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Abstract—Enhanced solution of topical scientific and
practical problem associated with the development of flow-
based model of multipath routing with paths overlapping by
nodes in Telecommunication Network (TCN) was presented.
This model is further extension of the well known multipath
routing model based on the introduction to the structure of
non-linear constraints responsible for the calculation of
routes that intersect just at nodes. It is possible to obtain the
order of multipath routing by overlapping by nodes paths in
the solution of nonlinear programming problem with given
objective function, linear constraints and nonlinear terms.
Search for a compromise on the providing fault-tolerance
and network security, on the one hand, and quality of
service, on the other, led to the fact that in some important
cases the requirements for overlapping paths can be slightly
reduced and it is allowable to use paths overlapping only by
network nodes. Simulation results confirmed the efficiency of
the proposed model. Among the advantages of the proposed
model of multipath routing with overlapping by nodes paths,
one can distinguish the fact that with the same parameters of
security and fault-tolerance can be achieved higher
performance and quality of service parameters in TCN in a
whole.

Keywords—multipath routing;  flow-based  model;
multiflow; Quality of Service; Network Security; Fault-
tolerance; non-overlapping paths; overlapping by nodes paths

[. INTRODUCTION

Adoption of infocommunication services and
improvement of technologies for ensuring the Quality of
Service (QoS) are mainly characterize the development of
telecommunication networks (TCN) nowadays. An
important place is taken by routing protocols within this
process. In turn, the sufficient choice of paths for packets
transmission between a pair of nodes sender and receiver
determines the numerical values of end-to-end QoS
parameters: average delay, jitter, packet loss probability
and the performance of TCN in a whole [1, 2]. Almost all
modern routing protocols have improved their
functionality by support of multipath routing. Practical and
scientific research findings showed [2-4] that multipath
routing improves the QoS parameters by providing load
balancing across multiple paths.

An important place in using of multipath routing takes
also increasing of fault-tolerance and security in TCN with
traditional use of routing over multiple disjoint paths [5-
7], where are common components only the sender and
receiver of packets. Using non-overlapping routes ensures
that failure or compromise of a network element (node or
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link) will result in failure or compromise of only one
rather than several routes [8-10], which takes place at the
routing of overlapping paths. However, the
implementation of multipath routing over non-overlapping
paths as a result uses a network resource inefficiently that
is common to multiple paths. This tends to have a negative
impact on the TCN performance and quality of service in
the network as a whole.

Search for a compromise on the providing fault-
tolerance and security, on the one hand, and quality of
service, on the other, led to the fact that in some important
cases the requirements for overlapping paths can be
slightly reduced and it is allowable to use paths
overlapping, for example, only by TCN nodes. In these
routes not only sender and receiver are common, but some
transit nodes, anyway they do not contain the shared
communication links. This is relevant in the case when,
for example, the place of failures is radio channel.
Moreover, the operational reliability of node, which
operates on the basis of modern switching equipment, can
meet the availability factor 0.99999 [3]. Another example
is the fact that the wireless radio channel of TCN is also a
major source of compromise of data transmitted on OSI
physical layer [6, 7]. That is exactly in such cases where
the failures and/or compromise are inclined links, but not
nodes of TCN it is advisable to use overlapping by nodes
paths, because it can lead to increased network
performance with providing the same level of fault-
tolerance or security as using the non-overlapping paths.

For paths calculation in multipath routing the graph
theory models and algorithms are mainly used [3, 5], the
advantages of which are wusually related to low
computational complexity and high scalability. An example
of this is the modification of Dijkstra's algorithm [11],
which form the basis of the multipath routing protocols
SMR (Split Multipath Routing) and AODVM (AODV-
Multipath), used in wireless TCN, as well as secure routing
in MANET according to the protocol SPREAD (Secure
Protocol for REliable dAta Delivery) [6, 7].

Despite these advantages, graph theory solutions have
some important drawbacks. First of all, the lack of using
the characteristics of transmitted packet flows makes it
difficult to work with mechanisms of combating
congestion in TCN communication links, and complexity
of calculation and control the amount of used paths. In
connection with this more attention is paid to use of the
flow-based models [2, 4], in which characteristics of
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network traffic are taken into account more fully than with
graph theory models.

