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Abstract— Scalable and efficient network simulation methods methods are required. This need becomes evident when one
are the method of choice for evaluating and verifying wirelss wishes simulation of very large—scale wireless networkssu
network protocols on a moderate to large scale. This need 5¢ emerging ad hoc sensor networks in which the number of

becomes obvious when simulating very large—scale wirelesgt- d be th d fth d d th d
works such as emerging ad hoc sensor networks in which the noaes can be the order of thousands or more, an € noae

number of nodes can be the order of thousands or more, and density can be very high. A traditional network simulatioolt

with very high node density. Unfortunately, simulation of suich such asns2is usually a poor choice in such an environment,
large-scale wireless networks often requires excessivelprge due to excessive execution time and memory requirements.
amounts of computing resources and can be slow to complete. e approach to address the performance issue is the use

One approach to achieving higher performance in a large—sde o . . .
netvvorFI)(psimulation is the u%e gfpararl)lel or distributed sim%lation of parallel or distributednetwork simulation techniques, such

techniques. However, the efficient distributed simulationof wire-  aS those used b§loMoSintQualNet[4], SSFNe{8], SWAN

less ad hoc networks is still a daunting task. Therefore, weurn  [9], pdns [10], and GTNetS[6]. For the most part, these
our attention to more traditional sequential simulation methods, parallel simulation tools use a conservative synchroitrat
and seek to reduce the overhead incurred in the Medium Access approach, and rely ofookahead[11] to achieve reasonable

Control (MAC) state update propagation between wireless ndes. .
We introduce a novel method calledLAMP (LAzy MAC state performance. Usually, the lookahead value in parallel ngtw

uPdate), that substantially reduces this overhead, with ndoss of ~Simulations is obtained from the propagation delay of aalign
accuracy. Using our wireless network simulation tool, we ompare  going through a communication medium, as well as the

the efficiency of the LAMP approach to the more traditional packet transmission time on the link. However, in wireless
approach, and show a performance improvement of up to a facto networks, this propagation delay is usually very small ¢ord

of eight, with no loss of accuracy. . . )
Index Terms— Network simulation, efficient simulation, wire- of micro-seconds). Further, the MAC state information must

less network, mobile computing, lazy MAC state update be propagated to peers when fhst bit of a packet is received
by a receiver. Hence, the performance improvement of véigele
|. INTRODUCTION network simulations through parallel simulation techmigu

The importance of effective evaluation and verificatiohas not been significant, and sometimes it is even worse than
of wireless network protocols has been growing with the sequentialsimulation [7].
advancements and proliferation of wireless communication In this paper, we introduce a different approach to im-
and computer technologies. A number of high—quality nekwoproving the performance of wireless network simulationsr O
simulation environments exist for analysis of the perfanoe approach, calledd AMP, leads to substantial improvements in
of wireless ad hoc networks, includings2 [1], [2], [3], overall execution time and reduction in the size of the pegdi
GloMoSimand its commercial counterp@ualNet[4], OPNet event list.
[5], and the Georgia Tech Network Simulatd@®T{Net$ [6]. Our technique is motivated from the observation that in-
All of these tools have detailed models of the IEEE 802.1] [1#orming all potential receivers of a given transmission is
wireless MAC protocol, as well as models for physical laygrot necessary. In general, the MAC state of a node in a
path loss. However, these tools also all suffer from degtadwireless network is only importanif the node wishes to
performance when simulating the wireless protocols, whé@nsmit a packetMore traditional approaches schedule a
compared to a similar sizedired network simulation. There packet reception event at all potential receivers of a packe
are several contributing factors to the reduced performémc including undesignated receivers. Thedesignatedreceivers
wireless simulation tools, including the complexity of acate 0f course must be able to sense and consequently receive
path loss and fading calculations in the physical layer,thed the packet. However, undesignated receivers do not have to
excessive number of simulation events needed to coordinBg aware of the transmission unless they are interested in
the MAC state updates between wireless nodes. For uni i~ . R

or unicast communications, there is only one receiver, inigdreferred

Wh?n the ] scalability property of _a_ network prOFO_COI 130 as a designated receiver. The others that are not desiybat hear the
especially of interest, scalable and efficient network $ation  transmitted signal are called undesignated receivers.



