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ABSTRACT 
 

 

 

This thesis proposes a new solution approach for 

the simultaneous mobility issues in seamless handover 

for next generation wireless networks and envisages the 

vision of seamless roaming in IP mobility. 

Simultaneous mobility problem occurs while both of 

the communicating mobile nodes (MNs) change their 

location simultaneously and consequently losing their 

corresponding binding updates. There are two the key 

issues of simultaneous mobility, i.e., handover 

management and the location management. With this 

topic, it is presumed that simultaneous mobility 

problem needs to solve while simultaneous handover 

occurs. A new scheme is designed to minimize 

handover latency while simultaneous moving MNs 

traverse between two different networks. The multi-

homing feature of Stream Control Transmission 

Protocol (SCTP) and dynamic address reconfiguration 

(DAR) extension of SCTP, i.e., mSCTP (mobile SCTP) 

are applied in the suggested solution to achieve 

improved seamlessness. A comprehensive and 

simulation based investigation of the phenomenon 

‘Simultaneous Mobility’ along with ‘Simultaneous 

Handover’ for mSCTP has been examined. The 

obtained results show that mSCTP alone cannot provide 

solution for simultaneous mobility issues. Hence, we 

motivated to use an additional Location Server (LS) to 

ensure location management. In this paper, we 

proposed a new model of simultaneous mobility based 

on ‘step_length’ which offers an alternative solution for 

simultaneous mobility. Additionally, it is scrutinized 

that mSCTP with LS can solve the simultaneous 

mobility issues. The proposed scheme is implemented 

on NS2 (the Network Simulator) and performance 

comparison of proposed model are evaluated by 

measuring handover latency on the basis of LS. mSCTP 

with LS has improved performance in reducing 

handover latency as well as managing simultaneous 

mobility in seamless handover. 

 

Keywords  

 
mSCTP, Simultaneous Mobility, Location Management, 

Handover Latency, Location Server (LS), step_length, 

NS-2. 
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CHAPTER 1                                                                             

INTRODUCTION 
 
In the past years, communication technologies have become an integral part of 

everyone‟s life. In fact, it cannot be separated from the remaining peoples‟ lives under 

a microscope as an isolated object. Therefore, developing technology for technology‟s 

sake could be a vital role to fulfill users‟ expectations [1]. One of the elementary 

resources needed to deliver users of the mobile internet with good service quality, is 

connectivity. Mobility management protocols like Mobile IPv6 [2] address the 

problem of providing connectivity when a node is moving and handing off between 

points of attachment to the network. If both ends of the communications session are 

mobile nodes, then those protocols cannot handle some situations where both sides 

move at the same time. However, the researchers are realizing the obligation to 

properly support simultaneous mobility. 

 

Mobile technology brought many more progress especially in the wireless systems 

which includes, for example, second, third and fourth generation (2G, 3G, and 4G), 

satellite systems, WLANs (802.11) etc. [3]. Thus, it is a challenging issue for the next 

generation wireless networks to integrate the existing and eventually coming systems 

for managing user mobility among heterogeneous networks [4]. Mobility management 

is based on the integration of different mobile standards such that each mobile user can 

remain connected while roaming through different networks [5] [6]. There are several 

resolutions for mobility management of IP nodes has been proposed. Seven “properties 

to fully realize the potential of ubiquitous mobility” are proposed in [7], including 

simultaneous mobility, i.e., that “end hosts should be able to move simultaneously 

without breaking an ongoing session between them.”  

 

Simultaneous mobility issues in seamless handover can be classified by Location 

Management and Handover Management. Location management identifies the current 

location of mobile devices and keeps track of the location while moving from one 

location to another. Location update information is sent by a mobile node (MN) about 

its latest location so it can continue to receive data at its latest location. The signaling 

messages conveying such information is often called binding updates. There are a 

number of possibilities for the recipients of binding updates, depending on mobility 

protocol. The main task of handover management in seamless handover is to maintain 

the connection of both endpoints. It can be carried out by different layers of OSI-

reference model [8]. Researchers mainly focus on the three layers for solving the 

simultaneous mobility issues. In network layer MIPv6, in transmission layer mobile 

SCTP (mSCTP) and in application layer SIP (Session Initiation Protocol) are 

commonly used for solving simultaneous mobility problems. 

 

The SCTP is the third transport layer protocol next to TCP/UDP.  mSCTP could be 

used to provide the solution for simultaneous mobility in seamless handover. Mobile 

SCTP (mSCTP) protocol has developed for handover management support. Standard 

SCTP introduces a new feature called multi-homing. Multi-homing allows the use of 

multiple source-destinations IP addresses for a single association between two SCTP 

endpoints In SCTP; multi-homing support is analyzed as the new feature that lays the 
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foundations to transport-layer mobility support. Besides network and application-layer 

solutions approaches to solve simultaneous mobility at the transport layer is a 

challenging issue. Transport-layer-based scheme to solve simultaneous mobility has 

several advantages such as triangular route problem never occurs, no dependence on 

the concept of home network or additional infrastructure beyond Dynamic Host 

Configuration Protocol (DHCP) [23]. Moreover in Domain Name System (DNS) [24], 

the possibility of smooth handovers if the mobile node has multiple interfaces and the 

ability to pause transmission during mobility-induced temporary disconnections gives 

a great deal of flexibility. Furthermore, unlike network layer schemes such as MIP, 

which make simultaneous mobility transparent to upper layers by increasing the 

burden and responsibility of the internet infrastructure [26]. 

 

Recently, solutions to the simultaneous mobility problem have been proposed for 

Mobile IPv6 [9], for Mobile IP with Location Registers and SIP mobility [10], and for 

TCP migration [11]. In this paper, we extend the analysis of simultaneous mobility 

issues in seamless handover with using mSCTP protocol and proposed an alternate 

solution based on suggested simultaneous mobility model which has been grounded on 

independent location server (LS). We further analyze the handover latency of mSCTP 

in simultaneous mobility and seamless handover is realized by minimizing the 

handover latency with the help of LS. 

 

1.1 Research Design 
 

Research design is a systematic approach to research. The core elements of 

research design include the hypothesis and research paradigm containing a research 

methodology. Identifying a problem by studying different articles within the area of 

main research, generating the research questions to draw the conclusions according to 

the problem statement are the main aim of a research work.  

 

1.1.1 Research Methodology 
 

Research methodology is the scientific approach to organize any research project. 

It consists of distinguished and consistent ways to clearly present the new knowledge. 

The process has to be certified by others, who can understand and reproduce results 

effortlessly. The main steps of the successful research method are: identification, 

solution, implementation and validation. With the progress of work in this thesis we 

tried to follow the underneath phases: 

 

a. Finding a problem: This is the first step to start with a research project. The 

motivation comes from studying different contributions and prospects in near future 

which can impact a great deal in the field of knowledge. The thesis proposal hauled 

vast attentions and matched with our interested field closely. Thus, we focused to 

search the particular problems underneath and started to investigate „Simultaneous 

Mobility‟ solution. By questioning and finding the scope of work with limitations are 

also vital in this phase. 

 

b. Research the problem: It is the process of understanding the problem 

evidently and narrowing down in the specific aspect of the findings. We studied the 

related works and sorted out the results which gave us the inputs to know the behaviors 
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of the successful outcomes. The future works and limitations of the approaches that 

have done before are helpful in researching. After analyzing the gathered information 

from sources i.e. books, journals etc. and fruitful discussions with project supervisor, 

we practically ensured of the main issues of research.  

 

c.  Forming hypothesis: Hypothesis can describe about the tentative 

explanations of the phenomena that may occur and nature expected outcomes from 

measured data. A research hypothesis inscribes the variables that can affect the 

research results and demonstrates about the validity of proposed model by using tools. 

At this stage we defined some selected variables and chose „Handover Latency‟ to 

include in hypothesis as the main performance parameter. Also for the project goal 

determination we proposed to build a solution approach which can contribute as an 

alternative solution in this topic.    

 

In this project we formulate and design our speculated project hypothesis is as the 

following: 

 

Analyzing the simultaneous mobility issues in seamless handover in aspects of 

mSCTP and build a solution approach to achieve considerable performance 

improvement in the handover latency. 

 

d.    Validation of hypothesis: After formulation of hypothesis, this stage intends 

for experiments and design. It also includes statistical analysis which could testify the 

hypothesis. The understanding of „simultaneous mobility‟ problem is a bit intricate.  

There are alternative models that were proposed and acknowledged to measure the 

randomness of mobile nodes. Different researcher follow different algorithm to get 

closer with real-time MNs nature with variable success rate. But for simultaneous 

mobility measurement, we found really a few analyses which approached beforehand. 

As this we have to set a new experiment which could supply the exact nature to a 

certain extend to work with simultaneous movement of MNs. Thus, we suggest an 

associated simultaneous mobility model based on step length (step_length) with 

several constraints for simplification of the main solution. 

  

Modeling and experiments: 
 

‘Step_length’ based Simultaneous Mobility Model: With the approach of 

validating the hypothesis, we have developed the simultaneous mobility model 

experimented with NS2. With the help of Tcl (Tool Command Language) 

programming, we successfully generated the simultaneous mobility patterns and 

behaviors to match with research requirements. Several experimented and correlative 

variables in this model are „step_length‟, MN_init, MN_new, ranges of MNs zone, 

which effects in proving the model as appropriate one for the simultaneous mobility 

issues. 

 

This model only generates simultaneous mobility patterns for analysis. Yet we 

need to look after another research issue which is obvious in maintaining mobility. 

That is location management problem in simultaneous mobility. After analyzing and 

thinking of the logical solution, we intend to build an alternative solution to address 

location management problem. 
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Location management with LS: We have experimentally installed a location 

server (LS) node which is SCTP supportive, on the topology to store and manage the 

simultaneously moving MNs locations. After successful implementation of LS, we 

integrate the „step_length‟ model for simultaneous mobility with LS into the main 

solution. The key variable taken in this location management process is handover 

latency. 

 

e. Implementation and results analysis: In the final phase, we formed 

different simulation scenarios tested on NS2 platform to validate the proposed model, 

and performed simulation experiments to compare simultaneous handover latency 

measurements with LS and without LS. After measuring the estimated and calculated 

results, we conclude with some improvement in reducing handover latency with LS. 

The comparisons and confidence analysis represent the quality of the analyzed results. 

Thus the outcomes appropriately validate our proposed hypothesis.  

 

From the above discussions it can be argued that the followed method for this 

research project is a quantitative research. It has good control over the variables that 

are determined in different levels of modeling and experiment. 

 

1.1.2 Main Problems 
 

The simultaneous mobility problem arises when there are two Mobile Nodes in a 

communications session in normal state, and they both move such that the binding 

updates (assumed to do not contain information about future moves of the sending 

Mobile Node) that they send to each other are both lost through belated arrival, and 

such that the communications session never returns from interrupted to normal state, 

but is ended [56]. 

 

The main problem lies in tracing and locating the mobile SCTP (mSCTP) 

endpoints while moving from one network to another. There is no provision to track 

the exact location they (MNs) had and may have to establish signaling between each 

other, while both MN (mobile node) and CN (corresponding node) moving 

simultaneously. 
 

 
 

Figure 1.1: Simultaneous mobility scenario of two mSCTP endpoints 
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Mobile SCTP does not handle the simultaneous handover of both SCTP endpoints. 

If both endpoints perform a handover at the same time, the SCTP association will be 

lost. mSCTP handover is only for the association triggered by the mobile nodes 

because the MN knows the movement of itself and the signal strength from the old and 

new access points. mSCTP can handle handovers of both SCTP endpoints if they 

happen sequentially but not simultaneously. The hosts IPs, i.e., SCTP endpoints, are 

changing their address simultaneously while moving across networks. 

 

Problem 1: In SCTP, there is no constant IP like mobile IP. Therefore the host IPs 

are changing their address simultaneously while moving across networks. MN initiates 

an SCTP association with the CN by negotiating a list of IP addresses. Amongst these 

addresses, one is chosen as the primary path for normal transmission, and the other 

addresses are specified as active IP addresses. While the MN reaches a new network 

and obtains a new IP address, it sends an Address Configuration Change (ASCONF) 

Chunk with an AddIP address parameter to inform the CN of the new IP address. On 

receiving the ASCONF, the CN adds the new IP addresses to the list of association 

addresses and returns ASCONF-ACK chunk to the MN. While MN is moving, it may 

change the primary path to the new IP addresses via the path management function. 

The SCTP association therefore can continue data transmission while moving to new 

network. The MN also informs CN to delete the IP address of the previous network 

from the address list by sending an ASCONF Chunk with a Delete IP Address 

parameter when it confirms that the previous network links has permanently failed. 

 

Problem 2: There is no provision of home agent and foreign agent which is 

needed for mobility management. When the mobile client moves on, it may reach the 

coverage of another wireless network. It will try to gain seamless mobility while 

keeping running applications working. mSCTP supports persistent transport layer 

connections between mobile IP based endpoints and non-mobile server. For two nodes, 

only one of which is mobile, mSCTP can capable to have the association established. 

Yet it loses the connectivity for a while and handover to a new network. When we 

consider both interactive nodes are mobile i.e. what we called simultaneous mobility 

the situation is a bit complicated. Then the both of the MNs move to a new network 

simultaneously and change their addresses at the same time. Therefore each of the MN 

unable to inform the other about its address changes because all the known addresses 

of the peer already altered. As a result the SCTP association breaks. 

 

1.1.3 Research Questions (RQ) 
 

After determining the problems it is necessary to identify the research questions 

that lead the research process to be in the scope. 

     

RQ-1. Why should we use transport layer protocol like mSCTP to support 

simultaneous mobility? 

RQ-2. How simultaneous mobility issues can be solved using mSCTP? 

RQ-3. What are the benefits of using „step_length‟ based simultaneous mobility 

model to figure out simultaneous mobility issues? 

RQ-4. How location management problem can be fixed using LS with mSCTP? 
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RQ-5. Is it possible to decrease the simultaneous handover latency of mSCTP 

using LS?  

 

1.1.4 Aims and Objectives 
 

The aim of this research is started by gathering knowledge from the architecture of 

available mobility management technology, wireless technologies, cellular 

technologies, protocols, and some parameter keywords which were considered in other 

research issues could be helpful to reach the certain goal. The primary main goal of 

this thesis is to study the possibility of available mobility protocols and investigate the 

suitable protocol whether it is useful to improve the current simultaneous mobility 

issues. To testify the best protocol which fits for handover management when there is 

an association exists. One of the main aims of this thesis is to understand the 

simultaneous mobility issues in-depth and define a solution model to solve these issues 

in seamless handover. The location management problem can be solved by using a 

Location Server (LS). To achieve these goals, a bunch of simulation frameworks to be 

created to study and evaluate issues and trade-offs during handover using NS2 

simulator. Each of the simulation frameworks have different attribute to justify the 

nature of the examined mSCTP protocol. Later, we have compared the simulation 

results for better handover latency for simultaneous mobility. 

