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Determination of conditions for equal effect of random and
bursty errors on the bandwidth of signalling CCS No7 channel

Abstract. In this paper, we give the answer to the question: are there conditions under which the effects of bursty and random errors on the
bandwidths of signalling CCS No7 channel are equal? At first, we present the method that determines the characteristics (bandwidth, waiting time on
message sending) of signalling CCS No7 channel under the influence of random errors and bursty errors. At the end we specify method that
determines the conditions for an equal effect of random and bursty errors on the bandwidth of signalling channel.

Streszczenie. W artykule prébuje sie odpowiedzie¢ na pytanie: czy sg warunki kiedy efekty btedéw pogrupowania i przypadkowych w kanale
komunikacyjnym CCS No7 sg jednakowe? Zaproponowano metode okre$lania charakterystyki — pasma, czasu oczekiwania na wiadomo$¢ w
zalezno$ci od btedéw. (Okreslanie warunkow jednakowego efektu biedow przypadkowych i bledéw pogrupowania na pasmo kanatu CCS

No7)
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Introduction

The recommendation Q.706 [1], among others, deals

with the following characteristics:

- time delay of signalling messages,

- method of determination of the time delay for sending the
signalling message by signaling CCS No7 (Common
Channel Signalling Number 7) channel when the errors are
uniformly distributed,

- transmission links for CCS No7 signalling messages
sending with a possible correction of errors by primary or
preventive cyclic retransmission method,

- the formula for the average waiting time, which is
necessary to send the signalling message by signalling
CCS No7 channel, in the presence of errors or in the error-
free state, for both methods of error correction.

One of the drawbacks of Q.706 recommendation is that
it says nothing about the bursty errors and their impact on
waiting time for sending the signalling message by
signalling CCS No7 channel.

Channel bandwidth is inversely proportional to the time
of service, i.e. processing time and waiting time (delay).
Therefore, the bandwidth of signalling CCS No7 channel is
indirectly determined by the recommendation that
determines the delay time, [1]. Bit rate and signal
propagation time on the digital channel are processed in
this recommendation, and these are important parameters
that characterize the digital transmission.

The bit rate penetrates almost all areas of CCS No7.
The influence of this parameter on the signalling
characteristics of protocol MTP (Media Transfer Protocol)
can not be neglected. Bit rate is an unavoidable factor in the
standardization of certain parts of this protocol. In this paper
we shall always mean bit rate of 64 kbit/'s and MTP
standards related to this bit rate.

The signal propagation time through the data channel,
Tp, is the time period that begins when the last bit of
signalling unit enters the data channel on the transmitting
side, and ends when the last bit of signalling unit, leaves the
data channel on the receiving side. This time depends on
the length of the transmission channels, through which are
signal units transmitted, and on digital media
(Table 1/Q.706, [1]).

The importance of this parameter is primarily in the fact
that it forms a new parameter called double propagation
time, T.. This parameter indicates the time interval equal to
twice the signal propagation time through the digital
channel, plus processing time of signalling unit in the
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signalling point. There is no precise calculation of the signal
characteristics of MTP without using this parameter. In the
literature [4, 5, 6] it is widely used as a constant parameter.
The assigned value is equal to 7, = 30ms, and corresponds
to approximately the longest terrestrial connections that are
about 2000 km. In further calculations, in this paper, it is
considered that the value of this parameter is 30ms.

In order to determine the limits of the mean waiting time
for sending signalling messages per signalling CCS No7
channel, where random and bursty errors have a similar
impact of the signalling CCS No7 channel, obviously, we
should calculate and present the curve Q [1]. As the
bandwidth of the signalling CCS No7 channel can be
defined as the reciprocal of mean waiting time to send a
signalling unit, then it follows that the bandwidth of the
signalling CCS No7 channel also has similar values in the
same area in the case of random and bursty errors. This is
not a precise definition, but for large waiting times the error
is negligible.

In this paper, we show that there are some conditions
under which the effects of bursty and random errors on the
signal bandwidth CCS No7 channels are equal.