accessing the communication medium in the near future. If
one of the undesignated receiver nodes wishes to access
the channel later, then it has only to update its MAC state
related with the channel access according to the previous .
transmissions, i.e., according to tiéstory of the medium Undesignated receiver
access by other transmitter nodes. i
The remainder of the paper is organized as follows. Sec- .
tion 1l gives an overview of th& AMP technique, with details :
given in Section lll. In Section 1V, the performance evalaat ‘
results of LAMP are presented. We review some related work :
in Section V, and then finalize the paper in Section VI with

conclusions and future work. Transmitter

[I. OVERVIEW OF LAZY MAC STATE UPDATE Designated receiver

As previously mentioned, with tHeAMP method of delayed
MAC state updates, the MAC state of each node is not updated
needlessly. It is brought up-to-date only when a node withes
join communications as a transmitter or a designated receiv
For example, let us suppose that there are three nadles, Fig. 1. An Example of A Simple Wireless Network
B, and C in a simple wireless network, and they share an
IEEE 802.11 [14] wireless medium as shown in Fig. 1. Let
us assume that each node is within the transmission range ofhe communicating entity list contains the nodes that are
the others, and nodé wishes to send a unicast packet t@urrently involved in communications. Therefore, any node
node B with a preceding Request-To-Send (RTS) — Clear-T#hat wishes to communicate through a medium will be added to
Send (CTS) exchange. With a more traditional approachyevéhis list, as well as all designated receivers. The addeitlemnt
transmission fromA and B will incur packet reception eventswill be removed from the list as soon as the communication
and the relevant MAC state updates(tsince C' is within involving them completes.
the transmission range of and B. With LAMP however, no  When nodes want to communicate through a medium, they
packet reception event will be scheduledGatand no MAC first must update their MAC states according to the wireless
state update occur ét, because it is undesignated(dfwants link event list. Then the nodes are added to the communigatin
to communicate withA while the communication betweenentity list. When a node determines that it is allowed to asce
A and B is going on,C must become aware that it cannothe medium, it transmits the packet, and records informatio
access the medium at that time, and does so by updatingaltout the transmission in the wireless link event list. The
MAC state according to the medium access history. Thus,piicket reception event due to this transmission is schédule
behaves as if it heard the RTS-CTS exchange and perfornatdthe designated receivers normally, and is also scheduled
the corresponding physical and virtual carrier sensing. for all nodes on the communicating entity list, excepting th

Wwith LAMP, a wireless link event lisis introduced and transmitter itself. The fact that a node is on the commuirigat
implemented as a medium access history buffer. This ligttity list means that the node must keep its MAC state
contains full information necessary to bring the MAC state aupdated. This is why the packet reception event should be
undesignated receivers up-to-date. Its detailed streiatilrbe  scheduled at the nodes on the communicating entity list #s we
discussed in the following sub-sections. as the designated receivers. After the transmission cdegle

The wireless link event list is maintained at each link obje¢he transmitter and the corresponding designated researer
that represents a wireless communication medium. In axafgiti removed from the communicating entity list.
another list known as @ommunicating entity lisis used. In unicast communications, a data packet transmission com-
This list is used to guarantee that a node can safely chamgetes when the sender finishes transmitting it and receines
its MAC state without consulting the wireless link event lisACK for the data packet from the view point of the sender.
if it receives a packet. In a wireless network, a situatioRrom the perspective of the receiver, the communicatiors end
can occur where a node is both a communicating entity awtien the receiver of the data packet finishes transmitting an
an undesignated receiver, since a node can be involvedA@GK to the sender. In the broadcast case, the communication
multiple communications at the same time. In such a case, #e&ds as soon as the sender finishes transmitting the data
packet reception event from a communication in which thgacket and the receivers receive it. At the starting point of
node is undesignated needs to be scheduled because the radb communication, the sender and the designated rexeiver
is a communicating entity (as a transmitter or a designatate entered into the communicating entity list, and they are
receiver) for another communication and consequently sieg¢moved from the list at the termination of the communiaatio
to keep its MAC state updated. The overall effect of theL AMP method is a significant
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reduction in overall execution time due to the reduced numbe m ’—‘ LEAVE_CE JOIN.CE  LEAVE_CE
of MAC state update events, at the expense of the maintenance* 1™ oATA ﬁ 1 i
of the wireless link event list and the communicating entity
list. We show later that benefits of the reduced event count ar JoI_cE LEAVECE  JoNCE  LEAVECE
significant as compared to the relatively small overheadheft |° ! crs AcK
list maintenance. " Tor ¥