 

Thus, the main objective of the simultaneous handover management is to minimize 

the service disruption with lower handover latency during simultaneous handover 

period.  

 

1.1.5 Motivation 
 

This topic includes the most recent issues of mobility management while both 

endpoints move simultaneously. Simultaneous mobility issues occur when mobile 

nodes crossed over the overlapping area of their cells and connection break occurs due 

to change of their IP addresses due to handover. With the IP based network, 

simultaneous mobility solutions attract a great deal of research attention. Mobile 

Stream Control Transmission Protocol (mSCTP) is newly proposed to support 

simultaneous mobility in the transport layer without requiring additional network 

components. mSCTP provides mobility to all applications that use mSCTP as a 

transport protocol. However, current mSCTP does not include location management 

service and cannot make connection from a Corresponding Node (CN) to a Mobile 

Node (MN) without assistance of other mobile protocols. The problems that may 

occurs when simultaneous mobility phenomena happens, are such a challenging 

research topic to deal with. Moreover by proper understanding of the issues and 

focusing on the right track to solve are also very interesting. Without using any kind of 

agents like home agent, we intended to build an alternative solution which can have 

some contribution in this topic. The inspirations of seeking advanced knowledge in the 

mobility protocol and the total scope of work are so much stimulating.  

 

1.1.6 Contribution 
  

We focused firstly to recognize and isolate the problems of simultaneous mobility. 

For these we built an alternative simultaneous mobility model to deal with main 
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aspects of the concerns. The main problem is to figure out suitable solution for 

location management. This is solves in this research by establishing SCTP supportive 

static Location Server (LS). With the effective experiments and observations of the 

results, we find productive inputs to implement the LS enabled simultaneous mobility 

model. Simultaneous handover was an inside issue in this topic. We discovered it and 

validate the solution approach by taking fitting parameter. Handover latency is reduced 

by using LS, while simultaneous handover occurs. From the experimental results and 

confidence analysis, it is shown than effective improvement is achieved after using LS 

in simultaneous handover issue. Hence the key contribution of this thesis is to solve 

the simultaneous mobility issue by adding LS which fulfills the location management 

and reduces the handover latency as well. 
 

1.2 Thesis Outline 
 

The research is organized into 7 chapters. 

 

Chapter 1 provides an introduction to the research, research goal, research 

questions and motivation of the research. 

 

Chapter 2 exhibits an overview of protocols and right protocol selection to 

achieve the goal. Some previous works in terms of the basic network architecture, 

simultaneous mobility management and their differences is also described in this 

chapter. 

 

Chapter 3 concludes the details of simulation tool used in this thesis work. 

 

Chapter 4 comprises with the simultaneous mobility models and solution 

approached with LS in detail. 

 

Chapter 5 describes the different implementation levels and simulations. 

  

Chapter 6 includes the analysis and discussions upon simulation results and 

confidence analysis. 

 

Chapter 7 inscribes the conclusion and future works. 
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CHAPTER 2                                                                             

BACKGROUND 
 
In this chapter some basic theory regarding simultaneous mobility, transport layer 

protocol i.e., SCTP and its extension mSCTP are thoroughly introduced. Some related 

and influential research works on simultaneous mobility issues are also briefly 

discussed here.  

 

2.1 Mobility, Simultaneous Mobility, Handover and Simultaneous 

Mobility issues 
 

Mobility of endpoints can be defined as movements of their location from one cell 

to another cell and change of their access points. 
 

In telecommunication networks, Simultaneous mobility is the case that both end 

points of a communication session are mobile ones which enabling the needs of 

handover at the same time. It could be handled properly by mobility protocols. 

Disruption in the simultaneous mobility is caused by typical break of non-

simultaneous mobility. Simultaneous mobility may lead to a problem of losing a 

binding update from one mobile node because it is sent to a previous address of the 

other mobile node moving with a handover.  
 

Handover refers to the process of transferring an ongoing call or data session from 

one channel connected to the core network to another. The most basic form of 

handover is when a phone call in progress is redirected from its current cell (called 

source) and its used channel in that cell to a new cell (called target) and a new channel. 

Seamless handover is defined as a handover researches, most of them are based on the 

pattern that a mobile node communicates with a fixed one. However, in a real world, 

both nodes may be mobile, thus simultaneous mobility occurs.  
 

Simultaneous mobility issues arise when mobile nodes crossed over the 

overlapping area of their cells and connection break occurs due to change of their IP 

addresses due to handover. This phenomenon often takes place due to simultaneous 

change of the mobile nodes positions to different access points and service disrupted 

while both of the mobile nodes try to acquire new IP addresses. 

 

2.2 Stream Control Transmission Protocol (SCTP) 
 

Stream Control Transmission Protocol (SCTP) is a Transport Layer protocol, was 

introduced by IETF workgroup SIGTRAN in September 2007 (RFC 4960). It provides 

almost all service features of Transmission Control Protocol (TCP) and User Datagram 

Protocol (UDP) [13]. AND it also facilitates some more advantages like multi-homing, 

multi-streaming, which make it exceptionally good for handling with challenging 

problems in transport layer whereas TCP, UDP could not fulfill the current need of 

mobility. 

 

2.2.1 SCTP association 
 

It is a protocol relationship between two SCTP endpoints and state information 
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including Verification Tags and current active set of Transmission Sequence Numbers 

(TSNs), etc. The endpoints of an association can be uniquely identified by the 

transport addresses used by in the association. SCTP closes of an active association on 

request from the SCTP user. SCTP also allows ungraceful termination on request from 

the user [14].  

 

A peer endpoint in a transmitting endpoint considers available for receiving user 

messages is an active destination transport address. A SCTP packet contains a chunk 

header which consists of data chunks and control chunks to places messages and 

control information. SCTP congestion window (CWND) is a number of limited data in 

bytes of a SCTP variable that a sender can send to a particular destination transport 

address before receiving an acknowledgement [14] [15]. 

 

A SCTP Association establishment start by a client sends an INIT chunk to the 

server. Then the client enters the COOKIE-WAIT state after client starts the T1-init 

timer. The server responds with an INIT ACK chunk. This INIT-ACK chunk contains a 

state cookie. It comprises a Message Authentication Code (MAC), along with a cookie 

creation time stamp, the state cookie lifetime, and other information of association 

establishment. The MAC is provided by the server which is a secret key only known to 

it. After receiving the INIT-ACK signal, the client sends a COOKIE-ECHO response 

by echoes the state cookie. The server then verifies the state cookie using the secret 

key. Then it allocates the resources for the association by sending a COOKIE-ACK 

response acknowledging the COOKIE-ECHO signal, and moves the association to 

ESTABLISHED state [16]. 

 

2.2.2 Multi-homing 
 

Standard SCTP introduces a new feature called multi-homing. Multi-homing 

allows the use of multiple source-destinations IP addresses for a single association 

between two SCTP endpoints. To support multi-homing, the endpoints of a transport 

protocol must have more than one transport layer addresses. These transport layer 

addresses are the different paths of the peer towards the endpoint with the multiple 

transport addresses [17]. Multi-homed nodes can be simultaneously connected through 

multiple end-to-end paths to increase resilience to path failure. For instance, users 

might be simultaneously connected through dial-up/broadband or via multiple wireless 

technologies such as 802.11b and GPRS [18]. 

 

2.2.3 Multi-streaming 
 

Multi-streaming is a unidirectional dataflow of multiple streams of an SCTP 

association. Order of data is preserved as intra stream such that each stream has its 

own sequencing space. Incoming data from the upper layer application can be 

multiplexed onto an association in SCTP. 
  

When a segment of a certain stream is lost, following segments of the same stream 

will be stored in the receiver’s stream buffer until the source retransmits the lost 

segment. Yet, other streams can still be passed to the upper-layer application. Multi-

streaming elude the Head-of-line blocking (HOL) exists in TCP (Transmission Control 

Protocol), where a single stream loss can cause subsequent streams to also be delayed. 

HOL effect does not affect the SCTP association due to individual streams [18]. 
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2.3 SCTP Packet Structure 
 

The SCTP packet structure divided into two basic sections named the common 

header and data chunks. Common header inhabits first 12 bytes of SCTP packet which 

consists of Source port, Destination port, Verification tag and Checksum. The 

remaining part of the SCTP packet occupies Chunk type, Chunk flags, Chunk length 

and Chunk value [19]. 

 

2.4 Mobile SCTP (mSCTP) 
 

Mobile SCTP (mSCTP) could be used to provide the solution for simultaneous 

mobility in seamless handover. This protocol has been evolutionary for handover 

management support and, updated the standard SCTP with DAR (Dynamic Address 

Reconfiguration) [20]. 

 

DAR, provides mobile SCTP functionality, was introduced by the IETF in 

September 2007 [20]. DAR helps transport layer handoff without any interruption and 

made by modifying the SCTP adding two new chunks with several new parameters. 

The SCTP association is modified by the Address Configuration Change Chunk 

(ASCONF) and the Address Configuration Acknowledgment Chunk (ASCONF-

ACK). Therefore, DAR extension allows SCTP to dynamically add IP or delete IP 

addresses to an association and request the primary path change during an active SCTP 

association. This primary path is used during communications between the endpoints. 

It is not necessary to reestablish an association after a DAR process during handoff 

because of the primary path has been set. [21] [22].  

 

2.5 Related works 
 

In SCTP, multi-homing support is analyzed as the new feature that lays the 

foundations to transport-layer mobility support. Transport-layer-based proposals to 

solve simultaneous mobility has several advantages as the possibility of smooth 

handover increases and the ability to pause transmission during mobility-induced 

temporary disconnections gives a great deal of flexibility [25]. Some previous 

approaches to solve simultaneous mobility related issues using mSCTP and other 

protocols are given in the below sub-sections. 

 

2.5.1 Simultaneous mobility solution by mSCTP with RSerPool 
 

Reliable Server Pooling (RSerPool) [27] is proposed to improve SCTP’s node 

reliability and to provide redundant server pools. If any server fails, its client can 

arrange an application-layer failover to another server to continue the service. 

RSerPool inserts an extra layer between the transport and the application layer which 

relieves the application layer from managing communication sessions. When the 

transport connection breaks due to simultaneous mobility, the RSerPool layer ensures 

establishment of a new transport association and triggers an application-specific 

failover procedure. In the RSerPool framework [28], at least one node registers as a 

pool element of a server pool having a unique handle. The Endpoint Name Resolution 

Protocol (ENRP) protocol ensures that all Name Server (NS) of the operational scope 

get the updated pool data. Therefore, the NS functionality can be compared to a 
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location register in mobile networks. Using an appropriate pool policy (e.g. “the 

newest element”), the caller is now able to let the RSerPool name server resolve the 

pool handle to the new transport address. Then, it can establish a new association and 

execute an application-specific failover procedure. After that, the application can 

continue the communication session. 

 

2.5.2 Simultaneous mobility under asymmetric mobility 

conditions 
 

The MTOSM (mean time to occurrence of simultaneous mobility) is therefore an 

indication of the seriousness of the problem [29]. Previous study in this research shows 

that MTOSM for the case that both nodes move at the same rate. It is a new approach 

to analyzing the occurrence of simultaneous mobility, by considering the MTOSM for 

the case of two mobile nodes with identical characteristics (same mean inter-handoff 

time, and same mean unreachable time after each handoff). This solution has extended 

[30] by introducing the expression for MTOSM to include asymmetric cases (allowing 

different mean inter-handoff times and different mean unreachable time after each 

handoff, in the two mobile nodes). Here one of the key results found was that MTOSM 

can improve (become larger) if only one of the mobile nodes reduces handoff latency 

(e.g., implements low latency handoff algorithms), or increase mean inter-handoff 

time, independently of the corresponding mobile node. However, the performance gain 

is less than half the gain if both mobile nodes implement such measures. The MTOSM 

is likely to be reached in some scenarios, especially with higher handoff rates and 

without low-latency handoffs), and designers of protocols like Mobile IPv6 should 

take note. 

 

2.5.3 Managing Simultaneous Mobility of IP hosts 
 

Since triangular routing in Mobile IP (MIP) is undesirable. MIP with Route 

Optimization (MIP-RO) and MIP with Location Registers (MIP-LR) use binding 

updates that are sent straight to a Correspondent Host. Session Initiation Protocol (SIP) 

based mobility management also uses direct binding updates between a Mobile Host 

and a Correspondent Host. In this approach [10], the problems related to simultaneous 

mobility for SIP based mobility and MP-LR schemes have been identified. However, 

SIP and MIP-LR have advantages over MIP, especially in networks where 

survivability and robustness are critical, such as tactical military ad hoc network 

environments. Since the simultaneous mobility problem could cause serious problems 

like dropped sessions, the proposed solutions may be considered and implemented in a 

scenario where two communicating hosts are mobile.  

 

Moreover in Simultaneous Mobility Support with IEEE 802.21 Media Independent 

Handover [31] and Simultaneous Mobility in MIPv6 [32], the suffering and 

seriousness of the simultaneous mobility problems are impeccably discussed with 

enhanced solutions. 
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CHAPTER 3                                                                              

SIMULATION TOOL & METHODOLOGY 
 
Simulation tool and methodology used in this project to accomplish the simulation 

task. Network simulation is a technique in telecommunication based research when the 

behavior of a network is modeled either by calculating the interaction between the 

different network entities (client, host, routers, data links, packets, etc) using 

mathematical formulas, or actually capturing and playing back observations from a 

production network [33].  

 

3.1 Network Simulator 2 (NS2) 
 

NS2 is an open-source simulation tool, which was developed by the Information 

Sciences Institute at the University of Southern California. It is a discreet event 

simulator available on several platforms such as FreeBSD, Linux, SunOS, Solaris, and 

also runs under Windows [34]. NS2 build for targeting at networking research and 

provides many advantages such as support for multiple protocols and capable of giving 

detailed network traffic graphically [35]. Besides, NS2 supports several algorithms in 

routing like LAN routing and broadcasting and queuing algorithm like fair queuing, 

deficit round-robin and FIFO [36]. 

 

NS2 started in 1989 as a variant of the REAL network simulator [37]. Simple NS2 

scenarios run on any reasonable machine; however, for very large scenarios it is 

necessary to have large amounts of memory. NS2 requires some additional packages to 

run properly; these are: Tcl, Tk, OTcl and TclCL [38]. 

