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Abstract—Mobile Ad Hoc network is a multi-hop temporary
autonomous system of mobile nodes with wireless
transmitters and receivers without the aid of pre-established
network infrastructure. With a great deal of different
applications increasing, it needs to provide stable
communication for such network. In this paper, a new
routing algorithm is proposed which can dynamically
estimate delay variety and calculate link stability factor. In
the route discovery phase, it finds paths meeting delay
requirement with greatest stable link. In the route
maintenance phase, it effectively keeps monitoring network
topology changes through delay prediction and performs
rerouting in time. Furthermore, some enhancement
strategies are adopted to control route acquisition latency
and improve transmission quality. Simulation results show
that it can meet with the delay requirement while decrease
the routing cost. Comparing with other conventional routing
algorithms, it can achieve higher packet delivery rate
especially in rigorous network environment.
Index Terms—mobile Ad Hoc network; routing algorithm;
dynamic source routing; link stability

I.

INTRODUCTION

Mobile ad hoc network (MANET) can provide
temporary wireless networking capability in situations
where no fixed infrastructure exists [1][2]. Such network
is created spontaneously without any infrastructure. The
placement of nodes, in most of the cases, is dependent
upon the application and is unpredictable. The nodes are
not managed or controlled by any central node.
Communication among nodes, in this type of networks,
can be either direct or via relaying nodes. Since the
network can also dynamically change its topology,
routing has a crucial impact on the network performance.
Moreover, different services in MANET have raised
certain research concerning routing with Quality of
Service (QoS) supporting. The QoS requirement is
defined as a set of constraints to be met by a network
while in communication on performance metrics, such as
bandwidth, delay or link state [3][4][5][6][7]. Routing
algorithms with different metrics have been proposed in
many literatures.
Tom Goff et al. investigate adding proactive route
selection and maintenance to on-demand MANET
routing algorithms. When a path is likely to be broken, a
warning is sent to the source indicating the likelihood of a
disconnection. The source can then initiate path discovery
early, potentially avoiding the disconnection altogether
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[8]. In [9], Queuing theory and communication theory are
jointly applied to relate a routing metric called
permissible arrival rate, which can support routing
discovery under an average delay constraint. W. Zhua
proposes a novel algorithm called ticket-based probing
with stability estimation (TBP-SE). Models are created to
estimate relative link and path stability [10]. In the
context of geographic (location-based) routing, a scheme
is proposed in to predict future paths before existing paths
break [11][12]. This scheme can avoid path recomputation delay. But it does not reduce path breakage
so that some problems such as transmission failure and
huge routing message overhead still exist. In [13], Wang
et al. respectively define link stable time for a link and
path stable tim for a path. If the stable time of a path is
going to be expired, the source node will discover a new
path in advance. However, no detailed method is given to
estimate the link stable time. In [14], analysis and
simulations show a significant network capacity gain for
MANET employing multiuser detectors, compared with
those using matched filter receivers, as well as very good
performance even under tight delay constraints. Xie et al.
propose a link reliability based hybrid routing, which is a
novel hybrid protocol. Contrary to the traditional single
path routing strategy, multiple paths are established
between a pair of source-destination nodes. In the hybrid
routing strategy, the rate of topological change provides a
natural mechanism for switching dynamically between
table-driven and on-demand routing [15]. A. Kherani and
R. El-Khoury study the throughput of multi-hop routes
and stability of forwarding queues in MANET with
random access channel. Their result is characterization of
stability condition and the end-to-end throughput using
the balance rate. They show that as long as the
intermediate queues in the network are stable, the end-toend throughput of a connection does not depend on the
load on the intermediate nodes [16].
Based on the studies mentioned above, we propose a
link stable based dynamic source routing (SDSR)
algorithm with delay constraints. Simulation results show
that it attains improved performance comparing with the
other two traditional routing algorithms. The remainder
of this paper is organized as follows. In Section 2, we
describe the network model and present the adaptive
delay estimate method as well as link stability measure.
In Section 3, we propose the routing discovery, routing
maintenance and some enhancement strategies of SDSR.
In Section 4, we evaluate the performance of the

1172

JOURNAL OF NETWORKS, VOL. 6, NO. 8, AUGUST 2011

proposed algorithm through simulation experiments.
Finally, we provide the conclusions.
II.

