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Abstract— Many real-world problems are dynamic, requiring
an optimization algorithm which is able to continuously track
a changing optimum over time. In this paper, we present a
stigmergy-based algorithm for solving optimization problems
with continuous variables, labeled Differential Ant-Stigmergy
Algorithm (DASA). The DASA is applied to dynamic optimiza-
tion problems without any modification to the algorithm. The
performance of the DASA is evaluated on the set of benchmark
problems provided for CEC’2009 Special Session on Evolution-
ary Computation in Dynamic and Uncertain Environments.

I. INTRODUCTION

Optimization problems whose optimal solution changes
over time during the optimization are an important issue in
many areas of human activities. Such dynamic optimization
problems (DOPs) can be defined as follows:

F= f(xa¢7t)a

where F' is the optimization problem, f is the cost function,
is a feasible solution in the solution set X, ¢ is time, and ¢ is
the system control parameter, which determines the solution
distribution in the fitness landscape.

In recent years Ant Colony Optimization (ACO) algo-
rithms have been applied to more challenging and complex
problem domains. One such domain are DOPs. Here, the
literature shows an increasing interest for applying ACO
(e.g., population based ACO (P-ACO) [1], [2], ant systems
for a dynamic TSP (AS-DTSP) [3], binary ant algorithm
(BAA) [4], dynamic hybrid continuous interacting ant colony
(DHCIAC) [5]).

The remainder of this paper is organized as follows:
Section II introduces the optimization algorithm called the
Differential Ant-Stigmergy Algorithm. Section III presents
the experimental evaluation on the set of benchmark prob-
lems provided for CEC 2009 Special Session on Evolution-
ary Computation in Dynamic and Uncertain Environments.
Finally, Section IV concludes the paper.

II. STIGMERGY-BASED ALGORITHM
A. Parameter Differences

Let 2/ be the current value of the i-th parameter. During
the searching for the optimal parameter value, the new value,
x;, is assigned to the i-th parameter as follows:
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Here, 0, is the so-called parameter difference and is chosen
from the set

A, =A;7 U{0}UAT,
where
A7 = {6 0 =—0"H Tk =1,2,...,d;}
and
Af = {8/ | of, =vMET k=12, dy}.

Here, d; = U; — L; 4+ 1. Therefore, for each parameter x;,
the parameter difference, d;, has a range from bLi to vUi,
where b is the so-called discrete base, L; = |lg,(e;)], and
U; = |lg,(max(x;) — min(z;))|. With the parameter ¢;, the
maximum precision of the parameter x; is set. The precision
is limited by the computer’s floating-point arithmetics. To
enable a more flexible movement over the search space, the
weight w is added to Eq. 1:

T =z + wd; ()
where w = RandomInteger(1,b — 1).

B. Graph Representation

From all the sets A;, 1 < 4 < D, where D represents
the number of parameters, the so-called differential graph
G = (V,E) with a set of vertices, V, and a set of edges,
E, between the vertices is constructed. Each set A; is repre-

sented by the set of vertices, V; = {v;1,vi2,...,Vi2d,+1}>
D
and V' = J,Z, Vi. Then we have that
(5 - - + + +
A; = {51',(1,,;» coes O gy 05150,0 50075 .,6i,di}
corresponds to
Vi={Vi1, 3 Vigy ey Vidtls - - s Visditlags - - - > Vi 2dit 15
where
5§ oo
Vi, j 04 d;—j+10
0
Vi di+1 — 0,
o, s+
Vidi+14; — 0;;
and j = 1,2,...,d;. Each vertex of the set V; is connected to

all the vertices that belong to the set V. Therefore, this is
a directed graph, where each path p from the starting vertex,
v1 € Vi, to any of the ending vertices, vp € Vp, is of equal
length and can be defined with v; as v = (v1v2...v; ... VD),
where v; € V;, 1 <1 < D.
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C. Algorithm Implementation

The optimization consists of an iterative improvement
of the temporary best solution, Z®, by constructing an
appropriate path p. New solutions are produced by applying
pto 2™ (Eq. 2).

