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Abstract. As current electric power communication network planning can hardly consider multiple design
objectives simultaneously, we proposed a general optimization model of multiple objectives optical network
planning in electric power communication systems, based on Pareto optimization and genetic algorithms. The
optical network in power system is modelled mathematically and the total cost functional is a combination of the
overall network burden and the building cost weighted by a regularization parameter. After a series of optimization
with different regularization, a Pareto frontier is generated to illustrate the trade-off between the two conflicting
objectives, which provides a unified framework for planning and can navigate the operators' intelligent decision-
making. Numerical results illustrate our conclusions.
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1. Introduction

In the last two decades, almost all industries in China have modernized themselves with the use of sensors,
communications and computational ability, which results in enormous improvements in productivity, efficiency
and even environmental performance. In electric power system, a smart grid is the use of sensors,
communications, computational ability and control to enhance the overall functionality of the electric power
delivery system. As the cornerstone of smart grid's development, electric power communication network has
been continuously playing a growing role in the secure and economic operations of the power grid, which is one
of the largest, or perhaps the largest scale system ever made. As the demand grows for higher network access
speeds, technologies such as optical fiber have begun to overtake traditional copper wire for data in short haul
networks as well as long haul networks[1][2]. In electric power system, the use of specific kinds of fibers like
ADSS(All-dielectric Self-supporting Optical Cable), OPGW(Optical Fiber Composite Overhead Ground Wire ),
OPPC(Optical Phase Conductor), OPLC(Optical Fiber Composite Low-Volt age Cable) has significantly boosted
the implementation of optical network in electric power communication system.

Communication network intelligent planning is a significantly important chapter in electric power industry's
12th five-year plan. However, most attention is paid on equipping the network nodes with the latest hardware,
while the overall network planning seriously needs to be optimized.

In electric power optical network planning, the network nodes were usually decided, being either the
dispatching centers or substations, then the nodes must be interconnected so that the expected bandwidth
requirements can be satisfied, subject to various technical, political, social, economic and risk constraints[3]. Even
ignoring other constraints and just focusing on constructing the optimized network by considering the economic



cost is nontrivial. In this paper, we study the optical network planning problem by a Pareto optimization method
which combines the network burden and the economic constraint to build the cost functional, and genetic
algorithms are applied to generate the Pareto frontiers.

2. Methodology

2.1 Genetic algorithms
Genetic algorithms are stochastic search algorithms based on the mechanism of natural selection and natural
genetics, and the usual form is described in [4]. Genetic algorithms start with an initial set of random solutions
called population satisfying boundary or system constraints to the problem. Element in the population is called a
chromosome, representing a solution to the problem at hand. Chromosome is a string of symbols usually, but not
necessarily, a binary bit string. The chromosomes evolve through successive iterations called generations.
Measures of fitness are defined and evaluated during each generation from the chromosomes. New chromosomes
called offspring are formed by either merging two chromosomes from current generation using a crossover
operator or modifying a chromosome using a mutation operator to create the next generation, c.f. Fig. 1. Each
generation is formed by selection, according to the fitness values, some of the parents and offspring, and rejecting
others so as to keep the population size constant. Genetic algorithms converge to the best chromosome after
certain number of iterations, which hopefully represents the optimum or suboptimal solution.
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Figure 1 Genetic algorithm steps

Genetic algorithms combine elements of directed and stochastic search which can produce a remarkable
balance between exploration and exploitation of the search space. A widely random and diverse population and
crossover operator tends to perform wide-spread search for exploring all solution space. And the crossover
operator provides exploration in the neighborhood of those high fitness solutions. Genetic algorithms perform
multi-directional search by maintaining a population of potential solutions, which is hopeful to avoid trapping in
local optima. Genetic algorithms use probabilistic transition rules to select someone to be reproduced and some to
die so as to guide their search toward regions of the search space with likely improvement.

2.2 Pareto optimization

If there are more than one criterion which must be treated simultaneously in optimization problems, we have
multiple objective optimization problems. Almost every real-world decision problem involves multiple and
conflicting objectives which need to be tackled while respecting various constraints, leading to overwhelming
problem complexity[5].

