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Abstract—Surrogate-assisted  memetic  algorithm
(SAMA) has been recognized to be an effective tool for
computationally expensive optimization. The
termination criterion of the local search in SAMA
determines the allocation of limited computational
resources between global and local search, and has a
tremendous impact on the optimization performance.
The commonly used termination criterion based on
setting a limit to the local search depth can lead to
premature termination or excessive stagnation iterations
of the local search. This paper proposes a SAMA with
adaptive patience criterion (SAMA/APC) to improve the
efficiency of traditional SAMA. The SAMA/APC
consists of three main subprocedures, which are carried
out iteratively. First, the operators of differential
evolution (DE) are employed for global exploration.
Then, the proposed Kriging-based patience allocation
strategy (KPAS) is performed, which adaptively
allocates a patience value to each individual of the
population according to two basic principles. Third, the
trust-region search (TRS) is carried out on each
individual for local exploitation. The TRS is a process of
consuming the patience, and it terminates when the
patience value is reduced to zero. The local optimum
obtained by the TRS is returned back to the population
of DE in the spirit of Lamarckian learning.
Experimental studies on the CEC’ 14 expensive
optimization test suite demonstrate the efficiency of the
proposed SAMA/APC.

Keywords—Surrogate-assisted memetic algorithm,
differential evolution, trust-region search, adaptive patience
criterion, Kriging model

L INTRODUCTION

Solving the computationally expensive optimization
problems is a fundamental task in practical engineering
applications, which, however, is also extremely challenging,
since usually only a limited number of function evaluations
(FEs) are affordable. Evolutionary algorithms (EAs) have
achieved significant progress in applying to different fields
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[1]-[4]. However, they generally require excessive FEs for
convergence and therefore cannot be directly utilized in
computationally expensive optimization.

There are mainly two reasons for the poor convergence
speed of the canonical EAs: 1) the information gained during
optimization, i.e., the samples obtained by solving the time-
consuming fitness functions, is wasted, which can actually be
used to guide and accelerate the evolution; 2) the typical
variation operators of EA, like crossover and mutation, are in
nature good at exploring the whole search space but slow in
exploiting a local region. Surrogate model and local search
methods can be incorporated with EAs to address the above
two issues, respectively. The resulting hybrid method,
usually termed surrogate-assisted memetic algorithm
(SAMA) [5], [6], can effectively improve the optimization
efficiency.

SAMA has attracted increasing attention in recent years.
Ong et al. [7] presented a parallel EA coupled with local
radial basis function (RBF) network-assisted feasible
sequential quadratic programming solver in the spirit of
Lamarckian learning. Zhou et al. [8] proposed a novel
SAMA framework, in which a global Kriging model is used
to select promising individuals, and several local RBF
networks are used to assist a trust-region search strategy. A
surrogate-assisted cooperative swarm optimization algorithm
is proposed in [9], in which two different forms of PSO
optimizers focus respectively on global exploration and local
exploitation.

Despite the extensive research on SAMA, few papers have
been published investigating the termination criterion of the
local search in SAMA, which determines the amount of
computational resources assigned to the local search. When
the total computational budget is limited, the termination
criterion of local search controls the allocation of the
computational resources between global and local search,
hence affecting the balance between global exploration and
local exploitation.

The commonly used termination criterion of local search
in SAMA is to set a limit to the number of iterations of the
local search, i.e., the local search depth (LSD) [10]. Sudholt
[11] presented a rigorous theoretical analysis of the



TABLE I
DIFFERENT METHODS FOR DETERMINING THE LSD.

Method for determining LSD Ref.
Fixed LSD [6]-[81, [12]

. Increasing LSD [13]
Variable LSD ") 4 ive LSD  [14], [15], [16]

parameterization in memetic algorithms and stressed that the
choice of the LSD has a tremendous impact on the
optimization performance.