LEAVE_CE

Ill. THE DETAILED STRUCTURE ANDALGORITHM c UPD’MAC?D'N’CE BC-DATA
T2 T6

A. The List Structures

One of the key structures &AMP is the wireless link event
list. There is one such list for every wireless link objecatth
represents a wireless medium, and it is accessible from eacr.l Updating the MAC state (UPIMAC)

r_10de in 'Fhe network that .shares the medium. Each item in the. Joining the communicating entity list (JOISE)
list consists of the following elements:

_ -~ « Leaving from the communicating entity list (LEAVEE)
« Time that the transmission started The UPDMAC procedure operates on the wireless link
« Time that the transmission ended event list, and updates the MAC state of a node according
« Location of the transmitter node to the packet transmission history. The other two procexiure
« Information of the transmitted frame work with the communicating entity list, and they add or
The first element is the timestamp for the start of a packgimove a node to or from the list.
transmission event. The second element is used to computgig. 2 shows the timing diagram of theAMP algorithm for
the time of a packet reception event at each receiver. Ti® previous example of the simple wireless network desdrib
propagation delay is added to this time to obtain the exagtFig. 1. At timeT0, A initiates a unicast communication by
point of time for the packet reception. The third element igansmitting an RTS td3, and then the JOINCE procedure is
used to compute the distance between the transmitter and ¢hfed atA. B detects the first bit arrival of the RTS at time
receiver so that this distance can be used as one of the tliputg'1, joins the communicating entity list, and generates CTS for
the propagation model, and the signal strength at the receivi. These RTS and CTS frames, however, are not scheduled
can be calculated. The last element specifies the charstiteri for reception atC' even if it is within the transmission range
of the transmitted packet such as frame type and the typfi-A and B because it is not designated, and consequently
specific information. For example, it will specify if the fr@é no carrier sensing function is performed by the MAC layer of
is RTS, CTS, Data, or Acknowledgment (ACK) as well as the', Let us suppose that there is a broadcast data request for
corresponding information in the case of the IEEE 802.1] [1&' from the upper layer at tim&2. C' now updates its MAC
as the MAC protocol. state according to the wireless link event list that hol@sythst
The wireless link event list is implemented using a doubléransmission records and behaves as if it heard the RTS-CTS
ended queue, with new items added at the end. Since th&hange between and B. After the update(' also joins the
generation of the wireless link events are created strictly communicating entity list. After the unicast communicatio
timestamp order, this list is naturally sorted by ascendin@mpletes, and the corresponding LEAYIEE procedure is
timestamps. When entries are added, old entries are remogegformed at tim&'3 for B and at timeT'4 for A respectively,
when they become so old as to be no longer meaningful. Eachs allowed to access the medium and transmits the requested
node maintains a logical index pointer to the list that iatés broadcast data. This initiates another communication tlausl
the most recent item upon which its MAC state was updateB. and C' perform the JOINCE procedure at tim&'5 when
The communicating entity list is simply a list of nodes (acthey hear the transmission, and the LEAZE is requested
tually of wireless link interfaces) that are currently itwed in  at the end of the communication, i.e., at tirfi® when A
communications as a transmitter and/or a designated egceifinishes transmitting the data packet and at tiftiewhen A
Hence scheduling of a packet reception event must be dep®l B successfully receive it. The detailed operation of each
at each entity on this list if it is within transmission poweprocedure is described as follows.
range of a given packet transmission. In practice, it can bel) UPD_MAC Procedure:This procedure is called for just
implemented in such a way that it holds a list of pointerisefore a node joins the communicating entity list to bring th
to the corresponding objects. This list is also maintained pnode’'s MAC state up-to-date. There are two right points in
wireless link object, and each node that shares the mediti@ method where this must be done. One is from a sender’s
can access this list. perspective when a node has received a data send request from
the upper layer, and the other is from a receiver’s view point
B. Procedures for Lazy MAC State Update when a node has detected the first bit arrival from the sender.
There are a number of housekeeping details needed to propn the UPDMAC procedure, a node scans the wireless link
erly maintain MAC state usingAMP. These can generally beevent list and processes each item in the list. First, it éxam
classified into three main categories: if there are any items that need to be processed. If all the

