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 network (MANET) is 
omprised of mobile hosts that 
an 
om-muni
ate with ea
h other using wireless links. In this paper we present a novelrouting algorithm 
alled GPSAL (GPS/Ant-Like Routing Algorithm) whi
h is basedon GPS (Global Positioning System) and mobile software agents modeled on antsfor routing in ad ho
 networks. We 
ompare our algorithm to the Lo
ation-AidedRouting (LAR) [1℄ algorithm for MANET whi
h is also based on GPS. Simulationresults show that our algorithm has less overhead than LAR.Keywords: MANET, Routing.AMS Subje
t 
lassi�
ation: TBD1. Introdu
tionA mobile ad ho
 network (MANET) is 
omprised of mobile hosts that 
an
ommuni
ate with ea
h other using wireless links. It is also possible to havea

ess to some hosts in a �xed infrastru
ture depending on the kind of mobile adho
 network available. Some s
enarios where an ad ho
 network 
ould be usedare business asso
iates sharing information during a meeting, military personnelrelaying ta
ti
al and other types of information in a battle�eld, and emergen
ydisaster relief personnel 
oordinating e�orts after a natural disaster su
h as ahurri
ane, earthquake or 
ooding.In this environment a route between two hosts may 
onsist of hops through� This work has been partially supported by Proje
t SIAM/DCC/UFMG, grantMCT/FINEP/PRONEX number 76.97.1016.00
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 Networksone or more nodes in the MANET. An important problem in a mobile ad ho
network is �nding and maintaining routes sin
e host mobility 
an 
ause topology
hanges. Several routing algorithms for MANETs have been proposed in theliterature [1{13℄ and they di�er in the way new routes are found and existingones are modi�ed.Ant algorithms [14,15℄ have been developed re
ently and are based on a pop-ulation approa
h, whi
h has been su

essfully applied to several NP-hard 
om-binatorial optimization problems [15{20℄. As the name suggests, ant algorithmshave been inspired by the behavior of real ant 
olonies, in parti
ular, by theirforaging behavior [21℄. One of the main ideas of ant algorithms is the indire
t
ommuni
ation of a 
olony of agents, based on pheromone trails. Pheromonesare used by real ants for 
ommuni
ation. The ants know the other ants pathsby the pheromone trails, and the amount of pheromone on an trail re
e
ts itsimportan
e. In GPSAL (GPS/Ant-Like Routing Algorithm) an ant agent has theresponsibility of 
olle
ting and disseminating the information about the nodes'positions. In our 
ase the software agents modeled on ants may follow di�erentpaths. In fa
t, the more di�erent paths they follow the more the nodes' positionsare disseminated. These software agents are implemented as a pa
ket transmittedfrom node to node until the destination node is rea
hed when it is sent ba
k tothe mobile unit that 
reated it.Most of the existing MANET routing algorithms do not 
onsider the physi
allo
ation of a destination node. In this paper we propose a novel routing algorithm
alled GPSAL whi
h is based on GPS (Global Positioning System) [22,23℄ andmobile software agents modeled on ants for routing in ad ho
 networks. Then we
ompare our algorithm to the Lo
ation-Aided Routing (LAR) [1℄ algorithm forMANET whi
h is also based on GPS. Simulation results show that our algorithmhas less overhead than the LAR algorithm.This paper is organized as follows. Se
tion 2 dis
usses the related work. InSe
tion 3 we present the GPSAL algorithm and in Se
tion 4 the algorithm isevaluated. Finally, in Se
tion 5 we present some 
on
lusions.2. Related WorkThe design of routing algorithms is a fundamental problem in a MANETand several routing proto
ols have been proposed in the literature [2{8,1,9{13℄.An important property that a routing algorithm should have for this type of
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 Networks 87environment is the ability to adapt to di�erent traÆ
 patterns. This 
an be a
-
omplished in various ways as explained below. A possible strategy is to 
onsiderthe physi
al lo
ation of a destination node when 
hoosing a route but this infor-mation is not taken into a

