
Introduc�on
Par��oning large biological networks into smaller 
clusters can help in discovering new proper�es and 
func�onali�es of a par�cular structure. In this work we 
deal with the par��oning of the edge-weighted 
networks into k-plex components, where a set of some n 
ver�ces in a network is a k-plex if the degree of each 
vertex in the induced subnetwork is at least n-k. The aim 
of the maximum edge-weight k-plex par��oning 
problem (Max-EkPP) is to find the k-plex par��on with 
the maximum total weight. 

Building the network from metabolic reac�ons
In the example, the network is modeled from the list of 1393 metabolic reac�ons, taken from (Förster, J. et al., 2003). Metabolites are represented as nodes and two metabolites 
are adjacent if they figure in at least one common reac�on. In a dual approach, metabolic reac�ons are considered as nodes, while two reac�ons are adjacent if they share at least 
one same metabolite. 

Experimental results
All experiments are performed on the Intel i7-4770 CPU @3.40 GHz with 8 GB RAM and Windows 7 opera�ng system. For each execu�on, only one thread/processor is used. The 
algorithm is implemented in C programming language and compiled with Visual Studio 2013 compiler. 
For the purpose of this poster presenta�on, we applied our algorithm on three metabolic instances (Mar�ns, 2016.), namely on SC-NIP-m-t1, SC-NIP-m-t3 and SC-NIP-m-t5, 
for k = 1,2,3. Recall that if k=1, the  par��ons are cliques.  For each instance, 10 independents runs were performed. 
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Parallel edges are merged into a single edge, with the weight equals to the total number of common reac�ons

Biological jus�fica�on for using k-plex par��ong instead of clique par��ong
Biological networks are o�en sparse, therefore many poten�ally useful informa�on about the interference of biological objects can be neglected if such a restric�ve condi�on is 
involved. Among many other clique based approaches used for example in protein threading analysis (Akutsu, T. et al. 2006) and other relaxa�on approaches which can be found in 
literature  (Pa�llo, J. et al. 2013) in Max-EkPP, par��oning follows the principle that the objects in each par��on are s�ll highly connected in a par�cular way, but not so restric�vely 
to form a clique. By relaxing the cliques into more sparse graphs, biological objects are grouped in seman�cally of func�onally logical groups which we call k-plexes, having in mind 
that the total sum of weights in all par��ons s�ll should be as great as possible.

"ADP" + "ATPM" + "Orthophosphate" -> "ADPM" + "ATP" + "H+M" + "OrthophosphateM"
"Acetyl=CoA" + "ATP" + "CO2" -> "ADP" + "Malonyl=CoA" + "Orthophosphate"
"ADP" + "ATP" -> "Orthophosphate" + "P1,P4=Bis(5'=adenosyl)_tetraphosphate"
"ADP" + "Dethiobio�n" + "Orthophosphate" -> "7,8=Diaminononanoate" + "ATP" + "CO2"
"ATP" -> "ADP" + "H+EXT" + "Orthophosphate"
"ATP" -> "ADP" + "Orthophosphate"
"ATP" + "L=Glutamine" + "UTP" -> "ADP" + "CTP" + "L=Glutamate" + "Orthophosphate"
...
Example:
Metabolites "ADP" and "ATP" par�cipate in 7 common reac�ons 
Metabolites "Orthophosphate" and "CO2“ par�cipate in 2 common reac�ons

Descrip�on of the heuris�c 
algorithm
The considered problem is NP hard, so exact algorithms 
can not be used for solving large-scaled networks in a 
reasonable �me. Therefore, the usage of heuris�c 
methods is jus�fied. In our approach, we use a local 
search technique for improving the solu�on quality. The 
algorithm starts with an ini�al solu�on in which each 
vertex belongs to its own component - singleton. In each 
itera�on, the algorithm is trying to regroup the ver�ces  
consecu�vely swapping the components of  pairs of 
ver�ces. Since infeasible par��on can appear by a swap, 
the algorithm also takes into the considera�on the 
degrees of ver�ces in each par��on, favoring feasible 
solu�ons vs infeasible ones. The algorithm stops if one of 
two condi�ons is sa�sfied: total number of itera�ons is 
reached (in our case 25000), or the best found solu�on is 
not improved in 10000 itera�ons.

Conclusions
The maximum edge-weight k-plex par��oning problem 
is of a great interest from both theore�cal and prac�cal 
points of view. This work contains some preliminary 
results obtained by applying the local search heuris�c 
method on some metabolite networks. 
In near future, we plan to improve our algorithm to be 
more robust and accurate and to apply it to other real life 
biological and ar�ficial instances from literature.
Obtained results can be used for discovering new 
biologically important informa�on.

Graphical representa�on
In order to further inves�gate the results obtained by 
our heuris�c technique, we decided to graphically 
interpret the results by using a well known so�ware 
pla�orm for visualizing molecular interac�on networks 
Cytoscape  (Shannon, P. et al. 2003) . We use this 
so�ware to present our results in more suitable way, 
enabling biologists to be�er understand the rela�ons 
between the considered objects. Therefore, we adopted 
our results in a way that can be easily interpreted by the 
C y t o s c a p e  s o � w a r e , g e � n g  m o r e  s u i t a b l e 
representa�on of the obtained results.

Our approach
We par��on some sparse metabolic networks into k-plexes  by a local search heuris�c method. Following the approach presented in (Mar�ns, 2016.), we apply our algorithm on 
the metabolic networks. While the exact algorithm based on the integer linear programming (ILP) formula�on proposed in (Mar�ns, 2016.) can solve only some of such large-
scaled networks, our algorithm can successfully find the solu�on of any network, including very large- scaled ones. Comparing to the ILP from (Mar�ns, 2016.), our approach 
succeeds to find most of known op�mal solu�ons, also finding high quality solu�ons for those instances for which the op�mal solu�on is not known. 
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Instance |V| |E| Density k OPT/Best ILP 

Our approach

#Components
Largest 

ComponentBest Avg Time

SC-NIP-m-t1 991 4161 0.00848

1 1866 OPT 1862 1857.3 1698.42 504 8

2 1714 N/A best 1292.6 131.52 476 7

3 1395 N/A best 1074.7 155.04 567 8

SC-NIP-m-t3 177 269 0.01727

1 910 OPT OPT 910 22.15 110 5

2 1021 OPT OPT 1013 14.765 99 7

3 1139 N/A best 1046.7 14.43 90 8

SC-NIP-m-t5 75 84 0.03027

1 723 OPT OPT 723 2.95 43 4

2 801 OPT OPT 801 2.45 39 4

3 887 OPT OPT 869.1 3.22 36 5
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