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Abstract - Mobility brings fundamental challenges to 
the design of routing protocols in mobile ad hoc 
networks (MANETs). The mobility of nodes implies 
that the routing protocols of MANETs have to cope 
with frequent topology changes while attempting to 
produce correct routing tables. To accomplish this, two 
types of routing protocols have been proposed: 
proactive routing and reactive (or on-demand) routing. 
The main objective of this design is to provide an 
analytical framework to evaluate the behavior of 
generic reactive and proactive protocols. In the model, 
the operation of the routing protocol is synthesized with 
the analysis of the MAC protocol to produce a 
parametric characterization of protocol performance.  
This framework make analysis on classic reactive (Ad-
hoc reactive Distance Vector Routing (AODV) protocol
and proactive (Optimized Link State Routing (OLSR)  
protocol  with all  aspects of network parameters  
specified by the unified framework on the performance 
of routing protocols. The effectiveness and correctness 
of the model are corroborated with extensive 
simulations. The model captures the essential behavior 
and scalability limits in network size of both classes of 
routing protocols, and provides valuable guidance on 
the performance of reactive or proactive routing 
protocols The model enables in-depth understanding of 
routing protocol performance, and points out the need 
to design routing protocols that are capable of confining 
signaling overhead to those portions of the network 
where the routing information is needed, in order to 
operate efficiently under different types of mobility and 
traffic patterns.

Keywords� MANETs, proactive, reactive, unicast,
MAC.

I.  INTRODUCTION
Proactive routing protocols provide fast response to 
topology changes by continuously monitoring 
topology changes and disseminating the related 
information as needed over the network. However, 
the price paid for this rapid response to topology 
changes is the increase in signaling overhead, and 
this can lead to smaller packet-delivery ratios and 

longer delays when topology changes increase.  
Reactive routing protocols operate on a need to have 
basis, and can, in principle, reduce the signaling
overhead. However, the long setup time in route 
discovery and slow response to route changes.

Significant work (e.g., [1]� [3]) has been 
conducted to evaluate and compare these protocols 
under network profiles of various mobility and traffic 
configurations. Such performance comparisons have 
been mostly conducted via discrete-event 
simulations. Simulation-based studies of  routing 
schemes are a powerful tool to gain insight on their 
performance for specific choices of network 
parameters. Few if any analytical studies have been 
pursued on this topic, and prior analytical work has 
been mostly restricted to the analysis or comparison 
of routing control on routing metric overhead [4]�
[6],multipath routing protocols [7], [8]. Furthermore, 
these works do not evaluate the effects of signaling 
overhead on unicast capacity at nodes, and none 
reveals the underlying connection between protocol 
performance and network parameters. Hence, the 
following two questions have remained open:

.  Does there exist a unified analytical framework, 
simplified but able to provide the characterization of 
essential behaviors of routing protocols?

.   If there is one such framework, can it also provide 
network scalability?

The MAC layer at nodes is as well as 
simplified as a two customer queuing model, where 
the packet loss probability and delay at nodes can be 
effectively computed. When analyzing the 
performance of the MAC layer, we consider the cases 
of a scheduled MAC (TDMA) and a contention-
based MAC (802.11 DCF MAC).

In the combinatorial model, the computed 
metrics are synthesized along with the routing logic 
to produce quantitative measures of the routing 
protocols in terms of end-to-end packet loss 
probability and delay. It is important to note that this 
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work does not attempt to model or compare 
between specific proactive and reactive routing 
protocols. Rather, the intent is to capture the essential 
behavior and scalability limits in the network size of 
both classes of protocols by quantifying their 
performance within a unified framework.

II.  RELATED WORK
Parameterizing and comparing the performance of 
routing protocols analytically is a very complex 
problem. Consequently, the characterization and 
comparison of routing protocols have been limited to
simulation-based approaches [9],[10],[11] under 
various configurations. The performance evaluation 
metrics used in these simulations or experimental
based approaches include packet delivery ratio, delay 
and throughput. Network configurations vary on 
traffic pattern, mobility and network density.