ount in most of the existing routing algorithms forMANETs.Johnson, Maltz and Bro
h [8℄ argue that the 
urrent routing proto
ols areinadequate for ad ho
 mobile networks sin
e the fra
tion of traÆ
 related to rout-ing information may be a signi�
ant portion of the wireless bandwidth available.This is the 
ase in routing proto
ols that ex
hange periodi
ally routing tables.Johnson, Maltz and Bro
h propose the algorithm DSR (Dynami
 Sour
e Rout-ing) where ea
h pa
ket to be routed 
arries in its header a 
omplete ordered list ofnodes through whi
h the pa
ket must pass. This is a key aspe
t in the algorithmsin
e intermediate nodes do not need to keep up-to-date routing information.The proto
ol is based on on-demand route dis
overy.Several optimizations have been proposed to redu
e the route dis
overy over-head. Perkins and Royer [12℄ propose the algorithm AODV (Ad ho
 On DemandDistan
e Ve
tor routing) that uses the on-demand me
hanism of route dis
overyand route maintenan
e from DSR, and the hop-by-hop routing, sequen
e numbersand periodi
 bea
ons from DSDV [11℄.Park and Corson [10℄ propose the algorithm TORA (Temporally-OrderedRouting Algorithm) that tries to minimize rea
tion to topologi
al 
hanges bylimiting routing messages to the group of nodes near the 
hange. In this s
enario itis possible to have longer routes as a result of avoiding the overhead of dis
overingnewer routes.Hass and Pearlman [6℄ 
ombine in the algorithm ZRP (Zone Routing Pro-to
ol) proa
tive and rea
tive approa
hes in the route dis
overy and route main-tenan
e respe
tively. Route dis
overy is performed on-demand but limited tothe initiator's neighborhood, and topology update propagation is limited to theneighborhood of the 
hange.The algorithms des
ribed above do not take into a

ount the physi
al lo-
ation of a destination node when 
hoosing a route. Ko and Vaidya [1℄ proposethe algorithm LAR (Lo
ation-Aided Routing) that uses the node's lo
ation whensending a pa
ket to it. The basi
 idea is to perform a restri
ted 
ooding in theregion where the destination node may be at the moment the initiator node per-forms a route dis
overy. The authors propose two variants of this algorithm. The�rst one, 
alled LAR1, uses a request zone that has a re
tangular shape. The
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 Networkszone size is de�ned to be the smallest re
tangle that in
ludes the 
urrent lo
ationof a host plus its expe
ted zone. This value depends on the node's speed andthe time elapsed sin
e the last update. The se
ond s
heme is 
alled LAR2 andin
ludes in the routing pa
ket the known lo
ation of a destination node and theexpe
ted distan
e the host may be from that lo
ation. This information is usedby intermediate nodes to determine the request zone of a pa
ket.Basagni et al. [24℄ propose the algorithm DREAM (Distan
e Routing E�e
tAlgorithm for Mobility) that is based on the prin
iples of distan
e e�e
t andmobility rate. Distan
e e�e
t means that from the point of view of a given nodethe greater the distan
e to another node in the MANET, the slower they appearto be moving with respe
t to ea
h other. The idea is to update the lo
ationinformation of the mobile nodes in the routing tables a

ording to the distan
eseparating them. Mobility rate is related to the frequen
y of lo
ation updates. Inthis way, ea
h node sends updates to the other nodes in a frequen
y that dependson its degree of mobility.Lin and Stojmenovi
 [25℄ also propose a routing algorithm based on GPS
alled GEDIR (Geographi
 Distan
e Routing) whi
h deals only with stati
 net-works. Ea
h node in the GEDIR algorithm 
hooses a neighbor that is 
losest tothe destination in order to forward the message. Lin and Stojmenovi
 prove thatdire
tional based methods are not loop-free, while the GEDIR algorithm is. Thealgorithm does not worry about how a node learns and maintains the other nodespositions in its table, that is the greatest 
are of GPSAL. The delivery messageof GEDIR, and its variants, are 
ompared with various routing algorithms, in-
luding a modi�ed LAR with interesting results. The main goal of GEDIR is theloop free routing.In this paper we propose the algorithm GPSAL (GPS/Ant-Like routing al-gorithm) that is also based on the physi
al lo
ation of a destination node andmobile software agents modeled on ants. Ants are used to 
olle
t and disseminateinformation about nodes' lo
ation in the MANET.Ant-like agents or the so-
alled mobile software agents were used by Applebyand Steward [26℄ for network 
ontrol in tele
ommuni
ations. S
hoonderwoerd etal. [27℄ improved on the work of Appleby and Steward [26℄ by using simple agentsthat modify the routing tables of every node in a given network. Bonabeau etal. [28℄ proposed a simple me
hanism based on ant-like agents for routing and loadbalan
ing in tele
ommuni
ations based on the previous works of [26℄ and [27℄.The results presented in [26{28℄ are very promising and the same prin
iple is used
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 Networks 89in this paper.3. GPSAL AlgorithmIn this se
tion we �rst des
ribe how the lo
ation information is obtained inGPSAL, the routing table data stru
ture, the role of �xed hosts, if available, inthe MANET, the algorithm, and how it 
an be improved with the use of softwareagents modeled on ants.3.1. Lo
ation InformationWe assume that all mobile hosts parti
ipating in a MANET have a GPS unitwhi
h provides to the host its approximate three-dimensional position (latitude,longitude and altitude), velo
ity, and a