Therefore, scientific and practical problems associated
with the development of new mathematical models of
multipath routing with paths overlapping by nodes are
topical. In addition, these models can be the basis of
relevant routing protocols to provide a required level of
quality of service, improve the security of transmitted
data, as well as fault-tolerance and efficient use of network
resources.

II. FLOW-BASED MODEL OF MULTIPATH ROUTING BY NON-
OVERLAPPING PATHS

It is known that the paths used in the multipath routing
are divided into following classes. The first class is the
non-overlapping paths, which are defined as routes where
only source and destination nodes are common. If paths
contain at least one common node and (or) link they are
called overlapping. If paths have common nodes they are
called paths overlapping by nodes, and if they contain
common links such routes belong to class of paths
overlapping by links.

In [12] proposed a flow-based model of multipath
routing by non-overlapping paths with the ability to
control the number of routes used, as it is performed in [6,
8], for example. Development of a flow-based model of
multipath routing by non-overlapping paths was based on
the model proposed in [2]. In doing so, its advantages
include taking into account features like network structure,
parameters of communication links and traffic
characteristics, support of multiflow transmission. In
addition, it allows the control of possible network
elements overload by fulfillment the conditions of the flow
conservation in the network nodes and conditions to
prevent overloading of communication links.

Within the basic model the network structure is
described by weighted oriented graph G =(V,E), where

V' is a set of vertices (routers), and E is a set of graph
arcs (communication links). Every link (,j)eE is

weighted by the parameter ¢ characterizing the

iLJj
throughput of the modeling communication link. Let S,

and Dj be source and destination nodes of the £ -th flow
respectively, and ¥ be the k-th flow rate from the set
K . Quantity xl-k, ; which

characterizes the part of k -th flow of the link (i, j)e E .

In accordance with the physics of the multipath routing
problem being solved the following restrictions for the
variables are needed:

is a control variable,

0<xf; <.

i< (1

For the purpose of prevention of network nodes
overload it is necessary to meet the condition of flow
conservation on the source, transit and destination nodes,
respectively:
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Also, to prevent the communication links overload the
next conditions must be met:
k ..
Z rk'xi,jsci,jv G, )eE. 3)
keK
In solving the routing problem it is reasonable to
minimize the following objective function:

-k
J=2 X fi,j'xi,j,

keK (i,j)eE

4)

where f; ; is the links metric between i-th and j-th
nodes of TCN.

For multipath routing by non-overlapping paths it is
necessary to satisfy the following assumption: at each
transit node input flow should enter from not more than
one communication link, and therefore, it does not
departure for more than one outgoing link. Accordingly, in
the notation of the basic model (1)-(4) for all input
interfaces of i -th transit node must be met the following
conditions:

(%)
J:(ii)eE 1:Li)eE,
1#j

but for all output interfaces of i -th transit node we have

k

Z in,n

n:(i,n)eE m.'(i,m)eE,
m#n

k
xl"m =0.

(6)

Performing nonlinear constraints (5) and (6) ensures
that the flow through 7 -th transit node received from not
more than one adjacent node and transmitted to not more
than one adjacent node. Thus it is formed a set of non-
overlapping paths where only a pair of sender and receiver
nodes are common. Because of the nonlinearity of the
conditions (5) and (6) optimization problem associated
with the minimization of expression (4) refers to a class of
nonlinear programming problems.

In order to control the number of non-overlapping
paths used in realization of multipath routing of & -th flow
upper bound of number of disjoint paths is denoted by the
M 53 , which is determined by the degree of the vertices

modeling source and destination nodes, i.e., the number of
arcs (links) incident to these vertices:
k .
Mg = min(d(S; ), d(Dy ), (7

where d (S k) and d (Dk) are source and destination
vertices (nodes) degrees of k -th flow, respectively.
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In fact, the number of non-overlapping paths for & -th
flow routing using model (1)-(4) and conditions (5), (6) in
analogy to expression (7) can be calculated as follows:

Mk = z ’-x[lij Z)’-xr]f,m-‘

j.'(j,i)eE n:\n,m)eE

for i=S;, m=Dy,

-‘ oerz

®)

where |"| is ceiling operation which means rounding to
> ’-xl/i j-‘ is the

JeE

number of output interfaces through which the & -th flow

S|k,

n:\n,m)eE
input interfaces through which the & -th flow enters the
destination node.

the nearest higher whole number;

exits the source node; -‘ is the number of

The value M¥ can be used as an evaluated parameter
and as a regulated variable, i.e., it can help to define the
minimum, maximum, or to determine a specified number
of non-overlapping paths used in multipath routing. The
limits of this parameter are determined by next inequality:

1<M* <mby. )

III. FLOW-BASED MODEL OF MULTIPATH ROUTING WITH
PATHS OVERLAPPING BY NODES

Consider the case when it is required to implement
multipath routing with paths overlapping by nodes. In this
model the following assumption (hypothesis) for all input
and output interfaces used by i-th transit node is
necessary. Every input flow of a given intensity also
should correspond to the output flow of the same intensity:

k
z( mz_xi,n)zo’

is the number of input interfaces of i -th transit

Nm out

X Il »

m=1 n=1

(10)

where Ny,
node; N,, is the number of output interfaces of i-th

transit node. Also should be performed the opposite
condition: each output flow of a given intensity should
correspond to the input flow of exactly the same intensity:

Nout Nin
k |k k
H xi,n(xi,n _xm,i):()' (11
n=I1 m=1

Performing nonlinear constraints (10) and (11) ensures
that the flows that pass through i-th transit node come
from the same number of contiguous nodes as transmitted
to other adjacent nodes with exactly the same intensity.
Thus, there is forming a set of overlapping paths with not
only common pair of source and destination nodes, as well
as using common transit nodes. The ability to control the
number of routes used with expressions (7)-(9), as is done
n [12], can be applied in the case of paths overlapping by
nodes in the same manner.
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IV. RESEARCH OF REPRESENTED MULTIPATH ROUTING
FLOW-BASED MODELS

Suppose it must be solved the problem of multipath
routing with paths overlapping by nodes for multiflow
traffic transmission. In solving the problem using the
proposed flow-based model was investigated a network of
seven nodes and twelve communication links shown on
Fig. 1. At the same time as a pair of source-destination
nodes were used the first and seventh nodes, respectively.
On the network links was shown available throughput,
which is measured in packets per second (1/s) (Fig. 1).

,@—ﬂﬁ

*@——ﬁ—o—@*
s

Fig. 1. Structure of investigated TCN.
For illustration consider an example where in the
multipath routing it should be minimized the number of

hops, when f; =

towards the routes between first and seventh nodes of
TCN in the implementation of multipath routing with
paths overlapping by nodes will be 250 1/s (Fig. 2). On
Fig. 2 on links it was shown the intensity of every flow
over them. Not involved in the routing links depicted by
the dashed lines.

. Then the maximum performance
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Fig. 2. The result of calculation the set of paths overlapping by nodes
using conditions (10) and (11) with flow intensity 250 1/s.

As it can be seen, in transmission the flow with
intensity 250 1/s obtained set of routes includes the next

three (M* =3) paths: 1547, 152—>4-55->7 and
1—>3—4—>6—7 overlapping by nodes. In this case these
paths have one common node, namely, transit node 4. By
the path 1>4—7 transmitted flow of 50 1/s, and by the
paths 152—54—5-7 and 1-53—>4—>6—7 transmitted
flows of intensities 100 1/s.

Whereas, for example, using a set of non-overlapping
paths (Fig. 3), the performance of communication
direction between the first and seventh nodes with the
throughput of communication links indicated on Fig. 1 is
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150 1/s. Thus, using of paths overlapping by nodes, in this
example, leads to an increase in performance of the
selected communication direction about 1.7 times.

B

%—@—%
“@——3@

Fig. 3. The result of calculation the set of non-overlapping paths with
flow intensity 150 1/s.