Summarily about the signalling CCS No7 channel
Signalling CCS No7 channel is a common channel by
which signalling messages are sent, and in the literature
can be found also as SS7 (Signalling System Number 7).
For the first time this channel is recommended to be used
by the CCITT 1980th, and revisions were made in 1984,
1988, 1992 and 1996 year. Signalling channel CCS No7 is
designed as a standard for common channel signalling,
which can be used in various digital networks. This channel
(CCS No7) is internationally standardized, and generally
speaking, common channel signalling has the following
characteristics:
- it is optimized for use in digital telecommunication
networks in conjunction with program control which can be
modified, using 64 kbit/s channel;
- designed for current and future requirements of
information transfer for the telephone network, remote
control, operation and maintenance;
- provides reliable transmission of information in the correct
sequence without loss and duplication;
- suitable for working with analog channels and at speeds of
less than 64 kbit/s;
- used for “point to point” terrestrial and satellite links.
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Application area of CCS No7 is large, since the CCS
No7 should cover all aspects of signal control in complex
digital networks including the reliable control, transfer of
control messages and purpose-oriented content of these
messages. This digital signalling system is considered to be
the best, because it can provide all current needs of the
telephone network, as well as the needs of other
telecommunication services that are being developed. One
of the major imperfections of the common-channel
signalling is the possibility of congestion, because the
number of users exceeds the number of processing
channels.

Bandwidth of signalling CCS No7 channel under the
influence of random errors

The signalling units Message Signal Unit (MSU) and
Link Status Signal Unit (LSSU) must not be lost. Processing
of the signalling channel is arranged as waiting queuing
system. The place, where the messages for one channel
are waiting to be sent is called transmission and/or
retransmission buffer. Retransmission buffer consists of a
limited number of waiting places (128). Signalling units are
in it as long as the sending party does not receive
confirmation of successful receipt of the signalling unit from
the receiving side.

The mean waiting time is the main indicator of the traffic
bandwidth of the signalling channel, as a waiting queuing
system. The waiting time is calculated from the moment of
unit content readiness for sending, till the start of sending it
to the channel. This statement will be used in this paper.

The problem of bandwidth will be connected with the
problem of dimensioning the signalling channel in the sense
of its utilization. Signalling channel is dimensioned so that
the offered traffic, a, in normal operation of the channel do
not exceed a specified maximum, amax. The criterion for
determining the values of ama, are the conditions of
signalling channel. According to the current
recommendations, this value varies between 0.2 Erl and
0.4 Erl. Signalling characteristics of the MTP protocol,
however, still need to be analyzed for the case of 2-amax,
because this is the maximum possible traffic load, in the
case when the channel takes ftraffic as an alternative
channel.

From Q.706 recommendation [1], we wuse the
expression, which presents the average waiting time to
send the signalling message by signalling CCS No7
channel, @, in the presence of uniformly distributed errors.
The errors are corrected by the basic method of
retransmission. The mentioned expression from [1] is given
in the form:

(1) 0 zi_’_i_(mz"'Psu'TL'(TL"'Z'Tm))_'_PU.TL
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where is: Q; - mean waiting time, Tr — Fill In Signal Unit
(FISU) message duration, a — traffic of MSU units, T, -
mean duration of MSU message, Psy — probability of
incorrectly transmitted signalling unit, T, - double
propagation time from the sending to the receiving side,
my, — the second moment of the MSU duration,
(mp = Tm2 + o—mz, where 0'm2 is the variance of the MSU
duration).

Distribution of the MSU duration and other parameters
are as in the examples listed in [1], Model A, table 3/Q.706.

The equation (1) expresses how the mean waiting time
for sending the signalling message by signalling CCS No7

channel depends on the probability of incorrectly
transmitted signalling units, Q: = Q«Psy). In order to
consider the error impact on the waiting time to send a
signalling message by signalling CCS No7 channel, it is
necessary to calculate a function which gives the mean
waiting time for sending signalling messages by the
signalling channel, depending on the bit error rate (BER),
Q: = Q{BER). The connection between the probability of
incorrectly transmitted signalling unit, Psy, and the BER, is
given by the following expressions [3]:

(2) Psy=1-(1-BER)"
(3) BER = 1- (1 - Psy)""

where n is the number of bits in the signalling unit. From [3]
follows n = 8:Isy, where Isy expresses the mean length of
signalling units.

