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APPLIED PROBLEMS OF MATHEMATICS AND MECHANICS

Ismayil A. GAFAROV

ON ONE MODELING ALGORITHM OF RANDOM

MOVING OF PARTICLES ALONG A RING

WITHOUT OVERTAKING

Abstract

The various models of continuous moving of particles along a circle are
considered. Two approaches of investigation are suggested:

1. The modeling algorithms are described in detail. The developed algo-
rithms of computer modeling as distinct from the other known algorithms es-
sentially lower the modeling time, admit to allow for all lower models and give
general principle of approach to such type problems.

2. Along with modeling method on computer by analytical approach for
stochastic systems, the class of probable states which may contain the system, is
described. The optimal number of particles minimizing mean wait of particles
at set point is found.

1. Introduction. In recent years the study of mathematical models of queue
dynamic systems is of particular interest. The models of system with moving objects
are one of important directions in queuing theory. The interest to these investiga-
tions is caused by broad practical application: transport systems (vertical, motor,
ship, airport, space), telecommunication networks (telephone, videophone, bank,
computer), service controls (client, technology), complicated technical aggregates
(assembly, disassembly, checkup) and a lot of other problems. In this direction at
the present time along with analytical methods of investigations one successively
uses the methods of computer modeling of various system which allow to describe
adequately the studied process and to obtain the numerical results of characteristics
that we are interested in for different states of system.

The transport problems are important class of queueing system. The traffic
control problem can be referred to these systems. The ways diagrams, waiting
period of requirements, capacity of system, service time, downtime, queue length,
rate of moving of particles and so on are basic characteristics of models of transport
problems. A lot of these concepts are defined in the paper [1].

The simplest mathematical models of moving particles on straight line are con-
sidered in [2,8]. The generalization of these models to the case of moving along closed
trajectory and the control problems are considered in [4-6] where the basic charac-
teristics of models of moving of the particles along circular route are also studied.
In these papers the control strategies by traffic road are studied. It is shown that
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for some states of system under definite conditions, the deliberate or random delay
of service facility decreases efficiency factor – mean waiting period of requirements
before service.

Analogy of the known “paradox of waiting period” arising in queue theory is
considered in [9]. In particular, it is discussed the Pollachek-Hinchin formula for
mean waiting period in the system M/G/1 indicating the fact that this time may
be arbitrary large at indefinitely small loading of server if dispersion of service time
is large in comparison with its mathematical expectation.

2. Mathematical models. The model of moving of s particles without over-
taking along a closed contour is considered. For simplicity of statement, a circum-
ference of length 1 as contour is considered. The particles are numbered 1, 2, ..., s

counterclockwise, and they commute along the circumference counterclockwise with
the given rates V1 and V2 (V1 < V2). The distance between particles is regulated by
the given quantities Q1 or Q2 (Q1 < Q2). The rate of particles is controlled so that
the distance between these particles changes in the interval [Q1, Q2].

Following [10] we denote by ρi,t the distance from particle i to particle i+1 along
track direction, i = 1, 2, ..., s − 1 at the moment t, by ρs,t the distance between
particles 1 and s, by Vi,t the rate of particle i in time t. If ρi,t = Q2 then Vi,t = V2

at ρi,t = Q1, Vi,t = V2 .
We select a point on circumference and announce it an initial point, i.e., zero

point. At the initial moment of moving t0 = 0 :

ρi,t0 = Q1, i = 1, 2, ..., s − 1;
ρs,t0 = 1 − (s − 1) Q1.

The particles 1, 2, ..., s− 1 have the rate V1, and the particle s has the rateV2 .
After a lapse of time

∆t1 =
Q2 − Q1

V2 − V1

the distance ρs−1,t0+∆t1 increases from Q1 to Q2. At this moment the rate of the
particles s − 1 is switched from V1 to V2, since the distance between the particles
s − 1 and s gets the value Q2.

After a lapse of the following time ∆t1 the distance ρs−1,t0+∆t1 achieves the value
Q2 and the rate of the particle s− 2 is switched to V2. This process continues until
there comes the moment t∗ when ρs,t∗ decreases to the rate value Q1 (fig.1).

