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INTRODUCTION

Wireless LANSs, thank to their capability of readfitiata transmission velocities comparable withe&al#iNs, without the
restrictions imposed by the cable itself, are dituwaving a considerable development which temdise more rapid with
time. The technologies that use wireless LAN ase aamed Wi-Fi, an acronym that stands for Wireliedslity.

Due to the possibilities of transmitting data wathigh velocity between mobile or fixed deviceshwitt using cables, this
technology allows of realizing extremely advancerd/ges and functionalities.

Wireless LANs use electromagnetic waves at the aniave frequencies (2.5 GHz or 5 GHz). To allow pa point
connections or multipoints connections. In bothesagne of the device can be represented by ansapo@# (AP) that
allows the wireless devices to connect to the fixA8l where the AP is connected.

The extremely low emitted powers (of the order dfiwlatts) are considerably lesser than the poweitted by a cellular
phone, which can reach peaks above 1 watt. Thesendtted powers surely respect any internatioafdty standard for
exposition of people to electromagnetic fields daitnot allow of reaching distances above 100 meters

The most common technology used wideworld is basedEEE 802.11X protocol, developed by Internatidnatitute of
Electrical and Electronical Engineers. The finalis<used to point out the different versions (aghetc.) that were
realised, characterized by growing communicatioelaities (variable from 11 Mbit/s up to 54 Mbitigaching 108
Mbit/s in fast modality, which is the same velodaitiywire LAN) and growing security levels (crypteghic protocols).
The transmission velocity decreases both with deaand with background electromagnetic noise lévehe used
frequency band, passing from 11 Mbit/s at 35 metédistance (for a medium performances 802.11b ukf) reaching 1
Mbit/s at a distance of 100 meters

The 802.11g protocol allows of reaching 54 Mbit'siandard mode and 108 Mbit/s in fast mode.

It is evident that the design and the realizatibra avireless LAN that must guarantee an optimal kivay from the
velocity and the benefits/costs ratio point of vieavoiding of installing an excessive number of ARat would increase
the costs and decrease the reliability of the LAM do excessive number of installed devices) neegseliminary
analysis from the service and the electromagneticgrenmental point of view. In fact this last tercan represent a
potential source of electromagnetic noise andrtpr@voke a decrease of the performance of the LAN.

This activity must be executed with an extreme c@nen we deal with environments which impose sevestrictions,
such the considered one.

The purpose of this paper is to illustrate the maptidesign procedure that has been used in theédeved underground
Gran Sasso mountain national laboratories usingramhd techniques such as Genetic Algorithms (GAs).

THE UNDERGROUND GRAN SASSO MOUNTAIN NATIONAL LABORAORIES OF
ITALIAN INSTITUTE OF NUCLEAR PHYSICS

The underground Gran Sasso mountain National Latmdea (GSNL) of Italian Institute of Nuclear Physi(INFN) are

located in Assergi, in the L’Aquila city provincegabout 120 km est of Rome (Italy). The undergdolatoratories are
located inside the Gran Sasso Mountain (about 30&@r above the sea level), 1400 meters underetiteat rocky mass,
named Eagle Mountain.

The offices and the directional centre are locdtdéain away from the Assergi highway exit and theteed on a 12.000
square meters surface.

Under the Gran Sasso mountain there is a sepavatdedhighway tunnel (one tunnel for traffic in théquila — Teramo

direction and one tunnel in the Teramo — L'Aquileedtion).



The entrance of GSNL is located in the Teramo —du#a direction tunnel using a passage reservethig¢daboratory
traffic and created by means of a narrowing of aldokm of the tunnel road in the correspondenceiraferground
laboratories.

The GSNL are the biggest and most important undergt laboratories of the world characterized by raque
environment for the kind of research that is maggdie them. Furhter, they have been realized opgser and not
recovering or adapting already existing structusesh as active or closed mine (KAMIOKANDE in Jagad SNO in
Canada).
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Fig.1 3D view of the laboratories with the existiegperiments.