 

NS2 mainly consists of two languages: C++ and OTcl [38]. Tool Command 

Language (Tcl) is a very powerful interpreted script language. Tcl scripts are written to 

configure network topologies and provide linkage for class hierarchy, objects 

instantiation, variable binding and command dispatching. OTcl is used for periodic or 

triggered events. Tool Kit (Tk), is an escort program for Tcl, to help create graphical 

user interface with Tcl. TclCL (Tcl with classes), a Tcl/C++ interface, provides linkage 

between C++ and OTcl. Event scheduler and Basic network component objects are 

written and compiled with C++ [34]. OTcl interpreter has these compiled objects 

available by an OTcl linkage [39]. 

 

 
 

Figure 3.1: NS-2 Architectural view 
 

Network Animator (NAM), is an animation tool which is based on Tcl/TK; 

examine the network simulation traces and real world packet traces. It provides 

topology layout, packet level animation, and various data inspection tools, and 
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presents such information’s throughput, number of packets etc. [40]. 

 

3.2 Simulation with NS2 
 

This section describes simulation components and their structures to build a script 

in NS2. These NS2 components included within are nodes, links, Simple Link objects, 

packets, agents, and applications. 

 

3.2.1 Structure of Wired and Mobile nodes 
 

NS2 associates two kinds of nodes for wired and wireless environment.  

 

The wired nodes consist of an entry point and two classifiers named Address 

Classifier and Port Classifier. The configuration of a mobile node is same like wired 

nodes. In a mobile node, packets arrive through the entry point to the address 

classifiers to check the address. The packets are then flow through the port classifiers 

to the routing agents. Routing agent processed the packet via some layer functionality. 

Thus the mobile node can be treated as mobile because of the routing type defined in 

the Tcl script [39]. 

 

An agent of a mobile node is responsible for packet generations and receptions. It 

is also responsible for maintaining the traffics like CBR (Constant Bit Rate), FTP (File 

Transfer Protocol) etc. Routing agents (DSDV, DSR, and AODV) are configured multi 

hop routes for packets [39]. 

 

3.2.2 Wireless Simulation by NS2 
 

Simulation of wireless networking in NS2 has various modules; such as mobile 

node, Ad-hoc Routing (DSR, DSDV, AODV), MAC 802.11, Radio Propagation 

Model and Channel. Appendix A1 illustrates the basic wireless configuration written 

in a Tcl script [39]. 

 

3.2.3 Trace File 
 

The trace file format is used to trace files produced by the Trace class.  
 

 
 

Figure 3.2: Trace File format 
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Figure 3.2 illustrates nine (9) trace entries of a sctp simulation, from them, the 

event column has three enqueue operations (‘‘+’’), two dequeue operations (‘‘-‘’), three 

receive events (‘‘r’’), and one drop event. In the second column, the simulation time is 

in seconds at which each event occurred. The next two columns indicate trace 

happenings of two nodes. In the next two fields, the type of a packet and their size is 

displayed. SCTP packet trace contains five (5) extra column fields than a TCP trace. 

Among these, the chunk type indicates some alphabetic flags like I, D, S, H, B. The 

flag I indicate an association initiation control chunk like INIT, INIT-ACK, COOKIE-

ECHO, and COOKIE-ACK. The D, S flags indicate a DATA and a SACK chunk. The 

rest chunks H, and B are indicates a HEARTBEAT chunk and HEARTBEAT-ACK 

chunk successively [39]. 

 

3.3 Simulation Methodologies 
 

To develop new ideas, identify problems and optimize the existing systems, it is 

important to evaluate the performance in a research issue. Performance evaluation is 

depends upon prototyping a model such that it could be build on a system and make it 

to work properly on that system. And also by analytical modeling of the system by 

building a mathematical model which can be used to analyze the system. Lastly, the 

software model of the system is a simulation process. For larger systems, prototyping 

consumes more time and analytical modeling becomes complex, therefore is more 

complex to control and observe the system. Simulation fulfills all these deficiencies 

available in prototyping and analytical modeling. We strained to focus all the strategies 

to select and work on proper simulation tool and methodology. 
 

 
(a)                                                                (b) 

Figure 3.3: (a) Multi-homed node of SCTP, (b) Visualized Multi-homed 

structure  
 

Henceforth, we select NS2 platform for this project implementation task to suit the 

requirement of reaching a solution for simultaneous mobility in seamless handover. 

NS2 supports multi-homing features of SCTP which motivated us to choose this as a 

simulation tool. According to NS2 architecture, a SCTP enabled node cannot be multi-

homed.  A multi-homed node actually be the combination of three nodes such that a 
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‘‘core node’’ and a couple of ‘‘interface nodes’’ to simulate the interfaces. All these 

nodes are SCTP enabled. But, traffic flows only through the interfaces nodes. The core 

node has connection with these interface nodes and is used only for routing. 

Developers of NS2 have noticed this fact; however with this kind of limitation multi-

homing simulations for SCTP are extensively instigated by the researchers. NS2 

allows the general support for logically multi-homing nodes that have a multi-homed 

transport layer, such as SCTP.  

 

The connection of core node with the interfaces is a unidirectional link. No traffic 

flows through the core node.  Figure 3.3 demonstrates and visualizes the multi-homed 

architecture different features of multi-homing, where two SCTP endpoints, each with 

2 interfaces, are directly connected between each pair of interfaces. In the middle of 

the association, a change primary is done [39]. Appendix E3 helps to understand data 

transmission multihomed SCTP nodes. 

 

To simulate the proposed scheme, it is a prerequisite to acquire a considerable 

handover process for seamless communication of mobile nodes. There is no extension 

available for mSCTP with the present module of SCTP, in the latest released version 

of NS2 (v-2.34). SCTP needs DAR process enabled to perform a handover procedure. 

So, it turns to a great problem to solve the simultaneous mobility issues by using 

mSCTP. After extensive searching, an mSCTP patch has been contrived for NS2 (v-

2.30) [41]. 
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CHAPTER 4                                                                     4       

PROPOSED MODEL FOR SIMULTANEOUS 

MOBILITY WITH LOCATION MANAGEMENT 
 
In this chapter, we are going to describe the proposed model to solve the 

simultaneous mobility issues. After citing the related and recent research papers in this 

area and realizing the problem thoroughly, we suggest a new model as a solution 

approach. First, we will go through the architectural model of simultaneous mobility 

for mSCTP, which is prototyped on NS2 platform. Then location management is 

inscribed for the model and related functionalities. After that the total solution 

procedure of simultaneous mobility issues is presented with context analysis and 

timing diagram. Lastly, we have discussed about the system constraints of the model 

and risk analysis. 

 

4.1 NS2 based architectural model for Simultaneous Mobility with 

mSCTP 
 

The current version of mSCTP for simultaneous mobility [42] is achieved for a 

mobile node (MN) associated with a fixed node. In this solution, first we simulate the 

behavior of simultaneous mobility, where both of the communicating nodes are 

mobile. It was a part of this research not only to understand and visualize the problem 

but also for a meaningful solution, we simulate the simultaneous mobility nature 

referenced to real network scenarios. Firstly we concentrate on building a proper 

model in NS2 environment and working on generating suitable simultaneous mobility 

patterns. 
 

We consider the random movement of two mobile nodes, MN_0 and MN_1. The 

mobile nodes are assumed to exist within different zones of homogeneous networks, 

i.e., MN_0 in Zone_0 and MN_1 in Zone_1. These zones can be worked with 

customized ranges. Suppose that MN_0 and MN_1 have the symmetric movement 

position along x-axis. For simplicity of this project solution, the considerable mobility 

for MNs are taken by means of one dimensional values, i.e., only x axis. The 

horizontal movement takes no angle, i.e., ∡=0°. Let the values for x1 is (100, 0) and x2 

is (150, 0). Thus the considerable movement is like that x1(100, 0) to x2(150, 0). That 

means MN is moving from the position 100 to 150.  
 

The most important state in this solution is the consideration of the term 

‘step_length’. The mobile nodes must pose into their mobility with random steps. Step 

is defined as the position or state change of MN. At each step, MN has a specific 

‘step_length’. The value of ‘step_length’ is equal to the distance travelled by the MNs 

during a uniform interval time Δ. We further assume that two mobile nodes are 

simultaneously changing the value of ‘step_length’ after every interval time. In 

addition to the value of ‘step_length’; it is randomly generated; after every interval 

time Δ, and uniformly distributed. Let t0 denote the starting time of simulation. At time 

t = t0 + Δn, where n = {1, 2,…….., N}. Thus mobility of MN will be called 

simultaneous. Also ‘step_length’ determines the logical connection between MNs past 

and future movement according to our design concept. The simple algorithmic formula 

for MNs positions is as follows: 
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MN_0_init.x + step_length = MN_0_new   (i)                                                   

MN_1_init.x - step_length = MN_1_new  (ii) 

Where, x is any random value along x-axis 

 

   

 

 

 

 

Table 4.1: Example of random values for simultaneous mobility 
 

By this formula, we can easily implement the simultaneous mobility behavior. At 

any Δ time, MN_0 is moving towards MN_1 from Zone_0 and MN_1 is also moving 

towards MN_0 from Zone_1. Consequently both MNs are moving closer to each other. 

In the next movement, new random value of ‘step_length’ will be added with the 

previous MN_0’s position (equation (i)). Similarly the same ‘step_length’ is deducted 

from MN_1’s old position to detect MN_1’s new location (equation (ii)). Hence, from 

the table 4.1, we can interpret the simultaneous movements of MNs. For instance, at 

any random ‘step length’ value ‘5’, MN_0 is moving from the position 14 to 19 and 

MN_1 is also moving from 55 to 50 simultaneously at time Δ. 
 

For this model, we assume that MN_0 initially starts from a position which is 

located at inferior distance from MN_1’s initial place. According to the architecture of 

this model the ‘step_length’ is limited within a certain range of random values, which 

has to be lower than ranges of Zone_0 and Zone_1. Otherwise MN’s random steps 

may exceed the boundary of its own region. The figure 4.1 demonstrates simultaneous 

mobility pattern. Here we can perceive an ‘overlapping zone’ in between two adjacent 

cells. This ‘overlapping zone’ is essential in measuring handover occurrences. A 

handover or simultaneous handover of MNs is triggered by any random ‘step_length’ 

closer to this ‘overlapping zone’. The decision, when to switch from the old zone to 

the new one; is based on defining the minimal ‘overlapping zone’ between two 

adjacent cells and the choice of random ‘step_length’ by MNs. These factors for 

handover process are also significant in setting up an alternate solution of 

simultaneous mobility. We limit our solution by setting up only these two 

measurements amongst others factors for gaining seamless handover like user’s 

mobility at high velocity.  

 

Figure 4.1: The Simultaneous Mobility of MN_0 and MN_1 with basic 

handover Scenario 

step_length 
MN_0 moves towards  

MN_1 

MN_1 moves towards 

MN_0 

(5,0) (14,0) (19,0) (55,0) (50,0) 
… ….  …..  

(7,0) (20,0) (27,0) (48,0) (41,0) 
… ….  ….  

(9,0) (28,0) (37,0) (41,0) (32,0) 
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In this solution, simultaneous mobility is successfully observed when 

simultaneous handover occurs. We successfully implement and observed this very 

behavior by Tcl programming in NS2. 

 

In figure 4.2, the simulation model of simultaneous mobility is illustrated. With the 

randomly generated ‘step_length’ values, MN_0 and MN_1 are simultaneously 

moving towards each other and when they crossed over into Zone_1 and Zone_0 

respectively at the same time, simultaneous handover happens. We measure the 

simultaneous mobility incidents of both MNs. This occurrence plays an important role 

in measuring the performance of the solution. In the implementation chapter, we 

included all our assumptions and parameters aimed at followed model. 
 

 
 

Figure 4.2: Simultaneous Mobility model with random ‘step_length’ 

 

In this section, we present a simplified scenario to simulate simultaneous 

handover. But, there is another important factor remained disclose, i.e., location 

management. In mSCTP, association breaks due to the lack of proper location 

management. 

  

4.2 Location management with Location Server (LS) 
 

For simultaneous mobility in mSCTP, the binding updates should be reached in the 

appropriate location to maintain the association. Along with mobility, to keep track of 

the location is a challenge. mSCTP cannot alone solve this issues as it has no home 

agent like MIP [43]. To address the location management problem of mSCTP, we 

intend to suggest an independent location server called LS. 

 

4.2.1 LS setup and management process in simultaneous mobility 
 

The LS works as a static SCTP node. It is multi-homed with all the MNs existing 

in the network. For instance at any certain time, if MN_0 loses its association with 

MN_1, MN_0 always remain associated with LS as secondary destination. 

Accordingly, LS can exchange information with MNs. According to this proposed 

location management by LS; only in the case of that the mobile node is aware of the 

coming handover, mobile nodes need the help from LS. In others cases (non-

simultaneous handover), MNs manages mobility by themselves [53]. The reason for 

this is in mSCTP handover needs to be triggered by MNs because only the MNs knows 

the movement of themselves, and the signal strength from the old and new APs 

(Access Points). Figure 4.3 illustrates LS supported simultaneous mobility.  
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Figure 4.3: Simultaneous Mobility support by LS 
 

When MN_0 wants to establish an association with corresponding node MN_1, the 

first step is to determine its current address. Our proposed location management 

scheme gets the current address from the LS, where a conditional local binding is 

maintained between the mobile nodes addressed with ‘step_length’ value. This binding 

update is maintained until MNs get latest location information from LS for keeping the 

seamless mobility in mSCTP. Thus, LS manages simultaneous mobility in seamless 

mode. 

 

For the whole network, LS is used to maintain binding as a special entity. All the 

connection paths are routed through LS. The specific functions for location 

management are defined as follow: 

 

 Firstly LS registers all the initially generated random values of mobile node 

(MN_0) and corresponding node (MN_1) with linked ‘step_length’ value. It always 

starts before SCTP association. 
 

 
 

Figure 4.4: Location management Process 
 

 New association request is intercepted by the LS. 

 When MN_0 sends an association request to LS, the requested corresponding 

address (i.e. MN_1) is verified by the LS by querying into its storage if it is the right 

one. 
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 The LS forwards the association request to corresponding address (MN_1), if 

requested address is available.  

 Lastly the LS provide the correct current position of corresponding node 

(MN_1) with the help of linked ‘step_length’.   

 

Registration Process in LS is done by our integrated Tcl code which will do 

registration of mobile nodes for every random ‘step_length’ values with corresponding 

initial positions of MN_0 and MN_1. These values will be saved in LS node for future 

use. Once LS has learned registration, it detects for which ‘step_length’ value ($) the 

handover occurs. This registration procedure is helpful to get rid of the issues of 

bootstrapping problem [44] that may occur in larger deployment scenarios in real 

world. 