After this, the system reaches a state in which k1 number particles have the rate
V1, and k2 number particles have the rate V2. Then one particle (in the given case
s) will switche the rate from V2 to V1 and k1 + 1 particles will have the rate V1, and
k2 − 1 particles will have the rate V2 and the system in this condition spends the
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time interval

t1 =
1 − (k1 + 1) Q1 − (k2 − 1) Q2

V2 − V1

later on one particle is switched from the rate V1 to the rate V2 in the system within
the time interval

t2 =
k1Q1 + k2Q2 − 1

V2 − V1
.

k1 particles have the rate V1, and k2 particles have the rate V2. This process is
repeated at each period

t = t1 + t2

Fig. 1. The particles arrangment along moving route in AES(k1, k2).

Thus, the particle does not change the rate if Q1 < ρi,t < Q2, but changes it
only at the end of the segment [Q1;Q2]. Such models of moving particles imitate
the moving of transport units in different systems. In these models the particles
increase the rate if the distance to the next particle growths, and it is taken off
when decreasing this distance. In practice it is observed in transport systems.

As efficiency factors of system the mean waiting period of particle is chosen at
arbitrary point of trajectory which is determined in the following manner. The point
is randomly (uniformly) chosen on the circumference and the efficiency coefficient
is determined as mean waiting period of particle at the chosen point. In some
classifications this coefficient is called virtual waiting period. The mean waiting
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period is determined as total waiting period of particles at the chosen point, divided
into amount of such particles.

The different steady-state condition arising in these systems are described in
the paper [10]. The optimal number of moving particles minimizing mean waiting
period at the chosen point is found for such systems.

In the present paper it is assumed an approach for behaviour modeling of above-
mentioned system by computers which will be base one for further models. Here the
adequacy of the constructed model and possibility of visual trace of the states of the
system will be defined. When modeling the basic characteristics of the system will
be computed, as well as the moving of particles along the circle will be graphically
(on a monitor of computer) demonstrated.

During modeling t ∈ [0, T ] where T is given time (7200 − 14400) and
t ∈ [T0, T0 + ∆T ] where ∆T is a little time interval (300 − 600) when the behaviour
of system is observed in graphical condition.

The following initial parameters are given in the model:
- modeling time - T ;
- path trajectory – length of circumference - l0;
- rates of particles - V1, V2;
- threshold values of distances between particles - Q1, Q2;
- amount of particles in system - s

- intensity of Poisson flow of requirements - λ.

The values of these components of the system usually do not change during one
modeling cycle.

It is introduced two-dimensional vector of the values ost (n, 3) for representing
the states of observation points, where n is amount of observation points, ost (j, 1)
are coordinates of j -th observation point, ost (j, 2) is time of last requirement service
in the observation point, ost (j, 3) is current time of count of observation point.

Further, two-dimensional vector of particles states A (s, 4) is introduced, A (i, 1)
is rate of particle i at current time t, A (i, 2) are current coordinates of particle i

, A (i, 3) are old coordinates of particle i before movement, A (i, 4) is the number of
observation point to which particle approachs towards.

The vectors kost (n, 2) and kr (s, 4) serve for graphical data storage for the mod-
els of II type.kost (n, 2) are graphic coordinates and states of observation points;
kr (s, 4) are old and new graphical coordinates and states of particles.

The system is observed at the moments

t0, t1, t2, ..., tn, ...

where t0 = 0, when there occur changes in the system.
We call changes such moments tn = tn−1 + ∆tn when the rates of particles are

switched from V1 to V2 or vice-versa. Therefore, such particles i1, i2, ..., ik are chosen
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which move opposite the previous particle. The intervals ∆tik :

∆tik =
∣∣∣∣A (ik + 1, 2) − A (ik, 2) − q

V2 − V1

∣∣∣∣
are defined where

q =

{
Q1, if A (ik + 1, 1) < A (ik, 1)
Q2, if A (ik + 1, 1) > A (ik, 1)

when the distances between particles reach threshold values, i.e., there comes a time
to switch the rate of this particle ik.

