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Abstract: According to mobility and high speed of nodes in Vehicular Delay  Tolerant  Networks  (VDTNs),
end to end path is not available all the time and intermittent connection has occurred. So, messages are sent
with a considerable delay and most of them will be dropped. Therefore, well-organized buffer management
policy is necessary to improve the overall network performance. We present an efficient policy to model buffer
management problem as a multi-criteria decision problem. Using Multi Criteria Decision Making (MCDM)
method enables the buffer manager to apply several criteria with different degrees of importance for optimal
buffer management in terms of requirements of different application scenarios in VDTNs. The efficiency and
tradeoffs of the proposed policy is evaluated through extensive simulation.
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INTRODUCTION We present an efficient policy called The General-

Vehicular Delay Tolerant Network (VDTN) is a buffer management problem as a multi-criteria decision
particular application of the Delay Tolerant Networks problem. The aim of proposed policy is to present a policy
(DTN), where the movement of vehicles is used to enable for optimal buffer management by supporting several
network connectivity [1]. application scenarios in VDTNs. Using MCDM enables

According to mobility and high  speed  of  vehicles buffer manager to apply several and even contradictory
in VDTNs, store-carry-and-forward pattern is used to criteria to manage buffer in terms of requirement of
provide communication facilities in challenged different applications and determine the importance
environments where sparse intermittent  connectivity, degree of each one [7].
high latency, asymmetric data rates, high loss rates and In order to support different types of applications
even no end-to-end connectivity exist [2, 3]. In VDTNs, with distinct requirements, providing Different classes of
messages of arbitrary size may be stored for long periods service is required for VDTN. Therefore, the priority class
of time at network nodes via store-carry-and-forward of service (CoS) has been considered to settle the relative
pattern and are conveyed hop-by-hop to the final priority of exchanged messages in the network [4, 8].
destination. However, in networks with limited resources We  consider  the  priority  pattern  of  DTN  [9].
(like bandwidth and buffer space), this technique leads to Thus, this work considers three traffic priority classes:
fast reduction of buffer space and bandwidth. Therefore, Bulk, Normal and Expedited.
the optimal buffer management policies are necessary to In this paper, “emergency message dissemination”
improve the overall network performance. scenario has been considered to  present  the

VDTNs have several application scenarios such as improvement of overall network performance via the
traffic condition monitoring, collision avoidance, GPBM policy. In order to implement the scenario, we
emergency message dissemination, free parking spots examine the performance of proposed policy by
information, advertisements and etc [4-6]. comparing  it  with existing FIFO, E-Drop and MOFO that

Purpose Buffer Management (GPBM) policy that models
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have  considered   only   one  or  two  message  criteria.
All policies will be enforced on Epidemic [10] and Spray
and Wait [11] routing protocols.

Existing Buffer Management Policies
FIFO: FIFO is a straightforward policy, which just orders
messages to be forwarded at a contact opportunity based
on their receiving time (first-come, first-served basis).
When a FIFO dropping policy is enforced (in cases of
buffer overflow), dropped messages will be the ones at
the head of the queue (“drop head”) [2, 8].

E-Drop: When Node B transmits the message M, node A
will check its queue for available buffer space. If the
queue is full, the Node search and drop buffered message,
if the size of buffered is equal or greater than the message
M. This policy reduces the dropping of small messages
[12].

MOFO: The message that has been forwarded to
maximum number of times will be dropped first. So, the
Number Of Forwarding (NOF) is the only important criteria
in this policy. Considering one criteria, causes some
problems as dropping more messages from buffer and
more overhead [12-14].

General-Purpose   Buffer      Management    (GPBM):
The GPBM policy using the MCDM method manages
node’s buffer in VDTNs. MCDM is a method to select an
optimal option from multiple options according to
different and even contradictory criteria [7]. In order to
manage messages in buffer, we can rank messages based
on different performance requirements (e.g. delivery ratio,
delivery urgency) by using MCDM method both to
schedule messages to forward and select messages to
drop in buffer overflow. means that the A is much better criterion for selection. 