 

4.3 Solution of Simultaneous Mobility issues 
 

This section is composed with main solution approaches made in the simultaneous 

mobility issues. We divide it into two sub-sections. First we demonstrate about the 

solution of mobile nodes location detection and configuration. The next sub-section to 

follow is simultaneous mobility management by LS. 

 

4.3.1 Mobile nodes location detection and configuration 
 

With the approached solution, LS is learnt to update location information of all the 

mobile nodes. Besides, it is provisioned to manage the ‘step_length’ of all mobile 

nodes aware of handover process. Thus, our proposed scheme with LS, maintains the 

necessary information which will need for location management for seamless 

handover.  

 

For the simulation purposes in NS2, all data set of mobile nodes initial and next 

predictable movements can be stored with key values of ‘step_length’ into a file. LS 

stores and manages the file location in simpler like .txt format. Our integrated Tcl code 

can verify the exact data set for ‘step_length’ and perform necessary action to 

communicate with LS to save data. 
 

 
 

Figure 4.5: Integrated structure of Tcl and LS 
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Due to location dependent dynamic assignment of IP addresses to mobile hosts 

there must be a way to locate the mobile host independently from their dynamically 

assigned addresses. For solving this particular problem, our proposed LS have a 

special impact on the solution. As LS is capable of storing all the positions of both 

MN_0 and MN_1, and ‘step_length’ values. By assuming every ‘step_length’ as a key, 

for each mobile node’s old and new position can be located as paired values. As LS 

stores all the ‘step_length’ associated with particular mobile node’s old and new 

positions into a file, it is easier to retrieve the values when necessary.  

 

4.3.2 LS enabled Simultaneous Mobility management and 

Simultaneous Handover 
 

Now we considering LS node is established in the network where MN_0 and 

MN_1 can exchange information via LS. When MNs are moving simultaneously, they 

can notify LS about their location information. This information only contains 

handover conscious ‘step_length’ values of MNs. With this ‘step_length’ value it is 

easier to locate any mobile nodes previous and next connection. The same operation of 

registering and storing mobility information is managed by LS for MN_1 also. As LS 

is fixed and capable of doing location management, it is easier for mSCTP to maintain 

simultaneous mobility now. LS functions as independent location manager and 

mSCTP works with it as mobility protocol. We used here mSCTP’s ASCONF patch to 

establish connection setup between MN_0 and MN_1 with LS, in our proposed 

solution. Due to the transport layer mobility, all the enduring session for mSCTP are 

remain alive without being disrupted. Thus, LS can function before initiating 

association setup or after finished association in DAR process. In order to facilitate 

MNs to move simultaneously, we need some modifications in mSCTP’s features of 

association setup and dynamic address reconfiguration (DAR) [4].  

 

Moreover another important factor is to configure the location management 

scheme for mobile nodes at both ends of communication. So, we imagine that there 

exists a location server (LS) in between MN_0 and MN_1 which keeps track of current 

location and saves location changes continuously. 

 

 
 

Figure 4.6: Modified association setup 
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4.3.2.1 Association setup 
 

While initialization in progress, the two mobile nodes exchange their association 

parameter such as primary IP address, secondary address etc. When MN_0 initiates an 

association with MN_1, it sends INIT message to the location server (LS), which will 

forward it to the MN_1. The whole process is visualized in figure 4.6. This enhanced 

association setup will work only if it is associated with a location management 

scheme. 

 

4.3.2.2 Dynamic Address Reconfiguration (DAR) 
 

As for simultaneous mobility, we need to make change in existing address 

reconfiguration process of mSCTP [45]. We assume that while MN is setting up a new 

primary IP address, MN_1 would not start a DAR process. The DAR process is 

performed most likely as the conventional mSCTP protocol. But, merely the exception 

is that MN_0 has to go for registration process with location server (LS). The resulting 

exchanges of this first case are visualized in figure 4.7. 

 
 

Figure 4.7: First address reconfiguration case 
 

In the next situation, there may have some different possible conditions occur.  It 

can happen that the MN_1 receives the MN_0 request before sending its own DAR 

request. So, it responds to the MN_0 by sending a special ASCONF-ACK to let the 

MN_1 know about its new primary address. When MN_0 receives this 

acknowledgement, it sends an ASCONF (Set Primary) message to the MN_1 on its 

new primary address. Then, MN_1 responds by sending an ASCONF-ACK message 

on the new primary address of the MN_0. The remaining procedure is to be completed 

normally.  

 

4.3.2.3 Simultaneous Mobility process and Handover 
 

The equivalent simultaneous mobility process shown in figure 4.8 with context 

analysis. We can measure the sequential handover and simultaneous handover 

phenomena. In both of the two cases, the simultaneous mobility process will start after 

deciding if a handover occurs or not. 
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4.3.2.3.1 Context Analysis 
 

The handover starts with a context analysis. The following are the steps to follow 

after any handover. At this point, either MN_0 can handovers to Zone_1 or MN_1 can 

handovers to Zone_0 or both MN_0 and MN_1 can simultaneously handovers to 

Zone_1 and Zone_0 respectively. This decision process is done by Tcl programming 

which determines ranges of the zones to measure handover occurrence. 

 

Obtaining a new IP address: While a mobile node takes an initiative to switch 

over to another network, it first acquires a new IP address. This task is done by DHCP 

[23] server or IPv6 stateless auto configuration mechanism [46]. 

Add IP address to an active mSCTP association: Whenever a MN obtains a new 

IP address; it adds the new address to the current association to make changes in the 

current association. 

Set Primary IP address: The newly added IP address stays inactive until the 

MN_0 asks the MN_1 to consider it as a primary forwarding path.  

 
 

Figure 4.8: Mobility Process 
 

Delete Old IP address: After acknowledging that the new primary path is 

working correctly, the old IP address path has to be deleted. 

Update LS: LS has to update to notify about up to date changes made in the 

network. 

 

4.3.2.3.2 Timing diagram 
 

Here we consider a particular scenario where a MN_0 is moving from its own 

network to another network. MN_1 is also moving simultaneously from its own 

network to other network. We assume that both of these networks are homogeneous 

and performing handover. Considering the movement of MN_0 and MN_1 with 

respect to time, we can visualize the timing diagram in figure 4.9. 
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Figure 4.9: Timing diagram of new approach of mSCTP for simultaneous 

mobility 
 

When MN_0 or MN_1 or both enters each other’s zone, they continue to receive 

packets thorough Path1 or Path2. This is because their location changes already 

notified in LS. With DAR process the corresponding MN_0 and MN_1 nodes path has 

been set. The handover latency in this case is the time difference between the send of 

the last packet by using Path1 and the receiving of first packet using Path 2. We can 

determine the total handover delay by measuring the DAR process execution. The 

detail techniques are mentioned in the implementation chapter. 

 

4.4 System constraints and Risk analysis  
 

After modeling the solution approach, we intend to do the implementation tasks. 

There are several system constraints and risks have been analyzed beforehand of 

execution process. These are noted on the following sub-sections. 

 

4.4.1 System constraints 
 

Most of the real systems constraints are artifacts [47]. The cause for this is the 

inability of current tools to translate system requirements into system constraints in an 

acceptable mode. The transformation the requirements are usually divided into a 

number of simple constraints. Unfortunately, the ad hoc methods used to derive the 

constraints often leads to an over-constrained and infeasible system. In our approach, 

we try to keep the constraints as close as possible to the original requirements as per 

proposal. There are some deviation and relative timing constraints which set us to limit 

our goal. For simplification in simulation, we did not consider any access points such 

as access routers (AR) or base stations (BS) in the presented solution model. 

Considering the real network, it is hard to implement the LS storage. But we used LS 

storage only for simulation purpose in this project. We limit our research goals on the 

phenomena of realization of simultaneous mobility issues and worked over the 

modeled solution of how to achieve seamless handover by LS. We focus to implement 

the SCTP supportive LS for location server of simultaneous moving MNs which may 

not suit in other heterogeneous networks in big ranges. Under such system constraints 

the proposed model development started and progressed as per requirement analysis. 
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4.4.2 Risk analysis 
 

The solution model is a new one for simultaneous mobility. The number of 

different approaches have accomplished in this area which includes several models for 

location management [48]. Our LS enabled location management with ‘step_length’ 

appropriately updates the changed location of MNs. Thus, it has low risks of being 

failed over. This proposed model has built over NS2 platforms and integrated with Tcl 

programming. There are large numbers of header files and configurations programs 

needed to be installed and tested for this purposes. Proper backups of data and 

software output need to stored and maintained in a sound manner. Beside that huge 

number of data spaces is mandatory to work with the bulky packages of Linux system 

and maintain trace files of NS2. As a dynamic simulation platform NS2 worked 

reputedly well enough but we need to measure the performance of the built model. For 

analyzing the results of our simulation, first of all we observed the performance of 

mSCTP ASCONF for NS2. It is found in the measurement that the accuracy of mSCTP 

ASCONF was above 73% and the failure rate is merely above 25%. It can vary upon 

different platforms and machine configuration factors. The failure rate has been 

decreasing while we shifting towards new generation incorporated computers. 
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CHAPTER 5                                                                     5                                                                     

IMPLEMENTATION 
 
In this chapter, we present the implementation of the proposed solution. First we 

sort out objectives for analysis. Then, we illustrate the requirements for setting up 

simulation environments. Several parameters and assumptions are considered based on 

previous analysis.  

 

5.1 Objectives of analysis 
 

We have proceeded with several objectives to reach our final goal of 

implementation. The main objective is to provide location management support for 

simultaneous mobility. Beside that the employment of proposed model for the different 

types of mobility scenarios are observed. The ultimate goal is to compare the 

performance of suggested model with location management and in absence of location 

management for simultaneous mobility. 

 

The following objectives are crucial while working with implementation of our 

proposed solution: 

 Setting up the actual and effective parameters for data analysis and 

simulation. 

 Equipped with the necessary tools and supports to build modelled solution. 

 Execution and evaluation of main objectives with certain system constraints. 

 Validation of results with confidence interval analysis. 

 

5.1.1 System requirements and challenges (cost analysis and etc.) 
 

Our proposed architecture does not require any changes in the current 

infrastructure except adding a location server for location management. It may reduce 

the cost for service providers. Because, current infrastructure has two servers allocated 

for location management which may higher than installing one server in the system. 

Changing in the existing protocol working on transport layer may exorbitant to deploy. 

But, it has been always a trade-offs of employing new model’s benefit with cost 

effective resolution. 

 

NS2 is a free tool to simulate but it takes much resources e.g., memory, disk-space 

during run-time. It needs highly configured machines to run. NS2 generates huge trace 

files which may cause disruption of simulation. Hence it requires additional software 

tools e.g., Tracegraph, Trace-analyzer, jTrana for converting trace files into customized 

graphs. 

 

5.1.2 Parameter setup, assumptions and preliminary analysis of 

simulation 
 

For the execution of proposed solution, we need to set up appropriate parameters. 

To measure their functionalities in different level of implementation, we go through 

with several experimental analyses. After examining the effectiveness of number of 

parameters, we choose some of the parameters which are really productive to integrate 
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proposed solution with modelling. To proceed with this approach, we define a term 

called ‘Brink plane’. Brink plane is the minimal ‘overlapping zone’ in between Zone_0 

and Zone_1, where MNs are aware of possible handover. Particularly we make the two 

following important assumptions for handover of a dual-homing MN in the 

overlapping region i.e., ‘Brink plane’: 

 

a. The overlapping region between different subnets i.e., zones is enough large, 

and the sojourn time of MN in this region is larger than the time taken to 

perform the Add-IP operation of mSCTP. 

 

b. Any MN can use two IP addresses in the overlapping region. 

 

We further assume for the forthcoming simulation scenarios that, when any of the 

simultaneously moving MNs (e.g., MN_0 or MN_1) touches or exceeds this Brink 

plane a logical handover occurs. Concurrently while both of the MNs touch or crossed 

the Brink plane at the same time of simulation, simultaneous handover will occur. 
 

 
 

Figure 5.1: The simultaneous mobility scenario with Brink plane 
 

Alongside with modelling, for measuring different nature of simulation different 

parameters are selected. 
 

The following are the parameters used for execute the proposed solution: 
 

 MN_#_init: It is mobile node’s initial position, from where the mobile node 

begins to move. The nature of this unit is random. 

 MN_#_new: It is the mobile node’s next movement position after random 

‘step_length’ value is added with MN’s initial position. 

 Zone_0: Area from where MN_0 starts to move. We set different ranges for 

building and examining different simulation scenarios. 

 Zone_1: Area from where MN_1 starts to move. We set the different ranges 

for experimenting with different simulation scenarios. 

 step_length: It is the random distance travelled in uniform interval time by 

mobile node. 

 Range: This parameter is used to describe the upper and lower limit of 

specific mobile node. 

 Δ: It is the unit timestamp of both MNs simultaneous movement. It is set as 

0.001s=01ms. 

 Handover Delay: This is the time difference between two given moments of 

simultaneous mobility. 
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We assume different sets of equations based on our simultaneous mobility 

framework. Mobile nodes initial and newer position can be formulated as MN_init.x + 

step_length = MN_new. We set this equation as a standard in our work for 

simultaneous mobility. Every new and older location is calculated based on this 

equation. All the values for MN_init, MN_new and ‘step_length’ are measured as 

uniformly distributed properties generated by Tcl in NS2. 

 

5.1.2.1 mSCTP handover latency 

 

In the mSCTP handover, the handover performance can be depended upon how to 

configure the triggering rules for Add-IP and Primary-path Change operations. Most of 

the existing works insist that the Add-IP and Primary-Change operations should be 

done if a new path has a better condition i.e., comparing link signal strength 

information, the network bandwidth and round trip time (RTT) in the concerned 

networks  than the existing primary path [53] [54] [55].   

 

     In this paper, we consider the RTT for the triggering rule for Add-IP and Primary-

Change operations. The handover delay parameter is conserved for mSCTP in the 

simulation. It consists of the router discovery time between MN_0 or MN_1 and 

access router, and DAR procedure performed between MN_0 and MN_1 [49]. We are 

not considering any access points e.g., routers on the networks for simulation. 

Because, the fact is that router discovery (TRD) of mSCTP can be performed while 

transmitting data packets in an SCTP association exploiting multi-homing feature of 

SCTP. Hence, actual delay caused by mSCTP router discovery (TRD) can be neglected. 

