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Abstract. Routing protocols are the focus in mobile opportunistic networks, and the 
simulation test is one of the effective ways to evaluate their performance. This paper 
presents a mobile opportunistic network simulator called MONICA. It provides a 
programmable interface to users, which is easy to learn and easy to use. It also integrates 
eight classic routing algorithms, six caching strategies and two types of mobility models, 
so that users can make a more comprehensive evaluation of the routing protocol. In 
addition, MONICA can trace abnormal behaviors with the network event function and 
observe the real simulation process by the visual module. All of these guarantee the 
efficiency of the simulator in evaluating the routing performance. 
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1   Introduction 

With the rapid development of short distance wireless communication and sensor 
technology, the current mobile devices, such as smart phones, tablet PCs and notebook 
computers have powerful capabilities in communication and data sensing. Mobile 
opportunistic networks (MONs) composed of these devices can be used to perform complex 
self-organizing communication tasks and support emerging applications ranging from disaster 
rescue service to mobile social networking service. Different from traditional wireless sensor 
networks or ad hoc networks with end-to-end data transmission paths [14] [3] [4] [10], in 
MONs, there is no reliable end-to-end path between the source and destination, the 
transmission of packets depends mainly on the mobility of nodes and the opportunistic contact 
between them. Therefore, how to transmit packets effectively is a big challenge in MONs. 

The performance of MONs obviously relies on the mobility of nodes and many routing 
protocols have been proposed to deal with the intermittently connected scenarios. One 
consequent problem is how to evaluate the routing protocols? If we set up a test bed to 
evaluate them, the cost will increase exponentially with the increase of the number of mobile 
equipment (in fact, it needs a lot of people or vehicles carrying devices for packet transmission 
and reception). In addition, a single network scenario cannot reflect the true performance of 
routing protocols. Considering the above issues, it is of great significance to develop a 
scalable and powerful simulator for MONs. 

In this paper, we propose a mobile opportunistic network simulator MONICA based on 
the Microsoft visual C++ platform, it integrates a variety of classic opportunistic protocols and 
mobility models. Our contributions are summarized as follows. 
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•  MONICA provides a scalable simulation architecture which supports the basic 
functions such as generation of network events, modeling of network nodes, packet switching 
between nodes, buffer management and power consumption.  

•  MONICA integrates 2 kinds of mobility models, 8 routing algorithms, 6 caching 
strategies, one energy consumption model, as well as the interface defined by the extension 
function. In addition, a dynamic visualization window permits users to observe the real 
process. 

The rest of this paper is organized as follows. In the second section, we review the related 
work of mobile opportunistic network. In the third section, we introduce the architecture and 
functions of MONICA. In the fourth section, we introduce how to use MONICA to set up the 
simulation scene. In the fifth section, we evaluate and analyze the performance of routing 
algorithms under different mobility models with the MONICA. finally, we summarize the 
paper. 

2   RELATED WORK 

The core of routing protocols in MONs is how to select the next node to store and forward 
packets [12]. From the point of view of whether additional information is needed to assist 
routing forwarding, the current routing protocol can be divided into two categories: zero 
information and auxiliary information [18]. The zero information routing algorithm [17] [11] 
[20] [16] does not use any information to make forwarding decisions. For example, the 
Epidemic [17] only floods packets to each node. The auxiliary information routing algorithm 
[8] [5] [9], on the other hand, needs some information to help the routing decision. For 
example, the contact probability in the PROPHET [8] is used as a reference for routing 
decision. 

The performance of opportunistic routing protocols is mainly dependent on the mobility 
model of nodes. There are two main types: (1) real trace based model, (2) synthetic model. A 
number of projects [6] have dedicated to the collection of real human trajectory (including the 
location and time stamp) or connection data between users and wireless access point. However, 
the real trace is limited by its acquisition environment terrain, and the routing algorithms have 
different performance under different real traces. The synthesized model is a flexible and 
scalable option, such as random waypoint model [1], community mobility model [17]. These 
models can be used to match the moving patterns of pedestrians and vehicles by adjusting the 
moving speed, residence time and communication range etc. 