The offered ftraffic of signalling units, a, is another
parameter in this expression on which we must pay
attention. In equation (1), the offered traffic of signalling
units will be expressed using effective traffic of signalling
units, which is calculated according to the following
expression [4, 5]:

1+ Py

SN

(4) Qy =a————"
) 1-Pe

where is: a - offered traffic of MSU units; Puysu - the
probability of incorrectly transferred MSU units; T, - the
mean duration of MSU messages (which has m octets), T, -
double propagation time from the sending to the receiving
side.

The effective traffic, ae, in real conditions of error
existence is always greater than the offered traffic, a,
because the messages are repeated due to the mistakes,
and the repeated messages cause an increase in traffic on
the CCS No7 channel. Ideally, when there are no
transmission errors (Pusy = 0, i.e. BER = 0), the effective
traffic, aer, would be equal to the offered traffic, a.

The curves shown in Fig. 1 are obtained when Psy is
expressed by BER, (3) is substituted in (1) and (4), and
when the offered traffic, a, is replaced by the effective traffic
aerr, €quation (4) is introduced in (1).

Parameters: a=0,2 Erl, lenght MBU 15,60 and 150 octets

Mean waiting time Q(BER) [ms]
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—+-150ctets  —M-60 octels  —&— 150 octets

Fig.1. The average waiting time for sending MSU units, a = 0.2 Erl

Bandwidth, O« BER), of the signalling CCS No7 channel
can be defined as O(BER) = 1/Q«{BER). Upon conversion
of the calculated Q{(BER) for certain values of BER, we get
the curves presented in Fig. 2. For these curves we use the
same parameters as for the curves presented in Fig. 1.
From Fig. 1 and Fig. 2 can be seen that as signalling
messages are longer, the mean waiting time for sending of
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messages increases, and therefore the bandwidth of
signalling CCS No7 channel decreases. In addition, the
mean waiting time on MSU units sending increases with the
increase in BER, and thus causes a reduction in bandwidth
of signalling CCS No7 channels.

Parameters: a=0,2 Erl, length M3U 15, 60 and 150 octets

Bancwidth O¢BER) [1/s]
g
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Fig.2. Bandwidth of signalling channel in the function of BER, a =
0.2 Erl

Determination of the signalling channel bandwidth under
the influence of bursty errors

Later in this section, special attention will be paid to the
impact of bursty errors on the bandwidth of signalling CCS
No7 channel and we shall describe one easy method for
determination of the signalling CCS No7 channel properties
in the case of bursty errors, which are corrected using the
primary method of retransmission. This method is based on
the use of Jensen inequality, [6, 7]. According to Jensen
inequality, if the function, f, is convex downward and X is a
random variable, the following condition is valid:

®) E(f(X)) 2 f(E(X))

where E(X) is the mean value of the variable X, [6]. For
strictly convex functions the corresponding condition is:

(6) E(f(X)) > F(E(X))

If the function, f, is convex downward (convex upward),
this means that it will always be below (above) pulled chord
between its furthest points. (If f(x) is twice differentiable
function in the interval (a, b), and if the second derivative of
f(x) is, at a certain point, greater than zero, the curve of the
function f(x) is convex downward. If the second derivative of
f(x) is at a certain point less than zero, the curve of f(x) is
convex upward (Section 2.6, Theorem 2.6.1, in [6])). In this
paper, we shall always consider functions that are strictly
convex downward or strictly convex upward.

Mean waiting time for sending signalling messages by
the signalling channel is given as a function of traffic, Q4a),
(1), and Psy is used as a parameter. In order to obtain
mean waiting time for sending signalling messages by the
signalling channel in function of BER, Q{BER), in this
section is offered traffic, a, taken as a parameter (the traffic,
a, is converted into aes, (4)). Probability of incorrectly
received message, Psy, is expressed by BER (2). So we
obtain an expression, which gives the average waiting time
to send the signalling messages by the signalling channel
as a function of variable BER. Based on the calculated
values for Q(BER) in the function of variable BER, the
curves in Fig. 3 and Fig. 4 are obtained.

Form of the function Q{BER) calculated using equation
(1), depends on the used parameters given in Fig. 3 and
Fig. 4. On the basis of selected parameters, the curve
Q{BER) can be convex upward (Fig. 3), or convex
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downward (Fig. 4), and cases can be
approximately straight line.