PRELIMINARIES

A. Network Model
MANET can be represented by a weighed graph G(V,
E) where V is the set of nodes in the network and E is the
set of links with connected nodes which are in
transmission range of each other. Since V and E change
with the moving, joining and leaving of nodes, MANET
has a dynamic topology. Each node has a unique
identification as well as one sender and one receiver at
least. Assume that each node has the same transmission
distance. If two nodes are within the transmission range
they are regarded as neighbors and there is a link between
them. Each node cyclically sends message to get its
neighbor set. Adjacent nodes share the same wireless
media and transmit messages through local broadcasting.
Furthermore, IEEE 802.11 MAC protocol constitutes a
set of standards for wireless LAN and has been popularly
used as the MAC layer in MANET. In this paper, we use
the control frame ACK to implement per-hop
acknowledgement at MAC layer and carrier sense
mechanism to monitor link state. Additionally, other
mechanisms of IEEE 802.11 are used to resolve problems
such as data collision and hidden terminal.
B. Adaptive Delay Estimate
In MANET, two mobile nodes within transmission
range are not enough to ensure the successfully
communication, since many phenomena, such as
interference, physical obstacles and power problems, may
occur during the transmission and cause it to fail. By
using intermediary nodes to forward the message can
tackle with the problem. Many routing protocols operate
on a store-carry-forward mode to take advantage of node
mobility to improve node connectivity and message
throughput [17].
While evaluating the end-to-end delay of such
protocols is a difficult task due to the inherent complexity
of MANET, particularly the random nature of both the
movement of the nodes and of the traffic flow. The
difference of delay is often great. In this paper we
introduce a simple method similar to traditional RTT
adaptive algorithm to evaluate the delay variety. The
source node copies the message to all the relay nodes it
meets, and in the meanwhile any node that carries the
message may in turn copy the message to all the nodes it
encounters, which is responsible for the end-to-end delay.
Assume that Dcur denotes the current delay of routing,
Dold denotes the previous delay of routing and Dnew
denotes the future delay predicted. If ΔDcur is the current
delay variety, ΔDcur = Dcur - Dold. Thus, we can calculate
the future delay variety ΔDnew as follows:
ΔDnew = a ⋅ΔDold +(1 – a)⋅ΔDcur

(1)

The predictable future delay is defined as:
Dnew = Dcur ±ΔDnew
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(2)

The equations defined above can be used to predict the
dynamic delay. The value of a is between 0 and 1, which
reflects the extent the previous delay variety impact on
the future delay. While a is approach to 1, it means that
the value of ΔDnew is changing not much comparing with
Dold. Otherwise, ΔDnew depends heavily on current delay
of routing. If the future delay predicted Dnew is greater
than the request delay constraint, it shows that the QoS
requirement can not be met.
Since the topology in MANET often changes, the delay
is also dynamic changes. Thus the bound of delay can be
considered. Assume that Dreq is the delay constraint for
QoS request. We can compare Dreq with b×Dnew, where b
is the bound factor which will be set to 1.2 empirically. It
represents the difference between the delay for QoS
routing request and the future delay predicted. If Dreq is
within the scope, we consider that the delay request can
be met [18].
C. Link Stability Measure
In MANET, the network topology changes frequently
because of the nodes mobility. Once the distance between
two mobile nodes exceed a certain threshold, it may
result in link failure and need routing rediscovering,
which will inevitably decrease routing delay and packet
loss ratio. In order to solve this problem, a link stability
measure can be introduced into routing algorithm which
is capable of predicting the duration of time routes will
remain valid. Assume that the received signal strength
solely depends on its distance to the transmitter. In most
cases, mobile nodes installed with GPS or other location
devices can easily obtain its velocity and coordinates
which will be updated in a certain interval. If such
parameters are known, we can determine the duration of
time the two nodes will remain connected [19].
For two neighbor nodes i and j, assume that their
coordinates are (xi, yi) and (xj, yj) while velocity are vi and
vj. Furthermore, the velocity decomposition along X-axis
and Y-axis of the two nodes are (vix, viy) and (vjx, vjy)
respectively. While exceeding a period t, the coordinate
of the two nodes are (xi + t vix, yi + t viy) and (xj + t vjx, yj +
t vjy). Let r be the maximum effective transmission
distance between i and j. According to current
coordinates, when the distance between two nodes
reaches r, we can get following equation:
((xj + t vjx) - (xi + t vix) )2 +( (yj + t vjy) - (yi + t viy))2 = r2
Solving it we can get:
r ( a + b ) − ( ac − bd ) − ( ad + bc )
2