Methods in the literature for determining the LSD of
SAMA can be divided into two categories: fixed LSD and
variable LSD, as listed in Table I. In the work of [6]-[8],
[12], the LSD is simply treated as a constant during the entire
optimization, which is usually set to a relatively large value
to achieve high local-search accuracy. However, it is often
difficult to pre-specify the depth manually without prior
knowledge. Moreover, a fixed LSD will lead to a fixed
allocation ratio of computational resources between global
and local search, which cannot be universally suitable for
different search stages and problems with various degrees of
nonlinearity. Variable LSD methods, including the
increasing and adaptive LSD strategies, have been proposed
to alleviate the above problems. Bambha et al. [13]
compared the LSD to “temperature” and proposed the so-
called simulated heating algorithm, which starts with a small
LSD to focus on global search at the beginning and then
gradually increases the LSD to put more effort on local
exploitation and accelerate the convergence. Liu and Li [14]
proposed a memetic algorithm with adaptive LSD, in which
the LSD is adjusted dynamically during the optimization
process according to the comparison of Average Fitness
Increment (AFI) between local and global search. Molina et
al. [15] divided all individuals of the population into three
categories according to their fitness values, and assigned
different LSDs to individuals in different categories. In the
field of multi-objective optimization, Xu et al. [16] designed
a Pareto-based variable depth search method, in which the
search depth is dynamically adjusted during the search
process to strike a balance between exploration and
exploitation.

However, these termination criteria based on the LSD,
regardless of the fixed or the variable LSD methods,
immediately terminate the local search as long as its number
of iterations reaches the maximum allowable LSD without
considering the state of the local search, which can lead to
two unexpected results:

1) The local search may be in a state of rapid decline, and
better solutions are continuously being found. The
sudden termination can cause it to lose the opportunity
to find better or even the global optimal solution;

2) On the contrary, the local search procedure might also
be trapped in a local optimum, and excessive stagnation
iterations will waste the computational resources.

In this paper, we propose a SAMA with adaptive patience
criterion (SAMA/APC) to address the abovementioned
issues. The proposed SAMA/APC consists of three main
subprocedures, which are carried out sequentially in a loop.

First, the basic operators of differential evolution (DE) is
performed for global exploration. Then, the proposed
Kriging-based patience allocation strategy (KPAS) is carried
out, which can allocate a patience value to each individual of
the population of DE. Finally, the patience values of the
individuals are utilized in the third subprocedure. The trust
region search (TRS) is carried out on each individual for
local exploitation, which is a patience-consuming process.
The patience value is updated in each iteration of the TRS,
and when it is reduced to zero, the TRS will be terminated.
This termination criterion takes into account the state of the
local search before terminating it so as to reduce the
computational cost.

The rest of this paper is organized as follows. Section II
describes the proposed SAMA/APC, and introduces the
KPAS in detail, which is the main contribution of this paper.
Experimental studies of the proposed method are presented
in Section III. Finally, conclusions are summarized in
Section IV.

II. SURROGATE-ASSISTED MEMETIC ALGORITHM WITH
ADAPTIVE PATIENCE CRITERION

The three main subprocedures of the SAMA/APC are
described in the following three subsections in detail,
respectively, and the last subsection summarizes the
complete procedure of the proposed SAMA/APC.

A. Differential evolution

The DE [17] is a population-based metaheuristic algorithm
like other EAs. Denote by P ={x{",x},..x{)} the
population of the ith generation, where N, is the population
size. First, the initial population P® is generated by a
space-filling design of experiment method. Then, the
following three operators are used to generate the next
population P“D based on p®.

First, the mutation operator [18] generates a mutant vector
Vy) for each individual x(,” in p®:
() _ @ () _ @)
V=X, +F-(x,.2 —x%) (1)

where 7, 1, , and 73 are three mutually different random

integers selected from the set {L,..../—1,j+L.., Ny}, and F

is a positive mutation scaling factor.
Second, the crossover operator is applied to v'”
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to generate a trial vector u

component of u and x| respectively. D is the
dimension of the search space, rand,(0,1) is a random
number generated from [0,1], CR€[0,1] is the crossover
control parameter, and j,4 is a random integer chosen

from {1,2,...,D} .
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where f is the expensive fitness function. It should be noted
that all samples obtained by evaluating the fitness function
are archived into a global database for constructing the
Kriging model in the next subsection.

