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Abstract—We propose PRoPHET+, a routing scheme for op-
portunistic networks designed to maximize successful data deliv-
ery rate and minimize transmission delay. PRoPHET+ computes
a deliverability value to determine the routing path for packets.
Deliverability is calculated using a weighted function consisting
of evaluations of nodes’ buffer size, power, location, popularity,
and the predictability value from PRoPHET. Even though the
proposed PRoPHET+’s weights are chosen based on qualitative
considerations, it is possible for PRoPHET+ to perform even
more efficiently in various environments by shifting the weights
accordingly. Our simulation illustrates that PRoPHET+ can
perform better or equal to the routing protocol PRoPHET if
logical choices for weights are used.

I. INTRODUCTION

Wireless network infrastructures have been expanding at a
rapid pace throughout the world. However, wireless networks
may still not be available in areas such as poor regions,
underwater sensors, or military operations. In order to provide
networking support for situations where there are no directly
connectivity paths, opportunistic network can be applied. Op-
portunistic network is a type of delay tolerant, intermittently
connected network using an ad-hoc like structure. When a
node wants to deliver data to another node but there does
not exist a direct connection between them, packets can be
forwarded to intermediate participating nodes which aid in
delivering the packet from the source to the destination. Unlike
a typical ad-hoc structure, however, opportunistic network
assumes there is almost never a fully connected path between
source to destination and the intermediate nodes may not
encounter other nodes frequently or consistently. In some
cases, intermediate nodes may have to buffer the packets
received for a long time.

Due to the uncertainty of packet delivery success in oppor-
tunistic networks, numerous routing protocols were proposed
to maximize packet delivery rate. One of the most well known
routing protocol for opportunistic networks is a protocol called
PRoPHET [1]. Since the chance of having a directly connected
path from a source node to the destination node is rare or
non-existent, identifying potential intermediate carriers for the
packets to be transferred is essential. Forwarding data to
intermediate carriers that rarely encounter the destination node
will, in the worst case, fail to deliver the data. PRoPHET
uses a predictability value, which is calculated using the
history of encounters between nodes to evaluate the packet
forwarding preference. While PRoPHET has shown decent

results, there is still room for improvements. Due to the
FIFO queuing nature of PRoPHET, packets may be dropped
consistently when packets are forwarded to a few concentrated
nodes. Packets may also be lost due to node failures or
incomplete transmissions. Aside from packet loss, reducing
transmission delay in networking is commonly desired. Even
though opportunistic network is a type of delay-tolerant net-
work, it could still benefit from shorter transmission delays.
Transmission may be delayed when nodes are offline or when
nodes have a significant amount of packets to deliver. In
order to reduce packet loss and transmission delay during
the described situations, we take buffer, power, bandwidth,
location, and popularity into consideration.

We begin with related work followed by the presentation
of our protocol. After the protocol details, the simulation
environment is described, with the evaluation in the same
section. Finally, we discuss certain issues, future work, and
end with conclusion.

II. RELATED WORK

Most routing protocols for intermittently connected net-
works can be classified into either Epidemic, “Message Fer-
rying”, or Coding Based routing protocol.

In Epidemic routing [17], the sender node replicates packets
and forwards them to all nodes that come in contact with it,
therefore essentially flooding the network with identical data.
PREP [12] is an example of epidemic routing protocol that
prioritizes flooding based on buffer. In Harras [4], various
methods were evaluated to control the flooding caused by epi-
demic routing. While Epidemic routing effectively minimizes
the chance of data loss due to node failure situations, it also
produces unnecessary buffer and power overhead.

In order to minimize overhead, various protocols were
proposed using parameter measurements to forward packets.
In“Message Ferrying” or utility-based routing, packets do not
get replicated as nodes come in contact with one another.
Instead, the sender node evaluates all contacting nodes with
the chance of successful packet delivery using some defined
function and “ferries” the packets to the node with the highest
success rate. Since there will be at most one instance of
every unique packet, overhead in terms of storage is reduced
tremendously. Various different methods were proposed to
evaluate the packet forwarding route. The most commonly
used parameter is the history of encounters [1], [9], [11] and



physical location or mobility behavior of nodes [14], [7], [6].
There are also protocols that combine the two parameters, such
as MV [10]. Spyropoulos [16] uses randomized forwarding to
seek nearby nodes, and utilizes utility-based forwarding when
focused on a set of nodes with high delivery success value.