We choose time slice ∆tn as minimal from computed intervals

∆tn = min
{

Q1

V1
;∆ti1;∆ti2 ; ...;∆tik

}

on the expiry of that there occurs change in the system in the form of movement
forward of all particles

A (i, 2) = A (i, 3) + A (i, 1) ∆tn

and switching the rate of particle (or particles) whose coordinates achieve threshold
values Q1 or Q2. There occur changes in the system between these moments, these
changes are computed by the analytical way.

To the observation point a flow of requirements comes at the moments

t′0, t
′
1, t

′
2, ..., t

′
k, ...

For the Poisson flow the intervals between entries

ξi = t′i − ti−1, i = 1, 2, ..., k, ...

where t′0 = 0, have exponential distribution. It is known that if F (ξ) is a function
of exponential distribution, then the function F−1[F (ξ)] is uniform distribution [3].
Therefore, for realization of the values ξi we use the following representation

ξi = − 1
λ

ln (1 − ri) , i = 1, 2, ..., k, ...

where ri ∈ (0; 1) is a random variable having uniform distribution in the interval
(0, 1), λ is intensity of Poisson flow.

Then t′i = t′i−1 + ξi, i = 1, 2, ..., k, .....
At the moments of passing of particles through observation point the amount

of requirements accumulated in this point is determined. At that it is sufficient
to remember only approach time of last requirement which was not served; that
essentially facilitates the modeling process. At this stage the total waiting period of
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requirements is computed from approach moment to service moment and the mean
waiting period of requirements, i.e. efficiency of system - W is determined.

In II type model single fragments of modeling time are chosen and all changes
are graphically imitated on the monitor. At that one can observe, for example, the
modeling time, switching the rate of particles (in the form of color change, service
of requirements and so on). The programs allowing to depict moving of particles
on display and to observe the changes in the system are developed. The graph
expressing the efficiency of system – change of mean waiting period of requirements
at the current modeling time is considered in the model.

Fig.2. Modeling fragment of system in computer.

With the help of formulae for computing of the system efficiency stated in the
paper [10] we calculate them for various states with above mentioned initial data.

The amount of particles s = 18, then

W2 =
s∑

i=1

Q1

l0

Q1

2V1
=

18∑
i=1

(l0/18)
2

l0

1
2V1

=
18∑
i=1

l0
2M1 · 182

=
2πr

2V1 · 18 = 2, 617.

When s = 10. Then

W2 =
s∑

i=1

Q2

l0

Q2

2V2
=

10∑
i=1

(l0/10)
2

l0

1
2V2

=
πr

10 · V1
= 2, 355.
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As we see the results of modeling give the same results, i.e. the efficiency of
the system is uniquely determined at various states. In other words, the complete
adequacy of superposed computer models to the mathematical one is achieved. For
simple models the results of modeling coincide with the theoretically results obtained
in the paper [10].

The developed algorithms of computer modeling unlike the other known algo-
rithms essentially decrease modeling time, allow to take into account all nuances
of models and give the general principles of approach to such type problems. Note
that I and II type models are generalized in the same program. In this program it
is sufficient to turn off or turn on subprograms of imitation of moving of particles,
this imitation is created with help of one button at modeling time.

The different modification of the given model are considered for practical appli-
cation:

- In practice the switching of rates doesn’t occur instantaneously but with some
acceleration. From these reasonings acceleration in switching of rates is added to
the model and this model is studied in different states.

- Unlike ideal modeling in practice the service process occupies definite time
and therefore, the accounting of service time approaches the model to more real
condition.

- In the model we assume the dimension of service facility as infinite. But in
practice usually it is of finite dimension, therefore the program for modeling of
process with the finite particles volume is developed at which some requirements
can remain in the observation point for service, that is reflected in the results of
efficiency of system.

- The models with finite volume of bunker were considered in observation point
after filling of which incoming requirements are lost.

