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Abstract— Natural or man-made disasters can partition net- between application-layer gateways overlaid on networikis w
WOI’k_S while threatening human lives. Because conventional widely different characteristics and variable connetfiviA
Mobile Ad-Hoc Networks (MANETS) cannot route messages gateway may not be able to forward a bundle immediately. In

across partitions, they may not adequately support relief forts. . . .
To forward messages across partitions, delay-tolerant netorks this case, the gateway stores the bundle in nonvolatile memo

(DTNs) exploit in-network storage and mobility. Many previous Until acontact (i.e., forwarding opportunity) occurs. A gateway
DTN routing protocols either opportunistically use, but do not may takecustody of a bundle, i.e., guarantee to the sender

modify, nodes’ mobility, or require dedicated mobile gatevays. the bundle’s eventual delivery. The sender may select from a

This paper contributes a cross-layer DTN routing approach tased ; i ; ; fk
on the observation that application-layer orders from a MANET’s \ﬁ;\%}:yo:&%sctiigﬁe levels of service and options, inhg

leader also control workers’ mobility and ability to forwar d mes- ’
sages. Our approach attempts to minimize deadline misses dn  Several routing protocols have been proposed for DTNs.
energy consumption by scheduling worker tasks consideringoth Some of them exploit preexisting node mobility to forward

application- and network-layer needs. Simulations demortsate  pundles opportunistically [7], [8], [9], [10], [11]. If mality
performance benefits of our approach in a variety of scenaris. patterns happen to be unfavorable, however, these prstocol
may fail to deliver certain bundles, regardless of theiremay.
l. INTRODUCTION Such failures may make opportunistic protocols inappeaipri
o ) for emergency response.
MANETSs enable communication when network infrastruc- geyeral other DTN protocols require special mobile gate-
ture does not exist (e.g., in military tactical communiea}i \yays that are dedicated to forwarding bundles [12], [L3][1
or has been damaged or compromised (e.g., because qhd} These protocols usually predetermine the dedicaste-g

hurricane or terrorist attack). Each MANET node processg@g,ys' mobility so as to satisfy bandwidth requirements [12]
its own applications while also forwarding packets destite [14] or buffering constraints [15]. In emergencies, thesstg

other_ nodes. _ cols may have two shortcomings. First, they require deditat
_ This paper considers the problem of how to route packgjgteways that may be unavailable. Second, the gateways may
in sparse MANETSs with a leader. In such networks, a distigszcypy personnel or other resources that could more priyfitab
guished node, thkeader, assigndasks to and receiveseports e gliocated to application-layer tasks, which the pra®do
from other nodes, thevorkers. Our motivating application is ot take into account.
an emergency response team whose workers ar_ld leader (€.9rpis paper contributes a new, cross-layer DTN routing
firefighters and chief) use a MANET to communicate. approach based on the observation that application-laylers
Conventional MANET routing algorithms, such as DSR [2irom a MANET's leader also control workers' mobility and
AODV [3], and ZRP [4], may fail when nodes are sparselypijity to forward messages. Therefore, a leader may assign
distributed. These algorithms do not discover routes aong dryqrkers not only application-layer tasks, but atsorier tasks,
packets when there is no end-to-end path between sender ghdlse purpose is to provide network-layer mobility needed f
receiver, as is common in sparse MANETS. communication. Our approach attempts to minimize deadline
When end-to-end paths do not exist, some or all nodes Gafsses and energy consumption by scheduling worker tasks
take on the role of delay-tolerant network (DTRgteways, considering both application- and network-layer needs.
enabling communication that conventional MANET protocols oyr simulations demonstrate that cross-layer DTN routing
cannot provide. DTN protocols are explicitly designed und@an have significant performance benefits. Compared to rout-
the assumption that network partitions are common and thgy schemes that are oblivious to application-layer dersand
links may have time-varying capacity and loss probabilitych as selecting as gateway a worker closest to a destinatio
DTNs are in_spired by constraints common in interplanetag¢ that dedicate a set of nodes as gateways [12], [14], [15],
communication [5]. However, they can also model sparse s@fipss-layer optimization can better adapt to differentesigf
sor and ad-hoc networks [6]. DTN’s main service is the NORpplication-layer and network-layer loads.
interactive transport of h_und_le (i.e., self-contained message) The rest of this paper is organized as follows. In Section Il
from a source to a destination. The bundle can be forwardgd state our assumptions about the network and its apiicati
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NSF ITR medium grant ANI-0325353. Section IV presents our simulation study and results iaist



ing the performance of these algorithms under a wide rangan control the latter by varying the ratg at which it
of parameter values. We discuss related work in Section ¥ispatches task assignments. If the average task progessin

and conclude in Section VI. time is p4.q, the dispatch rate at which all workers can be
expected to be busy is equal tQ.., = n/pevg. We define:
Il. NETWORK AND APPLICATION MODEL Lo = 7a/Tdcap, i-€., We say the application-layer load is equal
This section describes our assumptions about the netwdk,the fraction of workers that can be expected to be busy,
its applications, and performance metrics. given the current task assignment dispatch rate.