V. CONCLUSION

In presented research it was proposed a solution of
actual scientific and practical problem associated with the
development of the flow-based model of multipath routing
with paths overlapping by nodes in telecommunication
network. Proposed model is a further extension of the
well-known model of multipath routing [2] due to the
introduction in its structure of non-linear constraints (10)
and (11). It is possible to obtain the order of multipath
routing with paths overlapping by nodes in solving
nonlinear programming problem with the objective
function (4), linear constraints (1)-(3) and non-linear
conditions (10) and (11). The use of conditions (10) and
(11) allows the calculation of the set of routes that
intersect just at nodes.

Among the advantages of using the proposed model of
multipath routing with paths overlapping by nodes are the
following. Search for a compromise in fault-tolerance and
security on the one hand, and the quality of service, on the
other, in some cases the requirements to intersecting of
paths can be reduced, and it is allowable the use of paths
that intersect at nodes. This is possible in cases when just
communication links susceptible to failures and/or
compromise instead of TCN nodes. In addition, the
operational reliability of nodes of transport network based
on modern switching equipment may correspond to

2015 Second International Scientific-Practical Conference
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availability factor of 0.99999. So, under the same
parameters of security and fault-tolerance it is possible to
increase the performance of TCN and Quality of Service
in a whole.

REFERENCES

[1]1 S. Vegesna, IP Quality of Service. Cisco press, 2001.

[2] Y. Seok, Y. Lee, C. Kim, and Y. Choi, “Dynamic Constrained
Multipath Routing for MPLS Networks,” in [EEE International
Conference on Computer Communications and Networks, vol. 3,
pp. 348-353, October 2001.

[3] A.K. Kloth, Advanced Router Architectures. CRC Press, 2005.

[4] O. Lemeshko, T. Vavenko, and K. Ovchinnikov, “Design of
multipath routing scheme with load balancing in MPLS-network,”
in Proceedings of XIIth International Conference The experience of
designing and application of CAD systems in microelectronics, pp.
211-213, February 2013.

[5] C.K.-L. Lee, X.-H. Lin, and Y.-K. Kwok, “A Multipath Ad Hoc
Routing Approach to Combat Wireless Link Insecurity,” in Proc.
ICC03, vol. 1, pp. 448-452, May 2003.

[6] W. Lou, W. Liu, and Y. Fang, “SPREAD: Enhancing Data
Confidentiality in Mobile Ad Hoc Networks,” in INFOCOM 2004.
Twenty-third Annual Joint Conference of the IEEE Computer and
Communications Societies, IEEE, vol. 4, pp. 2404-2413, March
2004.

[71 W. Lou, W. Liu, Y. Zhang, and Y. Fang, “SPREAD: Improving
Network Security by Multipath Routing in Mobile Ad Hoc
Networks,” Wireless Networks, vol. 15, issue 3, pp. 279-294, April
2009.

[8] S. Alouneh, A. En-Nouaary, and A. Agarwal, “A Multiple LSPs
Approach to Secure Data in MPLS Networks,” Journal of
Networks, vol. 2, issue 4, pp. 51-58, August 2007.

[9] O.V.Lemeshko, A.M. Arous, and O.S. Yeremenko, “Fault-Tolerant
Unicast, Multicast and Broadcast Routing Flow-based Models,”
Scholars Journal of Engineering and Technology (SJET), India,
vol. 3, issue 4A, pp. 343-350, June-July 2015.

[10] S. Alouneh, A. Agarwal, and A. En-Nouaary “A Novel Path
Protection Scheme for MPLS Networks using Multi-path Routing,”
Computer Networks: The International Journal of Computer and
Telecommunications Networking, vol. 53, issue 9, pp. 1530-1545,
June 2009.

[11] M. Natarajan “Graph Theory Algorithms for Mobile Ad Hoc
Networks,” Informatica — An International Journal of Computing
and Informatics, vol. 36, pp. 185-200, June 2012.

[12] O.S.  Yeremenko, “Potokovaya  model' = mnohoputevoy
marshrutyzatsyy ~ po  neperesekayushchymsya  putyam v
telekommunykatsyonnoy sety” [Flow-based model of multipath
routing by non-overlapping paths in telecommunication network]
Problemi telekomunikacij. [Online] no.1(16), pp. 85-93, 2015.
Available: http://pt.journal kh.ua/2015/1/1/151_yeremenko
disjoint.pdf.