urate time in Universal Time Coordinate(UTC) format. The proposed algorithm assumes that mobile hosts are movingin a plane, and therefore the altitude information is not used.The information provided by a GPS unit may have some ina

ura
y of afew meters depending on the system employed. In the algorithm proposed weassume that the lo
ation information is 
orre
t. The algorithm makes use oflo
ation information of a mobile host to redu
e the number of routing messages.3.2. Routing TableAll hosts in the MANET have a routing table where ea
h entry represents aknown host d and has the following information: 
urrent lo
ation of d, previouslo
ation of d, timestamp of 
urrent lo
ation, timestamp of previous lo
ation, andwhether d is a mobile or �xed host. The timestamp �eld 
an be implemented asan integer value that is in
remented monotoni
ally.The information in ea
h entry may be updated whenever a host re
eives amore re
ent information about a given host d as we will see below.3.3. Fixed HostsDepending on the MANET available it is possible to have a

ess to somehosts in a �xed infrastru
ture. In our algorithm we assume that we may havea

ess to �xed hosts. In Se
tion 4 we 
ompare the performan
e of the GPSALalgorithm when we vary the amount of �xed hosts available. In this 
ase we are
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 Networksinterested in evaluating hybrid networks 
omprised of both ad ho
 and stru
turednetworks.Often the 
ost to route pa
kets in a �xed infrastru
ture is mu
h less than ina MANET. In a traditional network it is 
ommon to have faster and more reliablelinks, and more powerful 
omputers than in a mobile network. In 
ase there is aroute segment that passes through a �xed infrastru
ture we assume that its 
ostis insigni�
ant and the wired network is able to �nd the nearest �xed host to thedestination mobile 
omputer.3.4. AlgorithmWhenever a mobile node wants to join the MANET it listens to the mediumto �nd out a neighbor node n. On
e a neighbor node n is identi�ed the mobilehost sends a request pa
ket to n asking for its routing table whi
h is sent ba
kto the host. From this moment on the new mobile host 
an start routing andsending pa
kets in the MANET.The routing proto
ol is based on the physi
al lo
ation of a destination hostd stored in the routing table. If there is an entry in the routing table for hostd, the best possible route is 
hosen using a shortest path algorithm. The route,
omprised of a list of nodes and the 
orresponding timestamps, is atta
hed tothe pa
ket whi
h is sent to the �rst host in the list. If host d is not found inthe routing table, the mobile node sends a message to the nearest �xed node, ifavailable, that tries to �nd the destination node. Otherwise the data pa
ket isnot delivered.Note that the information in the routing table, whi
h was used to routethe pa
ket, probably re
e
ts a snapshot in the past and the 
urrent network
on�guration may be di�erent. Therefore ea
h host, upon re
eiving a pa
ket,
ompares the routing information present in the header with the information inits routing table. The entries that have older information than in the pa
ketre
eived are updated. This is performed by 
omparing the timestamp �eld in thepa
ket re
eived and in the routing table. Furthermore, ea
h intermediate node
an 
hange the route to a destination node when there is a better route.Figure 1 depi
ts two possible s
enarios in a MANET when host A wants tosend a pa
ket to host G.An important aspe
t of any routing algorithm for MANETs is how the rout-ing table is updated. It is 
lear that better routes 
an be determined whenever
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ent information about the network 
on�guration. Rout-ing information 
an be obtained both lo
ally and globally. Lo
al informationis obtained from a neighbor node that periodi
ally broad
asts only the 
hangeso

urred sin
e the last time (this interval is a 
on�guration parameter). Globalinformation 
an be disseminated more rapidly using mobile software agents mod-eled on ants as explained in the following.3.5. Disseminating Routing Information Using AntsIn a MANET when a mobile 
omputer is powered on it may not know thephysi
al lo
ation (
urrent or past) of other hosts. However, this information 
anbe gathered when a 
omputer re
eives a message to be forwarded to another nodeor as a result of its own route dis
overy. All messages 
arry routing informationthat 
an be used by intermediate hosts in the routing pro
ess.The route dis
overy 
an be a