We assume that the network has a leader noderamdrker
nodes. The leader receivesports and responds to them by I1l. COURIER SCHEDULING ALGORITHMS
sendingtask assignments to workers. We consider that each This section describes the four courier scheduling algo-
task has an expected processing time and a deadline, &H¥ns that we compare in our simulations.
significant losses result from deadline misses. For example The leader uses one of these algorithms when the leader
a beach patrol leader may receive report of a drowning, apgeds to communicate with a node in a subordinate partition:
respond by assigning a cardio-pulmonary resuscitatidnttas  « random courier — This is the baseline algorithm. It
a lifeguard. This task needs to be performed by a deadline, PicksW,, randomly from among the workers in the main
otherwise a life may be lost. partition. The main advantage of this algorithm is that it
We assume that, after joining a network with a leader, requires onlyO(1) time and does not need information
a worker moves or performs a task only as result of an about node locations, speeds, or current assignments.
assignment from the leader. Therefore, the leader always dedicated courier —This algorithm sets aside. nodes
knows approximately where its workers are supposed to be. from the main partition for use as couriers. Similarly
We assume that the leader and workers have a map of the to dedicated mobile gateways used in previous works,
network’s area. The map is annotated with landmarks that such as [12], [13], [14], [15], dedicated couriers perform
leader and workers can identify and report to each other, so Nno application-layer tasks, and only dedicated couri-

as to convey approximate position information. Alterneltjy ers perform courier assignments. The leader selects the
the map is annotated with geographic coordinates that nodes dedicated courier that is closest to any worker in the
can match to actual GPS measurements. destination’s partition or, in case of a tie, the dedicated

We further assume that assignments received from the leader courier with the lowest identifier. If there ar®(n;)
may cause the network to become partitioned. The leader nodes in the destination partition, selection of the clbses
may send one or more workers to a site that, when reached, dedicated courier by exhaustive search tak¥s..n;)
will lack an end-to-end route to the leader. In such a case, time.
the network is split between thewain partition, containing e closest courier —This algorithm picks as courier the
the leader, and aubordinate partition, containing the remote worker IV,,, in the main partition that happens to be the
workers. closest to any worker in the destination’s partition. Ifréne

Nodes within each partition communicate with each other areO(n,,) workers in the main partition, such a selection
using conventional multi-hop routing protocols, such as by exhaustive search také€Xn,,n) time.

DSR [2], AODV [3], or ZRP [4]. When the leader needs e« highestslack —This algorithm adds cross-layer optimiza-

to communicate with a workelW, who is in a subordinate tion to theclosest courier algorithm. It picks as courier
partition, the leader sendsaurier assignment to a worker the workerW,,, in the main partition that has theghest
W, within the main partition}¥/,,, physically moves between dack. Given a worked¥’s current application-layer task
partitions so as to be able to forward task assignmeni¥ o T, W’s slack S is the difference between time till"s
and receive reports fromil’, or other workers and forward deadline andls remaining processing time. The leader
them back to the leader. picks as courier the worké#/,,, with the highest slacl§.
The leader uses aourier scheduling algorithm to select Using a priority queue, selection takéglogn,,) time.