Another broad category of routing protocol for intermit-
tently connected networks is the use of Coding Based [18],
[5], [19], [8]. In Coding Based routing protocol, packets are
transformed into n blocks in such a way so that the packet
can be recovered from a subset of the blocks. Therefore, as
long as the destination receives enough subsets of the blocks,
it can recover the original packet.

Our proposed protocol is a type of Message Ferrying routing
protocol. Similar to our work, PR CD [9] is also based on
PRoPHET. Instead of using the frequency of contacts, how-
ever, PR CD measures the contact duration of each contact
in order to provide nodes with the maximum data transfer
rate, therefore reducing transmission latency and overhead.
Another difference is that PR CD modifies the algorithm
that PRoPHET uses, while our protocol is an extension of
PRoPHET. MaxProp [2], another protocol, assumes that the
nodes are aware of the schedule of meetings. As a result,
MaxProp address the buffer issue by “prioritizing both the
schedule of packets transmitted to other peers and the schedule
of packets to be dropped” [2].

III. WEIGHTED FUNCTION ROUTING

Before we begin describing the protocol, certain assump-
tions were made to make the problem more tractable. First, all
nodes participating in the packet forwarding behaves well. We
do not consider security issues, resource cheating issues, and
integrity issues. Second, we assume that all packets transmitted
are of the same size. Third, all devices are capable of perform-
ing basic processing capabilities. Fourth, we assume that in a
network, nodes in the network are either all rechargeable or
are all not rechargeable. Fifth, we assume that storage used
for storing parameter values and idle power consumption are
negligible. Lastly, all devices are able to determine their own
buffer size, power consumption, remaining power.

In order to differentiate between different nodes, we define
terms for nodes that perform different actions. Source node
is the node that originate the packets, and destination node
is the final destination node that the packets are meant to be
delivered to. When describing a packet forward from one node
to another, the terms sender node and receiver node are used
respectively. Candidate nodes are nodes that are in contact
with the sender node when packet forwarding is desired.

When a sender node wants to send data to a receiver node,
it queries all candidate nodes with their deliverability value.
The source node will send the packet to a candidate node if
and only if the candidate node’s deliverability value is above
a certain threshold, which we define in this paper as a value
better than the sender node’s deliverability value. If there are
multiple candidate nodes that meets the threshold restriction,
the node with the highest deliverability value is picked as the
receiver node.

The parameters in the weight function that determines deliv-
erability consists of prophet’s predictability value in addition
to buffer, power, bandwidth, location, and popularity. To obtain
a deliverability value, values of each parameter are normalized
to a value between 0 and 1. The deliverability value is then
a value from 0 to 1, which is obtained by summing each
normalized parameter value multiplied by the weight factor
defined for the parameter. The following sections describe
in detail the reasonings behind selecting each property and
methods to measure each property.

Buffer Parameter

In a FIFO queuing structure, when a packet is forwarded
to a device with a full buffer, the first packet in the device is
removed. When this occurs, the packet that is removed is lost.
Data will also be lost if the device that had received packets
from other sources also generated its own data and stored the
data in the same buffer. In order to minimize packet loss due
to buffer size, a function used to take buffer size into account
is described.

Taking into consideration the data generated by nodes in
the network, all nodes define a threshold Bthresh. Bthresh is
computed as Btotal - Bself , where Btotal is the total buffer
size of the node, and Bself is the amount of storage the node
needs to contain self-generated data. Since the amount of data
generated by a node may not be static, the node logs its data
size for a certain amount of time, and determines an average
data size. We specify an arbitrary amount of time x and an
evaluation period of y. After every x amount of time passes,
the node logs the capacity used for the data generated within
that time frame. At the end of y periods of x, the node sums up
the capacity log and divides it by y to get an average capacity
used.