elerated using mobile software agents modeledon ants responsible for 
olle
ting and disseminating more up-to-date lo
ationinformation of mobile hosts. When a host re
eives an ant it 
ompares the routingtable present in the ant pa
ket with its routing table and updates the entries thathave older information as explained above. When this ant leaves a node it 
arriesthe most updated routing table from the point of view of the nodes already visitedand the 
urrent one. This pro
ess is fundamental for the good performan
e ofour algorithm. Of 
ourse there is an overhead asso
iated with this pro
ess whi
h
an be 
ontrolled with the number of ants in the MANET.Another important point is how to determine a destination to where an antshould be sent in order to 
olle
t more up-to-date information. One possibilityis to 
hoose the node with the oldest information in the routing table, i.e., theleast re
ently entry in table to be updated, or the farthest distant node in theMANET from the 
urrent node, or just any node in the table. Whatever node is
hosen, on
e it is rea
hed the ant is sent ba
k to the node that 
reated it.4. Performan
e EvaluationIn this se
tion we evaluate di�erent aspe
ts of the GPSAL algorithm andalso 
ompare it to the Lo
ation-Aided Routing algorithm [1℄ whi
h is also basedon GPS. The simulations will be divided in two di�erent s
eneries. The �rst oneshows the GPSAL algorithm, mainly the performan
e of mobile agents and theimpa
t of the �xed network in the GPSAL, if present. The se
ond one is an
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 Networksattempt to use the same environment presented in the original LAR paper [1℄.The goal in this 
ase is to make a fair 
omparison between the two algorithms.In our simulations we follow the suggestions of performan
e issues and evalu-ation 
onsiderations presented in [29℄. Our simulation environment treats pa
ketssimilar to the IEEE 802.11 proto
ol [30,31℄, working in iterations. The algorithmswere implemented in the C language and run in a Sun Spar
 Ultra-1 with 128MB of RAM and Sun Spar
 Ultra-Enterprise with 512 MB of RAM, both runningSunOS 5.5.1.4.1. First S
eneryIn this s
enery all MANETs simulated have always 70 nodes in
luding mo-bile and �xed hosts. The nodes are initially distributed in a n� n square regionand ea
h one knows its 
urrent lo
ation. We assume that ea
h host moves 
ontin-uously along the time with a maximum speed of 0:1n=iteration. The simulationo

urs in a dis
rete way, i.e., an iteration means that the algorithm exe
utes in allnodes, and ea
h message of the previous iteration was treated and the nodes 
an
hange their position. The dire
tion of ea
h host movement is 
hosen randomly.In 
ase a host hits the grid border it boun
es ba
k and 
ontinues to move afterre
e
tion.All nodes have the same transmission range that is 0:2n. At any moment anode is dis
onne
ted from the MANET when in its transmission range there isno other mobile host.In all simulations, the sender and destination nodes are 
hosen randomly.Data pa
kets that 
annot be delivered to a given destination due to a brokenroute are simply dis
arded. In our algorithm 
ooding is never used.Simulation results shown in the next se
tion are an average over 30 runs, ea
hone with a di�erent mobility pattern. When we 
ompare the GPSAL algorithmto the LAR we use the same s
enarios for both algorithms.We do not take into a

ount delays that may be introdu
ed when multiplenodes in a neighborhood attempt to transmit simultaneously. We also do not
onsider transmission errors.Updates in the routing tables are ex
hanged between hosts every three iter-ations. This value favors the LAR algorithm when we 
ompare it to the GPSAL.A table ex
hange is the only way in the LAR to improve its knowledge of thenetwork.
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eneryThe impa
t of introdu
ing ants in routing dissemination is depi
ted in Fig-ure 2 and 
an be further analyzed a