PIC S&T 2015




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (None)

  /CalCMYKProfile (None)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 0

  /ParseDSCComments false

  /ParseDSCCommentsForDocInfo false

  /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

    /AgencyFB-Bold

    /AgencyFB-Reg

    /Aharoni-Bold

    /Aldhabi

    /Algerian

    /Andalus

    /AngsanaNew

    /AngsanaNew-Bold

    /AngsanaNew-BoldItalic

    /AngsanaNew-Italic

    /AngsanaUPC

    /AngsanaUPC-Bold

    /AngsanaUPC-BoldItalic

    /AngsanaUPC-Italic

    /Aparajita

    /Aparajita-Bold

    /Aparajita-BoldItalic

    /Aparajita-Italic

    /ArabicTypesetting

    /Arial-Black

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /ArialRoundedMTBold

    /BaskOldFace

    /Batang

    /BatangChe

    /Bauhaus93

    /BellMT

    /BellMTBold

    /BellMTItalic

    /BerlinSansFB-Bold

    /BerlinSansFBDemi-Bold

    /BerlinSansFB-Reg

    /BernardMT-Condensed

    /BlackadderITC-Regular

    /BodoniMT

    /BodoniMTBlack

    /BodoniMTBlack-Italic

    /BodoniMT-Bold

    /BodoniMT-BoldItalic

    /BodoniMTCondensed

    /BodoniMTCondensed-Bold

    /BodoniMTCondensed-BoldItalic

    /BodoniMTCondensed-Italic

    /BodoniMT-Italic

    /BodoniMTPosterCompressed

    /BookAntiqua

    /BookAntiqua-Bold

    /BookAntiqua-BoldItalic

    /BookAntiqua-Italic

    /BookmanOldStyle

    /BookmanOldStyle-Bold

    /BookmanOldStyle-BoldItalic

    /BookmanOldStyle-Italic

    /BookshelfSymbolSeven

    /BradleyHandITC

    /BritannicBold

    /Broadway

    /BrowalliaNew

    /BrowalliaNew-Bold

    /BrowalliaNew-BoldItalic

    /BrowalliaNew-Italic

    /BrowalliaUPC

    /BrowalliaUPC-Bold

    /BrowalliaUPC-BoldItalic

    /BrowalliaUPC-Italic

    /BrushScriptMT

    /Calibri

    /Calibri-Bold

    /Calibri-BoldItalic

    /Calibri-Italic

    /Calibri-Light

    /Calibri-LightItalic

    /CalifornianFB-Bold

    /CalifornianFB-Italic

    /CalifornianFB-Reg

    /CalisMTBol

    /CalistoMT

    /CalistoMT-BoldItalic

    /CalistoMT-Italic

    /Cambria

    /Cambria-Bold

    /Cambria-BoldItalic

    /Cambria-Italic

    /CambriaMath

    /Candara

    /Candara-Bold

    /Candara-BoldItalic

    /Candara-Italic

    /Castellar

    /Centaur

    /Century

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CenturySchoolbook

    /CenturySchoolbook-Bold

    /CenturySchoolbook-BoldItalic

    /CenturySchoolbook-Italic

    /Chiller-Regular

    /ColonnaMT

    /ComicSansMS

    /ComicSansMS-Bold

    /ComicSansMS-BoldItalic

    /ComicSansMS-Italic

    /Consolas

    /Consolas-Bold

    /Consolas-BoldItalic

    /Consolas-Italic

    /Constantia

    /Constantia-Bold

    /Constantia-BoldItalic

    /Constantia-Italic

    /CooperBlack

    /CopperplateGothic-Bold

    /CopperplateGothic-Light

    /Corbel

    /Corbel-Bold

    /Corbel-BoldItalic

    /Corbel-Italic

    /CordiaNew

    /CordiaNew-Bold

    /CordiaNew-BoldItalic

    /CordiaNew-Italic

    /CordiaUPC

    /CordiaUPC-Bold

    /CordiaUPC-BoldItalic