That is, 

 

TRD ≈ 0     (i)   
 

Previous solution [49] on measuring mSCTP’s handover also considered this 

phenomenon. Hence, here are some parameters for analysing handover delay in table 

5.1: 
 

Parameter Definition 

Tadd-IP mSCTP Add-IP time 

Tdel-IP mSCTP Delete-IP time 

Tset-primary-IP mSCTP set-primary-IP time 

TASCONF mSCTP ASCONF chunk send delay 

TASCONF- ACK mSCTP ASCONF-ACK chunk send delay 

TRD Router discovery period 

TDAR DAR procedure period between MN_0 and MN_1 

TmSCTP mSCTP handover delay from MN_0 and MN_1 
 

Table 5.1: Definition of handover delay parameters 
 

The following equation represents the handover delay when MN_0 and MN_1 

handovers to each other’s zones: 

TmSCTP = TRD + TDAR   (ii) 

From equation (i), TmSCTP = TDAR   (iii) 
 

Here, The DAR procedure period is composed of the ASCONF parameters sent 

from MN_0 to MN_1.  
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Therefore, TDAR = Tadd−IP + Tset−primary−IP + Tdel−IP   (iv) 

While, Tadd−IP = TASCONF + TASCONF-ACK   (v) 

Tset−primary−IP = TASCONF + TASCONF-ACK   (vi) 

Tdel−IP = TASCONF + TASCONF-ACK   (vii) 
 

Accordingly, mSCTP handover delay can be expressed as: 

TmSCTP = (Tadd−IP + Tset−primary−IP + Tdel−IP)  (viii) 
 

Ideally for SCTP router discovery time can be overlooked because of the multi-

homing feature of SCTP. For example, a typical SCTP connection can be established 

by WiFi card in WLAN for certain router discovery while data can still transmitted via 

other heterogeneous network like CDMA2000 card. For our proposed solution of 

simultaneous mobility, any of the two mobile nodes (MN_0 or MN_1), always be 

multi-homed with LS. Both Add-IP and Delete-IP processes involve in location 

management. Therefore handover delay is comprehensively depends upon RTT of 

three ASCONF chunks (equation viii) for simultaneous handover occurrence. The 

mSCTP handover delay is the addition of three RTT ASCONF chunks between MN_0 

and MN_1. This is why; we can say mSCTP handover as seamless handover. 

 

The handover delay is the total time to build the complete association after 

entering into the crossed over zone. This period is the total time of Add-IP, set-

primary-path and Delete-IP. Thus, if MN_0 handovers to Zone_1, the handover delay 

is the amount of time after entering in this zone until making a successful association 

with any other mobile node. The occurrence of simultaneous handover will occur, 

when both MN_0 and MN_1 crossed into Zone_1 and Zone_0 at same Δ timestamp 

and successful SCTP association establishment between mobile nodes. This is 

observed as simultaneous mobility with simultaneous handover. 

 

5.2 Simulations 
 

Simulation is the imitation which involves building a model of a certain system 

under study. It can be mentioned as tool for approximation of reality. Simulations often 

validate the models and assumptions, and used for verification the software and code.  

 

The following sub-section includes the definitions of the performance matrices 

which are required to be mentioned before building the simulation scenarios. Then, we 

proceed with the scenarios based on our assumptions and observed experiments. The 

final segment contains the incorporation and validation of our proposed model as a 

solution for simultaneous mobility problems. 

 

5.2.1 Definition of performance matrices for simulation scenarios 
 

There are certain performance matrices involve in the simulation scenarios based 

on our assumptions and experiments. We define these as performance matrices which 

act as preconditions for understanding the simulation behaviors. The following are 

short description of performance metrics: 

 

 Overlap: An overlap occurs when any mobile node i.e., MN_0 or MN_1 

passed over their boundary zone at any certain time.  

 MN_0 overlaps: When only MN _0 passed over the boundary of Zone_0.  
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 MN_1 overlaps: When only MN_1 passed over the boundary of Zone_1. 

 Simultaneous Overlaps: It is the phenomenon, when both of the MNs overlap 

into each other’s zone. 

 No overlaps: It occurs when any of the mobile nodes from any zone does not 

pass their zone border. It means MN_0 or MN_1 is still moving simultaneously in their 

belonged areas. 

 Sequential Handover: A sequential handover occurs while MN_0 or MN_1 or 

both moves step by step along with their paths consistent time intervals and passed the 

Brink plane. 

 Simultaneous Handover: A simultaneous handover occurs when both MN_0 

and MN_1 moving simultaneously and at the same time instance they crossed over 

each other’s zones. 

 MN_0 handover: It is the total number of simultaneous handover in addition 

with MN_0’s overlapping number. 

 MN_1 handover: It is the total number of simultaneous handover in addition 

with MN_1’s overlapping number. 

 Avg. step_length: Average step_length is the ‘step_length’ values divided by 

total number of simulation run. 

 

5.2.2. Simulation scenarios and observations 
 

Different simulation scenarios are considered to measure and analyze the 

integrated solution approach. We have analyzed our simulation work both from 

statistical and technical viewpoints. For this section, we propose three different 

scenarios for observing simultaneous mobility phenomenon and make the following 

assumptions for each of the scenarios: 

 

 Simulation time for each run = 3600 seconds. 

 Total Simulation = 30 times for each revisited values i.e., Vi = 

V1,V2,…..,V30  where Vn = ΣVi/i; number of sample, n = 1, 2,……., 30 

and   i = 1, 2,…….., 30. 

 Total time = 3600*30 = 108000 seconds = 1800 minutes = 30 hour 

for each sample run. 

 

The following discussions are based on different simulation scenarios and 

prospective outcomes:   

 

5.2.2.1 Scenerio-1: Randomly moving mobile nodes for bigger range 
 

It is assumed that MN_0 starts to move from Zone_0 and MN_1 starts to move 

from Zone_1. The considered mobility is random for both the mobile nodes and they 

follow uniform distribution. The mobility is simultaneous as we maintain the same 

time for their movements. There are different ranges for both zones. Range for Zone_0 

is from 0 to 374 and range for Zone_1 is from 376 to 750. The Brink plane value is 

considered at 375. At each unit time Δ (1 ms), any mobile node is supposed to move 

with a random ‘step_length’. We assumed in the whole simulation that this Brink plane 

value is the point after which MN_0 or MN_1 switch over to Zone_1 or Zone_0 

successively. Thus, this point is considered as the Brink plane point for simultaneous 

handover. 
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Figure 5.2: Showing random movements of MN_0 and MN_1 proceeding with 

random ‘step_length’ within range (0-750) 
 

From the figure 5.2, we can observe that the simultaneous mobility pattern of 

MN_0 and MN_1 are random and non-sequential. Within the same range, but two 

different zones MN _0 and MN_1 are simultaneously moving. 

 

We have built a Tcl script which can initiate the random movements of mobile 

nodes simultaneously with random ‘step_length’ values. In each run of simulations 

there are different random movements of MN_0 and MN_1 are observed. Here is the 

simple formula which we assumed for our simulation: 

 

step_length [0-50]: step_length (RNG)  

Zone_0: MN_0_init.x + step_length = MN_0 new  

Zone_1: MN_1_init.x - step_length = MN_1 new  

 

At every simulation run, the mobile nodes move according to generated 

‘step_length’ value. The values of every step motion are uniformly distributed random 

values within 0 to 50. So, we always find a unique value of ‘step_length’ of this range 

(Appendix B1). In B1, we can observe that MNs are following the presented solution 

model for simultaneous mobility. 

 

Following are some results generated for this specific scenario: 
 

 

 

 

 

Table 5.2: Simulation results showing overlapping number 
 

Here, with this observation, we derive the formula for calculating average 

step_length. 

 

Average step_length =      (ix) 

   

 

 

Zone_0 is ranged within 0 to 374, i.e., 374 unit distances. Thus, mathematically 

MN_0 should cross over to Zone_1 after every 17 steps to handover. 

 

MN_0 

overlaps 

MN_1 

overlaps 

Simultaneous 

overlap 
No overlap 

Simultaneous 

Handover 

1 time 1 time No 28 times 0 time 

Total distances travelled within total runs 

            Number of simulation runs 

 
 =    638.1 ÷ 30 = 21.27 approx.: 22 steps.  
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Zone_1 is ranged within 376 to 750, i.e., 374 unit distances. Thus, mathematically 

MN_1 should cross over to Zone_0 after every 17steps to handover. 

 

It takes 17+17, i.e., 34 estimated runs mathematically calculated steps to crossover 

two times to each other’s zones for MN_0 and MN_1. Simulation is taken for 30 runs. 

So, mobile nodes crossing over Brink plane only 2, i.e., 34/17 times within 30 run are 

statistically satisfied with estimated data. 

 

No simultaneous handover is observed for MN_1 and MN_0 together in this 

scenario. The reason is that we imagined the bigger range of data for MN_0 and 

MN_1. If we predict the lower ranges of the MNs zones, the probability of 

simultaneous overlapping may increase. 

 

5.2.2.2 Scenario-2: Randomly moving mobile nodes using lower range 
 

For analysing different viewpoints of simulation, we set the following ranges of 

simultaneous mobility: 

Range for MN_0 is between 50 to 99 = Zone_0 

Range for MN_1 is between 101 to 150 = Zone_1 

Brink plane position: 100 

 
 

Figure 5.3: Showing random movements of MN_0 and MN_1 proceeding with 

random ‘step_length’ 
 

We assume that the MN_ 0 is randomly moving between Zone_0 and generating 

uniformly distributed values of ‘step_length’ while running. Similarly, MN_1 is 

randomly moving within Zone_1 range and generating uniformly distributed values of 

‘step_length’ while moving. Here, the maximum ‘step_length’ is limited within 50 as 

before. At each unit time Δ, any mobile node is moving with a random ‘step_length’ 

(Appendix B2). In B2, we can observe that MNs are following the presented solution 

model for simultaneous mobility. 

 

Δ = 0.001s = 1ms 

step_length = RNG (0:50) 

 

For this specific scenario, we make variation only in the ranges and Brink plane 

point for occurring handover.  Every parameter remained same as previous scenario. 

Thus, we observe the random and non-sequential mobility patters of MN_0 and MN_1 

which shown in figure 5.3. 
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Following are some results generated for this specific scenario and parameters: 

 

Table 5.3: Simulation results showing overlapping number 
 

Here, from equation (ix), the average step_length comes approximately 22. 

 

Zone_0 is spread over 50 to 99 unit distances. Thus, MN_0 mathematically should 

cross over Zone_0: after every (49/21.5) = approx. 2.27 steps to handover. 

 

Zone_1 is spread over 101 to 150 unit distances. Thus, MN_1 mathematically 

should cross over Zone_1: after every (49/21.5) = approx. 2.27 steps to handover. 

 

The number of simulation taken is 30 for one sample. So, the estimated value for 

occurring handover is 13.21, i.e., (30/2.27). Simulation result shows that total 15 times 

overlapping, i.e., handover occurs for MN_0 and MN_1. Thus approximately it has 

similarities with statistical data. 

 

Both simultaneous mobility and simultaneous handover in this scenario for non-

sequential patterns have been observed. The above data sets and measurement certifies 

that if the ranges of MN_0 and MN_1 decrease, then the number of simultaneous 

handover increases. Form the table 5.3; we can also realize the fact that in 

simultaneous mobility, the number of simultaneous handover is always less than 

handover in MN_0 or MN_1 independently. 

 

5.2.2.3 Scenerio-3: Sequential random moving and Handover 
 

Here we assume that the mobile nodes are moving sequentially with random 

‘step_lenght’ values at each run. The simultaneous mobility of mobile nodes (MN_0 

and MN_1) are assumed to be successive from both zones (Zone_0 and Zone_1). We 

consider new ranges: 

 

Zone_0 for MN_0: 0 to 249 

Zone_1 for MN_1: 251 to 500 

Brink plane position: 250 

 

In this scenario, it is assumed that MN_0 starts from initial position (10, 0) with 

random ‘step_length’ in Zone_0. At the same time from Zone_1, MN_1 starts to move 

from (500, 0) position with same random ‘step_length’. At STEP-1 (figure 5.4), MN_1 

is moving from position (500, 0) to position (472, 0) with random ‘step_length’ value 

28. With the same ‘step_length’ value, i.e., 28, MN_0 is moving from the position (10, 

0) to position (38, 0) simultaneously. Hence, by the presented model described in 

section 4.1, MN_1 is moving from ‘500’ to ‘472’ and MN_0 is moving from ‘10’ to 

‘38’. The detail MNs position values along with associated ‘step_length’ values are 

shown on figure 5.6.  

 

In this particular scenario; for simulation, we have only initialized the motions 

(random and sequential) of MN_0 and MN_1 that are simultaneously moving towards 

each other. Every next movement from the previous positions are generated randomly. 

MN_0 

overlaps 

MN_0 

handover 

MN_1 

overlaps 

MN_1 

handover 

Simultaneous 

overlap 

No 

overlap 

Simultaneous 

Handover 

08 times 13times 02 time 07 times 05 times 5 times 05 times 
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At each run of simulation, we retune the MNs movement positions only. The 

‘step_length’ values and MNs next movement positions are generated by the integrated 

Tcl code. 

 

The following is one of the sample simulation results of the movement patterns 

from trace file by: 

 

Formation of output 

 M-movement  

 0.001-time for each movement unit (second) 

 1/0-id of mobile node 

 (_.00, _.00, 0.00),-initial position(x1,y1,z1) 

 (_.00, _.00, 0.00),-new position (x2,y2,z2) 

 _.00-step_length:distance travelled in each step 

 

 
 

Figure 5.4: MN_0 and MN_1 simultaneously moving and handovers occur at 

step-11 
 

In this scenario, every movement of each MN is sequential and mobility pattern is 

simultaneous. At every Δ (1ms) time, random ‘step_length’ value is generated and 

mobile nodes are coming nearer to each other. Simulation for this scenario continues 

until any of the mobile nodes i.e., MN_0 or MN_1 handovers to each other’s zone i.e., 

simultaneous handover occurs. 
 

 
 

Figure 5.5: MN_1 and MN_0, handovers to each other’s region 

simultaneously with sequential mobility 
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Following are some results generated for this specific scenario and parameters: 
 

MN_0 

overlaps 

MN_0 

handover 

MN_1 

overlaps 

MN_1 

handover 

Simultaneous 

overlap 

Simultaneous 

handover 

Sequential  

handover 

07 times 27 times 03 times 23 times 20 times 20 times 20 times 

 

Table 5.4: Simulation results showing overlapping number 
 

Zone_0 is ranged within 0 to 249 units. Thus, mathematically MN_0 should cross 

over Zone_0 after every (249/22 =) 11.31, approx. 11 steps to handover. 

 

Zone_1 is ranged from 251 to 500 = 249 units thus mathematically MN_1 should 

cross over Zone_1 after every (249/22 =) 11.31, approx. 11 steps to handover. 

