E
%
|

Advanced Combinatorial Optimization
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Research problem 15

mmmnadeuﬁﬁcmeamhm through an important transformation process and
mpempmﬁmmrwdsupporﬁnsmmthnmnotmlymdmlmlym!
purely cognitive aspects, but also - the needs of society. Complexity Theory and Combina-
torial Optimization manifest themselves as a new kind of relation between theoretical and
applied science, and these disciplines meet needs of society through an interdisciplinary ap-
proach. Smhmapprmdlhmtomodclhudmdmplucmm (oomplaxmtunhj
composed of interconnected parts/agents that as a whole exhibit properties not obvious &m-!
the properties of the individual parts), and to face hard mathematical problems arising from
this modeling. The organization of complex systems together with their possible u.ppllmﬂom-j
mamofmdudﬁﬂmumpmmaMchﬂmtothmdiﬂpﬁm 1
Mathematical models for almost any real-world problem arising in various areas such as
genomics, ‘information technology (software and hardware including), communication net-
works, and (radioactive and other) waste management, give rise to combinatorial problems
that can be characterized as hard ones, in the sense that any optimal solution process for:
large scale instances of them takes unacceptably long computation time. Most combinatorial !
optimization problems of great practical relevance are, indeed, computationally intractable
in the above sense. In formal terms, they are classified as NP-hard optimization pmhlgu'!
1]. Despite many years of research it has not been formally proved that NP-hard pml:lgm.l
!
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sanot be solved by means of algorithms running in polynomial time !. Nevertheless, there
1uvery strong theoretical and practical evidence that such algorithms may not exist and we
awve to make use of approximation algorithms.
VNP theory uses the problem reduction technique. An individual problem - SAT, TSP,
1AM, etc. include the whole set of individual instances [2]. Mmismtobapo]y.
inmial and its degree is not a critical factor. This framework, valid in theory is to be further
“westigated from a practical point of view. We intend to construct the minimal complexity
uluctions, sub-problems of individual problems will be considered, and for-approximation
iluctions will be composed. Thisapproanhmlltnnsfutheaolvablemshnm&umm
doblem to the other, and transitively will compose the larger tractable subsets of problem
sitances. Approximation reductions will form the knowledge on approximability bound-
=es, Therefore, the practical counterpart of problem reductions theory will be set up and
Irplied to complex systems tasks.
alleed, a new conceptual framework is needed for dealing with optimality issues in complex
siterns. First of all, one has to take into account the presence of conflicting or joint in-
=ests of the agents involved in these systems, as well as the absence of any authority able
vicentralize information and to impose optimal (in fact, any kind of) decisions concerning
. » agents’ behavior. Such aspects do induce major differences between classic optimization
H the agent network context.
| Besides the theory we addressed two basic applications with complex systems inside —
2 in Population Genomics (PG) and the second in Wireless Sensor Networks (WSN).
"Wireless Sensor Networks (WSN) serves many potential application areas: from environ-
ant monitoring to health, and from defense models to social networks. WSN are made of
zge number of almost identical small sensor nodes that are integrated on base of distributed
lutocols and algorithms of data communication and data analysis.
&N has no predefined infrastructure, i.e., nodes do not have any a priori knowledge about
» rest of the network. Hence a WSN must be able to self-organize. Nodes cooperate for
Euelf-orgamuf.wnmdltmvm'ybnmctothmpmpoulthatt.humpcrahonmmmnstum
neighhorhoodhaaed CurmntWSNmodehdeaImththmlocalmalmmahldd
»dn which doesn't help to achieve the best performance.
[ Population genetics is the study of allele frequency dhtﬂbnﬂonaudchangaunderhhe
jluence of the four main evolutionary processes: natural selection, genetic drift, muta-
'n and gene flow. Hmthepmepardmonypmhlemmtomfernmmdmallypardmomoua
\lection of genetic donations that caneombmet.oform a new population’s diversity over
‘rtions of the chromosome [8]. We partially order a collection of genotypes so that we can
wresent the problem of inferring the least number of haplotypes in terms of substructures
.own as g-lattices. This representation allows proving that if the genotypes partition into
ains with certain structure, and then the NP-Hard problem can be solved efficiently. Even
Lhout the specified structure, the decomposition shows how to separate the underlying
Jeger programming model into smaller models.

Implementation
1alysis of problem reductions /hardness and approximation/.

/gadget’ is a finite combinatorial optimisation problem, which translates constraints of one
timization problem into a set of constraints of a second optimization problem. Problem

There s the link to the latest attempt in  solving this  problem
p://michselnielsen.org/polymathl /index.php?title =Deolalikar_P_vs_.NP_paper)
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s i ) only. Is
mmmdam@l(dmdmﬂmm
mmn::’fl\[qyndmmimthhm" Additionally, in different problems there

ofgﬁgcti:vd:ynolvahlem maud)’mquhedwmmfﬁnsmmumd
will be considered for reduction of approximate solutions.

Optimality criteria in comples = ; [hcdd@oﬂthmuthebuiaohﬂg
mmwdwm“mmmo ithmi of WSN: such as coverage -

will be investigated. Thiamieswillahawthe‘wnottogo_inwsﬂ :
AhbonghhuﬂnﬂlofNPmmpletepmblmiswallmmpmed.uthhpomlu
pmobiunlbecmmoflimiu&omtothedm f

in these terms. “@Ndmﬂaﬁmwiﬂuuthu&u.opmwumwﬁmmmmg
m{?m.mmbmunwmt network simulator for Internet systems,

pplied level.
;opuhtiungmomhmmplepmblmwﬂlbewmiduedinhhhmk. In short, the mathe:
matical content is the following. Let a set of intervals in n-dimensional unit cube is given:

information it is necessary to find approximate algorithmic constructions. The techniqy
&ubeuaedmdudschﬂnspﬁt.Bmlunminimimtion.mdmductlonwlem

task considers a particular optimisation problem in approximation, considers reductions to.
ﬁndoutmomappmdmeuﬂuﬁom.mdﬁnduthaumebcdmneeptathuwmph*
the concept of a global optimum. Testing and validation of the algorithm and softwar:
will be performed using publicity available data from Gene Expression Omnibus repository
(http://www.ncbi.nlm.nih.gov/geo/). _

Future work
Ou.rgmlmmndmcuinthnmmhfornewnpthnnlitypa-mdislm.mttiusinuishl.&um
the complex systems sciences and (to some extend) from socioeconomic sciences: economice:
biology of populations, control theory and others. We strongly believe that in the near fu:
tmthmthamﬁcwiﬂbumhaphgthemeurhhndmpehmmbimbwidoptluﬂunm
They are equally expected to influence all the active research for new computing ’
paradigms based upon properties of natural systems that are not exploited by conventiona
computers. We can, thus, be seen a5 an initiative to drastically renovate the research og;m
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in combinatorial optimization, by addressing open and novel problems arising from complex
systems. In particular, our further research will enrich the tractability and approximation

 areas of combinatorial optimization by the basic set of paradigmatic problems SAT, IP, TSP,
3DM, ete. Thamuptdopﬁmmﬂonhmmplumﬂbemdelsﬁhhmof
toalmtu'hstahﬂltyandeqm]lbda- The set of practical complex systems will be designed
and solved algorithmically.
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