    /CordiaUPC-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /CurlzMT

    /DaunPenh

    /David

    /David-Bold

    /DFKaiShu-SB-Estd-BF

    /DilleniaUPC

    /DilleniaUPCBold

    /DilleniaUPCBoldItalic

    /DilleniaUPCItalic

    /DokChampa

    /Dotum

    /DotumChe

    /Ebrima

    /Ebrima-Bold

    /EdwardianScriptITC

    /Elephant-Italic

    /Elephant-Regular

    /EngraversMT

    /ErasITC-Bold

    /ErasITC-Demi

    /ErasITC-Light

    /ErasITC-Medium

    /EstrangeloEdessa

    /Euclid

    /Euclid-Bold

    /Euclid-BoldItalic

    /EuclidExtra

    /EuclidExtra-Bold

    /EuclidFraktur

    /EuclidFraktur-Bold

    /Euclid-Italic

    /EuclidMathOne

    /EuclidMathOne-Bold

    /EuclidMathTwo

    /EuclidMathTwo-Bold

    /EuclidSymbol

    /EuclidSymbol-Bold

    /EuclidSymbol-BoldItalic

    /EuclidSymbol-Italic

    /EucrosiaUPC

    /EucrosiaUPCBold

    /EucrosiaUPCBoldItalic

    /EucrosiaUPCItalic

    /EuphemiaCAS

    /FangSong

    /FelixTitlingMT

    /FencesPlain

    /FootlightMTLight

    /ForteMT

    /FranklinGothic-Book

    /FranklinGothic-BookItalic

    /FranklinGothic-Demi

    /FranklinGothic-DemiCond

    /FranklinGothic-DemiItalic

    /FranklinGothic-Heavy

    /FranklinGothic-HeavyItalic

    /FranklinGothic-Medium

    /FranklinGothic-MediumCond

    /FranklinGothic-MediumItalic

    /FrankRuehl

    /FreesiaUPC

    /FreesiaUPCBold

    /FreesiaUPCBoldItalic

    /FreesiaUPCItalic

    /FreestyleScript-Regular

    /FrenchScriptMT

    /Gabriola

    /Gadugi

    /Gadugi-Bold

    /Garamond

    /Garamond-Bold

    /Garamond-Italic

    /Gautami

    /Gautami-Bold

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /Gigi-Regular

    /GillSansMT

    /GillSansMT-Bold

    /GillSansMT-BoldItalic

    /GillSansMT-Condensed

    /GillSansMT-ExtraCondensedBold

    /GillSansMT-Italic

    /GillSans-UltraBold

    /GillSans-UltraBoldCondensed

    /Gisha

    /Gisha-Bold

    /GloucesterMT-ExtraCondensed

    /GoudyOldStyleT-Bold

    /GoudyOldStyleT-Italic

    /GoudyOldStyleT-Regular

    /GoudyStout

    /Gulim

    /GulimChe

    /Gungsuh

    /GungsuhChe

    /Haettenschweiler

    /HarlowSolid

    /Harrington

    /HighTowerText-Italic

    /HighTowerText-Reg

    /Impact

    /ImprintMT-Shadow

    /InformalRoman-Regular

    /IrisUPC

    /IrisUPCBold

    /IrisUPCBoldItalic

    /IrisUPCItalic

    /IskoolaPota

    /IskoolaPota-Bold

    /JasmineUPC

    /JasmineUPCBold

    /JasmineUPCBoldItalic

    /JasmineUPCItalic

    /JavaneseText

    /Jokerman-Regular

    /JuiceITC-Regular

    /KaiTi

    /Kalinga

    /Kalinga-Bold

    /Kartika

    /Kartika-Bold

    /KhmerUI

    /KhmerUI-Bold

    /KodchiangUPC

    /KodchiangUPCBold

    /KodchiangUPCBoldItalic

    /KodchiangUPCItalic

    /Kokila

    /Kokila-Bold

    /Kokila-BoldItalic

    /Kokila-Italic

    /KristenITC-Regular

    /KunstlerScript

    /LaoUI

    /LaoUI-Bold

    /Latha

    /Latha-Bold

    /LatinWide

    /Leelawadee

    /LeelawadeeBold

    /Leelawadee-Bold

    /LeelawadeeUI

