) 6 |(4.357e-02){(5.856e-02)| (6.745¢-03) | (3.776€-03)| (3.366¢-03)
[2.080e-02][3.310e-02] [NA] |[5.851e-02]| [NA] [1.1736-02][2.876e-02]| [1.765¢-02] |[2.876e-02]| [ NA]

5.933¢-01 | 5.938¢-01 | 5.730e-01 | 5.901e-01 | 6.429¢-01 3.148¢-01 | 1.866e-01 | 2.511e-01 | 1.349¢-01 | 1.142e-01

WEG3| 8 [(1.739e-02){(5.275¢-03)| (1.316€-02) | (2.399¢-02)| (2.689¢-02) DTlLZ 8 |(2.534e-02)(1.377e-02) (3.665e-02) | (1.035¢-02)| (1.956e-02)
[6.067¢-02] [NA] |[4.164e-02]|[5.209¢-02]|  [NA] [2.151e-03][8.450e-03] [4.106e-02] |[3.524e-02]|  [NA]

5.538¢-01 | 6.018¢-01 | 4.966¢-01 | 5.708¢-01 | 6.361e-01 2.378¢-01 | 2.218e-01 | 1.395¢-01 | 1.422¢-01 | 1.226e-01

10 |(4.830e-03)(2.150e-03) (1.616e-02) |(3.535¢-03)| (2.946¢-03) 10 |(3.667e-02){(3.333e-02)| (1.786¢-02) |(2.887e-02)| (2.385¢-02)
[2.703e-02]] [NA] |[4.349¢-02]|[4.911e-02]| [NA] [3.238e-02][[3.245¢-02] [4.5856¢-02 |[5.658¢-02]|  [NA]

7.495¢-01 | 7.516e-01 | 8.026e-01 | 7.871e-01 | 7.973¢-01 4.697¢-01 | 4.066e-01 | 2.574e-01 | 2.571e-01 | 2.012¢-01

6 |(2.298e-02)((1.347¢-02) (1.071e-02) |(1.639e-02)| (1.587¢-02) 6 [(5.360e-02){(4.701e-02)| (1.894e-03) | (1.662¢-03)| (1.724¢-03)
[1.590e-02][3.227e-02]] [NAl  |[4.699¢-02]| [4.485¢-02] [1.481e-02][2.735¢-02]| [5.023e-02] |[4.621e-02]|  [NAJ

7.296e-01 | 6.535¢-01 | 7.879¢-01 | 8.401¢-01 | 8.853¢-01 7.017¢-01 | 6.644¢-01 | 3.669¢-01 | 3.535¢-01 | 3.157e-01

WEG4| 8 [(3.030e-02)[(1.976e-02)| (8.003¢-03) |(6.694¢-03)| (6.937¢-03) DTzLZ 8 |(4.494e-02)|(5.700e-02) (3.383e-03) | (3.551e-03)| (3.813e-03)
[2.723e-02][[3.196e-02]| [3.236e-02] |[3.648¢-02]|  [NA] [1.842¢-02][3.128e-02]| [5.033e-02] |[4.672¢-02]|  [NA]

5.988¢-01 | 4.787¢-01 | 8.114¢-01 | 7.992¢-01 | 8.417e-01 7329¢-01 | 7.497¢-01 | 3.950e-01 | 1.421e-01 | 1.161e-01

10 |(5.4586-02){(1.629e-02) (8.871e-03) |(1.117e-02)|(2.4391e-02) 10 |(4.447e-02){(6.853-02)| (2.600e-02) |(2.224e-02)| (2.548¢-02)
[2.719¢-02][3.605¢-02]| [4.169¢-02] |[5.168¢-02]|  [NA] [3.901e-02][[3.878¢-02]| [4.646e-02] |[4.783e-02]|  [NA]

6.498¢-01 | 5.315¢-01 | 7.035¢-01 | 7.016e-01 | 7.375e-01 4.487¢-01 | 4.937¢-01 | 2.167e-01 | 2.167¢-01 | 2.592¢-01

6 |(1.668e-02)(1.187e-02) (5.934e-03) | (7.392e-03)| (6.162¢-03) 6 |(7.654e-02)(1.910e-01)| (6.2326-02) |(7.235e-02)| (7.625¢-02)
[5.290e-03][5.485¢-03]| [2.583¢-02] |[1.093¢-02]|  [NA] [2.079¢-02][2.233e-02]| [3.471e-02] |[3.582¢-02]|  [NA]