ording to the data shown in Table 1. Whena node 
onverges it means that it has information about all nodes in the MANET.Figure 2 shows that for the �rst 
onvergen
e the number of iterations de
reasesas the number of ants in the MANET in
reases. The amount of ants does notbene�t the network on
e a network 
onverges. The �rst line of Table 1, wherethe probability of ea
h node to generate an ant is zero, for the GPSAL with ants,we use the routing information in the data pa
kets and, therefore, those pa
ketswork as ants. For the version of GPSAL without ants we do not 
onsider thatpie
e of information.Figure 3 shows the impa
t in the traÆ
 when �xed hosts are used in theMANET. The traÆ
 in
reases as the number of data pa
kets between hosts alsoin
reases. As expe
ted the number of traÆ
 in the MANET de
reases as thenumber of �xed hosts in
reases.Figure 4 shows the e�e
t of varying the amount of �xed nodes in the MANETfor the GPSAL algorithm. In this s
enario we 
onsider the following parameters:150 nodes, transmission range of 300 units and average speed of 4 units/iteration.In ea
h iteration there is 0.5 probability of ea
h node to send a data pa
ket toanother node in the network. In this 
ase the routing overhead de
reases as theamount of �xed nodes in
reases. It is interesting to note that the same overheadpattern is kept.Figure 5 shows the overhead present in the GPSAL be
ause of table ex-
hanges and the introdu
tion of ants. All tables are sent through broad
ast.The value of \tables sent" means the amount of all routing information sentby all hosts whereas \tables re
eived" means the amount of routing informationre
eived. As expe
ted the overhead is greater when ants are introdu
ed.Finally in Table 2 we 
ompare the amount of pa
kets present in the MANETwhen one, two and three data pa
kets are routed at the same time for bothGPSAL and LAR (s
hemes 1 and 2). Sin
e the LAR algorithm is based onrestri
ted 
ooding the amount of pa
kets in
reases exponentially as the numberof 
on
urrent data pa
kets are being routed. This is a serious limitation of theLAR that is not present in GPSAL. This problem was also pointed out by Linand Stojmenovi
 in [25℄. The algorithm LAR2 uses a more restri
ted requestzone and, therefore, the amount of data pa
ket is de
reased. We emphasize the
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kets in the 
omparisons. The GPSAL 
onsiders as traÆ
 all pa
kets(ants, data pa
kets and table ex
hanges) of all nodes, even the nodes that didnot parti
ipate in the data pa
ket delivery. LAR 
onsiders only data pa
ketsgenerated by the data 
ooding. No bran
hes are made in LAR and the timeoutof pa
kets is set to 10 hops.4.3. Se
ond S
eneryIn the se
ond simulation s
enery we 
onsider the number of nodes of theMANETS to be 15, 20, 25, 30, 35, 40, 45, and 50 for di�erent simulation runs.The nodes are initially assigned a lo
ation in a 1000 � 1000 square region usinga uniform distribution.We assume that ea
h node moves 
ontinuously along the time, with-out staying at any lo
ation, with an average speed uniformly distributedv � 1:5 units/iteration. We 
onsider average speeds v in the range 1.5 to 32.5units/iteration. The dire
tion of movement of any node is 
hosen randomly. In
ase a node hits the grid border it boun
es ba
k and 
ontinues to move afterre
e
tion.All nodes have the same transmission range. In the experiments, transmis-sion ranges of 200, 250, 300, 350, 400, 450, and 500 units were 
onsidered. Twonodes 
annot 
ommuni
ate with ea
h other when they are beyond their transmis-sion range and a node is dis
onne
t from the MANET when in its transmissionrange there is no other mobile host.In all simulations, there are 10 senders and one destination node 
hosenrandomly. Data pa
kets that 
annot be delivered to a given destination dueto a broken route are simply dis
arded. In our algorithm 
ooding is not used.Ea
h sender generates on average 10 data pa
kets/se
, with the time betweentwo pa
kets being exponentially distributed.Updates in the routing tables are ex
hanged between hosts every three it-erations. As mentioned before, this value favors the LAR algorithm when we
ompare it to the GPSAL.We do not take into a