The inherent randomness of the mutation and crossover
operators brings the global-exploration capability to DE, and
the selection operator can effectively guide the population to
the promising regions of the search space.

B. Kriging-based patience allocation strategy

This subsection introduces the proposed KPAS, which can
adaptively assign a patience value to each individual of the
population. The patience values are employed in the
termination criterion of the local search in SAMA/APC,
which is described in the following subsection.

Two basic principles are taken into account when
allocating patience to the individuals:

1) From the population level, the total patience of all
individuals in the population should gradually increase,
similar to the idea of [13]. In the early stage, a
relatively small patience value is adopted to focus on
global search. As the optimization proceeds, the start
points are approaching the global optimum, and a larger
patience value can make computational resources
gradually shifts from global search to local search so as
to accelerate the convergence.

2) From the individual level, different individuals have
different potentialities to find the global optimum
through local search. Those individuals with small
fitness values (for minimization problems) or large
uncertainties are more likely to lead to better solutions.
Therefore, a relatively larger patience value should be
allocated to these more promising individuals.

The Kriging model [19], [20] is employed to determine
the potentiality of each individual, because it can output not
only the predictions, but also the standard deviation of the
predictions [19]. This property can be utilized to calculate
the probability of each individual to improve the current best
solution.

The proposed KPAS consists of four subprocedures.

First, a Kriging model is constructed or updated for the
objective function using all samples in the global database.
One can refer to [19] and [20] for the detailed formulation
and construction method of Kriging model.

Second, the Probability of Improvement (Pol) [8], [21] of

each individual x' in p¥ can be calculated by:

=1
o(x\)

where ?(xi.”) are the predicted fitness of the Kriging model

Pol(x!) = d)[ (4)
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for x| and G(Xﬁi)) is the standard deviation of the
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Fig. 1. Flowchart of the trust region search in the proposed SAMA/APC.
prediction. f~ represents the current best fitness in the

global database. ®@(°) is the normal cumulative distribution

function. The POI of x! indicates the probability of x” t

improve the current best solution.
Third, the Pol values of all individuals in P® are scaled to

make their sum equal to one. The scaled Pol (SPOI) of x“)
is calculated by
Pol(x([))

Z Pol(x(’))

7;) allocated to x| is

SPol(x") = (5)
Finally, the patience value

calculated by

;/J(.’) =i*N, *SPoI(xi.’)) (6)
Since Z;\: Pol(x{")=1 , the total patience of all

individuals is expressed as
S =i* N, * > SPol(x) =i * N, 7
Jj=1 i P Jj=1 J - P ( )
Therefore, on one hand, as the iteration counter i grows,
the total patience of all individuals in P increases

accordingly, which satisfies the first principle mentioned
above. On the other hand, SPol(x'”) can be considered as

the share of " in the total patience of the current

population, and the more promising individual, indicated by
SPol(x") , has larger patience value, which satisfies the
second principle.

In addition, a boundary constraint is set on }/ﬁ.” . The lower

bound is one so as to let all individuals have an opportunity
to serve as the start points of local searches and make the
start points more diverse. The upper bound is set to 10 to
avoid wasting computational resources due to too large
patience value.

C. Trust region search with patience-based termination
criterion
The KPAS outputs all individuals of the population and
their corresponding patience values to the TRS [22], [23]
solver. Each individual is locally refined through the TRS.
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TABLE II
SUMMARY OF THE BENCHMARK FUNCTIONS

No. Functions Dimension | Search space
13.15 | Shifted Ackley’s 102030 | [-32,32]
function
16-1g | Shifted Griewanks |6 56 30 | 1600, 600]
function
Shifted Rotated
19-211 Rosenbrock’s function | 10-29-30 [-20,20]
hifted Rotat
2.4 | Shifted Rotated 10,20,30 [-20,20]
Rastrigin’s function

Fig. 2. Flowchart of the proposed SAMA/APC.

The TRS itself is an iterative process of solving a
sequence of optimization subproblems with trust region
constraints. This paper focuses on the application of the TRS.
One can refer to [22] and [23] for the detailed formulation of
the TRS, which is beyond the scope of this paper.
Considering the disadvantages of the LSD-based termination
criterion mentioned in Section I, we employ the patience-
based criterion to determine when to terminate the TRS.

