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A new algorithm for generating cuts set in undirected graphs

representing electric systems

Abstract. A new algorithm for finding cut set of a undirected graph is presented. The algorithm finds all cut in graph which can be used in the cut set
method of reliability evaluation. The algorithm is based on division of graph vertices set into subset in which vertices have the same distance from
the sink. An example of application of the algorithm for analysis of sample electric system is presented.

Streszczenie. Prezentowany jest nowy algorytm znajdowania przekrojow w grafach o krawedziach niezorientowanych. Algorytm znajduje zbiér
przekrojow grafu, ktéry moze byc¢ uzyty w metodzie analizy niezawodno$ci. Algorytm bazuje na podziale zbioru wierzchotkéw grafu na podzbiory w
ktérych kazdy wierzchotek lezy w tej samej odlegtosci od zrédfa. Pokazano przyktad znajdowania przekrojow w grafie systemu elektrycznego.
(Nowy algorytm znajdowania przekrojow w grafach o krawedziach nieskierowanych reprezentujacych systemy elektryczne)
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Introduction

For evaluation of reliability of electric systems the
method of cut sets is used [1,2]. In order to find all cuts in
graph corresponding to considered electric system a new
algorithm is introduced. The algorithm is based on division
of graph vertices set into subset called layer. Each vertice v
in layer have the same length of minimal path from source s
to v. A combination of vertices in every layer is generated.
The result of algorithm work is a set of all cuts in graph.

The simplest known algorithm for finding all cuts in
graph consists in enumerating all graph edges combination.
For each combination check for graph connectivity is
performed.

The other algorithm [3,4] requires finding of all paths in
graph in order to determine all cuts set in graph.

Cuts in undirected graph

Let G=(V,E) be an graph with undirected edges. V is the
graph vertices set and E is the graph edges set. There are
two vertices in graph called the source s and the sink ¢. The
cut of the graph is such a division of graph vertices set into

two subsets 4 and B which satisfy the following conditions :
- subsets 4 and B are a division of graph vertices set

(1) AUB=V

- subsets A and B are disjoint

2) ANB=C

- the source is in A and the sink is in B
(3) seAteB

- A and B establish a subset C of graph edges Cc E
such that every edge e e C connect two graph vertices i,
which ie 4 and jeB

) e={{i,j}:ie4,jeB}

- for every subset C of graph edges which is a graph cut
there is no cut C’ which is a subset of C

(5) cyuc=c

From formulae (1)-(5) a conclusion can be derived that
in graph with undirected edges when the cut as a division of

graph vertices is known, a cut as a subset of graph edges
can be found.

Algorithm for finding all cuts in undirected graph

The algorithm is based on division of entire graph
vertices set into subsets called layers. Every layer is a set
of vertices which have the same distance to source vertice.
The distance between vertice v and s is defined as the
number of edges in the shortest path from s to v. Two layer
are processed in each iteration, layer L; and layer L;.;. The
layer L;.; is one unit more away from the source than L,. On
the start of the algorithm the first layer contains only the
source Ly,={s}. The following operations are performed
during one iteration of the algorithm:

- with the use of vertices of layer L; vertices of layer L;,; are

found where the adjacency list is used to find layer L;.; ,
- all combinations k-elements (k=1, ..., |L;+;]) of layer L,

vertices are generated,

- every combination found in recent step is combined with
vertice division which have been already found for layer

L,. The new division of graph vertices set is checked if it

satisfy condition (5) and is remembered as a division

relaying to layer L;.,,

- all vertices in layer L,,,; are checked as visited,
- vertices of layer L,,;. become the new layer L,.

The algorithm finds cuts through edges of the graph. It is
possible to use it for finding also cuts through vertices. For
achieve this, a preprocessing of the graph structure is done
before the start of the algorithm. Each vertice is replaced by
two vertices connected by one new edge. When algorithms
finds cut through this new edge, the cut is interpreted as a
cut through vertice.

Pseudocode of the algorithm

The pseudocode of the algorithm is written in a notation
similar to notation of C++ language [5,6].

As the data input of the algorithm a structure VLIST is
established. The VLIST is an array containing information
about the structure of the graph. For every i-vertice of the
graph, VLIST[i] contains list of vertices connected to vertice
i. In the start of the algorithm the source and the sink are
chosen. The VLIST structure is the adjacency list of the
graph.

For output data there is one structure called ESETS. This
is an array of sets named eset. Each eser contains list of
edges of one cut of the graph.

For auxiliary data five data structure and one type of
data are defined. The type of data vser is a list of graph
vertices and represents one division of graph vertices set.
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Data structure VSETS contains list of vser found for each
layer in graph. Data structure CHECKED contains
information about vertices which have been already visited
during the algorithm work. Data structure COMBINATIONS
contains list of combination of vertices in layer. Data
structures LAYER I and LAYER I PLUS contains vertices of
layer L, and respectively L;.; .