5.657¢-01 | 4.125¢-01 | 6.572¢-01 | 7.137¢-01 | 7.014¢-01 DTLZ 6.344¢-01 | 7.754¢-01 | 3.778¢-01 | 4.244¢-01 | 3.673e-01

WEGS| 8 [(1.317e-02)[(1.185¢-02)| (5.914¢-03) |(6.247e-03)| (5.671e-03) 3718 [(1:227¢-01)(1.287¢-01) (1.982¢-01) | (4.167¢-02)| (4.725€-02)
[2.0226-02][2.241e-02] [3.817e-02] | [NA] | [5.518e-02] [2.553-02][[3.974e-02]| [4.627e-02] |[4.088¢-02]|  [NAJ

3.760e-01 | 3.333¢-01 | 5.843¢-01 | 6.103¢-01 | 6.683¢-01 7369¢-01 | 6.874¢-01 | 4.959¢-01 | 3.971e-01 | 3.387¢-01

10 (1.535¢-02){(8.460e-03)| (5.784¢-03) | (4.789¢-03)| (5.267¢-03) 10 [(5.950e-02){(2.717e-01)| (1.517¢-01) |(7.456e-02)| (7.582¢-02)
[3.859¢-02][[4.664e-02]| [4.863e-02] |[3.762¢-02]|  [NA] [2.664e-02][3.221e-02]| [4.057e-02] |[3.705¢-02]|  [NA]

4.585¢-01 | 6.557¢-01 | 6.945e-01 | 5.906e-01 | 6.527¢-01 6.383¢-01 | 5.268e-01 | 2.658¢-01 | 2.678¢-01 | 2.385e-01

6 |(7.447¢-03)(3.900e-02) (2.380e-02) | (2.068e-02)| (2.613e-02) 6 [(1.209¢-01){(1.679¢-02)| (2.210e-03) | (1.442-03)| (1.521e-03)
[6.944e-03][9.601e-03]  [NA]  |[4.681e-02]| [5.576e-02] [2.750e-02][4.379¢-02]| [3.278e-02] |[5.695¢-02]|  [NA]

2.620e-01 | 4.920e-01 | 6.157¢-01 | 6.938¢-01 | 7.615e-01 7.033¢-01 | 7.596e-01 | 3.783¢-01 | 3.521¢-01 | 3.146e-01

WEG6| 8 |(1.833e-02){(2.2826-02)| (1.590e-02) | (1.423e-02)| (1.892¢-02) DT4LZ 8 |(7.503e-02)|(6.516e-02) (2.881e-03) |(2.780e-03)| (2.537¢-03)
[2.627e-02][2.651e-02]| [4.305¢-02] |[2.568¢-02]|  [NA] [3.112e-02][1.506e-02]| [4.935e-02] |[3.682¢-02]|  [NA]

3.969¢-01 | 4.593¢-01 | 7.704e-01 | 7.861¢-01 | 8.376e-01 8.256¢-01 | 7.810e-01 | 4.040e-01 | 3.572¢-01 | 3.216e-01

10 (1.068¢-02){(3.319¢-02)| (1.930e-02) |(1.028¢-02)| (2.598¢-02) 10 [(1.769¢-02){(2.023e-02)| (9.373e-03) |(1.327-02)| (1.638¢-02)
[2.600e-02][3.357¢-02]| [5.706e-02] |[4.782¢-02]|  [NA] [1.152e-02][2.354¢-02] [4.221e-02] |[4.527¢-02]|  [NA]

3.656e-01 | 5.924¢-01 | 6.521e-01 | 6.766e-01 | 7.268¢-01 1.530e-02 | 2.412¢-02 | 8.920e-02 | 7.449¢-02 | 5.599¢-02

6 |(1.657e-02)(3.111e-02) (2.662-02) |(7.862e-03)| (6.625¢-03) 6 [(9.717e-03){(1.539¢-02) (1.586e-02) |(1.458¢-02)| (1.746¢-02)

[1.310e-02][[1.738e-02]| [2.930e-02] |[2.391e-02]|  [NA] [NA]  [[3.1386-02]| [1.129¢-02] | [4.178e-02]| [3.836e-02]

6.242¢-01 | 5.496e-01 | 7.367¢-01 | 7.806e-01 | 8.317e-01 5.020e-02 | 8.441e-02 | 1.703¢-01 | 3.213¢-02 | 3.042¢-02