Certain analytical studies on routing 
overhead has been carried out. Viennot et al. [4] 
proposed parametric models for proactive and 
reactive protocols to evaluate the individual routing 
control overhead. Zhou and Abouzeid [5] presented 
an analytical view of routing overhead for reactive 
protocols, assuming a static Manhattan-grid network 
and studied the scalability of reactive protocols. 
These studies concentrate on the impact of traffic 
patterns and they also provide [6] a mathematical and 
simulation-based framework for quantifying the 
overhead of reactive routing protocols.

Tsirigos et al. [7], [8] studied multipath 
routing protocols with the aim of increasing packet 
delivery ratio in inherently unreliable networks and 
developed an analytical framework for evaluating 
them. Their work took mobility and topology 
changes into considerations.

Our work has been inspired by research 
work in [12],[13] which analyzes and evaluates the 
performance of routing protocols by constructing 
mathematical models of the routing operations.

Yang et al. [12] set up a mathematical 
model that imitates the operation of proactive routing 
and is utilized to optimize the operation of routing 
protocols in order to strike a balance between 
protocol overhead and accuracy. 

Jacquet and Laouiti [13] compare proactive 
and reactive routing protocols performance by 
proposing probability-based models. However, their 
models focus on calculating specific performance 
metric values, rather than evaluating the general 
operations of these routing protocols. 

III. NETWORK MODEL
A. Mobility Model

Nodes are mobile and initially they are distributed 
equally over the network. The movement of each 
node is independent and unrestricted, i.e., the 
trajectories of nodes can lead to anywhere in the 
network. 

B. Traffic Model
We consider a new traffic flow or simply a  new 
session as one that is associated by the arrival of a 
new application-level session request at a node ?with 
some destination ?, ?≠ i, in the network. Traffic flows 
are randomly generated with uniformly distributed 
sources and destinations.

C. Neighbor Sensing
Neighbor sensing protocols, such as periodic 
broadcasts of HELLO messages, are effective 
approaches used in routing protocols (both proactive 
and reactive) to detect the availability of links 
between neighbor nodes.

D. Routing Protocols Model

1)Proactive Routing Protocol: 
In proactive routing protocols, every node maintains 
a list of destinations and updates its routes to them by 
analyzing periodic topology broadcasts from other 
nodes. When a packet arrives, the node checks its 
routing table and forwards the packet accordingly.

2) Reactive Routing Protocol: 
In reactive routing protocols, nodes maintain their 
routing tables on a needed basis. This implies that 
when a new traffic session arrives, nodes have to set 
up the paths between sources and destinations before 
starting to deliver data packets. The process of path 
setup is called route discovery. Complementarily, 
another process called route maintenance is 
necessary to find an alternative path if a former path 
was broken. 

a)Route Discovery:
a mechanism initiated by a node ?upon the arrival of 

a � new traffic session�  in order to discover a new 
path to a node ?. Node ?floods the whole network
with route request (RREQ) packets. Upon receiving 
the RREQ packet, node ? sends out a route reply 
packet (RREP) along the reverse path to ?. As a 
result, node ?usually gets a shortest path to node ?.
b) Route Maintenance: 
a mechanism by which a node ?is notified that a link 
along an active path has broken, such that it can no 
longer reach the destination node ?through that route. 
Upon reception of a notification of route failure, node 
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?can initiate aroute discovery again to find a new 
route for the remaining packets destined to ?.

IV. UNIFIED FRAMEWORK FOR QUANTIFYING
PROTOCOL PERFORMANCE

A. Logic Efficiency
The operation of the traffic flow can then be 
generally classified into two alternating scenarios: 
data phase and exception phase. During the data 
phase, the active path has been setup and data packets
are delivered from ?to ?along an active route. The 
exception phase is triggered when a link failure is 
detected in the active path and an alternative path 

needs to be discovered. Let T and T be the mean 

duration of time for the data phase and the exception 

phase, respectively. And let logic efficiency be 

the ratio between the data phase and the overall time, 

that is, = T / (T + T ).