The evaluation of the performance of opportunistic routing protocols should be carried 
out in a network environment with certain conditions. However, in reality, the use of a large 
number of mobile devices for opportunistic routing protocol testing will cost a lot. Therefore, 
it is a more economical and effective way to evaluate the performance of opportunistic routing 
using simulator. At present, NS-2 is one of the classic simulators. It is an object-oriented 
network simulator with a discrete event generator, and can be used to simulate a variety of 
different types of networks. NS-2 uses C++ and OTcl to add functionalities. Compared to NS-
2, NS-3 adds some new features, such as multi card processing, the use of IP addressing 
strategy, more detailed 802.11 modules, etc. NS-3 use C++ or Python to implement functions, 
the user can freely and flexibly choose one of them to write script code. Both NS-2 and NS-3 
can implement the simulation for wireless networks, but they do not support any of 
opportunistic routing protocols. In addition, it needs to learn OTcl language and modify many 
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information of nodes such as the speed, duration, pause time and movement angel. Event 
scheduling module is responsible for the schedule of calculation timer and neighbor searching 
timer etc. 

The interaction procedure between models is as follows: the node module deploys the 
node in the simulation area, and the packet module deploys the packet to the buffer of the 
node. Then the mobile module selects the mobility model for all nodes and the routing module 
selects the routing algorithm for these nodes. After the simulation, the experimental results can 
be plotted by the visual module. 
 
3.1   Packet Module: Generation and Delivery 
 

The properties of packets include the source ID, the destination ID, TTL, hops, packet 
size, etc.. Users can also add new properties to the packet module according to their own 
needs. The packet module has two aspects: how to generate packets and how to transmit 
packets. At the beginning of the simulation, by default, the system generates packets to source 
nodes randomly. Both the number of packets and the size of packets are randomly set. Users 
can change the above parameters by modifying the packet deployment interface. 
 
3.2   Node Module 
 

The node is the basic simulation unit, and it generally represents a person or a vehicle 
carrying a mobile communication device. One node in MONICA includes the ID, wireless 
interface, routing related information, buffer and power level. Besides the aforementioned 
configuration parameters, the complex features such as the mobility of nodes and the routing 
decision are realized by other specific functional modules. 

Nodes can interact with other functional modules and share the simulation parameters and 
current states. For example, the mobility module can change the behavior of a node by 
modifying specific parameters (such as position, motion path, movement angle, etc.), and then 
manipulate the movement of nodes. The routing module can check and call the node’s context 
information, buffer status, energy consumption and other information to make routing 
decisions, and then determines the packet forwarding. Since we mainly focus on the 
evaluation performance of routing protocols, we do not consider the underlying physical 
mechanism, such as communication signal attenuation, physical media congestion, and so on. 

 
3.3   Mobility Module 
 

The movement trajectory and path formed by the motion of nodes are the basis for 
evaluating the performance of routing algorithms. Therefore, MONICA integrates two types 
of mobile models: synthetic mobile model (random model, community model), real traces 
(KAIST, NCSU, et al.). 

Random waypoint model is a classical mobility model for mobile networks, where nodes 
can select any position in the simulation area from the current position in a random direction 
and speed, the new speed and the moving angle are limited in a certain range, and the user can 
adjust them. At the same time, they also include some disadvantages such as the edge effect 
[2]. After analyzing some real data sets, we found that the human motion has self-similarity, 
using this clustering behavior can provide an effective heuristic knowledge for routing 
algorithm, therefore, the simulator integrates the community mobility model to reflect this 
self-similarity. In this model, the whole simulation area is divided into several regions, one of 



 
 
 
 

which is the gathering area, and the remaining area is the common community. Each node 
belongs to a subordinate home community, which is more likely to be visited than other 
communities. Each community has a fixed node as the gateway of that community. Nodes 
usually randomly selected and move to a destination for a certain period of time, and stay 
there for a while and then select another destination to move, when a node is in the home 
community, it has a greater chance to visit the gathering point, and nodes is not in their home 
communities, they return to their home communities with a big probability. 