Let us now suppose that the signaling CCS No7
channel is under the influence of bursty errors, so it can be
found in state G or state B. In the Fig. 3 and the Fig. 4, left-
most points are defined as states with less BER (G) and
marked by G, and right-most points are defined as states
with greater BER (B) and marked by B, [8]. It is assumed,
that the signalling CCS No7 channel can be found in a state
G with probabilities Ps1, Pc2 and Pg3, or in a state B with
probabilities Pg1, Pg2 and Pg3, wherein is always Pgi + Pgi
=1,(i=1, 2, 3), [8]. After these assumptions, the equivalent
BER, BER.q, and equivalent mean waiting time, Qeg, can be
very easily calculated, according to (7) and (8) for couples
of Pgi and Pgi, (i=1, 2, 3):

in special

(7) BEReq(Pgi,Psi) = Pgi -BER(G) + Pgi -BER(B)
(8) Qeq(PGi,PBi) = Q{G) - Pgi + Q¢B) * Psi

where: Q{G) - mean waiting time for sending signalling
messages in the point G; Q«B) - mean waiting time for
sending signalling messages in the point B; BER(G) -
intensity of bit errors at the point G; BER(B) - intensity of bit
errors at the point B.

Parameters: T =18,75ms (150 octets); T,=0,75ms; T =30ms, m,=351 58, a=0,1Er;
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Fig.3. Average waiting time for sending signalling messages by
signalling CCS No7 channel for random error (curve convex
upward) and for bursty errors

Parameters: T, =1,875ms (150 octets); Tg=0,75ms, T =30ms; my=3,5156, a=0,8 Exl;
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Fig. 4. Average waiting time for sending signalling messages by the
signalling channel for random errors (curve convex downward) and
bursty errors

Points Teq1, Teg2 and Teg3, which are defined by the
pairs BEReg1 and Qeq1, BERsq2 and Qeq2, BERe3 and
Qeq3, [4], are displayed in Fig. 3 and Fig. 4. If we now draw
the line, which connects the end points G and B, we shall
see that points Teq1, Teq2 and Teg3 lie on the line drawn
through the points G and B, (see Fig. 3 and Fig. 4). So, the
line drawn through points G and B, is the set of points that
represent mathematical expectation for the mean waiting
time for sending signalling messages by the signalling
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channel in the case of bursty distributed errors, because for
any pair of values Pex and Pgx, the calculated values
BERGegX, (7), Qegx, (8), are represented by the point Tegx,
which is situated on this line, [2, 7].

From aforementioned can be concluded that, if we know
the curve of a mean waiting time for sending signalling
messages by the signalling channel for the channel model
with random errors, Q{BER), then the curve of mean
waiting time for the channel model with bursty errors can be
easily obtained as a line (chord) drawn between the end
points of the curve Q(BER), [2, 7].

In order to determine the bandwidth of signalling
channels under the influence of bursty errors, we shall use
the graphs on Fig. 3. and Fig. 4. These graphs present the
mean waiting time for sending signalling messages by the
signalling channel for bursty errors as a function of BER.
Bandwidth, Oy, in the function of BERey, O{BEReq), Will be
obtained as the reciprocal of mean waiting time to send a
message Q{BER), i.e. O(BER) = 1/Q{BERsq). When we
recalculate values for the mean waiting time of sending the
signalling messages by the signalling channel for bursty
errors, we get the curves, which present the bandwidth of
the signalling channel as a function of BERe; (Fig. 5 and
Fig. 6).
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Fig.5. Bandwidth of the signalling channel for random errors (curve
Q{BER) convex upward) and for bursty errors
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Fig.6. Bandwidth of the signalling channel for random errors (curve

Q{BER) convex downward) and for bursty errors
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Determination of conditions for equal effect of random
and bursty errors on the bandwidth signalling CCS No7
channel

Convexity of curves Q{BER) defines the relationship
between the bandwidth of the signalling CCS No7 channel
with random errors and with bursty errors. In this section we
want to prove that there are some conditions when the
effects of bursty and random errors on the bandwidth of the
signalling CCS No7 channel are equal.

In order to determine the limits for the mean waiting time
for sending signalling messages per signalling CCS No7
channel, in which BER = BEReq, has a similar impact on
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channel bandwidth for random and bursty errors, we
should, obviously, calculate and graph the curves Q(BER).