When a sender node queries the candidate node for prob-
ability value parameters, the candidate node sends the value
of current remaining buffer size and Bthresh to sender node.
The sender node then calculates VB , which is the value of the
buffer parameter, by dividing the remaining buffer size minus
the packet size of the sender node over Bthresh. All negative
values are set to 0. The calculation of VB is done at sender
node instead of candidate node to provide flexibility. While
we assume all packet sizes from all devices are the same, by
calculating VB at sender side, it could potentially adapt to
multiple size packets.

Power Parameter

Typically, there are two cases where nodes fail, either
through malfunctioning of the device hardware or power
outage. When nodes fail, the data that is stored in the buffer
may be lost forever either due to irrecoverable storage parts
or power recharge restrictions. While the malfunctioning parts
may be unavoidable, data loss due to power outage may be re-
duced. While data loss may be reduced for devices that cannot
be recharged, power consumption factor may also benefit for
rechargeable devices. When rechargeable devices run out of
power, this causes downtime for chances of delivering packets



to other devices. Therefore, by keeping a device up for as long
as possible, the transmission delay may be shortened. As a
result, two different functions are used to evaluate power for
the two different cases.

In a network where all nodes are not rechargeable, we like
to ensure not only if the node has enough power to receive
a packet, but also if it will have enough remaining power to
forward the packet. Furthermore, in order to increase the up-
time of a node, the less power the candidate node has, the less
favorable it is to send to the node. To calculate VP , the power
parameter’s value of a given node, for non-rechargeable nodes,
the function (Premain−Preceive−Psend−Pthreshold)

Ptotal
is used, where

Premain is the remaining power, Preceive is the amount of
power required to receive a packet, Psend is the amount of
power required to send a packet, and Ptotal is the total power
of the device. Pthreshold is determined using the number
of packets in the buffer multiplied by Psend. By setting a
threshold where power is retained for packets in the buffer,
the power required to forward most, if not all of the packets
in the buffer before the node fails is ensured. This diminishes
the loss of data due to power outage.

In the cases where recharge is possible, the use of weighting
the value of power is to increase uptime of the node. While
we do not consider rechargeable devices during our weighing
determination and evaluation due to certain limitations, we
include a possible simple function to calculate power values
for rechargeable devices. The VP for rechargeable devices
can be calculated simply by Premain

Ptotal
. As a node decreases in

power, the likeliness of the node suffering downtime increases.

Bandwidth Parameter

Depending on the networking scheme, nodes transferring
data may or may not know if a packet is forwarded suc-
cessfully. In cases where transmission completion status is
unknown, bandwidth may become an issue in terms of data
loss. In order to reduce the chance of unsuccessful packets
due to short contact periods between nodes, using a faster
bandwidth is desired. This is especially common in high mo-
bility networks. The result of sending packets unsuccessfully
affects power usage since the power used to perform the
transfer is wasted. Bandwidth also can potentially delay packet
delivery. This can be a major factor in networks where the
encounter of nodes are rare. For example, assume that there’s
only one intermediate node that encounters the destination
node frequently. If the sender node encounters the intermediate
node, then it would want to forward all the packets that is
needed to be delivered to the destination node to this candidate
node. If the bandwidth is limited and contact time is short, only
partial data can be transferred. The rest of the data will have
to be delivered in the next encounter of the intermediate node,
which delays the deliver time. In the case of networks with
rare contact between nodes, the next encounter may be days
or weeks.

In order to determine VA, the bandwidth parameter’s value
of a given node, the sender node sends at its max transmission
rate to all candidate nodes. Candidate nodes then calculate VA

using their own max transmission rate divided by sender’s
max transmission rate. If the output value is greater than one,
then it is normalized to one since it can only support the max
transmission rate of the sender.