3. Analytical results.
Let us consider the stochastic model of moving of particles along the ring with

one-moment external action.
Let at some moment t∗ ∈ (0;T ) the rate of some particle moving with the rate

V2 be forcedly (contrary to rules of modeling) switched to V1 and released. The
system further is regulated by above mentioned rights of determinate model.

In the state (AES1) the system is not subjected to exterior effect since in this
state all particles are commuted with the rate V1 and therefore the exterior effect
does not change the efficiency of the system

W ∗
1 = W1.

In the state (AES2 ) with the probability

p2 =
s2 − 1

s2
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one of particles for which

ρj,t∗ = Q2, j = 1, 2, ..., s2 − 1

is satisfied is chosen for delay
After delay this particle is instantaneously switched to the rate V2 (see Fig.1).
With the probability

p∗2 =
1
s2

the exterior effect can delay the particle s2 for which

Q1 < ρs2,t∗ = 1 − (s2 − 1) Q2 ≤ Q2

is satisfied.
In this case during

∆t∗ =
Q2 − ρs2,t∗

V2 − V1
=

sQ2 − 1
V2 − V1

the particle s2 moves with the rate V1 and later will switch to the rate V2 since

ρs2,t∗+∆t∗ = Q2.

During this time the distance to the previous particle decreases

ρs2−1,t∗+∆t∗ = s2Q2 − 1 > Q1

which does not attain the limit value Q1 for switching the rate to V1.
Thus, the system with the probability 1/s2 can be in state when only one particle

of s2 in the time interval [t∗; t∗ + ∆t∗] will move with the rate V1 and further the
system passes to the state (AES2).

Theorem 1. In the condition (AES2) the efficiency of the system with delay as
T → ∞ is equal to efficiency of determinate model

lim
T→∞

W ∗
2 = W2.

Proof. For computation of W ∗
2 we divide modeling interval into 3 subinterval

[0;T ] = [0; t∗) + [t∗; t∗ + ∆t∗) + [t∗ + ∆t∗;T ] .

In the first and last subintervals as it was shown above the efficiencies of the
systems coincide. It remains to compare coefficients in the subinterval [t∗; t∗ + ∆t∗).
In this subinterval with the probability 1/s2 we obtain the difference for ∆W ∗

2

W ∗
2 = W2 +

1
s2

∆W ∗
2 .
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If we throw out the same intervals from the both systems, where the efficiencies
of systems coincide, then we obtain the following estimation for ∆W ∗

2

∆W ∗
2 = − Q2

2

2V2
− Y 2

2V2
+

+

∆t∗∫
0

(Q2 − t (V2 − V1))
2

2V2
dt +

∆t∗∫
0

(Y + t (V2 − V1))
2

2V1
dt.

Opening the integrals we obtain

∆W ∗
2 = − Q2

2

2V2
− Y 2

2V2
+

+
1

2V2

−1
3 (V2 − V1)

(Q2 − t (V2 − V1))
3

∣∣∣∣
∆t∗

0

+
1

2V1

1
3 (V2 − V1)

(Y + t (V2 − V1))
3

∣∣∣∣
∆t∗

0

.

Substituting the value ∆t∗ to his own place and simplifying the expression we
obtain

∆W ∗
2 = −Q2

2 + Y 2

2V2
+

− (
Y 3 − Q3

2

)
6V2 (V2 − V1)

+
Q3

2 + Y 3

6V1 (V2 − V1)
=

=
Q3

2 − Y 3

6V1 (V2 − V1)

(
1
V2

+
1
V1

)
− Q2

2 + Y 2

2V2
,

where

Y = 1 − (s2 − 1) Q2 ≤ Q2.

For computation of efficiency of the system with delay we pass to the limit as
T → ∞

lim
T→∞

W ∗
2 = lim

T→∞

(
T − ∆t∗

T
W2 +

1
s

∆t∗

T
∆W ∗

2

)
= W2.

Thus, for the state (AES2) in the limit relation the efficiencies of the considered
systems coincide.

Let us consider the condition AES (k1, k2). For studying the exterior effect in
this condition we consider the efficiency of system more detailed.