The exception phase T in proactive 

protocols involves the time window W , a protocol 

parameter for link-failure detection, and the local link 

repair time T determined by network topology 

update frequency, i.e., T = W + T .
For reactive protocols, the exception phase

T involves four steps: (1) link failure detection, 

denoted by W (2) link failure unicasted back to 

source, by T (3) RREQ broadcast flooding, by

T and (4) RREP unicasted back to source, by 

T . Then, we have T =W +T +T +T . 

The logic efficiency ? (or ? ) of a proactive 

protocol (or reactive protocol) can then be evaluated 
as

? = T / (T + W + T )

? =T / (T + W + T +T +T ).......... (1)

B. Operation Efficiency
Each node can now be represented by a tuple of
parameters termed MAC parameter tuple (MPT)

= { , , , ,V ,V ,P } , 

where{ ,V } (or { ,V }) stand for the 

mean and variance of service time of broadcast 

packets (or unicast packets) respectively and P

denotes the packet loss probability. Since 

implies how efficiently one unicast packet is 

processed, the operation efficiency is thus 

defined as process efficiency over unicast packets 
from the whole network as

= E((1 � ) ) � � � � � � ... (2)

As indicated in Eq.(2), operation efficiency also 
indicates the service capacity for unicast packets.
Until now, the overall protocol efficiency ? can be 
computed from both logic and operation efficiency as

= × ...� � � � � � .......(3)

C. Characterization of Broadcast Rate
Clearly, a broadcast rate ?? that reflects routing 
overhead plays an essential role in determining 
protocol performance. Let the set of all active links 

be denoted by (?) and (?) = ∣ A (?)∣ be the 

number of links in the active set. For any topology 
(?) and (?), if we are concerned only with the 
breakage of active links in the topology, the
distribution of stability of the topology should be the 

superposition of N (?). The distribution of such a

particular topology can also be approximated as 
exponentially distributed as, 

F (?) ≈ exp(− (?) ∗ ?/ T ).

By averaging all possible topologies, we can  
compute complementary cumulative distribution
function (CCDF) ?(?) characterizing the stability of
topology 

F(?) ≈ exp(−E(N (?)) ∗ ?/ T )..... (4)

where ?? stands for the mean link lifetime.
Then the overall CCDF distribution accounting for 
both the formation and breakage process is

F(?) ≈ exp(2 −E(N (?)) ∗ ?/ T ) � � ...� (5)

Summarizing our analysis, we can approximate the 
mean broadcast rate as below,

F(t) = ...(6)
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D. Delay Aspect & Packet Loss Probability

The one-hop delay of broadcast packets D or 

unicast packets D is composed of waiting time in 

queue for broadcastpackets Q (with mean value 

BQ ) or unicast packets Q (with mean value ) 

and service time for broadcast packets S or unicast 

packets S

D = + BQ

= +

D = +

= + ..(7)

the mean end-to-end delay D can be computed as

D ≈ × D � � � � .� � � � � � � .(8)

V. EVALUATING MAC PARAMETER TUPLE

A.Global Time Division Multiple Access
In GTDMA scheme, the channel access of nodes is 
organized as frames in time and each frame is further 
organized into N slots. In every frame, every node in 
the network is assigned a slot for transmission and 
the duration of slot should allow nodes to transmit the 
maximum transmission unit (MTU).