First we present graphically a set of curves Q{BER) for
constant offered traffic, a (Fig. 7). Parameter for the curves
in the Fig. 7 is the number of octets, n.

Parameters: T,=073ms, T ,=30ms; a=0,2 En

o
o l 0z 04 08 08 1 12
¥
BER, BER % 0,001 B8R,
—— 15 0ctets —M-50 octets —ae G0 Octets —< S0 octets —k- 120 octets —— 150 octets —— 150 octets

Fig.7. Set of curves Q(BER) for different number of octets, n, for
the constant traffic a = 0.2 Erl

Fig. 7 graphically shows the set of curves Q{(BER) for
constant traffic, a = 0.2 Erl, depending on the number of
bytes n (15 < n < 180 octets). Other parameters mentioned
in Fig. 7, (T;, T.) have the same meaning as in equation (1).
In Fig. 7 can be seen that the curves Q{(BER), for a smaller
number of octets (n = 15, 30 octets), are convex downward,
while the curves Q«BER), for a larger number of octets
(n=90,120,150,180 octets), are convex upward. It is logical
that there is a border between the curves Q{BER), that are
convex downward and upward, as shown in Fig. 7, and that
is approximately the curve for Q{BER) of 60 octets. In order
to determine, as accurately as possible, the curve Q(BER),
which is approximately a straight line, we shall find the
second derivative of the curve Q{BER) for 60 octets,
applying the BER values that were used in calculating and
drawing the graph Q{BER) for 60 octets.

The second derivative of the curve Q(BER) may have
values Q{'(BER) > 0 and Q{'(BER) < 0 on the segment
(BERg, BERg), where BERg has a value of 1~1O'4, and
BERs the value of 1.2:10°. The goal is to get approximately
a straight line, which means that the second derivative at
points that define a straight line must be zero, Q/'(BER) = 0.
In order to obtain Q{'(BER) = 0, with the greatest possible
accuracy, it is necessary to change the number of octets in
points that were used in calculating and drawing the curve
Q«BER) for 60 octets.

When we connect the calculated points, we get the line
as in Fig. 8 which is designated as “calculate octets
Q{'(BER) = 0”. As is the number of octets in these points
different, 60 < n < 64, the curve Q(BER) for 62 octets is
calculated (Fig. 8, line marked as “62 octets”). From Fig. 8
may be concluded that the line "calculate octets Q/'(BER) =
0” differs slightly from the line Q{BER) for 62 octets in the
range BERG, BERs.

Therefore, it can be concluded that the message length
of 62 octets is approximate boundary at which the impact of
random and bursty errors on the signal CCS No7 channel is
equal (BER = BER,) for traffic a = 0.2 Erl and BER in the
range of 1-10* to 1.2:10°. It follows that the bandwidth of
the signalling CCS No7 channel is equal for random and
bursty errors (in this example n = 62 octets and a = 0.2 Erl).

Fig. 9 gives a set of curves Q(BER) for a constant
number of octets, n = 60 octets, and offered traffic is a
parameter that is changing. Other used parameters (T, T5
T., my), presented in Fig. 9, have the same meaning as in
equation (1). It can be seen from Fig. 9 that the curves
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Q(BER) for the greater traffic (a = 0.2, 0.25, 0.3) are
convex downward, while the curves Q{BER) for the smaller
traffic (a = 0.05, 0.1, 0.15) are convex upward. So, there is
a graph of Q{BER), which is approximately straight line for
a given offered traffic, a, and this line will be between the
values of the offered traffic a = 0.15 Erl and a = 0.2 Erl,
(Fig. 9). This line is determined by calculating the second
derivative of the function Q(BER), Q{'(BER), in the points
for which is calculated the set of curves, Q{BER), by
varying the offered traffic, a, until it is obtained,
approximately, Q{'(BER) = 0, with the greatest possible
accuracy. If these, calculated, points are connected, we get
the line for the parameter of the offered traffic, a, for which
random and bursty errors have equal influence on the
bandwidth of the signalling CCS No7 channel.