    /LeelawadeeUI-Bold

    /LeelawadeeUI-Semilight

    /LevenimMT

    /LevenimMT-Bold

    /LilyUPC

    /LilyUPCBold

    /LilyUPCBoldItalic

    /LilyUPCItalic

    /LucidaBright

    /LucidaBright-Demi

    /LucidaBright-DemiItalic

    /LucidaBright-Italic

    /LucidaCalligraphy-Italic

    /LucidaConsole

    /LucidaFax

    /LucidaFax-Demi

    /LucidaFax-DemiItalic

    /LucidaFax-Italic

    /LucidaHandwriting-Italic

    /LucidaSans

    /LucidaSans-Demi

    /LucidaSans-DemiItalic

    /LucidaSans-Italic

    /LucidaSans-Typewriter

    /LucidaSans-TypewriterBold

    /LucidaSans-TypewriterBoldOblique

    /LucidaSans-TypewriterOblique

    /LucidaSansUnicode

    /Magneto-Bold

    /MaiandraGD-Regular

    /MalgunGothic

    /MalgunGothicBold

    /MalgunGothicRegular

    /MalgunGothicSemilight

    /MalgunGothic-Semilight

    /Mangal

    /Mangal-Bold

    /Marlett

    /MaturaMTScriptCapitals

    /Meiryo

    /Meiryo-Bold

    /Meiryo-BoldItalic

    /Meiryo-Italic

    /MeiryoUI

    /MeiryoUI-Bold

    /MeiryoUI-BoldItalic

    /MeiryoUI-Italic

    /MicrosoftHimalaya

    /MicrosoftJhengHeiBold

    /MicrosoftJhengHeiLight

    /MicrosoftJhengHeiRegular

    /MicrosoftJhengHeiUIBold

    /MicrosoftJhengHeiUILight

    /MicrosoftJhengHeiUIRegular

    /MicrosoftNewTaiLue

    /MicrosoftNewTaiLue-Bold

    /MicrosoftPhagsPa

    /MicrosoftPhagsPa-Bold

    /MicrosoftSansSerif

    /MicrosoftTaiLe

    /MicrosoftTaiLe-Bold

    /MicrosoftUighur

    /MicrosoftUighur-Bold

    /MicrosoftYaHei

    /MicrosoftYaHei-Bold

    /MicrosoftYaHeiLight

    /MicrosoftYaHeiUI

    /MicrosoftYaHeiUI-Bold

    /MicrosoftYaHeiUILight

    /Microsoft-Yi-Baiti

    /MingLiU

    /MingLiU-ExtB

    /Ming-Lt-HKSCS-ExtB

    /Ming-Lt-HKSCS-UNI-H

    /Miriam

    /MiriamFixed

    /Mistral

    /Modern-Regular

    /MongolianBaiti

    /MonotypeCorsiva

    /MoolBoran

    /MS-Gothic

    /MS-Mincho

    /MSOutlook

    /MS-PGothic

    /MS-PMincho

    /MSReferenceSansSerif

    /MSReferenceSpecialty

    /MS-UIGothic

    /MT-Extra

    /MTExtraTiger

    /MVBoli

    /MyanmarText

    /MyanmarText-Bold

    /Narkisim

    /NiagaraEngraved-Reg

    /NiagaraSolid-Reg

    /NirmalaUI

    /NirmalaUI-Bold

    /NirmalaUI-Semilight

    /NSimSun

    /Nyala-Regular

    /OCRAExtended

    /OldEnglishTextMT

    /Onyx

    /OzHandicraftBT-Roman

    /PalaceScriptMT

    /PalatinoLinotype-Bold

    /PalatinoLinotype-BoldItalic

    /PalatinoLinotype-Italic

    /PalatinoLinotype-Roman

    /Papyrus-Regular

    /Parchment-Regular

    /Perpetua

    /Perpetua-Bold

    /Perpetua-BoldItalic

    /Perpetua-Italic

    /PerpetuaTitlingMT-Bold

    /PerpetuaTitlingMT-Light

    /PlantagenetCherokee

    /Playbill

    /PMingLiU

    /PMingLiU-ExtB

    /PoorRichard-Regular

    /Pristina-Regular

    /Raavi

    /Raavi-Bold

    /RageItalic

    /Ravie

    /Rockwell

    /Rockwell-Bold

    /Rockwell-BoldItalic

    /Rockwell-Condensed

    /Rockwell-CondensedBold

    /Rockwell-ExtraBold

    /Rockwell-Italic

    /Rod

    /SakkalMajalla