Fig. 1 presents the flowchart of the TRS in the proposed

SAMA/APC. Given a start point X(ji) and its patience j/ﬁ.i) ,
the TRS can be seen as a patience-consuming process. First,

the patience j/ﬁ.i) of x!

; is stored in a variable y, . Then, the

iterative procedure of the TRS is carried out. After each step
of the TRS, the patience 7;” is updated as follows: if the
current best solution stays unchanged in the last step, the
patience 7}” is decreased by one; if a better solution is found,

7\ is reset to y,. When 7\ is reduced to zero, the TRS
Q)
J
assigned by the proposed KPAS indirectly controls the LSD
of the TRS and the amount of computational resources
allocated for local exploitation. This patience-based
termination criterion takes into account the state of the local
search before terminating it so as to avoid both premature
termination and excessive stagnation.

Finally, the obtained local optimum is then returned back
to the population to replace the original individual in the
spirit of Lamarckian learning [24].

will be terminated. Therefore, the initial patience 7" of x

Constrl}cf[ or update operator to
the Kriging model generate pUD D. Complete procedure
A The schematic diagram of the proposed SAMA/APC is
Calculate Perform mutation shown in Fig. 2, and the complete procedure of the proposed
Pol of each and crossover SAMA/APC is summarized as follows:
individual by (4) operators
A Pseudocode of the proposed SAMA/APC
Allocate N Run TRS toh 1:  Set the global iteration counter i=0;
patience to each —»| 1mprove eac 2. While th tati 1 budeet i t exhausted
individual by (6) dividual : ile the computational budget is not exhauste

/I global exploration

3: If i==0

4: Generate the initial population P by the
LHD, and evaluate the individuals in P with
the real objective functions!;

S: Else

6: Run DE operators to generate new population
P" based on the last population P

7: End if

/I Kriging-based patience allocation strategy
8: Construct or update the Kriging model using all
samples in the global database;

9: Calculate the Pol of each individual in P using
4 ‘
10: Allocate the patience to each individual in P"

according to (6);

/I local search
11: For each individual x, (k =1,2,..,N,) in P”
12: Perform trust-region search with the start point
x, until its patience is reduced to zero, and
denote the obtained optimum as X, ;

13: Replace x, with x, in P” in the spirit of
Lamarckian learning;
14: End for

15:  End while
16: Return the best sample in the global database;

U All inputs and the corresponding responses obtained by solving the
original expensive objective functions are archived into the global database.
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Fig. 3. Convergence curves of the mean objective values of the proposed SAMA/APC and the compared methods.

III. EXPERIMENTAL STUDIES

A. Test problems and settings

The CEC’ 14 expensive optimization test suite [25] is
employed to testify the performance of the proposed
SAMA/APC. There are 24 test functions in the test suite, and
only the 12 multimodal ones, i.e., F13 to F24, are used in the
numerical experiments. The main features of the adopted 12
functions are summarized in Table II, and the detailed
definition of those problems can be referred to the original
paper [25].

The population size of the DE in the proposed
SAMA/APC was set to 40. The mutation scaling factor F
and the crossover control parameter CR were set to 0.8 and
0.4, respectively. The proposed method was implemented in
MATLAB, and carried out on a personal computer with an
Intel Core i5, 2.5GHz CPU. In order to reduce random
variation in the numerical results and validate the robustness
of the proposed method, 25 independent trials were
performed for each test problem. The maximum number of
function evaluations (MaxFE) for each test function was
50*D, where D is the dimension of the function.

The SAMAs with fixed, increasing, and adaptive LSD are
employed as the compared methods. Four SAMAs with fixed
LSD, denoted as SAMA/FLSD/10, SAMA/FLSD/20,
SAMA/FLSD/30, SAMA/FLSD/40, respectively, are
adopted, where the last number represents the maximum
allowable depth of the local search in the SAMA. The
SAMA with increasing LSD is denoted as SAMA/ILSD in
the following discussions, in which the LSD starts from one

and increases by one per generation. The SAMA with
adaptive LSD is denoted as SAMA/ALSD, in which the LSD
is dynamically adjusted according to the AFI method
proposed in [14].