t=

2

2

2

a +b
2

2

(3)

where
a = v jx − vix
b = v jy − vij
c = y j − yi
d = x j − xi

t is defined as the link stability factor and it represents
the time needed for two nodes reaching the maximum
effective transmission distance. Once exceeding such
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period, the current route will fail. Routing algorithm
considering about such factor will achieve greater link
stability than traditional routing algorithm. It can reduce
the rerouting frequency brought by routing disconnection.
Additionally, it can reduce the routing cost and increases
delivery reliability for transmission.
III.

THE PROPOSED SDSR ALGORITHM

Routing protocols are used to find and maintain routes
between source and destination nodes [20]. In on-demand
protocols such as DSR, nodes only compute routes when
they are needed. Like any source routing protocol, in
DSR the source includes the full route in the packets’
header. The intermediate nodes use this to forward
packets towards the destination and maintain a route
cache containing routes to other nodes.
A. Format of Control Packets
SDSR adopts source routing mechanism and extend the
DSR protocol by flooding RREQ to build routes. To
utilize the information obtained from the mobile
prediction scheme, extra fields must be added into
conventional RREQ in DSR protocol. When a source
node floods RREQ, it appends its location, speed, and
direction into the control packet. It sets the maximal link
expiration time to the corresponding field firstly. When
the relay node receives a RREQ, it will predict the link
expiration time between itself and the previous hop using
Eq. (3). The minimum between this value and the link
expiration time recorded in the RREQ is included in the
packet. Once a single link on a certain path is
disconnected, the entire path is invalidated. The node
need update the location and mobility information field
written by the previous node with its own information. If
a relay node receives multiple packets with different link
expiration time, it selects the minimum value among
them and sends its own routing table with the chosen link
expiration time attached. When the source node receives
RREP, it selects the minimum link expiration time among
all the routing tables received. Then the source can build
new routes by flooding a RREQ before the route breaks.
The main fields in RREQ are described as follows:
SA: the source address.
DA: the destination address.
ID: an exclusive identification produced by source
node for routing request, by which a relay node can
decide whether it ever received the RREQ.
LET: the link expiration time. It is set to the maximal
initially and will be updated by relay nodes according to
Eq. (3).
Delay: the delay constrains of the routing request.
X_position: the X-axis coordinate of node.
Y_position: the Y-axis coordinate of node.
V: the velocity of node.
D: the move direction of node.
A[i]: the source routing recorded in RREQ.
MRI: the Minimal refresh interval. To effectively
estimate LET value, some factors need to be considered
when choosing the flooding interval of RREQ. If the
node mobility rate is high and the topology changes
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frequently, routes will expire quickly. If the source
propagates the routing request excessively, it can cause
collisions and congestion, and clogs the network with
control packets. Thus, the MRI should be enforced to
avoid control message overflow. On the other hand, if
nodes are stationary or move slowly and link connectivity
remains unchanged for a long duration of time, routes
will hardly expire and the source will rarely send control
packets.
The main fields in RREP include SA, DA, LET and
A[i] which are same as above. Furthermore, there is a
field L, i.e., the last hop external.
B. Routing Discovery and Maintenance
SDCR includes two major phases: routing discovery
and routing maintenance. Routing discovery process is to
find feasible paths between source and destination node.