A multiple objective optimization problem can be formally represented as follows:
maX{Z[ = f](x)a Z, = fz(x)a 2, = an ()C)}
st. g(x)<0, i=L2,---,m
Where x is a vector of decision variables, f;(x) are the objective functions, g,(x) are inequality constraint

functions, which form the area of feasible solutions. The feasible area in decision space with the set S can be
defined as:

(M



S={x|g(x)<0, i=12,---,m} )
And the criterion space Z is defined as:

Z={zeR" |z, = f,(x),-,z, = [, (x),xe S} 3)
A solution may be best in one objective but worse in other objectives, therefore, there usually exists a set of
solutions for the multiple objective case which cannot simply be compared with each other. Such kinds of solutions
are called nondominated solutions or Pareto [6] optimal solutions, for which no improvement in any objective is
possible without sacrificing at least one of the other objective functions. For a given nondominated point in the

criterion space, its image point in the decision space is called efficient or noninferior, strict definition is:

Definition(Nondominated). For a given point z% e Z, it is nondominated if and only if there does not exist
another point z € Z such that, for the maximization case,

Zk>Z](:, dke{l,---,n}, ZIZZIO, Vi#k @)
where z°is a dominated point in the criterion space Z .

The Pareto frontier is the set of solutions that are Pareto efficient, and this is particularly useful in engineering
by restricting attention to the set of solutions that are Pareto efficient rather than considering the full rage of every
parameter. The convexity of the Pareto frontier is usually a desirable feature for regularized optimization problems.

The inherent characteristics of the genetic algorithm demonstrate why genetic search is possibly well suited to
multiple objective optimization problems. The basic feature of the genetic algorithm is the multiple directional and
global search by maintaining a population of potential solutions from generation to generation, and this population-
to-population approach is useful to explore all Pareto solutions.

2.3 Problem formulation

In this paper we consider a greenfield scenario where the electric power communication operator has decided
the locations of WDM network nodes, which are usually the electric power dispatching centers or substations of
various voltages. Currently, simple point-to-point fiber links using just wavelength are deployed in most electric
power communication networks in China in the form of SDH network, however, they are being expected to be
upgraded to exploit the fiber optical capacity by attaching wavelength division multiplexing (WDM) equipment in
the near future. The WDM equipments consist of tunable or fixed-wavelength transmitters/receivers and
multiplexers that enable simultaneous communication in the same fiber using different wavelengths[7]. This helps
satisfy the exponential increase in communication demand, and optical fibers can provide reliable communication
over long distance with low delay.

Although delays are low in fibers, it is high in DXC(digital cross connect), because of the optical-electrical-
optical conversion. As a result, the development of all optical network (AON) was spurred, in which each node is
equipped with an OXC(optical cross connect) or an OADM(optical add drop multiplexer), and both can pass on
the optical signals without OEO conversion[§].

We consider the case where some WDM network nodes were decided and they will be interconnected with

links so that multiple objectives are balanced while continuous service is guaranteed. This multiple objective
optimization problem can be formulated as:

min{z, = f,(X),z, = ,(X),"-,z, = [, (X)}» st X=[x --~xp]T,xie {0,1}, i=12,---,p ®))

where f(x),j=12,---,n are different cost functions to be minimized, and x,,i=1,2,---, p are logic

variables representing the state of the potential links between nodes. In electric power communication network, the
cost functions can be defined by network burden, building cost, specific risk of operation, etc.

In electric power communication system, the network traffic is relatively static as compared to that in

commercial telecommunication operators’ network. Therefore, in this paper, the traffic is considered static and



glven as a set of K traffic demands. Each demand d, can be defined by a set {N, ,Nj .V, }, where N, and
N are the source and destination nodes, and V means the traffic volume. No hop limit or length limit is set on
the paths which supplies a demand.

Here are the definitions of variables used in the paper: D={d|,---,d,} is the set of traffic demands,
{l,---,N} is the set of network nodes, {{n,m}|n,me {l,---,N}} is the set of potential links and C'"* is the

{n,m}
building cost between nodes n and m, A4, . is the length of the fiber(duct) between nodes n and m , and the
total cost function is defined as:

{n,m}

K
fR=[0+A£X), 220, (=D, D V.4, . L= D> Cut . (6)
=l {n, m}ePd (x) {ny,ny }e AL(X)

Where, F, (x) is the shortest path between nodes N, and N; , ¢, AL(x) is the set of connected links, given
x,i=12,-, p and the optimal link configuration vector is deﬁned as X°(A). In this paper the total cost
functional is composed of two parts, the first is the overall network burden with specific traffic demand, and the
second part is the building cost of all the connected links without considering the cost of node equipments. For
simplicity, no protection paths are considered here and it's supposed that all traffic demands are satisfied by shortest
paths.