Fig. 2. The Timing Diagram of Lazy MAC State Update



items areold (meaning they have already been processed), tb@n occur due to collisions in a wireless network and result i
procedure just returns without performing MAC state updatansuccessful transmission or erroneous packet recegtam.
Otherwise, the corresponding items are processed acgordimat case, each node involved in the communication is with-
to the ascending order of time that each event occurred. drawn from the communicating entity list by the LEAVMEE
Generally, each update is done according to the followimgocedure.
steps:
1) Compute the locations and the distance between com-
municating entities. In this section, we present the performance evaluation
2) Calculate the signal strength after applying the propag&sults obtained from several different scenarios. TAMP
tion model. technique is compared to the traditional simulation method
3) Determine if the node can hear the transmission bagéiough extensive simulation experiments. The simulagion
on the signal strength and the transmission range. vironmentis described in detail, and then the simulaticuits
4) Update the MAC state and perform carrier sensirgye presented and discussed.
functions as needed. . ) )
The MAC state variables involved in step 4 can be, fo'%' The Simulation Environment
example, idle time, physical carrier sensing state, ane/ort All of our simulation experiments were done using the
allocation vector (NAV) specified in IEEE 802.11. In step 4Network Simulator 1[15]. The Network Simulator 1 is a
scheduling of a packet reception event at its own node cgalable simulation tool designed specifically to supprge—
happen if the first bit arrival time of the packet is past, amel t scale simulations. The design of the simulator closely hesc
last bit arrival is in the future. In that case, the node gatesy the design of real network protocol stacks and hardware.
a corresponding packet according to the frame information i The LAMP technique can apply to any type of MAC
the wireless link event list, and schedules the receptidtsat Protocols, but we used the IEEE 802.11 [14] protocol for all
own interface. Also, this procedure deals with overlapmfg €xperiments.
multiple signals if theradio capturecapability of the MAC ~ We did two sets of experiments to measure the performance
layer is enabled. of the LAMP technique. First, we tested it for two extreme
2) JOIN.CE Procedure:In the JOINCE procedure, a node cases. One was for unicast only networks, and the other for
is added to the communicating entity list after the correspo broadcast only networks. As discussed, the key AMP is
ing update of its MAC state is done by the URIDAC pro- that we schedule packet reception events only at communicat
cedure. For unicast communications, the designated ceig entities so that unnecessary computation regarding MAC
is added to the list as soon as the receiver detects the fi&te maintenance can be saved. Therefore, the performance
bit arrival of a packet. For broadcasts, any node that can h@a&in is expected to be great when there are a small number of
the transmission is added to the list. The transmitting iedecommunicating entities per transmission in the networksTh
also added to the list regardless of the communication tygethe case for the unicast only network. On the other hard, th
This procedure first checks if there is already the sameyentiterformance may not be as good as in the former case if there
existing on it before adding a new entity. are lots of entities involved in a transmission, which is the
Once a node is added to the communicating entity list, eve¢gse for the broadcast only network since all the nodes nwithi
packet that can be heard by the node is scheduled for renepfiotransmission range are designated receivers in a brdadcas
at the node from that time on. The fact a node is on the lighis is the reason that we want to test the new method for
means that the MAC state of the node keeps being updatéf® two extreme cases. For this experiment, we put all the
This is to enable a communicating node to change its MA@des in such a way that every node can sense every other's
state safely without preceding MAC state update when it hti@nsmission, i.e., every communication can happen inglesin
received a packet. hop in order to remove effects of routing protocols. In thés s
3) LEAVECE Procedure:The LEAVE_CE procedure deals of experiments, we executed simulations varying the number
with removal of a node from the communicating entity listof traffic flows from 5 to 20, and the number of nodes in the
This procedure can be requested at multiple places onceea nsighulated network was 100.
is added to the list by the JOIRE procedure. For the second set of experiments, we constructed more
Typically, this procedure is called at the end of each sugcesealistic networks with two mobility characteristics. Orse
ful packet transmission. For the 802.11 protocol, this ogcuwith no mobility, and the other with the random waypoint
from a sender’s perspective when it has received an AQKobility model [3]. For the latter case, the pause time was
frame for the packet, and from a receiver's perspective wh8A0 seconds, and the node speed was uniformly distributed be
the receiver has finished transmitting the ACK. For broadcdseen 0 and 10 meters/second. In this experiment, the pyimar
communications, it is the moment when the sender completegiables were node density and traffic volume. We varied
transmitting a packet and when the receivers successfatly the node density from 10 to 100, and the number of traffic
the last bit of the packet. flows from 5 to 20. We also performed experiments varying
The LEAVE_CE procedure must be handled carefully whethe network topology and traffic patterns. The ratio of the
a communication ends with an error. A communication erroadio transmission range to the network radius was properly