Popularity Parameter

A possible cause for data loss is single point of failures.
If numerous packets are forwarded to only a single node
with a large buffer size due to the node being a node with
good carrier properties, then when this single node fails and
becomes unrecoverable, all data forwarded to this node is lost.
Single point of failure is partially mitigated with the buffer
and power parameters. By dispersing the data packets based
on the amount of buffer size available, parts of the data may
still be delivered when a receiver node fails since not all
packets are located on a single node. When buffer size is not
taken into account, if the receiver node fails, the entire data
will be lost. The same concept applies to power. However,
the issue of single point of failure could not be determined
when there are nodes with large amount of buffer and power.
For example, if one of the nodes in the network is a laptop
containing 500GB of disk space and the typical size of data
transferred are 1KB, such as a text message, then it will take
a long time before this node becomes a less likely candidate.
Furthermore, since VB is a value from 0 to 1, the sender node
does not know the amount of data the candidate node has. The
more data there are in a buffer, the longer it is to transfer the
data when the node becomes a sender node. When contact
time is short, data forwarding may take multiple attempts,
thus delaying the delivery of data. Therefore, a popularity
parameter is considered to take into account single point of
failure and delay due to significant amount of data in a queue.

Popularity parameter value, defined by VO, is defined by 1−
Nt

Mt
. Nt is the number of transmissions the node has performed

in a certain amount of time. Mt is the maximum number of
transmissions the node can perform in that same amount of
time. A transmission is defined as a successful send or receive
of a packet.

IV. IDENTIFYING WEIGHT VALUES

In order to generate the deliverability value of candidate
nodes, a weight for each parameter value needs to be de-
termined. VD, the deliverability value, is represented by the
function of:

VD = WB(VB)+WP (VP )+WA(VA)+WO(VO)+WR(VR)

VR represents the predictability value from PRoPHET, and
WB , WP , WA, WO, and WR are weights for buffer, power,
bandwidth, popularity, and predictability value respectively.
We derived a general weighting factor that can perform rela-
tively well under most general situations. While the weighting
factors may not be optimal in specific cases, users who
implement this protocol may shift the weights to accommodate
specific environments.

In our speculation, we believe that most packets are lost
due to buffer or power related issues. While opportunity is



TABLE I
THE PROPERTIES OF THE NETWORK SCENARIOS IN THIS STUDY

Trace Name Haggle
Device iMote

Network Type Bluetooth
Duration(days) 4

Devices participating 274
Number of Contacts 28,250

Avg # Contacts/pair/day 0.27

an issue, as long as the node containing the packet remains
functional, the packet should be delivered eventually. How-
ever, since in most cases, the chance of encountering nodes
with high probability of encounter destination node may be
rare in intermittently connected networks, carriers must be
chosen carefully. As a result, we place most emphasis on the
predictability value. The second most valuable parameters are
buffer and power, since data loss and node load increases once
buffer and power decreases. While popularity could potentially
pose as an important feature, we consider it to be less of
a factor in our weighted function since we consider general
cases where popularity affects delay issues more than data
loss. We speculate that in most cases, the network either
contains all nodes with small amount of buffer size, such as
wireless sensors, or nodes with large amount of buffer size
that are unlikely to fail, such as laptops. In cases where the
above presumptions are not true, popularity weight should
be reevaluated. Lastly, we do not weigh bandwidth heavily
since most state of the art protocol transmit some type of
notification if an unsuccessful delivery occurs. Furthermore,
we believe that most modern bandwidth connections should be
capable of transmitting at a high rate. In cases where various
different bandwidth rates exist, the bandwidth factor should
be increased. Due to the nature of the paper, delay of delivery
for a packet is less of a concern than packet loss, which is the
main contribution of bandwidth. Following these guidelines,
we picked initially the the following function:

VD = 0.25(VB) + 0.25(VP ) + 0.1(VA) + 0.1(VO) + 0.3(VR)

We show in our simulation that this initial guess for weights
already show promising improvements compared to solely
using the predictability value from PRoPHET.

V. EVALUATION

In order to simulate real world situations [15], we used
a trace called iMote [13]. IMote trace is a human mobility
trace logged at the 2005 IEEE INFOCOM conference. The
properties of the iMote trace is listed in table I. Each iMote
device logs other Bluetooth devices that it encounters, includ-
ing the time and duration of each encounter. To create the
simulation, we used DTNSIM [3], a Java based, discrete event
simulator for delay tolerant networks. 20 nodes were chosen
randomly to generate data for the experiment. Data generation
is simulated using a Poisson rate of one file per 900 seconds in
the beginning 40% of the simulation period. Each file size is 10
MB in size. We picked 10 MB because it is about the size of a

typical mp3 file encoded in 320kb/s. To reduce complexity, all
packets of the same file are to be forwarded to the same node.
A delivery is considered success if and only if the entire file
is transmitted from the source node to the destination node.