 

Here, from equation (ix), we found the mean ‘step_length’ value is approximately 

22. It is statistically measured out of 30 different simulations run that it would take 

average 11 steps every time to occur sequential handover. 

 

Simulation results show that it would take approximately 11 steps every time for 

MN_0 or MN_1 or both.  Thus the estimated result is closely fit to the actual result. In 

total 20 times out of 30 times overlapping, sequential handover occurred. 

 

 
 

Figure 5.6:  Data set from a random simulation run out of 30 times, (MN_1 

and MN_0, handovers to each other’s region simultaneously) 
 

Sequential and simultaneous random movement patterns of both MN_0 and MN_1 

have been tested. The obtained results illustrate that the percentage of time MN_0 and 

MN_1 that is simultaneous handover is less than the percentage of time either MN_0 

or MN_1 handovers to other zones. With the mean step 11 and average ‘step_length’ 

value 22, the rate for sequential handover has increased. In this scenario, it is observed 

that the occurrence of sequential handover is more than simultaneous handover (table 

5.4) in compare to scenario-1 and scenario-2. In addition, for independent MN_0 or 

MN_1, the handover is always more than sequential or simultaneous handover of both 

MN_0 and MN_1. 
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5.2.3 Simulation insight 
 

FTP traffic is launch for mSCTP implementation in NS2. FTP is attached with 

SCTP agent. Simulation is started at 0.000001s. After that at 0.5s FTP traffic is 

generated. Until the simulation time stops which is set as 3600s, the simulation will 

continue for each sample. FTP needs to stop before simulation ends. In the simulation, 

FTP usually set-off around 20s before simulation ends. Typically at 125.001s, we 

initialed to call the ASCONF for mSCTP. Drop-tail queue is followed to store the 

packets. The duplex links are set with delay of 200ms and bandwidth of 0.5Mb for 

interfaces used within SCTP agent. We started to record of all our simulation results 

after system gets stable. No results were recorded but observed during warm-up 

periods. Before each sample of the simulation, approximately 30 min warm-up time 

taken to have the system in steady state. Buffer is flushed after that to get more free 

memory utilization. We measured all the simulation results for 30 different values 

where each value consists of 30 different simulations. All the data sets are assumed to 

follow normal distribution. 

 

5.2.4 Incorporation of modeling into solution 
 

In this subsection, first we briefly analyzed the simultaneous mobility issues based 

on the observed simulation scenarios. Thereafter, we approached towards our proposed 

modeled solution and validation by simulations. 
 

 

 

 

 

 

 

 

 

 
    (a)                                                               (b) 

 

Figure 5.7: (a) mSCTP unable to perform ‘Add-IP’ (b) mSCTP successfully 

perform ‘’Add-IP’’ 
 

For the above three scenarios in section 5.2.2, SCTP association is lost every time 

when both MN_0 and MN_1 simultaneously moving and changing their locations 

continuously. mSCTP can cope up with only sequential handover or sequential 

mobility for single mobile node. But in case of both MN_0 and MN_1 performs 

handover at the same time mSCTP failure occurs. It cannot complete necessary ‘Add-

IP’ operation and session is lost.  

 

In the figure 5.7 (a), mSCTP is unable to maintain associations while MNs are 

moving and failed to preserve conventional DAR process. Whereas, in figure (b), it 

performs a successful DAR process, hence a handover occurs. 

 

In simultaneous mobility, any mobile node must remain reachable to the rest of the 

network via a static identifier regardless of its current location. At this point, we need a 

Location manager for the service continuity to keep DAR process alive. Our proposed 
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solution has LS, which can act as a location identifier. The above problem can be 

solved using mSCTP’s ASCONF feature for seamless handover along with proposed 

LS. mSCTP’s ASCONF patch is installed on NS-2.34 and necessary programming for 

integrating LS is programmed in Tcl script. 
 

 
 

Figure 5.8: Showing the Add-IP and Delete-IP in mSCTP connection 

procedure 
 

mSCTP’s ASCONF patch is used which yields the flexibility for simultaneous 

mobility simulation. We incorporate this patch with LS to provide seamless handover 

with location management without the support of any other layer protocol. As LS is 

SCTP supported and use multiple IP address, the end to end mobility between LS and 

mobile node (MN_0/MN_1) can be maintained smoothly. 

 

5.2.4.1 Execution of mSCTP patch 
 

In each occurrence of position change, the mobile node is capable to change its IP 

address as mSCTP’s Add-IP is working. The performance of mSCTP handover 

depends on how to configure the triggering rules for ‘adding a new IP addresses’ (Add-

IP) and ‘changing the primary IP address’ (Primary-Change) to an on-going SCTP 

association. mSCTP’s ASCONF patch over NS2, integrate this triggering internally.  

 

 
 

Figure 5.9: Showing new DAR process activity for mSCTP’s ASCONF patch 
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In this patch no real IPs are considered, IP address are assigned globally with path 

change. We can initiate the sessions of ‘Add-IP’, ‘Set Primary Path’, and ‘Delete-IP’.  

mSCTP internally assigns the new address when a ‘Add-IP’ request is sent to specific 

mobile node by sending an ASCONF request to other mobile node. After this request 

is acknowledged, ‘Add-IP’ session is successfully ends. This phenomenon happens 

every time mobile nodes change its old location or primary address. Next step is ‘Set 

Primary Path’. 

 

The multi-homing feature allows a mobile node to use more than one IP address in 

order to support more than one communication path, namely a primary path together 

with several alternative paths in a single SCTP session. The primary path is used to 

transport the data packets, and the MN will change its primary path to an alternative 

path when its current primary path has failed. mSCTP’s ASCONF patch assigns ‘Set 

Primary Path’ after receiving ‘ASCONF ACK’ from the other communicating 

endpoint. The last following step is ‘Delete-IP’. This operation takes place after 

mSCTP acknowledged that the old MN address is no longer available or previous 

association has lost for any reason.  

 

5.2.4.2 Simultaneous and Random movement of MNs 

 

mSCTP alone cannot either detect location of mobile nodes neither it can store any 

information for future use. Without any type of location management tool mSCTP can 

only manage two mobile nodes initial random values of an association. But, when the 

mobile nodes starting to move simultaneously, mSCTP failed to locate mobile nodes 

and SCTP association breaks. We can observe these phenomena clearly in figure 5.10: 

(a), (b). 
 

 
                      (a)                                                                   (b) 
   

Figure 5.10: (a) Random movement of MNs, (b) Simultaneous Movement of 

MNs 
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mSCTP is successfully implemented while mobile nodes moving randomly with 

time difference, but mSCTP failure occurs while mobile nodes are moving 

simultaneously. The reason for this failure is the absence of location management in 

simultaneous mobility. 
 

For a certain state of simultaneous mobility, it is not enough to contain only known 

initial position of mobile nodes. Since, simultaneous mobility is a continuous process; 

mobile nodes must need to be notified about their last and next association. That’s why 

we need location management scheme to continue the simultaneous mobility process. 

An LS successfully provides location support. 

 

5.2.4.3 LS functionalities for locational management and 

handover management 
 

For our proposed architecture, LS stores each MN node moving and keeps track of 

mobility only for simulation purpose. LS serves necessary data sets for simultaneous 

mobility. As the ‘step_length’ values, MN_0 and MN_1s initial positions are random at 

every step of mobility; we need to save values of these variables into LS. We observed 

in the simulation that for the same value of ‘step_length’ it is possible to generate 

initial positions of mobile nodes which overlap at certain timestamps and also for the 

same values of ‘step_length’, mobile nodes are not crossing over the Brink plane. Thus 

LS needs to accumulate of both mobile nodes initial positions and ‘step_length’ value 

at each run.  

 

 
 

Figure 5.11: LS Data Structure 
 

For our proposed location management scheme, we only store the step_length ($) 

and corresponding MN’s initial position (symmetric for X= ($) =Y) into LS.  

 

5.2.4.3.1 Location Management by LS  
 

In this solution of simultaneous mobility, the location management is done by LS. 

LS facilitates both end-to-end mobility supports for mobile nodes travelling randomly. 

First it registers information of mobile movements such as ‘step_length’ values, MNs 

initial positions. By using this information later, it can automatically detects the next 

movements of specific mobile nodes. Also, LS is capable of store all the values of 
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‘step_length’ for which handover is occurring. By exploiting these ‘step_length’ values 

for handover, LS can automatically measure the changed new location of mobile 

nodes. In addition, LS can find the old initial values for mobile nodes. So, if LS can 

detect the random new and old positions of mobiles, it can easily retrieve the lost 

binding information. Beside that if location is detected, the session mobility can also 

be solved. Whenever, MN_0 cannot find MN_1’s position or in case of reverse 

situation, they can take help from LS to keep the association intact in simultaneous 

mobility. Thus, location management problem is solved by using our simultaneous 

mobility model.  

 

Any participating mobile node can efficiently retrieve the values (positions) 

associated with given key ‘step_length’ value. It is a convenient way of maintain 

mapping from ‘key value’ to ‘associated values’ where information can be scalable. 

Thus, this location detection is solved by LS. This infrastructure of LS may be handy 

to implement complex services like distributed information systems in LS. 
 

 
 

Figure 5.12: Architecture of location detection inside LS 
 

This proposed solution with LS, starts from registering procedure. Every randomly 

generated value of simultaneously moving MN_0 and MN_1 with associated 

‘step_length’ values are registered into LS. LS verifies and checked if it is already 

existing or not for non-occurring data redundancy. Implementation of LS registration 

and update procedure is shown in Appendix C1 and C2. 

 

5.2.4.3.2 mSCTP handover management with LS 

 

 mSCTP operation starts with making data chunk for mobile nodes. The SCTP 

association starts with ‘Add-IP’. It initiates by calling ASCONF. New address location 

is forwarded from LS. This process finishes in two steps. mSCTP always generating 

global IP for each association and established virtual connection with interfaces. After 

getting the new IP address from the changed location of MN_0 through LS, mSCTP 

sends ‘Add-IP’ request to the corresponding mobile node and waits for 

acknowledgement. After receiving ASCONF request, MN_1 makes its own data chunk 

and forwards ASCONF acknowledgement. There exits two ASCONFs in Add-IP.  
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Figure 5.13: Signalling between MN_0 and MN_1 and ASCONFs to measure 

the total handover delay 
 

Thus, mSCTP successfully completes first step ‘Add-IP ‘and tends to proceed with 

this new address for further operation. The next process of ‘Set Primary Path’ starts 

after Add-IP is successfully finished. It follows the default DAR process of mSCTP 

which consists of two ASCONFs. These two RTT will be added in total handover 

delay calculation. The last step is ‘Delete-IP’. This process starts after setting up 

primary path. This procedure of ‘Delete-IP’ also consists of two ASCONFs. After data 

communication is successfully finished with designated primary path, mSCTP 

evaluates this path as no longer needed. This process ends sooner than other two 

previous steps of mSCTP operation. Since, it is not needed to send any 

acknowledgement to the primary address. It just deleted the old unused IP. But, our 

proposed LS keeps the record that which location is already used and no longer 

needed. So, at this stage LS updates itself by automatically deleting the old location 

stored in the LS. 

 

From figure 5.13, it can be realized that whole mSCTP procedure involved six 

ASCONFs. These RTTs to be added while determining handover delay. LS stores the 

locations of MNs to be initialized for DAR process and delete location information 

from LS after finishing the DAR process. As LS starts instantaneously just before the 

DAR, it may be expected from the simulation that location management with LS 

provides less handover delay.  
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CHAPTER 6                                                                     6  

EXPERIMENTAL RESULTS 
 
This chapter, we have analyzed the measured data sets and evaluate the 

experimental results based on our proposed solution. At the beginning, we are going to 

discuss about the performance of LS for simultaneous mobility of mobile nodes. To 

follow with the main performance parameter of this project, handover delay. And, 

lastly we determine some confidence analysis of estimated results. 

 

6.1 LS performance 
 

The location management problem of simultaneous mobility is intended to solve 

by location server (LS). LS can successfully register all the randomly generated 

‘step_length’ values. It is used as the ‘key value’ to determine the next movement of 

MN_0 or MN_1. Also implemented LS acts as a multi-homed SCTP node, which 

facilitates simultaneously moving MN_0 and MN_1 to remain connected and keep 

mSCTP association intact. When MN_0 or MN_1 moves across to Zone_1 or Zone_0 

for handover, LS updates the location of new MN_0 or MN_1. With the measured 

‘step_length’ values, LS provides the new locations of mobile nodes which are to be 

associated for mSCTP. Thus, it provides location management support. 

 

LS provides faster and reliable location support over end-to-end mobility. As, all 

the mobile nodes communicate via LS, it always aware of the latest condition of the 

network. Thus LS easily detects the ongoing and outgoing paths of transmission. As 

location updates can be managed by LS, the binding updates are also maintained by 

mSCTP with LS. 

 

 
 

Figure 6.1: LS sample file storing all the simultaneous mobility information 
 

In the simulation environment, LS is capable of notifying the mobile nodes which 

are intend to join and starts the mSCTP DAR process for ‘Add-IP’. It also deletes the 

old primary location of mobile nodes which is no longer necessary. For the ‘Delete-IP’ 

operation, LS can update itself. This is programmed in Tcl on NS2 platform. The 

integrated program automatically creates files for storage. Alongside it is possible to 

update on the same file and overwrite positions. For our prototyped small ranged 
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homogeneous network, LS manages the simultaneous handover as well with sufficient 

privilege for simultaneous mobility of end to end communication for seamlessness. 

 

 
 

Figure 6.2: LS registration and update in case of simultaneous mobility 
 

In this experiment, LS can store most probable random values of mobile nodes; 

later through LS every MN can find its next movement with corresponding 

‘step_length’. But for location management in simultaneous mobility, LS only 

provides information to MNs that are aware of coming handover. Through the mean 

value of ‘step_length’ and mean steps, it is convenient for location management 

service to measure simultaneous mobility patterns. Moreover the occurrences of 

simultaneous and non-simultaneous handover are successfully perceived through the 

modelled simultaneous-sequential mobility scenario which is discussed on simulation 

chapter.  

 

6.2 Handover Latency 
 

Handover latency is the most significant measurement for handover. It is the main 

performance matric to judge the quality of seamless handover in simultaneous 

mobility. For this project, handover delay is the time difference between mobile nodes 

entrance to each other’s zones and association with new mobile nodes.  
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We measured the three different criteria for estimating handover delay in the 

implementation. The first one is the handover delay of normal random movement of 

MN_0 and MN_1. In this case there is no location management support given by LS. 