The design, the approval and the public financiagehbeen possible thanks to the simultaneousrdyiind construction,
in '70-'80 years, of the highway tunnels in the samone. The GSNL realization started in 1982 aedctinstruction of
the first experimental apparatus started only 4s/éster, in 1986, when the first tunnel was opetwethe public traffic.
The underground laboratories are mainly constitbie8 experimental rooms, whose dimensions aretab@ux 20 x 20
meters, and by a series of connection tunnelsatteatised for the installations necessary for tleecbfunctioning of the
laboratories and for hosting secondary and reddéegnsion experimental devices. The total inten@lme is about
180.000 m.

Actually there are about 15 experiments currentbyking in the 3 experimental rooms and in some ectian tunnels.

TABLE 1. Main experiments that are actually runningide the laboratory

BOREXINO experiment Aimed at revealing sub-nuclear particles (neutrins)

Room C

LVD experiment Aimed at working such as an advanced neutrin tefesg
Room A capable of observing star collapse in our galaxy.

GNO experiment Aimed at providing a more accurate observation pnd
Room A measure of the intensity of solar electronic neastri

This experiment have terminated its vital cycle @ni$
actually in a dismantlement phase.

Moon 1 and Moon 2 experiments Aimed at studying the thermo-nuclear processeshef| t
Connection galleries sun by means of a 400 kV accelerator.
LENS experiment Aimed at making a research and develop programyetat

Connection galleries started, with Pseudocumene cells, properly confied




whose volume is relatively reduced.
Bp Milan experiment They constitute a family of experiments aimed | at
Rooms A and C observing the interation of rare particles withi¢at such
Haidelberg-Moscow experiment as tellurium oxide, germanium, sapphire at extrgrl
Connection galleries temperature (close to the absolute zero).
Cresst experiment
Room A
Dama experiment Aimed at researching particle candidate to be alescu
Connection galleries matter of the universe.
Opera experiment Aimed at researchingt neutrins with photographic
Room C emulsions.

In the Gran Sasso mountain are present other sshifet makes specific activities (highway, aquédeic.) and for this
reason the GSNL represented only one important coemt of a wider and complex system where each oot
interacts, unavoidably, with the other componehitsfact, for example, the highway represents thly entrance to the
laboratories, where not only people but also alittstallations (such as electrical, fanning, amplitelecommunications,
etc.) that guarantee the correct functioning aedstifety of laboratories must pass through it. Tthidies that a possible
accident inside the highway tunnels can compromigeonly the stability and reliability of the infisgions of laboratories
but also the capability for fire brigades, highwiagnel personnel and emergency teams of reachtpboratories. The
same happens if an accident takes place insidialoeatories. For this reason the emergency plelased to one of the
subjects which operates inside the Gran Sasso miounust consider also the other subjects present.

This characteristic gives to GSNL an extreme irtigat the international level.

Due to the multitude of systems, devices and ilagiahs that must be controlled, it is evident ttred laboratories, to be
managed securely in the best way, need to usesintdp advanced technologies finalized to obtaimgh and efficient
quality of services.

For this reason it is planned the realization ofvieeless LAN, to be installed inside GSNL, that kkbensure the
communication between any devices, fixed or mobiithout using cables that would unavoidably inseeahe
complexity of the system and reduce the reliabdityt.

The wireless LAN will allow, in future, the realitan of new and efficient functionalities, mainly terms of safety and
security of people and surrounding environment.

DEFINITION OF THE PROBLEM

The use of genetic algorithms for optimal APs phaeat has already been studig@daksuriwonget al., 2003, Nagy and
Farkas, 2000, Rong-Hacet al, 2001, Shih-Aret al., 1999 but in the most of cases it has been considerbdtba best
coverage of a given area, considering eventuallyatttenuation of walls and other obstacles (keepitagaccount also
their composing materials) that are present infideconsidered area.

In our problem we deal with peculiar restrictions!s as the possibility of installing the APs ontytbe lateral sides of the
galleries of GSNL and not in a any position, anel tinavailability of some installation zones dught® presence of other
devices or installations. This implies that theeage diagram of AP restricts from circular shapbkaif circular shape.
Further we need a full redundancy of the whole caye area, that is each point of the laboratoryt rhascovered by
almost two APs. Since the wireless LAN must be ati@rized by a high reliability, each zone of thiedratory have two
LANSs located on opposite sides and the APs arenaltively connected to them, so that a malfunctigref one LAN, and
of the related wireless APs, is immediately receddry the other LAN and the related wireless ARmected to it.
Further it is necessary to consider the backgranise that could be present inside the laboratameksthat could reduce
the coverage area of each AP and the related tissism velocity.