B. Local  TDMA

For node i, if it has N − 1 neighbors, the channel 

access is still grouped as frames but each frame has 

only N slots for all N nodes, who are within 

coverage of node ?. we represent the service time for 

LTDMA as a random variable S = N , with 

the average and covariance values as follows

V = V = Var( N ) = Var(N ),

= = E( N ) = E(N ) � � ....(9)

where denotes the time duration of a slot. p is 

the probability of two nodes being within 
communication range of each other. Then, one hasE(N ) = N × p,

Var(N ) = N × (1 − p) � � � � .. (10)

C. Contention-based MAC
We consider the well-known 802.11 DCF MAC, 
employing carrier sense multiple access with 
collision avoidance (CSMA/CA). For unicast 
packets, a rotating back-off mechanism is adopted to 
resolve contention. When the timer counts to zero, 
the packet is transmitted immediately and waits for 
ACK confirmation. In case that ACK is not received
and the last transmission is declared a failure. For 
broadcast packets, no retransmission is attempted and
no ACK is needed. Each broadcast packet is 
transmitted only once. To analyze the MAC 
performance of a node ?, let� s first look at its 

probability generating function C (z) of channel

occupancy observed from node ?. 
Let be the probability 

generating function of service delay for each packet, 
where the collision probability is and the back-off 
window value is .The probability generating 

function of service time for broadcast packets, where 
none of packet collisions is concerned.

C (z) = � .. (11)

Finally, we can summarize the probability generating 
function of service time for both broadcast packets 

(?) and unicast packets (?) as,

(?)=
minCW

z L

,

(?)= � � � � � ..(12)

Based on computed values of MAC 

parameters in tuple = { , ,V ,V ,P
}, we can then calculate performance metrics of 
routing protocols running on the MAC protocol, such 
as protocol efficiency, packet delivery ratio and 
delay.

VI. SIMULATIONS
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We prove that our analytical model is capable of 
presenting the effect of various parameters on the 
performance of routing protocols. In the simulation, 
we consider a total of 50 nodes initially randomly 
distributed over a square network of size 1000? × 
1000? . Every node moves at a speed ? and transmits 
at uniform power of a coverage of radius ? under 
certain traffic load.

There are two steps to evaluate routing 
protocol under specific network configurations. First, 
check which kind of MAC protocol the system 
employs and derive corresponding MAC parameter 
values, such as service time and packet loss 
probability. Second, check which kind of routing 
protocol it is (proactive or reactive), and then use 
previously derived MAC parameters and 
corresponding equations constructed in our analytical 
model to derive various evaluation metrics, such as 
protocol efficiency, delivery ratio, delay and so on.

In our future work, we plan to incorporate 
realistic physical layer effect into our modeling 
framework to make it more practical and 
comprehensive.

Fig:1 PACKET DELIVERY RATIO WITH 
VARIOUS FLOWS

(a)Simulated 802.11 MAC

(b)Simulated 802.11 MAC

Fig. 1 shows packet delivery ratio (PDR) for both
proactive and reactive protocols under various 
{mobility, traffic flow} configuration. Fig.1(a) and 
(b) shows results derived from simulation.

We also demonstrate how well our 
analytical model does in capturing the nodes mobility 
effect on the packet delivery ratio of both proactive 
and reactive routing protocols in Fig.2. The larger the 
nodes movement speed is, the larger the probability 
of nodes moving out of transmission range is. Then 
the relay failure probability increases which causes 
the PDR decrease. 

Fig:2 PACKET DELIVERY RATIO WITH 
VARIOUS SPEED

Similarly, our parametric analytical framework could 
also capture the essential insights and behaviors of 
routing protocols in terms of packet delivery delay 
under various network scenarios. We hereby 
demonstrate that by observing the packet delivery 
delay with various traffic flow ? in Fig. 3.

Fig:3 PACKET DELIVERY DELAY WITH 
VARIOUS FLOWS

(a)Simulated 802.11 MAC
Fig.3(a) and (b) shows results derived from 
simulation. For proactive routing protocols 
periodically update routing path information to 
guarantee packets being sent out immediately, 
therefore even arrival packet number increases as 
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traffic flow increases, they still can be sent out in 
time which causes the stability of packet delivery 
delay.
We present the effectiveness of our model in 
providing the deeper understanding on essential 
protocol behaviors in fig.4.