Routing maintenance process is to monitor and predict
the future information about availability of link. Link
stability factor and delay constraints are taken
consideration in routing discovery and maintenance.
When a source node initiates a routing request to a
destination node, it first checks its routing cache. If there
exists feasible paths, the source selects the most stable
one to send data packets. Otherwise, it will broadcast
RREQ to begin building routes.
While a relay node receives a RREQ, the process is as
follows:
Step 1 If it is not the destination, it will check its ID
with those received before. Once exists same
IDs, it means that the RREQ was repeatedly
received and must be discarded. Otherwise,
goto step 2;
Step 2 It begins to check whether the delay constraint
is met. If not satisfied, the RREQ will be
discarded. Otherwise, goto step 3;
Step 3 It begins to calculate the link stability factor.
With the information of position and velocity of
upstream node and itself, relay node calculates
the link stability factor t according to Equ.(1);
Step 4 If t < LET, it will be modified with t as the new
LET. Otherwise, LET remains unchanged.
Thus, all relay nodes along a route will stay the
minimum stability factor;
Step 5 Information about position and velocity of
RREQ will be added to the corresponding fields
of the relay node. In the meanwhile, their
address will be added to the fields of SA and
DA of RREQ. Then RREQ will be forwarded.
Goto Step 1.
Once the destination node receives RREQs, it will
obtain all feasible paths meeting the delay requirement. It
begins to send RREP to the source and the link stability
time will be copied in RREP. When the source receives
RREP, it calculates the end-to-end delay of each route
and stores it to routing cache. Thus each routing cache
includes corresponding link stability time and delay.
Finally, the source will select the best route among all
feasible paths and use it to send data packets.
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In routing maintenance phase, SDSR will mainly
monitor the delay changes of routes. The process is as
follows:
Step 1 If source node obtains the feasible routes to
destination, it can begin to send data packets;
Step 2 While relay node receives data packets, it will
check whether the current delay satisfied with
delay requirement recorded in RREQ. If not
satisfied, the relay node will inform source
node by sending a RRER to it. Otherwise, goto
step 3;
Step 3 Relay node calculates the future delay
according to Eq. (1) and (2) and judge whether
it can meet the delay requirement;
Step 4 If the delay constraint can not be satisfied,
source node will be sent a RRER and it needs
to reselect a new route meeting delay
requirement. Otherwise, data packets will be
continuously sent to downstream by relay node.
Goto step 2.
Once the source node receives a RRER, it will delete
the corresponding routes from its own routing cache.
Then it checks whether there are other routes to
destination in the routing cache. Among all of the feasible
routes found, it selects the best route to send packets.
Otherwise, the source node will initiates a new routing
discovery.
3,3
S

3,5

B

A

4,5
C

2,4

D

1,2

2,4

E
(a) Link information
B
S

A

C

D

E
(b) Route request
B
S

A

C

D

E
(c) Route respond
Fig. 1. Route selection example

In the traditional DSR, the destination node selects
routes by the first RREQ received. A different route
selection method is applied when we use the mobility
prediction. In our proposed SDSR, however, instead of
using the minimum delay path, we can choose a route that
is the most stable, i.e., the one with the largest LET. To
select the best route, the destination must wait for an
appropriate amount of time after receiving the first RREQ
so that all possible routes and their LETs will be obtained.
The destination then chooses the most stable route and
sends the RREP to the source node according to the
© 2011 ACADEMY PUBLISHER