B. Result discussion

The convergence curves of the mean objective values over
the 25 independent trials through the proposed SAMA/APC
and the compared methods are plotted in Fig. 3. The mean
and standard deviation of the optimal fitness values obtained
by the SAMA/APC and the compared methods within the
maximum number of FEs are listed in Table III and Table IV.

1)  Comparison with fixed LSD methods

First, consider the comparison of the four SAMAs with
fixed LSD. It can be observed from Fig. 3, Table III, and
Table IV that:

* For problems F13, F14, F15, F19, F20, and F21, the
SAMAs with different LSDs presents similar
convergence trends;

* For problems F16, F22, F23, and F24, the convergence
speed gradually improves as the adopted LSD increases;

* On the contrary, for problems F17 and F18, the
increase of the LSD leads to the decrease of the
convergence speed.

The above observations verify that the setting of the LSD
has a significant impact on the optimization performance of
SAMA. However, no consistent conclusion can be drawn
from the above results of the four SAMAs with fixed LSD.
Hence, in practice, it is difficult to provide an effective
guideline on how to specify the fixed LSD to achieve better



TABLE III
EXPERIMENTAL RESULTS OF THE PROPOSED SAMA/APC AND THE COMPARED METHODS ON PROBLEMS F13 TO F18.

F13 F14 F15 F16 F17 F18
Mean | 7.330E+00 | 1.756E+01 | 1.976E+01 | 2.505E-01 | 5.333E-03 | 1.233E-03
SAMA/FLSD/10
STD | 4.743E+00 | 2.927E+00 | 5.761E-01 | 2.154E-01 | 8.298E-03 | 3.019E-03
Mean | 1.155E+01 | 1.716E+01 | 1.964E+01 | 2.561E-01 | 7.597E-03 | 3.696E-03
SAMA/FLSD/20
STD | 7.696E-01 | 3.150E+00 | 1.894E-01 | 1.575E-01 | 7.652E-03 | 5.778E-03
Mean | 1.308E+01 | 1.734E+01 | 1.981E+01 | 2.370E-01 | 3.459E-02 | 5.375E-03
SAMA/FLSD/30
STD | 3.930E+00 | 1.517E+00 | 1.444E-01 | 1.375E-01 | 5.064E-02 | 6.342E-03
Mean | 1.177E+01 | 1.551E+01 | 1.958E+01 | 1.738E-01 | 8.765E-02 | 7.128E-03
SAMA/FLSD/40
STD | 3.406E+00 | 4.715E+00 | 2.126E-01 | 1.248E-01 | 1.602E-01 | 9.666E-03
Mean | 1.040E+00 | 2.220E+00 | 3.033E+00 | 6.374E-02 | 2.734E-03 | 4.791E-03
SAMA/ILSD
STD | 9.272E-01 | 9.921E-01 | 7.369E-01 | 8.517E-02 | 7.676E-03 | 7.233E-03
Mean | 2.199E+00 | 3.658E+00 | 2.658E+00 | 2.409E-02 | 7.802E-03 | 7.753E-09
SAMA/ALSD
STD | 5.300E-01 | 8.973E-01 | 6.087E-01 | 2.311E-02 | 1.015E-02 | 1.323E-09
Mean | 7.876E-01 | 2.369E+00 | 2.715E+00 | 2.154E-02 | 1.479E-03 | 1.479E-03
SAMA/APC
STD | 9.775E-01 | 3.999E-01 | 1.523E+00 | 1.970E-02 | 3.308E-03 | 3.308E-03
TABLE IV
EXPERIMENTAL RESULTS OF THE PROPOSED SAMA/APC AND THE COMPARED METHODS ON PROBLEMS F19 TO F24.
F19 F20 F21 F22 F23 F24
Mean | 5.822E+00 | 1.675E+01 | 7.890E+01 | 6.487E+01 | 1.701E+02 | 3.780E+02
SAMA/FLSD/10
STD | 1.881E+00 | 1.605E+00 | 1.078E+01 | 2.343E+01 | 1.415E+01 | 3.507E+01
Mean | 7.165E+00 | 2.512E+01 | 7.505E+01 | 6.463E+01 | 1.423E+02 | 3.791E+02
SAMA/FLSD/20
STD | 2.065E+00 | 2.295E+01 | 6.371E+01 | 1.438E+01 | 2.205E+01 | 4.774E+01
Mean | 6.003E+00 | 2.602E+01 | 6.329E+01 | 6.609E+01 | 1.658E+02 | 3.101E+02
SAMA/FLSD/30
STD | 2.949E+00 | 2.062E+01 | 2.973E+01 | 2.941E+01 | 9.914E+00 | 3.191E+01
Mean | 6.783E+00 | 1.533E+01 | 6.779E+01 | 4.731E+01 | 1.496E+02 | 3.225E+02
SAMA/FLSD/40
STD | 1.892E+00 | 5.012E+00 | 2.609E+01 | 1.949E+01 | 4.589E+01 | 7.633E+01
Mean | 8.564E+00 | 1.635E+01 | 6.694E+01 | 4.085E+01 | 1.047E+02 | 1.114E+02
SAMA/ILSD
STD | 3.132E+00 | 3.946E+00 | 2.872E+01 | 1.588E+01 | 3.686E+01 | 4.332E+01
Mean | 8.486E+00 | 1.671E+01 | 4.655E+01 | 4.790E+01 | 1.002E+02 | 1.249E+02
SAMA/ALSD
STD | 9.623E-01 | 1.304E+00 | 2.262E+01 | 2.066E+01 | 3.326E+01 | 5.352E+01
SAMA/APC Mean | 1.259E+01 | 1.698E+01 | 5.839E+01 | 4.031E+01 | 7.450E+01 | 7.894E+01
STD | 1.653E+01 | 2.983E+00 | 3.470E+01 | 2.213E+01 | 3.939E+01 | 2.379E+01
optimization performance, which demonstrates the 2)  Comparison with variable LSD method