If we assume that buffer has n messages and each Time complexity of WSM method is O(m) and WPM
message has m different criteria and also the importance method is O(m ), where m is the number of criteria.
degree of j-th criterion is w , we can create decision Therefore, the GPBM policy is modeled with WSMj

making matrix to model buffer management as Table 1. method. In order to prove the advantage of GPBM policy,
In the decision matrix, r  shows the value of j-th we provide an example based on which message (s)ij

criterion for i-th messages and equation 1 is considered. should be selected to drop when a node’s buffer is

(1) In this example, it is assumed that Accelerate the

According to requirement of applications, particularly important. Therefore, emergency messages
normalization should be done for both positive and should not be dropped when buffer overflow is occurred.
negative criteria to assimilating units, eliminating conflict For instance, the specification of incoming message is
of criteria and equalize of values range. In positive criteria, presented in Table 2 and existing messages in the buffer
if they have higher value, they  would  get  a  higher  rank, are presented in Table 3.

Table 1: Decision matrix
Criteria
---------------------------------------------------------------------------
C C … C … C1 2 j m

---------------------------------------------------------------------------
Alternatives (w w … w … w )1 2 j m

A r r r r1 11 12 li 1m

A r r r r2 21 22 2i 2m

.
A r r r ri il 12 ij im

 .
A r r r rn nl n2 nj nm

Table 2: Incoming message properties
Criteria
--------------------------------------------------------------------

Messages ID Priority Size TTL NOF
M8 Emergency 750 100 2

but in negative criteria lower value will get a higher rank.
One of the most common methods of multi criteria
decision is Weighted Sum Model (WSM). In this method,
first the normalization operations of rij values are done.
After normalization, a message would be selected to send
or drop in which the value of  A*   is  the  highestWSM-Score

[7, 15].

(2)

Another method of multi criteria decision is
Weighted Product Model (WPM). In this method, for
comparing the two criteria A  and A , the product shouldp q

be calculated as equation 3.

(3)

If the value of  is equal or greater than 1, it

p

2

overflowed.

delivery of emergency (high-priority) messages is
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Table 3: Desicion matrix - In priority column 1=Bulk, 2=Normal and
3=Emergency

Criteria
------------------------------------------------------------------

Messages ID Priority Size TTL NOF
M1 1 300 60 3
M2 3 700 100 5
M3 1 900 60 2
M4 3 750 20 4
M5 2 1000 120 6
M6 2 500 90 7
M7 2 800 80 3

Table 4: WSM score and Ranking
Weight
-----------------------------------------------------------------------

Message ID 0.40 0.20 0.25 0.15 WSMScore

M1 1 0 0.6 0.2 0.58
M2 0 0.571 0.2 0.6 0.25
M3 1 0.857 0.6 0 0.72
M4 0 0.642 1 0.4 0.44
M5 0.5 1 0 0.8 0.52
M6 0.5 0.285 0.3 1 0.48
M7 0.5 0.714 0.4 0.2 0.47

In this example, we have considered four important
message criteria. According to the mentioned assumption,
the importance degree of priority criterion has been
considered more than other criteria in  GPBM  policy.
Table 4 shows the ranking of WSM method that is
obtained by equation 2.

Finally, Figure1 illustrates dropped message (s) by
buffer management policies in the example. The GPBM
policy drops the bulk  message  (M3)  with  highest
WSM-Score for replacing with the incoming emergency
message (M8). However, the FIFO drops two messages
based on the size of M8. The MOFO drops the normal
message (M6) with highest NOF and then, this policy
Drops M5 because the size of M8 is greater than M6. Last
but not least, the E-Drop policy drops the emergency
message (M4) according to the size of M8.

According to importance of emergency messages’
priority in the above-mentioned example, these results
prove that conventional buffer management policies are
single-purpose and they are not suitable for different
types of application scenarios. In the next section, the
advantage of GPBM policy will be presented using the
“emergency message dissemination” scenario with
simulation.