In the following we describe how this peculiar geh is coded and solved in term of GAs, that altovgolve it rapidly
and in an efficient way.

GENETIC ALGORITHMS

Genetic algorithms are considered wide range nwaleoptimisation methods, that use the naturalgsses of evolution
and genetic recombination (Davis, 1987, 1991; @iad de Vasconcelos, 2002; Goldberg, 1989, 1991lahthl 1992;
Winter et al, 1995). Thanks to their versatility, they can Isediin different fields and they also find a lotapiplications
in wireless network optimization problems (Maksuwivg et al., 2003, Nagy and Farkas, 2000, Rong-Hdwal, 2001,
Shih-Anet al.,1999).

GAs are particularly useful when the goal is tadfiein approximate global minimum in a high-dimensiowlti-modal
function domain, in a near-optimal manner. Unlike most optimisation methods, they can easily lad@écontinuous
and non-differentiable functions.

The algorithms encode each parameters of the protuée optimised into a proper sequence (wheralffteabet used is
generally binary) called a gene and combine thferdifit genes to constitute a chromosome. A progtesfchromosomes,



called population, undergoes the Darwinian proces$@atural selection, mating and mutation, cneatiew generations,
until it reaches the final optimal solution undee selective pressure of the desired fitness foncti
GA optimisers, therefore, operates according tddliewing nine points:

1) encoding the solution parameters as genes;

2) creation of chromosomes as strings of genes;

3) initialisation of a starting population;

4) evaluation and assignment of fitness valuebedrtdividuals of the population;

5) reproduction by means of fithess-weighted selaatf individuals belonging to the population;
6) recombination to produce recombined members;

7) mutation on the recombined members to produeertbmbers of the next generation;

8) evaluation and assignment of fitness valuebeaartdividuals of the next generation;

9) convergence check.

The flow chart of GAs operative process is schesadltin fig.2.
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Fig. 2. Flow chart of GAs operative process

The coding is a mapping from the parameter spatieetehromosome space and it transforms the geraimeters, which
is generally composed by real numbers, in a sthagacterized by a finite length. The parametezsaded into genes of
the chromosome that allows the GA to evolve inddpetly of the parameters themselves and therefoteeosolution
space.

The parameters can be discrete or continuouseyf éine continuous, it is generally necessary tadixe limits on them or
to restrict the values that they can assume innafahpossible range. In both cases a binary reptasion is generally
used since it can be shown (Goldberg, 1989) thdihgohas a underlying relevance in producing imptbresults and that
it is better to use the shortest possible usefiiaet as the binary one.

If g; is the i-th coded gene representing the i-th patanof the N solution parameters, encoded by mefi bits b, its
structure is:

g=[b1 b b5 ....... Buvi-1 bwi 1)
and the general chromosome ¢ shows the followingttre:
=01 Onv-1 OnJ=[b1 b2 bs ... Pu-1 bu] (2)

being M the sum of the bits that compose each gaaejs M=M, + M, +-+ My + My.

The greater the number of bits used to represeettain parameter and the greater is the accuraicthb slower is the
convergence: the correct number of bits must tbeeefesult as a compromise between the real poacisquired and the
velocity of convergence.

Parameter 1 Parameter 2 Parametern-1  Parameter n
Gene 1 l Gene 2 ' Gene n-1 I Gene n |

Fig. 3 Scheme of coding of problem parameterséhtomosomes.

Once created the chromosomes it is necessary tdeseltthe number of them which composes the igbalulation. This
number strongly influences the efficiency of thgaaithm in finding the optimal solution: a high nber provides a better
sampling of the solution space but slows the cayemte. A good compromise consists in choosing abeunof
chromosomes varying between 5 and 10 times the auoftbits in a chromosomes, even if in the mogtinfations, it is
sufficient to use a population of 40-100 chromossrand that does not depend of the length of thensbsome itself.




The initial population can be chosen at randont oamn be properly biased according to specificufiesst of the considered
problem.