routing list recorded in the RREQ. Route breaks will
occur less often and the packet delivery will be higher
because stable routes are used. An example is shown in
figure 1, the tuple represented the link delay and
expiration time respectively. Assume that two routes are
available from the source S to the destination D. Route 1
has a path of (S, A, B, C, D) and route 2 has a path of (S,
A, E, C, D). If the minimum delay is used as the route
selection metric, node D selects route 2. Route 2 has a
delay of 8 while route 2 has that of 12. Since the RREQ
that takes route 2 reaches D first, route 2 will be selected
as the preferred route. If the stable route is selected
instead, route 1 will be chosen by D. Obviously, the link
expiration time of route 1 is 3 while that of route 2 is 2.
Thus D will select the route with the maximum LET as
the preferred route.
C. Some Enhancement Strategies
The crucial issue of on-demand routing protocols is the
delay required to build a route. This route acquisition
latency makes on-demand protocols less attractive in
networks where real-time traffic is exchanged [19]. In
DSR, when no available route information is known by
the source node, data transmission will be delayed for a
certain period of time. Once the source received the
RREP from destination, it can begin to send data. To
effectively eliminate such delay, when a source has data
to send but no route is known, it can flood the data
instead of the RREQ. The periodic transmission of
control packet can also be replaced by data. The control
information becomes request with data payload attached.
Thus, the flooding of data with control field achieves data
delivery in addition to constructing and refreshing the
routes. Although the size of the flooded packet is larger
compared to RREQ, route acquisition latency is
eliminated.
The reliable transmission of control message plays an
important role in establishing and refreshing routes. The
IEEE 802.11 MAC protocol adopted in our network
model can perform reliable transmission by
retransmitting the packet if no acknowledgment is
received. However, if the packet is broadcasted, no
acknowledgments or retransmissions are sent. Thus, the
hop-by-hop verification of the control message delivery
and the retransmission must be considered about. We can
utilize the passive acknowledgment to verify the delivery
of a routing table. The sources node must send active
acknowledgments to the previous hops since they do not
have any next hops to exchange routing information.
When no acknowledgment is received within the timeout
interval, the node retransmits the message. If packet
delivery cannot be verified after an appropriate number of
retransmissions, the node considers the route to be
invalidated. The node then broadcasts a message to its
neighbors specifying that the next hop to the source
cannot be reached. Upon receiving this packet, each
neighbor builds the routing information to its next hop if
it has a route to the source node. If no route is known, it
simply broadcasts the packet specifying the next hop is
not available.

JOURNAL OF NETWORKS, VOL. 6, NO. 8, AUGUST 2011

IV.

1175

EXPERIMENTAL RESULTS

We have evaluated the performance of three routing
algorithms, i.e., standard DSR[20], DQR[21] and SDSR,
through simulation experiments with different network
scenes. In our experiments, networks with a specified
number of nodes are randomly generated within a
1000×1000 square region. One pair of the nodes is
randomly chosen to be the source and destination. The
IEEE 802.11 MAC protocol is used in the network.
Random way-point is selected as movement model and
the CBR is used to send data. In all cases, our results are
based on the performance of 20 randomly generated
networks. The major experimental parameters are shown
in table 1.
TABLE 1. EXPERIMENTAL PARAMETERS
Parameter
Bandwidth of wireless radio
Transmission radius
Packet size
CBR ratio
a
b

Value
1Mb/s
250m
512bits
1packet/s
0.8
1.2

naturally increase because of its mobile prediction
scheme. In the case of more static topology, the delay of
SDSR is higher than that of DQS because it needs to
calculate link stability factor, which will cause more
latency in routing discovery process. However, the
decrease of pause time of nodes will lead to more links
disconnected. The routing delay can be offset in SDSR
and it will get better performance because of its stability
first routing scheme.
B. Results for Network Size
In this scene, the pause time of mobile nodes is set to
90s and the delay request is set to 40ms. The number of
nodes in network varies from 20 to 120 (See Fig. 5 to Fig.
7). We observe that with the growing number of nodes,
the performance of all algorithms gets better since the
feasible routes will increase between source and
destination node. By delay prediction and stable link
selecting in advance, SDSR can achieve better
performance. Especially in large network, the advantages
of SDSR will behave more and more markedly.
C. Results for Delay Request