(b)Simulated 802.11 MAC

Fig:4 PACKET DELIVERY RATIO WITH 
VARIOUS RADIUS

Here we evaluate the performance of routing 
protocols for unicast packets only. Similarly in future 
we analyse the performance for multicast packets. 

VII. CONCLUSIONS
We presented an analytical framework to evaluate the
behavior of generic reactive and proactive protocols. 
In the model, the operation of the routing protocol is 
synthesized with the analysis of the MAC protocol to 
produce a parametric characterization of protocol
performance. The effectiveness and correctness of the 
model are corroborated with extensive simulations. 
The model enables in-depth understanding of routing 
protocol performance, and points out the need to 
signaling overhead design routing protocols that are 
capable of confining to those portions of the network  
where the routing information is needed, in order to 
operate efficiently under different types of mobility 
and traffic patterns.

VIII. REFERENCES

1) S.-Y. Ni, Y.-C. Tseng, Y.-S. Chen, and J.-P. Sheu, 
� The broadcast storm problem in a mobile ad hoc 
network," in Proc. ACM Mobicom 1999, New York, 
pp. 151-162.

2) S. Das, R. Castaneda, J. Yan, and R. Sengupta, 
� Comparative performance evaluation of routing 
protocols for mobile ad hoc networks," in Proc. 7th 
International Conf. Computer Commun. Netw. 
(IC3N), Lafayette, LA, USA, Oct. 1998, pp. 153-161.

3) F. Bertocchi, P. Bergamo, G. Mazzini, and M. 
Zorzi, � Performance comparison of routing protocols 
for ad hoc networks," in Proc. IEEE GLOBECOM, 
vol. 2, San Fransisco, CA, USA, Dec. 2003, pp. 
1033- 1037.
4) L. Viennot, P. Jacquet, and T. H. Clausen, 
� Analyzing control traffic overhead versus mobility 
and data traffic activity in mobile ad-hoc network 
protocols," ACM/Springer Wireless Netw., vol. 4, no. 
10, pp. 447-455, July 2004.
5) N. Zhou, H. Wu, and A. A. Abouzeid, � Reactive 
routing overhead in networks with unreliable nodes," 
in Mobicom� 03, San Diego, Sept. 2003.
6) N. Zhou, H. Wu, and A. Abouzeid, � The impact of 
traffic patterns on the overhead of reactive routing 
protocols," IEEE J. Sel. Areas Commun., vol. 23, no. 
3, pp. 547-560, Mar. 2005.
7) A. Tsirigos and Z. J. Haas, � Analysis of multipath 
routing� part 1: the effect on the packet delivery 
ratio," IEEE Trans. Wireless Commun., vol. 3, no. 2, 
pp. 500-511, Mar. 2004.
8) � Analysis of multipath routing� part 2: mitigation 
of the effects of frequently changing network 
topologies," IEEE Trans. Wireless Commun., vol. 3, 
no. 1, pp. 138-146, Jan. 2004.
9) P. Johansson, T. Larsson, N. Hedman, and B. 
Mielczarek, � Scenariobased performance analysis of 
routing protocols for mobile ad-hoc networks," in 
Proc. 5th ACM/IEEE MOBICOM, Seattle, WA, 
USA, 1999, pp. 195-206.
10) J.-W. Chen, Y.-Z. Lee, D. Maniezzo, and M. 
Gerla, � Performance comparison of AODV and 
OFLSR in wireless mesh networks," in IFIP
MEDHOCNET, Lipari, Italy, June 2006.
11) A. Al-Maashri and M. Ould-Khaoua, 
� Performance analysis of MANET routing protocols 
in the presence of self-similar traffic," in Proc. 31st

IEEE Conf. Local Computer Netw., pp. 801-807, Jan. 
2006.
12) P. long Yang, C. Tian, and Y. Yu, � Analysis on 
optimizing model for proactive ad hoc routing 
protocol," in Proc. Military Commun. Conf.