First a solution Z™ is randomly chosen by uniform sam-
pling and evaluated. Then a search graph is created and an
initial amount of pheromone is deposited on search graph
according to the Cauchy probability density function

1
S E

where [; is the location offset for the i-th parameter and

§ = Sglobal — Slocal

is the scale factor. For an initial pheromone distribution the
Cauchy distribution with sgigbar = 10, Sjocar = 0, and [; =
0,7 = 1,2,...,D is used and each parameter vertices are
equidistantly arranged between z = [—4, 4].

There are m ants in a colony, all of which begin simulta-
neously from the starting vertex. Ants use a probability rule
to determine which vertex will be chosen next. The rule is
based on a simple ACO. More specifically, ant a in step
moves from a vertex in set V;_1 to vertex v; ; € V; with a
probability given by:

7(vij)
Z1gkg2d,¢+1 T(vig)’

prob(a,v; ;) =

where 7(v; 1) is the amount of pheromone in vertex v; .

The ants repeat this action until they reach the ending
vertex. For each ant 4, path p; is constructed. If for some
predetermined number of tries (in our case m? for all ants)
we get p; = 0 the search process is reset by randomly choos-
ing new #® and pheromone re-initialization. Otherwise, a
new solution & is constructed.

After all ants have created solutions, they are being evalu-
ated with a calculation of y; = f(&;). The information about
the best among them is stored as currently best information
(7 cb’ ﬁcb’ and inb)~

The current best solution, £ €° is compared to the tem-
porary best solution Z®. If 4 is better than y ®, then
temporally best information is replaced with currently best
information. In this case Sgjobal is increased according to the
global scale increase factor, sy :

b

Sglobal < (1+ 5+)5globa17

Slocal 18 set to
1
Slocal = §sglobal

and pheromone amount is redistributed according to the
associated path p’ b where I[; = z(pfb), so that the peak of
Cauchy distribution is over with path selected vertex. Fur-
thermore, if new y ™ is better then global best y ® = f(z ),
then globally best information is replaced with temporally
best information. So, global best solution is stored. If no
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better solution is found sgjohy is decreased according to the
global scale decrease factor, s_:
Sglobal < (1- Sf)sglobal-

Pheromone evaporation is defined by some predetermined
percentage p. The probability density function C(z) is
changed in the following way:

li — (1 — p)ll

and

Slocal < (1 - p)slocaﬂ'

Here we must emphasize that p > s_, because otherwise we
might get negative scale factor.

The whole procedure is then repeated until some ending
condition is met.

Figure 1 summarizes the DASA.

INITIALIZATIONS

Fig. 1. The Differential Ant-Stigmergy Algorithm.
III. PERFORMANCE EVALUATION
A. The Experimental Environment

The computer platform used to perform the experiments
was based on AMD Opteron™ 2.6-GHz processor, 2 GB of
RAM, and the Microsoft® Windows® operating system. The
DASA was implemented in Borland® Delphi™.
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TABLE 1
ERROR VALUES ACHIEVED FOR PROBLEM F}