Fitness function, or cost function, or object fuootprovides a measure of the goodness of a giteantosome and
therefore the goodness of an individual within aydation. Since the fitness function acts on theapeeters themselves, it
is necessary to decode the genes composing a givemosome to calculate the fitness function oériain individual of
the population. The fithess function is the onlyiection between the physical problem being opguhiand the genetic
algorithm. The only constraints on the form andteahof the fithess function, imposed by GAs, dua the fitness value
returned by the fitness function is in some mammeportional to the goodness of a given trial soluand that the fitness
value is positive (even if this last constrainba always required).

The reproduction takes place utilising a propeea@n strategy which uses the fitness functiorchioose a certain
number of good candidates. The selection procassotée based only on choosing the best individsatse they cannot
be very close to the optimal solution: for thissea there must be some chances that some unfiidodis are preserved,
to be sure that the genes carried by them areosbptematurely from the population. A very comnsetection strategy is
represented by the proportionate selection, whadesiduals compete on the basis of their fithedse Thdividuals are
assigned a space of a roulette wheel that is ptiopat to they fithess: the higher the fitness, theger is the space
assigned on the wheel and the higher is the prityaioi be selected at every wheel tournament. fbioenament process
is repeated until a reproduced population of Nvittlials is formed.

The recombination process selects at random twiwithhls of the reproduced population, called ptsearossing them
to generate two new individuals called childreneTdimplest technique is represented by the singjlet-rossover,
where, if the crossover probability overcome adixbBreshold, a random location in the parent’s sfusome is selected
and the portion of the chromosome preceding thecsed point is copied from parent A to child A, d&winm parent B to
child B, while the portion of chromosome of parénfollowing the random selected point is placedha corresponding
positions in child B, and vice versa for the renragnportion of parent B chromosome. If we point with cpA and (,;B the
chromosomes of parents A and B respectively, aRdisfthe random location:

G = [0 B b b | By by (3a)

o G = [0 b,° b’ .. bra® [ 1% ....bua® ] (3a)
their children ¢ and ¢&, generated by the crossover, are:

¢ = [0 b b ke [ B v by (4a)

¢ = [b° 0% bs® ... bra® [ 1™ .. b’ (4a)

If the crossover probability is below a fixed threkl, the whole chromosome of parent A is copidd ohild A, and the
same happens for parent B and child B. The crosssueseful to rearrange genes to produce bettmbowtions of them
and therefore more fit individuals. The recombioatprocess has shown to be very impor(@uldberg, 198pand it has
been found that it should be applied with a prolighiarying between 0.6 and 0.8 to obtain the bestilts.

The mutation is used to survey parts of the satuBpace that are not represented by the currenilgtem. If the
mutation probability overcomes a fixed threshold, element in the string composing the chromosomeh@sen at
random and it is changed from 1 to O or vice vadspending of its initial value. To obtain goodulés, it has been shown
(Goldberg, 1989 that mutations must occur with a jwabability varying between 0.01 and 0.1.

The converge check can use different criteria siscthe absence of further improvements, the regdfithe desired goal
or the reaching of a fixed maximum number of getiena.

IMPLEMENTATION OF THE PROBLEM

The 2D map of GSNL is shown in figure 4. In the samap the zones where are present some obstaatetothot allow
the installation of APs are also shown.

The analysis and measurement of background noédectiuld be present inside the laboratories andcthald reduce the
coverage area of each AP and the related trangmisglocity was made (Garzit al, 2004) and it did not reveal
particular critical points to be considered inside design procedure.

Once calculated the area to be covered, whose &g and once given the maximum coverage distangeoRan AP
(which is the circular diagram that indicates whiere emitted signal is above a minimum receivabteghold and that is

obviously related to the irradiation diagram and #&mitted power), whose area igpA an\P, the minimum number
N*Pin Of access points is equal to:

min 2
AP
where the rounding operation is made towards tlaeasé integer equal or greater than the argumethieodperation.
The number two is present due to the installatioAR on the side of the laboratories that redubescbverage area since
only half circle of the coverage diagram is usesida the laboratories and the other half is lositie the rocks, due to the
absence of nearby rooms.

NAP = ZD%ouncEAGSNL) 5)
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Fig.4 2D map of Gran Sasso mountain National Lalboies.