A. Results for Mobility
In this scene, we generate a network with 60 nodes,
and the delay request is set to 40ms. The pause time of
mobile nodes varies from 0 to 150s (See Fig. 2 to Fig. 4).
When the pause time of nodes decreases, which means
the network topology changes frequently, the
performance of both algorithms degrade. Since the
establishment of unstable routes increases, it will result in
high overhead for routing reconstruction. In SDSR,
however, those RREQs can not meet the delay
requirement will be discarded and in turn reducing the
number to reconstruct routing. Once the feasible route is
established, the stability of data transmission will

In this scene, we generate a network with 60 nodes,
and the pause time of mobile nodes is set to 90s. The
delay request varies from 40ms to 100ms (See Fig. 8 and
Fig. 9). While releasing the delay constraints, more routes
will be constructed in the routing discovery phase and the
successful routing discovery ratio and packet delivery
ratio of all algorithms increases. SDSR outperforms
against the other two algorithms since it can predict the
link available time according to information of nodes and
select the most stable route meeting the delay
requirement to send data packets. Thus it reduces the
packet losses and guarantees the reliable and rapid
transmission. In other words, it has high routing
discovery probability and packet delivery ratio.
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Fig.2. Result for mobility (1)
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Fig.7. Result for network size (3)
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Fig.10. Result for link error rate (1)

D. Results for Link Error Rate
In this scene, we generate a network with 60 nodes, the
delay request is set to 40ms and the pause time of mobile
nodes is set to 90s. The link error rate varies from 0.1 to
0.5 (See Fig. 10 and Fig. 11). With link error rate
increasing, the reliability of each path will decrease and
in turn resulting in more route failure. So the packet
delivery ratio and routing discovery ratio becomes lower
in all routing algorithms. Since the maximal end-to-end
reliable path will be considered as the routing selection
metric by calculating LET for each link, SDSR can
achieve better performance.
V.

CONCLUSIONS

In this paper, we present a new stable dynamic source
routing (SDSR) algorithm for MANET. SDSR can select
routes according to link state and dynamic delay
detection. In the route discovery phase, SDSR finds paths
with the greatest link stability factor. In the route
maintenance phase, it effectively keeps monitoring
network topology changes by delay prediction and
performs rerouting before the paths become unavailable.
With some enhancement strategies, SDSR significantly
improves performance of network. Experimental results
show that SDSR can achieve higher packet delivery rate
and routing discovery ratio comparing with DSR and
DQR.
ACKNOWLEDGMENTS
This work was supported by the Scientific Research
Fund of Chongqing Municipal Education Commission
under grant KJ071203.
REFERENCES
[1] H. Mahmood and C. Comaniciu, “Interference aware
cooperative routing for wireless ad hoc networks,” Ad Hoc
Networks, Volume 7, Issue 1, 2009, pp. 248-263.
[2] J. G. Jetcheva and D. B. Johnson, “Routing characteristics
of ad hoc networks with unidirectional links,” Ad Hoc
Networks, Volume 4, Issue 3, 2006, pp. 303-325.

© 2011 ACADEMY PUBLISHER

0.1

0.2

0.3

0.4

0.5

Delay request (ms)

Fig.11. Result for link error rate (2)