In order to evaluate if the parameters are beneficial, we first
test the parameter with PRoPHET. Since each parameter inde-
pendently performs much worse than PRoPHET, we decided
to run the tests in terms of parameter plus PRoPHET compared
to PRoPHET. We picked a weight of 0.5 per parameter and
0.5 predictability value since we wanted a weight that does not
bias toward either factor. Unless otherwise specified, delivery
ratio is the number of files delivered to destination divided
by the number of files total to be delivered to destinations.
To identify data loss and delay respectively, we first evaluate
each parameter versus the delivery ratio and the delays, and
then an initial weighted function as a test to assess our
hypothesis of PRoPHET+’s performance. Lastly, we ran our
proposed weighted function. In both the weighted functions,
we also look at the delay differences between PRoPHET+ and
PRoPHET.

A. Delivery Ratio

In this section we observe the delivery ratio for each param-
eter in comparison with PRoPHET. Buffer, Power, Bandwidth,
and Popularity were evaluated respectively.

1) Buffer Parameter Delivery Ratio: We evaluated buffer
under two circumstances, one where all nodes contain a fixed
buffer size, and another where the buffer sizes are distributed
using a uniform distribution. The reason we looked at fixed
and random cases is because there may be situations where
all devices in a network have identical specs, and other cases
where devices have different specs.

As we observe in Figure 1(a), PRoPHET + Buffer performs
slightly better than PRoPHET under small buffer size, im-
proves as buffer size increases, peaks between 1024MB and
2048MB, and performs similar to PRoPHET after 4096MB.
This trend occurs possibly because that at small buffer sizes,
there is not enough capacity to prevent packet loss due to
the large number of packets versus the amount of storage
available. As the buffer size approaches 2048MB, the nodes
begin to have enough capacity to withhold the transmitted files.
We see an increase in performance with PRoPHET + Buffer
because data is spread throughout nodes, therefore reducing
the packets dropped from FIFO queue. In PRoPHET, since all
the data is sent to one best candidate node, data is continuously
being removed when the buffer of the best candidate node
becomes full. Lastly, after the buffer size becomes large
enough for few nodes to accept all files without data loss,
PRoPHET + Buffer loses its effectiveness since no packets
are removed from queue due to buffer issue.

For randomized buffer size allocated to devices in the
network, each value in x-axis represents the minimum buffer
for a device in a uniform distribution, with the max buffer
size being 10 times the value. We observe in Figure 1(b),
PRoPHET + Buffer performs better than PRoPHET under
small buffer size, but quickly loses its effectiveness near 256
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Fig. 1. (a) Buffer Delivery: Fixed Buffer Size from 512MB to 4096MB versus Delivery Ratio. (b) Buffer Delivery: Randomized Buffer Size from 512MB to
1024MB versus Delivery Ratio. (c) Power Delivery: Fixed Power Size from 50 watt to 5,000,000 watt versus Delivery Ratio. (d) Power Delivery: Randomized
Power Size from 50W to 50000W versus Delivery Ratio. (e) Bandwidth Delivery: File size to be transmitted versus Delivery Ratio. (f) Popularity Delivery:
Number of send/receives per window size versus Delivery Ratio

MB buffer size. We speculate this result is generated due to
uniform distribution. At 128MB mark, the maximum buffer
size of a device is 1280MB. Since half of the devices will have
a buffer size greater than 640MB, there is enough total storage
available to allow PRoPHET + Buffer to be effective. After
256MB mark, however, most devices have a storage capacity
capable of supporting most of the data transmission, therefore
resulting in PRoPHET + Buffer to lose its value.

2) Power Parameter Delivery Ratio: Similar to buffer, we
evaluated power under two circumstances. The amount of
power is measured in watts. Every send and transfer removes
a certain amount of power. We also included a small idle time
power consumption to simulate real world situations.