WEG7| 8 |(4.410e-02){(3.474e-02)| (8.555€-03) | (8.214e-03)| (7.142¢-03) DTSLZ 8 |(1.022e-02)|(1.922e-02) (4.758¢-02) | (3.367¢-02)| (3.749¢-02)
[1.213-02][2.212e-02]| [3.774e-02] |[3.152¢-02]|  [NA] [2.151-02][1.555e-02]| [4.616e-02] |[3.572¢-02]|  [NA]

6.300e-01 | 3.069¢-01 | 8.625¢-01 | 8.747e-01 | 9.037e-01 2.934¢-02 | 7.163e-02 | 4.155¢-01 | 2.969¢-01 | 2.614e-01

10 |(3.549¢-02){(8.094e-03) (7.448e-03) |(6.463e-03)| (6.962¢-03) 10 [(2.917e-03){(4.168e-02)| (7.877¢-02) |(5.794e-02)| (5.582¢-02)
[1.973e-02][3.439¢-02]| [3.681e-02] |[2.968¢-02]|  [NA] [2.418e-02][4.898¢-02]| [2.194e-02] |[6.024e-02]|  [NA]

3.776e-01 | 2.065¢-01 | 4.481¢-01 | 4.346e-01 | 4.947¢-01 3.557¢-01 | 1.587e-01| 2.520e-01 | 2.055¢-01 | 1.652¢-01

6 |(1.519e-02)(1.978e-02) (3.052¢-02) |(2.565¢-02)| (2.831e-02) 6 |(5.688e-02)((3.154e-01) (6.178e-02) |(1.544e-01)| (1.739¢-01)

[3.417e-02][2.211e-02]| [3.056e-02] |[3.520¢-02]|  [NA] [1.311e-02]] [NA] |[2.043e-02]|[2.970e-02]| [2.361e-02]

2.746e-01 | 3.129¢-01 | 4.322¢-01 | 6.056e-01 | 6.056e-01 4.522¢-01 | 1.658¢-01| 5.590e-01 | 2.227¢-01 | 1.521e-01

WEGS| 8 [(1.7086-02)|(2.249-02)| (1.650e-02) |(1.962¢-02)| (1.571e-02) DT6LZ 8 |(3.403e-01)(2.918e-02) (1.735¢-01) | (4.116€-02)| (4.469¢-02)
[1.351e-02][[1.654e-02] [2.121e-02] |  [NA] [NA] [3.014e-02][2.583e-02]| [1.108e-02] |[3.556e-02]|  [NAJ

3.001e-01 | 5.299¢-01 | 7.937e-01 | 5.722¢-01 | 6.923¢-01 2.320e-01 | 4.624e-01 | 4.116e-01 | 2.288¢-01 | 2.173e-01

10 |(2.0386-02){(2.620e-02) (3.604e-02) |(1.512e-02)| (1.613¢-02) 10 |(4.720e-02){(5.534e-02)| (2.717¢-01) |(4.076e-02)| (4.628¢-02)
[2.149¢-02][4.108e-02]  [NA]  |[4.431e-02]| [4.632¢-02] [5.593¢-02][2.539e-02]| [2.120e-02] |[2.683e-02]|  [NA]

3.436e-01 | 3.935¢-01 | 7.097¢-01 | 6.968¢-01 | 7.863e-01 1.555¢+00 | 4.02de-01 | 5.602e-01 | 5.772e-01 | 5.143¢-01

6 |(3.511e-02)(4.076e-02)| (4.352¢-02) | (4.450e-02)| (4.653¢-02) 6 |(1.276e-01){(1.652e-02)| (2.501e-02) | (4.624e-03)| (4.634e-03)

[3.775e-02][3.845¢-02]| [4.173e-02] |[4.042¢-02]|  [NA] [4.276e-03]| [NA] |[4.005e-02] |[1.312e-02]| [1.548¢-02]

4.126e-01 | 4.880e-01 | 5.650e-01 | 6.269¢-01 | 6.915¢-01 2.831¢+00 | 1.342¢+00| 1.001e+00 | 9.327¢-01 | 9.051e-01

WEGO| 8 [(6.416e-02)[(2.691e-02)| (1.504e-02) (1.1027e-02) (1.792¢-02) DT7LZ 8 |(2.222e-01)(2.423e-01) (2.334e-02) | (1.963¢-02)| (1.468e-02)
[1.887¢-02][3.952¢-02]| [4.746e-02] |[3.472¢-02]|  [NA] [2.892¢-02][[3.651e-02]| [4.644e-02] |[3.547¢-02]|  [NA]