IV. PERFORMANCEEVALUATION
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set to force multi-hop routing for this set of experimenteeT B. Two Extreme Cases
number of nodes in the simulated network was 500. _ . : .
. . . Fig. 3 shows the simulation results from the unicast only
For both experiments, all traffic was created with a constant . i d Fia. 4 the broadcast onl . CA
bit-rate (CBR) data source with a rate of 4 packets/seconed(,pe”men' and rg. € broadcast only expenment. As
with a fixed packet size of 512 bytes. We executed Igm be seen in Fig 3(a) and Fig. 4(a), the memory usage of

simulation runs per scenario and averaged them to repres AHthrTelz Z?Zrléfﬁgf;zstor;g? oorfl th5e7 t|r<a|9(,jl|t~lnoonrzl tg‘;ﬂﬁg'
each data point in the simulation results. Each simulati? me averag onsu y .
. raditional method, which is less than 1 % with respect to
executed for 500 simulated seconds. . o
A circular network topology was used for the simulate(tjrle total memory footprint. This is because the only memory
H\éerhead incurred by AMP is the use of the wireless link

networks. In this context, the node density is defined as t . R o )
. : event list and the communicating entity list whose sizes are
number of nodes per unit area covered by a transmitter. Thu

‘G bo compute by = - 1 wnereD s h e = STAL TS PREnamens oo b obseried gt
density, N the network sizeR the network radius, and the P ' P Y-

transmission range. For each experiment, the node denagy w As expected, in Fig. 3(b), we can see thAMP signif-

pre-determined, and then the computed network radius V\}ggntly .reduces the number of events processed during the
.simulation. The event count was reduced by a factor of 15

used to generate the network topology with radio transmns3|for 5 traffic flows, a factor of 6 for 20 traffic flows, and a
range of 250 meters.
We used as performance metrics the following: factor of 7 on the average. It can bg also obse_rved, for both
methods, that the number of events increases with the number
« The memory usage of traffic flows as expected. However, the total event count
« The number of events processed for LAMP shows a relatively gentle slope as compared to the
« The execution time traditional method.
For the execution time, we convert it speedupather than  As can be seen in Fig. 4(b), both simulation methods
directly specify the value. The speedup metric captures theoduced an identical nhumber of events for the broadcast
performance improvement as compared to traditional mathodnly experiment. This is as expected, since every node nvithi




a transmission range is a designated receiver in broadcasAs can be seen in Fig. 5(c), a speedup of about up to
communications. With the AMP method, therefore, a packet8 was achieved by AMP. On the average, the simulation
reception event was scheduled exactly in the same way aswith LAMP was about 6.5 times faster than the traditional
the traditional method. method. Speedup increases with node density because time fo