    /SakkalMajalla-Bold

    /ScriptMTBold

    /SegoeMDL2Assets

    /SegoePrint

    /SegoePrint-Bold

    /SegoeScript

    /SegoeScript-Bold

    /SegoeUI

    /SegoeUIBlack

    /SegoeUIBlack-Italic

    /SegoeUI-Bold

    /SegoeUI-BoldItalic

    /SegoeUIEmoji

    /SegoeUIHistoric

    /SegoeUI-Italic

    /SegoeUI-Light

    /SegoeUI-LightItalic

    /SegoeUI-Semibold

    /SegoeUI-SemiboldItalic

    /SegoeUI-Semilight

    /SegoeUI-SemilightItalic

    /SegoeUISymbol

    /ShonarBangla

    /ShonarBangla-Bold

    /ShowcardGothic-Reg

    /Shruti

    /Shruti-Bold

    /SimHei

    /SimplifiedArabic

    /SimplifiedArabic-Bold

    /SimplifiedArabicFixed

    /SimSun

    /SimSun-ExtB

    /SitkaBanner

    /SitkaBanner-Bold

    /SitkaBanner-BoldItalic

    /SitkaBanner-Italic

    /SitkaDisplay

    /SitkaDisplay-Bold

    /SitkaDisplay-BoldItalic

    /SitkaDisplay-Italic

    /SitkaHeading

    /SitkaHeading-Bold

    /SitkaHeading-BoldItalic

    /SitkaHeading-Italic

    /SitkaSmall

    /SitkaSmall-Bold

    /SitkaSmall-BoldItalic

    /SitkaSmall-Italic

    /SitkaSubheading

    /SitkaSubheading-Bold

    /SitkaSubheading-BoldItalic

    /SitkaSubheading-Italic

    /SitkaText

    /SitkaText-Bold

    /SitkaText-BoldItalic

    /SitkaText-Italic

    /SnapITC-Regular

    /Stencil

    /Sylfaen

    /SymbolMT

    /SymbolTiger

    /SymbolTigerExpert

    /Tahoma

    /Tahoma-Bold

    /TempusSansITC

    /Tiger

    /TigerExpert

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /TraditionalArabic

    /TraditionalArabic-Bold

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /Tunga

    /Tunga-Bold

    /TwCenMT-Bold

    /TwCenMT-BoldItalic

    /TwCenMT-Condensed

    /TwCenMT-CondensedBold

    /TwCenMT-CondensedExtraBold

    /TwCenMT-Italic

    /TwCenMT-Regular

    /UrduTypesetting

    /UrduTypesetting-Bold

    /Utsaah

    /Utsaah-Bold

    /Utsaah-BoldItalic

    /Utsaah-Italic

    /Vani

    /Vani-Bold

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

    /Vijaya

    /Vijaya-Bold

    /VinerHandITC

    /Vivaldii

    /VladimirScript

    /Vrinda

    /Vrinda-Bold

    /Webdings

    /Wingdings2

    /Wingdings3

    /Wingdings-Regular

    /YuGothic-Bold

    /YuGothic-Light

    /YuGothic-Medium

    /YuGothic-Regular

    /YuGothicUI-Bold

    /YuGothicUI-Light

    /YuGothicUI-Regular

    /YuGothicUI-Semibold

    /YuGothicUI-Semilight

    /YuMincho-Demibold

    /YuMincho-Light

    /YuMincho-Regular

    /ZWAdobeF

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 200

  /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 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 200

  /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 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 400

  /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



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>



    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)

    /RUS <>

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 841.890]

>> setpagedevice