As it was shown above, in the condition AES (k1, k2) the amount of particles
commuting with the rates V1 and V2 can change. The system can hit to the condition
C (k1, k2) or C (k1 + 1, k2 − 1). Allowing for the equations of the states AES (k1, k2)
the system in the condition C (k1, k2) will spend the time interval

t1 =
k1Q1 + k2Q2 − 1

V2 − V1
.

Further, the rate V2 of one particle is switched to V1 and the system comes to
the condition C (k1 + 1, k2 − 1) and will be in this condition the time interval

t2 =
1 − (k1 + 1) Q1 − (k2 − 1) Q2

V2 − V1
.
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Then it again will pass to the condition C (k1, k2). This process will be repeated
at each time interval

t = t1 + t2 =
Q2 − Q1

V2 − V1
.

Therefore, it is enough to study the behaviour of the system at the time interval
[0, t].

For definiteness we assume that in delay moment there are k2 particles with the
rate V2 in the system. At some moment t∗k ∈ [0, T ] rate V2 of one particle is
forcedly switched to V1 and released. If this particle is one of j particles for which

ρj,t∗k
= Q2

is satisfied, then the rate of this particle is instantly switched to V2 (see Fig.1), i.e.,
moving condition does not change. In other words, with the probability

pk =
k2 − 1

k2
= 1 − 1

k2

the efficiency of system will coincide with efficiency of determinate model.
With the probability

p∗k =
1
k2

the delay can find particle j∗ for which

ρj,t∗k
= Y < Q2.

Then during

∆t∗k = k2
Q2 − Q1

V2 − V1

the condition of system changes until the system is not regulated and is not laid in
condition AES (k1, k2) of determinate model.

The following theorem 2 is valid.
Theorem 2. In the condition AES (k1, k2) the efficiency of system with delay

as T → ∞ is equal to efficiency of determinate model

lim
T→∞

W ∗
k = Wk.

Proof. As it was shown above, up to external action and on the expiry ∆t∗k
after noise the efficiency of the considered system will coincide with efficiency of
determinate model.

Reasoning analogously as for system (AES2) we throw off the same intervals from
the both systems. Note that during ∆t∗k in the system with the delay the amount of
particles with the rate V2 will be per unit less than in determinate model, i.e. during
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the studied time slice the system hits sometimes to the condition C (k1 + 1, k2 − 1),
sometimes to C (k1 + 2, k2 − 2). The particle which is subjected to delay will move
with the rate V1 being at the distance Y < Q2 from it instead of achieve the next
one.

Then for efficiency difference we have

∆W ∗
k =

Y 2

2V1
−

τ∫
0

(Q2 − t (V2 − V1))
2

2V2
dt,

where

τ =
Q2 − Y

V2 − V1
.

Opening ithis ntegral and simplifying the expression we obtain

∆W ∗
k =

Y 2

2V1
− Y 3 − Q3

2

6V2 (V2 − V1)
.

Now we can write the efficiency formula for system with delay

W ∗
k =

T − k2τ

T
Wk +

1
k2

k2τ

T
∆W ∗

k .

Passing to the limit as T → ∞ we obtain

lim
T→∞

W ∗
k = Wk.

And now we consider the best moving condition for the determinate system. As
it was shown above, the best moving condition is saturated state when the efficiency
of the system – the mean waiting time of service is lesser than the remaining steady
movement condition.

Let us assume that at the moment t∗ the rate of some particle j is forcedly
switched from V2 to V1 and released. Since the distance ρj,t = Q1 + εj < Q2 then

the rate of this particle will not at once switched to V2. On the expiry
εj

V2 − V1
the

distance of the previous particle j − 1 to the particle j decreasing will be

ρj−1,∆t∗1 = Q1,

where

∆t∗1 = t∗ +
εj

V2 − V1
.

By the law of particles behaviour in the system the rate of the particle j − 1 is
also switched to V1 and the system will be in this state some more time

εj−1

V2 − V1
until the previous particle j − 2 is also switched to V1. The switching of rate to V1
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will occur at each
εk

V2 − V1
interval k = j, j − 1, ... period. This process will be

continued while the distance

ρj,t = Q2.

