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Abstract. A continuous version of particle swarm optimization (CPSO) is em-
ployed to solve uncapacitated facility location (UFL) problem which is one of 
the most widely studied in combinatorial optimization. The basic algorithm had 
already been published in the Research Article “A Discrete Particle Swarm Op-
timization Algorithm for Uncapacitated Facility Location Problem” [1]. But in 
addition to that, the algorithm is slightly modified here to get better result in a 
lesser time. To make a reasonable comparison, the same benchmark suites that 
are collected from OR-library [6] are applied here. In conclusion, the results 
showed that this modified CPSO algorithm is slightly better than the published 
CPSO algorithm. 
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1   Introduction 

Efficient supply chain management has led to increased profit, increased market 
share, reduced operating cost and improved customer satisfaction for many busi-
nesses. One strategic decision is related to physical distribution structure in supply 
chain management including locating facilities and allocating customers to them is 
facility location. Facility Location, also known as Location Analysis, is a branch of 
Operation Research [4] concerning itself with mathematical modeling and solution 
of problems concerning optimal placement of facilities in order to minimize the 
transportation costs, avoid placing hazardous materials near housing, outperform 
competitors’ facilities, etc. We are trying to solve a ‘Uncapacitated Facility Location 
Problem’ which finds the number of facilities to be established and specify those 
facilities such that the total cost will be minimized considering the total cost means a 
fixed cost of setting up a facility in a given site and a transportation cost of satisfying 
the customer requirements from a facility. We maintain the constraints that there is 
no limit of capacity for any candidate facility and the whole demand of each cus-
tomer has to be assigned to one of the facility.  
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The organization of the paper is as follows: in Section 2, a basic idea is given for 
Particle Swarm Optimization Technique. Section 3 reports about the definition of the 
Uncapacitated Facility Location Problem along with the constraints. Section 4  
describes the published CPSO algorithm. Section 5 describes the modified CPSO  
algorithm for solving the Uncapacitated Facility Location problem. Section 6 provides 
the comparison results of these two algorithms. Finally, Section 7 presents the conclu-
sion driven. 

2   Particle Swarm Optimization (PSO) 

The class of complex systems sometimes referred to as swarm systems is a rich 
source of novel computational methods that can solve difficult problems efficiently 
and reliably. When swarms solve problems in nature, their abilities are usually attrib-
uted to swarm intelligence [3]; perhaps the best-known examples are colonies of so-
cial insects such as termites, bees, and ants. One of the best-developed techniques of 
this type is particle swarm optimization (PSO). In PSOs, which are inspired by flocks 
of birds and shoals of fish, a number of simple entities, the particles, are placed in the 
parameter space of some problem or function, and each evaluates the fitness at its 
current location. Each particle then determines its movement through the parameter 
space by combining some aspect of the history of its own fitness values with those of 
one or more members of the swarm, and then moving through the parameter space 
with a velocity determined by the locations and processed fitness values of those other 
members, along with some random perturbations. The members of the swarm that a 
particle can interact with are called its social neighborhoods. Together the social 
neighborhoods of all particles form a PSOs social network. More precisely, in the 
canonical version of PSO, each particle is moved by two elastic forces, one attracting 
it with random magnitude to the fittest location so far encountered by the particle, and 
one attracting it with random magnitude to the best location encountered by any of the 
particle’s social neighbors in the swarm. If the problem is N dimensional, each parti-
cle’s position and velocity can be represented as a vector with N components (one for 
each dimension). Starting with the velocity vector, v = (v1. . . vN), each component, vi, 
is given by:  

))(())(()()1( 2211 txxRtxxRtvtv ipisii ii
−+−+=+ ψψω     (1) 

where 
isx  is the ith component of the best point visited by the neighbors of the  

particle, )( tx i  is the ith component of the particle’s current location, 
ipx is the ith 

component of its personal best, R1 and R2 are two independent random variable  
uniformly distributed over [0, 1] is a constant known as the inertia weight, and 

21 ψψ and  are two constants, known as the acceleration coefficients, which  

control the relative proportion of cognition and social interaction in the swarm. The 
same formula is used independently for each dimension of the problem, and synchro-
nously for all particles. The position of a particle is updated every time step using the 
equation: 

)1()()1( ++=+ tvtxtx iii  .                          (2) 
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The next iteration takes place after all particles have been moved. Eventually, the 
swarm as a whole, like a flock of birds collectively foraging for food, is likely to 
move close to the best location. 