For the traditional method, it can be observed that thpocessing events with the traditional method increasés wi
processed events in the unicast only experiment were muabde density, while time for processing events WithMP is
more than those in the broadcast only experiment. This is dlaegely unaffected by node density.

to the increased number of packets for unicast communitatio Fig. 6(c) shows speedup obtained from the 500-node ex-
using additional frames such as RTS, CTS, and ACK. periment varying the number of traffic flows. We can see that
Fig. 3(c) shows speedup achieved AMP with respect to  speedup decreases as the number of traffic flows increases. Th
the traditional approach. The simulation wWitltAMP was up increased number of traffic flows translates to the increased
to about 5 times faster for 5 traffic flows, and about 2 timasumber of nodes that need packet reception scheduling per
faster for 20 traffic flows. On the averagéAMP demonstrated unicast transmission. This is the main reason for the deitrga
speedup of about 3 in these experiments. speedup with traffic flows. Another reason for this result
In Fig. 4(c), on the other hand, we can see that speedgpexplained by the fact that the increased traffic volume
by LAMP is less than one, which means that the simulatiaAcurs more collisions, packet losses, and occasionakped
with LAMP was actually slightly slower than the one with theink failures, resulting in more routing message traffic. As
traditional method. Even though the difference is smalb(ab discussed in the two extreme cases, the increased number
10 % slower on the average), one may wonder what magebroadcast packets can adversely affect the performahce o
this difference while the both methods processed exactly thAMP relative to the traditional method. For this experiment,
same number of events during the simulations. This questigfeedup of up to 7 (for 5 traffic flows) was achieved. On the
can be answered as follows. WithLAMP, even though there average, speedup of about 5 was achieved AyIP.
is no action taken by the MAWPD procedure as every rig 7 and Fig. 8 show the simulation results from the 500-

node is designated, there is still some computational ®@2&th ,q4e experiments with mobility. The first was obtained using
incurred by the JOINCE and LEAVECE procedures. These,arioys node densities with a fixed number of traffic flows
procedures are requested at the beginning and at the gfiflie the second varied traffic flows with fixed node density.

of each communication respectively. For the unicast onfy general, as can be seen in these figures, the overall tepden
experiment, this overhead was outweighed by the computatig \ery similar to that for the previous experiment with no
savings obtained from the lazy MAC state update. This WaSobility.

however, not the case for the broadcast only experimentevher

there was no such computation benefit, The graphs in Fig. 7(b) look similar to those in the preceding

case with no mobility. The number of events processed in
C. The 500-Node Experiments the simulation with the traditional method grows with node

density while the number fdtAMP remains relatively stable.

Figure 5 and Figure 6 show the simulation results from thge . . . . .
500-node experiments with no mobility. The first was obtelinrellanIS again confirms thatAMP is scalable with respect to the

using various node densities with a fixed number of tramréetwork node density. For both methods, the absolute number

) . : .. 0f events increased as compared to the prior experiment with
flows while the second varied the number of traffic flows wit I : . .
. : no mobility. This results from the increased number of nogiti
fixed node density. e . .
related messages due to mobility induced link failures and

Fig. 5(b) shows thadt AMP substantially reduces the numberSubsequent additional routing messages.