4.348¢-01 | 5.563¢-01 | 7.640e-01 | 6.856e-01 | 7.561e-01 2.960e+00 | 1.543¢+00| 1.321e+00 | 1.216e+00 | 1.172¢+00

10 |(3.707e-02){(3.626-02) (6.116e-03) |(5.906e-03)| (6.124¢-03) 10 |(1.684e-01){(4.554e-01)| (9.439¢-02) | (8.852¢-02)| (8.529¢-02)
[2.193e-02][[3.356e-02]  [NA]  |[4.167e-02]| [4.261e-02] [2.294e-02][2.734e-02]| [4.815e-02] |[3.891e-02]|  [NA]




VI. CONCLUSION

The paper proposed a novel extension of the authors’
previous work on MaODE. The primary objective of MaODE
is to optimize individual N objectives (of a MaOO problem) in
parallel so as to preserve the significance of each objective
and helping the solutions to evolve in a specific fitness
landscape where they perform well. The present work
enhances the performance of MaODE by devising a novel
migration policy to exchange members of two populations,
each concerned with optimization of a specific objective
function. The migration strategy allows a poor population to
receive members from a well-performing population. It in turn
helps to improve the performance of the poor population.
Simultaneously, the inferior members of the poor population
are transferred to the well-performing population. This gives
an opportunity to these inferior members to evolve with a
well-performing population for possible enhancement of their
quality. Experimental results reveal a statistically significant
quality performance of the proposed MaOO algorithm over its
contenders.

REFERENCES

[1] H. Ishibuchi, N. Tsukamoto, and Y. Nojima, “Evolutionary many-
objective optimization: A short review,” in/EEE Congress on
Evolutionary Computation, 2008, pp. 2419-2426.

[2] M. Pal and S. Bandyopadhyay, “Many-objective feature selection for
motor imagery EEG signals using differential evolution and support
vector machine,” in [EEE  International  Conference on
Microelectronics, Computing and Communication, MicroCom, 2016,
pp. 1-6.

[3] P.J.Fleming, R. C. Purshouse,  and R.J. Lygoe, = “Many-objective
optimization: an engineering design perspective,” in International
Conference, EMO, 2005, pp. 14-32.

[4] K. D. Shashi, V. K. Katiyar, “Multi objective extraction optimization of
bioactive compounds from gardenia using real coded genetic algorithm,”
in World Congress of Biomechanics, 2010, pp. 1463—1466.

[51 Y. Fang, Q. Liu, M. Li, Y. Laili, and D. T. Pham, “Evolutionary many-
objective optimization for mixed-model disassembly line balancing with
multi-robotic ~ workstations,” European  Journal —of  Operational
Research, vol. 276, no. 1, 2019, pp. 160-174.

[6] B. Cao, J. Zhao, Z. Lv, X. Liu, S. Yang, X. Kang, and K. Kang,
“Distributed parallel particle swarm optimization for multi-objective and
many-objective large-scale optimization,” IEEE Access, vol. 5, 2017,
pp. 8214-8221.

[77 W. Hu, G. G. Yen, and G. Luo, “Many-objective particle swarm
optimization using two-stage strategy and parallel cell coordinate
system,” IEEE transactions on cybernetics, vol. 47, no. 6, 2016, pp.
1446-1459.

[8] D. Brockhoff and E. Zitzler, “Are all objectives necessary? On
dimensionality reduction in evolutionary multiobjective optimization,”
in Parallel Problem Solving from Nature, 2006, pp. 533-542.

[97 H. K. Singh, A. Isaacs, and T. Ray, “A Pareto corner search
evolutionary algorithm and dimensionality reduction in many-objective

optimization problems,” [EEE Transactions on Evolutionary
Computation, vol. 15, no. 4, 2011, pp. 539-556.

K. Deb and J. Sundar, “Preference point based multi-objective

optimization using evolutionary algorithms,” in Genetic and
Evolutionary Computation Conference, 2006, pp. 635-642.

[10]

[11] K. Deb, and H. Jain, “An evolutionary many-objective optimization
algorithm using reference-point based non-dominated sorting approach,
Part I: solving problems with box constraints,” /EEE Transactions on

Evolutionary Computation, vol. 18, no. 4, 2014, pp. 577-601.