3   UFL Definition 

In a UFL problem, there are a number of customers, m, to be satisfied by a number of 
facilities, n. Each facility has a fixed cost, fcj. A transport cost, cij , is accrued for serv-
ing customer, i, from facility, j. There is no limit of capacity for any candidate facility 
and the whole demand of each customer has to be assigned to one of the facilities. We 
are asked to find the number of facilities to be established and specify those facilities 
such that the total cost will be minimized. The mathematical formulation of the prob-
lem can be stated as follows:  

 
(3) 

(3  
subject to: 

 
               (4) 

 
            (5) 

 
where i = 1. . . m; j = 1, . . . , n; xij represents the quantity supplied from facility i to 
customer j; yj indicates whether facility j is established (yj = 1) or not (yj = 0). Con-
straint (4) makes sure that all customers demands have been met by an open facility 
and (5) is to keep integrity. Since it is assumed that there is no capacity limit for any 
facility, the demand size of each customer is ignored and therefore (3) established 
without considering demand variable. 

4   Earlier Related Work for UFL Problem 

According to Sevkli and Guner [1], CPSO considers each particle has three key vectors: 
position (Xi), velocity (Vi), and open facility (Yi). Xi = ],.......,,[ 21 inii XXX de-

notes the ith position vector in the swarm, where ikX  is the position of the ith particle 

with respect to the kth dimension. Similarly Vi = ],.....,,[ 21 inii VVV  is the ith ve-

locity in the swarm, where ikV is the velocity of the ith particle with respect to the kth 

dimension. Yi represents the opening or closing facilities based on the position vector 
(Xi), Yi = ].....,,[ 21 inii YYY   where ikY  represents opening or closing kth facility 

of the ith particle. For an n-facility problem, each particle contains n number of dimen-
sions. Initially the positions and velocities are generated as continuous uniform random 
variables using the following rules: 

xij = xmin + (xmax − xmin) × r1.                                         (6) 
vij = vmin + (vmax − vmin) × r2. 
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where xmin = -10.0, xmax = 10.0, vmin = -4.0, xmax = 4.0, ]1,0[, 21 ∈rr . The 
position vectors do not represent a candidate solution to calculate the total cost (fit-
ness value). In order to create a candidate solution the position vector is converted to 
a binary variable ii XY ← , which is also a key element of a particle. This conver-
sion is done using the following formula: 

⎣ ⎦)2(modii xy = .                                             (7) 

For example, if the position value of one particle with respect to one dimension is -
7.47, then the corresponding open facility vector will be 

⎣ ⎦ ⎣ ⎦ ⎣ ⎦ 147.1)2(mod47.7)2(mod47.7 ===−              (8) 

After generating the position vectors and open facility vectors, the total cost of each 
particle is calculated as per equation (3) and initially set these cost as local best or 
personal best (Pti) for each particle and the minimum of these personal bests is set as 
global best (Gt) of the swarm. Next, the velocity of each particle is updated as per 
equation (1) and the position is updated as per equation (2) where ω  is the inertia 
factor used to control the impact of the previous velocities on the current one. After 
updating the position value for all particles, the corresponding open facility vector can 
be determined to start a new iteration if the predetermined stopping criterion is not  
yet met. The stopping criteria can be either getting an optimal solution or reaching  
the maximum number of iterations chosen for obtaining the result in a reasonable 
CPU time. 

5   Modifications 

To reduce the execution time & the cost, the above algorithm is modified in the  
following manners: first, to generate the position and the velocity in equation (6), if  
r1 = 0.5 then xij = 0 and similarly if r2 = 0.5 then vij = 0. So instead of doing the addi-
tion and multiplication which take some time, the values of both xij and vij can be set 
to zero for the above said value of r1 and r2. Secondly, instead of keeping the fixed 
inertia factor, the value of ω can be varied from 0.9 to 0.4 in various iterations to get 
the lesser optimal cost. So the modified CPSO algorithm is as follows: 

 
Modified CPSO Algorithm for UFL  
Begin 

Initialize positions (population) randomly For each particle as:  
Generate r1 randomly in [0, 1] 

 If r1 = 0.5 then xij = 0, else 
  xij = xmin + (xmax − xmin) × r1 

 End 
Initialize velocities randomly For each particle as: 

Generate r2 randomly in [0, 1] 
 If r2 = 0.5 then vij = 0, else 

vij = vmin + (vmax − vmin) × r2 

 End 
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Calculate open facility vector as per equation (7) 
Calculate fitness value using open facility vector as per equation (3) 
Set to position vector and fitness value as personal best (Pti ) 
Select the best particle and its position vector as global best (Gt) 