Wi The team’s performance will depend on this algorithm. In each of these algorithms, the leader seldéts only
We consider two performance metrics. First, we measure thiem among nodes that the leader can communicate with using
percentage of application-layer deadlines that are misgeid conventional multi-hop routing. When there is no suéh,,
metric can be interpreted, e.g., as rate of human casudlties the leader enqueues task assignments for later transmissio
courier algorithm should minimize this metric. A poor carri in a single courier assignment. Whé¥,, receives a courier
algorithm can increase missed deadlines by giving networkssignment, it immediately interrupts whatever téskit may
layer (i.e., courier) assignments to workers who couldeadt be performing, and moves toward the nddlg that is closest
complete more application-layer tasks. Second, we meastgdV,, in the destination partition. If there a@(n;) nodes
the total distance traveled by couriers. This metric is axproin that partition, simple exhaustive search can sel&gtin
for the energy that the algorithm spends on transportatfon.O(n;) time. While there is a conventional multi-hop route
nodes have energy constraints, increases in energy consubgiween the leader aridt,,,, the courier scheduling algorithm
tion decrease network uptime. Other factors being equal, thmay again pickW,, (e.g., if the latter still is the worker
metric should also be minimized. with highest slack when a new task assignment needs to be
Performance of courier scheduling algorithms can be edispatched to the destination partition). Therefore, arieou
pected to depend on the application-layer lokgl, The leader may carry multiple task assignments in a single trip.
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Fig. 1. The simulated scenario has 72 emergency respongeadiyedivided

between two partitions. The leader is near the center of thi partition. 2or 1

TABLE |
SIMULATION PARAMETERS %0z 04 o6 08
Application-layer load in main partition
Routing protocol DSR Fig. 2. Percentage of deadlines missed when applicaticer-léoad in
Work order deadline (s) exponential(440) subordinate partition is 0.6, as a function of applicatimyer load in main
Processing time (s) 0.5x deadline partition. Drawing information from multiple layersighest slack minimizes
Radio range 200 m deadline misses.
Period of courier 5s
forwarding attempts 14000 ‘ :
Experiment runs 10
Experiment duration 10,000 s .
Discarded transient First 1,000 s 12000 - 1

Random —+—
Closest —*—
Highest Slack —*—
10000 - Dedicated —8— 7

While moving, W,, periodically tries, using conventional
multi-hop routing, to forward the leader’s task assignrednt
the destination partitionl’,,, may need to move all the way
to within range ofW, for forwarding to succeed. However,
forwarding may succeed sooner if there are intermediate
couriers that form a path to the destination partition. Aftez
W,, successfully forwards the destination partition’s task | ,
assignments, or the latter’s deadlines all exgivg, returns to
its initial position and reports its return to the leadenthére 0 - - -
still is time to completel;, by its deadline,IW,, does so; Application-layer load in main partition
otherwise,W,, dropsT,, and picks another task to executerig. 3. Average distance traveled per node when applicéiger load in
Workers do not need to report to the leader their positiofgbordinate partition is 0.6, as a function of applicatiyer load in main

. rtition. Dedicated courier aggregates more messages per trip and minimizes
or task completlons as |0ng as the latter reasonably Comﬁ&tance traveled, at the expense of more missed deadlines.
with the task assignments previously received from thedead
Reports are forwarded to the leader by conventional moiti-h

8000 [ ~

6000 - b

travelled Distance per node (m)

4000 4

routing or returning couriers. Reports from workers carumt s |ow (L, ,..in = 0.2), the dedicated courier algorithm
cause the leader to assign new tasks to workers. significantly underperforms the other algorithms (73% \&. 5
to 55% missed deadlines). For almost all values.@f.qin.
IV. EVALUATION highest slack results in significantly less missed deadlines than

This section reports the performance of the previous seds the other algorithms (e.g., &, ;qin = 0.8, 48% vs. 57%
tion’s algorithms in the scenario illustrated in Fig. 1, ey or more missed deadlines). This advantage is due to crges-la
mented on the ns-2 simulator [16]. optimization. The second-best algorithmd®esest, followed

In the simulated scenario, emergency responders are uni+andom. The latter algorithm outperfornuedicated courier
formly distributed between two partitions, with the leadirse for low values ofL, ,,.4in, but not for high values.
to the center of the main partition. Dedicated couriersnif,a  Fig. 3 shows the average distance traveled per node under
reside on the side of the main partition facing the subotdinasimilar conditions. This average is calculated by dividing
partition. Workers on courier assignment move at a speedthé total distance traveled by the total number of workers
5 m/s. By default, this is also the speed of dedicated cayrief71 in the simulated scenarioRedicated courier results in
the number of dedicated couriers | is 1, and the distance the least distance traveled. The single dedicated cousier i
between partitions is 1200 m, but we vary these parameteften away on a courier assignment when the leader needs to
for sensitivity analysis. Table | summarizes other paranset dispatch a new task assignment to the subordinate partition