[3] Y. K. Hwang and P. Varshney, “An Adaptive QoS Routing
Protocol with Dispersity for Ad-hoc Networks,”
Proceedings of the 36th Annual International Conference
on System Sciences, Hawaii , 2003, pp. 302-311.
[4] M. Joa and T. Lu, “A Peer-to-Peer Zone-Based Two-Level
Link State Routing for Mobile Ad Hoc Networks,” IEEE
Journal on Selected Areas in Communications, special
issue on Wireless Ad Hoc Networks, 1999, pp. 1415-1425.
[5] H. Xiao and G. SEAH, “A Flexible Quality of Service
Model for Mobile Ad-Hoc Networks,” IEEE VTC2000sprin, Tokyo, 2000, pp. 2-7.
[6] S. B. Lee, “INSIGNIA: An IP-based quality of service
framework for mobile Ad Hoc networks,” Journal of
Parallel and Dist. Comp., Special issue on Mobile
Computing and Communications, 2000, pp. 374-406.
[7] Xiaojiang Du, “QoS routing based on multi-class nodes for
mobile ad hoc networks,” Ad Hoc Networks, Volume 2,
Issue 3, 2004, pp. 241-254.
[8] T. Goff, N. A. Ghazaleh, D. Phatak and R. Kahvecioglu,
“Preemptive routing in ad hoc networks,” Journal of
Parallel and Distributed Computing, Volume 63, Issue 2,
2003, pp. 123-140.
[9] V. Srivastava and M. Motani, “Combining Communication and Queueing with Delay Constraints in Wireless
Ad-Hoc Networks”, ICICS-PCM 2003, Singapore, 2003,
pp. 1086- 1090.
[10] W. Zhua, M. Songa and S. Olariub, “Integrating Stability
Estimation into Quality of Service Routing in Mobile Adhoc Networks”, 14th IEEE International Workshop on
Quality of Service, IEEE, 2006, pp. 122-129.
[11] Son, A. Helmy, and B. Krishnamachari, “The Effect of
Mobility-Induced Location Errors on Geographic Routing
in Mobile Ad Hoc and Sensor Networks: Analysis and
Improvement Using Mobility Prediction,” IEEE Trans. on
Mobile Computing, vol. 3, no. 3, 2004, pp. 233-245.
[12] S. H. Shah and K. Nahrstedt, “Predictive Location-based
QoS Routing in Mobile Ad Hoc Networks,” Proc. of
2002 IEEE International Conference on Communications , 2002, pp. 1022-1027.
[13] Y. Wang and S. Chang, “Interfering-aware QoS Multi
path Routing for Ad Hoc Wireless Network,” Proc. of
18th International Conference on Advanced Information
Networking and Applications, 2004, pp. 29-34.
[14] C. Comaniciu and H. Vincent Poor, “On the Capacity of
Mobile Ad Hoc Networks with Delay Constraints”, IEEE
TRANSACTIONS ON WIRELESS COMMUNI-CATIONS,
VOL. 5, NO. 8, 2006, pp. 2061- 2071.

1178

[15] Xie Xiaochuan, Wei Gang, Wu Keping, Wang Gang and
Jia Shilou, “Link reliability based hybrid routing for
tactical mobile ad hoc network,” Journal of Systems
Engineering and Electronics, Volume 19, Issue 2, 2008,
pp. 259-267.
[16] A. Kherani, R. E. Khoury, R. E. Azouzi and E. Altman,
“Stability-throughput tradeoff and routing in multi-hop
wireless ad hoc networks,” Computer Networks, Volume
52, Issue 7, 2008, pp. 1365-1389.
[17] R. Groenevelt, P. Nain, and G. Koole, “The message
delay in mobile ad hoc networks,” Performance
Evaluation, Volume 62, Issues 1-4, 2005, pp. 210-228.

© 2011 ACADEMY PUBLISHER

JOURNAL OF NETWORKS, VOL. 6, NO. 8, AUGUST 2011

[18] Peng Yang and Biao Huang, “QoS routing protocol based
on link stability with dynamic delay prediction in
MANET,” Proceeding of PACIIA, 2008, pp. 515-518.
[19] S. J. Lee and W. Su, “Ad Hoc Wireless Multicast with
Mobility Prediction,” Proceeding of IEEE ICCCN/ 99,
Boston, 1999, pp. 4-9.
[20] O. Broch, J. B. David and M. A. David, “The dynamic
source routing protocol for mobile Ad Hoc networks,”
Internet-Draft, draft-ietf-manet-dsr-10.txt, July 2004.
[21] M. Hashem and M. Hamdy, “Modified distributed
quality-of-service routing in wireless mobile Ad-hoc
networks”, Proceeding of MELECON, 2002, pp. 368-378.