The simulator also includes some real data sets such as the KAIST and NCSU [13]. 
KAIST data set is from South Korea’s KAIST, where 34 school volunteers handheld GPS 
devices to record their daily moving traces in a 10-second interval over a year, and total 92 
operations were collected. NCSU data set is from the State University of North Carolina, 
where each week 2 to 3 students were randomly selected with mobile devices to record their 
daily activities, and total of 35 mobile traces were collected. The advantage of this kind of 
data set is that it can reflect the performance of the routing algorithm in the real situation. 
However, the performance of routing protocols reflected by different data sets may be slightly 
different, due to the constraints of the location. 
 
3.4   Protocol Module: Routing Algorithm and Buffer Management Strategy 
 

The simulation of opportunistic routing algorithm is the core function of this simulator. 
The routing algorithm mainly determines the packet transmission between nodes, so that the 
basic function of routing module is general, which includes the buffer queue, packet 
transmission, etc.. The calculation of routing information and the processing of forwarding 
decisions are made by routing information calculation function, therefore, when users add a 
custom routing algorithm, they only need to add a new calculation function. 

MONICA contains 8 classic Routing protocols, i.e., Epidemic [17], DirectContact [11], 
Two-hop [20], SprayWait [16], Prophet [8], Simbet [5], PeopleRank [9], Hotent [19]. For 
Epidemic routing, when a node encounters another node, it will forward a copy of the packet it 
carries to the latter. In direct delivery, the node will always carry the packet until it reaches its 
destination. In the Two-hop routing, sources send packets to the encountered nodes. In the 
spray waiting, when two nodes meet, part of packets are copied to the other side. When the 
number of packets in the node is one, the direct delivery strategy is adopted. The Prophet 
calculates the probability of a node to the destination, and copy packets to nodes with a higher 
probability. Simbet used the centrality and similarity to select the relay node. Based on the 
classic web algorithm pagerank [15], PeopleRank calculates the centrality of nodes in a 
distributed way, and makes the high social nodes as relay nodes. The Hotent calculates the 
centrality of nodes using the relative entropy of the public hotspots and the private hotspots, 
and then calculates the personality of the node on the private hotspot area, at last, the authors 
use the law of gravity to assess the forwarding metric. 

Usually, after a certain period of time, the node will receive more packets, the congestion 
will emerge and it affects the routing efficiency. Therefore, a good routing algorithm should 
take into account the buffer congestion strategy. MONICA integrates five buffer management 
strategies[14]: Drop Head (DH), Drop Tail (DT), Drop Random (DR), Drop Most Forwarded 
(MOFO) and Drop Oldest(DO). DH deletes packet in the head of the queue and inserts the 
new packet to the end of the buffer queue. DT deletes the packet at the end of the buffer queue. 
DR randomly deletes the packets in the buffer and inserts the new packet. MOFO drops the 
most forwarding packets and inserts the new packet in the queue according to the number of 
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may have different performance trends in different scenarios. That is to say, if a routing 
protocol has a better performance than another in one scenario, it cannot guarantee that it still 
keeps the superiority in other scenarios. 

6   CONCLUSION 

In this paper, we propose a mobile opportunistic network simulator MONICA, which is 
based on the C++ platform. It provides a powerful feature that allows users to simulate 
opportunistic routing protocols in a comprehensive scenario. Visualization of the interface can 
facilitate users to observe the changes in real-time conditions and enhance the user experience. 
The simulator integrates eight classic routing protocols and six buffer management strategies 
to help users to evaluate the performance of routing algorithms. Two types of mobility models 
are embedded to imitate the movement of nodes. In addition, a variety of custom interface 
modules helps users add modify some needed functions. In the future, we will develop and 
open more interfaces to the user. 
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