of events processed during the simulation. It is worth rgptin ) _
that the number of events f&FAMP remains almost constant 1h€ same tendency can be observed in Fig. 8(b). For

with node density while the event count for the tradition4lOth methods, the number of events processed during the
method increases. For the traditional method, this phenome Simulation increases with the number of traffic flows, as
seems reasonable since a packet reception event needdiggussed previously.
be scheduled at all nodes within a transmission range everrig. 7(c) shows the speedup values achieved by tiéiP
for unicast communications. F&AMP however, the number method with mobility. Overall, speedup decreased as coeapar
of nodes that need scheduling of a packet reception evédithe one with no mobility. The simulation withbAMP was
for unicast communications is no longer a function of nodeearly 3 times faster than the one with the traditional metho
density. This implies thatAMP is scalable with respect to theand about 2.5 times faster on the average. This reduced
node density of a network, and is responsible for the neagpeedup as compared to the no mobility case is a result of the
flat graph with varying node densities. increased portion of broadcast packets due to route disgove
In Fig. 6(b) we can see, for both methods, that the eventsFig. 8(c) shows speedup obtained from the 500-node exper-
increase with the number of traffic flows. But the slope of thiement with mobility varying the number of traffic flows. The
line graph for the two method is quite different. The evemhaximum speedup was about 2.4, and the average speedup
count for the traditional method quickly increases witHfica of 2.2 was achieved from this experiment. The reason for
flows, which is not the case farAMP. decreasing speedup with traffic flows was discussed above.
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D. The Accuracy of LAMP accuracy.

Tables I, Il, and Il show packet delivery fraction, packet
latency, and normalized routing load respectively, whiarev
obtained from the 500-node experiment varying traffic flows There have been some efforts to improve the performance
with no mobility for each simulation method. of sequential wireless simulations and to enhance theiegist

As can be seen in these tables, the simulation with tisémulation tools.

LAMP method produced the identical simulation results asIn [12], a simplified MAC model is developed and used. In
compared to the simulation with the traditional method,chhi this work, the claim is that a detailed model is both unwanted
means that AMP can be used for simulation without loss ofand unnecessary for protocol design purposes. Thus, this wo
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Fig. 8. 500 nodes with mobility (varying traffic flows with node dgnsif 30)

TABLE | VI. CONCLUSIONS ANDFUTURE WORK
PACKET DELIVERY FRACTION
[Traffic Flows | 5 ] 10 | 15 | 20 | We presented a novel simulation technique for mobile
Traditional (%) | 99.997 | 99.994| 99.989| 99.985 wireless networks, which is efficient in terms of the exemuti
LAMP (%) 99.997 [ 99.994 ] 99.989 | 99.985 time and the event list size, and can be achieved with a
TABLE Il sequential simulation.
PACKET LATENCY Our technique is motivated from the observation that
[ Traffic Flows ] 5 10 | 15 | 20 | scheduling of a packet reception event at undesignated re-
Traditional (ms)| 18.663 | 21.001 | 24.342 | 23.582 ceivers is not always necessary, since undesignated egseiv
LAMP (ms) 18.663 | 21.901] 24.342] 23.582 do not have to be aware of the transmission unless they
TABLE 11l are interested in accessing the communication medium. The
NORMALIZED ROUTING LOAD necessary information can be determined by the lazy MAC
[ Traffic Flows | 5] 10 | 15 | 20 state update algorithm as needed. The new method is appli-
Traditional 0.1902 | 02242 | 0.2318] 0.2313 cable to any kind of MAC protocols, but we implemented it
LAMP 0.1902 | 0.2242| 0.2318| 0.2313 for the IEEE 802.11 [14] MAC sub-layer for our simulation

experiments.

Extensive simulation experiments were carried out to asses
the performance of the proposed simulation technique, lzad t
érimulation results show that the new technique tremengiousl
reduces the simulation events processed during the simlat
and consequently shortens the execution time significantly

In [7], anetwork griddingtechnique is proposed, where the Eyen though this work improves the efficiency and scal-
physical network is divided into several partitions. Withist apjjity of wireless network simulations, other issues sash
approach, a radio signal is not allowed to propagate over th€3rge amount of computing resources due to very large—
grids in which nodes are out of range from the transmitt&cje network simulations still need to be addressed. Tbwar
This technique is implemented at the layer that deals Withis end, we are planning to explore parallel and distriute
channel propagation. simulation techniques as well.

In [13], a stagedapproach is proposed, where a grid-based

is limited to the use of simulations for the purpose of high
layer protocol verification.
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