We first evaluate the effect of fixed power for all nodes.
As we observe in Figure 1(c), PRoPHET + Power performs
slightly worse than PRoPHET under small power, but performs
similarly well to PRoPHET as power increases. We speculate
that since we reserve an amount of power to ensure forwarding
of the existing packets in buffers, in cases where there’s a
small amount power available throughout the nodes, nodes
will reject incoming transmissions fairly quickly. Once all
candidate nodes refrain from accepting files, the remaining
packets from the sender node will not be forwarded. When
encountering of potential candidate nodes or destination node
are rare, some sender nodes may run out of power before
forwarding all packets in their buffers to another node or
destination node due to idle power consumption. PRoPHET
performs slightly better because PRoPHET does not need to
reserve power for delivery when receiving packets, therefore

it is able to receive more files and therefore mitigates the
negative effect of idle time power consumption.

For randomized power size, each value in x-axis represents
the minimum buffer for a device in a uniform distribution,
with the max buffer size being 100 times the value. We
observe in Figure 1(d) that PRoPHET + Power performs better
than PRoPHET as power increases, and flattens out as power
reaches near infinity. This is because at low power most nodes
will have a similar effect as in low power during fixed power.
It performs slightly better than fixed power in low power
situation mainly due to the existence of some nodes that have
ample amount of power to forward and receive packets without
the idle power consumption being too significant in the re-
duction of remaining power. Once power capacity approaches
5000 watts, many nodes are able to support a reasonable
amount of transmissions, PRoPHET + Power performs better
than PRoPHET since it will transmit to nodes with more
power available, therefore keeping the nodes alive longer and
increasing the chances of packets forwarding. Since PRoPHET
does not take power into assumption, some packets will be
forwarded to nodes that have low power, therefore resulting
in packet loss and faster shorter lifespan for low power
capacity nodes. Furthermore, PRoPHET +Power attempts to
keep packets alive, since if the node containing the packets is
about to run out of power, PRoPHET + Power will attempt
to deliver packets to a node with more power. PRoPHET in
this case will not keep data alive since nodes do not take into
account their own power status.



3) Bandwidth Parameter Delivery Ratio: Bandwidth is
measured using the file size per transmission. The standard
transmission rates of 802.11b is used, with the different
transmission rates randomly distributed to each device in the
network. We use file size as the measurement to observe the
effect of forwarding data that requires long transmission time
versus short transmission time. As we observe in Figure 1(e),
PRoPHET + Bandwidth performs similar to PRoPHET. There
is a small gain near 100MB file size, but otherwise remains
consistent with PRoPHET. We believe that since the trace is
obtained from a conference, the contact time between nodes
is relatively long. Since most of the file sizes are either too
small to impact transmission rate within the contact time, or
too large to successfully deliver even if a fast connection is
used, the effect of bandwidth was not significant. However,
we believe that PRoPHET + Bandwidth should perform better
in an environment where contact periods are short.

4) Popularity Parameter Delivery Ratio: As we observe in
Figure 1(f), PRoPHET + Popularity performs nearly identical
to PRoPHET. We analyzed the data of iMote, and noticed that
in a conference, there is no single node that is especially pop-
ular. In a conference, nodes encounter other nodes relatively
often. Therefore, while PRoPHET + Popularity does not show
any improvement in this scenario, we believe that similar to
bandwidth, it should show some promising results in other
cases.

B. Delay

After delivery ratio, we observe delay in each of the differ-
ent parameters. In all simulations, we compare the amount of
data delivered after a certain amount of time. Given a point
in time, the higher the data delivery ratio, the less delay there
is for the protocol.
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Fig. 2. Buffer Delay: Number of days versus Delivery Ratio

1) Buffer Parameter Delay Evaluation: As we observe
in Figure 2, PRoPHET + Buffer does not cause delay of
transmission. In fact, it slightly decreased the delay due to the

dispersion of data to multiple nodes, therefore effectively al-
lowing multiple delivery to occur simultaneously. Furthermore,
we can observe from the graph that PRoPHET + Buffer does
deliver more data than PRoPHET eventually. This is caused
in short by the mitigation of data loss caused by FIFO queues
in PRoPHET + Buffer.
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Fig. 3. Power Delay: Number of days versus Delivery Ratio

2) Power Parameter Delay Evaluation: As we observe in
Figure 3, PRoPHET + Power also does not cause delays in data
delivery. Performance of PRoPHET + Power can be explained
using the same methodology as PRoPHET + Buffer.