Fig. 2 shows the percentage of deadlines missed when ansequently, the leader accumulates many task assigament
application-layer load in the subordinate partitidi, (..,) is and sends them on a single courier assignment when the
0.6. When the application-layer load in the main partitiodedicated courier returns to the main partition. A disatkge
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Fig. 4. Percentage of deadlines missed when applicatiger-lmad in main Application-layer load in subordinate partition

partition is 0.6, as a function of application-layer loacsirbordinate partition. Fig. 5. Average distance traveled per node when applicddiger load in

Highest slack again provides the best performance. main partition is 0.6, as a function of application-layendoin subordinate
partition. Dedicated courier again minimizes distance traveled, at the expense
of missed deadlines.

of this accumulation is that it delays messages and incsease
missed deadlines, as shown in Fig.Highest slack benefits o
from the fact that the selected courier may take considerabl Random ——
time to lose connectivity with the main partition. Duringsh Hightet Sibck
time, the leader selects the same courier if the leader needss | .
to dispatch a new task assignment to the subordinate partiti
and the courier still has the highest slack. Thus, the courig
may carry several task assignments on the same trip (aIIthou@ * N{\ .
not as many as doetedicated courier, and without the latter ¢
algorithm’s delays and missed deadlines). Couriers salects [ 1
by the closest algorithm tend to lose connectivity with the 8
main partition sooner than those selected Highest slack,
and therefore on average carry fewer task assignments, Thus | 1
this algorithm increases average distance traveled. Thetwo
performance is that afandom, because a courier carries more ‘
than one task assignment.only if the courier is randqmly s 7 bediatet courr veloty (1) 15
cho§en more than once. This event thaF has |C.)W I:)mba‘bl“t){:ig. 6. Percentage of deadlines missed when applicati@r-ltpad in both
Fig. 4 shows the percentage of deadlines missed as a fugditions is 0.6, as a function of dedicated courier sp&icated courier
tion of the application-layer load in the subordinate fimi, is competitive withhighest slack only if dedicated couriers move much faster
when the application-layer load in the main partition is.0.8"" do workers.
For all values ofL, s, highest slack results in the least
missed deadlines. This advantage is again due to cross-laye
optimization. Dedicated courier gives good performandevat
values of L, s,,. For higher values ofL, ., however, the 12000 - |
other algorithms have an advantage because they have a large Random ——
pool of nodes to draw upon as couriers. s 0| ”‘g%i%:gjgg == |
Fig. 5 shows the average distance traveled per node, under
conditions similar to those in the previous figure. For alles
of Lg sup, random resulted in the most distance traveled
followed by closest, highest slack, anddedicated courier. The
latter’s advantage is again due to greater number of message
carried per trip. g
Fig. 6 examines the effect of dedicated courier speeds, when
the application-layer load in both partitions is 0.6, ané th 2°°°:/B///
speed of workers on courier assignment remains constant (5 ,
m/s). The relative performance dédicated courier improves 5 7 15

Dedicated courier velocity (m/s)

as the spged of dedicated couriers |ncr_eases, buF this Spl-e|96.d7. Average distance traveled per node when applicddiper load in
needs to increase nearly threefold fiedicated courier to  poth partitions is 0.6, as a function of dedicated courieresp

matchhighest dack’s performance.
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Fig. 8. Percentage of deadlines missed when applicati@r-lmad in both Fig. 10. Percentage of deadlines missed when applicadiger-lload in both
partitions is 0.6, as a function of the number of dedicatedriecs. As this partitions is 0.6 and dedicated courier speed is 7 m/s, aqeidm of the
number increases, the performance ofdbeicated courier algorithm initially — distance between partitionslighest slack's performance deteriorates more
improves, but then worsens, as too few nodes remain awikbworkers in slowly with distance because couriers stay in range of thé rpartition

the main partition. longer and therefore can forward multiple messages in desing.
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Fig. 9. Average distance traveled per node when applicdiger load in  Fig. 11. Average distance traveled per node when applicdgiger load in
both partitions is 0.6, as a function of the number of deditatouriers. both partitions is 0.6 and dedicated courier speed is 7 rs/s fanction of
Dedicated courier’s distance traveled advantage relative highest slack the distance between partitions.
disappears when the number of dedicated couriers increases