The number obtained from eq.(5) is obviously idgate it can be really reached if all the interaada is available for
APs placement and if the coverage diagram is cteniaed by a regular shape (i.e. square, etc.)ahavs to ensure a
perfect matching between the coverage of nearby ARs evident that in real conditions, the minimuumber of APs
necessary to ensure the complete coverage of tiNL®&h the desired redundancy is obviously grediemn the value
calculated by means of eq.(5), due to the not penfatching of coverage diagram of near APs andtadtige limitation of
places for APs installation.

For this reason, given the internal area, it issaered an initial number n*Nl.,,,, of APs (where n is a parameter, greater
than 1, to choose at will) greater than the minimumber N, leaving to the GA the duty of optimising and reithg
their number, according to the availability of miition places, reaching eventually the value of.\ in ideal
conditions.

Once defined the initial number n®R,, of APs, it is necessary to define the parametdsetmptimised for each AP,
represented by its coordinates. To increase thiengattion capability of used GA, it is also congielé the trimmer of
emitted power of each APs that allows to reducedity the maximum radius of coverage radiys B to zero, so that
the GA is capable of a fine matching of coveraggdim of near APs.

Since not all the initial APs are used to perfecthver the considered territory, it is necessaradd, for each AP, an
information that indicates if the AP is active attn

These considerations lead to four solution pararseter each AP, that are:

1) x coordinate;

2) y coordinate;

3) activity of the AP;

4) reduction of maximum coverage distangg.R

Let’s discuss now the variability range of the paeters indicated above and the relative accuracgssary to represent
them in term of binary strings.

Concerning the x and y coordinates, if we choosk raeter resolution, and we consider the maximuneresion of
laboratories#£ 1 km), 9 bits are enough to represent distanosdset 1 and 1.023 meters (el km).

The activity of each AP is coded using a single Witere a binary 1 indicates that the BS is actidile a binary 0
indicates that the BS is not active, even if ibisated in a given (x,y) position.

The reduction of maximum coverage distance can batyveen 0 and 100%: we choose to use 7 bits tlmav &0
represent 127 numbers. Since the necessary numebeoslify the percentage with a resolution equal%e are only 100,
the remaining 27 values are used to representdiresponding percentage values between 0% and 2#fitaining
them active in the evolution process. A 6 bits @ig is not possible since it allows to representy @4 numbers with a
resolution of 1 that is not enough for our purposes

4 genes are therefore used to encode the pararéteash AP whose total length is equal to 26 HAite genes features
are summarized in Table 2.

TABLE 2. Features of the 4 genes used to identifAR

Base Station parameters
Gene Feature Number of bits Range
1 X coordinate 9 0 + 1.023 meters
2 y coordinate 9 0 + 1.023 meters
3 Activity of AP 1 0+1
4 Reduction of maximum coverage 7 0+ 100 %
distance R of AP

Each chromosome, or individual, representing atwmuof the problem, is composed by a string regméag all the
n*N*F . APs and the related 4 parameters (whose totatHdagqual to 26 bits). The total length of eabloenosome is
therefore equal to 26* n*f{,.,,, bits.

It is now necessary to define the fithess funcfiorhis function must consider all the desired mjitation goals that are:
1) integral coverage of laboratories with the mimmnumber of APs;

2) overlapping of coverage diagram by means of atrBoAPs belonging to different fixed LANS, to iraise as more as
possible the reliability of the wireless LAN;

3) placement of APs only in the allowed zones.

Points one and two are synthesized with a propetiion while point three is considered using a prdprritorial array.
The considered fithess function of the generic ectosome C can be expressed as:



coveragaredC) E(edundant)verlappe(;lalree(c)

_ totalcoveragarea totalcoveragarea (6)