M. Laumanns, L. Thiele, K. Deb, and E. Zitzler, “Combining
convergence and diversity in evolutionary multiobjective optimization,”
Evolutionary Computation, vol. 10, no. 3, 2002, pp. 263-282.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]
[26]

[27]

(28]

[29]

[30]

M. K'oppen and K. Yoshida, “Substitute distance assignments in
NSGA-II for handling many-objective optimization problems,” in
Evolutionary Multi-Criterion Optimization, 2007, pp. 727-741.

A. L. Jaimes, C. A. Coello Coello, H. Aguirre, and K. Tanaka,
“Adaptive objective space partitioning using conflict information for
many objective optimization,” in Evolutionary Multi-Criterion
Optimization, 2011, pp. 151-165.

P. Rakshit, A. Chowdhury, A. Konar, and A. K. Nagar, “Differential
evolution induced many objective optimization,” in /[EEE Congress on
Evolutionary Computation, 2017, pp. 2240-2247.

R. Storn, and K. Price, “Differential evolution—a simple and efficient
heuristic for global optimization over continuous spaces,” Journal of
Global Optimization, vol. 11, no. 4, 1997, pp. 341-359.

S. Das, and P. N. Suganthan, “Differential evolution: a survey of the
state-of-the-art,” I[EEE Transactions on Evolutionary Computation, vol.
15,no. 1, 2011, pp. 4-31.

P. Rakshit, A. Konar, P. Bhowmik, I. Goswami, S. Das, L. C. Jain, and
A. K. Nagar, “Realization of an adaptive memetic algorithm using
differential evolution and Q-learning: a case study in multirobot path

planning,” [EEE Transactions on Systems, Man, and Cybernetics:
Systems, vol. 43, no. 4, 2013, pp. 814-831.

P. Rakshit, A. Konar, S. Das, L. C. Jain, and A. K. Nagar, “Uncertainty
management in differential evolution induced multiobjective
optimization in presence of measurement noise,” I[EEE Transactions
on Systems, Man, and Cybernetics: Systems, vol. 44, no. 7, 2014, pp.
922-937.

J. Bader and E. Zitzler, “HypE: an algorithm for fast hypervolume based
many-objective optimization,” Evolutionary Computation, vol. 19, no. 1,
2011, pp. 45-76.

Q. Zhang and H. Li, “MOEA/D: a multi-objective evolutionary
algorithm based on decomposition,” IEEE Transactions on Evolutionary
Computation, vol. 11, no. 6, 2007, pp. 712-731.

S. Yang, M. Li, X. Liu, and J. Zheng, “A grid-based evolutionary
algorithm for many-objective optimization,” [EEE Transactions on
Evolutionary Computation, vol. 17, no. 5, 2013, pp. 721-736.

K. Deb, L. Thiele, M. Laumanns, and E. Zitzler, “Scalable test problems
for evolutionary multiobjective optimization,” in Evolutionary
Multiobjective Optimization: Theoretical Advances and Applications, A.
Abraham, L. Jain, and R. Goldberg, Eds., Springer, 2005, pp. 105-145.

S. Huband, P. Hingston, L. Barone, and L. While, “A review of
multiobjective test problems and a scalable test problem toolkit,” /EEE
Transactions on Evolutionary Computation, vol. 10, no. 5, 2006, pp.
477-506.

H. Moulin, Fair division and collective welfare, MIT press, 2004.

K. Deb, Multi-Objective Optimization Using Evolutionary Algorithms,
New York: Wiley, 2001.

M. Li and J. Zheng, “Spread assessment for evolutionary multiobjective
optimization,” in 5th International Conference on Evolutionary Multi-
Criterion Optimization, 2009, pp. 216-230.

L. While, P. Hingston, L. Barone, and S. Huband, “A Faster Algorithm
for Calculating Hypervolume,” IEEE Transactions on Evolutionary
Computation, vol. 10, no. 1, 2006, pp. 29-38.

X. Zhang, Y. Tian, and Y. Jin, “A knee point driven evolutionary
algorithm for many-objective optimization,” [EEE Transactions on
Evolutionary Computation, vol. 19, no. 6, 2012, pp. 761-776.

J. Derrac, S. Garcia, D. Molina, and F. Herrera, “A practical tutorial on
the use of nonparametric statistical tests as a methodology for
comparing evolutionary and swarm intelligence algorithms,” Swarm and
Evolutionary Computation, vol. 1, no. 1, 2011, pp. 3-18.




<<
  /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 true
  /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
    /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
    /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
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /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
    /SILDoulosIPA
    /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
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