Dimension(n) | Peaks(m) | Errors Ty Ts T3 Ty Ts Te
10 10 Avg_best 4.17E—-13 | 3.80E—-13 | 3.80E—13 | 6.5TE—13 | 5.56E—13 | 7.90E—13
Avg_worst | 5.51E+400 | 3.85E+401 | 3.97E+01 | 9.17E+00 | 2.09E+01 | 4.71E+01
Avgmean | 1.80E—01 | 4.18E400 | 6.37E4+00 | 4.82E—-01 | 2.54E+00 | 2.34E+00
STD 1.25E+400 | 9.07E4+00 | 1.07E4+01 | 1.95E+00 | 4.80E+00 | 8.66 E+00
50 Avg _best 5.97E—13 | 5.03E—13 | 3.57TE—13 | 7.73E—-13 | 8.02E—-13 | 6.73E—13
Avg_worst | 7.67E4+00 | 2.91E4+01 | 3.10E+01 | 5.58E+400 | 1.16E+01 | 3.51E+01
Avg mean | 4.42E—-01 | 486E+00 | 8.42E+00 | 5.09E—01 | 1.18E+00 | 2.07E+00
STD 1.39E+400 | 7.00E4+00 | 9.56E+00 | 1.09E+00 | 2.18E+00 | 5.97 E+00
Tw(5-15) 10 Avg_best — — 3.55E—14 — — —
Avg_worst — — 2.91E+01 — — —
Avg_mean — — 4.84 E+00 — — —
STD — — 8.96 E+00 — — —
50 Avg_best — — 7.39E—-14 — — —
Avg_worst — — 3.22E+01 — — —
Avg_mean — — 7.84E+00 — — —
STD — — 9.05 E+00 — — —
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Fig. 2. Convergence graph for Fy (m = 10).
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Convergence graph for F (m = 50).
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TABLE II
ERROR VALUES ACHIEVED FOR PROBLEM Fb

Dimension(n) | Errors Ty T> Ts Ty Ts Te

10

Avg_best 1.97E—-11 | 2.34E—-11 | 2.72E—-11 | 141E—-11 | 3.59E—-11 | 1.65E—11

Avg_worst | 3.39E+01 | 4.03E+4+02 | 3.56E+02 | 1.65E+01 | 4.33E+02 | 2.49E+01

Avg mean | 3.30E+00 | 2.56 E4+01 | 1.80E+401 | 1.45E+4+00 | 4.96E+01 | 2.11E+00

STD 8.78E+00 | 8.32E+401 | 6.78E4+01 | 3.83E+00 | 1.12E+402 | 5.29E+400
T7(5-15) Avg_best — — 1.30E—12 — — —
Avg_worst — — 3.67E+01 — — —
Avg_mean — — 3.87TE+00 — — —
STD — — 8.12E-+00 — — —
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Fig. 4. Convergence graph for Fb.
TABLE III
ERROR VALUES ACHIEVED FOR PROBLEM F3
Dimension(n) | Errors Ty Ts Ts Ty Ts Ts
10 Avg_best 3.39E—11 | 4.34E+01 | 1.38E+00 | 4.51E—11 | 3.08E400 | 4.21E—11
Avg_worst | 4.35E402 | 9.88E+402 | 9.37TE+4+02 | 1.17TE+03 | 9.23E+02 | 1.47TE+03
Avg_.mean | 1.57E401 | 8.24E+402 | 6.88E+402 | 4.35E+02 | 6.9TE+02 | 6.26 E+02
STD 6.71E+01 | 2.04E+02 | 2.98E+02 | 4.41E+02 | 3.15E402 | 4.60E+402
T7(5-15) Avg_best — — 1.06 E—01 — — —
Avg_worst — — 9.09E+02 — — —
Avg_mean — — 4.33E402 — — —
STD — — 3.80E+02 — — —
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Fig. 5. Convergence graph for F3.
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TABLE IV
ERROR VALUES ACHIEVED FOR PROBLEM F}

Dimension(n) | Errors T Ty T3 Ty Ts Te

10 Avg_best 2.01E—11 | 295E—-11 | 2.87E—11 | 1.85E—11 | 5.89E—11 | 2.09E—11
Avg_worst | 5.76E4+01 | 5.056E402 | 5.40E+02 | 1.88E+01 | 5.28E+02 | 3.97TE+01
Avg_mean | 5.60E+00 | 6.56E+01 | 5.36E+4+01 | 1.85E+00 | 1.08E+402 | 2.98E+00
STD 2.65E+01 | 1.60E402 | 1.40E+02 | 4.22E400 | 1.78E+02 | 7.59E+00

T7(5-15) Avg_best — — 7.10E—12 — — —
Avg_worst — — 4.51E+02 — — —
Avg_mean — — 2.74E+01 — — —
STD — — 9.00E+01 — — —