Performance Evaluation: In this work, we evaluate the
impact of above-mentioned policies in the performance of
VDTNs on  two   Epidemic  and  Spray  and  Wait  routing

Fig. 1: Illustration of dropped messages by buffer
management policies considered in this study

protocols. Epidemic [10] is a flooding based routing
protocol where nodes  exchange  the  messages  they
don’t  have. In an environment with infinite resources
(e.g. buffer space and bandwidth), this protocol performs
better than the other ones in terms of message delivery
ratio and latency. On the contrary, this routing protocol
severely degraded the overall network performance when
resources are limited.

Spray and Wait [11] creates a number of copies N to
be transmitted (“sprayed”) per message. In its binary
variant, any node A that has more than 1 message copies
and encounters any other node B that doesn’t have a
copy, forwards to B, N/2 message copies and keeps the
rest of the messages. A node with 1 copy left, only
forwards it to the final destination.

The simulation tool used in this study is the
Opportunistic Network Environment (ONE)  Simulator
[16]. The ONE is a Java-Based discrete event simulator.
We created a set of extensions for the ONE simulator to
support traffic priorities. The performance metrics
considered are the delivery rate of messages per priority
class and latency time average. Next subsections describe
the four simulation scenarios and the corresponding
performance analysis.

Simulation Setup: In order  to  evaluate  scenarios close
to  the  reality,  we  use  a real world map-based model
with a dimension of 4500×3400 meters. We simulate
scenarios with 20 and 50 vehicles moving across map
roads, with a mobility model by Shortest Path Map Based
Movement. Once a vehicle reaches a destination, it
randomly waits 5 to 15 minutes. Then, it selects a new
random map location and a random speed between 30 and
50  km/h.  Each  vehicle  has  a 10 Mbytes message buffer.
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All network nodes use a wireless communication link with
a data transmission rate of 6 Mbps and a transmission
range of 30 meters.

In this study, it is assumed that the delivery of
emergency messages is so important and these messages
generate larger volumes of traffic. Thus, bundles are
generated with sizes uniformly distributed in the ranges of
[250 KB, 750 KB] for bulk messages, [500 KB, 1 MB] for
normal messages and [750 KB, 1.5 MB] for emergency
messages [8]. Considering this assumption and also
limited buffer space, causes an enormous amount of
dropping and shows the overall performance of the Fig. 2: GPBM, E-Drop, MOFO and FIFO Delivery
policies. Probabillity with 20 vehicles

All messages of each priority class are generated
using an inter-message creation interval that is uniformly
distributed in the range of [15, 30] seconds and have the
time-to-live (TTL) of 120 minutes.

In above-mentioned policies, the creation probability
of three priority class is set as: Emergency=20%,
Normal=40% and Bulk=40%. These values show the
advantages of GPBM policy even when the creation
probability of the emergency priority class is low. In
GPBM policy the relative weights of the four important
message criteria is determined to be: W =0.40,Priority

W =0.20, W =0.25 and W =0.15.Size TTL NOF

In order to get meaningful result values, each Fig. 3: GPBM, E-Drop, MOFO and FIFO Latency Time
simulation configuration is executed 20 times, using the Average with 20 vehicles
same simulation setups.

Performance analysis of SprayAndWait Routing
protocol for the scenario with 20 vehicles

The performance analysis starts with the scenario
where only 20 vehicles move across  the  map roads.
Figure 2 shows the effect of delivery probability with
existing FIFO, E-Drop, MOFO and proposed GPBM
policy.