ount delays that may be introdu
ed when multiplenodes in a neighborhood attempt to transmit simultaneously. We also do not
onsider transmission errors.
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ond S
enerySimulation results shown below are an average over 30 runs, ea
h one with adi�erent mobility pattern. For all runs, one of ea
h input parameter, i.e., averagespeed, number of nodes, and transmission range, was varied and the others werekept 
onstant. In the GPSAL algorithm, the probability of a node to generatean ant (as des
ribed in Se
tion 3.5) in ea
h iteration is 0.5.For ea
h input parameter, the result is presented as a fun
tion of numberof routing pa
kets per data pa
kets. The term \data pa
kets" (DP) refers to thenumber of data pa
kets e�e
tively re
eived by the destination node and not thedata pa
kets transmitted by all senders. Re
all that a data pa
ket may be lostdue to a broken route. The term \routing pa
kets" (RP) refers to all routingrelated pa
kets re
eived by all nodes in the MANET. For the GPSAL algorithmthis value also in
ludes the overhead with ants.When we 
ompare the GPSAL algorithm to the LAR we use the sames
enarios for both algorithms. However, we 
onsider a simpli�
ation to the LARalgorithm. The �rst step in the LAR s
hemes is to perform a route dis
overy. Ifthere is no reply within a timeout interval, the sender uses the 
ooding algorithmto �nd the route. In our simulations we do not 
onsider this 
ost in the LARalgorithm sin
e it is provided to the sender the lo
ation of the destination node.Figures 6 and 7 show the e�e
t of varying the transmission range. Typi
ally,for the LAR s
hemes the routing overhead in
reases as transmission range andspeed in
rease when there are several sour
es sending data pa
kets to a desti-nation node. With a larger transmission range, the number of routing pa
ketsin
reases sin
e more nodes are rea
hed outside of the request zone for the LARalgorithm. The GPSAL algorithm does not use 
ooding whi
h provides a smalleroverhead that also de
reases as the speed in
reases. The variability in the 
urvesis due to the 
ombination of di�erent s
enarios where ea
h one has 10 di�erentsenders and one destination. This fa
t 
an be seen from the 
urves of the GPSALalgorithm that restri
ts the transmission to its neighbors.Figures 8 and 9 show the e�e
t of varying the number of nodes in theMANET. The amount of routing overhead for both LAR s
hemes in
reases morequi
kly than in the GPSAL algorithm when the number of nodes in the MANETis in
reased. Considering a �xed transmission range of 300 units, the impa
t ofin
reasing the speed and varying the number of nodes is mu
h smaller than inthe 
ase of Figures 6 and 7.
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t of varying the speed of nodes in the MANET.The amount of routing overhead for both LAR s
hemes has a similar pattern.LAR s
heme 2 tends to perform better than LAR s
heme 1.5. Con
lusionsIn this paper we des
ribe a novel routing proto
ol for MANETs that isbased on mobile software agents modeled on ants. Ants are used to 
olle
t anddisseminate information about the lo
ation of nodes in the network. This is a keyaspe
t of the GPSAL algorithm that helps a

elerate route dis
overy. Anotherfeature of this algorithm is the use of �xed hosts whenever possible to routepa
kets. The 
ombination of these prin
iples provide a better MANET routingalgorithm.Simulation results indi
ate that using lo
ation information helps in de
reas-ing the routing overhead as 
ompared to algorithms that do not use lo
ationinformation or resort to 
ooding. The GPSAL algorithm has a lower overheadwhen 
ompared to the LAR proto
ol. We run several di�erent experiments whi
hshow di�erent trade-o�s.Referen
es[1℄ Young-Bae Ko and Nitin H. Vaidya. Lo
ation-aided routing (LAR) in mobile ad ho
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hite
tural 
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e on Computer Communi
ations and Networks, 1997.[5℄ R. Dube, D.D. Rais, K. Wang, and S.K. Tripathi. Signal stability based adaptive routing(SSA) for ad ho
 mobile networks. IEEE Personal Communi
ations, February 1997.[6℄ Z.J. Haas and M.R. Pearlman. The zone routing proto
ol (ZRP) for ad ho
 networks.Internet-draft, August 1998.[7℄ M. Jiang, J. Li, and Y.-C. Tay. Cluster based routing proto
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tional spe
i�-
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ol for mobile adho
 networks. Internet Draft, Mar
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Probability of # of iterations for the # of iterations for theea
h node to # of entire network 
onvergen
e �rst network 
onvergen
egenerate an ant ants GPSAL GPSAL GPSAL GPSALby iteration without ants with ants without ants with ants0.0 0 43.8 29.4 21.6 13.40.01 20.0 43.8 21.60.03 69.3 43.8 21.60.05 111.3 43.8 21.60.08 158.0 43.8 21.60.1 197.4 43.8 27.0 21.6 12.60.2 365.6 43.8 25.8 21.6 11.60.3 531.2 43.8 25.2 21.6 11.80.4 685.0 43.8 24.0 21.6 10.40.5 843.8 43.8 24.0 21.6 11.20.6 967.6 43.8 22.8 21.6 10.20.7 1151.8 43.8 23.4 21.6 10.00.8 1255.0 43.8 22.2 21.6 10.60.9 1391.0 43.8 21.6 21.6 10.01.0 1486.0 43.8 21.0 21.6 9.8Table 1Convergen
e of the MANET using GPSAL
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Data pa
kets in the MANET1 2 3GPSAL 1430 2004 2133LAR1 2 681 259 5 163 028 7 404 506LAR2 113 603 2 315 741 8 154 490Table 2Amount of pa
kets generated