20 dedicated couriers, the average distance traveled ilsim
Fig. 7 shows the corresponding distance traveled per notethat ofclosest. This effect is due to less messages per trip
when dedicated courier speed variBgdicated courier again as the number of dedicated couriers increases.
results in the least distance traveled per node, but thiartie  Fig. 10 shows the effect of changes in the distance between
increases with dedicated courier speed. This effect is dpartitions, when the application-layer load in both pantis
to less delay, and consequently less message accumulatiorg.6 and dedicated courier speed is 7 m/s. At a distance
between courier trips, as the courier moves faster. of only 200m between partitions, they are still within range
Fig. 8 shows the effect of varying the number of dedicatesf each other. In this case couriers are not actually needed,
couriers ), with application-layer load equal to 0.6 intherefore all algorithms perform the same. As distance betw
both partitions. The percentage of deadlines missed wih tpartitions increase, more deadlines are missed becausernsou
dedicated courier algorithm approaches that tifghest slack spend more time in transit. Performance degradation isdsigh
when n, = 10 out of 35 workers in the main partition.for dedicated courier, which, unlike the other algorithms,
However, further increases im. result in worse performancedraws the courier from a pool of only one node. Performance
because less workers are left for performing tasks in themaiegradation with distance is lowest witiighest slack, which
partition. selects couriers that stay in range of the leader longer and
Fig. 9 shows that the distance traveled per node increasiesrefore can accumulate more messages per trip than do
greatly as the number of dedicated couriers increases. Eouriers selected bglosest.
more than 8 dedicated couriers, the corresponding algorith Fig. 11 shows the corresponding average distance traveled.
results in more distance traveled than dbaghest slack. For Dedicated courier results in the least, or close to the least,



average distance traveled for all inter-partition disemcThis VI. CONCLUSIONS

advantage is due to fewer courier trips (at the expense o€ mor Natyral or man-made disasters can disrupt communications
missed deadlines, as shown in Fig. 1G)osest outperforms aking rescue and recovery missions more difficult. MANETS
highest slack for short distances, but the latter's relativg,aye great potential for providing connectivity in such sit
performance improves with greater distand@andom results ations, but ordinarily cannot route packets across néwor
in much worse performance for all inter-partition dista®icéyartitions, which are common in emergencies. Previous DTN
greater than the radio link range, because it often forwargs,ting protocols can overcome this limitation under derta

only one message per trip. conditions, such as favorable node mobility patterns oil-ava
ability of dedicated mobile gateways. We propose a newseros
V. RELATED WORK layer DTN routing approach for MANETs with leader, such

) ] __ as typical emergency-response teams. In our approach, the

Much of the earlier work on DTNs exploits preeX'St'n%leader schedules workers’ tasks considering both apitat
node mobility to forward bundles. In Vahdat and Becker'g,q network-layer needs. Thus, a worker may be assigned
original epidemic approach [7], at each contact, each nofg; only application-layer tasks, but alsourier tasks, whose
forwards to the other node any bundles that the latter do&‘?’mary purpose is to provide forwarding needed for the
not have. Hopefully, each bundle will eventually arrive &t i hoyork's operation. Our simulations show that cross+laye
destination. Epidemic approaches have high overheadubecayTy routing can result in fewer missed deadlines and less
they flood the network, but are robust and require no prigfsiance traveled (and consequently, greater networkneti
knowledge. Harras, Almeroth, and Belding-Royer [9] prapospan DTN routing algorithms that allocate or schedule mebil
and compare techniques for reducing the overhead of eme'@éteways in disregard of application-layer load.
routing, by forwarding probabilistically, imposing a tirte-
live or deadline for each bundle, or having the destinatiba o
bundle acknowledge its reception and having the network use ' _ _
such acknowledgement to stop forwarding the bundle. JaifH g‘%lsT‘fC”re'C'T' Project. [Onlineht t p: //www. cs. pi tt. edu/
Fall and Patra [8] propose routing optimizations enabled by p. johnson. “Routing in Ad Hoc Networks of Mobile Hosts: Proc.
greater knowledge that might exist about the network (ayeera ~ WMCSA'94, IEEE, 1994, pp. 158-163.

; . [3] C. Perkins and E. Royer. “Ad-Hoc On-Demand Distance de®out-
or actual schedule of contacts, queuing at each node, fictraf ing” in Proc. WMCSA'99, IEEE. 1999, pp. 90-100.

dem_and)- Jones’ L? and \N_ard [10] propose using epidemig; z.3. Haas and M.R. Peariman. “The Performance of Queryti@b
routing for flooding information about link states and aggra Schemes for the Zone Routing Protocol,"Rroc. SGCOMM'’ 98, ACM,

. ; ; ; : 1998.
waiting times for contacts, and using such information for[5 S. Burleigh, A. Hooke, L. Torgerson, K. Fall, V. Cerf, B.ubst, K.

recomputing routes at each contact. Musolesi, Hailes and scott and H. Weiss. “Delay-Tolerant Networking: An Apprbato
Mascolo [11], in contrast, use a distance-vector algoritom Interplanetary Internet,” iCommunications Magazine, IEEE, June 2003,
improve on epidemic routing. None of these approaches Cia pp. 128-136.