disadvantage of the fixed LSD method.

Second, compare the results of the proposed SAMA/APC
with those of the four SAMAs with fixed LSD. It can be seen
from Fig. 3, Table III and Table IV that, for all test problems
except F19, F20, and F21, SAMA/APC converges
significantly faster than the four SAMA/FLSD methods. For
F20 and F21, SAMA/APC presents similar convergence
speed to the four SAMA/FLSD methods. Specially, for
problem F19, SAMA/FLSD/10 and SAMA/FLSD/30
slightly outperform SAMA/APC.

The above results indicate that, in general, the proposed
SAMA/APC significantly outperforms the SAMAs with
fixed LSD. Besides, it is also possible that, if the LSD is
carefully set to an appropriate value, the termination criterion
based on fixed LSD can achieve better results than the
proposed SAMA/APC. However, if no prior knowledge is
available, it is computationally prohibitive or even
impossible to run a trial-and-error procedure to select an
appropriate LSD, especially for the computationally
expensive optimization problems.

As shown in Fig. 3, Table III and Table IV, the following

observations and conclusions can be made:

* The two SAMASs with variable LSD, SAMA/ILSD and
SAMA/ALSD, are obviously superior to the four
SAMA/FLSD methods in convergence speed for
problems F13, F14, F15, F16, F23, and F24, which
demonstrates the advantages of the variable LSD
methods over the fixed LSD method.

* The SAMA/ILSD tends to converge slowly in the early
stage of the optimization, and gradually accelerates the
convergence later. This phenomenon can be found in
the results of multiple test problems, including F13,
F16, F19, and F22. This is because SAMA/ILSD starts
with a small LSD and the local searches are
prematurely terminated in a state of rapid decline, even
without finding the local optima. Therefore, the
individuals cannot be rapidly improved through local
search. As the search proceeds, the increase of the LSD
speeds up the convergence of SAMA/ILSD.