Yt Y YOO P VYT VY Vgt

5

Ty
3
2 .
2
1 .
1
0 1 T T T 1
0.E+0 1.E+6 2.E+6 3.E+6 4.E+6 5.E+6 6.E4+6
FEs
Fig. 6. Convergence graph for Fyj.
TABLE V
ERROR VALUES ACHIEVED FOR PROBLEM F}5
Dimension(n) | Errors T Ty Ts Ty Ts Ts
10 Avg_best 3.22E—11 | 3.74E—11 | 3.86E—11 | 2.69E—11 | 5.99E—11 | 2.85E—11
Avg_worst | 1.71E401 | 2.22E401 | 1.60E401 | 8.10E+00 | 2.90E+01 | 8.75E+00
Avg_mean | 9.55E—01 | 9.90E—01 | 949E—-01 | 3.92E—-01 | 2.30E+400 | 4.6TE—-01
STD 3.43E+00 | 4.06E400 | 3.31E400 | 1.61E4+00 | 6.36 E4-00 | 1.73E+00
T7(5-15) Avg_best — — 1.93E—12 — — —
Avg_worst — — 1.87E+401 — — —
Avg_mean — — 1.11E400 — — —
STD — — 3.76 E4-00 — — —
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Fig. 7. Convergence graph for Fs.
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TABLE VI
ERROR VALUES ACHIEVED FOR PROBLEM Fjg

Dimension(n) | Errors Ty Ty T3 Ty Ts Te

10 Avg_best 2.36E—11 | 3.568E—11 | 3.69E—11 | 2.55E—11 | 6.37TE—11 | 2.56 E—11
Avg_worst | 4.83E+01 5.54E+02 5.29E+02 8.16 E4-01 4.99 E+02 2.49E+02
Avg mean | 8.87E+00 | 3.70E+01 | 2.67TE+01 | 9.74E+00 | 3.79E+01 | 1.33E+401
STD 1.33E+01 | 1.22E402 | 9.84E+01 | 2.20E+01 | 1.18E+4+02 | 5.74E+401

T7(5-15) Avg_best — — 6.48E—12 — — —
Avg_worst — — 1.37E+02 — — —
Avg_mean — — 1.17E+01 — — —
STD — — 3.67TE+01 — — —
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Fig. 8. Convergence graph for Fg.

B. The Benchmark Suite

The DASA algorithm was tested on six benchmark prob-
lems provided for the CEC’2009 Special Session on Evo-
Iutionary Computation in Dynamic and Uncertain Environ-
ments [7]:

o F: Rotation peak function (multi-modal, scalable, ro-
tated, the number of local optima are artificially con-
trolled),

e F5: Composition of Sphere’s function (multi-modal,
scalable, rotated, 10 local optima),

e F3: Composition of Rastrigin’s function (multi-modal,
scalable, rotated, a huge number of local optima),

o Fj: Composition of Griewank’s function (multi-modal,
scalable, rotated, a huge number of local optima),

e F5: Composition of Ackley’s function (multi-modal,
scalable, rotated, a huge number of local optima),

o F%: Hybrid composition function (multi-modal, scal-
able, rotated, a huge number of local optima, different
functions properties are mixed together, sphere func-
tions give two flat areas for the function).

Framework of dynamic changes:

. Tli

. Tg:

(] T33

. T4Z

small step change,
large step change,
random change,
chaotic change,

412

T

Ts

4

v WWWW

4.E+6 5.E+6 6.E+6

o Ts: recurrent change,
o Tg: recurrent change with noise,
o T7: random change with changed dimension.

C. Parameter Settings

The DASA has six parameters: the number of ants, m, the
pheromone evaporation factor, p, the maximum parameter
precision, ¢, the discrete base, b, the global scale increase
factor, s;, and the global scale decrease factor, s_. With
respect to usual setting [6], we have made some adjustments
according to problems’ demands. We have decreased the
number of ants to m = 3 for better algorithms responsiveness
and with it decreased the p = 0.1 to reduce the convergence
speed which was increased with smaller number of ants.
The rest of the algorithm parameters are set as usual, the
algorithms accuracy ¢ = 107'5, discrete base b = 10,
global scale increase factor sy = 0.01, and global scale
decrease factor, s— = 0.02. We must note that during
the experimentation we did not fine-tune the algorithms
parameters, but only make a limited number of experiments
to find satisfying settings.