Due to  the  limited  buffer (10Mb)  and  low  traffic
(20  vehicles),  the  possibility  of  connecting factors
(end-to-end communication between vehicles)  is  low. Fig. 4: GPBM, E-Drop, MOFO and FIFO Delivery
The E-Drop policy with its dropping message selection Probabillity with 50 vehicles
criterion based in the size of message, presents the worst
performance in terms of delivery probability for Performance analysis of SprayAndWait Routing
emergency (expedited) priority class. Also conventional protocol for the scenario with 50 vehicles.
FIFO and MOFO policies present the worse result than Increasing the number of vehicles in VDTN, contact
GPBM policy. The delivery rate of emergency message in opportunities also increase. The result will have
the proposed policy is about 13% more than other significant effect on improving the delivery rates.
policies. According to Figure 4, the delivery rate of emergency

Figure 3 shows the influence of GPBM, E-Drop, message in the GPBM policy is about 17% more than
MOFO and FIFO with respect to latency averages by other policies. The results indicate that considering key
SprayAndWait router. We can see that the latency time message criteria simultaneously, causes to improve
average of GPBM is less then the existing policies. overall performance.
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Fig. 5: GPBM, E-Drop, MOFO and FIFO Latency Time Fig. 9: GPBM, E-Drop, MOFO and FIFO Latency Time
Average with 50 vehicles Average with 50 vehicles

Fig. 6: GPBM, E-Drop, MOFO and FIFO Delivery advantage of GPBM policy even with low  buffer  size.
Probabillity with 20 vehicles The delivery rate of emergency message in the proposed

Fig. 7: GPBM, E-Drop, MOFO and FIFO Latency Time provide good performance. However, the GPBM policy
Average with 20 vehicles has the best performance among policies.

Fig. 8: GPBM, E-Drop, MOFO and FIFO Delivery can apply several criteria via this policy according to
Probabillity with 50 vehicles requirement  of  each application scenarios. In this paper,

Figure 5 observes latency time average with GPBM
and the existing policies. The diagram shows the delay
decreasing with increasing the number of vehicles. Due to
multi copy cases of SprayAndWait routing protocol, the
GPBM latency average is almost equal with FIFO.

Performance analysis of Epidemic Routing protocol
for the scenario with 20 vehicles

According to the limitation of buffer size in simulation
setup, the Epidemic routing protocol degrades the overall
network performance. However, Figure 6 shows the

policy is about 7% more than other policies. 
Figure 7 represents the affects of GPBM and the

existing policies with  respect  to  latency  time  average.
It can be clearly seen that GPBM has low value of latency
time average with Epidemic router.

Performance analysis of Epidemic Routing protocol
for the scenario with 50 vehicles

According to Figure 8, using the Epidemic routing
protocol and considered low buffer space with a large
number of vehicles, buffer management policies cannot

In Figure 9 we observe the result of GPBM and the
existing policies for Epidemic router under latency time
average. It is clear-cut that latency average with GPBM is
decreases in all above-mentioned scenarios.

CONCLUSION

In order to support different applications, we have
proposed a general GPBM policy in which buffer manager
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“emergency message dissemination” scenario has been 7. Gal, T., Theodor J. Stewart and T. Hanne, 1999.
considered to compare the efficiency of GPBM policy with Multi-criteria decision making: advances in MCDM
existing FIFO, E-Drop and MOFO. In this comparison we models, algorithms, theory and applications,
prove that single purpose buffer management policies are Business & Economics, Springer, Jul 31, 1999.
not able to respond in different types of application 8. Soares, V.N.G.J.,       F.         Farahmand      and
scenarios. The simulation results according to proposed J.J.P.C. Rodrigues, 2010. Traffic differentiation
scenario show the improvement of network performance support in vehicular delay-tolerant Networks,
in message delivery rate and latency time average TelecommunSyst DOI 10.1007/s11235-010-9325-z.
compared with other policies. Springer Science + Business Media, LLC 2010.

In future works, the efficiency of GPBM policy will be 9. Cerf,  V.,   S.   Burleigh,   A.   Hooke,   L.  Torgerson,
studied with different types of application scenarios. R. Durst, K. Scott, K. Fall and  H.  Weiss,  2007.
According to the requirement of applications, we can also Delay-tolerant networking architecture, RFC 4838,
apply network criteria in GPBM policy. April 2007 [Online]. Available: http:// www.dtnrg.org/
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