But this occurs not before than penultimate particle with the rate V2 is not
switched to V1. On the expiry of time

∆t∗s =

1 −
ss∑

i=1

εi

V2 − V1

the system will hit to the state AES (k1, k2) and will operate by the law of deter-
minate model.

Then the efficiency formula for saturated system will be in the following form

W ∗
s =

t∗Ws + ∆t∗sW ∗
s + (T − (t∗ + ∆t∗s)) Wk

T

where t∗ is the time interval before noise effect; ∆t∗s is passage time from saturated
state to commute state; T − (t∗ + ∆t∗s) is remaining modeling time.

If we take into account t∗ << T , then passing to the limit as T → ∞ we obtain

lim
T→∞

W ∗
s = Wk.

If we sum up above mentioned ones, then we obtain following theorem 3.
Theorem 3. In the systems with external action the condition (AES2) is the

best condition of moving

W ∗
2 ≤ W ∗

k ≤ W ∗
s .

Thus, unlike conditions (AES2) and AES (k1, k2) , saturated condition appeared
to be unstable to noise. It is enough only one delay in order to the best condition
for the determinate system appears to be nearly worst condition of moving. The
essence of theorem 3 is led to the fact that the system should not be saturated with
server since although they are the best for ideal systems, but in practice they do
not stand the tests. The balance between facilities is easily broken and the system
doesn’t return to ideal steady state no more.

Thus we obtain a unique answer to the stated experiment in the paper [10] where
the paradoxical modeling case was described.

This unexpected effect at first is obtained by modeling on computer and the
picture of states before and after effect of external noise in a saturated system is led
in Fig.3 below.
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Fig 3. The state of saturated system before and after delay
during modeling (1 and 2 are particles rates)

Reference

[1]. Heyt F. Mathematical theory of traffic flows. M.: ”Nauka”, 1968, 132 p.
(Russian)

[2]. Belyayev Yu.K. On simplified model of moving without overtaking. Izv. AN
SSSR, tech.cybern., 1969, No3, pp.17-21. (Russian)

[3]. Buslenko N.P. Modeling of complex systems. M.: ”Nauka”, 1978, 399 p.
(Russian)

[4]. Gadjiev A.G. Model of moving of particles along the closed contour without
overtaking. Izv. AN SSSR, tech. cybern, 1976, No5, pp.79-84. (Russian)

[5]. Gadjiev A.G. On random walk of particles along the ring. Mat. zametki,
1990, v.47, pp.140-143. (Russian)

[6]. Gadjiev A.G. Shuttle systems with finite volume. Dokl. RAN, 1999, No3,
pp.303-304. (Russian)

[7]. Koks D.R., Smit U.L. Queuing Theory. M.: ”Mir” 1966, 218 p. (trans. from
English to Russian)

[8]. Tsele U. Generalization of moving models without overtaking. Izv. AN
SSSR, Tech. Cybern., 1972, No5, pp.100-103. (Russian)

[9]. Looper R.B., Niu Shin-Chen, Srinivason M.M. Some reflections on the re-
newal theory paradox in queuing theory. J.Appl. Math. and Stochast. Anal., 1998,
v.11, No3, pp.355-368.

[10].Hajiyev A.G., Gafarov I.A. Mathematical models of moving particles without
overtaking. Proceedings of IMM of NAS of Azerbaijan, Baku, 2002, v.XVI (XXIV),
pp.50-56.



250
[I.A.Gafarov]

Transactions of NAS of Azerbaijan

Ismayil A.Gafarov
Azerbaijan Medical University.
Department of the bases of computer science.
23, Bakikhanov str., AZ1022, Baku, Azerbaijan.
Tel.: (99412) 954 531(off.)

E-mail: ismail@bakililar.az
Received May 01, 2003; Revised October 01, 2003.
Translated by Mirzoyeva K.S.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck true
  /PDFX3Check true
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