Qy(BER] [ms]

 gERx 0001 "

—&- Caloulate octets O (BER)=0 —&— 62 octets
Fig. 8. Determination of the border where is equal the influence of
random and bursty errors on the signalling channel, for BER=BER,,
and a=0.2 Erl

Parameters: T =75 (80 octets), T=0,75ms; T =30ms; m2:56,25m52‘

QH(BER) = 0
fora =0,185

e
o

o '//r/‘/‘/

o 0z s 05 08 1 1z
BER » 0,001
—-a=005 W 2a=01 4 a=015 %a=02 %a=025 #a=03 —+a=0185

Fig.9. Set of curves Q(BER), depending on the offered traffic, a, for
a constant number of octets n = 60 octets

Randomly distributed and bursty errors have the similar
impact for the value of a ~ 0.185 Erl, when the value of
BER = BEReq is in the range from 1-10™ to 1.2-10’3, and
when the message length is 60 octets. This means that also
the bandwidth of the signalling CCS No7 channel is
approximately equal in that case for random and bursty
errors.
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Conclusion

In this paper, we show that there are some conditions
under which the effects of bursty and random errors on the
bandwidth of the signalling CCS No7 channel are equal.
After all above, the following very important conclusions can
now be made:
- bandwidth of the signalling CCS No7 channel for the
model with random errors is different from the bandwidth of
the same channel under the influence of bursty errors;
- bandwidth of signalling CCS No7 channel with bursty
errors is larger than bandwidth of signalling CCS No7
channel with random errors if the function Q{BER) is
convex upward (small traffic and long MSU) and vice versa;
- differences in bandwidth can be up to 100% (Fig. 6);
- as seen from the examples, the boundaries of equal
influence of bursty and random errors on the signalling
channel bandwidth can be determined quite accurately
(Fig. 7 and Fig. 9);
- this limit is different for each group of parameters.

ACKNOWLEDGEMENTS
The study was carried out within the Project R32007:
“Multiservice optical transport platform with OTN/40/100
Gbps DWDM/ROADM and Carrier Ethernet functionality”.
The project was financed by the Ministry of Science and
Technology, Republic of Serbia.

REFERENCES

[1] ITU-T, Recommendation Q.706: Signalling System No7 -
Message Transfer Part Signalling Performance, 08/96.

[2] D.Miti¢, A.Lebl, Z. Markov, Determination the bandwidth signal
CCS No7 channel under the influence of bursty and random
errors, FACTA UNIVERSITATTIS (NIS), Series: Electronics and
Energetics, in press, August 2011.

[3] Schwartz, M., Telecommunication Network:
Modeling, Analysis, Addison — Wesley, 1987.

[4] Miti¢, D., The influence of the bursty errors on digital
information and signalling channel characteristics, PhD thesis,
Faculty of technical sciences — University in Novi Sad, Novi
Sad, 2002.

[5] Trenki¢, M. B., Application Signalling CCS No 7 on digital
channels of lower quality, PhD thesis, Faculty of technical
sciences — University in Novi Sad, Novi Sad, 1998.

[6] Cover, T. M., Thomas, J. A., Elements of information theory,
John Wiley & Sons, pp. 25., 1991.

[71 Markov, Z., Miti¢, D., Jensen’s ineqality as a criterion for
comparison of bursty and random errors impact, FACTA
UNIVERSITATTIS (NIS), Series: Electronics and Energetics Vol.
13, No. 2, pp. 213-218., August 2000.

[8] Miti¢, D., Lebl, A., Markov, Z., Availability of CCS No7
signalling channel under influence of bursty and random errors,
Przeglad Elektrotechniczny (Electrical Review), ISSN PL 0033-
2097, in press, April 2011.

Protocols,

Authors: dr Dragan Miti¢ dipl.ing., IRITEL A.D., Batajni¢ki put 23,

11080 Belgrade, Serbia, phone 381-11-3073420; e-mail:
mita@iritel.com;  dr Aleksandar Lebl dipl.ing., IRITEL A.D.,

Batajnicki put 23, 11080 Belgrade, Serbia, (phone 381-11-
3073422; e-mail: lebl@iritel.com; prof. dr Zarko Markov dipl.ing.,
IRITEL A.D., Batajnicki put 23, 11080 Belgrade, Serbia, phone 381-
11-3073403; e-mail: Zarko.Markov@iritel.com.

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 11/2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