The next mentioned on the table 6.1, the handover delay of MN_0 with LS support. It 

is the total time of three RTT ASCONF chunks of mSCTP after handovers to Zone_1. 

MN_1 handover time is also calculated by adding the total time of Add-IP, set-

primary-path and Delete-IP ASCONFs while handovers to Zone_0. Finally, the 

simultaneous handover delay of MN_0 and MN_1 is calculated by taking the time 

difference of crossing over to Zone_1 and Zone_0 simultaneously. This will be also the 

calculated sum of three ASCONFs times processed by mSCTP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 6.1: Different steps to measure handover latency for mSCTP with and 

without LS 
 

The table 6.1 shows the time difference of Add-IP, set-primary-path and Delete-IP 

between two mobile nodes using mSCTP without LS and with LS. At first, we have 

analysed the association delay of two mobile nodes moving randomly with 

independent time difference in their own zones. There is no location management 

involved for this. Then the result is based on the simultaneous mobility with handover 

occurrence of MN_0 with LS involvement. The next one is the outcome of MN_1 

handovers when simultaneously moving with LS provision. The rightmost corner 

observation is for both MN_0 and MN_1 simultaneous handovers to each other’s zone 

with LS provisioned location update. 

 

 From the results, we can compare the handover latency of mobile nodes by using 

mSCTP for our proposed scheme with LS and without LS for simultaneous mobility. 

 

mSCTP handover delay can be expressed from sub-section 5.1.2: 
 

TmSCTP = (Tadd−IP + Tset−primary−IP + Tdel−IP)   
 

In this equation the three parameters for DAR process is consequently added for 

mSCTP. For every occurrence of simultaneous or non-simultaneous handover, we can 

measure the handover latency by this derived standard equation of TmSCTP [49].   

 

Thus the coming aftermaths for handover latency of mSCTP with location 

management and without location management, for simultaneous mobility are 

dissected below: 

Parameters  for 

handover 

measurement 

No Location 

management Location Management 

 MN_0, MN_1 

Handover 

random 

Movement 

Without LS [s] 

MN_0 

Handover 

Simultaneous 

Movement 

With LS [s] 

MN_1 

Handover 

Simultaneous 

Movement 

With LS [s] 

MN_0, MN_1 

Handover 

Simultaneous 

Movement 

With LS [s] 

Tadd-IP 0.692478 0.67959 0.679591     0.67959 

Tset-primary-IP 0.654933 0.65468 0.654683 0.654681 

Tdel-IP 0.659489 0.654897 0.654901 0.654899 



Chapter 6: Experimental Results 

 

 

45 

mSCTP handover without LS (no location management) = (0.692478 + 0.654933 

+ 0.659489) = 2.006900 s 

 

mSCTP handover with LS (MN_0 Handovers) = (0.67959 + 0.65468 + 0.654897) 

= 1.989167 s 

 

mSCTP handover with LS (MN_1 Handovers) = (0.679591 + 0.654683 + 

0.654901) = 1.989175 s 

 

mSCTP handover with LS (MN_0 and MN_1 Handovers) = (0.67959 + 0.654681 

+ 0.654899) = 1.989170 s 

 

The above expression (5.1.2) calculates the handover delay of simultaneous 

moving mobile nodes in seamless handovers. All the values are measured by taking 

average out of 30 independent results i.e., n=30 with revisited 30 times values. The 

measurement shows that when only MN_0 handovers, mSCTP with LS achieve 

significant improvement i.e., approximately 17.7330ms less latency than the approach 

of mSCTP without LS. When MN_1 handovers, there is about 17.725ms less latency 

achieved with our proposed location management. While both MN_0 and MN_1 

simultaneously handovers the improvement is almost 17.7300ms less latency than 

mSCTP without LS approach. Hence, we can say that the overall performance has 

improved using LS with mSCTP. The outcome of average handover latency is 

17.73ms with LS based approach which is significant in terms of seamless 

communication. 

 
 

 

 

 

 
 

Table 6.2: Handover latency for different cases of simultaneous mobility 
 

From the above results in table 6.2, we can definitely interpret the significant 

performance improvement of mSCTP with location management support of LS in case 

of simultaneous mobility. In every cases of simultaneous mobility with LS support the 

handover latency is curtailed. When simultaneous handover occurs between MN_0 and 

MN_1, the proposed scheme has reached the handover latency perfection of 

approximately 17.73ms less compared to handover latency of conventional 

experimented approach. It can be observed from the table 6.2 that the average 

handover delay is lessening to 17.73ms. With this mean value of average handover 

latency progress, it is inspected that there is not much vulnerability in case of one 

mobile node handovers or both mobile nodes simultaneously handovers. Hence, we 

can evidently mention that, the alternate solution for simultaneous mobility with 

location management support is effectual. 

 

After comparing these above datasets, we can say that in case of simultaneous 

mobility pattern this improvement is quite causative. Moreover to maintain the 

seamlessness in on-going communication, this performance enhancement of mSCTP 

with LS support is vital.   

 

Handover 

Latency 

Improvement 

MN_0 [ms] MN_1 [ms] MN_0+MN_1, [ms] Avg,[ms] 

17.7330 17.725 17.7300 17.73 
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6.3 Confidence Interval (CI) analysis 
 

Confidence interval (CI) is a statistical parameter to indicate reliability of certain 

estimation. In case of repeated experiment it is frequently used for the basis of 

comparison. For quantitative analysis of measured data CI is often distinguished in 

simulations [50]. 

 

Formula for calculating CI: 

  

 
 

Where, µ          is the unknown value. 

            n          is the number of observation. 

            

           

            

           

          

            
 

If anyone would assume a very large number of independent 100(1 – α) % 

confidence intervals, each grounded on n interpretations, the proportion of these 

intervals that contain the value μ (to be estimated) should be the coverage 1 – α. It tells 

the percentage of intervals that would contain the unknown real value μ. 

 

It is for normal distribution with n>= 30 to 40. For sufficiently large n, the error 

between  and µ approaches a normal distribution independently of the real 

distribution of the error between  and µ. As we worked with approximately n=30 

revisited data sets, we follow the normal distribution. All the measured data are 

identically distributed and simulated after system to be warmed up. 

 

We assume 95 % confidence level for the population mean in this experiment as 

such it is the desired coverage.  

 

So, α = 0.05. Z = Z0.975 ≈ 1.96 (from normal distribution) [51].  

We get the mean of with LS handover delay = 1.989170 s   

Standard Deviation = 2.166708 s 

CI = 1.96 

So, the upper limit = 1.989170 + 1.96 = 3.949 s 

The lower limit = 1.989170 – 1.96 = 0.029 s 

(i) 

is the average serves as estimator of µ. 

is the estimation of the variance of the mean. 

is the term dependent on confidence level (1-α). 

For, n ≥ 30 ~ 40; to be revisited.  

is the half size of the confidence interval. 

is the relative half size of the confidence interval. 

  is the coefficient of variation. 
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Similarly, we can calculate the other values of the mean of handover delay with LS 

support. From the table 6.3, we can observe the average and standard deviations 

measured. The data boundaries found after adding and deducting the CI interval from 

the average value of handover latency with LS. 

 
 

 

 

 

 

 

 
 

 

Table 6.3: Confidence analysis of estimated values of LS with mSCTP 

Handover Delay 
 

We can see from the below figure 6.3 (a), that estimated values exits into the 

boundary of upper and lower bounds. The error graphs shows for three independent 

simulation results of average performance. The mean value always exists between the 

error boundaries. If we decrease the confidence level, then the size of the 

corresponding interval will decreases. An increase in the sample size n (=30), will also 

decrease the confidence interval without reducing the level of confidence. This is 

because; standard deviation varies when n varies. 

 

 
                                                  (a)                                                                (b)  

Figure 6.3: (a) Error bars of estimated data 1.989170, (b) Error boundary 

with standard deviation 
 

Thus, margin of error in confidence interval is defined to be value added or 

deducted from the sample mean, which determines the interval of estimated data. 

Thus, we can analyse from the graph that the confidence is sufficient for handover 

delay 1.989170s and which indicates a safe estimation. 

Avg [s] Std.-dev [s] 
95 % Confidence 

Interval 

Boundaries [s] 

(upper bound, lower bound) 

1.989170 (v1) 2.16670 1.96 (3.94917, 0.02917) 

1.989154 (v2) 2.71871 1.96 (3.94915,  0.02915) 

1.989167 (v3) 4.08221 1.96 (3.94916, 0.02916) 
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CHAPTER 7                                                                              

CONCLUSION AND FUTURE WORK  
 
In this project, an understanding of simultaneous mobility has been realized 

through the NS-2 simulator for smooth handover purpose, applying an alternative 

mobility model. Our main purpose was to solve the location management and 

handover management for seamless condition when both nodes are mobile. 

 

7.1 Conclusion  
 

Transport layer protocols allowing the modification of the endpoints during the 

lifetime of a connection are called mobility enabled transport protocols [52]. As 

mSCTP is a mobility enabled transport protocol, it allows the change of the IP address 

of the network layer while keeping the end-to-end connection intact. mSCTP also 

provisions multi-homing where the host can attach to multiple networks the transport 

protocol can make use of the simultaneous connection. This influences us to proceed 

with mSCTP to support simultaneous mobility. Thus, it answers the research question 

no: 1(RQ-1). 

 

Multi-homing allows the use of multiple source-destinations IP addresses for a 

single association between two SCTP endpoints. mSCTP introduced by enhancing the 

standard SCTP with DAR. DAR extension allows SCTP to dynamically add or delete 

IP and request the primary path change during an active SCTP association. 

Simultaneous mobility problem-1, describes in introduction is solved by using 

mSCTP’s ASCONF patch. Therefore, we can find riposte of the RQ-2. 
 

Through searching the supplementary tool of vigorous mSCTP to work thoroughly 

in NS2, a patch is obtained for compatibility. We modified the patch to integrate it 

with our Tcl code and made it feasible for NS2 version 2.34. This proposed model was 

simulated based on diverse parameters. Different simulations have been done with 

respect to different scenarios. The results mentioned articulate the performance of the 

‘step_length’ based simultaneous model. It is derived that with the average step_length 

and average steps of simultaneous movements of MNs, the estimated and concrete 

results were approximately same. This validates the ‘step_length’ model for 

simultaneous mobility and reveals the findings of RQ-3. By justifying several 

simulation scenarios of simultaneous and random movements of MNs, we worked on 

the simultaneous with sequential pattern of mobility to generate the actual nature of 

simultaneous mobility. With the scrutiny of this particular scenario, we proceed to 

incorporate Location Server (LS) especially for location management with suggested 

simultaneous mobility model. The location server is also contributing for handover 

management as well. Hence it retorts the RQ-4 and gives an alternate solution of 

Simultaneous mobility problem-2. 

The handover performance demonstrates that mSCTP provides a smooth handover 

with LS. From the performance analysis, it is seen that LS influences in reducing 

resulting handover delay and provides solution of RQ-5. Finally, preferable end-to-end 

simultaneous mobility management can be achieved by mSCTP with LS with ample 

seamlessness. 



Chapter 7: Conclusion and Future work 
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7.2 Future work 
 

We assumed the networks as homogeneous where in tangible conditions, the 

networks can be heterogeneous also. In NS-2, the evaluation of mobility scenarios 

working with mSCTP patch gave some hierarchical addressing problem. So, it will be 

better to consider all the part for test-bed simulation in future to compare the actual 

outcomes. In future research, the movement of mobile nodes can be considered three 

dimensional instead of one dimensional to be more realistic simultaneous mobility 

pattern. Besides, mobile SCTP is comparatively a new protocol, gave some immature 

impact during handover. The failover of this protocol needs to tested and adopted in 

huge ranges. The proposed LS server will face challenges with storage of ‘step_length’ 

in real networks. In the imminent research it can be an issue to develop. Moreover for 

higher location management adeptness, the implementation of different DHT 

algorithms can be useful for LS development issues in future to attain more seamless 

nature in simultaneous mobility. 
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APPENDIX 
 
A1. Basic Wireless Configuration 

 

 
 

 

 

 

A2. Mobile Node configuration 
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B1.  Data sets from randomly generated moving values of MN_0 and MN_1 for bigger 

range for scenario-1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Zone 0 Zone 1 

Step_Length MN_0_Init MN_0_New MN_1_Init MN_1_New 

6 84 90 534 528 

16 276 292 396 380 

14 308 322 508 494 

14 352 366 504 490 

45 308 353 501 456 

9 310 319 402 393 

18 352 370 381 363 

37 161 198 381 344 

31 311 342 470 439 

34 331 365 438 404 

35 300 335 446 411 

5 330 335 387 382 

12 284 296 449 437 

30 58 88 494 464 

3 150 153 476 473 

31 220 251 498 467 

44 84 128 513 469 

20 308 328 423 403 

10 150 160 473 463 

3 102 105 432 429 

14 316 330 411 397 

4 149 153 454 450 

43 56 99 422 379 

45 54 99 440 395 

8 108 116 513 505 

2 262 264 379 377 

28 356 384 407 379 

6 255 261 388 382 

33 315 348 524 491 

35 158 193 515 480 

32 332 364 548 516 
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B2.  Data sets for randomly generated MN_1 and MN_0 for lower range in scenario-2: 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Zone 0 Zone 1 

Step_Length MN_0_Init MN_0_New MN_1_Init MN_1_New 

36 99 135 142 106 

0 96 96 146 146 

20 74 94 148 128 

9 55 64 101 92 

10 90 100 137 127 

4 60 64 110 106 

17 68 85 150 133 

29 59 88 135 106 

5 78 83 127 122 

8 75 83 142 134 

46 96 142 147 101 

6 71 77 132 126 

8 76 84 109 101 

33 75 108 102 69 

49 92 141 134 85 

33 90 123 142 109 

31 73 104 125 94 

14 53 67 107 93 

20 81 101 147 127 

28 98 126 148 120 

38 72 110 148 110 

19 62 81 127 108 

15 68 83 133 118 

7 85 92 124 117 

14 82 96 126 112 

45 86 131 145 100 

31 71 102 150 119 

43 95 138 137 94 

24 51 75 130 106 

3 52 55 121 118 
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C1.  LS server registration and update, while MN_0 handovers: 
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C2.  LS registration and update while MN_1 handovers: 
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D1.  Trace file sample SCTP interface (if0): 
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D2.  Trace file sample SCTP interface (if1): 
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D3.  Multi-homed SCTP node sample trace file: 
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E1.  XGRAPH view of SCTP node data transmission of if0: 
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E2.  XGRAPH view of SCTP node data transmission of if1: 
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E3.  XGRAPH view of Multi-homed SCTP nodes data transmission: 
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F.  Code for ADD/Delete IP multiple interfaces of mSCTP: 