The main function is FIND_CUTS. Function ADD_ESET is
responsible for creating cuts as set of vertices with the use
of vset. Because there is no guarantee that all edges set
added by function 4DD_SET satisfy condition (5), function
CHECK_ESETS checks it. In function FIND CUTS there is
one use of function CREATE COMBINATION which
implements algorithm for generating combinations [7]. The
pseudocode of this function was not listed here.

function FIND CUTS(V _LIST, s, t)
{
VSETS[0]:= VSETS[0] U {s};
CHECKEDIs] =1;
LAYER I=ILAYER I {s};
integer layer i index =0
while ( LAYER I#+0)

LAYER I PLUS = @
for each vin LAYER I

{
for each w in VLISTS[v]

{
if (w==¢) continue;
if ( CHECKED[w]==1) continue;
LAYER I PLUS := LAYER I PLUS U {w};

h
h
if (LAYER I PLUS=0) break;

for (i=1; i<|LAYER I PLUS]|;i++)
{
COMBINATIONS=
= CREATE _COMBINATIONS(|LAYER I PLUS| ,i);
for each comb _vset in COMBINATIONS
for (j=0 ;j<| comb vset| ;j++)
comb_vset [j] = LAYER I PLUS[ comb vset [j] ];

for each comb _vset in COMBINATIONS

{
for (j=0;j <|VSETS[layer i index]| ;j++)
{

vset_tmp = O;

for each w in VSETS[v][/]
vset_tmp = vset_tmp U {w};

for each w in comb_vset
vset_tmp = vset_tmp U {w};

if (ADD_ESET( vset tmp))
VSETS[layer i _index+1]=

=VSETS[layer i index+1] U {vset tmp};
}// end of for j
}// end of for each comb_vset

layer i index++;
LAYER I= O;
for each vin LAYER I PLUS
{
LAYER I= LAYER I U (v,
CHECKED[v] =1,
}

124

} // end of for i
} //end of while (LAYER _I#0)
CHECK_ESETS (),

return 1;
} /lend of function FIND CUTS

function ADD ESET ( vset )

{
new_eset=0;
bool = true,

for each v in vset
for each w in VLISTS[v]
if(w & vset)  new_eset=new_eset U { {v,w} }
for (i=0 ;i <|ESETS| ;it++)
for each eset in ESETS[i]
if ( (new_eset n eset) == eset )

bool = false;
if ( new_eset| == |eset| ) return O;

if (bool==true)
ESETS[ |new_eset|-1 1= ESETS][ |new_eset|-1 ] U new_eset;

return /;
}//end of function ADD ESET

function CHECK ESETS ()

for (m=|ESETS|-1 ; m>0 ; m--)

for each eset in ESETS[i]
{

bool=true;

for (i=0 ; |[ESETS| ; i++)

for each eset2 in ESETS[i]
if ( (eset ﬂ eset2) == eset )
bool = false;
if (bool==false)
ESETS] |eset|-1 1= ESETS[ |eset|-1 ] \ new_eset;

b
}//end of function CHECK ESETS

The computer program

A computer program for finding all cuts in graph was
created. The computer program was written in C++
language and uses STL (Standard Template Library) [6].
The program has a command-line interface. The structure
of the graph is defined in a textfile as the list of edges. The
found cuts are written in output textfile.

Example
A scheme of sample electric system is shown in Figure
1. This is the scheme of electric substation.

’I ?2

Fig.1. Sample electric system scheme [4]

w

The corresponding graph of the structure from Figure 1
is shown on Figure 2.
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Fig.2. Graph of the electric system shown in Fig. 1.

Table 1. Cut in graph from figure 2

number | number
of edges | of cuts list of cuts
in cut
1 2 {9}{13}
2 5 {1,12}{1,2},{2,11},{11,12},{14,15}
3 8 {3,4,15},{3,12,15},{3,5,12},{4,11,15},
{4,6,11},{5,6,14},{5,12,14},{6,11,14}

4 19 {1,4,7,15},{1,6,7,14},{1,4,6,7},

{1,4,15,16},{1,6,14,16} {1,4,6,16},
{1,4,8,15},{1,6,8,14},{1,4,6,8},
{2,3,8,15},{2,5,8,14},{2,3,5,8},

{2,3,15,16},{2,5,14,16} {2,3,5,16},

{2,3,7,15},{2,5,7,14},{2,3,5,7}.{3,4,5,6}

For the chosen pair of vertices source s and sink ¢, the
program finds all cuts of graph shown in Figure 2. The cuts
can be later used in the cut set method of evaluating
reliability of the electric system [1].

All cuts found by the computer program are given in

Table 1. Only cuts crossing edges and vertices indexed on
Figure 2 are listed. Other cuts e.g. cut crossing edges {s,14}
and {s,15} are considered to be less important and are
skipped.

Conclusions

The presented algorithm allow to enumerate all cuts in
graph including cuts through vertices. The algorithm do not
require searching all paths in graph and do not require
finding for graph connectivity. The algorithm can be used in
reliability computation, especially in those issues where all
cuts or high-order cuts need to be considered.

REFERENCES

[1] Billinton R., Allan. R.: Reliability evaluation of power
systems, 2nd ed., Plenum Press New York 1994.

[2] Grabski F., Jazwinski. J.: Funkcije o losowych
argumentach w zagadnieniach niezawodnosci,
bezpienczenstwa i logistyki, WKt Warszawa 2009.

[3] Billinton R., Lian G., A new technique for active minimal cut
set selection used in substation reliability evaluation, Electric
Power Systems Research, 35 (1995), No. 5, 797-805

[4] Filipiak R.: Metody oceny niezawodno$ci stacji
elektroenergetycznych ~ WN/SN, Metody i  systemy
Komputerowe w Automatyce i Elektrotechnice, Czgstochowa
2005.

[5] Baron B., Pigtek. t.: Metody numeryczne w C++, Gliwice
2004.

[6] Stroustrup.B.: Jezyk C++, WNT Warszawa 2002.

[71 Ruskey. F.: Combinatorial generation, Victoria 2003.

Author: mgrinz. tukasz Pigtek, Politechnika Czestochowska,
Instytut Informatyki, al. Armii Krajowej 17, 42-200 Czestochowa, E-
mail: |_piatek@interia.pl

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 5/2011 125




<<
  /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