End 
Do { 
         For each particle 
         Update velocity as per equation (1) 
         Update position as per equation (2) 
         Find open facility vectors & calculate the fitness value using open facility 

vector 
         Update personal best (Pti ) 
         Update the global best (Gt) value with position vector 
         End 
         Decrement the value of ω by: (0.9 – 0.4) / total no. of iterations 
} While (Maximum Iteration is not reached) 

Table 1. An illustration of deriving open facility vector from position vector for a 4-customer  
3-facility problem 

 

Table 2. An example of 3-facility to 4-customer 

Facility Locations 1 2 3 
Fixed Cost 15 8 3 

1 12 3 7 
2 2 8 5 
3 4 6 14 

Customers 

4 9 1 10 

 
     Considering the 3-facility to 4-customer problem shown in Table 1, the total 
     cost of open facility vectors can be calculated as follows:  
     Total Cost = {open facilities fixed cost (fcj) + min (cost of   supply from open    
     facilities to customers i[cij] = {(15+3) + min (12, 7) + min( 2, 5)  
             + min (4, 14) + min (9, 10)} = {18+2+7+4+9} = {40}. 

6   Comparison of Results 

The modified CPSO algorithm is coded with C language in Linux Platform and run 
on an Intel Core 2 Duo 2.4 GHz Laptop with 1GB memory. The results are shown in 
the following table:  

Particle dimension (k) 
ith particle vectors 

1 2 3 

Position Vector (Xi) 3.8 -0.93 5.42 

Open Facility Vector (Yi) 1 0 1 
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Table 3. Experimental Results gained with modified CPSO algorithm 

Benchmark 

As Per Earlier CPSO 
Algorithm 

As Per Modified CPSO 
Algorithm 

Problems Size (m x n) 
Optimal 

Cost ACPU Time Optimal Cost 
ACPU 
Time 

Cap 71 16 x 50 932615.75 0.1218 932597.00 0.9700 

Cap 72 16 x 50 977799.40 0.1318 977779.00 0.7500 

Cap 73 16 x 50 1010641.45 0.1865 1010619.00 0.5900 

Cap 74 16 x 50 1034976.98 0.1781 1034956.00 0.5300 

Cap 101 25 x 50 796648.44 0.8818 796626.00 1.3800 

Cap 102 25 x 50 854704.20 0.7667 854682.00 1.2400 

Cap 103 25 x 50 893782.11 0.9938 893758.00 0.9900 

Cap 104 25 x 50 928941.75 0.6026 928918.00 0.7700 

Cap 131 50 x 50 793439.56 3.6156 794137.00 2.1300 

Cap 132 50 x 50 851495.33 3.5599 853149.00 1.8900 

Cap 133 50 x 50 893076.71 3.7792 894072.00 1.8900 

Cap 134 50 x 50 928941.75 3.3333 928918.00 1.2400 

7   Conclusion 

In this paper, CPSO algorithm is applied to solve UFL problems. We have slightly 
modified this algorithm for initializing the particle’s positions and velocities for a 
particular value of the random numbers r1 and r2 to reduce the average CPU time.  
Secondly, instead of keeping a fixed ω value, we have varied the value in the range of 
0.9 to 0.4 over the total number of iterations. This modified algorithm has been tested 
on 12 files of OR-Library and the better results either in terms of time or in terms of 
optimal cost are obtained.   

References 

1. Guner Ali, R., Mehmet, S.: A Discrete Particle Swarm Optimization Algorithm For Unca-
pacitated Facility Location Problem. Hindawi Publishing Corporation Journal of Artificial 
Evolution And Applications 2008, Article ID 861512, 9 (2008), doi:10.1155/2008/861512 

2. Kennedy, J., Eberhart, R.C., Shi, Y.: Swarm Intelligence. Morgan Kaufmann, San Francisco 
(2001) 

3. Ghosh, D.: Neighborhood search heuristics for the uncapacitated facility location problem. 
European Journal of Operational Research 150(1), 150–162 (2003) 



 A Modified Continuous Particle Swarm Optimization Algorithm 311 

4. Eberhart, R.C., Kennedy, J.: New optimizer using particle swarm theory. In: Proceedings of 
the 6th International Symposium on Micro Machine and Human Science (MHS 1995),  
Nagoya, Japan, October 1995, pp. 39–43 (1995) 

5. Beasley, J.E.: OR-Library (2005), 
http://people.brunel.ac.uk/mastjjb/jeb/info.html 


	A Modified Continuous Particle Swarm Optimization Algorithm for Uncapacitated Facility Location Problem
	Introduction
	Particle Swarm Optimization (PSO)
	UFL Definition
	Earlier Related Work for UFL Problem
	Modifications
	Comparison of Results
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