AP AP

N (l)_ Nmin +1
N

where “coverage area (C)” is the area covered &yAfPs distribution related to the chromosome Gndividual I, N*°(C)
is the number of active APs related to the chrommesdcC and “redundant overlapped area (C)” is thel tatea of
redundant overlapping of the different coverag@diens of APs to increase the reliability of thealdss LAN.
The mentioned function keep into consideration fleeformances of the chromosome C (APs distributianjerm of
coverage area (first term of numerator), in termespecting of redundant overlapping (second teérmumerator) and in
term of reduced number of APs (denominator). Thelmer 1 that has been added as second term of desmtomis
necessary to avoid divergence towards infinity whenfitness function is used to evaluate a chramesC that uses a
minimum number K, of APs.
The information relative to the allowed zones fdPsAplacement is stored in a proper binary arragracterized by the
same dimensions and resolution of (x,y) coordinafe&Ps (i.e. 2x2° meters). Each element of the array (representing a
cell of the laboratory whose dimensions are 1 mm)lthat can be used for APs placement is marked avibinary O
while if it cannot be used for APs placement, itniarked with a binary 1. Practically inside the t@red array the
internal profile of the laboratories is stored, hwthe exception of the zones occupied by devicas db not allow the
installation of APs.
The control about the APs placement in not allowedes is made at any genetic operation (reprodyctimssing,
mutation), checking in the proper array if the cboate of the APs of the actual chromosome C, dividual I, are
marked with a binary 1: if this happens, the relateromosome is deleted.
Once generated the initial population at randone, itndividuals characterized by APs not allowed emaent are
eliminated, and the selection is operated only e remaining individuals, until attaining a reprodd population
characterized by the same number of individuakhefinitial population.
Since the initial population is initialised at ramd, there is generally a portion of it that is efiated at the begin, but after
the first iterations more fitting individuals arergerated and it is not necessary to eliminate &ityeon.
Once recombined and mutated the population, timed# function of the population is again calculatéith the same
criteria illustrated above, considering only figlinndividuals. The converge test is made contrgllihthe difference
between the mean value of fitness functions of/iil individuals belonging to the actual genenatimd the mean values
of the last N generations is lesser than a certain percentdge ga,
Good results and rapid converge are obtained withulation composed by 50-60 individuals, with cogee test
parameters Nand i, equal to 25 and 0.08 respectively.

f(C)

RESULTS

The proposed GA has demonstrated to be extremedatile in APs optimal placement in areas, sucthea®ne of GSNL,
where a plenty of restrictions are present. Thanwit solutions are generally obtained after a kaithumber of
generations that rarely overcomes 150 iterations.

The computation time strictly depends of the numbErAPs considered since each of them adds 26 tbitsach
chromosome and therefore 26 bits of informatiobachandled by the GA. The number of APs grows withreduction
of maximum coverage R of APs: the longer this distance and the lessernthmber of APs and therefore the time
necessary to reach the final optimal solution.

Since the proposed design techniqgue must be indepefrom any particular commercial devices, défaroptimizations
were made considering variable values of maximuachable distance ;R of APs to know for which values the
maximum reduction of initial number of APs is olbotd. The n value to be multiplied fofN,, was chosen to be equal to
2. The results are shown in figure 5.

It is possible to see that the maximum reductionwhber of APs is obtained if are used devicesehatre a maximum
coverage distance greater than 60 meters. Thiexjained with the geometry of laboratories. Irtfaltie to the absence
of wide spaces (with the exception of the main repand to the presence of numerous long galleridseduced spaces,
a short-medium range coverage of APs is prefenafile respect of a long coverage, thanks to theipiisg of GA of
optimising, in the better way, their position t@pect the restrictive design condition imposed.r&fiéong range APs are
used, since the GA can control also the coveraggerahe APs are always placed in the same posigaiucing properly
their coverage distance. This also implies thas ihot necessary to choose more expensive longeréms, since a
coverage of only 60 meters ensures optimal resolterm of reduction of number of APs and thereforeerm of
increasing of reliability of the wireless LAN.

It is obvious that different design solutions welgained, each of them characterized by a diffeptetement of APs
inside the laboratories and all respecting thegiesonditions. Their are not shown for brevity.
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CONCLUSIONS

An efficient technique that uses Genetic AlgorithimsAPs placement in areas with different kindredtrictions, such as
Gran Sasso underground National Laboratory ofatalnstitute of Nuclear Physics, has been presefitési capable of

operating on any kind of real situation, reachipgroal results.

It can be used in the initial planning of wirelds&N, adding later further restrictions, which hasen identified, to

improve the found solutions.

It gives not only different optimal solutions focaess points placement inside the laboratoriesalsat the maximum
coverage requested to the APs to reach the minionsthof installation.

The use of GA techniques on this kind of problerauees to find, always and efficiently, quasi-optirealutions, that

would otherwise be impossible to be located duthéoconsiderable numbers of parameters involvateroptimisation

problem and due to the numerous vinculums to bsidered in the resolution of the problem.
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