- . K. Fall. “A Delay-Tolerant Network Architecture for CHanged Inter-
guarantee that a bundle will be eventually be delivered t0" nets” in Proc. SGCOMM 02, ACM, Aug. 2003, pp. 27-34.

its destination. Preexisting node mobility may be such thaf] A. Vahdat and D. Becker. “Epidemic Routing for Partiaonnected

; ; ; Ad Hoc Networks,” Duke Tech Report CS-2000-06, 2000.
delivery is not possible. Therefore, these approaches roty n[8] S Jain K Fall and R. Patra. “Roﬂting in a Delay Toler ork”

be suitable for MANETSs with leader. in Proc. SGCOMM' 04, ACM, Aug. 2004
There have been several other proposals employing def@ K. Harras, K. Almeroth and E. Belding-Royer. “Delay Trdat Mobile

; : : Networks (DTMNSs): Controlled Flooding in Sparse Mobile Wetks,”
icated mobile gateways for forwarding bundles. Zhao and "o .- “Naworking 2005, IFIP, Springer-Verlag, LNCS 3462:1180-

Ammar’s original message-ferrying approach [12] optirgize 1192, May 2005.
the mobile gateway’s schedule so as to satisfy bandwid#f] E. JonEs, L. Li and P. Ward. “Pra%il::al Routing in Deleglerant
; it ; _ Networks,” in Proc. SGCOMM'’ 05 Workshops, ACM, 2005.
requirements  of communlcatl_on among St«’.:ltlc r,]OdeS' So fl] M. Musolesi, S. Hailes and C. Mascolo. “Adaptive Rogtifor Inter-
sundra, Ramamoorthy and Srivastava consider instead how tO mittently Connected Ad Hoc Networks,” iroc. 6th Intl. Symp. World
satisfy buffering constraints [15]. Zhao, Ammar and Zegura of Wreless, Mobile and Multimedia Networks (WOWMOM'05), IEEE,
; ; ; June 2005.

generalize [12] t_o the case of multiple mObII_e gateways'[lﬂ.Z] W. Zhao and M. Ammar. “Message Ferrying: Proactive Rautin
They also examine tradeoffs when communicating nodes are Highly-Partitioned Wireless Ad Hoc Networks,” ifroc. Workshop
mobile, such as whether to have such nodes move into Future Trends in Distributed Computer Systems, I[EEE, May 2003.

: ; ; _ ] W. Zhao, M. Ammar and E. Zegura. “A Message Ferrying Aggoh
contact with a mobile gateway or use instead Iong ran&é for Data Delivery in Sparse Ad Hoc Networks,” Proc. MobiHoc' 04,

radio [13]. However, in emergencies, dedicated gateways ma Acwm, May 2004.
be unavailable. Li and Rus [17] propose instead generél4] W. Zhao, M. Ammar and E. Zegura. “Controlling the Motyili of

purpose mobile gateways that give strictly higher priotity m'plg)c'%ﬁﬁégoﬁéséﬁ”nfaermfgdg a Delay-Tolerant Netom Proc.

forwarding than to application-layer tasks, after a waitigq& [15] A. Somasundara, A. Ramamoorthy and M. Srivastava. ‘MdBlement
Our simulations suggest that performance may be significant ~ Scheduling for Efficient Data Collection in Wireless Senstmtworks
; ; ; At AL with Dynamic Deadlines,” irProc. RTSS 2004, IEEE, 2004.
!mproved by_ scheduling forv_vardlng and application |a)’68|l_<8 16] NS-2. “The Network Simulator — ns-2.” [Onlindjt t p: / / ww. i Si .
in a more integrated fashion, as we propose, especially If" equ/ nsnant ns/

mobile gateways can also process application-layer talsKs [[17] Q. Liand D. Rus. “Sending Messages to Mobile Users ircimected
or are dedicated to forwarding but require personnel orrothe Ad-hoc Wireless Networks,” ifroc. MobiCom 2000, ACM, Aug. 2000.

resources that are also needed for application-layer.tasks
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