* For the extremely multimodal high-dimensional
functions, F23 and F24, the proposed SAMA/APC,
SAMA/ILSD, and SAMA/ALSD can continuously
improve the current best optimum within the maximum
number of FEs. This is because the three methods
devote more computational efforts to global exploration
at the beginning of the search process, and can
effectively avoid the rapid decline in population
diversity resulted from the Lamarckian learning.

* SAMA/APC can find much better solutions than
SAMA/ILSD for F16, F23, and F24, but there is no test
problem in the employed test suite, for which
SAMA/ILSD can find significantly better solutions
than SAMA/APC. Similarly, SAMA/APC outperforms
SAMA/ALSD for F13, F14, F17, F23, and F24, but
there is only one problem, i.e., FI18, for which
SAMA/ALSD find much better solutions than
SAMA/APC. Therefore, these results demonstrate the
superiority of the proposed SAMA/APC over the
variable LSD methods.

IV. CONCLUSION

The commonly used termination criterion of the local
search in SAMA is to set a fixed or variable LSD, which can
lead to premature termination or excessive stagnation
iterations of the local search. To address this problem, the
SAMA/APC is proposed in this paper. In the framework of
SAMA/APC, the DE is employed for global exploration; the
proposed KPAS adaptively allocates a patience value to each
individual of the current population; the TRS is performed
on each individual for local exploitation, and terminates
when the patience of the individual is reduced to zero.

The CEC’ 14 expensive optimization test suite is
employed to evaluate the performance of the proposed
method, and the following conclusions can be drawn:

* When the computational budget is limited, the
termination criterion of the local search has a
significant impact on the optimization performance of
the SAMA.

* The fixed LSD methods present the worst performance
among the compared methods. Besides, in practice, it is
difficult to pre-determine an appropriate setting for the
fixed LSD, especially for computationally expensive
optimization problems.

* The variable LSD method achieves much better results
than the fixed LSD methods, and the proposed
SAMA/APC slightly outperforms the variable LSD
method, which verifies the efficiency of the proposed
method.

In future studies, the proposed method will be further
utilized for solving more industry-relevant problems, such as
the aerodynamic optimization and structural optimization
problems, to demonstrate its capability in real-world
applications.

ACKNOWLEDGMENT

The present work was partially supported by the National
Natural Science Foundation of China (grant no. 11502209,
51806175), and the National Defense Fundamental Research

Funds of China (grant no. JCKY2016204B102,
JCKY2016208C001).

REFERENCES
[1] V. G. Asouti and K. C. Giannakoglou, “Aerodynamic

optimization using a parallel asynchronous evolutionary
algorithm controlled by strongly interacting demes,” Engineering
Optimization, vol. 41, no. 3, pp. 241-257, Mar. 2009.

[2] Y. Lian, A. Oyama, and M.-S. Liou, “Progress in design
optimization using evolutionary algorithms for aecrodynamic
problems,” Progress in Aerospace Sciences, vol. 46, no. 5-6, pp.
199-223, Jul. 2010.

[3] L. Xia, L. Zhang, Q. Xia, and T. Shi, “Stress-based topology
optimization using bi-directional evolutionary structural
optimization method,” Computer Methods in Applied Mechanics
and Engineering, vol. 333, pp. 356-370, May 2018.

[4] S. K. Azad, “Monitored convergence curve: a new framework for
metaheuristic structural optimization algorithms,” Structural and
Multidisciplinary Optimization, Feb. 2019.

[5] W. E. Hart, N. Krasnogor, and J. E. Smith, “Memetic
Evolutionary Algorithms,” in Recent Advances in Memetic
Algorithms, W. E. Hart, J. E. Smith, and N. Krasnogor, Eds.
Berlin/Heidelberg: Springer-Verlag, 2005, pp. 3-27.

[6] P. T. H. Nguyen and D. Sudholt, “Memetic algorithms beat
evolutionary algorithms on the class of hurdle problems,” in
Proceedings of the Genetic and Evolutionary Computation
Conference on - GECCO ’18,2018, pp. 1071-1078.

[7] Y. S. Ong, P. B. Nair, and A. J. Keane, “Evolutionary
Optimization of Computationally Expensive Problems via
Surrogate Modeling,” AIAA Journal, vol. 41, no. 4, pp. 687—-696,
Apr. 2003.