For each A >0, the total cost functional is minimized by a genetic algorithm, and the pareto frontier is
constructed from the optimization results with different A .

3. Numerical Results

We apply our algorithm to an optical network planning problem in the northest JiangXi electric power
communication system, where six locations (either local power dispatching centers or S00KV substations) are
selected as network nodes. The traffic demand of the network is generated randomly in the simulation and
identified in Fig. 2. Note that the node positions are different in Fig. 2-4 to better show the link connection, and
this does not reflect the realistic geographic positions. For simplicity, the building cost for each potential link is
proportional to the length of the link.

In the algorithm, A > 0 serves as the regularization parameter, and we generate optimized link configurations
by genetic algorithms for certain number of A values to approximate Pareto frontiers displaying the network
burden as functions of the building cost. To normalize the Pareto frontiers, the displayed values of network burden
Burd(A) and building cost Cost(A) are defined as:

Burd(4) = fi(x"(A)/ f1(x°(0)), Cost(A)= f,(x*(A))/ f,(x°(0)) @)
In Fig. 3, the optimization result of link configuration is plotted for the case A =0.1, which illustrates the
optimized solution to minimize the combination of network burden and building cost with weighted regularization
parameter A =0.1. Fig. 4 displays the case when larger regularization weigh parameter 4 =1.5 is applied in the
optimization, which results in a network with less links to reduce the building cost but certainly increase the
network burden. To visualize the trade-off between the two conflicting objectives, Fig. 5 plots the Pareto frontier
for the network burden function and the building cost function, and and we empirically observed that some gain in
one objective results in the other's being worse off.

4. Conclusion

The electric power industry has arguably been the primary driver for China's growing economy in the last two
decades. As the fast development of smart grid in power system, the intelligent planning of its communication
network certainly requires great emphasis. This paper proposed a systemic method for optimal planning of optical
network in electric power communication system by considering multiple conflicting objectives in realistic case.



The method generates the Pareto frontier by genetic algorithm optimizations, which provides a unified framework
and clarifies the trade-off of multiple objectives in actual planning for network operators. Future research will focus
on the cases with protection paths and other objectives such as traffic risk specifically in electric power system.
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Figure 4 Optimal link configuration when 4=1.5

’ YingTan ‘ ‘ FuZhou ‘

Figure 5 Pareto frontier for network burden and building cost

5. References

[1] M. Jinno, T. Ohara, Y.Sone, A. Hirano, O. Ishida and M. Tomizawa, "Elastic and adaptive optical networks: possible
adoption scenarios and future standardization aspects," IEEE Communications Magazine, vol 49, 2011, pp: 164-172.

[21 M. Mezhoudi, C. Chu, H.K. C, J. Chen and Y. Chen, "Integrating network quality, performance and cost control
through reliability analysis in optical network design", Proc. 11th International telecommunications network strategy
and planning symposium, 2004, pp: 397-403.

31 G. Maier, A. Di Giglio, G. Ferraris, M. Quagliotti, P. De and L. Savastano, "An approach for dynamic optical transport
network planning and analysis," Proc. 5th International workshop on design and reliable communication networks, 2005.

[41 D. Goldberg, Genetic algorithms in search, optimization and machine learning. MA: Addison-Wesley, 1989.

[51 R.E. Steuer, Multiple criteria optimization: theory, computation and application, New York: John Wiley & Sons.

[6] V. Pareto, Manual of political economy, 1906, New York: Macmillan.

(71 K.H. Liu, B.J. Wilson and J.Y. Wei, "A management and visualization framework for reconfigurable WDM optical
networks," IEEE Network, vol, 14, 2000, pp: 8-15.

8] S. Sengputa and R. Ramamurthy, “From network design to dynamic provisioning and restoring in optical cross-connect
mesh-networks: An architecture and algorithmic overview,” IEEE Network, 2001, pp: 46-54.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize 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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