D. Testing procedure

For all test problems we used the following testing proce-
dure. From the DASA’s point of view, the algorithm was run
for required number of evaluations and no information, other
than problem evaluation value, y = f(&), was given to the
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algorithm. So no information regarding any changes in the
problem (dynamic or dimension changes) were transferred
during the algorithm run. From implementation perspective,
an interface (DOP manager) was created which performed all
the required changes, dynamic or dimensional. For example,
for change type T, we set algorithm’s number of evaluations
to 6 - 105 and dimension to 15 (which was maximal dimen-
sion). Therefore, the DASA treated the problem as “static”
15-dimensional problem, while the DOP manager took care
of all the dimensional changes.

E. Results

In Tables I-VI we present the error values achieved by the
DASA algorithm on all test problems.

For each change type of each function, we present average
best (Avg_best), average mean (Avg._mean), average worst
(Avg_worst) values and standard deviation (STD) for z"(t)
over 20 runs:

runs last
num_change Ez ¢ (t)

Avg_best = min :
° Jj=1 runs
=1
runs num_change last
E(t)

Avg_mean = g E ,
— ‘Z] Tunsx num_change
i=1  j=

runs last
num._change Ez:i; (t)

Avg_worst = max
<~ j=1  runs
Here, E™'(t) = |f(2®(t)) — f(2*(t))| after reaching

Max_FES/change for each change.

Figures 2-8 present the convergence graphs for each
problem for dimension n = 10. Each graph shows the
median performance of the relative value 7(t) of f(x°(¢)) and
f(z*(t)) for total runs with termination by the Total FES.
For maximization function F},

_ f=*@)
"= ey
for minimization functions Fs — Fg,
ACHQ))
= Far )

Note that relative values depicted in the figures are presented
for each T; as r(t) + ¢ — 1, where 0 < r(t) < 1,7 =
1,2,...,7.

Table VII presents the performance of the DASA
algorithm. The Mark;,,x presents the maximal mark that
can be obtained by the algorithm. The sum of all Mark,,x
values is 100. The mark of each problem/change_type (pct)
combination is calculated by:

markpe =

runs hum-change
Tij
percentage *E E
pet £ < 4= num.change * runs
=1 =

TABLE VII
PERFORMANCE MEASUREMENT

Function | Dimension | Peaks | Change type | Markmax | markpet
F 10 10 T1 1.5 1.471
F1 10 50 T1 1.5 1.455
F 10 10 T2 1.5 1.357
Fi 10 50 T2 1.5 1.339
F 10 10 T3 1.5 1.280
F1 10 50 Ts 1.5 1.241
F 10 10 T4 1.5 1.416
F 10 50 Ty 1.5 1.423
Fy 10 10 Ts 1.5 1.396
I3y 10 50 Ts 1.5 1.438
F1 10 10 Te 1.5 1.355
I3 10 50 Ts 1.5 1.346
F1 5-15 10 T~ 1.0 0.885
F 5-15 50 T7 1.0 0.832
Sum for Fj 20.0 18.24
Fy 10 — T1 2.4 1.865
Fy 10 — T2 2.4 1.446
Fy 10 — Ts 2.4 1.583
Fy 10 — Ty 2.4 1.890
Fy 10 — Ts 2.4 1.420
Fy 10 — Te 2.4 1.826
Fy 5-15 — T7 1.6 1.215
Sum for Fs 16.0 11.24
F3 10 — T1 2.4 1.413
F3 10 — T2 2.4 0.072
Fy 10 — T3 2.4 0.174
F3 10 — Ty 2.4 0.742
F3 10 — Ts 2.4 0.223
Fy 10 — Ts 2.4 0.455
F3 5-15 — T7 1.6 0.282
Sum for F3 16.0 3.36
Fy 10 — T1 2.4 1.759
Fy 10 — T2 2.4 1.233
Fy 10 — T3 2.4 1.327
Fy 10 — Ty 2.4 1.788
Fy 10 — Ts 2.4 1.091
Fy 10 — Te 2.4 1.699
Fy 5-15 — T~ 1.6 1.005
Sum for Fy 16.0 9.90
Fs 10 — T1 2.4 2.021
Fs 10 — T2 2.4 2.012
F5 10 — Ts 2.4 2.030
F5 10 — Ty 2.4 2.049
Fs 10 — Ts 2.4 2.019
Fs 10 — Te 2.4 2.024
Fs 5-15 — T~ 1.6 1.346
Sum for F3 16.0 13.50
Fg 10 — T1 2.4 1.478
Fg 10 — T2 2.4 1.154
Fg 10 — Ts 2.4 1.335
Fg 10 — Ty 2.4 1.337
Fs 10 — Ts 2.4 1.367
Fg 10 — Te 2.4 1.318
Fg 5-15 — T7 1.6 0.970
Sum for Fg 16.0 8.96
Overall performance 100 65.21
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and
last

i]
—rsS.
ij

- S
1+ Zs:l S

r%“ is the relative value of the best one to the global optimum
after reaching Max_FES/change for each change. r}; is the
relative value of the best one to the global optimum at the

s-th sampling during one change and
g Max_FES/change
s_f ’
where sy is sampling frequency. In our case we have:
sy = 100, Max_FES/change = 10,000 * n, and n = 10.

The percentage, is defined in [7].
The overall algorithm performance is evaluated by:

r
rij

Num_test_cases

performance = E
pct=1

mark,.

There are totally Num_test_cases = 49 specific test cases.

I'V. CONCLUSION

This paper presented a stigmergy-based algorithm devel-
oped for numerical optimization problems. The algorithm
was applied to dynamic optimization problems with contin-
uous variables proposed for CEC’2009 Special Session on
Evolutionary Computation in Dynamic and Uncertain Envi-
ronments. The results showed that the proposed algorithm
can find reasonable solutions for all of the problems. Only
the F3 problem was the one, that the DASA could not find
the optimum quick enough during dynamic changes.

One obvious advantage is that was no need any changes
to the original algorithm. So, it can be used as such for
both cases of numerical optimization, static and dynamic.
Furthermore, the algorithm is unsusceptible to different types
of changes and can be used with very limited knowledge
about problem, only maximal dimension and input problem
parameters.
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APPENDIX
PSEUDOCODE OF THE DASA

1: Z% = Rnd_Solution()

2 yP = f(&")

3y b — inf

4: G = Graph_Initialization(ftb, €)
5: Pheromone_Initialization(G)
6: while not ending condition met do

7. k=0

8:  for all m ants do

9: repeat

10 p; = Find_Path(G)

11: k=k+1

12: if £ > m? then

13: Z® = Rnd_Solution()

14 Pheromone_Initialization(G)
15: goto line 7

16: end if

17: until (p; = 0)

18: w = Random_Integer(l,b—1)
19: 7 = 2P 4+ wip)
20:  end for
21 y P =inf
22:  for all m ants do
23: y = f(2i)
24 if y <y P then
25: yP =y
26: pb = p
27: Zh =g
28: end if
29:  end for
3. if y® < y® then
31 tb _ y cb
32: g =gcb
33: s = Update_Scales(Sgobal; Slocal)
34: Pheromone_Redi stribution(ﬁCb, s)
35: if y® < 4 then
16; b_
37: zh=gt
38: end if
39:  else
40: Update_Scale(sglobal)
41:  end if

42:  Pheromone_Evaporation(g, p)
43: end while

414 2009 IEEE Congress on Evolutionary Computation (CEC 2009)




<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