[8] Z.Zhou, Y. S. Ong, P. B. Nair, A. J. Keane, and K. Y. Lum,
“Combining global and local surrogate models to accelerate
evolutionary optimization,” /IEEE Transactions on Systems, Man
and Cybernetics Part C: Applications and Reviews, vol. 37, no.
1, pp. 6676, 2007.

[9] C. Sun, Y. Jin, R. Cheng, J. Ding, and J. Zeng, “Surrogate-
Assisted Cooperative Swarm Optimization of High-Dimensional
Expensive Problems,” I[EEE Transactions on Evolutionary
Computation, vol. 21, no. 4, pp. 644-660, Aug. 2017.

[10] W. E. Hart, “Adaptive global optimization with local search,”
university of California, 1994.

[11] D. Sudholt, “The impact of parametrization in memetic
evolutionary algorithms,” Theoretical Computer Science, vol.
410, no. 26, pp. 2511-2528, Jun. 2009.

[12] Y. Tenne and S. W. Armfield, “A framework for memetic
optimization using variable global and local surrogate models,”
Soft Computing, vol. 13, no. 8-9, pp. 781-793, Jul. 2009.

[13] N. K. Bambha, S. S. Bhattacharyya, J. Teich, and E. Zitzler,
“Systematic Integration of Parameterized Local Search Into
Evolutionary Algorithms,” IEEE Transactions on Evolutionary
Computation, vol. 8, no. 2, pp. 137-155, Apr. 2004.

[14] C. Liu and B. Li, “Memetic algorithm with adaptive local search
depth for large scale global optimization,” in 20/4 IEEE
Congress on Evolutionary Computation (CEC), 2014, pp. 82-88.



[15]

[16]

[17]

(18]

[19]

D. Molina, F. Herrera, and M. Lozano, “Adaptive Local Search
Parameters for Real-Coded Memetic Algorithms,” in IEEE
Congress on Evolutionary Computation, 2005, vol. 1, pp. 888—
895.

J. Xu, C.-C. Wu, Y. Yin, and W.-C. Lin, “An iterated local search
for the multi-objective permutation flowshop scheduling problem
with sequence-dependent setup times,” Applied Soft Computing,
vol. 52, pp. 39-47, Mar. 2017.

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, pp. 341—
359, 1997.

C. Jiang, D. Wang, H. Qiu, L. Gao, L. Chen, and Z. Yang, “An
active failure-pursuing Kriging modeling method for time-
dependent reliability analysis,” Mechanical Systems and Signal
Processing, vol. 129, pp. 112-129, Aug. 2019.

S. N. Lophaven, H. B. Nielsen, and J. Sendergaard, “DACE-A
MATLAB Kriging toolbox,” 2002.

[20]

[21]

[22]

[23]

[24]

[25]

Z.-H. Han and S. Gortz, “Hierarchical Kriging Model for
Variable-Fidelity Surrogate Modeling,” AI4A4 Journal, vol. 50,
no. 9, pp. 1885-1896, Sep. 2012.

D. R. Jones, “A Taxonomy of Global Optimization Methods
Based on Response Surfaces,” Journal of Global Optimization,
vol. 21, pp. 345-383, 2001.

J. J. Mor¢, “Recent Developments in Algorithms and Software
for Trust Region Methods,” in Mathematical Programming The
State of the Art, Berlin, Heidelberg: Springer Berlin Heidelberg,
1983, pp. 258-287.

Y. Yuan, “Recent advances in trust region algorithms,”
Mathematical Programming, vol. 151, no. 1, pp. 249-281, Jun.
2015.

M. Bereta, “Baldwin effect and Lamarckian evolution in a
memetic algorithm for Euclidean Steiner tree problem,” Memetic
Computing, vol. 11, no. 1, pp. 35-52, Mar. 2019.

B. Liu, Q. Chen, Q. Zhang, J. J. Liang, P. N. Suganthan, and B.
Y. Qu, “Problem Definitions and Evaluation Criteria for
Computational Expensive Optimization,” 2013.




<<
  /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