3) Bandwidth and Popularity Parameter Delay Evaluation:
While we did run experiments for bandwidth and popularity
to test delay, there were no significant improvements. We
analyzed the trace, and noticed that due to the characteristics
of the trace, contact time is typically long and popularity is
spread evenly throughout most nodes.

C. Initial Weighted Function

As we observe in Figure 4, PRoPHET+ has a higher delivery
ratio than PRoPHET. Since this is an initial test case without
application of any well-formed weighting values, predictability
value weight was set to 0.5 to conform to the individual
parameter testing setup. The rest of the 0.5 was distributed
arbitrarily into the other four parameters. The purpose of
this simulation is to confirm our hypothesis that a weighted
function should perform better than PRoPHET in terms of
delivery ratio. The figure also indicated an improvement in
terms of delay. We observe from the graph that PRoPHET+
is able to deliver the total amount of data PRoPHET faster
than PRoPHET. PRoPHET took approximately one day to
deliver up to PRoPHET’s upper bound delivery ratio, where
PRoPHET+ took a little more than half a day to deliver up
to that delivery ratio. We believe that this is caused mainly
because of the dispersion of data to various nodes due to buffer
and power. The dispersion creates an environment where data
can be forwarded by more nodes at one time. Next, we present
our proposed weighted function using careful considerations.
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Fig. 4. Number of days that has passed versus Delivery Ratio using VD =
0.2(VB) + 0.2(VP ) + 0.05(VA) + 0.05(VO) + 0.5(VR).

D. Proposed Weighted Function
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Fig. 5. Number of days that has passed versus Delivery Ratio using VD =
0.25(VB) + 0.25(VP ) + 0.1(VA) + 0.1(VO) + 0.3(VR).

As we observe in Figure 5, PRoPHET+ delivered more data
than PRoPHET and had less delay. While the overall graph
looks similar, we can see that improvement in PRoPHET+
began earlier than the initial test case. Furthermore, the dif-
ference of delivery ratio between PRoPHET+ and PRoPHET
was greater than the previous weighted function. This graph
supported our hypothesis that not only could PRoPHET+
perform better or equal to PRoPHET, but by shifting the
weights, PRoPHET+ could also increase its performance.

VI. FUTURE WORK

We believe location is another parameter that should be con-
sidered. If the node that contains the packets to be forwarded
are in a location that the destination node visits frequently,

then the packets to be forwarded have a greater chance to be
delivered to the destination node than nodes containing the
data that is in locations where the destination node does not
visit often. There is also room for improvement for evaluation
of PRoPHET+ in different environments. We only simulated
PRoPHET+ in one scenario, therefore we cannot guarantee
that the function we used will be suitable for other situations.
Furthermore, our trace data is obtained in a conference, which
means that the contact time tends to be long, and there is less
difference in popularity. Moreover, if some type of coding
techniques is implemented, PRoPHET+ could potentially have
an increase in delivery success rate. Finally, our weights were
generated using a logical hypothesis and a trial test. We
believe that if optimum weights are identified for specified
environments, PRoPHET+ should yield an even better result.

VII. CONCLUSION

We proposed PRoPHET+, a routing protocol for opportunis-
tic networks that reduces chances of data loss and delivery
delay while maintaining the high probability of delivery suc-
cessfulness between a source and destination node by provid-
ing communication opportunities. Buffer, power, bandwidth,
popularity, and predictability value from PRoPHET were used
to create a weighted function. In theory, the weights could
be shifted to adapt to various environments. Even though
our weights were determined based on our hypothesis and a
few trials, simulations performed have shown that in a closed
community situation using our weights, PRoPHET+ performs
well in both delivery success rate and delay.
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