 

 
#make source node(multiple-interface) 

#      o  

#     / 

#    o 

#     \ 

#      o 

set h0_core [$ns node] 

set h0_if0 [$ns node] 

set h0_if1 [$ns node] 

$h0_core color red 

$h0_if0 color red 

$h0_if1 color red 

$ns multihome-add-interface $h0_core $h0_if0 

$ns multihome-add-interface $h0_core $h0_if1 

 

#make destination node(multiple-interface which can be added 

or deleted) 

#      o 

#       \ 

#        o 

#       / or not 

#      o 

set h1_core [$ns node] 

set h1_if0 [$ns node] 

set h1_if1 [$ns node] 

$h1_core color blue 

$h1_if0 color blue 

$h1_if1 color blue 

$ns multihome-add-interface $h1_core $h1_if0 

$ns multihome-add-interface $h1_core $h1_if1        

 #later, can be added or deleted 

 

$ns duplex-link $h0_if0 $h1_if0 0.5Mb 200ms DropTail 

$ns duplex-link $h0_if1 $h1_if1 0.5Mb 200ms DropTail 

 

# make SCTP agent and attach to node(host)  

set sctp0 [new Agent/SCTP/Asconf] 

$ns multihome-attach-agent $h0_core $sctp0 

 

set trace_ch [open trace.sctp w] 

$sctp0 set trace_all_ 1 

$sctp0 trace rto_ 

$sctp0 trace errorCount_ 

$sctp0 attach $trace_ch 

 

set sctp1 [new Agent/SCTP/Asconf] 

$ns multihome-attach-agent $h1_core $sctp1 

 

#connect two agent 

$ns connect $sctp0 $sctp1 

 

#make application to send traffic 
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set ftp [new Application/FTP] 

$ftp attach-agent $sctp0 

 

$sctp0 set-primary-destination $h1_if0 

$sctp1 set-primary-destination $h0_if0 

 

#make link objects and 

#set link to dynamic (to up/down)  

set l0 [$ns get-link $h0_if0 $h1_if0] 

set l1 [$ns get-link $h0_if1 $h1_if1] 

$l0 dynamic 

$l1 dynamic 

 

#condition when to add ip/fuction of mSCTP active 

 

# Standard multi-test if 

 

 # { 

   proc add-ip {agent if1} { 

 global l1 

  

 #if call add_ip, internallay send ASCONF and recv 

ASCONF_ACK,  

 #and select action ADDIP/DELIP/SET_PRIMARY_PATH   

   

 $agent add_ip $if1 $l1 

} 

 

proc del-ip {agent if1} { 

 

       global l0 

       $agent del_ip $if1 $l0 

} 

 

proc set-primary-address {agent_d if1} { 

 $agent_d set_primary_address $if1 

 #$agent_s set-primary-destination $if1 

} 

 

proc sim_start {} { 

 global ns 

 global h0_if1 

 global h1_if1 

 

  set l [$ns get-link $h0_if1 $h1_if1] 

 $l dynamic 

 $l color red 

 $l down 

} 
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G.  Header file (asconf.h) for mSCTP: 
 

#ifndef ns_sctp_handover_h 

#define ns_sctp_handover_h 

#include "agent.h" 

#include "node.h" 

#include "packet.h" 

#include "sctp.h" 

#define SCTP_CHUNK_ASCONF_LENGTH 24 

typedef struct SctpAsconfChunk_S 

{ 

  SctpChunkHdr_S sHdr; 

  u_int uiSeriNum; 

  u_int uiAddrParam; 

  u_short usType; 

  u_short usLength; 

  u_int uiAsconfReqCorID; 

  u_int uiIpValue; 

  SctpDest_S *spDest; 

}; 

 

typedef SctpAsconfChunk_S SctpAsconfAckChunk_S; 

 

class SctpHandoverAgent : public SctpAgent 

{ 

public: 

   

  SctpHandoverAgent();  

  ~SctpHandoverAgent(){} 

  

//virtual 

//  void Timeout(SctpChunkType_E, SctpDest_S*); 

 

  void SackGenTimerExpiration(); 

 

  protected: 

 

//virtual 

  int command(int argc, const char*const* argv); 

 

//virtual 

  int GenChunk(SctpChunkType_E eType, u_char *ucpChunk); 

  int ProcessAsconfAckChunk(SctpAsconfAckChunk_S 

*spAsconfAckChunk); 

 

//virtual 

  int ProcessChunk(u_char *ucpInChunk, u_char **ucppOutData); 

  int SendAsconf(SctpDest_S *spDest); 

}; 

 

#endif 

 

 

 

 

 



68 

 

H.  Random number generator header file in NS2: 

 
/* 

==============================================================

======== 

   Global Variables 

   

==============================================================

======== */ 

const double RANGE = 250.0;  // transmitter range in 

meters 

double  TIME = 0.0;  // my clock; 

double  MAXTIME = 0.0;  // duration of 

simulation 

 

double  MAXX = 0.0; 

double  MAXY = 0.0; 

double  MAXSPEED = 0.0; 

double  PAUSE = 0.0; 

u_int32_t NODES = 0; 

u_int32_t RouteChangeCount = 0; 

u_int32_t       LinkChangeCount = 0; 

u_int32_t DestUnreachableCount = 0; 

 

Node  *NodeList = 0; 

u_int32_t *D1 = 0; 

u_int32_t *D2 = 0; 

 

 

/* 

==============================================================

======== 

   Random Number Generation 

   

==============================================================

======== */ 

#define M  2147483647L 

#define INVERSE_M ((double)4.656612875e-10) 

 

char random_state[32]; 

RNG *rng; 

 

double 

uniform() 

{ 

        count++; 

        return rng->uniform_double() ; 

}  

 

..............................................................

....... 

 

void 

Node::RandomPosition() 

{ 

        position.X = uniform() * MAXX; 
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        position.Y = uniform() * MAXY; 

 position.Z = 0.0; 

} 

 

void 

Node::RandomDestination() 

{ 

        destination.X = uniform() * MAXX; 

        destination.Y = uniform() * MAXY; 

 destination.Z = 0.0; 

 assert(destination != position); 

} 

 

void 

Node::RandomSpeed() 

{ 

        speed = uniform() * MAXSPEED; 

 

 assert(speed != 0.0); 

} 

 

void 

Node::Update() 

{ 

 position += (speed * (TIME - time_update)) * direction; 

 

 if(TIME == time_arrival) { 

  vector v; 

 

  if(speed == 0.0 || PAUSE == 0.0) { 

 

                        RandomDestination(); 

   RandomSpeed(); 

 

   v = destination - position; 

   direction = v / v.length(); 

   time_arrival = TIME + v.length() / speed; 

  } 

  else { 

 

   destination = position; 

   speed = 0.0; 

 

   time_arrival = TIME + PAUSE; 

  } 

 

  fprintf(stdout, NODE_FORMAT, 

   TIME, index, destination.X, destination.Y, 

speed); 

  

 } 

 

 time_update = TIME; 

 time_transition = 0.0; 

} 

......................................... 
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/* 

   * Boundary conditions. 

   */ 

  if((t1 == 0.0 && t2 > 0.0) || (t2 == 0.0 && t1 > 

0.0)) { 

   m1->reachable = m2->reachable = 1; 

   m1->time_transition = m2->time_transition = 

TIME + max(t1, t2); 

  } 

  else if((t1 == 0.0 && t2 < 0.0) || (t2 == 0.0 && t1 

< 0.0)) { 

   m1->reachable = m2->reachable = 0; 

   m1->time_transition = m2->time_transition = 

0.0; 

  } 

 

  /* 

   * Non-boundary conditions. 

   */ 

  else if(t1 > 0.0 && t2 > 0.0) { 

   m1->time_transition = TIME + min(t1, t2); 

   m2->time_transition = TIME + min(t1, t2); 

  } 

  else if(t1 > 0.0) { 

   m1->time_transition = TIME + t1; 

   m2->time_transition = TIME + t1; 

  } 

  else { 

   m1->time_transition = TIME + t2; 

   m2->time_transition = TIME + t2; 

  } 

 

  /* 

================================================== 

     Update the transition times for both NODEs. 

     

================================================== */ 

  if(time_transition == 0.0 || (m1->time_transition 

&& 

     time_transition > m1->time_transition)) { 

   time_transition = m1->time_transition; 

  } 

  if(n2->time_transition == 0.0 || (m2-

>time_transition && 

     n2->time_transition > m2->time_transition)) { 

   n2->time_transition = m2->time_transition; 

  } 

        next: 

                if(reachable != m1->reachable && TIME > 0.0) { 

                        LinkChangeCount++; 

                        link_changes++; 

                        n2->link_changes++; 

                } 

 } 

} 
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I. Sample trace file (SCTP) of calculating RTT and RTO: 
 

time: 0.50000   saddr: 4  sport: 0  daddr: 6  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 0 

rto: 3.000  srtt: 0.000  rttvar: 0.000  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: TRUE frCount: 0 

timeoutCount: 0 rcdCount: 0 

time: 0.50000   saddr: 4  sport: 0  daddr: 7  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 0 

rto: 3.000  srtt: 0.000  rttvar: 0.000  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: FALSE frCount: 0 

timeoutCount: 0 rcdCount: 0 

 

time: 0.50000   saddr: 4  sport: 0  daddr: 6  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 0 

rto: 3.000  srtt: 0.000  rttvar: 0.000  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: TRUE frCount: 0 

timeoutCount: 0 rcdCount: 0 

time: 0.50000   saddr: 4  sport: 0  daddr: 7  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 0 

rto: 3.000  srtt: 0.000  rttvar: 0.000  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: FALSE frCount: 0 

timeoutCount: 0 rcdCount: 0 

 

time: 1.67155   saddr: 4  sport: 0  daddr: 6  dport: 0  cwnd: 

2936 pba: 0 out: 2936 ssthresh: 65536 rwnd: 65536 peerRwnd: 

62600 rto: 1.000  srtt: 0.030  rttvar: 0.015  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: TRUE frCount: 0 

timeoutCount: 0 rcdCount: 0 

time: 1.67155   saddr: 4  sport: 0  daddr: 7  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 62600 

rto: 3.000  srtt: 0.000  rttvar: 0.000  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: FALSE frCount: 0 

timeoutCount: 0 rcdCount: 0 

................................... 

time: 87.79685  saddr: 4  sport: 0  daddr: 6  dport: 0  cwnd: 

66060 pba: 0 out: 64592 ssthresh: 65536 rwnd: 65536 peerRwnd: 

944 rto: 1.000  srtt: 0.657  rttvar: 0.020  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: TRUE frCount: 0 

timeoutCount: 0 rcdCount: 0 

time: 87.79685  saddr: 4  sport: 0  daddr: 7  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 944 

rto: 1.696  srtt: 0.669  rttvar: 0.257  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: FALSE frCount: 0 

timeoutCount: 0 rcdCount: 0 

 

time: 88.45497  saddr: 4  sport: 0  daddr: 6  dport: 0  cwnd: 

66060 pba: 0 out: 64592 ssthresh: 65536 rwnd: 65536 peerRwnd: 

944 rto: 1.000  srtt: 0.657  rttvar: 0.015  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: TRUE frCount: 0 

timeoutCount: 0 rcdCount: 0 

time: 88.45497  saddr: 4  sport: 0  daddr: 7  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 944 

rto: 1.696  srtt: 0.669  rttvar: 0.257  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: FALSE frCount: 0 

timeoutCount: 0 rcdCount: 0 
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time: 89.11296  saddr: 4  sport: 0  daddr: 6  dport: 0  cwnd: 

66060 pba: 0 out: 64592 ssthresh: 65536 rwnd: 65536 peerRwnd: 

944 rto: 1.000  srtt: 0.657  rttvar: 0.012  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: TRUE frCount: 0 

timeoutCount: 0 rcdCount: 0 

time: 89.11296  saddr: 4  sport: 0  daddr: 7  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 944 

rto: 1.696  srtt: 0.669  rttvar: 0.257  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: FALSE frCount: 0 

timeoutCount: 0 rcdCount: 0 

....................................... 

time: 120.10485  saddr: 4  sport: 0  daddr: 6  dport: 0  cwnd: 

66060 pba: 0 out: 64592 ssthresh: 65536 rwnd: 65536 peerRwnd: 

944 rto: 1.000  srtt: 0.657  rttvar: 0.039  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: TRUE frCount: 0 

timeoutCount: 0 rcdCount: 0 

time: 120.10485  saddr: 4  sport: 0  daddr: 7  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 944 

rto: 1.510  srtt: 0.659  rttvar: 0.213  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: FALSE frCount: 0 

timeoutCount: 0 rcdCount: 0 

 

time: 120.77662  saddr: 4  sport: 0  daddr: 6  dport: 0  cwnd: 

66060 pba: 0 out: 64592 ssthresh: 65536 rwnd: 65536 peerRwnd: 

944 rto: 1.000  srtt: 0.659  rttvar: 0.033  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: TRUE frCount: 0 

timeoutCount: 0 rcdCount: 0 

time: 120.77662  saddr: 4  sport: 0  daddr: 7  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 944 

rto: 1.510  srtt: 0.659  rttvar: 0.213  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: FALSE frCount: 0 

timeoutCount: 0 rcdCount: 0 

 

time: 121.43681  saddr: 4  sport: 0  daddr: 6  dport: 0  cwnd: 

66060 pba: 0 out: 64592 ssthresh: 65536 rwnd: 65536 peerRwnd: 

944 rto: 1.000  srtt: 0.659  rttvar: 0.025  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: TRUE frCount: 0 

timeoutCount: 0 rcdCount: 0 

time: 121.43681  saddr: 4  sport: 0  daddr: 7  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 944 

rto: 1.510  srtt: 0.659  rttvar: 0.213  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: FALSE frCount: 0 

timeoutCount: 0 rcdCount: 0 

 

time: 122.07987  saddr: 4  sport: 0  daddr: 6  dport: 0  cwnd: 

66060 pba: 0 out: 64592 ssthresh: 65536 rwnd: 65536 peerRwnd: 

944 rto: 1.000  srtt: 0.657  rttvar: 0.023  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: TRUE frCount: 0 

timeoutCount: 0 rcdCount: 0 

time: 122.07987  saddr: 4  sport: 0  daddr: 7  dport: 0  cwnd: 

2936 pba: 0 out: 0 ssthresh: 65536 rwnd: 65536 peerRwnd: 944 

rto: 1.510  srtt: 0.659  rttvar: 0.213  assocErrors: 0 

pathErrors: 0 dstatus: ACTIVE isPrimary: FALSE frCount: 0 

timeoutCount: 0 rcdCount: 0 
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